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Abstract

ABSTRACT

This report provides a complete description of calculations and their results estimating potential
annual doses, normalized to a unit concentration, to an individual following the clearance of
specific materials. These materials are scrap iron and steel, copper, aluminum, and concrete
rubble from licensed nuclear facilities. Clearance means the removal of radiological controls by
the licensing authority. The estimated potential doses are calculated probabilistically to account
for a large number of possible variations in each of the 86 scenarios. These scenarios encompass
the full range of realistic situations likely to yield the greatest normalized doses. Each scenario
was analyzed with the 115 radionuclides considered most likely to be associated with materials
from licensed nuclear facilities. The design basis of the analyses is to realistically model current
processes, to identify critical groups on a nuclide-by-nuclide basis, and to enable the conversion
of a dose criterion to a concentration.

Material for recycle or disposal was evaluated using material flow models and dose assessment
models. Both models are based on probabilistic methods. This resulted in distributions of
nuclide-by-nuclide normalized doses from one year of exposure per mass- or surface-based
concentrations. The means and the 5th, 50th, 90th, and 95th percentiles are reported. These
percentiles can be used to generically evaluate the likelihood that the derived mean concentration
would correspond to a particular dose criterion. Additionally, they can be used to quantify the
confidence that a safety goal is not exceeded.
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H RESULTS OF ASSESSMENTS OF ALUMINUM SCRAP

This appendix presents some of the results of the radiological assessments of the recycling and
disposal of aluminum scrap cleared from NRC-licensed facilities. Monte Carlo uncertainty
analyses are employed to calculate 10,000 realizations for each radionuclide in each of 21
exposure scenarios. The end points of the analyses are the effective dose equivalent (EDE) and
the effective dose from one year of exposure, normalized to an initial unit activity concentration
of each separate radionuclide in the scrap metal at the time of clearance. The results are reported
as both mass-based and surficial normalized doses (IiSv per Bq/g and gSv per Bq/cm2 ).

The mean and the 5th, 50th, 90th, and 95th percentile values of the normalized EDEs from
10,000 realizations of these 21 scenarios are tabulated in Appendix H-I. The corresponding
effective doses are listed in Appendix H-2. Some scenarios involve only one exposure pathway:
either external exposure or ingestion of drinking water. One scenario, the use of aluminum
cooking ware, involves two pathways: external exposure and ingestion of food containing
aluminum leached from the utensil. In all others, doses are delivered by all three principal
pathways: external exposure, inhalation, and ingestion. The results of scenarios with multiple
pathways are presented in sets of three or four tables: one table lists the sum of the doses via all
pathways, while the others list the doses from each individual pathway. When only one pathway
is active, a single table of results is presented. The pathways addressed in the analysis of each
scenario are presented in Table 5.6 in Volume 1 of this report.

In the interest of a uniform presentation, all 115 radionuclides addressed by the analysis are
listed in the dose tables. However, not every nuclide is present in every scenario. When the
source of exposure is material produced during the melt-refining of aluminum scrap, the only
nuclides that deliver doses to the exposed individuals are those that partition to the given
medium: metal product, dross, dust, or gaseous effluent. The doses from all other nuclides are
listed as zero.

The doses from certain other nuclides in some scenarios are also listed as zero. In scenarios
where external exposure is the only pathway, the dose contributions from three radionuclides-
H-3, Ca-41 and Mn-53-are not assessed. H-3 is an extremely weak P-emitter which produces a
negligibly small external exposure. Ca-41 and Mn-43 decay by electron capture and emit low-
energy x-rays (EY < 10 keV) that are below the threshold for external exposure calculations in
the present analysis. The dose contributions from external exposure to other nuclides emitting
low-energy x- and y-rays would be negligible in scenarios where shielding between the source
and the receptor would essentially absorb such radiation. In the groundwater scenarios, some
nuclides would not reach the well during the maximum period of assessment, which is 1,000
years or 20 half-lives of the nuclide in question, whichever is shorter.

H-i NUREG-1 640
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I

Normalized Effective Dose Equivalents from Aluminum Appendix H- I
Table HI.1 Normalized effective dose equivalents from all pathways: Scrap yard

a uMass-based EDE (pSv/y per BqIg)RaincieMean 5th 50th 90th 95th
Surficial EDE (pSv/y per Bq/crn)

Mean 5th 50th 90th 95th
H-3 6.4e-08 1.Oe-08 4.0e-08 1.3e-07 2.0e-07 7.2e-08 1.1 e-08 4.4e-08 1.4e-07 2.3e-07
C-14 2.1e-06 3.4e-07 1.3e-06 4.3e-06 6.8e06 2.4e-06 3.8e-07 1.5e-06 4.8e-06 7.6e-06
Na-22 2.9e-02 7.2e-03 1.8e-02 5.8e-02 8.6e-02 3.2e-02 7.8e-03 2.0e-02 6.5e-02 9.7e-02
P-32 2.1 e-05 3.8e-06 1.3e-05 4.4e-05 6.8e-05 2.4e-05 4.2e-06 1.4e-05 4.9e-05 7A4e-05
S-55. "5m''4,8.2e'07 I~2.00- 07X. 5i-7 .6,> 2.,-,072, ,58 79., e
CI-36 1.4e-05 4.0e-06 8.9e-06 2.8e-05 4.2e-05 1.6e-05 4.3e-06 9.9e-06 3.1e-05 4.6e-05
K-40 2.2e-03 5.5e-04 1.4e-03 4.4e-03 6.6e-03 2.5e-03 6.0e-04 1.6e-03 5.0e-03 7.4e-03
Ca-41 1.3e-06 2.10-07 8.1e-07 2.6e-06 4.1e-06 1.A-06 2.3e-07 9.0e-07 2.9e.06 4.6e-06
Ca-45 3.8e-06 8.Oe-07 2.4e-06 7.6e-06 1.2e-05 4.3e-06 8.8e-07 2.7e-06 8.6e-06 1.3e-05
Sc 6;.Z'm.'3v02'.T5.8e-03m. 1.5e 02',,,4.7e-02,, 7.i'eAO ;2 i .6o-02 6.e03j&1.6--01.65.30 ~~.eO2i
Cr-51 2.4e-04 5.4e-05 1.5e-04 4.8e-04 7.4e-04 2.7e-04 5.9e-05 1.7e-04 5.4e-04 8.2e-04
Mn-53 2.0e-07 4.7e-08 1.3e-07 4.0e-07 6.1 e-07 2.2e-07 5.2e-08 1.4e-07 4.5e-07 6.9e-07
Mn-54 1.1e-02 2.7e-03 6.8e-03 2.2e-02 3.2e-02 1.2e-02 2.9e-03 7.6e-03 2.4e-02 3.6e-02
Fe-55 1.1e-06 2.5e-07 6.8e-07 2.1e-06 3.3e-06 1.2e-06 2.8e-07 7.5e-07 2.4e-06 3.7e-06

a20- 8;6e,802802,e-,022
Co-56 4.1e-02 1.0e-02 2.6e-02 8.3e-02 1.3e-01 4.6e-02 1.1e-02 2.9e-02 9.4e 02 1.4e-01
Co-57 9.4e-04 2.3e-04 6.0e-04 1.9e-03 2.8e-03 1.1e-03 2.6e-04 6.6e-04 2.1 e03 3.1e-03
Co-58 1.1e-02 2.6e-03 6.8e-03 2.2e-02 3.3e-02 1.2e-02 2.9e-03 7.6e-03 2.4e-02 3.6e-02
Co-60 3.4e-02 8.5e-03 2.2e-02 6.9e-02 1.Oe-01 3.8e-02 9.3e-03 2.4e-02 7.8e-02 1.1e-01

Ni-63 1.2e-06 2.8e-07 7.4e-07 2.3e-06 3.5e-06 1.3e-06 3.1e-07 8.2e-07 2.6e-06 4.0e-06
Zn-65 7.5e-03 1.9e-03 4.8e-03 1.5e-02 2.3e-02 8.4e-03 2.0e-03 5.3e-03 1.7e-02 2.5e-02
As-73 1Ae-05 3.6e-06 9.0e-06 2.8e-05 4.2e-05 1.6e-05 3.9e-06 9.9e-06 3.2e-05 4.7e-05
Se-75 3.7e-03 9.2e-04 2.4e-03 7.4e-03 1.1e-02 4.1 e-03 1.0e-03 2.6e-03 8.4e-03 1.2e-02

Sr 8 - >';z,,'x" ie 3xt-.13e' 0, 3.3e 03- t 1_.0e',-OZ 1.6e, 02 2a 5.7, e -~7,r-,.e3 '36 3 ,e7e0
Sr-89 2.9e-05 7.6e-06 1.9e-05 5.9e-05 8.9e-05 3.3e-05 8.3e-06 2.1e-05 6.7e-05 9.8e-05
Sr-90 2.6e-04 6.3e-05 1.6e-04 5.2e-04 7.9e-04 2.9e-04 6.9e-05 1.8e-04 5.7e-04 8.9e-04
Y-91 7.9e-05 2.1e-05 5.0e-05 1.6e-04 2.4e-04 8.8e-05 2.3e-05 5.6e-05 1.8e-04 2.6e-04
Zr-93 2.1e-05 5.2e-06 1.3e-05 4.1e-05 6.3e-05 2.3e-05 5.7e-06 1.4e-05 4.6e-05 7.Oe-05

Z ,,i '-0ZLi2j03g6.8e-03,-K: 2.1e .3.2e02' I,.2 0 2-90i 2 3.6e0023 2
Nb-93m 7.3e-06 1.9e 06 4.6e-06 1.4e-05 2.2e-05 8.1e-06 2.0e06 5.1e-06 1.6e-05 2.5e-05
Nb-94 2.1e-02 5.2e-03 1.3e-02 4.2e-02 6.3e-02 2.3e-02 5.7e-03 1.5e-02 4.7e-02 7.0e-02
Nb-95 7.1e-03 1.7e-03 4.5e-03 1.4e-02 2.2e-02 7.9e-03 1.8e-03 4.9e-03 1.6e-02 2.4e-02
Mo-93 8.5e-06 2.3e-06 5.3e-06 1.7e-05 2.5e-05 9.4e-06 2.5e-06 5.9e-06 1.9e-05 2.8e-05
T-_397 L.5 6' 4.1e-07;,,9.6e-07 -_ '.O06 .06' i_ .4.9e-507.
Tc,97m 4.6e-06 1.2e-06 2.9e-06 9.2e-06 1.4e-05 5.1e-06 1.4e-06 3.2e-06 1.0e-05 1.5e-05
Tc-99 3.4e-06 8.8e-07 2.2e-06 6.8e-06 1.0e-05 3.8e-06 9.6e-07 2.4e-06 7.6e-06 1.2e-05
Ru-103 4.5e-03 1.1e-03 2.9e-03 9.2e-03 1.4e-02 5.1e-03 1.2e-03 3.2e-03 1.0e-02 1.5e-02
Ru-106 2.9e-03 7.4e-04 1.8e-03 5.9e-03 8.7e-03 3.2e-03 8.0e-04 2.0e-03 6.6e-03 9.6e-03
AgZ4 08m¶ 2:_ ;WP 0r -i m : 2102 2:5.7003e .5072 4.8e0O2Z7.0"0 2
Ag-110in 3.5e-02 8.6e-03 2.2e-02 7.0e-02 1.Oe-01 3.9e-02 9.4e-03 2.5e-02 7.9e-02 1.2e-01
Cd-109 6.0e-05 1.7e-05 3.8e-05 1.2e-04 1.8e-04 6.7e-05 1.8e.-5 4.2e-05 1.3e-04 2.0e-04
Sn-113 2.8e-03 7.1e-04 1.8e-03 5.7e-03 8.6e-03 3.2e-03 7.7e-04 2.0e-03 6.4e-03 9.5e-03
Sb-124 2.0e-02 4.9e-03 1.3e-02 4.1e-02 6.1e-02 2.3e-02 5.4e-03 1.4e-02 4.6e-02 6.9e-02
Sb-37'125ef'.5.3.-023,-i -3e 3'4e0,3 1..1e, 2 '6,n02 '' - 3-1.i.e33.7e031.2e .8e 25
Te-123m 1.2e-03 2.9e-04 7.3e-04 2.3e-03 3.5e-03 1.3e-03 3.1e-04 8.1e-04 2.6e-03 3.8e-03
Te-127m 7.3e-05 1.9e-05 4.7e-05 1.5e-04 2.2e-04 8.1e-05 2.1e-05 5.1e-05 1.7e-04 2.4e-04
1-125 4.8e-05 1.1e-05 3.0e-05 9.5e-05 1.5e-04 5.3e-05 1.2e-05 3.4e-05 1.1e-04 1.6e-04
1-129 2.7e-04 4.2e-05 1.7e-04 5.5e-04 8.7e-04 3.1e-04 4.6e-05 1.9e-04 6.2e-04 9.7e-04
I-13tfiK- 103.2e-03: '.ieO. .,:6.0e4;,2.7e03 '4.1e 3' ;:1.3eO : 1.2-04--;4 6.7-04,i..0-03i -:4.6e-03'

Cs-134 2.0e-02 5.0e-03 1.3e-02 4.1e-02 6.1e-02 2.3e-02 5.5e-03 1.4e-02 4.6e-02 6.8e-02
Cs-135 6.8e-06 9.8e-07 4.2e-06 1.4e-05 2.2e-05 7.6e-06 1.1e-06 4.7e-06 1.5e-05 2.4e-05
Cs-137 7.4e-03 1.8e-03 4.7e-03 1.5e-02 2.2e-02 8.3e-03 2.0e-03 5.2e-03 1.7e-02 2.5e-02
Ba-133 4.2e-03 1.0e-03 2.7e-03 8.4e-03 1.3e-02 4.7e-03 1.1e-03 3.0e-03 9.5e-03 1.4e-02
Ce-i39" . 12e-,3 2.9e-04 7.5e-O4 2.4i-03'3.6e-03 - i.3eO i-,3.2.e- 4 8.:%!0 - 3'.9eO3.
Ce-141 4.4e-04 1.0e-04 2.8e-04 8.9e-04 1.3e-03 4.9e-04 1.1e-04 3.0e-04 9.9e-04 1.5e-03
Ce-144 7.3e-04 1.9e-04 4.6e-04 1.5e-03 2.2e-03 8.1e-04 2.te-04 5.1e-04 1.7e-03 2.4e-03
Pm-147 9.9e-06 2.5e-06 6.2e-06 2.0e-05 3.0e-05 1.1e-05 2.8e-06 6.9e-06 2.2e-05 3.3e-05

_U _G_1_4. ,,
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Appendix H-1 Normalized Effective Dose Equivalents from Aluminum

Table H1.1 Normalized effective dose equivalents from all pathways: Scrap yard
Radionuclide Mass-based EDE (uSv/y per Bg/g) Surficial EDE (uSv/y per BqIcm2)

Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
Sm-151 72e-06 1.8e-06 4.5e-06 1.4e-05 2.2e-05 8.0e-06 2.0e-06 5.0e-06 1.6e-05 2.4e-05
Eu-I52'C;.- i.5e- 2. ,3.8e-03 '9.7e0 -0-3.3.- e-2:ff 7-:,-,4.ie-03 21.0 z-.3.5e,02.5.1e2-
Eu-154 1.5e-02 3.7e-03 9.5e-03 3.0e-02 4Ae-02 1.7e-02 4.0e-03 I.Oe-02 3Ae-02 5.Oe-02
Eu-155 3.4e-04 8.6e-05 2.2e-04 6.9e-04 I.Oe-03 3.8e-04 9.5e-05, 2.4e-04 7.8e-04 I.Ie-03
Gd-1 53 4.3e-04 1.1e-04 2.7e-04 8.6e-04 1.3e-03 4.7e-04 1.2e-04 3.0e-04 9.6e-04 1.Ae-03
Tb-160 1.2e-02 3.1e-03 7.9e-03 2.5e-02 3.8e-02 1.4e-02 3.3e-03 8.8e-03 2.8e-02 4.2e-02
Tm-170 ~--3 e 5_8.5e,,06,)2.Oe-05 z,6.2e-05 _ 3 .'ie459 2 e-06 .- ,22e5,.0 ,05 LiO 44'

Trn-171 4.1e-06 1.2e-06 2.6e-06 8.2e-06 1.2e-05 4.6e-06 1.3e-06 2.9e-06 9.2e-06 1.4e-05
Ta-1 82 1.5e-02 3.7e-03 9.6e-03 3.0e-02 4.6e-02 1.7e-02 4.1le-03 1.1e-02 3.4e-02 5.0e-02
W-181 1.1e-04 2.8e-05 7.1e-05 2.2e-04 3.4e-04 1.2e-04 3.0e-05 7.9e-05 2.5e-04 3.7e-04
W-185 2.1 e-06 4.9e-07 1.3e-06 4.2e-06 6.5e-06 2.3e-06 5.4e-07 1.5e-06 4.7e-06 7.2e-06

s-035z!:' 57.."3:1.9 -M -4. 05e 02

Ir-192 8.3e-03 2.1e-03 5.3e-03 1.7e-02 2.5e-02 9.3e-03 2.2e-03 5.9e-03 1.9e-02 2.8e-02
T.-204 1.3e-05 3.3e-06 8.0e-06 2.5e-05 3.7e-05 IAe-05 3.6e-06 8.9e-06 2.8e-05 4.2e-05
Pb-210 I.Ie-02 2.4e-03 6.8e-03 2.1e-02 3.4e-02 12e-02 2.6e-03 7.6e-03 2Ae-02 3.8e-02
B1-207 2.0e-02 5.Oe-03 1.3e-02 4.0e-02 6.0e-02 2.2e-02 5.4e-03 1.4e-02 4.5e-02 6.7e-02
Po210 43.1e-03 -u7.044-i^: 2.e-Oe43* 3 23 03, A.j:1>e-02 t

Ra-226 2.6e-02 6.9e-03 1.7e-02 5.3e-02 7.8e-02 2.9e-02 7.5e-03 1.9e-02 5.9e-02 8.7e-02
Ra-228 I.5e-02 4.1 e-03 9.7e-03 3.0e-02 4.5e-02 .7e-02 4.5e-03 1.1e-02 3.4e-02 5.0e-02
Ac-227 3.2e-01 8.1 e-02 2.0e-01 6.3e-01 9.7e-01 3.6e-01 8.9e-02 2.2e-01 7.1 e-01 1.1 e+00
Th-228 7.7e-02 2.1e-02 4.9e-02 - 1.5e-01 2.4e-01 8.6e-02 2.3e-02 5.4e-02 1.7e-01 2.6e-01

53e i 2 32e-Oi .0e+tOOI.5e,+,,00, - I 4 i7
Th-230 7.6e-02 1.9e-02 4.7e-02 1.5e-01 2.3e-01 8Ae-02 2.1e-02 5.3e-02 1.7e-01 2.6e-41
Th-.232 3.8e-01 9.5e-02 2Ae-01 7.5e-01 1.2e+00 42e-01 I.Oe-01 2.6e-01 8.4e-01 1.3e+00
Pa-231 3.1e-01 7.7e-02 1.9e-01 6.1e-01 9.3e-01 3Ae-01 8.4e-02 2.1e-01 6.8e-01 I.Oe+00
U-232 1.5e-01 3.9e-02 9.7e-02 3.1e-01 4.7e-01 1.7e-01 4.2e-02 1.1e-01 3.4e-01 5.3e-01
U-2332^3.1&043' 7.9e-03--2.0e02 .'.6.2&02 '9.6e-02 ' 3.e - 2 8.6e 03 52e 20 7.0e'... .1e-01
U-234 3.1e-02 7.7e-03 1.9e42 6.1e42 9.4e-02 3.4e02 8.4e-03 2.Ie-02 6.8e-02 1.1e-01
U-235 3.0e-02 7.8e-03 1.9e-02 6.Oe-02 9.3e-02 3.4e-02 8.4e-03 2.1e-02 6.7e-02 1.1e-01

U-236 2.9e-02 7.3e-03 1.8e-02 5.8e-02 8.9e-02 3.2e-02 8.0e-03 2.0e-02 6.4e-02 I.0e-01
U-238 2.8e-02 7.0e-03 1.8e-02 5.5e-02 8.5e-02 3.1e-02 7.7e-03 1.9e-02 6.2e-02 9.5e-02
Np23.3e 6-0_Vj;L3.3e-02 2 2.02 -. e,,1' i.Oe ,i- .5e01__*.6e4 02 ,90! 2.9e0l4.4e-j Oj,
Pu-236 3Ae-02 8.6e-03 2.1e-02 6.7e-02 1.0e-01 3.8e-02 9.3e-03 2.4e-02 7.5e-02 1.2e-01
Pu-238 9.3e-02 2Ae-02 5.8e-02 I.8e-01 2.8e-01 I.Oe-01 2.6e-02 6.5e-02 2.1e-01 3.2e-01
Pu-239 I.Oe-01 2.6e-02 6Ae-02 2.0e-01 3.1e-01 1.1e-01 2.8e-02 7.1e-02 2.3e-01 3.5e-01
Pu-240 I.Oe-01 2.6e-02 6Ae-02 2.0e-01 3.1e-01 I.Ie-01 2.8e-02 7.1e-02 2.3e-01 3.5e-01

_____~i __e ~ 0e0<2-3.e0,z>60e3 ; ;, 5.4e 4~ .4e-03:Z.3e-,03 ,,,,,.7e43,,

Pu-242 9.7e-02 2.5e02 6.1e02 1.9e-01 3.0e-01 1.1e-01 2.7e02 6.8e-02 2.2e-01 3.3e-01
Pu-244 I.Oe-01 2.6e402 6.3e-02 2.0e-01 3.1e-01 I.Ie-01 2.8e-02 7.0e-02 2.2e-01 3.4e-01
Arr-241 I.Ie-01 2.7e-02 6.6e-02 2.1e-01 32e-01 1.2e-01 2.9e-02 7.3e-02 2.3e-01 3.6e-4i
Arr-242mn 1O4.0-1 2.6e-02 6.5e-02 2.1e-01 3.2e-01 1.2e-01 2 .9e402  7. 3e -02  2.3e-01 3.5e-01
A243:,<.''1j.1,e401 ?2.7e-02Y--6.7e-02 s2.'1e.01&-3.2e.0i1+ _1-?2eO1 ,_'.9e02 ','7,;4&02j.i,2.4e.01,',,3.6e.01
Cm-242 3.8e-03 9.5e-04 2.4e-03 7.5e-03 1.2e-02 4.2e-03 I.Oe-03 2.6e-03 8.4e-03 1.3e-02
Cm-243 7.4e-02 1.9e-02 4.6e-02 1.5e-01 2.3e-01 8.2e-02 2.0e-02 5.1 e-02 1.6e-01 2.5e-01
Cm-244 5.9e-02 1.5e-02 3.7e-02 1.2e-01 1.8e-01 6.5e-02 1.6e-02 4.1e-02 1.3e-01 2.0e-01
Cm-245 I.Ie-01 2.8e-02 6.8e-02 2.2e01 3.3e-01 1.2e01 3.0e-02 7.6e-02 2.4e-01 3.7e-01
Cm-246J2~In.ie-2 s2.7e42'_67i.e2 L,2.ie-01, -3e3e-01 2e-01>'.9e2 ,7.4e-02U2.4e-0ii 3.6e.01
Cm-247 I.Oe-01 2.6e-02 6Ae-02 2.0e01 3.1e-01 1.1e-01 2.9e-02 7.1e-02 2.3e-01 3.5e01
Cm-248 3.9e01 9.9e-02 2.5e-01 7.8e-01 1.2e+00 4.4e-01 1.1e-01 2.7e-01 8.7e-01 1.3e+00
Bk-249 3.3e-04 8.3e-05 2.0e-04 6.5e-04 I.Oe-03 3.6e-04 9.0e-05 2.3e-04 7.2e-04 1.1 e-03
Cf-248 1.2e-02 2.9e-03 7.3e-03 2.3e-02 3.6e-02 1.3e-02 3.2e03 8.1e-03 2.6e-02 4.0e-02
Cf-249_- -. -' '- 9.6e-02 -,'2.S-02 _ 6.0e-02 1.9e41 - 2.9e,1 ___1e 0 -6.7e.02. 2.1r-01 32e01
Cf-250 4.9e-02 1.2e-02 3.1e-02 9.7e-02 1.5e-01 5.5e-02 1.4e-02 3.4e-02 1.1e-01 1.7e-01
Cf-251 9.4e-02 2.4e-02 5.9e-02 1.9e401 2.9e-01 I.Ie-01 2.6e-02 6.6e-02 '2.1e-01 3.2e401
Cf-252 3.7e-02 9.2e-03 2.3e-02 7.3e-02 1.1e-01 4.1e-02 I.Oe-02 2.5e-02 8.1e02 1.2e-01
Cf-254 2.5e-0I 6.6e-02 1.6e-01 5.0e-01 7.3e-01 2.7e41 7.1e02 1.7e-01 5.6e-01 8.2e-01
Es-254 -' 2.1e42 - -5.9e03 -,.3e42 T-42e02 ;.62e42.- -' 2.3e-02 - 6Ae43'1.5e42! 4.7e42 - 6.9e-02'
Note: To convert these values to conventional units (mrem/y per pCVg or mrem/y per pCilcm), multiply by 3.7e-3
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Normalized Effective Dose Equivalents from Aluminum Appendix H-I

Table H1.2 Normalized effective dose equivalents from external exposure: Scrap yard

Radionuclide Mass-based EDE (pSvly per BqIg)
Mean -5th 50th 90th 95th

Surficial EDE (pSvty per BgIcm')
Mean 5th 50th 90th 95th

H-3 O.Oe+00 O.Oe+0O O.Oe+00 0.Oe+0O O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+0O

C-14 3.8e-08 9.3e-09 2.4e-08 7.5e-08 1.1e-07 4.2e-08 1.0e-08 2.6e-08 8.5e-08 1.3e-07
Na-22 2.9e-02 7.2e-03 1.8e-02 5.8e-02 8.6e-02 3.2e-02 7.8e-03 2.0e-02 6.5e-02 9.7e-02
P-32 1.7e-05 2.9e-06 1.0e-05 3.5e-05 5.3e-05 1.9e-05 3.2e-06 -1.e-05 3.9e-05 5.9e-05
S-3 3.5e,08? 8.8e- ,9
CI-36 6.6e-06 1.6e-06 4.2e-06 1.3e-05 2.0e.05 7.4e-06 1.8e-06 4.7e-06 1.5e-05 2.2e-05
K-40 2.2e-03 5.4e-04 1.4e-03 4.4e-03 6.5e-03 2.4e-03 5.9e-04 1.5e-03 5.0e-03 7.3e-03
Ca-41 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-45 1.7e-07 4.2e-08 1.1e-07 3.4e-07 5.1 e-07 1.9e-07 4.6e-08 1.2e-07 3.8e-07 5.6e-07
ScB4I6- 5- 3ii,,.Sii3 d,; 4.,7e-02Ž7.1e2\tf> 2.6 6.3e,-03S, 1.6e7 z5.3e-02 7.8e-02i

Cr-51 2.4e-04 5.4e-05 1.5e-04 4.8e-04 7.4e.04 2.7e-04 5.9e-05 1.7e-04 5.4e-04 8.2e-04
Mn-53 O.Oe+00 O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mn-54 1.1e-02 2.7e-03 6.8e-03 2.2e-02 3.2e-02 1.2e-02 2.9e-03 7.6e-03 2.4e-02 3.6e-02
Fe-55 1.3e-12 3.3e-13 8.4e-13 2.6e-12 3.9e-12 1.5e-12 3.6e-13 9.3e-13 3.0e-12 4.4e-12
Fe 5*,1 2e-02, 2.9e,03 -,7.7 03 '2.Se-O 3.7; ?-~1.e-02wM 3.2e- 8.6e-03
Co-56 4.1e-02 1.0e-02 2.6e-02 8.3e-02 1.3e-01 4.6e-02 1.1e-02 2.9e-02 9.4e-02 1Ae-01
Co-57 9.4e-04 2.3e-04 6.0e-04 1.9e-03 2.8e-03 1.0e-03 2.5e-04 6.6e-04 2.1e-03 3.1e-03
Co-58 1.1e-02 2.6e-03 6.8e-03 2.2e-02 3.3e-02 1.2e-02 2.9e-03 7.6e-03 2.4e-02 3.6e-02
Co-60 3.4e-02 8.5e-03 2.2e-02 6.8e-02 1.0e-01 3.8e-02 9.3e-03 2.4e-02 7.7e-02 1.Ie-01
N_-59-.2<,i 0 1e O'tie .3-07 4.16-O7; 6.1e, 7 O .- 6.9 O7
Ni-63 7.4e-10 1.8e-10 4.7e-10 1.5e-09 2.2e-09 8.3e-10 2.0e-10 5.2e-10 1.7e-09 2.5e-09
Zn-65 7.5e-03 1.9e-03 4.8e-03 1.5e-02 2.3e-02 8.4e-03 2.0e-03 5.3e-03 1.7e-02 2.5e-02
As-73 1.3e-05 3.2e-06 8.2e-06 2.6e-05 3.9e-05 1.4e-05 3.5e-06 9.1e-06 2.9e-05 4.3e-05
Se-75 3.7e-03 9.2e-04, 2.36-03 7.4e-03 1.1e-02 4.1e-03 1.0e-03 2.6e-03 8.3e-03 1.2e-02
Sri-85:>-5.le 03, .2>t.3,03, 3.3e-03 J..1.-02 ,.- -5.7e- 031. 1e40 3 .622e2 ' ,.ie
Sr-89 2.3e-05 5.5e-06 1.4e-05 4.6e-05 6.9e-05 2.5e-05 6.0e-06 1.6e-05 5.1e-05 7.8e-05
Sr-90 8.2e-05 2.0e-05 5.2e-05 1.6e-04 2.4e-04 9.1e-05 2.2e-05 5.8e-05 1.9e-04 2.7e-04
Y-91 6.4e-05 1.6e-05 4.1e-05 1.3e-04 1.9e-04 7.1e-05 1.7e-05 4.5e-05 1.5e-04 2.2e-04
Zr-93 1.2e-09 2.9e-10 7.7e-10 2.5e-09 3.6e-09 1.4e-09 3.2e-10 8.6e-10 2.7e-09 4.1e-09
Zr-95" 1.2.7-03t6.803 A2Ae-022, 326-02W! '2e 2 2S6-03Z 7:5620i'e:02, 3.6e -02
Nb-93m 1.6e-07 3.9e-08 1.0e-07 3.1e-07 4.7e-07 1.7e-07 4.2e-08 1.1e-07 3.6e-07 5.3e-07
Nb-94 2.1 e-02 5.2e-03 1.3e-02 4.2e-02 6.2e-02 2.3e-02 5.7e-03 1.5e-02 4.7e-02 7.0e-02
Nb-95 7.1 e-03 1.7e-03 4.5e-03 1.4e-02 2.2e-02 7.9e-03 1.8e-03 4.9e-03 1.6e-02 2.4e-02
Mo-93 8.5e-07 2.1e-07 5.4e-07 1.7e-06 2.5e-06 9.5e-07 2.3e-07 6.0e-07 1.9e-06 2.8e-06
To-97,-S_, 1u2.6228eO7'' 7.3e-07I2.3e,-,0,6,3.46-05 ; ,1.3e 6 31e-07'8.Q0• 2.e-0 63.8e 6i
Tc-97m 2.8e-06 6.8e-07 1.8e-06 5.6e-06 8.4e-06 3.1e-06 7.4e-07 1.9e-06 6.3e-06 9.2e-06
TC-99 3.8e-07 9.3e-08 2.4e-07 7.5e-07 1.1e-06 4.2e-07 1.0e-07 2.6e-07 8.5e-07 1.3e-06
Ru-103 4.5e-03 1.1e-03 2.9e-03 9.2e-03 1.4e-02 5.1e-03 1.2e-03 3.2e-03 1.0e-02 1.Se-02
Ru-106 2.8e-03 6.9e-04 1.8e-03 5.6e-03 8.3e-03 3.1e-03 7.5e-04 2.0e-03 6.3e-03 9.2e-03
Ag-108 ''P,>,~.16-2;,,2A .52e-3.'-'413e-02 L42e02. \.6.3-02t '23e 2"=,57 7S, ,2.?'e2 .00:02;'
Ag-110m 3.5e-02 8.6e-03 2.2e-02 7.0e-02 1.0e-01 3.9e-02 9.4e-03 2.4e-02 7.9e-02 1.2e-01
Cd-109 2.4e-05 6.0e-06 1.5e-05 4.9e-05 7.3e-05 2.7e-05 6.5e-06 1.7e-05 5.5e-05 8.0e-05
Sn-i 13 2.8e-03 7.1e-04 1.8e-03 5.7e-03 8.6e-03 3.2e-03 7.7e-04 2.0e-03 6.4e-03 9.4e-03
Sb-124 2.Oe-02 4.9e-03 1.3e-02 4.1 e-02 6.1 e-02 2.3e-02 5.4e-03 1.4e-02 4.6e-02 6.9e-02

-5 3.44-03 S1'ie '3j J1.6e02. S4.2eO2 1.8e02

Te-123m 1.le-03 2.8e-04 7.3e-04 2.3e-03 3.5e-03 1.3e-03 3.1e-04 8.1e-04 2.6e-03 3.8e-03
Te-127m 6.2e-05 1.5e-05 4.0e-05 1.2e-04 1.9e-04 6.9e-05 1.7e-05 4.4e-05 1.4e-04 2.1e-04
1-125 1.9e-05 4.7e-06 1.2e-05 3.9e-05 5.9e-05 2.2e-05 5.2e-06 1.4e-05 4.4e-05 6.6e-05
1-129 1.9e-05 4.7e-06 1.2e-05 3.8e-05 5.7e-05 2.1e-05 5.2e-06 1.3e-05 4.3e-05 6.4e-05
1e131 ,.-a.1.26-03, i1.16-04,'i2-6.0e 04r-2 7A-03 -*4.1e03 " 1.3e-03i ',1.2e,-04.6e 04.3.0e-03 ' 0.6eO3

Cs-134 2.0e-02 5.0e-03 1.3e-02 4.1e02 6.0e-02 2.3e-02 5.5e-03 1.4e-02 4.6e-02 6.7e-02
Cs-135 2.7e-07 6.6e-08 1.7e-07 5.4e-07 8.0e-07 3.0e-07 7.3e-08 1.9e-07 6.1e-07 9.0e-07
Cs-137 7.4e-03 1.8e-03 4.7e-03 1.5e-02 2.2e-02 8.2e-03 2.0e-03 5.2e-03 1.7e-02 2.5e-02
Ba-133 4.2e-03 1.0e-03 2.7e-03 8.4e-03 1.3e-02 4.7e-03 1.1e-03 3.0e-03 9.5e-03 1.4e-02
C 139;5'''1i2-3 ,-29e4 4,-,:73e 4:2.403~6 '3.e -'- ''-i1.3e-03-', 3.2e,0- '48.3e04_ 2.7e-03 ' 3.9e-03
Ce-141 4.3e-04 1.0e-04 2.7e-04 8.8e-04 1.3e-03 4.8e-04 1.1e-04 3.0e-04 9.8e-04 1.5e-03
Ce-144 6.3e-04 1.6e-04 4.0e-04 1.3e-03 1.9e-03 7.1e-04 1.7e-04 4.5e-04 1.4e-03 2.1e-03
Pm-147 1.3e-07 3.2e-08 8.2e-08 2.6e-07 3.9e-07 1.4e-07 3.5e-08 9.1e-08 2.9e-07 4.3e-07
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Appendix H- I Normalized Effective Dose Equivalents from Aluminum

Table HI.2 Normalized effective dose equivalents from external exposure: Scrap yard

Radionuclide Mass-based EDE (pSvly per Bg/g) Surficial EDE (pSvty per Bgqcm2)
Mean 5th 50th 90th 95th Mean 5th 50th - 90th 95th

Sm-151 2.8e-09 7.0e-10 1.8e-09 5.7e-09 8.5e-09 32e-09 7.7e-10 2.0e-09 6.4e-09 9.Se-09

Eu-i52i .5 02 3.8e-03" 9.7e03 3.1ie-02 '4.5e02-; -,,.02'1.7e 2 4.Ie03 2 .4e25.1e02
Eu-t54 1.5e-02 3.7e-03 9.4e-03 3.0e-02 4.4e-02 1.7e-02 4.0e-03 1.Oe-02 3.4e-02 5.0e-02

Eu-155 3.3e-04 8.3e-05 2.1e-04 6.7e-44 1.0e-03 3.7e-04 9.0e-05 2.3e-04 7.5e-04 1.1 e-03

Gd-153 4.2e-04 1.Oe-04 2.7e-04 8.5e-04 1.3e-03 4.7e-04 1.1e-04 3.0e-04 9.6e-04 1.4e-03

Tb-160 1.2e-02 3.1e-03 7.9e-03 2.5e-02 3.8e-02 1Ae-02 3.3e-03 8.8e-03 2.8e-02 42e-02

T4e170.3 . -,2e5S. ; A. , 2 05, '5.9e-06 r164.05 -,;:752e-05-
Tm-171 1.7e-06 4.3e-07 1.1e-06 3.4e-06 5.1e-06 1.9e-06 4.6e-07 1.2e-06 3.9e-06 5.7e-06

Ta-182 1.5e-02 3.7e-03 9.6e-03 3.0e-02 4.6e-02 1.7e-02 4.1e-03 1.1e-02 3.4e-02 5.0e-02

W-181 1.1e-04 2.8e-05 7.1e-05 2.2e-04 3.4e-04 1.2e-04 3.0e-05 7.8e-05 2.5e-04 3.7e-04

W-185 9.2e-07 2.3e-07 5.8e-07 1.8e-06 2.8e-06 1.Oe-06 2.5e-07 6.5e-07 2.1e-06 3.1 e-06
41

O9185<B7.5-03 ;1 03 P4.8e-03y,-1.5e-0 2.3e-02 -' -- 4 _.82033-503 e'5 03 .,.7e-02 *5J2
Ir-192 8.3e-03 2.0e-03 5.3e-03 1.7e-02 2.5e-02 9.3e-03 2.2e-03 5.9e-03 1.9e-02 2.8e-02

Tl-204 9.4e-06 2.3e-06 6.0e-06 1.9e-05 2.8e-05 1.Oe-05 2.5e-06 6.6e-06 2.1e-05 3.1e-05

Pb-210 1.6e-05 4.0e-06 1.0e-05 3.2e-05 4.8e-05 1.8e05 4.3e-06 1.1e-05 3.6e-05 5.4e-05

Bi-207 2.0e-02 5.Oe-03 1.3e-02 4.0e-02 6.0e-02 2.2e-02 5.4e-03 1.4e-02 4.5e-02 6.7e402

Ra-226 2.3e-02 5.8e-03 1.5e-02 4.7e-02 6.9e-02 2.6e-02 6.3e-03 1.6e-02 5.3e-02 7.8e-02

Ra-228 1.2e-02 2.9e-03 7.5e403 2Ae-02 3.5e-02 1.3e-02 3.2e-03 8.3e-03 2.7e-02 4.0e-02

Ac-227 4.6e-03 1.1e-03 2.9e-03 9.2e403 1Ae-02 5.1e03 1.2e-03 3.2e-03 1.0e-02 1.5e-02

Th-228 1.9e-02 4.7e-03 1.2e-02 3.8e402 5.7e-02 2.1e-02 5.2e-03 1.3e-02 4.3e-02 6.4e-02

&29' 3 .03 i 8.0e04 31 636.5e-037b.7e0 -3.6e03 )' 8.8e;04j2.3e- 7.3e-3 i-0it4

Th-230 2.9e-06 6.9e-07 1.8e-06 5.7e-06 8.6e-06 3.2e-06 7.6e-07 2.0e-06 6.4e-06 9.6e-06

Th-232 7.7e-05 9.1e-06 4.7e-05 1.6e-04 2.5e-04 8.5e-05 1.Oe-05 5.2e-05 1.8e-04 2.8e-04

Pa-231 3.8e-04 9.4e05 2Ae-04 7.6e-04 1.1e-03 4.2e-04 1.0e-04 2.7e-04 8.5e-04 1.3e-03

U-232 3.8e-04 4.5e-05 2.3e-04 7.8e-04 1.2e03 4.2e-04 5.0e-05 2.5e-04 8.8e-04 1.4e-03
-'.7 - -..-_ .. ~ '.. -l6. 9e-06 _ I- 4

le-07S'f~,5.eO1.3eO,,'. -06;!6e~' 3 6'<6 .','! . ................... .'e .. '47 6

U-234 7.3e-07 1.8e-07 4.6e-07 1.5e406 2.2e-06 8.1 e-07 2.0e-07 5.1e-07 1.6e06 2.4e-06

U-235 .7e-03 4.1e404 1.e-03 3.4e-03 5.0e-03 1.9e-03 4.5e-04 1.2e-03 3.8e-03 5.6e-03

U-236 3.7e-07 9.1e-08 2.3e-07 7.4e407 1.1e406 4.1e-07 1.0e-07 2.6e-07 8.3e-07 1.2e-06

U-238 3.5e-04 8.7e-05 2.2e-04 7.1e-04 1.1e-03 3.9e-04 9.6e-05 2.5e-04 8.0e-04 1.2e403

tNp.23g 2<.543 6.1e-041.6e.035.0e-0,3, 2.8e03 e4, .7e 5 ,.3

Pu-236 4.9e-07 1.1 e-07 3.1 e-07 9.9e-07 I.Se-06 5Ae-07 1.2e-07 3.4e-07 1.1e-06 1.6e-06

Pu-238 2.4e-07 5.8e-08 1.5e-07 4.7e07 7.0e-07 2.6e-07 6.4e-08 .7e-07 5.3e-07 7.9e-07

Pu-239 6.2e-07 1.5e-07 3.9e-07 1.2e-06 1.8e-06 6.9e-07 1.7e-07 4.3e-07 1.4e-06 2.1 e-06

Pu-240 2.3e-07 5.7e08 1.5e-07 4.6e-07 6.9e-07 2.6e-07 6.2e-08 1.6e-07 5.2e-07 7.7e-07

Pu-241 r17e-084.Oe-09> 08' ~ !3.5e-08 e.9e-08, j4.4o-9 ,; ! &.2e08 ;8e4 .8-8e48
Pu-242 2.0e-07 5.0e-08 1.3e-07 4.1e-07 6.0e-07 2.3e-07 5.5e48 1Ae-07 4.6e-07 6.8e-07

Pu-244 42e-03 1.1e-03 2.7e-03 8.5e-03 1.3e-02 4.7e-03 1.1 e03 3.0e03 9.6e-03 1Ae-02

Arn-241 7.3e-05 1.8e-05 4.6e-05 1.5e-04 2.2e-04 8.1e-05 2.0e-05 5.1e-05 1.6e-04 2Ae-04

Amn-242m 1.Ae-44 3.4e-05 8.7e-05 2.8e-04 4.1 e-04 1.5e-04 3.7e-05 9.6e-05 3.1 e-04 4.6e-04

243.' :. b i.9e-03-4.6e 40 2e-03_e-o3X)5.6e- i- 2.103'.O.04 1.3e03j4.2e03 '26.2e03A
Cm-242 2.4e-07 5.9e-08 I.5e-07 4.8e-07 7.1e-07 2.6e-07 -6Ae-08 1.7e-07 5.4e-07 7.9e-o7

Cm-243 1 .2e-03 2.9e-04 7.6e-04 2.4e-03 3.5e-03 1 .3e-03 3.2e-04 8.4e-04 2.7e-03 4.0e03

Cm-244 2.2e-07 5.3e-08 1 Ae4-07 4.3e-07 6.4e-07 2Ae4-07 5.8e-08 1 .5e-07 4.9e-07 7.2e-07

Cm-245 7Ae4-04 1.8e-04 4.7e-4 1.5e-03 2.2e-03 8.3e-04 2.0e-04 5.2e-04 1.7e-03 2.5e-03

Cme-2i6':; "i .4 9.7e08 !

Cm-247 4.0e-03 9.9e-04 2.6e-03 8.1e-03 1.2e-02 4.5e-03 1.1e-03 2.8e-03 9.1e-03 1.3e-02

Cm-248 1.3e-07 3.2e-08 8.1e-08 2.6e-07 3.8e-07 IAe-07 3.4e-08 8.9e-08 2.9e-07 4.3e-07

Bk-249 4.2e-07 5.5e-08 2.6e-07 8.8e-07 IAe-06 4.7e-07 62e-08 2.9e-07 9.8e-07 1.5e-06

Cf-248 3.1 e-07 7.7e-08 2.0e-07 6.3e-07 9.4e-07 3.5e-07 8.5e-08 2.2e-07 7.1 e-07 1 .Oe06

Cf-249 ' ,-' '3.9e-03 9;7,,4-,2.5e43,- 7.9e43 'i.2e-02 "3e 3- 1 .ie 9

Cf-250 1.6e-07 3.9e-08 1.Oe-07 3.2e-07 4.7e-07 1.8e-07 4.3e-08 1.1e-07 3.6e-07 5.3e07

Cf-251 I .Oe-03 2.5e-04 6.5e-04 2.0e-03 3.0e-03 1.1e-03 2.8e-04 7.1 e-04 2.3e-03 3.4e-03

Cf-252 2.8e-07 6.9e-08 1.8e-07 5.5e-07 8.3e-07 3.1 e-07 7.5e-08 1.9e-07 6.3e-07 9.2e07

Cf-254 1.9e-01 4.6e-02 1.2e-01 3.8e41 5.8e-01 2.1e-01 5.1e-02 1.3e-01 4.3e-01 6.5e-01

Es-254 - - 1.2e2 " 2.9e-03 '-7.4e-03 ..-;- 2.3e-02 3'--3.5e42, ,: -i.3e-0 .3 328-8.2

Note: To convert these values to conventional units (mremly per pCI/g or mremly per pCi/crn). multiply by 3.7e-3
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Normalized Effective Dose Equivalents from Aluminum Appendix H-I

Table H1.3 Normalized effective dose equivalents from Inhalation: Scrap yard

Radionuclide Mass-based EDE (uSv/y per Bq/g) Surficial EDE (uSvly per BqIcrn2)
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

H-3 1.5e-08 3.7e-09 9.2e-09 2.9e-08 4.5e-08 1.6e-08 4.0e-09 l.Oe-08 3.3e-08 5.Oe08
C-14 4.8e-07 1.2e-07 3.0e-07 9.5e-07 1.5e-06 5.4e-07 1.3e-07 3.3e-07 1.le-06 1.6e-06
Na-22 1.7e-06 4.4e-07 1.1e-06 3.4e-06 5.3e-06 1.9e-06 4.7e-07 1.2e-06 3.9e-06 5.9e-06

P-32 1.5e-06 2.6e-07 07 3.2e06 4.9e06 1.7e-06 2.8e-07 9.9e-07 3.5e-06 5.4e-06
S-35i3+-'.;4.9eO- 7 '�~127 .7 ,,Fs~; 06,5.5e j7,-1-.3,7 3.4e 07 Z~1,1'-8 1.70-06- 4

CI-36 5.1e-06 1.3e-06 3.2e-06 -. Oe-05 1.5e-05 5.6e-06 1.4e-06 3.5e-06 1.1e-05 1.7e-05
K-40 2.9e-06 7.le-07 1.8e-06 5.6e-06 8.7e-06 3.2e-06 7.8e-07 2.0Oe-06 6.3e-06 9.70-06
Ca-41 3.1e-07 7.8eO-08 1.9e-07 6.1e-07 9.4e-07 3.5e-07 8.5e-08 2.2e-07 6.9e-07 1.Ie-06
Ca-45 1.4e-06 3.5e-07 8.9e-07 2.8e-06 4.3e-06 1.6e-06 3.8e-07 9.8e-07 3.l-06 4.8e-06
Sc46 5K 5.84'-06': I.43,6 je.7 -0 1 . 05,, 64.ie06, 6 :1.3e-0s.0bs
Cr-51 4.9e-08 1.le-08 3.0e-08 9.9e08 1.5e-07 5.4e-08 1.2e-08 3.3e-08 1.1e-07 1.70-07

Mn-53 1.2e-07 2.9e-08 7.2e-08 2.3e-07 3.5e-07 1.3e-07 3.1e-08 8.0e-08 2.5e-07 3.9e-07

Mn-54 1.5e-06 3.7e-07 9.3e-07 2.9e-06 4.5e-06 1.6e-06 4.0e-07 1.0e-06 3.3e-06 5.0e-06

Fe-55 6.1e-07 1.5e-07 3.8e-07 1.2e-06 1.9e-06 6.8e-07 1.7e-07 4.2e-07 1.4e-06 2.1e-06

Fns.-.T - 2;5e-06 0 6

Co-56 7.7e-06 1.9e-06 4.8e-06 1.5e-05 2.4e-05 8.6e-06 2.1e-06 5.4e-06 1.7e-05 2.7e-05

Co-57 2.0e-06 5.0e-07 1.3e-06 3.9e-06 6.1e-06 2.2e-06 5.4e-07 1.4e-06 4.4e-06 6.8e-06

Co-58 2.1e-06 5.1e-07 1.3e-06 4.1e-06 6.4e-06 2.3e-06 5.5e-07 l.5e-06 4.6e-06 7.2e-06

Co-60 5.0e-05 1.3e-05 3.1e-05 9.9e-05 1.5e-04 5.6a-05 1.4e-05 3.5e-05 1.1e-04 1.7e-04

N 39,w, ..7.6 08AO'1.90 2 1 07,i6.80-07.-- .0 06-

NI-63 7.2e-07 1.8e-07 4.5e-07 1.4e-06 2.2e-06 8.0e-07 1.9e-07 5.0e-07 1.6e-06 2.4e-06

Zn-65 4.5e-06 1.1e-06 2.8e-06 8.8e-06 1.4e-05 5.Oe-06 1.2e-06 3.1e-06 9.8e-06 1.5e-05

As-73 6.8e-07 1.7e-07 4.2e-07 1.3e-06 2.1e-06 7.5e-07 1.8e-07 4.7e-07 1.5e-06 2.3e-06

Se-75 1.7e-06 4.3e-07 1.1e-06 3.4e-06 5.4e-06 1.9e-06 4.7e-07 1.2e-06 3.9e-06 6.0e-06

Sr-;85-.,>-i¢-3.6e 07,v',8.8e-08 2.30 07t,-,,','07,,' 1.1'e-' L -;-4.0e-07?-, 9.6e0'89.6-0,-2.5-0s 8.0e-W1

Sr-89 1.2e-06 2.8e-07 7.3e-07 2.3e-06 3.6e-06 1.3e-06 3.0e-07 8.1e-07 2.6e-06 4.0e-06

Sr-90 5.7e-05 1.4e-05 3.6e-05 I.le-04 1.7e-04 6.4e-05 1.6e-05 4.0e-05 1.3e-04 2.0e-04

Y-91 9.0e-06 2.2e-06 5.6e-06 1.8e-05 2.8e-05 1.0e-05 2.4e-06 6.3e-06 2.0e-05 3.1 e-05

Zr-93 1.9e-05 4.8e-06 1.2e-05 3.8e-05 5.8e-05 2.1 e-05 5.2e-06 1.3e-05 4.3e 05 6.6e-05

ZrH95a<' 8.3 3 .e-06, 8 . 2.1e03j,6.60 2"f.0e .05, 3.7e646;9.0e0 2.306:t7.0 .ie05

Nb-93m 6.7e-06 1.7e-06 4.2e-06 1.3e-05 2.0e-05 7.5e-06 1.8e-06 4.7e-06 1.5e-05 2.3e-05

Nb-94 9.6e-05 2.4e-05 6.0e-05 1.9e-04 2.9e-04 1.1e-04 2.6e-05 6.6e-05 2.1e-04 3.3e-04

Nb-95 9.3e-07 2.1e-07 5.8e-07 1.9e-06 2.9e-06 1.Oe-06 2.3e-07 6.4e-07 2.1e-06 3.2e-06

Mo-93 6.6e-06 1.6e-06 4.1e-06 1.3e-05 2.0e-05 7.3e-06 1.8e-06 4.6e-06 1.5e-05 2.2e-05

Tc-97m 9.7e-07 2.4e-07 6.le-07 1.9e-06 3.0e-06 1.1e-06 2.6e-07 6.7e-07 2.1e-06 3.3e-06

Tc-99 1.9e-06 4.8e-07 1.2e-06 3.8e-06 5.8e-06 2.1e-06 5.2e-07 1.3e-06 4.2e-06 6.6e-06

Ru-103 1.5e-06 3.5e-07 9.3e-07 3.0e-06 4.7e-06 1.7e-06 3.8e-07 1.0e-06 3.3e-06 5.2e-06

Ru-106 1.1e-04 2.6e-05 6.7e-05 2.1e-04 3.2e-04 1.2e-04 2.9e-05 7.4e-05 2.4e-04 3.6e-04

Ag 0ma-~:,!,6;5eo5s ;.i 1.e'.s I 4-1:.3 2Oo-4-"2'.-:F73s5;e5> 4 ' 14-4I2.bj

Ag-11 Om 1.8eO-05 4.4eO-06 1.1e-05 3.5e-05 5.4e-05 2.0e-05 4.8e-06 1.2e-05 3.9e-05 6.0e-05

Cd-109 2.6e-05 6.4e-06 1.6e-05 5.1e-05 7.8e-05 2.9eO-05 7.0e-06 1.8e-05 5.7e05 8.7e-05

Sn-113 2.2e-06 5.4e-07 1.4e-06 4.3e-06 6.8eO-06 2.4e-06 5.9e-07 1.5e-06 4.9e-06 7.5e 06

Sb-124 4.7e-06 1.1e-06 2.9e-06 9.2e-06 1.4e-05 5.2e-06 1.2e-06 3.2e-06 1.Oe-05 1.6"S05

97 .,2.06,- 6. 9.60 o6~t. 3.5eO6R 6T 7.,, 2.2e 65:-'7.eO6 i ,e 5

Te-123m 2.2e-06 5.4e-07 1.4e-06 4.3eO-06 6.7e-06 2.4e-06 5.9e-07 1.5e-06 4.8e-06 7.5e-06

Te-127m 4.5e-06 I.le-06 2.8e-06 8.8e-06 1.4e-05 5.0e-06 1.2e-06 3.1e-06 9.9e-06 1.5e-05

1-125 4.5e-06 1.1e-06 2.8e-06 8.8e-06 1.4e-05 5.0e-06 1.2e-06 3.1e-06 9.9e-06 1.5e-05.

1-129 4.0e-05 1.0e-05 2.5e-05 7.9e-05 1.2e-04 4.5e-05 1.1e-05 2.8e-05 8.9e-05 1.4e-04

.9e- 6-9.5-07; 4.26 6:908 ,'.';,- 2.eO-0,-1.9o-07

Cs-134 1.0e-05 2.6e-06 6.6e-06 2.1e-05 3.2e-05 1.2e-05 2.9e-06 7.3e-06 2.3e-05 3.6e-05

Cs-135 1.1eO-06 2.6e-07 6.6e-07 2.1e-06 3.2e-06 1.2e-06 2.9e-07 7.3e-07 2.3e-06 3.6e-06

Cs-137 7.4e-06 1.8e-06 4.6e-06 1.5eO-05 2.2e-05 8.2e-06 2.0e-06 5.1e-06 1.6e-05 2.5e-05

Ba-133 1.8eO-06 4.5e-07 1.1e-6 3.5e-06 5.5e-06 2.0e-06 4.9e-07 1.2e06 4.0e06 6.1"6

Ceo139'' -'1.906. i7e ie6 13.56 6;-:'5.9e 5 '26e-06 4.9o-07 1.?e-0642e06 6.1006;-

Ce-141 1.4e-06 3.1e-07 8.6e-07 2.8e-06 4.3e-06 1.5e-06 3.5e-07 9.6e-07 3.e-06 4.8"O6

Ce-144 8.2e-05 2.1e-05 5.2e-05 1.6e-04 2.5e-04 9.2e-05 2.2e-05 5.7e-05 1.8e-04 2.8e-04

Pm-147 8.9e-06 2.2e-06 5.6e-06 1.8e-05 2.7e-05 9.9e-06 2Ae-06 6.2e-06 2.0e-05 3.0e-05
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Appendix H- I Normalized Effective Dose Equivalents from Aluminumn

Table 1-1.3 Normnalized effective dose equivalents from Inhalation: Scrap yard
Mass-based EDE (pSv/y per Bg/g) . Surficial EDE (pSv/y per Bg/urnF)

RalncleMean 5th finth 90th A95th Mean 5ith 50nth Anth 95rth
§wuc4z 6 are | vvu | zvtW | o - is |

SM-151 6.9e-06 1.7e-06 4.3e-06 1 Ae-05 2.1e-05 7.7e-06 1.9e-06 4.8e-06 1.5e405 2.4e-05

Eu-1 54 6.6e-05 1.6e-OS 4.1 e-05 1.3e-04 2.0e 04 7.3e-0 1.8e-05 4.6e-05 1.Se-04 2.2e-04
Eu-1 55 9.5e-06 2Ae-06 5.9e-06 1.9e-05 2.9e-05 1.1e405 2.6e-06 6.6e-06 2.1e-05 3.2e-05
Gd-153 2.1 e-06 -5.2e-07 1.3e-06 4.1e-06 6.3e-06 2.3e-06 5.6e-07 1Ae-06 4.6e406 7.1 e-06
T-1 60 4.8e-06 1.2e-06 3.0e-06 9Ae-06 1.5e-05 -5.3e-06 1.3e-06 3.3e-06 1.e-05 1.6e-05

TmTE171 2.1 e-06 5.2e-07 1.3e406 4.1 e46 6.3e-06 2.3e-06 5.6e407 1 Ae406 4.6e4D6 7.0e-06
Ta-1 82 9.2e-06 2.3e-06 5.8e406 1.8e405 2.8e-05 1.Oe405 2.5e406 6.4e406 2.0e-05 3.2e-05
W-1 81 3.1 e48 7.7e-O9 2.0e408 6.2e408 9.6e-08 3.5e-08 8.4e409 2.2e408 6.9e408 1.1 e-07
W-185_ 1.5e407 3.6e-08 9.1e408 2.9e-07 4.5e-07 1.6e407 3.9e408 1.0e-07 3.2e-07 5.0e-07

i'18',><,<,'.*;,' 0e'6';.4.v07XS'",30'6,06m.;,25;3-,O ¢'.'4 { '4e 6 ''.
Ir-192 5.4e-06 1.3e-06 3Ae406 1.1 e45 1.7e-OS 6.1 e-06 1 Ae-06 3.8e-06 1.2e405 1.9e-OS
Tl-204 5.5e407 1.e-07 3Ae-07 1.1e-06 1.7e-06 6.1 e-07 1.5e-07 3.8e-07 1.2e-06 1.9e406
Pb-21 0 5.2e403 1.3e-03 3.2e-03 1.0e-02 1.6e-02 5.7e-03 1.e-03 3.6e-03 1.1e-02 1.8e-02
Bi-207 4.6e406 1.2e-06 2.9e406 9.1e-06 1Ae-05 5.1e406 1.3e-06 3.2e-06 1.0e-05 1.6e-05

Ra-226 2.0e403 5.0e404 1.2e403 3.9e-03 6.0e-03 2.2e-03 5.4e-04 1.4e-03 4.4e-03 6.8e-03
Ra-228 2.2e403 4.9e404 1.e-03 4.5e-03 6.8e-03 2.5e403 5.4e404 1.6e-03 5.1 e-03 7.6e-03
Ac-227 3.0e401 7.6e-02 1.9e-01 6.0e-01 9.2e-01 3Ae401 -8.2e402 2.1e-01 6.7e401 1.0e+00
Th-228 5.7e-02 1.e-02 3.6e-02 1.1e-01 1.8e-01 6Ae402 1.6e402 4.0e402 1.3e401 2.0e-01

W29 v.'5.0,,0,r2'i-3ji-98*0, :g6 6e-0,.. A-01 =35-641 .1e0 7
Th-230 7.5e402 1.9e-02 4.7e-02 1.5e401 2.3e-01 8.4e-02 2.0e402 5.2e-02 1.7e401 2.6e-01
Th-232 3.8e-01 9.5e-2 2Ae-01 7.5e401 1.1 e+00 4.2e-01 1.0e401 2.6e-01 8.4e401 1.3e+00
Pa-231 3.0e-01 7.4e402 1.9e-01 5.9e401 9.0e-01 3.3e-01 8.1e-02 2.1e401 6.6e401 1.0e+00
U-232 1.5e-01 3.8e-02 9.6e-02 _3.0e401 4.7e-01 1.7e-01 4.2e402 1.1e-01 3.4e-01 52e-01

-23G @;e-2v7. e-03'-7-i .0e42;z .- i0 .e2 .- ,e Y",8 e-03^-ili22~' 02 6.9e2,1i0

U-234 3.1 e42 7.6e-03 1.9e-02 6.0e-02 9.3e-02 3.4e-02 -8.3e-03 2.1 e-02 6.8e-02 1.0e-01
U-235 2.8e-02 7.1e-03 1.8e-02 5.6e402 8.6e-02 -3.2e-02 7.7e-03 2.0e-02 6.3e-02 9.7e402
U-236 2.9e402 7.2e-03 1.8e-02 5.7e402 8.8e 02 3.2e42- 7.9e-3 2.0e-02 6.4e-02 9.9e-02
U-238 2.7e402 6.8e-03_ 1.7e-02 5.4e-02 8.3e-02 3.0e-02 7.4e-03 1.9e-02 6.0e-02 9.3e-02

N 3,Y'2<ie1'., 3.1 e-0 `L,7.8e0 2'.e~~-3.e; A;4e i 3. 2 .eO 8e4;'

Pu-236 3.3e-02 8.2e403 2.1 e42 6.5e-02 1.0e-01 3.7e402 9.0e403 2.3e402 7.3e402 1.1e-01
Pu-238 9.0e-02 2.3e402 5.7e402 1.8e-01 2.7e401 1.0e401 2.5e402 6.3e402 2.0e-01 3.1e401
Pu-239 9.9e402 2.5e402 6.2e402 2.0e401 3.0e401 1.1e-01 2.7e402 6.9e-02 2.2e-01 3.4e401
Pu-240 9.9e402 2.5e402 6.2e402 2.0e401 3.0e-01 1.1 e41 2.7e402 6-.9e-02 2.2e-01 3Ae401

Pu21 i.e3 .842,0,',380.-,5' 3_''2.e3 20'.j30-:4
Pu-242 9.5e-02 2.4e402 5.9e402 1.9e401 2.9e401 1.1e-01 2.6e402 6.6e42, 2.1e401 3.2e401
Pu-244 9.3e402 2.3e-02 5.8e-02 1.8e401 2.8e401 1.0e-01 2.5e-02 6.5e402 2.1e-01 3.2e401
Am-241 1.0e401 2.6e402 6.4e-02 2.0e401 3.1e401 1.1e401 2.8e-02 7.1 e42 2.3e-01 3.5e-01
Amn-242mn 1.0e401 2.5e402 6.4e-02 2.0e401 3.1e401 1.1e401 2.8e-02 7.1e402 2.2e401 3.5e401

2i h',' 1Oe 0 R;, ,0:'6.i 2,20eOc,..e1".,'e 2 i': 2. 72,_.e2 , 54
Cm-242 3.7e403 9.2e404 2.3e403 -7.3e403 1.1e402 4.1 e-03 1.0e-03 2.6e-03 8.2e403 1.3e402
Cm-243 7.1 e42 1.8e402 4Ae402 -1.4e401 2.2e401 7.9e-02 1.9e-02 4.9e402 1.6e401 2Ae401
Cmn-244 5.7e402 1.e402 3.6e402 1.1e401 1.7e-01 6.4e402 1.6e402 4.0e402 1.3e-01 2.0e401
Cm-245 1.1e401 2.6e402 6.6e-02. 2.1e401 3.2e41 1.2e401 2.9e402 7.3e-02 2.3e-01 3.6e4 1

C2i,, O4-,'.e2 .1 2=ei24 1 e ''8 O2 '-.3ei36,1
Cmn-247 9.6e402 2Ae402 6.0e-02 -1.9e-01 2.9e-01 1.1e-01 2.6e402 6.6e402 2.1e-01 3.3e401
Cmn-248 3.8e401 9.5e402 2Ae401 7.5e-01 1.2e+00 4.3e401 1.0e401 2.7e401 8.4e401 1.3e+00
Bk-249 3.2e404 7.9e-05 2.0e404 6.2e404 9.7e404 3.5e404 8.6e405 2.2e404 7.0e404 1.1 e403
Cf-248 , 1.1e-02, 2.8e-03 ,7.1 e403, -.,2,e+02~ ,3.5,e4,,2, 1.3e,,42 3.1 re,03 73.9e-,03, 2.5e-02, 3.9e-02

Cf-250 4.7e402 1.2e-02 3.0e402 9.4e-02 1.4e401 5.3e402 ............. 1.3e402 ...............3.3e402 1.0e-01 1.6e401
Cf-251 9.0e-02 2.2e-02 5.6e402 1.8e-01 2.7e401 1.0e401 ............. 2.4e402 6................2e42 2.0e-01 3.1e-01
Cf-252 3.6e-02 8.9e-03 2.2e402 7.0e402 1.1 e41 4.0e-02 ............. 9.7e403 ...............2.5e402 7.9e-02 1 .2e401
Cf-254 5 Ae402 1.3e402 3.4e402 1.1e401 1.7e401 6.1e402 ............. 1.4e-02 ................3.8e-02 1.2e-01 1.9e401

Es 2i 2<', ~ S9.2e403 2.3 43 J-57 3;,1.e0 -. .e2.< e0 .e3;:.e2.'- 4

Note: To convert these values to rconventional units (werrily per pC~g or mrem/y per pCi/cm2), multiply by 3.7e-3
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Normalized Effective Dose Equivalents from Aluminum Appendix H-I
Table H1.4 Normalized effective dose equivalents from Ingestion: Scrap yard

Radionucide - Mass-based EDE (pSvly per Bq/g)
Mean 5th 50th 90th 95th

Surficial EDE (pSvly per Bq/cm2)
Mean 5th 50th 90th 95th

H-3 5.0e-08 2.9e-09 3.0e-08 1.0e-07 1.6e-07 5.5e-08 3.3e-09 3.4e-08 1.2e-07 1.8e-07
C-14 1.6e-06 9.6e-08 1.0e-06 3.4e-06 5.3e.-6 1.8e-06 1.1e-07 1.1e-06 3.8e-06 5.9e-06
Na-22 8.8e-06 5.2e-07 5.4e-06 1.8e-05 2.9e-05 9.8e-06 5.8e-07 6.0e-06 2.1e-05 3.2e-05
P-32 2.9e-06 1.4e-07 1.6e-06 6.5e-06 1.0e-05 3.3e-06 1.6e-07 1.7e-06 7.1e-06 1.1e-05
S-35s W', i-3.0e-7 ' '.18-08-. 8e-Oi 6.28 O7I 9.8 O7. 3.i07 9,1.9e"8 2.0 0 7;Lj7. 07 Ile-j06A
Cl-36 2.3e-06 1.4e-07 1.4e-06 4.9e-06 7.7e-06 2.6e-06 1.6e-07 1.6e-06 5.5e-06 8.6e-06
K-40 1.4e-05 8.5e-07 8.9e-06 3.0e-05 4.7e-05 1.6e-05 9.6e-07 9.8e-06 3.4e-05 5.3e-05
Ca-41 9.9e-07 5.8e-08 6.1e-07 2.1e-06 3.2e-06 1.1e-06 6.6e-08 6.7e-07 2.3e-06 3.6e-06
Ca-45 2.3e-06 1.3e-07 1.4e-06 4.7e-06 7.4e-06 2.5e-06 1.5e-07 1.5e-06 5.3e-06 8.3e-06

ii4 W 2'0'= 2.5e-7 2.6e>-,06 .9e-06~ '.4e-05' .7e-06ij7 i~ie0
Cr-51 7.1e-08 4.1e-09 4.2e-08 1.5e-07 2.4e-07 8.0e-08 4.4e-09 4.7e-08 1.7e-07 2.6e-07
Mn-53 8.4e-08 5.0e-09 5.2e-08 1.7e-07 2.7e-07 9.4e-08 5.6e-09 5.7e-08 2.0e-07 3.1e-07
Mn-54 2.1 e-06 1.2e-07 1.3e-06 4.3-O06 6.7-06 2.3e-06 1.4e-07 1.4e-06 4.8e-06 7.5e-06
Fe-55 4.6e-07 2.8e-08 2.9e-07 9.7e-07 1.5e-06 5.2e-07 3.1e-08 3.2e-07 1.1e-06 1.7e-06
ii. 2.36-07<2.e ,0,6 8.2e06 3.305 4,.3,-OOj2.5 07-2'6e 9.2e06 if. o
Co-56 6.6e-06 4.0e-07 4.1e-06 1.4e-05 2.2e-05 7.4e-06 4.3e-07 4.5e-06 1.6e-05 2.4e-05
Co-57 5.5e-07 3.3e-08 3.4e-07 1.2e-06 1.8e-06 6.1e-07 3.6e-08 3.7e-07 1.3e-06 2.0e-06
Co-58 1.9e-06 1.1e-07 1.2e-06 4.0e-06 6.3e-06 2.2e-06 1.2e-07 1.3e-06 4.6e-06 7.1e-06
Co-60 7.9e-06 4.7e-07 4.9e-06 1.7e-05 2.6e-05 8.8e-06 5.3e-07 5.4e-06 1.9e-05 2.9e-05
NW59WI 71.6e4T- 9.6e.096012e 8
Ni-63 4.5e-07 2.6e-08 2.8e-07 9.3e-07 1.5e-06 5.0e-07 3.0e-08 3.0e-07 1.0e-06 1.6e-06
Zn-65 1.1e-05 6.3e-07 6.5e-06 2.2e-05 3.5e-05 1.2e-05 7.0e-07 7.2e-06 2.5e-05 3.9e-05
As-73 4.6e-07 2.8e-08 2.8e-07 9.7e-07 1.5e-06 5.2e-07 3.0e-08 3.2e-07 1.1e-06 1.7e-06
Se-75 6.7e-06 3.9e-07 4.1e-06 1.4e-05 2.2e-05 7.5e-06 4.4e-07 4.5e-06 1.6e-05 2.4e-05

Sr-89 5.5e-06 3.2e-07 3.4e-06 1.2e-05 1.8e-05 6.2e-06 3.6e-07 3.7e-06 1.3e-05 2.0e-05
Sr-90 1.2e-04 7.0e-06 7.3e-05 2.5e-04 3.9e-04 1.3e-04 7.9e-06 8.1 e-05 2.8e-04 4.3e-04
Y-91 5.9e-06 3.5e-07 3.6e-06 1.2e-05 1.9e-05 6.6e-06 3.8e-07 4.0e-06 1.4e-05 2.2e-05
Zr-93 1.3e-06 7.6e-08 7.9e-07 2.7e-06 4.2e-06 1.4e-06 8.6e-08 8.8e-07 3.0e06 4.7e-06

Zr 5w;;-; 29e06*~< .7 0',.8**!2e06 6,.3 ,, 6' 20e07-,-i2.06e 6.9 0 1.e 05t

Nb-93m 4.0e-07 2.4e-08 2.5e-07 8.4e-07 1.3e-06 4.5e-07 2.7e-08 2.7e-07 9.5e-07 1.5e-06
Nb-94 5.5e-06 3.3e-07 3.4e-06 1.2e-05 1.8e-05 6.2e-06 3.7e-07 3.8e-06 1.3e-05 2.0e-05
Nb-95 1.4e-06 8.0e-08 8.3e-07 2.9e-06 4.5e-06 1.5e-06 8.7e-08 9.2e-07 3.3e-06 5.1e-06
Mo-93 1.0e-06 6.2e-08 6.4e-07 2.2e-06 3.4e-06 1.2e-06_ 7.0e-08 7.1e07_ 2.4e-06 3.8e-06
T,>97i' i&P. 1.3e 07~ ~79e-09-':,8.2e08>.2.Se-074' 4.3e-07; z^- ~1;5 07;.89 09i .ei,3,e0- .eO7
Tc-97m 8.3e-07 4.9e-O8 5.1 e-07 1 .7e-06 2.7e-06 9.2e-07 5Ae-08 5.6e-07 2.0e-06 3.0e-06
To-99 1.1e-06 6.7e-08 7.0e-07 2.4e-06 3.7e 06 1.3e-06 7.6e-08 7.7e-07 2.7e-06 4.1e-06
Ru-103 1.7e-06 9.9e-08 1.0e-06 3.6e-O6 5.6e-06 1.9e-06 1.1e-07 1.1e-06 4.1e-06 6.3e-06
Ru-106 2.0e-05 1.2e-06 1.3e-05 4.3e-05 6.7e-05 2.3e-O5 1.4e-06 1.4e-05 4.8e-05 7.5e-05
An-iO8m ,5.9e-6 3.5e07 5.T9 5 6O4 5 2.2e05
Ag-110m 7.9e-06 4.7e-07 4.9e-06 1.7e-05 2.6e-05 8.9e-06 5.2e-07 5.4e-06 1.9e-05 2.9e-05
Cd-109 9.9e-06 5.9e-07 6.1e-06 2.1e-05 3.2e-05 1.1e-05 6.6e-07 6.7e-06 2.3e-05 3.6e-05
Sn-113 2.2e-06 1.3e-07 1.4e-06 4.6e-06 7.2e-06 2.5e-06 1.4e-07 1.5e-06 5.2e-06 8.1e-06
Sb-124 6.3e-06 3.8e-07 3.9e-06 1.3e-05 2.1e-05 7.1e-06 4.1e-07 4.3e-06 1.5e-05 2.3e-05

-. - . __ -9r flS. .1

Te-123m 3.9e-06 2.3e-07 2.4e-06 8.2e-06 1.3e-05 4.4e-06 2.6e-07 2.7e-06 9.2e-06 1.4e-05
Te-127m 6.1e-06 3.6e-07 3.8e-06 1.3e-05 2.0e-05 6.8e-06 4.0e-07 4.2e-06 1.4e-05 2.2e-05
1-125 2.4e-05 1.4e-06 1.5e-05 5.1e-05 7.9e-05 2.7e-05 1.5e-06 1.6e-05 5.7e-05 8.8e-05
1-129 2.1e-04 1.3e-05 1.3e-04 4.5e-04 7.0e-04 2.4e-04 1.4e-O5 1.5e-04 5.0e-04 7.8e-04
l-13V.~J- 'K ;1.ie-OS -'l3.4.e0> .4.4e-O06 '2.5e-O' 3.8e-O~ 2 O5- 7.-0, 4.9.-OS 12.O5/ ;'43.7-O
Cs-134 5.6e-05 3.3e-06 3.4e-05 1.2e-04 1.8e-04 6.2e-05 3.7e-06 3.8e-05 1.3e-04 2.0e-04
Cs-135 5.5e-06 3.2e-07 3.4e-06 1.1e-05 1.8e-05 6.1e-06 3.7e-07 3.7e-06 1.3e-05 2.0e-05
Cs-137 3.9e-05 2.3e-06 2.4e-05 8.1e-05 1.3e-04 4.3e-05 2.6e-06 2.6e-05 9.1e-05 1.4e-04
Ba-133 2.6e-06 1.6e-07 1.6e-06 5.5e-06 8.6e-06 2.9e-06 1.8e-07 1.8e-06 6.2e-06 9.6e-06

C ' 8.1-07^ 4.e8,,,4.9-0e7, 1.7e-0,- 2.6e6-O>. 6 - .' .0.-07 O 5;3e08'5- O; 7 e-.9.-06W,2.9 06j
Ce-141 1.5e-06 8.7e-08 9.0e-07 3.2e-06 5.Oe-06 1.7e-06 9.4e-08 1.0e-06 3.6e-06 5.6e-06
Ce-144 1.6e-05 9.3e-07 9.6e-06 3.3e-05 5.1e-05 1.7e-05 1.0e-06 1.1e-05 3.7e-05 5.7e-05
Pm-147 8.0e-07 4.8e-08 4.9e-07 1.7e-06 2.6e-06 8.9e-07 5.3e-08 5.4e-07 1.9e-06 2.9e-06
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Appecndsx H-I- Normalized Effective Dose Equivalents from Aluminum
- z

Table HI.4 Normalized effective dose equivalents from Ingestion: Scrap yard

Radionuclide eaMass-based EDE (jSvty per Bq/g) Surficial EDE (pSvly per Bqgcm2)
- Mean 5th 50th 90th 95th- Mean 5th 50th 90th 95th

Sm-151 3.0e-07 1.8e-08 1.9e-07 6.3e-07 -9.8e-07 3.4e-07 2.0e-08 - 2.0e-07 7.1e-07 1.1e-06
Etii52 ; 5003.Oe,07 -061e-06L1.0065 ;.6 0O5 -'5.6e063.3e07.,3.4e06,.,.2-05-.-05, '
Eu-154 7.4e-06 4.4e-07 4.5e-06 1.5e-05 2.4e-05 8.2e-06 4.9e-07 5.0e-06 1.7e-05 2.7e-05
Eu-155 1.2e-06 7.0e-08 7.2e-07 2.5e-06 3.8e-06 1.3e-06 7.8e-08 8.0e-07 2.8e-06 4.30-06
Gd-153 8.6e-07 5.1e-08 5.3e-07 1.8e-06 2.8e-06 9.6e-07 5.7e-08 5.9e-07 2.0e-06 3.1e-06
Tb-160 4.4e-06 2.6e-07 2.7e-06 9.1e-06 1.4e-05 4.9e-06 2.8e-07 2.9e-06 l.Oe-05 1.6e-05
Wre17OZ 3.7e-06 ,,2. 22e'0~ 0e2 6 7.8e 06 1.2e-05: 4e.0e6;..4e- 07z .5e. .8.7,e.06:_ ~3e05
Tm-171 3.3e-07 1.9e-08 2.0e-07 6.9e-07 1.1e-06 3.6e-07 2.2e-08 2.2e-07 7.6e-07 1.2e-06
Ta-1 82 4.5e-06 2.7e-07 2.8e-06 9.4e-06 1.5e-05 5.0e-06 2.9e-07 3.1e-06 1.1e-05 1.6e05
W-181 2.0e-07 1.2e-08 1.2e-07 4.2e-07 6.5e407 2.2e-07 1.3e-08 1.4e-07 4.7e-07 7.3e-07
W-185 1.Oe-06 6.2e-08 6.3e-07 2.2e-06 3Ae-06 1.2e-06 6.7e-08 7.Oe-07 2.4e-06 3.8e-06
0b6185 ;e- e 9.e0s0 8 99.3e - .27 - e ..?26 5. 0 e V 0 C1 6 .e-06 `9.9o-08,j- .Oe0 4,,36e,6 5.6e.6
Ir-192 3.7e-06 2.2e-07 2.3e-06 7.8e-06 1.2e-05 4.2e-06 2Ae-07 2.5e-06 8.8e-06 1Ae-05
T1-204 2.6e-06 I.5e-07 1.6e-06 5.4e-06 8.4e-06 2.9e-06 1.7e-07 -1.8e-06 6.0e-06 9.4e-06
Pb-210 5.6e-03 3.3e-04 3.5e-03 1.2e-02 1.8e-02 6.3e03 3.8e-04 3.8e-03 1.3e-02 2.1e-02
BI-207 4.2e-06 2.5e-07 2.6e-06 8.9e-06 1 Ae-05 4.7e-06 2.8e-07 2.9e-06 9.9e-06 1.6e-05
P>2105L fi. -O3 ,'r7.9e.0 5 2e23 ,- 2.8e-3Z.i.44:., .5e'43j 8.8e4ire-_449.1e4 4ZIA e .03
Ra-226 I.Oe-03 6.1 e05 6.4e-04 2.2e-03 3.4e-03 1.2e-03 6.9e-05 7.0e-04 2.4e-03 3.8e-03
Ra-228 1.1 e03 6.6e-05 6.9e44 2.3e-03 3.7e-03 1.3e-03 7.5e-45 7.6e-04 2.6e-03 4.1e-03
Ac-227 1.1e-02 6.8e-04 7.0e-03 2Ae4-02 3.7e02 1.3e-02 7.6e-04 7.8e-03 2.7e-02 4.2e-02
Th-228 6.2e-04 3.7e-05 3.8e-04 1.3e-03 2.0e-03 6.9e-4 4.1e5 4.2e04 I.4e-03 2.3e03

. .e-3;2 5 ~ 14X2.e3P 3e-03 I .1le-02
Th-230 4.2e04 2.5e-05 2.6e-04 8.9e-04 1.4e-03 4.7e-04 2.8e-05 2.9e-04 1.0e-03 1.6e-03

Th-232 2.1e-03 1.3e-04 1.3e-03 4Ae4-03 6.9e03 2.4e-03 1.4e-04 1.4e-03 5.0e-03 7.8e-03
Pa-231 8.2e-03 4.9e-04 5.1e-03 1.7e02 2.7e-02 9.2e-03 5.5e-04 5.6e-03 1.9e-02 3.0e-02
U-232 1.0e-03_ 6.1 e05 6.3e-04 2.1 el03 3.4e-03 1 .e-03 6.9e405 7.0e-04 24e-03 3.8e-03

U-233 2.2e- 14 i .3 e4.,47.-15 21: 4..2e0 4

U-234 2.2e.04 1.3e-05 Ae4-04 4.6e-04 7.2e-04 2.5e-04 1.5e-05 1.5e-04 5.2e-04 8.0e-04
U-235 2.1 e-04 1.2e-05 1.3e-04 4.3e-04 6.8e-04 2.3e-4 1Ae-05 1.4e-04 4.9e-04 7.6e.04
U-236 2.1 e-04 1.2e-05 1.3e-04 4.3e-04 6.8e-04 2.3e-04 iAe-05 1.4e-04 4.9e-04 7.6e-04
U-238 2.1 e44 1 .2e-05 1.3eO44 4.3e-04 6.8e-044 2.3e-04 Ae4-05 1 .4e-04 4.9e-04 7.6e-04

, 33e-03_-8 . 1e03-~i.3

Pu-236 8.9e-04 5.3e-05 5.5e-04 1.9e-03 2.9e-03 I.Oe-03 5.9e-05 6.1e-04 2.1e-03 3.3e-03
Pu-238 2.5e-03 1.5e-04 1.5e-03 5.2e-03 8.1 e-03 2.8e-03 1.7e-04 1.7e03 5.8e-03 9.1e-03
Pu-239 2.7e03 1.6e-04 1.7e-03 5.7e-03 9.0e403 3.1e-03 1.8e-04 1.9e-03 6.4e-03 1.Oe-02
Pu-240 2.7e03 1.6e-04 1.7e403 5.7e-03 9.0e03 3.1e-03 1.8e-04 1.9e-03 6.4e-03 1n.e-02

Pu-242 2.6e03 1.5e-04 1.6e03 5.4e-03 8.5e-03 2.9e-03 1.7e-04 1.8e-03 6.1e-03 9.5e-03
Pu-244 2.6e03 1.5e-04 1.6e-03 5.4e-03 8.4e-03 2.9e-03 1.7e404 1.8e-03 6.0e-03 9Ae-03
Am-241 2.8e03 1.7e-04 1.7e03 5.9e03 9.2e-03 3.2e-03 1.9e-04 1.9e-03 6.6e-03 I.0e-02
Am-242m 2.8e-03 1.7e-04 1.7e403 5.8e-03 9.1 e-03 3.1 e-03 1.9e-04 1.9e-03 6.6e-03 I.Oe-02
Am--'4;J:2.e-3 e4 1.7e.03: 4, 5.9e-03. 3 932e-03 03: 1 1:1.0e.02

Cm-242 8.3e-05 4.9e-06 5.1e-05 1.7e04 2.7e-04 9.3e-05 5.5e406 5.6e-05 1.9e-04 3.0e-04
Cm-243 1.9e-03 12e-04 1.2e-03 4.1e-03 6.4e-03 2.2e03 1.3e-04 1.3e-03 4.6e-03 7.te-03
Cm-244 1.6e-03 92e-05 9.6e-04 3.3e-03 5.1 e-03 1J.7e03 1.0e-04 1.1 e-03 3.7e03 5.7e-03
Cm-245 2.9e-03 1.7e-04 1.8e-03 6.0e-03 9.5e-03 3.2e03 1.9e-04 2.0e-03 6.8e403 1.1 e-02

Cm-2i6 2.9e03 :-i.7e-04',8-,13,6.0e43 9.4e43'".- 32e43 i.9e- '2.O 43 _6.7e4-3 '.Ie-O2

Cm-247 2.7e-03 1.6e-04 1.6e-03 5.5e-03 8.7e-03 3.0e403 1.8e-04 1.8e-03 ' 6.2e03 9.7e03
Cm-248 1.1 e02 6.2e-04 6.5e-03 2.2e02 3.4e-02 1.2e-02 7.0e-04 7.2e-03 2.5e-02 3.9e-02
Bk-249 9.3e-06 5.5e-07 5.7e-06 1.9e-05 3.Oe-05 I .Oe-05 6.2e-07 6.3e-06 2.2e-05 3Ae-05

Cf-248 2.5e-04 1.5e-05 1.5e404 5.3e-04 8.3e404 2.8e04 1.7e-05 .7e-04 5.9e-04 9.3e-04
Cf:249j: - -- 3.7e4O3 , 2.2e-0 2.3e-3 '/.7.e03- - 01.2&._02 2.4 44=-' -,2.5 03_. 8.i3 i130

Cf-250 1 .6e-03 9.8e-05 I.Oe403 3.4e-03 5Ae-03 1.8e403 1.1 e04 1.1 e-03 39e43 6.0e43

Cf-251 3.8e-03 2.2e-04 2.3e-03 7.8e-03 1.2e-02 4.2e-03 2.5e-04 2.6e-03 8.8e03 1.4e02

Cf-252 8.3e-04 4.9e-05 5.1e-04 1.7e-03 2.7e-03 9.3e-04 5.5e-05 5.6e-04 1.9e-03 3.0e-03

Cf-254 1.5e-03 9.0e-05 9.2e404 3.2e-03 5.0e-03 1.7e-03 9.7e-05 1.0e-03 3.6e-03 5.5e-03
EsT 254 .- *.; 2. :''1Ae ;-4-1.4e05, 1.5e-04 -- 5.0e-04'; 7.7e04 -. ''.64 1I6e45 1.6e044.5. 75e-0

Note: To convert these values to conventional units (mrerly per pClg or mrem/y per pCcma2), multiply by 3.7e-3

8-9 NUREG-1640
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Normalized Effective Dose Equivalents from Aluminum - Appendix H- I

Table HI.5 Normalized effective dose equivalents from all pathways: Handling metal product

Radionuclide Mass-based EDE (pSvly per BqIg)
Mean 5th 50th 90th 95th

Surficial EDE (pSv/y per Bq/cM 2 ) -
Mean. 5th 50th 90th 95th

H-3 4.2e-10 5.le-11 2.8e-10 9.4e-10 1.3e-09 4.7e-10 5.6e-11 3.Ie-10 1.0e-09 1.Ae-09
C-14 7.6e-09 1.1e-09 5.2e-09 1.6e-08 2.2e-08 8Ae-09 1.2e-09 5.8e-09 1.8e-08 2.5e-08
Na-22 3.2e-06 4Ae-07 2.2e-06 6.8e-06 9.3e-06 3.5e-06 4.9e-07 2.4e-06 7.6e-06 1.Oe-05
P-32 2.2e-07 2Ae-08 1.3e-07 4.9e-07 7.0e-07 .2Ae-07 2.7e-08 1 .5e-07 5.5e-07 7.8e-07

7 0. 8_7.00-08 "8.9e-08'. 3. ,.7.-09'' 26 '.0' L.0- I
CI-36 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
K-40 2.7e-07 4.7e-08 1.9e-07 5.7e-07 7.7e-07 3.0e-07 5.2e-08 2.1e-07 6.3e-07 8.6e-07
Ca-41 1.1e-08 1.5e-09 7.6e-09 2.5e-08 3.4e-08 1.3e-08 1.6e-09 8.4e-09 2.8e-08 3.8e-08
Ca-45 3.1e-08 4.8e-09 2.1e-08 6.7e-08 9.2e-08 3.5e-08 5.3e-09 2.4e-08 7.5e-08 1.Oe-07
S O Oo+OO. e+OO.-uO.e,+o7O~Oej0D.Oe0oe+o 0.0. 00o0> ao~+oe+o.oesoo-o oeo
Cr-51 5.3e-07 7.6e-08 3.6e-07 1.1e-06 1.5e-06 5.9e-07 8.5e-08 4.0e.07 1.3e-06 1.7e-06
Mn-53 1.6e-08 4.4e-09 1.3e-08 3.2e-08 4.0e-08 1.8e-08 4.8e-09 1.4e-08 3.6e-08 4.6e-08
Mn-54 2.7e-05 4.6e-06 2.0e-05 5.6e-05 7.2e-05 3.0e-05 5.0e-06 2.2e-05 6.3e-05 8.0e-05
Fe-55 6.3e-08 1.5e-08 4.7e-08 1.3e-07 1.6e-07 7.0e-08 1.6e-08 5.2e-08 1.4e-07 1.8e-07

- - .- -Y . - -. 74--*.-. -

,Fe59,,'Tu. 2.SeOS (=.42e-08 1.8e-5.3o-O4' .7.Oe-05.' - V--, t2.80-05 4 ,
Co-56 8.6e05 1.5e-05 6.3e-05 1.8e-04 2.3e-04 9.5e-05 1.6e-05 6.9e-05 2.0e-04 2.6e-04
Co-57 4.1e4-6 7.6e-07 3.0e-06 8.5e-06 1.1e-05 4.6e-06 8.2e-07 3.4e4-6 9.5e-06 1.2e-05
Co-58 2.6e-05 4.4e-06 1.9e-05 -5Ae-05 7.0e-05 2.9e-05 4.7e-06 2.1e-05 6.0e-05 7.8e-05
Co-60 8.1e05 1.5e4-5 6.0e-05 1.7e-04 2.2e-04 9.0e-05 1.6e-05 6.7e-05 1.9e-04 2.4e-04
NF,59 t.-'1'r'->¢ 3.9 e4O.0e 08-,7.e(,089.6 e'8e,8 .20'.8.85,0,.1,,0
Ni-63 9.6e-08 2.6e-08 7.3e-08 1.9e-07 2.3e-07 1.1e-07 2.9e-08 8.2e-08 2.1e-07 2.6e-07
Zn-65 1.8e-OS 3.5e-06 1.4e-05 3.8e-05 4.8e-05 2.0e-05 3.7e-06 1.5e-05 4.2e-05 5.4e-05
As-73 1.4e-07 3.6e-08 1.1e-07 2.7e-07 3.4e-07 1.5e-07 4.0e-08 1.2e-07 3.0e-07 3.8e-07
Se-75 1.0e-05 1.9e-06 7.6e-06 2.2e-05 2.8e-05 1.2e-05 2.1e-06 8.5e-06 2.4e-05 3.1 e-05

Ae4.0-0&- 1
Sr-89 6.1e-08 8.1e-09 4.1e-08 1.3e-07 1.8e-07 6.8e-08 8.8e-09 4.6e-08 1.5e-07 2.0e-07
Sr-90 1.6e-06 2.3e-07 1.1e-06 3.3e-06 4.5e-06 1.7e-06 2.5e-07 1.2e-06 3.7e-06 5.1e-06
Y-91 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr-93 5.3e-07 4.1 e-08 3.5e-07 1.2e-06 1.6e-06 5.9e-07 4.6e-08 3.9e-07 1.3e-06 1.8e-06
zeg5L' 8.8e-06Q 5.4e-7. 5.5-06.'2.1e-8560f' 2.8e-05Z:' 6.le06,:23e-05_ 3.1e-05.
Nb-93m 5.9e-07 1.6e-07 4.5e-07 1.ie-06 1.5e-06 6.5e-07 1.8e-07 5.0e-07 1.3e-06 1.6e-06
Nb-94 6.1e-05 1.3e-05 4.5e-05 1.2e-04 1.6e-04 6.8e4-5 1.4e-05 5.0e05 1.4e-04 1.8e-04
Nb-95 1.6e-05 2.5e-06 1.1e-05 3.3e-05 4.5e-05 1.8e-05 2.7e-06 1.3e-05 3.7e-05 5.0e-05
Mo-93 5.1e-07 1.4e-07 4.0e-07 1.0e-06 1.3e4-6 5.7e-07 1.6e-07 4.4e-07 1.1e-06 1.4e-06

STo97mj IL3.2e-08if 09, 2.e-08=6.2e08:, 7,.88 08,;-3.6e.08' 9.9e.09 2.8e,48 6.9e-08 k j8.6Ceb8f
Tc-97m 1.3e-07 3.3e-08 9.6e-08 2.5e-07 3.1e-07 1.4e-07 3.6e-08 1.1e-07 2.8e-07 3.5e-07
TC-99 2.1e-07 5.5e-08 1.6e-07 4.0e-07 5.1e-07 2.3e-07 6.0e-08 1.8e-07 4.5e-07 5.8e-07
Ru-103 1.3e-05 2.2e-06 9.7e-06 2.9e-05 3.8e-05 1.5e4S 2.4e-06 1.1e-05 3.2e-05 4.2e-05
Ru-106 2.1e-05 6.0e-06 1.6e-05 4.0e-05 ,5.0e-5 2.3e-05 6.6e-06 1.8e-05 4.5e-05 5.6e-05
A 5.4e- 4;-,1 8e04r 7.5e-051.05_ 5.5e 05 i6e1 - .0e04
Ag-110m 9.9e-05 1.7e-05 7.3e-05 2.1e-04 2.7e-04 1.Ie-04 1.9e-05 8.1e-05 2.3e-04 3.0e-04
Cd-109 1.9e-06 5.1e-07 1.5e-06 3.7e-06 4.7e-06 2.1e-06 5.6e-07 1.6e-06 4.1e-06 5.3e-06
Sn-113 6.9e-06 1.2e-06, 5.0e-06 1.4e-05 1.9e-05 7.7e-06.- 1.3e-06 5.6e-06 1.6e-05 2.1e-05
Sb-124 3.6e-05 6.0e-06 2.6e-05 7.5e-05 9.8e-05 4.0e-05 6.6e-06 2.9e-05 8.4e-05 1.1e-04

2e 3,.4e0 5 . 0 , '2.9e-05-'y;3.86-05
Te-123m 3.9e-06 7.5e-07 2.8e-06 7.9e-06 1.0e-05 4.3e-06 8.1e-07 3.1e-06 8.9e-06 1.1e-05
Te-127m 8.4e-07 2.1e-07 6.4e-07 1.7e-06 2.1e-06 9.4e-07 2.4e-07 7.1e-07 1.9e-06 2.3e-06
1-125 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
1-129 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
l~i3^ '..;;* :,;, 0.0e+00>- 000+00 0. 0e+ 0;-;,.Oe0 . 00- ~+00 --.-. 0 e+00O .0Oe+00O) .0'+00 0.00+0 0:O0e+ 00
Cs-134 O.Oe+OO ,.Oe+O0 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+OO 0.00+00 O.Oe+OO O.Oe+OO O.Oe+00
Cs-135 O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OOCs-135 0.Oe+00 0.Oe+00 0.Oe+00 0.08+00 0.Oe+00 0.Oe+00 0.0e+00 0.Oe+00 0.08+00 0.Oe+00
Cs-137 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ba-133 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
Ce139' i2.0-OT7- >02.9ee-07-i -. ,2.3e-07T,3.e 08',, 6e-07-- 4.9e-07,'- 6.6e-07
Ce-141 7.6e-08 1.1e-08 5.1e-08 1.7e-07 2.2e-07 8.4e-08 1.2e-08 5.7e-08 1.8e-07 2.5e-07
Ce-144 4.3e-07 8.9e-08 3.1e-07 8.6e-07 1.1e-06 4.7e-07 9.9e-08 3.5e-07 9.7e-07 1.3e-06
Pm-147 O.Oe+O0 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00

NUE- 640 _- 10 fs
NUREG-1640 H-10



Appendix H-I Normalized Effective Dose Equivalents from Aluminum

Table H1.5 Normalized effective dose equivalents from all pathways: Handling metal product

Radionuclide Mass-based EDE (pSvly per Bq/g) Surficial EDE (pSvty per Bq/cm2 )
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

Sm- 151e O.Oe+OO O.Oe0+ O.Oe+OO O.Oe+OO O.Oe+O0 O.Oe+OO O.Oe+OO O.Oe+ 0 O.Oe+00
i I 5i52 ::.7'- ;0.0e+00~ ^,h0.0e. Oe+O 0 O .Oe+00 +O .O.Oe+00 , .Oe+OO,,.Oe +
Eu-I 54 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00
Eu-1 55 O.Oe+0O O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Gd-I 53 O.Oe+O0 O.Oe+0O O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+O0 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
Tb-1 60 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 Oe+00O O.Oe+0 O.Oe+OO O.Oe+00 O.Oe+O0 O.Oe+00
jTm-170. ',; ?0e+,00, S0.Oe 0O' t00.e+O0:.e,+00L2.Oe00 4, O Oe 0.Oe+ ' O:.Oe,+,~O eO,-.0, O: 6,O.O+O
Tmr-171 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
Ta-1 82 2.9e-05 5.0e-06 2.1 e-05 6.0e-05 7.6e-05 3.2e-05 5.5e-06 2.3e-05 6.6e-05 8.6e-05
W-181 5.5e-07 9.5e-08 4.1 e-07 1.2e-06 1.5e-06 6.2e-07 1.1e-07 4.5e-07 1.3e-06 1.7e-06
W-185 7.7e-08 1.2e-08 5.5e-08 1.6e-07 2.1e-07 8.5e-08 1.3e-08 6.1e-08 1.8e-07 2.4e-07
b,185$1r.6e-O5 :, 2.6- 2e-05 e-'3.3e 05" .3e52 .. Be.8 05,,
Ir-192 2.0e-05 3.3e-06 1Ae-05 4.1e-05 5.4e-05 2.2e-05 3.6e-06 1.6e-05 4.6e-05 6.1e-05
Tl-204 2.5e-07 5.0e-08 1.8e-07 5.1e-07 6.6e-07 2.8e-07 5.5e-08 2.0e-07 5.7e-07 7.3e-07
Pb-210 7.2e-04 1.8e-04 5.4e-04 1.5e-03 1.8e-03 8.0e-04 1.9e-04 6.0e-04 1.6e-03 2.1e-03
B-207 4.1e-05 7.0e-06 3.0e-05 8.7e-05 1.1e-04 4.6e-05 7.7e-06 3.4e-05 9.7e-05 1.2e.04

zo- 2 , 04 ,552e05 5- 4 e.7 ;,- -444A57e04
Ra-226 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ra-228 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ac-227 5.7e-03 8.8e-04 4.0e-03 1.2e-02 1.6e-02 6.3e-03 9.6e-04 4.4e-03 1.4e-02 1.8e-02
Th-228 1.4e-03 2.2e-04 9.7e-04 3.0e-03 4.0e-03 1.6e-03 2.5e-04 1.1e-03 3.4e-03 4.5e-03

. 7 23 5.6303~1.7e02"2.36-O27
Th-230 1.1e-03 1.7e-04 7.5e-04 2.3e-03 3.le-03 1.2e-03 1.9e-04 8Ae-04 2.6e-03 3.5e-03
Th-232 4.8e-03 7.5e-04 3.3e-03 1.0e-02 1.4e-02 5.3e-03 8.4e-04 3.7e-03 I.Ie-02 1.5e-02
Pa-231 1 .4e-02 3.7e-03 1.1 e-02 2.7e02 3Ae-02 1 .5e-02 4.1 e-03 1 .2e-02 3.0e-02 3.9e-02
U-232 2.9e-03 5.7e-04 2.le-03 5.9e-03 7.8e-03 3.2e-03 6.2e-04 2.3e-03 6.5e-03 8.7e-03
U-233 , ' ' ;'' ,>5.8e-04: . 1.Ie, ,4, ,42e-4 I.2e03' .:- 1'6'e43 -56;5e 4 'jWi.3e04 7 ?,4.7e-04, ;...........,'1 '.3e-0 3H.8e0 ,

U-234 5.7e-04 I.Ie-04 4.1e-04 1.2e-03 1.6e-03 6.4e-04 12e-04 4.6e-04 1.3e-03 1.7e-03
U-235 5.3e-04 I.Oe-04 3.8e-04 1.1e-03 1.4e-03 5.9e-04 I.Ie-04 4.3e-04 1.2e-03 1.6e-03
U-236 5Ae-04 1.1e-04 3.9e-04 1.1e-03 I.5e-03 6.0e-04 1.2e-04 4.3e-04 1.2e-03 1.6e-03
U238 5. e-04 I.Oe-04 3.7e-04 1.0e-03 1.4e-03 5.7e-04 1.1 e-04 4.le-04 1.2e-031.5e-03

N-3 2.3"-3 ~3604j:` 6e03Y4.8803 -6.5" O3-03.,e~3,
Pu-236 5.6e-04 1.1e04 4.0e-04 1.2e-03 1.6e-03 6.3e-04 1.2e-04 4.5e-04 1.3e-03 1.8e-03
Pu-238 1.3e03 2.5e-04 9.1e-04 2.6e-03 3.5e-03 1Ae-03 2.7e-04 I.Oe-03 3.0e-03 4.0e-03
Pu-239 1.4e-03 2.6e-04 9.8e-04 2.8e-03 3.8e-03 1.5e-03 2.9e-04 1.1e-03 3.2e-03 4.3e-03
Pu-240 1.4e-03 2.6e404 9.8e-04 2.8e-03 3.8e403 1.5e-03 2.9e-04 1.1e-03 3.2e-03 4.3e-03

PuF241,=-,2''':,t,: 2e' 5, '306 6.2e-05x,, 2.e05^> .7e-06 1 . 2e5f=7.0-0

Pu-242 1.3e-03 2.5e-04 9.3e-04 2.7e-03 3.6e03 1.4e-03 2.8e-04 1.0e-03 3.0e-03 4.1 e-03
Pu-244 1.3e-03 2.5e-04 9.2e-04 2.7e-03 3.6e-03 1.4e-03 2.7e-04 I.Oe-03 3.0e-03 4.0e-03
Am-241 1.9e-03 3.0e-04 1.3e-03 4.0e-03 5.3e-03 2.1e-03 3.2e-04 1.4e-03 4.4e-03 6.Oe-03
Am-242m 1.9e-03 3:Oe-04 1.3e-03 4.0e-03 5.3e-03 2.1e-03 3.2e-04 1.4e-03 4.4e-03 6.Oe-03
A-243 - ,-;i9e-3 '3.O0 'L7.3e0 •4.0 -03_W5.3e-3 3',<2.-1803' 328 04 .'ie-03 4A" -i4e3 6..0"3,
Cm-242 6.6e-05 1.0e-05 4.6e-05 1.4e-04 1.8e-04 7.3e-05 1.1e-05 5.1e-05 1.6e-04 2.0e-04
Cm-243 1.3e-03 2.0e-04 9.2e-04 2.7e-03 3.6e03 I 4Ae-03 2.2e-04 1.0e-03 3.1e-03 4.0e-03
Cm-244 I .Oe-03 1 .6e-04 7Ae4-04 2.2e-03 2.9e-03 1 .2e-03 1.8e-04 8.2e-04 2.5e-03 3.3e-03
Cm-245 1.9e-03 3.0e-04 1Ae-03 4.1e-03 5.3e-03 2.1e-03 3.3e-04 1.5e-03 4.6e-03 6.0e-03
Cm26; ' '.1.9e 03*'-3.0 4 413e-03 .0e-03 £533 0 '2Ie-3» 3;3e 4 :1, ,03 ,4 03 _,5.9e-03'
Cm-247 1.8e-03 2.8e-04 1.2e-03 3.7e-03 4.8e-03 2.0e-03 3.0e-04 1 Ae403 4.2e03 5.5e-03
Cm-248 7.0e-03 1.1e-03 4.9e-03 1.5e-02 1.9e-02 7.8e-03 1.2e-03 5.5e-03 1.7e-02 2.2e-02
Bk-249 5.8e-06 9.1e-07 4.1e-06 1.2e-05 1.6e-05 6Ae-06 1.0e-06 4.5e-06 1.4e-05 1.8e-05
Cf-248 2.Oe-04 3.2e-05 1.4e-04 4.3e,04 5.9e-04 2.3e-4 3.5e-05 1.6e-04 4.8e-04 6.6e,04

Cf-249 .6e .1.1e-03-13.4-0 .&-h3.8e'-03 * 3.e-03e-
Cf-250 8.7e-04 1.4e-04 6.0e-04 1.8e-03 2.5e-03 9.7e-04 1.5e-04 6.6e-04 2.1e-03 2.8e-03
Cf-251 1 .7e-03 2.6e-04 1.1 e-03 3.5e-03 4.8e403 1 .9e-03 2.9e-04 1 .3e-03 3.9e-03 5.4e-03
Cf-252 6.5e-04 1.0e-04 4.4e-04 1.4e-03 1.9e-03 7.2e-04 I.Ie-04 4.9e-04 1.5e-03 2.1e-03
Cf-254 1.0e-03 1.6e-04 6.9e-04 2.1 e-03 2.9e-03 1.1e-03 1.7e-04 7.6e-04 2.4e-03 3.2e-03
Es-254 -. 7e-04' 2.7e-04- . 3.704 5.044 :..9e-04 "3.0e-05 1.3e-04 l4.1e-04 -' 5.5e-04'

Note: To convert these values to conventional units (mremly per pCUg or mrem/y per pCi/cm
2

), multiply by 3.7e-3
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Normalized Effective Dose Equivalents from Aluminum. Appendix H- I
Normalized Effective Dose Eauivalents from Aluminum Avvendix H-I

Table H1.6 Normalized effective dose equivalents from external exposure: Handling metal product

Radionuclide Mass-based EDE (pSv/y per Bgig)
Mean 5th 50th 90th 95th

Surficial EDE (pSv/y per Bgkcm)
Mean 5th 50th 90th 95th

H-3 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
C-14 1.1e-11 1.5e-12 7.5e-12 2.4e-t1 3.2e-1l 1.2e-i 1.6e-12 8.3e-12 2.6e-1I 3.5e-11
Na-22 3.1 e-06 4.3e-07 2.1 e-06 6.7e-06 9.3e-06 3.5e-06 4.7e-07 2.4e-06 7.5e-06 1 .Oe-05
P-32 3.8e-08 3.6e-09 2.3e-08 8.9e-08 1.3e-07 4.2e-08 4.1e-09 2.5e-08 1.0e-07 1.4e-07
i~3 .5 e ,4-,2,: .-:LI -, 25e1, , 2, " -9iO 0 ` 5-.3eiO :, 6,-g~ j6 " ;T 9e -,10 ... , -; , 2 8,1 <4.6 ,i1,;;.1 0 1,5;9oig7,7-i

CI-36 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0
K-40 2.1e-07 2.8e-08 1.4e-07 4.5e-07 6.2e-07 2.3e-07 3.1e-08 1.6e-07 5.0e-07 6.9e-07
Ca-41 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0
Ca-45 1.0e-10 1.3e-11 6.8e-i 2.2e-10 3.0e-10 1.1e-10 1.4e-i1 7.5e-11 2.5e-10 3.4e-10
Sc-46 --.-- ,; O.Oe+000.0- O.Oe+00 .0e±000.0e+OO-:0. % , ,; O.0e+0- 0.0e+OO, O.Oe+O0,, O.Oe+0052,.0ot00i
Cr-51 5.2e-07 7.3e-08 3.6e-07 1.1 e-06 1.5e-06 5.8e-07 8.2e-08 4.0e-07 1.3e-06 1.7e-06
Mn-53 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
MrF54 2.6e-05 4.5e-O6 1.9e-05 5.5e-05 7.1e-05 2.9e-05 4.8e-06 2.2e-05 6.2e-05 8.0e-05
Fe-55 5.5e-15 9.2e-16 4.1e-15 1.2e-14 1.5e-14 6.1e-15 1.Oe-15 4.5e-15 1.3e-14 1.7e-14
Fe-59 >.-t. C - 2.5e-05L ,i.Oe61. l.505,i, 5;3o-05,; -. 8e 05, jt 2.SeOS' -'. 4 . 4e-S 06- ,~--,, , 5.&5-z.5
Co-56 8Ae-05 1.4e-05 6.2e-05 1.8e-04 2.3e-04 9.4e-05 1.5e-05 6.9e-05 2.0e-04 2.6e-04
Co-57 3.9e-06 6.6e-07 2.9e-06 8.1 e-06 1.1e-05 4.3e-06 7.2e-07 3.2e-06 9.1 e-06 1.2e-05
Co-58 2.5e-05 4.2e-06 1.8e-05 5.3e-05 6.9e-05 2.8e-05 4.6e-06 2.1e-05 6.0e-05 7.8e-05
Co-60 7.6e-05 1.3e-05 5.6e-05 1.6e-04 2.1e-04 8.5e-05 1.4e-05 6.2e-05 1.8e-04 2.3e-04
Ni-59 .. ,. --.- 5 8e-10,;=,9.8e-1i~ 742e-10Ti 6. 4 10 -

Ni-63 5.9e-12 1.0e-12 4.3e-12 1.2e-11 1.6e-1l 6.5e-12 1.1e-12 4.8e-12 1.4e-i 1.8e-I1
Zn-65 1.7e-05 2.9e-06 1.3e-05 3.6e.-5 4.6e-05 1.9e-05 3.1e-06 1.4e-45 4.0e4-5 5.1e-45
As-73 6.5e-08 1.1e-08 4.8e-08 1.4e-07 1.8e-07 7.3e-08 1.2e-08 5.3e4-8 1.5e-07 2.0e-47
Se-75 9.8e-06 1.6e-06 7.2e-06 2.1e4-5 2.7e-05 1.1e-05 1.8e-06 8.0e.-6 2.3e.45 3.0e.-5
SSr-5Zt-.'; -1Ae-06::l 1.7e 07n4,> .3e8O7~. 3.1e4 rr,' 4.3e 06 1 -i~6,1.6e 61 .8e4O7-_ 1.0e46 8,.3:5e 06,,§.4.8o-O6J
Sr-89 8.1e-09 9.4e-10 5.3e-09 1.8e4-8 2.4e-08 9.0e-09 1.0e-09 5.8e-09 2.0e48 2.7e.-8
Sr-90 3.0e4-8 3.7e-09 2.0e4-B 6.7e4-8 8.9e-08 3.4e4-8 4.0e-09 2.2e-08 7.5e-08 1.0e-07
Y-91 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr-93 3.5e-12 2.0e-13 2.2e-12 8.2e-12 1.2e-I1 3.9e-12 2.2e-13 2.4e-12 9.1e-12 1.3e-I1
Z-95 - .2e-07 -028e5 9.6e,06 O 5.8e-07; . 6.Oe-6OSJ2.2iO F? 5.0
Nb-93m 1.4e-09 2.3e-10 1.0e-09 2.9e-09 3.7e-09 1.5e-09 2.5e-10 1.Ie-09 3.2.-9 4.1e-09
Nb-94 5.2e-05 8.8e-06 3.9e-05 1.1e-04 1.4e-04 5.8e-05 9.6e-06 4.3e-05 1.2e-04 1.6e-04
Nb-95 1.6e-05 2.4e-06 1.1e-05 3.3e-05 4.4e-05 1.7e-05 2.7e-06 1.2e-05 3.7e-05 5.0e-05
Mo-93 6.0e-09 9.9e-10 4.4e-49 1.3e4-8 1.6e-08 6.7e-09 1.1e-09 4.9e-09 1.4e-08 1.8e4-8

f 7.9e-O9,1.3e 9~5.7e; 1.7e 08':2 0e-4
Tc-97m 1.3e-08 2.1e-09 9.4e4-9 2.7e4-8 3.5e-08 1.4e4-8 2.3e-09 1.0e-08 3.0e-08 3.9e.-8
Tc-99 1.7e-09 2.8e-10 1.2e-09 3.5e-09 4.6e-09 1.9e-09 3.0e-10 1.4e-09 4.0e-09 5.1e-09
Ru-103 1.3e-05 2.1e-06 9.5e-06 2.8e4-5 3.7e-05 1.5e-O5 2.3e-06 1.1e-45 3.1e-05 4.1e-05
Ru-106 8.7e-06 1.5e.-6 6.4e-06 1.8e-05 2.3e.-5 9.7e-06 1.6e-06 7.1e46 2.0e-05 2.6e.05
Ag-108mt A 6.6.-e-0S1.i-5C4:98 ' ,5^14.4 1 .8e7.4 -05-,i.ieO54:e`, Oe.-G4;
Ag-110m 9.7e-05 1.7e-05 7.2e-05 2.0e-04 2.6e-04 1.1e-04 1.8e-05 7.9e-05 2.3e-04 2.9e-04
Cd-109 1.5e-07 2.5e-08 1.1e-07 3.1e-07 4.0e-07 1.7e-07 2.7e-08 1.2e-07 3.5e-07 4.5e-07
Sn-113 6.6e-06 1.1e-06 4.8e-06 1.4e-05 1.8e-05 7.4e-06 1.2e-06 5.3e-06 1.6e-05 2.0e-05
Sb-124 3.5e-05 5.7e-06 2.5e-05 7.4e-05 9.7e-05 3.9e-05 6.2e-06 2.8e-05 8.2e-05 1.1e-04

5S2.r' ,,r'-.e-05 i', 20,6-;8 06 1.^.'2.5e 05 --̂ 53.3e O--'-,`a~

Te-123m 3.5e-06 5.7e-07 2.5e-06 7.3e-06 9.4e-06 3.9e-06 6.2e-07 2.8e-06 8.1e-06 1.0e-05
Te-127m 1.7e-07 2.8e-08 1.2e-07 3.5e-07 4.6e-07 1.9e-07 3.0e-08 1.4e-07 4.0e-07 5.1e-07
1-125 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00
1-129 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00
1-131. 0 *_ ] .Oe+OO: 0.0e+00,2'0.Oe+O0S.OC.e+00'. 0.0,+00.. .-. dj0,Oe+OO, 0.06+00 -- 0..Oe+OO~d:0+OOi"',.0O+00'i
Cs-134 0. O.Oe+00 O.Oe+O .Oe+OO O.Oe+OO O.Oe+O 0.0e+O00 0.0e+00 0.0e+0 O.Oe+OO 0.Oe+OO
Cs-135 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
Cs-137 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
Ba-133 0.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00
C6F139-y: 1.9e-07'-e'26e 08-< 1.3.-07. 14.2e-07-. 5.7.-07'1 22e-07,t:- 2.9e08.'.-O1.5e-OT ' 4.7 -07r- -4Oi7,
Ce-141 6.6e-08 8.2e-09 4.4e-08 1.5e-07 2.0e-07 7.4e-08 8.9e-09 4.9e-08 1.6e-07 2.3e-07
Ce-144 7.8e-08 1.1e-08 5.3e-08 1.7e-07 2.3e-07 8.6e-08 1.2e-08 5.9e-08 1.9e-07 2.5e-07
Pm-147 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
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Appendix H-1 Normalized Effective Dose Equivalents from Aluminum

Table H1.6 Normalized effective dose equivalents from external exposure: Handling metal product

Radionuclide Mass-based EDE (uSv/y per Bq/g) Surricial EDE (uSv/y per BqIcrn9)
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

Sm-151 O.Oe+OO O.Oe+O0 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
0. 0 +O+-, + e.O0e+OO` 0.0e+ O'-O.O~0e,+,O,

Eu-154 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+O0 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00
Eu-155 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
Gd-153 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Tb-160 O.Oe+O0 O.Oe+O.e+.Oe+00O .Oe+00 O.0e4000.Oe+000.Oe.00 0.Oe+00 O.Oe+00
Tm-i70,. -.O.Oe+OO0 §O.Oe+OO ~O.Oe+O -- O.O +00O.Oe OO b-o<o.oe oo e oroe+6 O''.Oe+,00 o.oe~±
Tn-171 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
Ta-182 2.8e-05 4.6e-06 2.0e-05 5.8e-05 7.4e-05 3.1e-05 5.0e-06 2.2e-05 6.5e-05 8.4e-05
W-181 5.4e-07 8.7e-08 4.0e-07 1.1e-06 I.5e-06 6.0e-07 9.7e-08 4.4e-07 1.3e-06 1.6e-06
W-185 -3.5e-09 5.6e-10 2.5e-09 7.4e-09 9.6e-09 3.9e-09 6.2e-10 2.8e-09 8.3e-09 1.1 e-08

7---1.6e-05 {:2.5-e06, :i.1s 4 .5:-,,.3e-0 :452e-05u ~.; -Z7 t5't,8e 06' -A.3e"05
Ir-192 1.9e-05 3.1e-06 1.Ae-05 4.1e-05 5.3e-05 2.1e-05 3Ae-06 1.5e-05 4.5e-05 6.0e-05
Tl-204 3.9e-08 6.4e-09 2.8e-08 8.1e-08 I.Oe-07 4.3e-08 7.0e-09 3.1e-08 9.0e-08 1.2e-07
Pb-210 6.2e-08 1.Oe-08 4.5e-08 1.3e-07 1.7e-07 6.9e-08 1.1e-08 5.0e-08 1.5e-07 1.9e-07
Bi-207 4.1e-05 6.7e-06 3.0e-05 8.6e-05 1.1e-04 4.5e-05 7Ae-06 3.3e-05 9.6e05 1.2e-04
Po-210 -- _. -23e-iO :I3.8e, I .5i .7e-0 .9e-10 ,62e,-iO '2.6e1 0 2e- ,1;'-,,10 -5.5e- 0,;,7.Oe-i 0
Ra-226 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00
Ra-228 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ac-227 3.3e-06 3.6e-07 2.1e-06 7.3e-06 i.Oe-05 3.6e-06 3.9e-07 2.4e-06 8.1e-06 1.1e-05
Th-228 9.Oe-06 I.Oe-06 5.9e-06 2.0e-05 2.8e05 I1.0e05 1.1 e-06 6.5e-06 2.3e-05 3.1e-05
Th~229: ,;-;\^:s'2b06 'L.2.6e-07'':15e-06 1 5.le06i K6.9e406- r-7--2Y5e-06c2.8e4-.07Ja1.6e-0 ''.,5.6e406W.7e06
Th-230 2.8e-09 3.2e-I 0 1.9e-09 6.4e-09 8.7e49 3.2e-09 3.5e-I 0 2.1e-09 7.1 e-09 9.7e-09
Th-232 5.7e-08 3.9e-09 3.3e-08 1.3e-07 1.9e-07 6.4e-08 4Ae-09 3.6e-08 1.5e-07 2.1 e-07
Pa-231 I.Oe-06 1.7e-07 7.5e-07 2.2e-06 2.7e-06 1.1e-06 1.9e-07 8.3e-07 2.4e-06 3.1e-06
U-232 2.6e-07 2.1 e-08 1 .6e-07 6.0e-07 8.4e-07 2.9e-07 2.2e-08 1.7e-07 6.7e-07 9.4e-07
U-233 ':;,~:::!'> - ki.9e-09 5 --2.6e-iO'- ',1.3e' j.4.e-0 9>.3e 09L e92.8e,10''r, ,1 09. 0 ,:4.5e-0 2.6.o D9
U-234 9.0e-10 1.2e-10 6.2e-10 2.0e-09 2.6e-09 1.0e-09 1.3e-10 6.9e-I0 2.2e-09 2.9e-09
U-235 1Ae-06 2.0e-07 1.0e-06 3.1e-06 4.1e-06 1.6e06 2.1e-07 1.1e-06 3.5e-06 4.7e-06
U-236 5.1e-10 7.0e-II 3.5e-10 1.1e-09 1.5e-09 5.6e-10 7.5e-1I 3.9e-10 1.2e-09 1.6e-09
U-238 2Ae-07 3.3e-08 1.6e-07 5.1 e-07 6.8e-07 2.6e-07 3.5e-08 1.8e-07 5.8e-07 7.6e-07
Np'237;,< K--t1.8e6A' - ,22 -07>1.2&6 '-'44.0e6.i5.e406m 2.0e,06*-',''2.3 ei_.1 e 4. .
Pu-236 6.4e-10 8.5e-1I 4Ae-10 1.4e-09 1.9e-09 7.1e-10 9.2e-II 4.8e-10 1.6e-09 2.1e-09
Pu-238 3.8e-10 5.2e-I1 2.6e-i0 8.3e-10 1.1e-09 4.3e-10 5.8e-1 2.9e-10 9.3e-10 1.3e-09
Pu-239 5.9e-10 8.1e-1 4.1e-10 1.3e-09 1.7e-09 6.6e-10 8.9e-11 4.5e-I0 14Ae-09 2.0e-09
Pu-240 3.8e-10 5.1e-11 2.6e-10 8.2e-10 1.1e-09 4.2e-10 5.7e-11 2.9e-I0 9.1e-10 1.2e-09
Pu-2i1, 7,> 2.3e-i 11,,.8- _,i2 5, 17>1 S-i1__7.16,11 ~2.6ei _3.ie-12e t2.7e- 1i 5.i7e11-j8.Oe.1I
Pu-242 32e-10 4.4e-II 2.2e-10 7.0e-10 9.5e-10 3.6e-10 4.9e-II 2.5e-10 7.9e-10 1.1e-09
Pu-244 2.5e-06 3Ae-07 1 .7e-06 5.4e-06 7.3e-06 2.8e-06 3.8e-07 1 .9e-06 6.1 e-06 8.2e-06
Am-241 9.9e-08 1.1e-08 6.6e-08 2.2e-07 3.0e-07 1.1e-07 1.2e-08 7.2e-08 2.5e-07 3.3e-07
Am-242m 1.2e-07 I .4e-08 7.9e-08 2.6e-07 3.6e-07 I1.3e-07 1.5e-08 8.7e-08 3.0e-07 4.0e-07
Am-243 - :-3.6,6- 4.9eW '1.8e-06 2.0e- 1 6 e0

Cmn-242 3.6e-10 4.0e-1 1 2.4e-10 8.1 e-1 0 1.1 e49 4.1 e-1 0 4.5e-1 1 2.7e-10 9.1e-10 1.2e409

Cm-243 9.6e-07 1.1 e-07 6Ae-07 2.1e-06 2.9e-06 1.1e-06 1.2e-07 7.1 e-07 2.4e-06 3.3e-06
Crn-244 3.4e-10 3.8e-1I 2.3e-10 7.6e-10 I.Oe-09 3.8e-10 4.2e-1I 2.5e-I0 8.5e-10 1.2e-09
Cm-245 7.1 e-07 7.9e-08 4.7e-07 1.6e-06 2.1e-06 7.9e-07 8.8e-08 '5.2e-07 1 .8e-06 2.4e06

Cm26- 2, :-^20 _2801;<'.7,05^. i y-j6e'1 - .Z,'Be 2. 1,-3.1e815e; I''

Cm-247 2.7e06 3.0e-07 1.8e-06 5.9e-06 8.1e-06 3.0e-06 3.3e-07 2.0e-06 6.6e-06 9.1e-06
Cm-248 2.3e-10 2.6e-1 1 1.5e-I 0 5.1e-10 7.0e-1 0 2.6e-10 2.9e-1 I 1.7e-i 0 5.7e-10 7.8e-1 0
Bk-249 3.9e-10 3.0e-11 2.3e-10 9.1e-10 1.3e-09 4Ae-10 3.3e-I1 2.5e-10 1.0e-09 1.5e-09
Cf-248 4.5e-10 5.1e-11 3.0e-10 1.0e-09 1.4e-09 5.1e-10 5.5e-1 3.3e-1 0 1.1e-09 1.5e-09
Cf-249 --'-:' -?--'.'2.6e-06 ' -2.9e-07 u'',1.7e406 -.5.7e6 7.9e46 ' .. 9e-6 .. 2e^ 7 ,--i.
Cf-250 2.8e-10 3.1 e-11I 1.9e-10 6.2e-10 8.6e-10 3.1 e-1 0 3.4e-1 1 2.1 e-1 0 7.0e-1 0 9.5e-10

Cf-251 8.7e-07 9.8e-08 5.8e-07 1.9e-06 2.7e-06 9.7e-07 1.1e-07 6Ae-07 2.2e-06 3.0e-06
Cf-252 3.9e-10 4.4e-11 2.6e-10 8.7e-I0 1.2e-09 4.4e-10 4.8e-1I 2.9e-10 9.8e-10 1.3e-09
Cf-254 9.2e-05 9.9e-06 '6.0e-05 2.1e-04 2.8e-04 1.0e-04 1.1e-05 6.6e-05 2.3e-04 3.1e-04
Es-254 25.9e-06 '6.8e07'- ;3.9e-6'.i.3e45- I'105 -'; 6.6e06-; 7.5e-07 ,-4. 6'''i505 '7c 2

Note: To convert these values to conventional units (mrem/y per pCi/g or mremly per pC/crn). multiply by 3.7e-3
_-1 _ _E-_ _
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Normalized Effective Dose Equivalents from Aluminumn Appendix H- I
Table H1.7- Normnalized effective dose equivalents from Inhalation: Handling metal product

Radionuclide - Mass-based EDE (pSvty per Bq/g)
Mean 5th 50th 90th 95th

Surficial EDE (p~yype q;m
Mean 5th 50th 90th 95th

H-3 9.6e-11I 1 .6e-1 1 6.7e-1 1 2.0e-1 0 2.8e-10 1.1 e-10 1 .7e-11 7.5e-1 1 2.3e-10 3.1e-10
C-14 1.7e-09 3.5e-10 1.2e-09 3.6e-09 4.8e-09 1.9e-9 3.8e-10 1.4e-09 4.1e-09 5.3e-09
Na-22 6.2e-09 1.2e-09 4.5e-09 1.3e-08 1.7e-08 7.0e-09 1.ev09 5.0e-09 1.4e-08 1.9e408
P-32 3.0e-08 4.1e-09 1.9e-08 6.8e-08 9.6e-08 3.4e-08 4.5e-09 2.1e-08 7.6e-08 1.1e-07

64'8 ' t'. i e,'i51O,~i1O 4 1e, -'609, --,.,1.6"9!-5 4.6 e9H.208D;5e8

Cl-36 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
K-40 1.0e-08 2.1e-09 7.4e-09 2.1e-08 2.8e-08 1.1e-08 2.3e-09 8.3e-09 2.4e-08 3.1 e-08
Ca-41 2.7e-09 4.7e-10 1.9e-09 5.7e-09 7.8e-09 3.0e-09 5.3e-1 0 2.1 e-09 6.3e-09 8.7e-09
Ca-45 1.2e408 2.1 e-09 8.2e-09 2.5e-08 3.4e-08 1.3e-08 2.3e-09 9.1e-09 2.8e-08 3.8e-08

Sr,,*->3O.Oe+OO'''",O Oe.+O,'Oe-OO+ 0.09, O . e.O'O , 0jO.eO

Cr-51 2.7e-09 5.9e-10 2.0e-09 5.7e-09 7.5e-09 3.1e-09, 6.5e-10 2.2e-09 6.3e-09 8.4e-09
Mr-53 9.5e-09 2.6e-09 7.3e-09 1.8e-08 2.4e-08 1.e-08 2.8e-09 8.1e-09 2.1 e-08 2.7e-08
Mn-54 1.2e-07 3.2e-08, 9.2e-08 2.3e-07 3.0e-07 1.3e-07 - 3.6e-08 1.0e-07 2.6efi07 3A4e-07
Fe-55 2.5e-08 6.7e-09 1.9e-08 4.8e-08 6.2e-08 2.8e-08 7.4e-09 2.1 e-08 5.4e-08 7.Oe-08

F f 5 9b ;9e 0 i>' ^,3i,7 -'t'4;0e,.t3 N;HffNe-07,' 3 i7X 507'
Co-56 5.9r. 07 1.6e-07 4.5e-07 1.2e-06 1.5e-06 6.6e-07 1.7e-07 5.0e-07 1.3e-06 1.7e-06
Co-57 1.6e-07 4.4e-08 1.2e-07 3.1e-07 4.0e-07 1.8e-07 - 4.7e-08 1.e-07 3.5e-07 4.5e-07
Ce 58 1.6e-07 4.2e-08 1.2e-07 3.1 e-07 4.1 e-07 1.8e-07 4.6e-08 1.3e-07 3.5e-07 4.6e-07
CO-60 4.1 e-06 1.e-06 3.1 e-06 8.0e-06 _1.0e-05 4.6e-OB 1.2e-06 3.5e-06 8.9e-06 1.2e-05

Ni~~~~~~~~~~~~~~~~ 5;9',;s 25,8 F,.e' e0~-i.eO- 63e . e067521e0,, W1-
Ni-63 5.9"F8 1.6e-08 4.5e-08 1.1 e-07 1.5e-07 6.5e-08 1.8e-08 5.0e-08 1.3e-07 1.7e-07
Zn-65 3.6e-07 9.8e-08 2.7e-07 7.0e-07 9.0e-07 4.0e-07 1.e-07 3.0e-07 7.8e-07 1.0e-06
Ads73 4.2e-08 1.e-08 3.2e-08 8.4e-08 1.1e-07 4.7e-08 1.2e-08 3.6e-08 9.3e-08 1.2e-07
Se-75 1.1e-07 2.9e-08 8.5e-08 2.2e-07 2.8e-07 1.2e-07 3.2e-08 9.4e-08 2.5e-07 3.2e-07
Sr'-5W<t ;9. K-;*49-0! e0 ui.i:6,8.r3 e 4a .54e 0,-:2. 9 . .6
Sr-89 9.1 e-09 1.5e-09 6.4e-09 1.9e-08 2.6e-08 1.0e-08 1.7e-09 7.1e-09 2.2e-08 2.9e-08
Sr-90 5.0e-07 8.7e-08 3.5e-07 1.0e-06 1.e-06 5.5e-07 9.5e-08 3.9e-07 1.2e-06 1.6e-06
Y-91 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO Q.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Zr-93 4.9e-07 3.8e-08 3.3e-07 1.1e-06 1.5e-06 5.5e-07 4.2e-08 3.7e-07 1.2e-06 1.7e-06
Zr-95~,2,i i-,m.-,?t8.26-08"- t.eO96'.' 5.5*8 6a18e0, 2507A, 97.2e0961e f ';20e72 7
Nb-93m 5.5e-07 1.5e-07 4.2e-07 1.1e-06 1.4e-06 6.1 &07 1.6e-07 4.7e-07 1.2e-06 1.6e-06
Nt-94 7.8e-06 2.1e-06 6.0e-06 1.5e-05 1.9e-05 8.7e-06 2.3e-06 6.7e-06 1.7e-05 2.2e-05
Nb-95 6.6e-08 1.6e-08 4.9e-08 1.3e-07 1.8e-07 7.4e-08 1.7e-08 5.4e-08 1.5e-07 2.0e-07
Mo-93 4.4e-07 1.2e-07 3.3e-07 8.6e-07 1.1 e-06 4.9e-07 1.3e-07 3.7e-07 9.6e-07 1.2e-06

Tc-97m 6.1 e-08 1.6e-08 4.6e-08 1.2e-07 1.5e-07 6.8e-08 1.7e-08 5.1 e-08 1.3e-07 1.7e-07
TC-99 1.3e-07 3.3e-08 9.8e-08 2.5e-07 3.2e-07 M.e-07 3.7e-08 1.1e-07 2.8e-07 3.7e-07
Ru-103 1.3e-07 3.1e-08 9.5e-08 2.5e-07 3.3e-7 M.e-07 3.4e-08 1.0e-07 2.8e-07 3.7e-07
Ru-106 1.0e-05 2.8e-06 7.7e-06 1.9e-05 2.5e-05 1.1e-05 3.0e-06 8.5e-06 2.2e-05 2.8e-05

~18r-,'t:v- .7 0 v'41:e 70.5.1"7'37--' 1.306. 1706.t':40- 2.~r2e0,.,56F7'.e0-,>19
Ag-110m 8.1e-07 2.2e-07 6.2e-07 1.6e-06 2.0e 06 9.1e-07 2.4e-07 6.9e-07 1.8e-06 2.3e-06
Cd-109 8.9e-07 2.4e 07 6.8e-07 1.7e-06 2.2e-06 9.9e-07 2.6e-07 7.5e-07 1.9e 06 2.5e-06
Sn-1 13 1.e-07 3.7e-08 1.1e-07 2.8e-07 3.6e-07 1.6e-07 4.0e-08 1.2e-07 3.1 e-07 4.0e-07
Sb-124 2.9e-07 7.3e-08 2.2e-07 5.7e-07 7.4e-07_ 3.2e.07 7.9e-08 2.4e-07 6.4eO07 8.3e-07

St.2; v.21-7 5.-e,8, 1:6!Y 7.^ '.e-07: -.3 0?2. 07 '*6i 08' -4. 07@6 7 9eD.

Te 123m 1.e 07 3.7e-08 1.1e-07 2.7e-07 3.5e-07 1.6e-07 4.0e-08 1.2e-07 3.0e-07 4.0e-07
Te-127m 2.8e-07 7.4e-08 2.1e-07 5.6e-07 7.2e-07 3.2e-07 8.1e-08 2.4e-07 6.2e-07 8.1 e-07
I-125 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
l-129 0 Oe+OO O.Oe+OO O.Oe+OO OOe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

1-131'-- -5:-o.e+OON .].O+OO^ O.Oe+OO OO.Oe+O O.eO-200+0-.;O 0'',e+0 t.eO'0eO

Cs-134 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO OOe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cs-135 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cs-137 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Ba-133 0 Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Ce 3,9>. '- -- ^6eO^1.3eO94.8e 09 ;:1'.4eO8-'-1. 8;-'" ,i7.3e 9-;-;.,1.4e09--'1 530 *e08'-' OO'
Ce 141 4.3e-09 7.5e-10 3.0e-09 9.2e-09 1.2e-08 4.8e-09 8.3e-10 3.3e-09 1.0e 08 1.e-08
Ce-144 2.9e-07 5.7e-08 2.1 e-07 6.0e-07 7.9e-07- 3.2e-07 6.3e-08 2.3e-07 6.7e-07 8.9e-07
Pmr>147 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
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Appendix 1- I Normalized Effective Dose Equivalents from Aluminum

Table H1.7 Normalized effective dose equivalents from inhalation: Handling metal product

Radionuclide Mass-based EDE (pSv/y per Bq/g) Surficial EDE (uSvly per Bq/cm2)
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

SM-151 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O O.Oe+00 .O e+OOO.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Eu-152 'O.Oe+OO ,'-.Oe+00 '-^O.Oe+W O.OeOO- O.Oe+OO-;'
Eu-154 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Eu-155 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Gd-1 53 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 .O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
Tb-160 0.Oe+OO O.Oe+OO O.Oe+0 O.Oe+00 0.e +0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO

Tr ,1 70, '.OO;O.e.,0,O.0eo ,-_o.oe<o !'O.Oe±00-.Oe+oOOfjO.Oe+OO*_.O eO e.L0O e ,0~0+,OO 7O.0e+00O
Trn-171 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+OO O.Oe+00 O.Oe+00
Ta-182 5.9e-07 1.5e-07 4.4e-07 12e-06 i.5e-06 6.5e-07 1.7e-07 4.9e-07 1.3e-06 1.7e-06
W-181 2.0e-09 5.2e-10 1.5e-09 3.9e-09 5.0e-09 2.2e-09 5.7e-1 0 1.7e-09 4.4e-09 5.7e-09
W-185 9.0e-09 2.3e-09 6.9e-09 1.8e-08 2.3e-08 1.0e-08 2.5e-09 7.6e-09 2.0e-08 2.6e-08
O0F185'-..j.K 3-O7',,Fi' ,'-'9 e-08 .2.5e,07i.Ž32e,04e7vAI4e-J3.6e-8 i .0&410e7 'm2.8' 07m,,3.6e-O7,

Ir-192 2.2e-07 5.6e-08 1.6e-07 4.2e-07 5.5e-07 2.4e-07 6.1e-08 1.8e-07 4.8e-07 6.2e-07
Tl-204 3.7e-08 9.6e-09 2.8e-08 7.2e-08 9.2e-08 4.1 e-08 I.Oe-08 3.1 e-08 8.0e-08 I.Oe-07
Pb-210 3Ae-04 9.1e-05 2.6e-04 6.8e-04 8.7e-04 3.8e-04 9.9e-05 2.9e-04 7.5e-04 9.6e-04
Bi-207 3.1e-07 8.1e-08 2.3e-07 6.te-07 7.7e-07 3Ae-07 8.9e-08 2.6e-07 6.7e-07 8.7e-07
Po-2tO 1eO e'-O5 8.8e-8 5 2:3e-04+,i.9e03e04 0-
Ra-226 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO

Ra-228 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Ac-227 5Ae-03 8.5e-04 3.8e-03 1.2e-02 1.6e-02 6.1e-03 9.2e-04 4.2e-03 1.3e-02 1.8e-02
Th-228 1.4e-03 2.2e-04 9.6e-04 3.0e-03 4.0e-03 1.5e-03 2.4e-04 1.1 e-03 3.3e-03 44Ae-03
lh-229 ., 3-t .5.0e-O3' KI .5-02e-- 2_ 02,

Th-230 1.e-03 1.7e-04 7.5e-04 2.3e-03 3.1e-03 1.2e-03 1.9e-04 8.3e-04 2.6e-03 3.4e-03
Th-232 4.7e-03 7.4e-04 3.3e-03 1.0e-02 1.4e-02 5.2e-03 8.3e-04 3.6e-03 1.1e-02 1.5e-02
Pa-231 1.3e-02 3.5e-03 1.0e-02 2.6e-02 3.3e-02 I.5e-02 3.8e-03 1.1e-02 2.9e-02 3.7e-02
U-232 2.9e-03 5.6e-04 2.1 e-03 5.8e-03 7.8e-03 3.2e-03 6.1 e-04 2.3e-03 6.5e-03 8.7e-03
U-233.e.58e . ,,,e-04-i.2e-23 6e-3 65e , , : , 4 :;12e 4.6e 4i -,O3 ,1.
U-234 5.7e-04 1.1e-04 4.1e-04 1.2e03 1.5e-03 6.3e-04 1.2e-04 4.5e-04 1.3e-03 1.7e-03

U-235 5.2e-04 i.Oe-04 3.8e-04 1.1e-03 1.4e-03 5.9e-04 1.1e-04 4.2e-04 1.2e-03 1.6e-03
U-236 5Ae-04 1.1e-04 3.9e-04 I.1e-03 1.5e-03 6.0e-04 1.2e-04 4.3e-04 1.2e-03 1.6e-03
U-238 5.1e-04 9.9e-05 3.7e-04 i.0e03 1Ae4-03 5.6e-04 I.ie-04 4.1e-04 1.1e-03 i.5e-03
Np-237 >,b,.2e-03 3.5e-04;-1.5e03-4.7e 03 <6.3e.93Z ,tf@2.03 .9e-0;17e-0353-0 3 ffl .1e033

Pu-236 5.5e-04 i.Oe-04 3.9e-04 1.1e-03 i.5e-03 6.1e-04 1.1e-04 4.3e-04 1.3e-03 1.7e-03
Pu-238 1.2e-03 2Ae-04 8.8e-04 2.5e-03 3.4e-03 Ae4-03 2.6e-04 9.7e-04 2.9e03 3.9e-03
Pu-239 1.3e-03 2.5e-04 9.4e-04 2.7e-03 3.7e03 I.5e-03 2.7e-04 1.0e-03 3.1e-03 4.2e-43
Pu-240 1.3e-03 2.5e-04 9.4e-04 2.7e-03 3.7e-03 1.5e-03 2.7e-04 1.0e-03 3.1 e-03 4.2e-03

Pu-242 1.3e-03 2.4e-04 9.0e04 2.6e03 3.5e03 1 Ae-03 2.6e-04 9.9e-04 2.9e-03 3.9e-03
Pu-244 1.2e-03 2Ae-04 8.8e-04 2.6e-03 3Ae-03 Ae403. 2.6e-04 9.8e-04 2.9e03 3.9e-03
Am-241 1.8e-03 2.9e-04 1.3e-03 3.9e-03 52e-03 2.0e-03 3.1e-04 1.4e-03 4.3e-03 5.9e-03
Am-242m 1 .8e-03 2.8e-04 1.3e-03 3.9e-03 5.2e-03 2.0e403 3.1 e-04 1 .4e-03 4.3e-03 5.8e-03
A-243,; >'-,k",1.8eO3~. :~2.8e- j3e- 3.9-03,5.2e 0 -7,*7

2 
.003'3.1 e, 4 .s-04e 3 03.,. 4

Cm-242 6.4e-05 1.Oe-05 4.5e-05 1 Ae-04 1.8e-04 7.le-05 1.1e-05 5.0e-05 1.5e-04 2.0e-04

Cm-243 1.3e-03 2.0e-04 8.9e-04 2.7e-03 3.5e-03 I Ae4-03 2.1 e-04 9.8e-04 3.0e-03 3.9e03

Cm-244 1.Oe-03 1.6e-04 7.2e-04 2.2e-03 2.8e-03 1.1 e-03 1 .7e-04 7.9e-04 2.4e-03 3.2e-03

Cm-245 1.9e-03 2.9e-04 1.3e-03 4.0e-03 5.2e-03 2.1e403 3.2e-04 1.5e-03 4.4e-03 5.8e-03

Cm-245 ;,.§ _1.9e,43 '-i.9e-04 ,.3e-03 3.9eO3 ,"5.ie- 2iie43- 3.1e4-. 4 - 1`1e-3.4.
Cm-247 1.7e03 2.7e-04 1.2e-03 3.6e-03 4.7e03 1.9e-03 2.9e-04 1.3e-03 4.0e-03 5.3e-03

Cm-248 6.8e-03 i.ie-03 4.8e-03 I1Ae-02 1.9e-02 7.6e-03 1.2e-03 5.3e-03 1.6e-02 2.1e-02

Bk-249 5.6e-06 8.8e-07 3.9e-06 1.2e-05 1 .6e-05 6.2e-06 9.7e-07 4.3e-06 1 .3e-05 1 .8e-05

Cf-248 2.0e-04 3.1 e-05 .4e-04 4.2e-04 5.8e-04 2.2e-04 3.4e-05 1.5e-04 4.7e-04 6.5e-D4

Cf-249 f_ 4 , .,- -} .1,4e-03 -3.3e-03 ,"'.53 3 Ž_ .7 e-03 i.2eO3 i 0 -5.1 3

Cf-250 8.4e-04 1.3e-04 5.8e-04 1.8e-03 2.4e-03 9.4e-04 IAe-04 6.4e-04 2.0e-03 2.7e-03

Cf-251 1.6e-03 2.5e-04 1.1e-03 3.4e-03 4.6e-03 1.8e-03 2.7e-04 1.2e03 3.8e-03 5.2e03

Cf-252 6.3e-04 9.8e-05 4.3e-04 1.3e-03 1.8e-03- 7.0e-04 i.le-04 4.8e-04 1.5e-03 2.1e03

Cf-254 8.9e-04 1.3e-04 6.1e-04 1.9e-03 2.6e-03 9.9e-04 1.5e-04 6.7e-04 2.1e-03 2.9e-03

Es-254. - .16e-4 ; 2.5,-05 .1e04' -3.5e04 -4.7e4: '1.8e0 K2.8e-5 KI.2e-4x3.9e `4 '52e-04

Note: To convert these values to conventional units (mremly per pCi/g or mremly per pCicrn), multiply by 3.7e-3
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Normalized Effective Dose Equivalents from Aluminum Appendix H- I
Normlizd Efectve oseEquvalets romAluinumAppndi H-

Table H1.8 Normalized effective dose equivalents from Ingestion: Handling metal product; i 7

Radionuclide - Mass-based EDE (pSv/y per BqIg)
Mean 5th 50th 90th 95th

Surficial EDE (pSv/y per Bqlcrn2)
Mean 5th 50th 90th 95th

H-3 3.3e-10 1.8e-11 2.1e-10 7.5e-10 1.0e-09 3.6e-10 2.0e-11 2.3e-10 8.4e-10 1.2e-09
C-14 5.8e-09 3.7e-10 3.9e-09 1.3e"08 1.8e08 6.5e-09 4.1e-10 4.3e-09 1.5e-08 2.0e-08
Na-22 3.1e-08 1.9e-09 2.1e-08 7.1e-08 9.7e-08 3.5e-08 2.1o.09 2.3e-08 7.9e-08 1.1e-07
P-32 1.5e-07 7.1e-09 8.4e-08 3.6e-07 5.2e-07 1.6e-07 7.9e-09 9.3e-08 4.0e-07 5.8e-07

S.'-,,J 7e0 -;1.e0 .,19,8 6. 60"8j7.8 08j.,- .0-8,22,'9a21 8' v67 !8,s .e0-
CI-36 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
K-40 5.2e-08 3.2e-09 3.4e-08 1.2e-07 1.6e-07 5.8e-08 3.6e-09 3.8e-08 1.3e-07 1.8e-07
Ca-41 8.6e-09 5.1e-10 5.5e-09 2.0e-08 2.7e-08 9.6e-09 5.5e-10 6.1e-09 2.2e-08 3.1e-08
Ca-45 1.9e-08 1.1e-09 1.2e-08 4.4e-08 6.1e-08 2.1e-08 1.2e-09 1.3e-08 4.9e-08 6.9e-08

S~mmO.Oe>+'O~f,:O.Oe 00 O.Owe'+O-OetO.Oe,-, 0.0e+O0.0T-1 v9-45-''C,-,O.O.eO<~+OkO.'eO,>-.O+O
Cr-51 4.0e-09 2.6e-10 2.7e-09 9.1e-09 1.2e-08 4.5e-09 2.9e-10 3.0e-09 1.Oe-08 1.4e-08
Mn-53 6.9e-09 5.1e-10 4.9e-09 1.5e-08 2.0e-08 7.7e-09 5.5e-10 5.5e-09 1.7e-08 2.2e-08
Mn-54 1.7e-07 1.2e-08 1.2e-07 3.7e-07 4.8e-07 1.9e-07 1.3e-08 1.3e-07 4.1e-07 5.4e-07
Fe-55 3.8e-8 2.8e-09 2.7e-08 8.5e-08 1.Ie-07 4.2e-08 3.0e-09 3.0e-08 9.4e-08 1.2e-07
pe- 59,~ThX' ;.ssr,;, 2.e o07B-2 ;0o08,-Ž'2.0e6.074e.0T'. .4 *7>,i3.2e07.'722,* 2 2 77i07 2 27~
Co-56 5.1e-07 3.7e-08 3.6e-07 1.1e-06 1.5e-06 5.7e-07 4.0e-08 4.0e-07 1.3e-06 1.7e-06
Co-57 4.4e-08 3.2e-09 3.2e-08 9.9e-08 1.3e-07 4.9e-08 3.6e-09 3.5e-08 1.1e-07 1.4e-07
Co-58 1.5e-07 1.0e-08 1.0e-07 3.3e-07 4.3e-07 1.6e-07- 1.2e-08 1.2e-07 3.7e-07 4.8e-07
Co-60 6.5e-07 4.7e-08 4.6e-07 1.5e-06 1.9e-06 7.2e-07 5.2e-08 5.1e-07 1.6e-06 2. e-06

NS9,,-<130'499,0F-"6;Z9;, I.0Od~ a.e8 ¢ 1.5e-08=a.-I;
Ni-63 3.7e-08 2.7e-09 2.6e-08 8.3e-08 1.1e-07 4.1ei08 2.9e-09 2.9e-08 9.1e-08 1.2e-07
Zn-65 8.5e-07 6.2e-08 6.1e-07 1.9e-06 2.4e-06 9.5e-07 6.8e-08 6.8e-07 2.1e-06 2.8e-06
As-73 2.9e-08 2.1e-09 2.1e-08 6.5e-08 8.5e-08 3.2e-08 2.3e-09 2.3e-08 7.3e-08 9.4e-08
Se-75 4.3e-07 3.0e-08 3.0e-07 9.6e-07 1.2e-06 4.8e-07 3.3e-08 3.4e-07 1.1e-06 1.4e-06
S 6.4e 09i 2.3e-08 .3.2 8 '7-> 1.10-08 .6.00 ,.Oe, 2
Sr-89 4.4e-08 2.3e-09 2.8e-08 1.0e-07 1.4e-07 4.9e-08 2.5e-09 3.0e-08 1.1e-07 1.5e-07
Sr-90 1.Oe-06 5.8e-08 6.6e-07 2.3e-06 3.3e-06 1.1e-06 6.2e-08 7.4e-07 2.6e-06 3.7e-06
Y-91 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr-93 3.3e-08 9.9e-10 2.0e-08 8.0e-08 1.ie-07 3.7e-08 1.1e-09 2.2e-08 8.9e-08 1.2e-07
Zr-95' " 7'-408 t,- 2.2-9 4.4 8-250 8.2e082 2.4e09;4.8e 8
Nb-93m 3.3e-08 2.5e-09 2.4e-08 7.4e-08 9.6e-08 3.7e-08 2.7e-09 2.6e-08 8.2e-08 i.1e-07
Nb-94 4.6e-07 3.4e-08 3.3e-07 1.0e-06 1.3e-06 5.1e-07 3.7e-08 3.6e-07 1.1e-06 1.5e-06
Nb-95 9.9e-08 6.8e-09 6.8e-08 2.2e-07 3.0e-07 1.1e-07 7.4e-09 7.6e-08 2.5e-07 3.3e-07
Mo-93 7.0e-08 5.0e-09 5.0e-08 1.6e-07 2.0e-07 7.8e-08 5.6e-09 5.5e-08 1.7e-07 2.3e-07

__ _ 9..9o-09,,.ieo10.-j6,.0e-,08 2.6e 08me 2."e-098.
Tc-97m 5.2e-08 3.7e-09 3.7e-08 1.2e-07 1.5e-07 5.8e-08 4.1e-09 4.1e-08 1.3e-07 1.7e-07
Tc-99 7.6e-08 5.5e-09 5.4e-08 1.7e-07 2.2e-07 8Ae-08 6.0e-09 5.9e-08 1.9e-07 2.4e-07
Ru-103 1.4e-07 i.0e-08 1.0e-07 3.3e-07 4.3e-07 1.6e-07 1.1e-08 1.1e-07 3.7e-07 4.8e-07
Ru-106 1.9e-06 1.4e-07 1.4e-06 4.3e-06 5.6e-06 2.2e-06 1.6e-07 1.5e-06 4.8e-06 6.2e-06
A 108mr ib-&5.7o-07')4.2o08 U J 4.iT.07-. 1.3e0 6<.-6o06;: .
Ag-110m 7.5e-07 5.5e-08 5.4e-07 1.7e-06 2.1e-06 8.3e-07 6.0e-08 5.9e-07 1.9e-06 2.4e-06
Cd-109 8.7e-07 6.4e-08 6.2e-07 2.0e-06 2.5e-06 9.7e-07 7.1e-08 6.9e-07 2.2e-06 2.8e-06
Sn-113 1.4e-07 1.0e-08 i.Oe-07 3.2e-07 4.1e-07 1.6e-07 1.1e-08 1.1e-07 3.5e-07 4.6e-07
Sb-124 3.9e-07 2.7e-08 2.7e-07 8.8e-07 1.1e-06 4.3e-07 3.0e-08 3.0e-07 9.7e-07 1.3e-06
Sbti25l ;- L 1.90-07A' ',.3e08'V e.3e,0-i I.2e0- 075:4e ,7.$ 2 i ;5e 08i.5e S0 4.6e 6.0"T0 O,
Te-123m 2.5e-07 1.8e-08 1.8e-07 5.6e-07 7.3e-07 2.8e-07 2.0e-08 2.0e-07 6.3e-07 8.1e-07
Te-127m 3.9e-07 2.8e-08 2.8e-07 8.8e-07 1.1e-06 4.3e-07 3.1e-08 3.1e-07 9.8e-07 1.3e-06
1-125 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
1-129 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

1-i3 ; 0.0. .e+O0i O.Oe+0 0', .Oe+0 O0.OOe+OO, O.Oe+OO.0m"; 0.0+00= 0.Oe+004'eT.0 + ' O.Oe00 0.Oe+O0
Cs-134 O.Oe+OO 0.0e+00 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 0.00+00 O.OeOO O.OeOO
Cs-i35 O.Oe+00OO O.OeO O..Oe+0010.00 +0000 0.OO.e0 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+OO
Cs-137 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ba-133 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ce-i39:. 2.8o9;1.7e-10 19O9; 6.4o-. as 8o9 -1e3.lo-09 - f_ 6 1 2.O-0eo9 7.1e 9k19.6e-09i
Ce-141 4.7e-09 2.7e-10 3.0e-09 i.ie-08 1.5e-08 5.3e-09 2.9e-10 3.3e-09 1.2e-08 1.7e-08
Ce-144 5.6e-08 3.4e-09 3.7e-08 1.3e-07 1.7e-07 6.2e-08 3.7e-09 4.0e-08 1.4e-07 1.9e-07
Pm-147 O.Oe+00 Q.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 Q.Oe+00
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Appendix H-i Normalized Effective Dose Equivalents from Aluminum

-Table HI.8 Nornalized effective dose equivalents from Ingestion: Handling metal product
Radionuclide M Mass-based EDE (pSv/y per Bq/g) : Surficial EDE (pSv/y per Bq/cm2)

Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
Sm-151 0 Oe+OO O.Oe+0O O.Oe+OO O.Oe+0O O.Oe.e0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00
Etj152 O Oe.e0.'O . O e+00 O.6 -r
Eu-1 54 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Eu-1 55 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
Gd-153 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
Tb-O160 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Tm-171 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ta-182 2.9e-07 2.1e-08 2.0e-07 6Ae-07 8.4e-07 3.2e-07 2.3e-08 2.2e-07 7.1e-07 9.4e-07
W-181 1.3e-08 9.1e-10 9.1e-09 2.8e-08 3.7e-08 1Ae-08 1.0e-09 1.Oe-08 3.2e-08 4.1e-08
W-185 6.4e-08 4.6e-09 4i5e08 1.4e-07 1.9e-07 7.1e-08 5.1e-09 5.0e-08 1.6e-07 2.1e-07

j8 6U,,7.0e0 ,6.9e- 8'.<^<,2e.2 7;'8" 7 17 1.1' i 7'87.6e , .6e-08 2.-207' .2e07'
Ir-192 2.3e-07 1.6e-08 1.6e-07 5.2e-07 6.8e-07 2.6e-07 1.8e-08 I.8e-07 5.8e-07 7.7e-07
T1-204 1.7e-07 1.2e-08 1.2e-07 3.8e-07 5.0e-07 1.9e-07 1.3e-08 1.4e-07 4.3e-07 5.6e-07
Pb-210 3.8e-04 2.7e-05 2.ie-04 8.4e-04 I.Ie-03 4.2e-04 2.9e-05 2.9e-04 9.3e-04 12e-03
Bi-207 2.8e-07' 2.0e-08 2.0e-07 6.4e-07 8.1e-07 3.2e-07 2.2e-08 2.2e-07 7.1e-07 9.1 e-07
Porf210--.-, -; :i ' 6101.e44toe-4:>9.6e-05Ci6*8eJ06C68eO5Ž2ie 4,, 8 ,04
Ra-226 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
Ra-228 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+WO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Ac-227 2.1e-04 1.0e-05 1.3e-04 4.9e-04 6.6e-04 2.3e-04 1.1e-05 IAe-04 5.5e-04 7.5e-04
Th-228 1.1e-05 5.8e-07 6.9e-06 2.5e-05 3.5e-05 1.2e-05 6.3e-07 7.6e-06 2.8e05 4.0e-05

j.02 -06,'e-06 )3.52-05
Th-230 7.6e-06 4.0e-07 4.8e-06 1.8e-05 2.5e-05 8Ae-06 4Ae-07 5.3e-06 2.0e-05 2.8e-05
Th-232 3.8e-05 2.0e-06 2Ae-05 8.8e-05 1.2e-04 4.2e-05 2.2e-06 2.7e-05 9.8e-05 1Ae-04
Pa-231 5.5e-04 4.0e-05 3.9e-04 1.2e-03 1.6e-03 6.1e-04 4.3e-05 4.3e-04 I.4e-03 1.8e-03
U-232 1.9e-05 1.2e-06 1.3e-05 4Ale-05 6.1 e-05 '2.1 e-05 1.3e-06 1.4e-05 4.9e-05 6.7e-05
V.233' - ;4ie-06~ :2.6e-07~, 2.8-6--- 9.5e6 6.:3 ,05$ .8i
U-234 4.1e-06 2.5e-07 2.7e-06 9.3e-06 1.3e-05 4.6e-06 2.8e-07 3.0e-06 I.Oe-05 1Ae-05
U-235 3.9e-06 2.4e-07 2.6e-06 8.8e-06 1.2e-05 4.3e-06 2.6e-07 2.8e-06 9.9e-06 1Ae-05
U-236 3.9e-06 2.4e-07 2.6e-06 8.8e-06 1.2e-05 4.3e-06 2.6e-07 2.8e-06 9.9e-06 1Ae-05
U-238 3.9e-06 2.4e-07 2.6e-06 8.8e-06 1.2e-05 4.3e-06 2.6e-07 2.8e-06 9.9e-06 1Ae-05

Np-37,;'.^,m62.3-0,; 9 . . '6.8e-5i3.7e-06i _ .4e-5I6-4e 0i~ 4.
Pu-236 1.6e-05 I.0e-06 I.Ie-05 3.8e-05 5.1e-05 1.8e05 1.1e-06 1.2e-05 4.2e-05 5.7e-05
Pu-238 4.6e-05 2.8e-06 3.0e-05 I.Oe-44 1.4e-04 5.1e05 3.1e-06 3.4e-05 1.2e-04 1.6e-04
Pu-239 5.1e-05 3.1e-06 3.3e-05 1.2e-04 1.6e-04 5.6e-05 3Ae-06 3.7e-05 1.3e-04 1.8e-04
Pu-240 5.1e-05 3.1e-06 3.3e-05 1.2e-04 1.6e-04 5.6e-05 3.4e-06 3.7e-05 1.3e-04 1.Be-04
Pu-2ii~ ,-_98e-7.Z6.0e-,8 .- 6.,6 7 k2.2e-6Z -3.Ae-06 j 1i 6.7 67e 2.e _,3.4
Pu-242 4.8e-05 3.0e-06 3.2e-05 1.1e-04 1.5e-04 5.4e-05 3.3e-06 3.5e-05 1.2e-04 1.7e-04
Pu-244 4.8e05 2.9e-6 3.1e-05 1.1 e-04 I.5e-04 5.3e-05 3.2e-06 3.5e-05 'I.2e-04 1.6e04
An-241 5.1 e05 2.7e-06 3.1e-05 1.2e-04 1.6e-04 5.6e-05 3.1 e-06 3.5e-05 1.3e-04 1.8e-04
Am-242m 5.0e-05 2.7e06 3.1 e-05 1.2e04 1.6e-04 5.6e-05 3.0e-06 3.5e-05 1.3e-04 1.8e-04

.0e;243,. ; 5.05 ,'2.7e506 ;10s-jie .29o04 'J 'iemO 6 5.6e0 ' .05 5,';3e .8e-04
Cm-242 1.4e-06 7.9e-08 9.1 e-07 3.4e-06 4.6e-06 1.6e-06 8.7e-08 I.Oe-06 3.7e-06 5.1 e-06
Cm-243 3.5e-05 1.9e-06 2.2e-05 8.2e-05 1.1e-04 3.9e-05 2.1e-06 2.4e-05 9.0e-05 1.2e-04
Cm-244 2.8e-05 1.5e-06 1.8e45 6.5e05 8.9e-05 3.1e-05 1.7e-06 1.9e45 7.3e-05 9.9e-05
Cm-245 5.2e-05 2.8e-06 3.3e-05 I1.2e-04 1 .7e-04___ 5.8e-05 3.1,e-06 3.6e-05 1.3e-04 ,1.8e-04
Cm-246-:,- '!5.Ie-05,2.*'8e-6 _ 3.3e-05 -044'. I.6e-0,4- .'5.7e-0' _t 41.8e

Cm-247 4.7e-05 2.6e-06 3.0e-05 1.1 e-04 1.5e-04 5.3e-05 2.9e-06 3.3e05 1.2e-04 1.7e-04
Cm-248 I.9e-04 I.Oe-05 1.2e-04 4Ae-04 6.0e-04 2.1e-04 I.Ie-05 1.3e-04 4.9e-04 6.7e-04
Bk-249 1.7e-07 8.9e-09 I.Oe-07 3.9e-07 5.4e407 1.8e-07 9.8e-09 1.2e-07 4.3e-07 6.0e-07
Cf-248 4.5e-06 2.3e-07 2.8e-06 1.0e05 1.5e-45 5.0e-06 2.5e-07 3.1 e-06 1.2e-05 1.6e-05
Cf-249 i,>--,;0 6.6e-05 _ 3.4e'-6 .ie-5, 5e- 04 2.Id 4 > 3e05 5 3.78-6, 4.5e45'_.7e--, 2.4 e-04
Cf-250 2.9e-05 1.5e-06 1.8e-05 6.8e-05 9.6e-05 3.3e-05 1.7e-06 2.0e-05 7.6e05 1.1 e-04
Cf-251 6.7e-05 3.4e-06 4.2e-05 1.6e-04 2.2e-04 7.5e-05 3.8e-06 4.7e05 1.7e-04 2.5e-04
Cf-252 1.5e-05 7.5e-07 92e-06 3Ae-05 4.8e.05 1.6e-05 8Ae-07 I.Oe-05 3.8e-05 5Ae405
Cf-254 2.5e-05 1.3e-06 1.5e-05 5.7e-05 8.1 e-05 2.8e-05 1.3e-06 1.7e-05 6.4e-05 9.0e-05
Es-254> -' )4.2 6'2.3e-07 2.6e06 Z-9.8 4',i.4e45:- i:2.5"4.7e 2.5 47 2.9e-06 A .1iO >105e45

Note: To convert these values to conventional units (mremly per pCUg or mremly per pCicrn2). multiply by 3.7e-3
_-1 _UE- 640
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Normalized Effective Dose Equivalents from Aluminum Appendix H-I
Table H1.9 Normalized effective dose equivalents from all pathways: Handling dross

Radionudide Mass-based EDE (pSvly per Bq/g)
Mean 5th 50th 90th 95th

Surficial EDE (pSvly per Bq/cm2)
Mean 5th - 50th 90th 95th

H-3 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
C-14 5.8e-07 9.1e-08 4.0e-07 1.2e-06 1.6e-06 6.4e-07 i.Oe-07 4.5e-07 1.4e-06 1.8e-06
Na-22 8.5e-03 1.7e-03 6.2e-03 1.8e-02 2.3e-02 9.4e-03 1.9e-03 6.8e-03 2.0e-02 2.6e-02
P-32 6.3e-07 5.4e-08 3Ae-07 1.5e-06 2.1e-06 7.0e-07 6.0e-08 3.8e-07 1.6e-06 2.4e-06
S5 ; 0.0e+0Q' O.Oe+00 ciO.Oe+0O'.'O .Oe+00 0.0e+00, -,-O.Oe+oi-' O.Oe+OO;O.Oe+ j 0 .0e+OO'60O.Oe+OOJ
CI-36 3.9e-06 9.5e-07 2.9e-06 7.8e-06 1.0e-05 4.3e-06 1.0e-06 3.2e-06 8.7e-06 1.1e-05
K-40 6.7e-04 1Ae-04 4.9e-04 1.4e-03 1.8e-03 7.5e-04 1.5e-04 5.4e-04 1.6e-03 2.0e-03
Ca-41 3.3e-07 5.2e-08 2.3e-07 7.1e-07 9.4e-07 3.7e-07 5.7e-08 2.6e-07 7.9e-07 1.0e-06
Ca-45 9.4e-07 1.8e-07 6.8e-07 1.9e-06 2.6e-06 1.1e-06 2.0e-07 7.6e-07 2.2e-06 2.9e-06

_ 4. -4 - I . . 6 -; , -i . Ti TeSSc46L' ,.> 6.76 03 <_ 1.34.e-034.9-0.i.4e<J1.9.022v, .>,,75-,,,'l'15-3. 5.4e-0,3b1.6e-0fi)<2Z1 o-02g
Cr-51 8.8e-06 i.1e-06 5.6e-06 2.0e-05 2.8e-05 9.9e-06 1.2e-06 6.2e-06 2.2e-05 3.1e-05
Mn-53 4.Oe-09 7.0e-10 2.8e-09 8.6e-09 1.2e-08 4.5e-09 7.6e-10 3.1 e-09 9.6e-09 1.3e-08
Mn-54 2.3e-04 3.7e-05 1.6e-04 4.9e-04 6.7e-04 2.6e-04 4.0e-05 1.7e-04 5.5e-04 7.5e-04
Fe-55 1.6e-08 2.4e-09 1.1e-08 3.4e-08 4.6e-08 1.7e-08 2.6e-09 1.2e-08 3.8e-08 5.1e-08
FU7,' Kre; 5.90 O'e04,
Co-56 8.8e-04 1.4e-04 6.0e-04 1.9e-03 2.6e-03 9.8e-04 1.5e-04 6.7e-04 2.1 e-03 2.9e-03
Co-57 1.8e-05 2.9e-06 1.2e-05 3.8e-05 5.1e-05 2.0e-05 3.2e-06 1.3e-05 4.3e-05 5.8e-05
Co-58 2.2e-04 3.4e-05 1.5e-04 4.7e-04 6.4e-04 2.4e-04 3.7e-05 1.6e-04 5.3e-04 7.1e-04
Co-60 7.7e-04 1.3e-04 5.3e-04 1.7e-03 2.2e-03 8.6e-04 1Ae-04 5.9e-04 1.9e-03 2.5e-03

'-i-4 2.7e-09 9.9e09. j9 8-3.9e08 ',7- ie, 2 ,
Ni-63 2.4e-08 4.2e-09 1.7e-08 5.0e-08 6.8e-08 2.6e-08 4.7e-09 1.8e-08 5.5e-08 7.5e-08
Zn-65 1.6e-04 2.6e-05 1.1e-04 3.5e-04 4.8e-04 1.8e-04 2.8e-05 1.2e-04 3.9e-04 5.5e-04
As-73 4.8e-07 6.9e-08 3.2e-07 1.0e-06 1.5e-06 5.4e-07 7.5e-08 3.5e-07 1.2e-06 1.6e-06
Se-75 1.5e-04 2.1e-05 1.Oe-04 3.2e-04 4.5e-04 1.7e-04 2.3e-05 i.Ie-04 3.7e-04 5.1e-04

Sr 85'- 9-13 3'25 -. 2;e' 3.L ;.,5 0' ''^'ii,2;84.Oe 33.0 03-;,40 3' S0 ; ,~4 :
Sr-89 6.5e-06 1.4e-06 4.7e-06 1.3e-05 1.8e-05 7.2e-06 1.5e-06 5.2e-06 1.5e-05 2.0e-05
Sr-90 6.5e-05 1.4e-05 4.7e-05 1.3e-04 1.7e-04 7.2e-05 1.6e-05 5.3e-05 1.5e-04 1.9e-04
Y-91 2.0e-05 4.3e-06 1.5e-05 4.2e-05 5.6e-05 2.3e-05 4.7e-06 1.6e-05 4.6e-05 6.3e-05
Zr-93 2.1 e-06 1.8e-07 1.4e-06 4.7e-06 6.4e-06 2.4e-06 2.0e-07 1.6e-06 5.3e-06 7.2e-06

4.06031.2e-03!,9.8e-OS,?.7e-O4 s: 2-6,e03:: 8
Nb-93m 1.5e-07 2.6e-08 1.Oe-07 3.1e-07 4.1e-07 1.6e-07 2.9e-08 1.1e-07 3.5e-07 4.6e-07
Nb-94 4.6e-04 7.3e-05 3.1e-04 9.8e-04 1.3e-03 5.1e-04 8.1e-05 3.4e-04 1.1e-03 1.5e-03
Nb-95 1.3e-04 1.9e-05 8.8e-05 2.9e-04 4.1e-04 1.5e-04 2.1e-05 9.8e-05 3.2e-04 4.5e04
Mo-93 3.6e-07 5.6e-08 2.4e-07 7.5e-07 1.0e-06 4.0e-07 6.3e-08 2.7e-07 8.4e-07 1.2e-06
Tc-97s.''''5.3e-08x18.3e.-0IZ`3.6e;08ii2 07 ,,-7,^608gj 9.26 ,Oe,,08 i-,1.3e07i.8e 7
Tc-97m 1.7e-07 2.6e-08 1.1e-07 3.6e-07 4.9e-07 1.9e-07 2.9e-08 1.3e-07 4.0e-07 5.6e-07
Tc-99 1.4e-07 2.3e-08 9.8e-08 3.1e-07 4.2e-07 1.6e-07 2.5e-08 1.1e-07 3.4e-07 4.7e-07
Ru-103 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ru-106 0.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ag-108rn5< ;',~ 0.0e+00.-0.0.e,+OO, 0.0e+0O 0.00+0020.0000 ';0 .0e+00;-iO.0e+00; 0.06,+00 .1-,0.064-00 .NO.e400i,
Ag-110m O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cd-109 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sn-113 1.2e-04 1.6e-05 8.0e-05 2.6e-04 3.5e-04 1.3e-04 1.7e-05 8.9e-05 2.9e-04 4.0e-04
Sb-124 8.7e-04 1.2e-04 5.8e-04 1.9e-03 2.6e-03 9.7e-04 1.3e-04 6.4e-04 2.1e-03 2.9e-03
Sb-2 e 2.40 33e05 16e45.2e,04'• .7i'--2.6e 3.7e05 i1. 4
Te-123m 4.6e-05 6Ae-06 3.0e-05 1.0e-04 1.4e-04 5.1e-05 7.0e-06 3.4e-05 1.1e-04 1.6e-04
Te-127m 3.0e-06 4.4e-07 2.0e-06 6.5e-06 9.0e-06 3.3e-06 4.9e-07 2.2e-06 7.3e-06 1.0e-05
1-125 8.6e-06 1.6e-06 6.1e-06 1.8e-05 2.4e-05 9.6e-06 1.8e-06 6.8e-06 2.0e-05 2.7e-05
1-129 5.8e-05 8.3e-06 4.0e-05 1.2e-04 1.7e-04 6.4e-05 9.2e-06 4.4e-05 1.4e-04 i.8e-04

-1 .8e'-0" 7.=72e-06 -7.00-05:; I4.6e ; 5.7.26-04,; ,- -:.0e-04~7. 6 7 05-Z
Cs-134 6.1 e03 1.2e-03 4.4e-03 1.3e-02 1.7e-02 6.8e-03 1.4e-03 4.9e-03 1.4e-02 1.8e-02
Cs-135 1.9e-06 2.7e-07 1.3e-06 4.1e-06 5.5e-06 2.1e-06 3.0e-07 1.5e-06 4.6e-06 6.1e-06
Cs-137 2.2e-03 4.6e-04 1.6e-03 4.7e-03 6.1e-03 2.50-03 5.0e-04 1.8e-03 5.2e-03 6.8e-03
Ba-133 1.1e-03 2.3e-04 8.3e-04 2.4e-03 3.1e-03 1.3e-03 2.5e-04 9.2e-04 2.7e-03 3.5e-03
Ce-139 s' -;; 3.0e-04:-. 6.1e-05 - -2.2e-04'e,.,'6.2e04, ' ' 8.2e-0'- 6,~ 3.3e-04>, 6.7e-05: . 2.4e-0i' , 7:00e49.-92e -,,
Ce-141 9.8e-05 1.8e-05 6.9e-05 2.1e-04 2.8e-04 1.1e-04 1.9e-05 7.6e-05 2.3e-04 3.1e-04
Ce-144 2.0e-04 4.5e-05 1.5e-04 4.2e-04 5.5e-04 2.3e-04 4.9e-05 1.7e-04 4.7e-04 6.1e-04
Pm-147 1.9e-06 4.5e-07 1.4e-06 3.9e-06 5.0e-06 2.1e-06 4.9e-07 1.6e-06 4.3e-06 5.6e-06

_UE-14 H- .
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Aippendix H-1 Nonnalized Effective Dose Equivalents from Aluminum

Table HI.9 Normalized effective dose equivalents from all pathways: Handling dross

Radionucride Mass-based EDE (pSvly per BgIg) Surficial EDE (ijSvly per BgIcm2 )
Mean 5th 50th 90th 95th Mean - >5th 50th -9th 95th

Sm-151 2.1le-06 4.7e-07 1.5e-06 4.2e-06 5Ae-06 2.3e-06 5.1e-07 1.7e-06 4.6e-06 6.1e-06

Eu-152 -:'-4.7e 3 9.6e-04 -P3.4eO3 9.8e0 4 3e02'-, 2e4b3f.0e 3- ,3.8e-03 ,j1e02-1.42

Eu-154 4.6e-03 9Ae-04 3.3e-03 9.5e-03 1.2e-02 5.1e-03 1.0e-03 3.7e-03 1.1e-02 1.4e-02

Eu-155 8.8e-05 1.8e-05 6.4e-05 1.8e-04 2Ae-04 9.8e-05 2.0e-05 7.1e-05 2.0e-04 2.7e-04

Gd-153 1.Ie-G4 2.2e-05 7.7e-05 2.2e-04 2.9e-04 1.2e-04 2Ae-05 8.5e45 2.5e-04 3.2e-04

Tb-160 3.5e-03 7.0e-04 2.5e-03 7.4e-03 9.8e-03 3.9e-03 7.8e-04 2.8e-03 8.2e-03 1.1e-02

Tm-17O_:-j4JJC .7e. 6. 1.8-06- 5.7e- ' 1.6e.6e 05,_.9e-06,,=6 .3e ,1,7e05 2.3 5
Tm-171 1.1 e-06 2.7e-07 8.le-07 2.2e-06 2.8e-06 1.2e-06 2.9e-07 9.0e-07 2.4e-06 3.2e-06

Ta-182 6.8e-04 9.3e-05 4.5e-04 1.5e-03 2.1e-03 7.5e-04 1.Oe-04 4.9e-04 1.6e-03 2.3e03
W-181 3.9e-06 5.4e-07 2.6e-06 8.5e-06 1.2e-05 4.3e-06 5.9e-07 2.9e-06 9.5e-06 1.3e-05
W-185 7.9e-08 1.1e-08 5.3e-08 1.7e-07 2.4e407 8.8e-08 1.2e-08 5.9e-08 2.0e-07 2.7e-07

; 2 4--, i .4e-05 42.1 W7.1e-04i49.6e.04 A'46e'04' .8e5 t- Ae-04r 7.9o.04 ie-03O

Ir-192 3.5e-04 4.7e-05 2.3e-04 7.7e-04 1.Oe.03 3.9e-04 5.1e-05 2.5e-04 8.6e-04 1.2e-03

Tl-204 4.8e-07 7.4e08 3.3e-07 1.1e-06 1.4e-06 5Ae-07 8.2e-08 3.6e-07 1.2e-06 1.6e-06

Pb-210 4.7e-04 6.6e-05 3.1e-04 1.Oe-03 1lAe03 5.2e-04 7.4e-05 3.4e-04 1.1e-03 1.6e-03

Bi-207 9.3e-04 1.3e-04 6.2e-04 2.0e-03 2.8e-03 1.Oe-03 1.4e-44 6.9e-04 2.3e-03 3.1 e-03

P-1 1.9e- 5 : - Ile0,E,9 5e05,.3.e04i .3e
Ra-226 8.1 e-03 1.8e-03 5.9e-03 1.7e-02 2.2e-02 9.0e-03 1.9e-03 6.6e-03 1.9e-02 2.4e-02
Ra-228 4.7e-03 1.1e-03 3.5e-03 9.8e-03 1.2e-02 5.3e-03 1.2e-03 3.9e-03 1.1e-02 1.Ae-02
Ac-227 9.7e-02 2.2e-02 7.1e-02 2.0e01 2.6e-01 1.1le-01 2.4e-02 7.9e-02 2.2e-01 2.9e-01
Th-228 1.8e-02 4.3e-03 1.4e-02 3.7e-02 4.8e-02 2.0e-02 4.7e-03 1.5e-02 4.1le-02 5Ae-02

11,229.,,...I.2e-01 ',2.78e .5e42 ^2.e01 j3 01
Th-230 I.8e-02 3.8e-03 1.3e-02 3.5e-02 4.7e-02 2.0e-02 4.2e-03 1.4e-02 3.9e-02 5.3e-02

Th-232 8.9e-02 1.9e402 6.5e-02 1.8e-01 2.4e-01 9.9e-02 2.1 e-02 7.2e-02 2.0e-01 2.7e-01
Pa-231 1.3e-02 2.0e-03 9.0e-03 2.9e-02' 3.9e-02 1.5e-02 2.1 e-03 1.Oe-02 3.2e-02 4.3e-02

U-232 3.3e-02 7.4e-03 2.4e-02 6.7e-02 9.0e-02 3.7e-02 8.1e-03 2.7e-02 7.6e-02 I.Oe-01
U-233;, 0 -'1.5e43 e-03-i.'l. 8-0.654 3 -035.5e,431'e.2e42^'.,52.0e-02
U-234 6.6e-03 1.5e-03 4.8e-03 1.3e-02 1.8e-02 7Ae-03 1.6e-03 5.4e-03 1.5e-02 2.0e-02

U-235 6.5e-03 1.5e-03 4.8e-03 1.3e-02 1.8e-02 7.3e-03 1.6e-03 5.3e-03 1.5e-02 1.9e-02
U-236 6.3e-03 I Ae-03 4.6e-03 1.3e-02 1.7e-02 7.0e-03 1.5e-03 5.1e-03 1.4e-02 1.9e-02
U-238 6.0e-03 1 .3e-03 4Ae-03 1.2e-02 1.6e-02 6.7e-03 1.5e-03 4.9e-03 1.4e-02 1.8e402
NO0237__'j,33.0e-2 ' 67e43. 202>262e2 2 .0e a.4e-2 7.5 0-03 a2.'4e42 9024
Pu-236 7.7e-03 1.7e-03 5.7e-03 1.6e-02 2.1e-02 8.6e-03 1.9e-03 6.3e-03 1.7e-02 2.3e-02
Pu-238 2.0e-02 4.5e-03 1.5e-02 4.0e-02 5.3e-02 2.2e-02 4.9e-03 1.6e-02 4.5e-02 6.0e-02
Pu-239 2.2e-02 4.9e-03 1.6e-02 4Ae-02 5.8e-02 2Ae-02 5.3e-03 1.8e-02 4.9e-02 6.6e-02
Pu-240 2.2e-02 _4.9e-03 1.6e-02 4Ae-02 5.8e-02 2.4e-02 5.3e-03 1.8e-02 4.9e-02 6.6e-02
P ;-.ie-04__' 1e'03J!K4.7,e-44- 1.Oe 043.4e-04j9.5e 4 1.- 3e43

Pu-242 2.1e-02 4.7e-03 1.5e-02 4.2e-02 5.6e-02 2.3e-02 5.1e-03 1.7e-02 4.7e-02 6.3e-02
Pu-244 2.2e-02 4.9e-03 1.6e-02 4.3e-02 5.7e-02 2.4e-02 5.3e-03 1.8e-02 4.8e-02 6.4e-02
Am-241 2.4e-02 5Ae-03 1.8e-02 4.9e-02 6.5e-02 2.7e-02 5.9e-03 2.0e-02 5.5e-02 7.3e-02

Am-242m 24e-02 5.3e-03 1.8e-02 4.9e-02 6.4e-02 2.7e-02 5.8e-03 2.0e-02 5.4e-02 7.2e-02
An-2i3 ,-' 4C~2 -Q5.4e43,'"1.80-02 '15.0- 42;-,6.5e1 2 .- 2.7e42.,'5.9e 3 2.0 .5.5o-02
Cm-242 8.5e-04 1.9e-04 6.2e-04 1.7e-03 2.3e-03 9.5e-04 2.1e-04 6.9e-04 1.9e-03 2.6e-03
Cm-243 1.7e-02 3.8e-03 1.2e-02 3.4e-02 4.6e-02 1.9e-02 4.2e-03 1.4e-02 3.9e-02 5.1 e-02
Cm-244 1Ae-02 3.0e-03 9.9e-03 2.7e-02 3.6e-02 1.5e-02 3.3e-03 1.Ie-02 3.1e-02 4.1e-02

Cm-245 2.5e-02 5.6e-03 1.8e-02 5.1 e-02 6.7e-02 2.8e-02 62e-03 2.0e-02 5.7e-02 7.5e-02
Cm-id46 -:,'2.50-0 .-:.&5e-0 :'.842 5.060. 6 e42 2:J;- 2.8e02 2''6.ie-03 -2.0e-02J 5.6e-02,J.4

Cm-247 2Ae-02 5.3e-03 1.7e-02 4.8e402 6.3e-02 2.6e-02 5.9e-03 1.9e-02 5.3e-02 7.1 e-02
Cm-248 9.1 e-02 2.0e-02 6.6e-02 1.8e-01 2.4e-01 I.Oe-01 2.2e-02 7.3e-02 2.0e-01 2.7e-01
Bk-249 7.7e-05 1.7e-05 5.6e-05 1.6e-04 2.0e-04 8.5e-05 1.9e-05 6.2e-05 1.7e-04 2.3e-04
Cf-248 2.3e-03 5.2e-04 1.7e-03 4.8e-03 6.3e-03 2.6e-03 5.6e-04 1.9e-03 5.3e403 7.0e-03
Cf-249 ,-,. 'r3.3e,,2 X'7.3e-03' -2.4e-2 6.6e-2 8.,7e-02 -'-_-3.6e-02 , 8.0e403>2.6-02'_7.4e-42.:'9.7e42
Cf-250 IAe-02 3.2e-03 1.0e-02 2.9e-02 3.8e-02 1.6e-02 3.5e-03 1.2e-02 3.2e-02 4.3e402
Cf-251 3.3e-02 7.2e-03 2Ae-02 6.6e-02 8.7e-02 3.6e-02 7.9e-03 2.6e-02 7.3e-02 9.7e-02
Cf-252 7Ae-03 1.6e-03 5Ae4-03 1.5e-02 2.0e-02 8.2e-03 I.8e-03 6.0e-03 1.7e-02 2.2e-02
Cf-254 5.4e-02 1.2e-02 3.9e-02 1.1e-01 1.5e-01 6.0e-02 1.3e-02 4.3e-02 1.2e-01 1.6e-01

NE: 5' o- cn. these valu2es 3 - a 3.7ne a unis . 0 e 0 , 1 3e .' multip by 3e430- 4 .17e43 -1. e-3 2 - '502

Note: To convert these values to conventional units (mrem/y per pCi/g or mnreml/y per pCi/crn2), multiply by 3.7e-3

H-19 NUREG-I 640
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Normaaed Effective Dose Equivalents from Aluminum. Appendix H- INomlie Efetv Dos Eqiaet rmAumnmApni-
Table H1.10 Normalized effective dose equivalents from external exposure: Handlinq dross

Radionurilde - Man sbaedEDE (pSv/y per Bgfg)
Men 5th 50th 90th 95th

Surficial EDE (pSvly per Bq/cm2)
Mean 5th 50th 90th 95th

H-3 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+O0
C-14 8.1e-09 1.7e-09 5.9e-09, 1.7e-08 2.2e-08 9.Oe-09 1.8e-09 6.5e-09 1.9e-08 2.5e-08
Na-22 8.5e-03 1.7e-03 6.2e-03 1.8e-02 2.3e-02 9Ae-03 1.9e-03 6.8e-03 2.0e-02 2.6e-02
P-32 5.1e-07 4.2e-08 2.7e-07 1.2e-06 1.8e-06 5.7e-07 4.6e-08 3.0e-07 1.4e-06 2.0e-06

__5_ __O Oe+O ~O.08>-Qe,+,O -- O.Oe'O.. 0.0e±00tz0.0tOe>, 0.0eO 2OOeOf.e 00 00t0 .0~ 00 00+Oe' 00]0.0e,+00
CI-36 1.8e-06 3.6e-07 1.3e-06 3.7e-06 4.8e-06 2.0e-06 4.0e-07 1.4e-06 4.1e-06 5.3e-06
K-40 6.6e-04 1.4e-04 4.8e-04 1.4e-03 1.8e-03 7.4e-04 1.5e-04 5.3e-04 1.5e-03 2.0e-03
Ca-41 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.0e+0O O.Oe+00
Ca-45 3.5e-08 7.1e-09 2.5e-08 7.3e-08 9.6e-08 3.9e-08 7.8e-09 2.8e-08 8.1e-08 1.1e-07

2g-e-3 :'-T3', 9-e--035=tC 'origi9e-0S "' !i.5e-03 Te-,03 i: i X6e-02' ie-02
Cr-51 8.8e-06 1.e-06 5.6e-06 2.0e-05 2.8e-05 9.9e-06 1.2e-06 6.2e-06 2.2e-05 3.1e-05
Mn-53 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+0OO O.Oe+00
Mn-54 2.3e 04 3.7e-05 1.6e-04 4.9e-04 6.7e-04 2.6e-04 4.0e-05 1.7e-04 5.5e-04 7.5e-04
Fe-55 2.5e-14 4.1e-15 .7e-14 5.5e-14 7.4e-14 2.8e-14 4.4e-15 1.9e-14 6.2e-14 8.2e-14
Fe-,59,]2 tei2.4 ?L3 7,e 05211.60, 04 _.3 O4m7.2 04 Z7e94~.0e.0 .8e.04*ff 59e04''80 4
Co-56 8.8e-04 1.4e-04 6.0e-04 1.9e-03 2.6e-03 9.8e-04 1.5e-04 6.7e-04 2.1e-03 2.9e-03
Co-57 1.8e-05 2.9e-06 1.2e-05 3.8e-05 5.1e-05 2.0e-05 3.2e-06 1.3e-05 4.3e-05 5.8e-05
Co-58 2.2e-04 3.4e-05 1.5e-04 4.7e-04 6.4e-04 2.4e-04 3.7e-05 1.6e-04 5.3e-04 7.1e-04
Co-60 7.7e-04 1.3e-04 5.3e-04 1.7e-03 2.2e-03 8.6e-04 1Ae-04 5.9e-04 1.9e-03 2.5e-03

NI-63 1.1e-11 1.8e-12 7.6e-12 2.4e-11 3.2e-1I 1.2e-i 2.0e-12 8.5e-12 2.7e-11 3.6e-i
Zn-65 1.6e-04 2.6e-05 1.1e-04 3.5e-04 4.8e-04 1.8e-04 2.8e-05 1.2e-04 3.9e-04 5.5e-04
As-73 4.4e-07 6.0e-08 28e-07 9.5e-07 1.3e-06 4.9e-07 6.5e-08 3.2e-07 1.te-06 1.5e-06
Se-75 1.5e-04 2.1e-05 1.0e-04 3.2e-04 4.5e-04 1.7e-04 2.3e-05 1.1e-04 3.6e-04 5.1e-04
Sr-85.,- ,ff .3e03. 2.5e-04ffi9.2e-04+52.7 'e 33.5e-O3fl " f1 .4e-03 J* 2.8c 1.-Z .Oe, 33> 3.0e 3. 4.0e-03
Sr-89 4.9e-06 9.5e-07 3.5e-06 1.0e-05 1.4e-05 5.5e-06 1.1e-06 3.9e-06 1.2e-05 1.6e-05
Sr-90 2.0e-05 4.1e-06 1.4e-05 4.2e-05 5.4e-05 2.2e-05 4.4e-06 1.6e-05 4.7e-05 6.1e-05
Y-91 1.7e-05 3.4e-06 1.2e-05 3.6e-05 4.8e-05 1.9e-05 3.7e-06 1.4e-05 4.0e-05 5.4e-05
Zr-93 1.1e-10 8.4e-12 6.9e-11 2.3e-10 3.3e-10 1.2l.2e-10 2e-12 7.5e-11 2.6e-10 3.7e-10

Z5FT2el3 9.e e-jj 2.7e- '3.6e,03,I% i03e-03 g.1e 4a.5e-04 e. 2.9e803 4'-- .0e&03.4
Nb-93m 2.4e-09 3.9e-10 1.7e-09 5.29-Og 7.Me-09 2.7e-09 4.3e-10 1.8e-09 5.8e-09 8.0e-09
Nb-94 4.5e-04 7.3e-05 3.1e-04 9.7e-04 1.3e-03 5.1 e-04 8.1 e-05 3.4e-04 1.1e-03 1.5e-03
Nb-95 1.3e-04 1.9e-05 8.8e-05 2.9e-04 4.1e-04 1.5e-04 2.1e-05 9.8e-05 3.2e-04 4.5e-04
Mo-93 2.8e-08 3.9e-09 1.8e-08 6.2e-08 8.4-08 3.1e-08 4.3e-09 2.0e-08 6.9e-08 9.4e-08

T. 8e-O'8'. 5.2e.O9Z08te O5, j ,08.,83e-08s'1. 2e7;j1j4'2e-O8 5'.~92.8'. 93e-08,':-1.3.T.079<
Tc-97m 9.6e-08 1.3e-08 6.3e-08 2.1e-07 2.9e-07 1.1e-07 1.4e-8 6.9e-08 2.3e-07 3.3e-07
Tc-99 1.4e-08 1.9e-09 9.0e-09 3.0e-08 4.1e-08 1.5e.-8. 2.1e-09 9.9e-09 3.3e-08 4.6.-O8
Ru-103 O.Oe+O0 O.Oe+O0 O.Oe+00 O.Oe+OO O.Oe+OO0+ O.Oe+OO O.Oe+00 0.0e+ O.Oe+OO O.Oe+OO
Ru-106 O.Oe+O0 O O.Oe+0 O.e+00 O.Oe+00 O.Oe+0O O.Oe+OO O.Oe+OO O.Oe+O0 O.Oe+O0 O.Oe+O0

Ig-i08m<> 0.Oe+OO'-SC 0.0e+ O , '
Ag-i10m Ol0.Oe+OO O.Oe+OO O.Oe+OO 0.0e+0O O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+O0 0.Oe+00
Cd-109 O.Oe+O0 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+O0 O.Oe+OO
Sn- 13 1.2e-04 1.6e-05 8.0e-05 2.6e-04 3.5e-04 1.3e-04 1.7e-05 8.8e-05 2.9e-04 4.0e-04
Sb-124 8.7e-04 1.2e-04 5.8e-04 1.9e-03 2.6e-03 9.7e-04 1.3e-04 6.4e-04 2.1e-03 2.9e-03
St i25', . 2;4e.04>3.3e 75.1 .1.6e4 j 5.2e 0 -7i-,4 ' 2.6e-O4i .3.7eO 5,i.O
Te-123m 4.5e-05 6.3e-06 3.0e-05 1.0e-04 1.4e-04 5.1 e-05 6.9e-06 3.3e-05 1.1e-04 1.6e-04
Te-127m 2.6e-06 3.5e-07 1.7e-06 5.6e-06 7.8e-06 2.8e-06 3.9e-07 1.9e-06 6.3e-06 8.8e-06
1-125 3.0e-06 5.8e-07 2.1e-06 6.4e-06 8.4e-06 3Ae-06 6.3e-07 2.4e-06 7.ie06 9.4e-06
1-129 3.3e-06 6.5e-07 2.4e.06 6.9e-06 9.1 e-06 3.6e-06 7.1 e-07 2.6e-06 7.6e-06 1.0e-05
t13i,.ck-$.i.18e-4> e:7.1-06i-e 6.9e-05.-:-4.6e-042,7.1e-O4s 1 ;. 2.O0-O4 17.78-O6 7'.7e5 4 5.1e-O4-' ,7.9e404

Cs-134 6.1e-03 1.2e-03 4.4e-03 1.3e-02 1.6e-02 6.8e-03 1.4e-03 4.9e-03 1.4e-02 1.8e-02
Cs-135 6.3e-08 1.3e-08 4.6e-08 1.3e-07 1.7e-07 7.1e-08 1.4e-08 5.1e-08 1.5e-07 i.9e-07
Cs-137 2.2e-03 4.5e-04 1.6e-03 4.6e-03 6.0e-03 2.5e-03 5.Oe-04 1.8e-03 5.2e-03 6.7e-03
Ba-133 .1 e-03 2.3e-04 8.3e-04 2.4e-03 3.1 e-03 1.3e-03 2.5e-04 9.2e-04 2.7e-03 3.5e-03
Ce01392,: ,,-': 3 -04ev'-" 6.ie-OS-'22e.O4-> 6.2.-O4<,3.2;04- :3;3e-4J v 6.7 -5 O4' ! 9.2i4
Ce-141 9.7e-05 1.8e-05 6.8e-05 2.0e-04 2.8e-04 1.1e-04 1.9e-05 7.5e-05 2.3e-04 3.le-04
Ce-144 1.8e-04 3.6e-05 1.3e-04 3.7e-04 4.8e-04 2.0e-04 4.0e-5 1.4e-04 4.1e-04 5.4e-04
Pm-147 3.1e-08 6.3e-09 2.2-08 6.4e-08 8.3e-08 3.4e-08 6.9e-09 2.5e-08 7.1-08 9.3e-08

_UE-14 _-_,
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Appendix H-1 Normalized Effective Dose Equivalents from Aluminum

Table H1.10 Normalized effective dose equivalents from external exposure: Handling dross

Radionuciid Mass-based EDE (pSYIy per Bq/g) Surficial EDE (pSv/y per Bq/crn2)
Mean 5th 50th 90th 95th Mean 5th 50th - 90th 95th

Sn-151 6.1e-10 1.3e-10 4Ae-10 1.3e-09 1.7e-09 6.8e-10 1.4e-10 4.9e-10 1.4e-09 1.9e-09
Eiil 52 9-'C,^j''.4.7e-03^i ~-9.504,,-3.403.T9.7e-03' 1.3e-02 352 03 .1Oe03i3.7e-031.1e021A..b2
Eu-1 54 4.5e-03 9.3e-04 3.3e-03 9.5e-03 1.2e-02 5.1 e-03 I.Oe-03 3.6e-03 1.1e-02 1Ae-02
Eu-155 8.5e-05 1.7e-05 6.2e-05 1.8e-04 2.3e-04 9.5e-05 1.9e-05 6.8e-05 2.0e-04 2.6e-04
Gd-153 1.0e-04 2.1e-05 7.6e-05 2.2e-04 2.9e-04 1.2e-04 2.3e-05 8.4e-05 2.4e-04 3.2e-04
Tb-160 3.5e-03 7.0e-04 2.5e-03 7Ae-03 9.8e-03 3.9e-03 7.8e44 2.8e-03 8.2e-03 1.1 e-02

70_ 2El 'I.Ie-06 > 3.8e46661.Ie-5 £1.'4e4 51 -'-- 5. 82.6e4 5
Tn-171 4.0e-07 8.3e-08 2.9e-07 8.4e-07 1.1e-06 4.5e-07 9.1e-08 3.2e-07 9.4e-07 1.2e-06
Ta-182 6.8e-04 9.3e-05 4.5e-04 1.5e-03 2.1e-03 7.5e-04 1.Oe-04 4.9e-04 1.6e-03 2.3e-03
W-181 3.9e-06 5.3e-07 2.6e-06 8.5e-06 1.1e-05 4.3e-06 5.9e-07 2.9e-06 9.5e-06 1.3e-05
W-185 3.2e-08 4Ae-09 2.2e-08 7.1e-08 9.6e-08 3.6e-08 4.8e-09 2.4e-08 7.9e-08 1.1e-07
85 t3.2e- s ,'* 4.4e-05,~ .1e04 i7.1eO4',~9.~6e-04 'l2' 3.6e-04 ;4.8e-0.2.,4e-04-Q,. :5
Ir-192 3.5e-04 4.7e-05 2.3e-04 7.7e-04 1.0e-03 3.9e-04 5.1e-05 2.5e404 8.6e-04 1.2e-03
Tl-204 3.5e-07 5.1e-08 2.3e-07 7.7e-07 1.1e406 3.9e407 5.5e-08 2.6e-07 8.6e-07 1.2e-06
Pb-210 6.2e-07 8.8e-08 4.1e-07 1.3e-06 1.9e-06 6.9e-07 9.6e-08 4.5e-07 1.5e06 2.1e-06
Bi-207 9.3e-04 1.3e-04 6.2e-04 2.0e-03 2.8e-03 1.0e-03 1Ae4-4 6.8e-04 2.3e-03 3.1 e-03
PO2109s'T: 7.05.e-09 Az7.Oe49',.1O ,8w-,16e8@-' .8 .lEo18 ,,i3e-08r~.8o-0
Ra-226 7.2e-03 I.5e-03 5.2e-03 1.5e402 2.0e-02 8.0e-03 1.6e-03 5.8e-03 1.7e-02 2.2e-02
Ra-228 3.7e-03 7.5e-04 2.7e-03 7.6e-03 9.9e-03 4.1e-03 8.1e-04 2.9e-03 8.5e-03 1.1e-02
Ac-227 1.1e-03 2.1e-04 7.7e-04 2.2e-03 3.0e-03 1.2e-03 2.3e-04 8.5e-04 2.5e-03 3.3e-03
Th-228 4.9e-03 9.9e-04 3.6e-03 1.0e-02 1.4e-02 5.5e-03 1.1 e-03 3.9e-03 1.1le-02 1.5e-02
[h229/,i;;6e-44 .e-:04 : 5.5e-0ij1.6e,43Ž; 2.1. 03_. &8.~0 1.7o-4Th'.i1i04 i J.8e,'l 8 f 4.3J
Th-230 6.9e-07 1.4e-07 4.9e-07 1.5e-06 1.9e-06 7.7e-07 1.5e47 5.5e-07 1.6e-06 2.1e-06
Th-232 1.9e-04 2.1 e-05 1.2e-04 4.3e-04 6.0e-04 2.1e-04 2.4e-05 1.4e-04 4.8e-04 6.7e-04
Pa-231 1.7e05 2.3e-06 1.1e-05 3.6e-05 5.0e-05 1.9e-05 2.5e-06 1.2e-05 4.0e-05 5.6e-05
U-232 - 1.3e-04 1.4e-05 8.2e-05 2.9e-04 3.9e-04 1Ae-04 1.5e-05 9.0e-05 3.2e-04 4.4e-04
U.233 Wj3e4.3i' 078 .6eO 8 , 3 .1e47 t 8 .9  O i2e,06 - , 0 0 3 e

U-234 3.3e-07 5.8e-08 2.3e-07 7.0e-07 9.4e-07 3.7e-07 6Ae4-08 2.5e-07 7.8e-07 1.1 e-06
U-235 3.5e-04 7.0e-05 2.5e-04 7.2e-04 9.4e-04 3.9e-44 7.6e-05 2.8e-04 8.0e-04 1.1e-03
U-236 6.8e-08 1Ae4-08 4.9e-08 1Ae4-07 1.8e-07 7.5e-08 1.5e-08 5.4e-08 1.6e-07 2.1e-07
U-238 7.8e-05 1.6e-05 5.6e-05 1.6e-04 2.1le-44 8.7e-05 1.7e-05 6.3e-05 1.8e-04 2.4e-04

N,>27>57 01 <.1.1e 0-4. :4.1. 44~03E_1.,6e-03 64e 2e 61. , 3g: ~1:7e03
Pu-236 1.3e-04 1Ae4-05 8.1e-05 2.8e-04 3.9e-04 1Ae-04 1.5e-05 9.0e-05 3.2e-04 4.4e-04
Pu-238 4.1e-08 8.3e-09 3.0e-08 8.7e-08 1.1e-07 4.6e-08 9.2e-09 3.3e-08 9.7e-08 1.3e-07
Pu-239 1.3e-07 2.5e-08 9.1e-08 2.6e-07 3.4e-07 1Ae4-07 2.8e-08 1.0e-07 2.9e-07 3.8e-07
Pu-240 4.0e-08 8.1e-09 2.9e-08 8.5e-08 1.1e-07 4.5e-08 8.9e-09 3.2e-08 9.4e-08 1.2e-07

_ 522 ** - r --- 7e- -* ------- - I- … - -- - -- -
_ N73;5,.8eo9>'<;7.1o10-iO$.6e.09j_7.-0,9 .*t 1>08j.Kj--242e-0_79.-'10 2.9e'-9f8.8&09 '2e-t0_8*

Pu-242 3.6e-08 7.2e-09 2.6e-08 7.5e-08 9.7e-08 4.0e-08 7.9e-09 2.9e-08 8.3e-08 1.1e-07
Pu-244 9.7e-04 2.0e-04 7.0e-04 2.0e-03 2.6e-03 1.1e-03 2.2e-04 7.8e-04 2.3e-03 3.0e-03
Arn-241 1Ae4-05 2.9e-06 1.Oe-05 3.0e-05 3.9e4-5 1.6e-05 3.1e-06 1.1e-05 3.3e-05 4.3e-05
Arn-242m 3.1e-05 6.2e-06 2.2e-05 6.4e-05 8.3e4-5 3.4e-05 6.7e-06 2.4e-05 7.2e-05 9.3e-05
Am-243 t-''i' 4.1e' 4 8.3005:=.3.0e,,44,8.7e T-O .1j6 .I9-03.-
Cm-242 4Ae4-08 8.6e-09 3.1e-08 9.1e-08 1 .2e-07 4.9e-08 9.5e-09 3.4e-08 1.0e-07 1.3e-07
Cm-243 2.7e-04 5.3e-05 1.9e-04 5.6e-04 7.3e-04 3.0e-04 5.9e-05 2.1e-04 - 6.3e-04 8.2e-04
Cm-244 4.1e-08 8.1e-09 2.9e-08 8.5e-08 1.le-07 4.6e-08 9.0o-09 3.2e-08 9.5e-08 1.3e-07
Cm-245 1.6e-04 3.2e-05 1.2e-04 3.3e-04 4.4e-04 1.8e-04 3.5e-05 1.3e-04 3.7e-04 4.9e-04
Cm-246 __ 2 S5e48' -4.9 e409*;' 1.8O08 Aw5.2e;08 - 0t8e O8 :2.8eo8'-,4 e49 2.0e,08 __.8e-O8S . 4
Cm-247 9.5e-04 1.9e-04 6.8e-04 2.0e-03 2.6e-03 1.1e-03 2.le-04 7.5e-04 2.2e-03 2.9e-03
Cm-248 2.3e-08 4.5e-09 1.6e-08 4.7e-08 6.2e-08 2.5e-08 5.0e-09 1.8e-08 5.3e-08 7.0e-08
Bk-249 1Ae4-07 1.6e-08 8.9e-08 3.0e-07 4.2e-07 1.5e-07 1.8e-08 9.8e-08 3.4e-07 4.7e-07
Cf-248 5.9e-08 1.2e-08 4.2e-08 12e-07 1 .6e-07 -6.6e-08 1 .3e-08 4.7e-08 1.4e-07 1 .8e-07
Cf-2i9 *. ' 9.3e44 - . 2.6e-03:.. 1.0 3 '2.1 e~0 '_ 7.e-04 .2 2
Cf-250 2.8e408 5.7e-09 2.0e408 5.9e408 7.7e408 3.1 e48 6.2e49, 2.3e408 6.6e-08 8.6e-08
Cf-251 2.3e-04 4.5e-05 1.6e-04 4.7e-04 6.2e-04 2.5e-04 5.0e-05 1.8e-04 5.3e-04 6.9e-04
Cf-252 5.3e-08 1.1e-08 3.8e-08 1.1e-07 1.4e-07 5.9e-08 1.2e-08 4.2e4-8 1.2e-07 1.6e-07
Cf-254 4.4e-02 8.4e403 3.1e,,42 9.1 e42 ,1.2e401 ,4.90-02v, 92e-,03, 3.5e402 1.0e-01 -1.4e41l

Es-254 4A-. ½2.8e-03 5.8e-04 32.0e-03 9"5.9e-03 -7.8e-03 - .= : 3.2e43 6.3e-04. 2.3e-03. 6.60e-043 '8.7e43

Note: To convert these values to conventional units (mremly per pClg or mrernly per pCi/cmr), multiply by 3.7e-3
H-2 NUEG- 64

H-21 NUlREG-1 640



Normalized Effective Dose Equivalents from Aluminum Appendix H- 1

Table H1.11 Normalized effective dose equivalents from Inhalation: Handling dross

Radionuclide Mass-based EDE (uSv/y per BqIg)
Mean 5th 50th 90th 95th

- Surficial EDE (pSv/y per Bg/cm2)
Mean 5th 50th 90th 95th

H-3 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 0.0e+00 O.Oe+00 0.Oe+OO
C-14 1.3e-07 3.0e-08 9.7e-08 '2.7e-07 3.5e-07 1.5e-07 3.2e-08 1.le-07 3.0e-07 3.9e-07
Na-22 4.8e-07 1.1e-07 3.5e-07 9.6e-07 1.3e-06 5.3e-07 1.2e-07 3.9e-07 1.1e-06 1.4e-06
P-32 2.0e-08 1.7e-09 1.1e-08 4.6e-08 6.8e-08 2.2e-08 1.9e-09 1.2e-08 5.1e-08 7.6e-08
S _..,, j .Oe,+0L 0t O.OesOO.Oe+ _O.-_Oe,+OO 0e+0O~ e.O-Oe O* ;
CI-36 1.4e-06 3.2e-07 1.1e-06 2.9e-06 3.8e-06 1.6e-06 3.5e-07 1.2e-06 3.3e-06 4.3e-06
K-40 7.8e-07 1.7e-07 5.7e-07 1.6e-06 2.1e-06 8.7e-07 1.9e-07 6.4e-07 1.8e-06 2.3e-06
Ca-41 8.1e-08 1.8e-08 5.9e-08 1.6e-07 2.1e-07 9.0e-08 2.0e-08 6.6e-08 1.8e-07 2.4e-07
Ca-45 3.5e-07 7.8e-08 2.6e-07 7.2e-07 9.4e-07 3.9e-07 8.5e-08 2.9e-07 7.9e-07 1.1e-06
- , .6e _,3Aee07O7 '. 3  06 , 3.50-06't,4.7ye,'-
Cr-51 1.8e-09 2.3e-10 1.1e-09 3.8e-09 5.4e-09 2.0e-09 2.5e-10 1.2e-09 4.3e-09 6.0e-09
Mn-53 2.4e-09 4.1e-10 1.6e-09 5.Oe-09 6.6e-09 2.6e-09 4.6e-10 1.8e-09 5.5e-09 7.5e-09
Mn-54 3.0e-08 5.2e-09 2.0e-08 6.3e-08 8.4e-08 3.3e-08 5.7e-09 2.3e-08 7.0e-08 9.5e-08
Fe-55 6.2e-09 1.1 e-09 4.3e-09 1.3e-08 1.8e-08 6.9e-09 1.2e-09 4.8e-09 1.5e-08 2.0e-08

jF:;9gPr' 3.9 08 -; Ii 6 5 I9x> ', Z6.,.,3-0-~~,7- 't- f;'.3 =<-,10'29e8,' :

Co-56 1.5e-07 2.5e-08 1.Oe-07 3.2e-07 4.3e-07 1.6e-07 2.8e-08 1.1e-07 3.5e-07 4.8e-07
Co-57 4.0e-08 6.9e-09 2.8e-08 8.5e-08 1.1e-07 4.5e-08 7.8e-09 3.1e-08 9.5e-08 1.3e-07
Co-58 4.0e-08 6.8e-09 2.7e-08 8.5e-08 1.1e-07 4.4e-08' 7.4e-09 3.0e-08 9.4e-08 1.3e-07
Co-60 1.0e-06 1.8e-07 7.ie-07 2.2e-06 2.9e-06 1.Ie-06 2.0e-07 7.9e-07 2.4e-06 3.3e-06
N5-9 7.3092.i.3e-08'r>1.8e.08 - 1.5e-0Bt! 0; e
Ni-63 1.5e-08 2.6e-09 1.0e-08 3.1e-08 4.2e-08 1.6e-08 2.8e-09 1.1e-08 - 3.5e-08 4.7e-08
Zn-65 8.9e-08 1.5e-08 6.1e-08 1.9e-07 2.6e-07 9.9e-08 1.7e-08 6.8e-08 2.1e-07 2.9e-07
As-73 2.8e-08 4.1e-09 1.8e-08 5.9e-08 8.2e-08 3.1e-08 4.5e-09 2.0e-08 6.7e-08 9.2e-08
Se-75 6.1e-08 9.1e-09 4.1e-08 1.3e-07 1.8e-07 6.8e-08 9.9e-09 4.6e-08 1.5e-07 2.0e-07
Sr-85,'.'2 t 8.6e, ~8 0 -O 2.3e - 9.6 " 80 :2 .0086 7.0e.OS' 0e-072.6-0i
Sr-89 2.7e-07 5.8e-08 2.0e-07 5.5e-07 7.4e-07 3.0e-07 6.3e-08 2.2e-07 6.2e-07 8.2e-07
Sr-90 1.5e-05 3.3e-06 1.1e-05 3.0e-05 3.9e-05 1.6e-05 3.6e-06 1.2e-05 3.3e-05 4.4e-05
Y-91 1.6e-06 3.3e-07 1.1e-06 3.2e-06 4.2e-06 1.7e-06 3.6e-07 1.3e-06 3.5e-06 4.7e-06
Zr-93 2.0e-06 1.7e-07 1.3e-06 4.4e-06 6.1e-06 2.2e-06 1.9e-07 1.5e-06 4.9e-06 6.8e-06
Zr-95. . 3'.3ee 07I 2:r4-08e ; 2.2oe-077.4e07j,::j.0e.064" .'.- 3.7e', 3.1 '08-24e-07 0
Nb-93m 1.4e-07 2.4e-08 9.5e-08 2.9e-07 3.8e-07 1.5e-07 2.6e-08 1.1e-07 3.2e-07 4.4e-07
Nb-94 1.9e-06 3.4e-07 1.3e-06 4.1e-06 5.5e-06 2.2e-06 3.7e-07 1.5e-06 4.6e-06 6.2e-06
Nb-95 1.6e-08 2.6e-09 1.1e-08 3.5e-08 4.7e-08 1.8e-08 2.9e-09 1.2e-08 3.9e-08 5.3e-08
Mo-93 2.8e-07 4.3e-08 1.9e-07 6.1e-07 8.4e-07 3.2e-07 4.7e-08 2.1e-07 6.8e-07 9.3e-07
T , - 9 .6 08ev2.908, -:: ; .3 3.2e- 8
Tc-97m 3.9e-08 5.8e-09 2.6e-08 8.5e-08 1.2e-07 4.4e-08 6.5e-09 2.9e-08 9.5e-08 1.3e-07
TC-99- 8.3e-08 1.3e-08 5.6e-08 1.8e-07 2.4e-07 9.3e-08 1.4e-08 6.1e-08 2.0e-07 2.7e-07
Ru-103 O.Oe+OO O.0e+OO O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+0O O.Oe+00 O.0e+OO O.Oe+O0
Ru-106 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO

Ag-I I0m 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cd-109 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+OO O.e+OO O.Oe+00
Sn-113 9.1e-08 1.3e-08 6.2e-08 2.0e-07 2.7e-07 1.0e-07 1.4e-08 6.8e-08 2.2e-07 3.0e-07
Sb-124 1.8e-07 2.7e-08 1.2e-07 4.0e-07 5.4e-07 2.1e-07 2.9e-08 1.4e-07 4.5e-07 6.0e-07

,,9 2 .0e08 92e, 2.9e 07' '.'-i07 1 .5 2e0 8_,: , 10 07-3.3e-07'C 4.4e-07
Te-123m 9.0e-08 1.3e-08 6.1e-08 2.0e-07 2.7e-07 1.0e-07 1.5e-08 6.8e-08 2.2e-07 3.0e-07
Te-127m 1.8e-07 2.7e-08 1.2e-07 4.0e-07 5.4e-07 2.0e-07 3.0e-08 1.4e-07 4.4e-07 6.0e-07
1-125 8.9e-07 1.9e-07 6Ae-07 1.8e-06 2.4e-06 9.9e-07 2.0e-07 7.1e-07 2.1e-06 2.7e-06
1-129 8.7e-06 1.9e-06 6.3e-06 1.8e-05 2.3e-05 9.7e-06 2.1e-06 7.0e-06 2.0e-05- 2.6e-05

3 o .2.8e-07 i1.1e;06 . ,-' - 1. 0 81 e 07 I. 2-e 06
Cs-134 3.0e-06 6.7e-07 2.2e-06 6.0e-06 7.9e-06 3.3e-06 7.2e-07 2.4e-06 6.7e-06 8.9e-06
Cs-I 35 3.0e-07 6.7e-08 2.2e-07 6.1e-07 8.0e-07 3.3e-07 7.3e-08 2.4e-07 6.7e-07 8.9e-07
Cs-137 2.1e-06 4.7e-07 1.5e-06 4.2e-06 5.6e-06 2.3e-06 5.1e-07 1.7e-06 4.7e-06 6.3e-06
Ba-133 4.8e-07 1.1e-07 3.6e-07 9.8e-07 1.3e-06 5.4e-07 1.2e-07 3.9e-07 1.1e-06 1.4e-06

C,;S.0e 07 -.7.'6.07>.2e-07J4.1e-07 - 1;- , 6-
Ce-141 3.3e-07 6.5e-08 2.3e-07 6.9e-07 9.2e-07 3.7e-07 7.1e-08 2.6e-07 7.7e-07 1.0e-06
Ce-144 2.2e-05 5.0e-06 1.6e-05 4.5e-05 5.9e-05 2.5e-05 5.4e-06 1.8e-05 5.0e-05 6.6e-05
Pm-147 1.7e-06 3.7e-07 1.2e-06 3.4e-06 4.4e-06 1.9e-06 4.1e-07 1.4e-06 3.7e-06 5.0e-06

_U G 1_ 4 _H_ _
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Appendix H- I Normalize'd Effective Dose Equivalents from Aluminum

Table H1.11 Normallied effective dose equivalents from Inhalation: Handling dross'
Radionuclide Mass-based EDE (pSv/y per BgIg) - Surficial EDE (pSv/y per Bq/cn2)

Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
Sm-151 2.0e-06 4.4e-07 1.4e-06 4.0e-06 5.2e-06 2.2e-06 4.8e-07 1.6e-46 4.4e-06 5.9e-06
Eui 52;3ae.052 -3.2e O6 ,,.1e 05 ;2.9O-05'-3 0-05 5 .
Eu-154 1.9e-05 42e-06 1.Ae-05 3.8e-05 5.0e-05 2.1e-05 4.6e-06 1.5e-05 4.2e-05 5.6e-05
Eu-155 2.7e-06 6.0e-07 2.0e-06 5.4e-06 7.2e-06 3.0e-06 6.6e-07 2.2e-06 6.1 e-06 8.0e-06
Gd-153 I.4e-06 3.2e-07 1.1e-06 2.9e-06 3.8e-06 1.6e-06 3.5e-07 1.2e-06 3.3e-06 4.3e-06
Tb-1160 1.3e-06 2.8e-07 9.3e-07 2.6e-06 3.4e-06 1.4e-06 3.0e-07 1.0e-06 2.9e-06 3.8e-06
9 1i ,.3 -Žj.04 0e-06iŽ%;i ,1.7e-0623.6e-07- --1.2e-06 3,4 06_j4.5e-

Tm-171 5.9e-07 1.3e-07 4.3e-07 1.2e-06 1.6e-06 6.5e-07 I.4e-07 4.8e-07 1.3e-06 1.7e-06
Ta-I 82 3.8e-07 5.7e-08 2.5e-07 8.2e-07 I.Ie-06 4.2e-07 6.3e-08 2.8e-07 9.1e-07 1.2e-06
W-181 1.3e-09 2.0e-I0 8.8e-10 2.8e-09 3.8e-09 1.4e-09 2.1e-i0 9.8e-10 3.1e-09 4.2e-09
W-185 5.9e-09 8.9e-10 4.0e-09 1.3e-08 1.8e-08 6.6e-09 9.6e-I0 4.4e-09 1.4e-08 2.0e-08
Os8857_1te-08t;' .2'e-8 5,2.4e0 ,T 9.0e.-08 -A8'ie-8 -2.0O07,t2. e7
Ir-192 2.2e-07 3.2e-08 1.5e-07 4.8e-07 6.6e-07 2.5e-07 3.5e-08 1.6e-07 5.3e-07 7.4e-07
Tl-204 2.3e-08 3.6e-09 1.6e-08 5.1 e-08 7.0e-08 2.6e-08 4.0e-09 1.8e-08 5.6e-08 7.7e-08
Pb-21 0 2.2e-04 3.3e-05 1.5e-04 4.8e-04 6.5e-04 2.5e-04 3.7e-05 1.7e-04 5.3e-04 7.5e-04
Bi-207 2.0e-07 2.9e-08 1.3e-07 4.3e-07 5.8e-07 2.2e-07 3.1e-08 1.5e-07 4.8e-07 6.4e-07

Ra-226 5.8e-04 1.3e-04 42e-04 1.2e-03 1.5e-03 6.4e-04 1 I.4e-04 4.7e-04 1.3e-03 1.7e-03
Ra-228 7.6e-04 1.5e-04 5.4e-04 1.6e-03 2.1 e-03 8.5e-44 1.6e-04 6.0e-04 1.8e-03 2.4e-03
Ac-227 9.3e-02 2.0e-02 6.8e-02 1.9e-01 2.5e-01 I.Oe-01 2.2e-02 7.6e-02 2.1e-01 2.8e-41
Th-228 1.3e-02 2.9e-03 9.6e-03 2.7e-02 3.5e-02 1.5e-02 3.1 e-03 1.1 e-02 3.0e-02 4.0e-02
Th229'-I:'e2e4 -T.2'.5e42U8$'Ae.O2e423e-,1i:,15-3.ie-01 .3el.1e-0i '2:7 -0j9.4e-.2.6' 'i-,3.5e,01,~
Th-230 1.7e-02 3.8e-03 1.3e-02 3.5e-02 4.7e-02 1.9e-02 4.1 e-03 1.4e-02 3.9e-02 5.2e-02
Th-232 8.8e-02 1.9e-02 6.4e-02 1.8e-01 2.4e-01 9.8e-02 2.1e-02 7.1e-02 2.0e-01 2.6e-01
Pa-231 1.3e-02 1.9e-03 8.7e-03 2.8e-02 3.8e-02 1.4e-02 2.1 e-03 9.7e-03 3.1 e-02 4.2e-02
U-232 3.3e-02 7.3e-03 2.4e-02 6.7e-02 8.9e-02 3.7e-02 8.0e-03 2.7e-02 7.5e-02 9.9e-02
U-2S33W¾ .3';.7 --'70 I.e1.36.9e-3 '{I.4e-2-I3.8e-02 S.3i5'7.5e, 3e- 5e
U-234 6.6e-03 1.5e-03 4.8e-03 1.3e-02 1.8e-02 7.3e-03 1.6e-03 5.3e-03 1.5e-02 2.0e-02
U-235 6.1 e-03 1.4e-03 4.5e-03 1.2e-02 1.7e-02 6.8e-03 1.5e-03 5.0e-03 1.4e-02 1.8e-02
U-236 6.2e-03 1.4e-03 4.6e-03 1.3e-02 1.7e-02 6.9e-03 1.5e-03 5.0e-03 1.4e-02 1.9e-02
U-238 5.9e-03 1.3e-03 4.3e-03 1.2e-02 1.6e-02 6.6e-03 1Ae4-03 4.8e-03 1.3e-02 1.8e-02
Np237-: .i ~ 9e42--"6.3e-03.2.Io42 '5.9e-02 2.7e 2 32 0 _ 7.0 2.3e ; . 6e2
Pu-236 7Ae-03 1.6e-03 5.4e-03 1.5e-02 2.0e-02 8.3e-03 1.8e-03 6.0e-03 1.7e-02 2.2e-02
Pu-238 1.9e-02 4.3e-03 IAe-02 3.9e-02 5.2e-02 2.2e-02 4.7e-03 1.6e-02 4.4e-02 5.9e-02
Pu-239 2.1e-02 4.7e-03 1.6e-02 4.3e-02 5.7e-02 2.4e-02 5.1 e-03 1.7e-02 4.8e-02 6.4e-02
Pu-240 2.1 -02 4.7e-03 1.6e-02 4.3e-02 5.7e-02 2.4e-02 5.1 e-03 1.7e-02 4.8e-02 6.4e-02
Pu-24,1_ 4. ie-04 K9.0e-05Z<:3.0e0 ,,8.3-04 -Hj-3 ... 99 4 , 34 ;v 2 2 0
Pu-242 2.0e-02 4.5e-03 1.5e-02 4.1e-02 5.4e-02' 2.3e-02 4.9e-03 1.6e-02 4.6e-02 6.2e-02
Pu-244 2.0e-02 4.4e-03 1.5e-02 4.0e-02 5.3e-02 2.2e-02 4.8e-03 1.6e-02 4.5e-02 6.1 e-02
Arn-24i 2.4e402 5.2e-03 1 .7e402 4.8e-02 6.3e-02 2.6e402 5.6e403 1.9e402 5.3e 02 7.1e402
An-242m 2.4e-02 5.1e-03 1.7e-02 4.7e-02 6.3e-02 2.6e-02 5.6e-03 1.9e-02 5.3e-02 7.1e-02
Am-2432 , 2Ae-02 5.ie-03> .7e-02T4.8e-02 6.3e-02 2.6e0 2 5.6e-03 ,i.94-02 5.32 7.1e 02
Cm-242 8.3e-04 I .8e-04 6.0e-04 1.7e-03 2.3e-03 -' 9.3e04 2.0e44 6.7e04 1 .9e43 2.5e03
Cm-243 1.6e-02 3.6e-043 .2e-042 3.3e-02 4.4e-02 I .8e-02 4.0e-03 1.3e-02 3.7e-02 4.9e-02
Cm-244 1.3e-02 2.9e-03 9.6e-03 2.7e-02 3.5e-02 1.5e-02 320e-03 1.1e-02 3.7e-02 4.9e-02
Cm-245 2.4e-02 5.3e-03 1.8e-02 4.9e-02 6.5e-02 _2.7e-02 5.9e-03 2.e-02 5.50e-02 7.3e-02
Cm-246 -,2.40 2 5.3e-03 ;.8e 02 34.9e-02 6.5e-02 2.7e02 2 5.94-03 2.0'-02 ;-5.5e-02 7.3e-02
Cm-247 2.2e-02 4.8e-03 1.6e-02 4.5e-02 5.9e-02 2.5e-02 5.4e-03 1.8e-02 5.0e-02 6.7e-02
Cm-248 8.8e-02 1.9e-02 6.4e-02 1.8e-01 2.4e-01 9.8e-02 2.2e-02 7.1e-02 2.0e-01 2.7e-01
Bk-249 7Ae-05 1.6e-05 5.4e-05 I.5e-04 2.0e-04 8.3e-05 1.8e-05 6.0e-05 1.7e-04 2.2e-04
Cf-248 2.3e-03 5.0e-04 1.7e-03 4.6e-03 6.2e-03 2.5e-03 5.5e-04 1.8e-03 5.2e-03 6.9e-03
Cf-249 - -,3.102>6.7e 03,-,2.3e 02-i_6.3e-24",8.3e-02',,,3.4e-02 ^7.4e-03, .2.5e-07.0e-02 ,5'9.3e02:
Cf-250 1 .4e-02 3.0e-03 1.0e-02 2.8e-02 3.8e-02 1.6e-02 3.3e-03 ' 1.1e-02 3.2e-02 4.2e-02
Cf-251 3.2e-02 6.9e-03 2.3e-02 6.4e-02 8.5e-02 3.5e-02 7.5e03 2.5e-02 7.1 e-02 9.5e-02
Cf-252 7.2e-03 1.6e-03 5.2e-03 1.5e-02 1.9e-02 8.0e-03 1.7e-03 5.8e-03 1.6e-02 2.2e-02
Cf-254 1.0e-02 2.1e-03 7.2e-03 2.0e-02 2.7e-02 1.1e-02 2.3e-03 8.0e-03 2.3e-02 3.0e-02
Es4254 - 2.Ie03L- i.6eD4'-0-'1.5o03 4 4.3e03 : -5.7e-03 5e 2.3003 *5.-044,I.7e-034 8eO3 6.3e-03

Note: To convert these values to conventional units (mremly per pCVg or mremly per pCilcrn). multiply by 3.7e-3
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Normalized Effective Dose Equivalents from Aluminum Appendix H- INomlie Efetv DoeEuvlnsfo lmnmApni -
Table H1.12 Normalized effective dose equivalents from ingestion: Handling dross

Radionuclide Mass-based EDE ( aStty per Bqfg)
Mean 5th 50th 90th 95th

Surficial EDE (uSv/y per Bq/cr 2)
Mean 5th 50th 90th 95th

H-3 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
C-14 4.4e-07 2.6e-08 3.0e-07 9.8e-07 1.3e-06 4.9e-07 2.8e-08 3.3e-07 1.1e-06 1.5e-06
Na-22 2.4e-06 1.4e-07 1.6e-06 5.3e-06 7.2e-06 2.6e-06 1.5e-07 1.8e-06 5.9e-06 8.Oe-06
P-32 9.5e-08 2.9e-09 4.4e-08 2.3e-07 3.5e-07 1.1e-07 3.1e-09 4.9e-08 2.5e-07 3.9e-07
S,35-:',-,,-,, 0.0+00[1.0400 .0e+.Oe+0__.0+OO 0.0' O .Oe ~O.OeOe,+,0 .s00. ;0^ .0e+00iSOJ.0e*OO~O.Oe+OOj
CI-36 6.6e-07 3.9e-08 4.4e-07 1.5e-06 2.0e-06 7.3e-07 4.2e-08 4.9e-07 1.7e-06 2.2e-06
K-40 3.9e-06 2.3e-07 2.6e-06 8.7-06 1.2e-05 4.3e-06 2.5e-07 2.9e-06 9.8e-06 1.3e-05
Ca-41 2.5e-07 1.5e-08 1.7e-07 5.7e-07 7.6e-07 2.8e-07 1.6e-08 1.9e-07 6.3e-07 8.5e-07
Ca-45 5.6e-07 3.3e-08 3.8e-07 1.3e-06 1.7e-06 6.2e-07 3.6e-08 4.2e-07 1.4e-06 1.9e-06

Sc62211-06'; 6.68 08 7.e07i .o.82 3.e-88, id-u~

Cr-51 2.6e-09 1.1e-10 1.5e-09 6.0e-09 8.7e-09 2.9e-09 1.2e-10 1.6e-09 6.7e-09 9.9e-09
Mn-53 1 .7e-09 8.6e-1 1 1.1 e-09 3.9e-09 5.4e-09 1 .9e-09 9.4e-1 1 1 .2e-09 4.3e-09 6.0e-09
Mn-54 4.1 e-08 2.1 e-09 2.5e-08 9.4e-08 1.3e-07 4.5e-08 2.3e-09 2.8e-08 1.Oe-07 1.5e-07
Fe-55 9.3e-09 4.8e-10 5.8e-09 2.2e-08 3.0e-08 1.0e-08 5.3e-10 6.5e-09 2.4e-08 3.3e-08
p--59: g7.0 f8 f 3 5 9 i -082 I8i2.16e-07I Fe7.8e-08 J3.8e 09.;-, 4.7e20.8e,0T57-7T
Co-56 1.2e-07 6.5e-09 7.7e-08 2.9e-07 4.0e-07 1.4e-07 7.0e-09 8.6e-08 3.2e-07 4.5e-07
Co-57 1.1e-08 5.7e-10 6.8e-09 2.5e-08 3.5e-08 1.2e-08 6.2e-10 7.5e-09 2.8e-08 3.9e-08
Co-58 3.6e-08 1.9e-09 2.2e-08 8.3e-08 1.2e-07 4.0e-08 2.0e-09 2.5e-08 9.3e-08 1.3e-07
Co-60 1.6e-07 8.2e-09 9.9e-08 3.7e-07 5.1e-07 1.8e-07 9.1e-09 1.1e-07 4.1le-07 5.6e-07
N 5', 1,-33-it7-05e0 0'.;;e0-l.'*:t36-9.9-10~ 2.3e-O9•B;8.5e .2e 8,~
Ni-63 9.0e-09 4.8e-10 5.6e-09 2.1e-08 2.8e-08 1.0e-08 5.2e-10 6.2e-09 2.3e-08 3.2e-08
Zn-65 2.1e-07 1.1le-08 1.3e-07 4.8e-07 6.8e-07 2.3e-07 1.2e-08 1.4e-07 5.4e-07 7.6e-07
As-73 1.9e-08 8.3e-10 1.1e-08 4.4e-08 6.3e-08 2.1e-08 9.2e-10 1.2e-08 4.8e-08 6.9e-08
Se-75 2.7e-07 1.3e-08 1.6e-07 6.3e-07 8.7e-07 3.0e-07 1.4e-08 1.8e-07 7.0e-07 9.8e-07
S r-85 ;2.9e07 i.7"O8Y7T2.0 0s6.7YO7: 9;.1 60'.7 3.3 e7.'19e 84,2.2e 07; 7.3 -, 1.0. 08
Sr-89 1.3e-06 7.4e-08 8.4e-07 2.9e-06 4.0e-06 1.4e-06 8.0e-08 9.4e-07 3.2e-06 4.4e-06
Sr-90 3.0e-05 1.8e-06 2.0e-05 6.8e-05 9.2e-05 3.4e-05 2.0e-06 2.3e-05 7.6e-05 1.0e-04
Y-91 1.Se-06 8.8e-08 1.Oe-06 3.4e-06 4.6e-06 1.7e-06 9.5e-08 1.1e-06 3.8e-06 5.3e-06
Zr-93 1.3e-07 3.8e-09 7.7e-08 3.1e-07 4.3e-07 1.5e-07 4.1e-09 8.6e-08 3.4e-07 4.9e-07
Zr-95 2.90-07j'X ....... ',-8.4e;,-09 .7,e-07,e&-6.9 -07: 9.8e. 3.3e-7;k 9.> 09 i.9eT 74 7.60-07~3.A
Nb-93m 8.1e-09 4.1e-10 5.0e-09 1.9e.08 2.6e-08 9.0e-09 4.6e-10 5.6e-09 2.1e-08 2.9e-08
Nb-94 1.1e07 5.7e-09 6.9e-08 2.6e-07 3.6e-07 1.2e-07 6.3e-09 7.7e-08 2.9e-07 4.0e-07
Nb-95 2.4e-08 1.1e-09 1.4e-08 5.7e-08 7.9e-08 2.7e-08 1.3e-09 1.6e-08 6.3e-08 8.8e-08
Mo-93 4.5e-08 2.1e-09 2.7e-08 1.Oe-07 1.5e-07 5.0e-08 2.3e-09 3.0e-08 1.1e-07 1.6e-07
Tc97MW'V-. < 5.6e-09; 2.7e,1Oq3 4 09 j*3e08'i.9 6.3-,3.0eiO:'.c 3.8e-09'1.5.08L62
Tc-97m 3.3e-08 1.6e-09 2.0e-08 7.8e08 1.1e-07 3.7e-08 1.7e-09 2.2e-08 8.9e-08 1.2e-07
Tc-99 4.8e-08 2.3e-09 2.9e-08 1.e-07 1.6e-07 5.4e-08 2.6e-09 3.2e-08 1.3e-07 1.8e-07
Ru-103 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00
Ru-106 0.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 _ O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00
A41'08rn<y-' 0.-Oe+O.0e0-,'*O~e.O+0 O-0:O.e0-, 00e' 0 'j ,-'.Oe+0 O.e00O.0e00 0_0.0e4 00 oo4w;' ~~o~
Ag-110m 0.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 0.0e+00 O.Oe+00
Cd-109 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00
Sn-113 8.9e-08 4.2e09 5.4e-08 2.1e-07 3.0e-07 9.9e-08 4.6e-09 5.9e-08 2.3e-07 3.3e-07
Sb-124 2.4e-07 1.2e-08 1.5e-07 5.9e-07 8.1e-07 2.7e-07 1.3e-08 1.6e-07 6.5e-07 9.1e-07
Sb7125 ^'xi..... .. .... .. 90 '. 6e091, 7.2 -08jLb ,-0 b -07..A
Te-123m 1.6e-07 7.5e-09 9.6e-08 3.7e-07 5.3e-07 1.8e-07 8.3e-09 1.1e-07 4.1e-07 5.9e-07
Te-127m 2.5e-07 1.2e-08 1.5e-07 5.8e-07 8.2e-07 2.8e.07 1.3e-08 1.7e-07 6.4e-07 9.1e-07
1-125 4.7e06 2.7e-07 3.1e-06 1.1e-05 1.5e-05 5.2e-06 2.9e-07 3.4e-06 1.2e-05 1.6e-05
1-129 4.6e-O5 2.7e-06 3.1 e-05 1.0e-04 1.4e-04 5.1-05 3.0e-06 3.4e-05 l._e-041.5e,-04
i131E 4 ' 1 .5e-06" 2.5e- 7 264.9e-0?,:4.0, 06; 6.5e-06-, *.1.7o-0692.8e-08. 5.3,07. 4.3. 06.-.;72e
Cs-134 1.6e-O5 9.3e-07 1.0e-05 3.5e-05 4.7e-05 1.7e-05 1.0e-06 1.2e-05 3.9e-05 5.3e-05
Cs-135 1.5e-06 9.1e-08 1.0e-06 3.5e-06 4.7e-06 1.7e-06 9.9e-08 1.1e-06 3.9e-06 5.2e-06
Cs-137 1.1e.05 6.5e-07 7.3e-06 2.4e-05 3.3e-05 1.2e-05 7.0e-07 8.1e-06 2.7e-05 3.7e-05
Ba-133 7.0.07 4.2e-08 4.7e-07 1.6e-06 2.1e-06 7.8e-07 4.5e-08 5.2e-07 1.8e-06 2.4e-06
C'i139<~'i'' - 2.1e-07-''.2e-08',.4,07 4.7.07 6.3, 7',' '".2.3e-07A>:;1.3-08."' 1.6e07,,z5.2e- 71e-07>
Ce-141 3.5e-07 1.9e-08 2.3e-07 7.9e-07 1.1e-06 3.9e-07 2.1e-08 2.5e-07 8.9e-07 1.2e-06
Ce-144 4.1e-06 2.5e-07 2.8e-06 9.3e-06 1.3e-05 4.6e-06 2.7e-07 3.1e-06 1.0e-05 1.4e-05
Pm-147 2.2e-07 1.3e-08 1.5e-07 5.0e-07 6.8e-07 2.5e-07 1.4e-08 1.7e-07 5.6e-07 7.6e-07
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Appendix H-1 Normalized Effective Dose Equivalents from Aluminum

Table H1.12 Normalized effective dose equivalents from ingestion: Handling dross

Radionuclide Mass-based EDE (pSvly per BqIg) Surficial EDE (pSvly per Bglcm2)
Mean 5th 50th 90th 95th - Mean - 5th 50th - 90th 95th

Sm-151 8Ae-08 5.Oe-09 5.7e-08 1.9e-07 2.6e-07 9.4e-08 5Ae-09 6.3e-08 2.1 e-07 2.9e-07
Eu-,52 .t9Li_.f1 Ae-e' 8.3e-:08 <>,9.5e 07,5-3.2e 06_..3e-06 '16e-0.9.OeO8: '-1.e0BJt>3.5e-06D 4 .B-0 6,'
Eu-I 54 2.1 e-06 1.2e-07 I Ae-06 4.6e-06 6.3e-06 2.3e-06 1.3e-07 1.5e-06 5.2e-06 7.0e-06
Eu-155 3.3e-07 2.0e-08 2.2e-07 7.4e-07 I.Oe-06 3.7e-07 2.1e-08 2.5e-07 8.3e-07 I.1e-06
Gd-1 53 2.4e-07 1.4e-08 1.6e-07 5.3e-07 7.2e-07 2.6e-07 1.5e-08 1.8e-07 5.9e-07 8.0e-O7
Tb-160 1.1e-06 6.7e-08 7.6e-07 2.6e-06 3.5e-06 1.3e-06 7.2e-08 8.4e-07 2.9e-06 3.9e-06
yrm-17o,-''2>9.9e-07 '5.9e 08-6.7e' J7_-2.3e-0623.0e-063L 50.1e-06 0K6.4 08 z67Ae-07-. 2.5e-06 3Ae-
Tm-171 9.1 e-08 5.4e-09 6.1 e-08 2.0e-07 2.8e-07 1.0e-07 5.8e-09 6.8e-08 2.3e-07 3.1 e-07
Ta-182 1.8e-07 8.5e49 1.1e-07 4.2e-07 6.1e-07 2.0e-07 9.3e-09 1.2e-07 4.7e-07 6.8e-07
W-181 8.1e-09 3.7e-10 4.9e-09 1.9e-08 2.7e-08 9.1e-09 4.0e-10 5Ae-09 2.1e-08 3.0e-08
W-185 4.1 e-08 1.8e-09 2.4e-08 9.7e-08 1.4e-07 4.6e-08 2.0e-09 2.7e-08 '1.1e-07 1.5e-07

s-85 '',, .1e-08 -2.9e.09:5.teS 8 -,1,i Oe,07 .8e U3.2W9 1' e 08. WO 7-: 27.22 ,0b7,
Ir-192 1.Se-07 6.5e-09 8.7e-08 3.5e-07 4.9e-07 1.7e-07 7.3e-09 9.7e-08 3.9e-07 5.5e-07 -

Tl-204 1.1 e-07 5.1 e-09 6.6e-08 2.5e-07 3.6e-07 1.2e-07 5.6e-09 7.3e-08 2.8e-07 4.0e-07
Pb-210 2Ae-04 1.1e45 1.Ae-04 5.7e-04 8.1e-04 2.7e-04 1.3e-05 1.6e-04 6.2e-04 9.0e-04
B6-207 1.8e-07 8.1e-09 1.1e-07 4.2e-07 5.9e-07 2.0e-07 8.8e-09 1.2e-07 4.7e-07 6.6e-07
Po-210_,.45.-0 2Z&06T33e-05 iZ eJ3e-04.,,1 -1.7e.ee-043.7e045> 2 -0
Ra-226 3.0e-04 1.8e-05 2.0e-04 6.7e-04 9.1e-04 3.3e-04 1.9e-05 2.2e-04 7.5e-04 1.Oe-03
Ra-228 3.1 e-04 1.9e-05 2.1 e-04 7.1 e-04 9.6e-04 3.5e-04 2.0e-05 2Ae-04 7.9e-04 1.1 e-03
Ac-227 2.6e-03 1.5e-04 1.7e-03 5.8e-03 7.9e-03 2.9e-03 1.7e-04 1.9e-03 6.5e-03 8.9e-03
Th-228 1.4e-04 8.1e-06 9.3e-05 3.2e-04 4.2e-04 1.5e-04 8.9e-06 1.Oe-04 3.5e-04 4.7e-04

_Th, __ 7.1 &04 £t- 42e-5 "A.Be-4Ž!.6&03 -22 =5;3e-04gi. 3 2443,
Th-230 1.Oe-04 5.9e-06 6.8e-05 2.3e-04 3.1e-04 1.1e-04 6.5e-06 7.5e-05 2.5e-04 3Ae.04
Th-232 4.9e-04 2.9e-05 3.3e-04 1.1e-03 1.5e-03 5.5e-04 3.1e05 3.7e-04 1.2e-03 1.7e-03
Pa-231 3.5e-04 1.6e-05 2.1e-04 8.3e-04 1.2e-03 3.9e-04 1.8e-05 2.3e-04 9.3e-04 1.3e-03
U-232 2.2e-04 1.3e-05 1.5e44 5.0-04 6.6e-04 2Ae-04 IAe4-05 1.6e-04 5.5e-04 7Ae-04
U-233 Kiagz4.70-5.-2.8e06SA>32e45..1.Ie .I . i4 .. ie. 3
U-234 4.6e-05 2.7e-06 3.1e-05 1.1e-04 1Ae-04 52e05 3.0e-06 3.5e-05 1.2e-04 1.6e-04
U-235 4.5e-05 2.7e-46 3.0e-05 1.0e-04 1.4e-04 5.0e-05 3.0e-06 3.3e-05 1.1e-04 1.5e-04
U-236 4Ae-05 2.6e-06 2.9e-05 1.Oe-04 1.3e-04 4.9e-05 2.9e-06 3.3e-05 1.1e-04 1.5e-04
U-238 4Ae-05 2.6e-06 2.9e-05 I.Oe-04 1.3e-04 4.9e-05 2.9e-06 3.3e-05 1.1e-04 1.5e-04
Nqp237j .4 '7.9e0i4 ;-:.3e4 J -'' .24e-03 '_8 e45.1e ,5.8 4 > 2.0e-b3_27e03
Pu-236 1.9e-04 1.1e-05 1.3e-04 4.4e-04 5.9e-04 2.1e-04 12e-05 1.4e-04 4.9e-04 6.5e-04
Pu-238 5.3e-04 3.1e-05 3.5e-04 1.2e-03 1.6e-03 5.9e-04 3.4e-05 3.9e-04 1.3e-03 1.8e-03
Pu-239 5.8e-04 3.4e405 3.9e-04 1.3e-03 1.8e-03 6.5e-04 3.8e-05 4.3e-04 1.5e-03 2.0e-03
Pu-240 5.8e-44 3.4e-05 3.9e-04 1.3e-03 1.8e-03 6.5e-04 3.8e-05 4.3e-04 1.5e-03 2.0e-03
Pu24'1, '..~',>:'.1,1;ie'-05A .,s7,e07_~.6-'--6' ,2.'6e- z53.4e-05 .3e' 5, ,7.3e O7' '8.4e-06-:--2.9&0S>.'?S
Pu-242 5.5e-04 3.3e-05 3.7e-04 1.3e-03 1.7e-03 62e-04 3.6e-05 4.1e-04 1Ae-03 1.9e-03
Pu-244 5.5e-04 3.2e-05 3.7e-04 1.2e-03 1.7e-03 6.1e-04 3.5e-05 4.1e-04 1.Ae-03 1.9e-03
Am-241 6.4e-04 3.7e-05 4.3e-04 1.5e-03 2.0e-03 7.2e-04 4.1e-05 4.8e-04 1.6e-03 2.2e-03
An-242m 6.4e-04 3.7e-05 4.3e-04 1Ae-03 1.9e-03 7.1e-04 4.1e-05 4.8e-04 1.6e-03 2.2e-03

Am23 6.4-4 .80 Ae-03- -2.00"-03 '
2i3 M4.3e-04 -,- , 0 7.1e-4 4.1e, 5,'4.8e-04L -i603, 22 3

Cm-242 1.8e-05 1.1e-06 1.2e-05 4.2e-05 5.5e-05 2.0e-05 1.2e-06 1Ae4-05 4.6e-05 6.2e-05
Cm-243 4Ae-04 2.6e-05 3.0e-04 1.0e-03 1.3e-03 4.9e-04 2.9e-05 3.3e-04 1.1 e-03 1.5e-03
Cm-244 3.6e-04 2.1e-05 2Ae-04 8.1e-04 1.1e-03 4.0e-04 2.3e-05 2.6e-04 9.0e-04 1.2e-03
Cm-245 6.6e404 3.9e-05 4.4e-04 1.5e-03 2.0e-03 7Ae-04 4.3e-05 4.9e-04 1.7e-03 2.2e-03
'Cm-246'.-. ,6.5e-04.§ 3.9e 44e.-"4i.'4 e- 03 e2.0e-03 __' 7.3e , _ 4
Cm-247 6.0e-04 3.6e-05 4.0e-04 ,1Ae-03 1.8e-03 6.7e-04 -3.9e-05 4.5e-04 1.5e-03 2.0e-03
Cm-248 2Ae4-03 1.4e-04 1.6e-03 5.5e-03 7.2e-03 2.7e-03 1.6e-04 1.8e-03 6.1e-03 8.1e-03
Bk-249 2.1 e-06 1.3e-07 1.4e-06 4.8e-06 6.4e-06 2.4e-06 1.4e-07 1.6e-06 5.3e-06 7.1e-06
Cf-248 5.7e-05 3.5e-0 6 3.8e-05 1.3e4 1,7,e04 , 6.3e-05 3.6e-06 4.2e-05, 1.4e-04 2.0e-04
Cf-249,-,. ',,' 8.4e-04:,5.10-05, };-5.,6e-04 .. 9e-,03,:2.6e-03 .9.3e.,4.9 0,4 e45 :'6.2-04. 52.1e43 2.9e03'
Cf-250 3.8e-04 2.3e-05 2.5e-04 8.5e-04 1.1 e-03 4.2e-04 2Ae-05 2.8e-04 9.5e-04 1.3e-03
Cf-251 8.6e-04 5.2e-05 5.7e-04 1.9e-03 2.6e-03 9.6e-04 5.5e-05 6.3e-04 2.2e-03 2.9e-03
Cf-252 1.9e-04 1.1e-05, 1.3e-04 4.3e-04 5.8e-04 2.1e-04 1.2e-05 1.4e-04 4.7e-04 6.4e-04
Cf-254 3.2e-04 1.9e-05 2.1e-04 7.2e04 9.8e-04 3.5e-04 2.0e-05 2.3e-04 8.0e-04 1.1e-03
Es-254 *:. .5.3e405 ;.32e46';.3.6e- 2e- 4. i.6e4'-'': 5.9e405 _'3.4e206-1.i-o05- be .304'1'-1.8e-04

Note: To convert these values to conventional units (mrem/y per pCVg or mremly per pClIcm2), multiply by 3.7e-3

H-25 NUREG-1640



Normaize EffetvloeEuvlet rmAuiu | Appendix H- I
Normalized Effective Dose Equivalents from Aluminum Appendix H-i

-

Table H1.13 Normalized effective dose equivalents from all pathways: Baghouse maintenance

Radionuclide Mass-based EDE (pSv/y per Bg/g)
Mean 5th 50th 90th 95th

Surficial EDE (pSvly per BqIcm2)
Mean 5th 50th 90th 95th

H-3 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
C-14 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Na-22 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00
P-32 1.5e-07 7.4e-09 6.5e-08 3.4e-07 5.4e-07 1.6e-07 8.0e-09 7.1e-08 3.8e-07 6.0e-07
S-35i :.. 2 OO0e+OO. .O.0e+00.0e-+ O*.00i O.e004 0eOOO+OE.0&t00 2i.0e+00J2,OO .00.{6O;Oe bo~o ooj]

CI-36 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00
K-40 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-41 O.Oe+00 O.Oe+00 O.Oe+0O O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-45 O.Oe+0 O.Oe+OO O.Oe+00 O.Oe+00 Oe+00O O.Oe+ 0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
SkSc-46m ; 0'10 O.Oe+00s 0.0e+0 O.Oe+OO:O~±00.e.Oe+,OO; O . 0o4O O.O0 .0e+ .
Cr-51 3.1e-06 2.3e-07 1.6e-06 7.2e-06 1.1e-05 3.5e-06 2.5e-07 1.8e-06 8.0e-06 1.2e-05
Mn-53 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mn-54 7.9e-05 7.2e-06 4.5e-05 1.8e-04 2.7e-04 8.8e-05 7.9e-06 5.0e-05 2.0e-04 3.0e-04
Fe-55 9.5e-15 8.7e-16 5.5e-15 2.1e-14 3.1e-14 _ 1.1-14 9.7e-16 6.0e-15 24e-14 3.4e-14

Fet-.'_78.8o0517.1e 6'.3e-05 1.7e-, 6eX4s- .8.7 7.7e 4.8e-05 - .9-,-:29 '
Co-56 2.7e-04 2.5e-05 1.5e-04 6.2e-04 9.2e-04 3.0e-04 2.7e-05 1.7e-04 6.9e-04 1.Oe-03
Co-57 6.7e-06 6.4e-07 3.8e-06 1.6e-05 2.3e-05 7.5e-06 7.0e-07 4.2e-06 1.7e-05 2.6e-05
Co-58 7.4e-05 6.9e-06 4.2e-05 1.7e-04 2.5e-04 8.3e-05 7.5e-06 4.6e-05 1.9e-04 2.8e-04
Co-60 2.4e-04 2.3e-05 1.4e-04 5.6e-04 8.2e-04 2.7e-04 2.5e-05 1.5e-04 6.3e-04 9.2e-04

N5;' - I~i6-9 ,., ,i e- 10 5. e- 09 9.8'05 e-,1y_.9_Z;57e0

Ni-63 2.3e-11 2.1e-12 1.3e-11 5.1e-11 7.4e-11 2.5e-11 2.3e-12 1.4e-11 5.7e-11 8.2e-11
Zn-65 5.3e-05 5.1e-06 3.0e-05 1.2e-04 1.7e-04 5.9e-05 5.6e-06 3.3e-05 1.3e-04 2.0e-04
As-73 4.8e-07 4.0e-08 2.6e-07 1.1e-06 1.6e-06 5.4e-07 4.4e-08 2.9e-07 1.3e-06 1.8e-06
Se-75 5.5e-05 4.6e-06 3.0e-05 1.2e-04 1.9e-04 _6.1e-05 5.0e-06 3.3e-05 1.4e-04 2.1 e-04

S , e0,O 0 O ,.O+0 O.00t0, O.Oe00OOe~0O.Oe 07

Sr-89 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
Sr-90 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Y-91 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr-93 3.4e-10 1.5e-11 1.7e-10 8.0e-10 1.2e-09 3.8e-10 1.6e-11 1.9e-10 8.9e-10 1Ae-09
Z95 ,2t.' .1 e .'ie, 2.0o-52 2.2o-04 _ 9.6e-0 ! . 2.2e-05, 2.4e44-I.1e-031.6e',03
Nb-93m 1.3e-08 1.2e-09 7.2e-09 2.8e-08 4.2e-08 1.4e-08 1.3e-09 8.0e-09 3.2e-08 4.7e-08
Nb-94 1.6e-04 1.5e-05 8.8e-05 3.5e-04 5.1e-04 1.7e-04 1.6e-05 9.8e-05 3.9e-04 5.8e-04
Nb-95 4.6e-05 4.0e-06 2.5e-05 1.Oe-04 1.6e-04 5.1 e-05 4.4e-06 2.8e-05 1.1e-04 1.8e-04
Mo-93 1.5e-07 1.2e-08 8.1e-08 3.3e-07 5.0e-07 1.6e-07 1.3e-08 9.0e-08 3.7e-07 5.6e-07
T;97'421 8e-,07. 8j,1.0,0,7,4.2e 7•6.3007_4a 2.1 &.7 1.i-8'-:1 ie746e,06.9 07

To-97m 1.7e-07 1.5e-08 9.6e-08 3.9e-07 5.9e-07 1.9e-07 1.6e-08 1.e-07 4.4e-07 6.5e-07
TG-99 7.3e-09 6.0e-10 4.0e-09 1.7e-08 2.5e-08 8.le-09 6.7e-10 4.5e-09 1.8e-08 2.7e-08

Ru-103 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ru-106 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Aj . O+OOe . 0 0.eO; 0.00+00-,.O. +$ ;O. 0 oe+00.,O..Oe40 0.00+00;j 0.0
Ag-110m O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Cd-109 5.4e-07 4.9e-08 3.0e-07 1.2e-06 1.8e-06 6.0e-07 5.4e-08 3.3e-07 1.3e-06 2.0e-06
Sn-113 4.3e-05 3.5e-06 2.4e-05 9.8e-05 1.5e-04 4.8e-05 3.8e-06 2.6e-05 1.1e-04 1.6e-04

Sb-124 2.8e-04 2.3e-05 I.5e-04 6.4e-04 9.5e-04 3.1e-04 2.5e-05 1.7e-04 7.2e-04 1.1e-03
Sb-125:.S-e 8.5e9,05z 7,.0e-062_.7 -05, 1.9e-04§.i , ,;
Te-123m 1.7e-05 1.4e-06 9.2e-06 3.8e-05 5.8e-05 1.9e-05 1.5e-06 1.Oe-05 4.2e-05 6.5e-05

Te-127m 1.4e-06 1.1e-07 7.5e-07 3.1e-06 4.7e-06 1.5e-06 1.2e-07 8.3e-07 3.5e-06 5.3e-06
1-125 O.Oe+00 0.00+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
1-129 0.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
1-131,, O.Oe+00 00.+00 ,N O.00+0 , 00.' O.OeO'.00+0>u O.Oe+O',-O.Oe+OO ,? O.Oe+OO''.,.Oe+O, O.Oe+0:

Cs-134 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-135 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+OO

Cs-137 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ba-133 2.4e-05 2.2e-06 1.3e-05 5.4e-05 8.0e-05 2.7e-05 2.5e-06 1.5e-05 6.0e-05 8.9e-05
Ce-i 39? ' .-,0-,OOe+00 O.Oe+,OOz 0.0e'+00 ,, 0.00e+00,, O.Oe+Oqi, '.: ,',Oe 00,, 0.0 -0. 0e+00 0.00+00 .
Ce-141 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00

Ce-144 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pmr-147 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
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Appendix H-1 Normalized Effective Dose Equivalents from Aluminum
Appendix H-I Normalized Effective Dose Equivalents from Aluminum

Table H1.13 Normalized effective dose equivalents from all pathways: Baghouse maintenance

Radionuclide Mass-based EDE (pSv/y per Bq/g) Surficial EDE (pSv/y per Bqgcm2 )
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

Sm-151 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
i ' 152-U-z;O.Oe+00 0.0e+O 0.0e+,OO --0.Oe+00,., 'O.Oe+00 ,R0.00+O OOe+0 -O.Oe+Oe 0.0 0,,00 00
Eu-154 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00
Eu-155 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O
Gd-153 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+OO
Tb-160 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00
Jm-j7,0 0-+0 -O OO.Oe+OO 0.0 O.Oe+ Oe+O'O > ' O. -O. e+
Tm-171 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+WO O.Oe+00 O.Oe+00
Ta-182 2.2e-04 1.9e-05 1.2e-04 5.0e-04 7.5e-04 2.5e-04 2.1e-05 1.3e-04 5.6e-04 8.2e-04
W-181 3.7e-06 2.9e-07 2.0e-06 8.3e-06 1.2e-05 4.1e-06 3.2e-07 2.2e-06 9.2e-06 IAe-05
W-185 1.5e-08 1.2e-09 8.1e-09 3.4e-08 5.2e-08 1.7e-08 1.3e-09 9.0e-09 3.8e-08 5.7e-08
Ok'185:siad 5 ',9.11e-06e6.2 05, 2.6 4.'^93.9e'4 4,30-04 4l 05 .- 2.9 eQ4, :4Ae404e
Ir-192 1.2e-04 9.7e-06 6.7e-05 2.7e-04 4.1 e-04 I Ae404 I.1e-05 7.4e-05 3.0e-04 4.6e-04
T1-204 1.8e-07 1.5e-08 i.0e-07 4.3e-07 6.2e-07 2.1e-07 1.7e-08 1.1e-07 4.8e-07 7.0e-07
Pb-210 3.6e-07 3.0e-08 2.0e-07 8.2e-07 1.2e-06 4.0e-07 3.4e-08 2.2e-07 9.1e-07 I Ae-06
Bi-207 3.1 e-04 2.6e-05 1.7e-04 7.1e-04 1.0e-03 3.5e-04 2.9e-05 1.9e-04 7.9e-04 1.2e-03
P,'2i0 .' 48e-09 tY.e10_t-9.6e-.105.0e-09 Um5.9eo-09'. ~2.0e-09 j~i-1O z,.'1e:'O4.5T0ST6.6e09 :

Ra-226 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ra-228 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ac-227 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-228 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO -O.Oe+OO -O.Oe+00 ---O.Oe+0O - O.Oe+00
Th-229w--, :;>^xXO.je ,+00r O.Oe+,-.Oe+OO 0.00+00 ii ,,+0.O+O0-r 0.,e+O O .0.e+0: * . Oe+ O 0.0+00 -O.0e+0
Th-230 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-232 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pa-231 6.2e-06 5.1e-07 3.4e-06 1.4e-05 2.1e-05 6.9e-06 5.7e-07 3.8e-06 1.6e-05 2.3e-05
U-232 2.5e-06 1.3e-07 1.2e-06 6.0e-06 9.2e-06 2.8e-06 1.5e-07 1.4e-06 6.7e-06 1.Oe-05
u-233, .f 506 1 09 8Ae-09 3.5&08 -53 08 ,7e-1.4e- .3e-09--,4.0-85.9e-08
U-234 1.1e-08 9.0e-10 6.0e-09 2.5e-08 3.8e-08 1.2e-08 9.8e-10 6.6e-09 2.8e-08 4.2e-08
U-235 9.8e-06 8.0e-07 5.3e-06 2.2e-05 3.4e-05 1.1e-05 8.8e-07 5.9e-06 2.5e-05 3.7e-05
U-236 8.0e-09 6.5e-10 4.3e-09 1.8e-08 2.7e-08 8.9e-09 7.1e-10 4.8e-09 2.0e-08 3.0e-08
U-238 1.9e-06 1.5e-07 1.0e-06 4.2e-06 6.4e-06 2.1e-06 1.7e-07 1.1e-06 4.8e-06 7.1e-06

. O e ,Oo+,OO~O.Oe+OtO.Oe ,+,00 'OOO.Oe'+0 O.004OO.O e+, O '0t0 i''0'
Pu-236 1.2e-08 9.5e-10 6.3e-09 2.7e-08 3.9e-08 -1.3e-08 1.0e-09 7.0e-09 3.0e-08 4.3e-08
Pu-238 8.9e-09 7.4e-10 4.9e-09 2.0e-08 3.0e-08 9.9e-09 ,8.2e-10 5.4e-09 2.3e-08 3.4e-08
Pu-239 6.8e-09 5.7e-10 3.8e-09 1.6e-08 2.3e-08 7.6e-09 6.3e-10 4.2e-09 1.8e-08 2.6e-08
Pu-240 8.5e49 7.1e-I0 4.7e-09 2.0e-08 2.9e-08 9.5e-09 7.8e-10 5.2e-09 2.2e-08 3.2e-08

Pu-242 7.1e-09 5.9e-10 3.9e-09 1.6e-08 2Ae-08 7.9e-09 6.5e-10 4.3e-09 1.8e-08 2.7e-08
Pu-244 2.2e-05 1.9e-06 1.2e-05 5.2e-05 7.7e-05 ,2.5e-05 2.1e-06 1.4e-05 5.8e-05 8.5e-05
Am-241 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Am-242m O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.e+00O O.Oe+O00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
Am-243 , V.O.000:0,e+0 O .Oe -~ 0.Oe+ O0.0e+O 0.0++0 00 +0.0 eO;Oe 'O.0e+e00 +
Cm-242 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-243 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-244 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-245 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00
,Cm-246>'0.00+00 , ..L0.0e+00 ' £0.0^e+00 2>-0.0e+O,.0O 0 ,OO."::,_,O.Oe Oj.Oe+,O ie+0,e .0e+OOO.O bO '
Cm-247 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-248 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Bk-249 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-248 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Cf-250 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-251 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-252 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.00+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-254 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO - O.Oe+00 ;O.Oe+00 O.Oe+00 O.Oe+OO
Nso-t o 0.00+0 .+00 te'0u.Oe+00 c o s pe+00o uO:. pl00
Note: To convert these values to conventional units (mremly per pCi~g or mremly per pCl~cmn2) multiply by 3.7e-3
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Normalized Effective Dose Equivalents from Aluniinum Appendix H- I

Table HIM1 Normalized effective dose equivalents from all pathways: Airbome emissions

Radinuclde - Mass-based EDE (pSv/y per Bq/g)
Surficial EDE (pSvly per Bq/cm2

Mean 5th 50th 90th 95th
H-3 2.1 e-08 8.3e-09 1.9e-08 3.5e-08 4.2e-08 2.4e-08' 9.1 e-09 2.1e-08 4.0e-08 4.7e-08
C-14 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Na-Z2 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
P-32 1.3e-07 1.0e-08 6.6e-08 3.1 e-07 4.7e-07 1.5e-07 1.1e-08 7.3e-08 3.5e-07 5.2e-07

Cl-36 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+O0O O.Oe+OO0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
K-40 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Ca-41 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO' O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Ca-45 0.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

S ,4@';>1;0.064'r-* - 0.eOfl.00,,+ 0,;t.e0,+ ;5 OO6Wi&+'O& :, .'6 .e+ 60 ,.eO;+OOO+:o
Cr-51 2.7e-08 3.1 e-09 1.7e-08 6.0e-08 8.8e-08 3.0e-08 3.4e-09 1.8e-08 6.8e-08 9.7e-08
Mn-53 3.ge-09 7.4e-10 2.7e-09 8.1e-09 1.e-08 4.4e-09 7.9e-10 3.0e-09 9.1e-09 1.3e-08
Mn-54 3.3e-06 4.5e-07 2.2e-06 7.2e-06 1.0e-05 3.7e-06 4.9e-07 2.4e-06 8.1e-06 1.1 e-05
Fe-55 2.1e-08 3.7e-09 1.4e-08 4.5e-08 6.2e-08 2.3e-08 4.1 e-09 1.6e-08 5.0e-08 7.0e-08

Fe59, 7,' =9'9e0i3060 7,20, ,, . ,,.,..-j 10 6.4 ix66e 07.z- 2.3e % 3.2e 64,
Co-56 5.2e-06 7.3e-07 3.4e-06 1.e-05 1.6e-05 5.8e-6 8.1e-07 3.8e-06 1.2e-05 1.8e-05
Co-57 4.9e-07 7.4e-08 3.3e-07 1.1e-06 1.5e-06 5.5e-07 8.1e-08 3.7e-07 1.2e-06 1.6e-06
Co-58 1.3e-06 1.9e-07 8.7e-07 2.9e-06 4.1e-06 1.5e-06 2.1 e-07 9.7e-07 3.2e-06 4.6e-06
Co-60 1.5e-05 2.2e-06 1.Oe-05 3.2e-05 4.4e-05 1.7e-05 2.4e-06 1.1e-0 3.5e-05 4.9e-05

Ni-63 3.2e-08 5.6e-09 2.1 e-08 6.6e-08 9.0e-08 3.5e-08 -6.2e-09 2.4e-08 7.4e-08 1.Oe-07
Zn-65 3.e-06 5.2e-07 2.0e-06 6.5e-06 9.2e-06 3.4e-06 5.7e-07 2.3e-06 7.2e-06 1.0e-05
As-73 6.7e-08 9.8e-09 4.4e-08 1.5e-07 2.0e-07 7.5e-08 1.e-08 4.8e-08 1.6e-07 2.3e-07
Se-75 3.2e-06 4.1 e-07 2.0e-06 - .e-06 9.9e-06 3.6e-06 4.5e-07 2.2e-06 7.9e-06 1.1e-05

.0e.-.'.", 6 6eo.'','.bo~~ °................. 4S.. °.\°+ .......''O.e.OO' O t'.e+OOeO
Sr-89 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Sr-90 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Y-91 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Zr-93 2:Oe-06 1.5e-07 1.2e-06 4.4e-06 6.2e-06 2.2e-06 1.6e-07 1.e-06 4.9e-06 6.9e-06
Zr-5;,, ,,,4.e0;-:.e0 2 J6-O .0 -,;e 535e0fl.3.2e0;;L~,.e0
Nb-93m 1.4e-07 2.3e-08 9.4e-08 3.0e-07 4.2e-07 1.6e-OZ 2.5e-08 1.0e-07 3.3e-07 4.6e-07
Nb-94 1.e-05 1.8e-06 7.7e-06 2.4e-05 3.4e-05 1.3e-05 1.9e-06 8.6e-06 2.7e-05 3.8e-05
Nb-95 4.1e-7 5.5e-08 2.6e-07 9.0e-07 1.3e-06 4.6e-07 6.1e-08 2.9e-07 1.0e-06 1.4e-06
Mo-93 3.8e-07 5.7e-08 2.5e-07 7.9e-07 1.1le-06 4.2e-07 62e-08 2.8e-07 8.9e-07 1.2e-06

Tc-97m 1.2e-07 1.7e-08 7.9e-08 2.7e-07 3.9e-07 M.e-07 1.9e-08 8.8e-08 3.0e-07 4.3e-07
Tc-99 3.5e-07 4.0e-08 2.0e-07 7.6e-07 1.1 06 3.9e-07 4.4e-08 2.2e-07 8.4e-07 1.3e-06
Ru-103 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Ru-106 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO0 O. Oe+OO O.Oe+,OO,, O.Oe+OO O.Oe+OO 0_Oe+OO O.Oe+OO

Ag-1~408m7',,l, '-- OeO'-t.e,*+0, ,Oe+',- Oe +;-,-.' -~ .eO:, O.eO': .*O ;OOetOO .-t O.Oe+O .
Ag-110Om O.Oe+OO O.Oe+-OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cd-1 09 5.8e-07 1.0Oe07 4.0e-07 1.2e-06 1.7e-06 6.5e-07 1.1e-07 4.4e-07 1.4e-06 1.9e-06
Sn-1 13 1Ae-06 1.9e-07 9.2e-07 3.1 e-06 4.4e-06 1.6e-06 2.1 e-07 1.0e-06 3.5e-06 4.9e-06
Sb-124 4.2e-06 4.9e-07 2.7e-06 9.2e-06 1.3e-05 4.7e-06 5.4e-07 2.9e-06 1.0e-05 1.5e-05

S 5-- ,.... ;5.2e-06',,' .i-0, 3.3 06 . . ... 1e ..6e 5 w ,^, 6.8e 6 6eO i-.3.77 06"Ak '3e 8e :-.

Te-123m 9.0e-07 1.2e-07 5.9e-07 1.9e-06 2.7e-06 1.0e-06 1.3e-07 6.5e-07 2.2e-06 3.e-06
Te-127m 4.6e-07 7.3e-08 3.1 e-07 9.7e-07 1.4e-06 5.1 e-07 7.9e-08 3.4e-07 1.e-06 1.5e-06
I-125 4Ae-05 9.7e-06 3.6e-05 8.6e-05 M.e-04 4.9e-05 1.eO05 4.0e-05 9.7e-05 1.2e-04
1-129 5.9e-04 1.3e-04 4.8e-04 1.e-03 1.e-03 6.5e-04 1.e-04 5.3e-04 1.3e-03 1.6e-03

i11i i '. 217O,'1;_ '.;9 6,A.3 -' ¢39e 0', -i;9e-O7I,'- i. 6- ^i.OeO0' .60-
Cs-134 O.Oe+O0O O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+O0O O.Oe+O0O O.Oe+-OO O.Oe+OO O.Oe+OO O.Oe+OO
Cs-1 35 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cs-137 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Ba-133 1.8e-06 2.5e-07 1.2e-06 3.9e-06 5.7e-06 2.0e-06 2.7e-07 1.3e-06 4.4e-06 6Ae-06

C-3,';' ;.Oe+OO.t O.Oe+,O>- O.Oe+OO!-, O.oeot-oo~ o.--OOe+OO0,'. O Oe+O ,-,
Ce-141 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Ce-144 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Pm-147 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

N-UREG-1640 _-2_



- rAppendix H-1 Normalizcd Effective Dose Equivalents from Aluminum

Table H1.14 Normnalized effective dose equivalents from -all pathw~aeys: Ailrbome emissions
Rd IdMass-based EDE (pJSvly per Bqtg) .Surficial EDE (pSvly per Bqfcml)

Radonuclide Mean 5th 50th 90h 9t ,Mean 5th - 50th .90th 95th

Sm-1 51 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO _O.Oe+OO
Eu52-.<-p0+ ,:Oe+OO, IF; 0 6.680 +0.' .0i:eO +0j +0,-.. ".O + 5.O+ ,,u 6e

Eu-1 54 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Eu-1 55 O.Oe+OO O.Oe+OO O.Ole+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Gd-1 53 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Tb-1 60 0.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO ' .Oe+OO O.Oe+OO0 O.Oe+OO O.Oe+OO O.Oe+OO

Tr'i-> OO+O-,.eOOOe+oO5.O+doO7 O.eO 'OO+ ,O.e+O_7,O.e+ ,e+OO

Trn-171 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Ta-182 6.0e406 7.8e407 3.8e406 1 .3e-05 1 .8e-05 6.7e406 8.5e407 4.2e-06 1 .4e-05 2.1 e-05
W-181 2.1 e-07 2.6e-8 1.3e-07 4.7e-07 6.6e-07 2Ae-07 2.9e408 1 .5e-07 5.2e407 7.3e-07
W-185 1.0e407 1.0e408 5.4e48 2.2e-07 3.3e-07 1.2e407 11.1e48_ 6.0e-08 2.5e-07 3.8e407
60>i8 is >-< 2.76- 6w;+3 2e 7j;.1iv 06 3*6146\¢.e ,,>;^.631,.e0 i;e 8
r1092 2.6e406 3.2e407 1.7e406 -5.7e-06 8.2e-06 2.9e-06 3.5e407 1.9e406 6.4e406 9.1 e46

Tt-204 2.8e-07 3.5e408 1.7e407 6.0e-07 8.9e-07 -3.1e-07 3.8e408 1.8e407 6.7e407 9.9e407
Pb-210 3.9e-04 6Ae-05 2.6e-04 8.1e404 1.1e-03 4.3e404 7.0e405 2.9e404 9.0e-04 1.3e-03
Bi-207 2.Oe-05 2.4e-06 1 .3e405 4.3e-05 6.0e405 2.2e-05 2.7e-06 1 Ae-05 4.8e405 6.8e-05

Ra-226 O.Oe+OO O.Oe+OO O.Oe+OO0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Ra-228 O.Oe+OO O.Oe+WO O.Oe+OO O.Oe+OO' O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+.OO
Ac-227 O.Oe+OO O.Oe+WO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Th-228 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO_ O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

>29 ';,-,OO+O_¢O.e+~vOOe~eOO.-. .O'.Of+ O.Oe O'w_O_ e 0 Oe +OO,,,O.Oe 00

Th-230 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Th-232 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Pa-231 1.2e-02 1.6e403 7.9e403 2.6e402 3.8e402 1.4e402 1.8e403 8.7e-03' 2.9e402 42e402
U-232 2.1e-03 2.7e404 *.3e43 4S5e-03 6.6e-03 2.3e-03 3.0e404 *.5e-03 5.Oe403 7Se403

U2 43S-.U44-;3e_>5.6e-05 2.7e3 4 ,3 J:645E.e . '...1

U-234 4.2e-04 5.5e45 2.6e404 9.1 e44 1.3e-03 4.7e404 6.0e405 2.9e404 1.0e403 1.5e403

U-235 3.9e-04 5.1e405 2.5e404 8.5e404 1.2e-03 -4.3e404 5.6e405 2.7e404 9.4e-04 1Ae-03
U-236 4.0e-04 5.2e405 2.5e404 8.7e-04 1.3e403 4Ae-04 5.7e405 2.8e404 9.6e-04 1Ae-03

U-238 '3.7e-04 4.9e405 2.4e404 8.2e404 1.2e-03 4.2e-04 5.4e405 2.6e044 9.1 e44 1.3e-03

Pu-236 4.5e404 6.0e405 2.9e404 9.9e404 1Ae403 5.0e404 6.5e-05 3.2e404 1.1e403 1.6e403
Pu-238 1.3e403 1.7e404 8.0e404 2.7e403 3.9e403 '1.4e403 1.8e404 8.8e404 3.0e403 4Ae403
Pu-239 1.4e403 1.8e404 8.8e404 3.0e-03 4.3e-03 1.5e403 2.0e404 9.7e404 3.3e403 4.8e403
Pu-240 1.4e403 1.8e404 8.8e404 3.0e403 4.3e403 1.5e403 2.0e404 9.7e404 3.3e-03 4.8e403

241'_; < 2. e-05B e07-5.5.203s-29 '.38 '9 0b6e~~4
Pu-242 1.3e403 1.7e404 8.4e404 2.9e403 4.1e403 *.Se-03 1.9e404 9.3e404 3.2e-03 4.6e403

Pu-244 1.3e403 1.7e404 8.3e404 2.8e43 4.0e403 1Ae-03 1.9e404 9.1 e44 3.1e403 4.5e403
Arn-241 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Arn-242mn O;Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Cm-24 OO+O OO+OOO+O .e+DO .O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.OeO O.Oe+OO
Cm-243 O.Oe+OOO.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cm-244 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO'
Cm-245 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Cm-247 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Cm-248 O.Oe+OO O.Oe+OO O.Oe+OO' O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+O)O O.Oe+OO O.Oe+OO
Bk-249 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO -O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cf-248 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Cf-250, O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO, O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Cf-251 O.Oe+OO O.Oe+OO 0.0e+00 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cf-252 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cf-254 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Cf-254. C''- Oe+OO ,O.Oe+00 .O.Oe+OO0 O.Oe+00'' O; 00OOe+OO'-''n O.Oe+OO 0O0+ O;Oe+0 O;Oe+O '. 'OOe+O

Note: To convert these values to conventional units (rnremly per pCl~g or mnremly per pCftrn2), mulibply by 3.e-3
sEAn En s r jaw
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Noffnalized Effective Dose Equivalents from Aluminum Appendix H- I

Table HU.15 Normalized effective dose equivalents from external exposure: Airborne emissions

Radionuclide Mass-based EDE (pSvly per BqIg)Mean 5th 50th - 90th 95th
Surficial EDE (pSvly per Bq/cm2)

Mean - 5th 50th 90th 95th
H-3 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
C-14 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
Na-22 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+O0 O.Oe+O0 O.Oe+00 O.Oe+O0 O.Oe+00
P-32 .__7.0e-10 4.8e-11 _ 3.5e-10 1.6e-09 2.5e-09 7.8e-10 5.3e-11 3.8e-10 1.8e-09 2.8e-09

S,35,~. ^ ,,.0 .e400.,O0.Oe,+• 70'.0'e OrQ.0±O0 r0':'.0e+'O0 ,V0 .Oe+ >O.Oe+O , OeOOe+ 2 O.O ,O.0e,,,O
CI-36 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
K-40 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
Ca-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-45 .Oe+00 O .Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO

Sce. 46,16fWe 6_0ie0So46:,-4t.i .2rFOO+O,',.,;,.e+-.OO,,O O+O.e,, O.Oe+ '~ 50.0e0-' Oe;+~
Cr-51 2.3e-08 2.4e-09 1.4e-08 5.2e-08 7.7e-08 2.6e-08 2.6e-09 1.6e-08 5.9e-08 8.5e-08
Mn-53 O.Oe+00 .Oe+O0 O.Oe+0W O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mn-54 3.3e-06 4.3e-07 2.1e-06 7.1e-06 1.Oe-05 3.6e-06 4.7e-07 2.4e-06 7.9e-06 1.1e-05
Fe-55 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Co-56 4.8e-06 6.5e-07 3.1e-06 i.Oe-05 1.5e-05 5.4e-06 7.1e-07 3.5e-06 1.2e-05 1.7e-05
Co-57 4.3e-07 5.8e-08 2.9e-07 9.3e-07 1.3e-06 4.8e-07 6.5e-08 3.2e-07 1.0e-06 1.5e-06
Co-58 1.2e-06 1.7e-07 8.0e-07 2.7e-06 3.8e-06 1.4e-06 1.8e-07 8.9e-07 3.0e-06 4.3e-06
Co-60 1.4e-05 1.8e-06 8.9e-06 2.9e-05 4.1e-05 1.5e-05 2.0e-06 9.9e-06 3.2e-05 4.6e-05

N'.Oe+00.< O.Oe+OO. .Oe+OOO.Oe+0OO -h.Oo+0O . ; ; O.Oe+W, 0 O.O'e,+OO, _.O+00, 0.0e±00.0.0o+00O
Ni-63 0.Oe+00 Q.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 Q.Oe+00 O.Oe+00 O.Oe+00
Zn-65 2.0e-06 2.7e-07 1.3e-06 4.2e-06 6.1e-06 2.2e-06 2.90-07 1.4e-06 4.7e-06 6.7e-06
As-73 1.9e-08 2.2e-09 1.2e-08 4.1 e-08 5.8e-08, 2.1 e-08 2Ae-09 1.3e-08 4.6e-08 6.5e-08
Se-75 1.8e-06 2.0e-07 1.Ie-06 4.0e-06 5.6e-06 2.0e-06 2.3e-07 1.2e-06 4.5e-06 6.3e-06
Sr-85 i., :' O'.Oe+ O.Oe,,+ O O 0'+'W
Sr-89 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+OO
Sr-90 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Y-91 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
Zr-93 , O.Oe+00 0O.O0e+0 OOe+0 O.Oe4+OO O.Oe+00

4-95; .3e-06,'- ^ 8-07?Ž 2.6o46i9.6 06" t4e-05j9 4.7e06'' 3.0e 072.28e 06141'.1e-05'.k1.5. 05j
Nb-93m 5.7e-09 7.8e-10 3.8e-09 1.2e-08 1.7e-08 6.4e-09 8.6e-10 4.2e-09 1.4e-08 1.9e-08
Nb-94 9.5e-06 1.3e-06 6.3e-06 2.1e-05 2.9e-05 1.1e-05 1Ae-06 7.0e-06 2.3e-05 3.2e-05
Nb-95 3.9e-07 4.8e-08 2.4e-07 8.5e-07 1.2e-06 4.3e-07 5.3e-08 2.7e-07 9.5e-07 1.4e-06
Mo-93 7.0e-08 8.3e-09 4.5e-08 I.5e-07 2.2e-07 7.8e-08 9.1e-09 5.0e-08 1.7e-07 2.4e07
Tc-97 . ;- 8 6e8z - 9.8e8_ 05-, .9e-07V .2.6e07 j,;. .6 08  ' 6i 29
Tc-97m 2.2e-08 2.4e-09 1.4e-08 4.7e-08 6.6e-08 2.4e-08 2.6e-09 1.5e-08 5.3e-08 7Ae4-08
Tc-99 i.Oe-09 1.2e-10 6.7e-10 2.3e-09 3.2e-09 1.2e-09 1.3e-10 7.3e-10 2.5e-09 3.5e409
Ru-103 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+O0
Ru-106 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00
g1iOi8Rt ,,O.Oe+0 'O.Oe+O ,0.0e 0.08+00 't. eo.oeo o+00 >.0e+00Z4 0.0oe0 0,L O.Oeh

Ag-i lO1m O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cd-109 1.5e-07 2.0e-08 9.9e-08 3.3e-07 4.7e-07 1.7e-07 2.3e-08 i.Ie-07 3.7e-07 5.2e-07
Sn-113 1.2e-06 I.5e-07 7.9e-07 2.7e-06 3.9e-06 1.4e-06 1.6e-07 8.7e-07 3.1e-06 4.3e-06
Sb-124 3.9e-06 4.3e-07 2.4e-06 8.6e-06 1.2e-05 4.3e-06 4.7e-07 2.7e-06 9.7e-06 1.4e-05
Sb 125r; +-'' 4.9e-06 '_ 5.6o-07Z3.2e06 4..1.ie-53 1.6 05- %j2e06
Te-123m 6.7e-07 7.6e-08 4.3e-07 i.5e-06 2.1e-06 7.5e-07 8.4e-08 4.7e-07 1.6e-06 2.3e-06
Te-127m 7.1e-08 8.1e-09 4.5e-08 1.5e-07 2.2e-07 7.9e-08 8.8e-09 5.0e-08 1.7e-07 2.5e-07
1-125 6.4e-07 1.1e-07 5.2e-07 1.3e-06 1.6e-06 7.2e-07 1.2e-07 5.7e-07 1.4e-06 1.8e-06
1-129 2.3e-06 4.0e-07 1.8e-06 4.5eO-06 5.6e-06 2.5e-06 4.4e-07 2.0e-06 5.Oe-06 6.3e-06
I 31 "--'^ ', I .8o-0'7 >:7i2e-09'4.-7.ie-08>. -4.6e-Oi -68eOO 20e7, 7.8e-09 ,7.9e-8. 5.2e-0- 7.6e-0
Cs-1-34 O.Oe+00 O.0e+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-135 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-137 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ba-133 1.8e-06 2.3e-07 1.1e-06 3.8e-06 5.6e-06 2.0e-06 2.6e-07 1.3e-06 4.3e-06 6.2e-06
Ce-139,.-±s', --''O.Oe+OO 0.0e00.. 0e+00 +O j 0.0 ee+00.,- 90.e+00^;0.Oe+00 L'0.0e 00 0O.e7 'O.Oe+004
Ce-141 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ce-144 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pm-147 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
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Appendix H-1 Normalized Effective Dose Equivalents from Aluminum

Table H1.15 Normalized effective dose equivalents from external exposure: Airbome emissions

Radionuclide Mass-based EDE (,uSv/y per BqIg) Surficial EDE (pSv/y per BqIcm2 )
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

Sm--151 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.0e+00 0.0e+00 O.Oe+00 O.Oe+00 0.0e+00

E 5 O.0Oe+Oo. e+00e 0.0:O 'W--'-0. 0 +0 96;OO ee+00
Eu-154 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 0.0e+00 O.Oe+00 0.Oe+00

Eu-155 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.0e+00 0.Oe+00 0.Oe+00 O.Oe+00 0.Oe+00

Gd-153 0.Oe+00 0.0e+00 O.Oe+00 0.0e+00 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00
Tb-1 60 0.0e+00 O0.e+00 O.Oe+00 O.Oe+00 0.Oe+00 0.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 0.Oe+00

6 b..0e+00 0.e+00 '0.0e+00 1 0.Oe+00 -0.0e+00, ,--. Oe+00 e 0..0e+00

Tn-171 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 0.0e+00 0.Oe+00
Ta-182 5.5e-06 6.7e-07 3.5e-06 1.2e-05 1.7e-05 -6.2e-06 7.5e-07 3.8e-06 1.3e-05 1.9e-05
W-181 1.9e-07 2.2e-08 1.2e-07 4.1e-07 5.9e-07 2.1e-07 2.3e-08 1.3e-07 4.6e-07 6.6e-07

W-185 5.5e-10 6.2e-1 3Ae-10 1.2e-09 1.7e-09 6.1e-10 6.8e-1i 3.8e-10 1.3e-09 1.9e-09

jr-92 2.6o006K3.0e-.6 i6.6e06
Ir-192 2.3e-06 2.6e-07 1.5e46 5.1e-06 7.4e-06 2.6e-06 2.9e-07 -1.6e-06 5.7e-06 8.3e-06

Tl-204 1.8e-08 2.1e-09 1.1e-08 3.8e-08 5.6e-08 2.0e-08 2.3e-09 1.2e-08 4.3e-08 6.2e-08
Pb-210 4.6e-08 5.5e-09 2.9e-08 9.9e-08 1.5e-07 5.1 e-08 6.1e-09 3.2e-08 1.1e-07 1.6e-07
Bi-207 1 .9e-05 2Ae-06 1 .2e-05 4.2e-05 6.0e-05 2.2e-05 2.6e-06 1 .4e-05 4.7e-05 6.7e-05

Ra-226 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ra-228 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Ac-227 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+00

Th-228 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Th-229 ;:{0.0 O00_O.Oe+00_-.040 O; 0. 0 OhO .Oo+OO O.Oe 0 0.0+<0, 6O.Oe6O b 00
Th-230 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-232 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pa-231 5.3e-07 6.5e-08 3.4e-07 1.2e-06 1.7e-06 S.9e-07 7.1e-08 3.7e-07 1.3e-06 1.8e-06
U-232 4.5e-09 5.3e-10 2.8e-09 9.9e-09 1Ae-08 5.0e-09 5.8e-10 3.1e-09 I.Ie-08 1.5e-08
U-233 * 322e ,093.8e-iO'', , 2 *0 0e" 09 :8'7.1'- 42e;10> 22e09 ,7.9e .1e'08
U-234 3.3e-09 3.9e-10 2.1e-09 7Ae-09 1.0e-08 3.7e-09 4.3e-10 2.3e-09 8.3e-09 1.1e-08
U-235 7Ae-07 8.8e-08 4.6e-07 1 .6e-06 2.3e-06 82e-07 9.7e-08 5.1 e-07 1.8e-06 2.5e-06

U-236 2.9e-09 3.4e-10 I.8e-09 6.4e-09 9.0e-09 32e-09 3.8e-10 2.0e-09 7.2e-09 9.9e-09

U-238 1.2e-07 1Ae-08 75e-08 2.7e-07 3.7e-07 1.3e-07 1 .6e-08 8.3e-08 3.0e-07 4.1e-07

NpD237- .'0 .0.Gee+00 0.00400-O.00400 .oe0 0 0 .'.2O.Oe_00 0. +00 + O.Oe .Oe,+,O o0o.+OO
Pu-236 3.8e-09 4.5e-I0 2.4e-09 8Ae-09 1.2e-08 4.2e-09 4.9e-10 2.7e-09 9.3e-09 1.3e-08
Pu-238 3.7e-09 4.3e-10 2.3e-09 8.2e-09 1.2e-08 4.1e-09 4.8e-10 2.6e-09 9.1e-09 1.3e-08

Pu-239 1.6e-09 I.9e-1 0 1.0e-09 3.6e-09 5.2e-09 1.8e-09 2.1e-I 0 1.1 e-09 4.0e-09 5.8e-09

Pu-240 3.6e-09 42e-10 2.3e-09 7.9e-09 1.1e-08 4.0e-09 4.6e-10 2.5e-09 8.8e-09 1.3e-08

Pu-242 3.0e-09 3.5e-10 1.9e-09 6.6e-09 9.4e-09 3.3e-09 3.8e-10 2.1e-09 7.3e-09 1.0e-08
Pu-244 1.5e-06 1 .7e-07 9.3e-07 3.3e-06 4.7e-06 1.6e-06 1 .9e-07 1 .0e06 3.6e-06 52e-06

Am-241 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Am-242m 0.0et00 O.Oe+0OO 0O.Oe400 0.00+00 0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
A2i3'.." +0-' O'O.Oe+OO0 '00 0 ,O.Oe+OO ,--O.Oe+OO ',O.+OO O.Oe+00,.0e00'-' e+00e
Cm-242 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-243 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-244 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-245 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O
Cr;-24'6 ''~.~0~.e0>.e0f j~.Oe+00O-- ~:.~&00t0 3 .~0i.0o0Cm-_6'7 ; 0e+,0'60.0e+00, .O'0e0'.00+0w;'..e+00 00 + -O.e00 OO 0_OO+O eO

Cm-247 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 O.0e+00 O.Oe+00 -O.Oe+00 O.e+00
Cm-248 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Bk-249 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-248 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 .Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-2i9 '-.' -'., O.Oe+OO 0~e+O '.00+00 .Oe+00 -_O.00+00'-,;? O .O0e+,O O.Oe+O0_ 0.0e+,00 00 0.0O+00

Cf-250 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-25t O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-252 O.0e+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00
Cf-254 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Es-254 : 'Oe+OOe.0e+00.0;0 '.Oe+00 +0 '.Oe+00 :: 0.Oe+DO O.Oe+00 O.Oe+00 00

Note: To convert these values to conventional units (mremly per pCiIg or mrem/y per pClicm2), multiply by 3.7e-3
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Normalized Effective Dose Equivalents from Aluminum Appendix H- I
Table H1.16 Normalized effective dose equivalents from Inhalation: Airborne emissions

Radionuclide Mass-based EDE (uSvly per Bq/g)Mean 5th 50th 90th 95th
Surficial EDE (pSv/y per Bq/cm2)

Mean 5th 50th 90th 95th
H-3 I.Se-08 5.5e-09 1.4e-08 2.6e-08 3.1e-08 1.7e-08 6.1e-09 1.5e-08 2.9e-08 3.5e-08
C-14 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O
Na-22 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+OO O.Oe+00
P-32 1.8e-08 1.3e-09 8.8e-09 4.1e-08 6.3e-08 2.0e-08 1.4e-09 9.9e-09 4.5e-08 7.0e-08

3 , - 0.0 00,O.Oe+OO OOet1.+00, :0.Oe+OQO0.04t0 0.0eO O.O 0--O 06 O O .Oe+O0,.Oe+O0- 0'.00+,1
Ci-36 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
K-40 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-45 0.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
8645,''>, "0.0 os0.0;e+o0~00.''0;0:. ,,O.Oe+oo - Oe.66i Oe+~ 0.0.00 .Oe+00i. O.Oe,+OO~ .Oo+00,^' 0.0e+00,2
Cr-51 1.6e-09 1.7e-10 9.6e-10 3.5e-09 5.1e-09 1.8e-09 1.9e-10 1.1e-09 3.9e-09 5.7e-09
Mn-53 2.2e-09 3.3e-10 1.4e.-9 4.7e-09 6.7e-09 2.5e-09 3.7e-10 1.6e-09 5.3e-09 7.5e-09
Mn-54 2.8e-08 4.1 e-09 1.8e-08 5.9e-08 8.4e-08 3.1 e-08 4.6e-09 2.0e-08 6.6e-08 9.3e-08
Fe-55 5.8e-09 8.7e-10 3.8e-09 1.2e-08 1.7e-08 6.4e-09 9.6e-10 4.2e-09 1.4e-08 1.9e-08
Fe6r59 ,;f 3.5t8ee;2 8 0
Co-56 1.3e-07 2.0e-08 8.7e-08 2.9e-07 4.0e-07 1.5e-07 2.2e-08 9.6e-08 3.2e-07 4.5e-07
Co-57 3.7e-08 5.6e-09 2.4e-08 7.8e-08 1.1e-07 4.1e-08 6.1e-09 2.7e-08 8.7e-08 1.2e-07
Co-58 3.6e-08 5.2e-09 2.3e-08 7.6e-08 1.1e-07 4.0e-08 5.8e-09 2.6e-08 8.5e-08 1.2e-07
Co-60 9.5e-07 1.5e-07 6.3e-07 2.0e-06 2.8e-06 1.1e-06 1.6e-07 7.0e-07 2.2e-06 3.2e-06
N--59-. Z- - 5.9eQ-8.9e 10,. 3.8- 13-08 1.8e084.,f -8.6e.59.j8i __3e .4e-08 2.0
NI-63 1.4e-08 2.1e-09 9.0e-09 2.9e-08 4.1 e-08 1.5e-08 2.3e-09 1.0e-08 3.3e-08 4.7e-08.
Zn-65 8.2e-08 1.2e-08 5.3e-08 1.7e-07 2.5e-07 9.1e-08 1.4e-08 5.9e-08 1.9e-07 2.8e-07
As-73 2.4e-08 3.1e-09 1.5e-08 5.3e-08 7.5e-08 2.7e-08 3.4e-09 1.7e-08 6.0e-08 8.4e-08.
Se-75 5.6e-08 7.1e-09 3.6e-08 1.2e-07 1.8e-07 6.3e-08 7.8e-09 4.0e-08 1.3e-07 2.0e-07

Sr ,85 @O.'Oe,+OO O.Oe+,00 0.00+00 .Oe+OO" O.Oe+, 00+' O .2COe.0o+ ~O ' ,+OOt' 0.+O O O.ee+00+
Sr-89 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sr-90 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00
Y-91 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr-93 1.9e-06 1.4e-07 1.2e-06 4.2e-06 6.0e-06 2.1 e-06 1.5e-07 1.3e-06 4.7e-06 6.7e-06
Zr 49o-0".9'7&k 5.9e-O- 84-.4 e07 .e .2.981;7e-07, ',.-07
Nb-93m 1.3e-07 2.0e-08 8.5e-08 2.8e-07 3.9e-07 1.4e-07 2.2e-08 9.4e-08 3.1e-07 4.3e-07
Nb.94 1.8e-06 2.8e-07 1.2e-06 3.9e-06 5.5e-06 2.0e-06 3.1e-07 1.3e-06 4.4e-06 6.1e-06
Nb-95 1.5e-08 2.0e-09 9.3e-09 3.2e-08 4.6e-08 1.7e-08 2.2e-09 1.0e-08 3.6e-08 5.2e-08
Mo-93 2.7e-07 3.5e-08 1.7e-07 5.7e-07 8.1e-07 3.0e-07 3.8e-08 1.9e-07 6.5e-07 9.0e-07
T-97j - - e2.0 08s290-08;.2.00-08>I:3 89.3 _6.6e 2.2eO :32e
TC-97m 3.6e-08 4.5e-09 2.3e-08 7.9e-08 1.1e-07 4.0e-08 4.9e-09 2.5e-08 8.8e-08 1.3e-07
TC-99 7.8e-08 1.0e-08 5.0e-08 1.7e-07 2.4e-07 8.7e-08 1.e-08 5.5e-08 1.9e-07 2.7e-07
Ru-103 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ru-106 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00_ O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00
4-iO~m.S,. 0.0~oe+00i7.O~e+00•z O.Oe+OO O.0e+OO~ 0.; o ~ 'O;OeO.Oe+00 .O+00S0.0e+ 0.0 OOe.
Ag-11 Om O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cd-109 1.7e-07 2.5e-08 1.1e-07 3.6e-07 5.1e-07 1.9e-07 2.7e-08 1.2e-07 4.1e-07 5.8e-07
Sn-113 8.3e-08 1.1e-08 5.2e-08 1.8e-07 2.6e-07 9.2e-08 1.2e-08 5.8e-08 2.0e-07 2.9e-07
Sb-124 1.7e-07 2.1e-08 1.0e-07 3.7e-07 5.2e-07 1.9e-07 2.3e-08 1.2e-07 4.1e-07 5.8e-07
Sb125' , ,-1.3e-07,71.7e- ,Z8.ie-08^,-- 2.8e-07~ 3.9e07' -'.-,-'ie0 e07 4'4e
Te-123m 8.3e-08 1.1e-08 5.2e-08 1.8e-07 2.6e-07 9.2e-08 1.1e-08 5.7e-08 2.0e-07 2.9e-07
Te-127m 1.7e-07 2.1e-08 1.0e-07 3.6e-07 5.3e-07 1.9e-07 2.3e-08 1.2e-07 4.1e-07 5.9e-07
1-125 1.1e-06 2.0e-07 8.6e-07 2.1e-06 2.6e-06 1.2e-06 2.2e-07 9.4e-07 2.3e-06 3.0e-06
1-129 1.1e-05 2.1e906 8.8e-06 2.1e-05 2.6e-05 12e-05 2.4e-06 9.8e-06 2.3e-05 2.9e-05
I-13t- .. * s 3.3e-07=-,1.4e-08'P1Ae 07-' .8.7e-07 -,- 1.3e-06. .'. 7A3.6e-07 ;:.1~.5e-08,t 41.5e'07'z.9.5e-07-< 1.4e-6,~
Cs-134 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-135 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-137 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ba-133 2.5e-08 3.7e-09 1.6e-08 5.5e-08 7.9e-08 2.8e-08 4.1e-09 1.8e-08 6.1e-08 8.8e-08
Ce-139: ,*'- -' 0.00+00'-.O.O0e . .Oo+0 0.00+00 0.00+00 ' O0.0+00! 0.00+00 0,0-+00.eOI ,.Oe+OO- 0.0e+00W
Ce-141 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ce-144 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pm-147 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
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Atmendix H-1 Normalized Effective Dose Equivalents from Aluminum

Table H1.16 Normalized effective dose equivalents from inhalation: Airborne emissions

Rdoulide Mass-based EDE (piSv/y per Bq/g) Surkiial EDE (pSv/y per Bq/rrn2)

louc e Mean 5th 50th 90th O5h- Mean 5th 50th 90th 95th

Sm-151 - O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Eu 52,'-,5.0+0 ~o;e, 0':+00 +0-,,0 Do+ %-'^,'.0e+ O ,t,,,,O.De+00,,;+0 e+ --O. . Ot., 30.0 +,0 0 e+O

Eu-154 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0

Eu-155 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Gd-1 53 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Tbi 60 'O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

T~jo~v 'o'e+O'O.e+,0' 00 ,00'0. +0 -~0.'_00!'.-,<-0.0602, O D .e. OeO0;OO

Tm-1 71 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Ta-1 82 3.4e-07 4.6e408 2.2e407 7.5e47 1.1e406 3.8e407 5.0e408 2.4e-07 8.4e-07 1.2e-06

W-181 1.2e-09 1.5e-10 7.5e-10 2.6e409 3.6e409 1.3e409 1.7e-1 0 8.3e-10 2.9e-09 4.1e-09

W-185 5.3e-09 6.7e-10 3Ae409 1.2e408 1.6e408 5.9e409 7.2e-10 3.7e409 1.3e-08 1.9e408
i'85B-.'.-~~,7,4 !6'934'.46e8j6 4 82 4 >Oe0 m ;e87j8e0 -'j.e0

Ir-192 2.0e-07 2.4e408 1.2e407 4.4e407 6.3e407 2.2e407 2.6e408 1 Ae-07 4.9e407 6.9e-07

Tl-204 2.2e408 2.9e409 I Ae408 4.8e408 6.8e408 2.5e408 3.2e409 1 .6e408 5.3e408 7.7e-08

Pb-210 2.1e404 2.8e405 1.3e-04 4.5e404 6.5e404 2.3e404 3.1 e45 1.5e404 5.0e404 7.3e044

Bi-207 1.9e-07 _2.5e408 1.2e407 4.0e-07 5.7e-07 2.1e-07 2.7e408 1.3e407 4.5e-07 6.4e-07

P~o-10,: t;<7,,h 4.6,6-'434-5 0 , ; ,2 1 i 59 ea 4

Ra-226 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO

Ra-228 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Ac-227 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO

Th-228 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO- O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+DOO

Th-230 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Th-232 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Pa-231 1.2e402 1.6e403 7.7e403 2.6e402 3.8e402 1.3e402 1.e-03 8.5e403 2.9e4-2 4.2e-02

U-232 2.1e-03 2.7e404 1.3e403 4.5e-03 6.6e403 '2.3e403 3.0e404 1.4e403 5.0e-03 7.4e-03

U23.8r,,.->4 ,5.e5-.2i l>'-93e4-:'-.3 ,.:,.e 'e ,Hi -G-; ,b. 03

U-234 4.2e404 5.4e405 2.6e404 9.1 e-04 1.3e403 '4.6e404 6.0e405 2.9e404 1.0e-03 1.5e403

U-235 3.9e404 5.0e405 2.4e44 8Ae404 1 .2e403 4.3e404 5.5e405 2.7e404 9.3e-04 I Ae403

U-236 3.9e404 5.1e-05 2.5e404 8.6e-04 1.2e403 4Ae404 5.7e405 2.7e404 9.5e404 1Ae403

U-238 3.7e404 4.8e405 2.3e404 8.1e404 1.2e403 '4.1e404 5.3e405 2.6e404 9.0e404 1.3e-03

Pu-236 4.4e404 5.7e405 2.8e404 9.7e404 1.e43 ''4.9e404 6.3e405 3.1 e44 1.e403 1.6e403

Pu-238 1.2e403 1.6e404 7.8e404 2.7e-03 3.9e403 1.4e403 1.7e404 8.6e404 3.0e403 4.3e403

Pu-239 1.3e403 1.8e404 8.6e404 3.0e403 4.2e403 1.5e403 1.9e404 9.5e404 3.3e403 4.8e403

Pu-240 1.3e403 1.8e404 8.6e404 3.0e403 4.2e403 1.5e403 1.9e404 9.5e404 3.3e403 4.8e403

Pu-2i'.606 .,,1~~.6e,451~56 05,.-8.e5.e',5.s* .e46''.e.34f1

Pu-242 1.3e403 1.7e404 82e404 2.8e403 4.0e403 1Ae-03 1.8e404 9.0e404 3.1 e43 4.6e403

Pu-244 1.3e403 1.7e404 8.1 e44 2.8e403 4.0e403 -1.4e403 '1.8e404 8.9e404 3.1 e-03 4.5e403

Amn-241 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Amn-242mn O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

A2i~3s'4, ),0.0e+ 'OOe O00`-0.0e+00wOO OO-p.Oe OOOO,,O<,OO~e,.Oe+ .'O +O

Cm-242 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO

Cm-243 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO .O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Cmn-244 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO- O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Cmn-245 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO_ O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0

Cm-247 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO' O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0

Cmn-248 O.Oe+OO0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO0 O.Oe+OO 'O.Oe+OO O.Oe+OO O.Oe+OO

Bk-249 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO

Cf-248 'O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO_ O.Oe+OO- O.Oe+OO O.Oe+OO

Cf-2i9 ;R O.Oe+OOz,.;"O.O+OO';' O.Oe+OO,',.OO+O O.e0 00 O, .O+O,0 ,,O O

Cf-250 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO0- O.Oe+OO O.Oe+OO O.Oe+OO

Cf-251 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Cf-252 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Cf-254 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Es25 't' ,, O+OO ~,.eO - O O+O.OO+O.Oe+. O + O' - ~-0.0 +O- ';O ' O+O-eWT' O.Oe+OO00OO+O'

Note: To rconvert these values to conventional units (rnrernty per pC~g or rnrernly per pClfcrn3, rnultiply by 3.7e-3
' w s wM % t j A

H-33 NUREG-1640
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Normalized Effective Dose Equivalents from Aluminum Appendix H- I

Table H1.17 Normalized effective dose equivalents from ingestion: Airborne emissions

Radionuclide Mass-based EDE (pSv/y per Bg/g)
Mean 5th 50th 90th 95th

Surficial EDE (pSv/y per Bq/cm2)
Mean 5th 50th 90th 95th

H-3 5.9e-09 1.7e-09 4.5e-09 1.1e-08 1.4e-08 6.5e-09 1.9e-09 5.1e-09 1.2e-08 1.6e-08
C-14 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+O0
Na-22 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
P-32 1.1e-07 8.0e-09 5.5e-08 2.6e-07 4.1e-07 1.3e-07 8.8e-09 6.1e-08 3.0e-07 4.5e-07
SU',-'.j.0.Oe+00 0, .Oe+O0 O.e, OOeOOOO +O,00' ;O O 0.0e+00-.0e O-. O.Oe+0LO.Oe+0;j
CI-36 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
K-40 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-45 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0
Sc480.00-02<.0e00 09X.0e,+OO0i.:,.00-tOO Of .Oe OO.Oe O 'i; O.Oe, 0 O:00~.0Oe+0 ;wO .0+00t,,.Oe,+00
Cr-51 2.2e-09 2.7e-10 1.3e-09 4.9e-09 7.1e-09 2.5e-09 2.9e-10 1.5e-09 5.4e-09 7.9e-09
Mn-53 1.7e-09 3.0e-10 1.1e-09 3.7e-09 5.2e-09 1.9e-09 3.2e-10 1.3e-09 4.1e-09 5.8e-09
Mn-54 3.6e-08 6.3e-09 2.4e-08 7.7e-08 1.1e-07 4.0e-08 6.9e-09 2.7e-08 8.6e-08 1.2e-07
Fe-55 1.5e-08 2.4e-09 9.6e-09 3.3e-08 4.6e-08 1.7e-08 2.6e-09 1.1e-08 3.7e-08 5.2e-08

F-4 +tM5 ,201.8i 5 j. . e 0- I. 23 7 '-9<8e''-t-.e.. -.00 e25O
Co-56 2.2e-07 2.6e-08 1.2e-07 4.7e-07 7.1e-07 2.4e-07 2.8e-08 1.3e-07 5.2e-07 8.0e-07
Co-57 2.3e-08 2.8e-09 1.3e-08 5.0e-08 7.7e-08 2.6e-08 3.0e-09 1.4e-08 5.6e-08 8.5e-08
Co-58 6.0e-08 7.2e-09 3.3e-08 1.3e-07 2.0e-07 6.7e-08 7.9e-09 3.7e-08 1.5e-07 2.2e-07
Co-60 3.7e-07 4.4e-08 2.1e-07 8.1e-07 1.2e-06 4.1e-07 4.8e-08 2.3e-07 9.0e-07 1.4e-06
N 5 ,.4.8 9 8 7 09 :*--;.-- - 2.2e"08Q
NI-63 1.8e-08 2.7e-09 1.1e-08 3.8e-08 5.4e-08 2.0e-08 2.9e-09 1.2e-08 4.2e-08 6.1e-08
Zn-65 1.0e-06 1.4e-07 6.3e-07 2.2e-06 3.1 e-06 1.1e-06 1.6e-07 6.9e-07 2.4e-06 3.6e-06
As-73 2.4e-08 2.7e-09 1.3e-08 5.1e-08 8.0e-08 2.7e-08 2.9e-09 1.4e-08 5.8e-08 8.9e-08
Se-75 lAe-06 1.1e-07 6.6e-07 3.1e-06 4.8e-06 1.5e-06 1.2e-07 7.3e-07 3.4e-06 5.4e-06
Sr,85<r':eS-sO.Oe,+O 0t0e'+00<-,'0.0o+.00.:.0.04,00MX0.0e+00:; i~ 0.Oe+00 >.O+O'-OOe+O',OOeO' O.eO~
Sr-89 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sr-90 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Y-91 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr-93 9.0e-08 7.6e-09 5.9e-08 2.0e-07 2.8e-07 1.Oe-07 8.4e-09 6.5e-08 2.2e-07 3.1 e-07

Nb-93m 5.6e-09 1.0e-09 3.9e-09 1.2e-08 1.6e-08 6.3e-09 1.1e-09 4.3e-09 1.3e-08 1.8e-08
Nb-94 7.8e-08 1.4e-08 5.4e-08 1.6e-07 2.2e-07 8.6e-08 1.6e-08 5.9e-08 1.8e-07 2.5e-07
Nb-95 9.8e-09 1.7e-09 6.5e-09 2.1e-08 2.9e-08 1.1e-08 1.8e-09 7.3e-09 2.3e-08 3.2e-08
Mo-93 4.0e-08 6.0e-09 2.7e.08 8.5e-08 1.2e-07 4.5e-08 6.6e-09 2.9e-08 9.7e-08 1.4e-07

~' 9'i ,3.1e08f 2.6e- Ei.1e 7 3 08^ '2.809 .7o i,,,i.9o 122eO i
Tc-97m 6.7e-08 7.1e-09 3.7e-08 1.5e-07 2.2e-07 7.5e-08 7.7e-09 4.0e-08 1.7e-07 2.5e-07
TC-99 2.7e-07 2.2e-08 1.3e-07 6.0e-07 9.3e-07 3.0e-07 2.4e-08 1.5e-07 6.7e-07 1.0e-06
Ru-103 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ru-106 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ag-10m ,;+' '. Oe+00-' O.Oeo+OO,'O.O0+0`O.Oed4 : .0e+002 0.0e40 0.0e+0k O.Oe+O^ O+00S
Ag-I im O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cd-109 2.6e-07 3.9e-08 1.6e-07 5.5e-07 7.9e-07 2.9e-07 4.3e-08 1.8e-07 6.1e-07 8.8e-07
Sn-1 13 1.1e-07 1.4e-08 6.5e-08 2.3e-07 3.4e-07 1.2e-07 1.6e-08 7.2e-08 2.6e-07 3.8e-07
Sb-124 1.3e-07 2.0e-08 8.7e-08 2.8e-07 4.0e-07 1.5e-07 2.2e-08 9.6e-08 3.2e-07 4.4e-07

Sbw0~jb -- ?.7-0 - .o-7.. 1 T2.8o0j
Te-123m 1.5e-07 2.1e-08 9.2e-08 3.Ie-07 4.4e-07 1.6e-07 2.3e-08 I.Oe-07 3.4e-07 4.9e-07
Te-127m 2.2e-07 3.2e-08 1.4e-07 4.7e-07 6.7e-07 2.5e-07 3.5e-08 1.6e-07 5.3e-07 7.5e-07
1-125 4.3e-05 9.1e-06 3.5e-05 8.3e-05 1.0e-04 4.8e-05 1.0e-05 3.8e-05 9.4e-05 1.2e-04
1-129 5.8e-04 1.3e-04 4.7e-04 1.1e-03 1.4e-03 6.4e-04 1.4e-04 5.2e-04 1.2e-03 1.6e-03
1-1311 .e :8.'3.3eO6'u 1.5e-07'T1.4e-06iP. 8.9e -0,61.2 53
Cs-134 O.Oe+00 O.Oe+00 O.Oe+00 Oe+00O O.Oe+O O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
Cs-135 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
Cs-137 O.Oe+OO O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ba-133 2.8e-08 5.1e-09 1.9e-08 5.9e-08 8.2e-08 3.2e-08 5.6e-09 2.1e-08 6.6e-08 9.3e-08

Ce"9',',,:,~+O;'~+O~OO+¢'-OO+O.'O.O O -"'-'O; ,;'0'.0 O- ., O.O+O' O.O OO, 'O.Oe ' ObrCe-1394;1 O.Oe+00 .Oe+OO O.Oe+O O O.Oe+OO O.Oe+OO O.Oe+OO ' .Oe+OO O.Oe+00 O.Oe+O0; 0.0O+O0O
Ce-141 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ce-144 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00
Pm-147 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

_IRG 164 _H_ _
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Appendix H- I Nomlie EfetieDseEuvaet fo luiu
-Table H-1.17 Nomnalkzed effective dose equivalents from Ingesion:, Airbome emissions

R incie Mass-based EDE (pSvty per Bq/g) Surficial EDE (uSv/y per Bq/cm`)
Radould Mean 5th 50th 90th 95-th- Mean 5th 50th 90th -- 95th

Sm-151 0O.e+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Eu-1 54 O.Oe+OO, O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Eu-1 55 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO'
Gd-153 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Tb-t60 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO0 O.Oe+OO O.Oe+OO O.Oe+OO O:Oe+OO

io~t70F .Oe+ O_,O .-Oe+O-p.e+O,.e +OO b;',+O.O, 6O=>O.Oe+`0 ,.O.e+O,;O.e+O
Tmn-171 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Ta-1 82 1.0e407 1.7e408 7.0e408 2.2e407 3.1e-07 1.2e407 1.9e408 7.7e408 2.5e-07 3.5e-07
W-181 2.3e408 2.1e409 1.2e-08 5.1e-08 7.9e408 2.6e408 2.3e-09 1.3e408 5.7e-08 8.8e408
W-185 9.8e408 9.0e-09 4.9e408 2.1 e47 3.2e-07 1.1e407 9.8e409 5.5e408 2.4e-07 3.6e407

-,5 .E3.9ez-087tz8. -w8' 8t127'-'.4Ae 8^5,(_ 08 ;. ewW~e7
Ir-192 8.9e-08 1.3e408 5.9e408 1.9e-07 2.7e-07 9.9e408 1.4e408 6.6e408 2.1e-07 3.0e-07
T1-204 2.4e407 2.6e408 1.3e-07 5.2e407 8.0e407 2.7e407 2.9e408 1.5e-07 5.7e-07 8.8e407
Pb-210 1.8e404 2.8e405 1.2e404 3.7e404 5.2e404 2.0e-04 3.1 e45 1.3e-04 4.1e-04 5.9e044
Biw207 1.7e407 2.6e-08 1.1e-07 3.7e407 5.2e407 1.9e407 2.9e408 1.3e47- 4.1e-07 5.8e407

51~63-0 e-ffS 7,' 4 Psg- r,_ .= -.-- 7D iffs _ o ct

Ra-226 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO
Ra-228 O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Ac-227 O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Th-228 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO_ O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Th-230 O.Oe+OO 'O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+W0
Th-232 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+WO O.Oe+W0 O.Oe+OO
Pa-231 '2Ae-04 3.7e405 1.6e-04 5.3e404 7.2e-04 2.7e-04 4.1 e45 1.8e-04 5.8e404 8.2e044
U-232 1.1e405 1.7e-06_ 7.1e406 2.3e405 3.2e405 1.2e405 1.9e406 7.9e46- 2.6e45 3.5e45'

U-3>,-'t>.4e6......... :38O~':--.eO S.e62........e... 71e,6-,-'c'-260,''- 3147H e ,'86 -'
U-234 2.3e-06 3.7e-07 1.5e406 4.9e-06 6.9e406 '2.6e-06 4.1 e47 1.7e406 5.5e406 7.6e406
U-235 2.2e406 3.5e407 1.4e406 4.6e-06 6.5e406 2.4e406 3.8e407 1.6e-06 5.2e-06 7.2e406
U-236 2.2e-06 3.5e-07 1.5e406 4.6e-06 6.6e-06 2.4e-06 3.9e407 1.6e-06 5.2e406 7.2e-06
U-238 2.2e-06 3.5e407 1.5e-06 4.6e-06 6.6e-06 2.4e406 3.8e407 1.6e406 5.2e-06 7.2e-06

Pu-236 8.6e406 1 .3e406 5.7e406 1 .8e405 2.6e-05 9.5e406 1lAe-06 6.3e406 2.1 e405 2.9e405
Pu-238 2.4e405 3.8e406 1.6e-05 5.3e-05 7Ae45G 2.7e405 4.1e406 1.8e405 5.8e-05 8.3e405
Pu-239 2.7e405 4.2e406 1.8e4S5 5.8e405 8.2e405 3.0e405 4.5e406 2.0e405 6.5e405 9.2e405
Pu-240 2.7e405 4.2e-06 1.8e405 5.8e405 8.2e45 3.0e405 4.5e406 2.0e405 6.5e405 9.2e405

Pu-,2',T<-52e,7,J:8.0 8'7'-3e4i!,.e ,6 > ,f384>.87O,38
Pu-242 2.6e405 3.9e-06 1 .7e-05 5.5e405 7.8e405 2.9e405 4.3e-06 1 .9e-05 6.1 e-05 8.8e-05
Pu-244 2.5e405 3.9e406 1.7e-05 5.5e405 7.7e405 2.8e405 4.3e406 1.9e45 6.1e-05 8.7e4S5
Am-241 O.Oe+W0 O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+WO O.Oe+OO O.Oe+OO O.Oe+OO
Am-242m O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO0 OOGe+OO

Am-2i3+0~-O.OeOO,.0'Oe, 0-O. O.Oe+O -,.e 00,. Oe 'OO+OO 00 0000 eO-
Cm-242 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cm-243 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO0 O.Oe+OO' O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cm-244 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+WO O.Oe+OO O.Oe+OO0
Cmn-245 O.Oe+OO O.Oe+OO _O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Cm26sOOe+W,. -. ,O;Oe+W,,- O eO ,O;eO -O.Oe+OO \ , -O oo0.Oe+O00OO,,+
Cm-24 - O.e+OOO.Oe+O O.O+OO .Oe+OO;~ O.Oe+OO O.e+00OO+ .eOOOO+ .eO

Cm28 OO+OOO+ .eOOO+OO.Oe+OO O.Oe+OO 'O.Oe+W0 O.Oe+OO O.Oe+OOOOeO
Bk-2497 .eO O.Oe+O.eOOO O.Oe+O.e+0O O.Oe+O.eOOO O.Oe+O.O+O O.e+OO
Cf-248 0.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 'O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Cf-250 O.Oe+W0 O.Oe+OO0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO -O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cf-251 O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Cf-252 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Cf-254 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cf-254"'''; O;Oe+OO;'O;Oe+OO' O;Oe+0 O O.Oe+OO O.Oe0 +O*-''O.OeW0 mO.Oe+00'--O.Oe+0 O--Oe+O0 ^O.Oe+00

Note: To convert these values to conventional units (mremldy per pCUg or mnrem/dy per pCi~rm2, multiply by 3.7e-3
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Normalized Effective Dose Equivalents from Aluminum Appendix H- I
Table H1.18 Normalized effective dose equivalents from all pathways: Scrap truck-driver

Radionuclide Mass-based EDE (eaSny per BqIg)
Mean 5th 50th - 90th 95th

Surficial EDE (pSv/y per Bg/cm 2)
Mean 5th 50th 90th 95th

H-3 0.Oe+00 0.Oe+00 O.Oe+00. 0.Oe+00 O.Oe+00 0.Oe+00 0.Oe+00 O.Oe+00 0.Oa+00 0.Oe+00
C-14 2.2e-1O0 1.3e-10 2.1le-1O0 2.9e-10 3.2e-I10 2.4e-10 1.4e-10 2.3e-10 3.3e-10 3.7e-10
Na-22 5.0e-03 3.1le-03 4.9e-03 6.9e-03 7.5e-03 5.6e-03 3.3e-03 5.4e-03 7.8e-03 8.6e-03
P-32 3.9e-06 _2.4e-06 3.8e-06 5.5e-06 5.9e-06 4.4e-06 2.6e-06 4.2e-06 6.2e-06 6.8e-06

O~ ,27a ~---..9e t 1011
e _ 17e-IO. _7o-Oj 91Q.L.e1& I.el 1.,LOyj.O~1 .1•.6

CI-36 7.0e-07 4.3e-07 6.7e-07' 9'.5e-7 1.0e'-06 7.8e-07 4.6e-07 7.4e-07 1.le-06 1.2e-06
K-40 3.8e-04 2.4e-04 3.7e-04 5.3e-04 5.8e-04 4.3e-04 2.5e-04 4.le-04 6.0e-04 6.6e-04
Ca-41 0.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 0.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00
Ca-45 4.3e-09 2.6e-09 4.1 e-09 5.8e-09 6.4e-09 4.7e-09 2.8e-09 4.5e-09 6.6e-09 7.3e-09

S'~46e03 j2.e0>A5e07 .9-0 5.2"3½j.e0~ 5.e3 .032-7.9e-O3
Cr-51 5.4e-05 3.3e-05 5.2e-05 7.4e.05 8.0e-05 6.0e-05 3.5e-05 5.7e-05 8.4e-05 9.2e-05
Mn-53 0.Oe+00 0.Oe+00 O.Oe+00 . .Oe+00O .Oe+00 0.Oe+00 O.Oe+00 0.Oe+00 0.0e+00 O.Oe+00
Mn-54 1.9e-03 1.2e-03 1.9i)-03 2.6e-03 2.9e-03 2.1le-03 1.3e-03 2.1le.03 3.0e-03 3.3e-03

Co-56 8.3e-03 5.1 e-03 8.0e-03 1.le-02 1.2e-02 9.2e-03 5.4e-03 8.9e-3 1.3e-02 1.4e-02
Co-57 6.9e-05 4.2e-05 6.7e-05 9.5e-05 1.0e-04 7.7e-05 4.5e-05 7.4e-05 1.Ie-04 1.2e-04
Co-58 2.2e-03 I1.3e-03 2.1 e-03 3.0e-03 3.2e-03 2.4e-03 1 .4e-03 2.3e-03 3.3e-03 3.7e-03
Co060 6.1 e803 3.7e-03 5.9e.03 8.3e-03 9.1 e-03 6.8e-03 4.0e-03 6.5e-03 9.4e-03 I1.0e-02

~434 8733e0jr4.6e7C8 7 58e.0
Ni-63 9.4e-15 5.8e-15 9.le-15 1.3e-14 1.4e-14 1.Oe-14 6.2e-15 1.0e-14 1.5e-14 1.6e.14
Zn-65 1.4e-03 8.4e-04 1.e-03 1.9e-03 2.1le-03 1.5e-03 9.0e-04 1.5e-03 2.1e-03 2.4e-03
As-73 4.4e-09 2.7e-09 4.2e-09 6.0e-09 6.5e-09 4.9e-09 2.9e-09 4.7e-9 6.8e-09 7.5e-09
Se-75 5.4e-04 3.3e-04 5.2e-04 7.4e-04 8.1 e-04. 6.0e-04 3.5e-04 5.8e-04 8.4e-04 9.3e-04
Satr-8" 1O-361-496e0 ,.0T465
Sr-89 3.3e-06 2.0e-06 3.2e-06 4.6e-06 5.0e-06 3.7e-06 2.2e-06 3.6e-06 5.2e.06 5.7e-06
Sr-90 1.le-05 6.7e-06 1.le-05 1.5e-05 1.6e-05 1.2e-05 7.1e-06 1.2e-05 1.7e-05 1.9e-05
Y-91 1.2e-05 7.2e-06 1.Ie-05 1.6e-05 1.Be-05 1.3e-05 7.7e-06 1.3e-05 1.8e-05 2.0e-05
Zr-93 4.2e-14 2.6e-14 4.le-14 5.8e-14 6.3e-14 4.7e-14 2.8e-14 4.5e-14 6.6e-14 7.2e-14

Z9 .1.7e603-- 1.10 03?,%:; 803A. S2.-0 2.6e0034~," --1."l~t60. 9e07~.e0..'~. .
Nb-93m 1.9e.18 1.2e-18 1.9e-18 2.6e-18 2.9e-18 2.2e-18 1.3e-18 2.1le-1 8 3.0e-18 3.3e-18
Nb-94 3.6e-03 2.2e-03 3.5e-03 4.9e-03 5.4e-03 4.0e-03 2.4e-03 3.8e-03 5.6e-03 6.2e-03
Nb-95 1.6e-03 9.9e-04 1.6e-03 2.2e-03 2.4e-03 1.8e-03 1.le-03 1.7e-03 2.5e-03 2.8e-03
Mo-93 8.0e-22 3.6e-22 7.5e-22 1.2e-21 1.4er21_ 8.9e-22 4.0e-22 8.3e-22 _1.4e-21 1.6e-21

T~7~j;L.O+O'0O+0~.0O00ehVi0O+0 . ie~ coj;60i!eR o_0.e4+0U-7,. Oi+c;PI
Tc-97m 6.0e-08 3.7e-08 5.8e-08 8.3e-08 9.0e-08 6.7e-08 3.9e-08 6.4e-08 9.4e-08 1 .Oe-07
Tc-99 1.2e-08 7.5e-09 1.2e-08 1.7e-08 1.8e-08 1.4e-08 8.0e-09 1.3e-08 1.9e-08 2.1e-08
Ru.103 9.7e-04 5.9e-04 9.4e-04 1.3e-03 1.5e-03 1.1e-03 6.3e-04 1.0e-03 1.5e-03 1.7e-03
Ru-I106 4.8e-04 2.9e-04 4.6e-04 6.5e-04 _7.1e-04 5.3e-04 3.e-04 5.1 e-04 7.4e-04 8.2e-04

3.e-03',-7- 2.2e-3 ii u_3_4-.8 e_-O3.r_ _5.i" 3e03:- --'-9-- 39O3; 2.3_e-031-.. 3.. 1036.
Ag-110m 6.3e-03 3.9e-03 6.10e-03 8.6e-03 9.4e-03 7.0e-03 4.1e-03 6.7e-03 9.8e-03 1.1e-02
Cd-lo9 3.ge-07 2.4e-07 3.8e-07 5.4e-07 5.8e-07 4.4e-07 2.6e-07 4.2e.07 6.1le-07 6.7e-07
Sn-113 5.Oe-04 3.1 e-04 4.8e-04 6.9e-04 7.5e-04 5.6e-04 3.3e-04 5.3e-04 7.8e-04 8.6e-04
Sb-I124 4.2e-03 2.6e-03 4.0e-03 5.7e-03 6.2e-03 4.6e-03 2.7e-03 4.5e-03 6.5e-03 7.2e-03

Sb15?~.e0~ .e01 5-4~-120~1.3e-3. e-4:,e05~'94-4 143-'~
Te-123m -1.3e-04 7.ge-05 1.3e-04 1.8e-04 1.9e-04 1.4e-04 8.4e-05 1.4e-04 2.0e-04 2.2e-04
Te-127m 9.6e-06 5.9e-06 9.3e-06 1.3e-05 1.4e-05 1.1e-05 6.3e-06 1.Oe-05 1.Se-05 1.7e-05
1-125 2.2e-12 1.3e-12 2.1-12 3.0e-12 3.2e-12 2.4e-12 1.4e-12 2.3e-12 3.4e-12 3.7e-12
1-129 ____2.7e-10 1.7e-10 2.6e-10 3.7e-10 4.1e-10 3.0e-10 1.8e-10 2.9-1 0 4.2e-10 4.7e-10

6A314-M 5e4e-0-4'- ~ .~O~700 .~4- 0-4 3.4e-G4 -,5.7i;04.- - 8.6e-04< 9.4e-04
Cs-134 3.5e-03 2.1le-03 3.4e-03 4.8e-03 5.2e-03 3.9e-03 2.3e-03 3.7e-03 5.4e-03 6.0e-03
Cs-135 7.4e-09 4.5e-09 7.2e-09 1.Oe-08 1.1e-08 8.2e-09 4.9e-09 7.9e-09 1.1e-08 1.3e-08
Cs-137 1.3e-03 7.7e-04 1.2e-03 1.7e-03 1.9e-03 1.4e-03 8.3e-04 1.3e-03 2.0e-03 2.2e-03
Ba..133 6.4e-04 3.9e-04 6.2e-04 8.7e-04 9.5e-04 _7.1le-04 _4.2e.04 6.8e.04 9.9e-04_ 1.le-03

Ce19 -j13'e-04 -- 8'.3e-05-1.3e-044~..8e-04. 2.0e-04'-'- '-I.5e-04-. 8.8e4-05 1.4e-04'. l.e-0 4 &.",,2.3e-04;.:
Ce-141 5.5e-05 3.3e-05 5.3e-05 7.5e-05 8.2e-05 6.1le-05 3.6e-05 5.8e-05 8.5e-05 9.4e-05
Ce-144 9.7e-05 6.0e-05 9.4e-05 1.3e-04 1.5e-04 1.e-04 6.4e-05 1.Oe-04 1.5e-G4 1.7e-04
Pm-147 3.5e-09 2.2e-09 3.4e-09 4.9e-09 5.3e-09 3.9e-09 2.3e-09 3.8e-09 5.5e-09 6.1 e-09
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Appendix H-1 Normalized Effective Dose Equivalents from Aluminum

Table H1.18 Normalized effective dose equivalents from all pathways: Scrap truck-driver

Radionuclide Mass-based EDE (pSvty per BgIg) Surficial EDE (pSvly per Bgfcrr?)
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

Srn-151 6.8e-14 4.2e-14 6.6e-14 9.3e-14 1.Oe-13 7.6e-14 4.5e-14 7.3e-14 1.Ie-13 12e-13

'Eu-i52 .6e3 - , -. i.6e33, 32.2.59 3 ,;3.5 e03 -3.9eO43 r 2 . 0e 443e0
Eu-154 2.5e-03 1.5e-03 2.4e-03 3.5e-03 3.8e-03 2.8e-03 .7e-03 2.7e-03 3.9e-03 4.3e-03

Eu-155 9.9e-06 6.1e-06 9.6e-06 1.4e-05 1.5e-05 1.1e-05 6.5e-06 1.1e-05 1.5e-05 1.7e-05

Gd-153 1.3e-05 7.7e-06 1.2e-05 1.7e-05 1.9e-05 1Ae-05 8.2e-06 1.3e-05 2.0e-05 2.2e-05

Tb-160 2.5e-03 1.5e-03 2Ae43 3.4e43 3.7e-03 2.8e-03 1.6e-03 2.6e-03 3.8e-03 4.2e-03

Trni-170 i~~' 8.6e-07:- .5.3e-078..0 e-061.3ei,6 rj, ,t9.6e-07__ 5.6e-7 9.2e-07e 1.5i4~1.-6~

Trn-171 1.9e-09 1.1e-09 1.8e-09 2.5e-09 2.8e-09 2.1e-09 1.2e-09 2.0e-09 2.9e-09 3.2e-09

Ta-182 2.8e-03 1.7e-03 2.7e-03 3.9e-03 4.2e-03 3.1e-03 1.8e-03 3.0e-03 4Ae-03 4.8e-03

W-181 1.9e-07 1.2e-07 1.9e-07 2.6e-07 2.9e-07 2.2e-07 1.3e-07 2.1e.07 3.0e-07 3.3e-07

W-185 5.3e08 3.2e-08 5.1e-08 7.2e-08 7.9e-08 5.9e-08 3.4e-08 5.6e-08 8.2e-08 9.Oe-08

Os185 'S,9jW .'s I 4e03:i'= 8 '6e-O42g~i e->03 2*1.9e 03>'.e O3 I>.16e403 92d4 i .e3ik ;'2e03fre2.'40 43

Ir-192 1.5e-03 9.3e-04 1.5e-43 2.1 e-03 2.3e-03 1.7e403 i.Oe-03 1.6e-03 2.4e-03 2.6e-03

Tl-204 3.8e-07 2.3e-07 3.7e-07 5.2e-07 5.7e-07 4.2e-07 2.5e-07 4.1le-07 5.9e-07 6.5e-07

Pb-210 1.2e-06 7.6e-07 1.2e-06 1.7e-06 1.9e-06 1.4e-06 8.1e-47 1.3e406 1.9e406 2.1e-06

Bi-207 3Ae03 2.1e-03 3.3e-03 4.7e-03 5.le-03 3.8e-03 22e-03 3.7e-03 5.3e403 5.9e-03'
Po-2, Z4K,, e-8if Y 1.4.-0,8O.1ie-87.Oe-e8Z3.3e-O8 -jj_2.5e08 I.- .4e8 , 3.4e08- 3.8e-08

Ra-226 4.0e-03 2.4e-03 3.9e-03 5.5e-03 6.0e-03 4Ae403 2.6e-03 4.3e-03 6.2e-03 6.8e-03

Ra-228 2.0e-03 t.2e-03 1.9e-03 2.7e-03 3.0e-03 2.2e-03 1.3e-03 2.1 e-03 3.1e-03 3Ae-03

Ac-227 6.5e-04 4.0e-04 6.3e-04 8.9e-04 9.8e-04 7.3e-04 4.3e-04 7.0e-04 1.Oe-03 1.1 e-03
Th-228 3.3e-03 2.0e-03 3 .2 e-3 4 .6 e-3 5 .0e-03 3.7e-3 2.2e-03 3.6e-03 5.2e-03 5.7e03
.Th-22,9. ;J < 7=:4.5e04,,; 2.8e4w 4e Bi .7e-045 2- e-04 .8e-04 f.0so..7e04

Th-230 1.5e-07 9.2e-08 1.5e-07 2.1e-07 2.3e-07 1.7e07 9.9e-08 1.6e-07 2.3e-07 2.6e407

Th-232 2.6e-06 1.2e-06 2.5e-06 4.1 e-06 4.6e-06 2.9e-06 1.3e-06 2.7e406 4.6e-06 5.2e-06

Pa-231 5.5e-05 3.3e-05 5.3e-05 7.5e-05 8.2e-05 6.1 e-05 3.6e-05 5.8e-05 8.5e-05 9.4e-05

U-232 1.3e-05 6.1e-06 1.3e-05 2.1 e-05 2.3e45 1.5e-05 6.6e-06 1.4e-05 2.3e-05 2.7e-05

U-A233e2ie-0'O 1:3e-7. 2.e7' 2.9,e0 7- 3.2e-07 ;e7 ,2. 7- 30 7,'
U-234 2.8e-08 1.7e-08 2.7e-08 3.8e-08 4.2e-08 3.1e-08 1.8e-08 3.0e-08 4.3e-08 4.8e-08

U-235 1.8e-04 1.1e-04 1.7e-04 2Ae-04 2.6e-04 1.9e-04 I.Ie-04 1.9e-04 2.7e-04 3.0e-04

U-236 9.6e-09 5.9e-09 9.3e-09 1.3e-08 1.4e-08 I.1e-08 6.3e-09 1.0e-08 1.5e-08 1.6e-08

U-238 5.1e-05 3.1e-05 4.9e-05 7.0e405 7.6e-05 5.7e-05 3.3e-05 5.5e-05 7.9e-05 8.7e-05

Np-23fj-Oe:3.4e44 .2.e4 e-3=
Pu-236 1.3e-08 8.1e-09 1.3e-08 1.8e-08 2.0e48 1.5e-08 8.6e409 1.4e-08 2.0e-8 2.3e-08

Pu-238 3.8e-09 2.3e-09 3.7e-09 5.2e-09 5.7e-09 4.2e-09 2.5e-09 4.1 e-09 5.9e-09 6.5e-09

Pu-239 6.1e-08 3.8e-08 6.0e-08 8.4e-08 9.2e-08 6.8e-08 4.0e-08 6.6e-08 9.5e-08 1.1e-07

Pu-240 3.2e-09 t.9e-09 3.1 e-09 4.4e09 4.8e-09 3.5e-09 2.te-09 3.4e-09 4.9e-09 5Ae-09
-u--241 R' .7eO0 5..--'310-55eA0 5. . 8e-OSt8.I e-IO t .i.6.4e 0 j=2:i.7e, 061 '00',8.9h10 .8e

Pu-242 3.1 e-09 t.9e-09 3.0e-09 4.2e-09 4.6e-09 3.4e-09 2.0e-09 3.3e-09 4.7e-09 5.2e-09

Pu-244 7.2e-04 4.4e-04 6.9e-04 9.8e-04 1.te-03 8.0e-04 4.7e-04 7.7e-04 1.1e-03 1.2e-03

Am-241 1.1e407 6.7e-08 1.1 e-07 1.5e-07 t.6e-07 1.2e-07 7.2e-08 1.2e.07 1.7e-07 1.9e-07
Am-242m 1.1e405 7.0e-06 1.1 e-05 1.6e-05 1.7e-05 1.3e-05 7.5e-06 1.2e-05 1.8e-05 1 .9e-05

An 243, - , i.7e. ,.: t.14 i.7e-,;'2.4e,0 ,302.64 '-

Cm-242 6.3e-09 3.9e409 6.1e409 8.6e-09 9.4e-09 7.0e-09 4.1e409 6.7e-09 9.8e-09 1.te-08

Cm-243 1.3e-04 8.1e405 1.3e-04 1.8e-04 2.0e-04 1.5e-04 8.7e-05 1.4e404 2.1e-04 2.3e-04

Cm-244 5.6e-09 3.4e409 5Ae-09 7.6e-09 8.4e409 6.2e409 3.7e409 6.0e409 8.7e-09 9.6e409

Cm-245 4.6e-05 2.8e-05 4.5e405 6.3e-05 6.9e-05 5.1 e-05 3.0e405 4.9e-05 7.2e-05 7.9e-05

Cm-246 --- W6.9e-I3. 64 6e .:.13 12
Cm-247 6.3e-04 3.9e-04 6.te-04 8.6e-04 9.4e-04 7.0e-04 4.te-04 6.7e-04 9.8e-04 t.te-03

Cm-248 5.6e-13 3.4e-13 5.4e-13 7.6e-13 8.4e-13 6.2e-13 3.7e-13 6.0e-13 8.7e-13 9.6e-13

Bk-249 1.5e408 6.9e-09 1.4e-08 2.2e-08 2.5e408 1.6e-08 7.5e409 1.5e-08 2.5e-08 2.8e-08

Cf-248 4.5e-09 2.7e409 4.3e-09- 6.1e409 6.7e409 5.0e-09 - 2.9e-09 4.8e-09 7.0e-09 7.7e-09

Cf-249 - .' 6.3e-04 v 03.8e04 ,.6;te-04 8,6, , , 9.'e i'* 7;0e 4 _ 4.1-9.7e-04 1.11e.03.e4
Cf-250 2.3e-13 1.4e-13 2.2e-13 3.1e-13 3.4e-13- 2.5e-13 1.5e-13 2.4e-13 3.5e-13 3.9e-13

Cf-251 9.4e405 5.8e.05 9.1e-05 1.3e004 1.4e404 1.Oe404 6.2e-05 1.Oe-04 1.5e-04 1.6e004

Cf-252 6.3e409 3.9e409 6.1 e-09 8.7e-09 9.5e409 7.0e-09 4.1 e-09 6.7e-09 9.8e-09 1.1 e-08
Cf-254 3.9e402 2.4e402 3.8e-02 5Ae-02 5.9e.02 4.4e-02 2.6e-02 4.2e02 6.1 e-02 6.8e402

Es-254-' .- e'2.e-03' 13e43-:2.0e43-2.9e 03'-: 03 '-;'0-.2.'4eO3 -: t.ieO-3 '2.3e43>-3.3e-03 :3.6e03

Note: To convert these values to conventional units (mrem/y per pCVg or mremly per pCi/cm2), multiply by 3.7e-3
H_3 AU G _64
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Normalized Effective Dose Equivalents from Aluminum Appendix H- I

Table H1.19 Normalized effective dose equivalents from all pathways: Metal product-driver

Radionuclide Mass-based EDE (pSvly per Bq/g)5pq th 50th 90h 95th
Surficial EDE (tiSvly per Bq/cm2)

Mean 5th 50th 90th 95th
H-3 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
C-14 6.9e-12 1.7e-12 5.2e-12 1.4e-I1 1.8e-11 7.7e-12 1.8e-12 5.8e-12 1.6e-11 2.0e-11
Na-22 8.4e-06 2.0e-06 6.3e-06 1.7e-05 2.1e-05 9.3e-06 2.2e-06 7.1e-06 1.9e-05 2Ae-05
P-32 4.3e-08 3.le-09 2.2e-08 1.1e-07 1.6e-07 4.8e-08 3.5e-09 2.4e-08 1.2e-07 1.8e-07

1.5 10'j 4.96-1i.2e 10-- 328ei .35e j .ie-105.3e11,1,.36-10 i 3.10 iO' 3.9e'103;
CI-36 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
K-40 6.2e-07 1.5e-07 4.7e-07 1.2e-06 1.6e-06 6.9e-07 1.6e-07 5.2e-07 1.4e-06 1.8e-06
Ca-41 O.Oe+OO O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+00 0.0+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-45 8.6e-1 1.8e11 6.3e-I1 1.8e-10 2.3e-10 9.6e-11 2.0e-i 6.9e-1I 2.0e-10 2.6e-10

So'4E;-mO6+O OO+O.'Oe, O .'+<.eO,;'-1 0.0 '0i0.WOT .& +O6 O.Oe+O':.,t e+
Cr-51 8.8e-07 1.7e-07 6.3e-07 1.9e-06 2.5e-06 9.8e-07 1.8e-07 7.0e-07 2.1e-06 2.7e-06
Mn-53 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+OO O.Oe+00 O.Oe+OO O.Oe+00
Mn-54 6.9e-05 2.4e-05 5.6e-05 1.3e-04 1.6e-04 7.7e-05 2.6e-05 6.1e-05 1.4e-04 1.8e-04
Fe-55 8.9e-15 3.1e-15 7.2e-15 1.6e-14 2.1e-14 9.9e-15 3.4e-15 7.9e-15 1.8e-14 2.3e-14

Co-56 2.2e-04 7.0e-05 1.7e-04 4.le-04 5.le-04 2Ae-04 7.6e-05 1.9e-04 4.6e-04 5.8e-04
Co-57 6.0e-06 2.1e-06 4.9e-06 1.1e-05 1.4e-05 6.7e-06 2.3e-06 5.4e-06 1.2e-05 1.6e-05
Co-58 5.9e-05 1.8e-05 4.7e-05 1.1e-04 1.4e-04 6.5e-05 2.0e-05 5.1e-05 1.3e-04 1.6e-04
Co-60 2.2e-04 7.6e-05 1.8e-044 - e-04 5.1 e-04 2.4e-04 8.3e-05 2.0e-044.5e-045.7e-04

Ni-63 1.2e-12 4.3e-13 9.9e-13 2.2e-12 2.8e-12 1.4e-12 4.7e.13 1.1e-12 2.5e-12 3.2e-12
Zn-65 4.6e-05 1.6e-05 3.7e-05 8.4e-05 1.ie-04 5.1e-05 1.7e-05 4.1e-05 9.6e-05 1.2e-04
As-73 3.7e-08 1.1e-08 2.9e-08 7.1e-08 8.8e-08 4.1e-08 1.2e-08 3.2e-08 7.9e-08 9.9e-08
Se-75 1.9e-05 6.3e-06 1.5e-05 3.6e-05 4.5e-05 2.1e-05 6.8e-06 1.7e-05 4.1e-05 5.1e-05

3.03-00j: .7e07 06 - 3. S.6~Sr-, e>'s57,7r4.,.eOs'.8.3e 64, 0,,-TiT4>>r e '9
Sr-89 1.3e-08 2.3e-09 8.9e-09 2.6e-08 3.5e-08 1.4e-08 2.5e-09 9.9e-09 3.0e-08 3.9e-08
Sr-90 6.1e-08 1.3e-08 4.6e-08 1.3e-07 1.6e-07 6.8e-08 1.4e-08 5.1e-08 1.4e-07 1.8e-07
Y-91 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+0O O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr-93 4.6e-i3 3.9e-14 3.2e-13 1.0e-12 1.3e-12 5.1e-13 4.3e-14 3.6e-13 1.1e-12 i.5e-12

~-95~:~ A-22-05~L1.9e-0e:~ .80-05.'q:4.8e! 5'6.3e-05--aZ :I2.66-05,2 ~21e 6.-17-5;5eOL .eO
Nb-93m 4.4e-12 1.5e-12 3.5e-12 8.1e-12 1.0e-1I 4.9e-12 1.7e-12 3.9e-12 9.1e-12 1.1e-11
Nb-94 1.4e-04 5.0e-05 1.ie-04 2.6e-04 3.3e-04 1.6e-04 5.4e-05 1.3e-04 2.9e-04 3.6e-04
Nb-95 3.2e-05 7.6e-06 2.4e-05 6.5e-05 8.3e-05 3.5e-05 8.2e-06 2.6e-05 7.2e-05 9.2e-05
Mo-93 1.8e-11 6.0e-12 1.4e-11 3.3e-I1 4.1e-11 2.0e-11 6.6e-12 1.6e- 1 3.7e-11 4.6e-I
Tc-97- 4i.9e-11'- _1.7e-i1 ,,3.9lf1,1.9,;e- 1I1,,.'1e iO 5.5e,1 1. I .Oe-1 0' .1.3e''
Tc-97m 7.5e-09 2.4e-09 5.9e-09 1.4e-08 1.8e-08 8.3e-09 2.6e-09 6.6e-09 1.6e-08 2.0e-08
To-99 1.7e-09 5.8e-10 1.4e-09 3.2e-09 4.1e-09 1.9e-09 6.3e-10 1.Se-09 3.6e-09 4.5e-09
Ru-103 2.6e-05 6.7e-06 2.0e-05 5.2e05 6.6e-05 2.9e-05 7.3e-06 2.2e-05 5.8e-05 7.4e-05
Ru-106 2.2e-05 7.6e-06 1.7e-05 3.9e-05 5.0e-05 2.4e-05 8.2e-06 1.9e-05 4.4e-05 _ 5.6e-05
Ag- 08mi'5f' 1.7e-04 l 6.0e 05>-f1.f4-0 -.,3.16-k. 3.9e-0 ,W'.90 ,6.5e-5 5 1.5 4 .3.504 i.e ,
Ag-i11 m 2.6e-04 8.9e-05 2.1e-04 4.7e-04 5.9e-04 2.8e-04 9.6e-05 2.3e-04 5.3e-04 6.6e-04
Cd-109 1.2e-07 4.2e-08 9.5e-08 2.2e-07 2.7e-07 1.3e-07 4.5e-08 1.1e-07 2Ae-07 3.le-07
Sn-113 1.5e-05 4.7e-06 1.2e-05 2.7e-05 3.4e-05 1.6e-05 5.1e-06 1.3e-05 3.1e-05 3.8e-05
Sb-124 8.4e-05 2.5e-05 6.5e-05 1.6e-04 2.0e-04 9.3e-05 2.7e-05 7.2e-05 1.8e-04 2.3e-04
SbA125V i;, .0e60 2-61.0052.4 & 5'5.66- O ,''7.O6-O5.,: .4e05.1 00
Te-123m 5.8e-06 1.9e-06 4.7e-06 1.1e-05 1.4e-05 6.5e-06 2.1e-06 5.2e-06 1.2e-05 1.5e-05
Te-127m 2.9e-07 9.4e-08 2.3e-07 5.5e-07 6.9e-07 3.2e-07 1.0e-07 2.6e-07 6.1e-07 7.7e-07
1-125 O.Oe+O0 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
1-129 0.Oe+00 O.Oe+OO 0.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+OO
I-i3t;;;rf - --7.Oe+00' .0e+00'O.O0e 0-0Oe+0 0 0.00 ' F- .O -. 0e+O- O.Oe+OOv~, .Oe+O ,-0.oe+O0 0;0e+0Cs-ij 34 0O+0 00.0 .e 0.O0e +00 0o.0.0 .e+0 0O+0 .e000+0 .00
Cs-134 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+OO O.Oe+00
Cs-135 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 0.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
Cs-137 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Ba-133 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+O0
C19>,t ' 3.3e-7,-'- 7.8,-OB 25-7C;, 6.6eO-07,-' 8.5e7 '-'. 3.707-' ,''8.-6 08- 2.8'e07' 7.3'e07i. 9.5e-07 '
Ce-141 8.7e-08 1.5e-08 5.9e-08 1.8e-07 2.5e.07 9.6e-08 1.7e-08 6.6e-08 2.0e-07 2.8e-07
Ce-144 1.7e-07 4.2e-08 1.3e-07 3.5e-07 4.4e-07 1.9e-07 4.6e-08 1.5e-07 3.9e-07 5.0e-07
Pm-147 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+0O O.Oe+00
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Appendix H-1 Normalized Effective Dose Equivalents from Aluminum

Table H1.19 Normalized effective dose equivalents from all pathways: Metal product-driver

Radionuclide Mass-based EDE (pSv/y per Bq/g) Surficial EDE (pSvly per Bq/cm2 )
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

SM-151 O.Oe+OO O.Oe+OO 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
iu152;''-',.,;.eO,-.Oe O.eO ,07 '00+ t,.O+d,^.'~ -O^e+O--,'4 ~r OeO±

Eu-154 O.Oe+0O 0.Oe+00 0.0e+00 0.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
*Eu-155 -0.Oe+00 O.Oe+00 0.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Gd-153 O.Oe+O0 O.Oe+00 O.Oe+0 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00
Tb-1 60 O.Oe+O O.eO O.Oe+ OO O.Oe+0 OO O.Oe+0 O.Oe+00 O.0e+00 e 0.e+O0 O.Oe+O00 O.e+00
Tr1,700 0e+0 .0e+,0 o '.0 O.Oe+

Trm-171 O.Oe+00 0.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ta-182 6.9e-05 2.2e-05 5.5e-05 1.3e-04 1.6e-04 7.7e-05 2Ae-05 6.1e-05 1.5e-04 1.8e-04
W-181 3.7e-07 1.2e-07 3.0e07 7.0e-07 8.7e-07 4.1e-07 1.3e47 -3.3e-7 7.8e07 9.8e-07
W-185 3.7e-09 1.1 e-09 2.9e-09 7.1e-09 8.8e-09 4.1e-09 1.2e-09 3.2e-09 8.0e-09 9.9e-09
Os-,18>^,>>,>3;5v05m1 .ie',05 '4 . 4 .05 1 s-OS ; 7 .4e45,
Ir-192 4.0e-05 1.2e-S05 3.1 e-05 7.6e-05 9.6e-05 4.4e-05 1.3e-05 3.5e-05 8.5e-05 1.1e-04
Tl-204 4.5e-08 1.5e-08 3.6e-08 8.5e-08 1.1e-07 5.1e-08 1.7e-08 4.0e-08 9.4e-08 1.2e-07
Pb-210 8.0e-08 2.7e-08 6.3e-08 1.5e-07 1.9e-07 8.9e-08 2.9e-08 7.0e-08 1.7e-07 2.1e-07
Bi-207 1.1e-04 3.7e-05 8.7e-05 2.0e-04 2.5e-04 1.2e-04 4.0e-05 9.7e-05 2.3e-04 2.8e-04
POt;210,:', ' 2,j e5.8e-,10 ,.9e^o;B4 6e-64e9 -''4eii L.'.0 ,'0''. J t
Ra-226 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ra-228 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0
Ac-227 7.2e-06 1.3e-06 5.2e-06 1.5e-05 1.9e-05 8.0e-06 1 Ae-06 5.8e-06 1.7e-05 2.2e-05
Th-228 2.6e-05 4.8e-06 1.9e-05 5.4e45 _7.0e-05 2.9e-05 5.4e-06 2.1e-05 6.0e-05 7.9e-05
Tjh-229,6LY 4.9e-6- t .0 7 0 7A3.6e-06 L.Oe-05f 'i.-5_ 0
Th-230 4.8e-09 8.7e-10 3.5e09 1.Oe-08 1.3e-08 5.4e-09 9Ae-10 3.8e-09 I.1e-08 1.5e-08
Th-232 2.5e-07 2.7e-08 1.6e07 5.7e-07 7.8e-07 2.8e-07 2.9e-08 1.8e-07 6.4e-07 8.8e-07
Pa-231 2.3e-06 7.8e-07 1.9e-06 4.3e-06 5.3e-06 2.6e-06 8.5e-07 2.0e-06 4.8e-06 6.0e-06
U-232 1.2e-06 1.5e-07 8.3e-07 2.7e-06 3.6e-06 I.4e-06 1.7e-07 9.2e-07 3.0e-06 4.0e-06
U-233,t,4-.tz3.2e-09,.w .5e- 4.4e-0.6.'4e09,-8.1e-O9 , , .
U-234 8.6e-I 0 2.0e-1 0 6.5e-1 0 1.7e-09 2.2e-09 9.6e-10 22e-1 0 7.2e-10 1.9e-09 2.5e-09
U-235 2.7e-06 6.3e-07 2.0e-06 5.4e-06 6.9e-06 3.0e-06 6.9e-07 2.3e-06 6.1e-06 7.7e-06
U-236 3.6e-10 8.5e-1 2.7e-10 7.3e-10 9.2e-10 4.0e-10 9.3e-1I 3.0e-10 8.2e-10 1.0e-09
U-238 5_3e47 1.2e-07 4.0e-07 1.1e-06 1.3e-06 5.9e-07 1.4e-07 4.4e07 1.2e-06 1.5e-06

N>37^3.9e-066--'7i2e '0. , e,,,'Oe-0 ^,' .3 e- 0 e0 , 4 '1245

Pu-236 2.8e-10 6Ae-11 2.1e-10 5.6e-10 7.1e-10 3.1e-10 6.9e-11 2.4e-10 6.2e-10 8.0e-i0
Pu-238 1.3e-10 2.9e-11 9.6e-I 2.5e-10 3.2e-10 1.4e-10 3.1e-I1 I,.1e-10 2.8e-10 3.6e-10
Pu-239 8.5e-10 2.0e-10 6.5e-10 1.7e-09 2.2e-09 9.5e-10 2.1e-I0 7.2e-10 1.9e-09 2Ae-09
Pu-240 1.2e-10 2.8e-1I 9Ae-11 2.5e-10 3.2e-10 I Ae-10 3.1e-II 1.Oe-10 2.8e-10 3.5e-10
Pu2,41>i;e .6.4, 3.2ii-6e-1 I 86.1e 1,, ";-@i ,2 j2.5eI ij6.9e _1I,2... 9ie,,11 ',

Pu-242 1.2e-10 2.8e-1I 9.2e-11 2Ae-10 3.1e-10 IAe-I0 3.0e-iI 1.0e-10 2.7e-10 3.5e-10
Pu-244 6.6e-06 1.5e-06 5.Oe-06 1.3e-05 1.7e-05 7.3e-06 1.6e-06 5.6e-06 *.5e-05 1.9e-05
Arn-241 7.4e-08 iAe-08 5.4e08 1.5e-07 2.0e-07 8.2e-08 1.5e-08 6.0e-08 1.7e-07 22e-07
Am-242m 1.9e-07 3.6e-08 1.4e-07 4.0e-07 5.3e-07 2.2e-07 4.0e-08 1.6e-07 4.5e-07 5.9e-07
Am-24,3-',2,'> 2.8e-06 -5.2e-O7,-2.1 .06- e 5.7e46 §7.6e-6': 3.ie-06, 57e-7-+i 3e4 64e6''-8 6-
Cm-242 9.2e-11 1.7e-11 6.8e-11 1.9e-10 2.5e-10 1.0e-10 1.8e-1I 7.6e-ii 2.1e-10 2.8e-10
Cm-243 1.8e-06 3.4e-07 iAe-06 3.8e-06 4.9e-06 2.1e-06 3.7e-07 1.5e-06 4.2e-06 5.6e-06
Cm-244 9.0e-11 1.6e-11 6.7e-1 1.8e-10 2.4e-10 I.Oe-10 1.8e-11 7.4e-I I 2.1e-10 2.7e-10
Cm-245 1.1e-06 2.0e-07 8.1e-07 2.2e-06 2.9e-06 1.2e-06 2.2e-07 9.0e-07 2.5e-06 3.3e-06
Cm2i46e-1.8 i._."3.3e-,12.3 v , 3.7e1'-i. 8 I,-,t~,1b.e1>5 ji,..e- ,S.
Cm-247 6.3e-06 1.1e-06 4.7e406 1.3e-05 1.7e405 7.1e-06 1.3e-06 5.2e-06 1.5e-05 1.9e-05
Cm-248 1.6e-1 2.9e-12 1.2e-11 3.3e-1 4.2e-i1 -1.8e-I 3.2e-12 1.3e-11 3.6e-I 4.8e-11i
Bk-249 iAe-09 1.6e-10 9.2e-10 3.1e-09 4.3e-09 1.6e-09 1.8e-10 i.Oe-09 3.5e-09 4.9e-09
Cf-248 1.8e-10 3.3e-1i 1.3e-10 3.8e-10 5.0e-1 0 2.0e-10 3.6e-11 1.4e-10 4.2e-10 5.6e-10

-24 1.I9-0, 6e- .' ,i.,3eOS5 1i.7e-05 . 6.9e06g.306 ,SO,-6.-i.e' S 0
Cf-250 1.5e-II 2.7e-12 1.1e-11 3.1e-11 4.0e-11 1.6e-11 3.0e-12 1.2e-II 3.4e-I1 4.5e-1
Cf-251 1.6e-06 2.9e-07 1.1e-06 3.2e-06 4.2e-06 1.7e-06 3.2e-07 1.3e-06 3.6e-06 4.8e406
Cf-252 1.8e-10 3.3e-il 1.3e-10 3.7e-10 4.9e-10 2.0e-10 3.7e-1I1 1Ae-10 4.2e-10 5.5e-10
Cf-254 2.1e-04 3.6e-05 1.Se-04 4.5e-04 6.1e-04 2.4e-04 3.9e-05 1.7e-04 5.1e-04 6.8e-04
Es-254'', To -1.6e-rt - 2.9es 6' conv2entiona .3e-05 : : 4.3e-05 *.r-p1.8er05 , om2e-6.er.3e-Oml ; 3.7e4 05 by4.8e- 05
Note: To convert these values to conventbonal units (mrem/y per pCilg or mrem/y per pCi/cm2). mulb'ply by 3.7e-3

H-39 NUREG-l 640
H-39 NUREG-1640



Non-nalized Effective Dose Equivalents from Aluminum Appendix H- I
Table H1.20 Normalized effective dose equivalents from all pathways, Dross truck-driver

Radionucilde - Mass-based EDE (pSv/y per Bgqg)
Mean 5th . 50th 90th 95th

Surficial EDE (uSvty per BqIcm2)
Mean 5th 50th 90th 95th

H-3 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
C-14 1.2e-07 2.5e-08 9.5e-08 2.3e-07 2.8e-07 1.3e-07 2.7e-08 1.0e-07 2.6e-07 3.1e-07
Na-22 1.5e-03 5.7e-04 1.4e-03 2.6e-03 3.0e-03 1.7e-03 6.2e-04 1.5e-03 2.9e-03 3.4e-03
P-32 1.9e-08 1.1e-09 9.0e-09 5.1e-08 7.3e-08 2.2e-08 1.2e-09 9.9e-09 5.6e-08 8.1e-08

S-35kL 0,~-~<d.0e'iO7 .0e+O ' _0.00+0-6 0 00e '-'- 0.00+0: t0 .Oe'.,0.06+00 ~ 0.' .Oe+ 0,
CI-36 9.2e-07 2.9e-07 8.0e-07 1.6e-06 2.0e-06 1.0e-06 3.2e-07 8.8e-07 1.8e-06 2.2e-06
K-40 1.2e-04 4.4e-05 1.1e-04 2.0e-04 2.3e-04 1.3e-04 4.8e-05 1.2e-04 2.3e-04 2.6e-04
Ca-41 6.8e-08 1.4e-08 5.5e-08 1.4e-07 1.6e-07 7.6e-08 1.5e-08 6.1e-08 1.5e-07 1.8e-07
Ca-45 1.8e-07 4.1e-08 1.4e-07 3.4e-07 4.2e-07 2.0e-07 4.5e-08 1.6e-07 3.8e-07 4.7e-07

S 'g,^,*-*>:-,.8.7e-4 ',~3 0,6,4 -+,.e, e09732',-8iA >~ . 3
Cr-51 6.5e-07 9.5e-08 4.5e-07 1.4e-06 1.9e-06 7.2e-07 1.0e-07 5.0e-07 1.6e-06 2.1e-06
Mn-53 1.0e-09 1.9e-10 7.7e-10 2.1e-09 2.8e-09 1.1e-09 2.1e-10 8.6e-10 2.4e-09 3.1e-09
Mn-54 3.9e-05 1.1e-05 3.3e-05 7.4e-05 8.8e-05 4.4e-05 1.2e-05 3.6e-05 8.3e-05 9.9e-05
Fe-55 3.4e-09 6.3e10 2.6"-09 7.0e-09 8.9e-09 3.8e-09 7.0-10 2.9e-09 7.85-09 1.5e-08

.3e:0505-7_ . 20o-.8:e5.1 -05.d.4--5
Co-56 1.1e-04 2.7e-05 8.8e-05 2.1e-04 2.5e-04 1.2e-04 3.0e-05 9.8e-05 2.3e-04 2.8e-04
Co-57 3.3e-06 8.8e-07 2.7e-06 6.2e-06 7.4e-06 3.6e-06 9.6e-07 3.0e-06 6.9e-06 8.3e-06
Co-58 2.7e-05 6.6e-06 2.2e-05 5.2e-05 6.4e-05 3.0e-05 7.4e-06 2.5e-05 5.8e-05 7.1e-05
Co-60 14e-04 3.7e-05 1.2e-04 2.6e-04 3.1e-04 1.5e-04 4.1e-05 1.3e-04 2.9e-04 3.5e-04

8.4599j, 8e-O9 .5e-10 2 .5 ,e-0_163.0e-09,8-7, .4e-09~ '.4e
NI-63 6.2e-09 1.1e-09 4.6e-09 1.2e-08 1.6e-08 6.9e-09 1.2e-09 5.1e-09 1.4-08 1.8e-08
Zn-65 2.6e-05 7.0e-06 2.2e-05 5.0e-05 6.0e-05 2.9e-05 7.7e-06 2.4e-05 5.6e-05 6.8e-05
As-73 4.9e-08 1.1e-08 3.9e-08 9.6e-08 1.2e-07 5.4e-08 1.2e-08 4.3e-08 1.1e-07 1.3e-07
Se-75 2.4e-05 5.3e-06 2.Oe-05 4.8e-05 5.9e-05 2.7e-05 5.9e-06 2.2e-05 5.4e-05 6.6e-05

S 8C-,-Tn >'-';.6' ',51' 0;'.''.e4,,i-2.8e -''34eW,- f ,'-18e, 5.6e 0SW,--1;504',..f 2e ,+;>3.7e,,0t
Sr-89 7.1e-07 2.1e-07 6.1e-07 1.3e-06 1.6e-06 7.9e-07 2.3e-07 6.7e-07 1.5e-06 1.8e-06
Sr-90 1.4e-05 4.1e-06 1.2e-05 2.5e-05 3.0e-05 1.5e-05 4.5e-06 1.3e-05 2.8e-05 3.3e-05
Y-91 2.4e-06 7.5e-07 2.1e-06 4.3e-06 5.1e-06 2.7e-06 8.2e-07 2.3e-06 4.9e-06 5.7e-06
Zr-93 6.6e-07 5.5e-08 4.5e-07 1.5e-06 2.0e-06 7.4e-07 6.1e-08 5.0e-07 1.6e-06 2.2e-06
Z-95,,-, ,': f.''1.9e-osx2.2eb..0'e-04 >i .0~4~ .9e-0, 2 ..Ž-2,,i2e4 r 1 .e',0 ; ,ij, - 4.4
Nb-93m 4.5e-08 7.2e-09 3.2e-08 9.5e-08 1.3e-07 5.0e-08 8.0e-09 3.6e-08 1.1e-07 1.4e-07
Nb-94 8.7e-05 2.3e-05 7.2e-05 1.7e-04 2.0e-04 9.7e-05 2.5e-05 8.0e-05 1.8e-04 2.2e-04
Nb-95 1.1e-05 2.2e-06 8.3e-06 2.3e-05 2.9e-05 1.2e-05 2.4e-06 9.3e-06 2.5e-05 3.2e-05
Mo-93 9.9e-08 1.4e-08 6.9e-08 2.1e-07 2.8e-07 1.1e-07 1.6e-08 7.6e-08 2.4e-07 3.2e-07

_c-7-.F S- 1~.'-9J5s0..,'0'0B.7,r.-20-08, 4._6o09731~ 3e .3+09,97-9.13-
Tc-97m 2.2e-08 4.4e-09 1.7e-08 4.4e-08 5.6e-08 2.4e-08 4.8e-09 1.9e-08 4.9e-08 6.2e-08
Tc-99 3.7e-08 6.3e-09 2.7e-08 7.8e-08 1.0e-07 4.1e-08 7.0e-09 3.0e-08 8.6e-08 1.1e-07
Ru-103 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ru-1 06 O.Oe+OO O.Oe+00 O.Oe+O0 O.Oe+OO OO0+00 O.Oe+OO O.Oe+OO00 O.Oe+00 O.Oe+00 O.Oe+00
A-108mC! '.,O .009+ 00'.Z0O.e+00 *.Oo+007 <- o.0e+06"O0.0e*00.-;. .0+0o.Oe+ 0.4 0 6bo'I
Ag-110m O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cd-109 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sn-113 1.8e-05 4.0e-06 1.Se-05 3.7e-05 4.5e05 2.1 e-05 4.3e-06 1.7e-05 4.1e 05 5.1e-05
Sb-124 9.7e05 1.9e-05 7.7e-05 2.0e-04 2.4e-04 1.1e04 2.1e05 8.5e-05 2.2e04 2.7e-04
Sb-i25,,' ;4.5e059..00'* ,, 3.6e-0 2 8e4o05,- _1.ie44 ;-,".5.0e4 9. e-05 2-
Te-123m 7.4e46 1.7e-06 6.0e-06 1.5e05 1.8e-05 8.3e-06 1.8e06 6.7e-06 1.6e-05 2.0e-05
Te-127m 4.4e-07 9.8e-08 3.6e-07 8.6e-07 1.1e-06 4.9e-07 1.1e-07 4.0e-07 9.6e-07 1.2e06
1-125 6.9e-07 1.2e-07 5.3e-07 1.4e-06 1.8e-06 7.7e-07 1.4e07 5.9e-07 1.6e-06 2.0e-06
1-129 1.1e05 1.9e06 8.4e06 2.2e-05 2.6e-05 1.2e05 2.1e-06 9.3e-06 2.4e-05 2.9e-05
i-13i, ',,b '-'i1.70064 1.60-08 .'3.6e47 5.3e-05 . 8.2e-06 9oe6-ŽJt70 -08r4.8 -e7 ' ;9o66 <9.Uw08
Cs-134 1.e-03 4.1e-04 1.0e-03 1.9e-03 2.2e-03 1.2e-03 4.5e-04 1.1e03 2.1e-03 2.4e-03
Cs-135 3.6e-07 7.2e-08 3.0e07 7.3e-07 8.8e-07 4.0e07 7.9e-08 3.2e-07 8.2e-07 9.9e-07
Cs-137 4.3e-04 1.6e-04 3.9e-04 7.4e-04 8.3e-04 4.8e04 1.7e-04 4.3e-04 8.2e-04 9.4e-04
Ba-133 2.3e-04 8.6e-05 2.1e-04 4.0e-04 4.5e-04 2.6e-04 9.3e-05 2.3e-04 4.4e-04 5.1e-04
Ce 139Q.'-- 5.0e45-:21.8e05 .4:50-5 ,8.7e-0 9.9e-05 -. 5.6e4-0 2o005.4.9e 05- - 9.8e 05-.-.'1e04
Ce-141 8.4e-06 2.0e-06 6.6e-06 1.7e-05 2.1e-05 9.3e-06 2.2e-06 7.3e-06 1.9e-05 2.3e-05
Ce-144 3.7e05 1.4e-05 3.3e-05 6.4e-05 7.2e-05 4.1e-05 1.5e05 3.7e-05 7.1e-05 8.1e-05
Pn-147 5.6e-07 1.2e-07 4.3e-07 1.1e-06 1.5e-06 6.2e-07 1.3e-07 4.7e-07 1.2e-06 1.6e-06

NUREG 1640H-40NUREG-1640 H-40



Appendix H-1 . Normalized Effective Dose Equivalents from Aluminum

Table H-120 Normalized effective dose equivalents from all pathways: Dross truck-driver _

Radionuclide Mass-based EDE (pSv/y per BgIg) Surficial EDE (pSv/y per Bq/crnm)
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

SM-151 6.5e-07 1.3e-07 4.9e-07 1.3e-06 1.7e-06 7.2e-07 I1Ae-07 5.4e-07 1.4e-06 1.9e-06
Eu-i 52 - , 8.6e-O4 7-03 4
Eu-1 54 8.4e-04 3.1e-04 7.5e-04 1.4e-03 1.6e-03 9.3e-04 3.4e-04 8.3e-04 1.6e-03 1.8e-03
Eu-i 55 1.7e-05 6.3e-06 1.5e-05 2.9e-45 3.3e-05 1.9e-05 6.9e-06 1.7e-05 3.3e-05 3.7e-05
Gd-153 1.7e-05 6.2e-06 1.5e-05 2.9e-05 3.3e-05 1.9e-05 6.8e-06 1.7e.05 3.3e-05 3.7e-05
Tb-160 4.3e-04 1.4e-04 3.8e-04 7.7e-04 9.1e-04 4.8e-04 1.6e-04 4.2e-04 8.7e-04 1.Oe-03
Tr'i7O,- .-. 1 3eJ4 6 .3e. 7, '1.,1e-06 .22e- -. 6e-06.4,,e-6 _i4i.7e7 J_ 1 .2e 'g .9

Tm-171 2.5e-07 6.8e-08 2.1e-07 4.7e-07 5.9e-07 2.8e-07 7.5e-08 2.3e-07 5.2e-07 6.5e-07
Ta-i 82 9.4e-05 2.1 e-05 7.6e-05 1.9e-04 2.3e-04 1 .Oe-04 2.3e-05 8.5e-05 2.1 e-04 2.6e-04
W-181 4.6e-07 I.Oe-07 3.8e-07 9.1e-07 1.1e-06 5.2e-07 1.1e-07 4.2e-07 1.0e-06 1.2e-06
W-185 9.9e-09 1.8e-09 7.6e-09 2.0e-08 2.5e-08 1.1 e-08 2.0e-09 8.5e-09 2.2e-08 2.8e-08

Xi5^.';>,--4.5e 0 5 9.e 6 'S;36 A ,'. 5 .11 ;505' ,1i0 .5'+99,e4
Ir-192 4.7e-05 9.7e-06 3.7e-05 9.3e-45 1.1e-04 52e-05 1.1e-05 4.1e-05 1.1e-04 1.3e-04
TI-204 8.9e-08 2.0e-08 7.4e-08 1.7e-07 2.1e-07 9.9e-08 2.2e-08 8.1e-08 1.9e-07 2.4e-07
Pb-210 1.1e-04 1.8e-05 8.2e-05 2.4e-04 3.1e-04 1.2e-04 1.9e-05 9.0e-05 2.6e-04 3.4e-04
Bi-207 1.7e-04 3.8e-05 1.4e-04 3.4e-04 4.1e-04 1.9e-04 42e-05 1.6e-04 3.7e-04 4.6e-04

7- --4.-Fpo-210 ~-' ' ^.22.7e054e0619-05'i 6 G s 5.6e-05, ''7.3e-0 .3.e-5-,4.4e-06W; 2.ie-05 S62e-5 _| .j82

Ra-226 1 .6e-03 5.8e-04 I Ae-03 2.7e-03 3.0e-03 1 .7e-03 6.3e-04 1 .6e-03 3.0e-03 3.4e-03
Ra-228 1.2e-03 4.2e-04 1.1e-03 2.2e-03 2.5e-03 1.4e-03 4.6e-04 1.2e-03 2.4e-03 2.9e-03
Ac-227 3.0e-02 5.9e-03 2.3e-02 6.1 e-02 82e-02 3.4e-02 6.5e-03 2.5e-02 6.8e-02 9.0e-02
Th-228 _ 4.9e-03 12e-03 3.8e-03 9.5e-03 1.2e-02 5.5e-03 1.3e-03 4.3e-03 11e-02 1.4e-02
Th229' u . 3.7e-02:, 22.8e-02 ;,:7.6e-02 i 9.9-2'4:42 .8e0i3.' 3.1 e02 - r1.i e0,

Th-230 5.6e-03 I.Oe-03 4.2e-03 1.1 e-02 1.5e-02 6.2e-03 1.2e-03 4.6e-03 1.3e-02 1.7e-02

Th-232 2.8e-02 5.3e-03 2.1 e-02 5.7e-02 7.Se-02 3.1 e-02 5.8e-03 2.3e-02 6.4e-02 8.5e-02

Pa-231 4.2e-03 5.7e-44 2.9e-03 9.2e-03 1.2e-02 4.7e-03 6.2e-04 3.2e-03 1.0e02 1.4e-02

U-232 1.1e-02 2.1e-03 8.1e-03 2.2e-02 2.9e402 1.2e02 2.3e-03 9.0e-03 2.4e-02 3.2e-02
U-233-' , 2-,,.2.2e-03 E4.i.e, ,4.i,.6e43, ~~4.ie43 '-.5.8e,43 ;~2.ie,43 4.5e04,- ,-1.8e-03 t.49 -3:z6.e4O3,

U-234 2.1e-03 4.0e-04 1.6e-03 4.3e-03 5.6e-03 2.4e-03 4Ae-04 1.8e03 4.8e03 6.2e-03

U-235 2.0e-03 4.1 e-04 1.5e-03 4.1 e-03 5.3e-03 2.3e-03 4.5e-04 1.7e403 4.5e403 5.9e-03

U-236 2.0e-03 3.8e-04 1.5e03 4.0e-03 5.3e-03 22e-03 4.2e-04 1.7e-03 4.5e-03 5.9e-03

U-238 1.9e-03 3.7e44 Ae-03 3.8e-03 5.1 e-03 2.1 e-03 4.0e-04 1.6e-03 4.3e-03 5.6e-03
Np-27 - >,,. 9.5e-03);-9I,,1.9e03S..7.13 3 7 -,2.9-02 .-2.Se- .ie-02 203
Pu-236 2.2e-03 4.3e-04 1.7e03 4.5e-03 5.9e-03 2.5e-03 4.7e-04 1.9e-03 5.1e-03 6.6e-03

Pu-238 6.3e-03 1 .2e-03 4.8e-03 1 .3e-02 .7e-02 7.0e-03 1 .3e-03 5.3e-03 i Ae-02 1 .9e-02

Pu-239 6.9e-03 1.3e-03 52e-03 1.4e-02 1.8e-02 7.7e-03 1.5e-03 5.8e-03 1.6e-02 2.0e-02

Pu-240 6.9e-03 1.3e-03 5.2e403 Ae4-02 1 .8e-02 7.7e-03 I .5e03 5.8e-03 1.6e-02 2.0e02

Pu-242 6.6e-03 1.3e-03 5.0e-03 1.3e-02 1.8e-02 7Ae-03 1.4e-03 5.5e-03 1.5e-02 1.9e-02

Pu-244 6.7e-03 1 .4e-03 5.1 e-03 1.3e-02 1 .7e-02 7.5e-03 1 .5e-03 5.7e-03 1 .5e-02 1 .9e-02

Arn-241 7.7e-03 i.5e-03 5.8e-03 1.6e-02 2.1e-02 8.6e-03 1.6e-03 6Ae-03 1.7e-02 2.3e02
Am-242m 7.7e-03 1.Se-03 5.7e-03 1.6e-02 2.0e-02 8.5e-03 1.6e-03 64e-03 1.7e-02 2.2e-02
Am-24i '--,-'7.7 - 3303 5.8e-3 1,i.6e-02 -' 2.1e-02 '-" 8.6e-03-,Ij.6-O03 i6.5e-03 7e-02 -0223e-02*
Cm-242 2.3e-04 4.4e-05 1.7e-04 4.6e-04 6.2e-04 2.6e-04. 4.8e-05 1.9e-04 5.2e-04 6.9e-04
Cm-243 5Ae-03 1.1e-03 4.0e-03 1.1e-02 1.4e-02 6.0e-03 1.2e-03 4.5e-03 1.2e-02 1.6e-02
Cm-244 4.3e-03 8.3e-04 3.2e-03 8.6e-03 1.1 e-02 4.8e-03 9.0e-04 3.5e-03 9.6e-03 1.3e-02

Cm-245 7.9e-03 1.6e-03 5.9e-03 1 .6e-02 2.1 e-02 8.8e-03 1.7e-03 6.6e-03 1.8e-02 2.4e-02
Cm-246,''7,- ',7- -.5e43j[5.8e-,03 .6e- 23l02 ,' 2' .7'43 i.7e , 3 6.5-03 1.8e-02 '2.3 2 02'

Cm-247 7Ae-03 I .5e03 5.6e-03 1.5e-02 2.0e-02 8.2e-03 1.6e-03, 6.2e-03 1.6e-02 2.2e-02

Cm-248 2.9e-02 5.6e03 2.1e-02 5.8e-02 7.7e02 3.2e-02 6.1e-03 2.4e-02 6.5e-02 8.5e-02

Bk-249 2Ae-05 4.7e-06 1 .8e-05 4.9e-05 6.5e-05 2.7e-05 5.1 e-06 2.Ge-05 5.5e-05 7.1 e-05

Cf-248 6.9e-04 1.3e-04 5.2e4.4 1Ae-43 I.8e403 7.7e44 1.5e-04 5.8e-04 -1.6e-03 2.0e-03
Cf-249', -'1.0"2i e2.0et,03 -¼7,.7,3'-,-,I02 ; 2.7e-02 1.e42-22-3 38.6-3 ,23 2- 30e-02
Cf-250 4.5e-03 8.6e-04 3.4e-03 9.1 e-03 1.2e-02 5.Oe-03 9.5e-04, 3.8e-03 1.0e-02 1.3e-02

Cf-251 1.0e-02 2.0e03 7.7e-03 2.1e-02 2.7e-02 1.1e-02 2.2e03 8.6e-03 2.3e-02 3.0e-02

Cf-252 2.3e-03 4.4e-04 1 .7e-03 4.6e-03 6.0e-03 2.5e-03 4.7e-04 1 .9e-03 5.1 e-03 6.7e-03
Cf-254 6.9e403 2.1e-03 5.9e-03 1.3e-02 I.5e-02 7.7e-03 2.3e-03 6.5e-03 _1.4e-02 1.7e-02
Es-254 i ~- ~:- - 1.1e43..304.-9.4e-04::''2.0e-03 2.5e-3 -ir J2e43 ,-3.6e44 ^0-- 3 '2.2e-03 '' 2.7e-03<

Note: To convert these values to conventional units (mrenly per pCi/g or mrem/y per pCi/cm2), multiply by 3.7e-3
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Normalized Effective Dose Equivalents from Aluminum Appendix H- I
Normalized Effective Dose Equivalents from Aluminum Appendix H-i

Table H1.21 Normalized effective dose equivalents from external exposure: Dross truck-driver

Radionuclide - Mass-based EDE (pSvyy per Bq/g)
Mean 5th 50th 90th 95th

Surficial EDE (pjSvly per Bq/cm2)
Mean 5th 50th 90th 95th

H-3 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+-00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
C-14 1.0e-09 3.8e-10 9.3e-10 1.8e-09 2.0e-09 1.1e-09 4.2e-10 1.0e-09 2.0e-09 2.3e-09
Na-22 1.5e-03 5.7e-04 1.4e-03 2.6e-03 3.0e-03 1.7e-03 6.2e-04 1.5e-03 2.9e-03 3.4e-03
P-32 1.6e-08 8.6e-10 7.4e-09 4.2e-08 6.0e-08 1.8e-08 9.6e-10 8.2e-09 4.6e-08 6.6e-08
', - ' .'-006o Oe ' OO O 0.Oe+OO 0,' O .0e+O0 0 .
CI-36 3.5e-07 1.3e-07 3.1e-07 5.9e-07 6.8e-07 3.8e-07 1.4e-07 3.4e-07 6.7e-07 7.6e-07
K-40 1.2e-04 4.4e-05 1.le-04 2.0e-04 2.3e-04 1.3e-04 4.8e-05 1.2e-04 2.3e-04 2.6e-04
Ca-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-45 4.7e-09 1.7e-09 4.2e-09 8.1e-09 9.3e-09 5.2e-09 1.9e-09 4.6e-09 9. e-09 1.0e-08
Sc-46 j- 8.7e-044,1- 3.064o4 76 e-04,6 1.50.3J 3O'f '3ie-04 , 8 ; 12.0
Cr-51 6.5e-07 9.5e-08 4.5e-07 1.4e-06 1.9e-06 7.2e-07 1.0e-07 5.0e-07 1.6e-06 2.le-06
Mnr53 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mn-54 3.9e-05 1.e-05 3.3e-05 7.4e-05 8.8e-05 4Ae-05 1.2e-05 3.6e-05 8.3e-05 9.9e-05
Fe-55 5.1e-15 1.3e-15 4.2e-15 9.5e-15 1.1e-14 5.6e-15 1.5e-15 4.7e-15 1.1e-14 1.3e-14
Fe-S9 ->, e ,'r 2.3o-05__5.1e0 61 .8;505e 5.7-05,5o- 5.56-08 !2.0o j-Se 55 ,6'.05r
Co-56 1.1e-04 2.7e-05 8.8e-05 2.1e-04 2.5e-04 1.2e-04 3.0e-05 9.8e-05 2.3e-04 2.8e-04
Co-57 3.3e-06 8.7e-07 2.7e-06 6.2e-06 7.4e-06 3.6e-06 9.6e-07 3.0e-06 6.9e-06 8.2e-06
Co-58 2.7e-05 6.6e-06 2.2e-05 5.2e-05 6.4e-05 3.0e-05 7.4e-06 2.5e-05 5.8e-05 7.0e-05
Co-60 1.4e-04 3.7e-05 1.2e-04 2.6e-04 3.1e-04 1.5e-04 4.le-05 1.3e-04 2.9e-04 3.5e-04

'Nv9<'''''i', 8.6ei0ni.*.4iO.7g0Z>..6-0'v2.0't.6r,0S 2eI 8.0e- 0 '',,j8eO9Z
Ni-63 3.9e-13 1.1e-13 3.3e-13 7.4e-13 8.9e-13 4.4e-13 1.2e-13 3.7e-13 8.3e-13 1.0e-12
Zn-65 2.6e-05 7.0e-06 2.2e-05 5.0e-05 6.0e-05 2.9e-05 7.7e-06 2.4e-05 5.6e-05 6.8e-05
As-73 4.0e-08 8.8e-09 3.2e-08 8.1e-08 1.Oe-07 4.5e-08 9.7e-09 3.6e-08 9.0e-08 1.1e-07
Se-75 2.4e-05 5.3e-06 2.0e-05 4.8e-05 5.8e-05 2.7e-05 5.9e-06 2.2e-05 5.4e-05 6.6e-05
S85 : ,, 1 5 I 5.6e 5
Sr-89 5.5e-07 1.7e-07 4.6e-07 1.0e-06 1.2e-06 6.1e-07 1.8e-07 5.1e-07 1.1e-06 1.4e-06
Sr-90 3.9e-06 1.5e-06 3.5e-06 6.7e-06 7.7e-06 4Ae-06 1.6e-06 3.9e-06 7.5e-06 8.6e-06
Y-91 1.9e-06 6.1e-07 1.7e-06 3.5e-06 4.2e-06 2.2e-06 6.7e-07 1.8e-06 3.9e-06 4.7e-06
Zr-93 2.4e-12 2.8e-13 1.9e-12 4.8e-12 6.0e-12 2.6e-12 3.1e-13 2.1e-12 5.4e-12 6.6e-12
Zr-95 ,','. 1.9e04 22e-05~ ~1.6o04 :.i 4.04
Nb-93m 8.3e-14 2.2e-14 6.9e-14 1.6e-13 1.9e-13 9.3e-14 2.4e-14 7.7e-14 1.8e 13 2.1e-13
Nb-94 8.6e-05 2.3e-05 7.2e-05 1.6e-04 2.0e-04 9.6e-05 2.5e-05 8.0e-05 1.8e-04 2.2e-04
Nb-95 1.1e-05 2.2e-06 8.3e-06 2.3e-05 2.9e-05 1.2e-05 2.4e-06 9.3e-06 2.5e-05 3.2e-05
Mo-93 2.3e-13 5.3e-14 1.9e-13 4.6e-13 5.6e-13 2.6e-13 5.8e-14 2.1e-13 5.1e-13 6.2e-13

Tc ed.' _ ;,:-: .7 12_t3.4e12
Te-97m 8.9e-09 1.9e-09 7.1e-09 1.7e-08 2.2e-08 9.9e-09 2.1e-09 7.8e-09 2.0e-08 2.5e-08
Tc-99 2.3e-09 5.3e-10 1.9e-09 4.6e-09 5.6e-09 2.6e-09 5.8e-10 2.1e-09 5.1e-09 6.4e-09
Ru-103 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ru-106 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ag-i 08m~n >; O Oe,+OO.'0.0O.Oe+ 0.Oe Th.Oe+ OOO 0+.00+00 00t O.OetW:.0 +O0 .ob 0 .0
Ag-I Oi1m O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cd-109 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0
Sn-113 1.8e-05 4.0e-06 1.5e-05 3.7e-05 4.5e05 2.1e-05 4.3e-06 1.7e-05 4.1e-05 5.1e-05
Sb-124 9.7e-05 1.9e-05 7.6e-05 2.0e-04 2.4e-04 1.e-04 2.1e-05 8.5e-05 2.2e-04 2.7e-04

Te-123m 7.4e-06 1.6e-06 5.9e46 1.4e-05 1.8e-05 8.2e-06 1.8e-06 6.6e-06 1.6e-05 2.0e-05
Te-127m 3.6e-07 8.1e-08 2.9e-07 7.1e-07 8.8e-07 4.0e-07 8.8e-08 3.3e-07 8.0e-07 9.9e-07
1-125 3.6e-08 1.1e-08 3.1e-08 6.6e-08 7.8e-08 4.0e-08 1.2e-08 3.4e-08 7.4e-08 8.8e-08
1-129 1.2e-07 4.3e-08 1.e-07 2.1e-07 2.5e-07 1.4e-07 4.7e-08 1.2e-07 2.4e-07 2.8e-07
l-13i--<i,- ',- ;, 7e 6":: .6eO8 3.6o-47,'- 5.53e-06 ,*8.1eO6 06~',''i.e4''. i 8 40 7 5 eO~90
Cs-134 1.1e-03 4.le-04 1.0e-03 1.9e-03 2.2e-03 1.2e-03 4.5e-04 1.Ie-03 2.1e-03 2Ae-03
Cs-135 1.1e-08 3.9e-09 9.5e-09 1.8e-08 2.le-08 1.2e-08 4.3e-09 1.0e-08 2.0e-08 2.3e-08
Cs-137 4.3e-04 1.6e-04 3.8e-04 7.3e-04 8.3e-04 4.7e-04 1.7e-04 4.2e-04 8.2e-04 9.4e-04
Ba-133 2.3e-04 8.6e-05 2.le-04 4.0e-04 4.5e-04 2.6e-04 9.3e-05 2.3e-04 4.4e-04 5.1e-04
C e 'i39'- - -5.00-5 1.8.05? ;'4.5o-05 8.7e-05 9.55 .o0 .Ž. 2.'2-05 ' 4.9e-05 '<, 9.7e-5 i.1e 4
Ce-141 8.3e-06 2.0e-06 6.6e-06 1.6e-05 2.1e-05 9.3e-06 2.2e-06 7.3e06 1.8e05 2.3e-05
Ce-144 3.0e05 1.1e-05 2.7e-05 5.1e-05 5.8e-05 3.3e-05 1.2e-05 3.0e-05 5.7e-05 6.6e-05
Pm-147 4.9e-09 1.8e-09 4.4e-09 8.4e-09 9.5e-09 5.4e-09 2.0e-09 4.9e-09 9.4e09 1.e-08
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Appendix H-I Normalized Effective Dose Equivalents from Aluminum

Table HI.21 Normalized effective dose equivalents from external exposure: Dross truck-driver

Radionuclide Mass-based EDE (uSvly per BqIg) - Surficial EDE (uSv/y per Bq/cm2)
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

Srn-151 1.4e-11 5.3e-12 1.3e-11 2.4e-11 2.8e-11I 1.6e-11 5.7e-12 1.4e-11 _2.7e-11 3.1 e-1 1
Eo12.86 4Se204 ,,,- i 3 t17033 4 .5e 4:=-,8.5e0'.i7-3;-i3

Eu-154 8.3e-04 3.1e-04 7.5e-04 1.4e-03 1.6e-03 9.2e04 3Ae-04 8.3e-04 1.6e-03 1.8e-03
Eu-155 1.6e-05 5.9e-06 1 Ae-05 2.7e-05 3.1e-05 1.8e-05 6.5e-06 1.6e-05 3.Ie-05 3.5e-05
Gd-153 1.7e-05 6.0e-06 1.5e-05 2.9e-05 3.2e-05 1.8e-05 6.6e-06 1.6e-05 32e-05 3.7e-05
Tb-160 4.3e-04 1.Ae-04 3.8e-04 7.7e-04 9.0e-04 4.8e-04 1 .6e-04 4.2e-04 8.7e-04 I .Oe-03

Trn-171 5.6e-08 2.1e-08 5.0e-08 9.6e-08 1.1e-07 6.2e-08 2.3e-08 5.5e-08 1.1e-07 1.2e-07
Ta-182 9.4e-05 2.1e-05 7.6e-05 1.9e-04 2.3e-04 I.Oe-04 2.3e-05 8.5e-05 2.1e-04 2.6e-04
W-181 4.6e-07 1.Oe-07 3.8e-07 9.1e-07 1.1e-06 5.2e-07 1.1e-07 4.2e-07 1.0e-06 1.2e-06
W-185 4.0e-09 8.6e-10 3.2e-09 8.0e49 9.8e-09 4.5e-09 9.5e-10 3.6e-09 8.9e-09 1.1e-08

O 8.9e^: 05*,. -. 0'5L9.9eQ5 42e04
Ir-192 4.7e-05 9.7e-06 3.7e-05 9.3e-05 1.1e-04 5.2e-05 1.1e-05 4.1e-05 1.0e-04 1.3e-04
Tl-204 6Ae-08 1.5e-08 5.2e-08 1.2e-07 1.5e-07 7.1e-08 1.6e-08 5.9e-08 1.4e-07 1.7e-07
Pb-21 0 1.1 e-07 2.5e-08 8.9e-08 2.1e-07 2.6e-07 1.2e-07 2.7e-08 9.9e-08 2.4e-07 3.0e-07
Bi-207 1.7e-04 3.8e-05 14Ae-04 3.3e-04 4.1e-04 1.9e-04 4.2e-05 1.6e-04 3.7e-04 4.6e-04
Po-2i1,.7- t~m-7.9e1rm, ~ i7-i~- -6410<',187,0"; 29e-10 < i7e-O9 0 21,f -09

Ra-226 1.3e-03 4.9e-04 1.2e-03 2.3e-03 2.6e-03 I.5e-03 5.4e-04 1.3e-03 2.5e-03 2.9e-03
Ra-228 7.1e-04 2.7e-04 6Ae-04 1.2e-03 1.4e-03 8.0e-04 2.9e-04 7.1e-04 1.4e-03 1.6e-03
Ac-227 2.1e-04 7.7e-05 1.9e-04 3.7e-04 4.3e-04 2.4e-04 8.4e-05 2.1e-04 4.1e-04 4.8e-04
Th-228 8.3e-04 3.0e-047.4e-04 .4e-03 1.7e-03 9.3e-04 3.3e-04 8.2e-04 1.6e-03 1.9e-03

pF229,=--;~~~~~~~~~ 1.e4'tA4 . 1 i.e4'>304,S,.7e,4 ' '55.9e.052ix1.5e-04 - .2.9e-0 3Ae'044,
Th-230 1.9e-07 6.3e-08 1.6e07 3.3e-07 3.9e-07 2.1 e7 6.9e08 1.8e-07 3.7e-07 4.3e-07
Th-232 1.3e-05 3.8e-06 1.1 e-05 2.6e-05 3.1e-05 1.5e45 4.1 e-06 1.2e-05 2.9e-05 3Ae-05
Pa-231 3.6e-06 7.9e-07 2.9e-06 7.1e-06 8.6e-06 4.0e-06 8.6e-07 3.2e-06 8.0e-06 9.6e-06
U-232 5.7e-05 1.7e-05 4.8e-05 1.1e-04 1.3e-04 6.4e-05 1.8e-05 5.3e-05 1.2e-04 1.Ae-04
U-233 -> e,+~ 8. - e .z-0: .,1.7.6e 8 3.4e08 8.6e.08 ~1 .7,eo7>:1:9e47
U-234 2.3e-08 8.3e-09 2.0e-08 3.9e-08 4.5e-08 2.5e48 9.0e-09 2.2e-08 4.4e-08 5.1e-08
U-235 7.2e-05 2.6e-05 6Ae-05 1.2e-04 1.4e-04 8.0e45 2.8e-05 7.1 e-05 .4e-04 1.6e-04
U-236 9.5e-09 3.5e-09 8.5e-09 1.6e-08 1.9e-08 1.Ie-08 3.8e-09 9.4e-09 1.8e-08 2.1e-08
U-238 1.5e-05 5.4e-06 1.3e-05 2.5e-05 2.9e-45 1.6e-05 5.8e-06 1.5e-05 2.8e-05 3.3e-05
Np-2372-:: 2e0e,4 4 - 2.0e04j 2.3e-04 J3ee-04> .6e-05I. .-1 .1 e-04 -'2.3e,4-''2.6e-04
Pu-236 7.0e-08 1.Ae-08 5.3e-08 1.4e-07 1.8e-07 7.8e-08 1.5e-08 5.9e-08 1.6e-07 2.0e-07
Pu-238 3.2e09 1.2e-09 2.9e09 5.6e-09 6.4e-09 3.6e-09 1.3e09 3.2e-09 6.3e-09 7.3e-09
Pu-239 2.3e-08 8.3e-09 2.1e-08 4.0e-08 4.6e-08 2.6e-08 9.0e-09 2.3e-08 4Ae-08 5.1e-08
Pu-240 3.2e-09 1.1e-09 2.8e-09 5.5e49 6.3e-09 3.5e-09 1.2e-09 3.1e-09 6.1e-09 7.1e-09
Pui-241 ~'-I .e 09 2Ž.60eIO 1 2e-10,,,,i.9&0 _2.2e09 12 ,0 e4.0;10 1O.092.e-OT7.5&i
Pu-242 3.1 e-09 1.1e-09 2.8e-09 5.4e-09 6.2e-09 3.5e-09 1.2e-09 3.1 e-09 6.0e-09 7.0e-09
Pu-244 1.8e-04 6.7e-05 1.7e-04 3.2e-04 3.7e-04 2.1e-04 7.3e-05 1.8e404 3.6e-04 4.1e-04
Am-241 2.1 e406 7.8e-07 1.9e-06 3.7e-06 4.3e-06 2Ae4-06 8.4e407 2.1 e-06 42e-06 4.9e-06
Am-242m 5.9e-06 2.1 e-06 5.3e-06 I.Oe-05 1.2e-05 6.6e-06 2.3e-06 5.9e-06 1.1e-05 1.3e-05

243' -. 8.3e 5 -- 3.0 e05- 7, 5-0 .1'.4e-O 4'
Cm-242 2.3e-09 8.1e-10 2.0e-09 4.0e-09 4.6e-09 2.6e-09 8.8e-10 2.2e-09 4.5e-09 5.2e-09
Cm-243 5.5e05 2.0e05 4.9e-05 9.5e-05 1.Ie04 6.1e-05 2.2e-05 5.5e05 1.1e-04 1.2e-04
Cm-244 2.5e-09 9.2e-10 2.3e-09 4.4e-09 5.1e-09 2.8e-09 I.0e09 2.5e-09 4.9e-09 5.7e-09
Cm-245 3.3e-05 1.2e-05 2.9e405 5.6e-05 6.5e-05 3.6e-05 1.3e-05 3.2e-05 6.3e-05 7.4e-05
C624i6 5-.-' ,*3.7e-iO;.-1Ae-10 '3.3100 6.5e-10 A77.5e 0 0 ; e0:>3.7ejO7.3e-W, 0 8.Se-i
Cm-247 1.9e-04 7.0e-05 1.7e-04 3.3e-04 3.8e-04 2.1 e-04 7.6e-05 1.9e-04 3.7e-04 4.3e-04
Cm-248 3.2e-10 1.2e-10 2.9e-10 5.6e-10 6.5e-10 3.6e-10 1.3e-10 3.2e-10 6.3e-10 7.3e-10
Bk-249 6.9e-08 2.0e08 5.7e-08 1.3e-07 1.5e-07 7.7e-08 2.2e-08 6Ae-08 1.4e-07 1.7e-07
Cf-248 4.9e09 1.8e-09 4AAe-09 8.5e409 9.8e-09 5.4e-09 1.9e-09 4.8e-09 9.5e09 1 .1e08
Cf-249i'-,--Ig.9e-044 6.9e05. Ji.e-04 A3.3e 3.8e ,04 2.1e0 4-7.6e05,L1.9e 3;7e ;4
Cf-250 2.0e-10 7.2e-11 1.8e-10 3Ae-10 4.0e-10 2.2e-10 7.9e-1 I 2.0e-10 3.9e-10 4.5e-10
Cf-251 4.7e-05 1.7e-05 4.2e05 8.1e-05 9.3e-05 5.2e-05 1.9e-05 4.6e-05 9.1e-05 1.1 e-04
Cf-252 5.1e-09 1.8e-09 4.5e409 8.8e-09 1.0e-08 5.6e-09 2.0e-09 5.0e-09 9.9e-09 1.1e-08
Cf-254 4.9e03 1.6e-03 42e-03 8.9e-03 1.1e-02 5.5e-03 1.7e-03 4.7e-03 1.0e-02 1.2e-02
Es254' '- -i.7e044 ,'1.7e-04.-42e4 8;1e4 9.4e4[ 2e04Y'18 4'4.6e04 '9;1e04 :i.1e43
Note: To convert these values to convenbonal units (mremly per pCi~g or mremly per pCi/cm2). multiply by 3.7e-3

_-4 ,UE- 640 ....
H43 NUREG-1 640



Normalized Effective Dose Equivalents from Aluminum Appendix H- I

Table H1.22 Normalized effective dose equivalents from Inhalation: Dross truck-driver

Radionuclide - Mass-based EDE (pSvly per Bq/g)
Mean 5th 50th 90th 95th

Surficial EDE (pSvly per Bq/cm2)
Mean 5th 50th 90th 95th

H-3 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
C-14 4.2e-08 8.1e-09 3.2e-08 8.5e-08 1.1e-07 4.7e-08 8.9e-09 3.5e-08 9.5e-08 1.3e-07
Na-22 1.5e-07 2.8e-08 1.1 e-07 3.0e-07 4.0e-07 1.6e-07 3.1 e-08 1.2e-07 3.3e-07 4.4e-07
P-32 9.9e-10 3.4e-1 1 3.9e-1 0 2.6e-09 3.9e-09 1.1e-09 3.7e-1 I 4.3e-10 2.9e-09 4.4e-09
S'35->-:i-,^.6:,-.'O.Oe'+O__0.0e f.Oe,+ t00o .0e+e+6O'.OeO.Oe+ _ O.'ee4O0
CI-36 4.6e-07 8.9e-08 3.5e-07 9.3e-07 1.2e-06 5.1e-07 9.7e-08 3.9e-07 1.0e-06 1.4e-06
K-40 2.5e-07 4.8e-08 1.9e-07 5.0e-07 6.7e-07 2.8e-07 5.2e-08 2.1e-07 5.6e-07 7.4e-07
Ca-41 2.6e-08 4.9e-09 1.9e-08 5.2e-08 6.9e-08 2.9e-08 5.4e-09 2.2e-08 5.8e-08 7.7e-08
Ca-45 9.4e-08 1.8e-08 7.0e-08 1.9e-07 2.5e-07 1.0e-07 1.9e-08 7.8e-08 2.1e-07 2.8e-07

S,463.5'-3.05 e-087> 2 6e-07< 7.2e 0^ 7.0e08.2.9e 7.,e,,,;1eO6
Cr-51 2.0e-10 1.8e-11 1.2e-10 4.6e-10 6.7e-10 2.3e-10 2.0e-11 1.3e-10 5.1e-10 7.5e-10
Mn-53 7.5e-10 1.2e-10 5.3e-10 1.6e-09 2.1e-09 8.4e-10 1.3e-10 5.9e-10 1.8e-09 2.4e-09
Mn-54 8.6e-09 1.4e-09 6.0e-09 1.8e-08 2.4e-08 9.6e-09 1.5e-09 6.7e-09 2.0e-08 2.7e-08
Fe-55 1.9e-09 3.0e-10 1.4e-09 4.1e-09 5.5e-09 2.1e-09 3.2e-10 1.5e-09 4.5e-09 6.1e-09

Co-56 3.2e-08 4.7e09 2.2e-08 6.9e-08 9.3e-08 3.6e-08 5.2e-09 2.5e-0B 7.7e-08 1.0e-07
Co-57 1.1e-08 1.8e-09 8.1e-09 2.4e-08 3.2e-08 1.3e-08 1.9e-09 9.0e-09 2.7e-08 3.6e-08
Co-58 8.3e-09 1.2e-09 5.7e-09 1.8e-08 2.4e-08 9.3e-09 1.3e-09 6.4e-09 2.0e-08 2.7e-08
Co-60 3.2e-07 4.9e-08 2.3e-07 6.9e-07 9.0e-07 3.6e-07 5.4e-08 2.5e-07 7.6e-07 1.0e-06

$,59g,,20e-0-t53e'-i :..44e- 9 Ki,4.2e-09A 7e.-09 -9~- 3.4e-1OCr1.6e, 9,.,.,4.7i,09; 6.3e09~
Ni-63 4.7e-09 7.3e-10 3.3e-09 9.8e-09 1.3e-08 5.2e-09 7.9e-10 3.7e-09 1.1e-08 1.5e-08
Zn-65 2.5e-08 3.9e-09 1.8e-08 5.3e-08 7.2e-08 2.8e-08 4.2e-09 2.0e-08 5.9e-08 7.9e-08
As-73 6.0e-09 7.7e 10 4.1e-09 1.3e-08 1.8e-08 6.7e-09 8.6e-10 4.5e-09 1.4e-08 2.0e-08
Se-75 1.5e-08 2.0e-09 1.0e-08 3.3e-08 4.5e-08 .7e-08 2.2e-09 1.1e-08 3.7e-08 5.0e-08
Sr-85T, t7e 08 3.1e-09 1 .3e 08' Z3.6,0-08 ;
Sr-89 4.8e-08 8.1e-09 3.5e-08 1.0e-07 1.3e-07 5.4e-08 8.9e-09 3.8e-08 1.1e-07 1.5e-07
Sr-90 4.7e-06 9.0e-07 3.5e-06 9.5e-06 1.3e-05 5.2e-06 9.8e-07 3.9e-06 1.1e-05 1.4e-05
Y-91 3.0e-07 5.2e-08 2.2e-07 6.2e-07 8.3e-07 3.3e-07 5.6e-08 2.4e-07 6.9e-07 9.3e-07
Zr-93 6.4e-07 5.2e-08 4.3e-07 4e-06 1.9e-06 7.2e-07 5.8e-08 4.8e-07 1.6e-06 2.1e-06
.Zr-95,v7.8o-g.78t082>6.O '6.0e 95;.2-05.8e-08'8.7e- 0i7 6.6-09 5.70 08 1.e, 26 7
Nb-93m 4.4e-08 6.7e-09 3.1e-08 9.3e-08 1.3e-07 4.9e-08 7.5e-09 3.4e-08 1.0e-07 1.4e-07
Nb-94 6.3e-07 9.6e-08 4.4e-07 1.3e-06 1.8e-06 7.0e-07 1.1e-07 4.9e-07 1.5e-06 2.0e-06
Nb-95 2.3e-09 2.7e-10 1.5e-09 5.1e-09 7.2e-09 2.5e-09 3.0e-10 1.6e-09 5.6e-09 8.0e-09
Mo-93 9.2e-08 1.2e-08 6.2e-08 2.0e-07 2.7e-07 1.0e-07 1.3e-08 6.9e-08 2.2e-07 3.0e-07

4 '2.2e09 .f 6.9.Ogi 94 09V5r< 3.5, 1,,4.8e-10 2.4e-097.7e-09-..0 08
Tc-97m 8.9e-09 1.2e-09 6.0e-09 2.0e-08 2.7e-08 1.0e-08 1.3e-09 6.6e-09 2.2e-08 3.0e-08
Tc-99 2.7e-08 3.6e-09 1.8e-08 5.8e-08 7.9e-08 3.0e-08 4.0e-09 2.0e-08 6.5e-08 8.8e-08
Ru-103 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ru-106 O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Ag-110m O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cd-109 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sn-113 2.2e-08 2.9e-09 1.5e-08 4.8e-08 6.6e-08 2.5e-08 3.2e-09 1.7e-08 5.3e-08 7.3e-08
Sb-124 3.6e-08 4.4e-09 2.4e-08 7.8e-08 1.1e-07 4.0e-08 4.8e-09 2.7e-08 8.8e-08 1.2e-07

St ~ -15;,.- ;,'.-:.e089 ̂-, 5.e0 ^29 8,.91 8<-12 7;'?wt47 8.il-6.3e-09,, ,3.2e08= Ž1.0e 07, -, 1.4e-07

Te-123m 2.3e-08 2.9e-09 1.5e-08 4.9e-08 6.6e-08 2.5e-08 3.2e-09 1.7e-08 5.5e-08 7.4e-08
Te-127m 4.5e-08 5.8e-09 3.0e-08 9.7e-08 1.3e-07 5.0e-08 6.3e-09 3.3e-08 1.1e-07 1.5e-07
1-125 1.7e-07 2.9e-08 1.3e-07 3.6e-07 4.8e-07 1.9e-07 3.2e-08 1.4e-07 4.0e-07 5.4e-07
1-129 2.8e-06 5.2e-07 2.1e-06 5.7e-06 7.5e-06 3.1e-06 5.7e-07 2.3e-06 6.3e-06 8.3e-06
l-i3it - Ki',t4.2e9,t,, 2.7e1 iiL-7.7e-10-: 1.2e-08' 2.ie-08 i 7e O9 _ i0_ 2.3e-08
Cs-134 9.1e-07 1.7e-07 6.8e-07 1.8e-06 2.5e-06 1.0e-06 1.9e-07 7.6e-07 2.1e-06 2.7e-06
Cs-135 9.6e-08 1.8e-08 7.2e-08 1.9e-07 2.6e-07 1.1e-07 2.0e-08 8.0e-08 2.2e-07 2.8e-07
Cs-137 6.7e-07 1.3e-07 5.0e-07 1.4e-06 1.8e-06 7.5e-07 1.4e-07 5.6e-07 1.5e-06 2.0e-06
Ba-133 1.5e-07 2.9e-08 1.2e-07 3.1e-07 4.1e-07 1.7e-07 3.2e-08 1.3e-07 3.4e-07 4.6e-07
Ce*,139,-'7<:z:1.3.-O 2'ie-08-s' 9.5e-08< 2.6-07& 9 3.4e-07c ;,it7 i.- 07,, O 26e-8' .;10iM 0 3.8eO7
Ce-141 4.3e-08 6.0e-09 2.9e-08 9.5e-08 1.3e-07 4.8e-08 6.6e-09 3.2e-08 1.0e-07 1.4e-07
Ce-144 6.4e-06 1.2e-06 4.7e-06 1.3e-05 1.7e-05 7.1e-06 1.3e-06 5.3e-06 1.4e-05 1.9e-05
Pm-147 5.2e-07 9.9e-08 3.9e-07 1.0e-06 1Ae-06 5.7e-07 1.1e-07 4.3e-07 1.2e-06 1.5e-06
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Appendix H-1 Nonnalized Effective Dose Equivalents from Aluminum
Apeni H- omlzdEfcieDs qiaet rmAuiu

Table H1.22 Normalized effective dose equivalents from Inhalation: Dross truck-driver

a dMass-based EDE (pSvly per Bqfg) ISurfial EDE (pSvly per Bq/cm2)
Radionucide -Mean 5th 50th 90th 95th - Mean 5th 50th 90th 95th

Sm-151 6.3e-07 12e-07 4.7e-07 1.3e-06 1.7e-06 7.0e-07 1.3e-07 5.3e-07 1.4e-06 1.9e-06
E&152 a,-v.',_4:6e06 ;X8.Be07 ;,3.5e46 ,.9.3e-06'^1.2e-O5> '--,5.1 -06e-' 9.7e-07 !:53.8,06%.'1.0' 5, i 0O5,
Eu-154 5.9e-06 1.1e-06 4.5e-06 1.2e-05 1.6e-05 6.6e-06 12e-06 4.9e-06 1.3e-05 1.8e-05
Eu-155 8.5e-07 1.6e-07 6.4e-07 1.7e-06 2.3e-06 9.5e-07 1.8e-07' 7.1e-07 1.9e-06 2.5e-06
Gd-153 4.1 e-07 7.8e-08 3.0e-07 8.2e-07 1.1 e-06 4.5e-07 8.5e-08 3.4e-07 9.2e-07 1 .2e-06
Tb-1 60 2.7e-07 4.8e-08 2.0e-07 55e-07 7.3e-07 3.0e-07 5.3e-08 2.2e-07 6.1 e-07 8.2e-07

3.ii0?i 8e4-7.1;9.ie .8e;= ,-7_e.8.5e-0,7,,i &06O
Tm-171 1.8e-07 3.4e-08 1.3e-07 3.6e-07 4.9e-07 2.0e-07 3.8e-08 1.5e-07 4.0e-07 5.4e-07
Ta-1 82 9.4e-08 1.2e-08 6.3e-08 2.1e-07 2.8e-07 I.Oe-07 I Ae408 7.0e-08 2.3e-07 3.1e-07
W-181 3.2e-10 4.1e-1I 2.2e-10 7.1e-10 9.8e-10 ' 3.6e-10 4.6e-1I 2.4e-10 7.9e-10 1.1e-09
W-185 1.3e-09 1.5e-10 8.6e-10 2.8e-09 3.9e-09 IAe-09 1.7e-I0 9.5e-10 3.1e-09 4.3e-09

-.9 `2. 46009e01.3&08 ,, 8 Sc 681 $T2.1 08 26e9 fL1,4-08T 4.6 8 6.2o-08
Ir-1 92 4.7e-08 5.8e-09 3.1e-08 I.0e-07 IAe-07 5.2e-08 6.4e-09 3.5e-08 1.2e-07 1.6e-07
Tl-204 7Ae-09 1.0e-09 5.1e-09 1.6e-08 2.2e-08 82e-09 1.1e-09 5.6e-09 1.8e-08 2.4e-08
Pb-21 0 72e-05 9.6e-06 4.8e-05 1.6e-04 2.1 e-04 8.0e-05 1.1e-05 5.4e-05 1.7e-04 2.4e-04
8i-207 6Ae-08 8.2e409 4.4e-08 1.4e-07 1.9e-07 7.1e-08 9.0e-09 4.9e-08 1.5e-07 2.le-07

Tr21 0 .;I.9e-05Ž2.5 06 ,:V3e45:> ,2e45 5 7e0 '1, 2.1e-05 5
Ra-226 1.8e-04 3.5e-05 1Ae4-04 3.7e-04 4.9e-04 2.0e-04 3.8e-05 1.5e-04 4.1e-04 5.4e-04
Ra-228 4.6e-04 8.2e-05 3Ae-04 9.6e-04 1.3e-03 52e-04 9.1e-05 3.8e-04 1.1e-03 1.4e-03
Ac-227 3.0e-02 5.6e403 2.2e-02 6.0e-02 8.1e-02 3.3e-02 6.1e-03 2Ae-02 6.7e-02 8.9e-02
Th-228 4.0e-03 7.5e-04 3.0e-03 8.3e-03 1.1e-02 4.5e-03 8.2e-04 3.3e-03 9.1e-03 1.2e-02

229~J3.7o-02 8 -6.9e-03 m2.7e-02 7.6e-02" -z99e 02 -. ,i>21 '-0 ;7.6o-3 '.e ,02 .'8.0, 2-1.1e-01
Th-230 5.6e-03 I.Oe-03 4.1e-03 1.1e-02 1.5e-02 6.2e-03 1.Ie-03 4.6e-03 1.3e-02 1.7e-02
Th-232 2.8e-02 5.2e-03 2.1e-02 5.7e-02 7.5e-02 3.1e-02 5.8e-03 2.3e-02 6.4e-02 8.5e-02
Pa-231 42e-03 5.5e-04 2.8e-03 9.0e-03 1.2e-02 4.6e-03 6.1e-04 3.1e-03 1.Oe-02 1Ae-02
U-232 1.1 e-02 2.0e-03 8.0e-03 2.2e-02 2.9e-02 12e-02 2.2e-03 8.9e-03 2.4e-02 3.2e-02
,U-,233j>72.2e-O3.'Xb, .1e.4 'ie oir4.4 374.9e14,5 3,6.5ie-03
U-234 2.1 e-03 4.0e-04 1.6e-03 4.3e-03 5.6e-03 2.3e-03 4Ae-04 1.7e-03 4.8e-03 6.2e-03
U-235 2.0e-03 3.7e-04 1.5e-03 3.9e-03 5.2e-03 2.2e-03 4.1e-04 1.6e-03 4.4e-03 5.8e-03
U-236 2.0e-03 3.8e-04 I.Se-03 4.0e-03 5.3e-03 22e-03 4.1e-04 1.7e-03 4.5e-03 5.9e-03
U-238 1.9e-03 3.6e-04 1Ae-03 3.8e-03 5.0e-03 2.1e-03 3.9e-04 1.6e-03 4.3e-03 5.6e-03
N>237~~9.3o.e03 ji 41 .7,-03 6.9o jj.9e-02 9'2.52 5eOe~-,0 .D .9e-03__ .7e.x03jB.1e402 ,'2.8e-02
Pu-236 2.2e-03 4.2e-04 1.7e-03 4.5e-03 5.9e-03 2.5e-03 4.6e-04 1.8e-03 5.0e-03 6.5e-03
Pu-238 6.2e-03 1.2e-03 4.7e-03 1.3e-02 .7e-02 6.9e-03 1.3e-03 5.2e-03 1.4e-02 1.8e-02
Pu-239 6.8e-03 1.3e-03 5.1e-03 1Ae-02 1.8e-02 7.6e-03 Ae4-03' 5.7e-03 1.6e-02 2.0e-02
Pu-240 6.8e-03 1.3e-03 5.1e-03 1Ae-02 1.8e-02 7.6e-03 1.Ae-03 5.7e-03 1.6e-02 2.0e-02
,Pu-2~t.e-0 2.5e05 ,.--_9.94 :&2.7e-05I .1e-04:3.0e-044 .9e-044
Pu-242 6.5e-03 1.2e-03 4.9e-03 1 .3e-02 1 .7e402 7.3e-03 1 .3e-03 5.4e-03 1.5e-02 1.9e-02
Pu-244 6.4e-03 1.2e-03 4.8e-03 1 .3e-02 1.7e-02 7.1 e-03 1 .3e-03' 5.3e-03 1.5e-02 1.9e-02
Am-241 7.6e-03 1.4e-03 5.7e-03 1.5e-02 2.0e-02 8.5e-03 1.6e-03 6.3e-03 1.7e-02 2.2e-02
Arn-242m 7.5e-03 1.4e-03 5.6e-03 1.5e-02 2.0e-02 8Ae-03 1.5e-03 6.2e-03 1.7e-02 2.2e-02
Arn-243- Sjj .7 5.503 ''Ie.03 5.6ei.0'43 1.5,e,02 J:2.O 2 8.4e03 .5e 3 6i e- e02jj2.
Cm-242 2.3e-04 4.3e-05 1.7e-04 - 4.6e-04 6.1e-04 2.5e-04 4.6e-05 1.9e-04 5.2e-04 6.8e-04
Cm-243 5.2e-03 1.0e-03 3.9e-03 1.1e-02 1.4e-02 5.8e-03 1.1e-03 4.3e-03 1.2e-02 1.6e-02
Cm-244 4.2e-03 8.0e-04 3.1 e-03 8.5e-03 1.1 e-02 4.7e-03 8.7e-04 3.5e-03 9.5e-03 1 .3e-02
Cm-245 7.8e-03 1.5e-03 5.8e-03 1.6e-02 2.1e-02 8.7e-03 1.6e-03 6.4e-03 1.8e-02 2.3e-02
Ci 24'6k -77e03'-1 .So-03> 5.7e-03 1.6 -0 2 2 __<,4 8.6e-03,1.6e-0 - 6.4e'23 Je
Cm-247 7.1e-03 'Ae-03 5.3e-03 1Ae-02 1.9e-02 7.9e-03 1.5e-03 5.9e-03 1.6e-02 2.1 e-02
Cm-248 2.8e-02 5Ae-03' 2.1e-02 5.7e-02 7.6e-02 32e-02 5.9e-03 2.3e-02 6.4e-02 8.5e-02
Bk-249 2Ae-05 4.5e-06 1.8e-05 4.9e-05 6.4e-05 2.7e-05 4.9e-06 '2.0e-05 5Ae-05 7.1e-05
Cf-248 6.8e-04 1.3e-04 5.1 e-04 I .4e-03 1.8e-03 7.6e-04 I .4e-04 5.7e-04 1.5e-032.0e-03
Cf-2i9 - '- 9.9e-03',,1.9e-03 i.4&03._;2.0-02 -2.6e-02 j: 9 ,,.1e42 ' 2 .0e 03 - 8.2e- 03 2e02 '-'2.9e,02
Cf-250 4.4e-03 8.4e-04 3.3e-03 9.1 e-03 1.2e-02 4.9e-03 9.2e-04 3.7e-03 1.0e-02 1.3e-02
Cf-251 1.0e-02 '1.9e-03 7.5e-03 '2.1e-02 2.7e-02 1.1e-02 2.1e-03 8.4e-03 2.3e-02 3.0e-02
Cf-252 2.2e-03 4.2e-04 .7e-03 4.5e-03 5.9e-03 2.5e-03 4.6e-04 1.9e-03 5.0e-03 6.6e-03
Cf-254 2.0e-03 3.4e-04 1.4e-03 4.0e-03 5.4e-03 2.2e-03 3.7e-04 1.6e-03 4.5e-03 6.1e-03
Es-254: K -'6.3e.04 -- ~1.2e-04 4'4;7e044', e03 --:1i.7003, .Oe-''1;3e-4 4-5i2e-
Note: To convert these values to conventional units (mremly per pCi/g or mrem/y per pClcm2), multiply by 3.7e-3
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Normalized Effective Dose Equivalents from Aluminum Appendix H- INomlzdEfetv oe qiaet fro Almiu nendr H-
Table HI.23 Normalized effective dose equivalents from Ingestion: Dross truck-driver

Radionuclide Mass-based EDE (pSv/y per Bq/g)
Mean 5th 50th 90th 95th

Surficial EDE (uSvly per BqIcrn2)
Mean 5th 50th 90th 95th

H-3 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O
C-14 7.3e-08 5.0Oe-09 5.7e-08 1.6e-07 2.0e-07 8.1 e-08 5.5e-09 6.2e-08 1.8e-07 2.2e-07
Na-22 3.8e-07 2.6e-08 3.0e-07 8.4e-07 1.Oe-06 4.2e-07 2.9e-08 3.3e-07 9.3e-07 1.1e-06
P-32 2.5e-09 - 4.5e-I 1 9.2e-10 6.6e-09 1.1e-08 2.8e-09 5.0e-1 1 1.0e-09 7.4e-09 1.2e-08

, O.O e+OO;6.Oe+OO JL;' bO.: +Ob .oeO .O o.O ;
Cl-36 1.1e-07 7.5e-09 8.5e-08 2.4e-07 3.0e-07 1.2e-07 8.3e-09 9.4e-08 2.7e-07 3.3e-07
K-40 6.5e-07 4.5e-08 5.1e-07 1.4e.-6 1.7e-06 7.2e-07 4.9e-08 5.6e-07 1.6e-06 2.0e-06
Ca-41 4.2e-08 2.9e-09 3.3e-08 9.3e-08 1.1e-07 4.7e-08 3.2e-09 3.6e-08 1.0e-07 1.3e-07
Ca-45 7.7e-08 5.2e-09 5.9e-08 1.7e-07 2.1e-07 8.6e-08 5.7e-09 6.6e-08 1.9e-07 2.3e-07
SS 467- .3e-07 8.So-09 .,8%{2*7,De 3..0-'. ,,~e0 9.>''2e-O9 ' i O7,2 3.2 7 .Le,07A
Cr-51 1.5e-10 6.2e-12 8.8e-1I 3.8e-10 5.3e-10 1.7e-10 6.9e-12 9.8e-1i 4.2e-10 6.0e-10
Mn-53 2.8e-10 1.7e-il 2.0e-10 6.4e-10 8.2e-10 3.1e-10 1.9e-11 2.2e-10 7.1e-10 9.1e-10
Mn-54 6.1e-09 3.7e-10 4.4e-09 1.4e-08 1.8e-08 6.8e-09 4.1e-10 4.8e-09 1.5e-08 2.0e-08
Fe-55 1.5e-09 8.8e-1I 1.1e-09 3.4e-09 4.4e-09 1.7e-09 9.7e-1 1.2e-09 3.8e-09 4.9e-09
F.e59 , , 6.0e9'- 3.71 0 ,4.0e 09'1'.4, 08 1.9.48_ 6.7e 3.4e 0 4. 9 . 2 ie 8
Co-56 1.4e-08 8.0e-10 9.9e-09 3.3e-08 4.2e-08 1.6e-08 8.7e-10 1.1e-08 3.7e-08 4.8e-08
Co-57 1.6e-09 9.4e-i1 1.2e-09 3.7e-09 4.7e-09 1.8e-09 1.0e-10 1.3e-09 4.1e-09 5.3e-09
Co-58 4.0e-09 2.2e-10 2.7e-09 9.1e-09 1.2e-08 4.4e-09 2.4e-10 3.0e-09 1.0e-08 1.3e-08
Co-60 2.6e-08 1.5e-09 1.9e-08 6.0e-08 7.6e-08 2.9e-08 1.7e-09 2.1e-08 6.7e-08 8.6e-08
NO-59i!>, 5.5e-i&C 32e-1i,'^; j3.9.-iG 1^1l2e9 9 6e09>j. :-6.i1 ;, 3.5e, 1,24.4.e-i0' 0 :4O9.8.-
Ni-63 1.5e-09 8.7e-11 1.1e-09 3.4e-09 4.4e-09 1.7e-09 9.5e-11 1.2e-09 3.8e-09 4.9e-09
Zn-65 3.1e-08 1.9e-09 2.2e-08 6.9e-08 9.0e-08 3.4e-08 2.0e-09 2.4e-08 7.8e-08 i.Oe-07
As-73 2.1e-09 1.1e-10 1.4e-09 5.0e-09 6.5e-09 2.4e-09 1.3e-10 1.6e-09 5.5e-09 7.2e-09
Se-75 3.5e-08 1.9e-09 2.4e-08 8.1e-08 1.1e-07 3.9e-08 2.1e-09 2.6e-08 9.0e-08 1.2e-07
Sr-85,' 3.1 808.'<2.009: 2 0 e-0828.6e08. 0 2e-09,2.S8 7.,7e-08 r 9.8e-OS)
Sr-89 1.2e-07 7.3e-09 8.7e-08 2.7e-07 3.4e-07 1.3e-07 8.0e-09 9.6e-08 2.9e-07 3.9e-07
Sr-90 S.0e-06 3.5e-07 3.9e-06 1.1e-05 1.4e-05 5.6e-06 3.8e-07 4.3e-06 1.2e-05 1.5e-05
Y-91 1.5e-07 9.6e-09 1.1e-07 3.4e-07 4.2e-07 1.7e-07 1.0e-08 1.2e-07 3.8e-07 4.8e-07
Zr-93 2.2e-08 7.6e-10 1.5e-08 5.3e-08 7.0e-08 2.5e-08 8.3e-10 1.6e-08 5.9e-08 7.8e-08
Zr-955,-'Th'?3.9e-08' ..........-'.13eO09'.26e r~"~'''9.7e-OS ~I.3.....e0. 84.o -08 ;- 1.5- ' 2.8e08i- .1-O7 ' .4 7,

Nb-93m 1.4e-09 8.1e-11 9.6e-10 3.1e-09 4.0e-09 1.5e-09 9.0e-1i 1.1e-09 3.4e-09 4.4e-09
Nb-94 1.9e-08 1.1e-09 1.3e-08 4.3e-08 5.5e-08 2.1e-08 1.2e-09 1.5e-08 4.7e-08 6.1e-08
Nb-95 1.8e-09 8.5e-11 1.1 e-09 4.2e-09 5.7e-09 2.0e-09 9.5e-11 1.2e-09 4.7e-09 6.4e-09
Mo-93 7.5e-09 4.Oe-10 5.1e-09 1.7e-08 2.3e-08 8.3e-09 4.4e-10 5.6e-09 1.9e-08 2.6e-08

.T249921j: l9.5e,109 5.21•;' 6.50-i0 02.2'9 ;_"2.9O9;i:.ie-9j5.74i i7.21io _2.59&09,- 3.2'-09L.
Tc-97m 3.9e-09 2.1e-10 2.6e-09 9.2e-09 1.2e-08 4.4e-09 2.3e-10 2.9e-09 1.0e-08 1.4e-08
TC-99 8.1e-09 4.4e-10 5.6e-09 1.9e-08 2.5e-08 9.0e-09 4.8e-10 6.1e-09 2.1e-08 2.8e-08
Ru-103 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ru-106 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+0O O.Oe+O0
As-1O8m + 0.0e+O, O.Oe+OO,'-,, O.Oe00:^ OOe,+OO 0O;O O- O.Oe+OO e;0Oie O.etOO 0.Oo+0Ov0.0t.0
Ag-11I Om O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cd-109 O.Oe+00 O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sn-113 1.1e-08 5.9e-10 7.8e-09 2.7e-08 3.5e-08 1.3e-08 6.4e-10 8.7e-09 3.0e-08 3.9e-08
Sb-124 2.5e-08 1.2e-09 1.7e-08 5.8e-08 7.6e-08 2.8e-08 1.4e-09 1.9e-08 6.5e-08 8.7e-08
S12 . 5.7,e,8".'": 2.1-8 1.8
Te-123m 2.1e-08 1.1e-09 1.4e-08 4.8e-08 6.4e-08 2.3e-08 1.2e-09 1.6e-08 5.4e-08 7.0e-08
Te-127m 3.1e-08 1.7e-09 2.1e-08 7.3e-08 9.7e-08 3.5e-08 1.9e-09 2.4e-08 8.1e-08 1.1e-07
1-125 4.8e-07 3.0e-08 3.5e-07 1.1e-06 1.3e-06 5.3e-07 3.3e-08 3.9e-07 1.2e-06 1.5e-06
1-129 7.6e-06 5.0e-07 5.9e-06 1.7e-05 2.1e-05 8.5e-06 5.5e-07 6.5e-06 1.9e-05 2.3e-051-3..'',--u-- ;2 8-4.76 11,'18 I 9f36 08-".' 8* .e08 .e1;ir O 0-o'.e 8":69e0>
Cs-134 2.5e-06 1.7e-07 1.9e-06 5.5e-06 6.7e-06 2.8e-06 1.9e-07 2.1e-06 6.1e-06 7.5e-06
Cs-135 2.6e-07 1.8e-08 2.0e-07 5.7e-07 6.9e-07 2.9e-07 1.9e-08 2.2e-07 6.3e-07 7.7e-07
Cs-137 1.8e-06 1.2e-07 1.4e-06 4.0e-06 4.9e-06 2.0e-06 1.4e-07 1.5.-06 4.4e-06 5.4e-06
Ba-133 1.2e-07 7.9e-09 9.0e-08 2.6e-07 3.1e-07 1.3e-07 8.7e-09 9.9e-08 2.8e-07 3.5e-07
Ce 39-' i -'2.8e-08 -, 1.9e09- 2.2eOS' 6.2e.-8o 7.6O8r: 3.1e 08 2 1 9 --. e08 6.9e 08 ', 8.508-
Ce-141 2.4e-08 1.3e-09 1.6e-08 5.6e-08 7.5e-08 2.7e-08 1.4e-09 1.8e-08 6.2e-08 8.4e-08
Ce-144 6.2e-07 4.2e-08 4.8e-07 1.4e-06 1.7e-06 6.9e-07 4.7e-08 5.3e-07 1.5e-06 1.9e-06
Pm-147 3.6e-08 2.5e-09 2.8e-08 8.oe-o8 9.7e-08 4.0e-08 2.7e-09 3.1e-08 8.9e-08 1.1e-07
NUREG-1640 H-46
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Appendix H-l I Normalized Effective Dose Equivalents from Aluminum
Table H1.23 Normalized effective dose equivalents from ingestion: Dross truck-driver

Radonulid - Mass-based EDE (pSvly per Bq/g) . Surricial EDE (pSv/y per Bq/cme)
RaincleMean 5th 50th 90th -95th .Mean 5th 50th -90th 95th

SM-151 1 .4e-08 9.7e-10 1.1e48_ 3.1e-08 38e-08a 1.6e-08 ^.Ie-,09 1.2e-08 3.5e-08 4.2e-08
Eu-15i~~~~ ; .07rv-' fe8-,.e0^-,2-7:63-7,..6e-0 :,:.488z*, i7 S.e'e,* -7.07,-

Eu14 3.4e-07 2.3e-08 2.6e407 7.6e-07 9.2e-07 3.8e-07 2.6e-08 2.9e-07 8.4e-07 10-06
Eu-155 5.4e-08 3.7e-O9 4.2e408 1.2e-07 1.5e-07 6.0e-08 ''4.1e-O9 4.6e-08 1.3e-07 1.6e-07
Gd-153 3.5e-08 2Ae-O9 2.7e408 7.6e-08 9.3e-08 3.9e-08 2.6e-O9 3.0e-08 8.5e408 1.0e-07
Tb-160 _1.3e-07 8.1e-09 9.5e-08 2.8e-07 3.4e-07 1.4e-07 8.9e-09 1.0e-07 3.1 e-07 3.9e-07

,t,$70 ;_>'1 W s / 7 J ,7'2 9,>E3 7 '1 7 5;'-'.15e He96e9 - Of:17 -327,.-4
Trn-171 1.5e-08 9.9e-10 1.1e408 32e-08 3.9e-08 1.6e408 1.1e-O9 12e-08 3.6e-08 4.4e-08
Ta-182 2.4e-08 1.2e-09 1.6e408 5.5e-08 7.3e-08 2.6e-08 1.3e-O9 1.8e-08 6.2e-08 8.2e-08
W-181 1.1 e-09 5.5e-1 1 7.1 e-1 0 2.5e-O9 32e-09 1.2e-O9 6.1 e-1 1 7.9e-1 0 2.7e-O9 3.6e-O9
W-185 4.6e-09 2.3e-10 3.1 e49 1.1e-08 1Ae-08 5.1 e-09 2.6e-1 0 3.4e-O9 1.2e-08 1.6e48

9i5 = 75 o 9-,ZI'O- I,3.9 - i 4 8Ee8*,-83v92 e I .,6c 09 b .'9 i, ^-3 -2. 8
Ir-192 1.7e-08 8.2e-10 1.1 e-08 3.8e-08 5.1e408 1.8e-08 9.Oe-1 0 1.2e-08 4.3e-08 5.7e-08
Tl-204 1.8e408 9.6e-1 0 1.2e408 4.2e-08 5Ae-08 2.0e-08 1.1e-O9 1.4e-08 4.6e-08 6.0e-08
Pb-210 4.0e-05 2.2e-06 2.7e-05 9.3e-05 12e-04 4.4e-05 2Ae406 3.1 e45 1.Oe-04 1AeG44
Bl-207 3.0e408 1.6e409 2.1e408 7.0e408 8.9e408 3.3e408 1.7e409 2.3e408 7.7e-08 1.0e407

Ra-226 4.9e405 3.4e-06 3.8e405 1.1e-04 1.3e404 5.5e405 3.7e406 4.2e405 1.2e-04 1.5e044
Ra-228 5.3e-05 3.6e-06 4.1e-05 1.2e404 1.4e044 5.9e405 4.0e406 4.5e405 1.3e404 1.6e044
Ac-227 4.3e-04 2.9e405 3.3e404 9.6e404 1.2e403 4.8e-04 3.1 e45 3.7e404 1.1 e-03 1.3e403
Th-228 2.2e405 1.5e406 1.7e405 4.9e405 6.0e405 2.5e405 1.6e406 1.9e405 5.5e405 6.8e405
T~,2-9,: .2 C3r';2-5B.6e '3e,4_-,-1.e446;.0 e4 _, 36
Th-230 1.6e405 1.1e406 1.3e405 3.6e405 4.4e405 1.8e405 1.2e406 1.4e405 4.0e405 4.9e405
Th-232 8.2e405 5.5e406 6.3e405 1.8e404 2.2e-04 9.1 e45 6.0e406 7.0e45 2.0e44 2.5e-C4
Pa-231 ' 5.9e405 3.1e406 4.0e-05 1.4e-C4 1.8e-04 6.6e405 3.5e406 4.5e405 1.5e-04 2.0e-04
U-232 r -. , 3.7e405 2.6e-06 2.9e-05 8.2,e05 ,1.0e-044............. 4.2e405 2.8e,46 3.2e405 9.2e405 1.1 e-04

U-234 7.8e406 5.3e407 6.0e406 1.7e405 2.1e405 8.7e406 5.8e407 6.7e406 1.9e405 2.3e405
U-235 7.3e406 5.0e-07 5.7e406 1.6e405 2.0e45 8.2e46 5.5e407 6.3e406 1.8e45 2.2e405
U-236 7Ae406 5.0e407 5.7e406 1.6e-05 2.0e405 8.2e406 5.5e407 -6.3e406 1.8e405 2.2e405
U-238 7.4e46 5Oe407 5.7e406 1.6e405 2.0e405 8.2e406 5.5e407 6.3e406 1.8e-05 2.2e405

Np-2 7..,9.0 -(<lOe)47,72.9e04i' ,,.5e,4 ,-,S,.5e044' '9.6e406:,,->1
Pu-236 3.1 e45 2.1e406 2.4e405 6.8e405 8.3e405 3.4e405 2.3e406 2.6e405 7.5e405 9.2e405
Pu-238 8.8e405 6.1e-06 6.8e405 1.9e-04 2Ae404 9.8e405 6.6e406 7.5e405 2.2e404 2.6e 04'
Pu-239 9.7e405 6.7e406 7.5e45 2.1e404 2.6e404 1.1e404 7.3e46 8.3e405 2.4e404 2.9e-04
Pu-240 9.7e405 6.7e406 7.5e45' 2.1e-04 2.6e-04 1.1e404 7.3e-06 8.3e45_ 2.4e404 2.9e044

P~~~~~~~~~~~u~~~'~ 24 , 9,623K > 2 -, , .e ^ 42l-6 .4 7. S .,e, t57e-,06

Pu-242 9.2e405 6.4e406 7.1 e45 2.0e-04 2.5e404 1.0e404 7.0e406 7.9e405 2.3e-04 2.8e044
Pu-244 9.1 e45 6.3e406 7.1 e45 2.0e-04 2.5e-04 1.0e-44- 6.9e406 7.8e405 2.3e-04 2.8e044
Amn-241 1.1 e44 7.3e406 8.3e405 2.4e404 3.0e404 1.2e404 8.0e406 9.2e405 2.7e-04 3.3e044
Amn-242mr _ 1.1e404 7.3e406 8.2e405 2.4e-04 2.9e044 1.2e-04 8.0e406 9.1 e45 2.6e-N 3.2e044

AiF 11, -',. 6-,.30:'24e, I,29 '~-, ;12'e, -,- .e .e5 2.,44''3
Cmn-242 2.6e406 1.8e407 2.0e406 -5.7e406 7.2e406 2.9e406 1.9e407 2.2e406 6.4e-06 8.0e406
Cmn-243 7Ae405 5.0e46 5.7e405 1.6e404 2.0e404 8.2e45 -5.5e406 6.3e405 1.8e-04 2.2e044
Cmn-244 5.9e405 4.0e406 4.6e405 1.3e404 1.6e404 6.6e405 4.4e406 5.0e405 1.5e-04 1.8e-04
Cmn-245 1.1e044 7.5e406 8.5e405 2.4e-04 3.0e404 1.2e044 8.2e406 9.4e405 _2.7e-04 3.3e044

Cm26 f'r -il,1 ,4A,-"ve-06,'8.4e _,24,4 ,. i :.ii4 8i ,.e4 '.e e
Cmn-247 1.0e-04 6.9e406 7.8e405 2.2e-04 2.8e404 1.1 e44 7.5e406 8.6e-05 2.5e404 3.1e-04
Cmn-248 4.0e-04 2.7e405 3.1 e44 8.8e404 1.1e403 4.5e404 3.0e405 3.4e-C4 9.9e-04 1.2e-03
Bk-249 3.5e407 2.4e408 2.7e407 7.8e-07 9.6e407 3.9e407 2.6e408 3.0e-07 8.7e407 1.e406
Cf-248 8.9e406 6.0e-07 ' 6.9e406 2.0e405 2.4e405 9.9e406_ 6.6e407 7.6e406 2.2e-05 2.7e405

Cf-29-' -, .4 4.^94 6--1.ie 3.i '---.8e 31. 4~-'1.0 5,t12e:44 .e4 e4
Cf-250 62e405 4.2e-06 4.8e405' 1.4e404 1.7e404 6.9e405 4.6e406 5.3e405 1.5e-04 1.9e044
Cf-251 1.4e-04 9.6e-06 1.1 e-04 3.2e-04 3.9e404 1.6e404 1.1 e-05 '1.2e-04 3.6e'-04 4.3e044
Cf-252 3.0e-05 2.1 e-06 2.3e405 6.7e 05 8.2e405 -3.4e405 2.3e406 2.6e405 7.5e-05 9.2e405
Cf-254 3.2e405 2.0e-06 2.4e405 7.3e-05 9.0e405 3.6e45_ 22e406 '2.6e405 8.1e-05 1.e0e44

b 4-~--83e 7'''.e7'-.e ,'~O -r34''tt;.e6 ".e7 7;i4..e5.2e5

Note: To convert these values to conventional units (mnremn/y per pC~g or mrem/y per pCi/cm'), multiply by 3.7e-3
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Normalized Effective Dose Equivalents from Aluminum Appendix H- INomlie Efetv DoeEuvlnsfo lmnmApni -
Table HI.24 Normalized effective dose equivalents from all path-ways: Dust truck-driver

Radionuclide - Mass-based EDE (pSvly per Bq/g)
Mean 5th 50th 90th 95th

Surficial EDE (uSv/y per Bq/cm2)
Mean 5th 50th 90th 95th

H-3 O.0e+00 O.Oe+O0 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO 0.0e+00 O.Oe+00 0.Oe+00 O.Oe+00
C-14 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Na-22 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
P-32 1.7e-08 5.3e-10 8.1e-09 4.7e-08 6.6e-08 1.9e-08 5.9e-10 9.0e-09 5.2e-08 7.3e-08

5-5fi.";'3O.e+O,, OO+O,.j;O+~t.S.e+O .e+O'--' 0+O' Oe+ O,-O.e+Ot-00O.Oe+O 6 - O.Oe,+00,]
CI-36 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
K-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 - O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-45 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0
Sc ' ,46O .Oe+ 0.Oet+OO .0. ±- .o0e 0 Ce~. -o-e0.- O.OetOO0
Cr-51 6.9e-07 5.6e-08 5.0e-07 1.5e-06 2.0e-06 7.7e-07 6.1e-08 5.5e-07 1.7e-06 2.2e-06
Mn-53 1.Ie-09 1.1e-10 8.8e-10 2.16-09 2.7e-09 1.2e-09 1.3e-10 9.8e-10 2.3e-09 3.0e-09
Mn-54 4.3e-05 6.0e-06 3.9e-05 7.6e-05 8.8e-05 4.7e-05 6.6e-06 4.3e-05 8.5e-05 1.0e-04
Fe-55 3.6e-09 3.5e-10 3.Oe-09 7.1e-09 8.9e-09 4.0e-09 3.8e-10 3.3e-09 7.9e-09 9.9e-09
F*-59'-.>*; 2.S05 _2.9*06 -*2.1.0Z 4.8e05;- 5.eO '- 5_;e6-2 5'54 66
Co-56 1.2e-04 I.5e-05 I.1e-04 2.1e-04 2.6e-04 1.3e-04 1.7e-05 1.2e-04 2.4e-04 2.9e-04
Co-57 3.3e-06 4.3e-07 3.0e-06 5.9e-06 6.8e-06 3.6e-06 4.7e-07 3.3e-06 6.5e-06 7.7e-06
Co-58 2.9e-05 3.8e-06 2.6e-05 5.4e-05 6.5e-05 3.3e-05 4.3e-06 2.9e-05 6.0e-05 7.2e-05
Co-60 1.5e-04 2.0e-05 1.4e-04 2.7e-04 3.1e-04 1.7e-04 2.2e-05 1.5e-04 3.0e-04 3.5e-04

Ni-63 6.5e-09 6.0e-10 5.2e-09 1.3e-08 1.6e-08 7.2e-09 6.8e-10 5.8e-09 1.4e-08 1.8e-08
Zn-65 2.9e-05 3.8e-06 2.6e-05 5.1e-05 6.0e-05 3.2e-05 4.2e.-6 2.9e-05 5.7e-05 6.8.O05
As-73 4.6e-08 4.8e-09 4.0e-08- 8.6e-08 1.Oe-07 5.1e-08 5.5e-09 4.5e-08 9.7e-08 1.2e-07
Se-75 2.6e-05 2.8e-06 2.3e-05 4.9eo-5 5.8e-05 2.9e-05 3.0e-06 2.5e-05 5.4e-05 6.5e-05
Srl-85,J,;,.>4^ 0.e400'- 0.0e+00--< O.Oe+,OOjrO.0e+,OO ,,'0.0.+OO,," 0. .0'
Sr-89 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
Sr-90 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Y-91 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr-93 6.9e-07 1.7e-08 5.0e-07 1.5e-06 2.0e-06 7.6e-07 1.9e-08 5.5e-07 1.7e.-6 2.2e-06
Zr5 ; 4*t^. 2.1 o-4'4.v~> 6.4 5 0.44<,,. 2.3e.-04:,<, .3.ie o04.7e4

Nb-93m 4.8e.-8 3.9e-09 3.6e-48 9.8e-08 1.3e-07 5.3e-08 4.3e4-9 4.0e-08 1.1e-07 1.4e-07
Nb-94 9.4e4-5 1.2e-05 8.8e4-5 1.7e-04 2.0e-04 1.1e-04 1.3e4-5 9.7e-05 1.9e-04 2.2e-04
Nb-95 1.2e405 1.3e-06 9.7e-06 2.4e-05 3.1e-05 1.3e4-5 1.4e4-6 1.1e-05 2.7e-05 3.4e-05
Mo-93 .0.e-07 7.7e-09 7.7e-08 2.2e-07 2.8e-07 1.2e-07 8.5e-09 8.5e4-8 2.4e-07 3.2e-07
Ti97-WL-t:_-'.Ef , .6e1m._8.9e0:i 08 , ................ --. Df-4.84 .... 3ij~37 99 9t.;Tc97 ii* 4..- ,. 3 . 3 :. -. 94O12.0
Tc-97m 2.2e.-8 2.3e-09 1.9e-08 4.2e-08 5.3e-08 2.5e-OS 2.5e-09 2.1 e-08 4.7e4-8 5.8e-08
Tc-99 3.8e4-8 3.3e-09 3.0e-08 7.8e-08 9.8e.-8 4.3e.-8 3.6e4-9 3.4e-08 8.7e4-8 1.1e-07
Ru-103 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00
Ru-106 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ag-.iO8m 1 =:-' .Oe+OO; 0.0e-0 0 0 O.Oe0+OO0+00;W. r 0..0o-'; O+OO 0..+0 0.0o0O 0.00 4
Ag-11 Om O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Cd-109 1.5e-07 2.0e-08 1.3e-07 2.7e-07 3.2e-07 1.6e-07 2.1e-08 1.5e-07 3.0e-07 3.6e-07
Sn-1 13 2.0e-05 2.2e-06 1.8e-05 3.8e-05 4.5e-05 2.2e-05 2.4e-06 2.0e-05 4.2e-05 5.0e-05
Sb-124 1.1e-04 1.1e-05 9.0e-05 2.1e-04 2.5e-04 1.2e-04 1.2e-05 1.0e-04 2.3e-04 2.8e-04
Sb-25.. 4.9e-05-. 5.6 -061 4.4.,i0S59.2o0-.-1.10-4> 9-. 5 54.9e05 .Oe '4ti:-61
Te-123m 7.6e-06 8.2e-07 6.8e-06 1.4e-05 1.7e-05 8.5e-06 9.0e-07 7.5e-06 1.6e-05 1.9e-05
Te-127m 4.7e-07 5.0e-08 4.2e-07 8.8e-07 1.0e-06 5.2e-07 5.6e-08 4.6e-07 9.7e-07 1.2e-06
1-125 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
1-129 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00
1-131:,' ,-,: t O.4e+00- O.Oe+00c'- O.Oe+00.O.QO+OO O.Oe+00: .,; 0040. 0.0.4;-O.O400 A, 0.Oe+00& O.Oe+OO
Cs-134 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-1 35 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-137 O.Oe+0 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
Ba-133 1.4e-05 1.8e-06 1.3e-05 2.5e-05 2.9e-05 1.5e-05 2.0e-06 1.4e-05 2.8e-05 3.3e-05
Ce-139. - O.O+0 0O.Oe+OO4O.O0-010S'..0,;O0e 0.Oe+00 :O.Oe+0 •i'O.O4OO; 0.0.+00;1 0..400 i 0.0e400u
Ce-141 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+o0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ce-144 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pm-147 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
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Appendix H-1 Normnalized Effective Dose Equivalents from Aluminum

Table 1-11.24 Norrnalized effective dose equivalents from all Pithways: Dust truck-driver_
Radinucide Mass-based EDE-(pSv/y per Bqlg) Surficlal EDE (pSv/y per Bq/cmn2)

Raincle Mean 5th 50th 90th 95-th -Mean 5th 50th 90th 95th

SnF151 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+DO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
E&152 6.,.Oe "+ .O.Oe+OO M .e+ .0- tOe~ O O.eO;OeW.-f66+OO0*:'-,O~.;weO .0 0t^; 0 . OO

Eu-154 O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Eu-1 55 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO' O.Oe+OO O.Oe+OO O.Oe+OO
Gd-153 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+WO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0
Tb-160 O.Oe+OO O.Oe+OO _O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Trn-1171 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Ta-182 1.0e-04 1.2e-05 9.0e-05 1.9e-04 2.3e-04 1.1 e-04 1.3e-05 1.0e-04 2.1 e-04 2.6e-04
W-181 4.3e-07 4.7e-08 3.9e-07 8.1 e-07 9.5e-07 4.8e-07 5.2e-08 4.3e-07 9.1 e-07 1.1e-06
W-185 9.5e-09 8.9e-1 0 8.0e-09 1.9e-08 2.3e-08 1.1 e-08 9.8e-10 8.9e-09 2.1e-08 2.6e-08

Az54,80 '5'eL 6,n-: 42e-05. 2e;05, .r.eti,,'5~,0>: 62 '# 5',-;100452
Ir125.0e-05 5.5e-06 4.3e-05 9.6e-05 1.2e-04 '5.5e-OS 5.9-06 47-05 1.1e-04 1.3e-04

Tl-204 8Ae-08 8.7e-09 7.6e-08 1 .6e-07 1 .8e-07 9Ae-08 9.6e-09 8.3e-08 1 .8e-07 2.1 e-07
Pb-210 1.2e-04 9.7e-06 9.4e-05 2.3e-04 2.9e-04 1.3e-04 1.1 e-05 1.0e-04 2.6e-04 3.3e-04
Bi-207 1.9e-04 229e-05 1.7e-04 3.5e-04 4.2e-04' :2.1 e-04 2.4e-05 1.9e-04 4.0e-04 4.7e-04

Ra-226 O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Ra-228 O.Oe+W0 O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Ac-227 O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Th-228 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Th-229'i'--g OOeO- '-OO+ -'O!eO ,f O.oO :OO+O -V;-t,.o+O-';O.O+Oi.eO AOO+O ;oO:
Th-230 O.Oe+OO O.Oe+WO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO Q.Oe+OO
Th-232 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO- O.Oe+OO O.Oe+OO
Pa-231 4.4e-03 3.1 e-04 3.2e-03 9.3e-03 12e-02 4.9e-03 3.5e-04 3.6e-03 1.0e-02 1.e-02

U-232 7.6e-04 5Ae-05 5.6e-04 1.6e-03 2.2e-03 8.5e-04 6.0e-05 6.2e-04 1.8e-03 2.4e-03
U-233 ,x',.,; e 0 ' .0,4~-4-!..3e-4"e0 ~,, 2e " .-'3.62.i8 4

U-24 15e-4 10eOS .1e04 .1-04 42e04' 1.e-04!. 1.1-05 1.2e-04;; 3.5e0 .e0

U-234 1.4e-04 1.1e-05 1.1e-04 3.10e-04 4.0e-04 1.6e-04 121e-05 1.2e-04 3.4e-04 4.5e044
U-236 1.4e-04 9.8 e-06 1.0e-04 3.0e-04 4.0e-04 1.6e-04 1.1e-05 1.1e-04 3.3e-04 4.5e-04

U-238 1.3e-04 9.4e-06 9.8e-05 2.8e-04 3.8e-04 1.5e-04 1.0e-05~ 1.1e-04 3.2e-04 4.2e-04
_- ____I ?,r X _ -. .V - -. - . r S ! w_ _stf I--- ! t T--- ur.,_ , _ _ _*X _- w t_ _

Np-237,<,i; .RO.+00, O..:Oe.00+OO-OO+OiO+OsOOe+O., .e+0,-,.eOa'.eOi.OO+O,,OO

Pu-236 1 .6e-04 1 2e-05 1.2e-04 3.4e-04 4.5e-04 1 .8e-04 1 .3e-05 1 .3e-04 3.8e-04 5.0e-04
Pu-238 4.4e-04 3.3e-05 3.3e-04 9.5e-04 1.3e-03 4.9e 04 3.7e-05 3.6e-04 1.1le-03 1.4e-03

Pu-239 4.9e-04 3.6e-05 3.6e-04 1.0e-03 1Ae-03 5.4e-04 4.0e-05 4.0e-04 1.2e-03 1.5e-03
Pu-240 4.9e-04 3.6e405 3.6e-04 1.0e-03 1lAe-03 5.4e-04 4.0e-05 4.0e-04 1.2e-03 1.5e-03

Pu-242 4.7e404 3.5e405 3.4e-04 1.0e403 1.3e403 5.2e404 3.8e405 3.8e404 1.1e403 1.5e403
Pu-244 4.7e404 3.7e405 3.5e404 1.0e403 1.3e403 5.2e404 4.1e405 3.9e404 1.1e-03 1.5e-03
Amn-241 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO. O.Oe+OO O.Oe+OO O.Oe+OO
Am-242m 0 Oe+OO O.Oe+OO O.Oe+OO 'O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Cm-242 O.Oe+00 O.Oe+OO O.eO O.O+O O.eO. 'OOeO .eO .O+OOO+OO.Oe+-OOj
Cm-243 O.Oe+OO, O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO, O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cm-244 O.Oe+OO O.Oe+OO O.Oe+OO0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Cm-247 O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+W0. O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Cm-248 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO' O.Oe+OO

Cf-246 -, '.''0e ,-'.eOOO+O,.Oe+ 'O+O,-'0.0e6 +00 -;O.Oe+, :'. Oe'+ O 0 +O
Cfn-250 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO o.oe+oo O.Oe+OO0 O.Oe+OO O.Oe+OO O.Oe+OO o.oe+oo

Cf-251 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Cf-252 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO o.Oe+00 O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO
Cf-254 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO o.oe+oo0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Cf-254 -;-4O.Oe+00 .O.Oe+00 -O.Oe'+OO O.Oe+00 sO.Oe+00 -' '..-Oe+ OO-O.Oe+OO iO e+00OG+O ;..'00

Note: To convert these values to conventional units (mrem/dy per pCi~g or mremly per pC~cml), multiply by 3.7e-3
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Normalized Effective Dose Equivalents from Aluminum Appendix H- I

Table H1.25 Normalized effective dose equivalents from external exposure: Dust truck-driver

Radionuclide Mass-based EDE (pSv/y per BqIg)
Mean 5th 50th 90th 95th

Surficial EDE (pSv/y per Bq/cm2 )

Mean 5th 50th 90th 95th
H-3 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
C-14 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O..e+00 O.Oe+00 O.Oe+00 O.Oe+00
Na-22 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
P-32 1.4e-08 4.2e-10 6.4e-09 3.7e-08 5.2e-08 1.Se-08 4.7e-10 7.1e- 09 4.te-08 5.8e-08

_6O.Oe+OO O.Oe+±O. Q 0.0e+O O O OO.Oe+O .Oe+OO .0Oe+OO
CI-36 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00
K-40 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-45.e O.Oe+ O.e0.000 .Oe+00 0.Oe--00 0.0400 O.e0+00 O.O,00 _O.Oe+00 O.Oe+00 .Oe+00

Cr-51 6.9e-07 5.6e4-8 5.0e-07 1.5e-06 2.0e-06 7.7e-07 6.1e-08 5.5e-07 1.7e-06 2.2e-06
Mn-53 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00
Mn-54 4.3e-05 6.0e-06 3.9e-05 7.6e-05 8.8e-05 4.7e-05 6.6e-06 4.3e-05 8.5e-05 1.0e-04
Fe-55 5.0e-15 6.7e-16 4.7e-I5 8.9e-15 1.Oe-14 5.6e-15 7.5e-16 5.1e-15 1.Oe-14 1.2e-14
F.-59K'! t-,-s2.5 -05,, 29e0.90 08: 2..0.1e4.-050 5.9.-5 28 . 5vW3'3e-O 23o 5 05:4,5.O5~ '6A6e
Co-56 1.2e-04 1.5e-05 1.1e-04 2.1e-04 2.6e-04 1.3e-04 1.7e-05 1.2e-04 2.4e-04 2.9e-04
Co-57 3.3e-06 4.3e-07 3.0e-06 5.8e-06 6.8e-06 3.6e-06 4.7e-07 3.3e-06 6.5e-06 7.7e-06
Co-58 2.9e-05 3.8e-06 2.6e-05 5.4e-05 6.5e-05 3.3e-05 4.3e-06 2.9e.-5 6.0e.-5 7.2e-05
Co-60 1.5e-04 2.0e.-5 1.4e-04 2.7e-04 3.1e-04 1.7e-04 2.2e-05 1.5e-04 3.0e-04 3.5e-04
Nl-59abiO?;> 9.36s1O4.i fe,- 0,)- 8.7,1O. t,1.7. 1.9. 0949 1.0fX'^ -0 .3-t0'9.~'5 1.9e-09 -, 2e.
NI-63 2.9e-13 3.7e-14 2.7e-13 5.3e-13 6.1e-13 3.3e-13 4.2e-14 3.0e-13 5.9e-13 6.9e-13
Zn-65 2.8e-05 3.7e-06 2.6e-05 5.1e-05 6.0e-05 3.2e4-5 4.2e-06 2.9e4-5 5.7e.-5 6.8e-05
As-73 3.7e-08 3.9e-09 3.3e-08 7.1e-08 8.6e-08 4.1e-08 4.4e4-9 3.6e-08 8.0e-08 9.5e-08
Se-75 2.6e-05 2.8e-06 2.3e-05 - 4.8e-05 5.8e4-5 2.9e-05 3.0e-06 2.5e-05 5.4e-05 6.5e-OS
Sr-85•" Žf ';¢ 0.0+0 ".0.0,+OO , .0 OOe,, .O , lo0e+O0 Oe , O ,O .e O 0.+OO' - O.Oe+O
Sr-89 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sr-90 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+-00 O.Oe+00 O.e+00 O.Oe+00
Y-91 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr-93 1.8e-12 5.7e-14 1.6e-12 3.5e-12 4.2e-12 2.0e-12 6.2e-14 1.8e-12 3.8e-12 4.6e-12

Z25'* .1$''i '5,'4O~g. +,t.e4.>o504'';,-.2e ,:.e6Ci 47 ,57e 04,
Nb-93m 7.8e-14 9.6e-15 7.2e-14 1.4e-13 1.6e-13 8.7e-14 1.1e-14 8.0e-14 1.6e-13 1.8e-13
Nb-94 9.4e-OS 1.2e.-5 8.7e-05 1.7e-04 2.0e-04 1.0e-04 1.3e-05 9.6e.-5 1.9e-04 2.2e-04
Nb-95 1.2e.-5 1.3e-06 9.7e-06 2.4e-05 3.1e4-5 1.3e-05 1.4e.-6 1.1e-05 2.7e-05 3Ae-05
Mo-93 2.3e-13 2.7e-14 2.1e-13 4.4e-13 5.2e-13 2.6e-13 2.8e-14 2.3e-13 4.9e-13 5.8e-13

Tc-97m 8.6e-09 9.3e-10 7.6e-09 1.6e-08 2.0e-08 9.6e-09 1.0e-09 8.4e-09 1.8e-08 2.2e-08
Tc-99 1.9e-09 2.2e-10 1.7e-09 3.5e-09 4.1e-09 2.1e4-9 2.4e-10 1.9e-09 4.0e4-9 4.6e-09
Ru-103 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+000.e00 .Oe+0O O.O.Oe+00.Oe+00 O.Oe+00 O.Oe+O0
Ru.106 O.Oe+00 O.Oe+00 O..Oe+00 0.0e400 0.0e4OO O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+OO

Aei8%tOO+OO.eO.O.e .O+O,'O.e iO.OetOO'-'-..O.Oe+W , aOOe~ O.' 0;0 0
Ag-110m O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cd-109 5.8e-08 8.0e-09 5.4e-08 1.0e-07 1.2e-07 6.5e-08 8.7e-09 5.9e-08 1.2e-07 1.3e-07
Sn-113 2.0e-05 2.2e-06 1.8e-05 3.8e-05 4.5e-05 2.2e-05 2.4e-06 2.0e-05 4.2e-05 5.0e-05
Sb-124 1.1e-04 1.1e-05 9.0e-05 2.1e-04 2.5e-04 1.2e-04 1.2e-05 9.9e-05 2.3e-04 _2.8e-04

SS153t 4+ '2' ... 4;e015. ,, iO5 -9.2e i 51'G,"I-:I ........... '4 g. i W 5-,,-6.06 . 9e, 1.0 4'i .+2 e--.
Te-123m 7.6e-06 8.1e-07 6.7e-06 1.4e-05 1.7e-OS 8.4e-06 9.0e-07 7.4e-06 1.6e-05 1.9e-OS
Te-127m 3.9e-07 4.1e-08 3.4e-07 7.3e-07 8.7e-07 4.3e-07 4.6e-08 3.8e-07 8.2e-07 9.7e-07
1-125 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
1-129 W'- e 00 0.0,400 .Oe+OO O.Oe+00 O.O0OeOOi0.0.e OO.OOe+O O.Oe+OO O.Oe+OO O.Oe+OO

1-O ; OO;.eO 4 O.0 ,O.0e+0 .0+ M O.Oe+001
Cs-134 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-135 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-137 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+000 .Oe+00
Ba-133 1.4e-05 1.8e-06 1.3e-05 2.5e-05 2.9e-05 1.5e-05 2.0e-06 1.4e-05 2.8e-05 3.3e-05

C.19O 0040-. e+00 ' . .40 0---!.Oe+OOO040~ ~ 0.040: .- .Oe00 i~-, 0.,0 .04000- - 0.0.400

Ce-141 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.0,+00 O.Oe+00 O.Oe+00 O.Oe+00
Ce-144 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+000 .Oe+00
Pm- 147 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

NUG 164 _ .i, .
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Appendix H-1 Normalized Effective Dose Equivalents from Aluminum

Table HI 25 Normalized effective dose equivalents from external exposure: Dust truck-driver

Radionuclide Mass-based EDE (OSvly per BqIg) Surfidial EDE (uSv/y per Bq/cm2)
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

Sm-151 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+O0 O.Oe+OO O.Oe+O0 O.Oe+OO
06 be44-1. - . ~ -~-- -- 6e-w 'C -f . 0.e6

Eu-154 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00O O.Oe+00 O.Oe+00
Eu-155 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+O0 O.Oe+OO O.Oe+OO O.Oe+O0
Gd-153 O.Oe+00 O.Oe+O0 O.Oe+O0 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00
Tb-160 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+O0 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
it 0.6I7O26?z 0..ekiO00
Tm-1 71 O.Oe+00 O.Oe+O0 O.Oe+0O O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00
Ta-182 1.0e-04 1.2e-05 9.0e-05 1.9e-04 2.3e-04 1.1e-04 1.3e-05 I.Oe-04 2.1e-04 2.6e-04
W-181 4.3e-07 4.7e-08 3.8e-07 8.1e-07 9.5e-07 4.8e-07 5.2e-08 4.2e-07 9.1e-07 1.1e-06
W-185 3.5e-09 3.7e-10 3.0e-09 6.6e-09 8.0e-09 3.9e-09 4.2e-10 3.4e-09 7.4e-09 8.8e-09

Os-18,.-S Ie .e0,He'5. 2-5 . -~ ¢ : . e 05 :~, i.e,0e 4-:v' i26L04
Ir-192 5.0e-05 5.5e-06 4.3e-05 9.6e-05 1.2e-04 5.5e-05 5.9e-06 4.7e-05 I.Ie-04 1.3e-04
T1-204 5.8e-08 5.8e-09 5.2e-08 1.1e-07 1.3e-07 6.4e-08 6.5e-09 5.8e-08 1.2e-07 1Ae-07
Pb-210 9.6e-08 1.1e-08 8.6e-08 1.8e-07 2.1e-07 1.1e-07 1.2e-08 9.5e-08 2.0e-07 2.4e-07
Bi-207 1.9e-04 2.2e-05 1.7e04 3.5e-04 4.2e-04 2.1e-04 2.4e-05 1.9e-04 4.0e-04 4.7e-04
~-i. 20Yk+>:42.-8.5e-10 • ,9.4' *11 7.7.6.-bI.e-O9jI.-O9 ;5 .e-i0 -.4Xl10e-IO10!, 4e 'OI.8e09t7.-9~
Ra-226 O.Oe+O0 O.Oe+OO O.Oe+0O O.Oe+O0 O.Oe+O0 O.Oe+OO O.Oe+O0 O.Oe+00 O.Oe+O0 O.Oe+OO
Ra-228 O.Oe+00 O.Oe+O0 O.Oe+OO O.Oe+O0 O.Oe+0O O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+O0 O.Oe+OO
Ac-227 O.Oe+0O O.Oe+O0 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+0O O.Oe+O0 O.Oe+0O
Th-228 O.Oe+O0 O.Oe+O0 O.Oe+0O O.Oe+00 O.Oe+O0 O.Oe+OO O.Oe+OO O.Oe+0O O.Oe+O0 O.Oe+OO
,h229e+000.0 Oe+0O i.e'+050.0e0O U Oe+00: .0e+,00 ,0.0e0 2.0e,+OO:', O.Oe OO IO.Oe'+OO

Th-230 O.Oe+00 '.Oe+O0 O.Oe+0O O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00
Th-232 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+0O O.Oe+00 O.Oe+0O
Pa-231 3.8e-06 4.1e-07 3Ae-06 7.1e-06 8.4e-06 4.2e-06 4.7e-07 3.8e-06 8.0e-06 9.4e-06
U-232 4.2e-06 4.0e-07 3.5e-06 8.5e-06 1.Oe-05 4.7e-06 4.4e-07 3.9e-06 9.5e-06 1.2e-05
U-233 ^',&,'6.0e09 6.78-1i^0'.4h,5.3 ,,'1.I 8 -0.3e 8 `- 08T 6 7.4ie0-5.98-09' ~ I..2e 08 21.5e-08
U-234 1.5e-09 1.7e-10 1 .3e-09 2.8e-09 3.3e-09 1.7e-09 1.9e-10 1.5e-09 3.1e-09 3.8e-09
U-235 5.0e-06 5.6e-07 4.4e-06 9.4e-06 1.1e-05 5.5e-06 6.1e-07 4.9e-06 1.0e-05 1.3e-05
U-236 6.2e-10 7.0e-11 5.6e-10 1.2e-09 1.4e-09 6.9e-10 7.7e-1 1 6.1e-10 1.3e-09 1.6e-09
U-238 I.Oe-06 1.Ie-07 9.1e-07 1.9e-06 2.3e-06 1.1 e-06 1.3e-07 I.Oe-06 2.1e-06 2.6e-06
N ~ .237 .O.Oe+ O O,; 0O 0OO' .'O+OO0.0e+O .0 O+00 i0.e00;O.0,+O O.e+ ,0.0e+0 0e 0
Pu-236 5.1e-09 3.5e-10 3.7e-09 1.le-08 1.4e-08 5.7e-09 3.9e-10 4.1e-09 1.2e-08 1.6e-08
Pu-238 2.1e-10 2.3e-11 I1.9e-10 4.0e-10 4.8e-10 2Ae-10 2.5e-11 2.1e-10 4.5e-10 5.4e-10
Pu-239 1.6e-09 1.7e-10 IAe-09 3.0e-09 3.6e-09 1.8e-09 1.9e-10 1.6e-09 3.4e-09 4.0e-09
Pu-240 2.1e-10 2.2e-11 1.8e-I 0 3.9e-10 4.6e-10 2.3e-10 2.4e-11 2.1e-1 0 4.4e-10 5.2e-10
.241i; _.'.6e-I0•,i L7.60e'I .3I7 12''.6eIj.1 1.54 01 . e I
Pu-242 2.0e-10 2.2e-11 1.8e-10 3.9e-10 4.6e-10 2.3e-10 2Ae-11 2.0e-10 4.3e-10 5.1e-10
Pu-244 1.3e-05 1.4e-06 1.2e-05 2.5e-05 3.0e-05 1.5e-05 1.6e-06 1.3e-05 2.8e-05 3.4e-05
Arn-241 0.Oe+00 0.Oe+00 0.0e+00 0.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
An-242rn O.Oe+0O O.Oe+0O O.0e+00 O.Oe+00 O.Oe+00 O.Oe+O_ O.Oe+00 O.Oe+00 O.Oe+O0_0 O.Oe+00

, ,3V 2 V0:Oe+00 O.Oe+ O-O.Oe 00' -)0.e0 00" +,00,. A*.0.O0+ O.Oe+000.0e+000.0e+00,'l.OG+00e
Cm-242 O.Oe+00 O.Oe+0 O O.Oe+00 O.Oe+0 O.Oe+00 O.Oe+00 OO.+00 O.Oe+OO O.Oe+00 O.Oe+00
Cm-243 O.Oe+00 O.Oe+0O O.0e+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+O0
Cm-244 0.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-245 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

_C 2 6 0.Oe+ 00 '; O.Oe+OO ,.0 .e+O 'uO'.Oe+-00 .Oe+0 6 -6 'IO.Oe+ '. ''0.Oe+* 0,.0+00 0.0e'00
C-4 O.e00: O.Oe+00`.eOOO.eO.O e .O+0 0.e0 Oe.Oe+00 O.Oe+00~ O.e+O .O+O

Cm-247 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-248 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 0.00+00 .Oe+O0 '.Oe+00 O.Oe+00 O.Oe+00
Ck-249 O.Oe+00 -O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+O0 O.Oe+00
Cf-248 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 '.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Cf.249 oo;000 o.oe4.oo :"o.oe+oo0o .0be400 -. o-oO.Oe+00WY O0e+0 .00 0-.et0;6.0+0
Cf-250 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+O0 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-251 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-252 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-254 - .Oe+00 0.Oe+00 O.Oe+00 '.Oe+00 0.Oe+00 O.Oe+O0 O.00+00 0.Oe+00 O .Oe+00 'OOe+00

Es24-.K9~00+0 000 00+0 .00.oo+0<.. -.e 007 ~0~:00+00 .:O.oe+ -o~o- b 004
Note: To convert these values to conventional units (mremly per pCUg or mrerr./y per pCi/m 2), multiply by 3.7e-3

H5 _ _EG_ _ 4_
H-51 NUREG-1640



Normalized Effective Dose Equivalents from Aluminum Appendix H-I

Table H1.26 Normalized effective dose equivalents from inhalation: Dust truck-driver

Mass-based EDE (pSv/y per BqIg)
Rdould-Mean 5th 50th 90th 95th

Surficial EDE (pSv/y per Bqfcm2)
Mean 5th 50th 90th 95th

H-3 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
C-14 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Na-22 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
P-32 1.Oe-09 2.0e-11 4.1e-10 2.6e-09 4.0e-09 1.1e-09 2.2e-1 1 4.6e-10 2.9e-09 4.4e-09

,-3 _ ,0.0e+000 .Oe+OO O.e+ .0e+ OO0+.,0.0e+, jO.Oe 00 e+000.0e+00 O.0e
CI-36 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
K-40 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0
Ca4S 0O.Oe+00 O.0++00 O.Oe+00 O.Oe+00 O+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00
S;,,gX . 00',. 0aR.eO~iOOO.^D,.eO,,2~,O.e.0e,+00k'.Oe.0071 , Oe+hOi
Cr-51 2.1e-10 1.0e-11 1.3e-10 4.8e-10 6.8e-10 2.3e-10 1.1e-11 1.4e-10 5.4e-10 7.4e-10
Mn-53 7.8e-10 6.7e-11 5.9e-10 1.6e-09 2.1e-09 8.7e-10 7.5e-11 6.5e-10 1.8e-09 2.4e-09
Mn-54 9.0e-09 7.7e-10 6.8e-09 1.9e-08 2.5e-08 1.0e-08 8.6e-10 7.5e-09 2.1e-08 2.7e-08
Fe-55 2.0e-09 1.7e-10 1.5e-09 4.2e-09 5.5e-09 2.2e-09 1.9e-10 1.7e-09 4.6e-09 6.1e-09

Co-56 3.4e-08 2.7e-09 2.5e-08 7.1 e-08 9.3e-08 3.7e-08 3.0e-09 2.7e-08 7.9e-08 1.0e-07
Co-57 1.2e-08 1.Oe-09 9.0e-09 2.5e-08 3.2e-08 1.3e-08 1.1e-09 9.9e.-9 2.8e-08 3.7e-08
Co-58 8.7e-09 6.9e-10 6Ae-09 1.8e-08 2.4e-08 9.6e-09 7.7e-10 7.0e-09 2.0e-08 2.7e-08
Co-60 3.4e-07 2.8e-08 2.5e-07 7.1e-07 9.2e-07 3.8e-07 3.1e-08 2.8e-07 7.8e-07 1.Oe-06
M-9,R'21Z-=17 ,Og,.e043F9 5.e .'3eX i2.0,e' 0:i.8'e-09, ;,'i84 ,.4- S.
Ni-63 4.9e-09 4.0e-10 3.7e-09 1.0e-08 1.3e-08 5.4e-09 4.6e-10 4.1e-09 1.1e-08 1.5e-08
Zn-65 2.6e-08 2.2e-09 1.9e-08 5.4e-08 7.3e-08 2.9e-08 2.5e-09 2.1e-08 6.1e-08 8.2e-08
As-73 6.2e-09 4.3e-10 4.5e-09 1.3e-08 1.8e-08 6.9e-09 4.8e-10 4.9e-09 1.5e-08 2.0e-08
Se-75 1.6e-08 1.1e-09 1.2e-08 3.5e-08 4.6e-08 1.8e-08 1.2e-09 1.3e-08 3.8e-08 5.2e-08
S'r-85~l~;4f 0.08+00 +O' .Oe O~jO O;5+0O~OOOe+0O6§ , + OO-.O e+,OO.O'.Oe0t0
Sr-89 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sr-90 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+0O O.Oe+00
Y-91 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00
Zr-93 6.6e-07 1.6e-08 4.8e-07 1.5e-06 2.0e-06 7.4e-07 1.8e-08 5.3e-07 1.6e-06 2.2e-06
Zr-, ' 5 8Z1. 27e-0j2
Nb-93m 4.6e-08 3.7e-09 3.5e-08 9.6e-08 1.3e-07 5.1e-08 4.0e-09 3.9e-08 1.1e-07 1.4e-07
Nb-94 6.6e-07 5.3e-08 5.0e-07 1.4e-06 1.8e-06 7.3e-07 5.7e-08 5.5e-07 1.5e-06 2.0e-06
Nb-95 2.4e-09 1.5e-10 1.6e-09 5.2e-09 7.2e-09 2.7e-09 1.7e-10 1.8e-09 5.9e-09 7.9e-09
Mo-93 9.6e-08 6.6e-09 6.9e-08 2.0e-07 2.7e-07 1.1e-07 7.2e-09 7.7e-08 2.3e-07 3.0e-07
Tqj97;3;-. 4e,109.2.4eO 09'4:7.0: 49.,4ei09', ,. , 3.7 2.610-"2.7-09 -57.9e-09 1.0e6-pa
Tc-97m 9.3e-09 6.4e-10 6.7e-09 2.0e-08 2.7e-08 1.0e-08 7.1e-10 7.4e-09 2.2e-08 3.0e-08
Tc-99 2.8e-08 2.0e-09 2.0e-08 6.0e-08 7.9e-08 3.1e-08 2.2e-09 2.2e-08 6.6e-08 8.8e-08
Ru-103 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+O0
Ru-106 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 OOe+00 O.Oe+00 O.Oe+00

~iA t0r7: -S 0.0e80,-tj.e 'O.e+O4,OO+O.;OO+00f-,:s O.e0.OO+&' 4O+0:00o0~0O+~

Ag-i1 Om O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
Cd-109 5.7e-08 4.7e-09 4.3e-08 1.2e-07 1.5e-07 6.3e-08 5.4e-09 4.8e-08 1.3e-07 1.7e-07
Sn-113 2.3e-08 1.6e-09 1.7e-08 4.9e-08 6.5e-08 2.6e-08 1.8e-09 1.9e-08 5.5e-08 7.2e-08
Sb-124 3.8e-08 2.4e-09 2.6e-08 8.1e-08 1.1e-07 4.2e-08 2.6e-09 2.9e-08 9.0e-08 1.2e-07
Sb 125 ;44Ae-08.2; .9e09;,,, 3.2e-O8A 9.4e-aO K:1.2e-a7 07: ,,,4.96-8W-3N2e 09,3.5e,08 -, .007i.O4e-07A
Te-123m 2.3e-08 1.5e-09 1.7e-08 5.0e-08 6.6e-08 2.6e-08 1.7e-09 1.9e-08 5.6e-08 7.5e-08
Te-127m 4.6e-08 3.0e-09 3.4e-08 9.9e-08 1.3e-07 5.2e-08 3.4e-09 3.7e-08 1.1e-07 1.5e-07
1-125 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+0O
1-129 O.Oe+00 O.ee+00 O.Oe+00 O.O0 OOe+00 0.0e+00 O.Oe+O0 O.Oe+0O O.Oe+00 O.Oe+00

t-131 V 63,0.0+0 66 0.Oe+0 0.0Oe+O0O .e+0 0.0e+0O .Oe+00'> 0.0e.0e ' Oe+ 00w . 0 .0 e0 OO.O 0.0e+001
Cs-134 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+0O O.Oe+0O
Cs-135 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O
Cs-137 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+0O O.Oe+00
Ba-133 9.0e-09 7.5e-10 6.7e-09 1.9e-08 2.5e-08 1.0e-08 8.4e-10 7.5e-09 2.1e-08 2.7e-08
C.-139>' ,';', 0.0e 0.' 00. + ,'O.Oe+00. Oe+00Z 0.0e+00 ' OO. 0--. 0.0+0 '0 -O.Oe+OO O.Oe+OO''O.Oe+OO'
Ce-141 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00
Ce-144 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+0O O.Oe+0O O.Oe+0O O.Oe+00 O.Oe+00
Pm-147 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
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Appecndix H-1 Normalized Effeki�e` Dosc Equivalcnts from Aluminum

Table H1.26 Normalized effective dose equivalents from Inhalation: Dust truck-driver

Radionuclide Mass-based EDE (pSvly per Bqlg) Surficial EDE (pSv/y per Bq/cm2 )
Mean - 5th 50th 90th 95th Mean 5th 50th 90th 95th

Sm-151 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Eu'.52 Y;- O.e+00-j; 0 00.'tO O0.e+0 '- 0.Oe+0O-..OeO +0.0e+ 00 + ;,00.OO:Kb.O 0
Eu-1 54 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Eu-155 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Gd-153 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Tb-160 ' O.Oe+0O.Oe+O e O.Oe+00 .Oe+O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O Oe+00

170p -IW- i O.Oe+001,O.Oe+00 +

Tm-171 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ta-182 9.7e-08 7.1e-09 7.1e-08 2.1e-07 2.8e-07 1.1e-07 7.9e09 7.8e-08 2.3e-07 3.1e-07
W-181 3.4e-10 2.5e-11 2Ae-10 7.2e-10 9.6e-10 3.7e-10 2.7e-1I 2.7e-10 8.0e-10 1.1e-09
W-185 1.3e-09 9.4e-11 9.3e-10 2.8e-09 3.8e-09 1.5e-09 1.0e-10 1.0e-09 3.2e-09 4.3e-D9
i,1~85 -' v:2.oe-08.0e I.3e-09 Ae-O;e8TiA:1e-8 ;,5.6e08 O, ;,,-20>154.:e8.~6 T6e0
Ir-192 4.9e-08 3.1 e-09 3.5e-08 1.Oe-07 1Ae-07 5.4e-08 3.5e-09 3.9e-08 1.2e-07 1.6e-07
Tl-204 7.7e-09 5.3e-10 5.6e-09 1.6e-08 2.2e-08 8.6e-09 5.7e-10 6.3e-09 1.8e-08 2.4e-08
Pb-21 0 7.4e-05 5.3e-06 5.5e-05 1.6e-04 2.1 e-04 82e-05 5.8e-06 6.0e-05 1.7e-04 2.3e-04
B.207 6.7e-08 4.8e-09 4.9e-08 1Ae47 1.9e-07 7.4e-08 5.2e-09 5.4e-08 1.6e-07 2.1e-07

Ra-226 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ra-228 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
Ac-227 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-228 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+00
Th-290.~-0.e+00 o'.oe,0-. 0e+0o:^eeoO;_+OO'' ..Oe+,OO:, dO.0e+,O0 10.0e40iO;Oe+00
Th-230 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-232 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pa-231 4.3e03 3.0e-04 3.1 e03 9.1e-03 1.2e-02 4.8e-03 3.4e-04 3.5e-03 1.0e-02 1.4e-02
U-232 7.6e404 5.2e-05 5.5e04 1.6e-03 2.1e-03 8.4e-04 5.8e-05 6.1e44 1.8e-03 2Ae-03
U-233 _ ~-:,, .5e-0 42,.,.0e-05.9.I .Ie,44 :3.2e4 4.3e44 ,' .7&02e4: 05,'1.204A.64 -0 .8e-Z8044
U-234 1.5e-04 1.0e05 1.1e-04 3.1e-04 4.2e-04 1.7e-04 1.1e-05 1.2e-04 3.5e-04 4.7e-04
U-235 1.4e-04 9.5e-06 1.0e-04 2.9e-04 3.9e-04 1.5e04 1.1e-05 1.1e-04 3.3e-04 4.4e-04
U-236 1 Ae-04 9.7e-06 I.Oe-04 3.0e-04 4.0e-04 1.6e-04 1.1 e-05 1.1e-04 3.3e-04 4.5e-04
U-238 1.3e-04 9.1e-06 9.7e-05 2.8e-04 3.8e-04 1.5e-04 1.Oe-05 1.1e-04 3.1e-04 4.2e-04
!p3 .6.. ''; O.O.Oe+00 O.i.00 -8O. ,

Pu-236 1.6e-04 1.1e-05 1.1e-04 3.4e-04 4.4e-04 1.7e-04 1.3e-05 1.3e-04 3.8e04 4.9e-04
Pu-238 4Ae-04 3.2e-05 3.2e-04 9Ae-04 1.2e-03 4.9e-04 3.6e-05 3.5e-04 1.1e-03 IlAe-03
Pu-239 4.8e-04 3.5e05 3.5e-04 1.0e-03 1.4e03 5.3e-04 3.9e-05 3.9e-04 1.2e-03 1.5e-03
Pu-240 4.8e-04 3.5e-05 3.5e-04 1.0e-03 1.4e-03 5.3e-04 3.9e-05 3.9e-04 1.2e-03 1.5e-03
Pu,' 4,1, :;-'-."_9e0-6,6.8e- ~ ,6.8 ,06 ½ 2.Oe05., 2645  .'',.t,_Oe,5:_ 7.6.-f?7_,,,,,72.2405' 7..0Oe
Pu-242 4.6e-04 3.4e-05 3.3e-04 9.9e-04 1.3e-03 5.1e-04 3.7e-05 3.7e-04 1.1e-03 1.5e-03
Pu-244 4.5e-04 3.3e-05 3.3e-04 9.7e-04 1.3e-03 5.0e-04 3.7e-05 3.7e-04 1.1e-03 1 Ae-03
Am-241 O.Oe+O0 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+O0
Am-242m O.Oe+00 O.Oe+00O O.Oe+ 0 O O.Oe+ O O.Oe+000 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Am-243_K 4XQ O0.Oe+00''- 0.0e+00 9.00+OO0'0.0e+, iO.Oe+00 *, O.Oe+ O.Oe+OO0 '
Cm-242 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
Cm-243 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
Cm-244 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-245 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
Cm-2i6 ; '' 9 'O:Oe' 00 'O O.Oe+0W0 ' O O,.Oe' 000' 0.Oe400 0.Oe+00;KO. Oe 00
Cm-247 O.Oe+0O O.Oe+00 O.Oe+00 'O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
Cm-248 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Bk-249 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-248 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-24 9 f'- '--' "' 1~1 0+. 00:OO+0 ~~0,.0Oe00'- 6 00+0_.Oe+0 -, 0+00. ~-?O.000 0+0- .00 --0.0e+00 0.Oe+0

Cf-250 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-251 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-252 0.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-254 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+0O O.Oe+00 0.Oe+00 0.00+00 0.Oe+00 OO.+00 O.O+00

0otes2 : T 0.nve 00 tsv es 0.0co 000.0e+00 -ui (mremly per 0 pgorOe+DO rmp r2 ulyb .7e-3 .o e+00

Note: To convert these values to conventional units (mremldy per pCi~g or mrenmly per pCi/cm2), multiply by 3.7e-3
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Normalized Effective Dose Equivalents from Aluminum Appendix H- I
Table HI.27 Normnalized effective dose equivalents from ingestion: Dust truck-driver

Radionuclide Mass-based EDE (pSv/y per BqIg)
Mean 5th 50th 90th 95th

Surficial EDE (uSv/y per Bg/cm2)
Mean 5th 50th 90th 95th

H-3 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+O0 O.Oe+00
C-14 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
Na-22 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
P-32 2.5e-09 1.7e-I1 9.3e-10 7.0e-09 1.1e-08 2.8e-09 1.9e-I 1.0e-09 7.8e-09 1.2e-08

S _~--'.A O.e+00 ;. O.0e+OO .O+,,0.0 + -. Oe,+,O ° .Oe0
CI-36 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
K-40 O.Oe+00 O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
Ca-41 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
Ca-45 O.Oe+00O. Oe+00 O.Oe+00 0+0 O.O+00 O.Oe+00 O.Oe+00 O.Oe+0 0 O.Oe+00 O.Oe+00

6:0 J.. e+OO 0O.j0OO,,.0e0e 0,.08,+,00 7_O.e 00 j;-0.Oet00o ;S 0.6W+0I O.Oe+OO`..O.OetOOZ.0e+OI
Cr-51 1.6e-10 2.le-12 9.6e-11 3.9e-10 5.4e-10 1.8e-10 2.3e-12 1.1e-10 4.3e-10 6.0e-10
Mn-53 2.9e-10 5.9e-12 2.3e-10 6.4e-10 8.1e-10 3.2e-10 6.6e-12 2.5e-10 7.1e-10 9.0e-10
Mn-54 6.4e-09 1.3e-10 S.Oe-09 1.4e-08 1.8e-08 7.1e-09 1.5e-10 5.5e-09 1.6e-08 2.0e-08
Fe-55 1.6e-09 2.9e-1 1.2e-09 3.5e-09 4.3e-09 1.7e-09 3.2e-11 1.4e-09 3.9e-09 4.8e-09

F",9, .i 6 e0<.6v.1 ;,;,,.e0S.14 8o. e AL1-e,1f. 0 j 8 .- 2i08
Co-56 1.5e-08 2.6e-10 1.1e-08 3.3e-08 4.1e-08 1.6e-08 2.8e-10 1.3e-08 3.6e-08 4.6e-08
Co-57 1.7e-09 3.1e-11 1.3e-09 3.7e-09 4.5e-09 1.9e-09 3.3-I I 1.4e-09 4.1e-09 5.1e-09
Co-58 4.1e-09 7.2e-1 3.1e-09 9.0e-09 1.2e-08 4.6e-09 7.8e-11 3.4e-09 1.0e-08 1.3e-08
Co-60 2.7e-08 5.0e-10 2.1le-08 6.0e-08 7.3e-08 3.0e-08 5.4e-10 2.4e-08 6.7e-08 8.3e-08

NI-63 1.6e-09 2.9e-1l 1.2e-09 3.5e-09 4.3e-09 1.7e-09 3.2e-Il 1.4e-09 3.9e-09 4.8e-09
Zn-65 3.2e-08 6.3e-10 2.5e-08 7.0e-08 8.7e-08 3.5e-08 6.9e-10 2.7e-08 7.8e-08 9.8e-08
As-73 2.2e-09 3.5e-i 1.6e-09 5.0e-09 6.4e-09 2.4e-09 3.8e-11 1.7e-09 5.6e-09 7.1e-09
Se-75 3.7e-08 6.2e-10 2.7e-08 8.4e-08 1.1e-07 4.1e-08 6.6e-10 3.0e-08 9.3e-08 1.2e-07
Sr-85 'z;, 0.0e+OOle 0.0'ei00,30.e-,O. .Oe+,O +00*.Oe'+'OOO 0.oO~j~.Oe~-0 .e+00O'i.0 e,+00 O.O ,+0 .O

Sr-89 O.Oe+OO O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sr-90 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Y-91 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr-93 2.3e-08 1.9e-10 1.6e-08 5.4e-08 6.8e-08 2.5e-08 2.2e-10 1.8e-08 6.Oe-08 7.5e-08

Zr 95- ", e-08t; 3A4.'70l.8.-08e;9.'OSK 2 I 7 !,.5e-08 ,'8e-10 8 3.1e-08 ,, le-07 ., 0
Nb-93m 1.4e-09 2.7e-11 1.1e-09 3.1e-09 3.9e-09 1.6e-09 3.0e-1l 1.2e-09 3.4e-09 4.3e-09
Nb-94 1.9e-08 3.7e-10 1.5e-08 4.2e-08 5.3e-08 2.2e-08 4.1e-10 1.7e-08 4.8e-08 5.9e-08
Nb-95 1.8e-09 2.8e-11 1.3e-09 4.3e-09 5.5e-09 2.0e-09 3.2e-il 1.4e-09 4.8e-09 6.2e-09
Mo-93 7.8e-09 1.4e-10 5.7e-09 1.8e-08 2.2e-08 8.6e-09 1.6e-10 6.4e-09 2.0e-08 2.5e-08
T.97,,,9.9e-10 ,;7e-.1 .74iQp2e2009> 2.i09 .1 9,l9':M1.8e- i1- 8.2e.- 102.5.-09f
Tc-97m 4.1 e-09 6.6e-11 3.0e-09 9.2e-09 1.2e-08 4.6e-09 7.3e-11 3.3e-09 1.Oe-08 1.3e-08
TO-99 8.4e-09 1.4e-10 6.3e-09 1.9e-08 2.4e-08 9.4e-09 1.6e-10 7.0e-09 2.1e-08 2.7e-08
Ru-103 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00
Ru-106 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Ag-O8rm -' O.Oe+OO,;-!.KO 0e6O .OeIOO' O.Oe+'OOiI 0.00+00-') -0.0et O.Oe+ 'O.Oe+ 0 .
Ag-i 1lOm O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0
Cd-109 3.3e-08 6.2e-10 2.5e-08 7.2e-08 8.9e-08 3.6e-08 6.5e-10 2.8e-08 8.0e-08 1.0e-07
Sn-I 13 1.2e-08 1.9e-10 8.8e-09 2.7e-08 3.5e-08 1.3e-08 2.0e-10 9.7e-09 3.0e-08 3.9e-08
Sb-124 2.6e-08 4.2e-10 1.8e-08 6.0e-08 7.9e-08 2.9e-08 4.6e-10 2.0e-08 6.8e-08 8.8e-08
Sb12'<%< A2.0e-068'.,Ss4e'10 3 i~ej ,0 _64. 8 ;'e0.2 e0,d3;e ;.v.e 8*<-10
Te-123m 2.2e-08 3.7e-10 1.6e-08 4.9e-08 6.3e-08 2.4e-08 4.1e-10 1.7.-08 5.6e-08 7.0e-08
Te-127m 3.3e-08 5.5e-10 2.4e-08 7.5e-08 9.6e-08 3.6e-08 6.2e-10 2.6e-08 8.4e-08 1.1le-07
1-125 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
1-129 O.Oe+OO O.Oe+OO O.Oe+OO O.0e+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
I-131i ; O..Oe+V-. O.Oe+i O e+O0, O.Oe+00c: 3.0e+0- 0.0eO .,-0.0e+00 ~0O.Oe+00' 0O.0+00-i
Cs-134 O.Oe+O0 O.Oe+00 O.Oe+00 O.0e+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-i135 O.Oe+O0 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-137 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
Ba-133 6.7e-09 1.3e-10 5.1e-09 1.5e-08 1.9e-08 7.5e-09 1.4e-10 5.7e-09 1.7e-08 2.1e-08
Ce-,i39.' ;: -'; 0.0e+00- O 0.0e+00 0 O.Oe 00O.Oe OO '.'Oe+OO-, '' 'O.Oe'O ';'O.Oe+, O 0.0e 0.-'-, oO O O
Ce-141 O.Oe+OO O.Oe+OO 0.0e+00 0.08+00 0.0e+00 0.0e+00 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO
Ce-141 0.08+00 0.Oe+00 0.08+00 0.Oe+00 0.Oe+00 0.00+00 0.Oe+00 0.00+00 0.08+00 O.Oe+00Ce-144 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Pm-147 O.Oe+00 O.Oe+00 O.0e+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0

_UEG 164 _H .. ..
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Appendix H- I Normalized Effective Dose Equivalents from Aluminum

Table HI.27 Normalized effective dose equivalents from Ingestion: Dust truck-driver

Radionuclide Mass-based EDE (pSvly per Bq/g) Surficial EDE (pSv/y per Bg/cm2)
Mean 5th 50th 90th 95th Mean . 5th 50th 90th 95th

Sm-151 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
Eu-0;. 0.0'+00 o;.io e+OO :..Oe+0 ?O.6 0;0 -. OO,-''O.Oe 00 ;',-0.0e+00 'It0.'0et OO. 0e+00

Eu-154 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Eu-155 O.Oe+00 O.Oe+00 O.Oe+0O O0.e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Gd-153 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Tb-160 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00

~ ?.0+00~00e4Oeo+o006 6
Tm-171 O.Oe+WO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
Ta-182 2.4e-08 4.1e-10 1.8e-08 5Ae-08 7.0e-08 2.7e-08 4.5e-10 2.0e-08 6.0e-08 7.8e-08
W-181 1.Ie-09 1.8e-1I 8.1e-10 2.5e-09 3.1e-09 1.2e-09 2.0e-11 8.9e-10 2.8e-09 3.5e-09
W-185 4.7e-09 7.8e-11 3.5e-09 1.1e-08 IAe-08 5.3e-09 8.7e-1 1 3.8e-09 1.2e-08 1.5e-08

B '' -'7Je9O.2eO8 '5.66e9D0i.7,e A08,2.. e 0 , 0 .2.5e8

Ir-192 1.7e-08 2.9e-10 1.2e-08 3.9e-08 4.9e-08 1.9e-08 3.2e-10 1.4e-08 4.4e-08 5.5e-08
Tl-204 1.9e-08 3.2e-1 0 1Ae-08 4.3e-08 5.4e-08 2.1e-08 3.5e-10 1.5e-08 4.8e-08 6.0e-08
Pb-210 4.2e-05 7.2e-07 3.1e-05 9.5e-05 1.2e-04 4.6e-05 8.1e-07 3.4e-05 1.1e-04 1.3e-04
Bi-207 3.1e-08 5.4e-10 2.4e-08 7.1e-08 9.0e-08 3.5e-08 6.0e-10 2.6e-08 7.9e-08 1.0e-07
Pjiio-21 .ee-06 ,12e07 :;-5.. a06__ i47,,-i b 6 9e
Ra-226 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ra-228 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ac-227 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-228 -O.Oe+00 -O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00

Th-29 ,O 0.0e+0.0e+00 0,.0e's 02.0.0!:i 0 .0('00 ;O.e+OO -,O.Oe+OO Oe
Th-230 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-232 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pa-231 6.1 e-05 1.1 e-06 4.6e-05 I1Ae-04 1.8e-04 6.8e-05 1.2e-06 5.0e-05 1.6e-04 2.0e-04
U-232 2.6e-06 4.7e-08 2.0e-06 6.1 e-06 7.5e-06 2.9e-06 5.2e-08 2.2e-06 6.7e-06 8.5e-06
U-233: .: 5.6e-07 ,..9.9e-09 L4.1e-07 1.3e-06 1.6e606 .1e-0 1:e.1e-08c 4.5e.07.1.4e 06 I.8e.06
U-234 5.5e-07 9.7e-09 4.1e-07 1.3e-06 t.6e-06 6.1e-07 t.1e-08 4.5e-07 1.4e-06 1.8e-06
U-235 5.2e-07 9.1e-09 3.8e-07 1.2e-06 1.5e-06 5.7e-07 1.Oe-08 4.2e-07 1.3e-06 1.7e-06
U-236 5.2e-07 9.2e-09 3.9e-07 1.2e-06 1.5e-06 5.8e-07 1.0e-08 4.2e-07 1.3e-06 1.7e-06
U-238 52e-07 9.1e-09 3.9e-07 12e-06 1.5e-06 - 5.8e-07 t.Oe-08 42e47 I.3e46 1Je-06

Np27'> -':'--90.0e+00,;, 0.00+0 ;-O.Oe+O 2--0..Oe,+O O.OetOm 0.00~.e0_0Oe0 eO +0jO.e
Pu-236 2.1e-06 3.6e-08 1.6e-06 4.8e-06 6.1e-06 2Ae-06 4.0e-08 1.8e-06 5.3e-06 6.8e-06
Pu-238 6.1e-06 1.Oe-07 4.6e-06 IAe-05 1.7e-05 6.8e-06 I.Ie-07 5.1e-06 1.5e-05 1.9e-05
Pu-239 6.8e-06 1.1e 07 5.1e-06 1.5e-05 1.9e-05 7.5e-06 1.3e-07 5.6e-06 1.7e-05 2.2e-05
Pu-240 6.8e-06 1.1 e-07 5.1 e-06 1 .5e-05 1 .9e-05 7.5e-06 - 1.3e-07 5.6e-06 1 .7e-05 2.2e-05
Pu 241 <; ~ e07, 2.2e-09 -I .0&07j,3.0e 1 3.8. 0 e. 7._t2.5e_09 tz.1e ~-07, 3.3e 0_.,4907
Pu-242 6.4e-06 1.1 e-07 4.9e-06 - 1.5e-05 1.8e-05 7.2e-06 1.2e-07 5.4e-06 1.6e-05 2.0e-05
Pu-244 6.4e-06 I.Ie-07 4.8e-06 1.4e-05 I.8e-05 7.1e-06 1.2e-07 5.3e-06 1.6e-05 2.0e-05
Am-241 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Am-242m 0.Oe+00 O.Oe+00 O.Oe+ 0 0 O.Oe+00  O.Oe+000 O.Oe+00 O.Oe+00 0.0e+O0 O.Oe+00 O.Oe+00
A0n-243 '-.0Oe+0 :eO.'Oe+O 0 O.-et03, O.O~+ OO.Oe+O O ;j . 'e .000 0.08e+00j ,'0e+00-' 0:0e00
Cm-242 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Cm-243 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-244 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-245 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
Cm-2r 6 '-,0.0e+O-O'O.Oe+OO O.Oe+0' .Oe+Oz'6.0e+00 O0e+O '0.00 OOO;Oe+=O O.e .e0
Cm-247 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-248 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00, O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Bk-249 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-248 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+ OO .Oe00 O.Oe+00 _ O.Oe+00 O.Oe,+0 OOe+OO O.Oe+=
Cf-249'-:-. .-,t,;0.00+00O,.'0.0e+OO.Oe 0O±00+OO0.0Oe+00 J,0.0e,+0 20.00+00 "';O.Oe+00 0.0 +o-;:-.on+00 o

Cf-250 O.Oe+00 0.0e+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-251 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-252 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-254 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Es:254 o- O.Oe+rths 000+00 0.0 +00 0io .00+00ut ( .Oe+ro, 0 0.p+O il m,-.0e;00 'p.Oe+0 by 3e7e

Note: To convert these values to conventional units (mrem/y per pC~g or mremly per pCilcn9), multiply by 3.7e-3
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Normalized Effective Dose Equivalents from Aluminum Appendix H- I
Nonnalized Effective Dose Equivalents from Aluminum Appendix H-I

Table H1.28 Normalized effective dose equivalents from all pathwavs: ExDosure to larke mass

Radionuide Mass-based EDE (pSvly per Bq/g)Mean 5th 50th 90th 95th
Surficial EDE (pSv/y per Bq/cm2)

Mean 5th 50th 90th 95th
H-3 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00- O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+00
C-14 1.2e-08 2.3e-09 9.5e-09 2.4e-08 3.0e-08 1.3e-08 2.5e-09 1.e-08 2.7e-08 3.4e-08
Na-22 2.9e-03 5.4e-04 2.3e-03 5.8e-03 7.2e-03 3.2e-03 6.le-04 2.6e-03 6.5e-03 8.2e-03
P-32 4.2e-07 4.9e-09 9.9e-08 1.2e-06 2.0e-06 4.7e-07 5.4e-09 1.1e-07 1.4e-06 2.2e-06
S-5' '- .'4.5e-08,''9.5e,09 _3.7e,08_ 8.6e08 l 1.1e07, ' 0.
CI-36 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00
K-40 2.3e-04 4.4e-05 1.8e-04 4.6e-04 5.9e-04 2.6e-04 4.9e-05 2.0e-04 5.1e-04 6.6e-04
Ca-41 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-45 4.5e-08 7.5e-09 3.4e-08 9.0e-08 1.le-07 5.0e-08 8.3e-09 3.8e-08 1.Oe-07 1.3e-07

S 0.OO.O Ooe + 0.Oe .O06t.0e,+00 C O.+00
Cr-51 1.9e-05 1.5e-06 1.0e-05 4.6e-05 6.3e-05 2.1e-05 1.7e-06 1.le-05 5.1e-05 7.le-05
Mn-53 Q.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00
Mn-54 1.3e-02 3.1e-03 1.2e-02 2.4e-02 3.0e-02 1.5e-02 3.5e-03 1.3e-02 2.8e-02 3.3e-02
Fe-55 3.9e-12 9.2e-13 3.4e-12 7.0e-12 8.6e-12 4.3e-12 1.0e-12 3.7e-12 8.0e-12 9.7e-12

FZ, e 5,' 2,;-Btj' "3'eQ-2.8 4.... . . ,i' ;9'i'^9--2O!,,9 2.0643~ .:ie'<..i4*03................ 573
Co-56 1.4e-02 2.8e-03 1.le-02 2.7e-02 3.3e-02 1.5e-02 3.le-03 1.2e-02 3.0e-02 3.8e-02
Co.57 1.8e-03 4.3&-04 1.6e-03 3.4e-03 4.1e-03 2.1e-03 4.7e-04 1.8e-03 3.8e-03 4.6e-03
Co-58 3.6e-03 7.2e04 2.9e-03 7.le-03 9.0e-03 4.0e-03 7.9e-04 3.2e-03 7.9e-03 1.Oe-02
Co-60 5.8e-02 1.4e-02 5.1e-02 1.1e-01 1.3e-01 6.5e-02 5 .5e-02 .6e.02 1.2e-01 1.5e-01
NI.59:_ __ 't' '9648,1i-7 4e-0,86-7- .. e0 w3 i3 * 46 .88-07w' 12o06,~
Ni-63 4.8e-09 1.2e-09 4.2e-09 8.8e-09 1.1e-08 5.4e-09 1.3e-09 4.7e-09 1.0e-08 1.2e-08
Zn-65 7.6e-03 1.8e-03 6.6e-03 1.4e-02 1.7e-02 8.5e-03 2.0e-03 7.3e-03 1.6e-02 1.9e-02
As-73 1.le-05 2.4e-06 9.3e-06 2.2e-05 2.8e-05 1.3e-05 2.6e-06 1.0e-05 2.5e-05 3.1e-05
Se-75 2.7e-03 5.8e-04 2.3e-03 5.1 e-03 6.2e-03 3.0e-03 6.4e-04 2.5e-03 5.7e-03 7.0e-03
Sr-5R,)'.<:;'2.3e'-4',''3.4e-,05 -% .e ' ~Z4.9e-4j 6.e t>-2,'6&O43.7o-05 'e~-,.,;
Sr-89 9.4e-07 1.2e-07 6.3e-07 2.1e-06 2.8e-06 1.0e-06 1.3e-07 7.0e-07 2.3e-06 3.1e-06
Sr-90 3.2e-05 5.5-06 2.5e-05 6.4e-05 8.0-05 3.5e-05 6.0e-06 2.7e-05 7.2e-05 9.1 e-05
Y-91 O.Oe+O0 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+O0 O.Oe+OO O.Oe+00
Zr-93 3.0e-07 2.7e-08 2.2e-07 6.4e-07 8.3e-07 3.3e-07 2.9e-08 2.4e-07 7.2e-07 9.3e-07

<'-'- i52e-03 ,F t5.8ei.5e03 -, 4.86-03 ' 6.5e-03'-,^t 25o03 0 1.2.Oe.3 I i. 3 Z503, 3,,'.4e
Nb-93m 1.1e-06 2.6e-07 9.6e-07 2.0e-06 2.4e-06 1.2e-06 2.9e-07 1.le-06 2.3e-06 2.7e-06
Nb-94 4.3e-02 1.0e-02 3.8e-02 7.9e-02 9.6e-02 4.8e-02 1.1e-02 4.2e-02 9.0e-02 1.1e-01-
Nb-95 7.9e-04 9.2e-05 5.0e-04 1.8e-03 2.4e-03 8.8e-04 1.Oe-04 5.7e-04 2.0e-03 2.7e-03
Mo-93 5.8e-06 1.4e-06 5.0e-06 1.1e-05 1.3e-05 6.5e-6 1 .5e-06 5.6e-06 1.2e-05 1.5e-05
T5.9 73Of ,6.9..OS 1 .6- : 5.9. 8i1.e-05 W* .C .6e,' 6 .8e.6' 6.5, 1.4e-05 ;:L7e s
Tc-97m 2.5e-06 5.2e-07 2.0e-06 4.8e-06 6.1e-06 2.8e-06 5.7e-07 2.3e-06 5.4e-06 6.9e-06
TO-99 1.5e-06 3.4e-07 1.3e-06 2.7e-06 3.3e-06 1.6e.-6 3.8e-07 1.4e-06 3.0e-06 3.7e-06
Ru-103 7.7e-04 1.0e-04 5.2e-04 1.7e-03 2.3e-03 8.5e-04 1.1e-04 5.8e-04 1.9e-03 2.5e-03
Ru-106 4.5e-03 1.e-03 3.9e-03 8.3e-03 1.0e-02 5.0e-03 1.2e-03 4.4e-03 9.4e-03 1.1e-02

A9,0rn-s'^->,52e'2,_i20'- 4.'-294?0',1'.2'0' ' 58e2 5
Ag-1I0m 4.2e-02 9.8e-03 3.7e-02 7.7e-02 9.4e-02 4.7e-02 1.1e-02 4.0e-02 8.7e-02 1.1e-01
Cd-109 8.6e-05 2.0e-05 7.5e-05 1.6e-04 1.9e-04 9.6e-05 2.3e-05 8.2e-05 1.8e-04 2.10-04
Sn-113 1.7e-03 3.8e-04 1.5e-03 3.3e-03 4.1e-03 1.9e-03 4.2e-04 1.6e-03 3.7e-03 4.6e-03
Sb-124 4.2e-03 7.7e-04 3.3e-03 8.4e-03 1.le-02 4.7e-03 8.5e-04 3.6e-03 9.5e-03 1.2e-02

Y665Ll.g>3-i'>9O-3^'.41f3-,-,.eO .e,-;:,,.' 2'-..=1.e- -i 2. 03 8i. t2? 2.e2.
Te-123m 9.4e-04 2.1e-04 8.Oe-04 1.8e-03 2.2e-03 1.1e-03 2.3e-04 8.8e-04 2.0e-03 2.5e-03
Te-127m 4.2e-05 9.0e-06 3.5e-05 7.9e-05 9.8e-05 4.6e-05 1.0e-05 3.9e-05 8.9e-05 1.1e-04
1-125 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.0e+OO O.Oe+00 O.Oe+00
1.129 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+OO O.0e+0O O.Oe+00 O.Oe+0
1-131 *, : o.Oe+oo ':''-O.e 'oo.t 00 4Od.Oe+O~ 0'.Oe+0 '-;r .Oe+ O0 'O.Oe+OO0, O.Oe+00 Ls .O;+Oe+ O.Oe+00
Cs-134 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-i 35 O.Oe+00 O.Oe+00 O.0e+OO O.Oe+00 O.Oe+00 O.Oe+O0 O.0e+OO O.Oe+00 O.0e+OO O.Oe+00
Cs-137 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 Q.Oe+OO O.Oe+00
Ba-133 O.Oe+00 'O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00
Ce 139; : 7.7eeO5; 1.4e 05 6.0 05 ;' 1.604'5.'".200 - 8.6e 5 ,'iSe6S- 6.6e 05 ' i.i-e4 22'e04
Ce-141 4.0e-06 3.5-07 2.3-06 9.3e-06 1.4e-05 4.5e-06 3.8e-07 2.5e-06 1.1e-05 1.5e-05
Ce-144 51.e-05 9.3e-06 4.0e-05 I.0e-04 1.3e-04 5.6e-05 1.0e-05 4.4e-05 1.1e-04 1.5e-04
Pm-147 O.0e+OO O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.0e+OO
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Appendix H-1 Normalized Effective Dose Equivalents from Alun-dnum

Table H1.28 Normalized effective dose equivalents from all pathways: Exposure to large mass

Radionuclide Mass-based EDE (pSvly per Bq/g) Surficial EDE (pSvly per BqIcm2 )
Mean 5th 50th 90th 95th -Mean - 5th 50th 90th 95th

SM-151 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Eu-i52e5,._';O~.Oe+00' :0.0+0 0-\0.0e+0 FE-0-0e-+00 O-oe+O 0o.Oe0 +. 05>.00+00 ',',O.e+00O0.e+00 .0-.Oe+0 -

Eu-154 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Eu-155 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Gd-153 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
Tb-I 60 0.Oe+00 -0.Oe+00 O.Oe+00 .Oe+00 O.Oe+00 0.Oe+00 O.e+00 O.Oe+DO 0.00+00 .Oe+000

Tm-171 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ta-I 82 7.3e-03 1.6e-03 6.1 e-03 1Ae-02 1.7e-02 8.1e-03 1.8e-03 6.7e-03 1.5e-02 1.9e-02
W-1 81 1.5e-04 3.3e-05 1.3e-04 2.8e-04 3.5e-04 1.7e-04 '3.6e-05 1.4e-04 3.2e-04 3.9e-04
W-185 5.7e-07 1.1e-07 4.5e-07 1.1e-06 1Ae-06 6.3e-07 12e-07 5.0e-07 1.2e-06 1.6e-06

85& 3.3e 7;0e-04 ?2.7e43 6.3e-03 ,'7,9e-4.7; 3.79 -0 3. 3.0e-03 '47:I03 8.8e-03
Ir-192 3.0e-03 6.0e-04 2Ae-03 5.9e-03 7.5e-03 3.4e-03 6.5e-04 2.7e-03 6.6e-03 8.5e-03
Tl-204 3.00-05 7.0e-06 2.6e-05 5.5e-05 6.7e-05 3.3e-05 7.7e-06 2.8e-05 6.2e-05 7.6e-05
Pb-210 5.3e-05 1.2e-05 4.6e-05 9.7e-05 1.2e-04 5.9e-05 I1Ae-05 5.0e-05 1.1e-04 1.3e-04
Bi-207 3.5e-02 8.2e-03 3.0e-02 6.4e-02 7.8e-02 3.9e-02 9.1e-03 3.3e-02 7.2e-02 8.8e-02
Po21 0,-,Ž,1 7.3., ,J - 08 , i,.6e-08 -6.2e-0_ i.4e-0•.e07,,,1 8e;8-L1 .8e-0 6.8e,-08 ,>1i7i.9'7;

Ra-226 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00
Ra-228 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ac-227 3.3e-03 5.1 e-04 2.5e-03 6.9e-03 8.6e-03 3.7e-03 5.6e-04 2.8e-03 7.7e-03 9.6e-03
Th-228 7.4e-03 1.2e-03 5.7e-03 1.5e-02 1.9e-02 8.2e-03 1.3e-03 6.3e-03 1.7e-02 2.2e-02
jrh-229 .303 -3.70 _1.8e03-47o-03 '3'.26e-03'.1e 2.0e-03 u5e0, 6.
Th-230 1 .6e-04 2.5e-05 1 .2e-04 3.3e-04 4.2e-04 1 .8e-04 2.8e-05 1 .4e-04 3.6e-04 4.7e-04
Th-232 1.5e-02 2.4e-03 1.2e-02 3.1e-02 4.0e-02 1.7e-02 2.7e-03 1.3e-02 3.5e-02 4.5e-02
Pa-231 7.3e-03 1.7e-03 6.3e-03 1.3e-02 1.6e-02 8.1 e-03 1.9e-03 7.0e-03 1.5e-02 1.8e.02
U-232 9.1 e-03 1.7e-03 7.2e-03 1.8e-02 2.2e-02 1.Oe-02 1.9e-03 8.0e-03 2.0e-02 2.5e-02
U-233' - 4 ' 46e06'si~7.0e-08 6ZI.7e-05 i-2.le-05 e"066
U-234 9.7e-07 1.8e-07 7.7e-07 1.9e-06 2.4e-06 1.1e-06 2.0e-07 8.6e-07 -2.1e-06 2.7e-06
U-235 1.5e-03 2.8e-04 1.2e-03 3.0e-03 3.7e-03 1.7e-03 3.1e-04 1.3e-03 3.3e-03 4.2e-03
U-236 5.3e-07 9.9e-08 4.2e-07 I.Oe-06 1.3e-06 5.9e-07 I.1e-07 4.7e-07 1.2e-06 1.5e-06
N-238 2.57-04 4.6--05 2.0e-04 4.ge-04 6.eI04 2.8e-04 5.le-05 2.2e-04 5.404 6.9e-04

NJ3J+~.0-3~.e0~.,.e0 ~§.e0 .1~-3 ~ .e0 3. e-04 ~'6-3 tL4e-03 .L5_ e-03
Pu-236 3.5e-04 6.7e-05 2.8e-04 7.0e-04 8.7e-04 3.9e-04 7Ae-05 3.1e-04 7.9e-04 9.9e-04
Pu-238 4.0e-07 7.5e-08 3.1e-07 7.8e-07 9.8e-07 4.4e-07 8.3e-08 3.5e-07 8.8e-07 1.1e-06
Pu-239 6.1e-07 1.2e-07 4.9e-07 1.2e-06 1.5e-06 6.8e-07 1.3e-07 5Ae-07 1.4e-06 1.7e-06
Pu-240 3.9e-07 7Ae-08 3.1 e-07 7.7e-07 9.6e-07 4.4e07 8.2e-08 3Ae-07 8.7e-07 1.1 e-06
FU241 :,-'.i . .2.60O6 ,',.5 0e-O :2.ie 06 Z&'5,e06.; 40-6 .,,.290e, -5 5.507 2.3: C55806.3e06;
Pu-242 3.4e07 6.4e-08 2.7e-07 6.6e-07 8.3e-07 3.7e-07 7.0e-08 2.9e-07 7.5e-07 9.4e-07
Pu-244 2.6e-03 4.9e-04 2.0e-03 5.1e-03 6.4e-03 2.9e-03 5.4e-04 2.3e-03 5.8e-03 7.2e-03

Arn-241 I.0e-04 1.6e-05 7.8e-05 2.1 e-04 2.6e-04 1.1e-04 1.7e-05 8.7e-05 2.3e-04 3.0e-04
Am-242m 1.2e-04 1.9e-05 9.3e45 2.5e-04 3.1 e04 I Ae-04 2.1 e-05 1.0e-04 2.8e-04 3.5e-04
3rn.7-23 :.03 : '2.6e04 k.3e03 <,3.5e-03';.3e-3 2 03 3-- 3.903i . -03
Cm-242 1 .6e-07 2Ae-08 1 .2e-07 3.3e-07 4.1 e-07 1 .7e-07 2.7e-08 1 .3e-07 3.6e-07 4.7e-07

Cm-243 9.8e-04 1.5e-04 7Ae-04 2.0e-03 2.6e-03 1.1 e-03 1.7e-04 -8.2e-04 2.3e-03 2.9e-03
Cm-244 3Ae-07 5.4e-08 2.6e-07 7.1 e-07 9.1e-07 3.8e-07 6.0e-08 2.9e-07 8.0e-07 1.0e-06
Cm-245 7.3e-04 1.2e-04 5.5e-04 1.5e-03 1.9e-03 8.2e04 1.3e-04 6.1e-04 1.7e-03 2.2e-03
Crr-246 _ ,'2.6e-07 -4.Ie-08 -,2.0e 7 5.3e ,i26.8i'8 22 7,'.0.e. 7''7.7e07J,

Cm-247 2.8e-03 4.4e-04 2.1e-03 5.7e-03 7.3e-03 3.1e-03 4.8e-04 2.3e-03 6.4e-03 8.3e03
Cm-248 2Ae-07 3.8e-08 1.8e-07 4.9e-07 6.3e-07 2.7e-07 4.1e-08 2.0e-07 5.5e-07 7.1e-07

Bk-249 6.6e-06 1.Ie-06 5.1e-06 1Ae-05 1.7e-05 7.4e-06 1.2e-06 5.7e-06 1.5e05 2.0e-05
Cf-248 3.0e-07 4.7e,08 2.3e-07 6.2e-07 7.8e-07 3.4e-07 5.2e-08 2.6e-07 6.9e-07 8.8e-07
Cf-249 _ - 23e-03 4.2e4 &*2.1 03-' 5.503 6.9e403 : 3.0e03' 4.704 -2.3e03'.s6.1e03 ':,7.-03
Cf-250 2.8e-07 4.4e-08 - 2.2e-07 5.7e-07 7.2e-07 3.1e-07 4.9e-08 2.4e-07 6.4e-07 8.1e-07

Cf-251 9.0e-04 1.4e-04 7.0e-04 1.8e-03 2.3e-03 1.0e-03 1.6e-04 7.7e-44 2.1e-03 2.6e-03

Cf-252 3.4e-07 5.4e-08 2.7e-07 7.1e-07 8.8e-07 3.8e-07 6.0e-08 3.0e-07 7.9e-07 t.Oe-06
Cf-254 1.3e-02 1 .7e-03 92e-03 2.9e-02 3.8e-02 1.5e-02 1.9e-03 I.Oe-02 3.2e-02 4.3e-02
E-254 .';3.5e-Oi -- 5.ieoi 4,2.7e-03 >:-7.3e-03 9Ie- 5.9e-04

Note: To convert these values to conventional units (mremly per pCig or mremty per pCifcm2). multiply by 3.7e-3

H-57 NUREG-1640
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Non-nalized Effective Dose Equivalents from Aluminum Appendix H- I
Table H1.29 Normalized effective dose equivalents from all pathways: Exposure to small mass

Radionuclide Mass-based EDE (pSvly per Bq/g)
Mean 5th 50th 90th 95th

Surricial EDE (pSvly per Bq/cm2)
Mean 5th 50th 90th 95th

H-3 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00
C-14 1.3e-09 1.7e-10 8.1e-10 3.1e-09 4.3e-09 1.5e-09 1.9e-10 9.0e-10 3.4e-09 4.7e-09
Na-22 3.5e-04 4.5e-05 2.1e-04 8.Ge-04 1.1e-03 3.9e-04 4.9e-05 2.4e-04 9.0e-04 1.3e-03
P-32 5.1e-08 4.2e-10 9.4e-09 1.4e-07 2.5e-07 5.7e-08 4.6e-10 1.0e8 1.5e-07 2.8e-07

CI-36 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
K-40 2.8e-05 3.6e-06 1.7e-05 6.5e-05 8.8e-05 3.1 e-05 3.9e-06 1.9e-05 7.1e-O5 9.8e-05
Ca-41 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
Ca-45 5.1e-09 6.0e-10 3.0e-09 1.2e-08 1.6e-08 5.7e-09 6.5e-10 3.3e-09 1.3e-08 1.8e-08

o+ 46bo? O.O Oe 06e' 6? dWb976.00+, .0e+O00O.0etOO]
Cr-51 2.3e-06 1.3e-07 9.9e-07 5.7e-06 8.8e-06 2.5e-06 1.4e-07 1.1e-06 6.4e-06 1.Oe-05
Mn-53 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mn-54 1.6e-03 2.6e-04 1.0e-03 3.6e-03 4.8e-03 1.8e-03 2.9e-04 1.2e-03 3.9e-03 5.4e-03
Fe-55 4.7e-13 7.6e-14 3.0e-13 1.0e-12 1.4e-12 5.2e-13 8.3e-14 3.4e-13 1.1e-12 1.5e-12
iFe-59'.' -, 2.2e4 3e 12e-", _I3r4:67 04 :2.5eO4125_ l.e04,, 5; 9 , 78.6e ;
Co-56 1.7e-03 2.4e-04 1.0e-03 3.9e-03 5.3e-03 1.9e-03 2.6e-04 1.2e-03 4.3e-03 5.9e-03
Co-57 2.2e-04 3.6e-05 1.4e-04 4.9e-04 6.6e-04 2.5e-04 3.9e-05 1.6e-04 5.4e-04 7.4e-04
Co-58 4.4e-04 6.0e-05 2.7e-04 1.0e-03 1.4e-03 4.9e-04 6.6e-05 3.0e-04 1.1e-03 1.6e-03
Co-60 7.1e-03 1.2e-03 4.6e-03 1.6e-02 2.1e-02 7.9e-03 1.3e-03 5.1e-03 1.7e-02 2.4e-02

Ni5<> ^ ;5.8080 .8,0 ;1wi7eOiOe-08 j _ -e0t*,.*<,>,.e0,
NI-63 5.1e-10 8.3e-11 3.3e-10 1.1e-09 1.5e-09 5.7e-10 9.0e-11 3.7e-10 1.2e-09 1.7e-09
Zn-65 9.2e-04 1.5e-04 6.0e-04 2.0e-03 2.8e-03 1.Oe-03 1.6e-04 6.6e-04 2.3e-03 3.1e-03
As-73 1.3e-06 1.8e-07 7.9e-07 2.9e-06 4.0e-06 1.4e-06 2.0e-07 8.7e-07 3.2e-06 4.5e-06
Se-75 3.2e-04 4.9e-05 2.0e-04 7.3e-04 9.9e-04 3.6e-04 5.3e-05 2.2e-04 8.2e-04 1.1e-03
Sr-85 .' - 2.860 ,e 6 i.5F 05- 6.7-52 9;ie 5, 4
Sr-89 1.1e-07 9.6e-09 5.8e-08 2.6e-07 3.9e-07 1.2e-07 1.Oe-08 6.5e-08 2.9e-07 4.3e-07
Sr-90 3.8e-06 4.5e-07 2.2e-06 8.7e-06 1.2e-05 4.2e-06 5.0e-07 2.5e-06 9.7e-06 1.4e-05
Y-91 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+0 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr-93 3.2e-08 2.Oe-09 1.8e-08 7.4e-08 1.Oe-07 3.5e-08 2.1e-09 1.9e-08 8.3e-08 1.2e-07
Zr-95,'- t9.4e4

Nb-93m 1.2e-07 1.9e-08 7.5e-08 2.6e-07 3.4e-07 1.3e-07 2.1e-08 8.4e-08 2.8e-07 3.9e-07
Nb-94 5.3e-03 8.5e-04 3.4e403 1.2e-02 1.5e-02 5.9e-03 9.4e-04 3.8e-03 1.3e-02 1.8e-02
Nb-95 9.6e-05 7.7e06 4.9e-05 2.3e-04 3.5e-04 1.1e-04 8.4e-06 5.4e-05 2.6e-04 3.9e-04
Mo-93 6.1e-07 9.8e-08 4.0e-07 1.4e-06 1.8e-06 6.8e-07 1.1e-07 4.4e-07 1.5e-06 2.Oe-06

Tc.9,7-' ;r 7.2r,,47", I.28,O7.;Ž4.78-07,1.6e-06; 2.2e-06__'t'j8.0e-07•-,.-1.3e-0,7..j#t5.2 1.8e-08i. 2-.4e 0'1
Tr-97m 2.8e-07 4.0e-08 1.7e-07 6.3e-07 8.7e-07 3.1e-07 4.4e-08 1.9e-07 7.0e-07 9.7e-07
Tc-99 1.7e-07 2.7e-08 1.1e-07 3.7e-07 5.0e-07 1.9e-07 2.9e-08 1.2e-07 4.1e-07 5.7e-07
Ru-103 9.4e-05 8.5e-06 4.9e-05 2.3e-04 3.3e-04 1.0e-04 9Ae-06 5.5e-05 2.5e-04 3.7e-04
Ru-106 5.5e-04 8.9e-05 3.6e-04 1.2e-03 1.6e-03 6.1e-04 9.7e-05 3.9e-04 1.3e-03 1.8e-03
Ag-108m ' ' 6.3e-03 :-I.Oe-003 4.10 03i `1.4e0i: , 2.1 e02i4
Ag-110m 5.1e-03 8.2e-04 3.3e-03 1.e-02 1.5e-02 5.7e-03 9.Oe-04 3.6e-03 1.3e-02 1.7e-02
Cd-109 9.7e-06 1.6e-06 6.3e-06 2.2e-05 2.9e-05 1.1e-05 1.7e-06 7.0e-06 2.4e-05 3.2e-05
Sn-113 2.1e-04 3.2e-05 1.3e-04 4.7e-04 6.4e-04 2.3e-04 3.5e-05 1.5e-04 5.3e-04 7.2e-04
Sb-124 5.2e-04 6.4e-05 3.0e-04 1.2e-03 1.7e-03 5.7e-04 7.0e-05 3.4e-04 1.3e-03 1.9e-03
Sb-I25 :7 4 ;19e-04'7.8& 0.i7o-03' 3.6e-03j
Te-123m 1.1e-04 1.7e-05 7.1e-05 2.6e-04 3.4e-04 1.3e-04 1.9e-05 7.9e-05 2.8e-04 3.9e-04
Te-127m 4.9e-06 7.4e-07 3.1e-06 1.e-05 1.5e-05 5.5e-06 8.0e-07 3.4e-06 1.2e-05 1.7e-05
1-125 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00
1-129 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
C-134 O.Oe+ O O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO Oe,+OO Oe+
Cs-134 O.Oe+0 0.Oe+00 O.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 O.Oe+0 0.Oe+00 O.Oe+00 O.Oe+00
Cs-I135 0.Oe+00 0.Oe+00 0.0e+00 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00
Cs-137 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 O.Oe+00 O.Oe+0 0.Oe+00 O.Oe+00
Ba-133 O.Oe+0 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ce'-13i9'i " 2.9e05' '-I.Oe-052' 1;.2,06 5 6.e06--' 2'ie-05.- 3.3e-05:
Ce-141 4.8e-07 2.8e-08 2.2e-07 1.2e-06 1.8e-06 5.4e-07 3.1e-08 2.4e-07 1.3e-06 2.0e-06
Ce-144 6.1e-06 7.7e-07 3.7e-06 1.4e-05 1.9e-05 6.8e-06 8.3e-07 4.1e-06 1.5e-05 2.1e-05
Pm-147 O.Oe+0 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00

NUREU-164U H-5�
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Appendix H-1 Normalized EffeaiV6''D'ose Equivalents from Aluminum

Table H1.29 Normalized effective dose equivalents from all pathways: Exposure to small mass

Radionuclide Mass-based EDE (pSvty per Bgfg) Surficial EDE (pSvly per Bg/crr 2)
uc Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

Sm-151 'O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Eu iS2' 'OO,+0.Oe+O OO'. 0.0e+0 i0.0e+0,', O.Oe t O.Oe+ -O.Oe+00~0.0e+00,; , O;e+o0
Eu-i 54 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Eu-i 55 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00
Gd-153 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0 0.Oe+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00
Tb-i 60 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O00 O.Oe0.OeeOO0.Oe+OO O.Oe+00 O.Oe+00
Tm170 ,.O0e+0&-O.e+00 _ O.Oe+0,~ .De+0. 00:O.CetP0 ,+OOe+ Oe0 .0 +0 .0e 0.0e+00
Trn-t71 O.Oe+00 O.0e+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ta-i 82 8.8e-04 1.3e-04 5.5e-04 2.0e-03 2.7e-03 9.8e-04 .4e-04 6.1e-04 2.2e-03 3.0e-03
W-181 1.7e-05 2.6e-06 i.ie-05 3.8e-05 5.2e-05 1.9e-05 2.8e-06 1.2e-05 4.2e-05 5.8e-05
W-1 85 6.6e-08 9.0e-09 4.0e-08 I.5e-07 2.1 e-07 7.3e-08 9.8e-09 4.4e-08 t.7e-07 2.3e-07
Oe 855 , .-. z;OS.Se-, 3 A 7- .3'5
Ir-192 3.6e-04 4.9e-05 2.2e-04 8.3e-04 1.2e-03 4.1e-04 5.4e05 2.5e-04 9.3e-04 1.3e-03
Tl-204 3.5e-06 5.6e-07 2.3e-06 7.7e-06 I.Oe-05 3.9e-06 6.1 e-07 2.5e-06 8.6e-06 .2e-05
Pb-210 6.1 e-06 9.8e-07 3.9e-06 t.3e-05 1.8e-05 6.8e-06 1.1 e-06 4.4e-06 t.5e-05 2.0e-05
Bi-207 4.2e-03 6.8e-04 2.7e-03 9.3e-03 1 .3e-02 4.7e-03 7.4e-04 3.0e-03 1 .Oe-02 Ae4-02

Ra-226 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ra-228 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00' O.Oe+O0 O.Oe+00 O.Oe+00
Ac-227 4.0e-04 4.2e-05 2.3e-04 9.3e-04 1.3e-03 4.4e-04 4.7e-05 2.6e-04 i.0e-03 1.4e-03
Th-228__ 9.1e404 1.0e-04 2.0e-03 2.9e-03 I.Oe-03 I.1e-04 5.9e-04 2.3e-03 3.2e-03
Th-229 .' , 2.'8,3.Ie-05 1.6e 4~ i6.3e.4=;8.9 " ,i04, e .4e05. i.8e0 .e II.0 -03-
Th-230 1.9e-05 2.2e-06 i.ie-05 4.4e-05 6.2e-05 2.2e-05 2.3e-06 1.3e-05 4.9e05 6.9e-05
Th-232 1.9e-03 2.1e-04 I.ie-03 4.2e-03 5.9e-03 2.1e-03 2.3e-04 1.2e-03 4.7e-03 6.6e-03
Pa-231 8.8e-04 1.4e-04 5.7e-04 1.9e-03 2.6e-03 9.8e-04 1.5e-04 6.4e-04 2.1e-03 2.9e-03
U-232 1.1 e-03 1Ae-04 6.7e-04 2.5e-03 3.5e-03 1.2e-03 1.6e-04 7Ae-04 2.8e-03 3.9e-03
U-233:;,-; .,06' Iie7,6.4e7 ,2.e6,.:33 ', 206,T  .5 , 7.0e 07 2. 3.7 6
U-234 '1.1e-07 1.4e-08 6.7e-08 2.5e-07 3.5e-07 1.2e-07 1.6e-08 7Ae-08 2.8e-07 3.9e-07
U-235 i.8e-04 2.3e-05 i.Ie-04 4.1e-04 5.7e-04 2.0e-04 2.6e-05 1.2e-04 4.6e-04 6.4e-04
U-236 5.9e-08 7.6e-09 3.6e-08 1.3e-07 1.9e-07 6.6e-08 8.5e-09 4.0e-08 1.5e-07 2.1e-07
U-238 3.Oe-O5 3.8e-06 1.8e-05 6.7e-05 9.4e-05 - 3.3e405 42e-06 2.Oe-05 7.6e-05 I.Oe-04
Np237 2.3e-04,j2.5e-, 5 .e-4.4 5.3e-04 - 7.5 ,- 2.55e4 0442.7, OS 5o4:e5.9-e0048:3e 4
Pu-236 4.3e-05 5.5e-06 2.6e-05 9.7e-05 IAe04 4.8e-05 6.1e-06 2.9e-05 1.1e-04 1.5e-04
Pu-238 4.3e08 5.5e-09 2.6e-08 9.6e-08 1.3e-07 4.8e-08 6.0e-09 2.9e-08 1.Ie-07 1.5e-07
Pu-239 7.1e408 9.1e-09 4.3e-08 1.6e-07 2.2e-07 7.9e-08 i.Oe-08 4.8e-08 1.8e-07 2.5e-07
Pu-240 4.2e-08 SAe-09 2.6e-08 9.5e-08 1.3e47 4.7e-08 5.9e-09 2.8e-08 1.1 e-07 1.5e-07
Pu-24i eZX. 3.0e-073.8O8 1.8eO 7# 6.6e.07 'i-9.'3eO7Y'j.3e0 , 4.208,
Pu-242 3.7e-08 4.7e-09 2.2e-08 8.2e08 1.1e-07 4.1e-08 5.1e-09 2.4e-08 9.1e-08 1.3e-07
Pu-244 3.1e-04 4.0e-05 1.9e-04 7.0e-04 9.9e-04 3.5e-04 4.4e-05 2.1e-04 '7.8e-04 1.1e-03
Am-241 1.2e405 1.3e-06 6.7e-06 2.7e-05 3.8e05 1.3e-05 1.4e-06 7.3e-06 -3.0e-05 4.2e05
Am-242m 1.5e405 1.6e-06 8.3e-06 3.3e-05 4.8e-05 1.6e-05 1.7e-06 9.2e-06 3.7e-05 5.3e-05
Am-243 -, 2.0e 04 g2.2e05 't .2e-04.½~4.6e404 , 6.6e.ie-04 4 < 2i 7;1 ,, 4
Cm-242 1.7e-08 1.7e-09 9.5e-09 3.8e-08 5.4e08 I .9e-08 1 .9e-09 I.1e-08 4.3e-08 6.0e08
Cm-243 1.2e-04 1.3e-05 6.9e05 2.7e-04 3.8e-04 1.3e-04 1Ae-05' 7.6e-05 3.0e-04 4.2e-04
Cm-244 3.7e08 4.0e-09 2.2e-08 8.5e-08 1.2e-07 4.1 e-08 4.4e-09 2.4e408 9.4e-08 1.3e407
Cm-245 8.7e-05 9.4e-06 5.1 e-05 2.0e-04 2.8e-04 9.7e-05 I.Oe-05S 5.7e-05 2.2e-04 3.1 e-04
Cm-246'-'' 2.7e08 g3.0-09 6.i.6e08_6.3e-08- _8.7e-08. 3.Oe-08 382ee9:088e-7 Ji.0 0
Cm-247 3.3e-04 3.6e-05 2.0e-04 7.7e-04 1.1 e-03 3.7e-04 '4.0e-05 2.2e-04 8.6e-04 1.2e-03
Cm-248 2.5e08 2.7e-09 1.5e48 5.8e-08 8.0e-08 2.8e-08 3.0e-09 1.6e-08 6.5e-08 9.1e-08
Bk-249 8.0e-07 8.8e-08 4.6e-07 1.9e-06 2.6e-06 8.9e-07 9.7e-08 5.2e-07 2.1e-06 2.9e406
Cf-248 3.3e08 3.5e-09 1.9e-08 7.7e-08 1.1 e-07 3.7e-08 3.8e-09 2.1 e-08 8.6e-08 1.2e-07
Cf-249 - 3.2e-N 3.4-05 ;.9e- 4,',9-,7 '''1.0e03 3.6e-04 3.8e-5 Y2.Ie0 4-L 8.4e04 ,I2e 3
Cf-250 2.9e-08 3.1 e-09 1.7e-08 6.9e-08 9.5e-08 3.3e-08 3Ae-09 I.9e-08 7.7e-08 1.1e-07
Cf-251 1.1 e-04 1.1e-05 6.3e-05 2.5e-04 3.5e-04 1.2e-04 1.3e-05 7.0e-05 2.8e-04 3.9e-04
Cf-252 3.8e-08 4.0e-09 2.2e-08 8.8e-08 1.2e-07 4.2e-08 4.4e-09 2.4e-08 9.8e-08 IAe-07
Cf-254 1.6e-03 1.4e-04 8.6e-04 3.9e-03 5.6e-03 1.8e-03 I.5e404 9.6e-04 '4.4e-03 6.2e-03
Es-254' - 43e- 4 :'4.7e 5 2.5e- 9.9e04 1.4,e4-3 .' 47e 5'*;5 1 > 2.8e04' e,1. eO3.5e4-03!
Note: To convert these values to conventional units (mrem/y per pCiIg or mrernly per pCicrn2), multiply by 3.7e-3
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Normalized Effective Dose Equivalents from Aluminum Appendix H- INoml:e Efetv oeEuvlnsfo mnmApni -
Table H1.30 Normalized effective dose equivalents from all pathways: Driver-engine block

Radionuclide Mass-based EDE (pSvly per Bq/g)
Mean 5th 50th 90th 95th

Surficial EDE (ipSvly per Bqcm2) L

Mean 5th 50th 90th 95th
H-3 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
C-14 2.2e-08 8.0e-09 1.9e-08 3.7e-08 4.5e-08 2.5e-08 8.7e-09 2.1e-08 4.1e-08 5.1e-08
Na-22 1.3e-02 4.6e-03 1.1e-02 2.2e-02 2.6e-02 1.4e-02 5.0e-03 1.3e-02 2.4e-02 3.0e-02
P-32 8.6e-07 1.7e-09 8.7e-08 3.0e-06 4.6e-06 9.5e-07 1.8e-09 9.6e-08 3.2e-06 5.1 e-06

S35 ; .-: 6.808 ';_ 2.08 ;8eO8> '1.2e 074 .o7i .6e-08 ~ 28eO8, 6.5e 08=3,.3e-07 1i.6e07
CI-36 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O
K-40 1.0e-03 3.7e-04 9.2e-04 1.7e-03 2.1e-03 1.2e-03 4.1e-04 1.0e-03 2.0e-03 2.4e-03
Ca-41 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-45 1.Oe-07 3.e-08 8.9e-08 1.Be-07 2.3e-07 1.2e-07 3.3e-08 9.8e-08 2.1e-07 2.6e-07

Sf 466I-p3s;'sOe e+bod.o 0.0e400 °c .°° ,0 .040O~j O, 0.0e+:T0 .0e+0O O.Oe,+OO'Obe dOOboeof;
Cr-51 5.1 e-05 2.8e-06 2.3e-05 1.4e-04 1.9e-04 5.7e-05 3.1e-06 2.5e-05 1.6e-04 2.1 e-04
Mn-53 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mn-54 5.6e-02 3.1e-02 5.1e-02 8.3e-02 1.Oe-01 6.3e-02 3.4e-02 5.7e-02 9.4e-02 1.2e-01
Fe-55 1.6e-11 9.4e-12 1.5e-11 2.4e-11 2.9e-11 1.8e-11 I.0e-11 1.6e-11 2.7e-11 3.3e-11

Fe'-9- ;f,'-,5.0. 4.3, 03: 1 2! 1.7e202
Co-56 4.8e-02 1.6e-02 4.0e-02 8.4e-02 1.Oe-01 5.3e-02 1.8e-02 4.5e-02 9.5e-02 1.2e-01
Co-57 7.2e-03 3.9e-03 6.5e-03 1.1e-02 1.3e-02 8.0e-03 4.2e-03 7.2e-03 1.2e-02 1.5e-02
Co-58 1.3e-02 3.9e-03 1.Oe-02 2.3e-02 2.8e-02 1.4e-02 4.3e-03 1.2e-02 2.6e-02 3.1e-02
Co-60 2.6e-01 1.5e-01 2.4e-01 3.7e-01 4.7e-01 2.9e-01 1.6e-01 2.6e-01 4.3e-01 5.3e-01
Nl-59F . __ 2ie1.3~-06>.~0 63jLe-06X<4.0o-0~.h ~j~C2i5e-08 ... :,4e-06 H6;2.2e-0 6 j:,45e-06
Ni-63 1.3e-09 7.5e-10 1.2e-09 1.9e-09 2.4e-09 1.5e-09 8.1e-10 1.3e-09 2.1e-09 2.6e-09
Zn-65 3.1e-02 1.7e-02 2.8e-02 4.7e-02 5.8e-02 3.5e-02 1.8e-02 3.1 e-02 5.3e-02 6.4e-02
As-73 1.8e-05 6.0e-06 1.5e-05 3.1e-05 3.8e-05 2.0e-05 6.6e-06 1.6e-05 3.5e-05 4.2e-05
Se-75 I.Oe-02 4.4e-03 9.0e-03 1.6e-02 2.0e-02 1.1e-02 4.8e-03 9.9e-03 1.9e-02 2.2e-02
Sr-85<,'';5r '*' 8;~0e ,4"V'1.6e-04 5.e 4-<J~-7e3:.,8',e38e-0. 4';1 .7e04 6.5e-09t1.8e03 2.4e 3A
Sr-89 2.8e-06 4.1e-07 1.8e-06 6.1e-06 8.2e-06 3.1e-06 4.6e-07 2.0e-06 6.9e-06 9.0e-06
Sr-90 1.4e-04 4.3e-05 1.2e-04 2.3e-04 2.8e-04 1.5e-04 4.6e-05 1.3e-04 2.6e-04 3.2e-04
Y-91 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+OO O.Oe+0O O.Oe+00 O.Oe+00 O.0e+OO O.Oe+00 O.Oe+00
Zr-93 6.0e-10 7.5e-11 5.2e-10 1.1e-09 1.4e-09 6.7e-10 8.4e-11 5.8e-10 1.2e-09 1.5e-09

Zr-95> e; ^ 7.8o03, .6e-04:^5.9 -03 &01.60-02 2.1e -ih,8.7e-03+',A 8.3e-04,-,'v 6.5"03 t-.8' .,.22.3e02j
Nb-93m 5.0e-11 2.9e 11 4.6e-11 7.3e-11 9.1e-11 5.6e-11 3.1e-11 5.1e-11 8.2e-11 1.0e-10
Nb-94 2.0e-01 1.1e-01 1.8e-01 2.9e-01 3.6e-01 2.2e-01 1.2e-01 2.0e-01 3.2e-01 4.0e-01
Nb-95 2.3e-03 2.4e-04 1.3e-03 5.6e-03 7.1e-03 2.5e-03 2.6e-04 1.5e-03 6.3e-03 8.0e-03
Mo-93 4.5e-12 2.5e-12 4.0e12 6.5e-12 8.1e-12 5.0e-12 2.7e-12 4.5e-12 7.4e-12 9.2e-12
Tc-9i' ;- 5.6e-13w_3.1e 13X 5.0013 8.2i3r 1.e12. 6.2-1i3_ 3' 4 34.6 '
Tc-97m 3.8e-06 1.4e-06 3.2e-06 6.5e-06 8.Oe-06 4.2e-06 1.5e-06 3.6e-06 7.3e-06 9.0e-06
Tc-99 4.3e-06 2.4e-06 3.9e-06 6.4e-06 7.9e-06 4.8e-06 2.6e-06 4.3e-06 7.2e-06 8.9e-06
Ru-103 2.3e-03 3.1e-04 1.5e-03 5.4e-03 6.8e-03 2.6e-03 3.5e-04 1.6e-03 6.1e-03 7.6e-03
Ru-106 1.9e-02 1.1e-02 1.8e-02 2.9e-02 3.5e-02 2.2e-02 1.2e-02 2.0e-02 3.2e-02 4.0e-02

Ag0 m .*0,-*z.e-01--,-a2-2 01 e4 0 -7-O2 01'S;,15 i;. 01,,' 9e i-'O49
Ag-10m 1.7e-01 9.4e-02 1.6e-01 2.6e-01 3.2e-01 1.9e-01 I.Oe-01 1.7e-01 2.9e-01 3.6e-01
Cd-109 2.0e-04 1.1e-04 1.8e-04 2.9e-04 3.7e-04 2.2e-04 1.2e-04 2.0e-04 3.3e-04 4.1e-04
Sn-113 6.6e-03 2.8e-03 5.8e-03 1.1e-02 1.3e-02 7.4e-03 3.1e-03 6.4e-03 1.2e-02 1.5e-02
Sb-124 1.4e-02 3.6e-03 1.1e-02 2.7e-02 3.3e-02 1.5e-02 4.0e-03 1.2e-02 3.0e-02 3.7e-02

S15..,';'0 -. 23,2t3.7 6.' 0e-02~~ fi73-02.-',-,'- ; ,.4e,82&~

Te-123m 3.5e-03 1.5e-03 3.1e-03 5.6e-03 6.8e-03 3.9e-03 1.6e-03 3.4e-03 6.4e-03 7.7e-03
Te-127m 1.3e-04 5.2e-05 1.1e-04 2.1e-04 2.5e-04 1.4e-04 5.7e-05 1.2e-04 2.3e-04 2.8e-04
1-125 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
1-129 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
1-131':-,-'- .t. ,0;e+OO4.O ~ 0e+O ,.0 +0 0.Oe+OQ C0.0e+O O.Oe+ '--'O.e+00'-OOe+O 'i-O.e+OO ,.Oe+O!;
Cs-1 34 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
Cs-135 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-137 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ba-133 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ce8139- V2084-04 9.je.O5h, 2.4eo-4,-'':5e04 62 32e 9.9e -05 2.7e-04-' 5.6e.-,7;0e-i,
Ce-141 1.1e-05 7.7e-07 5.3e-06 2.8e-05 4.0e-05 1.2e-05 8.5e-07 5.8e-06 3.0e-05 4.3e-05
Ce-144 2.0e-04 7.1e-05 1.8e-04 3.4e-04 4.2e-04 2.3e-04 7.8e-05 2.0e-04 3.8e-04 4.7e-04
Pm-147 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
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-Arrvpendix H-1 Normalized Effective Dose Equivalents from Aluminum

Table H1.30 Normalized effective dose equivalents from all pathways: Driver-engine block

Radionuclide - Mass-based EDE (pSv/y per Bg/g) Stirricial EDE (pSv/y per Bq/cm2 )
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

SM-151 O.Oe+OO Oe+O-00 O .Oe+O O.Oe+W0 O.Oe+00 O.Oe+00 O.Oe+0 O.Oe+OO
Eu-152 :.; O.Oe+OO'O.Oe,+OO .Oi+OO'rO.Oe+ O.OiOo. ' - .+0.0 0.0 ',0;0'+00 -+0..0e+00 i:O .Oe 0.
Eu-154 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Eu-155 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Gd-153 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Tb-160 O.Oe+OO O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

i46170-., ,+O, O.Oe+OO' OOe ".,OOe+,OOLw. 70.0. 0 ': 0.e+OOO.Oe+00 0 .0et0 O.e+O
Tm-171 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00. O.Oe+00 O.Oe+00 O.Oe+00
Ta-182 2.7e-02 1.1e-02 2.4e-02 4Ae-02 5.3e-02 3.0e-02 1.3e-02 2.6e-02 5.0e-02 5.9e-02
W-181 3.1e-04 1.3e-04 2.7e-04 5.0e-04 6.0e-04 3.4e-04 1.5e-04 3.0e-04 5.6e-04 6.7e-04
W-1 85 1 5e46 4.7e-07 1.2e-06 2.6e-06 3.2e-06 1.6e-06 5.2e-07 1.3e-06 2.9e-06 3.6e-06
Os8S ,,s, .2e-02'- <4.5e-03 "-,510e-0232.0 23 0f e 1 2 3 2'6 27e02
Ir-192 1.1e-02 3.4e-03 8.9e-03 2.0e-02 2Ae4-02 1.2e-02 3.7e-03 9.9e-03 2.2e-02 2.7e-02
Tl-204 1.0e-04 5.6e05 9.1e-05 1.5e-04 1.8e-04 1.1e-04 6.1e-05 1.Oe-04 1.7e-04 2.1e-04
Pb-210 1.6e-04 9.1e-05 1.5e-04 2.4e-44 3.0e-04 1.8e-04 9.8e-05 1.6e-04 2.7e-04 3.3e-04
Bi-207 1.6e-01 8.8e-02 1.4e-01 2.3e-01 2.9e-01 1.8e-01 9.5e-02 1.6e-01 2.6e-01 3.2e-01
Po-2103,T,2.8o07,ji.3e- ' 27.5e-07 We4.5e 7§5. e- 2e, 7,:,1.4e47, 2.8e07,,-^5.1 '07 07i
Ra-226 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ra-228 O.Oe+00. O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ac-227 1.5e-02 3.9e-03 1.3e-02 2.6e-02 32e-02 1.7e-02 42e-03 1.4e-02 3.0e-02 3.6e-02
Th-228 _ 32e-02 8.9e-03 2.8e-02 5.6e-02 6.9e-02 3.6e-02 9.8e-03 3.1e-02 6.3e-02 7.7e-02

oU_229 ', , 1.' --i . 2.8e-03, 8.99e3 ', i.8o0e 22o2,I.1.,ie21 ,.3 .I -03 9.8e-03 _2.0e,02; :2.4e:02
Th-230 7.6e-05 2.1 e-05 6.7e-05 1.3e-04 1.6e-04 8.5e-05 2Ae-05 7Ae4-05 :1.5e-04 1.8e-04
Th-232 1.3e-02 3.6e-03 I.Ie-02 2.3e-02 2.8e-02 1.5e-02 4.0e-03 1.3e-02 2.6e-02 3.1e-02
Pa-231 8.0e-03 4.5e-03 7.2e-03 1.2e02 1.5e-02 8.9e-03 4.8e-03 8.0e03 1.3e-02 1.6e-02
U-232 2.8e-02 9.9e-03 2.5e402 4.7e-02 5.6e-02 3.1 e-02 1.1 e-02 2.8e-02 5.2e-02 6Ae-02
U-233bA3.60-06 -;,9.1e-06 -i.7i 0o.0 5:5ie 5 t40e6, 1.0 o05 .9e 2.3e-05,
U-234 2.5e-06 8.7e-07 2.2e-06 4.1e-06 4.9e-06 2.7e-06 9.5e-07 2.4e-06 4.6e-06 5.6e-06
U-235 6.5e-03 2.3e-03 5.8e-03 1.1e-02 1.3e-02 7.3e-03 2.5e-03 6.4e-03 1.2e-02 1.5e-02
U-236 1.Oe-06 3.7e-07 9.3e-07 1.7e-06 2.1e-06 1.2e-06 4.0e-07 1.Oe-06 1.9e-06 2.4e-06
U-238 1.0e-03 3.7e-04 9.3e-04 1.7e-03 2.1e-03 1.2e-03 4.1e-04 1.Oe-03 1.9e-03 2.4e-03
Np237. ;8.5e-03 ,2.3e-03 A3 4e.0 3 , . ".,2.6e4'.2 3, '1 42-1V72i
Pu-236 3.7e-04 1.3e-04 3.3e-04 6.1e-04 7.4e-04 4.1e-04 1Ae-04 3.6e-04 6.9e-04 8Ae-04
Pu-238 3.4e07 1.2e-07 3.0e-07 5.6e-07 6.8e-07 3.8e-07 1 .3e-07 3.3e-07 6.3e-07 7.6e-07
Pu-239 2.0e06 7.0e-07 1.8e-06 3.3e-06 4.0e-06 2.2e-06 7.6e-07 2.0e-06 3.7e-06 4Ae-06
Pu-240 3Ae-07 1 .2e-07 3.0e-07 5.6e-07 6.8e-07 3.8e-07 1.3e-07 3.4e07 6.3e-07 7.6e-07

Pu-241 1.,ieO.0 ,47 ;=6;.1 ..,:-2.6 6 06'
Pu-242 3Ae-07 1.2e-07 3.0e-07 5.6e-07 6.8e-07 3.8e-07 1.3e-07 3.3e-07 6.2e-07 7.6e-07
Pu-244 1.2e-02 42e-03 1.1 e-02 2.0e-02 2Ae4-02 1.3e-02 4.6e-03 1.2e-02 ,2.2e02 2.7e-02
Am-241 2.5e-04 6.9e-05 2.2e-04 4.3e-04 5Ae4-04 2.8e-04 7.6e-05 2.5e-04 4.9e-04 6.0e-04
Am-242m 4.9e-04 1 .4e-04 4.3e-04 8.4e-04 1 .Oe-03 5.5e-04 I .5e-04 4.8e-04 9.6e-04 1 .2e-03
A32 1.9e43 ;0;6.16 1 5-42_ , :.8e-03 2¢2.Io- 3, <.46.80
Cm-242 8.0e-08 2.1e-08 6.8e-08 1.5e-07 1.8e-07 9.0e-08 2.3e-08 7.6e-08 ,1.6e-07 2.0e-07
Cm-243 4.3e-03 1.2e-03 3.8e-03 7.5e-03 9.2e-03 4.8e-03 1.3e-03 4.2e43 8.5e-03 1.0e-02
Cm-244 1 .9e-07 5.3e-08 1 .7e-07 3.4e-07 4.1 e-07 2.1 e-07 5.8e-08 1 .9e-07 3.8e-07 4.7e-07
Cm-245 3.Oe-03 8.4e-04 2.6e-03 5.3e43 6.5e43 -3Ae4-3 9.1e-04 2.9e-03 6.0e-03 7Ae-03
Cm-246;-. 3.6o-8,.0e48'.3i248I6.4e48_,7.8o08 6 4.I P8-,1.e-08; 3.5- 72e48, 8.8e
Cm-247 1.3e-02 3.5e03 1.1 e-02 2.2e-02 2.7e-02 lAe-02 3.8e-03 1.2e02 2.5e02 3.1 e-02
Cm-248 3.1 e-08 8.6e-09 2.7e-08 5.5e-08 6.7e-08 3.5e-08 9.4e-09 3.0e-08 6.2e-08 7.6e-08
Bk-249 2.8e-05 7.8e-06 2.4e-05 4.8e-05 5.9e-05 3.1e-05 8.5e-06 2.7e-05 5.4e-05 6.6e-05
Cf-248 3.1 e-07 8.4e-08 2.8e-07 5.6e-07 _6.8e-07 _ 3.5e07 9.2e-08 3.0e-07 6.2e-07 7.6e-07
Cf-249 ,'- i e'-1 2'e3A4e 43 1.1e42- 2.2e,021. 26 e 02 -"1.4e42 -3.7e 03'-1.2e402 2.402. v2.9e:-
Cf-250 1.6e-08 4.4e-09 1.4e-08 2.8e-08 3.4e-08 1.8e-08 4.8e09 1.6e-08 3.1e-08 3.8e-08
Cf-251 3.9e43 1.1e-03 3.5e-03 6.8e-03 8.2e-03 4.3e-03 1.2e-03 3.8e-03 7.6e-03 9.2e-03
Cf-252 4.0e-07 1.1e-07 3.6e-07 7.1e-07 8.5e-07 4.5e-07 1.2e-07 4.0e-07 8.0e-07 9.6e-07
Cf-254 4.4e-02 7.3e-03 3.1e-02 9Ae402 1.2e-01 4.9e-02 8.0e-03 3.4e-02 1.0e-01 1 4e-01
Es-254--; I.5e42Q3.9e43 E1.3e-02 '2.6e42§3ie4-02- -;.1.6e2 ' 4.2o43 4e42'2.9e02 %3.5e42
Note: To convert these values to conventional units (mremly per pCl/g or mremly per pCilcnm), multiply by 3.7e-3
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Normalized Effective Dose Equivalents from Aluninum Appendix H-I

Table HI.31 Normalized effective dose equivalents from all pathways: Aluminum cookware

d -Mass-based EDE (pSvly per Bq/g)
Radionuclide Mean 5th 50th 90th 95th

Surficial EDE (pSvty per BqIcm2)
Mean 5th 50th 90th 95th

H-3 4.0e-08 1.2e-08 3.5e-08 6.8e-08 8.2e-08 4.4e-08 1.3e-08 3.9e-08 7.6e-08 9.2e-08
C-14 7.6e-07 2.9e-07 6.8e-07 1.2e-06 1.5e-06 8.5e-07 3.2e-07 7.5e-07 1.4e-06 1.7e-06
Na-22 1.2e-04 1.7e-05 7.8e-05 2.6e-04 3.8e-04 1.4e-04 1.9e-05 8.6e45 3.0e-04 4.2e-04
P-32 2.0e407 3.7e-09 5.7e-08 6.5e-07 8.9e-07 2.3e-07 4.1e-09 6.3e-08 7.2e-07 9.9e-07
S 35 , 5.6-07>: 2.8e47Q: 50e-07 8.6e-0 1.0 6 6.3o, 7j3.0e07; 5.6-01.e 7 21.2e.063
CI-36 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
K-40 1.6e-05 4.6e-06 1.2e-05 3.0e-05 4.0e-05 1.8e-05 5.0e-06 1.4e-05 3.4e-05 4.4e-05
Ca-41 1.1e-06 3.7e407 9.7e-07 1.8e-06 2.2e-06 1.2e-06 4.0e-07 1.e-06 2.0e-06 2.5e-06
Ca-45 9.9e-07 3.2e-07 8.7e-07 1.7e-06 2.1e-06 1.1e-06 3.5e-07 9.6e-07 1.9e-06 2.3e-06

;oWo,-oo0O;e .o06:0oeoo o O.+ooO.*O.Oo+0O.OeO.Oe+OO, 0.0oe+oo, O.Oe
Cr-51 7.8e-07 4.8e-08 3.7e47 1.8e-06 2.8e406 8.7e-07 5.2e-08 4.1e-07 2.1e-06 3.10e06
Mn-53 6.7e-07 4Ae4-7 6.1e-07 9.1e-07 1.2e-06 7.4e-07 4.7e-07 6.7e-07 1.0e-06 1.4e-06
Mn-54 5.6e-04 9.4e-05 3.7e-04 1.2e-03 1.6e-03 6.2e-04 1.Oe-04 4.1e-04 1.3e-03 1.8e-03
Fe-55 3.1e-06 2.1e-06 2.9e-06 4.3e-06 5.8e-06 3.5e-06 2.2e-06 3.2e-06 4.9e-06 6.5e-06
Fe,59 -. 60:02> .8-06 405 ,T,;1'.70-044,i8 ,>.;8A6,0& .^490',19,427 0
Co-56 5.7e-04 8.2e-05 3.6e404 1.2e-03 1.7e-03 6.3e-04 9.0e-05 4.0e-04 1.4e403 1.9e03
Co-57 8.6e-05 I.5e-05 5.7e5 1.8e-04 2.5e-04 9.5e-05 1.6e-05 6.4e-05 2.0e-04 2.8e-04
Co-58 1.5e-04 2.1e-05 9.6e-05 3.3e-04 4.6e-04 1.7e-04 2.3e-05 1.1e404 3.6e-04 5.1e-04
Co-60 2.4e403 4.2e404 1.6e-03 5.1e-03 7.0e-03 2.7e-03 4.6e-04 1.8e-03 5.6e-03 7.8e-03
Nj59,. I'31 3 '8.7"-07 ,2-0 6 4
Ni-63 3.5e-06 2.3e-06 3.2e-06 4.9e-06 6.6e-06 3.9e-06 2.5e-06 3.6e-06 5.6e-06 7.3e-06
Zn-65 3.6e-04 8.Se-05 2.5e-04 7.1e-04 9.7e-04 4.0e-04 9.2e-05 2.8e-04 7.9e-04 1.1e-03
As-73 1.3e-06 4.4e-07 1.0e-06 2.3e-06 3.1e-06 1.4e-06 4.8e-07 1.1e-06 2.6e-06 3Ae4-06
Se-75 1.3e404 2.7e405 8.8e-05 2.7e-04 3.6e-04 1.4e404 3.0e-05 9.8e405 2.9e.04 4.1e-04
S~r-85$~.1t8e-O6PZ9.8e~i-075.7e-06~. -2.2e45: 32O,59=> r',i m.'0aSe6r2e5 354
Sr-89 6.3e-07 1.4e-07 4.9e-07 1.3e-06 1.6e-06 7.0e-07 1.5e-07 5.4e-07 1.4e-06 1.8e-06
Sr-90 1.3e-04 4.3e-05 1.1e-04 2.2e-04 2.6e-04 1.4e-04 4.7e05 1.3e-04 2.4e-04 2.9e-04
Y-91 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr-93 4.5e06 5.8e-07 4.1e-06 8.1e406 9.9e-06 5.0e-06 6.4e-07 4.5e-06 9.2e-06 1.1e-05

.,:_&=-2,,o,,5,.' 9;3eS06 5,>'53-02 '52e-05a~i3.1.-004';,-1t'O5.8e 2.4-l5.e 0.04t2. 3.4e-0
Nb-93m 3.2e-06 2.1e-06 3.0e-06 4.5e-06 6.0e-06 3.6e-06 2.3e-06 3.3e-06 5.1e-06 6.7e-06
Nb-94 1.8e-03 3.1e-04 1.2e-03 3.8e-03 5.3e-03 2.1e-03 3.5e-04 1.4e-03 4.3e-03 5.9e-03
Nb-95 3.2e-05 2.8e-06 1.7e-05 7.4e-05 1.1e-04 3.6e-05 3.1e-06 1.9e-05 8.3e-05 1.2e-04
Mo-93 9.0e-06 5.6e-06 8.2e-06 1.3e-05 1.7e-05 1.0e-05 6.0e-06 9.1e-06 1.4e-05 1.9e-05
To97.LL ~,,1.t6.06i7.7-O7. .e0 2.6e -3.e-8 :',8.3e 07s1.5o_.56 3.0>6O6 3.-0
Tc-97m 1.4e-06 6.3e-07 1.2e-06 2.2e-06 2.6e-06 1.5e06 6.9e-07 1.3e-06 2.4e-06 2.9e406
Tc-99 7.8e-06 4.9e-06 7.1e-06 1.1e-05 1.4e-05 8.7e-06 5.3e-06 7.8e-06 1.2e-05 1.6e-05
Ru-103 3.2e-05 3.3e-06 1.8e-05 7.2e-05 1.1e-04 3.6e-05 3.6e-06 2.0e-05 8.2e-05 1.2e-04
Ru-106 3.1e-04 1.2304 - 2.4e-04 5.5e-04 7.1 -04 3.4e-04 .3e-04 2.7e-04 6.1 e04 8.0e-04

,t1bj22-0 3.8o-04 `1I.5e-03; •44.6o311 43.~~25-3 ~.o0~1.00 2 3 b.r7 Si'03
Ag-110m 1.8e-03 3.0e-04 1.2e-03 3.7e-03 5.1e-03 2.0e-03 3.3e-04 1.3e-03 4.1e-03 5.7e-03
Cd-109 6.4e-05 4.1e-05 5.8e-05 9.1e-05 1.2e-04 7.1e-05 4.4e-05 6.5e-05 i.Oe-04 1.3e-04
Sn-113 7.7e-05 1.4e-05 5.2e-05 1.6e-04 2.3e-04 8.6e-05 1.5e-05 5.7e-05 1.8e-04 2.5e-04
Sb-124 i.8e-04 2.4e-05 i.ie-04 3.8e-04 5.4e-04 2.0e-04 2.6e-05 1.2e-04 4.2e-04 6.0e-04
Sb-125iZ 3. 39e- )' 7i2e-05: ' 2.7e ,0,-, 8.2ei.ieK 1.-03T -;-4A.4o-0 7.8e05 2.9e 9;1 i.3e34
Te-123m 5.0e-05 1.2e-05 3.5e-05 9.9e-05 1.4e-04 5.5e-05 1.3e-05 3.8e-05 1.1e-04 1.5e-04
Te-127m 1.3e-05 6.7e-06 1.2e-05 2.1e-05 2.6e-05 1.5e-05 7.2e-06 1.3e-05 2.3e-05 2.9e-05
1-125 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
1-129 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
l-131> -; 0*t'.0'Oe+ 0.0e+00 0' O.Oe+00 4. O e+0 00eO ' .0.Oe,+00 ,O.Oe+O- 'O.Oe+O0':O.Oe+0 ,.Oe+0O '
Cs-134 O.Oe+00 O.Oe+00 O.0e+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-135 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-137 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ba-133 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Co,39 'i,5 -3.6e-06 --4.9e-07. :2i-06- :7.7e-06 ,',1;'e,. <4.Oe06 5.4o-070 2.5o-06 85- .412
Ce-141 2.1e-07 1.8e-08 1.1e-07 4.8e-07 6.9e-07 2.3e-07 2.0e-08 1.2e-07 5.3e-07 7.7e-07
Ce-144 6.4e-06 2.2e-06 5.4e-06 1.1e-05 1.4e-05 7.1e-06 2.4e-06 6.0e-06 1.2e-05 1.6e-05
Pm-147 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
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Appendix H- I Normalized Effective Dose Equivalents from Aluminum
Table H1.31 Normalized effective dose equivalents from all pathways: Aluminum cookware

Radionuclide Mass-based EDE (pSv/y per Bqlg) Surficial EDE (uSvty per Bq/cm2)
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

Sm-151 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+O0 O.Oe+0O O.Oe+00 O.Oe+OO O.Oe+00
E1i52 O O;O0 0 + -0.00+00; 046+00.-,O.Oe+O '-0 ,O.Oe+W: b ,O.Oo+OO0,-O.e+O0 -iO.Oe+OO ;,O.Oo+00,
Eu-154 O.Oe+0O O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+OO O.Oe+O0 O.Oe+00 O.Oe+OO O.Oe+O0
Eu-155 O.Oe+00 O.Oe+OO O.Oe+O0 O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
Gd-153 O.Oe+O0 O.Oe+0O O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00
Tb-160 O.Oe+O0 O.Oe+OO O.Oe+00 O.Oe+0O O.Oe+O0 O.Oe+00 O.Oe+O0 O.Oe+O0 O.Oe+OO O.Oe+00
Tngi,70k0.0,e+O0~0:+00' .gO.OO . _OO + e °7~ ~7 0 -+77s3oO.eO

Trn-171 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ta-1 82 3.1e-04 5.1 e-05 2.0e-04 6.6e-04 9.2e-04 3.5e-04 5.5e-05 2.3e-04 7.2e-04 1.0e-03
W-181 9.0e-06 1.6e-06 6.0e-06 1.9e-05 2.6e-05 1.Oe-05 1.7e-06 6.6e-06 2.1e-05 2.9e-05
W-185 1.2e-06 5.6e-07 1.1e-06 2.0e-06 2.4e-06 1Ae-06 6.1e-07 1.2e-06 2.2e-06 2.7e-06

8i 4 4 z .. eO 9.06-054§,, 3.'e04,ei,.26e-04TLe 5~l , e-04 .70iOs;--85e-!04f~4.7o303
Ir-192 1.3e-04 2.0e-05 8.3e-05 2.8e-04 4.0e-04 1.5e-04 2.1e-05 9.2e-05 3.1e-04 4.4e-04
Tl-204 1.7e-05 1.1e-05 1.6e-05 2Ae-05 3.1e-05 1.9e-05 1.1e-05 1.7e-05 2.8e-05 3.5e-05
Pb-210 3.7e-02 2Ae-02 3Ae-02 5.2e-02 6.9e-02 4.2e-02 2.5e-02 3.8e-02 6.0e-02 7.6e-02
Bi-207 1.5e-03 2.5e-04 9.9e-04 3.1e-03 4.3e-03 1.7e-03 2.7e-04 1.1e-03 3.4e-03 4.8e-03
PO1,-'-,L31-3,,18-3''.e0^.v3,t58 032.-C-','3.5e-,03. <1.9 -03¢>3.e03 R5 28 03 ~q,,.5e.03'
Ra-226 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ra-228 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ac-227 2.4e-02 6.7e-03 2.2e-02 4.2e-02 S.0e-02 2.7e-02 7Ae-03 2.4e-02 4.7e-02 5.7e-02
Th-228 1.3e-03 3.8e-04 1.2e403 2Ae-03 2.9e-03 'I.5e-03 4.2e-04 1.3e-03 2.6e-03 3.3e-03

f~h29^ 6:. 8,3. ;2'.00-3§.003 ~r'6'21 j 31,.'4e2Wg76e403 2;2e03 6.e-03Thi3e.02L,,1.6o-02 ^
Th-230 9.6e-04 2.8e-04 8.6e-04 1.6e-03 2.0e-03 1.1e-03 3.1e-04 9.5e-04 1.8e-03 2.2e03
Th-232 8.5e43 2.5e-03 7.6e-03 1.4e-02 1.7e-02 9Ae4-03 2.8e-03 8.4e-03 1.6e-02 2.0e-02
Pa-231 9.2e-02 5.9e-02 8Ae-02 1.3e-01 1.7e-01 1.Oe-01 6.3e-02 9.3e-02 1.5e-01 1.9e-01
U-232 3.7e03 1.4e-03 3Ae-03 6.0e-03 7.4e-03 4.2e-03 1.5e-03 3.8e03 6.8e-03 8Ae-03
U-233 &4 Ž5.2o-054-2.0e-4 4.7e,44,8.3o .4:L-1.0003 : 5.8e-04I 2.i e04 .520F040,
U-234 5.0e-04 1.9e-04 4.5e-04 7.9e-04 9.6e-04 5.5e-04 2.0e-04 5.0e-04 9.0e-04 1.1e-03
U-235 5.5e-04 2.0e-04 4.9e-04 8.8e-04 1.1e-03 6.1e-04 2.2e-04 5.5e-04 1.0e-03 1.2e-03
U-236 4.7e-04 1.8e-04 4.3e-04 7.5e-04 9.1 e-04 5.2e-04 1.9e-04 4.7e-04 8.5e-04 1.Oe-03
U-238 4.8e-04 1.8e-04 4Ae-04 7.6e-04 9.3e-04 5.4e-04 2.0e-04 4.8e-04 8.7e-04 1.1e-03
'Np,-23~~7.6o-03 2.-2e-03 'j6.7e-03f .3e^02 1.o.0-'28.4e3 2. 0.02.i
Pu-236 1.7e-03 6.5e-04 1.6e403 2.8e-03 3.4e03 1.9e-03 7.0e-04 1.7e-03 3.1e-03 3.8e-03
Pu-238 5.5e403 2.0e-03 5.0e-03 8.8e-03 1.1e-02 '6.2e-03 2.2e-03 5.5e-03 9.9e-03 1.2e-02
Pu-239 6.le-03 2.3e-03 5.6e-03 9.7e-03 1.2e-02 6.8e-03 2.5e-03 6.2e-03 1.1 e-02 1.3e-02
Pu-240 6.1e-03 2.3e03 5.6e-03 9.7e-03 1.2e-02 6.8e-03 2.5e403 6.2e-03 1.1 e402 1.3e02
FU-241L-..,>7, 04-;,6.4e-O5 I .:6o-04 -A.7-4.S 2, e34 0 . - , t)ie0,t3'4~

Pu-242 5.8e-03 2.2e-03 5.3e-03 9.2e-03 1.1e-02 6.5e-03 2.4e-03 5.9e-03 1.0e-02 1.3e-02
Pu-244 5.9e-03 2.2e-03 5.3e-03 9.3e-03 1.1 e-02 6.6e-03 2.4e-03 5.9e03 1.1 e-02 1.3e-02
An-241 6.1e-03 1.8e-03 5Ae403 1.0e-02 1.2e-02 6.8e-03 1.9e-03 6.0e-03 1.2e-02 1Ae4-02
An-242m 6.1e03 1.8e-03 5.4e03 I.Oe-02 1.2e-02 6.8e-03 1.9e-03 6.0e-03 1.2e-02 1.4e-02
An1243j:..$ 681e~.03' -i.8e-03 35Zo-3XQ.0e.02, =S1.3e.02 6>b98e 332.0e(j 6Z.6- 3 7,~'1 42.2$ie .023
Cm-242 8.8e-05 2.5e-05 7.7e-05 1.5e-04 1.8e-04 9.8e05 2.7e-05 8.6e-05 1.7e-04 2.1 e.04
Cm-243 4.2e-03 1.2e03 3.7e-03 7.1e-03 8.6e403 4.7e-03 1.3e03 4.1e-03 8.1e-03 9.8e-03
Cm-244 3.3e-03 9Ae-04 2.9e-03 5.6e-03 6.8e03 3.7e-03 1.0e-03 3.3e-03 6.4e-03 7.7e03
Cm-245 6.5e-03 1.8e-03 5.7e03 1.1e-02 1.3e02 7.2e-03 2.0e-03 6.4e-03 1.2e-02 1.5e-02

22e03 .2eO3,J.-5e-.1.02 02'2 - 6.90-.03 :.9 -03 -6.1e 03 e-, 0 2e02 , 2
Cm-247 5.9e-03 1.7e-03 5.2e-03 1.0e-02 1.2e-02 6.6e-03 1.8e-03 5.8e-03 1.1e-02 1Ae4-02
Cm-248 2.3e-02 6.6e-03 2.0e-02 3.9e-02 4.7e02 2.6e-02 7.2e-03 2.3e-02 4.4e-02 5.3e-02
Bk-249 2.0e005 6.0e-06 1.8e-05 3.4e-05 4.2e-05 2.3e-05 6.6e-06 2.0e-05 3.9e-05 4.7e-05
Cf-248 4.0e44 1.1e-04 3.6e-04 6.8e44 8.1e-04 4Ae-04 1.3e-04 4.Oe-04 7.7e-04 9.3e-04
Cf-249 .;.~; ' --8.003 ': ',-2.3e-03 7'.2e.3h s1.4e42 J.6e2 ' .8.9e-03 j,.5 43- 7.9 43 ' .5e42 1.80-2
Cf-250 3.4e-03 9.8e-04 3.1e-03 5.8e-03 6.9e-03 3.8e-03 1.1e-03 3.4e-03 6.5e-03 7.9e-03
Cf-251 8.1e-03 2.3e-03 7.3e-03 I1Ae-02 1.6e-02 9.0e-03 2.6e-03 8.1e-03 1.6e-02 1.9e-02
Cf-252 1.5e-03 4.3e-04 1.4e-03 2.5e-03 3.0e-03 1.7e-03 4.7e-04 1.5e-03 2.9e-03 3.5e-03
Cf-254 9.5e-04 1.7e-04 6.8e-04 1.9e-03 2.6e-03 1.1e-03 1.8e-04 7.5e-04 2.2e-03 3.0e403
Es5254 ': .2e-04 -- '1Ae4-4 - 4.5e44':_'92e-04: -:.i4 --- 58e44 '- -. 5 5
Note: To convert these values to conventional units (mremly per pCi/g or mremry per pCilcm2), multiply by 3.7e-3
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Normaaed Effective Dose Equivalents fr6rn Aluminum Appendix 1H- I
Normalized Effective Dose Equivalents from Aluminum Appendix H-I

- TableHI.32 Normalizedeffectivedosequivalentsfromexteralexposure: Aluminum cookware
Radionuclide Mass-based EDE (jSv/y per BSqg)

Mean 5th 50th 90th 95th
Surficial EDE (pSv/y per BqIcm2)

Mean 5th 50th 90th 95th
H-3 O.Oe+00 O.Oe+O0 0.Oe+OO O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+O0
C-14 7.9e-10 9.7e-11 4.9e-10 1.7e-09 2.5e-09 8.8e-10 1.te-10 5.5e-10 1.9e-09 2.8e-09
Na-22 1.2e-04 1.5e-05 7.4e-05 2.6e-04 3.8e-04 1.3e-04 1.6e-05 8.2e-05 2.9e-04 4.2e-04
P-32 t.8e-08 1.6e-10 3.7e-09 4.9e-08 8.2e-08 2.0e-08 1.7e-10 4.1e-09 5.4e-08 9.Oe-08S , i, 99e 4.40e-1O ZJ .8e .,3e 8.8e-9,c ! 4 32e-O9 4.40 2.1 O 9'-' 7-.O-09" 9.809
CI-36 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+O0 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+O0 O.Oe+O0 O.Oe+O0
K-40 9.4e-06 t.2e-06 5.8e-06 2.le-05 2.9e-05 1.1e-05 1.3e-06 6.4e-06 2.3e-05 3.2e-05
Ca-41 O.Oe+OO O.Oe+0O O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00
Ca-45 2.6e-09 2.9e-10 1.6e-09 5.7e-09 8.te-09 2.9e-09 3.2e-tO 1.8e-09 6.4e-09 9.2e-09
Sc-4 5:t 6600 e+00..> 00e OOO.Oe+OO~O0e,+OO~ 0.0e+~ O O.OetOO>e 0.0Oe+OO ,^O O.e O.Oe ,O
Cr-51 7.6e-07 4.4e-08 3.6e-07 1.8e-06 2.8e-06 8.5e-07 4.9e-08 3.9e-07 2.0e-06 3.te-06
Mn-53 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00
Mn-54 5.5e-04 8.6e-05 3.6e-04 1.2e-03 1.6e-03 6.te-04 9.4e-05 4.0e-04 1.3e-03 1.8e-03
Fe-55 1:8e-13 2.7e-14 1.2e-13 3.7e-13 5.1e-13 2.0e-13 3.0e-14 1.3e-13 4.1e-13 5.7e-13Fe759m'J.34-, ,i.6e-06 *42j ,,51.6e 7- 24> 4e; 46 Je-O51 i ; B
Co-56 5.6e-04 7.6e-05 3.5e-04 1.2e-03 1.7e-03 6.2e-04 8.3e-05 3.9e-04 1.3e-03 1.9e-03
Co-57 8.3e-05 1.3e-05 5.5e-05 1 .8e-04 2.4e-04 9.3e-05 1 .4e-05 6.1 e-05 2.0e-04 2.7e-04
Co-58 1.5e-04 2.0e-05 9.3e-05 3.2e-04 4.6e-04 1.7e-04 2.1e-05 1.Oe-04 3.6e-04 5.1e-04
Co-60 2.4e-03 3.7e-04 1.6e03 5.0e-03 6.9e-03 2.6e-03 4.1e-04 1.7e-03 5.6e-03 7.8e-03

Ni-63 4.1 e-1 0 6.4e-11I 2.7e-10 8.6e-10 1.2e-09 4.6e-10 7.1e-11 3.0e-10 9.5e-10 1.3e-09
Zn-65 3.1e-04 4.8e-05 2.0e-04 6.6e-04 9.1e-04 3.5e-04 5.3-05 2.3e-04 7.3e-04 1.0e-03
As-73 6.9e-07 9.5e-08 4.4e-07 1.5e-06 2.1e-06 7.7e-07 1.0e-07 4.8e-07 1.7e-06 2.4e-06
Se-75 1.2e-04 1.7e-05 7.5e-05 2.5e-04 3.4e-04 1.3e-04 1.9e-05 8.3e-05 2.7e-04 3.8e-04
Sr-85t!'m 9.6e.0&>'f- 90OeO7- 5;5e _f2t'e,05!h3.1e-O5,^ ;1.-'e054s9i.e06e , e06^ 2.4e-O5-3> 0'5
Sr-89 4.2e-08 3.5e-09 2.3e-08 9.6e-08 1.4e-07 4.7e-08 3.9e-09 2.5e-08 1.1e-07 1.6e-07
Sr-90 1.4e-06 1.7e-07 8.8e-07 3.1e-06 4.4e-06 1.6e-06 1.8e-07 9.8e-07 3.5e-06 5.0e-06
Y-91 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+00 O.0e+OO O.0e+OO O.Oe+OO O.Oe+00 O.0e+OO O.Oe+00
Zr-93 2.4e-08 1.4e-09 1.4e-08 5.4e-08 8.0e-08 2.7e-08 1.6e-09 1.6e-08 6.1e-08 8.9e-08
Zr-95e Ž9.16.05, <'p4.8e 6j5.005iL 2.1 53eO5.6eO5 > 3
Nb-93m 1.1e-07 1.7e-08 7.5e-08 2.4e-07 3.3e-07 1.3e-07 1.9e-08 8.3e-08 2.6e-07 3.7e-07
Nb-94 1.8e-03 2.8e-04 1.2e-03 3.8e-03 5.3e-03 2.0e-03 3.le-04 1.3e-03 4.2e-03 5.9e-03
Nb-95 3.2e-05 2.6e-06 1.7e-05 7.3e-05 1.1e-04 3.5e-05 2.9e-06 1.8e-05 8.2e-05 1.2e-04
Mo-93 5.8e-07 9.0e-08 3.8e-07 1.2e-06 1.7e-06 6.5e-07 1.0e-07 4.3e-07 1.4-06 1.9e-06t;7. ', '69e 6,i.1teO7' 4.5e2.-O76_ ,-, -, 2.0e06 0 2
Tc-97m 1.8e-07 2.5e-08 1.2e-07 4.0e-07 5.4e-07 2.0e-07 2.7e-08 1.3e-07 4.4e-07 6.0e-07
TC-99 8.3e-08 1.3e-08 5.5e-08 1.7e-07 2.4e-07 9.3e-08 1.4e-08 6.1e-08 1.9e-07 2.8e-07
Ru-103 3.1e-05 2.9e-06 1.7e-05 7.1e-05 1.0e-04 3.5e-05 3.2e-06 1.9e-05 8.0e-05 1.2e-04
Ru-106 1.9e-04 3.0e-05 1.3e-04 4.0e-04 5.5e-04 2.1e-04 3.3e-05 1.4e-04 4.5e-04 6.2e-04
A-1 08rJ422e-O3 ,i ̂'3.4e-141-03'-; 4.6603i_ 5¶4803' 2.4A3+ eO 3.7e04 '.6-03 -5.1 -03zA7.1e03-
Ag-11Im 1.7e-03 2.7e-04 1.1e-03 3.7e-03 5.1 e-03 1.9e-03 2.9e-04 1.3e-03 4.1e-03 5.7e-03
Cd-109 5.4e-06 8.5e-07 3.6e-06 1.1e-05 1.6e-05 6.0e-06 9.3e-07 4.0e-06 1.3e-05 1.8e-05
Sn-113 7.3e-05 1.1e-05 4.7e-05 1.6e-04 2.2e-04 8.1e-05 12e-05 5.3e-05 1.7e-04 2.5e-04
Sb-124 1.7e-04 2.1e-05 1.0e-04 3.7e604 5.3e-04 1.9e-04 2.3e-05 1.2e-04 4.1e-04 5.9-04

Te-123m 4.2e-05 6.1e-06 2.7e-05 8.9e-05 1.2e-04 4.6e-05 6.6e-06 3.0e-05 1.0e-04 1.4e-04
Te-127m 2.1e-06 3.0e-07 1.4e-06 4.5e-06 6.3e-06 2.3e-06 3.3e-07 1.5e-06 5.0e-06 7.0e-06
1-125 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.0e+O0
1-129 0.Oe+OO O.Oe+0O .e+O .Oe+00 O.Oe+OO O.Oe+0 O.Oe+00 .Oe+O0 O.0e+O01-.131',,.~ -, "' -:;- .0e+00-, ' O.Oe+OO. O.e+00 1 0.0e+00:- :.Oe+OO -:' '.Oe+O O, O.Oe+OO' , -.. +O 0.06+00 0 Oe+0
Cs-1 34 O.Oe+0eO+.Oe+0O.Oe+O O O.O+00 0.0e+OO O.Oe+00 O.Oe+00 O.0e+OO O.Oe+0O O.Oe+OO
Cs-1 35 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+OO O.0Oe+OO O.Oe+00 O.Oe+00
Cs-137 O.Oe+00 O.Oe+OO O.Oe+OO O.06+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+OO O.Oe+O0
Ba-133 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+0 0.Oe+0

Ce-19 itf- 'r; 3.e-0 ;- 4.e-07 .- 2.le-06'5.1 '75-6*-,1.e0' 1:38e-06t', 46'7':.e0 -; 84-6-, -1e0
Ce-141 1.7e-07 1.1e-08 8.4e-08 4.1e-07 6.1e-07 1.9e-07 1.2e-08 9.3e-08 4.6e-07 6.9e-07
Ce-144 2.2e.-6 2.8e-07 1.4e-06 4.8e-06 6.8e-06 2.4e-06 3.0e-07 1.5e-06 5.3e-06 7.6e-06
Pm-147 O.Oe+0O O.Oe+0O O.0e+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+O0
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Appendix H-1 Normalized Effective Dose Equivalents from Aluminum
A.eni H. NomlzdEfcieDs qiaet rmAuiu

Table H1.32 Normalized effective dose equivalents from external exposure: Aluminum cookware
a Mass-based EDE (pSv/y per BqIg) Surficial EDE (pSv/y per Bq/cm2)

Radionucide Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
SM-151 O.Oe+00 O.Oe+W O.Oe+O e O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Eu-152,,-, - 'i- .Oe+0 3, 0O.eO .0e+O0i O.tO0 XO.0e+0 O.Oe+OO;'' O.Oe+. ,.
Eu-I 54 O.Oe+O0 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+0O O.Oe+O0 O.Oe+00 O.Oe+O0 O.Oe+0O
Eu-155 O.Oe+O0 O.Oe+OO O.Oe+00 O.Oe+O0 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+0O O.Oe+OO O.Oe+00
Gd-153 O.Oe+O0 O.Oe+W0 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+0O
Tb-160 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+OO
Tm-170 :E.0e+00 ^ O.Oe+OO *,O.et Oit.OeOOe+Oo-O.O+OOO,4w -f O:"O.0e+00A? O.Oe+O0O5.0e+00*
Tm-171 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00
Ta-182 3.0e-04 4.4e-05 1.9e-04 6.5e-04 9.1e-04 3.4e-04 4.9e-05 2.2e-04 7.1e-04 1.0e-03
W-181 8.6e-06 1.3e-06 5.6e-06 1.8e-05 2.6e-05 9.5e-06 1.4e-06 6.2e-06 2.0e-05 2.9e-05
W-185 2.9e-08 3.9e-09 1.8e-08 6.4e-08 9.0e-08 3.3e-08 4.2e-09 2.1e-08 7.1e-08 I.Oe-07

06 'i:85b &0-I .9e05 X8.8e'-05 2.90-04 e -.04 .X&- I e-052 9.7 .3e-0-4.6
Ir-192 1.3e-04 1.7e-05 7.9e-05 2.7e-04 3.9e-04 1.4e-04 1.8e-05 8.7e-05 3.0e-04 4.3e-04
TI-204 I.5e-06 2.4e-07 I.Oe-06 3.2e-06 4.5e-06 1.7e-06 2.6e-07 1.1 e-06 3.6e-06 5.1 e-06
Pb-210 2.9e-06 4.4e-07 1.9e-06 6.0e-06 8.4e-06 3.2e-06 4.9e-07 2.1e-06 6.8e-06 9.5e-06
Bi-207 1.5e-03 2.2e-04 9.6e-04 3.1 e-03 4.3e-03 1.6e-03 2.5e-04 1.1e-03 3.4e-03 4.8e-03
p.2l0t P'R-'s~s'-v3.0e09, 4. A -I , 4e-0& .9e-09- -'-.9e-,102'727..ie4 9 iŽI.e8
Ra-226 O.Oe+OO O.Oe+O0 O.Oe+0O O.Oe+O0 O.Oe+OO O.Oe+OO O.Oe+O0 O.Oe+00 O.Oe+O0 O.Oe+O0
Ra-228 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+0O O.Oe+OO O.Oe+0O O.Oe+O0 O.Oe+O0 O.Oe+0O O.Oe+00
Ac-227 1Ae-04 I.5e-05 8.6e-05 3.2e-04 4.6e-04 1.6e-04 1.6e05 9.5e-05 3.5e-04 52e-04
Th-228 3.0e-04 3.2e-05 1.8e-04 6.6e-04 9.5e-04 3Ae-04 3.5e-05 2.0e-04 7.3e-04 I.Oe-03
,Th-2299- ,2i.l.e-04; 1.10 2e-05A32e-042.Ie-04; 2e-05i_65'2 .500 4 .4
Th-230 4.4e-06 4.7e-07 2.7e-06 9.6e-06 1.4e-05 4.9e-06 5.1e-07 3.0e-06 1.Ie-05 1.5e-05
Th-232 5.7e-04 6.1e-05 3.5e-04 1.2e-03 1.8e03. 6.4e-04 6.6e-05 3.8e-04 1.4e-03 2.0e-03
Pa-231 2.5e-04 3.9e-05 1.6e-04 5.3e-04 7Ae404 2.8e-04 4.3e-05 1.8e-04 .. 5.9e-04 8.3e-04
U-232 3.7e-04 4.5e-05 2.3e-04 8.0e-04 1.2e-03 4.1e-04 5.Ge-05 2.6e-04 8.9e-04 1.3e-03
U-233 :30e7i 3.Oe-07 3.6&08iI:8e 07•~n6.' 07'.. ,9.2e-07~s'~'t ' 83e07 ~+3.9e- 2.1e 07 i.0e 46
U-234 6.0e-08 7.3e-09 3.7e-08 1.3e-07 1.9e-07 6.7e-08 8.0e-09 4.1 e-08 1.4e-07 2.1 e-07
U-235 6.9e-05 8.4e4-6 4.3e-05 1.5e-04 2.1e-04 7.7e-05 9.2e-06 4.8e4-5 1.7e-04 2Ae-04
U-236 3.8e-08 4.6e-09 2Ae-08 82e-08 1.2e-07 42e-08 5.1e-09 2.6e-08 9.1e-08 1.3e-07
U-238 _ 1.1e-5 1.3e-06 6.9e-06 2.4e-05 3Ae-05 1_2e-05 1.5e-06 7.6e-06 2.6e-05_ 3.8e-05
N2237.'NU- .- 05>88e-06 =5.0 05 l8e4j> 2.6e4 9.e-05 j.f9 .5 2
Pu-236 1.5e-45 1.8e-06 9.1e-06 3.2e4-5 4Ae-05 1.6e-05 2.0e-06 1.Oe-05 3.6e-05 5.0e-05
Pu-238 3.5e-08 4.3e-09 22e-08 7.7e-48 1.1 e-07 .3.9e-08 -4.7e-09 2.4e-08 8.6e-08 1.2e-07
Pu-239 3.5e-08 4Ae-09 2.2e-08 7.8e4-8 I.Ie-07 3.9e-08 4.8e-09 2.4e-08 8.7e4-8 12e-07
Pu-240 3.4e4-8 4.2e-09 2.1e-08 7.5e-81 .0e-07 3.8e4-8 4.6e-09 2.4e4- 84-AeO8 12e-07
8241h5:J ,m-iU2e-O7A I.'5e-08j ',,7.8OeS18-2.-7S:07, .CtL3.,SGO7:5.e7 .,i7
Pu-242 2.9e-08 3.6e-09 1.8e-08 6.3e-08 8.8e.-8 3.2e-08 3.9e-O9 2.0e-08 7.1e-O8 9.9e4-8
Pu-244 1.1e-04- 1.3e-05 6.7e-05 2Ae-04 3.3e-04 1.2e-04 1.5e-05 7.5e-05 2.7e-04 3.7e-04
Am-241 6.0e-06 6.3e-07 3.5e-06 1.3e-05 1.9e-05 6.7e-06 6.9e-07 3.9e-46 1.5e-05 2.1 e-05
Am-242m 5.7e-06 6.0e 07 3.4e-6 1.,3e05 1.,8e-05 6.4.e-06 6.6e-07 3.8e-46 1.4e-05 2.0e-05

-243'+, j77Je-5e.;. 4:-,-,2.5e-O44 8,9e06 8.6e45' 4
Cm-242 1 Ae-08 1 .4e-9 8.3e-49 3.1 e-8 4.5e-08 1 .6e-08 1 .6e-09 9.2e-49 3.5e-08 5.0e.-8
Cm-243 4.4e-05 4.5e-06 2.6e-O5 9.6e-5 1 Ae4-04 4.9e-45 5.Oe-06 2.9e4-5 1.1e-04 1.6e-04
Crn-244 3.1e-08 3.2e-O9 1.9e-48 6.9e-08 1.0e-07 3.5e4-8 3.6e-09 2.1e-08 7.7e-08 1.1e-07
Cm-245 3.4e-05 3.5e4-6 2.0e-05 7.4e-05 1.1 e04 3.8e.-5 3.9e-06 2.3e-05 8.3e-05 1 2e-04
Cm'2i6 e- -2.Se-8 -26e-9 ',5eO8.4eO8f 8.0eO - .2.8.-OS ^'2.9e, 91.7,8 6.1e .9e48'
Cm-247 12e-04 1.2e-05 7.1e-05 2.6e-04 3.8e-04 1.3e-04 I .4e-5 7.9e-05 2.9e-04 4.2e-04
Cm-248 2.3e-48 2Ae-09 1Ae-08 5.0e-08 7.4e-08 2.6e-08 2.6e-09, 1.5e4-8 5.6e4-8 8.2e-48
Bk-249 2.8e-07 2.9e4-8 1.7e-07 6.2e-07 8.8e-07 3.1 e-07 3.2e-48 1.9e-07 6.9e407 9.8e-07
Cf-248 2.5e-08 2.6e-09 1.5e408 5.5e-08 7.8e4-8 2.8e-08 2.9e-09 1.7e-08 6.0e-48 8.8e4-8
C-249 .--' '%1.ie-04 4:,1ie 1 6.8e-5 .- 25e -3;5e04 '1.3e '.l.3e05 7.5-OS' 2.8e-0 3.9e-04
Cf-250 2.7e-48 2.8e-09 1.6e-08 5.8e-48 8.2e-08 3.0e4-8 3.0e409 1.8e4-8O 6.5e-08 9.3e-08
Cf-251 4.0e-05 4.2e-06 2Ae4-5 8.9e-05 1.2e-04 4.5e.-5 4.6e-06 2.7e-05 9.9e-05 1.4e-04
Cf-252 2.8e4-8 2.9e-09 1.7e-08 6.2e-08 8.7e-08 3.1 e-08 3.2e-09 1.9e-08 6.8e-08 9.8e4-8
Cf-254 5.4e-04 4.7e-05 3.0e-04 1.2e-03 1.8e-43 6.0e-04 5.2e-05 3.3e-04 1.3e-03 2.0e-03
Es-254. -''' .'-1.5e-04 15e'-i5 .8e-05' w2.e-04 --4.5e-04:' -. 1.6 e-04--1.6e45 9.7e05 3.6e4-5.0e 4.
Note: To convert these values to convenUonal units (mremly per pCIlg or mremly per pCilcm2 ). multiply by 3.7e-3
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Normalized Effective Dose Equivalents from Aluminum Appendix H- I
Table H1.33 Normalized effective dose equivalents from Ingestion: Aluminum cookware

Radionucilde - Mass-based EDE (pSv/y per Bq/g)Mean 5th 50th 90th 95th
Surficial EDE (pSv/y per Bq/cm2)

Mean 5th 50th 90th 95th
H-3 4.0e-08 1.2e-08 3.5e-08 6.8e-08 8.2e-08 4.4e-08 1.3e-08 3.9e-08 7.6e-08 9.2e-08
C-14 7.6e-07 2.9e-07 6.8e-07 1.2e-06 1.5e-06 8.4e-07 3.2e-07 7.5e-07 1.4e-06 1.7e-06
Na-22 3.5e-06 1.3e-06 3.1 e-06 5.6e-08 6.7e-06 3.9e-06 1.4e-06 3.4a-06 6.3e-06 7.7e-06
P-32 1.9e-07 3.4a-09 5.2e-08 6.0e-07 8.2e-07 2.1 e-07 3.8e-09 5.7e-08 6.6e-07 9.1e-07
S-35 L';'-'5.6e-07 28 .0, 07;, 8.5e-,077 ',.Oe,, 6=' 6: .07 3.007-? 5.5e~ 9 0
CI-36 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00
K-40 6.8e-06 2.6e-06 6.1e-06 1.1e-05 1.3e-05 7.6e-06 2.9e-06 6.7e-06 1.2e-05 1.5e-05
Ca-41 1.1e-06 3.7e-07 9.7e-07 1.8e-06 2.2e-06 1.2e-06 4.0e-07 1.1e-06 2.0e-06 2.5e-06
Ca45 9.9e-07 3.2e-07 8.6e-07 1.7e-06 2.1e-06 1.1e-06 3.5e-07 9.6e-07 1.9e-06 2.3e-06

Cri Oe OO' ooe+. .O
Cr-51 1.7e-08 2.5e-09 1.ie-08 3.9e-08 4.8e-08 1.9e-08 2.8e-09 1.2e-08 4.4e-08 5.4e-08
Mn-53 6.7e-07 4.4e-07 6.1e-07 9.1 e-07 1.2e-06 7.4e-07 4.7e-07 6.7e-07 1.0e-06 1.4e-06
Mn-54 9.8e-06 6.3e-06 9.0e-06 1.4e-05 1.8e-05 i.1e-05 6.8e-06 9.9e-06 1.6e-05 2.0e-05
Fe-55 3.1e-06 2.1e-06 2.9e-06 4.3e-06 5.8e-06 3.5e-06 2.2e-06 3.2e-06 4.9e-06 6.5e-06

Fe5; 1-^- 2.4e06.- ,t7.6e,07Z_2e(5 5. ',-t ',te06 ,8.2e07- 2.2e06: t-5;1e-8 r6.e-06
Co-56 9.7e-06 4.6e-06 8.7e-06 1.5e-05 1.8e-05 1.1e-05 5.0e-06 9.5e-06 1.7e-05 2.1e-05
Co-57 2.4e-06 1.5e-06 2.2e-06 3.4e-06 4.5e-06 2.7e-06 1.7e-06 2.5e-06 3.9e-06 5.Oe-06
Co-58 2.4e-06 1.1e-06 2.2e-06 3.9e-06 4.7e-06 2.7e-06 1.2e-06 2.4e-06 4.4e-06 5.4e-06
Co-60 5.8e-05 3.8e-05 5.3e-05 7.9e-05 1.1e-04 6.4e-05 4.1e-05 5.8e-05 9.1e-05 1.2e-04
NF59' m< ' ihe 1.3e-06 8.5e-07'1 -0606, .48e 6 24e-06 . 4e06' _92e-07.3o13 6' 2;0e06,,,2.7,e06-
Ni-63 3.5e-06 2.3e-06 3.2e-06 4.9e-06 6.6e-06 3.9e-06 2.5e.06 3.6e-06 5.6e-06 7.3e-06
Zn-65 4.4e-05 2.8e-05 4.0e-05 6.3e-05 8.1e-05 5.0e-05 3.0e-05 4.5e-05 7.2e-05 9.1e-05
As-73 6.0e-07 2.8e-07 5.3e-07 9.4e-07 1.1e-06 6.7e-07 3.0e-07 5.9e-07 1.1e-06 1.3e-06
Se-75 1.4e-05 7.3e-06 1.2e-05 2.0e-05 2.5e-05 1.5e-05 8.0e-06 1.4e-05 2.3-05 2.8e-05
Sr-5'.R' .', 1.9e-07:' ,4.8e-08 1.6o-07i.37e'07^. 4.62e07 ' 5Ae408.,. 1.7 e-07,I
Sr-89 5.9e-07 1.3e-07 4.6e-07 1.2e-06 1.5e-06 6.6e-07 1.4e-07 5.0e-07 1.3e-06 1.7e-06
Sr-90 1.3e-04 4.2e-05 1.1e-04 2.1e-04 2.6e-04 1Ae-04 4.6e-05 1.3e-04 2.4e-04 2.9e-04
Y-91 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr-93 4.5e-06 5.8e-07 4.0e-06 8.1e-06 9.9e-06 5.0e-06 6.4e-07 4.5e-06 9.1e-06 1.1e-05

Zr-95j 2.-06 0 1'0 ,22eO6Z F07J 1.8e-061 4.3'06 5Ae06r.
Nb-93m 3.1e-06 2.1e-06 2.9e-06 4.3e-06 5.8e-06 3.5e-06 2.2e-06 3.2e-06 4.9e-06 6.5e-06
Nb-94 4.4e-05 2.9e-05 4.0e-05 6.1e-05 8.2e-05 4.9e-05 3.1e-05 4.5e-05 6.9e-05 9.2e-05
Nb-95 5.8e-07 1.3e-07 4.3e-07 1.2e-06 1.4e-06 6.4e-07 1.4e-07 4.8e-07 1.3e-06 1.6e-06
Mo-93 8.4e-06 5.3e-06 7.7e-06 1.2e-05 1.5e-05 9.4e-06 5.7e-06 8.6e-06 1.3e-05 1.7e-05

Tc-97m 1.2e-06 5.7e-07 1.1e-06 1.8e-06 2.2e-06 1.3e-06 6.1e-07 1.2e-06 2.1e-06 2.5e-06
Tc-99 7.7e-06 4.9e-06 7.0e-06 1.1e-05 1.4e-05 8.6e-06 5.2e-06 7.8e-06 1.2e-05 1.6e-05
Ru-103 9.7e-07 2.6e-07 7.7e-07 1.9e-06 2.3e-06 1.1e-06 2.8e-07 8.5e-07 2.1e-06 2.6e-06
Ru-1 06 1.2e-04 7.7e-05 1.1e-04 1.6e-04 2.2e-04 1.3e-04 8.2e-05 1.2e-04 1.9e-04 2.4e-04
Ag-108r 5.2.05' 3;.5e -,j 4.8 72 5.7. 9.8.-OS ,
Ag-110m 3.8e-05 2.4e-05 3.4e-05 5.3e-05 6.9e-05 4.2e-05 2.6e-05 3.8e-05 6.1e-05 7.7e-05
Cd-109 5.9e-05 3.8e-05 5.4e-05 8.1e-05 1.1e-04 6.5e-05 4.1e-05 5.9e-05 9.3e-05 1.2e-04
Sn-I 13 4.3e-06 2.3e-06 3.9e-06 6Ae-06 7.8e-06 4.8e-06 2.5e-06 4.3e-06 7.3e-06 8.9e-06
Sb-124 5.4e-06 2.2e-06 4.7e-06 9.1e-06 1.Ie-05 6.1e-06 2.3e-06 5.2e-06 1.0e-05 1.3e-05
Sbi25, ,*, -•-~r1.6e05 -. - 1.0*05_ t1.5eO20S05" 3.Or05 __ ' 1.8, 05.- ,. e,-O5 .6e e i
Te-123m 8.0e-06 4.3e-06 7.2e-06 1.2.-OS 1.5e-05 8.9e-06 4.7e-06 8.0e-06 1.4e-05 1.7e-05
Te-127m 1.1e-05 5.9e-06 1.0e-05 1.7e-05 2.1e-05 1.3e-05 6.4e-06 1.Ie-05 1.9e-05 2.4e-05
I-125 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
1-129 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
i- i 31' '."I" I O.Oe+OO,-:--~,,, 6.Oe, O.Oe+,OO."O.Oe+OO"; '. OZiO,-0.+O O .0 00 0 - 0..'O'0e0.

i-3V §..000+0j .0+0C 00.00.0O+0.+0.e+0
Cs-134 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-135 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-137 O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ba-133 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ce-139- "1 .3e-07' 4.77-O8,i,` 1.e-07 ,'2.2e-0 i2.6e-07~'': -- 1.4o-0 SeO .3 2'.4e-O7 3.0e-0
Ce-141 3.3e4-8 5.1e-09 2.2e-08 7.3e-08 9.5e-08 3.6e-08 5.6e-09 2.4e-08 8.1e-08 1.1e-07
Ce-144 4.2e-06 1.6e-06 3.8e-06 6.9e-06 8.3e-06 4.7e-06 1.7e-06 4.2e-06 7.7e-06 9.4e-06
Pm-147 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
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Appendix H-1 Normalized Effcctive Dose Equivalents from Aluminum
Table H1.33 Normalized effective dose equivalents from Ingestion: Aluminum cookware

Rzdionuclide Mass-based EDE (OSv/y per Bq/g) Surficial EDE (pSvty per BqIcm2 )
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

Sm-151 - Oe+00 O.Oe+0 O.Oe+00' O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00
E ',15 ,-'- ' O.Oe+OO, ,.0e+00 * .0e'+O .0e+OO 0OO ,'Oe+O0e.O0 +.Oe+00 _O.0e+0 4 O.Oe +00O
Eu-154 O.Oe+00 .Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
Eu-155 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00
Gd-i 53 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Tb-1 60 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
T*170:i O.Oe+OO O.Oe+OO ,'_O.O+OOO.Oe,+,00 2. :O.Oe+OO ,-O.0e4+00:O.Oe+,OO ',O.Oe+OO .Oe+00,_.Oe+00 I
Tm-171 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O
Ta-i82 8.8e-06 4.7e-06 7.9e-06 1.3e-05 1.6e-05 9.8e-06 ' 5.1 e-06 8.7e-06 1.5e-05 1.8e-05
W-181 4.1e-07 2.2e-07 3.7e-07 6.1e-07 7.6e-07 4.6e-07 2.4e-07 4.1e-07 6.9e-07 8.5e-07
W-185 1.2e-06 5.5e-07 I.ie-06 1.9e-06 2.3e-06 1.3e-06 5.9e-07 1.2e-06 2.2e-06 2.7e406
85 ,-,,.ib4 12e-06 2.1 ,e4

Ir-192 4.3e-06 1.9e-06 3.8e-06 6.9e-06 8.3e-06 4.8e-06 2.1e-06 4.2e-06 7.7e-06 9.6e-06
TI-204 1.6e-05 9.8e-06 i Ae-05 2.2e-05 2.9e-05 1.7e-05 I .Oe-05 1 .6e-05 2.5e-05 3.2e-05
Pb-21 0 3.7e-02 2.4e-02 3.4e-02 5.2e-02 6.9e-02 4.2e-02 2.5e-02 3.8e-02 6.0e-02 7.6e-02
BFm207 2.8e-05 1.8e-05 2.6e-05 4.0e-05 5.3e-05 3.2e-05 1.9e-05 2.9e-05 4.5e-05 5.8e-05

os ~-21 . - 3. .= s _- w %-- 8i~ _ _^ . i .; .§ s +.i 37¢ e-0 - _r. o#.#.aPo1,,-', A-.e0,-184 >.28 3>460'5.8e-03 -;t :23.5e.03,ii_1.90-03_'s,3.ie 03v.- 5.2e-03 ''6.5e03j
Ra-226 O.Oe+00 O.Oe+00 O.Oe+0O 0.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00
Ra-228 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
Ac-227 2Ae-02 6.7e-03 2.2e-02 4.1e-02 5.0e02 2.7e-02 7.3e-03 2.4e-02 4.7e-02 5.7e-02
Th-228 1.0e-03 3.1 e-04 1.8e43 2.1 e-03 1.2e-03 3.4e-04 .0e-03 2.0e-03 2Ae-03
T-229~1c?~ 6.7e0 2.0e-03 6.0-036W --2--1.10 1.4e-2j.-0- ,,2.2e43L.6.j43,1 2 f.6e-02
Th-230 9.6e-04 2.8e-04 8.6e-04 1.6e-03 2.0e-03 1.1 e-03 3.1 e44 9.5e-04 1.8e-03 2.2e-03
Th-232 7.9e03 2.3e-03 7.1 e-03 1.3e-02 1.6e-02 8.8e-03 2.6e-03 7.8e-03 1.5e-02 1.8e02
Pa-231 9.2e-02 5.8e-02 8.4e-02 1.3e-01 1.7e-01 1.0e-01 6.3e-02 9.3e-02 1.5e-01 1.9e-01
U-232 3.4e03 1.3e-03 3.1 e-03 5.4e-03 6.5e-03 3.8e-03 I Ae-03 3Ae-03 6.1e03 7Ae-03

U-234 5.Oe-04 1.9e-04 4.5e-04 7.9e-04 9.6e404 5.5e-04 2.0e-04 5.0e-04 9.0e-04 1.1 e-03
U-235 4.8e-04 1.8e-04 4Ae-04 7.6e-04 9.3e-04 5.3e-04 2.0e-04 4.8e-04 8.6e-04 1.1 e-03
U-236 4.7e-04 1.8e-04 4.3e-04 7.5e-04 9.1 e404 5.2e-04 1.9e-04 4.7e-04 8.5e-04 i.0e-03
U-238 4.7e-04 1.8e-04 4.3e-04 7.5e-04 9.1 e-04 5.2e-04' 1.9e-04 4.7e-04 8.5e-04 1.0e-03
,,Np-237~.~,v~>7.5e-03 J'2.2e 266 3 !3e 2' _i.5e~ L3e'3.2.4 7.3e03 zS, .4e 21.7e-02
Pu-236 1.7e-03 6Ae-04 1.6e-03 2.7e-03 3.3e-03 1.9e-03 7.0e-04 1.7e-03 3.1e-03 3.8e-03
Pu-238 5.5e-03 2.0e-03 5.0e-03 8.8e-03 1.1e-02 62e-03 2.2e-03 5.5e-03 9.9e-03 1.2e-02
Pu-239 6.1e-03 2.3e403 5.6e-03 9.7e-03 12e-02 6.8e-03 2.5e-03 6.2e-03 1.1e-02 1.3e-02
Pu-240 6.1e-03 2.3e-03 5.6e-03 9.7e-03 1.2e-02 6.8e-03 2.5e-03 6.2e-03 1.1e-02 1.3e-02
Pu24i1,~-'1.7e'44 ;6.'4e.0> .6e-O '2.7e04 g3.4"''4 5.9e-04 0.7e- , ,31e 04S "3.8e044
Pu-242 5.8e-03 2.2e-03 5.3e-03 92e-03 I.Ie-02 6.5e03 2Ae-03 5.9e-03 I.0e-02 1.3e-02
Pu-244 5.8e-03 2.1e-03 5.2e-03 9.2e-03 1.1e-02 6.4e-03 2.3e-03 5.8e-03 I.0e-02 1.3e-02
Arn-241 6.1e-03 1.8e-03 5.4e-03 1.0e-02 1.2e-02 6.8e-03 1.9e-03 6.0e-03 1.2e-02 1.Ae-02
Am-242m _6.1 e-03 1.8e-03 5.4e-03 1.0e-02 1.2e-02 6.8e-03 1.9e-03 6.0e403 1.2e-02 1.4e-02

l43 .6.ie-3 '. I 03 -03;5.43,.Oe-02 .1.2e-02,, 6, 196.0 D6e0 ;2.ie0 1.4e-02
Cm-242 8.8e-05 2.5e-05 7.7e-05 1.5e-04 1.8e-04 ' 9.8e-05 2.7e-05 8.6e-05 1.7e-04 2.1 e-04
Cm-243 42e-03 1.2e-03 3.7e-03 7.1 e-03 8.5e-03 4.6e-03 1 .3e403 4.1 e-03 8.0e-03 9.7e-03
Cm-244 3.3e-03 9.4e-04 2.9e-03 5.6e-03 6.8e-03 3.7e-03 1.0e-03 3.3e-03 6.4e-03 7.7e43
Cm-245 -6Ae-03 1.8e-03 5.7e-03 1.Ie-02 1.3e-02' 7.2e-03 2.0e-03 6.3e-03 1.2e-02 1.5e-02
,Cm246 ,;: __ 6.2e. 3'.8e43' 5.5e03-<1.ie.I02 i3eZ3~ ':,. ;6.9em-3 ,;r9e:3 e'03f 1320 't1e-02
Cm-247 5.8e-03 1.6e-03 5.1 e-03 9.8e-03 12e-02 6.4e-03 1.8e-03 5.7e-03 i.ie-02 1.3e-02
Cm-248 2.3e-02 6.6e-03 2.0e02 3.9e-02 4.7e-02 2.6e-02 7.2e-03 2.3e-02 4Ae-02 5.3e-02
Bk-249 2.0e-05 5.9e-06 1.8e-05 3.4e-05 4.1e-05 2.2e-05 6.5e-06 2.0e-05 3.8e-05 4.7e-05
Cf-248 4.0e-04 i.Ie-04 3.6e-04 6.8e-04 8.1e-04 4.4e-04 1.3e-04 4.0e-04 7.7e-04 9.3e-04
Cf-2i9 - .;' 7.9 3 -_2.3e-03';- i,7.1e-3 1.3e02; A.6e42 -" :88e,03 1 0 2
Cf-250 3.4e-03 9.8e-04 3.1 e03 5.8e-03 6.9e-03 3.8e-03 i.1e-03 3.4e-03 6.5e-03 7.9e-03
Cf-251 8.1 e-03 2.3e-03 7.3e-03 Ae4-02 1 .6e402 9.0e-03 2.5e-03 8.0e-03 1.5e-02 1.9e-02
Cf-252 1 .5e-03 4.3e-04 I Ae-03 2.5e-03 3.0e403 1 .7e-03 4.7e404 1 .5e-03 2.9e-03 3.5e-03
Cf-254 42e-04 9.4e05 3.3e-04 8.0e-04 9.9e404 4.6e-04 1.0e404 3.7e-04 9.0e-04 1.1 e-03
E-254-- -; 38 -,' 1.1e04 -'3.4e04ta ~6.ie ',,,,7,ie04' 1-- 2e 4' -04'1.20 04-'3.7e-04 - 0 7.2eO4 8.7e-04 L

Note: To convert these values to conventional units (mremly per pCig or mremly per pC01cm 2), multiply by 3.7e-3
_-7NJE- 4
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Normalized Effective Dose Equivalents from Alun-tinum Appendix H- I
Table H1.34 Normalized effective dose equivalents from all pathways: Scrap disposal-industrial

Radionuclide Mass-based EDE (pSvly per Bq/g)
Mean 5th 50th 90th 95th

Surficial EDE (pSvly per Bqkcm2)
Mean 5th 50th 90th 95th

H-3 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
C-14 6.6e-09 2.4e-10 2.0e-09 1.4e-08 2.3e-08 7.4e-09 2.6e-10 2.2e-09 1.5e-08 2.6e-08
Na-22 6.7e-03 2.4e-04 2.0e-03 1.4e-02 2.3e-02 7.4e-03 2.7e-04 2.2e-03 1.5e-02 2.6e-02
P-32 4.0e-O 1.4e-07 1.2e-0 8.3e-06 1.4e-05 4.4e-06 1.5e-07 1.3e-06 9.1.-06 1.6e-05

,-6.9 09e4 2.SeiOg $2,09 1.5... i.1.508__,7.6-09j6 2.70:10•) 2.3-O9l; 1.6e'08:Ui2.7e 8'
CI-36 1.2e-06 4.3e-08 3.6e-07 2.5e-06 4.1e-06 1.3e-06 4.7e-O8 3.9e-07 2.7e-06 4.6e-06
K-40 5.1 e-04 1.9e-05 1.6e-04 1.1 e-03 1.8e-03 5.7e-04 2.0e-05 1.7e-04 1.2e-03 2.0e-03
Ca-41 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+O0 O.Oe+OO O.Oe+O0 O.Oe+00
Ca-45 3.0e-08 1.1e-09 9.1e-09 6.3e-08 1.0e-07 3.3e-08 1.2e-09 9.9e-09 6.9e-08 1.2e-07

,46 5.9 ' *-,1;a-1,', ._i:0~e3Fs't.2 -02> -f2.06-O2t.c6.Se' 0,2 3e,,441.z9f 03 ,1i3e2 2'3.02@
Cr-51 7.1e-05 2.5e-06 2.1e-05 1.5e-4" 2.5e-04 7.8e-05 2.8e-06 2.3e-05 1.6e-04 2.7e-4"
Mn-53 O.Oe+O0 O.Oe+OO O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+0 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+OO
Mn-54 2.5e-03 9.0e-05 7.6e-04 5.3e-03 8.7e-03 2.8e-03 9.9e-05 8.3e-04 5.7e-03 9.7e-03
Fe-55 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Co-56 1.1e-02 3.9e-04 3.3e-03 2.3e-02 3.8e-02 1.2e-02 4.3e-04 3.6e-03 2.5e-02 4.2e-02
Co-57 2.4e-04 8.7e-06 7.3e-05 5.1e-04 8.4e-04 2.7e-04 9.6e-06 8.0e-05 5.6e-04 9.4e-04
Co-58 2.7e-03 9.8e-05 - 8.2e-04 5.7e-03 9.4e-03 3.0e-03 1.1e-04 9.0e-04 6.3e-03 1.1e-02
Co-60 8.0e-03 2.9e-04 2.4e-03 1.7e-02 2.8e-02 8.8e-03 3.2e-04 2.7e-03 1.8e-02 3.1e-02
NI-,590mR .OeOOe+00,2 2 O.Oe+OO,,-':O 0eO'-;.Oe+00z -' O.oOe,~ ,0,-O.Oe0+00O $' '0.Oe+0 0.0ol0
Ni-63 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
Zn-65 1.8e-03 6.4e-05 5.4e-04 3.8e-03 6.2e-03 2.0e-03 7.1e-05 5.9e-04 4.1e-03 6.9e-03
As-73 4.3e-06 1.6e-07 1.3e-06 9.2e-06 1.Se-05 4.8e-06 1.7e-07 1.4e-06 1.0e-05 1.7e-05
Se-75 9.3e-04 3.4e-05 2.8e-04 2.0e-03 3.2e-03 1.0e-03 3.7e-05 3.1e-04 2.2e-03 3.6e-03
Srgi.:,','2 1.3ee03204.8e3 L4.i 0,.t2.8..03 4.ieO3 X1.5.-O3eS 55.'45e 3'1e-3752
Sr-89 4.0e-06 1.4e-07 1.2e-06 8.4e-06 1.4e-05 4.5e-06 1.6e-07 1.3e-06 9.3e-06 1.6e-05
Sr-90 1.2e-05 4.4e-07 3.7e-06 2.6e-05 4.2e-05 1.3e-05 4.8e-07 4.0e-06 2.8e-05 4.7e-05
Y-91 1.5e-05 5.3e-07 4.4e-06 3.1.-05 5.1e-05 1.6e-05 5.8e-07 4.8e-06 3.4e-05 5.7e-05
Zr-93 4.6e. I 1.3e-12 1.2e- I 9.2e-1I 1.6e1-0 5.1e-11 1.4e-12 1.4e-11 1.0e-10 1.8e-10
Zr-95), ,, '2.4.03.:,-8.5,O 7.2.-04M 5.0. -03'f - 8.2.-03~26e,, O3 9.4e,-05' 7.9o-O4g 5.5e 03 > 9.3e 03.4
Nb-93m 5.1e-08 1.9e-09 1.6e-08 1.1e-07 1.8e-07 5.7e-08 2.0e-09 1.7e-08 1.2e-07 2.0e-07
Nb-94 4.8e-03 1.7e-04 1.4e-03 1.0e-02 1.7e-02 5.3e-03 1.9e-04 1.6e-03 1.1e-02 1.9e-02
Nb-95 2.0e-03 7.1e-05 6.0e-04 4.1e-03 6.9e-03 2.2e-03 7.8e-05 6.5e-04 4.6e-03 7.7e-03
Mo-93 2.9e-07 -1e-08 8.8e-08 6.1e-07 1.0e-06 3.2e-07 1.2e-08 9.7e-08 6.7e-07 1.1e-06
o4 97,0i, 1.2e07-,8.4 e.7 - 1.40 6D_4'4 07 8 1.3eO7.- 9.2e-07fpie-

Tc-97m 8.8e-07 3.2e-08 2.7e-07 1.9e-06 3.1e-06 9.8e-07 3.5e-08 2.9e-07 2.0e-06 3.4e-06
Tc-99 6.2e-08 2.2e-09 1.9e-08 1.3e-07 2.2e-07 6.9e-08 2.5e-09 2.1e-08 1.4e-07 2.4e-07
Ru-103 1.2e-03 4.2e-05 3.6e-04 2.5e-03 4.1e-03 1.3e-03 4.7e-05 3.9e-04 2.7e-03 4.6e-03
Ru-106 6.3e-04 2.3e-05 1.9e-04 1.3e-03 2.2e-03 7.0e-04 2.5e-05 2.1e-04 1.4e-03 2.4e-03
Ag-1O8rn~:- -I 4.8e-03: _'.4. 2 z,;1.7 e-0 2'---"5.3e-03.9e-044 2  1.6e-01:1e 02I,.9e 02
Ag-110mn 8.3e-03 3.0e-04 2.5e-03 1.7e-02 2.9e-02 9.2e-03 3.3e-04 2.7e-03 1.9e-02 3.2e-02
Cd-109 1.3e-05 4.7e-07 3.9e-06 2.7e-05 4.5e-05 1.4e-05 5.1e-07 4.3e-06 3.0e-05 5.0e-05
Sn-113 6.9e-04 2.5e-05 2.1 e-04 1.5e-03 2.4e-03 7.6e-04 2.7e-05 2.3e-04 1.6e-03 2.7e-03
Sb-124 5.3e-03 1.9e-04 1.6e-03 1.1e-02 1.8e-02 5.8e-03 2.1e-04 1.7e-03 1.2e-02 2.0e-02

Te 123m 3.0e-04 1.1e-05 9.0e-05 6.2e-04 1.Oe-03 3.3e-04 1.2e-05 9.8e-05 6.8e-04 1.2e-03
Te-127m 1.6e-05 5.6e-07 4.8e-06 3.3e-05 5.4e-05 1.7e-05 6.2e-07 5.2e-06 3.6e-05 6.1e-05
I-125 7.4e-06 2.7e-07 2.3e-06 1.6e-05 2.6e-05 8.3e-06 3.0e-07 2.5e-06 1.7e-05 2.9e-05
1-129 6.4e-06 2.3e-07 1.9e-06 1.3e-05 2.2e-05 7.1e-06 2.5e-07 2.1e-06 1.5e-05 2.5e-05
1-131 5.5- 04; 1.8 05- 6e4 .03- , 1.2e03 2.16-03-i
Cs-134 4.6e-03 1.7e-04 1.4e-03 9.8e-03 1.6e-02 5.1e-03 1.8e-04 1.5e-03 1.1e-02 1.8e-02
Cs-135 1.9e-08 6.8e-10 5.7e-09 4.0e-08 6.6e-08 2.1e-08 7.5e-10 6.3e-09 4.3e-08 7.4e-08
Cs-137 1.7e-03 6.1e-05 5.1e-04 3.5e-03 5.8e-03 1.9e-03 6.7e-05 5.6e-04 3.9e-03 6.6e-03
Ba-133 9.7e-04 3.5e-05 '3.0e-04 2.1e-03 3.4e-03 1.1e-03 3.9e-05 3.2e-04 2.2e-03 3.8e-03
C3139O ;-- 3.0e-04,-1.1e0592-e 6.4e-0'4 .. 0-03..- O e1.2e-03*
Ce-141 1.3e-04 4.7e-06 4.0e-05 258e-04 4.6e-04 1.5e-04 5.2e-06 4.4e-05 3.1e-04 5.1e-04
Ce-144 1.5e-04 5.6e-06 4.7e-05 3.3e-04 5.4e-04 1.7e-04 6.2e-06 5.2e-05 3.6e-04 6.0e-04
Pm-147 2.5e-08 8.9e-10 7.4e-09 5.2e-08 8.5e-08 2.7e-08 9.8e- 10 8.2e-09 5.6e-08 9.6e-08
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Appendix H-1 Normalized Effective Dose Equivalents from Aluminum

Table HI.34 Normalized effective dose equivalents from all pathways: Scrap disposal-industrial
Radionuclide Mass-based EDE (pSvty per Bq/g) Surficial EDE (pSvfy per Bg/cm2

Mean 5th 50th 90th 95th _Mean 5th 50th 90th 95th
SM-151 4.8e-10 1.8e-11 1.5e-10 I1.Oe-09 1.7e-09 5.4e-10 1.9e-11 1.6e-10 I.1e-09 1.9e-09

Eu-152-,-- 3.4 03 . 4 -.0 -03 7.343- -T128-02 3. 02 4 , .9 - 1.3-02t
Eu-154 3.8e-03 1.4e-04 1.1e-03 8.0e-03 1.3e-02 4.2e-03 1.5e-04 1.3e-03 '8.7e-03 1.5e-02
Eu-i 55 8.9e-05 3.2e-06 2.7e-05 1.9e-04 3.1 e-04 '9.9e-05 3.6e-06 3.0e-05 2.1 e-04 3.5e-04
Gd-153 1.2e-04 4.3e-06 3.6e-05 2.5e-04 4.1e-04 1.3e-04 4.7e-06 3.9e-05 2.7e-04 4.6e-04
Tb-160 3.2e-03 1.1e-04 9.6e-04 6.6e-03 1.1e-02 3.5e-03 1.3e-04 1.0e-03 7.3e-03 1.2e-02

Zrr _7,0,,e~-G6,--72.16 07 .Ie-06. -', 5 8e4'3
Tr-171 5.Se-07 2.0e-08 1.7e-07 1.2e-06 1.9e-06 6.1e-07 2.2e-08 1.8e-07 1.3e-06 2.1e-06
Ta-182 3.7e-03 1.3e-04 1.1 e-03 7.9e-03 1.3e-02 4.1e-03 1.5e-04 1.2e-03 8.6e-03 I.5e-02
W-181 3.6e-05 1.3e-06 I.1e-05 7.6e-05 1.2e-04 4.0e-05 .4e-06 1.2e-05 8.3e-05 1Ae-04
W-185 2.0e-07 7.2e-09 6.0e-08 4.2e07 6.9e-07 2.2e-07 7.9e-09 6.6e-08 4.6e07 7.8e-07

e 6703 3 ~5e.0
Ir-192 2.1e-03 7.6e-05 6.4e-04 4Ae4-03 7.3e-03 2.3e-03 8.4e-05 7.0e-04 4.9e-03 8.2e-03
T1-204 2.0e-06 7.2e-08 6.0e07 4.2e-06 6.9e-06 2.2e-06 7.9e-08 6.6e-07 4.6e-06 7.8e-06
Pb-210 3.0e-06 1.1e-07 9.1e-07 6.3e-06 1.Oe-05 3.3e-06 1.2e-07 1.0e-06 6.9e-06 1.2e-05
Bi-207 4.6e-03 1.7e-04 IAe-03 9.7e-03 1.6e-02 5.1e-03 1.8e-04 1.5e-03 1.1e-02 1.8e-02
P i 10 X -5 .2e0 8  

-. v1:s^-,75e'8a,8.6e80.6'e;StrS-e0B^.e,0 2'r
Ra-226 5.5e-03 2.0e-04 1.7e-03 1.2e-02 1.9e-02 6.1e-03 2.2e-04 1.8e-03 1.3e-02 2.2e-02
Ra-228 3.0e-03 1.Ie-04 9.0e-04 6.3e-03 1.0e-02 3.3e-03 1.2e-04 9.9e-04 6.9e-03 1.2e-02
Ac-227 9.9e-04 3.6e-05 3.0e-04 2.1e-03 3.4e-03 1.1e-03 3.9e-05 3.3e-04 2.3e-03 3.9e-03
Th-228 5.0e-03 1.8e-04 1.5e03 1.1e-02 1.7e-02 5.5e-03 2.0e-04 1.7e-03 1.1e-02 1.9e-02
Th229,i 8- .7e.O-3.je-05_,2.6e-,04 .8e- ,3 Ž.I e-03z

Th-230 6.5e-07 2.3e-08 2.0e07 1Ae-06 2.2e-06 7.2e407 2.6e-08 2.2e-07 I.5e-06 2.6e-06
Th-232 8.1e-06 2.3e-07 2.2e06 1.6e-05 2.9e-05 8.9e-06 - 2.5e-07 2.4e-06 1.8e05 3.2e-05
Pa-231 9.5e-05 3.4e-06 2.9e05 2.0e-04 3.3e-04 I.0e-04 3.8e-06 3.2e-05 2.2e-04 3.7e-04
U-232 4.0e-05 I.Ie406 1.1e-05 8.0e-05 1.4e-04 4.4e-05 1.2e-06 1.2e-05 9.0e-05 1.6e-04

<902.746 J.7202.7e08 2.3e-,07-i.6B60 2.76e-06
U-234 2.0e-07 7.2e-09 6.0e-08 4.2e-07 6.9e07 2.2e-07 7.9e-09 6.6e-08 4.5e-07 7.7e-07
U-235 3.7e-04 1.3e-05 1.1e-04 7.9e404 1.3e-03 4.1e-04 1.5e-05 1.2e-04 8.6e-04 1.5e-03
U-236 1.1e-07 3.8e09 3.2e8 2.2e-07 3.7e-07 1.2e-07 4.2e-09 3.5e-08 2.4e07 4.1e-07
U-238 6.5e-05 2.4e46 2.0e-05 1 Ae-04 2.3e-04 7.2e-05 2.6e-06 2.2e-05 1.5e-04 2.5e-04

Pu-236 1 2e-07 42e-09 3.5e-08 2.5e07 4.0e-07 1 .3e-07 4.6e-09 3.9e-08 2.7e-07 4.6e-07
Pu-238 7.5e-08 2.7e-09 2.3e-08 1.6e-07 2.6e-07 8.3e-08 3.0e-09 2.5e-08 '1.7e-07 2.9e07
Pu-239 1.5e-07 5.3e-09 4Ae-08 3.1e-07 5.1e-07 1.6e-07 5.8e09 4.8e-08 3.3e-07 5.7e-07
Pu-240 72e48 2.6e-09 2.2e-08 1.5e-07 2.5e-07 8.0e-08 2.9e-09 2.4e48 1.7e-07 2.8e-07

Pu-242 6.3e-08 2.3e-09 1.9e-08 1.3e-07 2.2e-07 7.0e-08 2.5e-09 2.1e-08 1.4e-07 2.5e-07
Pu-244 I.Oe-03 3.6e-05 3.0e-04 2.1 e03 3.5e-03 1.1 e-03 4.0e05 3.3e-04 2.3e-03 3.9e-03
Am-241 2.2e-05 7.8e-07 6.5e-06 4.5e05 7.5e-05 2.4e-05 8.6e-07 7.2e-06 4.9e05 8.4e-05
Am-242m 3.3e-05 1.2e-06 1.0e-05 7.0e05 1.2e-04 3.7e-05 1.3e-06 I.Ie405 7.6e-05 1.3e-04

_ .6e ,: 1 Se 3.9 .8e-O.5-04 .1.Oe 4035
Cm-242 8.1e-08 2.9e-09 2.5e-08 1.7e07 2.8e-07 9.0e-08 3.2e-09 2.7e-08 1.9e-07 3.2e07
Cm-243 2.9e-04 1.Oe-05 8.7e-05 6.1e-04 1.0e-03 3.2e-04 1.1e-05 9.6e-05 6.6e-04 1.1e-03
Cm-244 6.2e-08 2.2e-09 1.9e-08 1.3e-07 2.2e-07 6.9e-08 2.5e-09 2.1e-08 IAe-07 2Ae-07
Cm-245 1.7e-04 6.1e-06 5.1e-05 3.5e-04 5.8e-04 1.9e-04 - 6.7e-06 5.6e-05 3.9e-04 6.6e-04
Cm-469 :,'5.7e-0B 2.1e~0;1.7e08 :.7',2e407; 2. 47 6 4, ,9'1.9e-08, ,i.3e-47f2e,,07j
Cm-247 92e-04 3.3e-05 2.8e-04 1.9e03 3.2e-03 1.0e-03 3.6e05 3.1e-04 2.1e-03 3.6e-03
Cm-248 4.3e-08 1.6e-09 1.3e-08 9.1 e08 1.5e-07 4.8e-08 1.7e409 1.4e-08 9.9e-08 1.7e-07
Bk-249 4.1e-08 1.2e-09 1.1e-08 8.3e-08 1.5e-07 4.6e-08 1.3e-09 1.2e-08 9.3e-08 1.6e-07
Cf-248 6.0e408 '2.2e-09 1.8e-08 1.3e-07 2.1 e-07 6.7e-08 2.4e-09 2.0e-08 1.4e-07 2.4e-07
Cf-2497- -,-- _9.e-04:,3.3e-05, 2.8e-4 -1.9e-O3 3.2-03 7_ t-1.0e_ :13.6e45, 3.0e04 ''2.1e-O3_3.6e031
Cf-250 5.8e-08 2.1e-09 1.8e-08 ' 12e-07 2.0e-07 6.5e-08 2.3e-09 -1.9e-08 1.3e-07 2.3e-07
Cf-251 2.6e-04 9.4e-06 7.9e-05 5.5e-04 9.0e-04 2.9e-04 1.0e-05 8.6e-05 6.0e-04 1.0e-03
Cf-252 8.6e-08 3.1 e-09 2.6e-08 1.8e-07 3.0e-07 9.6e-08 3Ae-09 2.9e-08 2.0e-07 3.4e-07
Cf-254 1.7e-10 _ 6.3e-12 5.3e-1 3.7e-10 6.1e-10 1.9e-10 6.9e-12 5.8e-11 4.0e-10 6.8e-10
Es-254; -- ':-. 27e43' -:'-69.7 e05 -a82e- 4 > 5.7e-3. -9.3eO03 - ''-,3.0e0i ie-. ^'8.9e-0- 6.2e''-0 1.e0 42.

Note: To convert these values to conventional units (mremly per pClg or mrern/y per pClcm2), multiply by 3.7e-3
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Normalized Effective Dose Equivalents from Aluminum Appendix H-I
Table 1i-1.35 Normalized effective dose equivalents from all pathways: Scrap disposal-municipal

Radionuclide Mass-based EDE (pSv/y per BqIg)
Mean 5th .50th 90th 95th

Surficial EDE (pSvly per BqIcm2)
Mean 5th 50th 90th 95th

H-3 O.Oe+OO O.Oe+0O O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+OO
C-14 1.7e-09 1.3e-11 4.4e-10 3.4e-09 6.0e-09 1.9e-09 1.5e-11 4.9e-10 3.8e-09 6.6e-09
Na-22 1.7e-03 1.4e-05 4.4e-04 3.5e-03 6.1e-03 1.9e-03 1.5e-05 4.9e-04 3.9e-03 6.7e-03
P-32 1.0e-06 7.9e-09 2.6e-07 2.1e-06 3.5e-06 1.1e-06 8.7e-09 2.9e-07 2.3e-06 3.9e-06

35.-- .; 18e09 0?. e.4e-1i 54i.O03.6e08 e 6.2e092, 1
Ct-36 3.0e-07 2.4e-09 7.8e-08 6.1e-07 1.Ie-06 3.3e-07 2.6e-09 8.7e-08 6.8e-07 1.2e-06
K-40 1.3e-04 1.Oe-06 3.4e-05 2.7e-04 4.6e-04 1Ae-04 1.1e-06 3.8e-05 3.0e-04 5.1e-04
Ca-41 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 0.Oe+OO O.Oe+00 O.Oe+00 O.0e+OO
Ca-45 7.6e-09 6.1e-11 2.0e-09 1.5e-08 2.7e-08 8.4e-09 6.7e-11 2.2e-09 1.7e-08 3.0e-08
Sc-46'2 4-...;i:'-- .21 e-05~ 3.9^i 3.0e ,-,; 5.3e-03'; Xi;,.6e03>Z.3.-O5 -.4.3e'03 4e 3- 5.8e-03O
Cr-51 1.8e-05 1.4e-07 4.7e-06 3.7e-05 6.4e-05 2.0e-05 1.6e-07 5.2e-06 4.1e-05 6.9e-05
Mn-53 O.Oe+O0 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
Mn-54 6.3e-04 5.1e-06 1.7e-04 1.3e-03 2.3e-03 7.0e-04 5.6e-06 1.8e-04 1.4e-03 2.5e-03
Fe-55 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+O0 O.Oe+O0 O.Oe+OO O.Oe+00
F0e-S9 ; ... 8. fi 2:9. ';-',.5eO4 i:, .0'. j 6 2.4 i 3'.3 03i
Co-56 2.7e-03 2.2e-05 7.1e-04 5.6e-03 9.8e-03 3.0e-03 2.4e-05 7.9e-04 6.3e-03 1.1e-02
Co-57 6.1e-05 4.9e-07 1.6e-05 1.3e-04 2.2e-04 6.8e-05 5.4e-07 1.8e-05 1.4e-04 2.4e-04
Co-58 6.9e-04 5.5e-06 1.8e-04 1.4e-03 2.5e-03 7.7e-04 6.1 e-06 2.0e-04 1.6e-03 2.7e-03
Co-60 2.0e-03 1.6e-05 5.3e-04 4.1 e-03 7.2e-03 2.2e-03 1.8e-05 5.9e-04 4.6e-03 8.0e-03
Ni-59' -, r ;QOe+OO 0.0e+0 eO . Oe+OO '.,0 0.00+00 0 0.0e+00;? 0.0e+000 O.0e+00 O.Oe Q0040.e+OO,
Ni-43 O.Oe+OO Oe0e+OO O.Oe+00 O.e0+O.Oe+00 Oe+00 O.Oe+0.0+0e.eO 0.0e+O O.Oe+00 O.0e+OO
Zn-65 4.5e-04 3.6e-06 1.2e-04 9.3e-04 1.6e-03 5.0e-04 4.0e-06 1.3e-04 1.Oe-03 1.8e-03
As-73 1.1e-06 8.8e-09 2.9e-07 2.3e-06 3.9e-06 1.2e-06 9.7e-09 3.2e-07 2.5e-06 4.3e-06
Se-75 2.4e-04 1.9e-06 6.2e-05 4.8e-04 8.4e-04 2.6e-04 2.1 -06 6.9e-05 5.4e-04 9.3e-04
Sr83 0 -- 'i'78.9 -05_7.0e-03.8 ;l: 3.0. 7;8e ....
Sr-89 1.0e-06 8.1e-Q9 2.7e-07 2.1e-06 3.6e-06 1.1e-06 9.0e-09 2.9e-07 2.3e-06 3.9e-06
Sr-90 3.1e-06 2.5e-08 8.0e-07 6.3e-06 1.1e-05 3.4e-06 2.7e-08 8.9e-07 7.0e-06 1.2e-05
Y-91 3.7e-06 3.0e-08 9.6e-07 7.6e-06 1.3e-05 4.1e-06 3.3e-08 1.1e-06 8.4e-06 1.4e-05
Zr-93 1.2e- 1 7.8e-14 2.8e-12 2.4e-11 4.2e-11 1.3e-11 8.6e-14 3.1e-12 2.7e-11 4.7e-1

Zr93-7+'J, ,6.0e :8,4^.ei>-1e3,:2i0 .e6,~e x>iA? 24 03

Nb-93m 1.3e-08 1.0e-10 3Ae-09 2.7e-08 4.6e-08 1.4e-08 1.1e-10 3.8e-09 3.0e-08 5.1e-08
Nb-94 1.2e-03 9.7e-06 3.1e-04 2.5e-03 4.3e-03 1.3e-03 1.1e-05 3.5e-04 2.8e-03 4.8e-03
Nb-95 5.0e-04 4.0e-06 1.3e-04 1.0e-03 1.8e-03 5.6e-04 4.4e-06 1.5e-04 1.1e-03 1.9e-03
Mo-93 7.4e-08 5.9e-10 1.9e-08 1.5e-07 2.6e-07 8.2e-08 6.5e-10 2.1e-08 1.7e-07 2.9e-07
Tc-97§- _ -1.0.r07.-zr8.1e.10 2.6e 08_ 2.1e07 ^3.6e 071l7e . 8;9e-10 2.9e-08 * 2.30 .gs.,4.
Tc>97m 2.2e-07 1.8e-09 5.8e-08 4.6e-07 8.0e-07 2.5e-07 2.0e-09 6.5e-08 5.1e-07 8.8e-07
Tc-99 1.6e-08 1.3e-10 4.1e-09 3.2e-08 5.6e-08 1.7e-08 1.4e-10 4.6e-09 3.6e-08 6.2e-08
Ru-103 3.0e-04 2.4e-06 7.8e-05 6.1e-04 1.1e-03 3.3e-04 2.6e-06 8.7e-05 6.8e-04 1.1e-03
Ru-106 1.6e-04 1.3e-06 4.1e-05 3.3e-04 5.7e-04 1.8e-04 1.4e-06 4.6e-05 3.6e-04 6.3e-04
AgiO8ml .1 '; i.2e-03' X 9i-6,,.ie 2503^ 43e 3i.3e 03 5,si .1 -05~4;3.5.-04 2.8e0 47-3
Ag-110m 2.1e-03 1.7e-05 5.5e-04 4.3e-03 7.5e-03 2.3e-03 1.9e-05 6.1e-04 4.8e-03 8.3e-03
Cd-109 3.3e-06 2.6e-08 8.5e-07 6.7e-06 1.2e-05 3.6e-06 2.9e-08 9.5e-07 7.5.-06 1.3e-05
Sn-113 1.7e-04 1.4e-06 4.6e-05 3.6e-04 6.2e-04 1.9e-04 1.5e-06 5.1e-05 4.0e-04 6.9e-04
Sb-124 1.3e-03 1.1e-05 3.5e-04 2.7e-03 4.8e-03 1.5e-03 1.2e-05 3.9e-04 3.0e-03 5.2e-03
St 12- .,:3.1e 2Ae,6 K7.9e05'62e04 -1:1e 3-P -3.40 2.7e 6 8.8e-5 70e 2e 3 j
Te-123m 7.5e-05 6.0e-07 2.0e-05 1.5e-04 2.7e-04 8.3e-05 6.6e-07 2.2e-05 1.7e-04 2.9e-04
Te-127m 4.0e-06 3.2e-08 1.0e-06 8.1e-06 1.4e-05 4.4e-06 3.5e-08 1.2e-06 9.1e-06 1.6e-05
1-125 1.9e-06 1.5e-08 4.9e-07 3.9e-06 6.7e-06 2.1e-06 1.7e-08 5.5e-07 4.3e-06 7Ae-06
1-129 1.6e-06 1.3e-08 4.2e-07 3.3e-06 5.8e-06 1.8e-096,1,.,4e08 4.7e-07 3.7e-06 6.4e-06
1-131>t-: ?': .4.-04:K i.Oe-06, :. 3.5e45;.2.9-04. - 4.8e04' - .1.6e-047.1 1.1 e-06.- '4.0e.-5 3.2e-04 53.-04
Cs-134 1.2e-03 9.4e-06 3.1e-04 2.4e-03 4.2e-03 1.3e-03 1.0e-05 3.4e-04 2.7e-03 4.6e-03
Cs-135 4.8e-09 3.8e-11 1.2e-09 9.8e-09 1.7e-08 5.3e-09 4.2e-11 1.4e-09 1.1e-08 1.9e-08
Cs-137 4.3e-04 3.4e-06 1.1e-04 8.7e-04 1.5e-03 4.7e-04 3.8e-06 1.2e-04 9.7e-04 1.7e-03
Ba-133 2.5e-04 2.0e-06 6.4e-05 5.1e-04 8.8e-04 2.7e-04 2.2e-06 7.2e-05 5.6e-04 9.7e-04
Ce-139-. f 7.7e-05- 6.1e,07' 2.0e45 1.6-4 '2.7e-04 - ',8.5e-05 -. 6.7-47 ,,- 2.2e-05 -&O 1.7e44, 3.0e004i!
Ce-141 3.4e-05 2.7e-07 8.7e-06 6.9e4-5 1.2e-04 3.7e-05 2.9e-07 9.7e-06 7.7e-05 1.3e-04
Ce-144 3.9e-05 3.2e-07 1.0e-05 8.0e-05 1.4e-04 4.4e-05 3.5e-07 1.1e.-5 9.0e-05 1.6e-04
Pm-147 6.2e-09 5.0e-11 1.6e-09 1.3e4-8 2.2e-08 6.9e-09 5.5e-II 1.8e-09 1.4e-08 2.5e-08
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Appendix H-i Normalized Effective Dose Equivalents from Aluminum

Table HI.35 Normalized effective dose equivalents from all pathways: Scrap disposal-municipal
Radionuclide Mass-based EDE (pSv/y per Bqlg) Surficial EDE (pSv/y per Bq/crh2)

Mean 5th 50th 90th 95th Mean 5th 50th -90th 95th
Srn-151 12e-10 9.9e-13 32e-11 2.5e-10 4.4e-10 1.4e-10 1.le-12 3.6e-11 2.8e-10 4.8e-10
Eu-152 :' - :J8.804 ;.S-j.0e0. < 2.3e 4-04 1.8e 03 - 3.1e0 3,-','_,9.7e-04 ,-'- 7.7.-06 z>'2.5e~ 04 .2.Oe-03,.-',3.4e-03~
Eu-154 9.6e-04 7.7e-06 2.5e-04 2.0e-03 3.4e-03 1.1e-03 8Ae-06 2.8e-04 22e-03 3.8e-03
Eu-155 2.3e-05 1.8e-07 5.9e-06 4.6e-05 8.1e-05 2.5e-05 2.0e-07 6.6e-06 5.2e-05 8.9e-05
Gd-153 3.0e-05 2.4e-07 7.Be-06 6.1e-05 1.1e-04 3.3e-05 2.6e-07 8.7e-06 6.8e-05 1.2e-04
Tb-160 8.0e-04 6.4e-06 2.1e-04 1.6e-03 2.9e-03 8.9e-04 7.1e-06 2.3e-04 1.8e-03 3.1e-03
Trni-170 - ",- i_-, .8e06•1. 4 .7Ye ,0 3.7e ,. 6.4e 06 2.06 ;l6O8 ;5.2e-0 1, e 7.0e
Tn-171 1Ae-07 1.1e-09 3.6e-08 2.8e-07 4.9e-07 1.5e-07 1.2e-09 4.0e-08 3.2e-07 5.5e-07
Ta-182 9.5e-04 7.6e-06 2.5e-04 1.9e-03 3.4e-03 1.Ie-03 8.4e-06 2.7e-04 2.2e-03 3.7e-03
W-181 9.1e-06 7.3e-08. 2Ae-06 1.9e-05 3.2e-05 1.Oe-05 8.1e-08 2.6e-06 2.1e05 3.6e-05
W-185 5.0e-08 4.0e-10 1.3e-08 1.Oe-07 1.8e-07 5.6e-08 4.4e-10 1.5e-08 1.1e-07 2.0e-07
0s-185 K;,>- ;::Q4.9e3.9e06,'~i,.13e-04.r1,.0e63 1.8e _,.*,5.5e-04 .. 3e ,1.4e 4211e-03 51.9e
Ir-192 5.4e-04 4.3e-06 1Ae-04 1.1e-03 1.9e-03 5.9e-04 4.7e-06 1.6e-04 12e-03 2.1 e-03
T1-204 5.1e-07 4.1e-09 1.3e-07 1.Oe-06 1.8e-06 5.6e-07 4.5e-09 1.5e-07 1.2e-06 2.0e-06
Pb-210 7.6e-07 6.1e-09 2.0e-07 1.6e-06 2.7e-06 8.5e-07 6.7e-09 2.2e407 1.7e-06 3.0e-06
BiF207 12e-03 9.4e-06 3.0e-04 2.4e-03 4.2e-03 1.3e-03 1.0e-05 3.4e-04 2.7e-03 4.6e-03

____ - r~fl,, - , -, n*P. -2i0 i<5 j#5T0e-1 ~'.6f0 i 2 e 083-0 _> O-O~ z- '- -~ 81.8e ,49@ .4e- 08,-~25-82
Ra-226 1Ae-03 1.1e-05 3.6e-04 2.9e-03 5.0e-03 1.6e-03 1.2e-05 4.1e-04 3.2e-03 5.5e03
Ra-228 7.6e-04 6.0e-06 2.0e-04 1.5e-03 2.7e-03 84Ae-04 6.7e-06 2.2e-04 1.7e-03 3.0e03
Ac-227 2.5e-04 2.0e-06 6.5e05 5.1e-04 8.9e-04 2.8e-04 2.2e06 7.3e-05 5.7e404 9.9e-04
Th-228 1.3e403 1.Oe-05 3.3e-04 2.6e-03 4.5e-03 1Ae-03 1.1e-05 3.7e-04 2.9e-03 5.0e-03
Th-229 2.0 A-6e0645e0 . i±X4.1 e44,f77e-4 -042e441.8e-06 5.8e4-O5hA50:-04..8e-04
Th-230 1.6e-07 1.3e-09 4.3e-08 3.3e-07 5.9e-07 1.8e-07 1.4e-09 4.8e08 3.8e-07 6.5e-07
Th-232 2.1e-06 1.4e-08 5.0e-07 4.3e-06 7Ae-46 2.3e-06 1.5e-08 5.5e-07 4.8e-06 8.2e-06
Pa-231 2Ae-05 1.9e-07 6.2e-06 4.9e-05 8.5e-05 2.7e-05 2.1 e-07 7.0e-06 5.5e-05 9Ae-05
U-232 I.Oe-05 6.9e-08 2.5e-06 2.1e-05 3.7e405 .1e-05 7.6e-08 2.7e-06 2.4e-05 4.1e-05
U 233¢',' -. ",;.8e-0: 7,>,,4e-09 JL4.6e-0 8 ; 3.6e-07,;-'6.20:07,,; .90,7. .~1.5e-09;:,,5.1e08, ~4.0e-07.*:-6.9e-07'
U-234 5.0e-08 4.0e-10 1.3e-08 1.0e-07 1.8e-07 5.6e-08 4.4e-10 1.5e-08 1.1e-07 2.0e-07
U-235 9.5e-05 7.6e-07 2.5e-05 1.9e-04 3Ae-04 1.le-04 8Ae407 2.7e-45 2.2e-04 3.7e-04
U-236 2.7e-08 2.2e-10 ,7.0e-09 5.5e-08 9.6e-08 3.0e-08 2.4e-10 7.8e-09 6.1e-08 1.1e-07
U-238 1.7e05 1.3e-07 4.3e-06 3Ae-05 5.9e-05 1.8e-05 1.5e-07 4.8e-06 3.8e-05 6.5e-05
,Np237 ; ,_- 4e04~4i ,e43.6e-05.t2.8e4.4.9e.4 .5e4 :'1.2eO6 40e0 5-3.1 .4> 5.4e-04
Pu-236 3.0e-08 2Ae-10 7.7e-09 6.0e-08 1.1e-07 3.3e-08 2.6e-1 0 8.6e-09 6.8e-08 1.2e-07
Pu-238 1.9e-08 1.5e-10 4.9e-09 3.9e-08 6.7e-08 2.1 e08 1.7e-1 0 5.5e09 4.3e-08 7Ae-08
Pu-239 3.7e-08 3.0e-10 9.6e-09 7.6e-08 1.3e-07 4.1e-08 3.3e-10 1.1e-08 8.4e-08 1.5e-07
Pu-240 1.8e408 1.5e-10 4.8e-09 3.8e-08 6.5e-08 2.0e-08 1.6e-10 5.3e-09 4.2e-08 7.2e-08
Pu-241,',;:, __9.<:'3e-1 iO 7 4e 2.4 10 __1.909 4' '303e .Oe-9 ,8.10e i2 [2.7e-iO,.2.1e. 36.
Pu-242 1.6e-08 1.3e-1 0 42e-09 3.3e-08 5.7e-08 1.8e-08 1Ae-10 4.6e-09 3.6e-08 6.3e08
Pu-244 2.5e-04 2.0e-06 6.6e-05 5.2e-04 9.0e-04 : 2.8e-04 2.2e06 7.4e-05 5.8e-04 1.0e-03
Am-241 5.5e-06 4.4e-08 1Ae-06 1.1e-05 1.9e-05 6.1e-06 4.8e-08 1.6e-06 1.2e-05 2.2e-05
Am-242rn 8Ae-06 6.7e-08 2.2e-06 1.7e405 3.0e-05 9.3e-06 7.4e-08 2.4e-06 1.9e-05 3.3e-05
Ain-243 9>7:1.le.04e4,t,9.0&.07 :2.9e405 ,2.3e-04' 4.e0 , -05 ,9,ee -043
Cm-242 2.1e-08 1.7e-10 5Ae-09 4.2e-08 7Ae-08 2.3e-08 1.8e-10 6.0e-09 4.7e-08 8.1e-08
Cm-243 7.3e-05 5.8e-07 1.9e-05 1.5e-04 2.6e-04 8.1e-05 6.4e-07 2.1e-05 1.7e-04 2.9e-04
Cm-244 1.6e-08 1.3e-,10 4.1e-09 3.2e08 5.6e408 1.7e-08 1.4e-10 4.6e-09 3.6e08 6.2e-08
Crn-245 4.3e-05 3.4e-07 1.1 e-05 8.7e-05 1.5e404 4.7e05 3.7e-07 1.2e-05 9.7e05 1.7e04
Cm-246 ,'_, 1.5e. 8e-'2e-10 :-3.8e090 3.0e48', 52e08 i e 'i.3e-i , e20-09 :33i 08F5.7,'
Cm-247 2.3e-04 1.9e-06 6.0e-05 4.8e-04 8.3e-04 2.6e-04 2.1 e-06 6.7e-05 5.3e-04 9.2e-04
Cm-248 I.1e-08 8.8e-1 1 2.9e-09 2.2e-08 3.9e08 1.2e-08 9.7e-1 I 3.2e-09 - 2.5e-08 4.3e408
Bk-249 1.1e-08 7.3e-11 2.6e-09 2.2e-08 3.7e08 1.2e-08 7.9e-11 2.8e-09 2.4e-08 4.2e-08
Cf-248 1.5e-08 12e-10 4.0e-09 3.1le-08 5.5e-08 1.7e-08 1Ae-10 4.5e409 3.5e-08 6.0e-08
Cf-249--;'~ K 2 3e-O4.~I~.9e-O~zL.Oe-OS 4.e-04 j8.26e-04 , 2.0e-06-t -6. e-05 _.7 5.3e-04'3 !,9.Ie-D44
Cf-250 1.5e408 1.2e-10 3.8e-09 3.0e-08 5.3e08 1.6e-08 1.3e-10 4.3e-09 3.4e-08 5.8e-08
Cf-251 6.6e-05 5.3e07 1.7e-05 1.3e-04 2.3e-04 7.3e-05 5.8e-07 1.9e-05 1.5e-04 2.6e-04
Cf-252 2.2e-08 1.8e-10 5.7e-09 4.5e-08 7.8e-08 2.4e-08 1.9e-10 6.3e-09 5.0e-08 8.6e-08
Cf-254 4Ae-11 3.5e-13 1.2e-11 9.1e-11 1.6e-10 4.9e-11 3.9e-13 1.3e-11 1.0e-10 1.7e-10
Es-254 ' -,'6.8e-4 -5.46'1.844 --. e4' ~ 7.6e-04 6.Oe-06 -At2 2;0e '',e34 2.7e:03.-

Note: To convert these values to conventional units (mremly per pClg or mrem/y per pCi/cmr). multiply by 3.7e-3
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Normalized Effective Dose Equivalents from Aluminum Appendix H- I
Table HI.36 Normalized effective dose equivalents from all pathways: Dross disposal-industrial -

Radionuclide Mass-based EDE (pSvly per BqIg)
Mean 5th 50th 90th 95th

Surficial EDE (uSv/y per BqIcm2)
Mean 5th 50th 90th 95th

H-3 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0
C-14 9.4e-08 3.9e-09 3.8e-08 2.4e-07 3.8e-07 1.Oe-07 4.4e-09 4.2e-08 2.7e-07 4.2e-07
Na-22 2.5e-03 1.5e-04 1.2e-03 6.2e-03 1.Oe-02 2.8e-03 1.7e-04 1.3e-03 7.0e-03 1.1e-02
P-32 1.9e-08 _.9e-10 3.9e-09 4.6e-08 8.2e-08 2.1e-08 2.2e-10 4.3e-09 5.1e-08 9.2e-08
S%6 6, ,-, 'O.'e+4,00 ;O-Ž.0e+ ,!.eO.Oe+ ,-00 + O.Oe+OOeO< + ' 0
CI-36 8.1e-07 5.0e-08 3.8e-07 2.0e-06 3.3e-06 9.1e-07 5.5e-08 4.3e-07 2.3e-06 3.6e-06
K-40 2.0e-04 1.2e-05 9.4e-05 5.0e-04 8.1e-04 2.2e-04 1.3e-05 1.0e-04 5.6e-04 8.9e-04
Ca-41 5.3e-08 2.2e-09 2.2e-08 1.4e-07 2.2e-07 5.9e-08 2.5e-09 2.4e-08 1.5e-07 2.4e-07
Ca-45 1.3e-07 6.3e-09 5.5e-08 3.3e-07 5.1e-07 1.4e-07 6.9e-09 6.1e-08 3.6e-07 5.7e-07
S ,46:4.5e. 1.4e-03.7.80.-0.53.5803..i e. 03 ; ,.58.5e 8.9e 03.9,03' 6.08-0
Cr-51 9.2e-07 2.6e-08 3.1e-07 2.3e-06 3.8e-06 1.0e-06 2.9e-08 3.4e-07 2.5e-06 4.2e-06
Mn-53 6.5e-10 2.9e-11 2.6e-10 1.7e-09 2.7e-09 7.2e-10 3.1 e-1 1 2.9e-10 1.9e-09 3.0e-09
Mn-54 6.2e-05 3.0e-06 2.6e-05 1.6e-04 2.5e-04 7.0e-05 3.3e-06 2.9e-05 1.8e-04 2.8e-04
Fe-55 2.4e-09 9.5e-11 9.4e-10 6.3e-09 9.7e-09 2.7e-09 1.1e-10 1.1e-09 7.0e-09 1.1e-08

Co-56 1.8e-04 8.2e-06 7.3e-05 4.4e-04 7.1e-04 2.0e-04 9.0e-06 8.0e-05 5.0e-04 7.8e-04
Co-57 5.9e-06 2.9e-07 2.5e-06 1.5e-05 2.4e-05 6.6e-06 3.2e-07 2.8e-06 1.78-05 2.6e-05
Co-58 4.2e-05 1.98-06 1.7e-05 1.0e-04 1.7e-04 4.6e-05 2.1e-06 1.9e-05 1.2e-04 1.9e-04
Co-60 2.3e-04 1.1e-05 9.5e-05 5.7e-04 9.0e-04 2.5e-04 1.2e-05 1.1e-04 6.3e-04 1.0e-03

Ni5',J.,-" ,Bi.5e-09 .', 1;:6e,,0Z.e9B0= 6_5e^^1;e i;ei1 ,.-I . e-10._y,4.360 .e0,
Ni-63 3.8e-09 1.6e-10 1.6e-09 9.5e-09 1.5e-08 4.2e-09 1.8e-10 1.7e-09 1.1e-08 1.7e-08
Zn-65 4.3e-05 2.1e-06 1.8e-05 1.1e-04 1.7e-04 4.7e-05 2.3e-06 2.0e-05 1.2e-04 1.9e-04
As-73 1.6e-07 6.3e-09 6.1e-08 4.0e-07 6.1e-07 1.7e-07 7.0e-09 6.8e-08 4.4e-07 6.8e-07
Se-75 3.8e-05 1.6e-06 1.5e-05 9.8e-05 1.5e-04 4.3e-05 1.8e-06 1.7e-05 1.1e-04 1.7e-04
Sr-8 2<..,',.Se- ;.~1.3e-05<,11.1e-04,-6.3e-4! x9.60-4eT0C 1.4eei055 ' .'1.28O 44t-,7.06.4 -~.1 03
Sr-89 7.4e-07 3.7e-08 3.2e-07 1.9e-06 2.9e-06 8.2e-07 4.0e-08 3.6e-07 2.1e-06 3.2e-06
Sr-90 1.2e-05 6.5e-07 5.3e-06 3.0e-05 4.7e-05 1.3e-05 7.2e-07 5.8e-06 3.3e-05 5.1e-05
Y-91 3.0e-06 1.6e-07 1.3e-06 7.8e-06 1.2e-05 3.4e-06 1.7e-07 1.5e-06 8.6e-06 1.3e-05
Zr-93 3.5e-07 9.8e-09 1.2e-07 8.9e-07 1 Ae-06 3.9e-07 1.1e-08 1.4e-07 1.Oe-06 1.6e-06

3r9,:-...>'.1-O3Ie 9"-,iE;6e 11'4'80 :,-. .tt";b. -04-^i.O ;1.2e -! 8.8
Nb-93m 2.5e-08 1.1e-09 1.0e-08 6.2e-08 9.5e-08 2.7e-08 1.2e-09 1.1e-08 6.8e-08 1.le-07
Nb-94 1.4e-04 6.9e-06 5.8e-05 3.5e-04 5.4e-04 1.5e-04 7.5e-06 6.4e-05 3.9e04 6.1e-04
Nb-95 1.6e-05 5.9e-07 6.0e-06 4.2e-05 6.5e-05 1.8e-05 6Ae-07 6.7e-06 4.6e-05 7.2e-05
Mo-93 7.1e-08 3.0e-09 2.9e-08 1.8e-07 2.8e-07 7.9e-08 3.3e-09 3.2e-08 1.9e-07 3.1e-07

T>9-, I k' ,, -. j~.8 -1 09-. 1.1 0-*68 084 .e0- 3.0 08=71.3 09,,_.... 1.2e 8.,7 08' 12 0 7.
Tc-97m 4.0e-08 1.6e-09 1.6e-08 1.Oe-07 1.6e-07 4.4e-08 1.8e-09 1.7e-08 1.1e-07 1.8e-07
TC-99 2.5e-08 1.0e-09 9.9e-09 6.2e-08 1.0e-07 2.8e-08 1.1e-09 1.1e-08 6.8e-08 1.1e-07
Ru-103 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ru-106 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 .Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Agz108rr. -:' 0.0e+002 'O.. e00'Z0;0 e+,O Oee+O0^,,< O.Oe+00.0 0e+00{0e+,0;O0e0O'
Ag-1I Om O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cd-109 O.Oe+O0 O.Oe+00 O.0e+00 O.Oe+OO00 O.Oe+00 0.Oe+OO O.Oe+00 0.+OO O.Oe+00 O.Oe+00
Sn-113 2.8e-05 1.1e-06 1.1e-05 7.1e-05 1.1e-04 3.1e-05 1.3e-06 1.3e-05 7.8e-OS 1.2e-04
Sb-124 1.Se-04 6.1e-06 6.0e-05 3.9e-04 6.2e-04 1.7e-04 6.7e.-6 6.6e-05 4.3e-04 7.0e-04

Sb12;' <.-',7.e059_.e-6, 2.e05 '18e 2. 9-,7.8e,05',:.-, 3:46 6 3 3.e 05' :20e ;' '3 e ,4~
Te-123m 1.2e-05 5.3e-07 4.9e-06 3.2e-05 5.1e-05 1.4e-05 5.8e-07 5.5e-06 3.5e-05 5.8e-05
Te-127m 6.9e-07 2.9e-08 2.7e-07 1.7e-06 2.8e-06 7.6e-07 3.2e-08 3.0e-07 1.9e-06 3.2e-06
1-125 1.6e-06 8.1e-08 7.0e-07 4.1e-06 6.4e-06 1.8e-06 8.9e-08 7.6e-07 4.5e-06 7.1e-06
1-129 11e-05 4.8e-07 4.4e-06 2.8e-05 4.3e-05 1.2e-05 5.4e-07 4.8e-06 3.1e-05 4.7e-05
1-131'-~ t..2-:t2.3e-06-'.'3.4.-Og >'1.90-07. -5.6e06 ,--jr0 -26e06 '3.7e-09 -21e-07: ~62e-O6 ,1.2e-0
Cs-134 1.8e-03 1.1e-04 8.2e-04 4.4e-03 7.1e-03 2.0e-03 1.2e-04 9.2e-04 5.0e-03 7.8e-03
Cs-135 3.0e-07 1.2e-08 1.2e-07 7.9e-07 1.2e-06 3.4e-07 1.3e-08 1.3e-07 8.8e-07 1.4e-06
Cs-137 6.8e-04 4.1e-05 3.2e-04 1.7e-03 2.7e-03 7.5e-04 4.6e-05 3.5e-04 1.9e-03 3.0e-03
Ba-133 3.7e-04 2.3e-05 1.7e-04 9.2e-04 1.5e-03 4.1e-04 2.5e-05 1.9e-04 1.0e-03 1.6e-03
Co- 139 ' 8405-O -4.9-06- 3;9e-' 2.1e-,. 3.3 f -' -'9.3e-05-: '5.5e O6 ' 4.3-O5' i'2.2.-O., 3.7e4-04
Ce-141 1.4e-05 5.3e-07 5.3e-06 3.5e-05 5.4e-05 1.5e-05 5.9e-07 5.9e-06 3.8e-05 6.1e-05
Ce-144 5.5e-05 3.3e-06 2.6e-05 1.4e-04 2.2e-04 6.1e-05 3.7e-06 2.9e-05 1.5e-04 2.4e-04
Pm-147 3.0e-07 1.7e-08 1.4e-07 7.8e-07 1.2e-06 3.4e-07 1.8e-08 1.5e-07 8.6e-07 1.3e-06
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Appendix H-1 Normalized Effective Dose Equivalents from Aluminum

Table HI.36 Normalized effetive dose equivalents from all pathwavsy Dross disposal-industrial
RadIo d Mass-based EDE (pSv/y per Bq/g) Surficial EDE (pSv/y per BgIcm2)

Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
Sm-151 3.3e-07 1.8e-08 1.5e-07 8.4e-07 1.3e-06 3.7e-07 1.9e-08 1.6e-07 9.4e-07 1.4e-06
Eu-152 =J>;, ,'1Ae-03 ,- -'-'8.4e-05 -6.5e04 %3.5e43 '5.603''..5 03 .9.3e-05 '-72e 4-,,3.9&03 '; 6.1-03
Eu-154 1.5e-03 92e-05 7.1 e-04 3.8e-03 6.1e-03 1.7e-03 1.0e-04 7.8e-04 4.2e-03 6.7e-03
Eu-155 3.6e-05 2.2e-06 1.7e-05 8.9e-05 1Ae-04 4.0e-05 2.4e-06 1.9e-05 1.Oe-04 1.6e-04
Gd-153 3.9e-05 2.4e-06 1.9e-05 9.8e-05 1.6e-04 4Ae-05 2.6e-06 2.1e-05 1.1e-04 1.7e-04
Tb-160 6.8e-04 3.7e-05 3.1e-04 1.8e-03 2.7e-03 7.6e-04 4.1e-05 3Ae-04 1.9e-03 3.0e-03

,Jm-,-1 02.3 .,07 'Z.,,- i : e-06 ' P :5.8 -0<9.1 6,,,e-0 ;1.ei' .e, e0
Tm-171 3.1e-07 1.9e-08 1.5e-07 7.7e-07 1.2e-06 3.4e07 2.1e-08 1.6e-07 8.7e-07 1Ae-06
Ta-182 1.5e-04 6.4e-06 6.2e-05 3.9e-44 5.9e-04 1.7e-04 7.0e-06 6.8e-05 4.3e-04 6.7e-04
W-181 1.5e-06 6.5e-08 6.2e-07 3.9e-06 6.1e-06 1.7e-06 7.1e-08 6.8e-07 4.3e-06 6.9e-06
W-185 1.2e-08 4.6e-10 4.5e-09 2.9e-08 4.7e-08 1.3e-08 5.1e-10 5.0e-09 3.2e-08 5.3e086,* , , ... . * . .. "-,_ I J-, ,>_,

8 23:5 ,3 2.9e-5 - 1@90 0e03.e >i 8.1e-05 3.5e06'3.1e-05 ,i72.1-4 '' e4
Ir-192 7.1e-05 2.9e-06 2.8e-05 1.8e-04 2.8e-04 7.8e-05 3.1e-06 3.1e-05 2.0e-04 3.1e-04
Tl-204 1Ae-07 6.0e-09 5.6e-08 3.5e-07 5.6e-07 I.Se-07 6.6e-09 6.2e-08 3.9e-07 62e-07
Pb-210 7.5e-05 2.8e-06 2.8e-05 1.9e-04 3.0e-04 8.3e-05 3.0e-06 3.1e-05 2.2e-04 3.4e-04
Bi-207 2.8e-04 1.2e-05 1.1e-04- 7.2e-04 1.1e-03 3.1e-04 1.3e-05 1.3e-04 7.9e-04 1.2e-03
Po2i0 i<,24 -05"^9.3e-07,,,92e 4,5.9e-05 9 .6e 51.08-06j,'I.0f5> L6.6e45'r.1.1e004,
Ra-226 2.2e-03 1.3e-04 1.0e-03 5.5e-03 8.8e-03 2Ae-03 1.5e-04 1.Ie-03' 6.2e-03 9.7e-03
Ra-228 1.6e-03 1.Oe-04 7.7e-04 4.1 e-03 6.6e-03 1.8e-03 1.1 e-04 8.5e-04 4.6e-03 7.2e-03
Ac-227 1.6e402 8.3e-04 6.8e-03 4.0e-02 6.2e-02 1.8e02 9.1 e-04 7.7e-03 4Ae-02 7.0e-02
Th-228 3.9e-03 2.2e-04 1.8e-03 9.7e-03 1.5e-02 4.3e 03 2.4e-04 2.0e-03 1.1e-02 _.7e-02
Th-29,:.;''-5, i',.9e-025J1,.Oe-3 ,,8.3e403 >'4.Ee-2 __-7.5e-02j,;!1e-02 , 3 .1e-03'9.Ie-03TA54e-02 _. 8.4e02-
Th-230 2.8e-03 1.5e-04 1.2e-03 -7.2e-03 1.1e-02 3.1e-03 1.6e-04 1.4e-03 8.0e-03 1.2e-02
Th-232 1.4e-02 7.4e-04 6.2e-03 3.6e-02 5.6e-02 1.6e-02 8.1e-04 6.8e-03 4.0e-02 6.3e-02
Pa-231 2.2e-03 8.4e-05 82e-04 5.4e-03 8.6e-03 2.4e-03 9.3e-05 9.2e-04 6.0e43 9.7e-03
U-232 5.3e-03 2.8e-04 2.3e-03 1.3e-02 2. e-02 5.9e403 3.0e-04 2.6e-03 I.5e-02 2.3e-02
U-233 ', . .1e'03 -5:7e05':4.7e 34,':'2 7e43:4 3e.03,5,ŽA2e-036.2e-5"1-5.3e4,3.0e43- 4.7e-03
U-234 1.1e-03 5.5e-05 4.6e-04 2.7e-03 4.2e-03 1.2e-03 6.1e-05 5.1e-04 3.0e-03 4.6e-03
U-235 1.1e-03 5.9e-05 4.9e-04 2.8e-03 4.3e-03 1.2e-03 6.5e-05 5.4e-44 3.1e-03 4.8e-03
U-236 1.Oe-03 5.2e05 4.3e-04 2.5e03 3.9e-03 1.1 e-03 5.7e-05 4.8e-04 2.8e-03 4.3e-03
U-238 9.7e-04 5.1e-05_ 4.2e-04 2.5e-03 3.8e-03 1.1 e-03 5.6e-05 4.7e-04 2.7e-03 4.2e403
Np2237 9-.,f,4 .6e4 t2.2e403 ,''.2-2 1 9e-0i2e 5.e4., <2.9 2.4e-031j.4e-02 i.1Fe O2.
Pu-236 1.2e-03 6.3e-05 5.2e-04 3.0e-03 4.7e-03 1.3e-03 - 6.9e-05 5.8e-04 3.4e-03 5.3e-03
Pu-238 3.2e-03 1.7e-04 1Ae-03 8.1e-03 1.3e-02 3.6e-03 1.9e-04 1.6e-03 9.1e-03 1.4e-02
Pu-239 3.5e-03 1.9e-04 1.5e-03 8.9e-03 1.4e-02 3.9e-03 2.0e-04 1.7e-03 1.Oe-02 1.5e-02
Pu-240 2.6e-03 1.3e-04 1.1e-03 6.6e-03 9.9e-03 2.9e-03 - 1.4e04 1.2e-03 7.3e03 1.1e-02
p6241 - B.9e-05_ 3.6e-06 >3.o .0 4i74-0 r6 5 4.0e-06_.3.3.-OS 1.9r-eO4 .3.0e-04
Pu-242 3.3e-03 1.8e-04 1.5e-03 8.5e-03 1.3e-02 3.7e-03 1.9e-04 1.6e-03 9.5e-03 1.5e-02
Pu-244 3.6e-03 2.0e-04 1.6e-03 9.2e-03 1.4e-02 4.0e-03 2.1 e-04 1.8e-03 1.0e-02 1.6e-02
An-241 3.9e-03 2.1e-04 1.7e-03 1.Oe-02 1.5e-02 4Ae-03 2.3e-04 1.9e-03 1.1e-02 1.7e-02
Am-242m 3.9e-03 2.0e-04 1.7-03 9.9e-03 1.5e-02 4.3e-03 2.3e-04 1.9e-03 1.1e-02 1.7e-02

n243:. - 2 , .0e03 -,,2.1-4 '-,;,1.8e43 "1.0,2_1.6e,02 4.5e-03 ; 82Ae4 2.0e0
Cm-242 I.3e-04 7.0e-06 '5.8e-05 3.4e-04 5.3e-04 1.5e-04 7.7e-06 6.4e-05 3.8e-04 5.9e-04
Cm-243 2.4e-03 1.3e-04 1.0e-03 6.1e-03 9.5e-03 2.7e-03 1Ae4-04 1.2e-03 6.8e-03 1.0e-02
Cm-244 2.2e-03 1.2e-04 9.5e-04 5.6e-03 8.7e-03 2.4e-03 1.3e-04 1.0e43 6.2e-03 9.5e-03
Cm-245 ; 4.0e-03 2.1e-04 1.8e-03 1.Oe-02 1.6e-02 4.5e-03 2.3e-04 1.9e-03 1.1e-02 1.8e-02
CIT 2i6 .-,,4.0e-03 2 12.3e-04, .9e3 -,1e-02 -O .7 e-02
Cm-247 3.8e-03 2.0e-04 1.6e-03 9.5e-03 1.5e-02 4.2e-03 2.2e-04 1.8e-03 1.1e-02 1.6e-02
Cm-248 6Ae4-03 2.9e-04 2.6e-03 1.6e-02 2.5e-02 7.1e-03 3.2e-04 2.9e-03 1.8e-02 2.8e-02
Bk-249 1.2e-05 6.4e-07 5.3e-06 3.1e-05 4.7e-05 1.Ae-05 7.1e-07 5.8e-46 3.4e-05 5.3e-05
Cf-248 4.1e-04 2.1e-05 1.8e-04 1.1e-03 1.6e-03 4.6e-04 2.4e-05 2.0e-04 1.2e-03 1.8e-03
Cf-2i9,':'' 5.403.2.9e -24e-3 ,1.42-0 ,2.1e_2 6.0e03 '32e-04, 2603 1.5 02 2.4e-02

Cf-250 2.3e-03 1.2e-04 1.0e-03 5.9e-03 9.0e-03 2.6e-03 1.3e-04 1.1e-03 6.5e-03 1.Oe-02
Cf-251 1.3e-03 4.8e-05 4.9e-04 3.3e-03 5.3e-03 1.5e-03 5.3e-05 5.4e-04 3.6e-03 5.9e-03
Cf-252 1.2e-03 6.3e-05 5.2e-04 3.1e-03 4.7e-03 1.3e-03 6.9e-05 5.8e-04 3.4e-03 5.3e403
Cf-254 2.2e-03 1.2e-04 9.7e-04 5.8e-03 8.7e-03 2.5e-03 1.3e-04 1.1e-03 6.3e-03 9.8e-03
Es-254 S. :-.2 4 172e45 5.6e-4 '3.0e-3 -- 4.8eO3-- CgJi.3e.03 - 7.9e5-5 -6.2e-04 '5i-3.4e-03' -5 2e43

Note: To convert these values to conventional units (mremly per pCIlg or mrem/y per pCi/crm2), multiply by 3.7e-3
_-7 _U _E_-_ 4
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Normalized Effective Dose Equivalents from Aluminum Appendix H- I
Normalized Effective Dose Equivalents from Aluminum Appendix H-I

Table H1.37 Normalized effective dose equivalents from external exposure: Dross disposal-industrial

Radionuclide Mass-based EDE (pSv/y per Bg/g)
Mean 5th 50th 90th 95th

Surficial EDE (pSv/y per Bg/cm2)
Mean 5th 50th 90th 95th

H-3 O.O e+OO O.Oe+ 00 OO. e+00 O.Oe+00 OO0e+00 O.Oe+00 O.Oe+ 0e 0.OO

C-14 2.6e-09 1.6e-10 1.2e-09 6.4e-09 1.0e-48 2.9e-09 1.7e-10 1.3e-09 7.2e-09 1.1e-08

Na-22 2.5e-03 1.5e-04 1.2e-03 6.2e-03 1.0e-02 2.8e-03 1.7e-04 1.3e-03 7.0e-03 1.1e-02

P-32 1.6e-08 1.7e-10 3.4e-09 4.0e-08 7.2e-08 1.8e-08 1.8e-10 3.7e-09 4.4e-08 8.0e-08

' .L0.0e+00- 0.OeOO_ O.Oe+0 0.0e'O IO.O .O-r Ot+ OOet - O
CI-36 4.8e-07 2.9e-08 2.2e-07 1.2e-06 1.9e-06 5.3e-07 3.2e-08 2.5e-07 1.3e-06 2.1e-06

K-40 2.0e-04 1.2e-05 9.3e-05 5.0e-04 8.1e-04 2.2e-04 1.3e-05 1.0e-04 5.6e-04 8.8e-04

Ca-41 O.Oe+OO O.Oe+O O O.Oe+OO 0.0e+00 O.Oe+OO O.Oe+0OO O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00

Ca-45 8.2e-09 4.9e-10 3.8e-09 2.1e-08 3.3e-08 9.2e-09 5.4e-10 4.3e-09 2.3e-08 3.6e-08
n,.4003 7.8e-05 Z16.2e44 T ,3.5 5:4. 03 l03'i 85e-l 6.9e-OZ 3-0.

Cr-51 9.2e-07 2.6e-08 3.1e-07 2.3e-06 3.8e-06 1.0e-06 2.9e-08 3.4e-07 2.5e-06 4.2e-06

Mn-53 0.0e+00 O.Oe+00 O.0e+OO O.0e+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+OO
Mn-54 6.2e-05 3.0e-06 2.6e-05 1.6e-04 2.5e-04 7.0e-05 3.3e-06 2.9e-05 1.8e-04 2.8e-04

Fe-55 0.Oe+OO O.0e+OO O.0e+OO O.Oe+00 O.Oe+OO 0.0e+ O.Oe+0OO O.Oe+00 O.Oe+00 O.Oe+00

Co-56 1.8e-04 8.2e-06 7.3e-05 4.4e-04 7.1e-04 2.0e-04 9.0e-06 8.0e-05 5.0e-04 7.8e-04

Co-57 5.9e-06 2.9e-07. 2.5e-06 1.5e-05 2.4e-05 6.6e.-6 3.2e-07 2.7e-06 1.7e-05 2.6e-05

Co-58 4.2e-05 1.9e-06 1.7e-05 1.0e-04 1.7e-04 4.6e.-5 2.1e-06 1.9e-05 1.2e-04 1.9e-04

Co-60 2.3e-04 1.1e-05 9.5e-05 5.7e-04 9.0e-04 2.5e-04 1.2e-05 1.1e-04 6.3e-04 1.0e-03
Ni-59' - O.Oe+OO;Z .e,+OO +.' O.e+,OO0.0,O0.08+00 .04Oe Oe O.Oe,.O +Oq

Ni-63 O.0e+OO O.Oe+00 O.Oe+00 0.Oe+OO O.Oe+00 O.Oe+OO O.Oe+00 O.Oe0 O.Oe+0OO O.Oe+00
Zn-65 4.3e-05 2.1e-06 1.8e-05 1.1e-04 1.7e-04 4.7e-05 2.3e-06 2.0e-05 1.2e-04 1.9e-04

As-73 1.5e-07 6.1e-09 5.9e-08 3.9e-07 5.9e-07 1.7e-07 6.7e-09 6.6e-08 4.2e-07 6.6e-07

Se-75 ' 3.8e-05 1.6e-06 1.5e-05 9.8e-05 1.5e-04 4.3e-05 1.8e-06 1.7e-05 1.1e-04 1.7e-04
A85,>,f'-'.,t~e '2e 1.04 '-1e6.3e -0 9.6e.'4-.i2.7 1.405C .1.2e-44Zr7.0 -1. 1-03

Sr-89 6.1e-07 3.0e-08 2.6e-07 1.6e-06 2.4e-06 6.8e-07 3.3e-08 2.9e-07 1.7e-06 2.6e-06

Sr-90 4.4e-06 2.7e-07 2.1e-06 1.1e-05 1.8e-05 4.9e-06 3.0e-07 2.3e-06 1.2e-05 1.9e-05

Y-91 2.7e-06 1.4e-07 1.2e-06 7.1e-06 1.1e-05 3.0e-06 1.6e-07 1.3e-06 7.7e-06 1.2e-05

Zr-93 6.7e-l1 1.8e-12 2.3e-i1 1.7e-10 2.8e-10 7.5e-11 2.0e-12 2.6e-11 1.9e-10 3.1e-10

Zr-96WS~-;3-9 04A;.9.3e-V06'1.- -- 8 I3.4e, 4I".-0S,1.2e-O4.8.8e 4.-03u

Nb-93m 1.5e-09 7.3e-i 6.2e-10 3.8e-09 5.7e-09 1.6e-09 7.9e-11 6.9e-10 4.2e-09 6.4e-09

Nb-94 1.4e-04 6.9e-06 5.8e-05 3.5e-04 5.4e-04 1.5e-04 7.5e-06 6.4e-05 3.9e-04 6.1e-04

Nb-95 1.6e-05 5.9e-07 6.0e-06 4.2e-05 6.5e-05 1.8e-05 6.4e-07 6.7e-06 4.6e-05 7.2e-05

Mo-93 1.8e-08 7.7e-10 7.3e-09 4.5e-08 7.0e-08 2.0e-08 8.5e-10 8.0e-09 4.9e-08 8.0e-08
Tc97J~>a.h 2.40-08Jmi.1e.-09,; 9.88-09 _6.2.08EL97,e08 8 ,-2.7-0 _ 8'-'-b,;09u_1.1e-08.>f.6.9e 0li.e-07.-

To-97m 3.2e-08 1.3e-09 1.3e-08 8.1e-08 1.3e-07 3.5e-08 1.4e-09 1.4e-08 9.1e-08 1.4e-07

Tc-99 3.8e-09 1.6e-10 1.5e-09 9.6e-09 1.5e-08 4.2e-09 1.8e-10 1.7e-09 1.1e-08 1.7e-08

Ru-103 O.0e+OO O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00 O.0e+OO O.0,+O0 O.Oe+0OO .0e+OO

Ru-106 0.Oe+OO O.Oe+OO O.Oe+00 O.Oe+OO .Oe+OO O.Oe+00 O.Oe+OO O.Oe+OO .Oe+OO O.Oe+OO

Ag-iO8m§i,.0-',.-' Oe 0.0O.e+OO O.00Oe 00.-080;00,,00 r 0., .Oe O''0t'OOet00gO.e+0•O.O0e,+ 0~,.Oe'+0O,9
Ag-i110m 0.0e+00 O.Oe+OO 0.0e+O0 0.0e+00 O.Oe+OO O.Oe+OO O.Oe+0O O.Oe+OO O.Oe+OO O.Oe+OO
Cd-l IOm 0.Oe+00 0.0e4OO 0.Oe+00 0.0e+00 0.0e400 0.06+00 0.0e0OOO+00 0.0.400 0 .Oe+000.40
Cd-109 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Sn-113 2.8e-05 1.1e-06 1.1e-05 7.1e-05 1.1e-04 3.1e-05 1.3e-06 1.3e-05 7.8e-05 1.2e-04

Sb-124 1.5e-04 6.1 06 6.Oe-05 3.9e04 6.2e-04 1.7e-04 6.7e-06 6.6e-05 4.3e-04 7.0e-04
~ ~ 3.1 5:7~5,2.1-04 e70341&04-

Te-123m 1.2e-05 5.2e-07 4.9e-06 3.2e-05 5.1e-05 1.4e-05 5.8e-07 5.5e-06 3.5e-05 5.8e-05

Te-127m 6.3e-07 2.7e-08 2.5e-07 1.6e-06 2.6e-06 7.1e-07 2.9e-08 2.8e-07 1.8e-06 3.0e-06

1-125 1.1e-06 5.6e-08 4.7e-07 2.8e-06 4.2e-06 1.2e-06 6.1e-08 5.2e-07 3.1e-06 4.8e-06

1-129 2.e-06 _1.2e-07 9.0e-07 4.9e-06 7.9e-06 2.2e-O6 1.3e-07 9.9e-07 5.5e-06 8.6e-06
2'.33e-0 i.329' .9e-0i":5.6e O 6 i'.1eO 5- 2 e 6 ' ~'?3-O s•2.leO7 6206'-'i.2eO5

Cs-134 1.8e-03 .1.e-04 8.2e-04 4.4e-03 7.1e-03 2.0e-03 1.2e-04 9.2e-04 5.0e-03 7.7e-03

Cs-135 7.6e-09 4.6e-10 3.6e-09 1.9e-08 3.1e-08 8.5e-09 S.1e-10 4.0e-09 2.1e-08 3.4e-08

Cs-137 6.7e-04 4.1e-05 3.2e-04 1.7e-03 2.7e-03 7.5e-04 4.6e-05 3.5e-04 1.9e-03 3.0e-03
Ba-133 3.7e-04 2.3e-05 1.7e-04 9.2e-04 1.5e-03 4.1e-04 2.5e-05 1.9e-04 1.0e-03 1.6e-03

C8-139 --' 84e-O5' 4.9e-O'- 3.9e05' 2.14 3 3.30 :.' 9.3e-OS*'. 5.4e-06 2:-4.3e-S 2.4-4- 3.7e-04s'
Ce-141 1.4e-05 5.3e-07 5.3e-06 3.5e-05 5.4e-05 1.5e-05 5.9e-07 5.8e-06 3.8e-05 6.0e-05

Ce-144 5.1e-05 3.1e-06 2.4e-05 1.3e-04 2.0e-04 5.7e-05 3.4e-06 2.7e-05 1.4e-04 2.3e-04

Pm-147 9.4e-09 5.8e-10 4.4e-09 2.4e-08 3.8e-08 1.0e-08 6.4e-10 4.9e-09 2.7e-08 4.2e-08
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Appendix H- I Normalized Effective Dose Equivalents from Aluminum

Table H1.37 Normalized effective dose equlvalents from external exposurye: Dross disposal-industrial

Radionuclide Mass-based EDE (pSv/y per Bq/g) Surficial EDE (pSv/y per Bq/cm2 )
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

Sn-151 2.0e-10 t.2e-1 9.2e-11 4.9e-10 7.9e-10 2.2e-10 1.3e-11 1.Oe-10 5.5e-10 8.7e-10
Eu-I52' d't-Zc. -1Ae-03 'X8Ao-055 6.5e-04Ji. 3.5e-03 - -5.s 03,-,_QI':,1.503,,'9.3e05&;72044,,3.9e03j 6;1e'03-
Eu-154 1.5e-03 9.2e-05 7.1e-04 3.8e-03 6.1e-03 1.7e-03 I.Oe-04 7.8e-04 4.2e-03 6.6e-03
Eu-155 3.5e-05 2.2e-06 1.7e-05 8.8e-05 I Ae-04 3.9e-05 2Ae-06 1.8e-05 9.9e 05 1.6e-04
Gd-153 3.9e-05 2.4e-06 1 .8e-05 9.7e-05 1 .6e-04 4Ae-05 2.6e-06 2.0e-05 1.1 e-04 1 .7e-04
Tb-I 60 6.8e-04 3.7e-05 3.1 e-04 1.7e-03 2.7e-03 7.6e-04 4.1e-05 3.4e-04 1.9e-03 3.Oe-03

17r r: 2. -06 C Ji e- 797---5,O-067.8e-06 rr, -6 i , .30z 06. 5.6e 8e-,6
Tm-171 2.1e-07 1.3e-08 9.6e-08 5.2e-07 8.3e-07 2.3e-07 1.Ae-08 1.e-07 5.8e-07 9.1e-07
Ta-I 82 1.5e-04 6.4e-06 6.2e-05 3.9e-04 5.9e-04 1.7e-04 7.0e-06 6.8e-05 4.3e-04 6.7e-04
W-181 1.5e-06 6.5e-08 6.2e-07 3.9e-06 6.1e-06 1.7e-06 7.1e-08 6.8e-07 4.3e-06 6.9e-06
W-185 6.7e-09 2.8e-10 2.7e-09 1.7e-08 2.7e-08 7.4e-09 3.0e-10 3.0e-09 1.9e-08 3.0e-08

1s185Z3e-05743ie-06 2.9e-05l.9eX04 _33O3e.5435 5 ,3.Ie?05 04 3.3&04
Ir-192 7.0e-05 2.9e-06 2.8e-05 1.8e-04 2.8e-04 7.8e-05 3.1e-06 3.1e-05 2.0e-04 3.1e-04
11-204 1.2e-07 5.1e-09 4.8e-08 3.0e-07 4.7e-07 1.3e-07 5.6e-09 5.3e-08 3.3e-07 5.3e-07
Pb-210 1.8e-07 8.2e-09 7.5e-08 4.6e-07 7.5e-07 2.1 e-07 8.9e-09 8.2e-08 5.2e-07 8.5e-07
Bi-207 2.8e-04 1.2e-05 1.1e-04 -7.2e-04 I.e-03 3.1 e-04 1.3e-05 1.3e-04 7.9e-04 1.2e-03

'>210:~~~~' ,*is3,l 1 . 6-9w6.8e1'-,$0,-S..e9~.2e-09.4.e9^;76-,1at7 e,1, r4.e9--?O4
Ra-226 2.1le-03 1.3e-04 9.7e-04 5.2e-03 8.3e-03 2.3e-03 IAe-04 1.1le-03 5.8e-03 9.1 e-03
Ra-228 1.3e-03 8.2e-05 6.3e-04 3.4e-03 5.4e-03 1.5e-03 9.0e-05 7.0e-04 3.8e-03 5.9e-03
Ao-227 3.3e-04 1.9e-05 1.5e-04 8.2e-04 1.3e-03 3.6e-04 2.1e-05 1.7e-04 9.1e-04 1Ae-03
Th-228 1.6-03 9.9e-05_7.7e-04 4.1e-03 6.6e-03 1.8e-03 1.e-04 8.5e-04 -4.7e-03 7.3e-03
Jh-229 t i-2.6e'044I1 *.5e05 : ,,I2e-40,t~4 a6.o-4L1 0&3 k1~,.9e04U3944,I;e05,.~ 45,iB.3e. 1 .1 e-03

Th-230 3.6e-07 2.1e-08 1.7e-07 9.1 e-07 I.4e-06 4.0e-07 2.3e-08 1.8e-07 I.Oe-06 1.6e-06
Th-232 2.6e-05 1.2e-06 1.1 e-05 6.6e-05 I.Oe-04 2.9e-05 1.4e-06 1.2e-05 7.3e-05 1.2e-04
Pa-231 6.2e-06 2.7e-07 2.5e-06 1.6e-05 2.5e-05 7.0e-06 2.9e-07 2.8e-06 1.8e-05 2.7e-05
U-232 1.1e-04 5.5e-06 4.7e-05 2.8e-4 4.2e-04 1.2e-04 6.1e06 5.2e-05 3.1e-04 4.7e-04
U-233. 47 , --.1.3e-7 -I1.3e- 07.cx 5.3e-07 8.50 07 .6f-f,2 07 tle-07 5.9 07 ,9.4e-7,
U-234 6.0e-08 3.7e-09 2.8e-08 1.5e-07 2.4e-07 6.7e-08 4.0e-49 3.1e08 1.7e-07 2.7e-07
U-235 1.1e-04 6.9e-06 5.3e-05 2.8e-04 4.5e-04 1.3e-4 7.6e-06 5.9e-05 3.2e-04 5.0e-04
U-236 3.2e-08 1.9e-09 I.5e-08 8.0e-08 1.3e-07 3.5e-08 2.1e-09 1.7e-08 8.9e-08 1Ae-07
U-238 2.0e-05 1.2e-06 9.3e-06 5.045 7.9e45 22e45 1.3e-06 .0e45 5.5e-05 8.8e-05
Np-237~%-X,; .8e-04 .e- ie-05 805.44'e70 e04 4 .0 -0:71.2-05 9? 5 5.04
Pu-236 3.5e-08 2.1e-09 1.6e-08 8.8e-08 I Ae-07 3.8e-08 2.3e-09 1.8e-08 9.7e-08 1.5e-07
Pu-238 2.3e-08 1.4e-09 1.1 e-08 5.8e-08 9.0e-08 - 2.5e-08 1.5e-09 1.2e-08 6Ae-08 I.Oe-07
Pu-239 4Ae-08 2.7e-09 2.1e-08 1.1e-07 1.8e-07 4.9e-08 2.9e-09 2.3e408 1.2e-07 1.9e-07
Pu-240 1.6e48 9.4e-10 7Ae-09 4.0e-08 6.4808 1.8e408 I.Oe09 8.2e-09 4.5e-08 7.0e-08
Pui241jQ3io-O9' ,1 .7e,-j O.;4o49Zi.8e.09 12e48' :-A.4o09 zI'9'-I0 1 .5e 9 .8. ..'4&08
Pu-242 1 .9e-08 1 .2e-09 8.9e-09 4.8e-08 7.6e-08 2.1 e-08 1 .3e-09 9.9e-09 5.4e-08 8Ae-08
Pu-244 3.0e-04 1.8e05 1 .4e-04 7.7e-04 1 .2e-03 3.4e-04 2.0e05 1 .6e4O4 8.6e-04 1 .3e-03
Am-241 7.1 e-06 4.3e-07 3.3e-06 I.8e-05 2.8e-05 7.9e06 4.6e-07 3.7e-06 2.0e-05 3.1 e-05
Am-242m 1.1e-05 6.6e-07 5.1e-06 2.7e-05 4.3e-05 1.2e-05 7.2e-07 5.7e-06 3.1e-05 4.8e-05

6273 1.''-,l.4e0418.8o06,6.7e05'' ,3.6e- 045.8e-064L i> 9. 5, --,4.Ie-0

Cm-242 2.3e-48 IAe-09 1.1e-08 5.9e-08 9.4e-08 2.6e-08 I.5e-09 1.2e-08 6.5e-08 1.0e-07
Cm-243 8.0e-05 4.8e-06 3.7e-05 2.0e-04 3.2e-04 9.0e-05 5.3e-06 4.2e-05 2.2e-04 3.6e-04
Cm-244 2.0e-08 1.2e-09 9Ae-09 5.Ie-08 8.2e-08 2.3e-08 1.3e409 1.Oe-08 5.7e-08 9.1e-08
Cm-245 5.4e-05 3.3e-06 2.5e-05 1.4e404 2.2e-04 6.0e-05 3.6e-06 2.8e-05 1.5e-04 2Ae-04
Cm-,246-'-1 9e,48 t.1e49, 't8.7e-9 r ",4.'7e9 08^-,7.5e-08 K-. ''.t : 08,'' .2e9.8 e-08

Cm-247 2.8e-04 1.7e-05 1.3e-04 7.1e-04 1.1e-03 3.2e-04 1.9e405 1.5e-04 8.0e-04 1.3e-03
Cm-248 6.2e-09 -3.2e-10 2.7e-09 1.6e08 2.4e-08 6.8e409 3.5e-1 0 3.Oe409 i1.7e-08 2.7e-08
Bk-249 1.1 e-07 5.8e-09 4.9e-08 2.9e-07 4.4e-07 1 .2e-07 6.4e-09 5.4e-08 3.2e-07 4.9e-07
Cf-248 2.0e-08 1.2e-09 9.5e9 5.1e-08 8.1e-08 2.3e-08 1.3e-09 1.0e48 .5.7e-08 8.9e48
Cf-249 3._ e,4,- i.8e-05 A.4e404. ,:-0 1.2e-03 . - 3e -0 2.0e.5,'5, 8 '4e , _ 03
Cf-250 1.9e08 1.2e-09 8.9e-09 4.8e-08 7.5e-08 2.1e-08 1.3e-09 9.8e-09 5.3e-08 8.3e-08
Cf-251 2.1e-05 8.6e07 8.3e-06 5Ae-05 8.3e-05 2.3e-05 9.4e-07 9.2e-06 6.0e-05 9.5e-05
Cf-252 2.8e-08 1.7e-09 1.3e-08 7.1e-08 1.1e-07 3.1 e-08 1.9e-09 I.Se-08 7.9e-08 12e-07
Cf-254 6.2e-11I 3.8e-12 2.9e-11I 1.6e-10 2.5e-1 0 6.9e-1 1 4.1e-12 3.2e-1 1 1.7e-1 0 2.7e-1 0

25: '.'-,'' th8.3es4 -'-5.4es 5 - 3.9e44 un2.it 03 ,--3.3e43 pe or 9.3'e-: per 5.545r 'i.3e04 r2u4e-0p .by7e43

Note: To convert these values to conventional units (mremly per pCi/g or mrem/y per pCi/cn9), multiply by 3.7e-3
_--5NRE- 4
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Normalized Effective Dose Equivalents from Aluminum Appendix H- I
Table H1.38 Normalized effective dose equivalents from inhalation: Dross disposal-Industrial

Radionucide Mass-based EDE (pSv/y per Bg/g)
Mean 5th 50th 90th 95th

Surficial EDE (pSvly per Bg/cm2)
Mean 5th 50th 90th 95th

H-3 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
C-14 2.1e-08 1.1e-09 9.3e-09 5Ae-08 8.3e-08 2.4e-OB 1.2e-09 1.0e-08 6.0e-08 9.3e-08
Na-22 7.4e-08 3.9e-09 3.2e-08 1.9e-07 2.9e-07 8.2e-08 4.3e-09 3.6e-08 2.1e-07 3.2e-07
P-32 4.4e-10 4.2e-12 8.7e-11 1.1e-09 2.0e-09 4.9e-10 4.6e-12 9.6e-11 1.2e-09 2.2e-09

0-35 ,' ,- O.Oe+00, : Oe+u 0.0000 '0.0'' 0+.Oe+O. O. 6.OeO
CI-36 2.3e-07 I12e-08 1.0e-07 5.9e-07 9.1e-07 2.6e-07 1.3e-08 1.1e-07 6.5e-07 1.0e-06
K-40 1.3e-07 6.7e-09 5.5e-08 3.2e-07 4.9e-07 1.4e-07 7.3e-09 6.1e-08 3.5e-07 5.5e-07
Ca-41 1.3e-08 6.9e-10 5.7e-09 3.3e-08 5.1e-08 1.4e-08 7.5e-10 6.3e-09 3.6e-08 5.7e-08
Ca-45 4.6e-08 2.4e-09 2.0e-08 1.2e-07 1.8e-07 5.2e-08 2.6e-09 2.2e-08 1.3e-07 2.0e-07

5t ~ .--# . . tF-_*- , .7 .0 r,_7-_.s -r
Sc,46 1.To07'8.4e09j,7 2084.S ,07j. 6 .6e 07 h-.1.9o-07f 9.2e'09 7 8.0e " 0'4.8 -07 7.A-07>-
Cr-51 9.5e-1 2.4e-12 3.0e-11 2.3e-10 4.0e-10 1.1e-10 2.7e-12 3.3e-11 2.5e-10 4.5e-10
Mn-53 3.8e-10 1.7e-11 1.5e-10 9.6e-10 1.5e-09 4.2e-10 1.8e-11 1.7e-10 1.1e-09 1.7e-09
Mn-54 4.3e-09 1.9e-10 1.7e-09 1.1e-08 1.7e-08 4.8e-09 2.0e-10 1.9e-09 1.2e-08 1.9e-08
Fe-55 9.6e-10 4.1e-11 3.9e-10 2.5e-09 3.8e-09 1.1e-09 4.5e-11 4.3e-10 2.7e-09 4.3e-09
,Fe"59',, 3.09 1. i .1e,09;1.38.9
Co-56 1.6e-08 6.6e-10 6.1e-09 4.0e-08 6.1e-08 1.8e-08 7.1e-10 6.7e-09 4.5e-08 6.8e-08
Co-57 5.7e-09 2.5e-10 2.3e-09 1.Se-08 2.2e-08 6.3e-09 2.8e-10 2.5e-09 1.6e-08 2.5e-08
Co-58 4.0e-09 1.7e-10 1.5e-09 1.0e-08 1.6e-08 4.5e-09 1.8e-10 1.7e-09 1.2e-08 1.8e-08
Co-60 1.6e-07 7.2e-09 6.4e-08 4.1e-07 6.4e-07 1.8e-07 7.9e-09 7.1 e-08 4.6e-07 7.2e-07
N 59 :.< ;.;,1.0e 09< ':4.3o1f-4.0e-1 _• o --- r7 0-0~ r - .10 4.8e 1 < 4.5v,010 1  2.8e- 0.A -4 4e-
Ni-63 2.3e-09 1.0e-10 9.4e-10 5.9e-09 9.3e-09 2.6e-09 1.1e-10 1.0e-09 6.5e-09 1.0e-08
Zn-65 1.2e-08 5.4e-10 5.0e-09 3.1e-08 4.9e-08 1.4e-08 6.0e-10 5.5e-09 3.5e-08 5.5e-08
As-73 3.0e-09 1.1e-10 1.1e-09 7.3e-09 1.2e-08 3.3e-09 1.2e-10 1.2e-09 8.2e-09 1.3e-08
Se-75 7.5e-09 2.9e-10 2.8e-09 1.9e-08 3.0e-08 8.3e-09 3.1e-10 3.2e-09 2.1e-08 3.4e-08
S8-8S' -X i 8.5oe093.9o-10 W$3.5e,09W2.o-O8 '3.3e-08 __ 9'4~0' iG4 o3
Sr-89 2.3e-08 1.0e-09 9.3e-09 5.9e-08 9.1e-08 2.6e-08 1.1e-09 1.0e-08 6.5e-08 1.0e-07
Sr-90 2.4e-06 1.3e-07 1.0e-06 6.0e-06 9.2e-06 2.6e-06 1.4e-07 1.2e06 6.7e-06 1.0e-05
Y-91 1.4e-07 6.6e-09 5.9e-08 3.6e-07 5.6e-07 1.6e-07 7.3e-09 6.5e-08 4.0e-07 6.3e-07
Zr-93 3.3e-07 8.9e-09 1.2e-07 8.4e-07 1.3e-06 3.6e-07 9.6e-09 1.3e-07 9.4e-07 1.5e-06

Nb-93m 2.2e-08 9.5e-10 8.9e-09 5.5e-08 8.5e-08 2.4e-08 1.1e-09 9.8e-09 6.1e-08 9.4e-08
Nb-94 3.1 e-07 1.4e-08 1.3e-07 7.9e-07 1.2e-06 3.5e-07 1.5e-08 1.4e-07 8.7e-07 1.3e-06
Nb-95 1.1e-09 3.5e-11 3.8e-10 2.7e-09 4.4e-09 1.2e-09 3.9e-11 4.2e-10 3.0e-09 4.9e-09
Mo-93 4.6e-08 1.8e-09 1.8e-08 1.Ie-07 1.8e-07 5.1 e-08 2.0e-09 2.0e-08 1.3e-07 2.0e-07

.,,, ee 0,,.0 6.3 ''.8e9 6.8e_11,'-, 6.7e jO ,i.ie '7.0e 9*s
Tc-97m 4.3e-09 1.6e-10 1.6e-09 1.1e-08 1.8e-08 4.8e-09 1.8e-10 1.8e-09 1.2e-08 2.0e-08
Tc-99 1.3e-08 5.2e-10 5.1 e-09 3.3e-08 5.3e-08 1.5e-08 5.7e-10 5.7e-09 3.7e-08 5.9e-08
Ru-103 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+O0 O.Oe+0 O.Oe+00 O.Oe+00
Ru-1 06 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+0O O.Oe+O0

Ag-11 Om O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+O
Cd-109 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O
Sn-113 1.1e-08 4.0e-10 4.2e-09 2.7e-08 4.3e-08 1.2e-08 4.4e-10 4.6e-09 3.0e-08 4.9e-08
Sb-124 1.8e-08 6.0e-10 6.4e-09 4.4e-08 7.1e-08 2.0e-08 6.7e-10 7.1e-09 4.9e-08 7.8e-08
Sb-ii - i'216; 20-8;ie10,:8.i e0925.3008.S- 8.5e,-08 O". 8 . 09

Te-123m 1.e-08 4.2e-10 4.2e-09 2.8e-08 4.6e-08 1.2e-08 4.6e-10 4.6e-09 3.1e-08 5.1e-08
Te-127m 2.2e408 8.3e-10 8.3e-09 5.5e-08 9.1e-08 2.5e08 9.1e-10 9.2e-09 6.0e-08 1.0e-07
I-125 8.4e-08 3.8e-09 3.4e-08 2.1 e407 3.3e-07 9.4e-08 4.2e-09 3.8e-08 2.4e-07 3.7e-07
1-129 1.4e-06 7.2e-08 6.0e-07 3.6e-06 5.5e.06 1.6e-06 7.9e-08 6.7e-07 4.0e-06 6.2e-06
1-3j . A -, 1.9e-09WS2.Se1256 ,1 tO,10:'4.4e09,',:8.9eO9 z,;2.le7O9 '2.8e-12X _1.6eO 1';4.8-9: 9.90
Cs-134 4.6e-07 2.4e-08 2.0e47 1.2e-06 1.8e-06 5.1e-07 2.6e48 2.2e-07 1.3e-06 2.Oe06
Cs-135 4.8e408 2.6e-09 2.1e-08 1.2e-07 1.9e-07 5.4e-08 2.8e-09 2.4e-08 1.4e-07 2.1e-07
Cs-137 3.4e-07 1.8e-08 1.5e07 8.6e-07 1.3e-06 3.7e-07 1.9e08 1.6e-07 9.5e-07 1.5e-06
Ba-133 7.7e08 _4.1e-09 3.4e-08 2.0e407 3.0e-07 8.6e-08 4.5e-09 3.8e-08 2.2e07 3.4e-07
Ce-i39-', , 6.30 ,48 u'i2eO9 2.7008:.6:07 ,25e 7.' - '7.1e 0,,'.3.6e 93.Oo-08 E2,1.8
Ce-141 2.0e-08 7.3e-10 7.5e-09 5.1e08 8.3e08 2.3e-08 8.1e-10 8.3e-09 5.6e-08 9.2e-08
Ce-144 3.2e-06 1.7e-07 1.4e-06 8.1e-06 1.2e-05 3.5e-06 1.8e-07 1.5e-06 9.0e-06 1.4e-0S
Pm-147 2.6e-07 1.4e-08 1.1e-07 6.6e-07 1.0e-06 2.9e-07 1.5e-08 1.3e-07 7.3e-07 1.1e-06

_UEG _ 64 _H_7NUREG-1640 H-76



Appendix H-1 Normalized Effective Dose Equivalents from Aluminum

Table H1.38 Normalized effective dose equivalents from inhalation! ?Itross disposal-Industrial

Radionuclide - Mass-based EDE (pSvty per BqIg) Surficial EDE (uSvly per Bq/cn9)
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

Sm-151 32e-07 t.7e-08 1.4e-07 8.1e-07 1.2e-06 3.5e-07 1.8e-08 1.5e-07 8.9e-07 1Ae-06
Eui52 ~j A .S'2.3o-0 .2e07. - 5.9e6 ,,9.0e6 6 Z2.6e-06: 1.3e07~' I.1e:6. .< 6.5-06. 5
Eu-154 3.0e-06 1.6e-07 1.3e-06 7.6e-06 1.2e-05 3.3e-06 1.7e-07 1.5e-06 8.4e-06 1.3e-05
Eu-155 4.3e-07 2.3e-08 1.9e-07 1.1e-06 e.7-06 4.7e-07 2.5e-08 2.1e-07 1.2e-06 1.9e-06
Gd-153 2.0e-07 1.1e-08 8.9e-08 5.2e-07 7.9e-07 2.3e-07 1.2e-08 9.8e-08 5.8e-07 8.8e-07
Tb-160 1.3e-07 6.3e-09 5.4e-08 3.3e-07 5.1e7 1.5e-07 6.9e-09 6.1e-08 3.7e-07 5.7e-07
Tm-~170OI,-,; .9e-07, ;e.5e-0. .
Tm-171 9.0e-08 4.7e-09 3.9e-08 2.3e-07 3.5e-07 1.Oe-07 5.2e-09 4.3e-08 2.6e-07 3.9e-07
Ta-182 4.6e-08 1.7Ve-09 1.7e-08 1.2e-07 1.8e-07 5.1e-08 1.9e-09 1.9e-08 1.3e-07 2.0e-07
W-181 1.6e-10 6.1e-12 6.1 e-11 4.0e-10 6.4e-10 1.8e-10 6.8e-12 6.6e-11I 4.4e-10 7.e-10

W-185 6.2e-10 2.3e-11 2.3e-10 I.5e-09 2.5e-09 :6.9e-10 2.5e-11 2.5e-10 1.7e-09 2.8e-09
~s85 : ?/;92e-> 35&O. �3 .5e 10,,,. 08A~3.8e08 X,-; ,Æ1.0e0 8-9;3.9e-10 -:3.9e092.6 08>i41e08~
Ir-192 2.3e-08 8.1e-10 8.5e-09 5.7e-08 9.0e-08 2.6e-08 9.0e-10 9.4e-09 6.3e-08 I.Oe-07
Tl-204 3.7e-09 1.5e-10 lAe-09 9.4e-09 1.5e-08 4.1e-09 1.6e-10 1.6e-09 1.1e-08 1.6e-08
Pb-210 3.6e-05 1.4e4-6 1Ae-05 9.0e-05 IAe-04 4.0e-05 1.5e-06 1.5e-05 I.Oe-04 1.6e-04
Bi-207 3.2e-08 1.2e-09 1.2e-08 8.1e-08 1.3e-07 3.5e-08 IAe-09 1.4e-08 9.Oe-08 14e-07
Po-210'-',',.,e-0 .', .5e-05 -3`5.86-071 5.9 e-3;7e6,e-05
Ra-226 8.5e-05 4.5e-06 3.8e-05 2.2e-04 3.3e-04 9.5e-05 5.0e-06 4.1 e-05 2.4e-04 3.7e-04
Ra-228 2.5e-04 1.2e-05 I.Oe-04 6.1 e-04 9.7e-04 2.7e-04 1.3e-05 1.2e-04 6.8e-04 1.1 e-03
Ac-227 I.5e-02 7.7e-04 6.5e-03 3.8e-02 5.9e-02 1.7e-02 8.5e-04 7.2e-03 4.2e-02 6.7e-02
Th-228 2.2e-03 1.1e-04 9.5e-04 5.5e-03 8.6e-03 2.4e-03 1.2e-04 1.Oe-03 6.2e-03 9.6e-03
Th9229.7e;.4 i 4 0 2.1-0 ''1 e-03_Z.'9eO 5.3e-02
Th-230 2.8e-03 1.5e-04 1.2e-03 7.1e-03 1.1e402 e3.e-03 1.6e404 1.3e-03 7.9e-03 1.2e-02
Th-232 1e.4-02 7.4e-04 6.1 e-03 3.6e-02 5.5e-02 1.6e-02 8.0e-04 6.8e-03 4.0e-02 6.2e-02
Pa-231 2.1e-03 8.1e-05 7.9e-04 5.2e-03 8.4e-03 2Ae-03 9.0e-05 8.9e-04 5.8e-03 9.3e-03
U-232 5.1e-03 2.7e-04 2.2e-03 1.3e-02 2.0e-02 5.7e-03 2.9e-04 2.5e-03 1.4e-02 2.2e-02
U-233ke>05--'. 2 0 1.1e-03,3, 65. 7e-5 4.7 e 04O2 3 3,2 4.2e-i2.-, 02i2e -5 3e
U-234 1.1e-03 '5.5e-05 4.6e-04 2.7e-03 4.1e-03 1.2e-03 6.0e-05 5.1e-04 3.0e-03 4.6e-03
U-235 9.8e-04 5.1e-05 4.3e-04 2.5e-03 3.8e-03 1.1e-03 5.6e-05 4.7e-04- 2.8e-03 4.3e-03
U-236 9.9e-04 5.1e-05 4.3e-04 2.5e-03 3.9e-03 1.1e-03 5.7e-05 4.8e-04. 2.8e-03 4.3e-03
U-238 9.5e-04 4.9e-05 4.1 e-04 2Ae-03 3.7e-03 - 1.1e-03 5.4e-05 4.6e-04 2.7e-03 4.1e-03
Np-237,j~b,,~- ':tA'.4.6e-03 52.,4e04_- -2.-0e43 <-'1.2e-02 Cl.8oA02 h.-5.2e. 3 2J2.6e 4;, .2e-3 ;1.3e02_2.0e-02
Pu-236 1.2e-03 6.1 e-05 5.1 e-04 2.9e-03 4.6e-03 1.3e-03 6.7e-05 5.6e-04 3.3e-03 5.1e-03
Pu-238 3.1e-03 1.6e-04 1.4e-03 7.9e-03 12e-02 3.5e-03 1.8e-04 1.5e-03. 8.8e-03 1Ae-02
Pu-239 3.4e-03 1.8e-04 1.5e-03 8.7e-03 1.3e-02 3.8e-03 2.0e-04 1.6e-03 9.7e-03 1.5e-02
Pu-240 2.5e-03 1.3e-04 1.1e-03 6.4e-03 9.7e-03 2.8e-03 1.4e-04 .1.2e-03 7.1e-03 1.1e-02
Pu-24i ,-,6.7,e-05 >~.5oO <.e-5-I7 2;.6ee04Lhi'.4 053.8e-.06Z; 3.2e405 i-.1 .9eni4, %2.9e~24

Pu-242 3.3e-03 1.7e-04 - 1Ae-03 8.2e-03 1.3e402 3.6e-03 1.9e-04 1.6e-03 9.2e-03 1 Ae-02
Pu-244 3.2e-03 1.7e-04 1Ae-03 8.1e-03 1.3e-02 3.6e-03 1.8e-04 1.5e-03 9.1e-03 1.4e-02
Am-241 3.8e-03 2.0e-04 1.7e-03 9.7e-03 1.5e-02 4.3e-03 2.2e-04 1.8e-03 1.1e-02 1.7e-02
Am-242m 3.8e-03 2.0e-04 1.6e-03 9.7e-03 1.5e-02 4.2e-03 2.2e-04 I.8e-03 1.1e-02 .7e-02

2i3 ', .8e-03!''2.0e.4S1i.6e-03 ,,-.'9.i0 i..5-2>1 + ,4.2e,43 72.2e 8e43 11 -0.7,0-
Cm-242 1.3e-04 6.8e-06 5.7e-05 3.3e-04 5.2e-04 1.5e404 7.5e-06 6.2e05 3.7e-04 5.7e-04
Cm-243 2.3e-03 1.2e-04 9.8e-04 5.7e-03 8.9e-03 2.5e-03 1.3e-04 1.1e-03 6.4e-03 9.9e-03
Cm-244 2.1e-03 1.1 e-04 9.2e-04 5.4e-03 8.4e-03 2Ae-03 1.2e-04 1.0e-03 6.0e-03 9.3e-03
Cm-245 _3.9e-03 2.0e-04 1.7e-03 9.8e-03 1.5e-02 4.3e403 2.2e-04 1.8e403 1.1e-02 1.7e02
C 4 26-. '33.9e-03 .2.0e4 i.3,
Cm-247 3.4e-03 1.8e-04 '1.5e-03 8.6e-03 1.3e-02 3.8e-03 1.9e-04 1.6e-03 9.5e-03 1.5e-02
Cm-248 62e-03 2.8e-04 2.5e-03 1 .6e-02 2.4e-02 - 6.9e-03 3.1 e-04 2.8e-03 1 .7e-02 2.7e-02
Bk-249 1.2e-05 6.1e-07 5.1e-06 3.0e-05 4.6e-05 1.3e-05 6.7e-07 5.6e-06 3.3e-05 5.1e-05
Cf-248 4.Oe-04 2.1 e-05 1.7e-04 1.Oe-03 1.6e-03 4.4e4-4 2.3e-05 1.9e-04 1.1e-03 1.8e-03
Cf-249 - ,5.0e43 '> 2.6e-04'22e-03 .'1 .3e-02 ':.1.9e-02 : ',5.5e403 2.8e04_ 2.4e43 i-;'.4e02 _-2.2e-02-
Cf-250 2.2e-03 1.2e-04 9.7e-04 5.7e-03 8.7e-03 2.5e-03 1 .3e-04 1.1 e03 6.3e-03 9.8e-03
Cf-251 1.3e-03 4.6e-05 4.6e04 3.1e-03 5.1e-03 1.4e-03 5.0e-05 5.2e-04 3.5e-03 5.7e-03
Cf-252 1.2e-03 6.1e-05 5.1e-04 3.0e-03 4.5e-03 1.3e403 6.7e-05 5.6e-04 3.3e-03 5.1e-03
Cf-254 2.2e-03 1.1e-04 9.4e-04 5.6e-03 8.4e-03 2.4e-03 1.2e-04 1.Oe-03 6.1e-03 9.5e-03
Ei254 '5- -3.5e-O4 1.8-05' 1 1-. i5e-O4 9.0e-04--''1.4e 3 ;'. -3.9 4 -2.0eO5 >.70 4" 9.9- 04 e-.5e 3'

Note: To convert these values to conventional units (mremly per pCVg or mremly per pCicrn2). multiply by 3.7e-3

H-77 NUREG-I 640
H-77 NUREG-1 640



Normalized Effective Dose Equivalents from Aluminum Appendix H- I

Table H1.39 Normalized effective dose equivalents from Ingestion: Dross disposal-industrial

Radionuclide Mass-based EDE (pSv/y per BgIg)
Mean 5th 50th 90th 95th

SurMicial EDE (5S0ty per B95cmh
Mean 5th 50th 90th 95th

H-3 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
C-14 7.0e-08 1.6e-09 2.5e-08 1.9e-07 2.9e-07 7.8e-08 1.8e-09 2.8e-08 2.1e-07 3.3e-07
Na-22 3.6e-07 8.5e-09 1.3e-07 9.7e-07 1.5e-06 4.1 e-07 9.3e-09 1.5e-07 1.1e-06 1.7e-06
P-32 2.1e-09 1.0e-11 3.6e-10 4.8e-09 9.8e-09 2.3e-09 1.2e-11 4.0e-10 5.4e-09 1.1e-08

5m'W'^'0 e O 0.0;.ej0z O 05.OetO__.Oe+00_ 0.0'4O; OO 0.o+0P . 0e0~.o0 ,. ';e O-O.',O',O.eO O0^.ejOe
CI-36 1.1e-07 2.5e-09 3.8e-08 2.8e-07 4.4e-07 1.2e-07 2.7e-09 4.2e-08 3.1e-07 5.Oe-07
K-40 6.2e-07 1.5e-08 2.3e-07 1.7e-06 2.6e-06 6.9e-07 1.6e-08 2.5e-07 1.8e-06 2.9e-06
Ca-41 4.0e-08 9Ae-10 1.5e-08 1.1e-07 1.7e-07 4.5e-08 1.0e-09 1.6e-08 1.2e-07 1.9e-07
Ca-45 7.3e-08 1e-09 2.6e-08 1.9e-07 3.1e-07 8.1e-08 1.8e-09 2.9e-08 2.2e-07 3.5e-07
SCA46Sg,.j> 1J .2-0.2606 9 4.3e.08k ,.2e, 'j5 7-O ,.3e,-0~ .9e 69 - r4.8o-083.6e07 5.7e-074
Cr-51 1.4e-10 1.7e-12 3.7e-11 3.3e-10 5.8e-10 1.5e-10 1.9e-12 4.1e-11 3.7e-10 6.5e-10
Mn-53 2.7e-10 52e-12 9.1e-11 7.1e-10 1.2e-09 3.0e-10 5.7e-12 1.0e-10 7.9e-10 1.3e-09
Mn-54 5.9e-09 1.1e-10 2.0e-09 1.5e-08 2.5e-08 6.5e-09 1.2e-10 2.2e-09 1.7e-08 2.8e-08
Fe-55 1.4e-09 2.9e-11 4.8e-10 3.9e-09 6.0e-09 1.6e-09 3.2e-11 5.4e-10 4.3e-09 6.7e-09

Fe-5~~92g*,X 11.-09'.-,2- 1_ _.i;8E2.3o-08 9-9,,. 6-8, -26-8

Co-56 1.3e-08 2.4e-10 4.3e-09 3.4e-08 5.7e-08 1.5e-08 2.7e-10 4.8e-09 3.8e-08 6.3e-08
Co-57 1.5e-09 3.0e-11 5.1e-10 4.0e-09 6.6e-09 1.7e-09 3.3e-11 5.6e-10 4.4e-09 7.3e-09
Co-58 3.7e-09 6.7e-11 1.2e-09 9.3e-09 1.6e-08 4.1e-09 7.3e-11 1.3e-09 1.Oe-08 1.7e-08
Co-60 2.5e-08 4.9e-10 8.3e-09 6.6e-08 1.1e-07 2.8e-08 5.5e-10 9.1e-09 7.3e-08 1.2e-07
N;59,,- 1. I 2.3, 09 581O 1e -1i ',2Oe'-10.-1 .5eo ` 25e094
Ni-63 1.4e-09 2.9e-11 4.9e-10 3.8e-09 6.3e-09 1.6e-09 3.1e-11 5.4e-10 4.2e-09 6.9e-09
Zn-65 2.9e08 5.6e-10 9.7e-09 7.5e-08 1.2e-07 3.2e-08 6.2e-10 1.1e-08 8.4e-08 1.4e-07
As-73 2.0e-09 3.3e-11 6.3e-10 5.0e-09 8.4e-09 2.2e-09 3.7e-1 1 7.0e-10 5.6e-09 9.4e-09
Se-75 3.3e-08 5.9e-10 1.Oe-08 8.6e-08 1.4e-07 3.6e-08 6.4e-10 1.1e-08 9.6e-08 1.6e-07
S.8
Sr-89 1.1e-07 2.2e-09 3.7e-08 2.8e-07 4.6e-07 1.2e-07 2.5e-09 4.1e-08 3.1e-07 5.1e-07
Sr-90 4.8e-06 1.1e-07 1.7e-06 1.3e-05 2.0e-05 5.4e-06 1.2e-07 1.9e-06 1.4e-05 2.3e-05
Y-91 1.4e-07 2.9e-09 4.9e-08 3.7e-07 5.9e-07 1.6e-07 3.2e-09 5.4e-08 4.1e-07 6.6e-07
Zr-93, 2.2e-08 2.4e-10 6.2e-09 5.6e-08 9.3e-08 2.4e-08 2.7e-10 6.8e-09 6.2e-08 1.0e-07

Zr9; } 37;8., ,4.1e1-t :t 11-08',:961 e07' i'4eOt,.6e-10 IZ>,1.2e-08 , 1.1e' 7 J1-.e
Nb-93m 1.3e-09 2.5e-11 4Ae-10 3.3e-09 5.4e-09 1.4e-09 2.8e-11 4.8e-10 3.7e-09 6.1e-09
Nb-94 1.8e-08 3.4e-10 6.0e-09 4.5e-08 7.5e-08 2.0e-08 3.9e-10 6.6e-09 5.1e-08 8Ae-08
Nb-95 1.6e-09 2.4e 11 4.7e-10 4.0e-09 6.7e-09 1.7e-09 2.7e-11 5.1e-10 4.4e-09 7.5e-09
Mo-93 7.1e-09 1.3e-10 2.3e-09 1.8e-08 3.0e-08 7.9e-09 1.5e-10 2.6e-09 2.0e-08 3.3e-08
To97 9.1e 1.60-11_ 2.9o- 'iN2.4e 3.9e-.i'.1 0 '
Tc-97m 3.7e-09 6.1e-11 1.1e-09 9.5e-09 1.6e-08 4.1e-09 6.8e-11 1.3e-09 1.0e-08 1.8e-08
Tc-99 7.8e-09 1.3e-10 2.4e-09 2.0e-08 3.3e-08 8.6e-09 1.5e-10 2.7e-09 2.2e-08 3.7e-08
Ru-103 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ru-106 O.Oe+00 O.Oe+00 O.Oe+O00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ag.108m'-^, 0.0o-+00-,- '.00+000 0.Oe+OO ' 0.0e+0 0.0+00T - 0.' O.Oe,+OO.Oe;+OO; .Oe+0
Ag-11 Om O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cd-109 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sn-113 1.1e-08 1.7e-10 3.4e-09 2.8e-08 4.5e-08 1.2e-08 1.9e-10 3.8e-09 3.1e-08 5.0e-08
Sb-124 2.3e-08 3.7e-10 7.2e-09 5.9e-08 9.8e-08 2.6e-08 4.1e-10 7.9e-09 6.4e-08 1.1e-07

_____e -7 2 6.6e 9' 5.2ea'8. 8
Te-123m 2.0e-08 3.4e-10 6.2e-09 4.9e-08 8.6e-08 2.2e-08 3.9e-10 6.7e-09 5.4e-08 9.5e-08
Te-127m 3.0e-08 5.2e-10 9.3e-09 7.3e-08 1.3e-07 3.3e-08 5.9e-10 1.0e-08 8.2e-08 1.4e-07
1-125 4Ae-07 8.9e-09 1.5e-07 1.2e-06 1.9e-06 4.9e-07 1.Oe-08 1.7e-07 1.3e-06 2.1e-06
1-129 7.3e-06 1.7e-07 2.6e-06 2.0e-05 3.1e-05 8.2e-06 1.9e-07 2.9e-06 2.2e-05 3.5e-05
I-131 '4_, 9.9e-09 -..' 8.2e 12:6.4-1'.~ 2.10 0854.8e-08'--- ; 1.lo-0&Q 8.9e,12' 7.1e-10; :2.3e-08.-,5.3-08
Cs-134 2.4e-06 5.5e-08 8.7e-07 6.4e-06 1.0e-05 2.7e-06 6.1e-08 9.6e-07 7.1e-06 1.1e-05
Cs-135 2.5e-07 5.8e-09 9.0e-08 6.6e-07 1.0e-06 2.7e-07 6.3e-09 9.9e-08 7.3e-07 1.2e-06
Cs-137 1.7e-06 4.0e-08 6.3e-07 4.6e-06 7.3e-06 1.9e-06 4.5e-08 7.0e-07 5.1e-06 8.2e-06
Ba-133 1.1e-07 2.6e-09 4.0e-08 2.9e-07 4.6e-07 1.2e-07 2.9e-09 4.5e-08 3.3e-07 5.2e-07

2.139 2.6e-08 5.9e- 9.5-O982 6. i': 1eO8; 7.8e 'i2-O'
Ce-141 2.2e-08 3.7e-10 6.8e-09 5.6e-08 9.2e-08 2.4e-08 4.1e-10 7.5e-09 6.2e-08 1.0e-07
Ce-144 5.9e-07 1.4e-08 2.1e-07 1.6e-06 2.5e-06 6.6e-07 1.5e-08 2.4e-07 1.7e-06 2.8e-06
Pm-147 3.5e-08 8.0e-10 1.3e-08 9.2e-08 1.5e-07 3.8e-08 8.8e-10 1.4e-08 1.0e-07 1.6e-07

NUREG 164 H-.

NlUREG-1640 H-78



Appendix H-1 Normalized Effcctive Dose Equivalents from Aluminum

Table H1.39 Normalized effective dose equivalents from Ingestion: Dross disposal-industrial
Radionuclide Mass-based EDE (pSv/y per Bq/g) Surficial EDE (ijSv/y per Bqgcm 2)

Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
Sm-1 51 1Ae-08 3.2e-10 4.9e-09 3.6e-08 5.7e-08 I.5e-08 3.5e-10 5.4e-09 4.0e-08 6.4e-08

-i52 ,-5e;07.; 5.7e"; 9 9.Oe`08 : 6.6 07.E.1.1 0,
Eu-154 3.3e-07 7.7e-09 1.2e-07 8.7e 07 1.4e-06 3.6e-07 8.4e-09 1.3e-07 9.7e-07 1.6e-06
Eu-155 52e-08 1.2e-09 1.9e-08 1.4e-07 2.2e-07 5.8e-08 1.3e-09 2.1e-08 1.5e-07 2.5e-07
Gd-153 3.3e-08 7.6e-10 1.2e-08 8.8e-08 1.4e-07 3.7e-08 8.3e-1 0 1.3e-08 9.8e-08 1.5e-07
Tb-160 12e-07 2.5e-09 4.1e-08 3.0e-07 4.9e-07 1.3e-07' 2.8e-09 4.6e-08 3.4e-07 5.4e-07
Tni-1j7-i12-0 2.e-09.5-08 0 08--3.6- 07,35.8e-07
Tm-171 1.4e-08 3.2e-10 5.0e-09 3.7e-08 5.9e-08 1.5e-08 3.5e-10 5.6e-09 4.1e-08 6.6e-08
Ta-I 82 2.2e-08 3.8e-10 7.0Oe-09 5.8e-08 9Ae-48 2.5e-08 4.1 e-1 0 7.8e-09 6.5e-08 1.1 e-07
W.181 1.Oe-09 1.7e-11 3.1e-10 2.6e-09 4.4e-09 -1.1e-09 1.9e-1I 3.5e-10 2.8e-09 4.8e-09
W-185 4.3e-09 7.3e-I1 1.3e-09 - 1.1e-08 1.8e"08 4.8e-09 8.0e-I1 1.5e-09 1.2e-08 2.0e-08
bs-185 ,,,' '6.9et09 '- 2e'-10 ;" .',22.-O9 t'jl.808e 8,i3.0e-O3e108 Z j2.'4e-09 ;02.0e-08 . .4e 8
Ir-192 1.5e-08 2.5e-10 4.8e-09 3.8e-08 6.5e"08 '1.7e-8 2.8e-10 5.3e-09 4.3e-08 7.2e-08
TI-204 1.7e-08 3.0e-10 5.5e-09 4.5e-08 7.1e-08 1.9e-08 3.3e1 0 6.1e-09 5.0e-08 8.0e-08
Pb-210 3.9e-45 7.0e-07 12e-05 I.Oe-04 1.7e-04 4.3e-05 7.7e-07 I.4e-05 1.1e-04 1.9e-04
Bi-207 2.8e-08 5.0e-10 9.3e-09 7.5e-08 1.2e-07 3.1e-08 5Ae-10 1.Oe-08 8.3e-08 1.4e-07
P.-2i Y6 _ I 0e-,0517e07 .5e- 2;7>-.'i~e -O
Ra-226 4.4e-05 1.0e-06 1.6e-05 1.2e-04 1.9e-04 4.9e.-5 1.1e-06 1.8e-05 1.3e-04 2.1e-04
Ra-228 5.2e-05 1.2e-06 1.9e-05 1.4e-04 2.2e-04 5.8e-05 1.3e-06 2.1e-05 1.5e-04 2.5e-04
Ac-227 4.2e-04 9.6e-06 1.5e-04 1.Ie-03 1.8e-03 4.7e-04 1.1e-05 1.7e-04 1.2e-03 2.0e-03
Th-228 2.3e-05 5.2e-07 8.2e-06 6.2e-05 9.7e-05 2.6e-05 5.8e-07 9.1e-06 6.9e-05 1.1e-04
Th2 -j ,I~422.00 ;t' '' e5:3I A.e0 Viie,-, 6 04ZA25e-0__5e-O 3.4e-4ii-4A
Th-230 1.6e-05 3.5e-07 5.5e-06 42e-05 6.6e-05 1.7e-05 3.9e-07 6.2e406 4.7e-05 7.3e-05
Th-232 7.9e-05 1.8e-06 2.8e-05 2.1e-04 3.3e-04 8.8e-05 2.0e-06 3.1 e-05 2.4e-04 3.7e-04
Pa-231 5.7e-05 9.9e-07 1.8e-05 1.5e-04 2.5e-04 6.4e-05 1.le-06 2.0e-05 1.6e-04 2.8e-04
U-232 3Ae-05 7.9e47 1.2e-05 9.0e-05 1.5e-04 3.8e-45 8.7e-07 1.4e-05 I.Oe-04 1.6e-04
U 233'.8t=*! 76 eX6 -07.7,2.8e-067.e-.8e-32 OS ix8.4e-06:69e-07>73 0e'0 -'22e-05 3.
U-234 7.5e-06 1.7e-07 2.7e-06 2.0e-05 3.2e-05 8.3e-06 1.9e-07. 3.0e-06 2.2e-05 3.5e-05
U-235 7.0e-06 1.6e-07 2.6e-06 1.8e-05 3.0e-05 7.8e-06 1.8e-07 2.8e06 2.1e-05 3.3e-05
U-236 7.0e-06 1.6e-07 2.5e-06 1.8e-05 3.0e-05 7.8e-06 1.8e-07 2.8e-06 2.0e-05 3.3e-05
U-238 7.1e-06 1.6e-07_ 2.6e-06 1.9e-05 3.0e-05 7.8e-06 1.8e-07 2.8e-46 2.1e-05 3.3e-05
Np>237>'<Ke,.38044 {2.98-06 - '.',405j3.3e7-4__ 3e-04 e-04.2.- 5.08-OS 3.7e-04 *.5.9e,4,
Pu-236 3.1e-05 7.1e-07 1.1e-05 8.2e-05 1.3e-04 3Ae-05 7.8e-07 1.2e-05 9.1e-05 1.5e-04
Pu-238 8.5e-05 1.9e-06 3.0e-05 2.3e-04 3.5e-04 9.4e-05 2.1e-06 3.4e-05 2.5e-04 4.0e-04
Pu-239 9.4e-05 2.1 e-06 3Ae-05 2.5e-04 3.9e-04 1.0e-04 22Ae-06 3.7e-05 2.8e-04 4.4e-04
Pu-240 6.8e-05 1.5e-06 2Ae-05 1.8e-04 2.9e-04 7.6e-05 1.7e-06 2.7e-05 2.0e-04 3.2e-04
pU624116t .8e-0 2e-08 6.6.6O e
Pu-242 8.8e-05 2.0e-06 3.2e-05 2.3e-04 3.7e-04 9.8e-05 22e-06 3.5e-05 2.6e-04 4.1 e-04
Pu-244 8.8e-05 2.0e-06 32e-05 2.3e-04 3.7e-04 9.8e-05 2.2e-06 3.5e-05 2.6e-04 4.1e-04
Am-241 1.0e-04 2Ae4-06 3.7e-05 2.7e-04 4.4e-04 1.2e-04 2.6e-06 4.1e-45 3.1e-04 4.9e-04
Am-242m 1.0e-04 2Ae-06 3.7e-05 2.7e-04 4.3e-04 1.1e-04 2.6e-06 4.1e-05 3.1e-04 4.8e-04
A-2i3.1r-; .0-43 5 e044 .6i-06-.1';3 05 2eY0j,.1e-04y.eO'
Cm-242 2.9e-06 6.5e-08 1.Oe-06 7.7e-06 1.2e-05 32e-06 7.4e-08 1.2e-06 8.5e-06 1.4e-05
Cm-243 6.1e-05 1Ae4-06 2.2e-05 '1.6e-04 2.6e-04 6.8e4-5 1.5e-06 2.4e-05 1.8e-04 2.9e-04
Cm-244 5.7e-05 1.3e-06 2.1e-05 1.5e-04 2.4e-04 6.4e-05 1.5e-06 2.3e-05 1.7e-04 2.7e-D4
Cm-245 I .Oe-04 2.4e-06 3.8e-05 2.8e404 4.4e-04 1.2e-04 2.7e-06 4.2e-05 3.1 e404 5.0e-04

Cm-24 24e-06, 3.8-S .8e-04 43.1
Cm-247 9.2e-05 2.1e-06 3.3e4-5 2.4e-04 3.8e-04 1.Oe-04 2.3e-06 3.7e-05 2.7e-04 4.4e-04
Cm-248 1.7e-04 3.4e-06 5.8e-05 4.3e-04 7.1e-04 1.9e-04 3.8e-06 6.4e4-5 4.8e-04 8.0e-04
Bk-249 3.3e-07 7.5e-09 1.2e-07 8.8e-07 1Ae4-06 3.7e-07 8.4e-09 1 .3e-07 9.9e-07 1 .6e-06
Cf-248 1.0e-05 2.3e-07 3.6e-06 2.6e-05 4.3e-05 1.1e-05 2.5e-07' 3.9e-06 2.9e4-5 4.8e.-5
Cf-249 -3e 4 ''.' 3.1e-06 _4.8e-05 :J3.0 5.8 ,1.5 -,-3.4e-O6"- 5.3- 54 -4 6.4e-04
Cf-250 6.0e-05 1.4e-06 2.1e405 1.6e-04 2.6e-04 6.7e.-5 1.5e-06 2.4e-05 1.8e-04 2.9e-04
Cf-251 3.4e-05 6.0e-07 1.1 e-05 8.6e-05 1.4e-04 3.8e-05 6.7e-07 1.2e-05 9.6e-05 1.6e-04
Cf-252 3.1e4-5 7.1e-07 1.1 e-45 8.0e-45 1.3e-04 3.4e-45 7.8e-07 1.2e-05 9.0e-05 1.5e-04
Cf-254 6.8e-05 1.6e-06 2.4e-5 1.8e4-4 2.9e-04 7.6e-45 1.7e-06 2.7e-05 2.0e-04 3.3e-04
Es-254 K> -'8.9e-06 A2.0e47' 32e46 2Ae 5 3.8e05 L '- 9.9.-6 A.e52.3 07 .. 3.5e-06 -2.6e 05'42 5

Note: To convert these values to conventional units (mremly per pCilg or mrem/y per pClcm2), multiply by 3.7e-3
H-7 _UE- 4
H-79 NUREG-1 640



Normalized Effective Dose Equivalents from Aluminum Appendix H-I

Table H1.40 Normalized effective dose equivalents from all pathways: Dross disposal-municipal
- *. *.* Mass-based EDE (uSvly per Bqla) SM 2

1

R-adaionuclide 5 9t
Mean 5th 50th 90th 95th Mean 5th 50th- 90th 95th

H-3 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+OO 0.Oe+OO O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+OO

C-14 3.4e-08 2.6e-10 9.6e-09 8.2e-08 1.4e-07 3.7e-08 2.8e-10 1.1e-08 9.2e-08 1.5e-07

Na-22 8.8e-04 8.6e-06 2.8e-04 2.1e-03 3.5e-03 9.8e-04 9.5e-06 3.1e-04 2.4e-03 3.9e-03

P-32 6.8e-09 1.6e-1 I 9.2e-10 1.Se-08 3.1e-08 7.6e-09 1.7e-1 1 1.Oe-09 1.6e-08 3.4e-08

6Ue 0"O O.e+Oe+00 0 "O.OI

CI-36 2.9e-07 2.8e-09 9.1e-08 6.9e-07 1.2e-06 3.2e-07 3.1e-09 1.Oe-07 7.7e-07 1.3e-06

K-40 7.1e-05 7.0e-07 2.2e-05 1.7e-04 2.8e-04 7.9e-05 7.7e-07 2.5e-05 1.9e-04 3.2e-04

Ca-41 1.9e-08 1.5e-10 5.4e-09 4.7e-08 7.7e-08 2.1e-08 1.6e^10 6.0e-09 5.2e-08 8.6e-08

Ca-45 4.5e-08 3.8e-10 1.4e-08 1.1e-07 1.8e-07 5.0e-08 4.3e-10 1.5e-08 1.2e-07 2.0e-07

- -08~ ' 1.738"0322e-033
Cr-S1 3.3e-07 1.7e-09 7.6e-08 7.8e-07 1.4e-06 3.7e-07 1.9e-09 8.5e-08 8.6e-07 1.5e-06

Mn-53 2.3e-10 1.8e-12 6.4e-11 5.6e-10 9.3e-10 2.5e-10 2.0e-12 7.1e-11 6.3e-10 1.Oe-09

Mn-54 2.2e-05 1.9e-07 6.5e-06 5.4e-05 8.8e-05 2.4e-05 2.1 e-07 7.2e-06 6.1 e-05 9.8e-05

Fe-5s 8.6e-10 6.1e-12 2Ae-10 2.1e-09 3.5e-09 9.6e-10 6.6e-12 2.7e-10 2.3e-09 3.9e-09

Co-56 6.2e-05 4.9e-07 1.8e-05 1.5e-04 2.5e-04 6.9e-05 5.5e-07 2.0e-05 1.7e-04 2.8e-04

Co-57 2.1e-06 1.7e-08 6.1e-07 5.1e-06 8.4e-06 2.3e-06 1.9e-08 6.7e-07 5.7e-06 9.3e-06

Co-58 1.5e-05 1.1e-07 4.1e-06 3.6e-05 5.9e-05 1.6e-05 1.3e-07 4.6e-06 4.0e-05 6.6e-05

Co-60 8.Oe-05 6.7e-07 2.3e-05 2.Oe-04 3.2e-04 8.9e-05 7.4e-07 2.6e-05 2.2e-04 3.6e-04

Ni-63 1.3e-09 1.Oe-11 3.8e-10 3.3e-09 5.5e-09 1.5e-09 1.2e-11 4.3e-10 3.6e-09 6.0e-09

Zn-65 1.5e-05 1.3e-07 4.4e-06 3.8e-05 5.8e-05 1.7e-05 1.4e-07 4.9e-06 4.1e-05 6.6e-05

As-73 5.5e-08 4.2e-10 1.5e-08 1.3e-07 2.2e-07 6.1e-08 4.6e-10 1.7e-08 1.5e-07 2.5e-07
Se-7S 1.4e-05 1.1e-07 3.8e-06 3.4e-05 5.6e-05 1.5e-05 12e-07 4.2e-06 3.8e-05 6.2e-05

8.7e.-05- 7.92-07.9 2.6505j2.1e-04Q ;Q3.50 9.7 ,5"T 9 05T.2.i4 6?i.3.9
Sr-89 2.6e-07 2.3e-09 7.8e-08 6.4e-07 1.Ie-06 2.9e-07 2.5e-09 8.6e-08 7.1e-07 1.2e-06

Sr-90 4.1e-06 3.8e-08 1.3e-06 1.Oe-05 1.7e-05 4.6e-06 4.2e-08 1.4e-06 1.1e-05 1.8e-05

Y-91 1.1e-06 9.6e-09 3.2e-07 2.6e-06 4.2e-06 1.2e-06 1.1e-08 3.6e-07 2.9e-06 4.8e-06

Zr-93 1.2e-07 7.3e-10 3.0e-08 2.9e-07 4.9e-07 1.3e-07 8.0e-10 3.3e-08 3.3e-07 5.6e-07
6."e- , 5.9.. .. 1. 7e,07'.z' 2.4e-05730-0 9=

Nb-93m 8.7e-09 6.8e-11 2.5e-09 2.1e-08 3.5e-08 9.6e-09 7.5e-1 1 2.7e-09 2.4e-08 3.9e-08

Nb-94 4.9e-05 4.1e-07 1.4e-05 1.2e-04 2.0e-04 5.5e-05 4.5e-07 1.6e-05 1.4e-04 2.2e-04

Nb-95 5.8e-06 3.9e-08 1.5e-06 1.4e-05 2.4e-05 6.5e-06 4.2e-08 1.7e-06 1.6e-05 2.6e-05

Mo-93 2.5e-08 1.9e-10 7.1e-09 6.1e-08 1.Oe-07 2.7e-08 2.1e-10 7.9e-09 6.7e-08 1.1e-07

T9,9,7Z19.4e09 7.5e-,11i2.6e-09_,2.3e-08,,3.9e-i a- %Oe-08 8.2e-1i.>^;;90-09 2.6-08: i3 08e

Tc-97m 1.4e-08 1.1e-10 3.9e-09 3.4e-08 5.8e-08 1.6e-08 1.2e-10 4.3e-09 3.8e-08 6.4e-08

Tc-99 8.7e-09 6.5e-11 2.4e-09 2.1e-08 3.5e-08 9.7e-09 7.2e-1 1 2.6e-09 2.4e-08 3.9e-08

Ru-103 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Ru-106 O.e+00 .Oe+00 .Oe+00 .e+00e O.Oe+O O O.e+00 .O+00 .Oe+00 O.Oe+00 O.Oe+00

Ag, 8m'i.,: -'^0.0e 0:4;Oe+0 ,.-60.00 + 0 .0o0 60.0e+006 O' O.0e+0. O.Oe+00- O e0 O.Oe60O+
Ag-i 1im O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00

Cd-109 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+0OO O.Oe+OO O.Oe+00 O.e+OO O.Oe+00 O.Oe+00 O.Oe+00

Sn-113 1.0e-05 7.6e-08 2.7e-06 2.4e-05 4.1e-05 1.1e-05 8.5e-08 3.1e-06 2.7e-05 4.6e-05

Sb-124 5.4e-05 3.8e-07 1.5e-05 1.3e-04 2.2e-04 6.0e-05 4.2e-07 1.6e-05 1.4e-04 2.5e-04

Sb-125>Trfiw2.5e-05;_2 1.9eO07 -7.0e-08*'6.1oe05'-'1.0e.4 ;~ 28e05, 2.1e07. 7.7e06i.76.8'e,05j . ij-4

Te-123m 4.4e-06 3.4e-08 1.2e-06 1.1e-05 1.8e-05 4.9e-06 3.7e-08 1.4e-06 1.2e-05 2.0e-05

Te-127m 2.4e-07 1.8e-09 6.7e-08 5.9e-07 9.8e-07 2.7e-07 2.0e-09 7.5e-08 6.5e-07 1.1e-06

1-125 5.7e-07 5.0e-09 1.7e-07 1.4e-06 2.3e-06 6.4e-07 5.5e-09 1.9e-07 1.6e-06 2.5e-06

1-129 3.8e-06 3.0e-08 1.1e-06 9.4e-06 1.5e-05 4.3e-06 3.3e-08 1.2e-06 1.Oe-05 1.7e-05

i1;T i--i 8.6 e0O74 ,3. A' ---' 3.8 eO8 ,,-'.e6.39O' -:-, '96 ,4 .8 .. ,';2O'-i9

Cs-134 6.2e-04 6.1e-06 2.0e-04 1.5e-03 2.5e-03 6.9e-04 6.7e-06 2.2e-04 1.7e-03 2.8e-03

Cs-135 1.1e-07 7.8e-10 3.0e-08 2.7e-07 4.4e-07 1.2e-07 8.5e-10 3.3e-08 3.0e 07 4.9e-07

Cs-137 2.4e-04 2.3e-06 7.6e.05 5.8e-04 9.6e-04 2.7e-04 2.6e-06 8.5e-05 6.4e-04 1.1e-03

Ba-133 1.3e-04 1.3e-06 4.1e-05 3.1e-04 5.2e-04 1.5e-04 1.4e-06 4.6e-05 3.5e-04 5.7e-04

Cf i392 :'3.0e05 -2.9eO7- '9.3- 06;- 5 1 e '4

Ce-141 4.8e-06 3.5e-08 1.3e-06 1.2e-05 2.0e-05 5.4e-06 3.8e-08 1.4e-06 1.3e-05 2.2e-05

Ce-144 1.9e-05 1.9e-07 6.2e-06 4.7e-05 7.7e-05 2.2e-05 2.1e-07 6.9e-06 5.2e-05 8.6e-05

Pn-147 1.1e-07 9.8e-10 3.3e-08 2.6e-07 4.2e-07 1.2e-07 1.1e-09 3.7e-08 2.9e-07 4.7e-07

NUREU-1640 
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Appendix H-1 Normalized Effective Dose Equivalents from Alurnintan

Table HI.40 Normalized effective dose equivalents from all pathwavs- JDross disposal-municipal
Rad Iide Mass-based EDE (pSvty per BgIg) Surficial EDE (pSv/y per Bq/cm2)

Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
Smn-151 1.2e-07 1.0e-09 3.5e-08 2.8e-07 4.6e-07 1.3e-07 1.2e-09 4.Oe-08 3.1e-07 5.22e07

EuI5 h~.e-04 cl~6 1.00 1.2e-03T !,2.0e03 3DZK5.5e~'4J~5.e-06 . e21 .04- Z 3O3-";TZ~e-~6&
Eu-154 5.3e-04 5.2e-06 1.7e-04 1.3e-03 2.1e-03 5.9e-04 -5.e-06 1.9e-04 1Ae-03 2Ae-03
Eu-155 1.3e-05 1.2e-07 4.0e-06 3.1e-05 5.1e-05 1Ae-05 1Ae-07 '4.5e-06 3.4e-05 5.6e-05
Gd-153 1.4e-05 1.4e-07 4.4e-06 3Ae-05 5.6e-05 1.6e-05 1.Se-07 4.9e-06 3.8e-05 6.2e-05
Tb-160 2.4e-04 2.2e-06 7Ae-05 5.9e 04 9.7e404 2.7e-04 2Ae-06 8.2e-05 6.5e-04 1.1e-03
rm17Oz't.t8:1'e07j'?7.9009~ 2.6o07,L '.9o-6 =,3.3e-06 _ 0e-0L7 7e 7'p2.-9- -3- .2* 6 " 0

Tm-171 1.1e-07 1.1e-09 3.5e4)8 2.6e-07 4.4e-07 1.2e-07 1.2e-09 3.9e-08 2.9e-07 4.8e-07
Ta-182 5.4e-05 4.2e-07 1.5e-05 1.3e 04 2.2e-04 6.0e-05 4.6e-07 1.7e-05 1.5e-04 2.5e-04
W-181 5Ae-07 4.0e-09 1.5e-07 1.3e-06 2.2e-06 6.0e-07 4Ae-09 1.7e-07 1.4e-06 2.4e-06
W-185 4.1 e-09 2.9e-11 1.1 e-09 9.9e-09 1.7e08 4.6e-09 3.2e-11 1.2e-09 1.1e-08 1.8e-08
w 85 m [h''.2.6005 4,'. 07j.1e-6k 6.4e5, 1.Oe-04 'nt1.e57;21t0w>v.e0 1t e

Ir-192 2.5e-05 1.8e-07 6.8e-06 6.1e-05 1.Oe-04 2.8e-05 2.0e-07 7.5e46 6.8e-05 1.1e-04
Tl-204 4.9e-08 3.8e-10 1Ae4-08 1.2e-07 2.0e-07 5Ae-08 42e-10 1.5e-08 1.3e-07 2.2e-07
Pb-210 2.6e-05 '1.9e-07 7.0e-06 6Ae-05 1.1e-04 2.9e-05 2.1e-07 7.8e-06 7.2e-05 1.2e-04
Bi-207 9.9e-05 7.6e-07 2.8e-05 2.5e-04 4.0e-04 1.1e-04 8.40-07 -3.1-05 2.7e-04 4Ae-04

Ra-226 7.8e-04 7.7e-06 2.5e-04 1.9e-03 3.1e-03 8.6e-04 8Ae4-06 2.7e-04. 2.1e-03 3.4e-03
Ra-228 5.8e-04 5.7e-06 1.8e-04 1.4e-03 2.3e-03 -6Ae-04 62e-06 2.0e-04 1.5e-03 2.6e-03
Ac-227 5.5e-03 4.9e-05 1.7e-03 1.3e-02 2.2e-02 6.1e-03 5.4e-05 1.9e-03 1.5e-02 2.5e-02
Th-228 1.3e-03 1.3e-05 42e-04 3.3e-03 5.5e-03 1.5e-03 1.4e-05 4.7e-04 3.7e-03 6.0e-03

2-__.5.e-- 2.00e30 -'1.6e-02 - 27o-0282e_:3e0 6.5-052. 3_ -027 -02 W

Th-230 9.8e-04 8.7e-06 3.0e-04 2Ae-03 4.0e-03 1.1 e-03 9.6e-06 3.3e-04 2.7e-03 4.4e-03
Th-232 4.9e-03 4.4e-05 1.5e-03 1.2e-02 2.0e-02 5.5e-03 4.8e-05 .7e-03 1.3e-02 2.2e-02
Pa-231 7.4e-04 5.3e-06 2.0e-04 1.8e-03 3.2e-03 82e-04 5.8e-06 2.2e-04 2.0e-03 3.5e-03
U-232 1.8e-03 1.7e-05 5.6e-04 4Ae-03 7.4e-03 2.0e-03 1.8e-05 6.3e-04 5.0e-03 8.2e-03

U-234 3.7e-04 3.3e-06 1.1e-04 - 8.9e-04 1.5e43 4.1e-04 3.7e-06 1.3e-04 1.0e-03 1.7e-03
U-235 3.8e-04 3.5e-06 1.2e4-4 92e-04 1.5e403 4.3e-04 3.9e-06 1.3e-04 1.0e-03 1.7e-03
U-236 3.5e-04 3.1 e-06 1.1e-04 8.3e-04 1.4e-03 3.9e-04 3.5e-06 1.2e-04 9.4e-04 1.6e-03
U-238 3.4e-04 3.0e-06 1.0e-04 8.1e-04 1.4e-03 -3.8e-04 3Ae4-06 1.2e-04 9.2e-04 1.5e43
Np27~j,1.o0 !'1.6o-05 .,5.3e..04A. 20-03 '7.0o-03> ;1.9-03i.7<1.7e-05j;,5.9e,04 rt4.7o 3i.e-
Pu-236 4.2e-04 3.7e-06 1.3e-04 1.0e-03 1.7e-03 4.6e-04 4.2e-06 1.4e-04 1.1e-03 1.8e-03
Pu-238 1.1e-03 1.0e-05 3.4e-04 2.7e-03 4.5e-03 1.2e-03 1.1e-05 3.9e-04 3.0e-03 4.9e-03
Pu-239 1.2e3 1.1e-05 3.8e-04 3.0e-03 4.9e-03 1Ae-03 1.2e-05 4.2e-04 3.3e-03 5Ae4-03
Pu-240 8.9e-04 8.0e-06 2.7e-04 2.1 e03 3.5e-03 9.9e-04 8.8e-06 3.0e-04 2.4e-03 3.9e-03
'P''2-4E>LUL=2:e-05::-2.1e-07'_ >6-5.8e05 2  L .7B6'5 .40 8.2 06:6.5& ,05 e4
Pu-242 1.2e-03 1.1e-05 3.6e-04 2.8e-03 4.7e-03 1.3e-03 12e-05 4.0e-04 3.2e-03 5.1e-03
Pu-244 1.3e-03 12e-05 3.9e-04 3.1e-03 5.0e-03 1.4e-03 1.3e-05 4.4e-04 3.4e-03 5.6e-03
Am-241 14Ae-03 12e-05 42e-04 3.3e403 5.5e-03 1.5e-03 1Ae405 4.7e-04 3.7e-03 6.1e-03
Am-242m I Ae-03 12e-05 4.2e-04 3.3e-03 5.5e-03 1.5e-03 1.3e-05 4.7e-04 3.7e-03 6.1e-03

243 2yi,>1 Ao-03,-3 1.3&05: -:4.4-04.23Ae40-3K5.70-03'',:>Ž1*'-.6ea03Sj.1.4e045',•4.9e.O 4-'3.9o-03 "6.3e035I
Cm-242 4.6e-05 42e-07 1.4e-05 1.1e-04 1.9e-04 5.2e-05 4.6e-07 1.6e-05 1.3e-04 2.1e-04
Cm-243 8.3e-04 7.6e-06 2.6e-04 2.0e03 3.3e-03 9.2e-04 8.2e-06 2.8e-04 2.2e-03 3.7e-03
Cm-244 7.6e-04 6.8e-06 2.3e-04 1.9e-03 3.0e-03 8.4e-04 7.5e-06 2.6e-04 2.1 e03 3Ae-03
Cm-245 1.4e-03 1.3e-05 4.3e-04 3.4e-03 5.6e03 1.6e-03 1Ae-05 4.8e-04 3.8e-03 6.3e-03

.2i6 - 4 1 4.3o'3.4e43,'5.6e-03 53 4 4.7o-04`3 8o-0.62-03
Cm-247 1.3e-03 1.2e-05 4.0e-04 3.2e03 5.2e-03 -Ae-03 1.3e-05 4.5e-04 3.5e-03 5.8e-03
Cm-248 2.2e03 1.8e-05 6.5e-04 5.3e-03 8.9e-03 42Ae-03 2.0e-05 7.1e-04 5.9e-03 9.8e-03
Bk-249 4.2e-06 3.8e-08 1.3e-06 1.0e-05 1.7e-05 4.7e-06 4.3e-08 1.4e-06 1.1e-05 1.9e-05
Cf-248 1.4e-04 1.3e-06 4Ae4-05 3.5e-04 5.7e-04 1.6e-04 1 4e-06 4.9e-05 -3.8e-04 6.4e-04
Cf-2491 f'A;:1$A.90-03 -' 1.7o05; -'q5 8o04'45e-03 '--7.64)3 --'L,*2.l03e-'1 9e-5 _,'6.5e 445.1 03;m8.4e-03

Cf-250 8.0e-04 7.1e-06 2.5e-04 1.9e-03 3.2e-03 8.8e-04 7.9e-06 2.7e-04 2.1 e-03 3.6e-03

Cf-251 4.5e-04 3.1e-06 12e-04 1.1e-03 1.9e-03 5.0e-04 3.4e-06 1.3e-04 1.2e-03 2.1e03

Cf-252 42e-04 3.7e-06 1.3e-04 1.Oe-03 1.7e-03 4.6e-04 4.1 e-06 1.4e-04 1.1 e-03 1.9e-03

Cf-254 7.8e-04 6.9e06 2.4e-04 1.9e-03 3.1e-03 8.6e-4 7.7e-06 2.7e-04 2.1e-03 3.5e-03

Note: To convert these values to conventional units (mremly per pCUg or mrem/y per pC/cm2 ), multiply by 3.7e-3

,,~ 1 . _ . . 4_
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Normalized Effective Dose Equivalents from Aluminum Appendix H-I
Table H1.41 Normalized effective dose equivalents from external exposure: Dross disposal-municipal

Radionuclide - Mass-based EDE (pSvly per BqIg)
Mean 5th 50th 90th 95th

Surficial EDE (pSvly per BqIcm2)
Mean 5th 50th 90th 95th

H-3 O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+O0 O.Oe+OO O.Oe+0O O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+OO
C-14 9.1e-10 9.0e-12 2.9e-10 2.2e-09 3.7e-09 1.Oe-09 9.8e-12 3.2e-10 2.5e-09 4.0e-09
Na-22 8.8e-04 8.6e-06 2.8e-04 2.1e-03 3.5e-03 9.8e-04 9.5e-06 3.1e-04 2.4e-03 3.9e-03
P-32 5.9e-09 1.3e-1I1 7.8e-10 1.3e-08 2.7e-08 6.5e-09 1.5e-1 I 8.7e-10 1.4e-08 3.0e-08

U U ., O O.Oe'00_-'ue O 010

CI-36 1.7e-07 1.7e-09 5.4e-08 4.1e-07 6.7e-07 1.9e-07 1.8e-09 5.9e-08 4.5e-07 7.5e-07
K-40 7.1e-05 6.9e-07 2.2e-05 1.7e-04 2.8e-04 7.9e-05 7.6e-07 2.5e-05 1.9e-04 3.1e-04
Ca41 O.Oe+O0 O.Oe+O0 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-45 2.9e-09 2.8e-11 9.2e-10 7.1e-09 1.2e-08 3.2e-09 3.1 e-11 1.Oe-09 7.9e-09 1.3e-08

Cr-51 3.3e-07 1.7e-09 7.6e-08 7.8e-07 1.4e-06 3.7e-07 1.9e-09 8.5e-08 8.6e-07 1.5e-06
Mn-53 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0
Mn-54 2.2e-05 1.9e-07 6.5e-06 5.4e-05 8.8e-05 2.4e-05 2.1e-07 7.2e-06 6.1e-05 9.8e-05
Fe-55 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+OO O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+0O

Co-56 6.2e-05 4.9e-07 1.8e-05 1.5e-04 2.5e-04 6.9e.-5 5.5e-07 2.0e45 1.7e-04 2.8e-04
Co-57 2.1e-6 1.7e-08 6.1e-07 5.1e-06 8.3e4-6 2.3e-06 1.9e-08 6.7e-07 5.7e-06 9.3e4-6
Co-58 1.5e-05 1.Ie-07 4.1e-06 3.6e-45 5.9e.-5 1.6e-05 1.3e-07 4.6e4-6 4.0e-05 6.6e-05
Co-60 8.0e-05 6.7e-07 2.3e-05 2.0e-04 3.2e-04 8.9e-05 7.4e-07 2.6e-05 2.2e404 3.6e-04
Ni59-,2:O.Oe+ ' O.Oe+O.Oe0Oee+OOfF. O.Oe+O0 zf 0 ;°0WO'-6 O'

NI-63 O.Oe+O0 O.Oe+00 O.Oe+0 O O.Oe+00 0.Oe+00 0.Oe+O0 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
Zn-65 1.5e-05 1.3e-07 4.4e-06 3.8e.-5 5.8e-05 1.7e-05 1.4e-07 4.9e4-6 4.1e-05 6.6e-05
As-73 5.3e4-8 4.0e- 10 1.5e-08 1.3e-07 2.1 e-07 5.9-S 4.4e-10 1.6e-08 1.4e-07 2.4e4-7
Se-75 1.4e-05 1.1e-07 3.8e-06 3.4e.-5 5.6e-05 1.5e-05 1.2e-07 4.2e4-6 3.8e-05 6.2e-05
S' 85,'.& s; 5 87e45 75.9.-,07, 2.6e-O , &~s2 '1.04T. ,3.5e-04Th.',_9.7oOW ,8.7,e 07'X 2.9e- 5'<- 2. 3.9e, 48
Sr-89 2.2e-07 1.9e-09 6.4e-08 5.2e-07 8.7e-07 2.4e-07 2.1e-09 7.1e4-8 5.8e-07 9.6e-07
Sr-90 1.6e4-6 1.5e4-8 5.0e-07 3.8e-06 6.3e-06 1.7e-46 1.7e4-8 5.5e-07 4.3e-06 6.9e406
Y-91 9.7e-O7 8.7e-09 2.9e-07 2.3e-06 3.9e-06 1.1e-46 9.5e-09 3.2e-07 2.6e-46 4.3e.-6
Zr-93 2.3e-11 1.3ei13 5.7e-12 5.8e 11 9.8e-11 2.6e- 1 1.4e-13 6.3e-12 6.5e-11 1.1e-10
Zr59S I!1^efO4426.'7. 07:,L2. '22.4.4 4 4 Y3
Nb-93m 5.3e-10 4.3e-12 1.5e-10 1.3e-09 2.1e-09 5.9e 1-Q 4.8e-12 1.7e-10 1.4e-09 2.3e-09
Nb-94 4.9e.-5 4.1e-07 1.4e-05 1.2e-04 2.0e-04 5.5e4-5 4.5e-07 1.6e-05 1.3e-04 2.2e-04
Nb-95 5.8e.-6 3.9e-08 1.5e-06 1.4e-05 2.4e4-5 6.5e.-6 4.2e-08 1.7e-06 1.6e-05 2.6e.-5
Mo-93 6.3e-09 5.0e-Il 1.8e4-9 1.6e4-8 2.5e-08 7.0e-09 5.6e- I 2.0e-09 1.7e-08 2.8e.-8
Tc^972=r,^;' '8;5.O9'- 6.8e11 '.' 2.4e O' 2.1e 0O-,B3.5.-O8 -. '- 5 _7,9.S2- e, 2._e_ __3.9e-5
Tc-97m 1.1e-08 8.5e-1l 3.1e-09 2.7e48 4.6e-08 1.2e-08 9.4e-II 3.4e-09 3.0e-08 5.1e-08
Tc-99 1.3e-09 1.1.-il 3.7e-10 3.3e-09 5.5e-09 1.5e-09 1.1e-11 4.1e-10 3.6e-09 6.0e-09
Ru-103 O.Oe+0O O.Oe+OO O.Oe+O0 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.0e+00
Ru-106 O.Oe+00 O.Oe+O0 O.Oe+O0 O.Oe+00 O.Oe+O0 O.Oe+O0 O.e+00 O.Oe+00 O.Oe+O00 O.Oe+00
Ag 0 iO.0e+O0j; 0.00+0; O.O64OO'< Oe+ O0;i;jj 0.0e+, 0oi .oo-o.o 00t,:;o.o o .o
Ag-110n O.Oe+00 O.Oe+O0 O.Oe+O0 O.Oe+00 O.Oe+00 0.Oe+O0 O.Oe+00 O.Oe+0O O.0e+00 O.Oe+00
Cd-109 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sn-113 1.0e-05 7.6e-08 2.7e.-6 2.4e-05 4.1e-05 1.1e.-5 8.5e-08 3.1e.-6 2.7e-05 4.6e.-5
Sb-124 5.4e-5 3.8e-07 1.5e-05 1.3e-04 2.2e-04 6.0e-05 4.2e-07 1.6e.-5 1.4e-04 2.5e-04
Sb-125t~4_ -. 2.5.-OS;- :::.90-07::: 708 4C6ie-O^65J.0e0-4 -K.'28e05
Te-123m 4.4e-06 3.4e-08 1.2e.-6 1.1e-05 1.8e-05 4.8e4-6 3.7e-08 1.4e4-6 1.2e4-5 2.0e-05
Te-127m 2.2e-07 1.7e-09 6.2e.-8 5.4e-07 9.0e-07 2.5e-07 1.9e-09 6.9e-48 6.0e-07 1.0e-06
1-125 3.8e-07 3.4e-09 1.1e-07 9.3e-07 1.5e-06 4.3e-07 3.7e-09 1.3e-07 1.0e-06 1.7e-06
1-129 7.0e-07 6.7e-09 2.2e-07 1.7e-06 2.8e-06 7.7e-07 7.4e-09 2.4e-07 1.9e-06 3.0e-06

I-'it -8;e7 . 3.4e 3 0'A-.8 0 1.7 6if '-i 639-W:, ;9547- 3.10,i~ -4.2e08 8'.A 9e06' '4.3e-O
Cs-134 6.2e-04 6.1e.-6 2.0e-04 1.5e-03 2.5e-03 6.9e-04 6.7e-06 2.2e-04 1.7e-03 2.8e-03
Cs-135 2.7e-09 2.6e-1l 8.6e-10 6.5e-09 1.1e-48 3.0e-09 2.9e-11 9.5e-10 7.2e-09 1.2e-08
Cs-137 2.4e-04 2.3e4-6 7.6e4-5 5.8e-04 9.5e-04 2.7e-04 2.6e.-6 8.4e-05 6.4e-04 l.le-03
Ba-133 1.3e-04 1.3e406 4.1e-05 3.1e-04 5.2e-04 1.5e-04 1.4eA06 4.6e-05 3.5e-04 5.7e-04
Ce-139i.--:3.Oe-O5 - -2.99-07ia::9.3e.6'e7.2e45-.2e04Y 5 3.3e 5 3.1 07,'.O0e 8.I05ol.-04'
Ce-141 4.8e-06 3.5e-08 1.3e.-6 1.2e-05 2.0e-05 5.4e-06 3.8e-08 1.4e-06 1.3e-05 2.2e-05
Ce-144 1.8e-05 1.8e-07 5.7e-06 4.4e-05 7.2e4-5 2.0e-05 1.9e-07 6.4e-06 4.9e-05 7.9e.-5
Pm-147 3.3e-09 3.3e-I1 1.1e49 8.1e-09 1.3e-08 3.7e-09 3.6e-11 1.2e-09 9.0e-09 1.5e-08
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Appendix H- I Nonnalized Effective Dose Equivalents from Aluminum
Table HIM4 Normalized effective dose equivalents from external exposure: Dross disposal-municipal
Raincie - Mass-based EDE (pSv/y per BgIg) Surficial EDE (pSvly per Bq/cm2 )
RaioulieMean 5th 50th 90th 95th Mean 5th 50th 90th 95th

SM-151 6.9e-l1I 6.8e-1 3 2.2e-11I 1.7e-10 2.8e-10 7.7-1 I 7.5e-13 2.4e-11 1.9e-10 3.1e-10

Eu-I154 5.3e-04 5.2e-06 1.7e-04 1 .3e-03 2.1 e-03 5.9e-04 5.7e-06 I1.9e-04 1.4e-03 2.4e-03
Eu-155 1.2e-05 1.2e-07 4.0e-06 3.0e-05 5.0e-05 1.4e-05 1.3e-07 4.4e-06 3.4e-05 5.5e-05
Gd-153 1.4e-05 14e-07 4.4e-06 3.4e-05 5.5e-05 1.5e-05 1.5e-07 4.9e-06 3.8e-05 6.1e-05
Tb-160 2.4e-04 2.2e-06 7Ae-05 5.9e-04 9.7e-04 2.7e-04 2.4e-06 8.2e-05 6.5e-04 1.1 e-03

Tm 170 '(;z~§~7.0.O7 6.BeM09j2.2;-7-1&.7e-O ,Y5.e0 78-0:Ie0 57Z.e0J31i6
Trn-171 7.3e-08 7.2e10 2.3e-08 1.8e-7 2.9e-07 8.le-08 7.9e-10 2.6e-08 2.0e-07 3.2e-07
Ta-182 5.4e-05 4.2e-07 1.5e-05 1.3e-04 2.2e-04 6.0e-05 4.6e-07 1.7e-05 1.5e-04 2.5e-04
W-181 5.3e-07 4.0e-09 1.5e-07 1.3e-06 2.2e-06 6.0e-07 4Ae-09 1.7e-07 1.4e-06 2Ae-06
W-185 2.4e-09 1.7e-I I 6.5e-10 5.7e-09 9.6e-09 2.6e-09 1.9e-11I 7.3e-10 6.4e-09 1.1e-08
&s-85- £2.6~0 A.&7• .666 5~.e4.32 PI ~e0~79eO ,71e~ i.2O
lr-1 92 2.5e-05 I1.8e-07 6.8e-06 6.1 e-05 I1.0e-04 2.8e-05 2.0e-07 7.5e-06 6.8e-05 1.1 e-04
T1-204 4.Ie-08 3.2e10 i.2e-08 I.Oe-07 1.7e-07 4.6e-08 3.5e-10 1.3e-08 1.1e-07 1.9e-07
Pb-210 6.4e-08 5.2-1 0 1.9e-08 1.6e-07 2.6e-07 7.2e-08 5.8-1 0 2.Ie-08 1.8e-07 2.9e-07
Bi-207 9.9e-05 7.6e-07 2.8e-05 2.5e-04 4.0e-04 1.1 e-04 8.4e-07 3.1e-05 2.7e-04 4.4e-04

Ra-226 7.3e-04 7.2e-06 2.3e-04 I .8e-03 2.9e-03 8.1 e-04 -7.9e-06 2.6e_04 2.0e-03 3.2e-03
Ra-228 4.7e-04 4.6e-06 1.5e-04 1.1e-03 1.9e-03 5.3e-04 5.1 e-06 1.7e-04 1.3e-03 2.1e-03
Ac-227 1.2e-04 1.I e-06 3.7e-05 2.8e-04 4.6e-04, 1.3e-04 1.2e-06 4.1e-05 3.1 e04 5.le-04
Th-228 - 5.8e-04 5.6e-06 1.e-04 IAe-03 2.3e-03 6.5e-04 6.Ie-06 2.Ie-04 1.6e-03 2.6e-03

Th-230 1.3e-07 1.2e-09 4.Oe-08 3.1 e-07 5.0e-07 1.4e-07 1.3e-09 4.4e-08 3.4e-07 5.6e-07
Th-232 9.2e-06 7.7e-08 2.7e-06 2.3e-05 3.6e-05 1.0e-05 8.5e-08 3.0e-06 2.5e-05 4.0e-05
Pa-231 2.2e-06 1.7e-08 6.1 e-07 5.4e-06 8.9e-06 2.4e-06 1.8e-08 6.8e-07 6.0e-06 9.9e-06
U-232 3.8e-05 3.3e-07 1.2e-05 9.Se-05 1.5e-04 4.3e-05 3.7e-07 1.3e-05 1.l e-04 1.7e-04

U-- - -76-8 - 4 lL 3 2 A4O 8 21.8e-0 ~3.0 07'A84-8M 1~ .7O 2.e 7-3 -0
U-234 2.1 e-08 2.1 e-10 w,6.8e-09 5.Ie-08 8.6e-08 2.4e-08 2.3e-10 7.5e-09 6.8e-08 9.4e-08
U-235 4.0e-05 3.9e-07 I1.3e-05 9.7e-05 I1.6e-04 4.5e-05 4Ae-07 1 .4e-05 1.1 e-0-4 1 .Be-04
U-236 1.1e-08 1.Ie-10 3.6e-09 2.7e-08 4.5e-08 1.3e-08 1.2e-10 4.0e-09 3.0e-08 5.0e-08
U-238 7.0e.06 6.9e-08 -2.2e-06 1.7e-05 2.8e-05 7.8e-06 7.6e-08 2.5e-06 1.9e-05 3.1e-05

Np27 63-5.:6. -072.0e-05 -15e04 2.'20 ;- 1. :22.76-04~
Pu-236 1.2e-08 1.2e-10 3.9e-09 2.9e-08 4.8e-08 l.4e-08 1.3e-10 4.3e-09 3.3e-08 5.4e-08
Pu-238 8.0e-09 7.8-11I 2.5e-09 1.9e-08 3.2e-08 8.9e-09 8.7e-1¶I 2.8e-09 .2.2e-08 3.5"-8
Pu-239 I1.6e-08 I1.5e-1 0 5.Oe-09 3.8e-08 6.2e-08 I1.7e-08 1 .7e-1 0 5.5e-09 4.2e-08 6.9e-08
Pu-240 - 5.7e-09 5.5e-l1I 1.8e-09 lAe-08 2.2e-08 6.3e-09 6.0e-11I 2.0e-09 1.5e-08 2.5e-08

Pu-241~~~~.;. Z 3- 117e091 0O-ii _i.4.20 9e7-09093.09 2--94
Pu-242 6.7e-09 6.6e-1 1 2.1 e-09 1 .6e-08 2.7e-08 7.5e-09 7.3-1 1 2.4e-09 1.8e-08 3.0e-08
Pu-244 1.1 e-04 1.1 e-06 3.4e-05 2.6e-04 4.2e-04 1.2e-04 1.2e-06 3.8e-05 2.9e-04 4.7e-04
Arn-241 2.5e-06 2.Ae-08 7.9e-07 6.1Ie-06 1.Oe-05 2.8e-06 2.7e-08 8.8e-07 6.7e-06 I.1e-05
Arn-242rn 3.9e-06 3.7e-08 1.2e-06 9.3e-06 1.5e-05 4.3e.06 4.1Ie-08 M.e-06 I.0e-05 1.7e-05

Am23; -5.I-0 ~50A-1 _fil4P.23-4
Crn-242 8.3e-09 8.1 e-I 1 2.6e-09 2.0e-08 3.3e-08 9.2e-09 8.9e-1 I 2.9e-09 2.2e-08 3.6e-08
Crn-243 2.8e-05 2.8e-07 8.9e-06 6.8e-05 1.1 e-04 3.2e-05 3.0e-07 I .O0O5 7.7e-05 I1.2e-04
Crn-244 7.2e-09 7.0e-I1 2.3e-09 I .7e-08 2.8e-08 8.0e-09 7.7e-I I 2.5e-09 I1.9e-08 3.1 e-08
Crn-245 1.9e-05 1.9e-07 6.1 e-06 4.7e-05 7.6e-05 2.1e-05 2.0e-07 6.8e-06 5.2e-05 8.e-05

Cm-47 6.6-09:~'.4~1 2.iO971.6-08~L-2.e-O ~7~7.e-0 7.e1 %2.69i8e8.29 .
Cr-7 I .Oe-04 9.7e-07 3.2e-05 2.4e-04 4.0e-04 1.1 e-04 .1.1 e-06 3.5e-05 2.7e-04 4.4e-04

Cm-248 2.2e-09 I1.9e-1 I 6.6e-10 5.2e-09 8.7e-09 2.4e-09 2.1IeI 1 7.3e-1 0 5.8e-09 9.6e-09
Bk-249 4.0e-08 3.5e-10 I1.2e-08 9.8e-08 I1.6e-07 4.4e-08 3.8e-1 0 1 .3e-08 I .107 I1.7e-07
Cf-248 7.2e-09 7.0e-1 I 2.3e-09 I1.7e-08 2.9e-08 8.Oe-09 7.7e-1 I 2.5e-09 2.0e-08 3.2e-08
Cf249'~,[2.e-4L10-0 "3Ae-052.-4 4 e04 1 __11-6_37-5 298-04_7.~4

Cf-250 6.7e-09 6.5-1 1 2.1 e-09 I1.6e-08 2.7e-08 7.5e-09 7.2e-1 I 2.4e-09 I1.8e-08 3.0e-08
Cf-251 7Ae-06 5.6e-08 2.0e-06 1.8e-05 3.Oe-05 8.3e-06 .6.1 e-08 2.2e-06 2.0e-05 3.4e-05
Cf-252 1.0e-08 9.7-I1I 3.Ie-09 2.4e-08 4.0e-08 1.I e-08 I.l e-l 0 3.5e-09 2.7e-08 4.4e-08

Cf-254. ' 2.2e -11 ~ 2.1 e -I 3 7.30e 2 5> .4e-04I 12. 0e-I 1 2Ae -11 23.e-10 3 . 7e-04 2-- 6.0e-1 -1 9.7e-I I

Note: To convert these values to conventional units (merely per pCi~g or mrenly per p~icrn2), multiply by 3.7e-3
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Normalized Effective Dose E ivalents from Aluminum Appendix H- I

Table HI.42 Normalized effective dose equivalents from Inhalation: Dross disposal- municipal

Radionuclide Massbased EDE (pSvly per BqIg)
Mean 5th 50th 90th 95th

Surficial EDE (pSvly per BqIcm2)
Mean 5th 50th 90th 95th

H-3 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+0O O.Oe+OO
C-14 7.4e4-9 6.6e-I I 2.3e-09 1.8e-08 3.0e-08 8.2e-Og 7.4e-1 1 2.6e-09 2.0e-08 3.3e-08
Na-22 2.6e-08 2.3e-10 7.9e-09 6.3e-08 1.0e-07 2.8e-08 2.6e-10 8.8e-09 7.0e-08 1.1e-07
P-32 1.6e-10 3.3e-13 2.0e-il 3.4e-10 7.2e-10 1.8e-10 3.7e-13 2.2e-i 3.7e-10 7.9e-10

,9 0.O.+00. 'O.0e+O0~- 0.O>.~Oez OO'.O.~Oe6 0O.Oe,+,OOj~ O.Oe,00'- 2. O.Oe+00- O0O.Oe+00JOE O.Oe+0 4O.Oe+ O'O
CI-36 8.le-08 7.3.-10 2.5e-08 2.0e-07 3.3e-07 9.0e.-8 8.1.-10 2.8e-08 2.2e-07 3.6e-07
K-40 4.4e-08 3.9e-10 1.3e-08 1.1e-07 1.8e-07 4.9e-08 4.4e-10 1.5e-08 1.2e-07 2.0e-07
Ca-41 4.5e-09 4.1.e-1 1.4e-09 1.le-08 1.8e-08 5.0e-09 4.5e-11 1.6e-09 1.2e-08 2.0e-08
Ca-45 1.6e-08 1.4e-10 4.9e-09 3.9e-08 6.4e-08 1.8e.-8 1.6e-l0 5.5e-09 4.3e-08 7.1e-08
S&~ 46- t+-5.9. -OS,.vO->,.>e714 <2407E4.e 8tX, 5.6e-O~ ,stZ 008rt1.6.-O7,?2.7.-07i
Cr-51 3.3e-11 1.6e-13 7.5e-12 7.9e-1I 1.4e-10 3.7e-II 1.8e-13 8.3e-12 8.6e- I 1.5e-10
Mn-53 1.3e-10 1.0e-12 3.8e-11 3.2e-10 5.3e-10 1.4e-10 i.le-12 4.2e-11 3.6e-10 5.9e-10
Mn-54 1.5e-09 1.2e-i 4.3e-10 3.6e-09 6.0e-09 1.6e-09 1.3e-i 4.8e-10 4.0e-09 6.8e-09
Fe-55 3.3e-10 2.6e-12 9.7e-i 8.1e-10 1.4e-09 3.7e-10 2.8e-12 1.1e-10 9.0e-10 1.5e-09

Co-56 5.5e-09 4.1.e-1 1.5e-09 1.3e-08 2.2e-08 6.1e-09 4.5.-l1 1.7e-09 1.5e-08 2.5e-08
Co-57 2.0e-09 1.5e-1l 5.6e-10 4.8e-09 8.1e-09 2.2e-09 1.7e-11 6.1e-1 0 5.4e-09 9.0e-09
Co-58 1.4e-09 1.0e-1i 3.9e-10 3.4e-09 5.7e-09 1.6e-09 1.1e-11 4.2e-10 3.8e-09 6.3e-09
Co-60 5.6e-08 4.3e-10 1.6e-08 1.4e-07 2.3e-07 6.3e-08 4.8e-10 1.8e-08 1.5e-07 2.5e-07

Ni-63 8.1e-10 6.5e-12 2.4e-10 2.0e-09 3.4e-09 9.0e-10 7.2e-12 2.6e-10 2.2e-09 3.7e-09
Zn-65 4.3e-09 3.3e-1 I 1.2e-09 1.0e-08 1.8e-08 4.8e-09 3.7e-1i 1 Ae-09 1.2e-08 2.0e-08
As-73 1.0e-09 7.0e-12 2.7e-10 2.4e-09 4.2e-09 1.1e-09 7.7e-12 3.0e-10 2.7e-09 4.7e-09
Se-75 2.6e-09 1.8e-1I 7.0e-10 6.5e-09 1.1e-08 2.9e-09 2.0e-1I 7.7e-10 7.2e-09 1.2e-08
Sr85 ';-. "29e',49- .i1'2A zfWSi,87A..O& i,-,.2. 08' g ,-3.3.-091,4'-'2.7o->,ii 9 e,
Sr-89 8.1e-09 6.4e-1I 2.3e-09 2.0e.-8 3.3e-08 8.9e-09 7.0e-1I 2.6e4-9 2.2e-08 3.7e4-8
Sr-90 8.2e-07 7.4e-09 2.5e-07 2.0e-06 3.3e-06 9.1e-07 8.2e-09 2.8e-07 2.2e-06 3.7e-06
Y-91 5.0-O8 4.1e-10 1.5e-08 1.2e-07 2.0e-07 5.6e-08 4.5e-10 1.6e-08 1.4e-07 2.2e-07
Zr-93 1.1e-07 6.8e-10 2.8e-O8 2.7e-07 4.6eo07 1.2e-07 7.4e-1O 3.1e-O8 3.1e-07 5.2e-07
Z I.3.o8,7.6.1il32e 3.2e.8:7 05.5e-0 n1.5-OS 3. 8-' 184
Nb-93m 7.7e-09 5.9e-1l 2.2e-09 1.9e.-8 3.1.e-8 8.5e-09 6.5e-1i 2.4e-09 2.1e-O8 3.5e.-8
Nb-94 1.1e-07 8.5e-10 3.1.e-8 2.7e-07 4.4e-07 1.2e-07 9.3e-10 3.4e-08 3.0e4-7 4.9e-07
Nb-95 3.8e-10 2.3e-12 9.7e-11 9.0e-10 1.5e-09 4.2e-10 2.5e-12 1.1e-10 1.0e-9 1.7e-09
Mo-93 1.6e.-8 1.2e-10 4.4e-09 3.9e408 6.4e-08 1.8e-08 1.3e-10 5.0e-09 4.3r-08 7.2e.-8

Tc97m 1.5e-09 1.0e-lI 4.0e-10 3.6e-09 6.1e-09 1.7e-09 1.2e-1l 4.4e-10 4.0e4-9 6.9e,-9
TO-99 4.6e-09 3.3e-i 1.3e-09 1.1e-O8 1.9e-08 5.1e-09 3.7e-11 1.4e-09 1.2e8-O 2.1e-O8
Ru-103 O.Oe+00 O.Oe+0O O.Oe+OO O.0e+OO O.Oe+00 O.0e+OO O.0e+OO O.Oe+00 O.Oe+00 O.Oe+00
Ru-106 O.Oe+0O O.Oe+OOO.Oe+OO00 O.0e+OO O.Oe+00 O.0e+OO O.0e+OO O.Oe+00 O.Oe+00 O.Oe+00
A'giO8ri '. '>0.000e ,0.0 00' O.0,e0z,.O..O 0,. 0.0.OO0';'',O.Oe+Os0j0.00 ~ OO 0OO0'0.Ot O.Oe
Ag-l 1lOm O.Oe+00 O.0e+OO O.0e+OO O.Oe+0 O.Oe+00 O.0e+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cd-109 O.0e+OO O.0e+OO O.Oe+OO O.Oe+00 O.Oe+00 O.0e+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sn- 113 3.8e-09 2.7e- 1 1.0e-09 9.le-09 1.6e4-8 4.2e-09 3.0e-il 1.1e-09 1.0e-O8 1.7e.-8
Sb-124 6.1e-49 4.0e-1i 1.6e-09 1.5e-08 2.6e.-8 6.8e-09 4.5e-i 1.8e-09 1.6e.-8 2.8e-08

S.iS< -;JA e 00i1ViF`2.0 9 -1.808 ,.e4 ;;8 9 561
Te-123m 3.8e-09 2.7e-i 1.0e-09 9.5e-09 1.6e-08 4.2e-09 3.0e-1l 1.2e-09 1.0.-08 1.7e.-8
Te-127m 7.5e-09 5.2e-11 2.1e-09 1.9e-08 3.1e8-O 8.3e-09 5.8e-i 2.3e-09 2.1e-08 3.4e-08
1-125 2.9e4-8 2.4e-10 8.5e-09 7.1e-08 1.2e-07 3.2e-08 2.6e-10 9.4e-09 7.9e.-8 1.3e-07
1-129 4.9e-07 4.3e-09 1.5e-07 1.2e-06 2.0e-06 5.4e-07 4.8e-09 1.6e-07 1.3e-06 2.2e-06

-!:',.6.8e-lO'. 2.5e13'l3.0--i1Ol.3 e09 3.08 3 9;; .47.6eilO 2.83-l3.3.ii:i.4 3.2e-09'
Cs-134 1.6e-07 1.4e-09 4.9e8-O 3.9e-07 6.5e-07 1.8e-07 1.6e-09 5.5e.-8 4.3e-07 7.1e-07
Cs-135 1.7e-08 1.5e-10 5.2e-09 4.1e-08 6.8e-08 1.9e-08 1.7e-10 5.8e-09 4.6e-08 7.5e.-8
Cs-137 1.2e-07 l.le-09 3.6e4-8 2.9e-07 4.8e-07 1.3e-07 1.2e-09 4.0e-08 3.2e-07 5.2e-07
Ba-133 2.7e-08 2.4e-10 8.3e-09 6.6e-08 1.1e-07 3.0e-08 2.7e-10 9.3e-09 7.3e-08 1.2e-07
Ce-139' 2.2e.-O-' 2.10 'iO 6.7- 09 ,.3.-OS 8.8.-OS' ,2.ie 08-,-,2.2e-10.7.5e-09-f5.9e48-' 9.8e.-08L-
Ce-141 7.1e-09 4.8e-i 1.9e-O9 1.7e-08 2.9e-08 7.9e-09 5.2e-11 2.1e-09 1.9e.-8 3.2e.-8
Ce-144 1.1e-06 9.9e-09 3.4e-07 2.7e-06 4.4e-06 1.2e-06 1.1e-08 3.8e-07 3.0e-06 4.9e-06
Pm-147 9.0e8-O 8.1e-10 2.8e.-8 2.2e-07 3.7e-07 I.0e-07 9.0e-10 3.1e-08 2.4e-07 4.0e-07
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Appendix H- I Normalized Effective'Dose Equivalents from Aluminum
Ap i Hi NTable H1.42 Normalized effective dose equlvalents from Inhalation: Dross disposal-municipal

Radionudide Mass-based EDE (pSvly per Bq/g) Surficial EDE (pSvly per Bq/cm2)
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

SM-151 1.e-07 9.9e-10 3.4"08 2.7e-07 4.5e-07 1.2e-07 1.1e-09 3.8e-08 3.0e-07 4.9e-07
Eu6152 ,, :.Ca07_2 09 ':e-06,i
Eu-154 1.Oe-06 9.3e-09 3.2e-07 2.5e-06 4.2e-06 1.2e-06 1.0e-08 3.6e-07 2.8e-06 4.6e-06
Eu-155 1.5e07 1.3e-09 4.5e-08 3.6e-07 6.1e-07 1.6e-07 ' 1.5e-09 5.1e-08 4.0e-07 6.6e-07
Gd-153 7.0e-08 6.4e-10 2.2e-08 1.7e-07 2.8e-07 7.8e-08 7.0e-10 2Ae-08 1.9e-07 3.1e-07
Tb-160 4.5e-08 3.9e-10 1.3e4-8 1.1 e-07 1.8e-07 5.0e-08 4.3e-10 1.5e-08 1.2e-07 2.0e-07

-r1 70 -';-,.6.5e-08 t5 7e-1O t,2.0 108'-1.6e-O7-,5;f2.6e07,- :7.2e-8,:I= 6.3e' 0;,2.2e-08,;'~L1.F7e,-O7C2.9e,07,j
Tm-171 3.1e-08 2.8e-10 9.6e-09 7.6e-08 1.3e-07 3.5e48 3.1e-10 1.1e-08 8.5e-08 1Ae-07
Ta-182 1.6e-08 1.1 e-10 4Ae-09 3.9e-08 6.5e-08 1.8e-08 1.3e-10 4.9e-09 4.3e-08 7.3e-08
W-181 5.5e-11 3.9e-13 1.5e-11 1.4e-10 2.2e-10 6.1e-11 4Ae-13 1.7e-11 1.5e-10 2.5e-10
W-185 2.1 e-10 1.5e-12 5.8e-11 5.2e-10 8.6e-10 2.4e-10 1.6e-12 6.4e-11 5.8e-10 9.6e-10

Ir-192 8.1e-09 5.2e-11 2.1e-09 1.9e-08 3.3e-08 9.0e-09 5.8e-11 2.3e-09 2.1e-08 3.6e-08
11-204 1.3e-09 9.2e-12 3.5e-10 3.2e-09 5.1e-09 1.4e-09 1.Oe-11 4.0e-10 3.5e-09 5.6e-09
Pb-210 1.2e-05 9.1e-08 3.5e-06 3.1e-05 5.1e-05 1.4e-05 1.0e-07 3.8e-06 3.4e-05 5.7e-05
Bi-207 1.1 e-08 7.7e-11 3.0e-09 2.8e-08 4.6e08 1.2e-08 8.3e-1 1 3.4e-09 3.0e-08 5.1e-08
Po-210 ''' L;4.ie4 3.408T 3o-i06ogi.2e05 '2.7e-56 .'
Ra-226 3.0e-05 2.7e-07 9.1e-06 7.2e-05 1.2e-04 3.3e-05 3.0e-07 1.0e-05 8.0e-05 1.3e-04
Ra-228 8.6e-05 7.1 e-07 2.5e45 2.1 e-04 3.5e-04 9.5e-05 7.9e-07 2.8e-05 2.4e-04 3.9e-04
Ac-227 5.2e-03 4.6e-05 1.6e-03 1.3e-02 2.1e-02 5.8e-03 5.1e-05 1.8e-03 1Ae-02 2.3e-02
Th-228 7.5e-04 6.7e-06 2.3e-04 1.Be-03 3.0e403 8.4e-04 7.4e-06 2.6e-04 2.1e-03 3Ae-03
Trh-22g .6 5.7e 052.003i 1.6e-02- .6e02 j 72e03j 5 ~i.2e-03 1.8e-02Z2.9e2
Th-230 9.7e-04 8.6e-06 3.0e-04 2Ae-03 3.9e-03 1.1e-03 9.5e-06 3.3e-04 2.7e-03 4Ae-03
Th-232 '4.9e-03 4.3e-05 1.5e-03 12e-02 2.0e-02 5.4e-03 4.8e-05 1.7e-03 1.3e-02 2.2e-02
Pa-231 7.1e-04 5.0e-06 1.9e-04 1.8e-03 3.1e-03 7.9e-04 5.6e-06 2.2e-04. 2.0e-03 3Ae-03
U-232 1.8e-03 1.6e-05 5.5e-04 4.3e-03 7.2e-03 2.0e-03 1.8e-05 6.1e-04 4.8e-03 8.Oe-03
'U-233 r'f:: {', 3.7e4 .. 3:4e-06 TPA.le-049 .Oe-04,.2e-0 _ 3;i~e6''.3e1et.e 3
U-234 3.7e-04 3.3e-06 I.1e-04 8.8e-04 1.5e-03 4.1e-04 3.6e-06 1.2e-04 1.Oe-03 1.6e-03
U-235 3.4e-04 3.1e-06 1.Oe-04 8.2e-04 1.4e-03 3.8e-04 3.4e-06 1.2e-04 9.2e-04 1.5e-03
U-236 3.4e-04 3.1 e-06 1.1e-04 8.3e-04 1.4e03 3.8e-04 3.4e-06 1.2e-04 9.3e-04 1.5e-03
U-238 3.3e-04 2.9e-06 1.0e-04 7.9e-04 1.3e-03 3.6e-04 3.3e-06 I.1e-04 8.9e-04 1.5e03
Np237f- i.6eO3,1.4. 05; 5.0e4,;' 3;2e.ee.5 3.j3.8eo3-,§,i 0
Pu-236 4.0e-04 3.6e-06 1.2e-04 9.9e-04 1.6e-03 4.5e-04 4.0e-06' 1.4e404 1.1e-03 1.8e-03
Pu-238 1.1e-03 9.7e-06 3.3e04 2.7e-03 4Ae-03 1.2e-03 1.1 e-05 3.7e-04 2.9e-03 4.8e-03
Pu-239 1.2e-03 1.1e-05 3.7e04 2.9e-03 4.8e-03 1.3e-03 1.2e-05 4.1e04 3.2e-03 5.3e-03
Pu-240 8.6e-04 7.7e-06 2.6e-04 2.1 e-03 3.5e03 9.6e-04 8.5e-06 2.9e-04 2.3e-03 3.8e-03
Pu-.2i1 j 2 1 7.- 6 7 e-, 4-e5 -O-35 i.3* : 260 .0e7 ,6. 0 5, '.Oe-
Pu-242 1.1e-03 1.0e-05 3.5e-04 2.8e-03 4.5e43 1.3e-03 1.1e-05 3.9e-04 3.1e-03 5.0e-03
Pu-244 -'1.1e-03 1.0e-05 3.4e-04 2.7e-03 4.5e-03 1.2e-03 1.1 e-05 3.9e-04 3.0e-03 5.Oe-03
Asm241 1.3e-03 1.2e-05 4.1e04 3.2e-03 5Ae-03 1.5e-03 1.3e-05 4.5e-04 3.6e-03 6.0e-03
Am-242m 1.3e-03 12e-05 4.1e-04 32e-03 5.3e-03 1.5e-03 1.3e-05 4.5e-04 3.6e-03 5.9e03

-243 ,, ,', ! .3e403 ;12e ,5,4.1e-04 -',32e'3 K.5.3e-03 T%3eb, 3
Cm-242 4.5e-05 4.1 e-07 1.4e-05 1.1 e-04 1.8e-04 5.Oe-05 4.5e-07 1.5e-05 1.2e-04 2.0e-04
Cm-243 7.8e-04 *7.0e-06 2.4e-44 1.9e-03 3.le-03 8.7e-04 7.7e-06 2.7e-04 2.1e-03 3.5e-03
Cm-244 7.4e-04 6.6e-06 2.3e-04 1.8e-03 3.0e-03 8.2e-04 7.2e-06 2.5e-04 2.0e-03 3.3e-03
Cm-245 1.3e-03 1.2e-05 4.1e44 3.3e-03 5.4e-03 1.5e-03 1.3e-05 4.6e-04 3.7e-03 6.1e43 -
Cm-246' '.-.01.3e,43,-'1ie45 4.1 e 33e43 3:-5.4e43 ' 3_ - - 6 3 3-e.1 :'

Cm-247 1.2e-03 1.0e-45 3.6e-04 2.9e-03 4.7e-03 1.3e-03 1.1e-05 4.0e-04 3.2e-03 5.3e-03
Cm-248 2.1e-03 I.8e-05 6.3e-04 5.2e-03 8.7e-03 2Ae403 1.9e-05 7.0e-04 5.8e-03 9.6e-03
Bk-249 4.1e-06 3.6e-08 1.2e-06 9.8e-06 1.6e-05 4.5e-06 4.0e-08 1.4e-06 1.1e-05 1.8e-05
Cf-248 , 1.4e-4 1.2e-06 4.3e-05 3.4e-04 5.6e-04 1.5e-04 1.4e-06 4.7e-05 3,7e-04 6.3e-04
Cf-249 " 5 "1.o3 ... 6 .. - . -

C ' J 1.5e45 O35.3e4 4.203 ;.7.0e43 , ,1.9e43 -I.7e-,05-5.9e-G4 ~,4.7e-03 + _7.8e03,
Cf-250 7.7e-04 6.8e-06 2.4e-04 1.9e-03 3.1e-03 8.6e-04 7.7e-06 2.7e-04 2.1e-03 3.5e03
Cf-251 4.3e-04 3.0e06 12e-04 1.0e-03 1.8e-03 4.8e-04 3.3e-06 1.3e-04 1.Ie-03 2.0e-03
Cf-252 4.0e404 3.6e-06 1.2e-04 9.9e-04 1.6e-03 4.5e-04 4.0e06 .4e-04 1.1e-03 1.8e-03
Cf-254 7.5e-04 6.6e-06 2.3e-04 1.8e-03 3.1e-03 8.3e-04 7.4e-06 2.6e-04 2.0e-03 3.4e-03
Es-254 - [I.2e-04-';1ie-06;-3.8e-5 3.0e44 4.9 04<21 4:1.2e 624.1eO53.3eO4'5.4e 4:

Note: To convert these values to conventional units (mrem/y per pCUg or mremly per pCl/cm9). multiply by 3.7e-3
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Normalized Effective Dose Equivalents from Aluminumn Appendix H- I

Tal-l4 Nraze-fetvdseualnsfo ngsl: Drscipoa-u Ici
.

Radionuclide - Mass-based EDE (pJSv/y per Bq/g)
Mean 5th 50th 90th 95th

Surricial EDE (pJSvty per Bq/cmZ)
Mean 5th 50th 90th 95th

H-3 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 'O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
C-14 2.Se-08 1.3e-10 6.1le-09 6.3ei-08 1.1e-07 2.8e-08 1.5e-10 6.8e-09 7.0e-08 1.2e-07
Na-22 1.3e-07 7.0e-10 3.2e-08 3.3e-07 5.5e-07 1.5e-07 7.7e-10 3.5e-08 3.6e-07 6.1 e-07
P-32 7.9e-10 1.0e-1 2 8.0e-11I 1.6e-09 3.4e-09 8.7e-10 1.1e-12 8.9e-11I 1.8e-09 3.8e-09

3 ' --' O.Oe+OOO.6±e+O &Oe+0_o;o"+,o e+ ,;tO.Oe+O0 0.0XO~e EOOw^SO.eO,'.=.O 06
Cl-36 3.8e-08 2.0e-10 9.3e-09 9.5e-08 1.6e-07 4.3e-08 2.2e-1 0 1.0e-08 1.e-07 1.8e-07
K-40 2.3e-7 1.2e-09 5.5e-08 5.6e-07 9.3e-07 2.5e-07 1.3e-09 6.0e-08 6.2e-07 1.0e-06
Ca-41 1.5e-08 7.8e-1 1 3.5e-09 3.6e-08 6.1e-08 1.6e-08 8.4e-11I 3.9e-09 4.0e-08 6.7e-08
Ca-45 2.6e-08 1.4e-10 6.4e-09_ 6.5e-08 1.1e-07 2.9e-08 1.5e-10 7.0e-09 71.2e-08 1.2e-07

S a,,_ 41AeO8' 22, g ,4_-'1iO '1.8e 07 .49, 8,94e-1 0 L 1.1 ,0j@w'e "7r-'20 ,7'
Cr-51 5.0e-11I 1.5e-13 8.7e-12 1.1e-10 2.1e-10 5.5e-11I 1.6e-13 9.6e-12 1.3e-10 2.4e-10
Mn-53 9.7e-1 1 4.4e-13 2.2e-11I 2.4e-10 4.1e-10 1.1e-10 5.0e-13 2.5e-1 1 2.7e-10 4.5e-10
Mn-54 2.1e-09 9.8e-12 4.8e-1 0 5.3e-09 8.8e-09 2.3e-09 1.1e-11 5.3e-10 5.9e-09 9.9e-09
Fe-55 5.3e-10 2.3e-12 1.2e-10 1.3e-09 2.2e-09 5.8e-10 2.6e-12 1.3e-10 1.4e-09 2.4e-09

Fe-59-^:,, FL. 0 O9s'77e'2,,.e,,,, 4 9 .e,9 .7 . e 0 .f5;e9-40
Co-56 4.8e-09 2.0e-11I 1.Oe-09 1.2e-08 2.0e-08 5.3e-09 2.3e-1 1 1.2e-09 1.3e-08 2.2e-08
Co-57 5.6e-10 2.5e-12 1.3e-10 1A4e-09 2.3e-09 6.2e-10 2.7e-12 1.4e-10 1.6e-09 2.6e-09
co-Ss 1.3e-09 5.6e-12 2.9e-10 3.2e-09 5.6e-09 1.5e-09 6.2e-12 3.2e-10 3.6e-09 6.1e-09
Co-60 9.1e-09 4.0e-11I 2.1e-09 2.2e-08 3.8e-08 1.0e-08 4Ae-11I 2.3e-09 2.5e-08 4.2e-08

Ni-63 5.1e-10 2.3e-12 1.2e-10 1.3e-09 2.2e-09 5.7e-10 2.5e-12 1.3e-10 1.4e-09 2.5e-09
Zn-65 1.1e-08 4.7e-1 1 2.3e-09 2.6e-08 4.3e-08 1.2e-08 5.2e-11 2.6e-09 2.9e-08 4.8e-08
As-73 7.1e-10 2.8e-12 1.5e-10 1.7e-09 3.2e-09 7.9e-10 3.1e-12 1.7e-10 1.9e-09 3.5e-09
Se-75 1.2e-08 4.8e-11I 2.5e-09 2.9e-08 5.1e-08 1.3e-08 5.4e-11I 2.8e-09 3.2e-08 5.6e-08

Sr-8 ',B,;,,iO-8t,511',<2.4e-0','25'8,,-'i3-8'&8' 5~.6, ij ' 9 28
Sr-89 3.9e-08 1.8e-10 8.9e409 9.6e-08 1.6e-7 4.4e-08 2.0e-1 0 9.9e-09 1.1e-07 1.8e-07
Sr-90 1.8e-06 9.2e-09 4.2e-07 4.4e-06 7.3e-06 1.9e-6 1.0e-08 4.7e-07 4.8e-06 8.1 e-06
Y-91 5.1e-08 2.5e-10 1.2e-08 1.2e-07 2.1 e-07 5.6e-08 2.7e-10 1.3e-08 1.4e-07 2.3e-07
Zr-93 7.7e-09 2.3e-11I 1.5e-09 1.9e-08 3.3e-08 8.6e-09 2.5e-11I 1.7e-09 2.1 e-08 3.7e-08
Zr~-95>,s,; 1 3-<.e1 t2533-8g 5.8e 0 8e, 31-2.e09 ' ,e8; 6 .e-09,
Nb-93m 4.7e-10 2.1e-12 1.0e-10 1.2e-09 2.0e-09 5.3e-10 2.4e-12 1.2e-10 1.3e-09 2.2e-09
Nb-94 6.5e409 2.9e-11I 1.4e-09 1.6e-08 2.8e-08 7.3e-09 3.2e-1 1 1.6e-09 1.8e-08 3.1e-08
Nb-95 5.8e-10 2.2e-12 1.1e-10 1.3e-09 2.5e-09 6Ae-10 2.4e-12 1.2e-10 1.5e-09 2.7e-09
Mo-93 2.6e-09 1 1e-11 5.5e-10_ 6.3e-09 1.1e-08 2.9e-09 1.2e-11I 6.2e-10 7.0e-09 1.2e-08

Tv97>,',-, '-33e'-10~i^~1.i12;-t"6.e-1 '. 9e02,.49,-;g.;360 i5
Tc-97m 1.3e-09 5.4e-12 2.7e-10 3.2e-09 5.4e-09 1.5e-09 5.9e-12 3.0e-10 3.5e-09 6.0e-09
Tc-99 2.8e-09 1.2e-1 1 5.9e-10 6.8e-09 1.2e-08 3.1e-09 1.3e-11I 6.6e-10 7.5e-09 1.3e-08
Ru-103 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Ru-106 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Ai8,s;.'0'0+0'_'.e+OO^-~ .O.e'OO Oe+00Or' 0'NO.Oe+OOO.,e 0.0+03' 0O.O;iO

Ag-110m O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cd-109 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Sn-1 13 3.9e-09 1.6e-1 1 8.1e-10 9.7e-09 1.7e-08 4.4e-09 1.8e-1 1 9.2e-10 1.1e-08 1.9e-08

Sb-124 8.3e-09 3.3e-1 1 1.7e-09 2.0e-08 3.5e-08 9.2e-09 3.6e-11I 1.9e-09 2.2e-08 3.9e-08

S;26 t.',6.6e-09 tt;.8,, 1 ' ''i;4 9 ,, .eO , ,2i ,73 .e1 *'i6 9'. .e0 .
Te-123m 7.0e-09 2.9e-1 1 1.5e-09 1.7e-08 2.9e-08 7.8e-09 3.1e-11 1.7e-09 1.9e-08 3.3e-08

Te-127m 1.1 e-08 4.3e-1 1 2.3e-09 2.6e-08 4.4e-08 1.2e-08 4.7e-11I 2.5e-09 2.9e-08 5.0e-08

1-125 1.6e-07 7.7e-10 3.7e-08 3.9e-07 6.7e-07 1.8e-07 8.6e-10 4.0e-08 4.3e-07 7.4e-07

1-129 2.7e-06 1.4e-08 6.3e-07 6.7e406 1.1e-05 3.0e-06 1.5e-08 7. 1e-07 7.4e-06 1.2e-05

111---- ,3.8e-9 8.5e-13'LL 1.3e-10'- 6.6e-09: s1.6v0t>^~o .e-0 li1.5e-1. s73o~i17-8

Cs-134 8.7e-07 4.6e-09 2.1e-07 2.1 e-06 3.6e-06 9.6e-07 5.0e-09 2.3e-07 2.4e-06 4.0e-06

Cs-135 9.0e-08 4.7e-1 0 2.2e-08 2.2e-07 3.7e-07 9.9e-08 5.2e-10 2.4e-08 2.5e-07 4.1 e-07

Cs-137 6.3e-07 3.3e-09 1.5e-07 1.6e-06 2.6e-06 7.0e-07 3.6e-09 1.7e-07 1.7e-06 2.9e-06

Ba-133 4.0e-08 2.1 e-1 0 9.7e-09 9.9e-08 1.7e-07 4.5e-08 2.3e-1 0 1.1e-08 1.1e-07 1.8e-07

C,3,^ 9.6e-09 49-i.'230, . 8* .e8-".e8 S . r .egr260;'ie8
Ce-141 7.9e-09 3.2e-1 1 1.6e-09 1.9e-08 3.3e-08 8.7e-09 3.5e-11I 1.8e-09 2.1 e-08 3.7e-08

Ce-144 2.1e-07 1.1Ie-09 5.2e-08 5.3e-07 8.8e-07 2.4e-07 1.2e-09 5.7e-08 5.9e-07 9.8e-07

Pm-147 1.3e-08 6.6e-1 1 3.0e-09 3.1e-08 5.2e-08 1.4e-08 7.3e-11I 3.4e-09 3.4e-08 5.7e-08
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Appendix H-1 Normalized Effective Dose Equivalents from Aluminum

Table H1.43 Normalized effectiv6 dose equivalents from Ingestion: D-ioss disposal-municipal
Radionuclide Mass-based EDE (pSv/y per Bq/g) Surficial EDE (pSvly per Bq/cm2)

Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
SM-151 4.9e-09 2.6e-11 1.2e-09 1.2e-08 2.0e-08 5.5e-09 2.8e-11 1.3e-09 1.3e-08 2.3e-08
Eu-52; -',' 8 3-8 310^ L2.Oe-08e 2 -,07 -;3.4eO7,- 90e080..7e-1O... 2.2 ,48_'22eUJ37e07
Eu-154 1.2e-07 62e-10 2.9e-08 2.9e-07 4.9e-07 1.3e-07 6.8e-10 3.2e-08 3.3e-07 5.5e-07
Eu-155 1.9e-08 9.8e-1 I 4.6e-09 4.6e-08 7.8e-08 2.1 e-08 1.1e-10 5.0e-09 5.2e-08 8.6e-08
Gd-153 1.2e-08 6.3e-1 1 2.9e-09 2.9e-08 4.9e-08 1.3e-08 6.9e-1 1 3.2e-09 3.3e-08 5Ae-08
Tb-160 4.2e-08 2.1e-10 9.8e-09 1.Oe-07 1.8e-07 4.7e-08 2.3e-10 I.1e-08 1.1e-07 1.9e-07

Trn170,:3i. 5 I, .1-0 e0,t,-9e .O 4.9OJ->12a82e-07, _';2.0e-07
Tm-1 71 5.0e-09 2.7e-1 1 1 .2e-09 1 .2e-08 2.1 e-08 5.6e-09 2.9e-11 I Ae-09 I .4e-08 2.3e-08
Ta-182 8.0e-09 3.1e-11 1.7e-09 1.9e-08 3.4e-08 8.9e-09 3.5e-I1 1.9e-09 2.2e-08 3.7e-08
W-181 3.6e-10 I.4e-12 7.8e-11 8.7e-10 1.5e-09 4.0e-10 1.6e-12 8.6e-1I 9.7e-I0 1.7e-09
W-185 1.6e-09 5.9e-12 3.3e-10 3.7e49 6.4e-09 1.7e-09 6.7e-12 3.6e-10 4.1e-09 7.1e-09

Ir-192 5.6e-09 2.2e-I1 1.1e-09 1.3e-08 2.3e-08 6.2e-09 2Ae-11 1.3e09 1.5e-08 2.5e-08
T1-204 6.1e-09 2.5e-11 ¶1.3e-09 1.5e-08 2.6e-08 6.8e-09 2.7e-11 1.5e-09 1.6e-08 2.9e-08
Pb-210 1.4e-05 5.9e-08 3.0e-06 3.4e-5 5.8e-05 1.5e-05 6.3e-08 3.3e-06 3.8e-05 6.5e-05
Bi-207 1.0e-08 4.2e-11 2.3e-09 2.6e-08 4Ae-08 1.1e-08 4.6e-11 2.5e-09 2.9e-08 4.9e-08
P0-210 §3.,6e T 08 7.8o-0i7 .9 e' ,1.'6e-OS.6Q
Ra-226 1.6e-05 8Ae-08 3.9e-06 3.9e-05 6.7e-05 1.8e-05 9.2e-08 4.3e-06 4.4e-05 7.3e-05
Ra-228 1.9e-05 1.0e-07 4.6e-06 4.7e-05 7.8e-05 2.1e-05 1.1e-07 5.0e-06 5.2e-05 8.7e-05
Ac-227 1.5e-04 7.9e-07 3.7e-05 3.8e-04 6.1e-04 .7e-04 8.7e-07 4.1e-05 4.2e-04 6.9e-04
Th-228 8.3e-06 4.3e-08 2.0e-06 2.1e-05 3.4e-05 9.2e4-6 4.8e-08 2.2e-06 2.3e-O5 3.8e-05

Th-230 5.6e-06 2.9e-08 1.3e-06 1.4e-05 2.3e-05 6.3e-06 3.2e-08 1.5e-06 1.5e-05 2.6e-05
Th-232 2.9e-05 1.5e-07 6.8e-06 7.1e-05 1.2e-04 3.2e-05 1.6e-07 7.5e-06 7.8e-05 1.3e-04
Pa-231 2.0e-05 8.4e-08 4.4e-06 5.1e-05 8.6e-05 2.2e-05 9.5e-08 4.9e-06 5.7e-05 9.6e-05
U-232 1.2e-5 6.5e-08 3.0e-06 3.1e-05 5.1e-05 IAe-05 7.le-08 3.3e-06 3Ae-05 5.7e-05

U-23: e n69e-06 .I'1 66:-3.1le-06
U-234 2.7e-06 1.4e-08 65e47 6e46 1.e405 3.0e6 1.5e-08 7.2e-07 7.5e-06 1.2e-05
U-235 2.6e-06 1.3e-08 6.1e-07 6.4e-06 1.1e-05 2.8e-06 1.5e-08 6.8e-07 7.0e-06 1.2e-05
U-236 2.5e-06 1.3e-08 6.1e-07 6.3e-06 1.1 e-05 2.8e-06 1.4e-08 6.7e-07 7.0e-06 1.2e-05
U-238 2.6e-06 1.3e-08 6.2e-07 6Ae-06 1.1 e-05 2.8e-06 1.5e-08 6.8e-07 7.1e-06 1.2e-05

Pu-236 1.1e-O5 5.8e-08 2.7e-06 2.8e-05 4.5e-05 1.2e-05 6.3e-08 3.0e-06 3.1e-05 5.1e-05
Pu-238 3.1e4-5 1.6e-07 7Ae4-06 7.6e-05 1.2e-04 3Ae4-05 1.7e-07 8.2e-06 8.4e-05 1.4e-04
Pu-239 3.4e-05 1.8e-07 8.1e-06 8.4e-05 1Ae4-04 3.8e-05 1.9e-07 9.1e-06 9.3e-05 1.5e-04
Pu-240 2.5e-5 _1.3e-07 5.9e-06 6.1e-05 1.0e-04 2.7e-05 1Ae-07 6.5e-06 6.7e-05 1.1e-04
iu-241 z4 6.6e-07.3.4-e09a27.66-.1 .7006: 2.7-06 k7.4e-07,;' 3.8007.e<--3.0e-06

Pu-242 3.2e-O5 1.7e-07 7.7e-06 8.0e-05 1.3e-04 3.5e-05 I.8e-07 8.6e-06 8.7e-05 i.4e-04
Pu-244 3.2e-05 1.6e-07 7.6e-06 7.9e-05 1.3e-04 3.5e-05 1.8e-07 8.6e-06 8.7e-05 1.4e-04
Am-241 3.8e-05 2.0e-07 9.0e-06 9.3e-05 1.6e-04 4.2e-05 2.2e-07 9.9e-06 1.0e-04 1.7e-04
Am-242m 3.7e-05 2.0e-07 8.9e-06 9.2e-05 1.5e-04 4.1e-05 2.2e-07 9.8e-06 1.Oe-04 1.7e-04

243]-- _ 3.7e05 2.0e-07-8.9o-4 6 6 9620-05 :-'1.50 4,4.1o-0 ,2~2.2 07j59.9e46 -,-1.0e-4;,1-7e-0

Cm-242 I.Oe-06 5.4e-09 2.5e-07 2.6e-06 4.4e-06 1.2e-06 5.9e-09 2.8e-07 2.9e-06 4.8e-06
Cm-243 2.2e-05 1.1e-07 5.2e-06 5.5e-05 9.1e-05 2Ae-05 1.2e-07 5.8e-06 6.1e-OS 1.Oe-04
Cm-244 2.1e-05 1.1e-07 4.9e-06 5.2e-05 8.6e-05 2.3e-05 1.2e-07 5.5e-06 5.7e-05 9.5e-05
Cm-245 3.8e-45 2.0e-07 9.1e-06 9.5e-05 1.6e-04 4.2e-05 2.2e-07 I.Oe-05 1.e-04 1.8e-04

Cm'~ 241-^ .e,5}Z.e4S91 ',-. 0 .6e ,44_-.--%' 4.2e-05 ,X 2,2ie07.>,1.o05 5:.e-1.7e,,4~
Cm-247 3.3e-05 1.7e-07 7.9e-06 8.3e-05 1Ae4-04 3.7e-05 1.9e-07 8.8e-06 9.2e-05 1.5e-04
Cm-248 6.0e-05 2.9e-07 I1Ae-05 1.5e-04 2.5e44 6.7e-05 3.2e-07 1.5e-05 1.6e-04 2.8e-04
Bk-249 1.2e-07 6.3e-10 2.9e-08 3.0e-07 5.0e-07 1.3e-07 6.8e-10 3.2e-08 3.3e-07 5.5e-07
Cf-248 3.6e-06 1.9e-08 8.7e-07 8.9e.-6 __1.5e-05, 4.0e406 2.1 e-08 9.6e-07 .76-05
Cf-249 ' ,.-- - 4.90-05 :,2.5e-07i,--12e05W-_.;12e-4 ':2.0 4-.- ;{.,5.4 OS-'_ 2.8o07;_1.3e_05';e-0.3e-04 ',.22e
Cf-250 2.2e-05 1.1e-07 5.2e-06 5Ae-05 9.0e-05 2Ae-05 1.3e-07 5.8e-06 6.0e-05 1.0e-04
Cf-251 1.2e-05 5.0e-08 2.6e-06 3.0e-05 5.2e-05 1Ae-05 5.7e-08 2.9e-06 3.3e-05 5.8e.-5
Cf-252 1.1e-O5 5.7e-08 2.7e-06 2.7e-05 4.6e-05 1.2e-05 6Ae-08 2.9e-06 3.0e-05 5.1e-05
Cf-254 2.5e-05 1.3e-07 6.0e-06 6.1e-05 1.0e-04 2.7e-05 1.4e-07 6.6e-06 6.8e-05 1.1 e-04
Es-254 -_:' '32e46-.'1.7e487.7e-07'8.0e46.'1.3e45 :, 3 ,8e08 8.5e-07 8.8e'6 -1.5e-05-

Note: To convert these values to conventional units (mremly per pCi/g or mrem/y per pCilcm2). multiply by 3.7e-3
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Normalized Effective Dose Equivalents from Aluminum Appendix H- I
Table HI.44 Normalized effective dose equivalents from all pathways: Leachate-industrial-scrap

Radionuclide Mass-based EDE (pSv/y per Bq/g)
Mean 5th 50th 90th 95th

Surficial EDE (uSv/y per Bq/cm2)
Mean 5th 50th 90th 95th

H-3 2.8e-06 O.Oe+O0 '2.6e-09 4.1e-06 1.0e-05 3.1e-06 O.Oe+00 2.9e-09 4.6e-06 1.1e-05
C-14 4.5e-06 O.Oe+00 O.Oe+00 O.Oe+00 8.5e-06 5.0e-06 O.Oe+00 O.Oe+00 O.Oe+00 9.2e-06
Na-22 1.5e-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.6e-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
P-32 2.4e-43 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 2.6e-43 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

5 ., 9Ae-18TW,0.06e+00_ O.Oe+00 ,O.Oe,0,, ,,38.5§3 Y0+ 9.5e18_0.0e' O2 -0 O.0 O ,00;962eV392
CI-36 5.9e-05 O.Oe+00 O.Oe+00 7.4e-05 2.4e-04 6.6e-05 O.Oe+00 O.Oe+00 8.1e-05 2.6e-04
K-40 2.9e-04 O.Oe+00 O.Oe+0O 3.7e-04 1.1e-03 3.2e-04 O.Oe+00 O.Oe+00 4.1e-04 1.2e-03
Ca-41 2.9e-05 0.Oe+00 O.Oe+00 4.5e-05 1.2e-04 3.2e-05 O.Oe+00 O.Oe+00 5.0e-05 1.4e-04
Ca-45 9.3e-23 O.Oe+OO O.Oe+OO 2.1e-37 5.9e-37 1.0e-22 O.Oe+00 O.Oe+00 2.3e-37 6.6e-37

Ni .iz-8,.0.eO .O 0e400 0.0 -i0,,t.36.1 8i>.O +00,,..Oe'+0.4ZO0.O+<Oed
Cr-51 5.9e-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 6.5e-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mn-53 7.5e-08 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 8.4e-08 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mn-54 2.3e-28 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.6e-28 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Fe-55 1.6e-17 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.5e-17 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Fe-59z'.L_: 8.6 60'_00O +OO0000, e+0O.0e+0'*,'.'4,e dL0.0,+, 0.0e+ 0.0 j00G0O+002'
Co-56 4.7e-28 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 4.8e-28 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Co-57 5.3e-17 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 5.5e-17 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Co-58 1.8e-30 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.8e-30 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
Co-60 6.8e-1I1 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 7.2e-11 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

F5;~-t .'-*5. 1s-.0.00,OOeOO00,~eO 5.9e-13>-,0.0e+00 ,-0.Oe+00gO.0e0; 0.0e,+004
Ni-63 4.2e-15 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 4.4e-15 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zn-65 3.0e-13 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 3.4e-13 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
As-73 1.9e-45 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 2.1e-45 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Se-75 5.8e-42 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 7.4e-42 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

1e'22.Oe+, ,,i70.0e400; -'37.7o-39: 6: O.Oe,+O i ,0 0.0 +;Oe 3 9_
Sr-89 1.0e-25 O.Oe+00 O.Oe+00 O.Oe+00 1.3e-38 1.1e-25 O.Oe+00 O.Oe+00 O.Oe+00 1.5e-38
Sr-90 2Ae-05 O.Oe+00 O.Oe+00 O.Oe+00 1.1e-10 2.5e-05 O.Oe+00 O.Oe+00 O.Oe+00 1.1e-10
Y-91 7.6e-39 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 8.6e-39 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr-93 3.1e-10 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 3.6e-10 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Zr5 -. 0e0i;004: 00e+00Q' 0.e,,+O 0.0e+00 .2. 3Ae-41O.' e+00.- O.Oe+OOO.Oe-00*'-O.Oe+
Nb-93m O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Nb-94 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Nb-95 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mo-93 8.2e406 O.Oe+00 O.Oe+00 O.Oe+00 7.5e-06 9.0e-06 O.Oe+00 O.Oe+00 O.Oe+00 8.0e-06
Tc-97 ":cg "2v,3.0eO5_O.0e00 .00+00 , 5.Ie-0?:.S.l1.3e0.,>h' ~ .ei00 e±OO~I0.0e+0O_'&,5.8o!05gy..4e-040
Tc-97m 3.7e-12 O.Oe+00 O.Oe+00 2.4e-36 1.7e-35 4.6e-12 O.Oe+00 O.Oe+00 2.7e-36 2.0e-35
Tc-99 2.5e-04 O.Oe+00 O.Oe+00 4.3e-04 1.1e-03 2.8e-04 O.0e+00 O.Oe+00 4.9e-04 1.2e-03
Ru-103 6.6e-42 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 7.6e-42 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ru-106 5.6e-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 6.5e-40 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
Ag 18 ,- .e'7'zwQeOOO+O OO+Oi'00+0'.',Ie0 O.Oe+00 ,-0.0eO- .eO^'kOO+O
Ag-110m 5.8e-38 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 6.0e-38 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cd-109 1.2e-14 O.Oe+00 O.Oe+00 O.Oe+00 4.5e-39 1.5e-14 O.Oe+00 O.Oe+00 O.Oe+00 5.2e-39
Sn-i 13 3.8e-39 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 4.0e-39 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sb-124 2.0e-43 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.2e-43 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00'
Stb-256. :12o.:4i .~0 e;000L00 ' O.Oe+OO1 ,'.Oe+,O.' ,;j1.3o-42A8 O.O'e00'j0=.e+00,z0.00'
Te-123m 1.4e-12 O.Oe+00 O.Oe+00 O.Oe+00 1.0e-37 1.5e-12 O.Oe+00 O.Oe+00 O.Oe+00 1.2e-37
Te-127m 8.8e-13 O.Oe+O0 O.Oe+00 O.Oe+00 1.5e-37 9.6e-13 O.Oe+00 O.Oe+00 O.Oe+00 1.7e-37
1-125 2.0e-19 O.Oe+00 O.Oe+00 2.5e-36 1.1e-35 2.3e-19 O.Oe+00 O.Oe+00 2.8e-36 1.2e-35
1-129 1.2e-02 0.Oe+00 O.Oe+00 1.4e-02 4.4e-02 1.4e-02 O.Oe+00 O.Oe+00 1.6e-02 4.9e-02
1 131.. o.oe00j, -O.O+00 4.7e-37:, > 1.9e-36 ':-8.5e-37; .Oe+00 -' O Oe+0 -,5.2o-37, 2.2e-36
Cs-134 6.8e-14 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 8.0e-14 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-135 1.2e-06 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.2e-06 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-137 2.6e-08 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 3.e-08 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ba-133 1.2e-05 O.Oe+00 O.Oe+00 2.6e-15 7.7e-07 1.3e-05 O.Oe+00 O.Oe+00 3.0e-15 8.5e-07
Ce-139 ,', :y" 7.1e-45L';'; 0.0e+,,00 ,0.0 .000 0. 0',,O. 372e-45 ' OOe+ - Q 00e O
Ce-141 4.3e-45 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 4.3e-45 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ce-144 2.7e-43 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.8e-43 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pm-147 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00
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Appendix H- I Normalized Effective Dose Equivalents from Aluminum

Table H1I.44 Normalized effective dose equivalents from all pathways: 'Leachate-industrial-scrap
Radionuclide - Mass-based EDE (pSv/y per Bq/g) , Surficial EDE (pSvly per Bq/cm2 )

Mean ' 5th 50th 90th 95th Mean 5th 50th 90th 95th
Sm-151 O.Oe+WO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Eu1I52 , O&O .OO eOb .'
Eu-1 54 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Eu-1 55 O.Oe+WO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Gd-153 O.Oe+WO O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Tb-160 5.2e-38 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 6.0e-38 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Tm~i70:3.2e.20 ,O.Oe',+,00 r'^ .Oe+OO;j O.Oe+,OO_' .OetOO 0,I5.5e-20 ,,-.OOe+,0 .0.eO00e+00~ O.O 0.0e7+0OO
Tm-171 I .Oe-1 I O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO 1.1e-11 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00
Ta-182 2.0e-17 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.7e-17 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
W-181 2.4e-19 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.6e-19 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
W-185 3.0e-24 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 3.3e-24 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

O-84;;.. W O.Oe'+O0>>'O.OetOO-gO,~.O 0.e'2-',-OO+O+O+O-O.~'Or O.O 10O15 1.56~25 - .0e+00 0:1 .0
Ir-192 9.4e-30 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.1e-29 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00
T1-204 32e-33 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 3.4e-33 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pb-210 1.7e-09 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.8e-09 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Bi-207 1.5e-14 O.Oe+00 O.Oe+00__ O.Oe+00 O.Oe+00 1.6e-14 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
P-o'-2'0 -O.OeO O 0e . 0 O
Ra-226 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ra-228 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ac-227 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-228 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Th-29-' ~.+rO.0e+00__.0e+O .0s~e+00'.0:'.e±0Q.- O;0e+OO0.O .00+00 A.0.0e;~0,,O;O.0et00Oe+OO O'Oe+00
Th-230 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-232 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pa-231 O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-232 8.4e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 9.0e-04 O.Oe+WO O.Oe+00 O.Oe+00 O.Oe+00
U7233-4.m'5&03.,-O0.0 0e+0'-0..0 ,1O.t<'-Oe
U-234 9.2e-04 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 I.Oe-03 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-235 1.6e-03 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 1.8e-03 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0
U-236 8.5e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 9.3e-04 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
U-238 8.5e-04 0.Oe+00 O.0e+0 O.Oe+00 O.Oe+00 9.3e-04 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
Np-237 ' ',.0e+00 r:8 1,e-03 -8.502 j6.,0eO2, ',,0.0e+00 0e+00 T-='8.8e-03 ¼.5 02
Pu-236 7.6e-12 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 8.0e-12 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-238 1.1e-09 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.2e-09 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-239 1.5e-06 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.5e-06 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00
Pu-240 1Ae-06 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 Ae-06 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O
Pu-2i1 .' I.Ie7,08 t.0.0e+00 O.Oe 0000 Oe_, . 0 O.Oe+O, 80.0e+00 0,,O-e.O0
Pu-242 1.5e-06 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.5e-06 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-244 1.6e-06 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 . 1.6e-06 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0
Am-241 2.6e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO 2.8e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Am-242m 1.5e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+WO 1.6e-04 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00
Af' 243V'..:. '600,.'OO+O^ ,O.Oe+Oi O.Oe+OO ' 0,,.00+00 ,-,.' -6.6e-04: .> -'.OeO 0-M.eO'OO+O' .00.+00t

Cm-242 O.Oe+OO O.Oe+OO '0O.Oe+OO 0.00+00 0.00+00 O.Oe+OO O.Oe+OO 0.00+00 0.00+ O.Oe+W0
Cm-243 O.Oe+OO O.Oe+OO O.Oe+O .O.Oe+00 0.00+OO .Oe+OO O.Oe+0OO 0.e00+00 .Oe+OO O.Oe+OO
Cm-244 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 .Oe+00 O.Oe+00
Cm-245 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-2462,. '' ,>00e+00' Oe+00;'''000+00;' '. 000 ~O.0e+00.;Oe'+ '-*e,, 00 0,,<.0e+00O.O;Oe' '-'.Oe+OO-''.00

Cm-247 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-248 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00
Bk-249 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-248 6.6e-10 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O - 7.2e-10 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Cf-249 O'. 1.3e-06 O.,Oe+00 - O.Oe+00 O.Oe+00 .- O.,Oe'+00 : ,_-.4e-6 -e 2 O.Oe+00 :-O.Oe+00+ 0O.e+00 O.Oe+00
Cf-250 1.3e-08 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.4e-08 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-251 3.3e-06 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 3.6e-06 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-252 3.1e-39 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 3.3e-39 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-254 4.4e-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 4.7e-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ese254 - 76eiO '.Oe+OO 0.0;e O- 0.00+00' 0'.8.3e-10 "-'0.Oe+00 '0.Oe++0* iO.Oe+00 zO. e+00

Note: To convert these values to conventional units (mremly per pCIg or mrenly per pCcrnm2). multiply by 3.7e-3
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Normalized Effective Dose Equivalents from Aluminum Appendix H- I

Table H1.45 Normalized effective dose equivalents from all pathways: Leachate-municipal-scrap

Radionuclide - Mass-based EDE (pSvty per BqIg)
Mean 5th 50th 90th 95th

Surficial EDE (pSvly per Bqgcm 2)
Mean 5th 50th 90th 95th

H-3 1.0e-06 O.Oe+00 5.5e-10 1.2e-06 3.6e-06 1.1e-06 O.Oe+00 5.8e-10 1.3e-06 4.0e-06
C-14 1.7e-06 O.Oe+00 O.Oe+00 O.Oe+00 1.9e-06 1.8e-06 O.Oe+00 O.Oe+00 O.Oe+00 2.1e-06
Na-22 4.8e-43 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 5.1e43 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00
P-32 3.7e-44 O.Oe+00 Oe+00O O.Oe+0 O.Oe+00 3.9e44 O.Oe+00 O.Oe+0 O.Oe+O0 O.Oe+00

'31 5.4 e-7- 0.0e00 20.Oe+*0 -0.900r'1.8e '3 1.4e-17_ 0.0e+0,.Oe 0O.0e+ '1.9e-39'
CI-36 2.3e-05 O.Oe+00 O.Oe+00 2.3e-05 7.9e-05 2.6e-05 O.Oe+00 O.Oe+00 2.6e-05 8.8e-05
K40 1.1e-04 . O.Oe+00 O.Oe+00 1.1e-04 4.1e-04 1.2e-04 O.Oe+00 O.Oe+00 1.2e-04 4.5e-04
Ca-41 1.2e-05 O.Oe+O0 O.Oe+00 1.5e-05 4.5e-05 1.3e-05 O.Oe+00 O.Oe+00 1.7e-05 5.1e-05
Ca45 6.9e-23 O.Oe+00 O.Oe+00 5.2e-38 1.7e-37 704e-23 O.Oe+00 O.Oe+00 5.6e-38 1.8e-37

-4 .2..1e ,,OetO&6+Oi'O.OeO .Oe+, 2.4e19,,0.0o40Q0.0o6000!;0.Oe+O0U.0e+001
Cr-51 5.8e-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 6.2e-41 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00
Mn-53 5.2e-08 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 5.7e-08 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mn-54 1.1e-28 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O 1.3e-28 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Fe-55 5.3e-i8 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 5.3e-18_ O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Fe-5,'?<,]6Q40.00tO O+OOO O B .OO+ &<ay'~ o:i';25.O8 -O-.O8 1 .0e+0:2O.0e.+00,'.0e*+0Oi
Co-56 2.2e-27 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.3e-27 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Co-57 2.5e-1 6 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.6e-16 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Co-58 8.4e-30 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 8.7e-30 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Co.60 2.3e-I0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O 2.4e-10 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
Ni-59' '±y*7.7e-13.-OO>OO+O O.eO .e4-28e1 OO ;e -00O .e
Ni-43 5.8e-15 O.Oe+00 0.0+00 O.Oe+0O 0.08+00 6.1e-15 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zn-65 5.1e-15 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 5.8e-15 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
As-73 1.8e-45 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.9e45 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Se-75 4.8e-43 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 6.2e43 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sr85- b s e-29.9 Oe 00~0.0.00 + 0.0 065,-4O .iYi.1e22', ,O.Oe+0 ,.;0.0e 00 .00ff 6:4e40
Sr-89 9.4e-26 O.Oe+00 O.Oe+00 O.Oe+00 2.2e-39 1.0e-25 O.Oe+00 O.Oe+00 O.Oe+00 2.3e-39
Sr-90 1.1e-05 O.Oe+00 O.Oe+00 O.Oe+00 2.1e-il 1.1e-05 O.Oe+00 O.Oe+00 O.Oe+00 2.4e-1
Y-91 3.0e-39 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 3.4e-39 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr-93 3.3e-10 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 4.0e-10 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

zr-95t<,,&.'- '3:2041 .0t+00 2 0.00+0:7O.OetOO,8!0' 0.88-4ij3'0.Oe+OW$' 0.0e+00 j 0.0e .0
Nb-93m O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Nb-94 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00
Nb-95 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mo-93 2.5e-06 O.Oe+00 O.Oe+00 O.Oe+00 1.4e-06 2.7e-06 O.Oe+00 O.Oe+00 O.Oe+0O 1.6e-06

To97.4;0 i'.1, 'e-05 ji 0.Oe~wO.r , e ,.7e5 4.5e-05eAc '
Tc-97m 2.6e-13 O.Oe+00 O.Oe+00 6.9e-37 4.4e-36 2.9e-13 O.Oe+00 O.Oe+00 7.7e-37 5.0e-36
Tc-99 9.0e-05 O.Oe+00 O.Oe+00 1.5e-04 3.9e-04 1.0e-04 O.Oe+00 O.Oe+00 1.6e-04 4.3e-04
Ru-103 1.2e-42 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.3e-42 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ru-106 1.Oe-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.1e-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
A 0-108mt,.Lr 6.3e-08& O.Oe+0 ' -0 O.Oe+0 .O.Oe20e+0+7,ie,08 *'i.f O.O,+00-,O:e+00'0.0e+00>0
Ag-1 10m 2.8e-38 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.9e-38 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cd-109 2.2e-15 O.Oe+00 O.Oe+00 O.Oe+00 3.9e-40 2.8e-15 O.Oe+00 O.Oe+00 O.Oe+00 4.3e-40
Sn-i 13 8.0e-40 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 9.6e-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sb-124 2.5e-44 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.7e-44 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
sb.i25e0 01.5e_43:, 0.00e O _ O., 1.6e-43:$ ',' O.Oei',. O000;0.0e+0O
Te-123m 5.9e-13 O.Oe+00 O.Oe+00 O.Oe+00 2.1e-38 6.4e-13 O.Oe+00 O.Oe+00 O.Oe+00 2.3e-38
Te-127m 4.0e-13 O.Oe+00 O.Oe+00 O.Oe+00 3.0e-38 4.4e-13 O.Oe+00 O.Oe+00 O.Oe+00 3.3e-38
1-125 5.6e-20 O.Oe+00 O.Oe+00 5.6e-37 2.5e-36 6.1e-20 O.Oe+00 O.Oe+00 6.2e-37 2.7e-36
I-129 4.2e-03 O.Oe+00 O.Oe+00 4.0e-03 1.4e-02 4.7e-03 O.Oe+00 O.Oe+00 4.4e-03 1.6e-02
1-131 ,>,';~:-- ; -- 2.0e-37:,. 0.0e+00.:'; 0.0 0 ,1037!'.3a-37- 2.2a3 0.+0 O O Oe iie-75J4.9e37
Cs-134 2.1e-13 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.5e-13 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-135 5.6e-07 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 6.2e-07 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-137 5.0e-08 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 5.9e-08 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ba-133 4.3e-06 O.Oe+00 O.Oe+00 5.6e-16 1.4e-07 4.8e-06 O.Oe+00 O.Oe+O0 6.5e-16 1.6e-07
Ce-i39-><.l.2e45,-' O.Oe+.Oe+OO0e+O1-0.O+O ',i3e 5 ?;0;0et0~ 0.0Oe+O .Oe O -iO.0e+0
Ce-141 7.4e-46 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 7.5e-46 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ce-144 4.7e-44 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 4.8e-44 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pm-147 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

_UiG14 _ . _ , i- ___
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Appendix H- I Normalized Effective Dose Equivalents from Alun-dnum
Table H1.45 Normalized effective dose equivalents from all pathways:' Leachate-municipal-scrap

Radionuclide Mass-based EDE (iSv/y per Bq/g) Surficial EDE (pSv/y per Bq/cm2 )
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

SM-151 O.Oe+0 e O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO0O.Oe+OO O.Oe+OO00 O.Oe+00 O.Oe+00
E-152. O 0- ,,, 'Oe+00 O0O0 0 T etO ',-OOe+O O ?9 0.Oe+0 O.Oe+OO -O0 0e+00 eO.O+Ob. OI
Eu-1 54 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Eu-155 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00
Gd-1 53 O.Oe+O0 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
Tb-160 2.0e-38 O.Oe+00 O.e+00 O.0e+00 O..e+O 2.2e-38 O.Oe+0 O.Oe+O0 O.Oe+O0 O.Oe+OO
Tm-,170 720O.Oe+O .',O.Oe+OO 0 0.e+OO .e+0O . .:2.9e-20 _O.Oe+OO•i.Oe+OO.Oe+OO , O.Oe+OO
Tm-171 4.7e-12 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 5.1e-12 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
Ta-i82 5.4e-18 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 7.4e-18 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
W-181 2.1e-20 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O 2.3e-20 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
W-185 2.4e-25 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 2.7e-25 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00-O' *t __ , I. 2 9_5 O. * -_Os 185 ' ,,25"O.Oe+OO'.O.Oe+OO O,.O. O .Oe+OO 1-,-25'O:eOO.0+0 .O.Oe+OO t,,0 O.O ,000
Ir-192 4.0e-30 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 4.6e-30 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00
T1-204 4.5e-33 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 4.7e-33 O.Oe+0, O.Oe+00 O.Oe+00 O.Oe+00
Pb-210 9.2e-11 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 9.7e-11 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Bi-207 5.7e-15 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 5.8e-15 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00
Po210 : :.42.5e-39 0..0e+00'-O > e0--; O.e0 0 ,*O O0
Ra-226 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ra-228 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ac-227 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-228 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00O.OeeOO 0.0e400 O.Oe+00 .Oe+00

.9 O Oe 00O +00;,.O.Oe+ O O -;O.0e, +.0.0..- *.0e+OO

Th-230 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-232 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pa-231 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-232 5.0e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 5.7e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-233 36.i-O ;,.00+00 :e ,ijO '' 7.O Oe 0+00 0.e,00
U-234 4.0e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 4.5e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-235 7.0e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 7.8e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-236 3.7e-04 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 4.2e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-238 3.7e-04 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 4.2e-04 0Oe+00 O.Ooe+00 O.Oe+00 O.Oe+00
N7,237.So-02 0.0.0e .0 , i 0,0040;0.00+00 * .6e 03 2
Pu-236 3.1e-12 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 3.3e-12 O.Oe+O O.Oe+00 O.Oe+00 O.Oe+00
Pu-238 3.4e-I0 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 3.7e-10 O.Oe+00 0.Oe+00 O.Oe+OO O.Oe+00
Pu-239 1.3e-07 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 1.4e-07 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-240 1.2e-07 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 1.3e-07 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-241 Oe+OO.6-I -0; 0.0+0 ,10.0e4:n, OO. 00 - -O.Oe+OO- ' -;OOeO
Pu-242 1.3e-07 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.3e-07 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Pu-244 1.4e-07 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.5e-07 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Amn-241 6.5e-05 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 7.0e-05 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Amn-242m - 3.0e-05 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 3.3e-05 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+OO
~-243,9-','' ','I~c1.6r&04'+;'0.00+00 'O.0e+.00z:..OetOOjO.0 tOG ,1.7e04 0.0s-.e+0 < 0.0e+001O.O0 O 0.0..0O

Cm-242 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-243 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-244 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-245 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00

_ .0+0 §.0+0 0&+ j766:.+0 Žo~o .0+00:; 0.OGe p0.--.0+00.-' Ge.+001
Cm-247 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00
Cm-248 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0 O O.Oe+0 O O.Oe+00
Bk-249 1.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-248 1.8e-10 O.0e+0O O.Oe+00 O.Oe+00 O.Oe+00 2.0e-09 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+0O
Cf-49i::3.e0_00+0 e0.0.4000+0 .,0 39-7 0000 00 0 0.0000'000

Cf-250 3.6e-09 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 4.0e-09 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-251 9.3e-07 O.Oe+00' O.Oe+00 O.Oe+00 O.Oe+00 1.0e-OS O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-252 1.5e-39 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 I.Ie-39 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-254 ; .5e-40 OOe+00 OO.Oe+00 0 O.Oe+00 O.+00 1.6e140 O.Oe+00 O.Oe+00 O.0+00 O.Oe+00
Note: To coner these values toconventiona0le+00 0.0+0 / 00e+00/ pe-Cg 2r mrm/ per 20.00+00 mulipl b.
Note: To convert these values to conventional units (mremly per pC~g or mrenmly per pCilcm2). multiply by 3.7e-3
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Normalized Effective Dose Equivalents from Aluminum Appendix H- I

Table H1.46 Normalized effective dose equivalents from all pathways: Leachate-industrial-dross

Radionuide - Mass-based EDE (uSvIy per Bq/g)
Mean 5th 50th 90th 95th

Surficial EDE (pSv/y per Bq/cn 2)

Mean 5th 50th 90th 95th
H-3 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
C-14 2.6e-06 O.Oe+00 O.Oe+00 O.Oe+00 4.4e-06 2.8e-06 O.Oe+00 O.Oe+OO O.Oe+00 4.9e-06
Na-22 5.2e-41 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 5.2e-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0
P-32 1.6e-44 0.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 1.9e-44 O.Oe+00 O.Oe+O0 O.Oe+O0 O.Oe+00

S Žoooo~ o44eEo 0e,.OOO, : 0,0 O .0e^ 0' O'.0e±;O.OeO.Oe OO.O~e+0jO.e O.O.e+00;; O.0e+Ocij
C0-36 3.4e-05 O.Oe+00 O.Oe+00 4.7e-05 1.5e-04 3.9e-05 O.Oe+00 O.Oe+0O 5.3e-05 1.6e-04
K-40 1.6e-04 O.Oe+00 O.Oe+00 2.5e-04 7.3e-04 1.7e-04 O.Oe+00 O.Oe+00 2.8e-04 8.2e-04
Ca-41 1.5e-05 O.Oe+00 O.Oe+00 2.6e-05 7.2e-05 1.7e-05 O.Oe+00 O.Oe+00 2.9e-05 8.2e-05
Ca-45 2.5e-24 O.Oe+00 O.Oe+00 1.2e-37 3.2e-37 2.3e-24 O.Oe+00 O.Oe+00 1.3e-37 3.6e-37
S 46c8:a~m.9.3e.40,tO.0e+ '0.0 0.0eo06 0.Oo±O0 .9.8e4 .0e... O.Oe+tOO.Oe+ - 'O.Oe+ '0.0 0
Cr-51 5.Oe-42 O.Oe+O0 - O.Oe+00 O.Oe+00 O.Oe+00 5.5e-42 O.Oe+0O O.Oe+OO O.Oe+00 O.Oe+O0
Mn-53 1.9e-09 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.1e-09 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mn-54 5.1 e-21 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 .5.8e-21 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0
Fe-55 2.9e-18 O.Oe+00 O.Oe+00 O.Oe+0 O.Oe+00 3.4e-18 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0
Fe 9,!J57. 1 ~ 0. 0e,'.0- -4-io:_4 _ 1 O .Oe+,0.080oe+1 0.000

Co-56 1.9e-36 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.3e-36 O.Oe+00 O.Oe+0O O.Oe+OO O.Oe+OO
Co-57 9.9e-20 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 1.2e-19 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+0O
Co-58 1.0e-39 O.Oe+00 O.Oe+00- O.Oe+00 O.Oe+00 1.2e-39 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0
Co-60 1.3e-11 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.5e-11 O.Oe+0O O.Oe+0O O.Oe+00 O.Oe+00
i 59 4 7 2.1e-134 O.Oe+OO i^ O.Oe+O0l 40.0V O.O .0et0 2.41>340.0e+00;y:0.0 0
Ni-63 6.4e-16 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 7.4e-16 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zn-65 8.5e-14 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 8.4e-14 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
As-73 1.3e-45 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 1.4e-45 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Se-75 4.3e-43 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 4.7e-43 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00

Sr,45 6e 38'-' 'O.Oe+OO; O.Oe+OO.O.Oe±00e t3o.-1e,39>'- ,2e-38O 0.Oo+,0O.Oe±OO1' 3 .4e-39 I
Sr-89 4.5e-38 O.Oe+00 O.Oe+00 O.Oe+00 1.1e-38 5.3e-38 O.Oe+00 O.Oe+00 O.Oe+00 1.3e-38
Sr-90 1.0e-05 O.Oe+00 O.Oe+00 O.Oe+00 2.9e-10 1.2e-05 O.Oe+00 O.Oe+00 O.Oe+00 3.5e-10
Y-91 2.6e-22 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 2.4e-22 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
Zr-93 1.6e-10 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 1.8e-10 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

OetW -, O e O; + -. 41-4:f:;LO. e+ 04 O.Oe0.00+00j: O.Oe+0Od .
Nb-93m O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00
Nb-94 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Nb-95 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mo-93 4.9e-07 0.000 O.Oe+00 .Oe+00 5.7e-07 5.5e-07 O.Oe+00 O.Oe+00 O.Oe+00 6.3e-07

Tc-97m 1.7e-12 O.Oe+00 O.Oe+00 2.2e-37 1.4e-36 1.6e-12 O.Oe+00 O.Oe+00 2.5e-37 1.5e-36
Tc-99 2.2e-05 O.Oe+00 O.Oe+00 3.9e-05 9.7e-05 2.4e-05 O.Oe+00 O.Oe+00 4.2e-05 1.1e-04
Ru-103 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
Ru-106 0.Oe+00 O.Oe+O0 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Ag 108m0.0e+00::,.0t +00; O .O O o .;0.0e+00> 0.0 r,00. x ~5 O.Oet00. 0.00 J 0.0e0 00 .0o+00.
Ag-11 Om O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cd-109 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sn-113 2.Oe-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.2e-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sb-124 2.8e-43 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 3.0e-43 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sb-i25'LLŽ^,.7e-4i;-6.00+,O __0..Oe - 0e .0e+0o1 _0 e+0 :'-^ 1.i;8e ,;'R Oe+00.0.+OO+ 0.e0,OO<,.Oe+00'
Te-123m 1.3e-14 O.Oe+00 O.Oe+00 7.7e-41 1.3e-38 1.7e-14 O.Oe+00 O.Oe+00 8.4e-41 1.5e-38
Te-127m 8.2-15 O.Oe+00 O.Oe+00 1.1e-40 1.9e-38 1.0e-14 O.Oe+00 O.Oe+00 1.2e-40 2.1e-38
1-125 9.2e-16 O.Oe+00 O.Oe+00 1.1e-36 4.2e-36 9.9e-16 O.Oe+00 O.Oe+00 1.3e-36 4.6e-36
-129 5.1 e-03 0.Oe+00 O.Oe+00 6.7e-03 2.1 e-02 5.6e-03 O.Oe+00 O.Oe+00 7.4e-03 2.3e-02

2.7-037 0.00+ 3002r .7e3 7 -3.0e-37.0.0 000 +00 e 24e3T 8.50 370.
Cs-134 1.9e-14 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.1e-14 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-135 3.3e-07 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 3.6e-07 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-137 6.8e-09 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 7.7e-09 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ba-133 6.Oe-06 O.Oe+00 O.Oe+00 6.4e-15 4.7e-07 6.7e-06 O.Oe+00 O.Oe+00 7.2e-15 5.0e-07
Ce-'i39.l, .,-- s0;.Oe+OO' -,-'O.Oe+OO9. 0.0000 0. + :r O.Oe+ 0.- :: .0 e0 O.Oe+'0>0.Oe+ O'r .Oe+0 #+ O.Oe0Oi
Ce-141 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ce-144 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00
Pm-147 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
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Appendix H- I Normalized Effective. Dose Equivalents from Aluminumn
Table H1.46 Normalized effective dose equivalents from all pathwavs: .Leachate-lndustrial-dross -

Radionuclide - Mass-based EDIE (pSv/y per Bq/g) Surficial EDE (pSvty per Bq/cm`)
Mean 5th 50th 90th 95th- Mean 5th 50th 90th 95th

Sn>151 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
E5' ,-O.Oe+OO ' , -O.Oe+O ' -. eO iOO O--,.eO ,1c'.eO-+OO+O OO+OM .e .eO e

Eu-154 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Eu-155 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Gd-153 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Tb-160 3.6e-32 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 4.6e-32 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Trn-171 1.e-11 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 1.5e-11I O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Ta-182 1.6e-25 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 1.7e-25 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO,
W-181 1.9e-19 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 2.0e-19 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
W-185 4.0e-23 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 4.3e-23 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

i8 >t>,fly>4.e-i5"A O.Oe+O . tO.Oe+OO.,O.Oe;OO ,O0 +00 '~ ,..e ., 4~
Ir-192 8.3e-36 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 9.1e-36 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Tl-204 9.9e-31 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO , .e-30 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Pb-21 0 9.5e-12 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO0 , 1.2e-1 1 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Bi-207 2.0e-14 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 2.3e-14- O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
P~o7211 0 ;.e3 , ,*.e+O6Ob ,OOeO+OO'eO OeT JO'e~3 B;7.0'e OOOOeOO-OO+ O ,.rr_
ha-226 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Ra-228 O.Oe+OO O.Oe+OO O.Oe+OO, O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Ac-227 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Th-228 O.Oe+OO O.Oe+OO0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Th-232 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Pa-231 O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Ua-232 4.8e-04 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO .5.e440 0.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

U-234 4.8e-04 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 4.6e-04 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

U-234 6.7e-04 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 7.3e404 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
U-236 3.9e-04 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 423e-04 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
U-238 3.9e-04 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 4.2e44 O.Oe+DOO O.Oe+OO O.Oe+OO O.Oe+OO

Pu-236 4.0e-11 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 4.2e-11 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Pu-238 3.4e-09I O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 3.6e-09 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Pu-239 5.7e-07 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 5.9e-07 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Pu-2409 5:3e-07 0.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 5.5e-07 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Pu-242 5.5e-07 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO0 5.8e-07 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Pu-244 6.0e-07 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 6.2e-07 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Am-241 8.0e-05 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 8.6e457 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Amn-242m 3.8e-05 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 4.1e-05 O.Oe+OO - .Oe+OO O.Oe+OO O.Oe+OO

Cm-242m O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 4.1Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO

Cm-243 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cm-244 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cm-245 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0

Cm-247 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cm28 OOe+OO O-.OeO OOO.Oe + .eO O.Oe+O.Oe+.O+O O.Oe+W0 O.O+O .eW OO+O

Bk-249 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cf-248 2.2e-09 O.Oe+OO O.Oe+OO O.Oe+OO O.Ole+W0 2.3e-09 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Cf-250 4.3e-08 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 4.6e-08, O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cf-251 1.1e-05 O.Oe+OO, O.Oe+OO O.Oe+W0 O.Oe+OO 123e-05 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Cf-252 6.3e-39 O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO 46.e-39 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cf-254 8.9e-40 O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO -1.5e-40 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Cf-254 8,' .9e-09 ;O.Oe+OO: O.Oe+00 -,O.Oe+00,'-'O.Oe+00 9.5';~'.e-40 .,FO.Oe+00',tOOe+00; O.Oe+00O.e0

Note: To convert these values to conventional units (mrem/y per pC~g or mremldy per p~Crn2), multiply by 3.7e-3
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Normalized Effective Dose Equivalents from Aluminum Appendix 1- I
Table HI.47 Normalized effective do-se equivalents from all pathways: Leachate-murticipall-dross

Radionuclide Mass-based EDE (plSvly per Bq/g)
Mean 5th 50th 90th 95th

Surficial EDE (pSvty per Bqicrn2
Mean 5th 50th 90th 95th

H-3 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
C-14 ' 1.1e-06 O.Oe+OO O.Oe+OO O.Oe+OO 1.5e-06 1.2e-06 O.Oe+OO O.Oe+OO O.Oe+OO 1.6e-06
Na-22 8.9e-42 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 1.0e-41 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
P-32 1.1e-44 O.Oe+OO' O.Oe+OO O.Oe+OO O.Oe+OO 1.3e-44 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

CF6 A-SOO+OO.OeO t.5e-05 5.3e-05 1.6e-OS -O.Oe+OO0 O.Oe+OO 1.7e-OS 5.7e-05

K-40 6.3e-05 O.Oe+OO O.Oe+OO 8.0e-05 2.7e-04 7.0e-OS O.Oe+OO O.Oe+OO 8.9e-05 3.0e-04
Ca-41 6.5e-06 O.Oe+OO O.Oe+OO 8.9e-06 2.7e-05 7.2e-06 'O.Oe+OO O.Oe+OO 9.8e-06 3.1 e-05
Ca-45 1.7e-24 O.Oe+OO' O.Oe+OO 3.3e-38 1.1e-37 1.8e-24 O.Oe+OO O.Oe+OO 3.7e-38 1.2e-37

S 4 '.0 r. e ;O- Oe. O ek+O, . O 6 O .Oe,~ ,,,x'.e-4o 0¢.6XO&i<,OO ¢'O~0.0 Oe, O Oe+,O
Cr-51 1.4e-42 -O.Oe+W0 O.Oe+OO O. Oe+OO O.Oe+OO 1.5e-42- O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0
Mn-53 8.3e-10~ O.Oe+OO O.Oe+OO O.Oe'+OO O.Oe+OO 9.2e-10 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Mn-54 3.2e-20 O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+W0 3.6e-20' O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Fe-55 1.4e-19 O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO 1.7e-19 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0

CoF56 9.7e-38 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 1.1e-7- O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
CCF57 4.9e-21 O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO 5.7e-21 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
CCF58 7.0e-41 O.Oe+OO' O.Oe+OO O.Oe+OO O.Oe+OO 7.9e-41 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
CCF60 7.6e-13 O.Oe+W0 O.Oe+OO' O.Oe+OO O.Oe+OO 8.7e-13 O.Oe+OO- O.Oe+OO O.Oe+OO O.Oe+OO

Ni-63 3.2e-17 O.Oe+OO0' QOe+OO O.Oe+OO O.Oe+OO 3.7e-17 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Zr-65 1.6e-14 O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO 1.6e-14 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
As-73 4.6e-46 O.Oe+WO O.Oe+OO O.Oe+OO O.Oe+OO 5.3e-46 O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO
Se-75 3.0e-43 O.Oe+WO O.Oe+OO 'O.Oe+OO O.Oe+OO0 3.2e-43 0.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0

Sr-89 1.1e-38 O.Oe+OO O.Oe+OO O.Oe+OO 2.0e-39 1.1e-3B O.Oe+OO0 O.Oe+OO0 O.Oe+OO 2.1 e-39
Sr-90 5.2e-06 O.Oe+OO O.Oe+OO' O.Oe+OO 6.2e-11 5.7e-06 O.Oe+OO O.Oe+OO O.Oe+W0 6.7e-11I
Y-91 1.5e-21 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 1.4e-21' O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Zr-93 1.7e-10 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 1.9e-10 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Nc-93m O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+W0
Nb-94 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
NCF95 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
MCF93 2.2e407 O.Oe+OO O.Oe+OO O.Oe+OO 1.6e407 2.4e407 O.Oe+OO O.Oe+OO O.Oe+OO 1.7e407

Tc,9,7~~ip 5w5_ .'.0.00.,154,'>4(8 F 13-B. vf0r~e r

Tc,97m 4.3e-13 O.Oe+OO O.Oe+OO 6.9e-38 5.9e-37 4.8e-1 3 O.Oe+OO O.Oe+WO 7.6e-38 6.4e-37
Tc-w99 9.6e-06 O.Oe+OO O.Oe+W0 1.3e405 3.8e405 1.1e-05 O.Oe+OO O.Oe+OO 1.5e-05 4.1 e-05
Ru-103 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Ru-106 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Ag6 ' 08r 'F6 6O-e+ ',fi.O' 66'O~e 's,.O.' O.eOO, -g6'+O O.O ei +OO',.,O, O,6,,.OeO7 00~W6.d~~
Ag-1 1 Om O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cd-109 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Sn-1 13 5.8e-41 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 6.5e-41 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Sb-124 7.2e-44 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W-, 7.5e-44 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

S62'''.e W,.POO'>.640 ,'Oie+OO0-', 4,0,.0 +060¢_0.e .e+- O.Oe+OT
Te-123m 6.7e-16 O.Oe+OO O.Oe+OO 1.0e-41 3.5e-39 8.2e-16 O.Oe+OO O.Oe+W0 1.1e-41 4.0e-39
Te-127m 4.1e-16 O.Oe+OO 0.0e+00 1.5e-41 5.0e-39 5.0e-16 O.Oe+OO O.Oe+OO 1.6e-41 5.5e 39
I-125 7.6e-17 O.Oe+OO O.Oe+OO 2.7e-37 1.3e-36 8.9e-17 O.Oe+OO O.Oe+OO 2.9e-37 1.4e-36
1-129 2.1e403 O.Oe+OO O.Oe"+00, >2.0e3_ ,7.,4e403 ,2.3,e 03 .0.e+00 O.Oe+OO 2.2e-03 8.3"-3

Cs-1 34 2.0e-13 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 2.2e-13 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cs-135 1.8e407 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 2.0e407 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cs-137 1.6e-08 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 1.8e-08 O.Oe+CO O.Oe+OO O.Oe+OO O.Oe+OO
Ba-133 4.5e-06 O.Oe+OO O.Oe+OO 1.4e-15 1.2e407 5.0e406 0.Oe+OO O.Oe+OO 1.4e-15 1.3e407

Ce-141 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Ce-144 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0
Pm -147 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
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Appendix 11- I Normalized Effiective� Dose Equivalents from Aluminum

Table HI.47 Normalized effective dose equivalents from all pathways: Leachate-municipal-dross
Radionuclide Mass-based EDE (pSY/y per Bg/g) Surficial EDE (pSv/y per Bq/cm2)

Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
Sm-t51 O.Oe+00 O.Oe+OO.e+000.Oe+00 O.Oe+0 D O.O Oe+O O.Oe+0O O.Oe+O0 O.Oe+OO

52 0 O.Oe+ -O.Oe+O.O+ .e+OO 6.6.:,OOe+,AO.6Oe
Eu-1 54 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+OO O.Oe+0 O.Oe+OO O.Oe+O0 O.Oe+00 O.Oe+00
Eu-I 55 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Gd-1 53 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00
Tb-160 8.8e-32 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O 1.1e-31 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Tmj70:j,-, I >.8e-Iij5s0.0e+o0J0:i0 o.0e~oWoo+oo_.'I.e1 0.0e+00 ;e-i0.0e+00,OOTh0O.Oe,+ 0<000
Tn-171 1.8e-10 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O 1.9e-10 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
Ta-182 3.8e-24 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 4.1e-24 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O
W-181 4.6e-18 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO 4.9e-18 O.Oe+OO O.Oe+OO O.Oe+0O O.Oe+OO
W-185 9.6e-22 0.Oe+0O O.Oe+0O O.Oe+0O O.Oe+W0 1.0e-21 O.Oe+OO O.Oe+0W O.Oe+0O O.Oe+0O
Os-185,- &.2e-23` 0.0o00 00+&00-O:.0o+00-oe .0+00oo :!eIooF 7-1.2 e23b.0e00'r-0o.0 e+0,It00

Ir-192 1.Se-37 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.6e-37 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+OO
Tl-204 5.1 e-33 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 7.0e-33 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00
Pb-210 '1.1e-II O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+OO 1.4e-11 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Bi-207 5.7e-15 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+0O 6.8e-15 O.Oe+00 O.Oe+WO O.Oe+0O O.Oe+00

Ra-226 , .Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 " .Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+OO
Ra-228 O.Oe+0O O.Oe+0O O.Oe+00 O.Oe+0W O.Oe+OO O.Oe+0O O.Oe+00 O.Oe+0W O.Oe+OO O.Oe+0O
Ac-227 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+O0 O.Oe+W0 O.Oe+0O O.Oe+00 O.Oe+OO
Th-228 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+0O O.Oe+O0 O.Oe+0O O.Oe+00 O.Oe+00

Th-230 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+0O
Th-232 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pa-231 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-232 2.Oe-04 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+00 2.3e-04 O.Oe+OO O.Oe+00 O.Oe+0O O.Oe+00

A-3~~ le0~e0~ .e0,OO+0'00e+0 :4-40.00 .oo0o oe+00j.~Aeb0
U-234 2.0e.04 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+0O 2.3e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O
U-235 3.3e-04 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+0O 3.7e-04 O.Oe+O0 O.Oe+00 O.Oe+0O O.Oe+0O
U-236 1.9e-04 O.Oe+0O O.Oe+OO O.Oe+00 O.Oe+O0 2.1 e-04 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+0O
U-238 1.9e-04 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 2.1 e-04 O.Oe+O0 O.Oe+00 O.Oe+O0 O.Oe+O0
N- 237,' ,,. :8.6e-03 30.0e+00, ' e 02 y9.56-03,,_',0.Oe+00 L;O.Oe+o 0 8.8, j; -4e-02
Pu-236 4.5e-12 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO 4.4e-12. O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-238 4.3e-10 O.Oe+0O O.Oe+00 O.Oe+0O O.Oe+00 4.2e-10 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00
Pu-239 8.0e-08 O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+00 7.6e-08 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-240 7Ae-08 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 7.1e-08 O.Oe+OO O.Oe+OO O.Oe+W O.Oe+00
Pu-241 *.=' ''6.9'e-'1O0~:X.Oe+0O --_.0e' 0,:0 +00 '^0. 0 + 6.6 ,- .0+ 0 O e 0, .

Pu-242 7.8e-08 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 7Ae-08 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-244 8.5e-08 O.Oe+O0 O.Oe+00 O.Oe+0O O.Oe+0O 8.1 e-08 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
Arn-241 2.5e405 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.7e-05 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00
Am-242m 1.3e-05 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.4e-05 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00

Am23,,65-5--}0+0 .Oe,+OO. t'jOe+DOO -O.Oe;O00'---- ^7.0e 5 0.0e+00', 0.06+O,,O. ,+0, :.O
Cmn-242 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cmn-243 O.Oe+0O O.Oe+00 O.Oe+00 O.e00 .GOO O0.0e+OO O.O+ O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+00
Cm-244 O.Oe+0O O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-245 O.Oe+00 O.Oe+OO O.Oe+0O O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-247 O.Oe+OO O.Oe+00 'O.Oe+OO -O.Oe+OO O.Oe+OO O.Oe+OO 0.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OOCm26 -- 0040 00+00.e0 .e00: :,10+-00;0 OO+00~ e 00.6foob
Cm-247 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-248 O.Oe+0O O.Oe+0 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+0O O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+OO
Bk-249 3.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 3.Oe+-0 O.Oe+00 O.Oe+OO 0.Oe+00 O.Oe+00

'Cf-249-'.7 O0 0 Oe+ O O.+O O _0.00+OO -O.Oe+,OO-,, 39.,I 8, _0.O0e 0.0 e,+OO 0-.000Oe+O 00

Cf-250 7.4e-10 O.Oe+OO O.Oe+0 O.Oe+00 O.Oe+0O 7.8e-1I O.Oe+OO O.Oe+0O O.Oe+00 O.Oe+OO
Cf-250 7.4e-10 O.Oe+00 0.Oe+00 0.0e+00 O.Oe+00 7.82e-17 D 0.Oe+00 0.0e+00O. 0.0+00 0.Oe+00
Cf-251 2.0e407 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO0 2.2e-07 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Cf-252 1.4e-40 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 1.5e-40 O.Oe+0O O.Oe+0O O.Oe+0O O.Oe+0O
Cf-254 2.0e-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.1e-41 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
Es'251 ;.- "''-4.41 i0.e O.Oe+ 00 O O.Oe+0' 0.0e+00' 2-' I.1'..:A'4.7e-11 '1".O.Oe+OO 0.0e+00-.;O.Oe+00 "O0.0e+00

Note: To convert these values to conventional units (mremly per pClg or mremly per pCi/crn). multiply by 3.7e-3
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Nonnalized Effective Doses from Aluminum Appendix H-2

- Table H2.1 Normalized effective doses from all pathways: Scrap yard _____

Mass-based effective dose (pSv/y per Bq/g)
Radionuclide Mean . 5th 50th 90th 95th

Surficial effective dose (pSvly per Bq/cm2)
Mean -5th 50th 90th 95th

H-3 8.6e-08 1.8e-08 5.4e08 1.7-07 2.7e-07 9.6e-08 1.9e-08 6.0e-08 1.9e-07 3.0e-07
C-14 2.2e-06 3.5e07 1.4e-06 4.4e-06 7.0e-06 2.5e-06 3.9e-07 1.5e-06 4.9e-06 7.8e-06
Na-22 2.9e-02 7.1e-03 1.8e-02 5.7e-02 8.6e-02 3.2e-02 7.7e-03 2.0e-02 6.5e-02 9.6e-02
P-32 2.1e-05 3.8e-06 1.3e-05 4.4e-05 6.7e-05 2.3e05 4.1e-06 1.4e-05 4.8e-05 7.3e-05

CI-36 1.5e-05 4.3e-06 9.6-6 3.0e-05 4.5e-05 1.7e-05 4.7e-06 1.1e-05 3.4e-05 5.0Oe-05
K-40 2.2e-03 5.5e-04 1.4-03 4.4e-03 6.6e-03 2.5e-03 6.0e-04 1.6e-03 5.0e-03 7.4e-03
Ca-41 9.8e-07 1.2e-07 6.0e-07 2.0e-06 3.2e-06 1.1e-06 1A-07 6.7e-07 2.2e-06 3.5e-06
Ca-45 4.3e-06 1.Oe-06 2.7e-06 8.5e-06 1.3-05 4.8e-06 1.1-06 3.0e-06 9.6e-06 1.5e-05
Sc,'46t>@-.3o-0.2.3e' ,i,_ t 5.7e 2-i.5o 02.7o e022 -.1o 2,L2.6 422 6.3e03V i 6e- 5.3 0
Cr-51 2.4e-04 5.4e-05 1.5e-04 4.8e-04 7.4e-04 2.7e-04 5.9e-05 1.7e-04 5.4e-04 8.2e-04
Mn-53 1.3e-07 2.5e-08 8.2e-08 2.6e-07 4.1e-07 1.5e-07 2.7e-08 9.0e-08 2.9e-07 4.6e-07
Mn-54 1.1e02 2.6e-03 6.8e-03 2.1e-02 3.2e-02 1.2e-02 2.9e-03 7.5e-03 2.4e-02 3.6e-02
Fe-55 1.6e-06 3.2e-07 9.9e47 3.2e-06 5.0e-06 1.8e-06 3.6e-07 1.e-06 3.5e-06 5.5e-06

FfF59w2, ,,,,. 'I:2-02 2.9e&O3-,;4'27.e03, ,i .j3 .2- 32'~, e 9
Co-56 4.1e-02 1.Oe-02 2.6e-02 8.2e-02 1.2e-01 4.6e-02 1.1e-02 2.9e-02 9.3e-02 1.4e-01
Co-57 9.4e-04 2.3e-04 6.0e-04 1.9e-03 2.8e-03 1.0e-03 2.6e-04 6.6e-04 2.1e-03 3.1e-03
Co-58 1.1e-02 2.6e-03 6.8e-03 2.1e-02 3.2e-02 1.2e-02 2.9e-03 7.5e-03 2.4e-02 3.6e-02
Co-60 3A4e-02 8.5e-03 2.2e-02 6.9e-02 1.Oe-01 3.8e-02 9.3e-03 2.4e-02 7.8e-02 1.1e-01

Ni-63 8.1e-07 1.8e-07 5.1e-07 1.6e-06 2.5e46 9.0e-07 1.9e-07 5.6e-07 1.8e-06 2.8e-06
Zn-65 7.5e-03 1.9e-03 4.8e-03 1.5e-02 2.2e-02 8.3e-03 2.0e-03 5.3e-03 1.7e-02 2.5e-02
As-73 1Ae4-05 3.6e-06 8.8e-06 2.8e-05 4.2e-05 1.5e4-5 3.9e-06 9.7e406 3.1e-05 4.6e-05
Se-75 3.7e-03 9.2e-04 2.4e-03 7.4e-03 1.1e42 4.1e-03 1.0e-03 2.6e-03 8.4e-03 1.2e-02
Sr15 ,; :5ie-03f-- 1.2e-03' 3r2e, 3,W ,i 0e02- .5002-+' .7 3 ',4',03-,, 36O
Sr-89 2.9e-05 7.5e-06 1.8e-05 5.8e-05 8.8e-05 3.2e4-5 8.2e-06 2.0e-05 6.6e-05 9.7e-05
Sr-90 1.9e-04 4.6e-05 1.2e-04 3.8e-04 5.9e404 2.1e-04 5.1e-05 1.3e-04 4.3e-04 6.6e-04
Y-91 7.5e-05 1.9e-05 4.8e-05 1.5e-04 2.3e-04 8.4e-05 2.1e-05 5.3e4-5 1.7e-04 2.5e-04
Zr-93 9.0e-06 2.3e-06 5.6e-06 1.8e-05 2.7e4-5 1.0e-05 2.5e-06 6.3e-06 2.0e-05 3.1e-05

Mr'9$, i1ewM02_; 2.66-03., 6,e,.'e!2e4.242.-3,-05F 3'---I 2.4e40,- 3.66ZMZr95S.1o-0if.
Nb-93m 1.8e-06 4.8e-07 1.1e-06 3.6e-06 5.4e-06 2.0e-06 5.2e-07 1.3e-06 4.0e-06 6.0e-06
Nb-94 2.1e-02 5.1e-03 1.3e-02 4.2e-02 6.2e-02 2.3e4-2 5.6e-03 1.5e-02 4.7e-02 6.9e-02
Nb-95 7.0e-03 1.6e-03 4.4e-03 1.4e-02 2.1e-02 7.8e-03 1.8e-03 4.9e-03 1.6e-02 2.4e-02
Mo-93 9.9e-06 1.6e-06 6.2e-06 2.0e-05 3.1e4-5 1.Ie-05 1.8e-06 6.9e-06 2.2e-05 3.5e-05
T , 2 3.3e,-07 ,' ,7, .7. 406j.3.6e..06,w j1.3o-06j2ioe-07, 8.5e.07 ' -,0
Tc-97m 6.4e-06 1.7e-06 4.0e.-6 1.3e-05 1.9e.-5 7.1e-06 1.9e-06 4.5e-06 1.4e-05 2.1e-05
Tc-99 5.9e-06 1.5e-06 3.8e-06 1.2e-05 1.8e-05 6.6e-06 1.6e-06 4.2e-06 1.3e-05 2.0e-05
Ru-103 4.5e-03 1.1e-03 2.8e-03 9.1e-03 1.4e-02 5.0e-03 1.2e-03 3.2e-03 1.0e-02 1.5e-02
Ru-106 2.8e-03 7.1e-04 1.8e-03 5.7e-03 8.5e-03 3.1e-03 7.7e-04 2.0e-03 6.4e-03 9.3e-03
Ag-1O '-> 2:10-02&- "'5.2e43';, 1.3eOZ-, 3E`e45.6e43- 1.0'5e4-0i4.7e2 7i.0020
Ag-110m 3.5e-02 8.6e-03 2.2e-02 7.0e-02 1.0e-01 3.9e-02 9.4e-03 2.4e-02 7.8e-02 1.1.4a
Cd-109 3.5e-05 9.8e-06 2.2e-05 7.0e-05 1.Oe-04 3.9e-05 1.1e-05 2.5e-05 7.9e-05 1.2e-04-
Sn-113 2.8e-03 7.0e-04 1.8e-03 5.7e-03 8.6e-03 3.1e-03 7.6e404 2.0e-03 6.4e-03 9Ae4-03
Sb-124 2.0e-02 4.9e-03 1.3e-02 4.1e-02 6.1e-02 2.2e-02 5.4e-03 1.4e-02 4.6e-02 6.8e-02

3T2 -41.1002>1.6e2 '. -5.9o03_ t1cO 3.73e03 .2o-02ot ;e8r -2~
Te-123m 1.2e-03 2.9e-04 7.3e-04 2.3e-03 3.5e-03 1.3e-03 3.1e-04 8.1e-04 2.6e-03 3.8e-03
Te-127m 7.3e-05 1.9e-05 4.6e.-5 1.5e4-4 2.2e-04 8.1e-05 2.1e-05 5.1e4-5 1.6e-04 2.4e-04
1-125 5.4e-05 1.1e-05 3.4e-5 1.1e-04 1.7e-04 6.0e-05 1.2e-05 3.8e-05 1.2e-04 1.9e-04
I-129 3.6e-04 4.4e-05 2.2e404 7.5e-04 1. 2 e4-3 4.1e404  4.8e-5 2.5e-04 8.3e-04 1.3e-03
l-,131;.,'-A.i- ::-.'1203r- 1.1-04' 6.0e-04,,2.7e4322-4.1e-03X'.: 13e-03 r1.2e-04- ^;6.7e-04," 3.0e4-034.6e-03i
Cs-134 2.0e-02 5.0e-03 1.3e-02 4.0e-02 6.0e-02 2.2e-02 5.5e-03 1.4e-02 4.5e-02 6.7e-02
Cs-135 6.6e-06 8.0e-07 4.1e-06 1.4e.-5 2.1e-05 7.4e-06 8.8e-07 4.5e-06 1.5e-05 2.4e-05
Cs-137 7.4e-03 1.8e-03 4.7e-03 1.5e-02 2.2e-02 8.2e-03 2.0e-03 5.2e-03 1.7e-02 2.5e-02
Ba-133 4.2e-03 1.0e-03 2.7e-03 8.4e-03 1.2e-02 4.7e3 1.1e-03 2.9e-03 9.5e-03 1.4e-02
Co-139 3- - 12e-i' 2.9e4i- 7.5. 4t^2.43 3.6e-037 -, -1.3 03.73.2e 4 8.3e .'2.7-03-3.9e03

Ce-141 4.4e-04 1.0e-04 2.7e4-4 8.8e004 1.3e403 4.9e-04 1.1e-04 3.0e-04 9.8e-04 1.5e-03
Ce-144 6.9e-04 1.8e-04 4.4e-04 1.4e-03 2.1e-03 7.7e-04 1.9e-04 4.8e-04 1.6e-03 2.3e-03
Pm-147 4.7e.-6 1.2e-06 3.0e-06 9.3e-06 1.4e-05 5.3e-06 1Ae4-6 3.3e-06 1.0e-05 1.6e-05

NUREG-! 64 H_
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Appendix H-2 Normalized Effective Doses from Aluminum

Table H2.1 Normalized effective doses from all pathways: Scrap yard
Mass-based effective dose (pSv/y per Bq/g) Surficial effective dose (pSvly per Bq/cm2)

Mean 5th -- 50th 90th 95th -Mean 5th 50th 90th 95th

Sm-151 3.4e-06 8.8e-07 2.2e-06 6.8e-06 1.0e-05 3.8e-06 9.6e-07 2.4e-06 7.7e-06 1.2e-05

Etu-I52I,>1.5e-02 T!' 3.8e 9.6e-033'Y3.0e2 2- '47e,02' 03 ,. 1.1e .-'3.4e-02 23-5.1e-02'
Eu-1 54 1.5e-02 3.7e-03 9.4e-03 3.0e-02 4Ae-02 1.6e-02 4.0e-03 1.Oe-02 3.3e-02 4.9e-02

Eu-1 55 3Ae-04 8.5e-05 2.2e-04 6.ge-04 1.0e-03 3.8e-04 9.3e-05 2.4e-04 7.7e-04 1.1 e-03

Gd-153 4.2e-04 I.0e-04 2.7e-04 8.5e-04 1.3e.03 4.7e-04 1.1e-04 3.0e-04 9.5e-04 1.4e-03

Tb-160 1.2e-02 3.0e-03 7.9e-03 2.5e-02 3.8e-02 lAe-02 3.3e-03 8.7e-03 2.8e-02 4.2e402

Tr17,0 O _8.3eO6<.9W05e6.1e-05, i0.9e-55.9 .

Tm-171 3.1 e-06 8.7e-07 1.9e-06 6.1e-06 9.1e-06 3Ae-06 9.5e-07 2.2e-06 6.9e-06 I.Oe-05
Ta-182 1.5e-02 3.7e-03 9.5e-03 3.0e-02 4.5e-02 1.7e-02 4.le-03 1.1e-02 3.4e-02 5.0e-02

W-181 1.1e-04 2.7e-05 7.0e-05 2.2e-04 3.3e-04 1.2e-04 3.0e-05 7.8e-05 2.5e-04 3.7e-04

W-185 2.1le-06 4.7e-07 1.3e-06 4.1e-06 6.4e-06 2.3e-06 5.2e-07 1.5e-06 4.6e-06 7.1e-06

M8.H'--j7.4e03 -iE..8e-031-J .02tI;$'28.3b0 B.0S,2 ~'','J,2t,5
Ir-192 8.3e-03 2.0e-03 5.3e-03 1.7e-02 2.5e-02 9.2e-03 2.2e-03 5.8e-03 1.9e-02 2.8e-02

Tl-204 1.4e45 3.5e-06 8.7e-06 2.7e-05 4.0e-05 1.5e-05 3.9e-06 9.6e-06 3.0e-05 4.5e-05

Pb-210 6.0e-03 1.4e-03 3.8e-03 1.2e-02 1.8e-02 6.7e-03 1.6e-03 4.2e-03 1.4e-02 2.1 e-02

BF-207 2.0e-02 4.9e-03 1.3e-02 4.0e-02 6.0e-02 2.2e-02 5.4e-03 1Ae-02 4.5e-02 6.7e-02

P,*2 '.,'3.oe-o3;,.e7.Be-044,.9"e-03 i5.9e,03_, ~9.O53 ,04 ; 2.1e036 eO3-9.9eO3_

Ra-226 2.7e-02 7.1 e-03 1.7e-02 5.4e-02 8.0e-02 3.0e-02 7.7e-03 1.9e-02 6.0e-02 8.8e-02

Ra-228 1.6e-02 4.5e-03 I.Oe-02 3.3e-02 4.9e-02 1.8e-02 5.0e-03 1.2e-02 3.7e-02 5.4e-02

Ac-227 7.7e-02 2.0e-02 4.8e-02 1.5e-01 2.3e-01 8.5e-02 2.2e-02 5.3e-02 1.7e-01 2.6e-01

Th-228 4.8e-02 1.3e-02 3.0e-02 9.5e-02 1.4e-01 5.3e-02 1.5e-02 3.4e-02 1.1e-01 1.6e-01

,Th229 ;-.OeVIi 2.6e'02 et06.4e02-$22.Oe2l3.e 01&,0 1 : i2. 7. 0-2 v.2e-41:5e-01

Th-230 3.5e-02 8.8e-03 2.2e-02 6.9e-02 1.1e-01 3.9e-02 9.5e-03 2.4e-02 7.7e-02 1.2e-01

Th-232 3.7e-02 9.2e-03 2.3e-02 7.2e-02 1.1e-01 4.1e-02 1.Oe-02 2.5e-02 8.1e-02 1.2e-01

Pa-231 1.1e-01 2.9e-02 7.1 e-02 2.2e-01 3.5e-01 1.3e-01 3.1 e-02 7.9e-02 2.5e-01 3.9e-01

U-232 32e-02 8.1e-03 2.0e-02 6.3e-02 9.7e-02 3.5e-02 8.8e-03 2.2e-02 7.0e-02 1.Ie-01
D-7203 - - - - -2

2 3 ',-,7.6e43 :.'1 9e 303',i.7e3 5e,0 wmk&fi.e0'i..eO> 53e03 -'.e2:t5602

U-234 7Ae-03 1.9e-03 4.6e-03 1.5e-02 2.3e-02 8.2e-03 2.0e-03 5.1e-03 1.6e-02 2.5e-02

U-235 8Ae-03 2.3e-03 5.3e-03 1.7e-02 2.6e-02 9.3e-03 2.5e-03 5.9e-03 1.9e-02 2.8e-02

U-236 6.9e-03 1.7e-03 4.3e-03 I Ae-02 2.1e02 7.7e-03 1.9e-03 4.8e-03 1.5e-02 2.3e-02

U-238 6.7e-03 1.7e-03 4.2e-03 1.3e-02 2.1 e-02 7.5e-03 1.9e-03 4.7e-03 1.5e-02 2.3e-02

.1e 5.4e-03 .3e-027_ eiO2 -. 6.3e-02.2.- 7 '' ., 2 -',4.6e-0 27.0e2
Pu-236 1.5e-02 3.9e03 9.7e-03 3.1e-02 4.7e-02 1.7e402 4.2e-03 1.1e-02 3.4e-02 5.3e02

Pu-238 3.7e-02 9.4e-03 2.3e-02 7Ae-02 1.1e-01 4.2e-02 1.0e-02 2.6e-02 8.3e-02 1.3e-01

Pu-239 4.1e-02 I.Oe-02 2.6e-02 8.1e-02 1.2e-01 4.6e-02 1.1e-02 2.8e-02 9.0e-02 1.4e41

Pu-240 4.1 e-02 1.Oe-02 2.6e-02 8.1 e-02 1.2e-01 4.6e-02 1.1e-02 2.8e-02 9.0e-02 1.4e-01
Pu-241 41,049 .94r4.6e- .5e3,,,-,.2 3 8 2.0e-O4t5.1e404 eI.6-033 -2.5e-3 '

Pu-242 3.8e-02 9.6e-03 2Ae-02 7.6e-02 1 .2e-01 4.3e-02 I .Oe-02 2.7e-02 8.5e402 1 .3e-01

Pu-244 42e-02 1.1e-02 2.7e-02 8.4e-02 1.3e-01 4.7e-02 1.2e-02 3.0e-02 9.5e-02 1.5e-41

Am-241 3.4e-02 8.6e-03 2.1 e-02 6.7e-02 1.Ge-01 3.8e-02 9.3e-03 2.4e-02 7.5e-02 1.2e-01

Am-242m 3Ae-02 8.6e-03 2.1 e-02 6.7e-02 1.Oe-01 - 3.8e-02 9.3e-03 2.4e-02 7.5e-02 12e-01

Ar-243 ,,, ,, F 3 * 6 6 0 2 ,, 9.2e-03 .,-'22e-'02 .7.ie.22I.1 .; 0e-02 Ž.0e4--2.5e-02 .e 2 5e 0201

Cm-242 3.8e-03 9.5e-04 2.4e-03 7.5e-03 1.2e-02 4.3e-03 1.0e-03 - 2.7e-03 8.4e-03 1.3e-02

Cm-243 2.6e-02 6.8e-03 1.7e-02 5.2e-02 8.1e-02 2.9e-02 ' 7.3e-03 1.8e-02 5.9e-02 9.0e-02

Cm-244 2.2e-02 5.4e-03 1.4e02 4.3e-02 6.6e-02 '2Ae-02 5.9e-03 1.5e-02 4.8e-02 7.4e-02

Cm-245 3.6e-02 9.0e-03 2.2e-02 7.1e-02 1.Ie-01 4.0e-02 9.8e-03 2.5e-02 __7.9e-02 1.2e-01
nir246 '',' ''-8 3.5e402~ . -88e 2,3 2.2eM42 -0.98-02fI1OO1 3.9e-O2,.5e03",f 2;4e4 2 -7.

Cm-247 3.5e-02 9.3e-03 2.2e-02 7.0e-02 1.1e-01 3.9e-02 1.0e-02 2.5e-02 7.9e-02 1.2e-01

Cm-248 1.2e-01 3.1 e2 7.6e-02 2.4e4-1 3.7e-01 I Ae-01 3.3e-02 8.5e-02 2.7e-01 4.2e-01

Bk-249 1.3e-04 3.3e-05 8.3e-05 2.6e-04 4.0e-04 1.5e-04 3.6e-05 9.2e-05 2.9e-04 4.5e-04

Cf-248 6.8e-03 1.7e-03 4.3e-03 1.3e-02 2.1e-02 7.6e-03 1.9e-03 4.8e43 1.5e-02 2.3e-02

Cf29-tbt6A 4<64.:tJ~o-124a4e4i 41;l~~ 6.e4 ='_1.7e-02 '^~.3a4, /A01'21
Cf-250 2.8e-02 7.0e-03 1.7e-02 5.Se-02 8.4e-02 3.1e-02 7.6e-03 1.9e-02 6.1 e-02 9.5e-02

Cf-251 5.9e402 1.5e-02 3.7e-02 1.2e-01 1.8e-01 6.6e-02 1.6e-02 4.1e-02 1.3e-01 2.0e401

Cf-252 1.5e-02 3.9e-03 9.7e-03 3.1e-02 4.7e-02 1.7e-02 4.2e-03 1.1e-02 - 3.4e-02 5.3e-02

Cf-254 2.2e-01 5.5e-02 1.4e-01 4Ae-01 6.4e-01 2.4e-01 6.1e-02 1.5e-01 4.8e01 7.2e-01
Es-254 : ;-'i i.8e-02':: 5.le-3 '1.2e 2' -3.6e-2 5.4e-02 ';2.'e- 5 03 13e-2 :4le-02 u6.0e-02

Note: To convert these values to conventional units (mrem/y per pCVg or mrem/y per pCIcmn), multiply by 3.7e-3
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Normalized Effective Doses from Aluminum Appendix H-2

Table H2.2 Normalized effective doses from external exposure: Scrap yard
Mass-based effective dose (pSvty per Bq/g)

Radionuclide Mean 5th 50th 90th 95th
Surficial effective dose (uSv/y per Bq/cm2)

Mean 5th 50th 90th 95th

H-3 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00
C-14 3.5e-08 8.7e-09 2.2e-08 7.1e-08 1.e-07 3.9e-08 9.6e-09 2.5e-08 8.0e-08 1.2e-07
Na-22 2.9o-02 7.1e-03 1.8e-02 5.7e-02 8.6e-02 3.2e-02 7.7e-03 2.0e-02 6.5e-02 9.6e-02
P-32 1.7e-05 2.9e-06 1.Oe-05 3.5e-05 5.3e-05 1.9e-05 3.2e-06 1.1e-05 3.9e-05 5.9e-05

CI-36 6.6e-06 1.6e-06 4.2e-06 1.3e-05 2.0e-05 7.4e-06 1.8e-06 4.6e-06 1.5e-05 2.2e-05
K-40 2.2e-03 5.4e-04 1.4e-03 4.4e-03 6.5e-03 2.4e-03 5.9e-04 1.5e-03 4.9e-03 7.3e-03
Ca-41 O.Oe+00 0.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O..O+00 O.Oe+00 -. Oe+00 O.Oe+00 O.Oe+00
Ca45 1.7e-07 4.1e-08 1.1e-07 3.3e-07 5.0e-07 1.8e-07 4.5e-08 1.2e-07 3.7e-07 5.5e-07
Sc46'-:> 2.3e-02~ -n5.7i.e-3tS6 2!4.7e-02:;;.,. 02i ie ti 5.3e:O2'-7,7-O*21
Cr-51 2.4e-04 5.4e-05 1.5e-04 4.8e-04 7.4e-04 2.7e-04 5.9e-05 1.7e-04 5.4e-04 8.2e-04
Mn-53 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mn-54 1.e-02 2.6e-03 6.8e-03 2.1e-02 3.2e-02 1.2e-02 2.9e-03 7.5e-03 2.4e-02 3.6e-02
Fe-55 1.3e-12 3.3e-13 8.4e-13 2.6e-12 3.9e-12 1.5e-12 3.6e-13 9.3e-13 3.0e-12 4.4e-12

F~e-59P)1.o0Z> ,2.9e-03'i,.7e-03t 2.5-0 3.e-02,,,--3785 -0 ,;.,27er i1eS02
Co-56 4.1e-02 1.0e-02 2.6e-02 8.2e-02 1.2e-01 4.6e-02 1.e-02 2.9e-02 9.3e-02 1.4e-01
Co-57 9.4e-04 2.3e-04 6.0e-04 1.9e-03 2.8e-03 1.Oe-03 2.5e-04 6.6e-04 2.1e-03 3.1e-03
Co-58 1.e-02 2.6e-03 6.8e-03 2.1e-02 3.2e-02 1.2e-02 2.9e-03 7.5e-03 2.4e-02 3.6e-02
Co-60 3.4e-02 8.5e-03 2.2e-02 6.8e-02 1.Oe-01 3.8e-02 9.3e-03 2.4e-02 7.7e-02 1.1e-01

NF9t : O 5 - 6;1e 07a5.5e 08, 1.40 6e-0 8e-07
NI-63 . 6.0e-10 1.5e-10 3.8e-10 1.2e-09 1.8e-09 6.7e-10 1.6e-10 4.2e-10 1.4e-09 2.0e-09
Zn-65 7.5e-03 1.9e-03 4.7e-03 1.5e-02 2.2e-02 8.3e-03 2.0e-03 5.3e-03 1.7e-02 2.5e-02
As-73 1.3e-05 3.1 a-06 7.9e-06 2.5e-05 3.8e-05 1.4e-05 3.4e-06 8.8e-06 2.8e-05 4.2e405
Se-75 3.7e-03 9.2e-04 2.3e-03 7.4e-03 1.1e-02 4.1e-03 1.Oe-03 2.6e-03 8.3e-03 1.2e-02
Sr-5J~s.,g5.1 4r 1 J45.74,
Sr-89 2.3e-05 5.5e-06 .4e-05 4.6e-05 6.9e-05 2.5e-05 6.0e-06 1.6e-05 5.1e-05 7.8e-05
Sr-90 8.1e-05 2.0e-05 5.2e-05 1.6e-04 2.4e-04 9.1e-05 2.2e-05 5.7e-05 1.8e-04 2.7e-04

Y-91 6.4e-05 1.5e-05 4.0e-05 1.3e-04 1.9e-04 7.1e-05 1.7e-05 4.5e-05 1.5e-04 2.2e-04
Zr-93 9.4e-10 2.3e-10 5.9e-10 1.9e-09 2.8e-09 1.0e-09 2.5e-10 6.6e-10 2.1e-09 3.2e-09
Zr9 -.1 e-02..2.6e-~6.7o-O3 ' 2.10-02 TK 3.2e.O2j . 12e003tA 75e 2 i2-02.3.6e-022
Nb-93m 1.e-07 2.6e-08 6.8e-08 2.1e-07 3.2e-07 1.2e-07 2.9e-08 7.5e-08 2.4e-07 3.6e-07
Nb-94 2.1 e-02 5.1e-03 1.3e-02 4.2e-02 6.2e-02 2.3e-02 5.6e-03 1.5e-02 4.7e-02 6.9e-02
Nb-95 7.0e-03 1.6e-03 4.4e-03 1.4e-02 2.1e-02 7.8e-03 1.8e-03 4.9e-03 1.6e-02 2.4e-02

Mo-93 5.8e-07 1.4e-07 3.7e-07 1.2e-06 1.7e-06 6Ae-07 1.6e-07 4.1e-07 1.3e-06 1.9e-06
7.8e07k1.9e-07i5.0e-07 i 23 i 61:60 2.6 T

Tc-97m 2.5e-06 6.1e-07 1.6e-06 5.0e-06 7.5e-06 2.8e 06 6.7e-07 1.7e-06 5.6e-06 8.2e-06
Tc-99 3.7e-07 9.2e-08 2Ae-07 7.4e-07 1.e-06 4.1Ie07 1.0e-07 2.6e-07 8.4e-07 1.2e-06
Ru-103 4.5e-03 1.1e-03 2.8e-03 9.1e-03 1.4e-02 5.0e-03 1.2e-03 3.2e-03 1.Oe-02 1.5e-02
Ru-106 2.7e-03 6.8e-04 1.7e-03 5.5e-03 8.2e 03 _31e-03 7.4e-04 1.9e-03 6.2e-03 9.1e-03

18r'-i 2t'e-2 ", 5.1e-0 3 02 '24.2e-024; 62e02; 3 1.5
Ag-110m 3.5e-02 8.6e-03 2.2e-02 7.0e-02 1.0e-01 3.9e-02 9.4e-03 2.4e-02 7.8e-02 1.1e-01
Cd-109 2.3e-05 5.7e-06 1.5e-05 4.6e-05 6.9e-05 2.5e-05 6.2e-06 1.6e-05 5.2e-05 7.6e-05
Sn-113 2.8e-03 7.0e-04 1.8e-03 5.6e-03 8.5e-03 3.1e-03 7.6e-04 2.0e-03 6.4e-03 9.4e-03
Sb-124 2.0e-02 4.9e-03 1.3e-02 4.0e-02 6.1e-02 2.2e-02 5.4e03 1.4e-02 4.6e-02 6.8e-02
Sbai25^ A $5.3-3 t1.3e03. 3.3O3 .'2i.6eO2 ,x5.9-03'"41 3 3.ie,03.t.2e2 t.8e 2

Te-123m 1.1e-03 2.8e-04 7.3e-04 2.3e-03 3.5e-03 1.3e-03 3.1e-04 8.1e-04 2.6e-03 3.8e-03

Te-127m 6.1e-05 1.5e-05 3.9e-05 1.2e-04 1.8e-04 6.8e-05 1.6e-05 4.3e-05 1.4e-04 2.0e-04

1-125 1.6e-05 3.8e-06 9.9e-06 3.2e-05 4.8e-05 1.7e-05 4.2e 06 1.1e-05 3.6e-05 5.3e-05
1-129 1.6e-05 4.0e06 1.0e-05 3.2e-05 4.8e 05 1.8e05 4.4e-06 1.1e-05 3.7e-05 5.4e-05
I~31''f ,t i .5.9e-4 - 2.7e-03 -' i4.1e-03. -,-'1.3e-03 $12e- 6.6e-- 3.0e-Oi i;6e.O3'

Cs-134 2.0e-02 5.0e-03 1.3e-02 4.0e-02 6.0e-02 2.2e-02 5.4e-03 1.4e-02 4.5e-02 6.7e-02
Cs-135 2.6e-07 6.5e-08 1.7e-07 5.3e-07 7.8e-07 2.9e-07 7.1e-08 1.8e-07 5.9e-07 8.8e-07

Cs-137 7.3e-03 1.8e-03 4.7e-03 1.5e-02 2.2e-02 8.2e-03 2.0e-03 5.2e-03 1.7e-02 2.5e-02
Ba-133 4.2e-03 1.0e-03 2.7e-03 8.4e-03 1.2e-02 4.7e-03 1.1e-03 2.9e-03 9.4e-03 1Ae-02
Cei39 1.2e-03 '' 2;904 ',- 7.5e-04,24e03: -', 3.6e 03: - ';:ti3e 03,_, 3 2e ,-8.3-
Ce-141 4.3e-04 1.0e-04 2.7e-04 8.8e-04 1.3e-03 4.8e-04 1.1e-04 3.0e-04 9.7e04 1.5e-03
Ce-144 6.3e-04 1.6e-04 4.0e-04 1.3e-03 1.9e-03 7.1e-04 1.7e-04 4.5e-04 1.4e-03 2.1e-03

Pm-147 1.3e-07 3.10-08 8.0e-08 2.5e-07 3.8e-07 1.4e-07 3Ae-08 8.8e-08 2.8e-07 4.2e-07

NUREG-16_ H _9
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Appendix H-2 Normalized Effective Doses from Aluminum

Table H2.2 -Normallied effective doses from extern al expiosuire: Scrap yard
Mass-based effective dose (pSYty per Bq/g) Surficial effective dose (pJSvty per Bqlcml)

Radionucilde Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

Sm-151 22e409 5.4e-10 1.4e409 4.4e409 6.6e409 2.5e-09 6.0e-10 1.5e409 S.Oe409 74e-09
E i52,',F:+?'~,.'15 0, 3. 3 ,-9. 03 30e2.4i.s59 ,7>742 .~e2 ,-'34 > e

Eu-154 1.5e402 3.6e403 -9.4e403 2.9e402 4.4e402 1.6e-02 4.0e403 1.0e402 3.3e-02 4.9e-02
Eu-155 3.3e404 8.3e405 2.1e-04 6.7e-04 1.0e403 3.7e-04 9.0e-05 2.3e-04 -7.5e-04 1.1e-03
Gd-153 4.2e-04 1.0e-04 2.7e-04 8.4e 04 1.3e403 4.7e-04 1.1 e-04 2.9e-04 9.5e404 1.4e-03
Tb-160 1.2e-02 3.0e403 7.8e403 2.5e-02- 3.8e402 -1.4e-02 3.3e403 8.7e403 2.8e402 4.2e402

Ti~rP'170,22e5s~s5.4e'06,e1.4e4- e-05 -.-<6.6e-05e 0 pS.e,-ej ,
Tm-171 1.7e406 4.1e-07 1.1e406 3.3e406 5.0e-06 1.9e-06 4.5e407 1.2e406 3.8e406 5.6e406
Ta-182 1.5e-02 3.7e403 9.5e403 3.0e-02 4.5e402 1.7e402 4.1e*03 1.1e402 3.4e42 5.0e402
W-181 1.1 e44 2.7e405 7.0e405 2.2e-04 3.3e404 1.2e-04 3.0e405 7.7e-05 2.5e404 3.6e044
W-185 9.1 e47 2.2e407 5.8e407 1.8e406 2.8e406 1.0e-06 2Ae407 6.4e407 2.1 e46 3.1e406

p>18-v¢}nB7.e'43w&^. 03't.4i 03,Si.e 0 -':2.3e 2 03p>9.OeM 45.2 e, e0
Ir-1 92 8.3e403 2.0e403 5.3e403 1.7e402 2.5e-02 -9.2e403 2.2e403 5.8e403 1.9e402 2.8e-02
T1-204 9.5e-06 2.3e406 6.0e406 1.9e-05 Z.8e405 1.1e-05 2.6e406 6.6e-06 2.1e405 3.2e-05
Pb-210 1.6e45 3.9e406 1.0e405 3.1e405 4.7e405 1.7e-05 4.3e406 1.1 e45 3.6e-05 5.3e405
Bi-207 2.0e402 4.9e403 1.3e402 4.0e402 6.0e402 ' 2.2e-02 ' 5.4e-03 1.4e402 4.5e-02 6.7e402

P*210,~~~~~~~~~~~-;,:+ ... -1e7;29-8,l - 7o8 ..........2Ae407, X,3.6e4l, - ,,-.e-07 -,a3.2e-0 8.3e8,.7-,^,39@
Ra-Z26 -2.3e402 5.7e403 1.5e402 4.6e402 6.9e402 2.6e-02 6.3e403 1.6e402 5.2e402 7.7e402
Ra-228 1.2e402 2.9e403 7.4e403 2.4e402 3.5e402 1.3e402 3.2e403 8.2e403 2.6e402 3.9e-02
Ac-227 - 4.6e403 1.1e403 2.9e403 9.1 e-03 1.4e402 - 5.1e403 1.2e403 3.2e403 1.0e402 1.5e42
Th-228 1.9e402 4.7e403 1.2e402 3.8e402 5.7e402 2.1e402 5.2e403 1.3e402 4.3e402 6.4e-02

Th-230 2.9e406 6.9e47T 1.8e46 5.7e406 8.5e406 3.2e406 7fie-07 2.0e406 '6.4e46 9.6e-06
Th-232 7.6e-05 9.1 e46 4.7e405 1.6e404 2.4e404 8.5e405 1.0e405 5.1e4-5 1.8e404 2.7e044
Pa-231 3.8e404 9.4e405 2.4e404 7.6e404 1.1 e43 4.2e404 1.0e44 2.7e404 8.5e404 1.3e403
U-232 3.8e404 4.5e-05 2.3e-04 7.8e404 1.2e403 42e404 5.Oe405 2.5e404 8.8e-04 1.3e403

U23>'t,2!,.0&06 _. ,7-j.3 ,_6,4,''iie6,,'6.e6 23 , 554 ,4, 6' 4.69;0B6.8e
U-234 6.9e407 1.e407 4Ae407 1.4e406 2.1e406 7.7e407 1.9e407 4.8e407 1.6e406 2.3e406
U-235 1.7e-03 4.1 e-04 1.1 e43 3.3e403 5.0e403 1.9e-03 4.5e404 1.2e403 3.8e403 5.6e403
U-236 3.3e407 8.2e408 2.1 e47 6.7e407 1.0e406 3.7e407 9.0e408 2.3e407 7.5e407 1.1e406
U-238 3.5e404 8.7e405 '2.2e-04 7.1 e44 1.1e403 3.9eO04 9.6e405 2.5e404 S.0ee04 1.2e403

NE,2 e43-6 _-,44e-1.6e-03-12,.e03:'-17Ae4q3;.-- 27.e,03: ,e43-,.e...2
Pu26 4.3e407 9.8e408 2.7e407 8.8e407 1.3e406 4.8e4 .e0 .e7 97-7 154

Pu-238 1.9e407 4.7e408 12e407 3.8e-07 5.7e407 2.1 e47 52e-08 1.3e407 4.3e-07 6.4e407
Pu-239 5.9e'7 '1.5e407 3.8e-07 '1.2e406 1.8e406 6.6e407 1.6e407 4.2e407 1.3e406 2.0e-06
Pu-240 1.9e407 4.6e408 1.2e407 3.7e407 5.6e407 '2.1e407 5.1e408 1.3e407 4.2e407 6.2e407
PFu-23Wi1:.0 .jt4-.,34e8j,.e0.v-.9 ,i4_,t2e4 -,.
Pu-242 1.7e407 4.1 e48 1.1e407 3.3e407 5.0e407 1.9e407 4.5e408 1.2e407 3.8e407 5.6e-07
Pu-244 42e403 1.0e403 2.7e403 8.5e403 1.3e402 4.7e403 1.1e43 3.0e403 9.5e-03 1.4e-02
Amn-241 7.2e405 1.8e405 4.5e405 1.4e-04 2.1 e-04 8.0e405 1.9e405 '5.0e405 1.6e-04 2.4e044
Amn-242mn 1.4e404 3.4e405 8.7e405 _2.7e404 4.1e404 1.5e4G4 3.7e405 9.6e405 3.1e-04 4.6e044

Am23,9 ' 3'_,.e0 .12'3'-";e,3"..;e4 -0 ->- e403Z,7. Dep 3_
Cm-242 1.9e407 4.6e408 1.2e407 '3.7e407 5.6e47 ' 2.1 e47 5.1 e48 1.3e407 -4.2e407 6.2e407
Cm-243 1.2e403 2.9e-04 7.5e404 2.4e403 3.5e403 1.3e403 3.2e404 8.3e404 2.7e403 4.0e403

Cm24 174 24 .e7-3.4e7 5.0e-07 1.9e407 4.6e408 1.2e407 3.8e407 5.6e-07

Cmn-245 _,7.5<e-0,4, 1.,8,e-04,, 4.7e-0< 4, 1 .5e,0 ,42,?.2e-03 ; 8.3e,_, 2, 0,e 04, 5.2e,4_ t_7e,43 2.5e403
C-4,.;' .1 e7.047,i-;,2.5e48 .e8 .e7', 3.60e7-',1.,4-,2e8'.00':,.3,7 3.e'I

Cm-247 4.0e-03 9.9e404 2.5e403 8.0e403 1.2e402 4.4e403 1.1 e43 2.8e403 9.0e-03 1 .3e-02
Cm-248' 9.3e408 2.3e408 5.9e408 1.9e407 2.8e4L7 1.0e407 '2.5e408 6.5e408 2.1e-07 3.1e407
Bk-249 4.2e407 5.5e408 2.6e407 8.7e407 1.3e406 4.7e407 6.1e408 2.9e407 9.7e407 1.5e406
Cf-248 -2.6e407 6.5e408 1.7e407 5.2e407 7.8e-07 2.9e407 7.1 e48 - .8e407 5.9e4O7 8.7e407
Cf-249: ,, -3. -0'>t97e0 4;,254''?84 ',1e2'* .'^"43e-3-t,.e3,27+3',88'3;X.e
Cf-250 1.1 e407 2.8e-08 7.3e408 2.3e407 3.4e407 1 .3e407 3.1 e408 8.0e408 2.6e407 3.8e407
Cf-251 1 .Oe403 2.5e404 6.5e404 2.0e403 3.0e403 1.1 e403 2.8e404 7.1 e404 2.3e-03 3.4e403
Cf-252 2.3e407 -5.8e408 1.5e407 4.7e407 6.9e407 2.6e407 6.3e408 1.6e407 5.3e-07 7.8e407
Cf-254 1.9e41_ 4.6e402 1.2e401 3.8e401 5.7e401 2.1e401 -5.1 e42 1.3e401 4.3e-01 6Ae401

E>54- '3' i;~63-,r 8.1ie-0 2' ,-29e 03 --.733i.e2-'5 .54'.7-5'; .^313 ---. e03'> ',2;6e423.e0
Note: To convert these values to conventional units (mremn/y per pCi/g or mnrem/y per pCL/cm2), multiply by 3.7e-3
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Normalized Effective Doses from Aluminum Appendix H-2

-Table H2.3 Normalized effective doses from inhalation: Scrap yard
Radionuclide - Mass-based effective dose (pSvly per Bq/g)

Mean 5th 50th 90th 95th
Surficial effective dose (puSvy per Bqcrn2)

Mean 5th 50th 90th - 95th
H-3 3.5e-08 8.7e-09 2.2e-08 6.9e-08 1.le-07 3.9e-08 9.5e-09 2.4e-08 7.7e-08 1.2e-07
C-14 5.0e-07 _1.2a-07 3.e-07 9.8e-07 1.5e-06 5.5e-07 1.3e-07 3.4e-07 l.1e-06 1.7e-06
Na-22 I.Ie-06 2.7e-07 6.9e-07 2.2e-06 3.3e-06 1.2e-06 3.Oe-07 7.6e-07 2.4e-06 3.7e-06
P-32 1.2e-06 1.9"-7 6.9e-07 2,.4 e0- 6  3.e0 1.3e-06 2.1le-07 7.6e-07 2.7e-06 4.ie-06

CI-36 5.9e-06 1.5e-06 3.7e-06 1.2e-05 1.8e-05 6.6e-06 1.6e-06 4.1 e06 1.3e-05 2.0e-05
K-40 1.8e-06 4.5e-07 I.1e-06 3.5e-06 5.4e-06 2.0e-06 4.9e-07 1.2e-06 4.0e-06 6.1e-06
Ca-4l 1.5e-07 3.6e-08 9.1 e-08 2.9e-07 4.4e-07 I1.6e-07 3.9e-08 I .Oe-07 3.2e-07 5.0e-07
Ca-45 -- 2.1 e-06 5-e-7 .3e.06 4.2e-06 6.5e-06 2.4e-06 5.8e-07 1 .5e-06 4.7e-06 7.2e-06

S~Z4& ~ ~47e06~ .I~t 6 2~ 29e-06 9.2e05~J14e 05~~ 5.le06b T2e8 2e0-1651.e0
Cr-Si I1.9e-08 4.3e-09 1.2e-08 3.9e-08 6.0e-08 2.2e-08 4.7e-09 I1.3e-08 4.4e-08 6.8e-08
Mn-53 4.4e-08 1.le-08 2.8e-08 8.8e-08 1.3e-07 4.9e-08 1.2e-08 3.1e-08 9.8e-08 1.5e-07
Mn-54 1.2e-06 3.e-07 7.7e-07 2A4e-06 3.8e-06 1.4e-06 3.3e-07 8.5e-07 2.7e-06 4.2e-06
Fe-55 6.5e-07 1.6e-07 4.1le-07 1.3e-06 2.0e-06 7.2e-07 1.8e-07 4.5e-07 1.4e-06 2.2e-06

_e-9 -- 2 n 280-66

Co-56 4.5e-06 1.1e-06 2.9e-06 8.9e-06 1.4e-05 5.l e-06 1.2e-06 3.2e-06 1.0e-05 1.6e-05
Co-57 7.6e.-07 1.9e-07 4.8e-07 1.5e-06 2.3e-06 8.5e-07 2.1e-07 5.3e-07 1.7e-06 2.6e-G6
Co-58 1.4e-06 3.5e-07 8.ge-07 2.8e-06 4.4e-06 1.6e-06 3.8e-07 9.9e-07 3.le-06 4.9e-06
Co-60_ 2.5e-05 6.1e-06 1.5e-05 4.9e-05_ 7.5e-05 -~2.7e-05 6.7e-06 1.7e-05 5.4e-05 8.4e-05

Ni-63 3.8e-07 9.4e-08 2Ae-07 7.4e-07 1.1e-06 4.2e-07 1.e0"7 2.6e-07 8.3e-07 1.3e-G6
Zn-65 2.3e-06 5.8e-07 1.5e-06 4.6e-06 7.2e-06 2.6e-06 6.4e-07 I1.6e-06 5.2e-06 8.Oe-06
As-73 6.7e-07 1.7e-07 4.2e-07 1.3e-06 2.le.-06 7.5e-07 1.8e-07 4.7e-07 1.5e-06 2.3e-06

Se_7 1.1e-06 2.6e-07 6.7e-07 2.1 e-06 3.3e-06 1.2e-06 _2.9e-07 _7A4e-07 2.4e-06 3.7e-06
Sr8~~~Uz2.7e7O~,6.6e0Ž17-7 .e0~84-07', "t 3I e-O

Sr-89 6.6e-07 1.6e-07 4.1 e-07 1.3e-06 2.1e-06 7.3e-07 1.7e-07 4.6e-07 1.5e-06 2.3e-06
Sr-90 2.2e-05 5.4e-06 1.4e-05 4.3e-05 6.6e-05 2.4e-05 5.9e-06 1.Se-05 4.8e-05 7.4e-05
Y-91 5.7e-06 1.4e-06 3.6e-06 1.1e-05 1.8e-05 6.4e-06 I1.5e-06 4.0e-06 1.3e-05 2.0e-05
Zr-93 8.2e-06 2.1e-06 5.1e-06 1.6e-05 2.5e-05 9.1le-06 2.2e-06 5.7e-06 1.8e-05 2.8e-05

Zr95 '3.5e-0~.o7~.e0.-0606 1.e i5yr',3.9 -64.9.4A 0 2Ae-06 T1.8606-.1l2e-05tl

Nb-93m 1.4e-06 3.4e-07 8.5e-07 2.7e-06 4.1le-06 1.Se-06 3.7e-07 9.5e-07 3.0e-06 4.7e-06
Nb-94 3.8e-05 9.6e-06 2.4e-05 7.6e-05 1.2e-04 4.3e-05 1.Oe-05 2.7e-05 8.5e-05 1.3e-04
Nb-95 9.4e-07 2.2e-07 5.9e-07 1.9e-06 3.0e-06 1.le-06 2.4e-07 6.5e-07 2.1 e-06 3.3e-06
Mo-93 1.9e-06 4.7e-07 1.2e-06__3.7e-06 5.7e-06 2.1e-06 5.le-07 1.3e-06 4.2e-06 6.4e-06~

Tc-97m 2.3e-06 5.6e-07 1.4e-06 4.5e-06 7.Oe-06 2.5e-06 6.le-07 1.6e-06 5.0e-06 7.8e-06
Tc-99 3.3e-06 8.3e-07 2.1e-06 6.6e-06 1.0e-05 3.7e-06 9.le-07 2.3e-06 7.4e-06 1.le-05
Ru-103 1.7e-06 4.0e-07 1.1e-06 3.5e-06 5.4e-06 1.9e-06 4.4e-07 1.2e-06 3.8e-06 6.0e-06
Ru-i106 5.1e-05 1.3e-05 3.2e-05 1.0e-04 1.6e-04 5.7e-05 1.4e-05 3.5e-05 1. 1 e04 1.7e-04

Ag-i m 9.7e-06 2.4e-06 6.1e-06 1.9e-05 3.0e-05 1.1e-05 2.6e-06 6.7e-06 2.1le-05 3.3e-05
Cd-lo9 6.7e-06 1.7e-06 4.2e-06 1.3e-05 2.le-05 7.5e-06 1.8e-06 4.7e-06 1.5e-05 2.3e-05
Sn-1 13 1.9e-06 4.7e-07 1.2e-06 3.8e-06 5.9e-06 2.1e-06 5.le-07 1.3e-06 4.2e-06 6.6e-06
Sb-i124 4.e0 .e0 .e0 .e0 .e0 4.7e-06 1.1e-06 2.9e-06 9.3e-06 1.4e-05-

S-25iU. 44-0 ~1i-0~.e0~ 8.7e-63i4-5P>49-6 L12 -0.:3.1-6_.o0' ~15-5
Te-123m 3.0e-06 7.3e-07 1.ge-06 5.9e-06 9.2e-06 3.3e-06 8.0e-07 2.1e-06 6.6e-06 1.Oe-05
Te-127m 5.5e-06 1.4e-06 3.5e-06 1.1e-05 1.7e-05 6.2e-06 I1.5e-06 3.8e-06 1.2e-05 1.9e-05
1-125 3.6e-06 8.8e-07 2.3e-06 7.2e-06 1.1e-05 4.1e-06 9.7e-07 2.5e-06 8.0e-06 1.3e-05
1-129 . 3.2e-05 7.9e-06 2.0e-05 6.2e-05 9.6e-05 3.5e-05 8.6e-06 2.2e-05 7.0e-05 1.le-04

Cs-134 5.7e-06 1.4e-06 3.6e-06 1.le-05 1.7e-05 6.4e-06 1.6e-06 4.0e-06 1.3e-05 1.9e-05
Cs-135 6.1 e07 1.5e-07 3.8e-07 1.2e-06 1.8e-06 6.8e-07 1.6e-07 4.2e-07 1.3e-06 2.le-06
Cs-137 4.1le-06 1.Oe-06 2.6e-06 8.1e-06 1.2e-05 4.6e-06 1.1e-06 2.8e-06 9.0e-06 1.4e-05
Ba-133 1.3e-06 3.2e07 -8.0e-07 2.5e-06 3.9e-06 1.4e-06 3.5e-07 8.9e-07 2.8e-06 4A4e-06

C19,:-. 145 3.5e-07,'; 8e7 2e-062' i 4.o-6 9.7e.6e-0B-'
Ce-141 2.1e-06 4.7e-07 1.3e-06 4.le-06 6.5e-06 2.3e-06 5.2e-07 1.4e-06 4.6e-06 7.2e-06
Ce-144 4.0e-05 1.0e-05 2.5e-05 7.9e-05 1.2e.04 4.4e-05 1.1e-05 2.8e-05 8.8e-05 1.4e-04
Pm-147 3.9e-06 9.7e-07 2.4e-06 7.6e-06 1.2e-05 4.3e-06 1.le-06 2.7e-06 8.6e-06 1.3e-05

NUREG-I 640 H-IOU
NUREG-1 640 H-IWU



Appendix H-2 Nonnalizcd Effective Doses from Aluminum

Table H2.3 Normalized effective doses from inhalation: :Scrap yard
Mass-based effective dose (pSv/y per Bq/g) Surfical effective dose (pSv/y per BqIcm2)

Radionucide -Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
Sm-151 32e-06 7.9e-07 2.0e-06 :6.2e-06 9.6e-06 3.5e-06 8.6e-07 2.2e-06 7.0e-06 1.1e-05
i u-15i2 ' 'I'3.3o0 ' 78.3e 2.1e-05,,,-.6e-05 .1.O0 3.i 5' '<9.0e2.3e5J7.3e'05 '->'e-O4e
Eu-1 54 4.3e-05 I.Ie-05' 2.7e-05 8.4e-05 1.3e-04 4.7e-05 1.2e-05 3.0e-05 9.4e-05 1.5e-04
Eu-155 5.5e-06 1 Ae-06 3.5e-06 1.1e-05 1.7e-05 6.1 e-06 I.5e-06 3.8e-06 1.2e-05 1.9e-05
Gd-153 1 .5e-06 3.8e-07 9.7e-07 3.0e-06 4.7e-06 1 .7e-06 4.2e-07 1.1 e-06 3Ae-06 5.2e-06
Tb-160 4.7e-06 1.1e-06 2.9e-06 9.2e-06 1.4e-05 5.2e-06 1.2e-06 3.3e-06 1.Oe-05 1.6e-05
Tm 70 -:'-,i.7 5.1e 06 >,1.3eO6' 32e-06b4 3 -Oe-05'1.6e5_ 055.7e-67 i1.4e-06
Trn-171 1.1e-06 2.7e-07 6.8e-07 2.1e-06 3.3e-06 1.2e-06 3.0e-07 7.6e-07 2.4e-06 3.7e-06
Ta-182 7.4e-06 1.8e-06 4.6e-06 1.5e-05 2.3e-05 8.2e-06 2.0e-06 5.1 e-06 1.6e-05 2.5e-05
W-181 2.1e-08 5.3e-09 1.3e-08 4.2e-08 6.6e-08 2Ae-08 5.8e-09 1.5e-08 4.7e-08 7.3e-08
W-185 I.Oe-07 2.5e-08 6.3e-08 2.0e-07 3.1e-07 1.1 e-07 2.7e-08 7.0e-08 2.2e-07 3.4e-07

'0>85p-!-t'~e >,'27-'7 7;eiti:,,2e 3.ie06"? .::I 06/->30O-,,77 7 i. e
Ir-192 4.4e-06 1.1e-06 2.8e-06 8.7e-06 1Ae-05 4.9e-06 1.2e-06 3.1e-06 9.8e-06 1.5e-05
Ti-204 3.7e-07 '9.3e-08 2.3e-07 7.3e-07 1.1e-06 4.1e-07 I.Oe-07 2.6e-07 8.2e-07 1.3e-06
Pb-210 3.4e-03 8.5e-04 2.1e-03 6.7e-03 1.0e-02 3.8e-03 9.2e-04 2.4e-03 7.5e-03 1.2e-02
8i-207 4.4e-06 I.Ie-06 2.8e-06 8.8e-06 1.3e-05 4.9e-06 1.2e-06 3.1e-06 9.8e-06 1.5e-05
Po-20 803 . 6
Ra-226 2.7e-03 6.9e-04 1.7e-03 5Ae-03 8.3e-03 3.1e-03 7.5e-04 1.9e-03 6.1e-03 9.4e-03
Ra-228 2.8e-03 6.7e-04 1.7e-03 5.5e-03 8Ae-03 3.1 e-03 7.4e-04 1.9e-03 6.2e-03 9.4e-03
Ac-227 6.9e-02 1.7e-02 4.3e-02 1Ae-01 2.1e-01 7.7e-02 1.9e-02 4.8e-02 1.5e-01 2.3e-01
Th-228 2.8e-02 7.1e-03 1.8e-02 5.6e-02 8.7e-02 3.2e-02 7.7e-03 2.0e-02 6.3e-02 9.7e-02
Th-229e,', 0 29,e9.6e - 002_2_ _ 6eI0J. 6.7e-02•; L0.hII 2. 3.3
Th-230 3.4e-02 8.5e-03 2.1 e-02 6.7e-02 1.0e-01 3.8e-02 9.3e-03 2.4e-02 7.6e-02 1.2e-01
Th-232 3.6e-02 9.0e-03 2.2e-02 7.1e-02 1.1e-01 4.0e-02 9.8e-03 2.5e-02 7.9e-02 1.2e-01
Pa-231 1.1e-01 2.8e-02 7.0e-02 2.2e-01 3.4e-01 1.2e-01 3.0e-02 7.7e-02 2.5e-01 3.8e-01
U-232 3.0e-02 7.6e-03 1.9e-02 6.0e-02 9.3e-02 3Ae-02 8.3e-03 2.1 e-02 6.7e-02 1.Oe-01
U'233'a-~-.;.'''7.4e 34.t.,'1.9e.03'i.7e -''-.''5e702w2.e02 8.3e-03,::2.003:' .523rI.6e0 25e02
U-234 7.3e-03 1.8e-03 4.5e-03 IAe-02 2.2e-02 8.1e-03 2.0e-03 5.0e-03 1.6e-02 2.5e-02
U-235 6.6e-03 1.6e-03 4.1e-03 1.3e-02 2.0e-02 7.3e-03 1.8e-03 4.6e-03 1.5e-02 2.2e-02
U-236 6.7e403 1.7e-03 4.2e-03 1.3e-02 2.0e-02 7.5e-03 1.8e-03 4.7e-03 1.5e-02 2.3e-02
U-238 6.2e03 1.6e-03 3.9e-03 1.2e-02 1.9e-02 7.0e4031.7e-03 4.3e-03 1.4e-02 2.1 e-02
Np237 - I-,,'18e-02,'4.5e-03; ;1.1e-02 ;',3.54025.48O2 g2.0e4 2 ,-.4.9e-03,Ei.2e42'4.0e-02 .- 6.ie-02
Pu-236 1.5e-02 3.8e-03 9.5e-03 3.0e-02 4.6e-02 1.7e-02 4.1e-03 1.1 e-02 3.4e-02 5.2e-02
Pu-238 3.7e-02 9.2e-03 2.3e-02 7.2e-02 1.Ie-01 4.1e-02 1.0e-02 2.6e-02 8.1e-02 1.3e-01
Pu-239 4.0e-02 1.Oe-02 2.5e-02 7.9e-02 1.2e-01 4.5e-02 1.1e-02 2.8e-02 8.9e-02 1.4e-01
Pu-240 4.Oe-02 1.0e-02 2.5e-02 7.9e-02 1.2e-01 4.5e-02 1.1e-02 2.8e-02 8.9e-02 1Ae-01
Piu-24l _,.,7.3e;i04 ~ .~j1.8e-O4 ~.6e0 X-0 3 1e-O4 ,2.0e Y'5._1 J032
Pu-242 3.8e-02 9.4e-03 2Ae-02 7Ae-02 1.1e-01 4.2e-02 I.Oe-02 2.6e-02 8.3e-02 1.3e-01
Pu-244 3.8e-02 9.4e-03 2Ae-02 7Ae-02 1.1e-01 4.2e-02 1D.e-02 2.6e-02 8.3e-02 1.3e-01
Arn-241 3.3e-02 8.3e-03 2.1 e-02 6.6e-02 1.0e-01 3.7e-02 9.1 e-03 2.3e-02 ,7Ae-02 1.1e-01
Arn-242rn 3.3e-02 8.3e-03 2.1e402 6.6e-02 1.Oe-01 3.7e-02 9.1 e-03 2.3e-02- 7.4e02 1.1e41

Cm-242 3.8e-03 9.4e-04 2.4e-03 7.5e-03 1.2e-02 4.2e-03 I.Oe-03 2.6e-03 8Ae-03 1.3e-02
Cm-243 2.5e-02 6.2e-03 1.5e-02 4.9e-02 7.5e-02 2.8e-02 6.7e-03 1.7e-02 5.5e-02 8.4e-02
Cm-244 2.1 e-02 5.3e-03 1.3e-02 4.2e-02 6.5e-02 2.4e-02 5.8e-03 1.5e-02 4.7e-02 7.3e-02
Cm-245 3Ae-02 8.5e-03 2.1e-02 6.7e-02 1.0e-01 3.8e-02 9.3e-03 2.4e-02 7.6e-02 1.2e-01
Cm-246'-.'' : ;3.i4-02'e4 3_ 2.1e402- :6.7e402 " '1;0e '.'3.88 , 9.3e03, ., 2.ie2: _7 0 , ie
Cm-247 3.1 e-02 7.7e-03 1.9e-02 6.1e-02 9.3e-02 3Ae-02 8Ae4-03 2.1e-02 6.8e-02 1.0e-01
Cm-248 1.2e-01 3.0e-02 7.5e-02 2.4e-01 3.6e-01 1.3e-01 3.3e-02 8.3e-02 2.6e-01 4.1e-01
Bk-249 1.3e-04 3.2e-05 8.1 e-05 2.5e404 3.9e-04 I1Ae-04 3.5e-05 8.9e-05 2.8e-04 4Ae-04
Cf-248 6.8e-03 1.7e-03 4.2e-03 1.3e-02 2.1 e-02 - 7.5e-03 1.8e-03 4.7e-031.5e-02 2.3e-02
Cf-249 ' ,5.6e-02 '2I.4e-02 -3.5 42 -^1.1 '011.7e40iK^,-,6.3e 2-'1.5e42-'3.9e402 < 1,2e-0l"-',1.9e-01
Cf-250 2.7e-02 6.8e-03 1.7e-02 5.4e-02 8.3e-02 3.0e-02 7Ae-03 1.9e-02 6.0e-02 9.3e-02
Cf-251 5.7e-02. 1Ae-02 3.6e-02 1.1e-01 1.7e-01 6.4e-02 1.6e-02 4.0e-02 1.3e-01 2.0e-01
Cf-252 1.5e-02 3.8e-03 9.5e-03 3.0e-02 4.6e-02 1.7e-02 4.1e-03 1.1e-02 3.4e-02 5.2e-02
Cf-254 2.5e-02 6.2e-03 1.6e-02 5.0e-02 7.9e-02 2.8e-02 6.8e-03 1.8e-02 5.6e-02 8.8e-02
Es-254 6:' '--.6e-03:" 4.ie- i 1.3e42 ';2.0e-02 ;;'; ,7.3e-03 1.8e43'4;6 43 5eO2 22e42

Note: To convert these values to conventional units (mrem/y per pCUg or mrem/y per pCilcm2), multiply by 3.7e-3
H., .i A . _ 1_ .
H-101 N-UREG-1640



onrnalize~d Effective Do0ses from Alumfinum Appendix H-2

Table H2.4 Normalized effective doses from Ingestion: Scrap yard

Mass-based effective dose (PSvly per BqIg)
Raincie Mean 5th 50th 90th 95th

Surficial effective dose (pSv/y per BqIcm2)
Mean 5th 50th 90th 95th

H-3 5.2e-08 3.1Ve-09 3.2e-08 1.1e-07 1.7e-07 5.8e-08 3.4e-09 3.5e-08 1.2e-07 1.9e-07

C-14 1.7e-06 9.8e"8 1.0e-06 3.5e-06 5.4e-06 1.9e-06 1.1e-07 1.1e-06 3.9e-06 6.1e-06
Na-22 9.1 e-06 5.4e-07 5.6e-06 1.9e-05 3.0e-05 1.0e-05 6.0e-07 6.2e-06 2.1e-05 3.3e-05

P-32 3.0e-06 1.5e-07 1.6e-06 6.6e-06 1.0e-05 3.3e-06 1.6e-07 1.8e-06 7.2e-06 1.1e-05
Y;__ 3 '5j71_, al~-17;2.18 O7,7.2e 7U11, .9e, ui,22eO 8 j2.3e07.8.2e7.1.3e,0 >

CI-36 2.7e-06 1.6e-07 1.6e-06 5.6e-06 8.7e-06 3.0e-06 1.8e-07 1.8e-06 6.3e-06 9.8e-06

K-40 1.8e-05 1.1e-06 1.1e-05 3.7e-05 5.8e-05 2.0e-05 1.2e-06 1.2e-05 4.2e-05 6.5e-05
Ca41 8.3e-07 4.9e-08 5.1 e-07 1.7e-06 2.7e-06 9.3e-07 5.5e-08 5.7e-07 1.9e-06 3.0e-06
Ca-45 2.0e-06 1.2e-07 1.2e-06 4.2e-06 6.6e-06 2.2e-06 1.3e-07 1.4e-06 4.7e-06 7.3e-06
ScB6W:L:3.706; 22e,-07.Y.;2.3.06- 7.7e 6Y 1.2e05 Wi.ie-6,,& . 20 e-07' 2.56806-.7,e-0,6 345
Cr-51 6.7e-08 3.8e-09 4.0e-08 1.4e-07 2.2e-07 7.5e-08 4.1e-09 4.4e-08 1.6e-07 2.5e-07

Mn-53 8.6e-08 5.1e-09 5.3e-08 1.8e-07 2.8e-07 9.6e-08 5.7e-09 5.9e-08 2.0e-07 3.2e-07
Mn-54 2.0e-06 1.2e-07 1.2e-06 4.1e-06 6.4e-06 2.2e-06 1.3e-07 1.3e-06 4.6e-06 7.1e-06

Fe-55 9.3e-07 5.5e-08 5.7e-07 2.0e-06 3.1e-06 1.0e-06 6.2e-08 6.4e-07 2.2e-06 3.4e-06

Fe-59,+ *-- _, 3.9*06,;2.3e~,07 o08 82&06-~ 1. 0~5, 4.3e 6 4-'2.5 0 L2.6e-06 .49.2e 0( t.i

Co-56 5.6e-06 3.3e-07 3.4e-06 1.2e-05 1.8e-05 6.2e-06 3.6e-07 3.8e-06 1.3e-05 2.0e-05

Co-57 5.2e-07 3.1e-08 3.2e-07 1.le-06 1.7e-06 5.8e-07 3.4e-08 3.5e-07 1.2e-06 1.9e-06

Co-58 1.7e-06 9.9e-08 1.Oe-06 3.5e-06 5.5e-06 1.9e-06 1.1e-07 1.1e-06 4.0e-06 6.1e-06

CO-60 7.1 e-06 4.2e-07 4.4e-06 1.5e-05 2.3e-05 8.0e-06 4.8e-07 4.8e-06 1.7e-05 2.6e-05
A, 4, .1; 3.8e-7i 5.9e-0oŽ -0TT12e08 0i2r 4.2e-07, 6.6e- 07.

Ni-63 4.3e-07 2.5e-08 2.6e-07 9.0e-07 1.4e-06 4.8e-07 2.9e-08 2.9e-07 1.0e-06 1.6e-06

Zn-65 1.1e-O5 6.3e-07 6.5-06 2.2e-05 3.5e-05 1.2e-05 7.0e-07 7.2e-06 2.5e-05 3.9e-05

As-73 6.3e-07 '3.8e-08 ' 3.9e07 1.3e-06 2.1e-06 7.1e-07 4.1e-08 4.3e-07 1.5e-06 2.3e-06

Se-75 6.7e-06 3.9e-07 4.1e-06 1.4e-05 2.2e-05 7.5e-06 44e-07 4.5e-06 1.6e-05 2.4.-05
~ -8..-08~8.9e0.; 7 .1O.2 .e-6

Sr-89 5.8e-06 3.4e-07 3.5e-06 1.2e-05 1.9e-05 6.4e-06 3.7e-07 3.9e-06 1.4e-05 2.1e-05

Sr-90 8.8e-05 '5.2e-06 5.4e-05 1.8e-04 2.9e-04 9.8e-05 5.9e-06 6.0e-05 2.1e-04 3.2e-04
Y-91 5.5e-06 3.3e-07 3.4e-06 1.2e-05 1.8-05 6.1e-06 3.5e-07 3.7e-06 1.3e-05 2.0e-05

Zr-93 8.Oe-07 4.8e-08 4.9e-07 1.7-06 2.6e-06 9.0e-07 5.4e-08 5.5e-07 1.9e-06 2.9e-06
Zr-95P 3Y 2.5e-06 _, .5e07i0-OS 15'5Of8' 63& 8e- .7.-07;-.i1.7e06&.,5.96- 9.2-06'

Nb-93m 3.4e-07 2.0e-08 2.1e-07 7.2e-07 1.1.e-6 3.8e-07 2.3e-08 2.3e-07 8.1e-07 1.3e-06
Nb-94 4.9e-06 2.9e-07 3.0e-06 1.Oe-05 1.6.-05 5.5e.-6 3.3e-07 3.3e-06 1.1.e05 1.8e-05

Nb-95 1.2e-06 6.7e-08 6.9e-07 2.5e-06 3.8e-06 1.3e-06 7.3e-08 7.7e-07 2.7e-06 4.2e-06
Mo-93 7.5e-06 4.4e-07 4.6e-06 1.6e-05 2.4e-05 8.3e-06 5.0e-07 5.1e-06 1.7e-05 2.7e-05

Tc-97; K, 9 ' 2.4e 07~..4e08 -1.58-O7,I-O7_.0e '7 7.80O7, :Hj.L7e- 27 ° *608,-1.88-08 _5! 08.7 -073

Tc-97m 1.6e-06 9.7e-08 1.0e-06 3.4e-06 5.3e-06 1.8e-06 le1.-07 1.1e-O6 3.8e-06 6.0e-06
Tc-99 2.2e-06 1.3e-07 1.4e-06 4.7e-06 7.3e-06 2.5e-06 1.5e-07 1.5e-06 5.2e-06 8.2e-06
Ru-103 1.5e-06 8.7e-08 9.1e-07 3.2e-06 5.0e-06 1.7e-06 9.7e-08 1.0e-06 3.6e-06 5.6e-06

Ru-1 06 1.9e-05 1.2e.-6 1.2e-05 4.1e-05 6.4e-05 2.2e-05 1.3e-06 1.3e-05 4.5e-05 7.1e-05

A, iO~i- ;:,6.6e O61L,' 3.e 7>1 .tX1-.4eL 5^,42-2",5 ;-t,',----#,7.i ,,.4 7,4.; 4;~

Ag-i1 Om 7.6e-06 4.5e-07 4.7e-06 1.6e.-5 2.5e-05 8.5e.-6 5.0e-07 5.2e.-6 1.8e-05 2.8e-05
Cd-109 5.6e-06 3.3e-07 3.4.-06 1.2e-05 1.8e-05 6.2e-06 3.7e-07 3.8e-06 1.3e-05 2.0e-05-
Sn-113 1.9e-06 1.1-07 1.2e-06 4.1e-06 6.3e-06 2.2e-06 1.3e-07 1.3e-06 4.6e-06 7.1e-06

Sb-i124 5.8e-06 3.4e-07 3.5e06 1.2e-05 1.9-05 6.4e-06 3.7e-07 3.9e-06 1.4e-05 2.1e-05

Sb-1254§ 63.7e-6':2. 2 87: 2.3e',-06 .7.7o0ii.2 '-' . 6 2.4eO7' 2.5e 6 86 .3e05

Te-123m 3.6e-06 2.1e-07 2.2.-06 7.5e-06 1.2e-05 4.0e-06 2.3e-07 2.4e-06 8.5e-06 1.3e-05
Te-127m 6.3e-06 3.7e-07 3.8e-06 1.3e-05 2.0e-05 7.0e.-6 4.1e-07 4.2e-06 1.5e-05 2.3e-05

1-125 3.5e-05 2.1e-06 2.1e-05 7.3e-05 1.1e-04 3.9e.-5 2.2e-06 2.3e-05 8.2e-05 1.3e-04

1-129 3.2e-04 1.9e-05 1.9e-04 6.6e-04 1.0e-03 3.5e-04 2.1e-05 2.1e-04 7.4e-04 1.2e-03

1-131 K' ___ __ 1.6.0-OS - 5.1''O7.-'.*6* .e0,- 5.9e-05N~' ;','.8.-OS :5.7.-O7-.1.7.4e-068': 4:2e 05A 6.6e0-iS-
Cs-134 5.4e8-5 3.2e-06 3.3e-05 1.1e-04 1.8e-04 6.0e-05 3.6e-06 3.6e-05 1.3e-04 2.0e-04
Cs-I 35 5.7e-06 3.4e-07 3.5e-06 1.2e-05 1.9e-05 6.4e-06 3.8e-07 3.9e.-6 1.3e-05 2.1 e-05

Cs-137 3.7e-05 2.2e-06 2.3e-05 7.8e-05 1.2e.-4 4.2e.-5 2.5e-06 2.5e-05 8.7e-05 1.4e-04
Ba-133 2.9e-06 1.7e-07 1.8e-06 6.0e-06 9.3e-06 3.2e-06 1.9e-07 1.9e-06 6.7e-06 1.0e-05

Cei 39' ..2 '6.8e-O7,--'-4'.08-O8' i2e 7TJ1.4 06' 228-OS: ...- 07 4.4 08 I4.6 07 i 06j-0S 2.5e-06'.
Ce-141 1.4e-06 7.9e-08 8.2e-07 2.9e.-6 4.5e-06 1.5e.-6 8.6e-08 9.1e-07 3.3e-06 5.1e-06
Ce-144 1.4e-05 8.5e-07 8.8e-06 3.0e-05 4.7e-05 1.6e-05 9.5e-07 9.8.-06 3.4e-05 5.3e.-5
Pm-147 7.4e-07 4.4e-08 4.5e-07 1.5e-O6 2.4e-06 8.2e-07 4.9e-08 5.0e-07 1.7e-06 2.7e-06
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Appendix H-2 Nomializid Effective Doses from Aluminum

Table H2.4 Normalized effective doses from Ingestion: Scrap yard

Radionuclide -Mass-based effective dose (pSvly per Bq/g) Surficial effective dose (pSv/y per BqIcm2 )

Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

Sm-151 2.8e-07 1.7e-08 1.7e-07 5.9e-07 92e-07 3.1 e-07 1.9e-08 1.9e-07 6.6e-07 1.0e-06
Eu-52 .i.4O06-'2.4e 0i 2.5e 06 2,7.49 6'',1.3e .7 95
Eu-1 54 5.7e-06 3.4e-07 3.5e-06 1 .2e-05 1 .9e-05 6.4e406 3.8e-07 3.9e-06 1.3e-05 2.1 e-05
Eu-155 9.1e-07 5.4e-08 5.6e-07 1.9e-06 3.0e-06 1.0e-06 6.1e-08 6.2e-07 2.1e-06 3.3e-06
Gd-153 7.3e-07 4.3e-08 4.5e-07 1.5e-06 2Ae-06 82e-07 4.9e-08 5.0e-07 1.7e-06 2.7e-06
Tb-1 60 3.8e-06 2.3e-07 2.3e-06 8.0e-06 1.3e-05 4.3e-06 2.5e-07 2.6e-06 9.1 e-06 1.4e-05
Tm-170,~ m23.e06; 'Oe-07 ';,2.Ie61'.0e,06 -0 1 t .1e-05
Trn-171 3.1e-07 1.8e-08 1.9e-07 '6.5e-07 1.0e-06 3.5e-07 2.1e-08 2.1e-07 7.2e-07 1.1e-06
Ta-182 3.8e-06 2.3e-07 2Ae-06 8.0e-06 1.3e-05 4.3e-06 2.5e-07 2.6e-06 9.0e-06 IAe-05
W-181 2.0e-07 1.2e-08 1.2e-07 4.1 e-07 6Ae-07 2.2e-07 1.3e-08 1.3e-07 4.6e-07 7.1 e-07
W-185 1.e-06 6.3e-08 6.5e-07 2.2e-06 3.5e-06 1.2e-06 6.9e-08 7.2e-07 2.5e-06 3.9e-06
Os I~ 1 5 i.20,6,47.5e-08 ''7.Be-'07Y 7J06 .i--- 2e-08 8.6-0.j 0-6t.7e-46
Ir-192 3.4e-06 2.0e-07 2.1e-06 7.1 e-06 1.1 e-05 3.8e-06 2.2e-07 2.3e-06 8.0e-06 12e-05
T7-204 3.7e406 2.2e-07 2.3e-06 7.7e-06 1.2e-05 4.1 e06 2.5e47 2.5e-06 8.6e-06 1.4e-05
Pb-21 0 2.6e-03 1.6e-04 1.6e-03 5.5e-03 8.6e03 2.9e403 1.8e-04 1.8e-03 6.2e-03 9.7e43
Bi-207 3.7e-06 2.2e-07 2.3e-06 7.8e406 1.2e45 4.2e-06 2.5e-07 2.5e-06 8.7e-06 Ae4-05
Pri-210 e'3.04T 5 ''.7-0'43.8e4o4 A.3e032.e3 il :7.0e04C'4.1e-04 .3e0;4i.5e-03 Z 23e.
Ra-226 8.1e-04 4.8e-05 5.0e-04 1.7e03 2.6e03 9.0e-04 5Ae-05 5.5e-04 1.9e-03 3.0e-03
Ra-228 1.9e-03 1.1e-04 1.2e-03 4.0e-03 6.3e-03 2.1e-03 1.3e-04 1.3e-03 4.5e-03 7.0e-03
Ac-227 3.5e-03 2.1e-04 2.1e-03 7.2e-03 1.1e-02 3.9e-03 2.3e04 2Ae-03 8.1e-03 1.3e-02
Th-228 4.0e-04 2.4e-05 2.4e-04 8.3e-04 1.3e-03 4.4e-4 2.6e45 2.7e-04 9.3e-04 1.5e-03
Th229 i I.le-03 ','-,1 .Oo-04 -91I-03 >3.6eO3_Th'.6e-03 §jj>1.9e-0.42.1e44 .,-1 2 0 O3 ½S.L4 0 J 3L 6.3e.3,
Th-230 6.0e-04 3.6e-05 3.7e404 1.3e-03 2.0e-03 6.7e04 4.0e-05 4.1e-04 1.4e-03 2.2e-03
Th-232 6.4e-04 3.8e-05 4.0e-04 1.3e-03 2.1e-03 7.2e-04 4.3e-05 4.4e-04 1.5e403 2.4e-03
Pa-231 2.0e-03 1.2e-04 1.3e-03 4.3e-03 6.7e-03 2.3e-03 I.4e-04 1.4e403 4.8e-03 7.5e-03
U-232 9.5e-04 5.6e-05 5.9e-04 2.0e-03 3.1e-03 I.Ie-03 6.4e-05 6.5e-04 2.2e-03 3.5e-03
,U-2331)>9,,,,-,e.04 44i8.5e-06 ,7K 8.8e'4-OS,3.O 04'.e44~,,M .,6e-4. ,9.6e 6.,.,,9.8O-O5'3.4'o-04 :.5-4
U-234 1 Ae-44 8.3e-06 8.7e405 2.9e-44 4.6e-04 1.6e-04 9.4e-06 9.6e.-5 3.3e-04 5.1 e-04
U-235 1.3e-04 7.9e-06 8.2e-05 2.8e404 4.3e404 I.5e-04 8.9e4-6 9.1e-05 3.1e-04 4.9e-04
U-236 1.3e-04 7.8e-06 8.1e4-5 2.8e-04 4.3e-04 I.Se-44 8.8e-46 9.0e.-5 3.1e-04 4.8e-04
U-238 1.4e-04 8.Oe-06 8.4e.-5 2.8e-04 4.4e-04 1.5e-04 9.1e-06 9.3e-05 3.2e-04 5.Oe-04
Np-,237,;3.2e-44^,.19e05 -*2.Q .6.-O e 0 3 6 -922.1 s-0S ,'4eO' I.2e-O3-
Pu-236 2Ae-04 1Ae4-5 1.5e-O4 5.1 e-44 8.0e-04 2.7e-44 1.6e-45 1 .7e-04 5.7e-04 8.9e-04
Pu-238 6.6e-04 3.9e.-5 4.1e-44 1.4e-03 2.2e-43 7Ae-04 4.4e-45 4.5e-04 1.5e-03 2.4e-03
Pu-239 7.2e-44 4.2e4-5 4.4e-04 1.5e-03 2.3e-03 8.0e-44 4.8e-05 4.9e-44 1.7e-03 2.6e-43
Pu-240 7.2e-04 4.2e4-5 4Ae404 1.5e-03 2.3e-03 8.0e-04 4.8e-05 4.9e-44 1.7e-03 2.6e-03
,Pu-24f> z W .4e-O 8O7 ) ' 8.3e-.6 ,; . w 5 ' > ,. ,-9.007ve9:2>,6 T 3.2 -O5,.sOj
Pu-242 6.9e-44 4.1e-05 4.2e-44 1.4e-43 2.2e-03 7.7e-04 4.6e-05 4.7e-44 1.6e-03 2.5e-03
Pu-244 6.9e-04 4.1e4-5 4.3e-04 '1.4e-43 2.3e-43 7.7e-44 4.6e-05 4.7e-44 1.6e-03 2.5e-03
Am-241 5.7e-04 3.4e405 3.5e-04 1.2e-03 1.9e-03 6Ae-04 3.8e-45 3.9e-44 1.3e-03 2.1e-03
Am-242m 5.7e-04 3.4e-45 3.5e-04 1.2e-03 1.9e-43 6.4e-04 3.8e-05 3.9e404 1.3e-03 2.1e43
Ar~-243,r 3.5e 04 ,I;2e-03 1.9e4 3'.,-6.4eO4 .3.8eO5, '3.9e-04 -1.4eO3,: 2.1 03.
Cm-242 3.2e-05 1.9e-06 2.0e45 6.7e-05 I.Oe-04 3.6e-05 2.1e-06 2.2e-O5 7.5e-05 1.2e-04
Cm-243 4.3e-04 2.5e-05 2.6e-04 9.0e-O4 Ae4-03 4.8e-04 2.9e.-5 2.9e-44 1 .Oe-03 1 .6e-03
Cm-244 3.4e-04 2.0e-05 2.1e-04 7.2e-04 1.1 e-03 3.8e-04 2.3e4-5 2.3e-04 8.1e-04 1.3e-03
Cm-245 6.0e-04 3.6e4-5 3.7e-04 1.3e-03 2.0e4-3 6.7e-04 -4.0e-5 4.1e-04 1.4e-03 2.2e-03
Cm-2i6''.- 6.40e I .A45 0'3704_I' .332.7 * 4i3 --22e 0
Cm-247 5.5e-44 3.2e-45 3Ae-44 1.1 e-03 1.8e-03 6.1 e-04 3.6e4-5 3.7e.-4 1.3e-03 2.0e-03
Cm-248 2.2e-03 1.3e-04 1.4e-03 4.6e-03 7.2e-43 2.5e-03 1.5e-04 1.5e-03 5.2e-03 8.1e-43
Bk-249 2.8e-06 1.6e-07 1.7e-06 5.8e-06 9.1e-06 3.1e-46 '1.8e-07 1.9e-06 6.5e-06 1.Oe-45
Cf-248 7.8e-45 4.6e4-6 4.8e-O5 1.6e-04 2.5e-04 8.7e.-5 5.2e,6 _5.3e45 1.8e-04 2.9e04
Cf-249:<- :,--1.0e-03 Z5.9e5'i, 6.2 e-O,42103^-3';i.',-;5 e.;'3:,-0.7, 5..-'805 2Ae.43'-.93.e-03Cf-25e -4.le -33-3_- 1.1-e-03>..eO'68-4~.eO 370
Cf-250 4.6e-04 2.7e-05 2.8e-04 9.6e-04 I.Se-03 5.1e-04 3.0e-O5 3.1e-04 1.1e-03 1.7e-03
Cf-251 1.Oe-03 6.1 e-45 6.4e-04 2.2e-03 3.4e-03 1.2e-03 6.9e-05 7.0e-04 2Ae-03 3.8e-03
Cf-252 2.5e-04 1.5e-05 1.6e-04 5.3e-04 8.3e-04 2.8e-04 1.7e-05 1.7e-44 6.0e-04 9.3e-04
Cf-254 9.2e-04 5.5e-45 5.6e-O4 1.9e-03 3.0e-03 1.0e-03 5.9e4-5 6.2e-44 2.2e-03 3.4e-43
Es-254 ; -'7.8e-45 Jf4.6e46 '-4.8e-O 1.6e-Q44i -2.6e-04 2.'8.7e5 '5.2e L5.3e-O 1.8e-04 2.9e-04.

Note: To convert these values to conventional units (mremly per pCVg or mrem/y per pCi/cm2). multiply by 3.7e-3 -
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Normalized Effective Doses from Aluminum Appendix H-2
Normalized Effective Doses from Aluminum Appendix H-2

Table H2I5 Normalized effective doses from all pathways: Handling metal product

Mass-based effective dose (pSv/y per BqIg)
Radionuclide an 5th 50th 90th 95th

Surficial effective dose (pSvty per Bq/cm2)
Mean 5th 50th 90th 95th

H-3 5.7e-10 8.1e-11 3.9e-10 1.2e-09 1.6e-09 6.3e-10 9.Oe-11 4.3e-10 1.4e-09 1.9e-09

C-14 7.8e-09 1.1e-09- 5.4e-09 1.7e-08 2.3e-08 8.7e-09 1.2e-09 6.0e-09 1.9e-08 2.6e-08

Na-22 3.1 e-06 4.4e-07 2.2e-06 6.7e-06 9.2e-06 3.5e-06 4.9e-07 2.4e-06 7.5e-06 1.Oe-05

P-32 2.0e-07 2.1e-08 1.2e-07 4.6e-07 6.6e-07 2.3e-07 2.3e-08 1.4e-07 5.2e-07 7.3e-07

S>-35; ',4 3 .5 8.OB 4 .09 -.5eL08 '''7 6e-'8J'98~O8' 9 -08F,5.1e9;1 8e.08-q ',, T408"fiie"O

CI-36 O.Oe+00 O.0e+00 0.0e+00 0.0e+00 O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00

K-40 2.8e-07 4.8e-08 2.0e-07 5.8e-07 7.8e-07 3.1 e-07 5.4e-08 2.2e-07 6.5e-07 8.8e-07

Ca-41 8.6e-09 9.3e-10 5.6e-09 1.9e-08 2.6e-08 9.5e-09 1.Oe-09 6.2e-09 2.1e-08 3.0e-08

Ca-45 3.5e-08 5.9e-09 2.4e-08 7.5e-08 1.0e-07 3.9e-08 6.5e-09 2.7e-08 8.4e-08 1.1e-07

SCs46.,O ' : O+OOL OO' O;e 0.Oe',+,OO 00 '' o O.OeZ '
Cr-51 5.2e-07 7.4e-08 3.6e-07 1.1e-06 1.5e-06 5.8e-07 8.3e-08 4.0e-07 1.3e-06 1.7e-06

Mn-53 1.1e-08 2.3e-09 8.0e-09 2.2e-08 2.8e-08 1.2e-08 2.6e-09 8.9e-09 - 2.4e-08 3.1e-08

Mn-54 2.6e-05 4.5e-06 1.9e-05 5.5e-05 7.1e-05 2.9e-05 4.9e-06 2.1e-05 6.2e-05 7.9e-05
Fe-55 1.0e-07 2.0e-08 7.5e-08 2.1e-07 2.7e-07 1.1e-07 2.1 e-08 8.3e-08 2.4e-07 3.0e-07

Co-56 8.5e-05 1.4e-05 6.2e-05 1.8e-04 2.3e-04 9.5e-05 1.6e-05 6.9e-05 2.0e-04 2.6e-04

Co-57 4.0e-06 7.1e-07 3.0e-06 8.3e-06 1.1e-05 4.5e-06 7.7e-07 3.3e-06 9.3e-06 1.2e-05

Co-58 2.5e-05 4.3e-06 1.9e-05 5.3e-05 6.9e-05 2.8e-05 4.7e-06 2.1e-05 6.0e-05 7.8e-05

Co-60 7.8e-05 1.4e-05 5.8e-05 1.6e-04 2.1e-04 8.7e-05 1.5e-05 6.4e-05 1.8e-04 2.4e-04
F59'' .' oa 09 :K2.1e-08B5.6e-08'p7.0e-08 3.18-08 7.8. '2.4e-08~ 6.28 O.4 8.-0 8-

Ni-63 6.6e-08 1.6e-08 5.0e-08 1.3e-07 1.7e-07 7Ae-08 1.8e-08 5.6e-08 1.5e-07 1.9e-07

Zn-65 1.8e-05 3.4e-06 1.3e-05 3.7e-05 4.7e-05 2.0e-05 3.6e-06 1.5e-05 4.1e-05 5.3e-05

As-73 1.5e-07 3.8e-08 1.1e-07 2.8e-07 3.6e-07 1.6e-07 4.2e-08 1.2e-07 3.2e-07 4.0e-07

Se-75 1.Oe-05 1.8e-06 7.6e-06 2.2e-05 2.8e-05 1.1e-05 2.0e-06 8.4e-06 2.4e-05 3.1 e-05

Sr85' A14. &.1.7 07 p9.48 07 3.186 4.3e-06: ; -1.6e OS 'l19e-07;" 0

Sr-89 5.9e-08 7.1e-09 3.9e-08 1.3e-07 1.8e-07 6.5e-08 7.7e-09 4.4e-08 1.4e-07 2.0e-07

Sr-9O 9.8e-07 1.2e-07 6.7e-07 2.1e-06 2.9e-06 1.1e-06 1.3e-07 7.4e-07 2.4e-06 3.3e-06

Y-91 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 O.0e+00 0.Oe+00 0.Oe+00 0.0e+00 O.Oe+00

Zr-93 2.3e-07 1.8e-08 1.6e-07 5.1e-07 6.9e-07 2.6e-07 2.0e-08 1.7e-07 5.7e-07 7.7e-07

Zt-95;~2 L,,'8.7e-0 5.4i7 .e-0 069: 2.0e-05 - 0 i2. 8 e.7e- 5.9e-07O4-9 6.0e-06X 2e 05, 3.ie-05

Nb-93m 1.4e-07 4.0e-08 1.1e-07 2.7e-07 3.5e-07 1.6e-07 4.4e-08 1.2e-07 3.0e-07 3.9e-07

Nb-94 5.6e-05 1.0e-O5 4.1e-05 1.1e-04 1.5e-04 6.2e-05 1.1e-05 4.6e-05 1.3e-04 1.6e-04

Nb-95 1.6e-05 2.4e-06 1.1e-05 3.3e-05 4.4e-05 1.7e-05 2.7e-06 1.2e-05 3.7e-05 4.9e-05

Mo-93 6.3e-07 1.1e-07 4.6e-07 1.3e-06 1.7e-06 7.0e-07 1.2e-07 5.1e-07 1.5e-06 1.9e-0O

Tc-97 *:J-,j~ 3.3e-08 -' 8.5. 09,' ;.5e-08* 6._6.e08 8A.4-08 '; ':_3.7e'08-,;, 9.3e O9g2.88-08+ ~7.3e 8O8'-9.3e-08 j
Tc-97m 2.6e-07 6.7e-08 1.9e-07 5.1e-07 6.4e-07 2.9e-07 7.3e-08 2.2e-07 5.6e-07 7.2e-07

TC-99 3.7e-07 9.9e-08 2.8e-07 7.3e-07 9.3e-07 4.2e-07 1.1e-07 3.2e-07 8.2e-07 1.0e-06

Ru-103 1.3e-05 2.2e-06 9.6e-06 2.8e-05 3.7e-05 1.5e-05 2.4e-06 1.1e-05 3.1e-05 4.2e-05

Ru-106 1.5e-05 4.2e-06 1.2e-05 3.0e-05 3.7e-05 1.7e-05 4.5e-06 1.3e-05 3.3e-05 4.2e-05

Ag1i8 6 e;.6.-05.:;?1.25-0S,-4,74.9e-05 i 14-.e-04"--El 4 -7.4eo5-18 i l.3e-O5~ 5.4e-05'i15e-04m 2.e0

Ag-110m 9.7e-05 1.7e-05 7.2e-05 2.0e-04 2.6e-04 1.1e-04 1.8e-05 8.0e-05 2.3e-04 2.9e-04

Cd-109 1.0e-06 2.8e-07 8.0e-07 2.1e-06 2.6e-06 1.2e-06 3.1e-07 9.0e-07 2.3e-06 2.9e-06

Sn-113 6.8e-06 1.2e-06 4.9e-06 1.4e-05 1.8e-05 7.6e-06 1.3e-06 5.5e-06 1.6e-05 2.1e-05

Sb-124 3.5e-05 6.0e-06 2.6e-05 7.5e-05 9.8e-05 3.9e-05 6.5e-06 2.8e-05 8.3e-05 1.1e-04

Sb125<,';t 1.3e 05:. 2.3e-06-.0 92e0_ 2.6 05 :, 3.ie 0S- . .4 2.5e-06 5L- 2.9 05i3.8e

Te-123m 3.9e-06 7.6e-07 2.8e-06 7.9e-06 1.0e-05 4.3e-06 8.2e-07 3.1e-06 9.0e-06 1.1e-05

Te-127m 9.1e-07 2.4e-07 7.0e-07 1.8e-06 2.3e-06 1.0e-06 2.6e-07 7.7e-07 2.0e-06 2.5e-06

1-125 O.Oe+00 O.0e+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO

1-129 O.e+O 0 e+OO O.e+OO O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00

1-131.i,-< 0O0e+0 OO-,O.O+0Y 0.040 O.eO'i0.0e+00:,'0.08+0 '-05.'0e+00 Oi O;Oe+0Ok 0.0.40 0-.Oe+OO~ fO.Oe+ 0
Cs-1 34 O.Oe+OO .Oe+OO O.Oe+O O.Oe+00 O.Oe+00 0.08+00 O.Oe+O000, Oe+0 0.Oe+OO O.Oe+OO

Cs-135 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+0OO O.Oe+00 O.Oe+O0 O.Oe+OO O.Oe+00 O.Oe+00

Cs-i 37 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00

Ba-133 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+OO O.0e+OO O.Oe+00 O.Oe+00 O.Oe+00

Ce i39-'.- '''2.0e-07'- 2.9e-08, I i.4e-07 4.4.07 5.8e07, '2.2e07 ' 32e08Y -. 5e407. .9 07N: 6.5e-07"
Ce-141 7.7e-08 1.1e-08 5.2e-08 1.7e-07 2.3e-07 8.6e-08 1.2e-08 5.8e-08 1.9e-07 2.5e-07
Ce-144 2.7e-07 5.7e-08 2.0e-07 5.5e-07 7.2e-07 3.0e-07 6.3e-08 2.2e-07 6.1e-07 8.0e-07
Pm-147 O.Oe+00 O.0e+OO O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.0e+OO O.Oe+0OO O.Oe+00 O.Oe+OO

NUREG-16. .- 0
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Appendix H-2 Normalized Effective Doses from Aluminum

Table H2.5 Normalized effective doses from all pathways: Handling metal product
Radiud Mass-based effective dose (pSvly per Bq/g) Surficial effective dose (pSv/y per Bq/cm2)
Radionucie Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

SM-151 O.Oe+O0 O.0e400 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+000 O.e+00 O.Oe+O0
Eu-1524 O.0se+00 .0o0 ;.0eO00--O.Os+00 O.Oe+00. _,O.Oe+00 .Oe.00, -O.Oe+,, O.Oe+OO>O.Oe+o00
Eu-i 54 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.0.00 0.0.+00 O.Oe+00 OOe00
Eu-155 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O..e+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+0O

Tb-160 O.Oe+00 O.Oe+O0 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+OO

Trn-171 O.Oe+O0 O.Oe+00 O.Oe+00 ,O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Ta-I 82 2.8e-05 4.9e-06 2.0e-05 5.9e-05 7.5e-05 3.2e-05 5.4e-06 2.3e-05 6.6e-05 8.5e-O5
W-181 5.5e-07 9.4e-08 4.0e-07 1.2e-06 1.5e-06 6.1e-07 1.0e-07 4.5e-07 1.3e-06 1.7e-06
W-185 7.6e-08 1.1 e-08 5.4e-08 1.6e-07 2.1 e-07 8Ae-08 1.2e-08 6.0e-08 1.8e-07 2Ae-07

-185 :t.R0 ,, 6e-6 :A.Ie-05 34-.2.9 a.3e 051'
Ir-192 1.9e-05 3.3e-06 1Ae-05 4.1e-05 5.3e-05 2.2e-05 3.6e-06 1.6e-05 4.5e-05 6.0e-05
Tl-204 3.1e-07 5.3e-08 2.3e-07 6.5e-07 8.5e-07 3.5e-07 5.8e-08 2.5e-07 7.3e-07 9.5e-07
Pb-210 4.0e-04 1.0e-04 3.1e-04 8.0e-04 1.0e-03 4.5e-04 1.1e-04 3.4e-04 8.9e-04 1.1e-03
Bi-207 4.1e-05 6.9e-06 3.0e-05 8.6e-05 1.1e-04 4.5e-05 7.6e-06 3.3e-05 9.6e-05 1.2e-04

4d.,,71. 04e- 'i.1 4 5.8e.G4,Y1.64e1-405-3e-04
Ra-226 - O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ra-228 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ac-227 1.3e-03 2.1 e-04 9.3e-04 2.8e-03 3.8e-03 1.Se-03 2.3e-04 1.0e-03 3.2e-03 4.3e-03
Th-228 6.3e-04 1.0e-04 4.4e-04 1.4e-03 1.8e-03 7.0e-04 1.1e-04 4.9e-04 1.5e-03 2.0e-03
Th-22 t 3 133.''3.9e04, 0 .6e.03CL3Ss-03_ I.3e-03j2
Th-230 2.0e-04 3.2e-05 1.4e-04 4.4e-04 5.8e-04 2.2e-04 3.6e-05 1.6e-04 4.8e-04 6Ae-04
Th-232 3.5e-04 5.6e-05 2.5e-04 7.7e-04 1 .Oe-03 3.9e-04 6.3e-05 2.7e-04 8.5e-04 1.1e-03
Pa-231 2.0e-03 5.3e404 I.5e-03 3.8e-03 4.9e-03 2.2e-03 5.9e-04 1.7e-03 4.3e-03 5.5e-03
U-232 5.9e-04 1.2e-04 4.3e-04 1.2e-03 1.6e-03 6.6e-04 1.3e-04 4.7e-04 1.3e-03 I.8e-03

e33?6'-.,;;4 4-,~ "i 28,,J.e OE29e' -,-!3. 4,',",.6 4it31............................... ,0v.e' e4
U-234 1Ae4-4 2.7e-05 9.9e-05 2.8e-04 3.7e-04 1.5e-04 3.0e-05 1.1e-04 3.1e-04 4.2e-04
U-235 1.3e-04 .2.5e-05 9.1e405 2.6e-04 3.4e-04 1 Ae-04 2.8e-05 I.Oe-04 2.9e-04 3.8e-04
U-236 1.3e-04 2.5e-05 9.2e-05 2.6e-04 3.5e-04 1.Ae-04 2.8e-05 1.0e-04 2.9e-04 3.9e-04
U-238 1.2e-04 2.3e-05 8.6e-05 2.4e-04 3.2e-04 1.3e-04 2.6e-05 9.5e-05 2.7e-04 3.6e-D4
Np-237;.33so 44<5.2eO5,<^.3e-04 ;-6.9e-04 9.2e04 _3.6&'36s04Z5.?e 0 5O4r7.7507i r0e.03

Pu-236 1.5e-04 3.0e-05 1.1e-04 3.2e-04 4.3e-04 1.7e-04 32e-05 1.2e-04 3.6e-04 4.8e-04
Pu-238 2.5e-04 4.8e-05 1.8e-04 5.1 e-04 6.9e-04 2.8e-04 5.3e-05 2.0e-04 5.8e-04 7.8e-04
Pu-239 2.5e-04 4.8e-05 1.8e-04 5.2e-04 6.9e-04 2.8e-04 5.3e-05 2.0e-44 5.9e-04 7.8e-O4
Pu-240 2.5e-04 4.8e-05- 1.8e-04 52e004 6.9e404 2.8e-04 5.3e-05 2.0e-04 5.9e-04 7.8e-04
P>2,u <.e0 , 5.6.0 f2Oe,<-06 .5.9e-06 .8;68 .2e06 ;:3e-66,.1e-07. .' ,2O.6.-OS,6TZ8.8e-06 1
Pu-242 2.3e-04 4.5e-45 1.7e-04 4.8e-04 6.5e-04 2.6e-04 5.0e-05 1.9e-04 5.5e-04 7.3e-04
Pu-244 2.2e4-4 4.3e-05 1.6e-04 4.6e-04 6.1 e-04 2.5e-04 4.7e-05 1.8e-04 5.1e404 6.9e-04
Am-241 6.0e44 9.6e-05 4.2e-04 1.3e-03 1.7e-03 6.7e-04 1.0e-04 4.6e-04 1.4e-03 1.9e-03
Am-242m 6.0e-04 9.6e-05 4.2e-04 1.3e-03 1.7e-03 6.7e-04 1.0e-04 4.6e-04 1.4e-03 1.9e-03

4n43 , -6.1e4j- '9.605,-,'420 , I.3e-03 ,',-.70-03: .&1 6.8e 04 I.004'4.7.-O4 'Z.4003 ,1.9.-03
Cm-242 6.6e.-O 1.0e-45 4.6e.-5 1.4e-04 1.8e-04 7.3e-05 1.1e-45 5.1e-05 1.6e-04 2.1e-04
Cm-243 4.Se-04 7.1e-05 3.2e-04 9.5e-04 1.2e-03 5.0e-04 7.7e-05 3.5e-04 1.1e-03 1Ae-03
Cm-244 3.9e-04 6.1e-05 2.7e-04 8.2e-04 1.1e-43 4.3e44 6.6e-05 3.0e-04 9.1e-04 1.2e-03
Cm-245 6.2e-4 9.8e-05 4Ae-44 1 .3e-03 1 .7e-03 6.9e404 1.1 e-04 4.9e-04 1.5e-03 1.9e-03
Cm-246 ::. 6.2e-0474 1.3&O3 Ž.7e-03 -:te6.9O4 1.1e4 4-5.5,43_'IW. 9.-03
Cm-247 5.6e-04 8.8e.-5 3.9e404 1.2e-43 1.5e-03 6.2e-04 9.6e4-5 4.4e-O4 1.3e-03 1.7e-03
Cm-248 22e-03 3.4e-04 1.5e-03 4.6e-03 6.0e-03 2.4e-03 3.7e-04 1.7e-03 5.1e-03 6.8e-03
Bk-249 2.3e406 3.7e-07 1.6e-46 5.0e-06 6.7e-06 2.6e-06 4.1e-07 1.8e-06 5.6e-06 7.4e-06
Cf-248 1.2e-04 1.9e-05 8.2e-05 2.5e-04 3.5e-04 1.3e-04 2.1e-05 9.2e-05 2.9e-04 3.9e-04
Cf-249 3 *2e01.0e303 3,1.60-04 - O.0-0,4 .,22e-03 -:,3.0e403 -j1.1e-O3,,-, .8e-O4 ',±7.8ee;.3 3
Cf-250 4.9e-04 7.7e-05 3.4e44 1.0e-03 1Ae-03 5.5e-04 8.5e.-5 3.7e-04 1.2e-03 1.6e-03
Cf-251 1.0e-43 1.6e-04 7.1e-04 2.2e43 3.0e-03 1.2e-03 1.8e-04 7.9e44 2.4e-03 3Ae-03
Cf-252 2.7e-04 4.3e-OS 1.9e-04 5.8e-04 7.9e-04 3.0e-04 4.7e,-5 2.1e-04 6.4e-04 8.9e-04
Cf-254 5.2e044 8.3e-05 3.6e-04 1.1e403 1.5e43 5.8e4 9.1e45 4.0e-04 1.2e-03 1.7e-03
E-2S4--; 7i,-i2e.4 >2.0.-OS 8.62e S 2.6o-O4: '-36e-4 ' '2.2'e- 9.'6-OS' '2.9- ',04 .-Oe '4

Note: To convert these values to conventional units (mrem/y per pCi/g or mrem/y per pCVcm2), multiply by 3.7e-3
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Normalized Effective Doscs from Aluminum Appendix H-2Noralze E-etv Dose fmAlinmAediH-
Table H2.6 Normalized effective doses from external exposure: Handling metal product

Radionuclide Mass-based effective dose (pSv/y per Bq/g)
Mean 5th 50th 90th 95th

Surficial effective dose (pSvly per Bq/cm2).
Mean 5th 50th 90th 95th

H-3 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
C-14 1.0e-11 1.4e-12 7.0e-12 2.2e-11 3.0e-11 1.ie-11 1.5e-12 7.8e-12 2.5e-11 3.3e-1I
Na-22 3.1e-06 '4.3e-07 2.1e-06 6.7e-06 9.2e-06 3Ae-06 4.7e-07 2.4e-06 7.5e-06 1.0e-05
P-32 3.8e-08 3.6e-09 2.2e-08 8.8e-08 1.3e-07 4.2e-08 4.1 e-09 2.5e-08 9.9e-08 1.4e-07

CI-36 O.Oe+00 .Oe+OO O.Oe+00 O.O+ .Oe+O.O0 O.Oe+OO Oe+OO 0.0e+00 .Oe+OO00 O.Oe+0
K-40 2.1e-07 2.8e-08 1Ae-07 4.5e-07 6.1e-07 2.3e-07 3.1e-08 1.6e-07 5.0e-07 6.9e-07
Ca-41 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+0O O.Oe+O0
Ca-45 9.8e-1i 1.2e.lI 6.6e-1I 2.1e-10 2.9e-10 1.1e-10- 1.3e-1I 7.2e-i1 2.4e-10 3.3e-10
Sc4^B-' .>q>?nr'O. e'+ 0.0Oe,+O~c'O.0e1O .0O.e+,OO- 0.0+0> 0.00-0+0 O 0 Oe.OO .e+OOO.Oe0 0
Cr-51 5.2e-07 7.2e-08 3.6e-07 1.1e-06 1.5e-06 5.8e-07 8.1e-08 4.0e-07 1.2e-06 1.7e-06
Mn-53 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Mri-54 2.6e-05 4.4e-06 1.9e-05 5.4e-05 7.0e-05 2.9e-05 4.8e-06 2.1e-05 6.1e-05 7.8e-05
Fe-55 5.5e-15 9.2e-16 4.1e-I5 1.2e-14 1.5e-14 6.1e-15 1.0e-15 4.5e-15 1.3e-14 1.7e-14

Fe6., 2.Se-0 ' .. e18 5.28 1 S.ii .7 408 , , Ao05 L eQS 6eO5.t
Co-56 8.4e-05 1.4e-05 6.1e-05 1.8e-04 2.3e-04 9.4e-05 1.5e-05 6.8e-05 2.0e-04 2.6e-04
Co-57 3.9e-06 6.6e-07 2.9e-06 8.1e-06 1.1-O5 4.3e-06 7.2e-07 3.2e-06 9.1e-06 1.2e-05
Co-58 2.5e-05 4.2e-06 1.8e-05 5.3e-05 6.9e-05 2.8e-05 4.6e-06 2.0e-05 5.9e-05 7.7e-05
Co-60 7.6e-05 1.3e-05 5.6e-05 1.6e-04 2.0e-04 8.4e-05 1.4e-05 6.2e-05 1.8e-04 2.3e-04

NI-63 4.8e-12 8.1e-13 3.5e-12 1.0e-il 1.3e-1I 5.3e-12 8.8e-13 3.9e-12 1.1e-11 1.4e-II
Zn-65 1.7e-05 2.9e-06 1.2e-05 3.5e-05 4.5e-05 1.9e-05 3.1e-06 1.4e-05 4.0e-05 5.1e-05
As-73 6.3e-08 1.0e-08 4.6e-08 1.3e-07 1.7e-07 7.0e-08 1.1e-08 5.1e-08 1.5e-07 1.9e-07
Se-75 9.8e-06 1.6e-06 7.2e-06 2.1e-05 2.7e-05 1.1e-05 1.8e-06 8.0e-06 2.3e-05 3.0-OS5

Tr8'"<- ,r1.4e ,064',-.e-7-' 9.Se-67?,;T31,6*- e > ?Y16 B.18 ,,^4;:eO,;^35 06t,'7,4.7e 06z
Sr-89 8.0e-09 9.3e-10 5.2e-09 1.8e-08 2.4e-08 8.9e-09 1.0e-09 5.8e-09 2.0e-08 2.7e-08
Sr-90 3.0e-08 3.6e-09 2.0e-08 6.6e-08 8.7e-08 3.3e-08 4.0e-09 2.2e-08 7.3e-08 9.8e-08
Y-91 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr-93 2.7e-12 1.5e-13 1.7e-12 6.2e-12 8.8e-12 3.0e-12 1.7e-13 1.8e-12 6.9e-12 9.8e-12
Zr-9572.'5 $,8:.5 >6'- 5.107j 5.3e-08~2 2.0eO05-,8e 2.8i. '5V 9.
Nb-93m 9.3e-10 1.6e-10 6.9e-10 1.9e-09 2.5e-09 1.Oe-09 1.7e-10 7.6e-10 2.2e-09 2.8e-09
Nb-94 5.2e-05 8.8e-06 3.8e-05 1.1e-04 1.4e-04 5.8e-05 9.5e-06 4.3e-05 1.2e-04 1.6e-04
Nb-95 1.5e-05 2.4e-06 1.1e-05 3.3e-05 4.4e-05 1.7e-05 2.7e-06 1.2e-05 3.7e-05 4.9e-05
Mo-93 4.1e-09 6.7e-10 3.0e-09 8.6e-09 1.e-08 4.6e-09 7.4e-10 3.3e-09 9.6e-09 1.2e-08
To-9;, .'7> .,4e-8.9e,10 73.9e,,9 ,,1'.ie8085ie.508v-, ............ v;6.0e-09 ,0..',,, 3_o;168
Tc-97m 1.1e-08 1.8e-09 8.0e-09 2.3e-08 3.0e-08 1.2e-08 1.9e-09 8.8e-09 2.6e-08 3.3e-08
Tc-99 1.6e-09 2.7e-10 1.2e-09 3.5e-09 4.5e-09 1.8e-09 3.0e-10 1.3e-09 3.9e-09 5.0e-09
Ru-103 1.3e-05 2.1e-06 9.4e-06 2.8e-05 3.7e-05 1.5e-05 2.3e-06 1.0e.-O 3.1.e-05 4.1e-05
Ru-106 8.6e-06 1.5e-06 6.3e-06 1.8e-05 2.3e-05 9.6e-06 1.6e-06 7.0e.-O 2.0e-05 2.6e-5
Ag-,1O8m 6.5o-0S,6 j.ie-O5: i 4 .8"0 5 I', .4e 04 1.21 08 e' 4 -7 .3  i- 052 5.3-0sn 5 )4 ' ',2.0
Ag-iI Om 9.6e-05 1.6e-05 7.1e-05 2.0e-04 2.6e-04 1.1e-04 1.8e4-5 7.9e.-5 2.3e-04 2.9e-04
Cd-109 1.4e-07 2.3e-08 1.0e.-07 2.9e-07 3.7e-07 1.5e-07 2.5e-08 1.1e-07 3.2e-07 4.1e-07
Sn-113 6.6e-06 .1.e-6 4.7e-06 1.4e4-5 1.8e4-5 7.3e-06 1.2e-06 5.3e-06 1.5e-05 2.0e-05
Sb-124 3.5e-05 5.7e-06 2.5e4-5 7.4e4-5 9.6e-05 3.9e4-5 6.2e-06 2.8e4-5 8.2e-05 1.1e-04
Sbi--25$: Ji.e-O :2.0.O6 8.7e-26.22.S05J .37,f6.3e-052.e6,8 8e05T 3.7e051
Te-123m 3.4e-06 5.6e-07 2.5e-06 7.2e-06 9.3e-06 3.8e4-6 6.1e-07 2.8e-06 8.1e-06 1.Oe-45
Te-127m 1.6e-07 2.6e-08 1.2e-07 3.4e-07 4.4e-07 1.8e-07 2.9e-08 1.3e-07 3.8e-07 4.9e-07
1-125 O.Oe+00 O.Oe+00 O.Oe+00 'O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
1-129 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
1-131- '7'WZ - '0e+00. .Oe+00*.0''O+00.0O.e+0 0.0+00!.- O.Oe8+OO -'.O.Oe,+00 0.Oe+O0 r. 0.08+00 .e+O'
Cs-134 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0
Cs-135 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-137 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ba-133 O.Oe+00 O.Oe+00 O.Oe+00 0.08+00 0.08+00 O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Ce i39~''4','', ,1.9e--7f 2.6.-48 .t i.3e47.' 4.2.42e07, -'- ; 47, - -. ,;2.1e-O7' -\,294 ,15 7 e 63 75.oO. 2..08 3.-7 47~ 6.3-0
Ce-141 6.6e-08 8.2e-09 4.4e-08 1.5e-07 2.0e-07 7.4e-08 8.9e-09 4.9e-08 1.6e-07 2.3e-07
Ce-144 7.7e-08 1.1e-08 5.3e-08 1.7e-07 2.3e-07 8.6e-08 1.2e-08 5.9e-08 1.9e-07 2.5e-07
Pm-147 O.Oe+00 O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
NUR.c- 164 H .-loA vb
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Appendix H-2 Nonnalized Effective Doses from Aluminum

Table H2.6 Normalized effective doses from external exposure: Handling metal product
f Mass-based effective dose (pSv/y per Bq/g) ' Surficial effective dose (pSv/y per Bq/cm2)

Radionuclide Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
SM-151 O.Oe+ 0.0e+ O.Oe+O00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+00
EuI152t ; , t .Oe. O O.Oe 0 O.'Oe+O-O.Oe+00 '.O6.0e+0- . 4.0e+,O -'O.Oe+ O _-O.OeOQt:.Oe+O0O '.eO

EuI5 .0e0600 0,-.Oe+00 O.O+O0 .OeO.Oe.Oe+0OoO.OeoO0 O.Oe000.eO 0.eO O.+0Eu-154 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O -O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Eu-1553 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00
Gd-153 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+O0 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
Tb-160 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

ii i6 __ tTe .- -. -'- - 61~0 6667E.- , . .- --s -- - P .

Trn-171 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ta-182 2.8e-05 4.6e-06 2.0e-05 5.8e-05 7.4e-05 3.1e-05 5.0e-06 2.2e-05 6.4e-05 8.3e-05
W-181 5.4e-07 8.7e-08 3.9e-07 1.1e-06 1.5e-06 6.0e-07 9.6e-08 4.3e-07 1.3e-06 1.6e-06
W-185 3.4e-09 5.5e-10 2.5e-09 7.3e-09 9.4e-09 3.8e-09 6.1e-10 2.8e-09 8.1e-09 1.1e-08

-185,i 1. 5-0 e 25e-6 ,.1e5 ;. I 3.3ez05 4d2e' J ."1.7- 05 .2.8-06 A.2eg03:605 -,4.7e-5
Ir-192 1.9e-05 3.1e-06 1.Ae-05 4.0e-05 5.2e-05 2.le-05 3Ae-06 1.5e-05 4Ae-05 5.9e-05
Tl-204 3.9e-08 6.4e-09 2.8e-08 8.1e-08 1.Oe-07 4.3e-08 7.1e-09 3.1e-08 9.1e-08 1.2e-07
Pb-210 6.0e-08 9.9e-09 4Ae-08 1.3e-07 1.6e-07 6.7e-08 1.Ie-08 4.9e-08 1.4e-07 1.8e-07
Bi-207 4.0e-05 6.6e-06 2.9e-05 8.5e-05 1.1e-04 4.5e-05 7.3e-06 3.3e-05 9.5e-05 1.2e-04
Po2210 _ -,, ; ,','3e- 10 3.8e.11 -1 t7,e10 .'.8e1 ,10 62e,10 ,,:3 2.6e-10 :' 44.10 11 i.9e0,,5.4e01
Ra-226 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+O0 O.Oe+00
Ra-228 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ac-227 3.2e-06 3.6e-07 2.le-06 7.3e-06 1.Oe-05 3.6e-06 3.9e-07 2.4e-06 8.1e-06 1.Ie-05
Th-228 9.0e-06 1.0e-06 5.9e-06 2.0e-05 2.8e-05 t.Oe-05 1.1le-06 6.5e-06 2.2e-05 3.1e-05
Th2292.2e-06 2-02.6 e-O 7 ,;ISe i.5.1e6 6.96.^2.5&06 `2.8e-07 1.6e0 .6e-0 .ij.7,e06

Th-230 2.8e-09 3.2e-10 1.8e-09 6.3e-09 8.6e-09 3.1e-09 3.5e-10 2.0e-09 7.1e-09 9.6e-09
Th-232 5.7e-08 3.9e-09 3.3e-08 1.3e-07 1.9e-07 6.3e-08 4.3e-09 3.6e-08 1.5e-07 2.1e-07
Pa-231 1.Oe-06 1.7e-07 7Ae-07 2.1e-06 2.7e-46 1.1e-06 1.8e-07 8.3e-07 2Ae-06 3.1e-06
U-232 2.6e-07 2.1e-08 1.6e07 5.9e-07 8.3e-07 2.9e-07 2.2e-08 1.7e-07 6.7e-07 9.4e-07

U-234 8.3e-10 1.1e-10 5.8e-10 1.8e-09 2.4e-49 9.3e-10 1.2e-10 6.4e-10 2.0e-09 2.7e-09
U-235 1.Ae-06 2.0e-07 9.9e-07 3.1e-06 4.1e-06 1.6e-06 2.1e-07 1.1e-06 3.5e-06 4.6e-06
U-236 4.4e-10 6.te-I1 3.1e-10 9.6e-10 1.3e-09 4.9e-10 6.6e-11 3.4e-10 1.1e-09 1Ae-09
U-238 2.4e07 3.2e-08 1.6e-07 5.1e-07 6.8e-07 2.6e-07 3.5e08 1.8e-07 5.7e-07 7.6e407
Np-237 '.,:<-' ,1.Be-06 :-2e.0e7 ,1.2e -06'.0 >5A4u:;2.Oe-06,,wa3,7s'.e6=44 ,,'.e0il~-O.Oe-006 6.4e-06

Pu-236 5Ae-10 7.1e-1 3.7e-10 -1.2e09 1.6e-09 6.1e-I0 7.8e-11 4.1le-10 1.3e09 1.8e-09
Pu-238 3.0e-10 4.0e-11 2.0e-10 6.4e-10 8.7e-10 3.3e-10 4.5e-11 2.3e-10 7.2e-10 9.8e-10
Pu-239 5.5e-10 7.5e-11 3.8e-10 1.2e-09 1.6e-09 6.1e-10 8.3e-11 4.2e-10 1.3e-09 1.8e-09
Pu-240 2.9e-10 4.0e-1 I 2.0e-1 0 6.3e-10 8.6e-1 0 3.3e-1 0 4.4e-11 2.2e-10 7.1e-10 9.7e-10

u-U-2iK 23o1 t 2 F 21e1. '1 26 ~ .i1 "1 i ^5.7*1 f;^.1'

Pu-242 2.5e-10 3.5e-11 1.8e-10 5.5e-10 7.5e-10 2.8e10 3.8e-11 2.0e-10 6.2e-10 8.4e-10
Pu-244 2.5e-06 3.4e-07 1.7e-06 5.4e-06 7.2e-06 2.8e-06 3.7e-07 1.9e-06 6.0e-06 8.2e-06
Arn-241 9.7e-08 1.1le-08 6.5e-08 2.2e-07 2.9e-07 1.1 e-07 1.2e-08 7.1 e-08 2.4e-07 3.3e-07
Arn-242m 1.2e-07 1.3e-08 7.8e-08 2.6e-07 3.5e-07 1.3e07 1.5e-08 8.6e-08 2.9e-07 3.9e-07

2A ,- kX,,.e.9 4 %ii04ww36 6 ' t8 0''''ie7 U-1emO6~~- ~ V iiV- - '-rdi> .0-6

Cm-242 2.7e-10 3.0e-11 1.8e-10 6.1e-10 8.3e-10 3.0e-10 3Ae-11 2.0e-10 6.8e-10 9.4e-10
Cm-243 9.6e-07 1.1 e-07 6.4e-07 ,2.1 e-06 2.9e-06 1.1 e-06 1.2e-07 7.0e-07 2Ae4-06 3.3e406
Cm-244 2.5e-10 2.8e-11 1.7e-10 5.7e-10 7.7e-10 2.8e-10 3.2e-11 1.9e-10 6.3e-10 8.6e-10
Crn-245 7.1 e-07 7.9e08 4.7e-07 1.6e-06 2.le-06 7.9e-07 8.8e48 5.2e-07 1.8e-06 2Ae-06
Cm-246j ;,-,.8e-10O.i ,2.e-11:Ž:1.2e.2 '0e-10 5e1 0 , ., 2Oe-10 __
Cm-247 2.7e-06 3.0e407 1.8e-06 5.9e-06 8.0e06 3.0e-06 3.3e-07 1.9e-06 6.6e406 9.0e-06
Cm-248 1.7e-10 1.9e-11 1.1e-10 3.7e-10 5.0e-10 1.9e-10 2.1e-11 1.2e-10 4.1e-10 5.6e-10
Bk-249 3.9e-10 2.9e-11 2.2e-10 9.0e-10 1.3e-09 4.3e-10 3.2e-11 2.5e-10 9.9e-10 1Ae4-09
Cf-248 3.6e-10 4.1e-11 2.4e-10 8.0e-10 1.1e409 4.0e-10 4.4e-11 2.6e-10 9.00-10 1.2e-09
Cf-249 - * 2.6e-06 2.9e 07 i,,-1.7e-06 57-06-7.8e.06 ,'2.9e46'' _*3.1e07 -_,-'.9e ; '.6.4e"06 '-8.7e 06
Cf-250 2.0e-10 2.3e-11 1.3e-10 4.5e-10 6.1e-10 2.2e-10 2.5e-11 1.5e-10 5.0e-10 6.8e-10
Cf-251 8.7e-07 9.8e-08 5.8e-07 1.9e-06 2.7e-06 9.7e-07 1.1 e07 6.4e-07 2.2e-06 3.0e-06
Cf-252 - 3.2e-1 0 3.5e-11 2.1 e-1 0 7.0e-10 9.6e-10 3.5e-1 0 3.9e-11 2.3e-10 7.8e-10 1.1e409
Cf-254 9.1e-05 9.8e-06 5.9e-05 2.0e-04 2.8e-04 1.0e404 1.1e-05 6.5e-05 2.3e-04 3.1e04
.s254 ',. 5.9e-06 ".' 68ie-7 !3.9e406 '-.3e-05 1.8e45,' -6.5e-06 'i.4e407 " 4.3e406 --.5e-- 5 '2.0e5

Note: To convert these values to conventional units (mremty per pCI/g or mrem/y per pCicm2), multiply by 3.7e-3
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Normalized Effective Doses from Aluminum Appendix H-2

Table H2.7 Normalized effective doses from Inhalation: Handling metal product
Mass-based effective dose (pSvly per BqIg)

Radionucide -Mean 5th 50th 90th 95th
Surficial effective dose (pSv/y per Bqtcm2)

Mean 5th 50th 90th 95th
H-3 2.3e-10 3.7e-1I 1.6e-10 4.8e-10 6.5e-10 2.5e-10 4.0e-11 1.8e-10 5.4e-10 7.3e-10
C-14 1.8e-09 3.6e-10 1.3e-09 3.7e-09 4.9e-09 2.0e-09 4.0e-10 1.4e-09 4.2e-09 5.4e-09
Na-22 3.9e-09 7.8e-10 2.8e-09 8.1e-09 1.1e-08 4.4e-09 8.5e-10 3.1e-09 9.1e-09 1.2e-08
P-32 1.5e-08 2.0e-09 9.4e-09 3.3e-08 4.7e-08 1.7e-08 2.2e-09 1.0e-08 3.7e-08 5.2e-08

3 7' '09 9.5e "' 8. 0-..0 08
CI-36 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
K-40 6.5e-09 1.3e-09 4.6e-09 1.3e-08 1.8e-08 7.2e-09 1.4e-09 5.2e-09 1.5e-08 1.9e-08
Ca-41 1.3e-09 2.2e-10 8.8e-10 2.7e-09 3.6e-09 1.4e-09 2.5e-10 9.7e-10 3.0e-09 4.1e-09
Ca-45 1.8e-08 '3.1e-09 1.2e-08 3.8e-08 5.1e-08 2.0e-08 3.5e-09 1.4e-08 4.2e-08 5.7e-08
SW 3 O O e O.Oe+W01- 0.Oe+e0g O'.e 0 0$ O.ee4O0,-t O Oe+0OO O.0e+00
Cr-51 1.1e-09 2.4e-10 7.9e-10 2.3e-09 3.0e-09 1.2e-09 2.6e-10 8.8e-10 2.5e-09 3.4e-09
Mn-53 3.6e-09 9.8e-10 2.8e-09 7.1e-09 9.1e-09 4.1e-09 1.1e-09 3.1e-09 7.9e-09 1.Oe-08
Mn-54 9.9e-08 2.7e-08 7.6e-08 1.9e-07 2.5e-07 1.1e-07 3.0e-08 8.4e-08 2.1e-07 2.8e-07
Fe-55 2.5e-08 6.9e-09 2.0e-08 5.0e-08 6.3e-08 2.8e-08 7.6e-09 2.1e-08 5.5e-08 7.1e-08

ze5 :'- .,'.6, 't,4.1e,08:-,12e-O7A^E'3.3o-O7 A.2eO. - l .8e 07 . ,e-Ocl.A2.e-O?-,'3.6e7~b~.8$-14
Co-56 3.5e-07 9.4e-08 2.7e-07 6.9e-07 8.9e-07 3.9e-07 1.0e-07 2.9e-07 7.6e-07 1.Oe-06
Co-57 6.1e-08 1.7e-08 4.7e-08 1.2e-07 i.Se-07 6.8e-08 1.8e-08 5.2e-08 1.3e-07 1.7e-07
Co-58 1.1e-07 2.9e-08 8.2e-08 2.1e-07 2.8e-07 1.2e-07 3.1e-08 9.1e-08 2.4e-07 3.1e-07
Co-60 2.0e-06 5.5e-07 1.5e-06 3.9e-06 5.0e-06 2.2e-06 6.0e-07 1.7e-06 4.4e-06 5.7e-06
'NK59,'-'- 1.3-:i'08 -' 3.4e''09 Z .'9.7e'-09 ,',e02-3,.io.08n~ '-Z. .08 3i. .8e09Z~ t10k.e^8j ,,3;5~-
NF63 3.1 e-08 8.4e-09 2.4e-8 6.0e-08 7.7e4-8 3.4e-08 9.2e-09 2.6e-08 6.7e-08 8.7e-08
Zn-65 1.9e-07 5.1e-08 1.4e-07 3.7e-07 4.7e-07 2.1e-07 5.6e-08 1.6e-07 4.1e-07 5.3e-07
As-73 4.2e-08 1.1e-08 3.2e-08 8.3e-08 1.1e-07 4.7e-08 1.2e-08 3.6e-08 9.3e-08 1.2e-07
Se-75 6.8e-08 1.8e-08 5.2e-08 1.3e-07 1.7e-07 7.6e-08 2.0e-08 5.7e-08 1.5e-07 1.9e-07
Sr-85; ,1'iio,.'-0,22 '3.7e-i~t',1.5e-09,;*4.6e ,,,6,ie0. 22^ .4.2e 9m.1 0.1 0 ,1.;7.9'2 ,5;e 6.9e-09.i
Sr-89 5.2e-09 8.6e-10 3.6e-09 1.1e4-8 1.5e4-8 5.8e-09 9.4e-10 4.0e-09 1.2e-08 1.7e4-8
Sr-90 1.9e-07 3.3e-08 1.3e-07 4.0e-07 5.3e-07 2.1e-07 3.6e4-8 1.5e-07 4.4e-07 5.9e-07
Y-91 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr-93 2.1e-07 1.6e-08 1.4e-07 4.7e-07 6.3e-07 2.3e-07 1.8e-08 1.6e-07 5.2e-07 7.0e-07
Zr-,95 8.6e-08, 6.5e-) " 52.6e .07.,'9 9.6.-8 ,.73 -9., 6.4e-O8 -2.1e42.9e-07[
Nb-93m 1.1e-07 3.0e-08 8.6e-08 2.2e-07 2.8e-07 1.2e-07 3.3e4-8 9.5e-08 2.4e-07 3.1e-07
Nb-94 3.2e4-6 8.6e-07 2.4e-06 6.1 e-06 7.8e4-6 3.5e-06 9.4e-07 2.7e4-6 6.8e-06 8.9e4-6
Nb-95 6.8e-08 1.6e-08 5.0e4-8 1.4e-07 1.8e-07 7.5e4-8 1.8e4-8 5.5e-08 1.5e-07 2.0e-07
Mo-93 1.3e-07 3.3e4-8 9.6e4-8 2.5e-07 3.2e-07 1.4e-07 3.6e4-8 1.1e4-7 2.7e-07 3.5e-07
Td,97,"jjK . I2.-O8-! 3.1.-09; e 92.40iF08. 3.0608K -I13.-08 I' ,O
To-97m 1.4e-07 3.7e4-8 1.1e-07 2.8e-07 3.6e-07 1.6e-07 4.1e4-8 1.2e-07 3.2e-07 4.1e4-7
TO-99 2.2e-07 5.8e4-8 1.7e-07 4.4e-07 5.6e-07 2.5e-07 6.4e-08 1.9e-07 4.9e-07 6.3e-07
Ru-103 1.5e-07 3.6e-08 1.1e-07 2.9e-07 3.8e-07 1.6e4-7 3.9e-08 1.2e-07 3.2e-07 4.3e-07
Ru-I 06 4.8e-06 1.3e.06 3.7e46 9.4e-06 1.2e-05 5.4e4-6 1.4e406 4.1e-06 1.0e-O5 1.4e-05
Ag-108m'--{5.Oe-07 .~j-1.40-07>' 3.8e- Z79,7'e :'.20-06> -= W^.6e07:1.5 ,074 '.2607,,1.1e06~1.4e
Ag-110m 4.2e-07 1.1e-07 3.2e-07 8.1e-07 1.0e-06 4.7e-07 1.2e4-7 3.5e-07 9.0e-07 1.2e-06
Cd-109 4.2e-07 1.2e-07 3.2e-07 8.2e-07 1.1e-06 4.7e-07 1.3e-07 3.6e-07 9.1e-07 1.2e-06
Sn-i 13 1.2e-07 3.2e4-8 9.3e-08 2.4e-07 3.1e-07 1.4e-07 3.5e-08 1.0e-07 2.7e-07 3.5e-07
Sb-124 2.6e-07 6.5e-08 1.9e-07 5.1e-07 6.6e-07 2.9e-07 7.1e-08 2.1e-47 5.7e-07 7.4e-07
s5iSi?=.....; iC2.9e,-07;',,7.8e409~2-07 - _........... 58e,,07' 7 47,,'-:-,3.3e-07§;8.5o 8 I2.5eO07 - 6.4e,07W8.3. 074
Te-123m 1.9e-07 5.0e-08 1.4e-07 3.7e-07 4.8e-07 2.1e-07 5.4e-08 1.6e4-7 4.2e-07 5.5e-07
Te-127m 3.5e-07 9.2e4-8 2.7e-07 6.9e-07 8.9e-07 3.9e-07 1.Oe407 2.9e-07 7.7e-07 1.Oe-06
1-125 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0
1-129 O.Oe+00 O.Oe+O0 O.Oe+0O O.Oe+00 O.Oe+O0 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
1-13i; 0' .Oe+ O O . Oe+ OO -' O.On++00,1 O.O. e Oe+00.'
Cs-134 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00
Cs-135 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.0+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-137 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
Ba-133 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O00

Ce14t;'- .i.e9 . 0 ;e0 ,iO~e-08-i '-;.1.3e-8'>';-',544 ; 1.e44 3;9e 09:'''.1e48. t .5o 8'
Ce-141 6.5e-09 1.1e-09 4.5e-09 1.4e-08 1.9e-08 7.2e-09 1.2e4-9 5.0e-09 1.5e-08 2.1e-08
Ce-144 1.4e-07 2.8e-08 1.0e-07 2.9e-07 3.8e-07 1.6e-07 3.1e-08 i..e-07 3.3e-07 4.3e-07
Pm-147 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
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App~endix H-2 Nonnalizdd Effective Doses from Aluminum
Appendix H-2 Normalized Effective Doses from Aluminum

Table H2.7 Normalized effective doses from Inhalation: Handling metal product

Mass-based effective dose (pSv/y per Bq/g) Surficial effective dose (uSvly per Bq/cm2 )
Radionuclide Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
Srn-151 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0
Eu-152.2<;<0'0-+00O.Oe+OO :.Oe+OO--,.0e+OD_.eO.oeooe .L.Oe.e+ O iO b :OJo'+4O,,-,O.O
Eu-154 O.Oe+OO O.Oe+0 O.Oe+00 O.Oe+0 O.Oe+OO O.Oe+0 O.Oe+O0 O.Oe+0O O.Oe+00 O.Oe+OO
Eu-155 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0
Gd-153 O.Oe+OO O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
Tb-160 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO

Tn11 OO+O O.Oe+OO .O.Oe+OO O.e+O O.eO .eO OO+O OO+O .eO .eO

Ta-182 4.7e-07 1.2e-07 3.6e-07 9.3e-07 1.2e-06 52e-07 1Ae-07 4.0e-07 1.0e-06 1.3e-06
W-181 1.4e-09 3.6e-10 1.Oe-09 2.7e-09 3.4e-09 1.5e49 3.9e-10 1.2e-09 3.0e-09 3.9e-09
W-185 6.2e-09 1.6e-09 4.8e-09 1.2e-08 1.6e-08 6.9e-09 1.8e-09 5.3e-09 1.4e-08 1.8e408

.3e:8 '90-0068 - il5e-7~$2.0e&O7~j
Ir-192 2.2e-07 5.6e-08 1.6e-07 4.3e-07 5.5e-07 2.4e-07 6.2e-08 1.8e-07 4.8e-07 6.2e-07
Tl-204 2.5e-08 6.5e-09 1.9e-08 4.9e-08 6.2e-08 2.8e-08 7.1e-09 2.1e-08 5.4e-08 7.0e-08
Pb-210 2.3e-04 6.0e-05 1.7e-04 4.4e-04 5.7e-04 2.5e-04 6.5e-05 1.9e-04 5.0e-04 6.3e-04
Bi-207 ' 3.0e-07 7.8e-08 2.3e-07 5.8e-07 7Ae-07 3.3e-07 8.5e-08 2.5e-07 6.5e-07 8.4e-07
Po-2iO.-...Z'1.5e-04 -3.9e405 .>',.-11045 2.96 , 35.8e, 4.3e-05 <.1 .3e-4 e 3.3e304 2e -04
Ra-226 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+0O O.Oe+00 O.Oe+00
Ra-228 O.Oe+00 O.Oe+0O O.Oe+0 O.Oe+00 O.Oe+0 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00
Ac-227 1.3e-03 2.0e-04 8.8e-04 2.7e-03 3.6e-03 1.4e-03 2.1 e-04 9.7e-04 3.0e-03 4.1 e-03
Th-228 6.2e-04 9.7e-05 4.3e4-4 1.3e-03 1.8e-03 6.9e-04 1.1e-04 4.8e-04 1.5e-03 2.0e-03
T229, 1 2e- 03L5 ,1.904 :8O2.6e43a33.4e43 t.3e-03 m,.1e-04.j 92e44. 2.9oZ03 13.8
Th-230 2.0e-04 3.1e-05 1.4e-04 4.3e-04 5.7e-04 22e-04 3.5e-05 1.5e-04 4.8e-04 6.3e-04
Th-232 -3.5e-04 5.5e-05 2Ae-04 7.6e-04 1.0e-03 3.9e-04 6.2e-05 2.7e-04 8.4e-04 1.1e-03
Pa-231 1.8e-03 4.9e04 1.4e-03 3.6e-03 4.6e03 2.0e-03 5.3e-04 1.5e-03 4.0e-03 5.2e-03
U-232 5.7e-04 1.1e-04 4.1e4 1.2e43 1.6e-03 6A4e-04 1.2-04 3e-03 1.7e-03
U233'$. .4 e44'X2.7e-05.p O-10e424.8e4,5 e.04 . 3.8e-04e-043.'1e 4e-
U-234 1.3e-04 2.6e-05 9.7e405 2.7e-04 3.7e-04 1.5e-04 2.9e-05 1.1e-04 3.1e-04 4.1 e-04
U-235 1.2e-04 2.4e-05 8.8e-05 2.5e-04 3.3e-04 1.4e-04 2.6e-05 9.8e-05 2.8e-04 3.7e-04
U-236 1.2e-04 2.5e-05 9.0e-05 2.5e-04 3.4e-04 1Ae4-04 2.7e-05 1.Oe-04 2.8e-04 3.8e-04
U-238 1.2e-04 2.3e-05 8Ae4-05 2.4e-04 3.2e-04 1.3e-04 2.5e-05 9.3e-05 2.6e-04 3.5e-04

,Nt23.2-04:'5.0e-05 7,046.8e-04 - , -,I 03

Pu-236 '1.5e44 2.9-05 1.1-04 3.1e44 42-04 1.7e-4 3.1e05 1.2e-04 3.5e-04 4.7e-04

Pu-238 ''2.4e44 4Se45 1.7e44 4.9e404 6.6e-04 '2.6e44 4.9e-05 1.9e44 5.6e-04 7.5e044

Pu-239 2.4e-04 4.5e-05 1.7e-04 4.9e-04 6.6e-04 2.6e-04 4.9e-05 1.9e-04 5.6e-04 7.5e-04

Pu-240 2.4e-04 4.5e-05 1.7e-04 4.9e-04 6.6e-04 2.6e-4 4.9e-05 1.9e-04 5.6e-04 7.5e-04

Piu-2401K 2.e66-046i 45.OeZO7'e1 49e- 4 6.6e-046' j2.6-06 4e-0 .1e-04 .6e-06 8.2e-0,4

Pu-242 2.2e-04 4.2e-05 1.6e-04 4.6e-04 6.2e-04 2.5e-04 4.6e-05 1.8e-04 5.2e404 7.0e-04
Pu-244 2.1e-04 3.9e-05 1.5e-04 4.3e-04 5.7e-04 2.3e-04 4.3e-05 1.6e-04 4.8e-04 6.5e-04
Am-241 5.9e-04 9.3e-05 4.1e-04 1.3e-03 1.7e-03 6.6e-04 1.0e-04 4.6e-04 1.4e-03 1.9e-03
Am-242m 5.9e-04 9.3e-05 4.1e-04 1.3e-03 1.7e-03 6.6e-04 1.0e-04 4.6e-04 1.4e-03 1.9e-03
Am.243 ,<- ,-'-5.9e-4 >;-9.3e-05 :_41e 041.303, ;7e,3' ,:'6.6e:04_ 1.0e 04 4.5e-, 4,1.43 -1.9e 3
Cm-242 6.5e-05 1.Oe-05 4.6e-05 1.4e-04 1.8e-04 7.3e-05 1.1 e-05 5.1e405 1.5e-04 2.0e-04
Cm-243 4Ae4-04 6.9e-05 3.1e-04 9.3e-04 1.2e-03 4.9e-04 7.5e-05 3.4e-04 1.0e-03 1Ae-03
Cm-244 3.8e-04 5.9e-05 2.7e-04 8.0e-04 I.Oe-03 42e-04 6Ae4-05 3.0e-04 9.0e-04 1.2e-03
Cm-245 6.1 e-04 9.5e-05 4.3e-04 1 .3e-03 1.7e-03 6.8e-04 1.Oe-04 4.7e-04 1.4e-03 1.9e403
C, 4 :- ' -01 0 954 e -; 4 .. 3e-03 -1.Se-03
Cm-247 5.5e4 8.6e-05 3.9e4 1.2e3 1.5e43 6.1-4 9.3e-05 4.3e-04 1.3e03 1.7e43
Cm-248 2.1e03 3.3e-04 1.5e-03 4.5e-03 5.9e-03 2.4e03 3.6e-04 1.7e-03 5.1e-03 6.6e-03
Bk-249 2.3e-06 3.6e-07 1.6e-06 4.9e-06 6.5e-06 2.6e-06 4.0e-07 1.8e-06 5.5e-06 7.3e-06
Cf-248 1.2e-04 1.8e-05 8.2e-05 2.5e-04 3.4e-04 1.3e-04 2.0e-05 9.0e-05 2.8e-04 3.9e-04
cf629_, - 1-0'i3 4.6e4 .i .6e,04-'--'6902.9e03_ 9 - - i.10-031. 0i g76_4 .- 2.4403 '3;303;

Cf-250 4.8e-04 7.5e-05 3.3e-04 1.Oe-03 1Ae-03 5.4e-04 8.3e-05 3.7e-04 1.Ie-03 1.6e-03
Cf-251 I.Oe-03 1.6e-04 7.0e-04 2.2e03 3.0e-03 1.1e-03 1.7e-04 7.7e-04 2.4e-03 3.3e-03
Cf-252 2.7e-04 4.2e-05 1.8e-04 5.7e-04 7.8e-04 3.0e-04 4.6e-05 2.0e-04 6.3e-04 8.7e-04
Cf-254 4.2e-04 6.3e-05 2.8e-04 8.8e-04 1.2e-03 4.6e-04 6.9e-05 3.1 e-04 9.9e-04 1.3e03

-254i '- -'.02e-04 --1.804o5 , 8.1e05. 2.5e-434 C 3.8e-04'
s . ... . . - ',. .! . e.l m ...~ ~ +, _

Note: To convert these values to conventional units (mremly per pCVg or mremly per pCi/cm2), multiply by 3.7e-3
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Normalized Effective Doses from Aluniinumn Appendix H-2

Table H2.8 Normalized effective doses from ingestion: Handling metal product
- . Mass-based effective dose (,uSv/y per Bq/g) Surficial effective dose (uSvly per Bq/cm2)

Radionucide Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
H-3 3.4e-10 1.9e-11 2.1e-10 7.8e-10 1.le-09 3.8e-10 2.1e-11 2.4e-10 8.8e-10 1.2e-09
C-14 6.0e-09 3.8e-10 4.0e-09- 1.4e-08 1.9e-08 6.7e-09 4.2e-10 4.4e-09 1.5e-08 2.Ie-08
Na-22 3.2e-08 2.0e-09 2.2e-08 7.4e-08 1.Oe-07 3.6e-08 2.2e-09 2.4e-08 8.2e-08 1.le-07
P-32 1.5e-07 7.2e-09 8.5e-08 3.6e-07 5.2e-07 1.7e-07 8.0e-09 9.4e-08 4.0e-07 5.9e-07
s5 3.1e-08 i 2.2e-,09& 2 -087.Oe'08,,%Ž 9.0-0 3.e 52508 ;; 7.8 i.Oe-O7
CI-36 O.Ooe+0 O.Oe+OO O.Oe+O O.Oe+OO 0.0e+O0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
K-40 6.5e-08 4.0e-09 4.3e-08 1.5e-07 2.0e-07 7.2e-08 4.4e-09 4.7e-08 1.6e-07 2.3e-07
Ca-41 7.3e-09 4.3e-10 4.6e-09 - 1.7e-08 2.3e-08 8.1e-09 4.7e-10 5.1e-09 1.9e-08 2.6e-08
Ca-45 1.7e-08 9.9e-10 1.le-08 3.9e-08 5.4e-08 1.9e-08 1.1e-09 1.2e-08 4.4e-08 6.2e-08
Se,4B -; O.0O+Ov;,, O.0e,+0g- 0.0e+OO',,L0.0e+00. O.OOO, A 0.0e.+OZ; 0.0e,+0O. QOe+O ; O.Oe+OO O.0e40Oi

Cr-51 3.8e-09 2.4e-10 2.5e-09 8.5e-09 1.2e-08 4.2e-09 2.7e-10 2.8e-09 9.5e-09 1.3e-08
Mn-53 7.1e-09 5.3e-10 5.1e-09 1.6e-08 2.0e-08 7.9e-09 5.7e-10 5.6e-09 1.8e-08 2.3e-08
Mn-54 1.6e-07 1.2e-08 1.1e-07 3.5e-07 4.5e-07 1.8e-07 1.3e-08 1.2e-07 3.9e-07 5.1e-07
Fe-55 7.6e-08 5.6e-09 5.5e-08 1.7e-07 2.2e-07 8.5e-08 6.le-09 6.1e-08 1.9e-07 2.4e-07
Fe-59U }E 2.8e-0 2 � 2 .0e07, 1.4e-07iS , 8.3o,,3.2e3.52__e'%,' 207-e-0TV 9.4 0'7
Co-56 4.3e-07 3.1e-08 3.1e-07 9.6e-07 1.2e-06 4.8e-07 3.4e-08 3.4e-07 1.1e-06 1Ae-06
Co-57 4.2e-08 3.1e-09 3.0e-08 9.4e-08 1.2e-07 4.7e-08 3.4e-09 3.3e-08 1.0e-07 1.3e-07
Co-58 1.3e-07 9.1e-09 9.0e-08 2.9e-07 3.7e-07 1.4e-07 1.Oe-08 1.Oe-07 3.2e-07 4.2e-07
Co-60 5.8e-07 4.3e-08 4.2e-07 1.3e-06 1.7e-06 6.5e-07 4.7e-08 4.6e-07 1.4e-06 1.9e-06
N8-59 , . 3.7e'08W_4.8eiwi
NI-63 3.5e-08 2.6e-09 2.5e-08 7.9e608 1.0e-07 3.9e-08 2.8e-09 2.8e-08 8.8e-08 1.18-07
Zn-65 8.5e-07 6.2e-08 6.1e-07 1.9e-06 2.4e-06 9.5e-07 6.8e-08 6.8e-07 2.1e-06 2.8e-06
As-73 4.0e-08 2.8e-09 2.8e-08 8.9e-08 1.2e-07 4.4e-08 3.1e-09 3.1e-08 1.0e-07 1.3e-07
Se-75 4.3e-07 3.0e-08 3.0e-07 9.6e-07 1.2e-06 4.8e-07 3.3e-08 3.4e-07 1.1e-06 1.4e-06
LSr-85''.',r,-,,1.lo-08,- -. 5.8e-10O;7e-09jg$ 2.4e08^ f 3.4e-08,,12e_.8~ ,,6.310 ,7.4e-09,-.32.7.-08m? 3.i7e,08~
Sr-89 4.5e-08 2.4e-09 2.9e-08 1.0e-07 1.4e-07 5.1e-08 2.6e-09 3.2e-08 1.2e-07 1.6e-07
Sr-90 7.7e-07 4.3e-08 4.9e-07 1.7e-06 2.5e-06 8.5e-07 4.6e-08 5.5e-07 1.9e-06 2.7e-06
Y-91 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+00 0.Oe+OO O.Oe+00 O.Oe+00
Zr-93 2.1e-08 6.2e-10 1.2e-08 5.Oe-08 7.0e-08 2.3e-08 6.8e-10 1.4e-08 5.5e-08 7.7e-08
Z' A1i' .9e 9,. '3.8o-08. 0 , . 7 2.4e07,,
Nb-93m 2.8e-08 2.1e-09 2.0e-08 - 6.3e-08 8.2e-08 3.1e-08 2.3e-09 2.2e-08 7.0e-08 9.1e-08
Nb-94 4.0e-07 3.0e-08 2.9e-07 9.0e-07 1.2e-06 4.5e-07 3.2e-08 3.2e-07 1.0e-06 1.3e-06
Nb-95 8.2e-08 5.7e-09 5.7e-08 1.9e-07 2.5e-07 9.2e-08 6.2e-09 6.3e-08 2.1e-07 2.8e-07
Mo-93 5.Oe-07 3.6e-08 3.6e-07 1.1e-06 1.4e-06 5.Se-07 4.0e-08 3.9e-07 1.2e-06 1.6e-06

_, _'.8608.6e-08i ,e i.8e0084 . -808 .1.3e 08,
Tc-97m 1.0e-07 7.3e-09 7.3e-08 2.3e-07 2.9e-07 1.1e-07 8.0e-09 8.1e-08 2.5e-07 3.3e-07
Tc-99 1.5e-07 1.1e-08 1.le-07 3.3e-07 4.3e-07 1.7e-07 1.2e-08 1.2e-07 3.7e-07 4.8e-07

Ru-103 1.3e-07 9.0e-09 8.9e-08 2.9e-07 3.8e-07 1.4e-07 9.8e-09 9.9e-08 3.2e-07 4.3e-07
Ru-106 i.8e-06 1.3e-07 1.3e-0 6 4 . 1e-06 5.3e-06 2.0e-06 1.5e-07 1.5e-06 4.6e-06 5.9e-06
,Ag-108r~- ,',',,64F07 .:,*i4.6e-08>.'4.6e 07.",!-1.4o-06-1.80-06 § F7.1' e0Z,,.f5.0e-08,. 5.0e-07'>-'1.16&06,-- 2'.0e06A
Ag-11Om 7.2e-07 5.2e-08 5.1e-07 1.6e-06 2.1e-06 8.0e-07 5.8e-08 5.7e-07 1.8e-06 2.3e-06
Cd-109 4.9e-07 3.6e-08 3.5e-07 1.1e-06 1.4e-06 5.5e-07 4.0e-08 3.9e-07 1.2e-06 1.6e-06
Sn-i 13 1.2e-07 8.8e-09 8.8e-08 2.8e-07 3.6e-07 1.4e-07 9.7e-09 9.7e-08 3.1e-07 4.1e-07
Sb-124 3.5e-07 2.4e-08 2.5e-07 8.0e-07 1.0e-06 3.9e-07 2.7e-08 2.7e-07 8.9e-07 1.2e-06
S§t 125mS~', 2.407:;.''i.B-08- .7 0 7 -". 5.5e0 7' ;7.le-07y.; -,,-',-'2ie 7g>.9'0 1 9e-O 46. 7

Te-123m 2.3e-07 1.7e-08 1.6e-07 5.2e-07 6.7e-07 2.6e-07 1.8e-08 1.8e-07 5.8e-07 7.4e-07
Te-127m 4.0e-07 2.9e-08 2.8e-07 9.0e-07 1.2e-06 4.4e-07 3.1e-08 3.1e-07 1.0e-06 1.3e-06
1-125 O.Oe+00 O.0e+OO O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+OO 0.Oe+OO O.Oe+OO O.Oe+OO O.Oe+00
l-129 0O O.Oe00 O.Oe+OOO0O .O O00 00.Oe+OO O.Oe+0OO O.0e+OO O.Oe+00

0.0 0.00400 O 0.0O+O0 0OO+OO 0 ' O;Oe 0.00+00 , OO.+O 0 , O;Oe,+0. '. e '0- O.OetOOi
Cs-i 34 O.Oe+00 0.Oe+00 O.Oe+OO O.Oe+00 O.Oe+OO O.0e+OO 0.Oe+OO O.Oe+00 O.Oe+OO O.Oe+00
Cs-i 35 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+OO O.0e+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-I 37 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.0e+OO O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO
Ba-133 - 0.+O0 O.Oe+O O.Oe+OO O .Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+O0 O.Oe+00 O.Oe+00
C''139 2 ,.4eo09 1;ie-10''1.6e-09':5.4e-09 2 9 '1-6e,10U -7e ';;6.0609 O8.0e-09 ;
Ce-141 4.3e-09 2.4e-10 2.7e-09 9.8e-09 1.4e-08 4.8e-09 2.6e-10 3.0e-09 1.1e-08 1.5e-08
Ce-144 5.1e-08 3.1e-09 3.4e-08 1.2e-07 1.5e-07 5.7e-08 3.4e-09 3.7e-08 1.3e-07 1.7e-07
Pm-147 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00

_IRG 164 _- it), ,A
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Avvendix H-2 Norrrillii' a Effective Doses from Aluminurn
Appendix H-2 NormAliz�l Effective Doses from Aluminum

Table H2.8 Normalized effective doses from Ingestion: Handling metal product
Raincie Mass-based effective dose (pSvly per Bg/g) Surficial effective dose (p~Svly per Bq/cM2)

Raincie Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
SM-151 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 O.Ge+00 0.Oe+00O.Oe+00 O.Oe+00O .Oe+00 0.Ge+00

Eu-I154 O.Oe+00 0.Oe+00 0.Oe+00 O.Oe+00O .Oe+00 0.Oe+00 O.Oe+DO O.Oe+00 - .Oe+00 0.Oe+00
Eu-I155 0.Oe+00 0.Oe+00 0.0e+00 O.Oe+00 0.Oe+00 0.Oe+00 O.Oe.O0 0.Oe+00 0.Oe+O0 0.Oe+O0
Gd-I153 0.Oe.00 0.Oe+00 O.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 O.Oe+00 0.Oe+00 0.Oe+O0 0.Oe+00
Tb-I160 0.Oe+00 0.Oe+00 0.Oe+000O.Oe+00 0.e00 O.Oe_____ Ge 00 .Oe+00__0.Oe+00 0.Oe+00

Trn-171 O.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 0.0e+00 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00
Ta-182 2.Ae-07 1.8e-08 1.7e-07 5.5e-07 7.2e-07 2.7e-07 1.9e.08 1.9e-07 6.Ie-07 8.0e-07
W-1B I1..2e-08 8.9e-10 8.9e-09 2.8e-08 3.6e-08 1.4e-08 1.0e-09 9.8e-09 3.1Ie-08 4.0e-08

*W-1 85 6.6e-08 4.7e-09 4.7e-08 1.5e-07 1.9e-07 7.3e-08 5.2e-09 5.2e-08 1.6e-07 2.2e-07
N niin

Ir-192 2.Ie-07 1.5e-08 1.5 e-07 4.7e-07 6.1e-07 2.3e-07 1.6e-08 1.6e-07 5.2e-07 7.0e-07
* 1-204 2.5e-07 1.8e-08 I.Se-07 5.5e-07 7.2e-07 2.7e-07 I.9e-08 1.9e-07 6.Ie-07 8.0e-07

Pb-21 0 1.8e-04 1.2e-05 1.2e-04 4.0e-04 5.1e-04 2.0e-04 I.4e-05 1.4e-04. 4.4e-04 5.7e-04
Bi-207 2.5e-07 I1.8e-08 I .Be-07 5.6e-07 7.2e-07 2.8e-07 2.0e-08 2.0e-07 6.2e-07 8.Oe-07

*P2672h4e-528T X ?Ie-4,4.5e-052'2e-06 .32- -4'~l3~4

Ra-226 0.Oe+DO 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 O.0e+00 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00
Ra-228 O.Oe+00 0.Oe+00 O.Oe+00 0.Oe400 0.Oe+00 0.Oe+00 0.Oe.00 0.Oe+00 0.Oe+00 0.Oe+00
Ao-227 6.3e-05 3.1 e-06, 3.9e-05 l.5e-04 2.0e-04 7.0e-05 3.5e-06 4.2e-05 1.7e-04 2.3e-04
Th--228 5.3e-06 2.8e-07 3.3e-06 1 .2e-05 _1I.7e-05 5.9e-06 3.1 e07 3.7e-06 I1.4e-05 I1.9e-05

~1.e-0__7~I~-O~38e-5 Z5.e-O ;05j9. e F~1e0 :2~5.& 5
Th-230 4.5e-06 2.4e.07 2.8e-06 1.0e-05 1.4e-05 4.9e-06 2.6e-07 , 3.1le-06 1.Ie-05 1.6e-05
Th-232 5.0e-06 2.7e-07 3.2e-06 I1.2e-05 I1.6e-05 5.6e-06 2.9e-07 3.5e-06 I1.3e-05 I1.8e-05
Pa-231 l .e-0.4 9.9e-06 9.7e-05 3.0e-04 3.9e-04 I1.5e-04 I1.Ie-05 1.1 e-04 3.4e-04 4.4e-04
U-232 1.8e-05 1.1 e-06 1.2e-05 4.0e-05 5.6e-05 2.0e-05 1.2e-06 1.3e-05 4.5e-05 6.2e-05

-~ 2.08.65:d0 ,
U-234 2.6e-06 1.6e-07 1.7e-06 6.0e-06 8.3e-06 2.9e-06 1.8e-07 1.9e-06 6.7e-06 9.2e-06
U-235 2.5e-06 1.5e-07 1.6e-06 5.6e-06 7.8e-06 2.8e-06 1.7e-07 I.Be-06 6.3e-06 8.7e-06
U-236 2.5e-06 1.5e-07 1 .6e-06 5.6e-06 7.8e-06 2.7e-06 I1.7e-07 1 .Se-06 6.3e-06 8.7e-06

*U-238 2.5e-06 1.6e-07 1.7e-06 5.8e-06 8.0e-06 -2.8e-06 1.7e.07 1.9e-06 6.5e-06 8.9e-06
Nj-3k4~;~5.e0 3.e0~3. Tte-05 ~-IB 5 60 34,e-0~7C .6W-066~I452V0T

Pu-236 4.5e-06 2.7e-07 3.0e-06 I.Oe-05 1.Ae-05 5.0e-06 3.1e-07 3.3e-06 1.2e-05 1.6e-05
Pu-238 1.2e-05 7.5e-07 8.0e-06 2.8e045 3.8e-05 1.4e-05 8.3e-07 8.9e-06 3.Ie-05 4.2e-05
Pu-239 I1.3e-05 8.1e-07 8.7e-06 3.0e-05 4.1 e-05 I1.5e-05 9.0e-07 9.7e-06 3.4e-05 4.6e-05
Pu-240 1.3e-05 8.1e-07 8.7e-06 3.0e-05 4.1e-05 I.Be-05 9.0e-07 9.7e-06 -3.4e-05 4.6e-05

Pu-21 i~~Z 7.Se-7J~je-08~ .607L~.7e-7 J 7.6e070
Pu-242 1.3e-05 7.8e-07 8.4e-06 2.9e-05 4.0e-05 1.4e-05 8.6e-07 9.3e-06 3.3e-05 4.4e-05
Pu-244 I1.3e-05 7.8e-07 8.4e-06 2.9e-05 4.0e-05 I1.4e-05 8.7e-07 9.4e-06 3.3e-05 4.4e-05
Arn-241 1.Oe-05 5.6e-07 6.4e-06 2.4e-05 3.3e-05 1.1e-05 6.2e-07 7.1 e-06 2.7e-05 3.7e-05
Arn-242rn 1.0e-05 5.6e-07 6.4e-06 2.4e-05 3.3e-05 1.1e-05 6.2e-07 7.1 e-06 2.7e-05 3.7e.05

~56- 4e0_2ie0 .e5 >iib-6207:~. -0 27-5,'.e0-

Cm-242 5.6e-07 3.0e-08 3.5e-07 1.3e-06 1.8e-06 6.2e-07 3.4e-08 3.9e-07 I.4e.06 2.0e-06
Crn-243 7.7e-06 4.2e-07 4.9e-06 I1.8e-05 2.4e-05 8.6e-06 4.6e-07 5.3e-06 2.0e-05 2.7e-05
Cm-244 6.1 e-06 3.3e-07 3.9e-06 1 .4e-05 2.0e-05 6.8e-06 3.7e-07 4.3e-06 1 .6e-05 2.2e-05
Crn-245 1.1 e.05 5.8e-07 6.8e-06 2.5e-05 3.4e-05 I1.2e-05 6.5e-07 7.5e-06_ 2.8e.05 3.8e-05

Cm26_ .ll-5 58e7K.eOS-.eO 3.4e-05:- .e0 65e7. 75e6 .e- 38e-05.:

Crn-247 9.8e-06 5.3e-07 6.2e-06 2.3e-05 3.18e.05 1.1e-05 5.9e-07 6.8e-06 2.5e-05 3.5e-05
Crn-248 4.0e-05 2.1Ie-06 2.5e-05 9.3e-05 1.3e-04 4.4e-05 2.4e.06 2.7e-05 I.0e-04 I.4e.04
Bk-249 5.0e-08 2.7e-09 3.1 e08 1.1e.07 1.6e.07 5.5e-08 2.9e-09 3.5e-08 1.3e-07 1.8e-07
Cf-248 I _ A.4806 _7.0e-08_ 8.6e-0,7 3.2e-06 4.5e.06 1 I.5e-06 ~78e-08 9.6e-07~ 3.5e-06 5.0e-06

Cf-49 4:18&5 "9.2-0.~>.Ie054.205 59e-05 _1`1 2.0e-5 .- '-IOe706 :cI 2"5 "--4.6~0 ~.e0
Cf-250 8.2e-06 42e-07 5.1 e-G6 1.9e.05 2.7e-05 9.1Ie-06 4.7e-07 5.7e-06 2.1 e-05 3.0e-05
Cf-251 I.9e-05 9.5e-07 1.2e-05 4.3e-05 6.0e-05 2.1e-05 1.1 e-06 1.3e-05 4.8e-05 6.8e-05
Cf-252 4.5e-06 2.3e-07 2.8e-06 I.Oe-05 1.5e-05 5.Oe-06 2.6e-07 -3.1e-06 1.2e.05 1.7e-05
Cf-254 1.5e-05 7.7e-07 9.3e-06 3.5e-05 4.9e-05 1.7e.05 8.2e.07 1.0e-05 3.9e-05 5.5e-05

Es24.-.4-&-~.5-8I,.e0 32 -0 4.5e-06 95678.08i-8-7 3 6-6" "4.9e
Note: To convert these values to conventional units (rnrernly per pCi~g or mrenly per pCi/crn%) multiply by 3.7e-3
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Normalized Effective Doses from Aluminum i EAppendix H-2

Table H2.9 Normalized effective doses from all pathways: Handling dross
u - Mass-based effective dose (uSv/y per Bqfg)

Radionuide Mean 5th 50th 90th 95th
Surficial effective dose (uSvly per Bqcmr2)

Mean 5th 50th 90th 95th
H-3 0.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+OO O.Oe+00 O.Oe+00 - O.Oe+00 O.Oe+O0 O.Oe+O0
C-14 5.9e-07 9.3e-08 4.1e-07 1.3e06 1.7e-06 6.6e-07 1.0e-07 4.6e-07 1.4e-06 1.9e-06
Na-22 8.4e-03 1.7e-03 6.1e-03 1.8e-02 2.3e-02 9.4e-03 1.9e-03 6.7e-03 2.0e-02 2.6e-02
P-32 6.2e-07 5.3e-08 3.3e-07 1.5e-06 2.1e-06 6.9e-07 5.9e-08 3.7e-07 1.6e-06 2.3e-06
%35-O0,5i' -, ,0.0e+00'§0e O.Oe+0~> ,.o.Oe++oQ, 0~sO ? .Oe+OO ,5,.6e, ' O0e[.0e±00;,0.0O'|
CI-36 3.7e-06 9.1e-07 2.8-O06 7.6e-06 9.7e-06 4.2e-06 9.9e-07 3.1e-06 8.4e-06 1.1e-05
K-40 6.7e-04 1.4e-04 4.9e-04 1.4e-03 1.8e-03 7.4e-04 1.Se-04 5.4e-04 1.5e-03 2.0e-03
Ca-41 2.5e-07 3.4e-08 1.8e-07 5.5e-07 7.3e-07 2.8e-07 3.7e-08 1.9e-07 6.1e-07 8.2e.07
Ca-45 9.8e-07 2.1e-07 7.1 e-07 2.0e-06 2.6e-06 1.1e-06 2.3e-07 7.9e-07 2.2e-06 2.9e-06

Cr-Si 8.8e-06 t.1e-06 5.6e-06 2.0e-05 2.7e-OS 9.8e-06 1.2e-06 6.1e-06 2.1e-OS 3.1e-05
Mn-53 2.4e-09 3.1e-10 1.6e-09 5.1e-09 7.1e-09 2.6e-09 3.4e-10 1.7e-09 5.8e-09 8.0e.-9
Mn-54 2.3e-04 3.7-05 1.6e-04 4.9e-04- 6.6e-04 2.6e-04 4.0e-05 1.7e-04 5.4e-04 7.5e-04
Fe-55 2.5e-08 3.1 e-09 1.6e-08 5.4e-08 7.4e-08 2.7e-08 3.4e-09 1.8e-08 6.0e-08 8.3e-08
F 2.9e-04 >1:6e;-1. 504.3e-0,4, >,7.1. 2 ,7e -0, 3.9 8e r5 9e .8O.0e
Co-56 8.8e-04 1.4e-04 5.9e-04 1.9e-03 2.6e-03 9.8e-04 1.Se-04 6.6e-04 2.1e-03 2.9e-03
Co-57 1.8e-05 2.9eO6 1.2e-05 3.8e-05 5.1e-OS 2.0e-OS 3.2e-06 1.3e-O5 4.3e-O5 5.8e-OS
Co-58 2.2e-04 3.4e-05 1.5e-04 4.7e-04 6.3e-04 2.4e-04 3.7e-05 1.6e-04 5.3e-04 7.1e-04
Co-60 7.7e-04 1.2e-04 5.3e-04 1.6e-03 2.2e-03 8.5e-04 1.4-04 5.8e-04 1.9e-03 2.5e-03

N~ ~ 3Z .t,.*8~-'8i-05-8'>3..-OS Z1.3.-O'l3 8•- 2.49, f9.2.-09 :'''7e 08 3:8'e-8
NI-63 1.8e-08 3.0e-09 1.2e.-8 3.8e-08 S.1e-08 2.0e-08 3.3e-09 1.4e-08 4.2e-08 5.7e-08
Zn-65 1.6e-04 2.6e-05 1.1e-04 3.5e-04 4.8e-04 1.8e-04 2.8e-05 1.2e-04 3.9e-04 5.5e-04
As73 4.7e-07 6.7e-08 3.1e-07 1.0e-06 1.4e-06 5.2e-07 7.3e-08 3.4e-07 1.Ie-06 1.6e-06
Se-75 1.5e-04 2.1e-05 1.0e-04 3.2e-04 4.5e-04 1.7&-04 2.3e-05 1.1e-04 3.6e-04 5.0e-04

Sr8 ,*s,'1.3e'3t^2Rt L'.3 :.3'e3i.2e~X '~~ 'tr29r3'-
Sr-89 6.5e-06 1.4e-06 4.7e-06 1.3e-05 1.8e-05 7.2e-06 1.5e-06 5.2e-06 1.5e-05 2.0e-05
Sr-90 4.9e4-5 1.1e-05 3.6e-05 1.0e-04 1.3e-04 5.5e-05 1.2e-05 4.0e-05 1.1e-04 1.5e-04
Y-91 1.9e-05 4.1e-06 1.4e-05 4.0e-05 5.4e-05 2.2e.-5 4.5e-06 1.6e.-5 4.5e-05 6.0e-05
Zr-93 6.7e-07 5.8e-08 4.5e-07 1.5e-06 2.0e-06 7.5e-07 6.4e-08 5.0e-07 1.6e-06 2.3e-06
Zr-95j -- 987e-05 07.73e-04,
Nb-93m 2.3e-08 4.3e-09 1.7e-08 5.0e-08 6.6e-08 2.6e-08 4.7e-09 1.8e-08 5.5e-08 7.4e-08
Nb-94 4.5e-04 7.2e-05 3.1e-04 9.7e-04 1.3e-03 5.0e-04 8.0e-05 3.4e-04 1.1e-03 1.5e-03
Nb-95 1.3e-04 1.9e-05 8.8e-05 2.9e-04 4.0e-04 1.5e-04 2.1 e-05 9.7e-05 3.2e-04 4.5e-04
Mo-93 3.8e-07 3.8e-08 2.4e-07 8.5e-07 1.2e-06 4.3e-07 4.1 e-08 2.7e-07 9.5e-07 1.3e-06
To 97. ; 4.2.-0856.58:09k 2.88-08 9.1 8-08 1.28-07 ~ 0z4.78 .2. '3.2 5-1.0 ;OO7, .;01 0
To-97m 2.3e-07 3.7e-08 1.6e-07 5.0e-07 6.8e-07 2.6e-07 4.1e-08 1.7e-07 5.6e-07 7.6e-07
TC-99 2.3e-07 3.5e-08 1.5e-07 4.9e-07 6.6e-07 2.5e-07 3.8e-08 1.7e-07 5.4e-07 7.4e-07
Ru-103 O.0e+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ru-106 .OOe+OO O.Oe+OO O.Oe+00 O.+00 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
Ag-lO8'm V' ,<1O.O.40 0.-d00e•60�+, 0-OO .Oe0OO,''b. O~et,,Oe+0o. .O0 .Oe+O 0.0+0O '

Ag-i 11Om O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.0e+OO O.0e+OO O.Oe+0O O.Oe+O0 O.0e+OO
Cd-109 O.0e+OO O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+00 O.0e+OO 0.Oe+OO O.Oe+00 O.Oe+00
Sn-i 13 1.2e-04 1.6e-05 8.0e-05 2.6e-04 3.5e-04 1.3e-04 1.7e-05 8.8e-05 2.9e-04 4.0e-04
Sb-124 8.7e-04 1.2e-04 5.7e-04 1.9e-03 2.6e-03 9.7e-04 1.3e-04 6.4e-04 2.1e-03 2.9e-03
Sb125-4 2 3.6e-O2 -e 5t .-j ' : -04.7044J7.7,e04
Te-123m 4.6e.-5 6.4e-06 3.0e-05 1.0e-04 1.4e-04 5.1e-05 7.0e-06 3.4e-05 .1.e-04 1.6e-04
Te-127m 3.0e-06 4.4e-07 2.0e-06 6.4e-06 8.9e-06 3.3e-06 4.8e-07 2.2e-06 7.2e-06 9.9e-06
1-125 1.0e-05 1.7e-06 7.2e-06 2.2e-05 2.9-05 1.1e-05 1.9e-06 7.9e-06 2.4e-05 3.2e-05
1-129 8.0e-05 1.0e-05 S.4e-05 1.7e-04 2.3e-04 8.9e-05 1.1e-05 6.0e-05 1.9e-04 2.6e-04
1-131 fY * 1.8e 2e 0,46.9.OS W4.6-O4 '-- 4:;;2.0e4A7.9e-O6 7.8e-05K,- 5.1eO -, 8.0e8-0
Cs-134 6.0e-03 1.2e-03 4.4e-03 1.3e-02 1.6e-02 6.7e-03 1.4e-03 4.8e-03 1.4e-02 1.8e-02
Cs-135 1.9e-06 2.5e-07 1.3e-06 4.2e-06 5.5e-06 2.1e-06 2.8e-07 1.5e-06 4.6e-06 6.2e-06
Cs-137 2.2e-03 4.5e-04 1.6e-03 4.6e-03 6.0e-03 2.5e-03 5.0e-04 1.8e-03 5.2e-03 6.7e-03
Ba-133 1.1e-03 '2.3e-04 8.3e-04 2.4e-03 3.1e-03 1.3e-03 2.5e-04 9.2e-04 2.7e-03 3.5e-03
Ce-139.' : -- '30e0 ,,-,'6.ieO5',2.2e ,-~6.2e - *8.2e-O4' ,3 3&.-4 6.7e-O5 2e4e-4: 6.9. 4+<.2- 9.24
Ce-141 9.8e-05 1.8e-05 6.9e-05 2.1e-04 2.8e-04 1.1e-04 1.9e-05 7.6e-05 2.3e-04 3.1e-04
Ce-144 1.9e-04 4.0e-05 1.4e-04 3.9e-04 5.1e-04 2.1e-04 4.3e-05 1.5e-04 4.3e-04 5.7e-04
Pm-147 1.1e-06 2.5e-07 7.9e-07 2.2e-06 2.8e-06 1.2e-06 2.7e-07 8.8e-07 2.4e-06 3.1e-06
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Appendix H-2 Normalized Effective Doses from Aluminum

Table H2.9 Normalized effective doses from all pathwavs: Handling dross
Radionclid Mass-based effective dose (pSv/y per Bq/g) Surficial effective dose (pSvty per Bq/cm2)

Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
Sm-151 7.1e-07 1.6e-07 5.3e-07 IAe-06 1.9e-06 7.9e-07 1.8e-07 5.9e-07 1.6e-06 2.1 e-06

Eo152t ->-'4.6 3,': 9 4¢,>'3.ieO3, 9.7 43*'-137 4'<,',,,2,3,,1 ';37 1.e2~.4,2
Eu-154 4.5e-03 9.3e-04 3.3e403 9.5e-03 1.2e-02 - 5.0e-03 1.Oe-03 3.6e-03 I.1e-02 1Ae-02
Eu-1 55 8.7e-05 1.8e-05 6.3e-05 1.8e-04 2.4e04 9.7e-05 2.0e-05 7.0e-05 2.0e-04 2.6e-04
Gd-153 1.0e-04 2.1e-05 7.6e-05 2.2e-04 2.8e-04 1.2e404 2.3e-05 8.3e-05 .2Ae-04 3.2e-04
Tb160 3.5e-03 7.0e44 2.5e-03 7.3e-03 9.7e43 3.9e43 7.7e-04 2.8e-03 8.2e-03 1.1 e-02
rrnii70,A-,Ž,;- S2eos , .6e46s 5.3e-06~.5&0 .ge9e45,9 .'pBe. 6 Ž-i 8e- 9e406 [1^6e',45 ,.2e05;
Tm-171 7.0e-07 1.7e-07 5.2e-07 1 Ae-06 1.8e-06 7.8e-07 1.8e-07 5.8e-07 1.6e-06 2.0e-06
Ta-1 82 6.7e-04 9.3e-05 4Ae-04 1 .5e-03 2.1 e03 7.5e04 1 .0e-04 4.9e-04 1 .6e-03 2.3e-03
W-181 3.9e-06 5.3e407 2.6e-06 8.4e-06 I.Ie-05 4.3e-06 5.8e-07 2.8e-06 9.4e-06 1.3e-05
W-185 8.1e-08 1.11e-08 5.4e-08 1.8e-07 2.4e-07 9.0e-08 12e-08 6.Oe408 2.Oe-07 2.7e-07

Ir-192 3.5e-04 4.7e-05 2.3e-04 7.6e-04 1.Oe-03 3.8e-04 5.1e-05 2.5e404 8.5e-04 1.2e-03
T1-204 5.3e-07 8.0e-08 3.6e-07 1.2e-06 1.6e-06 5.9e-07 8.9e-08 4.0e07 1.3e-06 1.8e-06
Pb-210 2.7e-04 4.0e-05 1.8e6-4 5.8e-04 8.0e-04 3.0e-04 4.5e-05 2.0e-04 6.4e-04 8.9e-04
Bi-207 9.2e-4 1.3e-04 6.1 e-04 2.0e-03 2.7e-03 1.Oe03 1.4e-04 6.8e-04 2.2e-03 3.1 e-03
,Po-210 i'~9.7e-5 1.e0 ,,45,6.5&5 2.e4<',>2.8e-O"4 ;41.Ie- i3-§'1.6e-0 7.'-2e05=,^2.3e-0 =5-.3.Ie-44s
Ra-226 8.0e-03 1.7e-03 5.8e-03 1.6e-02 2.1 e-02 8.9e-03 1.9e-03 6.5e43 1.8e-02 2.4e-02
Ra-228 4.8e-03 1.1e-03 3.5e403 9.8e-03 1.2e-02 5.3e-03 1.2e-03 3.9e-03 1.1e-02 1Ae-02
Ac-227 3.4e-02 7.7e-03 2.5e-02 6.9e-02 9.2e-02 3.8e-02 8.5e-03 2.8e402 7.7e-02 1.Oe-01
Th-228 1.Oe-02 2.4e-03 7Ae-03 2.0e-02 2.6e-02 1.1 e-02 -2.6e-03 8.2e403 2.2e-02 2.9e-02
jjh229:,. I_,.1.7e-02 .'3.9e-03 <' 042 3.502Lz.e-02n,',4 .9e-02 -42e-03 LIAe 02 392e~Z5-,02
Th-230 5.7e-03 12e-03 42e-03 I.Ie-02 1.5e-02 6.3e-03 1Ae-03 4.6e-03 1.3e-02 1.7e-02
Th-232 6.3e-03 I1Ae-03 4.6e-03 1.3e-02 1.7e-02 7.0e-03 1.5e-03 5.1 e-03 1.4e-02 1.9e-02
Pa-231 3.4e-03 5.1e-04 2.3e-03 7Ae4-03 1.0e-02 3.8e-03 5.5e-04 2.6e-03 8.2e-03 1.1e-02
U-232 5.2e-03 12e-03 3.8e-03 I.1e-02 1.4e-02 5.Be-03 1.3e-03 4.3e-03 1.2e-02 1.5e-02
U233r __ 1.3&03 ,2.98.04 ;-9.5e4t-2.68.03 3.5e0 j,', 1.4e03 -,3.20 '.Ie.03 A2.9e203 .-- ;3.9e43
U-234 1.3e-03 2.9e-04 9.4e-04 2.6e-03 3.5e03 1.4e-03 3.1e-04 I.Oe-03 2.9e03 3.8e-03
U-235 1.5e-03 3.6e-04 1.1e-03 3.0e-03 4.0e403 1.7e-03 3.9e-04 1.2e-03 3.4e-03 4.4e-03
U-236 1.2e-03 2.7e-04 8.7e-04 2Ae-03 3.2e-03 1.3e-03 2.9e-04 9.6e-04 2.7e-03 3.5e-03
U-238 1.2e-03 2.6e-04 8.5e-04 2.3e-03 3.1e403 1.3e-03 2.9e-04 9.4e-04 2.6e-03 3Ae-03
Np-237 -~ - i3.6e43i8.3e , 2.3_-.3 3,r9;5e .43 .0e-03, 4:9.26-02.9 3 ¼ 78. 1.I42-
Pu-236 2.7e-03 6.0e-04 2.0e-03 5Ae-03 7.1 e-03 3.0e-03 6.6e-04 2.2e-03 5.9e-03 7.9e-03
Pu-238 5.7e403 1.3e-03 4.1e-03 1.1e-02 1.5e-02 6.3e-03 IAe-03 4.6e-03 1.3e-02 1.7e-02
Pu-239 6.0e-03 1.3e-03 4Ae-03 1.2e-02 1.6e-02 6.7e-03 1.5e-03 4.9e-03 1.Ae-02 1.8e-02
Pu-240 6.0e-03 1.3e-03 03 1.2e42 1.6e-02 6.7e-03 1.5e-03 4.9e-03 1.Ae-02 1.8e-02
P241I,"_1- :^.14, >2:4~5,'8'8.05 :'2.2e0 ,,2.9e, ,_.12e-04'LC2.7e-05r'8.9e-05 S.5 -04__ e.i0
Pu-242 5.9e-03 1.3e-03 4.3e-03 1.2e402 1.6e-02 6.5e-03 1.4e-03 4.7e-03 1.3e-02 1.8e-02
Pu-244 6.6e-03 1.5e-03 4.9e-03 1.3e-02 1.7e-02 7Ae-03 1.7e-03 5.4e-03 1.5e-02 2.0e-02
Arn-241 5.5e-03 1.2e-03 4.0e-3 1.1e-02 1.5e-02 6.1e-03 1.3e03 4Ae-03 1.2e-02 1.6e-02
Arn-242mr 5.7e-03 1.3e-03 4.2e-03 .1e-02 1.5e-02 6.3e-03 1.4e-03 4.6e-03 1.3e-02 1.7e-02
A-243< .. 5.9e03 ji1.3e03 :4.3e03 P712e42t 1.60 02 - t,6.6e*)3 ?I.46e-03 -- 4.8e 313e .7
Cm-242 6.6e-04 1.5e-04 4.8e-04 1.3e-03 1.8e403 7Ae-04 1.6e-04 5.3e-04 1.5e-03 2.0e-03
Cm-243 4.3e-03 9.8e-04 3.2e-03 8.7e-03 1.2e-02 4.8e-03 1.1e-03 3.5e-03 9.7e-03 1.3e-02
Cm-244 3Ae-03 7.6e-04 2.5e-03 6.9e-03 9.2e03 3.8e-03 8.4e-04 2.8e-03 7.7e-03 I.Oe-02
Cm-245 5.6e-03 1.3e-03 4.1 e-03 1.1 e-02 1.5e-02 6.3e-03 1Ae-03 -4.6e-03 1.3e-02 1.7e-02
Cm-246-': , 5.5e 03 120 ,; 1 .1e' 2 -I6 3.I1 e43 ,-,41.34 3 -' 4e0,43e.6e,42
Cm-247 6.0e03 1IAe-03 4Ae-03 1.2e-02 1.6e-02 6.7e-03 1.5e-03 4.9e403 1.3e-02 1.8e-02
Cm-248 1.9e402 4.3e-03 1.4e-02 3.9e-02 5.2e-02 2.11e-02 4.7e-03 1.6e-02 4.3e-02 5.8e-02
Bk-249 2.1e-05 4.6e-06 1.5e405 4.2e05 5.5e-05 2.3e-05 5.1e-06 1.7e-05 4.7e05 6.2e-05
Cf-248 1.2e-03 2.6e-04 8.5e-04 2.4e-03 3.1e403 1.3e803 2.8e-04 9.5e-04 2.6e-03 3.5e403
Cf-249 -7.. '1.0e 2-2.3e-03 ,7.4e43,2.0e42 '2.7e42' I.l.e2 492.5e43 '8.2 43' 2.3 42 _ -3.e04

Cf-250 4.5e-03 9.8e-04 3.3e-03 9.0e03 1.2e-02 5.0e-03 1.1e403 3.6e-03 1.0e-02 1.3e-02
Cf-251 9.6e-03 2.1e-03 7.0e-03 1.9e-02 2.6e-02 1.1e-02 2.3e-03 7.7e-03 2.2e02 2.9e-02
Cf-252 2.6e-03 5.7e-04 1.9e-03 5.2e-03 7.0e-03 2.9e-03 6.2e-04 2.le-03 5.8e-03 7.8e-03
Cf-254 4.7e-02 9.5e-03 3Ae-02 9.7e-02 1.3e-01, 5.2e-02 1.0e-02 3.7e-02 1.1le-01 1.4e-01
Es-254 -- 4.0e043 -'9 2e44- :2.9e43 ':8.1e43 .-,- 1.1e42 .- . -e4Ae43 --1.0e43 3203' 8.9e-03

Note: To convert these values to conventional units (mrem/y per pCi/g or mrem/y per pCictr), multiply by 3.7e-3
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Normalized Effective Doses from Aluminum Appendix H-2
Normalized Effective Doses from Aluminum Appendix H-2

Table H2.10 Normalized effective doses from external exposure: Handlina dross
-

Radionuclide -Mass-based effective dose (pSv/y per Bq/g)
Mean 5th 50th 90th 95th

Surficial effective dose (pSv/y per Bq/cm2)
Mean 5th - 50th : 90th 95th

H-3 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

C-14 7.7e-09 1;6e-09 5.6e-09 1.6e-08 2.1e-08 8.6e-09 1.7e-09 6.2e-09 1.8e-08 2.3e-08

Na-22 8.4e-03 1.7e-03 6.1e-03 1.7e-02 2.3e-02 9.3e-03 1.9e-03 6.7e-03 2.0e-02 2.6e-02

P-32 .e-07 4.1e-08 2.7e-07 1.2e-06 1.7e-06 5.6e-07 4.6e-08 3.0e-07 1.3e-06 1.9e-06

S-35Ej--, 0.0e+ 0 0 e+0 <0 +Oe. O

CI-36 1.8e-06 3.6e-07 1.3e-06 3.7e-06 4.8e-06 2.0e-06 3.9e-07 1.4e-06 4.1 e-06 5.3e-06

K-40 6.6e-04 lAe-04 4.8e-04 1.4e-03 1.8e-03 7.4e-04 1.5e-04 5.3e-04 1.5e-03 2.0e-03

Ca-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca45 3.4e-08 6.9e-09 2.5e-08 7.1e-08 9.4e-08 3.8e-08 7.6e-09 2.7e-08 7.9e-08 1.1e-07

So62-Wt. 6.7e-03X,+ t.3. '4.9e-3~ .40R-02 1 -9 Z~''- 7.5 03S'1 '5e.3 5~<,.ie-03 ,:6W0 2 e2

Cr-51 8.8e-06 1.1e-06 5.6e-06 2.0e-05 2.7e-05 9.8e-06 1.2e-06 6.1e-06 2.1e-05 3.1e-05

Mn-53 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Mn-54 2.3e-04 3.7e-05 1.6e-04 4.9e-04 6.6e-04 2.6e-04 4.0e-05 1.7e-04 5.4e-04 7.5e-04

Fe-55 2.5e-14 4.0e-15 1.7e-14 5.5e-14 7.3e-14 2.8e-14 4.4e-15 1.9e-14 6.1e-14 8.2e-14

Co-56 8.8e-04 1.4e-04 5.9e-04 1.9e-03 2.6e-03 9.8e-04 1.5e-04 6.6e-04 2.1e-03 2.9e-03

Co-57 1.8e-05 2.9e-06 1.2e-05 3.8e-05 5.1e-05 2.0e-05 3.2e-06 1.3e-05 4.3e-05 5.8e-05
Co-58 2.2e-04 3.4e-05 1.5e-04 4.7e-04 6.3e-04 2.4e-04 3.7e-05 1.6e-04 5.3e-04 7.1e-04
Co-60 7.7e-04 1.2e-04 5.3e-04 1.6e-03 2.2e-03 8.5e-04 1.4e-04 5.8e-04 1.9e-03 2.5e-03

NS5-E.', i.3e-09 - 7.0eiO 93.3e~09,. 1.00-084V.46-08:
Ni-63 9.1e-12 1.5e-12 6.2e-12 1.9e-11 2.6e-11 1.0e-11 1.6e-12 6.9e-12 2.2e-11 2.9e-11

Zn-65 1.6e-04 2.6e-05 1.1e-04 3.5e-04 4.8e-04 1.8e-04 2.8e-05 1.2e-04 3.9e-04 5.5e-04

As-73 4.3e-07 5.8e-08 2.8e-07 9.2e-07 1.3e-06 4.7e-07 6.3e-08 3.1e-07 1.Oe-06 1.5e-06
Se-75 1.5e-04 2.1e-05 1.0e-04 3.2e-04 4.5e-04 1.7e-04 2.3e-05 1.1e-04 3.6e-04 5.0e-04

Sr-89 4.9e-06 9.5e-07 3.5e-06 1.Oe-05 1.4e-05 5.5e-06 1.1e-06 3.9e-06 1.1e-05 1.Se-05

Sr-90 2.0e-05 4.0e-06 1.4e-05 4.1e-05 5.4e-05 2.2e-05 4.4e-06 1.6e-05 4.6e-05 6.1e-05

Y-91 1.7e-05 3.4e-06 1.2e-05 3.6e-05 4.8e-05 1.9e-05 3.7e-06 1.4e-05 4.0e-05 5.4e-05
Zr-93 8.1e-11 6.5e-12 5.3e-11 1.8e-10 2.5e-10 9.0e-11 7.1e-12 5.8e-11 2.0e-10 2.8e-10

zr95 . -- 1;2e03'^ 9.7e-05 ./ 7.7a- 042.6e-03'te3.6 F3', -i.3e,03- t1e 4' 8;5e-- ' 2.9e03- 4 0re.
Nb-93m 1.7e-09 2.7e-10 1.1e-09 3.6e-09 4.9e-09 1.9e-09 2.9e-10 1.2e-09 4.0e-09 5.4e-09
Nb-94 4.5e-04 7.2e-05 3.1e-04 9.7e-04 1.3e-03 5.0e-04 8.0e-05 3.4e-04 1.1e-03 1.5e-03
Nb-95 1.3e-04 1.9e-05 8.8e-05 2.9e-04 4.0e-04 1.Se-04 2.1e-05 9.7e-05 3.2e-04 4.5e-04
Mo-93 1 .9e-08 2.7e-09 1.3e-08 4.2e-08 5.7e-08 2.1 e-08 2.9e-09 1 .4e-08 4.7e-08 6.4e-08

Tc 9 2.6e-':.' 3.57e0 9'-1.9e. 6.3e- d8 .8e6-08

Tc-97m 8.6e-08 1.2e-08 5.7e-08 1.9e-07 2.6e-07 9.6e-08 1.3e-08 6.2e-08 2.1e-07 3.0e-07
Tc-99 1.3e-08 1.8e-09 8.8e-09 2.9e-08 4.1e-08 1.5e-08 2.1e-09 9.7e-09 3.3e-08 4.5e-08
Ru-103 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ru-106 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ag-108m,+,~}J0.0e+O.Oe+OO =;te+ O'~ .O+00.;Oe6~+ 0O.O ,, 00: '.OOe+O0^.Oe; 0.0± e ,0 0;

Ag-110m O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cd-109 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sn- 1 3 1.2e-04 1.6e-05 7.9e-05 2.6e-04 3.5e-04 1.3e-04 1.7e-05 8.8e-05 2.9e-04 4.0e-04
Sb-124 8.7e-04 1.2e-04 5.7e-04 1.9e-03 2.6e-03 9.7e-04 1.3e-04 6.4e-04 2.1e-03 2.9e-03

Sb:25 ,t' .'. 23e 3 3.e-05 '6 5.1e 4X,7.0e ,,,,D' 2.6e-0 4; -3.6e05',; e -04 ;,j5.

Te-123m 4.5e-05 6.3e-06 3.0e-05 1.Oe-04 1.4e-04 5.Oe-05 6.9e-06 3.3e-05 1.le-04 1.6e-04
Te-127m 2.5e-06 3.5e-07 1.7e-06 5.5e-06 7.7e-06 2.8e-06 3.8e-07 1.8e-06 6.2e-06 8.6e-06

1-125 2.4e-06 4.7e-07 1.7e-06 5.2e-06 6.8e-06 2.7e.06 5.1e-07 1.9e-06 5.8e-06 7.6e-06
1-129 2.8e-06 5.5e-07 2.0e-06 5.8e-06 7.7e-06 3.1e-06 6.0e-07 2.2e-06 6.4e-06 8.6e-06

3 -5 7.1 4 '2.0 7.7e, ,';,7.60 05 ,J5.le-04 T7ffe ;

Cs-134 6.0e-03 1.2e-03 4.4e-03 1.3e-02 1.6e-02 6.7e-03 1.4e-03 4.8e-03 1.4e-02 1.8e-02
Cs-135 6.2e-08 1.3e-08 4.5e-08 1.3e-07 1.7e-07 6.9e-08 1.4e-08 5.0e-08 1.4e-07 1.9e-07

Cs-137 2.2e-03 4.5e-04 1.6e-03 4.6e-03 6.0e-03 2.5e-03 4.9e-04 1.8e-03 5.1e-03 6.7e-03
Ba-133 1.e-03 2.3e-04 8.3e-04 2.4e-03 3.1e-03 1.3e-03 2.5e-04 9.2e-04 2.7e-03 3.5e-03
Ce- 39 K- ' 3004 6.1-ieO5 2.2e- 4 6.2e-04- 8.2e.04': :,i3.3e 66e-S'.- 2.4 4 - 6.9e 9. e 04.
Ce-141 9.7e-05 1.8e-05 6.8e-05 2.0e-04 2.8e-04 1.le-04 1.9e-05 7.5e-05 2.3e-04 3.1e-04

Ce-144 1.8e-04 3.6e-05 1.3e-04 3.7e-04 4.8e-04 2.0e-04 4.0e-05 1.4e-04 4.1e-04 5.4e-04
Pn-1 47 3.0e-08 6.1e-09 2.2e-08 6.3e-08 8.2e-08 3.3e-08 6.7e-09 2.4e-08 7.0e-08 9.1e-08
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Appendix H-2 Normalized Effective Doses from Aluminum

Table H2.10 Normalized effective doses from external exposure: Handling dross
Radionuclide Mass-based effective dose (pSv/y per Bq/g) Surficial effective dose (pSv/y per BqIcm2 )

n Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
Sm-151 4.7e-10 9.7e-11 3.4e-10 --9.9e-10 1.3e-09 5.3e-I0 1.1e-10 3.8e-10 1.1e-09 IAe-09
Eu -52 2~4.60-03,,W9.5 4 .~3.4- , ,.~9.7e 03 i13e 02 _ J4;5.20-3; - I..0 3.,t3.7e03',1 .1e-2',1.4e02~
Eu-154 4.5e-03 92e-04 3.3e-03 9.4e-03 1.2e-02 5.0e-03 I.Oe-03 3.6e-03 1.1e-02 1.4e-02
Eu-1 55 8.6e-05 .7e-05 6.2e-05 1.8e-04 2.3e-04 9.5e-05 1.9e-05 6.9e-05 2.0e-04 2.6e-04
Gd-153 1.Oe-04 2.1e-05 7.5e-05 2.2e-04 2.8e-04 1.1e-04 2.3e-05 8.3e-05 2.4e-04 3.1e-04
Tb-1 60 3.5e-03 7.0e-04 2.5e-03 7.3e-03 9.7e-03 3.9e-03 7.7e-04 2.8e-03 8.2e-03 1.1 e-02
TWm7O j, 5.i6-06A_1 e-06i'.3.8e-06 ;:6I6.e-05 .1.,, 5 > .e- z.82e .- 06 12 .6e .0
Tni-171 4.0e-07 8.1e-08 2.9e07 8.3e-07 1.1e-06 4Ae-07 8.9e-08 3.2e-07 9.2e-07 1.2e-06
Ta-182 6.7e-04 9.3e-05 4.4e-04 1.5e-03 2.1 e03 7.5e-04 1.Oe-04 4.9e-04 1.6e-03 2.3e-03
W-181 3.9e-06 5.3e-07 2.6e-06 8.4e-06 1.1e-05 4.3e-06 5.8e-07 2.8e-06 9.4e-06 1.3e-05
W-185 3.2e-08 4.3e-09 2.1e-08 7.0e-08 9.5e08 3.6e-08 4.8e-09 2.3e-08 7.9e-08 1.1e-07
Os-185, '.-',~3.'.32e-04 :~.;4e-0 '-O2'iZ.1e-04;i .5e @ Zj3~-0.4.8e4 ,, 8e-i l9
Ir-192 3.4e-04 4.7e-05 2.3e-04 7.6e-04 1.0e-03 3.8e-04 5.1e-05 2.5e-04 8.5e-04 1.2e-03
Tl-204 3.5e47 5.1e-08 2.4e-07 7.7e-07 1.1e-06 3.9e07 5.6e-08 2.6e-07 8.6e-07 1.2e-06
Pb-210 6.1e-07 8.6e-08 4.0e-07 1.3e-06 1.8e-06 6.8e-07 9.4e-08 4.5e-07 1.5e-06 2.0e-06
B-207 9.2e-04 1 .3e-04 6.1 e-04 2.0e-03 2.7e-03 I .Oe-03 Ae4-04 6.8e-04 2.2e-03 3.1 e-03

Ra-226 7.2e-03 1.5e-03 5.2e-03 1.5e-02 1.9e-02 8.0e-03 1 .6e-03 5.8e-03 1.7e-02 2.2e-02
Ra-228 3.6e-03 7.4e-04 2.6e-03 7.6e-03 9.8e-03 4.0e-03 8.1e-04 2.9e-03 8.4e-03 1.1e-02
Ao-227 1.1e03 2.1e-04 7.6e-04 2.2e-03 2.9e-03 12e-03 2.3e-04 8.4e-04 2.5e-03 3.3e-03
Th-228 4.9e-03 9.9e-04 3.5e-03 I.Oe-02 IAe4-02 5.5e-03 1.1 e-03 3.9e-03 1.1e-02 1.5e-02

_ .j2- 9 7.6e-04 2i 1e-04 6 .8e-03, S 2eD3
Th-230 6.9e-07 IAe-07 4.9e-07 1.5e-06 1.9e-06 7.7e-07 1.5e-07 5.4e-07 1.6e-06 2.1 e-06
Th-232 1.9e-04 2.1 e-05 1.2e-04 4.3e-04 6.0e-04 2.1 e-04 2Ae-05 1.4e-04 4.8e-04 6.7e-04
Pa-231 1.7e-05 2.3e-06 1.1e-05 3.6e-05 5.0e05 1.9e-05 2.5e-06 1.2e-05 4.0e-05 5.6e-05
U-232 1.3e-04 1Ae-05 8.1e-05 2.8e-04 3.9e-44 1.4e-04 1.5e-05 9.0e-05 3.2e-04 4.4e-04
U-233 ~ %42 07¾i8.5e ;08:- <3; 0 47 8. 8e 7- 172e.6 I 4.7e-0N•2 2 6-92e 3.e--,3 0: 8Ae-06 I
U-234 3.2e-07 5.7e-08 22e-07 6.9e-07 9.2e-07 3.6e-07 6.2e-08 2.5e-07 7.6e-07 I.Oe-06
U-235 3.5e-04 6.9e-05 2.5e-04 7.2e-04 9.4e-04 3.8e-04 7.5e-05 2.8e-04 8.Oe-04 1.1e-03
U-236 6.2e-08 1.3e-08 4.5e-08 1.3e-07 1.7e-07 6.9e-08 1.4e-08 5.0e-08 1Ae-07 1.9e-07
U-238 7.8e-05 1.6e-05 5.6e-05 1.6e-04 2.1 e-04 8.7e-05 1.7e-05 6.3e-05 1.8e-04 2.4e-04

37,,-5.7e4 4 . e4 4.1e e 3-.16036.48 -''1.2e,4K..4.50-0 .
Pu-236 1.3e-04 1.4e-05 8.1e-05 2.8e-04 3.9e-44 1Ae-04 1.5e05 8.9e-05 3.2e-04 4Ae-04
Pu-238 3.4e-08 6.8e-09 2.5e408 7.2e-08 9.3e-08 3.8e-08 7.5e-09 2.7e-08 8.0e408 1.0e-07
Pu-239 1.2e-07 2.5e-08 8.8e-08 2.6e-07 3.3e-07 1Ae-07 2.7e-08 9.8e-08 2.9e-07 3.7e47
Pu-240 3.3e408 6.7e-09 2.4e-08 7.0e-08 9.0e408 3.7e-08 7.3e-09 2.7e-08 7.7e408 I.Oe-07

Pu-242 3.0e-08 6.0e-09 2.2e08 6.3e-08 8.1e-08 3.3e-08 6.6e-09 2.4e-08 7.0e-08 9.1 e-08
Pu-244 9.7e-04 1.9e-04 7.0e-04 2.0e-03 2.6e-03.; 1.1 e-03 2.1 e-04 7.7e-04 2.3e-03 2.9e-03
Arn-241 1Ae4-05 2.8e06 1.Oe-05 2.9e-05 3.8e-05 1.6e-05 3.1 e-06 1.Ie-05 3.3e-05 4.2e-05
Am-242m _3.0e-05 6.2e-06 2.2e-05 6.4e-05 8.3e-05 3.4e-05 6.7e-06 2.4e-05 7.2e-05 92e-05
A 23, - , ,"-' 4 9.1e0 468.3e-05 ;3.0e44 0 57e-04 _1.3o-03
Cm-242 3.5e-08 6.9e409 2.5e-08 7.3e-08 9.5e-08 3.9e-08 7.6e-09 2.8e08 8.1e-08 1.1 e-07
Cm-243 2.7e-04 5.3e-05 1.9e-04 5.6e-04 7.3e-04 3.0e-04 5.9e-05 2.1 e-04 6.2e-04 8.2e-04
Cm-244 3.3e-08 6.5e-09 2.3e-08 6.8e-08 8.9e-08 3.6e-08 7.1 e09 2.6e-08 7.6e-08 1.0e-07
Cm-245 1.6e-4 3.2e-05 1.2e-04 3.3e-04 4.4e-04 1.8e-04 3.5e-05 1.3e-04 3.7e-04 4.9e-04

C-2464 x..-8e48_,.6e-9 3j13e-8; .38e08 _4.9 j0e, ,8 ,4.0e-9' ,'.e-8' f4(2) 08,;!-,5.5e-08
Cm-247 9.5e-04 1.9e-04 6.8e-04 2.0e-03 2.6e-03 1.1e-03 2.1e-04 7.5e-04 2.2e-03 2.9e-03
Cm-248 1.7e-08 3.3e-09 1.2e-08 3.5e-08 4.5e-08 1.8e-08 3.6e-09 1.3e-08 3.9e-08 5.1e-08
Bk-249 1.4e-07 1.6e-08 8.9e-08 3.0e-07 4.2e-07 1.5e-07 1.8e-08 9.8e-08 3.4e-07 4.7e-07
Cf-248 5.0e-08 1.0e-08 3.6e-08 ,1.0e-07 1.4e-07 5.6e-08 1 .1e-08 4._e-08 1.2e7 1.5e-07
Cf-249 : .- 9.3e-.4 1.9e-4 O4: 6.7 44 m 1.9e03 2.5e 3, _!^1.0e03 '2.04 ,§;7.4e-4,:.,22003 2.8e,43
Cf-250 2.0e-08 4.1e-09 1.5e-08 4.3e-08 5.6e-08 2.3e-08 4.5e-09 1.6e-08 4.7e-08 6.2e-08
Cf-251 2.3e-04 4.5e-05 1.6e-04 4.7e-04 6.2e-04 2.5e-04 5.0e-05 1.8e-04 5.3e-04 6.9e-04
Cf-252 4.5e-08 9.2e-09 3.3e-08 9.5e-08 1.2e-07 5.1e-08 1.0e-08 3.6e-08 1.1e-07 1Ae4-07
Cf-254 4.3e-02 8.4e-03 3.1e02 9.0e-02 1.2e-01 4.8e-02 9.2e-03 3.4e-02 1.Oe-01 1.3e-01
Es254 . 2 .8e43--5.7e i4.'2.0e-0 3 .i59e03 -7.7e43' ' 3.ie-3 -_6.3e4-2.2e-03 5 36.;e- 8.7e-03`
Note: To convert these values to conventional units (mremly per pCVg or mrem/y per pCilcm 2), multiply by 3.7e-3

H-115 NUREG-1640
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Normalized Effective Doses from Aluminum i EAppendix H-2

Table H2.11 Normalized effective doses from inhalation: Handling dross
Radionuclide Mass-based effective dose (pSvly per BqIg)'

Mean 5th 50th 90th 95th
Surficial effective dose (pSv/y per BqIcm2)

Mean 5th 50th 90th 95th
H-3 O.Oe+00 O.0e+OO O.Oe+00 O.0e+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00
C-14 1.4e-07 3.1e-08 1.0e-07 2.7e-07 3.6e-07 1.5e-07 3.3e-08 1.1e-07 3.1e-07 4.1e-07
Na-22 4.6e-07 1.Oe-07 3.4e-07 9.3e-07 1.2e-06 5.1e-07 1.1e-07 3.7e-07 1.0e-06 1.4e-06
P-32 1.3e-08 1.1e-O9 7.1e-09 3.1e-08 4.6e-08 1.5e-08 1.3e-09 7.9e-09 3.5e-08 5.1e-08

O__ ,; 00+0(3 LO.Oe+,, O.Oe t0OO,.&00 6. 6040-0 U% 000 O60.e,0O'.O0:J 0.0oe+o00.e+0o,
CI-36 1.2e-06 2.8e-07 9.1 e-07 2.5e-06 3.3e-06 1.4e-06 3.0e-07 1.Oe-06 2.8e-06 3.7e-06
K-40 7.0e-07 1.6e-07 5.1e-07 1.4e-06 1.9e-06 7.8e-07 1.7e-07 5.7e-07 1.6e-06 2.1e-06
Ca-41 4.2e-08 9.4e-09 3.1e-08 8.5e-08 1.1e-07 4.7e-08 1.0e-08 3.4e-08 9.4e-08 1.3e-07
Ca-45 4.5e-07 1.Oe-07 3.3e-07 9.2e-07 1.2e-06 5.O I.Ie -07 3.7e-07 1.Oe-06 1.3e-06

S ,2.1 7 807i.'-08 062.5e" ,,; J06 2.e 0.6e47.1 O 2:e
Cr-51 7.1e-10 9.1e-11 4.5e-10 1.5e-09 2.2e-09 7.9e-10 1.0e-10 5.0e-10 1.7e-09 2.4e-09
Mn-53 6.3e-10 1.1e-10 4.3e-10 1.3e-09 1.8e-09 7.0e-10 1.2e-10 4.8e-10 1.5e-09 2.0e-09
Mn-54 2.0e-08 3.4e-09 1.4e-08 4.2e-08 5.6e-08 2.2e-08 3.8e-09 1.5e-08 4.6e-08 6.3e-08
Fe-55 5.7e-09 1.Oe-09 3.9e-09 1.2e-08 1.6e-08 6.3e-09 1.1e-09 4.3e-09 1.4e-08 1.8e-08
Fe,-59,~3.7& 6.3e 9~2.5e-,0'-8i-8-*;?1,02-08, 8, 'st-rcfi ~
Co-56 6.8e-08 1.2e-08 4.7e-08 1.5e-07 1.9e-07 7.5e-08 1.3e-08 5.2e-08 1.6e-07 2.2e-07
Co-57 9.8e-09 1.7e-09 6.8e-09 2.1e-08 2.8e-08 1.1e-08 1.9e-09 7.5e-09 2.3e-08 3.1e-08
Co-58 2.3e-08 3.9e-09 1.6e-08 4.9e-08 6.6e-08 2.5e-08 4.3e-09 1.7e-08 5.5e-08 7.4e-08
Co-60 2.9e-07 5.2e-08 2.0e-07 6.3e-07 8.4e-07 3.3e-07 5.7e-08 2.3e-07 7.Oe-07 9.4e-07

:591' 1'I3.8 8 7.5 ,10 3: 0-e9. 9.ie 9"i.2e08;
Ni-63 9.1e-09 1.6e-09 6.3e-09 1.9e-08 2.6e-08 1.Oe-08 1.8e-09 7.0e-09 2.1e-08 2.9e-08
Zn-65 4.5e-08 7.8e-09 3.1e-08 9.6e-08 1.3e-07 5.0e-08 8.6e-09 3.4e-08 1.1e-07 1.5e-07
As-73 1.9e-08 2.9e-09 1.3e-08 4.1e-08 5.7e-08 2.1e-08 3.1e-09 1.4e-08 4.7e-08 6.4e-08
Se-75 4.4e-08 6.5e-09 3.0e-08 9.5e-08 1.3e-07 4.9e-08 7.1e-09 3.3e-08 1.1e-07 1.4e-07
Sr-85 ~t _ g-)9.3e-.082.0eC8<,. -6.80 08ffi-.9e-07. -N 2 ie 1O~007 2.2e 08^, 47Ab-o8Cwj21 e8e.7
Sr-89 2.2e-07 4.6e-08 1.6e-07 4.4e-07 5.9e-07 2.4e-07 5.Oe-08 1.7e-07 5.Oe-07 6.6e-07
Sr-90 6.9e-06 1.6e-06 5.1e-06 1.4e-05 1.8e-05 7.7e-06 1.7e-06 5.6e-06 1.6e-05 2.1e-05
Y-91 9.3e-07 2.0e-07 6.7e-07 1.9e-06 2.5e-06 1.Oe-06 2.2e-07 7.5e-07 2.1e-06 2.8e-06
Zr-93 5.9e-07 4.9e-08 3.9e-07 1.3e-06 1.8e-06 6.6e-07 5.5e-08 4.3e-07 1.4e-06 2.0e-06

Z~5~?~ .8O07~$.3e-08~.8o07?~6.2e-O7-> 8.5-T 2310~ 6-~ .e7z697595-7
Nb-93m 1.5e-08 2.6e-09 1.0e-08 3.2e-08 4.2e-08 1.7e-08 2.9e-09 1.2e-08 3.5e-08 4.7e-08
Nb-94 4.3e-07 7.6e-08 3.0e-07 9.2e-07 1.2e-06 4.8e-07 8.4e-08 3.4e-07 1.Oe-06 1.4e-06
Nb-95 1.4e-08 2.2e-09 9.1e-09 2.9e-08 3.9e-08 1.5e-08 2.4e-09 1.0e-08 3.3e-08 4.4e-08
Mo-93 4.4e-08 6.6e-09 3.0e-08 9.5e-08 _ 1.3e-07 5.Oe-08 7.3e-09 3.3e-08 1.1e-07 1.5e-07
To-974i- /-fi.99.0e1 O40 9 91.3e-08. j
To-97m 8.1e-08 1.2e-08 5.4e-08 1.7e-07 2.4e-07 9.0e-08 1.3e-08 5.9e-08 1.9e-07 2.6e-07
Tc-99 1.2e-07 1.8e-08 7.9e-08 2.5e-07 3.4e-07 1.3e-07 2.0e-08 8.7e-08 2.9e-07 3.8e-07
Ru-103 O.Oe+00 O.Oe+0O O.O0e+OO O.Oe+O e O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ru-106 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O
A'g,'108n!.;0.0e+00 -O.Oe+ ,.`.0e ' O.Oe+OO; O.0e C O ,'.;Oe+00' O.Oe 0.0e+00,0.0e+00 O.Oe+0O
Ag-I 11Om O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+OO O.0e+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cd-109 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sn-i 13 6.0e-08 8.7e-09 4.1e-08 1.3e-07 1.8e-07 6.7e-08 9.6e-09 4.5e-08 1.4e-07 2.0e-07
Sb-124 1.3e-07 1.9e-08 8.6e-08 2.7e-07 3.7e-07 1.4e-07 2.0e-08 9.4e-08 3.1e-07 4.2e-07
S1i255e-: .5 i 07. 2.2e,08'1.00 7.,.2e-07.4.4.3e07 _ .6e 0208 -1.1e 07 I 3.5e,07'4.8e.07
Te-123m 1.1e-07 1.6e-08 7.3e-08 2.3e-07 3.2e-07 1.2e-07 1.7e-08 8.1e-08 2.6e-07 3.5e-07
Te-127m 2.0e-07 2.9e-08 1.3e-07 4.3e-07 5.8e-07 2.2e-07 3.2e-08 1.5e-07 4.8e-07 6.4e-07
1-125 i.Oe-06 2.1e-07 7.2e-07 2.1e-06 2.7e-06 1.1e-06 2.3e-07 7.9e-07 2.3e-06 3.1e-06
I-129 9.5e-06 2.0e-06 6.9e-06 1.9e-05 2.6e-05 1.1e-05 2.2e-06 7.6e06 2.2e-05 2.9e-05
I,-131:'-§4-, I -3.5e07,-- n1.4e',08.-Z.1.'4e-07,-I 9.0e-7: 1.4e-646r 3.9e,07;i6eO-8, 1-.50.07,-4 %i~Oe.0 ,15o-;6
Cs-134 2.3e-06 5.1e-07 1.7e-06 4.6e-06 6.1e-06 2.5e-06 5.5e-07 1.9e-06 5.1e-06 6.8e-06
Cs-135 2.4e-07 5.4e-08 1.8e-07 4.9e-07 6.4e-07 2.7e-07 5.9e-08 2.0e-07 5.4e-07 7.2e-07
Cs-137 1.6e-06 3.7e-07 1.2e-06 3.3e-06 4.3e-06 1.8e-06 4.0e-07 1.3e-06 3.7e-06 4.9e-06
Ba-133 4.1e-07 9.3e-08 3.0e-07 8.3e-07 1.1e-06 4.6e-07 1.0e-07 3.4e-07 9.3e-07 1.2e-06

''29e7'.,6;e48, 2.Ie,-0 5.80-O7.;: 7.6e 07,Yi5 i247_ 6;9e- -- 2.3e-07,'- 6ie407. _r 8.5e-07.
Ce-141 4.2e-07 8.3e-08 3.0e-07 8.8e-07 1.2e-06 4.7e-07 9.1e-08 3.3e-07 9.8e-07 1.3e-06
Ce-144 6.4e-06 1.4e-06 4.7e-06 1.3e-05 1.7e-05 7.1e-06 1.6e-06 5.2e-06 1.4e-05 1.9e-05
Pm-147 8.4e-07 1.9e-07 6.1e-07 1.7e-06 2.2e-06 9.3e-07 2.0e-07 6.8e-07 i.9e-06 2.5e-06

NUREG-14_ H_ 1
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Appendix H-2 . I Normnalized Effective Doses from Aluminum
Table H2.11 Normalized effective doses from Inhalation: Handling dross

Mass-based effective dose (pSvly per BqIg) 'Surficial effective dose (uSv/y per Bq/cm2 )
Radionucide Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
SM-151 6.3e-07 1.4e-07 4.6e-07 1.3e-06 1.7e-06 7.0e-07 1.5e-07 5.2e-07 1.4e-06 1.9e-06
i52. -i>Z73:6.6eO ;LI.5e-06 '6t . ,.3e0-5 7' '05 3 6..5 -055

Eu-I 54 8.5e-06 1 .9e-06 6.2e-06 1 .7e-05 2.3e-05 9.4e-06 2.1 e-06 6.9e-06 1 .9e-05 2.5e-05
Eu-i 55 1.1e-46 2.5e-07 8.3e-07 2.3e-06 3.0e-06 1 .3e-06 2.8e-07 9.2e-07 2.5e-06 3.4e-06
Gd-153 5.6e-07 1.3e-07 4.1e-07 1.1e-06 1.5e-06 6.3e-07 1.4e-07 4.6e-07 1.3e-06 .7e-06
Tb-160 1 .Oe06 2.2e-07 7.4e-07 2.1 e-06 2.7e-06 1.1 e-06 2Ae47 8.3e-07 2.3e-06 3.0e-06
Tm-I 70 -, ,~4J .e-6 7'2.ee- -O7722e-O6, -2. 5eO .6o-O77:-O8.9e7,07,6 33e06
Trn-171 2.2e-07 4.8e-08 1.6e-07 4.4e-07 5.7e-07 2.4e-07 5.3e-08 I.8e-07 4.9e-07 6.4e-07
Ta-182 2.3e-07 3.5e-08 1.Se-07 5.0e-07 6.8e-07 2.6e-07 3.9e-08 1.7e-07 5.6e-07 7.6e-07
W-181 1.4e-09 2.1e-10 9.3e-10 2.9e-09 4.0e-09 1.5e-09 2.3e-10 I.Oe-09 3.3e-09 4.5e-09
W-185 6.4e-09 9.6e-10 4.3e-09 1.4e-08 1.9e-08 7.ie-09 1.0e-09 4.8e-09- 1.5e-08 2.1e-08

48'f3.3e48 i4 e- 08 >7.2e48 .2.' 937 e 8 f. 5.40 "iS
Ir-192 1.4e-07 2.0e-08 9.5e08 3.1e-07 4.2e-07 1.6e-07 2.2e-08 1.0e-07 3Ae-07 4.7e-07
TI-204 2.2e-08 3.5e-09 1.5e-08 4.8e-08 6.6e-08' 2.5e-08 3.8e-09 1.7e.08 5.3e-08 7.3e-08
Pb-210 1.6e-04 2.3e-05 I.Oe-04 3.3e-04 4.5e-04 1.7e-04 2.6e-05 1.2e-04 3.7e-04 5.2e-04
Bi-207 '1 .2e-07 1 .7e-08 7.9e-08 2.6e-07 3.4e-07 1 .3e-07 1.9e-08 8.9e48 2.9e-07 3.8e-07
Po-210J ^,^ .e0.e5.,': . 4 1|^,3
Ra-226 5.5e-04 1.2e-04 4.0e-04 I.Ie-03 1.5e43 6.2e-04 1.3e-04 4.5e-04 1.2e-03 1.7e-03
Ra-228 5.8e-04 1.3e-04 4.2e-04 1.2e-03 1.6e-03 6.5e-04 IAe404 4.7e-04 1.3e03 1.8e-03
Ac-227 3.2e-02 7.1e-03 2Ae-02 6.6e-02 8.7e-02 3.6e-02 7.8e-03 2.6e-02 7.3e02 9.7e-02
Th228 5.Oe-03 1.1e-03 3.7e-03 I.Oe-02 1.3e-02 5.6e-03 1.2e-03 4.0e-03 1.1e-02 1.5e-02
Th-229 .6.6e-02IJ3.5ea03 .2e 02i 3.3*02 e- 3e0 3.602 4.9e-O2;
Th-230 5.6e3 1.2e-03 4.0e-03 1.1e-02 1.5e-02 6.2e-03 1.3e03 4.5e-03 1.2e-02 1.7e-02
Th-232 5.9e-03 1.3e-03 4.3e-03 1.2e-02 1.6e-02 6.6e-03 1Ae-03 4.8e-03 1.3e-02 1.8e42
Pa-231 3.3e-03 4.9e-04 2.2e-03 7.1e-03 9.7e-03 3.7e03 5.3e04 2.5e-03 7.9e-03 1.1e-02
U-232 4.9e03 1.1e-03 3.6e-03 9.9e-03 1.3e02 5.5e-03 1.2e-03 4.0e-03 1.1e-02 1.5e-02
U-233 ,-'o3',;3 ,0-7 4" -- 2.6-033 3Ae-e 06 O3.1e I 4d.0e .9e ,,3.8 3
U-234 1.3e-03 2.8e-04 9.1e-04 2.5e-03 3.4e-03 1.4e-03 3.0e04 I.Oe-03 2.8e-03 3.7e-03
U-235 1.1e-03 2.5e-04 8.3e-04 2.3e-03 3.1e03 1.3e-03 2.7e-04 9.2e-04 2.6e-03 3.4e-03
U-236 1.2e-03 2.6e-04 8.5e-04 2.3e-03 3.1e-03 1.3e-03 2.8e-04 9.4e-04 '2.6e-03 3.5e-03
U-238 1.0e-03 2.3e44 7.7e44 2.1e-03 2.8e-03 1.2e-03 2.5e-04 8.5e-04 2.4e403 3.1e-03
Np237,<.- 03.03~i-t, 6.5 4,, 22e 3>-6. e-03 ,j7.9 303 3.3 03- ,z72e 4_' 2. .Be 03 e
Pu-236 2.5e-03 5.4e-04 1.8e03 5.0e-03 6.6e-03 2.8e03 6.0e-04 2.0e-03 5.6e-03 7.4e-03
Pu-238 5.5e-03 1.2e-03 4.0e-03 1.1e-02 1.5e-02 6.1 e-03 1.3e-03 4.5e-03 1.2e-02 1.7e-02
Pu-239 5.9e-03 1.3e-03 4.3e-03 1.2e-02 1.6e-02 6.6e-03 1.Ae-03 4.8e-03 1.3e-02 1.8e-02
Pu-240 5.9e-03 13e-03 4.43e43 1.2e-02 1.6e402 6.6e-03 I1Ae-03 4.8e-03 1.3e-02 1.8e-02
Pu-2-41- §-:- .1e-04•727.8e -05 .'-22e-,04:~ ' 2.9e.2e , T.2. e 8..4e ,2 -0

Pu-242 5.7e-03 1.2e-03 4.2e-03 1.2e-02 1.5e02 6.3e-03- 1.4e-03 4.6e-03 1.3e-02 1.7e-02
Pu-244 5.5e-03 1.2e-03 4.0e-03 1.1e-02 I.5e-02 6.1 e-03 1.3e-03 4.5e-03 1.2e-02 1.7e-02
Arn-241 5.3e-03 1.2e-03 3.9e-03 1.1e-02 IAe402 5.9e-03 1.3e43 4.3e-03 1.2e-02 1.6e-02
Am-242m 5.5e-03 1.2e403 4.0e403 1.Ie-02 1.5e-02 6.2e03 1.3e-03 4.5e-03 1.2e402 1 .7e-02

i-24?3 --. ~J ',5.3e 3 -1 .2e-O3 e3.9e.03 1.1 .e-O2 -,;,;.1 .,4e 02 . , Q 3 .3e 03 - 43e, 43,' I2e~~ .6e0'2
Cm-242 6.6e-04 Ae4-04 4.8e-04 1.3e-03 1.8e-03 7.3e-04 1.6e-04 5.3e-04 I'.5e-03 2.0e-03
Cm-243 4.0e-03 8.6e-04 2.9e-03 7.9e-03 I.Ie-02 4.4e03 9.6e-04 3.2e-03 8.9e-03 1.2e-02
Cm-244 3.4e-03 7.3e-04 2.4e-03 6.7e-03 9.0e-03 3.7e03 8.2e-04 2.7e-03 7.6e-03 I.Oe-02
Cm-245 5.3e-03 1.2e-03 3.9e-03 I.Ie-02 1.4e-02 5.9e-03 1.3e-03 4.3e-03 1.2e-02 1.6e-02

-- ',3,"3.9e-03' . 1'1e 2 i.4e-O2 ... 5.9e03 3eO3 ,4.3e 73 -eO2I.6e0
Cm-247 4.9e-03 1.1 e-03 3.6e-03 9.9e-03 1.3e-02 5.5e03 12e-03 4.0e03 I.Ie-02 1.5e-02
Cm-248 1.9e-02 4.1 e-03 IAe402 3.8e402 5.0e-02 2.1 eI02 4.6e-03 1 .5e-02 4.3e-02 5.7e-02
Bk-249 2.0e-05 4.4e-06 1.5e-05 4.0e-05 5.3e-05 2.2e-05 4.8e-06 1.6e-05 4.5e-05 6.0e-05
Cf-248 1.2e-03 2.5e-04 8.4e-04 2.3eO03 3.1 e-03 1.3e03 2.7e-04 9.3e-04 2.6e-03 3.5e-03
,Cf-249'- ,-:- '89e-~03 I t'4.9e' 603 '-'531 .8eZ02 2.'24e-02 -' ',>'9.9e-03_ 2.1e 3_,7.2e-03-,'2.0e-02- 2.7e-02
Cf-250 4.3e-03 9.5e-04 3.2e-03 8.8e-03 1.2e-02 4.8e-03 I.Oe-03 3.5e-03 9.8e-03 1.3e-02
Cf-251 9.1e-03 2.0e03 6.7e-03 1.9e-02 2.5e-02 1.0e-02 2.2e-03 7.4e-03 2.1e-02 2.7e-02
Cf-252 2.5e-03 5.5e-04 1.8e-03 5.1e-03 6.8e-03 2.8e403 6.0e-04 2.0e-03 5.7e-03 7.6e-03
Cf-254 3.2e-03 6.8e04 2.3e-03 6.6e-03 8.8e-03 3.6e-03 7.5e-04 2.6e-03 7.4e-03 9.7e-03
Es-254~-t S4 i,1.e.03!'-2.4e~.0448.2e •'e.3e-3 3 -0 3. '.ie 4-,-1e0 4 ̀ 2.5e-03 3.ie3
Note: To convert these values to conventional units (mrem/y per pCi/g or mremly per pCi/cmn), multiply by 3.7e-3
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Normalized Effective Doses from Aluminum . Appendix H-2
Normalized Effective Doses from Aluminum Appendix H-2

Table H2.12 Normalized effective doses from ingestion: Handling dross

Radinuclde -Mass-based effective dose (1 jSyly per BgIg)
Raincie Mean 5th 50th - 90th 95th

Surficial effective dose (tiSvly per Bq/cm2 )
Mean 5th 50th 90th 95th

H-3 0.Oe+00 0.Oe+00 0.Oe+00 0.0e400 0.Oe+00 0.Oe+00 0.Oe+00 0.0e400 O.Oe+00 0.0e400
C-14 4.5e-07 2.7e-08 3.0e-07 l.Oe-06 1.4e-06 5.0e-07 2.9e-08 3.4e-07 1.1e-06 1.5e-06
Na-22 2.4e-06 .1.5e-07 1.6e-0B 5.4e-06 7.4e-06 2.7e-06 1.6e-0? 1.8e-Ce 6.1e-06 8.2e-06
P-32 9.6e-08 2.9e-09 4.5e-08 2.3e-07 3.6e-07 1.1 o-07 3.2e-09 5.0e-08 2.6e-07 4.0e-07

S-O>( ~00o000. O0" .0Oe~-.O+00. -

CI-36 7.5e-07 4.5e-08 5.1 e-07 1 .7e-06 2.3e-06 8.3e-07 4.8e-08 5.6e-07 I .9e-06 2.5"-6
K-40 4.8e-06 2.9e-07 3.2e-06 1.1e-05 1.5.-OS 5.3e-06 3.1e-07 3.6e-06 1.2.-OS 1.6e-05
Ca-41 2.1le-07 1.3e'-08 1.4e-07 4.8e-07 6.4e-07 2.4e-07 1.46-08 1.6e-07 5.3e-07 7.2e-07
Ca-45 - 4.9e-0? 2.9e-08 3.3e-07 1.1e-06 1.5e-O6 5.5e-07 3.2e-08 3.7e-07 1206 1.7e-06

Cr-5i 2.5e-09 1.00-10 I.4.-09 5.8e-09 8.3e-09 2.7e-09 1.1e-10 1.5e-09 6.4e-09 9.5e-09
Mn-53 1 .7e-09 8.8e-11 ¶1.1e-09 4.0e-09 5.6e-09 1 .9e-09 9.7e-1 1 1 .2e-09 4.4e-O9 6.2e-09
Mn-64 3.9e-O8 2.0e-09 2.4e-O8 8.9.-08 1.2e-07 4.3e-08 2.2e-09 2.7e-O8 9.9e-08 1.4e-07
Fe-55 1.9e-08 9.6e-10 1.2e-08 4.3e-08 6.0e-08 2.1 e-08 1.e-o9 1.3.-O8 4.8e-08 6.7e-08

Co-56 1.0e-07 5.5e-09 6.5e-08 2.4e-07 3.4,-C? 1 .2e-07 5.9e-09 7.2.-O8 2.7e-07 3.8e-07
Co-57 1.00-08 5.3e-10 6.4e-09 2.4e-O8 3.3e-08 1.le-08 5.9e-l0 7.1e-09 2.7e-O8 3.7e-08
Co-58 3.1-OS --1.6e-09 .1.9e-08 7.2e-08 1.Oe-07 3.5"-O 1.8"-9 2.1le-08 8.0e-08 1.1e-07
Co-60 1.4e-07 7.4e-09 9~.0e-08 3.3e.07 4.6e-07 1 .6e-07 8.2e-09 9.9e-08 3.7e-07 5.1 e-0?

Ni-63 8.6e-09 4.6e-10 5.3e-09 2.0e-CS 2.7e-08 9.6e-09 5.0e-10 6.0e-ag 2.3e-08 3.1 e-08

Zn-65 2.le-07 1.1e-08 1.3e-07 4.8e-07 6.8e-07 2.30-07 1.2e-OS 1.4e-07 5.4e-07 7.6e-07
As-73 2.5e-08 1.10-09 1.5e-OS 5.9,-0S 8.6e-08 2.8e-oa 1.3"-9 1.7e-OS 6.5e-08 9.3e-08
Se-75 2.7e-07 1.3e-08 1.6e-07 6.3e-07 8.7e-07 3.0e-07 1.4.-OS .8e-07 7.0e-07 9.8e-07

Sr-89 1.3.-O6 7.7e-OS 8.7e-07 3.0e-06 4.1le-06 1.5e-06 8.3e-08 9.7e-07 3.3e-06 4.6e-06
Sr-90 2.2e-05 1.3e-06 1.5e-05 5.1e-05 6.8e-OS 2.5e-05 1.5e-06 1.7e-05 5.6e-05 7.6e-05
Y-91 1.4e-06 8.2e-08 9.4e-07 3.2e-O6 4.3e-OS. 1.6e-OS 8.9e-08 t.Oe-06 3.5e-06 4.9e-06
Zr-93 - 8.2e.-C 2.4e-09 4.8e-OS 1.9e-07 2.7e-07 9.2e-08 2.6e-09 5.4e-08 2.1le-07 3.1 e-7

Nb-93m 6.9e-09 3.5e.-j 4.3e-09 1.6e-08 2.2e-OS 7.7e-09 3.9e-l0 4.8e-09 1.8e-08 2.5e-OS
Nb-94 9.8.-Ca 5.0.-O9 6.1e-08 2.3e-07 3.2e-C7 1.1e-C? 5.5e-09 6.8e-OS 2.6e-07 3.5e-07
Nb-95 2.0e-08 9.6e-10 1.2e-OS 4.7e-08 6.6e-C8 2.2e-08 1.10-09 1.3e-08 5.3e-CS 7.3e-08
Mo-93 3.2e-07 1.5e-O8 1.90-07 7.4e-07 1.0e-06 3.5e-07 1.7e-08 2.1e-07 8.2e-C? 1.2e-06

Tc-97. , 0~.oOJ49-1~~6O-9_.oC.L.eC-.:~.eC,~
Tc-97m 6.5e-08 3.1 e-09 3.9e-08 1.5e-07 2.2e-07 7.2e-08 3.4e-09 4.3e-08 1.7.-07 2.4.-C?
Tc-99 9.5e-OS 4.6e-09 5.7e-OS 2.3e-07 3.1 e-07 1.1e-07 5.0e-09 6.4e-OS 2.5e-07 3.5e-7
Ru-i103 0.0.400 0.Oe400 0.0.400 0.0,400 0.0,400 0.Oe+00 0.0e400 0.06+00 0.Oe+00 0.00400
Ru-I106 0.0e400 0.0.400 0.0e400 _0.0e+00 0.0e400 0.06+00 0.0e400 0.0.400 0.0e+00 0.0e+00

Ag.~108~: ~ 0.o~OO~0.otC0~0.e±00: .0-.,O.+0OA;~0.Oo+0OW COjA 0..+Oeit 00+0~ .. 0~.00oO~00
Ag-i10 l On.Oe+00 0.Oe+00 -0.Oe+O0 0.Oe+00 0.00+00 0.0,400 0.Oe+00 0.0,400 0.0.400 0.0e400
Cd-109 0.0,400 0.0e400 O.Ge+00 0.Oe+00 0.Oe+00 0.0e+00 0.0.400 0.0.400 0.0.400 0.0.400
Sn-I 13 7.8e-OS 3.7e-09 4.7e-08 .1.8e-07 2.6e-07 8.7.-OS 4.0e-09 5.2.-OS 2.1le-07 2.9e-07
Sb-124 2.2.-C7 1.1-08 1.3e-07 5.3e-07 7.4e-07 2.5e-07 1.2e-08 1.5e-07 5.9e-07 8.3e-07+

Te-123m 1.5e-a? 6.8e-09 8.8.-OS 3.4e-07 4.8e-07 1.6e-07 7.6e-09 9.8e-OS 3.8e-07 5.4e-07

Te-127m 2.5e-C? 1.2e-08 1.5e-07 5.9e-07 8.4e-07 2.8e-07 1.3e-OS 1.7e-07 6.6e-C? 9.3e-07
1-125 6.8e-06 3.9e-a? 4.Se-06 1.5.-OS 2.Ie-05 7.5e-CS 4.3e-07 4.9e-06 1.7e-OS 2.4e-OS
1-129 6.7.-OS 4.0e-06 4.5.-OS 1.Se-04 2.1 e-04 7.5e-O5 4.4e-06 5.0e-05 1.7e-04 2.3e-04

Cs-134 1.5e-05 8.ge-07 1.0e-05 3.4e-OS 4.5,-OS 1.7e-05 9.6e-07 1.1e-OS 3.7.-OS 5.1e-OS
Cs-1 35 1.6e-06 9.6e-08 1.1e-06 3.6e-06 4.9,-OS 1.8.-OS 1.0e-07 1.2e-06 4.1le-06 5.5o-06

Cs-1 37 1.0e-OS 6.2e-07 7.le-06 2.3.-OS 3.2e-OS 1.2e-OS 6.7e-07 7.8e-06 2.6e-OS 3.5e-05
Ba-i 33 7.6e-07 4.6e-08 5.1e-07 1.7e-06 2.3e-06 8.5e-07 4.9e-08 5.7e-07 1.9e-06 2.6e-O6
Ce&139- 31.8 -&07ze-O8; :.2e-OT, ,. 4.0e-07 -- -5.3e-07>' 2..-7 1. T01.e0:i44-7 .. C
Ce-141 3.2e-07 1.7e-08 2.0e-a? 7.2e-07 1.0e-06 3.5e-07 1.9e-08 2.3e-C7 8.1 e-07 1.1e-06
Ce-144 3.8e-06 2.3.-07 2.6e-OS 8.6e-06 1.2.-OS 4.2e-08 2.5.-C? 2.8e-06 9.5e-06 1.3e-OS
Pm-147 2.1 e-07 1.2e-08 1.4e-07 4.6e-07 6.2,-a? 2.3e-07 1.3e-OS 1.Se-07 S.1e-07 7.0e-07

I1-1 '- Ibq ri- ...
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Appendix H-2 Normalized Effective Doses from Aluminum
Table H2.12 Norrmalized effective doses from Ingestion: Hindling dross -

R cd e - Mass-based effective dose (pSvly per Bq/g) Surficial effective dose (pSvly per Bq/cm2)
aonucde Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

Sm-151 7.9e-08 4.7e-09 ,5.3e-08 1.8e-07 2.4e-07 8.8e-08 5.1e-09 5.9e-08 2.0e-07 2.7e-07
Eu-152+,w}|:,'-- .~1-0 :i,- 6.70-8N--i. 07,e. 06,-.46''-,'',;, 7.2 08j-X8.4e-07;2.8e-0 -,':3.8o.64
Eu-154 1.6e-06 9.5e-08 1.1e-06 3.6e-06 4.9e-06 1.8e-06 1.Oe-07 1.2e-06 4.0e-06 5.4e-06
Eu-155 2.5e-07 1.5e-08 1.7e-07 5.7e-07 7.7e-07 2.8e-07 1.6e-08 1.9e-07 6.4e-07 8.7e-07
Gd-153 2.0e-07 1.2e-08 1Ae-07 4.5e-07 6.1e-07 2.2e-07 1.3e-08 1.5e-07 5.0e-07 6.8e-07
Tb-160 1.Oe-06 5.9e-08 6.7e-07 2.3e-06 3.0e 06 1.1e-06 6.4e-08 7.4e-07 2.5e-06 3Ae-06
,Tm-17O0n~-; $.,r9.0eb7,^.'5.4e-08A -6.1e-07A2.e06 28 06.F 7.0e-0-,A580Ax70 2.e .1 0
Tm-171 8.6e-08 5.2e-09 5.8e-08 1.9e-07 2.6e-07 9.6e-08 5.5e-09 6.4e-08 2.2e-07 2.9e-07
Ta-182 1.6e-07 7.3e-09 9Ae-08 3.6e-07 5.2e-07 1.7e-07 7.9e-09 1.0e-07 4.0e-07 5.8e-07
W-181 8.0e-09 3.6e-10 4.8e-09 1.9e-08 2.7e-08 8.9e-09 3.9e-10 5.3e-09 2.1e-08 3.0e-08
W-185 4.2e-08 1.9e-09 2.5e-08 9.9e-08 1.4e-07 4.7e-08 2.1e09 2.8e-08 I.1e-07 1.6e-07
OsF 85''-5.l 08,.2.4e.09 3.1 o-08 D .2o 07 o.7*i :5.70-08 C 2.60 09 ; .90-07-
Ir-192 1.3e-07 5.9e-09 7.9e-08 3.1e-07 4.4e-07 1.5e-07 6.6e-09 8.8e-08 3.5e-07 5.0e-07
Tt-204 1.5e-07 72e-09 9Ae-08 3.6e-07 5.2e-07. 1.7e-07 8.0e-09 1.0e-07 4.0e-07 5.8e-07
Pb-210 1.1e-04 5.3e-06 6.7e-05 2.6e-04 3.8e-04 1.3e-04 5.9e-06 - 7.4e-05 2.9e-04 4.2e-04
Bi-207 1.6e-07 7.1e-09 9.7e-08 3.7e-07 5.2e-07 1.8e-07 7.7e-09 1.1e-07 4.1e-07 5.8e-07
Pr 210--; 2.6e-05: 1.2o-6 46,-e056 .6.00e0578.505Z; 2 . 5 'Q1.3 06 '17e05i67-6.79A4'05
Ra-226 2.3e-04 1.4e-05 1.6e-04 5.2e-04 7.0e-04 2.6e-04 1.Se-05 1.7e-04 5.8e-04 7.8e-04
Ra-228 5.4e-04 3.2e-05 3.6e-04 1.2e-03 1.6e-03 6.0e-04 3.5e-05 4.0e-04 1.4e-03 1.8e-03
Ac-227 7.9e-04 4.6e-05 5.2e-04 1.8e-03 2.4e-03 8.8e-04 5.0e-05 5.8e-04 2.0e-03 2.7e-03
Th-228 9.0e-05 5.2e-06 6.0e-05 2.0e-04 2.7e-04 1.Oe-04 5.8e-06 6.7e-05 2.3e-04 3.1e-04

-b-229 _ _.9e-04'L 2.3'05 :2.6e 4 �04J 2e-,03 , ^ 4 -2505 2.9e-04 xew9.8e z .3e4-03
Th-230 1Ae-04 8.2e-06 9.3e-05 3.2e-04 4.2e-04 1.5e-04 8.9e-06 1.0e-04 3.5e-04 4.7e-04
Th-232 1.5e-04 8.9e-06 1.Oe-04 3Ae4-04 4.6e-04 1.7e-04 9.7e-06 1.1e-04 3.8e-04 5.1e-04
Pa-231 8.7e-05 4.0e-06 52e-05 2.1e-04 2.9e-04 9.7e-05 4.5e-06 5.8e-05 2.3e-04 3.2e-04
U-232 2.0e-04 1.2e-05 1Ae-04 4.6e-04 6.1e-04 2.3e404 1.3e-05 1.Se-04 5.1e-04 6.9e-04
U-233 , 6, 2.0o-e602.3o05;7.6e-05 l0
U-234 3.0e-05 1.8e-06 2.0e-05 6.8e-05 9.0e-05 3.3e-05 1.9e-06 2.2e-05 7.4e-05 I.Oe-04
U-235 2.8e-05 1.7e-06 1.9e-05 6.4e-05 8.6e-05 3.2e-05 1.9e-06 2.1e-05 7.1e-05 9.7e-05
U-236 2.8e-05 1.6e-06 1.9e-05 6.3e-05 8.5e-05 3.1e-05 1.8e-06 2.1e-05 7.0e-05 9.5e-05
U-238 2.9e-05 1.7e-06 1.9e-05 6.5e-05 8.7e-05 32e-05 1.9e-06 2.1e-05 7.2e-05 9.8e-05
Np-0237 .23e05 <- 4.7e4.30-0604
Pu-236 5Ae-05 3.2e-06 3.6e-05 1.2e-04 1.6e-04 6.0e-05 3.5e-06 4.0e-05 1.4e-04 1.8e-04
Pu-238 1.4e-04 8.3e-06 9Ae-05 3.2e-04 4.3e-04 1.6e-04 9.1e-06 1.0e404 3.5e-04 4.8e-04
Pu-239 1.5e-04 9.0e-06 1.Oe-04 3.5e-04 4.7e-04 1.7e-04 9.9e-06 1.1e-04 3.9e-04 5.2e-04
Pu-240 1.5e-04 9.0e-06 1.Oe-04 3.5e-04 4.7e-04 1.7e-04 9.9e-06 1.Ie-04 3.9e-04 5.2e-04
Pu-24i E !2.90-06 ,
Pu-242 1.5e-04 8.6e-06 9.8e-05 3.3e-04 4.5e-04 1.6e-04 9.5e-06 1.1e-04 3.7e-04 5.0e-04
Pu-244 1.5e-04 8.7e-06 9.8e-05 3.3e-04 4.5e-04 1.6e-04 9.5e-06 1.1e-04 3.7e-04 5.0e-04
Am-241 1.3e-04 7.6e-06 8.8e-05 2.9e-04 4.0e4-4 1.5e-04 8Ae-06 9.8e-05 3.3e-04 4.5e-04
Amn-242m - 1.3e-04 7.6e-06 8.8e-05 3.0e-04 4.0e-04 1.5e-04 8.4e-06 9.8e-05 3.3e-04 4.5e-04

:-1.3e-04 .- 7.66-6 8.8eO05 :3.0 -04 -''4eO6;85- `3
Cm-242 7.1 e-06 4.2e-07 4.7e-06 1.6e-05 2.1e-05 7.9e-06 4.6e-07 5.3e-06 1.8e-05 2.4e-05
Cm-243 9.8e-05 5.8e-06 6.6e-05 2.2e-04 2.9e-04 1.1e-04 6.3e-06 7.3e-05 2.5e-04 3.3e-04
Cm-244 7.8e-05 4.6e-06 5.2e-05 1.8e-04 2.4e-04 8.7e-05 5.0e-06 5.8e-05 2.0e-04 2.6e-04
Cm-245 1.4e-04 8.1e-06 9.2e-05 3.1e-04 4.1e-04 1.5e-04 8.8e-06 1.Oe-04 -3.5e-04 4.6e-04
Cri-246 - 01.ie46 -0814 6,- 92e-056 ,1e,, _3e 4.6e-04
Cm-247 1.2e-04 7Ae-06 8.3e-05 2.8e-04 3.7e-04 1.Ae-04 8.0e-06 9.3e-05 3.2e-04 4.2e-04
Cm-248 5.0e-04 3.0e-05 3.4e404 1.1 e-03 I .5e-03 5.6e-04 3.2e-05 3.7e-04 1.3e-03 1 .7e-03
Bk-249 6.3e-07 3.7e-08 4.2e-07 1Ae-06 1.9e-06 7.0e-07 4.1e-08 4.7e-07 1.6e-06 2.1e-06
Cf-248 1.8e-05 1.1e-06 1.2e-05 4.0e-05 5.4e-05 2.0e-05 -1.e-06 1.3e-05 4.4e-05 6.0e405
Cf-249 ' ' 2.3e-04ie 1.5e-04a 15.2e6 07.0e 42;6e44 '1.5e"05' _ 1.7,-04 55.8 e-04
Cf-250 1.0e-04 6.3e-06 7.0e-05 2.4e-04 3.2e-04 1.2e-04 6.7e-06 7.7e-05, 2.6e-04 3.6e-04
Cf-251 2Ae-04 1.4e-05 1.6e-04 5.3e-04 7.2e-04 2.6e-04 1.Se-05 1.7e-04 5.9e-04 8.1e-04
Cf-252 5.8e-05 3.5e-06 3.9e-05 1.3e-04 1.8e-04 6.4e-05 3.7e-06 4.3e-05 1.5e-04 2.0e-04
Cf-254 1.9e-04 1.1e-05 1.3e-04 4.4e-04 6.0e-04 2.2e-04 1.2e-05 1.4e-04 4.9e-04 6.7e04
Es-2S4 x ':' 1.8e-05;- ;i.OeO6: 1.2e-05' i.0e-5 54e-05 .i& 2.Oe45 1.leO6 3e05 i 05 .0e05

Note: To convert these values to conventional units (mrem/y per pCitg or mremly per pCUcm2), multiply by 3.7e-3
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NormaUed Effe�tive Dosesifrorn Alurninurn Appendix H-2
Table H2.13 Normalized effective doses from all pathways: Baghouse maintenance

Radionlide Mass-based effective dose (pSvly per Bq/g)
Mean 5th - 50th 90th 95th

Surficial effective dose (pSvly per BqIcm2)
Mean 5th 50th 90th 95th

H-3 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+0O O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+0O
C-14 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Na-22 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+0O
P-32 1.4e-07 ' 7.0e-09 6.1e-08 3.2e-07 5.1le-07 1.5e-07 7.7e-09 6.8e-48 3.6e-07 5.7e-07

''' ' '"' .Oe+OO e-;Oe 0.0O. OOe B.O+O,,OO+.e^O _.e+O;0e OOO
CI-36 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+0O O.Oe+0O O.Oe+00
K-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+0O O.Oe+00 O.Oe+O0 O.Oe+00
Ca-41 O.Oe+0O O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca45 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
b46 o6,dB00 0.Oe+OO Oe C.0 e0W Y;O.Oe 0e+0O.0e+00L, O.Oe+%Ok 0.0e6
Cr-51 3.0e-06 2.2e-07 1.6e-06 7.0e-06 1.1e-05 3.4e-06 2.4e-07 1.7e-06 7.8e-06 1.2e-05
Mn-53 O.Oe+OO O.Oe+0O O.Oe+O0 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+O0 O.Oe+O0 O.Oe+OO
Mn-54 7.7e-05 7.1e-06 4.4e-05 1.7e-04 2.6e-04 8.6e-05 7.7e-06 4.9e-05 2.0e-04 2.9e-04
Fe-55 9.3e-15 8.5e-16 5.3e-15 2.1e-14 3.0e-14 1.0e-14 9.5e-16 5.9e-15 2.3e-14 3.4e-14
F.S-53i. 2.7355 6.907,_8.6 547.5e 0S 4.7e-O ,1 .4 28
Co-56 2.6e-04 2.5e-05 1.5e-04 6.1e-04 9.0e-04 3.0e-04 2.7e-05 1.6e-04 6.8e-04 1.Oe-03
Co-57 6.6e-06 6.3e-07 3.7e-06 1.5e-05 2.2e-05 7.4e-06 6.8e-07 4.1 e-06 1.7e-05 2.5e-05
Co-58 7.3e-05 6.7e-06 4.1e-05 1.7e-04 2.5e-04 8.1e-05 7.4e-06 4.5e-05 1.9e-04 2.7e-04
Co-60 2Ae4-04 2.3e-05 1Ae-04 5.5e-04 8.1le-04 2.7e-04 2.5e-45 1.5e-04 6.2e-04 9.1e-04

Ni-63 1.7e-i 1.5e-12 9.4e-12 3.7e-il 5.4e-1I 1.9e-i 1.7e-12 1.0e-II 4.2e- 1 6.1e-i1
Zn-65 5.2e-05 5.0e-06 2.9e-05 1.2e-04 1.7e-04 5.8e-05 5.5e-06 3.2e-05 1.3e-04 1.9e-04
As-73 4.5e-07 3.7e-08 2.46-07 1.0e-06 1.5e-06 5.0e-07 4.0e-08 2.7e-07 1.2e4-6 1.7e-06
Se-75 5.3e-05 4.5e-06 2.9e-05 1.2e-04 1.8e-04 5.9e-05 4.9e-06 3.2e-05 1.3e-04 2.1 e-04

.:7;*c-uo.de+Oo-,-O.Oe .o; 0.00+0 'vO.eS-0.0e+OO__ -',0.OeO+-O .0e+00,,_O~00 ,O~e~~ 0.0
Sr-89 O.Oe00O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00
Sr-90 O.Oe+OO O.Oe+OO 0.0e+00 O.Oe+OO 0.08+O O.Oe+OO O.Oe+O 0.08+0 O.Oe+OO00 O.Oe+00
Y-91 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+O0
Zr-93 2.3e-10 1.0e-1I 1.2e-10 5.5e-10 8.5e-10 2.6e-10 1.1e-11 1.3e-10 6.1e-10 9.4e-10
Zr-95'7 7.4.0e.04.t2.Oe-05 ~ 2.1e-0 i~ . ie O3.-zi,4.i344 2-.'22e45 2.304n .bO3&.6005-
Nb-93m 8.5e-09 7.9e10' 4.8e-09 1.9e-08 2.8e-08 9.56-09 8.8e-10 5.4e-09 2.1e-08 3.2e-08
Nb-94 1.5e-04 1.4e-05 8.6e-05 3.4e-04 5.0e-04 1.7e-04 1.6e-05 9.6e-05 3.8e-04 5.7e-04
Nb-95 4.5e-05 3.9e-06 2Ae-05 1.0e-04 1.5e-04 5.0e-05 4.3e-06 2.7e-05 1.Ie-04 1.7e-04
Mo-93 9.7e-08 8.0e-09 5A6-08 2.2e-07 3.3e-07 1.1 e-07 8.7e-09 6.0e-08 2.5e-07 3.7e-07

To-97m 1.3e-07 1.0e-O8 6.9e-48 2.8e-07 4.2e-07 1.4e-07 1.1 e-8 7.7e-08 3.2e-07 4.7e-07
Tc-99 6.5e-09 5.4e-10 3.6e-09 1.5e.-8 2.2e-08 7.2e-09 6.0e-10 4.0e-09 1.6e-08 2Ae-08
Ru-103 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+O0 O.Oe+00 O.Oe+00
Ru-106 O.Oe+00 O.Oe+O0 O.Oe+OO O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+O00 O.Oe+00

Ag RS. ~.o 0 .0 :dooeoo .0+0:
Ag-110m O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+O0 O.Oe+OO O.0e+00
Cd-109 4.2e-07 3.8e-08 2.3e-07 9.3e407 1.4e-06 4.7e-07 4.2e-08 2.6e-07 1.0e-06 i.5e-46
Sn-113 4.2e-05 3.4e-06 2.3e-05 9.4e-05 1.4e-04 4.7e4-5 3.7e-06 2.5e-05 1.1e-04 1.6e-04
Sb- 124 2.8e-04 2.2e-05 1 .5e-04 6.3e-04 9.39-04 3.1e-04 2.4.-OS 1.6e-04 7.0e-04 1. .- 03

Te-123m 1.6e-05 1.3e4-6 8.9e4-6 3.7e4-5 5.6e-05 1.8e-05 1.5e-06 9.8e-06 4.1e-05 6.3e-05
Te-127m 1.2e-06 9.9e-08 6.6e-07 2.7e-06 4.2e-06 1.4e-06 i.1e-07 7.3e-07 3.0e-06 4.7e-06
1-125 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
1-129 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
i-i31-i:-~.~::.Oe+OO :- 0e+00^: 0.00+00 ', 0.00+0 0.KO.+0O: :--.Oe+O : O.Oe+O 6.O0e+00, 0.o+00;..+ O.Oe+OOf
Cs-134 O.Oe+00 0.Oe+O0 O.Oe+OO O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-135 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+O0 O.Oe+O0 O.Oe+00 O.Oe+OO O.Oe+00
Cs-1I37 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ba-133 2.3e-05 2.1e-06 1.3e-05 5.2e-05 7.7e-05 2.6e-05 2.4e-06 1.4e-05 5.8e-05 8.6e-05
139. " '.Oe'+OO. :'O.Oe+OO 0.0o;6O' ' 0e+00' '- .Oe+O0 - Oe+0*,;"-0.06:+00 00'.Oe+O0 ".0e+00,-0.0e+00

Ce-141 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+O0 O.Oe+00
Ce-144 O.Oe+00 O.Oe+00 O.Oe+00, O.Oe+O0 O.Oe+O0 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00
Pm-147 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+O0 O.Oe+O0 O.Oe+O0 O.Oe+O0
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Appendix H-2 i Normalized Effective Doses from Aluminum

Table H2.13 Normalized effective doses from all pathways: Baghouse maintenance
Radionuclide Mass-based effective dose (pSvly per BqIg) Surficial effective dose (pSvly per BqIcm2)

Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
Sm-151 O.Oe+00 O.Oe+00 O.Oe+00'O.Oe+00 O.Oe+00 - O.Oe+00 'O.Oe+00 'O.Oe+00 'O.Oe+00 O.Oe+00
Eb 5i,. < 0.0+0 0 e+00 0.0 +OO' ' O O '0+O0.0
Eu-154 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Eu-155 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Gd-153 -. Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Tb-160 O.Oe+O O.Oe+OO O.Oe+0 .Oe+O O.Oe+O 0.e+00 .Oe+OO00 O.e+O O.Oe+00
Tn617O O.Oe+,et00_.O.0e+0 ' Qj0 + O , 0.0e40 O.O.e+,00 -IOj- _ O.Oe+OO; - etOO .. O
Trnm171 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ta-182 2.2e-04 1.9e-05 1.2e-G4 4.9e-04 7.3e-04 2Ae-04 2.0e-05 1.3e-04 5.5e-04 8.1 e-04
W-181 3Ae-06 2.7e-07 1.9e-06 7.8e-06 1.2e-05 3.8e-06 3.0e-07 2.1e-06 8.6e-06 1.3e-05

: W-185 i'Ae-08 1.1 e-09 7.5e-09 3.2e-08 4.8e-08 1.6e-08 '1.2e-09 8.4e-09 3.5e-08 5.3e-08
A85,'e-0,0 6.ie-05 2' L 3.8e4? .2 -04, 0e.05 6.7 05 ,;2.96 -O40

Ir-192 1.2e-04 9.4e-06 6.5e-05 2.6e-04 4.0e-04 1.3e-04 i.Oe-05 7.2e-05 3.0e-04 4.5e-04
TI-204 1 .8e-07 1.5e-08 9.6e-08 4.1 e-07 6.0e-07 2.0e-07 1 .6e-08 1.1 e-07 4.6e-07 6.7e-07
Pb-210 3.3e-07 2.8e-08 1.8e-07 7.5e-07 1.1e-06 3.7e-07 3.1e-08 2.0e-07 . 8.3e-07 1.3e-06
Bi-207 3.1e-04 2.6e-05 1 7e-04 7.Oe-04 1.0e,03 3Ae-04 2.9e-05 1.9e-04 7.7e-04 1.1e-03
i21e 09e'i.4ej e-10, x i te.9eL09 9A.6e-ii .0e'O9;4.4e-09) 4e O9 5
Ra-226 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Ra-228 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00
Ac-227 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
* Th-228_ _ O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.00+00 O.Oe+OO 0.00+00 O.Oe+OO O.Oe+OO

Th0228 O+0O.00+0 O.Oe+00 O.Oe00' O.e+00OOe+00v ,O.Oe+00

Th-230 O.Oe+00 'O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-232 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pa-231 6.0e-06 4.9e-07 3.3e-06 .4e-05 2.0e-05 6.6e-06 5Ae-07 3.6e-06 1.5e-05 2.2e-05
U-232 2.5e-06- 1.3e-07 1.2e406 5.9e-06 9.1e-06 2.8e-06 1Ae-07 1.3e-06 6.5e-06 1.0e-05
U-233bi : JjK.4e.08 8Mi1 -09''>7- e ; .5e-0 8'51 ;2e-9 ' 8.-3 9 753.6e 08 t 5.2e-0&
U-234 8.8e-09 7.2e-10 4.8e-09 2.0e-08 3.0e-08 9.8e-09 7.8e-I0 5.3e-09 2.3e-08 3.3e-08
U-235 9.2e-06 7.5e-07 5.0e-06 2.1 e-05 3.1e-05 1.0e-05 8.2e-07 5.5e-06 2.4e-05 3.5e-05
U-236 6.0e-09 4.9e-10 3.3e-09 1.4e-08 2.1 e-08 6.7e-09 5.4e-10 3.6e-09 1.6e-08 2.3e-08
U-238 1.8e-06 1.5e-07 9.8e-07 4.1e-06 6.2e-06 2.0e-06 1.6e-07 1.1e-06 4.6e-06 6.9e-06
Np237'C'77•?~0.0+ 0 A.0e+0: 0 0+00.-O .0o+00, .+OeO_00Et0O. 0e+0040.0 0O.Oo+ 0.Oe O_,.O+OO;

Pu-236 8.6e-09 7.1 e-1 0 4.7e-09 2.0e-08 2.9e-08 9.6e-09 7.8e1 0 5.3e-09 2.2e-08 3.2e-08
Pu-238 6.2e-09 5.2e-10 3.4e-09 iAe-08 2.1e-08 6.9e-09 5.7e-10 3.8e-09 1.6e-08 2Ae-08
Pu-239 5.6e49 4.6e-10 3.1e-09 1.3e08 1.9e-08 6.2e09 5.1e-10 3.4e-09 iAe-08 2.1e-08
Pu-240 6.0e-09 5.0e-10 3.3e-09 IAe-08 2.0e-08 6.7e-09 5.5e-10 3.7e-09 1.5e-08 2.3e-08

Pu-242 5.0e-09 4.2e-I 0 2.8e-09 1.2e-08 1.7e-08 5.6e409 4.6e-10 3.1 e-09 1.3e-08 1.9e-08
Pu-244 2.2e-05 1.8e-06 1.2e45 5.0e-05 7.5e-05 2.4e-05 2.0e-06. 1.3e-05 5.6e-05 8.3e-05
Amn-241 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Am-242rn O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+O_ O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
A23,E0. e+oof,,o0oe+, -.O.e+O0 .0 e'+0OO,-.00+O0 Pi 0.0e+O .Oe+0 0 e 0.0
Cm-242 O.Oe+00 O.Oe+00' O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 - O.Oe+00 - O.Oe+00 - O.Oe+00 O.Oe+00
Cm-243 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 ' -O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-244 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-245 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-248 ~ _ O§.Oe+OO' O.Oe+OO 0.Oe+OO. O.Oe+OOO.e+OO O.OO Oe+. O. OOe+OO .O+O
BkC-247 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-248 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Bk-249 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-248 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00
C~f-249 __QOOe0 !O- 0.000 0.00e+0 .. e+_0Oe+00 S0.0+0o'.0+00000e0 .:& d 70.0+0 70.00+0
Cf-250 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
Cf-254 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

* f25 .Oe+00 0.Oe+00 0.Oe+00 0.00+00 0.Oe+00 0.00+00 0.Oe+00 0.0e+00 0.00 .Oe+00

Cf-254 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 ' .Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 ,.Oe+00
Es-254,- O0 Oe+00 '0.Oe+00 0.Oe+00 -di;e+0 ;0.0+00 -O000 .e+0:.e00- &eO000o0

Note: To convert these values to conventional units (mremly per pCVg or mremly per pCi/cm2). multiply by 3.7e-3
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H-121 NUREG-1640



Normalized Effective Doses from Aluminum Appendix H-2
Normalized Effective Doses from Aluminum Appendix H-2

Table H2-14 Normalized effective doses from all pathways: Airborne emissions

Radio ide Mass-based effective dose (pSvly per BqIg)
Mean 5th 50th 90th 95th

Surficial effective dose (pSvly per BqtcmW)
Mean 5th 50th 90th 95th

H-3 2.2e-08 8.7e-09 2.0e-08 3.7e-08 4.3e-08 2.5e-08 9.5e-9 2.2e-08 4.1e-08 4.9e-08
C-14 0.0e+OO 0.08400 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+OO 0.0e+00 0.0e+00 .0.e+O0
Na-22 O.Oe+OO O.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00O0.Oe+00 0 .Oe+00 0.Oe00 O0.Oe+00
P-32 1.4e-07 1.1e-08 7.3e-08 3.4e-07 5.1e-07 1.6e-07 1.3e-08 8.le-08 3.8e-07 5.6e-07

S-35Y~1~O.00+00 ~i.0.Oe+0O ~ O.0eOj-.O0e±+001LO0+Ofi10O~J
CI-36 0.Oe+00 O.Oe+00 .0.e+OO 0.Oe+00 O.Oe+OO 0.Oe00 O0.Oe+00 0.Oe+00 O.Oe+00 0.Oe+00
K-40 0.Oe+00 .0.e+OO O.Oe+00O0.Oe+00 .0.e+OO 0.Oe400 0.0Oe 0.Oe+00 0.Oe+00 0.Oe+00
Ca-41 0.Oe+00 .0.e+OO .0Oe+OO 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 .0.e+OO 0.Oe+00
Ca-45 0.Oe+OO 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 0.0e+00 0.Oe400

Cr-5i 2.5e-08 2.8e-9 1.5e-08 5.6e-08 8.2e-08 2.8e-08 3.1e-09 1.7e-08 6.3e-08 9.0e-08
Mn-53 2.6e-09 4.9e-10 1.8e-09 5.5e-09 7.6e-09 2.9e-09 5.4e.10 2.0e-09 6.2e-09 8.4e-09
Mn-64 3.2e-06 4.3e-07 2.1 e-06 7.0e-06 1.00-05 3.6e-06 4.7e-07 2.3e-06 7.8e-06 1.1 e-05
Fe-55 -3.6e-08 6.3e-09 2.4e-08 7.8e 08  I.Ie-~07 4.1"-8 6.9e-9 2.7.08 8.8.08 1.2e-7

Co-56 5.0e-06 7.0e-07 3.3e-06 1.1 e05 1.5e-05 5.6e-06 7.7e.07 3.7e-06 1.2e-05 1.7e-05
Co-57 4.5e-07 6.5e-08 3.0e-07 9.6e.07 1.3e-06 5.0e-07 7.2e-08 3.3e-07 1.1e-06 l.5e-06
Co-58 l.3e-06 1.8e-07 8.4e-07 2.8e-06 3.9e-06 1.4e-06 2.0e-07 9.3e-07 3.0e-06 4.4e-06
Co-6O __1.e-05 2.0e-06 9.5e-06 3.0e-05 4.2e-05 1.6e-05. 2.2e-06 1.Oe-05 3.3e-05 4.7e-05

Ni-63 2.4e-08 4.3e-09 1.6e-oa 5.Ie-08 7.0e-08 2.7e-08 4.6e-09 1.8e-08 5.7e-08 7.9e-08
Zn-65 3.0e-06 5.Oe-07 2.0e-06 6.3e-06 8.9e-06 3.3e-06 5.5e-07 2.2e-06 7.0e-06 1.0e-05
As-73 7.4e-08 l.1e-08 4.7e-08 1.6e-07 2.2e-07 8.2e-08 1.2e-08 5.2e-08 1.8e-07 2.5e-07
Se-75 3.1le-06 4.0e-07 1.9e.06 6.8e-06 9.6e-06 3.5e-06 4.4e-07 2.1le-06 7.7e-06 l.1e-05

Sr-89 0.Oe+00 O0.e+OO .0.e+OO 0.Oe+00 O.Oe+00 0.Oe+00O .Oe+00 0.Oe+00 O.Oe+00 0.Oe+00
Sr-90 0.Oe+00 O.Oe+OO 0.Oe+00 O.Oe+00 0.Oe+00 0.Oa+00 0.Oe+00 0.Oe+OO 0.0e+00 0.Oe400
Y-91 O.Oe+00O.0.e+OO 0.Oe+00 0.0e+00 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00
Zr-93 8.6e-07 6.6e-08,- 5.4e-07 1.9e-06 2.7e-06 - 9.6e-07 7.2e-08 5.9e-07 2.le-06 3.0e-06

~ 31e-07. ~£1~35.086!34~0733:ee065.1.7L-1:6405S
Nb-93m 3.5e-08 6.2e-09 2.4e-08 7.3e-08 1.Oe-07 3.9e-08 6.8e.09 2.6e-08 8.2e-08 1.1e-07
Nb-94 1.0e-05 1.Se-06 6.8e-06 2.2e-05 3.0e-05 1.1e-05 1.6e-06 7.5"-6 2.4e-05 3.3e-05
Nb-95 4.0e-07 5.3e-08 2.5e-07 8.7e-07 1 .2e-06 4.5e-07 5.9e-08 2.8e-07 9.7e-07 1 .4e-06
Mo-93 4.1e-07 6.6e-08 2.8e-07 _8.7e-07 1.2e-06 4.6e-07 7.3e-08 3.1e-07 9.8e-07 1.4e-06-

1j.e-7 _ .6e-OS:~ 8.Oe~-O8L. 2.7 T7_o9-7 .e08 .e0~~3-7
Tc-97m 2.3e-07 3.2e-08 1.5e-07 5.0e-07 7.2e-07 2.6e-07 3.5e-08 1.6e-07 5.6e-07 8.0e-07
Tc-99 6.7e-07 7.4e-08 3.8e-07 1.Se-06 2.2e-06 7.4e-07 8.2e-OS 4.2e-07 1.6e-06 2A4e-06
Ru-103 O.Oe+00 0.Oe+00 0.Oe+00 0.Oe+OO 0.0e+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 0.Oe+00
Ru-106 0.Oe+00 O.Oe+OO 0.Oe+00 O.Oe+00 .0.e+OO .0.e+OO _0.Oe+00 _ .Oe+00 0.0e+00 0.Oe+OO

AgOo+I et 0.~+00O.0e+00i' 00+01 O.Oe+00-.-- .~ -0.0+000+0<.e0~O0+~0
Ag-I Oin 0.Oe+00 O.0e00 O0.0e400 O.Oe+00 0.Oe+00 0.0e+00 0.Oe+00 0.0e+00 0.08+00 0.Oe+00
Cd-109 3.6e-07 6.5e-08 2.5e-07 7.4e-07 1.Oe-06 4.0e-07 7.0e-08 2.7e-07 8.4e-07 1.2e.06
Sn-I 13 1 .3e-06 I .8e-07 8.6e-07 2.ge-06 4.1 s-06 I.5e-06 2.0e-07 9.6e-07 3.3e-06 4.6e-06
Sb-124 4.le-06 4.9e.07 2.6e-06 9.1 e-06 1.3e-05 4.6e-06 5.3e-07 2.9e-06 1.0e-OS 1.5e-OS

Te-123m 8.7e-07 1.2e-07 5.7e-07 1.9e-06 2.6e-06 9.7e-07 1.3e-07 6.3e-07 2.1e-06 2.9e-06
Te-127m 5.2e-07 8.le-08 3.5e-07 1.le-06 1.5"-6 5.7e-07 8.8e-08 3.8e-07 1.2e-06 1.7e-06
1-125 6.3e-05 1.4e-OS 5.1e-05 1.2e-04 1.5e-04 7.0e-05 i.Se-05 5.6e-05 1.4e-04 1.7e-04
1-129 8.6e-04 -1.9e-04 7.0e-04 1.7e-03 2.le-03 9.6e-04 2.le-04 7.7e-04 1.9e-03 2.3e-03

I13; !~~50.O 2.~0 22-6.l3 05 f. 4i052.5S-6>2.7e70TT224e-08! .1.5e-0S .l-5

Cs-134 0.fle+00 0.Oe+00O0.Oe+00 0.Oe+00 0.08+OO 0.0e400 0.Oe+00 0.Oe+00 0.Oe+00 .0.e+OO
Cs-i135 0.Oe+00 0.08+OO 0.Oe+00 0.Oe+00 0.08+00 .0Oe+OO 0.Oe+OO 0.Oe+00 0.Oe+00 .0Oe+OO
Cs-I 37 O.Oe+00 0.Oe+OO 0.Oe+00O0.Oe+00 0OeO 0.Oe+00 0.Oe+OO .0e 0.Oe+00 0.Oe+00 .0.e+OO
Ba-133 1.7e-06 2.3e-07 1.Ie-06 3.7e-06 5.4e-06 1.9e-06 2.5e-07 1.2e-06 4.1e-06 6.0e-06
Ce-139 O Z ~~o&0e0.OO~0 .e-0- .80 .Oe+009-00+0 0.0e+00 O.Oet0oi!~0.00+OO,
Ce-141 0.Oe+00 .0.e+OO 0.Oe+00 .0.e+OO O.Oe+OO 0.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00
Ce-144 0.Oe+00 . .Oe+00 0.Oe+00 0.Oe+00 O.Oe+00 0.Oe+00 0.Oe+OO 0.Oe+00 0.Oe+00 0.Oe+O0
Pm-147 .0.e+OO 0Oe00.Oe+OO 0.0 O .e+OO 0.80 .Oe+00 0.Oe+OO 0.Oe+OO 0.Oe+00 O.0e+O0 CeO
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Appendix H-2 t tV Normalized Effective Doses from Aluminum
Table H2.14 Normalized effective doses from all pathways: Alrborne emissions

Radionucide Mass-based effective dose (pSv/y per Bq/g) Surficial effective dose (pSv/y per Bq/crr 2 )
Mean 5th 50th 90th 95th Mean 5th 50th 90th -- 95th

Sm-151 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+0O O.Oe+0O O.Oe+O0 O.Oe+OO
Eu-4b .-- b& O. O O .Oe+6,O ,-O.Oe+OO',- o. h- d. be+0OO.
Eu-154 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+0O O.Oe+00
Eu-155 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
Gd-153 O.Oe+00 O.Oe+00 O.Oe+WO O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Tb-16 +0.eO O.Oe+O O.Oe+ 0 O.Oe+00 0.0++00 O.Oe+ _00 O.Oe+O00 O.Oe+00
,T17i~iL70.0i 0 ~e+00.,. ;O.e,+OO,: 0.0Oe+OO0.0e+ O :-i.0 0.0e+0.6, .0e+0OO~+06T-*O.Oe,+,oO,
Trn-171 'O.Oe+00 O.Oe+OO O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
Ta-1 82 5.7e-06 7.4e-07 3.6e-06 1 .2e-05 1 .8e-05 6Ae-06 8.0e-07 4.0e-06 1 .4e-05 2.0e-05
W-181 1.9e-07 2.3e-08 1.2e-07 4.1 e-07 5.8e-07 2.1 e-07 2.6e-08 1.3e-07 4.6e-07 6.5e-07
W-185 1.Oe-07 I.Oe-08 5.4e-08 2.3e-07 3Ae-07 1.2e-07 1.1 e-08 6.0e-08 2.5e-07 3.8e-07
,07 e6e06,3.0eO76 1 .6e06 zi-5.9e-06 :,8.ie-06 , 29,e 06 -Ž' 4eW18 J.6.5e 9.1e'0

Ir-192 2.5e-06 3.0e-07 1.6e-06 5.4e-06 7.8e-06 2.8e-06 3.3e-07' 1.8e-06 6.1e-06 8.7e-06
Tl-204 4.9e-07 6.5e-08 3.0e-07 1.1e-06 1.5e-06 5.4e-07 7.1e-08 3.3e-07 1.2e-06 1.7e-06
Pb-210 22e-04 3.6e-05 1.5e04 4.6e-04 6.6e-04 2.5e-04 4.0e-05 1.6e-04 5.2e-04 7Ae-04
Bi-207 1.9e-05 2.4e-06 1.2e-05 4.2e-05 5.9e-05 2.1e-05 2.6e-06 1.4e-05 4.7e-05 6.6e-05

Ra-226 O.Oe+W0 O.Oe+00 O.Oe+WO O.Oe+00 O.Oe+O0 O.Oe+0O O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+O0
Ra-228 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+0O O.Oe+00 O.Oe+00
Ac-227 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+0W O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+WO
Th-228 O.Oe4 00.Oe+00 OOe+ OOe+00 eeO00 O.W0 Oe+00We 0.Oe+00 .Oe+00

jh:21,*;O.6e+oo: '!O.Oe+00: iO.Oe+W02 r>..OO,^XOe+0O~0O+O -•0.Oe+O tOOOe+0O ~-O.Oe+OO.'-i ..OeO ±-O.0e+00'
Th-230 0.0e+00 O.Oe+00 .Oe+00 O.Oe+0 O.Oe.00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-232 O.Oe+0O.Oe+00 .Oee+OO O.Oe+00 .Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pa-231 4.6e-03 6.0e-04 2.9e-03 9.8e-03 iAe-02 5.1e-03 6.7e-04 3.2e-03 1.1e-02 1.6e-02
U-232 42e-04 5.6e-05 2.6e-04 9.1e-04 1.3e-03 4.6e-04 6.1e-05 2.9e-04 i.0e-03 1.5e-03
U-2330^._t>.-t<--.-t.0e-04,>-A;565-5 t22 0,=,3e4,-.,11 4,,.e0S;7e0;.-:.e,,av.
U-234 - .Oe-04 1.3e-05 6.4e-05 2.2e-04 3.2e-04 - 1.e-04 1.5e-05 7.0e-05 2Ae-04 3.6e-04
U-235 92e-05 1.2e-05 5.8e-O5 2.0e-04 2.9e-04 1.0e-04 1.3e-05 6.4e-05 2.2e-04 3.3e-04
U-236 9.3e-05 t.2e-05 5.9e-05 2.0e-04 2.9e-04 1.0e404 1Ae4-5 6.5e-05 2.3e-04 3.4e-04
U-238 8.7e-05 1.2e-05 5.5e-05 1.9e-04 2.7e-04 9.7e.-5 1.3e.-5 6.1e-05 2.te-04 3.le-04
Np.t237i ;.f 0.0:0o.Oe+0.0 0O.0e+00 ',.0e+0 .0 0 .. ' e0+0 .Oe+00O.0+0,0.0 + 0.0 50

Pu-236 2.1 e-04 2.7e-05 1.3e04 4.5e-04 6.5e-04 2.3e-04 3.0e4-5 1.5e-04 5.0e-04 7.3e-04
Pu-238 5.0e-04 6.7e-05 3.2e-44 1.1 e-03 1.6e-03 5.6e-04 7.3e4-5 3.6e-04 1.2e-43 1.8e-03
Pu-239 5.5e-04 7.3e05 3.5e-04 1.2e-03 1.7e-03 6.2e-O4 7.9e-05 3.9e-44 1.3e-03 1.9e-43

Pu24 5.5e-04 7.3e-05 3.5e-04 1.2e-03 3.7e43 62e-04 7.9e-05 3.9e-04 .3e-03 1.93-03
iu--24i1' .70 ~".3- 6 44; _
Pu-242 5.2e-04 6.8e-05 3.3e-04 1.1 e-03 1.6e-03' 5.8e-04 7.4e.-5 3.6e-04 1.3e-03 1.8e-03
Pu-244 5.2e404 6.9e-05 3.3e-04 1.1e-03 1.6e-03 5.8e-04 7.5e.-5 3.7e04 1.3e-03 1.8e-03
Am-241 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Am-242m O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0 O.Oe+O00 O.Oe+O0 0.Oe+00 O.Oe+OO O.Oe+OO O.Oe+O0
-243;t - ,'0.0e400 ''..-0;0+00; 0 0e W e +0~:0t0z.O O+OO .0.0e0 Oj:0. 002O.eO.Oe OOe0 "-O COoe,+0

Cm-242 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.OeO0 O.Oe+00 O.Oe+00 O.e+.00
Cm-243 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-244 O.Oe+00 O.Oe+00 O.Oe+00 -0 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-245 O.Oe+00 O.Oe+00' O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+000 O.Oe+0O
Cm-,246,'O.Oe+ !-e,OO3 WOOeO, 0O.Oe+,,W ^:'O.Oe+OO ;' 'O~;Oe,,: OO+O-0OO+~- Oe+OO, ,OO+I
Cm-247 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-248 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Bk-249 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-248 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 _O.Oe+W O.Oe+OO O.Oe+00 O.Oe+WO.Oe+00 O.Oe+00
Cf-2i9 ' -,0.0.400 j" .OOe+0 .00 . '-O.Oe+O0, 0.0e400 . 0.0e+00 0 .-. O.Oe,+O 0.Oe'0_0.
Cf-250 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00
Cf-251 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
Cf-252 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-254 O.0e+00 'O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Es-254 =- 0.0'00 Oe0 0.e+00'- O.Oe+0-00 00.0 0 60.000 - O O 0.00+00' 00.400 O0e+W

Note: To convert these values to conventional units (mremly per pCig or mrem/y per pCicm2), multiply by 3.7e-3
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Normalized Effective Doses from Aluminum Appendix H-2
Normalized Effective Doses from Aluminum Appendix H-2

Table H2.15 Normalized effective doses from external exposure: Airborne emissions

Radionuclide Mass-based effective dose (pSv/y per BqIgg _
Mean 5th 50th 90th 95th

Surficial effective dose (uSvly per BqIcm2)
Mean 5th 50th 90th 95th

H-3 O.Oe+O0 O.Oe+0O O.Oe+00 O.Oe+00O O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
C-14 O0.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Na-22 0.Oe+OO O.Oe+O0 O.Oe+OO O.Oe+OO O.Oe+0O O.Oe+00 O.Oe+OO O.Oe+O0 O.Oe+OO O.Oe+0O
P-32 2.0e-08 1.4e-09 1.Oe-08 4.8e-08 7.2e-08 2.3e-08 1.6e-09 1.1e-08 5.4e-08 8.1e-08
' -3~ ' ~ ~§;,.0.0e+.00'. O.0 ~0e 00 20. e+,.O> '7 O.Oe+00,>'7.0e+00* --. .~OO';O.Oe,' O
CI-36 O.Oe+OO O.Oe+O0 O.Oe+OO O.Oe+OO O0.Oe+OO O.Oe+OO O.Oe+O0 O.Oe+OO O.Oe+OO O.Oe+00
K-40 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+OO, O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+OO
Ca-4l O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+OO 0.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Ca-45 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+O0 O.Oe+0O O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Cr-51 2.3e-08 2.3e-09 1.4e-08 5.Oe-08 7.4e-08 2.5e-08 2.5e-09 I.5e-08 5.7e-08 8.2e-08
Mn-53 O.Oe+OO O.Oe+0O O.Oe+0O O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+O0 O.Oe+00
Mn-54 3.2e-06 4.2e-07 2.1 e-06 6.9e-06 9.8e-06 3.5e-06 4.6e-07 2.3e-06 7.7e-06 1.1-S05
Fe-55 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+OO
;F.e59Ž,'-, 8.0e-0 7g10 07t_ 5.le,-OJ >,1-.8e982 2.5'8; &.9e 07, :1.1 '--1iO7,F57,e 7^i;1 i9e.OBSJ "2.8 e 6,
Co-56 4.7e-06 6.3e-07 3.1 e-06 1.0e-05 1.5e-05 5.3e-06 7.0e-07 3.4e-06 1.1e-OS 1.6e-05
Co-57 4.1 e-07 5.5e-08 2.7e-07 8.8e-07 1.2e-06 4.6e-07 6.1e-08 3.0e-07 9.7e-07 1.4e-06
Co-58 1.2-06 1.6e-07 7.8e-07 2.6e-06 3.7e-06 1.3e-06 1.8e-07 8.7e-07 2.9e-06 4.2e-06
Co-60 1.3e-05 1.8e-06 8.8e-06 2.8e-05 4.0e-OS 1.5e-OS 2.0e-06 9.7e-06 3.1e-05 4.5e-05
Ni-5-9-;,'7 j.t.O~+0>O.+e++O 0 0 .Oe .00+O0O0"bi.OeoO --O.Oe,+O0 0.Oe+OO,

NI-63 O.Oe+O0 O.Oe+OO O.Oe+0 O.Oe+00 O.Oe+O.e O.Oe+OO 0.00 0.Oe+OO O.Oe+O0 O.Oe+OO
Zn-65 1.9e-06 2.6e-07 1.2e-06 4.1e-06 5.9e-06 2.1e-06 2.9e-07 1.4e-06 4.6e-06 6.6e-06
As-73 1.6e-08 1.9e-09 1.Oe-08 3.6e-08 5.Oe-08 1.8e-08 2.1e-09 1.1e-08 4.0e-08 5.6e-08
Se-75 1.7e-06 2.0e-07 1.e-06 3.8e-06 5.4e-06 1.9e-06 2.2e-07 1.2e-06 4.3e-06 6.0e-06
Sr.-85~~ i O.eOO, o, e01 .e+O~OO °b.-O.Oe,,0 X 0 OOe+0OO-. O.Oeot '00 ,o' .Oe,~ _~.' o
Sr-89 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+OO
Sr-90 O.Oe+OO O.0O+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
Y-91 O0.Oe+OO O.Oe+OO O.Oe+OO O.0e+OO O.Oe+00 O.Oe+OO 0.Oe+0O O.Oe+00 O.Oe+00 O.Oe+OO
Zr-93 O.0e+OO O.Oe0OOeO0Oe+00 ,. e00 0e+OO O.Oe+00 -. Oe+OO O.Oe+OO

1" :'. 4.ie-06'-2.e07,A ,2.8e 6•Ai. 0 05A e.5eo5:
Nb-93m 4.2e-09 5.7e-10 2.7e-09 9.0e-09 1.2e-08 4.6e-09: 6.2e-10 3.0e-09 1.06-08 1.4e-08
Nb-94 9.3e-06 1.3e-06 6.1e-06 2.0e-05 2.8e-05 1.0e-05 1.4e-06 6.8e-06 2.3e-05 3.1e-05
Nb-95 3.8e-07 4.7e-08 2.3e-07 8.2e-07 1.2e-06 4.2e-07 5.2e-08 2.6e-07 9.2e-07 1.3e-06
Mo93 5.1e-08 6.1e-09 3.2e-08 1.1e-07 1.6e-07 5.7e-08 6.6e-09 3.6e-08 1.2e-07 1.8e-07
To-97,j> , ,,,i',6.2e-08;7.1e-9 _4.0e-O8'i,..38-O, 1.9e .4iK89e08.' _7i76.09<W4.4 08 15e 7 ~2;1e,-0,7'
Tc-97m 1.6e-08 1.8e-09 9.9e-09 3.4e-08 4.8e-08 1.7e-OB 1.9e-09 1.1e-08 3.8e-08 5.4e-08
Tc-99 8.6e-10 9.9e-11 5.5e-10 1.9e-09 2.6e-09 9.6e-10 1.1e-10 6.1e-10 2.1e-09 2.9e-09

Ru-103 O.Oe+00 O.Oe+00 O.Oe+ 00 0.Oe+OO 0.00+00 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+00
Ru-106 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+00 0.00+00 O.Oe+OO O.Oe+OO O.Oe+00

K1m_ O.Oe+, O.Oi+ -'O.e+ O.Oe+00',O.Oe+ 0 ,tO eOe+ O-.OIOo0
Ag-i I0m O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+0O
Cd-109 1.1e-07 1.5e-08 7.4e-08 2.4e-07 3.5e-07 1.3e-07 1.7e-08 8.2e-08 2.7e-07 3.9e-07
Sn-113 1.2e-06 1.4e-07 7.4e-07 2.6e-06 3.6e-06 1.3e-06 1.5e-07 8.2e-07 2.9e-06 4.1e-06
Sb-124__ 3.9e-06 4.2e-07 2.4e-06 8.5e-06 1.2e-05 4.3e-06 4.7e-07 2.7e-06 9.6e-06 1.4e-05
S125: i6 ' 7ew 6, .3e 7, ,.3.0e,-06j0h'.Oo-O<1.50 S.306 6.0.- 3.3e 06' -1.2 1
Te-123m 6.3e-07 7.1e-08 4.0e-07 1.4e-06 1.9e-06 7.0e-07 7.8e-08 4.4e-07 1.5e-06 2.2e-06
Te-127m 8.1e-08 9.2e-09 5.1e-08 1.8e-07 2.5e.-7 9.0e-08 1.0e-08 5.7e-08 2.0e-07 2.8e-07
1-125 4.8e-07 8.1e-08 3.8e-07 9.5e-07 1.2e-06 5.3e-07 8.9e-08 4.2e-07 1.1e-06 1.4e-06
1-129 1.7e-06 3.Oe-07 .e-06 3.4e-06 4.3e-06 1.9e-06 3.3e-07 1.5e-06 3.8e-06 4.8e-06

I1-1i .ie' Oi,j 6-.9 0' 6.9e-08'- I"'Aa4,7', 6 .6e, 7;'_--*iP927 >-- e0 , 7.7
Cs-134 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+00 0.Oe+OO O.Oe+OO O.Oe+OO
Cs-135 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+00
Cs-137 O.Oe+OO O.O e+OO O.Oe+OO O.Oe+OO 0.O8+00 O.Oe+ 00 O.Oe+00 O.Oe+OO O.OOO O.Oe+OO
Ba-133 1.7-06 2.2e-07 1.1e-06 3.6e-06 5.3e-06 1.9e-06 2.4e-07 1.2e-06 4.0e-06 5.8e-06
C0i39.'.; .O.0e 0- 0Oe+00 - 0 '.00+0. O 'z.;+O-Oet, O4OO-_ O.Oe+OO'
Ce-141 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.e+OO O .Oe+OO00 O.Oe+OO O.Oe+OO
Ce-144 O.Oe+00 O.Oe+00 O.0e+OO O.Oe+00 O.Oe+OO O.0e+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Pm-147 O.0e+OO O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+OO
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Appendix H-2 Normalized Effective Doses from Aluminum

Table H2.1 5 Normalized effective doses from external exposure: Airborne emissions
Mass-based effective dose (IpSv/y per Bq/g) Surficial effective dose (pSv/y per BqIcm2)

Radionucide -Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
Sm-151 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Eu-152--', tO.Oe+OO',0,e4OO',-Qe .. Oe+,O O.Oe+OO :--O.Oe+00 ' 'O O,, e+O.. O
Eu-154 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+O0
Eu-155 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+O0
Gd-153 O.Oe+00' O.Oe+DO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 0.Oe+00 O.0e+ O.Oe+00
Tb- 160 O.Oe+OO 0.Oe+OO O.Oe+00 O.Oe+OO O.Oe+O0 O.Oe+0O 'O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 -

tb-0e;;0e±00 .;e.020.0e;0'Wrn- 1,i0 -.~ ',>-¾',O.e+0O ,.- O.Oe+OO '_O.Oe+OO L0.S0 100+,Oe+0 rt,_O;Oe+00_Oi.Oe+0 -t--~ 0.o
Tm-171 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
Ta-182 5.4e-06 6.5e-07 3.4e-06 1.2e-05 1.7e-05 - 6.0e-06 7.2e-07 3.7e-06 1.3e-05 1.9e-05
W-181 1.6e-07 1.9e-08 I.Oe-07 3.6e-07 5.1e-07 1.8e-07 2.0e-08 1.Ie-07 4.1e-07 5.8e-07
W-185 5.1e-10 5.8e-1 3.2e-10 1.1e-09 1.6e-09 5.7e-10 6.3e-1 3.5e-10 1.3e-09 1.8e-09
os-185'•.y-,' 2.5e-06 .92.9e-0j-,1.6e'06j'5.7e-06,.7.96,e 20 06 9, 3 2e07 J.8.06C-6.06
Ir-192 2.2e-06 2.5e-07 1 Ae-06 4.9e-06 7.1e-06 2.5e-06 2.8e-07 1.6e-06 5.5e-06 8.0e-06
Tl-204 1.3e-07 1.5e-08 8.2e-08 2.8e-07 4.1e-07 1.4e-07 1.6e-08 9.0e-08 3.1e-07 4.5e-07
Pb-210 4.8e-07 5.8e-08 3.1 e-07 1.Oe-06 1.5e-06 5.4e-07 6.4e-08 3.4e-07 1.2e-06 1.7e-06
Bi-207 1.9e-05 2.3e-06 1.2e-05 4.2e-05 5.8e-05 2.1 e-05 2.6e-06 1.3e-05 4.6e-05 6.5e-05

i ; II-" .e5OZ..5.e0

Ra-226 O.Oe+00 O.Oe+O0 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
Ra-228 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ac-227 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+O0 O.Oe+OO O.Oe+00 O.Oe+OO
Th-228 O.Oe+OO O.Oe+00 O.Oe+0O O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O

29,, ~.0'^ .e+OO 12= O.Oe+0>.-O.O7 aQ~~fOeO -' O OeO & O ;I~ .OeOO , -~ 0.J+0 OOe+00; .0O §Oe'O l_
Th-230 O.Oe+00 O.Oe+OO' O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00-
Th-232 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
Pa-231 5.0e-07 6.0e-08 3.1e-07 1.1 e-06 1.6e-06 5.5e-07 6.6e-08 3.5e-07 1.2e-06 1.7e-06
U-232 3.6e-09 4.2e-10 2.2e-09 '7.9e-09 1.1e-08 4.0e-09 4.7e-I 0 2.5e-09 8.9e-09 1.2e-08
U233, .''Z2.7e -39 t3.2,10 '' e6e9 959e09 89
U-234 2.6e-09 3.1e-10 1.6e-09 5.8e-09 8.1e-09 2.9e-09 3.4e-10 1.8e-09 6.5e-09 8.9e-09
U-235 6.9e-07 8.2e-08 4.3e-07 1.5e-06 2.1e-06 7.7e-07 9.0e-08 4.8e-07 1.7e-06 2.4e-06
U-236 2.2e-09 2.6e-10 1.4e-09 5.0e-49 6.9e-09 2.5e-09 2.9e-10 1.5e-09 5.5e-09 7.7e-09
U-238 ' 5.3e-07 6.3e-08 3.3e-07 1.2e-06 1.6e-06 5.9e-07 6.9e-08 3.6e-07 1.3e-06 1 .8e-06
NO-23e 0.Oe+00 < 0.0+O00 . O.0et00O0. e+0OO^O.e O O.Oe+,OO-'_,OOe O.Oe+0, 'jO.Oe+40 Oe00
Pu-236 2.8e-09 3.3e-10 1.8e-09 6.3e-09 9.0e-09 32e-09 3.7e-10 2.0e-09 7.0e-09 I.Oe-08
Pu-238 2.8e-09 32e-10 I.7e-09 6.1e-09 8.8e-09 3.1e-09 3.6e-10 1.9e-09' 6.8e-09 9.8e-09
Pu-239 1.3e-09 I.5e-10 8.0e-I0 2.8e-09 4.0e-09 IAe-09 1.6e-10 8.8e-10 3.1e-09 4.5e-09
Pu-240 2.7e-09 3.1e-10 1.7e-09 5.9e-09 8.4e-09 3.0e-09 3.5e-10 1.9e-09 6.6e-09 9Ae-09

Pu-242 2.2e-09 2.6e-1 0 1.4e-09 4.9e-09 7.0e-09 2.5e-09 2.9e-1 0 1.5e-09 5.4e-09 7.8e-09
Pu-244 1.7e-06 2.0e-07 1.1e-06 3.9e-06 5.5e-06 1.9e-06 2.3e-07 1.2e-06 4.3e-06 6.1e06
Arn-241 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Arn-242m O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+OO O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
&T 243 0.0e40 -,OOe,+00_0t'p.0,00 0-.0.00 e O.Oe+0 ,>- ' .0.00+ O .OeOOA. 0 00
Cm-242 O.Oe+OO O.Oe+OO 0.0e+00 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+OO
Cm-243 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-244 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-245 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 . O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm,-246 ;- ,',,'0.00.O+00 ,90.0et00 7:.0e+000e+ 00i_'O.Oe+,O0 iXO.e+00O r0 O+0 .0000-.0+0>.e.
Cm-247 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-248 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Bk-249 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-248 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O
Cf-245 O.Oe+00 O.Oe+0O O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+.00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00Cf25 .OeG .eO .e0 .e0e+00 +0 0Oe0 0.00 +060.Oe+O. -0e+00., 0.00+00-

Cf-251 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-252 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-254 ' O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Es-254 O.Oe+00 O.Oe+00- O.Oe+00 .. O0Oe+00 '-O.Oe+00 ' O.e+00 O.Oe+0O O.Oe+00 O.0e+00 'O;Oe+00 -

Note: To convert these values to conventional units (mremfy per pCVg or mrem/y per pCcmr2), multiply by 3.7e-3
_-2 _UiG14
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Normalized Effective Doses from Aluminum Apptendix H-2
Normalized Effective Doses from Aluminum A�vendix H-2

Table H2.16 Normalized effective doses from Inhalation: Airborne emissions
Radionuclide -Mass-based effective dose (uSv/y per Bq/g)

Mean 5th 50th 90th 95th
Surficial effective dose (pjSvly per BqIcm2)

Mean 5th 50th 90th 95th
H-3 1.6e-08 5.8e-09 1.4e-08 2.7e-08 3.2e-08 1.8e-08 6.3e-09 1.6e-08 3.0e-08 3.7e-08
C-14 O.Oe+00 O.Oe+O0 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+OO O.Oe+OO O.Oe+OO O.Oe+00
Na-22 O.Oe+OO O.Oe+00 0.Oe+OO O.Oe+00 O.Oe+00 O.Oe+0O 0.Oe+OO O.e+0O O.Oe+OO O.Oe+00
P-32 8.5e-09 6.2e-10 4.3e-09 2.0e-08 3.1e-08 9.5e-09 6.8e-10 4.8e-09 2.2e-08 3.4e-08
'*' 5il',OOe+OO -. 'O;O - e O.0e+,O~z:0.&±00Ie 00&Oe+OOO.0 -0t e'
CI-36 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+OO
K-40 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 0.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
Ca-41 O.Oe+00 O.Oe+OO O.0e+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00
Ca-45 O.Oe+0O O.0e+OO 0 O.Oe+O O.Oe+O0 .O.Oe+O0 O.Oe+00 O.0e+O0 O.Oe+00 O.Oe+O0
S46 ,I;. 0.Oe+00 :'.; O.Oe.+'0 , 0.dO0 0.0e±000.0e+00-O.00 *.0Oe, O .e+ , OOe
Cr-S1 6.3e-10 6.7e-1 1 3.8e-10 1.4e-09 2.0e-09 7.0e-10 7.5e-11 4.2e-10 1.6e-09 2.3e-09
Mn-53 8.5e-10 1.3e-10 5.6e-10 1.8e-09 2.6e-09 9.5e-10 1.4e-10 6.2e-10 2.0e-09 2.9e-09
Mn-54 2.3e-08 3.4e-09 1.5e-08 4.9e-08 7.0e-08 2.6e-08 3.8e-09 1.6e-08 5.5e-08 7.7e-08
Fe-55 5.9e-09 9.0e-10 3.9e-09 1.3e-08 1.8e-08 6.6e-09 9.8e-10 4.3e-09 1.4e-08 2.0e-08
FJ5.1e-09 -8 _18 2e-07.'_A 8 56e ;': .. 6e-08- 8.9e -08,P1.3e-0
Co-56 7.9e-08 1.2e-08 5.1e-08 1.7e-07 2.4e-07 8.8e-08 1.3e-08 5.7e-08 1.9e-07 2.6e-07
Co-57 1.4e-08 2.1e-09 9.3e-09 3.0e-08 4.1e-08 1.6e-08 2.4e-09 1.0e-08 3.3e-08 4.7e-08
Co-58 2.4e-08 3.6e-09 1.6e-08 5.2e-08 7.3e-08 2.7e-08 3.9e-09 1.7e-08 5.8e-08 8.2e-08
Co-60 4.7e-07' 7.1e-08 3.1e-07 9.9e-07 1.4e-06 5.2e-07 7.9e-08 3.4e-07 1.1e-06 1.5e-06
N59't<',V 3.0e-09 9 e04'.5e 10. ' 1.9e09e-09 '-:-8.9o 2 3.-,4.9o-1O 21e 09 ;.0e-9;1.0e-08:1
NI-63 7.2e-09 1.1e-09 4.7e-09 1.5e-08 2.2e-08 8.1e-09 1.2e-09 5.2e-09 1.7e-08 2.4e-08
Zn-65 4.3e-08 6.5e-09 2.8e-08 9.2e-08 1.3e-07 4.8e-08 7.1e-09 3.1e-08 1.Oe-07 1.5e-07
As-73 2.4e-08 3.1e-09 1.5e-08 5.3e-08 7.5e-08 2.7e-08 3.4e-09 1.7e-08 5.9e-08 8.4e-08
Se-75 2.9e-08 3.6e-09 1.8e-08 6.1e-08 9.1e-08 3.2e-08 4.0e-09 2.0e-08 6.9e-08 1.0e-07

S.5m.'-r, O.Oe+OO r,£ , .0e+OOO.0e+00O.0, Oe+0&LO.iOe. x, ,O.,Oe+ooj '.Oe,+, o0'.oe'0 o O e .Oe+,OO' ,O.
Sr-89 O.Oe+00 0.Oe+OO O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO 0.Oe+OO O.Oe+0O O.Oe+00 O.Oe+00
Sr-90 O.Oe+OO 0.Oe+OO O.0e+0O O.Oe+OO O.Oe+OO00 O.e+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00.
Y-91 O.Oe+00 O.Oe+00 O.0e+OO O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr-93 8.0e-07 5.9e-08 5.0e-07 1.8e-06 2.5e-06 8.9e-07 6.4e-08 5.5e-07 2.0e-06 2.9e-06
Zr-95. -. 'i2.7eO07,'2g.i9'.9e-08.H;1 7e-.2e 8 7 9 7i 3.06 7- ,1 8 e 7 ,6.8e0 07 1.0e-
Nb-93m 2.6e-08 4.0e-09 1.7e-08 5.6e-08 7.9e-08 2.9e-08 4.4e-09 1.9e-08 6.3e-08 8.7e-08
Nb-94 7.4e-07 1.1e-07 4.9e-07 1.6e-06 2.2e-06 8.2e-07 1.2e-07 5.4e-07 1.8e-06 2.5e-06
Nb-95 1.5e-08 2.1e-09 9.5e-09 3.3e-08 4.7e-08 1.7e-08 2.3e-09 1.Oe-08 3.7e-08 5.3e-08
Mo-93 7.6e-08 1.Oe-08 4.9e-08 1.6e-07 2.3e-07 8.5e-08 1.1 e-08 5.4e-08 1.9e-07 2.6e-07
Tc-97.-., ' 7;3o-a9v '9.5- I0__-t',4.7 09__16-08-,22e84 -- .- e
Tc-97m 8.4e-08 1.0e-08 5.3e-08 1.9e-07 2.6e-07 9.4e-08 1.2e-08 5.9e-08 2.1e-07 2.9e-07
TO-99 1.4e-07 1.8e-08 8.6e-08 2.9e-07 4.2e-07 1.5e-07 1.9e-08 9.6e-08 3.3e-07 4.6e-07
Ru-103 O.Oe+0O 0.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+0O O.Oe+00 O.Oe+OO
Ru-106 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
A0108m0{! -,0.0O+00i0.0e,,0'O0Oe O,. O.O+0 0.Oe +00 O
Ag- lOmO O.Oe+O.+00 0+00 O.Oe+OO O .Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+00
Cd-109 9.9e-08 1.4e-08 6.4e-08 2.1e-07 3.0e-07 1.1e-07 1.6e-08 7.1e-08 2.4e-07 3.4e-07
Sn-1 13 7.2e-08 9.3e-09 4.6e-08 1.6e-07 2.3e-07 8.1e-08 1.0e-08 5.1e-08 1.7e-07 2.5e-07
Sb-124 1.Se-07 1.9e-08 9.4e-08 3.3e0, 4.7e-07 1.7e-07 2.0e-08 1.0e-07 3.7e-07 5.2e-07
S i25. :' , 1.8e 07'. 2.3e 08 -- 1.1o07J3.90-07 5.5e 07 ,V 2.0e 07, -2.6e08'1.3o-072. 4.3e 07'.* 26.2e:07.I
Te-123m 1.e-07 1.4e-08 7.1e-08 2Ae-07 3.6e-07 1.3e-07 1.6e-08 7.8e-08 2.7e-07 4.0e-07
Te-127m 2.1e-07 2.7e-08 1.3e-07 4.5e-07 6.6e-07 2.3e-07 2.9e-08 1.4e-07 5.1e-07 7.3e-07
1-125 8.7e-07 1.6e-07 7.0e-07 1.7e-06 2.1e-06 9.6e-07 1.8e-07 7.7e-07 1.9e-06 2.4e-06
1-129 8.5e-06 1.7e-06 7.0e-06 1.7e-05 2.0e-05 9.5e-06 1.9e-06 7.7e-06 1.8e-05 2.3e-05
i-13t '9g" ' 2.8e-07fi 1 .2e S08, '^,1.e0%.4 7 .1 6, .''z31 07 3e48 -"J',.0 8.2

Cs-134 O.Oe+00 0.0e+OO O.Oe+00 O.Oe+00 O.0e+OO O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
Cs-135 O.Oe+00 0.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+00 O.0e+OO O.Oe+00 0.0e+OO O.Oe+00
Cs-137 O.Oe+00 0.Oe+OO O.Oe+00 O.Oe+00 O.0e+OO O.Oe+00 O.Oe+00 O.Oe+00 O.0e+OO O.Oe+00
Ba-133 1.8e-08 2.6e-09 1.2e-08 3.9e-08 5.6e-08 2.0e-08 2.9e-09 1.3e-08 4.3e-08 6.3e-08
Co-139 . ,': .Oo+00 ,;-'.Oe+OO 0-'O.O 0_0,00 +00 .Oo+0: ~' i-' 0.00+00'. - 4OO~'f, 0.Oe+00 '7i .Oe+00e-0.0OOE

Ce-141 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+O0 O.e+OO0
Ce-144 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+OO O.0e+OO
Pm-147 O.Oe+OO O.Oe+OO 0.Oe+OO 0 .Oe+OO 0.0e+00 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO00 .Oe+OO
NUEG 1_4 _H. _
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Appendix H-2 Normalized Effective Doses from Aluminum

Table H2.16 Normalized effective doses from Inhalation: Airborne emissions
Mass-based effective dose (pSvty per Bqlg) Surficial effective dose (pSv/y per Bq/cm2)

Radionucide Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
SM-151 _ O.Oe+00 O.e+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
Eu-152 ;~_ - >.Oe+ +O e p.0e+OO.0e+00 '0.0e404'8O.0e+00 '6 C0.OeO O.' 0.0e+O,0,0O.0e+OO',
Eu-1 54 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Eu-155 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
Gd-153 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Tb-1 60 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
tm-170 0,0; : O.Oe+O I -O O .Oe
Trn-171 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ta-I 82 2.8e-07 3.7e-08 I .8e-07 6.1 e-07 8.7e-07 3.1 e-07 4.0e-08 1 .9e-07 6.7e-07 9.7e-07
W-181 8.1e-10 1.0e-10 5.1e-10 1.8e-09 2.5e-09 9.0e-10 1.1e-10 5.7e-10 2.0e-09 2.8e-09
W-185 3.7e-09 4.6e-10 2.3e-09 8.0e09 1.1e-08 4.1e-09 5.0e-10 2.6e-09 9.Oe-09 1.3e-08
Os-185' Li-_4.l1e-08 i52e09 '2.6e.89.2ew08, ,1 e:7,,70Th4.6e408 .5.8e-09' 2.9e-8 ;5i.0&07>,u1.5&047
Ir-192 1.6e-07 2.0e-08 1.Oe-07 3.6e-07 5.1e-07 1.8e-07 2.2e-08 -1.le-07 4.0e-07 5.6e-07
T1-204 1.5e-08 1.9e409 9.5e-09 3.2e-08 4.6e-08 1.7e-08 2.1e-09 1.1e-08 3.6e-08 5.2e-08
Pb-210 1.Ae-04 1.9e-05 8.7e-05 3.0e-04 4.3e-04 1.5e-04 2.1 e-05 9.6e-05 3.3e-04 4.8e-04
Bi-207 1.8e-07 2Ae-08 1.2e-07 3.9e-07 5.5e-07 2.0e-07 2.6e-08 1.3e-07 4.3e-07 6.2e-07
P2-i0<tT 8e.05 1.le-05I A5.50 ie - 2.7ee0 ,2 :.2005. 6.1e 5! 2S_ 3.O0v 4 5

Ra-226 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
Ra-228 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ac-227 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
Th-228 O.Oe+00 O.Oe+OO O.Oe+00_OOe+00 O.Oe+0O O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+0O O.Oe+O0

Th-230 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-232 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pa-231 4.5e-03 5.9e-04 2.9e-03 9.7e-03 1.4e-02 5.0e-03 6.5e-04 3.2e-03 1.1e-02 1.6e-02
U-232 4.le-04 5.3e-05 2.6e-04 8.9e-04 1.3e-03 4.5e-04 5.8e-05 2.8e-04 9.8e-04 1.5e-03
U-233 , -+t ' 0e-0 505;6,4e, 5%2.2e.04 -;,-,,3.2e.4 e4,4, .;1.Se-05 e-,0 - 2.4e- L3.6e-041
U-234 9.9e-05 1.3e-05 6.2e05 2.2e-04 3.1e-04 1.1e-04 1.Ae-05 6.9e05 2.4e-04 3.5e-04
U-235 8.9e-05 1.2e-05 5.6e-05 2.0e-04 2.8e-04 1.0e-04 1.3e-05 6.2e-05 2.2e-04 3.2e-04
U-236. 9.2e-05 1.2e-05 5.8e-05 2.0e-04 2.9e-04 I.Oe-04 1.3e-05 6.4e-05 2.2e-04 3.3e-04
U-238 8.5e-05 _1.1e-05 5.4e-05 1.9e-04 2.7e-04 9.5e-05 1.2e-05 5.9e-05 2.1e-04 3.1e-04
Np2371 0.00+00>0.00+00- O0.0e+00-,.^O.0e+OO"_O.e+I0 , ,0O.0e+0O00.0'O>.00e
Pu-236 2.0e-04 2.6e-05 1.3e-04 4.5e-04 6.4e-04 2.3e-04 2.9e-05 1.4e-04 5.Oe-04 7.2e-04
Pu-238 5.0e-04 6.5e-05 3.2e-04 1.1e-03 1.6e-03 5.6e-04 7.1e-OS, 3.5e-04 1.2e-03 1.8e-03
Pu-239 5.5e-04 7.1e-05 3.5e-04 1.2e-03 1.7e-03 6.1e-04 7.7e-05 3.8e-04 1.3e-03 1.9e-03
Pu-240 5.5e-04 7.1e-05 3.5e-04 1.2e-03 1.7e-03 6.1e-04 7.7e-05 3.8e-04 1.3e-03 1.9e43
P~u-241f. ½,',':, ~e9.80-06ii1.3e:06L 6.30-0&2.10-05__,3.I0-,O5:7S .fi1?e0521.40-06 6.9e6 ,-j'2.4e~05'3.bs5F
Pu-242 5.1e-04 6.7e-05 3.3e-04 1.1e-03 1.6e-03 5.7e-04 7.2e-05 3.6e-04 1.2e-03 1.8e-03
Pu-244 5.1e-04 6.7e-05 3.3e-04 1.1e-03 1.6e-03 5.7e-04 7.2e-05 3.6e-04 1.2e-03 1.8e-03
Am-241 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Am-242m 0.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0
Am-243>-,+=' '''- .Oe+00__00e+00 O~.Oe+OO0'f.Oe+ O,',O.Oe+ OO..e+>iO.0e .O.e+00 -00 00 +;0.Oe+00 I,0.be+:
Cm-242 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-243 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-244 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-245 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
PCm-246 - 0.000 .e+ 00O_.Oe+00-,..O'.0 ii0 +4O'6.O-e-tOO_ 6:~.0e+i00 .0 ae+00 ~0.0-,66e+00 ;60.0+0 %0.66oe+
Cm-247 O.Oe+00. O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.00.00 O.Oe+00 O.Oe+00 OO.e00
Cm-248 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Bk-249 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-248 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Cf-250 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-251 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-252 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
Cf-254 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 - O.Oe+OO O.Oe+OO O.Oe+OO
Cf-254 - O.Oe+00 O.Oe+0O O- .Oe+OO & O.Oe+OO O0.Oe+OO . OO.Oe+O0 O.Oe+00 O.Oe+00
NEs-:To convertthese values-Ooe+OO:-en+iOnalO.nits O.Oe+OO p.er p o.C O e+re p 0.0, m 0.00+0 O.Oe+OO 0.ye+oo.
Note: To convert these values to conventbonal units (mrem/y per pCilg or mremly per pCilcm2). multiply by 3.7e-3
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Normalized Effective Doses from Aluminum Appendix H-2

Table H2.17 Normalized effective doses from Ingestion: Airborne emissions
Radionuclide -Mass-based effective dose (pSv/y per Bq/g)

Mean 5th 50th 90th 95th
Surficial effective dose (puSvy per Bqlcml

Mean 5th 50th 90th 95th
H-3 6.1e-09 1.8e-09 4.7e-09 1.ie-08 1.5e-08 6.8e-09 2.0e-09 5.3e-09 1.3e-08 1.7e-08
C-14 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
Na-22 O.Oe+00 O.Oe+00' O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0
P-32 1.1 e-07 8.1e-09 5.6e-08 2.7e-07 4.1e-07 1.3e-07 8.9e-09 6.2e-08 3.0e-07 4.6e-07
S35Zi-0.0e400Oje O.O 00 .i000+ -,' O.Oe' eO .Oe±0O+O<' +O0O.Oe+O0,' 0.0e,+0 O .Oe+oo0j
CI-36 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
K-40 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+0O O.Oe+O0 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00
Ca-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-45 O.Oe+00 O.Oe+00' O.Oe+00 O.Oe+00 O.Oe+00 .Oe+00 _.0e+00 .Oe+00 O.Oe+00 O.Oe+00

'i 0 e -:ooo+,o0:.' 0.0;O.Oe -''e. 0 00, , 0.e+0O~; O.Oe+O0.,O.Oe 00,
Cr-51 2.1e-09 2.6e-10 1.3e-09 4.7e-09 6.8e-09 2.3e-09 2.8e-10 1.4e-09 5.2e09 7.6e-09
Mn-53 1.8e-09 3.0e-10 1.2e-09 3.8e-09 5.3e-09 2.0e-09 3.3e-10 1.3e-09 4.3e-09 5.9e-09
Mn-54 3.4e-08 6.0e-09 2.3e-08 7.3e-08 1.0e-07 3.8e"8 6.5e-09 2.5e-08 8.2e-08 1.1e-07
Fe-55 3.0e-08 4.8e-09 1.9e-08 6.6e-08 9.3e-08 3.4e-08 5.3e-09 2.2e-08 7.5e-08 1.Oe-07
Fe~~.;59 7.^-0 .';7.2e- 08 .i084.',';'.6e'07, : .3e- 08_ 8.;zj .2e8-08 08'- 5.00-08 Q1.70:2.5,7j
Co-56 2.0e-07 2.3e-08 1.ie-07 4.3e-07 6.5e-07 2.2e-07 2.6e-08 1.2e07 4.8e 07 7.3e-07
Co-57 2.4e-08 2.9e-09 1.3e-08 5.3e-08 8.1e-08 2.7e-08 3.2e-09 1.5e808 5.9e-08 8.9e-08
Co-58 5.5e-08 6.6e-09 3.0e-08 1.2e-07 1.8e-07 6.2e-08 7.2e-09 3.3e-08 1.3e-07 2.0e-07
Co-60 4.6e-07 5Ae-08 2.5e-07 9.9e-07 1.5e-06 5.1e-07 5.9e-08 2.8e-07 i.Ie-06 1.7e-06
Ni-59Sj>I- 7.2e'-O9 ,ie-09Hv4,-0e9 1.5e,-08 e-. 212o- i,- 00eO-9.70-,08092.5 5e
Ni-63 1.7e-08' 2.6e-09 i.ie-08 3.6e-08 5.1e-08 1.9e-08 2.8e-09 1.2e-08 4.0e-08 5.8e-08
Zn-65 i.0Oe-06 1.4e-07 6.3e-07 2.2e-06 3.1e-06 1.1e-06 1.6e-07 6.9e-07 2.4e-06 3.6e-06
As-73 3.3e-08 3.6e-09 1.8e-08 7.0e-08 1.1e-07 3.7e-08 4.0e-09 2.0e-08 7.9e-08 1.2e-07
Se-75 1Ae-06 i.1e-07 6.6e-07 3.1e-06 4.8e-06 1.5e-06 1.2e-07 7.3e-07 3.4e-06 5.4e-06

Sr-89 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sr-90 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+O0
Y-91 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+O0 O.Oe+00
Zr-93 5.6e-08 4.7e-09 3.7e-08 1.2e-07 1.7e-07 6.3e-08 5.3e-09 4.1e-08 1.4e-07 1.9e-07
Zr95t'. t 9.9e-O087,8; i We.49 -08-,22-0 31e'0 7e t1; , ,.8.9O9,, 7.i8-08<2 i4e .4e707;34'
Nb-93m 4.8e-09 8.8e-10 3.3e-09 1.0e-08 1.4e-08 5.3e-09 9.6e-10 3.7e-09 1.1e-08 1.5e-08
Nb-94 6.8e-08 1.3e-08 4.7e-08 1.4e-07 2.0e-07 7.6e-08 1.4e-08 5.2e-08 1.6e-07 2.2e-07
Nb-95 8.2e-09 1.4e-09 5.5e-09 1.7e-08 2.4e-08 9.1e-09 1.5e-09 6.1e-09 1.9e-08 2.7e-08
Mo-93 2.9e-07 4.3e-08 1.9e-07 6.1e-07 8.7e-07 3.2e-07 4.7e-08 2.1e-07 6.9e-07 9.6e-07
Te 97fz',_ 5.08, 4.6 2.8 1.3Oi 7_1.9e,, 6.3e 8-jL 5 .1 e-8 9*.r 7
Tc-97m 1.3e-07 1.4e-08 7.2e-08 2.9e-07 4.4e-07 1.5e-07 1.5e-08 8.0e-08 3.3e-07 4.9e-07
Tc-99 5.3e-07 4.3e-08 2.7e-07 1.2e-06 1.8e-06 5.9e-07 4.7e-08 2.9e-07 1.3e-06 2.0e-06
Ru-103 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ru-i 06 O.Oe+00 O.Oe+OO O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+0 O.Oe+0O O.Oe+OO
A.ge108ni;I- 0.Oe 0iO .0e+OL-0 .0e-eO0o.0o+0ŽOe.e +00 O ,.o000 0.0Oe;
Ag-i Oi1m O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cd-109 1.5e-07 2.2e-08 9.0e-08 3.1e-07 4.4e-07 1.6e-07 2.4e-08 1.Oe-07 3.5e-07 4.9e-07
Sn-113 9.5e-08 1.2e-08 5.7e-08 2.0e-07 3.0e-07 1.1e-07 1.4e-08 6.3e-08 2.3e-07 3.3e-07
Sb-124 1.2e-07 1.8e-08 7.9e-08 2.6e-07 3.7e-07 1.3e-07 2.0e-08 8.8e-08 2.9e-07 4.1e-07

* '.. *,;1 07 _1.8i.08e'-87.6*08 n2.4e-07Z3.40 I i.3807~~i.9o-08',t8.4e0 8. 2.7e 0 T3.8e0 78
Te-123m 1.3e-07 1.9e-08 8.4e-08 2.8e-07 4.0e-07 1.5e-07 2.1e-08 9.3e-08 3.2e-07 4.5e-07
Te-127m 2.3e-07 3.3e-08 1.4e-07 4.8e-07 6.8e-07 2.5e-07 3.5e-08 1.6e-07 5.4e-07 7.7e-07
1-125 6.2e-05 1.3e-05 5.0e-05 1.2e-04 1.5e-04 6.9e-05 1.4e-05 5.5e-05 1.4e-04 1.7e-04
1-129 8.5e-04 1.9e-04 6.9e-04. 1.6e-03 2.0e-03 9.4e-04 2.0e-04 7.6e-04 1.8e-03 2.3e-03

i-1 ,-"--, ''~;,.5 6-+*2.2e 07:' 2e Oe 25'v ::' 1.e-05 - > 5.i .e0'1 2;e 6,^- i 4e2 . e 0

Cs-I 34 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0
Cs-1 35 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-137 O.Oe+00 O.Oe+O0 O.Oe+0O O.Oe+O0 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ba-133 3.1e-08 5.5e-09 2.1e-08 6.5e-08 9.0e-08 3.4e-08 6.1le-09 2.3e-08 7.2e-08 1.0e-07
Ce-i39,',-. . 0&''O.Oe+OO '0.e+00 6 O. 0 0.,,,O.Oe+O0 O.0+0 7:6 ,0.-0+0 O ° O-: .06+00-.Oe+00A,0.Oe400,
Ce-141 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ce-144 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pm-147 O.Oe+1 O O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
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Appendix H-2 Nornialized Effective Doses from Aluminum
Table H2.17 Normalized effective doses from Ingestion: Airbome emissions

Radionuclide Mass-based effective dose (pSv/y per BqIg) Surficial effective dose (pSv/y per Bqtcm2)
R Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

Sm-151 O Oe+OO O.Oe+0O O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+O0
Eu-I 52 ' '0.0e+00etO O XO.0e+00 7,0.0e+ ,.O e+00,, .0+ 0.Oe+OO,.0.e+OO-^.Oe+O0O ;:O.Oe+OO,;,
Eu-I 54 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Eu-1 55 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O
Gd-153 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Tb-i 60 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+OO
rm-i70 -. a=e - -- O.Oe+OO_-0.0e.,0O 0.Oe+OO~ 0.0eO'0O.Oe+,O *'0.0e

Tm-171 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ta-182 8.9e-08 1.5e-08 5.9e-08 1.9e-07 2.7e-07 9.9e-08 1.6e-08 6.6e-08 2.1 e-07 3.0e-07 -

W-1 81 2.3e-08 2.1e-09- 1.2e-08 5.0e-08 7.8e-08 2.6e-08 2.3e-09 1.3e-08 - 5.6e-08 8.7e-08
W-185 1 .Oe-07 9.2e-09 5.1e-08 2.2e-07 3.3e-07 1.1e-07 1.Oe-08 5.6e-08 2.4e-07 3.7e-07
Os185s,<^-; 3:3&08, .4.9e09 .'. 2.i -8-f,70088 i',1.e0 .75i,'-24v9-8.e O7.e-8
Ir-192 8.le-08 1.2e-08 5.3e-08 1.7e-07 2.4e-07, 9.0e-08 1.3e-08, 5.9e-08 1.9e-07 2.7e-07
T1-204 3.4e-07 3.8e-08 1.9e-07 7.4e-07 1.1le-06 3.8e-07 4.2e-08 2.1e-07 8.2e-07 1.3e-06
Pb-210 8.2e-05 1.3e-05 5.5e-05 1.7e-04 2.4e-04 9.2e-05 IAe-05 6.1e-05 1.9e-04 2.8e-04
BI-207 1.5e-07 2.3e-08 1.0e-07 3.3e-07 4.5e-07 1.7e07 2.6e-08 1.1e07 3.6e-07 5.1e-07

P~o210- :.:0205 2:9 1.-053 05 94.1e-05. 5.9e- e 5 32e-6A-1.4,e5 w-.6e4 ' S '
Ra-226 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+O0 O.Oe+0O O.Oe+00 O.Oe+00
Ra-228 O.Oe+OO O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00-
Ao-227 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Th-228 O.Oe+OO 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 .Oe+00 O.Oe+0O O.Oe+0O O.Oe+00
Th-229 ;,a O ;.Oe±00 wZ Oe_00+0 P.Oet.)
Th-230 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+O0 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Th-232 O.Oe+0O O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
Pa-231. 6.0e-05 9.2e-06 4.0e-05 1.3e-04 I.8e-04- 6.7e-05- 1.Oe-05 4.5e-05 1.4e-04 2.0e-04
U-232 9.9e-06 1.6e-06 6.6e-06 2.1 e-05 3.0e-05 1.1e-05 1.7e-06 7.3e-06 2.4e-05 3.3e-05
U-233, &00 '36e506 06502e .71.0e-06>3.2&6I4.5 6: 6!&0,-, 7 e,0T 1 i 6 5 .
U-234 1.5e-06 2.4e-07 9.8e-07 3.1e-06 4.4e-06 1.6e-06 2.6e-07 1.1e-06 3.5e-06 4.9e-06
U-235 1.4e-06 2.2e-07 9.3e-07 3.0e-06 4.2e-06 1.6e-06 2.5e-07 1.0e-06 3.3e-06 4.6e-06
U-236 1.4e-06 2.2e-07 9.2e-07 2.9e-06 4.2e-06 I.5e-06 2.4e-07 I.0e-06 3.3e-06 4.6e-06
U-238 1.4e-06 2.3e-07 9.5e-07 3.0e-06 4.3e-06 1.6e-06 2.5e-07 1.Ie-06 3.4e-06 4.7e-06
NpF237 C::__0 Qe 0.0e t00i0j 0 .Oee +,OOe+0O .O. .
Pu-236 2.3e-06 3.6e-07 1.6e-06 5.0e-06 7.1e-06 2.6e-06 3.9e-07 ,1.7e-06 5.6e-06 8.0e-06
Pu-238 6.5e-06 I.Oe-06 4.3e-06 1.4e-05 2.0e05 7.2e-06 1.1 e06 4.8e-06 1.6e-05 2.2e-05
Pu-239 7.1e-06 I.Ie-06 4.7e-06 1.5e-05 2.2e-05 7.9e-06 1.2e-06 5.2e-06 1.7e-05 2Ae-05
Pu-240 7 1e-06 1.1e46 4.7e-06 1.5e-05 2.2e-05 7.9e06 1.2e-06 5.2e-06 1.7e-05 2.4e-05
iu--241 •i-~ . 3;3e ,7-bi 2.0e-08 +"8.7,e-08 -'2.Be-07_-'4.0ew-0-*~475*2e8.9 37 S
Pu-242 6.8e-06 1.0e-06 4.5e-06 1.5e-05 2.1e-05 7.5e-06 1.1e-06 5.0e-06 1.6e-05 2.3e-05
Pu-244 6.8e-06 1.0e-06 4.5e-06 1.5e-05 2.1e-05 7.6e-06 1.1e-06 5.0e-06 1.6e-05 2.3e-05
Am-241 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Am-242m O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

,,-2i3 .0e'+0 0,;O Oe+00 0O.e 00- 0.0+00 0 ,
Cm-242 O.Oe+OO O.Oe+00 O.Oe+OO ,-O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+O O.Oe+OO O.Oe+OO O.Oe+OO
Cm-243 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-244 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
Cm-245 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO0 O.Oe+00 O.Oe+00
,Cmn2i6 _ Oe+ ' O.~+02.ei,+O 0.OeOO'.0 ,,,OO,.0. e00; _O.Oe+ 0jO:~ e+O;O.Oe+0 z0.0e+O,-O.Oe+00
Cm-247 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.e+.00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-248 O.Oe+OO -. Oe+OO O.Oe+OO 0.Oe+OO O00 +OO 0.00+00 O.Oe+OO O.Oe+0, O.Oe+W 0.Oe+006 ,_,., ,.,4 ._6_ e..- _ , _." _ . ' -- 7-- ..- -_ '' - '-. - - - -. t-., -' itf28OO+O OO+OOO+O-OO+O OO+O OO+O O.eO .eO .eO .eO

Cf-249 O.Oe+00 O.Oe+00 .O.Oe+00,- O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00
Cf-248 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Cf-251 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-252 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-251 0.Oe+00 _ .Oe+00_ 0.Oe+00 0.0e+00 0.00+00 ~O.Oe+00 .0e+00 0.00+00 0.0e+00 0.Oe+00

Es-254' .'--. 'O.Oe+OO 9O.Oe+00 'O.Oe+00 O.Oe+00 O.Oe+O :' -- O.Oe+00 Oe O O.Oe+00 O.Oe+OO O.Oe 0

Note: To convert these values to conventional units (mremdy per pClg or mremly per pCl/cm'). multiply by 3.7e-3
_-2 _ _ G-64
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Normalized Effective Doses frorri Aluminurfi ' Appendix H-2
Table H2.18 Normalized effective doses from all pathways: Scrap truck-driver

Radionuclide - Mass-based effective dose (pSv/y per Bqgg)
Mean 5th 50th 90th 95th

Surficial effective dose (pSvty per Bq/cm2)
Mean 5th 50th 90th 95th

H-3 0.Oe+00 O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
C-14 1.9e-10 1.2e-10 1.9e-10 2.7e-10 2.9e-10 2.2e-10 1.3e-10 2.1e-10 3.0e-10 3.3e-10
Na-22 4.7e-03' 2.9e-03 4.6e-03 6.5e-03 7.1e-03 5.2e-03 3.1e-03 5.0e-03 7.3e-03 8.1e-03
P-32 3.7e-06 2.2e-06 3.5e-06 5.1e-06 5.5e-06 4.le-06 2.4e-06 3.9e-06 5.7e-06 6.3e-06

CI-36 6.5e-07 4.0e-07 6.3e-07 8.8e-07 9.7e-07 7.2e-07 4.2e-07 6.9e-07 1.0e-06 1.1e-06
K-40 3.6e-04 2.2e-04 3.5e-04 5.0e-04 5.4e-04 4.0e-04 2.4e-04 3.9e-04 5.6e-04 6.2e-04
Ca-41 0.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-45 3.9e-09 2.4e-09 3.8e-09 5.3e-09 5.8e-09 4.3e-09 2.5e-09 4.2e-09 6.0e-09 6.7e-09
Sc46 - 4.3e032e 6
Cr-51 5.0e-05 3.0e-05 4.8e-05 6.8e-05 7.5e-05 5.5e-05 3.3e-05 5.3e-05 7.8e-05 8.5e-05
Mn-53 0.Oe+00 0.Oe+00 O.Oe+0O O.Oe+0 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O 0.Oe+00 0.Oe+00
Mn-54 1.8e-03 1.1e-03 1.8e-03 2.5e-03 2.7e-03 2.0e-03 1.2e-03 1.9e-03 2.8e-03 3.1e-03
Fe-55 8.8e-14 5.4e-14 8.5e-14 1.2e-13 1.3e-13 9.8e-14 5.8e-14 9.4e-14 1.4e-13 1.5e-13
Fe-59 . 2.7e-03,j3.9e6-0- 4.3e&'03
Co-56 7.8e-03 4.8e-03 7.5e-03 1.1e-02 1.2e-02 8.7e-03 5.1e-03 8.3e-03 1.2e-02 1.3e-02
Co-57 6.4e-05 3.9e-05 6.2e-05 8.7e-05 9.5e-05 7.1e-05 4.2e-05 6.8e-05 9.9e-05 1.1e-04
Co-58 2.0e-03 1.2e-03 1.9e-03 2.8e-03 3.0e-03 2.2e-03 1.3e-03 2.1e-03 3.1e-03 3.4e-03
Co-60 5.7e-03 3.5e-03 5.5e-03 7.8e-03 8.5e-03 6.3e-03 3.7e-03 8.1 e-03 8.9e-03 9.8e-03

Ni-63 7.1e-15 4.3e-15 6.9e-15 9.7e-15 1.1e-14 7.9e-15 4.6e-15 7.6e-15 1.1e-14 1.2e-14
Zn-65 1.3e-03 7.9e-04 1.2e-03 1.8e-03 1.9e-03 1.4e-03 8.5e-04 1.4e-03 2.0e-03 2.2e-03
As-73 3.4e-09 2.1e-09 3.3e-09 4.7e-09 5.1e-09 3.8e-09 2.2e-09 3.6e-09 5.3e-09 5.8e-09
Se-75 5.0e-04 3.1e-04 4.8e-04 6.9e-04 7.5e-04 5.6e-04 3.3e-04 5.4e-04 7.8e-04 8.6e-04

. 9.3e 5;7 e 9;04 i 3e 0 , .0e03 6
Sr-89 3.1e-06 - 1.9e-06 3.0e-06 4.3e-06 4.6e-06 3.5e-06 2.0e-06 3.3e-06 4.8e-06 5.3e-06
Sr-90 1.Oe-05 6.2e-06 9.8e-06 1.4e-05 1.5e-05 1.1e-05 6.6e-06 1.1e-05 1.6e-05 1.7e-05
Y-91 1.1e-05 6.8e-06 1.1e-05 1.5e-05 1.7e-05 1.2e-05 7.2e-06 1.2e-05 1.7e-05 1.9e-05
Zr-93 3.5e-14 2.2e-14 3.4e-14 4.8e-14 5.3e-14 3.9e-14 2.3e-14 3.8e-14 5.5e-14 6.1e-14
Zr-95--' h t; 1.6e'03, - O.'0-3Vr.6e 033e2.2e-'3M2A03, e 28e 3i4
Nb-93m 1.1e- 8 6.4e-19 1.0e-18 1.4e-18 1.6e.18 1.2e-18 6.9e-19 1.1e-18 1.6e-18 1.8e-18
Nb-94 3.4e-03 2.1 e-03 3.3e-03 4.6e-03 5.0e-03 3.7e-03 2.2e-03 3.6e-03 5.2e-03 5.8e-03
Nb-95 1.5e-03 9.3e-04 1.5e-03 2.1e-03 2.3e-03 1.7e-03 1.0e-03 1.6e-03 2.4e-03 2.6e-03
Mo-93 4.4e-22 2.0e-22 4.le-22 6.8e-22 7.6e-22 4.9e-22 2.2e-22 4.6e-22 7.7e-22 8.7e-22
Tc>97 e.-:7 LOO'0,+00 _,O*,0 .O_,'O.OeO.- .e*O,;','.O.O+0; O' .0e+O,,_O. +0,0,e+00 'do+O.OeO~ O.e_0 0:.0+00~
To-97m 5.5e-08 3.4e-08 5.3e-08 7.5e-08 8.2e-08 6.1 e-08 3.6e-08 5.8e-08 8.5e-08 9.4e-08
To-99 1.1e-O8 6.8e-09 1.1e-08 1.5e-08 1.7e-08 1.2e-08 7.3e-09 1.2e-08 1.7e-08 1.9e-08
Ru-103 9.1 e-04 5.5e-04 8.8e-04 1.2e-03 1.4e-03 1.Oe-03 5.9e-04 9.7e-04 1.4e-03 1.6e-03
Ru-1 06 4.5e-04 2.7e-04 4.3e-04 6.1e-04 6.7e-04 5.0e-04 2.9e-04 4.8e-04 6.9e-04 7.7e-04
Ag-O8m ',e*_03 *, -3.3e-03,k2.0e-,03-3.32eO3 -4.50 34.9e 3.76-03- 522e-03 3.5e,03'5ie 7eO3
Ag-I 1lOm 5.9e-03 3.6e-03 5.7e-03 8.1e-03 8.8e-03 6.6e-03 3.9e-03 6.3e-03 9.2e-03 1.Oe-02
Cd-109 3.5e-07 2.2e-07 3.4e-07 4.8e-07 5.3e-07 3.9e-07 2.3e-07 3.8e-07 5.5e-07 6.1e-07
Sn-113 4.7e-04 2.9e-04 4.5e-04 6.4e-04 7.0e-04 5.2e-04 3.0e-04 5.Oe-04 7.2e-04 8.0e-04
Sb-124 3.9e-03 2.4e-03 3.8e-03 5.4e-03 5.9e-03 4Ae-03 2.6e-03 4.2e-03 6.1e-03 6.7e-03
Sb-1257; 8 .j'345 8.0e 04'- 1.1e-83,4-1.2e-032.! g9 .2 0 1. 5.4 04 8;8e 4 1:3e 03.±t I.e-034
Te-123m 1.2e-04 7.3e-05 1.2e-04 1.6e-04 1.8e-04 1.3e-04 7.8e-05 1.3e-04 1.9e-04 2.0e-04
Te-127m 9.0e-06 5.5e-06 8.7e-06 1.2e-05 1.3e-05 1.0e-05 5.9e-06 9.6e-06 1.4e-05 1.5e-05
1-125 1.3e-12 8.0e-13 1.3e-12 1.8e-12 2.0e-12 1.5e-12 8.5e-13 1.4e-12 2.0e-12 2.2e-12
1-129 2.4e-10 1.4e-10 2.3e-10 3.2e-10 3.5e-10 2.6e-10 1.5-10 2.5e- 0 3.7e-10 4.1e-10
I-i31'", :-'> .0e-043.0-.O4 !4.8e-04, .8-_7.0--04,7.7e.04< .60.> 8.-8
Cs-I 34 3.3e-03 2.0e-03 3.2e-03 4.5e-03 4.9e-03 3.7e-03 2.2e-03 3.5e-03 5.1e-03 5.6e-03
Cs-135 6.8e-09 4.1 e-09 6.6e-09 9.3e-09 1.Oe-08 7.5e-09 4.4e-09 7.2e-09 1.1e-08 1.2e-08
Cs- 137 1.2e-03 7.2e-04 1.1e-03 1.6e-03 1.8e-03 1.3e-03 7.7e-04 1.3e-03 1.8e-03 2.0e-03
Ba-133 5.9e-04 3.6e-04 5.7e-04 8.1e-04 8.9e-04 6.6e-04 3.9e-04 6.3e-04 9.2e-04 1.0e-03
CeF1397Y 5-4 7 0-- ;1.7e-04- (.:.9e-04i3; ,<t 8.1o5 ;3e- '.9e 2.1e

Ce-141 5.0e-05 3.1e-05 4.9e-05 6.9e-05 7.5e-05 5.6e-05 3.3e-05 5.4e-05 7.8e-05 8.6e-05

Ce-144 9.1e-05 5.6e-05 8.8eo-05 1.2e-04 1.4e-04 1.Oe-04 6.0e-05 9.7e-05 1.4e-04 1.6e-04

Pm-1147 3.3e-09 2.0e-09 3.2e-09 4.5e-09 4.9e-09 3.6e-09 2.1 e-09 3.5e-09 5.1e-09 5.6e-09

NUEG ,64 AH,_... -h
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Appendix H-2 Normalized Effective Doses from Alurni'num

Table H2.18 Normalized effective doses from all pathways: Scrap truck-driver
Radionuclide Mass-based effective dose (,Sv/y per Bq/g) SurficIdl effective dose (,Sv/y per Bq/crn2)

Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
SM-151 5.4e-14 3.3e-14 5.3e-14 7.4e-14 8.1e-14 6.1e-14. 3.6e-14 5.8e-14 8.4e-14 9.3e-14
Eu-i 3543 3.3e-03 .3.e . ,§:2.03
Eu154 2.4e-03 1.5e-03 2.3e-03 3.3e-03 3.6e-03 2.7e-03 1.6e-03 2.5e403 3.7e-03 4.1e-03
Eu-155 9.0e-06 5.5e-06 8.7e-06 1.2e-05 1.3e-05 I.Oe-05 5.9e-06 9.6e-06 1.4e-05 I.5e-05
Gd-153 1.1e-05 7.0e-06 1.1e-05 1.6e-05 1.7e-05 1.3e-05 7.5e-06 1.2e-05 1.8e-05 2.0e-O5
Tb- 160 2.3e-03 1.4e-03 2.2e-03 3.2e-03 3.5e-03 2.6e-03 1.5e-03 2.5e-03 3.6e-03 4.0e-03
Wm-70 '<,;->, 7.9e07 , 4.9e-O7_ i7.Be 07 ,: .1~7W e-7 ~i 206, :' , j -e1,,4,e,,6

Tm-171 t.6e-09 9.5e-10 'I.Se-09 2.1e-09 2.3e-09 1.7e-09 1.0e-09 1.7e-09 2.4e-09 2.7e-09
Ta-182 2.6e-03 1.6e-03 2.5e-03 3.6e-03 3.9e-03 2.9e-03 1.7e-03 2.8e-03 4.1 e-03 4.5e-03
W-181 1.6e-07 I.Oe-07 1.6e-07 2.3e-07 2.5e-07 1.8e-07 1.Ie-07 I.8e-07 2.6e-07 2.8e-07
W-185 4.8e-08 3.0e-08 4.7e08 6.6e-08 7.2e-08 5.4e-08 3.2e-08 5.2e-08 7.5e-08 8.3e-08

esi85 04>, .3e4oi8. . 4 .3e-3 LI.8e03L'2.0 ,i.5Se3 8.66 04 .ie-O3 - -3-. i
Ir-192 1.4e-03 8.7e-04 IAe-03 '.1.9e403 2.1e-03 1.6e-03 9.3e-04 I.5e-03 2.2e-03 2Ae-03
Tl-204 3.5e-07 2.1e-07 3Ae-07 4.8e-07 5.2e-07 3.9e-07 2.3e-07 3.7e-07 5.4e-07 6.0e-07
Pb-210 1.1e-06 7.0e-07 1.1e-06 1.6e-06 1.7e-06 1.3e-06 7.5e-07 1.2e-06 -1.8e-06 2.0e-06
Bi-207 3.2e-03 2.0e-03 -3.1e-03 4.4e-03 4.8e-03 3.6e-03 2.1e-03 3.4e-03 5.0e-03 5.5e-03

PkLi,-''.,;I-.1e .3e' ,08, ~2.0e-08,.;2't28e-08 J- 3.\,, M ~1 .4e -2.2e- i3.2e-O8j 3.
Ra-226 3.7e-03 2.3e-03 3.6e-03 5.1e-03 5.6e-03 4.2e-03 2.5e-03 4.0e-03 5.8e-03 6.4e403
Ra-228 1.9e43 I.Ie-03 1.8e43 2.5e-03 2.8e-03 2.1e-03 1.2e-03 2.0e-03 2.9e-03 3.2e-03
Ac-227 6.1e-04 3.7e-04 5.9e-04 8.3e-04 9.1e-04 6.8e-04 4.0e-04 6.5e-04 9.4e-04 I.Oe.03
Th-228 3.1e-03 1.9e-03 3.0e-03 4.2e-03 4.6e-03 3.5e-03 '2.0e-03 3.3e-03 4.8e-03 5.3e-03
Th-229 42e &2.6e-44.e .8e04.6.3eO .7eO4f_2.8e0 4 f
Th-230 1.4e-07 8.5e-08 IAe-07 1.9e-07 2.1 e-07 '1.6e-07 9.1e-08 I.5e407 2.2e-07 2.4e-07
Th-232 2.5e-06 1.1e-06 2.3e-06 3.8e06 4.3e-06 2.8e-06 1.2e-06 2.6e-06 4.3e-06 4.9e-06
Pa-231 5.1e-05 3.1e-05 4.9e-05 6.9e-05 7.6e-05 5.6e-05 3.3e-05 5.4e-05 7.9e-05 8.7e-05
U-232 I.2e-05 5.7e-06 1.2e-05 .9e-05 2.2e-05 1.4e405 6.2e-06 1.3e-05 2.2e-05 2.5e-05
U-233 '2.0e07e 12O07;,.9e-O7 '2.'7073.0e07:,,J:.>2e07, 1.3e O7:'2I, 7 3.1eO7 ;.4-O.
U-234 2.6e-08 1.6e-08 2.5e-08 3.5e-08 3.8e-08 2.8e-08 1.7e-08 2.7e-08 4.0e-08 4Ae-08

U-235 1.6e-04 9.9e-05 1.6e-04 2.2e-04 2.4e-04 1.8e-04 1.1 e-04 1.7e-04 2.5e-04 2.8e-04

U-236 8.8e-09 5.4e-09 8.5e-09 1.2e-08 1.3e-08 9.8e-09 5.8e-09 9Ae-09 1.4e-08 1.5e-08

U-238 4.8e-05 2.9e-05 4.6e-05 6.5e-05 7.1e-05 5.3e-05 3.1e-05 5.1e-05 7.4e-05 8.2e405

* 2 4 2.0eO4 ½3.3e604 eO 44
Pu-236 1 .2e-08 7.5e-09 1 .2e08 .7e-08 1 .8e-08 I Ae-08 8.Oe-09 1 .3e-48 1 .9e-08 2.1 e-08

* Pu-238 3.5e-09 2.1e409 3.4e-09 4.8e-09 5.2e-09 3.9e-09 2.3e-09 3.7e-09 5.4e-09 6.0e-09

Pu-239 5.7e-08 3.5e-08 5.5e08 7.8e-08 8.5e-08 6.4e-08 3.7e-08 6.1 e-08 8.9e-08 9.8e-08

Pu-240 2.9e-09 i.8e-09 2.8e-09 4.0e-09 4Ae-09 3.3e-09 I.9e-09 3.1e-09 4.5e-09 5.Oe-09
Pu-241: ,ThiS2e,40 '* 32e4-,10v5:I .2Al.t,15 .8.-1', 3.410 5.6o1Ov8.1e 0>0.9e 0
Pu-242 2.8e-09 1.7e-09 2.7e-09 3.8e-09 4.2e-09 3.1e-09 .8e-09 3.0e49 4.4e49 4.8e49

Pu-244 6.7e-04 4.1 e-04 6.5e-04 9.2e-04 1 .Oe-03 7.5e-04 4.4e-04 7.2e-04 1 .Oe-03 1 .2e-03

Am-241 9.3e-08 5.7e-08 9.1e-08 1.3e-07 1.4e-07 1.0e-07 6.1e408 1.0e-07 1.5e-07 1.6e-07

Amn-242m 1.1e-045 6.5e-06 1.Oe-05 1.4e-05 1.6e-05 12e-056.9e-06 I.Ie-05 1.6e-05 1.8e-05
.n-243, l .6i 4 .8e _ :T1 0e04,. *.7e 04 ;4 2.i 043

Cm-242 5.8e-09 3.6e-09 5.7e-09 8.0e-09 8.7e-09 6.5e-09 3.8e-09 6.2e09 9.1 e-09 I.Oe-08
Cm-243 1.2e-04 7.5e-05 1 .2e-04 1 .7e-04 1 .8e-04 I Ae4-04 8.0e-05 1 .3e04 1 .9e-04 2.1 e04
Cm-244 5.2e-09 3.2e-09 5.0e-09 7.1e009 7.8e-09 5.8e-09 3.4e-09 5.6e-09 8.1e-09 8.9e-09

Cm-245 4.2e-05 2.6e-05 4.1e-05 5.8e-05 6.4e-05 4.7e-05 2.8e-05 4.5e-05 6.6e-05 7.3e-05
C ,-246'^-4.9e13Th,3.0e-I3 . 5 632e13,7.6eI3iŽT8.4e13:

Cm-247 5.9e-04 3.6e-04 5.7e-04 8.0e-04 8.8e-04 6.5e-04 3.8e-04 6.3e-44 9.1e-04 1.0e-03
Cm-248 3.9e-13 2Ae-13 3.8e-13 5Ae-13 5.9e-13 '4.4e-13 2.6e-13 4.2e-13 6.1e-13 6.7e-13

Bk-249 1Ae408 6.4e-09 1.3e-08 2.1e-08 2.3e-08 1.5e-08 7.0e-09 1.4e-08 2.3e-08 2.7e-08
Cf-248 4.1e-09 2.5e-09 4.0e-09 5.6e-09 6.1e-09 4.6e-09 2.7e-09 4.4e-09 6.4e-09 7.0e-09

Cf-249, ' '._ _5.8e-044_f3.6e-O4,..7,e-04 8.0e'44 _ '44 3.8e-04 6.2e-04.'--9.1e 4 ,-1.0e3-
Cf-250 1.6e-13 9.6e-14 I.5e-13 2.1e-13 2.3e-13 1.7e-13 I.Oe-13 1.7e-13 2.4e-13 2.7e-13

Cf-251 8.7e405 5.3e405 8Ae-05 1.2e-04 1.3e404 9.7e-05 5.7e-05 9.3e-05 '1.3e-04 1.5e-04

Cf-252 5.8e-09 3.5e-09 5.6e-09 7.9e-09 8.7e-09 6.5e-09 3.8e-09 6.2e-09 9.0e-09 9.9e-09
Cf-254 3.7e-02 2.3e-02 3.6e-02 5.1 e-02 5.5e-02 4.1e-02 2Ae-02 4.0e-02 5.7e-02 6.3e-02
Es-254^ -2.e03..2e-3 .9e.3 -2.7e43 ---3.0e- 32.2e-03: 03-''^2.1e3.';3.;e-3 2.le-03 ;3.Ie-O 3.4e3

Note: To convert these values to conventional units (mremly per pCVg or mremly per pCilcrn2 ), multiply by 3.7e-3
H! 31 __G- 640
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Normalized Effective Doses from Aluminum Appendix H-2
Table H2.19 Normalized effective doses from all pathways: Metal product-driver

Radionuclide Mass-based effective dose (pSvly per Bq/g)
Mean 5th 50th 90th 95th

Surficial effective dose (uSvly per Bqfcm2)
Mean 5th 50th 90th 95th

H-3 O.Oe+00 O.Oe+OO O.Oe+OO ,.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe.+OO O.Oe+OO
C-14 5.6e-12 1.3e-12 4.2e-12 1.1e-11 1.4e-11 6.2e-12 1.5e-12 4.7e-12 1.3e-11 1.6e-11
Na-22 7.8e-06 1.9e-06 5.9e-06 1.6e-05 2.0e-05 8.7e-06 2.0e-06 6.6e-06 1.7e-05 2.2e-05
P-32 4.0e-08 2.9e-09 2.0e-08 9.9e-08 1.5e-07 4.4e-08 3.2e-09- 2.2e-08 1.1e-07 1.6e-07
S35.,I4;1.2e.1O :'4.0* i1, 9.7e-ii ' 3eO 10 .8e 0 ;'v--j¢1.3.0"I' 4.31 2.15.e-.1025o-iok' 32el0
CI-36 O.Oe+00 O.Oe+00 O.Oe+00 0.0e+OO 0.Oe+OO. O.Oe+O0 O.0e+OO O.Oe+OO O.Oe+00 O.Oe+OO
K-40 5.8e-07 1.4e-07 4.4e-07 1.2e-06 1.5e-06 6.4e-07 1.5e-07 4.9e-07 1.3e-06 1.7e-06
Ca-41 O.0e+00 O.Oe+00 .O0e+0O O.Oe+00 O.0e+OO 0.0e+00 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0
Ca-45 7.4e-11 1.5e-11 5.4e-11 1.5e-10 2.0e-10 8.2e-11 1.7e-11 5.9e-11 1.7e-10 2.2e-10
Sb467F'k~ 0.'Oe,+0o 01.Oe+OO 0 XO.Oe+OO,. O.Oe+OO, O.Oe+OO.Oe+ ., 0.Oe+00' O.Oe+OO O.Oe+OO o.0O.bdj
Cr-51 8.0e-07 1.5e-07 5.7e-07 1.7e-06 2.3e-06 9.0e-07 1.7e-07 6.4e-07 1.9e-06 2.5e-06
Mn-53 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+OO O.0e+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+00
Mn-54 6.4e-05 2.2e-05 5.2e-05 1.2e-04 1.5e-04 7.1 e-05 2.4e-05 5.7e-05 1.3e-04 1.6e-04
Fe-55 8.1e-15 2.8e-15 6.5e-15 1.5e-14 1.9e-14 9.0e-15 3.1e-15 7.2e-15 1.7e-14 2.1e-14

Fe-59 . .5.3e-05j .T;.4o,-05 4.ie e 3.,-,i5e
Co-56 2.1e-04 6.6e-05 1.6e-04 3.9e-04 4.8e-04 2.3e-04 7.1e-05 1.8e-04 4.3e-04 5.4e-04
Co-57 5.5e-06 1.9e-06 4.4e-06 1.0e-05 1.3e-05 6.1e-06 2.1e-06 4.9e-06 1.1e-05 1.4e-05
Co-58 5.5e-05 1.7e-05 4.3e-05 1.Oe-04 1.3e-04 6.1e-05 1.9e-05 4.8e-05 1.2e-04 1.5e-04
Co-60 2.1e-04 7.2e-05 1.7e-04 3.8e-04 4.8e-04 2.3e-04 7.8e-05 1.8e-04 4.3e-04 5.3e-04
Nl-59 - .'-,:,> .,14e09 5'_'4J7e-10 zl1.1oe09,~ {"2.5o-09ji3.1e e09 -. 1i.5eO..9> ,5 . 1 *t<12e0, . - 5-9
Ni-63 7.8e-13 2.7e-13 6.2e-13 1.4e-12 1.8e-12 8.7e-13 2.9e-13 6.9e-13 1.6e-12 2.0e-12
Zn-65 4.3e-05 1.5e-05 3.5e-05 7.9e-05 1.0e-04 4.8e-05 1.6e-05 3.8e-05 8.9e-05 1.1e-04
As-73 2.9e-08 9.1e-09 2.3e-08 5.6e-08 7.0e-08 3.2e-08 9.9e-09 2.6e-08 6.2e-08 7.8e-08
Se-75 1.8e-05 5.Be-06 1.4e-05 3.3e-05 4.2e-05 2.0e-05 6.2e-06 1.6e-05 3.7e-05 4.6e-05
Sr-85 2.8e*6: -.-55.3e-07, 2.0065.8e< 7!7 - $3.1e06,5.9e' 07i 2.2e' 6 8SeO6 8.5e-&06
Sr-89 1.1e-08 2.1e-09 8.2e-09 2.4e-08 3.2e-08 1.3e-08 2.3e-09 9.1e-09 2.7e-08 3.6e-08
Sr-90 5.6e-08 1.2e-08 4.2e-08 1.2e-07 1.5e-07 6.3e-08 1.3e-08 4.6e-08 1.3e-07 1.6e-07
Y-91 O.Oe+OO 0.Oe+OO O.Oe+OO O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+O0 O.Oe+OO O.Oe+OO
Zr-93 2.9e 13 2.5e-14 2.0e-13 6.4e-13 8.4e-13 3.2e-13 2.8e-14 2.3e-13 7.le-13 9.3e-13. _ * _-- -- a-_r :7 r.-r -- ;- ---

Z-05 .5e-05-5.9e-05 '2.3e- 2.0e-06, 1.6e-05 ' 5.Os-05g 6.6-05~
Nb-93m 2.2e-12 7.6e-13 1.7e-12 4.0e-12 5.0e-12 2.4e-12 82e-13 1.9e-12 4.5e-12 5.5e-12
Nb-94 1.3e-04 4.6e-05 1.1e-04 2.4e-04 3.0e-04 1.5e-04 5.0e-05 1.2e-04 2.7e-04 3.4e-04
Nb-95 3.0e-05 7.0e-06 2.2e-05 6.0e-05 7.7e-05 3.3e-05 7.7e-06 2.5e-05 6.7e-05 8.6e-05
Mo-93 8.7e-12 3.0e-1 2 7.0e-12 1.6e-11 2.0e-11I 9.7e-12 3.2e-12 7.8e-12 1.8e-1 1 2.3e-11I

Tc-97m 6.6e-09 2.1 e-09 5.2e-09 1 .3e-08 1 .6e-08 7.3e-09 2.3e09 5.8e09 1.4e-08 1.8e-08
Tc-99 1.5e-09 5.1e-10 1.2e-09 2.8e-09 3.5e-09 1.7e-09 5.5e-10 1.3e-09 3.1e-09 3.9e-09
Ru-103 2.4e-05 6.2e-06 1.8e-05 4.8e-05 6.1e-05 2.7e-05 6.7e-06 2.0e-05 5.4e-05 6.8e-05
Ru-106 2.0e-05 7.0e-06 1.6e-05 3.7e-05 4.6e405 2.2e-05 7.6e-06 1.8e-05 4.1e-05 5.2e-05
A0-108mnl .21 ;o.6o05 1.4e-O44.. 4 .3 -040.Ž. 4 Z4.1o0e44
Ag-1I0m 2.4e-04 8.3e-05 1.9e-04 4.4e-04 5.5e-04 2.7e-04 9.0e-05 2.1e-04 4.9e-04 6.1e-04
Cd-109 1.Oe-07 3.6e-08 8.3e-08 1.9e-07 2.4e-07 1.1e-07 3.9e-08 9.2e-08 2.1e-07 2.7e-07
Sn-113 1.4e-05 4Ae-06 1.1e-05 2.5e-05 3.2e-05 1.5e-05 4.8e-06 1.2e4-5 2.9e-05 3.5e-05
Sb-124 7.8e-05 2.3e-05 6.1e-05 1.5e-04 1.9e-04 8.7e-05 2.5e4-5 6.7e-05 1.7e-04 2.1e-04
Sb125& k 83.1-O 1;.O-05; 2.5e-05.- 5 8e45',7.30
Te-123m 5.3e4-6 1.7e-06 4.2e-06 1.0e-05 1.3e-05 5.9e-06 1.9e-06 4.7e-06 1.1e-05 1.4e-05
Te-127m 2.7e-07 8.6e-08 2.1e-07 5.1e-07 6.3e47 3.0e-07 9.3e-08 2.4e-07 5.6e-07 7.0e-07
1-125 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+OO O.0e+OO O.Oe+OO O.Oe+OO 0.Oe+OO O.Oe+OO O.Oe+OO
1-129 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+O0O O.Oe+OO
1-131T .' ,rf '--.O.0e+OO-2 O.Oe+00.O.Oe+00,;,O.e+OO' .Oe+OeI -0+ O.Oe+OO-'.0e+0Oi e+00+,-,:.Oe+00O
Cs-134 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+WO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+WO O.Oe+00
Cs-135 O.Oe+0W .Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
Cs-137 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+WO O.Oe+00 O.Oe+OO O.0e+OO O.Oe+00 0.e+00 O.Oe+00
Ba-133 O.Oe+0O O.Oe+W O.Oe+00 O.O+W0 0.0e+OO O .Oe+OO O.Oe+00 O.Oe+W O.Oe+000 O.Oe+00
Ce-1391--;;'9-;. -3.0e407;; 7.lo-08- ,2.3e.07',-,68000-07- 7.7e 07F.'- -'3.3e-07,_,.7.8o-08tŽ 2.5e47;,, 6.7e .07^'.i,8.60 -07i
Ce-141 7.8e-08 1.4e-08 5.4e-08 1.7e-07 2.3e-07 8.7e-08 1.5e-08 6.0e-08 1.9e-07 2.5e-07
Ce-144 1.6e-07 3.9e-08 1.2e-07 3.2e-07 4.le-07 1.8e-07 4.2e-08 1.4e-07 3.6e-07 4.6e-07
Pm-147 O.Oe+00 O.Oe+00 O.e+W+0 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+OO
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Appendix H-2 NormMiz�d Effective Doses from Alurninum

Table H2.19 Normalized effective doses from all pathways: Metal product-driver
- Mass-based effective dose (uSv/y per BqIg) Surficial effective dose (pSv/y per Bq/cm2)

Radionucilde Mean 5th 50th 90th -95th Mean -5th 50th '90th 95th
Sm-151 O.Oe+ .Oe+O .Oe+O .Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+0O O.Oe+O0

Ei5 ;-O+O 'O Oe+ I! OT>,OO,,O OO+ Oi; e+00 OO' O.Oe+O ;e e+,'

Eu-154 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+W0 O.Oe+OO O.Oe+00
Eu-155 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+O0
Gd-153 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+O0
Tb-160 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Trn-171 O.Oe+0O O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Ta-182 6.5e-05 2.le-05 S.le-05 1.2e-04 1.5e-04 7.2e-05 2.3e-05 5.7e-05 1.4e-04 1.7e-04
W-181 3.0e-07 9.9e-08 2Ae-07 5.8e-07 7.1e407 3.4e-07 I.le-07 2.7e-07' 6.4e-07 8.0e-07
W-185 3.3e-09 I.Oe-09 2.6e-09 6.3e-09 7.8e-09 3.7e-09 1.1e-09 2.9e-09 7.0e-09 8.8e-09

__ 2.63 05 Oe->'26e5-w,6.2e 05 i.-7.7e ,05,if.E 13.7-05 3^.71.180 e4Sj2:9e-5__>6:9fr05 __ .e'05-
Ir-192 3.7e-05 1.1e-05 2.9e-05 7.0e-05 8.8e-05 4.1e-05 1.2e-05 3.2e-05 7.8e-05 9.9e-05
Tl-204 4.0e-08 1.3e-08 3.2e-08 7.4e-08 9.3e-08 4.5e-08 1.Se408 3.5e-08 8.3e-08 1.0e-07
Pb-210 7.0e-08 2.4e-08 5.6e-08 1.3e-07 1.6e-07 7.8e-08 2.6e-08 6.2e-08 1.Se-07 1.8e-07
Bi-207 1.0e-04 3.4e-05 8.1e-05 1.9e-04 2.4e-04 l.1e-04 3.7e-05 9.0e-05 2.1e-04 2.6e-04

Ra-226 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ra-228 O.Oe+OO O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+0O O.Oe+00 'O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00-
Ac-227 6.6e-06 1.2e-06 4.8e-06 1.4e-05 1.8e-05 7.4e-06 1.3e06 5.3e-06 1.Se-05 2.0e-05
Th-228 2.4e-05 4.5e-06 1.8e-05 5.Oe-05 6.5e45 - 2.7e-05 5.0e-06 2.0e-05 5.6e-05 7Ae-05
yih-229 , ,lis,.r4.5e 06 ,:8.3e-07''3.3e63_v9.3e,-06~ .2805,,,j^f5.Oe-06 9:3e 07 3.e-6'1.0e-05.SX.4e0
Th-230 4.4e-09 7.8e-10 3.Ie-9 92e-09 1.2e-08 4.9e-09 8.5e-10 3.5e-09 I.0e-08 1Ae-08
Th-232 2.3e-07 2.5e-08 1.5e-07 5.3e07 7.3e-07 2.6e-07 2.7e-08 1.7e-07 5.9e^07 8.2e07
Pa-231 2.1e-06 7.1e-07 1.7e-06 3.9e06 4.9e-06 2Ae-06 7.8e-07 I.9e-06 4.4e-06 5.5e-06
U-232 1.e406 1Ae-07 7.8e07 2.5e^06 3.4e06 1.3e-06 1.6e-07 8.6e-07 2.8e^06 3.8e-06

,U- 233e 2.9e-09 6 I9 9' -, 8.
U-234 7.5e-10 1.8e-10 5.7e-10 1.5e-09 1.9e-09 8.4e-10 1.9e-10 6.3e-I0 1.7e-09 2.2e-09
U-235 2.5e-06 5.8e-07 1.8e-06 4.9e-06 6.2e-06 2.7e406 6.3e-07 2.1 e-06 5.5e-06 7.0e-06
U-236 3.2e-10 7Ae^11 2Ae-10 6.3e^I0 8.0e-10 3.5e-10 8.1e-I1 2.7e-I0 7.1e-10 9.1e-10
U-238 4.9e-07 1.2e-07 3.7e-07 9.9e-07 1.3e-06 5.5e-07 .3e-07 4.1 e-07 .1e4-06 14e-06

eNp6_237.' -+,. 3.6e-6' -Ž_6.6e-07_:2.6e-,06, 37,,4e.69.,4e j-4.0 6 '713e47'.,-,2.9e 6'-8.3e ,,,-,1 5
Pu-236 2Ae-10 5.6e-11 1.8e-10 4.9e-10 6.2e-10 2.7e-10 6.0e-11 2.1e-I0 5.4e-10 6.9e-10
Pu-238 I.1e-10 2.5e1-I 82e-11 2.2e-I0 2.8e-10 12e-10 2.7e-II 9.2e-i1 2.4e-10 3.1e-10
Pu-239 7.7e-10 1.8e-10 5.9e-10 1.5e49 2.0e-09 8.6e-10 1.9e-10 6.5e-I0 1.7e4-9 2.2e-09
Pu-240 1.1 e-1 0 2.4e-1 1 8.0e-1 1 2.1 e-1 0 2.7e-10 1.2e-10 2.6e-11I 8.9e-11I 2.4e^10 3.0e-10

Pu-242 1.Oe-10 2.4e-11 7.9e-11 2.1 e-10 2.6e-10 ' 1.2e-10 2.6e-i I 8.8e-1I 2.3e-10 3.0e-10
Pu-244 6.1e-06 1.4e-06 4.6e-06 1.2e-05 1.6e45- 6.8e-06 1.5e-06 5.2e-06 1.4e-OS 1.7e4-5
An-241 6.0e-08 1.1e-08 4.5e-08 1.2e-07 1.6e-07 6.7e-08 1.2e4-8 4.9e-08 1.4e-07 1.8e-07
Am-242m 1.8e-07 3.3e-08 1.3e-07 3.6e-07 4.8e-07 2.0e-07' 3.6e-08 1.4e-07 4.1e-07 5.3e-07
Am-243 -t2.5o-06 ,.'4.7e-7 '1.9" 65.2e 060 6.9ee -2.8e06 C;''2e47--2.1 e06j,: 5.8"06 -'7.7e46,'
Cm-242 7.9e-1I IAe-11 5.9e-11 1.6e-10 2.1e-10 8.8e-I1 1.6e-11 6.5e-I1 1.8e-10 2.4e-10
Cm-243 1.7e-06 3.e-07 1.3e-06 3.5e46 4.5e-06 1.9e406 3.4e-07 1.4e406 3.9e46 5.1e-06
Cm-244 7.7e-I 1.Ae-I 5.8e-11 1.6e-10 2.1e-10 8.6e-Il 1.5e-1I 6.4e-il 1.8e-10 2.3e-10
Cm-245 9.8e-07 1.8e-07 7.3e-07 2.0e-06 2.6e-06 1.1e406 2.0e407 8.1e-07 2.3e4-6 3.0e-06
Cm26-21 -52eN -901 2.e 32 fi,,i3i,,24 2 9.e'-;2.e,,:3.6e
Cm-247 5.8e-06 1.1e-06 4.3e-06- 1.2e-05 1.6e-05 6.5e-06 1.2e-06 4.8e-06 1.3e-05 1.8e-05
Cm-248 1.0e-Il 1.9e-12 7.8e-12 2.2e-1l 2.8e-11 1.2e-l1 2.1e-12 8.6e-12 2.4e-1I 32e-11
Bk-249 1.3e-09 1.5e-10 8.6e-1 0 2.9e-09 4.0e-09 1.5e409 1.6e-10 9.5e-1 0 3.3e-09 4.5e-09
Cf-248 1.6e-10 2.9e-li 1.e-10 3.2e-10 4.3e-I0 1.7e-10 3.1e-l 1.2e-10j- 3.6e-10 4.8e-I0
Cf-249 < . ^ ' ;','5.8e-06 ': .1e-06. 42e-,6u.12e45 ' -. 6 -5.' 6;4e069:1.2e46 -4.7e46 -; - .1.8e40 '
Cf-250 8.0e-12 1.5e-12 '5.9e-12 1.7e-I1 2.2e-I1 9.0e-12 1.6e-12 6.5e-12 .1.9e-I1 2.5e-I1
Cf-251 .4e-06 2.6e-07 1.0e-06 2.9e-06 3.8e-06 1.6e-06 2.9e-07 1.1e-06 3.3e-06 4.3e-06
Cf-252 1.6e-10 2.9e-I1 1.1e-10 3.3e-10 4.3e-10 1.7e-10 3.2e-11 1.3e-10 3.7e-I0 4.8e-I0
Cf-254 2.0e-04 3.4e-OS 1Ae-04 4.2e-44 5.7e-04 2.2e-04 3.7e-05 1.6e-04 4.7e-04 6.4e-04
E254' ,' 1.5e-4S 2.8e-06 -'-1;1e405 3.ie05 -. 'e-z 1-05 -5 3 .0e-6 .. 1.2e45' 0; 4S, ' 05 S.
Note: To convert these values to conventional units (mrem/y per pCIg or mrem/y per pClcm2), multiply by 3.7e-3
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Normalized Effective Doses from Aluminum Appendix H-2

Table H2.20 Normalized effective doses from all pathways: Dross truck-driver

RadionucldeMass-based effective dose (Svy per Bqg)
Mean 5th 50th 90th 95th

Surficial effective dose (USvly per Bqfcm')
Mean 5th 50th 90th 95th

H-3 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+O0 O.Oe+O0 O.Oe+OO O.Oe+OO O.Oe+00
C-14 1.2e-07 2.5e-08 9.7e-08 2.4e-07 2.8e-07 1.3e-07 2.7e-08 1.1e-07 2.7e-07 3.2e-07
Na-22 1.4e-03 5.3e-04 1.3e-03 2.5e-03 2.8e-03 1.6e-03 5.8e-04 1.4e-03 2.7e-03 3.2e-03
P-32 1.8e-08 9.7e-10 8.2e-09 4.7e-08 6.7e08 2.0e-08 1.1e-09 9.1e-09 5.1e-08 7.4e-08
S35:iW ThV :0-o e+-oo4;o.odo.o .o" O~OOe OO.Oe+C0,ThO.O.00 O e+CCWO,. i^.e, OOO.0.4:0:: 0.0. __O+0 0.
CI-36 8.4e-07 2.7e-07 7.3e-07 1.5e-06 1.8e-06 9.3e-07 2.9e-07 8.1e-07 1.7e-06 2.0e-06

K-40 1.1e-04 4.2e-05 1.0e-04 1.9e-04 2.2e-04 1.2e-04 4.6e-05 1.1e-04 2.2e-04 2.5e-04

Ca-41 4.9e-08 9.2e-09 3.9e-08 9.9e-08 1.2e-07 5.4e-08 1.0e-08 4.4e-08 1.1e-07 1.3e-07

Ca-45 1.9e-C7 4.6e-08 1.6e-07 3.8e-07 4.6e-07 2.ie-07 5.0e-OS 1.7=-T7 4.2e-07 5.2e-07

Cr-51 6.0e-07 8.8e-08 4.2e-07 1.3e-06 1.7e-06 6.7e-07 9.6e-08 4.7e-07 1.5e-06 1.9e-06

Mn-53 4.9e-10 8.5e-il 3.7e-10 1.0e-09 1.3e-09 5.4e-10 9.2e-11 4.1e-10 I.1e-09 1.4e-09

Mn-54 3.7e-C5 1.0e-05 3.1e-05 6.9e-05 8.2e-05 4.1e-05 1.1e-OS 3.4.-05 7.8e-CS 9.3e-05
Fe-55 4.8e-09 7.9e-10 3.7e-09 9.9e-09 1.3e-08 5.3e-09 8.7e-10 4.1e-09 1.1e-08 1.4e-08

Fe 59;':8;2.1oe 4.>47e-6- 1.7,e OSL4.30 05 5.,3e-C5g- ~2.4o-5 52oC5' .9.8e-5 05.0.-CSe 0

Co-56 1.Oe-C4 2.5e-05 8.3e-05 1.9e-04 2.3e-04 .1.e-04 2.8e-05 9.2e-05 2.2e-04 2.6e-04

Co-57 3.0e-06 8.0e-07 2.5e-06 5.6e-06 6.7e-06 3.3e-06 8.7e-07 2.7e-06 6.3e-06 7.5e-06

Co-58 2.5e-05 6.2e-06 2.1 e-05 4.9e-05 5.9e-05 2.8e-05 6.9e-06 2.3e-05 5.4e-05 6.6e-05

Co-60 1.3e-04 3.5e-05 1.1e-04 2.4e-04 2.9e-04 1.4e-04 3.8e-05 1.2e-04 2.7e-04 3.3e-04

NlS59Th4-7' 2.S.-09' .' 6;2,-b ,g2.1.09 :5.1e-O9'tA 6.3e-09v j2.9e-09,:'6.8 10,2,9 e
Ni-63 4.4e-09 8.0e-10 3.3e-09 8.9e-09 1.1e-08 4.9e-09 8.7e-10 3.7e-09 9.8e-09 1.3e-08

Zn-65 2.5e-05 6.6e-06 2.0e-05 4.7e-05 5.6e-05 2.7e-05 7.2e-06 2.3e-05 5.2e-05 6.4e-05

As-73 3.9e-08 8.6e-09 3.1e-08 7.8e-08 9.7e-08 4.4e-08 9.4e-09 3.5e-08 8.7e-08 1.1e-07

Se-75 2.2e-O5 4.9e-06 1.8e-CS 4.4e-OS 5.4e-05 2.5e-05 5.5e-06 2.0e-05 4.9e-05 6.0e-05

Sr55C,2-¢1'5 -,, 8-0.- i3e;6. -Ke -4;t1 __=-t i 6,, 5;2e-06,51.4042 90-C4~$.5oC3

Sr-89 6.6e-07 2.0e-07 5.6e-07 1.2e-06 1.5e-06 7.4e-07 2.1e-07 6.3e-07 1.4e-06 1.6e-06

Sr-90 9.6e-06 3.0e-06 8.3e-06 1.7e-05 2.0e-05 1.1e-05 3.3e-06 9.2e-06 1.9e-05 2.3e-05

Y-91 2.1 e-06 6.7e-07 1.8e-06 3.8e-06 4.5e-06 2.4e-06 7.3e-07 2.0e-06 4.3e-06 5.0e-06

Zr-93 2.0e-07 1.7e-C8 1.4e-07 4.4e-07 5.9e-07 2.2e-07 1.9e-08 1.5e-07 4.ge-07 6.6e-07

Zr-95 .> ,1.'8'e-C4z2 -05j , I.5.-04 e-07&4 4e.-04 1..5&50e-041 3e- 5. 1.6 4.i45 1'

Nb-93m 5.9e-09 1.1e-09 4.4e-09 1.2e-08 1.6e-08 6.6e-09 1.2e-09 4.9e-09 1.4e-08 1.8e-08

Nb-94 8.0e-05 2.2e-05 6.7e-05 1.5e-04 1.8e-04 8.9e-05 2.4e-05 7.4e-05 1.7e-04 2.1 e-04

Nb-95 1.0e-05 2.0e-06 7.8e-06 2.1e-05 2.7e-05 1.1e-05 2.2e-06 8.6e-06 2.4e-05 3.0e-05
Mo-93 6.8e-08 8.0e-09 4.8e-08 1.Se-07 2.0e-07 7.5e-08 8.8e-09 5.3e-08 1.7e-07 2.2e-07

__ _'--.--2-~-- d '.6-091.e.08.1
,To 97* V-.' 35.6e-C9K- .6.-iQi27e,-C9 &7.-e09tt-1 .Oe C8 t' .;Oe'-.2e 10~ 86e0 ,1i
Tc-97m 3.4e-08 6.2e-09 2.5e-08 7.0e-08 9.0e-08 3.8e-08 6.8e-09 2.8e-08 7.8e-08 1.0e-07

Tc-99 5.6e-08 9.4e-09 4.1e-08 1.2e-07 1.5e-07 6.2e-08 1.0e-08 4.6e-08 1.3e-07 1.7e-07

Ru-1 03 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Ru-106 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00_O.Oe+0O O.Oe+0 O.Oe+000 O.Oe+00 O.Oe+00 O.Oe+00
6.1OW00,(O. O o+ 0o O O•k OOe00 0. O O O.Oet+000' OOetOO .0 Oe .O.+00 'OOeCW0i

Ag-110m O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Cd-109 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Sn-113 1.7e-05 3.7e-06 1.4e-05 3.4e-05 4.2e-05 1.9e-05 4.0e-06 1.5e-05 3.8e-05 4.7e-05

Sb-124 9.1e-05 1.8e-05 7.2e-05 1.8e-04 2.3e-04 1.0e-04 2.0e-05 7.9e-05 2.0e-04 2.Se-04
SC 2.7 ': 422eeC0 -0.40e ,3.4e-5.:8.2e5I 0,-C4_ 4.7 05 1.00-052.ff3.8 05'- 92C 1104r

Te-123m 6.8e-06 1.5e-06 5.5e-06 1.3e-05 1.6e-05 7.6e-06 1.7e-06 6.1e-06 1.Se-05 1.9e-05
Te-127m 4.1e-07 9.2e-08 3.4e-07 8.1e-07 1.0e-06 4.6e-07 1.0e-07 3.7e-07 9.1e-07 1.1e-06

1-125 9.0e-07 1.4e-07 6.9e-07 1.9e-06 2.4e-06 1.0e-06 1.6e-07 7.6e-07 2.1e-06 2.6e-06

1-129 1.4e-05 2.4e-06 1.1e-05 3.0e-05 3.6e-05 1.6e-05 2.6e-06 1.3e-05 3.3e-05 4.1e-05

l-131 -,-4.' 1.6e-06^ ,i.5e0-C,3:4e0'-.. '5.0e-Cj. 7. 3.6e 0-6- 5.5.S S8
Cs-134 1.Oe-03 3.9e-04 9Ae-04 1.8e-03 2.0e-03 1.2e-03 4.2e-04 1.0e-03 2.0e-03 2.3e-03

Cs-135 3.6e-07 6.5e-08 2.9e-07 7.3e-07 8.8e-07 4.0e-07 7.2e-08 3.2e-07 8.1e-07 9.8e-07

Cs-137 4.0e-04 1.50e-4 3.6e-04 6.9e-04 7.8e-04 4.4e-04 1.6e 04 4.0e-04 7.7e-04 8.8e-04

Ba-133 2.1e-04 8.0e-05 1.9e-04 3.7e-04 4.2e-04 2.4e-04 8.6e-05 2.1e-04 4.1e-04 4.7e-04

Ce-i392>'r.l~<~. 4.6.-CS,>;. 1.7e-05 4's'4.10-C5. 7.79e-05' ,' 9:1 eO5-CS!7 -' ''5:1eO5~ ':'1.-8- 0C f 4.50-CS 8.9'e-05~ '1.0e-4
Ce-141 7.7e-06 1.8e-06 6.1e-06 1.5e-05 1.9e-05 8.5e-06 2.0e-06 6.7e-06 1.7e-05 2.1e-05

Ce-144 3.0e-05 1.1e-05 2.7e-05 5.2e-05 5.8e-05 3.3e-05 1.2e-05 3.0e-05 5.8e-05 6.6e-05

Pm-147 3.0e-07 6.5e-08 2.3e-07 5.8e-07 7.6e-07 3.3e-07 7.2e-08 2.6e-07 6.5e-07 8.5e-07
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Appendix H-2 I Nonnalized Effective Doses from Aluminum

Table H2.20 Normalized effective doses from all pathways: Dross truck-driver'
Rad-Io de Mass-based effective dose (,Sv/y per Bqlg) Surficial effective dose (ijSv/y per BqIcm2)

R onuclide Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
Sm-151 2.2e-07 4Ae-08 1.6e-07 4.3e-07 5.7e-07 2.4e-07 4.9e-08 1.8e-07 4.8e-07 6.3e-07

* Euo152U.8.o04 y3'e03>'.O 03-0 9e '.e-.0 :41 .0,-41.3 3 .6e03
Eu-154 7.8e-04 2.9e-04 7.0e-04 1.3e-03 1.5e-03 8.7e-04 3.2e-04 7.8e-04 I.5e-03 1.7e-03
Eu-155 1.5e-05 5.4e-06 1.3e-05 2.5e-05 2.9e-05 1.6e-05 5.9e-06 1.5e-05 2.8e-05 3.2e-05
Gd-153 1.5e-05 5.4e-06 1.3e-05 2.5e-05 2.9e.05 1.6e-05 5.9e-06 1.5e-05 2.8e-05 3.3e-05
Tb-160 4.1e-04 1.4e-043.5e-04 72e-04 8.5e-04 4.5e-04 1.5e-04 3.9e-04 8.le-04 9.5e-04

-170 .'.07,.4 9.06 L*2.e ; I.0* 06 O 2.1e,622Ae-06
Trn-I71 1.3e-07 3.9e-08 1.1e-07 ' 22e-07 2.7e-07 IAe-07 4.3e-08 1.2e-07 2.5e-07 3.0e-07
Ta-182 8.8e-05 2.0e-05 7.2e-05 1.8e-04 2.1 e-04 9.8e-05 2.2e-05 8.0e-05 1.9e-04 2.4e-04.
W-181 3.8e-07 8.5e-08 3.1e-07 7.5e-07 9.1e-07 4.3e-07 9.3e-08 3.4e-07 8.4e-07 1.0e-06
W-185 9.7e-09 1.7e-09 7.4e09 2.0e-08 2.5e-08 - 1.e-08 1.9e-09 8.2e-09 2.2e-08 2.8e-08
b28, 429.o 3;O693 .0eA060,'Th1. e-05O4 ,-e 56 3 7e 5 i905e45 1e- b4?
Ir-192 4.3e-05 9.0e-06 - 3.5e-05 8.6e-05 1.1e-04 4.8e-05 9.8e-06 3.8e-05 9.7e-05 1.2e-04
T1-204 8.9e-08 2.0e-08 7.3e-08 1.8e-07 2.1e-07 9.9e-08 2.1e-08 8.0e-08 2.0e-07 2.4e-07
Pb-210 6.8e-05 1.1e-05 5.0e-05 1Ae-04 1.9e-04 7.6e-05 1.2e-05 5.5e-05 1.6e-04 2.1e-04
Bi-207 1.6e-04 3.6e-05 1.3e-04 3.le-04 3.8e-04 1.8e-04 3.9e4-5 1.5e-04 -3.5e-04 4.3e-04
-_2e1v05 j2eQi - 0 ,7,tF§,1; e-,05,,B.6 e-'05
Ra-226 1.5e-03 5.4e-04 1.3e-03 2.5e-03 2.8e-03 1.6e-03 5.9e-04 1.5e-03 2.8e-03 32e-03
Ra-228 1.0e-03 3.7e-04 92e-04 1.8e-03 2.0e-03 1.Ie-43 4.0e 04 1.Oe-43 2.0e-03 2.3e-03
Ac-227 1.1 e-02 2.1 e-03 8.0e-03 2.2e-02 2.9e-02 1.2e-02 2.3e-03 9.0e-03 2.4e-02 -32e-02

Th-228 2.3e-03 6.6e-04 1.9e-03 4.3e-03 5.3e-03 2.6e-03 72e-04 2.1e-03 4.8e-03 6.0e-03

Th-230 1.8e-03 3.4e-04 1.3e-03 3.7e-03 4.8e-03 2.0e-43 3.8e-04 1.5e-43 4.1 e-03 5.4e-03
Th-232 1.9e-03 3.6e-04 1.4e-03 3.8e-03 5.0e-43 2.1e-03 4.0e-04 1.6e-03 4.2e-03 5.6e-03
Pa-231 - 1.e-43 1.5e-04 7.5e-04 2.4e-43 3.2e-03 12e-03 1.6e-04 8.3e-04 2.6e-03 3.6e-03
U-232 1.7e-03 3.5e-04 1.3e-03 3.4e-03 4.5e-03 1.9e-03 3.9e-04 1.4e-03 3.8e-03 S.Oe-03
U-234 3.1e :.,304 I.03 - ,*,4.6eO4 Y7 05,3.4eJ.92eO4;.12 03
U-234 4.1e-04 7.8e-05 3.0e-04 8.2e-04 1.1e-03 4.5e-04 8.6e-05 3.4e-04 9.1e-04 1.2e-03
U-235 4.3e-04 1.0e-04 3Ae-04 8.3e-04 1.1e-03 4.8e-04 1.1e-04 3.7e-04 9.2e-04 12e-03
U-236 3.8e-04 72e-05 2.8e-04 7.6e-04 1.0e-03 4.2e-04 7.9e4-5 3.1eo-4 8.4e-04 1.1e-03
U-238 3.5e-04 7.3e-05 2.7e-04 7.1 e-04 9.2e-04 3.9e-04 8.0e-05 3.0e-04 7.9e-04 1.0e-03
N>3>>UHi3^,.248e 432.j.-O%2.8e.03 2>,I2e403,^ j2.6e 49.e0{2.4e 4e-3 .1o-03,
Pu-236 7Ae4-04 1.4e-O4 5.6e-04 1.5e-03 2.0e-03 82e-04 1.6e-04 6.2e-04 1.7e-03 2.2e-03
Pu-238 1.Be403 3.4e-04 1.3e-03 3.6e-03 4.7e-03 2.0e-03 3.7e-04 1.5e-03 4.1e-03 52e-03
Pu-239 1.9e-03 3.7e-04 1Ae-03 3.9e-03 5.1e-03 2.1e-03 4.0e-04 1.6e-03 4.3e-03 5.6e-03
Pu-240 1.9e403 3.7e-04 1Ae-03 3.9e43 5 2.1e-03 4.0e-04 1.6e-03 4.3e-03 5.6e-03
P~24i,§41 K3.5.-O 6'.'7e-06 -, 2.6.-OS " 7 5Th792e05 _ 3.9e-O5 '
Pu-242 1.9e-03 3.5e-04 1.Ae-03 3.7e-03 4.9e-03 2.1e-03 3.9e-04 1.5e-03 4.2e-03 5Ae-03
Pu-244 2.0e-03 4.4e-04 1.5e-03 3.9e-03 5.Oe-03 2.2e-03 4.8e-04 1.7e-03 4.3e-03 5.5e-03
Arn-241 1.7e-03 3Ae-04 1.3e-03 3.5e-03 4.6e-03 1.9e-03 3.6e-04 1Ae-03 3.9e-03 5.1e-03
An-242m 1.8e-03 3.5e-04 1.3e-03 3.7e-03 4.8e-03 2.0e-03 3.7e-04 1.Se-03 4.1e-03 5.3e-03
* Ain-243 C1 i.8r 3.-',-13.7e 4 _.1.4e-O3 213.60-0374.7. O3',> 2.0e,4.i .5e03 - '4;0e 3 i2eOi
Cm-242 1 .8e-04 ' 3.3e-05 1.3e-04 3.6e-04 4.8e-04 2.0e-04 3.6e-05 1.5e-04 4.0e-04 5.3e-04
Cm-243 1.3e-03 2.8e-04 1.0e-03 2.7e-03 3.5e-03 1.5e-03 3.0e-04 1.1e-03 3.0e-03 3.9e-03
Cm-244 1.1e-03 2.1e-04 8.0e-04 *2.2e-03 2.9e-03 1.2e-03 2.3e-04 9.0e-04 2Ae4-03 3.2e-03
Cm-245 1.8e-03 3.5e,04 1.3e-03 3.6e-03 4.7e-03 2.Oe-03 3.8e-04 1.5e-03 3.9e-03 5.2e-03

Cm-247 1.8e-03 4.0e-04 1 Ae-O3 3.5e-03 4.5e-03 2.0e-03 4.4e-04 1.5e-03 3.9e-03 5.0e-03
Cm-248 6.1e-03 12e-03 4.5e-03 1.2e-02 1.6e-02 6.8e-03 1.3e-03 5.1e-03 1Ae-02 1.8e-02
Bk-249 6.6e-06 1.3e-06 5.0e-06 1.3e-OS 1.8e.-5 7Ae-06 1Ae-06 5.5e-06 1.5e-05 1.9e-05
Cf-248 3.4e-04 6.5e-05 2.6e44 7.0e4 9.1e-04 3.8e04 7.2e-05 2.9e-04 7.8e-04 1 Oe-03
Cf-249- : . :3.1e-03 ,, 6.5 -e4 'p2.3e.03_ 6.103 7.9e43 '3.4 3 ,.7.1e 4 .603,6.8e43 . 8.8e"3
Cf-250 1Ae-03 2.7e-04 1.0e-03 2.8e-03 3.7e-03 1.6e-03 2.9e-04 1.2e-03 3.1e-03 4.1e-03
Cf-251 3.0e-03 5.9e-04 2.3e-03 6.1 e-03 7.9e-03 3.3e-03 6.5e-04 2.5e-03 6.7e-03 8.8e-03
Cf-252 - 7.9e-04 1.5e-04 5.9e-04 1.6e-03 2.1e-03 8.8e-04 1.7e-04 6.6e-04 1.8e-03 2.3e-03
Cf-254 - 5.3e-03 1.7e-03 4.5e-03 9.5e-03 1.1e-02 5.9e-03 1.8e-03 5.0e-03 1.1e-02 1.3e-02
EsiS4 {47.7e-4 2.5e-04y:6.7e 7-0 1.4e -.03>1.6e-03 2' 8.6e-O4 2.7e.4 -0-7.5O41.5e03 -1.8;03

Note: To convert these values to conventional units (mremly per pClg or mremly per pCilcm 2). multiply by 3.7e-3
H-135~~ _UE-14
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Normalized Effective Doses from Aluminum Appendix H-2

Table H2.21 Normalized effective doses from external exposure: Dross truck-driver
,,,_ .. .. Mass-based effective dose (uSv/Y oe aa P ufca fetv dse f vvnrRnml

Raincie Mean 5th 50th 90th 95th Mean 5th 50th 9th . 95th
H-3 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.We 00 .eO O.Oe+O00 O+cO

C-14 8.4e-10 3.1e-10 7.6e-I 0 1.5e-09 1.6e-09 9.4e-10 3Ae-10 8.4e-10 1.6e-09 1.9e-09

Na-22 1Ae-03 5.3e-04 1.3e-03 2.5e-03 2.8e-03 1.6eM0' 5.8e-04 1.4e-03 2.7e-03 3.2e-03

P-32 1.5e-08 ' 7.9e-10 6.8e-09 3.8e-08 5.5e-08 1.6e-08 8.7e-10 7.5e-09 4.2e-08 6.1e-08

35, < ,_0.0 OeOOe -OOe'6O 'O+' j^, O.Oe+ -'.e,,OO_ ,'O,+-O.Oe4
Cl-36 3.1 e-07 1.2e-07 2.8e-07 5.4e-07 6.2e-07 3.5e-07 1.3e-07 3.1 e-07 6.1e-07 7.0e-07

K-40 1.1e-04 4.1e-05 - .0e-04 1.9e-04 2.2e-04 1.2e-04 4.5e-05 1.1e-04 2.1e-04 2.4e-04

Ca-41 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO, O.Oe+OO

Ca-45 4.0e-09 1.5e-09 3.6e-09 7.0e-09 8.0e-09 4.5e-09 1.6e-09 -4.0e-09 7.8e-09 9.Oe-O9
S)L''Ei.-Cs8.i8 a4i-.,,e03<.T-3 'et$'- 9 0 . ,.9eR6-O,!I§. ;->9eF03'

Cr-51 6.0e-07 8.8e-08 '4.2e-07 1.3e-06 1.7e-06 6.7e-07 9.6e-08 4.7e-07 t.5e-06 1.9e-06

Mr-53 O.Oe+OO O.Oo+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Mn-54 3.7e-05 1.0e-05 3.1 e-05 '6.9e-05 8.2e-05 4.1e-OS 1.1e-05 3.4e-05 7.8e-05 9.3e-OS

Fe-55 4.6e-15 1.2e-15 3.8e-15 8.7e-15 1.0e-14 5.1e-15 .1.3e-15 4.3e-15 9.6e-15_ 1.2e-14

Co-56 1.0e-04 2.5e-05 8.3e-05 1.9e-04 2.3e-04 1.1e-04 2.8e-05 9.2e-05 2.2e-04 2.6e-04

Co-57 3.0e-06 7.9e-07 2.5e-06 5.6e-06 6.7e-06 3.3e-06 8.7e-07 2.7e-06 6.3e-06 7.5e-06

Co-58 2.5e-05 6.2e-06 2.1 e-05 4.9e-05 5.9e-05- 2.8e-05 6.9e-06 2.3e-05 5.4e-05 6.6e-05

CCF60 1.3e-04 3.5e-05 1.1e-04 2.4e-04 2.9e-04 1.4e-04 3.8e-05 1.2e-04 2.7e-04 3.3e-04
N-F59547 9-M ft'?/i.6_ io2 i~'.Ae105: 09-.fd9 Wbi o , 0 .4,0 17e0 20'e40Q

NF-63 2.6e-13 7.2e-14 2.2e-13 5.0e-13 6.0e-13 2.9e-13 7.9e-14 2.5e-13 5.6e-13 6.7e-13

Zr-65 2.5e 05 6.6e 06 2.0e-05 4.7e-05 5.6e405 2.7e-05 7.2e-06 2.2e-05 5.2e-05 6.4e-05

As-73 3.2e-08 7.0e-09 2.6e-08 6.4e-08 7.9e-08 3.6e 08 7.7e-09 2.9e-08 7.1e-08 8.9e-08

Se-75 2.2e-05 4.9e-06 1.8e-05 4.4e-05 5.4e-05 2.5e 05 5.4e-06 2.0e-05 4.9e-05 6.0e-05

Sr 8- ,i .,,t'<,;5e 4B48e,5d21 3 4 ,g, .1 e 4~'t.-;j*1.6 04,.,5 e'i4e29e 2 3

Sr-89 5.0e-07 1.Se-07 4.3e-07 9.2e-07 1.1e-06 5.6e-07 1.6e-07 4.7e-7 1.0e-06 1.2e-06

Sr-90 3.6e-06 1.3e-06 3.3e-06 6.2e-06 7.1 eO6 4.0e-06 1.5e-06 3.6e-06 6.9e-06 7.9e-06

Y-91 1.8e-06 5.7e-07 1.6e 06 3.3e-06 3.9e-06 2.0e-06 6.2e-07 1.7e-06 3.7e-06 4.3e-06

Zr-93 1.6e.12 1.9e-13 1.3e 12 3.3e-1 2 4.0e-12 1.8e-12 2.1eF13 1.5e-12 3.7e-12 4.5eF12

3Y9_.w<.e4 2.0........ie.e-04i' .,"~-,,.6e0I*'.U0-e4s',x,%4Ae' 0 e,-04- 6=Xie¢'i

Nk-93m 4.6e.14 1.2e 14 3.8e 14 8.8e-14 1.0e-13 5.le-14 1.3e-14 4.2e-14 9.7e-14 1.2e-13

Nb-94 8.0e-05 2.2e 05 6.7e-05 1.5e-04 1.8e-04 8.9e-05 2.3e-05 7.4e-05 1.7e-04 2.0e-04

Nt-95 1.0e-05 2.0e-06 7.8e-06 2.1e-05 2.7e-05 1.1e-05 2.2e-06 8.6e-06 2.4e-05 3.0e-05

MCF93 1.5e-13 3.4e-14 _1.2e-13 2.9e-I 3 _3.6e-13 1.6e-13 3.7e-14 1.3e-13 3.3e-13 4O0e 13

TG?'_'- , '+5.6e'-1g3 I3^ i ;-F31i2e-^1ei2 ,',6e 4, '5.0F2e 32j .O-i e12;

Tc-97m 7.9e-09 1.7e-09 6.3e-09 1.6e-08 2.0e 08 8.8e-09 1.9e-09 7.0e-09 1.7e-08 2.2e 08

Tc-99 2.0e-09 4.7e-10 1.6e-09 4.0e-09 5.0e-09 2.3e-09 5.1e-10 1.8e-09 4.5e-09 5.6e-09

Ru-103 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Ru-106 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Ge18m+,, 0-06,OO+Og',OO,,,O.OOeOe-OOe.OO;bOO+O'- B 6OOsO,-.-O.eOOP .O+O O .eOO .;'Qe+O'

Ag-110 m O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Cd-109 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Sn-1 13 V.e-05 3.e-06 1.4e OS 3.4e-05 4.2e-05 1.9e-05 4.0e-06 1.5e-05 3.8e 05 4.7e-05

St-1 24 9.1e 05 1.8e-05 7.2e-05 1.8e-04 2.3e-04 1.0e-04 2.0e-05 7.9e-05 2.Oe-04 2.5e-04

it i2,',-'*'t 2e5 9. ' 6''-'d 3. ie08.'51-O k i '< :'4.7'e! .05 05- ---38 '92O -1e4,

Te 123m 6.8e-06 1.5e-06 5.4e-06 1.3e-05 1.6e-05 7.5e-06 1.e-06 6.1 e-06 1.5e-05 1.8e-05

Te 127m 3.3e-07 7.4e-08 2.7e-07 6.6e-07 8.1 e-07 3.7eO07 8.1 e48 3.0e-07 7.4e-07 9.2e-07

1-125 1.9e-08 5.8e-09 1.6e-08 3.5e-08 4.1 e-8 2.1 e-08 6.4e-09 1.8e-08 3.9e-08 4.6e-08

1-129 7.7e-08 2.7e-08 6.8e-08 .1.3e-07 1.6e-07 8.5e-08 2.9e-08 7.5e-08 1.5e-07 1.8e-07

i-131 ~-~-e-~.-; "> '- 1;6e~~-, 1Ae08_ -_.3i.3e-,,7' i 49e 06. ,_ 7.5e 6- ' ' 1 e 6 -vi.6 0 -37 7 54 6,83

Cs-134 1.Oet03 3.ge-04 9.3e-04 1.8e-03 2.0e-03 1.2e-03 ' 4.2e-04 1.0e-03 2.0e-03 2.3e-03

Cs-135 9.2e409 3.4e-09 8.3e-09 1.6e-08 1.8e-08 1.0e-08 3.e-09 9.1 e-09 1.8e-08 2.0e-08

Cs-137 4.0e-04 1.5e-04 3.6e-04 6.8e-04 7.7e-04 4.4e-04 1.6e-04 3.9e-04 7.6e-04 8.7e-04

Ba-133 2.1 e-04 7.9e-05 1.9e-04 3.7e-04 4.2e404 2.4e-04 8.6e-05 2.1e-04 4.1 e-04 4.7e-04

Ce- 13 ,4r ,,,^i6 0.S'16 5: .eO - .95 9'.19i O ;-'5.e05 ' SeO.'-, 1;8e 5"fi,.e0 8.9 05, t 1'.0e-W:;

Ce-141 7.6e-06 1.8e-06 6.0e-06 1.5e-05 1.9e-05 8.5e-06 2.0e-06 6.7e-06 1.7e-05 2.1 e-05

Ce-144 2.8e-05 1.0e-05 2.5e-05 4.8e-05 5.4e-05 3.1 e-05 1.1e-05 2.7e-05 5.3e-05 6.1 e-05

Pm-147 4.2e-09 1.6e-09 3.8e-09 7.3e-09 8.3e-09 4.7e-09 1.e-09 4.2e-09 8.2e-09 9.4e-09
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Appendix H-2 Normalized Effective Doses from Aluminum

Table H2.21 Normalized effective doses from external exposure: Dross truck-driver

Radionuclide Mass-based effective dose (pSv/y per BqIg) Surficial effective dose (pSvly per Bqfcm2)
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

Sm-151 9.9e-12 3.7e-12 8.9e-12 1.7e-t1 1.9e-1l 1.1e-11 4.0e-12 9.8e-12 1.9e-11 2.2e-11
Eu-i52 80 3 78.9&04 1%,3.3e-04 >'8.0 4 ,, .1503,tI.8 - 3S
Eu-154 7.8e-04 2.9e-04 7.0e-04 1.3e-03 1.5e-03 8.6e-04 3.1e-04 7.7e-04 1.5e-03 1.7e-03
Eu-155 1Ae-05 5.3e-06 1.3e-05 2.5e-05 2.8e-05 1.6e-05 5.8e-06 1.4e-05 2.7e-05 3.1e-05
Gd-153 1.5e45 5.3e-06 1.3e-05 2.5e-05 2.9e-05 1.6e-05 5.8e-06 14Ae-05 2.8e-05 3.2e-05
Tb-O160 4.1e-04 1.3e-04 3.5e-04 7.2e-04 8.4e-04 4.5e-04 1.5e-04 3.9e-04 8.1 e-04 9.5e-04
Tm,1'70m -* 6 6.6-,07 :^t2.'4e:O. 0 ,7e-O7*IieO6 .3o-06 _> .:.eO . , 6 .' 6
Tm-171 4.5e4-0 1.7e-08 4.1e-08 7.8e-08 8.8e-08 5.Oe-08 1.8e-08 4.5e-08 8.7e-08 I.0e-07
Ta-182 8.8e4-5 2.0e-05 7.2e4-5 1.8e-04 2.1e-04 9.8e-05 2.2e-05 7.9e4-5 1.9e-04 2.4e-04
W-181 3.8e-07 8Ae-08 3.1e-07 7.5e-07 9.1e-07 42e-07 9.3e-08 3.4e-07 8.4e-07 1.0e-06
W-185 3.6e-09 7.6e-10 2.9e-09 7.1e-09 8.7e-09 4.0e-09 8.4e-10 3.2e-09 7.9e-09 9.8e-09
Os-I 85 :t5 9 '9.0e.O'330" Z,48.3o40 4 ' 6e5Th9.8e 3.7e05 x -9.2'e 05' -1.t O
Ir-192 4.3e-05 9.0e4-6 3.4e-05 8.6e-05 I.Ie-04 4.8e-05 9.8e-06 3.8e-05 9.7e4-5 1.2e-04
Tl-204 5.6e-08 1.3e-08 4.6e-08 t.Ie-07 1.4A-07 6.3e-8 I.4-08 5.2e-8 I.2-07 I.5e-07
Pb-210 9.7e-08 2.2e-08 -7.9e4-8 1.9e-07 2.3e-07 1.1e-47 2.4e48' 8.8e4-8 2.1e-07 2.6e-07
Bi-207 1.6e-04 3.6e4-5 1.3e-04 3.1e-04 3.8e-04 1.8e-04 3.9e4-5 1.5e-04 3.5e-04 4.3e-04
Po.21 0r;- 7. 4e-IO'I.6e-iO, 6.0eO4l0, 9$t.8e-O9 ,I 2.0,790 t
Ra-226 1.2e-03 4.6e-04 1.1 e-03 2.1le-03 2Ae-43 1.4e-03 5.0e-04 1.2e403 2.4e-03 2.7e-03
Ra-228 6.7e-04 2.5e-04 6.0e-04 1.1e-03 1.3e-03 7Ae-04 2.7e-04 6.6e04 1.3e-03 1.5e-03
Ac-227 2.0e-04 7.1 e405 1.8e-04 3.4e-04 4.0e-04 2.2e-44 7.8e-05 2.0e-04 3.8e-04 4.5e-04
Th-228 7.8e-04 2.8e-04 6.9e-04 4 .3e-03 t.5e-03 8.6e-04 3.0e-04 7.7e4041 .5e-03 1.7e-03

,h229,-'-'.1.404,4,5.O605-'i;2e-04 12 2A.O4 i2.8e-O4 .5o-04Z.'5.4eO5 J 1.404 z]- 2.7e 4 .$a3.1o04
Th-230 I.7e-07 5.8e408 1.5e47 3.0e-07 3.5e407 1.9e4-7 6.3e4-8 1.6e-07 3.4e-O7 3.9e-07
Th-232 1.3e-05 3.5e-06 1.0e-05 2Ae.-5 2.9e.-5 Il.e-05 3.9e-6 1.2e.-5 2.7e-05 3.2e-05
Pa-231 3.3e-06 7.3e4-7 2.7e.-6 6.6e.-6 8.0e-06 3.7e-46 8.0e-47 3.0e4-6 7.3e406 8.9e-06
U-232 5.3e-05 1.6e.-5 4.5e-05 1.0e-04 t.2e404 6.0e-5 1.7e-05 5.0e-05 I.le-04 1.3e-O4
U-233''2' ~A-,'a',7.8e-08 j' 2.9e48,Th7.O..08 48 .4eO7,<-^,4 .6.7, 8.7e,8,>3ie .1i87 01O
U-234 2.0e-08 7.4e409 1.8e-48 3.5e-O8 4.0e-08 2.2e408 8.0e-09 2.0e4-8 3.9e-O8 4.5e4-8
U-235 6.6e-05 2.4e405 5.9e.-5 1.1e-U4 1.3e404 7.3e-05 2.6e-05 6.5e-05 1.3e-04 1.5e-04
U-236 8.3e-49 3.0e-09 7.4e409 1.Ae-08' 1.6e-48 9.2e-09 3.3e-09 8.2e-09 1.6e408 1.9e4-8
U-238 1.4e-05 5.0e-06 1.2e405 2.3e-05 2.7e-05 1.5e05 54e-06' 1.3e-05 2.6e45 3.Oe45
Np237-~-4o-.39'5 e96 05.9e74 , 22e044 ,:,-, 1.2e 04,:4-42ge<,* 1.e4, '2 .

Pu-236 6.5e4-8 1.3e-08 4.9e4-8 1.3e-07 1.7e-07 7.2e4-8 1.4e-08 5.5e-08 1.5e4-7 1.9e-47
Pu-238 2.8e-09 1.0e-49 2.5e-09 4.9e-09 5.6e-09 32e409 1.1e-09' 2.8e-49 5.5e-09 6.4e4-9
Pu-239 2.1e-08 7.6e-09 1.9e-08 3.6e-08 42e48 - 2.3e-48 8.2e-09 2.1e-08 4.0e-08 4.7e-08
Pu-240 2.7e-09 9.9ie1°0- 2.4e-09 4.7e-095Ae-09 3.1 e-09 1.1e-09 2.7e-09 5.3e-09 6.1e-09

Pu-242 2.7e-09 9.9e-10 2.4e-09 4.7e-09 5.4e09 3.0e-09 1.1 e-09 2.7e-09 5.2e-09 6.1 e409
Pu-244 1.7e-04 62e-05 1.5e-04 3.0e-04 3.4e-04 1.9e-04 6.8e-05 1.7e-04 3.3e-04 3.9e-04
Am-241 1.8e-06 6Ae-07 1.6e46 3.1e-06 3.5e-06 2.0e-06 7.0e-07 1.8e.-6 3.4e-06 4.0e-06
Am-242m ' 5.4e.-6 1.9e-06 4.8e4-6 9.4e-06 1.1 e-05 6.0e4-6 2.1e-06 5.4e-061 .Oe05 1 .2e-05

2i3, ' 7.6e 5r2-2.7e-05 6. 8 S,-53;153e0 4 e85 3.0o 5 7.50-05 I5e-0 ; 1 04
Cm-242 2.0e-49 72e-I 0 1.8e409 3.6e-09 4.1 e-09 2.3e-09 7.9e-1 0 2.0e-09 4.0e-09 4.6e-09
Cm-243 5.0e-05 1.8e4)5 4.5e-05 8.7e-05 I.Oe404 5.6e-05 2.0e-05 5.0e-05 9.8e-05 1.1 e.04
Cm-244 2.2e4-9 82e-10 2.0e409 3.9e-49 4.5e.09 2.5e-09 8.9e-10 2.2e4-9 4.4e-09 5.1e4-9
Cm-245 2.9e-05 1.1e-05 2.6e-45 5.1e-45 5.9e-05 3.3e4-5 1.2e,-5 2.9e4-0 5.7e405 6.7e4-5
C 2463 .-2.7e-10. 9.9 , 2.4.I 0 i.7e 0O 55 .- . 30. -1.ie O,,2.ie10 5,3.- --- j
Cm-247 1.8e-04 6.4e-05 1.6e-04 3.1e-04 3.5e-04 2.0e-04 7.0e-05 1.8e-04 3.4e-04 4.0e-044
Cm-248 2.3e-10 8.5e-1l 2.1e-10 4.1e-10 4.7e-10 2.6e-10 9.3e-1I 2.3e-10 4.6e-10 5.3e-10
Bk-249 6.3e-08 1.9e4-8 5.3e-08 1.2e-07 1.4e-7' 7.1 e-08 2.1e-08 5.9e-08 1.3e-07 1.6e-07
Cf-248 4.3e-09 1.6e-09 3.9e-09 7.6e-09 8.7e-09 4.8e-09 1.7e-09 4.3e-09 8.5e-09 9.8e4-9

C'-4-9 '-OeP-'.e04".3 4 .e , _ .e4-. e,4-'''!05 t., e0 4.Cf-249. 1..6 i~~.e0 _.~~i.~0'-.4eO %04Oe4
Cf-250 1.3e-10 4.9e-Il 1.2e-10 2.4e-10 2.7e-10 1.5e-10 5.4e-11 1.3e-10 '2.6e-10 3.1e-10
Cf-251 4.3e-05 1.5e4-O 3.8e4-5 7Ae-05 8.5e.-5 4.7e4-5 1.7e-05 4.2e.-5 8.3e-05 9.6e.-5
Cf-252 4.5e-09 1.6e-09 4.1e409 7.9e-09 9.1 e-09 5.Oe-09 1.8e-09 4.5e-09 8.8e-09 1.0e-08
Cf-254 4.6e-03 1.5e-03 4.0e-03 8.4e-03 I.0e-42 52e-03 1.6e-03 4.4e-03 9.4e-03 1.1le-02
E -254 e-:K4.e-04 2;i.6.-04;-3.9e 4'' .6e-O4 i-8.7e 4 - 4.904-O4-'i.7e-4 '{.4'-,'^8.5e 4 ' 9.9e 4

Note: To convert these values to conventional units (mremty per pCilg or mrem/y per pCi/cm 2), multiply by 3.7e-3
H- 13 _URGl_64
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Nonnalized Effective Doses fTom Aluminum Appendix H-2
Normalized Effective Doses from Aluminum Appendix H-2

Table H2.22 Normalized effective doses from Inhalation: Dross truck-driver
Radionuclide Mass-based effective dose (pSv/y per Bq/g)

Mean 5th 50th 90th 95th
Surficial effective dose (pSvyy per BqIcm2)

Mean 5th 50th 90th 95th
H-3 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+OO O.Oe+00 O.Oe+O0 O.Oe+00
C-14 4.4e-08 8.3e-09 3.3e-08 8.8e-08 1.2e-07 4.8e-08 9.1e-09 3.6e-08 9.8e-08 1.3e-07
Na-22 1.4e-07 2.7e-08 1.1e-07, 2.9e-07 3.8e-07 1.6e-07 3.0e-08 1.2e-07 3.2e-07 4.2e-07
P-32 6.6e-10 2.3e-1 I 2.6e-10 1.7e-09 2.6e-09 7.3e-10 2.5e-1 1 2.9e-10 1.9e-09 2.9e-09

S-3 rf * , .OeOO-;OOe+OO.O+Ox OOe+0,O.O+O~ ks,,'_O.e+,O;O.0e+00OO.0e+OO,,O.Oe+00<; .Oe+Oj
CI-36 4.0e-07 7.6e-08 3.0e-07 8.0e-07 1.le-06 4.4e-07 8.3e-08 3.3e-07 9.Oe-07 1.2e-06
K-40 2.3e-07 4.3e-08 1.7e-07 4.5e-07 6.0e-07 2.5e-07 4.7e-08 1.9e-07 S.1e-07 6.7e-07
Ca-41 1.3e-08 2.6e-09 1.Oe-08 2.7e-08 3.6e-08 1.5e-08 2.8e-09 1.1e-08 3.0e-08 4.0e-08
Ca-45 1.2e-07 2.3e-08 8.9e-08- 2.4e-07 3.3e-07 1.3e-07 2.4e-08 1.0e-07 2.7e-07 3.6e-07
Sc,4'8-J~i';* 21e-07t., 3.8e008;' .5 0 U74. 5640 2.3e' '
Cr-51 8.le-11 7.le-12 4.7e-1I 1.8e-10 2.7e-10 9.0e-11 7.8e-12 5.2e-11 2.1e-10 3.0e-10
Mn-53 2.0e-10 3.2e-11 1.4e-10 4.3e-10 5.7e-10 2.2e-10 3.5e-1I 1.6e-10 4.7e-10 6.4e-10
Mn-54 5.7e-09 9.0e-10 4.0e-09 1.2e-08 1.6e-08 6.4e-09 9.9e-10 4.4e-09 1.4e-08 1.8e-08
Fe-55 1.8e-09 2.7e-10 1.2e-09 3.7e-09 5.Oe-09 2.0e-09 2.9e-10 1.4e-09 4.1e-09 5.6e-09
Fe-59_.',. ' .y--.',6.fo ?-0 8.ie-1 io,.1641 09__4' o- 08g. 1; 0 6 e < ,9 eO -. e,
Co-56 1.5e-08 2.2e-09 1.Oe-08 3.2e-08 4.3e-08 1.6e-08 2.4e-09 l.le-08 3.5e-08 4.8e-08
Co-57 2.8e-09 4.3e-10 2.0e-09 5.9e-09 7.8e-09 3.1e-09. 4.7e-10 2.2e-09 6.6e-09 8.8e-09
Co-58 4.8e-09 7.0e-10 3.3e-09 1.0e-08 1.4e-08 5.3e-09 7.6e-l0 3.7e-09 1.le-08 1.6e-08
Co-60 9.3e-08 1.4e-08 6.6e-08 2.0e-07 2.6e-07 1.0e-07 1.6e-08 7.3e-08 2.2e-07 2.9e-07

NI-,2 >- ,:2 e 9; .:1;9e-10,--8.7e-10 ~60 9,7r.3150- : j 092 1 2.1e-1 iO9;6e1 iO2.9e-09:3'.9
Ni-63 2.9e-09 4.5e-10. 2.0e-09 6.1e-09 8.3e-09 3.2e-09 4.9e-10 2.3e-09 6.8e-09 9.2e-09
Zn-65 1.3e-08 2.0e-09 9.0e-09 2.7e-08 3.6e-08 I1Ae-08 2.1e-09 1.Oe-08 3.0e-08 4.0e-08
As-73 4.2e-09 5.4e-10 2.8e-09 9.le-09 1.2e-08 4.6e-09 6.0e-10 3.1e-09 1.0e-08 1.4e-08
Se-75 1.1e-08 1.4e-09 7.4e-09 2.3e-08 3.2e-08 1.2e-08 1.6e-09 8.2e-09 2.6e-08 3.6e-08

. 9 ts..... , -4 ,.z ~ a .. ,.s.... ,4, Of 3_. _ ,s

Sr-89 3.8e-08 6.4e-09 2.8e-08 8.0e-08 1.1e-07 4.3e-08 7.1e-09 3.1e-08 8.9e-08 1.2e-07
Sr-90 2.2e-06 4.3e-07 1.7e-06 4.5e-06 5.9e-06 2.5e-06, 4.6e-07 1.8e-06 5.0e-06 6.6e-06
Y-91 1.8e-07 3.1e-08 1.3e-07 3.7e-07 4.9e-07, 2.0e-07 3.4e-08 1.4e-07 4.1e-07 5.5e-07
Zr-93 1.9e-07 1.5e-08 1.3e-07 4.2e-07 5.6e-07 2.1e-07 1.7e-08 1.4e-07 4.6e-07 6.2e-07
Zr95:5 ' .5e-08: 5.le-9,h..a;4.3e-8 &l1.5e07> ;2.0e 7 ,7 -7 5.5e- ',4.8 18.6e 27f.22e07j
Nb-93m 4.8e-09 7.3e-10 3.4e-09 1.0e-08 1.4e-08 5.3e-09 8.1e-10 3.7e-09 1.1e-08 1.5e-08
Nb-94 1.4e-07 2.1e-08 9.9e-08 3.0e-07 4.0e-07 1.6e-07 2Ae-08 1.le-07 3.3e-07 4.4e-07
Nb-95 1.9e-09 2.3e-10 1.2e-09 4.2e-09 6.0e-09 2.1e-09 2.5e-10 1.3e-09 4.6e-09 6.6e-09
Mo-93 1.4e-08 1.9e-09 9.7e-09 3.1e-08 4.2e-08 1.6e-08 2.le-09 1.1e-08 3.5e-08 4.6e-08

'1.9e0 ,2 5.6e-09- fj-?"92.e-09, ,28e-10:1.4e-9i
Tc-97m 1.8e-08 2.4e-09 1.2e-08 4.0e-08 5.5e-08 2.0e-08 2.6e-09 1.3e-08 4.5e-08 6.1e-08
Tc-99 3.8e-08 5.le-09 2.6e-08 8.3e-08 1.le-07 4.2e-08 5.7e-09 2.8e-08 9.2e-08 1.2e-07
Ru-103 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+0O O.Oe+00 O.Oe+00
Ru-106 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Agl08ms, 0.0',O e+0,.Oo+ jO;,-'O~e O'' .Oeo OOe.;oo+oo'y --- --e> O -.eO,:Oe0'0 ;0.0*0eO.0+00 0.e+0b .0eo0o.0e00
Ag-110m O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00
Cd-109 O.Oe+00 O.Oe+O00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00
Sn-113 1.5e-08 1.9e-09 1.0e-08 3.2e-08 4.4e-08 1.6e-08 2.1e-09 1.1e-08 3.5e-08 4.8e-08
Sb-124 2.5e-08 3.1e-09 1.7e-08 5.4e-08 7.5e-08 2.8e-08 3.3e-09 1.8e-08 6.1e-08 8.3e-08
S-125'r',,'>4.5i-08v16.l 1 i3.1e-087A9.9e-08T2~ - 1.3e-0' "5.1-86.8 3.5e08-;- 1.1e07i.S 079
Te-123m 2.7e-08 3.5e-09 1.8e-08 5.8e-08 7.8e-08 3.0e-08 3.8e-09 2.0e-08 6.5e-08 8.7e-08
Te-127m 4.8e-08 6.2e-09 3.2e-08 1.0e-07 1.4e-07 5.3e-08 6.8e-09 3.6e-08 1.2e-07 1.6e-07
1-125 1.9e-07 3.3e-08 1.4e-07 4.0e-07 5.4e-07 2.2e-07 3.6e-08 1.6e-07 4.5e-07 6.0e-07
1-129 3.Oe-06 5.7e-07 2.2e-06 6.2e-06 8.1e-06 3.4e-06 6.2e-07 2.5e-06 6.9e-06 9.0e-06

Cs-134 7.0e-07 1.3e-07 5.2e-07 1.4e-06 1.9e-06 7.8e-07 1.5e-07 5.8e-07 1.6e-06 2.1e-06
Cs-135 7.7e-08 1.5e-08 5.8e-08 1.6e-07 2.1e-07 8.6e-08 1.6e-08 6.4e-08 1.7e-07 2.3e-07
Cs-137 5.2e-07 1.Oe-07 3.9e-07 1.0e-06 1.4e-06 5.8e-07 l.le-07 4.3e-07 1.2e-06 1.5e-06
Ba-133 1.3e-07 2.5e-08 9.8e-08 2.6e-07 3.5e-07 1.5e-07 2.8e-08 1.le-07 2.9e-07 3.9e-07
Ce-139: ¾ -'7.3e-08j -'1.4e-08 0 -5.,--08 S-0 _208 -S 8c 6.1e-8 :.7e-07 ; 20
Ce-141 5.5e-08 7.7e-09 3.7e-08 1.2e-07 1.6e-07 6.2e-08 8.5e-09 4.1e-08 1.3e-07 1.8e-07
Ce-144 1.8e-06 3.5e-07 1.4e-06 3.7e-06 4.9e-06 2.0e-06 3.8e-07 1.5e-06 4.1e-06 5.4e-06
Pm-147 2.6e-07 5.0e-08 1.9e-07 5.2e-07 7.0e-07 2.9e-07 5.4e-08 2.2e-07 5.8e-07 7.7e-07
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Appendix H-2 Normalized Effective Doses from Aluminum

Table H2.22 Normalized effective doses from Inhalation: Dross truck-driver

Radionuclide Mass-based effective dose (pSvly per Bq/g) Surficial effective dose (pSv/y per Bq/cm2)
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

Sm-151 2.0e-07 3.9e-08 1.5e-07 4.1e-07 5.4e-07 2.3e-07 42e-08 -.17e-07 4.6e-07 6.Oe-07

Euk,15 2 .-f06' 4.Oe 7 1.6e-O62.4.2o-6 ;5.6 6,TF2.3 ,06t, '.4e-7i2 .i 7e-O6 7e-06 ; 6.2
Eu-154 2.7e-06 5.1e-07 2.0e-06 5.4e-06 7.2e-06 3.0e-06 5.6e-07 2.2e-06 6.0e-06 8.0e-06
Eu-155 3.6e-07 6.8e-08 2.7e-07 7.2e-07 9.6e-07 4.0e-07 7.5e-8 3.0e-07 8.0e-07 1.le-06
Gd-153 1.6e-07 3.0e-08 1.2e-07 3.2e-07 4.3e-07 1.8e-07 3.3e-08 1.3e-07 3.6e-07 4.7e-07
Tb-160 2.2e-07 3.9e-08 1.6e-07 4.4e-07 5.8e-07 2Ae-07 4.2e-08 1.7e-07 4.9e-07 6.5e-07
T-17OLt,<- 2.8e-07,_'5e8,,200 ;; e,^ 5 6 ,0:, 2.e0 O , w'2-0

Tn-171 6.6e-08 1.3e-48 5.0e-08 1.3e-07 1.8e-07 7Ae-08 1.4e-08 5.5e-08 1.5e-07 2.0e-07
Ta-182 5.7e-08 7.6e-09 3.8e-08 1.3e-07 1.7e-07 6Ae-08 8.4e-09 4.3e-08 1.4e-07 1.9e-07
W-181 3.4e-10 4.3e-11 2.3e1-0 7.5e-10 1.Oe-09 3.8e-10 4.8e-11 2.6e-10 8.3e-I0 1.1e-09
W-185 1.4e-09 1.7e-10 9.3e-10 3.0e-09 4.2e-09 i.Se-09 1.8e-10 1.0e-09 3.3e-09 4.6e-09
O6s Wi85k: i79 -,..9.8e-;0 2.3e 1 ;
Ir-192 3.0e-08 3.8e-09 2.0e-08 6.7e-08 9.1le-08 3.4e-08 4.1e-09 2.2e-08 7Ae-08 1.0e-07
T1-204 7.1e-09 9.6e- 0 4.9e-09 i.5e-08 2.1e-08 7.8e-09 1.1e-09 5.4e-09 1.7e-08 2.3e-08
Pb-210 5.0e-05 6.7e-06 3.4e-05 I.ie-04 iAe-04 5.5e-05 7Ae-06 3.7e-05 1.2e-04 1.6e-04
BF-207 3.8e-08 4.8e-09 2.6e-08 8.2e-08 i.1e-07 4.2e-08 5.3e-09 2.9e-08 9.1e-08 1.2e-07

Pc;210 z. 1.- .5.2.4e-O8 .f12e-O5:40e- -5 - 6005
Ra-226 1.8e-04 3.4e-05' 1.3e-04 3.5e-04 4.7e-04 1 .9e-04 3.7e-05 1.5e-04 3.9e-04 52e-04
Ra-228 2.7e-04 5.0e-05 2.0e-04 5.5e-04 7.3e-04 3.0e-04 5.5e-05 2.2e-04' 6.1e-04 8.1e-04
Ac-227 -1.0e-02 2.0e-03 7.7e-03 2.1e-02 2.8e-02 1.2e-02 2.1e-03 8.6e-03 2.3e-02 3.1e-02
Th-228 1.5e-03 2.9e-04 1.1 e-03' 3.1 e-03 4.1 e-03 1.7e-03 3.1 e-04' 1.3e-03 3.5e-03 4.6e-03
jl9,,, 5.6e-04, -04 u -3.6e43 e-1 ~0.2e2 .4IA8e ,2;-5 . 1.1e.03n'4.3e-03 ,.2. 2 Ii.6e 02
Th-230 1.8e403 3.3e-04 1.3e-03 3.6e-03 4.7e403 2.0e-03 3.7e-04 1.5e-03 4.0e-03 5.3e-03
Th-232 1.8e-03 3.4e-04 1Ae-03 3.8e-03 4.9e-03 2.1e-03 '3.8e-44 1.5e-03 4.2e-03 5.5e43
Pa-231 1.ie-03 1Ae-04 7.3e-04 2.3e-03 3.1e-03 1.2e-03 1.6e-04 8.1e-04 2.6e-03 3.5e-3
U-232 1.6e-03 3.1ee-04 1.2e-43 3.3e-03 4.4e4-3 1.8e-03 3.4e-04 1.4e-03 3.7e-03 4.8e-03
U-f233•ffi.,4.ie-4 '.¾7.7e.O5 3.0e4.8.2eO 4v~1.1;e~ 03 4X.5o-4, ,'',,8.4oOS5 ';4-3;i~.eO4i':,.92.:3'
U-234 4.0e-04 7.6e-05 3.0e-04 8.1e-04 1.1e-03 4Ae-04 8.3e-05 3.3e-04 9.0e.04 1.2e-03
U-235 3.6e-04 6.8e-05 2.7e-04 7.3e-04 9.6e-04 4.0e-04 7.5e-05 3.0e-04 8.1e-04 i.Ie-03
U-236 3.7e-04 7.0e-05 2.8e-04 7.5e-04 9.9e-04 4.1e-04 7.7e-05 3.1e-04 8Ae-04 1.1e-03
U-238 3.4e-04 6.3e-05 2.5e-04 6.8eO-04 9.0e-04 3.7e-04 7.0e-05 2.8e-04 7.6e-04 9.9e-04
N___ >I2.6e.5e4 gxl04 01.1633 .9 24_-7.96-04 2.2e 03_ 2.9e03
Pu-236 7.3e-04 1.4e-04 5.5e-04 1.5e-03 1.9e-03 8.2e-04 1.5e-04 6.1e-04 1.7e-03 2.2e-03
Pu-238 1.8e-03 3.3e-04 1.3e-03 3.6e-03 4.7e-03 2.0e-03 3.6e-04 1.5e-03 4.0e-03 5.2e-03
Pu-239 1.9e-03 3.5e-04 1.4e-03 3.8e-03 5.0e-03 2.1e-03 3.9e-04 1.6e-03 4.3e-03 5.6e-03
Pu-240 1.9e-03 3.5e-04 1.4e-03 3.8e-03 5.0e-03 2.1e-03 3.9e-04 1.6e-03 4.3e-03 5.6e-03
Pu-241W 34.-OS -.̂6.4.-O6_.-j.2.6e- 05,7.Do-05tiif .:S1 ,8< °Sa< e-5N:7.1e-6L2.O5�7.8e-O5__*1.De-4
Pu-242 1.8e-03 3.4e-04 1.4e-03 3.7e-03 4.9e-03 2.0e-03 3.8e-04 1.5e-03 4.2e-03 5.4e-03
Pu-244 1.8e-03 3.3e-04 1.3e-03 3.6e-03 4.7e-03 2.0e-03 3.6e-04 1.5e-03' 4.0e-03 5.2e-03
An-241 1.7e-03 3.2e-04 1.3e-03 3.5e-03 4.6e-03 1.9e-03 3.5e-04 1.4e-03 3.9e-03 5.1e-03
An-242m 1.8e-03 3.3e-04 1.3e-03 3.6e-03 4.8e-03 2.0e-03 3.6e-04 1.5e-03 4.0e-03 5.2e-03
Arn-243 '- .- 03_,' '3.23`44 -_90I1.3o-O3 :--;3.S.. ,03:; '4.6o O3'1.9ez3> 5 ,, 4e, 3' 3.9ee3 3
Cm-242 I.8e-04 3.3e-05' 1.3e-04 3.6e-04 4.7e-04 2.0e-04 3.6e-05 1.4e-04 4.0e-04 5.3e-04
Cm-243 1.3e-03 2.4e-04 9.3e-04 2.6e-03 3.4e-03 1.4e-03 2.6e-04 I.0e-03 2.8e-03 3.8e-03
Cm-244 1.1 e-03 2.0e-04 7.9e-04 2.2e-03 2.9e-03 1.2e-03 2.2e-04 8.8e-04 2.4e-03 3.2e-03
Cm-245 1.7e-03 3.3e-04 1.3e-03 3.5e-03 4.6e-03 1.9e-03 _3.5e4-4 1Ae-03 3.9e-03 5.1e-03
Crm-246--94.-'',-'-j - ,' 3.5e-O3 ) 4 .6-,03; .9. 13.e-0 .5 .ie,3 -3.9e-03 15.e--3
Cm-247 1.6e-03 3.0e-04 1.2e-03 3.2e-03 4.3e-03 1.8e-03 3.3e-04 1.3e-03 3.6e-03 4.7e-03
Cm-248 6.0e-03 1.1e-03 4.5e-03 1.2e-02 1.6e-02 6.7e-03 ' 1.2e-03 5.0e-03 1.Ae-02 1.8e-02
Bk-249 6.5e-06 1.2e-06 4.8e-06 1.3e-05 1.7e-05 7.2e-06 1.3e-06 5.3e-06 1.5e-O5 1.9e-05
Cf-248 3.4e-04 6.4eo-5 2.5e-04 7.0e-04 9.1e-04 3.8e44 7.0e-05 2.8e-04 7.7e-04 1 .Oe-03
Cf-249 - ,-' -. ' 2.8e03 -; 5.4---: -2.1eO3'*5;803 '7.60.03 _.2e03 '5A9e4 0 2.4e43:6.5e-O3Y7 0 84e- 3
Cf-250 1Ae-03 2.6e-04 1.0e-03 2.8e-03 3.7e403 1.5e-03 2.8e-04 1.1e403 3.1le-03 4.1 e-03
Cf-251 2.9e-03 5.5e-04 22e-03 '5.9e-03 7.8e-03 3.2e-03 6.0e-04 2.4e-03 6.6e-03 8.6e-03
Cf-252 7.8e-04 I.5e-04 5.8e-04 1.6e-03 2.1 e-03 8.7e-04 1.6e-04 6.5e-04 1.8e-03 2.3e-03
Cf-254 _ 6.3e-04 1.1e-04 4.6e-04 1.3e-03 1.7e-03 7.0e-04 1.2e-04 5.0e-04 1.5e-03 1.9e-03

s-254 -- ' ''.-' 3.3e404 '6.2e-O5' i2.5o4 6.704F -''9.Oe04 -,' 3.7e -� ' ,6'.845.-S; 2.7-e4 .7.5e047908e -04
Note: To convert these values to conventional units (mrem/y per pCVg or mremly per pCIrcm2), multiply by 3.7e-3
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Normalizcd Effective Doses from Alumiinum Appendix H-2

Table H2.23 Normalized effective doses from Ingestion: Dross truck-driver
Radionuclide Mass-based effective dose (pSv^y per BqIg)

Mean 5th 50th 90th 95th
Surficial effective dose (pSvty per Bq/crn)

Mean 5th 50th 90th 95th
H-3 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+O0 O.Oe+O0 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+OO
C-14 7.5e-08 5.2e-09 5.8e-08 1.7e-07 2.0e-07 8Ae-08 5.7e-09 6.4e-08 1.8e-07 2.2e-07
Na-22 3.9e-07 2.7e-08 3.0e-07 8.7e-07 1.1e-06 4Ae-07 2.9e-08 3.4e-07 9.6e-07 1.2e-06
P-32 2.5e-09 4.6e-11 9.3e-10 6.7e-09 1.e-08 2.8e-09 5.1e-1i 1.Oe-09 7.5e-09 1.2e-08

CI-36 1.3e-07 8.6e-09 9.7e-08 2.8e-07 3.4e-07 1.4e-07 9.5e-09 1.e-07 3.1e-07 3.8e-07
K-40 8.0e-07 5.5e-08 6.2e-07 1.8e-06 2.2e-06 8.9e-07 6.0e-08 6.9e-07 2.0Oe-06 2.4e-06
Ca-41 3.5e-08 2.4e-09 2.7e-08 7.8e-08 9.5e-08 3.9e-08 2.7e-09 3.0e-08 8.7e-08 1.1e-07
Ca-45 6.9e-08 4.6e-09 5.3e-08 1.5e-07 1.8e-07 7.6e-08 5.1e-09 5.8e-08 1.7e-07 2.1e-07
Sc46A,.'l.le-0T$7.3e-09jj 8.6iA0 2.5e 076 ,3.14 e 79e-09 5e-08-, S.8e067J'3.5Oe 7
Cr-51 1.5e10 6.0e-12 8.4e-11 3.6e-10 5.1e-10 1.6e-10 6.5e-12 9.3e-11 4.0e-10 5.7e-10
Mn-53 2.9e-10 1.7e-1 2.1e-10 6.5e-10 8.4e-10 3.2e-10 1.9e-11 2.3e-10 7.3e-10 9.4e-10
Mn-54 S.8e-09 3.5e-10 4.1e-09 1.3e-08 1.7e-08 6.5e-09 3.9e-10 4.6e-09 1.5e-08 1.9e-08
Fe-55 3.0e-09 1.8e-10 2.2e-09 6.9e-09 8.8e-09 3.4e-09 1.9e-10 2.4e-09 7.6e-09 9.8e-09
Fe-597 '.f-'-. 6.0o03.10-1O2t,4.00e 9j 0>- '4 - 8 9 3A;ji0 44'uo097.5o0 8:3 20
Co-56 1.2e-08 6.7e-10 8.4e-09 2.8e-08 3.6e-08 1.3e-08 7.4e-10 9.3e-09 3.1e-08 4.0e-08
Co-57 1.5e-09 8.9e-11 1.1-09 3.5e-09 4.5e-09 1.7e-09 9.8e-11 1.2e-09 3.9e-09 5.0e-09
Co-58 3.4e-09 1.9e-10 2.4e-09 7.9e-09 1.0e-08 3.8e-09 2.1e-10 2.6e-09 8.8e-09 i.1e-08
Co-60 2Ae-08 1.4e-09 1.7e-08 5.4e-08 6.9e-08 2.6e-08 1.5e-09 1.9e-08 6.0e-08 7.7e-08

NI-63 1.4e-09 8.4e-i1 1.Oe-09 3.3e-09 4.2e-09 1.6e-09 9.2e-11 1.2e-09 3.6e-09 4.7e-09
Zn-65 3.1e-08 1.9e-09 2.2e-08 6.9e-08 9.0e-08 3.4e-08 2.0eO-09 2.4e-08 7.8e-08 1.Oe-07
As-73 2.9e-09 1.6e-10 1.9e-09 6.8e-09 8.9e-09 3.2e-09 1.7e-10 2.2e-09 7.5e-09 9.8e-09
Se-75 3.5e-08 1.9e-09 2.4e-08 8.1e-08 1.1e-07 3.9e-08 2.1e-09 2.6e-08 9.0e-08 1.2e-07
'S'r&-~i<" 3.3e-08,-' 2.1e,,09';' 2.4 087,~ 8''. 8 3 6 e ;R e0'. . ,,0
Sr-89 1.2e-07 7.6e-09 9.0e-08 2.8e-07 3.5e-07 1.4e-07 8.3e-09 1.0e-07 3.1e-07 4.0e-07
Sr-90 3.7e-06 2.6e-07 2.9e-06 8.3e-06 1.0e-05 4.2e-06 2.8e-07 3.2e-06 9.2e-06 1.1e-05
Y-91 1.4e-07 9.0e-09 1.1e-07 3.2e-07 4.0e-07 1.6e-07 9.8e-09 1.2e-07 3.5e-07 4.5e-07
Zr-93 1.4e-08 4.8e-10 9.1e-09 3.3e-08 4.4e-08 1.5e-08 5.2e1-0 1.0e-08 3.7e-08 4.9e-08

L;r'r~'3'.e-08j-.,;11e-09.,.,^2-2et08L 8.2e-8, '11~-9<L..e0;<91
Nb-93m 1.2e-09 6.9e-1i 8.2e-10 2.6e-09 3.4e-09 1.3e-09 7.6e.-i 9.1e-10 2.9e-09 3.8e-09
Nb-94 1.6e-08 9.8e-10 1.2e-08 3.8e-08 4.8e-08 1.8e-08 1.ie-09 1.3e-08 4.2e-08 5Ae8OB
Nb-95 1.5e-09 7.1e-1i 9.3e-10 3.5e-09 4.8e-09 1.6e-09 7.9e-II 1.0e-09 3.9e-09 5.3e-09
Mo-93 5.3e-08 2.8e-09 3.6e-08 1.2e-07 1.6e-07 5.9e-08 3.1e-09 4.0e-08 1.4e-07 1.8e-07
Tc~f 9; -- ''1 7o-09;- 9.30. ikF1.2-0i'NXj4..2.0o-9. .5 O9 1.'.0i-09 .Go-1H1.3.-O9-.. 4.4 0i8
Tc-97m 7.7e-09 4.1e-10 5.2e-09 1.8e-08 2.4e-08 8.6e-09 4.5e-j0 5.7e-09 2.0e-08 2.7e-08
TC-99 1.6e-08 8.7e-10 1.1e-08 3.7e-08 4.9e-08 1.8e-08 9.6e.10 1.2e-08 4.2e-08 5.5e-08
Ru-103 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ru-106 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
,Ag,108m~> 0'.0.e+00 ' O.Oe+OO, .^ ,.0Oei 0.Oe+00-,, O +O0e+00 T'O.Oe_;O: e+O0 dO.Oo+OO` 'i, 'O-0.0 o .
Ag-110m O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
Cd-109 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sn-1i3 1.0e-08 5.2e-10 6.9e-09 2.4e-08 3.0e-08 1.1e-08 5.6e-10 7.6e-09 2.6e-08 3.4e-08
Sb-124 2.3e.-8 1.1e-09 1.5e-08 5.3e-08 7.0e-08 2.5e-08 1.2e-09 1.7e-08 5.9e-08 7.9e-08
Sbt125V2, 2.5eC t.3 8 51.9e 0

Te-123m 1.9e-08 1.0e-09 1.3e-08 4.4e-08 5.8e-08 2.1e-08 1.1e-09 1.4e-08 4.9e-08 6.4e-08
Te-127m 3.2e-08 1.7e-09 2.2e-08 7.5e-08 9.9e-08 3.6e-08 1.9e-09 2.4e-08 8.3e-08 1.1e-07
1-125 6.9e-07 4.3e-08 5.0e-07 1.5e-06 1.9e-06 7.7e-07 4.7e-08 5.6e-07 1.7e-06 2.2e-06
1-129 1.1e-05 7.4e-07 8.6e-06 2.5e-05 3.1e-05 1.3e-05 8.2e-07 9.5e-06 2.8e-05 3.4e-05

L-i3i!-;,,-. r 1.8e-08V' 7.2e-11f 2.8o-094C' 5.6-08 1.4o08-. -2.1e 087.7eFii . 3.
Cs-134 2.4e-06 1.6e-07 1.9e-06 5.3e-06 6.4e-06 2.7e-06 1.8e-07 2.1e-06 5.9e-O6 7.2e-06
Cs-135 2.7e-07 1.8e-08 2.1e-07 6.0e-07 7.2e-07 3.0e-07 2.0e-08 2.3e-07 6.6e-07 8.1e-07
Cs-137 1.7e-06 1.2e-07 1.4e-06 3.9e-06 4.7e-06 1.9e-06 1.3e-07 1.5e-06 4.3e-06 5.2e-06
Ba-133 1.3e-07 8.5e-09 9.8e-08 2.8e-07 3.4e-07 1.4e-07 9.4e-09 1.1e-07 3.1e-07 3.8e-07
C.139k7 2.4e-8 -1.58-098e 5.28;-0 6.4e-8k .jS2.68e-8c<-.ie-09 r, i2.08e-08 7.1 ;5
Ce-141 2.2e-08 1.2e-09 1.5e-08 5.1e-08 6.8e-08 2.4e-08 1.3e-09 1.6e-08 5.6e-08 7.7e-08
Ce-144 5.7e-07 3.9e-08 4.4e-07 1.3e-06 1.5e-06 6.4e-07 4.3e-08 4.9e-07 1.4e-06 1.7e-06
Pm-147 3.3e-08 2.3e-09' 2.6e-08 7.3e-08 8.9e.-8 3.7e-08 2.5e-09 2.8e-08 8.2e-08 9.9e-08

NUREGl 640H- 14
NUREG-1640 H-140



Appendix H-2 . ENonrilaifizedd Effective Doses from Alumidnum

Table H2.23 Normalized effective doses from ingestion: Dross truck-driver
Rad Io d Mass-based effective dose (pSv/y per BqIg) Surficial effective dose (pSv/y per Bq/cm2 )

Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
Sm-151 1.3e-08 9.0e-10 1.Oe-08 2.9e-08 3.5e-08 1.5e-08 1.0e-09 1.1e-08 3.2e-08 4.0e-08
152 , ~;-,.9007 0-0 1 .3e48 -07'24.1e 0-07,5.0*07-07; - 40-8 .6e'07;X4.6e072 5.6ee077
Eu-1i54 2.7e-07 1.8e-08 2.1 e-07 5.9e-07 7.1e-07 2.9e-07 2.0e-08 2.3e-07- 6.5e-07 8.0e-07
Eu-155 4.2e-08 2.9e-09 32e-08 9.3e-08 1.1e-07 4.7e-08 3.1e-09 3.6e-08 1.0e-07 1.3e-07
Gd-153 3.0e-08 2.0e-09 2.3e-08 6.5e-08 7.9e-08 3.3e-08 2.2e-09 2.5e-08 7.3e-08 8.9e-08
Tb-160 1.1e-07 7.2e-09 8.3e-08 2.4e-07 3.0e-07 1.2e-07 7.8e-09 9.2e48 2.7e-07 3.5e-07
Tr n170, ,-t1O.e-7-.7.90O9I 92e-08 .6e-07- 3.2e 7;_AU2i.3e'07J,;z8. O9 E107,__.9o-07 -3.6e 07^

Tm-171 1Ae-08 9.4e-10 1.1e-08 3.0e408 3.7e-08 1.5e-08 1.0e-09 1.2e-08 3.4e-08 4.1e-08
Ta-182 2.0e-08 1.Oe-09 1Ae-08 4.7e-08 6.2e-08 2.2e-08 1.ie-09 i.5e-08 5.3e-08 7.0e-08
W-181 i.Oe-09 5.4e-11 7.0e-10 2.4e-09 3.2e-09 1.2e-09 6.0e-1I 7.8e-10 2.7e-09 3.5e-09
W-185 4.7e-09 2Ae-10 3.2e-09 1.1 e-08 1.5e48 5.3e-09 2.6e-10 3.5e-09 1.2e-08 1.6e-08
ii85 6.2e- 3~ 2e~ O24e z4o-08 1 8 69e69e2>z3.5e-^i0 4.& f1.6-8 n-Io-8
Ir-192 1.5e-08 7.4e-10 1.Oe-08 3.5e-08 4.6e-08 1.7e-08 8.1e-10 1.1e-08 3.9e-08 5.2e-08
71-204 2.6e-08 1Ae4-09 1.8e-08 6.0e-08 7.7e-08 2.8e-08 1.5e-09 1.9e-08 6.6e-08 8.7e-08
Pb-210 1.9e-05 1.Oe-06 1.3e-05 4.4e-05 5.7e-05 2.1e-05 1.1e-06 1.4e-05 4.8e-05 6.3e-05
Bi-207 2.6e-08 14Ae-09 1.8e-08 6.1 e-08 7.8e-08 2.9e-08 I.Se-09 2.0e-08 6.8e-08 8.8e-08

Ra-226 3.8e-05 2.6e-06 3.0e-05 8.5e-05 I.Oe-04 4.3e-05 2.9e-06 3.3e-05 9.4e-05 1.2e-04
Ra-228 8.9e-05 6.1 e-06 6.9e-05 2.0e-04 2.4e-04 1.0e-04 6.8e-06 7.6e-05 2.2e-04 2.7e.04
Ao-227 1.3e-04 8.8e-06 i.Oe-04 2.9e-04 3.5e-04 1.5e-04 9.5e-06 1.e-04 3.2e-04 4.0e-04
Th-228 1.4e-05 9.7e-07 1.1 e-05 3.2e-05 3.9e-05 1.6e-05 1.0e-06 1.2e-05 3.6e-05 4.4e-05

2 6.65' 5 t 4.4e-06 5.1e'-05>1.4e-,04' 9.8e- .7
Th-230 2.3e-05 1.5e-06 1.8e-05 5.1 e-05 6.2e-05 2.6e-05 1.7e-06 2.0e-05 5.7e-05 7.0e-05
Th-232 2.6e-05 1.7e-06 2.0e-05 5.7e-05 7.0e-05 2.9e-05 1.9e-06 2.2e-05 6.4e-05 7.9e-05
Pa-231 1.5e-05 7.8e-07 1.0e-05 3.4e-05 4.5e-05 1.6e-05 8.6e-07 1.1e-05 3.8e-05 5.1e-05
U-232 3.4e-05 2.4e-06 2.7e-05 7.5e-05 9.3e-05 3.8e-05 2.6e-06 2.9e-05 8.5e-05 I.Oe-04
Lk233,>-- 51 .-O ,307 3.98 6kS,.10-0 5. 1 5 -OS <5.7eo-06> 3.8e-AT e,, 64.4 6',, .3e05, e-0
U-234 5.0e-06 3.4e-07 3.8e-06 1.1 e-05 1.3e-05 5.5e-06 3.7e-07 4.3e-06 1.2e-05 1.5e-05
U-235 4.7e-06 3.2e-07 3.6e-06 1.0e-05 1.3e-05 5.2e-06 3.5e-07 4.0e-06 1.2e-05 1 Ae-05
U-236 -4.7e-06 3.2e-07 3.6e-06 I.Oe-05 1.3e-05 5.2e-06 3.5e-07 4.0e-06 1.2e-05 1 Ae-05
U-238 4.8e-06 3.3e-07 3.7e-06 1.1e-5 1.3e-05 5.4e-06 3.6e-07 4.1e-06 1.2e-05 1.5e-05
Np23,,9 ii~s,05 .3e:07., s',44e,-06,e45%2=.,,'e'8.47o'91v.-05, 3.2-Oe;5
Pu-236 8.4e-06 5.8e-07 6.5e-06 1.9e-05 2.3e-05 9.3e-06 6.3e-07 7.2e-06 2.1e-05 2.5e-05
Pu-238 2.3e-05 1.6e-06 1.8e-05 5.1 e-05 6.3e-05 2.6e405 1 .8e406 2.0e-05 5.8e-05 7.0e-05
Pu-239 2.5e-05 1.8e-06 2.0e-05 5.6e-05 6.9e-05 2.8e-05 1.9e-06 2.2e-05 6.3e-05 7.7e-05
Pu-240 2.5e-05 1.8e-06 2.0e-05 5.6e-05 6.9e-05 2.8e-05 1.9e-06 2.2e-05 6.3e-05 7.7e-05
Flu-241_;_ r ...3.3o-08_-37,-7_1.lo06,-I;3e06 -9 i: . 5.3e47. :2 3.6e-08 7 ;4.1.07,22 -6S'1. 06<
Pu-242 2.4e-05 1.7e-06 1.9e-05 5.4e-05 6.6e-05 2.7e-05 1.8e-06 2.1e-05 6.0e-05 7Ae-05
Pu-244 2.5e-05 1.7e-06 1.9e-05 5Ae-05 6.6e-05 2.7e-05 1.8e-06 2.1e-05 6.1e-05 7Ae-05
Am-241 2.2e-05 1.5e-06 1.7e-05 4.8e-05 6.0e-05 2.4e-05 1.6e-06 1.9e-05 5.4e-05 6.6e-05
Am-242m 2.2e-05 1.5e-06 1.7e-5O 4.8e-05 6.0e-05 - 2Ae-05 1.6e-06 1.9e-05 5.4e-05 6.6e-05

*43_,_' s ._ _ -o _v v;_tJ_ - - I _ - - ' ' * _- I Z_ V_ - " .- -_ zl-6._ s_ -_- 7 .S_ . _ s_ a fi _wC-

Cm-242 1.0e-06 6.7e-08 7.7e-07 2.2e-06 2.7e-06 1.1e-06 7Ae-08 8.6e-07, 2.4e406 3.1e-06
Cm-243 1.6e-05 1.1e-06 1 .3e-05 3.6e-05 4.5e-05 1 .8e-05 1.2e-06 1 .4e-05 4.0e-05 4.9e-05
Cm-244 1.3e-05 8.9e-07 1.0e-05 2.9e-05 3.6e-05 1.5e-05 - 9.6e-07 1.1e-05 3.2e-05 3.9e-05
Cm-245 2.3e-05 1.6e-06 1.8e-05 5.0e-05 6.3e-05 2.6e-05 1.7e-06 2.0e-05 5.7e-05 6.9e-05
Cm_246, _ .'_2;3e405 . -;6e 064 ,1.8e,05m,-5.o0, 5 ,5 >_2.60-05 ,. .7e 06 ..2.0 05,-5;6 5
Cm-247 2.1e-05 1Ae4-06 1.6e-05 4.6e-05 5.7e-05 2.3e-05 1.5e46 1.8e-05 5.1e-05 6.3e-05
Cm-248 8.4e-05 5.7e-06 6.5e-05 1 .8e-04 2.3e-04 9.4e-05 6.2e-06 7.2e-05 2.1 e-04 2.5e-04
Bk-249 1.0e-07 7.1e-09 8.0e-08 2.3e-07 2.8e-07 12e-07 7.8e-09 8.9e-08 2.6e-07 3.2e-07
Cf-248 2.7e-06 1.8e-07 2.1 e-06 6.0e-06 7.4e46 - 3.0e-06 2.0e07 2.3e-06 6.8e-06 8.2e-06
Cf-249~>_'; <,,'-@;3.8o-05j j; 2.6e-06 Ž 2.9e45.: ,8.50-05 i'_.0o04,,.|',-4.3o0i2.8'o-O6_ 3.3e05,r'9.5o-5 i120 04
Cf-250 1.7e-05 1.2e-06 1.3e-05 3.8e-05 4.7e-05 1.9e-05 1.3e-06 1.5e-05 4.3e-05 5.2e-05
Cf-251 3.9e-05 2.6e-06 3.0e-05 8.7e-05 1.1e-04 4Ae-05 2.9e-06 3.4e-05 9.8e-05 12e-04
Cf-252 9.4e-06 6.3e-07 7.2e-06 2.1 e-05 2.5e-05 1.0e-05 6.9e-07 8.0e-06 2.3e-05 2.8e-05
Cf-254 2.0e-05 1.2e-06 1.5e-05 4Ae4-05 5.5e-05 - 2.2e-05 1.4e-06 1.6e-05 4.9e-05 6.3e-05
EN-254 ; conv2.7e4t 6 :-- -1.8es 7 . :--2.1e4 6 ' ' 6.0e06alun7ts406pe 3.0e46' p '-2.00e07 --e2.3e06 .m p6.7e- 6 8.3e-6
Note: To convert these values to conventional units (mremly per pCi~g or mremly per pCi/cm2). multiply by 3.7e-3

H-14 1NUJREG- 1640
H-141 NUREG-1640



Normalized Effective Doses from Aluminum Appendix H-2
Table H2.24 Normalized effective doses from all pathways: Dust truck-driver
Mass-based effective dose (pSv/y per BqIg)

Radionuclide Mean 5th 50th 90th 95th
Surficial effective dose (piSv/y per Bq/crr2)

Mean 5th 50th 90th 95th
H-3 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 0.0+00 O.Oe+00 O.Oe+O0 O.Oe+O0 O.Oe+OO
C-14 O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
Na-22 O.Oe+0O O.0e+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+O0
P-32 1.6e-08 4.8e-10 7.3e-09 4.2e-08 6.0e-08 1.8e-08 5.4e-10 8.2e-09 4.7e-08 6.7e-08

' oo! oO J 0.0 o0: +,0O',O O ,O.Oo+050L.0 08+0 0, .%Oe+•Oe".Oe~oop O~, HO ,O+0
CI-36 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+OO 0.0+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0
K-40 O.Oe+00 O.Oe+0O 0.Oe+OO O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
Ca-41 O0.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+O' O0.Oe+OO O.Oe+OO 0.Oe+OO 0.O+0
Ca-45 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

SC 46,;,S;00. 0.0+00 O ,.0e+0'O.0e0 -t;: O . O.O+0.Oe+00Ob.e+0o
Cr-51 6.4e-07 5.1e-08 4.6e-07 1.4e-06 1.8e-06 7.1e-07 5.7e-08 5.1e-07 1.6e-06 2.0e-06
Mn-53 6.0e-10 5.9e-11 5.1e-10 1.2e-09 1.5e-09 6.7e-10 6.4e-11 5.6e-10 1.3e-09 1.6e-09
Mn-54 4.0e-05 5.7e-06 3.7e-05 7.1e-05 8.2e-05 4.4e-05 6.2e-06 4.1e-05 8.0e-05 9.3e-05
Fe-55 5.2e-09 4.6e-10 4.3e-09 1.0e-08 1.3e-08 5.8e-09 5.0e-10 4.8e-09 1.2e-08 1.5e-08

2.2.3e080 _ _ 6.1'e-06-: 2.2e30S,5."e, .25eO5 p
Co-56 1.1e-04 1.4e-05 9.9e-05 2.0e-04 2.4e-04 1.2e-04 1.6e-05 l.le-04 2.2e-04 2.7e-04
Co-57 3.0e-06 3.9e-07 2.7e-06 5.3e-06 6.2e-06 3.3e-06 4.3e-07 3.0e.-6 6.0e-06 7.0e-06
Co-58 2.7e-05 3.5e-06 2.5e-05 5.0e-05 6.0e-05 3.1e-05 4.0e-06 2.7e-05 5.6e-05 6.8e-05
Co-60 1.4e-04 1.9e-05 1.3e-04 2.5e-04 2.9e-04 1.6e-04 2. e-05 1.4e-04 2.8e-04 3.3e-04

Ni-63 4.1e-09- 3.8e-10 3.4e-09 8.1e-09 1.0e-08 4.5e-09 4.3e-10 3.7e-09 9.0e-09 1.1e-08
Zn-65 2.7e-05 3.5e-06 2.5e-05 4.8e-05 5.6e-05 3.0e-05 4.0e-06 2.7e-05 5.4e-05 6.3e-05
As-73 3.9e-08 4.1 e-09 3.4e-08 7.3e-08 8.8e-08 4.3e-08 4.6e-09 3.8e-08 8.2e-08 9.8e-08
Se-75 2.4e-05 2.5e-06 2.1e-05 4.5e-05 5.4e-05 2.6e-05 2.8e-06 2.3e-05 5.0e-05 6.0e-05
Sr85 ,'0.06+0 UO08+ 0 0.Oo+O0?, O.o+00oo OetOao+OO10i .Oe+0 -OOe+ +ooe 00
Sr-89 O.Oe+00 O.Oe+00 O.Oe+OO O.0e+OO O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.0e+OO
Sr-90 O.Oe+00 O.Oe+00 O.Oe+00- O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+O0
Y-91 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Zr-93 3.0e-07 7.2e-09 2.2e-07 6.5e-07 8.7e-07 3.3e-07 8.1e-09 2.4e-07 7.2e-07 9.6e-07

Z,9,'.>.,,'>,2.0e '^-6.O'e 'I.8S0 =- 3;9 r-.7exsR -2-e ,,689 ''; ;3
Nb-93m 1.1e-08 9.0e-10 8.3e-09 2.1e-08 2.8e-08 1.2e-08 1.0e-09 9.2e.-9 2.4e-08 3.1e-08
Nb-94 8.8e-05 1.1e-05 8.2e-05 1.6e-04 1.8e-04 9.8e-05 1.2e-05 9.0e-05 1.8e-04 2.1e-04
Nb-95 1.1e-05 1.2e-06 9.1e-06 2.3e-05 2.9e-05 1.3e-05 1.3e-06 1.0e-05 2.6e-05 3.2e-05
Mo-93 8.3e-08 5.9e-09 6.5e-08 1.7e-07 2.2e-07 9.2e-08 6.5e-09 7.2e-08 1.9e-07 2.4e-07
To7a-,i4 37_ 359.e0 :-,'- 49 9 .ei-3.9.-0; 1.0_0jj:1.3o-08
To-97m 3.8e-08 3.4e-09 3.1e-08 7.4e-08 9.5e-08 4.2e-08 3.8e-09 3.4e-08 8.2e-08 1.1e-07
Tc-99 6.7e-08 5.7e-09 5.3e-08 1.4e-07 1.7e-07 7.4e-08 6.2e-09 5.8e-08 1.5e-07 1.9e-07
Ru-103 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Ru-106 O.Oe+00 O.0e+00 O.Oe+OO O.OO0e+OO O.Oe+00 O.Oe+00 O.0e+OO O.Oe+00 O.Oe+0O 0.0+00

Ag-i 11Om O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00
Cd-109 1.Oe-07 1.4e-08 9.4e-08 1.9e-07 2.2e-07 1.1e-07 1.6e-08 1.Oe-07 2.1e-07 2.5e-07
Sn-113 1.9e-05 2.1e-06 1.6e-05 3.5e-05 4.1e-05 2.1e-05 2.3e-06 1.8e-05 3.9e-05 4.7e-05
Sb-124 1.0e-04 1.0e-05 8.4e-0s 1.9e-04 2.4e-04 1.1e-04 1.1e-05 9.3e-05 2.2e-04 2.6e-04
Sbi25--i- ~-"*~ ,4.6e''05'^ 5.2e-O6'v,'4.ie 05'iS8.5e'-O5'1.Oe;.04-. '';5 05 e , 5.6-6b9S-0s 1 ?i
Te-123m 7.0e-06 7.5e-07 6.2.-06 1.3e-05 1.6e-05 7.8e-06 8.3e-07 6.9e-06 1.5e-05 1.7e-05
Te-127m 4.5e-07 4.8e-08 4.0e-07 8.Se-07 1.Oe-06 5.0e-07 5Ae-08 4.4e-07 9.4e-07 1.1e-06
1-125 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+O0
1-129 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00l11j I0- 0e+eOOO- .-..- e-00o :oo-o 0.0+00L., O.Oe+O~00+0 -oo+0o0~~ o.0oo; .00 oo~o 00+
Cs-134 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+OO O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+O0 O.Oe+00
Cs-135 O.Oe+00 O.Oe+OO O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-137 .+00 .Oe+OO O.Oe+OO 0.00+00 0.Oe+OO 0.0e+00 O.Oe+000 .Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
Ba-133 1.3e-05 1.7e-06 1.2e-05 2.3e-05 2.7e-05 1.4e-05 1.9e-06 1.3e-05 2.6e-05 3.0e-05
C0139 - '0 .Oe+00f O.O O'- 0.00 OO Oe+ O;Oe OO:'-. > O.Oe 00; O.Oe+ 0;0.O e00;; 0.0e00
Ce-141 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ce-144 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00, O.Oe+00 O.Oe+00 O.0e+OO O.Oe+00
Pm-147 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

NURG-~ 164 H-14
NUREG-1640 H-142



Appendix H-2 11 -- i Normalized Effective Doses from Aluminum

Table H2.24 Normalized effective doses from all pathways: Dust truck-driver -

Radionuclide Mass-based effective dose (pSvly per Bq/g) Surficial effective dose (pSv/y per Bq/cm2 )
Mean * 5th 50th 90th 95th Mean 5th -50th 90th 95th

Sm-151 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 .Oe+00 O.Oe+00 O.Oe+OO
E152 .' -, O.Oe+00 , O.O O.Oe+OO'.O.Oe+OO '- O.Oe+OO ,',.' o O O O.Oe+OO'
Eu-154 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+0O O.Oe+00
Eu-155 . O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Gd- 153 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+OO
Tb-160 _O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+0O O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0

0r, o4,.! --.Oe+OO ,i-;0.Oe'+OO ' ;.O+OO__O.Oe,+OO,' 0.Oe+00 ,-r~ .Oe 30.Oe+00:O.eO,>,,040_0000
Trn-1 71 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+OO
Ta-I 82 9.6e-05 1.Ie-05 8.5e-05 1.8e-04 2.2e-04 1.1e-04 1.2e-05 9.4e-05 2.0e-04 2Ae-04
W-181 3.6e-07 3.9e-08 3.2e-07 6.7e-07 7.9e-07 4.0e-07 4.3e-08 3.5e-07 7.5e-07 8.9e-07
W-185 8.9e-09 7.9e-10 -7.3e-09 1.8e-08 2.2e-08 9.9e-09 9.0e-I 0 8.1 e-09 2.0e-08 2.4e-08
O185 -4.5e-05 5 06 .4 S5. 8e 06 ,r4.4e-05' 9.6e5 6;1,.21,04,
Ir-192 4.6e-05 5.1e-06 4.0e-05 8.9e-05 1.1e-04 5.1e-05 5.5e-06 4.4e-05 9.9e-05 1.2e-04
TI-204 8.3e-08 8.5e-09 7.4e-08 1.6e-07 1.9e-07 9.2e-08 9.4e-09 8.1e-08 1.8e-07 2.1e-07
Pb-210 6.8e-05 5.8e-06 5.4e-05 1.4e-04 1.7e-04 7.6e-05 6.3e-06 6.0e-05 1.5e-04 2.0e-04
Bi.207 1.8e-04 2.0e-05 1.6e-04 3.3e-04 3.9e-04 2.0e-04 2.2e-05 1.8e-04 3.7e-04 4Ae-04
eo-2Io w ,.2.9e-05 4 2 2 6e 5,7:9; 2,05 ,2.5e-,06,2.,405 6.8
Ra-226 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Ra-228 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ac-227 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
Th-228 O.De+OO O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+OO O.Oe+O0 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
rh-229 . '. O.Oe+OO .Oe.+0 0.0e+O0iO.0et00 O.Oe+OO -. 0.e+00 0.Oe+00O.0e+00O.00+00O0.0e+00
Th-230 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-232 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pa-231 1.6e-03 1.2e-04 1.2e-03 3.5e-03 4.6e-03 1.8e-03 1.3e-04 1.3e-03 3.9e-03 5.2e-03
U-232 1.6e-04 1.2e-05 1.2e-04 3.4e-04 4.5e-04 1.8e-04 1.3e-05 1 .3e-04 3.8e-04 5.0e-04
U7-233 .Le. -- .:..-3.7e-05 2.5e06 .7o-05 05 e-25 .. D.19.0e-04,.",N. 94.leZ05
U-234 3.6e-05 2.5e-06 2.6e-05 7.5e-05 1.0e-04 4.0e-05 2.8e-06 2.9e-05 8.4e-05 1.1e-04
U-235 3.7e-05 3.1e-06 2.8e-05 7.6e-05 I.Oe-04 4.1e-05 - 3.4e-06 3.1e-05 8Ae-05 1.Ie-04
U-236 3.3e-05 2.3e-06 2.4e-05 7.0e-05 9.4e-05 3.7e05 2.6e-06 2.7e-05 7.8e-05 I.Oe-04
U-238 32e-05 2.4e-06 2.3e-05 6.6e-05 8.8e-05 3.5e-05 2.6e-06 2.6e-05 7.4e-05 9.9e-05
Np237J9 ,OO.Oe+0; 0.O+00'.O.Oe+OO ; .Oe+OO t...- O.Oe + 0 ,9.Oe+00 C0. o.e+O O
Pu-236 7.2e-05 5.3e-06 5.3e-05 1.Se-04 2.0e-04 8.0e-05 5.9e-06 5.8e-05 1.7e-04 2.3e-04
Pu-238 1.8e-04 1.3e-05 1.3e-04 3.9e-04 5.1 e-04 2.0e-04 1.5e-05 1.5e-04 4.3e-04 5.7e-04
Pu-239 2.0e-04 1 .5e-05 I Ae4-04 4.2e-04 5.6e-04 2.2e-04 1.6e-05 1.6e-04 4.7e-04 6.2e-04
Pu-240 2.0e-04 1.5e-05 I.4e-044 4.2e-04 5.6e-04 2.2e-04 1.6e-05 1.6e-04 4.7e-04 62e-04
P-241, ''- , 0z' 2.9e-07Jt2.9e06, 8.6 .1e9a

Pu-242 1.8e-04 1.4e-05 1.3e-04 4.0e-04 5.2e-04 2.0e-04 1.5e-05 1.5e-04 4.4e-04 5.8e-04
Pu-244 2.0e-04 1.6e-05 1.5e-04 4.1e-04 5.5e-04 2.2e-04 1.7e-05 1.6e-04 4.6e-04 6.1e-04
Amn-241 O.Oe+00 O.Oe+00 O.Oe+00 - O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Arn-242m 0.Oe+00 O.Oe+00 OOe+00 O.Oe+00 O.0e+00 .Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00

* _2_ _ J \ 0.000 _ ._-. . T . .-,_;,J . _, _ e+0 _0:..+00 .. +00,
-4 '.''' ltOOeO.w:.,.e+O0y-'. O+O -40 O eO "-'O.Oe'+O,,00 .O=OOe ,- .Oe+O , +,0 ,0.0

Cm-242 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-243 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+00 O.e+.00
Cm-244 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-245 O.Oe+00 0Oe+OO O.Oe+ Oe+OO O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
Cmr-246 0 E, .Oe+00 6.0.0e'-+0 'b.Oe+OO 6.Oe+OO',, O6.Oe+OO '. 0eT+OO O''e0 ,+Oe
Cm-247 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
Cm-248 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Bk-249 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-248 , , O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
C -249,.-'-.O.Oe+00,,'O.Oe0.0+0.0,,-O. _ 0+00 '. Oe+OO .-'.O;e++00 0.00 .
Cf-250 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-251 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00+ O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-252 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-254 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0. O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Es-254 e--' .; 0.Oe+0O 0O+00 O.Oe+O'-O.Oe+006 O.O 0 .OOO: 0.e+0O. ?O.Oe+- - - - O.e+OO

s-254 -.- -~ . _;:00 O.0e00e:0
Note: To convert these values to conventional units (mremly per pCi/g or mremly per pCicm2). multiply by 3.7e-3
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Nonnalized Effective Doses from Alun�num Appendix H-2
Table H2.25 Normalized effective doses from external exposure: Dust truck-driver

Mass-based effective dose (pSvly per Bq/g)
Radionuclide Mean 5th 50th 90th 95th

Surficial effective dose (uSvly per BqIcm2)
Mean 5th 50th 90th 95th

H-3 0.Oe+00 O.Oe+00 O.Oe+00 .0.e+OO O.Oe+00 .0.e+OO O.Oe+O00. O.Oe+00 O.0e4-OO O.Oe+00
C.14 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+OO 0.e0O .e+O0 0.Oe+00 0.Oe+00 0.Oe+00 .eO O.Oe+00
Na-22 O.Oe+00 0.Oe+00 0.Oe+00 O.Oe+OO O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 .0.e+OO O.Oe+00
P-32 1.3e-08 3.9e-10 5.9e-09 3.4e-08 4.8e-08 1.4e-08 4.3e-10 6.6e-09 3.8e-08 5.3e-08_

____ ~oeoo ~ 0.e+6 ~~0:e+O~L0.e4O&~0..+0 O0&0 7O0e0O0.0'+O~'0~00 O.e+0.
CI-36 0.Oe+00 0.Oe+00O .Oe+00 0.Oe+00 O.Oe+00 .0.e+OO O.Oe+00 0.Oe+00 0.Oe+00 O.Oe+O0
K-40 0.Oe+00 0.Oe+00 0.Oe+00 .0.e+OO O.Oe+00 0.Oe+00O .Oe+00 O.Oe+00 0.Oe+00 O0.e+O0
Ca-41 0.Oe+00 0.Oe+00 0.Oe+00O .Oe+00 O.Oe+00 .0.e+OO 0.Oe+00 O.Oe+00 0.Oe+00 0.Oe+00
Ca-45 O.Oe+00 O.Oe+00 O.Oe+00O0.Oe+00O .Oe+00 O.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 O.Oe+O0

Cr-51 6.4e-07 5.l e-08 4.6e-07 1.4e-fl6 1.8e-06 7.le-07 5.7e-08 5.le-07 1.6e-06 2.0e-06
Mn-53 O.Oe4+0 O .Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+OO O.Oe+OO 0.Oe+OO
Mn-54 4.0e-05 5.7e-06 3.7e-05 7.1 e-05 8.2e-05 4.4e-05 6.2e-06 4.1e-05 8.0e-05 9.3e-05
Fe-55 4.6e-15 6.1e-16 4.2e-15 8.le-15 9.5e-15 5.1e-15 6.8e-16 4.7e-15 9.1e-15 1.1e-14

,~9 i:~2.e-5-2.7e6 "2&0~4.~5~ ~ X-& 2e-5R.0t'.~-5
Co-56 1.1e-04' 1.4e-05 9.9e-05 2.0e-04 2.4e-04 1.2e-04 1.6e-05 1.Ie-04 2.2e-04 2.7e-04
Co-57 3.0e-06 3.9e-07 2.7e-06 5.3e-06 6.2e-06 3.3e-06 4.3e-07 3.0e-06 6.Oe-06 7.0e-06
Co-58 2.7e-05 3.5e-06 2.5e-05 5.0e-05 6.0e-05 3.1le-05 4.0e-06 2.7e-05 5.6e-05 6.8e-05
Co-60 1.4e-04 1.ge-05. 1.3e.04 2.5e-04 2.9e-04 1.6e-04 2.1e-05 1.4e-04 2.8e-04 3.3e-04

1.10Ž.110 16 9..1.8e-O9j 11.60 1~O;.e-10~170 .. 0~
NI-63 2.0e-13 2.5e-14 1.8e-13 3.5e-13 4.1e-13 2.2e-13 2.8e-14 2.0e-13 3.9e-13 4.6e-13
Zn-65 2.7e-05 3.5e-06 2.5e-05 4.8e-05 5.6e-05 3.0e-05 4.0e-06 2.7e-05 5.4e.05 6.3e-05
As-73 2.9e-08 3.le-09 2.6e-08 5.6e-08 6.8e-08 3.3e-08 3.5e-09 2.9e-08 6.3e-08 7.5e-08
Se-75 2.4e-05 2.5e-06 2.1 e-05 4.5e-05 5.3e-05 2.6e-05 2.8e-06 2.3e-05 5.0e-05 6.0e-05
Sr-85.y', 0- 0o6+eo0 ? 0oo
Sr-89 0.Oe+00 O.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 0.Oe+00 O.Oe+00
Sr-90OO+0 O.Oe+00 0.Oe+O O O.Oe+00 O .Oe+00 O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 .eO
Y-91 O.Oe+00 .0.e+0O O.Oe+00 0.Oe+00 O.Oe+00 0.Oe+00 0.Oe+00 O.Oe+00O.0.e+OO .0.e+OO

-9~ . 2.Oe-044 .06L.e4.3. 4~4f-4' 22i04--.8-0' .94 .4 - 5.3e-04'
Nb-93m 4.3e-14 5.4e-15 4.0e-14 7.7e-14 9.0e-14 4.8e-14 6.1e-15 4.4e-14 8.6e-14 I.Oe-13
Nb-94 8.8e-05 1.1e-05 8.2e-05 1.6e-04 1.8e-04 9.8e-05 1.2e-05 9.0e-05 1.8e-04 2.1e-04
Nb-95 1.le-05 1.2e-06 9.16-06 2.3e-05 2.9e-05 1.3e-05 1.3e-06 1.Oe-05 2.5e-05 3.2e-05
Mo-93 1.5e-1 3 1.7e-14 1.3e-13 2.8e-13 _3.3e-13 1.7e-13 1.8e-14 1.5e-13 3.1e-13 3.7e-1 3

Tc-97m 7.7e-09 8.3e-10 6.8e-09 1.4e-08 1.8e-08 8.6e-09 9.3e-10 7.5e-09 1.6e-08 2.0e-08
Tc-99 1.6e-09 1.9e-10 1.5e-09 3.1e-09 3.6e-09 1.8e-09 2.1e-10 1.6e-09 3.5e-09 4.1 e09
Ru-103 O.Oe+00 O.Oe+OO O.0e+00 O.Oe+00 O.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 O.Oe+00 0.Oe+00
Ru-106 O.Oe+00 0.0e+00 0.Oe+00__0.Oe+00 O.Oe+00 0.Oe+00 0.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00

A 80&l" : 0OeO 4.O.ekb0~6.6eO~.0r0~ .eO 0o.oeoo . O.0OO+
Ag-I I m 0.Oe+00 O.Oe+00 0.06400 0.Oe+00O 0.e+O0 0.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00
Cd-109 5.le-08 7.1le-09 4.8e-08 9.2e-08 1.1e-07 5.7e-08 7.7e-09 5.3e-08 1.Oe-07 1.2e-07
Sn-113 1.8e-05 2.1e-06 1.6e-05 3.5e-05 4.be-05 2.le-05 2.3e-06 1.8e-05 3.9e-05 4.6e-05
Sb-124 1.Oe-04 1.Oe-05 8.4e-05 1.9e04 2.4e-04 1.Ie-04 1.be-05 9.3e-05 2.2e-04 2.6e-04

Sb15 ~46-5 .o0b41bk8.5et : l.eo045.

Te-123m 6.9e-06 7.4e-07 6.2e-06 1.3e-05 1.6e-05 7.7e-06 8.2e-07 6.8e-06 1.5e-05 1.7e-05
Te-127m 3.6e-07 3.8e-08 3.2e.07 6.8e-07 8.1e-07 4.0e-07 4.2e-08 3.5e-07 7.6e-07 9.0e-07
1-125 0.06+00 O.Oe+00 0.Oe+00 0.06+00 0.Oe400 O.Oe00 O0.06+00 O.Oe+00 0.Oe+00 O.Oe+OO
1-129 0.Oe+00 _ .Oe+00 0.Oe+00 0Oe!O.Oe+0000.Oe+0000.Oe+00 O.Oe+00 0.Oe+00 O.eOO .e+OO

l~31? 0O+0;0.e00.e+0O.OetO0 0.7.- - 0000 0.0+0-0O+0~0O+000+0

Cs-134 0.Oe+00 0.Oe+00 0.Oe+00 O.OeO0 .0+00 O.Oe+00 O.0e4O .e00 0.Oe+00 0.Oe+00 0.00+00
Cs-135 O.Oe+00 0.0e+00 0.Oe+00 0.Oe+00 O.Oe+00 0.Oe+~00 0.Oe+00 0.Oe+OO O.Oe+00 0.00+00

Ba-133 1.3e-05 1.7e-06 1.2e-05 2.3e-05 2.7e-O5 1.4e-O5 1.9e-06 1.3e-05 2.6e-05 3.0e-05
Ce-39K:200 4 0 .e0' 0O+0OO+0 .Oe+0. 0.0+0007O..-.0 0.0e4W .e00-,- .eOAeOO

Ce-141 0.Oe+00 O.Oe+00 0.0e+00 .0.e+OO 0.0e+00 0.Oe+00 0.Oe+00 0.Oe+00 0.0e400 0.0e+00
Ce-144 0.Oe+00 O.Oe+00 O.Oe+00 .0.e+OO .0.e+OO 0.0e400 0.Oe+00 .0.e+OO .0e.OeO 0.Oe+00
Pm-147 0.Oe+00 O.Oe00 O0.Oe+00 0.Oe+OO 0.Oe+O0 0.Oe+00 O.Oe+OO 0.Oe+00 O.Oe4OO 0.00+00
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Appendix H-2 i, 6 Nornialized Effective Doses from Aluminum

Table H2.25 Normalized effective doses from extemal exposure: Dust truck-driver
Mass-based effective dose (pSv/y per Bqlg) Surficial effective dose (pSvly per Bq/cm2)

Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
Sm-151 0.Oe+00 O.Oe+00 O.Oe+O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+OO O.Oe+OO

S 3e ' O Oe' e+OOO O~.e+O0 0.Oe+0 - 0.Oe+00 ' U-;O .Oe'+00 '-0.0e+00 tio.00+00 l: 0 .00+00 "fi<- 0.0e 00
Eu-154 O.Oe+00 O.0e+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
Eu-155 O.Oe+00 O.0e+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Gd-153 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Tb-160 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
t ,1-7,02 '0 e+Ob-.Oe+O'OO+OO : ,,'.Oi O *OO+O<<..' ."n~ O.+ ,O'eOOe0 O'O'

Tm-171 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ta-182 9.6e-05 1.1e-05 8.5e-05 1.8e-04 2.2e-04 1.1e-04 1.2e-05 9.4e-05 2.0e-04 2Ae-04
W-181 3.5e-07 3.9e-08 3.2e-07 6.7e-07 7.8e-07 3.9e-07 4.3e-08 3.5e-07 7.5e-07 8.8e-07
W-185 3.1 e-09 3.3e-10 2.7e-09 5.9e-09 7.1 e-09 3.4e-09 3.7e-10 3.0e-09 6.6e-09 7.8e-09
,Os-185 *•: -- A.r .45e-05 g.5.1 e-06 !'-',3 9e05 i ;8.5e i 04 50e05 06::4.'4e 9.6&5 ,;%lT .2e.043
Ir-192 4.6e-05 5.1 e-06 4.0e-05' 8.9e-05 I.1e-04 5.1 e-05 5.5e006 4.4e-05 9.9e-05 1.2e-04
Tl-204 5.1 e-08 5.2e-09 4.6e-08 9.5e-08 I.Ie-07 5.7e-08 5.7e-09 5.1e-08 1.1e-07 1.3e-07
Pb-210 8.5e-08 9.8e-09 7.6e-08 1.6e-07 I.9e-07 9.5e-08 1.1e-08 8.5e-08 I.8e-07 2.1e-07
Bi-207 1.8e-04 2.0e-05 1.6e-04 3.3e-04 3.9e-04 2.0e-04 2.2e-05 1.8e-04 3.7e-04 4Ae-04

P>210 01 8.8e .8e11 7.Ie-10 ,: .5e-09 218e- e9.6e- i108-O1.,-9',2.0e 9i
Ra-226 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ra-228 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ac-227 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-228 O.Oe+00 O.Oe+OO O.Oe+O0 0.00+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O+Oe+00
9229 2,. -tj,, SO.Oe+00 0L,O.Oe+010.0e+00';O.0±00__O.e+00 'W. OO •.!0.0et00<0e+00 0.0'00
Th-230 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-232 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+OO O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00
Pa-231 3.5e-06 3.8e-07 3.2e-06 6.6e-06 7.8e-06 3.9e-06 4.3e-07 3.5e-06 7.4e-06 8.7e-06
U-232 3.9e-06 3.7e-07 3.3e-06 7.9e-06 9.5e-06 4.4e-06 4.1e-07 3.6e-06 8.8e-06 1.1 e-05

U,2 3~ ,24.9o09' 1.0&8 ', 1.2e08,-'8.1e409•6.7ei0t, 5.4e.091.1e-084 .4e-08,
U-234 1.3e-09 I.Se-10 1 .2e409 2.5e-09 3.0e-09 1.5e-09 1.6e-I 0 1.3e-09 2.8e-09 3.4e-09
U-235 4.5e-06 5.1 e-07 4.1 e-06 8.6e-06 I.Oe-05 5.1 e-06 5.6e-07 4.5e-06 9.5e-06 1.1 e-05
U-236 5Ae-10 6.1e-iI 4.9e-10 I.Oe-09 1.2e-09 6.1e-i0 6.7e-II 5.3e-10 1.1e-09 1.4e-09
U-238 9.5e-07 1.1e-07 8.5e-07 i.8e-06 2.1e-06 1.1 e-06 1.2e-07 9.4e-07 2.0e-06 2.4e-06
Nt3o'.,,.OO'0 +0 0¢b.00+0 0.0 0.0Oe+0Oz0.0e+00 .0.e±00OO 0.0b00 ,.0e+00O
Pu-236 4.7e-09 32e-10 3.5e-09 I.Oe408 1.3e-08 5.3e-09 3.5e-10 3.8e-09 1.2e-08 1.5e-08
Pu-238 1.9e-10 2.0e-II 1.7e-10 3.5e-10 4.2e-10 2.1e-10 22e-11 1.9e-10 3.9e-10 4.7e-10
Pu-239 1.5e-09 1.6e-1 0 1.3e-09 2.8e-09 3.3e-09 1.6e-09 1.7e-1 0 1.4e-09 3.1e-09 3.7e-09
Pu-240 1.8e-10 1.9e-11_ 1.6e-10 3.4e-10 4.0e-10 2.0e-10 2.1e-1I 1.8e-10 3.8e-10 4.5e-10

Pu-242 1.8e-10 1.9e-I 1 1.6e-10 3Ae-10 4.0e-10 2.0e-10 2.1e-1 I 1.8e-10 3.7e-10 4.5e-10
Pu-244 1.3e-05 1.3e-06 I.1e-05 2Ae-05 2.8e-05 -1Ae-05 1.5e46 1.2e-05 2.6e-05 3.1 e-05
Am-241 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Am-242m O.Oe+00 .Oe+00 O.Oe+00 O.e+ O., .Oe+00 O.Oe+00 O.Oe+0OO.00+00 O.Oe+00 O.Oe+00

0_0243 Ae + :O.Oe,+00 '.000 ,.Oe+, O,:O.0±00+•0.0e+OT-j0.Oe,+W :3.Oe+,O c'0.0e+00 '0.00+OO 0.00+
Cm-242 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-243 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-244 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-245 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 '.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

CmS246 ,~~~'t'-O.Oe+OO-,;e , ,O ............ 'OOe+O, ' O.e00 E. e+OO ', ' .0 ,00+&b6O+ OeW OO 0,

Cm-247 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-248 O.Oe+00 O.Oe+00 O.Oe+00' O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Bk-249 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-248 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Cf9-:5 0t,'- f'O.Oe+OO,':'-O.Oe+00.-':O.Oe+DO 00O'O.Oe+00+000+00O 0.0+0 Oe+O .0000 0.00+00
Cf-250 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+WO
Cf-251 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00
Cf-252 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-254 - 0.e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00

E 5', ;'.eO -O.eO.O e .Oe+~. ̀5'.eO;*-..eO, ';OO O.Oe+.O+ O.Oe+00 '~0.0000 O.Oe+W'

Note: To convert these values to conventional units (mremly per pClg or mrem/y per pCcrnm2), multiply by 3.7e-3
H-4 .NRG_ . _
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Normalized Effective Doses from Aluminum Appe~ndix H-2
Table H2.26 Normalized effective doses from inhalation: Dust truck-driver

Mass-based effective dose (pSv/y per BqIg)
Radonucide Mean 5th 50th - 90th 95th

Surficial effective dose (uSvly per B /CM2)
.Mean 5th 50th 90th 95th

H-3 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0
C-14 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0
Na-22 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
P-32 4.9e-10 9.9e-12 2.0e-10 1.3e-09 2.0e-09 5.5e-10 1.1e-11 2.2e-10 1.4e-09 2.2e-09
S 35;' '-_' ,,-_0.Oe+00 '0.0e+00•.O.0e O~OeO.Oe''00. 0. 0 0e+ .oe+00,. '

CI-36 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 0.0e+00 O.Oe+00 O.Oe+00
K-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+0 O.Oe+00 O.Oe+00
Ca-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-45 0.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sc-46 - S o, .Oe+0 0 0e^.'O Oe+ O.lOoO ,e O~ 0e.0 ,. 0. OO is 0.,0, &0o~o+,oo
Cr-51 8.3e- I 4.0e-12 5.1e-11 1.9e-10 2.7e-10 9.3e-11 4.5e-12 5.6e-i 2.1e-10 3.0e-10
Mn-53 3.0e-10 2.6e-1 I 2.3e-10 6.3e-10 8.2e-10 3.4e-10 2.9e-1 I 2.5e-10 6.9e-10 9.3e-10
Mn-54 7Ae-09 6.4e-10 5.6e-09 1.Se-08 2.0e-08 8.3e-09 7.1e-10 6.2e-09 1.7e-08 2.3e-08
Fe-55 2.1e-09 1.7e-10 1.5e-09 4.3e-09 5.6e-09 2.3e-09 1.9e-10 1.7e-09 4.7e-09 6.2e-09

. IOe-09-- t 2.3e
Co-56 2.0e-08 1.6e-09 1.5e-08 4.2e-08 5.5e-08 2.2e-08 1.8e-09 1.6e-08 4.6e-08 6.1e-08
Co-57 4.6e-09 3.8e-10 3.4e-09 9.6e-09 1.2e-08 5.1e-09 4.2e-10 3.8e-09 1.le-08 1.4e-08
Co-58 5.9e-09 4.7e-10 4.3e-09 1.2e-08 1.6e-08 6.5e-09 5.2e-10 4.8e-09 1.4e-08 1.8e-08
Co-60 1.7e-07 1.4e-08 1.2e-07 3.5e-07 4.5e-07 1.8e-07 1.5e-08 1.4e-07 3.8e-07 5.1e-07

"i9.F5;, -i1ie'9 85,1;,i'0e1 t,22e0, !0'-12 9 9 9lii*'.i 8I.8.e, 0, 09Z i -- 32e 09^
Ni-63 2.6e-09 2.1e-10 1.9e-09 5.3e-09 7.0e-09 2.9e-09 2.4e-10 2.2e-09 5.9e-09 7.8e-09
Zn-65 1.4e-08 1.2e-09 1.Oe-08 2.8e-08 3.8e-08 1.5e-08 1.3e-09 1.1e-08 3.2e-08 4.3e-08
As-73 6.2e-09 4.3e-10 4.4e-09 1.3e-08 1.8e-08 6.9e-09 4.8e-10 4.9e-09 1.5e-08 2.0e-08
Se-75 8.2e-09 5.9e-10 5.9e-09 1.8e-08 2.3e-08 9.2e-09 6.2e-10 6.6e-09 2.Oe-08 2.6e-08

S0,-084 0 .6;;- - -0 i
Sr-89 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sr-90 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Y-91 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00
Zr-93 2.8e-07 6.6e-09 2.0e-07 6.2e-07 8.4e-07 3.1e-07 7.5e-09 2.3e-07 6.9e-07 9.3e-07
Zr-95w^::, 8.4e-08>,, 1.8 ,96Z5.8e-08*L 1-i.8 e-0 7 c._ 2.5.7: 07.3e08,2.i.-9y .,.^5e 85ji 2.072: 28eO7l
Nb-93m 9.3e-09 7.4e-10 7.1e-09 1.9e-08 2.5e-08 1.0e-08 8.1e-10 7.8e-09 2.2e-08 2.8e-08
Nb-94 2.6e-07 2.1e-08 2.0e-07 5.5e-07 7.2e-07 2.9e-07 2.3e-08 2.2e-07 6.1e-07 8.0e-07
Nb-95 2.5e-09 1.6e-10 1.7e-09 5.3e-09 7.4e-09 2.7e-09 1.8e-10 1.8e-09 6.0e-09 8.1e-09
Mo-93 2.7e-08 1.9e-09 2.0e-08 5.8e-08 7.6e-08 3.0e-08 2.1e-09 2.2e-08 6.5e-08 8.6e-08
Tc-97'q .-ti , 2.6~ I.9e-'1.98-09' 5.6eO099,.3~09<C~ '2 i e2.1e-09 .2 0 Q 8.24-09
To-97m 2.2e-08 1.5e-09 1.6e-08 4.7e-08 6.3e-08 2.4e-08 1.7e-09 1.7e-08 5.2e-08 7.0e-08
Tc-99 4.8e-08 3.4e-09 3.5e-08 1.Oe-07 1.4e-07 5.4e-08 3.8e-09 3.9e-08 1.1e-07 1.5e-07
Ru-103 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ru-106 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ag10m $'. .0e+0<': O.Oe+00-,.,0.0 ,OeOe+ O.5e0+'W ,, e :~ 0.0e;00' .600O'.'0.0O+
Ag-i 1lOm O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cd-109 3.3e-08 2.7e-09 2.5e-08 6.8e-08 8.9e-08 3.7e-08 3.1e-09 2.8e-08 7.5e-08 i.Oe-07
Sn-113 2.0e-08 1.4e.-9 1.5e-08 4.3e-08 5.7e-08 2.3e-08 1.6e-09 1.6e-08 4.8e-08 6.3e-08
Sb-124 3.4e-08 2.2e-09 2.4e-08 7.3e-08 1.Oe-07 3.8e-08 2.4e-09 2.6e-08 8.1e-08 1.Ie-07
Sb-125j^,-6.2'.208' 24i.5e& 8; ,1:3e-07;,' i . 7e;07 6+, 4.5, .09T 5.0 908 -7.0 1.9.-07-
Te-123m 3.2e-08 2.1e-09 2.3e-08 6.8e-08 9.0e-08 3.5e-08 2.3e-09 2.6e-08 7.6e-08 1.0e-07
Te-127m 5.8e-08 3.7e-09 4.2e-08 1.2e-07 1.6e-07 6.4e-08 4.2e-09 4.6e-08 1.4e-07 1.8e-07
1-125 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
1-129 O.Oe+O0 O.Oe+O0 O.Oe+O0 O.Oe+0O O.Oe+OO O.Oe+OO O.Oe+O0 O.Oe+O0 O.Oe+O0 O.Oe+O0

-0+0"~00+o".~00+0,;O+O .80 0.0+00 0.08e0t~q,0_.Oe+00' O .Oe+OO;C-i313 -O 0.08+00 O .Oe+O 0 _O.Oe+O0. O.Oe+OO ' O.Oe+O O.Oe+OOQOe+OO' O.Oe+OO .O.Oe+O> O.Oe+O
Cs-134 O.Oe+O0 O.Oe+O0 O.Oe+O0 O.Oe+O0 O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+O0 O.Oe+O0 O.Oe+O0
Cs-135 O.Oe+OO .O.0e+0 O.Oe+O0 0.08+00 .Oe+OO O.Oe+OO O.Oe+O0 O.Oe+OO O.Oe+O0 O.Oe+OO

Cs-i 3 0.0e+00 0.08+00 0.0e+00 O.Oe+OO 0.0e+00 O.Oe+OO 0.0e+O0 0.0e+00 O.Oe+OO O.Oe+OO
Ba-133 6.4e-09 5.3e-10 4.8e-09 1.3e-08 1.8e-08 7.1e-09 6.0e-10 5.3e-09 1.5e-08 2.0e-08

Cie9, O.O Oeo + O.Oe+O O -.Oe+j0.0+',' O.Oe+O iO'
Ce-141 O.Oe+O0 O.Oe+O0 O.Oe+O0 O.Oe+O0 O.Oe+O0 O.Oe+O0 O.Oe+O0 O.Oe+O0 O.Oe+OO O.Oe+OO
Ce-144 O.Oe+O0 O.Oe+O0 O.Oe+O0 O.Oe+O0 O.Oe+O0 O.Oe+0O O.Oe+O0 O.Oe+O0 O.Oe+O0 O.0e+O0
Pm-147 O.Oe+O0 O.Oe+O0 O.Oe+O0 O.Oe+O0 O.Oe+O0 O.Oe+OO O.Oe+O0 O.Oe+O0 O.Oe+O0 O.Oe+O0

NUREU- 1640 H-14b
NUREG-1640 H-140



Appendix H-2 Normalized Effective Doses from Alun-�inum

Table H2.26 Normalized effective doses from Inhalation:' Dust truck-driver
Mass-based effective dose (pSv/y per Bq/g) Surficial effective dose (pSv/y per Bq/cm2 )

Radionucide Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
Sm-151 O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 -. Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Eu-12 *;0 +0:�0 +00 ~.Oe+00 e+ O ' 0.0e+00j' eOO00+00 0 .0e.00. 0 .0o+
Eu-I 54 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Eu-155 '.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO 0.Oe+00 O.Oe+00 'O.Oe+00 O.Oe+00 O.Oe+00
Gd-I 53 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.e+00 O.Oe+00 O.Oe+00
Tb-160 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
T.ei7 :'__ q Oe+OOO.0e+00;'-o..OOe , .Oe + ' OO OOO '-
Tm-171 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ta-182 7.8e-08 5.7e-09 5.7e-08 1.7e-07 2.2e-07 8.7e-08 6.3e-09 6.3e-08 1.9e-07 2.5e-07
W-181 2.3e-10 1.7e-11 1.7e-10 4.9e-10 6.6e-10 2.6e-10 1.9e-11 1.8e-10 5.5e-10 7Ae-10
W-185 9.0e-10 6.5e-1I 6.4e-1 0 1.9e-09 2.6e-09 1.0e-09 7.2e-1 1 7.1 e-1 0 2.2e-09 2.9e-09

Ir-192 4.0e-08 2.5e-09 2.8e-08 8.5e-08 1.1e-07 4Ae-08 2.8e-09 3.1e-08 9.5e-08 1.3e-07
Tl-204 5.2e-09 3.6e-10 3.8e-09 1.1e-08 1.5e-08 5.8e-09 3.9e-10 4.2e-09 1.2e-08 1.6e-08
Pb-210 4.9e-05 3.5e-06 3.6e-05 1.0e-04 1.4e-04 5.4e-05 3.8e-06 4.0e-05 1.1e-04 1.5e-04
B-207 6.4e-08 4.6e-09 4.7e-08 1.4e-07 1.8e-07 .7.2e-08 5.0e-09 5.2e-08 1.5e-07 2.0e-07
Pos2l0i'OA2 .5e-5--. j .Be-6 ;1 -1.8e'05 ^-":5.5,005,-7.3e,5 280 5,'-0i; -06\$86.0e05 ,' 6.o0 ;8.2e-05
Ra-226 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ra-228 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ac-227 - O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-228 O.Oe+00 .Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00
- Y . - N- ,r 6.6 -Oe ----- _**tn,7+0_0 .s*:Th,229, ,;,, '.O.Oe O.Oe+OO ,i.0.OO.K0.0e+0' ;O.Oe+00 , .O O 0.0 +00,
Th-230 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-232 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pa-231 1.6e-03 1.1e-04 1.2e-03 3.4e-03 4.6e-03 1.8e-03 1.3e-04 1.3e-03 3.8e-03 5.2e-03
U-232 1.5e-04 1.1e-05 1.1e-04 3.3e-04 4.4e-04 1.7e-04 1.2e-05 1.2e-04 3.6e-04 4.9e-04
U-233. > '3.6e,05,,,2.5.06 ..- 2.6e-05 '.7.6e-05'i,1.~0e04f - 4.0e.05 12.9e!05,. 05 .1e4
U-234 3.5e-05 2.4e-06 2.6e-05 7.4e-05 1 .Oe-04 3.9e-05 2.7e-06 2.8e-05 8.3e-05 1.1 e-04
U-235 3.2e-05 2.2e-06 2.3e-05 6.7e-05 9.1e-05 3.6e-05 2.4e-06 2.6e-05 7.6e-05 1.0e-04
U-236 3.3e-05 2.3e-06 2Ae-05 6.9e-05 9.3e-05 3.7e-05 2.5e-06 2.6e-05 7.8e-05 I.Oe-D4
U-238 3.0e-05 2.1e-06 2.2e-05 6.4e-05 8.6e-05 - 3Ae-05 2.3e-06 2.4e-05 7.2e-05 9.6e-05
N>2375k2s~'0.0e'+0O '~,0. °°1'i7°~ 0.0e+ O 0.0e+00 ,'10.0e+0 O.e0O0e+0O .0.+ 0CO:0e0 O0Oe+0&
Pu-236 7.1 e-05 5.2e-06 5.2e-05 1.5e-04 2.0e-04 7.9e-05 5.8e-06 5.8e-05 1 .7e-04 2.3e-04
Pu-238 I.8e-04 .1.3e-05 1.3e-04 3.8e-04 5.1e-04 2.0e-04 1Ae-05 1Ae-04 4.3e-04 5.6e-04
Pu-239 1.9e-04 1.4e-05 I1Ae-04 4.2e-04 5.5e-04 2.2e-04 1.6e-05 1.6e-04 4.7e-04 62e-04
Pu-240 1.9e-04 1.4e-05 I.4e-04 4.2e-04 5.5e-04 2.2e-04 1.6e-05 1.6e-04 4.7e-04 62e-04
PU-241IT,'12 -:;< >'-.;3.5e-062.6e'07,-::;2.60-05 -,7.6e-06 1.0.-os 6 <?Yi.i 05
Pu-242 1.8e-04 1.3e-05 1.3e-04 3.9e-04 5.2e-04 2.0e-04 1.5e-05 1.5e-04 4.4e-04 5.8e-04
Pu-244 1.8e-04 1.3e-05 1.3e-04 3.9e-04 52e-04 2.0e-04 1.5e-05 1.5e-04 4Ae-04 5.8e-04
Am-241 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00
Am-242m O.0e+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00
Am-243--', 0.0t0 .0.00+00 KOe+00 O.0e+00 0 00+0& , uue+uu:=,O.Oe+O ' .Oe' O 0.Oe+OO'0.Oe+00
Cm-242 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-243 O.Oe+WO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-244, O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-245 O.Oe+00 O.Oe+00 O.Oe+OO O.0e+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
Co- e2 * - . ---- -'0.00+00 -" -0 0 - 00+ -0.0- -- . .-- .0 -e+00 .0-

Cm-247 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-248 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Bk-249 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00
Cf-248 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.De+0O O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
Cf-2 A9 _ . 0.0e+00j~0'-1,.0 0.00+00 =0.00+0 0'-'-'.Oe+0 ,--.Oe'+O^O.O 0t0o0,.0.007,00 _ eO0 .OOe'+00i
Cf-250 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00- O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-251 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.0e+00
Cf-252 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-254 O.Oe+00 O Oe+e00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+000O.O+00 O.0e+00 O.Oe+00 O.Oe+00
Es-254 - b - ''O.Oe+O ~0.'.+OO 0.0+00-' .Oe+OO ,'O.Oe+00 10' O.0e+00 '.: 0 +O.+00 e 0.00400 '00 e0+O

Note: To convert these values to conventional units (mrem/y per pCVg or mrem/y per pCVci 2), multiply by 3.7e-3
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Normalized Effective Doses from Aluminum Appendix H-2
Table H2.27 Normalized effective doses from ingestion: Dust truck-driver

Radionuclide Mass-based effective dose (pSv/y per Bq/g)
Mean 5th 50th 90th 95th

Surficial effective dose (ISv/y per Bq/cm2)
Mean 5th 50th 90th 95th

H-3 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 0.00+00 O.Oe+O0 O.Oe+00 O.Oe+00
C-14 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00
Na-22 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+O0
P-32 2.6e-09 1.7e-11 9.4e-10 7.1e-09 1.1e-08 2.9e-09 1.9e-11 1.Oe-09 7.9e-09 1.2e-08

3-5,§ A,= .;eO -OOOOe+ O.Oj0t'.00'" '-,O.Oe .'.e O,.Oe'O .O+O ,Ci-36 LI'0. 000+0 o+'- +o+o
Cl-36 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0
K-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-41 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca45 O, 000 OOO 0e+OOOO 0O.Oe+OO OeO e+00 O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+00

S'cOw46'--o3C. OeOe :,+aO,; t O.Oe+OO~ AC.Oe'+O 0e.0e± , 0. Oe+,O O. O0e+00 71
Cr-51 1.5e-10 2.0e-12 9.1e-11 3.7e-10 5.1e-10 1.7e-10 2.2e-12 1.0e-10 4.1e-10 5.7e-10
Mn-53 3.0e-10 6.1e-12 2.4e-10 6.5e-10 8.3e-10 3.3e-10 6.8e-12 2.6e-10 7.3e-10 9.3e-10
Mn-54 6.0e-09 1.2e-10 4.8e-09 1.3e-08 1.7e-08 6.7e-09 1.4e-10 5.2e-09 1.5e-08 1.9e-08
Fe-55 3.2e-09 5.9e-1 2.5e-09 7.0e-09 8.6e-09 3.5e-09 6.4e-11 2.7e-09 7.8e-09 9.7e-09
Fe-59g+',--,6e e1 . ;4'.5'e-O9 A.4-08{1808.z ' 9e.9' 1~e103' h;5.0e.O9r_.6e-08~ 2,,1.-08-a
Co-56 1.2e-08 2.2e-10 9.5e-09 2.7e-08 3.5e-08 1.4e-08 2.4e-10 1.1e-08 3.1e-08 3.9e-08
Co-57 1.6e-09 2.9e-11 1.2e-09 3.5e-09 4.3e-09 1.8e-09 3.1e-1I 1.4e-09 3.90-09 4.9e-09
Co-58 3.5e-09 6.2e-1l 2.7e-09 7.8e-09 1.0e-08 3.9e-09 6.8e-11 3.0e-09 8.8e-09 1.1e-08
Co-60 2.4e-08 4.5e-10 1.9e-08 5Ae-08 6.6e-08 2.7e-08 4.8e-10 2.1 e-08 6.0e-08 7.5e-08

Ni-63 1.5e-09 2.8e-1 1.2e-09 3.3e-09 4.1e-09 1.7e-09 3.0e-il 1.3e-09 3.7e-09 4.6e-09
Zn-65 3.2e-08 6.3e-10 2.5e-08 7.0e-08 8.7e-08 3.5e-08 6.9e-10 2.7e-08 7.8e-08 9.8e-08
As-73 3.0e-09 4.7e-Il 2.1e-09 6.9e-09 8.7e-09 3.3e-09 5.1e-11 2.4e-09 7.7e-09 9.7e-09
Se-75 3.7e-08 6.2e-10 2.7e-08 8.4e-08 1.1e-07 4.1 e-08 6.6e-10 3.0e-08 9.3e-08 1.2e-07
Sr8 ,-;,,.-:J.^e+O- O.Oek+O ,tQO +00 O.Oe O '.COOe Oj*6 'e^0,O-OOe+ .~+ ;S;e,
Sr-89 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sr-90 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Y-91 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
Zr-93 1.4e-08 1.2e-10 1.0e-08 3.4e4-8 4.2e-08 1.6e-08 1.4e-10 1.1e-08 3.7e-08 4.7e-08
Z-95 C;I4;-X .3.5e-08 42.90-10' 2.4e-8 : e8ie-08,:A 3.0e - .9&08-l 3 .2 el'2.7e-08,; 9l1e S ,1.2007t1
Nb-93m 1.2e-09 2.3e-1 9.5e-10 2.6e-09 3.3e-09 1.3e-09 2.6e-1I 1.1e-09 2.9e4-9 3.6e-09
Nb-94 1.7e-08 3.3e-10 1.4e4-8 3.7e-08 4.7e-08 1.9e-08 3.7e-10 1.5e-08 4.2e-08 5.2e-08
Nb-95 l.5e-09 2.4e-11 1.1e-09 3.6e-09 4.6e-09 1.7e-09 2.6e-1I 1.2e-09 4.0e-09 5.2e-09
Mo-93 5.5e-08 1.0e-09 4.1e-08 1.3e-07 1.6e-07 6.2e-08 1.1e-09 4.6e-08 1.4e-07 1.8e-07

Tc-97m 8.Oe-09 1.3e-10 5.9e-09 1.8e-08 2.3e-08 8.9e-09 1.4e-10 6.6e-09 2.0e-08 2.6e-08
Tc-99 1.7e-08 2.8e-10 1.2e-08 3.7e-08 4.8e-08 1.9e-08 3.1e-10 1.4e4-8 4.2e-08 5.3e-08
Ru-103 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
Ru-106 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O Oe+00
Ae-i08nim :-~.a.0e±00A;O.0o+00?. 0.00+0.0o+00Z 0.o+0. 0-j' O.Oe+00 e 0.0O+0'--.Oe+,'.O O. O+OOOet0ooO. O+
Ag-I m O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Cd-109 1.8e-08 3.5e-10 1.4e-08 4.0e-08 5.Oe-08 2.0e-08 3.7e-10 1.6e-08 4.5e-08 5.6e-08
Sn-113 1.0e-08 1.6e-10 7.7e-09 2.4e-08 3.1e-08 1.2e-08 1.8e-10 8.6e-09 2.7e-08 3.4e-08
Sb-124 2.4e-08 3.8e-10 1.7e-08 5.5e-08 7.2e-08 2.7e-08 4.2e-10 1.9e-08 6.2e-08 8.0e-08
S i25 -.4- 6 26e Sj•45eo1. ' -2.0e 084.. G.0. 08 r. 2 .908 .56.i&08. 8
Te-123m 2.0e-08 3.4e-10 1.4e-08 4.5e-08 5.8e-08 2.2e-08 3.8e-10 1.6e-08 5.1e-08 6.4e-08
Te-127m 3.3e-08 5.7e-10 2.4e-08 7.6e-08 9.8e-08 3.7e-08 6.3e-10 2.7e-08 8.6e-08 1.1e-07
1-125 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
1-129 0O0e+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00
Cs-134 - 'O.Oe+ O.Oe+OO O.Oe+00 O.0+00 O.Oe+OO 0.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cs-134 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-135 0.0e+00 0.0e+OO 0.Oe+00 0.0e+00 0.00+00 0.Oe+00 0.Oe+00 0.0e+00 0.Oe+00 0.Ce+00
Cs-137 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00
Ba-133 7.3e-09 1.4e-10 5.6e-09 1.6e-08 2.0e-08 8.1e-09 1.6e-10 6.2e-09 1.8e-08 2.3e-08
Ce139v' - ,0.0e,+O'-.;O.Oe, O.- .Oe+OO,.O;Oe+0 -0;+00, .- 0Oe+OO O.Oe+OO; O.e+OO O.Oe+ O.O0.0+0
Ce-141 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+0O O.Oe+OO O.0e+OO O.Oe+00 0.0e+O0
Ce-141 0.Oe+00 0.Oe+00 0.Oe+00 0.0e+00 0.00+00 0.0e+00 0.0e+00 0.0o+00 0.0e+00 0.Oe+00Ce-144 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Pm-147 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO

_UEG 164 H_ _ 1.4..
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Appendix H-2 Nornalized1 Effective Doses from Aluminum
Table H2.27 Normalized effective doses from ingestion: Dust truck-driver

Radionuclide Mass-based effective dose (pSvy per Bq/g) Surficial effective dose (uSv/y per Bq/cm2)
Mean 5th 50th 90th 95th - Mean 5th 50th 90th 95th

Sm-151 O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+ O.oe+ .Oe+ O.Oe+OO O.Oe+O0
Eu-I152 i&'>2 O.Oe+0?, .O.Oe++0, eOOe0 ': 0.0 +00 2O.Oe+ 00, 0.Oe+OO
Eu-154 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+OO O.Oe+0O O.Oe+0o
Eu-155 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 o.Oe+00 O.Oe+00
Gd-I 53 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+0O O.Oe+00 O.Oe+0O O.Oe+0o O.Oe+00 O.Oe+00 O.Oe+00
Tb-160 O.Oe+OO O.Oe+OO O.Oe+O .oe+ .Oe+ O.Oe+O O.Oe+OO__O.Oe+OO O.Oe+OO00 O.Oe+00
Tr>702: ; ,,2,.0e,+00 ',.0e,+,O>0.0e±O0 i;0.0e400 ~..0 ,e+OO; r. -Y>0.0e+00 ^; :0.Oe+00 O+00¢0.0o+00e400 X:,OO+O
Tm-171 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O
Ta-1 82 2.1e-08 3.5e-1 0 1.5e-08 4.6e-08 5.9e-08 2.3e-08 3.8e-1 0 1.7e-08 5.1 e-08 6.7e-08
W-181 1.1e-09 1.8e-11 8.0e-10 2.4e-09 3.1e-09 1.2e-09 2.0e-11 8.8e-10 2.7e-09 3.4e-09
W-185 4.9e-09 8.0e-11 3.6e-09 1.1e-08 1.4e-08 - 5.4e-09 9.0e-11 3.9e-09 1.2e-08 1.6e-08

Ir-192 I.5e-08 2.6e-I 0 1.1e-08 3.6e-08 4.4e-08 1.7e-08 2.9e-I 0 1.2e-08 4.0e-08 5.0e-08
T1-204 2.7e-08 4.6e-I0 2.0e-08 6.1e-08 7.7e-08 3.0e-08 5.1e-10 2.2e-08 6.8e-08 8.6e-08
Pb-210 2.0e-05 3.4e-07 - 1Ae-05 4.4e-05 5.6e-05 2.2e-05 3.8e-07 1.6e-05 5.0e-05 6.3e-05
Bi-207 2.8e-08 4.8e-10 2.1e-08 6.2e-08 7.9e-08 3.1e-08 5.3e-10 2.3e-08 6.9e-08 8.8e-08
Po20,i,306,- ' .8oe-0 d."2e.6e 0 ,1 g8.Oe 06''S.I.0,e 5:v 3.9e-06$,,6.4e08 .;2.9eo6T1.8.8e06 _,S.12e-ba
Ra-226 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ra-228 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+0O
Ao-227 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00
Th-228 O.Oe+0O.Oe+O+ O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+O0
Th229., -; 0 .Oe+00 ; JO.Oe.Oo ,0 -.00+ 6O. ~ Oe6+OO~ ,-^O.Oe:O.O_OO'O;eiOO~Tb6e+Oo
Th-230 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-232 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pa-231 1.5e-05 2.7e-07 1.1e-05 3.5e-05 4.4e-05 1.7e-05 3.0e-07 1.2e-05 3.9e-05 4.9e-05
U-232 2.4e-06 4.3e-08 1.8e-06 5.6e-06 7.0e-06 2.7e-06 4.8e-08 2.0e-06 6.2e-06 7.8e-06
U-2 *.Zs;~3 6e-07, .33 09 0 06, 4.0e07 ';7.1 0 2.9 -07' 9.1-07i -12e 06
U-234 3.5e-07 6.2e-09 2.6e-07 8.1e-07 1.0e-06 3.9e-07 6.9e-09 2.9e-07 9.0e-07 1.1e-06
U-235 3.3e-07 5.8e-09 2.5e-07 7.6e-07 9.5e-07 3.7e-07 6.6e-09 2.7e-07 8.5e-07 1.1e-06
U-236 3.3e-07 5.8e-09 2.4e-07 7.6e-07 9.5e-07 3.7e-07 6.5e-09 2.7e-07 8.4e-07 1.1 e-06
U-238 3.4e-07 6.0e-09 2.5e-07 7.8e-07 9.8e-07 3.8e-07 6.7e-09 2.8e-07 8.7e-07 1.1 e-06
Np-2379)e .0o00,., 0.0e0.!00j'o0040e0.Oe.;002.O.Oe+00 $'.7-,,", 0.00+00 C.0e'+00 ~-O.;iO j0oe4 XP:e0
Pu-236 5.9e-07 9.9e-09 4Ae-07 1.3e-06 1.7e-06 6.5e-07 1.1 e-08 4.9e-07 1.5e-06 1.9e-06
Pu-238 1.6e-06 2.7e-08 1.2e-06 3.7e-06 4.6e-06 1.8e-06 3.0e-08 1.4e-06 4.1e-06 5.2e-06
Pu-239 1.8e-06 3.0e-08 1.3e-06 4.0e-06 5.0e-06 2.0e-06 3.3e-08 1.5e-06 4.4e-06 5.6e-06
Pu-240 1.8e-06 3.0e-08 1.3e-06 4.0e-06 5.0e-06 2.0e-06 3.3e-08 1.5e-06 4.4e-06 5.6e-06
P~-,418 ',85.6,-1 _2.5O-08 77.60 508 .1

Pu-242 1.7e-06 2.8e-08 1.3e-06 3.8e-06 4.8e-06 1.9e-06 3.2e-08 1.Ae-06 4.3e-06 5.4e-06
Pu-244 1.7e-06 2.8e-08 1.3e-06 3.9e-06 4.9e-06 1.9e-06 3.2e-08 1.4e-06 4.3e-06 5.4e-06
Am-241 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 - O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Am-242m O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 0.0+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ar24'3-' 'e 0.0e+00,.:0.Oo+OOKOOe'+OVO.Oe+0 000.+00 ,_ -:0.0 +0 Y.-000 e+O Th Oe; 0 0.0+ 00>. 0
Cm-242 O.Oe+OO O.Oe+OO O.0O+00 O.Oe+OO 0.0e+W 0.0e+OO 0.Oe+0 O.Oe+OO 0.00+0 O.Oe+OO
Cm-243 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-244 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-245 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm'246'-_ ,j 'O.Oe'+00 000.+00 0=-.00+00 >'^ O.Oe+OO 000.+00',,> .O.Oe'+OO 0.0;-OO+00 ;,'. O.Oe+,OO 'r0;.0e'00, -'0 .O0+OO
Cm-248 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0
Cm-249 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-248 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 '.Oe+00
Cf-245 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00

0f24 .00+00 _s0.0i+00 0.0e+00 '0.0e+00 0.Oe+00 I O. 0.+00 0.0e+00 0.Oe+00 '0.00+00 :0.00+00

Cf-250 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+WO O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00
Cf-251 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-252 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 OOe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-254 0.Oe+00 O.Oe+00 O.Oe+00 '.Oe+00 O.Oe+00 O.Oe+00 O.00+00 0.Oe+00 0.Oe+0O + .Oe+00

0el0 0.Oe+00 .0e, : o+` 66.06
Note: To convert these values to conventional units (mremly per pCig or mrem/y per pCi/cm2), multiply by 3.7e-3
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Normalized Effective Doses from Aluminumn Appendix H-2

Table H2.28 Normalized effective doses from all pathways: Exposure to large mass

Radionuclide Mass-based effective dose (pSvly per Bq/g)
Mean 5th 50th 90th 95th

Surficial effective dose (pSvyy per Bq/cm2)
Mean 5th 50th 90th 95th

H-3 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.0e+O0 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
C-14 t.1e-08 2.2e-09 8.9e-09 2.3e-08 2.8e-08 1.3e-08 2.4e-09 9.9e-09 2.6e-08 3.2e-08
Na-22 2.9e-03 5.4e-04 2.3e-03 5.7e-03 7.2e-03 3.2e-03 6.0e-04 2.5e-03 6.5e-03 8.2e-03
P-32 4.2e-07 4.9e-09 9.8e-08 1.2e-06 2.0e-06 4.6e-07 5.3e-09 1.e-07 1.4e-06 2.2e-06

CI-36 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
K-40 2.3e-04 4.4e-05 1.8e-04 4.6e-04 5.9e-04 2.6e-04 4.9e-05 2.0e-04 5.1e-04 6.6e-04
Ca-41 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-45 4.3e-08 7.3e-09 3.3e-08 8.7e-08 1.e-07 4.8e-08 8.0e-09_ 3.7e-08 9.8e-08 1.3e-07
SO-4,B^-B GO.Oe+Oj 0 0 .O+OOO.Oe,+,00 66.2O.+O0.0e+ 0.0e,+O0O.Oe, O-' O6e,+O O .0e+Oo-
Cr-51 1.9e-05 1.5e-06 1.0e-05 4.5e-05 6.3e-05 2.1e-05 1.7e-06 1.1e-05 5.0e.-5 7.1e-05
Mn-53 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00
Mn-54 1.3e-02 3.1e-03 1.1e-02 2.4e-02 2.9e-02 1.5e-02 3.4e-03 1.3e-02 2.7e-02 3.3e-02
Fe-55 3.9e-12 9.2e-13 3.4e-12 7.0e-12 8.6e-12 4.3e-12 1.Oe-12 3.7e-12 8.0e-12 9.7e-12

Co-56 1.4e-02 2.8e-03 1.1e-02 2.6e-02 3.3e-02 1.5e-02 3.1e-03 1.2e-02 3.0e-02 3.8e-02
Co-57 1.8e-03 4.3e-04 1.6e-03 3.4e-03 4.1e-03 2.1e-03 4.7e-04 1.8e-03 3.8e-03 4.6e-03
Co-58 3.6e-03 7.1e-04 2.9e-03 7.0e-03 8.9e-03 4.0e-03 7.8e-04 3.2e-03 7.9e-03 1.0e-02
Co-60 5.8e-02 1.4e-02 5.0e-02 t.Oe-01 1.3e-01 6.4e-02 1.5e-02 5.5e-02 1.2e-01 _4.e-01

NF5E~--ts*>-- U~~i-7 - .e0g85-7D a 1.0.OS 5.2e-7 0 . .0744, 07':-' 9.7e-07o', ii,, ,'

Ni-63 3.9e-09 9.4e-10 3.4e-09 7.1e-09 8.7e-09 4.4e-09 1.Oe-09 3.8e-09 8.1e-09 9.8e-09
Zn-65 7.5e-03 1.8e-03 6.6e-03 1.4e-02 1.7e-02 8.4e-03 1.9e-03 7.2e-03 1.6e-02 1.9e-02
As-73 1.1e-05 2.3e-06 9.1e-06 2.1e-05 2.7e-05 1.2e-05 2.5e-06 1.0e-05 2.4e-05 3.1e-05
Se-75 2.7e-03 5.8e-04 2.3e-03 5.0e-03 6.2e-03 3.0e-03 6.4e-04 2.5e-03 5.7e-03 6.9e-03

-8 t 2. i , J- *, .

Sr-89 9.3e-07 1.2e-07 6.3e-07 2.1e-06 2.8e-06 t.Oe-06 1.3e-07 7.0e-07 2.3e-06 3.1e-06
Sr-90 3.1e-05 5.4e-06 2.4e-05 6.3e-05 7.9e-05 3.5e-05 5.9e-06 2.7e-05 7.0e-05 9.0e-05
Y-91 O.Oe+00 O.Oe+00 O.0e+00 O.0e+00 O.0e+00 O.0e+00 O.0e+00 O.Oe+00 O.Oe+00 O.0e+00
Zr-93 2.0e-07 1.8e-08 1.5e-07 4.4e-07 5.6e-07 2.3e-07 2.0e-08 1.7e-07 4.9e-07 6.4e-07
Z5 2 2 .O23 ,*. 1.8i :. 1;5eKo3h 6A.- ,42'4eO 4-0§i.9e.0 ei.7-03; 53 72e034
Nb-93m 7.5e-07 1.8e-07 6.6e-07 1.4e-06 1.7e-06 8.3e-07 2.0e-07 7.2e-07 1.5e-06 1.9e-06
Nb-94 4.3e-02 1.0e-02 3.8e-02 7.8e-02 9.5e-02 4.8e-02 1.1e-02 4.1e-02 8.9e-02 1.1e-01
Nb-95 7.8e-04 9.1e-05 5.0e-04 1.8e-03 2.4e-03 8.7e-04 1.0e-04 5.6e-04 2.0e-03 2.7e-03
Mo-93 4.0e-06 9.4e-07 3.4e-06 7.2e406 8.9e-06 4.4e-06 1.0e-06 3.8e-06 8.1e-06 1.Oe-05
To9g:>-fomi-6->4t-r^X 8-e0L91e-05~i L-'.5.3.-6.e 1,.2e-0 5 _ 6Se;98 F-06 5.'e--0e

Tc-97m 2.1e-06 4.4e-07 1.7e-06 4.1e-06 5.2e-06 2.4e-06 4.9e-07 1.9e-06 4.6e-06 5.9e-06
Tc-99 t4e-06 3.4e-07 1.2e-06 2.6e-06 3.2e-06 1.6e-06 3.7e-07 1.4e-06 3.0e-06 3.6e-06
Ru-103 7.6e-04 1.Oe-04 5.2e-04 1.7e-03 2.2e-03 8.5e-04 1.1e-04 5.7e-04 1.9e-03 2.5e-03
Ru-106 4.5e-03 1.1e-03 3.9e-03 8.2e-03 1.0e-02 5.0e-03 1.2e-03 4.3e-03 9.3e-03 1.1e-02
Ag-i 08', 5.27O22 1 i.2 4 022. . .... ... ; Oe-2 5. e, -O CI1 .,-130
Ag-11 Om 4.2e-02 9.7e-03 3.6e-02 7.6e-02 9.3e-02 4.6e-02 1.le-02 4.0e-02 8.6e-02 1.0Oe-01
Cd-109 7.9e-05 1.9e.-05 6.9e-05 1.4e-04 1.8e-04 8.8e-05 2.1e-05 7.6e-05 1.6e-04 2.0e-04
Sn-113 1.7e-03 3.7e-04 1.4e-03 3.2e-03 4.0e-03 1.9e-03 4.1e-04 1.6e-03 3.6e-03 4.5e-03
Sb-124 4.2e-03 7.7e-04 3.2e-03 8.4e-03 1.1e-02 4.7e-03 8.5e-04 3.6e-03 9.5e-03 1.2e-02
S 125i'3jiV,.9e 2-0 3 -7.7.-O2:'.6 2 2 .00-02 _3e3-''9.9o-03 2:3e03,8.5e-03-1.8 22e-02ii
Te-123m 9.4e-04 2.0e-04 7.9e-04 1.8e-03 2.2e-03 1.0e-03 2.3e-04 8.7e-04 2.0e-03 2.5e-03
Te 127m 4.0e-05 8.6e-06 3.4e-05 7.6e-05 9.5e-O5 4.5e-05 9.6e-06 3.7e4-5 8.5e-05 1.1e-04
1-125 O.Oe+00 O.0e+O O.Oe+OO O.Oe+OO 0.00+00 O.Oe+OO O.Oe+OO O.0e+OO O.Oe+00 0.Oe+OO
1-129 0.Oe+OO O.Oe+OO O 0Oe+OO O.Oe+00 O.Oe+00 O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+0O

i-3~S .00 ~00+00;, >0..e+ON00,F.Oe+00- -~ 0.Oe+00.-:-. hI0,-.0,+00 0,~'.0e+00.L-.O. 0.0.400 0-,.00oe 040ql.00+00
Cs-134 O.Oe+00 O.Oe+OO O.0e+OO O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00
Cs-135 O.Oe+00 O.0e+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+OO O.Oe+00 O.Oe+O0
Cs-137 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.0e+OO O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.0e+OO
Ba-133 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.0e+O O.Oe+0O O.Oe+00 O.Oe+00

' 1.4e05;~ 6.0'eO 55'1.6  2 0e '-. i8.Se-05¾.l.S 5,',.'6.6eO5 ,i7e - '22 ,,
Ce-141 4.0e-06 3.5e-07 2.3e-06 9.3e-06 1.4e-05 4.5e-06 3.8e-07 2.5e-06 1.1e-05 1.5e-05
Ce-144 5.0e-05 9.3e-06 4.0e-05 1.0e-04 1.3e-04 5.6e-05 1.0e-05 4.4e-05 .1.e-04 1.4e-04
Pm-147 O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+00 O.0e+O0 .Oe+OO O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
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Appendix H-2 Normalized Effective Doses from Aluminum

Table H2.28 Normalized effective doses from all pathways: ' Exposure to large mass
Radionuclide Mass-based effective dose (pSv/y per Bqgg) -Surficial effective dose (pSvty per Bq/cn 2 )

Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
Sm-151 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Eu-152 ,G,. ;O.Oe +,0,'? 'O.Oe+OO,: aO.0e+00 .::O.Oe+0O :O.0.e+0O ~11, jO.Oe+OO - .- O.Oe+OO ;,,.Oe+OO,'' !O.O,0 0YC31,>O:6;Oe
Eu-1 54 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Eu-155 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Gd-153 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Tb-I 60 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
;m-i7iO .Oe+O.O.-,O; Oe+OO -. O.Oe+,00J_.0+00 :0,.0e+-00 <,~0.0.et0 ,|'0>.0e+OO0fi2 O.0et0 :OŽT.0+O.0e+0Q
Trn-171 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ta-182 7.2e-03 1.6e-03 6.1 e-03 IAe-02 1.7e-02 8.1 e-03 1.7e-03'- 6.7e-03 1.5e-02 1.9e-02
W-181 1.Se-04 3.2e-05 1.3e-04 2.8e-04 3.5e-04 1.6e-04 3.6e-05 1.4e-04 3.1 e-04 3.9e-04
W-185 5.6e-07 I.Ie-07 4.5e-07 I.1e-06 1Ae-06 -6.2e-07 1.2e-07 5.0e-07 1.2e-06 1.6e-06
i85 13.3e '03, -Ž7:0e 04 .e2 2.ie 03 k-T62e,3 .8e 03 ,' .6e03 w.7 3.0e.03 T0 39,:&e0

Ir-192 3.0e-03 5.9e-04 2.4e-03 5.9e-03 7.5e-03 3Ae-03 6.5e-04 2.7e-03 6.5e-03 8Ae-03
T1-204 3.0e-05' 7.0e-06 2.6e-05 5.5e-05 6.7e-05 3.3e-05 7.7e-06 2.9e-05 6.2e-05 7.6e-05
Pb-210 5.le-05' 12e-05 4Ae-05 9.4e-05 I.1e-04 5.7e-45 1.3e-05 4.9e-05 1.le-04 1.3e-04
Bi-207 3.5e-02 8.le-03 3.0e-02 6.3e-02 7.7e-02 3.9e-02 9.1e-03 3.3e-02 7.2e-02 8.8e-02

P~~20 :'-624 .fe0,n6.1e 08t,-140,,17 7-,,',> 8.0e 08 -.08-S6.8e084'>1.5,1 -1 9e.07b

Ra-226 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 -. Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ra-228 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ac-227 3.3e-03 5.1e-04 2.5e-03 6.9e-03 8.6e-03 3.7e-03 5.5e-04 2.8e-03 7.7e-03 9.6e-03
Th-228 7.3e-03 1.2e-03 5.6e-03 1.5e-02 1.9e-02 8.2e-03 1.3e-03 6.3e-03 1.7e-02 2.2e-02
Th.22.O3e003 , -
Th-230 1.6e-04 2.5e-05 1.2e-04 32e-04 4.le-04 1.8e-04 2.8e-05 1Ae-04 3.6e-04 4.6e-04
Th-232 I.5e-02 2.4e03 1.2e-02 3.1 e-02 4.0e-02 1.7e-02 2.7e-03 1.3e-02 3.5e02 4.4e-02
Pa-231 7.3e-03 1.7e-03 - 6.3e-03 1 .3e-02 1 .6e-02 8.1 e03 1 .9e-03 6.9e-03 1 .5e-02 I.8e-02
U-232 9.0e-03 1.7e-03 7.2e-03 I.Be-02 2.2e-02 I1.0e02 1.8e-03 8.0e-03 2.0e-02 2.5e-02
U-233> 58.7e6 W -.1.6e46-6 .9e 6 81.7e-0562.1 e05 ,t,97e46 :-18e-06 , A7"7546 , .9e-45 E2.4e05
U-234 8.9e-07 1- .7e07 7.1 e-07 1 .8e-06 2.2e-06 I .Oe-06 1 .8e-07 7.9e-07 2.0e-06 2.5e-06
U-235 1 .5e43 2.8e-04 1 .2e-03 2.9e-03 3.7e-03 .7e-03 3.1 e-04 1 .3e-03 3.3e-03 42e-03
U-236 4.6e-07 8.7e-08 3.7e07 9.1 e-07 1.1e-06 5.2e07 9.5e-08 4.1 e-07 I.Oe06 1.3e-06
U-238 2.5e-04 4.6e-05 2.0e-04 4.8e-04 6.0e-04 2.7e-04 5.0e-05 2.2e-04 5.4e-04 6.8e-04

j22137 31.2e.03 ,",2.9e- 4, E ? i;.9 3; 2.'303, 33
Pu-236 3.5e-04 6.7e05 2.8e-04 6.9e-04 8.7e-04 3.9e-04 7Ae-05 3.1e-04 7.8e-04 9.9e-04
Pu-238 3.1 e-07 5.8e-08 2.4e-07 6.0e-07 7.5e-07 3Ae-07 6.4e-08 2.7e-07 6.8e-07 8.6e407
Pu-239 5.7e-07 1.1e-07 4.5e-07 1.1e-06 1Ae-06 6.4e-07 1.2e-07 5.0e-07 1.3e06 1.6e-06
Pu-240 3.0e-07 5.8e-08 2Ae4-07 6.0e-07 7.5e-07 3.4e-07 6.4e-08 2.7e-07 6.8e-07 8.5e-07
PuT-24l7¶.6O6T4Se0> .2.0 -o6 %'5.63 a_ 5 :ijir5ia6 7 i060

Pu-242 2.6e07 5.0e-08 2.1e-07 5.2e-07 6.5e-07 3.0e-07 5.6e-08 2.3e-07 5.9e-07 7.4e-07
Pu-244 2.6e-03 4.9e04 2.0e43 5.0e403 6.3e-03 2.9e-03 5.4e-04 2.2e-03 5.7e-03 7.2e-03
Arn-241 1.0e-04 1.6e-05 7.7e-05 2.1e-04 2.6e-04 I.1e-04 1.7e-05 8.5e-05 2.3e-04 2.9e.04
Arn-242m 1.2e-04 1.9e-05 9.2e-05 2.5e4O4 3.1e-04* 1.3e-04 2.1e-05 1.0e-04 2.8e04 3.5e-04
Ai'''4 7?i.e -03, ^2.6e-04 i;-.3 43 ;L3.5e 03-t~$3-0 ,4 ~i.9e.03 -4 294-094 >9~
Cm-242 1.2e-07 I.8e-08 8.8e-08 2Ae-07 3.1e-07 1.3e-07 2.0e-08 9.6e-08 2.7e-07 3.5e-07
Cm-243 9.8e-4 1.5e-04 7Ae-04 2.0e-03 2.6e-03 1.1e-03 1.7e-4 8.2e-04 '2.3e-03 2.9e-03
Cm-244 2.6e-07 4.0e-08 1.9e-07 5.3e-07 6.8e-07 2.9e07 4.5e-08 2.1e-07 6.0e-07 7.7e07
Cm-245 7.3e-04 1.2e-04 5.5e-04 1.5e403 1.9e03 8.2e-04 1.3e-04 6.1 e-04 1.7e03 2.2e-03
Cr-24i6 I9''53.0e-08' _1.47 .073.9e,0 'r 5.0e47±2.1e47L 3.3eO8 ..-. 6eOI 4,4e <5.7
Cm-247 2.8e-03 4.3e-04 2.1e-03 5.7e403 7.3e-03 3.1e-03 4.8e-04 2.3e-03 6.4e03 8.2e-03
Cm-248 1.7e-07 2.7e-08 1.3e-07 3.5e-07 4.6e-07 1.9e-07 3.0e-08 1.4e-07 4.0e-07 5.1e-07
Bk-249 6.6e-06 1.1e-06 5.1e406 1.3e-05 .7e-05 7.3e-06 1.2e-06 5.6e06 1.5e-05 1.9e-05
Cf-248 2.4e-07 3.8e-08 1.8e-07 4.9e47 6.2e-07 2.7e-07 4.2e48 2.0e07 5.5e-07 7.0e-07
,Cf-249 * -b~ 2.6e43,'- 4.2e044- -2.0e. .4e03 A8e403 94 '2.3e .'6.8e-03 7.7e03-6
Cf-250 2.0e-07 3.2e-08 1 .6e07 4.1 e-07 5.2e-07 2.2e47 3.5e48 1 .7e-07 4.6e-07 5.8e-07
Cf-251 9.0e44 1.4e-04 7.0e-04 1.8e-03 2.3e-03 1.0e-03 1.6e-04 7.7e-04 2.1e-03 2.6e-03
Cf-252 2.8e-07 4.3e-08 2.1e-07 5.7e-07 7.1e-07 3.1e-07 4.8e-08 2.4e-07 6.3e07 8.0e-07
Cf-254 1.3e-02 1.7e-03 9.0e03 2.9e-02 3.8e-02 I.5e-02 1.9e-03 I.Oe-02 3.2e02 4.2e-02
Es-25 ;- 3.5e43 Y5.04 -2.7e43 72e-3Z-9.1e 3 , 3.9e3 .5.8e04K>3.0 43.8.0e03 -. Oe-2
Note: To convert these values to conventional units (mremly per pCig or mrem/y per pClcm2 ). multiply by 3.7e-3
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Normalized Effective Doses from Aluminum Appendix H-2

Table H2.29 Normalized effective doses from all pathways: Exposure to small mass

Radionuclide -Mass-based effective dose (pSvty per Bqfg) Surficial effective dose (IiSv/y per Bqfcm2)
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

H-3 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
C-14 1.3e-09 1.6e-10 7.6e-10 2.9e-09 4.0e-09 1.4e-09 1.8e-10 8.4e 10 3.2e-09 4.4e-09

Na-22 3.5e-04 4.5e-05 2.1e-04 8.0e-04 1.1e-03 3.9e-04 4.9e-05 2.4e-04 8.9e-04 1.3e-03

P-32 5.1e-08 4.2e-10 9.3e-09 1.4e-07 2.5e-07 5.7e-08 4.6e-10 1.Oe-08 1.5e-07 2.8e-07
' ..'4j0''*6 90-'i0 2.9e .1e-08 -W.5e082 ,_t 5.30, 7.5e0. 33e-09 ;1.2-08,,, _,i .808

CI-36 0.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
K-40 2.8e-05 3.6e-06 1.7e-05 6.5e-05 8.8e-05 3.1 e-05 3.9e-06 1.9e-05 7.1e-05 9.8e-05
Ca-41 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-45 4.9e-09 5.8e-10 2.9e-09 1.1e-08 1.6e-08 5.5e-09 6.3e-10 3.2e-09 1.3e-08 1.8e-08
Sc-4U:,. -g' - e+00.: O.Oe+00; OO' O.0e,,, O .0O0 60.0e±00 Oe+OO. O; .e+ O,, 0.Oe ' 0.OeO w 7.e+
Cr-51 2.3e-06 1.2e-07 9.9e-07 5.7e-06 8.8e-06 2.5e-06 1.4e-07 1.1e-06 6.4e-06 i.Oe-05

Mn-53 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+OO
Mn-54 1.6e-03 2.6e-04 1.Oe-03 3.5e-03 4.8e-03 1.8e-03 2.8e-04 1.1e-03 3.9e-03 5.3e-03
Fe-55 4.7e-13 7.6e-14 3.0e-13 1.0e-12 1.4e-12 5.2e-13 8.3e-14 3.4e-13 1.1e-12 1.5e-12

Fe,"SZ oz04;: 2.758.6e304e
Co-56 1.7e-03 2.4e-04 1.0e-03 3.8e-03 5.3e-03 1.9e-03 2.6e-04 1.2e-03 4.3e-03 5.9e-03

Co-57 2.2e-04 3.6e-05 1.4e-04 4.9e-04 6.6e-04 2.5e-04 3.9e-05 1.6e-04 5.4e-04 7.4e-04
Co-58 4.4e-04 6.0e-05 2.7e-04 1.0e-03 1.4e-03 4.9e-04 6.5e-05 3.0e-04 1.1e-03 1.6e-03

Co-60 7.1e-03 1.1e-03 4.6e-03 1.6e-02 2.1e-02 7.9e-03 1.3e-03 5.1e-03 1.7e-02 2.3e-02

M - 5.7e-08.'9.2e-09~7 3, 3e,4.18 ' 1.4e 07,,.9e- 7"
Ni-63 4.1e-10 6.7e-11 2.7e-10 9.1e-10 1.2e-09 4.6e-10 7.3e-11 3.0e-10 1.0e-09 1.4e-09

Zn-65 9.2e04 1.5e-04 5.9e-04 2.0e-03 2.8e-03 1.Oe-03 1.6e-04 6.6e-04 2.3e-03 3.1e-03
As-73 1.2e-06 1.7e-07 7.6e-07 2.8e-06 3.9e-06 1.4e-06 1.9e-07 8.4e-07 3.1e-06 4.4e-06

Se-75 3.2e-04 4.9e-05 2.0e-04 7.3e-04 9.9e-04 3.6e-04 5.3e-05 2.2e-04 8.2e-04 1.1e-03
SrR,,2.8 2 2.7e.06,j l.5,0:e.05' ',6. 68 TO .3 e, 5,i 3 e-05~ '3.0. f7- 5 :'&7.3e-057.0e'&4
Sr-89 1.1e-07 9.5e-09 5.8e-08 2.6e-07 3.9e-07 1.2e-07 1.Oe-08 6.5e-08 2.9e-07 4.3e-07
Sr-90 3.8e-06 4.5e-07 2.2e-06 8.6e-06 1.2e-05 4.2e-06 4.9e-07 2.5e-06 9.6e-06 1.4e-05
Y-91 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr-93 2.2e-08 1.4e-09 1.2e-08 S.1e-08 7.2e-08 2.4e-08 1.5e-09 1.3e-08 5.6e-08 8.0e-08
Zr-9S-E,'7 >t2.7e-04 .1~.5e-05~Kt~e-O1.4e 63 2 0{'9.3e , e4I 3.0e-,4z 1 5�16e-47.0e .,1.03

Nb-93m 7.9e-08 1.3e08 5.1e-08 1.7e-07 2.3e-07 8.8e-08 1.4e-08 5.7e-08 1.9e-07 2.6e-07

Nb-94 5.2e-03 8.5e-04 3.4e-03 1.2e-02 1.5e-02 5.8e-03 9.3e-04 3.8e-03 1.3e-02 1.7e-02

Nb-95 9.6e-05 7.6e-06 4.8e-05 2.3e-04 3.5e-04 1.1e-04 8.3e-06 5.3e-05 2.6e-04 3.9e-04

Mo-93 4.2e-07 6.7e-08 2.7e-07 9.2e-07 1.2e-06 4.7e-07 7.3e-08 3.0e-07 1.Oe-06 1.4e-06

Tc,97X'.,9e-07.8.0e.0e :-.5 32e> 1e-0619y>.1.5e-06,, ~.~~.5.5e-07--- 8.ie -ae.7m;.e0§j.hie

Tc-97m 2Ae407 3.4e-08 1.5e-07 5.5e-07 7.5e-07 2.7e-07 3.8e-08 1.6e-07 6.1e-07 8.4e-07

TO-99 1.6e-07 2.6e-08 1.1e-07 3.6e-07 4.9e-07 1.8e-07 2.9e-08 1.2e-07 4.0e-07 5.6e-07

Ru-103 9.3e-05 8.4e-06 4.9e-05 2.2e-04 3.3e-04 1.0e-04 9.3e-06 5.4e-05 2.5e-04 3.7e-04

Ru-106 5.4e-04 8.8e-05 3.5e-04 1.2e-03 1.6e-03 6.0e-04 9.6e-05 3.9e-04 1.3e-03 1.8e-03

Ag-11nm 5.1e-03 8.1e-04 3.3e-03 1.1e-02 1.5e-02 5.6e-03 9.0e-04 3.6e-03 1.2e-02 1.7e-02

Cd-109 9.0e-06 1.5e-06 5.8e-06 2.0e-05 2.7e-05 1.Oe-05 1.6e-06 6.5e-06 2.2e-05 3.0e-05

Sn-113 2.1e-04 3.2e-05 1.3e-04 4.7e-04 6.4e-04 2.3e-04 3.4e-05 1.4e-04 5.2e-04 7.1 e-04

Sb-124 5.1e-04 6.4e-05 3.0e-04 1.2e-03 1.7e-03 5.7e-04 6.9e-05 3.4e-04 1.3e-03 1.9e-03

Sb125: 4 -;i.e-03'-N.-;1.7e..04?7.0o-04; ,2.3e-03,'-,3.2e-03i1 7-1.e,-035 ~. 6 3 , ,3.6e4: -

Te-123m 1.1e-04 1.7e-05 7.1e-05 2.5e-04 3.4e-04 1.3e-04 1.9e-05 7.9e-05 2.8e-04 3.9e-04

Te-127m 4.7e-06 7.1e-07 2.9e-06 1.1e-05 1.4e-05 5.2e-06 7.7e-07 3.3e-06 1.2e-05 1.6e-05

1-125 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00

1-129 O.Oe+00 O.Oe+00 O.Oe+00 .Oe+OO O.Oe+00 O.Oe O.+000Oe+OO O.Oe+0OO O.Oe+OO

011it-,''''*r" .Oo+OO = 'O.O-'+O~i' O;Oe+OO' 00+0 00+0~ 00&~0. .e0Ž .Oe+,0 OOeV0, 0.00+00,;,>' O O:
Cs-i134 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Cs-i35 0.Oe+00 O.Oe+OO 0.08+00 O.Oe+OO O.Oe+OO O.Oe+OO 0.Oe+0O O.Oe+OO O.0e+OO O.Oe+OOCs-137 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cs-i137 0.0e+00 0.0e+00 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 O.Oe+OO 0.0e+00

Ba-1 33 O.Oe+OO O.0e+OO O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

CB-1393 :., 9.2e-06.O-- .1e-06', 5.i .e 5 2. '05, 29.Oe -05 -'.Oe,005 i.2.e06 ' '6.Oe 06 2.3e05- 3i.e-05

Ce-141 4.8e-07 2.8e-08 2.2e-07 1.2e-06 1.8e-06 5.4e-07 3.1e-08 2.4e-07 1.3e-06 2.0e-06

Ce-144 6.1e-06 7.6e-07 3.6e-06 1.4e-05 1.9e-05 6.7e-06 8.3e-07 4.1e-06 1.5e-05 2.1e-05

Pm-147 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+0O O.Oe+00 O.Oe+00 O.Oe+00
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Table H2.29 Normalized effective doses from all pathways: Exposure to small mass
Radiclde Mass-based effective dose (pSv/y per Bq/g) Surricial effective dose (pSv/y per BqICm2)
adionuclie Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

Sm-151 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+O0
Eu-.i.O e+O 0 ,0.0e+000.e00 iOe,+0 'O Oe+0 0.0 +O ,OOTOOtOO .Oe+OO 7>0',O.oe+

Eu-14 00e+00 O-.Oe+ O.e0Q.e0 .e0 .Oe+WO j~O.Oe+O oO.O+O O.O+0 O.O+O
Eu-154 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Eu-155 O.Oe+00 O.Oe+WO O.Oe+0W O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00
Gd-153 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Tb-17,60 - O .Oe+ .O.Oe+00 O. 0.Oe+00 O.Oe+00 - O.Oe+00 O.Oe+00 OO. 00 O.Oe+00 O.Oe+00

Tm-171 0.Oe+00 O.Oe+0O 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ta-1 82 8.8e-04 1.3e-04 5.5e404 2.0e-03 2.7e-03 9.8e-04 1 Ae-04 6.1 e-04 2.2e-03 3.0e-03
W-181 1.7e-05 2.5e-06 1.1e-05 3.8e-05 5.1e-05 1.9e-05 2.8e-06 1.2e-05 4.2e-05 5.7e-05
W-185 6.5e-08 8.9e-09 4.0e-08 1.5e-07 2.0e-07 7.3e-08 9.7e-09 4.4e-08 1.7e-07 2.3e-07
: 4 1.2e 3': .4e16.2e,05: 42.7 e,:0e-,03N,.4e-i3 !
Ir-192 - 3.6e-04 4.9e-05 2.2e-04 8.3e-04 1.2e-03 4.1e-04 5.4e-05 2.5e-04 9.3e-04 1 .o03
Tl-204 3.5e-06 5.6e-07 2.3e-06 7.7e-06 I.Oe-05 3.9e-06 6.2e-07 2.5e-06 .8.6e-06 1.2e-05
Pb-210 5.9e-06 9.5e-07 3.8e-06 1.3e-05 1.8e-05 6.6e-06 1.0e-06 4.2e-06 1.5e-05 2.0e-05
Bi-207 4.2e-03 6.7e-04 2.7e-03 9.2e-03 1.3e-02 4.7e-03 7Ae-04 3.0e-03 I .Oe-02 1 4e-02
P 2i0 g8.70- 09.1O9 ,T{ 5Z0-9 .9e0- t087e09
Ra-226 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0 0.Oe+00 O.Oe+00 O.Oe+O0
Ra-228 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ac-227 4.0e-04 4.2e-05 2.3e-04 9.3e-04 1.3e-03 4.4e-04 4.7e-05 2.6e-04 1.0e-03 1.4e-03
Th228 9.1e-04 1.0e-04 5.3e-04 2.0e-03 2.9e-03 1.0e-03 I.Ie-04 5.9e-04 2.3e-03 3.2e-03

9h-2 -042.8e _3 la-OS3 J.6& .e-5 :9e 04X0.43.I i3.1e4i .e.: 7.1e-029.9e-,04,
Th-230 1.9e-05 2.2e-06 1.1e-05 4Ae-05 6.2e-05 2.1e-05 2.3e-06 1.3e-05 4.9e-05 6.9e-05
Th-232 1.9e-03 2.1e-04 1.1e-03 4.2e-03 5.9e-03 - 2.1e-03 2.2e-04 -,1.2e-03 4.7e-03 6.6e-03
Pa-231 8.8e-04 IAe-04 5.7e-04 1.9e-03 2.6e-03 9.7e-04 1.5e-44 6.3e-04 2.1e-03 2.9e-03
U-232 1.e-03 1.4e-04 6.7e-04 2.5e-03 3.5e-03 1.2e-03 1.6e-04 7Ae-04 2.8e-03 3.9e-03
U-,233 3'- .4-;M1.0be-6Y3e-07Žl6.:2 A- 0 ,3.3e 06> i .2&6 7 ,3.7e46
U-234 1.0e-07 1.3e-08 6.2e-08 2.3e-07 3.2e-07 1.1e-07 1.5e-08 6.9e-08 2.6e-07 3.6e-07
U-235 1.8e-04 2.3e-05 1.1e-04 4.1e-04 5.7e-04 2.0e-04 2.6e-05 1.2e-04 4.6e-04 6.3e-04
U-236 5.2e-08 6.7e-09 3.2e-08 1.2e-07 1.6e-07 5.8e-08 7.5e-09 3.5e-08 1.3e-07 1.8e-07
U-238 2.9e-05 .;3.8e-06 1.8e-05 6.7e-05 9.3e-05 3.3e-05 4.2e-06 2.0e-05 7.5e-05 1.Oe-04

p ,- .2.5e-04 .e5 4-59a-04, 8 -
Pu-236 4.3e-05 5.5e-06 2.6e-05 9.7e-05 1Ae-04 4.8e-05 6.1 e-06 2.9e-05 1.1e-04 1.5e-04
Pu-238 3.3e-08 4.3e-09 2.0e-08 7.5e408 1.1 e-07 3.7e-08 4.7e-09 2.2e-08 8.4e-08 1.2e-07
Pu-239 6.7e-08 8.5e-09 4.0e-08 1.5e47 2.1e-07 7Ae-08 9Ae-09 4.5e-08 1.7e-07 2.3e-07
Pu-240 3.3e-08 4.2e-09 2.0e-08 7.4e-08 1.0e-07 3.7e-08 4.7e-09 2.2e-08 8.3e-08 1.2e-07
Pu-2 4 ,' 2.90,-0 0 t1.80-07_6.07_.92e47.. -'3.2e7 -4 .0^7.3-.07 1 e-0-6-'7
Pu-242 2.9e-08 3.7e-09 1.8e-08 6.5e-08 9.1e-08 3.2e-08 4.1e-09 1.9e-08 7.2e-08 1.0e-07
Pu-244 3.1e-04 4.0e-05 1.9e-04 7.0e-04 9.8e-04 3.5e-04 4.4e-05 2.1e-04 7.8e-04 I.Ie-03
Am-241 1.2e-05 1.2e-06 6.6e-06 2.6e-05 3.8e-05 1.3e-05 1.4e-06 7.2e-06 2.9e-05 4.2e-05
Arn-242m 1.5e-05 1.6e-06 8.3e-06 3.3e-05 4.8e-05 1.6e-05 1.7e-06 9.2e-06 3.7e-05 5.3e-05
An-243 ' , 2 04j22.2e 5 , 2e44 4. .6o044 66e ,44 ,,' .,; 2.3e-54_2e2.4e ' .' 2 .704 3
Cm-242 1.3e-08 1.3e-09 7.2e-09 2.9e-08 4.1 e-08 1 Ae-08 1.4e-09 8.1e-09 3.2e-08 4.6e-08
Cm-243 1.2e-04 1.3e-05 6.9e-05 2.7e-04 3.8e-04 1.3e-04 1Ae-05 7.6e-05 3.0e-04 4.2e-04
Cm-244 2.8e-08 3.0e-09 1.6e-08 6.4e-08 8.9e-08 3.1 e-08 3.3e-09 1.8e-08 7.1 e-08 1.Oe-07
Cm-245 8.7e-05 9Ae-06 5.1 e-05 2.0e-04 2.8e-04 9.7e-05 1.0e-05 5.7e-05 2.2e-04 3.1e-04

* C~m-246'-7i.00t2.1009,1 0 2e48.6o-08t-6.30-08 . -.. :<2.2o-8 <'2.i;3e-09 >1. 08, ' ~5.1e,08.'',7.ie,8'
Cm-247 3.3e-04 3.6e-05 1.9e-04 7.6e-04 1.1e-03 3.7e-04 3.9e-05 2.1e-04 8.5e-04 1.2e-03
Cm-248 1.8e-08 2.0e-09 1.1e-08 4.2e-08 5.8e-08 2.0e-08 2.2e-09 1.2e-08 4.7e-08 6.6e-08
Bk-249 7.9e-07 8.7e-08 4.6e-07 1.8e-06 2.6e-06 8.8e-07 9.6e-08 5.1e-07 2.0e-06 2.9e-06
Cf-248 2.6e-08 2.8e-09 1.5e-08 6.2e-08 8.5e-08 2.9e-08 3e-09 1.7e-08 6.9e-08 9.6e-08
Cf-249L4 -' -32e -3.4e 05 1.9e-04T7.5e 1.O 43 04__123.6e-0403 3.7e-5--2.1e 4-'-8.3eO4 51.2e 31
Cf-250 2.1 e-08 2.3e-09 1.2e-08 5.0e-08 6.8e-08 2.4e-08 2.5e-09 1.4e-08 5.5e-08 7.7e-08
Cf-251 1.1e-04 1.1e-05 6.3e-05 2.5e-04 3.5e-04 1.2e-04 -1.3e-05 7.0e-05 2.8e-04 3.9e-04
Cf-252 3.0e-08 3.2e-09 1.8e-08 7.1e-08 9.8e-08 3.4e-08 3.5e-09 2.0e-08 8.0e-08 1.1e-07
Cf-254 1.6e-03 1.4e-04 8.6e-04 3.9e-03 5.5e-03 1.8e403 1.Se-04 9.5e-04 4.3e-03 6.1e3 -

Es-254' 'e -;.2e-4- i'4.6e4-5 -2.5e4 4"-9.8e-4 -'1 .4e-3 -- A.7e ,5i-05-,2.ie 1.1 3 - 503

Note: To convert these values to conventional units (mrem/y per pClg or mrem/y per pCilcm2), multiply by 3.7e-3
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Normalized Effective Doses from Alumidnum Appendix H-2

Table H2.30 Normalized effective doses from all pathways: Driver-engine block
Mass-based effective dose (pSv/y per Bq/g)

Radionucide Mean 5th 50th 90th 95th
Surficial effective dose (pSvly per Bqfcm2)

Mean 5th 50th 90th 95th
H-3 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+OO O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+OO
C-14 2.1e-08 7.7e-09 1.8e-08 3.5e-08 4.3e-08 2.3e-08 8.3e-09 2.1e-08 4.0e-08 4.9e-08
Na-22 1.3e-02 4.5e-03 1.Ie-02 2.1e-02 2.6e-02 1.4e-02 4.9e-03 1.2e-02 2.4e-02 2.9e-02
P-32_ 8.2e-07 1.6e-09 8.3e-08 2.9e-06 4.4e-06 9.2e-07 1.8e-09 9.2e-08 3.1e-06 4.9e-06
':5--,'4r -. te5-8 2.4W08. ,5.-6e :_,1,0 14,7 7.e,879 27_8,0i,2e ,1 t'i5O '

CI-36 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+O0
K-40 1.0e-03 3.6e-04 9.0e-04 '1.7e-03 2.1e-03 1.1e-03 4.0e-04 9.9e-04 1.9e-03 2.3e-03
Ca-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-45 1.Oe-07 3.Oe-08 8.5e-08 1.8e-07 2.2e-07 1.1e-07 3.2e-08 9.5e-08 2.0e-07 2.5e-07

,46¢i,>-t,2-,.i=-d .'I;OOeO,' .1, O->OOO+O,>-X -t .O+O,9'.e+ e-X'' *-0 i,0. 'e'+O

Cr-51 5.0e-05 2.7e-06 2.2e-05 1Ae-04 1.8e-04 5.5e-05 3.0e-06 2.4e-05 1.5e-04 2.0e-04
Mn-53 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mn-54 5.5e-02 3.0e-02 4.9e-02 8.1e-02 1.0e-41 6.1e-02 3.3e-02 5.5e-02 9.1e-02 1.Ie-01
Fe-55 1.6e-11 9.1e-12 1.4e-11 2.3e-I1 2.9e-1I 1.8e-11 9.8e-12 1.6e-11 2.6e-11 3.2e-11

Fe5,,j, 5¢'.4e0 5A 9.3eO:2.e,4'~2e0I i.5e-02*-.z 6.Oe-3:I ,re-,10e 4.t*20 ,03Z~ 1.3. 02..>'1.7>)2'
Co-56 4.7e-02 1.6e-02 3.9e-02 8.2e-02 1.0e4-1 5.2e.02 1.8e-02 4.4e-02 9.3e-02 1.le-01
Co-57 7.0e-03 3.8e-03 6.3e-03 1.0e-02 1.3e-02 7.8e-03 4.1e-03 7.0e-03 1.2e-02 1.4e-02
Co-58 1.2e-02 3.8e-03 1.Oe-02 2.2e-02 2.7e-02 1.4e-02 4.2e-03 1.1e-02 2.5e-02 3.0e-02
Co-60 2.5e-01 1.5e-01 2.3e-01 3.6e-01 4.5e-01 2.8e-01 1.6e-01 2.5e-01 4.2e4-1 5.1e-01
NFS9-'59'A6J- 2.1e-6Cg 27e46<.>l.9465~:1-8~ 3 3 .9'6-0] .46*--'Zo-0B6x2.16e06*-. 3.5. 062 i3e6-0#
NI-63 1.2e-09 6.9e-10 1.1e4-9 1.7e-09 2.2e-09 1.3e-09 7.5e-10 1.2e-09 2.0e-09 2.4e-09
Zn-65 3.0e-02 1.6e-02 2.7e-02 4.5e-02 5.6e-02 3.4e-02 '1.8e-02 3.0e-02 5.1e-02 6.2e-02
As-73 1.6e-05 5.6e-06 1.4e-05 2.9e-05 3.6e-05 1.8e-05 6.2e-06 1.5e-05 3.3e-05 4.0e-05
Se-75 1.0e-02 4.3e-03 8.7e-03 1.6e-02 1.9e-02 I.1e-02 4.7e-03 9.7e-03 1.8e-02 2.2e-02
Sr7''85' '' i; 7.7-' , i.5e:'5 0i,;.6e :f 2 .ie.03'.' - 8.6e 9-3,1.8e0 3 23
Sr-89 2.7e4-6 4.0e-07 1.8e-06 6.0e-06 7.9e-06 3.0e-06 4.4e-07 2.0e-06 6.7e-06 8.8e-06
Sr-90 1.3e-04 4.1e-05 1.le-04 2.2e-04 2.7e-04 I.Se-04 4.5e-05 1.3e-04 2.5e-04 3.1e-04
Y-91 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr-93 5.6e-10 7.0e-11 4.8e-10 1.Oe-09 1.3e-09 6.2e-10 7.8-IlI 5.4e-10 1.Ie-09 1.4e-49

..-95' 6 i0X.a-4e-04- -:15.767e340.6b02'2 2.0e :-02'>z., ' 2..7-0
Nb-93m 4.6e-11 2.6e-11 4.1e-11 6.6e-II 8.3e-1 5.1e-11- 2.8e-11 4.6e-1I 7.5e-11 9.3e-1
Nb-94 1.9e-01 1.1e-01 1.7e-01 2.8e-01 3.5e-01 2.1e41- 1.2e-01 1.9e-01 3.2e-01 3.9e-01
Nb-95 2.2e-03 2.3e-04 1.3e-03 5.5e-03 6.9e-03 2.5e-03 2.6e-04 1.4e-03 6.1e-03 7.8e-03
Mo-93 4.0e-12 2.3e-12 3.7e-12 5.9e-12 7.4e-12 4.5e-12 2.4e-12 4.1e-12 6.7e-12 8.3e-12

_ 2- -6- e~-d - sT&o,97]'--,'-' 4 486-l3- 6 C1; 13-_4.3.-13'J,.Oe i3 's 8.70.13' -;.;_5.3e-13FV29o [3E4.8.-i3 -~ t7.9e-,13 a.'9.8e-13A
Tc-97m 3.7e4-6 1.3e-06 3.e-06 6.3e-06 7.8e-06 4.1e-06 1.5e-06 3.5e-06 7.1e-06 8.7e-06
TO-99 4.2e-06 2.3e-06 3.8e-06 6.1e-06 7.6e-06 4.6e-06 2.5e-06 4.2e-06 6.9e-06 8.5e-06
Ru-103 2.2e-03 3.0e-04 1.4e-03 5.2e-03 6.5e-03 2.5e-03 3.3e-04 1.6e-03 5.8e-03 7.4e-03
Ru-106 1.9e-02 1.1e-02 1.7e-02 2.8e-02 3.4e-02 2.1e402 1.1e-42 1.9e-02 3.1e-02 3.9e-02
Ag-108nm.'.'§Y 22.1.-0,i 3e3e1 ;.-4.20: 19 , 2.6.-il 4 I
Ag-110m 1.7e-01 9.2e-02 1.5e-01 2.5e-01 3.1e-01 1.9e-01 9.9e-02 1.7e-01 2.9e-01 3.5e-01
Cd-109 2.0e-04 1.1e-04 1.8e-04 2.9e-04 3.6e-04 2.2e-04 1.2e-04 2.0e-04 3.3e-04 4.0e-04
Sn-1 13 6.4e-03 2.7e-03 5.6e-03 1.0e-02 1.3e-02 7.2e-03 3.0e-03 6.2e-03 1.2e-02 1.4e-02
Sb-124 1.3e-02 3.5e-03 1.1e-02 2.6e-02 3.2e-02 15e-02 3.9e-03 1.2e-02 2.9e-02 3.6e-02
S2-125Y3-X'', 3.9e-02;_-2.202.3;5e02 5.8:0~ 2 7.16.0 ' 4 .3e42 2.30 3.9e 2 6.502 8002
Te-123m 3.4e-03 1.5e-03 3.0e-03 5.5e-03 6.6e-03 3.8e-03 1.6e-03 3.3e-03 6.2e-03 7.5e-03
Te-127m 1.2e-04 5.1e-45 i1.e-04 2.0e-04 2.4e-04 1.4e44 S.5e-05 1.2e-04 2.3e-04 2.8e-04
1-125 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
1-129 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
l.131-?t:,.':¾'- 0.+00 .Oe+OO.O0 Oe+OO~ 000+00;0.0e+0 &e' 0.e+O0'.0,e+0O :O.Oe+00 ,.00+00 .; 0.0e+O'i
Cs-134 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.00+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-135 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-137 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ba-133 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ce-139. ' - 28e'4 -2Y 8e.05N 23e i;9e4 ;6.0e 4; 31e 9.6e 556S26e 5.4 6.8 '4,
Ce-141 1.0e-05 7.5e-07 5.1e-06 2.7e4-5 3.8e-05 1.2e4-5 8.2e-07 5.6e-06 3.0e-05 4.2e-05
Ce-144 2.0e-04 6.9e-05 1.7e-04 3.3e-04 4.0e-04 2.2e-04 7.6e-05 1.9e-04 3.7e-04 4.5e-04
Pm-147 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
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Appendix H-2 Normalized Effective Doses from Aluminum

Table H2.30 Normalized effective doses from all pathways' Driver-engine block
Mass-based effective dose (pSv/y per Bqlg) Surficial effective dose (pjSvly per Bqfcrn2)

Radionuclide Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
Sm-151 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

i SI52j ;,-'-0.0 V+O.`eO.Oe+OO . Oe+ kO.Oe+OO,+YO.Oe+OO ,0+.
Eu-154 O.Oe+0O O.Oe+O0 O.Oe+OO O.Oe+0O O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+0 O.Oe+OO O.Oe+00
Eu-155 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+0 O.Oe+00 O.Oe+00
Gd-153 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00
Tb 60 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+0 O.Oe+00 O.Oe+00
Th>iA7 ,> 0 1 .Oe+O _O .0' e+O0~.0e+00Z '0.e4o;:O0~0-. 0e+oQ$f0.-.e+00O .-.p.e+O '-p.O.,+OO ;y-O.Oe+OO
Tm-171 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ta-182 2.6e-02 1.1e-02 ' 2.3e-02 4.3e-02 5.1e-02 2.9e-02 1.2e-02 2.5e-02 4.8e-02 5.8e-02
W-1 81 2.9e-04 1.3e-04 2.6e-04 4.7e-04 5.8e-04 3.3e-04 1 Ae-04 2.9e-04 5.4e-04 6.4e-04
W-185 1.4e-06 4.6e-07 1.2e-06 2.5e-06 3.1 e-06 1.6e-06 5.0e-07 1.3e-06 2.8e-06 3.5e-06

-. ;-- 1.Ie- iAe03 i9.9e3 2.0e,-2 4e2, >.C=I 3e02 4.8 03 J.1e 02 2ie 02- ;2.7e-02A
Ir-192 I .Oe-02 '3.3e-03 8.6e-03 1.9e-02 2.3e-02 1.2e-02 3.6e-03 9.6e-03 2.1e-02 2.6e-02
11-204 - 9.8e-05 5.5e45 8.9e-05 IAe4-04 1.8e-04 1.1e-04 5.9e-05 9.8e-05 1.6e-04 2.0e-04
Pb-210 1.6e-04 8.7e-05 1Ae-04 2.3e404 2.8e-04 1.7e-04 9.4e-05 1.6e-04 2.6e-04 3.2e-04
Bi-207 1.5e-01 8.6e-02 IAe-01 2.2e-01 2.8e-01 1.7e-01 9.3e-02 I.5e-01 2.6e-01 3.2e-01
Po^210 >B ' ; ,-,-',t,!<2.B07, 1 7.'1i, 2.4e07i~.Ae.4e 5.3e 07: i 3,Ie-0741 .. 44e-07A g2.70 ,. 4;9e,07•. 3.9e-072
Ra-226 O.Oe+00 O.Oe+0O O.Qe+00 O.Oe+0O O.Oe+O0 O.Oe+OO O.Oe+0O O.Oe+00 O.Oe+OO O.Oe+0
Ra-228 O.Oe+0O O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00
Ac-227 lAe-02 3.8e-03 1.3e-02 2.5e-02 3.1e-02 1.6e-02 4.1e-03 1.4e-02 2.9e-02 3.5e-02
Th-228 3.1e-02 8.6e-03 2.7e402 5.5e02 6.7e-02 3.5e-02 9.5e-03 3.0e-02 6.2e-02 7.5e-02
>Th-229,,-,K{. 9.9e-O32 2.8e'3 L-0 8.7e -03E _ C .re-02 6-0 ,3.e03 1j9.6e403 , ' j.9e -2J2e2

Th-230 7.4e-05 2.1e405 6.5e-05 1.3e-04 1.6e-04 8.3e-05 2.3e-05 7.2e-05 1.5e-04 1.8e-04
Th-232 1.3e-02 3.5e03 1.1e-02 2.2e-02 2.7e-02 IAe-02 3.9e-03 1.2e-02 2.5e-02 3.1 e-02
Pa-231 7.7e-03 4.3e03 7.0e-03 1.1e-02 Ae4-02 8.6e-03 4.7e-03 7.8e-03 1.3e-02 1.6e-02
U-232 - 2.7e-02 9.6e-03 2Ae-02 4.5e-02 5.4e-02 3.0e-02 1.1e-02 2.7e-02 5.1e-02 62e-02
U0233:.,' ,.3
U-234 - 2Ae-06 8.4e-07 2.1 e-06 3.9e-06 4.8e-06 2.7e-06 9.2e-07 2.4e-06 4.4e-06 5.4e-06
U-235 6.3e-03 2.2e-03 5.6e-03 1.Oe-02 1.3e-02 7.0e-03 2.4e-03 6.2e-03 1.2e-02 IAe4-02
U-236 I .0e-06 3.5e-07 8.9e-07 1.7e-06 2.0e-06 1.1e406 3.9e-07 9.9e-07 1.9e46 2.3e-06
U-238 I.Oe-03 3.6e-04 9.1e-04 1.7e-03 2.0e-03 1.1e-03 3.9e-04 I.Oe-03 1.9e-03 2.3e-03
Np-237, -- 82e-03 -23e,4372 1,5e-2JJ.8e- 02e.03Tz ,,i.9e"3 .6e.02'F.2.O42 2

Pu-236 3.6e-04 1.3e-04 3.2e-04 5.9e-04 7.2e-04 4.0e-04 I*Ae-04 3.5e-04 6.7e-04 82e-04
Pu-238 3.3e-07 1.2e-07 2.9e-07 5.4e-07 6.6e-07 3.6e-07 1.3e-07 3.2e-07 6.0e-07 7.3e-07
Pu-239 1.9e-06 6.8e-07 1.7e-06 3.2e-06 3.9e-06 2.1e-06 7Ae-07 1.9e-06 3.6e-06 4.3e-06
Pu-240 3.3e-07 1.1 e-07 2.9e-07 5.4e-07 6.6e-07 3.6e-07 1.3e-07 3.2e-07 6.0e-07 7.3e-07

* Pti-24t:-+._ * .1e-06.3.8&07-12.7-0T3.8O-O6 22 06-9 eeO-''110w,. 0 4

Pu-242 3.2e-07 1.1e-07 2.9e-07 5.4e-07 6.5e-07 3.6e-07 1.3e-07 3.2e-07 6.0e-07 7.3e47
Pu-244 I.Ie-02 4.1e-03 1.0e-02 1.9e-02 2.3e-02 1.3e-02 4Ae-03 1.1e-02 2.1e-02 2.6e-02
Am-241 2Ae-04 6.6e-05 2.1e-04 4.1e-04 5.1e-04 2.7e-04 7.3e-05 2.3e-04 4.7e-04 5.7e-04
Am-242m 4.8e-04 1.3e-04 4.2e-04 8.2e-04 1.0e-03 5.3e-04 1.4e-04 4.7e-04 9.3e-04 I.Ie-03
,'033_'.' 6.8e3 .9e-03,'6. e-03 : '2e-02 .4e02;6,54,03 '2.003 6.6e- 3,i.3e,42 6-2-
Cm-242 7.7e08 2.0e-08 6.6e08 IAe-07 1.7e-07 8.6e-08 2.2e-08 7.3e-08 1.6e-07 2.0e-07
Cm-243 4.2e403 1.2e-03 3.6e-03 7.3e-03 9.0e-03 4.7e-03 '1.3e-03 4.0e-03 8.2e-03 1.0e42
Cm-244 1.9e-07 5.1e-08 1.6e-07 3.2e07 4.0e-07 2.1 e-07 5.6e-08 1.8e-07 3.7e-07 4.5e-07
Cm-245 2.9e-03 8.1e-04 2.6e-03 5.2e-03 6.3e03 3.3e03 8.9e404 2.8e-03 5.8e-03 7.1e03
Cr2 -,' 3.4e-08 ,9.3e-09 -2.9e 159e-08. .'2e,8, , 3.7e08 z.0 48 -8.'. 32- 8,- 6.6e'08 ! 8.ie48

Cm-247 12e-02- 3.4e-03 I.Ie-02 2.2e-02 2.6e402 1 Ae-02 3.7e03 1.2e-02 2.4e-02 3.0e402
Cm-248 2.9e-08 7.9e-09 2.5e-48 - 5.0e48 6.2e08 3.2e408 8.7e-09 2.8e-08 5.7e-08 7.0e-08
Bk-249 2.7e-05 7.6e46 2.3e-05 4.7e-05 5.7e-05 3.0e-05 8.3e-06 2.6e-05 5.2e-05 6.4e-05
Cf-248 3.0e-07 8.1 e-08 2.7e-07 5.4e-07 6.5e-07 3.4e-07 8.9e408 2.9e-07 6.0e-07 7.3e07
Cf-2,49>, "Ie2e-02 Z3.3- i .e02 2.1e 2'-2.5e 2" -.- 13' 3.6§3 1.2e022.3e02-,-2.8e-2
Cf-250 1.5e-08 4.1e-09 1.3e-08 2.6e408 3.1e-08 1.6e-08 4.4e-09 1.4e-08 2.9e-08 3.5e-08
Cf-251 3.8e-03 I.0e-03 3.3e-03 6.6e-03 7.9e-03 4.2e-03 '1.1e403 3.7e-03 7.4e-03 8.9e-03
Cf-252 3.9e-07 1.1e-07 3.5e-07 6.9e-07 8.3e-07 4Ae.47 1.2e47 3.8e-07 7.7e-07 9.3e07
Cf-254 4.3e-02 7.1e-03 3.0e-02 9.2e-02 1.2e-41 4.7e-02 7.8e03 3Ae02 1.0e-01 1.3e-01
Es-254 ;' ;4e42 :";3.8e43 ;' 12e4202 .-5e02 :.3.i e02-, i-02-0 I03 1A.02,'28e42 .8 3.4 42-

Note: To convert these values to conventional units (mremly per pCig or mrem/y per pCicm2). multiply by 3.7e-3
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Normalized Effective Doses from Aluminum Appendix H-2

Table H2.31 Normalized effective doses from all pathways: Aluminum cookware
Mass-based effective dose (pSvly per Bq/g)

Radionucide Mean 5th 50th 90th 95th
Surficial effective dose (IjSv/y per Bq/cm2)

Mean 5th 50th 90th 95th
H-3 4.1e-08 1.3e-08 3.7e-08 7.1e-08 8.5e-08 4.6e-08 1.Ae-08 4.0e-08 7.9e-08 9.6e-08
C-14 7.8e-07 3.0e-07 7.0e-07 1.3e-06 1.5e-06 8.7e-07 3.3e-07 7.8e-07 1.4e-06 1.7e-06
Na-22 1.2e-04 1.7e-05 7.6e-05 2.6e-04 3.7e-04 1.3e-04 1.8e-05 8.4e-05 2.9e-04 4.1e-04
P-32 2.1e-07 3.8e09 5.8e-08 6.5e-07 9.0e-07 2.3e47 4.1e-09 6.4e48 7.3e-07 1.Oe-06

5h- .+, 6.Se-,07,>3.e,,7, 5.8,,,7;e Z.9-7,;._1.06 r ;7 .2e01 B35e, 773-,6.48e 07 -,1.1,-8~1;4e~
CI-36 O.Oe+00 O.0e+O0 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+0O O.Oe+00 O.Oe+OO
K-40 1.8e-05 5.2e-06 1Ae-05 3.2e-05 4.2e-05 2.0e-05 5.7e-06 1.5e-05 3.6e-05 4.6e-05
Ca-41 9.1e-07 3.1e-07 8.2e-07 1.5e-06 1.8e-06 1.Oe-06 3.4e-07 9.0e-07 1.7e-06 2.1e-06
Ca-45 8.8e07 2.9e-07 7.7e-07 1.Se-06 1.8e-06 9.8e-07 3.2e-07 8.5e-07 1.7e-06 2.1e-06
SW,-Y O. 0+00l O.Oe+O6 .0, O,.O.O+ 0 0 +006 6 + -O.Oe .0e _O0.08 J ;O.Oej
Cr-51 7.6e-07 4.7e-08 3.6e-07 1.8e-06 2.8e-06 8Ae-07 5.1e-08 4.0e-07 2.0e-06 3.1e-06
Mn-53 6.8e-07 4.5e-07 6.3e-07 9.4e-07 1.3e-06 7.6e-07 4.8e-07 6.9e-07 1.1e-06 1.4e-06
Mn-54 5.4e-04 9.1e-05 3.6e-04 1.1e-03 1.6e-03 6.0e-04 1.Oe-04 4.0e-04 1.3e-03 1.8e-03
Fe-55 6.3e-06 4.1e-06 5.8e-06 8.7e-06 1.2e-05 7.0e-06 4.4e-06 6.4e-06 9.9e-06 1.3e-05
F.-59,; ,7.4e-05 4 , 86e
Co-56 5.5e-04 8.0e-05 3.5e-04 1.2e-03 1.7e-03 6.1e-04 8.7e-05 3.9e-04 1.3e-03 1.9e-03
Co-57 8.3e-05 1.5e-05 5.6e-05 1.7e-04 2.4e-04 9.3e-05 1.6e-05 6.2e-05 1.9e-04 2.7e-04
Co-58 1.5e-04 2.0e-05 9.3e-05 3.2e-04 4.4e-04 1.6e-04 2.2e-05 1.0e-04 3.5e-04 5.0e-04
Co-60 2.4e-03 4.2e-04 1.6e-03 5.0e-03 6.8e-03 2.7e-03 4.6e-04 1.8e-03 5.5e-03 7.6e-03
Ni-59',,07.- .. 5e-06 9.6e-07 1.3. 65 2.03-06~4 2.7. 08k. i.6e-06r3.5-23e 3.& 2.30
Ni-63 3.4e-06 2.2e-06 3.1e-06 4.7e-06 6.4e-06 3.8e-06 2.4e-06 3.4e-06 5.4e-06 7.0e-06
Zn-65 3.5e-04 8.3e-05 2.4e-04 6.9e-04 9.4e-04 3.9e-04 9.1e-05 2.7e-04 7.7e-04 1.1e-03
As-73 1.5e-06 5.4e-07 1.2e-06 2.6e-06 3.3e-06 1.6e-06 5.9e-07 1.3e-06 2.9e-06 3.7e-06
Se-75 1.3e.04 2.7e-05 8.6e-05 2.6e-04 3.5e-04 1.4e-04 2.9e-05 9.6e-05 2.9e-04 4.0e-04
Sr4S^>'. -e 9.5e-O6- -, 9 6e,-0 <5.Se-06^,2-02.15- 3.1i05 06F 6.2e 6I 2.3053.405
Sr-89 6.5e-07 1.4e-07 5.0e-07 1.3e-06 1.7e-06 7.3e-07 1.6e-07 5.6e-07 1.5e-06 1.9e-06
Sr-90 9.6e-05 3.2e-05 8.6e-05 1.6e-04 2.0e-04 1.1e-04 3.5e-05 9.5e-05 1.8e.04 2.2e-04
Y-91 O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+00
Zr-93 3.Oe-06 3.9e-07 2.7e-06 5.4e-06 6.5e-06 3.3e-06 4.2e-07 3.0e-06 6.1e-06 7.5e-06
Zr,-95'" ':~ ,;90.0-S',5 5.1 8-6 5.1e .055 21 e-O4< 3,.0e-0J:. 0:0 ,& 56e,06s-j 5.6e-05 ,$ 2.3. 49j33eii0i
Nb-93m 2.7e-06 1.8e-06 2.5e-06 3.8e-06 5.1e-06 3.1e-06 1.9e-06 2.8e-06 4.3e-06 5.7e-06
Nb-94 1.8e-03 3.0e-04 1.2e-03 3.7e-03 5.2e-03 2.0e-03 3.3e-04 1.3e-03 4.1e-03 5.8e-03
Nb-95 3.1e-05 2.7e-06 1.7e-05 7.2e05 1.1e-04 3.5e-05 3.0e-06 1.8e-05 8.1e-05 1.2e-04
Mo-93 5.2e-05 3.3e-05 4.8e-05 7.3e-05 9.6e-05 5.8e-05 3.5e-05 5.3e-05 8.3e-05 1.1 e-04
Tc-97.' ;'>.--:, 2i-08i. 2e06k'i.98:O6-.3.4e-06L 2e6__2.4e .-06.13e-0~..6 3.. 7e0
To-97m 2.5e-06 1.2e-06 2.2e-06 3.9e-06 4.7e-06 2.8e-06 1.3e.06 2.4e-06 4.4e-06 5.3e-06
To-99 1.5e-05 9.7e-06 1.4e-05 2.1e-05 2.8e-05 1.7e-05 1.0e-05 1.5e-05 2.4e-05 3.1e-05
Ru-103 3.1e-05 3.2e-06 1.8e-05 7.0e-05 1.0e-04 3.5e-05 3.5e-06 2.0e-05 7.9e-05 1.1e-04
Ru-106 3.0e-04 1.2e-04 2.3e-04 5.3e-04 6.8e-04 3.3e-04 1.3e-04 2.6e-04 5.9e-04 7.7e-04

Ai",;'-'2 0i3.e .5ej03L-L:.5e-,03<'e . F o W -'.e3 ' e'W5 . 9e,03j
Ag-110m 1.7e-03 2.9e-04 1.1e-03 3.6e-03 5.0e-03 1.9e-03 3.2e-04 1.3e-03 4.0e-03 5.6e-03
Cd-1 09 3.8e-05 2.4e-05 3.4e-05 5.5e-05 7.0e-05 4.3e-05 2.6e-05 3.8e-05 6.3.-O5 7.9e-05
Sn-1 13 7.5e-05 1.3e-05 S.Oe-05 1.6e-04 2.2e-04 8.3e-05 1.4e-05 5.5e-05 1.8e-04 2.4e-04
Sb-124 1.7e-04 2.3e-05 1.1e-04 3.7e-04 5.3e-04 1.9e-04 2.5e-05 1.2e-04 4.1e04 5.8e-04
S-125Sj 3.9e-04 74-S ,26e 4i.0e 04^-' '-1.10 '3-8.9e 2
Te-123m 4.8e-05 1.1e-05 3.3e-05 9.6e-05 1.3e-04 5.3e-05 1.2e-05 3.7e-05 1.1e-04 1.5e-04
Te-127m 1.4e-05 6.8e-06 1.2e-05 2.1e-05 2.6e-05 1.5e-05 7.4e-06 1.3e-05 2.4e-05 2.9e-05
1-125 O.Oe+OO O.Oe+OO O.Oe+OO O.0e+00 O.Oe+00 O.0e+00 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+O0
1-129 O.e+00 O.Oe+00 .Oe+OOO.9e+OO 0.0e+00 O.Oe+OO O.Oe+OO. O.Oe+00 O.Oe+00 O.Oe+00

1-i31, ^.-.'-;\,,O.Oe+O 6+00;.--' .0.0e+00e0.+0000' O0.00- -0Oet.O.Oe+OO'O.0e+00r 0.0e400H.,5 .0,+0
Cs-134 O.Oe+00 O.0e+00 O.Oe+OO O.0e+00 O.Oe+00 0.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
Cs-135 O.Oe+00 0.0e+00 O.Oe+OO 0.0e+00 0.0e+00 O.0e+CO 0.0e+00 O.Oe+00 0.0e+00 O.0e+00
Cs-137 0.0e+00 O.Oe+00 O.Oe+OO 0.0e+00 0.0e+00 0.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 O.0e+00
Ba-133 O.Oe+00 0.Oe+00 O.Oe+OO 0.0e+00 O.0e+00 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00
Ce 139!': -.' i 3.4e-O06 J.,4.7eO-7i 2.2e- O6" ~7.4e-0G6- ,1.e-05 ,- 3.8e 06 5.2 07- 2.4e-06 -:8.3e 06-i2e 5;
Ce-141 2.0e-07 1.7e-08 1.1e-07 4.6e-07 6.7e-07 2.2e-07 1.9e-08 1.2e-07 5.1e-07 7.4e-07
Ce-144 6.0e-06 2.0e-06 5.0e-06 1.0e-05 1.3e-05 6.7e-06 2.2e-06 5.6e-06 1.2e-05 1.5e-05
Pm-147 O.Oe+0O 0.0e+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+00
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Appendix H-2 Nonnlliz'e� Effective Doses from Aluminum
Table H2.31 Normalized effective doses from all pathways: Aluminum cookware

Mass-based effective dose (pSvty per BqIg) Surficial effective dose (pSvly per Bq/cm2)
Radionuclide Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
Sm-151 O.Oe+0 O.Oe+00 O.Oe+0O .O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+O0 O.Oe+OO O.Oe+00 O.Oe+00
iE' 152 ;uj?:0. e+00 rO.Oe+OO I,..Oe+00 eO.Oe+OO O.Oe+,' "e0.e00 O 0;O O'O Om i
Eu-154 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+O0 O.Oe+00 O.Oe+OO
Eu-155 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Gd-153 O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+0O O.Oe+00 O.Oe+00
Tb-160 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Tn-ffl 0.7OeOO 0',+O='.beO =-.eO ^.Oe400 OJO h .OO,=-OO+,Oo O.Oe+OO; l'O.bO e ,,O- sO.O+O
TM-171 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00
Ta-182 3.0e-04 4.8e-05 2.0e-04 6.4e-04 8.9e-04 3.3e-04 5.3e-05 2.2e-04 7.0e-04 I.Oe-03
W-181 8.5e-06 1.5e-06 5.7e-06 1.8e-05 22-05 9.5e-06 1.6e-06 6.3e-06 2.0e-05 2.8e-05
W-1 85 1 .3e-06 5.8e-07 1.1 e-06 2.0e-06 2Ae-06 1 .4e-06 6.2e-07 1.2e-06 2.3e-06 2.8e-06
6 --185, L-A .4-04 .,2.0-05t 8.7 05-2904 - 4  ;f' 4  .',1 ,0T5 2.OS 9.7e-05 -32e'i .
Ir-192 1.3e-04 1.9e-05 8.0e-05 2.7e-04 3.8e-04 1.Ae-04 2.0e-05 8.9e-05 3.0e-04 4.2e-04
TF-204 2.4e-05 t.5e-05 2.2e-05 - 3.4e-05 4.3e-05 2.6e-05 1.6e-05 2.4e-05 3.8e-05 4.9e-05
Pb-210 1.8e-02 1.1 e-02 1.6e-02 2.5e-02 3.2e-02, 2.0e-02 1.2e-02 1.8e-02 2.8e-02 3.6e-02
BFi207 1 .4e-03 2Ae-04 9.6e-04 3.0e-03 4.2e-03 1 .6e-03 2.6e-04 1.1 e-03 3.4e-03 4.7e-03

0o-2 &2T0; 03',',. 8.2ei, 1.3e.C3,'i2 03r7 03 >i• 6e93-21' 8e-04, 1^.5. 03.ie4v03j3.0e-O
Ra-226 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ra-228 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ac-227 7.5e-03 2.1e-03 6.7e-03 1.3e-02 1.5e-02 8Ae-03 2.2e-03 7.4e-03 1.4e-02 1.7e-02
Th-228 9.7e-04 2.7e-04 8.3e-04 1.7e-03 2.2e-03 1.1 e-03 2.9e-04 9.2e-04 1.9e-03 2.4e-03
,-29 ''3 38e'03 .0 6 3.8e-03 -. 7.2e .8e-03;

Th-230 1.3e-03 3.9e-04 1.2e-03 2.3e-03 2.7e-03 1.5e-03- 4.3e-04 1.3e-03 2.5e-03 3.1e-03
Th-232 6.4e-03 1.9e-03. 5.7e-03 1.1e-02 1.3e-02 7.1e-03 2.1e-03 6.3e-03 1.2e-02 1.5e-02
Pa-231 2.5e-02 1.6e-02 2.3e-02 3.5e-02 4.6e-02 2.8e-02 -. 7e-02 2.5e-02 4.0e-02 5.1e-02
U-232 32e-03 1.2e-03 2.8e-03 - 5.1e-03 6.2e-03 3.5e-03 1.3e-03 3.2e-03 5.7e-03 7.1e-03
U3-3233' 3O3e44 .2o0'43.0e-04- -5.30 64e Z: 3.7e04Ie 4-,-3.3e .;6.0e -?73e-04
U-234 3.2e-04 1.2e-04 2.9e-04 5.1e-04 6.1e-04 3.5e-04 1.3e-04 3.2e-04 5.7e-04 7.0e-04
U-235 3.7e-04 1.3e-04 3.3e-04 6.1 e-04 7.5e-04 4.1 e-04 1.5e-04 - 3.6e-04 6.8e-04 8.4e-04
U-236 3.0e-04 1.1e-04 2.7e-04 4.7e-04 5.8e-04 3.3e-04 1.2e-04 3.0e-04 5.4e-04 6.5e-04
U-238 3.2e-04 1.2e-04 2.9e-04 5.0e-04 6.1 e-04 3.5e-04 1.3e-04 3.2e-04 5.7e-04 7.Oe-04
Np37";-o7'''.' :7.7,e-04.'-2.2e-04 6.68e4-04 11 .3e-03 .6,-3 B6 j.6- , 2.4e I.

Pu-236, 4.9e-04 1.8e-04 4.5e-04 7.8e-04 9.6e-04 5.5e-04 2.0e-04 5.Oe-04 8.9e-04 1.1e-03
Pu-238 15e-03 5.4e-04 1.3e-03 2.3e-03 2.9e-03 1.6e-03 6.0e-04 1.5e-03 2.6e-03 3.2e-03
Pu-239 1.6e-03 6.0e-04 1.5e-03 2.5e-03 3.1e-03 1.8e-03 6.5e-04 1.6e-03 2.9e-03 3.5e-03
Pu-240 1.6e-03 6.0e-04 1.5e-03 2.5e-03 3.1e-03 1.8e-03 6.5e-04 1.6e-03 2.9e-03 3.5e-03
* Pu-241 - r 3.7e-1A ,. 7.3-5 ; - 1.5e-05 !A 3.8e-05 '
Pu-242 1.5e-03 5.7e-04 1 Ae-03 2.4e-03 3.0e-03 1.7e-03 6.3e-04 1.5e-03 2.8e-03 3.4e-03
Pu-244 1.7e-03 6.1e-04 1.5e-03 2.7e-03 3.2e-03 1.8e-03 6.7e-04 1.7e-03 3.0e-03 3.6e-03
Am-241 12e-03 3.6e-04 1.1e-03 2.1e-03 2.5e-03 1.Ae-03 4.0e-04 1.2e-03 2.4e-03 2.8e-03
Am-242m 1.3e-03 3.7e-04 1.2e-03 2.2e-03 2.6e-03 14e-03 4.1e-04 1.3e-03 2.5e-03 3.0e-03

Am-243 MY , .3e-03 ',3.8e-04 A-1.2e-03*_2.2e-03 A4 2.7e93Jj:;j1i5e-03 '>4 Ie-0 1.3e-03 25,-032i131e03-
Cm-242 32e-05 9.1e-06 2.8e-05 5.5e-05 6.7e-0 - 3.6e-05 9.9e-06 3.1e-05 6.2e-05 7.5e-05
Cm-243 9.6e-04 2.8e-04 8.5e-04 1.6e-03 2.0e-03 1.1e-03 3.0e-04 9.5e-04 1.8e-03 2.2e-03
Cm-244 7.3e-04 2.1 e-04 6.4e-C4 1.2e-03 1.5e-43 8.1 e-04 2.3e-44 7.2e-04 1.4e-03 1.7e-03
Cm-245 1Ae-03 3.9e-04 1.2e-03 2.3e-03 -.8e03 1.5e-03 4.3e-04 1.3e-03 2.6e-03 3.2e-03

Cm-247 1.3e-03 3.7e-04 1.2e-03 2.2e-03 2.7e-03 1 Ae-03 4.1e-04 1.3e-03- 2.5e-03 3.0e-03
Crn-248 4.8e-03 1Ae-03. 4.2e-03 8.1e-03 9.8e-03 5.3e-03 1.5e-03 4.7e-03 9.2e-03 1.1e-02
Bk-249 6.0e-06 1.8e-06 5.4e-06 1.Oe-05 1.2e-05 6.7e406 2.0e-06 6.0e-06 1.2e-05 1Ae4-5
Cf-248 1.2e-04 3.4e-05 1.1e-04 2.Oe-04 2.4e-04 1.3e-04 3.7e-05 1.2e-04 2.3e-04 2.7e-04
Cf-249 .- 2.3e'03'.-_6.5e-C4 ' 2.0-03_,'3.9e43 4.6&03_, *2.5e43 7,e-4, 2.2e403 -'4.3e4.3 . -'5.3e43
Cf-250 9.5e-04 2.7e-04 8.6e-04 1.6e-03 1.9e-03 - 1.1e-3 3.0e-04 9.4e-04 1.8e-03 2.2e-43
Cf-251 2.3e-03 6.5e-04 2.0e-03 3.8e-43 4.6e-03 2.5e-43 - 7.1 e-04 2.2e-03 4.3e-43 5.2e-03
Cf-252 4.6e-04 1.3e-C4 4.2e-04 7.8e-04 9.3e-04 5.1e-04 1.5e-04 4.6e-04 8.8e-04 1.1e-03
Cf-254 7.8e-04 1.2e-04 5.3e-04 1.6e-03 2.3e-03 8.6e-04 1.4e-04 5.8e-04 1.8e-03 2.5e-03
E-254'-' +-,2.6e4-,-.5.8e05 '- e-20e 4' 4.9-04- -6.5e4 .:--;2.9e 6.3e5: 2.2-04e 4 5.6eO4'- .2e-04

Note: To convert these values to conventional units (mrem/y per pCig or mrem/y per pCicrn2), multiply by 3.7e-3
.-, .7 .U _ .1.4_
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Nonnalized Effective Doses from Aluminum' Appecndix H-2

Table H2.32 Normalized effective doses from external exposure: Aluminum cookware
- ___... Mass-based effective dose (uSvlV zer Ba/a) Surficial effectivn dn-A i Sv/v npr Rn/rm 2l
Radionuclide M 5th 5-- h - --, 9-th

Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
H-3 O.0e+00 O.Oe+0 0.Oe+00 O.Oe+00 O.Oe+0O 0.0e+00 0.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00
C-14 7.4e-10 9.0e-1I 4.6e-10 1.6e-O9 2.3e-09 8.2e-10 9.9e-11 5.1e-10 1.8e-09 2.6e-09
Na-22 1.2e-04 1.5e-05 7.2e-05 2.5e-04 3.7e-04 1.3e-04 1.6e-OS 8.0e-OS 2.8e-04 4.1e-04

P-32 1.8e-08 1.5e-10 3.6e-09 4.7e-08 7.9e-08 2.0e-08 1.7e-10 4.0e-09 5.2e-08 8.7e-08
S3 ,U;.^--,2.7", 9^,3.8e_10 ",1.7,09,;8 8'2 k9,0W<;v1'',~59 q* e 9

CI-36 O.Oe+0O O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
K-40 9.2e-06 1.1e-06 5.7e-06 2.0e-05 2.8e-05 1.Oe-05 1.3e-06- 6.3e-06 2.2.-05 3.1e-s05
Ca-41 O.Oe+00 O.0e+00 O.Oe+0O O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00
Ca-45 2.4e-09 2.8e-10 1.5e-09 5.4e-09 7.7e-09 2.7e-09 3.1e-10 1.7e-09 6.0e-09 8.6e-09

Ot.Oe+OO~o.oe+OO 7- 0.,0 o ,eo~oeo jO,;C' O.Oe+ >6-.aiOe,+O~t O0+00 ot0.0,+oo, ,,, ~ J
Cr-51 7.4e-07 4.3e-08 3.5e-07 1.8e-06 2.7e-06 8.3e-07 4.8e-08 3.8e-07 2.0e-06 3.0e-06
Mn-53 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00
Mn-54 5.3e-04 8.3e-05 3.5e-04 1.1e-03 1.6e-03 5.9e-04 9.1e-05 3.9e-04 1.2e-03 1.8e-03
Fe-55 1.7e-13 2.7e-14 1.1e-13 3.6e-13 5.0e-13 1.9e-13 2.9e 14 1.2e-13 4.0e-13 5.5e-13

Co-56 5.4e-04 7.4e-05 3.4e-04 1.2e-03 1.7e-03 6.0e-04 8.1e-05 3.8e-04 1.3e-03 1.8e-03
Co-57 8.1e-05 1.3e-05 5.3e-05 1.7e-04 2.4e-04 9.0e-05 1.4e-05 5.9e-05 1.9e-04 2.7e-04
Co-58 1.4e-04 1.9e-05 9.1e-5 3.1e-04 4.4e-04 1.6e-04 2.1e-05 1.Oe-04 3.5e-04 4.9e-04
Co-60 2.3e-03 3.6e-04 1.5e-03 4.9e03 6.7e-03 2.6e-03 4.0e-04 1.7e-03 5.4e-03 7.6e-03
N;59 ,r,->~..O X 3.0e.0CL.3fO,~ 4.1e-08 :T. ,5.7.-O -08±- ; 3.3. 09,-'t~*4e- 082. 4S-0 846.3.-08'
Ni-63 3.7e-10 5.7e-1I 2.4e-10 7.7e.1- t1.e-09 4.1e-10 6.3e-1i 2.7e.1 8.5e.1 1.2e-09
Zn-65 3.0e-04 4.7e-05 2.0e-04 6.4e-04 8.9e-04 3.4e-04 5.1e.-5 2.2e-04 7.1e-04 9.9e-04
As-73 6.5e-07 8.9e-08 4.1 e-07 1.4e-06 2.0e-06 7.2e-07 9.6e-08 4.5e-07 1.5e-06 2.2e-06
Se-75 l.1e-G4 1.6e-05 7.3e-OS 2.4e-04 3.3e-04 1.3e-04 1.8e-05 8.1e-05 2.7e-04 3.7e-04

Sr-89 4.1e-08 3.4e-09 2.2e-08 9.3e-08 1.4e-07 4.6e-08 3.8e-09 2.5e-08 1.0e.07 1.5e07
Sr-90 1.4e-06 1.6e-07 8.5e-07 3.0e-06 4.3e-06 1.6e-06 1.8e-07 9.5e-07 3Ae-06 4.8e-06
Y-91 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00
Zr-93 2.0e-08 1.2e-09 1.2e-08 4.5e-08 6.6e-08 2.2eo-8 1.3e-09 1.3e-08 5.1e-08 7.3e-08

Zr-95.;-~'J~8. - 0s .79e,-44.98-0e20.04;.9e ! 6W5.' 0
Nb-93m 9.3e-08 1.4e-08 62e-08 2.0e-07 2.7e-07 1.0e-07 1.6e-08 6.9e-08 2.2e-07 3.0e-07
Nb-94 1.7e-03 2.7e-04 1.2e-03 3.7e-03 5.1e-03 1.9e-03 3.0e-04 1.3e-03 4.1e-03 5.7e-03
Nb-95 3.1.-05 2.5e-06 1.6e-05 7.1e-05 1.1e-04 3.4e-05 2.8e-06 1.8e-05 8.0e-05 1.2e-04
Mo-93 4.8e-07 7.5e-08 3.2e-07 1.e-06 1.4e-06 5.4e-07 8.3e-08 3.5e.-7 1.1e-06 1.6e-O6
Tc-97!e 0 e 1.7e06 . 0 4.2.-el? __

Tc-97m 1.6e007 2.2e-08 1.0e-07 3.5e-07 4.8e-07 1.8e-07 2.4e-08 1.1e-07 3.9e-07 5.4e-07
Tc-99 7.9e-08 1.2e-08 5.2e-08 1.6e-07 2.3e-07 8.8e-08 1.3e-08 5.7e-08 1.8e-07 2.6e-07
Ru-103 3.1e-05 2.8e-06 1.7e-05 6.9e-05 1.0e-04 3.4e-05 3.1e-06 1.9e-05 7.8e-05 1.1e-04
Ru-106 1.8e-04 2.9e-05 1.2e-04 3.9e-04 5.4e-04 2.1e-04 3.2e-05 1.3e-04 4.3e-04 6.0e-04
Ag-1O8i&,,.,, 2.1..03-,: 3.3e-4 - .4. 03A*.i4e-03r', ,6 24 , 6 4!;.e0,4.9e 03-,-6.9e 03s
Ag-110m 1.7e-03 2.6e-04 1.1e-03 3.6e-03 4.9e-03 1.9e-03 2.9e-04 1.2e-03 3.9e-03 5.5e.03
Cd-109 5.1e-06 7.9e-07 3.4-06 1.1e-05 1.5e-05 5.6e-06 8.7e-07 3.7e-06 1.2e-05 1.6e.05
Sn-113 7.1e-05 1.0e-05 4.6e-05 1.5e-04 2.1e-04 7.9e-05 1.1e-05 5.1e-05 1.7e-04 2.4e-04
Sb-124 1.7e-04 2.0e-05 1.0e-04 3.6e-04 5.2e-04 1.8e-04 2.2e-05 1.1e-04 4.0e-04 5.7e-04

St,2 ti,~,-.7e-04"''- 5.7"-57~e 4--.8e i1 -41 f,6e5,>2eO44,_8.6e. '3
Te-123m 4.1e-05 5.9e.06 2.6e.05 8.7e-05 1.2e-04 4.5e-05 6.5e-06 2.9e-05 9.7e-05 1.4e-04
Te-127m 2.0e-06 2.9e-07 1.3e-06 4.3e-06 6.0e-06 2.2e-06 3.1e-07 1.4e-06 4.8e-06 6.7e-06
1-125 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00
1-129 O.Oe+00 O.Oe+000 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
i-i31' 7 - 0,'O O+OO':0.Oe+OO; 0.00+00 ,',L O;O+00'7. O.+OO,0.e+00'Z 0,eO.Oe+0,0+-0' Q.,Oe Oe.0,+O0 o 00
Cs-134 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-135 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-137 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ba-133 O.Oe+00 O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ce-139'* '.3.,:,-s,33F6, 4 0 7............>2i;6' 6 . 14.0e-07; .7e 26t.1.-O~ .3-S u.u 5.7 4.4.-0.......~e7 2.3e 06 -- ie1 08 #-'2.2O5~

Ce-141 1.7e-07 1.1e-08 8.1e-08 4.0e-07 5.9e-07 1.9e-07 1.2e-08 9.0e-08 4.4e-07 6.7e-07
Ce-144 2.1e-06 2.7e-07 1.3e-06 4.6e-06 6.6e-06 2.4e-06 2.9e-07 1.5e-06 5.2e-06 7.4e-06
Prm-147 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
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Appendix H-2 Normalized Effective Doses from Aluminum

Table H2.32 Normalized "effective doses from external exposure: Aluminum cookware
Mass-based effective dose (pSv/y per Bq/g) Surficial effective dose (pSv/y per Bq/crn2)

Radionuclide Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
Sm-151 O.Oe+OO O+00 O.Oe+0 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
au i52,', J ,-2O.e 'OO ,>o.oe+oo i o.oe+OO, :;O.Oe+OO -uo.fO.esOO x 9-<.eO aOO+Oy .O+O",5eO r,.eO

EuI5 .OU0O+0 .e000O+O 0.e0 .+000 00e0 OOe+00: .Oe0 O.eO
Eu-154 O.Oe+00 O.Oe+O0 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Eu-155 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
Gd-153 O.Oe+OO O.Oe+OO O.Oe+DOO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Tb-160 0.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
jrr-m 70 6.6 s_ _ .bOOe_ * O.Oe+OO ,,i+O.o.C6&0
Tm-171 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ta-182 2.9e-04 4.2e-05 1.9e-04 6.3e-04 8.8e-04 3.3e-04 4.7e-05 2.te-04 6.9e-04 1.Oe-03
W-181 8.1e-06 1.2e-06 5.3e-06 1.7e-05 2Ae-05 9.1e-06 1.3e-06 5.9e-06 1.9e-05 2.7e-05
W-185 2.8e-08 3.7e-09 1.8e-08 6.1e-08 8.6e-08 3.1e-08 4.1e-09 2.0e-08 6.8e-08 9.5e-08
OsI85 ,1.3e~4' ,>1.9e-0 , 85e-0S5,~.9e-04 t ieO4 jj1.e.O4 1iD59.e- 5 e3 4 4

Ir-192 1.2e-04 1.6e-05 7.6e-05 2.6e-04 3.8e-04 1Ae-04 1.8e-05 8.5e-05 2.9e-04 4.2e-04
Tl-204 I.5e-06 2.3e-07 9.9e-07 3.1e-06 4.4e-06 1.7e-06 2.5e-07 1.1e-06 3.5e-06 4.9e406
Pb-210 2.7e-06 4.1e-07 1.8e-06 5.7e-06 8.0e-06 3.0e-06 4.6e-07 2.0e-06 6.4e-06 8.9e-06
Bi-207 -Ae43 2.2e-04 9.4e-04 3.0e-03 42e43 1.6e-03 24e-04 1.Oe-03 3.3e-03 4.7e-03

Ra-226 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00
Ra-228 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ac-227 1Ae-04 IAe-05 8.4e-05 3.1e-04 4.4e-04 1.5e-04 1.6e-05 9.3e-05 3.4e-04 5.0e-04
Th-228 2.9e-04 3.1e-05 1.8e-04 6.4e-04 9.2e-04 3.3e-04 3Ae-05 2.0e-04 7_1_e-04 I Oe-03

T1hI229. -_4 . 1. -045 6.0e5 .2.1 1, e .1.e-55
Th-230 4.3e-06 4.6e-07 2.6e4-6 9.3e-46 1.3e-05 4.8e46 - 5.0e-07 2.9e-06 1.0e4-5 1.5e.-5
Th-232 5.6e-04 5.9e-05 3.4e-04 1.2e-03 1.7e-03 6.2e-04 6.5e4-5 3.7e-04 1.3e-03 1.9e-03
Pa-231 2Ae4-04 3.8e-05 1.6e404 5.1e-04 7.2e-04 2.7e-04 42e-O5 1.8e-04 5.8e-04 8.1e-04
U-232 3.6e-04 4Ae-05 2.3e-04 7.8e44 1.1 e-03 4.0e-04 4.8e-05 2.5e-04 8.6e-04 1.2e-03
U.8e- 3.8e-OSr6 2.007 ,, ,68e-O7A9.8e-O7,
U-234 5.5e48 6.6e-09 3Ae-08 12e-07 1.7e-07 6.1e.-8 7.3e-09 ,3.8e-48 1.3e-07 1.9e-07
U-235 6.7e.-5 8.1e-06 42e-05 IAe-04 2.1e-04 7.4e-05 8.9e-O6 4.6e.-5 1.6e-04 2.3e-04
U-236 3.3e4-8 4.1e-09 2.1e-O8 7.2e4-8 1.0e-07 3.7e4-8 4.5e4-9 2.3e4-8 8.0e4-8 1.1e-07
U-238 I.Ie-05 1.3e-06 6.7e-06 2.3e.-5 3.3e4-5 1.2e-05 14e-46 7.4e4-6 2.6e-05 3.7e-05

,Np-i37CZ .Og6§.6.-O6.J8.i 45n1.-O8 .4. 2.00-0 .8e-04
Pu-236 1.4e,-5 1.8e-06 8.8e-06 3.1e-05 4.3e-05 1.6e.-5 1.9e.-6 9.8e-06 3.5e405 4.9e-05
Pu-238 3.0e-08 3.7e-09 1.9e4-8 6.6e-48 9.1e4-8 3.3e-08 4.0e-09 2.1e-08 7.3e-08 1.0e-47
Pu-239 3.3e-48 4.0e4-9 2.0e4-8 7.2e-08 9.9e4-O 3.6e-08 4.4e4-9 2.2e4-8 8.0e4-8 1.1e-0O
Pu-240 2.9e-8 3.6e-09 1.8e-08 6.4e-08 8.9e4-8 32e-08 4.0e-09 2.0e-08 7.2e-08 1.0e-07
Pu-241 Yc_;6-O7 _71 -.5e-O8 .7.4e-O8i2.6eO73.i 07

Pu-242 2.5e-48 - 3.0e-09 1.5e-08 5.4e-O8 7.5e-08 2.7e-08 3Ae-09 1.7e-08 6.1e-08 8.5e4-8
Pu-244 1.0e-04 1.3e-05 6.5e.-5 2.3e-O4 3.2e-04 1.2e-04 1Ae-O5 7.2e-05 2.6e-04 3.6e-04
Am-241 5.7e-06 5.9e-07 3Ae4-6 1.3e-05 1.8e-O5 6.3e-06 6.5e-07 3.7e-06 1.4e-05 2.0e-05
Am-242m 5.5e4-6 5.8e-07 3.3e6 - 1.2e-OS 1.8e-05 6.1e-O6 6.4e-07 3.6e46- 1.4e-05 1.9.-OS
iAni-243 H_ 7..~O527.9&OS,_ .5.-54:1.7-44. ~2.,4e-4~, _s-8.4.O5 9 7e4-SXj5.0.-SAI9004_±27.7-04,
Cm-242 1.2e-08 1.2e-09 7.1 e-09 2.6e-08 3.9e-08 1.3e-08 1Ae-09 7.9e-09 3.0e4-8 4.3e-4
Cm-243 4.2e-05 4Ae4-06 2.5e4-5 9.3e.-5 1.4e-04 4.7e.-5 4.9e.-6 2.8e-05 1.0e-04 1.5e-04
Cm-244 2.7e4-8 2.8e4-9 1.6e-48 5.9e-08 8.6e-08 3.0e-08 3.1e-09 1.8e-08 6.5e-08 9.6e.-8
Crn-245 3.3e-5 3.4e-06 2.0e45 72e4 1.1 e-04 3.7e-05 3.8e-06 2.2e-05 8.0e-05 1.2e-04
C m~-2 i6 , :921e-,08,'-22o.9 Ž-OS ;i .6-e-O8>,6.-,-08 6 2.8e-8 .22.48-09, ;1.4e~0:~.e-0B s7.50-08,:

Cm-247 1.1 e-04 12e-05 6.9e.-5 2.5e-04 3.7e-04 1.3e404 1.3e.-5 7.6e4-5 2.8e-04 4.1e-04
Cm-248 2.0e4-8 2.0e-09 1.2e.-8 4.3e.-8 6.3e4-8 2.2e.-8 2.2e-09 1.3e-48 4.8e-08 7.0e-08
Bk-249 2.7e-07 2.9e-08 1.6e-07 6.1e47 8.5e-07 3.0e-07 3.2e.-8 1.8e-07 6.7e-07 9.5e-07
Cf-248 2.2e4-8 2.3e-09 1.3e-08 4.8e4-8 6.8e.-8 2.4e-8 2.5e4-9 1.4-e8 5.3e.-8 7.7e-48

! Cf249.->'!.' 1.-e. 42J 1 .le40 5 -6.6 5-',2.4.- 4.4o--_ j1.2- 1.3e-O5 *;7.3.O5t2.7e''3.e-'4'
Cf-250 2.3e-08 2.4e-09 1.4e-08 5.0e408 7.1e.8- 2.5e4-8 2.6e-09 1.5e-08 5.6e4-8 8.0e.-8

* Cf-251 3.9e.-5 4.1e-06 2Ae-05 8.6e-05 1.2e-04 4.4e-05 4.5e-06 2.6e.-5 9.6e-05 1Ae-04
Cf-252 2.4e-8 2.5e4-9 1.5e-08 5Ae-08 7.6e.-8 2.7e.-8 2.8e-09 ,1.6e-08 6.0e-08 8.6e.-8
Cf-254 5.2e-04 4.6e.-5 2.9e404 1.2e-03 1.8e403 5.8e-04 5.0e-05 3.2e-04 1.3e-03 2.0e-03
Es.254 I- -0r5 .1.4e O4ri 05" '-8.5-O4 3.104 04.i 4 .6e4 - 1.63 5-OS9.4e45 ' 3.5e 4''4.9e-4

Note: To convert these values to conventional units (mremly per pCIg or mremly per pCi/cm2). multiply by 3.7e-3
1--D *UE 14
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Normalized Effective Dioses from Aluminum Appendix H-2

Table H2.33 Normalized effective doses from ingestion: Aluminum cookware
.. _._ . Mass-based effective dose (uSvNv Der Ba/d) Surficial effective dose (tjSvlv ner Rnlcm2l

Radaonuclide Ma 5t 50th '90th 95th
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

H-3 4.1e-08 1.3e-08 3.7e-08 7.1e-08 8.5e-08 4.6e-08 1.4e-08 4.0e-08 7.9e-08 9.6e-08

C-14 7.8e-07 3.0e-07 7.0e-07 1.2e-06 1.5e-06 8.7e-07 3.3e-07 7.8e-07 1.4e-06 1.7e-06

Na-22 3.6e-06 1.4e-06 3.2e-06 5.8e-06 6.9e-06 4.0e-06 1.5e-06 3.5e-06 6.5e-06 7.9e-06

P-32 1.9e-07 3.5e-09 5.3e-08 6.0e-07 8.3e-07 2.1e-07 3.8e-09 5.8e-08 6.6e-07 9.2e-07

S 3S,:a 6.Se..O7,3.2e-,07i- -5.8e07ig9.9e0 7.12e~6~ 7.52e 071 .;5e r796 6'4c,0 11-08txi~e-O6
CI-36 O.Oe+00 O.Oe+WO O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00

K-40 8.4e-06 3.2e-06 7.5e-06 1.4e-05 1.7e-05 9.4e-06 3.5e-06 8.3e-06 1.5e-05 1.9e-05
Ca-41 9.1e-07 3.1e-07 8.2e-07 1.5e-06 1.8e-06 1.0e-06 3.4e-07 9.0e-07 1.7eO-06 2.1e-06
Ca-45 8.8e-07 2.9e-07 7.7e-07 1.5e-06 1.8e-06 9.8e-07 3.le-07 8.5e-07 1.7e-06 2.1e-06

0...,O.Oo+OO +O.Og 0.00 O i. O .OoO O.Oo+ O.0e+O0', O.O , O .e+OO1
Cr-51 1.6e-08 2.4e-09 1.0e-08 3.7e-08 4.6e-08 1.8e-08 2.6e-09 1.2e-08 4.2e-08 5.2e-08

Mn-53 6.8e-07 4.5e-07 6.3e-07 9.4e-07 1.3e-06 7.6e-07 4.8e-07 6.9e-07 1.1e-06 1.4e-06

Mn-54 9.3e-06 6.0e-06 8.5e-06 1.3e-05 1.7e-05 1.0e-05 6.4e-06 9.4e-06 1.5e-05 1.9e-05

Fe-55 6.3e-06 4.1e-06 5.8e-06 8.7e-06 1.2e-05 7.0e-06 4.4e-06 6.4e-06 9.9e-06 1.3e-05

Fe-59il.I"i t w2.4 O87.5e-,07, 2.0e-O&-_45.-OS 5.4i2 27o.06 . 2e2.2A 0
Co-56 8.9e-06 4.2e-06 7.9e-06 1.4e-05 1.7e-05 9.9e-06 4.6e-06 8.7e-06 1.6e-05 1.9e-05

Co-57 2.6e-06 1.6e-06 2.3e-06 3.6e-06 4.7e-06 2.Be-06 1.7e-06 2.6e-06 4.1e-06 5.3e-06
Co-58 2.2e-06 1.0e-06 2.0e-06 3.6e-06 4.3e-06 2.5e-06 1.1e-06 2.2e-06 4.0e-06 4.9e-06

Co-60 7.le-05 4.7e-05 6.5e-05 9.7e4-5 1.3e-04 7.9e-05 5.0e-05 7.1e-05 1:1e-04 1.5e-04
N-S9-,2 Rt1.,.~43;ost2.Oe4O6',.;j7e -:,1 e4 .-''et6+',,. ci53,6 .

NI-63 3.4e406 2.2e-06 3.1e-06 4.7e-06 6.4eO-06 3.8e-06 2.4e-06 3.4e-06 5.4eO-06 7.0e-06

Zn-65 4.4e-05 2.8e-05 4.0e-05 6.3e-05 8.1e-05 5.Oe-05 3.0e-05 4.5e-05 7.2e-05 9.1e-05
As-73 8.1e-07 3.8e4-7 7.2e-07 1.3e-06 1.6e-06 9.1e-07 4.1e-07 8.0e-07 1.4e-06 1.8e-06

Se-75 1.4e-05 7.3e-06 1.2e-05 2.0e-05 2.5e-O5 1.5e45 8.0e-06 1.4e4'5 2.3e-05 2.8e-05

Sr-89 6.1e-07 1.3e-07 4.7e-07 1.2e-06 1.6e-06 6.8e-07 1.5e-07 5.2e-07 1.4e-06 1.8e-06

Sr-90 9.5e-05 3.1e-05 8.4e-05 1.6e-04 1.9e-04 i.Ie-04 3.4e-05 9.4e-05 1.8e-04 2.2e-04
Y-91 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+W0 O.Oe+00 O.Oe+OO O.Oe+O0
Zr-93 3.0e-06 3.8e-07 2.7e-06 5.3e-06 6.5e-06 3.3e-06 4.2e-07 2.9e-06 6.0e-06 7.4e-06

Nb-93m 2.7e-06 1.8e-06 2.4e-06 3.7e-06 4.9e-06 3.0e-06 1.9e-06 2.7e-06 4.2e-06 5.5e-06

Nb-94 3.9e-05 2.6e-05 3.6e-05 5.3e-05 7.2e-05 4.3e-05 2.7e-05 3.9e-05 6.1e-05 8.1e-05

Nb-95 4.8e-07 I.1e-07 3.6e-07 9.8e-07 1.2e-06 5.4e-07 1.2e-07 4.0e-07 1.1e-06 1.4e-06

Mo-93 5.2e-05 3.3e-05 4.7e-05 7.2e-05 9.5e-05 5.8e-05 3.5e45 5.2e-O5 8.2e-05 1.1e-04
Tc97 '¢:;S_'6> .........1.50e 'i8,5eO 23e-0 _~.~ ' l..8e-06 .- 1.1. B6,J1.6 OK2:6 ,08 2+3.3 06
Tc-97m 2.3e46 1.1e46 2.e-06 3.6e-06 4.4eO-06 2.6e-06 1.2e-06 2.3e-06 4.1e-06 4.9e-06
Tc-99 1.5e-05 9.6e-06 1.4e-OS 2.1e-05 2.8e-05 1.7e-05 1.0e-05 1.5e-05 2.4e-05 3.1e-05

Ru-103 8.6e-07 2.3e4-7 6.8e-07 1.7e-06 2.0e-06 9.6e-07 2.5e-07 7.5e-07 1.9e-06 2.3e.-6

Ru-106 1.1e-04 7.3e-05 1.0e-04 1.6e-04 2.1e-04 1.2e-04 7.8e-05 1.1e-04 1.8e-04 2.3e-04

Ag iO8m' 'J >,.;, - f 9e 3.9e45 I 5.4e-OS, 8.ie-5,12;io-O4X' '.,.5o-05- 2
Ag-11Om 3.6e-05 2.3e-05 3.3e-05 5.1e-05 6.7e-05 4.0e-05 2.5e-05 3.6e-05 5.8e-05 7.4e-05

Cd-109 3.3e-05 2.2e-05 3.0e4OS 4.6e-05 6.1e-05 3.7e-05 2.3e-05 3.3e-05 5.2e-OS 6.8e05

Sn-1 13 3.8e-06 2.0e-06 3.4e-06 5.7e-06 6.9e-06 4.2e-06 2.2e-06 3.8e-06 6.5e-06 7.9e-06

Sb-124 5.0e-06 2.0e-06 4.3e-06 8.3e-06 1.0e-05 5.5e4-6 2.1e-06 4.8e-06 9.4e-06 1.e-05

bS12- ;-; 2,e0S4D, 9,5' .e >4;e,,2e <^'4e0 05 2i4 34,54.4O:
Te-123m 7.3e-06 3.9e-06 6.6e-06 1.1e-05 1.3e-05 8.1e-06 4.3e-06 7.3e-06 1.2e-05 1.5e-05

Te-127m 1.2e-05 6.1e-06 1.Oe-45 1.8e-05 2.1e-05 1.3e-05 6.6e-06 1.1e-05 2.0e-05 2.4-05

1-125 O.Oe+0 O.Oe+OO O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
1-129 0.Oee+00 0.0e+OO O.Oe+OO O 00 0.0e4OO , .0e+00 O.Oe+O O O.Oe+0 O.Oe+00 O.Oe+0O
1-131. u O.Oe+00.00+00 -^O.Oe+OO-- O.0e+0O'r;0 Qe+OO -, O.Oe+OO' -0.Oe + .OOe+00' O.Oe+0O0. j O.OeW+O
Cs-134 O.Oe+0O O.Oe+OO O.Oe+OO O.Oe+0O O.Oe+OO O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00

Cs-135 O.Oe+0O O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00

Cs-137 O.Oe+00 O.Oe+0O O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+O0 O.Oe+00

Ba-133 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+0O O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+OO O.Oe+0O
Ce-i39';;.,-,- ^ :.1.1e 07,,',3:90-8 --9.6 084- -. 8e07!0'~2.2e072 -. '''1.2e 07:-; 4.3o-08;-'- 1.1e47,w-w2'1e4-2,2.Se-O7,
Ce-141 3.0e-08 4.6e-09 2.0e-08 6.6e-08 8.6e-08 3.3e-08 5.1e-09 2.2e-08 7.4e408 9.7e-08
Ce-144 3.9e-06 1.5e-06 3.5e46 6.3e-06 7.6e-06 4.3e-06 1.6e-06 3.8e-06 7.1e-06 8.6e-06

Pm-147 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+0O O.Oe+0O O.Oe+O0

NU_ 164 H_ 160
NUREG-1640 H-160



Appendix H-2 r Normalivid Effective Doses from Alurru'num
Table H2.33 Normalized effective doses from ingestion: Aluminum cookware

Radionuclide Mass-based effective dose (pSv/y per Bq/g) Surficial effective dose (pSv/y per BqIcm2)
Mean 5th 50th 90th 95th . Mean 5th 50th 90th 95th

Smr-151 O.Oe+O0 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0
Eu 15 .O .Oe +0O O.W0z 0.0e I0.O , e60. e+0 ',.oe '; +06 ,L O e+O . 0O.Oe 0 '
Eu-154 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+WO O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Eu-155 O.Oe+00 O.Oe+00 O.Oe+O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Gd-153 O.Oe+0O O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
Tb-160 O.Oe+O0 O.Oe+W' O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 0.Oe+00 O.Oe+00 D.Oe+00 O.Oe+00

b-,160 O.Oe+0 tO.Oe+00 .Oe+00 PO.Oe_0 O.Oe+ z.Oe+OO O.Oe+00' ,'O e ,0.Oe .Oe400
Tm-171 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ta-182 7.5e-06 4.0e-06 6.7e-06 1.1le-05 1.4e-05 8.3e-06 4.3e-06 7Ae-06 1.3e-05 i.5e-05
W-1 81 4.0e.07 2.2e-07 3.6e-07 6.0e-07 7Ae-07 4.5e-07 2.3e-07 4.0e-07 6.8e-07 8.3e-07
W-1 85 1.2e-06 5.6e-07 1.1 e-06 2.0e-06 2.4e-06 1.4e-06 6.1 e-07 1.2e-06 2.2e-06 2.7e-06
bs18s-5,~2.oe-r 6,.0. 07,-uo..8e-06Av3.1 ~3.7 ' 2.2e' e' 6&.1e-06' 2.-635 6 - Z4.2d-06
Ir-192 3.9e-06 1.7e-06 3.4e-06 62e-06 7.5e-06 4.3e-06 1.9e-06 3.8e-06 7.0e-06 8.7e-06
TI-204 2.2e-05 1Ae-05 2.0e-05 3.1e-05 4.1e-05 2.5e-05 1.5e-05 2.2e-05 3.6e-05 4.6e-05
Pb-210 1.8e-02 1.1e-02 1.6e-02 2.5e-02 3.2e-02 2.0e-02 12e-02 1.8e-02 2.8e-02 3.6e-02
Bi-207 2.5e-05 1.6e05 2.3e-05 3.5e-05 4.6e-05' 2.8e-05 1.7e-05 2.5e-05 4.0e-05 5.1e-05

Ra-226 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ra-228 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
Ac-227 7Ae-03 2.0e-03 6.6e-03 1.3e-02 1.5e02 82e-03 2.2e-03 7.3e-03 IAe-02 1.7e-02
Th-228 6.7e-04 2.Oe-04 - 6.Oe-04 1.1e-03 1.4e-03 7.5e-04 2.2e-04 6.7e-04 1.3e-03 1.6e-03

h-229 '3 .7e-03 1.Ie-03 ' J- J3b 2e-03 '3. ,7.Ie103;-8.6e03
Th-230 1 .3e-03 3.9e-04 1 .2e-03 2.2e-03 2.7e-03 1.5e-03 4.3e-04 1 .3e-03 2.5e-03 3.1 e-03
Th-232 5.9e-03 1.7e-03 52e-03 9.9e-03 1.2e-02 6.5e-03 1.9e-03 5.8e-03 1.e-02 1.4e-02
Pa-231 2.5e-02 1.6e-02 2.3e-02 3.5e-02 4.5e-02 2.8e-02 1.7e-02 2.5e-02 '4.0e-02 5.1e-02
U-232 2.8e-03 I.Ie-03 2.6e-03 4.4e-03 5.4e-03 3.1e-03 1.1e-03 2.8e-03 5.0e-03 6.1e-03
U'-,2'33,',,''3 3-0,4 ' __1__g .0,0 ,w, 3 e ,;, ie > ,.e .,e-.04 B.,Oe-0 73e,4 ,_
U-234 32e-04 1.2e-04 2.9e-04 5.1e-04 6.1e-04 3.5e-04 1.3e-04 3.2e-04 5.7e-04 7.0e-04
U-235 3.0e-04 1.1 e-04 2.8e-04 4.8e-04 5.9e44 3.4e-04 1.2e-04 3.1e-04 5.5e-04 6.6e-04
U-236 3.0e-04 1.1e-04 2.7e-04 4.7e-04 5.8e-04 3.3e-04 12e-04 3.0e-04 5.4e-04 6.5e-04
U-238 3.1e-04 1.2e-04 2.8e-04 4.9e-04 5.9e-04 3.4e404 1.3e-04 3.1ee-04 5.5e-04 6.7e-04
Np-237i6.9e-4 ,!,*.0e-04 ' 6.Ie-04 0IeZ03 jJ.4e43 7>0 2-3Np2 ;_ L: 0 E1.6e-3
Pu-236 4.8e-04 1.8e-04 4.3e-04 7.6e-04 9.3e-04 5.4e04 2.0e-04 4.8e-04 8.6e-04 i.Oe03
Pu-238 1.5e-03 5Ae-04 1.3e-03 2.3e-03 2.9e-03 1.6e-03 6.0e-04 1.5e-03 2.6e-03 3.2e-03
Pu-239 1.6e-03 6.0e-04 1.5e-03 2.5e-03 3.1e-03 1.8e-03 6.5e-04 1.6e-03 2.9e-03 3.5e-03
Pu-240 1.6e-03 6.0e-04 1.5e-03 2.5e-03 3.1e-03 1.8e-03 6.5e-04 1.6e-03 2.9e-03 3.5e-03

Pu 24;- <~ = 3.e-,5 .,,-05' - 3 ;453.9 '4, 3ej~e I.S e ! 05 5 3f'28e5
Pu-242 1.5e-03 5.7e-04 1.4e-03 2.4e-03 3.0e-03 1 .7e403 6.3e-04 1.5e-03 2.8e-03 3.4e-03
Pu-244 1.6e-03 5.8e-04 I.4e-03 2.5e-03 3.0e-03 1.7e-03 6.3e-04 1.6e-03 2.8e-03 3Ae-03
Am-241 12e-03 3.6e-04 1.1 e-03 2.1 e-03 2.5e-03 1Ae-03 3.9e404 1.2e-03 2.3e-03 2.8e-03
Am-242m 1.3e43 3.7e-04 1.2e-03 2.2e-03 2.6e-03 - 1Ae-03 4.1 e-04 1.3e-03 2.4e-03 3.Oe-03
Aii3~ 4.--,, 12 ,4 z3.t. 6e04,.j'1.e1-03 ,-2.1-e03'-,A25e-03 o 1.,4 o3i;4O4 i2e 32.4:03 2.9o-
Cm-242 32e-05 9.1e-06 2.8e-05 5.5e-05 6.7e-05 3.6e-05 9.9e-06 3.1e-05 6.2e-05 7.5e-05
Cm-243 9.2e-04 2.6e-04 8.1e-04 1.6e-03 1.9e-03 1.0e-03 2.9e-04 9.0e-04 I.8e-03 2.1e-03
Cm-244 7.3e-04 2.1e-04 6.4e-04 1.2e-03 1.5e-03 8.1 e-04 2.3e-04 7.2e-04 1.4e-03 1.7e-03
Cm-245 1.3e-03 3.8e-04 1.2e-03 2.3e-03 2.7e-03 1.Se-03 4.2e-04 1.3e03 2.6e03 3.1e-03
Cni246'-'-,i.3e'03 ,-.-3.7e_44 ;.2e43.2e03 2.7e0 3- ,,-5 i eO54
Cm-247 1.2e403 3.4e-04 1.1 e-03 2.0e-03 2Ae4-03 1.3e-03 3.7e-04 1.2e-03 2.3e-03 2.7e-03
Cm-248 4.8e-03 1Ae-03 4.2e403 8.1e-03 9.8e-03 5.3e-03 1.5e-03 4.7e-03 9.2e-03 I.Ie-02

i Bk-249 5.Be-06 1.7e-06 5.1e-06 9.8e-06 12e-05 6Ae4-6 1.9e-06 5.7e-06 1.1e-05 1.3e-05
Cf-248 1.2e-04 3.4e-05 1.1 e-04 2.0e-04 2.4e-04 1.3e-04 3.7e-05 ' 1.2e-04 2.3e-04 2.7e.04
Cf-2i9~~ - K '22e403,, ~62e-04 -~-1.9e-03-D'.7e-03 -, 4.A43 " 2;4e03 '6.8e4_ 2.1e-03 1"3
Cf-250 9.5e-04 2.7e-04 8.6e-04 1.6e-03 1.9e-03 1.1 e-03 3.0e-04 9.4e-04 1.8e-03 2.2e-03
Cf-251 2.2e-03 6.3e-04 2.0e-03 3.8e-03 4.5e-03 2.5e-03 7.0e-04 2.2e-03 4.3e-03 5.1 e-03
Cf-252 4.6e-04 1.3e-04 4.2e-04 7.8e-04 9.3e-04 5.1e-04 1.5e-04 4.6e-04 8.8e-04 1.1e-03
Cf-254 2.5e-04 5.7e-05 2.0e-04 4.9e,04 6.1e-04 2.8e-04 ,6.3e-05 2.3e-04 5.5e-04 6.9e-04
Es254 2- -12e-04 °3.4e45 1.Ie4!'2.0e44 '24e 4 '.-'.i.3e04'3.7e-05 X1.2e 046;y2.3eO4 .2.8e04-

Note: To convert these values to conventional units (mrem/y per pCI/g or mrem/y per pCicm2). multiply by 3.7e-3

H-161 NUREG-1 640
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Table H2.34 Normalized effective doses from all pathwavs: Scran disonsalinduistrial

Radionuclide - Mass-based effective dose (pSv/y per BqIg)
Mean 5th 50th 90th 95th

Surficial effective dose (pSvay per Bq/cm 2)
Mean 5th 50th 90th 95th

H-3 O.Oe+00 O.Oe+O0 O.Oe+OO O.Oe+00 OO .e+00 0.Oe+00 0.Oe+00 O.Oe+00 0.Oe+OO _ .Oe+00
C-14 5Ae-09 2.0e-10 1.6e-09 1.1e-08 1.9e-08 6.0e-09 2.2e-10 1.8e-09 1.2e-08 2.1e-08
Na-22 6.3e-03 2.3e-04 1.9e-03 1.3e-02 2.2e-02 7.0e-03 2.5e-04 2.1e-03 1.5e-02 2.5e-02
P-32 6.9e-46 2.4e-07 2.0e-06 1.4e-05 2.4e-05 7.6e-06 2.6e-07 2.2e-06 1.6e-05 2.7e-05

CI-36 1.2e-46 4.4e-08 3.7e-07 2.6e-06 4.3e-06 1.4e-06 4.9e-08 4.1e-07 2.8e-06 4.8e-06
K-40 4.9e-04 1.8e-05 1.5e-04 1.Oe-03 1.7e-03 5.4e-04 2.0e-05 1.6e-04 1.1e-03 1.9e-03
Ca41 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+OO 0.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-45 2.5e-08 9.2e-10 7.7e-09 5.4e-08 8.8e-08 2.8e-08 1.0e-09 8.5e-09 5.9e-08 9.9e-08

S46.-j3 s.,,o3o 2.Oo-04 1.7.3 2031.e.-O21.9e29' '.6.1e3 i.2e-4 .. 8-03E12.3-2e,0~;2.e-0
Cr-51 6.5e4-5 2.3e-06 2.0e-05 1.4e-04 2.3e-04 7.3e-05 2.6e-06 2.2e-05 1.5e-04 2.5e-04
Mn-53 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Mn-54 2.4e-03 8.5e4-5 7.1e-04 5.0e-03 8.2e-03 2.6e-03 9.4e-05 7.8e-04 5.4e-03 9.2e-03
Fe-55 O.Oe+OO O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+0 O.Oe+00 O.Oe+OO
Fe9c L 3.2e-03, 1e4 9'6e- v 46.6 -01.1 -0- T v K2e

Co-56 1.0e-02 3.7e-04 3.1e-03 2.2e-02 3.6e-02 1.1e-02 4.1e-04 3.4e-03 2.4e-02 4.0e-02
Co-57 2.2e-04 8.0e-06 6.7e-05 4.6e-04 7.7e404 2.4e-04 8.7e-06 7.3e-05 5.1e-04 8.6e-04
Co-58 2.6e-03 9.2e-05 7.8e-04 5.4e-03 8.9e-03 2.8e-03 1.0e-04 8.5e-04 5.9e-03 1.0e-02
Co-60 7.6e-03 2.7e-04 2.3e-03 1.6e-02 2.6e-02 8.4e-03 3.0e-04 2.5e-03 1.7e-02 3.Oe-02
Nki59 : O ; Oe 0 oOe+O O0'6O- O.O' 0.O+00.-0.OOO ;j0.'e+ OO,; O
Ni-63 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Zn-65 1.7e-03 6.1e-05 5.1e-04 3.6e-03 5.9e-03 1.9e-03 6.7e-05 5.6e-04 3.9e-03 6.6e-03
As-73 3.6e4-6 1.3e-07 1.1e-06 7.6e-06 1.3e4-5 4.0e-06 1.4e-07 1.2e-06 8.3e-06 1.4e-05
Se-75 8.6e404 3.1e-O5 2.6e-04 1.8e-03 3.0e-03 9.6e-04 3.4e-05 2.9e-04 2.0e-03 3.4e-03
Sr-8W8<- ff,>,ij3'e-03>4.SO05i: 3.8e4 2.6o0^4.3e.O3,' 4teO03 -.e0- 42 4,' 2 24
Sr-89 6.7e-06 2.4e-07 2.0e-06 1.4e-45 2.3e4-5 7.4e-06 2.7e-07 2.2e-06 1.5e-05 2.6e4-5
Sr-90 2.0e4-5 7.3e-07 6.1e-46 4.2e-05 7.0e4-5 2.2e4-5 8.0e-07 6.7e-06 4.6e-05 7.9e4-5
Y-91 1.7e405 6.1e-07 5.2e-06 3.6e4-5 5.9e4-5 1.9e4-5 6.7e-07 5.6e-06 3.9e-05 6.6e4-5
Zr-93 3.2e.1I 9.1e-13 8.7e-12 6.5e-11 1.2e-10 3.6e-11 1.0e-12 9.6e-12 7.3e-11 1.3e-10
Zr-95' -.- ;2 2.2e-03'_478.0e,405"-6.70- 4.7o-O3. 37.7e,-03.-':-2.S..O3\v 8.8o-0S-7.4 S7
Nb-93m 3.6e-08 1.3e-09 1.1e-08 7.6e-08 1.3e-07 4.0e-08 1.4e-09 1.2e-08 8.3e-08 1.4e-07
Nb-94 4.5e-03 1.6e04 1.4e-03 9.5e-03 1.6e-02 5.0e-03 1.8e-04 1.5e-03 1.0e-02 1.8e-02
Nb-95 1.9e-03 6.7e.-5 5.7e-04 3.9e-03 6.5e-03 2.1e-03 7.4e4-5 6.1e-04 4.3e-03 7.2e-03
Mo-93 2.1e-07 7.4e4-9 6.2e-08 4.3e-07 7.1e-07 2.3e-07 8.2e-09 6.8e-08 4.7e-07 8.Oe-07
Tc-97 2-.808-F071 -.0 ... 189.4e-0; i O
Tc-97m 7.1e-07 2.6e-08 2.2e-07 1.5e-06 2.5e-06 7.9e-07 2.8e-08 2.4e-07 1.6e-06 2.8e-06
Tc-99 5.3e-08 1.9e-09 1.6e-08 1.1e-07 1.9e-07 5.9e-08 2.1e-09 1.8e-08 1.2e-07 2.1e-07
Ru-103 1.1e-03 4.0e-05 3.3e-04 2.3e-03 3.8e-03 1.2e-03 4.3e-05 3.6e-04 2.5e-03 4.2e-03
Ru-106 6.0e-04 2.2e-05 1.8e-04 1.3e-03 2.1e-03 6.7e-04 2.4e-05 2.0e-04 1.4e-03 2.4e-03
AgA108m.'42- '9e-. 4.9e-3 1.78-.24e
Ag-I1 Om 7.8e-03 2.8e-04 2.4e-03 1.6e-02 2.7e-02 8.7e-03 3.10-04 2.6e-03 1.8e-02 3.0e-02
Cd-109 1.1e-05 4.0e-07 3.3e.-6 2.3e-05 3.8e-05 1.2e-05 4.4e-07 3.6e-06 2.5e-05 4.3e-05
Sn-113 6.4e-04 2.3e-05 1.9e-04 1.3e-03 2.2e-03 7.1e-04 2.5e-05 2.1e-04 1.5e-03 2.5e-03
Sb-124 5.0e-03 1.8e-04 1.5e-03 1.0e-02 1.7e-02 5.5e-03 2.0e-04 1.7e-03 1.1e-02 1.9e-02
S~-.25z',Ji -. 1.ie-f,03; -^ 4~ 0e1:-3i24 .e -t2e-03 4.i 4o05-,k3.7o-0 t 2-6e 03B74A03~
Te-123m 2.7e-04 9.8e-06 8.2e-05 5.7e-04 9.4e-04 3.0e-04 1.1e-05 9.0e.-5 6.2e-04 1.1e-03
Te-127m 1.4e-05 5.1e-07 4.3e-06 3.0e-05 4.9e-05 1.6e-05 5.6e-07 4.7e-06 3.3e-05 5.5e-05
1-125 5.4e-06 1.9e-07 1.6e-06 1.1e-05 1.9e-05 6.0e-06 2.1e-07 1.8e-06 1.2e-05 2.1e-05
1-129 4.7e-06 1.7e-07 1.4e-6 1.0.e-05 1.6e-05 5.3e-06 1.9e-07 1.6e-06 1.1e-05 1.9e-05
-1e31r .; - 52e-04- .:1.7.-O . .S-04>.t o3-i s 1.8 '-03 5.7 -0-J .8-05 1.66-04' -;1.2e-0 2.003

Cs-134 4.3e-03 1.6e-04 1.3e-03 9.2e-03 1.5e-02 4.8e-03 1.7e-04 1.4e-03 1.Oe-02 1.7e-02
Cs-135 1.6e-08 5.7e-10 4.8f-09 3.3e-08 5.5e-08 1.8e-08 6.3e-10 5.3e-09 3.6e-08 6.2e-08
Cs-137 1.6e-03 5.7e-05 4.8f-04 3.3e-03 5.5e-03 1.7e-03 6.3e-05 5.2e-04 3.6e-03 6.1eo-03
Ba-133 9.0e-04 3.2e-05 2.7e-04 1.9e-03 3.1e-03 9.9e-04 3.6e-05 3.0e-04 2.1e-03 3.5e-03
Cf-139i s.:- 27eo4- 9.9e-6- 8.4- 05 5.8f--- 9.5e ---- - 3.1e-04 '4 .- 05.f 9.leF-O 6.3e-4, - ;1.t03,

Ce-141 1.2e-04 4.3e-O6 3.6e.-5 2.5e-04 4.2e-04 1.3e-04 4.8e-06 4.0e-05 2.8e-04 4.7e-04
Ce-144 1.6e-04 5.7e-06 4.8e-05 3.3e-04 5.5e-04 1.8e-04 6.3e-06 5.3e-05 3.7e-04 6.2e-04
Pm- 147 2.1e-08 7.6e-10 6.4e-09 4.4e-08 7.3e-08 2.3e-08 8.4e-10 7.0e-09 4.8e-08 8.2e-08

INU I .-I4 -It2
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Appendix H-2 4 "Normalize4d Effective Doses from Aluminum,

Table H2.34 Normalized effective doses from all pathways: Scrap disposal-industrial
Mass-based effective dose (pSvly per Bq/g) Surficial effective dose (pSvly per Bqtcm2)

adionuclde Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
Sm-151 3.3e-10 '12e-11 1.Oe-10 7.0e-10 12e-09 3.7e-10 1.3e-11 1.1e-10 7.7e-10 1.3e-09
Eu-152^'>, <,~3.3 03' '2e 9.9e 04 .6.9 03-,1.10-02, 3.6e-03 iJ.3e4 4,:.'1.1 03,e7.5e-034-1e.3002
Eu-154 3.6e-03 1.3e-04 1.1e-03 7.5e-03 1.2e-02 4.0e-03 1.4e-04 1.2e-03 8.2e-03 1.Ae-02
Eu-155 8.0e-05 2.9e-06 2Ae-05 1.7e-04 2.8e-04 8.8e-05 3.2e-G6 2.6e-05 1.8e-04 3.1e-04
Gd-153 1.0e-04 3.7e-06 3.1e-05 2.2e-04 3.6e-04 1.1e-04 4.1e-06 3.4e-05 2.4e-04 4.0e-04
Tb-160 3.0e-03 1.1 e-04 9.1e-04 6.3e-03 1.Oe-02 3.3e-03 1.2e-04 9.9e-04 6.9e-03 1.2e-02
T,70,.,X- 2.4e-07.yt'2.0e 0,-_[.,ee-57-066: e 0,722'0X50.v5-
Tm-171 4.6e-07 1.7e-08 1.Ae-07 9.7e-07 1.6e-06 5.1e-07 1.8e-08 1.5e-07 1.1e-06 1.8e-06
Ta-I 82 3.5e-03 1.3e-04 1.1 e-03 7Ae-03 1.2e-02 3.9e-03 1.4e-04 1.2e-03 8.1 e-03 I1Ae-02
W-181 3.1e-05 I.Ie-06 9.3e-06 6.5e-05 I.1e-04 3.4e-05 1.2e-06 1.Oe-05 7.1e-05 1.2e-04
W-1 85 1.8e-07 6.3e-09 5.3e-08 3.7e-07 6.1e47 1.9e47 7.0e49 5.8e48 4.0e-07 6.9e-07

6-l 8 S-0.8"3 _:3 -:6 6.3"O EtOs15A.. : .. 8e43 *-,.v5 554_f3b3-a63 3,; 200 -7.1156.4 403X-714~
Ir-192 2.0e-03 7.1e-05 5.9e-04 4.1e-03 6.8e-03 2.2e-03 7.8e-05 6.5e-04 4.5e-03 7.6e-03
T1-204 1.9e-06 6.9e-08 5.8e-07 4.0e-06 6.6e-06 2.1 e-06 7.6e-08 6.3e-07 4.4e-06 7Ae-06
Pb-210 3.7e-06 1.3e-07 1.1e-06 7.8e-06 1.3e-05 4.1e-06 1.5e-07 1.2e-06 8.5e-06 1Ae-05
Bi-207 4.4e-03 1.6e-04 1.3e-03 9.2e-03 1.5e-02 4.8e-03 1.7e-04 1.4e-03 1.Oe-02 1.7e-02
P621io2.3,.8 z.4e10 7.1 ,49 2,4e.9e-88988.Ie8 '
Ra-226 52e-03 1.9e-04 1.6e-03 1.1e-02 1.8e-02 5.8e-03 2.1e-04 1.7e-03 1.2e-02 2.0e-02
Ra-228 2.8e-03 1.Oe-04 8.5e-04 5.9e-03 9.8e-03 3.1e-03 1.1e-04 '9.4e-04 6.5e-03 1.1e-02
Ac-227 9.2e-04 3.3e-05 2.8e-04 1.9e-03 3.2e-03 1.0e-03 3.7e-05 3.1e-04 2.1e-03 3.6e-03
Th-228 4.7e-03 1.7e-04 1Ae-03 1.0e-02 1.6e-02 52e-03 I.9e-04 1.6e-03 1.1 e-02 1.8e-02
-229-:LŽ-j2e-44,,,K2.6e05- :2 2 C<4 .e-103_ 2.5"03 ;'-e8.0-04 ,.205' 12.4e''4 <X.7e-03 _'2.8e-03,,

Th-230 5.8e-07 2.1 e-08 1.7e-07 1.2e-06 2.0e-06 6.4e-07 2.3e-08 1.9e-07 1.3e-06 2.3e-06
Th-232 7.6e-06 2.2e-07 2.1e-06 1.5e-05 2.7e-05 8.5e-06- 2.4e-07 2.3e-06 1.7e-05 3.1e-05
Pa-231 8.8e-05 3.2e-06 2.7e-05 1.8e-04 3.0e-04 9.7e-05 3.5e-06 2.9e-05 2.0e-04 3.4e-04
U-232 3.8e-05 1.Ie-06 1.0e-05 7.6e-05 1.4e-04 4.2e-05 12e-06 1.1 e-05 8.6e-05 1.5e-04
UW-233,2 .' 6.26 ,-0i ;2.3o-08 KI 8> e77 3e''6 -22e, 7, f 25 48 2.1&07 '1ie06 4'2.4e06'
U-234 1.7e-07 6.1e-09 '5.1e-08 3.6e-07 5.9e-07 1.9e-07 6.7e-09 5.6e-08 3.9e-07 6.6e-07
U-235 3.4e-04 1.2e-05 I.Oe-04 '7.2e04 1.2e-03 3.8e-04 1.4e-05 1.1e-04 7.8e-04 1.3e-03
U-236 8.8e-08 3.2e-09 2.7e-08 I.9e-07 3.1e-07 9.7e408 3.5e-09 2.9e-08 2.0e-07 3.4e-07
U-238 6.8e-05 2.4e-06 2.1e05 1.4e404 2.4e-04 7.5e-05 2.7e06 2.3e-05 1.6e-04 2.6e-04
N -2372>7.v i5.0e 4 -,.8o05f,1.5e 4,'_1o-03 ~J .7.0 '5.5e .A.2.0$.05 1.7 044 I11e.03 8e; 1.9e03
Pu-236 9Ae-08 3.4e-09 2.8e08 2.0e-07 3.2e-07 1.0e-07 3.7e-09 3.1le-08 - 2.2e-07 3.7e-07
Pu-238 5.8e-08 2.1 e09 1.7e-08 1.2e-07 2.0e-07 6.4e-08 2.3e-09 1.9e-08 1.3e-07 2.2e-07
Pu-239 1.3e-07 4.7e09 3.9e-08 2.7e-07 4.5e-07 IAe-07 52e-09 4.3e-08 3.0e-07 5.1e-07
Pu-240 5.5e-08 2.0e-09 1.7e-08 1.2e-07 1.9e-07 6.2e-08 2.2e-09 1.8e-08 1.3e-07 2.2e-07
Pui-241j-, 3.3.-O9 31 82e-10 e. 291-0 66.909_:1e 78_->Y3.6e-09 I.3e1I r.i.1e'09 ;,.7.5e09 .1.3
Pu-242 4.9e-08 1.8e-09 1.5e-08 1.0e-07 1.7e-07 5Ae-08 1.9e-09 1.6e-08 1.1 e-07 1.9e-07
Pu-244 9Ae-04 3.4e-05 2.9e-04 2.0e-03 3.3e-03 I .Oe-03 3.8e-05 3.1 e-04 2.2e-03 3.7e-03
Am-241 1.8e05 6.6e-07 5.5e-06 3.9e-05 6.4e-05 2.0e-05 7.3e-07 6.1 e-06 42e-05 7.2e-05
Am-242m 3.0e45 1.Ie-06 9.2e-06 6.4e-05 11.e-04 3.4e-05 1.2e-06 _ 1.0e-05 6.9e-05 1.2e-04
~m24,3--,, 4.0e.04.I--.'4o05t0-.20-e ,_ 8.5e-4,-^:-1.4e03,~:,,.74.e-04g7,-.6*'1..3 ,-< 9.e4,.6e.03-._6005,11.3 -04 it2e0
Cm-242 6.1e-08 2.2e-09 1.9e-08 I.3e-07 2.1e-07: 6.8e-08 2.4e-09 2.0e-08 1.4e-07 2.4e-07
Cm-243 2.6e-04 9.5e-06 8.0e-05 5.6e-04 9.2e-04 2.9e-04 1.0e-05 8.8e-05 6.0e-04 1.0e-03
Cm-244 4.4e-08 1.6e-09 1.3e-08 9.3e-08 1.5e-07 -4.9e-08 1.8e-09 1.5e-08 1.0e-07 1.7e07
Cm-245 1.5e-04 5.5e-06 4.6e-05 3.2e-04 5.2e-04 1.7e404 6.0e-06 5.0e-05 3.5e-04 5.9e-04
Cm-246 71) _4.ie08§11.5&09 2 '- .8.6e08¶t4e.0 7 4.5e48 .6e09 .:.4e-08 * 49.e0 . 7'
Cm-247 8.5e-04 3.1 e-05 2.6e-04 1 .8e-03 3.0e-03 9.4e-04 3.4e-05 2.8e-04 2.0e-03 3.3e-03
Cm-248 3.1e-08 1.1e-09 9.3e-09 6.5e-08 I.Ie-07 3.4e-08 1.2e-09 I.0e08 7.1e-08 1.2e-07
Bk-249 3.8e-08 1.1e409 1.0e-08 7.6e-08 1Ae-07 4.2e-08 1.2e-09 1.1e-08 8.6e-08 1.5e-07
Cf-248 4.3e-08 1.5e-09 1.3e-08 9.0e-08 1.5e-07 4.7e-08 1.7e-09 1.4e-08 9.8e-08 1.7e-07
Cf-249:: _',8.5e:04 3.1e45"2.6-04, 1.8e438 2.9e-03,:- . 9.4e-04 ' 3.4e05,-0J'2.8e-04 :1.9e-034 -3.3e-03*
Cf-250 4.1e-08 I.5e-09 1.2e-08 8.6e-08 1.4e-07 ' 4.5e-08 1.6e-09 1.4e-08 9.4e-08 1.6e-07
Cf-251 2.4e-04 8.5e-06 7.2e-05 5.0e-04 8.2e-04 2.6e-04 9.4e-06 7.9e-05 5.4e-04 9.3e-04
Cf-252 6.7e-08 2.4e409 2.0e-08 I Ae4-07 2.3e-07 7.4e-08 2.7e-09 2.2e-08 1.5e407 2.6e-07
Cf-254 1.2e-10 4.4e-12 3.7e-1I 2.6e-10 4.2e-10 1Ae-10 4.8e-12 4.0e-11 2.8e-10 4.7e-10
Es-254 ,: 2.5 e43 :92e-05 7.7e-04 :5.'4e4 3 -' -8.4e-04 ': 5.9e-03'- 9.93'

Note: To convert these values to conventional units (mremly per pClg or mremly per pCi/cm2). multiply by 3.7e-3
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Normalized Effective Doses from Aluminum Appendix H-2
Table H2.35 Normalized effective doses from all pathways: Scrap disposal-municipal

Mass-based effective dose (tiSvly per Bq/g)
Radionucide Mean 5th 50th 90th 95th

Surficial effective dose (ijSv/y per BqIcm2)
Mean 5th 50th 90th 95th

H-3 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00
C-14 1.4e-09 1.1e-11 3.6e-10 2.8e-09 4.9e-09 1.5e-09 1.2e-11 4.0e-10 3.1e-09 5.4e-09
Na-22 1.6e-03 1.3e-05 4.2e-04 3.3e-03 5.7e-03 1.8e-03 1.4e-05 4.6e-04 3.7e-03 6.3e-03
P-32 1.7e-06 1.4e-08 4.5e-07 3.6e-06 6.0e-06 1.9e-06 1.5e-08 5.0e-07 4.Oe-06 6.7e-06
S-35'3^ K 's-1:4e-09§1 12e,-1 3.7,e-1O'I2'9e-09.5.18 09i,,~ 1.6e-09Z ,.3e-1tS.2e-'1O6ii.3.3e0909 5.6-
CI-36 3.1e-07 2.5e-09 8.1e-08 6.4e-07 1.1e-06 3.5e-07 2.7e-09 9.0e-08 7.1e-07 1.2e-06
K40 1.2e-04 1.0e-06 3.2e-05 2.5e-04 4.4e 04 .4e-04 1.1e-06 3.6e-05 2.8e-04 4.9e-04
Ca-41 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-45 6.5e-09 5.2e-11 1.7e-09 1.3e-08 2.3e-08 7.2e-09 5.7e-11 1.9e-09 1.5e-08 2.5e-08
Sc46.,.f4 i .4 ife03 i, .,;1 .7e-044 2.9e-03 50.0 031.- 16 312e 5- 3, 1e 43.' 103 ,5.5e-03,,
Cr-51 1.7e-05 1.3e-07 4.3e-06 3.4e-05 5.9e-05 1.8e-05 1.5e-07 4.8e-06 3.8e-05 6.4e-05
Mn-53 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mn-54 6.0e-04 4.8e-06 1.6e-04 1.2e-03 2:1e-03 6.6e-04 5.3e-06 1.7e-04 1.4e-03 2.4e-03
Fe-55 O.Oe+0 O.Oe+O0 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
F-59 ,A Y2 W'8.0 .04e5:~6Yj, 2.1 e-04- -j16e-03 :2.9e2,03:,,. <','8.9 - 7.ie, 3 e,, ' 8e-03 . 3.l-3
Co-56 2.6e-03 2.1e-05 6.8e-04 5.4e-03 9.3e-03 2.9e-03 2.3e-05 7.6e-04 6.0e-03 1.0e-02
Co-57 5.6e-05 4.5e-07 1.5e-05 1.1e-04 2.0e-04 6.2e-05 4.9e-07 1.6e-05 1.3e-04 2.2e-04
Co-58 6.5e-04 5.2e-06 1.7e-04 - 1.3e-03 2.3e-03 7.2e-04 5.7e-06 1.9e-04 1.5e-03 2.5e-03
Co-60 1.9e-03 1.5e-05 5.0e-04 3.9e-03 6.8e-03 2.1e-03 1.7e-05 5.6e-04 4.4e-03 7.6e-03
t59Y,.0e0O.: 0.0+O0 0.0e+00 ,O.Oe+OO, O e O 0.0e+OO '^;O +T- 6 0.0e+OO.O.e+O ; O.Oe+OO .
Ni-63 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zn-65 4.3e-04 3.4e-06 l.le-04 8.8e-04 1.5e-03 4.8e-04 3.8e-06 1.2e-04 9.8e-04 1.7e-03
As-73 9.2e-07 7.4e-09 2.4e-07 1.9e-06 3.3e-06 1.Oe-06 8.1e-09 2.7e-07 2.1e-06 3.6e-06
Se-75 2.2e-04 1 .8e-06 5.7o-05 4.5e-04 7.8e-04 2Ae-04 1 .9-06 6.3e-05 5.0e-04 8.6e-04

Sr-89 1.7e-06 1.4e-08 4.4e-07 3.5e-06 6.0e-06 1.9e-06 1.5e-08 4.9e-07 3.9e-06 6.6e.-6
Sr-90 5.1e-06 4.1e-08 1.3e-06 1.Oe-05 1.8e-05 5.7e-06 4.5e-08 1.5e-06 1.2e-05 2.0e-05
Y-91 4.3e-06 3.4e-08 1.1e-06 8.9eo-6 1.5e-05 4.8e-06 3.8e-08 1.2e-06 9.9e-06 1.7e-05
Zr-93 8.3e-12 5.5e-14 2.0e-12 1.7e-11 2.9e-11 9.2e-12 6.1e-14 2.2e-12 1.9e-I 3.3e-I1
Zr.95v'k,5.6;,7-04.6eg4.5e-0e ,1.5 04.1O3 2.Oe03'- 8.3e-4.9-, 6 1.6e 1.3e-O3 22e
Nb-93m 9.2e-09 7.4e-i 2.4e-09 1.9e-08 3.3e-08 1.Oe-08 8.1e-11 2.7e-09 2.1e-08 3.6e-08
Nb-94 1.1e-03 9.1e-06 3.0e-04 2.3e-03 4.1e-03 1.3e-03 1.0e-05 3.3e-04 2.6e-03 4.5e-03
Nb-95 4.7e-04 3.8e-06 1.2e-04 9.7e-04 1.7e-03 5.3e-04 4.1e-06 1.4e-04 1.1e-03 1.8e-03
Mo-93 5.2e-08- 4.2e-10 1.4e-08 1.1e-07 1.9e-07 5.8e-08 4.6e-10 1.5e-08 1.2e-07 2.1e-07
To97.".7.108 I, 5.7o1O; 1;8e08 71 to 07 v 25 07 ,;_8eO,6.2e 1,0 i2.0e8 1.6e07 2.8-0V'
Tc-97m 1.8e-07 1.4e-09 4.7e-08 3.7e-07 6.4e-07 2.0e-07 1.6e-09 5.2e-08 4.1 e-07 7.1 e-07
TC-99 1.4e-08 1.1e-10 3.5e-09 2.80-08 4.8e-08 1.5e-08 1.2e-10 3.9e-09 3.1 e-08 5.3e-08
Ru-103 2.8e-04 2.2e-06 7.2e-05 5.7e-04 1.Oe-03 3.1e-04 2.5e-06 8.1e-05 6.4e-04 1.1e-03
Ru-106 1.5e-04 1.2e-06 4.0e-05 3.1 5.5 e-04 1.7e-04 1.4e-06 4.4e-05 3.5e-04 6.0e-04
Ag2108m1e-,03- 9 . 1e;06 .9'-04 2.303 1  40-03' 4 .0 -03 4 -.ie-03.2
Ag-110m 2.0e-03 1.6e-05 5.2e-04 4.1e-03 7.1e-03 2.2e-03 1.7e-05 5.7e-04 4.5e-03 7.8e-03
Cd-109 2.8e-06 2.2e-08 7.2e-07 5.7e-06 9.9e-06 3.1e-06 2.4e-08 8.1e-07 6.4e-06 1.1e-05
Sn-I 13 1.6e-04 1.3e-06 4.2e-05 3.3e-04 5.8e-04 1.8e-04 1.4e-06 4.7o-05 3.7e-04 6.4e-04
Sb-124 1.3e-03 1.0e-05 3.3e-04 2.6e-03 4.5e-03 1.4e-03 1.ie-05 3.7e-04 2.9e-03 4.9e-03
Sb-l2S.i;- 'soi2.8ea,04.';r .e0 .45, 58-41O-0" C.o4 2.5e.06f^-7; S8-0, 8'. 2e-0-5,<-6.5o-044>.',rl'i0.5
Te-123m 6.9e-05 5.5e-07 1.8e-05 1.4e-04 2.4e-04 7.6e-05 6.0e-07 2.0e-05 1.6e-04 2.7e-04
Te-127m 3.6e-06 2.9e-08 9.4e-07 .7.4e-06 1.3e-0S 4.0e-06 3.2e-08 1.Oe-06 8.2e-06 1.4e-05
1-125 1.4e-06 1.1e-08 3.5e-07 2.8e-06 4.9e-06 1.5e-06 1.2e-08 3.9e-07 3.1e-06 5.3e-06
1-129 1.2e-06 9.6e-09 3.1 e-07 2.5e-06 4.3e-06 1.3e-061.e-08 3.5e-07 2.7e-06 4.7e-06

3131e'1l 3e -',.9.6e-07,,'--3.3eO-5c,'2.7eO4 .4.44 o _J1,.4 -04> 1.lo-0 3.7eo-05 3.0.O4Y 4.9e-04-
Cs-134 1.1e-03 8.9e-06 2.9e-04 2.3o-03 3.9e-03 1.2e-03 9.7e-06 3.2e-04 2.5e-03 4.3e-03
Cs-I 35 4.0e-09 3.2e-1I I .Oe-09 8.2e-09 1.4e-08 4.5e-09 3.5e-II 1.2e-09 9.2e-09 1.6e-08
Cs-137 4.0e-04 3.2e-06 1.Oe-04 8.2e-04 1.4e-03 4.4e-04 3.5e-06 1.2e-04 9.1e-04 1.6e-03
Ba-133 2.3e-04 1.8e-06 5.9e-05 4.6e-04 8.1e-04 2.5e-04 2.0e-06 6.6e-05 5.2e-04 8.9e-04
Ce-l39J'--.:: f 7.0"5 " 5607 eI.8 0 5:-1.4 44',--2.5 -0' i .8- .--6.2e-0T -;2.0e,05-1.6e 2.7e-04;
Ce-141 3.1e-05 2.4e-07 8.0e-06 6.3e-05 1.1e-04 3.4e-05 2.7eO-07 8.9e-06 7.0e-05 1.2e-04
Ce-144 4.0e-05 3.2e-07 1.0e-OS 8.2e-OS 1.4e-04 4.5e-OS 3.5e-07 1.2e-OS 9.2e-05 1.6e-04
Pm-147 5.4e-09 4.3e-1I 1.4e-09 1.Ie-08 1.9e-08 5.9e-09 4.7e-i 1.5e-09 1.2e-08 2.1e-08
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Appendix H-2 Nome ENormnalized Effective Doses from Aluminum
Table H2.35 Normalized effective doses from all pathways: Scrap disposal-municipal

Mass-based effective dose (pSv/y per BqIg) Surficial effective dose (pSvly per BqIcm2)
Radionuclide Mean 5th 50th - 90th 95th Mean 5th 50th 90th 95th
Sm-151 8.5e-11 6.8e-13 22e-11 1.7e-10 3.0e-10 9.4e-11 7.5e-13 2.5e-11 1.9e-10 3.3e-10
|-252 e4 B.e 64 ;', .9e:03 .9e-03 ;-,S.33-3 N
Eu-154 9.1e-04 7.3e-06 2Ae-04 1.9e-03 3.2e-03 1.0e-03 8.0e-06 2.6e-04 2.1e-03 3.6e-03
Eu-155 2.0e-05 1.6e-07 5.3e-06 4.1 e-05 7.2e-05 2.2e-05 1.8e-07 5.9e-06 4.6e-05 7.9e-05
Gd-I 53 2.6e-05 2.1e-07 6.8e-06 5.3e-05 9.3e-05 2.9e-05 2.3e-07 7.5e-06 5.9e-05 I.Oe-04
Tb-160 7.6e-04 6.1e-06 2.0e-04 1.6e-03 2.7e-03 8.4e-04 6.7e-06 2.2e-04 1.7e-03 3.0e-03
,Tml70L&ZkO,.7e-06 ie'-08 *4.4e ,47,L3.5e-6 Cr,6.Oe-06' , v.9..9e- O '6e
Tm-171 1.2e-07 9.4e-10 3.0e-08 2Ae-07 4.2e-07 1.3e-07 1.Oe-09 3.4e-08 2.7e-07 4.6e-07
Ta-182 9.0e-04 7.2e-06 2.3e-04 1.8e-03 3.2e-03 9.9e-04 7.9e-06 2.6e-04 2.0e-03 3.5e-03
W-181 7.8e-06 6.2e-08 2.0e-06 1.6e-05 2.8e-05 8.7e-06 6.9e-08 2.3e-06 1.8e-05 3.1e-05
W-185 4.5e-08 3.6e-10 1.2e-08 9.1e-08 1.6e-07 4.9e-08 3.9e-10 1.3e-08 I.Oe-07 1.7e-07.
,Os185 -g ^,t4; ,4.6e-04 ' 53.7e4,-08 1 2e04, ,vJ- 9.4e&04 >1.6 03 R<&{-<5.1e0o4o; A.1e.06 A.3e 04 1.1 e-3 ;18O03
Ir-192 5.0e-04 4.0e-06 1.3e-04 1.0e-03 1.8e-03 5.5e-04 4.4e-06 1Ae-04 1.1e-03 1.9e-03
Tl-204 4.9e-07 3.9e-09 1 .3e-07 9.9e-07 1 .7e-06 5.4e-07 4.3e-09 I Ae4-07 1.1 e-06 1 .9e-06
Pb-210 9.4e-07 7.5e-09 2Ae-07 1.9e-06 3.3e-06 1.Oe-06 8.2e-09 2.7e-7O 2.1e-06 3.7e-06
Bi-207 1.1 e-03 8.9e46 2.9e-04 2.3e-03 3.9e-03 1.2e-03 9.7e-06 3.2e-04 2.5e-03 4.3e-03
Po'210•j5.9e-09 T.'4.7e-1i'5''9I§I.,2e-08 2.1e-O8§3n'6.6e09l5.eI,,1.e-0~.7>,14-8.j2.3e-08
Ra-226 1.3e-03 1.1e-05 3Ae-04 2.7e-03 4.7e-03 1.5e-03 12e-05 3.8e-04 3.0e-03 5.2e-03
Ra-228 7.2e-04 5.7e-06 1.9e-04 1.5e-03 2.5e-03 7.9e-04 6.3e-06 2.1e-04 1.6e-03 2.8e-03
Ac-227 2.3e-04 1.9e-06 6.1 e-05- 4.8e-04 8.3e-04 2.6e-04 2.1 e-06 6.8e-05 5.3e-04 9.2e-04
Th-228 1.2e-03 9.6e-06 3.1e-04 2.5e-03 4.3e-03 1.3e-03 1.1 e-05 3.5e-04 2.7e-03 4.7e-03

-___. - -- ~-'- *, _ _,-~ _T '' - -,-'_ ,.,,.,._,._---~- __., ..................................A_... ._...... .r- -% -s-I
Th-229 l .8e44.5e-066L4.S4-05 Ev':3.8e04 4 - -2.O0e4 >,1 .6e-06g6.3e5, %42e-04_ .2e-04

Th-230 1.5e-07 1.2e-09 3.8e-08 3.0e-07 5.2e-07 1.6e-07 I1.3e-09 4.2e-08 3.3e-07 5.8e-07
Th-232 2.0e-06 1.3e-08 4.7e-07 4.0e-06 7.0e-06 2.2e-06' Ae-08 5.2e-07 4.5e-06 7.7e-06
Pa-231 2.2e-05 1.8e-07 5.8e-06 4.5e-05 7.9e-05 2.5e4-5 2.0e-07 6Ae-06 5.1e-05 8.7e-05
U-232 9.8e-06 6.5e-08 2.3e-06 2.0e-05 3.5e-05 1.1e-05 7.2e-08 2.6e-06 2.2e-05 3.9e-05
U-233 .'-J -5.6e - -
U-234 4.3e4-8 3.4e-10 1.1e-08 8.8e-08 1.5e-07 4.8e-08 3.8e-10 1.2e-08 9.8e-08 1.7e-07
U-235 8.7e-05 6.9e-07 2.2e4-5 1.8e-04 3.1e-04 9.6e-45 7.6e-07 2.5e4-5 2.0e-04 3.4e-04
U-236 2.2e-08 1.8e-10 5.8e4-9 4.6e-08 7.9e-08 2.5e-08 2.0e-10 6.5e-09 5.1e-08 8.8e-08
U-238 1.7e-05 1.4e-07 4.5e-06 _3.5e-05 6.1 e-05 1 .9e-0S 1.5e-07 5.0e4-6 3.9e-45 6.8e-05
Np237.-i2.3e24J,-2Iw.0e-,08 ,3.3e4O5,4-.6eO4 4,.5e44*-.*<>1.4ie 29-4 5. O-4i
Pu-236 :2Ae408 1.9e-10 6.2e-09 4.8e-08 8.5e-08 2.6e-08 2.1e-10 6.9e-09 5.5e-08 9Ae-08
Pu-238 1.5e-08 1.2e-10 3.8e-09 3.0e-08 5.2e-08 1.6e-08. 1.3e-10 4.2e4-9 3.3e-08 5.7e-08
Pu-239 3.3e408 2.6e-10 8.6e-09 6.7e-08 1.2e-07 3.7e-08 2.9e-10 9.6e4-9 7.5e-08 1.3e-07
Pu-240 I Ae-08 I.Ie-10 3.7e-09 2.9e-08 5.0e4-8 1.6e-08 1.2e-10 4.1e-49 3.2e-08 5.5e4-8

Pu'241'-, _B. L8 10,- ..5-L,2_-. 7 2.iev10 -IŽL.7e-09S3.Oe-09_ o*>e9elE-v1l-.4-1 -M9Z^a3e0
Pu-242 1.2e-08 I.Oe-10 32e-09 2.5e-08 4.4e-08 1.4e-08 1.1e-10 3.6e-09 2.8e-08 4.9e4-8
Pu-244 2Ae-04 I .9e-06 6.2e405 4.9e-04 8.5e-04 2.7e-04 2.1 e-06 6.9e-05 5.Se-04 9Ae-04
Ana-241 4.7e-06 3.7e-08 12e-06 9.5e-06 1.7e-05. 5.2e-46 4.1 e-48 1.3e-06 I.Ie-05 1.8e-05
AT-242m -7.7e406 6.1e-08 2.0e-06 1.6e-05 2.7e-05 8.5e-06 6.8e4-8 2.2e4-6 1.7e-45 3.0e-05

m243,, e -i.O040O4 ,,'08.2.37,52.6e-O5,22.1e 23.6e-4., i . ie '047 ' 454.3e4',-.
Cm-242 1.6e-08 1.2e-10 4.1e-09 3.2e4-8 5.6e-48 1.7e-08 IAe-10. 4.5e-49 3.6e-08 6.1 e-08
Cm-243 6.7e-05 5.4e-07 1.7e4-5 IAe-04 2Ae-04 7.4e-05 5.9e-07 1.9e-05 1.5e-04 2.6e-04
Cm-244 1.1 e-8 9.0e-1 1 2.9e-09 2.3e-08 4.0e4-0 1.2e4-8 9.9e-11 3.3e-09 2.6e-08 4Ae-08
Cm-245 3.8e4-5 3.1 e-07 I.e0e5 _7.8e-45 Ae4-04 4.3e-05 3.4e-O7 1.1 e4-5 8.7e-05 1.5e-04
Cm-246,T.0e,48 a1.3&1I ,9.7e ~2.I.-O893.7e.O8KVl:Zi',,;i2e-08'-9.1e-il1f, .0eO9a, 4e,08 ~-4i
Cm-247 2.2e-04 1 .7e406 5.6e-O5 - 4.4e-O4 7.7e-04 2Ae-04 1.9e-06 6.3e4-5 4.9e-04 8.5e-04
Cm-248 7.8e4-9 6.3e-1I 2.0e-09 1.6e-08 2.8e-08 8.7e-O9 6.9e-Il 2.3e-09 1.8e-08 3.1 e-48
Bk-249 9.8e-49 6.7e-11 2.4e-09 2.0e-08 3.5e-08 1.1 e-08 7.3e-1I 2.6e-49 2.2e-08 3.8e-08
Cf-248 1.Ie-48 8.7e-11, 2.8e-09 2.2-eO8 3.9e-08 12e-08 9.5.e-11 3.1e-09 ,2.5e-08 4.3e,-8
Cf-249-:_, .2 4 '^ -1.7e-06 _5.6e 0S-4.4e4,7.7e44 :2.Z*,2.Ae-,'- 1.9eO- 62e 5j4.9e-04. -7
Cf-250 I .0e-08 8.3e-1 1 2.7e4-9 2.1 e-08 3.7e-8 -1.2e-48 92e-1 1 3.0e-09 2.4e-08 4.1 e-08
Cf-251 6.0e-45 4.8e-07 1.6e-45 1.2e-04 2.1e-04 6.7e4-5 5.3e-07, 1.7e-05 1.4e-04 2Ae-04
Cf-252 1.7e-48 1Ae-10 4Ae-O9 3.5e-08 6.0e4-8 I.9e-08 1.5e-10 4.9e-49 3.9e4-8 6.7e-08
Cf-254 3.1e-11 2.5e-13 8.1e-12 6.3e-11 1.1e-10 3.4e-1I 2.7e-13 8.9e-12 7.1e-1I 1.2e-10
Es 2S4V:-,e' rw6.5O4 -,5.2e.46 1i;e04,4 'i.3eO3' 2.3e-03 3-V- _-:':2- O4 , .57eO6 ;i.-I.Se4 ;1.5.0 O '2;e-03 -
Note: To convert these values to conventional units (mremt per pCig or mrem/y per pCilcm2), multiply by 3.7e-3
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Normalized Effective Doses from Alumninum Appendix H-2
Table H2.36 Normalized effective doses from all pathways: Dross di-sposal-industrial,

Raiouc.d Mass-based effective dose (pSvylyper Bqlg).
RaincleMean 5th 50th 90th 95th

Sufficial effective dose (pSv/y per Bq/crnI)
Mean 5th 50th 90th 95th

H-3 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
C-14 9.6e-08 4.0e409 3.9e408 2.5e-07 3.8e-07 1.1e407 4.5e409 4.3e-08 2.8e-07 4.3e-07
Na-22 2.3e-03 1.4e-04 1.1e403 5.9e-03 9.4e-03 2.6e-03 1.6e404 1.2e-03 6.6e-03 1.0e-02
P-32 3.Oe408 3.2e-10 6.3e409 7.5e-08 1.3e407 3.4e408 3.5e-1 0 7.0e-09 8.2e408 1.5e407

S3,tOOO,,',0.-06 00 0>, Oe O .O_.,,,..e ,Of~OOeO~,;e,+,OS'.e
Cl-36 8.1e-07 5.0e408 3.8e407 2.0e-06 3.3e-06 9.1 e47 -5.5e408 4.3e-07 2.3e-06 3.6e406
K40 1.9e-04 1.2e405 9.0e405 4.8e-04 7.8e-04 2.1 e44 1.3e-05 1.0e-04 5.4e-04 8.5e044
Ca-41 4.1e408 1.6e-09 1.6e408 1.1e407 1.7e-07 4.5e408 1.7e409 1.8e-08 1.2e407 1.9e-07
Ca-45 1.3e-07 6.7e-09 5.7e408 3.4e-07 5.3e-07 1.5e407 -7.4e409 6.3e-08 3.7e407 5.8e407

974'g^W-.i e-0';i.3 eB 3 0N,5is'-03.,K~',,,;'1.,e>*{fi65''ald,.7e-03,Sv,5ie

Cr-51 8.5e407 2.4e-08 2.9e-07 2.1e-06 3.5e-06 9.5e407 2.7e408 3.2e-07 2.3e-06 3.9e406
Mri-53 3.8e-10 1.4e-11 1.5e-10 9.8e-10 1.5e409 4.2e-10 t.5e-1 1 1.6e-10 1.1e409 1.7e409
Mn-54 5.9e405 2.8e406 2.4e405 1.5e404 2.3e404 6.6e405 3.e406 2.7e-05 1.7e-04 2.6e044
Fe-55 3.8e-09 1.3e-10 1.4e409 9.8e-9 1.5e48S 4.2e409 1.4e-10 1.6e-09 1.1e408 1.7e408

Fe -9+:<'';%5.4e-'5J Je0,860B'4r4>,' A385,.4.5,0 B-'
Co-56 1.7e404 7.8e-06 7.0e405 4.2e404 6.7e404 1.9e404 8.6e406 7.7e-05 4.8e-04 7.4e044
Co-57 5.4e406 2.7e-07' 2.3e406 1.4e405 2.2e45 6.0e406 2.9e407 2.5e-06 1.5e405 2.4e405
Co-58 3.9e405 1.8e-06 1.6e405 9.9e405 1.6e404 4.3e-05 2.0e406 1.8e-05 1.1e-04 1.7e044
Co-60 2.1 e44 1.1e-05 9.0e405 5.4e404 8.5e404 2.4e404 1.2e-05 1.0e-04 _6.0e-04 9.5e044

'''-24,-.2" e-gi'0.*9,,<48-9' ?.e0 5;ew,54 OT-34 53

Ni-63 2.8e409 1.2e-10 1.2e-09 7.1 e-09 1.1e408 3.2e409 1.3e-10 -1.3e-09 8.0e-09 1.3e-08
Zn-65 4.0e-05 2.0e406 1.7e405 1.0e-04 1.6e404 4.5e405 2.2e-06 1.9e-OS 1.1e-04 1.8e044
As-73 1.3e407 5.4e409 5.2e408 3.4e407 5.1e-07 1.5e407 5.8e409 5.7e-08 3.7e-07 5.7e-07
Se-75 3.6e-OS 1.Se406 1.4e405 9.1 e-OS 1.4e-04 4.0e405 1.6e406 1.6e-OS 1.0e-04 1.6e044

Sr-89 1.e406 5.7e-08 4.9e407 2.9e406 4.4e406 1.3e406 6.2e408 S.Se-07 3.2e406 S.Oe406
Sr-90 1.2e405 7.2e-07 5.6e406 3.0e-05 4.8e-05 1.3e405 7.9e407 6.2e-06 3.4e-OS 5.3e405
Y-91 3.4e406 1.8e407 1.5e406 8.7e406 1.3e405 3.8e406 2.0e407 1.7e-06 9.7e-06 1.5e405
Zr-93 1.1e407 3.e409 3.9e-08 2.8e-07 4.6e407 1.2e407 _3.4e409 4.3e-08 3.1 e47 S.Oe407

If9'>,r,;,294,.87 '~ ,75 2 03:s'2e-0 4,-7.:... '.9.r68 2e . 8 3..3e403.
Nb-93m 4.5e409 2.2e-10 1.9e409 1.1e408 1.8e408 S.Oe409 2.4e-10 2.1 e-09 1.3e-08 2.0e-08
Nb-94 1.3e-04 6.5e-06 5.5e405 3.3e-04 5.1 e-04 1.4e404 7.0e406 6.0e-05 3.7e-04 5.7e044
Nb-95 1.6e-05 S.Se-07 5.7e406 4.0e-05 6.1 e45 1.7e405 6.0e407 6.4e-06 4.4e-05 6.8e405
Mo-93 7.0e408 2Ae409 2.7e408 1.8e-07 2.8e-07 7.8e408 2.6e409 3.Oe-08 2.Oe-07 3.1e407

TC-97m 4.2e48- 1.7e409 1.7e408 1.0e-07 1.e-07 4.6e408 1.9e409 1.8e-08 1.2e-07 1.9e407
Tc-99 3.8e-08 1.5e409 1.5e408 9.4e-08 1.6e-07 4.2e408 1.6e409 1.6e-08 1.0e-07 1.7e-07

Ru-103 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
R-0 Oe+O'O.Oe+O ' O.Oe+OOi O.Oe+OO! O.Oe+OOz O.Oe+OO, O.Oe+OO.,' O.Oe+OO -O.Oe+OO, O.OeO

Ag-11IOm O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cd-109 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO- O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Sn-I 13 2.6e-05 1.1e4O6 1.0e-05 6.6e405 1.0e404 2.9e405 1.2e406 1.2e-05 7.3e-05 1.1e044
Si> 124 .1.4e404 5.8e406 5.6e45 3.7e404 5.9e404 1.6e044 6.3e406 6.2e-05 4.1e-04 6.6e044

Si12' .e,05_i-e.9~e4,-026e4>'i, 52.9e-0 4 4;' .34<-'s:3ie, 2.9e,-043s
Te-123m 1.1e405 4.8e407 4.5e406 2.9e405 4.7e405 1.3e405 5.3e407 5.0e-06 3.2e-05 5.3e405
Te-127m 6.3e407 2.6e-08 2.5e407 1.6e406 2.6e406 7.0e407 2.9e408 2.8e-07 1.8e-06 2.9e-06
I-125 1.5e-06 7.4e-08 6.4e407 3.8e406 6.0e406 1.7e-06 8.0e408 7.0e-07 4.2e-06 6.7e-06
I-129 1Ae-05- 5.5e-07 5.5e-06 3.6e405 5.6e-05 1.5e405 6.1 e47 6.Oe-06 4.Oe-05 6.2e-05

2-3;t. -. a2e6-, i ',.e7 52,6,F:ke5-';-2 '35 '20 '58e6 i4
Cs-134 1.7e403 1.0e-04 7.7e404 4.2e403 6.7e403 1.8e-03 1.1e404 8.6e-04 4.7e-03 7.3e403
Cs-1 35 3.0e407 1.1e-08 1.2e407 8.0e-07 1.2e406 3.4e407 1.2e-08 1.3e-07 8.9e-07 1.4e406
Cs-137 6.3e404 3.9e-05 3.0e404 1.6e403 2.6e403 7.1 e44 4.3e405 3.3e404 1.8e403 2.8e403
Ba-133 3.4e-04 2.1e-05 1.6e404 8.5e404 1Ae-03 3.8e404 2.3e405 1.8e-04 9.5e404 1.5e403
C- 130J'-q 1r7 5.'506'.e5>.9e 04',. 3; 60 4i.!',.'i>8.5-e4--5 R+",'5-.006:; 39e 5 2.2e ;'i3.44
Ce-141 1.2e-05 4.8e407 4.8e406 3.2e405 4.9e405 1.4e-05 5.4e-07 5.3e-06 3.5e405 5.5e405
Ce-144 5.4e405 3.3e406 2.5e405 1.3e404 2.2e404 6.0e405 3.6e406 2.8e405 1.5e404 2.4e044
Pm-147 1.e407 9.5e409 7.7e408 4.3e407 6.7e407 1.9e407 i.Oe408 8.5e408 4.8e407 7.5e407
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Appendix H-2 fS Norr~A~iz'ed Effective Doses from Aluminum

Table H2.36 Normalized effective doses from all pathways: Dross disposal-industrial

Radionuclide Mass-based effective dose (pSv/y per Bg/g) Surficial effective dose (pSv/y per Bqlcm2)
Mean 5th 50th 90th 95th Mean 5th -50th -90th 95th

Sm-151 1.1 e-07 6.2e-09 5.1 e-08 2.9e-07 4.5e-07 1.3e-07 6.9e-09 5.7e-08 3.2e-07 5.1e-07

Eu-154 1.4e-03 8.7e-05 6.7e-04 3.6e-03 5.7e-03 1.6e-03 9.6e-05 7.4e-04 4.0e-03 6.3e-03

Eu-155 3.2e-05 1.9e-06 1.5e-05 7.9e-05 1.3e-04 3.5e-05 2.1e-06 1.6e-05 8.9e-05 IlAe-04

Gd-153 3A4e-05 2.1le-06 1.6e-05 8.5e-05 1.4e-04 3.8e-05 2.3e-06 1.8e-.05 9.6e-05 1.5e-04'

Tb-I160 6A4e-04 3.5e-05 2.9e-04. 1.7e-03 2.5e-03 7.2e-04 3.9e-05__3.2e-04 2.8e-03 2.8e-03

Tmi7 'L2.e0 ;- .e0 9.e71.6AZ84.6__ iOL1.407 .le-06 .60e0.9te8

Trn-171 2.2e-07 1.4e-08 1.Oe-07 5.5e-07 8.8e-07 2.4e-07 1.5e-8 1.2e-07 6.2e-07 9.7e-07'

Ta-182 1.4e-04 6.1e-06 5.8e-05 3.7e-04 5.6e-04 1.6e-04 6.6e-06 ~6.5e-05 4.1 e04 6.3e-04 -

W-1B81 1.3e-06 5.6e-08 5.3e-07 3.3e-06 5.2e-06 1.4e-06 6.1e-08 5.8e.07 3.7e-06 5.9e-06

W-185 1.1 e-08 4.4e-10 4.3e-09 2.8e-08 4.4e-08 1.2e-08 4.8e-10 4.7e-09 3.1e-08 5.Oe-08

&i85'1P~26.8e-5 t'~i3 0&6j~.o02.e
Ir-192 6.5e-05 2.7e-06 2.6e-05 1.6e-04 2.6e-04 7.3e-S 2.9e-06 2.9e-05 1.8e-04 2.9e-04

11-204 1.Ae-07 6.1e-09 5.7e-08 3.6e-07 5.7e-07 1.6e-7 6.7e-09 6.3e-08 4.0e-07 6.3e-07

Pb-210 4.3e-05 1.7e.06 V.e-05 1.le.04 1.7e-04 4.8e-05 1.8e-06 1.8e-05 1.2e-04 2.0e-04

Bi-207 2.6e-04 1.2e-05 I.1e-04 6.8e-04 l.1 e03__ 2.9e-04 I1.3e-05 I1.2e-04 7.5e-04 I1.2e-03

P0:'210 ~.'k18-5-7l 7.0-~e.0 TLA-5Z..0-,-7jjeo '~i ~ -. 96W~
Ra-226 2.1e-03 1.3e-04 9.8e-04 5.2e-03 8.3e-03 2.3e-03 1.4e-04 1.1e-03 5.8e-03 9.2e-03

Ra-228 1.5e-03 9.2e-05 7.1e-04 3.8e-03 6.0e-03 1.7e-03 1.0e-04 7.8e-04 4.2e.03 6.6e-03

Ac-227 5.7e-03 3.0e-04 2.5e-03 1.4e-02 2.3e-02 6.3e-03 3.36-04 2.8e-03 I1.6e-02 2.So-2

Th-228 2.4e-03 1.4e-04 1.1 e-03 6.0e-03 9.6e-03 2.7e-03 I1.6e-04 ¶1.2e-03 6.7e-03 1.1 o-2

Th-230 9.2e-04 4.8e-05 4.0e-04 2.3e.03 3.6e-03 1.Oe-03 5.3e-05 4.4e-04 2.6e.03 4.0e-03

Th-232 9.8e-04 5.2e-05 4.3e-04 2.5e.03 3.8e-03 1.1 e-03 5.7e-05 4.7e-04 2.8e-03 4.3e-03

Pa-231 5.6e-04 2.2e-05 2.1 e-04 1.4e-03 2.2e-03 6.3e-04 2.40-05 2.4e-04 1.5e-03 2.5e-03

U-232 9.2e-04 5.0e-05 4.1e-04 2.3e-03 3.6e-03 1.0e-03 5.5e-05 4.Se-04, 2.6e-03 4.0e.03
U-3 ~f-.o0*;1.le-05 9.1 "5 .% ~5.3e-4 -04 04r ~2.3e-04.;' .2.0 -0e4 8.9 ~

U-234 2.1 e-04 1.10-05 9.0e-05 5.2e-04 8.1 e-04 2.3e-04 1 .2e-05 1.0e-04 5.8e.04 8.9e-04

U-235 2.9e-04' 1.7e-05 1.3e-04 7.2e-04 1.1 e.03 3.2e-04 1.8e-05 1.5e-04 8.l e-04 1.3e-03

U-236 1.9e-04 9.9e-06 8.2e-05 4.80-04 7.4e.04 2.1e-04 1.le-05 9.2e-05 5.3e-04 8.2eo04

U.-238 1.9e-04 1.1e-05 8.6e-05 4.9e-04 7.7e-04 2.2e-04 1 .2e-05 9.6e-05 5.4e.04 8.4e-04
N27' .6 00 7-5 20 j.eO Zo0 73-0 4 o ~ g 93-`2.8eO3~

Pu-236 3.9e-04 2.1 e-05 1.7e-04 1.0e-03 1 .5e-03 4.4e-04' 2.3e-05 I1.9e-04' 1.1e03 I1.7e-03

Pu-238 9.1e-04' 4.8e-05 4.0e-04 2.3e-03 3.6e-03 1.0e-03 5.3e-05 4.4e-04 2.6e-03 4.0e-03

Pu-239 9.7e-04 5.Ie-05 4.2e-04 2.5o-3 3.8e-03 1.l e-03 5.6e-05 4.7e-04 2.7e-03 4.3e-03

Pu-240 7.1e-D4 3.6e-05 3.le-04 1.8e-03 2.7e-03 7.9e-04 4.0e-05 3.e-04 2.0e-03 3.1e-03

Pu-212~§1.8-05 :~94e-0T~iJ8e-6Ž~450-5_~..00 Y~l'2.0-05~1.0-06~1: .6e-6 '.!5.705 e7.8-05

Pu-242 9.3e.04 4.9e-05 4.1 e-04 2.4e-03 3.7e-03 1.0"-3 5.4e-05 4.5e-04 2.6e-03 4.1e-03

Pu-244 I1.2e-03 6.8e-05 5.4e-04 3.0e-03 4.7e-03 I1.3e-03 7.5eo05 6.Oe-04 3.4e-03 5.2e-03

Amn-241 8.9e-04 4.7e-05 3.9e-04 2.3e-3 3.5e-03 9.9e-04 5.1 e-05 4.3e-04 2.5e-03 3.9e-03

Amn-242m 9.2e-04 4.8e-05 4.0e-04 2.3e-03 3.6e-03 1.0e-03 5.3e-05 -4.5e-04 2.6e-03 4.1 e-03

Amn-2435'~-~1.0o03V~5.o0'5. Y~-4-.o0~A0-3 f11-3~61-5 *.00 .e0>440

Cm-242 1.Oe-04 5.3e-06 -4.4e-05 '2.6e-04 4.1e-04 1.10e-04 5.8e-06 4.9e-05' 2.9e-04 4.5e-04

Cm-243 6.3e-0.4 3.4e-05 2.8e-04 1.6e-03 2.5e.03 7.0e-04 3.7e-05 3.1 e-04 1.8e-03 2.8e-03

Cm-244 5.5e-04 2.9e-05 2.4e-04 1.4e-03 2.2e-03 '62e-04 3.2e-05 2.6e-04 1.6e-03 2.4e-03

Cm-245 9.2e-04 4.9e-05 4.0e-04 2.3e-03 3.6e-03 1.0e-03 5.4e-05, 4.5e-04 2.6e-03 4.Oe-03
C&~-246~'~8.8o-04 4.6e -03.8e0 :-,~T 2.2-0 3.5e-03 3 .e4•~.~0 420:~.o338~3

Cm-247 1.0e-03 5.8e-05 4.7e-04 2.6e-03 4.1e-03 1.2e-03 6.4e-05 5.2e-04 2.9e-03 4.5e-03

Cm-248 I1.3e-03 6.2e-05 .5.5e-04 3.4e-03 5.3e-03 I1.5e-03 6.9e-05 6.2e-04 3.8e-03 5.9e-03

Bk-249 3.4e-06 1.8e-07 1.5e-06 8.5e-06 1 .3e-05 3.7e-06 2.0e-07 I1.6e-06 9.5e-06 1 .5e-05

Cf-248 -. __2.0e-04 1.1e-05 _8.8e-05 5.2e-04 7.9e-04 __2.2e-04 1.2e-05: 9.8e-05 5.7e-04 8.9e-04

Cf24 -§ .7e-03~ '9.6e-05 77.WWe-04~Ae403: 6.8"-3- 19-3 1.1 6-04 '8. 6e-744.9".3. 7.7o-03.

Cf-250 7.1 e-04 3.7e-05 3.1 e-04 1.8e-03 2.8e-03 7.9e-04 -4.1e-05 3.4e-04: 2.0e-03 3.1le-03

Cf-251 3.9e-04 1I.50-05 1.5e-04 9.8e-04 1.6e-03 4.4e-04 1.6e-O5 1.6e-04 1.I e03 1.8e-03

Cf-252 4.2e-04 2.2e-05 1.Be-04 1.l e-03 1.6e-03. 4.7e-04 2.4e-05 2.0e-04: 1.2e-03 1.8e-03

Cf-254 _ 7.4e-04 3.9e-05 3.2e-04 1.9e-03 2.9e-03 - 8.2e-04 4.3e-05 3.6e-04 2.1 e-03 3.2e-03

Es-54 .' ': 9.8eb4-04 ;.9e'-05,4.6o :-04 "24 -03'3.o0 -'11-3 64-5~>.o0;'.e0 K.e

Note: To convert these values to conventional units (mremly per pCilg or mrenly per PC~crn 2), multiply by 3.7e-3

ki-IbI 
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Normalized Effective Doses from Alumiinurn i EAppendix H-2
Table H2.37 Normalized effective doses from external exposure: Dross disposal-Industrial

Radinuclde -Mass-based effective dose (pSvly per BqIg)
Raincie Mean -5th 50th 90th 95th

Surficial effective dose (pSvly per BqIcm2)
Mean 5th 50th 90th 95th

H-3 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00

C-14 2.1e-09 1.3e-10 i.Oe-09 5.3e-09 8.5e-09 2.3e-09 t.4e-10 t.ie-09 5.9e-09 9.3e-09
Na-22 2.3e-03 1.4-04 1.1e-03 5.9e-03 9.4e-03 2.6e-03 1.6e-04' 1.2e-03 6.6e-03 1.0oe-02
P-32 2.8e-08 2.9e-10 5.8e-09 6.8e-08 1.2e-07 3.ie-08 3.2e-10 6.5e-09 7.6e-08 1.4e-07

O .Oen W ., -- - -- -0* 0

S3I5N; O I0e'+00,. 0e+00½O.0e±002'iO.e0 .0e'0-.O 0,O.Oe+00..e+OO.,Oe0 O.Oe+

CI-36 4.9e-07 3.0e-08 2.3e-07 1.2e-06 2.0e-06 5.5e-07 3.3e-08 2.6e-07 1.4e-06 2.2e-06
K-40 1.9e-04 1.2e-05 8.9e-05 4.8e-04 7.7e-04 2.1e-04 1.3e-05 9.9e-05 5.4e-04 8.5e-04
Ca-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-45 7.Oe-09 4.2e10 3.3e-09 1.8e-08 2.8e-08 7.8e-09 4.6e-10 3.6e-09 2.0e-08 3.1e-08

Sc-4' H~t~D et.3-03,175 ,- 73-O "" 5.e,'.r-7;,Q3S 0,^ 51e0,1'.4-0,98105: i6._.37e3a,7-33

Cr-51 8.5e-07 2.4e-08 2.9e-07 2.1e-06 3.5e-06 9.5e-07 2.7e-08 3.2e-07 2.3e-06 3.9e-06
Mn-53 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+OO
Mn-54 5.9e-05 2.8e-06 2Ae-05 1.5e-04 2.3e-04 6.6e-05 3.1 e-06 2.7e-05 1.7e-04 2.6e-04
Fe-55 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+OO O.Oe+00
F{i e-59- 3.4e-05~1.3 5-i8.o5L4 ; - 3.8eE,05r,5.06;1.5e'-0>', 9.6e-OS5-?Ej.Se5-04A

Co-56 1.7e-04 7.8e-06 7.0e-05 4.2e-04 6.7e-04 1.9e-04 8.6e-06 7.7e-05 4.8e-04 7.4e-04
CO-57 5.4e-06 2.7e-07 2.3e-06 1.4e-05 2.2e-05 6.0e-06 2.9e-07 2.5e-06 1.5Ie05 2.4e-05
Co-58 3.9e-05- 1.8e-06 1.6e-05 9.9e-05 1.6e-04 4.3e-05 2.0e-06 1.8e-05 1.1e-04 1.7e-04
Co-60 2.1e-04 1.1e-05 9.0e-05 5.4e-04 8.5e-04 2.4e-04 1.2e-05 1.0Oe-04 6.0e-04 9.5e-04

Ni-63 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zn-65 4.0e-05 2.0e-06 1.7e-05 1.0e-04 1.6e-04 4.5e-05 2.2e-06 1.9e-05 1.1e-04 1.8e-04
As-73 1.3e-07 5.1e-09 5.0e-08 3.2e-07 4.9e-07 1.4e-07 5.6e-09 5.5e-08 3.5e-07 5.5e-07
Se-75 3.6e-05 1.5e-06 1Ae-05 9.1e-05 1.4e-04 4.0e-05 1.6e-06 1.6e-05 1.0e-04 1.6e-04
Sr85J>,Tz+''.i'3^2.3e '.4' 1.2o-05,>k;,:t0e i.e- B -¢S2e 4,2.e t6.5e' ,~i7O0

Sr-89 1.0e-06 5.0e-08 4.4e-07 2.6e-06 3.9e-06 1.1e-06 5.6e-08 4.8e-07 2.9e-06 4.4e-06
Sr-90 7.3e-06 4.5e-07 3.5e-06 1.8e-05 2.9e-05 8.2e-06 4.9e-07 3.8e-06 2.1e-05 3.2e-05
Y-91 3.2e-06 1.7e-07 1.4e-06 8.2e-06 1.2e-05 3.5e-06 1.8e-07 1.5e-06 9.0e-06 1.4e-05
Zr-93 4.7e-11 1.3e-12 1.6e-11 1.2e-10 2.0e-10 5.3e-11 1.4e-12 1.8e-11 1.4e-10 2.2e-10

Z2.9e-048 ,8.7e46'` 1&-4%j.56 e-- .;i . 3.'-9.8e-06 I.2-04'' .2

Nb-93m 1.Oe-09 5.2e-11 4.4e-10 2.7e-09 4.1e-09 1.2eC9 5.6e-11 4.8e-10 2.9e-09 4.6e-09
Nb-94 1.3e-04 6.5e-06 5.5e-05 3.3e-04 5.1e-04 1.4e-04 7.0e-06 6.0e-05 3.7e-04 5.7e-04
Nb-95 1.6e-05 5.5e-07 5.7e-06 4.0e-05 6.1e-05 1.7e-05 6.0e-07 6.4e-06 4.4e-05 6.8e-05
Mo-93 1.3e-08 5.5e-10 5.1e-09 3.2e-08 4.9e-08 1.4e-08 6.0e-10 5.7e-09 3.5e-08 5.6e-08
Tc-97j-w1 .7e-08: ri;,7.4.-la +. 6.8e-09jJ ,4.3Z8~ 6.7 ~.9e-0 .&1e10_':7.e-09;', 4.8e-08 .7.7, 083
Tc-97m 2.6e-08 1.1e-09 1.0e-08 6.5e-08 1.0e-07 2.9e-08 1.2e-09 1.1e-08 7.3e-08 1.1e-07
TCe99 3.3e-09 1.4e-10 1.3e-09 8.3e-09 1.3e-08 3.7e-09 1.6e-10 1.4e-09 9.3e-09 i.5e-08
Ru-103 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00. O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ru-106 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.O+00 O.Oe+00 O.Oe+00 O.Oe+00

Ac0108m8sL>L itsiO.0e+00.".O+ 0.0a+ .0e+O 0&X,:.0e'-00-Oet00t .o 00e .-; O.Oe+OO:O. Oe+OO 0.0O
Ag-110m O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cd-109 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sn-113 2.6e-05 1.Ie-06 1.0e-05 6.6e-05 1.0e-04 2.9e-05 1.2e-06 1.2e-05 7.3eO5 1.Ie-04
Sb-124 1.4e-04 5.8e-06 5.6e-05 3.7e-04 5.9e-04 1.6e-04 6.3e-06 6.2e-05 4.1e-04 6.6e-04
S 2. : SFo-051. 6 - .6' _ .Ž3.1i d 2.9ee-05 - .04-32. e -1

Te-123m 1.1e-05 4.8e-07 4.5e-06 2.9e-05 4.7e-05 1.3e-05 5.3e-07 5.0e-06 3.2e-05 5.3e-05
Te-127m 5.8e-07 2.4e-08 2.3e-07 1.5e-06 2.4e-06 6.4e-07 2.7e-08 2.5e-07 1.6e-06 2.7e-06
1-125 7.8e-07 4.0e-08 3.4e-07 2.0e-06 3.0e-06 8.7e-07 4.4e-08 3.7e-07 2.2e-06 3.4e-06
1-129 1.5e-06 8.6e08 6.7e-07 3.6e-06 5.8e-06 1.6e-06 9.4e-08 7.4e-07 4.1e-06 6.4e-06
l~131:t jCJ -S2.10 06i,'3.10-092 ,'1'.8e-07&5.2e-6; , 1.Oe-O5 --.:"Z4e"6&,::3.5o 22.0e-07A 5.8e 06,1.io-eO0
Cs-134 1.6e-03 1.Oe-04 7.7e-04 4.1e-03 6.6e-03 1.8e-03 1.1e-04 8.6e-04 4.6e-03 7.3e-03
CO135 6.4e-09 3.9e-10 3.0e-09 1.6e-08 2.6e-08 7.1e-09 4.3e-10 3.3e-09 1.8e-08 2.8e-08
Cs-137 6.3e-04 3.9e-05 3.0e-04 1.6e-03 2.6e-03 7.0e-04 4.3e-05 3.3e-04 1.8e-03 2.8e-03
Ba-133 3.4e-04 2.1e-05 1.6e-04 8.5eO-04 1.4e-03 3.8e-04 2.3e-05 1.8e-04 9.5e-04 1.5e-03
C ei3 ;' ;7.6e-0 -0OS 5. 0 6 .9e-05 e-04.'-i5 0

Ce-141 1.2e-05 4.8e-07 4.8e-06 3.2e-05 4.9e-05 1.4e-05 5.4e-07 5.3e-06 3.5e-05 5.5e-05
Ce-144 5.2e-05 3.2eo-6 2.5e-05 1.3e-04 2.1e-04 5.8e-05 3.5e-06 2.7e-05 1.5e-04 2.3e-04
Pm-147 8.1e-09 4.9e-10 3.8e-09 2.0e-08 3.3e-08 9.0e-09 5.5e-10 4.2e-09 2.3e-08 3.6e-08

NUREG-1640 H-168
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Appendix H-2 Normaliizd Effective Doses from Aluminum
Table H2.37 Normalized effective doses from external exposure: Dross disposal-industrial

Radionuclide Mass-based effective dose (pSv/y per BqIg) Surficial effective dose (pSvly per BqIcm2)
a d Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

Sm-151 1.3e-10 82e-12 6.3e-11 3.4e-10 5.4e-10 1.5e-10 9.1e-12 7.0e-11 3.8e-10 6.0e-10
E3I52.-.'i.3e'03; 8.Oe-5 .S-,'6.1,..3.3- 03 i5.3e-03 : .1.403: 8.8 05 3' 6.8,0 3.7eb3.5.8e-
Eu-154 1.4e-03 8.7e-05 6.7e-04 3.6e-03 5.7e-03 1.6e-03 9.6e-05 7.4e-04 4.0e-03 6.3e-03
Eu-155 3.1e-05 1.9e-06 1.5e-05 7.9e-05 1.3e-04 3.5e-05 2.1e-06 1.6e-05 8.8e-05 IAe-04
Gd-153 3.4e-05 2.1e-06 1.6e-05 8.5e-05 1.4e-04 3.8e-05 2.3e-06 1.8e-05 9.6e-05 I.5e-04
Tb-160 6.4e-04 3.5e-05 2.9e-04 1.7e-03 2.5e-03 7.2e-04 3.9e-05 3.2e-04 1.8e-03 2.8e-03

u,-1i'O 3.9 - 11 0.7w 07e 7e67,.4, i2-eO -07 9.7e.07o 5.e3e-06.3e 06
Tm-171 1.7e-07 1.1e-08 8.1e-08 4Ae-07 7.0e-07 1.9e-07 1.2e-08 9.1e-08 4.9e-07 7.7e-07
Ta-182 1 Ae-04 6.1e-06 5.8e-05 3.7e-04 5.6e-04 1.6e-04 6.6e-06 6.5e-05 4.0e-04 6.3e-04
W-181 1.3e-06 5.6e-08 5.3e-07 3.3e-06 52e-06 IAe-06 6.1e-08 5.8e-07 3.7e-06 5.9e-06
W-185 5.9e-09 2.4e-10 2.4e-09 1.5e-08 2.4e-08 6.6e-09 2.7e-10 2.6e-09 1.7e-08 2.7e-08

6 I856 J6.805 3.0.2.7e -05', g: .8e'04,',2.8e.O4.2 .'i7.6e05'13.208 '2.9e05,;2.0Wv3.ie-4
Ir-192 6.5e-05 2.7e-06 2.6e-05 1.6e-04 2.6e-04 7.3e-05 2.9e-06 2.9e-05 I.Be-04 2.9e-04
Tl-204 I.1e-07. 4.9e-09 4.6e-08 2.9e-07 4.5e-07 1.3e-07 5.3e-09 5.1e-08 3.2e-07 5.0e-07
Pb-210 2.3e-07 1.0e-08 9.2e-08 5.7e-07 9.1e-07 2.5e-07 I.1e-08 I.Oe-07 6.3e-07 1.0e-06
Bi-207 2.6e-04 1.2e-05 1.1e-04 6.7e-04 1.1e-03 2.9e-04 1.3e-05 1.2e-04 7.5e-04 1.2e-03
P1 2I0,,1 09L ;'6 e- 1i' 6?ie-1 h .6e 06. .2 9 :26T.b9
Ra-226 2.0e-03 1.2e404 9.2e-04 4.9e43 7.9e-03 2.2e-03 1.3e-04 1.0e-03 5.5e-03 8.6e43
Ra-228 1.3e-03 7.8e05 5.9e-04 3.2e-03 5.1e-03 IAe-03 8.5e-05 6.6e-04 3.6e-03 5.6e-03
Ac-227 3.0e-04 1.8e-05 1.4e-04 7.6e-04 1.2e-03 3.4e-04 2.0e-05 1.6e-04 8.5e-04 1.3e-03
Th-228 -1.6e-03 9.4e05 7.3e-04 3.9e-03 6.2e-03 1.7e-03 I..0e04 8.1 e-04 4.4e-03 6.9e-03
Th-229 db'A^",2Ae-4 _1;40-05 ,1 .Ie 6 .Oe0 4> 9.O 4iz 2 .7!e0 4 ',.;, 6 e-05. 1.20-04 t6.7e-04I5.1.I603
Th-230 3.3e-07 1.9e-08 1.5e-07 8.4e-07 1.3e-06 3.7e-07 2.1e-08 1.7e-07 9.3e-07 IAe-06
Th-232 2Ae-05 1.2e-06 I.Oe-05 6.2e-05 9.7e-05 2.7e-05 1.3e-06 1.2e-05 6.9e-05 1.1e-04
Pa-231 5.8e-06 2.5e-07 2.3e-06 1.5e-05 2.3e-05 6.4e-06 2.7e-07 2.6e-06 1.6e-05 2.5e45
U-232 1.0e-04 5.2e-06 4.5e45 2.6e-04 4.0 I.l e1e4 5.8e46 4.9e-05 2.9e-04 4.5e-04

U . ; 9 9.0e48 O,:4.8e7z7.7e.O7/ L,,,,2.1 ,07 3 8 e .0-07 5.4 '7
U-234 52e-08 3.1e09 .2Ae-08 1.3e-07 2.1 e-07 5.7e-08 3.4e-09 2.7e-08 1.4e-07 2.3e-07
U-235 1.0e404 6.3e406 4.9e405 2.6e404 4.1 e-04 I12e404 6.9e406 5.4e405 2.9e-04 4.6e-44
U-236 2.6e-08 1.6e-09 1.2e-08 6.6e-08 1.1 e07 2.9e-08 1.8e-09 1.4e-08 7.4e08 1.2e-07
U-238 2.1e05 1.2e-06 9.7e-06 5.1e-05 8.2e-05 2.3e-05 1Ae-06 I.1e45 5.7e05 9.1e-05
Np-237Q,-. F:I;.6.8e4 f5>7645z.1'e-44,-6.5e4 4; .8e-44 1.Ie- S,-,,-8.,4e-05 .4600,72.0:
Pu-236 2.8e-08 .7e-09 1.3e-08 7.0e-08 I.1e-07, 3.1e-08 1.8e-09 1.4e-08 7.7e-08 1.2e-07
Pu-238 1.8e-08 1.1e-09 8.2e-09 4.4e-08 7.0e-08 2.0e-08 1.2e-09 9.1e-09 4.9e08 7.7e-08
Pu-239 4.0e408 2.4e409 I1.8e408 1.0ee47 I1.6e-07 4A4e48 2.6e409 2.1e408 1.1e-07 1 .7e407
Pu-240 1.2e-08 7.2e-10 5.7e-09 3.1e-08 4.9e-08 1Ae-08 8.0e-10 6.3e-09 3.4e-08 5.4e408
Pu41;z-'2.7-0g*1.504. ~ ~ 4 i. ~ , t..1-;tS4'75:9':J2'0

Pu-242 1.5e-08 8.9e-10 6.9e-09 3.8e-08 5.9e-08 1.6e-08 9.8e-10 7.7e-09 4.2e08 6.5e-08
Pu-244 2.9e-04 1.7e-05 1.3e-04 7.3e-04 1.1 e-03 3.2e-04- 1.9e-05 1.5e-04 8.1e-04 1.3e-03
Am-241 6.0e-06 3.6e-07 2.8e-06 1.5e-05 2.4e-05 6.7e-06 4.0e-07 3.1e-06 1.7e-05 2.7e05
Am-242m 9.9e-06 6.0e-07 4.6e-06 2.5e-05 4.0e-05 1.1e-05 6.5e-07 5.2e-06 2.8e-05 4Ae-05
2A',,.e4,;*0t:-.e533 5.e4;>-,'.50-0 ',!8.6e-0_=;6.Be-05,=3.7e-0 S~.9e:4,
Cm-242 1.8e-08 1.1e-09 82e409 4.48 7.1e-08 2.0e-08 12e-09 9.2e-09 4.9e-08 7.9e-08
Cm-243 7.4e-05 4Ae4-06 3Ae-05 1.8e-04 2.9e-04 8.2e-05 4.9e406 3.8e-05 2.1e-04 3.3e-04
Cm-244 1.4e408 8.7e-10 6.7e09 3.6e-08 5.8e-08 1.6e408 9.6e-10 7.5e-09 4.1e408 6.5e408
Cm-245 4.9e-05 3.0e-06 2.3e-05 1.2e-04 2.0e-04 5.4e-05 3.2e-06 2.5e-05 1.4e-04 2.2e-04
Cm-246_.:a1j.30-08 '8.I0-0 L6.2e O9 Af3.33e48 :5.4' 08_ I15 e088.8e01l0 e6.9o-09.53.8e08 ~' 6.O0e4
Cm-247 2.6e-04 1.6e-05 1.2e-04 6.6e-04 1.1e-03 2.9e-04 1.8e-05 1.4e-04 7.4e-04 1.2e-03
Cm-248 4.4e-09 - 2.3e-10 1.9e-09 I.1e-08 1.7e-08 4.9e409 2.5e-10. 2.1e-09 1.2e-08 2.0e-08
Bk-249 1.Oe-07 5Ae-09 4.5e-08 2.7e-07 4.1e-07 1.2e-07 5.9e-09 5.0e408 3.0e-07 4.5e07
Cf-248 1.4e-08 8.7e-10 6.7e-09 3.6e-08 5.7e-08 _I.6e-08 9.5e-10 7.4e-09 4.0e-08 6.3e-08
Cf-249 fi,-'=2.8e-4 '.7e-05:', 1.3 ,04<7.0e044_ ,1.1e43,, - 3.1,e-04:'<.,1.8e05:,,.',-1.4e-04 ~A7-40
Cf-250 1.3e-08 8.1e-10 6.2e409 3.3e-08 5.3e-08 1.5e408 8.8e-10 6.9e409 3.7e-08 5.8e-08
Cf-251 1.9e-05 7.8e-07 7.5e-06 5.0e-05 7.6e-05 2.1e-05 8.6e-07 8.3e-06 5.5e-05 8.6e-05
Cf-252 2.2e408 1.3e-09 I.0e08 5.5e-08 8.7e-08 2.4e-08 1Ae-09 1.1e-08 6.1e-08 9.6e-08
Cf-254 4Ae-11 2.6e-12 2.0e-1I 1.1e-10 1.7e-10 4.8e-11 2.9e-12 2.2e-11 1.2e-10 1.9e-10
Es:254. -' .v7.9ert4ts e 47e05. '3.7e04- '--.2.003' ''- 3.1e-03 - '8.8e-04 -m '52eS-0 e > 4.C-'4 ,:2;2e 3.5p0
Note: Torconvertlthese values to conventional units (mremly per pCl~g or mremly per pCi/cni 2), multiply by 3.7e-3
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Normalized Effective Doses from Aluminum� Appendix H-2
Table H2.38 Normalized effective doses from Inhalation: Dross disposal-industrial

Radionucride Mass-based effective dose (pSycy per Bqtg)
Mean 5th 50th 90th 95th

Surficial effective dose (pSv/y per Bq/cm2)
Mean 5th 50th 90th 95th

H-3 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+O0 O.Oe+00 0.06+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
C-14 2.2e4-8 1.2e4-9 9.6e-09 5.6e-08 8.6e-08 2.4e-08 1.3e-09 1.1e-08 6.2e-08 9.5e-08
Na-22 7.1e-08 3.8e-09 3.1e-08 1.8e-07 2.8e-07 7.9e-08 4.1e-09 3.5e4-8 2.0e-07 3.le-07
P-32 3.0e-10 2.8e-12 5.8e-11 7.2e-10 1.4e-09 3.3e-10 3.1e-12 6.4e-1I 7.9e-10 1.5e-09

~~~ O~~.06+wO0.0+0 O O0O00i'0e0
CI-36 2.0e-07 1.1e-08 8.8e-08 5.1e-07 7.8e-07 2.2e-07 1.2e-08 9.8e-08 5.6e-07 8.7e-07
K-40 l.le-07 6.0e-09 5.0e4-8 2.9e-07 4.4e-07 1.3e-07 6.5e-09 5.5e-08 3.2e-07 4.9e-07
Ca-41 6.8e-09 3.6e-10 3.0e-09 1.7e-08 2.7e-08 7.5e-09 3.9e-10 3.3e-09 1.9e-08 3.0e-08
Ca-45 6.0e-08 3.1e-49 2.6e-08 1.5e-07 2.3e-07 6.6e408 3.4e-09 2.9e-08 1.7e-07 2.6e-07

2 1.0o-O7.J4 :5.Oo-O9-'4.3. O8,L2.6e 07O,-&.e-O7&1 .10 07^ '75.5e O9--4.8.:.0S,> 2.9' 07A-';4.4&07,~
Cr-51 3.8e-11 9.6e-13 1.2e-II 9.2e-11 1.6e-l0 4.2e-lI 1.1e-12 1.3e-1I 1.0e-10 1.8e-10
Mn-53 1.0e-10 4.4e-12 4.0e-11 2.6e-10 4.1e-10 l.le-10 4.8e-12 4.4e-11 2.8e-10 4.5e-10
Mn-54 2.8e-09 1.2e-10 1.1e-09 7.2e-09 1.le-08 3.2e-09 1.3e-10 1.3e-09 8.0e-09 1.3e-08
Fe-55 8.8e-10 3.7e-1i 3.5e-10 2.2e-09 3.5e-09 9.8e-10 4.2e-lI 3.9e-10 2.5e-09 3.9e.-9

Co-56 7.2e4-9 3.0e-10 2.8e-09 1.8e-08 2.8e-08 8.1e-49 3.3e-10 3.1e-09 2.le-08 3.1e-08
Co-57 1.4e.-9 6.2e-11 5.5e-10 3.6e-09 5.5e-09 1.6e-09 6.8e-1i 6.1e-10 4.0e-09 6.1e-09
Co-58 2.3e-09 9.6e-il 9.0e-10 6.0e-09 9.0e-09 2.6e-09 1.0e-10 9.9e-10 6.7e-09 1.0e-08
Co-60 4.7e4-8 2.1 e-09 1.9e-08 1.2e-07 1.8e-07 5.2e4-8 2.3e-09 2.0e-08 1.3e-07 2.1e-07

Ni-63 1.5e-09 6.2e-l 5.8e-10 3.6e-09 5.7e-09 1.6e.-9 6.9e-1 6.5e-10 4.0e-09 6.4e-09
Zn-65 6.3e-09 2.7e-10 2.5e4-9 1.6e-08 2.5e-08 7.0e4-9 3.0-10 2.8e-09 1.8e-08 2.8e-08
As-73 2.1e-09 7.5e-1i 7.6e-10 5.1e-09 8.2e-09 2.3e-09 8.3e-1 I 8.5e-10 5.7e-09 9.1e-09
Se-75 5.4e-09 2.1e-l0 2.0e-09 1.4e-08 2.2e-08 6.0e.-9 2.2e-l0 2.3e-09 1.5e-08 2.4-48

Sri~~~~~.3o-l0'Ž2-3 .8o-09-:;- .3 >0;<'32.3.- 08^+- 3.6e-,08Th .i.00 :.7. l.,iof-',.'42e. 09'2.5e,,08 v[4.0, 84
Sr-89 l.9e-08 8.1e-l0 7A.e-09 4.7.e-0 7.2e-08 2.1.-eO 9.0e-l0 8.2e-09 5.1.e-0 8.1e-08
Sr-90 1.1e406 5.9e4O8 4.90-07 2.8e-46 4.3e-06 1.2e-46 6.5e48S 5.4e-07 3.1.-0S 4.9e406
Y-91 8.6e.-8 4.0e4-9 3.5e4-8 2.2e-07 3.4e-07 9.6e.-8 4.3e-09 3.9e-08 2.4e-07 3.8e-07
Zr-93 9.5-O8S 2.6e-09 3.4e-O8 2.5e-07 3.9e-07 1.1 e-07 2.8e-09 3.7e-08 2.8e-07 4.4e-07

4:95 i3208..iiiiO .sg46 ~ 6-s_. ile-~10 S 4.a.-081J.3 t~
Nb-93m 2.4e-09 1.0e-10 9.7e-10 6.0e-09 9.2e-09 2.7e-09 1.2e-10 1.1e-09 6.7e-09 1.0e4-8
Nb-94 7.0e-08 3.0e-09 2.8e-08 1.8e-07 2.7e-07 7.8e408 3.4e-09 3.1e-08 2.0e-07 3.0e-07
Nb-95 9.0e-10 2.9e-1i 3.1e-l0 2.2e.-9 3.6e-09 1.0e-09 3.2e-i 3.5e-10 2.5e-09 4.0e-09
Mo-93 7.1e-09 2.8e-10 2.8e-09 1.8e-08 2.8e-08 7.9e-09 3.1e-10 3.1e-09 2.0e-08 3.1e-08
Tv97'W'V - -'; 9.5.-0'-.' 3.7el-i1•&j3.8ia 10:l2.4e 49 3.8e09 .1'e4&9 ,+Oe1- 14.
Tc-97m 8.9e-09 3.3e-10 3.3e-09 2.2e.-8 3.6e-08 9.9e-09 3.6e-10 3.7e-09 2.5e-08 4.0e-08
Tc-99 1.9e-08 7.3e-10 7.3e-9 4.7e4-8 7.5e-08 2.1e-08 8.1e-l0 8.0e-09 5.2e-08 8.4e-08
Ru-103 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+Oa
Ru-106 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00
Ag0''08m 0.0e;00,0 '.6;.e+00 O.Oe+OO O.OetOO ' O .e
Ag-11Om O.Oe+00 O.Oe+00 O.Oe+00 O.oe+0a 0.Oe+Oa a.oe+oa O.Oe+O0 0.00+00 a.oe+e0 .Oe+00
Cd-109 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+O0
Sn-113 7.3e-09 2.7e-10 2.8e-09 1.8e-08 2.9e-08 8.1e-09 2.9e-10 3.0e-09 2.0e-08 3.2e-08
Sb-124 1.2e-08 4.2e-10 4.5e-09 3.0e-08 4.9e-08 1.4e-08 4.6e-10 4.9e-09 3.4e-08 5.4e-08
Sb-'',.i25'> 2.3.'-OSS._8.8-10O-'8.8e-O9'A.- 5.7o-O8±^ _9.2o,-08.f ':9.--0x,..4eS42.6e 7
Te-123m 1.3e-08 5.0e-10 5.0e4-9 3.3e-08 5.4e.-8 1.5e.-8 5.5e-10 5.5e-09 3.6e-08 6.1e-08
Te-127m 2.4e408 8.9e-10 8.9e-09 5.9e4-8 9.7e48 2.6e.-8 9.7e-10 9.8e4-9 6.5e-08 l.1e-07
1-125 9.4e-08 4.2e-09 3.8e.-8 2.4e.-7 3.7e-07 1.0e-07 4.7e-09 4.2e-48 2.7e-07 4.2e-07
1-129 1.5e-06 7.8e.-8 6.6e-07 3.9e-06 6.0e-06 _ 1.7-06 8.6e.-8 7.3e-07 4.3e-06 6.7e-06

1-31 i,-.'-' .;3e409''''-%3;1-2-4.e0.-5409^i1 -X . 52 2.0eiO .e9;1e8

Cs-134 3.5e-07 1.8e-08 1.5e-07 8.9e-07 1.4e-06 3.9e-07 2.0e-08 1.7e-07 1.0e-06 1.5e-06
Cs-135 3.9e-08 2.1e-09 1.7e-08 9.9e-08 1.5e-07 4.3e-08 2.2e-09 1.9e-08 1.1e-07 1.7e-07
Cs-137 2.6e-07 1.4e-08 1.le-07 6.7e-07 1.0e-06 2.9e-07 1.5e-08 1.3e-07 7.3e-07 1.1e-06
Ba-133 6.6e-08 3.5e-09 2.9e-08 1.7e-07 2.6e-07 7.3e-08 3.8e-09 3.2e-08 1.9e-07 2.9e-07

'C-1'iu;''':3.6e-0 .- '.e-0;t16 1881'92-08:031.4 ".1,,,-'40 7W-09

Ce.-141 2.6e-08 9.4e-10 9.6e-09 6.5e.-8 1.le-07 2.9e-08 1.0e-09 1.1e-08 7.2e-08 1.2e-07
Ce-144 9.1e-07 4.8e-08 4.0e-07 2.3e-06 3.6e-06 1.0e-06 5.2e-08 4.4e-07 2.6e-06 3.9e-06
Pm-147 1.3e-07 6.8e-09 5.7e-08 3.3e-07 5.1e-07 1.4e-07 7.5e-09 6.3e-08 3.7e-07 5.7e-07
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Appendix H-2 Normaaed Effective Doses firom Aluminum

Table H2.38 Normalized effective doses from Inhalation: Dross'disposal-lndustrial
Radionucide Mass-based effective dose (pSvty per Bq/g) Surficial effective dose (pSvly per Bqfcm2).

Mean 5th 50th 90th 95th Mean - 5th 50th 90th 95th
Sm-151 1.0e-07 5.4e-09 4.5e-08 2.6e-07 4.0e-07 1.1 e-07 S.9e-09 5.0e-08 2.9e-07 4Ae-07
Eu-,1526 Q ,e ,.1 '-. e0
Eu-154 1.3e-06 7.1e-08 5.9e-07 3.4e-06 5.3e-06 1.5e-06 7.8e-08 6.6e-07 3.8e-06 5.9e-06
Eu-155 1.8e-07 9Ae-09 -7.8e-08 4.6e-07 7.0e-07 2.0e-07 1.Oe-08 8.7e-08 5.1e-07 7.8e-07
Gd-153 7.9e-08 4.1e-09 3.4e-08 2.0e-07 3.1e-07 8.8e-08 4.5e-09 3.8e-08 2.2e-07 3Ae-07
Tb-160 1.Oe-07 5.0e-09 4.4e-08 2.7e-07 4.1e-07 107 07 5.5e-09 4.9e-08 2.9e-07 4.6e-07

Tm-171 3.3e-08 1.7e-09 1.5e-08 8Ae-08 1.3e-07 3.7e-08 1.9e-09 1.6e-08 9.4e-08 1.4e-07
Ta-1 82 2.8e-08 1.0e-09 1 .1e-08 7.1e-08 1.1e-07 3.1 e-48 1.1 e-09 1.2e-08 8.0e-08 1.2e-07
W-181 1.7e-10 6.4e-12 6.4e-11 4.2e-10 6.7e-10 1.9e-10 7.1e-12 7.0e-11 4.6e-10 7.5e-10
W-185 6.7e-1 0 2.5e-11 2.5e-10 1.7e-09 2.7e-09 7.5e-10 2.7e-11 2.8e-10 1.8e-09 3.0e-09

Ir-192 1.5e-08 5.2e-10 5.5e-09 3.7e-08 5.8e-08 1.6e-08 5.8e-10 6.0e-09 4.1e-08 6.6e-08
T1-204 3.5e-09 1.4e-10 1.4e-09 9.0e-09 1.4e-08 3.9e-09 1.5e-10 1.5e-09 1.0e-08 1.6e-08
Pb-210 2.5e-05 9.9e-07 9.6e-06 6.2e-05 9.9e-05 2.8e-05 1.1e-06 1.1e-05 6.9e-05 1.1e-04
B-207 1.9e-08 7.3e-10 7.2e4-9 4.8e-08 7.6e-08 2.1 e-08 8.0e-10 8.0e-09 5.3e4-8 8.4e-08
PF210, OICS...3e-05;'e5.1 e,,7i'5:,e,6--.32e-059.f t52e.O5''i--#ts14'Xi55-7S56 .e4=58
Ra-226 82e45O 4.3e-06 3.6e.-5 2.1 e-04 3.2e-04 9.1 e-05 4.7e-06 4.0e-05 2.3e-04 3.6e-04
Ra-228 1Ae-04 7.2e-06 6.0e-05 3.5e-44 5.5e-04 1.6e-04 7.9e-46 6.8e.-5 3.9e-04 6.2e-04
Ac-227 5.2e403 2.7e-44 2.3e-03 1.3e402 2.1e-02 5.8e-03 3.0e-04 2.5e-03 1.5e-42 2.3e-42
Th-228 8.3e-044 .3e-05 3.6e-04 2.1 e-03 3.2e-03 _9.2e-04 4.7e-05 4.0e-04 2.3e-3 3.6e-43
pS,229' ;C& 2.6e-03 4! jAe-.044 1.3e-036z3 7,4e-3 6e1.1 e302
Th-230 9.0e-44 4.7e.-5 3.9e-04 2.3e-03 3.5e-03 1.Oe-03 5.1 e-45 4.3e-O4 2.5e4-3 3.9e-03
Th-232 9.3e-44 4.8e-05 4.0e-04 2.4e-03 3.6e-03 1.Oe-03 5.3e-45 4.4e-04 2.6e-03 4.1e-03
Pa-231 5Ae-04 2.1e4-5 2.0e-04 1.3e-03 2.2e-3 - 6.1 e-04 2.3e-05 2.3e-04 1.5e-03 2Ae-03
U-232 7.8e-04 4.1 e-05 3Ae-04 2.0e-03 3.1 e-03 8.7e-04 4.5e-05 3.8e-04 2.2e-03 3.4e-03

U-234 2.0e-04 1.0e-05 8.7e.-5 5.1 e-04 7.8e-04 2.2e-04 1.1 e-05 9.7e-05 5.6e-04 8.7e-04
U-235 1.8e-04 9.4e-06 7.8e-05 4.6e-04 7.0e-04 2.0e-04 1.Oe-05 8.7e-05 5.1e-04 7.8e-04
U-236 I.8e-04 9.5e-06 8.0e-05 4.7e-04 7.2e-44 2.0e4 1.1e-05 8.9e-O5 5.2e-44 8.0e-04
U-238 1.7e-04 -8.8e6- 7.3e-05 4.3e-04 6.6e-04 1.9e-04 9.6e-06 8.2e.-5 4.7e-04 7.3e-04
tNp2379o<gX;~¢.".8e-44 .¢2.5o,05 :4.2.1e-04T.f!1.20-03 B1.9e-03 ;*-t-W63-4, *:.e0 ,23-, -=;e3214
Pu-236 3.9e-04 2.0e-05- 1 .7e-04 9.7e-04 1 .5e-03 4.3e-04 2.2e-05 1 .9e-04 1.1 e-03 1 .7e-03
Pu-238 8.9e-04 4.6e4-5 3.9e-04 2.2e-03 3.5e-03 9.9e-04 .5.1e-05 4.3e-04 2.5e-03 3.9e-03
Pu-239 9.5e-04 5.0e405 4.1e-44 2.4e-03 3.7e-03 1.1e-43 5.4e-05 4.5e-04 2.7e-03 4.2e-03
Pu-240 6.9e-04 3.5e-05 3.04 1.8e-03 2.7e-03 7.7e-04 3.9e-05 3.3e-04 2.0e-03 3.0e-43
Pii-240 1 -59e 13.5 3 1.ee | _e6.8e05 .9 e05 2 9.9'B.3 .9e5 7.6o05 ,
Pu-242 9.1 e-44 4.8e-05 4.0e-04 2.3e-03 3.6e-03 1.0e-43 5.2e4-5 4.4e-44 2.6e-03 4.0e4-3
Pu-244 8.9e-04 4.6e-05 3.9e-04 2.2e-03 3.5e-03 9.9e-04 5.1 e-05 4.3e-04 2.5e-03 3.9e-43
Am-241 8.6e-04 4.5e4-5 3.7e-44 2.2e-03 3Ae-43 9.6e-44 4.9e-05 4.1e-04 2.4e-43 3.8e-03
Arn-242m 8.9e-04 4.6e-05 3.9e-04 2.3e-03 3.5e-03 9.9e-04 5.1 e-05 4.3e-04 2.5e-03 3.9e-03
~m243-;.- ,8.6o-04> -4.5~ .3.7o-44 ,,2.2e 03 ,3.4e-O3 ;--.v -9.6o.04g,-..9eO5,<:4.1 e-4;^' 2.4e403 --3.8e033
Cm-242 1.0e-04 5.3e-06 4Ae4-05 2.6e-04 4.0e-04 1.1e-04 5.7e-06 4.8e-05 2.9e-04 4Ae-04
Cm-243 5.4e-04 2.8e4-5 2.4e-04 1Ae4-03 2.2e-03 6.1 e-04 3.1 e-05 2.6e-04 1 .5e-03 2Ae-03
Cm-244 5Ae-04 2.8e-05 2.3e-04 1.4e-03 2.1 e-03 6.0e-04 3.1 e-5 2.6e-04 1.5e-03 2.3e-03
Cm-245 8.5e-04- 4.4e-05 3.7e-04 2.1 e-03 3.3e-03 9.5e-04 4.8e-05 4.1e-04 2.4e4-3 3.7e-03
Crn246 - -Z8.6 04i 305 3.7,-44-'22e-033.43!- 9.6e- 4.9o-05 e-04 2.4,-,3>3.7e-34
Cm-247 7.5e-04 3.9e-45 3.3e-04 1.9e-03 3.0e-03 8.4e-44 4.3e-05 3.6e-04 2.1e-03 3.3e-03
Cm-248 1.3e-03 6.0e-05 5.3e-04 3.3e-03 5.2e-03 1.5e-03 6.6e-05 5.9e-04 3.7e-03 5.8e-03
Bk-249 3.2e-06 1.7e-07 1.4e-06 8.1e-06 1.2e-OS 3.5e-06 1.8e-07 1.5e-06 9.0e-46 1.4e-05
Cf-248 2.0e-04 1.0e4-5 8.6e-05 5.1e4-4 7.7e-04 2.2e-44 1.1e-05 9.6e-05 5.6e-04 8.7e-04
Cf-249 -,- 1A4e-03 7.5e~05_t5'>62047:S3.7e03 -Y5.6.-03 .60-03 rI82 .- 6.90-04 -'i41e03, <6.3' 03"*
Cf-250 6.9e-04 3.6e-05 3.0e-04 1.8e-03 2.7e-03 7.7e-04 4.0e-45 3.3e-04 2.0e-03 3.0e-03
Cf-251 *3.6e-04 '1.3e405 1.3e-04 9.1e-04 1.5e-03 4.0e-04 1.5e-05 1.5e-04 1.0e-03 1.6e-03
Cf-252 4.1e-04 2.1e-05 1.8e-04 1.1e-03 1.6e-03 4.6e-04 2.3e-45 2.0e-04 1.2e-03 1 .8e-03
Cf-254 7.0e-04 3.6e-05 3.0e-04 1.8e-03 2.7e-03 7.7e-04 4.0e-45 3.4e-04 2.0e-03 3.1e-03
Es-254," -'.:'.8e . '9.5.06'-8.0e-O5' i.7e04r .7.1e44 -'{ 2.i04*-r .o05 :-8.9e -5 5.2e.04'8. ee-04'

Note: To convert these values to conventional units (mrem/y per pCVg or mremly per pCVcm2), multiply by 3.7e-3
_-7 NUE-14
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Normalized Effective Doses from Aluminum Appendix H-2
Table H2.39 Normalized effective doses from Ingestion: Dross disposal-industrial

Mass-based effective dose (pSv/y per Bq/g)
Radionuclide Mean 5th 50th 90th 95th

Surficial effective dose (pSvly per Bq/cm2)
Mean 5th 50th 90th 95th

H-3 O.0e+00 0.0e+00 0.Oe+00 0.Oe+00 0.0e+00 0.Oe+00 O.Oe+OO 0.Oe+00 0e+00 O.Oe+00
C-14 7.2e-08 1.7e-09 2.6e-08 1.9e-07 3.0e-07 8.0e-08 1.9e-09 2.9e-08 2.1e-07 3.4e-07
Na-22 3.8e-07 8.8e-09 1.4e-07 1.0e-06 1.6e-06 4.2e-07 9.6e-09 1.5e-07 1.1e-06 1.8e-06
P-32 2.1e-09 1.Ie-11 3.6e-10 4.9e-09 9.9e-09 2.4e-09 1.2e-11 4.0e-10 5.5e-09 1.1e-08

S 35 .-e,,','^_,.Oe+ OO'eO;Oe+0 .O *-'O;Oe+0'O''Tc:!. O.0e+00W,;O~e+ 0,0 1 0.0e+0'~ O.0e+00~O.0e+OO'-
CI-36 1.2e-07 2.8e-09 4Ae-08- 3.2e-07 5.0e-07 1.3e-07 3.1e-09 4.8e-08 3.6e-07 5.7e-07
K-40 7.7e-07 1.8e-08 2.8e-07 2.0e-06 3.2e-06 8.6e-07 2.0e-08- 3.1e-07 2.3e-06 3.6e-06
Ca-41 3.4e-08 8.0e-10 1.2e-08 9.1e-08 1.4e-07 3.8e-08 8.7e-10 1.4e-08 1.0e-07 1.6e-07
Ca-45 6.5e-08 1.5e-09 2.3e-08 1.7e-07 2.8e-07 7.2e-08 1.6e-09 2.6e-08 1.9e-07 3.e-07
Sc467-,K .*- ,1.1e-07j> 2.3~09t37 -08,:2.7,e7ZŽ45 7 &;.' 12e07Kl? 2.6e 3'-,R4.2e-08E9 3.1e, .9e 07-7
Cr-51 1.3e-10 1.6e-12 3.5e-11 3.2e-10 5.5e-10 1.4e-10 1.8e-12 3.9e-11 3.5e-10 6.2e-10
Mn-53 2.8e-10 5.3e-12 9.4e-11 7.3e-10 1.2e-09 3.1e-10 5.9e-12 1.0e-10 8.1e-10 1.3e-09
Mn-54 5.6e-09 1.0e-10 1.9e-09 1.5e-08 2.4e-08 6.2e-09 1.2e-10, 2.1e-09 1.6e-08 2.7e-08
Fe-55 2.9e-09 5.7e.11 9.7e-10 7.8e-09 1.2e-08 3.2e-09 6.3e-11 1.1e-09 8.6e-09 1.3e-08

F~,5 ' : k-5.5e =-09t.1, ,,1,, ~1;7-9i , .91. 4eO08Z3e08 -,- ;'. 1 0 O2 9~ . 2.'
Co-56 1.1e-08 2.1e-10' 3.6e-09 2.8e-08 4.8e-08 1.2e-08 2.3e-10 4.0e-09 3.2e-08 5.3e-08
Co-57 1.5e-09 2.8e-11 4.8e-10 3.8e-09 6.2e-09 1.6e-09 3.1e-11 5.3e-10 4.2e-09 6.9e-09
Co-58 3.2e-09 5.8e-11 1.0e809 8.1e-09 1.4e-08 3.5e-09 6.4e-11 1.1e-09 9.1e809 1.5e-08
Co-60 2.3e-08 4.4e-10 7.5e-09 5.9e-08 9.6e-08 2.5e-08 5.0e-10 8.2e-09 6.5e-08 1.1e-07

Ni-63 1.4e-09 2.8e811 4.7e810 3.6e-09 6.0e-09 1.5e-09 3.0e11 5.2e810 4.1e-09 6.6e-09
Zn-65 2.9e-08 5.6e 10 9.7e-09 7.5e-08 1.2e-07 3.2e-08 6.2e810 1.1e-08 8.4e-08 1Ae-07
As-73 2.7e-09 4.4e 11 8.6e810 6.9e-09 1.Ie-08 3.0e-09 5.0e-11 9.5e810 7.6e-09 1.3e-08
Se-75 3.3e-08 5.9e-10 1.0e-08 8.6e-08 1.4e-07 3.6e-08 6.4e810 1.1e-08 9.6e808 1.6e-07

Sr-89 1.1e-07 2.3e-09 3.9e-08 2.9e-07 4.8e-07 1.3e-07 2.6e-09 4.2e-08 3.3e 07 5.3e-07
Sr-90 3.6e-06 8.4e-08 1.3e-06 9.5e-06 1.5e-05 4.0e-06 9.2e-08 1.4e-06 1.1e-05 1.7e-05
Y-91 1.3e807 2.7e-09 4.6e-08 3.4e-07 5.5e-07 1.5e807 3.0e-09 5.0e-08 3.8e-07 6.1e-07-
Zr-93 1.3e-08 1.5e-10 3.9e-09 3.5e-08 5.8e-08 1.5e-08 1.7e-10 4.3e-09 3.9e-08 6.4e-08

Zr-95'-, '.e0-f,.eFO 91 e0.u1.eO~;'i 3.5e7O Yr' ''3.8e-I_ 1.0e
Nb-93m 1.1e-09 2.18.11 3.7e-10 2.8e-09 4.6e-09 1.2e-09 2.4e811 4.1e-10 3.1e-09 5.2e-09
Nb-94 1.6e-08 3.0e-10 5.3e-09 4.0e-08 6.6e-08 1.7e-08 3.5e810 5.8e409 4.5e-08 7.4e-08
Nb-95 1.3e809 2.0e811 3.9e-10 3.3e-09 5.6e-09 1.5e-09 2.3e811 4.3e810 3.7e-09 6.2e-09
Mo-93 5.1e-08 9.3e810 1.6e-08 1.3e-07 2.1e-07 5.6e-08 1.0e-09 1.8e-08 1.4e-07 2.3e807
To97> ' * 1.6e-092.8 F11- 5.1'e~1O_ _28 7.0e 09 .8e . 3ie-1125.7e-iO , 4.7ei0UO .e-0
Tc-97m 7.2e-09 1.2e 10 2.2e 09 1.9e-08 3.1e-08 8.0e-09 1.3e810 2.5e-09 2.18e08 3.5e-08
Tc-99 1.5e-08 2.7e810 4.8e-09 4.0e-08 6.6e-08 1.7e-08 2.9e-10 5.3e-09 4.4e808 7.3e-08
Ru-1 03 O.0e+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00
Ru-106 O.Oe+00 O.Oe+00 O.0e+OO O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00
Ag-iO8m',i. - X o.Oe3oo~.+Oe O--O.o.+oo:'.o~o.+oo.. 0.0e+00', J 0. O.Oe+O ' 0;Oe+,, ?,,Oe+0.,tO 00' O.Oe ,O
Ag- 10m O.Oe+00 O.Oe+00 O.0e+00 O.0e+OO O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
Cd-109 0.0e+00 0.Oe+00 0.Oe+00 0.0e+00 O.Oe+00 0.Oe+00 O.Oe+0 0.Oe+00 O.0e+00 O.Oe+00
Sn-I 13 9.4e-09 1.5e 10 3.0e-09 2.5e-08 4.0e-08 1.0e-08 1.7Ve10 3.3e.-9 2.7e-08 4.4e-08
Sb-124 2.1e-08 3.4e-10 6.5e-09 5.3e-08 8.9e-08 2.3e-08 3.8e810 7.2e-09 5.9e-08 9.9e-08
St?5125'-..,,-24F01a-7e9' 6.e-8<-,"10e07 47e O .8.7 09C 6.e-0T .2e-07~
Te-123m 1.8e-08 3.2e810 5.6e-09 4.5e-08 7.9e-08 2.0e-08 3.6e-10 6.2e-09 5.0e-08 8.7e-08
Te-127m 3.0e-08 5.3e810 9.5e-09 7.5e-08 1.3e-07 3.4e-08 6.0e-10 1.0e-08 8.4e-08 1.5e-07
1-125 6.4e-07 1.3e-08 2.2e-07 1.7e-06 2.7e-06 7.1e-07 1.5e-08 2.4e-07 1.8e 06 3.0e-06
1-129 1.1e-05 2.5e-07 3.9e-06 2.9e-05 4.6e-05 1.2e-05 2.7e-07 4.3e-06 3.2e 05 5.1e-05
I-i431't` .2-" -~.5e08:--.3e-081,',.,:9;8-0''3.2O7.3 1.7e 8a. 1e 9- i1O''3e~ 08 8i08
Cs-134 2.3e-06 5.3e4-8 8.3e-07 6.1e-06 9.6e-06 2.5e-06 5.8e-08 9.2e-07 6.8e-06 1.1e-05
Cs-135 2.6e-07 6.0e-09 9.4e-08 6.9e-07 1.1e-06 2.9e-07 6.6e-09 1.0e-07 7.7e-07 1.2e-06
Cs-137 1.7e-06 3.9e-08 6.1e-07 4.4e-06 7.0e-06 1.9e-06 4.3e-08 6.7e-07 5.0e-06 7.9e-06
Ba-133 1.2e407 2.8e-09 4.4e-08 3.2e-07 5.0e-07 1.3e-07 3.1e-09 4.9e-08 3.6e-07 5.7e-07
Ce.139- 22 AO:5flL 0 . 0 9  4-C 19- ':- 2e08v-^50e,080,49-;5.9e 08<'it,9.4.08 Z.-X2.5e08' -5.5e,10 ', 8.9e,09,,. 6.5e '8 i.OeO7
Ce-141 2.0e408 3.4e.10 6.2e-09 5.0e-08 8.4e-08 2.2e-08 3.7e810 6.8e-09 5.6e-08 9.2e-08
Ce 144 5.4e-07 1.2e-08 2.0e-07 1.4e-06 2.3e-06 6.0e.-7 1.4e-08 2.2e-07 1.6e806 2.5e-06
Pm-147 3.2e408 7.4e810 1.2e-08 8.5e-08 1.3e-07 3.5e-08 8.1e-10 1.3e-08 9.4e-08 1.5e-07
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Appendix H-2 Normalized Effective Doses from Aluminum
Table H2.39 Normalized effective doses from Ingestion: Dross'disposal-industrial

Radiuclide Mass-based effective dose (pSvly per Bq/g) Surficial effective dose (uSv/y per Bqtcr 2)
adionuie Mean . 5th 50th 90th 95th Mean 5th 50th - 90th 95th

SM-151 1.3e-08 2.9e-10 4.6e-09 3.4e-08 5.3e-08 1.4e-08 3.2e-10 5.1e-09 3.7e-08 6.Oe-08
Et2152 :1.8O7 _42e 91:6.5o 08 ,4.Be07 0 7 e .O ; 4.6 5.3e-0 8.iO
Eu-154 2.5e-07 6.0e-09 9.2e-08 6.8e-07 1.1e-46 2.8e-07 6.5e-09 1.Oe-07 7.5e-07 1.2e-06
Eu-155 4.0e-08 9.4e-10 1.5e-08 1.Ie-07 1.7e-07 4.5e-48 1.0e-09 1.6e-08 1.2e-07 1.9e-07
Gd-153 2.8e-08 6.4e-1 0 1.0e-08 7.5e-08 1.2e-07 3.1 e-08 7.1e-1 0 1.1e-08 8.3e-08 1.3e-07
Tb-160 1.0e-07 2.2e-09 3.6e-08 2.7e-07 4.3e-07 1.1 e-07 2.4e-09 4.0e-08 3.0e-07 4.8e-07

Tmi ^, 7;;i::.-.i 8.i 07>Be03 ;i-2 '0-7~^-.e0 i. 80=ss53-7:
Tr-171 1.3e-08 3.1e-10 4.8e-09 3.5e-08 5.6e-08 1.5e-08 3.3e-10 5.3e-09 3.9e-08 6.2e-08
Ta-182 1.9e-08 3.2e-10 6.0e-09 5.0e-08 8.0e-08 2.1e-08 3.5e-10 6.6e-09- 5.5e-08 9.0e-08
W-181 9.8e-10 1.7e-I1 3.1e-10 2.5e-09 4.3e-09 1.1e-09 1.9e-II 3.4e-10 2.8e-09 4.7e-09
W-185 4.4e-09 7.5e-1 1.4e-09 1.1e-08 1.9e-08 4.9e-09 8.3e-lI 1.5e-09 1.2e-08 2.1e-08

185, -;u5.. ^5.e-O9 7>.Oo-1O05i8e-O ''1.8OSl 72 .s5O 8 -;64'-'>,i~ei 20 tr1: ,48 28e 08,t
Ir-192 1.4e-08 2.3e-10 4.3e-09 3.5e4-8 5.9e4-8 1.5e408 2.6e-10 4.8e-09 3.8e-08 6.5e-08
Tl-204 2Ae4-08 4.3e-10 7.9e-09 6.4e-08 1.Oe-07 2.7e.-8 4.8e-10 '8.8e-09 7.1e-08 1.1e-07
Pb-210 1.8e-05 3.3e407 5.7e-06 4.8e-05 7.8e-05 2.0e-05 3.6e-07 6.4e4-6 5.3e-05 8.7e-05
Bl-207 2.5e08 4.4e-1 0 8.2e-49 6.6e-08 1.14-07 2.8e-08 4.8e-1 0 9.1 e-09 7.3e-08 1.2e-07
Po-210,' , 4.7.-O '.,70.9e5e 12.O5'l.9eO5. e 8.3 2
Ra-226 3Ae-05 7.9e-07 1.2e-05 9.1 e-45 1.4e-04 3.8e-05 8.7e-07 1.4e-05 1.0e-04 1.6e-04
Ra-228 8.8e-05 2.1e-O6 3.2e-05 2.3e-04 3.7e-04 '9.8e-05 2.3e-06 3.5e-05 2.6e-04 4.2e-04
Ac-227 1.3e-04 2.9e-46 4.6e-05 3.4e-04 5.4e-04 1.4e-04 3.2e4-6 5.0e-05 3.8e-04 6.0e-04
Th-228_- _1.5e4-5 3.4e-07 5.3e-06 4.0e-45 6.3e-05 1.6e-05 '3.7e-07 '5.9e-06 4.4e-05 6.9e-05
Th229,s..-, , S.3e-OS.4e-OSZ2.-O5.L.7e44 t-'2.7.-4£•..b..6e-066,_ .5e-5e:5T9eC2.9.-O4
Th-230 2.2e-05 5.0e-07 7.9e-46 6.0e-05 9.3e-05 2.5e-05 5.6e-07 8.7e.-6 6.6e-05 1.0e-04
Th-232 2.5e-05 5.6e-07 8.9e46 6.7e-05 1.1e-04 2.8e-05 6.3e-07 9.8e.-6 7.5e-05 12e-04
Pa-231 1.4e-05 2.5e-07 4.4e-06 3.6e-05 6.2.-5 1.6e-05 2.8e-07 4.9e.-6 4.1e-O5 7.0e-05
U-232 3.1e-05 7.3e-07 1.1e-O5 8.3e-05 1.3e-04 3.5e-05 8.1e-07 1.3e-05 9.2e-05 15.e-04
'-3 4,.' 9e46>,.1 ' 3 e 05 '-2.1e O5ite4 -5.4e -,2eO7t1.9e 6< Ž i.4e :23e5
U-234 4.8e-06 1.1e-07 1.7e-06 1.3e-05 2.0e-05 5.3e.-6 1.2e-07 1.9e-06 1.4e-05 2.3e-05
U-235 4.5e,-6 1.0e-07 1.646-O 1.2e-05 1.9e-05 5.0e-06 1.2e-07 1.8e-06 1.3e-05 2.1e-05
U-236 4.4e.-6 1.0e-07 1.6e-06 1.2e-05 1.9e-05 4.9e.-6 1.1e-07 1.8e-06 1.3e-05 2.1e-05
U-238 4.6e-06 1.1e-07 1.7e-06 1-2e4-5 2.0e-05 5.1e4-6 1.2e-07 :1.8e4-6 1.4e-05 2.2e.-5
Np-237'>-"- i2e-05,,O7 .2.ie, 1eO 5 -4.9e050 e 13-OS.3.Oe-07; :4.6"6. 3.4e5z¢5.5 5
Pu-236 8.5e-46 1.9e-07 3.0e-06 2.3e-45 3.6e-05 9.4e-46 2.2e-07 3.4e-06 2.5e-05 4.0e-05
Pu-238 2.2e,-5 5.2e-07 8.1e-06 6.0e-45 9.4e-05 2.5e-05 5.7e-07 9.0e-06 6.6e-05 1.1e-04
Pu-239 2.4e-05 5.6e-07 8.8e-06 6.5e-05 1.0e-04 2.7e-05 6.2e-07 9.8e-06 7.2e-05 12e-04
Pu-240 1.8e-05 4.0e-07 6Ae4-6 4.7e-05 7.5e4-5 2.0e-05 4.5e-07 7.0e-06 5.2e-05 8.3e-05
,Pu241'3;.A..1.';4.6e-07_;.'1.1.-O8gEe4 .0e0 -- .5.2e07-OS 2e897i.0 .-O............................ 22e
Pu-242 2.3e-05 5.3e-07 8.4e-06 6.2e-05 9.8e-05 2.6.-O5 5.9e-07 9.3e-06 6.9e-05 1.1 e-04
Pu-244 2.4e-05 5.4e-07 8.5e4-6 6.3e-05 9.9e4-5 2.6e-05 6.0e-07 9.4e-06 7.0e-05 1.1e-04
An-241 2.1 e-05 4.9e-07 7.5e-06 5.5e-05 8.9e-05 2.3e-05 5.4e-07 8.4e-06 6.3e-05 9.9e-05
Am-242m 2.1 e-05 4.9e-07 7.5e-6 5.6e-05 8.9e4-5 2.3e-05 5.4e-07 8.4e-06 6.3e-05 9.9e.-5
2j43 4

;:: -'2.1e.O5i--49 -O7S~7.5e'46 ,~56e45 ~8.9l4O5- _ 3..95:C5.4e 07jl'8.4&O6§6.3e '.9.9e, 5¢
Cm-242 1.1 e-06 2.5e48 4.0e-07 2.9e-06 4.6e-06 12e.-6 2.8e-08 4.4e-07 3.2e-06 5.2e-06
Cm-243 1.3e-05 3.0e-07 4.8e-O6 3.6e-45 5.6e-05 1.5e.5- 3.4e-07 5.4e-06 4.0e-05 6.4e-05
Cm-244 1.3e-05 2.9e47 4.5e-O6 3.3e4-5 5.3e-05 1Ae4-5 3.2e-07 5.0e.-6 3.7e-05 5.9e-05
Cm-245 2.2e-05 5.0e-07 7.9e4-O 5.8e-05 9.1e-05 2.4.e-5 5.5e-07 8.7e-46 6.4e-05 1.Oe-04
Cm2i6:-..,, -22..bSJ5.OO,7.'L;8.O.-O6•5.8e-O5 -*92 5-.eO 96 7o,;. 4,-6,- 49.26.67A-.8005 6.2-5 5eO.-O

Cm-247 1.9e-05 4.3e-07 6.8e-06 5.0e-45 7.9e-05 2.1 e-05 4.8e-07 7.5.6-O 5.6e-05 9.0e-05
Cm-248 3.5e-05 7.2e-07 1.2e-05 9.0e-05 1.5e-04 3.9e-05 7.9e-07 1.3e-05 1.Oe-04 1e.7-04
Bk-249 9.8e.-8 22e-09 3.5e4-8 2.6e-07 4.1e-07 1.1e-07 2.5e-09 3.9e.-8 2.9e-07 4.6e-07
Cf-248 3.0e4-6 7.0e4-8 1.1 e-06 8.0e-06 1 .3e-05 - 3.4e-06 7.8e-08 1 .2e-06 9.0e-06 1.5e4-5
Cf-230 -. I3.7e45 - 7e45 -. 1.60-4 . .je45 1 .40O7§.5e-O5.104 Y l.7e- 04
Cf-250 :1.7e45 3.9e-07 5.9e-06 4.4e405 7.1 e4-5 1.9e-05 4.3e-07 6.6e-06 4.9e-05 7.9e,-5
Cf-251 9.4e-06 1.7e-07 3.0e-06 2.4e405 3.9e-05 1.0e-O5 1.8e-07 3.3e-06 2.6e-05 4.4e.-5
Cf-252 9.4e-06 2.2e-07 3.3e-06 2.5e-05 4.0e45 1.0e.-5 2.4e-07 3.7e.-6 2.8e-05 4.5e4-5
Cf-254 4.2e.-5 9.7e-07 1.5e-45 1.1e-04 1.8e-04 4.6e4-5 1.Ie-46 1.7e4-5 1.2e-04 2.0e-04
E>-2 ' "; 2.9e406 S.S6;6)8 -'I.leO6 -7.7e-06 -,-- i2eO5 i -, .3.2.-OS 7 .ie.8 '1.2e 06 8.6`-06 '-' 5

Note: To convert these values to conventional units (mremly per pClg or mremy per pCVicm 2), multiply by 3.7e-3

H-173 NUREG-1640



Normalized Effective Doses from Alumintum Appendix H-2
Table H2.40 Nornalized effective doses from all pathways: Dross disposal-municipal

Mass-based effective dose (pSv/y per BqIg)
Radionuclide Mean 5th 50th 90th 95th

Surficial effective dose (pSv/y per Bqtcm2)
Mean - 5th 50th 90th 95th

H-3 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
C-14 3.5e-08 2.6e-10 9.8e-09 8.4e-08 1.4e-07 3.8e-08 2.9e-10 1.1e-08 9.4e-08 1.5e-07
Na-22 8.3e-04 8.1e-06 2.6e-04 2.0e-03 3.3e-03 9.2e-04 9.0e-06 - 2.9o-04 2.2e-03 3.7e-03
P-32 1.1e-08 2.5e-11 1.5e-09 2.4e-08 5.0e-08 1.2e-08 2.8e-11 1.6e-09 2.6e-08 5.6e-08

3 . .Oe+ O O.Oe +00
CI-36 2.9e-07 2.9e-09 9.2e-08 6.9e-07 1.2e-06 3.2e-07 3.1e-09 1.Oe-07 7.7e-07 1.3e-06
K-40 6.8e-05 6.7e-07 2.2e-05 1.6e-04 2.7e-04 7.6e-05 7.3e-07 2.4e-05 1.8e-04 3.0e-04
Ca-41 1.5e-08 1.Oe-10 4.0e-09 3.6e-08 6.0e-08 1.6e-08 1.1e-10 ,4.5e-09 4.0e-08 6.6e-08
Ca-45 4.7e-08 4.1e-10 1.4e-08 1.1e-07 1.9e-07 5.2e-08 4.5e-10 1.6e-08 1.3e-07 2.1e-07
S -46' " F4.3e-0 ,4,e 04".'x118 0 1.88 3g,L;',\i 5.18 4O 4.7e0671.,1.6e '-0:1.2e 03H2.Y-03]
Cr-51 3.1e-07 1.6e-09 7.0e-08 7.3e-07 1.3e-06 3.4e-07 1.8e-09 7.9e-08 8.0e-07 1.4e-06
Mn-53 1.3e-10 9.3e-13 3.5e-11 3.3e-10 5.6e-10 1.5e-10 1.Oe-12 3.9e-11 3.6e-10 6.2e-10
Mn-54 2.1e-05 1.8e-07 6.1e-06 5.1e-05 8.3e-05 2.3e-05 1.9e-07 6.8e-06 5.7e-05 9.2e-05
Fe-55 1.4e-09 8.7e-12 3.6e-10 3.3e-09 5.5e-09 1.5e-09 9.6e-12 4.0e-10 3.7e-09 6.1e-09
Fe-59 ri,,1.2e-05, 8.,,,12, ,8.08!' .e-06± 2.8.0&49.05ai_.- __9.7eO8L, ..7. 63.2e,-055.5..05.
Co-56 5.9e-05 4.7e-07 1.7e-05 1.5e-04 2.4e-04 6.6e-05 5.2e-07 1.9e-05 1.6e-04 2.7e-04
Co-57 1.9e-06 1.6e-08 5.6e-07 4.7e-06 7.6e-06 2.1 e-06 1.8e-08 6.1e-07 5.2e-06 8.4e-06
Co-58 1.4-05 1.1e-07 3.9e-06 3.4e-05 5.5e-05 1.5e-05 1.2e-07 4.3e-06 3.8e-05 6.2e-05
Co-60 7.6e-05 6.3e-07 2.2e-05 1.9e-04 3.0e-04 8.4e-05 7.0e-07 2.4e-05 2.1e-04 3.4e-04

Ni-63 9.9e-10 7.6e-12 2.8e-10 2.5e-09 4.1e-09 1.1e-09 8.4e-12 3.2e-10 2.7e-09 4.5e-09
Zn-65 1.4e-05 1.2e-07 4.2e-06 3.6-05 5.5e-05 1.6e-05 1.3e-07 4.7e-06 3.9e-05 6.2e-05
As-73 4.6e-08 3.5e-10 1.3e-08 1.1e-0? 1.9e-07 5.1e-08 3.8e-10 1.4e-08 1.3e-07 2.1e-07
Se-75 1.3e-05 1.0e-07 3.5e-06 3.1e-05 5.1e-05 1.4e-05 1.1e-07 3.9e-06 3.5e-05 5.7e-05

Sr-89 4.1e-07 3.5e-09 1.2e-07 9.9e-07 1.6e-06 4.5e-07 3.9e-09 1.3e-07 1.1e-06 1.8e-06
Sr-90 4.3e-06 4.1e-08 1.3e-06 1.0e-05 1.7e-05 4.8e-06 4.5e-08 i.Se-06 1.2e-05 1.9e-05
Y-91 1.2e-06 1.1e-08 3.6e-07 2.9e-06 4.8e-06 1.3e-06 1.2e-08 4.0e-07 3.2e-06 5.4e-06
Zr-93 3.8e-08 2.3e-10 9.5e-09 9.2e-08 1.6e-07 4.2e-08 2.5e-10 1.le-08 1.Oe-07 1.7e-07

Z ,.0e-4>' 6.3e-07 ,Y 2.6e-05T-.2.50-04, '4.18-04d,&2-21.1 04-(6.9e,07- , 2.9e-05, 2.8e.04:4.6e-4t
Nb-93m 1.6e-09 1.3e-11 4.6e-10 3.9e-09 6.5e-09 1.8e-09 1.4e-1i 5.1e-10 4.3e-09 7.2e-09
Nb-94 4.7e-05 3.8e-07 1.4e-05 1.1e-04 1.9e-04 5.2e-05 4.2e-07 1.5e-05 1.3e-04 2.1e-04
Nb-95 5.5e-06 3.6e08 1.4e-06 1.3e-05 2.2e-05 6.1e-06 4.0e-08 1.6e-06 1.5e-05 2.5e-05
Mo93 2.5e-08 1.6e-10 6.4e-09 6.2e-08 1.0e-07 2.8e-08 1.8e-10 7.2e-09 6.8e-08 1.2e-07
T- 971.9 e , 326.9.0.J5.51 'it9e .7e8w-8 .. . . 28e 87;6_.i209';i.9808 ,36.2.-081
Tc-97m 1.5e-08 1.1e-10 4.0e-09 3.5e-08 6.0e-08 1.6e-08 1.2e-10 4.5e-09 3.9e-08 6.7e-08
Tc-99 1.3e-08 9.8e-i 3.5e-09 3.2e-08 5.3e-08 1.5e-08 1.1e-10 3.9e-09 3.6e-08 5.9e-08
Ru-103 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ru-106 O.Oe+00 O.Oe+00 O.Oe+00 +00 O.Oe+00 0.Oe+00 .OOe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ag-108m r.' 0.- ,O.Oe+ NO.0.+0_O9.Oe O O 0.000. -,,>-O.Oe+O ,o.0e+00. 0.OeOO--,,O.0e+ 2B O.OO

Ag-110m O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cd-109 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sn-113 9.3e-06 7.1e-08 -2.5e-06 2.3e-05 3.8e-05 1.0e-05 7.9e-08 2.8e-06 2.5e-05 4.2e-05
Sb-124 5.1e-05 - 3.6e-07 1.4e-05 1.2e-04 2.1e-04 5.7e-05 4.0e-07 1.5e-05 1.4e-04 2.3e-04
Sb-125,- ,>..::~2.3e-05; 1.88-07 A6,0_-5.7e-5,q95 _ _ x.6 05 S .e0;-K2'6- .eomt1 4

Te-123m 4.0e-06 3.1e-08 1.1e-06 9.8e-06 1.6e-05 4.4e-06 3.4e-08 1.2e-06 1.1e-05 1.8e-05
Te-127m 2.2e-07 1.7e-09 6.2e-08 5.4e-07 9.0e-07 2.5e-07 1.9e-09 6.8e-08 6.0e-07 9.9e-07
1-125 5.4e-07 4.5e-09 1.6e-07 1.3e-06 2.1e-06 6.0807 5.0e-09 1.7e-07 1.5e-06 2.4e-06
1-129 5.0e-06 3.6e-08 1.4e-06 1.2e-05 2.0e-05 5.5e-06 4.0e-08 1.5e06 1.4e-05 2.2e-05
1-31.i-.: '.-5 8.i1-07 .,'3.2e10,,3.6 08:.;i.6806'-.:3.7o 62.m C 8.9-0;35e1O 3.9-08; i7e-06. t.Oe-06

Cs-134 5.9e-04 5.7e-06 1.9e-04 1.4e-03 2.3e-03 6.5e-04 6.3e-06 2.1e-04 1.6e-03 2.6e-03
Cs.135 1.1e-07 7.6e-10 2.9e-08 2.7e-07 4.5e-07 1.2e-07 8.3e-1 - 3.3e-08 3.0e-07 4.9e-07
Cs-137 2.2e-04 2.2e-06 7.2e-05 5.5e-04 9.0e-04 2.5e-04 2.4e-06 7.9e-05 6.0e-04 9.9e-04
Ba-133 1.2e-04 1.2e-06 3.8e-05 2.9e-04 4.7e-04 1.3e-04 1.3e-06 4.2e-05 3.2e-04 5.3e-04
Ce-i39:. - 2.7e-05..'2.6e-07 .:5-06.--:6.6e-05 ,1.1e-04; .2.'0e -5 2.9e-7- ; 9.5e-06
Ce-141 4.4e-06 3.2e-08 1.2e-06 1.1e-05 1.8e-05 4.9e-06 3.5e-08 1.3e-06 1.2e-05 2.0e-05
Ce-144 1.9e-05 1.9e-07 6.0e-06 4.6e-05 7.6e-05 2.1e-05 2.0e-07 6.7e-06 5.1e-05 8.4e-05
Pm-147 5.9e-08 5.6e-10 1.8e-08 1.4e-07 2.4e-07 6.6e-08 6.1e-10 2.1e-08 1.68-07 2.6e-07
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Appendix H-2 Normalized Effective Doses from Aluminum

'Table H2.40 Normalized effective doses from all pathways: Dross disposal-municipal

Radionuclide Mass-based effective dose (pSv/y per Bqfg) Surficial effective dose (,Svly per BqIcrn2 )
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

Sm-151 4.0e-08 3.7e-10 12e-08 9.8e-08 1.6e-07 4.4e-08 4.0e-10 -1Ae-08 -1.1e-07 1.8e-07
Eu-152CU^ :'.-4.6eO4 .4506 1.5 &04, , 1.1e 03' .', 8e 03,=,.-.-,-5. -4 >,,5.0e.06 41.6 04t, ,1 2e'03 . 2.0e03~
Eu-154 5.le-04 5.0e-06 1.6e-04 - 1.2e-03 2.0e-03 5.6e-04 5.4e-06 1.8e-04 1.4e-03 2.2e-03
Eu-155 1.1e-05 1.1e-07 3.6e-06 2.7e-05 4.5e-05 1.2e-05 1.2e-07 3.9e-06 3.0e-05 4.9e-05
Gd-153 1.2e-05 1.2e-07 3.8e-06 2.9e-05 4.8e-05 1Ae-05 1.3e-07 4.3e-06 3.3e-05 5.4e-05
Tb-160 2.3e-04 2.1e-06 7.0e-05 5.5e-04 9.2e-04 2.5e-04 2.3e-06 7.7e-05 6.2e-04 1.0e-03
T2O75,9 .07 1'j1.8e-06' 30e'06 ;2.7e-07-z2.0.e-6 :3e4-6,
Tm-171 7.8e-08 7.7e-10 2.5e-08 1.9e-07 3.1e-07 8.7e-08 8.5e-10 2.8e-08 2.1e-07 3.4e-07
Ta-182 5.1e-05 3.9e-47' 1.5e45 1.2e-04 2.1e04 5.7e-05 4.3e-07 1.6e-05 1.4e-04 2.3e-04
W-181 4.6e-07 3.4e-09 1.3e-07 1.1e06 1.9e-06 5.1e-07 3.8e-09 1.4e-07 1.2e-06 2.1e-06
W-185 3.9e09 2.7e-11 1.1e-09 9.4e409 1.6e-08 4.3e-09 3.0e-11 1.2e-09 1.0e-08 1.7e-08
Os185:',,%k;,2.4e'-057%1.86 0,467e 6'2>.'Oe405 ,9:7ea5b)s -i'2.7e0 72.Oe-o7*i.4eo j67.e~* 05 21;i '4,
Ir-192 2.3e-05 1.7e07 6.3e-06 5.6e-05 9.4e-05 2.6e-05 1.9e-07 '7.0e-06 6.3e-05 I.le-04
T1-204 5.0e-08 3.9e-10 1.4e-08 1.2e-07 2.0e-07 5.5e'08 4.2e-10 1.6e-08 1.4e-07 2.2e-07
Pb-210 15e 05 1.1e-07 4.2e-06 3.7e-05 6.2e-05 1.7e-05 1.3e-07 4.6e-06 4.1e-05 6.8e-05
Bi-207 9.3e-05 7.2e-07 2.6e-05 2.3e-04 3.8e-04 I1.0e04 8.Oe-07 2.9e-05 2.6e-04 4.2e-04

Ra-226 7.3e-04 7.2e-06 2.3e-04 1.8e-03 2.9e-03 8.2e-04 8.0e-06 2.6e-04 2.0e-03 3.2e-03
Ra-228 5.3e-04 5.2e-06 1.7e-04 1.3e-03 2.1e-03 5.9e-04 5.7e-06 1.9e-04 1Ae-03 2Ae-03
Ac-227 2.0e-03 1.8e-05 6.1e-04 4.8e-03 7.9e-03 2.2e-03 2.0e-05 6.7e-04 5.3e-03 8.8e-03
Th-228 8.4e-04 8.2e406 2.7e-04 2.0e-03 3.4e-03 9.4e-04 9.0e-06 3.0e-04 2.3e-03 3.8e-03

' ,'- e-06_ 3.le-04 _2 5e3 .I4'f3mi .1eO3-9:0o-05_ 3-04 e .5a43
Th-230 3.2e-04 2.8e-06 9.8e-05 7.7e-04 1.3e-03 3.5e-04 3.1e-06 1.le-04 8.6e-44 1Ae-03
Th-232 3.4e-04 3.0e-06 1.1e-04 82e-04 1.4e-03 3.8e-04 3.4e-06 1.2e-04 9.2e-04 1.5e-03
Pa-231 1.9e-04 1Ae-06 5.2e-05 4.7e-04 8.2e-04 2.1 e-04 1.5e-06 5.8e-05 5.3e04 9.0e-04
U-232 3.2e-04 2.9e-06 1.0e-04 7.7e-04 1.3e-03' 3.6e-04 3.3e-06 1.1 e-04 8.7e-04 1Ae4-03
U-233 V'' 70e5, ,6:5e-07:2.2e45 '1.8e- ,42.9e ~ -*05 ';7.3e07f-l 2.5e05,'2.0e2423.2e-4',4
U-234 7.1e-05 -6.4e-07 22e-05 1.7e-04 2.9e-04 7.9e-05 72e-07 2.4e-05 1.9e-04 32e-04
U-235 1.Oe-04 9.7e-07 32e-05 2.4e-04 4.1e-04 1.1e-04 1.1e-06 3.5e-05 2.7e-04 4.4e-04
U-236 6.6e-05 5.9e-07 2.0e-05 1.6e404 2.6e-04 7.3e-05 6.6e-07 2.2e-05 1.8e-04 2.9e-04
U-238 6.7e-05 62e-07 2.1e45 1.6e-04 2.7e-04 ' 7.5e-05 6.9e-07 2.3e-05 1.8e-04 3.0e-04
Np-237;'T.3e.'-06 .2e-5 - -5.5e4 9.3e-.,2.4 6 ^7.9e-05 62e-0O4 - .Oe1-03
Pu-236 1.4e-04 12e-06 4.2e-05 3.4e-04 5.5e-04 1.5e-04 1.4e-06 4.7e-05 3.7e-04 6.1e04.
Pu-238 3.2e-04 2.8e-06 9.7e-05 7.7e-04 1.3e-03 3.5e-04 3.2e-06 1.1e-04 '8.6e-04 1.4e03
Pu-239 3.4e-04 3.0e-06 1.Oe-04 8.2e-04 1.3e-03 3.7e-04 3.4e-06 1.2e-04 9.2e-04 1.5e-03
Pu-240 2.4e-04 22e-06 7.5e-05 5.8e-04 9.7e-04 2.7e-04 2Ae4-06 8.4e-05 6.6e-04 1.1e-03

Pu-242 32e-04 2.9e-06 1.Oe-04 7.9e-04 1.3e-03 3.6e-04 3.3e-06 1.1e-04 8.8e-04 1.4e03
Pu-244 42e-04 3.9e-06 1.3e-04 1.0e-03 1.7e-03 4.6e404 4Ae4-06 1.5e-04 1.1e-03 1.9e-03
Am-241 3.1e-04 2.8e-06 9.5e-05 '7.6e-04 1.2e-03 3Ae-04 3.1e-06 1.e-04 8.4e-04 1Ae4-03
Am-242m 3.2e-04 2.9e-06 9.9e405 7.9e-04 1.3e-03 :3.6e-04 3.2e-06 1.1e-04 8.8e-04 1Ae4-03
Am-243, ',''-; '3.5e-'4_ 3.z30-06 _ 1.4.04 8.6-04'rt.4e-037  3.9e 04_'- 3.6e-6 I.2o-04 '.7e i.1 03,
Cm-242 3.5e-05 32e-07 1.1 e-05 8.7e-05 1.4e-04 3.9e-05 3.5e-07 1.2e-05 9.6e-05 1.6e-04
Cm:243 22e-04 2.0e-06 6.8e-05 5.4e-04 8.7e-04 2.4e-04 2.2e-06 7.5e-05 5.9e-04 9.7e-04
Cm-244 1.9e-04 1.7e-06 5.9e-05 4.7e-04 7.7e-04 2.1e-04 1.9e-06 6.6e-05 5.3e-04 8.6e-04
Cm-245 32e-04 2.9e-06 9.9e-05 7.9e-04 1 .3e-03 3.5e-04 32e-06 1.1e-04 8.7e-04 1 Ae-03
Cm-246, t _31e_044_. 92.74-06 ', 9Ae45,-7.5644 1 ;2e43 3.,4e .04 3.0e006 '1.644A '.4&44 -. 1.4e03.'
Cm-247 3.6e-04 3Ae-06 1.1e-04 8.8e-04 1.4e-03 4.0e404 3.7e-06 1.3e-04 9.8e-04 1 .6e-03
Cm-248 4.7e-04 3.9e-06 1.4e-04 1.1e-03 1.9e43 52e-04 42e-06 1.5e-04 1.3e-03 2.1e-03
Bk-249 12e-06 I.1e-08 3.6e-07 2.8e-06 4.7e-06 1.3e-06 1.2e-08 4.0e-07 3.2e-06 5.3e-06
Cf-248 7.0e-05 6.2e-07 2.1e-05 1.7e-04 2.8e-04 7.8e-05 :-7.0e-07 2.4e-05 1.9e-04 3.2e-04
Cf-2A9 ', -X'.-'io. 4 , .6 e46--1.9-04 -1.5e-03 25003 43-.8ewO4 e6.26 2.ie 1 -03 ;2.7e-03
Cf-250 2.5e-04 2.2e-06 7.6e-05 6.0e-04 1.0e-03 2.7e-04 2.5e-06 8.5e-05 6.6e-04 1.1e-03
Cf-251 1Ae-04 9Ae4-07 3.7e-05 3.3e-04 5.6e-04 1.5e-04 1.Oe-06 4.0e-05 3.6e-04 6.1 e-04
Cf-252 1.5e-04 1.3e-06 4.5e-05 3.5e-04 5.9e-04 1.6e-04 1.4e-06 5.0e-05 3.9e-04 6.6e-04
Cf-254 2.6e-04 2.3e-06 7.9e-05 6.3e-04 1.0e-03 2.8e404 2.6e-06 8.8e-05 7.0e-04 1.2e-03
Es-254' '--3.4e-4:. .'3. 46 ''^'t.e44''-'-8.3e-04 -1.4e03'J 3.8e 4 i3;ie406 -'1.2e.04 ;.9.2e04.4. 1.5eL03.
Note: To convert these values to conventional units (mremly per pCig or mremly per pCVcm2). multiply by 3.7e-3
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Normalized Effective Doses from Aluminum Annendix TH-2

Table H2.41 Normalized effective doses from external exposure: Dross disposal-municipal

Mass-based effective dose (pSvly per Bqlg) Surficial effective dose (pSv/y per Br/rc 2)
Radion~ucide Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
H-3 O.Oe+00 O.Oe+00 O.Oe+00- O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00

C-14 7.5e-10 7.3e-12 2.4e-10 1.8e-09 3.0e-09 8.3e-10 8.1e-12 2.6e-10 2.0e-09 3.3e-09

Na-22 8.3e-04 8.1 e-06 2.6e-04 2.0e-03 3.3e-03 9.2e-04 9.0e-06 2.9e-04 2.2e-03 3.7e-03

P-32 1.0e-08 2.3e-11 1.4e-09 2.2e-08 4.6e-08 1.1e-08 2.5e-i 1 1.5e-09 2.4e-08 5.2e-08
S 50.re< e o,0 6. °.°+°.t1O 007O.Oet+OOO O.e+OO .00 ,0. .O+0qtQ!, -e 

0

CI-36 1.8e-07 1.7e-09 5.6e-08 4.2e-07 7.0e-07, 2.0e-07 1.9e-09 6.2e-08 4.7e-07 7.7e-07

K-40 6.8e-05 6.6e-07 2.1e-05 1.6e-04 2.7e-04 7.5e-05 7.3e-07 2.4e-05 1.8e-04 3.0e-04

Ca-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Ca-45 2.5e-o9 2.4e-1i1 7.9e-10 6.0e-09 1.0e-08 2.8e-09 2.6e1 I 8.8e-10 6.8e-09 1.1e-08

S476-,47
Cr-51 3.1e-07 1.6e-09 7.0e-08 7.3e-07 1.3-O06 3.4e-07 1.8e-09 7.9e-08 8.0e-07 1.4e-06

Mn-53 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Mn-54 2.1e-05 1.8e-07 6.1e-06 5.1e-05 8.3e-05 2.3e-05 1.9e-07 6.8e-06 5.7e-05 9.2e-05

Fe-55 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Co-56 5.9e-05 4.7e-07 1.7e-05 1.5e-04 2.4e-04 6.6e-05 5.2e-07 1.9e-05 1.6e-04 2.7e-04

Co-57 1.9e-06 1.6e-08 5.6e-07 4.7e4-6 7.6e-06 2.1e-06 1.8e-08 6.1e-07 5.2e-O6 8.4e-06

Co-58 1.4e-05 1.1e-07 3.9e-06 3.4e-05 5.5e-05 1.5e-05 1.2e-07 4.3e-06 3.8e-05 6.2e-05

CCF60 7.6e-05 6.3e-07 2.2e-05 1.9e-04 3.0e-04 8.4e-05 7.0e-07 2.4e-05 2.1e-04 3.4e-04

Ni-63 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zn-65 1.4e-05 1.2e-07 4.2e-06 3.6e-05 5.5e-05 1.6e-05 1.3e-07 4.7e-06 3.9e-05 6.2e-05

As-73 4.4e-08 3.4e-10 1.2e-08 1.1e-07 1.8e-07 4.9e-08 3.7e-10 1.3e-08 1.2e-07 2.0e-07

Se-75 1.3e-05 9.9e-08 3.5e-06 3.1e-05 5.1e-05 1.4e-05 1.1e-07 3.9e.-6 3.5e-05 5.7e-05

Sr-89 3.6e-07 3.1 e-09 1.Ie-07 8.7e-07 1.5e-06 4.0e-07 3.4e-09 1.2e-07 9.6e-07 1.6e-06

Sr-90 2.6e-06 2.6e-08 8.2e-07 6.3e-06 1.Oe-05 2.9e-06 2.8e-08 9.2e-07 7.1e-06 1.1e-05

Y-91 1.1e-06 1.0e-08 3.4e-07 2.7e-06 4.5e-06 1.3e-06 1.1e-08 3.7e-07 3.0e-06 5.1e-06

Zr-93 1.7e-1I 9.2e-14 4.0e-12 4.1e-11 6.9e-il 1.8e-11 1.0e-13 4.4e-12 4.6e-11 7.6e.-11

Zr094r '0.4 '0.4Oe-t6.3.-O7 2.6e-05; Z.5O 04.1e_ 1, 7i9'Z8ei.6e0

Nb-93m 3.7e-10 3.1e-12 1.1e-10 9.2e-10 I.5e-09 4.1e-10 3.4e-12 1.2e-10 1.0e-09 1.6e-09

Nb-94 4.6e-05 3.8e-07 1.4e-05 1.1e-04 1.9e-04 5.2e-05 4.2e-07 1.5e-05 1.3e-04 2.1e-04

Nb-95 5.5e-06 3.6e-08 1.4e-06 1.3e-05 2.2e-05 6.1 e-06 4.0.-O8 1.6e-06 1.5e-05 2.5e-05

Mo-93 4.4e-09 3.5e-11 1.3e-09 1.1e-08 1.7e-08 4.9e-09 3.9e-1I 1.4e-09 1.2e-08 1.9e-08

Tc-97m 9.0e-09 6.8e-il 2.5e-49 2.2e-08 3.7e-08 1.0e-O8 7.6e-Il 2.7e-09 2.4e4-8 4.1e.-8
Tc-99 1.1e-09 9.1e-12 3.2e-10 2.8e4-9 4.7e-09 1.3e-09 9.9e-12 3.5e-10 3.1e-O9 5.2e-09

Ru-103 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Ru-106 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Ag- is-' m. ,- 0e Oe+OO 4O.e0 0.00+00 S ;e 0 .0 o oo. O.Oe+tO 5O.Oe °'a' 00e+O;

Ag-l1 Om O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+OO

Cd-109 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO

Sn-i 13 9.3e-06 7.1e-08 2.5e-06 2.3e-05 3.8e-05 1.0e-05 7.9e-08 2.8e-06 2.5e-05 4.2e-05

Sb-124 5.1e-05 3.6e-07 1.4e.-5 1.2e-04 2.1e-04 5.7e4-5 4.0e-07 1.5e4-5 1.4e-04 2.3e-04

St i25, , 23e 0& .e-7 ' ;6.5e46 & ',5.ie45- _ 9;'5e --0-5i-;7- f2.6e05, 1'9e7,7e 6: ,;-,,
Te-123m 4.0e-06 3.1e-08 1.1e-06 9.7e-06 1.6e-OS 4.4e-06 3.4e.-8 1.2e-06 1.1e-O5 1.8e-05

Te-127m 2.0e-07 1.5e-09 5.6e.-8 4.9e-07 8.2e-07 2.2e-07 1.7e-09 6.2e-08 5.4e-07 9.1e-07

1-125 2.8e-07 2.4e4-9 8.3e.-8 6.7e-07 1.1e-06 3.1e-07 2.7e-09 9.2e.-8 7.5e-07 1.2e-06

1-129 5.2e-07 S.0e-09 1.6e-07 1.2e.-6 2.0e-06 5.7e-07 5.5e4-9 1.8e-07 1.4e-6 2.2e4-6

l~3-1t : ~, ,,j,'8.0.07,,Y3.2.-i0 3.S-08-1.5e46':; .3.6.-OS 6:'-8.97 3.5.-j O--3.9.-O 8,,1.7 4.0.-0OS

Cs-134 5.9e-04 5.7e-06 1.9e-04 1.4e-03 2.3e-03 6.5e-04 6.3e-06 2.1e-04 1.6e-03 2.6e-03

Cs-135 2.3e-09 2.2.-i 7.2e-10 5.5e-09 9.1e-09 2.5e-09 2.4e.1I 8.0e-10 6.1e-09 1.0e-08

Cs-137 2.2e-04 2.2e-06 7.1e.-5 5.4e-04 9.0e-04 2.5e-04 2.4e-06 7.9e.-5 6.0e-04 9.9e-04

Ba-133 1.2e-04 1.2e-06 3.8e.-5 2.9e-04 4.7e-04 1.3e4-4 1.3e-06 4.2e-05 3.2e-04 5.3e-04

Ce-139 .- :: ';..2.7e 05 2.6e 07 ',' 8 5e46z;' 6.6 .-O 1.1e V2' 30 --. 2.9e407: '-;. .i4 45,,,f1.2
Ce-141 4.4e.-6 3.2e-08 1.2e-06 1.1e-O5 1.8e.-5 4.9e.-6 3.5e-08 1.3e4-6 1.2e.-5 2.0e-05

Ce-144 1.9e-O5 1.8e-07 5.9e4-6 4.5e.-5 7.3e-05 2.1e.-5 2.0e-07 6.5e.-6 5.0e-05 8.1e-05

Pm-147 2.9e-09 2.8e-1I 9.1e-10 6.9e4-9 1.1e-08 3.2e-09 3.1e-I1 i.0e-09 7.7e-09 1.3e.-8

NURE t, -16 H- 176, _
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Appendix H-2 Normalized Effective Doses from Aluminumn

Table H2.41 Normalized effective doses from external exposure: Dross disposal-municipal
Radoncde Mass-based effective dose (pSv/y per Bq/g) Surficial effective dose (pSvly per Bq/cm2)

Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
SM-151 4.8e-11 4.7e-13 1.5e-11 1.2e-10 1.9e-10 5.3e-11 5.1e-13 -1.7e-11 1.3e-10 2.1e-10
E , 8-0. 3 ½-1.8,e43 ̂_'1,>.5.1 e ?65.0e 1 .6e 04,,1:.2e03; 2.0e-0i
Eu-154 5.0e-04 5.0e-06 1.6e-04 1.2e-03 2.0e-03 5.6e-04 5Ae-06 1.8e-04 1.4e-03 2.2e-03
Eu-155 1.e-05 1.1e-07 3.5e-06 2.7e-05 4Ae-05 1.2e-05 1.2e-07 3.9e-06 3.0e-05 4.9e05
Gd-153 1.2e-05 1.2e-07 3.8e-06 2.9e-05 4.8e-05 1.3e-05 1.3e-07 4.3e-06 3.3e-05 5.3e-05
Tb-160 2.3e-04 2.1e-06 7.0e-05 5.5e-04 9.2e-04 2.5e04 2.3e-06 7.7e-05 6.2e-04 1.0e-03

,Tm 170: .B.6e 07,,?'j6.4e.09.J,'2.'1,416e o-07 ,,4e O,,e4 4,.
* Tm-171 6.2e-08 6.0e-10 2.0e-08 1.5e07 2.5e-07 6.9e-08 6.7e-10 2.2e-08 .7e-07 2.7e07
Ta-182 5.1e-05 3.9e-07 1.5e-05 1.2e-04 2.1e-04 5.7e-05 4.3e-07 1.6e-05 1Ae-04 2.3e-04
W-181 4.6e-07 3.4e-09 1.3e-07 1.1e-06 1.9e-06 5.1e-07 3.8e-09 1.4e-07 1.2e-06 2.1e-06
W-185 - 2.1e-09 1.5e-11 5.8e-10 5.1e-09 8.5e-09 2.3e-09 1.7e-11 6.4e-10 5.6e-09 9.3e-09
OS-I 85 ;,>-j2.2.47e5-05 0 2,ee4 -97 - 6b.7 1e4t
Ir-192 2.3e-05 1.7e07 6.3e-06 5.6e-05 9.4e-05 2.6e-05 1.9e-07 7.0e-06 6.3e-05 1.1e-04
Ti-204 4.0e-08 3.0e-10 1.1e08 9.8e-08 1.6e-07 4Ae-08 3.4e-10 1.3e-08 1.1e-07 1.8e07
Pb-210 7.9e-08 6Ae-10 2.3e-08 1.9e-07 3.2e-07 8.8e-08 7.1 e-10 2.5e-08 2.2e-07 3.6e-07
BM207 9.3e-05 7.2e-07 2.6e-05 2.3e-04 3.8e-04 .Oe-04 8.0e47 2.9e-05 2.6e-04 4.2e-04
P o-210 zJ5-t,:- .' 52e-1,',' 4.0e-12 s n,.1 e,0-13e0 -210',vSj.e1,ngA.e1 6-l,~'^15 ,2,e
Ra-226 6.9e-04 6.8e-06 2.2e-04 1.7e-03 2.8e-03 7.7e-04 7.5e-06 2.4e-04 1.9e-03 3.1e-03
Ra-228 4.5e-04 4.4e-06 lAe-04 1.1e-03 1.8e-03 5.0e-04 4.8e-06 1.6e-04 1.2e-03 2.0e-03
Ac-227 1.1e-04 1.Oe-06 3.4e-05 2.6e-04 4.3e-04 1.2e-04 1.1e-06 3.8e-05 2.9e-04 4.7e-04
Th-228 5.5e-04 5.3e-06 1.7e-04 1.3e-03 2.2e-03 6.2e-04 5.8e-06 _1.9e-04 1.5e403 2.5e-03
Tlh-229 ->i0IE2I8.4&5';' -0.7- 2.6e-0 5 0
Th-230 1.2e-07 1.le-09 3.6e-08 2.9e-07 4.6e-07, 1.3e-07 12e-09 4.0e-08 3.1e-07 5.2e-07
Th-232 8.7e-06 7.3e-08 2.5e-06 2.1e-05 3.4e-05 9.7e-06 8.0e08 2.8e-06 2.4e-05 3.8e-05
Pa-231 2.0e-06 1.6e-08 5.6e-07 5.Ge-06 8.3e-06 2.2e06 1.7e-08 6.3e-07 5.6e-06 9.2e-06
U-232 3.6e-05 3.2e-07 1.1e05 9.Oe-05 1.4e-04 4.1e-05 3.5e47 1.2e-05 1.Oe-04 1.6e-04
LJ-233 68e6.7e-10~ -2.2e8 .82.7e'05 7Ae-10 8
U-234 1.8e-08 1.8e-10 5.8e09 4Ae408 7.3e-08 2.0e-08 2.0e-10 6.5e-09 4.9e-08 8.0e08
U-235 3.7e-05 3.6e-07 1.2e-05 8.9e-05 1.5e-04 4.1 e-05 4.0e-07 1.3e-05 9.9e-05 1.6e-04
U-236 9.4e-09 9.1e-11. 3.0e-09 2.3e-08 3.8e-08 1.Qe-08 1.0e-10 3.3e09 2.5e-08 4.1e-08
U-238 7.3e-06 7.1 e-08 2.3e06 1.8e-05 2.9e-05 8.1 e-06 7.9e-08 2.6e-06 2.0e-05 3.2e-05

* 356~i- 4j8- 5v e1.4-4_ rjA Ae-05! 6.1 e7~i.0o-51 6-0482.5e-44
Pu-236 9.7e09 9.5e-11 3.1e-09 2.3e-08 3.8e-08 1.1e08 1.0e-10 3.4e-09 2.6e-08 4.3e-08
Pu-238 6.2e-09 6.0e-1 I 2.0e-09 1.Se-08 2.4e-08 6.9e-09 6.7e-1 I 2.2e-09 .7e-08 2.7e08
Pu-239 I Ae-08 I Ae-1 0 4.4e-09 3.4e-08 5.5e-08 1.6e-08 1.Se-10 4.9e09 3.8e-08 6.2e-08
Pu-240 4.3e-09 4.2e-11 IAe-09 1.1e-08 1.7e08 4.8e-09 4.6e-11 1.5e-09 1.2e08 1.9e-08

Pu4',,.,>9.e1ife1¢, 2.e1 .' e W-_n.5e 2g.240:.-5 :2I7e >4.1 ,'

Pu-242 5.2e-09 5.1e-11 1.7e-09 1.3e-08 2.1e-08 5.8e-09 5.6e-11 1.8e-09 1.4e-08 2.3e-08
Pu-244 1.0e-04 9.9e-07 3.2e-05 2.5e404 4.0e-04 1.1e4-4 1.1e-06 3.6e-05. 2.7e-04 4.5e-04
An-241 2.1e-06 2.1e-08 6.7e-07 5.1e406 8.5e-06 2Ae-06 2.3e-08 7.5e-07 5.7e-06 9.4e-06
Am-242m 3.5e-06 3.4e-08 1.1 e-06 8.5e-06 1 Ae-05 ,3.9e-06 3.7e-08 1.2e-06 9.4e-06 1.5e-05

Cm-242 6.2e-09 6.1e-11 2.0e-09 1.5e-08 2.5e-08 6.9e-09 6.7e-11 2.2e-09 .7e-08 2.7e-08
Cm-243 2.6e-05 2.5e-07 8.2e-06 6.3e-05 1.0e-04 2.9e-05 2.8e-07 9.1e-06 7.1e-05 1.Ie-04
Cm-244 5.1e-09 5.0e-11 1.6e-09 1.2e-08 2.0e08 5.7e-09 5.5e-1 1 1.8e-09 1.4e-08 2.2e-08
Cm-245 1.7e-05 1.7e-07 5.5e-06 4.2e-05 6.9e-05 1.9e-05 1.8e-07 6.1 e-06 4.7e-05 7.6e-05
Crr 246~>~4.6e- ii' _.5.3e-09_0-08 2.1e
Cm-247 9.3e-05 9.0e-07 2.9e-05 2.2e-04 3.7e-04 1.0e-04 1.Oe-06 3.3e05 2.5e-04 4.1e-04
Cm-248 1.5e-09 1Ae-11 4.7e-10 - 3.7e-09 6.2e09 ,1.7e-09 1.5e-11 -5.2e-10 4.2e-09 6.8e-09
Bk-249 3.7e-08 3.2e-10 1.1e-08 9.1e-08 1.5e-07 4.1e-08 3.5e-10 1.2e-08 1.0e-07 1.6e-07
Cf-248 5.1e-09 4.9e-11 1.6e-09 -1.2e-08 2.0e-08 5.6e-09 5.4e-11 1.8e-09 1.4e-08 2.2e-08
Cf-249 .0-7 K99.905e 5 -0-3.ie-05>2.4e443.9e44, 1.o044, e, 6.33.5&05'2.7e0 -3-, 4
Cf-250 - 4.7e-09 4.6e-11 1.5e-09 1.1 e-08 1.9e-08 5.3e-09 5.0e-11 1 .7e-09 1.3e-08 2.1 e-08
Cf-251 - 6.8e-06 5.1e-08 1.8e-06 1.6e-05 2.8e-05 7.5e-06 5.6e-08 2.0e-06 1.8e-05 3.1e-05
Cf-252 7.7e-09 7.5e-1 1 2.4e-09 1.9e-08 3.1e408 8.6e-09 . 8.2e-11 2.7e-09 2.1e-08 3.4e-08
Cf-254 1.5e-11 1.5e-13 4.9e-12 3.8e-11 6.1e-11 1.7e-11 .1.6e-13 .5.4e-12 42e-11 6.8e-11
Es-254;. ' -2.8eO4-2.70.6 ''.-;8.8e405 f6.7e-4'';1b3 ' .~- ' 3.1 '-0 2.9e-06 =9.8e05 :7.5e-04 .i2e.03

Note: To convert these values to conventional units (mremly per pCig or mremly per pCicm2 ), multiply by 3.7e-3
_-7 URG14
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Normalized Effective Doses from Aluminum Appendix H-2
Table H2.42 Normalized effective doses from inhalation: Dross disposal-municipal

Radionuclide Mass-based effective dose (Svlyt per Bq/g)
Mean 5th 50th 90th 95th

Surficial effective dose (pSv/y per BqIcm2)
Mean 5th 50th 90th 95th

H-3 O.Oe+0O O.Oe+00 O.Oe+O0 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+O0 O.Oe+00 O.Oe+00
C-14 7.6e-09 6.8e-11 2.3e-09 1.9e-08 3.1 e-08 8.4e-09 7.6e-1 I 2.6e-09 2.1e-08 3.4e-08
Na-22 2.5e-08 2.2e-10 7.6e-09 6.1e-08 t.Oe-07 2.8e-08 2.5e-10 8.5e-09 6.7e-08 1.1e-07
P-32 1.1e-10 2.2e-13 1.4e-11 2.3e-10 4.8e-10 1.2e-10 2.5e-13 1.5e-11 2.5e-10 5.3e-10

CI-36 6.9e-08 6.2e-10 2.1e-08 1.7e-07 2.8e-07 7.7e-08 6.9e-10 2.4e-08 1.9e-07 3.1e-07
K-40 3.9e-08 3.5e-10 1.2e-08 9.6e-08 1.6e-07 4.4e-08 3.9e-10 1.4e-08 1.1e-07 1.8e-07
Ca-41 2.3e-09 2.1e-11 7.3e-10 5.8e-09 9.5e-09 2.6e-09 2.3e-11 8.1e-10 6.4e-09 1.0e-08
Ca-45 2.1e-08 1.8e-10 6.3e-09 5.0e-08 8.3e-08 2.3e-08 2.0e-10 7.0e-09 5.6e-08 9.1 e-08
So is4 T5.5 Ve08Th1,:e-,y-. 1.1O. 0 ¼t:3.9 e08 3.'46 i01-i.2 0 '.6 08ii 0
Cr-51 1.3e-11 6.6e-14 3.0e-12 3.1e-11 5.5e-11 1.5e-11 7.3e-14 3.3e-12 3.4e-11 6.2e-11
Mn-53 3.5e-11 2.8e-13 1.0e-11 8.5e-11 1.4e-10 3.9e-11 3.0e-13 1.1e-11 9.6e-11 1.6e-10
Mn-54 9.8e-10 7.7e-12 2.8e-10 2.4e-09 4.0e-09 1.1e-09 8.6e-12 3.2e-10 2.7e-09 4.5e-09
Fe-55 3.1e-10 2.3e-12 8.8e-11 7.4e-10 1.3e-09 3.4e-10 2.6e-12 9.8e-11 8.2e-10 1.4e-09

Co-56 2.5e-09 1.9e-11 6.9e-10 6.1e-09 1.0e-08 2.8e-09 2.1e-11 7.6e-10 6.8e-09 1.1e-08
Co-57 4.8e-10 3.7e-12 1.4e-10 1.2e-09 2.0e-09 5Ae-10 4.1e-12 1.5e-10 1.3e-09 2.2e-09
Co-58 8.1e-10 6.0e-12 2.2e-10 2.0e-09 3.3e-09 9.0e-10 6.6e-12 2.5e-10 2.2e-09 3.6e-09
Co-60 1.6e-08 1.3e-10 4.6e-09 4.0e-08 6.7e-08' 1.8e-08 1.4e-10 5.1e-09 4.4e-08 7.3e-08

Ni-63 5.0e-10 4.1e-12 1.5e-10 1.2e-09 2.1e-09 5.6e-10 4Ae-12 1.6e-10 1.4e-09 2.3e-09
Zn-65 2.2e-09 1.7e-11 6.3e-10 5.3e-09 8.9e-09 2.5e-09 1.9e-11 7.1e-10 5.9e-09 1.0e-08
As-73 7.1e-10 4.9e-12 1.9e-10 1.7e-09 2.9e-09 7.8e-10 5.4e-12 2.1e10 1.9e-09 3.3e-09
Se-75 1.9e-09 1.3e-11 5.0e-10 4.7e-09 7.7e-09 2.1e-09 1.4e-11 5.5e-10 5.2e-09 8.5e-09

Sr-89 6.4e-09 5.1e-11 1.8e-09 1.6e-08 2.6e-08 7.1e-09 5.6e-11 2.1e-09 1.7e-08 2.9e-08
Sr-90 3.9e-07 3.5e-09 1.2e-07 9.5e-07 1.6e-06 4.3e-07 3.8e-09 1.3e-07 1.1e-06 1.7e-06
Y-91 3.0e-08 2.5e-10 8.7e-09 7.2e-08 1.2e-07 3.3e-08 2.7e10 9.7e-09 8.1e-08 1.3e-07
Zr-93 3.3e-08 2.0e-10 8.2e-09 8.0e-08 1.3e-07 3.6e-08 2.2e10 9.0e-09 9.0e-08 1.5e-07
Zr'95;-•i4&D t.i.1e-08. 3e-14O ,;6 , *-i.2e o 8 7.0ei13:00 -  3.0 1
Nb-93m 8.3e-10 6.4e-12 2.4e10 2.1e-09 3.4e-09 9.3e-10 7.0e-12 2.6e-10 2.3e-09 3.8e-09
Nb-94 2.4e-08 1.9e-10 6.9e-09 6.0e-08 9.9e-08 2.7e-08 2.1e-10 7.7e-09 6.6e-08 1.1e-07
N,>95 3.1 e-1 0 1.9e-12 8.0e-11 7.5e-10 1.3e409 3.5e-10 2.1 e-1 2 8.9e-11I 8.3e-10 1.4e409
Mo-93 2.5e-09 1.8e-11 6.9e-10 6.0e-09 1.0e-08 2.7e-09 2.0e-1 1 7.7e-10 6.7e-09 1.1 e-08
Tc 97.JzgZ3.3o..0Y2.4e-12 L> 9.0e-11.-;8.1ei0> JI.o;0 3.6e~ O ' 6 21'0e10~ 8 8 _O' ;. i5~
Tc-97m 3.Oe4O9 2.1e-1 8.2e-10 7.4e09 1.3e-08 3.4e-09 2.4e-11 9.0e-10 8.2e09 1 .4e08
Tc-99 6.5e-09 4.7e-1 1 1.8e-09 1.6e-08 2.7e-08 7.2e409 5.2e-1 1 2.0e09 1.8e-08 3.0e-08
Ru-103 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Ru-106 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
A 0 ,O.' O.Oe' -. O. Oo. 0 J+oo2.O.oeodoio.0e.,
Ag-I Om O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cd-109 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
Sn-113 2.5e49 1.8e-11 6.9e-10 6.1e-09 1.0e-08 2.8e09 2.0e-11 7.6e-10 6.8e09 1.2e-08
Sb-124 4.2e-09 2.8e-11 1.1e09 1.0e-08 1.8e-08 4.7e-09 3.1e-11 1.2e-09 1.1e-08 1.9e-08

Si2 -- 8.0e.09 5 5.5e-11 .-v 2e-09)'-i9a0 ,3.2e, 8 .B.. 829 -M-i ,2e,08i : 3.5e-OB:
Te-123m 4.5e-09 3.2e-11 1.2e-09 1.1e-08 1.9e-08 5.0e-09 3.6e-11 1.4e-09 1.2e-08 2.1e408
Te-127m 8.0e-09 5.6e-1 1 2.2e-09 2.0e-08 3.3e-08 8.9e-09 6.3e-11 2.5e-09 2.2e-08 3.7e-08
1-125 3.3e48 2.6e-10 9.5e4-9 7.9e-08 1.3e-07 3.6e-08 2.9e-10 1.1e-08 8.9e-08 1.5e-07
1-129 5.3e-07 4.7e-09 1.6e-07 1.3e-06 2.1e-06 5.9e-07 5.2e-09 1.8e-07 1.4e-06 2.4e-06

i-,11-^ ." ,' 85i:,.3e-13t37-1 1.6e409 3e9, 9i 0 3 3 e1,,. 9.40
Cs-134 1.2e-07 1.1e-09 3.7e-08 3.0e-07 5.Oe407 1.4e-07 1.2e-09 4.2e-08 3.3e-07 5.5e-07
Cs-135 1.3e-08 1.2e-10 4.1e-09 3.3e-08 5.5e-08 1.5e-08 1.3e-10 4.7e-09 3.7e-08 6.0e-08
Cs-137 9.1e408 8.2e-10 2.8e-08 2.2e-07 3.7e-07 1.Oe-07 9.1e-10 3.1e-08 2.5e-07 4.1e-07
Ba-133 2.3e-08 2.1e-10 7.0e-09 5.6e-08 9.3e-08 2.5e-08 2.3e-10 7.9e-09 6.2e-08 1.0e-07

CF~9<-"<,,,>-1.e48-~1ie10--'9v9;'3;e 8 5.e 8-' 1; 8',2ei O, ~43e 9`- :,3e- -''5.6e, 8'
Ce-141 9.1e-09 6.1e-11 2.4e-09 2.2e-08 3.8e408 1.0e-08 6.7e-11 2.7e-09 2.4e-08 4.2e-08
Ce-144 3.2e-07 2.8e-09 9.7e-08 7.7e-07 1.3e-06 3.5e-07 3.2e-09 1.1e-07 8.5e-07 1.4e-06
Pm-147 4.5e-08 4.1e-10 1Ae-08 1.1e-07 1.8e-07 5.0e-08 4.5e-10 1.6e-08 1.2e-07 2.0e-07

NU~fr.-i~U1. -1-in
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Appendix H-2 Norm�fii�d"Effective Doses from Aluminum
Table H2.42 Normalized effective doses from inhalation: Dross disposal-municipal

Radionuclide Mass-based effective dose (pSv/y per Bq/g) Surficial effective dose (pSv/y per Bq/cn 2 )
Mean 5th - 50th 90th 95th Mean 5th 50th 90th 95th

Sm-151 3.5e-08 32e-10 1.1e-08 : 8.6e-08 1Ae-07 3.9e-08 3.5e-10 12e-08 9.6e-08 1.6e-07
Eu-15243.6e47Zs,3.3ee09 4 1 .Ie-07_ .9e z; .e-0 47:3.6e-9¢1.307.?.9.9e 7d1.6e-O6
Eu-154 4.7e-07 4.2e-09 1.4e-07 1.1e-06 1.9e-06 5.2e-07 4.7e-09 1.6e-07 1.3e-06 2.1e-06
Eu-155 62e-08 5.6e-10 1.9e-08 1.5e-07 2.5e-07 6.9e-08 6.2e-10 2.1e-08 1.7e-07 2.8e-07
Gd-153 2.7e-08 2.5e-10 8Ae-09 6.7e-08 1.1 e-07 3.0e-08 2.7e-10 9Ae-09 7.4e-08 1.2e07
Tb-160 3.6e48 3.1e-10 1.1 e-08 8.8e-08 I.5e-07 4.0e-08 3Ae-10 1.2e-08 9.8e-08 1.6e-07
,Tri70iO>4.i7e;-, J 4•A2e10 , 5~~ .&7D.&1ge07- ;- 5.3e-08 L9.6e-id>I .6e08e ,j.07~2ieO-
Trn-171 I.Ie-08 1.0e-10 3.5e09 2.8e-08 4.7e-08 1.3e-08 1.2e-10 4.0e-09 3.1e-08 5.2e-08
Ta-182 9.7e-09 7.0e-I 1 2.7e-09 2Ae-08 4.0e-08 1.1 e-08 7.7e-11 3.0e-09 2.6e-08 4.5e-08
W-181 5.8e-11 4.1e-13 1.6e-11 1.4e-10 2.4e-10 6.4e-11 4.6e-i3 I.8e-1 I 1.6e-10 2.6e-10
W-185 2.3e-10 1.6e-12 6.2e-11 5.7e-10 9.3e-10 2.6e-10 1.7e-12 6.9e-1I 6.3e-I0 1.Oe-09

,1 32e4-t--^5.4>097 .5eO 't,'t..0, i 3.9e.i0E 3.6 09~ 6.1eO19'
Ir-192 5.2e-09 3.4e-11 1.4e-09 1.2e-08 2.1e-08 5.8e09 3.7e-11 1.5e-09 1.4e-08 2.3e-08
Tl-204 1.2e-09 8.7e-12 3.4e-I0 3.0e-09 4.9e-09 1.3e-09 9.6e-12 3.8e-10 3.4e-09 5Ae-09
Pb-210 8.5e-46 6.3e-08 2.4e-06 2.1e-05 3.5e-05 9.5e-06 7.0e-08 2.7e06 2.3e-05 3.9e-05
Bi-207 6.5e49 4.6e-11_ 1.8e-09 1.6e-08 2.7e-08 . 7.2e09 4.9e-I :2.0e-09 1.8e-08 3.0e-08

,,-e 35.0e-06 .i
Ra-226 2.8e-05 2.6e-07 8.7e-06 6.9e-05 1.2e-04 32e405 2.8e-07 9.8e-06 7.7e-05 1.3e-04
Ra-228 4.9e-05 4.2e-07 1.5e-05 'I.2e-04 2.0e-04' 5.5e05 4.7e-07 1.7e-05 1.3e-44 2.2e-04
Ac-227 1.8e-03 1.6e05 5.5e-04 4.5e43 7.3e03 2.0e-03 1.8e-05 6.2e-04 4.9e-03 8.2e03
T-228 2.9e04 2.5e6 8.9e-05 7.0e-04 1.2e-03 3.2e-04 2.8e-06 9.7e-05 7.8e-04 1.3e-03

Th-230 3.1e-04 2.7e06 9.6e05 7.5e-04 1.3e-03 3.4e-04 3.De-06 1.0e-04 8.5e-04 IAe4-03
Th-232 3.2e-04 2.9e-06 9.9e-05 7.8e-04 1.3e-03 3.6e-04 3.1 e-06 1.1 e04 8.8e-04 1.4e03
Pa-231 1.8e-04 1.3e-06 5.Oe-45 4.6e-04 7.9e-04 2.0e-04 1.4e-06 5.5e-05 5.1e-04 8.7e-04
U-232 2.7e-04 2.4e-06 8.3e-05 6.5e-04 1.e-03 3.0e-04 2.7e-06 9.3e-05 7.4e-04 1.2e-03
U-233 ; .1e4 5w- 6.3e407 622;05Ija7O4..22.9 0 _- ;7.8e -5.:7.0 7i 2.4e45 ,,9e42e,4,
U-234 7.0e405 6.3e07 '2.e405 1.7e-04 2.8e-04 7.7e-05 6.9e-07 2.4e-05 1.9e-04 3.1e-04
U-235 6.3e-05 5.6e-07 1.9e-05 1.5e-04 2.5e-04 6.9e-05 6.2e-07 2.1 e05 1.7e-04 2.8e04
U-236 6.4e-05 5.8e07 2.0e05 1.5e-04 2.6e-04 7.1e-05 6Ae-07 2.2e-05 1.7e-04 2.9e-04
U-238 5.8e-05 5.2e-07 1.8e-05 1.4- e4 2.4e-O4 6.5e45 5.8e-07 2.0e-05 1.6e-04 2.6e-04
Np2?37:y._170 4-..O 5ie-05j>.5e-04_6 .1,,5,7eO4>k,, f@.8e-4&.BeO 4 ',,5.7e-j4.5e045 __.,4e,44
Pu-236 1.3e-04 1.2e-06 4.1e-05 3.3e-04 5.4e404 1.5e-04 1.3e6 4.6e-05 3.6e-04 5.9e-04
Pu-238 3.1e04 2.7e-06 9.5e-05 7.5e-44 1.2e-03 3.4e-04 3.1e-06 I.Ie-04 8.3e-04 Ae4-03
Pu-239 3.3e-04 2.9e4-6 I.Oe-04 8.0e-04 1.3e-03 3.6e-04 3.3e-06 1.1 e-04 8.9e-04 I.5e-03

Pu-240 2.4e-04 2.1e-06 7.3e-05 5.7e-4 9.6e-04 2.6e-04 2.4e-06 8.1 e-05 6.4e-04 1.1 e-03
F*2ii .. e-08'-1.8;.Q60e46,5e505 42.40 J6.70-0, 6.0-8 ¢) 2.1 o046 .56-7
Pu-242 3.2e-04 2.8e-6' 9.7e-05 7.7e-04 1.3e-03 3.5e-04 32e-06 1.1e-04 8.6e-04 1.4e-03
Pu-244 3.1e44 2.7e-06 9.5e-05 7.5e-04 1.2e-03 3Ae4-04 3.1e-06 1.1e04 8.3e04 1.4e-03
Am-241 3.0e-04 2.7e4-6 9.2e-05 7.3e-04 1.2e-03 3.3e-04 2.9e-06 1.0e-04 8.2e-04 1.3e-03
Am-242m 3.1e-04 2.8e-06 9.6e-05 7.6e-04 1.2e-03 3.4e-04 3.0e-06 1.1e-04 8.5e-04 1.4e403

m-243-- 3.04 2.7e-603 ' 3.3 4 2.9,06 1.0e 82e,44 I .303
Cm-242 3.5e-05 3.1e-07 1.1e-05 8.6e-05 1.4e-04 3.9e-05 .3.5e-07 1.2e-05 9.5e-05 1.6e-04
Cm-243 1.9e-04 1.7e-6 5.8e-05 4.6e-04 7.6e-04 2.1e-04 -'I.9e-06 6.4e-05 5.1e-04 8.4e-04
Cm-244 1.9e-04 .7e-06 5.8e-05 4.6e-04 7.6e-04 2.1e-04 1.8e-06 6.4e4-5 5.1e-04 8.5e-04
Cm-245 2.9e-04- 2.6e-46 9.0e-05 7.3e-04 1.2e-03 '3.3e-04 2.9e06 1.0e-04 8.0e-04 1.3e-03
Cr'r2,46 >. j 3.O-0e44 2.6o06''91,e05,-,;-17.4o044_1.2-03'' 3.3e 2 6. 3e-03.
Cm-247 2.6e-04 2.3e-46 8.0e-05 6.4e-04 1.Ie-03 2.9e-04 '2.6e-46 8.9e-05 7.1e-04 1.2e-03
Cm-248 4.5e04 '3.8e-06 1.3e-04 1.1e4-03 1.8e03 5.0e-04 4.1e-06 I.5e-04 1.2e-03 2.0e-03
Bk-249 1.1e4-6 9.8e-09 3.4e-07 2.7e-06 4Ae4-6 1.2e-46 I.Ie-08 3.7e-07 2.9e-06 5.0e-46
Cf-248 - 6.9e-05 6.1e-07- 2.1e-05 1.7e-04 2.8e-04 '7.7e-05 6.8e-07 2.4e-05 1.9e-04 3.1 e-04
Cf-249.-;' ',.'5.0e-44,4.4e-O $.5e 47•t,2e3,---2.0eO43 ' 5.5e4 3,4.9e46 1.7e 4,-<1.3e-03 <2.2e03:
Cf-250 2.4e-04 2.1e-06 7.4e-05 5.9eU04 9.8e-04 2.7e-04 2Ae-06 8.3e-05 6.5e-04 1.1e403

Cf-251 1.3e-04 8.5e-07 3.4e-05 3.0e-04 5.1e-04 1.4e-04 9.5e-07 3.7e405 3.3e-04 5.7e-04
Cf-252 IAe-4 1.3e-06 4Ae4-5 3.5e-04 5.8e-04 1.6e-04 1.4e-06 4.9e-05 3.8e-04 6.4e-04
Cf-254 2Ae-04 2.1e-06 7Ae-05 5.9e-04 9.8e-04 2.7e-04 '2.4e-06 8.3e-05 6.5e-04 1.1e-03
Es254 - -6.4 5.8e7 2.0e4;05 '1.6e-044 2.6e4-04 ^7.1e45 6.3e-07 ;2.2" 5<1.7e-044-2.9eO4

Note: To convert these values to conventional units (mrem/y per pCig or mremly per pC/cmn), multiply by 3.7e-3

IH-179 NULREG-1640



Normalized Effective Doses from Aluminiim App~endix H-2
Normlizd Efectve Dsesfro Aluinu Av~ndi H-

Table H2.43 Normalized effective doses from ingestion: Dross disnosal-municinall

Radionuclide Mass-based effective dose (USvty per BqIg)
Mean 5th 50th 90th 95th

Surficial effective dose (pjSv/y per Bq/cm2)
Mean 5th 50th 90th 95th -

H-3 0.Oe+00 0.0e+00 .0.e+00 0.0e+00 0.Oe+00 0.0e+00 0.0e+00 0.Oe+00 0.Oe+00 0.Oe+00
C-14 2.6e-08 1.4e-10 6.3e-09 6.5e-08 1.1e-07 2.9e-08 1.5e-10 7.0e-09 7.2e-08 1.2e-07
Na-22 1.4e-07 7.2e-10 3.3e-08 3.4e-07 5.7e-07 1.5e-07 7.9e-10 3.7e-08 3.8e-07 6.3e-07
P-32 8.0e-10 1.0e-12 8.1e-11 1.6e-09 3.4e-09 8.8e-10 1.1e-12 9.0e-11 1.8e-09 3.9e-09

35,.+O. t ,', e 0.Oe+OO ,, e 0 0e.0b0.',0 6 0 >0.Oe+,0O',,;->,,c0.6e •-'a.Oe~ai a.60 .oV-b0 .aeX< Oe+,0.ae 0
CI-36 4.4e-8 2.3e-l0 1.1e-08 1.1e-07 1.8e-07 4.8e-08 2.5e-10 1.2e-08 1.2e-07 2.0e-07
K-40 2.8e-07 1.5e-09 6.8e-08 6.9e-07 1.2e-06 3.1 e-07 1.6e-09 7.5e-08 7.7e-07 1.3e-06
Ca-41 1.2e-08 6.5e-Il 3.0e-09 3.0e-08 5.1e-08 1.4e-08 7.1e-11 3.3e-09 3.4e-08 5.7e-08
Ca-45 2.4e-08 1.2e-10 5.7e-09 5.8e-08 9.7e-08 2.6e-08 1.3e-10 6.2e-09 6.4e-08 1.1e-07
SG46'S1SQ,3.8e0,08 ,lw>1a9-1Ke 8.9. 4 9_$92O, 52j.t1.6ed074,', -r,4e8t21-,Q¢ t~,99'1007>17-0,
Cr-51 4.8e-Il 1.4e-13 8.3e-12 1.1e-10 2.0e-10 5.3e-i 1.6e-13 9.2e-12 1.2e-10 2.3e-10
Mn-53 9.9e-1i 4.6e-13 2.3e.-i 2.5e-10 4.2e-10 1.1e-10 5.1e-13 2.5e-1I 2.8e-10 4.7e-10
Mn-54 2.0.-9 9.3e-12 4.5e-10 5.0e-09 8.3e-09 2.2e-09 1.0.e-i 5.0.e-10 5.6e-09 9.4e-09
Fe-55 1.1-09 4.7e-12 2.4e-10 2.6e-09 4.4e-09 1.2.-09 5.2e-12 2.6e-10 2.9e-09 4.9e-09

Co-56 4.0e-09 1.7e-i 8.8e-10 9.9e-09 1.7e-08 4.5e-09 1.9e-1 9.8e-10 1.1e-08 1.9e-08
Co-57 5.3e-10 2.4e-12 1.2e-10 1.3e-09 2.2e-09 5.9e-10 2.6e-12 1.3e-10 1.5e-09 2.4e-09
Co-58 1.1e-09 4.8e-12 2.5e-10 2.8e-09 4.8e-09 1.3e-09 5.4e-12 2.7e-10 3.1e-09 5.3e-09
Co460 8.2e-09 3.7e-i 1.9e-09 2.0e-08 3.4e-08 9.1e-09 4.0e-1I 2.1e-09 2.3e-08 3.7e-08

Ni-63 4.9e-10 2.2e-12 1.1e-i0 1.3e-09 2.2e-09 5.5e-10 2.4e-12 1.3e.10 1.4e-09 2.4e-09
Zn-65 1.1e-08 4.7e.-i 2.3e-09 2.6e-08 4.3e-08 1.2e-08 5.2e-11 2.6e-09 2.9e-08 4.8e-08
As-73 9.7e-10 3.8e-12 2.1e-10 2.4e-09 4.3e-09 1.1e-09 4.2e-12 2.3e-10 2.6e-09 4.7e-09
Se-75 1.2e-08 4.8e.-i 2.5e-09 2.9e-08 5.1e-08 1.3e-08 5.4e-i 1 2.8e-09 3.2e-08 5.6e-08
Sr-89,1 O ' ,5.3e~1i';& 2.5.095j 27,e 08-5;.45.-08':^ 1.......................... ,^"'12e-08 5.9&i1X)2.8e-09-n .0-0S;50-'
Sr-89 4.1e-08 1.9e-10 9.2e-09 1.Oe-07 1.7e-07 4.5e-08 2.1e-i0 1.0e-08 1.1e-07 1.9e-07
Sr-90 1.3e-06 6.8e-09 3.1e-07 3.2e-06 5.4e-06 1.4e-06 7.5e-09 3.5e-07 3.6e-06 6.0e-06
Y-91 4.7e-08 2.3e-10 1.1e-08 1.2e.07 2.0e-07 5.3e-08 2.6e-10 1.2e-08 1.3e-07 2.2e-07
Zr-93 4.8e-09 1.4e- I 9.3e-10 1.2e-08 2.1 e-08 5.4e-09 1.6e.-i 1.0e-09 1.3e-08 2.3e-08
Z~r-95IC.i.1'-084' 3.3r- 1:Y ,2.2e*,09B 2.8e,8.-OS 4.9e-08,w 5:.-e.0.3o-08' 3.64 -1 2 4e,9' . 5
Nb-93m 4.0e-10 1.8e-12 8.9e-11 9.8e-10 1.7e-09 4.5e-10 2.0e-12 9.8e.-1 1.1.09 1.9e-09
Nb-94 5.8e-09 2.6e.-i 1.3e-09 1.4e-08 2.4e-08 6.4e-09 2.9e.-i 1.4e-09 1.6e-08 2.7e-08
Nb-95 4.8e-10 l.8e-12 9.5e.11 1.1e-09 2.1e-09 5.3e-10 2.0e-12 1.0e-10 1.2e-09 2.3e.-9
Mo-93 1.8e-08 7.6e.-i 3.9e-09 4.5e-08 7.8e-08 2.0e-08 8.5e-I1 4.4e-09 5.Oe-08 8.7e-08
T.974 f.-9L 5.9i -10, - i 2.5.e-O 09. -; 6.596-iO12.7l2 l4i1,;,i 7e .!i

Tc-97m 2.6e-09 1.1.-li 5.3e- 0 6.3e-09 1.1e-08 2.9e-09 1.2e.-1 5.9e-10 6.9e-09 1.2e-08
Tc-99 5.5e-09 2.3e1lI 1.2e-09 1.3e-08 2.3e-08 6.1e-09 2.6e-1I 1.3e-09 1.5e-08 2.6e-08
Ru-103 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ru-106 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+O0 O.Oe+OO.Oe+00 O.Oe+OO O.Oe+00
Agi 08n> 0.0e+00 a.oe+ 0't,. OO .O+; OOe+O .+O. 0 Ot.Oe+0 o 0e+0&lb. .0
Ag-11 Om O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cd-109 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00
Snr-113 3.5e-09 1.4e.-1 7.2e-10 8.5e-09 1.5e-08 3.8e-09 1.6e.11 8.1e-10 9.4e-09 1.6e-08
Sb-124 7.6e-09 3.0e.-1 1.6e-09 1.8e-08 3.2e-08 8.4e-09 3.3e-li 17.e09 2.0e-08 3.5e-08
Sb-i25W-'F'+-8.7e09 .,53.6e- ,1- .9e,0 9-2.le,0 3.6e8 ' 9.7 09 ,v4.06-il 1 ' ' ;
Te-123m 6.4e-09 2.6e-1I 1.4e-09 1.6e-08 2.7e-08 7.1e-09 2.9e-li 1.5e-09 1.7e-08 3.0e-08
Te-127m 1.1e-08 4.4e-11 2.3e-09 2.7e-08 4.5e-08 1.2e-08 4.8e-il 2.6e-09 2.9e-08 5.1e-08
1-125 2.3e-07 1.1e-09 5.3e-08 5.6e-07 9.6e-07 2.6e-07 1.2e-09 5.8e-08 6.2e-07 1.1e-06
1-129 3.9e-06 2.1e-08 9.3e-07 9.8e-06 1.6e-05 4.4e-06 2.3e-08 i.0e-06 1e-05 1.8e-05

I1lV 5.8oe0 - .-..--.. 6..'...1.5..O
143.3e2 2.i0e 1.Oo-08--2ie8-', r'6.4e-09,,1.51-,2~2.2.-i.ieO8'- 2-6e-081
Cs-134 8.3e-07 4A4-09 2.0e-07 2.1e-06 3.5e-06 9.2e-07 4.8e-09 2.2e-07 2.3e-06 3.8e-06
Cs-135 9.4e-08 4.9e-10 2.3e-08 2.3e-07 3.9e-07 1.0e-07 5.4-e10 2.5e-08 2.6e-07 4.3e-07
Cs-137 6.1 e-07 3.2e-09 1.5e-07 1.5e-06 2.5e-06 6.7e-07 3.5e.-9 1.6e-07 1.7e-06 2.8e-06
Ba-133 4.4e-08 2.3e-la 1.1e-08 -1.1-07 1.8e-07 4.9e-08 2.5e-10 1.2e-08 1.2e-07 2.0e-07
C j3;,-,-,,;, 8.0e'09,-4.1.el ''1, i;'9.09 2.0.-O 8-','43.30-08' .:';-849 46o-i1Te2- 1 09' :2.2e-08--3.6-8

Ce-141 7.1e.-9 2.9e.-i 1.5e-09 1.7e-08 3.0e-08 7.9e-09 3.2e-il 1.6e-09 1.9.-08 3.3e-08
Ce-144 2.0e-07 1.0e-09 4.8e-08 4.9e-07 8.1e-07 2.2e-07 1.1e-09 5.3e-08 5.4e-07 9.0e-07
Pm-147 1.2e-08 6.0e- I 2.8e-09 2.8e-08 4.8e-08 1.3e-08 6.7e-i 3.1e-09 3.2e-08 5.3e.-8
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Appendix H-2 i ENormafiiid Effective Doses from Aluminum

Table H2.43 Normalized effective doses from Ingestion: Dross disposal-municipal
Radionuclide Mass-based effective dose (pSvty per Bq/g) Surficial effective dose (uSv/y per BqIcm2)

Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
Sm-151 . 4.6e-09 2Ae-11 1.1e-09 1.1e-08 1.9e-08 5.1e-09 2.6e-11 1.2e-09 1.3e08 2.1e-08

Eo12 ,.,.,-~6.5e-08 ;' M3.4e-10 : I .6e-08',$,1.6e-07fZ 2.78 07-,--7.2-7 8w-'W3.7e-10 ;=a1.7e-08- '1.8,47,, 3.0-07~
Eu-154 9.2e-08 4.8e-10 2.2e-08 2.3e-07 3.8e-07 1.0e-07 5.3e-10 2.5e-08 2.5e-07 42e-07
Eu-155 1.5e-08 7.6e-11 3.5e-09 3.6e-08 6.1e-08 1.6e-08 8Ae-11 3.9e-09 4.0e-08 6.7e-08
Gd-153 1.0e-08 5.3e-11 2.5e-09 2.5e-08 4.2e-08 1.1e-08 5.9e-11 2.7e-09 2.8e-08 4.6e-08
Tb-160 3.7e-08 1.8e-10 8.6e-09 9.1e-B 1.5e-07' 4.1e4-08 2.0e-10 9.6e-09 1.Oe-07 1.7e-07

Tn-171 4.8e-09 2.5e-11 12e-09 .12e-08 2.0e408 5.3e-09. 2.7e-11 1.3e-09 1.3e-08 22e-08
Ta-182 6.8e-09 2.7e-11 1.5e-09 1.6e-08 2.9e-08 7.6e-09 3.0e-11 1.6e-09 1.8e-08 3.1e-08
W-181 3.6e-10 1Ae-12 7.7e-11 8.5e-10 1.5e-09 3.9e-10 1.6e-12 8.5e-11 9.5e-10 1.6e-09
W-185 1.6e-09 6.0e-12 3Ae-10 3.8e-09 6.5e-09 1.8e-09 6.9e-12 3.7e-10 4.3e-09 7.3e-09

2: 4A `4e-2., 4A,2.43>5.160 Z &09 .2. 09 9.0e i23U4:9&.1OU, 09 `: t9.8e-09-
Ir-192 5.0e-09 2.0e-11 1.Oe-09 1.2e-08 2.1e-08 5.6e-09 2.2e-11 1.1e-09 1.4e-08 2.3e-08
Tl-204 8.8e-09 3.6e-IlI 1.9e-09 2.1e-08 3.7e-08 9.7e-09 3.9e-11 2.1e-09 2.4e-08 4.1e-08
Pb-210 6.5e-06 2.8e-08 1Ae-06 1.6e-05 2.7e-05 7.2e-06 3.0e-08 1.5e-06 1.8e-05 3.0e4-5
; B-207 9.1e-09 3.7e-11 2.0e-09 2.3e4B 3.9e-08 1.Oe-08 4.1e-1 I 22e-09 2.5e-OB 4.3e-08
Po2l0.7e-O6e7.O09- 3.6eO7;-f2e06 7.4-06 1. 6.7 .-̂ 9240e-07,-4.6e&068.ie-
Ra-226 1.2e-05 6.5e-08 3.0e-06 3.1e-05 5.2e-S 1 7.e-05 -05 5.7e-05
Ra-228 3.2e-05 1.7e-07 7.7e-06 7.9e-05 1.3e-04 3.5e-05 1.8e-07 8.5e-06 8.7e-05 1.5e-04
Ac-227 4.6e-05' 2Ae-07 1.1e-05 1.2e-04 1.9e-04 5.1 e-05 2.6e-07 1.2e4-5 1.3e-04 2.1 e-04
Th-228 5.4e4-6 2.8e-08 1.3e-46 1.3e-05 2.2e405 6.0e-06 3.1e-08 1.4e-O6 1.5e-05 2.4e-05

9 z9,-,-2.3e-O5 ,',1.2e-O7t,:5AoO6 {-5.7,05.7K'9.4e O'Oee6 06.-e05 04
Th-230 8.0e-06 4.2e-08 1.9e4-6 2.0e-05 3.3e4-5 8.9e-06 4.6e-08 2.1e-06 22e-0S 3.6e-05
Th-232 9.0e-06 4.7e-08 2.1e-06 2.3e-05 3.7e4-5 1.0e-05 5.1e-08 2.4e-06 2.5e-05 4.1 e-05
Pa-231 5.Oe-06 2.1 e-08 1.1e-06 1.3e-05 2.1e-05 5.6e-6 2Ae4-08 12e-06 1Ae4-05 2.4e4-5
U-232 1.1e-05 6.0e-08 2.8e-06 2.8e-05 4.7e-05 1.3e-05 6.5e-08 3.0e-06 32e-05 5.3e4-5
U-233i'2->.¶Y1.8e 0'-9.2.-Og 2;4.2.-O7- .4'46 z7.3o-06' 2.0 6.a1.oe 08§4.7e-07,>'i4.9&06,8.10-06
U-234 1.7e-06 9.0e-09 4.2e-07 '4.3e-06 7.2e-06 1.9e-06 9.9e-09 4.6e-07 4.8e-06 8.0e-06
U-235 1.6e-06 8.6e-09 3.9e-07 4.1e-06 6.8e-06 1.8e-06 9.3e-09 4.3e-07 4.5e-06 7.5e4-6

; U-236 1.6e-06 8.4e-09 3.9e-07 4.0e-06 6.7e-06 1.8e-06 9.1e-09 4.3e-07 4.4e-06 7Ae-46
U-238 1.7e4-6 8.8e-09 4.0e-07 42e-06 6.9e-06 1.9e-06 9.5e-09 4Ae4-07 4.6e-06 7.7e4-6
Np 2377r. 4.2e.O6g-2.2e-O8t '.i;0,6 i.0e-05z1.-7e-05 5*.,7e ,00i.2e-05 1.9e -05
Pu-236 3.1 e-06 1.6e-08 7Ae4-07 7.6e-06 1 .2e-05 3.4e-06 1 .7e-08 8.2e-07 8.4e-06 1 Ae-05
Pu-238 8.1 e-06 42e-08 2.0e-06 2.0e-05 3.3e-05 9.Oe-06 4.6e-08 2.2e-06 2.2e-05 3.7e-05
Pu-239 8.8e-06 4.6e-08 2.1 e-06 22e-05 3.6e-05 9.8e-06 5.0e-08 2.4e-06 2Ae-05 4.0e-05
Pu-240 6.4e-06 3.3e-08 1.5e-06 1.6e-05 2.6e45_ 7.1 e-06 3.6e-08 1.7e-06 1.7e-05 2.9e-05
P ,-2j __ ,, ..7e-07 __8 7e-10 __4Oe48 42oO7'6 e ,', .ol7__9.5'.61 ,
Pu-242 8Ae-06 4.4e-08 2.0e-06 2.1e-05 3Ae.4-5 9.3e-06 4.8e-08 2.3e-06 2.3e-05 3.8e-05
Pu-244 8.5e-06 4.4e4-8 2.1 e-06 2.1 e-05 3.5e4-5 9.5e-06 4.8e-08 2.3e-06 2.3e-05 3.9e-05
Am-241 7.6e-06 4.0e-08 1.8e-06 1.9e-O5 3.2e-05 8.5e-06 4.4e-08 2.0e4-6 2.1e-05 3.5e-05
Am-242m - 7.6e-06 4.0e-08 1.8e-06 1.9e4-5 3.2e-05 8.5e-06 4.4e-08 2.0e-06 2.1e-05 3.5e-05
Am2i3 -L!' 7.-ie6 ,4.1-e 08,;1.8e06 -1.9-05,--3.2e-05'8'5 4o806 4 2&2.0 e0 ,2.1 esL5,.5 3-05
Cm-242 4.0e-07 2.1e-09 9.5e-08 9.9e-07 1.7e-06 4.4e-07 2.3e-09 1.1e-07 1.1e-06 1.8e-06
Cm-243 4.9e-06 2.5e-08 12e-06 . 1.2e-05 2.0e-05 5.4e-06 2.8e-8 1 .3e-06 1.3e-05 2.2e-05
Cm-244 4.5e-06 2Ae-08 1.1 e-06 1.1 e-05 1.9e-05 ' 5.0e-06 2.6e-08 12e-06 1.3e-05 2.1e-O5
Crn-245 _ 7.9e4-6 4.1 e-O8 1.9e-06 2.0e-05 3.3e-05 8.7e-06 4.5e-08 2.1e-06 2.2e-05 3.6e-45
Cm-i46 __- 8 0w'.-OS _fi4.le- 1.9-6~2.0e4 05 --- 3.3e- 5.§B8e-6 __ .So'J 8 ,-f 2 .li46 ~22e-0 3.7.-Os
Cm-247 6.8e-06 3.5e-08 1.6e-6 1 .7e-05 2.9e.-5 7.6e4-6 3.9e-O8 1.8e-06 1.9e-05 3.1 e-05
Cm-248 1.3e-OS 6.0e-O8 2.9e-06 3.1e-05 5.3e-05 I ;Ae-05 6.8e-08 3.2e-06 3.4e-05 5.8e.-5
Bk-249 3.6e-08 1.9e-10 8.6e-09 8.8e-08 1.5e-07 4.0e-08 2.0e-10 9.5e-09 9.8e-08 1.6e-07
Cf-248 1.1e-06 5.8e-09 2.7e-07 2.7e-06 4.5e-06 1.2e-06 6Ae-09 2.9e-07 3.0e-06 5.1e-06

1Cf-249 - .3e-5 066.9e -O8 3.2.-O .;3.3.-O5 5.50-05 _.i5 __ 7.7e _. e 370 6.1. -5
Cf-250 6.0e-06 3.1 e-08 1.5e-06 1.5e-5 2.5e-05 6.7e-06 3.5e-08 1.6e-06 1.7e-05 2.8e.-5
Cf-251 3Ae-06 1.Ae-08 7.1 e-07 8.2e-06 1.4e-05 3.7e-06 1.6e-08 7.9e-07 9.0e-06 1.6e-O5
Cf-252 3.4e-06 1.8e-08 82e-07 8.4e4-6 I Ae-5 3.8e-06 2.0e-08 9.1e-07 9.4e-06 1.6e.-5
Cf-254 1 .5e-05 7.9e-08 3.6e-06 3.7e-05 6.2e-5O 1.7e-05 8.7e-08 4.0e-06 4.2e-05 7.0e-05
Es-254 ' 1.1e46 i-:5.5e49Z>2.5.-0:2.6e46. ~4.3e-06- t '1. O6'.6.-09 ,..2.Be47 -;2.9e0 6 -4.740-6.
Note: To convert these values to conventional units (mrem/y per pCilg or mremly per pCUcrn2), multiply by 3.7e-3
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NoTmalized Effective Doses from Aluminum Appendix H-2
Table H2.44 Normalized effective doses from all pathways: Leachate-industrial-scrap

Radionuclide Mass-based effective dose (pSvly per BqIg)
Mean 5th 50th 90th 95th

Surficial effective dose (9S0ty per Bq9cmt
.Mean 5th 50th 90th 95th

H-3 2.9e-06 O.Oe+00 2.7e-09 4.3e-06 1.1e-05 3.2e-06 - O.Oe+00 3.0e-09 4.8e-06 1.2e-05
C-14 4.6e-06 O.Oe+00 O.Oe+00 O.Oe+00 8.7e-06 5.1e-06 O.Oe+00 O.Oe+00 O.Oe+00 9.4e-06
Na-22 1.6e-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.6e-41 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00
P-32 2.5e-43 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.6e-43 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+O0

35- _ 1.18-17,1.-,O.0e+O, i s0.0 _+0O,-;.Oe+O h59.88-39 ' ' 0.eOO+O2'.0e+00 81.1e.38-i

CI-36 6.7e-05 O.Oe+00 O.Oe+00 8.5e-05 2.7e-04 7.5e-05 O.Oe+00 0.Oe+00 9.3e-05 3.0e-04
K-40 3.6e-04 O.Oe+00 O.Oe+00 4.6e-04 1.3e-03 4.0e-04 O.Oe+00 O.Oe+00 5.1 e-04 1.5e-03
Ca-41 2.4e-05 O.Oe+OO O.Oe+00 3.8e-05 1.Oe-04 2.7e-05 O.Oe+00 O.Oe+00 4.2e-05 1.2e-04
Ca-45 8.3e-23 O.Oe+00 O.Oe+00 1.8e-37 5.3e-37 8.9e-23 O.Oe+00 O.Oe+00 2.0e-37 5.9e-37
SSWQO+ e+00N,:,- O .O + ,8 0 O.Oe'+,OOphE*"O Oe,+,<tO.Oe40Oj
Cr-51 5.7e-41 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 6.2e-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mn-53 7.7e-08 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 8.7e-08 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mn-54 2.2e-28 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.4e-28 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Fe-55 3.1e-17' O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 3.1e-17 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Fe-59,2 '_.,' 8.6e~e 0.e+0 0 0 O.Oe+ OeO' ,O;Oe ,+00. , ,9.4 0,O.Oe+OO "O.O ,;Oe, , 0.0 003
Co-56 4.3e-28 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 4.4e-28 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Co-57 5.5e-17 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 5.7e-17 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Co-58 1.6e-30 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.7e-30 O.Oe+00 Q.Oe+00 O.Oe+00 O.Oe+00
Co-60 8.3e-11 O.Oe+OO O.Oe+00 O.Oe+0O O.Oe+00 8.8e-11 O.Oe+00 Q.Oe+00 O.Oe+00 O.Oe+00

Ni-63 4.0e-15 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 4.2e-15 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zn-65 3.0e-13 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 3.4e-13 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
As-73 2.6e-45 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.9e-45 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Se-75 5.8e-42 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 7.4e-42 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Sir',.BB.i.'e220-.0e8 O *,.OOOe+O *.9'e23' 222"- 0.0e+'00j 0.0e+00s90.0e00r4.2 .39j§
Sr-89 1.1e-25 O.Oe+00 O.Oe+00 O.Oe+00 1.4e-38 1.2e-25 O.Oe+00 O.Oe+00 O.Oe+00 1.5e-38
Sr-90 1.8e-05 O.Oe+00 O.Oe+00 O.Oe+00 7.9e-1 1 1.9e-05 O.Oe+00 O.Oe+00 O.Oe+00 7.9e-11
Y-91 7.1e-39 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 8.1e-39 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr-93 2.1e-10 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.5e-10 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr5r , .- e+O',-, 0.Oe±0,Oe O.Oe+OO. Oe - -3 -; 0.0e 40, O.Oe,+OO 0.Oe+j
Nb-93m O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Nb-94 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Nb-95 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mo-93 4.3e-05 O.Oe+00 O.Oe+00 O.Oe+00 3.9e-05 4.7e-05 O.Oe+O0O O.Oe+00 O.Oe+00 4.2e-05
To97t'-i '-5.36 b5j0.Oe-f IIe,0.0e C3 i'9.1e0s-OS23'e-04__ ''SE6.0e-05g'0.0e 000 .00e0~ te4 2.5e, 4
Tc-97m 7.2e-12 O.Oe+00 O.Oe+00 4.8e-36 3.4e-35 9.0e-12 O.Oe+00 O.Oe+00 '5.3e-36 3.9e-35
Tc-99 5.0e-04 O.Oe+00 O.Oe+00 8.6e-04 2.2e-03 5.6e-04 O.Oe+00 O.Oe+00 9.7e-04 2.3e-03
Ru-103 5.9e-42 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 6.8e-42 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ru-106 5.3e-40 O.Oe+00 O.Oe+OO O.Oe+O0 O.Oe+00 6.1e-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ag,108&..$2.5e-0T.Oe+0.0.Q00 ~>0.0i*00.X0:0e!0 0,e+OO,+,-2.8o-075 Oe+OO.,e O.O40'>' O.Oe+006 0.O 00t
Ag-11 Om 5.6e-38 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 5.8e-38 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cd-109 7.0e-15 O.Oe+00 O.Oe+00 O.Oe+00 2.6e-39 8.7e-15 O.Oe+00 O.Oe+00 O.Oe+00 2.9e-39
Sn-I 13 3.3e-39 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 3.5e-39 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sb-124 1.8e-43 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O 2.0e-43 O.Oe+00 O.Oe+00 O.Oe+00O.Oe+00

SS1253;;'': 1.6e,,42,',50.0e 00_ e+OO..,;O,'eOeO<-00e4,'.e r.O 0o,.0ee+00-- 0
Te-123m 1.3e-12 O.Oe+00 O.Oe+00 O.Oe+00 9.3e-38 1.4e-12 O.Oe+00 O.Oe+00 O.Oe+00 1.1e-37
Te-127m 9.0e-13 O.Oe+00 O.Oe+00 O.Oe+00 1.5e-37 9.8e-13 O.Oe+00 O.Oe+00 O.Oe+00 1.7e-37
1-125 3.0e-19 O.Oe+00 O.Oe+00 3.6e-36 1.5e-35 3.3e-19 O.Oe+00 O.Oe+00 4.0e-36 1.8e-35
1-129 1.8e-02 ,.Oe+00 O.Oe+00 2.1e-02 6.4e-02 ,2.0-02 0.Oe+0 02.Oe+00 2.3e-02 7.2e-02
11--; 'f 1itale2e 36' 0.0e+00.'O.Oe+00Z 7.1e-37.-30e-36~:' -,,^>1.3s-368 O.Oe+ 00,-,O.O0e+00-i8.0e-37:.' 3.3e36;
Cs-134 6.5e-14 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 7.7e-14 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-135 1.2e-06 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.3e-06 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-137 2.5e-08 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.9e-08 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ba-133 1.3e-05 O.Oe+O0 O.Oe+00 2.8e-15 8.4e-07 1.4e-05 O.Oe+00 O.Oe+00 3.2e-15 9.3e-07
Ce.139'.A_-'',S,_- 6.0&45> O.Oe ' O.Oe+0 O.e0.00+0 :O.Oe+0 0 ;-3-'-.6 ie, ;.Oe+O0. ';O.Oe4 ' O.Oe+ O 0.O 00L
Ce-141 3.9e45 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 3.9e45 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
Ce-144 2.5e-43 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.5e-43 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pm-147 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
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Appendix H-2 Normalized Effective Doses fmm Aluminum -

Table H2.44 Normalized effective doses from all pathways: Leachate-Industrial-scrap

Radionuciide Mass-based effective dose '(Svly per Bqlg) Surficial effective dose (pSv/y per Bq/cm2)
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

Sm-151 O.Oe+00 Oe+O0 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O
Eu-1524 ' O.Oe+00 O e00 .O.Oe. 0 iO.Oe+Q0O.Oe+00 .e+ 0 ,.000,'.0e00':' e00 O.Oe+Ol
Eu-154 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Eu-155 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Gd-1653 O.Oe+OO 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 '.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Tb-i1 4.6e-38 O.Oe+O' O.Oe+OO O.Oe+60 O.Oe+00 5.3e-38 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Tra-17i 9.5e-12 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.0e-11 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ta-182 1.7e-17 0.00+00 0.Oe+00 O.Oe+OO O.Oe+OO 2.3e-i7 0.00+00 0.0e+OO O.Oe+OO O.Oe+OO
W-181 2.3e-19 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 2.6e-19 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
W-185 3.1e-24 O.Oe+0O O.Oe+OO O.Oe+OO O.Oe+OO 3.4e-24 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Oi87;8 j9.3e-25]0.0eO,.e+,003-0.00t00 .00*00O..e+00 - 1 Ae-25A 0.et0 0.000 .Oe+00 a0.0e.00,,.
Ir-192 8.5e-30 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 9.7e-30 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Tl-204 4.6e-33 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 4.9e-33 O.Oe+00 O.Oe+00 O.Oe+00 O..e+00
Pb-210 7.7e-10 O.Oe+00 'O.Oe+00 O.Oe+00 O.Oe+00 8.2e-10 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Bl-207 1.3e-14 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.4e-14 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
' 9 i'O3 j' O.e0,i;,0.8- -. X7O ;+s..i'iO48,t0,0=0+0Et0,.

Ra-226 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ra-228 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ac-227 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-228 .Oe++00 O.Oe+00 0.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+DW O.Oe+00 O.Oe+00 O.Oe+0W
TFh229,±Z~e'2 '0.0,+OO _l 0.0O+OO ..Oe+00_0.Oe+OO 0 O.Oe+ 0 WO .e4O0fj0.0e+00'0.0e+O0,-O.0e+00
Th-230 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-232 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pa-231 O.Oe+00 ' O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-232 6.9e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 .7.4e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-233. 8.9e-04 0.e+00. O Oe0 0
U-234 5.9e-04 'O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 6.5e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-235 7.6e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 8.3e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-236 5.4e-04 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 5.9e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-238 5.6e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 6.1e-04 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Hp27,e,, .20'^,.e,+0.0,,,+0.7q.5-04Z ,7,.9e-03: 5.5 . O..#0Q0 .0s~ 005.1eW,0 3 ,8e0
Pu-236 6.3e-12 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 6.6e-12 O.Oe+00 O.Oe+00 O.Oe+WO O.Oe+00
Pu-238 3.0e-10 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+WO 3.1e-10 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-239 3.9e-07 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 3.9e-07 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-240 3.6e-07 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00 3.6e-07 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-24 ,, 0.0
Pu-242 3.9e-07 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+WO 3.9e-07 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-244 4.3e-07 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 4.3e-07 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Am-241 5.3e-05 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 5.7e.-5 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00
A.m-242m 3.7e-05 O.Oe+,00O. Oe~+0 O.Oe,+00 O.Oe,+00 4.0e-05 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
A1243 A,,1.2e 04 ,O.Oe+,0.0e400t,' O.00+0 ;'1 -04 >0.0e400'..O+OO ,.Oe+W ',-' 0.0e.00_
Crm-242 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-243 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 .O.Oe+00 O.Oe+00
Cm-244 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-245 O.e+00W O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.e+00
Cm-246 0e+00 -' O;e+.OO ... 00t0 0 000h 0O.O ,; 0.000_i.'0. 00 .+ 0.Oet -..Oe+OO'--.Oe+ 00
Cm-247 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-248 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Bk-249 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-248 1.7e-tO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 I.9e-10 0.Oe+0 00.Oe+00 0.Oe+00 O.Oe+O0
Cf-249: £1 3.3e-07K."0.00+0' O.0.OO0-0.Oe+00 :;0 O.Os+W t. -,3.6e-07 ,; 0.0e +0 O.Oe+O' -,O.O+OO . 0.
Cf-250 2.8e409 O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+W0, 3.0e-09 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+W0
Cf-251 9.2e-07 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 1.0e-06 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-252 9.6e-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 I.Oe-39 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00
Cf-254 2.7e-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.9e-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Es-254'; '''1.6e-6 0 00 0.00+00 -'-0.0+0 6 0.' 0- O.Oe+O -. 00 O.Oe+W0 .-. 0.'00
Note: To convert these values to conventional units (mremty per pCUg or mrem/y per pCffcm2), multiply by 3.7e-3
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Normalized Effective Doses from Alumninum Appendix H-2

Table H2.45 Normalized effective doses from all pathways: Leachate-municipal-scrap -
Radionuclide -Mass-based effective dose (pjSvly per BqIg)

Mean 5th 50th 90th 95th
Surficial effective dose (pSvly per Bq/cm2)

Mean 5th 50th 90th 95th
H-3 1.1e-06 O.Oe+00 5.7e-10 1.2e-06 3.7e-06 1.2e-06 0.0e+00 6.0e-10 1.4e-06 4.1e-06
C-14 1.7e-06 0.0e+00 0.0e+00 0.0Oe+00 2.0e-06 1.9e-06 O.Oe+00 0.0e+00 0.0e+00 2.2e-06
Na-22 5.Oe-43 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 5.3e-43 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00
P-32 3.7e-44 0.0e400 O.Oe+00 0.0e+00 O.Oe+00 3.9e-44 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00
S35z^ ' I +;.6e-17;. z 0.0, 00_ .'0.0o00 0.0e+'00b, 2.0e-39 ' Y. ii~ ,O.Oe+, - O ,040~00o0: 30.0e+00.A. 2.2e,,3i

Cl-36 2.6e-05 O.Oe+0O 0.0e+00 2.6e-05 9.0e-05 2.9e-05 O.Oe+00 O.0e+00 2.9e-05 1.0e-04
K-40 1.3e-04 O.Oe+00 0.0e+00 1.4e-04 5.0e-04 1.4e-04 O.Oe+00 O.Oe+00 1.5e-04 5.6e-04
Ca-41 1.0e-05 O.0e+00 O.Oe+00 1.3e-05 3.8e-05 1.1e-05 O.Oe+00 0.0e+00 1.4e-05 4.3e-05
Ca-45 6.1e-23 O.Oe+O0 O.Oe+00 4.6e-38 1.5e-37 6.6e-23 O.Oe+00 O.0e+00 5.0e-38 1.6e-37

SS6'. -.8e -9,Ri<+O.Oe"+OO:-+O.0e,+0.,z,0.0~e -" 0.0 ,^ 2.16-,19 SOOeOOe OC,6.6-,,.O+
Cr-51 5.6e-41 O.Oe+00 O.e+00 0.0oe+00 O.Oe+00 5.9e-41 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00
Mn-53 5.3e-08 O.Oe+00 0.0e+00 0.0Oe+00 O.0e+00 5.8e-08 O.Oe+00 O.Oe+00 0.Oe+00 0.0e400
Mn-54 1.1e-28 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.2e-28 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00
Fe-55 1.1e-17 -O.Oe+0 O.Oe+00 O.0e+00 O.Oe+00 1.Ie-17 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
Fe-59m-='; ';w ¢4.6o-40jEO.0e±00c0.0e_,06 0Oe+00.e,+0 .O e ~ b 40,z;eO:Oe40OO.O~ .0e+00
Co-56 2.0e-27 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.1e-27 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Co-57 2.6e-16 O.Oe+00 O.Oe+00 O.Oe+00 0.0e+00 2.7e-16 O.Oe+00 O.Oe+00 O.Oe+00 .0Oe+00
Co-58 7.7e-30 O.Oe+00 O.Oe+00 0.0e+00 O.0e+00 8.0e-30 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Co-60 2.9e-10 O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 3.0e-10 O.Oe+00 O.Oe+0 O.Oe+00 O.Oe+00
,N,5 '0.n;':9; ei3,'0i..e .eO0e+00~ 1e0.e-I 0+00~ 0.0e+O00'-.O0O ,j-0.0 ,' Od
NF63 5.6e-I5 O.Oe+00 ' O.Oe+00 O.Oe+00 O.0e+00 5.9e-15 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zn-65 5.1e-15 O.Oe+00 0.0e+00 O.Oe+00 O.0e+00 5.8e-15 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00
As-73 2Ae-45 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 2.6e45 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00
Se-75 4.8e-43 0.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 6.2e-43 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00
Sr-85'i4.I ':02 .0e00e+ 0000,'.10.0.40OT 62040 ' i .0e00?. 8.7+0.,:
Sr-89 9.8e-26 O.Oe+0O 0.Oe+00 0.0e+00 2.2e-39 1.1e-25 O.Oe+00 O.0e+00 0.0e+00 2.4e-39
Sr-90 7.9e-06 O.Oe+00 0.0e+00 O.Oe+00 1.5e- 1I 8.4e-06 O.Oe+00 O.Oe+00 O.Oe+00 1.8e 11
Y-91 2.8e-39 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 3.2e-39 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00
Zr-93 2.3e-10 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 2.8e-10 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr-95.~&4,'; "2.7e~i,~,,'0.08 :T0.0e,00~?0.0 0.0e+00 t-' 33041:0.0e00. 4O.0e00,

Nb-93m O.0e+00 O.Oe+00 0.0e+00 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O 0.0e+00
Nb-94 O.Oe+00 O.Oe+0. 0.0e+00 O.Oe+0O 0.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 0.0e+00 O.Oe+00
Nb-95 O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00
Mo-93 1.3e-05 O.Oe+00 O.Oe+00 0.0e+00 7.1e-06 1.4e-05 O.Oe+00 00.e+00 O.Oe+00 8.1e-06
Tr97-gi ...Tji ,4190".... '. -OO +0^ 3.1o05-, & 1e''.'-_j ;2.1e 50+0-f.0.................. . O .e+OO'- 3.4e-05'z. 9.1'e0
Tc-97m 5.2e-13 O.Oe+00 O.Oe+00 1.3e-36 8.6e-36 5.8e-13 O.Oe+00 O.Oe+00 1.5e-36 9.8e-36
Tc-99 1.8e-04 O.Oe+00 0.0e+00 2.9e-04 7.6e-04 2.0e-04 O.Oe+00 O.Oe+00 3.2e-04 8.6e-04
Ru-103 1.1e-42 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 1.2e-42 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00
Ru-106 9.9e-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.1e-40 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00
Ag-108r&4 ki' 7.00-08,c-0.o0 e+ oo00;0e,+00o0.0,+oo'_.oe -o-,,. 8.0e,08,0.0e +00 . Oe+OO:','O' O.O00
Ag-1i Om 2.7e-38 O.Oe+00 O.Oe+00 O.Oe+00 0.0e+00 2.8e-38 O.Oe+00 O.Oe+0O 0.0e+00 O.Oe+00
Cd-109 1.3e-15 O.Oe+00 O.Oe+00 O.Oe+00 2.2e40 1.6e-15 O.Oe+00 O.Oe+00 O.Oe+00 2.4e-40
Sn-I 13 7.0e-40 0.0e+00 O.Oe+00 O.Oe+00 0.0e+00 8.5e-40 O.Oe+00 0.0,400 0.0,400 O.0e+00
Sb-124 2.3e-44 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 2.5e-44 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sb-125 -, ,,,, < 2.0e,-43§' ''O.O'+OO~.>O.O00e,0.Oe+OO0010...................~ .0e+00-.- - 2.1e 43_T, -O.Oe0 00,:.; O.Oe+00Q7e,0.Oe+0&
Te-123m 5.4e-13 0.0e+00 O.Oe+00 O.Oe+00 I.9e-38 5.9e-13 O.Oe+00 O.Oe+00 O.Oe+00 2.1e-38
Te-127m 4.1e-13 O.Oe+00 O.Oe+00 O.Oe+00 3.0e-38 4.5e-13 O.Oe+00 O.Oe+00 O.Oe+00 3.4e-38
1-125 8.0e-20 O.Oe+00 O.Oe+00 8.1e-37 3.6e-36 8.8e-20 O.Oe+00 O.Oe+00 8.9e-37 3.9e-36
1-129 6.3e-03 O.Oe+0 O.0e+00 5.9e-03 2.1e-02 6.9e-03 O.Oe+00 O.0e+00 6.5e-03 2.3e-02
1- 13 k .'. - -00r 0'Q 13.5e-37: --m'.e6.61-37- 3,-T- .4 37, .. 0o400.1 ' 0.00437.07.4e-371
Cs-134 2.0e-13 O.Oe+00 O.Oe+00 0.0e+00 O.0e+00 2.4e-13 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-135 5.9e-07 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 6.5e-07 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-137 4.8e-08 O.Oe+00 O.Oe+0. 0.0e+00 0.0e+00 5.6e-08 O.Oe+00 O.Oe+00 O.0e+00 O.0e+00
Ba-133 4.7e-06 O.Oe+00 0.0e+00 6.1e-16 1.5e-07 5.2e-06 0.0e+00 O.Oe+00 7.1e-16 1.7e-07
Ceei39-.-'>'; . i O 45,''0.0 0 .,O.Oe+4-0j'.0.400 , O .Oe+":.1O. .00O-O
Ce-141 6.7e46 O.Oe+0O 0.Oe+00 O.Oe+00 0.0e+00 6.8e46 O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00
Ce-144 4.4e-44 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 4.4e-44 O.Oe+00 O.Oe+00 0.0.400 O.0e+00
Pm-147 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
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NormilizeA Effective Doses from AluminumAppendix H-2
Table H2.45 Normalized effective doses from all vathwavs: Leachate-municipal-scraD

Radionuclide -Mass-based effective dose (pSvly per Bqgg)
Mean 5th 50th 90th 95th Surficial effective dose (pjSvly per BqIcrn`)

Mean 5th 50h 90th 95th
SM-151O O.Oe0Oe O.Oe+00 O.Oe+00 O.Oe+000.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 OO e+00

Ei5.''cOe OO,,;OOOeW O. OOe 0 O. + O O Oe40 ,t.e 0O.e0e..O+

Eu-154 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+O0 O.Oe+O0 O.0e+00 0.Oe+00

Eu-E 55 O.Oe+000 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Gd-i 53 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Tb-I160 1.8e-38 O.Oe+00 .Oe+00 .Oe+OO O .Oe+00 1.9e-38 .Oe+00 .Oe+00 .Oe+00 .Oe+00

.Tm-70 . , , '2.5 e-20 ;O. 0 e+,00 , 00e ,00 z0.0 e,+00 U>,000043 2.7 ,e-20 ,'0. 0 .e,+ CO :- O .O e+OO' bflo O,6OOeO

TT-171 44Ae-12 O .Oe+00 .Oe+00 .Oe+00 O.Oe+00 4.8e-12 O.Oe+00 .Oe+00 .Oe+00 .Oe+00

T-i-82 4.6e-18 O .Oe+00 .Oe+00 O.Oe+00 .Oe+00 6.3e-18 O.Oe+00 O.Oe+00 O.Oe+00 .Oe+00

W-181 2.0e-20 O .OO+00 .Oe+00 O.Oe+00 .Oe+00 2.3e-20 O.Oe+00 O.Oe+00 O.Oe+00 0.OO+00

W-185 2Ae-25 O.Oe+00 .Oe+00 .Oe+00 .Oe+00 2.7e-25 O.Oe+00 .Oe+00 .Oe+OO O.Oe+00

b,1 8 55 < & #1 .20-2;e 2 5 ;e 0 O O ' O > O + O * 0 . 4 e .4e- 25O . + ,9.O +Oe 0 , O .O e + 0 ,~.O e .,O 4 . e~ 0

~O.0o+0:~0.0ot0 ;,OO.e+00 _0O.00e'
Ir-192 3.6e-30 O .Oe +00 .Oe+00 O.Oe +00 .Oe+00 4.1e-30 O .Oe+00 .Oe+O0 .Oe+O O.Oe e+00

T1-204 6.4e-33 O.Oe+00 O.Oe+00 O.Oe+00 :.0e+00 6.7e-33 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00

Pb-210 4.3e-I O O.Oe+00 O.Oe+00 O.Oe+00 '.Oe+00 - 4.6e-I I O.Oe+00 O.Oe+00 O.Oe+00 OO.+00

Bi-207 5.0e-15 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 5.:e-15 O.Oe+00 O.Oe+00 O.Oe+00 OO.0+00

Ra-226 O .Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 .Oe+00

Ra-228 O .Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00

Ac-227 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 .OO e+00

Th-228 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+ OO _.Oe+00O O.Oe+00 O.Oe+00 O.Oe+00 .Oe+00

Th-230 O .Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 .Oe+ OO O.Oe+00 O.Oe+00 O.Oe+00 W.Oe+00

Th-232 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 W.Oe+00

Pa-231 O.Oe+.+00 O.Oe+00 O.Oe+00 O.Oe+00 .Oe+00 O.Oe+00 O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+00

U-232 4.'4 e-04 .Oe+OO O.Oe+OO OOeOO O.O e+00 4.7e-04 O O.Oe+00 O.Oe+00 W.Oe+D O.Oe+00

U-,233,.,v' 3.;3 9 0 040.0e+00, �00e,+00t;O 0e400>~0.0o+00 'I: e .30 "'.00 +,00A.0 6bL.+ .O +00

U-234 2.6e-04 O.Oe+O 00 O.Oe+ OO O.Oe+00 O.Oe+00 2.9e-04 O .0e+00 O .Oe+00 0.OO+00 .Oe+00

U-235 3.3e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 3.7e-04 O.Oe+00 O.Oe+00 O.Oe+00 .OeO+00

U-236 2Ae-04 O.Oe+O00 .Oe+00 .Oe+00 .Oe+00 2.7e-04 O.Oe+00 O.Oe+00 O.Oe+00 .Oe+00

U-238 2.4e-04 0.Oe+00 O.Oe+00 .Oe+00 O.Oe+00 2.7e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Kb______O-03..~'T. '~7*Np~ 237, K , r..1g0 3 .5e-0 0':0.0 0 ~.00+00 _L13e ' 4', ,2.3e -3 ' : -. ; 1.e O 03 .-2iO.O o+ 00:. 0 .0+0 ',I5 e-04 a e 03

Pu-236 2.6e-12 O.Oe+00 O.Oe+W- O.Oe+00 O.Oe+00 2.7e-12 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Pu-238 9.1e-11 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 9.7e-1 I O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Pu-239 3Ae-08 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 3.6e-08 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Pu-240 32e-08 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 3.3e-08 O.Oe+00 O.Oe+O 0 O.Oe+O 0 O.Oe+00

Pu-241 3;- ' Oe' ' O Oe .,e+
Pu-242 3.4e-08 O.Oe+00 .Oe+ 0. O.Oe+00 O.Oe+00 3.6e-08 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Pu-244 3.7e-08 O.Oe+00 .Oe+00 O.Oe+00 O.Oe+00 3.9e-08 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00

Arn-241 1.3e-05 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.4e-05 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Am-242m 7.4e-06 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O 0 8.1 e-06 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00

,2A3 3.3O-05 -0.0e+00: 0.e+OO_ O.OeOOOeO.Oe OO ,O O~e,+OO''

Cm-242 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Cm-243 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+W O O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 .Oe+00 O.Oe+00

Cm-244 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Cm-245 O.Oe+OO O.Oe+00 O.Oe+00 O.00+00 0.Oe+00 O.Oe+00W .Oe+OO O.Oe+OO O.Oe+00

.m,-2i6 -'.O.Oe OOe+00. O.Oe+.0 OO" 0L0.0e+0 0.00+00 , _e.- o0L Oe OOee O..0 .e+00_-0.Oe

Cm-247 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00

Cm-248 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Bk-249 0.00+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00- O.Oe+00 O.Oe+00

Cf-248 4.8e-1 1 0.0e+00 O.Oe+00 O.Oe+00 O.0e+00 5.2e-1 I O.Oe+OO 0.0e+W 000+0 0.O+00
I% - .

k - - b - - _ I _ -- , - * * -
et _....

iC f-249. -' 9 .3e O -8 :..- .O e+ O O 0. 0 . + 0 0,. - 0.Oe+ tOO; O .O e +W ,, ; , , A1.0e O 7., 0'.Oe'+W : 0 .O e+ 00 20.oO.O e,+W tO .Oe + 00

Cf-250 7.7e-10. O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 8.3e-10 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Cf-251 ' 2.6e-07 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.8e-07 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Cf-252 3.4e-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 3.5e-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Cf-254 9.5e-41 O.Oe+90 O.Oe+00 O.Oe+O0 O.Oe+00 9.8e-41 O.Oe+00 O.Oe+00 _O.Oe+00 O.Oe+00

* Es-254;-.'-' 'i4.ie11 . e+O ''''O.Oe+0 O.';O.Oe+ O .OOe+0 ''4.8 11 .- '.00e+00 --O.Oe+W0 --O.Oe 00 ,-O.Oe+00
Note: To convert these values to conventional units (mremly per pCVg or mremly per pCi/cm2 ), multiply by 3.7e-3I-i-1~5NUREG- 1640
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Normalized Effective Doses from Aluminum Appendix H-2
Normalized Effective Doses from Aluminum Appendix H-2

Table H2.46 Normalized effective doses from all pathways: Leachate-industrial-dross
-Mass-based effective dose (pSvy per Bglg)

Radionuclide Mean 5th 50th 90th 95th
Surficial effective dose (pSvly per BqIcm2)

Mean 5th 50th 90th 95th
H-3 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00
C-14 2.6e-06 O.Oe+00 O.Oe+00 O.Oe+00 4.5e-06 2.9e-06 O.Oe+00 O.Oe+00 O.Oe+O0 5.1e-06
Na-22 5.4e-41 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 5.3e-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
P-32 1.6e-44 0.Oe+O0 O.Oe+0O O.Oe+00 O.Oe+00 1.9e-44 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
S-35,1 i .. ' 0.0e+OeOO _ ''0.0_+ 0.01+0.0 0.e,02LL0T O
CI-36 3.9e-05 O.Oe+0O O.Oe+00 5.3e-05 1.7e-04 4.4e-05 O.Oe+00 O.Oe+00 6.0e-05 1.9e-04
K40 1.9e-04 O.Oe+00 O.Oe+00 3.le-04 9.0e-04 2.2e-04 O.Oe+00 O.Oe+00 3.5e-04 1.Oe-03
Ca-41 1.3e-05 O.Oe+0O O.Oe+00 2.2e-05 6.1e-05 1.4e-05 O.Oe+00 O.Oe+00 2.4e-05 6.9e-05
Ca-45 2.2e-24 O.Oe+OO O.Oe+OO 1.Oe-37 2.9e-37 2.0e-24 O.Oe+00 O.Oe+00 1.2e-37 3.2e-37

46 ,'.' 8.06e4 0. . biw;6 0.0Oe 40,O 6. e,+O
Cr-51 4.8e42 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 5.2e-42 O.Oe+OO O.Oe+0O O.Oe+00 O.Oe+O0
Mn-53 1.9e-09 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.2e-09 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mn-54 4.9e-21 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 5.5e-21 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Fe-55 5.9e-18 0.Oe+00 O.Oe+OO O.Oe+00 O.Oe+0 6.8e-1 8 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Fe59p~~ '',.00-:6'ie41V 0'000 0o0 ,-.e O-;'Oe+O004,.0,e±0+~ s ' 74~ie412O;0e + 00)j0 0 9,0 .Oe .,0 _

Co-56 1.8e-36 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.1e-36 O.Oe+00 O.Oe+O0 0.Oe+O0 O.Oe+00
Co-57 1.Oe-19 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 1.2e-19 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Co-58 9.2e-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.1e-39 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+0O
Co-60 1.5e-1I1 O.Oe+0 O.Oe+OO O.Oe+00 O.Oe+00 1.8e-11 O.Oe++00 Oe+0 O.Oe+00 O.Oe+00

75 ' 2.3e 13Y . O Oe 000.0et00j ,.Oe+& L2.7e13 O.Oe+Oi '.Oe+00. ,.O.O e+OOO.O
Ni-63 6.2e-16 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 7.le-16 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zn-65 8.5e-14 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 8.4e-14 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
As-73 1.7e-45 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O 1.9e45 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Se-75 4.3e-43 0.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 4.7e43 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
Sr-85'O. O e -3.8x 0+00l0e+000 0.0 "0
Sr-89 4.7e-38 O.Oe+00 O.Oe+00 O.Oe+00 1.2e-38 5.5e-38 O.Oe+00 O.Oe+00 O.Oe+00 1.3e-38
Sr-90 7.6e-06 O.Oe+00 O.Oe+00 O.Oe+00 2.1e-10 8.6e-06 O.Oe+00 O.Oe+00 O.Oe+00 2.6e-10
Y-91 2.5e-22 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.3e-22 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr-93 1.1e-10 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.2e-10 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Nb-93m O.Oe+00 O.e+00' O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Nb-94 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Nb-95 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mo-93 2.6e-06 O.Oe+00 O.Oe+00 O.Oe+00 3.0e-06 2.8e-06 O.Oe+00 O.Oe+0 O.Oe+0O 3.3e-06
Te O.008ee 0'0.08.9e,,06j3e
Tc-97m 3.3e-12 O.Oe+00 O.Oe+00 4.4e-37 2.8e-36 3.2e-12 O.Oe+00 O.Oe+00 4.9e-37 3.0e-36
TC-99 4.3e-05 O.Oe+00 O.Oe+00 7.6e-05 1.9e-04 4.8e-05 O.Oe+00 O.Oe+00 8Ae-05 2.1 e-04
Ru-103 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ru-106 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
Ag,'.08mi- -. 0.0+ 00 ''0.0esh0L0.Oe+0O . 00+00OO0.0e ,O 0.00+0 0 .0.0e+0 .0.0e+00j
Ag-110m Q.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00
Cd-109 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sn-1 13 1.7e40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.9e-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sb-1 24 2.6e-43 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.7e-43 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00
Sb-.25~~~', .~2;2e 2, 0.00 . eO.Oe+ '0OOi0.0.00:,' 00 23o42j. 0.Oe+O 0Ur, O.Oe+OO, Oze+O: 0 Q±e+
Te-123m 1.2e-14 O.Oe+00 O.Oe+00 7.0e-41 1.2e-38 1.5e-14 O.Oe+00 O.Oe+00 7.7e-41 1.3e-38
Te-127m 8.4e-15 O.Oe+00 O.Oe+00 1.1e-40 1.9e-38 1.0e-14 O.Oe+00 O.Oe+00 1.2e-40 2.2e-38
1-125 1.3e-15 O.Oe+00 O.Oe+00 1.6e-36 6.1e-36 1.4e-15 O.Oe+00 O.Oe+00 1.8e-36 6.6e-36
1-129 7.5e-03 0.Oe+00 O.Oe+00 9.8e-03 3.1e-02 8.3e-03 O.Oe+00 O.Oe+00 1.1e-02 3.5e-02

'4.2e'37;,'.,00e+0 0.0.400' 3.3e-37,'- 12e -6 , .6e7 .0e;OO O.Oe'+ O.- '3.7e-37. ,1e'
Cs-134 1.9e-14 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.1e-14 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O
Cs-135 3.4e-07 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 3.8e-07 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-137 6.6e-09 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 7.4e-09 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ba-133 6.5e-06 O.Oe+0 O.Oe+00 7.0e-15 5.2e-07 7.3e-06 O.Oe+00 O.Oe+00 7.9e-15 5Ae-07
Ce-i39-'2. -:.00e+00 ' 0.-0 ? 0.00+00; 0.0e+00-- - 0.00+00 ,. O.0+0 0;0000 0''.0e+00 O.Oe+ 00+O'i
Ce-141 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ce-144 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pm-147 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
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Appendix H-2 .p j Noniidliiiil Effictive, Doses from Aluminum

Table H2.46 Normalized effective doses from all pathways: Leachate-industrial-dross
Radionuclide .Mass-based effective dose (pSv/y per Bq/g) Surficial effective dose (pSv/y per Bq/cm2)

Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
SM-151 O.Oe+OO O.Oe+0O +00 OOO e+O O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+0
Eu-i52 .¢'U• 0.0e+OO '-O.O0;0 ,O. s.Oe+OO --1:'O.Oe+0O OOt6 OO+OO,-O.Oe+, 7OeOO ;Z0, nO.OetsOO Oe+O00
Eu-154 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+OO O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Eu-155 O.Oe+0 O.Oe+O0 O.Oe+O0 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
Gd-153 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+0O O.Oe+00 O.Oe+00
Tb-160 3.2e-32 0.Oe+OO O.Oe+OO O.Oe+OO O.Oe+00 4.0e-32 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0

Tr' ,? "-A- .2e-i5'-: Oe+OTO O.Oe+00 O.Oe,+00_•L ,1,15 i +OO.Oe W0. 0 .' ' Oy.0e+0
Tm-171 1.3e-I I O.Oe+00 O. OOe+ OO .0e+0 O.Oe+00 I Ae-I1 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
Ta-1 82 1.4e-25 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1 Ae-25 O.Oe+0O O.Oe+0O O.Oe+OO O.Oe+0O
W-181 1.9e-19 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.0e-19 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+0O
W-185 4.1e-23 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 4.4e-23 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO

is-185 2:, !.125 .Oe'+ +00 0-,.0tOe+OO 0l.0e , 40i6253i-0.0e+00 -OOe,-O00.e0+00.> ¢.0e+0O,
Ir-192 7.5e-36 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 8.2e-36 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00
TI-204 1.4e-30 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 2.0e-30 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O
Pb-210 4.5e-12 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 5.4e-12 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+WO
Bi-207 1.7e-14 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.0e-14 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

____ 6Oe+0040.-1

Ra-226 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+00
Ra-228 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
A-227 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+0O O.Oe+0O
Th-228 O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Th-230 O.Oe+00 O.Oe+00 O.Oe+00 O O.Oe+ 0 O.Oe+OO O.Oe+0O O.Oe+00 O.Oe+00
Th-232 O.Oe+O0 O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Pa-231 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-232 4.0e-04 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 4.2e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Pa-231- -. Oe 04.Oo+00 ,0-.Oe+0 ,,OOe+ 0,.''-0.0 0.+00 e+0 0e,.Oe+0 .OO+0 0-.Oe+OOee
U-234 2.7e-04 O.Oe+00 Oe+00O O.Oe+00 O.Oe+O 2.9e-04 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+OO
U-235 3.3e-04 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+OO 3.6e-04 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
U-236 2.5e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 2.7e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-238 2.5e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.8e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

N ,z O- 3 2!'O.Oe+00_ O.e+O :2.ie'-04 iT:-zj`3 3 . 3 e. -.0e,+00 ''6.G;;b6.--32 _ AeT0

Pu-236 3.3e-01 0.0e+00 O.Oe+00 O.0e+00 O.Oe+00 3.5e-11 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00
Pu-238 9.2e-10 O.Oe+OO O.Oe+O0 O.Oe+00 O.Oe+00 9.6e-10 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-239 1.5e-07 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.5e-07 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-240 _ Ae-07 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 9 Ae-07 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00
Pu-24i,'_''-.51Ae-097 e 0. +0 0.00+0 0.00+0

Pu-242 1.5e-07 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.Se-07 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-244 1.6e-07 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+O0 1.7e-07 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+OO
Am-241 1.6e-05 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.8e-05 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Am-242m 9.2e-06 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 I .Oe-05 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

,e 243''--:00-, 4.5.-OS0.0o,0 +_
Cm-242 O.Oe+OO O.Oe+OO 0.Oe+00 O.Oe+OO 0.00+00 0.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cm-243 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
Cm-244 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-245 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-246 ,20.,OOe+00 O.Oe+00 O.Oe+00 :0.0+00 O.Oe+ o+0O 'O.Oe+00 ¶O.Oe+00 O.Oe+00 '0.0Oe00
Cm-247 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-248 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
Bk-249 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-248 5.6e-09 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 6.6e-10 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00

C-44 t, - Il-0§.Oe+0 6.~0 -. e0 ~O0+01Y~.0 -,~0.0e+00,,j0.0e+0O.0e+00'. zO.0e+00,
Cf-250 9.0e-09 0.00+00 0.Oe+00 0.00+00 0.Oe+00 9.6e-09 0.Oe+00 0.Oe+00 0.Oe+00 0.00+00
Cf-251 3.0e-06 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 3.2e-06 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-252 1.9e-39 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.0e-39 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-254 5.5e40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 5.8e-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
E-254 6;0e-10 --O.Oe+00 '-O.Oe+00 0.0o+00 'O.Oe+00' ,.N-6.4e-0 iOeOe+OO' . 5e;O 0.000 +
Note: To convert these values to conventional units (mremly per pCUg or mrem/y per pClcm2), multiply by 3.7e-3
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Normalized Effective Doses from Aluminum Appendix H-2
Normalized Effective Doses from Aluminum Appendix H-2

Table H2.47 Normalized effective doses from all pathways: Leachate-municipal-dross
Radiouclide -Mass-based effective dose (pSv/y per Bq/g)

Mean 5th 50th 90th 95th
Surficial effective dose (pSvly per BqIcm2)

Mean 5th 50th 90th 95th
H-3 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00
C-14 12e-06 O.Oe+00 O.Oe+00 O.Oe+00 1.5e-06 1.3e-06 O.Oe+00 O.Oe+00 O.Oe+00 1.7e-06
Na-22 9.2e-42 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 1.0e-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O
P-32 12e-44 O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+00 1.3e-44 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+O0
S-35 0r .0 00e+O. 0.0 20.0.!O + O.e O0.0+0
CI-36 1.6e-05 O.Oe+00 O.Oe+00 1.7e-05 6.0e-05 1.8e-05 O.Oe+00 O.Oe+00 1.9e-05 6.5e-05
K-40 7.8e-05 O.Oe+00 O.Oe+0O 9.9e-05 3.4e-04 8.7e-05 O.Oe+00 O.Oe+00 1.1e-04 3.7e-04
Ca-41 5.4e-06 O.Oe+00 O.Oe+00 7.5e-06 2.3e-05 6.0e-06 O.Oe+0O O.Oe+00 8.2e-06 2.6e-05
Ca-45 1.5e-24 O.Oe+00 O.Oe+00 2.9e-38 1.Oe-37 1.6e-24 O.Oe+00 O.Oe+00 3.2e-38 1.1e-37
S--46'iJ '.O;+OO'- O.+Oe; O O.OeO 1O.Oe 0.0'000e+00';(10e+00'
Cr-51 1.3e-42 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 1.5e-42 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mn-53 8.5e-10 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 9.4e-10 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Mn-54 3.1 e-20 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 3.4e-20 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
Fe-55 2.9e-19 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 3.4e-19 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Foe-59L~A-. B !2.1o-1>.0 ,,0^ 0.0.40 0&O ,.00+00;_0 0.40 3eA1W-,OO O ~s0, ;
Co-56 8.9e-38 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.Oe-37 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Co-57 5.2e-21 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 6.0e-21 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00
Co-58 6.4e-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO 7.2e-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Co-60 9.3e-13 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 1.1e-12 O.Oe+00 O.Oe+00 O.Oe+00 Q.Oe+00
NF59k2GC I; .4;.000 .00+00:0.0+00/ .0000 ,,!. l 4eZO.O0e+00'+ 0'.;08003 h.0 +00 5> 0.Oe,+0 l
NI-63 3.0e1l7 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 3.5e-17 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zn-65 1.6e-14 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.6e-14 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
As-73 6.3e-46 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 7.2e-46 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Se-75 3.0e-43 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 3.2e-43 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sr-85z:,;'v~z 6.1 e-38, 0.0e+00.4<0.0e+00+00 00 5.7e-4- O -,7!1e-38, 0:00+002:40,,O.Oe+0 W+O
Sr-89 1.1e-38 O.Oe+00 O.0e+00 O.Oe+00 2.0e-39 1.2e-38 O.Oe+00 O.Oe+00 O.Oe+00 2.2e-39
Sr-90 3.9e-06 O.Oe+00 O.Oe+00 O.Oe+00 4.6e-11 4.2e-06 O.Oe+00 O.Oe+00 O.Oe+00 5.0e 11
Y-91 1.4e-21 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.3e-21 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr-93 1.1e-10 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.3e- 0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Zr .e 4 .eOrOOtO.'WOe+W O-Oe 00'.5 1e -4i O.Oe0e0 O.e+0W 0.0e+_00,.,.O.Oe4@
Nb-93m O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Nb-94 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Nb-95 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mo-93 1.1e-06 O.Oe+00 O.Oe+00 O.Oe+00 8.2e-07 1.3e-06 O.Oe+00 O.Oe+00 O.Oe+00 8.8e-07
,T~c-97<-~-<t.0 e-08,-O .Oe_4,0 eO -r2806 9e ms. 0. +0._ Oe+00i 3.1 e-8~8.oO
Tc-97m 8.5e-13 O.Oe+00 O.Oe+00 1.3e-37 1.2e-36 9.5e-13 O.Oe+00 O.Oe+00 1.5e-37 1.3e-36
Tc-99 1.9e-05 O.Oe+00 O.Oe+00 2.6e-05 7.4e-05 2.1e-05 O.Oe+00 O.Oe+00 2.9e-05 8.2e-05
Ru-103 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ru-106 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

A.0+000.0+000.0 r7O 0.0 O.Oe, , 0.0,, 000;;OO.0,0.0e,00*0.00±00e Oe+
A-rn 0.0.400_ 0.OCe +00 0.08+00 0.800 00.0 00+0 .. 400.00 0.000 .00

Ag-110m O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cd-109 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Sn-113 5.1e41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 5.7e-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sb-124 6.5e-44 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 6.8e-44 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

S~ 3.Oe,0 ,-O.Oe+OO'OOe 0.0o 0Q;z 59e 0,.0'.400_.Oe+O,.O
Te-123m 6.1e-16 O.Oe+00 O.Oe+00 9.6e-42 3.2e-39 7.5e-16 O.Oe+00 O.Oe+0O 1.0e-41 3.7e-39
Te-127m 4.2e 16 O.Oe+00 O.Oe+00 1.5e-41 5.1e-39 5.2e 16 O.Oe+00 O.Oe+00 1.6e-41 5.6e-39
1-125 1.1e-16 O.Oe+00 O.Oe+00 3.8e-37 1.8e-36 1.3e-16 O.Oe+00 O.Oe+00 4.3e-37 2.0e-36
1-129 3.1e-03 O.Oe+00 O.Oe+O0 3.0e-03 1.1e-02 3.4e-03 O.Oe+00 O.Oe+00 3.3e-03 1.2e-02
l131.<')C0 -1.8e-37 , .Oe+00 O.Oe,+00"'7.5e-38.j,, 3.5o-372e>'2037:',.Oe+OO '.Oe+OO,; 8.3e,38, '3.9e-37', '
Cs-134 1.9e-13 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.1e-13 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-135 1.9e-07 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.1e-O7 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-137 1.5e-08 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.7e-08 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ba-133 4.8e-06 O.Oe+00 O.Oe+OO 1.5e-15 1.3e-07 5.5e.-6 O.Oe+00 O.Oe+00 1.6e-15 1.4e-07
Co139 . -, O.+OOA -. O'+,OO 0.00+00. .O +O0s '.O 004 O.Oe O;OeO.O8+O Oe 0 0. o.00
Ce-141 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ce-144 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pm-147 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
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Appendix H-2 Normalized Effective Doses from Aluminum

Table H2.47 Normalized effective doses from all pathways: Leachate-municipal-dross

Radionuclide Mass-based effective dose (pSv/y per BqIg) Surficial effective dose (pSv/y per BqIcm2 )
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

Sm-151 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+O0
u5-12 O.Oe+O.e O.Oe+OO SO.0e+00 . .Oe+OO 0.e+O O.Oe+OOO.0eO '.;O.Oe+OO,

Eu-154 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Eu-155 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O
Gd-153 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
Tb-160 7.7e-32 O.Oe+00 Oe+00OO O.Oe+0.Oe+O+ 9.8e-32 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0

Trn-171 1.7e-10 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.8e-10 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00
Ta-182 3.3e-24 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 3.5e-24 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
W-181 4.5e-18 O.Oe+0O O.Oe+00 O.Oe+O0 O.Oe+00 4.8e-18 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
W-185 9.9e-22 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 1.1e-21 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O
bi24 -.. 0e+00 O.Oe+00 'O.Oe+,O O.Oe+OO, Oe23 - eO ee ,e+OO'
Ir-192 1.3e-37 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.4e-37 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
Tl-204 7.3e-33 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 1.0e-32 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
Pb-210 5.3e-12 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 6.6e-12 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Bi-207 5.0e-15 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 6.0e-15 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Po.210!- i3e- 40 't-O;e+OO h-0.Oe+00 T,: 0O+0O 'AO.Oe+ O e+ 0 0.Oe+0O- O
Ra-226 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ra-228 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ac-227 O.Oe+00 O.Oe+0O O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-228 O.Oe+OO O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
Wh229 >.rO.0ei+00 .O. e , .Oe+0 -0.0e+00L0.0e+00 &A4 .Oe 0e4O.O.0et0 ,e+l0.0e+00
Th-230 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-232 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pa-231 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-232 1.7e-04 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+O0 1.9e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
U-233 'e-<1.9e.0,4, -:,0.0e+00:- O.Oe0 OOi .Oe+0<:Oe+00 -,,+- :.IeO4 s0 0.000'
U-234 1.3e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.5e-04 O.Oe+00 O.Oe+00 O.De+00 O.Oe+00
U-235 1.6e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.8e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-236 1.2e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.3e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-238 1.2e-04 0.Oe+00 9.Oe+!00 O.Oe+DO 0.00+00 1.4e-04 O.e0 0.Oe+00 O.Oe+00 O.Oe+00

0 7305, A.2e-03 m, -8.7et04 3' 3
Pu-236 3.7e-12 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 3.6e-12 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
Pu-238 1.Ie-10 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO I.Ie-10 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-239 2.1 e-08 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 2.0e-08 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
Pu-240 1.9e-08 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.8e-08 0.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
PU-24iEDAOs4 -iO •0.0e+00 .u.0e+00. ;.0eK0,"0.00 __ _,.3e- 0.0-,O 00 ,+,'O +0,' 0.0 ++O e
Pu-242 2.1e-08 0.Oe+00 O.Oe+00 O.Oe+OO 0.Oe+00 2.0e-08 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-244 2.3e-08 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 2.2e-08 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00
Am-241 5.0e-06 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 5.5e-06 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Am-242m 3.2e-06 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 3.4e-06 0.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
A-243 ,<':jI .3e-05 -20.Oe+0 -0,,,, e 0.0e+00 , '0.00eee+00 0 0.0e+00-.0- O.Oe+0O
Cm-242 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-243 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-244 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-245 O.e+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
C'246 -O.Oe O -0'Oe+OO ;.Oe'_+00 0o.'Oe o. 0o.o...o O.Oe+00
Cm-247 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-248 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Bk-249 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-248 9.6e-12 O.Oe+00 O.Oe+00 .O0e+00 0.Oe+00 I.Oe-11 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00
Cf-2490 0- .Oe .e-08_0.00 .,0.0e 10.0e+0 .Oe+00 Oee O-
Cf-250 1.5e-10 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.6e-10 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-251 5.6e-08 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 5.9e-08 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-252 4.3e-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 4.6e-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-254 1.2e-41 O.Oe+00 O.Oe+00 O.Oe+000 O.Oe+00 ,I.3e-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Es-254 .9.3e1 0.+0 -0+0 0.00+00 00+006 .eI2 00+0 .00 OO+0-,0+0EAA5 E-=tS 3*2'--O.Oe+Or- OO+O .eOO.Oe .Oe+O -r' 0; -99-2S O.eO :'.Oe+OO ' O~e+OO.' ,O.Oe+0O

Note: To convert these values to conventional units (mrernly per pCi/g or mrermly per pCi/cm2), multiply by 3.7e-3
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Appvendix I Results of Concrete Assessments

I RESULTS OF ASSESSMENTS OF CONCRETE RUBBLE

This appendix presents some of the results of the radiological assessments of the recycling and
disposal of concrete rubble cleared from NRC-licensed facilities. Monte Carlo uncertainty
analyses are employed to calculate 10,000 realizations for each of 115 radionuclides in each of
eight exposure scenarios. The end points of the analyses are the effective dose equivalent (EDE)
and the effective dose from one year of exposure, normalized to an initial unit activity
concentration of each separate radionuclide in the concrete rubble at the time of clearance. The
results are reported as both mass-based and surficial normalized doses (pSv per Bq/g and
pSv per Bq/cm2).

The mean and the 5th, 50th, 90th, and 95th percentile values of the normalized EDEs from
10,000 realizations of these eight scenarios are tabulated in Appendix I-l' The corresponding
effective doses are listed in Appendix I-2. Some scenarios involve only one exposure pathway:
either external exposure or ingestion of drinking water. In all others, doses are delivered by all'
three principal pathways: external exposure, inhalation, and ingestion. The results of scenarios
with multiple pathways are presented in sets of four tables: one table lists the sum of the doses
via all pathways, while the others list the doses from each individual pathway. When only one
pathway is active, a single table of results is presented. The pathways addressed in the analysis
of each scenario are presented in Table 6.2 in Volume I of this report.

The doses from certain nuclides in some scenarios are listed as zero. In scenarios where external
exposure is the only pathway, the dose contributions from three radionuclides-H-3, Ca-41 and
Mn-53-are not assessed. H-3 is an extremely weak p-emitter which produces a negligibly
small external exposure. Ca-41 and Mn-43 decay by electron capture and emit low-energy x-
rays (EY < 10 keV) that are below the threshold for external exposure calculations in the present
analysis. The dose contributions from external exposure to other nuclides emitting low-energy
x- and y-rays would be negligible in scenarios where shielding between the source and the

* receptor would essentially absorb such radiation.- In the groundwater scenarios, some nuclides
would not reach the well during the maximum period of assessment, which is 1,000 years or 20
half-lives of the nuclide in question, whichever is shorter.

I-I~~ _UE- 640
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Normalized Effective Dose Equivalents from Concrete Appendix 1-1

Table 11.1 Normalized effective dose equivalents from all pathways: Processing concrete

Mass-based EDE (pSvly per BqIg)
Raincie Mean 5th 50th 90th 95th

Surficial EDE (uSv/y per Bgqcm2)
Mean 5th 50th 90th 95th

H-3 2.2e-04 2.2e-05 2.1e-04 3.9e-04 4.3e-04 7.8e-07 7.9e-08 7.6e-07 1.4e-06 1.5e-06
C-14 7.3e-03 9.0e-04 7.2e-03 1.3e-02 1.4e-02 2.6e-05 3.2e-06 2.5e-05 4.6e-05 5.1e-05
Na-22 2.0e+02 1.2e+02 2.0e+02 2.7e+02 2.9e+02 7.1e-01 4.2e-01 7.0e-01 9.6e-01 1.Oe+00
P-32 1.Ie-01 4.4e-02 9.5e-02 I.8e-01 2.0e-01 3.8e-04 1.6e-04 3.4e-04 6.3e-04 7.2e-04

CI-36 4.6e-02 2.8e-02 4.6e-02 6.1e-02 6.6e-02 1.6e-04 9.9e-05 1.6e-04 2.2e04 2.4e-04
K-40 1.5e+01 9.3e+00 1.5e+O1 2.1e+01 2.2e+01 5.4e-02 3.3e-02 5.4e-02 7.4e-02 7.9e-02
Ca-41 4.3e-03 4.5e-04 4.3e-03 7.8e-03 8.6e-03 1.5e-05 1.6e-06 1.5e-05 2.8e-05 3.1e-05
Ca-45 1.1e-02 2.0e-03 1.1e-02 1.9e-02 2.1e-02 3.9e-05 7.0e-06 3.9e-05 6.8e-05 7.5e-05
ScA6 .;.1t6e011.6e09..02 .8e-01 5e01m5.7e01r.. 8.Oe-O -
Cr-51 1.8e+00 9.3e-01 1.7e+00 2.6e+00 2.8e+00 6.3e-03 3.3e-03 6.0e-03 9.2e-03 1.0e-02
Mn-53 3.9e-04 5.6e-05 3.8e-04 6.8e-04 7.4e-04 1Ae-06 2.0e-07 1.4e-06 2.4e-06 2.7e-06
Mn-54 7.3e+01 4.5e+01 7.3e+01 1.0e+02 1.1e+02 2.6e-01 1.6e-01 2.6e-01 3.6e-01 3.8e-01
Fe-55 2.1e-03 3.1e-04 2.1e-03 3.8e-03 4.1e-03 7.6e-06 1.1e-06 7.5e-06 1.3e-05 1.5e-05
Fe-59IT8 '8.8e+t1_ 5.1e.01e 8.6e,+01 Z.2e4O2J.3et02ea 3.1,e-0,1iJ8e 031-t; 4 4e- -0,1
Co-56 3.0e+02 1.8e+02 2.9e+02 4.1e+02 4.4e+02 1.1e+00 6.3e-01 1.Oe+00 1.5e+00 1.6e+00
Co-57 6.6e+00 4.0e+00 6.5e+00 9.0e+00 9.6e+00 2.3e-02 1.4e-02 2.3e-02 3.2e-02 3.4e-02
Co-58 7.5e+01 4.5e+01 7.4e+01 1.0e+02 1.1e+02 2.7e-01 1.6e-01 2.6e-01 3.7e-01 4.0e-01
Co-60 2Ae+02 1.4e+02 2.3e+02 3.2e+02 3.4e+02 8.4e-01 5.1e-01 8.3e-01 1.2e+00 1.2e+00

Ni-63 2.1e-03 3.2e-04 2.1e-03 3.6e-03 4.0e-03 7.4e-06 1.1e-06 7.3e-06 1.3e-05 1.4e-05
Zn-65 5.2e+01 3.1e+01 5.1e+01 7.1e+01 7.6e+01 1.9e-01 1.1e-01 1.8e-01 2.5e-01 2.7e-01
As-73 9.7e-02 5.8e-02 9.5e-02 1.3e-01 1.4e-01 3.5e-04 2.1e-04 3.4e-04 4.7e-04 5.1e-04
Se-75 2.6e+01 1.5e+01 2.5e+01 3.5e+01 3.7e+01 9.1e-02 5.5e-02 9.0e-02 1.2e-01 1.3e-01

Sr-89 1.4e-01 8.3e-02 1.4e-01 1.9e-01 2.1e-01 5.0e-04 2.9e-04 4.9e-04 6.8e-04 7.5e-04
Sr-90 9.1e-01 4.1e-01 9.0e-01 1.4e+00 1.5e+00 3.2e-03 1.4e-03 3.2e-03 4.9e-03 5.3e-03
Y-91 4.3e-01 2.6e-01 4.2e-01 5.9e-01 6.4e-01 1.5e-03 9.2e-04 1.5e-03 2.1e-03 2.3e-03
Zr-93 9.4e-03 3.9e-03 9.3e-03 1.4e-02 1.5e-02 3.3e-05 1.4e-05 3.3e-05 5.0e-05 5.4e-05
Zr-9 .*,'2,0 4,e+e,1+..e +1 .2e~15 t''2.5e-0l>>3.5e-0Oi 3.8e' 01j
Nb-93m 3.8e-03 2.0e-03 3.8e-03 5.4e-03 5.8e-03 1.4e-05 7.3e-06 1.4e-05 1.9e-05 2.1e-05
Nb-94 1.4e+02 8.6e+01 1Ae+02 1.9e+02 2.1e+02 5.0e-01 3.0e-01 5.0e-01 6.9e-01 7.4e-01
Nb-95 5.1e+01 2.8e+01 4.9e+01 7.3e+01 8.0e+01 1.8e-01 1.0e-01 1.8e-01 2.6e-01 2.9e-01
Mo-93 1.0e-02 5.4e-03 9.9e-03 1.4e-02 1.5e-02 3.6e-05 1.9e-05 3.5e-05 5.1e-05 5.5e-05

Tc-97m 2.2e-02 1.3e-02 2.1e402 2.9e-42 3.1e42 7.7e.-5 4.7e4-5 7.6e-05 1.0e-04 1.1e-04
Tc-99 7.0e-03 2.5e-03 6.9eo-3 1.1e-02 1.2e-02 2.5e-05 9.0e-06 2.5e.-5 4.0e-05 4.3e-05
Ru-103 3.2e+01 1.8e+01 3.2e+01 4.6e+01 5.Oe+01 1.2e-01 6.5e-2 1.1e-01 1.6e-01 1.8e-01
Ru-106 1.9e+01 1.1e+01 1.8e+01 2.5e+01 2.7e+01 6.7e-02 4.0e-02 6.6e-02 9.1e-02 9.8e-02
Ag:108m? l.4.4-02tyi 2,.8:6e4-O1A1.e,02 i.9e+02- 2le+ 2 5.e1.e0,5e1-+T.eO
Ag-110m 2.4e+02 1.4e+02 2.4e+02 3.3e+02 3.5e+02 8.5e-01 5.1e-01 8.4e.-1 1.2e+00 1.3e+00
Cd-109 2.1e.-1 1.3e-01 2.1e-01 2.8e-01 3.0e-01 7.6e04 4.6e-04 7.5e-04 1.0e-03 1.1e-03
Sn-I13 1.9e+01 1.2e+01 1.9e+01 2.7e+O1 2.8e+01 6.9e-02 4.2e-02 6.8e-02 9.5e-02 1.0.e-1
Sb-124 1.5e+02 8.6e+1 1.4e+02 2.0e+02 2.2e+02 5.2e-01 3.0e.-1 5.1e-01 7.2e-a1 7.8e-01
Sbt1252_ 2f3.6e+01 2.2e+01' 3.664-01,.9taiL 5.2e+0l __ l.30-01(A7.7. 1.3e01 -s .7e-1;- .9e 1
Te-123m 8.0e+00 4.8e+00 7.9e+00 1.1e+01 1.2e+01 2.9e-02 1.7e-02 2.8e-02 3.9e-02 4.2e-02
Te 127m 4.5e-01 2.7e-01 4.4e4-1 6.0e-01 6.5e4-1 1.6e-03 9.7e-04 1.6e-03 2.2e-43 2.3e-03
1-125 2.3e.-1 1.1e-01 2.2e4-1 3.3e-01 3.7e4-1 8.2e-04 4.0e-04 8.0e-04 1.2e-03 1.3e-03
I-129 1.1e+00 2.1e-01 1.Oe+00 1.8e+00 2.0e+00 3.8e-03 7.5e-04 3.7e-03 6.5e-03 7.1e-03
l-131;".:;,~. ^<',:1.0.+01l:::2.3e+00-;7.7e+00'-;2,1e'+01','',2.5e+01':-. '3.6e402',- 8.3e403:'-_ 2.8.-02'-:7.6.-02w-..9.le-02.-
Cs-134 1.4e+02 8.3e+O1 1.4e+02 1.9e+02 2.0e+02 4.9e-01 2.9e-01 4.8e-01 6.7e-01 7.2e-01
Cs-135 2.5e-02 3.6e-03 2.5e42 4.4e-02 4.9e-02 9.0e-05 1.3e-05 8.8e-05 1.6e-04 1.7e-04
Cs-137 5.0e+01 3.Oe+01 4.9e+01 6.8e+01 7.3e+01 1.8e-01 1.1e-01 1.8e-01 2.4e-1 2.6e-01
Ba-133 2.8e+01 1.7e+01 2.8e+O1 3.9e+01 4.1e+01 1.0e-01 6.1e-02 1.0e-01 1.4e-01 1.5e4-1
Ce.,139:i y, 8.2e+00 5.0.+006"-8.1e-+0 - 1.18+01''i1e&01- 2 2 '', f8- 29 02 -. Oe42 4.3O2
Ce-141 3.2e+00 1.8e+00 3.1e+00 4.6e+00 5.1e+00 1.1e-02 6.2e-03 .e-02 1.6e-02 1.8e-02
Ce-144 4.2e+00 2.6e+00 4.2e+00 5.8e+00 6.2e+00 1.5e-02 9.2e-03 1.5e-02 2.1e-02 2.2e-02
Pm-147 5.9e-03 2.6e-03 5.8e-03 8.8e-03 9.5e-03 2.1e-05 9.1e4-6 2.1e-05 3.2e-05 3.4e4-5
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Appendix I-1 Normalized Effective Dose Equivalents from Concrete

Table 11.1 Normalized e6ffetie dose equlvalents from all pathwavjs- Processing concrete

Radionuclide Mass-based EDE (pSvty per Bq/g) - Surficial EDE (pSv/y per Bq/cm 2)
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

Sm-151 2.7e-03 1.3e-03 2.7e-03 3.9e-03 4.2e403 9.5e-06 4.5e406 9.5e-06 1.4e-OS 1.5e-05
Eu-;52~~~_O a0~10+2<'.e0<0S e+ 2<.e03 m 01 .,O 5'10,.4e

Eu-154 1.0e+02 6.2e+01 1.0e+02 1Ae+02 1.5e+02 ,3.6e-01 2.2e401 3.6e-01 4.9e-01 5.3e-01
Eu-155 2.4e+00 1 Ae+O0 2.3e+00 3.2e+00 3.4e+00 '8.4e-03 S.1e-03 8.4e-03 1.2e-02 1.2e402
Gd-153 3.0e+00 1.8e+00 3.0e+00 4.1 e+00 4Ae+O0 1.1e-02 6.4e-03 1.1e-02 1.5e-02 1.6e-02
Tb-160 8.8e+01 S.2e+01 8.6e+01 1.2e+02 1.3e+02 3.1e-01 1.8e-01 3.1e-01 4.3e-01 4.7e-01

Tmn-171 1Ae-02 8.9e-03 1Ae-02 1.9e-02 2.0e-02 5.0e-OS 3.2e-05 S.Oe-05 6.7e-OS 7.2e-OS
Ta-1 82 1.1e+02 6.4e+01 1.0e+02 1.4e+02 1.5e+02 3.8e-01 2.3e-01 3.7e-01 5.2e-01 5.6e-01
W-1 81 8.2e-01 4.9e-01 8.1e-01 1.1e+00 1.2e+00 2.9e-03 1.7e-03 2.9e-03 4.0e-03 4.3e-03
W-185 9.7e403 4.7e-03 .9.5e-03 1.4e-02 1.Se-02 3.4e-05 1.7e-OS 3.4e-OS S.Oe-OS S.Se-OS

--1 ","^ ISe0 .3.1e+01 >.e+i ,;..1eW a-, > 7." i --1 :fi'i26e;X 8-i.7
Ir-192 S.8e+01 3.4e+01 S.7e+01 8.0e+01 8.6e+01 2.1e-01 1.2e401 2.0e401 2.8e401 3.1e-01
T1S204 6.9e402 4.3e402 6.8e402 9.3e402 9.9e-02 2.5e-04 1.Se404 2.4e404 3.3e-04 3.6e-04
Pb-210 2.5e+01 3.3e+00 2.5e+01 4.5e+01 5.0e+01 9.1e-02 1.2e402 8.9e402 1.6e401 1.8e-01
Bi-207 1.4e+02 8.4e+01 1.4e+02 1.9e+02 2.0e+02 4.9e-01 3.Oe401 4.9e-01 6.7e401 7.2e-01'

P*,20.e+0:@e.iI0 i.,' I 6j.1 fi+5t.i' 0 1~ 2.2e,02, -.,;32^e-03 2.e2e-02 '
Ra-226 1.6e+02- 1.0e+02 1.6e+02 '2.2e+02 2.4e+02 S.9e-01 3.6e-01 5.8e-01 8.0e-01 8.6e-01
Ra-228 8.5e+01 5.3e+01 8.5e+01 1.2e+02 1.2e+02 3.0e-01 1.9e-01 3.0e-01 4.1e401 4.4e401
Ac-227 1.4e+02 8.3e+01 1Ae+02 1.9e+02 2.0e+02 5.0e401 2.9e-01 4.9e401 6.8e-01 7.3e-01
Th-228 ' _1.5e+02 9.6e+01 1.5e+02 _2.0e+02 2.1e+02 _ 5.4e401 3Ae-01 '5.3e-01 7.2e-01 7.7e401

Th3IA+1 50+1 81eO .e+02~,: 1I3+2 ' .e0 .7e01 2.9e-01 4e0 4.-1
Pa-231 9.7e+01 5.2e+0019.5e+01 1.3e+0 21.5e+02 3.4e-01 1.8e-01 3.4e-01' 4.8e-01 5.2e-01
Uh-232 3.7e+01 2.2e+01 3 6e+01 5.Oe+0215.5e+01 1.3e-01 17.e-012_1.9e-0 1.8e-01 2.0e401

Ua-234 97.e+00 4.1e+00 6.8e+00 9.7e+00 1.1e+01 '2.Se42 1A8e421 2Ae-02 3.5e421 3.8e-02
U-235 1.e+01 1.2e+01 1.8e+01 2.3e+01 2.4e+01 6.4e421 4.4e42 6.3e-02 18.-1e428.6e42

U-236 6.6e+00 3.9e+00 6.4e+00 9.1e+00 1.0e+01 2.4e-02 1.4e42 2.3e42 3.3e402 3.6e402

U-238 8.6e+00 5.8e+00 8.4e+00 1.1e+01 1.2e+01 3.1e402 2.0e402 23.0e2 4.0e402 436e42

Pu-236 1.0e+01 5.5e+00 1.0e+01 1.5e+01 1.6e+01 3.17e-02 1.9e-02 3.7e402 520e42 5.6e402

Pu-238 - .9e+01 15.5e+01 2.8e+01 4.0e+01 4.3e+01 13.Oe-021S.3e-02 13.Oe-01 1 Ae412 1.6e-01
Pu-239 3.1e+01 1.6e+01 3.1e+01 4.4e+01 4.8e+01 1.1e-01 S.8e402 1.1e-01 1.6e41 1.7e-01
Pu-240 3.1e+01 1.6e+01 3.1e+01 4.4e+01 4.8e+01 1.1e401 S.8e402 1.1e41- 1.6e401 1.7e401
Pu-240 3e.41e,", .6e+i','3.1e01 44eO I 48 101e2e,01 228e,43 2 ,2.1e4 '-0 .6e-01 1.7t-.e-0

Pu-242 3.0e+01 1.6e+01 3.0e+01 4.2e+01 4.Se+01 1.1e-01 '5.6e402 1.1e,-01 1.Se401 1.6e401
Pu-244 '5.8e+01 3.9e+01 S.8e+01 7Ae+01 7.9e+01 -2.1e401 -1.4e41 2.1e401 2.7e-01 2.8e-01

Arn-241 3.3e+01 1.8e+01 3.2e+01 4.6e+01 S.Oe+01 '1.2e 01 6.2e402 1.2e-01 1.6e401 1.8e401

Amn-242mr -3.3e+01 1.8e+01 3.3e+01 4.6e+01 S.Oe+01 1.2e-01 -6.3e402 1.2e401 1.6e-01 1.8e401

Cmn-242 1.1e+00 6.0e-01 1.1e+00 1.Se+O0 1.7e+00 '3.9e403 2.1 e-03 3.9e403 S.5e403 6.0e403

Cmn-243 3.0e+01 1.9e+01 3.0e+01 4.0e+01 4.3e+01 1.1e-01 6.8e402 1.1e-01 1Ae401 1.5e401

Cmn-244 1.8e+01 9.5e+00 1.8e+01 2.5e+01 2.7e+01 6.4e402 3.4e402 6.3e402 9.0e402 9.8e402

Cmn-245 3.8e+01 2.2e+01 3.8e+01 5.2e+01 S.6e+01 1.4e41' 7.9e-02 1.4e401 1.9e-01 2.0e-01

Cmn-247 S.7e+01 3.9e+01 5.7e+01' 7.3e+01 7.7e+01, 2.0e-01 1.4e401 2.0e401 2.6e-01 2.8e401

Cm-248 1.2e+02 6.3e+01 1.2e+02 1.7e+02 1.8e+02 4.3e-01 2.3e401 4.3e41 6.1e4-1 6.6e401

Bk-249 1.0e401 S.5e402 1.0e401 1.5e41 1.6e401 3.7e-04 2.0e404 3.7e-04 S.2e-04 S.7e044

Cf-248 3.3e+00 1 .8e+00 3.3e+00 4.6e+00 S.Oe+OO 1 .2e402 6.Se403 1.2e-02 1 .7e402 1.8e-02
Cf-2,49 ,,,; ;H;-.e0 -39+1',S9e0i77+,.-8e0 ;cl214 .e1'';214 2.8e-O1-- :3.0-01

Cf-250 1.6e+01 8.2e+00 1.6e+01 2.3e+01 2.5e+01 S.9e402 2.9e402 S.8e402 8.4e402 9.1e402

Cf-2S1 4.1e+01 2.3e+01 4.1e+01 S.6e+01 6.0e+01 1.Se401 8.1 e42 1.4e401 2.0e-01 2.2e401

Cf-252 1.1e+01 S.8e+00 1.0e+01 1.5e+01 1.6e+01 3.8e-02 2.0e-02 3.7e402 S.3e402 S.7e402

Cf-254 1 .4e+03 8.1 e+O2 1 .3e+03 1 .9e+03 2.0e+03 4.9e+00 2.9e+00 4.8e+00 6.7e+00 7.3e+00

Eie2S4:J~J-' ,-'8.3'e+0. S.e01 5 -8e+i-.1e'e+02 21e0 ' .e0 ~,18 1 29e 1'4.0e41 43O

Note: To convert these values to conventional units (mrem/y per pCi/g or mrerrify per p~icm2), multiply by 3.7e-3

I3 NUREG-1 640



Normalized Effective Dose Equivalents from Concrete Appendix I-I

Table 11.2 Normalized effective dose equivalents from external exposure: Processing concrete
Mass-based EDE (pSv/y per Bq/g)

Radionuclide -Mean 5th - 50th 90th 95th
Surficial EDE (pSvly per Bq/cm2)

Mean 5th 50th 90th 95th
H-3 O.Oe+0O O.Oe+0O O.Oe+0O O.Oe+OO O.Oe+O0 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+0O O.Oe+0O
C-14 1.7e-04 1.0e-04 1.7e-04 2.3e-04 2.5e-04 6.0e-07 3.6e-07 6.0e-07 8.2e-07 8.8e-07
Na-22 2.0e+02 1.2e+02 2.0e+02 2.7e+02 2.9e+02 7.1e-01 4.2e-01 7.0e-01 9.6e-01 1.0e+00
P-32 9.1e-02 3.6e-02 8.2e-02 1.5e-01 1.8e-01 3.3e-04 1.3e-04 2.9e-04 5.5e-04 6.3e-04

35,'s-, - 1.6e, t9.8e-05~~,-.6e04,Z2.3e, 4.4-2.4e~l ,04y>. ,- 5.907,.07'58-7. 8.e0, 87-7
Ct-36 3.5e-02 2.1e-02 3.5e-02 4.7e-02 5.1e-02 1.2e-04 7.5e-05 1.2e-04 1.7e-04 1.8e-04
K-40 1.5e+01 9.2e+00 1.5e+01 2.1e+01 2.2e+01 5.4e-02 3.3e-02 5.3e-02 7.4e-02 7.9e-02
Ca-41 O.Oe+00 O.Oe+00 O.Oe+0. O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+0O O.Oe+00 O.Oe+0O O.Oe+0O
Ca-45 8.Oe-04 4.8e-04 7.9e-04 1.1e-03 1.2e-03 2.8e-06 1.7e-06 2.8e-06 3.9e-06 4.2e-06
So46 ..6e.02--I 9.8 '66'-ep e4 02,•2.2e4O2 ,: ,5.Ot- 3.5e ni .i e-01-• 8.Oe0ei8.7er
Cr-51 1.8e+00 9.3e-01 1.7e+00 2.6e+00 2.8e+00 6.3e-03 3.3e-03 6.0e-03 9.2e-03 1.0e-02
Mn-53 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+O0 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+0O
Mn-54 7.3e+01 4.4e+01 7.3e+01 1.Oe+02 1.1e+02 2.6e-01 1.6e-01 2.6e-01 3.6e-01 3.8e-01
Fe-55 9.1e-09 5.6e-09 9.1e-09 1.2e-08 1.3e-08 3.3e11 2.0e-11 3.2e-11 4.5e-11 4.8e-11

_SoFigr... --.- ~--s t~ -- W w --kq i-Sr

Co-56 3.0e+02 1.8e+02 2.9e+02 4.1e+02 4.4e+02 1.1e+00 6.3e-01 1.Oe+00 1.5e+00 1.6e+00,
Co-57 6.6e+00 4.0e+00 6.5e+00 9.0e+00 9.6e+00 2.3e-02 1.4e-02 2.3e-02 3.2e-02 3.4e-02
Co-58 7.5e+01 4.5e+01 7.4e+01 1.0e+02 1.1e+02 2.7e-01 1.6e-01 2.6e-01 3.7e-01 4.0e-01
Co-60 2.4e+02 1.4e+02 2.3e+02 3.2e+02 3.4e+02 8.4e-01 5.1e-01 8.3e-01 1.2e+00 1.2e+00
59;,'O4,e-03..96-08 3.O. 1..4903e - , e.7e-03A7.2e-08'
Ni-63 2.9e-06 1.8e-06 2.8e-06 3.9e-06 4.2e-06 1.0e-08 6.2e-09 1.Oe-08 1.4e-08 1.5e-08
Zn-65 5.2e+01 3.1e+01 5.1e+01 7.1e+01 7.5e+01 1.9e-01 1.1e-01 1.8e-01 2.5e-01 2.7e-01
As-73 9.5e-02 5.6e-02 9.3e-02 1.3e-01 1.4e-01 3.4e-04 2.0e-04 3.3e-04 4.6e-04 5.0e-04
Se-75 2.6e+01 1.5e+01 2.5e+01 3.5e+01 3.7e+01 9.1e-02 5.5e-02 9.0e-02 1.2e-01 1.3e-01

;5.3,+ 01,' j 13e -3.576.4-1.3e-01,.A,,.8e-01'-,1.9e' 01iG
Sr-89 1.1e-01 6.7e-02 1.1e-01 1.6e-01 1.7e-01 4.1e-04 2.4e-04 4.0e-04 5.7e-04 6.2e-04
Sr-90 3.8e-01 2.3e-01 3.8e-01 5.2e-01 5.6e-01 1.4e-03 8.3e-04 1.4e-03 1.9e-03 2.0e-03
Y-91 4.0e-01 2.4e-01 3.9e-01 5.6e-01 6.0e-01 1.4e-03 8.4e-04 1.4e-03 2.0e-03 2.2e-03
Zr-93 4.8e-06 2.7e-06 4.6e-06 6.8e-06 7.4e-06 1.7e-08 9.5e-09 1.6e-08 2.4e-08 2.7e-08

Zr,-95 o~i~e019, ,,7,.e'+01 M-48e,+01Ei,2,eO~,ti'+35,-i, 38-
Nb-93m 7.7e-04 4.7e-04 7.7e-04 1.1e-03 1.1e-03 2.8e-06 1.7e-06 2.7e-06 3.8e-06 4.0e-06
Nb-94 1.4e+02 8.6e+01 1.4e+02 1.9e+02 2.1e+02 5.0e-01 3.0e-01 5.0e-01 6.9e-01 7.4e-01
Nb-95 5.1e+01 2.8e+01 4.9e+01 7.3e+01 8.0e+01 1.8e-01 1.Oe-01 1.8e-01 2.6e-01 2.9e-01
Mo-93 4.2e-03 2.6e-03 4.1e-03 5.7e-03 6.1e-03 1.5e-05 9.0e-06 1.5e-05 2.0e-05 2.2e-05

. 8. ,3O2,e__ z ;2.2. -0e5,'- -2.8e0 5 .0
Tc-97m 1.8e-02 1.1e-02 1.7e-02 2.4e-02 2.6e-02 6.3e-05 3.8e-05 6.2e-05 8.7e-05 9Ae-05
Tc-99 1.8e-03 1.1e-03 1.7e-03 2.4e-03 2.6e-03 6.3e-06 3.8e-06 6.2e-06 8.6e-06 9.2e-06
Ru-103 3.2e+01 1.8e+01 3.2e+01 4.6e+01 5.0e+01 1.2e-01 6.5e-02 1.1e-01 1.6e-01 1.8e-01
Ru-106 1.9e+01 1.1e+01 1.8e+01 2.5e+01 2.7e+01 6.6e-02 4.0e-02 6.6e-02 9.0e-02 9.7e-02Wf>- --*< - -~r -*;_,. = rrs e _+-os -wZ_-: r <--

.108r'.Fi' 1.4e+02 8.6e+O i '-1. 4021.9e+02 2, 2.le+O2`K ''5.0e01•>3.0e01 : 5.0e010 ,6.9e A7:4o01P
Ag-110m 2.4e+02 1.4e+02 2.4e+02 3.3e+02 3.5e+02 8.5e-01 5.1e-01 8.4e-01 1.2e+00 1.3e+00
Cd-109 1.6e-01 9.9e-02 1.6e-01 2.2e-01 2.4e-01 5.8e-04 3.5e-04 5.8e-04 8.0e-04 8.6e-04
Sn-113 1.9e+01 1.2e+01 1.9e+01 2.7e+01 2.8e+01 6.9e-02 4.2e-02 6.8e-02 9.5e-02 1.Oe-01
Sb-124 1.5e+02 8.5e+01- 1.4e+02 2.0e+02 2.2e+02 5.2e-01 3.0e-01 5.1e-01 7.2e-01 7.8e-01
Sti.12 5 1i3;6e+01 S2.2e,+ ,36e,+0i 4.9e+01j.~ 5.2e+01 C'-,1.Ot-0 ~7,ie.T1.3e-01 e,'-0
Te-123m 8.0e+00 4.8e+00 7.9e+00 1.1e+01 1.2e+01 2.9e-02 1.7e-02 2.8e-02 3.9e-02 4.2e-02
Te-127m 4.2e-01 2.5e-01 4.1e-01 5.7e-01 6.1e-01 1.5e-03 8.9e-04 1.5e-03 2.0e-03 2.2e-03
1-125 1.2e-01 7.1e-02 1.2e-01 1.7e-01 1.8e-01 4.3e-04 2.5e-04 4.2e-04 6.0e-04 6.5e-04
1-129 1.2e-01 7.3e-02 1.2e-01 1.6e-01 1.7e-01 4.3e-04 2.6e-04 4.2e-04 5.8e-04 6.3e-04
l-131w',~ ,-.', ^1.0e+01 -'. '2.3e+00,-7.7e+00;,- 2,1e+01;-:-25+ 0 x -'^36 2:>82 37 e0,, 7.5e-02;,~ 9.0eO02
Cs-134 1.4e+02 8.3e+01 1.4e+02 1.9e+02 2.0e+02 4.9e-01 2.9e-01 4.8e-01 6.7e-01 7.2e-01
Cs-135 1.2e-03 7.6e-04 1.2e-03 1.7e-03 1.8e-03 4.4e-06 2.7e-06 4.4e-06 6.1e-06 6.5e-06
Cs-137 5.0e+01 3.0e+01 4.9e+01 6.8e+01 7.2e+01 1.8e-01 1.1e-01 1.8e-01 2.4e-01 2.6e-01
Ba-133 2.8e+01 1.7e+01 2.8e+01 3.9e+01 4.1e+01 1.0e-01 6.1e-02 1.0e-01 1.4e-01 1.5e-01

.8.2e+00 5.0e+00-, ,8.1e, 0A0 1.1e+ 01 1.2e'017-2.9e02 ,1.8' 02'.2.9e-02- 4.0e 0Zc 4.3e-02
Ce-141 3.2e+00 1.8e+00 3.1e+00 4.6e+00 5.0e+00 1.1e-02 6.2e-03 1.1e-02 1.6e-02 1.8e-02
Ce-144 4.2e+00 2.5e+00 4.1e+00 5.7e+00 6.1e+00 1.5e-02 8.9e-03 1.5e-02 2.0e-02 2.2e-02
Pm-147 6.6e-04 4.0e-04 6.6e-04 9.0e-04 9.6e-04 2.4e-06 1.4e-06 2.3e-06 3.2e-06 3.5e-06
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Appendix 1-1 Normalized Effective Dose Equivalents from Concrete

Table 11.'2 Normalized effective dose equivalents from extemnal expos ure: Processing concrete
Raincie Mass-based EDE (pSv/y per Bqlg) Surfidial EDE (pSv/y per Bq/cm2)

Ralnc'eMean 5th 50th 90th 95th Mean 5th 50th 90th 95th

Srn-151 1.3e-05 8.1 e-06 1.3e-05 1.8e-05 1.9e-05 4.7e-08 2.8e-08 4.7e-08 6.5e-08 6.9e-08

Eu-154 1.0e+02 6.2e+01 ,1.0e+02 1.4e+02 1.5e+02 3.6e-01 2.2e-01 -3.6e-01 4.9e-01 5.3e-01
Eu-1 55 2.4e+00 1.4e+00 2.3e+00 3.2e+00 3.4e+00 -8.4e-03 5.1e-03 8.3e-03 1.2e-02 1.2e-02
Gd-153 3.0e+00 1.8e+00 3.0e+00 4.1e+00 4.3e+00 1.1e-02 6.4e-03 1.1 e-02 1.5e-02 1.6e-02
Tb 160 8.8e+01 5.2e+01 8.6e+01 1.2e+02 1.3e+02 3.1e-1 1.8e-01 3.1e-01 4.3e-01 4.7e-01

Trn-171 12e-02 7.4e-03 1.2e-02 1.7e-02 1.8e-02 4Ae-05 2.6e-05 4.3e-05 6.0e-05 6.4e-05
Ta-1 82 -1.1e+02 6.3e+011 1.0e+02 1Ae+02 1.5e+02 3.8e-01 2.3e-01 3.7e-01, 5.2e-01 5.6e-01
W-181 8.2e-01 4.9e-01 8.1e-01 1.1e+00 1.2e+00 2.9e-03 1.7e-03 2.9e-03 4.0e-03 4.3e-03
W-185 5.0e-03 3.0e-03 5.0e-03 _6.9e-03 7.4e-03 1.8e-05 1.1e405 1.8e-05 2.5e-05 2.7e-05

tsi-e+-1- T.1+1';7'5.1e+3-i. .ie +0;,'7+1 ;O i .9e i e t,.,0 26'1.8
Ir-192 5.8e+011 3.4e+01 5.7e+01 8.0e+01 8.6e+01 2.1e-01 1.2e-01 2.0e-01 2.8e-01 3.1e-01
Tl-204 5.8e-02 3.5e-02 5.7e-02 7.9e-02 8.4e-02 2.1 e-04 -1.2e-04 2.0e-04 2.8e-04 3.0e-04
Pb-210 8.5e-02 5.1 e-02 8.4e-02 1.2e-01 1.2e-01 3.0e-04 1.8e-04 3.0e O4 4.1e-04 4.4e-04
Bi-207 1.4e+02 8.4e+01 1Ae+02 1.9e+02 2.0e+02 4.9e-01 3.0e-01 4.9e-01 6.7e-01 7.2e-01

4.9eaa-= 8 0e 4'1.1*03~e-03, D.9 06At1.r0j29 oiO ~
Ra-226 1.6e+02 9.8e+01 1.6e+02 2.2e+02 2.3e+02 5.7e-01 3.4e401 5.7e401 7.8e401 8.4e401
Ra-228 8.0e+01 4.9e+01 7.9e+01 1.1e+02 1.2e+02 2.9e401 -1.7e401 2.8e401 3.9e401 4.2e401
Ac-227 3.1e+011 1.9e+01 3.1e+011 4.2e+01 4.5e+011 1.1e-01 6.7e-02 1.1e401 1.5e401 1.6e401
Th-228 1Ae+02 8.3e+011 1Ae+02 1.9e+02 2.0e+02 4.9e-011 2.9e-01 4.8e-01 6.7e401 7.2e-01

,20,,-.e i2.2e,+^0i;-3.0e+01-~.-2e,+01 _-; ,,r0:8e =.e2,J1ie1,r0
Th-230 1.9e402 1.2e402 1.9e402 2.7e402 2.9e402 6.9e405 4.1e405 6.8e405 9.5e-05 1.0e-04
Th-232 4.3e401 8.9e402 4.0e-01 7.8e401 8.8e-01 1.5e43 3.1 e44 1.4e403 2.8e403 3.1e403
Pa-231 2.6e+00 1.6e+00 2.5e+00 3.5e+00 3.7e+00 9.1e403 5.5e403 9.0e403 1.2e-02 1.3e-02
U-232 2.2e+00 -4.5e401 2.1 e+00 4.0e+00 4.5e+00 7.8e403 1.6e403 7.3e403 1.4e-02 1.6e402

U-234 4.9e403 3.0e403 4.8e403 6.6e403 7.1e4-3 1.7e405 1.0e405 1.7e405 2.4e-05 2.5e405
U-235 11.1e+011 6.9e+00 11.11e+01 1.5e+01 1.7e+01 -4.1 e42 2.4e402 4.0e402 5.5e402 5.9e402
U-236 2.4e403 1.4e-03 2Ae403 32e403 3.5e403 8.5e406 5.1e406 8.4e406 1.2e405 1.2e405
U-238 2.3e+00 1.4e+00 2.3e+00 3.1 e+00 3.3e+00 -8.2e403 4.9e403 8.1e403 1.1 e42 1.2e402

N.t27,,,,.7-0'' .eO9-,e0,3+i24 >,.~,2 ;e,2.5n !* _ e0,
Pu-236 2.8e403 1.6e-03 2.7e403 4.0e403 4.5e403 1.0e-05 5.6e406 9.6e406 1.4e405 1.6e405
Pu-238 I1Ae403 8.3e-04 1.3e403 1.9e403 2.0e403, 4.9e406 2.9e-06 4.8e406 6.6e-06 7.1e406
Pu-239 4.1e403 2.5e403 4.0e403 5.6e403 5.9e403 1.5e-05 8.8e406 1.4e405 2.0e405 2.1e-05
Pu-240 1.3e403 8.2e404 1.3e403 1.8e-03 1.9e403 4.8e406 2.9e406 4.7e406 6.5e-06 7.0e406

Pu-242 1.2e03 7.3e 04- 1.2e03 1.6e-03 1.7e-03 4.3"06 2.6e-06 4.2e-06 5.8e-06 6.3e-06

Pu-244 2.9e+011 1.8e+01 2.8e+01 3.9e+01 4.2e+01, 1.0e-01 6.2e402, 1.0e401 1.4e-01 1.5e41
Arn-241 5.2e401 3.2e401 5.1e-01 7.1e401 7.6e401 11.9e403 1.1e403 1.8e-03 2.5e403 2.7e403

Arn-242rn 9.5e401 5.8e401 9Ae-01 1.3e+00 1.4e+00 .3.4e403 2.0e403 3.3e403 4.6e403 4.9e-03

Cm-242 1 Ae403 8.2e-04 1 .3e403 1 .8e403 2.0e403 4.8e-06 2.9e406 4.8e406 6.6e-06 7.1 e-06

Cm-243 8.1 e+00 5.0e+00 8.1e+00- 1.1e+01 1.2e+01 2.9e402 1.7e42- 2.9e402 4.0e-02 4.3e402

Cm-244 1.2e-03 7Ae404 11 2e43 1 .6e403 1 .8e403 4.3e406 2.6e406 4.3e406 5.9e406 6.3e406

Cm-245 5.2e+00 3.2e+00 5.1e+00 7.0e+00 7.5e+00 1.8e-02 1.1e402 1.8e-02 2.5e-02 2.7e-02

Cr-4.7.,i e4D-;-0,' .070.3e0, ^t-11.0,3: 1.;3 ; -- 26 .6e '.6f, 3.6e0 80
Cm-247 2.7e+011 1.6e+01 2.7e+01 3.7e+01 3.9e+011 9.6e402 5.8e402 9.5e402 1.3e401 1.4e-01

Cm-248 6.8e404 4.1 e-04 6.7e-04 9.2e-04 9.8e404 2.4e406 1.5e406 2.4e406 3.3e-6 3.5e406

Bk-249 2.3e-03 5.4e-04 2.2e-03, 4.2e-03 4.7e-03 8.3e-06 1.9e406 7.8e-06 1.5e-05 1.7e405

Cf-248 1.9e403 1.1 e-03 1.9e403 2.6e403 2.7e403 6.7e406 4.1 e46 6.7e406 9.2e-06 9.9e406
C-249' - -' 2.7e+01 -'16+0,'i2.6e+01 -.-. +,01, -,3.8e+,01@:' =9.56e42-J-57,64 ,,,.e4---.

Cf-250 8.3e-04 5.1e-04 8.3e404 1.1e403 1.2e403 3.0e406 1.8e406 2.9e406 4.1 e46 4.4e406

Cf-2511 7.0e+00 4.3e+00 6.9e+00 9.5e+00 1.0e+011 2.5e402 1.5e402 2.5e402 3Ae-02 3.7e402

Cf-252 1.7e403 1.0e403 1.7e403 2.3e403 2.4e-03 6.0e406 3.6e406 5.9e406 8.1 e-06 8.7e406

Cf-254 1.3e+03 7.9e+02 1.3e+03 1.9e+03 2.0e+03 4.8e+00 2.8e+00 4.7e+00 6.7e+00 7.2e+00
Es 24 -: -e8.0 01: 4;8+01 i 7.9e6 +0 .t11e+02 ;:1 2e+02t h ,-R- 'i;284' .17e1''.;2.8e41Z03.e11 -2~

Note: To convert these values to conventional units (mrem/y per pC~g or mrem/y per pC~crn), mult'ply by 3.7e-3
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Normalized Effective Dose Equivalents from Concrete Appendix I-1
Normalized Effective Dose Equivalents from Concrete Appendix I-I

Table 11.3 Normalized effective dose equivalents from Inhalation: Processina concrete
Mass-based EDE (pSv/y per Bq/g)

Radionucide Mean 5th 50th 90th 95th
Surficial EDE (uSv/y per Bq/cm2)

Mean 5th 50th 90th 95th
H-3 2.9e-06 1.6e-06 2.8e-06 4.1e-06 4.6e-06 1.Oe-08 5.7e09 9.9e-09 1.5e-08 1.7e-08
C-14 9.5e-05 5.3e-05 9.1e-05 l.4e-04 1.5e-04 3.4e-07 1.9"07 3.2e-07 4.9e-07 5.4e-07
Na-22 3.4e-04 1.9e-04 3.3e-04 4.9e-04 5.5e-04 1.2e-06 6.7e-07 1.2e-06 1.8e-06 2.0e-06
P-32 3.5e-04 1.3e-04 3.1 e-04 6.0e-04 7.0e-04 1.2e-06 4.8e-07 1.1e-06 2.1e-06 2.5e-06

f- , 9.9e 05 !,^,5Ae-0 5e , OT1,4o-04i.' 1 36a1;9 07,.-3.5>7i'i1 .1Z7 5 .7
CI-36 1.Oe-03 5.5e-04 '9.5e-04 1.4e-03 1.6e-03 3.6e-06 1.9e-06 3.4e-06 5.1e-06 5.7e-06
K-40 5.6e-04 3.1e-04 5.4e-04 8.0e-04 9.0e-04 2.0e-06 1.e-06 1.9e-06 2.9e-06 3.2e-06
Ca-41 6.1e-05 3.4e-05 5.9e-05 8.7e-05 9.8e-05 2.2e-07 1.2e-07 2.1e-07 3.1e-07 3.5e-07
Ca-45 2.8e-04 1.6e-04 2.7e-04 4.0e-04 4.5e-04 1.Oe-06 5.5e-07 9.6e-07 1.4e-06 1.6e-06

1 ,,lile 03 :;701.9e-3,, - 4.2, 6, e iA3 6M'6.t68e6i
Cr-51 1.Oe-05 5.1e-06 9.7e-06 1.6e-05 1.8e-05 3.7e-08 1.8e-08 3.5e-08 5.6e-08 6.4e-08
Mn-53 2.3e-05 1.3e-05 2.2e-05 3.2e-05 3.6e-05 8.1e-08 4.4e-08 7.7e-08 1.2e-07 1.3e-07
Mn-54 2.9e-04 1.6e-04 2.8e-04 4.2e-04 4.7e-04 1.Oe-06 5.8e-07 1.Oe-06 1.5e-06 1.7e-06
Fe-55 1.2e-04 6.7e-05 1.2e-04 1.7e-04 1.9e-04 4.3e-07 2.4e-07 4.1e-07 6.2e-07 6.9e-07

Co-56 1.6e-03 8.5e-04 1.5e-03 2.2e-03 2.5e-03 5.6e-06 3.0e-06 5.3e-06 8.0e-06 9.0e-06
Co-57 4.0e-04 2.2e-04 3.8e-04 5.7e-04 6.3e-04 1.4e-06 7.7e-07 i.3e-06 2.0e-06 2.3e-06
Co-58 4.2e-04 2.3e-04 4.0e-04 6.1e-04 6.8e-04 1.5-06 8.2e-07 1.4e-06 2.2e-06 2.5e-06
Co-60 9.9e-03 5.5e-03 9.4e-03 1.4e-02 1.6e-02 3.5e-05 1.9e-05 3.4e-05 5.1ee-05 5.7e-05
'NI59_-. ','6.0 0 5 ?3.3e;:U0 5 T.65 j 9.6e-05: ;L 077
NI-63 1.4e-04' 7.8e-05 1.3e-04 2.0e-04 2.3e-04 5.Oe-07 2.8e-07 4.8e-07 7.2e-07 8.1e-07
Zn-65 8.8e-04 4.9e-04 8.5e-04 1.3e-03 1.4e-03 3.2e-06 1.7e-06 3.0e-06 4.5e-06 5.1e-06
As-73 1.4e-04 7.5e-05 1.3e-04 2.0e-04 2.2e-04 4.9e-07 2.7e-07 4.7e-07 7.0e-07 7.9e-07
Se-75 3.5e-04 1.9e-04 3.4e-04 5.0e-04 5.6e-04 1.3e-06 6.8e-07 1.2e-06 1.8e-06 2.0e-06
Sr 85 jEf,3J ,87Ae0 5jt4400-05 ,7. 05k.1e-04.1 2e ,- 2 6
Sr-89 2.4e-04 1.3e-04 2.3e-04 3.5e-04 3.9e-04 8.5e-07 4.6e-07 8.1e-07 1.2e-06 1.4e-06
Sr-90 1.1e-02 6.2e-03 1.1e-02 1.6e-02 1.8e-02 4.0e-05 2.2e-05 3.8e-OS 5.8e-OS 6.4e-05
Y-91 1.8e-03 1.Oe-03 1.8e-03 2.7e-03 3.0e-03 6.6e-06 3.5e-06 6.3e-06 9.5e-06 1.1e-05
Zr-93 3.8e-03 2.1e-03 3.6e-03 5.4e-03 6.1e-03 1.3-05' 7.4e-06 1.3e-05 1.9e-05 2.2e-05
Zr-9'5 F 6.'67eJ-04 ,3.7'e4&:6M-4 9.6e '-,;.1'.i 03,b'.,7'sE,4 6i 1; 6 23,6,-3 ,,.e6.
Nb-93m 1.3e-03 7.4e-04 1.3e-03 1.9e-03 2.1e-03 4.7e-06 2.6e-06 4.5e-06 6.8e-06 7.6e-06
Nb-94 1.9e-02 1.0e-02 1.8e-02 2.7e-02 3.0e-02 6.7e-05 3.7e-05 6.4e-05 9.7e-05 1.1e-04
Nb-95 1.9e-04 1.0e-04 1.8e-04 2.9e-04 3.3e-04 6.9e-07 3.6e-07 6.6e-07 1.Oe-06 1.2e-06
Mo-93 1.3e-03 7.2e-04 1.2e-03 1.8e-03 2.1e-03 4.6e-06 2.5e-06 4.4e-06 6.6e-06 7.4e-06
t .. 0 7.8-8 j15-07..30.25-j
Tc-97m 2.0e-04 1.1e-04 1.9e-04 2.8e-04 3.1e-04 7.0e-07 3.8e-07 6.7e-07 1.0e-06 1.1e-06
Tc-99 3.8e-04 2.1e-04 3.6e-04 5.4e-04 6.0e-04 1.3e-06 7.4e-07 1.3e-06 1.9e-06 2.2e-06
Ru-103 3.le-04 1.6e-04 2.9e-04 4.6e-04 5.1e-04 1.1e-06 5.8e-07 1.0e-06 1.6e-06 1.9e-06
Ru-106 2.1e-02 1.2e-02 2.0e-02 3.0e-02 3.4e-02 7.5e-05 4.1e-05 7.2e-05 1.1e-04 1.2e-04
Ag- 0O8m j', .302 3 7.1 e 03 . 25e25,i 4.ie 0 - 6.
Ag-110m 3.5e-03 1.9e-03 3.3e-03 5.0e-03 5.6e-03 1.2e-05 6.8e-06 1.2e-05 1.8e-05 2.0e-05
Cd-109 5.1e-03 2.8e03 4.9e-03 7.3e-03 8.1e-03 1.8e-05 9.9e-06 1.7e-05 2.6e-05 2.9e-05
Sn-113 4.4e-04 2.4e-04 4.2e-04 6.3e-04 7.0e-04 1.6e-06 8.6e-07 1.5e-06 2.3e-06 2.5e-06
Sb-124 9.5e-04 '5.2e-04 9.1e-04 1.4e-03 1.5e-03 3.4e-06 1.8e-06 3.2e-06 4.9e-06 5.6e-06
Sb-1259; f' 6r'.62.-4;-'3.5,,046:S.O g.9 6104 e3- 42.2e06 _,.26-Oz 2.1 a-06 i. 3.2 0S; 36
Te-123m 4.4e-04 2.4e-04 4.2e-04 6.3e-04 7.0e-04 1.6e-06 8.6e-07 1.5e-06 2.3e-06 2.5e-06
Te-127m 9.0e-04 4.9e-04 8.6e-04 1.3e-03 1.4e-03 3.2e-06 1.7e-06 3.1e-06 4.6e-06 5.2e-06
1-125 9.2e-04 5.0e-04 8.7e-04 1.3e-03 1.5e-03 3.3e-06 1.8e-06 3.1e-06 4.7e-06 5.3e-06
1-129 7.9e-03 4.4e-03 7.5e-03 1.e-02 1.3e-02 2.8e-05 1.5e-05 2.7e-05 4.0e-05 4.5e-05
I-131 .7e '04zi ,i.1 -04 .'--3.6.044 9.9e 4, 1.2e-03 '.; i.7e06.3.7e O7 : 3e- 3.5 4.3e-06;
Cs-134 2.1e-03 1.1e-03 2.0e-03 3.0e-03 3.3e-03 7.4e-06 4.0e-06 7.1e-06 1.1e-05 1.2e-05
Cs-135 2.1e-04 1.1e-04 2.0e-04 3.0e-04 3.3e-04 7.4e-07 4.0e-07 7.1e-07 1.1e.06 1.2e-06
Cs-137 1.4e-03 8.0e-04 1Ae-03 2.1 e-03 2.3e-03 5.2e-06 2.8e-06 4.9e-06 7.4e-06 8.3e-06
Ba-133 3.5e-04 2.0e-04 3.4e-04 5.e-04 5.7e-04 1.3e-06 6.9e-07 1.2e-06 1.8e-06 2.0e-06
Ce-139 ;f'.. ~*3.8e-0,4T;~ 2'ie-; ',3.6e-045.5e.44,:-. 6.1e-04 '. iA8-05C'..17.4e-07.- ................1.3e-0.' 5'2.0e0K 26.2o-0,e6~
Ce-141' 2.9e-04 1.5e-04 2.8e-04 4.4e-04 4.9e-04 1.0e-O6 5.3e-07 9.9e-07 1.6e-06 1.8e-O6
Ce-144 1.6e-02 9.1e-03 1.6e-02 2.3e-02 2.6e-02 5.8e-05 3.2e-05 5.6e-05 8.4e-05 9.4e.-5
Pm-147 1.8e-03 9.8e-04 1.7e-03 2.5e-03 2.8e-03 6.3e.-6 3.4e-06 6.0e.-6 9.0e-06 1.0e-05
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Appendix I-l Normalized Effective Dose Equivalents from Concrete

Table 11.3 Normalized effective dose equivalents from inhalation: -Processing concrete

Radionuclide - Mass-based EDE (pSvty per Bq/g) Surficial EDE (,Svly per Bq/crn2)
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

SM-151 1.4e-03 7.6e-04 1.3e-03 1.9e-03 2.2e-03 4.9e-06 2.7e-06 4.6e-06 7.0e-06 7.8-06
Eu-15 2'.0e02 .. 0 .6e
Eu-154 1.3e-02 7.2e-03 1.2e-02 1.8e-02 2.1e-02 4.6e-05 2.5e-05 4.4e-05 6.6e-05 7Ae-05
Eu-155 1.9e-03 1.Oe-03 1.8e-03 2.7e-03 3.0e-03 6.7e-06 3.7e-06 6.4e-06 9.6e-06 1.1e-05
Gd-153 4.1e-04 2.3e-04 3.9e-04 5.9e-04 6.6e-04 1.5e-06 8.1e-07 1.4e-06 2.1e-06 2Ae-06
Tb-160 9.8e-04 5.3e-04 9.3e-04 1.4e-03 1.6e-03 3.5e-06 1.9e-06 3.3e-06 5.0e-06 5.7e-06
ITn-170: -- i.le-03 -6.0e 1e033.6e.03 e103 r e0 26.3e036
Tm-171 4.1e-04 2.3e-04 3.9e-04 5.8e-04 6.5e-04 1.5e-06 8.0e-07 I.Ae-06 2.1e-06 2.3e-06
Ta-182 1.8e-03 1.Oe-03 1.8e-03 2.7e-03 3.0e-03 6.6e-06 3.6e-06 6.3e-06 9.5e-06 1.1e-05
W-181 6.3e-06 3.5e-06 6.0e-06 9.0e-06 I.Oe-05 2.2e-08 1.2e-08 2.1e-08 3.2e-08 3.6e-08
W-185 2.9e-05 1.6e-05 2.8e-05 4.2e-05 4.7e-05 1.1 e-07 5.7e-08 I.Oe-07 1.5e-07 1.7e-07
bs-¶85 .,; r~ 4.Oe-t22e-04 '*.8 e44 -, 504 .40 06 t:^ ~8.07D1iAeO e06 - 23-06
Ir-192 I.le-03 6.0e-04 1.1e-03 1.6e-03 1.8e-03 3.9e-06 2.1e-06 3.8e-06 5.7e-06 6.4e-06
T1-204 1.le-04 6.0e-05 1.0e-04 1.5e-04 1.7e-04 3.9e-07 2.1e-07 3.7e-07 5.6e-07 62e-07
Pb-210 1.0e+00 5.6e-01 9.7e-01 1Ae+00 1.6e+00 3.6e-03 2.0e-03 3.5e-03 5.2e-03 5.8e-03
Bi-207 9.1e-04 5.0e-04 8.7e-04 1.3e-03 1.5e-03 3.2e-06 18e-06 3.1e-06 4.7e-06 5.2e-06
Pw210 -i,:.'-i;,'3.6e41,'2.0e-01',Q,3.4e-0l =52e01f 5.8e-01;- :LT'*n1.3e 03 tj-,0-0>4i12-3;.e0321
Ra-226 3.9e-01 2.2e-01 3.7e01 5.6e-01 6.3e-01 I Ae4-03 7.7e-04 1 .3e-03 2.0e-03 2.2e-03
Ra-228 4.0e-01 1 .9e4-1 3.8e-01 6.2e01 7.0e-01 1 Ae-03 6.7e-04 1 .3e-03 2.2e-03 2.5e-03
Ac-227 6.0e+01 3.3e+01 5.7e+01 8.5e+01 9.5e+01 2.1e-01 1.2e-01 2.0e-01 3.1e-01 3.4e-01
Th-228 __1.1e+01 6.3e+00 1.1e+01 1.6e+01 1.8e+01 4.0e422.2e02 3.9e-02 5.8e-02 6.5e-02
Tib-229 : .8e0 5. f4e+00 i.6e+ '. .0i
Th-230 1.5e+01 8.2e+00 1.4e+01 2.1 e+01 2Ae+01 5.3e-02 2.9e-02 5.0e-02 7.6e-02 8.5e-02
Th-232 7Ae+0l 4.1e+01 7.1e+01 1.1e+02 1.2e+02 2.7e-01 1.5e-01 2.5e-01 3.8e-01 4.3e-01
Pa-231 5.8e+01 3.2e+01 5.6e+01 8.3e+01 9.3e+01 2.1e-01 I.1e-01 2.0e-01 3.0e-01 3.3e-01
U-232 3.0e+01 1.7e+01 2.9e+01 4.3e+01 4.8e+01 1.1le-01 5.9e-02 1.0e-01 1.5e- 1.7e-01
U-2330> ;nt ',..6i+0,£.e, .e+0:88+ 9.8e 00 .YS-;2 02?42e-02',,: -ie2. 02>3.2e-0 3.5e02~
U-234 6.0e+00 3.3e+00 5.8e+00 8.6e+00 9.6e+00 2.1e-02 1.2e-02 2.1e-02 3.1e-02 3.4e-02
U-235 5.6e+00 3.1 e+00 5.3e+00 8.0e+00 8.9e+00 2.0e-02 1.1e-02 1.9e-02 2.9e-02 3.2e-02
U-236 5.7e+00 3.2e+00 5.5e+00 8.1 e+00 9.1e+00 2.0e-02 1.1e-02 1.9e-02 2.9e-02 3.3e-02
U-238 5.4e+00 3.0e+00 5.1e+00 7.7e+00 8.6e+00 1.9e-02 1.1e02 1.8e-02 2.8e-02 3.1e-02
Np-23i,<r.'-2.5e+0l o +0lk233e4 i 35e+0i ;23.9e+0 7 2 1.4.-Ol
Pu-236 6.5e+00 3.6e+00 6.2e+00 9.3e+00 1.0e+01 2.3e-02 1.3e-02 22e-02 3.3e-02 3.7e-02
Pu-238 1.8e+01 9.9e+00 1.7e+01 2.5e+01 2.8e+01 6.3e-02 3.5e-02 6.1e-02 9.1e-02 I.Oe-01
Pu-239 1.9e+01 1.1e+01 1.9e+01 2.8e+01 3.1e+01 6.9e-02 3.8e-02 6.7e-02 1.0e-41 1.1e-01
Pu-240 1.9e+01 1.1e+01 1.9e+01 2.8e+01 3.1e+01 6.9e 2 3.8e-02 6.7e02 1.0e-1 1.Ie-01
Pui241 -. 7- - , e01 f 2.1,e1-Ol 3.6.-Ol 25.'4e-01;>' 6.Oe01. 3e-0 73-49,I3.3~ i.9-0'ie-3 -

Pu-242 1.9e+01 I.Oe+O1 1.8e+01 2.7e+01 3.0e+01 6.6e-02 3.6e-02 6Ae-02 9.6e-02 1.1le-01
Pu-244 1.8e+01 1.0e+01 1.8e+01 2.6e+01 2.9e+01 6.5e402 3.6e-02 6.3e-02 9.4e-02 1.0e-01
Am-241 2.0e+01 1.1e+01 1.9e+01 2.9e+01 3.2e+01 7.2e-02 3.9e-02 6.9e-02 1.0e41 1.2e-01
Am-242m 2.0e+01 1.1e+01 1.9e+01 2.9e+01 3.2e+01 7.1e-02 3.9e-02 6.8e-02 1.0e4-1 1.1e-01
Ar-243 - -3t.- 2.0e+01 ,1e,1'1 .9e+01_. .2 30 ,2.9e+01 3.2e01'-r7.Ie2 ,3.9e42 6.8e42 11.,0,1; t'
Cm-242 7Ae-01 4.1e401 7.1e-01 1.1e+00 1.2e+00 2.6e-03 1.4e-03 2.5e-03 3.8e-03 4.2e-03
Cm-243 1 Ae+01 7.7e+00 1.3e+01 2.0e+01 2.2e+01 5.0e-02 2.7e-02 4.8e-02 - 7.1 e-02 8.0e-02
Cm-244 1.1e+01 6.2e+00 1.1e+011 1.6e+01 1.8e+01 4.0e.-02 2.2e-02 3.8e-02 5.8e-02 6.4e-02
Cm-245 2.1e+01 I.Ie+01 2.0e+01 3.0e+01 3.3e+01 7.4e-02 4.Oe-02 7.1 e402 1.1e401 1.2e401
Cm-246_ -2.Oe+0I ,-1.te'+01-'2.0e+01 2.9 eO 1i&3.3e1+01 -I-7, 14.e042: i7.0,-2,j1.i- t12e.i;
Cm-247 1.9e+01 1.Oe+01 ,1.8e+01 2.7e+01 3.0e+01- 6.7e-02 3.7e-02 6Ae-02 9.7e-02 1.1e4-1
Cm-248 7.5e+01 4.2e+01 7.2e+01 1.1e+02 1.2e+02 2.7e-01 1.5e-01 2.6e-01 3.9e-01 4.3e4-1
Bk-249 6.2e-02 3.5e-02 6.0e-02 8.9e-02 I.Oe-01 2.2e-04 1.2e-04 2.1 e-04 3.2e-04 3.6e-04
Cf-248 2.2e+00 1 .2e+00 2.2e+00 3.2e+00 3.6e+00 8.0e-03 4Ae-03 7.7e-03 1 .2e-02 1 .3e-02
Cf-249 4 , 1.7e+0 1 9.6e+00 , 1.7e+01 ,j2.5e+01 ,-.2.8e+01 :'. '62e,42 .3,.4e42 -5.9*02 8.9e-02 -.9.9e-02
Cf-250 9.3e+00 5.2e+00 8.9e+00 1.3e+01 1.5e+01 3.3e-02 1.8e-02 3.2e-02 4.8e-02 5.3e402
Cf-251 1.8e+01 9.8e+00 1.7e+01 2.5e+01 2.8e+01 6.3e-02 3.4e-02 6.0e-02 9.1e-02 1.0e-41
Cf-252 7.0e+00 3.9e+00 6.7e+00 1.0e+01 1.Ie+01 2.5e-02 1.4e-02 2.4e-02 3.6e-02 4.0e-02
Cf-254 I.1e+01 6.0e+00 1.1e+01 1.6e+01 1.8e+01 4.0e-02 2.1e-02 3.8e-02 5.8e-02 6.5e-02
Es254 - -;1.8e+00 t-;.Oe+00 1.7e+00'''2.6e+00 _'2.9e+00 i4 '6.5e03;; 3.6e,-03.-.62e-03 9;3e43- 1.0e42
Note: To convert these values to conventional units (mremly per pCVg or mremly per pCilcm'), multiply by 3.7e-3
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Normalized Effective Dose Equivalents from Concrete Appendix 1-1
Nomulized Effective Dose Equivalents from Concrete Appendix I-i

Table 11.4 Normalized effective dose equivalents from ingestion: Processing concrete

Mass-based EDE (pSvly per Bqgg)
Raincie Mean 5th 50th 90th 95th

Surficial EDE (pSvly per Bq/cm2)
Mean 5th 50th 90th 95th

H-3 2.1 e-04 2.0e-05 2.1e-04 3.9e-04 4.3e-04 7.6e-07 7.0e-08 7.5e-07 1.4e-06 1.5e-06
C-14 7.0e-03 6.4e-04 6.9e-03 1.3e-02 1.4e-02 2.5e-05 2.3e-06 2.5e-05 4.5e-05 5.0e-05
Na-22 3.8e-02 3.5e-03 3.7e-02 6.9e-02 7.6e-02 1.4e-04 1.2e-05 1.3e-04 2.5e-04 2.7e-04
P-32 1.5e-02 1.2e-03 1.2e-02 3.0e-2 3.6e-02 5.2e-05 4.2e-06 4.4e-05 1.1e-04 1.3e-04
S-35__ 1.30> 'i03 2e,04'~Žj.3O,03 i2.4e,03' 2.6e 03_ 4.78 __43e707 .4.6e, 86e06 9.5 e O6
CI-36 1.0e-02 9.3e-04 1.Oe-02 1.8e-02 2.0e-02 3.6e-05 3.3e-06 3.6e-05 6.6e-05 7.2e-05
K-40 6.2e-02 5.7e-03 6.1e-02 1.1e-01 1.2e-01 2.2e-04 2.0e-05 2.2e-04 4.0e-04 4.4e-04
Ca-41 4.3e-03 3.9e-04 4.2e-03 7.7e-03 8.5e-03 1.5e-05 1.4e-06 1.5e-05 2.8e-05 3.0e-05
Ca-45 9.9e-03 9.1e-04 9.8e-03 1.8e-02 2.0e-02 3.5e-05 3.2e-06 3.5e-05 6.5e-05 7.1e-05
COr4-53.38-04 3.18-05 32,e-04 6.E3.e- 02 e0 1.2;e-,065.,0; .e-06.6 .206 .0
Cr-51 3.3e-04 3.1e-05 3.2e-04 6.3e-04 7.1e-04 1.2e-06 1.1e-07 1.1e-06 2.2e-06 2.6e-06
Mn-53 3.6e-04 3.3e-05 3.6&e04 6.5e-04 7.2e-04 1.3e-06 1.2e-07 1.3e-06 2.4e-06 2.6e-06
Mn-54 9.0e-03 8.3e-04 8.8e-03 1.6e-02 1.8e-02 3.2e-05 2.9e-06 3.1e-05 5.8e-05 6.4e-05
Fe-55 2.0e-03 1.9e-04 2.0e-03 3.6e-03 4.0e-03 7.2e-06 6.5e-07' 7.1e-06 1.3e-05 1.4e-05
.Fe-59-' '-2 1.8e-02<j 1.8 0e3Th1.7 02~~K3 ~ , 3.6 ,,02 _ -, 6.3 ,~ 7 e. 8.1 '1.2e4*'1.3e4.'

Co-56 3.0e-02 2.7e-03 2.9e-02 5.4e-02 5.9e-02 1.Me-04 9.6e-06 1.0e-04 1.9e-04 2.1e-04
Co-57 2.4e-03 2.2e-04 2.4e-03 4.3e-03 4.8e-03 8.6e-06 7.8e-07 8.4e-06 1.6e-05 1.7e-05
Co-58 8.6e-03 7.9e-04 8.4e-03 1.6e-02 1.7e-02 3.1e-05 2.8e-06 3.0e-05 5.6e-05 6.2e-05
Co-60 3.4e-02 3.1e-03 3.4e-02 6.2e-02 6.8e-02 1.2e-04 1.1e-05 1.2e-04 2.2e-04 2.4e-04

NI-63 1.9e-03 1.8e-04 1.9e-03 3.5e-03 3.9e-03 6.9e-06 6.3e-07 6.8e-06 1.3e-05 1.4e-05
Zn-65 4.6e-02 4.3e-03 4.6e-02 8.4e-02 9.2e-02 1.7e-04 1.5e-05 1.6e-04 3.0e-04 3.3e-04
As-73 2.1e-03 1.9e-04 2.0e-03 3.8e-03 4.1e-03 7.4e-06 6.7e-07 7.2e-06 1.3e-05 1.5e-05
Se-75 2.9e-02 2.7e-03 2.9e-02 5.3e-02 5.9e-02 1.1e-04 9.5e-06 1.Oe-04 1.9e-04 2.1e-04

Sr8M,, ,,5 6-0, 5 1 1.O ii 022. 05 i -.e06; -,3.7ei-O . eC
Sr-89 2.5e-02 2.3e-03 2.4e-02 4.6e-02 5.1e-02 8.9e-05 8.1e-06 8.7e-05 1.6e-04 1.8e-04
Sr-90 5.1e-01 4.7e-02 5.1e-01 9.3e-01 1.Oe+00 1.8e-03 1.7e-04 1.8e-03 3.3e-03 3.7e-03
Y-91 2.7e-02 2.4e-03 2.6e-02 4.8e-02 5.3e-02 9.5e-05 8.6e-06 9.2e-05 1.7e-04 1.9e-04
Zr-93 5.6e-03 5.ie-04 5.5e-03 1.0e-02 1.1e-02 2.0e-05 1.8e-06 2.0e-05 3.6e-05 4.0e-05

Nb-93m 1.7e-03 1.6e404 1.7e-03 3.2e-03 3.5e-03 6.2e-06 5.7e-07 6.1e-06 1.1e-05 1.2e-05
Nb-94 2.4e-02 2.2e-03 2.4e-02 4.3e-02 4.8e-02 8.6e-05 7.8e-06 8.4e-05 1.6e 04 1.7e-04
Nb-95 6.4e-03 5.9e-04 '6.1e-03 1.2e-02 1.3e-02 2.3e-05 2.1e-06 2.2e-05 4.2e 05 4.7e-05
Mo-93 4.5e-03 4.2e-04 4.5e-03 8.2e-03 9.0e-03 1.6e-05 1.5e-06 1.6e-05 2.9e 05 3.2e-05
Ti976.80 04 %.,55 ,,0 47a;1e0e 03 '1e,03'2.i-e '.1.9e07, ,
Tc-97m 3.7e-03 3.4e-04 3.6e-03 6.7e-03 7.3e-03 1.3e-05 1.2e-06 1.3e-05 2.4e-05 2.6e-05
Tc-99 4.9e-03 4.5e-04 4.8e-03 8.8e-03 9.8e-03 1.8e-05 1.6e-06 1.7e-05 3.2e-05 3.5e-05
Ru-103 7.8e-03 7.2e-04 7.6e-03 1.4e-02 1.6e-02 2.8e-05 2.6e-06 2.7e-05 5.1e-05 5.7e-05
Ru-106 8.9e-02 8.2e-03 8.8e-02 1.6e-01 1.8e-01 3.2e-04 2.9e-05 3.1e-04 5.8e-04 6.4e-04
Ag-1O8m yA' 2.6e-02 2.3e-03 I 2.5e0;22. 2 i 5.18Ae2k ', ,-,:-r-> 84;0O
Ag-i1 Om 3.5e-02 3.2e-03 3.4e-02 6.3e-02 6.9e-02 1.2e-04 '1.e-05 1.2e-04 2.3e-04 2.5e-04
Cd-109 4.3e-02 4.0e-03 4.2e-02 7.8e-02 8.6e-02 1.5e-04 1.4e-05 1.5e-04 2.8e 04 3.1e-04
Sn-113 9.7e-03 9.0e-04 9.6e-03 1.8e-02 1.9e-02 3.5e-05 3.1e-06 3.4e-05 6.3e-05 6.9e-05
Sb-124 2.8e-02 2.6e-03 2.8e-02 5.2e-02 5.7e-02 1.Oe-04 9.2e-06 9.9e-05 1.9e-04 2.0e-04
sh125 1i.2e'-02: 2' -.2 02- 42- "6 e
Te-123m 1.7e-02 1.6e-03 1.7e-02 3.1e-02 3.4e-02 6.2e-05 5.6e-06 6.1e-05 1.1e-04 1.2e-04
Te-127m 2.7e-02 2.5e-03 2.7e-02 4.9e-02 5.4e-02 9.7e-05 8.8e-06 9.5e-05 1.8e-04 1.9e-04
1-125 1.1e-01 9.8e-03 1.0e-01 2.0e-01 2.2e-01 3.8e-04 3.5e-05 3.8e-04 7.0e-04 7.7e-04
1-129 9.3e-01 8.5e-02 9.le-01 1.7e+00 1.8e+00 3.3e-03 3.0e-04 3.2e-03 6.0e-03 6.6e-03
i-131,~ :s 4 5.ie-02 9 3,ie03,' 3;7e-021.ei,-1.8e 01v.:-2.0..04..............3e.04.4.9...4.. 6.3e-04'
Cs-134 2.4e-01 2.2e-02 2.4e-01 4.4e-01 4.8e-01 8.6e-04 7.9e-05 8.5e-04 1.6e-03 1.7e-03
Cs-135 2.4e-02 2.2e-03 2.3e-02 4.3e-02 4.7e-02 8.5e-05 7.7e-06 8.3e-05 1.5e-04 1.7e-04
Cs-137 1.7e-01 1.5e-02 1.7e-01 3.0e-01 3.3e-01 6.0e-04 5.5e-05 5.9e-04 1.1e-03 1.2e-03
Ba-133 1.1e-02 1.Oe-03 1.be-02 2.1e-02 2.3e-02 4.1e-05 3.7e-06 4.0e-05 7.4e-05 8.1e-05
Ce-139,, -'-: k3Se-03 ',3.3e4-, 3-5e03 -A 6.4e-03'. 7.0e-03 -- 2'1.3e-05§:1.1e-06 - 1.2e-OS ' 'Z3e 05¼,f 2.5e05's
Ce-141 7.0e-03 6.5e-04 6.7e-03 1.3e-02 1.5e-02 2.5e-05 2.3e-06 2.4e-05 4.6e-05 5.3e-05
Ce-144 6.8e-02 6.3e-03 6.7e-02 1.2e-01 1.4e-01 2.4e-04 2.2e-05 2.4e-04 4.4e-04 4.9b-04
Pm-147 3.5e-03 3.2e-04 3.4e-03 6.3e-03 6.9e-03 1.2e-05 1.1e-06 1.2e-05 2.3e-05 2.5e-05
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Appendix I-lI Normalized Effective Dose Equivalents from Concrete

Table 11.4 Normalized effective dose equivalents from lngesti6ri- Processing concrete
Radionuclide Mass-based EDE (uSvly per Bq/g) Surficial EDE (pSv/y per Bq/crT2)

Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
Sm-151 1.3e-03 1.2e-04 1.3e-03 2.4e-03 2.6e-03 4.7e-06 4.3e-07 4.6e-06 8.5e-06 9.3e-06
Eu-152 KLK-<2.2e02i',2.0e03 .2.1 02_'J3.9e-02-,4.3e-O2:-,'.e0' ;'.10' .65.,U1.4e 4D1.s1 44
Eu-154 3.2e-02 2.9e-03 3.1e-02 5.8e-02 6.4e-02 1.1e-04 1.Oe-05 1.1e-04 2.1e-04 2.3e-04
Eu-155 5.1e-03 4.7e-04 5.0e-03 9.2e-03 1.Oe-02 1.8e-05 1.7e-06 1.8e-05 3.3e-05 3.6e-05
Gd-153 3.8e-03 3.5e-04 3.7e-03 6.8e-03 7.5e-03 1.3e-05 1.2e-06 1.3e-05 2.4e-05 2.7e-05
Tb-160 1.9e-02 1.8e-03 1.9e-02 3.6e-02 3.9e-02 6.9e-05 6.3e-06 6.8e-05 1.3e-04 14e-04
TS7,w [;:160j,-u,6,2:3.Oe*02 , ~3.2-02 -,Ž5.8-.-OS :13r-.3e-06 ,.;-,5.7e-5rdD1.1e-41.2e04 d
Tm-171 1.4e-03 1.3e-04 1.4e-03 2.6e-03 2.8e-03 5.1e-06 4.6e-07 5.0e-06 9.2e-06 1.0e-05
Ta-182 2.0e-02 1.8e-03 2.0e-02 3.6e-02 4.0e-02 7.1le-05 6.4e-06 7.0e-05 1.3e-04 1.4e-04
W-181 8.8e-04 8.1e-05 8.6e-04 1.6e-03 1.7e-03 3.1e-06 2.8e-07 3.1e-06 5.7e-06 6.2e-06
W-185 4.6e-03 4.2e-04 4.5e-03 8.4e-03 9.2e-03 1.6e-05 1.5e-06 1.6e-05 3.0e-05 3.3e-05

iS 185 ,X6.8e.03'Z6.2e,04 .6e-03:l .2e-02 t'1.3e-2 2.4e05: .208 2.4e-05,.4
Ir-192 1.7e-02 1.5e-03 1.6e02 3.0e-02 3.3e-02 5.9e-05 SAe-06 5.8e4-5 1.1e-04 1.2e-04
Tl-204 1.1e-02 i.Oe-03 1.1e-02 2.0e-02 2.2e-02 4.0e-05 3.6e-06 3.9e-05 7.3e-05 8.0e-05
Pb-210 2.4e+01 2.2e+00 2.4e+01 4Ae+01 4.9e+01 8.7e-02 8.0e-03 8.6e-02 1.6e-01 1.7e-01
Bi-207 1.8e-02 1.7e-03 .8e-02 3.3e-02 3.7e-02 6.6e-05 6.0e-06 6.4e-05 1.2e404 1.3e-04
Po1- ,>':,5.9e+00_w5.4,01T75.8e;00.'1;ie+01 ;;1 2e+,__>72.1,42,7 $.9e-03,-z^21e-02,'~'38e'2 -42e-02
Ra-226 4.5e+00 4.1e-01 4Ae+00 8.1e+00 8.9e+00 1.6e-02 1.5e-03 1.6e-02 2.9e-02 3.2e-02
Ra-228 4.8e+00 4.4e-01 4.8e+00 8.7e+00 9.7e+00 1.7e-02 1.6e-03 1.7e-02 3.1e-02 3.5e-02
Ac-227 4.9e+01 4.5e+00 4.9e+01 8.9e+01 9.9e+01 1.8e-01 1.6e-02 1.7e-01 3.2e-01 3.5e-01
Th-228 2.7e+00 2.5e41 2.6e+00 4.8e+00 5.3e+00 9.5e-03 8.7e-04 9.4e-03 1.7e-02 1.9e-02
Th42A9:-;e! '','4e0l -41 2e+0OZ-1.3e.01i;j 2.4e F i'--2.ie+et.8e- .4 .
Th-230 1.8e+00 1.7e-01 1.8e+00 3.3e+00 3.7e+00 6.6e-03 6.0e-04 6Ae-03 1.2e-02 1.3e-02
Th-232 9.2e+00 8.4e-01 9.1e+00 1.7e+01 1.8e+01 3.3e-02 3.0e-03 3.2e-02 6.0e-02 6.6e-02
Pa-231 3.6e+01 3.3e+00 3.5e+01 6Ae+01 7.1e+01 1.3e-01 1.2e-02 1.2e-01 2.3e-01 2.5e-01
U-232 4.4e+00 4.1e-01 4.4e+00 8.0e+00 8.8e+00 1.6e-02 1 Ae-03 1.6e-02 2.9e-02 3.2e-02
U-233' 4. ff-,9.7e-0 1,.8.9e-02 _.9.6e,01 i,,1.7e+00 .9e+0O "3.5e-03 ' e332eA4ex.3f -03 A B':6.3e-03 ;6.9e..33
U-234 9.5e401 8.7e-02 9.4e-01 1.7e+00 1.9e+00 3.4e-03 3.1 e-04 3.3e-03 6.2e-03 6.8e-03
U-235 9.0e-41 8.2e-02 8.8e-01 1.6e+00 1.8e+00 3.2e-03 2.9e-04 3.1 e-03 5.8e-03 6.4e-03
U-236 9.0oe-01 8.3e-02 8.9e-01 1.6e+00 1.8e+00 3.2e-03 2.9e-04 32e-03 5.8e-03 6Ae-03
U-238 9.0e-01 8.3e-02 8.9e-01 1.6e+00 1.8e+00 3.2e-03 2.9e-04 3.2e-03 5.8e-03 6.4e-03
NJp-237^i;'<1.5e+01 i.,,.1OjJ.So 1 i,2.7e+,01 i. 07t01 5.3o 2W4.9e i" 52o-02'9.7 421. 1-
Pu-236 3.9e+00 3.6e-01 3.8e+00 7.0e+00 7.7e+00 1.4e-02 1.3e-03 1.4e-02 2.5e-02 2.8e-02
Pu-238 1.1e+01 9.9e-01 1.1e+01 1.9e+01 2.1e+01 3.8e-02 3.5e-03 3.8e-02 7.0e-02 7.7e-02
Pu-239 1.2e+01 1.1e+00 12e+01 2.1e+01 2.4e+01 42e-02 3.9e-03 4.2e-02 7.7e-02 8.5e-02
Pu-240 1.2e+01 1.1e+00 _12e+01 2.1e+01 2.4e+01 -4.2e-02 3.9e-03 4.2e-02 7.7e-02 8.5e-02
P-241L * '.e, 2.3&O-1 _ -,2:1e-02 ' 23~~.I>0i ,~'4 01_"t8.2044 ,,,5e-05. 8.ie4t-'.15e-0, .,6 ,03,.
Pu-242 1.1e+01 1.0e+00 1.1e+01 2.0e+01 2.3e+01 4.0e-02 3.7e-03 4.0e-02- 7.3e-02 8.0e-02
Pu-244 1.1e+01 1.0e+00 1.1e+01 2.0e+01 2.2e+01 4.0e-02 3.6e-03 3.9e-02 7.2e-02 8.0e-02
Am-241 1.2e+01 1.1e+00 1.2e+01 2.2e+01 2Ae+01 4Ae-02 4.0e-03 4.3e-02 7.9e-02 8.7e-02
Am-242rn 1.2e+01 1.1e+OO 1.2e+01 2.2e+01 2.4e+01 4.3e-02 4.0e-03 4.3e-02 7.9e-02 8.6e-02
,Am-',,:4 b1.+01 w.i.e'+00K.12e+0i-2.2o+0§ L2.4e+ i 4.3e02 4.0 -3 43e 2' 7.9e 8;7 02

Cm-242 3.6e-01 3Ae-02 3.6e-01 6.6e-01 7.2e-01 1.3e-03 1.2e-04 1.3e-03 2Ae-03 2.6e-03
Cm-243 8.4e+00 7.7e-01 8.3e+00 1.5e+01 1.7e+01 3.0e-02 2.8e-03 3.0e-02 5.5e-02 6.0e-02
Cm-244 6.8e+00 6.2e-01 6.7e+00 1.2e+01 1.3e+01 2.4e-02 2.2e-03 2.4e402 4.4e-02 4.8e-02
Cm-245 1.3e+011 1.2e+00 1.2e+01 2.3e+01 2.5e+01 4.5e-02 4.1le-03 4.4e402 8.1e-02 8.9e-02
Cmn-246 - ._ ,.12e+01 ',1.1e+OO:,~+01•<2.2e+OiU-2.5o+01 _',4; A-,2j' 4'Si41o-03,. ',4.4-O24'^'8.1e-,02',- 8.9e-o2J
Cm-247 1.1e+01 1.1e+00 1.1e+01 2.1e+01 2.3e+01 4.1e-02 3.7e-03 4.0e-02 7Ae-02 8.2e-02
Cm-248 4.6e+01 4.2e+00 4.5e+01 8.2e+01 9.1e+01 1.6e-01 1.5e-02 1.6e-01 3.0e-01 3.3e-01
Bk-249 4.0e-02 3.7e-03 4.0e-02 7.3e-02 8.0e-02 1Ae4-04 1.3e-05 1.A4-04 2.6e-04 2.9e-04
Cf-248 _1.e+00 1.Oe-01 1.1e+00 2.0e+00 2.2e+00 3.9e-03 3.6e-04 3.8e-03 7.1e-03 7.8e-03
Cf-2i9 ' ' '.1.60+01 1 .-5e+00 4.60 +Oi-~'2.e+ OIP3.2e+01 I ;57e 2 . 52e03 6 02+1.00-01- 1i10j0
Cf-250 7.1e+00 6.6e-01 7.0e+00 1.3e+011 1.4e+01 2.5e-02 2.3e-03 2.5e-02 4.6e-02 5.1 e-02
Cf-251 1.6e+01 1.5e+00 1.6e+01 2.9e+01 3.2e+01 5.8e-02 5.3e-03 5.7e-02 1.1e-01 12e-01
Cf-252 3.6e+00 3.3e-01 3.5e+00 6.5e+00 7.2e+00 1.3e-02 1.2e-03 1.3e-02 2.3e-02 2.6e-02
Cf-254 6.8e+00 62e4-1 6.6e+00 12e+01 4e+01 2Ae4-02 .22e-03 2Ae-02 4Ae-02 4.9e-02
Es-254 -''' i.0O-i 00 9.5e"02 ;o+oo 0 20400 'f-3.7e03 Z3.4e '36e03 ^.'-6.70 i-' 7.3e-03

Note: To convert these values to conventional units (mrem/y per pClg or mrerny per pCctm2). multiply by 3.7e-3
_- _UE- 640
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Normalized Effective Dose Equivalents from Concrete., Appendix 1-1
Table 11.5 Normalized effective dose equivalents from all pathways: Truck diver

Radionudide Mass-based EDE (pSvly per Bqlg) Surficial EDE (uSv/y per BgIcm2)Mean 5th 50th 90th 95th Mean 5th 50th 90th. 95th
H-3 2.2e-05 - 4.9e-06 2.1e-05 4.0e-05 4.6e-05 8.0e-08 1.7e-08 7.5e-08 1.4e-07 1.6e-07
C-14 7.6e-04 1.8e-04 7.1e-04 1.3e-03 1.5e-03 2.7e-06 6.5e-07 2.5e-06 4.8e-06 5.5e-06
Na-22 3.7e+01 2.6e+01 3.7e+01 4.8e+01 5.Oe+01 1.3e-01 9.1e-02 1.3e-01 1.7e-01 1.8e-01
P-32 1.2e-02 2.4e-03 8.6e-03 2.6e-02 3.1e-02 4.2e-05 8.4e-06 3.1e-05 9.4e-05 1.1e-04
S35, fi .- --2.20 ?~iO0,4,7,>.e+<........2.10-04~ 3.4e04i; 3.80-e -......... '7.90-07w '3.70-07~ 7.5 07-, -1.2 6,v,1.3e-08.^

CI-36 8.9e-03 6.5e-03 8.9e-03 1.1e-02 1.2e-02 3.2e-05 2.3e-05 3.2e-05 4.0e-05 4.2e-05
K-40 2.8e+00 1.9e+00 2.7e+00 3.5e+00 3.7e+00 9.9e-03 6.8e-03 9.7e-03 1.3e-02 1.3e-02
Ca41 4.5e-04 1.0e-04 4.2e-04 8.0e-04 9.2e-04 1.6e-06 3.6e-07 1.5e-06 2.9e-06 3.3e-06
Ca45 1.2e-03 4.6e-04 1.2e-03 2.0e-03 2.3e-03 4.5e-06 1.6e-06 4.2e-06 7.2e-06 8.2e-06

S , ;2e+0,:e,+Oit'.7,+03.e+01"- ,40'0'W 9.86-02.,-,'--' 6.2"Z,;2,>,t,9.6e 6 ^--00,2;40
Cr-51 2.6e-01 1.1e-01 2.4e-01 4.4e-01 5.0e-01 9.4e-04 4.0e-04 8.5e-04 1.6e-03 1.8e-03
Mn-53 5.7e-05 2.4e-05 5.5e-05 9.0e-05 9.9e-05 2.0e-07 8.5e-08 2.0e-07 3.2e-07 3.6e-07
Mn-54 1.4e+01 9.4e+00 1.4e+O1 1.8e+01 1.9e+01 4.9e-02 3.3e-02 4.8e-02 6.3e-02 6.7e-02
Fe-55 3.1e-04 1.3e-04 2.9e-04 4.8e-04 5.4e-04 1.1e-06 4.5e-07 1M1e-06 1.7e-06 1.9e-06

Co-56 4.8e+01 3.0e+01 4.6e+01 6.4e+01 7.0e+01 1.7e-01 1.1e-01 1.7e-01 2.3e-01 2.5e-01
Co-57 1.3e+00 9.1e-01 1.3e+00 1.7e+00 1.8e+00 4.7e-03 3.2e-03 4.7e-03 6.1e-03 6.5e-03
Co-58 1.3e+01 7.9e+00 1.2e+01 1.7e+01 1.9e+01 4.5e-02 2.8e-02 4.4e-02 6.2e-02 6.8e-02
Co-60 4.4e+01 3.0e+01 4.3e+01 5.5e+01 5.9e+01 1.6e-01 1.ie-01 1.5e-01 2.0e-01 2.1e-01
NI-59,; 4.10-04 2.904'k4.0e,4. 5.0e .- 5.3o _4l;ii,. 4e-6,,"i0e 6 0o-B14e06 j.t8o-06 kL19e-6
Ni-63 3.3e-04 1.4e-04 3.1e-04 5.0e-04 5.6e-04 1.2e-06 5.1e-07 1.1e-06 1.8e-06 2.0e-06
Zn-65 9.3e+00 6.4e+00 9.2e+00 1.2e+01 1.3e+01 3.3e-02 2.3e-02 3.3e-02 4.3e-02 4.6e-02
As-73 1.3e-02 8.2e-03 1.3e-02 1.7e-02 1.9e-02 4.6e-05 2.9e-05 4.5e-05 6.2e-05 6.7e-05
Se-75 4.9e+00 3.3e+00 4.8e+00 6.4e+00 6.9e+00 1.8e-02 1.2e-02 1.7e-02 2.3e-02 2.5e-02-_.2e +0 - - r 4 4s- ,t- o---.-; -- ---3Sr_,'G, 62+OO., 3.7e'00'6.0e+00 ,8.5e+0 .20-M 1;3e0- .
Sr-89 2.1e-02 1.2e-02 2.0e-02 3.0e-02 3.3e-02 7.5e-05 4.3e-05 7.2e-05 1.1e-04 1.2e-04
Sr-90 1.4e-01 8.4e-02 1.3e-01 1.8e-01 2.0e-01 4.8e-04 3.0e-04 4.7e-04 6.5e-04 7.0e-04
Y-91 6.9e-02 4.1e-02 6.6e-02 9.5e-02 1.Oe-01 2.4e-04 1.5e-04 2.4e-04 3.4e-04 3.7e-04
Zr-93 4.6e-03 2.5e-03 4.4e-03 6.5e-03 7.2e-03 1.6e-05 9.0e-06 1.6e-05 2.3e-05 2.6e-05
Zr,-95 C" t' b e4e+01:69.6e+80 20..21.8e 01A 8
Nb-93m 1.6e-03 8.8e-04 1.5e-03 2.2e-03 2.5e03 5.6e-06 3.1e-06 5.4e-06 8.1e-06 8.9e-06
Nb-94 2.7e+01 1.9e+01 2.7e+01 3.5e+01 3.7e+01 9.8e-02 6.7e-02 9.7e-02 1.3e-01 1.3e-01
Nb-95 7.6e+00 3.7e+00 7.0e+00 1.2e+01 1.3e+01 2.7e-02 1.3e-02 2.5e-02 4.2e-02 4.7e-02
Mo-93 1.8e-03 9.9e-04 1.7e-03 2.5e-03 2.8e-03 6.4e-06 3.5e-06 6.2e-06 9. e-06 1.Oe-05
T,,9-773 . 1.O04j4.S 4e-05 9.7e-05,. 1.5 1.78-0,i 3.6- 07& ; 4 o 7r 5.5- -
Tc-97m 2.7e-03 1.8e-03 2.7e-03 3.6e-03 3.8e-03 9.7e-06 6Ae-06 9.5e-06 1.3e-05 1Ae-05
TC-99 1.2e-03 6.8e-04 1.e-03 1.6e-03 1.8e-03 4.1e-06 2.4e-06 4.0e-06 5.8e-06 6.3e-06
Ru-103 5.1e+00 2.7e+00 4.8e+00 7.7e+00 8.7e+00 1.8e-02 9.4e-03 1.7e-02 2.8e-02 3.1e-02
Ru- 106 3.6e+00 2.5e+00 3.5e+00 4.6e+00 4.8e+00 1.3e-02 8.7e-03 1.3e-02 1.6e-02 1.7e-02

Ag 108m. - .' 2.8e+01 ; .-,.9e+ 1,%2.8e+01 3.6e, 01 ' 3.8e40%A0. O iL vs:-e0_t99 2,K .. eO-,
Ag-110m 4.4e+01 3.0e+01 4.3e+01 5.6e+01 6.0e+01 1.6e-01 1.1e-01 1.5e-01 2.0e-01 2.1e-01
Cd-109 3.4e-02 2.5e-02 3.4e-02 4.3e-02 4.5e-02 1.2e-04 8.8e-05 1.2e-04 1.5e-04 1.6e-04
Sn-113 3.6e+00 2.4e+00 3.6e+00 4.8e+00 5.1e+00 1.3e-02 8.5e-03 1.3e-02 1.7e-02 1.8e-02
Sb-124 2.3e+01 1.4e+01 2.2e+01 3.2e+01 3.5e+01 8.2e-02 4.8e-02 7.9e-02 1.1e-01 1.3e-01
Sbi25',~.;',z::-,7.le+00 s'T4.9e+00_<-7.0e0 9.le+00y.9.68+005L2;9 j.5e,21.7-,1e, ,2.5e,, K',33e,,~5.~-2
Te-123m 1.6e+00 1.Oe+00 1.5e+00 2.0e+00 2.2e+00 5.6e-03 3.7e-03 5.5e-03 7.3e-03 7.8e-03
Te-127m 7.5e-02 5.0e-02 7.4e-02 9.8e-02 1.1e-01 2.7e-04 1.8e-04 2.6e-04 3.5e-04 3.8e-04
1-125 1.2e-02 4.0e-03 1.e-02 2.0e-02 2.3e-02 4.2e-05 1.4e-05 3.9e-05 7.1e-05 8.2e-05
1-129 9.8e-02 2.2e-02 9.2e-02 1.7e-01 2.0e-01 3.5e-04 7.9e-05 3.3e-04 6.2e-04 7.1e-04

11.Oe+00,- 4.5e 02 Ot 4.2e01.; 3.O+,00, 3.9e+00 -, 3.6e-03 ' 1.6e-04 81.5e-03 1A.A02-6'1:402
Cs-134 2.7e+01 1.8e+01 2.6e+01 3.4e+01 3.6e+01 9.5e-02 6.5e-02 9.3e-02 1.2e-01 1.3e-01
Cs-135 2.6e-03 6.5e-04 2.4e-03 4.5e-03 5.2e-03 9.2e-06 2.3e-06 8.6e-06 1.6e-05 1.8e-05
Cs-137 9.8e+00 6.8e+00 9.7e+00 1.2e+01 1.3e+01 3.5e-02 2.4e-02 3.5e-02 4.5e-02 4.8e-02
Ba-133 5.8e+00 4.0e+00 5.8e+00 7.4e+00 7.9e+00 2.1e-02 1.4e-02 2.1e-02 2.7e-02 2.8e-02
Ce-i39 . :'. 1.6e+00 ;'-.1.1e+00';:'i;6e+00i ' 2.ie+00;, 2;2e+00 *- 5.ie03. f_3.8eO3',: 5.60',7 03 8.e-03o
Ce-141 5.1e-01 2.4e-01 4.6e-01 8.1e-01 9.1e-01 1.8e-03 8.5e-04 1.7e-03 2.9e-03 3.3e-03
Ce-144 7.8e-01 5.4e-01 7.7e-01 1.Oe+00 1.e+00 2.8e-03 1.9e-03 2.8e-03 3.6e-03 3.8e-03
Pm-147 2.3e-03 1.3e-03 2.2e-03 3.2e-03 3.5e-03 8.2e-06 4.7e-06 7.9e-06 1.1e-05 1.3e-05
_UE- 6011
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Appendix I-1 Norrnalized Effective Dose Equivalents from Concrete
Table 11.5 Normalized effective dose equivalents from all pathways: 'Truck diver

Mass-based EDE (pSv/y per Bq/g) - Surficial EDE (pSvly per Bq/cm')
Radionuclfide -Mean 5th 50th 90th 95th- Mean 5th 50th 90th 95th

Sm-151 1.6e-03 8.8e-04 1.5e-03 2.3e-03 2.5e-03 5.7e-06 3.1 e-06 5.4e-06 8.1e-06 9.0e-06
u'-152~ 1v' e'0 2.' , 0^.e0; i.25+ 15,. 4.1 8 e-,02,, ::6.e0.9 6 02.

Eu-1 54 1.9e+01 1.3e+01 1.9e+01 2.4e+01 2.6e+01 6.8e-02 4.7e-02 6.7e-02 8.7e-02 9.3e-02
Eu-1155 4.6e-01 3.2e-01 4.6e-01 5.9e-01 6.2e-01 1.6e-03 1.1e-03 11.6e-03 2.1ea-03 2.2e-03'
Gd-153 5.3e-01 3.6e-01 5.2e-01 6.8e-01 7.2e-01 1.9e-03 1.3e-03 1.9e-03 2.4e-03 2.6e-03
Tb-160 _ 1.5e+01 91le+00 1.4e+01 2.0e+011 2.2e+01 5.2e-02 3.2e-02 5.1e-02 7.1e-02 7.7e-02

2~i i .=. .3 e -02 _Jl'J 4 .,-.0.. 7.96 ~5i*.e-59i2-4
Tm-171 2.5e-03 1.8e-03 2.4e-03 3.0e-03 3.2e-03 8.8e-06' 6.4e406 8.7e-06 1.1e-05 1.2e-05
Ta-182 1.8e+01 1.2e+01 1.8e+01 2.4e+01 2.5e+01 6.4e-02 4.2e-2 6.3e-02 8.5e-02 9.1e-02
W-181 1.2e-01 8.2e-02 1.2e-01 1.6e-01 1.7e-01 4.4e-04 2.9e-04 4.3e-04 5.8e-04 6.2e-04
W-185 1.2e-03 7.2e-04 1.2e-03 1.7e-03 1.9e-03 4Ae-06 2.6e-06 4.2e-06 6.1 et-6 6.7e-06

,6,:18a; t..9e8:9e0tI.1. e t 0j .3e, 0,.l,3,21'--'.e0 4e 25.e0'
Ir-1 92 1.0e+01 6.5e+00 1.0e+01 1.4e+01 1.5e+01l 3.7e-02 2.3e-02 '3.6e-02 5.le-02 5.5e-02
TI-204 -1.2e-02 '8.4e-03 1.2e-02 1.5e-02 1.6e-02 4.3e-05 3.0e-05 4.2e-05 5.4e-05 5.7e-05
Pb-210 3.3e+00 1.2e+00 3.1e+00 5.4e+00 6.1 e+00 1.2e-02 4.2e-03 1.1e-02 1.9e-02 2.2e-02
Bi-207 -2.6e+01 1 .8e+01 2.6e+01 3.3e+01 3.5e+01 9.3e-02 6Ae-02 9.2e-02 1.2e-01 1 .3e-01

p17 Oe-O73.7D3 '~ ~ Xt. 0 ,3+0 t, 5 + 0.e;e0i;48-0 v 3.'e0 ,<.
Ra.-226 3.1e+01 2.2e+01 3.0e+01 3.9e+01 4.1e+01 1.1e401 7.6e-02 1.1e-01 1Ae-01 1.5e-01
RaA-228 1.7e+01 1.2e+01 1.6e+01 2.1e+011 2.2e+01 5.9e-02 4.1e-02 5.9e-02 7.5e-02 8.0e-02
A>-227 7.5e+01 4.4e+01 7.2e+01 1.0e+02 1.1 e+02 2.7e-01 1.6e-01 2.6e-01 3.7e-01 4.1e-01
Th-228 3.6e+01 2.6e+01 3.6e+01 4.5e+01 4.7e+01 1.3e-01 9.3e-02 1.3e-01 1.6e-01 1.7e-01
T,279 -. 11e+0 -J;i+0 1 t 0,..e+ 200:^;2e- .;1.E 63
ThA230 11.6eA+O1 8.5e+00 1.5e+01 2.3e+01 2.6e+01 5.7e-02 3.0e-02 5.5e-02 8Ae-02 9.3e-02
ThA232 8.1e+01 4.3e+01 7.8e+01 1.2e+02 1.3e+02 2.9e-01 1.5e-01 2.8e-01 4.2e-01 4.7e-01
Pa-231 6.7e+01 3.7e+01 6.4e+01 9.6e+01 1.1 e+02 2.4e-01 1.3e-01 2.3e-01 3.4e-01 3.8e-01
U-232 3Ae+01 1.8e+01 3.2e+01 4.9e+01 5.4e+01 1.2e-01 6.5e-02 1.2e-01 1.7e-01 1.9e-01

_-% *i.e0.-.e0 *;64+0,,,e+00 ,'v,-';.ie 0 le+'<13-? :^.3 >.
U-234 6.6e+00 3.5e+00 6.3e+00 9.5e+00 1.1e+01 2.3e-02 1.2e-02 2.2e-02 3.4e-02 3.8e-02
U-235 8.5e+00 5.5e+00 8.2e+00 1.1e+01 1.2e+01 3.0e-02 2.0e-02 2.9e-02 4.1e-02 4.4e-02
U-236 6.2e+00 3.3e+00 6.0e+WO 9.0e+00 1.0e+01 2.2e-02' 12e-02 2.le-02 3.2e-02 3.6e-02
U-238 6.3e+00 3.6e+00 6.1e+00 8.9e+00 9.9e+00 2.3e-02 1.3e-02 2.2e-02 3.2e-02 3.6e-02

Y-7ie,1 ,j~i.9e+0O.e05 .3A '~48+1,j e-0,4 - 2,.1111.7d-.6,1
Pu-236 7.3e+00 4.0e+00 7.0e+00 1.0e+01 1.2e+01 2.6e-02 1.4e-02 2.5e-02 3.8e-02 4.2e-02
Pu-238 2.0e+01 1.1e+01 1.9e+01 2.9e+01 3.2e+01 7.2e-02 3.9e-02 6.9e-02 1.0e-01 1.1e-01
Pu-239 '2.2e+01 1.2e+01 2.1e+01 3.2e+01 3.5e+01 7.9e-02 4.3e-02 7.5e-02' 1.1e-01 1.3e-01
Pu-240 2.2e+01 1.2e+01 2.4e+01 3.2e+01 3.5e+01 -7.9e 02 4.3e-02 7.5e-02 1.1e-01 1.3e-01

Pu-242 2.1e+01 1.2e+01 2.0e+01 3.0e+01 3.4e+01 7.5e-02 4.1 e-02 7.2e-02 11.1e-01 1.2e-01
Pu-244 2.6e+01 1 .7e+01 2.5~e+01 3.5e+01 3.9e+01 9.4e-02 6.0e402 9.1 e-02 1 .3e-01 I Ae-011
Am-241 2.3e+01 1.3e+01 2.2e+01 3.3e+01 3.6e+01 8.2e-02 4.4e-02 7.8e-02 1.2e-01 1.3e-01
ArT-242m 2.3e+01 1.3e+01 2.2e+01 3.3e+011 3.6e+01 8.1e-02 4.4e-02 7.8e-02 1.2e-01 1.3e-01

Am2432;5e,+01 ;.i.5e O 24e+0',3. ,+01et .,3. e+01-' -*^'-9.0te-02' 3O .
Cm-242 7.8e-01 4.2e-01 7.5e-01 11.1e+00 1.3e+00 2.86-03 1.5e-03 2.7e-03 4.1e-03 4.5e403
Cm-243 1.7e+01 1.0e+01 1.7e+01 2.4e+01 2.7e+01 6.2e-02 3.6e-02 6.0e-02 8.7e-02 9.6e-02
Cm-244 1.3e+01 6.9e+00 1.2e+01 1.8e+01 2.0e+01 4.5e-02 2.5e-02 4.3e-02 6.5e-02 7.2e-02
Cm-245 2.4e+01 1.4e+01 2.4e+01 3.5e+01 3.8e+01 8.7e-02 4.9e-02 8.4e-02 1.2e-01 1.4e-01

Cm-247 2.7e+01 1.7e+01 2.6e+01 3.6e+01 4.0e+01 9.6e-02 6.0e402 9.3e402 1.3e401 1.4e401
Cm-248 8.5e+01 4.6e+01 8.2e+01 1.2e+02 1.4e+02 3.0e401 1.6e401 2.9e-011 4Ae401 4.8e401
Bk-249 7.1 e42 '3.9e402 6.8e402 1I.0e-01 1.1e-01 2.5e404 1.4e404 2.4e-04 3.6e-04 4.0e-04
Cf-248 2.5e+00 '1.3e+00 2.4e+00 3.5e+00 3.9e+00 8.8e403 4.7e-03 8.4e-03 1.3e-02 1.4e402

Cf-250 1.1e+01 5.9e+00 1.0e+01l 1.5e+01 1.7e+01' '3.8e0 2.1e402 3.6e402 5.5e402 6.1e402
Cf-251 ' 2.2e+01 1.3e+01 2.1e+01 3.1e+011 3.4e+01l 7.8e-02 4.5e402 7.5e42 11.1e401 1.2e401
Cf-252 7.8e+00 4.2e+00 7.5e+00 1.1e+01 1.3e+01 2.8e-02 1.5e402 2.7e-02 4.0e402 4.5e402
Cf-254 2.3e+02 1Ae+02 2.2e+02 3.2e+02 3.4e+02 8.1e41l 4.9e401 7.9e401 1.1e+00 1.2e+00

Note: To convert these values to conventional units (mrenwy per pC~g or mrem/y per p~ilcm2) multiply by 3.7e-3
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Normalized Effective Dose Equivalents from Concrete Appendix I-lI
Table 11.6 Normalized effective dose equivalents from external exposure: Truck diver

Radionuclide Mass-based EDE (pSvty per BgIg)
Mean 5th 50th 90th 95th

Surficial EDE (pSv/y per Bqcmn2)
Mean 5th 50th 90th 95th

H-3 O.Oe+00 O.Oe+00 0.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
C-14 2.3e-05 1.6e-05 2.3e-05 3.0e-05 3.1e-05 8.3e-08 5.7e-08 8.2e-08 1.1e-07 1.1e-07
Na-22 3.7e+01 2.6e+01- 3.7e+01 4.8e+01 5.0e+01 1.3e-01 9.1e-02 1.3e-01 1.7e-01 1.8e-01
P-32 1.1e-02 2.le-03 7.8e-03 2.4e-02 2.9e-02 3.9e-05 7.7e-06 2.8e-05 8.6e-05 1.Oe-04

le-05 2. 0, * ,52 3 -,y7.4e 08 -7 2&08{:d79.Ne08 t 7
CI-36 6.9e-03 4.8e-03 6.9e-03 8.8e-03 9.4e-03 2.5e-05 1.7e-05 2.5e-05 3.2e-05 3.4e-05
K-40 2.8e+00 1.9e+00 2.7e+00 3.5e+00 3.7e+00 9.8e-03 6.8e-03 9.7e-03 1.3e-02 1.3e-02
Ca-41 O.Oe+OO O.Oe+00 O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-45 1.3e-04 8.505 1.2e-04 1.6e-04 1.7e404 4.5e-07 3.0e-07 4.4e-07 5.9e-07 6.2e-07

Cr-51 2.6e-01 1.1e-01 2.4e-01 4.4e-01 5.0e-01 9.4e-04 4.0e-04 8.5e-04 1.6e-03 1.8e-03
Mn-53 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mn-54 1.4e+01 9.4e+00 -1.4e+01 1.8e+01 1.9e+01 4.9e-02 3.3e-02 4.8e-02 6.3e-02 6.7e-02
Fe-55 1.9e-09 1.3e-09 1.9e-09 2.4e-09 2.6e-09 6.8e-12 4.7e-12 6.7e-12 8.7e-12 9.3e-12
e9I; < 1.3e+01 7.2eI0012.2e'*;ie WWVl:2 ii4,7

Co-56 4.8e+01 3.0e+01 4.6e+01 6.4e+01 7.0e+01 1.7e-01 1.1e-01 1.7e-01 2.3e-01 2.5e-01
Co-57 1.3e+00 9.0e-01 1.3e+00 1.7e+00 1.8e+00 4.7e-03 3.2e-03 4.7e-03 6.1e-03 6.5e-03
Co-58 1.3e+01 7.9e+00 1.2e+01 1.7e+01 1.9e+01 4.5e-02 2.8e-02 4.4e-02 6.2e-02 6.8e-02
Co-60 4.4e+01 3.0e+01 4.3e+01 5.5e+01 5.9e+01 1.6e-01 1.1e-01 1.5e-01 2.0e-01 2.1e-01
,,, C 1:fi>gr o - 3 7 £7 z''680t'.e,0 7,,~,,,,<
NI-63 1.3e-07 9.2e-08 1.3e-07 1.7e-07 1.8e-07 4.7e-10 3.2e-10 4.7e-10 6.1e-10 6.5e-10
Zn-65 9.3e+00 6.4e+00 9.2e+00 1.2e+01 1.3e+01 3.3e-02 2.3e-02 3.3e-02 4.3e-02 4.6e-02
As-73 1.3e-02 7.9e-03 1.2e-02 1.7e-02 1.8e-02 4.5e-05 2.8e-05 4.4e-05 6.1e-05 6.6e-05
Se-75 4.9e+00 3.3e+00 4.8e+00 6.4e+00 6.9e+00 t.8e-02 1.2e-02 1.7e-02 2.3e-02 2.5e-02

Sr 85ta, /,' 2e+00L>3.7e+00,8.0et0%.etq800.? 9.3e.00., )3 2.2. -:1.3o2.1
Sr-89 1.9e-02 1.1e-02 1.8e-02 2.7e-02 3.0e-02 6.8e-05 3.8e-05 6.5e-05 9.8e-05 1.1e-04
Sr-90 7.7e-02 5.3e-02 7.6e-02 9.8e-02 1.0e-01 2.8e-04 1.9e-04 2.7e-04 3.5e-04 3.8e-04
Y-91 6.5e-02 3.9e-02 6.2e-02 9.1e-02 1.0e-01 2.3e-04 1.4e-04 2.2e-04 3.3e-04 3.6e-04
Zr-93 1.6e-07 1.1e-07 1.5e-07 2.0e-07 2.te-07 5.6e-10 3.8e-10 5.5e-10 7.1e-10 7.6e-tO

Nb-93m 3.7e-08 2.6e-08 3.7e-08 4.7e-08 5.0e-08 1.3e-10 9.1e-11 1.3e.-0 1.7e-10 1.8e-10
Nb-94 2.7e+01 1.9e+01 2.7e+01 3.5e+01 3.7e+01 9.8e-02 6.7e-02 9.7e-02 1.3e-01 1.3e-01
Nb-95 7.6e+00 3.7e+00 7.0e+00 1.2e+01 1.3e+01 2.7e-02 1.3e-02 2.5e-02 4.2e-02 4.7e-02
Mo-93 4.0e-08 2.8e-08 4.0e-08 5.1e-08 5.4e-08 _ 1.4e-10 9.8e-1 1.4e-10 1.8e-10 1.9e-10
To.971;'- R2' 2.4e-07C1l.8i23o,-07:i,3.Oe,-07-!.2e,,07.; _ ___84F1E58~ ?. 8.3~k
Tc-97m 2.2e-03 1.4e-03 2.2e-03 3.0e-03 3.2e-03 8.0e-06 5.1e.06 7.8e-06 1.1e-05 1.2e-05
Tc-99 3.1e-04 2.2e-04 3.1e-04 4.0e-04 4.2e-04 1.1e-06 7.6e-07 1.1e-06 1.4e-06 1.5e-06
Ru-103 5.1e+00 2.7e+00 4.8e+00 7.7e+00 8.7e+00 1.8e-02 9.4e-03 1.7e-02 2.8e-02 3.1e-02
Ru-106 3.5e+00 2Ae+00 3.5e+00 4.5e+00 4.8e+00 1.3e-02 8.6e-03 1.3e-02 1.6e-02 1.7e-02

e 01'5 3.8: e I,9.9e .24'-'-i.3001mAi4eo
Ag-110m 4.4e+01 3.0e+01 4.3e+01 5.6e+01 6.0e+01 1.6e-01 1.1e-01 1.5e-01 2.0e-01 2.1e-01
Cd-109 2.5e-02 1.7e-02 2.5e-02 3.2e-02 3.4e-02 9.0e-05 6.2e-05 8.9e-05 1.2e-04 1.2e-04
Sn-I 13 3.6e+00 2.4e+00 3.6e+00 4.8e+00 5.1e+00 1.3e-02 8.5e-03 1.3e-02 1.7e-02 1.8e-02
Sb-124 2.3e+01 1.4e+01 2.2e+01 3.2e+01 3.5e+01 8.2e-02 4.8e-02 7.9e-02 1.1e-01 1.3e-01

O e+ 9e+C22.S t.7o-02S25 02-,33e, 243i 5e-0. ;
Te-123m 1.6e+00 1.Oe+00 1.5e+00 2.0e+00 2.2e+00 5.5e-03 3.6e-03 5.4e-03 7.3e-03 7.8e-03
Te-127m 7.2e-02 4.8e-02 7.1e-02 9.5e-02 1.Oe-01 2.6e-04 1.7e-04 2.5e-04 3.4e-04 3.7e-04
1-125 2.7e-03 1.6e-03 2.6e-03 3.8e-03 4.2e-03 9.7e-06 5.7e-06 9.3e-06 1.4e-05 1.5e-05
1-129 5.8e-03 4.0e-03 5.7e-03 7.3e-03 7.8e-03 2.1e-05 1.4e-05 2.0e-05 2.6e-05 2.8e-05
l-,13if''-&^'1.0e+00 g;,4.,50-02:,v,,4.2e-01., 3.06+00 ,K. 3.9e+00 ',&5>.3.50-03,-, I .6o-0 > ,1.5e 03>' 1.1o-02!-;-.14o-2,'
Cs-134 2.6e+01 1.8e+01 2.6e+01 3.4e+01 3.6e+01 9.5e-02 6.5e-02 9.3e-02 1.2e-01 1.3e-01
Cs-135 2.1e-04 1.5e-04 2.1e-04 2.7e-04 2.9e-04 7.6e-07 5.2e-07 7.6e-07 9.8e-07 1.Oe-06
Cs-137 9.8e+00 6.8e+00 9.7e+00 1.2e+01 1.3e+01 3.5e-02 2.4e-02 3.5e-02 4.5e-02 4.8e-02
Ba-133 5.8e+00 4.0e+00 5.8e+00 7.4e+00 7.9e+00 2.1e-02 1.4e-02 2.1e-02 2.7e-02 2.8e-02
CO-,139w''';,,.-1.6e+002Q, j.1e+00 ,,>;'1.6e+00 :2.1e+00- 2.2e400, ' 5.7e 03,-3.6o-03 ^ S.6e03.h 7.5e-Q3_'8.0e-03i,
Ce-141 5.1e-01 2.4e-01 4.6e-01 8.1e-01 9.1e-01 1.8e-03 8.5e-04 1.7e-03 2.9e-03 3.3e-03
Ce-144 7.6e-01 5.2e-01 7.5e-01 9.7e-01 1.Oe+00 2.7e-03 1.8e-03 2.7e-03 3.5e-03 3.7e-03
Pm-147 1.1e-04 7.8e-05 1.1e-04 1.5e-04 1.5e.04 4.1e-07 2.8e-07 4.0e-07 5.2e-07 5.6e-07

NUREG-1640 I-12



Appendix I-l 11I Normalized W66tiVe Dose Equivalents from Concrete
.

Table 11.6 Normalized effective dose equivalents from external exposure: Truck diver
Mass-based EDE (,Sv/y per Bq/g) Surficial EDE (uSv/y per Bq/cm2 )

Radionuclide Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

Sm-151 3.4e-07 2Ae-07 3.4e-07 4.3e-07 4.6e-07 1.2e-09 8Ae-10 1.2e-09 1.6e-09 1.7e-09
Eu&ii52: = y2.O+0R\ 16. j 4;1 .9 e i 'Z2.5+0i1- -- 2&e2 ,,f7.0e-02 - ' i:. 9e �9.e -2
Eu-154 1.9e+01 1.3e+01 1.9e+01 2.4e+01 2.6e+01 6.8e-02 4.7e-02 6.7e-02 8.7e-02 9.3e-02
Eu-155 4.6e-01 32e-01 4.5e-01 5.8e-01 6.2e-01 1.6e-03 1.1e-03 1.6e-03 2.1e-03 2.2e-03
Gd-153 5.3e-01 3.6e-01 52e-01 -6.8e-01 7.2e-01 1.9e-03 1.3e-03 1.9e-03 2.4e-03 2.6e-03
Tb-160 1.5e+01 9.1e+00 1.4e+01 2.0e+01 2.2e+01 5.2e-02 3.2e-02 5.0e-02 7.1e-02 7.7e-02

Tm-171 1.9e-03 1.3e-03 1.9e-03 2.4e-03 2.6e-03 6.8e-06 4.7e-06 6.7e-06 8.7e-06 9.3e-06
Ta-182 1.8e+01 1.2e+01 1.8e+01 2.4e+01 2.5e+01 6Ae-02 4.2e-02 6.3e-02 8.5e-02 9.1e-02
W-181 1.2e-01 8.2e-02 1.2e-01 1.6e-01 1.7e-01 4Ae-04 2.9e-04 4.3e-04 5.8e-04 6.2e-04
W-185 8.4e-04 5.2e-04 8.1e-04 1.1e-03 1.2e-03 3.0e-06 1.9e-06 2.9e-06 4.1e-06 4.4e-06
b-185 9 2e 2 .4. .7, 2i
Ir-192 1.0e+01 6.5e+00 1.Oe+01 1Ae+01 1.5e+01 3.7e-02 2.3e-02 3.6e-02 5.1e-02 5.5e-02
11-204 1.1e-02 7Ae-03 1.le-02 1Ae-02 1.5e-02 3.9e-05 2.6e-05 3.8e-05 5.0e-05 5.3e-05
Pb-210 1.5e-02 1.Oe-02 1.5e-02 1.9e-02 2.0e-02 5.3e-05 3.7e-05 5.3e-05 6.8e-05 7.3e-05
Bi-207 2.6e+01 1.8e+01 2.6e+01 3.3e+01 3.5e+01 9.3e-02 6Ae-02 9.2e-02 1.2e-01 1.3e-01
jo ,210 . 1 Ze04 p8 .'5 02 1 .4e, 04 ,-1.9e-04 S Z ,.Oeii5 2e-07,--, - e-T
Ra-226 3.0e+01 2.1e+01 3.0e+01 3.8e+01 4.0e+01 1.1e-01 7.3e-02 1.Ie-01 1.4e-01 1.5e-01
Ra-228 1.6e+01 1.1e+01 1.5e+01 2.0e+01 2.1e+01 5.6e-02 3.8e-02 5.5e0.2 7.1e-02 7.6e-02
Ao-227 6.3e+00 4.4e+00 6.3e+00 8.1 e+00 8.6e+00 2.3e-02 1.6e-02 2.2e-02 2.9e-02 3.1e-02
Th-228 2Ae+01 1.6e+01 2Ae+01 3.1e+01 32e+01 8.6e-02 5.9e-02 8.5e-02 11e-01 _12e-01

0,i;;z9 *:e+00Ut;3.1e'00,,.X4.4e,+0O,'5.6e+00 •~ 6.0e+0 0,J.6e-,02 S1.1e-02 ,:1 .6eO2r L0-0 L.22e0

Th-230 4.2e-03 2.7e-03 4.1 e-03 5.7e-03 6.2e-03 1 .5e-05 9.6e-06 1 .5e-05 2.0e-05 2.2e-05
Th-232 1.6e-01 2.9e-02 1.5e-01 2.9e-01 3.3e-01 5.8e-04 1.0e-04 5.5e-04 1.0e-03 1.2e-03
Pa-231 5Ae-01 3.7e-01 5.3e-01 6.9e-01 7.2e-01 1.9e-03 1.3e-03 I.9e-03 2.5e-03 2.6e-03
U-232 7.6e-01 1Ae-01 7.3e-01 1Ae+00 1.5e+00 2.7e-03 5.0e-04 2.6e-03 4.9e-03 5.5e-03
U-233 i.'f:22.8e.0 3 C"1.9:03 , ,0.., 3.6e-,03 5A,,.8e 03. I.0e 5, *6.96 6B-9.9e-06ThO -m1.e,,. 4e.5~
U-234 8.4e-04 5.8e-04 8.3e-04 1.1e-03 1.1 e-03 3.0e-06 2.1e-06 3.0e-06 3.9e-06 4.1 e-06
U-235 2.4e+00 1.6e+00 2Ae+00 3.0e+00 3.2e+00 8.5e-03 5.8e-03 8.4e-03 1.1 e-02 1.2e-02
U-236 3.6e-04 2.5e-04 3.5e04 4.6e-04 4.8e-04 1.3e-06 8.8e-07 1.3e-06 1.6e-06 1.7e406
U-238 4.4e41 3.0e41 4.4e-01 5.6e-01 5.9e-01 1.6e-03 1.1e-03 1.6e-03 2.0e-03 2.1e-03
N3-237; .5e+00 2e �.4e+00 4.4e+0,,.7e ,00 .2e-02 '<12e-02r, Wi.6e-2 i.7e- 02'
Pu-236 6.9e-04 2.5e-04 5.8e-04 1.3e-03 1.4e-03 2.5e-06 8.9e-07 2.1e-06 4.5e406 5.2e406
Pu-238 1.2e-04 8Ae-05 1.2e-04 1.5e-04 1.6e-04 4.3e-07 3.0e-07 4.3e-07 5.6e-07 5.9e-07
Pu-239 7.6e-04 5.3e-04 7.5e-04 9.7e-04 1.0e-03 2.7e-06 1.9e-06 2.7e-06 3.5e-06 3.7e-06
Pu-240 1.2e404 8.4e-05 1.2e-04 1.5e-04 1.6e-04 4.3e-07 3.0e-07 4.3e-07 5.5e-07 5.9e07
Pu-241>.'.2.7d-05S1.5e-05,_2.6e05,3.9,e,-05; .05,-____4.3.8e8,5.5e'08 ;t9.4e-.e-0775ij
Pu-242 1.2e-04 8.2e-05 1.2e-04 1.5e-44 1.6e-04 4.2e-07 2.9e-07 4.2e-07 5.4e-07 5.8e-07
Pu-244 5.6e+00 3.9e+00 5.5e+00 7.1e+00 7.5e+00 2.0e-02 1.4e-02 2.0e-02 2.6e-02 2.7e-02
Am-241 8.6e-02 5.9e-02 8.5e-02 1.1e-01 1.2e-01 3.1e-04 2.1e-04 3.0e-04 3.9e-04 4.2e04
Arn-242m 1.9e-01 1.3e-01 1.9e-01 2Ae-01 2.5e-01 6.7e-04 4.6e-04 6.6e-04 8.6e-04 9.1e-04

243 - __.2.6e+00 '3.4et00 ,;-36 +0 I,9Ae 03 ,.6.5e43 :9.3e-03=.- .2e-02• 3e42
Cm-242 8.9e-05 6.0e-05 8.8e-05 1.1e-04 1.2e-04 3.2e-07 2.1e-07 3.1e-07 4.1e-07 4Ae-07
Cm-243 1.7e+00 1.2e+00 1.7e+00 2.1e+00 2.3e+00 6.0e-03 4.1e-03 6.0e-03 7.7e-03 8.2e-03
Cm-244 8.1e-05 5.6e-05 8.1e-05 1.0e-04 I.Ie-04 2.9e-07 2.0e-07 2.9e-07 3.7e-07 4.0e-07
Cm-245 1.1e+00 7Ae-01 1.Ie+00 1.4e+00 1Ae+00 3.8e-03 2.6e-03 3.8e-03 4.9e-03 5.2e-03
Cmn-246 -,e -,,* 4.0e, 08 5.7e08,<7;e40 7.9e408
Cm-247 5.5e+00 3.8e+00 5.5e+00 7.1e+00 7.5e+00 2.0e-02 1.4e-02 2.0e-02 2.5e-02 2.7e-02
Cm-248 I Ae-05 9.7e-06 I Ae-05 1.8e-05 1.9e-05 5.0e-08 3.4e-08 4.9e-08 6.4e-08 6.8e-08
Bk-249 9.1 e-04 1.8e-04 8.8e-04 1.6e-03 1.8e-03 3.3e-06 6.5e-07 3.1 e-06 5.8e-06 6.4e-06
Cf-248 1.8e-04 1.3e-04 1.8e-04 2.3e-04 2.5e-04 6.5e-07 4.4e-07 6.4e-07 8.4e-07 8.9e-07
Cf-249 . 5.5e+00 r'`3.8e+00 2-'5.4e+00 7.0e+00:.-4I2e+00 4.--'2.0e;02 -A.3e-02 _
Cf-250 8.6e-06 6.0e-06 8.5e-06 1.1 e-05 1.2e-05 3.1 e-08 2.1e-08 3.0e-08 4.0e-08 4.2e-08
Cf-251 1.5e+00 1.Oe+00 1Ae+00 1.9e+00 2.0e+00 5.2e-03 3.6e-03 5.2e-03 6.7e-03 7.1e-03
Cf-252 1.8e-04 1.2e-04 1.7e-04 22e-04 2.4e-04 6.3e-07 4.3e-07 6.2e-07 8.1 e-07 8.6e-07
Cf-254 2.2e+02 1.3e+02 2.1e+02 3.0e+02 3.3e+02 -7.8e-01 4.6e-01 7.5e-01 1.1e+00 1.2e+00
ts-254-'. ' I. I.5e 01" 2 "I.Oe+ 1.4e'+01.9e+01'-, 2.Oe+01 -- ', 5.2e-02 -3.5e-02 -5:1e -02L6.7e-02 7.1 e-02
Note: To convert these values to conventional units (mrem/y per pCVg or mremly per pC/cm2), multiply by 3.7e-3

1-1 N.RG.l.64
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Normalized Effective Dose Equivalents from Concrete Annendix I- I
NoralzedEfectveDos Euialetsfro CncrteAnnndx -I

Table 11.7 Normalized effective dose equivalents from inhalation: .Truck diver

Mass-based EDE (pSvly per Bq/g)
Radionucide Mean 5th 50th 90th 95th Surficiat EDE (pSv/y per BqEcm2

Mean 5th 50th 90th 95th
H-3 3.1e-06 1.6e-06 3.0e-06 4.5e-06 5.0e-06 1.1e-08 5.9e-09 1.1e-08 1.6e-08 1.8e-08
C-14 1.0e-04 5.4e-05 9.8e-05 1.5e-04 1.6e-04 3.6e-07 1.9e-07 3.5e-07 5.3e-07 5.9e-07
Na-22 3.7e-04 1.9e-04 3.5e-04 ' 5.3e-04 5.9e-04 1.3e-06 6.9e-07 1.2e-06 1.9e-06 2.1e-06
P-32 2.2e-04 3.9e-05 1.5e-04. 4.9e-04 6.1e-04 7.9e-07 1.4e-07 5.5e-07 1.8e-06 2.2e-06
sJ,1, 9.5e,5?i448e-59.0e,-,05 >.,44.f'.e,:''-; j 0,_17iJ 3.2e0,7W1e-07§l5.7e O7?
CI-36 1.1e-03 5.7e-04 1.0e-03 1.6e-03 1.7e-03 3.8e-06 2.0e-06 3.7e-06 5.6e-06 6.2e-06
K-40 6.0e-04 3.2e-04 5.8e-04 8.8e-04 9.8e-04 2.2e-06 1.1e-06 2.1e-06 3.1e-06 3.5e-06
Ca-41 6.6e-05 3.5e-05 6.3e-05 9.6e-05 1.1e-04 2.4e-07 1.2e-07 2.2e-07 3.4e-07 3.8e-07
Ca45 2.8e-04 1.5e-04 2.7e-04 4.1e-04 4.6e-04 1.Oe-06 5.3e-07 9.6e-07 1.5e-06 1.7e-06
S46 1.1. 03',:= B6e04,;1i3.w. 6;~2;.e 4i.0e-o6 2.0e,-06$~ 3.8e-06Th^6.0e06S,:6i8-0iS
Cr-51 8.0e-06 2.9e-06 7.0e-06 1.Ae-05 1.7e-OS 2.9e-08 1.0e-08 2.5e-08 5.Oe-08 5.9e-08
Mn-53 2.4e-05 1.3e-05 2.3e-05 3.6e-05 3.9e-05 8.7e-08 4.6e-08 8.3e-08 1.3e-07 1.4e-07
Mn-54 3.1e-04 1.6e-04 2.9e-04 4.4e-04 4.9e-04 1.1e-06 5.7e-07 1.Oe-06 1.6e-06 1.8e-06
Fe-55 1.3e-04 6.8e-05 1.2e-04 1.9e-04 2.1eO-04 4.6e-07 2.4e-07 4.4e-07 6.7e-07 7.4e-07
r~F9 ! Sk,46~ ~_4eZ,,>1 1.5e 068t2.6o 0e -06 s3je~
Co-56 1.5e-03 7.4e-04 1.4e-03 2.2e-03 2.5e-03 5.3e-06 2.6e-06 5.0e-06 7.9e-06 8.9e-06
Co-57 4.1e-04 2.2e-04 3.9e-04 5.9e-04 6.6e-04 1.5e-06 7.7e-07 1.4e-06 2.1e-06 2.4e-06
Co-58 4.0e-04 2.0e-04 3.7e-04 6.0e-04 6.7e-04 1.4e-O6 6.9e-07 1.3e-06 2.1e-06 2.4e-06
Co-60 1.1e-02 5.6e-03 1.0e-02 1.5e-02 1.7e-02 3.8e-05 2.0e-05 3.6e-05 5.5e-05 6.1e-05

306.5e-05, A05iL.862eOi4 9A: ;O.4e0-05 ;'1O.-04$Wg:'.3,7.2mol7.r- .A.A-' ~ O;-fl

Ni-63 1.5e-04 8.0e-05 1.5e-04 2.2e-04 2.5e-04 5.4e-07 2.9e-07 5.2e-07 7.9e-07 8.8e-07
Zn-65 9.1e-04 4.8e-04 8.7e-04 1.3e-03 1.5e-03 3.3e-06 1.7e-06 3.1e-06 4.8e-06 5.3e-06
As-73 1.3e-04 6.5e-05 1.2e-04 1.9e-04 2.2e-04 4.6e-07 2.3e-07 4.4e-07 6.9e-07 7.8e-07
Se-75 3.5e-04 1.8e-04 3.3e-04 5.1e-04 5.7e-04 1t2e-06 6.4e-07 1.2e-06 1.8e-06 2.0e-06
Sr-85-A _ .8e-05,v',-3.3o-0-04E'e OewJ,-' 27-02.3e > 3.7 -07s 07,,- 4le2-071j
Sr-89 2.1 e-04 9.9e-05 2.0e-04 3.3e-04 3.7e-04 7.6e-07 3.5e-07 7.0e-07 1.2e-06 1.3e-06
Sr-90 1.2e-02 6.4e-03 1.2e-02 1.8e-02 2.0e-02 4.3e-05 2.3e-05 4.1e.05 6.3e-05 7.0e05
Y-91 1.7e-03 8.0e-04 1.6e-03 2.6e-03 2.9.03 6.0e-06 2.8e-06 5.6e-06 9.1e-06 1.0e-05
zr-93 4.1e-03 2.1e-03 3.9e-03 5.9e-03 6.6e-03 1.5e-05 7.7e-06 1.4e-05 2.1e-05 2.4e-05

Nb-93m 1.4e-03 7.5e-04 1.4e-03 2.1e-03 2.3e-03 5.1e-06 2.7e-06 4.8e-06 7.4e-06 8.3e-06
Nb-94 2.0e-02 1.1e-02 1.9e-02 2.9e-02 3.3e-02 7.2e-05 3.8e-05 6.9e-05 1.10e4 12e-04
Nb-95 1.6e-04 6.6e05 1.4e-04 2.6e-04 3.1e-04 5.7e-07 2.3e.07 5.1e-07 9.4e.07 1.1e-06
Mo-93 1.4e-03 7.3e-04 1.3e-03 2.0e-03 2.3e-03 5.0e-06 2.6e-06 4.7e-06 7.3e-06 8.1e-06
Tr 97,=rP~t 24.g-5 6e_ 54.6e-05T7.1e 05'-7.8eOs-' !e07,~aei7 725eY g28
Tc-97m 1.9e-04 9.4e-05 1.8e-04 2.8e-04 3.1e-04 6.7e-07 3.4e-07 6.3e-07 1.Oe-06 1.1e-06
Tc-99 4.1e-04 2.1e-04 3.9e-04 5.9e-04 6.6e04 1.5e-06 7.7e-07 1.4e-06 2.1e-06 2.4e-06
Ru-103 2.6e-04 1.1e-04 2.4e-04 4.2e-04 4.9e-04 9.3e-07 4.0e-07 8.5e-07 1.5e-06 1.7e-06
Ru-106 2.2e-02 1.2e-02 2.1e-02 3.2e-02 3.6e-02 7.9e-05 4.1e-05 7.5e-05 1.1e-04 1.3e-04

Ag.,108m'f .4e .-02 ;i.^ ' '!'''''9'0 2.e0,,47 ,-5 ,7 -5,,80-
Ag-110m 3.6e-03 1.9e-03 3.4e-03 5.2e-03 5.8e-03 1.3e05 6.7e-06 1.2e-05 1.9e-05 2.1e-05
Cd-109 5.3e-03 2.8e-03 5.1e-03 7.7e-03 8.6e-03 1.9e-05 1.Oe-05 1.8e-05 2.8e-05 3.1e-05
Sn-1 13 4.3e-04 2.2e-04 4.1 e-04 6.4e-04 7.2e.04 1.6e-06 8.0e-07 1.5e-06 2.3e-06 2.6e-06
Sb-124 8.7e-04 4.2e04 8.1e-04 1.3e-03 1.5e.03 3.1e-06 1.5e-06 2.9e-06 4.7e.06 5.4e-06

.04_La^i-L"t-'66e-4''''_'~e 6.4e9._a6 ~ .1Q0,,,,," ,e .72e~K 2 e0 .38
Te-123m 4.3e-04 2.2e-04 4.1e-04 6.4e-04 7.1e-04 1.5e-06 7.9e-07 1.5e-06 2.3e-06 2.6e-06
Te-127m 8.8e-04 4.5e-04 8.3e-04 1.3e-03 1.4e-03 3.1e-06 1.6e-06 3.0e-06 4.6e-06 5.2e-06
1-125 8.4e-04 4.0e-04 7.8e-04 1.3e-03 1.4e-03 3.0e-06 1.4e-06 2.8e-06 4.5e.06 5.2e-06
1-129 8.5e-03 4.5e-03 8.1e-03 1.2e-02 1.4e-02 3.0e-05 1.6e-05 2.9e0 .4e-4.e05 4.9e-05
!:i3i'$- ; 2.50e64 t0-05,99_ 05 72 4,a.9.7-04 :.' 89 7 36 8- 3 0 26

Cs-134 2.2e.03 1.2e-03 2.1e-03 3.2e-03 3.6e-03 7.8e-06 4.1e-06 7.5e-06 1.1e-05 1.3e-05
Cs-135 2.2e-04 1.2e-04 2.1e-04 3.2e-04 3.6e-04 7.9e-07 4.2e-07 7.6e-07 1.2e-06 1.3e-06
Cs-137 1.6e-03 8.2e-04 1.5e-03 2.3e-03 2.5e-03 5.6e-06 2.9e-06 5.3e-06 8.1e.06 9.0e-06
Ba-133 3.8e-04 2.0e-04 3.6e-04 5.5e.04 6.1e-04 1.4e-06 7.1e-07 1.3e-06 2.0e-06 2.2e-06
Ce-139')>tN3.8e ''- 2.0e-4' 3;6e ,0.~ 5.6eX.,-0j6.2e-047;Srr,½1.4o0 -- 7.0e071 -';i: ~ 20-0. 22-0
Ce-141 2.4e.04 9.4e-05 2.1e-04 4.0e-04 4.6e-04 8.5e-07 3.3e07 7.5e-07 1.4e-06 1.7e-06
Ce-144 1.7e.02 8.9e.03 1.6e-02 2.5e-02 2.7e-02 6.0e-05 3.2e-05 5.8e-05 8.8e-05 9.9e-05
Pm-147 1.9e-03 9.9e-04 1.8e-03 2.7e-03 3.0e-03 6.7e-06 3.5e-06 6.4e-06 9.8e-06 1.1e-05

NUKbI.i-104U 
1-14
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Appendix 1-1 Normalized Effective Dose Equivalents from Concrete

Table 11.7 Normalized effective dose equivalents from Inhalation: Truck diver

Radionuclide Mass-based EDE (pSvly per Bq/g) Surficial EDE (pSv/y per Bq/cm2 )
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

Sm-151 1.5e-03 7.7e-04 1 .4e-03 2.1 e-03 2.4e-03 52e-06 2.8e-06 5.0e-06 7.6e-06 8.5e-06
Eu-I52'i-,b ',>1I.1e-02 '>.,0 ' Ps.*2\r16>0^;17-2+ 3.Be4b5 - 2.0. 5 ><3.7. 05 r' 95.6&05; ,Z6.2e05
Eu-154 1 Ae-02 7.3e-03 1.3e-02 2.0e-02 2.2e-02 5.0e-05 2.6e-05 4.7e-05 7.2e-05 8.1e-05
Eu-155 2.0e-03 1.1e-03 1.9e-03 2.9e-03 3.2e-03 7.2e-06 3.8e-06 6.8e-06 I.Oe-05 1.2e-05
Gd-153 4.2e-04 2.2e-04 4.0e-04 6.2e-04 6.9e-04 1.5e-06 7.9e-07 1.4e-06 2.2e-06 2.5e-06
Tb-O160 9.1e44 4.5e-04 8.6e-04 1.4e-03 1.5e-03 3.3e-06 1.6e-06 3.1e-06 4.9e-06 5.5e-06
Wmt170 f,1 Ie-03 '- ,5.7e-O. ,41 .Oe-.:3,' ,.6e-0 3 3
Tm-171 4.3e-04 2.3e-04 4.1 e-04 6.3e04 7.0e-04 1.5e-06 8.2e-07 1.5e-06 2.3e-06 2.5e-06
Ta-I 82 1.8e-03 9.4e-04 1.7e-03 2.7e-03 3.0e-03 6.5e-06 3.3e-06 6.2e4-6 9.6e-06 1.1e-05
W-181 6.2e-06 3.2e-06 5.9e4-6 9.1e-06 1.Oe-05 2.2e08 1.1e-08 2.1e-08 3.3e-08 3.7e-08
W-1 85 2.8e-05 1.4e-05 2.6e4-5 4.2e4-5 4.7e4-5 9.9e-08 4.9e-08 9.3e-08 1.5e-07 1.7e-47

8.96 :04'2522.0 '4 .7e44.,^6.,2.3e@e8
Ir-192 1.Oe-03 5.1e-04 9.7e-04 1.6e-03 1.7e-03 3.7e-06 1.8e-06 3.5e-06 5.6e-06 6.3e-06
T1-204 1.2e-04 6.1e-45 1.1e-04 1.7e-04 1.9e-04 4.1e-07 2.2e-07 3.9e-07 6.0e-07 6.7e4-7
Pb-210 1.1e+00 5.8e-4 1.0e+00 1.6e+00 1.8e+00 3.9e-03 2.1e-43 3.7e-03 5.7e-03 6.3e-03
Bi-207 9.8e-04 5.2e-04 9.4e-04 1.4e-03 1.6e-03 3.5e-06 1.8e-06 3.3e-06 5.1e-06 5.7e4-6

Ra-226 4.2e-01 2.2e-01 4.0e-41 6.1e-01 6.8e4-1 1.5e-03 7.9e-04 1.4e-03 2.2e-03 2.4e-03
Ra-228 6.2e-01 2Ae-01 5.6e-41 1.0e+00 1.2e+00 2.2e-03 8.6e-04 2.0e-03 3.6e-03 4.2e-03
Ac-227 6.4e+01 3.4e+01 6.1e+01 9.3e+01 1.0e+02 2.3e.-1 1.2e-01 2.2e4-1 3.3e-41 3.7e-01
Th-228 1.2e+01 6.3e+00 1.1e+01 1.7e+01 1.9e+01 4.3e-02 2.3e-02 4.1 e-02 6.2e-02 7.0e-02

9e+02J1:-j .56ie402s:,;.1O+i0e2:I'.-1.5e+0, 1-2.Ol, 3.6e41515,O6.Ie',O1
Th-230 1.6e+01 8.4e+00 1.5e+01 2.3e+01 2.6e+01 5.7e-02 3.0e-02 5.4e-02 8.3e-02 9.2e-02
Th-232 8.0e+01 4.2e+01 7.7e+01 1.2e+02 1.3e+02 2.9e-01 1.5e4-1 2.7e-41 4.2e4-1 4.6e4-1
Pa-231 6.3e+01 3.3e+01 6.0e+01 92e+01 1.0e+02 2.2e-01 1.2e4-1 2.1e-01 3.3e4-1 3.7e-41
U-232 3.3e+01 1.7e+01 3.1e+01 4.7e+01 5.3e+01 1.2e-01 6.1e-02 1.1e-01 1.7e-41 1.9e-01
U---233;~ Z. 6 .6e+00 '3.5e400 6.3.400 ; 1 i+ 2.2.l2.e,-23.'e,2 3.
U-234 6.5e+00 3.4e+00 6.2e+00 9.4e+00 1.0e+01 2.3e-02 1.2e-02 2.2e-02 3.4e-02 3.8e-02
U-235 6.0e+00 3.2e+00 5.8e+00 8.7e+00 9.7e+00 2.1e-02 I.Ie-02 2.0e-02 3.1e-02 3.5e-02
U-236 6.1e+00 3.2e+00 5.9e+00 8.9e+00 9.9e+00 2.2e-O2 1.2e-02 2.1e-02 3.2e-02 3.6e-02
U-238 5.8e+00 3.1e+00 5.5e+00 8.4e+00 9.4e+00 2.1e-02 1.1e-02 2.0e-02 3.Oe-02 3.4e-02

N2 _ .6e+01.,4 :4e+,if2.e+01,; O-3,e , O 3 + . e 02 ,90-2,,;e41.01
Pu-236 7.0e+00 3.7e+00 6.7e+00 1.0e+01 I.1e+01 2.5e-02 1.3e-42 2.4e-02 3.6e-02 4.0e-02
Pu-238 1.9e+01 1.0e+01 1.8e+01 2.8e+01 3.1e+01 6.8e-02 3.6e-02 6.5e402 1.0e4-1 1.1e-01
Pu-239 2.1e+01 1.1e+01 2.0e+01 3.1e+01 3.4e+01 7.5e-02 3.9e-02 7.1e4-2 1.1e.-1 1.2e.-1
Pu-240 2.1e+01 1.1e+01 2.0e+01 3.1e+01 3.4e+O1 7.5e-02 3.9e-02 7.1e-02 1.1e-01 1.2e-01

Pu-242 2.0e+01 1.1e+01 1.9e+01 2.9e+01 3.2e+01 7.2e-42 3.8e-42 6.8e-02 1.Oe-41 1.2e-1l
Pu-244 2.0e+01 1.0e+01 1.9e+01 2.9e+01 3.2e+01 7.0e-02 3.7e-42 6.7e4-2 1.0e-41 1.1e.-1
Am-241 2.2e+01 1.1e+01 2.1e+01 3.2e+01 3.5e+01 7.8e-02 4.1e-02 7Ae-02 1.1e01 1.3e.-1
Am-242m 2.2e+01 1.1e+01 2.1e+01 3.1e+01 3.5e+01 7.7e-02 4.0e-02 7.3e-02 1.1e4-1 12e-01
Am-243 J 2.2e1 , -,1 .1e+01 . 2.1 e+O .3.1eO1, z3.5e+ ,- q ,7,72.4.0e02 ,7.3"42,1.I e41
Cm-242 7.5e4-1 4.0e4-1 7.2e.-1 1.1e+00 1.2e+00 2.7e-03 1.4e-03 2.6e-03 3.9e-03 4.4e-43
Cm-243 1.5e+01 7.9e+00 1Ae+01- 2.2e+01 2.4e+01 5.4e-02 2.8e-02 5.1 e-02 7.8e-02 8.7e-02
Cm-244 1.2e+01 6.4e+00 1.2e+01 1.8e+01 2.0e+01 4.3e-02 2.3e-02 4.1e4-2 6.3e-02 7.0e-02
Cm-245 2.2e+01 1.2e+01 2.1e+01 32e+01 3.6e+01 7.9e-02 4.2e402 7.6e02 1.2e.-1 1.3e-al
Cm-246 _: 2.2.011ji.2.,+01 2A.e401,-3.2e,+01, ''3.6e+01L 79e42,4.2e' 2'7.5e 0201.2.01~ ,,1.3.-Of
Cm-247 2.0e+01' 1.1e+01 1.9e+01 2.9e+01 3.3e+01 7.2e-02 3.8e4-2 6.9e-02 1.1e4-1 1.2e.-1
Cm-248 8.1e+01 4.3e+01 7.7e+01 1.2e+02 1.3e+02 2.9e.-1 1.5e4-1 2.8e-01 4.2e4- 4.7e4-1
Bk-249 6.6e-02 3.5e-02 6.4e-02 9.6e-02 1.1e,-1 2.4e-04 1.2e-04 2.3e-04 3.5e-04 3.9e-04
Cf-248 2.4e+00 1.2e+00 2.3e+00 3.4e+4003.8e+00 8.4e-03 4.4e-3_ 8.0e-03 1.2e-02 1.4e-02
Cf-249 i',-i,.9e+01,9.8e+00 .- '1.8e+01 -,.7e40t' '3.0e+,01 ',67e 2 .3.5e2 6'3e 2 j9.7,-42 ,-1.,e4O1'
Cf-250 1.0e+01 5.3e+00 9.6e+00 1.5e+01 1.6e+01 3.6e-02 1.9e-02 3.4e-02 5.2e4-2 5.8e4-2
Cf-251 1.9e+01 1.0e+01 1.8e+01 2.&e+01 3.1e+01 6.8e-42 3.6e-02 6.5e-02 9.9e-02 1.1e4-1
Cf-252 7.5e+00 4.0e+00 7.2e+00 1.1e+01 1.2e+01 2.7e-02 1.4e-02 2.6e-02 3.9e-02 4.3e-42
Cf-254 1.Oe+01 4.9e+00 9.5e+00 1.5e+01 1.8e+01 3.6e-02 1.7e-02 3.4e-02 5.5e-02 6.3e-02
Es-254 - z. 1.9e+00 i.Oe' OO- 1.8eO00 - 68e 36eO3-,5O3 9.94-03. e.1e02
Note: To convert these values to conventional units (mrerly per pCVg or mremly per pCicm2), multiply by 3.7e-3
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Nornalized Effective Dose Equivalents from Concrete Appendix 1-1 .

Table 11.8 Normnalized effective dose equivalents from ingestion: Truck diverl

Radionuclide - Mass-based EDE (pSvly per Bq/g)
Mean 5th 50th 90th 95th

Sufficial EDE (pSv/y per Bqfcrn2
Mean 5th 50th 90th 95th

H-3 1.9e-05 1.9e-06 1.8e-05 3.6e-5 4.2e-05 6.9e-08 6.6e-09 6.4e-08 t.3e-07 1.5e-07
C-14 6.3e-04 6.1e-05 5.9e-04 1.2e-03 1.4e-03 2.3e-06 2.2e-07 2.1e-06 4.3e-06 5.0e-06
Na-22 3.4e-03-- 3.3e-04 3.2e-03 6.4e-03 7.5e-03 1.2e-05 1.2e-06 1.1e-05 2.3e-05 2.7e-05
P-32 7.7e-04 4.1e-05 4.6e-04 2.0e-03 2.6e-03 2.8e-06 1.5e-07 1.6e-06 7.0e-06 9.3e-06

Cl-36 9.2e-04 8.9e-05 8.5e-04 1.7e-03 2.0e-03 3.3e-06 3.1 e-07 3.0e-06 6.2e-06 7.2e-06
K-40 5.6e-03 5A4e-04 5.2e-03 1.1e-02 1.2e-02 2.0e-05 1.9e-06 1.9e-05 3.8e-05 4.4e-05
Ca-41 3.9e-04 3.7e-05 3.6e-04 7.3e-04 8.5e-04 1.4e-06 t.3e-07 1.3e-06 2.6e-06 3.0e-06
Ca-45 8.4e-04 8.1e-05 7.8e-04 1.6e-03 1.9e-03 3.0e-06 2.9e-07 2.8e-06 5.7e-06 6.6e-06

Cr-51 2.2e-05 1.8e-06 1.8e-05 4.6e-05 5.7e-05 7.7e-08 6.4e-09 6.3e-08 1.6 e-07 2.1e-07
Mn-53 3.3e-05 3.2e-06 3.0e-05 6.2e-05 7.2e-05 1.2e-07 1.1 e-08 1.1 e-07 2.2e-07 2.6e-07
Mn-54 7.8e-04 7.7e-05 7.3e-04 1.5e-03 1.7e-03 2.8e-06 2.7e-07 2.6e-06 5.3e-06 6.2e-06
Fe-55 t.8e-04 1.8e-05' 1.7e-04 3.4e-04 4.0e-04 6.4e-07 6.2e-08 5.9e-07 1.2e-06 1.4e-06

Ie5,-'3F3 jm~.zii�o3i23n o i; 3 1e67 .4.o~6>s.eo^¢
CCF56 2.3e-03 2.2e-04 2.1e-03 4.5e-03 5.2e-03 8.4e-06 7.9e-07 7.6e-06 1.6e-05 1.9e-05

CCF57 2.1e-04 2.0e-05 1.9e-04 3.9e-04 4.6e-04 7.4e-07 7.2e-08 6.9e-07 1.4e-06 1.6e-06

CCF58 6.7e-04 6.4e-05 6.2e-04 1.3e-03 1.5e-03 2.4e-06 -2.2e-07 2.2e-06 4.7fF06 5.4e-06

CCF60 3.1 e-03 3.0e-04 2.9fF03 _5-8e-03 6.7e-03 1.1e-05 1.1e-06 1.0e-05 2.1 e-05 2.4e-05
Ni-5;,; ;,f=\-,6.e~,5, 6l 12e1eZ7,ZZ~-082;i'07,,-.9,43e~0<,50eOi,

NF-63 t.7e-04 1.7e-05 t.6e-04 3.3e 04 3.8e-04 6.2e-07 6.0e-08 5.8e 07 t.2e-06 1.4e-06

Zn-65 4.0e-03 3.9e-04 3.7e-03 7.6e-03 8.8e-03 1.4e-05 1.4e-06 1.3e-05 2.7e-05 3.1e-05

As-73 t.6e-04 1.6e-05 t.5e-04 3.2e 04 3.7e-04 5.9e-07 5.6e-08 5.4e-07 1.1e-06 1.3e-06

Se-75 2.4e-03 2.3e-04 2.3e-03 4.7e-03 5.4e 03 8.7e-06 8.3e-07 8.0e-06 1.7e-05 1.9e-05

S~r,'~;'.,3,,,;^--,S,~e,4X-398'r9;804z,, e~i~eo7<-i~re~o<g^3of~6-s3. 6
Sr-89 1.9e-03 1.7e-04 1.7e-03 3.7e-03 4.3e-03 6.6e-06 6.1 e-07 5.9e-06 1.3e-05 1.5e-05

Sr-90 4.6e-02 4.5e 03 4.3e-02 8.8e-02 1.0e-01 1.7e-04 1.6e-05 1.5e-04 3.2e-04 3.6e-04

Y-91 2.0e-03 1.9e-04 1.8e-03 3.9e-03 4.6e-03 7.2e-06 6.7e-07 6.5e-06 1.4e-05 1.7e-05

Zr-93 _5.0e-04 4.9e-05 _4.7e 04 9.5e-04 1.1e-03 1.8e-06 1.7e-07 1.7e-06 3.4e-06 _3.9e-06

Z-95, -~i .1 yg1-e-4, 1.e0 ie,0, 24e6- 38 7<w .e6Heos8.7e06d
NtF93m 1.6e-04 1.5e 05 1.5e-04 3.0e-04 3.5e-04 5.6e-07 5.4e-08 5.2e-07 1.1e-06 1.2e-06

NtF94 2.2e-03 2.1 e-04 2.0e-03 4.1e-03 4.8e-03 7.7e-06 7.4e-07 '7.2e-06 1.5e-05 1.7e-05

NtF95 4.4e-04 3.8e-05 3.7e-04 8.9e-04 1.1e-03 1.6e-06 1.4e-07 1.3e-06 3.2e-06 3.9e-06

MCF93 41 1e-04 3.9e-05 3.8e-04 7.7e-04 9.0e-04 1.5e-06 1.4e-07 1.4e-06 2.8e-06 3.2e-06

To-97m 3.0e-04 2.8e-05 2.7e-04 5.7e-04 6.6e-04 1.1e-06 1.0e-07 9.6e-07 2.0fF06 2.4e-06

Tc-99 4.4e-04 4.3e-05 4.1 e-04 8.4e-04 9.7e-04 1.6e-06 1.5e-07 1.5e-06 3.0e-06 3.5e-06

Ru-103 5.5e-04 5.0e-05 4.8e-04 t.1e-03 1.3e-03 2.0e-06 1.8e-07 1.7e-06 4.0e-06 4.8e-06'

Ru-106 7.8e-03 7.7e-04 7.3e-03 1.5e-02 1.7e-02 2.8e-05 2.7e-06 2.6e-05 5.3e-05 6.2e-05
Agi~++S<2.36-03.;'2.2e-04'. .e31744-3-~t,.0 9 ,~; .e06u, .6eWO i 8

Ag-110m 3.0e-03 3.0fF04 2.8e-03 5.7e-03 6.6e-03 1.1e-05 1.0e-06 9.9e-06 2.0e-05 2.4e-05
Cd-109 3.8e-03 3.7e-04 3.5e-03 7.2fF03 8.4fF03 1.4e-05 1.3e-06 t.3e-05 2.6e-05 3.0e-05
Sn-1 13 8.0e-04 7.7e-05 7.4e-04 1.5e-03 t.8e-03 2.9e-06 2.7e-07 2.6e-06 5.5e-06 6.4e-06
Sb-124 2.2e-03 2.1 e-04 2.0e-03 4.2e-03 4.9e-03 7.8e-06 7.2e-07 7.0e-06 1.5e-05 1.8e-05

St1Q;'i1 tt ft-1.0e 03:~-)t2o ,l2' 3 ^ ;3.e-07 F,, 3.6e 646?7.e 85 0t

Te-123m 1.4e-03' t.4e-04 t.3e-03 2.7e-03 3.2e-03 5.1e-06 4.9e-07 4.7e-06 9.8e-06 1.1eF05
Te-127m 2.2e-03 2.1 e-04 2.1 e-03 4.2fF03 4.9e-03 7.9e-06 7.5e-07 7.3e-06 1.5e-05 1.8e-05
1-125 8.2e-03 7.8e-04 7.4e-03 1.6eF02 t.9e-02 2.9e-05 2.7e-06 2.6e-05 5.7e-05 6.7e-05

1-129 8.4e-02 8.1e-03 7.8e-02 1.6e-01 t.8e-01 3.0e-04 2.9e-05 2.8e-04 5.7e-04 6.6e-04
2-,~i 6-, '-A S'-^e-03;-,,. 05,. 4~.e3,- i 0 8.9e-06;,7,' i.5&07.i;,2.8e6 2O5 io

Cs134 2.2e-02 2.1e-03 2.0fF02 4.1eF02 4.7e-02 7.7e-05 7.5e-06 7.1 e-05 1.5e-04 tVe-04
C-1 35 2.1 e-03 2.1 e-04 2.0e-03 4.1e-03 4.7e-03 7.7e-06 7.3e-07 7.1 e-06 1.5e 05 1.7e-05
Cs-137 1.5eF02- 15e-03 1.4e-2 2.9e-02 3.3e-02 5.4e-05 5.2e-6 5.0e-05 1.0e-04 t.2e-04
Ba-133 1.0e-03 9.9e-05 9.5e-04 1.9e-03 2.3e-03 3.7e-06 '3.5e-07 3.4e-06 7.0e-06 8.0e-06

C"19;,i-.e4>.e5--- 2.7e,';e --'. +- 1e6.'~.
Ce-141 4.7e-04 4.1e-05 4.0e-04 9.8e-04 1.2e-03 1.7e-06 1.4e-07 1.4e-06 3.5e-06 4.3e-06
Ce-144' 5.9e-03 5.8e-04 5.5e-03 1.1e-02 1.3e-02 2.1 e-05 2.1 e-06 2.0e-05 4.0e-05 4.7e-05
Pm-147- 3.e-04 3.0e-05 2.9e-04 5.9e-04 6.8eF04 1.1e-06 1.1e-07 1.0e-06 2.1 e-06 2.4e-06
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Appendix 1-1 Normalized Effective Dose Equivalents from Concrete
Avnndi 1-- Nomlie Efetv Dos E-iet from Conc--e-------

Table 11.8 Normalized effective dose equivalents from ingestion: Truck diver
Radionuclide Mass-based EDE (pSv/y per BqIg) Surficial EDE (pSv/y per Bq/cm2)

Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
Sm-151 12e-04 1.1e-05 1.1e-04 2.2e-04 2.6e-04 4.2e-07 4.0e-08 3.9e-07 8.Oe-07 9.2e-07
Eu-152~ ~. '.-_2.0e-0 3,1;.9e-O4 t,,1.8e-03B'3 37e-03',54.3e.03 {.>>'7 46,F'6.7e07,' 6.5006.-- -. 3e-05''';4,1 05.'
Eu-154 2.9e-03 2.8e-04 2.7e-03 5.4e-03 6.3e-03 1.Oe-05 9.8e-07 9.5e-06 2.0e-05 2.3e-05
Eu-155 4.6e-04 4.5e-05 4.2e-04 8.7e-04 1.0e-03 1.6e06 1.6e-07 1.5e-06 3.1 e-06 3.6e-06
Gd-153 3.3e-04 3.2e-05 3.0e-04 6.2e-04 7.1e-04 1.2e-06 1.1e-07 1.1e-06 2.2e-06 2.6e-06
Tb-160 1.5e-03 1.4e-04 1Ae-03 2.9e-03 3.4e-03 5Ae-06 5.1e-07 5.0e-06 1.1e-05 1.2e-05
Tr-i,70 ,.', 4  .3e 4L43 e-03 '3.0 4
Tn-171 1.3e-04 1.2e-05 1.2e-04 2.4e-04 2.8e-04 4.5e-07 4.4e-08 4.2e407 8.6e-07 9.9e-07
Ta-182 1.6e-03 1.6e-04 1.5e-03 3.1 e-03 3.6e-03 5.9e-06 5.6e-07 5.4e-06 1.1 e-05 1.3e-05
W-181 7.3e-05 7.0e-06 6.7e-05 1.4e-04 1.6e-04 2.6e-07 2.5e-08 2.4e-07 4.9e-07 5.8e-07
W-185 3.6e-04 3.4e45, 3.3e4 7.0e-04 8.1e-04 1.3e-06 1.2e-07 1.2e-06 2.5e-06 2.9e-06
1sI5 '~. '.f.:''' t.-5.5e04 -~5.2e05 '&V•5.0e-4 ^8.0e-03 ztI.2e-O3 '2,j.2.0e06 YAi.8e07t -ts1.8 46,.70 06v Ae26
Ir-1 92 1.3e-03 1 .2e-44 1 .2e-03 2.5e-03 2.9e-03 4.7e-06 4Ae-07 4.2e-06 9.0e-06 I .Oe-05
TI-204 1.0e-03 9.8e-05 9.3e-04 1.9e-03 2.2e-03 3.6e-06 3.4e-07 3.3e-06 6.8e-06 7.9e-06
Pb-210 2.2e+00 2.1e-01 2.0e+00 4.2e+00 4.8e+00 7.9e-03 7.5e-04 7.3e-03 1.5e-02 1.7e-02
Bl-207 1.7e03 1.6e44 1.5e-03 3.1 e-03 3.6e-03 5.9e-06 5.7e-07 5.5e-06 I.Ie-05 1.3e-05
Po-210>i4.e-1..,, .8e-0,2 ,.i~.6e-01 j 9.4e-01.1 ek .8e4i.8e-93 .e32x~x,3.e3
Ra-226 4.e401 3.9e-02 3.8e-01 7.7e-01 8.9e-01 I.5e-03 1.4e-04 1.3e-03 2.8e-03 3.2e-03
Ra-228 .4Ae-01 4.2e02 4.1e-01 8.3e4-1 9.6e401 1.6e-03 1.5e-04 1.5e-03 3.0e-03 3Ae-03
Ac-227 4.5e+00 4.3e-41 4.1e+00 8.4e+00 9.8e+00 1.6e-02 1.5e-03 1.5e-02 3.0e-02 3.5e-02
Th-228 2.4e-41 2.3e-02 2.2e-01 4.5e-01 5.2e-01 8.5e-04 8.2e-05 7.9e-04 1.6e-03 1.9e-03
.Th229 .. 2e+ 2e-01^.j1.Ie.00 ~. 3e+00 '2.7e+0 4.4o03_ ,4244.0e-33e-03L9.6e-03:
Th-230 1.7e4-1 1.6e-02 1.5e4- 3.1e-01 3.6e-01 5.9e-04 5.7e-05 5.5e404 1.1e-03 1.3e-03
Th-232 8.3e-01 8.0e-02 7.7e-01 1.6e+00 1.8e+00 3.0e-03 2.8e-04 2.8e-03 5.7e-03 6.5e-03
Pa-231 3.2e+00 3.1e-41 3.0e+00 6.1e+00 7.1e+00 1.2e-02 1.1e-03 1.1e-02 2.2e-02 2.5e-02
U-232 4.0e-01 3.9e-02 3.8e-01 7.7e-01 8.9e-01 1Ae4-03 1Ae-04 1.3e-03 2.7e-03 3.2e-03
U1-233 ,,.'> . i8.8e42 8.5 0 F8 1e221-.17e..01- 1.9eA01± -3.12O()8Y 3.0e.05 2.9e 6:00-04 jt6.9e04,
U-234 8.6e-02 8.3e-03 8.0e-02 1.6e-01 1.9e01 3.1e-04 2.9e-05 2.8e-04 5.8e-04 6.7e-04
U-235 8.1e-02 7.8e-03 7.5e-02 1.5e-01 1.8e-01 2.9e-04 2.8e-05 2.7e-04 5.5e-04 6.3e-04
U-236 8.1e-02 7.9e-03 7.6e-02 1.5e-01 1.8e-01 2.9e-04 2.8e-05 2.7e-04 5.5e-04 6.4e-04
U-238 8.1e-02 7.9e-03 7.6e402 1.5e-01 1.8e-01 2.9e-04 2.8e-05 2.7e-04 5.5e-04 6.4e-04
N".1237-;,' .3e49O'1;3e-0i -%.3e+00 2.50+00 e3.0e0 ; 48e.3 6 04 .2e 3I .1e 02
Pu-236 3.5e41 3Ae-02 32e-01 6.5e-01 7.6e-01 12e-03 12e-04 1.1e-03 2Ae403 2.7e03
Pu-238 9.7e-01 9.4e-02 9.0e4-1 1.8e+00 2.1e+00 3.5e-03 3.3e-04 3.2e-03 6.6e-03 7.6e03
Pu-239 1.Ie+00 1.0e-01 1.0e+00 2.0e+00 2Ae+00 3.8e-03 3.7e-04 3.5e-03 7.3e-03 8.4e-03
Pu-240 1.1 e+00 1.Oe-01 1.0e+00 2.0e+00 2.4e+00 3.8e-03 3.7e-04 3.5e-03 7.3e-03 8.4e-03
Pu-24i §- 8 9 3.5-021 4.6e02__5.9e02, 6 '7.3.e-0 1 3.5 -:06.49Ae053 6.,036e .04e0
Pu-242 1.0e+00 9.8e402 9.5e01~ 1.9e+00 2.2e+00 3.6e-03 3.5e-04 3.e403 6.9e403 8.0e4.3
Pu-244 1.0e+00 9.7e-02 9.4e-01 1.9e+00 2.2e+00 3.6e-03 3Ae-04. 3.3e-03 6.9e-03 7.9e-03
Am-241 1.1e+00 1.1e-01 1.0e+00 2.1e+00 2.4e+00 3.9e-03 3.8e-04 3.6e-03 7.5e-03 8.6e-03
Am-242m I.1e+00 1.1e01 1.0.e+00 2.1e+00 2.4e+00 3.9e-03 3.7e-04 3.6e-03 7.4e-03 8.6e403

DO 2.1e+ 0 .9 03 3.8eE .r:3 6&03.-57 ''-''8.6e-3,

Cm-242 3.1e-02 3.0e403 2.9e-02 5.9e-02 6.8e-02 1.1 e-04 1.1e-05 1.0e-04 2.1e-04 2Ae-04
Cm-243 7.6e-41 7Ae-02 7.1e-01 1Ae+00 1.7e+00 2.7e-03 2.6e-04 2.5e-03 52e-03 6.0e-03
Cm-244 6.1e-01 5.9e-02 5.7e-01 1.2e+00 1.3e+00 2.2e-03 2.1e-04 2.0e-03 4.1e-03 4.8e03
Cm-245 1.1e+00 1.1e-01 1.1e+00 2.1e+00 2.5e+00 4.0e-03 3.9e-04 3.7e-03 7.7e-03 8.9e-03
Cm-246 '2.1 0 2.5e + 4.0-3 3.8e-04 _37e- 33 7.6e,43.' 8e.8 3,0
Cm-247 1.0e+00 1.0e4-1 9.6e-01 2.0e+00 2.3e+00 3.7e-03 3.5e-04 3Ae-03 7.1 e-03 8.1 e-03
Cm-248 4.1e+00 4.0e401 3.8e+00 7.8e+00 9.1e+00 1.5e-02 1.4e-03 1.4e-02 2.8e-02 3.2e-02
Bk-249 3.6e-03 3.5e-04 3.4e03 6.9e03 8.0e-03 1 .3e-05 1 .2e-06 1.2e-05 2.5e-05 2.8e-05
Cf-248 9.7e-02 9.5e403 9.0e02 1.8e4-1 2.1e01 3.5e-04 3.4e-05 3.2e-04 6.6e-04 7.6e-04
Cf-249,-\; :.., 1;4e+0O..j.4e-01'3e+00 2.7e+00 -''32e+0 e5 3s .9e 4.7e43 9.8e-03 11e-02
Cf-250 6.4e4-1 6.2e-02 6.0e-01 12e+00 1.4e+00 2.3e-03 2.2e-04 2.1e-03 4Ae-03 5.0e403
Cf-251 1.5e+00 1.4e-01 1Ae+0O 2.8e+00 3.2e+00 5.3e-03 5.0e-04 4.9e-03 1.0e-02 1.2e-02
Cf-252 3.2e-01 3.1e-02 3.0e-01 6.1e-01 7.1e-01 1.e-03 1.Ie-04 1.1e-03 2.2e-03 2.5e-03
Cf-254 5.2e-01 4.9e-02 4.7e-01 1.0e+00, 1.2e+00 1.9e-03 1.7e-04 1.7e-03 3.6e-03 4.2e-03
Es-254% ' 4> 9.Ie02'8.9e43 "48.4e42 91.7e-',-- 2.-01 . '/-*'-3.2e-04 3.1e45 3.00-04 - '6.2e-04 -,72e-04

Note: To convert these values to conventional units (mremly per pClg or mremty per pCI/cm2), multiply by 3.7e-3
-7 _UE_-_16401-17 NUREG-1640



Normalized Effective Dose Equivalents from Concrete Appendix I- I

Table 11.9 Normalized effective dose equivalents from all pathways: Road building
Radionuclide Mass-based EDE (pSvly per BqIg) Surficial EDE (paSvy per Bq/cm2)

Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
H-3 1.3e-04 1.3e-05 1.2e-04 2.8e-04 3.4e-04 4.8e-07 4.8e-08 4.2e-07 9.8e-07 1.2e-06
C-14 4.6e-03 6.4e-04 4.le-03 9.4e-03 1.1 e-02 1.7e-05 2.3e-06 1.5e-OS 3.3e-05 4.le-05
Na-22 2.4e+02 1.2e+02 2.1e+02 4.0e+02 4.6e+02 8.5e-01 4.1e-01 7.4e-01 1.4e+00 1.6e+00
P-32 5.4e-02 5.6e-03 3.1e-02 1.3e-01 1.7e-01 1.9e-04 2.0e-05 1.1e-04 4.6e-04 62e-04

CI-36 5.0e-02 2.5e-02 4.3e-02 8.3e-02 9.4e-02 1.8e-04 8.7e-05 1.5e-04 3.0e-04 3.4e-04
K-40 1.9e+01 9.1e+00 1.6e+01 3.le+O1 3.6e+O1 6.7e-02 3.3e-02 5.8e-02 1.1e-01 1.3e-01
Ca-41 2.7e-03 2.7e-04 2.4e-03 5.5e-03 6.8e-03 9.6e-06 9.6e-07 8.4e-06 2.0e-05 2.4e-05
Ca-45 6.7e-03 1.4e-03 5.8e-03 1.3e-02 1.6e-02 2.4e-05 4.8e-06 2.1e-05 4.6e-05 5.7e-05
Sc&46 5'1:.7e+o '7.5e+01 f.4e+02'a2.8e 6'3.3e - $5.9-01, 27e-01-5.2e 01.1.0&±0O:4i.2e+0
Cr-51 1.3e+00 3.7e-01 1.le+00 2.5e+00 3.3e+00 4.7e-03 1.3e-03 3.8e-03 9.1e-03 1.2e-02
Mn-53 2.4e.04 3.0e-05 2.1e-04 4.8e-04 5.9e-04 8.5e-07 1.1e-07 7.4e-07 1.7e-06 2.1e-06
Mn-54 8.5e+01 4.1e+01 7.4e+01 1.4e+02 1.6e+02 3.0e-01 1.5e-01 2.6e-01 5.1e.-1 5.8e-01
Fe-55 1.3e-03 1.6e04 1.1e-03 2.6e-03 3.2e-03 4.6e-06 5.8e-07 4.0e.-6 9.3e-06 1.1e-05
Fe- 9.;,-"Pa±- ,!017t2 9 12.86 e,+O.,,,.e'028 1i.0e 2 .4 t.960,1
Co-56 3.0e+02 1.4e+02 2.6e+02 5.1e+02 6.1e+02 1.1e+00 4.8e-01 9.4e-01 1.8e+00 2.1e+00-
Co-57 8.1e+00 4.0e+00 7.1e+00 1.4e+01 1.6e+01 2.9e-02 1.4e-02 2.5e-02 4.8e-02 5.6e-02
Co-58 7.4e+O1 3.2e+01 6.4e+01 1.3e+02 1.5e+02 2.6e-01 1.2e-01 2.3e-01 4.5e-01 5.3e-01
Co-60 2.9e+02 1.4e+02 2.5e+02 4.8e+02 5.5e+02 1.Oe+00 5.0e-01 8.9e-01 1.7e+00 2.0e+00

Ni-63 1.3e-03 1.7e-04 1.1e-03 2.6e-03 3.1e-03 4.5e-06 6.le-07 4.0e-06 9.2e-06 1.le-05
Zn-65 5.9e+01 2.9e+01 5.2e+01 1.0e+02 1.1e+02 2.1e-01 1.0e-01 1.8e-01 3.5e-01 4.1e-01
As-73 1.2e-Ol 5.5e-02 1.1e-01 2.le-01 2.5e-0l 4.4e-04 2.0e-04 3.8e-04 7.4e-04 8.7e-04
Se-75 2.8e+01 1.3e+O1 2.5e+01 4.8e+01 5.5e+01 1.0e-01 4.8e-02 8.9e-02 1.7e-01 2.0e-01

Sr-89 1.le-01 4.4e-02 9.5e-02 1.9e-01 2.3e-01 3.9e-04 1.6e-04 3.4e-04 6.8e-04 8.2e-04
Sr-90 7.6e-01 3.2e-01 6.7e-01 1.3e+00 1.5e+00 2.7e-03 1.2e-03 2.4e-03 4.7e-03 5.5e-03
Y-91 3.9e-01 1.6e-01 3.4e-01 6.7e-01 8.0e-01 1.4e-03 5.8e-04 1.2e-03 2.4e-03 2.8e-03
Zr-93 S.4e-03 1.7e-03 4.8e-03 1.0e-02 1.2e-02 1.9e-05 6.0e-06 1.7e-05 3.6e-05 4.2e-05

Z.Sf• .6(;O2- .3.e-0[ -0;. .Zr-56..A ,, ,r86t0>4e+1e75 01',; 14et,+,2,.-a'6e0u;<-3 01 i .5e 0':-2.7e 01' 4 .e01;59
Nb-93m 3.6e-03 1.7e-03 3.le-03 6.1e-03 6.9e-03 1.3e-05 6.1e-06 1.1e-O5 2.2e-05 2.5e-05
Nb-94 1.7e+02 8.5e+01 1.5e+02 2.9e+02 3.3e+02 6.2e-01 3.0e-01 5.4e-01 1.0e+00 1.2e+00
Nb-95 4.2e+01 1.4e+01 3.5e+01 7.6e+01 9.7e+01 1.5e-01 4.9e-02 1.2e-01 2.7e-01 3.4e-01
Mo-93 1.4e-02 6.9e-03 1.2e-02 2.3e-02 2.7e-02 5.0e-05 2.4e-05 4.4e-05 8.4e-05 9.5e-05
Tc-97-- _'' .5e02 D703 z1300'2580222&8 : , 38-05?l'2.6e05i14.60 05g,96.05 0
To-97m 2.7e-02 1.3e-02 2.4e-02 4.6e-02 5.4e-02 9.7e-05 4.5e-05 8.5e-05 1.6e-04 1.9e-04
Tc-99 5.5e-03 2.0e-03 4.8e-03 9.8e-03 1.2e-02 2.0e-05 7.2e-06 1.7e-05 3.5e-05 4.1e-05
Ru-103 2.6e+01' 9.2e+00 2.2e+01 4.7e+01 5.9e+01 9.3e-02 3.3e-02 7.9e-02 1.7e-01 2.1e-01
Ru-106 2.2e+01 1.1e+01 1.9e+01 3.6e+01 4.le+01 7.7e-02 3.7e-02 6.7e-02 1.3e-01 1.5e-01
Ag-iO8m..- 7 02, e ie02"'29 +02 3.3 + 2,<e 6.2-O1. 3.08-a0elT O.5.4011 ,,__ .Oe 12.+7
Ag-110m 2.8e+02 1.3e+02 2.4e+02 4.6e+02 5.3e+02 9.8e-01 4.8e-01 8.6e-01 1.6e+00 1.9e+00
Cd-109 4.8e-01 2.4e-01 4.2e-01 8.0e-01 9.0e-01 1.7e-03 8.4e-04 1.5e-03 2.8e-03 3.2e-03
Sn-113 2.1e+01 9.8e+00 1.8e+01 3.5e+01 4.le+O1 7.4e-02 3.5e.02 6.5e-02 1.2e-01 1.5e-0l
Sb-124 1.4e+02 5.7e+01l 1.2e+02 2.3e+02 2.8e+02 4.9e-01 2.0e-01 4.2e-01 8.3e-01 1.Oe+00
St15,, ¢,43+0 2.e0>,.e0=-7,+,i<;82+4 .e0--7.4e-0'2-*l_
Te 123m 9.0e+00 4.2e+00 7.9e+00 1.5e+0l 1.8e+01 3.2e-02 1.5e-02 2.8e-02 5.4e-02 6.3e-02
Te-127m 4.8e-01 2.3e-01 4.2e-01 8.1e-01 9.4e-01 1.7e-03 8.1e-04 1.5e-03 2.9e-03 3Ae-03
1-125 2.5e-01 1.0e-01 2.1e-01 4.3e-01 5.1e-01 8.8e-04 3.7e-04 7.6e-04 1.5e-03 1.8e-03
1-129 8.1e-01 2.3e-01 7.1e-al 1.5e+00 1.8e+00 2.9e-03, 8.3e-04 2.5e-03 5.4e-03 6.5e-03
1-131 -. -; ,4.6e+0r:;6:8e-02 -,' 12.+00,1e4e01$.. 2.Oej-01$. ' .6e-02'-.' 2.4.04: 4.3.-03i :4.9e-O26 7.0e.2
Cs-I 34 1.6e+02 8.0e+01 1Ae+02 2.7e+02 3.1 e+02 5.8e-01 2.8e-01 5.1e-0l 9.8e-01 1.1 e+00
Cs-135 1.6e-02 2.0e-03 1.4e-02 3.2e-02 3.8e-02 5.5e-05 7.2e-06 4.9e-05 1.1e-04 1.4e-04
Cs-137 6.1e+01 3.0e+01 5.3e+01 1.0e+02 1.2e+02 2.2e-0a 1.i.e-0 1.9e-01 3.6e-01 4.2e-01
Ba-133 3.5e+01 1.7e+01 3.le+O1 5.9e+01 6.7e+01 1.3e-01 6.1e-02' 1.1e-01 2.1e-01 2.4e-01
C.-139 ;. 9.4et00-4.Se,[8.2e+0-, .6e+0V.. ,.8e+0l 3. 'T.3e-02:: 6e02',; 2.9e-02,- .5.62 5,65.-02 %
Ce-141 2.7e+00 8Ae-01 2.2e+00 5.0e+00 6.4e+00 9.6e-03 3.0e-03 8.0e-03 1.8e-02 2.3e-02
Ce-144 5.3e+00 2.6e+00 4.6e+00 8.9e+00 1.0e+01 1.9e-02 9.1e-03 1.6e-02 3.1e-02 3.6e-02
Prm-147 3.9e-03 1.4e-03 3.4e-03 7.0e-03 8.1e-03 1.4e-05 5.1e-O6 1.2e-05 2.5e-05 2.9e-05
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Appendix 1-1 Normnalized Effectiv Dose Equivalents from Concrete- err

Table 11.9 Norrnalkzed effective dose equivalents from all pathways: Road building
Radinuclde - Mass-based EDE (pSv/y per Bq/g) .Surficiai EDE (pSv/y per Bq/crn2)
RalncieMean 5th 50th 90th 95th Mean 5th 50th 90th 95th

Srr>151 1.5e-03 5.5e-04 1.3e-03 2.7e-03 32e-3 ''5.4e-06' 2.0e-06 4.8e-06 9.8e-06 1.1e-05
Eu-15,: e'2+2,-,.e01.2e+02 -;:.1,+,2,''2.iet0-'O4'4-1&22e 1--390---7 0':"e8 01

Eu -154 1Ae+02 6.7e+01 1.2e+02 2.3e+02 2.6e+02 -4.9e-01 2.4e-01 4.3e401 8.1e-0 9.4e-01
Eu-1 55 3.2e+00 1.6e+00 2.8e+00 5.4e+00 6.1 e+00 1.1e-02 5.6e-03 1.0e-02' 'I.9e-02 2.2e-02
Gd-153 3.9e+00 1.9e+00 3Ae+O0 6.6e+00 7.5e+00 1.4e-02 6.8e403 1.2e-02 2.3e-02 2.7e-02
Tb-160 8.7e+01 3.8e+01 7.5e+01 1.5e+02 1.7e+02 3.1e-01 1.4e-01 _2.7e-01 5.2e-01 6.2e-01

T>1O-:- !.v^rt'2.3'-'1%1e4'O'e1'i'3.e ,e-,,8.,eI;">3 4 ;.7,.ie-0 .6e,3
Trn-171 2.0e-02 1.0e 02 1.8e-02 3.4e-02 3.9e-02 '7.2e-05 3.6e-05 6.3e-05 1.2e-04 1 Ae-04
Ta-1 82 1.1 e+02 5.3e+01 9.8e+01 1.9e+02 2.2e+02 4.0e401 1.9e-01 3.5e-01 6.7e-01 7.9e-01
W-1 81 1.1e+00 52e-01 9.6e-01 1.8e+00 2.1e+00 3.9e-03 1.9e-03 3.4e-03 6.6e-3 7.7e-03
W-1 85 -7.8e-03' 3.3e-03 6.8e403 1.3e-02 1.6e-02_ 2.8e-05 1.2e405 2.4e-05 4.8e-05 5.6e-05

Ir-192 5.8e+01 2.6e+01 5.1e+01 9.8e+01 1.2e+02 '2.1 e-01 '9.2e402 1.8e-01 3.5e-01 4.1e401
Tl-204 7.8e402 3.9e402 6.8e-02 1.3e401 1.5e401 2.8e404 1.4e404 2.4e404 -4.7e404 5.3e044
Pb-210 1.6e+01 1.9e+00 1Ae+01 32e+01 3.9e+01 5.6e 02 6.8e403 4.9e402 1.1e41l 1.4e401
Bi-207 _1.7e+02 8.2e+01 1.5e+02 2.8e+02 32e+02 -6.0e-01 2.9e41' 5.2e-01 1.0e+00 1.2e+00

--1,';,!>a.e>,iO'30ow09+0,-,.6 '~e2!,'. 03 I,,.Ie R2,-". l2''7w.e 2,
Ra-226 2.0e+02 1.0e+02 1.8e+02 3Ae+02 3.9e+02 7.2e401 3.5e401 6.3e-01 1.2e+00 1Ae+WO
Ra-228 1.2e+02 5.7e+01 1.0e+02 1.9e+02 2.2e+02' 4.1 e-01 2.0e41l 3.6e-01 6.9e401 7.9e401
Ac-227 9.7e+01 4.6e+01 8.5e+01 1 .6e+02 1 .9e+02 3.5e-01 1 fie-01 3.0e-01 5.9e-01 6.7e-01
Th-228 t.8e+02 91le+01 1.6e+02 3.1e+02 3.5e+02 6.5e401 3.2e41l 5.7e401 '1.1e+00 1.2e+00
Th-229 87 O g4'e0'76+0i6,0 n i' 4 2,,- 5201-58'1
Th-230 8.8e+00 3.9e+00 7.7e+W0 1 .5etO1 1 .7e+01 3.1 e402 1 .4e-02 2.7e-02 5.3e402 62e402
Th-232 4.5e+01 2.0e+01 4.0e+01 7.7e+Ol 8.9e+01 1.6e401 7.2e402 1.e41l 2.7e401 3.2e401
Pa-231 5.6e+01 2.3e+01 4.9e+01 9.6e+01 1.1e+02 2.0e401 8.2e402 1.8e-01 3.4e401 4.0e401
U-232 2.5e+01 1.2e+01 2.2e+01 4.2e+01 4.9e+01l 9.0e402 4.1e402 _7.9e42' 1.5e401 1.8e401

U-234 3.7e+00 1 .6e+00 3.2e+00 6.2e+00 7.3e+00 1.3e402 5.8e403 1.2e-02 2.2e402 2.6e402
U-235 1.7e+01 8.7e+00 1.5e+01 2.8e+01 3.2e+01 - 6.1 e42 3.1 e42 5.2e-02 1.0e41 1.1e41
U-236 3.5e+00 1.5e+00 3.1e+00 5.9e+00 6.9e+00 1.2e-02 5.5e403 1.1 e-02 2.1e402 2.5e402
U-238 5.7e+00 2.9e+00 4.9e+00 9.4e+00 1.1e+01 2.0e402 1.0e402 1.8e402 3Ae402 3.8e402

tpii+0 1.e,+0 '6'01 '69+, ,O.e1'' ,74,2.'., 143 215e ,4 ;8e
Pu-236 5.7e+00 2.3e+00 5.0e+00 9.9e+00 1.le+Ol 2.0e-02 8.0e403 1.8e402 3.5e402 4.1e402
Pu-238 1.6e+01 6.e+00 1Ae+01 2.7e+01 3.2e+01 5.6e-02 2.2e402 5.0e402 9.8e402 1.1e41l
Pu-239 1.7e+01 6.9e+00 1.5e+01 3.0e+01 3.5e+01 6.2e-02 2.4e402 5.5e-02 1.1e41l 1.3e401
Pu-240 -1.7e+01 6.9e+00 1.5e+01 3.0e+01 3.5e+01 6.2e402 2.4e42 5.5e402 ' .1e41l 1.3e401

Pu-242 1.7e+O1 6.6e+00 1.5e+01 2.9e+01 3.3e+01 5.9e402 2.3e402 5.2e402 1.0e401 1.2e401
Pu-244 ~ '5.3e+01 2.7e+01 4.5e+01 8.7e+01 9.8e+01 1.9e401 9.5e402 1.6e401 3.1e41l 3.5e401
Am-241 1.9e+01 7.7e+00 1.7e+01 3.2e+01 3.7e+01 6.7e402 2.7e402 5.9e402 1.2e401 1.3e-01
Am-242m 1.9e+01 7.9e+00 1.7e+01 3.3e+01 3.8e+01 6.8e402 2.8e402 6.0e402 1.2e401 1Ae41

Am 2i3 ' ; 3.4etO1 .7+0i <:, 2.e+0 5.6e+01 V,::jA :. 2 .''60 2 .. .e023
Cm-242 5.6e41l 2.3e-01 4.9e-01l 9.7e-01 1.1e+00 2.0e403 8.0e-04 1.8e403 -3.5e403 4.0e403
Cm-243 2.3e+01 1.1e+01 2.0e+01 3.8e+01 4;3e+01 8.1 e42 4.0e402 7.0e402 1Ae401 1.5e401
Cm-244 1.0e+01 3.9e+00 8.8e+00 1.7e+01 2.0e+01 3.6e402 1.4e-02 3.1e402 6.2e402 7.2e402
Cm-245 2.5e+01 1.1-e+01 2.2e+01 4.1e+01 4.7e+01 8.7e402 4.Oe-02 7.6e402 1.5e401 1.7e401
Cm2 26" 3.e+i72t0 e^16+1' -2+,1 I37t t,.e,2 .e2 .,42-..e0
Cm-247 S.Oe+01 2.6e+01 4.3e+01 8.3e+01 9.3e+01 1.8e-01 9.1e402 1.5e401 3.0e401 3.3e401
Cm-248 6.7e+01 2.7e+01 5.9e+01 12e+02 1Ae+02 2Ae-01 9.4e402 2.1e401 4.2e401 4.8e401
Bk-249 6.3e402 2.7e402 5.6e-02 1.1e-01 1.3e401 2.3e404 9.4e45 2.0e404 3.9e-04 4.5e-04
Cf-248 1.8e+00 7.2e401 1.6e+00 '3.1e+00 3.6e+00 6.3e403 2.6e403 -5.6e403 1.1e402 1.3e402
Cf-2i9' - . .. 52e+01\*';e0S, 4Se+016 '5r86+i-9i+0,'', 9e i 92 2
Cf-250 ' 9.2e+00 3.5e+00 8.1e+00 1.6e+01 1.9e+01 3.e402 1.2e402 2.9e402 5.8e402 6.7e402
Cf-251 2.9e+01 1.3e+01 2.5e+01 4.9e+01 5.6e+01 1.0e41l 4.6e402 8.9e-02 1.7e401 2.0e401
Cf-252 5.8e+00 2.3e+00 5.1 e+00 9.9e+00 1.2e+01 2.1e402 8.3e403 1.8e-02 3.6e402 4.1e402
Cf-254 7.8e+00 2.7e+00 6.7e+00 1.4e+01 1.7e+01 '2.8e402 9.7e403 2.4e402 S.Oe402 6.0e402
Es2644-'; - ~ 9.2 e 0 4e01 -,8.0e+0 '-.5 e+02 -~' i8e0 3.3e4O---I1''.'16e4 ''~2.9e-01i- -S5e-0i' 6.I4

Note: To convert these values to conventional units (mremly per pCi/g or mrem/y per pC~cm2). multiply by 3.7e-3
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Normalized Effectivc Dose Equivalents from Concrete Appendix 1-1
Normalized Effective Dose Eauivalents from Concrete Appendix I-i

Table 11.10 Normalized effective dose equivalents from external exposure: Road building

Radinuclde - Mass-based EDE (pjSvly per BgIg)
Raincie Mean 5th 50th 90th 95th

Surficial EDE (pSvly per Bqkrn2 )
Mean 5th 50th 90th 95th

H-3 O.Oe+OO 0.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 0.Oe+OO 0.Oe+00 0.Oe+OO 0.Oe+00
C-14 2.4e-04 1.2e-04 2.1e-04 4.0e-04 4.6e-04 8.6e-07 4.2e-07 7.5e-07 1.4e-06 1.7e-06
Na-22 2.4e+02 1.2e+02 2.1e+02 4.0e+02 4.6e+02 8.5e-01 4.le-Ol 7.4e-01 1.4e+00 1.6e+00
P-32 4.ge-02 __5.l e-03 2.90-02 1.2e-01 1.6e-01 1.8e-04 1.8e-05 1.Oe-04 4.3e-04 5.6e-04

S-5 -~.e0 9.0 -5i7-4j 3-4i3-.9e 47< 71-7 3206271.2.07L1e-6
CI-36 4.3e-02 2.le-02 3.8e-02 7.2e-02 8.2e-02 1.5e-04 7.5e-05 1.3e-04 2.6e-04 2.9e-04
K-40 1.9e+01 9.1le+00 1.6e+01 3.le+01 3.6e+01 6.6e-02 3.2e-02 5.8e-02 1.le-01 1.3e-01
Ca-41 0.Oe+00 O.Oe+00O0.Oe+00 0.Oe+00 .0.e+OO 0.Oe+00 .0.e+OO O.Oe+00 0.Oe+00 .0.e+OO
Ca-45 9.5e-04 4.6e-04 8.3e-04 1.6e-03 1.8e-03* 3.4e-06 1.6e-06 3.0e-06__5.7e-06 6.6e-06

SCAB~Kf1 .76AV,5+1;t0+228+2,.5.e2e0~ .e0~100i2~O
Cr-51 1.3e+00 3.7e-01 1.le+OO 2.5e+00 3.3e+00 4.7e-03 1.3e-03 3.8e-03 9.1e-03 1.2e-02
Mn-53 .0.e+OO 0.Oe+00 0.0e+00 0.Oe+00 0.Oe+00 .0.e+OO 0.Oe+00 0.Oe+00 0.Oe+00 .0.e+OO
Mn-54 8.5e4-01 4.1e+01 7.4e+01 1.4e+02 1.6e+02 3.0e-01 1.5e-Ol 2.6e-01 5.le-Ol 5.8e-01
Fe-55 0.Oe+000O.Oe+000O.Oe+OO .0.e+OO 0.Oe+00 0.Oe+00 0.0e+00 0.Oe+00 0.Oe+00 O0.e+00

Co-56 3.0e+02 1.4e+02 2.6e+02 5.le+02 6.le+02 1.1e+00 4.8e-01 9.4e-01 1.8e+00 2.le+00
Co-57 8.l e+00 3.9e+00 7.1le+00 1.4e+0l 1.6e+01 2.9e-02 1.4e-02 2.5e-02 4.8e-02 5.6e-02
Co-58 7.4e+01 3.2e+Ol 6.4e+0l 1.3e+02 1.5e+02 2.6e-01 1.2e-01 2.3e-01 4.5e-01 5.3e-01
Co-60 2.9e+02 1.4e+02__2.5e+02 4.8e+02 5.5e+02 1000 5.0e-Ol 8.9e-01 1.7e+00 2.0e+00

NI-63 .0.e+OO O.Oe+00 0.0e+00 0.0e+0O 0.Oe+00 .0.e+OO 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00
Zn-65 5.9e+0l 2.9e+01 5.2e+0l 1.Oe+02 1.le+02 2.le-Ol 1.0e-01 1.8e-01 3.5e-01 4.1 e-01
As-73 1.2e-01 5.4e-02 l.le-Ol 2.le-01 2.4e-01 4.3e-04 1.9e-04 3.8e-04 7.3e-04 8.6e-04
Se-75 2.8e+0l 1.3e+0l 2.5e+91 4.8e+0l 5.5e+01 1.0e-01 4.8e-02 8.9e-02 1.7e-01 2.0e-01

S45.~3.e+OtA.5+01 1.e-01 5.5-02\. 11 e-1Th2.201~2.0-1
Sr-89 9.9e-02 3.9e-02 8.5e-02 1.7e-01 2.le-Ol 3.5e-04 1.4e-04 3.0e-04 6.le-04 7.4e.04
Sr-90 4.4e-01 2.1e-01 3.9e-01 7.4e-01 8.4e-01 1.6e-03 7.7e-04 1.4e-03 2.6e-03 3.0e-03
Y-91 3.8e-01 1.6e-01 3.2e-Ol 6.5e-01 7.8e-Ol 1.3e-03 5.6e-04 1.2e-03 2.3e-03 2.8e-03
Zr-93 8.2e-06 1.3e-06 6.9e-06 1.6e-05 2.0e-05 2.9e-08 4.7e-09 2.5e-08 5.7e-08 7.1 e-08

t9:~~8Be0.K.o40 7.5+1160 i6+2: .1-1C~1~27-f5l-01Th5.9-O
Nb-93m 1.9e-03 9.l e-04 1.6e-03 3.1le-03 3.5e-03 6.6e-06 3.2e-06 5.8e-06 l.1e-05 1.3e-05
Nb-94 1.7e+02 8.5e+01 1.5e+02 2.9e+02 3.3e+02 6.2e-01 3.0e-01 5.4e-01 1.Oe+00 1.2e+00
Nb-95 4.2e+01 1.4e+01 3.5e+01 7.6e+01 9.7e+0l 1.5e-01 4.9e.02 1.2e-0l 2.7e-01 3.4e-01
Mo-93 1.1e-02 5.2e-03 9.3e-03 1.8e-02 2.0e-02 3.8e-05 1.8e-05 3 .3e-05 6.3e-05 7.3e-05

Tc-97m 2.5e-02 1.1e-02 2.2e-02 4.2e-02 5.0e-02 9.0e-05 4.1le-05 7.9e-05 1.5e-04 1.8e-04
TC-99 2.2e-03 1.10-03 2.0e-03 3.8e-03 4.3e-03 8.0e-06 3.9e-06 7.0e-06 1.3e-05 1.5e-05
Ru-103 2.6e+0l 9.2e+00 2.2e+01 4.7e+01 5.9e+01 9.3e-02 3.3e-02 7.9e-02 1.7e-Ol 2.le-Ol
Ru-106 2.le+01 1.le+01 1.9e+0l13.6e:01 4.la+01 7.7e-02 3.7e-02 6.7e-02 1.3e-01 1.5e-01

Ag- I Om 2.8e+02 1.3e+02 2.4e+02 4.6e+02 5.3e+02 9.8e-01 4.8e-01 8.6e-01 1.6e+00 1.9e+00
Cd-lo9 4.5e-01 2.2e-01 3.9e-Ol 7.5e-01 8.6e-01 1.6e-03 7.8e-04 1.4e-03 2.7e-03 3.1le-03
Sn-1 13 2.le+01 9.8e+00 1.8e+01 3.5e+01 4.le+01 7.4e-02 3.5e-02 6.5e-02 1.2e-01 1.5e-Ol
Sb-124 1.4e+02 5.7e+01 1.2e+02 2.3e+02 2.8e+02 4.9e-01 2.0e-01 4.2e-O1 8.3e-01 1.0e+00

~~~~~,43+1' 2.le+0: I,15-1x.e0~.3.1-..e1.e0
Te-123m 9.0e+00 4.2e+00 7.8e+00 1.5e+01 1.8e+01 3.2e-02 1.5e-02 2.8e-02 5.4e-02 6.3e-02
Te-127m 4.7e-Ol 2.2e-01 4.1e-Ol 7.9e-01 9.2e-Ol 1.7e-03 7.8e-04 1.5e-03 2.8e-03 3.3e-03
1-125 1.9e-O1 8.1 e02 1.7e-01 3.3e-01 4.0e-01 6.9e-04 2.9e-04 6.0e-04 1.2e-03 1.4e-03
1-129 2.3e-Ol 1.1e-01 2.0e-Ol 3.9e-01 4.4e01 _8.3e-04 4.0e-04 7.2e-04 1.4e-03 1.6e-03

1-13 174.5e+00 ; 6.8e-02 C.212e+00 ,'. 1.a+Ol2., t1 e73-: .. d~2'7.eO

Cs-134 1.6e+02 8.0e+01 1.4e+02 2.7e+02 3.1 e+02 5.8e-01 2.8e-01 5.10-01 9.8e-01 1.le+00
Cs-135 6.ge-04 3.3e-04 6.0e-04 1.2e-03 1.3e-03 2.4e-06 1.2e-06 2.1le-06 4.1 e06 4.7e-06
Cs-137 6.be+01 3.0e+01 5.3e+01 1.0e+02 1.2e+02 2.2e-01 1.1e-Ol 1.9e-01 3.6e-01 4.2e-01
Ba-133- 3.5e+0l 1.7e+01 3.10+01 5.9e+01 6.7e+01 -1.3e-01 6.1le-02 1.1e-01 2.1e-Ol 2.4e-01

9Ai9~:A.~ 9.e+00S74.5 f'.o0~.o0.j18+17~.34-2.,.6'e--O2,:--2.96-02,5.6e-2. -. 6.5".2,i
Ce-141 2.7e+00 8.4e-01 2.2e+00 5.Oe+OO 6.4e+00 9.6e-03 3.0e-03 8.Oe-03 1.8e-02 2.3e-02
Ce-144 5.2e+00 2.5e+00 4.6e+00 8.8e+00 1.Oe+01 1.90-02 9.0e-03 1.6e-02 3.1 e02 3.6e-02
Pm-147 8.7e-04 4.3e-04 7.6e-04 1.5e-03 1.7e-03 3.1 e06 1.5e-06 2.7e-06 5.2e-06 6.0e-06
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Appendix 1-1I Normalized Effe&i-v'-6"Dose Equivalents from Concrete

Table 11.10 Normalized effective dose equivalents from external exposure: Road building
Mass-based EDE (pSvly per Bqlg) Surficial EDE (pSvly per Bg/cm2)

Radionucide Mean 5th 50th 90th 95th Mean - 5th 50th 90th 95th
Sm-151 1.8e-05 8.6e-06 1.5e-05 3.0e-05 3Ae-05 6.3e-08 3.1e-08 5.5e-08 I.Ie-07 12e-07
Eu-,152 ~2t~ 12e+02,-, 6.e+0I .C1:Ie+02--,2.1e+02' 2.4e 02- ,.j4.,4 22e,0lu3.9e 1)i;5e01 AB.6e,01,
Eu-154 1.4e+02 6.7e+01 1.2e+02 2.3e+02 2.6e+02 4.9e-01 2.4e-01 42e-01 8.1e-01 9.4e-01
Eu-155 3.2e+00 1.6e+00 2.8e+00 5Ae+00 6.1e+00 1.1e-02 5.6e-03 I.Oe-02 1.9e-02 2.2e-02
Gd-153 3.9e+00 1.9e+00 3.4e+00 6.6e+00 7.5e+00 1.4e-02 6.8e-03 1.2e-02 2.3e-02 2.7e-02
Tb-I 60 8.7e+01 3.8e+01 7.5e+01 1.5e+02 1.7e+02 3.1e-01 1.4e-01 2.7e-01 5.2e-01 6.2e-01

170 - 22e-01 ,..Oee-01 I.9e-01; '3.6z6e .3ee3- 1.5e-03A
Tm-171 1.9e-02 9.4e-03 I.7e-02 3.2e-02 3.7e-02 6.9e-05 3.3e-05 6.0e-05 1.2e-04 1.3e-04
Ta-182 1.1e+02 5.3e+01 9.8e+01 1.9e+02 2.2e+02 4.0e-01 1.9e-01 3.5e-01 6.7e-01 7.9e-01
W-181 1.Ie+00 5.2e-01 9.6e-01 1.8e+00 2.1e+00 3.9e-03 1.9e-03 3.4e-03 6.6e-03 7.7e-03
W-185 5.5e-03 2.4e-03 4.8e-03 9.3e-03 I.Ie-02 2.0e-05 8.7e-06 1.7e-05 3.3e-05 3.9e-05

2856e6teP6e 0iLi.e0 .e 0 .}!201 9e2., 014,i3.4e iAc~.DOVoi
Ir-192 5.8e+01 2.6e+01 5.1e+01 9.8e+01 1.2e+02 2.1e-01 9.2e-02 1.8e-01 3.5e-01 4.1e-01
Tl-204 7.1e-02 3.5e-02 6.2e-02 1.2e-01 IAe-01 2.5e-04 1.2e-04 2.2e-04 4.3e-04 4.9e-04
Pb-210 1.1e-01 5.3e-02 9.5e-02 *.8e-01 2.1e-01 3.9e-04 1.9e-04 3.4e-04 6.5e-04 7.5e-04
Bi-207 1.7e+02 8.2e+01 I .5e+02 2.8e+02 3.2e+02 6.0e-01 2.9e-01 5.2e-01 I .Oe+00 1.2e+00

Ra-226 2.0e+02 9.8e+01 1.8e+02 3Ae+02 3.8e+02 , 7.1e-01 3.5e-01 6.2e-01 1.2e+00 1.4e+00
Ra-228 1.1e+02 5.5e+01 9.9e+01 1.9e+02 2.2e+02 4.0e-01 2.0e-01 3.5e-01 6.7e-01 7.7e-01
Ac-227 3.6e+01 1.8e+01 3.1e+01 6.0e+01 6.9e+01 1.3e-01 6.3e-02 1.1e-01 2.1e-01 2.5e-01
Th-228 1.8e+02 8.6e+01 I.5e+02 2.9e+02 3.4e+02 -6.3e-01 3.1e-01 5.5e-01 1.1e+00 1.2e+00

Th29 .4e'Be+0 '.r, Ser'j ___Th229.e 0 - 1.4e401 ¼{2.5e+0I 4.8e0 +,Oi.'4e401 -jL .Oe-023 8.Oe-02rj.9.e'-02OI .7 0 :-2.08-j A
Th-230 3.1e-02 1.4e-02 2.7e-02 5.2e-02 6.1e-02 1.1e-04 5.0e-05 9.7e-05 1.9e-04 22e-04
Th-232 1.4e+00 2.3e-01 1.2e+00 2.8e+00 3.5e+00 5.1e-03 8.2e-04 4.3e-03 1.0e-02 1.3e-02
Pa-231 3.5e+00 1.7e+00 3.1e+00 5.9e+00 6.8e+00 1.3e-02 6.2e-03 1.1e-02 2.1e-02 2.4e-02
U-232 6.9e+00 1.2e+00 5.9e+00 IAe+0I 1.7e+01 2.5e-02 4.1e-03 2.1e-02 4.8e-02 6.0e-02
U-233; 2;L.2.5 2.5e 10-2 2 2e02'Bj)~42&d 4.8&C2i<- 9.0 05 ,.4e-05r.&7.9 -1.5e-4 -. 7eO4,-
U-234 7.2e-03 3.5e-03 6.3e-03 12e-02 I.4e-02 2.6e-05 1.3e-05 2.2e-05 4.3e-05 4.9e-05
U-235 1.4e+01 6.6e+00 1.2e+01 2.3e+01 2.6e+01 4.8e-02 2.4e-02 4.2e-02 8.1e-02 9.3e-02
U-236 3.8e-03 1.9e-03 3Ae-03 6.5e-03 7.3e-03 1.4e-05 6.7e-06 1.2e-05 2.3e-05 2.6e-05
U-238 2.4e+00 1.2e+00 2.1e+00 4.0e+00 4.5e+00 8.4e-03 4.1e-03 7.4e-03 IAe-02 1.6e-02
N 237fk:2.0e+01- 9.6e+00'.I.76+O153.3e,0I -3.8e0E-, 7.Oe02 ;3.4 02-0,6.IeO24§1.2eO1 2¢,.3e-1_
Pu-236 8.7e-03 2.7e-03 7.2e-03 1.6e-02 2.0e-02 3.1 e-05 9.7e-06 2.6e-05 5.8e-05 7.3e-05
Pu-238 2.7e-03 1.3e-03 2Ae-03 4.5e-03 5.2e-03 9.6e-06 4.7e-06 8.4e-06 1.6e-05 1.9e-45
Pu-239 5.3e-03 2.6e-03 4.6e-03 8.9e-03 I.0e-02 1.9e-05 9.2e-06 1.6e-05 *3.2e-05 3.6e-05
Pu-240 2.6e-03_ 1.3e-03 2.3e-03, 4Ae-03 5.0e0O3 9Ae-06 4.6e-06 8.2e-06 1.6e-05 1.8e-05
Pu-2412Z.e-0.e-4 2 8^:.Oe-05 ta2.1e-04j.2e-0,4, I51e-04 a,' '-3-8.'5e 07:l^-3.2e-07Ž9.4e07r^.-.5e-06 --.'1.8e-,06_
Pu-242 2.3e-03 I.Ie-03 2.0e-03 3.8e-03 4.4e-03 8.2e-06 4.0e-06 7.1 e-06 1.4e-05 1.6e-05
Pu-244 3.6e+01 1.8e+01 3.2e+01 6.1e+01 6.9e+01 ,1.3e-01 6.3e-02 1.1e-01 2.2e-01 2.5e-01
Am-241 7.8e-01 3.8e-01 6.9e-01 1.3e+00 1.5e+00 2.8e-03 1.4e-03 2Ae-03 4.7e-03 5.4e-03
Arn-242m 1.2e+00 5.9e-01 1.1e+00 2.0e+00 2.3e+00 4.3e-03 2.1e-03 3.8e-03 7.2e-03 8.3e-03
Arn243,-j.6e40l 7.8e+00 -. 4e T,'5.7e-02';. 2 9.6e-02: ;aI1.1 ei
Cm-242 2.6e-03 1.3e-03 2.3e-03 4.4e-03 5.0e-03 9.3e-06 4.4e-06 8.1 e-06 1.6e-05 1.8e-05
Cm-243 1.0e+01 5.1e+00 9.1e+00 1.7e+01 2.0e+01 3.7e-02 I.8e-02 3.2e-02 6.2e-02 7.1e-02
Cm-244 2.2e-03 1.1e-03 2.0e-03 3.8e-03 4.3e-03 8.0e-06 3.9e-06 7.0e-06 1.3e-05 1.5e-05
Cm-245 6.1e+00 3.0e+00 5.3e+00 I.Oe+01 1.2e+01 2.2e-02 -. 1e-02 1.9e-02 3.6e-02 4.2e-02
Cm-246; 2. e,03 .1.ae-03 -. i .8e,,0j3'e--3 4.5e-03 7.4e06" ~3.6e-06-,6;5e-06 ,-12e.05 ,*'I.4e
Cm-247 3.3e+01 1.6e+01 2.9e+01 5.6e+01 6.4e+01 1.2e-01 5.8e-02 1.0e-01 2.0e-01 2.3e-01
Cm-248 1.6e-03 7.7e-04 I.4e-03 2.6e-03 3.0e-03 5.6e-06 2.7e-06 4.9e-06 9.4e-06 1.1 e-05
Bk-249 6.7e03 1.2e-03 5.7e-03 1.3e-02 1.6e-02 2Ae-05 4.2e-06 2.0e-05 4.7e-05 5.8e-05
Cf-248 - 2.1e-03 1.0e-03 1.8e-03 3.5e43 4.0e-03 7.4e-06 3.6e-06 6.4e-06 1.2e-05 1.4e-05
Cf-249 i-.-;- f;3.3e+0. ;~i.6e+01I -,2.9e,+01 - 5,6e+01j 6.3e,01 ' , ,2e O 5.8e O2' to 4 2.Oe0i, 2.30
Cf-250 2.1 e-03 1.0e-03 1.8e-03 3.5e-03 4.0e-03 7.5e-06 3.7e-06 6.6e-06 1.3e-05 1.Ae-05
Cf-251 9.4e+00 4.6e+00 8.3e+00 1.6e+01 1.8e+01 3.4e-02 1.6e-02 2.9e-02 5.6e-02 6.5e-02
Cf-252 3.1e-03 1.5e-03 2.7e-03 5.1e03 5.9e-03 I.Ie-05 5.3e-06 9.5e-06 1.8e-05 2.1e-05
Cf-254 4.5e-06 1.9e06 3.9e-06 7.8e-06 9.4e-06 1.6e-08 6.8e-09 1.4e-08 2.8e-08 3.3e-08
ESA254 1 - ' 9.0e+01 ;~4.ie+01- 7.9e+01 .1.5e+0i2-'i.7e+02 -' 3.2e-01 / -. 6e41 --;2.8e-01 '-; 5Ae-01 62eOi

Note: To convert these values to conventional units (mremly per pCUg or mrem/y per pCicrn2), multiply by 3.7e-3
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Normalized Effective Dose Equivalents from Concrete Appendix 1-1

Table 11.11 Normalized effective dose equivalents from Inhalation: Road building --
- - - - - - - - - - - - - - - - - - -

Mass-based EDE (pSvly per Bq/g)
Radionucide Mean 5th 50th 90th 95th

Surficial EDE (pSv/y per Bq/cm2)
Mean 5th 50th 90th 95th

H-3 1.5e-06 6.2e-07 1.3e-06 2.5e-06 3.0e-06 5.3e-09 2.2e-09 4.6e-09 9.1 e-09 1.1e-08
C-14 4.9e-05 2.0e-05 4.2e-05 8.3e-05 9.8e-05 1.7e-07 7.2e-08 1.5e-07 3.0e-07 3.5e-07
Na-22 1.7e-04 7.3e-05 1.5e-04 3.0e-04 3.5e-04 6.2e-07 2.6e-07 5.4e-07 1.1e-06 1.3e-06
P-32 8.5e-05 8.1e-06 4.8e-05 2.1e-04 2.9e-04 3.0e-07 2.9e-08 1.7e-07 7.5e-07 1.Oe-06

3S 5E 5' . 1'.7e O5E 3.*7805-.,*, t.5e 5 9 ~0 .5T ,>9e08 .3e \ ,2.7e07j ,3.2- 071
CI-36 5.1e-04 2.1e-04 4.5e-04 8.8e-04 1.0e-03 1.8e-06 7.6e-07 1.6e-06 3.1e-06 3.7e-06
K-40 2.9e-04 1.2e-04 2.5e-04 4.9e-04 5.8e-04 1.Oe-06 4.3e-07 8.9e-07 1.8e-06 2.1e-06
Ca-41 3.1e-05 1.3e-05 2.7e-05 5.4e-05 6.3e-05 1.1e-07 4.7e-08 9.7e-08 1.9e-07 2.3e-07
Ca-45 1.3e-04 5.4e-05 1.1e-04 2.3e-04 2.7e-04 4.7e-07 1.9e-07- 4.1e-07 8.1e-07 9.6e-07
Sc,4 w: 5.1~04.i 2.0 -04K-- ''4. i4j 8.86O4,' ;1i'1'3-te ; .1..8e066Ž O6,. 3.1e 06^: 3*8~
Cr-51 3.3e-06 8.3e-07 2.6e-06 6.6e-06 8.5e-06 1.2e-08 2.9e-09 9.2e-09 '2.4e-08 3.0e-08
Mn-53 1.2e-05 4.9e-06 1.Oe-05 2.0e-05 2.4e-05 4.2e-08 1.7e-08 3.6e-08 7.1e-08 8.4e-08
Mn-54 1.4e-04 6.0e-05 1.2e-04 2.5e-04 2.9e-04 5.1e-07 2.1 e-07 4.4e-07 8.8e-07 1.0Oe-06
Fe-55 6.1e-05 2.5e-05 5.3e-05 1.0e-04 1.2e-04 2.26-07 9.0e-08 1.9e-07 3.7e-07 4.4e-07

FeF--9a;3Fgg 6.5t 05-, '1.63.8.0ei.5e434.r 7.1-i: 2.3iF,07 X5.8 ,7, .-;,.3e-06_- .1;6'e&06,Fe-59a ,2.Oe-04- A.e0UJ6-4 ~ -

Co-56 6.7e-04 2.5e-04 5.7e-04 1.2e-03 1.4e-03 2.4e-06 9.1e-07 2.0e-06 4.le-06 5.0e-06
Co-57 1.9e-04 7.9e-05 t.7e-04 3.3e-04 3.9e-04 6.8e-07 2.8e-07 5.9e-07 1.2e-06 1.4e-06
Co-58 1.8e-04 6.7e-05 1.5e-04 3.1e-04 3.8e-04 6.3e-07 2.4e07 5.4e-07 1.1e-06 1.3e-06
Co-60 5.00,3 2.1e-03 4.4e-03 8.6e-03 1.Oe-02 1.8e-05 7.4e-06 1.6e-05 3.1e-05 3.6e-05

NI-63 7.3e-05 3.0e-05 6.3e-05 1.2e-04 1.5e04 2.6e-07 1.1e-07 2.2e-07 4.4e-07 5.2e-07

Zn-65 4.3e-04 1.8e-04 3.7e-04 7.4e-04 8.7e-04 1.5e-06 6.3e-07 1.3e-06 2.6e-06 3.1e-06

As-73 5.9e-05 2.2e-05 5.0e-05 1.0e-04 1.2e-04 2.1e-07 8.0e-08 1.8e-07 3.6e-07 4.4e-07

Se-75 1.6e-04 6.4e-05 1.4e-04 2.8e-04 3.3e-04 5.7e-07 2.3e-07 4.9e-07 9.8e-07 1.2e-06

Sr8 ->t .e5 i-r.e< 2 6e05;2538-0 ,6.5e' 05,i e 7;.1 ,4.Od,08#- 9.i.9;, -0&A* +1.9e.07 3e07,-
Sr-89 9.3e-05 3.2e-05 7.7e-05 1.7e-04 2.1e-04 3.3e-07 1.1e-07 2.8e-07 5.9e-07 7.3e-07

Sr-90 5.8e-03 2.4e-03 5.0e-03 9.9e-03 1.2e-02 2.1e-05 8.5e-06 1.8e05 3.5e-05 4.1e-05

Y-91 7.4e-04 2.7e-04 6.2e-04 1.3e-03 1.6e-03 2.6e-06 9.5e-07 2.2e-06 4.7e-06 5.7e-06

Zr-93 1.9e-03 8.1e-04 1.7e 03 3.3e-03 3.9e-03 7.0e-06 2.9e-06 6.0e-06 1.2e-05 1.4e-05
I t-9; 3.0 ie'

Nb-93m 6.8e-04 2.8e-04 5.9e-04 1.2e-03 1.4e-03 2.4e-06 1.0e-06 2.1e-06 4.2e-06 4.9e-06
Nb-94 9.7e-03 4.0e-03 8.4e-03 1.7e-02 2.0e-02 3.5e-05 1.4e-05 3.0e-05 5.9e-05 6.9e-05
Nb-95 6.8e-05 2.0e 05 5.5e-05 1.3e-04 1.6e04 2.4e-07 7.1e-08 2.0e-07 4.6e-07 5.8e-07
Mo-93 6.7e-04 2.8e-04 5.8e-04 1.1e-03 1.3e-03 2.4e-06 9.9e-07 2.1e-06 4.1e-06 4.8e-06

Tc-97m 8.5e-05 3.3e-05 7.3e-05 1.5e-04 1.8e-04 3.0e-07 1.2e-07 2.6e-07 5.2e07 6.3e-07
Tc-99 1.9e-04 8.1e-05 1.7e-04 3.3e-04 3.9e-04 6.9e-07 2.9e-07 6.0e-07 1.2e-06 1.4e-06
Ru-103 1.1e-04 3.5e-05 9.2e-05 2.1e-04 2.6e-04 4.0e-07 1.2e-07 3.3e-07 7.4e-07 9.3e-07
Ru-106 1.0e-02 4.3e-03 9.0e-03 1.8e-02 2.18e-02 3.7e-05 1.5e-05 3.2e-05 6.3e-05 7.5e-05
A2108m-Ž'.L9 6.68-03 .3,.:1; 802-'1;3e02,'_ ..- 0O 9.8e.06.-T J2 1id-0 05 4.0e0' O 4.7e;05
Ag- 10m 1.7e-03 7.0e-04 1.5e-03 2.9e-03 3.4e-03 6.0e-06 2.5e-06 5.2e-06 1.0e-05 1.2e-05
Cd-109 2.5e-03 1.0e-03 2.2e-03 4.3e-03 5.1e-03 9.0e-06 3.7e-06 7.8e-06 1.5e-05 1.8e-05
Sn-113 2.0e-04 8.0e-05 1.7e-04 3.5e-04 4.1e-04 7.1e-07 2.8e-07 6.1e-07 1.2e-06 1.5e-06
Sb-124 3.9e-04 1.4e-04 3.3e-04 6.8e-04 8.3e-04 1.4e-06 5.0e-07 1.2e-06 2.4e-06 3.0e-06
Sb-i i.2iiis3.2e-04 @ 14.32e-04 e.4e4!'>.2.1,6i57.4 07-98e74-4^1 06z23 :
Te-123m 2.0e-04 8.0e-05 1.7e-04 3.4e-04 4.1e-04 7.1e-07 2.8e-07 6.1e-07 1.2e-06 1.5e-06
Te-127m 4.0e-04 1.6e-04 3.5e-04 7.0e-04 8.4e-04 1.4e-06 5.7e-07 1.2e-06 2.5e-06 3.0e-06
1-125 3.7e-04 1.4e-04 3.1e-04 6.6e-04 8.0e-04 1.3e-06 4.8e-07 1.1e-06 2.3e-06 2.9e-06
1-129 4.1e-03 1.7e-03 3.5e-03 6.9e-03 8.2e-03 1.4e-05 6.0e-06 1.3e-05 2.5e-05 2.9e-05
l:131U',-,5;-7~:, 9.ie-5 - 1.3e06' -~2.36-05'<2i7 4'-.:1e ,.; '3.2e .4.6-8.3- 08230 9.807" 4.5e064
Cs-134 1.Oe-03 4.4e-04 9.1e-04 1.8e-03 2.1e-03 3.7e-06 1.5e-06 3.2e-06 6.4e-06 7.5e-06
Cs-135 1.1e-04 4.4e-05 9.3e-05 1.8e-04 2.1e-04 3.8e-07 1.6e-07 3.3e-07 6.5e-07 7.6e-07
Cs-137 7.4e-04 3.1e-04 6.5e-04 1.38-03 1.5e-03 2.7e-06 1.1e-06 2.3e-06 4.6e-06 5.3e-06
Ba-i33 1.8e-04 7.5e-05 1.6e-04 3.1e-04 3.7e-04 6.5e-07 2.7e-07 5.6e-07 1.1e-06 1.3e-06
CeF139~ ̂--;_. 1.7-04- - -7.lo-05.X1. i5e-0 4:[ 43.0~.4 3.6e-04L ,- .- T-: -. e.7 5.4-0 _1e.6 1.32
Ce-141 1.0e04 2.8e05 8.0e-05 1.9e-04 2.4e-04 3.6e-07 9.9e-08 2.8e-07 6.8e-07 8.6e-07
Ce-144 8.0e-03 3.3e-03 6.9e-03 1.4e-02 1.6e-02 2.8e-05 1.2e-05 2.5e-05 4.9e-05 5.8e-05
Pm-147 8.9e-04 3.7e-04 7.8e-04 1.5e-03 1.8e-03 3.2e-06 1.3e-06 2.8e-06 5.4e-06 6.4e-06

NUE- 64 1-2
NUREG-1 640 1-22
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Appendix I-I ' Normalized Effective Dose Equivalents from Concrete

Table 11.11 Normalized effective dose equivalents from inhalation: Road building
Mass-based EDE (pSv/y per BqIg) Surficial EDE (pSv/y per Bq/cm2 )

Radionuclide Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
Sm-151 7.0e-04 2.9e-04 6.1e404 1.2e-03 1.4e-03 2.5e-06 1.0e-06 2.2e-06 4.3e-06 5.Oe-06
Eu-152 ~K~-,'ssf.1e-03 -2.1e~43.5e 03S 8.803..'2.e02 ' 2.85r7.6e 'i.6e5 :u 3.1 53.7e23
Eu-154 6.6e-03 2.8e-03 5.8e-03 1.1e-02 1.3e-02 2.4e-05 9.8e-06 2.1e-05 4.1e-05 4.8e-05
Eu-155 9.5e-04 4.0e-04 8.3e-04 1.6e-03 1.9e-03 3.4e-06 1Ae-06 3.0e-06 5.8e-06 6.8e-06
Gd-153 2.0e-04' 8.2e-05 1.7e-04 3.4e-04 4.0e-04 7.le-07 2.9e-07 6.1e-07 1.2e-06 1Ae-06
Tb-1 60 4.1e-04 1.5e-04 3.5e-04 7.1e-04 8.7e-04 1.5e-06 5.5e-07 1.2e-06 2.6e-06 3.le-06
Tr 17'I. 8 Oe4'e W2.0e ' .3e04,j 8.7e-4 t.0e-3 3
Trn-171 2.1e-04 8.6e-05 1.8e-04 3.5e-04 4.2e-04 7.3e-07 3.0e-07 6.4e-07 1.3e-06 1.5e-06
Ta-182 8.3e-04 3.3e-04 7.2e-04 1.4e-03 1.7e-03 3.0e-06 1.2e-06 2.6e-06 5.1le-06 6.2e-06
W-181 2.8e-06 I.1e-06 2.5e-06 4.9e-06 5.9e-06 1.Oe-08 4.1e-09 8.8e-09 1.8e-08 2.1e-08
W-185 1.2e-05 4.7e-06 1.1 e-05 2.2e-05 2.6e-05 4.4e-08 1.7e-08 3.8e-08 7.7e-08 9.4e-08
Os-185,'.- ̂ >,.t>:;i.8e044 -,')'.6.9e'-05 a-,.5>04was3.1e-04 sj3.7e-04 ',8,-^->6 7 *?R' 4.'<.40,S'110 , .
Ir-192 4.6e-04 1.8e-04 4.0e-44 8.1e-04 9.9e-04 1.7e-06 6.3e-07 1.4e-06 2.9e-06 3.5e-06
Tl-204 5.5e45 2.3e-05 4.8e-05 9.4e-05 1.1e-04 2.0e-07 8.1e-08 1.7e-07 3.4e-07 4.0e-07
Pb-210 5.2e-01 2.2e-01 4.5e-01 8.9e-01 1.Oe+00 1.9e-03 7.7e-04 1.6e-03 3.2e-03 3.7e-03
BI-207 4.7e-04 1.9e-04 4.1 e-04 8.Oe-04 9Ae-04 1.7e-06 6.9e-07 1.4e-06 2.9e-06 3.3e-06

_ .. e. '2.4e , 1e-,,4,40 --- t2 34
Ra-226 2.0e-01 8.4e-02 1.8e-01 3.4e-01 4.1e-41 7.2e-04 3.0e-04 6.3e-04 1.2e-03 1.4e-03
Ra-228 3.4e-01 1.0e-01 2.8e-01 6.1e-41 7.5e-01 1.2e-03 3.7e-04 I.Oe-03 2.2e-03 2.7e-03
Ac-227 3.1e+01 1.3e+01 2.7e+01 5.2e+01 6.2e+01 1.1e-01 4.5e-02' 9.5e-02 1.9e-01 2.2e-01
Th-228 5.7e+00 2Ae+00 4.9e+00 9.7e+00 12e+01 2.0e-02 8.4e-03 1.8e-02 3.5e-02 4.1e-02

j729OetO25.ie+oi ? ;2.ei 34.4e+0i~.5e+01J 1.0.4022 ,1.8 e-0 1 .60-01. 3.l1 '3.6,14
Th-230 7.6e+00 3.2e+00 6.6e+00 1.3e+01 15e+01 2.7e-02 1.1e-02 2.4e-02 4.6e-02 5.4e-02
Th-232 3.8e+01 1.6e+01 3.3e+01 6.5e+01 7.7e+01 1.4e-01 5.7e-02 1.2e-01 2.3e-01 2.7e-01
Pa-231 3.0e+01 1.3e+01 2.6e+01 5.1e+01 6.1e+01 1.1e-01 4.5e-02 9.3e-02 1.8e-01 2.2e01
U-232 1.6e+01 6.5e+00 1Ae+01 2.7e+01 3.1e+01 5.6e-02 2.3e-02 4.8e-02 9.5e-02 1.1e-01

L-233 . :;i 32e+00, 1.3e0e+00Y'^ 2.8e+00£' 5.40+00,?'6.4e+00 I - 1.ie4-,e-024.7e-03..8e23,hA.9e-O2 3e
U-234 3.1e+00 1.3e+00 2.7e+00 5.3e+00 6.2e+00 .1e-02 4.6e-03 9.6e-03 1.9e-02 2.2e-02
U-235 2.9e+00 1.2e+00 2.5e+00 4.9e+00 5.8e+00 1.0e-02 4.2e-03 8.9e-03 1.8e-02 2.1e-02
U-236 2.9e+00 1.2e+00 2.6e+00 5.0e+00 5.9e+00 I.Oe-02 4.3e-03 9.1 e-03 1.8e-02 2.1e-02
U-238 2.8e,+0,0 1.2e+00 2.4Ae+00 4.7e+00 5.6,e+00 - 9.9e-03 4.1 e-03 8.6e-03 1.7e-02 2.0e-02
Np-237i.A1.3ef+01,'2 5.30+00,;1i.'1e 01 d,,j2.2e+01 ,2.5e,+0I i' :-314:.5e02 '-.9e-02+,,:3.9e-,02--)s7.e-02 :'9.0e02~
Pu-236 3.3e+00 1.4e+00 2.9e+00 5.7e+00 6.7e+00 1.2e-02 4.9e-03 1.0e-02 2.0e-02 2.4e-02
Pu-238 9.2e+00 3.8e+00 8.0e+00 1.6e+01 1.8e+01 3.3e-02 1.4e02 2.8e-02 5.6e-02 6.6e02
Pu-239 I.Oe+01 4.2e+00 8.7e+00 1.7e+01 2.0e+01 3.6e 02 1.5e-02 3.1e-02 6.1e-02 7.2e02
Pu-240 1.Oe+01 4.2e+00 8.7e+00 1.7e+01 2.0e+01 3.6e-02 1.5e-02 3.1e-02 6.1e-02 7.2e-02
Pu-2}1 02 -; - __e2<,6:9.041,. 2.9e-4i 6.e04 2.41.2e03 :,.4e43D
Pu-242 9.6e+00 4.0e+00 8.4e+00 1.6e+01 1.9e+01 3.4e-02 1.4e-02 3.0e-02 5.9e-02 6.9e-02
Pu-244 9.4e+00 3.9e+00 8.2e+00 1.6e+01 1.9e+01 3Ae-02 1.4e-02 2.9e-02 5.8e-02 6.7e-02
Am-241 I.0e+01 4.3e+00 9.0e+00 1.8e+01 2.1e+01 3.7e-02 1.5e-02 32e-02 6.3e-02 7Ae-02
Am-242m 1.Oe+01 4.3e+00 9.0e+00 1.8e+01 2.Ie+01 3.7e-02 1.5e-02 3.2e-02 6.3e-02 7.4e-02
', -243_ ___1.0e+01:-'4.3e+00 ,9.Oe+OO, 1A.Be01 -, 2;1e+O1 ',3.7e,,2 1.50102-, 32e-02 6.3e-02J7.4e-,2
Cm-242 3.5e-01 IAe-01 3.0e-01 6.1e-01 7.2e01 1.2e-03 5.1e-04 1.e-03 2.1e-03 2.5e-03
Cm-243 7.2e+00 3.0e+00 6.2e+00 1.2e+01 1.4e+01 2.6e-02 I.le-02 2.2e02 4.4e-02 5.1e-02
Cm-244 5.8e+00 2Ae+00 5.0e+00 9.9e+00 1.2e+01 2.1e-02 8.5e-03 1.8e-02 3.5e-02 4.1e-02
Cm-245 1.1e+01 4.4e+00 9.3e+00 1.8e+01 2.1e+01 3.8e-02 1.6e42 3.3e42 6.5e-02 7.6e42
Cm-246 ;;.1e+ 0' _ .4A 00L9.2e+,00 .8e+1i'2.e+017 '-. '3.8e O 2 .6e,02 -- 3e 2 +6;e-O2 7+.6e,2
Cm-247 9.7e+00 4.0e+00 8Ae+00 1 .7e+01 2.0e+01 3.5e-02 1 Ae4-02 3.0e-02 5.9e-02 6.9e-02
Cm-248 3.9e+01 1.6e+01 3Ae+01 6.6e+01 7.8e+01 1.4e-01 5.7e-02 12e401 2.4e-01 2.8e-01
Bk-249 32e-02 1.3e-02 2.8e-02 5.4e-02 6.4e-02 1.1 e-04 4.7e4-5 9.8e-05 1.9e-04 2.3e-04
Cf-248 1.Ie+00 4.6e-01 9.7e-01 1.9e+00 2.3e+00 4.0e-03 1.6e-03 3.4e-03 6.8e-03 8.0e43
Cf-29i9 -,<,':;8.9e+00 f3.7e+0O . 7.8e+00 ,,'1 .5e+01 ,-1.8e+01,- , 3.2e.02_':-3e42'72.8e-02-.; 5.4e402 .6A4e42
Cf-250 4.8e+00 2.0e+00 4.2e+00 8.2e+00 9.7e+00 -1.7e-02 7.1e-03 1.5e-02 2.9e-02 3.4e-02
Cf-251 9.1e+00 3.8e+00 7.9e+00 1.5e+01 1.8e+01 3.2e-02 1.3e-02 2.8e-02 5.5e-02 6.5e-02
Cf-252 3.6e+00 1.5e+00 3.1e+00 6.1e+00 7.2e+00 1.3e-02 5.3e03 1.1e-02 2.2e-02 2.6e-02
Cf-254 4.5e+00 1.6e+00 3.8e+00 8.0e+00 9.7e+00 1.6e-02 5.8e-03 1.4e-02 2.8e-02 3.5e02
Es-254 . : 9.Oe41'--3.7e41 '-7.8e-01 '1.5e+00_-1.8e+00 --3.2e-03 ;-I1.3e-03'--2.8e43 -';'5.5e43 6.5e43

Note: To convert these values to conventional units (mremly per pCilg or mrem/y per pCilcmr), multiply by 3.7e-3

I-23 NUREG-1640



Normalized Effective Dose Equivalents from Concrete Appendix 1-1
Normalized Effective Dose Equivalents from Concrete Appendix I-i

Table 11.12 Normalized effective dose equivalents from Ingestion: Road building
Mass-based EDE (,Svly per BqIg) Surficial EDE (pSv/y per Bgqcm2)

Radionucide -Mean 5th 50th 90th 95tih Mean 5th 50th 90th 95th
H-3 1.3e-04 1.2e-05 1.2e-04 2.7e-04 3.4e-04 4.7e-07 4.3e.08 4.1e-07 9.7e-07 1.2e-06
C-14 4.4e-03 4.0e-04 3.8e-03 9.0e-03 1.1e-02 1.6e-05 1.4e-06 1.4e-05 3.2e-05 3.9e-05
Na-22 2.3e-02 2.1e-03 2.0e-02 4.8e-02 5.9e-02 8.3e-05 7.5e-06 7.2e-05 1.7e-04 2.1e-04
P-32 4.3e-03 1.5e-04 2.0e-03 1.Ie-02 1.6e-02 1.5e-05 5.3e-07 7.1e-06 4.1e-05 5.8e-05
5-35;"@ 6.9e 3~6.;0-05iI:5.9e-4 .. e-3 -8e-03 - -. 5 Ž2.2e-07Agi1*08X 5.0e-068 ~' 6;i -6~
CI-36 6.3e-03 5.7e-04 5.Se-03 1.3e-02 1.6e-02 2.3e-05 2.0e-06 2.0e-05 4.6e-05 5.7e-05
K-40 3.9e-02 3.5e-03 3.4e-02 8.0e-02 9.8e-02 1.4e-04 1.3e-05 1.2e-04 2.8e-04 3.5e-04
Ca41 2.7e-03 2.4e-04 2.3e-03 5.5e-03 6.7e-03 9.5e-06 8.6e-07 8.3e-06 1.9e-05 2.4e-05
Ca45 5.6e03 5.0e04 4.9e-03 1.1e-02 1.4e02 2.0e-05 1.8e-06 1.7e-05 4.1e-05 5.1e-05
Sc-4 6<,9.88t4-,, 903740-084 , 8.3e',03r2.08 -0Z- 2.5o-''_;J,3.5,.1 3 ,3.o~0>5,.<7;0 9.0O05~
Cr-51 1.3e-04 8.6e-06 9.0e-05 2.9e-04 3.8e-04 4.6e-07 3.1e-08 3.2e-07 1.0e-06 1.4e-06
Mn-53 2.3e-04 2.0e-05 2.0e-04 4.7e-04 5.7e-04 8.0e-07 7.3e-08 7.0e-07 1.6e-06 2.0e-06
Mn-54 5.3e-03 4.8e-04 4.6e-03 1.1e-02 1.3e-02 1.9e-05 1.7e-06 1.6e-05 3.9e-05 4.8e-05
Fe-55 1.2e-03 1.1e-04 1.1e-03 2.5e-03 3.1e-03 4.4e-06 4.0e-07 3.8e-06 9.0e-06 1.1e-05
Fe-59;- 8 8e-03- 2Q. 3e 7 2.le 02,%>S: 2.8e-05 2.2 23e05> 6.0e05 .5 5
CCF56 1.5e-02 1.3e-03 1.3e-02 3.1e-02 3.9e-02 5.4e-05 4.7e-06 4.6e-05 1.1e-04 1Ae-04
Co-57 1.4e-03 1.3e-04 1.2e-03 2.9e-03 3.5e-03 5.0e-06 4.5e-07 4.4e-06 1.0e-05 1.3e-05
Co-58 4.3e-03 3.7e-04 3.6e-03 8.9e-03 1.1e-02 1.5e-05 1.3e-06 1.3e-05 3.2e-05 4.0e-05
Co-60 2.1e-02 1.9e-03 1.8e-02 4.3e-02 5.3e-02 7.5e-05 6.8e-06 6.6e-05 1.5e-04 1.9e-04
N1,-59 3': j404 ,C4.0e5 .8e-O4L9. 041izw1.1e-03 >1.60-06
Ni-63 1.2e-03 1.1e-04 1.1e-03 2.5e-03 3.0e-03 4.3e-06 3.9e-07 3.8e-06 8.8e-06 1.1e-05
Zn-65 2.7e-02 2.4e-03 2.3e-02 5.Se-02 6.8e-02 9.6e-05 8.6e-06 8.3e-05 2.0e-04 2.4e-04
As-73 1.1e-03 9.2e-05 9.0e-04 2.2e-03 2.8e-03 3.8e-06 3.3e-07 3.2e-06 7.8e-06 9.8e-06
Se-75 1.6e-02 1Ae-03 1.4e-02 3.3e-02 4.1e-02 5.7e-05 5.1e-06 4.9e-05 1.2e-04 1.5e-04

Sr-89 1.2e-02 9.5e-04 9.5e-03 2.4e-02 3.1e-02 4.2e-05 3.4e-06 3.4e-05 8.7e-05 1.1e-04
Sr-90 3.2e-01 2.9e-02 2.8e-01 6.6e-01 8.0e-01 1.1e-03 1.0e-04 9.9e-04 2.3e-03 2.9e-03
Y-91 1.3e-02 1.1e-03 1.1e-02 2.6e-02 3.3e-02 4.6e-05 3.8e-06 3.8e-05 9.4e-05 1.2e-04
Zr-93 3.5e-03 3.1le-04 3.0e-03 7.1 e-03 8.7e-03 1.2e-05 1.1e-6 1.e05 2.5e-05 3.le-05
Zr-95,.7.3e0 -0476. .1. - 1.9e-02;'- 2.6e- 2. 6j 23e.05; S4e- 6.6e-053
Nb-93m 1.1e-03 9.9e-05 9.5e-04 2.2e-03 2.7e-03 3.9e-06 3.5e-07 3.4e-06 7.9e-06 9.8e-06
Nb-94 1.5e-02 1.4e-03 1.3e-02 3.1e-02 3.8e-02 5.3e-05 4.8e-06 4.6e-05 1.1e-04 1.3e-04
Nb-95 2.7e-03 2.0e-04 2.0e-03 5.8e-03 7.4e-03 9.5e-06 7.0e-07 7.2e-06 2.1 e-05 2.6e-05
Mo-93 2.8e-03 2.6e-04 2.5e-03 5.8e-03 7.1e-03 1.Oe-05 9.1e-07 8.8e-06 2.1 e05 2.5e-05

Tc-97m 1.9e-03 1.7e-04 1.6e-03 3.9e-03 4.9e-03 6.9e-06 6.0e-07 5.8e-06 1.4e-05 1.8e-05
TO-99 3.0e-03 2.8e-04 2.7e-03 6.3e-03 7.7e-03 1.1e-05 9.9e-07 9.5e-06 2.2e-05 2.8e-05
Ru-103 3.4e-03 2.6e-04 2.6e-03 7.2e-03 9.3e-03 1.2e-05 9.3e-07 9.4e-06 2.6e-05 3.3e-05
Ru-106 5.3e-02 4.8e-03 4.6e-02 1.1e-01 1.3e-01 1.9e-04 1.7e-05 1.7e-04 3.9e-04 4.8e-04
A;~0m iOg_>'.*-.-''1.6e 02't. 1:4e 03g1.4002§3.30-02_L',4.0002,- '>.'i i 1,0 '0,5,:1.e ,;.
Ag-110m 2.0e-02 1.8e-03 1.8e-02 4.1e-02 5.1e-02 7.2e-05 6.5e-06 6.3e-05 1.5e 04 1.8e-04
Cd-109 2.6e-02 2.3e 03 2.3e-02 5.3e-02 6.5e-02 9.2e05 8.4e-06 8.0e-05 1.9e-04 2.3e-04
Sn-113 5.3e-03 4.7e-04 4.5e-03 1.1e-02 1.4e-02 1.9e-05 1.7e-06 1.6e-05 3.8e-05 4.8e-05
Sb-124 1.4e-02 1.2e-03 1.1e-02 2.8e-02 3.6e-02 4.9e-05 4.1e-06 4.1e-05 1.0ee04 1.3e-04
St-125 i, .'7.ie'3>6.80 .5v3:-1.5o-02i1i9e-02 .6e 05 -2.4,e .3- 054 .4e,57;, . 6.7-e051
Te-123m 9.5e-03 8.4e-04 8.1e-03 1.9e-02 2.4e-02 3.4e-05 3.0e-06 2.9e-05 6.9e-05 8.6e-05
Te-127m 1.5e-02 1.3e-03 1.3e-02 3.0e-02 3.7e-02 5.2e-05 4.6e-06 4.5e-05 1.1e-04 1.3e-04
1-125 5.3e-02 4.4e-03 4.3e-02 1.1e-01 1.4e-01 1.9e-04 1.6e-05 1.5e-04 3.9e-04 4.9e-04
1-129 5.8e-01 5.2e-02 5.0e-01 1.2e+00 1.5e+00 2.1e-03 1.9e-04 1.8e-03 4.2e-03 5.2e-03
l-13io-(+>K.3e02 '9.Oe .56e~- 0,-03, 3.9e-02.- 6.4-Oi - " 4.7e-05 3le-01,- 2.ee.0ie 2
Cs-134 1.5e-01 1.3e-02 1.3e-01 3.0e-01 3.7e-01 5.3e-04 4.8e-05 4.6e-04 1.1e03 1.3e-03
Cs-135 1.5e-02 1.3e-03 1.3e-02 3.0e-02 3.7e-02 5.3e-05 4.8e-06 4.6e-05 1.1e-04 1.3e-04
Cs-137 1.0e-01 9.5e-03 9.1e-02 2.1e-01 2.6e-01 3.7e-04 3.4e-05 3.2e-04 7.6e-04 9.4e-04
Ba-133 7.0e-03 6.4e-04 6.2e-03 1.5e-02 1.8e-02 2.5e-05 2.3e-06 2.2e-05 5.2ee05 6.4e-05
Ce-i39 W .. 0e03,-,1.7e O,4'.i.7e03': 4.0e03' ,5.0e-O3, .';.7.0e06 -- 5.2O0T6.1e-06 ,1.4e-'5i.8e-05:
Ce-141 2.9e-03 2.1e-04 2.1e-03 6.3e-03 8.1e-03 1.0e-05 7.4e-07 7.5e-06 2.2e-05 2.9e-05
Ce-144 4.0e-02 3.6e-03 3.5e-02 8.2e-02 1.Oe-01 1.4e-04 1.3e-05 1.2e-04 2.9e-04 3.6e-04
Pm-147 2.1e-03 1.9e-04 1.9e-03 4.4e-03 5.4e-03 7.6e-06 6.9e-07 6.6e-06 1.6e-05 1.9e-05
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Appendix l-l Normalized Effective Dose Equivalents from Concrete

Table 11.12 Normalized effective dose equivalents from Ingestion: Road building

Radionuclide Mass-based EDE (pSv/y per Bqlg) Surficial EDE (pSvly per Bqfcm2)
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

Sm-151 8.1e-04 7Ae-05 7.1e-04 1.7e-03 2.0e-03 2.9e-06 2.6e-07 2.5e-06 5.9e-06 7.3e-06
Eu152 9 >j.3e-2" "1.2e 03t' >1 2;2 ;' j.e' ''4.8e-0 5.4e 0 -2e5,,9.8-05 2 4
Eu-154 2.0e-02 1.8e-03 1.7e-02 4.1 e-02 5.0e-02 7.0e-05 6.4e06 6.2e-05 1.4e-04 1.8e-04
Eu-i 55 3.1 e-03 2.9e-04 2.7e-03 6.5e-03 7.9e-03 1.1 e-05 1 .Oe-06 9.8e-06 2.3e-05 2.8e-05
Gd-153 2.2e-03 2.0e-04 1.9e-03 4.5e-03 5.5e-03 7.8e-06 7.0e-07 6.8e-06 1.6e-05 2.0e-05
Th-1 60 9.8e-03 8.3e-04 8.3e-03 2.0e-02 2.5e-02 3.5e-05 3.0e-06 2.9e-05 7.2e-05 9.0e-05
Tm-n70-,',9e03 2 8.0e 04 .7e03,.'-l8e-02 >2.3e-02 2,:32 ,5'2.8e06 2.8e-05,-6.5ee
TT-171 8.6e-04 7.9e-05 7.5e-04 1.8e-03 2.2e-03 3.1 e-06 2.8e-07 2.7e-06 6.3e-06 7.8e-06
Ta-1 82 1.1e-02 9.5e-04 9.3e-03 2.2e-02 2.8e-02 3.9e-05 3.4e-06 3.3e-05 7.9e-05 9.8e-05
W-181 4.8e-04 4.3e-05 4.1e-04 9.8e-04 1.2e-03 1.7e-06 1.5e-07 1.5e-06 3.5e-06 4Ae-06
W-185 2.3e-03 2.Oe-04 2.0e-03 4.8e-03 6.0e-03 _ 8Ae-06 7.2e-07 7.0e-06 1.7e-05 2.2e-05
OsZ185T2 , -. >3.6e-03'',3.ie,04, -3.1 403,~7.3e-03 ,...;9.2e-03 '~~-:1.3e 05ffi.1e-06 1.1. ~2'.8eX'5< 4-3.3e0
Ir-192 8.4e-03 7.2e-04 7.1e-03 1.7e-02 2.2e-02 3.0e-05 2.6e-06 2.5e-05 6.2e-05 7.8e-05
Tl-204 6.9e-03 6.3e-04 6.0e-03 1.4e-02 1.7e-02 2.5e-05 2.2e-06 2.1e-05 S.Oe-05 6.2e-05
Pb-210 1.5e+01 1.4e+00 1.3e+01 3.1e+01 3.8e+01 SAe-02 4.9e-03 4.7e-02 1.1e-01 1.4e-01
Bi-207 1.1e-02 I.0e-03 I.Oe-02 2.4e402 2.9e-02 4.1e-05 3.7e-06 3.6e-05 8.3e-05 I.Oe-04

3Po210e- 0_3+3.3e+00 - 1.01.O-02 2.0e02
Ra-226 2.8e+00 2.5e-01 2.5e+00 5.8e+00 7.1e+00 I.Oe-02 9.1e-04 8.8e-03 2.0e-02 2.5e-02
Ra-228 3.0e+00 2.7e-01 2.6e+00 6.2e+00 7.6e+00 1.1 e-02 9.8e-04 9.4e-03 2.2e-02 2.7e-02
Ac-227 3.1e+01 2.8e+00 2.7e+01 6.3e+01 7.7e+01 1.1e-01 I.Oe-02 9.6e-02 2.2e-01 2.8e-01
Th-228 1 .6e+00 1.5e-01 1.4e+00 3.3e+00 4.1 e+00 5.8e-03 5.3e-04 5.1 e03 1.2e-02 1.5e-02
Th-229 j . 4Ae+0O 4:7.6e-O1 7.4e+00 41.7e+01 0 e+01 _.::,E3.0ei2 2.7e-03,,2.6e O2i61e-02 6
Th-230 1.1e+00 1.Oe-01 1.Oe+00 2Ae+00 2.9e+00 4.1e-03 3.7e-04 3.6e-03 8.4e03 1.Oe-02
Th-232 5.7e+00 5.2e-01 5.0e+00 1.2e+01 1.5e+01 2.0e-02 1.9e-03 1.8e-02 4.2e-02 5.2e-02
Pa-231 2.2e+01 2.0e+00 1.9e+01 4.6e+01 5.6e+01 7.9e-02 7.2e-03 6.9e-02 1.6e01 2.0e-01
U-232 2.8e+00 2.5e-01 2Ae+00 5.8e+00 7.1e+00 I.Oe-02 9.1e-04 8.7e-03 2.0e-02 2.5e-02

U-234 5.9e-01 5.4e-02 5.2e-01 1.2e+00 1.5e+00 2.1 e-03 1.9e-44 1.8e-03 4.3e-03 5Ae-03
U-235 5.6e-01 5.1e-02 4.9e-01 1.2e+00 1Ae+O0 2.0e-03 1.8e-04 1.7e-03 4.1e-03 5.1e-03
U-236 5.6e-01 5.1e-02 4.9e-01 1.2e+00 1.4e+00 2.0e-03 1.8e-04 1.7e-03 4.1e-03 5.1e-03
U-238 5.6e-01 5.1e-02 4.9e-01 12e+00 1Ae+00 2.Oe-03 1.8e-04 1.7e-03 4.1e-03 5.1e-03
N 23ThQ ~ r -93e+00_ 84Ae-01 ;j8.1 +00 1.9 et1 cT2.3e+O1. ;S-3.3e-02 ' 3.0e 03
Pu-236 2.4e+00 2.2e-01 2.1e+00 4.9e+00 6.0e+00 8.5e-03 7.7e-04 7Ae-03 1.7e-02 2.1e-02
Pu-238 6.7e+00 6.1e-01 5.8e+00 1.4e+01 1.7e+01 2Ae-02 2.2e-03 2.1e-02 4.9e-02 6.0e-02
Pu-239 7Ae+00 6.7e-01 6.5e.+00 1.5e+01 1.9e+01 2.6e-02 2.4e-03 2.3e-02 5.4e-02 6.7e-02
Pu-240 7Ae+00 6.7e-01 6.5e+0 1.5e+01 1.9e+01 2.6e-02 2.4e-03 2.3e-02 5.4e-02 6.7e-02
0>4i-4 'iX4~<10' >0o.41_ 3;05A e7W- . 6, 5D45 .Oe,3

Pu-242 7.0e+00 6Ae-01 6.1e+00 1Ae+01 1.8e+01 2.5e-02 2.3e-03 2.2e-02 5.1 e-02 6.3e-02
Pu-244 6.9e+00 6.3e-01 6.1e+00 1Ae+01 1.8e+01 2.5e-02 2.2e-03 2.2e-02 5.1e-02 6.3e-02
Am-241 7.6e+00 6.9e-01 6.6e+00 1.6e+01 1.9e+01 2.7e-02 2.5e-03 2.4e-02 5.6e-02 6.9e02
Am-242m 7.5e+00 6.8e-01 6.6e+00 1.6e+01 1.9e+01 2.7e-02 2.4e-03 2.3e-02 5.5e-02 6.8e-02
A:43 .'-: ,~7.6e+0O,,- 4i . 0 ,t6, '19+j',.,>~e2'J,.e32;e0 -9

Cm-242 2.1e-01 1.9e-02 1.8e-41 4.3e-01 5.3e-01 7Ae-04 6.7e-05 6.5e-04 1.5e-03 1.9e-03
Cm-243 5.2e+00 4.8e-01 4.6e+00 1.1e+01 1.3e+01 1.9e-02 1.7e-03 1.6e-02 3.8e-02 4.7e-02
Cm-244 4.2e+00 3.8e-01 3.7e+00 8.7e+00 I.1e+01 1.5e-02 1Ae-03 1.3e-02 3.1 e-02 3.8e-02
Cm-245 7.8e+00 7.1e-01 6.8e+00 1.6e+01 2.0e+01 2.8e-02 2.5e-03 2.4e-02 5.7e-02 7.1e-02
Cm-246:< -~7.7e.00:z ''7.0e~01 58e00@.6e+01-,1.9e+01 e.8e22 2.4e -02: .6 ,02_; 7.0e-02
Cm-247 7.1 e+00 6.5e-01 62e+00 1.5e+01 1.8e+01 2.5e-02 2.3e-03 2.2e-02 5.2e-02 6.5e-02
Cm-248 2.8e+01 - 2.6e+00 2.5e+01 5.9e+01 7.2e+01 1.0e-01 9.2e-03 8.9e-02 2.1e-01 2.6e-01
Bk-249 2.5e-02 2.3e-03 2.2e-02 5.2e-02 6.3e-02 8.9e-05 8.1e-06 7.8e-05 1.8e-04 2.3e-04
Cf-248 6.6e-01 6.0e-02 5.7e-01 1Ae+00 1.7e+00 2.4e-03 2.1e4 2.1e43 48e43 S9e-03
Cf-249 - 9.9e+00 .9.Oe-0 t8.6e,+00^ 2.0e+01 _2.5e+01 ,'-T3.5e-,,02 32e 2e
Cf-250 4.4e+00 4.0e01 3.9e+00 9.1e+00 1.1e+01 1.6e-02 1.4e-03 1.4e-02 3.2e-02 4.0e-02
Cf-251 I.Oe+01 92e-01 8.8e+00 2.1e+01 2.6e+01 3.6e-02 3.3e-03 3.2e-02 7.4e-02 9.2e-02
Cf-252 2.2e+00 2.0e-01 1.9e+00 4.5e+00 5.6e+00 7.8e03 7.1e-04 6.8e-03 1.6e-02 2.0e-02
Cf-254 3.3e+00 2.8e-01 2.7e+00 6.8e+00 8.6e+00 1.2e-02 9.9e-04 9.7e-03 2.4e-02 3.1 e-02
Es 254 - ' --6.2e1 Oi'-.5.6e-02: .5.'4 4:13e+00 -''1.6e+00 - 2.:2e 3 -2.0e 4';1.9e-O3 ;.-.SeOi3 5.6e -03
Note: To convert these values to conventional units (mrem/y per pCVg or mrem/y per pCicm2), multiply by 3.7e-3
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Normalized Effective Dose Equivalents from Concrete Appendix I-1

Table 11.13 Normalized effective dose equivalents from all pathways: Driving on road
Mass-based EDE (pSvly per Bq/g)

Radionuclide Mean 5th 50th 90th 95th
Surficial EDE (pSvty per Bq/cmz)

Mean 5th 50th 90th 95th
H-3 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
C-14 2.6e-05 S.Oe-06 2.5e-05 4.4e-05 4.8e-05 9.3e-08 1.8e-08 9.0e-08 1.6e-07 1.7e-07
Na-22 2.1e+01 4.1e+00 2.0e+O1 3.6e+O1 3.9e+01 7.5e-02 1.5e-02 7.3e-02 1.3e-01 1.4e-01
P-32 2.9e-06 _ 1.4e-07 1.4e-06 7.5e-06 1.le-05 1.Oe-08 5.0e-10 4.9e-09 2.7e-08 4.Oe-08

S-35 '-,'3.2e-06' 8 6.0 ,,07ii3Q0e6 5.e8-06 I 6.6 06' ' -S 2 .1e09 1 e-O8. 2.1e-08 2ie-081
CI-36 4.6e-03 9.0e-04 4.5e-03 7.8e-03 8.5e-03 1.7e-05 3.2e-06 1.6e-05 2.8e-05 3.0e-05
K-40 2.0e+00 3.9e-01 2.0e+00 3.4e+00 3.7e+00 7.2e-03 1.4e-03 7.0e-03 1.2e-02 1.3e-02
Ca-41 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Ca-45 3.5e-05 6.7e-06 3.3e-05 6.0e-05 6.6e-05 1.2e-07 2.4e-08 1.2e-07 2.1e-07 2.4e-07
Sb 2.6+ 4.70 ,0i:6642.3e. 5.3e+00 9, 1.03f.8.4e3 ,16e ,2;1.9ei
Cr-51 1.4e-03 1.8e-04 1.le-03 3.1e-03 4.0e-03 5.le-06 6.4e-07 3.7e-06 1.1e-05 1.4e-05
Mn-53 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00
Mn-54 5.1e+00 9.9e-01 4.9e+00 8.7e+00 9.5e+00 1.8e-02 3.5e-03 1.7e-02 3.1e-02 3.4e-02
Fe-55 O.Oe+O0 O.Oe+O0 O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+0O O.Oe+OO O.Oe+OO
Fe 9i: r, <-3>1 F, ,5. .28-i . 0*78e 1 X e 9, ,.0 03i --L.3e2 3 ,0Z2.iwd-Fe9-> 3.3e-01 ilfo
Co-56 4.2e+00 7.6e-01 3.8e+00 7.5e+00 8.7e+00 1.5e-02 2.7e-03 1.4e-02 2.7e-02 3.1 e-02
Co-57 4.5e-01 8.7e-02 4.3e-01 7.6e-01 8.4e-01 1.6e-03 3.1e-04 1.5e-03 2.7e-03 3.0e-03
Co-58 8.5e-01 1.5e-01 7.7e-01 1.5e+00 1.8e+00 3.0e-03 5.4e-04 2.7e-03 5.5e-03 6.4e-03
Co-60 28e+0l 5Ae+00 2.7e+01 4.7e+01 5.2e+01 1.Oe-01 1.9e-02 9.7e-02 1.7e-01 1.8e-01
Ni,-59'. 4 O.Oe+O 0,t.0e,+OO.O.e+,O~.Oe+OO, ,O.Oe+O.OT'5;O ThoO 2 Jeo.b:6' 0
Ni-63 O.Oe+O0 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+O0 O.Oe+OO O.Oe+00 O.Oe+OO
Zn-65 3.0e+00 5.9e-01 2.9e+00 5.2e+00 5.7e+00 1.1e-02 2.1e-03 1.Oe-02 1.9e-02 2.0e-02
As-73 1.7e-03 3.2e-04 1.6e-03 3.1e-03 3.6e-03 6.2e-06 1.1e-06 5.7e-06 1.1e-05 1.3e-05
Se-75 7.3e-0l Me4-0 6.ge-O1 1.3e+00 1.4e+00 2.6e-03 4.9e-04 2.5e-03 4.6e-03 5.4e03

3.5e.0e-04.i 6A.lZ-03_-,A2.3 bfj.703
Sr-89 5.6e-04 9.5e-05 4.9e-04 1.1e-03 1.3e-03 2.0e-06 3.4e-07 1.7e4-6 3.8e-06 4.6e-06
Sr-90 4.7e-02 9.0e-03 4.5e402 7.9e-02 8.6e-02 1.7e-04 3.2e-05 1.6e-04 2.8e-04 3.1e-04
Y-91 3.0e-03 5.1e-04 2.6e-03 5.5e-03 6.5e-03 1.1e-05 1.8e-06 9.4e406 2.0e-05 2.3e-05
Zr-93 1.4e-04 2.7e-05 1.3e-04 2.3e-04 2.5e-04 4.9e-07 9.6e-08 4.8e-07 8.4e-07 9.1e-07

.5 _ i;2 .6e ; _. 0 7e± a+OO''.3,43 .4e .8i-O3i;F'',9.6e0. i
Nb-93m 1.9e-04 3.8e-05 1.9e-04 3.3e-04 3.6e-04 6.9e-07 1.3e407 6.7e-07 1.2e-06 1.3e-06
Nb-94 1.9e+01 3.6e+00 1.8e+01 3.2e+01 3.4e+01 6.7e-02 1.3e-02 6.5e-02 1.1e-01 1.2e-01
Nb-95 9.3e-02 1.4e-02 7Ae4-02 1.9e-01 2.4e401 3.3e-04 4.8e-05 2.7e-04 6.8e-04 8.5e-04
Mo-93 1.1e-03 2.2e-04 1.1e-03 1.9e-03 2.1e-03 4.le-06 7.9e-07 4.0e46 6.9e-06 7.5e-06
Tc-,97 6 .6 .1,e465.4e-06- 09.4606 1.06&
Tc-97m 4.1e-04 7.6e-05 3.8e-04 7.3e-04 8.4e-04 1.5e-06 2.7e-07 1.4e-06 2.6e-06 3.0e-06
TO-99 2.4e-04 4.7e-05 2.4e-04 4.le-04 4.5e-04 8.7e-07 1.7e-07 8.4e-07 1.5e-06 1.6e-06
Ru-103 8.0e-02 1.2e-02 6.7e-02 1.6e-01 2.0e-01 2.9e-04 4.4e-05 2.4e-04 5.7e-04 7.0e-04
Ru-106 1.4e+00 2.8e-01 1.4e+00 2.4e+00 2.6e+00 5.0e03 9.8e-04 4.9e-03 8.6e-03 9.4e-03
AgW~108nm g:', .1-4:.'9.+ 0 <3.6e+00C,1.8f 1232e,+019R3.4.401 41 :-S'~6.602&.O-0Z;lt6.5o-2r.' 1.g1e.0 2e-0i,'
Ag-110m 1.4e+01 2.8e+00 1.4e+O1 2.5e+01 2.7e+01 5.le-02 9.9e-03 4.9e-02 8.8e-02 9.6e-02
Cd-109 3.2e-02 6.3e-03 3.1e-02 5.5e-02 6.0e-02 1.2e-04 2.2e-05 1.le-04 2.0e0-4 2.1e-04
Snr113 5.le-01 9.7e-02 4.8e-01 8.9e-01 1.0e+00 1.8e-03 3.4e-04 1.7e-03 3.2e-03 3.6e-03
Sb-124 1.1e+00 2.0e-01 1.0e+00 2.1e+00 2.5e+00 4.1e-03 7.1e-04 3.6e-03 7.6e-03 8.9e-03
Sb-i25,f,^r2'i 3.8e+00.;7.0-0 ;7e+00-,.500,, 7.1 e+0 ','o 4e _7 27e, 2 ;2.3e- 2 2.25o02q-
Te-123m 2.3e-01 4.4e-02 2.2e-01 4.le-01 4.6e-01 8.3e-04 1.6e-04 7.8e-04 1.4e-03 1.6e-03
Te-127m 1.1e-02 2.0e-03 1.0e-02 1.9e-02 2.1e-02 3.8e-05 7.2e-06 3.6e-05 6.7e-05 7.5e-05
1-125 1.6e-03 2.8e-04 lAe-03 3.0e-03 3.5e-03 5.8e-06 1.0e-06 5.1e-06 1.1e-05 1.3e-05
1-129 2.5e-02 4.8e-03 2.4e-02 4.2e-02 4.6e-02 8.9e-05 1.7e-05 8.7e-05 1.Se-04 1.6e-04
1;13i'>,Y. .l4 5e-06,1',,2.5e 'i',.fa; 5' .22e5 <'' 1 6e19O.,1..,
Cs-134 1.4e+01 2.7e+00 1.3e+01 2.3e+01 2.5e+01 4.9e-02 9.5e-03 4.8e-02 8.3e-02 9.1e-02
Cs-135 7Ae-05 1.4e-05 7.2e-05 1.3e-04 1.4e-04 2.6e-07 5.1e-08 2.6e-07 4.5e-07 4.8e-07
Cs-137 6.5e+00 1.3e+00 6.3e+00 1.1e+01 1.2e+01 2.3e-02 4.5e-03 2.2e-02 3.9e-02 4.2e-02
Ba-133 3.6e+00 7.0e-01 3.5e+00 6.1e+00 6.7e+00 1.3e-02 2.5e-03 1.3e-02 2.2e-02 2.4e-02
Co-139.'-'. 2.9e-01;--5.5o02;5 ;2;7 018, ,SO0-01'- 5.6 1 041 ' - 1.0.e3, 2.Oe4r
Ce-141 4.8e-03 6.8e-04 3.8e-03 1.0e-02 1.3e-02 1.7e-05 2.4e-06 1.4e-05 3.6e-05 4.5e-05
Ce-144 3.0e-01 5.8e-02 2.8e-01 5.1e-01 5.6e-01 1.1e-03 2.1e-04 1.Oe-03 1.8e-03 2.0e-03
Pm-147 7.7e-05 1.Se-05 7.5e-05 1.3e-04 1.4e-04 2.8e-07 5.4e-08 2.7e-07 4.7e-07 5.1e-07
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Appendix 1-1I Normalized Effective Dose Equivalents from Concrete

Table 11.13 Norrnalized effective dose equivalents from all pathways: Driving on road

Raincie Mass-based EDE (pSvty per Bq/g) .Sricial EDE (pSv/y per Bq/cm`2)
RaincieMean 5th 50th 90th 95th Mean 5th 50th 90th 95th

Srn-151 1.9e406 3.7e407 1.8e406 3.2e-06 3.5e406 6.7e409 1.3e409 6.6e409 1.1le-08 1.2e408
Eu 1.3 e Oj~~.1 ''2.5e+001,'-;:-.3et0I.,__E2.2e+0_24+1 4 ,2.e ,'- --- '7-485 2

Eu-154 1.4e+01 2.7e+00 1.4e+01 2.3e+011 2.6e+01 4.9e402 9.6e403 4.8e402 8.4e402 9.1e402
Eu-155 3.1e-01 6.1 e42 3.0e401 5.3e401 5.8e401 1.1e403 2.2e404 1.1e403 1.9e403 2.1e403
Gd-1153 2.0e401 3.9e-02 1.9e401 3.4e401 3.8e401 7.1e404 lAe404 6.8e4D4 1.2e403 1.3e403
Tb-1 60 1 .0e+00 1 .8e401 9.4e41 1 .9e+00 2.2e+00 3.7e-03 6.6e-04 3.3e403 6.7e403 7.7e403

TmrF171 1.6e403 3.1e404 1.5e403 2.7e403 2.9e403 5.7e-06 1.1e-06 5.5e-06 9.6e-06 1.0e405
- Ta-182 2.8e+00 5.2e401 2.6e+00 4.8e+00 5.5e+00 9.8e403 1.9e403 9.3e-03 1.7e402 1.9e402

W-1 81 2.9e402 5.4e403 2.7e402 5.0e402 5.7e-02 1.0e404 1.9e405 9.6e405 1.8e-04 2.0e044
* W-1 85 7.Oe405 1 .3e-05 6Ae405 1 .3e404 1 .5e404 2.5e407 4.5e-8 2.3e-07 4.5e407 5.2e407

b.s e+00;b6>.ei'.e1;..i8+0aS.e~~ t6 4A;e3f";e3',
Ir192 7.2e-01 1.3e401 6.6e401 1.3e+00 1.5e+00 2.6e403 4.6e404 2.3e403 .4.7e403 5Ae403
Tl-204 6.7e403 1.3e403 6.5e403 1.1 e42 1.2e402 2.4e405 4.6e-06 2.3e405 4.1e405 4Ae405
Pb-21 0 1.1e402 2.2e403 1.1e42 1.9e402 2.1e42 4.1e405 8.0e406 4.0e45S 6.9e-05 7.5e405
Bl-207 1.8e+01 3.5e+00 1.e+01 3.0e+01 3.3e+01 6Ae-02 1.2e402 6.2e402 1.1e41 1.2e41

'>10+. '> : 24 -.54,lXf2e,4 !41e5 ;,.S0 ,-'^<-,A48i-g.e-8 m 80e8 ,-.e4- R1.64
Ra-226 2.2e+01 4.2e+00 2.1e+011 3.7e+01 4.0e+01 7.7e402 1.5e402 7.5e-02 1.3e401 1.4e401
Ra-228 11.9e+01 3.6e+00 1.8e+01 3.2e+01 3.4e+011 6.7e402 1.3e402 6.5e"2 1.1e401 1.2e401
Ac-227 3.8e+00 7.3e401 3.7e+00 6.4e+00 7.0e+00 1.e402 2.6e-03 1.3e402 2.3e402 2.5e402
Th-228 _ 1.e+01 2.8e+00 1Ae+01 2.5e+01 2.7e+011 5.2e402 _1.0e42_ 5.0e42- 8.8e-02 9.5e-02
Th2 .. 31+0 ,fi.59 030 s5e0 "-5 EE- 00 37&1.,e U1ei 3tt- e2.,: 9e2.
Th-230 2.8e-01 5.4e-02 2.7e401 4.7e-01 5.1le41 1.0e403 1.9e404 9.8e404 1.7e403 1.8e403
Th-232 3.0e+01 5.8e+00 2.9e+011 5.11e+011 5.5e+011 1.1e41 2.1 e42 1.0e-01 1.8e401 2.0e401
Pa-2311 2.8e+00 5.3e401 2.7e+00 4.7e+00 5.1 e+00 9.8e403 1.9e403 9.6e403 1.7e402 1.8e402
U-232 1.8e+01 3.4e+00 1.7e+01 3.0e+01 3.3e+01 6Ae-02 1.2e402 6.2e-02 .1.1e401 1.2e401

U-233tY1.1,e,2 Xg'-~e43 .4'tsl. e4-e.e 2-';e48 >.i e"-'O' 6.9e
U-234 8.2e404 1.6e-04 8.0e-04 1lAe403 1.5e403 2.9e406 5.6e407 2.8e-06 4.9e406 5.3e406
U-235 1.5e+00 2.8e401 1.4e+00 2.5e+00 2.7e+00 5.2e403 1.0e43 5.1le43 8.9e403 9.6e403
U-236 4.2e-04 8.0e-05 4.1 e-04 7.0e-04 7.6e404 1.5e406 2.9e407 1.4e406 2.5e-06 2.7e406
U-238 2.6e401 5.0e402 2.5e401 4.3e401 4.7e401 9.1e404 1.8e404 8.9e404 1.5e403 1.7e403

-9 i4-'2 13'26e,+00,,z=3.9e+0 0. . 6 e .57i,3 .3e-02 -4F'
Pu-236 -7.0e401 1Ae401 6.8e401 1.2e+00 1.3e+00 2.5e403 4.9e404 2.4e403 4.2e403 4.6e403
Pu-238 2.9e404 5.6e405 2.8e404 4.9e404 5.3e-04 1.0e406 2.0e407 1.0e406 1.8e-06 1.9e406
Pu-239 5.7e404 1.1 e44 5.6e404 9.7e404 1.0e403 2.0e406 -3.9e407 2.0e406 3.4e-06 3.7e406
Pu-240 -2.8e404 5.5e405 2.8e4D4 4.8e404 5.2e404 1.0e46 2.0e-07 9.9e407 1.7e406 1.9e406
Pu-2 Ai 2;1e43 ;4;,4-3,5e 03i'g 38 -I 7.-4 , e0'_7e0,,195,'1

Pu-242 2.5e404 4.8e405 2.4e404 4.2e404 4.5e404 8.8e407 1.7e407 8.6e407 1.5e406 1.6e406
Pu-244 3.9e+00 7.6e401 3.8e+00 6.6e+00 7.2e+00 1.4e402 2.7e403 1.4e402 2Ae-02 2.6e402
Arn241 8Ae402 1.6e-02 8.2e402 1.4e-01 1.5e401 3.0e404 5.8e405 2.9e404 5.1 e44 5.5e044
Amn-242mn 1.3e401 2.5e402 1.3e401 2.2e-01 2.4e401 4.6e404 9.0e405 4.5e404 7.8e-04 8.5e044

243_ 3 j , 'e.7e0 ~3e1 ,1.e0,.'-29+0- 3e0 " '232
Cmn-242 9.6e405 1.8e405 9.1le45 1.7e-04 1.8e404 3.4e407 6.6e408 3.2e407 5.9e-07 6.5e407
Cmn-243 1.1e+00 2.1le41 1.1e+00 1.9e+00 2.0e+00 ,3.9e403 7.6e-04 3.8e403 6.7e403 7.2e403
Cmn-244 2.4e404 4.6e405 2.3e404 4.0e404 4.3e404 8.4e407 1.6e407 8.2e407 1.4e406 1.5e406
Cmn-245_ 6.6e401 1.3e401 6Ae401 11.1e+00 1.2e+00 2.3e-03 4.5e404 2.3e403 4.Oe403 4.3e403

Cm-247 3.6e+00 7.0e401 3.5e+00 6.1e+00 6.6e+00 1.3e402 2.5e403 1.3e402 2.2e402 2.4e42,
Cmn-248 1.7e404 3.3e405 1.7e404 2.9e404 3.1 e044 6.1e407 1.2e-07 5.9e407 1.0e-06 1.1e406
Bk-249 8.8e403 1.7e403 8.6e403 1.5e402 1.6e402 3.1e405 6.1e406 3.1le45 -5.3e-05 5.8e405
Cf-248 1.3e404 2.6e-05 1.3e404 2.3e404 2.5e404 4.8e407 9.3e408 4.6e407 8.1 e47 8.9e407
C-2i9 ,-3 '; -: 3. 0- .e1+35 .e+00 -66+0>1.e2>' 2;eO, e-012e2 ' a'^2.2e O2 ', 2.3e O2

Cf-250 2.2e404 4.2e405 2.1 e44 3.7e404 4.0e044 7.8e407 1.5e407 7.6e407 1.3e406 1Ae406
Cf-251 1.0e+00 2.0e401 9.9e401 1.7e+00 1.9e+00 3.6e403 7.0e404 3.5e403 6.1le43 6.7e403
Cf-252 2.7e404 5.3e405 2.6e404 4.6e404 5.0e404 9.7e-07 1.9e407 9.4e407 1.6e406 1.8e406
Cf-254 3.8e408 6.7e409 3.4e408 7.1 e48 8.4e408 1 Ae-1 0 2.4e-11 1.2e-10 2.5e-10 3.0e-1 0
Es-254 - .0+0'-9.7e01; '48+0--:8.6e+00 1-;9.4e+0 '-0,'-'.e2v:354 .e2 ;- 3.1e42_: :,3e4024
Note: To convert these values to conventional units (mreml/y per pCi/g or mnrem/y per pClicmI), multiply by 3.7e-3
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Normalized Effective Dose Equivalents from Concrete' Appendix I- I
Table 11.14 Normalized effective dose equivalents from all pathways: Disposal-Industrial

Mass-based EDE (pSvly per Bq/g)
Radionuclide Mean - 5th 50th 90th 95th

Surficial EDE (pSvly per Bgqcm 2)
Mean 5th 50th 90th 95th

H-3 8.0e-05 5.3e-06 4.5e-05 2.1e-04 2.7e-04 2.9e-07 1.9e-08 1.6e-07 7.5e-07 9.7e-07
C-14 2.7e-03 2.1e-04 1.6e-03 7.1e-03 9.1e-03 9.7e-06 7.5e-07 5.5e-06 2.5e-05 3.2e-05
Na-22 9.5e+01 1.3e+01 6.9e+01 2.2e+02 2.6e+02 3.4e-01 4.7e-02 2.5e-01 7.7e-01 9.2e-01
P-32 2.5e-02 1.2e-03 1.2e-02 6.6e-02 9.7e-02 8.8e-05 4.4e-06 4.1e-05 2.4e-04 3.5e-04

f 5jf'h8V 8.8e' 5. 4 e .
CI-36 2.1e-02 3Ae-03 1.6e-02 4.8e-02 5.7e-02 7.6e-05 1.2e-05 5.6e-05 1.7e-04 2.0e-04
K-40 7.4e+00 1.0e+00 5.4e+00 1.7e+01 2.0e+01 2.6e-02 3.7e-03 1.9e-02 6.0e-02 7.2e-02
Ca-41 1.6e-03 1.1e-04 - 9.1e-04 4.2e-03 5.4e-03 5.7e-06 3.8e-07 3.2e-06 1.5e-05 1.9e-05
Ca-45 3.9e-03- 4.3e-04 2.3e-03 9.9e-03 1.3e-02 1.4e-05 - 1.5e-06 8.4e-06 3.5e-05 4.5e-05

V OF-IN. -;; *l T - _ -6 . ^ . , l..:

Cr-51 5.7e-01 5.5e-02 3.6e-01 1.4e+00 1.8e+00 2.0e-03 2.0e-04 1.3e-03 4.8e-03 6.4e-03
Mn-53 1.5e-04 2.0e-05 9.0e-05 3.7e-04 4.8e-04 5.3e-07 7.2e-08 3.2e-07 1.3e-06 1.7e-06
Mn-54 3.4e+01 4.7e+00 2.5e+01 7.7e+01 9.2e+01 1.2e-01 1.7e-02 8.9e-02 2.7e-01 3.3e-01
Fe-55 8.1e-04 1.1e-04 4.9e-04 2.0e-03 2.6e-03 2.9e-06 3.8e-07 1.7e-06 7.2e-06 9.3e-06

Co-56 1.2e+02 1.6e+01 8.8e+01 2.9e+02 3.4e+02 4.4e-01 5.8e-02 3.2e-01 1.0e+00 1.2e+00
Co-57 3.2e+00 4.5e-01 2.4e+00 7.4e+00 8.8e+00 1.2e-02 1.6e-03 8.5e-03 2.6e-02 3.2e-02
Co-58 3.0e+01 4.0e+00 2.2e+01 7.1e+01 8.4e+01 1.1e-01 1.4e-02 7.6e-02 2.5e-01 3.0e-01
Co-60 1.1e+02 1.6e+01 8.4e+01 2.6e+02 3.1e+02 4.1e-01 5.6e-02 3.0e-01 9.2e-01 1.1e+00
Ni-S91 :<Z. 3.Oe- a 4-J..8e-05 ,1.9e 7.3e-4j;9.ie;1 .7e-07 3; 6.64-07?_2.6e064 3
Ni-63 8.1e-04 1.2e-04 5.0e-04 2.0e-03 2.6e-03 2.9e-06 4.2e-07 1.8e-06 7.1e-06 9.1e-06
Zn-65 2.4e+01 3.3e+00 1.7e+01 5.4e+01 6.5e+01 8.5e-02 1.2e-02 6.2e-02 1.9e-01 2.3e-01
As-73 5.1e-02 6.8e-03 3.6e-02 1.2e-01 1.4e-01 1.8e-04 2.4e-05 1.3e-04 4.2e-04 5.0e-04
Se-75 1.2e+01 1.6e+00 8Ae+00 2.6e+01 3.2e+01 4.1e-02 5.6e-03 3.0e-02 9.4e-02 1.1e-01
Sr'85:2? )C1.5e+0iy-
Sr-89 4.8e-02 6.0e-03 3.3e-02 1.1e-01 1.4e-01 1.7e-04 2.1e-05 1.2e-04 4.0e-04 4.9e-04
Sr-90 3.7e-01 5.0e-02 2.5e-01 8.7e-01 1.1e+00 1.3e-03 1.8e-04 8.9e-04 3.1e-03 3.8e-03
Y-91 1.6e-01 2.1e-02 1.1e-01 3.8e-01 4.6e-01 5.9e-04 7.7e-05 4.1e-04 1.4e-03 1.6e-03
Zr-93 4.8e-03 2.0e-03 4.0e-03 8.7e-03 1.0e-02 1.7e-05 7.1e-06 1.4e-05 3.1e-05 3.7e-05

Ze5f-;e0 ,,,'84,25+0;79+i'09. 17ie t . 9.0e "2t,-280 .'Z 3.,4,eOZ~:95 ~Z~ 3"4+61 .74 34701e
Nb-93m 2.4e-03 8.1e-04 2.0e-03 4.4e-03 5.1e-03 8.4e-06 2.9e-06 7.0e-06 1.6e-05 1.8e-05
Nb-94 6.9e+01 9.6e+00 5.0e+01 1.6e+02 1.9e+02 2.4e-01 3.4e-02 1.8e-01 5.6e-01 6.7e-01
Nb-95 1.8e+01 1.9e+00 1.2e+01 4.1e+01 5.3e+01 6.3e-02 6.9e-03 4.1e-02 1.5e-01 1.9e-01
MoF93 6.8e-03 1.5e-03 5.2e-03 1.5e-02 1.7e-02 2.4e-05 5.2e-06 1.8e-05 5.2e-05 6.1e-05

Tc-97m 1.2e-02 1.6e-03 8.3e-03 2.7e-02 3.2e-02 4.1e-05 5.8e-06 3.0e-05 9.5e-05 1.1e-04
TC-99 3.0e-03 5.0e-04 2.0e-03 6.9e-03 8.6e-03 1.1e-05 1.8e-06 7.2e-06 2.4e-05 3.1e-05
Ru-103 1.1e+01 1.3e+00 7.3e+00 2.6e+01 3.2e+01 3.9e-02 4.5e-03 2.6e-02 9.2e-02 1.1e-01
Ru-106 8.6e+00 1.2e+00 6.3e+00 2.0e+01 2.3e+01 3.1e-02 4.3e-03 2.3e-02 7.0e-02 8.4e-02
Ag-1 08m ,68e* .;,'9;6e+0Ol 5.0e+01; ' .6e 026 -1,9e02Z, 4.8011 6e02<. 7
Ag-110m 1.1e+02' 1.5e+01 8.1e+01 2.5e+02 3.0e+02 3.9e-01 5.5e-02 2.9e-01 9.0e-01 1.1e+00
Cd-109 2.0e-01 3.0e-02 1.5e-01 4.5e-01 5.3e-01 7.0e-04 1.1e-04 5.2e-04 1.6e-03 1.9e-03
Sn-113 8.4e+00 1.1e+00 6.1e+00 1.9e+01 2.3e+01 3.0e-02 4.1e-03 2.2e-02 6.9e-02 8.3e-02
Sb-124 5.6e+01 7.2e+00 3.9e+01 1.3e+02 1.6e+02 2.0e-01 2.6e-02 1.4e-01 4.7e-01 5.6e-01
Sbtf25,,t';- , -1.7e+01iZ24e+0 O, 2e,0'' 3.9e 4.6e,01 .1 8.03,- 4e02,f, , 1.4e 1 C,;7e0i
Te-123m 3.7e+00 5.0e-01 2.7e+00 8.4e+00 1.0e+01 1.3e-02 1.8e-03 9.5e-03 3.0e-02 3.6e-02
Te-127m 2.0e01 2.8e-02 1-5e01 4.6e-01 5.5e-01 7.1e-04 9.8e-05 5.2e-04 1.6e-03 2.0e-03
1-125 1.1e-01 1.4e-02 7.7e-02 2.6e-01 3.2e-01 4.0e-04 5.1e-05 2.8e-04 9.4e-04 1.1e-03
1-129 4.4e-01 4.4e-02 2.7e-01 1.1e+00 1.4e+00 1.6e-03 1.6e-04 9.5e-04 3.9e03 4.9e-03
l131P(T- 2.5.9e+00,e17.30e 0
Cs-134 6.5e+01 9.1e+00 4.8e+01 1.5e+02 1.8e+02 2.3e-01 3.2e-02 1.7e-01 5.3e-01 6.4e-01
Cs-135 9.1e-03 6.2e-04 5.2e-03 2.4e-02 3.1e-02 3.2e-05 2.2e-06 1.8e-05 8.5e-05 1.1e-04
Cs-137 2.4e+01 3.4e+00 1.8e+01 5.5e+01 6.6e+01 8.6e-02 1.2e-02 6.3e-02 2.0e-01 2.4e-01
Ba-133 1.4e+01 1.9e+00 1.0e+01 3.2e+01 3.8e+01 5.0e-02 6.9e-03 3.7e-02 1.1e-01 1.4e-01
,C.- 39 '%j'-'3.8e+00 -;5.2e-f;'- 2.8e +0,,'8.7e+00 1.0e-+O1 .;}941:4- 02*'1.98I03 9.8e033 3.1e02X, - 3.78-02
Ce-141 1.1e+00 1.2e-01 7.4e-01 2.7e+00 3.5e+00 4.1e-03 4.3e-04 2.6e-03 9.6e-03 1.2e-02
Ce-144 2.1e+00 3.0e-01 1.6e+00 4.8e+00, 5.8e+00 7.6e-03 1.1e-03 5.6e-03 1.7e-02 2.1e-02
Pm-147 2.9e-03 1.0e-03 2.3e-03 5.5e-03 6.6e-03 1.0e-05 3.6e-06 8.3e-06 2.0e-05 2.4e-05
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Appendix 1-1 Normalized Effective Dose Equivalents from Concrete
Table 11.14 Normalized effective dose equivalents from all pathways: Disposal-industrial

Radionuclide Mass-based EDE (uSvly per Bq/g) Surficial EDE (pSvly per Bq/cm2)
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

Sm-151 1.5e-03 6.8e-04 1.3e-03 2.5e-03 2.9e-03 5.3e-06 2Ae-06 4.7e-06 8.8e-06 1.Oe-05
ie1 zei _0i.0 1 1.e+O2 -,i.30+02 ,.-. i.8e-01 r;2.5-02 l.3 0 ,4. 4.8e01jj
Eu-154 5.4e+O1 7.5e+00 4.0e+01 12e+02 1.5e+02 1.9e-01 2.7e-02 1Ae-01 4Ae-01 5.3e-01
Eu-155 1.3e+00 1.8e-01 9Ae-01 2.9e+00 3.5e+00 4.6e-03 6Ae-04 3.3e-03 1.Oe-02 1.2e-02
Gd-153 1.6e+00 2.2e-01 1.2e+00 3.6e+00 4.3e+00 5.6e-03 7.8e-04 4.1e-03 1.3e-02 1.5e-02
Tb160 3.5e+01 4.6e+00 2.5e+01 8.2e+01 9.8e+01 1.3e-01 1.7e-02 8.9e-02 2.9e-01 3.5e-01
Tm 17n026e9.4e02;1.3e02-6.9e0222e-01 - -'2.6e-01' 3Ae0-,4.7e-05 2.5e '.,,.:7.7e-0&7.:92e 4
Tm-171 8.5e-03 1Ae-03 6.4e-03 1.9e-02 2.3e-02 3.0e-05 4.8e-06 2.3e-05 6.8e-05 8.1e-05
Ta-1 82 4.6e+01 6.2e+00 3.3e+01 1.1e+02 1.3e+02 1.6e-01 2.2e-02 1.2e-01 3.7e-01 4.5e-01
W-181 4.5e-01 6.1e-02 3.3e-01 1.Oe+00 1.2e+00 1.6e-03 2.2e-04 1.2e-03 3.6e-03 4.4e-03
W-185 3.7e-03 4.7e-04 2.5e-03 8.7e-03 1.1e-02 1.3e-05 1.7e-06 9.0e-06 3.1e-05 3.8e-05
Os-185 2.3e+ e+00 .36e+01 ,,53e+,01 6.3e+8.ie-E0 2 $.e-02 " 5.9e-,02 '&.1.2e-0 U
Ir-192 2Ae+O1 3.1e+00 1.7e+01 5.5e+01 6.6e+01 8.5e-02 1.Ie-02 6.0e-02 2.0e-01 2.4e-01
T1-204 3.2e-02 4.6e-03 2.4e-02 7Ae-02 8.8e-02 1.2e-04 1.6e-05 8.5e-05 2.6e-04 3.1 e-04
Pb-210 9.7e+00 1.0e+00 5.7e+00 2.5e+01 3.2e+01 3.5e-02 3.7e-03 2.0e-02 8.7e-02 1.1e-01
Bi-207 6.6e+01 9.3e+00 4.9e+01 1.5e+02 1.8e+02 2.4e-01 3.3e-02 1.7e-01 5Ae-01 6.5e-01
Po4210,2_2.2e+00,;2.9e-01ZEII.3e+00ji5.5et00 i.7.0e+00 - 7.9e.03;Al.0e03 4
Ra-226 8.1e+01 1.2e+01 6.0e+01 1.9e+02 2.2e+02 2.9e-01 4.1e-02 2.1e-01 6.6e-01 7.9e-01
Ra-228 4.7e+01 6.8e+00 3.4e+01 1.1e+02 1.3e+02 1.7e-01 2.4e-02 1.2e-01 3.8e-01 4.5e-01
Ao-227 7.6e+01 3.2e+01 6.8e+01 1.3e+02 1.5e+02 2.7e-01 1.1e-01 2Ae-01 4.6e-01 5.3e-01
Th-228 7.9e+01 1.6e+01 6.1 e+01 1.7e+02 2.0e+02 2.8e-01 5.5e-02 2.2e-01 6.1 e-01 7.2e-01
Th6 + * +,0 -'J3.1e 1j 6e0 .1e-01.
Th-230 1.2e+01 6.6e+00 I.Ie+01 1.6e+01 1.8e+01 4.2e-02 2.3e-02 4.0e-02 5.8e-02 6.4e-02
Th-232 5.9e+01 3.3e+01 5.7e+01 8.2e+01 9.0e+01 2.1e-01 1.2e-01 2.0e-01 3.0e-01 3.2e-01
Pa-231 5.8e+01 2.8e+01 5.3e+01 9.0e+01 I.Oe+02 2.1e-01 I.Oe-01 1.9e-01 3.2e-01 3.6e-01
U-232 2.7e+01 1.4e+01 2.6e+01 3.9e+01 4.2e+01 9.5e-02 5.0e-02 9.1 e-02 1.4e-01 1.5e-01
U-233 Ei^:-, 4.9e+00 -,',28e+00 '4.8e+00, T6.9e+00 7.6e+00 :+8e02.9.8e 03 81 .7e 02 '2.5e02 '2 67e,02
U-234 4.8e+00 2.7e+00 4.6e+00 6.7e+00 7.4e+00 1.7e-02 9.6e-03 1.7e-02 2Ae-02 2.7e-02
U-235 9.8e+00 3.4e+00 8.5e+00 1.8e+01 2.0e+01 3.5e-02 1.2e-02 3.0e-02 6.4e-02 7.3e-02
U-236 4.5e+00 2.6e+00 4Ae+00 6.4e+00 7.0e+00 1.6e-02 9.1e-03 1.6e-02 2.3e-02 2.5e-02
U-238 5.2e+00 2.6e+00 5.0e+00 7.8e+00 8.6e+00 1.9e-02 9.3e-03 1.8e-02 2.8e-02 3.1e-02

N>23.1e+0,12 t1,e+,01,'2.e0-5e 01 As6.0emo 0 .e01, .e0w+'_. -- t gz

Pu-236 6.2e+00 3.1e+00 5.7e+00 9.5e+00 1.1e+01 2.2e-02 1.Ie-02 2.0e-02 3Ae-02 3.9e-02
Pu-238 1.7e+01 8.5e+00 1.6e+01 2.6e+01 3.0e+01 6.1e-02 3.0e-02 5.6e-02 9.4e-02 1.1e-01
Pu-239 1.9e+01 9.3e+00 1.7e+01 2.9e+01 3.3e+01 6.7e-02 3.3e-02 6.2e-02 1.Oe-01 1.2e-01
Pu-240 1.9e+01 9.3e+00 1.7e+01 2.9e+01 3.3e+01_ 6.7e-02 3.3e-02 6.2e-02 1.Oe-01 1.2e-01

.u24 .,..6 -Ie0 ~.e0 --56-1 .eO , - 644*r ,1.e 03- .,. 3
Pu-242 1.8e+01 8.9e+00 11.7e+01 2.8e+01 3.1e+O1 6.4e-02 3.2e-02 5.9e-02 9.9e-02 1.le-01
Pu-244 3.2e+01 1.1e+01 2.8e+01 5.8e+01 6.7e+01 1.1e-01 4.0e-02 9.8e-02 2.1e-01 2.4e-01
Am-241 2.0e+01 9.7e+00 1.8e+01 3.0e+01 3.5e+01 7.0e-02 3.4e-02 6.5e-02 1.1e-01 1.2e-01
Am-242m 2.Oe+01 9.6e+00 1.8e+01 3.1e+01 3.5e+01 7.0e-02 3.4e-02 6.5e-02 1.1 e-01 1.2e-01
A i,'- X2.6e+Oi'.1.e +,0 3e+01 ,-,4.3e+C 0-4.9e+0 i9 .1 - 2i-38 .02.'Cl8l
Cm-242 6.4e-01 3.2e-01 6.0e-01 9.7e-01 1.1e+00 2.3e-03 1.1e-03 2.1e-03 3.4e-03 3.9e-03
Cm-243 1.7e+01 7Ae+00 1.6e+01 2.9e+01 3.3e+01 6.2e-02 2.6e-02 5.6e-02 1.Oe-01 1.2e-01
Cm-244 1.1e+01 5.3e+00 1.0e+01 1.7e+01 1.9e+01 3.8e-02 1.9e-02 3.6e-02 5.9e-02 6.7e-02
Cm-245 2.2e+01 1.0e+01 2.1e+01 3.5e+01 4.0e+01 8.Oe-02 3.7e-02 7.3e-02 1.3e-01 1.4e-01

4 _ _2.0+0 ,9.8+00,18.8+01 ,-3. 001 Z,3.Ae+01 6.O e02, ,35e02' ,j,6.5e.2,t1e.0i2e 0
Cm-247 3.1e+01 1.1e+01 2.7e+01 5.6e+01 6.4e+01 1.1e-01 4.0e-02 9.6e-02 2.0e-01 2.3e-01
Cm-248 7.2e+01 3.6e+01 6.7e+01 I.1e+02 1.3e+02 - 2.6e-01 1.3e-01 2.4e-01 4.0e-01 4.5e-01
Bk-249 6.3e-02 3.0e-02 5.8e-02 9.8e-02 1.1e-01 2.2e-04 1.1e-04 2.1e-04 3.5e-04 4.0e-04
Cf-248 2.0e+00 1 .0e+00 1 .9e+00 3.0e+00 3.4e+00 7.2e-03 3.6e-03 6.7e-03 1.1 e-02 1.2e-02
Cf-249 '- r~ 3.2e+01 'I1.1e401 _2.7e+01 5.9e+01 >.:68e+01 ',l1e '3.8 02 '49 02 2ie O
Cf-250 9.5e+00 4.5e+00 8.6e+00 1.5e+01 1.7e+01 3.4e-02 1.6e-02 3.1 e-02 5Ae-02 6.3e-02
Cf-251 2.3e+01 9.4e+00 2.0e+01 3.9e+01 4.5e+01 8.1e-02 3.4e-02 7.2e-02 1.Ae-01 1.6e-01
Cf-252 6.4e+00 3.3e+00 6.0e+00 9.7e+00 1.1e+01 2.3e-02 1.2e-02 2.2e-02 3.5e-02 3.9e-02
Cf-254 8.8e+00 3.9e+00 8.0e+00 1.4e+01 1.6e+01 3.1e-02 1Ae-02 2.9e-02 5.1e-02 5.9e-02
Es-254 :,-3.8+ -5 : 2.- 3.6e-01'
Note: To convert these values to conventional units (mremly per pCilg or mremly per pC/cm), mulb'ply by 3.7e-3
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Normalized Effective Dose Equivalents from Concrete Appendix l-1

Table 11.15 Normalized effective dose equivalents from external exposure: Disposal-industrial
- .. ... Mass-based EDE (uSvlV per Bciq) Surficial EDE (uSvlv per Bo/cm2)
Radionuclide a 9t 95thMean 5th -- 50th 90th 95th Mean 5th 50th 90th 95th
H-3 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+0O O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
C-14 9.5e-05 1.3e-05 7.0e-05 2.2e-04 2.6e-04 3.4e-07 4.7e-08 2.5e-07 7.7e-07 9.3e-07
Na-22 9.4e+01 1.3e+01 6.9e+01 2.2e+02 2.6e+02 3.4e-01 4.7e-02 2.5e-01 7.6e-01 9.2e-01
P-32 2.2e-02 1.1e-03 1.Oe-02 5.8e-02 8.6e-02 7.7e-05 3.7e-06 3.6e-05 2.1e-04 3.1e-04
S-35 +J, - ~- -48.1e-O5 5',1.1e-05 ' :5.8 05' 1.e -: .e4*. -t e0 * .e0''210 .e0 '_.e07
CI-36 1.7e-02 2.4e-03 1.2e-02 3.9e-02 4.6e-02 6.1e-05 8.4e-06 4.4e-05 1.4e-04 1.7e-04
K-40 7.4e+00 1.Oe+00 5.4e+00 1.7e+01 2.Oe+01 2.6e-02 3.7e-03 1.9e-02 6.0e-02 7.2e-02
Ca-41 O.0e+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-45 3.8e-04 5.3e-05 2.8e-04 8.8e-04 1.Oe-03 1.4e-06 1.9e-07 9.9e-07 3.1 e-06 3.7e-06
Sc 46L9 .;O 01i". 1.66'' .32e02 1.7e-019 .6-1C 6.7,eO1i
Cr-51 5.7e-01 5.5e-02 3.6e-01 1.4e+00 1.8e+00 2.0e-03 2.0e-04 1.3e-03 4.8e-03 6.4e-03
Mn-53 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+O0 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mn-54 3.4e+01 4.7e+00 2.5e+01 7.7e+O1 9.2e+01 1.2e-01 1.7e-02 8.9e-02 2.7e-01 3.3e-01
Fe-55 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+O0 O Oe,+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Fe-,9,~.-':>-.'3.3et01- .39etO. 2.2 01A7.e,1>,.e,1-120 t-40,7 2 g33,1
Co56 1.2e+02 1.6e+01 8.8e+01 2.9e+02 3.4e+02 4.4e-01 5.8e-02 3.2e-01 1.0e+00 1.2e+00
Co-57 3.2e+00 4.5e-01 2.4e+00 7.4e+00 8.8e+00 1.2e-02 1.6e-03 8.5e-03 2.6e-02 3.2e-02
Co-58 3.Oe+01 4.0e+00 2.2e+O1 7.1e+01 8.4e+01 1.1e-01 1.4e-02 7.6e-02 2.5e-01 3.0e-01
Co-60 1.e+02 1.6e+01 8Ae+01 2.6e+02 3.1e+02 4.1e-01 5.6e-02 3.0e-01 9.2e-01 1.1e+00
M;-59 :-;7 O eO e .Oe+0, + -00 e+00 .e : eO.Oe+O
NI-63 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+0 O.Oe+0O O.Oe+00 .Oe+00 .O++00 O.OOe+00 O.Oe+00
Zn-65 2.4e+01 3.3e+00 1.7e+01 5.4e+01 6.5e+01 8.5e-02 1.2e-02 6.2e-02 1.9e-01 2.3e-01
As-73 5.0e-02 6.6e-03 3.6e-02 1.2e-01 1.4e-01 1.8e-04 2.3e-05 1.3e-04 4.1e-04 4.9e-04
Se-75 1.2e+01 1.6e+00 8.4e+00 2.6e+O1 3.2e+01 4.1e-02 5.6e-03 3.0e-02 9.4e-02 1.1e-01
8r-85-:',.V ':'-'>t1.5e+01iT,19e+00..7-1.Od*01.P 6
Sr-89 4.1e-02 5.0e-03 2.8e-02 9.6e-02 1.2e-01 1.5e-04 1.8e-05 1.Oe-04 3.4e-04 4.1e-04
Sr-90 1.7e-01 2.4e-02 1.3e-01 4.0e-01 4.8e-01 6.2e-04 8.7e-05 4.6e-04 1.4e-03 1.7e-03
Y-91 1.6e-01 2.0e-02 1.1e-01 3.6e-01 4.3e-01 5.5e-04 7.0e-05 3.8e-04 1.3e-03 1.6e-03
Zr-93 2.9e-06 2.0e-07 1.6e-06 7.5e-06 9.8e-06 I.Oe-08 7.3e-10 5.9e-09 2.7e-08 3.5e-08
Zr- 95. 3.4e01;48e+002 5e,+0 7
Nb-93m 7.3e-04 1.0e-04 5.4e-04 1.7e-03 2.0e-03 2.6e-06 3.7e-07 1.9e-06 6.0e-06 7.2e-06
Nb-94 6.9e+01 9.6e+00 5.0e+01 1.6e+02 1.9e+02 2.4e-01 3.4e-02 1.8e-01 5.6e-01 6.7e-01
Nb-95 1.8e+O1 1.9e+00 1.2e+01 4.1e+01 5.3e+01 6.3e-02 6.9e-03 4.1e-02 1.5e-01 1.9e-01
Mo-93 _4.2e-03 5.8e-04 3.1e-03 9.6e-03 1.1e-02 1.5e-05 2.1e-06 I.le-05 3.4e-05 4.1e-05

Tc-97m 1.0e-02 1.4e-03 7.4e-03 2.4e-02 2.8e-02 3.7e-05 4.9e-06 2.6e-05 8.5e-05 1.0Oe-04
Tc-99 8.9e-04 1.2e-04 6.5e-04 2.0e-03 2.4e-03 3.2e-06 4.4e-07 2.3e-06 7.2e-06 8.7e-06
Ru-103 1.1e+01 1.3e+00 7.3e+00 2.6e+01 3.2e+01 3.9e-02 4.5e-03 2.6e-02 9.2e-02 1.1e-01
Ru-106 8.6e+00 1.2e+00 6.3e+00 2.0e+01 2.3e+01 3.1e-02 4.2e-03 2.2e-02 6.9e-02 8.4e-02
Ag-108m,,'-,- :",' 6.8e+01-i, 9.5e,00 1 34, 22 8e-i .6-1^: 6.ie
Ag-110m 1.e+02 1.5e+01 8.1e+01 2.5e+02 3.0e+02 3.9e-01 5.5e-02 2.9e-01 9.0e-01 1.1e+00
Cd-109 1.8e-01 2.5e-02 1.3e-01 4.1e-01 4.9e-01 6.4e-04 8.8e-05 4.7e-04 1.4e-03 1.7e-03
Sn-113 8.4e+00 1.1e+00 6.1e+00 1.9e+01 2.3e+01 3.0e-02 4.1e-03 2.2e-02 6.9e-02 8.3e-02
Sb-124 5.6e+01 7.2e+003.9e+O1 1.3e+02 1.6e+02 2.0e-01 2.6e-02 1.4e-01 4.7e-01 5.6e-01

-1.7e+01j 2.4,eW0;> 1.2et01: 3.9o+01';i,4.6e+OV , 6.108.4e-03;,4,.
Te-123m 3.6e+00 5.0e-01 2.7e+00 8.4e+00 1.0e+01 1.3e-02 1.8e-03 9.4e-03 3.0e-02 3.6e-02
Te-127m 1.9e-01 2.6e-02 1.4e-01 4.4e-01 5.2e-01 6.8e-04 9.1e-05 4.9e-04 1.6e-03 1.9e-03
1-125 8.0e-02 1.0e-02 5.6e-02 1.9e-01 2.2e-01 2.8e-04 3.6e-05 2.0e-04 6.6e-04 7.9e-04
1-129 9.2e-02 1:3e-02 6.7e402 2.1e-01 2.5e-01 3.3e-04 4.6e-05 2.4e-04 7.5e-04 9.Oe-04

1-131, ^-,- ,5 .0e+00,.' 2e42'49 - 5.9e+0',10+1'--''-203;8e05',.7ozi eo2 .602

Cs-134 6.5e+01 9.1e+00 4.8e+01 1.5e+02 1.8e+02 2.3e-01 3.2e-02 1.7e-01 5.3e-01 6.3e-01
Cs-135 2.7e-04 3.8e-05 2.0e-04 6.2e-04 7.4e-04 9.7e-07 1.4e-07 7.1e-07 2.2e-06 2.7e-06
Cs-137 2.4e+01 3.4e+00 1.8e+01 5.5e+01 6.6e+01 8.6e-02 1.2e-02 6.3e-02 2.0e-01 2.4e-01
Ba-133 1.4e+01 1.9e+00 1.Oe+01 3.2e+01 3.8e+o01 5.0e-02 6.9e-03 3.7e-02 1.1e-01 1.4e-01
Ce-139; 2',:::.,-"3.8e+0 0,52e-01$-,,,2.8o00 :8.70+0 0 1.0 1e ': 2..;4.0 1.8e-03:-98e43:31e 3.7e,42
Ce-141 1.1e+00 1.2e-01 7.4e-01 2.7e+00 3.5e+00 4.1e-03 4.3e-04 2.6e-03 9.6e-03 1.2e-02
Ce-144 2.1e+00 2.9e-01 1.Se+00 4.8e+00 5.7e+0O 7.5e-03 1.0e-03 5.5e-03 1.7e-02 2.0e-02
Pm-147 3.5e-04 4.8e-05 2.5e-04 7.9e-04 9.4e-04 1.2e-06 1.7e-07 9.0e-07 2.8e-06 3.4e-06
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Appendix 1-1 Normalized Effeiicv:e' Dose Equivalents from Concrete

Table 11.15 Normalized effective dose'equivalents from external exposure: Disposal-industrial
Raincie Mass-based EDE (pSv/y per Bqlg) -- Surficial EDE (pSvly per Bg/crr?)

Raincle Mean 5th '50th 90th 95th Mean 5th 50th 90th 95th
Srn-151 7.Oe-06 9.7e-07 5.1e-06 1.6e-05 1.9e-05 2.5e-08 3.5e-09 1.8e-08 5.7e-08 6.8e-08

Eu5 ,--y . O^'Ct'6900^36 6e7-6>,3 2,-* i;8~,;-2 2=,.', 1 70 , i
Eu-154 5.4e+01 7.5e+00 4.0e+01 1.2e+02 1.5e+02 1.9e-01 2.7e-02- 1.4e-01 4Ae-01 5.3e-01
Eu-155 1.3e+00 1.8e-01 9.4e-01 2.9e+00 3.5e+00 4.5e-03 6.3e404 3.3e 03' 1.0e-02 1.2e-02
Gd-1 53 1.6e+00 2.2e-01 1.2e+00 3.6e+00 4.3e+00 5.6e-03 7.7e404 4.1e-03 1.3e-02 1.5e-02
Tb-1601 3.5e+01 4.6e+00 2.5e+01 8.2e+01 9.8e+01 1.3e-01 1.7e-02 8.9e-02 2.9e-01 3.5e-01

_m7,>-.v0 '12e,-021'^6;e2 0 0 .e 0' ,,3.e4 - '5' 3e 72,, .6e-.04
Tm-171 7.7e403 1.1 e-03 5.6e403 1.7e402 2.1 e42 2.7e-05 3.8e-06 2.0e405 6.2e-05 7.5e-05
Ts-1 82 4.6e+01 6.2e+00 3.3e+01 1.1e+02 1.3e+02 1.6e-01 2.2e402 1.2e-01 3.7e-01 4.5e-01
W-1 81 4.5e401 6.1 e42 3.3e401 1.0e+00 1.2e+00 1.6e-03 2.2e044 12e-03 3.6e-03 4.4e-03
W-185 2.2e-03 3.0e404 1.6e-03 5.2e403 6.2e-03 8.0e-06 1.1e406' 5.7e406 1.9e405 2.2e405

185 ;,,- 2.3e+1 31e0t 6e0 i53e+,01 6.36017- 1'8.2e-0, ,'-11 e4J-*59@ tr1.4 '<.24,
Ir-192 2.4e+01 3.1e+00 1.7e+01 5.5e+01 6.6e+01 8.5e-02 1.1e-02 6.0e402 2.0e-01 2.4e-01
Tl-204 2.8e'-02 3.9e403 2.1e-02 6.4e402 7.7e402 1.0e-04 1.4e-05 7.4e405 2.3e404 2.8e-04
Pb-210 4.3e402 6.0e-03 3.2e-02 9.9e-02 1.2e-01 1.5e-04 2.1 e-05 1.1e-04 3.5e-04 4.2e-04
Bi-207 6.6e+01 9.3e+00 439e+01 1.5e+02 1.8e+02 2.4e-01 -3.3e402 1.7e-01 5.4e401 6.5e-01

Poio'':;, ,!.144,-',,4,"4 e 6 ,' -i5 ,7-.81e ,7 -2..1e
Rs-226 7.9e+01 1.1e+01 5.8e+01 1.8e+02 2.2e+02 -2.8e-01 3.9e-02 2.1e401 6Ae401 7.7e401
Ra-228 4.4e+01 6.2e+00 3.3e+01 1.0e+02 1.2e+02 -1.6e401 2.2e402 1.2e401 3.6e-01 4.3e-01
Ac-227 1Ae+01 2.0e+00 1.0e+01 3.3e+01 3.9e+01 5.1e-02 7.1e-03 3.7e402 1.2e401 1.4e401
Th-228 7.0e+01 9.8e+00 5.1e+01 1.6e+02 1.9e+02 2.5e-01 3.5e402 1.8e-01 5.7e401 6.8e401

29c -' , I'11+1'.e_3e++0,,f<-J>40 2 . 3 3.0" 02 e 9--1
Th-230 1.2e-02 1.6e-03 8.4e403 2.7e402 3.3e402 4.2e-OS 5.7e-06 3.0e4S5 9.8e-05 1.2e-04
Th-232 5.1e-01 3.6e-02 2.9e401 1.3e+00 1.7e+00 1.8e-03 -1.3e404 1.0e-03 4.7e-03 6.2e-03
Pa-231 1Ae+O0 2.0e401 1.0e+00 3.2e+00 3.8e+00 5.0e-03 6.9e404 3.6e403 1.1 e-02 1Ae-02
U-232 2.5e+00 1.8e401 1Ae+O0 6.3e+00 8.3e+00 _8.9e-03 6Ae-04 5.0e-03 2.3e-02 3.0e402

U-234 2.8e-03 4.0e404 2.1 e43 6.5e403 7.8e-03 1.Oe-05 1Ae406 7.5e406 2.3e-05 2.8e-05
U-235 5.4e+00 7.5e401 3.9e+00 1.2e+01 1.5e+01' 1.9e-02 2.7e-03 1.4e402 4.4e402 5.2e-02
U-236 1.5e403 2.1 e-04 1.1e403 3.5e403 4.2e-03- 5.4e-06 7.6e-07 4.0e406 1.2e405 1.5e-05
U-238 9Ae-01 1.3e401 6.9e-01 2.1e+00 _2.6e+00 _ 3.3e-03 4.7e-04 2.5e403 7.6e-03 9.2e403

N>2 7;,'7. 8 e +00 0 .1 ~Ie +,005,5.71e't ..8e,+01',.Ze~1e,01 g.8e 2, '-,'3.9e 03.4,+ 2.0eM< ~W
Pu-236 3.1 e-03 3.2e-04 2.0e-03 7.4e-03 9.6e-03 1.1 e-05 1.2e-06 7.1e-06 2.6e-05 3Ae405
Pu-238 1.1e-03 1.5e-04 7.9e-04 2.5e-3 2.9e403 3.8e-06 5.3e407 2.8e406 8.7e-06 1.0e405
Pu-239 2.1 e43 2.9e404 1.5e-03 4.8e403 5.7e-03 7.5e-06 '1.Oe406 5.5e406 1.7e-05 2.0e-05
Pu-240_ 1.Oe403 1.5e404 7.6e-04 2.4e403 2.8e403 3.7e-06 '5.2e407 2.7e406 8.4e-06 1.0e-05

Pu-242 9.1 e-04 1.3e-04 6.7e-04 2.1e-03 2.5e-3 -3.2e46 4.5e-07 2Ae-06 7.4e406 8.9e-06
Pu-244 1.4e+01 2.0e+W0 1.1e+01 3.3e+01 3.9e+01 5.1 e-02 7.2e403 3.8e-02 1.2e401 1Ae-01
Am-241 3.1e401 4.3e402 2.3e401 7.1e401 8.5e-01 1.1 e-03 1.5e-04 8.1 e-04 2.5e403 3.0e403
Amn-242m 4.8e-01 6.7e-02 3.5e401 1.1 e+W0 1.3e+WO 1.7e-03 2.4e-04 1.3e403 3.9e403 4.7e403

2i3'7', 8-63,0'~;.e01',-,.7,0,0+ii+ 1t.4'3

Cm-242 1.0e403 1.4e404 7.7e404 2.4e403 2.9e403 3.7e-06 5.1 e47 2.7e406 8.5e406 1.0e405
Cm-243 4.1e+00 5.8e401 3.0e+00 9.4e+00 1.1e+01 1.5e402 2.1 e43 1.1e402 3.3e402 4.0e402
Cm-244 8.9e404 1.2e404 6.5e404 2.0e403 2Ae403 3.2e-06 4.4e47 2.3e406 7.2e406 8.7e406
Cm-245 2.4e+W0 3.4e401 1.8e+Wo 5.5e+00 6.6e+00 8.6e4(3 12e43 6.3e403 2.0e402 2.4e402

C26,.,"8e ,2e '-60 ,,.:Al :; P.'6''4'.e'0, 7-iY6W 3 6 e
Cm-247 1.3e+01 1.8e+00 9.7e+00 3.0e+01 3.6e+01 4.7e-02 6.6e403 3.5e402 1.1e401 1.3e401
Cm-248 6.2e404 8.7e405 4.6e404 1.4e403 1.7e403 2.2e-06 '3.1 e47 1.6e406 5.1e406 6.1e406
Bk-249 2.4e403 1.8e404 1.4e403 6.2e403 8.1e403 8.6e406 6Ae407 5.0e406 2.2e405 2.9e405
Cf-248 8.2e-04 1.2e-04 6.1 e44 1.9e403 2.2e403 2.9e406 4.1 e47 2.2e406 6.7e406 8.0e406
Cf-2i9 , .1.3e+01. -'1.8e+00, 9.e0;S.e0, 36+ .eO ;e43 - 3.'4e 0s -I1e, 1.,3ei
Cf-250 8.4e404 1.2e-04 6.1e-04 1.9e403 2.3e403 3.0e406 4.2e47 2.2e-06 '6.8e-06 8.2e406
Cf-251 3.7e+00 5.2e401 2.7e+00 8.5e+W0 1.0e+01 -'13e402 1.9e403 9.8e403 3.0e402 3.6e402
Cf-252 1.2e403 1.7e-04 8.9e404 2.8e403 3.3e403 4.3e406 6.0e407 3.2e406 9.8e406 1.2e405
Cf-254 ' 1.9e406 2.4e407 ,1.3e406 4.3e406 5.2e406 6.7e-0 8.5e-10, 4.6e409 1.6e408 1.9e408

E-5-:-:3.e+01 O'.e4W'2.e0 '.e+01-If9.8e+01 '-"', 3e401- f-1.8e402- 94-2.'.e1,;.e1

Note: To convert these values to convenbional units (mrem/y per pCi/g or mremnly per p~i/cm2), multiply by 3.7e-3
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Normalized Effective Dose Equivalents from Concrete Appendix I-1

Table 11.16 Normalized effective dose equivalents from Inhalation: Disposal-industrial

Radionuclide Mass-based EDE (pSv/y per Bqlg)
Mean 5th 50th 90th 95th

Surficial EDE (pSvyy per Bq/cm2)
Mean 5th 50th 90th 95th

H-3 2.1e-06, 1.3e-06 2.1e-06 2.9e-06 3.3e-06 7.6e-09 4.5e09 7.4e-09 l.le-08 1.2e-08
C-14 7.0e-05 4.1e-05 6.8e-05 9.6e-05 1.le-04 2.5e-07 1.5e-07 2.4e-07 3.5e-07 3.8e-07
Na-22 2.5e-04 1.5e-04 - 2.4e-04 3.4e-04 3.8e-04 9.0e-07 5.2e-07 8.7e-07 1.2e-06 1.4e-06
P-32 1Ae-04 2.1e-05 9.16-05 3.2e-04 3.9e-04 4.9e-07 7 4e-08- 3.2e-07 1.le-06 1.4e-06

S5. 4 6 i 057 3=-.5F,5-^.91-.10 e0-2. 07 .2e-O ,'_2.2,0.3 0,3607;
CI-36 7.4e-04 4.3e-04 7.1e-04 1.0e-03 1.1e-03 2.6e-06 1.5e-06 2.5e-06 3.6e-06 4.0e-06
K-40 4.2e-04 2.4e-04 4.0e-04 5.7e-04 6.3e-04 1.5e-06 8.6e-07 1.4e-06 2.0e-06 2.3e-06
Ca-41 4.5e05 2.7e-05 4.4e-05 6.2e-05 6.9e-05 1.6e-07 9.4e-08 1.6e-07 2.2e07 2.5e-07
Ca-45 1.9e-04 1.le-04 1.9e-04 2.7e-04 3.0e-04 6.9e-07 3.9e-07 6.6e-07 9.6e-07 1.Ie-06
Sc,46e't~i; 4 ; l7.5 4 04i7.2e- 4. 3.9e 0643,i06e
Cr-51 5.2e-06 1.9e-06 4.5e-06 9.1e-06 1.le-05 1.8e-08 6.5e-09 1.6e-08 3.3e-08 3.8e-08
Mn-53 1.7e-05 9.9e-06 1.6e-05 2.3e-05 2.6e-05 6.0e-08 3.5e-08 5.8e-08 8.3e-08 9.2e-08
Mn-54 2.1e.04 1.2e-04 2.0e-04 2.9e-04 3.2e-04 7.4e-07 4.3e-07 7.2e-07 1.Oe-06 1.le-06
Fe-55 8.8e-05 5.2e-05 8.5e-05 1.2e-04 1.3e-04 -3.e-07 1.8e-07 3.0e-07 4.3e-07 4.8e-07
F6O5947*; , 3 1.4e 2.8e__04 4.7 jL 44. 9.9ii0~ -- 9
Co-56 9.9e-04 5.4e-04 9.5e-04 1.4e-03 1.6e-03 3.5e-06 1.9e-06 3.4e-06 5.1e-06 5.7e-06
Co-57 2.8e-04 1.6e-04 2.7e-04 3.8e-04 4.3e-04 1.0e-06 5.8e-07 9.6e-07 1.4e-06 1.5e-06
Co-58 2.6e-04 1.4e-04 2.5e-04 3.8e-04 4.3e-04 9.4e.07 5.0e-07 9.0e-07 1.4e-06 1.5e-06
Co-60 7.3e-03 4.3e.03 7.0e-03 1.Oe-02 I.Ie-02 2.6e-05 1.5e-05 2.5e-05 3.6e-05 4.0e-05
N-59-ui<K-e4.5e-05 2.6.-O :.Z43e05 :-.1e5~,'6.8e05t§t -,1.6e.079.3e08 ;-1.5e, 72, 2.2.,7' _2'e0,
Ni-63 1.0e-04 6.1e-05 1.0e-04 1.4e-04 1.6e-04 3.7e-07 2.2e-07 3.6e-07 5.1e-07 5.7e-07
Zn-65 6.2e-04 3.6e-04 6.0e-04 8.6e-04 9.5e-04 2.2e-06 1.3e-06 2.1e-06 3.1e-06 3.4e-06
As-73 8.7e-05 4.7e-05 8.3e-05 1.2e-04 1.4e-04 3.1e-07 1.7e-07 3.0e-07 4.5e-07 5.0e-07
Se-75 2.3e-04 1.3e-04 2.2e-04 3.3e-04 3.6e-04 8.3e-07 4.7e-07 8.0e-07 1.2e&O6 1.3e-06

Sr-89 1.4e-04 6.9e-05 1.3e-04 2.1e-04 2.4e-04 5.0e-07 2.4e-07 4.7e-07 7.6e-07 8.6e-07
Sr-90 8.3e-03 4.9e-03 8.1e-03 1.1e-02 1.3e-02 3.0e-05 1.7e-05 2.9e-05 4.1e-05 4.5e-05
Y-91 1.1e-03 5.7e-04 1.0e-03 1.6e-03 1.9e-03 4.0e-06 2.0e-06 3.7e-06 5.9e-06 6.6e-06
Zr-93 2.8e-03 1.6e-03 2.7e-03 3.8e-03 4.3e-03 1.0e-05 5.8e-06 9.7e-06 1.4e-05 1.5e-05
Zr-954j- r.L i.ie 2.5e -_8.9e-07 .5e,.,'06, 2e 0 52e0
Nb-93m 9.8e-04 5.7e-04 9.5e-04 1.3e-03 1.5e-03 3.5e-06 2.0e-06 3.4e-06 4.8e-06 5.3e-06
Nb-94 1.4e-02 8.2e-03 1.4e-02 1.9e-02 2.1e-02 5.0e-05 2.9e-05 4.8e-05 6.9e-05 7.6e-05
Nb-95 1.Oe-04 4.4e-05 9.4e-05 1.7e-04 2.0e-04 3.7e-07 1.5e-07 3.3e-07 6.2e-07 7.0e-07
Mo-93 9.6e-04 5.6e-04 9.3e-04 1.3e-03 1.5e-03 3.4e-06 2.0e-06 3.3e-06 4.7e-06 5.2e-06

Tc-97m 1.3e-04 6.9e-05 1.2e-04 1.Be-04 2.0e-04 4.5e-07 2.5e-07 4.3e-07 6.4e-07 7.2e-07
Tc-99 2.8e-04 1.6e-04 2.7e-04 3.8e-04 4.3e-04 1.0e-06 5.8e-07 9.7e-07 1.4e-06 1.5e-06
Ru-103 1.7e-04 7.6e-05 1.6e-04 2.7e-04 3.1e-04 6.1e-07 2.7e-07 5.6e-07 9.8e-07 1.1e-06
Ru-I 06 1.5e-02 8.8e-03 1.5e-02 2.1 e-02 2.3e-02 5.4e-05 3.1 e-05 5.2e-05 7.4e-05 8.2e-05
AgI08niO~~m ? ;9.5e03,' 5.'6e.03~ 9.2. 3DL.3.-O2P-40-O2':rri~ 2frl3.4e 052 2.0e 05 - 0

Ag-110m 2.5e-03 1.4e-03 2.4e-03 3.4e-03 3.7e-03 8.7e-06 5.1e-06 8.5e-06 1.2e-05 1.3e-05
Cd-109 3.6e-03 2.1e-03 3.5e-03 5.Oe-03 5.6e-03 1.3e-05 7.6e-06 1.3e-05 1.8e-05 2.0e-05
Sn-113 2.9e-04 1.7e-04 2.8e-04 4.1 e-04 4.5e-04 1.0e-06 5.9e-07 1.0e-06 1.5e-06 1.6e-06
Sb-124 5.8e-04 3.0e-04 5.4e-04 8.5e-04 9.6e-04 2.1e-06 1.1e-06 1.9e-06 3.1e-06 3Ae-06

Te-123m 2.9e-04 1.7e-04 2.8e-04 4.1e-04 4.5e-04 1.0e-06 5.9e-07 1.0e-06 1.5e-06 1.6e-06
Te-127m 5.9e-04 3.3e-04 5.7e-04 8.3e-04 9.2e-04 2.1e-06 1.2e-06 2.0e-06 3.0e-06 3.3e-06
1-125 5.5e-04 2.9e-04 5.2e-04 8.2e-04 9.2e-04. 2.0e-06 1.Oe-06 I.9e-06 2.9e-06 3.3e-06
1-129 5.8e-03 3.4e-03 5.7e-03 8.0e-03 8.9e-03 2.1e-05 1.2e-05 2.0e-05 2.9e-05 3.2e-05
i-53..1ei05 1.5e 04", 42 - 5.ie-O 4.5 e 0 5.9e-,4 '. 5.3e 07 1.5.-08 ,1.8 -07 'Vl6-1606,; -2.1e-O6,-;
Cs-134 1.5e-03 8.8e-04 1.5e-03 2.1e-03 2.3e-03 5.4e-06 3.1e-06 5.2e-06 7.4e-06 8.2e-06
Cs-I 35 1.5e-04 9.0e-05 1.5e-04 2.1 e-04 2.3e-04 5.5e-07 3.2e-07 5.3e-07 7.5e-07 8.4e-07
Cs-137 1.1e-03 6.3e-04 1.Oe-03 1.5e-03 1.6e-03 3.8e-06 2.2e-06 3.7e-06 5.3e-06 5.8e-06
Ba-133 2.6e-04 1.5e-04 2.5e-04 3.6e-04 4.08-04 9.3e-07 5.4e-07 9.0e-07 1.3e-06 1.4e-06
C i39 -' *.. ;,,'2.6e-04. 1.5 e,-O4 2, 43.60-04 4.0 4 9.2e-07'.....2.-07 8.86-07 i.13e.- ,4e-06
Ce-141 1.5e-04 6.2e-05 1.4e-04 2.6e-04 3.0e-04 5.5e-07 2.2e-07 4.9e-07 9.3e-07 1.1e-06
Ce-144 1.2e-02 6.8e-03 1.1e-02 1.6e-02 1.8e-02 4.1e-05 2.4e4-5 4.0e.-5 5.7e.-5 6.3e-05
Pm- 147 1.3e-03 7.5e-04 1.2e-03 1.8e-03 2.0e-03 4.6e-06 2.7e-06 4.4e-06 6.3e-06 7.0e-06

_UEG _ 64 _1-3_ __
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Appendix I-1 : .'. Normalized Effective Dose Equivalents from Concrete
Table 11.16 Normalized effective dose equivalents from inhalation: Disposal-industrial
R Mass-based EDE (pSvly per Bq/g) Surficial EDE (pSvly per BqIcm2)

Radionuclide Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
Sm-151 1.0e-03 5.9e-04 9.8e-04 1.4e-03 1.5e-03 3.6e-06 2.1e-06 3.5e-06 5.0e-06 5.5e-06
Eu'-152,-'-, ;7.4e03 7=:4 3e-03 7.2 -03' ,:'1. 02 '71.1&022: '2 ,2.60 05_'t:.5e-05.C2.5005 ~3:6e0b5 ,4.00-05
Eu-154 9.5e-03 5.6e-03 9.2e-03 1.3e-02 1Ae-02 3.4e-05 2.0e-05 3.3e-05 4.7e-05 5.2e-05
Eu-I 55 1Ae-03 8.1 e-04 1.3e-03 1.9e-03 2.1 e-03 4.9e-06 2.9e-06 4.7e-06 6.8e-06 7.5e-06
Gd-153 2.9e-04 1.7e-04 2.8e-04 4.0e-04 4.4e-04 1.Oe-06 6.0e-07 9.9e-07 1.4e-06 1.6e-06
Tb-160 6.1e-04 3.3e-04 5.8e-04 8.8e-04 9.8e0-4 2.2e-06 1.2e-06 2.1e-06 3.2e-06 3.5e-06
iT~70-;,OI1. ;Z7,.4e0442e-4 '7.ie0 .j9I.0o-03 >;,41t.0e3 2;6, 1.5 6.^2.53.7,0-Ol'i e6
Tm-171 3.0e-04 1.7e-04 2.9e-04 4.1e-04 4.5e-04 1.1e-06 6.2e-07 1.0e-06 1.5e-06 1.6e-06
Ta-182 1.2e-03 6.9e-04 1.2e-03 1.7e-03 1.9e-03 4.4e-06 2.5e-06 4.2e-06 6.2e-06 6.8e-06
W-181 42e-06 2Ae-06 4.0e-06 5.9e-06 6.5e-06 1.5e-08 8.4e-09 1.4e-08 2.1e-08 2.3e-08
W-185 1.9e-05 1.0e-05 1.Be-05 2.7e-05 3.0e-05 6.6e-08 3.6e-08 6.3e-08 9.6e-08 I.Ie-07
OsA185 ,- - z2.6e64 :1.404,2.5e44:3.7e-04 5
Ir-1 92 6.9e-04 3.7e-04 6.6e-04 1.0e-03 1.1 e-03 2.5e-06 1 .3e-06 2.4e-06 3.6e-06 4.0e-06
T1-204 7.9e-05 4.7e-05 7.7e-05 1.1 e-04 1 .2e-04 2.8e-07 1.7e-07 2.7e-07 3.9e-07 4.3e-07
Pb-210 - 7.5e-01 4Ae-01 7.3e-01 1.Oe+00 1.1e+00 2.7e-03 1.6e-03 2.6e-03 3.7e-03 4.1 e-03
Bi-207 6.7e-04 3.9e-04 6.5e-04 9.2e-04 1.0e-03 2.4e-06 1.4e-06 2.3e-06 3.3e-06 3.7e-06

.Z3eO 0. 7 , 4 -1.3 03,
Ra-226 2.9e-01 1.7e-01 2.8e-01 4.0e-01 4.4e-01 1.Oe-03 6.1 e-04 1.0e-03 1Ae-03 1.6e-03
Ra-228 4.5e-01 1.9e-01 4.2e-01 7.2e-01 8.2e-01 1.6e-03 6.7e-04 1.5e-03 2.6e-03 2.9e-03
Ac-227 4.4e+01 2.6e+01 4.3e+01 6.0e+01 6.7e+01 1.6e-01 9.2e-02 1.5e-01 2.2e-01 2Ae-01
Th-228 8.2e+00 4.8e+00 8.0e+00 1.1e+01 1.3e+01 2.9e-02 1.7e-02 2.8e-02 4.0e-02 4.5e-02
Tfr229:~ *:;i 7.30+01 t4.3o+01*79.0e+01 .O+2H1+0 26e 01 'I.5e-0i;-2.Se-O1 4-3.6e-01 .5:4.00-011
Th-230 1.le+O1 6Ae+00 1.le+Ol 1.5e+01 1.7e+01 3.9e-02 2.3e-02 3.8e-02 5Ae-02 6.0e-02
Th-232 5.5e+01 3.2e+01 5.3e+01 7.6e+01 8.4e+01 2.0e-01 1.1e-01 1.9e-01 2.7e-01 3.0e-01
Pa-231 4.3e+01 2.5e+01 42e+01 5.9e+01 6.6e+01 1.5e-01 9.0e402 1.5e-01 2.1e-01 2.4e-01
U-232 2.2e+01 1.3e+01 2.2e+01 3.1e+01 3.4e+01 8.0e-02 4.7e-02 7.7e-02 1.le-41 1.2e-01
U-233' Z - 4.60+00 -,2.7e+00'.43 - .e 02
U-234 4.5e+00 2.6e+00 4.3e+00 6.1e+00 '6.8e+00 1.6e-02 9.3e-03 1.5e-02 2.2e-02 2.4e-02
U-235 4.1e+00 2Ae+00 4.0e+00 5.7e+00 6.3e+00 1.5e-02 8.6e-03 1.4e-02 2.0e-02 2.3e-02
U-236 4.2e+00 2.5e+00 4.1e+00 5.8e+00 6Ae+00 1.5e-02 8.8e-03 1.5e-02 2.1 e-02 2.3e-02
U-238 4.0e+00 2.3e+00 3.9e+00 5.5e+00 6.0e+00 1.4e02 8.3e-03 1.4e-02 2.0e-02 2.2e-02

23 -,;i i.e+011.1 +0i ;1.8e+01 +Oi-z2.80 T 0 03e-02 2g6.36,O'Fi8.902 9.9e!02-
Pu-236 4.8e+00 2.8e+00 4.6e+00 6.6e+00 7.3e+00 1.7e-02 9.9e-03 1.6e-02 2Ae-02 2.6e-02
Pu-238 1.3e+01 7.7e+00 1.3e+01 1.8e+01 2.0e+01 4.7e-02 2.7e-02 4.5e-02 6.5e-02 7.2e-02
Pu-239 1.4e+01 8.5e+00 1.4e+01 2.0e+01 2.2e+01 5.1e-02 3.0e-02 5.0e-02 7.1e-02 7.9e-02
Pu-240 1.4e+0I 8.5e+00 1.4e+01 2.0e+01 2.2e+01 5.1e-02 3.0e-02 5.0e-02 7.1e-02 7.9e-02
Pu-241__'-,''2:8-0i2 X1.60-01 Z,2.70-01__'X3.8&,01 ,_,412.ii9.9 X5;8e- r,2.96e.4 A1eb3' 15eO3j
Pu-242 1.4e+01 8.1e+00 1.3e+O1 1.9e+01 2.1e+01 4.9e-02 2.9e-02 4.8e-02 6.8e-02 7.5e-02
Pu-244 1.4e+01 8.0e+00 1.3e+01 1.9e+01 2.1e+01 4.8e-02 2.8e-02 4.7e-02 6.7e-02 7Ae4-02
Am-241 1.5e+01 8.8e+00 1.4e+01 2.0e+01 2.3e+01 5.3e-02 3.1e-02 5.2e-02 7Ae-02 8.2e-02
Am-242m 1.5e+01 8.7e+00 1.4e+01 2.0e+O1 2.2e+O0 5.3e-02 3.1e-02 5.1e-02 7.3e-02 8.1e-02

243 ,,,,,.',;e1.5e+01- 8.e+00 .'1.4et01 20O0Ol,2.2 Oi5.302 3.1i 2 5;1e, 2 7.3e 2,,,;
Cm-242 5.le-01 3.0e-01 4.9e-01 7.1e-01 7.8e-1 1.8e-03 1.1e-03 1.8e-03 2.5e-03 2.8e-03
Cm-243 1.Oe+01 6.0e+00 1.0e+01 1.4e+01 1.6e+01 3.7e-02 2.1e-02 3.6e-02 5.1e-02 5.6e-02
Cm-244 8.3e+00 4.9e+00 8.1e+00 1.1e+01 1.3e+01 3.0e-02 1.7e-02 2.9e-02 4.1e-02 4.5e-02
Cm-245 1.5e+O1 9.0e+00 1.5e+01 2.1e+01 2.3e+O0 5.5e-02 3.2e-02 5.3e-02 7.5e-02 8.4e-02
Cm-246 1.5e+01 8 ;9e4  1.5e01 Z2i 01, -321 ,28.30-02'
Cm-247 1.4e+01 8.2e+00 lAe+01 1.9e+01 2.le+01 5.0e-02 2.9e-02 4.8e-02 6.9e-02 7.6e-02
Cm-248 5.6e+01 3.3e+01 5Ae+01 7.6e+01 8Ae+01 2.0e-01 1.2e-01 1.9e-01 2.7e-01 3.0e-01
Bk-249 4.6e-02 2.7e-02 4.4e-02 6.3e-02 6.9e-02 1.6e-04 9.5e-05 1.6e-04 2.2e-04 2.5e-04
Cf-248 1.6e+00 9.5e-01 1.6e+00 2.2e+00 2.5e+00 5.8e-03 3.4e-03 5.6e-03 7.9e-03 8.8e-03
CT-249. : 2,,1.3e+01,! 7.5-+00_ 1.2e+01 ' 1.8eO f .9e401 -- .602 i 2.7e-02.4- 02 -7.Oe02;
Cf-250 6.9e+00 4.0e+00 6.7e+00 9.5e+00 1 .Oe+01 2.5e-02 1 .4e-02 2.4e-02 3.4e-02 3.8e-02
Cf-251 1.3e+01 7.7e+00 1.3e+01 1.8e+01 2.0e+01 4.7e402 2.7e-02 4.5e-02 6.4e-02 7.1e-02
Cf-252 5.le+00 3.0e+00 5.0e+00 7.le+00 7.8e+00 1.8e-02 1.1e-02 1.8e-02 2.5e-02 2.8e-02
Cf-254 6.7e+00 3.5e+00 6Ae+00 1.0e+01 1.le+01 2.4e-02 1.2e-02 2.3e402 3.6e-02 4.0e-02
Es-254 ' .3e+00 4 7.6e01 . .3e+00 -- 1 .8e+00>' 2.0e+00 .:' '-4.6e03" 2.7003 4;A.5e-03 i 6.4e-03' '7.1 e03 -

Note: To convert these values to conventional units (mremly per pC!/g or mremly per pCi/crm2 ), multiply by 3.7e-3
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Normalized Effective Dose Equivalents from Concrete Appendix 1-1
Normalized Effective Dose Equivalents from Concrete Appendix I-I

Table 11.17 Normalized effective dose equivalents from inoesrton: Disnosal-Industrial

Radionuclide - Mass-based EDE (jSvly per Bq/g)Mean 5th 50th 90th 95th
Surficial EDE (pSv/y per Bq/cm2)

Mean 5th 50th 90th 95th
H-3 7.8-05 3.4e-06 4.3e-05 2.1e-04 2.7e-04 2.8e-07 1.2e-08 1.5e-07 7.4e-07 9.6e-07
C-14 2.6e-03 1.1e-04 1.4e-03 6.8e-03 8.8e-03 9.1e-06 4.0e-07 5.0e-06 2.4e-05 3.1e-05
Na-22 1.4e-02 6.1e-04 7.6e-03 3.6e-02 4.7e-02 4.9e-05 2.2e-06 2.7e-05 1.3e-04 1.7e-04
P-32 _ 2.8e-03 5.7e-05 1.1e-03 7.5e-03 1.2e02 1.0e-05 2.1e-07 3.8e-06 2.7-05 4.4e-05

__5 _. - -'.r-04 ._ 134sO3 03 :-f1.5 06 ) 6.6e-08+ u-u,'8 .7 -.3;2e- 0624
CI-36 3.7e-03 1.6e-04 2.1e-03 9.9e-03 1.3e-02 1.3e-05 5.8e-07 7.3e-06 3.5e-05 4.6e-05
K-40 2.3e-02 1.00-03 1.3e-02 6.1e-02 7.8e-02 8.1e-05 3.6e-06 4.5e-05 2.2e-04 2.8e-04
Ca-41 1.6e-03 6.9e-05 8.6e-04 4.2e-03 5.4e-03 5.6e-06 2.5e-07 3.1e-06 1.5e-05 1.9e-05
Ca45 3Ae-03 1.5e-04 1.80-03 8.9.-03 1.2e-02 1.2e-05 5.3e-07 6.6e-06 3.2e-05 4.1 es-05
-- -- t 5.9e-O3i66-32o-034 1.5e-O2.& 2.0e02 .?.216705,,9i-7,^ .2-O 5.S.-05;7.4e-O53
Cr-51 8.2e-05 2.9e-06 4.1e-05 2.1e-04 3.1e-04 2.9e-07 1.0e-08 1.4e-07 7.6e-07 1.1e-06
Mn-53 1.3e-04 5.8e-06 7.3e-05 3.5e-04 4.6e-04 4.7e-07 2.1e-08 2.6e-07 1.3e-06 1.6e-06
Mn-54 3.1e-03 1.4e-04 1.7e-03 8.4e-03 1.1e-02 1.1e-05 5.0e-07 6.2e-06 3.0e-05 3.9e-05
Fe-55 7.3e-04 3.2e-05 4.0e-04 1.9e-03 2.5e-03 2.6e-06 1.1e-07 1.4e-06 6.9e-06 8.9e-06
Fe 59'l,' F'i9e 03i''t2.Oe,~ .2.6-0 3 7-;i'3e, 2 ;^,1.8eO & ,2-.r,.1.8e -O5•7.2e-7Z 9.064;05.f6.-,5
Co-56 9.2e-03 4.0e-04 5.0e-03 2.4e-02 3.2e-02 3.3e-05 1Ae-06 1.8e-05 8.6e-05 1.1e-04
Co-57 8.4e-04 3.7e-05 4.6e-04 2.2e-03 2.9e-03 3.0e-06 1.3e-07 1.6e-06 7.9e-06 1.0e-05
Co-58 2.6e-03 1.1e-04 1.4e-03 6.9e-03 9.2e-03 9.4e-06 4.1e-07 5.1e-06 2.5e-05 3.3e-05
Co-60 1.2e-02 5.5e-04 6.9e-03 3.3e-02 4.3e-02 4.4e-05 2.0e-06 2.4e-05 1.2e-04 1.5e-04

M-5~,s >. 2. 1ejie 6; 2,'8.8e-04;,4 9.2i*O,07,4. ,.,,5Se0-,.e6 3e0'
NI-63 7.1e-04 3.1e-05 3.9e-04 1.9e-03 2.4e-03 2.5e-06 1.1e-07 1.4e-06 6.7e-06 8.7e-06
Zn-65 1.6e-02 7.1e-04 8.8e-03 4.3e-02 5.5e-02 5.7e-05 2.5e-06 3.1 e-05 1.5e-04 2.0e-04
As-73 6.5e-04 2.8e-05 3.5e-04 1.7e-03 2.2e-03 2.3e-06' 1.0e-07 1.3e-06 6.0e-06 8.0e-06
Se-75 9.7e-03 4.3e-04 5.3e-03 2.5e-02 3.3e-02 3.5e-05 1.5e-06 1.9e-05 9.1e-05 1.2e-04
Sr,-,85 ''A,, g1.7e-03g7.:3e-05. .9. 4 .O4' ,4.ie-03 Ž_5.9. 3{,5%, 6'1e 26 3.3e I.eO
Sr-89 7.2e-03 3.0e-04 3.8e-03 1.9e-02 2.5e-02 2.6e-05 1.le-06 1.4e-05 6.7e-05 9.1e-05
Sr-90 1.9e-01 8.2e-03 1.0e-01 5.0e-01 6.4e-01 6.7e-04 2.9e-05 3.7e-04 1.8e-03 2.3e-03
Y-91 7.9e-03 3.4e-04 4.2e-03 2.1e-02 2.7e-02 2.8e005 1.2e-06 1.5e-05 7.3e-05 9.8e-05
Zr-93 2.0e-03 9.0e-05 1.1 -03 5.4e-03 7.0e-03 _ 7.3e-06 3.2e-07 4.0e-06 1.9e-05 2.5e-05

Zr-5,*4e0 D924e 0--ks;e'-0-..e,,s3-e9t§ . eO~i 05T -5Sr'.e 05,1
Nb-93m 6.4e-04 2.8e-05 3.5e-04 1.7e-03 2.2e-03 2.3e-06 1.Oe-07 1.3e-06 6.0e-06 7.8e-06
Nb-94 8.8e-03 3.9e-04 4.8e-03 2.3e-02 3.0e-02 3.1e-05 1.4e-06 1.7e-05 8.3e-05 1.e-04
Nb-95 1.7e-03 6.5e-05 8.6e-04 4.4e-03 6.1e-03 6.0e-06 2.3e-07 3.0e-06 1.6e-05 2.2e-05
Mo-93 1.7e-03 7.3e-05 9.1e-04 4.4e-03 5.7e-03 5.9e-06 2.6e-07 3.3e-06 1.6e-05 2.0e-05
,Tc97,,42'.~ 21o-04i9.o3-089fz 2e-04C .6.-04-a -2 -. e,,,'33 - ', e1~07 2.'e -062.S6,'
Tc-97m 1.2e-03 5.1e-05 6.3e-04 3.0e-03 4.0e-03 4.2es-6 1.8e-07 2.3e-06 1.1e-05 1.4e-05
Tc-99 1.8e-03 7.9e-05 9.9e-04 4.8e-03 6.2e-03 6.4e-06 2.8e-07 3.5e-06 1.7e-05 2.2e-05
Ru-103 2.1e-03 8.6e-05 1.1e-03 5.5e-03 7.6e-03 7.6e-06 3.0e-07 3.9e-06 2.0e-05 2.7e-05
Ru-106 3.1e-02 1.4e-03 1.7e-02 8.4e-02 1.1e-01 1.1e-04 5.0e-06 6.2e-05 3.0e-04 3.9e-04
Age-108m - , 039.4e-O394.1e 5.2 03 2.5e-2, 3i :02v ,,,' I3.3 051.5-6 i.8e 55Z8;8e 05:i.1e '4
Ag-11Im 1.2e-02 5.3e-04 6.6e-03 3.2e-02 4.1 e-02 4.3e-05 1.9e-06 2.4e-05 1.1e-04 1.5e-04
Cd-109 1.5e-02 6.7e-04 8.4e-03 4.1e-02 5.2e-02 5.5e-05 2.4e-06 3.0e-05 1.4e-04 1.9e-04
Sn-113 3.2e-03 1.4e-04 1.7e-03 8.3e-03 1.1e-02 1.1e-05 5.1e-07 6.2e-06 3.0e-05 3.9e-05
Sb-124 8.5e-03 3.6e-04 4.5e-03 2.2e-02 3.0e-02 3.0e-05 1.3e-06 1.6e-05 7.9e-05 1.1e-04

St.2'':,,i'.e0'^19 d2:4e-35 61.e,2,,. i.5e'0 ,6059e'46
Te-123m 5.7e-03 2.5e-04 3.1e-03 1.5e-02 2.0e-02 2.0e-05 9.1e-07 1.1e-05 5.4e-05 7.0e-05
Te-127m 8.8e-03 3.9e-04 4.8e-03 2.3e-02 3.0e-02 3.1e-05 1.4e-06 1.7e-05 8.3e-05 1.1e-04
1-125 3.2e-02 1.4e-03 1.7e-02 8.4e-02 1.1e-01 1.e-04 4.9e-06 6.2e-05 3.0e-04 4.0e-04
1-129 3.4e-01 1.5e-02 1.9e-01 9.0e-01 1.2e+00 1.2e-03 5.3e-05 6.7e-04 3.2e-03 4.2e-03

I-J2--- .6-3'48-5 .6e-,03 i~' Z-4e-02,:-.,':-4.3e-2,;1;5.-:1 7e',07 5 8e 06
Cs-134 8.7e-02 3.8e-03 4.8e-02 2.3e-01 3.0e-01 3.1e-04 1.4e-05 1.7e-04 8.2e-04 1.1e-03
Cs-135 8.7e-03 3.8e-04 4.8e-03 2.3e-02 3.0e-02 3.1e-05 1.4e-06 1.7e4-5 8.2e-05 1.1e-04
Cs-137 6.1e-02 2.7e-03 3.4e-02 1.6e-01 2.1e-01 2.2e-04 9.6e-06 1.2e-04 5.8e-04 7.5e-04
Ba-133 4.1e-03 1.8e-04 2.3e-03 1.1e-02 1.4e-02 1.5e-05 6.5e-07 8.2e-06 3.9e-05 5.1e-05

Ct9u- '1.2eO3. 5.2e- 05 6.5e 4' 3.ie 03, ',4.teO03-;9' 4,2e0 t.07 ,23 06 ,~1'.1,;5' -1. 5eO
Ce-141' 1.8e-03 6.8e-05 9.2e-04 4.7e-03 6.6e-03 6.4e-06 2.4e-07 3.3e-06 1.7e-05 2.4e-05
Ce-144 2.4e-02 1.Oe-03 1.3e-02 6.3e-02 8.1e-02 8.5e-05 3.7e-06 4.7e-05 2.2e-04 2.9e-04
Pm-147 1.3e-03 5.5e-05 6.9e-04 3.3e-03 4.3e-03 4.5e4-6 2.0e-07 2.5e.-6 1.2e-05 1.5e.-5
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Appendix I-I Normalized Effective Dose Equivalents from Concrete
Table 11.17 Normalized effective dose equivalents from Ingestion: Disposal-industrial

Mass-based EDE (pSvly per Bq/g) Surficial EDE (pSvly per BqIcm2 )
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

SM-151 4.8e-04 2.1e-05 2.6e-04 1.3e-03 1.6e-03 1.7e-06 7.5e-08 9.4e-07 4.5e-06 5.8e-06
Eu-152; -i ;- 7.9e-O 3 , 4.4e 3 2.10-2 ,2.7 2'. 2;8 05' ,12e 16e 5&,7;5e-05 49.7-05-'
Eu-1 54 1.2e-02 5.1e-04 6.4e-03 3.1e-02 4.0e-02 4.2e-05 1.8e-06 2.3e-05 1.1e-04 1.4e-04
Eu-1 55 1 .9e-03 8.1 e-05 I .Oe-03 4.9e-03 6Ae-03 6.6e-06 2.9e-07 3.6e-06 1 .8e-05 2.3e-05
Gd-153 1.3e-03 5.7e-05 7.2e-04 3.5e-03 4.5e-03 4.7e-06 2.0e-07 2.6e-06 1.2e-05 1.6e-05
Tb-160 6.0e-03 2.6e-04 32e-03 1.6e-02 2.1e-02 2.1e-05 9.3e-07 12e-05 5.6e-05 7.5e-05
,Jrn1705.e 3 e '3e3,i>1.4e-02 fi1'.9e'',2,.^1.9e-0,+85 ,07 ;, 0 -5i 5 a'-

Trn-171 5.1e-04 2.2e-05 2.8e-04 1.3e-03 1.7e-03 1.8e-06 8.1e-08 1.0e-06 4.8e-06 6.3e-06
Ta-182 6.5e-03 2.9e-04 3.5e-03 1.7e-02 2.2e-02 2.3e-05 I.Oe-06 1.3e-05 6.1 e-05 8.0e-05
W-181 2.9e-04 1.3e-05 1.6e-04 7.6e-04 9.9e-04 1.Oe-06 4.6e-08 5.7e-07 2.7e-06 3.6e-06
W-1 85 1.4e-03 6.2e-05 7.7e-04 3.7e-03 4.9e-03 5.1 e-06 2.2e-07 2.8e-06 1.3e-05 1.8e-05
Os-i85 ' 623e, 379;5'405 1;260'65OeeO3. :<27.4e03 .
Ir-192 5.1e-03 2.2e-04 2.8e-03 1.3e-02 1.8e-02 1.8e-05 8.0e-07 9.9e-06 4.8e-05 6.4e-05
Ti-204 4.1 e-03 I.8e-04 2.2e-03 1.1e-02 1.4e-02 I.4e-05 6Ae-07 8.0e-06 3.8e-05 5.0e-05
Pb-210 8.9e+00 3.9e-01 4.9e+00 2.4e+01 3.1e+01 3.2e-02 1Ae-03 1.8e-02 8.4e-02 1.1e-01
BI-207 6.7e-03 2.9e-04 3.7e-03 1 .8e-02 2.3e-02 2Ae-05 1.1 e-06 I .3e-05 6.3e-05 8.2e-05
P- z 2.0+8.6e- ! 2-W'1 e+O00, 5.2e ' 6.8e+00 I,.8 2
Ra-226 1.6e+00 7.3e-02 9.1e01 4Ae+O0 5.7e+00 5.9e-03 2.6e-04 3.2e-03 1.6e-02 2.0e-02
Ra-228 1 .8e+00 7.8e-02 9.8e41 4.7e+00 6.1 e+OO 6.3e-03 2.8e-04 3.5e-03 1 .7e-02 2.2e-02
Ac-227 1.8e+01 7.9e-01 1.0e+01 4.8e+01 6.2e+01 6.4e-02 2.8e-03 3.6e-02 1.7e-01 2.2e-01
Th-228 9.6e-01 4.2e-02 5.3e-41 2.5e+00 3.3e+00 3.4e-03 1.5e-04 1.9e-03 9.1 e-03 1.2e-02
Th 9--' §9e,0 .2e-01 -- 2.7e+00 J.I.3e+Oi -il.7e,+01 1.8-02;7.82 17e3 7e,,2 6 2
Th-230 6.7e-01 3.0e-02 3.7e-01 1.8e+00 2.3e+00 2.4e-03 1.1e-04 1.3e-03 6.4e-03 8.2e-03
Th-232 3.4e+00 I .5e-01 1 .9e+00 9.0e+00 1 .2e+01 1 .2e-02 5.3e-04 6.6e-03 3.2e-02 4.1 e-02
Pa-231 1.3e+01 5.7e-01 7.2e+00 3.5e+01 4.5e+01 4.7e-02 2.0e-03 2.6e02 1.2e-01 1.6e-01
U-232 1.6e+00 7.2e-02 9.0e-01 4.3e+00 5.6e+00 5.9e-03 2.6e-04 3.2e03 1.6e-02 2.0e-02
U-233: i3g5e-Oi _'..6e42 LjŽ2.0e-i ,',9Ae-O1 ,1.2e+00 e
U-234 3.5e-01 1.5e2 1.9e-01 9.3e-01 1.2e+00 12e-03 5.5e-05 6.8e-04 3.3e-03 4.3e-03
U-235 3.3e-01 1.4e-02 1.8e-01 8.7e-41 I.1e+00 1.2e-03 5.2e-05 6.4e-04 3.1e-03 4.0e-03
U-236 3.3e-01 IAe-02 1.8e-01 8.8e-01 1.1e+00 1.2e-03 5.2e-05 6.5e-04 3.1e-03 4.0e-03
U-238 3.3e-01 1.4e-02 1.8e-01 8.8e-01 1.1e+00 1.2e-03 5.2e-05 6.5e-04 3.1 e-03 4.Oe-03
Np-237 .f '5.500;_2.4 41 ..3.0e+00 y1t5+01 .9e+01 ,X1.9 4,'8.6e-M4>'-.1e 02 5.2e202 ,6.7e2 6
Pu-236 1Ae+OO 62e-02 7.7e-01 3.7e+00 4.8e+00 5.0e-03 2.2e-04 2.7e-03 1.3e-02 1.7e-02
Pu-238 3.9e+00 1.7e-41 2.2e+00 1.0e+01 1.3e+01 1.4e-02 6.2e-04 7.7e-03 3.7e-02 4.8e-02
Pu-239 4.3e+00 1.9e4-1 2.4e+00 1.2e+01 1.5e+01 1.5e-02 6.8e-04 8.5e-03 4.1e-02 5.3e-02
Pu-240 4.3e+00 1.9e-41 2.4e+00 1.2e+01 1.5e+01 1.5e-02 6.8e-04 8.5e-03 4.1 e-02 5.3e02
Pu'24-i,.1t 8Ae-02',,e-03 .1 ,4.7e0b2 L21 29,e01 Oi3'e' .

Pu-242 4.1e+00 1.8e-01 2.3e+00 1.1e+01 1.4e+01 1.5e-02 6.5e-04 8.1e-03 3.9e-02 5.1e-02
Pu-244 4.1e+00 1.8e-01 2.3e+00 1.1e+01 1.4e+01 1.5e-02 6.4e-04 8.0e-03 3.9e-02 5.0e-02
Arn-241 4.5e+00 2.0e-41 2.5e+00 1.2e+01 1.5e+01 1.6e-02 7.0e-04 8.8e-03 4.2e-02 5.5e-02
Arn-242m 4.4e+00 1.9e-01 2.4e+00 1.2e+01 1.5e+01 1.6e-02 7.0e-04 8.7e-03 4.2e-02 5.4e-02
An~243:2J~ .-' -^ 4; +0 i2.Oe.012.5e00' 1.2e+0j.0 - .i.6e22;7.e0 8.7e,, 3 ' 2e421 55e,02i
Cm-242 1 .2e-01 5.4e-03 6.8e-02 3.3e-01 4.3e-01 4.4e-04 1 .9e-05 2.4e-04 1 .2e-03 1 .Se-03
Cm-243 3.1e+00 1Ae-01 1.7e+00 8.2e+00 1.1e+01 1.1e-02 4.8e-04 6.0e-03 2.9e-02 3.8e-02
Cm-244 2.5e+00 1.1e-01 1 Ae+O0 6.6e+00 8.5e+00 8.8e-03 3.9e-04 4.8e-03 2.3e-02 3.0e-02
Cm-245 4.6e+00 2.0e01 2.5e+00 1.2e+01 1.6e+01 1.6e-02 7.2e-04 9.0e-03 4.3e-02 5.6e-02
Cm-246 '4.5e+00 _-2.0 l 25e+OO t e,+O *, 1.6e+01:/.'§1-6 '427-1-0 89&.03j?4.3e-O2' :5.6e2',
Cm-247 4.2e+00 1.8e01 2.3e+00 1.1e+01 1.4e+O1 1.5e402 6.6e-04 8.2e-03 4.0e-02 5.1e-02
Cm-248 1.7e+01 7.3e-01 9.2e+00 4Ae+01 5.7e+01 6.0e02 2.6e403 3.3e-02 1.6e-01 2.1e-01
Bk-249 1.5e-02 6.5e-04 8.1e-03 3.9e-02 5.0e-02 5.2e-05 2.3e-06 2.9e-05 1.4e-04 1.8e-04
Cf-248 3.9e-01 .7e-02 2.2e-41 1.0e+00 1.3e+00 1.4e-03 6.2e405 7.7e-04 3.7e-03 4.8e-03
Cf-249,-' 5.8e+00 0O-.,1.5e+01.':2.0e+tl 2.1e42.9.1e 1.1e42,;5.5e02 7.1e42
Cf-250 2.6e+00 1.1e-01 IAe+O0 6.9e+00 8.9e+00 9.3e-03 4.1e-04 5.1e-03 2.5e-02 3.2e-02
Cf-251 5.9e+00 2.6e-01 3.3e+00 1.6e+01 2.0e+01 2.1 e402 9.3e-04 1.2e-02 5.6e-02 7.3e02
Cf-252 1.3e+00 5.7e-02 7.2e-01 3.4e+00 4.4e+00 4.6e-03 2.1e-04 2.5e-03 1.2e-02 1.6e-02
Cf-254 2.0e+00 8.7e-02 1.1e+00 5.3e+00 7.1e+00 7.2e-03 3.1e-04 3.9e-03 1.9e-02 2.5e-02

oEs:254 T -' .';:-3.7te1 vau.6es 2 2;0e4o1 - 9 i . 0 ,1.30e3p p!5.80) mult7i2e-l 4 by 3.5e4'--' 45e43

Note: To convert these values to conventional units (mrem/y per pCi~g or mrem/y per pCi/cm 2). multiply by 3.7e-3
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Normalized Effective Dose Equivalents from Concrete Appendix 1-1
Normalized Effective Dose Equivalents from Concrete Appendix 1-1

Table_11.18 Normalized effective dose equivalents from all Pathwavs: Disposal-MSW
Mass-based EDE (pSv/y per Bgqg)

Radionucide Mean 5th 50th 90th 95th
- Surficial EDE (p~Sv/y per Bglcrn2)

Mean 5th 50th 90th 95th
H-3 4.4e-05 6.9e-07 1.7e-05 1.3e-04 1.9e-04 1.6e-07 2.5e-09 5.9e-08 4.6e-07 6.9e-07

C-14 1.5e-03 2.4e-05 5.8e-04 4.4e-03 6.5e-03 5.4e-06 8.6e-08 2.Oe-06 1.6e-05 2.3e-05

Na-22 5.3e+01 7.8e-01 2.4e+01 1.5e+02 2.0e+02 1.9e-01 2.8e-03 8.4e-02 5.4e-01 7.2e-01
P-32 1.4e-02 9.3e-05 4.1e-03 3.7e-02 6.2e-02 4.9e-05 3.3e-07 1.5e-05 1.3e-04 2.2e-04

S35, 'e 8.-6e 4,Xi' 8.6 4_.2e-03. 71 -

CI-36 1.2e-02 2.4e-04 5.8e-03 3.4e-02 4.5e-02 4.3e-05 8.6e-07 2.1e-05 1.2e-04 1.6e-04

K-40 4.1e+00 6.1e-02 1.9e+00 1.2e+01 1.6e+01 1.5e-02 2.2e-04 6.6e-03 4.2e-02 5.7e-02

Ca-41 8.9e-04 1.4e-05 3.3e-04 2.6e-03 3.8e-03 3.2e-06 5.1e-08 1.2e-06 9.2e-06 1.4e-05

Ca-45 2.2e-03 4.5e-05 9.2e-04 6.2e-03 9.1e-03 7.8e-06 1.6e-07 3.3e-06 2.2e-05 3.2e-05

S-248, P 3.8. 01'',5.4we-0 1,, .7ef 0 O-f1.1e+021.5 2° F i-t1 3e-012.0s-3.0e -3.8ed ij5.i 0i

Cr-51 3.1e-01 3.7e-03 1.3e-01 8.8e-01 1.3e+00 1.1e-03 1.3e-05 4.5e-04 3.2e-03 4.5e-03

Mn-53 8.5e-05 2.6e-06 3.9e-05 2.3e-04 3.4e-04 3.0e-07 9.2e-09 1.4e-07 8.4e-07 1.2e-06

Mn-54 1.9e+01 2.8e-01 8.4e+00 5.4e+01 7.3e+01 6.7e-02 9.9e-04 3.0e-02 1.9e-01 2.6e-01

Fe-55 4.6e-04 1.4e-05 2.1e-04 1.3e-03 1.9e-03 1.6e-06 4.9e-08 7.5e-07 4.6e-06 6.7e.06
F.598e+01'2Z t',.7.9e+00.--5_.,1e+0,1,7.0e401,.4e O2 .8 2.5 2 :'t 1  2eOi-

Co-56 6.9e+01 9.9e-01 3.1e+01 2.0e+02 2.7e+02 2.5e-01 3.6e-03 1.1e-01 7.0e-01 9.5e-01

Co-57 1.8e+00 2.7e-02 8.1e-01 5.2e+00 7.0e+00 6.4e-03 9.5e-05 2.9e-03 1.9e-02 2.5e-02

Co-58 1.7e+01 2.4e-01 7.6e+00 4.8e+01 6.5e+01 6.0e-02 8.7e-04 2.7e-02 1.7e-01 2.3e-01

Co-60 6.3e+01 9.3e-01 2.8e+01 1.8e+02 2.5e+02 2.3e-01 3.3e-03 1.Oe-01 6.5e-01 8.7e-01
M:5i 1 6622eoe28.6.-05>T 4.7e-044 6;8 6 e-7: ,,e'2.4e06n
NI-63 4.6e04 1.5e-05 2.2e-04 1.3e-03 1.8e-03 1.7e-06 5.5e-08 7.9e-07 4.5e-06 6.6e06

Zn-65 1.3e+01 1.9e-01 5.9e+00 3.8e+01 5.2e+01 4.7e-02 6.9e-04 2.1 e02 1.4e-01 1.8e-01

As-73 2.8e-02 4.1e-04 1.3e-02 8.0e-02 1.1e-01 1.Oe-04 1.5e-06 4.5e-05 2.9e-04 3.9e-04

Se-75 6.4e+00 9.4e-02 2.9e+00 1.8e+01 2.5e+01 2.3e-02 3.3e-04 1.Oe-02 6.6e-02 8.9e-02

S-5,,,.- -,',m 1.2e-0f<. 3.7e±0O+.72.3e+,0,z3e0 ,,e-,29 e ,R, 1,-w.3e01.1 0

Sr-89 2.7e02 3.9e-04 1.2e-02 7.5e-02 1.0e-01 9.5e-05 1.4e-06 4.2e-05 2.7e404 3.7e-04

Sr-90 2.1e-01 3.7e-03 9.6e-02 5.8e-01 8.0e-01 7.3e-04 1.3e-05 3.4e-04 2.1e-03 2.9e-03

Y-91 9.1e-02 1.4e-03 4.2e-02 2.6e-01 3.5e4-1 3.3e-04 4.9e-06 1.5e-04 9.2e-04 1.3e-03

Zr-93 3.2e-03 2.8e-04 2.8e-03 6.6e-03 8.2e-03 1.1e-05 9.9e-07 9.8e-06 2.4e-05 2.9e-05

Zr-95,J :'',19e+01 9 1 8.6040 *, 5 6 .4017.4e 0tB'6.8e 2-1e0.3@3.i0e' 2e 6 -01 ,2.6e-0j.

Nb-93m 1.5e-03 1.0e-04 1.2e-03 3.3e-03 4.1e-03 5.3e-06 3.6e-07 4.2e-06 1.2e-05 1.5e-05

Nb-94 3.8e+01 5.6e4- 1.7e+01 1.1e+02 1.5e+02 1.4e-01 2.0e-03 6.1e-02 3.9e4-1 5.3e-01

Nb-95 9.8e+00 1.3e-01 4.1e+00 2.7e+01 3.9e+01 3.5e-02 4.5e-04 1.5e-02 9.8e-02 1.4e4-1

Mo-93 3.9e-03 1.4e-04 2.3e-03 1.1e-02 1.4e-02 1.4e-05 5.0e-07 8.2e-06 3.7e-05 4.9e-05

Tc-97^'x,3.~'f4 .2e-05U;_1.e-03 9e-0 -02 1.2e-05,i.8e,07.'_&A4e-O 4.6

Tc-97m 6.5e-03 1.1e-04 3.0e-03 1.8e-02 2.5e-02 2.3e-05 3.8e-07 1.1e-05 6.5e-05 8.8e-05

Tc-99 1.7e-03 4.8e4-5 8.7e-04 4.5e-03 6.4e-03 6.0e4-6 1.7e-07 3.1e-06 1.6e05 2.3e-05

Ru-103 6.1e+00 8.2e-02 2.6e+00 1.7e+01 2.4e+01 2.2e-02 2.9e-04 9.4e-03 6.2e-02 8.5e-02

Ru-106 4.8e+00 7.2e-02 2.2e+00 1.4e+01 1.9e+01 1.7e-02 2.6e-04 7.7e-03 4.9e-02 6.6e-02

Ag-108m Ce -3.86±01 f5.64e1.;;7e±01?ji.1e+02't5e+021L.' i .01; 2.0 03ij,..e42 39e 5.3e 1,

Ag-110m 6.1e+01 9.0e-01 2.8e+01 1.8e+02 2.4e+02 2.2e-01 3.2e-03 9.9e-02 6.3e4-1 8.4e-01

Cd-109 1.1e-01 1.9e-03 5.2e-02 3.1e401 4.2e-01 3.9e-04 6.9e-6 1.9e-04 1.1e-03 1.5e-03

Sn-113 4.7e+00 6.9e02 2.1e+00 1.4e+01 1.8e+01 1.7e-02 2.5e-04 7.5e-03 4.8e4-2 6.5e-02

Sb-124 3.1e+01 4.5e-01 1.4e+01 8.9e+01 1.2e+02 1.1e-01 1.6e-03 5.0e-02 3.2e-01 4.3e-01
St 125'-19'4e A4 2'e0-01460 4 +,00v, 2 1 3.e Oi

Te-123m 2.0e+00 3.0e-02 9.2e4-1 5.8e+00 7.9e+00 7.2e-03 1.1e-04 3.3e-03 2.1e4-2 2.8e-02
Te-127m 1.1e-01 1.7e-03 5.1e-02 3.2e-01 4.3e-01 4.0e-04 6.0e-06 1.8e-04 1.1e03 1.5e-03
1-125 6.2e-02 9.3e-04 2.8e-02 1.8e-01 2.4e-01 2.2e-04 3.3e-06 9.9e-05 6.3e-04 8.7e-04
1-129 2.4e-01 3.6e-03 1.0e-01 6.9e-01 1.0e+00 8.6e-04 1.3e-05 3.6e-04 2.5e-03 3.6e-03
i1 ,i' 2.Oe.03V'.;i1 i:4e-0,3.0e+00X6.0eC00 -'-,4.0e
Cs-134 3.6e+01 5.4e-01 1.6e+01 1.0e+02 1Ae+02 1.3e-01 1.9e-03 5.8e-02 3.7e4-1 5.0e-01
Cs-135 5.0e-03 6.9e-05 1.9e-03 1.5e-02 2.2e-02 1.8e-05 2.5e-07 6.6e-06 5.2e-05 7.7e-05
Cs-137 1.3e+01 2.0e-01 6.0e+00 3.9e+01 5.2e+01 4.8e-02 7.1e-04 2.2e-02 1.4e-01 1.9e-01
Ba-133 7.8e+00 1.1e-01 3.5e+00 2.2e+01 3.0e+01 2.8e-02 4.1e-04 1.2e-02 8.0e-02 1.1e4-1
Ce-139 --- 3. 2.je+0 -3.ie-02 <--9.5e-01', 6.ie 00'8.2e 00,>'' :"-7.5 0 '2.92
Ce-141 6.3e.-1 8.0e-03 2.7e-01 1.8e+00 2.5e+00 2.3e-03 2.9e-05 9.5e-04 6.4e-03 9.0e-03
Ce-144 1.2e+00 1.8e-02 5.4e4-1 3.4e+00 4.6e+00 4.2e-03 6.6e-05 1.9e-03 1.2e-02 1.6e4-2
Pm-147 1.8e-03 1.3e-04 1.5e-03 4.0e-03 5.2e-03 6.5e-06 4.7e-07 5.2e-06 1.4e-05 1.9e-05
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Appendix 1-1 ,f; Normalized Effective' Ddse Equivalents from ConcreteApeni 1- omlzdEfci-Dis qiaet rmCnrt
Table 11.18 Normalized effective dose equivalents from all pathways: Disposal-MSW

Radionuclide Mass-based EDE (pSv/y per Bqgg) Surficial EDE (pSv/y per Bq/cm2)
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

SM-151 1.0e-03 9.7e-05 9.4e-04 2.0e-03 2Ae-03 3.6e-06 3.5e-07 3.3e-06 7.1e-06 8.5e-06
Eu-152 b--~.8e,+01:. >4.1e-0i:1,71.2e+,01'.0e+01D.;1e,+0 2 ;.:9.Be-02, 1i03'-4.4e42~ 2.8. 01 ,<<3.8e01.
Eu-154 3.0e+01 4Ae-01 1.4e+01 8.7e+01 1.2e+02 1.1e-01 1.6e-03 4.8e-02 3.1e-01 4.1e4-1
Eu-155 7.1e-01 1.e-02 3.2e-01 2.1e+00 2.8e+00 2.5e-03 3.8e-05 1.1e-03 7.3e-03 9.8e-03
Gd-153 8.7e4-1 1.3e-02 3.9e-01 2.5e+00 3Ae+00 3.1e-03 4.6e4-5 1Ae-03 9.0e-03 1.2e-02
Tbi160 2.0e+01 2.8e4-1 8.8e+00 5.6e+01 7.6e+01 7.0e-02 1.0e-03 3.1e-02 2.0e-01 2.7e4-1
,Trr170:h ',81f52.-0248.3 2JT4e-0 1 1- ,2.050 1e.9e-044 :8:6e*5,-- 5.3e'-4,-> .2e-044
Tm-171 4.8e-03 9.5e4-5 2.3e-03 1.3e-02 1.8e-02 1.7e-05 3.4e-07 8.2e-06 4.8e4-5 6Ae4-05
Ta-182 2.5e+01 3.7e4-1 1.1e+01 7.3e+01 9.9e+01 9.1e-02 1.3e-03 4.1e-02 2.6e4-1 3.5e4-1
W-181 2.5e4-1 3.6e-03 1.1e-01 7.1e-01 9.6e4-1 8.8e-04 1.3e-05 4.0e-04 2.6e-03 3Ae-03
W-185 2.0e-03 3.1e-5' 9.1e-04 5.8e-03 8.0e-03 7.3e-06 1.1e-07 3.2e-06 2.1e-05 2.8e4-5
Os-lBS f2'.i.3e+01, _'!1.9-e01 . i-,.4.Be02 K6.6eO4X12.0e02'1.3e01'vY:1.8e 1T5
Ir-192 1.3e+01 1.9e-01 6.0e+00 3.8e+01 5.2e+01 : 4.7e02 6.9e-04 2.1e-02 1.3e4-1 1.8e4-1
T1-204 1.8e,-2 2.7e-04 8.2e-03 5.2e-02 6.9e-02 6.4e-05 9.7e-07 2.9e4-5 1.9e-04 2.5e-04
Pb-210 5.4e+00 1 Ae-01 2.3e+00 1.5e+01 2.3e+01 1.9e-02 4.8e-04 8.2e-03 5.5e-02 8.0e4-2
Bi-207 3.7e+01 5.4e401 1.7e+01 1.1e+02 1Ae+02 ' 1.3e-01 1.9e-03 5.9e-02 3.8e-01 5.1e4-1
Po210 3 1.3e+00 ,' f:-5.7e41.e+0, 5.e i03 -8 2
Ra-226 4.5e+01 6.9e-01 2.1e+01 1.3e+02 1.8e+02 1.6e4-1 2.5e-03 7.3e-02 4.7e4-1 6.2e4-1
Ra-228 2.6e+01 4.2e4-1 1.2e+01 7.5e+01 1.0e+02 9.3e-02 1.5e-03 4.3e4-2 2.7e4-1 3.6e4-1
Ac-227 5.0e+01 4.4e+00 4.5e+01 1.0e+02 1.2e+02 1.8e-01 1.6e-02 1.6e-01 3.6e-01 -4.4e4-1
Th-228' 4.5e+01 1.4e+00 2.5e+01 1.2e+02 1.6e+02 1.6e-01 4.9e4-3 8.9e-02 4Ae4-1 5.8e4-1
Wh229NpiiL6.3e + 0i-6.8e;00 6;34e+01 X..i .1e;,+02, y,-3o02 A52e 1 - .2.4e-2 ~ 2.32-0lj4.0'301 4 i;0,j
Th-230 8.5e+00 1.0e+00 8.8e+00 1.5e+01 1.6e+01 3.0e-02 3.6e-03 3.1e-02 5.2e-02 5.8e-02
Th-232 4.3e+01 5.1e+00 4.5e+01 7.4e+01 8.2e+01 1.5e-01 1.8e-42 1.6e4-1 2.6e4-1 3.0e4-1
Pa-231 4.0e+01 4.1e+00 3.9e+01 7.5e+01 8.7e+01 1.4e4-1 1.5e42 1.4e4-1 2.7e4-1 3.1e4-1
U-232 1.9e+01 2.1e+00 1.9e+01 3.4e+01 3.8e+01 6.7e-02 7.5e43 6.8e-02 1.2e4-1 1.4e,-1
U-2233e03.610'0 i2e,0i3.70400. i 6 2eOO0 ,.9e+,00 '' .e,2f)1.5-03,'.3e-0 2.2b2T,-2.5e.2c
U-234 3.5e+00 4.1e-01 3.6e+00 6.0e+00 6.7e+00 1.2e-02 1.5e-03 1.3e-02 2.2e-02 2Ae402
U-235 6.2e+00 4.3e.-1 5.0e+00 1.4e+01 1.7e+01 2.2e-02 1.5e-03 1.8e-02 4.9e-02 6.1e-02
U-236 3.3e+00 3.9e4-1 3Ae+00 5.7e+00 6.4e+00 1.2e-02 1 Ae-03 1.2e-02 2.0e-02 2.3e-02
U-238 3.6e+00 3.8e4-1 3.6e+00 6.7e+00 7.7e+00 1.3e-02 1.3e-03 1.3e-02 2.4e-02 2.7e-02
Np237p'1, 0l ',1 1 ,4.2&I0 i',,5.0 e+401 ; -. 6.4e-03 6.66.-02^ .-. 5.-O1-i.8e-01'
Pu-236 4.3e+00 4.5e4-1 4.2e+00 8.0e+00 9.3e+00 1.5e-02 1.6e-03 I.5e-02 2.9e-02 3.3e-02
Pu-238 1.2e+01 1.2e+00 1.2e+01 2.2e+01 2.6e+01 4.2e-02 4.5e-03 4.1e-02 7.9e-02 9.2e-02
Pu-239 1.3e+01 1.4e+00 1.3e+01 2.4e+01 2.8e+01 4.6e-02 4.9e-03 4.5e42 8.7e-02 1.0e-41
Pu-240 1.3e+01 1.4e+00 1.3e+01 2Ae+O1 2.8e+01 4.6e-02 4.9e-03 4.5e-02 8.7e-02 1.0e41

2 0u-241''.56e,,4 2.6eOL,,2.5e-Ol .'7e41je- 5 .5 O e 4,,> :9.4e-05SU 8.7e-'9.743?i2.-O43
Pu-242 12e+01 1.3e+00 1.2e+01 2.3e+01 2.7e+01 4.4e-42 4.7e-03 4.3e-02 8.3e-02 9.7e402
Pu-244 2.0e+01 1.4e+00 1.6e+01 4.5e+01 5.6e+01 7.2e-02 5.0e4-3 5.8e-02 1.6e4-1 2.0e4-1
Am-241 1.4e+01 1.4e+00 1.3e+01 2.5e+01 3.0e+01 4.9e-02 5.0e-03 4.7e4-2 9.1e-02 1.1e-01
Am-242m 1 Ae+01 1.4e+00 1.3e+01 2.6e+01 3.0e+01 4.9e-42 5.0e-03 4.7e-02 9.1e-02 1.1e-01
2i3 e+0i '3i.4e+ 14.l+A1e 6: 6.0. 02Th:5i203I 5. .-e a 2 , 'e-0ir55 801I
Cm-242 4.5e.-1 4.8e-02 4Ae4-1 8.2e4-1 9.4e.-1 1.6e-03 1.7e404 1.6e-03 2.9e-03 3A4-3
Cm-243 1.2e+01 1.0e+00 1.0e+01 2Ae+01 2.8e+01 4.1e-02 3.6e-03 3.7e-02 8.3e4-2 1.0e-41
Cm-244 7.5e+00 7.9e41' 7.3e+00 1.4e+01 1.6e+01 2.7e-02 2.8e-03 2.6e-02 5.0e4-2 5.8e-02
Cm-245 1.5e+01 1.5e+00 1Ae+01 2.9e+01 3.4e+0l 5.4e-02 5.3e-03 5.1e-02 1.0e-01 1.2e-01

id-2i 46'1Ae+01 e1.4e4002'1.3 +01"',25e+01i. 3.0. 01'.:: '4.9.02' 5.1e-3'' 4. 9.ie'- ':
Cm-247 2.0e+01 1.4e+00 1.6e+01 4.4e+01 5.4e+01 7.1e-02 5.1e-03 5.8e4-2 1.6e4-1 1.9e.-1
Cm-248 5.0e+01 5.3e+00 4.9e+01 ' 9.3e+01 1.1e+02 1.8e-01 1.9e-02 1.7e4-1 3.3e.-1 3.9e.-1
Bk-249 - 4.3e-02 4.3e-03 4.1e-02 8.2e4-2 9.6e-02 1.5e-04 1.6e-05 1.5e-04 2.9e-04 3.4e-04
Cf-248 1.4e+00 1.5e-01 1Ae+O0 2.6e+00 3.0e+00 5.0e-03 5.4e-04 5.Oe-03 9.2e-03 11.e-02
Cf-249 - 2.0e+01- 1.3e+00, 1.6e+01 -.4.5e.+01 5.6e+01 -,71e02 -,4.8e43 5.6e02-1.6 41,2,,-2 l
Cf-250 6.5e+00 6.6e.-1 62e+00 1.2e+01 1.5e+01 2.3e-02 2Ae4-03 2.2e-02 4Ae-02 5.2e4-2
Cf-251 1.5e+01 1.3e+00 1.3e+01 3.1e+01 3.7e+01 5.3e4-2 4.6e-03 4.7e-02 1.1e-01 1.3e4-1
Cf-252 4.5e+00 4.8e4-1 4.5e+00 8.3e+00 9.6e+00 1.6e-02 1.7e-03 1.6e-02 3.0e-02 3.4e-42
Cf-254 6.1 e+00 6.1e4-1 5.7e+00 1.2e+01 1Ae+01 2.2e-02 2.2e-43 2.0e-02 4.2e-02 4.9e-02
ES-254 ' 2.e+01,'.2.-al 1.00e01 -26.0e1 i 8.0e+01 -'--- 7.68-02 ' 1.5e43 3.6e 42 21e-i' 28e4Ol

Note: To convert these values to conventional units (mrem/y per pClg or mremly per pCi/cm2). multiply by 3.7e-3
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Normalized Effective Dose Equivalents from Concrete Appendix 1-1-

Tablel11.19 Normalized effective dose equivalents from extemnal exposure: Disposal-MSW
Radinuclde - Mass-based EDE (pSv/y per Bq/g)

RaincleMean 5th 50th 90th 95th
Surficial EDE (pSv/y per Bq/cm2)

Mean 5th 50th 90th 95th
H-3 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
C-14 5.3e-05 7.8e-07 2.4e-05 1.5e-04 2.1 e-04 1.9e-07 2.8e-09 8.5e-08 5.5e-07 7.3e-07
Na-22 5.3e+01 7.8e-01 2.4e+01 1.5e+02 2.0e+02 1.9e-01 2.8e-03 8.4e-02 5.4e-01 7.2e-01
P-32 _ 1.2e02 7.7e-05 3.6e-03 3.3e-02 5.5e-02 4.3e-05- 2.8e-07 1.3e-05 1.2e-04 2.0e-04

CI-36 9.4e-03 1 Ae-04 4.2e-03. 2.7e-02 3.7e-02 3.4e-05 5.0e-07 1.5e-05 9.7e-05 1.3e-04
K40 4.1e+00. 6.te-02 1.8e+00 1.2e+01 1.6e+01 1.5"F2 2.2e-04 6.6e-03 4.2e-02- S.7e-02
Ca-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-45 2.1 e04 3.1 e-06 9.6e-05 6.1 e-04 8.3e-04 7.6e-07 1.1e-08 3.4e-07 2.2e-06 2.9e-06

SS klw~t{-38+i:f 5'e-i'+-~1.e+0~.1,02E. +2m^>, . 1 0. .eAT~e1,

Cr-51 3.1e-01 3.7e-03 1.3e-01 8.8e-01 1.3e+00 1.1e-03 1.3e-05 4.5e-04 3.2e-03 4.5e-03
Mn-53 O.Oe+00 O.Oe+00. O0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00. O.Oe+00 O.Oe+00 O.Oe+00
Mn-54 1.9e+01 2.8e-01' 8.4e+00 5.4e+01 7.3e+01 6.7e-02 9.9e-04 3.0e-02 1.9e-01 2.6e-01
fe-55 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

CO-56 6.9e+01 9.9e-01 3.1e+01 2.0e+02 2.7e+02 2.5e-01 3.6e-03 1.1e-01 7.0e-01 9.5e-01
Co-57 1.8e+00 2.7e-02 8.1e-01 5.2e+00 7.0e+00 6.4e-03 9.5e-05 2.9e-03 1.9e-02 2.5e-02
Co-58 1.7e+01 2.4e-01 7.6e+00 4.8e+01 6.5e+01 6.0e-02 8.7e-04 2.7e-02 1.7e-01 2.3e-01
Co-60 6.3e+01 9.3e-01_ 2.8e+01 1.8e+02 2.5e+02 2.3e-01 3.3e-03 1.Oe-01 6.5e-01 8.7e-01

M-592,0.e OOO.OeOO.e ;'-'-0 °°+ L-'i-; o~e+O O.e ~ bt.O.O Ooj,;(oe+O d'6O.Oe+
Ni-63 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Zn-65 1.3e+01 1.9e-01' 5.9e+00 3.8e+01 5.1e+01 4.7e-02 6.9e-04 2.1 e-02 1.4e-01- 1.8e-01
As-73 2.8e-02 4.0e-04 1.2e-02 7.9e-02 1.1e-01 9.9e-05 1.4e-06 4.4e-05 2.8e-04 3.8e-04
Se-75 6.4e+00 9.4e-02 2.9e+00 1.8e+01 2.5e+01 2.3e-02 3.3e-04 1.0e-02 6.6e-02 8.9e-02

Sr,8,"7,5,8.et00' 1.2e " ,,.e0 .,+ 2+i ¢t: O27 2 '~Oi.#83 -,'.e
Sr-89 2.3e-02 3.1e-04 1.0e-02' 6.4e-02 8.8e-02 8.1 e-05 1.1e-06 3.6e-05 2.3e-04 3.1e-04
Sr-90 9.7e-02' 1.4e-03 4.4e-02 2.8e-01 3.8e-01 - 3.5e-04 5.1 e-06 1.6e-04 1.0e-03 1.3e-03
Y-91 8.6e-02 1.2e-03 3.8e-02 2.4e-01 3.3e-01 3.1 e-04 4.3e-06 1.4e-04 8.8e-04 1.2e-03
Zr-93 1.6e-06 1.6e-08 5.8e-07 4.9e-06 7.2e-06 5.8e-09 5.9e-1 1 2.1 e-09 1.7e-08 2.6e-08

Zr95lz~gt~i1 2.8-015 : 8.6e+OO^56+1iv 4 + 8~ e0S 'ie0 i'.e1,e0
Nb-93m 4.1 e-04 6.0e-06 1.8e-04 1.2e-03 1.6e-03 1.5e-06 2.1e-08 6.6e-07 4.2e-06 5.6e-06
Nb-94 3.8e+01 5.6e-01 1.7e+01 1.1e+02 1.5e+02 1.4e-01 2.0e-03 6.1e-02 3.9e-01 5.3e-01
Nb-95 9.8e+00 1.3e-01 4.1e+00 2.7e+01 3.9e+01 3.5e-02 4.5e-04 1.5e-02 9.8e 02 1.4e-01
Mo-93 2.3e-03 3.4e-05 1.0e-03 6.7e-03 9.1e-03 8.3e-06 1.2e-07 3.7e-06 2.4e 05 3.2e-05

Tc-97m 5.7e-03 8.3e-05 2.6e-03 1.6e-02 2.2e-02 2.0e-05 3.0e-07 9.1e-06 5.8e 05 7.9e-05
Tc-99 5.0e-04 7.3e-06 2.2e-04 1.4e-03 1.9e-03 1.8e-06 2.6e-08 7.9e-07 5.1e-06 6.8e-06
Ru-103 6.1e+00 8.2e-02 2.6e+00' 1.7e+01 2.4e+01 2.2e-02 2.9e 04 9.4e-03 6.1e-02 8.5e-02
Ru-106 4.8e+00 7:Oe-02 2.1 e+00 1.4e+01 1.9e+01 1.7e-02 2.5e-04 7.6e-03 4.9e-02 6.6e-02

0gi8rnM 156-1's .e0',i1e 4 w w;l~i4020,0 0,,s9 i53,i
Ag-110 m 6.1 e+01 9.0e-01 2.8e+01 1.8e+02 2.4e+02 2.2e-01 3.2e-03 9.9e-02 6.3e-01 8.4e-01
Cd-109 9.9e-02 1.5e-03 4.5e-02 2.9e-01 3.9e-1 3.5e-04 5.2e 06 1.6e 04 1.0e-03 1.4e-03
Sn-1 13 4.7e+00 6.9e-02 2.1e+00 1.4e+01 1.8e+01 1.7e-02 2.4e-04 7.5e-03 4.8e-02 6.5e-02
Sb-124 _ .e+01 4.5e-01 1.4e+01 8.9e+01 1.2e+02 1.1e-01 1.6e-03 5.0e-02 3.2e-01 4.3e-01

S'1 £s94+0 14O',4e02;,7et+10 3;7e+ 1i'_, A.-, 2--3.e ',25.0e-0, i.5 02'.;'.e WE .3e
Te 123m 2.0e+00 3.0e-02 9.1e-011 5.8e+00 7.9e+00 7.2e-03 ,1.1e-04 3.3e-03 2.1 e-02 2.8e-02
Te 127m 1.1e-01 1.5e 03 4.8e-02 '3.0e-01 4.1e-01 3.8e-04 5.5e-06 1.7e-04 1.1e-03 1.5e-03
1-125 4.4e-02 6.3e-04 2.0e-02 1.3e-01 1.e-01 1.6e-04 2.2e-06 7.1 e-05 4.5e 04 6.1e-04
1-129 5.1 e-02 7.5e-04 2.3e-02 1.5e-01 2.0e-01 1.8e-04 2.7e-06 8.2e-05 5.2e 04 7.0e 04

i-~~Hfie+OO'20O -0ie1>30,+ I:.e0-'~;t40 '-.'951 - ;e2 2.1e-OZ
Cs-1 34 3.6e+01 5.3e-01 1.6e+01 1.0e+02 1.4+02 1.3e-01 1.9e-03 5.8e-02 3.7e-01 5.0e-01
Cs-135 1.5e-04 2.2e-06 6.8e-05 4.4e-04 5.9e 04 5.4e-07 7.9e-09 2.4e-07 1.6e-06 2.1e-06
Cs-137 1.3e+01 2.0e-01 6.0e+00 3.9e+01 5.2e+01 4.8e-02 7.0e-04 2.1 e-02 1.4e-01 1.9e-01
8a-133 7.8e+00 1.1e-01 3.5e+00 ,2.2e+01 ,,3.0e+01 2.8e-02 4.1 e-04 1.2e-02 8.0e-02 1.1e-01

Ce-39'¢', *',2.1 e+00 - 3.1eZ 0:,-9.5e-1,-'-i.1e+0, .e0'^, t 7F3r ,.1.1e 4'? .eOi-.e0 .e0,
Ce-141 6.3e-01 8.0e-03 2.7e-01 1.8e+00 2.5e+00 2.3e-03 2.9e-05 9.5e 04 6.4e-03 8.9e-03
Ce 144 1.2e+00 1.7e-02 5.2e-01 3.4e+00 4.5e+00 4.1 e-03 6.1 e-05 1.9e-03 1.2e-02 1.6e-02-
Pm-147 1.9e-04 2.8e-06 8.7e-05 5.6e-04 7.5e-04 6.9e-07 1.0e-08 3.1 e-07 2.0e 06 2.6e-06
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Appendix 1-1 Non-nalizcd Effective Dose Equivalents from Concrete

Table 11.19 Normalized effective dose equivalents from external exposure: Dlsposal-MSW
d'oucl'de Mass-based EDE (pSvly per BqIg) Surficial EDE (pSv/y per Bqlcm2)

ionulid Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
Sm-151 3.9e-06 5.7e-08 1.7e-06 1.1e-05 1.5e-05 1.4e-08 2.0e-10 6.2e-09 4.0e-08 5.4e-08

i.152 f 3 .e2.8e+0i , 4.Oe-i1 -,1.2+01 8.O+0.1+,2.' .Q-:,9;8e 2 . ie-02 - 2;8e-01 .Be01
Eu-154 3.0e+01 4Ae-01 1.4e+01 8.7e+01 1.2e+02 1.Ie-01 1.6e-03 4.8e-02 3.1e-01 4.1e-01
Eu-155 7.1e-01 1.0e-02 3.2e-01 2.0e+00 2.8e+00 2.5e-03 3.7e-05 1.1e-03 7.3e-03 9.8e-03
Gd-153 8.7e-01 1.3e-02 3.9e-01 2.5e+00 3Ae+00 3.1e-03 4.6e-05 1.4e-03 9.0e-03 1.2e-02
Tb-160 2.0e+01 2.8e-01 8.8e+00 5.6e+01 7.6e+01 7.0e-02 1.Oe-03 3.1 e-02 2.0e-01 2.7e-01
Tm-I7,0; ~> 9e-02 <.7.2e-04 --- 17e- ;6o-06ŽJ.9e-5 5.0 6.8e0i
Tn-171 4.3e-03 6.3e-05 1.9e-03 1.2e-02 1.7e-02 1.5e-05 2.2e-07 6.8e-06 4.4e-05 5.8e-05
Ta-182 2.5e+01 3.7e-01 1.1e+01 7.3e+01 9.9e+01 9.1e-02 1.3e-03 4.1e-02 2.6e-01 3.5e-01
W-181 2.5e-01 3.6e-03 1.1e41 7.1e-01 9.6e-01 8.8e-04 1.3e-05 4.0e-04 2.6e-03 3Ae-03
W-185 1.2e-03 1.8e-05 5.6e-04 3.6e-03 4.8e-03 4.5e-06 6.5e-08 2.0e-06 1.3e-05 1.7e-05

9.185 . 3e+011.9e-i 5.8 +00 .3.7et01 -5-06+01>:s.6e 2 6.6e 2,-, 2.0e 2; A1.36-O 1_.8e 01,
Ir-192 1.3e+01 1.9e-01 6.0e+00 3.8e+01 52e+01 4.7e-02 6.9e-04 2.1e-02 1.3e-01 1.8e-01
11-204 1.6e-02 2.3e-04 7.1 e-03 4.5e-02 6.1e-02 5.6e-05 8.3e-07, 2.5e-05 1.6e-04 2.2e-04
Pb-210 2Ae-02 3.5e-04 1.1 e-02 6.9e-02 9Ae-02 8.6e-05 1.3e-06 3.9e-05 2.5e-04 3.3e-04
Bi-207 3.7e+01 5.4e-01 1.7e+01 1.1e+02 1.4e+02 1.3e-01 1.9e-03 5.9e-02 3.8e-01 5.1e-01
p~2i0.' jJ:i ,1.7e&04 (4 206 -:7.8e-05 5. 70-04 62e-07,;,N,9.1 '0-.2.8e-07-18e-06'.
Ra-226 4Ae+01 6.5e-01 2.0e+01 1.3e+02 1.7e+02 1.6e-01 2.3e-03 7.1e-02 4.5e-01 6.1e-01
Ra-228 2.5e+01 3.6e-01 1.1e+01 7.1e+01 9.7e+01 8.8e-02 1.3e-03 4.0e-02 2.5e-01 3Ae-01
Ao-227 7.9e+00 1.2e-01 3.6e+00 2.3e+01 3.1e+01 2.8e-02 4.2e-04 1.3e-02 8.1e-02 1.1e-01
Th-228 - _3.9e+01 5.7e-01 1.7e+01 1.1e+02 15e+02 1Ae-01 2.0e-03 6.2e-02 4.0e-01 5.3e-01

9+o. I3e S '92o-O2 /2.8eO00t'1 .8e0201J2.4o+0t.. ,, >2.2- 3.3e-J. ,02 46.4e02 ,- 8.6e0 2'
Th-230 6.6e-03 9.7e-05 3.0e-03 1.9e-02 2.6e-02 2Ae-05 3.5e-07 1.1e-05 6.8e-05 9.3e-05
Th-232 2.9e4-1 2.9e-03 1.0e401 8.7e-01 1.3e+00 1.Oe-03 1.0e-05 3.6e-04 3.1e-03 4.5e-03
Pa-231 7.8e-01 1.Ie-02 3.5e-01 2.2e+00 3.0e+00 2.8e-03 4.1e-05 12e-03 8.0e-03 1.1e-02
U-232 1.4e+00 1Ae-02 5.0e-01 4.2e+00 6.2e+00 5.0e-03 51le-05 1.8e-03 1.5e-02 2.2e-02
U-2331ffj,2-.5.6e-03 ' 82e-058 ' 22.5e-03 '0;-1.60-02-2.2e02 :x'2.0e05 -0i8.9e-06 5.7e405 7.7e45
U-234 1.6e-03 2.3e-05 7.1e-04 4.6e-03 6.2e-03 5.7e-06 8.3e-08 2.5e-06 1.6e-05 2.2e-05
U-235 - 3.0e+00 4Ae4-02 1.3e+00 8.6e+00 1.2e+01 1.1e-02 1.6e-04 4.8e03 3.1e-02 4.1e-02
U-236 8.5e-04 1.3e-05 3.8e-04 2.5e-03 3.3e-03 3.0e-06 4.5e48 1 Ae-06 8.7e-06 1.2e-05
U-238 5.2e-01 7.7e03 2.4e-01 1.5e+00 2.0e+00 1.9e-03 2.7e-05 8.4e-04 5.4e-03 7.2e-03

"E237..f<4.3e,+00 ,6.4-02?2.O40 0 rtj1.3o01 .->1.7e+,01- 4.5e02 2.3e-04 :6.9e-3' e2 Ž 6.O 2

Pu-236 1.7e-03 2.2e-05 7.0e-04 5.0e03 7.1e-03 6.2e-06 7.7e-08 2.5e-06 1.8e-05 2.5e-05
Pu-238 6.0e-04 8.8e-06 2.7e-04 1.7e-03 2.3e-03 2.1e-06 3.1e08 9.6e-07 6.1e-06 8.2e-06
Pu-239 1.2e-03 1.7e-05 5.2e-04 3Ae4-03 4.5e-03 4.2e-06 6.1e-08 1.9e-06 1.2e-05 1.6e-05
Pu-240 5.8e-04 8.5e-06 2.6e-04 1.7e-03 2.3e-03 2.1e-06 3.0e-08 9.3e-07 5.9e-06 8.0e-06
Fu-'24i§7~5.0e-05 r'-'6.9o 072.-s 2e-05_':1.4e0o2-.Oo-04 :418e.07 2.5&0;5 7.7e.0 ,5.26 Up7-.v2e07i

Pu-242 5.0e-04 7.4e-06 2.3e4-4 1.5e-03 2.0e-03 1.8e-06 2.7e-08 8.1 e-07 5.2e-06 7.0e-06
Pu-244 8.0e+00 1.2e-01 3.6e+00 2.3e+01 3.1e+01 2.9e-02 4.2e-04 1.3e-02 8.2e-02 1.1e-01
Am-241 1.7e-01 2.5e-03 7.8e-02 5.0e4-1 6.7e-01 6.2e-04 9.1 e06 2.8e-04 1.8e-03 2.4e-03
Am-242m 2.7e-41 3.9e-03 1.2e-01 7.7e-01 1.Oe+00 9.5e-04 1.4e-05 4.3e-04 2.7e-03 3.7e-03
Am-243-,,, .t3.5e+00 -02 O-1.6e+00 i.e+01.-^1. 4e+i1 i.3e02 .9 e 5.7e03 3.642:.-c-4.9e-02
Cm-242 5.8e-04 8.6e-06 2.6e-04 1.7e-03 2.3e-03 2.1e-06 3.1e408 9.3e47 6.0e-06 8.0e-06
Cm-243 2.3e+00 3Ae402 1.Oe+00 6.6e+00 8.9e+00 8.2e-03 1.2e-04 3.7e-03 2.4e-02 3.2e-02
Cm-244 4.9e-04 7.3e-06 2.2e-04 1.4e-03 1.9e-03 1.8e-06 2.6e-08 7.9e-07 5.1e-06 6.8e-06
Cm-245 1.3e+00 2.0e-02 6.0e-01 3.9+00_ 52e+00 4.8e-03 7.0e-05 2.2e-03 1.4e-02 1.9e-02
Cm,246'.--, : iA.6e-04 j,6.'8e-06 46 ,2. .D.3oe43 *1.8e-03; 721.6e06-W z2.4e-08 j7.3o073e T 4.7e406' '6.4706,
Cm-247 7.3e+00 1.1e-01 3.3e+00 2.1e+01 2.9e+01 2.6e-02 3.9e-04 1.2e-02 7.5e-02 1.0e-01
Cm-248 3.5e-04 5.1e-06 1.6e-04 1.0e-03 1.3e-03 1.2e-06 1.8e-08 5.6e-07 3.6e4-6 4.8e-06
Bk-249 1Ae-03 1.4e-05 5.0e-04 4.1 e-03 6.0e-03 4.8e-06 5.1 e-08 1.8e-06 1.4e-05 2.1 e-05
Cf-248 4.6e-04 6.8e-06 2.1e44 1.3e-03 1.8e03 1.6e-06 2.4e-08 7.3e-07 4.7e-06 6.3e-06
,Cf-49 I '- ... j.3e+0 ,1j.le1ei ' 3.3o+,002.1~+e,01, -,2.8e+ l 2 i .6,-02 ,-5' 3.80041.2- 02 7:5 ; 1.0 1.
Cf-250 4.6e-04 6.8e-06 2.1 e-04 ,1.3e-03 I.8e-03 1.7e-06 2.4e-08 7.5e-07 4.8e-06 6.4e-06
Cf-251 2.1e+00 3.1e-02 9.4e-01 6.0e+00 8.1e+00 7Ae-03 t.1e-04 3.3e-03 2.1e-02 2.9e-02
Cf-252 6.8e-04 1.0e-05 3.0e-04 2.0e-03 2.6e-03 2.4e-06 3.6e-08 1.1e-06 7.0e06 9.3e-06
Cf-254 1.0e-06 1.5e-08 4.6e-07 2.9e-06 4.0e-06 3.7e-09 5.3e-11 1.7e-09 1.1e-08 1.4e-08
Es254 ' 2.0e0e+1 3.Ol2e2-I '1.i e 3 32e42''2.1e-01.2.8e0i

Note: To convert these values to conventional units (mremly per pCiIg or mrem/y per pCifcrn), multiply by 3.7e-3
_-3 _ _E-6_
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Normalized Effective Dose Equivalents from Concrete Appendix I- I
Table 11.20 Normalized effective dose equivalents from inhalation: Disposal-MSW

Radionuclide Mass-based EDE (pSvly per Bq/g)
Mean 5th 50th 90th 95th

Surficial EDE (pSv/y per BqIcm2)
Mean 5th 50th 90th 95th

H-3 1.6e-06 2.0e-07 1.7e-06 2.7e-06 3.0e-06 5.6e-09 7.0e-10 5.9e-09 9.6e-09 .1e-08
C-14 5.2e.05 6.4e-06 5.5e-05 8.8e-05 9.8e-05 1.8e-07 2.3e-08 '1.9e-07 3.2e-07 3.5e-07
Na-22 1.9e-04 2.3e-05 2.0e-04 3.2e-04 3.5e-04 6.6e-07 8.2e-08 6.9e-07 1.1e-06 1.2e-06
P-32 1.Oe04 5.1eo06 5.6e-05 2.6e-04 3Ae-04 3.6e-07 1.8e-08 2.0e-07 9Ae-07 1.2e-06
35''*;2 4i8 05$'ft'86--i8,5.2e, 5z .9.38.05 <J, -1.7o07_ >........ 2.0e-08 l.70 07r >2.9o-07>Q-3.3 70T.

CI-36 5.4e-04 6.8e-05 5.7e-04 9.3e-04 1.Oe-03 1.9e-06 2.4e-07 2.0e-06 3.3e-06 3.7e-06
K-40 3.1e-04 3.8e.05 3.2e-04 5.2e-04 5.8e-04 1.1e-06 1.4e-07 1.1e-06 1.9e-06 2.1e-06
Ca-41 3.3e-05 4.1e-06 3.5e-05 5.7e-05 6.3e-05 1.2e-07 1.508 ' 1.3e-07 2.0e-07 2.3e-07
Ca-45 1.4e-04 1.8e-05 1.5e-04 2.4e-04 2.7e-04 5.1e-07 6.2e-08 5.3e-07 8.7e-07 9.8e-07

6 j- E,5.6e 04' 6.8e' 5K, 5.7,e-04.0e8e-04- 1.1e-03'!z 2.0e'06:_, 2Ae-0. j
Cr-51 3.8e-06 3.6e.07 3.2e-06 8.0e-06 9.5e-06 1.4e-08 1.3e-09 1.1e-08 2.8e-08 3.4e-08
Mn-53 1.2e-05 1.5e-06 1.3e-05 2.1e-05 2.3e-05 4.4e-08 5.5e-09 4.6e-08 7.6e-08 8.4e-08
Mn-54 1.5e-04 1.9e-05 1.6e-04 2.6e-G4 2.98-04 5.5e-07 6.8e-08 5.8e-07 9.4e-07 1.Oe-06
Fe-55 6.5e-05 8.1e-06 '6.8e-05 1.1e-04 1.2e-04 2.3e-07 2.9e-08 2.4e-07 4.0e-07 4.4e-07
Fe'-59g;Z'-',:-- 2i;5057>i.X4¢742~.2 4.8 . 7 5
Co-56 7.3e-04 8.9e-05 7.4e-04 1.3e-03 1.5e-03 2.6e-06 3.2e-07 2.6e-06 4.6e-06 5.2e-06
Co-57 2.1e-04 2.6e-05 2.2e-04 3.5e-04 3.9e-04 7.3e-07 9.1e-08 7.7e-07 1.3e-06 1.4e-06
Co-58 1.9e-04 2.3e-05 2.0e-04 3.5e-04 3.9e-04 6.9e-07 8.3e-08 7.0e-07 1.2e-06 1.4e-06
Co-60 5.4e-03 6.7e-04 5.6e-03 9.1e-03 1.0e-02 1.9e-05 2.4e-06 2.0e-05 3.3e-05 3.6e-05

.. 3e05'i i 05-5T-05' 2e' 2.0'
Ni-63 7.7e-05 9.6e-06 8.1e-05 1.3e-04 1.5e-04 2.7e-07 3.4e-08 2.9e-07 4.7e-07 5.2e-07
Zn-65 4.6e-04 5.7e-05 4.8e-04 7.8e-04 8.7e-04 1.6e-06 2.0e-07 1.7e-06 2.8e-06 3.1e-06
As-73 6Ae-05 7.8e-06 6.5e-05 1.1e-04 1.3e-04 2.3e-07 2.8e-08 2.3e-07 4.0e-07 4.6e07
Se-75 1.7e-04 2.1e-05 1.8e-04 3.0e-04 3.3e-04 6.2e-07 7.6e-08 6.4e-07 1.1e-06 1.2e-06
Sr4 7.3T3o 5.36e4063.3eO5 .0Oe' ,6.8e 5 2-- 1.ie08>.2e-07, 2.'1e-07A , 2.4e-
Sr-89 1.0e-04 1.2e-05 1.0e-04 1.9e-04 2.2e-04 3.7e-07 4.2e-08 3.5e-07 6.8e-07 7.8e-07
Sr-90 6.1e-03 7.6e-04 6.5e-03 1.Oe-02 1.2e-02 2.2e-05 2.7e-06 2.3e-05 3.7e-05 4.1e-05
Y-91 8.2e-04 9.6e-05 8.1e-04 1.5e-03 1.7e03 2.9e-06 3.4e-07 2.9e-06 5.3e-06 6.1e-06
Zr-93 2.1e403 2.6e404 2.2e-03 3.5e-03 3.9e3 7.4e-06 9.2e-07 7.8e-06 1.3e-05 1.4e-05
Zr-95.',C3.3e'044 4.005e4 3.4e: 6.4444- 1.2e-06zL1.4e.07--'t2e-06 t 2.0 '6 ,4 2.,e08t
Nb-93m 7.2e-04 9.0e-05 7.6e-04 1.2e-03 1.4e43 2.6e06 3.2e-07 2.7e-06 4.4e06 4.9e-06
Nb-94 1.0e-02 1.3e-03 1.1e-02 1.8e-02 1.9e-02 3.7e-05 4.6e-06 3.9e05 6.3e-05 6.9e-05
Nb-95 7.7e-05 8.0e-06 6.8e4-5 i.5e-04 1.8e-04 2.7e-07 2.9e-08 2.4e-07 5.4e-07 6.3e-07
Mo-93 7.le-04 8.8e-05 7.5e-04 1.2e-03 1.3e-03 2.5e-06 3.1 e-07 2.7e-O6 4.3e-06 4.8e-06

_'3. _ - _l5l__-.-5 '4 5 4- '-- - - .-To7VZmm~- 2.e0_.31 e O k 24' '.e538e.88-O& 1_!V-08.j-9.2e-08- '1.56-071.7074
Tc-97m 9.3e-05 1.1e-O5 9.4e-05 1.6e-04 1.8e-04 3.3e-07 4.0e-08 3.4e-07 5.8e-07 6.5e-07
Tc-99 2.1e-04 2.6e-05 2.2e-04 3.5e-04 3.9e-04 7.4e-07 9.2e-08 7.7e-07 1.3e-06 1.4e-06
Ru-103 1.3e-04 1.4e-05 1.2e-04 2.4e-04 2.8e-04 4.5e-07 4.9e-08 4.1e-07 8.6e-07 1.0e-06
Ru-106 1.1e-02 1.4e-03 1.2e-02 1.9e4-2 2.1e-02 4.0e-05 4.9e-06 4.2e-05 6.8e-05 7.5e-05
AetO8mI.,47.0e-03',-i 8.7e ,-4.t7.Ae-3LJ1.2S.2.' . 1.3e',02,-,^,: ,2-~''.55-, 31-0' 2.65' 0~; :43e'15o;4. 0
Ag-110m 1.8e-03 2.2e-04 1.9e-03 3.1e-03 3.4e43 6.5e-06 8.0e-07 6.8e-06 1.1e-05 1.2e-05
Cd-109 2.7e-03 3.3e-04 2.8e-03 4.6e-03 5.1e-03 9.6e-06 1.2e-06 1.0e-05 1.6e-05 1.8e.-5
Sn-i 13 2.2e-04 2.7e-05 2.2e-04 3.7e-04 4.2e-04 7.7e-07 9.5e-08 8.0e-07 1.3e-06 1.5e4-6
Sb-124 _ 4.3e-04 5.0e-05 4.2e-04 7.7e-04 8.8e-04 1.5e06 1.8e-07 1.5e-06 2.7e-06 3.1e.-6

e,- 3.4e 04:-' "4.2e05 ; 3.5e-04 5.7e ,-i .- 2 6 •.5- 1.3e '200e S2 3e46-
Te-123m 2.2e-04 2.7e-05 2.2e-04 3.7e-04 4.2e-04 7.7e-07 9.5e-08 8.0e.-7 1.3e-06 1.5e-06
Te-127m 4.4e-04 5.4e-05 4.5e-04 7.5e-04 8.5e-04 1.6e-06 1.9e47 1.6e-06 2.7e-06 3.0e-06
1-125 4.1e-04 4.8e-05 4.0e-04 7.4e-04 8.5e-04 1.5e-06 1.7e-07 1.4e-06 2.6e-06 3.0e-06
1-129 4.3e-03 5.3e-04 4.5e-03 7.4e-03 8.1e-03 1.5e-05 1.9e4-6 1.6e-05 2.6e-05 2.9e-05
I1313t^A-'>\:, 1.1e.44~' 1.5.-06 Ls3.0o-05t-23.4o-44 ,-5.10-44-- '3.9e-078':5.3o-09> f1.1e0.-Ol1 .2.-O6,', .8e-06~
Cs-134 1.1e-03 1.4e-04 1.2e-03 1.9e-03 2.1e-03 4.0e-06 4.9e-07 4.2e-06 6.8e-06 7.5e-06
Cs-135 1.1e-04 1.4e-05 1.2e-04 1.9e-04 2.1e-04 4.0e-07 5.0e-08 4.2e-07 6.9e-01 7.6e-07
Cs-137 7.9e-04 9.8.-05 8.3e-04 1.3e-03 1.Se-03 2.8e-06 3.5e-07 3.0e-06 4.8e.-6 5.3e-06
Ba-133 1.9e-04 2.4e-05 2.0e-04 3.3e-04 3.6e-04 6.9e-07 8.5e-08 7.2e-07 1.2e-06 1.3e-06

C'1.904 -2.3e4O - 2.0e03.3e4 3.6ee44,7 :.6'.8'e07.:8.3-08. :7.0e-07 1
Ce-141 1.1e-04 1.2e-05 9.9e-05 2.3e-04 2.7e-04 4.0e-07 4.1e-08 3.5e-07 8.1e-07 9.5e-07
Ce-144 8.5e-03 1.1e-03 9.0e-03 1.5e-02 1.6e-02 3.0e-05 3.7e-06 3.2e-05 5.2e-05 5.8e-05
Pm-147 9.5e-04 1.2e-04 1.0e-03 1.6e-03 1.8e-03 3.4e-06 4.2e-07 3.6e-06 5.8e.-6 6Ae4-06
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Appendix I- Normalized Eff�ctilve' Dose Equivalents from Concrete

Table 11.20 Normalized effective dose equivalents from Inhalation: Disposal-MSW
Mass-based EDE (pSv/y per Bgqg) Surficial EDE (pSvly per Bqgcm2)

Radionuclide Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
Sm-151 7.4e-04 9.2e-05 7.8e-04 1.3e-03 1Ae-03 2.7e-06 3.3e-07 2.8e-06 4.5e-06 5.0e-06

52: .5;.]5'e-3'. 6.'8'e-'4;-5.7e'03.,: e9.353'-1.0e-01 2.9e-5-2.4e 2.0056. 3..3e ' S23.7005
Eu-154 7.0e-03 8.8e-04 7.4e03 1.2e-02 1.3e-02 2.5e-05 3.1e-06 2.6e-05 4.3e-05 4.7e-05
Eu-155 1.Oe-03 1.3e-04 1.e-03 1.7e-03 1.9e-03 3.6e-06 4.5e-07 3.8e-06 6.2e-06 6.8e-06
Gd-153 2.1e-04 2.6e-05 2.2e-04 3.6e-04 4.1e-04 7.6e-07 9.4e-08 8.0e-07 1.3e-06 1.5e-06
Tb-1 60 4.5e-04 5.4e-05 4.5e-04 8.0e-04 9.0e-04 1.6e-06 1.9e-07 1.6e-06 2.8e-06 3.2e-06
prT,17O§'~ 5.4e-04 --6.7 2~5.6e4-0L9.4e4 .-',-,1.0e-03~ , 1.9e '64e, 2 .0e06Ž 3.3e6,3.6e46
Trm-171 22e-04 2.7e-05 2.3e-04 3.7e-04 4.1e-04 7.8e-07 9.7e-08 8.2e-07 1.3e-06 1.5e-06
Ta-182 9.0e-04 1.1e-04 9.4e-04 1.6e-03 1.8e-03 3.2e-06 4.0e-07 3.3e-06 5.6e-06 6.3e-06
W-181 3.1e-06 3.8e-07 3.2e-06 5.3e-06 6.0e-06 1.1e-08 1Ae-09 1.1e-08 1.9e-08 2.1e-08
W-185 1.4e-05 1.7e-06 1.05 2.4eO 2.7e-OS 4.9e-08 5.9e-09 4.9e-08 8.6e-08 9.8e-08

_ -85 .9e- 2.310 2.0 4 .3e-04 2Y .B3e 4':. ;6.8e07u7-: 8.4e08U. 7.e; 006 '6.3e-06
Ir-192 5.1e-04 6.2e-05 5.1e-04 9.0e-04 1.0e03 1.8e-06 2.2e-07 1.8e-06 3.2e-06 3.7e-06
Tl-204 5.9e-05 7.3e-06 62e-05 1.0e-04 1.1e-04 2.1e-07 2.6e-08 2.2e-07 3.6e-07 4.0e-07
Pb-210 5.5e-01 6.9e-02 5.8e-01 9.4e-01 1.0e+00 2.0e-03 2.5e-04 2.1 e-03 3.4e-03 3.7e03
Bi-207 5.0e-04 6.2e-05 5.2e-04 8.5e-04 9.4e-04 1.8e-06 2.2e-07 1.9e-06 3.0e-06 3.3e-06
' io210½;;-,,-48e5 ' '22e-02 .9e 01 C r3J'e- i 73-o7 ,',e --
Ra-226 2.1e01 2.7e-02 2.3e-01 3.7e-01 4.0e-01 7.7e-04 9.5e-05 8.0e-04 1.3e-03 1.4e-03
Ra-228 3.3e-01 3.7e-02 3.0e-01 6.4e-01 7.5e-01 12e-03 1.3e-04 1.1e-03 2.3e-03 2.7e-03
Ac-227 3.3e+01 4.0e+00 3.4e+01 5.5e+01 6.1e+01 12e-01 1Ae-02 1.2e-01 2.0e-01 2.2e-01
Th-228 6.1e+00 7.5e-01 6.4e+00 1.0e+01 1.1e+01 2.2e-02 2.7e-03 2.3e-02 3.7e-02 4.1e-02
Th2229 e+0ei' .7e+0 i5.7e+01'1.e02 2 .0 i .3e-.6
Th-230 8.1e+00 1.Oe+00 8.5e+00 1.4e+01 1.5e+01 2.9e02 3.6e-03 3.0e-02 4.9e-02 5.5e-02
Th-232 4.1e+01 5.Oe+00 4.3e+01 6.9e+01 7.7e+01 t.5e-01 1.8e-02 1.5e41 2.5e-01 2.7e-01
Pa-231 3.2e+01 4.0e+00 3.4e+0l 5.5e+01 6.0e+01 1.1e01 lAe-02 1.2e-01 1.9e-01 2.2e-01
U-232 1.7e+01 2.1e+00 1.7e+01 2.8e+01 3.1e+01 5.9e-02 7.3e-03 6.2e-02 1.0e-01 1.1e-01
U-243?63.4e+006;-4 e01 6: ' 75e+00 5.7+0'-0 . ',2.0e-02 2
U-234 3.3e+00 4.1e-01 3.5e+00 5.6e+00 6.2e+00 1.2e-02 1.5e-03 1.2e-02 2.0e-02 2.2e402
U-235 3.0e+00 3.8e-01 3.2e+00 5.2e+00 5.8e+00 1.1e-02 lAe-03 1.1e-02 1.9e-02 2.1e-02
U-236 3.1e+00 3.9e-01 3.3e+00 5.3e+00 5.9e+00 1.1e-02 1Ae-03 1.2e-02 1.9e-02 2.1e-02
U-238 2.9e+00 3.6e-01 3.1e+00 5.0e+00 5.5e+00 1.0e-02 1.3e-43 1.1e-02 1.8e-02 2.Oe-02
N - .Ae+01 +Oj 012, ,4.8e-2 ;5.9e3 .0o 8.2'-02 -9.0e-0
Pu-236 3.5e+00 4.4e-01 3.7e+00 6.0e+00 6.6e+00 1.3e-02 1.6e-03 1.3e-02 2.1 e-02 2.4e-02
Pu-238 9.7e+00 1.2e+00 1.0e+01 1.7e+01 1.8e+01 3.5e-02 4.3e-03 3.6e-02 5.9e-02 6.6e-02
Pu-239 1.1e+01 1.3e+00 1.1e+01 1.8e+01 2.0e+01 3.8e-02 4.7e-03 4.0e-02 6.5e-02 7.2e-02
Pu-240 1.1e+01 1.3e+00 1.1e+01 1.8e+01 2.0e+01 3.8e-02 4.7e-03 4.0e-02 6.5e-02 7.2e-02

Pu-242 1.0e+01 1.3e+00 1.1e+01 1.7e+01 1.9e+01 3.6e-02 4.5e-03 3.8e-02 62e-02 6.9e-02
Pu-244 1.0e+01 1.2e+00 1.1e+01 1.7e+01 1.9e+01 3.6e-02 4.4e-03 3.7e-02 6.1e-02 6.8e-02
Am-241 1.1e+01 1.4e+00 1.2e+01 1.9e+01 2.1e+01 3.9e-02 4.9e-03 4.1e-02 6.7e-02 7.4e-02
Arn-242m 1.1e+01 1.4e+00 1.2e+01 1.9e+01 2.1e+01 3.9e-02 4.8e-03 4.1e-02 6.6e-02 7.4e-02
A1,243i1he'i.1e01 1Ae+00 -- 1.2e4+01j-.9e+0tl'2.le+01 :-. -43.9e-02 '-4.8e 03'4.1e 02' ''6.7e.02<
Cm-242 3.8e-01 4.7e-02 3.9e-01 6.4e-01 7.2e-01 1.3e-03 1.7e-04 1.4e-03 2.3e-03 2.6e-03
Cm-243 7.6e+00 9.4e-01 8.0e+00 1.3e+01 1Ae+01 2.7e-02 ' 3Ae-03 2.8e-02 4.6e-02 5.1e-02
Cm-244 6.1e+00 7.6e-01 6.5e+00 1.0e+01 1.2e+01 2.2e-02 2.7e-03 2.3e-02 3.7e-02 4.1e-02
Cm-245 1.1e+01 1.4e+00 1.2e+01 1.9e+01 2.1e+01 4.0e-02 5.0e-03 42e-02- 6.9e-02 7.6e-02
' Cn-2,46. '-6.ie+Oj!.2e+0 1.9e+,01, 62.1e+0i,,,4.0e 02 -L5.0e3K 4.2e 2,2,6,-.;02 '
Cm-247 1.0e+01 1.3e+00 1.1e+01 1.8e+01 1.9e+01 3.7e-02 4.6e03 3.9e-02 6.3e-02 6.9e-02
Cm-248 4.1e+01 5.1e+00 4.3e+01 7.0e+01 7.7e+01 1.5e-01 1.8e-02 1.5e-01 2.5e-01 2.8e-01
Bk-249 3.4e-02 4.2e-03 3.5e-02 5.7e-02 6.3e-02 1.2e-04 I.5e-05 1.3e04 2.0e-04 2.3e-04
Cf-248 1.2e+00 1.5e-01 1.3e+00 2.0e+00 2.3e+00 4.3e-03 5.2e-04 4.5e-03 7.3e-03 8.1e-03
Cf-2i9:;> ;'-9.5e+00 -1.2e+0~.0e+0I 1.60+01 - 1.60+01- *'-~- C3;4e- i;2e 4 3 ~3.5-2 ; 58e,02 6.4e402
Cf-250 5.1e+00 6.3e-01 5.4e+00 8.7e+00 9.6e+00 1.8e-02 2.3e-03 1.9e-02 3.1e-02 3.4e-02
Cf-251 9.6e+00 1.2e+00 1.0e+01 1.6e+01 1.8e+01 3.4e-02 4.3e-03 3.6e-02 5.9e-02 6.5e-02
Cf-252 3.8e+00 4.7e-01 4.0e+00 6.5e+00 7.2e+00 1.4e-02 1.7e-03 1.4e-02 2.3e-02 2.6e-02
Cf-254 5.0e+00 5.9e-01 4.9e+00 8.9e+00 1.0e+01 1.8e-02 2.1e-03 1.8e-02 3.2e-02 3.7e-02
Es-254 ;-2 9.6e--1 ' -2- O1 i.Oe+ 6e0 0 1.8e+00 :.i 34.03 ?.=4.2e 4 3.6e-3 5.8e O3 : 6.5e- 03
Note: To convert these values to conventional units (mremly per pClg or mremly per pCicm2). multiply by 3.7e-3
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Normalized Effective Dose Equivalents from Concrete Appendix 1-1

Table 11.21 Normalized effective dose equivalents from ingestion: Disposal-MSW.
Mass-based EDE (pSvly per Bq/g)

Radionucide Mean 5th 50th 90th 95th
Surficial EDE (pSv/y per Bq/cm2)

Mean 5th 50th 90th 95th
H-3 4.3e-05 3.7e-07 1.5e-05 1.3e-04 1.9e-04 1.5e-07 1.3e-09 5.2e-08 4.5e-07 6.8e-07
C-14 1.4e-03 1.2e-05 4.8e-04 4.1e-03 6.2e-03 S.Oe-06 4.3e-08 1.7e-06 1.5e-05 2.2e-05
Na-22 7.5e-03 6.4e-05 2.6e-03 2.2e-02 3.3e-02 2.7e-05 2.3e-07 9.2e-06 7.9e-05 1.2e-04
P-32 1.5e-03 5.9e-06 3Ae-04 3.9e-03 7.1e-03 5.4e-06 2.1e-08 1.2e-06 1.4e05 2.6e-05
S-35:j , . , 2.3e-04§ t1.9e_7.9e0852 6.7 t. 9
CI-36 2.0e-03 1.7e-05 7.0e-04 6.0e-03 9.0e-03 7.2e-06 6.2e-08 2.5e-06 2.1 e-05 3.2e-05
K-40 1.2e-02 1.1e-04 4.3e-03, 3.7e-02 5.5e-02 4.4e-05 3.8e-07 1.5e-05 1.3e-04 2.0e-04
Ca-41 8.5e-04 7.3e-06 2.9e-04 2.5e-03 3.8e-03 3.0e-06 2.6e-08 1.Oe-06 9.0e06 1.4e-05
Ca-45 1.8e-03 1.5e-05 6.4e-04 5.4e-03 8.2e-03 6.5e-06 5.6e-08 2.3e-06 1.9e-05 2.9e-05
Sce46 -m:3 ,-=;7e-05, . 4e-03 :,9 1i.ie 05' ,-4 a29.7 7e; 8 .,4, 6 ; ,- 3 5.1e-05
Cr-51 4.4e-05 3.0e-07 1Ae-05 1.3e-04 2.0e-04 1.6e-07 1.1e-09 4.9e-08 4.4e-07 7.1e-07
Mn-53 7.2e-05 6.2e-07 2.5e-05 2.1e-04 3.2e-04 2.6e-07 2.2e-09 8.9e-08 7.7e-07 1.1e-06
Mn-54 1.7e-03 1.5e-05 6.0e-04 5.le-03 7.6e-03 6.1e-06 5.3e-08 2.1e-06 1.8e-05 2.7e-05
Fe-55 4.0e-04 3Ae-06 1 Ae-04 1.2e-03 1.8e-03 1.4e-06 1.2e-08 4.9e-07 4.2e-06 6.3e-06

N '-2 03 -`2 e5 ,90 0; 6" i &Y0
Co-56 5.Oe-03 4.2e-05 1.7e-03 1.5e-02 2.2e-02 1.8e-05 1.5e-07 6.1e-06 5.2e-05 7.9e-05
Co-57 4.6e-04 3.8e-06 1.6e-04 1.3e-03 2.0e-03 1.6e-06 1.4e-08 5.6e-07 4.8e-06 7.2e-06
Co-58 1.4e-03 1.2e-05 4.9e-04 4.2e-03 6.4e-03 5.1e-06 4.3e-08 1.8e-06 1.5e-05 2.3e-OS
Co-60 6.8e-03 5.8e-05 2Ae-03 2.0e-02 3.0e-02 2.4e-05 2.1 e-07 8.3e-06 7.2e-05 1.Ie-04
N7i-59: 1.-O44t,-&.9e-0521L42 6.3-_4,-k _ 5 - 4.3e O9S.7e0 1.5.-06
Ni-63 3.9e-04 3.3e-06 1.3e-04 1.1e-03 1.7e-03 1.4e-06 1.2e-08 4.8e-07 4.1e-06 6.1e-06
Zn-65 8.8e-03 7.4e-05 3.0e-03 2.6e-02 3.9e-02 3.1e-05 2.7e-07 1.1e-05 9.3e-05 1.4e-04
As-73 3.5e-04 3.0e-06 1.2e-04 1.0e-03 1.6e-03 1.3e-06 1.le-08 4.3e-07 3.7e-06 5.6e-06
Se-75 5.3e-03 4.5e-05 1.8e-03 1.6e-02 2.4e-02 1.9e-05 1.6e-07 6.5e-06 5.6e-05 8.4e-05

Sr-89 3.9e-03 3.1e-05 1.3e-03 1.1e-02 1.7e-02 1.4e-05 1.1e-07 4.7e-06 4.1e-05 6.3e-05
Sr-90 1.00e01 8.8e-04 3.5e-02 3.0e-01 4.6e-Ol 3.7e-04 3.1e-06 1.3e-04 1.1e-03 1.6e-03
Y-91 4.3e-03 3.5e-05 1Ae-03 1.2e-02 1.9e-02 1.5e-05 1.2e-07 5.2e-06 4.5e-05 6.8e-05
Zr-93 1.1e-03 9.6e-06 3.8e-04 3.3e-03 5.0e-03 4.0e-06 3.4e-08 1.4e-06 1.2e-05 1.8e-05
Zr-95,-', > -,-,0;,. 2.e4e-O30220e.O 54. - 3.
Nb-93m 3.5e-04 3.0e-06 1.2e-04 1.Oe-03 1.5e-03 1.2e-06 1.1e-08 4.3e-07 3.7e-06 5.5e-06
Nb-94 4.8e-03 4.1e-05 1.7e-03 1.4e-02 2.1e-02 1.7e-05 1.5e-07 5.9e-06 5.1e-05 7.6e-05
Nb-95 9.1 e-04 6.7e-06 3.0e-04 2.6e-03 4.0e-03 3.3e-06 2.4e-08 1.1e-06 9.2e-06 1.5e-05
Mo-93 9.0e-04 7.8e-06 3.1e-04 2.7e-03 4.0e-03 3.2e-06 2.8e-08 1.1e-06 9.6e-06 1.4e-05

-4,
___ -- ,.-r'1.1e-,04,69.9e-07 4.0e-O5-G. ','5e4fi41O 5 4,!.e6'

Tc-97m 6.3e-04 5.3e-06 2.2e-04 1.8e-03 2.8e-03 2.3e-06 1.9e-08 7.8e-07 6.7e-06 1.0e-05
To-99 9.8e-04 8.4e-06 3Ae-04 2.9e-03 4.4e-03 3.5e-06 3.0e-08 1.2e-06 1.0e-05 1.6e-05
Ru-103 1.2e-03 8.7e-06 3.8e-04 3.3e-03 5.1e-03 4.1e-06 3.1e-08 1.4e-06 1.2e-05 1.9e-05
Ru-106 1.7e-02 1.5e-04 6.0e-03 5.1e-02 7.6e-02 6.le-05 5.3e-07 2.1e-05 1.8e-04 2.7e-04

Ag,108m ; '5.1 e-03 t:.54Ae-O5 i.8e-O3 j-4K.5 2'. ;2.3o-02?,'- i8e0-53 i6O7 63e 0 e05
Ag-i1 Om ' 6.6e-03 5.5e-05 2.3e-03 1.9e-02 2.9e-02 2.3e-05 2.0e-07 8.1 e-06 7.0e-05 1.0e-04
Cd-109 8.3e-03 7.1e-05 2.9e-03 2.5e-02 3.7e-02 3.0e-05 2.6e-07 1.0e-05 8.8e-05 1.3e-04
Sn-113 1.7e-03 1.5e-05 6.0e-04 5.1e-03 7.7e-03 6.2e-06 5.3e-08 2.1e-06 1.8e-05 2.8e-05
Sb-124 4.6e-03 3.8e-05 1.6e-03 1.3e-02 2.0e-02 1.6e-05 1.3e-07 5.6e-06 4.8e-05 7.3e-05
Sb12 f -', 2,;7. , 8.5 _73 0 .9e-06 2.5e,05-';" 3.8e5
Te-123m 3.1e-03 2.6e-05 1.1e-03 9.1e-03 1.4e-02 1.1e-05 9.5e-08 3.8e-06 3.3e-05 S.Oe-OS
Te-127m 4.8e-03 4.1e-05 1.7e-03 1.4e-02 2.1e-02 1.7e-OS 1.5e-07 5.9e-06 5.1e-OS 7.7e-05
1-125 1.8e-02 1.4e-04 5.9e-03 5.1e-02 7.8e-02 6.3e-05 5.1e-07 2.1e-05 1.8e-04 2.8e-04
1-129 1.8e-01 1.6e-03 6.4e-02 5.5e-01 8.2e-01 6.6e-04 5.6e-06 2.3e-04 2.0e-03 2.9e-03
I'13t-W;, :;, 4.7o-O3.-:' 5.16-S 5..-O4d;i:.1d'-2 2 - 3e.02 :;q, .',.7e-5:1.8e O8i,1.8e~06*i4.Ie-05 -- 8.2e-0S-
Cs-134 4.8e-02 4.1e-04 1.6e-02 1.4e-01 2.1e-01 1.7e-04 1.5e-06 5.9e-05 5.0e-04 7.5e-04
Cs-135 4.7e-03 4.1e-05 1.6e-03 1.4e-02 2.1e-02 1.7e-05 1.4e-07 5.8e-06 5.0e-OS 7.5e-05
Cs-137 3.3e-02 2.9e-04 1.2e-02 9.9e-02 1.5e-Ol 1.2e-04 1.0e-06 4.1e-05 3.5e-04 5.3e-04
Ba-133 2.3e-03 1.9e-05 7.8e-04 6.7e-03 1.0e-02 8.1.e-6 6.9e-08 2.8e-06 2.4e-O5 3.6e-OS
Ce-1391:-, 6.4e,04 5.4e-0- 2 e 1.9eO3< 29-03 -,'2.3e-6' ,-2.0e8b .7.9e-Oik0 6.8e06;' '-1.0e-S
Ce-141 9.8e-04 7.1e-06 3.2e-04 2.8e-03 4.3e-03 3.5e.-6 2.6e-08 1.1e-06 9.9e-06 1.6e-05
Ce-144 1.3e-02 1.1e-04 4.5e-03 3.9e-02 5.8e-02 4.6e-OS 4.0e-07 1.6e-05 1.4e-04 2.1e-04
Pm-147 6.8e-04 5.8e-06 2.4e-04 2.0e-03 3.0e-03 2Ae-06 2.1e-08 8.4e-07 7.3e-06 1.1e-OS
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Appendix 1- 1 -Normalized Effective Dose Equivalents from Concrete
Table 11.21 Normalkzed effective dose equivalents from Ingestion: Disposal-MSW

Raincie Mass-based ED E (pSv/y per Bq/g) . S urfiaal ED E (pSvly per Bq/CM2)
Raioulie Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

Sm-151 2.6e-04 2.2e-06 9.Oe-05 7.7e-04 1.2e-03 9.30-07 7.9e409 -3.2e-07 2.8e406 4.1e-06
Eo,1S2< ,403,>^,,3~~~~~~~.7 5"'13,"1. 2: ' 1.0 ................. '',1.5e,5,,;.e0 ,53 6>,4605f;-,605,

Eu-1154 '6.3e-03 5.4e-05 2.2e-03 1.9e-02 2.8e-02 2.3e-05 1.9e-07 7.8e-06 6.7e-05 1.Oe044
Eu-155 1.0e-03 8.6e-06 3.5e-04 3.0e-03 4.5e-03 3.6e-06 3.1 e-08 1.2eO06 1.1e-05 1.6e-05
Gd-153 7.1le-04 6.0e 06 2.5e-04 2.1e-3 3.2e-03 2.5e-06 2.2e408 8.7e-07 7.5e-06 1.1le-05
Tb-1 60 3.3e-03 2.7e-05 1.1le-03 9.5e-03 1.4e-02 t.2e-05 9.8e-08 4.0e-06 '3Ae-05_ 5.2e-05
~T, 0 2 0 2 0e 374 .3 2-:i45 ~3.64^,. 5-i7
Tm-171 2.8e404 2.4e-06 9.6e405 8.2e-04 1.2e403 9.9e407 8.5e-09 3.4e407 2.9e-06 4Ae406
Ta-182 ' 3.5e-03 3.0e405 1.2e403 1.0e-02 1.6e-02 1.3e405 1.1e407 4.4e406 3.8e-05 5.7e405
W-181 1.6e404 1.3e406 5.5e405 4.6e-04 7.0e404 5.6e47 4.8e409 1.9e47 1.7e-06 2.5e46
W-185 - 7.8e404 6.5e406 2.7e404 2.2e-03 3Ae403 2.8e406 2.3e-08 9.5e407 8.1e-06 1.2e405

-. 16 -74 ,s.r .r--r_ >--,_s ..,!_,q__

Ir-192 -2.8e-03 2.4e405 9.6e044 8.1 e-03 1.2e402' 1.0e405 8.4e-08 3.4e406 2.9e-05 4.4e405
TI-204 2.2e403 1.9e405 7.7e044 6.6e-03 9.8e403 '7.9e406 6.8e408 2.7e406 2.3e-05 3.5e405
PbJ-210 4.9e+00 4.2e402 1.7e+00 1.4e+01 2.2e+01 1.7e402 1.5e404 '6.0e403 5:2e402 7.7e402
Bi-207 3.7e403 3.1 e45 1.3e403 1.1e-02 1.6e402 1.3e405 1.1e407 4.5e406 3.9e405 5.8e405

Ra-226 9.0e401 7.7e403 3.1e401 2.7e+00 4.0e+W0 3.2e-03 2.7e405 11.1e403 9.6e403 1Ae402
Ra-228 9.7e-01 8.4e-03 3Ae401 2.9e+00 4.3e+DO 3.5e403 3.0e405 1.2e43' 1.0e-02 1.5e402
Ac-227 9.9e+00 8.5e402 3.4e+00 2.9e+01 4.4e+01 3.5e402 3.0e-C4 1.2e402 1.Oe401 1.6e401
Th-228 5.2e401 4.5e403 1.8e401 1.6e+00 2.3e+00 1.9e403 1.6e405 6.5e-44 5.5e403 8.3e403

h22-'S,-,,,~.Z76`+' _~2.3e402, -'-k-.3e-41 TSz8.0e+00.',% .2e 01,-'g96 3'82 5,'33 3'- ,2t4 0
Th-230 3.7e-01 3.2e403 1.3e401 1.1e+00 1.6e+00 1.3e403 1.1e405 4.5e404 3.9e403 5.8e403
Th-232 1.8e+00 1.6e402 6.4e401 5.5e+00 8.2e+00 6.6e403 5.6e-05 2.3e403 2.0e402 2.9e402
Pa-231 7.1e+00 6.1 e-02 2.5e+00 2.11e+01 32e+01 2.5e402 2.2e404 8.8e403 7.6e-02 1.1e401
U-232 9.0e401 7.7e-03 3.1e401 -2.7e+00 4.0e+W0 3.2e403 2.7e405 1.1e403 9.5e403 1.4e402

U--3^',-' "''11 ,.e>6.?e0i-w 8641 .96-4._'I1-0;- e04-,Ui;2.1'e03i-,'3.-1e403
U-234 1.9e-01 1.6e-03 6.6e402 5.6e-01 8.5e401 6.8e404 5.8e406 2.3e404 2.0e 03 3.0e403
U-235 1.8e-01 1.5e-03 62e402 5.3e-01 8.0e401 6.4e404 5.5e406 2.2e404 1.9e-03 2.8e403
U-236 1.8e401 1.5e-03 6.2e402 5.3e401 8.0e401 6.4e404 5.5e406 2.2e404 1.9e-03 2.9e403
U-238 -1.8e-01 1 5e-03 6.2e402 5.3e-01 8.0e401 6.4e44 5.5e-06 2.2e404 1.9e403 2.9e403
YP?37.t,,4- 3.0e+66. .642.e+0J-.er0'1.e+0''e 77 . 7 _7
Pu-236 ''7.6e401 6.5e-03 2.6e401 2.3e+00 3.4e+00 2.7e403 2.3e405 9.4e404 8.1e403 1.2e-02
Pu-238 2.1 e+00 1.8e402 7.4e-01 6.3e+00 9.5e+00 7.7e403 6.5e45 2.6e403 2.3e402 3Ae402
Pu-239 2Ae+O0 2.0e402 8.2e401 7.0e+00 1.1e+01 8.5e403 7.2e405 2.9e403 2.5e402 3.8e402
Pu-240 2.4e+00 2.0e402 8.2e-01 7.0e+00 1.1e+01 8.5e403 7.2e405 2.9e403 .2.5e402 3.8e402

,Pu24",, x,'-'-2:42--,40 .02''14e47,ae,1_,6e '4 57e5,.9
Pu-242 2.3e+00 1.9e402 7.8e-01 6.7e+00 1.0e+01 8.0e403 6.9e-05 2.8e403 '2.4e402 3.6e402
Pu-244 2.2e+00 1.9e402 7.7e401 6.6e+00 9.9e+00 8.0e403 6.8e-05 2.7e403 2.4e402 3.5e402
Amn-241 2.4e+00 2.1 e42 8.4e401 7.2e+00 1.1e+01 8.7e403 7.4e405 3.0e403 2.6e402 3.9e402
Am-242m '2.4e+00 2.1 e42 8.4e401 7.2e+00 1.1e+01 8.6e-03 -7.4e-05 3.Oe403 2.6e-02 3.8e402

w~~~i3')t'X'~~~~~~~.:.e0. i 4iej.2,+--1. e,+ 0 8.7e , -'! 3-2 23e2
Cm-242 6.8e-02 5.7e-C4 2.4e402 2.0e401 3.0e401 '2.4e-04 2.1e406 8.3e-05 7.2e-04 1.1e403
Cm-243 1.7e+00 - .e402 5.8e401 5.0e+00 7.5e+00 6.0e403 5.1e-05 2.1 e43 1.8e402 2.7e402
Cm-244 '1.3e+00 1.2e-02 4.7e401 4.0e+00 6.0e+00 4.8e403 4.1e-05 1.7e403 1.4e402 2.1e-02
Cm-245 2.5e+00 2.2e-02 8.7e401 7Ae+O0 1.1e+011 8.9e403 '7.6e405 3.1 e43 2.7e402 4.0e402

Cm-247 2.3e+00 2.0e-02 '7.9e-01 6.8e+00 1.0e+01 8.2e403 '7.0e405 2.8e403 2.4e-02 3.6e402
Cm-248 9.1e+00 7.8e-02 3.2e+00 2.7e+01 4.1e+01 3.3e42- 2.8e404 1.1e402 9.7e402 1.4e401
Bk-249 8.0e403 6.9e-05 2.8e403 2.4e-02 3.6e402 2.9e405 2.5e-07 9.9e-06, 8.5e-05 1.3e044
Cf-248 2.1e401 ,1.8e-03 _7.4e,02,,6.3e41 ,9.4e401 ,-7.6e,04s4 6.5e-06 ,2.6e44 ,2.3e-03 3.4e43
df-24-9- ' ; -:300 -:=2.7eO2~'- >i;1.-,teJ§*-.4e+00'--' 1-.43ee+01-*_ -;:_t---1,.te'2. N9. 7 65w-3.03 ~:3.46e02''5.0e402
Cf-250 1.4e+00 12e402 4.9e401 -4.2e+00 6.3e+00 5.1le43 4.3e45' 1.7e403 1.5e402 2.3e-02

Cf-2511 3.2e+00 2.8e-02 1.1 e+OO 9.6e+00 1 .4e+01 1 .2e402 9.9e-05 4.0e403 3Ae-02 52e402

Cf-252 7.1e401 6.0e403 2.5e401 2.1e+00 3.1e+00 2.5e-03 2.2e-05 8.7e404 7.5e-03 1.1e402

Cf-254 1.1e+00 9.1 e43 3.7e401 3.2e+00 4.9e+00 '3.9e403 32e405 1.3e403 -1.1e402 1.8e402

ts-254^- - ''.e1- .e3 694 '59O'8.86e01' '' ':;.e6-25 Il2e~i '3.2e43

Note: To convert these values to convenb'onal units (mrem/y per pC~g or mrem/y per pCl/cm2), multiply by 3.7e-3
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Normalized Effective Dose Equivalents from Concrete Appendix 1- I
Table 11.22 Normalized effective dose equivalents from all pathways: Leachate-industrial

Mass-based EDE (pSvly per BqIg)
Radionuclide Mean 5th 50th 90th 95th

Surficial EDE (pSvly per Bg/cm2)
Mean 5th 50th 90th 95th

H-3 6.6e-02 O.Oe+00 4.4e-05 1.3e-01 2.9e-01 2.4e-04 O.Oe+00 1.6e-07 4.6e-04 1.0e-03
C-14 1.2e-01 O.Oe+O0 O.Oe+O0 O.Oe+00 2.8e-01 4.le-04 O.Oe+00 O.Oe+O0 O.Oe+00 9.8e-04
Na-22 1.5e-36 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+O0 5.2e-39 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00
P-32 6.8e-39 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00 2.3e41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
S 2- r ~i,'_9.5e-7i i. .e0L 0^0- ZOe4A2' 3'4e1 i96 .00+00 0,> .Oe+OO O e+0:7.2i-37
CI-36 1.3e+00 O.Oe+00 O.Oe+OO 2.2e+00 6.2e+00 4.7e-03 O.Oe+00 O.Oe+00 7.8e-03 2.2e-02
K-40 6.8e+00 O.Oe+0O O.Oe+00 1.2e+01 3.3e+O1 2.4e-02 O.Oe+00 O.Oe+00 4.5e-02 1.2e-01
Ca-41 7.2e-01 O.Oe+00 O.Oe+00 1.5e+00 3.7e+00 2.6e-03 O.Oe+00 O.Oe+00 5.5e-03 1.3e-02
Ca-45 9.6e-16 O.Oe+00 O.Oe+00 6.1e-33 1.5e-32- 3.6e-18 O.Oe+O0 O.Oe+00 2.2e-35 5.5e-35

S .4" St:rrI 5.90-35'>, O.Oe,+OO07 .Oe4+O0m,0.0 +00>8-;0.0e+00 'Sz2.1,e-37 W O.0e+OO't 0.0e+OO,0F,'0.0eO,-, 0.Oo+OO,
Cr-51 9.3e-37 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 3.3e-39 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mn-53 1.5e-03 O.Oe+OO, O.Oe+00 O.Oe+00 O.Oe+00 5.5e-06 O.Oe+00. O.Oe+00 O.Oe+00 O.Oe+00
Mn-54 3.5e-19 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.3e-21 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Fe-55 2.0e-12 O.Oe+00 O.Oe+0O O.Oe+OO O.Oe+00 7.4e-15 O.Oe+00O O.Oe+00 O.Oe+00
l~?-59 J. ..... ;35.. .2O±0060.0e 00LO.0e+0 0,0 e.1 6 38G&0.0e+002.. _ O.Oeoo 00,oZai 'O.Oe
Co-56 2.2e-34- O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 7.8e-37 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Co-57 5.1e-24 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.7e-26 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Co-58 5.8e-35 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 2.1e-37 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Co-60 1.9e-07 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 6.6e-10 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ni-59, ' . 9.-0o86 ,.O'e+O01 0.0e 000.0-O O+003 1E .0, O.0e+OO 'O.Oe+-1 O_.0b0]
Ni-63 2.9e-10 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.0e-12 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zn-65 2.7e-08 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 9.5e-11 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
As-73 8.2e-40 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 2.8e-42 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
Se-75 1.6e-37 OO O.00 Oe.Oe+00.e+OO O.Oe+OO 5.7e-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sr-85,1:9i'K ~,-.8.7e-22$, 0.0e~+00Qs,0.Oo+00e OO.Oe00g1.3-342 j 3.1e, 0.0e+0 t- .Oe+00 00e, O +00.e 7o37
Sr-89 3.1e-26 O.Oe+00 O.Oe+00 O.Oe+00 4.9e-34 1.1e-28 O.Oe+00 O.Oe+00 O.Oe+00 1.7e-36
Sr-90 1.5e+00 O.Oe+00 O.Oe+00 O.Oe+00 2.7e-06 5.2e-03 O.Oe+00 O.Oe+O0 O.Oe+00 9.4e-09
Y-91 7.7e-35 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.8e-37 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr-93 3.1e-05 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.1e-07 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Z 2.9e 362 0 .e4O0,0.0o+0O:.O.00+00'.,O.Oo+00:: ',:1.10-38. O;Oe+OO;N O.Oe+OO,, j, O.Oe+00 i.Oe+°
Nb-93m 4.9e-22 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.7e-24 O.Oe+00 O.Oe+00 O.Oo+00 O.Oe+O0
Nb-94 1.7e-07 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 5.9e-10 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Nb-95 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mo-93 1.7e-01 O.Oe+00 O.Oe+00 O.Oe+00 2.4e-01 6.1e-04 O.Oe+00 O.Oe+00 O.Oe+00 8.4e-04
Tc-97r-;, -+ ,7.1eO1e:.0.0o+00.00+001.5o+00.'_3.3e. 0 2.0 Ok ,',OOe, 005.30 2
To-97m 2.3e-07 O.Oe+00 O.Oe+00 6.2e-32 3.7e-31 7.9e-10 O.Oe+00 O.Oe+00 2.2e-34 1.3e 33
Tc-99 6.1e+00 O.Oe+00 O.Oe+00 1.3e+01 2.8e+01 2.2e-02 O.Oe+00 O.Oe+00 4.5e-02 1.0e-01
Ru-103 1.4e-37 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 5.1e-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ru-106 1.2e-35 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+00 4.3e-38 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ag108m .- 2.le-03 0. e+00.OeOO 0.Oe00 O;Oe ,~7.6*07 0.0o+000-,
Ag-i lOm 1.3e-35 O.Oe+00 - O.Oe+00 O.Oe+00 O.Oe+00 4.8e-38 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cd-109 2.6e-I O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 9.4e-14 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sn-113 6.7e-24 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.4e-26 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sb-124 1.6e-39 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 5.6e-42 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sb.125-.. 2.79-36 O.0ei00, 0.0e+0 0 O.0e+00'- :'0 '-a;9.2e'3& O.Oe0 .,O.Oe+OO O. O9.0e+00
Te-123m 7.7e-11 O.Oe+00 O.Oe+00 O.Oe+00 4.6e-33 2.8e-13 O.Oe+00 O.Oe+00 O.Oe+00 1.6e-35
Te-127m 2.4e-11 O.Oe+00 O.Oe+00 O.Oe+00 6.6e-33 8.6e-14 O.Oe+00 O.Oe+00 O.Oe+00 2.4e-35
1-125 3.8e-12 O.Oe+00 O.Oe+00 6.9e-32 2.5e-31 1.3e-14 O.Oe+00 O.Oe+00 2.5e-34 9.0e-34
1-129 2.9e+02 0.Oe+00 O.Oe+00 4.0e+02 1.3e+03 1.0e+00 O.Oe+00 O.Oe+00 1.4e+00 4.6e+00
l-131.-<. e-3:.' .0.00",-.'--0 1.i-32-.+ .,4.7e432`,:L-;.4.9e,35- O.Oe+000.0e+00- ,4.6e'35 .51.7ie3,
Cs-134 1.2e-14 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 42e-17 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-135 1.3e-02 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 4.7e-05 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-137 9.8e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 3.4e-06 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00
Ba-133 3.6e-01 O.Oe+00 O.Oe+00 3.5e-10 2.0e-02 1.3e-03 O.Oe+00 O.Oe+00 1.2e-12 7.0e-05
C' 139,', - 2.4i'-39~ 0.0e+0' O Ot' O.Oe+,0-' I -2 0.Oe+6 0 3 0 .Oe+0, o.Oe 0 '
Ce-141 1.4e-39 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 5.4e-42 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ce-144 9.1e-38 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 3.5e-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pm-147 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
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Appendix I-1I Normalized Effdaife Dose Equivalents from Concrete

Table 11.22 Normalized effective dose equivalents from all pathways: Leachate-industrial

Radionuclide -Mass-based EDE (pSv/y per BqIg) Surficial EDE (,uSv/y per Bgkcm2)Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
Sm-151 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+0O O.Oe+00 O.Oe+00
Eu-152 ,.;,O.Oe+00,,Q.Oe+0 0..O.Oe+OO ,.Oe+OO,:..e+OO V4,$O.0e+00,- i,.0e+OO _O.0e400 £.O.Oe+O&O.Oo+OO;
Eu-154 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00'
Eu-155 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+0O O.Oe+00 O.Oe+00
Gd-153 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Tb-160 2.7e-17 O.Oe+00 O.e+00 O.Oe+00 O.Oe+OO 9.7e-20 O.Oe+0O O.Oe+O.O e+O+ O.Oe+00
pTm1iO7 j§ 4e0.e,+0.t-O .Oe+O '.Oe+,O ;tO.0e+00 § '-.9e-18 ,0.0e+00 O-.0e+00<O.0e+00O ~O.Oe'+003
Trm-171 3.8e-07 O.Oe+OO O.Oe+00 O.Oe+0O O.Oe+00 1.3e-09 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ta-182 2.4e-19 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 8.2e-22 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
W-181 8.9e-10 O.Oe+OO o.Oe+00 o.Oe+00 O.Oe+00 3.0e-12 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
W-185 1.6e-11 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 5.4e-14 ' O.Oe+0 .Oe+00 O.Oe+00 O.Oe+00
Pb1853,-' 49>,;O^.0e*0 .OO+,,0.0e+00 ,= 0.0e+00 :. 0.0e+00.j L!i.4e-17*- i0.Oe+OO, ' ,:.Oe+OO K~^O.de+OO .ftO.Oe +,0o'
Ir-192 4.2e-28 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.5e-30 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Tl-204 2.3e-26 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 8.9e-29 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pb-210 1.9e-07 O.Oe+OO O.Oe+OO 0.Oe+00 O.Oe+00 6.6e-10 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Bi-207 1.1 e-08 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO 3.9e-11 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pa 210,-:;.F4~2;2e4,4 ;,.-,QeO 0O.Oe+OO':0.00+00 -O.Oe+OO;7;':e-7637'. +,oOO,',--O.Oe+0OO,-,.'.e00-Oe+OOj~l
Ra-226 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ra-228 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ac-227 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-228 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O00 O.Oe+00 O.Oe+00 O.Oe+0 O.Oe+OO
,I ,229 ':. ,-,0,-.0e+00 'O.Oe+OO0L0.0e+00 ^,O.0e+00 .-.Q0e+OO 0'lfi,.0e*,00,.Oe+00,,Z,.0e+00 ,:0.0e+OO_40.0e+'O0;
Th-230 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-232 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pa-231 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
U-232 2.2e+01 O.Oe+O0 O.Oe+0O O.Oe+00 O.Oe+00 7.7e-02 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U :f0.0e+O i,.,O.00,; i.'4 0ei01't.O.Oe+O0 s 0.0e+00< ~0e+0 O.Oe+00
U-234 1.9e+01 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 6.8e-02 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
U-235 3.1e+01 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.1e-01 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-236 1.8e+01 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 6.3e-02 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
U-238 1.8e+01 O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+00 6.3e-02 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

.1 e+, '03 ,, O.Oe+,00 '^ -2.0e+,02 '2,.4e+03 ,3~3.8e+00W0e+00 ,,0.0e+,00 *7.11 > 000
Pu-236 3.3e-09 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 1.2e-I 1 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-238 8.4e-07 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 3.0e-09 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-239 2.1 e-03 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 7.5e-06 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-240 2.0e-03 O.Oe+00 O.Oe+00 O.Oe+00 .Oe+00 7.0e-06 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
Pu--241: Q;O.O'O .O+ O-,OOe O .' JI.5e-05<.5,-8, i .eO,,,,, .eO'
Pu-242 2.1e03 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 7.4e-06 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-244 2.3e-03 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 8.0e-06 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Amn-241 2.1e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 7.4e-03 O.Oe+OO 0.0e+00 O.Oe+00 O.Oe+00
Arn-242m 8.7e-01 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O 3.0e03 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
An -243 -,; ': .5.5e+00 -00+00 _ :.Oe+00 '_ , ,1.9e4 2- O.0e+0O.Oe +,O 0.0e+00A0.0e+O O
Cm-242 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-243 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-244 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-245 O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 -O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00
Cm-2i6 ,-,e0-0000+00 e+00 Oe+0 0.0e+00O.Oe,+,O
Cm-247 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-248 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Bk-249 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-248 3.3e-08 O.Oe+O00 O.Oe+00 0.Oe+00 O.Oe+OO 1.2e-10 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-249* ,L, '', - .72e-05 --,0.Oe+00 ,-.,e+00 a O.Oe+OO .'- 0.0e400 .rI ,2.6e-07 O.+,O''.Oe+OO O.Oe+,O ,.Oe+OO-
Cf-250 6.5e-07 O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 2.3e-09 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-251 1.8e-04 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 6.2e-07 O.Oe+00 'O.Oe+00 O.Oe+00 O.Oe+00
Cf-252 2.5e-37 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 8.8e-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-254 3.5e-38 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.3e-40 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00
Es-254 3.8e-08 0.00+00 -.- e+O O :0.0e4 00 '..O.Oe+OO : . ' -i0 10:0e+00 '6 ;.0..00 -. O.Oe+OO 80.0e+O 0
Note: To convert these values to conventional units (mremly per pCig or mremly per pC/cm2), multiply by 3.7e-3
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Nonnalized Effective Dose Equivalents from Concrete Appendix I-1
Table 11.23 Normalized effective dose equivalents from all pathways: Leachate-MSW

Radionuclide Mass-based EDE (pSv/y per BqIg)
Mean 5th 50th 90th 95th

Surficial EDE (pSv/y per Bqlcm')
Mean 5th 50th 90th 95th

H-3 4.3e-02 O.Oe+00 2.5e-05 6.2e-02 1.7e-01 1.5e-04 O.Oe+00 9.0e-08 2.2e-04 6.3e-04
C-14 7.7e-02 O.Oe+00 O.Oe+00 O.Oe+OO 1.2e-01 2.8e-04 O.Oe+OO O.Oe+00 O.Oe+00 4.2e-04
Na-22 2.0e-37 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 7.2e-40 O.Oe+OO O.Oe+00 O.Oe+00 0.Oe+OO
P-32 9.3e-39 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 3.5e-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0
'-35 -t2.7e08 .0+00. .0 Oe.:0.0e+O 6.7e59 w0e+t0e 0 OOe+002.O.Oe+0 4e.374
CI-36 8.9e-01 O.Oe+OO O.Oe+00 1.1e+00 4.0e+00 3.2e-03, O.Oe+00 O.Oe+OO 4.1e-03 1.4e-02
K-40 . 4.4e+00 0.Oe+OO O.Oe+O0 6.1e+00 2.Oe+01 1.6e-02 O.Oe+00 O.Oe+00 2.2e-02 7.2e-02
Ca-41 4.7e-01 O.Oe+00 O.Oe+00 7.6e-01 2.3e+00 ,.7e-03 O.Oe+00 O.Oe+00 2.7e-03 8.2e-03
Ca-45 3.7e-17 O.Oe+00 O.Oe+00 2.7e-33 7.7e-33 1.5e-19 O.Oe+00 O.Oe+00 9.4e-36 2.7e-35
Sc6:4i.6'',,H t.729• S.-0.0e+00b.>O.0+00 - .0e+OaO+ O'_<b 0800 ,32 0.40,~ 0.o0e+O ,O.Oe OrO.
Cr-51 6.3e-37 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.2e-39 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mn-53 9.8e-04 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 3.5e-06 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00
Mn-54 1.6e-I 6 O.Oe+00 O.Oe+00 O.0e+OO O.Oe+00 6.4e-19 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Fe-55 1.3e-12 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 4.9e-1 5 O.Oe+00 O.Oe+00 O.Oe+00 OO..00
,Fe;59,j.i.e-35, .0o+0j0j .0e, 00 b.+OO0.0.e00 '5.2o38'0;0o±00'0.O+0, O.Oe OO0e
Co-56 9.8e-35 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+OO 3.5e-37 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Co-57 8.3e-1 8 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.8e-20 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
Co-58 2.6e-35 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 9.4e-38 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Co-60 5.8e-06 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 2.0e-08 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Nt-59K1'Ž , 2.3e0e+ .0tOii.Oe Oi.Oe+OO00i O, :-'..e,.e,0{C00+ l;OOOO
Ni-63 7.6e-I 1 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.8e-13 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zn-65 2.2e-10 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 7.6e-13 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00
As-73 3.6e-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O 1.2e-42 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Se-75 1.4e-37 0.Oe+00 O.Oe+00 O.Oe+00 O.0e+O0 5.0e-40 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00
Sr-85,-zK ^ >' .1.-3iO.0e+O00i O.Oe+OOO;O0e+OO .Ž 4.3e57,=ei4:636 Oe+ d~±Os .OetOeO 0.0 +° 7v1.537,5
Sr-89 5.4e-34 O.Oe+00 O.Oe+00 O.Oo+00 1.6e-34 1.9e-36 O.Oe+00 O.Oe+OO O.Oe+00 5.6e-37
Sr-90 4.5e-01 O.Oe+OO O.Oe+00 O.Oe+00 5.8e-07 1.6e-03 O.Oe+00 0.Oe+OO O.Oe+00 2.2e-09
Y-91 8.3e-33 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 3.0e-35 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr-93 4.5e-05 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 1.6e-07 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr-95412 I2.36 -e 00+0 OO..Oe -0.08+tO00+0 e0!:0.3 .0e±00' 0.003) O.Oei0 0 0.00±00-.
Nb-93m O.Oe+00 O.Oe+OO O.Oe+OO O.Oo+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+OO O.Oe+00 O.Oe+00
Nb-94 O.Oe+00 O.0e+OO .Oe+O O.Oe+OO 0.Oe+00 O.Oe+OO O.Oe+OO O.Oe+0OO O.Oe+00 O.Oe+00
Nb-95 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
Mo-93 9.1e-02 O.Oe+00 O.Oe+00 O.Oe+00 9.5e-02 3.2e-04 O.Oe+00 0.Oe+OO O.Oe+00 3.4e-04
Tc-97..-, ' 5.0e- t-;O.Oe+OOO.Oe4-0, -01-C 22e_0 08 O.__.Oe+0 UOa0 o+ 3.2e-3L7.9e- ,"
To-97m 2.7e-07 O.O+00 O.Oe+00 3.3e-32 2.1e-31 9.2e-10 O.Oe+00 O.Oe+00 1.2e-34 7.4e-34
Tc-99 4.2e+00 O.Oe+00 O.Oe+OO 7.8e+00 1.9e+01 1.5e-02 O.Oe+00 0.Oe+OO 2.8e-02 6.7e-02
Ru-103 1.9e-37 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 6.8e-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Ru-106 1.6e-35 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 5.8e-38 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00
AH08.:!1.9..03- 0.0e Xe006.0e+ 0 ,; O..O+OO .Oe0 W50.0eO0.06+00'
Ag-i1 Om 7.6e-36 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.7e-38 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cd-109 3.0e-il O.Oe+00 O.Oe+00 O.Oe+00 1.8e-35 1.1e-13 O.Oe+O0 O.Oe+00 O.Oe+O0 6.8e-38
Sn-I 13 4.9e-35 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 1.7e-37 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sb-124 1.5e-38 .00e+OO O.Oe+00 O.Oe+00 O.Oe+00 5.3e-4 QO.Oe+00 O.Oe+00 OOe+00 OOoe+00

T-2m 77-6. O.,+0 0-.-0i&,+00 0Oe+0 1.03 .e .80 00+0 0.O00 50a3
Te-123m 7.7e-06 O.Oe+OO O.Oe+OO O.Oe+OO 1.4e-33 2.7e-08 O.Oe+OO O.Oe+OO O.Oe+OO 5.0e-36
Te-127m 7.5e-06 O.Oe+00 O.Oe+00 O.Oe+00 2.0e-33 2.7e-08 O.Oe+00 O.Oe+00 O.Oe+00 7.2e-36
1-125 2.4e-14 O.Oe+00 O.Oe+00 2.6e-32 1.2e-31 8.7e-17 O.Oe+00 O.Oe+OO 9.2e-35 4.2e-34
1-129 2.2e+02 0.Oe+00 O.Oe+00 1.9e+02 7.1e+02 7.8e-01 O.Oe+00 O.Oe+00 6.6e-01 2.5e+00
i,,ii=.' ,4.6.-33 7-e22O5- 3Qo;.e+O,.0.Oe+ e 61.6&3-W. 7.3e-352.
Cs-134 1.1e-24 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 3.9e-27 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00
Cs-1 35 2.6e-02 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 9.3e-05 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-1 37 6.4e-05 O.Oe+00 O.Oe+00 O.0e+OO O.Oe+00 2.3e-07 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ba-133 3.0e-01 O.Oe+00 O.Oe+00 2.3e-10 1.1e-02 1.1e-03 O.Oe+00 O.Oe+00 7.8e-13 3.9e-05
Ce-,1'39:: l- ,"-1.3e-39 ' O.OeO O .AO. Oe+OO ,0.Oe+00 000+00 "'4.5e 42 L0.0o+00; O.e+00.0e+ 0.0e+W
Ce-141 7.6e-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.7e-42 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
Ce-144 4.8e-38 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 1.7e-40 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00
Pm-147 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

_ _R _G_ , ;, _ b
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Appendix 1-1 Normalized Effective Dose Equivalents from Concrete

Table 11.23 Normalized effective dose equivalents from all pathways: Leachate-MSW
Radionuclide Mass-based EDE (pSvty per Bq/g) Surficial EDE (piSv/y per Bqlcm2)

Mean 5th 50th 90th 95th Mean - 5th 50th 90th 95th
Sm-151 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+0O O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+OO

EI52 •.e00 i0O+0>.e0 0O+O'.e0 10.Oe000,:". 0.e+0 10,--.00+00o- O.0et00.~0.0e+00-Eu- 524 O.Oe+ O .Oe+0 0.Oe O.O.Oe+00 0.Oe0 0 0.0 +0 Oe*O 0
Eu-154 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Eu-155 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO 0.Oe+00 O.Oe+0O O.Oe+00
Gd-153 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Tb-160 1.3e-27 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+OO 4.9e-30 0.0e+00O.Oe+00 .Oe+00 .Oe+00
* Tm-I 70 ~i~1Ae-t20 O& 0.Oe+OO O.Oe+O0~p.e+OO' ,.5e15 , , bi.0.0e_0 O.e+tO-O.
Tm-171 2.1e-07 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 7.0e-10 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ta-1 82 5.1e-18 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.9e-20 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
W-181 1.0e-14 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 3.6e-17 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
W-185 2.3e-19 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 8.0e-22 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

to; O.0e+0Or.O e+00 i,0.0e+00.-4;,-; iOe+-OO 5OetOOX D.Oet00
Ir-192 1.4e-12 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 4.8e-15 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
TI-204 6.1e-17 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 2.2e-19 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pb-210 6.1e-06 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.3e-08 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Bi-207 2.1 e-08 O.Oe+0O O.Oe+00 O.Oe+O0 O.Oe+00 - 7.6e-11 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Po-210 ... ~'.2.0s-4,0.0*t0e+00,,'.-0.04,O=.e03.l,.e+OO <.0,0O.OeOOO. e+
Ra-226 1.7e-05 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 5.5e-08 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ra-228 2.3e-37 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO 7.6e-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ac-227 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-228___ 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.e+O - O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th229 :e 0.. 0e 0 .+ Oe+00,, .'O.De+00 .0e+00 . O.Oe +00 -0.0e400.LOO.0e+;00O.0e+00;..0e+00
Th-230 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-232 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pa-231 4.3e-05 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 I.5e-07 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-232 3.5e+01 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.2e-01 O.Oe+OOO.Oe+00 O.Oe+00 O.Oe+00
U-233 w4i-32' t15O . 0e+, 0,, O.00+O0 ' ,,OOO ,>.e0Ui1,0i_;- .0e+OOkJ.Oe+, O ,.00+>.O0000
U-234 2.3e+01 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 8.1e-02 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-235 3.3e+01 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO 1.2e-01 0.0+00 O.Oe+00 O.Oe+00 O.Oe+00
U-236 2.1e+01 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 7.5e-02 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-238 2.1e+01 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 7.5e-02 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

..j 62et+01 e +,03 2.2e+00 0.Oe+ , 10.et0 112 _3.7e400

Pu-236 6.4e-08 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.4e-10 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-238 1.5e-05 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 5.5e-08 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
Pu-239 2.0e-02 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 7.4e-05 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-240 1.9e-02 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 6.9e-05 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

-70,- 77 70'-Od.O 0 ,--bei-19(- .r e 2etO O.

Pu-242 1.9e-02 O.Oe+OO O.Oe+0O O.Oe+00 O.Oe+00 7.2e-05 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-244 2.1 e-02 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 7.9e-05' O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Am-241 8.4e-01 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 3.0e-03 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Am-242m 4.1e-01 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 1.5e-03 O.Oe+00 O.Oe+O0 O.Oe+0OO.Oe+0O
A-243'7 j-- 2A1e+,00 0.0e+00'0.'O0 :-0.0e+00 ',0.0e+00' -'7.5e,03 O.Oe,+OO, O.Oe+00 ,O.0e+00.Oe+Q0
Cm-242 O.Oe+00 O.Oe+00- O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-243 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-244 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-245 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cr 246- O.Oe+OO,0.0e+000+00 jO.0e+O O-.0e+001,OO7-, § .e ,fi0 0 0,.00+00 ,Oe+,OOO.Oe+OO
Cm-247 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00' O.Oe+00 O.Oe+00 O.Oe+00
Cm-248 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Bk-249 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-248 9.1 e-06 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 3.3e-08 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-249 2.002 b 0+00 0.00+00-,.0e+00 O.Oe+00 L '7.I 005- 0.0+00 0.e+00 0.Oe+OO '-O.Oe 00'
Cf-250 1.8e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 6.6e-07 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-251 4.9e-02 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.7e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-252 4.1e-35 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.5e-37 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-254 6.5e-36 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 2.4e-38 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
E254: To Ico .e-05 rt.ese+vaue t .Oe+o o-O.Oe+OO:,:Ont.Oe+OO,'f' '---.3.8e-08 o.pe O.Oe+OO' mul.Oe+OO' 'O.Oe+OO

Note: To convert these values to conventional units (mremnly per pCUg or mremly per pCilcm2), mult'ply by 3.7e-3
_-4 ; _ _ . 4
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Normalized Effective Doses from Concrete Appendix 1-2

Table 12.1 Normalized effective doses from all pathways: Processinq concrete

Mass-based effective dose (pSvly per BqIg)
Radionuclide Mean 5th 50th 90th 95th

Surficial effective dose (pSv/y per Bq/cm2)
Mean 5th 50th 90th 95th

H-3 2.3e-04 2.7e-05 2.3e-04 4.1e-04 4.5e-04 8.2e-07 9.6e-08 8.1e-07 1.5e-06 1.6e-06
C-14 7.5e-03 9.3e-04 7.4e-03 1.3e-02 1.5e-02 2.7e-05 3.3e-06 2.6e-05 4.8e-05 5.2e-05
Na-22 2.0e+02 1.2e+02 2.0e+02 2.7e+02 2.9e+02 7.1e-01 4.3e-01 7.0e-01 9.7e-01 1.Oe+00
P-32 1.1e-01 4.4e-02 9.6e-02 1.8e-01 2.0e-01 3.Be-04 1.6e-04 3.4e-04 6.4e-04 7.3e-04

.8 6.7.
CI-36 4.8e-02 2.9e-02 4.7e-02 6.4e-02 6.8e-02 1.7e-04 1.0e-04 1.7e-04 2.3e-04 2.5e-04
K-40 1.5e+01 9.3e+00 1.5e+01 2.1e+01 2.2e+01 5.5e-02 3.3e-02 5.4e-02 7.5e-02 8.0e-02
Ca-41 3.6e-03 3.6e-04 3.6e-03 6.5e-03 7.2e-03 1.3e-05 1.3e-06 1.3e-05 2.3e-05 2.6e-05
Ca-45 1.Oe-02 2.0e-03 9.8e-03 1.7e-02 1.9e-02 3.6e-05 7.0e-06 - 3.5e-05 6.2e-05 6.7e-05
Sc46'^-,;t¢;;e4 XlW9.9e001,1 6..O 2~4+2V,5.9e01 -V>3.5e.01 esX 5.8s-tj iS01,ji,728.8e-014
Cr-51 1.8e+00 9.4e-01 1.7e+00 2.6e+00 2.9e+00 6.3e-03 3.3e-03 6.0e-03 9.2e-03 1.Oe-02
Mn-53 3.8e-04 4.0e-05 3.7e-04 6.8e-04 7.5e-04 1.4e-06 1.4e-07 1.3e-06 2.4e-06 2.7e-06
Mn-54 7.4e+01 4.5e+01 7.3e+01 1.Oe+02 1.1e+02 2.6e-01 1.6e-01 2.6e-01 3.6e-01 3.9e-01
Fe-55 4.2e-03 5.2e-04 4.1e-03 7.5e-03 8.2e-03 1.5e-05 1.8e-06 1.5e-05 2.7e-05 2.9e-05

Co-56 3.0e+02 1.8e+02 2.9e+02 4.1e+02 4.4e+02 1.1e+00 6.3e-01 1.0e+00 1.5e+00 1.6e+00
Co-57 6.6e+00 4.0e+00 6.5e+00 9.0e+00 9.6e+00 2.3e-02 1.4e-02 2.3e-02 3.2e-02 3.4e-02
Co-58 7.6e+01 4.5e+01 7.5e+01 1.0e+02 1.1e+02 2.7e-01 1.6e-01 2.7e-01 3.7e-01 4.0e-01
Co-60 2.4e+02 1.5e+02 2.4e+02 3.2e+02 3.5e+02 8.5e-01 5.1e-01 8.4e-01 1.2e+00 1.2e+00

Ni-63 2.0e-03 2.6e-04 1.9e-03 3.5e-03 3.8e-03 7.0e-06 9.2e-07 6.8e-06 1.2e-05 1.Ae-05
Zn-65 5.2e+01 3.2e+01 5.2e+01 7.1e+01 7.6e+01 1.9e-01 1.1e-01 1.8e-01 2.5e-01 2.7e-01
As-73 1.0e-01 6.1e-02 1.0e-0l 1.4e-01 1.5e-01 3.6e-04 2.2e-04 3.6e-04 4.9e-04 5.3e-04
Se-75 2.6e+01 1.5e+01 2.5e+01 3.5e+01 3.8e+01 9.2e-02 5.5e-02 9.Oe-02 1.3e-01 14e-01

Sr5:;f': .6 1=','e+01-¢3.6e+01,,.,+ ,54+1;,.>.e0 ' ei3
Sr-89 1.4e-01 8.3e-02 1.4e-01 1.9e-01 2.1e-01 5.0e-04 3.0e-04 4.9e-04 6.9e-04 7.5e-04
Sr-90 7.7e-01 3.8e-01 7.6e-01 1.1e+00 1.2e+00 2.8e-03 1.3e-03 2.7e-03 4.0e-03 4.4e-03
Y-91 4.3e-01 2.6e-01 4.2e-01 5.9e-01 6.4e-01 1.5e-03 9.2e-04 1.5e-03 2.1e-03 2.3e-03
Zr-93 4.6e-03 1.4e-03 4.6e-03 7.4e-03 8.1e-03 1.6e-05 5.0e-06 1.6e-05 2.7e-05 2.9e-05
Zr9 2.6e -0. 9

Nb-93m 2.8e-03 1.3e-03 2.7e-03 4.1e-03 4.4e-03 9.9e-06 4.6e-06 9.8e-06 1.5e-05 1.6e-05
Nb-94 1.4e+02 8.7e+01 1.4e+02 1.9e+02 2.1e+02 5.1e-01 3.1e-01 5.0e-01 6.9e-01 7.5e-01
Nb-95 5.1e+01 2.9e+01 5.0e+01 7.3e+01 8.0e+01 1.8e-01 1.0e-01 1.8e-01 2.6e-01 2.9e-01
Mo-93 3.9e-02 9.3e-03 3.8e-02 6.5e-02 7.2e-02 1.4e-04 3.3e-05 1.4e-04 2.3e-04 2.6e-04
Tc-9-- 6-'.-03J i5.9e03 9.3e i03l l.,3.0,i.3e 2iQ.'. a 5s3.; OK4
Tc-97m 2.8e-42 1.6e-02 2.7e-02 3.8e-02 4.0e-02 9.9e-05 5.8e-05 9.7e-05 1.3e-04 1.5e-04
Tc-99 1.2e-02 3.2e-03 1.2e-02 2.0e-02 2.2e-02 4.3e-05 1.1e-05 4.2e-05 7.1e-05 7.8e-05
Ru-103 3.3e+01 1.8e+01 3.2e+01 4.6e+01 5.0e+01 1.2e-01 6.6e-02 1.1e-01 1.6e-01 1.8e-01
Ru-106 1.9e+01 1e+01 1.9e+01 2.6e+01 2.7e+01 6.7e-02 4.0e-02 6.6e-02 9.1e-02 9.8e-02
Ag -108m.-'te0 SOe,01, ' 6.i'ie+P9e+2"I-t' >--~-~
Ag-110m 2.4e+02 1.5e+02 2.4e+02 3.3e+02 3.5e+02 8.6e-01 5.1e-01 8.5e-01 1.2e+00 1.3e+00
Cd-109 2.0e-01 1.3e-01 2.0e-01 2.7e-01 2.9e-01 7.1e4-4 4.4e-04 7.1e-04 9.6e-04 1.Oe-03
Sn-113 2.0e+01 1.2e+01 1.9e+01 2.7e+01 2.9e+01 7.0e-02 4.2e-02 6.9e-02 9.6e-02 1.0e-01
Sb-124 1.Se+02 8.6e+01 1.4e+02 2.0e+02 2.2e+02 5.2e-01 3.le-01 5.1e-01 7.2e-01 7.9e-01
Sb-125, . 1.3.6e0,-al' 2 7e+18<.-e02'.9e+30ij'.52+1i.8e '~.3e,1'i.9e4
Te-123m 8.0e+00 4.8e+00 7.9e+00 1.1e+01 1.2e+01 2.9e-02 1.7e42 2.8e-02 3.9e-02 4.2e-02
Te-127m 4.6e-01 2.8e.-1 4.5e-01 6.2e.-1 6.6e.-1 1.6e-03 1.0e-03 1.6e-03 2.2e-03 2.4e-03
1-125 3.1.e- 1.4e-01 3.0e.-1 4.5e.-1 4.9e-01 1.e-03 5.1e-04 1.1e-3 1.6e4-3 1.8e4-3
1-129 1.5e+00 2.8e401 1.5e+00 2.6e+00 2.9e+00 5.4e-03 9.7e-04 5.3e-03 9.4e-03 1.Oe402

2 12.4 -t7.8e+00 2 3.6-02 8.3-033 2.8e-02 7.6e02; 9.2e-02i
Cs-134 1.4e+02 8.4e+01 1.4e+02 1.9e+02 2.0e+02 4.9e-O1 3.0e-01 4.9e-01 6.7e-01 7.2e-01
Cs-135 2.6e-02 3.7e-03 2.6e-02 4.6e-02 5.1e-02 9.4e.-5 1.3e-05 9.2e.-5 1.7e-04 1.8e-04
Cs-137 5.1e+01 3.1e+01 5.0e+01 6.9e+01 7.3e+01 1.8e-01 1.1.-1 1.8e-01 2.5e4-1 2.6e.-1
Ba-133 2.9e+01 1.7e+01 2.8e+01 3.9e+01 4.2e+01 1.0e-01 6.1e-02 1.Oe-01 1.4e.-1 1.5e-01
Ce-139 - A 8.2e±,5.0 ' 8.10 _ .1e+O1Ki.2e0 0 :,2.9.42 - .8e42' 2 '9o:02, 4.O-02--'4.3e02.
Ce-141 3.2e+00 1.8e+00 3.1e+00 4.6e+00 5.1e+00 1.1e4-2 6.3e-03 1.1e-02 1.6e-02 1.8e-02
Ce-144 4.3e+00 2.6e+00 4.2e+00 5.8e+00 6.2e+00 1.5e-02 9.2e-03 1.5e-02 2.1e-02 2.2e-02
Pm-147 4.4e-03 1.5e-03 4.3e-03 7.0e-03 7.6e-03 1.6e.-5 5.3e4-6 1.6e-05 2.5e.-5 2.7e-05
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I
Appendix I-2 I Nonnalized Effective Doses from Concrete

Table 12.1 Normalized effective doses from all pathways: Processing concrete
Radionuclide Mass-based effective dose (pSvly per Bq/g) Surficial effective dose (ISv/y per Bq/cm2)

Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
Sm-151 1.7e43 5.4e-04 1.7e-03 2.7e-03 2.9e-03 6.0e-06 1.9e-06 5.9e-06 9.6e-06 I.Oe-05
Eu-152,',:>,-m''.Oe+02 '~6.4e+01 '-,.e02 02JX.4e+02', 15e~O2 '2*+*:3.741 ''--2.301 41_f;3..7e-01.-.,^5.1 01':.-:5.5-41I
Eu-154 1.Oe+02' 6.2e+01 1.0e+02 lAe+02 1.5e+02 3.6e-01 2.2e-41 3.6e-01 5.0e-01 5.3e-01
Eu-155 2Ae+00 1.4e+00 2.3e+00 32e+00 3.4e+00 8.4e-03 5.1e-03 8.4e-03 1.2e-02 1.2e-02
Gd-153 3.0e+00 1.8e+00 3.0e+00 4.1e+00 4Ae+00 1.1e-02 6.5e-03 1.le-02 1.5e-02 1.6e-02
Tb-160 8.8e+01 5.2e+01 8.7e+01 1.2e+02 1.3e+02 3.2e-01 1.9e-01 3.e-01 4.3e-01 4.7e-01
Trm-,170>-< JW ~3.it>-,S.6e01. -9.8e-02 YI.6e'41 .i , 2 .6 ,- 3.5e-042 -5.6 7.6e,,4_782e,4
Tm-171 1.4e-02 8.8e-03 1.4e-02 1.9e-02 2.0e-02 5.0e-05 3.1e-05 5.0e-05 6.7e-05 7.2e-05
Ta-182 1.1e+02 6.4e+01 1.Oe+02 1.5e+02 1.6e+02 3.8e-01 2.3e-01 3.7e-01 5.2e-01 5.6e01
W-181 8.3e401 5.0e-01 8.2e-01 1.1e+00 1.2e+00 3.0e-03 1.8e-03 2.9e-03 4.1e-03 4.4e-03
W-185 9.8e-03 4.8e-03 9.6e-03 1.4e-02 1.6e-02 3.5e-05 1.7e-05 3.4e-05 5.1e-05 5.6e-05

Ir-192 5.8e+01 3.5e+01 5.7e+01 8.0e+01 8.6e+01 2.1e-01 1.2e-01 2.0e-01 2.9e-01 3.1e-41
T1-204 7.4e-02 4.5e-02 7.3e-02 9.9e-02 1.1e-01 2.6e-04 1.6e-04 2.6e-04 3.5e-04 3.8e-04
Pb-210 1.2e+01 1.7e+00 1.2e+01 2.1e+01 2.3e+01 4.3e-02 6.0e-03 42e-02 7.6e-02 8.4e-02
Bi-207 1.4e+02 8.4e+011lAe+02 1.9e+02 2.0e+02 4.9e-01 3.0e01 4.9e-01 6.7e-01 7.2e-01

il5, 53.e+00, Aie-02 O.9e42 1e4
Ra-226 1.7e+02 1.0e+02 1.6e+02 2.2e+02 2.4e+02 5.9e-01 3.6e-01 5.8e-01 8.Oe-01 8.6e-01
Ra-228 8.9e+01 5.6e+01 8.8e+01 1.2e+02 1.3e+02 3.2e-01 2.0e-01 3.2e-01 4.3e-01 4.6e-01
Ac-227 5.6e+01 3.6e+01 5.6e+01 7.3e+01 7.8e+01 2.0e-01 1.3e-01 2.0e-01 2.6e-01 2.8e401
Th228 IAe+02 8.9e+01 1.4e+02' 1.9e+02 2.0e+02 5.1e-01 3.1e-01 5.0e-01 6.9e-01 7.4e-01
Th:229 l 2 4.3e+ 01 __2.9e+01. e 4 5.5+e01i 5.5e+t01r.§5. 8e4Oij'L- i.5e-. 1I.51 2.0e.01..Ai.1e01,
Th-230 7.3e+00 3.9e+00 7.2e+00 1.Oe+01 1.Ie+01 2.6e-02 1Ae-02 2.6e-02 3.7e02 4.0e-02
Th-232 8.1e+00 4Ae+00 8.0e+00 1.1e+01 1.2e+01 2.9e-02 1.6e-02 2.8e-02 4.0e-02 4.3e-02
Pa-231 2.6e+01 1.5e+01 2.6e+01 3.6e+01 3.9e+01 9Ae-02 5.3e-02 9.3e-02 1.3e-01 IAe4-01
U-232 1.1e+01 5.7e+00 1.1e+01 1.5e+01 1.6e+01 3.8e-02 2.0e-02 3.8e-02 5.4e-02 5.8e-02
i233'J: .Y 8e+0_ -9.7e-'4 -',1.8o+00 Z2.e+,OO,_,-':00 .=f6.6e 03 'K3.4e-03 , 036.3e0 8.9, .- 97e4'3

U-234 1.8e+00 9.5e-01 1.7e+00 2.4e+00 2.6e+00 6.3e-03 3.4e-03 6.2e-03 8.7e-03 9.5e03
U-235 1.3e+01 8.4e+00 1.3e+01 1.7e+01 1.8e+01 4.6e-02 3.0e02 4.6e-02 6.2e-02 6.6e-02
U-236 1.6e+00 B.Be-01 1.6e+00 2.3e+00 2.5e+00 5.8e-03 3.1e-03 5.7e-03 8.1e-03 8.8e-03
U-238 3.9e+00 2.6e+00 _ 3.8e+00 4.9e+00 5.2e+00 1.4e-02 9.3e-03 1.4e-02 1.Be-02 1.9e-02
N123 2 1e+biv--1:Ae+01 I"2.Ie0i w-7 29e+0 w.4e 02 ,,4.942 .7e 1.Oe-01
Pu-236 3.2e+00 1.8e+00 32e+00 4.5e+00 4.9e+00 1.2e-02 6.2e-03 1.le-02 1.6e-02 1.7e-02
Pu-238 7.9e+00 4.2e+00 7.8e+00 1.1e+01 1.2e+01 2.8e-02 1.5e-02 2.8e-02 3.9e-02 4.3e-02
Pu-239 B.5e+00 4.5e+00 8Ae+00 12e+01 1.3e+01 3.0e-02 1.6e-02 3.0e-02 42e-02 4.6e-02
Pu-240 8.5e+00 4.5e+00 8.4e+00 1.2e+01 1.3e+01 3.0e-02 1.6e-02 3.0e-02 4.2e-02 4.6e-02
Pu241,l;A71..6~0I _;8.22,-02 _I e1. 0 . 5.6e 7. 2.9e .,.8 i8 4
Pu-242 8.2e+00 4.4e+00 8.1e+00 1.1e+01 1.2e+01 - 2.9e-02 1.5e-02 2.9e-02 4.1e-02 4Ae-02
Pu-244 3.7e+01 2.5e+01 3.7e+01 4.8e+01 5.1e+01' -'1.3e-01 8.7e-02 1.3e-01 1.7e-01 1.8e01
An-241 7.5e+00 4.3e+00 7.5e+00 1.Oe+01 1.1e+01 2.7e-02 1.5e-02 2.7e-02 3.7e42 4.0e-02
Am-242m 8.0e+00 4.7e+00 7.9e+00 1.1e+01 1.2e+01 2.8e-02 1.7e-02 2.8e-02 3.9e-02 4.2e-02

243 A: -- 2.Oe+01 -71.4e+01-0 ,,7.i 2 4.8z ;7.0e-02'9A1-0 42 9.i
Cm-242 7.2e-01 4.2e-01 7.0e-01 I.Oe+00 1.1 e+00 2.6e-03 1.5e-03 2.5e-03 3.6e-03 4.0e-03
Cm-243 1.3e+01 9.2e+00 1.3e+01 1.7e+01 1.8e+01 4.8e-02 3.2e-02 4.7e-02 6.1e-02 6.5e-02
Cm-244 4.3e+00 2.3e+00 4.3e+00 6.0e+00 6.5e+00 1.5e02 8.3e-03 1.5e-02 22e-02 2.3e-02
Cm-245 _1.2e+01 8.3e+00 1.2e+01 1.6e+01 1.7e+01 4.4e-02 '2.9e-02 4.3e402 5.6e-02 6.0e-02
Cm-246.'x7le+00 eI3.8e+00%7.0e+0 .. e+1i.je OiJL7-,2.5e 2 .3e-02 -.2.52 6 2- 3.9e02
Cm-247 3.4e+01 ' 2.2e+O1 3.3e+01 4Ae+01 4.7e+01 1.2e01 7.9e-02 1.2e-01 1.6e01 1.7e-01
Cm-248 2.6e+01 1.3e+01 2.5e+01 3.6e+01 3.9e+01 : 9.1e-02 4.8e-02 9.0e-02 1.3e-01 1.4e01
Bk-249 3.le-02 1.7e-02 3.1e-02 4.3e-02 4.7e-02 1.1e-04 5.9e-05 I.Ie-04 1.6e-04 1.7e-04
Cf-248 1.3e+00 7.6e-01 1.3e+00 1.8e+00 2.0e+00 4.8e-03 2.7e-03 4.7e-03 6.6e-03 72e3
Cf-249 '.- 3.9e+0 ',2.6e+01 3, e4.9e+01.e1 :-:1.ie0 i 92e02 .1.941'
Cf-250 5.7e+00 3.0e+00 5.6e+00 7.9e+00 8.6e+00 2.0e-02 1.1e-02 2.0e-02 2.8e-02 3.1e-02
Cf-251 1.9e+01 1.3e+01 1.9e+01 2.5e+01 2.6e+01 6.8e-02 4.5e-02 6.8e-02 8.8e-02 9.5e-02
Cf-252 3.3e+00 1.8e+00 32e+00 4.5e+00 4.9e+00 1.2e-02 6.3e03 1.1e-02 1.6e-02 1.8e-02
Cf-254 1.4e+03 8.1e+02 1.3e+03 1.9e+03 2.0e+03 4.9e+00 2.9e+00 4.8e+00 6.7e+00 7.3e+00
Es-254 , .2e+0, 0+ 8.ie+01 Oi.',11e+02,- 1;2e+02 2 A72.9e-01 - 1.841 '-.2.9e-0 i.0e-01 'ii.3e41-

Note: To convert these values to conventional units (mrem/y per pCVg or mremly per pCicm2). multiply by 3.7e-3
_-4 _ _E-6_
1-49 NUREG-1640



Normalized Effective Doses from Concrete Appendix I-2
Normalized Effective Doses from Concrete Appendix 1-2

Table 12.2 Normalized effective doses from external exposure: Processina concrete
Rad e Mass-based effectve dose (Sy per BqIg)

Raincie Mean 5th 50th 90th 95th
Surficial effective dose (pSvty per BqIcm2)

Mean 5th 50th 90th - 95th
H-3 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
C-14 1.8e-04 1.1e-04, 1.8e-04 2.5e-04 2.6e-04 6.4e-07 3.9e-07 6.4e-07 8.8e-07 9.4e-07
Na-22 2.0e+02 1.2e+02 2.0e+02 2.7e+02 2.9e+02 7.1e-01 4.3e-01 7.0e-01 9.7e-01 1.Oe+00
P-32 9.2e-02 3.7e-02 - 8.3e-02 1.6e-01 1.8e-01 3.3e-04 1.3e-04 2.9e-04 5.5e-04 6.3e-04
S3.:aK i.7e-,4. 1.0e, b ,t;7e _ 4,e4; 2 .6 , .4 .Ji"8. 6.2e-07:{ 3.7,07 6.i&07 ±8.5e 072 9.2e-7
C-36 3.5e-02 2.1e-02 3.5e-02 4.8e-02 5.1e-02 1.3e-04 7.6e-05 1.2e-04 1.7e-04 1.8e-04
K-40 1.5e+01 9.3e+00- 1.5e+01 2.1e+01 2.2e+01 5.4e-02 3.3e-02 5.4e-02 7.4e-02 8.0e-02
Ca 41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-45 8.2e-04 5.0e-04 8.te-04 1.1e-03 1.2e-03 2.9e-06 1.8e-06 2.9e-06 4.0e-06 4.3e-06
si46" ' + 990+01.6ej602.6 e'+02L2,+,4e0±02$:> 5.9 ,01 .5" 01J 5.8e-01, ' 1e-01- '8. ''- 01I
Cr-51 1.8e+00 9.4e-01 1.7e+00 2.6e+00 2.9e+00 6.3e-03 3.3e-03 6.0e-03 9.2e-03 1.0e-02
Mn-53 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00
Mn-54 7.4e+01 4.5e+01 7.3e+01 1.0e+02 1.1e+02 2.6e-01 1.6e-01 2.6e-01 3.6e-01 3.9e-01
Fe-55 9.2e-09 5.6e-09 9.1e-09 1.2e-08 1.3e-08 3.3e-11 2.0e-11 3.2e-11 4.5e-11 4.8e-11
F.59;§.9e+01; 5.1e+01i _ 8.e+61.2 1.i32e-01 1,.ie-0 4.4 e -01.•
Co-56 3.0e+02 1.8e+02 2.9e+02 4.1e+02 4.4e+02 1.1e+00 6.3e-01 1.Oe+00 1.5e+00 1.6e+00
Co-57 6.6e+00 4.0e+00 6.5e+00 9.0e+00 9.6e+00 2.3e-02 1.4e-02 2.3e-02 3.2e-02 3.4e-02
Co-58 7.6e+01 4.5e+01 7.5e+01 1.0e+02 1.1e+02 2.7e-01 1.6e-01 2.7e-01 3.7e-01 4.0e-01
CCF60 2.4e+02 1.5e+02 2.4e+02 3.2e+02 3.5e+02 8.5e-01 5.1e-01 8.4e-01 1.2e+00 1.2e+00
NF59j 14,e-03-- 8.5e-42.; 1 6.8 -,.,_7.3eO6 T

NF63 3.6e-06 2.2e-06 3.5e-06 4.8e-06 5.2e-06 1.3e-08 7.6e-09 1.3e-08 1.7e-08 1.9e-08
Zn-65 5.2e+01 3.2e+01 5.2e+01 7.1e+01 7.6e+01 1.9e-01 1.1e-01 1.8e-01 2.5e-01 2.7e-01
As-73 9.8e-02 5.9e-02 9.7e-02 1.3e-01 1.4e-01 3.5e-04 2.1e-04 3.4e-04 4.8e-04 5.2e-04
Se-75 2.6e+01 1.5e+01 2.5e+01 3.5e+01 3.8e+01 9.2e-02 5.5e-02 9.0e-02 1.3e-01 1.3e-01

Sr-89 1.1e-01 6.7e-02 1.1e-01 1.6e-01 1.7e-01 4.1e-04 2.4e-04 4.0e-04 5.7e-04 6.2e-04
Sr-90 3.9e-01 2.4e-01 3.8e-01 5.3e-01 5.6e-01 1.4e-03 8.3e-04 1.4e-03 1.9e-03 2.0e-03
Y-91 4.1e-01 2.4e-01 4.0e-01 5.6e-01 6.1e-01 1.4e-03 8.5e-04 1.4e-03 2.0e-03 2.2e-03
Zr-93 6.2e-06 3.4e-06 6.0e-06 8.9e-06 9.8e-06 2.2e08 1.2e-08 2.1e-08 3.2e-08 3.5e-08

7.95--s 2etO Oi_44+1- 7,e0.,. 0Z,:e ( ' "6 0 .16e7 ' 2.6e-01<'; -01F;, 3.8e '
Nb-93m 1.1e-03 6.9e-04 1.1e-03 1.5e-03 1.7e-03 4.1e-06 2.4e-06 4.0e-06 5.5e-06 6.0e-06
Nb.94 1.4e+02 8.7e+01 1.4e+02 1.9e+02 2.1e+02 5.1e-01 3.1e-01 5.0e-01 6.9e-01 7.5e.-Ol
Nb-95 5.1e+01 2.9e+01 5.Oe+01 7.3e+01 8.0e+01 1.8e-01 1.0e-01 1.8e-01 2.6e-01 2.9e-01
Mo-93 6.2e-03 3.8e-03 6.1 e-03 8.4e-03 9.0e-03 2.2e-05 1.3e-05 2.2e-05 3.0e-05 3.2e-05

4 9,.5 3e-03' . 5.i 03'J 8.2o-032 Ej-1'.,2 ,e-02y '3.o-3,.0 0 1.8r05~ - 2.9e 05W4.1e05! 4.3e-05
Tc-97m 2.0e-02 1.2e-02 2.0e-02 2.8e-02 3.0e-02 7.2e-05 4.3e-05 7.0e-05 9.8e-05 1.1e-04
Tc-99 1.8e-03 1.1e-03 1.8e-03 2.5e-03 2.6e-03 6.4e-06 3.9e-06 6.4e-06 8.8e-06 9.4e-06
Ru-103 3.3e+01 1.8e+01 3.2e+01 4.6e+01 5.0e+01 1.2e-01 6.6e-02 1.1e-01 1.6e-01 1.8e-01
Ru-106 1.9e+01 1.1 1.9e+01 2.5e+01 2.7e+01 6.7e-02 4.0e-02 6.6e-02 9.te-02 9.8e-02
Ag-108m-:~tj 1.4e+02v--7 8.7e+01 ,1.4e±024;1.9o±02.i 2 .3.1e-aC t,5.0.-Ol T698'0t f'7.58-01
Ag-110m 2.4e+02 1.5e+02 2.4e+02 3.3e+02 3.5e+02 8.6e-01 5.1e-01 8.5e-01 1.2e+00 1.3e+00
Cd-109 1.7e-01 1.1e-01 1.7e-01 2.4e-01 2.5e-01 6.2e-04 3.8e-04 6.2e-04 8.5e-04 9.1e-04
Sn-113 2.0e+01 1.2e+01 1.9e+01 2.7e+01 2.9e+01 7.0e-02 4.2e-02 6.9e-02 9.6e-02 1.0e-01
Sb-124 1.5e+02 8.6e+01 1.4e+02 2.0e+02 2.2e+02 5.2e-01 3.1e-01 5.1e-01 7.2e-01 7.9e-01
SbF125,w4'b, .'-3.6e+0,1.'A 2.2e+01 .3.6,e+01e4.9o+0125.2e 01 ' K.;' 3e O ' 7.8e,02 ,,'3 O0i, 1. 8e- O1',i.9eOi1
Te-123m 8.0e+00 4.8e+00 7.9e+00 1.1e+01 1.2e+01 2.9e-02 1.7e-02 2.8e-02 3.9e-02 4.2e-02
Te-127m 4.3e-01 2.6e-01 4.2e-01 5.9e-01 6.3e-01 1.5e-03 9.1e-04 1.5e-03 2.1e-03 2.3e-03
1-125. 1.5e-01 8.8e-02 1.5e-01 2.1e-01 2.2e-01 5.3e-04 3.1e-04 5.2e-04 7.4e-04 8.0e-04
1-129 1.4e-01 8.7e-02 1.4e-01 1.9e-01 2.1e-01 5.1e-04 3.1e-04 5.0e-04 6.9e-04 7.5e-04
i-i31 ;< 3 1.-i+01 2.3e+0 , 7e+00-,J;2.1t'+0t; 2.5e+0'1 T< 3.6O-02 "' 8.3eM03;', 2.8e-02~A'7.6e-025 -9.1e-024
Cs-134 1.4e+02 8.4e+01 1.4e+02 1.9e+02 2.0e+02 4.9e-01 3.0e-01 4.9e-01 6.7e-01 7.2e-01
Cs-135 1.3e-03 7.8e-04 1.3e-03 1.7e-03 1.9e-03 4.5e-06 2.7o-06 4.5e-06 6.2e-06 6.7e-06
Cs-137 5.0e+01 3.1e+01 5.0e+01 6.9e+01 7.3e+01 1.8e-01 1.1e-01 1.8e-01 2.5e-01 2.6e-01
Ba-133 2.9e+01 1.7e+01 2.8e+01 3.9e+01 4.1e+01 1.0e-01 6.1e-02 1.00-01 1.4e-01 1.5e-01
Ce' 39'_<'8.2e+0, 5.0Oe+00', 8.1e-00--_.1e+01'->i.t2e+01; '2.9e02', -1 .8e-02 ;02.9-02 "i;O-02 i,'4.3e-02
Ce-141 3.2e+00 1.8e+00 3.1e+00 4.6e+00 5.1e+00 1.1e-02 6.2e-03 1.1e-02 1.6e-02 1.8e-02
Ce-144 4.2e+00 2.5e+00 4.1e+00 5.7e+00 6.1e+00 1.5e-02 9.0e-03 1.5e-02 2.0e-02 2.2e-02
Pm-147 6.8e-04 4.2e-04 6.8e-04 9.3e-04 9.9e-04 2.4e-06 1.5o-06 2.4e-06 3.3e-06 3.6e-06
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Appendix 1-2 f . Nornalized Effective Doses from Concrete

Table 12.2 Normalized effective doses from external exposure: Processing concrete
Mass-based effective dose (piSv/y per Bq/g) Surficial effective dose (ipSvly per Bqkcm 2)

Mean 5th 50th 90th 95th Mean 5th 50th - 90th 95th
Sm-151 1.7e-05 1.e-05 1.7e-05 2.4e-05 2.5e-05 6.2e-08 3.7e-08 6.1e-08 8.5e-08 9.1e-08
Eue152+021.0e+ 2A!L6.4e401 ; i.0et02 1.4e+02 0-23e41;43 4-1 .
Eu-154 1.Oe+02 6.2e+01 1.Oe+02 1Ae+02 1.5e+02 3.6e-01 2.2e-01 3.6e-01 5.0e-01 5.3e-01
Eu-155 2.4e+00 1.4e+00 2.3e+00 3.2e+00 3.4e+00 8.4e-03 5.1e-03 8.3e-03 12e-02 1.2e-02
Gd-153 3.0e+00 1.Be+00 3.0e+00 4.1e+00 4Ae+00 1.e-02 6.5e-03 1.1e-02 1.5e-02 1.6e-02
Tb-160 8.8e+01 5.2e+01' 8.7e+01 1.2e+02 1.3e+02 3.2e-41 1.9e-01 3.1e-01 4.3e-01 4.7e-01

T-7 YO -IA _7-5e-304-
Tm-171 1.3e-02 7.6e-03 1.2e-02 1.7e-02 1.8e-02 4.5e-05 2.7e-05 4.4e-05 6.1le-05 6.6e-05
Ta-182 1.1e+02 6.4e+01 1.Oe+02 1.5e+02 1.6e+02 3.8e-01 2.3e-01 3.7e-01 52e-01 5.6e-01
W-181 8.3e-01 5.0e-01 8.2e-O1 1.1e+00 1.2e+00 3.0e-03 1.8e-03 2.9e-03 4.1e-03 4.4e-03
W-185 5.1e-03 3.0e-03 5.0e-03 7.0e-03 7.5e-03 1.8e-05 1.1e-05 1.8e-05 2.5e-05 2.7e-05

O S-lo : p3.1e401 j 52o+O1 7.2e+Oi. 7.7e+tOl_1 - 1 . -- I'8 -O2_ I01.6e-O1 2e8&81
* Ir-192 5.8e+01 3.5e+01 5.7e+01 8.0e+01 8.6e+01 2.1le-01 1.2e-01 2.0e-01 2.9e-01 3.1le-01

Tl-204 5.8e-02 3.5e-02 5.7e-02 7.8e-02 8.4e-02 2.1 e-04 1 .2e-04 2.0e-04 2.8e-04 3.0e-04
Pb-210 8.7e-02 5.3e-02 8.6e-02 1.2e-01 1.3e-01 3.1 e-04 1.9e.04 3.1 e-04 4.2e-04 4.5e-04
Bl-207 1.4e+02 8.4e+01 1 Ae+02 1.9e+02 2.0e+02 4.9e-O1 3.0e-01 4.9e-01 6.7e-01 7.2e-01
Pro21O 8.2e- 42-'5.0e-04.'8.1e~ 4. .1e- 1.2e.O3 7, 2.9e 06,,1.8e06-2.9e-06W fn4.Oe-06 J43e 6
Ra-226 1.6e+02 9.8e+01 1.6e+02 2.2e+02 2.3e+02 5.8e-O1 3.5e-01 5.7e-01 7.9e-01 8.4e-01
Ra-228 8.1e+01 4.9e+01 8.0e+01 1.1e+02 1.2e+02 2.9e-01 1.7e-01 2.9e-01 3.9e-01 4.2e-01
Ac-227 3.1e+01 1.9e+01 3.1e+01 4.2e+01 4.5e+01 1.1e-01 6.7e-02 1.1e-01 1.5e-01 1.6e-01
Th-228 1.4e+02 8.3e+01 1.4e+02 1.9e+02 2.0e+02 4.9e-01 2.9e-01 4.8e-01 6.7e401 7.2e-01

9T -2.2e+0i I1 .e+01 '^2.2e .et01-3e+O1,32 _ 028e-O2 eO2-1.'1e01 - 12e-O
Th-230 1 .9e-02 1 .2e-02 1.9e-02 2.7e-02 2.9e-02 6.9e-05 4.1 e-05 6.8e-05 9.6e-05 1 .0e.04
Th-232 4.3e-01 9.0e-02 4.0e-01 7.8e-01 8.8e-01 I.5e-03 3.2e-04 I.4e-03 2.8e-03 3.2e-03
Pa-231 2.6e+00 1.6e+00 2.5e+00 3.5e+00 3.7e+00 9.le-03 5.5e403 9.0e-03 1.2e-02 1.3e-02
U-232 2.2e+00 4.5e-01 2.11e+00 4.0e+00 4.5e+00 7.8e-03 1.6e-03 7.3e-03 1.4e-02 1.6e-02
U 233_1I.'i 02>,' -~8.7e 03 4-'XI e02F.i -- 02 ,T21 ,-02-,51~e05,/-50 EYC • 9 e.O5 K 7. 4 ;05 ,:,
U-234 52e-03 3.1e-03 5.1e-03 7.0e-03 7.5e-03 1.8e-05 1.1e-05 1.8e-05 2.5e-05 2.7e-05
U-235 1.1e+01 7.0e+00 1.1e+01 1.6e+01 1.7e+01 4.1e-02 2.5e-02 4.0e-02 5.6e-02 6.0e-02
U-236 2.6e-03 1.6e403 2.6e-03 3.6e-03 3.8e-03 9.3e406 5.6e-06 9.2e-06 1.3e-05 1.Ae-05
U-238 2.3e+00 1.4e+00 2.3e+00 3.1e+00 3.4e+00 8.3e-03 5.0e-03 8.2e-03 1.e-02 1.2e-02
N-237 1 .7e+01 Th.I .Oe+0,1i.7e4Qi 0 0,1,- 0e02.5 e 0 i6.0 "' 82e-02 8.8 02
Pu-236 3.2e-03 1.8e-03 3.1e-03 4.5e-03 5.0e-03 1.1e-05 6.4e-46 1.Ie-05 1.6e-05 1.8e-05
Pu-238 1.7e-03 1.Oe-03 1.7e-03 2.3e-03 2.5e-03 6.1 e-06 3.7e-06 6.0e-06 8.3e-06 8.9e-06
Pu-239 4.3e-03 2.6e-03 4.2e-03 5.8e-03 6.2e-03 1.Be-05 9.1e-06 1.5e-05 2.1e-05 2.2e-05
Pu-240 1e7-03 1.Oe-03 1.6e-03 2.2e-03 2.4e-03 5.9e-06 3.5e-06 5.8e-06 8.0e-06 8.6e-06

Pu-242 1.5e-03 8.8e-04 1.4e-03 2.0e-03 2.le-03 5.2e-06 3.1e406 5.1e-06 7.1e-06 7.6e-06
Pu-244 2.9e+01 1.8e+01 2.9e+01 3.9e+01 4.2e+01 1.Oe-01 6.2e-02 1.0e-01 1.4e-01 1.5e-01
Am-241 5.3e-01 3.2e-01 5.2e-01 7.2e-01 7.7e-01 1.9e-03 1.1e-03 1.9e-03 2.6e-03 2.8e-03
Am-242m 9.5e-01 5.8e-01 9.4e-01 1.3e+00 1.4e+00 3.4e-03 2.0e-03 3.4e-03 4.6e-03 5.0e-03

-243 1.3e+0i 7.;7;8e+,00 Ki.3e+01' l.8e+;01,1,.9 e+01-' . _-4.6 02, 712.8e,02 ,45o-02 3 -2 6.7e-02,
Cm-242 1.7e-03 1.0e-03 1.7e-03 2.4e-03 2.5e-03 6.2e-06 3.7e-06 6.1e-06 8Ae-06 9.1e-06
Cm-243 8.1e+00 5.0e+00 8.1e+00 1.1e+01 1.2e+01 2.9e-02 1.8e-02 2.9e-02 4.0e-02 4.3e-02
Cm-244 1.5e-03 9.4e-04 1.5e-03 2.1 e-03 2.2e-03 5.5e-06 -'3.3e-06 5.5e-06 7.5e-06 8.1 e-06
Cm-245 5.2e+00 3.2e+00 _5.1e+00 7.0e+00 7.5e+00 - .Be 02 1.1e-02 1.8e-02 2.5e402 2.7e-02
,Cm-246_.0e-03 , '', '3.6e6 22e.606 .9e-06 '53e,06
Cm-247 2.7e+01 1.7e+01 2.7e+01 3.7e+01 3.9e+01 9.7e-02 5.8e-02 9.6e-02 1.3e4-1 1.4e-01
Cm-248 9.3e-04 5.7e-04 9.2e-04 1.3e-03 1.4e-03 3.3e-06 2.0e-06 3.3e-06 4.5e-06 4.9e-06
Bk-249 2.3e-03 5.5e-04 2.2e-03 4.2e-03 4.7e-03 8.4e-06 2.0e-06 7.9e-06 1.5e-05 1.7e-05
Cf-248 2.3e-03 1Ae-03 2.3e-03 3.1e-03 3.3e-03 8.1e-06 4.9e-06 8.0e-06 1.1e-05 1.2e-05
Cf-249 i 2.7e+01 -j1.6e+01- 2.6e+01 ,3.601 j .9.401 -,975ee02; 5-02 , 9.4e-02v 1.3e.01 - i.4e0 f
Cf-250 1.2e-03 7.1e-44 1.1e-03 1.6e-03 1.7e-03 4.1e-06 2.5e-06 4.1e-06 5.6e-06 6.1e-06
Cf-251 7.0e+00 4.3e+00 6.9e+00 9.5e+00 1.0e+01 2.5e-02 1.5e-02 2.5e-02 3.4e-02 3.7e-02
Cf-252 2.0e-03 1.2e-03 2.0e-03 2.7e-03 2.9e-03 7.1 e-06 4.3e-06 7.0e-06 9.7e-06 1 .Oe-05
Cf-254 1.4e+03 8.0e+02 1.3e+03 1.9e+03 2.0e+03 4.8e+00 2.8e+00 4.7e+00 6.7e+00 7.3e+00
Es-254-.-r.:8.1e+019A.9e+01 8.0e+01 ~1.18+02'--'.2e+02t U'2.9e-01 :1.7e-01 ':2.8e1 u-23.9e01.-420-01
Note: To convert these values to conventional units (mrem/y per pClg or mremly per pCi/cm2), multiply by 3.7e-3
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Normalized Effective Doses from Concrete Appendix 1-2
Table 12.3 Normalized effective doses from Inhalation: Processing concrete

Radionuclide Mass-based effective dose (pSvly per Bq/g)
Mean 5th 50th 90th 95th

Surficial effective dose (pSvty per BqIcm2)
Mean 5th 50th 90th 95th

H-3 6.9e-06 3.8e-06 6.6e-06 9.8e-06 1.1e-05 2Ae-08 1.3e-08 2.3e-08 3.5e-08 3.9e-08
C-14 9.7e-05 5.4e-05 9.3e-05 1.4e-04 1.6e-04 3.5e-07 1.9e-07 3.3e-07 5.0oe-07 5.6e-07,
Na-22 3.3e-04 1.8e-04 3.2e-04 4.7e-04 5.3e-04 1.2e-06 6.5e-07 1.1e-06 1.7e-06 1.9e-06
P-32 2.4e-04 9.3e-05 2.1 -04 4.1 e-04 4.8e-04 8.6e-07 3.3e-07 7.6e-07 1.5e-06 1.7e-06
S-5,~ 1.6-0 4_,'8.9e-05Y,- 1.~4~;..2.3 3 2;6e-4 ,~ ;;;.5.8e,07~• 3.2'- 7S5.60-7;.-8.40294n- 07A''~''
CI-36 8.6e-04 4.8e-04 8.2e-04 1.2e-03 1.4e-03 3.1e-06 1.7e-06 2.9e-06 4.4e-06 4.9e-06
K-40 5.0e-04 2.8e-04 4.8e-04 7.2e-04 8.1e-04 1.8e-06 9.9-e07 1.7e-06 2.6e-06 2.9e-06
Ca-41 3.2e-05 1.8e-05 3.1e-05 4.6e-05 5.1e-05 1.1e-07 6.2e-08 1.1e-07 1.6e-07 1.8e-07
Ca-45 3.6e-04 2.0e-04 3.5e-04 5.2e-04 5.8e-04 1.3e-06 7.1e-07 1.2e-06 1.9e-06 2.1e-06
6az.:^-.'Z. ,.,1.7 f.e4 ~.e,3:ui;e3t> 1:4.5-06 08,1; , f2.40.06y?, 3.6e 06 ,!4.1e-6:
Cr-Si 4.1e-06 2.1e-06 3.9e-06 6.3e-06 7.1e-06 1.5e-08 7.3e-09 1.4e-08 2.2e-08 2.6e-08
Mn-53 6.0e-06. 3.4e-06 5.8e-06 8.6e-06 9.7e-06 2.2e-08 1.2e-08 2.1 e-08 3.1 e-08 3.5e-08
Mn-54 1.9e-04 1.1e-04 1.9e-04 2.8e-04 3.1e-04 6.9e-07- 3.8e-07 6.7e-07 1.Oe-06 1.1e-06
Fe-55 1.5e-04 8.5e-05 1.5e-04 2.2e-04 2.4e-04 5.4e-07' 3.0e-07 5.2e-07 7.8e-07 8.8e-07

2.1e04>3.8 5.8e4- 6.5 4 5 4 4 41.4.C6 T5, 37, e.3o-0B 6 2Z- e0-6 20 3- 06e
Co-56 7.2e-04 3.9e-04 6.8e-04 1.0e-03 1.2e-03 2.6e-06 1.4e-06 2.4e-06 3.7e-06 4.1e-06
Co-57 9.7e-05 5.4e-05 9.3e-05 1.4e0-4 1.5e-04 3.5e-07 1.9e-07 3.3e-07 5.0e-07 5.5e-07
Co-58 2.4e-04 1.3e-04 2.3e-04 3.5e-04 3.9e-04 8.7e-07 4.7e-07 8.3e-07 1.3e-06 1.4e-06
Co-SO 2.8e-03 1.6e-03 2.7e-03 4.1e-03 4.5e-03 1.0e-05 5.6e-06 9.7e-06 1.5e-05 1.6e-05
N 596 , Y 3.7e 5 i e 053 0.5.3e- O 5 9 .- . .
NF-63 8.7e-05 4.8e-05 8.4e-05 1.2e-04 1.4e-04 3.1e-07 1.7e-07 3.0e-07 4.5e-07 5.0e-07
Zn-65 4.5e-04 2.5e-04 4.3e-04 6Ae-04 7.2e-04 1.6e-06 8.8e-07 1.5e-06 2.3e-06 2.6e-06
As-73 9.5e-05 5.2e-05 9.1 e-05 1.4e-04 1.5e-04 3.4e-07 1.8e-07 3.2e-07 4.9e-07 5.5e-07
Se-75 2.6e-04 1.4e-04 2.5e-04 3.7e-04 4.2e-04 9.3e-07 5.1e-07 8.9e-07 1.3e-06 1.5e-06
S' '85-r7 8.0;t~ 05-l 4e '.i='3e-05~ 7.6e-05,1.1s;e-0Tv i.3e-04,--,, v -' 2 e07475,,,,r'27,
Sr-89 1.9e-04 i.0e-04 1.8e-04 2.8e-04 3.1e-04 6.8e-07 3.6e-07 6.4e-07 9.9e-07 1.1e-06
Sr-90 5.3e-03 3.0e-03 5.1e-03 7.6e-03 8.5e-03 1.9e-05 1.0e-05 1.8e-05 2.7e-05 3.0e-05
Y-91 8.5e-04 4.6e-04 8.1 e-04 1.2e-03 1.4e-03 3.0e-06 1.6e-06 2.9e-06 4.4e-06 5.0e-06
Zr-93 1.1e-03 6.2e-04 1.1e-03 1.6e-03 1.8e-03 4.0e-06 2.2e-06 3.8e-06 5.7e-06 6.3e-06

Zr95; .6-0. e 04j'8.8io-0459.0o04y:; . Z. 2 O06i) 1.ieO6Thi.ge0i9 -06 3.2e os
Nb-93m 1.4e-04 8.0e-05 1.4e-04 2.1e-04 2.3e-04 5.1 e-07 2.8e-07 4.9e-07 7.4e-07 8.3e-07
Nb-94 4.2e-03 2.3e-03 4.0e-03 6.0e-03 6.7e-03 I.Se-05 8.2e-06 1.4e-05 2.2e-05 2.4e-05
Nb-95 1.6e-04 8.3e-05 1.5e-04 2Ae-04 2.78-04 5.7e-07 3.0e-07 5.4e-07 8.5e-07 9.7e-07
Mo-93 2.0e-04 1.1e-04 1.9e-04 2.9e-04 3.2e-04 7.2e-07 3.9e-07 6.9e-07 1.0e-06 1.2e-06
To-97§tJei2.7o-O5-' ' 15 0; 05 Th1 -2.6e-O5X33.8e-D0ST,4.3e0~ 9.6o085.3e 08,.9.2o.08y,14e.07.zi-5e0?
To-97m 4.0e-04 2.2e-04 3.8e-04 5.8e-04 6.4e-04 1.Ae-06 7.8e-07 1.4e-06 2.1e-06 2.3e-06
Tc-99 5.4e-04 3.0e-04 5.1 e-04 7.7e-04 8.6e-04 1.9e-06 1.1e-O6 1.8e-06 2.8e-06 3.1.e-06
Ru-103 2.8e-04 1.5e-04 2.7e-04 4.1e-04 4.7e-04 1.0e-06 5.2e-07 9.5e-07 1.5e-06 1.7e-06
Ru-106 5.7e-03 3.2e-03 5.5e-03 8.2e-03 9.1e-03 2.0e-05 1.1e-05 1.9e-05 2.9e-05 3.3e-05
Ag108'32& 03, i 1.8e-03- 3.1e-034:6e 03 5.i0-034,yz.A1.;e6 .2e 06-; 1.'e54;Th160-05 i.8e05"
Ag-11 Om 1.2e-03 6.5e-04 1.1e-03 1.7e-03 1.9e-03 4.2e-06 2.3e-06 4.0e-06 6.0e-06 6.7e-06
Cd-109 1.6e-03 8.7e-04 1.5e-03 2.3e-03 2.5e-03 5.6e-06 3.1.e-06 SAe-06 8.1e-06 9.0e-06
Sn-1 13 2.9e-04 1.6e-04 2.8e-04 4.2e-04 4.7e-04 1.1e0-6 5.8e-07 1.Oe-06 1.5e-06 1.7e-06
Sb-124 6.6e-04 3.6e-04 6.3e-04 9.5e-04 1.1e-03 2.4e-06 1.3e306 2.2e-06 3.4e-06 3.8e-06
Sb- 257Ki , 6.6e-0:3.7-04_U7,6-3-O K94.-O,4__ 1 -. 13O3-' ;>;e0> 2.2O6,,- :3.-6~ -3.8e-6e
Te-123m 5.2e-04 2.9e-04 5.0e-04 7.5e-04 8.3e-04 1.9e-06 1.0e-06 1.8e-06 2.7e-06 3.0e-06
Te-127m 9.7e-04 5.3e-04 9.3e-04 1.4e-03 1.5e-03 3.5e-06 1.9e-06 3.3e-06 S.0e-06 5.6e-06
1-125 1.0e-03 5.6e-04 9.8e-04 1.5e-03 1.7e-03 3.7e-06 2.0e-06 3.5e-06 5.3e-06 6.0e-06
1-129 8.6e-03 4.8e-03 8.2e-03 1.2e-02 1.4e-02 3.1e-05 1.7e-05 2.9e-05 4.4e-05 4.9e-05

131 5- 41.3e .43'40.4604, l.20-03'1.50-03< 3,2.1e06' 4.6&07,& i.6-06-4 43 6
Cs-134 1.6e-03 8.8e-04 1.5e-03 2.3e-03 2.5e-03 5.7e-06 3.1e-06 5.4e-06 8.1e-06 9.1e-06
Cs-135 1.7e-04 9.2e-05 1.6e-04 2.4e-04 2.7e-04 5.9e-07 3.3e-07 5.7e-07 8.5e-07 9.5e-07
Cs-137 1.1e-03 6.2e-04 1.1e-03 1.6e-03 1.8e-03 4.0e-06 2.2e-06 3.8e-06 5.8e-06 6.4e-06
Ba-133 3.0e-04 1.7e-04 2.9e-04 4.3e-04 4.8e-04 1.1e-06 5.9e-07 1.0e-06 1.5e-06 1.7e-06eefi , 2-0 1-, ,7.7 4_. ... _ _ __* *__ *__* _*_*_.__._ .........

Ce-141 3.8e-04 1.9e-04 3.5e-04 5.6e-04 6.3e-04 1.3e-06 6.8e-07 1.3-06 2.0e-06 2.3e-06
Ce-144 4.7e-03 2.6e-03 4.5e-03 6.7e-03 7.5e-03 1.7e-05 9.2e-06 1.6e-05 2.4e-05 2.7e-05
Pm-147 5.3e-04 3.0e-04 5.1i-04 7.6e-04 8.5e-04 1.9e-06 1.0e-06 1.8e-06 2.7e-06 3.0e-06

NIJREG- 1640 1-52
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- rAppendix 1-2 Normalized Effective Doses from Concrete

Table 12.3 Normalized effective doses from inhalation: Processing concrete

Radionuclide Mass-based effectivei dose (pSY/y per Bq/g) - Surfiaial effective dose (,uSv/y per Br/cml)
Mean 5th 50th 90th 95th , _Mean 5th 50th 90th 95th

SrrF151 4.4e-04 2.4e-04 4.2e-04 _6.2e-04 7.0e-04 1.6e-06 8.5e-07 1.5e406 2.2e-06 2.5e-06

E~52, ,,-1;,- 4 .5e 3 C,. 2.5 ,33.5e0303 3 : 16eoi,8.9 ,,'1.523e, 0t265
Eu-154 5.9e-03 3.3e-03 5.6e-03 8.4e-03 9.4e-03 2.1 e-05 1.1e-05 2.0e-OS 3.0e-05 3Ae-05
Eu-155 7.8e404 4Ae-04 7.5e 04 1.1e-03 1.3e-03 '2.8e-06 1.5e-06 2.7e406 4.0e-06 4.5e-06
Gd-153 2.2e-04 1.2e-04 2.2e404 3.2e-04 3.6e-04 8.0e-07 4.4e-07 7.7e-07 1.2e-06 1.3e-06
Tb 160 7.8e 04 4.3e 04 7.4e 04 1.1 e-03 1.3e-03 2.8e-06 1.Se-06 2.7e-06 4.0e-06 4.5e-06
Tr W1_70-i,>';8>, 4.e77t2 O , 1.3e 3-.,6-2.e .6e F >-2.1-e-01 _'e 4,;6e
TrrF1 71 1.5e404 8.4e-05 1.4e-04 2.2e-04 2.4e-04 5Ae-07 2.9e-07 5.1e-07 7.7e-07 8.6e-07
Ta-1 82 1.1e-03 6.2e-04 1.1e-03 1.6e403 1.8e-03 4.0e-06 2.2e-06 3.9e-6- 5.8e-06 6.5e-06
W-181 '6.6e-06 3.6e-06 6.3e-06 9.5e-06 1.1 e-05 2.4e-08 1.3e-08 2.3e408 3.4e-08 3.8e-08
W-1 85 3.2e-05 1.7e-05 3.Oe-05 4.6e-05 5.1 e-05 '1.1e-07 6.2e-08 1.1e-07 1.6e-07 1.9e-07

Ir-192 7.1e404 3.9e-04 6.8e-04 1.0e-03 1.1 e-03 2.5e-06 1 Ae-06 2.4e-06 3.7e-06 4.1 e-06
TF-204 1.0e404 5.7e-05 '9.9e-05 1.5e-04 1.7e-04 3.7e-07 2.0e-07 3.5e-07 - .3e-07 5.9e-07
PtF210 5.6e-01 3.1e-01 5.4e-01 8.1e-01 9.0e-01 '2.0e-03 1.1e-03 1.9e-03 2.9e-03 3.2e-03
BF-207 5.4e 04 3.0e 04 5.1e-04 7.7e-04 8.6e-04 1.9e-06 1.1e-06 1.8e-06 2.8e-06 3.1e-06

Pr213Wv'^'.,34-0e-0 ',r.e1 .9e-1>'Rf_ e0 _,2e,23;." i .e 3 ie3 2eL03;i
Ra-226 3.7e401 2.1e401 3.6e401 5.4e401 6.0e-01 1.3e-03 7.3e 04 1.3e403 1.9e-03 2.1e403
Ra-228 3.5e41 1.9e401 3.4e41 5.1e-01 5.7e401 '1.3e-03 6.7e 04 1.2e-03 1.8e-03 2.1e403
Ac-227 9.9e+00 5.5e+00 9.5e+00 1Ae+01 11.6e+01 3.5e-02 1.9e402 3Ae-02 5.1e402 5.6e402
Th-228 4.2e+00 2.3e+00 4.0e+00 6.0e+00 6.7e+00 1.5e402 8.2e403 1.4e-02 2.2e-02 2.4e402

>,229~~si t.JF 2D3+0S7.5e+00.,,:1.3e+O1LZ2.9e 01., ''2e01^,' .8e0.26 2_4; 6902 7
Th-230 4.7e+00 2.6e+00 4.5e+00 6.7e+00 7.5e+00 1.7e402 9.2e403 1.6e-02 2Ae-02 2.7e402
Th-232 4.9e+00 2.7e+00 4.7e+00 '7.0e+00 7.8e+00 1.7e402 9.5e403 1.7e402 2.5e402 2.8e402
Pa-231 1.5e+01 8.3e+00 1.4e+01 2.1e+01 2.4e+01 S.3e-02 2.9e402 5.1 e-02 7.7e402 8.6e402
U-232 4.4e+00 2.5e+00 4.2e+00 _6.3e+00 7.1e+00 -'1.6e402 8.7e-03 1.5e-02 2.3e-02 2.5e402

233S-,2,00~<.6.4e O';<,1.1-00'' 7e'+00 ;9 OO,^,ie ei.e3-590;-.'.e4

U-234 1.1e+00 6.3e401 1.1e+00 1.6e+00 1.8e+00 4.1 e-03 2.2e403 3.9e403 5.9e-03 6.5e403
U-235 1.0e+00 5.7e401 9.8e401 1.5e+00 1.6e+00 3.7e-03 2.0e403 3.5e-03 5.3e403 5.9e-03
U-236 1.1e+00 5.9e401 1.0e+00 1.5e+00 1.7e+00 3.8e-03 2.1e403 3.6e403 5.4e-03 6.1e403
,U_238 9.6e401 5.3e-01'9.2e01 1.4ner+00 1.5e+00,, 3Ae03 19e-03 3.3e403 ,4.9e-03 _5.5e-03,

iu-236 2.2e+00 1.2e+00 2.1e+00 3.1e+00 3.5e+00 7.7e-03 4.2e-03 7Ae403 1.1e-02 1.2e402
Pu-238 5.0e+00' 2.8e+00 4.8e+00 7.2e+00 8.1 e+00 1.8e-02 9.9e403 1.7e402 2.6e-02 2.9e402
Pu-239 5Ae+00 3.0e+00 5.1e+00 7.7e+00 8.6e+00 1.9e402 1.1e-02 1.8e402 2.8e-02 3.1e402
Pu-240 5.4e+00 3.Oe+00 5.1e+00 7.7e+00 8.6e+00 1.9e-02 1.1e402 1.8e402 2.8e-02 3.1e-02

Pu-242 5.2e+00 2.9e+00 5.0e+00 7Ae+00 8.3e+00 1.9e402 1.0e402 1.8e-02 2.7e402 3.0e-02
Pu-244 5.0e+00 2.8e+00 4.8e+00 7.2e+00 8.1e+00 1.8e42' 9.9e;-03 1.7e-02 2.6e402 2.9e402
ArrF241 4.5e+00 2.5e+00 4.3e+00 6.5e+00 7.3e+00 '1.6e-02 8.9e403 1.5e402 2.3e-02 2.6e402
Am-242m -4.5e+00 2.5e+00 4.4e+00 6.5e+00 7.3e+00 1.6e-02 8.9e-03 1.6e-02 2.3e-02 2.6e-02

4.5e3 ' - .,_.2.5e+'00.:'41.3e 00: 6. e+0073 0,;,1. 2 ,8 ;1.5e,02 2.3e42 te02

Cm-242 5.8e401 3.2e401 5.6e41' 8.4e401 9.3e-01 2.1 e43 -1.1e403 .2.0e-03 3.0e403 3.3e403
Cm-243 3.4e+00 1.9e+00 3.2e+00 4.8e+00 5.4e+00 1.2e-02 6.6e403 1.1e402 1.7e-02 1.9e402
Cm-244 2.9e+00 1.6e+00 2.7e+00'- 4.1e+00 4.6e+00 1.0e-02 5.6e-03 9.7e403 1.5e-02 1.6e402
Cm-245 4.5e+00 2.5e+00 4.3e+00 6.5e+00 7.3e+00 1.6e-02 8.9e-03 1.5e402 2.3e-02 2.6e-02
'Cm-2i4I6,-',-4S_45e+00 25+0 ,4e Oe^0-,i3e+,00-- i6 -89e3'-.
Cm-247 4.2e+00 2.3e+00 4.0e+00 6.0e+00 6.7e+00 1.5e-02 8.2e-03 1Ae402 2.2e-02 2.4e-02
Cm-248 1.6e+01 8.9e+00 1.5e+011 2.3e+01 2.6e+01' '5.7e-02 3.1le-02 5.5e402 8.2e-02 9.1e402
Bk-249 1.7e-02 9Ae403 1.6e402 2.4e402 2.7e402 '6.0e-05 3.3e-05 5.8e405 8.7e-05 9.7e-05
Cf-248 1.0e+00 5.5e41, 9.5,e-,01,,1.4e+00. ,1.6e,+00,,,,3.6e-0.3 2.0e-03. ,3.4e,03,,5.1 e403 57e-,03
Cf-249_-v,,,-,-',>-7.6e+00, '.4.2e+00:,7,e0_-11+142+1''-f1-'. 4,f,,.<02,'60"i.e2-43
Cf-250 '3.7e+00 2.0e+00 3.5e+00 5.3e+00 5.9e+00 1.3e402 7.2e403 1.3e-02 1.9e402 2.1e402

Cf-251 7.7e+00 4.3e+00 7.4e+00 1.1e+01 112e+01 2.8e402 1.5e402 2.6e-02 4.0e-02 4.4e402
Cf-252 2.2e+00 1.2e+00 2.1e+00 3.1e+00 3Ae+O0 7.7e403 4.2e403 7.4e-03 1.1 e-02 1.2e-02
Cf-254 3.1e+00 1.7e+00 2.9e+00 4.5e+00 5.0e+00 1.1 e-02 5.9e-03 1.1e-02 1.6e402 1.8e-02

E24 -''-'984-:5ie1.9i41-011~~.'e+00-' ;i1.6e+00.';-.':-'*3.5e 03-'~-,.943':-''33 43' 5.0e 3 5.6eO03:

Note: To convert these values to conventional units (merem/y per pCi/g or mnrem/fy per pCilrcm2), multiply by 3.7e-3
w - - - e - S
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Noffnalized Effective Doses from Concrete Appendix I-2

Table 12.4 Normalized effective doses from Ingestion: Processing concrete
Radiouclide Mass-based effective dose (pSvly per Bq/g)

Mean 5th 50th 90th 95th
Surficial effective dose (pSv/y per Bq/cm2)

Mean 5th 50th 90th 95th
H-3 2.2e-04 2.1 e-05 2.2e-04 4.0e-04 4.4e-04 8.0e-07 7.3e-08 7.8e-07 1.4e-06 1.6e-06.
C-14 7.2e-03 6.6e-04 7.1e-03 1.3e-02 1.4e-02 2.6e-05 2.4e-06 2.5e-05 4.7e-05 5.1e-05
Na-22 3.9e-02 3.6e-03 3.9e-02 7.1e-02 7.8e-02 1.4e-04 1.3e-05 1.4e-04 2.5e-04 2.8e-04
P-32 1.5e-02 1.2e-03 1.3e-02 3.1e-02 3.7e42 5.3e-05 4.3e-06 4.5e-05 1.1e-04 1.3e-04

1.5e-03-j 1;4e4 1'.5o-03- 2;803-3 1e 3'. +; 5.50 O 5 .O0e 0 654 ' 1.0e i.1 05
CI-36 1.2e-02 1.1e-03 1.1e-02 2.1e-02 2.3e-02 4.1e-05 3.8e-06 4.1e-05 7.5e-05 8.2e-05
K-40 7.7e-02 7.1e-03 7.6e-02 1.4e-01 1.5e-01 2.7e-04 2.5e-05 2.7e-04 5.0e-04 5.5e-04
Ca-41 3.6e-03 3.3e-04 3.5e-03 6.5e-03 7.2e-03 1.3e-05 1.2e-06 1.3e-05 2.3e-05 2.6e-05
Ca-45 8.8e-03 8.1e-04 8.7e-03 1.6e-02 1.8e-02 3.1e-05 2.9e-06 3.1e-05 5.7e-05 6.3e-05
So1.6 4 1,2.-041.60 ' 5 5.30:06 5.7e-05'1. 3.2e
Cr-51 3.1e-04 2.9e-05 3.0e-04 5.9e-04 6.7e-04 1.1e-06 1.0e-07 1.1e-06 2.1e-06 2.4e-06
Mn-53 3.7e-04 3.4e-05 3.7e-04 6.7e-04 7.4e-04 1.3e-06 1.2e-07 1.3e-06 2.4e-06 2.7e-06
Mn-54 8.5e-03 7.9e-04 8.4e-03 1.5e-02 1.7e-02 3.0e-05 2.8e-06 3.0e-05 5.5e-05 6.1e-05
Fe-55 4.1e-03 3.7e-04 4.0e-03 7.3e-03 8.1e-03 1.4e-05 1.3e-06 1.4e-05 2.6e-05 2.9e-05
Fe59::,z,. 31.80 2-5.1'.6e-O37).li -32e,02 3.6 02.2• 63e-05 .5.7 W 6.1 5d.2e,4 'i3 )
Co-56 2.5e-02 2.3e-03 2.4e-02 4.5e-02 5.0e-02 8.9e-05 8.1e-06 8.7e-05 1.6e-04 1.8e-04
Co-57 2.3e-03 2.1e-04 2.2e-03 4.1e-03 4.5e-03 8.1e-06 7.4e-07 7.9e-06 1.5e05 1.6e-05
Co-58 7.5e-03 6.8e-04 7.3e-03 1.4-02 1.5e-02 2.7e-05 2.4e-06 2.6e-05 4.9e-05 5.3e-05
Co-60 3.1e-02 2.8e-03 3.0e-02 5.6e-02 6.2e-02 1.1e-04 1.Oe-05 1.1e-04 2.0e-04 2.2e-04
NI-59 .'.-~ T'',.., . 7.2e-057 ,., 7:7i.40-03ffi.6*03r 2.4L 8e.06~ 2.6 0-0 2.7.06,, 5.1 46' ,±5.6e-O6@
Ni-63 1.9e-03 1.7e-04 1.8e-03 3.4e-03 3.7e-03 6.6e-06 6.1e-07 6.5e-06 1.2e-05 1.3e-05
Zn-65 4.6e-02 4.3e-03 4.6e-02 8.4e-02 9.2e-02 1.7e-04 1.5e4-5 1.6e-04 3.0e-04 3.3e-04
As-73 2.8e-03 2.6e-04 2.8e-03 5.1e-03 5.6e-03 1.Oe-05 9.1e-07 9.9e-06 1.8e-05 2.0e-05
Se-75 2.9e-02 2.7e-03 2.9e-02 5.3e-02 5.9e-02 1.1e-04 9.5e-06 1.Oe-04 1.9e-04 2.1e-04
Sr,-8S.,rIl "5.9o-3'<'5.40-;57o03,'L1.e :-O2 iK.2e-02ŽJ- ,¢2.1e 053m,.9e42,,2;1
Sr-89 2.6e-02 2.4e-03 2.5e-02 4.8e-02 5.3e-02 9.3e-05 8.5e-06 9.1e-05 1.7e-04 1.9e-04
Sr-90 3.8e-01 3.5e-02 3.8e-01 6.9e-01 7.6e-01 1.4e-03 1.2e-04 1.3e-03 2.5e-03 2.7e-03
Y-91 2.5e-02 2.2e-03 2Ae-02 4.5e-02 5.0e-02 8.8e-05 8.0e-06 8.6e-05 1.6e04 1.8e-04
Zr-93 3.5e-03 3.2e404 3.e43 6.3e43 6.9e-03 1.2e45 1.1e46 1.2e4-05 2 .3 05 2.5e-05
Z'-95 e-01.62'Sj0e. 1.1e-O2.";'Z.002i?2.ie 2LJ:" 3
Nb-93m 1.5e-03 1.4e-04 1.5e-03 2.7e-03 3.0e-03 5.3e-06 4.9e-07 5.2e-06 9.6e-06 1.1e-05
Nb-94 2.1e-02 1.9e-03 2.1e-02 3.8e-02 4.2e-02 7.5e-05 6.9e-06 7.4e-05 1.4e404 1.5e-04
Nb-95 5.3e-03 4.9e-04 5.1e-03 9.8e-03 1.1e-02. 1.9e-05 1.7e4-6 1.8e-05 3.5e-05 4.0e-05
Mo-93 3.2e-02 3.0e-03 3.2e02 5.8e-02 6.4e-02 1.2e-04 1.e-45 1.1e-04 2.1e-04 2.3e-04
T397? ; -; 2.1 : 07 3.6e065=.7e 06' 7330 t

Tc-97m 7.2e-03 6.7e-04 7.1e-03 1.3e-02 1.4e-02 2.6e-05 2.3e-06 2.5e-05 4.7e-05 5.2e.-5
Tc-99 9.7e-03 8.9e-04 9.5e-03 1.7e-02 1.9e-02 3.5e-05 3.2e-06 3.4e-05 6.3e-05 6.9e-05
Ru-103 6.9e-03 6.4e-04 6.7e-03 1.3e-02 1.4e-02 2.5e-05 2.3e-06 2.4e-05 4.6e-05 5.1e-05
Ru-1 06 8.4e-02 7.8e-03 8.3e02 1:5e-01 1.7e-01 3.0e-04 2.7e-05 3.0e-04 5.5e-04 6.0e-04
Ag-lO8niK -2.9e' 2.6e-035;26, 2.8e-02 .2-02,, 5.7e- '9.3e- 10e ' e,
Ag-110m 3.3e-02 3.1e403 3.3e-02 6.0e-02 6.6e-02 1.2e-04 1.1e-O5 1.2e-04 2.2e-04 2Ae-04
Cd-109 2.4e-02 2.2e-03 2.4e-02 4.4e-02 4.8e-02 8.7e-05 7.9e-06 8.5e-05 1.6e-04 1.7e-04
Sn-113 8.6e-03 7.9e-04 8.4e-03 1.6e-02 1.7e-02 3.1e-05 2.8e-06 3.0e.-5 5.6e-05 6.1e4-5
Sb-124 2.6e-02 2.4e-3 2.5e42 4.7e42 5.2e42 9.3e-05 8.4e-06 9.0e-05 1.7e-04 1.9e-04
Sb-i25J ..' .t6e-02 E i'.5eO3 ,i.6 -02 '2.9e'2 .e4,-' ,,;e052e g~i.e5~_.e1
Te-123m 1.6e-02 1.5e-03 1.6e-02 2.9e-02 3.2e-02 5.7e-45 5.1e-06 5.6e.-5 1.0e-04 1.1e-04
Te-127m 2.8e-02 2.5e-03 2.7e-02 5.0e-02 5.5e-02 9.9e-05 9.0e-06 9.7e4-5 1.8e-04 2.0e-04
1-125 1.6e4-1 1.4e-02 1.5e-01 2.8e-01 3.1e-41 5.5e-04 5.0e-05 5.4e04 i.Oe-03 1.1e-03
1-129 1.4e+00 1.3e-01 1.3e+00 2.5e+00 2.7e+00 4.9e-03 4.5e-044.8e-03 8.9e-03 9.7e-03
'1-13i- '. ''8.'60-0'2-'5.203,8 55'6802~ 21.i01J.' 2.7e-ti .- 3e i90
Cs-134 2.3e-01 2.1e-02 2.3e-01 4.2e-01 4.6e-01 8.3e-04 7.6e-05 8.1e-04 1.5e-03 1.7e03
Cs-135 2.5e-02 2.3e-03 2.4e-02 4.5e-02 5.0e-02 8.9e-05 8.1e-06 8.7e-05 1.6e-04 1.8e-04
Cs-137 1.6e-01 1.5e-02 1.6e4-1 2.9e-01 3.2e-01 5.8e-04 5.3e-05 5.7e-04 1.0e-03 1.2e-03
Ba-133 1.2e-02 1.1e-03 1.2e-02 2.2e-02 2.5e-02 4.4e4-5 4.0e-06 4.3e4-5 8.0e4-5 8.8e-05
Ce-13 3 -51.ee05 '-07-C-1': 3.0e-03--i 2.7e-04:,` 2.9e;03'5.i0e03 ^5.9e-05'~ 1.1e0 - 9.7 7;1

Ce-141 6Ae-03 5.9e-04 6.1e-03 1.2e-02 1.3e-02 2.3e-05 2.1e-06 2.2e-05 4.2e.-5 4.8e4-5
Ce-144 6.3e-02 5.8e-03 6.2e-02 1.e-01 1.2e-4 2.2e-04 2.0e-05 2.2e-04 4.1e-04 4.5e-04
Pm-147 3.2e-03 2.9e-04 3.1e-03 5.8e-03 6.4e-03 1.1e-05 1.0e-06 1.Ie-05 2.1e-05 2.3e.-5
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Appendix 1-2 Normalized Effective Doses from Concrete
Table 12.4 Normalized effective doses from Ingestion: Processing concrete

Rad-Icde Mass-based effective dose (pSvly per Bq/g) Surficial effective dose (pSvly per Bq/cm2)
Radonuclde Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
Sm-151 12e-03 1.1e-04 1.2e-03 2.2e-03 2Ae-03 4.3e-06 4.0e-07 4.3e-06 7.9e-06 8.7e-06
Eui52 '-fi91.702iflc G03 17 2 3. 02 :,3.5e 02 6 5A 5.7e0 2' 6:1e05 1.1e0 ' 2-0'''1
Eu-154 2.5e-02 2.3e-03 2.4e-02 4.5e-02 4.9e-02 8.8e-05 8.1e-06 8.7e-05 1.6e-04 1.8e-04
Eu-155 4.0e-03 3.6e-04 3.9e-03 7.1e-03 7.9e-03 1Ae-05 1.3e-06 1.4e-05 2.6e-05 2.8e-05
Gd-153 3.2e-03 3.0e-04 3.2e-03 5.8e-03 6Ae-03 1.1e-05 1.0e-06 1.1e-05 2.1e-05 2.3e-05
Tb-160 1.7e-02 1.6e-03 1.7e-02 3.1e-02 3.4e-02 6.1e-05 5.6e-06 6.0e-05 1.e-04 1.2e-04

17-0: .-. -1-'02 ,1 .4e 03 , -2 2.Z7e-2 2:2.9'e-02 L §~ 5.e-3 5 '4.8e06 2 e -'05 -... 6e,5 ;1.1 e04J
Tn-1 71 1.3e-03 1.2e-04 1.3e-03 2Ae-03 2.7e-03 4.8e-06 4.4e-07 4.7e-06 8.7e-06 9.6e-06
Ta-182 1.7e-02 1.6e-03 1.7e-02 3.1e-02 3.4e-02 6.0e-05 5.5e-06 5.9e-05' -1.1e-04 1.2e-04
W-181 8.6e-04 7.9e-05 8.5e-04 1.6e-03 1.7e-03 3.1e-06 2.8e-07 3.0e-06 5.6e-06 6.1e-06
W-185 4.7e-03 4.3e-04 4.6e-03 8.6e-03 9.4e-03 1.7e-05 1.5e-06 1.7e-05 3.1 e-05 3.4e-05
;i85,'K5. -0'52e3-;545.50 .0 02:1eO 2 2't8 6 0

Ir-192 1.5e02 1.4e-03 1.5e02 2.7e-02 3.0e-02 5.4e-05 4.9e-06 5.2e-05 9.8e-05 1.Ie-04
Tl-204 1.6e-02 1.5e03 1.6e-02 2.9e-02 3.2e-02 5.7e-05 5.2e-06 5.6e-05 1.Oe-04 1.1e-04
Pb-210 1.1e+01 1.1e+00 1.1e+01 2.1e+01 2.3e+01' 4.1e-02 3.7e-03 4.0e-02 7Ae-02 8.1e-02
Bi-207 1.6e-02 1.5e-03 1.6e-02 2.9e-02 32e-02 5.8e-05 5.3e46 5.7e-05 I.0e-04 1.2e-04

* Po-210 ,r;;-* 2.8e+00,,>'2.5e41:I-o2.70 OO'i5.+00?ji-5.5e~O0?f -i§19.8&03 *><8.9e044' ,9.7 03 ':0 '184 F '^2.0e42;
Ra-226 3.5e+00 3.2e-01 3.4e+00 6.3e+00 7.0e+00 1 .2e-02 1.1 e-03 1 .2e-02 2.3e-02 2.5e02
Ra-228 ' 8.3e+00 7.6e-01 8.2e+00 1.5e+01 1.7e+01 3.0e-02 2.7e-03 2.9e-02 5.4e-02 5.9e-02
Ac-227 1.5e+01 4Ae+00 1.5e+01 2.7e+01 3.0e+01 5.4e-02 4.9e-03 5.3e-02 9.7e-02 1.1e-01
Th-228 1.7e+00 1.6e-01 1.7e+00 3.1e+00 3.4e+00 6.2e-03 5.6e-04 6.0e-03 1.1e-02 1.2e-02

''7.4e+0:;' 6.8e-_.6 .3e;1 ,,_,,,'27'02.i2-03 ' 2f.6 e-2 I8e.0253e02

Th-230 2.6e+00 2Ae-01 2.6e+00 4.7e+00 5.2e+00 9.3e-03 8.5e-04 9.1e-03 1.7e-02 1.9e-02
Th-232 2.8e+00 2.5e-01 2.7e+00 5.0e+00 5.5e+00 9.9e-03 9.0e-04 9.7e-03 1.8e-02 2.0e-02
Pa-231 8.8e+00 8.1e-01 8.7e+00 1.6e+01 1.8e+01 3.2e-02 2.9e-03 3.1e-02 5.7e-02 6.3e-02
U-232 4.1e+00 3.8e-01 4.1e+00 7.4e+00 8.2e+00 1.5e-02 1.3e-03 1.4e-02 2.7e-02 2.9e-02
,3 , 6e 1 '2,2e+ 2.0o 2.2e-03-j>4:0o-3 44'-: 3i
U-234 6.1e-01 5.6e-02 6.0e-01 1.1e+00 1.2e+00 2.2e-03 2.0e-04 2.1e403 3.9e-03 4.3e-03
U-235 5.8e-01 5.3e-02 5.7e-01 1.0e+00 1.1e+00 2.1e-03 1.9e-04 2.0e-03 3.7e-03 4.1e-03
U-236 5.7e-01 5.2e-02 5.6e-01 1.0e+00 1.1e+00 2.0e-03 1.9e04 2.0e-03 3.7e-03 4.1e-03
U-238 5.9e-01 5Ae-02 5.8e-01 1.1e+00 1.2e+00 2.1e-03 1.9e-04 2.1e-03 3.8e-03 4.2e03
Np-237_z:,1.4'e+00 .1.301[ e+ 2.5e+00 , -2.�0 . 0 :y.9e0 40:.O4 .8e-038.9e.0i.8e-03.j
Pu-236 1.1e+00 9.8e-02 1.Oe+00 1.9e+00 2.1e+00 3.8e-03 3.4e-04 3.7e-03 6.9e-03 7.5e-03
Pu-238 2.9e+00 2.6e-01 2.8e+00 5.1 e+00 5.7e+00 1.0e-02 9.3e-04 1.Oe-02 1.9e-02 2.0e-02
Pu-239 3.1e+00 2.9e-01 3.1e+00 5.6e+00 6.2e+00 1.le-02 1.Oe-03 1.1e-02 2.0e-02 2.2e-02
Pu-240 3.1e+00 2.9e-01 3.1e+00 5.6e+00 6.2e+00 1.Ie-02 1.Oe-03 1.1e-02 2.0e-02 2.2e-02
PIS24. ge.0525:-35.e,42;r5 .1e-015i.e,- .ie-4. 9 o -5z.2.0e- , .3044 .2e04
Pu-242 3.0e+00 2.7e-01 2.9e+00 5.4e+00 5.9e+00 1.1 e-02 9.7e-04 1.0e-02 1.9e-02 2.1 e-02
Pu-244 3.0e+00 2.7e-01 2.9e+00 5.4e+00 6.0e+00 1.1e-02 9.8e-04 1.1e-02 1.9e-02 2.1e-02
Am-241 2.5e+00 2.3e-01 2Ae+00 4.5e+00 5.0e+00 8.9e-03 8.1e-04 8.7e-03 1.6e-02 1.8e-02
Am-242m 2.5e+00 2.3e-01 2.4e+00 4.5e+00 5.0e+00 :8.9e-03 8.1 e-04 8.7e-03 1.6e42 1.8e-02
Ai--2.--2.5e23e41 -2.5 ,+5.0e+00 ;:;'5. --+8.9e-03->821e- 4 .8.7e-0 ,3-.2.' 1_88e02_
Cm-242 1Ae-01 1.3e-02 1Ae4-01 2.5e-01 2.8e-01 5.0e-04 4.6e-05 4.9e-04 9.1e-04 1.0e-03
Cm-243 1.9e+00 1.7e-01 1.8e+00 3.4e+00 3.7e+00 6.6e-03 6.1e-04 6.5e-03 1.2e-02 1.3e-02
Cm-244 1.5e+00 1.4e-01 1.5e+00 - 2.7e+00 3.0e+00 5.3e-03 4.9e-04 5.2e-03 9.6e-03 1.1e-02
Cm-245 2.6e+00 2Ae-41' 2.6e+00 4.7e+00 52e+00 9.3e-03 8.5e44 9.1 e03 .7e-02 1 .9e-02
Cm246 2.6e 00'-2.e-i:-2.6e+00 i.7e+00 52e+00, C9.3e;03 -<8.5-4,',9.1e43 j1.7e32'1e-2S
Cm-247 2.4e+00 2.2e-01 2.3e+00 4.3e+00 4.7e+00 8.4e-03 -7.7e-04 8.3e-03 1.5e-02 1.7e-02
Cm-248 9.6e+00 8.8e-01 9.4e+00 1.7e+01 1.9e+01 3.4e-02 3.1e-03 3.4e-02 6.2e-02 6.8e-02
Bk-249 1.2e-02 1.1 e-03 1.2e-02 2.2e-02 2Ae-02 4.3e-05 3.9e-06 4.2e-05 7.8e-05 8.6e-05
Cf-248 3.4e-01 3.1e-02 3.3e-01 6.1e-01 6.7e-01 1.2e-03 1.1e-04 1.2e-03 2.2e-03 2.4e-03
Cf-249-- - 4.3e+00 ''4.Oe41' e-4.e+00 7a.8e+00 8.7e+00 ,---1,.6e-2,.1Ae03' 1.5e02<-.2.8e42-'3.1e-2'
Cf-250 2.0e+00 1.8e-01 2.0e+00 3.6e+00 4.0e+00 7.1e-03 6.5e-04 7.0e-03 1.3e-02 1Ae-02
Cf-251 4.5e+00 4.1e-01 4.4e+00 8.1e+00 8.9e+00 1.6e-02 1.5e-03 1.6e-02 2.9e-02 3.2e-02
Cf-252 1.1 e+00 1.0e-01 1.1e+00 2.0e+00 2.2e+00 3.9e-03 3.6e-04 3.9e-03 7.2e-03 7.9e03
Cf-254 4.2e+00 3.8e-01 4.0e+00 7.6e+00 8.3e+00 1.5e-02 1.3e-03 1.4e-02 2.7e-02 3.0e-02
Es-254 e3.4e41fZ3 3.1e-02 .3Ae4-01r6'.2e-1 -6.8e-01':-.'. 2e13-',1.1e-4 :.2e43;22e-0 : 2.4e43.;
Note: To convert these values to conventional units (mremly per pClg or mrem/y per pCi/ani2), multiply by 3.7e-3
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Normalized Effective Doses from Concrete e E v Appendix 1-2

Table 12.5 Normalized effective doses from all pathways: Truck diver

Mass-based effective dose (pSv/y per Bq/g)
Radionuclide Mean 5th 50th 90th 95th

Surficial effective dose (uSv/y per Bqfcm2)
Mean 5th 50th 90th 95th

H-3 2.7e-05 8.6e-06' 2.6e-05 4.6e-05 5.2e-05 9.8e-08 3.1 e-08 9.3e-08 1.6e-07 1.9e-07
C-14 7.7e-04 1.8e-04 7.3e-04 1.4e-03 1.6e-03 2.8e-06 6.5e-07 2.6e-06 4.9e-06 5.6e-06
Na-22 3.5e+01 2.4e+01 3.5e+01 4.5e+O1 4.7e+01 1.2e-01 8.6e-02 1.2e-01 1.6e-01 1.7e-01
P-32 1.1e-02 2.2e-03 7.9e-03 2.4e-02 2.9e-02 3.9e-05 7.7e-06 2.8e-05 8.6e-05 I.Oe-04

CI-36 8.3e-03 6.0e-03 8.2e-03 1.Oe-02 1.le-02 3.0e-05 2.1e-05 2.9e-05 3.7e-05 3.9e-05
K-40 2.6e+00 1.8e+00 2.6e+00 3.3e+00 3.5e+00 9.3e-03 6.4e-03 9.2e-03 1.2e-02 1.3e-02
Ca-41 3.6e-04 6.6e-05 3.4e-04 6.5e-04 7.5e-04 1.3e-06 2.3e-07 1.2e-06 2.3e-06 2.7e-06
Ca-45 1.2e-03 4.9e-04 1.2e-03 1.9e-03 2.2e-03 4.4e-06 1.8e-06 4.le-06 6.9e-06 7.8e-06

S4Bt;;2.6e+0! t A,.7e+ < t 2.2e .e2Oil
Cr-51 2.4e-01 1.Oe-O1 2.2e-01 4.le-01 4.7e-01 8.7e-04 3.7e-04 - 7.8e-04 1.5e-03 1.7e-03
Mn-53 4.0e-05 9.5e-06 3.8e-05 7.0e-05 8.le-05 1.4e-07 3.3e-08 1.3e-07 2.5e-07 2.9e-07
Mn-54 1.3e+O1 8.8e+00 1.3e+01 1.6e+01 1.7e+0l 4.6e-02 3.1e-02 4.5e-02 5.9e-02 6.3e-02
Fe-55 5.2e-04 1.8e-04 5.0e-04 8.6e-04 9.7e-04 1.9e-06 6.4e-07 1.8e-06 3.le-06 3.5e-06
Fe-59H, i2e+01c~f6.8 ai,0-,i8,,0> 2etI Oi 4e02'f32.,4,e~ -54.2e-02--6.>6e-2
Co-56 4.5e+O1 2.8e+01 4.3e+O1- 6.0e+O1 6.5e+01 1.6e-01 1.0e-01 1.5e-01 2.2e-01 2.3e-01
Co-57 1.2e+00 8.2e-01 1.2e+00 1.5e+00 1.6e+00 4.3e-03 2.9e-03 4.2e-03 5.5e-03 5.9e-03
Co-58 1.2e+01 7.4e+00 1.2e+O1 1.6e+O1 1.8e+01 4.3e.02 2.6e-02 4.1e-02 5.8e-02 6.4e-02
Co-60 4.le+01 2.8e+01 4.0e+01 5.2e+01 5.5e+O1 1.5e-01 1.Oe-01 1.4e-01 1.9e-01 2.Oe-01
N-S9_-~. 3v5~t=.7e0442.e4C 6 .e4.66e 4 , 84.9e-04 -,1.3 1-9.0..07'r'-1.3e 06. ,,..7e-618-8

Ni-63 2.6e-04 9.9e-05 2.5e-04 4.2e-04 4.7e-04 9.4e-07 3.5e-07 8.9e-07 1.5e-06 1.7e-06
Zn-65 8.7e+00 6.0e+00 8.6e+00 1.1e+01 1.2e+01 3.1e-02 2.le-02 3.le-02 4.0e-02 4.3e-02
As-73 1.0e-02 6.6e-03 1.0e-02 1.4e-02 1.5e-02 3.7e-05 2.3e-05 3.6e-05 4.9e-05 5.3e-05
Se-75 4.5e+00 3.0e+00 4.5e+00 5.9e+00 6.4e+00 1.6e-02 1.1e-02 1.6e-02 2.le-02 2.3e-02
Sr-5, -:,*5.7e$0 0t3.5e+0O ,<5.5+ ~7.9e+0O -F6.7e +4O;-.j 2._e I.2i;2e 2.2 02l .2.8e-O 3.ie 2
Sr-89 1.9e-02 1.1e-02 1.9e-02 2.8e-02 3.0e-02 6.9e-05 4.0e-05 6.6e-05 9.9e-05 1.le-04
Sr-90 1.1e-01 7.0e-02 1.1e-01 1.5e-01 1.6e-01 4.0e-04 2.5e-04 3.9e-04 5.3e-04 5.7e04
Y-91 6.3e-02 3.8e-02 6.1 e-02 8.8e-02 9.6e-02 2.3e-04 1.3e-04 2.2e-04 3.2e-04 3.5e-04
Zr-93 1.5e-03 8.4e-04 1.5e-03 2.1e-03 2.4e-03 5.4e-06 3.0e906 5.2e-06 7.6e-06 8.5e-06
Zr-95 .3e*1 ¶Jev'9.Oe+OO':rl.3e il'j.7e,+01: i.8e +01;4.7 3.2 02e&-P4.6 02c,'; 6.0. O2 ,A6.
Nb-93m 2.9e-04 1.4e-04 2.8e-04 4.3e-04 4.8e-04 1.0e-06 4.9e-07 9.9e-07 1.5e-06 1.7e-06
Nb-94 2.6e+01 1.8e+01 2.5e+O1 3.3e+O1 3.5e+01 9.le-02 6.3e-02 9.0e-02 1.2e-01 1.2e-01
Nb-95 7.le+00 3.5e+00 6.6e+00 1.le+01 1.2e+01 2.5e-02 1.2e-02 2.3e-02 4.0e-02 4.4e-02
Mo-93 3.1e-03 5.0e-04 2.9e-03 5.7e-03 6.6e-03 1.le-05 1.8e-06 1.Oe-05 2.le-05 2.4e-05

T>9g't-@-'"'+e4 - } --- ~-4-12.1 2..4 :e- 7 -B3 sii,~siiOg8

Tc-97m 3.0e-03 1.9e-03 2.9e-03 3.9e-03 4.2e-03 1.le-05 6.8e-06 1.0e-05 1.4e-05 1.5e-05
To-99 1.7e-03 8.4e-04 1.7e-03 2.6e-03 2.8e-03 6.2e-06 3.0e-06 5.9e-06 9.2e-06 1.0e-05
Ru-103 4.8e+00 2.5e+00 4.5e+00 7.2e+00 8.le+00 1.7e-02 8.7e-03 1.6e-02 2.6e-02 2.9e-02
Ru-106 3.3e+00 2.3e+00 3.3e+00 4.2e+00 4.5e+00 1.2e4-2 8.1e-03 1.2e-02 1.5e-02 1.6e-02

Ag-110m 4.1e+01 2.8e+01 4.le+O1 5.3e+01 5.6e+01 1.5e-01 9.9e-02 1.4e-01 1.9e-01 2.0e-01
Cd-109 2.6e-02 1.9e-02 2.6e-02 3.3e-02 3.4e-02 9.3e-05 6.6e-05 9.2e-05 1.2e-04 1.2e-04
Sn-i 13 3.4e+00 2.2e+00 3.3e+00 4.4e+00 4.8e+00 1.2e-02 7.9e-03 1.2e-02 1.6e-02 1.7e-02
Sb.124 2.le+01 1.3e+01 2.1e+01 3.0e+01 3.3e+01 7.6e-02 4.5e-02 7.4e-02 1.1e-Ol 1.2e-01
S.-1 25: L6e 0O'_4.6e'+0 6.5e-+00t84.400.9e '-•2.4o-02' %-t6e02i2.3e02'3.0e02 -3'3.2e,-021
Te-123m 1.4e+00 9.4e-01 1.4e+00 1.9e+00 2.0e+00 5.1e-03 3.3e-03 5.0e-03 6.7e-03 7.2e-03
Te-127m 7.0e-02 4.7e-02 6.9e-02 9.1e-02 9.8e-02 2.5e-04 1.6e-04 2.4e-04 3.3e-04 3.5e-04
1-125 1.4e-02 3.4e-03 1.3e-02 2.6e-02 3.0e-02 5.1e-05 1.2e-05 4.6e.-5 9.2e-05 1.1e-04
1-129 1.4e-01 2.5e-02 1.3e-01 2.5e-01 2.8e4O1 4.9e-04 8.8e-05 4.5e-04 8.9e-04 1.Oe-03
-13i 34.2 1.'4-'l 42e-2 3.901 '2.8 e+00 -,3.7e+OO: -- ;i3.4Ae-0341.5e-04,--, 1.40 3e-03 -02:i.OeO2;

Cs-134 2.5e+01 1.7e+01 2.5e+0l 3.2e+01 3.3e+01 8.8e-02 6.1e-02 8.7e-02 1.1-a01 1.2e-01
Cs-135 2.6e-03 5.9e-04 2.4e-03 4.6e-03 5.3e-03 9.3e-06 2.1e-06 8.7e4-6 1.7e-05 1.9e-05
Cs-137 9.2e+00 6.3e+00 9.1e+00 1.2e+0l 1.2e+01 3.3e-02 2.3e-02 3.2e-02 4.2e-02 4.5e-02
Ba-133 5.4e+00 3.7e+00 5.3e+00 6.8e+00 7.3e+00 1.9e-02 1.3e-02 1.9e-02 2.5e-02 2.6e-02
Co-139f<. i.1.e+00- 9.8e-a1-- 1AS+O0r.1.90+00,:2 Oe+00 - 5.2e03,2g3 5e03 5;e -03 . 6.8e-03;T7.3e03.
Ce-141 4.6e-01 2.2e-01 4.2e-01 7.4e4-1 8.3e-01 1.6e-03 7.7e-04 1.5e-03 2.6e-03 3.0e-03
Ce-14 7.1e.-l 4.9e-01 7.1e-01 9.1e-01 9.7e4-1 2.5e-03 1.7e-03 2.5e-03 3.3e-03 3.5e-03
Pm-147 9.5e-04 5.4e-04 9.2e4-4 1.3e-03 1.4e-03 3.4e-06 1.9e-06 3.3e-06 4.7e4-6 5.2e-06
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Appendix 1-2 Nonnalized Effective Doses from Concrete

Table 12.5 Normalized effective doses from all pathways: Truck diver
Radionuclide Mass-based effective dose (pSv/y per Bqlg) Surficial effective dose (pSv/y per Bq/cm 2)

Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
Sm-151 5.Be-04 3.2e-04 5.6e-04 8.2e-04 9.0e-04 2.1e-06 -1.1e-06 2.0e-06 2.9e-06 3.3e-06
Eu,152,je01.Be01 1:30+01 ::11.8e+0i'.C72.ie;0i2.5e+01 k ',66 2,A.5e2.--6.502, 8 242--; 9.0e.02
Eu-154 1.8e+01 1.2e+01 1.8e+01 2.3e+01 2.4e+01 6.4e02 4.4e-02 6.3e-02 82e-02 8.7e-02
Eu-155 4.1e-01 2.8e-01 4.0e-01 5.2e-01 5.5e-01 1.5e-03 1.0e-03 1.4e-03 1.9e-03 2.0e-03
Gd-153 4.6e-01 3.2e-01 4.6e-01 5.9e-01 6.3e-01 1.6e-03 1.1e-03 1.6e-03 2.1e-03 2.3e-03
Tb-160 1Ae+01 8.4e+00 1.3e+01 1.8e+01 2.0e+01 4.8e-02 3.0e-02 4.7e-02 6.6e-02 7.2e-02
* t~170r02'2.3e 2'4i.6e-02., '2.3e-023.O 3.2e-0 , 8.3e45--.6e'5.-82e -05~1.1e iz.- 04 2
Tm-171 1.8e03 1.3e-03 1.8e-03 2.2e-03 2.4e-03 6.4e-06 4.6e-06 6.4e-06 8.le-06 8.5e-06
Ta-182 1.7e+01 1.1e+01 1.7e+01 2.2e+01 2.4e+01 6.0e-02 4.0e-02 5.9e-02 8.0e-02 8.6e-02
W-181 1.Oe-01 6.7e-02 1.0e-01 1.3e-01 1Ae-01 3.6e-04 2.4e-04 3.6e-04 4.8e-04 5.1e-04
W-185 1.1e-03 6.6e-04 1.1 e-03 1.6e-03 1.8e-03 4.1 e-06 2.3e406 3.9e-06 5.7e-06 6.3e-06
* b85 .5}8.5e.0. 5.5e+00tV .34e+0i 1e+01..w. Z3 .0e-02 0 3.02 ,e02, 4eV42,
Ir-192 9.6e+00 6.0e+00 9.4e+00 1.3e+01 1Ae+01 3.4e-02 2.1e-02 3.3e-02 4.7e-02 5.1e02
T1-204 1.1 e-02 7.6e-03 1.1e-02 Ae4-02 1.5e-02 3.9e-05 2.7e-05 3.9e05 5.0e-05 5.3e-05
Pb-210 1.7e+00 6.4e-01 1.6e+00 2.6e+00 3.0e+00 5.9e-03 2.3e-03 5.6e-03 9.4e03 1.1e-02
Bi-207 2.5e+01 1.7e+01 2Ae+01 3.1e+01 3.3e+01 8.8e02 6.0e-02 8.7e-02 -1.e-01 1.2e-01

P T*iO j2.8ie1i-5.5001.r58.40 i 9.4ei -2de 3 1.0e,3' .,3230 :3 3
Ra-226 2.9e+01 2.0e+01 2.8e+01 3.6e+01 3.8e+01 1.0e-01 7.1e-02 1.0e-01 1.3e-01 1.4e-01
Ra-228 1.6e+01 1.e+01 1.6e+01 2.0e+01 2.1e+01 5.6e-02 3.9e-02 5.6e-02 7.1e-02 7.6e-02
Ac-227 1.8e+01 1.2e+01 1.7e+01 2.3e+01 2.5e+01 6Ae-02 4.3e-02 6.2e-02 8.3e-02 9.0e-02
Th-228 2.7e+01 2.0e+01 2.7e+01 3.3e+01 3.5e+01 9.6e-02 6.9e-02 9.5e-02 1.2e-01 1 .3e-01
Thb.2292.2:> 1 :;9e+01,_~12e+01 .90+01a,,-2.6e,+01 _8,e01- 8'>f6.9e 024.4e 0 6.7e..02 , -9 I 0 .oe 4 i
Th-230 5.3e+00 2.9e+00 5.1e+00 7.6e+00 8.5e+00 1.9e-02. 1.Oe-02 1.8e-02 2.7e-02 3.0e402
Th-232 5.7e+00 3.2e+00 5.4e+00 8.1e+00 8.9e+00 2.0e-02 1.1e-02 1.9e-02 2.9e-02 3.2e-02
Pa-231 1.7e+01 9.7e+00 1.7e+01 2.5e+01 2.7e+01 6.2e-02 3.5e-02 6.0e-02 8.9e-02 9.8e-02
U-232 5.9e+00 3.5e+00 5.7e+00 8.3e+00 9.1e+00 2.1e402 1.2e-02 2.0e-02 3.0e-02 3.3e402
,U-233 ,b Ž .3e+00^,,47.10-01' J1 .3+00 -,.9e+0 2ie+,0 - A-,',.7e3' 2e03 ,.4.5e435'6703 -7.5 43
U-234 - 1.3e+00 7.0e-01 12e+00 1.8e+00 2.1e+00 4.6e-03 2.5e-03 4.4e403 6.6e-03 7.3e43
U-235 3.3e+00 2.4e+00 3.3e+00 4.1e+00 4.3e+00 1.2e-02 8.6e-03 1.2e-02 1.5e-02 1.6e-02
U-236 1.2e+00 6.5e41 1.1e+00 1.7e+00 1.9e+00 4.3e-03 2.3e-03 4.1e-03 6.2e-03 6.8e-03
U-238 1.5e+00 9.8e-01 1.4e+00 2.0e+00 2.1e+00 5.3e-03 3.5e403 5.2e-03 7.1e-03 7.7e403

N>237¢,t,>,*-.6e+ O_,. e +00 . 5e+00,,-75 + >,.e 2 ,2147,2f,2,

Pu-236 .2Ae+00 1.3e+00 2.3e+00 3.5e+00 3.8e+00 8.6e-03 4.6e-03 8.2e-03 1.2e-02 1.4e-02
Pu-238 5.7e+00 3.1e+00 5.5e+00 8.2e+00 9.1e+00 2.0e-02 1.1e-02 1.9e-02 2.9e-02 3.2e402
Pu-239 6.1e+00 3.3e+00 5.8e+00 8.7e+00 9.7e+00 2.2e-02 1.2e402 2.1e-02 3.1e402 3.5e-02
Pu-240 6.1e+00 3.3e+00 5.8e+00 8.7e+00 9.7e+00 2.2e-02 1.2e-02 2.1 e-02 3.1 e402 3.5e-02
FPuZ241 .ie-0 .0 2 -38.1e.014.,.6e 01 -F508 3.9e,-0 4E 2 le-4 _ 384,.55.7e-046.3&044
Pu-242 5.9e+00' 3.2e+00 5.6e+00 8.4e+00 9.4e+00 2.1e-02 -1.e402 2.0e402 3.0e-02 3.4e402
Pu-244 1.1e+01 7.8e+00 1.1e+01 1.4e+01 1.5e+01 3.9e42 2.7e-02 3.8e-02 4.9e-02 5.3e-02
Am-241 5.2e+00 2.8e+00 5.0e+00 7.4e+00 8.2e+00 1.8e-02 1.0e-02 1.8e-02 2.7e-02 2.9e-02
Am-242m 5.3e+00 3.0e+00 5.1e+00 7.5e+00 8.3e+00 1.9e-02 1.Ie-02 1.8e02 2.7e42 3.0e402
,Am-243,' c7.5e+00-5.0ee00,I7.3e+00t - 9.8e+00 ;:1,e+01;____2.7e-02 ,K1.Be,2YE,2.6e-2O'_3.5e02. 3.8e02
Cm-242 6.0e-01 3.2e-01 5.7e-01 8.7e-01 9.8e01 2.1 e-03 1.1 e-03 2.0e-03 3.1e-03 3.5e-03
Cm-243 5.3e+00 3.5e+00 5.2e+00 7.0e+00 7.6e+00 1.9e-02 1.2e-02 -1.9e-02 2.5e42 2.7e-02
Cm-244 3.2e+00 1.7e+00 3.1e+00 4.6e+00 5.1e+00 1.1e-02 6.2e-03 1.1e-02 1.7e-02 1.8e-02
Cm-245 6.1e+00 3.7e+00 5.9e+00 8.3e+00 9.1e+00 2.2e-02 1.3e-02 2.1 e-02 3.0e02 3.3e-02

Cm26,.-i5.1e+00- 2.e0-<.e0, 7,A .+t8.2e+00 .e ;903-,17 '';2 .2.6e02.94

Cm-247 9.9e+00 7.1e+00 9.7e+00 1.2e+01 1.3e+01 3.5e-02 2.5e-02 3.5e-02 4Ae-02 4.7e-02
Cm-248 1.8e+01- 9.9e+00 1.7e+01 2.6e+01 2.9e+01 6.4e-02 3.5e-02 6.2e-02 9.3e-02 1.0e401
Bk-249 2.0e-02 1.1e-02 1.9e-02 2.9e-02 3.2e402 7.2e-05 4.0e-05 6.9e-05 1.Oe-04 1.1e-04
Cf-248 , 1.e+00 5.8e401 1.Oe+00 1.5e+00 1.7e+00 3.8e-03 2.1 e-03 3.7e-03 5.6e-03 6.2e-03
Cf-249,.'- '* ' 1Ae+01 39.4e+00'5.1.3*01 1.8+01 ,.9e+01 :'f,--,4,.9e42 ',-'3.3e02, .7e°?-.''B.342,- 6.8e42

Cf-250 4.1e+00 2.3e+00 4.0e+00 6.0e+00 6.6e+00 1.5e402 8.0e-03 1.4e-02 2.1e-02 2.4e-02

Cf-251 1.0e+01 '6.le+00 9.7e+00 1.4e+01 1.5e+01 3.6e-02 2.2e-02 3.5e-02 5.0e-02 5.5e-02

Cf-252 2.4e+00 1 .3e+00 2.3e+00 3.4e+00 3.8e+00 8.6e-03 4.6e-03 8.2e-03 1 .2e-02 I Ae4-02

Cf-254 2.1e+02 1.3e+02 2.0e+02 2.9e+02 3.2e+02 7.4e-01 4.4e-01 7.2e-01 1.0e+00 1.1e+00

Es-254--'-" 1.5e+01 .'1.O01' 1.5e+01 2'1.9e+0172.Oe+01: ; 52e02'-' 3.7e-02 '.2e42-6.7e42'7.1e42:;

Note: To convert these values to conventional units (mrem/y per pClg or mremly per pCicm
2

). multiply by 3.7e-3
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Normalized Effective Doses from Concrete i EAppendix 1-2
Table 12.6 Normalized effective doses from external exposure: Truck diver

R - Mass-based effective dose (pSvIy per Bq/g)
Radionucide Mean 5th 50th 90th 95th

Surficial effective dose (pSvly per BqIcm2)
Mean 5th 50th 90th 95th

H-3 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+O0 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
C-14 1.9e-05 1.3e-05 1.9e-05 2.4e-05 2.6e-05 6.8e-08 4.7e-08 6.7e-08 8.7e-08 9.3e-08
Na-22 3.5e+O1 2.4e+O1 3.5e+01 4.5e+O1 4.7e+01 1.2e-01 8.6e-02 1.2e-01 1.6e-01 1.7e-01
P-32 9.9e-03 2.0e-03 7.2e-03 2.2e-02 2.6e-02 3.5e-05 7.Oe-06 2.6e-05 7.9e-05 9.5e-05

35 i >-1 7e0 1.1e-051.T 05'2.3e-05 .'. 6.ie08 3.9e08,; 5.9 08 8.2e.7 858.8e-0
Ci-36 6.3e-03 4.4e-03 6.3e-03 8.1e-03 8.5e-03 2.3e-05 1.6e-05 2.2e-05 2.9e-05 3.1e-05
K-40 2.6e+00 1.8e+00 2.6e+00 3.3e+00 3.5e+00 9.3e-03 6.3e-03 9.1 e-03 1.2e-02 1.3e-02
Ca-41 O.Oe+00 O.Oe+0O O.Oe+00 O.0e+OO O.0e+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-45 1.1e-04 7.3e-05 1.1e-04 1.4e-04 1.5e-04 3.8e-07 2.6e-07 3.8e-07 5.0e-07 5.3e-07
'4 ', 2.6e;+0 , 1.6e0+01 ,2.5, | 3.4e401. 3.7eI.,A 92 5.8' 02;- 9.. ;02A .2. 01 "4.32 j
Cr-51 2.4e-01 1.0e-01 2.2e-01 4.1e-01 4.7e-01 8.7e-04 3.7e-04 7.8e-04 1.5e-03 1.7e-03
Mn-53 O.Oe+00 O.Oe+0O O.Oe+0O O.Oe+0O O.Oe+OO O.Oe+00 O.Oe+0O O.Oe+O0 O.Oe+00 O.Oe+00
Mn-54 1.3e+01 8.8e+00 1.3e+01 1.6e+01 1.7e+01 4.6e-02 3.1e-02 4.5e-02 5.9e-02 6.3e-02
Fe-55 1.7e-09 1.2e-09 1.7e-09 2.2e-09 2.3e-09 6.2e-12 4.2e-12 6.1e-12 7.9e-12 8.4e-12

Co-56 4.5e+01 2.8e+01 4.3e+01 6.Oe+0I 6.5e+01 1.6e-01 1.0e-01 1.5e-01 2.2e-01 2.3e-01
Co-57 1.2e+00 8.2e-01 1.2e+00 1.5e+00 1.6e+00 4.3e-03 2.9e-03 4.2e-03 5.5e-03 5.9e-03
Co-58 1.2e+01 7.4e+00 1.2e+01 1.6e+01 1.8e+01 4.3e-02 2.6e-02 4.1e-02 5.8e-02 6.4e-02
Co-60 4.1e+01 2.8e+01 4.Oe+01 5.2e+01 5.5e+01 1.5e-01 1.0e-01 1.4e-01 1.9e-01 2.0e-01
N-W59 -- 42.6e.41.854-, 2.5 4,3.3e-04, 3.5 O4:W-9.2.-06.3ev07. ,9.ie.07.1 i2e,.1.3e06,e
NI-63 8.8e-08 6.1e-08 8.8e-08 1.1e-07 1.2e-07 3.2e-10 2.2e-10 3.te-10 4.1e-10 4.3e-10
Zn-65 8.7e+00 6.0e+00 8.6e+00 1.Ie+01 1.2e+01 3.1e-02 2.1e-02 3.ie-02 4.0e-02 4.3e-02
As-73 9.9e-03 6.3e-03 9.7e-03 1.3e-02 1.5e-02 3.5e-05 2.2e-05 3.5e-05 4.8e-05 5.2e-05
Se-75 4.5e+00 3.0e+00 4.5e+00 5.9e+00 6.4e+00 1.6e-02 1.1e-02 1.6e-02 2.1e-02 2.3e-02
Sr-5-'2;. 5.7e+0O,3.5e40,C 5.6e5+OO,7:9e+00, 8.7,e,+, 2.2 e , 2 O21 2.0e 02 e; 2 07 81a
Sr-89 1.7e-02 9.9e-03 1.7e-02 2.5e-02 2.7e-02 6.2e-05 3.5e-05 5.9e-05 8.9e-05 9.8e-05
Sr-90 7.1e-02 4.9e-02 7.0e-02 9.0e-02 9.6e-02 2.5e-04 1.7e-04 2.5e-04 3.2e-04 3.5e-04
Y-91 6.0e-02 3.6e-02 5.8e-02 8.5e-02 9.3e-02 2.2e-04 1.3e-04 2.1e-04 3.0e-04 3.3e-04
Zr-93 1.1e-07 7.3e-08 1.Oe-07 1.3e-07 14e-07 3.8e-10 2.6e-10 3.7e-10 4.8e-10 5.1e-10
' 4-95.A;- 3e!1 9.0+00e23e±0_ 4.7e+01. ,6e ,.Oe0 2 4
Nb-93m 2.1e-08 1.4e-08 2.0e-08 2.6e-08 2.8e-08 7.4e-il 5.0e-i1 7.3e-Il 9.4e-il 1.0e-10
Nb-94 2.6e+0l 1.8e+01 2.5e+01 3.3e+01 3.5e+01 9.1e-02 6.3e-02 9.0e-02 1.2e-01 1.2e-01
Nb-95 7.1e+00 3.5e+00 6.5e+00 1.Ie+01 1.2e+01 2.5e-02 1.2e-02 2.3e-02 4.0e-02 4.4e-02
Mo-93 2.6e-08 1.8e-08 2.5e-08 3.3e-08 3.5e-08 9.2e-il 6.3e-11 9.1e-i1 1.2e-10 1.3e-10

Tc-97m 2.0e-03 1.3e-03 1.9e-03 2.7e-03 2.9e-03 7.1e-06 4.5e-06 7.0e-06 9.6e-06 1.0e-05
TO-99 2.7e-04 1.9e-04 2.7e-04 3.4e-04 3.6e-04 9.6e-07 6.6e-07 9.5e-07 1.2e-06 1.3e-06
Ru-1 03 4.8e+00 2.5e+00 4.5e+00 7.2e+00 8.1e+00 1.7e-02 8.7e-03 1.6e-02 2.6e-02 2.9e-02
Ru-106 3.3e+00 2.3e+00 3.3e+00 4.2e+00 4.5e+00 1.2e-02 8.0e-03 1.2e-02 1.5e-02 1.6e-02
Ae-108m - 2.;6e+01<.,1.8e+01'j2.60t01.'3.3e+0l 3.5e4O1f' , 9.3e-02 ,i- 6.4.-02-:;92e02'' I 12e01,.4.3e-Ot
Ag-110m 4.1e+01 2.8e+01 4.1e+01 5.3e+01 5.6e+01 1.5e-01 9.9e-02 1.4e-01 1.9e-01 2.0e-01
Cd-109 2.2e-02 1.5e-02 2.2e-02 2.8e-02 3.0e-02 8.0e-05 5.4e-05 7.9e-05 1.0e-04 1.1e-04
Sn-113 3.4e+00 2.2e+00 3.3e+00 4.4e+00 4.7e+00 1.2e-02 7.9e-03 1.2e-02 1.6e-02 1.7e-02
Sb-124 2.1e+01 1.3e+01 2.1e+01 3.0e+01 3.3e+01 7.6e-02 4.5e-02 7.4e-02 1.1e-01 1.2e-01
Sb-1255j- -c 6.60+0Oi.5e+06 66.5+ OO4!8.4.-'' 8.9e+0O £L2.4e-Oi ;6e O''2.3e 2_-3.80e2A.2e424
Te-123m 1.4e+00 9.4e-01 1.4e+00 1.9e+00 2.0e+00 5.ie-03 3.3e-03 5.0e-03 6.7e-03 7.1e-03
Te-127m 6.6e-02 4.4e-02 6.5e-02 8.8e-02 9.4e-02 2.4e404 1.5e-04 2.3e-04 3.1e-04 3Ae-04
1-125 1.4e-03 8.6e-04 1.4e-03 2.0e-03 2.2e-03 5.1e4-6 3.0e-06 4.9e-06 7.2e-06 7.9e-06
1-129 3.6e-03 2.5e03 3.6e-03 4.6e-03 4.9e-03 1.3e-05 8.8e-06 1.3e4-5 1.7e-05 1.8e-05
,13l1.'-' '9.4e4a1 ':- 42e402 r3.90-01!-, 2.8e+00 3.60+00 . i3.4e43-1.5e441.4e43PZ9.9e-3:A 1.3e42-

Cs-134 2.5e+01 1.7e+01 2.4e+01 3.2e+01 3.3e+01 8.8e-02 6.0e-02 8.7e-02 1.1e4-1 1.2e-01
Cs-135 i.8e-04 1.3e-04 1.8e-04 2.3e-04 2.5e-04 6.6e-07 4.5e-07 6.5e-07 8.4e-07 9.0e-07
Cs-137 9.2e+00 6.3e+00 9.1e+00 1.2e+01 1.2e+01 3.3e-02 2.2e-02 3.2e-02 4.2e-02 4.5e-02
Ba-133 5.4e+00 3.7e+00 5.3e+00 6.8e+00 7.3e+00 1.9e-02 1.3e-02 1.9e-02 2.5e-02 2.6e-42
C.-i39 ,, 1.5e+00 - 9.8e-01.1.4e -006'1. e200 `2.Oe+0O:'-: 52e,03,- 3.5e-03.:- 5.1e-0 6-03 .7.36-03,
Ce-141 4.6e-01 2.2e.-1 4.2e4-1 7.4e-01 8.3e-01 1.6e-03 7.7e-04 1.5e-03 2.6e-03 3.0e-03
Ce-144 7.0e-01 4.8e-01 7.0e4-1 9.0e-01 9.6e-01 2.5e-03 1.7e-03 2.5e-03 3.2e-03 3.5e-03
Pm-147 9.9e4-5 6.8e-05 9.8e-05 1.3e-04 1.3e-04 3.5e.-7 2.4e4-7 3.5e-07 4.5e-07 4.8e-7
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Appendix 1-2 Normalized Effective Doses from Concrete

Table 12.6 Normalized effective doses from external exposure: Truck diver

Rad-Ionclde Mass-based effective dose (pSvly per Bq/g) Surficial effective dose (pSvly per Bqfcrr?)
loule Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

Sm-l 51 2.3e-07 1.6e407 2.3e-07 3.0e-07 3.2e-07 8.4e-10 5.8e-1 0 8.3e-1 0 1.1e-09 1.1e409

Eu5 ,,-'';e0-;-1. eO28 0'e+0i 201 .............. ,. 2-4.5 ,',;> ".5eO;:9

Eu-154 1.8e+01 1.2e+01 1.8e+01 2.3e+01 2Ae+01 6.4e-02 4.4e-02 6.3e-02 '8.2e-02 8.7e-02

Eu-155 ' 4.1e-01 2.8e-01 4.0e-01 5.2e-01 5.5e-01 1.4e-03 9.9e404 1.4e-03 1.9e-03 2.0e-03

Gd-153 4.6e-01 3.2e-01 4.6e-01 5.9e-01 6.3e-01 1.6e-03 1.1e-03 1.6e-03 2.1 e-03 2.3e-03

Tb-160 1.4e+01 8.4e+W0 1.3e+01 1.8e+01 2.0e+01 4.8e-02 3.0e-02 4.7e-02, 6.6e-02 7.2e-02

70, ,g£2 e-0 B~e'02w,:2.1-,02!W.'2; e42 ,3.0 42a e OL 7 453 ' -9.e eq04

Trn-171 1.5e-03 1.0e403 1.5e403 1.9e-03 2.1 e-03 5.4e406 3.7e406 5Ae46' 7.0e-06 7.5e406

Ta-1 82 1.7e+01 1.1e+01 1.7e+01 2.2e+01 2Ae+01 6.0e-02 4.0e402 5.9e42- 8.0e402 8.6e402

W-181 1 .Oe41l 6.7e402 1 .Oe41 1 .3e-01 1 .4e401 3.6e-04 2Ae044' 3.6e404 4.8e-04 5.1 e044

W-1 85_ 7Ae-04 4.6e-04 7.2e-04 1.0e-03 1.1e-03 2.6e406 1.6e406 2.6e406 3.6e-06 3.9e406
615,-:''.85e.+0,it5 e+00-O-.,4.3e +00-:iS.1.ie+ _0 e+O .,w. ,t, 2.0e02, -3.0, 2 .1Ae 2' .42

Ir-192 9.6e+00 6.0e+00 9Ae+O0 1.3e+01 1Ae+01 3.4e-02 2.1 e42 3.3e402'- 4.7e-02 5.1e-02

Tl-204 9Ae403 6.5e-03 9.3e403 1.2e402 1.3e-02 3Ae-05 2.3e405 3.3e405 4.3e405 4.6e405

Pb-21 0 1.3e402 9.0e-03 1.3e-02 1.7e-02 1.8e402 4.6e-5 3.2e405 4.6e405 6.0e405 6.3e-05

Bi-207 2.5e+01 1.7e+01 2Ae+01 _3.1e+01 3.3e+01 8.8e-02 6.0e-02 8.7e-02 1.1e-01 1.2e401
P>2i=, -,-.:'ie_92*5^ t,'> i.e.9e04.9 475 , '33e4 .,48e47, 6A7;! .e'0

Ra-226 2.8e+01 1.9e+01 2.8e+01 3.6e+01 3.8e+01 1.0e401 6.9e402 9.9e402 1.3e401 1.4e401

Ra-228 1.5e+01 1.0e+01 1Ae+01 1.9e+01 2.0e+01 5.2e402 3.6e402 5.1e402 6.7e402 7.1 e42

Ar-227 5.9e+00 4.0e+00 5.8e+00 7.5e+00 7.9e+00 2.1 e-02 1 .4e402 2.1 e402 2.7e402 2.9e402

Th-228 -2.2e+01 1.5e+01 2.2e+01 2.9e+01 3.0e+01 8.0e-02 5.5e402 7.9e402 1.0e41l 1.1e41
629;-.w"4ie0'W'28+0 .0, 0-5e 0'5.5e e J.56e-02a1.0e 02, , e-4e . 9

Th-230 3.8e-03 2.4e403 3.7e403 5.2e403 5.6e403 1Ae405 8.6e406 1.3e405 1.9e4S5 2.0e405

Th-232 1.5e401 2.8e402 1.4e401 2.7e401 3.1e41l 5.4e404 9.8e405 5.1 e44 9.8e-04 1.1e403

Pa-231 5.0e401 3.4e401 4.9e401 6.3e401 6.7e401 1.8e403 1.2e403 1.8e403 '2.3e-03 2Ae403

U-232 7.1e401 1.3e401 6.8e401 1.3e+00 1Ae+00 2.Se-3 4.7e404 2Ae403 4.6e403 S.1e403

U23,,.--,..e3,",.e0;'3.3e43 '3Ae 03 ',,9.i e 06,-6r6 90, 1 i 05

U-234 7Ae404 5.1e404 7.3e404 9.4e404 1.0e403 2.6e406 1.8e-06 2.6e406 '3.4e406 3.6e406

U-235 2.2e+00 1.5e+00 2.1e+00 2.8e+00 2.9e+00 7.8e-03 5.3e403 7.7e-03 1.0e402 1.1e402

U-236 3.1e44 2.1 e-04- 3.1e44 3.9e404 4.2e404 1.1 e46 7.6e47' 1.1 e46 1.4e46 1.5e406

U-238 4.1e401 2.8e401 4.0e401 5.2e401 5.5e401 1.5e43 1.0e403 1 Ae403 1.9e403 2.0e403

Pu-236 6.3e404 2.2e404 5.3e404 1.2e403 1.3e403 2.2e406 7.8e407 1.9e406 4.1e-06 4.7e406

Pu-238 1.0e404 7.2e405 1.0e404 1.3e404 1Ae-04 3.7e407 2.6e407 3.7e407 4.8e407 5.1e407

Pu-239 6.9e404 4.8e404 6.8e404 8.8e404 9.3e404 2.5e406 1.e406 2.4e406 3.2e-06 3Ae406

Pu-240 -1.e0e4 7.1 e45 1.0e404 1.3e404 1.4e404 3.7e47 2.5e407 3.6e407 4.7e407 5.0e407

Pu-242 1.e0e44 7.0e405 1.0e404 1.3e404 1.4e404 '3.6e407 '2.Se407 3.6e407 4.7e-07 5.0e407

Pu-244 5.2e+00 3.6e+00 5.2e+00 6.7e+00 7.1e+00 1.9e-02 1.3e402 1.8e402 2Ae402 2.6e402

Am-241 7.0e402 4.8e402 6.9e402 8.9e402 9Ae402 2.Se404 1.7e404 2.5e404 3.2e-04 3.4e044

Am-242m 1 .7e401 1.2e401 1 .7e401 2.2e401 2.3e401 - 6.1 e404 4.2e404 6.0e404 7.8e-04 8.3e044
Am23'3.'; 2 i 0 624e .e0 _264W '--'' ,856,0 .8 03 8.e 03 .1 2

Cm-242 7.8e405 5.3e405 7.7e405 1 .Oe404 1.1e44 -2.8e407 1 .9e407 2.7e407 3.6e-07 3.9e407

Cm-243 1.6e+00 1.1e+00 1.5e+00 2.0e+00 2.1e+00 5.6e403 3.8e403 5.5e403 7.1 e43 7.6e403

Cm-244 7.2e405 5.0e405 7.1 e45 9.1e405 9.7e405 2.6e407 1.8e407 2.5e407 3.3e407 3.5e407

Cm-245 9.6e401 6.7e401 .9.5e-O1 ,12e,+00 1.3e_00' 3.4e43 '2.4e403 -3.4e403 4.4e43 4.7e403

Cm-247 5.1 e+OO 3.5e+00 5.1 e+OO 6.5e+00 6.9e+00 1 .8e-02 1 .3e402 1 .8e402 2Ae402 2.5e402

Cm-248 1.0e45S 7.0e406' 1.0e45 1.3e405 1.4e405 3.6e-08 ''2.5e408 3.6e408 4.6e-08 4.9e408

Bk-249 8.4e404 1 .7e404 8.1 e-04 1 .5e-03 1 .7e403 3.0e406 6.0e407 2.9e406 5.3e-06 6.0e-06

Cf-248 1.6e044 1.1 e044 1.6e-04 2.1 e-04 2.2e044 5.8e407 3.9e47' 5.7e407 7Ae-07 7.9e407

Cf29 ' -'51+0-'5+ 5.0e+ 00, 6.4e 00 ''6.8e+,00 ' .e, 2 2e 42'e,, :8"2 0 2.3"23 4 >2.56 42'

Cf-250 5.9e406 '4.0e-06''5.8e406 7.5e406 7.9e406 2.1e408 1Ae48' 2.1e408 2.7e-08 2.9e408

Cf-251 1.3e+00 9.2e401 1.3e+00 1.7e+00 1.8e+00 4.8e403 3.3e403 4.7e403 6.1e403 6.5e403

Cf-252 1.6e404 1.1 e-04 1.5e-04 2.0e404 2.1e044 5.5e407 3.8e407 5.5e407 .7.1 e-07 7.6e407

Cf-254 2.0e+02 1 2e+02 2.0e+02 2.9e+02 3.1 e+02 7.3e401 '4.3e401 7.le401 1 .0e+00 1.1 e+00-

Es254 I ~e0~--93+0'-13+1'-.e0 -;9+1'6.49 2'33e2':4e 2 ' e66;32 rX 6.7e0

Note: To rconvert these values to conventional units (mremly per pC~g or mrem/y per pC~r m2), multiply by 3.7e-3
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Normalized Effective Doses from Concrete Appendix 1-2
Table 12.7 Normalized effective doses from Inhalation: Truck diver

Radionuclide Mass-based effective dose (pSvly per Bq/g)
Mean 5th 50th 90th 95th

Surficial effective dose (ljSv/y per Bq/cm2)
Mean 5th 50th 90th 95th

H-3 7.Ae-06 3.90-06 7.1e-06 1.1e-05 1.2e-05 2.6e-08 1.4e-08 2.5e-08 3.8e-08 4.3e-08
C-14 1.Oe-04 5.5e-05 1.Oe-04 1.5e-04 1.7e-04 3.7e-07 2.0e-07 3.6e-07 5.5e-07 6.1e-07
Na-22 3.5e-04 1.9e-04 3.4e-04 5.1e-04 5.7e-04 1.3e-06 6.6e-07 1.2e-06 1.8e-06 2.0e-06
P-32 1.5e-04 2.7e-05 1.le-04 3.4e-04 4.2e-04 5.5e-07 9.6e-08 3.8e-07 1.2e-06 1.5e-06

3-5- ~16O~79-5 .5e0 23-4'2.ek~56- 2.8e-71 _.t 7~.eZ~94e0j
CI-36 9.2e-04 4.9e-0.4 8.8e-04 1.3e-03 1.5e-03 3.3e-06 1.7e-06 3.1e-06 4.8e-06 5.4e-06
K-40 5.4e-04 2.9e-04 5.2e-04 7.9e-04 8.8e-04 1.9e-06 1 .0e-6 I1.8e-06 2.8e-06 3.e-06
Ca-41 3.4e-05 1.8e-05 3.3e-05 5.Oe-05 5.6e-05 1.2e-07 6.5e-08 1.2e-07 1.8e-07 2.0e-07
Ca-45 3604 1904 3504 5.3e-04 6.0e-04 1.3e-06 6.8e-07 1.2e-06 1.ge-06 2.1e.06

Cr-51 3.2e-06 1.2e-06 2.8e-06 5.6e-06 6.6e-06 1.Ie-08 4.1le-09 1.0e-08 2.0e-08 2.4e-08
Mn-53 6.5e-06 3.4e-06 6.2e-06 9.5e.06 li1e-05 2.3e-08 1.2e-08 2.2e-08 3.4e-08 3.8e-08
Mn-54 2.0e-04 1.le-04 1.9e-04 2.9e-04 3.3e-04 7.2e-07 3.8e-07 6.9e-07 1.Ie-06 1.2e-06
Fe-55 1.6e-04 8.6e-05 1.6e-04 2.4e-04 2.6e-04 5.8e-07 3.le-07 5.5e-07 8.5e-07 9.4e-07

Co-56 6.8e-04 3.4e-04 6.4e-04 1.Oe-03 1.le-03 2.4e-06 1.2e-06 2.3e-06 3.6e-06 4.1le-06
Co-57 i.Oe-04 5.3e-05 9.5e-05 1.5Se-04 1.6e-04 3.6e-07 1.9e-07 3.4e-07 5.2e-07 S.Se-07
Co-58 2.3e-04 1.Ie-04 2.2e-04 3.4e-04 3.9e-04 8.2e-07 4.0e-07 7.7e-07 1.2e-06 1.4e-06
Co-60 -3.0e-03 1.6e-03 2.9e-03 4.4e-03 4.9e-03 1.Ie-05 5.7e-06 1.Oe-05 1605 1.8e-05

NT-9 -- . ~.0~T~2l~05z 3.8-5~ .88O5 6.0 0~-~*1e 7 08 10-0 ~21~a7~:3eo7
Ni-63 9.4e-05 5.0e-05 9.0e-05 1.4e-04 1.5e-04 3.4e-07 1.8e-07 3.2e-07 4.9e-07 5.5e-07
Zn-65 4.6e-G4 2.4e-04 4.4e-04 6.7e-04 7.5e-04 I1.7e-06 8.7e-07 1 .6e-06 2.4e-06 2.7e-06
As-73 9.0e-05 4.5e-05 8.5e-05 1 .4e-04 1 .5e-04 3.2e-07 1 .6e-07 3.0e-07 4.8e-07 5.4e-07
Se-75 2.6e-04 I1.3e-04 2.4e-04 3.8e-04 4.2e-04 9.2e-07 4.7e-07 8.7e-07 1 .4e-06 1 .5"-6

Sr-89 1.7e-04 7.8e-05 1.6e-04 2.6e-04 3.0e-04 6.0e-07 2.8e-07 5.6e-07 9.3e-07 1.1e-06
Sr-90 5.7e-03 3.0e-03 5.5e-03 8.3e-03 9.3e-03 2.0e-05 1.1e-05 1.9e-05 3.0e-05 3.3e-05
Y-91 7.7e-04 3.7e-04 7.2e-04 1.2e-03 1.3e-03 2.8e-06 1.3e-06 2.6e-06 4.2e-06 4.8e-06
Zr-93 _ _1.2e-03 6.3e-04 1.1e-03 1.7e-03 1.9e-03 4.3e-06 2.2e-06 4.1e-06 6.2e-06 6.9e-06

Nb-93m 1 .6e-04 8.2e-05 1 .5e-04 2.3e-04 2.5e-04 5.5e-07- 2.9e-07 5.3e-07 8.1 e-07 9.0e-07
Nb-94 4.5e-03 2.4e-03 4.3e-03 6.6e-03 7.3e-03 1 .6e-05 8.5e-06 1 .5e-05 2.4e-05 2.6e-05
Nb-95 1.3e-04 5.4e-05 1.2e-04 2.2e-04 2.5e-04 4.7e-07 1.9e-07 4.3e-07 7.8e-07 9.le-07
Mo-93 -2.2e-04 1.le-04 2.Ie-04_ 3.2e-04 3.5e-04 7.8e-07 4.1 e-07 7.4e-07 1.Ie-06 1.3e-06

Tc-9~>- -~9e-0__.1.5e05~28e-5<4.e-0 ~* 8~5 4,O 9.9 -O1.5011l- eO~
Tc-97m 3.8e-04 1 .9e-04 3.6e-04 5.7e-04 6.4e-04 1 .4e-06 6.9e-07 1 .3e-06 2.0e-06 2.3e-06
TC-99 5.8e-04 3.e-04 5.5e-04 8.4e-04 9.4e-04 2.1e-06 1.le-06 2.0e-06 3.0e-06 3.4"-6
Ru-103 2.4e-04 1.Oe-04 2.2e-04 3.8e-04 4.4e.04 8.5e-07 3.6e-07 7.7e-07 1.4e-06 1.6e-06
Ru-106 6.0e-03 3.2e-03 5.7e-03 8.7e-03 9.7e-03 2.1 e-05 1.1e-05 -~2.0e-05 3.1e-05_ 3.5e-05

~g-iOmt~ .4eO-1.803~33~-0 - 50e-0~ 5.e3 C41.2-051$ 6.5e-06.- _i'-.2e-O52,3.8-5' .00
Ag-i I m 1.2e-03 6.4e-04 1.2e-03 1.8e-03 2.0e-03 4.3e-6 2.3e-06 4.ie-06 6.3e-06 7.0e-06
Cd-109 1.7e-03 8.8e-04 1.6e-03 2.4e.03 2.7e-03 5.9e-06 3.1e-06 5.6e-06 8.6e-06 9.6e-06
Sn-1 13 2.9e-04 1.5e-04 2.8e-04 4.3e-04 4.8e-04 l.Oe-06 5.3e-07 9.8e-07 1.5e-06 1.7e-06
Sb-124 -- 6.0e-04 2.9e-04 5.6e-04 9.2e-04 1.Oe-03 2.1le-06 _ .Oe-06_ 2.0e-06 3.3e-06 3.7e-06

7.004:3.704~ 670-4>11.0-O~Z-~be03~'~;2.e-0~v13e-6 2.4 0 3.7"-64.~8
Te-123m 5.ie-04 2.7e-04 4.9e-04 7.6e-04 8.5e-04 1.8e-06 9.4e-07 1.7e-06 2.7e-06 3.0e-06
Te-127m 9.5e-04 4.9e-0.4 9.0e-04 1.4e-03 1.6e-03 3.4e-06 1.7e-06 3.2e-06 5.0e-06 5.6e-06
1-125 9.3e-04 4.5e-04 8.7e-04 1.4e-03 1.6e-03 3.3e-06 1.6e-06 3.1 e-06 5.1 e-06 5.8e-06
1-129 9.2e-03 4.9e-03 8.8e-03 1.3e-02 1.5e-02 3.3e-05 -1.7e-05 3.1e-05 4.8e-05 5.4e-05
1-131>§ 3l-4'-13e0 i.eO,9O-4&.e0 -. ,1l-B '45-84.4e-07 z:l2e-0$ ~4.3e-06'
Cs-i134 1 .7e-03 8.9e-O4 1 .6e-03 2.5e-03 2.7e-03 6.0e-06 3.2e-06 5.7e-06 8.8e-06 9.8e-06
Cs-135 1.8e-04 9.4e-05 1.7e-04 2.6e-04 2.9e-04 6.4e-07 3.4e-07 6.1le-07 9.3e-07 1.Oe-06
Cs-137 1.2e-03 6.4e-04 1.2e-03 1.8e-03 2.0e-03 4.3e-06 2.3e-06 4.le-06 6.3e-06 7.0e-06
Ba-133 3.2e-04 1.7e-04 -3.1le-04 4.7e-04 5.2e-04 1.2e-06 6.1e-07 i.1e-06 1.7e-06 1.9e-06

C-3- 22-4 1i-42.e4'3.2e-04 - 3.6e-04 i .77-7 .. T~73 -O ' !.1 .6K.3e0

Ce-141 3.0e-04 1.2e-04 2.7e-04 5.1e-04 5.9e-04 1.1e-06 4.3e-07 9.7e-07 1.Be-06 2.le-06
Ce-144 4.9e-03 2.6e-03 4.6e-03 7.le-03 7.9e-03 1.7e-05 9.1le-06 1.7e-05 2.5e-05 2.8e-05
Pmn-147 5.7e-04 3.0e-04 5.4e-04 8.2e-04 9.2e-04 2.0e-06 1.e-06 1.9e-06 2.9e-06 3.3e-06
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Appendix 1-2 Nonnalized Effective Doses from Concrete

Table 12.7 Normalized effective doses from Inhalation: Truck diver

Radionuclide Mass-based effective dose (pSv/y per Bq/g) - Surficial effective dose (pSvly per Bq/cm 2)

Mean 5th 50th 90th 95th . Mean -5th 50th 90th 95th

Sm-151 , 4.7e04 ,2.5e044,,,4.5,e-04 6.8,e-0,4 r7.6e04, ,f,,1,.7efi,06 ,8.8e-07 r1.6e-061 2.5e46 2.7e,06

Eu-154 6.3e403 3.3e403 6.0e-03 9.1e403 1.0e-02 2.2e4O5 1.2e-05 2.1e-05 3.3e405 3.6e405

Eu-155 8Ae-04 4.4e-04 8.0e404 1.2e403 lAe-03 3.0e-06 1.6e-06 2.9e-06 4.4e406 4.9e46

Gd-153 2.3e-04 1.2e404 2.2e404 3.4e-04 3.8e404 8.3e-07 4.3e407 7.9e407 1.2e-06 1.3e-06

Tb-160 _7.3e4D4 3.6e404 6.9e404 1.1e-03 1.2e403' 2.6e-06 -1.3e46: 2.5e-06 3.9e-06 4.4e-06

Trn-171 1.6e404 8.4e-05 1.5e404 2.3e404 2.6e044 5.7e407 3.0e407 5.4e-07 8.3e407 9.2e407

Ta-1 82 1.1e403 5.7e404 1.1 e43 1.6e403 1.8e403 4.0e406 2.0e406 3.8e-06 5.9e406 6.6e406

W-181 6.5e406 3.4e406 6.2e406 9.6e406 1.1e-05 2.3e-08 1.2e408 2.2e-08 3.4e408 3.8e408

W-185 3.0e405 1.5e405 2.8e45_ 4.5e405 5.1e405 1.1 e47 '5.3e408 1.0e-07 '1.6e407 1.8e407

O185 ,>681,5- . e704W ~2,.4e~04'-Z2.6e,04J*~-.-; 5,7e-07v2 4--5.47AeO 5mz7

Ir-192 6.7e404 3.3e404 6.3e404 1.0e403 1.1 e43 2.4e406 1.2e406 2.2e406 3.6e406 4.0e406

Tl-204 1.1e4G4 5.8e405 1.1 e44 1.6e404 1.8e404 3.9e407 2.1 e47 3.8e407 5.8e-07 6Ae407

Pb-21 0 ' '6.1e-01 3.2e401 5.8e401 8.8e-01 9.8e401 2.2e403 1.1 e43 '2.1e403 3.2e-03 3.5e403

Bi-207 5.8e404 3.0e404 5.5e404 8.4e-04 9.3e404 2.1e406 1.1e406 2.0e46' 3.0e-06 3.4e406
,P,>2103' 3.e4, i.8e032eB1-i;K 64156e1',3. - 6 34,e3 7,e<20

Ra-226 '4.0e-01 2.1e401 3.9e401 5.9e401 6.5e401 1Ae403 7.6e404 1Ae403 2.1e-03 2.3e403

Ra-228 4.5e401 2.2e401 42e401 6.8e401 7.7e401 1.6e403 7.9e404 1.5e403 2.4e-03 2.7e403

Ac-227 1.1e+01 5.6e+00 1.0e+01 1.5e+01 1.7e+01 3.8e42 2.0e402 3.6e402 5.5e402 6.2e402

Th-228 4.5e+00 2.4e+00 ~4.3e+00 6.5e+00 7.2e+00 1.6e402 8.4e403 1.5e42 2.3e402 2.6e402

,Th229 ;'','.j,1 S 0.-'.e .,e+,1 ,, '' 5 2 ,4:'-2.7e 02, 5.0'2@. 402-,8A4e,02

Th-230 * -5.1e+00 2.7e+00' 4.9e+00 7Ae+O0 8.2e+00 1.8e402 9.5e403 1.7e402 2.6e402 2.9e402

Th-232 5.3e+00 2.8e+00 5.0e+00 7.6e+00 8.5e+00 1.9e402 9.9e403 1.8e402 ~2.7e402 3.0e402

Pa-2311 1.6e+01 8.5e+00' 1.5e+01 2.3e+01 2.6e+01 5.8e402 3.0e402 5.5e402 8.4e402 9.4e402

U-232 _ 4.8e+00 _2.6e+00 4.6e+00 7.0e+00 7.8e+00 -1.7e402 9.1e403 1.7e402 2.5e402 2.8e402
U-23:.'^'-.--'i~e' 0',t,>66e1), e 0'5.8_00t;2. OOi-,~-:--0; '',3O'3 e 34,6;e3 ,2

U-234 1.2e+00 6.5e401 1.2e+00 1.8e+00 2.0e+00 4.4e403 2.3e-03 4.2e403 6.4e-03 7.1 e-03

U-235 1.1e+00 5.8e401 1.1 e+00 1.6e+00 1.8e+00 -3.9e403 2.1 e-03 -3.8e403 5.8e-03 6.4e403

U-236 1.1e+00 6.0e401 1.1 e+00 1.7e+00 1.8e+00 4.1 e43 2.1 e-03 3.9e403 -5.9e-03 6.6e403

U-238 1.0e+00 ' 5.e41 '9.9e401 1.5e+00 1.7e+00 3.7e403 1.9e403 3.5e403 5.4e403 6.0e-03

N>37-+ 0 F 26+0'3 ,+ -. e 3'. =1,4 ,p 92 --03:9.4Ej 42;,9-.6e'-2

Pu-236 2.3e+00 1.2e+W0 2.2e+00 3.4e+00 3.7e+00 8.2e-03 4.3e403 7.9e403 1.2e402 1.3e402

Pu-238 5.4e+00 2.9e+W0 5.2e+00 7.9e+00 8.8e+00. 1.9e-02 1.0e402 1.8e4C2 2.8e402 3.1e402

Pu-239 5.8e+00 3.1 e+00 5.5e+00 8.4e+00 9.4e+00 -2.1e402 1.1e402 2.0e402 3.0e402 3Ae402

Pu-240_ 5.8e+00 3.1e+00 5.5e+00 8.4e+00 9.4e+00 ~2.1e-02 1.1e42_ 2.0e402 ,3.0e402 3Ae402

Pu-242 ' 5.6e+00 3.0e+00 5.4e+00 8.2e+00 9.1e+00 2.0e402 1.1 e42 1.9e402 2.9e402 3.3e402

Pu-244 S.4e+00 2.9e+00 5.2e+00 -7.9e+00 8.8e+W0 1.9e402 1.0e402 1.8e402 2.8e402 3.1e402

Amn-241 4.9e+00 2.6e+00 4.7e+00 7.1e+00 7.9e+00 1.7e402 9.2e-03 1.7e402 2.5e402 2.8e-02

Amn-242mn 4.9e+00 2.6e+00 4.7e+00 7.1e+00 7.9e+00 1.7e402 9.2e403 1.7e402 2.6e402 2.8e402
2i3 ... 9+0a2e00 ',A.7e'+0 .1+ -? 0- 2 2ez','v,,q',w2 ! 25 ,-2.'8O

Cm-242 5.9e401 3.1e401 5.6e401 8.6e401 9.6e401 2.1 e43 1.1e403 2.0e403 3.1 e43 3Ae403

Cm-243 3.6e+00 1.9e+00 3.5e+00 5.2e+00 5.8e+00 1.3e402 6.8e403 1.2e402 1.9e402 2.1e402

Cm-244 3.1e+00 1.6e+00 2.9e+00 4.5e+00 5.0e+00 1.1e402 5.8e403 1.0e402 1.6e402 1.8e402

Cm-245 4.9e+00 2.6e+00 4.7e+00 7.1e+00 7.9e+00 1.e402 '9.2e403 1.7e402 2.5e402 2.8e402

Cm 246_,t-',---'."i.9e9+00 2 60 00 J e O 627.ie902, i 7.9e 00.7e1 <,e 2 2; 5 42 2.,8 e42 2

Cm-247 4.5e+00 2.4e+00 4.3e+00 6.6e+00 7.3e+00 1.6e402 8.5e403 1.5e402 2Ae402 2.6e402

Cm-248 1.7e+01 9.1e+00 1.6e+01 2.5e+01 2.8e+01 6.1e-02 3.2e402 5.9e402 9.0e402 1.0e401

Bk-249 1.8e402 9.6e403 1.e402 2.6e-02 2.9e402 ' 6.5e405 3.4e405 6.2e405 9.5e405 1.1e044

Cf-248 1.0e+00 5.5e401 1.0e+00 1.5e+00 1.7e+00 3.7e403 2.0e403 '3.5e403 5Ae403 6.1e403

Cf49' 81+0 e0_,e++0''i. 2,1-- eO ' 9 . ;. 02' 2e42'''.7e 02

Cf-250 4.0e+00 2.1 e+00 3.8e+00 5.8e+00 6.4e+00 1Ae402 7Ae403 1.3e402 2.1e402 2.3e402

Cf-251 8.3e+00 '4Ae+O0 8.0e+00 1.2e+01 1.3e+01 3.0e402 1.6e402 2.8e402 4.3e402 4.8e402

Cf-252 - 2.3e+00 1.2e+00 2.2e+00 3.3e+00 3.7e+00 8.2e403 4.3e-03 7.8e-03 1.2e402 1.3e402

Cf-254 - 2.8e+00 1.4e+00 2.6e+00 4.3e+00 4.9e+00 '1.0e402 4.8e403 9.4e-03 1.5e402 1.7e402

Es-24:, -1O+Oi544 -,.e1+-15+0 ~1e+0 -- 3.6e403 . 1.9e403 .3.5e43 e--5.334 : .e3

Note: To convert these values to conventional units (mnrern/y per pCl~g or mnren~y per pC~cm2, multiply by 3.7e-3
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Normalized Effective Doses from Concrete Appendix 1-2
Table 12.8 Normalized effective doses from Ingestion: Truck diver

Mass-based effective dose (pSvly per Bqlg)
Radionucide Mean 5th 50th 90th 95th

Surficial effective dose (pSvy/ per BC/CM2)
Mean 5th 50th 90th I95th

H-3 2.0e-05 1.9e-06 1.9e-05 3.8e-05 4.4e-05 7.2e-08 6.9e-09 6.6e-08 1.4e-07 1.6e-07
C-14 6.5e-04 6.3e-05 6.0e-04 1.2e-03 1.4e-03 2.3e-06 2.2e-07 2.1e06 4.4e-06 5.1e-06
Na-22 3.5e-03 3.4e-04 3.3e-03 6.6e-03 7.7e-03 1.3e-05 1.2e-06 1.2e-05 2.4e-05 2.8e-05
P-32 7.8e-04 4.1e-05 4.6e-04 2.0e-03 2.6e-03 2.8e-06 1.5e-07 1.7e-06 7.1e-06 9.5e-06
S-35 , i.2e-04 2 8.4e7J - 09.8e-0i7
CI-36 1.Oe-03 1.Oe-04 9.7e-04 2.0e-03 2.3e-03 3.7e-06 3.6e-07 3.4e-06 7.1e-06 8.2e-06
K-40 7.0e-03 6.7e-04 6.5e-03 1.3e-02 1.5e-02 2.5e-05 2.4e-06 2.3e-05 4.7e-05 5.4e-05
Ca-41 3.3e-04 3.1e-05 3.0e-04 6.2e-04 7.1e-04 1.2e-06 1.1e-07 1.1e-06 2.2e-06 2.5e-06
Ca-45 7.5e-04 7.2e-05 6.9e-04 1.4e-03 1.6e-03 2.7e-06 2.6e-07 2.5e-06 5.1e-06 5.9e-06

S-U3-054, ' 4-7.3e 9.6e-0i6
Cr-51 2.0e05 1.7e-06 1.6e-05 4.3e-05 5.4e-05 7.3e-08 6.0e-09 5.9e-08 1.5e-07 1.9e-07
M-53 3.4e-05 3.3e-06 3.1e-05 6.4e-05 7.4e-05 1.2e-07 1.2e-08 1.1e-07 2.3e-07 2.6e-07
M-54 7.4e-04 7.3e-05 6.9e-04 1.4e-03 1.6e-03 2.7e-06 2.6e-07 2.5e-06 5.0e-06 5.8e-06
Fe-55 3.6e-04 3.5e-05 3.4e-04 6.8e-04 8.0e-04 1.3e-06 1.2e-07 1.2e-06 2.5e-06 2.8e-06
Fe-59 ---C, < 1S3 te,, ;1.i,0 ,. .3e.O3.5 <-4 07,- 4.0e06 s!.9.0ebj1 ,0
Co-56 2.0e-03 1.9e-04 1.8e-03 3.8e-03 4.4e-03 7.0e-06 6.6e-07 6.4e-06 1.4e-05 1.6e-05
Co-57 2.0e-04 1.9e-05 1.8e-04 3.7e-04 4.3e-04 7.0e-07 6.8e-08 6.5e-07 1.3e-06 1.Se-06
Co-58 5.8e-04 5.5e-05 5.3e-04 - 1.1e-03 1.3e-03 2.1e-06 1.9e-07 1.9e-06 4.0e06 4.7e-06
Co-60 2.8e-03 2.7e-04 2.6e-03 5.2e-03 6.1e-03 9.9e-06 9.5e-07 9.1e-06 1.9e-05 2.2e-05
N-59 ,*7.1"- 8.8e 06' 6.6e-05 At.3-04, 1.6e44 2.5 07I2.4eO8,2.3e 7, 4 .5
Ni-63 1.7e-04 1.6e-05 1.6e-04 3.2e-04 3.7e-04 6.0e-07 5.7e-08 5.6e-07 1.1e-06 1.3e-06
Zn-65 4.0e-03 3.9e-04 3.7e-03 7.6e-03 8.8e-03 1.4e-05 1.4e-06 1.3e-05 2.7e-05 3.1e-05
As-73 2.2e-04 2.1e-05 2.1e-04 4.3e-04 5.0e-04 8.0e-07 7.6e-08 7.3e-07 1.5e-06 1.8e-06
Se-75 2.4e-03 2.3e-04 2.3e-03 4.7e-03 5.4e-03 8.7e-06 8.3e-07 8.0e-06 1.7e-05 1.9e-05
Sr-851Si'e :,s -4'.'5e'-01 4.3e ,05' 4.1e404.8.88' 04, _1.e-,03z, ,E> 06 -2,~~ .~08 .~0~37
Sr-89 1.9e-03 1.8e-04 1.7e-03 3.8e-03 4.5e-03 6.9e-06 6.3e-07 6.2e-06 1.4e-05 1.6e-05
Sr-90 3.4e-02 3.3e-03 3.2e-02 6.5e-02 7.5e-02 1.2e-04 1.2e-05 1.1e-04 2.3e-04 2.7e-04
Y-91 1.9e-03 1.8e-04 1.7e-03 3.7e-03 4.3e-03 6.7e-06 6.2e-07 6.0e-06 1.3e-05 1.5e-05
Zr-93 3.1e-04 3.0e-05 2.9e-04 5.9e-04 6.9e-04 1.1e-06 1.1e-07 1.0e-06 2. e-06 2.5e-06
2 -9 64 9-06 3 3''e-07 1e06: 6 , 6.4e-06 7.4i-060
Nb-93m 1.3e-04 1.3e-05 1.2e-04 2.5e-04 2.9e-04 4.8e-07 4.6e-08 4.4e-07 9.1e-07 1.1e-06
Nb-94 1.9e-03 1.8e-04 1.8e-03 3.6e-03 4.2e-03 6.8e-06 6.5e-07' 6.3e-06 1.3e-05 1.5e-05
Nb-95 3.7e-04 3.2e-05 3.1e-04 7.4e-04 9.1e-04 1.3e-06 1.1e-07 1.1e-06 2.7e-06 3.2e-06
Mo-93 2.9e-03 2.8e-04 2.7e-03 5.5e-03 6.4e-03 1.0e-05 1.0e-06 9.6e-06 2.0e-05 2.3e-05
7 93 8;8. 0 3,.le-07:.- .3e 0& 7,.3e-07

Tc-97m 5.8e-04 5.5e-05 5.3e-04 1.1e-03 1.3e-03 2.1e-06 2.0e-07 1.9e-06 4.0e-06 4.6e-06
TC-99 8.8e-04 8.5e-05 8.1e-04 1.7e-03 1.9e-03 3.1e-06 3.0e-07 2.9e-06 6.0e-06 6.9e-06
Ru-103 4.9e-04 4.4e-05 4.3e-04 9.8e-04 1.2e-03 1.8e-06 1.6e-07 1.5e-06 3.5e-06 4.3e-06
Ru-106 7.4e-03 7.3e-04 6.9e-03 1.4e-02 1.6e-02 2.6e-05 2.6e-06 2.5e-05 5.0e-05 5.8e-05
Ag108, ' 2.6e,03 k.2.5.0 4  2.4 i03.4.9e-03\i,5.,ie-3',-;, 9.2e 06 8^2.
Ag-1i Im 2.9e-03 2.8e-04 2.7e-03 5.4e-03 6.3e-03 1.Oe-05 9.9e-07 9.5e-06 2.0e-05 2.3e-05
Cd-109 2.1e-03 2.1e-04 2.0e-03 4.0e-03 4.7e-03 7.6e-06 7.4e-07 7.1e-06 1.5e-05 1.7e-05
Sn-113 7.1e-04 6.8e-05 6.5e-04 1.3e-03 1.6e-03 2.5e-06 2.4e-07 2.3e-06 4.8e-06 5.6e-06
Sb-124 2.0e-03 1.9e-04 1.8e-03 3.9e-03 4.5e-03 7.1e-06 6.6e-07 6.4e-06 1.4e-05 1.6e-05
Sb-125 '. 1. 1.46-03t ½.4 ,- 7e1. 03Z27eQ03 3;i 3 ,_51e,06,49 07 47.06 9.7 8 - 06r1.ieO5
Te-123m 1.3e-03 1.3e-04 1.2e-03 2.5e-03 2.9e-03 4.7e-06 4.5e-07 4.3e-06 8.9e-06 1.Oe-05
Te-127m 2.3e-03 2.2e-04 2.1e-03 4.3e-03 5.Oe-03 8.1e-06 7.7e-07 7.4e-06 1.5e-05 1.8e-05
1-125 1.2e-02 1.1e-03 1.1e-02 2.3e-02 2.7e-02 4.2e-05 3.9e-06 3.8e-05 8.3e 05 9.7e-05
1-129 . 1.2e-01 1.2e-02 1.1e-01 2.3e-01 2.7e-01 4.4e-04 4.2e-05 4.1e-04 8.4e-04 9.7e-04
l-131<',~+-- 3.8e 03',--,+'6.3- 05I' 12eO3,,1- 0.21.Ih02' ; A.4e-05 2.3e 7 2e ,6 i.ie05,--6 Oe0 5 i
Cs-134 2.1e-02 2.0e-03 1.9e-02 3.9e-02 4.6e-02 7.4e-05 7.2e-06 6.8e-05 1.4e-04 1.6e-04
Cs-135 2.2e-03 2.2e-04 2.1e-03 4.2e-03 4.9e-03 8.0e-06 7.7e-07 7.4e-06 1.5e-05 1.8e-05
Cs-137 1.5e-02 1.4e-03 1.4e-02 2.7e-02 3.2e-02 5.2e-05 5.0e-06 4.8e-05 9.9e-05 1.1e-04
Ba-133 1.1e-03 1.1e-04 1.0e-03 2.1e-03 2.5e-03 4.0e-06 3.8e-07 3.7e-06 7.6e-06 8.7e-06
Ce-i39-. '', '-'42;5 2.44e-O '2.3e -4 I4.8e.04.. 5;5e y '--.' ~8.9e-7,-z8.5e-08• 8.2e407',; 1.7e-06' 2.0eW6
Ce-141 4.3e-04 3.7e-05 3.6e-04 8.8e-04 1.1e-03 1.5e-06 1.3e-07 1.3e-06 3.2e-06 3.9e-06
Ce-144 5.5e-03 5.4e-04 5.1e-03 1.0e-02 1.2e-02 1.9e-05 1.9e-06 1.8e-05 3.7e-05 4.3e-05
Pm-147 2.9e-04 2.8e-05 2.6e-04 5.4e-04 6.3e-04 1.0e-06 9.8e-08 9.4e-07 1.9e-06 2.2e-06
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Appendix 1-2 Normlalized Effective Doses from Concrete

Table 12.8 Norrnalized effective doses from Ingestion: Truck diver

Raincie Mass-based effective dose (PSv/y per Bq/g) Surficial effective dose (uSvYy per Bq/cm')
Raioucid -Mean 5th 50th 90th 95th ,Mean 5th 50th 90th 95th

Srn-151 1.1e-04 1.1e-05 1.0e-04 2.1 e44 2Ae-04 3.9e407 3.8e-08 3.6e-07 7.5e-07 8.6e-07

Eu-1,54 ' 2.2e-03 2.2e-04 2.1 e-03 4.2e-03 4.9e-03 8.0e-06 7.6e-07 7Ae406 1.5e-05 1.7e-05
Eu-155 '3.5e-04 3.5e-05 3.3e404 6.7e404 7.8e-04 1.3e-06 1.2e-07 1.2e-06 2.4e-06 2.8e-06
Gd-153 ' 2.8e-04 2.7e405 2.6e-04 5.2e404 6.1e-04 9.9e-07 9.6e-08 9.1 e-07 1.9e-06 2.2e-06
Tb-160 1.3e-03 1.3e-04 1.2e-03 2.6e-03 _3.0e-03_ 4.8e406 4.5e-07 4Ae406 9.3e-06 1.1e-05

Trn-171 1.2e-04 -1.2e-05 1.1e-04 2.3e-04 2.6e404 4.3e407 4.1e408 4.0e407 8.1e407 9Ae407
Ta-1 82 1Ae-03 1.3e-04 1.3e403 2.7e403 3.1 e43 -5.0e406 4.7e407 4.6e406 9.5e-06 1.1e405
W-181 7.1 e-05 6.9e406 6.6e405 1.4e404 1.6e404 2.6e407 2.4e408 2.3e407 4.9e407 5.7e407
W-185 3.7e-04 -3.5e405 3.4e404 7.2e-04 8.3e404 1.3e406 1.3e407 1.2e-06 2.6e-06 3.0e-06

015,,:. v>t46-4 4.4e-5,,;4.2ew 04, itr-8.76e 4i 1.10e 3: 7L-+>>t. 8,47.e4,J-'..e8~ 3.e0'',38
Ir-192 1.2e-03 1.1e-04 '1.1e403 2.3e403 2.6e-03 4.2e406 4.0e407 3.8e406 8.1 e-06 9.5e406'
Tl-204 1Ae-03 1 Ae-04 1.3e403 2.7e403 3.2e-03 5.1e406 4.9e407 4.7e406 9.8e-06 1.1e-05
Pb-210 1.0e+00 1.0e401 9.6e401 1.9e+00 2.3e+00 3.7e403 3.5e404 3.4e403 7.0e403 8.1e403
Bi-207 1.5e403 I1Ae404 1.4e403 2.8e-03 3.2e403 5.2e-06 5.0e407 4.8e406 9.9e-06 1.1e405

TIF >,--,2ei'*e1'4.4~3i j 8e4s,,'..e5..,e .,i 8 3'.:
Ra-Z26 -32e-01 3.0e-02 2.9e401 6.0e401 6.9e401 1.1 e43' 1.1 e44 1.0e403 2.2e-03 2.5e403-
Ra-Z28 7.5e-01 7.3e-02 7.0e401 1.4e+00 1.6e+00 2.7e403 2.6e404 2.5e403 5.1e403 5.9e403
Ac-Z27 ' 1.4e+00 1.3e401 1.3e+00 2.6e+00 3.0e+00 4.8e403 4.6e4D4 4.5e403 9.2e403 1.1e402
ThZ28 1.5e-01 1.5e402 1.4e41 2.9e401 3.4e401 5.5e404 5.3e405 5.1e-04 1.0e403 1.2e403
Th-22+';X ,',,.ie41_--ili.e42i 624, " ,z1.3e,0',i15,e 0_ ;3e4,.22e-03,,t:,4.6643 -,,5.3e031,-
Th-230 2.4e-01 2.3e402 2.2e401 4.5e401 5.2e401 8Ae404 8.1e405 7.8e404 1.6e-03 1.8e403
Th-232 2.5e-01 2.5e402 2Ae401 4.8e401 5.6e401 9.1 e44 8.7e405 8.4e404 1.7e-03 2.0e403
Pa-231 8.0e-01 7.7e-02 7Ae401 1.5e+00 1.8e+00 2.9e403 2.7e044 2.6e403 5.4e-03 6.3e403
U-232 3.7e-01 3.6e402 3.5e401 7.1e401 8.2e-01 1.3e403 1.3e404 1.2e403 2.5e-03 2.9e403

U ,,,',,;<,.42'5.e3, 5"2e42~ ̂-1.e , i2 0 e, ge-0 9e4.*''19 e88_4 -. W
U-234 !5.5e402 5.3e-03 5.1 e42 1.Oe41l 1.2e-01 '2.0e-04 1.9e405 1.8e404 3.7e404 4.3e-04
U-235 5.2e-02 5.0e403 4.8e402 9.8e402 1.1e41O - 1.9e404 1.8e405 1.7e404 3.5e-04 4.1e-44
U-236 5.2e402 5.0e-03 4.8e402 9.8e402 1.1e41l 1.8e404 1.8e405 1.7e404 3.5e-04 4.0e-04
U-238 5.3e402 _ .1e-03 4.9e402 1.0e41l 1.2e401 1.9e-04 1.8e-05 1.8e404 3.6e404 4.2e044
N>j;23-7- z,-,al.5...2e-Oi,--124,, 2e1;-'i91 e7e5-044.i i~
Pu-236 9.5e-02 9.2e-03 8.8e402 1.8e401 2.1e41 '3.4e404 3.3e-05 3.1 e-04 6.4e-04 7.4e044
Pu-238 2.6e-01 2.5e-02 2Ae401 4.9e401 5.7e401 9.2e404 8.8e405 8.5e-04 1.8e-03 2.0e403
Pu-239 2.8e-01 2.7e402 2.6e401 5.3e-01 6.2e401 1.0e-03 9.6e405 9.3e-04. 1.9e-03 2.2e403
Pu-240 2.8e401 2.7e402 2.6e-01 5.3e401 6.2e401 1.0e-03 9.6e405 9.3e404 1.9e-03 2.2e403

P~-4;-d -1'i 49 ew-10e2.'-,:12e4 1.73' .e0-_-.
Pu-242 2.7e-01 2.6e402 2.5e401 5.1e-01 5.9e401 9.6e-04 9.2e405 8.9e-44 1.8e-03 2.1e403
Pu-244 2.7e-01 2.6e-02 2.5e-01 5.1e-01 5.9e401 -9.7e404 '9.2e405 8.9e404 1.8e-03 2.1 e-03
Arn-241 2.2e-01 2.2e-02 2.1e41O- 4.2e-01 4.9e401 '8.0e404 7.7e405 7.4e404 1.5e-03 1.8e403
Amn-242mn 2.2e-01 2.2e402 2.1e41l 4.2e-01 4.9e401 -8.0e404 7.7e405 7.4e404 1.5e-03 1.8e403

,23-':,,2.3 ,1,2.2e42.-.2.1e4,--431>'.0 8,.Oe-04 Ae.e5:.e04 1.'v-1,e4"3,.-,AI.Be03
Cm-242 1.2e402 12e403 1.1 e-02 2.3e-02 2.6e-02 '4.3e405 4.1e406 3.9e405 8.1e-05 9Ae405
Cm-243 1;7e401 1.6e402 1.6e-01 3.2e401 3.7e401 -6.0e404 5.7e405 5.5e404 1.1 e-03 1.3e403
Cm-244 1.3e-01 1.3e402 1.2e-01 2.5e-01 2.9e401 4.8e-04 4.6e405 4.4e404 9.1 e-04 1.1e403
Cm-245 2.4e-01 2:3e402 2.2e401 4.5e-01 5.2e401 8Ae044 8.1 e45 7.8e-04 1.6e-03 1.8e403

Cm-247 2.1e41l 2.1e402 2.0e401 4.0e-01 4.7e-01 7.6e-04 7.3e405 7.0e404 1.5e-03 1.7e403
Cm-248 8.6e-01 8.3e402 8.0e401 1.6e+00 1.9e+00 3.1e-03 3.0e404 2.9e403 5.9e-03 6.8e403
Bk-249 1.1 e-03 1.Oe404 1.Oe403 2.0e403 2.4e403 '3.9e406 3.7e407 '3.6e406 7.4e-06 8.5e406
Cf-248 3.0e402 2.9e-03 2.8e-02 5.6e402 6.6e-02 1.1e404 1.Oe405 9.9e405 2.Oe404 24e044

Cf29 3. 1.80 .3.6e-01'.'-,ii Ae-;601 4 3,-;i3 4'.-,1.3e-03 :2.7eO07-- l 3e03'
Cf-250 1.8e-01 1.7e402 1.7e401 3.4e-01 3.9e401 -6.4e404 6.1e405 5.9e404 1.2e-03 1.4e-03
Cf-251 4.0e-01 3.9e402 3.7e41' 7.6e401 8.9e401 1Ae403 1Ae44 1.3e-03 2.7e403 3.2e403
Cf-252 9.9e402 9.6e403 9.2e402 1.9e401 2.2e401 3.5e404 3.4e405 3.3e-04 6.7e404 7.7e044
Cf-254 3.2e401 3.0e-02 2.9e401 6.2e401 7.2e401 1.1 e-03 '1.1 e-04 1.Oe403 2.2e403 2.6e403

.24 ~ 30e0 9 .9e - 3- 2;8e42-;J5e02..66 2:;-.;.e; .e5 .e0 . i .

Note: To convert these values to ronventional units (mrem/y per pC~g or mremly per pC~cm2), multiply by 3.7e-3
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Normalized Effective Doses from Concrete Appendix 1-2
Table 12.9 Normalized effective doses from all pathways: Road building

Radionuclde -Mass-based effective dose (pSvly per Bqlg)-
Raincie Mean 5th 50th 90th 95th

Surficial effective dose ("Sv/y per Bqfcm2)
Mean 5th 50th 90th 95th

H-3 1.4e+04 1.5e-05 1.2e-04 2.9e-04 3.5e-04 5.1 e-07 5.5e-08 4.4e-07 1.Oe-06 1.3e-06
C-14 4.7e-03 6.2e-04 4.1e-03 9.6e-03 1.2e-02 1.7e-05 2.2e-06 1.5e-05 3.4e-05 4.2e-05
Na-22 2.2e+02 1.1e+02 2.0e+02 3.8e+02 4.3e+02 8.0e-01 3.9e-01 7.0e-01 1.3e+00 1.5e+00
P-32 9.0e-02 9.3e-03 5.2e-02 2.2e-01 2.9e-01 3.2e-04 3.3e-05 1.8e-04 7.8e-04 1.0e-03
S'3 .Oe.03 2.5 .,8.9e ': 2.0... ;27-3. 3.7 06Z 8.7e0.-OU3.2-0'6:.7.0e06,- 8.ie-06j
CI-36 5.2e-02 2.6e-02 4.5e-02 8.7e-02 9.9e-02 1.9e-04 9.1e-05 1.6e-04 3.1e-04 3.5e-04
K-40 1.8e+01 8.7e+00 1.6e+01 3.0e+01 3.4e+01 6.4e-02 3.1e-02 5.6e-02 1.1e-01 1.2e-01
Ca-41 2.3e-03 - 2.2e-04 2.0e-03, 4.6e-03 5.7e-03 8.0e-06 7.8e-07 7.0e-06 1.6e-05 2.0e-05
Ca-45 6.0e-03 1.2e-03 5.2e-03- 1.2e-02 1.4e-02 2.1e-05 4.4e-06 1.8e-05 4.1e-05 5.1e-05

7. - - . . _ b .._*,i -sS46,-,-,ii' ' i'.6e+ 7.1e1;-1'.4e02,'=-. 2.6e+093.1e+02601' t4.9.e01 1'.Ie+OO
Cr-51 1.2e+00 3.4e-01 9.9e-01 2.4e+00 3.1e+0O 4.4e-03 1.2e-03 3.5e-03 8.4e-03 1.1e-02
Mn-53 2.3e-04 2.4e-05 2.1e-04 4.8e-04 5.9e-04 8.4e-07 8.4e-08 7.3e-07 1.7e-06 2.1 e-06
Mn-54 8.0e+01 3.9e+01 7.0e+O1 1.3e+02 1.5e+02 2.8e-01 1.4e-01 2.5e-01 4.8e-01 5.5e-01
Fe-55 2.6e-03 2.9e-04 2.2e-03 5.2e-03 6.4e-03 9.1e-06 1.0e-06 8.Oe-06 1.8e-05 2.3e-05
F. Li -| 14+t 6..3e+02- 1.9 9602 5.7e i 4
Co-56 2.9e+02 1.3e+02 2.5e+02 4.9e+02 5.8e+02 1.0e+00 4.6e-01 9.0e-01 1.7e+00 2.0e+00
CoC57 7.4e+00 3.6e+00 6.5e+00 1.2e+01 1.4e+01 2.6e-02 1.3e-02 2.3e-02 4.4e-02 5.1e-02
Co-58 7.0e+01 3.0e+01 6.Oe+O1 1.2e+02 1.4e+02 2.5e-01 1.1e-01 2.2e-01 4.2e-01 5.0e-01
CoC60 2.7e+02 1.3e+02 2.4e+02 4.6e+02 5.2e+02 9.7e-01 4.7e-01 8.5e-01 1.6e+00 1.9e+00

7i 2.2e-0767 .0 3.6e-06I4.5e-0&6bl
Ni-63 1.2e-03 1.4e-04 1.1e-03 2.5e-03 3.0e-03 4.3e-06 5.1e-07 3.8e-06 8.7e-06 1.1e-05
Zn-65 5.6e+01 2.7e+01 4.9e+01 9.5e+01 1.1e+02 2.0e-01 9.7e-02 1.8e-01 3.4e-01 3.9e-01
As-73 1.0e-01 4.6e-02 9.0e-02 1.7e-01 2.1e-01 3.7e-04 1.7e-04 3.2e-04 6.2e-04 7.3e-04
Se-75 2.6e+01 1.2e+01 2.3e+01 4.4e+01 5.1e+01 9.4e-02 4.4e-02 8.2e-02 1.6e-01 1.8e-01
Sr-85>~3-, '43.3e+OC. 1:4+0i- " 2.9e+019257e+0 2
Sr-89 1.8e-01 7.0e-02 1.5e-01 3.1e-01 3.7e-01 6.3e-04 2.5e-04 5.4e-04 1.1e-03 1.3e-03
Sr-90 9.7e-01 4.6e-01 8.4e-01 1.6e+00 1.9e+00 3.4e-03 1.6e-03 3.0e-03 5.8e-03 6.6e-03
Y-91 4.5e-01 1.9e-01 3.9e-01 7.7e-01 9.3e-01 1.6e-03 6.7e-04 1.4e-03 2.8e-03 3.3e-03
Zr-93 2.7e-03 6.5e-04 2.4e-03 5.3e-03 6.3e-03 9.8e-06 2.3e-06 8.6e-06 1.9e-05 2.3e-05rri - - .v--- -' - 2 -i;4e.r- - '-e -jZr-95E->,-: ?- 8.1e+71,,3.9e+01 O ;7.e+01.'-A.146+02~1.5e+02- .. 2.9e-0t, .4- : ti .5.- 2.8e `; 5.6,
Nb-93m 2.3e-03 1.0e-03 2.0e-03 4.0e-03 4.6e-03 8.2e-06 3.5e-06 7.2e-06 1.4e-05 1.6e-05
Nb-94 1.6e+02 8.0e+01 1.4e+02 2.7e+02 3.1e+02 5.8e-01 2.8e-01 5.1e-01 9.8e-01 1.1e+00
Nb-95 3.9e+01 1.3e+01 3.3e+01 7.2e+01 9.2e+01 1.4e-01 4.6e-02 1.2e-01 2.6e-01 3.2e-01
Mo-93 2.8e-02 7.6e-03 2.4e-02 5.2e-02 6.3e-02 9.9e-OS 2.7e-05 8.6e-05 1.9e-04 2.2e-04
Tc-97:' ': . 1.1O e-3 9.4e,,034 j,-5 1.8e02, 202 , 3.8e,-0,5* .1 3e
Tc-97m 2.4e-02 1.1e-02 2.1e-02 4.1e-02 4.8e-02 8.7e-05 3.9e-05 7.5e-05 1.5e-04 1.7e-04
Tc-99 8.2e-03 2.3e-03 7.2e-03 1.6e-02 1.9e-02 2.9e-05 8.0e-06 2.6e-05 5.6e-05 6.7e-05
Ru-103 2.4e+01 8.6e+00 2.1e+01 4.4e+O1 5.5e+01 8.7e-02 3.0e-02 7.4e-02 1.5e-01 1.9e-01
Ru-106 2.1e+01 1.0e+01 1.8e+O1 3.5e+01 4.0e+01 7.4e-02 3.6-02 6.5e-02 1.2e-01 1.4e-01
m ,16e+02'-7.9e+01k 1.4e+021 2.7e+02.23.le+02 ,t. L28-! 5.0e-01 .y 9.78-01' 1.1e+00
Ag-10m 2.6e+02 1.3e+02 2.3e+02 4.4e+02 5.0e+02 9.3e-01 4.5e-01 8.1e-01 1.6e+00 1.8e+00
Cd-o09 3.9e-01 1.9e-01 3.5e-01 6.6e-01 7.5e-01 1.4e-03 6.9e-04 1.2e-03 2.4e-03 2.7e-03
Sn-113 1.9e+O1 9.1e+00 1.7e+Ol 3.2e+O1 3.8e+01 6.9e-02 3.2e-02 6.0e-02 1.2e-01 1.3e-01
Sb-124 1.3e+02 5.4e+O1 1.1e+02 2.2e+02 2.7e+02 4.6e-01 1.9e-01 4.0e-01 7.9e-01 9.5e-01
Sbgr125<-!~'>l4.0o+01A.9e+0i, 3.Se+01 K 6.7e+01 "7.6e,0t,;ht.4e-,, ' 6.9eO2 14 .2. Ot '- 2.4e-,t 2.7e4'
Te-123m 8.2e+00 3.9e+00 7.2e+00 1.4e+01 1.6e+01 2.9e-02 1.4e-02 2.6e-02 4.9e-02 5.7e-02
Te-127m 4.4e-01 2.1e-01 3.8e-01 7.4e-01 8.6e-01 1.6e-03 7.4e-04 1.4e-03 2.6e-03 3.0e-03
1-125 2.2e-01 8.5e-02 1.9e401 3.8e-01 4.5e-01 7.7e-04 3.0e-04 6.6e-04 1.3e-03 1.6e-03
1-129 1.0e+OO 2.2e-01 9.0e-01 2.0e+00 2.4e+00 3.7e-03 7.7e-04 3.2e-037.1e-038.6e-03
-131-"y :'4.3e+00 6.3-e2, '1.lo+Ov-A1.3e+01 -:.1.8e+o1 i1.5e-02, 22e44'4.0e43,. 4.6e-O2' -6.5e 02

Cs-134 1.5e+02 7.5e+01 1.3e+02 2.6e+02 2.9e+02 5.5e-01 2.7e-01 4.8e4-1 9.2e-01 1.1e+00
Cs-135 1.6e-02 2.0e-03 1.4e-02 3.3e-02 4.0e-02 5.7e-05 7.0e-06 5.0e-05 1.2e-04 1.4e-04
Cs-137 5.7e+01 2.8e+01 5.0e+01 9.6e+01 1.Ie+02 2.0e-01 1.0e4-1 1.8e4-1 3.4e-01 3.9e-01
Ba-133 3.2e+01 1.6e+01 2.8e+01 5.4e+01 6.2e+01 1.2e-01 5.6e-02 1.0e-01 1.9-e41 2.2e-01
Ce-139,^-.'.-';8.6e+00' I4ie+OO 7.5e+00';1.4e+01 1.7e+0i-.' 3.i ,42-,15e42' 2.7e-2--'S.1 -02w:5.9e 2
Ce-141 2.5e+00 7.7e-01 2.0e+00 4.6e+00 5.8e+00 8.8e-03 2.7e-03 7.3e-03 1.6e-02 2.1e-02
Ce-144 5.4e+00 2.6e+00 4.7e+00 9.0e+00 1.0e+01 1.9e-02 9.3e-03 1.7e-02 3.2e-02 3.7e-02
Pm-147 3.0e-03 9.3e-04 2.6e-03 5.5e-03 6.5e-03 1.1e4-5 3.3e-06 9.3e-06 2.0e-05 2.3e-05
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Appendix 1-2 NorrnAzed Effective Doses from Concrete

Table 12.9 Normalized effective doses from all pathways: Road building
Raincie Mass-based effective dose (pSvly per BgIg) Surficial effective dose (pjSv/y per Bq/cm2)
Raincie Mean 5th -50th 90th 95th Mean 5th 50th 90h 95th

Sm-151 99e0 2.5e-04 8.8e-04 1.9e-03 2.3e.03 3.5e-06 8.9e-07 3.le-06 6.8e-06 8.le-06
Eu12I ?i 2+2Z.e 1 Oe00220e02- 42-0 221e 3.7e-01Ž7O-1.81-1

Eu-154 1.3e+02 6.3e+O1 1.1e+02 2.2e+02 2.5e+02 4.6e-01 2.2e-01 4.0e-01 .7.7e-01 8.9e-01
Eu-155 2.9e+00 1.4e+00 2.5e+00 4.8e+00 5.5e+00 1.Oe-02 5.-Oe-03 8.9e-03 1.7e-02 2.0e.02
Gd-153 3.Ae+00 1.7e+00 3.0e+00 5.7e+00 6.6ei+00 1.2e-02 5.9e-03 1.1 e-02 2.0e-02 2.Ae-02
Tb-160 8.2e+136e1 .1e +0 ~+2 17+2 2.9e-01 .1.3e-01 2.5e-01 4.9e-01 5.9e-01

-10: _2erO-L0.01 _t.:;z.O14i8i.%7.80 ;36-4~6.e4 0 K15e 3
Tm-171 1.7e-02 8.5e-03 1.5e-02 2.9e-02 3.2e-02 6.le-05 3.0e-05 5.3e-05 1.Oe-04 1.2e-04
Ta-1 82 1.1e+02 5.0e+01 9.3e+O1 1.8e+02 2.ie+02 3.8e-01 1.8e-01 3.3e-01 6.Ae-01 7.5e-01
W-181 9.4e-01 4.4e-01 8.2e-01 1.6e+00 1.8e+00 3.3e-03 1.6e-03 2.9e-03 5.6e-03 6.5e-03
W-1 85 7.3e-03 3.0e0O.e-03 1.3e-02 1.5e-02 2.6e-05 1.ie-05 2.2e-05 4.5e-05 5.3e-05

_*AeO ~ 864. 2e1~2~1~.7-1
lr-192 5.4ee01 2.Ae+01 4.7e+01 9.ie+O1 1.1e+02 .1.9e-01 8.5e-02 1.7e-01 3.2e-01 3.8e-01
T1-204 7.8e-02 3.9e-02 6.8e-02 1.3e-01 1.5e-01 2.8e-04 .1.4e-04 2.4e-04 4.6e-04 5.3e-04
Pb-210 7.5e+00 9.9e-01 6.6e+003 1.5e+O1 1.9e+O1 2.7e-02 3.6e-03 2.4e-02 5.4e-02 6.7e-02
Bi-207 1.6e+02. 7.7e+O1 *1.4e+02 2.7e+02 3.0e+02 - 5.6e-01 2.7e-01 4.9e-01 9.4e-01 1.Ie+00

P21 '2.7e+00 _,.12.7e40 I7>.5e0S .3+0e+000 ~$.e0~96-4 52-3I2-02~,-TH5~0.
Ra-226 1.9e+02 9.4e+01 1.7e+02 3.2e+02 3.7e+02 6.8e-01 .3.3e-01 6.0e-01, 1.Ie+00 1.3e+00
Ra-228 1.le+02 5.5e+01 9.8e+01 1.9e+02 2.1 e+02 4.0e-01 2.0e-01 3.5e-01 6.7e-01 7.6e-01
Ac-227 4.8e+O1 2.Ae+01 4.1 e+01 7.9e+01 9.0e+O1 1.7e-01 8.4e-02 1.5e-01 2.8e-01 3.2e-01
Th-228 1.7e+02 8.4e+01 1.5e+02 2.8e+02 3.2e+02 6.0e-01 3.0e-01 -5.3e-01 1.Oe+00 1.2e+O0
Th. .3+02L.360 ie.e+1- P 'ie056.9-0±I2e0 2.2e0 25e0;

* Th-230 4.1e+00 1.6e+00 3.6e+00 7.Oe+00 8.1 e+00 1.Se-02 5.8e-03 1.3e-02 2.5e-02 2.9e-02
* Th-232 5.6e+00 2.4e+00 4.9e+00 9.7e+00 1.1 e+O1 2.Oe-02 8.7e-03 1.8e-02 3.Ae-02 4.0e-02

Pa-231 1.6e+01 7.5e+00 1.4e+01 2.8e+0l 3.2e+01 5.9e-02 2.6e-02 5.2e-02 I.Oe-01 1.le-01
U-232 1.2e+O1 4.2e+00 1.Oe+01__2.0e401 2.4e+O1 4.1 e-02 1.5e-02 3.6e-02 7.2e-02 8.7e-02

U-23e .. I.8 -1 .j.e0 ~ 6e-03 -- ;115e-03.; ',3e-37

U-234 9.7e-01 4.0e-01 8.5e-01 1.7e+00 1.9e+00 3.5e-03 1.4e.03 3.1 e-03 6.0e-03 6.9e-03
U-235 1.3e+01 6.6e+00 1.2e+01 2.2e+01 2.5e+01 4.7e-02 2.3e-02 4.le-02 7.9e-02 9.0e-02

* U-236 9.0e-01 3.7e-01 7.9e-01 1.6e+00 1.8e+00 3.2e-03 1.3e-03 2.8e-03 5.6e-03 6.4e-03
U-238__ ,3.3e+0 1 .7e+00 2.9e+00~ 5.5e+00 6.2e+00 1.2e-02 6.0e-03 I .Oe-02 2.0e-02 2.2e-02

Np-237 .J _Oe0i .2-.01.4A-0

Pu-236 1.8e+00 7.2e-01 1.5e+00 3.Oe+00 3.5e+00 6.3e-03 2.6e-03. 5.5e-03 1.1e-02 1.3e-02
Pu-238 4.4e+00 1.7e+00 3.8e+00 7.6e+00 8.8e+00 I1.6e-02 6.2e-03 1 .4e-02 2.7e-02 3.1 e-02

* Pu-239 4.7e+00 1.9e+00 4.1e+00 8.1e+00 9.4e+00 1.7e-02 6.6e-03 1.5e-02 2.9e-02 3.4e-02
Pu-240 4.7e+00 I1.9e+00__4.1e+00 8.1 e+00 9.4e+00 1.7e:02 6.6e.03 I1.5e-02 2.9e-02 3.4e-02

Pu-41~ .jz~8.e~2~.502~ .7~0~§;5.0 ?l.eZ1423e.4 , 12- 2.7e-04LE5.4e-G4,.6.e4

Pu-242 4.5e+00 1 .8e+00 4.0e+00 7.9e+00 9.1 e+00 1 .6e-02 6.4e-03* I .4e-02 2.8e-02 3.3e-02
Pu-244 3.9e+01 1.9e+01 3.4e+01 6.5e+01 7.3e+01 1.4e-01 6.9e-02 1.2e-01 2.3e-01 2.6e-01
Am-241 4.5e+00 2.0e+00 4.0e+00 7.7e+00 8.8e+00 I1.6e-02 7.1 e-03 I .4e-02 2.8e-02 3.2e-02
Arn-242n ~5.0e+00 2.3e+00* 4.4e+00 S~+09.e0 1.Be-02 8.1 e-03 I1.6e-02 3.0e-02 3.4e.02

Cm-242 3.6e-01 1.5e-01 3.le-01 '6.le-01 7.1e-01 1.3e.03 5.4e-04 1.le-03 2.2e-03 2.5e-03
Cm-243 1.2e+01 6.3e+00 I.Ie4Ol 2.1e+01 2.3e+01 4.4e-02 2.3e-02 3.8e-02 7.3e-02 8.3e-02
Cm-244 2.4e+00 9.7e-01 2.1 e+00 4.1 e+00 4.8e+00 8.5e-03 3.Ae-03 7.5e-03 I1.5e-02 I1.7e-02
Cm-245 9.4e+00__4.8e+00_ 8.1 e+00 .1 .6e+01 I1.8e+01 3.4e-021.7e-02 2.9e-02 5.6e-02 6.3e-02

27 .0+0L- 1.e0 g.5+01 e+0 7 79e40 yAl- .4e-02-,:, . -5.-.6&03 :A1.2e2y .4-2928e
Cm-247 3.4e+0l 1.7e+01 3.Oe+01 5.7e+01 6.5e+01 1.2e-01 6.2e-02 1.le-01 -2.le-01 2.3e-01
Cm-248 1.4e+01 5.6e+00 1.2e401 2.5e+01 2.8e+01 5.0e-02 2.0e-02 4.5e-02 8.8e-02 I.Oe-01
Bk-249 2.2e-02 9.6e-03 2.0e-02 3.8e-02 4.5e-02 8.0e-05 3.4e-05 7.0e-05 I1.4e-04 I1.6e-04
Cf-248 7.0e-01 3.0e-01 6.1e-01 1.2etOO 1.4e+00 2.5e-03 ,tIe-03 2.2e-03 4.3e-03 4.9e-03
Cf-249 ;- -- r3e+I1.9e+1 32+162e0:7001 '1.e1 6.ee-02 .12 -01 2.2e-01 2.5e-01'.
Cf-250 3.Ie+00 1.3e+00 2.7e+00 5.4e+00 6.3e+00 1.1e-02 4.5e-03 9.8e-03 1.9e-02 2.2e-02

* Cf-251 1.5e+01 7.8e+00 1.3e+01 2.5e+01 2.9e+01 5.5e-02 2.8e-02 4.7e-02. 9.1le-02 I.Oe-01
Cf-252 1.8e+00 7.2e-01 1.6e+00 3.0e+00 3.5e+00 6.3e-03 2.6e-03 5.5e-03 1.1e-02 1.3e-02
Cf-254 - 3.3e+00 -9.4e-01 2.8e+00 6.0e+00 7.4e+00 1.2e-02 3.4e-03 _9.9e-03 2.1e-02 2.6e-02

Es24 > 86+1 .e+01 I7.5e+0 Th.e+02 Ii.-.7e+02'-- 3.18-1 1.5e0 2.J0e -51-01 5.9e-01

Note: To convert these values to conventional units (mren~y per pCi/g or mrenily per pC!Icm2). multiply by 3.7e-3
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Normnalized Effective Doses from Concrete Appendix 1-2

Table 12.10 Normalized effective doses from external exposure: Road building

Radonulid -Mass-based effective dose (pSvt per Bq/g)
RaincleMean 5t 50th 90th 95th

Surficial effective dose (pSv/y per Bq/cm2)
Mean 5th .50th 90th 95th

H-3 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
C-14 2.0e-04 9.6e-05 1.e-04 3.3e-04 3.8e-04 7.0e-07 3Ae-07 6.2e-07 1.2e-06 1Ae-06
Na-22 2.2e+02 1.1e+02 2.0e+02 3.8e+02 4.3e+02 8.0e-01 3.9e-01 7.0e-01 .1.3e+00 1.5e+00
P-32 8.5e-02 8.9e-03 4.9e-02 2.1e-01 2.7e-01 3.0e-04 3.2e-05 1.8e-04 7.4e-04 9.8e-04

35.'>,- ,.eE:05 1;eL,,'-2.7,e 3.2 e s 8 0 7,'''26 07 1"0'9e7;e6

Cl-36 4Ae-02 2.2e-02 3.9e-02 7.5e-02 8.5e-02 1.6e-04 7.7e-05 1.4e-04 2.7e-04 3.1 e-04
K-40 1.8e+01 8.7e+00 1.6e+01 3.0e+01 3.4e+01 6.4e-02 3.1 e-02 S.6e-02 1.1e-01 1.2e-01-
Ca-41 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Ca45 _ 8.1 e 04 -3.9e-04 7:1 e-04 1.4e-03 1.6e-03 2.9e-06 1.4e-06 2.5e-06 4.8e-06 5.6e-06

S ---- ,1. 7.1e+1-<1ie0 4e31 2/-D <56 ^,2e 1s49 ns9Ai 07 i+0

Cr-51 1.2e+00 3.4e^01 9.9e^01 2.4e+00 3.1e+00 4.4e-03 1.2e-03 3.5e-03 8.4e-03 1.1e-02
Mn-53 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Mn-54 8.0e+01 3.9e+01 7.0e+01 1.3e+02 1.5e+02 2.8e-01 1.4e-01 2.5e-01 4.8e-01 5.5e-01
Fe-55 O.Oe+OO_ O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+00.OO O.Oel+OO O..Oe+OO0 O0.Oe,+OO-

F,9-,*-','74_1,28+i..e0 .'13qtO 0 129 +0O2 ~z2e''j. 02'- 2.3"oi 46e-O1i-,'-<5.7e-0^2
Co-56 2.9e+02 1.3e+02 2.5e+02 4.9e+02 5.8e+02 1.0e+00 4.6e-01 9.0e-01 1.7e+00 2;0e+00
Co-57 7.4e+00 3.6e+00 6.5e+00 1.2e+01 1.4e+01 2.6e-02 1.3e-02 2.3e-02 4.4e-02 5.1e-02
Co-58 7.0e+01 3.0e+01 6.0e+01 1.2e+02 1.4e+02 2.5e-01 1.1e-01 2.2e-01 4.2e-01 5.0e-01
Co-60 2.7e+02 1.3e+02 2.4e+02 4.6e+02 5.2e+02 9.7e-01 4.7e-01 8.5e-01 1.6e+00 1.9e+00

M5'''; :.,O.OetQ.~- e+ 0. 6 i OO;; O;eO;O+RO+O.-OOe -OO O -;.O,,O 0,,;O+
Ni-63 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Zn-65 5.6e+01 2.7e+01 4.9e+01 9.5e+01 1.1e+02 2.0e-01 9.7e-02 1.8e-01 3.4e-01 3.9e-01
As-73 1.0e-01 4.6e-02 '8.8e-02 1.7e-01 2.0e-01 3.6e-04 1.6e-04 3.2e-04 6.1e-04 7.2e-04
Se-75 _2.6e+01 1.2e+01 2.3e+01 4.4e+01 5.1e+01 9.4e-02 4.4e-02 8.2e-02 1.6e-01 1.8e-01

Sr8,.~:--,'g.e+0i4 1'2.9e+01,t, .7e 0igw6.8e,+t-,. 2.-,2e I1 -;i3
Sr-89 1.6e-01 6.5e-02 1.4e-01 2.8e-01 3.5e-01 5.8e-04 2.3e-04 5.0e-04 1.0e-Oi 1.2e 03
Sr-90 7.3e-01 3.6e-01 6.4e-01 1.2e+00 1.4e+00 2.6e-03 1.3e-03 2.3e-03 4.4e-03 5.0e-03
Y-91 4.4e-01 1.8e-01 3.8e-01 7.5e-01 9.1e-01 1.6e-03 6.5e-04 1.4e-03 2.7e-03 3.2e-03
Zr-93 5.8e-06 9.3e-07 4.9e-06 1.1e-05 1.4e-05 2.1 e-08 3.3e-09 1.7e-08 4.0e-08 5.1 e-08

Zr9 t-,s'- .8;ie+01.-:,- 3.9e+0i, toi~¢. -f1+0i~.~i,. 2.e-O ,'.4 0;i2;5e O 8e-iw

Nb-93m 1.3e-03 6.4e-04 1.1e-03 2.2e-03 2.5e-03 4.7e-06 2.3e-06 4.1 e-06 7.8e-06 9.0e-06
Nb-94 1.6e+02 8.0e+01 1.4e+02 2.7e+02 3.1e+02 5.8e-01 2.8e-01 5.1e-01 9.8e-01 1.1e+00
Nb-95 3.9e+01 1.3e+01 3.3e+01 7.2e+01 9.2e+01 1.4e-01 4.6e-02 1.2e-01 2.6e-01 3.2e-01
Mo-93 7.5e-03 3.6e-03 6.5e-03 1 .3e-02 1 .1e-02 2.7e-05 1 .3e-05 2.3e-05 4.5e-05 5.1 e-05

Tv7-,,:,1.O"0e '' 24.9e3 8e0Yi7 2 19 2 ',>3.6e 80>.i i6 5>.e5
To-97m 2.0e-02 9.2e-03 1.8e-02 3.4e-02 4.1e-02 7.3e-05 3.3e-05 6.3e-05 1.2e-04 1.4e-04
Tc-99 1.9e-03 9.5e-04 1.7e-03 3.3e-03 3.7e-03 6.9e-06 3.4e-06 6.1 e-06 1.2e-05 1.3e-05
Ru-103 2.4e+01 8.6e+00 2.1e+01 4.4e+01 5.5e+01 8.7e-02 3.0e-02 7.4e-02 1.5e-01 1.9e-01
Ru-106 2.1e+01 1.0e+01 1.8e+01 3.5e+01 4.0e+01 7.4e-02 3.6e-02 6.4e-02 1.2e-01 1.4e-01

A08,,_1.6e+02;,'.y 7.e+0t.Os1.e0 - .e0¢. . +2l '.,-%,',`!Ae-0t,- 2.8 01, 50 0',s .e W e+0'
Ag-110 m 2.6e+02 1.3e+02 2.3e+02 4.4e+02 5.0e+02 9.3e-01 4.5e-01 8.1e-01 1.6e+00 1.8e+00
Cd-109 3.8e-01 1.9e-01 3.3e-01 6.4e-01 7.3e-01 1.4e-03 6.6e-04 1.2e-03 2.3e-03 2.6e-03
Sn-1 13 1.9e+01 '9.1 e+00 1.7e+01 3.2e+01 3.8e+01 6.9e-02 3.2e-02 6.0e-02 1.2e-01 1.3e-01
Sb-124 1.3e+02 5.4e+01 1.1e+02 2.2e+02 2.7e+02 4.6e-01 1.9e-01 4.0e-01 7.9e-01 9.5e-01
RP-,,40+1+.e+ <, 35+01,_ 7e- Oi__76e -,-O A,-,,i.e i,6.9e'2 ,. i"2.ei^ 7
Te-123m 8.2e+00 3.9e+00 7.2e+00 1.4e+01 1.6e+01 2.9e-02 1.4e-02 2.6e-02 4.9e-02 5.7e-02
Te-127m 4.3e-01 2.0e-01 3.7e-01 7.1e-01 8.3e-01 1.5e-03 7.1 e-04 1.3e403 2.5e-03 3.0e-03
I-125 1.4e-01' 5.8e-02 1.2e-01 2.4e-01 2.9e-01 5.0e-04 2.1e-04 4.3e-04 8.5e-04 1.0e-03
1312 1.7e,01 8.4e-022 1.5ee-04o1 .e-01 3'.3e-01 6.1 e-04 3.0e 54e4 .- 0 12 e-

Cs-134 1.5e+02 7.5e+01 1.3e+02 2.6e+02 2.9e+02 5.5e-01 2.7e-01 4.8e-01 9.2e401 1.1e+00
Cs-135 5.7e404 2.8e-0.4 5.0e404 9.7e-04 1.1e403 2.1 e-06 1.0e406 1.8e406 3.4e406 3.9e406
Cs-137 5.7e+01 2.8e+01 5.0e+01 9.6e+01 1.1e+02 2.0e401 9.9e402 t.8e401 3.4e401 3.9e-01
Ba-133 3.2e+01 1.6e+01 2.8e+01 5.4e+01 6.2e+01 1.2e-01 5.6e402 1.0e401 1.9e-01 2.2e401

Cei9 86+0.e "750 ''.e0-,.e0,i.>.1e2 1.'5e02'$27 , 510-~ 5.9e-02-~
Ce-141 2.5e+00 7.7e401 2.0e+00 4.6e+00 5.8e+00 8.8e-03 2.7e403 7.3e-03 1.6e-02 2.1e-02
Ce-144 5.3e+00 2.6e+00 4.7e+00 9.0e+00 1.0e+01 1.9e-02 9.2e403 1.7e-02 3.2e402 3.7e-02
Pm-147 7.5e-04 3.7e-04 6.6e404 1.3e403 1.4e43 2.7e-06 1.3e406 2.3e-06 4.5e-06 5.1e406
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Appendix 1-2 Normalized Effective Doses from Concrete
Table 12.10 Normalized effective doses from external exposure: Road building

Radionuclide Mass-based effective dose (uSvty per Bq/g) Surficial effective dose (pSv/y per Bq/cm2)
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

Sm-151 12e-05 _5.9e-06 1.1e-05 2.0e-05 2.3e-05 4.3e-08 2.1e-08 3.8e-08 7.2e-08 8.3e-08
2 i2'!'5.7e+01'21.Oe+02 '2.0e+02 ;2.3e02, 42e-01:;2.le-01,.:3.7e-1 2<7.Oe01; 8.1e-017,

Eu-154 1.3e+02 6.3e+01 1.1e+02 2.2e+02 2.5e+02 4.6e-01 2.2e-01 4.0e-01 7.7e-01 8.9e-01
Eu-155 _2.9e+00 1.4e+00 2.5e+00 4.8e+00 5.5e+00 1.0e-02 5.0e-03 8.9e-03 1.7e-02 2.0e-02
Gd-153 3Ae+00 1.7e+00 3.0e+00 5.7e+00 6.6e+00 1.2e-02 5.9e-03 1.1e-02 2.0e-02 2Ae-02
Tb-160 8.2e+01 3.6e+01 7.1e+01 1.4e+02 1.7e+02' '2.9e-01 1.3e-01 2.5e-01 4.9e-01 5.9e-01

7 -2.10-01 .8e-0111,3Ae-0,., .- 6.4 e0,4" e0
Tm-171 1.6e-02 7.9e-03 1Ae-02 2.7e-02 3.1e-02 5.8e-05 2.8e-05 5.1e-05 9.7e-05 1.1e-04
Ta-182 1.e+02 5.0e+01 9.3e+01 1.8e+02 2.1e+02 3.8e-01 1.8e-01 3.3e-01 6.4e-01 7.5e-01
W-181 9Ae-01 4.4e-01 82e-01 1.6e+00 1.8e+00 3.3e-03 1.6e-03 2.9e-03 5.6e-03 6.5e-03
W-185 4.9e-03 2.1 e-03 42e-03 8.2e-03 9.8e-03 1.7e-05 7.7e-06 1.5e-05 2.9e-05 3.5e-05
Os185 5.3ei~+01,--,2;4e+01 t, .. 6e+O1 8.9 01, 1.0 ,+02 ;i -,/ -e -i786 'P- 6;1341, .69e-01Oif -8.6e&02'j~?'1.6e&701 .2-OA73700
Ir-192 5Ae+01 2.4e+01 4.7e+01 9.1e+01 1.1e+02 1.9e-01 8.5e-02 1.7e-01 3.2e-01 3.8e-01
T1-204 6.8e-02 3.3e-02 6.0e-02 1.Ie-01 1.3e-01 2.4e-04 1.2e-04 2.1e-04 4.1e-04 4.7e-04
Pb-210 1.3e-01 6.5e-02 1.2e-01 2.2e-01 2.6e-01 4.8e-04 2.3e-04 4.2e-04 8.0e-04 9.2e-04
Bi-207 1.6e+02 7.7e+01 1.4e+02 2.7e+02 3.0e+02 5.6e-01 2.7e-01 4.9e-01 9Ae-01 1.Ie+00
Po-21O? .' 7.3e=-04 6-0 .-42.6e-06 :-1.2e06 52.3e-06 -,.4.3 -06' 5.O06,;
Ra-226 1.9e+02 9.3e+01 1.7e+02 3.2e+02 3.6e+02 '6.8e-01 3.3e-01 5.9e-01 1.1e+00 1.3e+00
Ra-228 1.1e+02 5.2e+01 9.3e+01 1.8e+02 2.0e+02 3.8e-01 1.8e-01 3.3e-01 6.4e-01 7.3e-01
Ac-227 3.3e+01 1.6e+01 2.9e+01 5.6e+01 6.4e+O1 1.2e-01 5.8e-02 1.0e-01 2.0e-01 2.3e-01
Th-228 1.7e+02 8.1e+01 1.5e+02 2.8e+02 3.2e+02 5.9e-01 2.9e-01 5.2e-01 1.0e+00 1.1 e+00

h22992.6e+01 >1.3e+01' 2.3et01 4.4e,,5.0e+01 :Y §2e9.4e- I.2 .6e-29-8ie -i.6e,,1 21.8e 1u
Th-230 2.8e-02 1.3e-02 2.4e-02 4.7e-02 5.5e-02 1.0e-04 4.5e-05 8.7e-05 1.7e-04 2.0e-04
Th-232 1.4e+00 2.2e-01 1.1e+00 2.7e+00 3.3e+00 4.9e-03 7.8e-04 4.1 e-03 9.6e-03 1.2e-02
Pa-231 3.3e+00 1.6e+00 2.9e+00 5.5e+00 6.3e+00 1.2e-02 5.7e-03 1.0e-02' 2.0e-02 2.2e-02
U-232 6.6e+00 1.1e+00 5.6e+00 1.3e+01 1.6e+01 2.4e-02 3.9e-03 2.0e-02 4.6e-02 5.7e-02
U-233& , e'2.3e 02 '-- 1.1e,02 i 2.0e 02-.3. 8 2,.4.4e-02. '.2 e 05 ' ,4.0e-05 > 7.1 e-05i :.1.40-04 S;- .6e 4 '

U-234 6.1 e-03 3.0e-03 5.4e-03 1.0e-02 1.2e-02 2.2e-05 1.1e-05 1.9e-05 3.7e-05 42e-05
U-235 1.2e+01 6.0e+00 1.1e+01 2.1e+01 2.4e+01 4.4e-02 2.2e-02 3.9e-02 7.4e-02 8.5e-02
U-236 3.2e-03 1.6e-03 2.8e-03 5Ae-03 6.1e-03 1.1e-05 5.6e-06 9.9e-06 1.9e-05 2.2e-05
U-238 2.5e+00 1.2e+00 2.2e+00 4.1e+00 4.7e+00 8.8e-03 4.3e-03 7.7e-03 1.5e-02 1.7e-02
Np2372Lj-1 .8e+01 i8.8e+00' 1.6e+01 t'&3.0o0 3.5e+01 6.5e-02 32e,02 -2 5.6e 02 Z21e 0i3
Pu-236 7.7e-03 2.2e-03 6.2e-03 1.5e-02 1.8e-02 2.7e-05 7.9e-06 2.2e-05 5.2e-05 6.6e-05
Pu-238 2.1 e-03 1.Oe-03 1.8e-03 3.5e-03 4.0e-03 7Ae-06 3.6e-06 6.5e-06 1.2e-05 1Ae4-05
Pu-239 4.7e-03 2.3e-03 4.1e-03 7.9e-03 9.0e-03 1.7e-05 8.2e-06 1.5e-05 2.8e-05 3.2e-05
Pu-240 _ 2.0e-03 9.9e-04 1.8e-03 3Ae-03 3.9e-03 7.2e-06 3.5e-06 6.3e-06 1.2e-05 1.Ae-05
Pu-2414t'7 2.1e-04'" -',;7.9e-05 -1.8 . 1.6e0,4Ae04 .§ 7', '-4e:7 ;,28e'O ; e 0 64
Pu-242 1.8-03 8.7e-04 1.6e-03 3.0e-03 3.4e-03 6.3e-06 3.1e-06 5.5e-06 1.1e-05 1.2e-05

Pu-244 3.4e+OI 1.7e+01 3.0e+01 5.8e+01 6.5e+01 1.2e-01 6.0e-02 1.1e-01 2.1e-01 2.4e-01
Am-241 6.6e-01 3.3e-01 5.8e-01 1.1 e+00 1.3e+00 2Ae-03 1.2e-03 2.1 e-03 4.0e-03 4.6e-03
Am-242m 1.1e+00 5.4e-01 9.6e-01 1.8e+00 2.1e+00 3.9e-03 1.9e-03 3.4e-03 6.6e-03 7.5e-03

2i3 _ ,j.5e+01'' I7.1e+00 i23e+ 31 -&2.4et01.Z2.8e+01.V> -52e,02 2.5e-0 8.7e02-,t1.0,01
Cm-242 2.0e-03 9.4e-04 1.7e-03 3.3e-03 3.8e-03 7.0e-06 3.3e-06 6.1e-06 1.2e-05 1Ae-05
Cm-243 9.5e+00 4.7e+00 8Ae+00 1.6e+01 1.8e+01 3.4e-02 1.7e-02 3.0e-02 5.7e-02 6.5e-02
Cm-244 1.6e-03 7.8e-04 1.4e-03 2.7e-03 3.1e-03 5.7e-06 2.8e-06 5.Oe-06 9.6e-06 1.1 e-05
Cm-245 5.5e+00 2.7e+00 4.8e+00 9.2e+00 1.0e+01 2.0e-02 9.6e-03 1.7e-02 3.3e-02 3.8e-02
Cii-246' ., 1.5e03 - 27.30-04 ',1.3e3,03;2.5e03_,2.8e-03 5.3e-06,,^ 2.6e-06f4.6e-06 8.9e,06 , 1.0e-05
Cm-247 3.1e+01 1.5e+01 2.7e+01 52e+01 5.9e+01 1.1e-01 5.4e-02 9.6e-02 1.8e-01 2.1e-01
Cm-248 1.1e-03 5.5e-04 9.8e-04 1.9e-03 2.1e403 4.0e-06 2.0e-06 3.5e-06 6.7e-06 7.7e406
Bk-249 6.3e-03 1.1e-03 5.3e-03 1.2e-02 1.5e-02 2.2e-05 3.9e-06 1.9e-05 4.3e-05 5Ae-05
Cf-248 I .5e-03 7.1 e-04 1.3e-03 2.4e-03 2.8e-03 5.2e-06 2.5e-06 4.5e-06 8.7e-06 1 .Oe-05
Cf-249 -,; 3.1 e :+01 '-1.5e+01 _2.7e+,01i52e+01 -5.9e+016-i1. I1 5.i4o2i 9.6 .0 ,18e-O -- 2e10
Cf-250 1.5e-03 7.2e-04 1.3e-03 2.5e-03 2.8e-03 5.3e406 2.6e406 4.6e-06 8.8e-06 1.0e-05
Cf-251 8.6e+00 '4.2e+00 7.5e+00 1.4e+01 1.6e+01 3.1e-02 1.5e-02 2.7e-02 5.1e-02 5.9e402
Cf-252 2.4e-03 1.2e-03 2.1e-03 4.0e-03 4.5e-03 8.4e-06 4.1 e-06 7.4e-06 1.4e-05 1.6e-05
Cf-254 3.2e-06 1.3e-06 2.7e-06 5.4e-06 6.6e-06 1.1e-08 4.8e-09 9.8e-09 1.9e-08 2.3e-08
Es-254 8 5e5+0 (-"4 2e+01- 7 ',.'4e0 1.6e+02 1:6 :2 -3.Oe4O'- 1.5e4-1 %'2.7e401: '-5.1e-01 -:5.9e-01

Nate: To convert these values to conventional units (mremly per pClg or mremly per pCi/cm2), multiply by 3.7e-3
_-6 _ _E-_6_
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Normalized Effective Doses from Concrete Appendix 1-2

Table 12.11 Normalized effective doses from Inhalation: Road building
R ud e - Mass-based effective dose (pSvly per Bqlg) Surficial effective dose (pSvly per Bqfcm2)

aonuclie Mean I 5th 50th 90th 95th Mean 5th 50th 90th 95th
H-3 3.5e-06 1.5e-06 3.1e-06 6.0e-06 7.1e-06 1.3e-08 5.2e-09 1.1e-o8 2.2e-08 2.5e-08
C-14 5.Oe-05 2.1e-05 4.4e-05 8.6e-05 1.0e-04 1.8e-07 7.4e-08 -1.6e-07 3.1 e-07 3.6e-07
Na-22 1.7e-04 7.0e-05 1.5e-04 2.9e-04 3.4e-04 6.0e-07 2.5e-07 5.2e-07 1.0e-06 1.2e-06
P-32 5.9e-05 5.6e-06 3.3e-05 1.5e-04 2.0e-04 2.1e-07 2.0e-08 1.2e-07 5.2e-07 7.1e-07

,,>2 ,7. 2.8e-05 H61e-05,>1.2i04t!'.5e-04'~ 1 0 -4 2.5e-.0~97-0_.2e-4.4 0,7',-,5.3eO 74
CI-36 4.4e-04 1.8e-04 3.8e-04 7.5e-04 8.9e-04 1.6e-06 6.5e-07 1.4e-06 2.7e-06 3.2e-06
K-40 2.6e-04 1.1e-04 2.3e-04 4.4e-04 5.2e-04 9.3e-07 3.8e-07 8.0e-07 1.6e-06 1.9e-06
Ca-41 1.6e-05 6.8e-06 1.4e-05 2.8e-05 3.3e-05 5.9e-08 2.4e-08 5.1e-08 1.0e-07 1.2e-07
Ca-45 1.7e-04 6.9e-05 1.5e-04 2.9e-04 3.5e-04 6.0e-07 2.5e-07 5.2e-07 1.Oe-06 1.2e-06
S 46.~~ 3.0e-04Ai,-!.2e-04 , .,e04.2..3e4Z ',6404 e'. e-08ie4.2e,07. 9.3e,07tr,i .9e-06,t ,:2.3e06~
Cr-51 1.3e-06 3.3e-07 1.Oe-06 2.6e-06 3.4e-06 4.7e-09 1.2e-09 3.7e-09 9.4e-09 1.2e-08
Mn-53 3.1 e-06 1.3e-06 2.7e-06 5.3e-06 6.3e-06 1.1e-08 4.6e-09 9.6e-09 1.9e-08 2.2e-08
Mn-54 9.5e-05 3.9e-05 8.3e-05 1.6e-04 1.9e-04 3.4e-07 1.4e-07 2.9e-07 5.8e-07 6.9e-07
Fe-55 7.7e-05 3.2e-05 6.7e-05 1.3e-04 1.6e-04 2.8e-07 1.1e-07 2.4e-07 4.7e-07 5.6e-07
Fe-S 9',>,I.5>,'-04,.5-4.9e.51 2e-4i-2.7e-0 :3.4-0,'>.3-0 1. -N-----.. .'6 0 .2

Co-56 3.1e-04 1.2e-04 2.6e-04 5.3e-04 6.5e-04 1.1e-06 4.2e-07 9.3e-07 1.9e-06 2.3e-06
Co-57 4.7e-05 1.9e-05 4.1e-05 8.1e-05 9.6e-05 1.7e-07 6.9e-08 1.5e-07 2.9e-07 3.4e-07
Co-58 1.Oe-04 3.8e-05 8.7e05 1.8e-04 2.2e-04 3.6e-07 1.4e-07 3.1e-07 6.4e-07 7.7e-07
Co-60 1.5e-03 6.0e-04 1.3 e-03 2.5e-03 2.9e-03 5.2e-0 6  2.1e-0 6  4.5e-0 6  8.9e-06 1.Oe-05
N~5-'~ ~ 1 .~'fl, 9e-05;'.'.7 .6- i.7e-,05,k3.2e 73,8 ~ ,, ~6.8 08 2:8e -5.9e08,'P1.2e,-Oi'.40
Ni-63 4.5e-05 1.9e-05 3.9e-05 7.7e-05 9.1e-05 1.6e-07 6.6e-08 1.4e-07 2.7e-07 3.2e-07
Zn-65 2.2e-04 9.0e-05 1.9e-04 3.7e-04 4.4e-04 7.7e-07 3.2e-07 6.7e-07 1.3e-06 1.6e-06
As-73 4.1e-05 1.6e-05 3.5e-05 7.1e-05 8.6e-05 1.5e-07 5.6e-08 1.2e-07 2.5e-07 3.1e-07
Se-75 1.2e-04 4.8e-05 1.0e-04 2.0e-04 2.5e-04 4.2e-07 1.7e-07 3.6e-07 7.3e-07 8.7e-07
Sr-85,yi'.3:3e-05T2 I.2e-05 ji 2.8e,'05s~r5.7e-05Mn! 7.0e-05i 4.3e--08 9e ,08" 2.e0-0,: 2.5e01
Sr-89 7.4e-05 2.6e-05 6.1 e-05 1.3e-04 1.6e-04 2.6e-07 9.1 e-08 2.2e-07 4.7e-07 5.8e-07
Sr-90 2.7e-03 1.1e-03 2.4e-03 4.7e-03 5.5e-03 9.8e-06 4.0e-06 8.5e-06 1.7e-05 2.0e-05
Y-91 3.4e-04 1.2e-04 2.9e-04 6.1e-04 7.4e-04 1.2e-06 4.4e-07 1.0e-06 2.2e-06 2.6e-06
Zr-93 5.7e-04 2.4e 04 5.0e-04 9.7e-04 1.2e-03 2.0e-06 8Ae-07 1.8e-06 3.5e-06 4.1e-06
Zr-95, iN^i2.5e-O 1.0e-04.e 2.2'-04,Ae4- 5.290e735e-07->7.7e 07s 6e 06,- 1.9e063
Nb-93m 7.4e-05 3.1e-05 6.4e-05 1.3e-04 1.5e-04 2.6e-07 1.Ie-07 2.3e-07 4.5e-07 5.3e-07
Nb-94 2.2e-03 9.0e-04 1.9e-03 3.7e-03 4.4e-03 7.7e-06 3.2e-06 6.7e-06 1.3e-05 1.5e-05
Nb-95 5.6e-05 1.6e 05 4.5e-05 1.e-04 1.3e-04 2.0e-07 5.8e-08 1.6e-07 3.8e-07 4.8e-07
Mo-93 1.Oe-04 4.3e-05 9.1e-05 1.8e-04 2.1e-04 3.7e-07 1.5e-07 3.2e-07 6.4e-07 7.5e-07
To97 ,> i4e.05 - 5;8e-06, I- -1.2e-05.-v2.4,,-05fl2.8e-05 m--S -- 4 9e-08,> O8s,4.3e-0'484e0_99.8
Tc-97m 1.7e-04 6.7e-05 1.5e-04 3.0e-04 3.6e-04 6.2e-07 2.4e-07 5.3e-07 1.1e-06 1.3e-06
Tc-99 2.8e-04 1.2e-04 2.4e-04 4.7e-04 5.6e-04 9.9e-07 4.1e-07 8.6e-07 1.7e-06 2.0e-06
Ru-103 1.0e-04 3.2e-05 8.3e-05 1.9e-04 2.4e-04 3.6e-07 1.1e-07 3.0e-07 6.7e-07 8.5e-07
Ru-106 2.8e-03 1.2e-03 2.4e-03 4.8e-03 5.7e-03 1.0e-05 4.1e-06 8.7e-06 1.7e-05 2.0e-05
Ag 108rri1.6e-03' > 6.8e-04 -I.4e-03'2.8e-031T3.3e03-. -, 5.9e062.4e0635.1e 06 1.0 .d e-u51
Ag-h1Om 5.7e-04 2.3e-04 4.9e-04 9.8e-04 1.2e-03 2.0e-06 8.3e-07 1.8e-06 3.5e-06 4.1e-06
Cd-109 7.8e-04 3.3e-04 6.8e-04 1.3e-03 1.6e-03 2.8e-06 1.2e-06 2.4e-06 4.8e-06 5.6e-06
Sn-113 1.3e-04 5.3e-05 1.e-04 2.3e-04 2.8e-04 4.7e-07 1.9e-07 4.1e-07 8.2e-07 9.9e-07
Sb-124 2.7e-04 9.7e-05 2.2e-04 4.7e-04 5.8e-04 9.5e-07 3.4e-07 8.Oe-07 1.7e-06 2.1e-06

Sb15,--<.e04* AA e049e 0^4^,'--576i 2'',; ,2 *,-.e0,
Te-123m 2.4e-04 9.5e-05 2.0e-04 4.1 e-04 4.9e-04 8.4e-07 3.4e-07 7.3e-07 1.5e-06 1.7e-06
Te-127m 4.3e-04 1.7e-04 3.7e-04 7.5e-04 9.1e-04 1.5e-06 6.1e-07 1.3e-06 2.7e-06 3.2e-06
1-125 4.1e-04 1.5e-04 3.5e-04 7.3e-04 8.9e-04 1.5e-06 5.3e-07 1.2e-06 2.6e-06 3.2e-06
1-129 4.4e-03 1.8e-03 3.8e-03 7.5e-03 8.9e-03 1.6e-05 6.5e-06 1.4e-05 2.7e-05 3.2e-05

1 , ie -'' 1.6e06 ,:;2.8e2 e-05 3.4e4:-'5.1e0 -' .0e-O7 .7e09 ri.Oe-O7. 1.2e-O6:' -1.8e O
Cs-134 8.0e-04 3.3e-04 7.0e-04 1.4e-03 1.6e-03 2.9e-06 1.2e-06 2.5e-06 4.9e-06 5.8e-06
Cs-135 8.6e-05 3.6e-05 7.5e-05 1.5e-04 1.7e-04 3.1e-07 1.3e-07 2.7e-07 5.2e-07 6.1e-07
Cs-137 5.8e-04 2.4e-04 5.0e-04 9.9e-04 1.2e-03 2.1e-06 8.5e-07 1.8e-06 3.5e-06 4.1e-06
Ba-133 1.5e-04 6.4e-05 1.3e-04 2.6e-04 3.1e-04 5.5e-07 2.3e-07 4.8e-07 9.5e-07 1.1e-06
Ce 139i >.0e0 4.le-05 ;"8.6e05'- 1,.7e-04 , 2.1-04---- . 3.6e-07r,-,IA.46-07: 3.1 e-07 7n6.2e07'7.3e07
Ce-141 1.3e-04 3.6e-05 1.0e-04 2.4e-04 3.1e-04 4.6e-07 1.3e-07 3.6e-07 8.7e-07 1.1e-06
Ce-144 2.3e-03 9.5e-04 2.0e-03 3.9e-03 4.7e-03 8.2e-06 3.4e-06 7.1e-06 1.4e-05 1.7e-05
Pm-147 2.7e-04 1.1e-04 2.3e-04 4.6e-04 5.4e-04 9.6e-07 4.0e-07 8.3e-07 1.6e-06 1.9e.06
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Appendix I-2 Normalized Effective Doses from Concrete

Table 12.11 Normalized effective doses from Inhalation: Road building
Mass-based effective dose (pSvly per Bq/g) Surficial effective dose (pSvty per Bq/cm2 )

Radionucide Mean 5th 50th 90th 95th Mean 5th - 50th 90th 95th
Sm-151 2.2e-04 9.4e-05 2.0e-04 3.8e-04 4.5e-04 8.0e-07 3.3e-07 7.0e-07 1IAe-06 1.6e-06

-2; : 43 -'.00 3 3e0.3.3e37 i.' A5 - 1.7e-'5
Eu-154 3.0e-03 1.3e-03 2.6e-03 5.1e43 6.1e-03 1.1e-05 4.4e-06 9.3e-06 1.8e-05 22e-05
Eu-155 4.0e-04 1.7e-04 3.5e-04 6.8e-04 8.1e-04 1.4e-06 5.9e-07 1.2e-06 2Ae-06 2.9e-06
Gd-1 53 1 .Ie-04 4.5e-05 9Ae-05 1.9e-04 2.2e-04 3.9e-07 1.6e-07 3.3e-07 6.6e-07 7.9e-07
Tb-160 3.3e-04 1.2e-04_ 2.8e-04 5.7e-04 7.0e-04 1.2e-06 4Ae407 1 .0e-06 2.0e-06 2.5e-06

1701703.7e 4 e0 1;.3.2e-04, 6.ie-04 g7.6e-04 J 6.3e-06 e 5.3e,0761 e 2.3e06 2.7e-06
Tm-1 71 7.6e-05 3.2e-05 6.6e-05 1 .3e-04 1 .5e-04 2.7e-07 1.1 e-07 2.3e-07 4.6e-07 5Ae-07
Ta-182 5.1e-04 2.0e-04 4Ae-04 8.9e-04 1.1e-03 1.8e-06 7.2e-07 1.6e-06 3.1e-06 3.8e-06
W-181 3.0e-06 1.2e-06 2.6e-06 5.2e-06 6.2e-06 1.1 e-08 4.3e-09 9.2e-09 1.8e-08 2.2e-08
W-185 1.3e-05 5.1e-06 1.1e-05 2.4e-05 2.9e-05 4.8e-08 1.8e-08 4.1le-08 8.4e-08 1.0e-07

2. -r' ~-_4os-185,J:U,7.2e-05 - ,2.8e O5 ='62e'-05 13-'iz1. 5eO 4 2. 6-07 1.O!,x.e,-07., 2.e-07-4.5e-07A ̂ 540 A
Ir-192 3.0e-04 1.1e-04 2.5e-04 5.2e-04 6.3e-04 1.1le-06 4.0e-07 9.1e-07 1.9e-06 2.3e-06
Tl-204 5.3e-05 2.2e-05 4.6e-05 9.0e-05 1.1e-04 1.9e-07 7.8e-08 1.6e-07 3.2e-07 3.8e-07
Pb-210 2.9e-01 1.2e-01 2.5e-01 4.9e-01 5.8e-01 I.Oe-03 4.3e-04 9.0e-04 1.8e-03 2.1e-03
Bi-207 2.8e404 1.1le-04 2.4e-04 4.7e-04 5.6e-04 9.9e-07 4.1e-07 8.6e-07 1.7e-06 2.0e-06
Pe'21Q0i~ 2 1.6e-0 ,-'6'02'';-.1 .412.ie O1 2- 1 - 4.
Ra-226 1.9e-01 8.1e-02 1.7e-01 3.3e-01 3.9e-01 6.9e-04 2.9e-04 6.0e-04 1.2e-03 IAe-03
Ra-228 2.3e-01 8.9e-02 2.0e-01 3.9e-01 4.7e-01 8.2e-04 3.1e-04 7.0e-04 1.4e-03 1.7e-03
Ac-227 5.1e+00 2.1e+00 4Ae+00 8.6e+00 I.Oe+01 1.8e-02 7.5e-03 1.6e-02 3.1e-02 3.6e-02
Th-228 2.1e+00 '8.9e-41 1.8e+00 3.6e+00 4.3e+00 7.6e-03 3.1e-03 6.6e-03 1.3e-02 1.5e-02
Th66.9e+00 ,-..2.9e+,006.1e 12e 101 2 92- .1 :,02 2e ,242e-02_ 5.0e-02;
Th-230 2Ae+00 I .Oe+OO 2.1 e+0O 4.1 e+0O 4.9e+00 8.6e-03 3.6e-03 7.5e-03 1 .5e-02 1 .7e-02
Th-232 2.5e+00 I.Oe+00 2.2e+00 4.3e+00 5.1e+00 9.0e-03 3.7e-03 7.8e-03 1.5e-02 I.8e-02
Pa-231 7.7e+00 3.2e+00 6.7e+00 1.3e+01 1.6e+01 2.8e-02 I.Ie-02 2Ae-02 4.7e-02 5.5e-02
U-232 2.3e+00 9.7e-01 2.0e+00 4.0e+00 4.7e+00 8.3e-03 3Ae-03 7.2e-03 1.4e-02 1.7e-02
U-233 ~ 6.0e-l O30
U-234 5.9e-01 2.4e-01 5.1e-01 I.Oe+00 12e+00 2.1e-03 8.7e-04 1.8e-03 3.6e-03 4.2e-03
U-235 5.3e-01 2.2e-01 4.6e-01 9.0e-01 1.1e+00 1.9e-03 7.8e-04 1.6e-03 3.2e-03 3.8e-03
U-236 5.4e-01 2.3e-01 4.7e-01 9.3e-01 1.1 e+00 1.9e-03 8.1e-04 1.7e-03 3.3e-03 3.9e-03

* U-238 4.9e-01 2.1e-01 4.3e-01 8.4e-01 9.9e-01 I.Be-03 7.3e-04 1.5e-03 3.Oe-03 3.5e-03
- :, 51e, 2e+ 0x ; . 0 . 03_' 4.0 3 03 .9e3 0 ,9.3e-03

Pu-236 1.1e+00 4.6e-01 9.6e-01 1.9e+00 2.2e+00 3.9e-03 1.6e-03 3Ae-03 6.7e-03 7.9e-03
Pu-238 2.6e+00 1.1e+00 2.3e+00 4Ae+00 5.2e+00 9.2e-03 3.8e-03 8.0e-03 1.6e-02 1.9e-02
Pu-239 2.8e+00 1.2e+00 2.4e+00 4.7e+00 5.6e+00 9.9e-03 4.1e-03 8.6e-03 1.7e-02 2.0e-02
Pu-240 2.8e+00 1.2e+00 2.4e+00 4.7e+00 5.6e+00 9.9e-03 4.1e-03 8.6e-03 17e-02 2.0e-02
Pu-2412,J7. 2.57 e02 X2.1e0 2 X4.4e020 48.6eC270.0i54 e8e00;'6 .43 054.e 1.6&04 3.1e-02 13.9e-0
Pu-242 2.7e+00 1.1 e+00 2.3e+00 4.6e+00 5.4e+00 9.6e-03 4.0e-03 8.3e-03 1.6e-02 1.9e-02
Pu-244 2.6e+00 I.1e+00 2.3e+00 4.Ae+00 5.2e+00 9.3e-03 3.8e-03 8.0e-03 I.6e-02 1.9e-02
Am-241 2.3e+00 9.7e-01 2.0e+00 4.0e+00 4.7e+00 8.3e-03 3.5e-03 7.2e-03 1.4e-02 1.7e-02
Am-242m 2.3e+00 9.7e-01 2.0e+00 4.0e+00 4.7e+00 8.3e-03 3.5e-03 7.2e-03 1.4e-02 1.7e-02
,in243t,:-JS2.3e+00: -'9'.7e-O -, 'ie+00-'-4.0e,+00,:''4.7e+00 -. ',.8.3e03 ,,3.56-3 _7,i e-03 i~e-02', 17r-02'
Cm-242 2.7e-01 I.Ie-01 2Ae-01 4.7e-01 5.6e-01 9.8e-04 4.0e-04 8.4e-04 1.7e-03 2.0e-03
Cm-243 1.7e+00 7.2e-01 1.5e+00 2.9e+00 3.5e+00 6.2e-03 2.6e-03 5.3e-03 1.1e-02 1.2e-02
Cm-244 1.5e+00 6.1e-01 1.3e+00 2.5e+00 3.0e+00 5.2e-03 2.2e-03 4.5e-03 9.0e-03 1.Oe-02
Cm-245 2.3e+00 9.7e-01 2.Oe+0O 4.0e+00 4.7e+00 8.3e-03 3.5e-03 7.2e-03 1Ae-02 1.7e-02
C246, ,2 3e+00. 9.ie-0i,-. 2e,00 ;40e+0,_,4.7e0 .- 3eO3 _3SeO3,7.2e-O3 i.4O2 -';-.ieO2
Cm-247 2.2e+00 9.0e-01 1.9e+00 3.7e+00 4.4e+00 7.7e-03 3.2e-03 6.7e-03 1.3e-02 1.5e-02
Cm-248 8.2e+00 3.4e+00 7.2e+00 I1Ae+0I 1.7e+01 2.9e-02 1.2e-02 2.5e-02 5.0e-02 5.9e-02
Bk-249 8.7e-03 3.6e-03 7.6e-03 1 .5e-02 1 .8e-02 3.1 e-05 1 .3e-05 2.7e-05 5.3e-05 6.3e-05
Cf-248 4.9e-01 2.0e-01 4.3e01 8.4e-01 1.Oe+00 1.8e-03 7.3e-04 1.5e-03 3.0e-03 3.6e-03
Cf-,2,49, ' 3.9e+00 :1 .6e+00 3.4e+00 J6.6e+00 7.8e+00 i.4e,-02 ~5.8e-03 7.2e -0 22.48.02,'2.8e-02-
Cf-250 1.9e+00 7.9e-01 1.6e+00 3.2e+00 3.8e+00 6.7e-03 2.8e-03 5.9e-03 1.2e-02 1.4e-02
Cf-251 - 4.0e+00 1.7e+00 3.5e+00 6.8e+00 8.0e+00 IAe-02, 5.9e-03 1.2e-02 2.4e-02 2.8e-02
Cf-252 1.1e+00 4.6e-01 9.5e-01 1.9e+00 2.2e+00 - 3.9e-03 1.6e03, 3.4e-03 6.7e-03 7.9e-03
Cf-254 1.2e+00 4.6e-01 1.1 e00 2.2e+00 2.7e+00 4.5e-03 1 .6e-03 3.8e-03 7.9e-03 9.6e-03
E4254', 48e-0l'- 2.0e-01 ;4.2e-01 8.8.3e-0i- 9.8e 00e.> :;'1.7e 03'*.7.ieb4 i5e-3 ,29e3'' 3.5e-03

Note: To convert these values to conventional units (mremly per pCilg or mremly per pCi/cm2), multiply by 3.7e-3
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Normalized Effective Doses from Concrete Appendix 1-2

Table 12.12 Normalized effective doses from Ingestion: Road building

Mass-based effective dose (pSvty per Bq/g)
Radionuclide Mean 5th 50th 90th 95th

Surficial effective dose (uSvly per BqIcm2 ) .
Mean 5th 50th 90th 95th

H-3 1.4e-04 1.3e-05 1.2e-04 2.8e-04 3.5e-04 4.9e-07 4.5e-08 4.3e-07 1.0e-06 1.3e-06
C-14 4.5e-03 4.1e-04 3.9e-03 9.2e-03 1.1e-02 1.6e-05 1.4e-06 1.4e-05 3.3e-05 4.1e-05
Na-22 2.4e-02 2.2e-03 2.1e-02 4.9e-02 6.1e-02 8.6e45 7.8e-06 7.5e-05 1.8e-04 2.2e-04
P-32 4.3e-03 1.5e-04 2.0e-03 1.2e-02 1.6e-02 1.5e.-5 5.4e-07 7.1e-06 4.1e-05 5.9e4-5

C-36 7.2e-03 6.5e-04 6.3e-03 1.5e.8e -1.8e42 2.6e405 23- 2.2e-05 5.2e-05 6.5e45
K40 4.8e-02 4.3e-03 4.2e-02 9.9e-02 1.2e4-1 1.7e-04 1.5e-05 1.5e-04 3.5e-04 4.3e-04
Ca-41 2.2e-03 2.0e-04 2.0e-03 4.6e-03 5.7e-03 8.0e-06 7.2e-07 7.0-06 1.6e-05 2.0e-05
Ca-45 5.0e-03 4.5e-04 4.3e-03 1.e-02 1.3e-02 1.8e-05 1.6e-06 1.5e-05 3.6e-05 4.5e-05
Sc46',.S-85e-03~ -r73e-04 ..2.-03176-02, 2.-22 10.&26e4i6 5 62e 5.-'.78 45
Cr-51 1.2e-04 8.1e4-6 8.5e-05 2.7e-04 3.6e-04 4.3e-07 2.9e-08 3.0e-07 9.8e-07 1.3e-06
Mn-53 2.3e-04 2.1e-O5 2.0e-04 4.8e-04 5.8e-04 8.3e-07 7.5e-08 7.2e-07 1.7e-06 2.1e-06
Mn-54 5.0e-03 4.5e-04 4.4e-03 1.0e-02 1.3e-02 1.8e.-5 1.6e-06 1.6e.-5 3.7e4-5 4.5e-05
Fe-55 2.5e-03 2.3e-04 2.2e-03 5.1e-03 6.3e-03 8.8e4-6 8.0e-07 7.7e-06 1.8e-05 2.2e-05

Fe-9S>>^,>2,7.90:0351 5.1~-04e-S.3e-03-- 1.ie-O2,^,--21e __:;§,'2io-05,2.2eO6 62.2e,-OS5 5 '5

Co-56 1.3e-02 1.1e-03 1.le-42 2.6e-02 3.3e-02 4.6e-05 3.9e4-6 3.8e.-5 9.3e-05 1.2e-04
Co-57 1.3e-03 1.2e-04 1.2e-03 2.7e-03 3.3e-03 4.7e4-6 4.3e4-7 4.1e4-6 9.7e-06 1.2e.-5
Co-58 3.8e4-3 3.2e-04 3.1e43 7.7e-03 9.7e-03 1.3e.-5 1.1e-O6 1.1e-05 2.7e-05 3.4e-05
Co-60 1.9e-02 1.7e403 1.7e42 3.9e-02 4.8e-02 6.8e-05 6.2e-06 5.9e-05 1.4e-04 1.7e-04
N' 59>x2'.',' -'.9.-4_4Ae-05''i '4.3.'04.,1.00e03-- 1.2 2e3T -1.7e ij.6o-07,9i.50  -6 3.6o-06.L4.406
M-63 1.2e-03 1.1e-04 1.0e-03 2.4e-03 2.9e-03 4.1e-06 3.7e-07 3.6e4-6 8.5e4-6 1.Oe-45
Zn-65 2.7e-02 2.4e-03 2.3e-02 5.5e-02 6.8e4-2 9.6e-05 8.6e-06 8.3e-05 2.0e-04 2.4e-04
As-73 1.5e-03 1.2e-04 1.2e-03 2.9e-03 3.7e-03 5.2e4-6 4.5e-07 4.4e-06 1.1e-05 1.3e.-5
Se-75 1.6e-02 1.4e-03 1.4e-02 3.3e-02 4.1e4-2 5.7e405 5.1.-O6 4.9e4-5 1.2e-04 1.5e-04
Srwj"-85#'.',,, 2.9e403 '2.e4o-4<-,;2.i4.-3>,a.Oe,3 ,75 4 ^.i 8. 6o-O8,t',8. 2.ie-O5'',~ 0
Sr-89 1.2e-02 9.9e-04 9.8e-03 2.5e-02 3.2e42 4.3e.-5 3.6e-06 3.5e.-5 9.0e-05 1.1e-04
Sr-90 2.4e-01 2.1e-02 2.1e.-1 4.9e-01 6.0e-01 8.4e-04 7.7e-05 7.4e-04 1.7e-03 2.1e-03
Y-91 1.2e-02 9.9e-04 9.9e-03 2.5e-02 3.1e-02 4.3e.-5 3.5e-06 3.5e.-5 8.8e-05 1.le-04
Zr-93 2.2e-03 2.Oe-04 1.9e-03 4.5e-03 5.5e-03 7.7e-06 7.0e-07 6.7e-06 1.6e-05 2.0e.-5
Zr,,95~-~j'. 6.0-33 51.e5. 044 5.4..O3_I1.3o-02.--.1 .2.2,>',--2.0 11.9e0oS 'i 4.6e705z, 5.7e5.0
Nb-93m 9.2e-04 8.4e-05 8.1 e-04 1.9e-03 2.3e-03 3.3e-06 3.0e-07 2.9e-06 6.7e4-6 8.4e-06
Nb-94 1.3e-02 1.2e-03 1.1e-02 2.7e-02 3.3e-02 4.7e-05 4.2e.-6 4.1e-05 9.6e-05 1.2e-04
Nb-95 2.2e-03 1.6e-04 1.7e-03 4.8e403 6.2e-03 8.0e.-6 5.9e-07 6.0e4-6 1.7e.-5 2.2e.-5
Mo-93 2.0e-02 1.8e403 1.8e-02 4.1e-02 5.1e4-2 7.2e.-5 6.5e-06 6.3e4-5 1.5e-04 1.8e-04
To97  'Z'-.-Q-,. 4 : 5 .8 05_, 5.6e-0i~Lt3,-3 Z;',,1.6.0:U 23o,-08<2.1eO7 ,,14,2.0.O 6't;44.7&.O6:Ž-5.8&b6

Tc-97m 3.8e-03 3.3e-04 3.2e-03 7.7e403 9.7e-03 1.3e4-5 1.2e-06 1.1e.-5 2.7e.-5 3.5e.-5
Tc-99 6.0e-03 S.Se-04 5.3e-03 1.2e-02 1.5e-02 2.1e.-5 1.9e-06 1.9e-05 4.4e-0S 5.5.e-S
Ru-103 3.0e-03 2.3e-04 2.3e-03 6.4e403 8.2e-03 1.1e-O5 8.2e-07 8.3e-06 2.3e-05 2.9e4-5
Ru-106 5.0e42 4.5e-03 4.4e-02 1.0e-01 1.3e-01 1.8e-04 1.6e-05 1.6e-04 3.7e-04 4.5e-04
Ag-108m ~1.8o-0i.2-, 1.' 6'e-3 -. S 2> --3.7e-02" 4.50-;i0e42, 5:T5.7e'06'5.5o-45.r1.3e-04: 1.63-04,
Ag-110m 1.9e-02 1.7e-03 1.7e-02 4.0e-02 4.9e-02 6.9e.-5 6.2e.-6 6.0e.-5 1.4e-04 1.7e-04
Cd-109 1.Se-02 1.3e-03 1.3e-02 3.0e-02 3.7e402 5.2e4-5 4.7e4-6 4.5e-05 1.1e-04 1.3e-04
Sn-113 4.7e-03 4.1e-04 4.0e-03 9.5e403 1.2e402 1.7e.-5 1.5e.-6 1.4e-05 3.4e-05 4.2e405
Sb-124 1.3e-02 1.1e-3 1.Oe-02 2.6e-02 3.3e402 4.5e-05 3.8e.-6 3.7e.-5 9.3e.-5 1.2e-04
Sb125,: X~rt''.,-4,;.' 9.8.' 3 - 8.904i-_.8.5e-03, 2.0e-02 ,2.5e4-2, - -. 3.S-0-32i.-e 6
Te-123m 8.7e-03 7.7e-04 7.4e-03 1.8e-02 2.2e-02 3.1e4-5 2.7e.-6 2.7e.-5 6.3e-OS 7.9e-05
Te-127m 1.5e-02 1.3e-03 1.3e-02 3.0e-02 3.8e-02 5.3e4-5 4.7e.-6 4.6e.-5 1.1e-04 1.4e-04
1-125 7.6e-02 6.3e-03 6.3e-02 1.6e.-1 2.0e4-1 2.7e-04 2.3e.-5 2.2e-04 5.6e-04 7.Oe-04
1-129 8.5e-01 7.7e-02 7.4e-01 1.8e+00 2.1e+00 3.0e-03 2.7e-04 2.6e-03 6.2e-03 7.7.03

2-131w. >'< 2.042', .1.4e,0 ;4.0e .- 6.08-02 9.8e',2 ', 7.1 e ,;9e7. '.4e 5
Cs-134 1.4e-01 1.3e-02 1.2e4-1 2.9e.-1 3.6e-01 5.0e-04 4.6e4-5 4.4e-04 1.0e-03 1.3e-03
Cs-135 1.5e-02 1.4e-03 1.4e402 3.2e-02 3.9e-02 5.5e.-5 5.0e.-6 4.8e.-5 1.1e-04 1.4e-04
Cs-137 1.0e-01 9.1e-03 8.8e02 2.1e-01 2.5e-01 3.6e-04 3.2e.-5 3.1e-04 7.3e04 9.1e-04
Ba-133 7.7e-03 7.0e-04 6.7e-03 1.6e-02 1.9e-02 2.7e4-5 2.5e.-6 2.4e4-5 5.6e-05 7.0e-05

C-9'-k.'-,.e3-'.e4i.e0,3.e3''- 4.2e 03-:'t 59,6'5e7,51e6-12 5'; 5e05

Ce-141 2.6e-03 1.9e-04 1.9e03 5.7e-03 7.3e-03 9.3e.-6 6.7e-07 6.8e.-6 2.0e-OS 2.6e.-5
Ce-144 3.7e-02 3.3e-03 3.2e-02 7.6e-02 9.3e-02 1.3e-04 1.2e.-5 1.1e-04 2.7e-04 3.3e-04
Pm-147 2.0e-03 1.8e04 1.7e4-3 4.0e4-3 4.9e-03 7.0e,-6 6.3e-07 6.1e-06 1.4e-OS 1.8e.-5
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Appendix 1-2 Normalized Effective Doses from Concrete

Table 12.12 Normalized effective doses from Ingestion: Road building
Radionuclide Mass-based effective dose (tISvfy per Bqg). Surficial effective dose (pSv/y per BqIcm2)

Mean 5th - 50th; 90th 95th Mean - 5th 50th 90th 95th
sm-1 51 7.6e-04 6.9e-05 6.6e-04 1.6e-03 1.9e-03 _ 2.7e-06 2.4e-07 2.4e-06 5.5e-06 6.8e-06

Eu-152;-,,,.7:_-, .1. -02,-Zi9.8 t9.03,2.2e-02 2 2.7e-02 e-O7.9 05Z9.7 05
Eu-154 1.5e-02 1.4e-03 1.3e-02 3.2e-02 3.9e-02 5.5e-05 5.0e-06 4.8e-05 1.le-04 1.4e-04
Eu-1 55 2.4e-03 2.2e-04 2.1e-03 5.0e-03 6.1 e-03 8.7e-06 7.9e-07 7.6e-06 1.8e-05 2.2e-05
Gd-I 53 1.9e-03 1.7e-04 1.6e-03 3.8e-03 4.7e-03 6.7e-06 6.0e-07 5.8e-06 - 1Ae-05 1.7e-05
Tb-160 8.6e-03 - 7.3e4 7.3e-03 I.8e-02 2.2e-02 3.1e-05 2.6e-06 2.6e-05 6.3e-05 7.9e-05
Ttrn-10_i :-8.2e-,03 ,':3i.2e-04 ,,,,.Oe03. j.7,e-02. ' 2e~i-' .,,2.9eO5Ž a. 56- 25e5 A5, *,9 .5 .T 5S
Trn-171 8.2e-04 7.4e05 7.1e-04 1.7e403 2.1e-03 2.9e-06 2.7e-07 2.5e-06 6.0e-06 7.4e-06
Ta-182 9.2e-03 8.1e-04 7.9e-03 1.9e-02 2.4e-02 3.3e-05 2.9e-06 2.8e45 6.7e-05 8.4e-05
W-181 4.7e-04 4.2e-05 4.1e-04 9.6e-04 1.2e03 1.7e-06 1.5e-07 1.4e-06 3.4e-06 4.3e-06
W-185 2.4e-03 2.1e04 2.43 4.9e3 6.2e-03 8.6e-6 7Ae-07 7.2e-06 1.8e-05 2.2e-05

(s?185 Y :e%03.Oe-3e'U072.6eO4' .5e-3 t6.1e-3 .7e-3 Y t1e-5'93eO•9.1 46 ,'i2.2e0522:7e5
Ir-192 7.6e-03 6.5e-04 6.4e-03 1.6e-02 2.0e-02 2.7e-05 2.3e-06 2.3e-05 5.6e-05 7.0e-05
Tl-204 9.8e-03 9.0e-04 8.6e-03 2.0e-02 2.5e-02 3.5e-05 3.2e-06 3.1 e-05 7.2e05 8.9e-05
Pb-210 7.1e+00 6.4e-01 62e+00 1.5e+01 1.8e+01 2.5e-02 2.3e-03 2.2e-02 52e-02 6Ae-02
Bi-207 1.0e-02 9.1e-04 8.8e-03 2.1e-02 2.5e-02 3.6e-05 3.2e-06 3.1e-05 7.3e-05 9.1e-05
Po-210:it.^-~1.5e+00 .a,1.4e'1',,=1.3e4 OOZ=,3.1e+00, 3.9e+00 ,_*, 5.5e0,3jK(4.8eb44 w 4.7e-03 ,+ L1.16-02 -34v02'
Ra-226 2.2e+00 2.0e-01 1.9e+00 4.5e+00 5.5e+00 -7.8e-03 7.0e-04 6.8e-03 1.6e-02 2.0e-02
Ra-228 5.1e+00 4.7e-01 4.5e+00 1.1e+01 1.3e+01 1.8e-02 .7e-03 1.6e-02 3.8e-02 4.7e-02
Ac-227 9.3e+00 8.5e-01 8.1e+00 1.9e+01 2.3e+01 3.3e-02 3.0e-03 2.9e-02 6.8e-02 8.4e-02
Th-228 1.0e+00 9.6e-02 9.1e-01 2.1 e+00 2.6e+00 3.7e-03 3.4e-04 3.3e-03 7.7e-03 9.5e-03
Th- 229 -'--46et003. 2eO 0 0 ,12e,+01 j ,
Th-230 1.6e+00 1.5e-01 1Ae+00 3.3e+00 4.1e+00 5.8e-03 52e-04 5.1e-03 1.2e-02 1.5e-02
Th-232 1.8e+00 1.6e-01 1.5e+00 3.6e+00 4.5e+00 6.3e-03 5.7e-04 5.5e-03 1.3e-02 1.6e-02
Pa-231 5.5e+00 5.0e-01 4.8e+00 1.1e+01 1Ae+01 2.0e-02 1.8e-03 1.7e-02 4.0e-02 5.0e-02
U-232 2.6e+00 2.3e-41 2.3e+00 5.3e+00 6.5e+00 92e-03 8.4e-04 8.1e-03 1.9e-02 2.3e-02
UA233 ; -23.9e01j.3.5e-02 9 126 03 §;2.8e"3Y3.5c p3
U-234 3.8e-01 3.4e-02 3.3e-01 7.8e-01 9.5e01 1.3e-03 1.2e-04 1.2e-03 2.8e-03 3.4e-03
U-235 3.6e-01 3.2e-02 3.1e-01 7.4e-01 9.0e-01 1.3e-03 12e-04 1.1e-03 2.6e-03 3.2e-03
U-236 3.6e-01 3.2e-02 3.1e-01 7.3e-01 9.0e-01 1.3e-03 I.Ie-04 1.1e-03 2.6e03 3.2e-03
U-238 3.7e-01 3.3e-02 32e-01 7.6e-01 92e-01 1.3e-03 12e-04 1.1e-03 2.7e-03 3.3e-03
ki)4if -, -8 2.2e-+00 ,',.-3.14037,,2.8- 622.-7e-032C6:3e-03 3-.Q3
Pu-236 6.5e-01 5.9e-02 5.7e-01 1.3e+00 1.6e+00 2.3e03 2.1e-04 2.0e-03 4.8e-03 5.9e-03
Pu-238 1.8e+00 1.6e-01 1.6e+00 3.7e+00 4.5e+00 6.3e-03 5.7e-04 5.5e-03 1.3e-02 1.6e-02
Pu-239 1.9e+00 1.8e-01 1.7e+00 4.0e+00 4.9e+00 6.9e-03 6.2e-04 6.0e-03 1.4e-02 1.7e-02
Pu-240 1.9e+00 1.8e-01 1.7e+00 4.0e+00 4.9e+00 6.9e-03 62e-04 6.0e-03 1.4e-02 1.7e-02
Pu-241 ; .6e-O2 --_3e-03 -2 .2e.0, O2;,22e-02 . 1.3e-04le-04g5_ . -0 .1e ,3.-04
Pu-242 1.9e+00 1.7e-01 1.6e+00 3.8e+00 4.7e+00 - 6.6e-03 6.0e-04 5.8e-03 I1Ae-02 1.7e-02
Pu-244 1.9e+00 1.7e-01 1.6e+00 3.8e+00 4.7e+00 6.6e-03 6.0e-04 5.8e-03 IAe4-02 1.7e-02
Am-241 1.5e+00 1Ae-01 1.4e+00 3.2e+00 3.9e+00 5.5e-03 5.0e-04 4.8e43 1.1e-02 1.4e-02
Amn-242rn 1.5e+00 1Ae-01 1.4e+00 3.2e+00 3.9e+00 5.5e-03 5.0e-04 4.8e-03 1.1e-02 1Ae-02
Am-243 y;- 5e+,00'^ .'4 A01:- 4ie+00'i.3 .e+00 3.9e+000 8 3--, 02 .4 e42
Cm-242 8.0e-02 7.2e403 6.9e-02 1.6e-01 2.0e-01 2.9e-04 2.6e-05 2.5e-04 5.8e-04 7.2e-04
Cm-243 1.2e+00 1.1e-01 i.Oe+00 2.4e+00 2.9e+00 4.1 e-03 3.7e-04 3.6e-03 8.4e-03 i.Oe-02
Cm-244 9.2e-01 8.4e-02 8.1e-01 1.9e+00 2.3e+00 3.3e-03 3.0e-04 2.9e-03 6.7e-03 8.4e-03
Cm-245 1.6e+00 1.5e-01 1Ae+00 3.3e+00 4.1e+00 5.8e-03 5.2e-04 5.1e-03 1.2e-02 1.5e-02
Cm-246 -;'- :~ 6e+'0015e" 0.0e±OOL-3.3e+00,,4.ie+00 - 5.8e203' -52e4 ':-,51e-3. 2e-2. I.5e;02,
Cm-247 1.5e+00 1.3e-01 1.3e+00 3.0e+00 3.7e+00 5.2e-03 4.7e-04 4.6e-03 1.1e-02 1.3e-02
Cm-248 5.9e+00 5Ae-01 52e+00 1.2e+01 1.5e+01 2.1e-02 1.9e-03 1.9e-02 4.3e-02 5.4e-02
Bk-249 7Ae-03 6.8e-04 6.5e03 1.5e-02 1.9e-02 2.6e-05 2.4e-06 2.3e-05 5.4e-05 6.7e-05
Cf-248 2.0e-01 1.8e-02 1.8e01 4.2e01 5.1e-01 7.2e-04 6.6e-05 6.3e-04 1.5e03 1.8e-03
Cf-249 *'~-'.2.7e+00 2.5e 01 '. 2.4e+00 ": 5.6e+00 ' 68e'+00 -,2 t9.63 8.7e , 8. 43 ' 2.0e - 2.4e
Cf-250 1.2e+00 1.1e-01 1.1e+00 2.5e+00 3.1e+00 4Ae-03 4.0e-04 3.8e-03 9.0e-03 1.1e-02
Cf-251 2.8e+00 2.5e-01 2Ae+00 5.7e+00 7.0e+00 9.9e-03 9.0e-04 8.7e-03 2.0e-02 2.5e-02
Cf-252 6.8e-01 6.2e-02 5.9e-01 I Ae+00 1 .7e+00 2.4e-03 2.2e-04 2.1 e-03 4.9e-03 6.1 e-03
Cf-254 2.0e+00 1.7e-01 1.7e+00 4.1e+00 52e+00 7.2e-03 6.1e-04 5.9e-03 1.5e-02 1.9e-02
Es-254 , 2.e-1 1.8e- 2 i.8e4i' 0 e - 5.1418 1'3.3-4 ,6.6e-5 63e4--15eO3 -i8e 3;

Note: To convert these values to conventional units (mremly per pCi/g or mrem/y per p0cm~2), mulfiply by 3.7e-3
_,7 _ _E _ 64
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Normalized Effective Doses from Concrete Appendix 1-2

Table 12.13 Normalized effective doses from all pathways: Driving on road
R . Mass-based effective dose (uSvy per Bq/g)

Radionuclide Mean 5th 50th 90th 95th
Surficial effective dose (pSvly per Bq/CM2 )

Mean 5th 50th 90th 95th
H-3 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
C-14 2.1le-05 4.1e-06 2.1e-05 3.6e-05 3.9e-05 7.6e-08 1.5e-08 7.4e-08 1.3e-07 1.4e-07
Na-22 2.0e+01 3.9e+00 1.9e+01 3.4e+01 3.7e+01 7.1e-02 1.4e-02 6.9e-02 1.2e-01 1.3e-01
P-32 5.1le-06 2.4e-07 2.4e-06 1.3e-05 1.9e-05 1.8e-08 8.6e-10 8.4e-09 4.6e-08 6.9e-08

I3! 2. 72ie0- . 6 4.Se07 -2. 06 4.8 06>,5.5e6iT j* ;*9.5e09,L1.8e '-8.8e-091.'-! ,7et8-e2.0e.08A
Cl-36 4.8e-03 9.3e-04 4.7e-03 8.1e-03 8.8e-03 1.7e-05 3.3e-06 1.7e-05 2.9e-05 3.1le-05
K-40 1.9e+00 3.7e-01 1.9e+00 3.3e+00 3.5e+00 6.9e-03 1.3e-03' 6.7e-03 1.2e-02 1.3e-02
Ca-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-45 3.0e-05 5.7e-06 2.8e-05 5.1le-05 5.7e-05 1.1e-07 2.0e-08 1.Oe-07 1.8e-07 2.0e-07

3 24+004 5.0e+00 >7 48.681 ,.6e 03' . 3.: 1.5e 2.'71.8e,0 2
Cr-51 1.3e-03 1.7e-04 9.7e-04 2.9e-03 3.7e-03 4.7e-06 6.0e-07 3.5e-06 1.0e-05 1.3e-05
Mn-53 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mn-54 4.8e+00 9.3e-01 4.6e+00 8.2e+00 8.9e+00 1.7e-02 3.3e-03 1.6e-02 2.9e-02 3.2e-02
Fe-55 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
Fe-592^, -_ . . 7.4e-01fft I 1 03M1.8e 4~9.5e-04; 2.2e-032.6e03.
Co-56 4.0e+00 7.3e-01 3.6e+00 7.2e+00 8.3e+00 1.4e-02 2.6e-03 1.3e-02 2.6e-02 3.0e-02
Co-57 4.1e-01 7.9e-02 3.9e-01 7.0e-01 7.6e-01 1.4e-03 2.8e-04 1.4e-03 2.5e-03 2.7e-03
Co-58 8.0e-01 1.4e-01 7.2e-01 1.4e+00 1.7e+00 - 2.8e-03 5.1le-04 2.6e-03 5.2e-03 6.0e-03
Co-60 2.7e+01 5.1 e+00 2.6e+01 4.5e+01 4.9e+01 9.5e-02 1.8e-02 9.2e-02 1.6e-01 1.7e-01
NF-59- ,W.- -.- OO.0e.0_6O.Oe+00 e+00 ''O.Oe+OO -, O Oe+O_.,.:f -,O.Oe+O0> ,O.00.0' Oei
Ni-63 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zn-65 2.9e+00 5.6e-01 2.8e+00 4.9e+00 5.4e+00 1.Oe-02 2.0e-03 9.9e-03 1.8e-02 1.9e-02
As-73 1.5e-03 2.7e-04 1.3e-03 2.6e-03 3.0e-03 5.2e-06 9.5e-07 4.8e-06 9.3e-06 1.Ie-05
Se-75 _ 6.8e-01 1.3e-01 6.4e-01 1.2e+00 1.3e+00 2.4e-03 4.6e-04 2.3e-03 4.2e-03 4.8e-03

Sr5.}2 ~+,3.2e-01'-y' 5.7e'-02'_2.7e-01. 5.eOt;,;e0- 3 O e 3 3'
Sr-89 9.4e-04 1.6e-04 8.1e-04 1.8e-03 2.1e-03 3.3e-06 5.7e-07 2.9e-06 6.4e-06 7.6e-06
Sr-90 7.7e-02 1.5e-02 7.5e-02 1.3e-01 1.4e-01 2.8e-04 5.3e-05 2.7e-04 4.7e-04 5.1e-04
Y-91 3.5e-03 6.0e-04 3.1e-03 6.5e-03 7.6e-03 1.2e-05 2.1e-06 1.Ie-05 2.3e-05 2.7e-05
Zr-93 9.8e-05 1.9e-05 9.5e-05 1.7e-04 1.8e-04 3.5e-07 6.8e-O8 3.4e-07 5.9e-07 6.4e-07

Nb-93m 1.4e-04 2.7e-05 1.3e-04 2.3e-04 2.5e-04 4.9e-07 9.5e-08 4.8e-07 8.3e-07 9.0e-07
Nb-94 1.8e+01 3.4e+00 1.7e+01 3.0e+01 3.2e+01 6.3e-02 1.2e-02 6.1e-02 1.1e-01 1.2e-01
Nb-95 8.8e-02 1.3e-02 7.0e-02 1.8e-01 2.2e-01 3.1le-04 4.5e-05 2.5e-04 6.4e-04 8.0e-04
Mo-93 8.1e-04 1.6e-04 7.9e-04 1.4e-03 1.5e-03 2.9e-06 5.6e-07 2.8e-06 4.9e-06 5.3e-06

.o97-,,. -1.1e03 '2.1e* 1.-03 i.8e03.---' 20eO3.;,',3;9e-.0 7  38e6
Tc-97m 3.3e-04 6.1le-05 3.1le-04 5.9e-04 6.8e-04 1.2e-06 2.2e-07 1.1e-06 2.1e-06 2.4e-06
Tc-99 2.1e-04 4.1e-05 2.0e-04 3.6e-04 3.9e-04 7.5e-07 1.5e-07 7.3e-07 1.3e-06 1.4e-06
Ru-103 7.5e-02 1.2e-02 6.2e-02 1.5e-01 1.8e-01 2.7e-04 4.1e-05 2.2e-04 5.3e-04 6.6e-04
Ru-106 1.4e+00 2.7e-01 1.3e+00 2.3e+00 2.5e+00 4.9e-03 9.5e-04 4.7e-03 8.3e-03 9.1e-03

Ag-110m 1.4e+01 2.6e+00 1.3e+01 2.3e+01 2.6e+01 4.8e-02 9.4e-03 4.6e-02 8.3e-02 9.1e-02
Cd-109 2.7e-02 5.3e-03 2.6e-02 4.7e-02 5.1e-02 9.8e-05 1.9e-05 9.4e-05 1.7e-04 1.8e-04
Sn-113 4.7e-01 9.0e-02 4.4e-01 8.3e-01 9.3e-01 1.7e-03 3.2e-04 1.6e-03 3.0e-03 3.3e-03
Sb-124 1.1e+00 1.9e-01 9.6e-01 2.0e+00 2.4e+00 3.9e-03 6.8e-04 3.4e-03 7.2e-03 8.5e-03
St-125> 4 '3.6e+00,, .9e-O 3.5e+006, 6.0e 6 6e+00' O
Te-123m 2.1e-01 4.0e-02 2.0e-01 3.7e-01 4.2e-01 7.6e-04 1.4e-04 7.1e-04 1.3e-03 1.5e-03
Te-127m 9.7e-03 1.8e-03 9.1e-03 1.7e-02 1.9e-02 3.5e-05 6.5e-06 3.2e-05 6.1e-05 6.8e-05
1-125 1.2e-03 2.0e-04 1.0e-03 2.2e-03 2.6e-03 4.2e-06 7.3e-07 3.7e-06 7.7e-06 9.1e-06
1-129 1.9e-02 3.6e-03 1.8e-02 3.1e-02 3.4e-02 6.6e-05 1.3e-05 6.5e-05 1.1e-04 1.2e-04
i-1'3i,- .- ';.4.1e6 ',-.-2 .3e08.-,i 7.0e07 1.1e-05' 2.0e-05i ' 15e-08'-8.4e 117-2.5e-09 4.e-08';72e-08,
Cs-134 1.3e+01 2.5e+00 1.3e+01 2.2e+01 2.4e+01 4.6e-02 9.0e-03 4.5e-02 7.8e-02 8.5e-02
Cs-135 6.2e-05 1.2e-05 6.1e-05 1.1le-04 1.1e-04 2.2e-07 4.3e-08 2.2e-07 3.8e-07 4.1le-07
Cs-137 6.1e+00 1.2e+00 5.9e+00 1.0e+01 1.1e+01 2.2e-02 4.2e-03 2.1e-02 3.7e-02 4.0e-02
Ba-133 3.3e+00 6.4e-01 3.2e+00 5.6e+00 6.1e+00 1.2e-02 2.3e-03 1.2e-02 2.0e-02 2.2e-02
Ce-139' ' 8, 2.6e-010,, ,560e-02-2.5e-1 34.58- -5.1e-01 , .
Ce-141 4.4e-03 6.2e-04 3.5e-03 9.2e-03 1.2e-02 1.6e-05 2.2e-06 1.2e-05 3.3e-05 4.1e-05
Ce-144 3.0e-01 5.9e-02 2.9e-01 5.2e-01 5.7e-01 1.1e-03 2.le-04 1.0e-03 1.9e-03 2.0e-03
Pm-147 6.6e-05 1.3e-05 6.4e-05 1.1e-04 1.2e-04 2Ae-07 4.6e-08 2.3e-07 4.0e-07 4.4e-07
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Appendix I-2 Normalized Effective Doses from Concrete

Table 12.13 Normalized effective doses from all pathways: Driving on road
Radionuclide Mass-based effective dose (piSvly per Bq/g) Surficial effective dose (ijSv/y per Bq/cm2)

a Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
Sm-151 1.3e-06 '2.5e-07 1.3e-06 2.2e-06 2Ae-06 -4.6e-09 - 9.Oe-10 4.5e-09 7.8e-09 8.5e-09
Eu152 < 12e+01 2.4e0202e+02 12.'1+012;2e'01 . 2 .5 03;2eoiT.4e-028.0' 2-
Eu-154 1.3e+01 2.5e+00 1.3e+01 2.2e+01 2Ae+O1 4.7e-02 9.Ie-03 4.6e-02 7.9e-02 8.6e-02
Eu-155 2.6e-41 5.4e-02 2.7e-01 4.7e-01 5.1e-01 9.9e-04 1.9e-04 9.6e-04 1.7e-03 1.8e-03
Gd-153 1.7e-01 3.4e-02 1.7e-01 3.0e-01 3.3e-41 6.2e-04 1.2e-04 5.9e-04 1.1e-03 1.2e-03
Tb-160 9.7e-1 1.7e-01 8.9e-01 1.8e+00 2.1e+00 3.5e-03 6.2e-04 3.2e-03 6.3e-03 7.3e-03
tT-rn-170 5.8e-03eI.-1e'.0 .5e03>1.0e-02 .605:
Tm-171 1.3e-03 2.6e-04 1.3e-03 2.3e-03 2.5e-03 4.8e06 9.3e-07 4.6e-06 8.1e-06 8.8e-06
Ta-182 2.6e+00 4.9e-01 2.5e+00 4.6e+00 5.2e+00 9.3e-03 1.8e403 8.8e-03 1.6e-02 1.8e-02
W-181 2.5e-02 4.6e-03 2.3e-02 4.3e-02 4.8e-02 8.7e-05 1.7e-05 8.2e-05 1.5e-04 1.7e-04
W-185 62e-05 1.1 e-05 5.6e-05 1.1e-04 1.3e-044 2.2e-07 4.0e-48 2.Oe-07 4.Oe-07 4.6e-07
Ose185 .- 9e 01 18. 01ie OI-7 3,,j
Ir-192 6.7e-01 1.2e-01 6.1e-41 1.2e+00 1.4e+00 2.4e-03 4.3e-04 2.2e-03 4.3e-03 5.0e-03
Tl-204 6.4e-03 1.2e-03 6.2e-03 1.1e-02 1.2e-02 2.3e-05 4.4e-06 2.2e-05 3.9e-05 4.2e-05
Pb-210 IAe-02 2.7e-03 IAe-02 2.4e-02 2.6e402 5.0e-05 9.7e-06 4.9e-05 8.5e-05 9.2e-05
Bi-207 1.7e+O1 3.3e+00 1.6e+01 2.8e+01 3.1e+01 6.0e-02 12e-02 5.8e42 1.0e-01 I.1e-01

4 -P0210,;:. -1 , -2.205 ;>'4.0639e05. -0 4 .e8.0e-08 .5-08 W' i.5e08' 4 .5
Ra-226 2.0e+01 4.0e+00 2.0e+01 3.5e+01 3.8e+01 7.3e-02 1.4e-02 7.le-02 1.2e-01 1.3e-01
Ra-228 I.8e+01 3.4e+00 1.7e+01 3.0e+01 3.2e+01 6.3e-02 1.2e-02 6.1e-02 1.1e-01 1.2e-01
Ac-227 3.5e+00 6.8e-41 3.4e+00 6.0e+00 6.5e+00 1.3e-02 2.4e-03 1.2e-02 2.1 e-02 2.3e-02
Th-228 1.4e+O1 2.7e+00 1.3e+0I 2.3e+011 2.5e+01 4.9e-02 9.5e-03 4.7e-02 8.3e-02 9.1le-02

h 992.6e;6 .8 8;0 e 9.9e-0 9
Th-230 2.7e-01 5.2e-02 2.6e41 4.5e-01 4.9e-01 9.5e-04 1.8e-04 9.2e-04 1.6e-03 1.7e-03
Th-232 2.9e+01 5.5e+00 2.8e+01 4.8e+01 52e+01 1.Oe-01 2.0e-02 9.9e-02 1.7e-01 1.9e-01
Pa-231 2.6e+00 5.Oe-01 2.5e+00 4.3e+00 4.7e+00 9.1e03 1.8e-03 8.9e-03 1.5e-02 1.7e-02
U-232 1.7e+01 3.3e+00 1.6e+01 2.9e+01 3.Ie+01 6.0e-02 1.2e-02 5.9e-02 1.0e-01 1.1e-01
U2 3 1.0 2 , 2.0e0032 . 02'2A.8 2, 1.9e 2,,' t.3.7e5 S ",7.2e-06 " :3.6e-05*.6.3r ,,6.8e-05'
U-234 7.0e-04 1.4e-04 6.8e-04 1.2e-03 1.3e403 2.5e-06 4.8e-07 2.4e-06 4.2e-06 4.6e-06
U-235 1.3e+00 2.6e-01 1.3e+00 2.3e+00 2.5e+00 4.8e-03 9.2e-04 4.7e-03 8.1e-03 8.8e-03
U-236 3.4e-04 6.7e-05 3Ae404 5.8e-04 6.3e-04 1.2e-06 2Ae-07 1.2e-06 2.1e-06 2.3e-06
U-238 2.7e-01 5.1le-02 2.6e41- 4.5e-01 4.9e-01 9.5e-04 1.8e-04 9.2e-04 1.6e-03 1.7e-03
N>-237,Jk-'j.,2.0e+00; l3.8e-017, _.9e_00i3.3e+00 1f3.6e+00 :1 .,-7,0e3:ij1.'4e 2y6.8e03 2 3
Pu-236 6.7e-01 1.3e401 6.5e-01 1.1e+00 1.2e+00 2Ae-03 4.6e-04 2.3e03 4.0e-03 4.4e-03
Pu-238 2.2e-04 4.3e-05 2.2e-04 3.8e-04 4.1ee-04 8.0e-07 1.5e-07 7.8e-07 IAe-06 1.5e-06
Pu-239 5.1e-04 9.9e-05 5.0e-04 8.6e-04 9Ae-04 1.8e-06 3.5e-07 1.8e-06 3.1e-06 3.3e406
Pu-240 2.2e-04 4.2e-05 2.1e-04 3.7e-04 4.0e-D4 7.8e-07 1.5e407 7.6e-07 1.3e-06 1.4e-06
Pu-241,'.-_,. <1.8e.032 3.4 -I{.7o3,.30e-03--,,3.3e-03_ 6.-3e:067i2e6 46.2e-06AY--1.i>0 2e
Pu-242 1.9e-04 3.7e-05 I.9e-04 3.3e-04 3.5e-04 6.9e-07 1.3e-07 6.7e-07 1.2e-06 1.3e-06
Pu-244 3.7e+00 7.2e-01 3.6e+00 6.3e+00 6.8e+00 1.3e-02 2.6e-03 1.3e-02 2.2e402 2.4e-02
Am-241 7.2e-02 I1Ae-02 7.0e-02 1.2e-01 1.3e-01 2.6e-04 5.0e-05 2.5e-04 4.3e-04 4.7e-04
Am-242m 1.2e41 2.3e-02 1.2e-01 2.0e-01 2.2e-01 4.2e-04 8.2e-05 4.1 e-04 7.1e-04 7.7e-04

Ir&243 ;.'" 1.6e+,00_-3.0e01', .5e+00-,v2.7e+0O372.9e+00 e 25.6e03 ':1e-03 .5.5e43 ,- 9.5e43,1.0e42
Cm-242 7.2e-05 I Ae4-05 6.9e-05 1 .2e-04 1 .4e-04 2.6e-07 5.0e-08 2.4e-07 4.4e-07 4.9e-07
Cm-243 1.0e+00 2.0e-01 9.9e-01 1.7e+00 1.9e+00 3.6e-03 7.0e-04 3.5e403 6.1e-03 6.6e-03
Cm-244 1.7e-04 3.3e-05 1.6e-04 2.8e-04 3.1 e-04 6.0e-07 1.2e-07 5.8e-07 ' 1.Oe-06 1.1 e-06
Cm-245 5.9e-01 1.1e041 5.8e-01 I.Oe+00 1.1e+00 2.1e-03 - 4.1e-04 2.1e-03 3.6e-03 3.9e-03
Cm246 ,_,,3.1e41.6e-04 2;i 4'-,--.-2.9e-04 -' - e.75.7e7 .ie07 -- 5.6 07,-
Cm-247 3.3e+00' 6.5e-01 3.3e+00 5.7e+00 6.1e+00 1.2e-02 2.3e-03 1.2e-02 2.0e-02 2.2e-02
Cm-248 1.2e-04 2.3e-05 1.2e-04 2.0e404 2.2e-04 4.3e-07 8.4e-08 4.2e-07 7.3e-07 7.9e-07
Bk-249 8.2e-03 1 .6e03 8.0e-03 1 .4e-02 1 .Se-02 2.9e-05 5.7e-06 2.8e-05 4.9e-05 5.4e-05
Cf-248 9.4e-05 1 .8e-05 9.1 e05 1.6e-04 1.8e-04 3.3e-07 6.5e-08 3.2e-07 5.7e-07 6.3e-07
Cf-249_ :;, ' 3.3e+00 i '6.4e-OI ' 32e+0 '--5.6e+00 ' 6.1e+0O-0-~-,'~1.2e-O2 ,-2.3e-03 ,,.2,2,20-2'2e2
Cf-250 1.5e-04 3.0e-05 I.5e404 2.6e-04 2.8e-04 5.5e-07 1.Ie-07 5.3e-07 9.3e-07 1.0e-06
Cf-251 9.3e-01 1.8e-01 9.0e-01 1.6e+00 1.7e+00 3.3e-03 6.4e-04 3.2e-03 5.6e-03 6.1e-03
Cf-252 2.1e-04 4.te-05 2.0e-04 3.6e-04 3.9e-04 7.5e-07 1.5e-07 7.3e-07 '1.3e-06 1Ae-06
Cf-254 2.7e408 4.7e-09 2.4e-08 5.0e-08 5.9e-08 9.6e-1 I 1.7e-1 I 8.5e-I I 1.8e-10 2.1 e-10'
E-254>.j. '--:47e+00 9.2e 0i'- 4.6e+ 0- 8.ie+ 0-- 8.9e 0;1.7e- 3.3eO3 -' 1.6e-02 -S 2.9e423.,, 32e42 '

Note: To convert these values to conventional units (mremly per pCig or mremly per pCicm2). multiply by 3.7e-3
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Normalized Effective Doses from Concrete Appendix 1-2
Table 12.14 Normalized effective doses from all pathways: Disposal-industrial
Mass-based effective dose (pSv/y per Bq/g)

Radionuclide Mean 5th 50th 90th 95th
Surfidal effective dose (ISv/y per Bqcmr2)

Mean 5th 50th 90th 95th
H-3 8.6e-05 7.9e-06 5.0e-05 2.2e-04 2.9e-04 3.1e-07 2.8e-08 1.8e-07 7.9e-07 1.Oe-06
C-14 2.8e-03 2.1e-04 1.6e-03 7.2e-03 9.3e-03 9.9e-06 7.5e-07 5.6e-06 2.6e-05 3.3e-05
Na-22 8.9e+01 1.2e+O1 6.5e+01 2.0e+02 2.4e+02 3.2e-01 4Ae-02 2.3e-01 7.2e-01 8.7e-01
P-32 4.0e-02 2.0e-03 1.9e-02 1.1e-01 1.6e-01 1.4e-04 7.1e-06 6.8e-05 3.9e-04 5.8e-04
S5,M'. 56.6e L>'--1.2e-04 F4.3e i5e-O3j',20,03 3 0_,2o07' .5e06.•'55-0B,-7.O'06.
CI-36 2.2e-02 3.5e-03- 1.7e-02 5.1e-02 6.0e-02 8.0e-05 1.2e-05 5.9e-05 1.8e-04 2.2e-04
K-40 7.1e+00 9.9e-01 5.2e+00 1.6e+O1 1.9e+01 2.5e-02 3.5e-03 1.9e-02 5.8e-02 6.9e-02
Ca-41 1.3e-03 7.8e-05 ,7.5e-04 3.5e-03 4.5e-03 4.8e-06 2.8e-07 2.7e-06 1.3e-05 1.6e-05
Ca-45 3.6e-03 4.4e-04 2.2e-03 8.8e-03 1.1e-02 1.3e-05 1.6e-06 7.7e-06 3.1e-05 4.0e-05
S,6,*s<.e+.W8 .e+@e+0 t;18+23_> 30e§02.:1 .6e-01 <. 5.3e-01,C6.3e, 0i1
Cr-51 5.2e-01 5.1e-02 3.3e-01 1.3e+00 1.7e+00 1.9e-03 1.8e-04 1.2e-03 4.5e-03 5.9e-03
Mn-53 1.4e-04 9.7e-06 8.0e-05 3.7e-04 4.7e-04 5.Oe-07 3.5e-08 2.8e-07 1.3e-06 1.7e-06
Mn-54 3.2e+01 4.4e+00 2.3e+01 7.2e+01 8.7e+01 1.1e-01 1.6e-02 8.3e-02 2.6e-01 3.1e-01
Fe-55 1.6e-03 1.6e-04 9.2e-04 4.0e-03 5.Ie-03 5.6e-06 5.7e-07 3.3e-06 1.4e-05 1.8e-05

Co-56 1.2e+02 1.6e+01 8.4e+O1 2.7e+02 3.3e+02 4.2e-01 5.6e-02 3.0e-01 9.7e-01 1.2e+00
Co-57 3.0e+00 4.1e-01 2.2e+00 6.7e+00 8.0e+00 1.1e-02 1.5e-03 7.7e-03 2.4e-02 2.9e-02
Co-58 2.9e+01 3.7e+00 2.Oe+O1 6.6e+01 7.9e+01 1.0e-01 1.3e-02 7.2e-02 2.4e-01 2.8e-01
Co-60 1.1e+02 1.5e+O1 7.9e+O1 2.5e+02 2.9e+02 3.8e-01 5.4e-02 2.8e-01 8.7e-01 1.1e+00
NT 59,,ffi2: ' ^ '3.1 04; .6-e;' 1.9e 4• 1.0603 ,1.1e6i.3e:07z, 6.6 Oi -;-
Ni-63 7.5e-04 8.4e-05 4Ae-04 1.9e-03 2Ae-03 2.7e-06 3.0e-07 1.6e-06 6.7e-06 8.6e-06
Zn-65 2.3e+01 3.1e+00 1.7e+01 5.1e+01 6.1e+01 8.1e-02 1.1e-02 5.9e-02 1.8e-01 2.2e-01
As-73 4.3e-02 5.7e-03 3.0e-02 9.8e-02 1.2e-01 1.5e-04 2.0e-05 1.1e-04 3.5e-04 4.2e-04
Se-75 1.1e+01 1.4e+00 7.8e+00 2.4e+01 2.9e+01 3.8e-02 5.1e-03 2.8e-02 8.7e-02 1.Oe-01

eO1.84'0' i.4e+012 3.'.8e,0, r'.9 6e+00; 3 .4e-02< 1.1e,01&, ,. O1f4
Sr-89 7.6e-02 9.4e-03 5.2e-02 1.8e-01 2.1e-01 2.7e-04 3.4e-05 1.9e-04 6.3e-04 7.7e-04
Sr-90 4.3e-01 6.0e-02 3.le-01 1.Oe+00 1.2e+00 1.5e-03 2.2e-04 1.1e-03 3.6e-03 4.2e-03
Y-91 1.9e-01 2.4e-02 1.3e-01 4.4e-01 5.3e-01 6.7e-04 8.7e-05 4.7e-04 1.6e-03 1.9e-03
Zr-93 2.1e-03 6.6e-04 1.6e-03 4.3e-03 5.3e-03 7.5e-06 2.3e-06 5.5e-06 1.5e-05 1.9e-05
Zr-9S.;-X :->32e,+07 4.Se,+0002..74=e+01Ž 7.4+01'8.8e+1 Oi 1.2e-01^i;~16e02 , Se'-'8502- -2.6e-01;,3.2e-Oti
Nb-93m 1.2e-03 2.1 e-04 8.3e-04 2.6e-03 3.2e-03 4.2e-06 7.4e-07 2.9e-06 9.4e-06 1.1 e-05
Nb-94 6.5e+01 9.0e+00 4.7e+01 1.5e+02 1.8e+02 2.3e-01 3.2e-02 1.7e-01 5.2e-01 6.3e-01
Nb-95 1.7e+01 1.8e+00 1.1e+01 3.9e+O1 5.Oe+01 5.9e-02 6.5e-03 3.9e-02 1.4e-01 1.8e-01
Mo-93 1.5e-02 1Ae-03 9.1e-03 3.8e-02 4.8e-02 5.3e-05 5.2e-06 3.2e-05 1.3e-04 1.7e-04
Tc97f -3.- ,¾' '-,-4.4e03-,-,' 6.3433e03" f.0e-02 .i2e-02; 1.6 5 22e-O6 i.2e"O5;: 3.6e-05,4.3 0
To-97m 1.e-02 1.6e-03 7.8e-03 2.5e-02 3.0e-02 3.9e-05 5.6e-06 2.8e-05 8.9e-05 1.1e-04
Tc-99 4.7e-03 6.9e-04 3.0e-03 1.1e-02 1.4e-02 1.7e-05 2.4e-06 1.1e-05 4.0e-05 5.1e-05
Ru-103 1.Oe+01 1.2e+00 6.8e+00 2.4e+01 3.Oe+01 3.7e-02 4.2e-03 2.4e-02 8.6e-02 1.1e-01
Ru-106 8.3e+00 1.2e+00 6.1e+OO 1.9e+O1 2.3e+01 3.0e-02 4.1e-03 2.2e-02 6.7e-02 8.1e-02
Ag 08m-r/--'+ A'6e+01 ,i 8.9&+bdg 51,,1-> ;e+2,#18 0.!,,^'2 .
Ag-110m 1.0e+02 1.5e+01 7.7e+01 2.4e+02 2.8e+02 3.7e-01 5.1e-02 2.7e-01 8.5e-01 1.0e+00
Cd-109 1.6e-01 2.3e-02 1.2e-01 3.7e-01 4.4e-01 5.7e-04 8.3e-05 4.2e-04 1.3e-03 1.6e-03
Sn-113 7.8e+00 1.1e+00 5.7e+00 1.8e+01 2.1e+01 2.8e-02 3.8e-03 2.0e-02 6.4e-02 7.7e-02
Sb-124 5.3e+01 6.8e+00 3.7e+01 1.2e+02 1.5e+02 1.9e-01 2.4e-02 1.3e-01 4.4e-01 5.3e-01
Sb-125>J >'i.6e-,+01' 2.2e+4.00 2j: 1-2e+013.6e, i .3 ±0 _½5.,68-^2:'7,.8e,3' i&.ie 2, 1.3e,1.01
Te-123m 3.3e+00 4.5e-01 2.4e+00 7.7e+00 9.1e+00 1.2e-02 1.6e-03 8.6e-03 2.7e-02 3.3e-02
Te-127m '1.8e-01 2.5e-02 1.3e-01 4.2e-01 5.0e-01 6.5e-04 9.0e-05 4.7e-04 1.5e-03 1.8e-03
1-125 1.Oe-01 1.3e-02 7.0e-02 2.5e-01 3.1e-01 3.7e-04 4.5e-05 2.5e-04 8.8e-04 1.e-03
1-129 5.7e-01 -49e-02 3.4e-01 1.5e+00 1.9e+00 2.0e-03 1.7e-04 1.2e-03 5.2e-03 6.7e-03

1 -1 ,,1.9e+0O', 2.le-2'...6e-0.-c:'55e+O0. 9.5e+0 '6.8e03,, 7.5e05-1.6e-03;. - 2.0e,025;3i.e-02:;
Cs-134 6.1e+01 8.5e+00 4.5e+01 1.4e+02 1.7e+02 2.2e-01 3.0e-02 1.6e-01 4.9e-01 6.0e-01
Cs-135 9.4e-03 6.0e-04 5.3e-03 2.5e-02 3.2e-02 3.4e-05 2.1e-06 1.9e-05 8.8e-05 1.1e-04
Cs-137 2.3e+01 3.2e+00 1.7e+01 5.2e+01 6.2e+01 8.1e-02 1.e-02 5.9e-02 1.8e-01 2.2e-01
Ba-133 1.3e+01 1.8e+00 9.4e+00 2.9e+01 3.5e+01 4.6e-02 6.4e-03 3.4e-02 1.0e-01 1.3e-01
Ce-139^- ,. >.3.5et0:-,4.7e-0V2.250+00.--7.9e+00,'-9.Se+O0 ;--''-i12e-02---.-1.'Te-3¾ 90 03' 2.8e0.: 3.4-2
Ce-141 1.Oe+00 1.1e01 6.7e-01 2.5e+00 3.2e+00 3.7e-03 4.0e-04 2.4A03 8.8e-03 1.1e-02
Ce-144 2.2e+00 3.0e-01 1.6e+00 4.9e+00 5.9e+00 7.7e-03 1.e-03 5.7e-03 1.8e-02 2.1e-02
Pm-147 1.8e03 4.2e04 1.3e-03 4.1e-03 5.1e-03 6.6e-06 1.5e-06 4.6e-06 1.5e-05 1.8e-05
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Appendix 1-2 Noffnalized Effective Doses from Concrete

Table 12.14 Normalized effective doses from all pathways: Disposal-industrial
a d Mass-based effective dose (pSvly per Bq/g) Surficial effective dose (uSv/y per Bq/cm2)

Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
Sm-151 7.7e-04 2.5e-04 5.8e-04 1.6e-03 1.9e-03 2.8e-06 9.0e-07 2.1e-06 5.6e-06 6.9e-06
Eu-152 ,,:A.7e+0l .~j6.5e.O0 .- 3.4e+01 ,~i.1e+O e40.7e-0l v2.3e-02_1.2e0l.&01 f''c-A'.6e-01

Eu-154 5.1e+01 7.1e+00 3.8e+01 12e+02 l.e+02 1.8e-01 2.5e-02 1.3e-01 4.2e-01 5.0e-01
Eu-155 1.1e+00 t.6e-01 8.4e-01 2.6e+00 3.1e+00 4.1e-03 5.7e-04 3.0e-03 9.2e-03 1.1e-02
Gd-153 1Ae+00 1.9e-01 I.Oe+OO 3.1e+00 3.7e+00 4.9e-03 6.8e-04 3.6e-03 t.1e-02 t.3e-02
Tb-160 3Ae+01 4.4e+00 2.4e+01 7.8e+01 9.3e+01 1.2e-01 1.6e-02 8.4e-02 2.8e-01 3.3e-01
,tm-70-r,.~ ".-'9-8.9e402 *1 __ <6 5e 02-'2.-01 2.40e,01- 23 e-0.4~ e-05 23e-0~-.e0 ,7= .6e-_
Tn-171 7.0e-03 1.1e-03 5.2e-03 1.6e-02 t.9e-02 2.5e-05 3.7e-06 1.9e-05 5.7e-05 6.8e-05
Ta-182 4.3e+01 5.9e+00 3.1e+01 1.0e+02 1.2e+02 1.5e41 2.1e-02 1.1e-01 3.5e-01 4.2e-01
W-181 3.8e-01 5.2e-02 2.8e-01 8.7e-01 1.Oe+00 1.4e-03 1.8e-04 9.8e-04 3.1e-03 3.7e-03
W-185 3.5e-03 4.4e-04 2.4e-03 8.2e-03 1.Oe-02 1.2e-05 1.6e-06 8.4e-06 2.9e-05 3.6e-05

Ir-192 2.2e+01 2.9e+00 1.6e+01 5.te+01 6.1e+01 7.9e-02 t.Oe-02 5.6e-02 1.8e-01 2.2e-01
Tl-204 3.3e-02 4.6e-03 2.4e-02 7.6e-02 9.0e-02 1.2e-04 1.7e-05 8.6e-05 2.7e-04 3.2e-04
Pb-210 4.6e+00 5.6e-01 2.8e+00 1.2e+01 1.5e+01 1.7e-02 2.0e-03 9.8e-03 4.2e-02 5.3e-02
Bi-207 6.3e+01 8.7e+00 4.6e+01 1.4e+02 1.7e+02 2.2e-01 3.1e-02 1.6e-01 5.1e-01 6.1e-01
Po-- *.:,O,2 -01 t74 1 tK2.7 e+004'+3-e+e,03 ,.-7.9e-04, 2.6e-03
Ra-226 7.7e+01 1.te+01 5.6e+01 1.7e+02 2.1e+02 2.7e-01 3.9e-02 2.0e-01 6.2e-01 7.4e-01
Ra-228 4.5e+01 6.6e+00 3.4e+01 1.0e+02 1.2e+02 1.6e-01 2.3e-02 1.2e-01 3.7e-01 4.4e-01
Ac-227 2.6e+01 7.4e+00 2.1e+01 5.2e+01 6.0e+01 9.3e-02 2.6e-02 7.4e-02 1.8e-01 2.1e-01
Th-228 7.0e+01 1.2e+01 5.2e+01 1.6e+02 1.9e+02 2.5e-01 4.te-02 1.9e-01 5.5e-01 6.6e-01
Th229',,,: 4Zv2J 2.3e,+01 ,.'8.2e+00_ 2.Oe+O1 :;'4.2e+0I-- -~,.Be.01 <-8.3042 2.9e-02_T-7.le-02 V.5o-01 <-t.7e-01
Th-230 4.4e+00 2.2e+00 4.1e+00 6.8e+00 7.6e+00 1.6e-02 7.9e03 1.5e-02 2Ae-02 2.7e-02
Th-232 5.1e+00 2.4e+00 4.7e+00 8.1e+00 9.2e+00 1.8e-02 8.6e-03 1.7e-02 2.9e-02 3.3e-02
Pa-231 1.6e+01 7.4e+00 1Ae+01 2.5e+01 2.8e+01 5.6e-02 2.6e-02 5.1e-02 8.8e-02 1.Oe-01
U-232 7.2e+00 2.6e+00 6.0e+00 1.3e+01 1.6e+01 2.6e-02 9.3e-03 2.1e-02 4.8e-02 5.6e-02
J-2334 ~ .,,:,:^1.te+00'5.5e-Ot . .Oe40 I 1.7e400 ,'.9s+00:3.9e43 --'2.0eD03 53.6e&d3 f5.9e-032 .6.7e4-3

U-234 t.1e+00 5.4e-01 1.Oe+00 1.6e+00 1.8e+00 3.8e-03 1.9e-03 3.6e-03 5.8e-03 6.6e-03
U-235 5.9e+00 1.2e+00 4.6e+00 1.3e+01 1.5e+01 2.1 e-02 4.4e-03 1.6e-02 4.5e-02 5.3e-02
U-236 9.9e-01 5.0e-01 9.3e-01 1.5e+00 1.7e+00 3.5e-03 1.8e-03 3.3e03 5.4e-03 6.1 e-03
U-238 1.9e+00 6.2e-01 1.6e+00 3.6e+00 4.1e+00 6.8e-03 2.2e03 5.7e-03 1.3e-02 1.5e-02
Np237 z-.9.5e'+00.--.'2 00 ,> ,7.60+00 .ei2.Xe+0 i 0e01.ie 02 ,'. 3e3 2e42, 7.0Np,2 J 0 7-02 L'.~2,~ .e0
Pu-236 2.0e+00 1.Oe+00 1.8e+00 3.0e+00 3.3e+00 7.0e-03 3.6e-03 6.6e-03 1.1e-02 1.2e402
Pu-238 4.8e+00 2.4e+00 4.4e+00 7.3e+00 8.2e+00 1.7e-02 8.5e-03 1.6e-02 2.6e-02 3.0e-02
Pu-239 5.1e+00 2.6e+00 4.8e+00 7.8e+00 8.8e+00 1.8e-02 9.1e-03 1.7e-02 2.8e-02 3.2e-02
Pu-240 5.1e+00 2.6e+00 4.8e+00 7.8e+00 8.8e+00 1.8e42 9.1e-03 1.7e-02 2.8e-02 3.2e-02
'241 ' - '9ie,2--4.7,e-.4 - 3.ie 5.2 4 -- 5.9f-e4

Pu-242 4.9e+00 2.5e+00 4.6e+00 7.6e+00 8.5e+00 1.8e-02 8.8e-03 1.6e-02 2.7e-02 3.1 e-02
Pu-244 1.8e+01 4.6e+00 1.5e+01 3.8e+01 4.4e+01 6.6e-02 1.6e-02 52e-02 1.3e.-1 1.6e-01
Am-241 4.5e+00 2.2e+00 4.2e+00 7.0e+00 7.9e+00 1.6e-02 7.8e-03 1.5e-02 2.5e-02 2.8e-02
Am-242m 4.7e+00 2.2e+00 4.4e+00 7.4e+00 8.3e+00 1.7e-02 8.0e-03 1.6e-02 2.6e-02 3.0e-02

in243^ -< s -,, 't Oe ,+01i-,*.3.1e+00 -8.4e+00 .2i.-t9e+,0i,2.2e01' -+ 0 * '.ie 2

Cm-242 4.5e4-1 2Ae-01 4.3e-01 6.4e4-1 7.1e4-1 1.6e-03 8.7e-04 1.Se-03 2.3e-03 2.6e-03
Cm-243 6.9e+00 2.2e+00 5.9e+00 1.3e+01 1.5e+01 2.5e-02 . 7.9e-03 2.1 e-02 4.7e-02 5.4e-02
Cm-244 2.7e+00 1 .3e+00 2.5e+00 4.0e+00 4.5e+00 9.5e-03 4.8e-03 8.8e-03 Ae4-02 1 .6e-02

Cm-245 6.5e+00 2.5e+00 5.7e+00 1.1e+01 1.3e+01 2.3e-02 9.1e-03 2.1e-02 4.0e-02 4.6e-02

Cm-246'6 ... 6e. 00;.4e+00,C 0 .5e-0 +.7;7e-03 'Ae-027.72e402_ _2.7 e-02.
Cm-247 1.6e+01 3.9e+00 1.3e+01 3.4e+01 3.9e+01 '5.8e-02 1Ae-02 4.6e-02 1.2e-01 1.4e4-1
Cm-248 1.5e+01 7.6e+00 1Ae+01 2Ae+01 2.7e+01 5.5e-02 2.7e-02 5.1e-02 8.4e-02 9.6e-02
Bk-249 1.9e02 8.6e-03 1.7e-02 3.1 e-02 3.6e-02 6.8e4-O 3.1 e-45 6.2e-05 1.1 e-04 1.3e-04
Cf-248 8.3e-01 4.5e-01 8.0e-01 1.2e+00 1.3e+00 3.0e-03 1.6e-03 2.8e-03 4.4e3 4.8e-03

;f249, . +-, 1.,90 5.60+00 1.60 ... 38e+01 .-. 4.4e01, ' ., 69e-20 I2.0e2 5.e e _O .6e1i

Cf-250 3.4e+00 1.7e+00 32e+00 5.2e+00 5.9e+00 1.2e-02 6.2e-03 t.1e-02 1.9e-02 2.1e-02

Cf-251 1.1e+01 4.3e+00 9.6e+00 1.8e+01 2.1e+01 3.8e-02 1.5e-02 3.4e-02 6.6e-02 7.5e-02

Cf-252 2.0e+00 1.0e+00 1.9e+00 3.0e+00 3.3e+00 7.1 e-03 3.6e-03 6.6e-03 1.1e-02 1.2e-02
Cf-254 3.1e+00 1.2e+00 2.6e+00 5.5e+00 6.7e+00 1.1e-02 4.2e-03 9.3e-03. 2.0e-02 2.4e-02
Es-254 '- ' '-3.5ie01.- 5.3e00. 2.6 +01:7.9e+0iU: 9.4e401i '>- 2e-i: Oi.9e42 92e-27 2.8.-i 34e-O1

Note: To convert these values to conventional units (mremly per pCVg or mrem/y per pCiIcrn), multiply by 3.7e-3
_-7 _N_ _G_ _ .
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Normalized Effective Doses from Concrete Appendix 1-2
Table 12.15 Normalized effective doses from external exposure: Disposal-industrial

Radionuclide Mass-based effective dose (pSvly per Bq/g) Surficial effective dose (pSv/y per BqIcm2)
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

H-3 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+0O O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+OO
C-14 7.8e-05 1.1e-05 5.7e-05 1.8e-04 2.1e-04 2.8e-07 3.9e-08 2.0e-07 6.3e-07 7.6e-07
Na-22 8.9e+01 1.2e+O1 6.5e+01 2.0e+02 2.4e+02 3.2e-01 4.4e-02 2.3e-01 7.2e-01 8.7e-01
P-32 3.7e-02 1.9e-03 1.8e-02 1.Oe-01 1.5e-01 1.3e-04 6.5e-06 6.3e-05 3.6e-04 5.3e-04

S e , '' ''jO6'607 S'i.A3.1e-08- 1.7eO07' 5.4e .e-O 5 07-~
Ci-36 1.8e-02 2.5e-03 1.3e-02 4.0e-02 4.8e-02 6.3e-05 8.8e-06 4.6e-05 1.4e-04 1.7e-04
K-40 7.1e+00 9.9e-01 5.2e+00 1.6e+O1 1.9e+01 2.5e-02 3.5e-03 1.9e-02 5.7e-02 6.9e-02
Ca-41 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-45 3.3e-04 4.5e-05 2.4e-04 7.5e-04 8.9e-04 1.2e-06 1.6e-07 8.5e-07 2.7e-06 3.2e-06
S 4646:e+O 1 .56+004.6e+O,0 .6eOj55.3eOV'.6.3e1'
Cr-51 5.2e-01 5.le-02 3.3e-01 1.3e+00 1.7e+00 1.9e-03 1.8e-04 1.2e-03 4.5e-03 5.9e-03
Mn-53 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mn-54 3.2e+01 4.4e+00 2.3e+O1 7.2e+01 8.7e+01 1.1e-01 1.6e-02 8.3e-02 2.6e-01 3.1e-01
Fe-55 O.Oe+00 O.Oe+OO O.Oe+O0 O.Oe+OO O.Oe+00 O.Oe+OO' O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+O0

F59 -o,3.et o 3,7, < 2ie, 1-72e+1 ,.9 , ,1i 0,;3 , -:r5e 2A'x' r 2 fSi Oii
Co-56 1.2e+02 1.6e+01 8.4e+01 2.7e+02 3.3e+02 4.2e-01 5.6e-02 3.0e-01 9.7e-01 1.2e+00
Co-57 3.Oe+00 4.1e-01 2.2e+00 6.7e+00 8.0e+00 1.1e-02 1.5e-03 7.7e-03 2.4e-02 2.9e-02
CO-58 2.9e+01 3.7e+00 2.Oe+01 6.6e+01 7.9e+01 1.0e-01 1.3e-02 7.2e-02 2.4e-01 2.8e-01
Co-60 1.1e+02 1.5e+01 7.9e+01 2.5e+02 2.9e+02 3.8e-01 5.4e-02 2.8e-01 8.7e-01 1.1e+00
NJ59 0.'0N e <,^ '0.00.0e+0 O.0e+0O;~ .Oe+OO; .Oe+0 .AO.Oe+00 O.Oe OO 0.06e,+,O.Oe+
Ni-63 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zn-65 2.3e+01 3.1e+00 1.7e+01 5.1e+01 6.le+01 8.0e-02 1.1e-02 5.9e-02 1.8e-01 2.2e-01
As-73 4.2e-02 5.5e-03 3.0e-02 9.6e-02 1.1e-01 1.5e-04 2.0e-05 1.1e-04 3.4e-04 4.le-04
Se-75 1.1e+01 1.4e+00 7.8e+00 2Ae+01 2.9e+01 3.8e-02 5.le-03 2.8e-02 8.7e-02 1.0e-01

'-. 3.43 4e-02ie'I1.1Q0I.46 Ot
Sr-89 6.8e-02 8.4e-03 4.7e-02 1.6e-01 1.9e-01 2.4e-04 3.0e-05 1.7e-04 5.6e-04 6.9e-04
Sr-90 2.9e-01 4.0e-02 2.1e-01 6.6e-01 7.9e-01 1.Oe-03 1.4e-04 7.6e-04 2.3e-03 2.8e-03
Y-91 1.8e-01 2.3e-02 1.3e-01 4.2e-01 5.le-01 6.5e-04 8.2e-05 4.5e-04 1.5e-03 1.8e-03
Zr-93 2.1e-06 1.4e-07 1.2e-06 5.3e-06 6.9e-06 7.3e-09 5.2e-10 4.1e-09 1.9e-08 2.5e-08

95'- '..='.e ='O'4.5etOL 24,O..eojt.8i 2e O1U. 1.e2-'fi8.'.5eOF 0 26 13.26-01-
Nb-93m 5.2e-04 7.3e-05 3.8e-04 1.2e-03 1.4e-03 -1.9e-06 2.6e-07 1.4e-06 4.2e-06 5.le-06
Nb-94 6.5e+01 9.0e+00 4.7e+01 1.5e+02 1.8e+02 2.3e-01 3.2e-02 1.7e-01 5.2e-01 6.3e-01
Nb-95 1.7e+01 1.8e+00 1.1e+01 3.9e+01 5.Oe+01 5.9e-02 6.5e-03 3.9e-02 1.4e-01 1.8e-01
Mo-93 3.0e-03 4.1e-04 2.2e-03 6.8e-03 8.le-03 1.1e-05 1.5e-06 7.8e-06 2.4e-05 2.9e-05
Tc 97 - .0e- 03:t5.6e04 ra 2.9'e03 49.2e03 ' 1"f'i . __ 1.0e05 ,0
To-97m 8.3e-03 1.1e-03 5.9e-03 1.9e-02 2.3e-02 3.0e-05 3.9e-06 2.1e-05 6.8e-05 8.1e-05
Tc-99 7.7e-04 1.1e-04 5.6e-04 1.8e-03 2.1e-03 2.7e-06 3.8e-07 2.0e-06 6.2e-06 7.5e-06
Ru-103 1.Oe+01 1.2e+00 6.8e+00 2.4e+01 3.0e+01 3.7e-02 4.2e-03 2.4e-02 8.6e-02 1.1e-01
Ru-106 8.3e+00 1.2e+00 6.1e+00' 1.9e+01 2.2e+01 2.9e-02 4.le-03 2.2e-02 6.7e-02 8.1e-02
Ag-108m t 6.440ik2,8.9e+00 4.7e+0 1 ' .:1.5e+02 ,, 1.7e+02'2.30 ,, 3.2e-02j. 1 ;7e 01'T. 6.3e-01 4
Ag-i lOm 1.0e+02 1.5e+01 7.7e+01 2.4e+02 2.8e+02 3.7e-01 5.1e-02 2.7e-01 8.5e-01 1.Oe+00
Cd-109 1.5e-01 2.1e-02 1.1e-01 3.4e-01 4.le-01 5.4e-04 7.5e-05 4.0e-04 1.2e-03 1.5e-03
Sn-113 7.8e+00 1.1e+00 5.7e+00 1.8e+01 2.1e+01 2.8e-02 3.8e-03 2.0e-02 6.4e-02 7.7e-02
Sb-124 5.3e+01 6.8e+00 3.7e+01 1.2e+02 1.5e+02 1.9e-01 2.4e-02 1.3e-01 4.4e-01 5.3e-01
Sb125L.>"51 .68+0,'12.2e+0O6.2e,+il 3.6e+O1- -4.3'e+01_'5.6e-02 8e 3; iie2 ,,
Te-123m 3.3e+00 4.5e-01 2.4e+00 7.7e+00 9.1e+00 1.2e-02 1.6e-03 8.6e-03 2.7e-02 3.3e-02
Te-127m 1.7e-01 2.3e-02 1.3e-01 4.0e-01 4.7e-01 6.2e-04 8.3e-05 4.5e-04 1.4e-03 1.7e-03
1-125 5.8e-02 7.3e-03 4.0e-02 1.3e-01 1.6e-01 2.1e-04 2.6e-05 1.4e-04 4.8e-04 5.7e-04
1-129 6.8e-02 9.5e-03 5.0e-02 1.6e-01 1.9e-01 2.4e-04 3.4e-05 1.8e-04 5.5e-04 6.6e-04
l-131! :.> --1.9e+00{t 2.le-02j ,;4.6e-01- 5.5e+00;-9.5e+0'-, ,6.7eO3 7.5- 053 :164 2e0e02' 3.3&02
Cs-134 6.1e+01 8.5e+00 4.5e+01 1.4e+02 1.7e+02 2.2e-01 3.0e4-2 1.6e4-1 4.9e-41 6.0e4-1
Cs-135 2.3e-04 3.2e-05 1.7e-04 5.2e-04 6.2e-04 8.1e-07 1.1e-07 6.0e-07 1.8e-06 2.2e-06
Cs-137 2.3e+01 3.2e+00 1.7e+01 5.2e+01 6.2e+01 8.1e-02 1.1e-02 5.9e-02 1.8e-41 2.2e401
Ba-133 1.3e+01 1.8e+00 9.4e+00 2.9e+01 3.5e+O1 4.6e-02 6.4e-03 3.4e-02 1.0e-41 1.3e-01
Ce-i39 J'.'','' ,' 35e+00'.'; 4.7e O ; 2.5e+00 7.9.e+00-O' 9.5.+0 -Ž 1.2e 2 ,,'1.7e-03'i 9.0e 03, 2.' '3.ie -02
Ce-141 1.Oe+00 1.e-01 6.7e-01 2.4e+00 3.2e+00 3.7e-03 3.9e-04 2.4e-03 8.8e-03 1.1e-02
Ce-144 2.1e+00 3.0e-01 1.6e+00 4.9e+00 5.8e+00 7.6e-03 1.le-03 5.6e-03 1.7e-02 2.1e-02
Pm-147 3.0e-04 4.le-05 2.2e-04 6.8e-04 8.1e-04 1.1e-06 1.5e-07 7.8e-07 2.4e-06 2.9e-06

NUREG-1640 1-76



App~endix I-2 Normalized Effective Doses from Concrete

Table 12.15 Normalized effective doses from external exposure:, Disposal-industrial
Mass-based effective 'dose (pSv/y per Bq/g) Surficial effective dose (ipSvly per Bq/cm2 )

Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
Sm-151 4.8e406 6.7e-07 3.5e-06 1.e-05 1.3e-05 1.7e-08 2.4e-09 1.3e-08 3.9e-08 4.7e-08
Eu 152.- 4.T +01^6.5e+00.- e+01:,J1.1e+02 iO.3e+02,,,-- -1'.7e-01 ',2.30212& 013.8e 01,'4.6e0i
Eu-154 5.1e+01 7.1e+00 3.8e+01 1.2e+02 1.4e+02 1.8e-01 2.5e-02 1.3e-01 4.2e-01 5.0e-01
Eu-155 1.1e+00 1.6e-01 8.3e-01 2.6e+00 3.1e+00 4.0e-03 5.6e-04 3.0e-03 9.2e-03 1.1e-02
Gd-153 1.4e+00 1.9e-01 1.0e+00 3.1e+00 3.7e+00 4.9e-03 6.7e-04 3.6e-03 1.1e-02 1.3e-02
Tb-160 3.4e+01 4.4e+00 2.4e+01 7.8e+01 9.3e+01 1.2e-01 1.6e-02' 8.4e-02 2.8e-01 3.3e-01
,Tm-170 We 6.f _- re 3.0e -04A.e05 ..'22e4'6.8e- _28.1e204
Tm-171 6.4e-03 9.0e-04 4.7e-03 1.5e-02 1.8e-02 2.3e-05 3.2e-06 1.7e-05 5.2e-05 6.3e-05

* Ta-182 4.3e+01 5.9e+00 3.1e+01 1.Oe+02 1.2e+02 1.5e-01 2.1e-02 1.1e-01 3.5e-01 4.2e-01
W-181 3.8e-01 5.2e-02 2.8e-01 8.7e-01 1.0e+00 1Ae-03 1.8e-04 9.8e-04 3.1e-03 3.7e403
W-185 2.0e03 2.6e-04 .4e-03 4.6e-03 5.5e-03 7.1 e-06 9.3e-07 5.0e-06 1.6e-05 2.0e-05

Ir-192 2.2e+01 2.9e+00 1.6e+01 5.1e+01 6.1e+01 7.9e-02 1.Oe-02 5.6e-02 1.8e-01 2.2e-01
T1-204 2.7e-02 3.8e-03 2.0e-02 6.2e-02 7.4e-02 9.7e-05 1.3e-05 7.1e-05 2.2e-04 2.6e-04
Pb-210 5.3e-02 7.4e-03 3.9e-02 1.2e-01 1Ae-01 1.9e-04 2.6e-05 1.4e-04 4.3e-04 5.2e-04
Bi-207 6.3e+01 8.7e+00 4.6e+01 1.4e+02 1.7e+02 2.2e-01 3.1e-02 1.6e-01 5.1e-01 6.1e-01
P>2i o 2.9e,'.0-052.2e404 Di:.8e0e44 , 1.0eOe46 ^ .Oe7)64A4 ,.29e-06
Ra-226 7.5e+01 1.Oe+01 5.5e+01 1.7e+02 2.1e+02 2.7e01 3.7e-02 2.0e-01 6.1 e-01 7.3e401
Ra-228 4.2e+01 5.9e+00 3.1e+01 9.6e+01 1.1e+02 1.5e-01 2.1e42 1.le-01 3.4e-01 4.1e01
Ac-227 1.3e+01 1.8e+00 9.7e+00 3.0e+01 3.6e+01 4.7e-02 6.6e-03 3.5e-02 1.1e-01 1.3e01
Th-228' 6.6e+01 9.3e+00 4.9e+01 1.5e+02 1.8e+02 2.4e-01 3.3e-02 1.7e-01 5.4e-01 6.5e-01
Th-229 ,.0 e+01 __ -5 12.7ee2 401 2.0e1
Th-230 1.1e-02 1.4e-03 7.6e-03 2.5e-02 3.0e-02 3.8e-05 5.1 e06 2.7e-05 8.8e-05 I.Ie-04
Th-232 4.9e-01 3.4e-02 2.7e-01 1.2e+00 1.6e+00 1.7e-03 1.2e-04 9.7e-04 4.4e-03 5.8e-03
Pa-231 1.3e+00 1.8e-01 9.5e-01 3.0e+00 3.5e+00 4.6e-03 6.4e-04 3.4e-03 1.1e-02 1.3e-02
U-232 2Ae+00 1.7e-01 1.3e+00 6.0e+00 7.9e+00 8.4e-03 6.0e-04 4.8e-03 2.1e-02 2.8e-02

U233',-7,1: &0-¢.~~g'e3 &1:3e-03 ,'-.7&03 ;''2.Ie-2 Y2.5e 02 :.-~,3,2.O5 -'§4 5e.06 2.45'i>.ie4e.5+-8.8e45
U-234 -2.4e03' 3.4e-04 1.8e-03 5.6e03 6.7e-03 8.7e06 1.2e-06 6.4e-06 2.0e-05 2.4e05
U-235 4.9e+00 6.8e-01 3.6e+00 1.1e+01 1.3e+01 1.7e02 2.4e-03 1.3e-02 4.0e-02 4.8e02
U-236 1.3e-03 1.8e-04 9.3e-04 2.9e-03 3.4e03 4.5e-06 6.3e-07 3.3e-06 1.0e05 1.2e-05
U-238 9.7e-01 1.4e-01 7.2e-01 2.2e+00 2.7e+00 3.5e403 4.9e-04 2.6e-03 7.9e-03 9.5e-03
Np-237.54e7.2'0 0OE1.0e,00,45.3e+00 .46e e2 - 3.68-3 9e2e508e22 .O'2
Pu-236 2.7e403 2.7e-04 1.7e-03 6.5e-03 8.6e-03 9.6e-06 9.6e-07 6.1e-06 2.3e-05 3.1e405
Pu-238 8.3e-04 1.2e-04 6.1e-04 1.9e-03 2.3e-03 3.0e-06 4.1e-07 2.2e-06 6.7e-06 8.1e-06
Pu-239 1.9e03 2.6e-04 1Ae-03 4.3e-03 5.1e-03 6.7e-06 9.3e-07 4.9e06 1.5e-05 1.8e-05
Pu-240 8.0e-04 1.1e-04 5.9e-04 1.8e-03 2.2e-03 2.9e06 4.0e-07 2.1e-06 6.5e-06 7.8e-06
,P~u'241,',; '. 7.8e405 _9.5e-6 5.3eEl5 4 3.4e-08 gi.9e4 71 6.5ei,_8.1e-07
Pu-242 7.0e-04 9.8e-05 5.2e-04 1.6e03 1.9e-03- 2.5e-06 3.5e-07 I.8e-06 5.7e-06 6.9e-06
Pu-244 1.4e+01 1.9e+00 1.0e+01 3.1e+01 3.7e+01 4.8e-02 6.8e-03 3.6e-02 1.1e-01 1.3e-01
Amn-241 2.6e01 3.7e-02 1.9e01 6.0e-01 7.2e-01 9.4e-04 1.3e-04 6.9e-04 2.1e-03 2.6e-03
Arzn-242m 4.3e-01 6.1e-02 3.2e-01 9.9e-01 1.2e+00 1.6e03 2.2e-04 1.1e-03 3.5e-03 42e-03
Aii-243,T<5:8e+00E8. 01, ,4.2e+00 -',.13e+01' 16e+01 .',- 120;je2' 2.9e-03-11.5 -02 .ie2 56, 2
Cm-242 7.9e-04 1.1e-04 5.8e-04 1.8e403 2.2e-03 2.8e-06 3.9e-07 2.0e-06 6.4e06 7.7e-06
Cm-243 3.8e+00 5.3e-01 2.8e+00 8.6e+00 1.Oe+01 1.3e-02 1.9e-03 9.9e-03 3.1e-02 3.7e-02
Cm-244 6.3e-04 8.8e-05 4.7e-04 1.4e-03 1.7e-03 2.3e-06 3.2e-07 1.7e406 5.1e-06 6.2e406
Cm-245 2.2e+00 3.0e-01 1.6e+00 5.0e+00 5.9e+00 7.8e-03 1.1e-03 5.7e-03 1.8e402 2.1 e402
Cm-24i6,.9e-04 82e-05 406.;3e'04 40.3e431 37Žjk2Ie-6 -- 2.9 -07 5-05 4.8406,,z57e46
Cm-247 1.2e+01 1.7e+00 9.0e+00 2.8e+01 3.3e+01 4.4e-02 6.1 e-03 3.2e-02 9.9e-02 1.2e-01
Cm-248 4Ae-04 6.2e-05 3.3e-04 1.0e-03 1.2e-03 1.6e-06 2.2e-07 1.2e-06 3.6e-06 4.3e-06
Bk-249 2.2e-03 1.7e-04 1.3e-03 5.7e-03 7.5e-03 8.0e-06 5.9e07 4.6e-06 2.0e-05 2.7e-05
Cf-248 5.8e-04 8.1e-05 4.3e-04 1.3e-03 1.6e-03 2.1e-06 2.9e-07 I1.5e46 4.7e406 5.7e-06
Cf-249 ,12e+01 ,1.7e+00,, 9. Oe+0 . 2.8e+,01: -3.3e'+01, -. 4.ie4A02 i 12 02 _.
Cf-250 5.9e-04 8.2e-05 4.3e-04 1.3e-03 1.6e-03 2.1e-06 2.9e-07 1.5e-06 4.8e-06 5.7e406
Cf-251 3.4e+00 4.8e-01 2.5e+00 7.8e+00 9.3e+00 1.2e402 1.7e-03 8.9e-03 2.8e-02 3.3e-02
Cf-252 9Ae-04 1 .3e-04 6.9e-04 2.1 e-03 2.6e-03 3Ae-06 4.7e-07 2.5e-06 7.6e-06 9.2e-06
Cf-254 1.3e-06 1.7e-07 9.1 e407 3.0e-06 3.6e-06 4.7e-09 6.0e-10 3.3e-09 1.1e-08 1.3e-08
Es-254 ;-i3Ae+01 :4.8e+00-2.5e+01 7.8e+01. 9.3e+01 - -12e41 -- '1.7e-02 68.9e402;7' 2.8e01 ' 3.3e-01
Note: To convert these values to conventional units (mremly per pCIg or mremly per pCilcmrn, multiply by 3.7e-3
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Normalized Effective Doses from Concrete Appendix 1-2Normlize Effciv Doss frm Cocret Apeni -2
Table 12.16 Normalized effective doses from Inhalation: Disposal-industrial

Mass-based effective dose (uSv/y per Bq/g)
Radionucide Mean 5th 50th 90th 95th

Surficial effective dose (pSv/y per Bq/cm)
Mean 5th 50th 90th 95th

H-3 5.1e-06 3.0e-06 4.9e-06 7.0.-06 7.7e-06 1.8e-48 1.1e-08 1.7e-08 2.5e-08 2.8e-08
C-14 7.2e-05 4.2e-05 7.0e-05 9.9e-05 1.1e-04 2.6e-07 1.5e-07 2.5e-07 3.6e-07 3.9e-07
Na-22 2.4e-04 1.4e-04 2.3e-04 3.3e-04 3.7e44 8.7e4-7 5.0e-07 8.4e-07 1.2e-06 1.3e-06
P-32 9.4e-05 1.4.-05 6.3e-05 2.2e-04 2.7e-04 3.4-07 5.1e-08 2.2e-07 7.8e-07 9.5e-07

S-35i'r t> . 0' 9 7045_1 O_58-O5j.1.58,O4L1.,ie + 3 3;707 -2; l07, 1 3.6r7 5.3e 7 6.0 07
CI-36 6.3e-04 3.7e-04 6.1e-04 8.7e-04 9.6e-04 2.3e-06 1.3e-06 2.2e-06 3.1e-06 3.5e-06
K-40 3.7e-04 2.2e-04 3.6e-04 5.1e-04 5.7e-04 1.3e-06 7.8e-07 1.3e-06 1.8e-06 2.0-S06
Ca-41 2.4e-05 1.4e-05 2.3e-05 3.2e-05 3.6e-05 8.4e-08 4.9e-08 8.2e-08 1.2e-07 1.3e-07
Ca-45 2.5e-04 1.4e-04 2.4e-04 3.4e-04 3.8e-04 8.8e-07 5.le-07 8.5e-07 1.2e-06 1.4e-06
S;6,!5 s J~ 4.S.-O458 2.5e-O4i 4i.3e-O46.S~O~7~ .2@31.e-06 ' 8.8.-07.>; i 5eB2306 ;6-.F2.6e-,06j
Cr-51 2.1e-06 7.4e-07 1.8e-06 3.6e-06 4.2-O06 7.3e-09 2.6e09 6.4e-09 1.3e-08 1.5e-08
Mn-53 4.5e-06 2.6e-06 4.3e-06 6.1e-06 6.8-O06 1.6e-08 9.3e-09 1.5e-08 2.2e-08 2.4e-08
Mn-54 1.4e-04 8.1-05 1.3e-04 1.9e-04 2.1e-04 4.9e-07 2.9e-07, 4.8e-07 6.8e-07 7.6e-07
Fe-55 1.1e-04 6.6e-05 1.1e-04 1.Se-04 1.7e-04 4.0e-07 2.3e-07 3.9e-07 5.5e-07 6.le-07

2*9, 5>. 2;20.-O112 e4 .,3. .8.0 4O7.,- 3.7. 4 ~7.4e 07¢ 1.3.- ........- t4.s
Co-56 4.5e-04 2.5e-04 4.3e-04 6.5e-04 7.3e-04 1.6e4-6 8.8e-07 1.5e-O6 2.3e-06 2.6e.-6
Co-57 6.8e-05 4.0e-05 6.6e-05 9.4-05 1.Oe-04 2.4e-07 1.4e-07 2.4e-07 3.4e-07 3.7e-07
Co-58 1.5e-04 8.1.e-05 1.5e-04 2.2e-04 2.5e-04 5.4e-07 2.9e-07 5.2e-07 7.9e-07 8.9e-07
Co-60 2.1e-03 1.2e-03 2.0e4-3 2.9e-03 3.2e-03 7.5e.-6 4.3e-06 7.2e4-6 1.0e-05 1.1e4-5

c;.43, 27e451.6e450-2.7.- v',3.8. 05L - 3
Ni-63 6.5e-05 3.8e.-5 6.3e-05 8.9e.-5 9.8e.-5 2.3e-07 1.3e-07 2.2e-07 3.2e-07 3.5e-07
Zn-65 3.2e-04 1.8e-04 3.0e-04 4.4e-04 4.8e-04 1.1e-06 6.5e-07 1.1e-06 1.6e-06 1.7e-06
As-73 6.0e-05 3.3e-05 5.8e-05 8.7e-05 9.7e-05 2.2e-07 1.2e-07 2.1e-07 3.1e-07 3.5e-07
Se-75 1.7e-04 9.8e-05 1.7e-04 2.4e-04 2.7e-04 6.2e-07 3.5e-07 5.9e-07 8.7e-07 9.7e-07
Sr-85' - 4.9e 4 05, i4 _S Oe4OS07-7.2e-OS>8.Oe.05-; i.ie 1.70i26e-729
Sr-89 1.1e-04 5.5e-05 1.0e-04 1.7e-04 1.9e-04 4.0e-07 1.9e-07 3.7e-07 6.0e-07 6.8e-07
Sr-90 3.9e-03 2.3e-03 3.8e-03 5.4e-03 6.0e-03 1.4e-5 8.2e4-6 1.4e-05 1.9e-05 2.1e-05
Y-91 5.1e-04 2.6e-04 4.8e-04 7.6e-04 8.6e-04 1.8e.-6 9.3e-07 1.7e-06 2.7e-06 3.1e-06
Zr-93 8.2e-04 4.8e-04 8.0e-04 1.1e-03 1.2e-03 2.9e-06 1.7e-06 2.8e-06 4.006 4.5e-06
Zr-95';., i$ '5.2e-04'{7 _ 58 e '' ' >3-6 .7.4. 07&t -- j.9.-OI ;I 2.1 e046
Nb-93m 1.1e-04 6.2e-05 1.0e-04 1.5e-04 1.6e-04 3.8e-07 2.2e-07 3.7e-07 5.3e-07 5.8e-07
Nb-94 3.1e-03 1.8e-03 3.0e-03 4.3e-03 4.7e-03 1.1e-05 6.5e.-6 1.1e.-5 1.5e-05 1.7e4-5
Nb-95 8.6e.-5 3.6e-05 7.8e-05 1.4e-04 1.6e-04 3.1e-07 1.3e-07 2.8e-07 5.1e-07 5.8e-07
Mo-93 1.5e-04 8.8e-05 1.4e-04 2.1e-04 2.3e-04 5.3e-07 3.1e-07 5.2e-07 7.4e-07 8.2e-07

'Tc''9"; '":-~ 'Oe-'5 2'-'-4 1.9e 4 22 i 05,I .- ,.1e4 >4.1e-,;49e' 08j,9.8e 08 _ -'71
Tc-97m 2.6e-04 1.4e-04 2.5e-04 3.7e-04 4.1e-04 9.2e-07 5.0e-07 8.8e-07 1.3e-06 1.5e-O6
TC-99 4.0e-04 2.3e-04 3.9e-04 5.5e-04 6.0e-04 1.4e.-6 8.3e-07 1.4e.-6 2.0e-06 2.2e4-6
Ru-103 1.6e-04 6.9e4-5 1.4e-04 2.5e-04 2.8e-04 5.5e-07 2.4e-07 5.1e-07 8.9e-07 1.0e-06
Ru-106 4.1e-03 2.4e-03 4.0e-03 5.6e-03 6.2e-03 1.5e-05 8.5e.-6 1.4e-05 2.0e.-5 2.2e.-5
Ag-1O8ii;.'. :Ff,2.4e03 x1.403,,'2.38-03 '3.2e432; 3.6e-035< 8.4 06z,4.9 8e 8
Ag-1I1m 8.2e-04 4.8e-04 8.0e-04 1.1e-03 1.3e-03 2.9e-06 1.7e.-6 2.8e.-6 4.1e-06 4.5e.-6
Cd-109 1.1e-03 6.7e-04 1.1e-03 1.6e4-3 1.7e-03 4.0e-06 2.4e-06 3.9e-06 5.6e-06 6.2e4-6
Sn-113 2.0e-04 1.1e-04 1.9e-04 2.7e-04 3.0e-04 7.0e4-7 3.9e-07 6.7e-07 9.8e-07 1.1e.-6
Sb-124 4.0e44 2.1e-04 3.8e-04 5.9e-04 6.7e-04 1.4e.-6 7.3e-071.3e-06 2.1e-06 2.4e-06

SO2>;>-,'48, 28e,047,4 _664 T.e4: -174 |10e6o1~4s .e '+26
Te-123m 3.5e-04 2.0e-04 3.3e-04 4.9e-04 5.4e-04 1.2e-06 7.0e-07 1.2e-06 1.7e-06 1.9e-06
Te-127m 6.4e-04 3.6e-04 6.1e-04 9.0e-04 9.9e-04 2.3e-06 1.3e-06 2.2-O06 3.2e-06 3.6e-06
1-125 6.2e-04 3.2e-04 5.8e-04 9.2e-04 1.0e-03 2.2e-06 1.1e-06 2.1e-06 3.3e-06 3.7e-06
1-129 6.3e-03 3.7e-03 6.1e-03 8.7e-03 9.6e-03 2.3e-05 1.3e-05 2.2e-5 3.1e-05 3.5e-05
1-131, '. 1I.8.-049< 5.2.-O ! 760e-O5-,.5.5e-O44.. -7.3e04:.-O , S.Se-O7, 1.9e-O8' 2.3e-07,,'2.0e-06 42.6e-06
Cs-134 1.2e-03 6.8e-04 1.1e-03 1.6e-03 1.8e-03 4.1e-06 2.4e4-6 4.0e-06 5.7e-06 6.3e-06
Cs-135 1.2e-04 7.2e-05 1.2e-04 1.7e-04 1.9e-04 4.4e-07 2.6e-07 4.2e-07 6.1e-07 6.7e-07
Cs-137 8.3e-04 4.9e-04 8.1e-04 1.1e-03 1.3e-03 3.0e-06 1.7e-06 2.9e-06 4.1e-06 4.5e-06
8a-133 2.2e-04 1.3e-04 2.2e-04 3.1e-04 .3.4e-04 7.9e-07 4.6e-07 7.7e-07 1.1-06 1.2e-06
C.Se, B.40-S^i.4e -92.0e 23e 4 5.2e-07'- 3.0.-07-'5.OT-7,,2- 7.3e -8.1 e7,
Ce-141 2.0e-04 7.9e-05 1.8e-04 3.3e-04 3.8e-04 7.0e-07 2.8e-07 6.3e-07 1.2e-06 1.4e-06
Ce-144 3.3e-03 1.9e-03 3.2e-03 4.6e-03 5.1e-03 1.2e-05 6.9e-06 1.1e-05 1.6e-05 1.8e-05
Pm-147 3.9e-04 2.3e-04 3.8e-04 5.3e-04 5.9e-04 1.4e-06 8.1e-07 1.3e-06 1.9e-06 2.1.-06
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Appendix I-2 Normalized Effective Doses from Concrete

Table 12.16 Normalized effective doses from Inhalation: Disposal-industrial
Mass-based effective dose (pSv/y per BqIg) Surficial effective dose (pSvly per Bq/cm2)

Radionuclide Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
Sm-151 32e-04 1.9e-04 3.1e-04 4.4e-04 4.9e-04 12e-06 6.7e-07 1.1e-06 1.6e-06 1.8e-06
E3i352- ,3, 43e ,- `2.0e 3.2e-03 6 e4.6e _,S.1e- 3 -,.2e 5; 7. , 2&05. , S 6e-95 'i,-518e,0

Eu-154 4.3e-03 2.5e-03 4.2e-03 5.9e-03 6.6e-03 1.5e-05 9.0e-06 1.5e-05 2.1e-05 2.4e-05
Eu-155 5.8e-04 3.4e-04 5.6e-04 7.9e-04 8.8e-04 2.1e-06 12e-06 2.0e-06 2.8e-06 3.1e-06
Gd-153 1.6e-04 9.2e-05 1.5e-04 2.2e-04 2.4e04 5.6e-07 3.3e-07 5.4e-07 7.8e-07 8.6e-07
Tb160_ ' 4.9e-04 2.6e-04 4.6e-04 7.0e-04 7.9e-04 1.7e-06 9.3e-07_ 1.7e-06 2.5e-06 2.8e-06
Tm- i0 .3 54e44 3.1e44v_ ,S24_- 47.5.9e2.7e-064' 3.e-, 06 ~
Tm-171 1.1e-04 6.4e-05 1.1e-04 1.Se-04 1.7e-04 3.9e-07 2.3e-07 3.8e-07 5.4e-07 6.0e-07
Ta-182 7.5e-04 4.2e-04 7.2e-04 1.1e-03 1.2e-03 2.7e-06 1.5e-06 2.6e-06 3.8e-06 4.2e-06
W-181 4.4e-06 2.5e46 4.2e-06 6.2e-06 6.8e-06 1.6e-08 8.9e-09 1.5e-08 2.2e-08 2.4e-08
W-1 85 2.0e-05 1.1e-05 1.9e45 2.9e-05 3.2e-05 7.2e-08 3.9e-08 6.8e-08 I.Oe-07 1.2e-07
O0s-185 '1;le4 ; -I5.9e 75- '-1.0e-4':,1.5e ,3.8e07 3.,7K2.1e7 7V:3.6e,7 5ie i6.0e07
Ir-192 4.5e-04 2.4e-04 42e-04 6.4e-04 7.2e-04 1.6e-06 8.5e-07 1.5e-06 2.3e-06 2.6e-06
T1-204 7.6e-05 4Ae-05 7.3e-05 1.0e-04 1.2e-04 2.7e-07 1.6e-07 2.6e-07 3.7e-07 4.1 e-07
Pb-210 4.2e-01 2Ae-01 4.0e-01 5.7e-01 6.3e-01 1.5e-03 8.7e-04 1.Ae-03 2.1e-03 2.3e-03
Bi-207 4.0e-04 2.3e-04 3.9e-04 5.4e-04 6.0e-04 1.4e-06 8.3e-07 1.4e-06 2.0e-06 2.2e406
Po-421O,4,-.E-902 .3e-O '13e.01y2.2e40,328 01. .6e i- 2
Ra-226 2.8e-01 1.6e-01 2.7e-41 3.8e-01 4.2e-01 9.9e-04 5.8e-04 9.6e-04 1Ae-03 1.5e-03
Ra-228 3.2e-01 1.7e-01 3.0e-01 4.6e-41 5.1e-01 1.1e-03 6.1e-04 1.1e-03 1.6e-03 1.8e03
Ao-227 7.3e+00 4.3e+00 7.1e+00 1.Oe+01 1.1e+01 2.6e-02 1.5e-02 2.5e-02 3.6e-02 4.0e-02
Th-228 3.1e+00 1.8e+00 3.0e+00 4.2e+00 4.7e+00 1.1e-02 6.4e-03 1.1e-02 1.5e-02 1.7e-02

Th229: 1.oe 0¶i.9e;o0_9.7, 00'1.4e+01 t1.5 ','A, /3.6e02, .2.10-02 _'.4e.-302tozi.9o.02_''e-S
Th-230 3.5e+00 2.0e+00 3.4e+00 4.8e+00 5.3e+00 1.2e-02 7.2e-03 1.2e-02 1.7e-02 1.9e-02
Th-232 3.6e+00 2.1e+00 3.5e+00 5.Oe+00 5.5e+00 1.3e-02 7.5e03 1.2e-02 1.8e-02 2.0e-02
Pa-231 1.1e+01 6.5e+00 1.Ie+01 1.5e+01 1.7e+01 4.0e-02 2.3e-02 3.8e-02 5.5e-02 6.1e-02
U-232 3.3e+00 2.0e+00 3.2e+00 4.6e+00 5.1e+00 1.2e-02 6.9e03 1.2e-02 1.6e-02_ 1.8e-02
U-233 -' 8.6e-0j',-5.0e0i g8.3e O~i,, e ~i.3e+ 00, '',3.1e4-03 U. -¶8e 03',^3.0 403¾e-03 '-,.7ebi
U-234 8.5e-01 5.0e-01 8.2e-01 1.2e+00 1.3e+00 3.0e-03 1.8e-03 2.9e-03 4.2e-03 4.6e-03
U-235 7.6e-01 4.5e-01 7Ae-01 I.0e+00 1.2e+00 2.7e-03 1.6e-03 2.6e-03 3.7e-03 4.1 e-03
U-236 7.8e-01 4.6e-01 7.6e01 1.1e+00 1.2e+00 2.8e-03 1.6e403 2.7e-03 3.9e-03 4.3e-03
U-238 7.1e-01 4.2e-01 6.9e01 9.7e01 1.1e+00 2.5e-03 1.5e-03 2.4e43 3.5e-03 3.9e-03
Np-237., .'r9e+00 _49!i.1e+00.4e.0+ 2.8e+00 -, 6.7e'03i 3.9e-032 16Ae;.0303.'-0
Pu-236 1.6e+00 9.3e-01 1.5e+00 2.2e+00 2.4e+00 5.6e-03 3.3e-03 5.5e-03 7.8e403 8.6e-03
Pu-238 3.7e+00 2.2e+00 3.6e+00 5.1e+00 5.7e+00 1.3e-02 7.8e-03 1.3e-02 -1.8e-02 2.0e-02

* Pu-239 4.0e+00 2.3e+00 3.9e+00 5.5e+00 6.0e+00 IAe-02 8.3e-03 1Ae-02 2.0e-02 2.2e-02
Pu-240 4.0e+00 2.3e+00 3.9e+00 5.5e+00 6.0e+00 1Ae4-02 8.3e03 IAe-02 2.0e-02 2.2e-02
iu241 412T2I: '4.2002 7 -- 2.6-4 0 .{2.5e0 i'3 60-04 >4.00-04-

Pu-242 3.9e+00 2.3e+00 3.7e+00 5.3e+00 5.9e+00 1.4e-02 8.0e-03 1.3e-02 1.9e-02 2.1 e02
Pu-244 3.7e+00 2.2e+00 3.6e+00 5.Ie+00 5.7e+00 1.3e-02 7.8e-03 1.3e02 1.8e-02 2.0e-02
Am-241 3.4e+00 2.0e+00 3.3e+00 4.6e+00 5.1e+00 1.2e-02 7.0e-03 1.2e-02 1.7e-02 1.8e-02
Am-242m 3.4e+00 2.0e+00 3.3e+00 4.6e+00 5.1e+00- 1.2e-02 7.0e-03 1.2e-02 1.7e-02 1.8e-02

-243 ;w :3.4e 0"20 +,0 ',.3.e+OO 4,6e0 Si+O';,,,-2e 02-,7 7~.O03~,''e0.

Cm-242 4.0e-01 2.3e-01 '3.9e401 5.6e-01 6.1e-01 1.4e-03 8.2e404 1.4e403 2.0e03 2.2e-03
Cm-243 2.5e+00 1.5e+00 2Ae+00 3Ae+00 3.8e+00 8.9e-03 5.2e-03 8.6e-03 1.2e-02 1.4e-02
Cm-244 2.1e+00 1.2e+00 2.0e+00 2.9e+00 3.2e+00 7.5e403 4.4e-03 7.3e-03 1.0e402 1.1e-02
Cm-245 3.4e+00 2.0e+00 3.3e+00 4.6e+00 5.1e+00 1.2e-02 7.0e-03 1.2e-02 1.7e402 1.8e-02
Crn2 246< :Y3.4e+00 -~2.0e+00':3.3 +00 4.6e+,00T S.1e+0- i-0, ~ -1.2e-02 .- .7e02' Bi.8e402
Cm-247 3.1e+00 1.8e+00 3.0e+00 4.3e+00 4.7e+00 1.1e-02 6.5e-03 1.1e-02 1.5e-02 1.7e-02
Cm-248 1.2e+01 6.9e+00 1.Ie+01 1.6e+01 1.8e+01 4.2e-02 2.5e-02 4.1e-02 5.8e-02 6.5e-02
Bk-249 1.3e-02 7.3e-03 1.2e-02 1.7e-02 1.9e-02 4.5e-05 2.6e-05 4.3e-05 6.2e-05 6.9e-05
Cf-248 7.1e-01 4.2e-01 6.9e-01 9.8e-01 1.1e+00 2.5e-03 '1.5e-03 2.5e-03 3.5e-03 3.9e-03
j Cf-249' -5.6e+00 -,3.3e+0 ~.5.,ie+00 7.7e+0 -,8.5e+00' 2.0e-02 1;2e02 .9e-02-_ 2.86-02 -3.1e"2-
Cf-250 2.7e+00 1.6e+00 2.6e+00 3.7e+00 4.1e+00 9.7e-03 5.7e403 9.4e-03 *1.3e-02 1.5e-02
Cf-251 5.7e+00 3.4e+00 5.5e+00 7.9e+00 8.7e+00 2.Oe-02 1.2e42 2.Oe42 2.8e42 3.1e-02
Cf-252 1.6e+00 9.3e-01 1.5e+00 2.2e+00 2Ae+00 5.6e-03 3.3e-03 5.4e-03 7.8e-03 8.6e-03

* Cf-254 1.9e+00 9.7e-01 1.8e+00 2.8e+00 3.1e+00 6.7e-03 3Ae-03 6.3e-03 9.9e-03 1.1 e-02
Est254 o c 7.oerths 4.vlie-s 6.8en luir9.6e401_ .1.;.1e+00 pg- .or .2 4 3I.. 5er 3 2.4e03 3.4em03 ::b

* Note: To convert these values to conventional units (mremly per pCilg or mrem/y per pC~cn9). multiply by 3.7e-3
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Normalized Effective Doses from Concrete Appendix 1-2
Table 12.17 Normalized effective doses from ingestion: Disposal-industrial

d Io d Mass-based effective dose (uSv/y per Bq/g) Surficial effective dose (,Svly per Bq/cm2)
ionuclde Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

H-3 8.1 e-05 3.6e-06 4.5e-05 2.2e-04 2.8e-04 2.9e-07 1.3e-08 1.6e-07 7.7e-07 1.Oe-06
C-14 2.6e-03 1.2e-04 1.Se-03 7.0e-03 9.Oe-03 9.4e-06 4.1e-07 5.2e-06 2.5e-05 3.2e-05
Na-22 1.4e-02 6.2e-04 7.8e-03 3.8e-02 4.9e-02 5.1e-05 2.2e-06 2.8e-05 1.3e-04 1.7e-04
P-32 2.8e-03 5.8e-05 1.1e-03 7.6e-03 1.2e-02 1.Oe-05 2.1e-07 3.9e-06 2.7e-05 4.4e-05

5 2. .-O9 .. 21e-05-2.6' ,3 1 .7e0 3 '.1;i 694.-Of- 0 4.50 6K6.0o
CI-36 4.2e-03 1.9e-04 2.3e-03 1.1 e-02 1 .5e-02 1 .5e-05 6.6e-07 8.3e-06 4.0e-05 5.2e-05
K-40 2.8e-02 1.2e-03 1.6e-02 7.5e-02 9.7e-42 I.0e-44 4Ae-46 5.5e-05 2.7e-04 3.5e-04
Ca-41 1.3e-03 5.8e-05 7.3e-04 3.5e-03 4.5e-03 4.7e-06 2.1e-07 2.6e-06 1.2e-05 1.6e-45
Ca45 3.0e-43 1.3e-04 1.6e-03 - 7.9e-03 1.0e-42 1.le-05 4.7e-07 5.8e-06 2.8e-05 3.7e-05 -

Cr-51 7.7e-45 2.7e-06 3.8e-05 2.0e-04 2.9e-04 2.8e-07 9.7e-09 1.4e-07 7.1 e-07 1.0e-06
Mn-53 1.4e-04 6.0e-06 7.5e-05 3.6e-04 4.7e-04 4.9e-47 2.1e-08 2.7e-07 1.3e-06 1.7e-06
Mn-54 3.0e-03 1.3e-04 1.6e-03 8.0e-03 1.Oe-02 1.1e-05 4.7e-07 5.9e-06 2.8e-05 3.7e-05
Fe-55 1.5e-03 6.5e-05 8.1 e-04 3.9e-03 5.0e-03 5.2e-06 2.3e-07 2.9e-06 1.4e-05 1.8e-05

Co-56 7.8e-03 3.4e-04 4.2e-03 2.0e-02 2.7e-02 2.8e-05 1.2e-06 1.5e-05 7.2e-05 9.6e-05
Co-57 7.9e-04 3.5e-05 4.4e-04 2.1 e-03 2.7e-03: 2.8e-06 1.2e-07 1.5e-06 7.4e-06 9.7e-06
Co-58 2.3e-03 9.9e-05 1.2e-03 6.0e-03 7.9e-03 8.2e-06 3.5e-07 4.4e-06 2.1e-05 2.8e-05
Co-60 1.1e-02 4.9e-04 6.2e-03 3.0e-02 3.8e-02 4.0e-05 1.8e-06 2.2e-05 1.1e-04 1.4e-04

NS9:;.,,;- 2.90-04 - g1.3 r5.6-O5 ..................6r ;-*io-..',06J t 4.5e48~ 5.6e ,0 2.7. -- '> 3.5jS
Ni-63 6.8e-04 3.0e-05 3.8e404 1.8e-03 2.3e-03 42Ae-06 1.1e-07 1.3e-06 6.4e-06 8.3e4-6
Zn-65 1.6e-02 7.1e-44 8.8e-43 4.3e-02 5.5e-02 5.7e-05 2.5e-6 3.1e-05 1.5e-04 2.0e-04
As-73 8.8e-04 3.8e-05 4.8e-04 2.3e-03 3.0e-03 3.1e-06 1.4e-07 1.7e4-6 8.2e-06 1.1e-05
Se-75 9.7e-03 4.3e-04 5.3e-03 2.5e-02 3.3e-02 3.5e-05 1.5e-O6 1.9e-05 9.1e-O5 1.2e-04
Sr5s¢ 7 :'m,.84,s,>77e-05. v ..- 4~ .6.-034.6e-3.2e-03>26.3eO ;2.7e07~ 3.ie06;h'1.7e~O5>2.2-O5
Sr-89 7.5e-03 3.2e-04 4.0e-03 1.9e-02 2.6e-02 2.7e-05 1.1e-06 1.4e4-5 7.0e-O5 9.4e-05
Sr-90 1.4e-01 6.1e-03 7.7e-02 3.7e-01 4.8e-01 5.Oe-04 2.2e-05 2.7e-04 1.3e-03 1.7e-03
Y-91 7.3e-03 3.1 e-04 3.9e-03 1.9e-02 2.6e-02 2.6e-05 1.1e-06 1.4e-05 6.8e-05 9.1e-05O
Zr-93 1.3e-03 5.6e-05 7.0e-04 3.4e-03 4.4e-03 4.5e46O 2.0e-47 2.5e-06 1.2e-05 1.6e-05

r-95 - 3.8--033.8 1-.7e-04 2.1.3_.0e .33.02;.k 1.3e- 5C5.9.O7,,7.4eO 3.e-
Nb-93m 5.4e-04 2.4e-05 3.0e404 1.4e403 1.9e-03 1.9e-06 8.5e-08 1.1e-06 5.1e-06 6.7e-06
Nb-94 7.7e-03 3.4e-04 4.3e-03 2.1 e-02 2.7e-02 2.8e-05 1.2e-06 1.5e-05 7.3e-05 9.5e-05
Nb-95 1.4e-03 5.4e-05 7.2e-04 3.7e-03 5.1e-03 5.0e-O6 1.9e4-7 2.5e-06 1.3e405 1.8e4-5
Mo-93 1.2e-02 5.2e-04 6.5e-03 3.1e-02 4.1e-02 4.2e-05 1.9e.-6 2.3e-05 1.1e-04 1.4e-04
Tc-97g; '- ,.i 3.8.?e-0 1.7. 0 2.1e~'2j1.0e.03; .3e-03• 21.3e-OS ",-. 5.9e-08,,tz 7. 4e-07. 35690 -60 I4:6e-06,
Tc-97m 2.3e-03 1.0e-04 1.2e-03 6.0e-03 7.9e-03 8.2e.-6 3.6e-07 4.4e-06 2.1e-05 2.8e-05
Tc-99 3.5e-03 1.6e-04 2.0e-03 9.4e-03 1.2e-02 1.3e-05 5.6e-07 7.0e-06 3.3e-05 4.3e-05
Ru-103 1.9e-03 7.6e-05 9.8e-04 4.9e-03 6.8e-03 6.7e-06 2.7e-07 3.5e-06 1.8e4-5 2.4e-05
Ru-106 3.0e-02 1.3e-O3 1.6e-02 7.9e-02 1.Oe-01 1.1e-04 4.7e-O6 5.9e-05 2.8e-04 3.7e-04

Ag-1O~~~m~i.Oe-02jj4.Se05
Ag-110m 1.2e-02 5.1e-04 6Ae4-03 3.1e-02 4.0e-02 4.1e-05 1.8e4-6 2.3e.-5 1.1e-04 1.4e-04
Cd-109 8.6e-03 3.8e-04 4.8e-03 2.3e-02 3.0e-02 3.1e-05 1.4e.-6 1.7e-05 8.1e-05 1.1e-04
Sn-I 13 2.8e-03 1.2e-04 1.5e-03 7.3e-03 9.6e-03 1.0e-05 4.5e-07 5.5e4-6 2.6e-05 3.5e-05
Sb-124 7.7e-03 3.3e-04 4.1e-03 2.0e-02 2.7e-02 2.8e-05 12e-06 1.5e-O5 7.2e-05 9.6e4-5
Sb-125, t - >^- 5.8e403 ' % 2.5e-04: ':., 3.2e-O3~:i--1.5e-02 ''2.0e 2, --:. .^ 2.1-O e4 9,-.'Q1 e0s'1.1 e-05,- .. o;~.. -S
Te-123m 5.2e-03 2.3e-04 2.8e-03 1.4e-02 1.8e-02 1.9e-05 8.3e-07 1.Oe-05 4.9e-05 6.4e-05
Te-127m 9.0e-03 4.0e-04 4.9e-03 2.4e-02 3.1e-02 3.2e4-5 1.4e-06 1.8e4-5 8.5e-05 1.1e-04
1-125 4.6e-02 2.0e-03 2.5e-02 1.2e-01 1.6e-01 1.7e-04 7.1e-46 8.9e.-5 4.3e-04 5.8e-04
1-129 5.0e-01 2.2e-02 2.8e-01 1.3e+00 1.7e+00 1.8e-03 7.8e-05 9.8e-04 4.7e-03 6.14-03
I-1311.;.:0. '-I13e-02 :. -2.5e-3."3 . 7e-O2 3J 6.6e02: 4:7eOS 26e-7.v8.9e0S 1.3e4;ac-2.4e 4'
Cs-134 8.4e-02 3.7e-03 4.6e-02 2.2e-01 2.9e-01 3.0e-04 1.3e-05 1.6e-04 7.9e-04 1.0e-03
Cs-135 9.1e-03 4.0e-04 5.0e-03 2.4e-02 3.1e-02 3.2e-05 1.4e-06 1.8e-O5 8.6e-05 1.1e-04
Cs-137 5.9e-02 2.6e-03 3.3e-02 1.6e-01 2.0e401 2.1e-04 9.3e-06 1.2e-04 5.6e-04 7.2e-04
Ba-133 4.5e-03 2.0e-04 2.5e-03 1.2e-02 1.6e-02 1.6e-05 7.1 e-07 8.9e-06 4.3e-05 5.5e-OS
Ce-139'>; '; 9.9e-O4 4.4- 5-,'4.-04' 2. e-03 :3.4e-03i e-'3.5.-B 4 .1.6e-07 '1.9-06. 9.3.-06 .1.2.-S
Ce-141 1.6e-03 6.1e-05 8.3e-04 4.3e-03 6.0e-03 5.8e-06 2.2e-07 3.0e-06 1.5e-05 2.1e-05
Ce-144 2.2e-02 9.6e-04 1.2e-02 5.8e-02 7.5e-02 7.8e.-5 3Ae-06 4.3e.-5 2.1e-04 2.7e-04
Pm-147 1.2e-03 5.1e-05 6.4e-04 3.1e-03 3.9e-03 4.1e-06 1.8e4-7 2.3e.-6 1.1e-05 1.4e-05
_UEG 164 _I_. .,
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Appendix 1-2 Nonrmalized Effective Doses from Concrete

Table 12.17 Normalized effective dosesfrmInsi:Dlpa-ndtil

Radiould I -d Mass-based effective dose (pSv/y per Bq/g) Surficial effective dose (pSvly per Bq/cm2)
loule Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

Sm-151 4Ae404 2.0e-.05 2.5e404 1.2e-03 1 .5e-03 _ 1 .6e-06 - 7.e-08 8.7e-07 -4.2e-06 5.5e-06
E'12 6.3e 3 ',. ,350,g',-e2 2 02,; _'30g0e 2 6.005 5.;,-;I8-i8 5,

Eu-154 9.0e-03 4.0e-04 5.0e-03 2.4e-02 3.1e-02 -32e-05 1Ae-06 1.8e-05 8.5e-05 1.1e-04
Eu-155 1Ae-03 6.3e-05 7.9e-04 3.8e-03 4.9e-03 5.1 e-06 2.3e-07 2.8e-06 1.4e-05 1.8e-05
Gd-153 1.1e-03 4.9e-05 6.1 e-04 2.9e-03 3.8e-03 '4.O0e6 1.7e-07 2.2e-06 1.0e-05 1Ae-05
Tb-160 5.3e-03 2.3e-0.4 2.9e-03 _1Ae-02 1.8e-02 :1.9e-05 8.2e-07 1.0e-05 4.9e-05 6.6e-05

r,10-,- ''.9e 03: i~ 2i 4,27-3'- 3,2-' 7 , E , ; e 64 ,- -6 1e 05
Tm-171 4.8e-04 2.1 e-05 2.7e-04 1.3e-03 1.7e-03 :1.7e-06 7.6e-08 9.5e-07 4.6e-06 5.9e 06
Ta-182 5.5e-03 2.4e-04 3.0e-03 1.4e-02 1.9e-02 2.0e-05 -8.8e-07 '1.1e-05 5.2e-05 6.9e-05
W-181 2.8e-04 1.3e-05 1.6e-04 7.4e404 9.7e-04 1.0e-06 4.5e-08 5.6e-07 2.7e-06 3.5e-06
W-185 1 .5e-03_ 6.3e-05 7.9e-04 3.8e-03 5.1 e-03 '5.2e-06 2.3e-07 2.8e-06 1 .4e-05 1 .8e-05

0f8E_. 7.e3-4-79-5e<980>,e46.2" ,3,6A $* 73 6,& 7e5t22
Ir-192 4.6e-03 2.0e-04 2.5e-03 1.2e-02 1.6e402 1.7e-05 7.2e-07 9.0e406 4.3e-05 5.8e-05
Tl-204 ' 5.8e-03 2.6e404 3.2e-03 1.5e-02 2.0e402 2.1 e-05 9.1 e-07 1.1e-05 -5.5e-05 7.1e405
Pb-210 .4.2e+00 1.8e-01 2.3e+00 1.1e+01 1Ae+01 1.5e-02 6.6e-04 8.2e-03 3.9e-02 5.1e-02
Bi-27 '5.9e-03: 2.6e-04 3.3e-03 1.6e-02 2.0e-02 2.1 e-05 9.3e-07 1.2e-05 5.6e-05 7.2e-05

p2 w,-.,9eO .Oe 02 ~,-"S5.e-Oi 'J;12,, 4O4,2e0,.- ".3.3" 3.,, Ae ;I,
Ra-226 ' 1.3e+00 5.7e-02 7.1e-01 3.4e+00 4Ae+O0 4.6e-03 2.0e-04 2.5e-03 1.2e-02 1.6e-02
Ra-228 3.0e+00 1.3e-01 1.7e+00 8.1e+00 1.0e+01 1.1 e-02 4.8e-04 6.0e-03 2.9e-02 3.7e-02
Ac-227 5.5e+00 2.4e-01 3.0e+00 1 .5e+01 1 .9e+01 2.0e-02 8.6e-04 1.1 e-02 5.2e-02 6.7e-02
Th-228 ' 6.2e-01 2.7e-02 3.4e-01 1.6e+00 2.1e+00 2.2e-03 9.8e-05 1.2e-03 -5.9e-03 7.6e-03

K,20'i'e' ' ''0.7e e'0 +97 0 3 e,.- 04j1L-.-5.3 ,3:. 02''3.3e-02
Th-230 9.5e-01 4.2e-02 5.3e-01 2.5e+00 3.3e+00 3.4e-03 1.5e 04 1.9e-03 9.0e-03 1.2e-02
Th-232 1.0e+00 4.6e-02 5.7e-01 2.7e+00 3.6e+00 3.7e-03 1.6e-04 2.0e-03 9.7e-03 1.3e-02
Pa-231 3.2e+00 1Ae-01 1.8e+00 8.6e+00 1.1e+01 1.2e-02 S.1 e-04 6.4e-03 3.1 e-02 4.0e-02
U-232 1.5e+00 6.7e-02 8Ae-01 4.0e+00 5.2e+00 _5.4e-03 2.4e-04 3.0e-03 1Ae-02 1.9e-02

7-23 - l, I ........ '0 10-2.e,;;,6.0-01M.8-01'I r.'1 3 . 6eO5 ................... ,.58,>2e 3r-803
U-234 ' 2.2e-01 '9.8e-03 1.2e-01 5.9e-01 7.6e-01 7.9e404 3.5e-05 4.4e-04 2.11e-03 2.7e-03
U-235 2.1e-01 9.3e-03 1.2e-01 5.6e-01 7.2e-01 7.5e-04 3.3e-05 4.1e-04 2.0e-03 2.6e-03
U-236 2.1 e-01 9.2e-03 1.2e401 5.6e-01 7.2e-01 7.5e-04 3.3e-05 4.1 e-04 2.0e-03 2.6e-03
U-238 2.2e-01 9.5e-03 1.2e401 5.7e-01 7.4e-01 -7.7e-04 3.4e-OS 4.2e404 2.0e-03 2.6e-03

N27,,,*,-'SO'1#'2e0--2.8e-01 ,1.e0,,7+0'3 ':-.8e-03,-*'7,9 OS=..e0 8'3, 6.e0
Pu-236 3.8e-01 1.7e-02 2.1e-01 1.0e+00 1.3e+00 1Ae-03 6.0e-05 7.5e404 3.6e-03 4.7e-03
Pu-238 1.0e+00 4.6e-02 5.8e-01 2.8e+00 3.6e+00 3.7e-03 1.6e-04 2.1 e-03 9.9e-03 1.3e-02
Pu-239 1.1e+00 5.0e-02 6.3e-01 3.0e+00 3.9e+00 4.1e-03 ~1.8e404 2.2e-03 1.1e-02 1Ae-02
Pu-240 1.1e+00 5.0e-02 6.3e-01 3.0e+00 3.9e+00 .4.1 e-03 1.8e404 2.2e-03 '1.1e-02 1Ae-02

'iu'24_,_, 2ie-0',>,9.~ ,',4 '.2e-02 +5,.ie-' ,7- -U .6&05>,3.462 2 6e
Pu-242 1.1e+00 4.8e-02' 6.0e-01 2.9e+00 3.7e+00 3.9e403 -1.7e404 2.1 e43 1.0e402 1.3e402
Pu-244 - '1.1e+00 4.8e402 6.0e401 2.9e+00 3.8e+00 3.9e403 1.7e404 2.2e403 1.0e-02 1.3e402
Am-241 9.1e-01 4.0e-02 '5.0e401 2Ae+O0 3.1e+00 3.2e-03 1.4e404 1.8e403 8.6e403 1.1e-02
Am-242m 9.1e401 4.0e402 '5.0e-01 2Ae+O0 3.1e+00 3.2e403 1.4e-04 '1 8e-03 8.6e403 1.1e-02
Am~-2,43 1_;. ̀ ,-.9"~~ .0i~l- e4-01, ; .3.....404,50,1 .24e+00 .1e 0 r r .... 3 3 0 .ie ; ;6 O e0.
Cm-242 4.8e-02 2.1 e-03 2.6e-02 -1.3e-01 1.6e-01 1.7e404 7.5e-06 9Ae-05 4.5e-04 S.9e044
Cm-243 6.8e-01 3.0e-02 -3.8e-01 1 .8e+00 2.3e+00 2.4e-03 1.1 e-04 1 .3e-03 6.4e-03 8.3e-03
Cm-244 5.4e-01 2Ae-02 3.0e-01 1 .4e+00 1 .9e+00 1 .9e-03 8.5e-05 1.1 e-03 5.1 e-03 6.7e-03
Cm-245 .9.Se-01 4.2e-02 5.3e-01 2.5e+00 3.3e+00_ .3.4e-03 1.5e-04 1.9e-03 9.0e-03 1.2e-02

Cm26;: 9ez-4e2 ,t.e0,,.e,0 .-- 3.e0 ,34 3:1i9 3__.. ,_ . 1-2e O2,
Cm-247 8.6e-01 3.8e-02 4.8e-01 2.3e+00 3.0e+00 -3.1 e-03 '1.4e404 1.7e-03 8.2e-03 1.1e-02
Cm-248 3.5e+00 1.5e-01 1.9e+00 :9.3e+00 1.2e+01 1.2e-02 '5.5e044 6.9e-03 3.3e402 4.3e-02
Bk-249 ' 4.4e-03 1.9e404 2.4e-03 1.2e-02 1.5e-02 1.6e-05 6.9e407 -8.6e-06 4.1e-05 5.4e-05
Cf-248 1.2e-01 5.3e-03 6.6e-02 ,3.2e-01 ,4.1e-01 , 4.3e-04 1.9e-05 -2.4e404 1.1e-03 1.5e-03

Cf-24,; .,. ' - -'1 .6+00,'i,70e2 ,-_< 8.eO;:,',42+0-''5500' '.7 03 ¢S e47 .eO,. 5 2''1.eO
Cf-250 7.2e-01 3.2e-02 4.0e-01 1.9e+00 2.5e+00 2.6e-03 1.1e-04 1.4e-03 6.8e-03 8;9e-03
Cf-251 1.6e+00 72e-02 9.0e401 4.4e+00 5.6e+00 '5.8e-03 2.6e404 3.2e-03 1.5e-02 2.0e-02
Cf-252 -4001 1.8e-02 2.2e-01 1.1e+00 1.4e+00 1.4e-03 6.3e-05 7.8e-04 3.8e-03 4.9e-03
Cf-254 1.2e+00 -5.3e-02 6.6e-01 3.2e+00 4.3e+00 4.4e-03 1.9e-04 2Ae-03 1.2e-02 1.5e-02

b24- .; 1 2e 0 .;3e-03 . 6.7-023.2e-01 ; 4 1eO --4.3e 04. - 3'-; SS-
Note: To convert these values to conventional units (mr7em/y per pC~g or mrernly per pCicm2), multiply by 3.7e-3
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Normalized Effective Doses from Concrete Appendix 1-2
Table 12.18 Normalized effective doses from all pathways: Dlsposal-MSW

Radionuclide Mass-based effective dose (pSv/y per Bqlg) Surficial effective dose (pSv/y per BqIcm 2)
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

H-3 4.8e-05 1.0e-06 2.0e-05 1.4e-04 2.0e-04 1.7e07 3.7e-09 6.9e-08 4.9e-07 7.3e-07
C-14 1.5e-03 2.4e-05 5.9e-04 4.5e-03 6.7e-03 5.5e-06 8.8e-08 2.1e-06 1.6e-05 2.4e-05
Na-22 5.0e+01 7.3e-01 2.2e+01 1.4e+02 1.9e+02 1.8e-01 2.6e-03 8.0e-02 5.1e-01 6.8e-41
P-32 2.2e-02 1.5e-04 6.7e-03 6.1e-02 1.Oe-01 8.0e-05 5.3e-07 2.4e-05 2.2e-04 3.6e-04

5 -' .;,:, 3.8e,4 A , ._..4e46B'- 5.0e48 I7.3e47{. 3.6e6,.- 5.1eO&
CI-36 1.3e-02 2.4e-04 6.0e-03 3.6e-02 4.7e-02 4.5e4-5 8.6e-07 2.2e-05 1.3e-04 1.7e-04
K-40 3.9e+00 5.8e4-2 1.8e+00 1.1e+01 1.5e+01 1.4e-02 2.1e-04 6.3e-03 4.1e-02 5.4e-02
Ca-41 7Ae-04 1.0e-05 2.7e-04 2.2e-03 3.2e-03 2.6e-06 3.6e-08 9.5e-07 7.7e-06 1.1e-05
Ca-45 2.0e-03 4.7e-05 8.8e-04 5.5e-03 8.1e-03 7.1e-06 1.7e-07 3.1e-06 2.0e-05 2.9e4-5

6,'.' ,3.6,'i;- 5.2' 01-.667i+01mOe,0 F Kdbi;,e02;.-^1.eO.e43; 3-64'9 ii
Cr-51 2.9e-01 3.4e-03 1.2e4-1 8.1e-01 1.2e+00 1.0e-03 1.2e405 4.2e-04 2.9e-03 4.2e-03
Mn-53 7.8e-05 1.3e-06 2.9e4-5 2.3e-04 3.4e-04 2.8e-07 4.7e-09 1.Oe-07 8.1e-07 1.2e-06
Mn-54 1.8e+01 2.6e-01 8.0e+00 5.1e+01 6.9e+01 6.3e-02 9.3e-04 2.8e-02 1.8e-01 2.4e4-1
Fe-55 8.8e-04 2.1e-05 3.7e-04 2.5e-03 3.7e-03 3.1e-06 7.5e-08 1.3e-06 8.9e-06 1.3e-05

Fe, 5959,' ~'; -.7e+01 2.3e-01. 7.5e 0 V4.8e+01,6.7e01 '§6.1e 02 :Z,8.3e ,_ 2.7e-021.7e41- 2.4e 10
Co-56 6.6e+01 9.5e4-1 2.9e+01 1.9e+02 2.5e+02 2.3e4-1 3.4e-03 1.Oe-01 6.6e-01 9.1e4-1
Co-57 1.6e+00 2.4e-02 7.4e-01 4.8e+00 6.4e+00 5.9e-03 8.6e-05 2.6e-03 1.7e-02 2.3e-02
Co-58 1.6e+01 2.3e-01 7.1e+00 4.5e+01 6.2e+01 5.7e-02 8.2e-04 2.5e-02 1.6e-01 2.2e-01
Co-60 6.0e+01 8.8e4-1 2.7e+01 1.7e+02 2.3e+02 2.1e-01 3.2e-43 9.6e-02 6.2e-01 8.3e41

Ni-63 4.2e-04 1.1e-05 1.8e-04 1.2e-03 1.7e-03 1.5e-06 4.0e-08 6.5e-07 4.2e-06 6.2e-06
Zn-65 1.3e+01 1.8e-01 5.6e+00 3.6e+01 4.9e+01 4.5e-02 6.6e-04 2.0e-02 1.3e-01 1.7e-01
As-73 2Ae-02 3.5e-04 1.1e-02 6.8e-02 9.2e-02 8.4e4-5 1.3e-06 3.8e4-5 2.4e-04 3.3e-04
Se-75 5.9e+00 8.7e-02 2.7e+00 1.7e+01 2.3e+01 2.1e-02 3.1e-04 9.5e-03 6.1e-02 8.2e-02
Sr-85$.:r4--g'ai7.6e+00 1 ...... '1e0i, 3.4e+00J,2.2e.t0l;..2.9e+0, ~ 2'7e-2, 2'-3''9.-2,,.2e,-02~ .7e2?.8b
Sr-89 4.2e4-2 6.0e-04 1.9e-02 1.2e-01 1.6e-01 1.5e-44 2.1e-06 6.6e-05 4.2e-04 5.8e-04
Sr-90 2.4e-01 3.9e-03 1.1e4-1 6.9e-01 9.2e4-1 8.5e-04 1Ae-05 4.0e-04 2.5e-03 3.3e-03
Y-91 1.0e-41 1.5e-03 4.7e-02 3.0e4-1 4.1e-01 3.7e-04 5.5e-06 1.7e-04 1.1e-03 1.4e-03
Zr-93 1.3e-03 8.8e-05 9.5e-04 3.0e-03 4.1e-03 4.7e-06 3.1e-07 3.4e-06 1.1e-05 1.5e4-5
r-95 .8ee+01,-O1,';2.7e- O'i t'8.le+O 52e+01, 7.0 Oi'f.,;,''6.4e2 9 A<2.9e O2,;1, .9. 01. .5 aOf

Nb-93m 6.6e-04 1.9e-05 3.5e-04 1.8e-03 2.4e-03 2.4e-06 6.7e-08 1.2e-06 6.4e-06 8.8e-06
Nb-94 3.6e+01 5.3e-01 1.6e+01 1.Oe+02 1.4e+02 1.3e-01 1.9e-03 5.8e-02 3.7e-01 5.Oe-01
Nb-95 9.2e+00 1.2e-01 3.9e+00 2.6e+01 3.7e+01 3.3e-02 4.3e-04 1.4e-02 9.2e-02 1.3e.-1
Mo-93 8.2e-03 1.2e-04 3.4e-03 2.4e-02 3.4e-02 2.9e-05 4.2e-07 1.2e4-5 8.4e-05 1.2e-04
Tc-7>.i: 2t.4e403jg3.8e-05@,. 1.l-0k 37.,1e-039; .....................9.4eO03 .. .-- ,;8.7e0.. 1.3e-0 24'.0e, sŽ 2.5.-SC 5;3.Ae-5}
Tc-97m 6.1e-03 1.1e-04 2.9e-03 1.7e-02 2.3e-02 2.2e-05 3.9e-07 1.0e-05 6.1e4-5 8.2e4-5
Tc-99 2.7e-03 7.1e-05 1.3e-03 7.3e-03 1.1e-02 9.5e-06 2.5e-07 4.5e406 2.6e-05 3.8e-05
Ru-103 5.7e+00 7.6e-02 2.4e+00 1.6e+01 2.2e+01 2.0e-02 2.7e-04 8.8e-43 5.7e-02 7.9e-02
Ru-106 4.6e+00 6.8e-02 2.1e+00 1.3e+01_ 1.8e+01 1.6e-02 2.4e-04 7.4e-03 4.8e-02 6.3e-02

A iOme_.e0-S.ei. 16+1-SiO02Ir~1Ae+02-1?-';4<.1 ,'1.e3 ,-r 0-~' .e01 49:

Ag-110m 5.8e+01 8.5e-01 2.6e+01 1.7e+02 2.3e+02 2.1e4-1 3.0e-03 9.3e-02 6.0e4-1 8.0e.1-
Cd-109 9.0e-02 1.4e-03 4.1e-02 2.6e-01 3.4e-01 3.2e-04 5.1e-06 1.5e-04 9.2e-04 1.2e-03
Sn-113 4.4e+00 6.4e-02 2.0e+00 1.3e+01 1.7e+01 1.6e-02 2.3e-04 7.0e-03 4.5e-02 6.1e-02
Sb-124 3.0e+01 4.2e-01 1.3e+01 8.4e+O1 1.2e+02 1.1e-01 1.5e-03 4.7e-02 3.0e4-1 4.1e-01
StF,125T',8.8e.3041,.;'4-01'+0,.'4.0e+00so1S334e+013 3.1 s-02D 6e 0>.'^.e2-;'9.0 2 1.21
Te-123m 1.9e+00 2.7e-02 8.4e-01 5.3e+00 7.2e+00 6.6e-03 9.7e-05 3.0e-03 1.9e-02 2.6e-02
Te-127m 1.0e-41 1.6e-03 4.6e-02 2.9e-01 3.9e-01 3.6e-04 5.5e-06 1.6e-04 1.0e-03 1.4e-03
1-125 5.8e-02 8.6e-04 2.5e-02 1.6e-01 2.3e-01 2.1e-04 3.e-06 9.0e-05 5.8e-04 8.1e-04
1-129 3.2e4-1 4.2e-03 1.2e-01 9.1e-1 1.4e+00 1.1e-03 1.5e-O5 4.4e-04 3.3e-03 4.8e-03
:131'f,->-.-':;,1 .00+00, i.8e-03.i.3& *-.2.8.+00.56e+00 .:.'' 3 7e-03'.6.5e-6':+4.8e-4- 1.0e42i,_ 2.oe-02,i

Cs-134 3.4e+01 5.0e4-1 1.5e+01 9.8e+01 1.3e+02 1.2e4-1 1.8e-03 5.5e-02 3.5e401 4.7e-01
Cs-135 5.2e-03 6.7e-05 1.9e-03 1.5e-02 2.3e-02 1.8e-05 2.4e-07 6.7e-06 5.4e.-5 8.0e4-5
Cs-137 1.3e+01 1.9e.-1 5.7e+00 3.6e+01 4.9e+01 4.5e-02 6.6e-04 2.0e-02 1.3e4- 1.78e-01
Ba-133 7.1e+00 1.1e-01 3.2e+00 2.1e+01 2.8e+01 2.5e-02 3.8e-04 1.1e4-2 7.3e-02 9.8e-02
Ce-139-,' 1.9e+00;2.8e-02'- 8.7.-'5.5e+00- 7.5e+0Oe -,0.,6.94-03- . -04. 3.10 2.73-02
Ce-141 5.8e-01 7.3e-03 2.4e-01 1.6e+00 2.3e+00 2.1e-03 2.6e-05 8.7e-04 5.8e-03 8.2e-03
Ce-144 1.2e+00 1.8e-02 5.4e-01 3.5e+00 4.7e+00 4.3e-03 6.4e-05 1.9e-03 1.2e-02 1.6e-02
Pm-147 1.1e-03 4.8e-05 6.6e-04 2.7e-03 3.8e-03 3.9e.-6 1.7e-07 2.3e-06 9.8e-06 1.4e-05
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Appendix 1-2 Normalized Effective Doses from Concrete

Table 12.18 Normalized effective doses from all pathways: Disposal-MSW

Radionuclide Mass-based effective dose'(uSv/y per Bqlg) Surficial effective dose (uSvty per Bq/cm2)
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

Sm-151 4.8e04 3Ae-05 3.6e04 1. e-03 1.5e-03 1.7e-06 1 .2e-07 1 .3e-06 4.0e-06 5.2e-06
Eu-152'-- :;,-,,,2.6e'+01L.,3.8e-01 .2e+01 i.5e+01, 0_ 42e 2.7e 1 '3.6 i
Eu-154 2.8e+01 42e-01 1.3e+01 8.2e+01 1.1e+02 1.0e-01 1.5e-03 4.6e-02 2.9e-01 3.9e-01
Eu-155 6.3e-01 9.3e-03 2.8e-01 1.8e+00 2.5e+00 2.3e-03 3.4e-05 1.Oe-03 6.5e-03 8.7e-03
Gd-153 7.6e-01 1.1e-02 3.4e-01 2.2e+00 3.0e+00 2.7e-03 4.0e-05 1.2e-03 7.8e-03 1.0e-02
Tb-160 1.9e+01 2.7e-01 8.4e+00 5.3e+01 7.2e+01 6.7e-02 9.6e-04 3.0e-02 1.9e-01 2.6e-01
Tm,170 " %.9e-02• 7.7, -04_0' 2.02, * .e-01; '-:.9e-01 4
Tn-171 3.9e-03 6.7e-05 1.8e-03 1.1e-02 1.5e-02 1Ae-05 2Ae-07 6.6e-06 4.0e-05 5Ae-05
Ta-182 2Ae+01 3.5e-01 1.1e+01 6.9e+01 9.4e+01 8.6e-02 1.3e-03 3.9e-02 2.5e-01 3.3e-01
W-181 2.1e-01 3.1e-03 9.5e-02 6.1e-01 82e-01 7.5e-04 -1.e-05 3Ae-04 2.2e-03 2.9e-03
W-185 1.9e-03 2.9e-05 8.5e-04 5.4e-03 7.6e-03 6.8e-06 1.0e-07 3.0e-06 1.9e-05 2.7e-05
0i15e<-J^e0 .'17e1. +0.:3e0i>6+1','*,A-;.3e-02 6.2e.04''Ž.9e-02I>2e-0 1f '.7e-1
Ir-192 1.2e+01 1.8e-01 5.5e+00 3.5e+01 4.8e+01 4.4e-02 6.4e-04 2.0e-02 1.3e-01 1.7e-01
Tl-204 1.8e-02 2.8e404 8.4e-03 5.3e-02 7.0e-02 6.5e-05 I.Oe-06 3.0e-05 1.9e-04 2.5e-04
Pb-210 2.6e+00 7.1e-02 1.2e+00 7.3e+00 1.Ie+01 9.3e-03 2.5e-04 4.1e-03 2.6e-02 3.8e-02
Bi-207 3.5e+01 5.1e-01 1.6e+01 1.Oe+02 1.4e+02 _ 1.2e-01 1.8e-03 5.6e-02 3.6e-01 4.8e-01
Po210 ->.~,6 012.98' 02'.A3.ie 01 Li 7ek00; '2.5e+0 O, ;2.4 ,43 v a .0 04,§,-1:3e-3 ~62e-03-,,.8.9eO3~
Ra-226 4.3e+01 6.5e-01 1.9e+01 1.2e+02 1.7e+02 '1.5e-01 2.3e-03 6.9e42 4.4e-01 5.9e-01
Ra-228 2.5e+01 4.0e-01 1.2e+01 7.3e+01 9.8e+01 9.0e-02 1.4e-03 4.1e-02 2.6e-01 3.5e-01
Ac-227 1.6e+01 8.4e-01 1.1e+01 3.8e+01 4.9e+01 5.6e-02 3.0e-03 3.9e-02 1Ae-01 1.7e-01
Th-228 3.9e+01 8Ae-01 1.9e+01 1.1e+02 1.5e+02 1.Ae-01 3.0e-03 6.9e-02 4.0e-01 5.3e-01

229z.5e,+01 1.0+,00,i~2e+01 3.2e1 -,,,4;0e+ i§ t5.2- 02o-3.7e-03942e02,<j12e01'.4e-i
Th-230 3.1e+00 3.3e-01 3.1e+00 5.7e+00 6.7e+00 1.1e-02 1.2e-03 I.1e-02 2.0e-02 2Ae-02
Th-232 3.5e+00 3.5e-01 3.3e+00 6.7e+00 7.9e+00 ' 2e-02 1 .2e-03 1 .2e-02 2.4e-02 2.8e-02
Pa-231 1.1e+01 1.1e+00 1.0e+01 2.0e+01 2.4e+01 3.8e-02 3.8e-03 3.6e-02 7.3e-02 8.5e02
U-232 4.6e+00 3Ae-41 3.7e+00 1 .Oe+01 1 .3e+01 1 .6e-02 1 .2e-03 1 .3e-02 3.6e02 4.6e-02
U-233-- -7.66-06 6+08.1e42 $K. 7.56-01 [1?4e+0* ,;1 6 0 -- 72.7e0 503 29e 2i 5.0e-
U-234 7.5e-41 8.0e-02 7.4e-01 1 Ae+00 1 .6e+00 2.7e-03 2.8e-04 2.6e-03 4.9e-03 5.7e-03
U-235 3.4e+00 1.1e-01 1.9e+00 9.1e+00 1.2e+01 1.2e-42 4.1e-04 6.9e-03 3.2e-02 4.3e-02
U-236 6.9e-01 7.4e-02 6.9e-41 1.3e+00 1.5e+00 2.5e-03 2.6e-04 2.4e-03 4.6e-03 5.3e-03
U-238 1.2e+00 7.6e-02 9.:1e-01 2.7e+00 3.4e+00 4.2e-03 2.7e-04 3.2e-03 9.7e-03 1.2e-02
Np-23V" 5.6 +00,2. 01 3.6e+00'j.4e+01__i9e 01 t.,2.0e-2_8.e T7.i.3 022-52e-2_}6.7e02
Pu-236 1 .4e+00 1 .5e01 I Ae+00 2.5e+00 2.9e+00 4.9e03 5.3e-04 4.9e-03 9.0e-03 1 .Oe-02
Pu-238 3.3e+00 3.5e-01 3.3e+00 6.2e+00 7.2e+0 1 .2e-02 1 .3e-03 1 .2e-02 2.2e-02 2.6e-02
Pu-239 3.6e+00 3.8e-01 3.5e+00 6.6e+00 7.7e+00 1.3e-02 1.3e-03 1.2e-02 2.4e-02 2.7e-02
Pu-240 3.6e+00 3.8e-01 3.5e+00 6.6e+00 7.7e+00 1.3e-02 1.3e-03 1.2e-02 2Ae-02 2.7e-02
Pu241 _ -3 .60 .8e41 3.5e+02. W 123 2e42 2Ae42 274
Pu-242 3.4e+00 3.6e-01 3.4e+00 6.4e+00 7.e+00 1.2-02 1.3e-03 1 .2e-02 2.3e-02 2.7e-02
Pu-244 1.1e+01 4.7e01 6.9e+00 2.8e+01 3.6e+01 3.9e02 1.7e-03 2.5e-02 2.e-02 2.3e-01
AP-241 3.1e+01 3.2e-01 3.6e+O 5.9e+00 6.8e+00 3.1e002 1.3e-03 1.1402 2.1 e-02 2.4e-02
Arn-242rn 3.2e+00 3.2e01 3.1e+00 6.1e+007.1e+00 1.2e-02 1.1e-03 1.1e02 2.2e-02 2.6e-02

0 . .2. - - - --. , .- ,- .2e-02 96. _ . 2.

Cm-242 3.2e-01 3.7e-02 3.3e-01 5.7e-01 6.4e-01 1.1 e-03 1.3e-04 1.2e-03 2.0e-03 2.3e-03
Cm-243 4.3e+00 2.7e01 3.3e+WO 9.9e+00 1.3e+01 1.5e-02 9.5e-04 1.2e02 3.6e-02 4.5e-02
Cm-244 1.9e+00 2.0e-01 1.8e+00 3.4e+00 3.9e+00 6.6e-03 7.1 e-04 6.5e-03 1.2e-02 1.4e-02
Cm-245 4.2e+00 '3Ae-01 3.6e+00 8.9e+00 1.Ie+01 1.5e-02 1.2e-03 1.3e-02 3.2e-02 3.8e-02
Cm-246 - -. 3.0e6.5e+00, - -'- - '
Cm-247 9.6e+00 4.0e-01 6.0e+00 2.4e+01 3.2e+01 3.4e-02 IAe403 2.1e-02 8.8e-02 1.1e-01
Cm-248 1.1e+01 1.1e+00 I.0e+O1 2.0e+01 2.3e+01 3.8e-02 4.0e-03 3.7e-02 7.1e-02 8.3e-02
Bk-249 1.3e02 1.2e-03 1.2e-02 2.5e-02 3.0e-02 4.6e-05 4.3e-06 4.3e05 9.1e-05 1.1 e-04
Cf-248 5.9e-041 6.7e-02 6.0e-01 1.1e+00 1.2e+00 2.1e-03 2.4e-04 2.1e-03 '3.8e-03 4.3e-03
Cf-249 .2e401 -'6.4e ,-0 0 8.3e+2 :';,2.8e 1,-','3.6e+Oi ' ,-,''42e-0_2.3e03 i,2.01
Cf-250 2.4e+00 2.6e-01 2.4e+00 4.4e+00 5.2e+00 8.6e-03 9.2e-04 8.4e-03 1.6e-02 1.8e-02
Cf-251 7.0e+00 5.7e-01 6.1e+00 1.5e+01 1.8e+01: 2.5e02 2.0e-03 2.2e02 5.2e02 6.3e-02
Cf-252 1.4e+00 1.5e-01 1.4e+00 2.5e+00 2.9e+00 4.9e-03 5.3e-04 '4.9e03 9.1e-03 1.1 e-02
Cf-254 2.1e+00 1.7e-01 1 .8e+00 4.2e+00 5.3e+00 7.3e-03 6.2e-04 6.2e03 1.5e-02 I.9e-02
E2-254 - - . 20e+01 -3.5ei -- 9.2e+00 5.6e+01 -7.5e+01 ' ' ' 7.0e-02 :2e.3 3 02 -2.0e 2.6e-01
Note: To convert these values to conventional units (mremly per pCVg or mrem/y per pCicm2), multiply by 3.7e-3
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Non-nalized Effective Doses from Concrete Appendix 1-2
Table 12.19 Normalized effective doses from external exposure: Disposal-MSW
Mass-based effective dose (pSv/y per BqIg)

Radionucide Mean 5th 50th 90th 95th
Surficial effective dose (pSvly per Bq/cm 2)

Mean 5th 50th 90th 95th
H-3 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
C-14 4.3e-05 6.4e-07 2.0e-05 1.3e-04 1.7e-04 1.6e-07 2.3e-09 7.0e-08 4.5e-07 6.0e-07
Na-22 5.0e+01 7.3e-01 2.2e+01 1.4e+02 1.9e+02 1.8e-01 2.6e-03 7.9e-02 5.1e-01 6.8e-01
P-32 2.1e-02 1.3e-04 6.2e-03 5.7e-02 9.6e-02 7.4e-05 4.8e-07 2.2e-05 2.0e-04 3.4e-04

5',j,:;>- 57 z.: i -.. 8' 0LF5147j
CI-36 9.8e-03 1.4e-04 4.4e-03 2.8e-02 3.8e-02 3.5e-05 5.1e-07 1.6e-05 1.0e-04 1.4e-04
K-40 3.9e+00 5.8e-02 1.8e+00 1.1e+01 1.5e+01 1.4e-02 2.1e-04 6.3e-03 4.0e-02 5.4e-02
Ca-41 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+O0
Ca-45 1.8e-04 2.7e-06 8.2e-05 5.2e-04 7.1e-04 6.5e-07 9.5e-09 2.9e-07 1.9e-06 2.5e-06

i f6 W ;3;6e+0,1' , 5 i e+01.60.
Cr-51 2.9e-01 3.4e-03 1.2e-01 8.1e-01 1.2e+00 1.0e-03 1.2e-05 4.2e-04 2.9e-03 4.2e-03
Mn-53 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Mn-54 1.8e+01 2.6e-01 8.0e+00 5.1e+01 6.9e+01 6.3e-02 9.3e-04 2.8e-02 1.8e-01 2.4e-01
Fe-55 O.Oe+0O O.Oe+OO O.Oe+0O Oe+00O O.Oe+O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
F59 2.3 1-t7.5e+0i.8 0 .7e, i. 6.1e-02 3 O
Co-56 6.6e+01 9.5e-01 2.9e+01 1.9e+02 2.5e+02 2.3e-01 3.4e-03 1.0e-01 6.6e-01 9.1e-01
Co-57 1.6e+00 2.4e-02 7.4e-01 4.8e+00 6.4e+00 5.9e-03 8.6e-05 2.6e-03 1.7e-02 2.3e-02
Co-58 1.6e+01 2.3e-01 7.1e+00 4.5e+01 6.2e+01, 5.7e-02 8.2e-04 2.5e-02 1.6e-01 2.2e-01
Co-60 6.Oe+01 8.8e-01 2.7e+01 1.7e+02 2.3e+02 2.1e-01 3.2e-03 9.6e-02 6.2e-01 8.3e-01
N;59,,,.;-'_:'*';.Oe+OO,'. O.Oe,+OO C O.Oe+00;.O.0e+00SI0.QOe',O ,7Sj O.Oe+00';< 0.Oe+OO0 ,O.0Oe+OO .Oe+0OOjO..±o~j
Ni-63 O.Oe+OO O.Oe+O0 O.Oe+0O O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+0O O.Oe+00 O.Oe+O0 O.Oe+00
Zn-65 1.3e+01 1.8e-01 5.6e+00 3.6e+01 4.9e+01 4.5e-02 6.6e-04 2.0e-02 1.3.-01 1.7e-01
As-73 2.3e-02 3.3e-04 1.Oe-02 6.6e-02 8.9e-02 8.3e-05 1.2e-06 3.7e-05 2.3e-04 3.2e-04
Se-75 5.9e+00 8.7e-02 2.7e+00 1.7e+01 2.3e+01 2.1e-02 3.1e-04 9.5e-03 6.1e-02 8.2e-02

Sr-89 3.8e-02 5.2e-04 1.7e-02 1.1e-01 1.5e-01 1.3e-04 1.9e-06 5.9e-05 3.8e-04 5.2e-04
Sr-90 1.6e-01 2.4e-03 7.2e-02 4.6e-01 6.3e-01 5.7e-04 8.4e-06 2.6e-04 1.7e-03 2.2e-03
Y-91 1.0e-01 1.4e-03 4.5e-02 2.9e-01 3.9e-01 3.6e-04 5.1e-06 1.6e-04 1.0e-03 1.4e-03
Zr-93 1.2e-06 1.2e-08 4.1e-07 3.5e-06 5.1e-06 4.1e-09 4.2e-il 1.5e-09 1.2e-08 1.8e-08
Zr-95-,i .8e4+01 2.7.e01jo-,.8.le+00: & 5.2 et+.Ol, 'e+Ol.0 : .'t 6.4- 9.5e.442.9ea 1 9e41Mi5.T011
Nb-93m 2.9e-04 4.3e-06 1.3e-04 8.4e.04 1.1e-03 1.0e-06 1.5e-08 4.6e-07 3.0e-06 4.0e-06
Nb-94 3.6e+01 5.3-01 1.6e+01 1.Oe+02 1.4e+02 1.3e-01 1.9e-03 5.8e-02 3.7e-01 5.0e-01
Nb-95 9.2e+00 1.2e-01 3.9e+00 2.6e+01 3.7e+01 3.3e-02 4.3e-04 1.4e-02 9.2e-02 1.3e-01
Mo-93 1.6e-03 2.4e-05 7.4e-04 4.8e-03 6.4e-03 5.9e-06 8.6e-08 2.6e-06 1.7e-05 2.3e-05
Tc-97~i<-' '2.2e'03.,_3X05Y1.0e-03'-.e0L3' - ;Y8.7e-O3 7.9eO 6''-20, !6 . .'0
Tc-97m 4.6e-03 6.7e-05 2.1e-03 1.3e-02 1.8e-02 1.6e-05 2.4e-07 7.4e-06 4.7e-05 6.4e-05
TO-99 4.3e-04 6.3e-06 1.9e-04 1.2e-03 1.7e-03 1.5e.-6 2.2e-08 6.9e-07 4.4e-06 5.9e-06
Ru-103 5.7e+00 7.6e-02 2.4e+00 1.6e+01 2.2e+01 2.0e-02 2.7e-04 8.8e-03 5.7e-02 7.9e-02
Ru-106 4.6e+00 6.8e-02 2.1e+00 1.3e+01 1.8e+01 1.6e-02 2.4e-04 7.4e-03 4.7e-02 6.3e-02
Ag108ni,- $-' 3.6e±01; L ,5.3e-Ofl 1.6 iTO$i O02? 41:48+022 Kt3e-Ol ,1,03,>5.7e-O2.> 3.72-0, , 4.9e'01-
Ag-110m 5.8e+01 8.5e-01 2.6e+01 1.7e+02 2.3e+02 2.1e-01 3.0e-03 9.3e-02 6.0e-01 8.0e-01
Cd-109 8.4e-02 1.2e-03 3.8e-02 2.4e-01 3.3e-01 3.0e-04 4.4e-06 1.3e-04 8.7e-04 1.2e-03
Sn-113 4.4e+00 6.4e-02 2.0e+00 1.3e+01 1.7e+01 1.6e-02 2.3e-04 7.0e-03 4.5e-02 6.1e-02
Sb-124 3.0a+01 4.2e-01 1.3e+01 8.4e+O0 1.2e+02 1.1e-01 1.5e-03 4.7e-02 3.0e-01 4.1e-01
Sb125 .C 8.8e'04.0 ei.'3e .i e± O.S-43.6eO 1.'402t. 1.O2.1
Te-123m 1.9e+00 2.7e-02 8.4e-01 5.3e+00 7.2e+00 6.6e-03 9.7e-05 3.0e-03 1.9e-02 2.6e-02
Te-127m 9.6e-02 1.4e-03 4.3e-02 2.8e-01 3.7e-01 3.4e-04 5.0e-06 1.5e-04 9.9e-04 1.3e-03
1-125 3.2e-02 4.6e-04 1.4e-02 9.1e-02 1.2e-01 1.1e-04 1.6e-06 5.1e-05 3.3e-04 4.4e-04
1-129 3.8e-02 5.6e-04 1.7e-02 1.1e-01 1.5e-01 1.4e-04 2.0e-06 6.1e-05 3.9e-04 5.2e-04

I 13 i ,,, ,' t,2s '.-.- i.Oe+00;W..e0:<13-1, .e0,'56+0 +:.' 3.7e 03 6;4 'O0';.e-OV4. .;_.Oe4)2,;--2.0e'M:
Cs-134 3.4e+01 5.0e-01 1.5e+01 9.8e+01 1.3e+02 1.2e-01 1.8e-03 5.4e-02 3.5e-01 4.7e-01
Cs-135 1.3e-04 1.9e-06 5.7e-05 3.7e-04 4.9e-04 4.5e-07 6.7e-09 2.0e-07 1.3e-06 1.7e-06
Cs-137 1.3e+01 1.9e-01 5.7e+00 3.6e+01 4.9e+01 4.5e-02 6.6e-04 2.0e-02 1.3e-0l 1.7e-01
Ba-133 7.1e+00 1.1e-01 3.2e+00 2.1e+01 2.8e+01 2.5e-02 3.8e-04 1.1e-02 7.3e-02 9.8e-02
Ce-'39'' '- ' 1.9e+00 '2.8e-O2C'8.7e-O 25.5e+00 7.5e+007.- 6. 9e"4 o e 3:1&03-)2.Oe 02. 2.7e-02-i
Ce-141 5.8e-01 7.3e-03 2.4e-01 1.6e+00 2.3e+00 2.1e-03 2.6e-05 8.7e-04 5.8e-03 8.2e-03
Ce-144 1.2e+00 1.7e-02 5.3e-01 3.4e+00 4.6e+00 4.28-03 6.3e-05 1.9e-03 1.2e-02 1.6e-02
Pm-147 1.7e-04 2.4e-06 7.4e-O5 4.8e-04 6.4e-04 5.9e-07 8.7e-09 2.7e-07 1.7e-06 2.3e-06
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Appendix I-2 Normalized Effective Doses from Concrete

Table 12.19 Normalized effective doses from external exposure: Disposal-UiSW
Mass-based effectve dose (pSv/y per BqIg) Surficial effective dose (pSv/y per Bq/cm2)

Radionucide Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
Sm-151 2.7e-06 3.9e-C8 1.2e-06 7.7e-06 1.0e-05 9.5e-09 1.Ae-10 4.3e-09 2.7e-08 3.7e-08
Eu-152 . 22.6e+01 L-:3Be- i1 .2e+01^,11,7.5e+01 2e-A.0e42 02 -.:2.7e01- 3.6e 0
Eu-154 2.8e+01 4.2e-01 1.3e+01 8.2e+01 1.1e+02 i.Oe-01 1.5e-03 4.6e-02 2.9e-01 3.9e.-1
Eu-155 6.3e-01 9.3e-03 2.8e-01 1.8e+00 2.5e+00 2.2e.-3 3.3e-05 1.0e-03 6.5e-03 8.7e-03
Gd-153 7.6e-01 1.1e-02 3.4e-01 2.2e+00 3.0e+00 2.7e-03 4.0e-05 1.2e-03 7.8e-03 1.0e-02
Tb-160 1.9e+01 2.7e-01 8.4e+00 5.3e+01 7.2e+01 6.7e-02 9.6e-04 3.0e-02 1.9e-01 2.6e-01
Tm-170z',.fA.6e-0 2 "68. 2.1 e, 21 ~.3e' 014 41.Be 0ie 45 1W .8e, ,4 ,.4 ,

Tm-171 3.6e-03 5.3e-05 1.6e-03 i.0e-02 I1Ae-02 1.3e-05 1.9e-07 5.7e-06 3.7e-05 4.9e-05

Ta-1 82 2Ae+01 3.5e-0l 1.1e+01 6.9e+01 9.4e+O0 8.6e-02 1.3e-03 3.9e-02 2.5e-01 3.3e-01
W-181 2.1e-01 3.1e-03 9.5e-02 6.1e-01 8.2e-01 7.5e-04 1.1e-05 3.4e-04 2.2e-03 2.9e-03
W-185 1.1e-03 1.6e-05 5.0e-04 3.2e-03 4.3e-03 3.9e-06 5.7e-08 1.8e 06 1.1ie-05 i.5e-05
Os-lBS1'rz i.2e+0 1i. 7.-Cik'.5X4.0- 3A'4+0i ,4.6 l 1.9e02 -1.2"C1i.7 Oip
Ir-192 12e+01 1.8e-01 5.5e+00 3.5e+01 4.8e+01 4.4e-02 6.4e-04 2.0e-02 1.3e-01 1.7e-01
Tl-204 1.5e-02 2.2e-C4 6.8e-03 4.3e-02 5.9e-02 5.4e.-5 7.9e-07 2.4e-05 I.5e-04 2.1 e-04
Pb-210 2.9e-02 4.3e-04 1.3e-02 8.5e-02 1.1e-01 1.1e-04 1.5e-06 4.7e.05 3.0e-04 4.1e-04
Bi-207 3.5e+01 5.1e-01 1.6e+01 i.Oe+02 1.4e+02 1.2e-01 1.8e-03 5.6e-02 3.6e-01 4.8e-01

P C210'i zi: 'u'- 1.6e-C4 -24.4-O>7Ae-,05 L4.7e 6.3-':--5;8e?[8.8.-C9 2.6e-C?: .7
Ra-226 42e+01 62.-Cl 1.9e+01 12e+02 1.6e+02 1.5e-01 2.2e-03 6.7e 02 4.3e-01 5.8e-01

Ra-228 2.3e+01 3.5e-01 1.1e+01 6.8e+01 9.2e+01 8.3e-02 1.2e-03 3.8e-02 2.4e-01 32e-01
Ac-227 7.3e+00 1.1e-01 3.3e+00 2.1e+O0 2.9e+01 2.6e-02 3.9e-04 1.2e.02 7.5e-02 1.0e-01
Th-228 3.7e+01 5.4e-01 1.7e+01 1.1e+02 1Ae+02 1.3e-01 1.9e-03 5.9e-02 3.8e-01 5.1e-01

- - .____ _ - -. t -.. - _ - -zf ,h22 ,+';m.8+00, 86e-2 '26e+0 5.7+,0;._23e,01,< v .,1-02'-:,30e-4' 9.e-0 '-,.16.De -02_8.0",2 j

Th-230 6.0e-03 8.7e-05 2.7e-03 1.7e-02 2.4e-02 2.ie-C5 3.1e-07 9.5e-06 6.2e-05 8.4e-05
Th-232 2.7e-01 2.7e-03 9.7e-02 8.2e-01 1 .2e+00 9.7e-C4 9.7e-06 3.5e-04 2.9e-03 4.3e-03
Pa-231 7.2e-01 1.Ie-02 32e-01 2.1 e+00 2.8e+00 2.6e-03 3.8e-05 1.2e-03 7.4e-03 9.9e-03
U-232 1.3e+00 1.3e-02 4.8e-01 4.0e+00 5.8e+00 4.7e-03 4.8e-CS 1.7e-03 1.4e-02 2.1 e-02

U23 .0 03,7.4e9¢,,.e32=.'0Sfi.e 7-t,-2. 0'ie6 5e 7 5
U-234 1.4e-03 2.0e-05 6.1e-04 3.9e-03 5.3e-03 4.8e-06 7.1e-08 2.2e-06 1.4e-05 1.9e.-5

U-235 2.7e+00 4.0e-02 1.2e+00 7.9e+00 1.1e+01 9.7e-03 1Ae-04 4.4e-03 2.8e-02 3.8e-02
U-236 7.0e-04 1.0e-05 3.2e-04 2.0e-03 2.7e-03 2.5e-C6 3.7e-08 1.1e-06 7.2-06 9.7e-06

U-238 5.4e-01 8.0e-03 2Ae-01 1.6e+00 2.1 e+00 1.9e-03 2.8e-05 8.7e-04 5.6e-03 7.5e-03
re_ r< +- - -, I ,- - -, - ~ 3 _" S _Np-237.,--4.Oe+CC A 5.9.-02,' .8e4CO-i12e+O: 1,.1 .e,+Cl = §; 025 2.1i,404,-26.4e03'-',4.1 C2_--5.5 C2I

Pu-236 1.5e-03 1.8e-05 6.0e-04 4.4e-03 6.3e-03 5.4e-06 6.5e-08 2.1e-06 1.6e-05 22e-05
Pu-238 4.6e-04 6.8e-06 2.1 e-04 1.3e-03 1.8e-03 1.6e-06 2.4e-08 7.4e-07 4.7e-06 6.4e-06
Pu-239 i.0e-03 1.5e-C5 4.7e-04 3.0e-03 4.0e-03 3.7e-06 5.5e-08 1.7e-06 i.1e-05 IAe-05
Pu-240 4.4e-04 6.6e-06 2.0e-04 1.3e-03 1.7e-03 - 1.6e406 2.3e-08 7.1e.07 4.6e.06 6.1 e-06
P,2 4.e0 *-'6i Ol,4 , .!j_;;e-O7L2.2e-O9 ~ 6.7e-, ~45 .O762e0O7
Pu-242 3.9e-04 5.8e-06 1.8e-04 1.1e-03 1.5e-C3 1.4e-06 2.1e-08 6.3e-07 4.0e-06 5Ae-06
Pu-244 7.6e+W0 1.1e-01 3.4e+00 2.2e+01 2.9e+0l 2.7e-02 4.0e4-4 1.2e-02 7.8e-02 1.0.e-1
Am-241 1.5e-01 2.2e-03 6.6e-02 4.2e-01 5.7e-01 ' 5.2e-04 7.7e-06 2.4e-04 1.5e-03 2.0e-03
Am-242m -'2.4e-01 3.6e-03 '1.1e-01 7.0e-01 9.4e-01 8.6e-04 1.3e-05 3.9e-04 2.5e-03 3.3e-03

* r{243:' 3.2e+00 .'f,4.7e0C2 J1 :.40e+O,9.3e4O j,1 .2.401 ,,:,.1e-O2L'1.7eC4 ,ty~5.1e03f1'93.3e02 4A 022.
Cm-242 4Ae-04 6.4e-06 2.0e-04 1.3e-03 1.7e-03 1.6e-06 2.3e-08 7.0e-07 4.5e-06 6.0e-06
Cm-243 2.1e+00 3.1e-02 9.5e-01 6.1e+00 8.2e+00 7.5e-03 1.1e-04 3.4e-03 2.2e-02 2.9e-02
Cm-244 3.5e-04 5.2e-06 1.6e-04 1.0e-03 1.4e-03 - 1.3e-06 1.9e-08 5.7e-07 3.6e-06 4.9e-06
Cm-245 1.2e+00 1.8e-02 5.4e-01 3.5e+00 4.7e+00 4.3e-03 6.3e-05 1.9e-03 1.2e-02 1.7e-02
Cm'246,'- % 3.3e04 -4.8.-C '.5.-C4'9.5.'041.3.-C3Y.:$>ft26-.1.7. 08 52e-07 3.4e 06.Se4-6 '
Cm-247 6.8e+00 *1.0.e-C1 3.1e+00 2.0e+01 2.6e+01 2.4e4-2 3.6e-04 ' 1.1 e-02 7.0e02 9.4e-02
Cm-248 2.5e-04 3.6e4-6 1.1e-04 7.le-04 9.6e4-4 8.8e4-7 '1.3e-08 4.0e-07 2.5e.-6 3.4e-06

Bk-249 1.3e-03 1.3e.-5 4.6e-04 3.8e-03 5.5e4-3 4.5e.-6 4.7e-C8 1.6e-06 1.3e.-5 2.0e-05
Cf-248 3.2e-04 4.8e-06 1.5e-04 ' 9.3e4-4 1.3e-03 1.2e-06 '1.7e4-8 '5.2e-07 3.3e-06 4.4e.-6
Cf-249»27 -6.8e+00-. 1.I.- le -'3.ie+002.C.+01e ,2.6e+01 0. e ,-7.0l02',9A
Cf-250 3.3e-04 4.8e-06 I.5e-44 9Ae-04 1.3e-03 1.2e.-6 1.7e-C8 5.2e-07 3.4e-06 4.5e-06
Cf-251 1.9e+00 2.8e4-2 8.5e.-1 5.5e+00 7Ae+00 6.8e4-3 9.9e.-5 3.0e-03 1.9e-02 2.6e-02
Cf-252 5.2e-04 7.7e-06 2.4e-04 1.5e-03 2.0e-03 1.9e.-6 2.8e-08 8Ae-07 5.4e-06 7.2e-06
Cf-254 7.3e-07 1.0e-08 3.2e-07 2.le-06 2.8e-06 2.6e.-9 3.7e-1I 1.2e-09 7Ae-09 I.0e-08
Es-254 .9e+0l- 2.8.e-1 Ae8.0 0 6'5.5,+01i -7.4e+01: 6.8eO29,.0 4i" -3.0eO2 t 2.0e-C'-2.6.-C

Note: To convert these values to conventional units (mrem/y per pClg or mremly per pCUcm2). multiply by 3.7e-3
_-8 _ _G-6
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Normalized Effective Doses from Concrete Appendix 1-2

Table 12.20 Normalized effective doses from Inhalation: Disposal-MSW

Rd ld .Mass-based effective dose (pSvly per Bq/g)
aionucie Mean 5th 50th 90th 95th

Surficial effective dose (pSv/y per Bq/cm2 )
Mean 5th 50th 90th 95th

H-3 3.7e-06 4.6e-07 3.9e-06 6.4e-06 7.1e-06 1.3e-08 V.7e-09 1.4e-08 2.3e-08 2.5e-08
C-14 5.3e-05 6.6e-06 5.6e-05 9.1e-05 1.0e-04 1.9e-07 2.4e-08 2.0e-07 3.2e-07 3.6e-07
Na-22 1.8e-04 2.2e-05 1.9e-04 3.0e-04 3.4e-04 6.4e-07 7.9e-08 6.7e-07 1.1e-06 1.2e-06
P-32 7.0e-05 3.5e-06 3.8e-05 1.8e-04 2.3e-04 2.5e-07 1.3e-08 1 .4e-07 6.5e-07 8.3e-07

3 ;f,7.7e-05 . 9.50 06 7.9e-05" i4o 7A.5-04e2.8e07, i4 0&.z 2.8e07, 4.8-74_55;,0
CI-36 4.7e-04 5.8e-05 4.9e-04 8.0e-04 8.8e-04 1.7e-06 2.1e-07 1.8e-06 2.9e-06 3.2e-06
K-40 2.8e-04 3.4e-05 2.9e-04 4.7e-04 5.2e-04 9.8e-07 1.2e-07 1.0e-06 1.7e-06 1.9e-06
Ca-41 1.7e-05 2.2e-06 1.8e-05 3.0e-05 3.3e-05 6.2e-08 7.7e-09 6.5e-08 1.1e-07 1.2e-07
Ca-45 1.8e-04 2.3e-05 1.9e-04 3.1e-04 3.5e-04 6.5e-07 8.0e-08 6.8e-07 1.1e-06 1.3e-06
Sc-46,-,, ¼3,'.3e.' 4 ;4.1e-05 5 a,',.4e 4 5.8- Z.6e , f, j1.e64 4e07i1.20 : >24 ,;
Cr-51 1.5e-06 1.4e-07 1.3e-06 3.2e-06 3.8e-06 5.4e-09 5.2e-10 4.5e-09 1.1e-08 1.3e-08
Mn-53 3.3e-06 4.1e-07 3.5e-06 5.6e-06 6.2e-06 1.2e-08 1.5e-09 1.2e-08 2.0e-08 2.2e-08
Mn-54 1.0e-04 1.3e-05 1.1e-04 1.7e-04 1.9e-04 3.6e-07 4.5e-08 3.8e-07 6.2e-07 6.9e-07
Fe-55 8.2e-05 1.0e-05 8.7e-05 1.4e-04 1.6e-04 2.9e-07 3.6e-08 3.1e-07 5.0e-07 5.6e-07
F0 9594 _.9e-~o~f 1.6e 04, >3.ie'3.6e Ž. ,596e608,5. 6eo714ti 6i,8
Co-56 3.3e-04 4.1e-05 3.4e-04 5.9e-04 6.7e-04 1.2e-06 1.4e-07 1.2e-06 2.1e-06 2.4e-06
Co-57 5.0e-05 6.3e-06 5.3e-05 8.6e-05 9.6e-05 1.8e-07 2.2e-08 1.9e-07 3.1e-07 3.4e-07
Co-SC 1.1e-04 1.4e-05 1.1e-04 2.0e-04 2.3e-04 4.0e-07 4.8e-08 4.0e-07 7.1e-07 8.1e-07
Co-60 1.5e-03 1.9e-04 1.6e-03 2.6e-03 2.9e-03 5.5e-06 6.8e-07 5.8e-06 9.4e-06 1.0e-05
N5-5906: 2.Oe 0 2.1e-05 -,3.46-05 4. 3.8 __ 7.2- 8C29.0 7.6e 01.2o-7i-41 7
NI-63 4.8e-05 5.9e-06 5.0e-05 8.1e-05 9.0e-05 1.7e-07 2.1e-08 1.8e-07 2.9e-07 3.2e-07
Zn-65 2.3e-04 2.9e-05 2.4e-04 4.0e-04 4.4e-04 8.3e-07 1.0e.07. 8.7e-07 1.4e-06 1.6e-06
As-73 4.5e-05 5.4e-06 4.5e-05 7.8e-05 8.9e-05 1.6e-07 1.9e-08 1.6e-07 2.8e47 3.2e-07
Se-75 1.3e-04 1.6e-05 1.3e-04 2.2e-04 2.5e-04 4.6e-07 5.6e-08 4.7e-07 7.9e-07 8.9e-07

Sr-89 8.2e-05 9.4e 06 7.9e-05 1.5e-04 1.7e-04 2.9e-07 3.3e-08 2.8e07 5.4e07 6.2e-07
Sr-90 2.9e-03 3.6e-04 3.1e-03 5.0e-03 5.5e-03 1.0e-05 1.3e-06 1.1e-05 1.8e-05 2.0e-05
Y-91 3.8e-04 4Ae-05 3.7e-04 6.8e-04 7.8e 04 1.3e-06 1.6e-07 1.3e-06 2.4e-06 2.8e-06
Zr-93 6.1e-04 7.5e-05 6.4e04 1.0e-03 1.1e-03 2.2e-06 2.7e-07 2.3e-06 3.7e 06 4.1e-06

Nb-93m 7.9e-05 9.8e-06 8.3e-05 1.3e-04 1.5e-04 2.8e-07 3.5e-08 2.9e-07 4.8e-07 5.3e-07
Nb-94 2.3e-03 2.8e404 2.4e-03 3.9e-03 4.3e-03 8.2e.06 1.0e-06 8.6e-06 1.4e-05 1.5e-05
Nb-95 6.3e-05 6.6e-06 5.7e 05 1.3e-04 I.Se-04 2.3e-07 2Ae-08 2.0e47 4.5e07 5.2e-07
Mo-93 1.1e-04 1.4e-05 1.2e-04 1.9e4-4 2.1e-04 3.9e-07 4.9e-08 4.1e-07 6.7e-07 7.5e-07
To 97 0 4 25.2e0 ±Z6.5e49,"<5.5o-08, 9.0e08- .9e,08
Tc-97m 1.9e-04 2.3e05 1.9e-04 3.3e-04 3.8e-04 6.8e-07 8.2e-08 6.9e07 1.2e-06 1.3e-06
Tc-99 2.9e-04 3.6e-05 3.1e-04 5.0e-04 5.5e-04 1.0e-06 1.3e-07 1.1e-06 1.8e-06 2.0e-06
Ru-103 1.1e-04 1.2e-05 1.1e-04 2.2e-04 2.6e-04 4.1e-07 4.4e-08 3.8e-07 7.8e-07 9.2e-07
Ru-106 3.0e-03 3.7e-04 3.2e03 5.1e03 5.7e-03 1.1e-05 1.3e-06 1.1e-05 1.8e-05 2.0e-05
Ag'iO8mn.;-~j ',.' -' 7 -j< 2.2e-04- 1.8e 3- 3.0 03' - 3.3 03 ' 6.2e-06,7.7e-O7-- 6.5e-06 e-05u,12e
Ag-110m 6.1e-04 7.6e-05 6.4e-04 1.0e-03 1.2e-03 2.2e-06 2.7e-07 2.3e-06 3.7e-06 4.1e-06
Cd-109 8.4e-04 1.0e-04 8.8e-04 1.4e-03 1.6e-03 3.0e-06 3.7e-07 3.1e-06 5.1e-06 5.7e-06
Sn-113 1.4e-04 1.8e-05 1.5e-04 2.5e-04 2.8e-04 5.2e-07 6.3e-08 5.3e-07 8.9e-07 1.0e-06
Sb-124 _ 2.9e-04 3.5e-05 2.9e-04 5.3e-04 6.1e-04 1.1e-06 1.2e-07 1.0e-06 1.9e-06 2.2e-06

St 25tŽ,' 363.6ef-44' 4'.,4e-05 •3.7e-04 , e 67eO4,'-"' E13e4, 6e,47,1i3e-06':2.2e,46 ,4e06
Te-123m 2.6e-04 3.2e-05 2.7e-04 4.4e-04 5.Oe-04 9.1e-07 1.1e-07 9.5e-07 1.6e-06 1.8e-06
Te-127m 4.7e-04 5.8e-05 4.9e-04 8.2e-04 9.2e-04 1.7e-06 2.1e-07 1.7e-06 2.9e-06 3.3e-06
1-125 4.6e-04 5.4e-05 4.5e-04 8.2e-04 9.5e-04 1.6e-06 1.9e-07 1.6e-06 2.9e-06 3.4e-06
1-129 4.7e-03 5.8e-04 4.9e-03 8.0e-03 8.8e-03 1.7e-05 2.1e-06 1.8e-05 2.9e-05 3.2e-05
I-i3' -j i.3e-4i-: .1.8e-0 - 3.7e-05:. -,4.3e-O4X 6.3e'-04 , 4.8e-07 6.6e609?1.3e7 F1.5e-06i' 2.2e-W.
Cs-134 8.5e-04 1.1e-04 9.0e-04 1.5e-03 1.6e-03 3.0e-06 3.8e-07 3.2e-06 5.2e-06 5.8e-06
Cs-135 9.1e-05 1.1e-05 9.6e-05 1.6e-04 1.7e-04 3.2e-07 4.0e-08 3.4e-07 5.5e-07 6.1e-07
Cs-137 6.1e-04 7.6e405 6.5e-04 1.0e-03 1.2e-03 2.2e-06 2.7e-07 2.3e-06 3.7e-06 4.1e-06
Ba-133 1.6e-04 2.0e-05 1.7e-04 2.8e-04 3.1e-04 5.9e-07 7.3e-08 6.2e-07 1.0e-06 1.e-06
Ce i39,.'A; r-l'' ,'i.1e-04 ;:r 1.3e-05,--,'e1.1e41.96-04'- 2ie 04- - 3.9e4.8e48,.0e47:--6.6e-07'' 7.5e07S
Ce-141 1.5e-04 1.5e-05 1.3e-04 2.9e-04 3.4e-04 5.2e-07 5.3e-08 4.5e-07 1.0e-06 1.2e-06
Ce-144 2.5e-03 3.0e-04 2.6e-03 4.2e-03 4.7e-03 8.7e-06 1.1e-06 9.2e-06 1.5e-05 1.7e-05
Pm-147 2.9e-04 3.5e-05 3.0e-04 4.9e-04 5.4e-04 1.0e-06 1.3e-07 1.1e-06 1.7e-06 1.9e-06
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Appendix I-2 Normalized Effective Doses from Concrete

Table 12.20 Normalized effective doses from Inhalation: Disposal-MSW
Mass-based effective dose (pSv/y per BqIg) Surficial effective dose (jSv/y per Bq/crm2)

Radionucflde Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
SM-151 2.4e-04 3.0e-05 2.5e-044 4.te-04 4.5e-04 8.5e-07 1.1e-07 8.9e-07 1.5e-06 1.6e-06
Eu'i52c. .2.5e 4 3i I4. 2.6e03 24.2 3 ,9.7e 03 88ei8 e-06 -1 .05-D92 1.5- ;5 .ie
Eu-154 3.2e-03 4.0e-04 3.4e-03 5.4e-03 6.0e-03 1.1 e-05 I1Ae-06 1.2e-05 1.9e-05 2.2e-05
Eu-I 55 4.3e-04 5.3e-05 4.5e-04 7.3e-04 8.0e-04 1.5e-06 1.9e-07 1.6e-06 2.6e-06 2.9e-06
Gd-153 12e-04 1.4e-05 1.2e-04 2.0e-04 2.2e-04 42e-07 5.1e-08 4.4e-07 7.1e-07 7.9e-07
-Tb-160 3.6e-04 4.3e-05 3.6e-04 6Ae-04 7.2e-04 1.3e-06 1.5e-07 1.3e-06 2.3e-06 2.6e-06
Trnii,70 jf- 1 4.004, Y4.9- 05 ' 4.1e-4Q6.8-44, 7.7e 04AS6z14 06,ŽI.7e-7 _I.06;'e2.8 06,-
TM-171 8.1e-05 I.0e-05 8.5e-05 1Ae04 1.5e-04 2.9e-07 3.6e-08 3.0e-07 4.9e-07 5.5e-07
Ta-I 82 5.Se-04 6.8e-05 5.7e-04 9.6e-04 1.1 e-03 2.0e-06 2Ae-07 2.0e-06 3.4e-06 3.9e-06
W-181 3.2e-06 4.0e-07 3.4e-06 5.6e-06 6.3e-06 1.2e-08 IAe-09 1.2e-08 2.0e-08 2.3e-08
W-1 85 1 .5e-05 1 .8e-06 - I .5e-05 2.6e-05 3.0e-05 5.3e-08 6.4e-09 5.3e48 9.3e-08 1.1 e-07

7b4i9 e 05 , e8,9.6e 18.48 .4 .5 >k2'2.8e,47 *3.4e-08 <2.9e-07,
Ir-192 3.3e-4' 4.0e-05 3.3e-04 5.8e-04 6.6e-04 1.2e-06 IAe-07 1.2e-06 2.1e-06 2.4e-06
T1-204 5.6e-05 6.9e-06 5.9e05 9.5e-05 1.1e-04 2.0e-07 2.5e-08 2.1e-07 3.4e-07 3.8e07
Pb-210 3.1e-01 3.8e-02 3.2e-01 5.2e-01 5.8e-01 1.1e-03 IAe-04 1.2e-03 1.9e03 2.1e-03
Bi-207 2.9e-04 3.6e-05 3.1 e-04 5.0e-04 5.5e-04- I.Oe-06 1.3e-07 1.1 e-06' 1.8e-06 2.0e-06

-. .. 1.0."3'1 .2e
Ra-226 2.1e-01 2.5e-02 2.2e-01 3.5e-01 3.9e-01 7.3e-04 9.1e05 7.7e-04 1.3e-03 IAe403
Ra-228 2.3e-01 2.8e-02 2Ae-01 4.2e-01 4.7e-01 8.4e-04 I.Oe-04 8.4e-04 I.5e-03 1.7e-03
Ac-227 5.4e+00 6.7e-01 5.7e+00 9.2e+00 1.0e+01 1.9e-02 2.4e03 2.0e-02 3.3e-02 3.6e-02
Th-228 2.3e+00 2.8e-01 2.4e+00 3.9e+00 4.3e+00 8.1 e-03 1.Oe-03 -03 1.4e-02 1.5e-02

2+00 7.8 01 i, e2.8e-0e1 4,5e02 z5.O2-02;

Th-230 2.6e+00 32e-01 2.7e+00 4.4e+00 4.8e+00 9.2e-03 1.1e-03 9.6e-03 1.6e-02 1.7e-02
Th-232 2.7e+00 3.3e-01 2.8e+00 4.5e+00 5.0e+00 9.5e-03 1 .2e-03 1 .Oe-02 1 .6e-02 1 .8e-02
Pa-231 8.2e+00 1.0e+00 8.6e+00 1Ae+0I 1.5e+01 2.9e-02 3.6e-03 3.1e-02 5.0e-02 5.5e-02
U-232 2.5e+00 3.1e-01 2.6e+00 4.2e+00 4.7e+00 8.8e-03 1.1 e-03 9.2e-03 1.5e-02 1.7e-02

b -233~t~z~6.31',' 7,.9e-02&" 6.7e41,Ii~e+00 41.'-2e+ ,2, 3e03 2;8e.4 -,'2Aie-03 3.9e-03 43
U-234 6.2e-01 7.7e02 6.6e-01 1.1e+00 1.2e+00 2.2e-03 2.8e-04 2.3e-03 3.8e03 4.2e-03
U-235 5.6e-01 6.9e-02 5.9e-01 9.6e-01 1.1e+00 2.0e-03 2.5e-04 2.1e-03 3.4e-03 3.8e-03
U-236 5.8e-01 7.2e-02 6.1e-01 9.9e-01 1.1e+00 2.1e-03 2.6e-04 2.2e-03 3.5e403 3.9e-03
U-238 5.2e-01 6.5e-02 5.5e-01 8.9e-01 9.9e-01 1.9e-03 2.3e-04 2.0e-03 3.2e-03 3.5e-03

We s ~- as _*-s - * -q t. - *r----@,'- *--.->| - - t * .- v- ,

Np-237,'-, .4e +0 >--1 .ie-01 j1.5e+,00 f.2.4e+ 2.6e 00 4,8.403 9.3e,43
Pu-236 1.2e+00 1Ae-01 1.2e+00 2.0e+00 2.2e+00: 4.2e-03 5.2e-04 4.4e-03 7.1 e-03 7.9e-03
Pu-238 2.8e+00 3Ae-01 2.9e+00 4.7e+00 5.2e+00' 9.8e-03 1.2e-03 1.0e-02 1.7e-02 1.9e-02
Pu-239 2.9e+00 3.6e-01 3.1e+00 5.0e+00 5.5e+00 I.Oe-02 1.3e-03 I.Ie-02 1.8e-02 2.0e-02
Pu-240 2.9e+00 3.6e-01 3.1e+00 5.0e+00 5.5e+00 I.Oe-02 1.3e-03 1.1e-02 1.8e-02 2.0e-02

5 0 6.6e- 0V-5.6e-02- 9.ie-02 2-xi.e=05';;-i9j0435 .0e-041*3.3e4 64,

Pu-242 2.8e+00 3.5e-01 3.0e+00 4.9e+00 5Ae+O0' 1.0e-02 1.3e-03 1.1e-02 1.7e-02 1.9e-02
Pu-244 2.8e+00 3Ae-01 2.9e+00 4.7e+00 5.2e+00 9.8e-03 1.2e-03 1.0e-02 1.7e-02 1.9e-02
ArT-241 2.5e+00 3.1e-01 2.6e+00 4.2e+00 4.7e+00 8.8e-03 1.1e-03 9.3e-03 1.5e-02 1.7e-02
ArT-242m 2.5e+00 3.1e-01 2.6e+00 4.2e+00 4.7e+00 8.9e-03 1.1e-03 9.3e-03 1.5e-02 1.7e-02
Ai~2,43;'' ~-.2.e'+0 .3.ie41-'-.6e+00 42e+0 ,4.7e0 i 18.80032,.1e 3Q9.3.0 4 .5e,2 .i.7 42*

Cm-242 3.0e-01 3.7e-02 3.1e-01 5.0e-01 5.7e-01 1.1e-03 1.3e-04 1.1e-03 1.8e-03 2.0e-03
Cm-243 1.8e+00 2.3e-01 1.9e+00 3.1e+00 3.5e+00 6.5e-03 8.1e-04 6.9e-03 I.1e-02 1.2e-02
Cm-244 1.6e+00 1.9e-01 1.6e+00 2.7e+00 2.9e+00 5.6e-03 6.9e-04 5.8e-03 9.5e-03 1.0e-02
Cm-245 2.5e+00 3.1e-01 2.6e+00 4.2e+00 4.7e+00 - 8.8e-03 1.1e-03 9.3e-03 1.5e-02 1.7e-02
Cm-2A6,., -2.5e+00:3.Ie-1 -26e+00-,- 42e+00 -j4.ie+00T. 78.8e.03I~I ie ~3 93~4J
Cm-247 2.3e+00 2.8e-01 2Ae+00 3.9e+00 4.3e+00- 8.2e-03 1.0e-03 8.6e-03 1Ae-02 1.5e-02
Cm-248 8.7e+00 1.1e+00 9.2e+00 1.5e+01 1.6e+01 3.1e-02 3.9e-03 3.3e-02 5.3e-02 5.9e-02
Bk-249 -9.3e-03 1.Ie03 9.8e43 1.6e-02 1.7e-02 3.3e-05 4.1e-06 3.5e-05 5.6e-05 6.3e-05
Cf-248 5.3e-01 6.5e-02 5.5e-01 9.0e-01 9.9e-01 1.9e-03 2.3e-04 2.0e-03 3.2e-03 3.6e-03
Cf-249 =.'-* .... , : 4.1e+00 .'^5.le-l 1 v4.4e+00 ie+0 ,7.8+,00, , .5,e-24.8eO3, .i;5eA42 22.5e02 2.8e02
Cf-250 2.0e+00 2.5e-01 2.1 e+00 3Ae+O0 3.8e+00 7.2e-03 8.9e-04 7.5e-03 1.2e-02 1Ae-02
Cf-251 4.2e+00 5.2e-01 4.5e+00 7.2e+00 8.Oe+00 1.5e-02 1.9e-03 1.6e-02 2.6e-02 2.8e-02
Cf-252 1.2e+00 1Ae-01 1.2e+00 2.0e+00 2.2e+00 42e-03 5.1e-04 4.4e-03 7.1e-03 7.9e-03
Cf-254 1.4e+00 1.6e-01 1.4e+00 2.5e+00 2.9e+00 4.9e-03 5.8e-04 4.9e-03 8.9e-03 1.0e-02
Es254 u'' :5.ie Oi'','6.4e02',;5.4e-1I-' '8.8e41-' 39.7e!0l -' Z1.8e 72.e -19e-3,'03.1e-3 t35e03

Note: To convert these values to conventional units (mremly per pCig or mrenly per pCrn1m2), multiply by 3.7e-3
_-7NJE-141-87 NUREG-1640



Normalized Effective Doses from Concrete Appendix 1-2

Table 12.21 Normalized effective doses from ingestion: Disposal-MSW
Mass-based effective dose (pSvly per Bq/g)

Radonuclide Mean 5th 50th 90th 95th
Surficial effective dose (pSv/y per Bqcmr2)

Mean 5th 50th 90th 95th
H-3 4.4e-05 3.8e-07 1.5e-05 1.3e-04 2.0e-04 1.6e-07 1.4e-09 5.4e-08 4.7e-07 7.0e-07
C-14 1.4e-03 1.2e-05 5.0e-04 4.3e-03 6.4e-03 5.1e-06 4.4e-08 1.8e-06 1.5e-05 2.3e-05
Na-22 7.7e-03 6.6e-05 2.7e-03 2.3e-02 3.4e-02 2.Be-05 2.4e-07 9.5e-06 8.2e-O5 1.2e-4
P-32 1.5e-03 6.0e-06 3.5e-04 4.0e-03 7.2e-03 5.5e-06 2.1e-08 1.2e-06 1.4e-05 2.6e-05

.35ik-7 2 .6e'2 22e-06< 45z',e4 .2e32 7!8.0 3.33e07j2.8 4.2eOi
CI-36 2.3e-03 2.0e-05 8.0e434 6.8e-03 1.0e-02 8.2e-06 7.0e-O8 2.8e-06 2.4e-05 3.7e-05
K-40 1.5e-02 1.3e-04 5.3e-03 4.6e-02 6.8e-02 5.5e-05 4.7e"07 1.9e-05 1.6e-04 2.4e-04
Ca-41 7.2e-04 6.2e-06 2.5e-04 2.1 e-03 3.2e-03 2.6e-06 2.2e-08 8.8e-07 7.6e-06 1.1e-05
Ca-4s 1.6e-03 1.4e-05 5.7e-04 4.8e-03 7.2e-03 5.8e-06 4.9e-08 2.0e-06 1.7e-05 2.6e-05

L4.-- 2.8e-O3?2.3e-05 4a7eii9.2 .5e-05--
Cr-51 4.2e-05 2.8e-07 1.3e-05 1.2e-04 1.8e-04 1.5e-07 1.0e-09 4.7e-08 4.2e-07 6.7e-07
Mn-53 7.4e-05 6.4e-07 2.6e-05 2.2e-04 3.3e-04 2.7e-07 2.3e-09 9.1 e-08 7.9e-07 1.2e-06
Mn-54 1.6e-03 1.4e-05 5.7e-04 4.8e-03 7.2e-03 5.8e-06 5.0e-08 2.0e-06 1.7e-05 2.6e-05
Fe-55 8.0e-04 6.8e-06 2.8e-04 2Ae-03 3.5e-03 2.9e-06 2.4e-08 9.8e-07 8.5e-06 1.3e-05
F~e-59G.-r ; . ,9 . , . z3.2e 06L --2.8e95. 4 .3

Co.56 4.2e-03 3.6e-05 1.5e-03 1.2e-02 1.9e-02 1.5e-05 1.3e-07 5.2e-06 4.4e-05 6.7e-05
Co-57 4.3e-04 3.6e-06 1.5e-04 1.3e-03 1.9e-03 1.5e-06 1.3e-08 5.3e-07 4.6e-06 6.8e-06
Co-58 1.2e-03 1.0e-O5 4.3e-04 3.6e-03 5.5e-03 4.5e-06 3.7e-08 1.5e-06 1.3e-05 2.0e-05
Co-60 6.1e-03 5.2e-05 2.1e-03 1.8e-02 2.7e-02 2.2e-05 1.9e-07 7.5e-06 6.5e-05 9.7e-05
NI59Y I 0-.1 e 6 5-4e-0F'i,69
Ni-63 3.7e-04 3.2e-06 1.3e-04 1.1e-03 1.7e-03 1.3e-06 1.1e-08 4.6e-07 3.9e-06 5.9e-06
Zn-65 8.8e-03 7.4e-05 3.0e-03 2.6e-02 3.9e-02 3.1e-05 2.7e-07 1.1e-05 9.3e-05 1.4e-04
As-73 4.8e-04 4.0e-06 1.7e-04 1.4e-03 2.1e-03 1.7e-06 1.4e-08 5.9e-07 5.0e-06 7.6e-06
Se-75 5.3e-03 4.5e-05 1.8e-03 1.6e-02 2.4e-02 1.9e-05 1.6e-07 6.5e-06 5.6e-05 8.4e-05

Sr-85->wR r' " ,<-' 9.7e-048 O6Y-. ;'8 .3eX-0 2.8e'-03~ 4,@.43e,-,3, .5e-06_j'. f ~ 2.20e- 9e

Sr-89 4.1e-03 3.2e-05 1Ae-03 1.2e-02 1.8e-02 1.5e-05 1.2e-07 4.9e-06 4.3e-05 6.5e-05
Sr-90 7.6e-02 6.5e-04 2.6e-02 2.2e-01 3.4e-01 2.7e-04 2.3e-06 9.3e-05 8.0e-04 1.2e-03
Y-91 4.0e-03 3.3e-05 1Ae-03 1.2e-02 1.8e-02 1.4e-05 1.2e-07 4.8e-06 4.2e-05 6.3e-05
Zr-93 7.0e-04 6.Oe-06 2.4e-04 2.1e-03 3.1e-03 2.5e406 2.1e-08 8.5e-07 7.4e-06 1.le-05
Z~r,95 '2-ff 2.1e-03<?i:7 i.7e05 ,7.2e,6i, , 6;0e-03 .r9.1e0.KS.7302/±62-08 r:24 2.5e06'2.2-053.3 5:
Nb-93m 3.0e-04 2.5e-06 1.Oe-04 8.8e 04 1.3e-03 1.Ie-06 9.1e-09 3.6e-07 3.1e-06 4.7e-06
Nb-94 4.2e-03 3.6e-05 1.5e-03 1.2e-02 1.9e-02 1.5e-05 1.3e-07 5.2e-06 4.5e-05 6.7e-05
Nb-95 7.6e-04 5.6e-06 2.5e-04 2.2e-03 3.3e-03 2.7e-06 2.0e-08 8.8e-07 7.7e-06 1.2e-05
Mo-93 6.4e-03 5.5e05 2.2e-03 1.9e-02 2.9e-02 2.3e-05 2.0e-07 7.9e-06 6.8e-05 1.0e-04

,Tc-9 7,_ ;21e04 -, -1'.,'2.08 e-0 6.1e-O ' 93e-O9-2.5e.07>L2 r2-06•L3.36e086
Tc-97m 1.2e-03 l.00e-5 4.3e-04 3.6e-03 5.5e-03 4.5e-06 3.8e-08 1.5e-06 1.3e-05 2.0e-05
TC-99 1.9e-03 1.7e-05 6.7e-04 5.7e-03 8.6e-03 6.9e-06 5.9e-08 2.4e-06 2.0e-05 3.1 e-05
Ru-103 1.0e-03 7.7e-06 3.4e-04 2.9e-03 4.6e-03 3.7e-06 2.8e-08 1.2e-06 1.0e-05 1.7e-05
Ru-106 1.6e.02 1.4e-04 5.7e-03 4.8e-02 7.2e-02 5.8e-05 5.0e-07 2.0e-05 1.7e-04 2.6e-04
Ag-lO8m - " 5;7e-03, 4.9e 05 2 Oe O8 5 1el02e .7j f7, 0"; -06
Ag-1 IOm 6.3e-03 5.3e-05 2.2e-3 1.9e-02 2.8e-02 2.2e-05 1.9e07 7.7e-06 6.7e 05 9.9e-05
Cd-109 4.7e-03 4.0e-05 1.6e-03 1.4e-02 2.1e-02 1.7e-05 1.4e-07 5.8e-06 5.0e-05 7.5e-05
Sn-i 13 1.5e-03 1.3e-05 5.3e-04 4.5e-03 6.8e-03 5.5e-06 4.6e-08 1.9e-06 1.6e-05 2.4e-05
Sb-124 4.2e-03 3.5e-05 1.4e-03 1.2e-02 1.9e 02 1.5e-05 1.2e-07 5.1e-06 4.4e-05 6.7e-05
Sb:1254 :JW3.1e-032.7e-05 -_1.e03 - 9.3eO3 1 I4e2 --, .1e- O9. 08 e53.9e 6,'3.3e, s-o5 -d
Te-123m 2.8e-03 2.4e-05 9.9e-04 8.4e-03 1.3e-02 1.0e-05 8.7e-08 3.5e-06 3.0e 05 4.5e-05
Te-127m 4.9e-03 4.2e-05 1.7e-03 1.Ae-02 2.2e-02 1.8e-05 1.5e-07 6.0e-06 5.2e-05 7.8e-05
1-125 2.5e-02 2.1e-04 8.5e-03 7.3e-02 1.1e-01 9.0e-05 7.4e-07 3.1e-05 2.6e-04 4.0e-04
1-129 2.7e-01 2.3e-03 9.4e-02 8.1e-01 1.2e+00 9.7e-04 8.3e-06 3.4e-04 2.9e-03 4.3e-03
i131Z' -_ :.7.2e03 .7.8e-6,. 7.6e-4T--'i.7e-2 3.6e02-.- iŽ 626e5'M2.7eO8 -. 2.7e 6 A B.2e05±§.1.3e04'
Cs-134 4.6e-02 3.9e-04 1.6e-02 1.4e-01 2.0e-01 1.6e-04 1.4e-06 5.6e-05 4.8e 04 7.2e-04
Cs-135 5.Oe-03 4.3e-05 1.7e-03 1.5e-02 2.2e-02 1.8e-05 1.5e-07 6.1e-06 5.3e-05 7.9e-05
Cs-137 3.2e-02 2.8e-04 1.e-02 9.5e-02 1.4e-01 1.e-04 9.8e-07 4.0e-05 3.4e-04 5.1e-04
Ba-133 2.5e-03 2.1e-05 8.5e-04 7.3e-03 1.1e-02 8.8e-06 7.5e-08 3.0e-06 2.6e-05 3.9e-05
Ce-139 T e - . S.e-; <4.6 1;9e'+4:, i.6e.3: 2.4e-O3 7 -,, '1.9e6di.6e-O8-'6.7e0 7;.-'-5.7e-06 8.6e-086
Ce-141 8.9e-04 6.4e-06 2.9e-04 2.5e-03 3.9e-03 3.2e-06 2.3e-08 1.0e-06 9.0e-06 1.4e-05
Ce-144 1.2e-02 1.0e-04 4.2e-03 3.5e-02 5.3e-02 4.3e-05 3.7e-07 1.5e-05 1.3e-04 1.9e-04
Pm-147 6.3e-04 5Ae-06 2.2e-04 1.9e-03 2.8e-03 2.2e-06 1.9e-08 7.7e-07 6.7e-06 1.0e-05

NUREG-l~ 64_18
NUREG-1 640 1-88



-Arr~ppendix 1-2 Normalized Effective Doses from Concrete

Table 12.21 Normalized effective doses from Ingestion: Dlsposal-MSW

Mass-based effective tiose (pSvly per Bq/g) - Surficial effective dose (pSv/y per Bq/cm2)

Radionuclide Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

Sm-151 2Ae04 2.1 e-06 8Ae-05 7.2e-04 1.1 e-03 8.7e-07 7.4e-09 3.0e-07 2.6e-06 3.9e-06
3Eu50'--- 0-313:003.0e5 Ci 2o 3k 1002 ;V 1.5e402-,1,2e 05Z'1.ie07-''A.2e06.>3.ie~0 ~5>.,5e5

Eu-154 4.9e-03 4.2e-05 1.7e-03 1.5e-02 2.2e-02 1.8e-05 I.5e-07 6.0e-06 5.2e-05 7.8e-05
Eu-155 7.8e-04 6.7e-06 2.7e-04 2.3e-03 3.5e-03 2.8e-06 2.4e-08 9.6e-07 8.3e-06 1.2e-05
Gd-153 6.1e-04 5.1e-06 2.1e-04 1.8e-03 2.7e-03 2.2e-06 1.9e-08 7.4e-07 6.4e-06 9.6e-06
Tb-160 2.9e-03 2Ae05 9.8e-04 8.3e-03 1.3e-02 1.0e-05 8.6e-08 3.5e-06 3.0e-05 4.6e-05
*3Tr 'i70 - <>22.7e 4 5 z 9 .3 eC 4:;, 7.e- 3::'12e-42 '_ 05.6e-6 ,
Tr-171 2.6e-44 2.2e-06 9.1e-05 7.8e-04 1.2e-03 9.4e-07 8.1e-09 3.2e-07 2.8e-06 42e-06
Ta-1 82 3.0e03 2.6e-05 1.1 e-03 8.9e-03 1 .3e-02 1.1 e-05 9.2e-08 3.7e-06 3.2e4-5 4.8e-05
W-181 1.5e-04 1.3e-06 5.4e-05 4.6e-04 6.9e-04 5.5e-07 4.7e-09 1.9e-07 1.6e-06 2.5e46
W-185 8.Oe-04 6.7e-06 2.7e-04 2.3e-03 3.5e-03 2.8e-06 2.4e-08 9.8e-07 8.3e-06 1.3e-05
o1I85-v-:B ,X',-9.8e ,8.3e8 6 ,-3.4^e4 4"2.9. 03; ,;''4.ie43' 43.5o86 ><+:' 3.0e08' 2eO6 ' .Oe .6e-05
Ir-192 2.5e-03 2.1e-05 8.7e-04 7.3e-03 I.Ie-02 9.0e-06 7.5e-08 3.1 e-06 2.6e-05 4.0e4-5
Tl-204 3.2e403 2.7e-05 1.1 e-03 9.4e-03 1 Ae-02 1.1 e-05 9.7e-08 3.9e-06 3.4e-05 5.0e-05
Pb-210 2.3e+00 2.0e-02 7.9e-41 6.7e+00 1.0e+01 8.1e-03 7.0e4-5 2.8e-03 2.4e-02 3.6e-02
Bi-207 3.2e-03 2.8e4-5 - .I e-03 9.5e-03 1.Ae-02 1.1 e-05 9.8e-08 4.0e-06 3.4e-05 5.1 e-05
Po210ti.^ ,5.0- ,41.,2e-O3,,8e-Oi e.5o +,00 2.2e+00 t.8e 3 ,t.Se.5';62e.O4i•5.303TY8.0e03,
Ra-226 7.0e-01 6.0e-03 2Ae-41 2.1e+00 3.1e+00 2.5e-03 2.1e-05 8.6e-44 7Ae-03 1.1e-02
Ra-228 1.7e+00 1.4e-02 5.7e-01 4.9e+00 7.4e+00 5.9e-03 5.1e-05 2.0e-03 1.8e-02 2.6e-02
Ac-227 3.0e+00 2.6e-02 1.0e+00 8.8e+00 1.3e+01 1.1e-02 9.1e-05 3.7e-43 3.2e-02 4.7e-02
Th-228 3.4e4-1 2.9e-03 1.2e-01 1.0e+00 1.5e+00 1.2e-03 1.0e-05 4.2e-04 3.6e-03 5.4e-03
T229 ',' .5e+4001. 2 5.te-Oi 7; 4.4e+00i,6.6o4OO _,S-5.3e 43 .6 4
Th-230 5.2e4-1 4.5e-03 1.8e-01 I.5e+00 2.3e+00 1.9e-03 1.6e-05 6.4e-04 5.5e-03 8.3e-03
Th-232 5.6e-01 4.9e-03 2.0e4-1 1.7e+00 2.5e+00 2.0e-03 1.7e-05 6.9e-04 6.0e-03 9.0e-03
Pa-231 1 .8e+00 I .5e-02 6.1 e-01 5.2e+00 7.9e+00 6.3e-03 5Ae4-05 2.2e-03 1 .9e-02 2.8e-02
U-232 8.3e4-1 7.1e-03 2.9e-41 2.5e+00 3.7e+00 3.0e-03 2.5e405 1.Oe-03 8.8e-03 1.3e-02
V.233 :- {';<~rl.2o.01 -. 1 .- 3 p 4.3.02> -. '3.7.-Ol r,5.5e-O1, '; :i4.e-i.,:3.38e-0 ~~~-4~ 30§ .e0,
U-234 12e-01 I.0e-03 4.2e-02 3.6e4-1 5Ae4-1 -4.3e-04 3.7e-06 1.Se-04 1.3e-03 1.9e-03
U-235 1.1e4-1 9.9e-04 4.0e-02 3.4e4-1 5.1e4-1 4.1e-04 3.5e-06 1.4e-04 1.2e-03 1.8e-03
U-236 1.1e-O1 9.8e-04 3.9e-02 3.4e-01 5.1e-01 4.1e-04 3.5e-06 1.4e-04 1.2e-03 1.8e-03
U-238 1.2e-01 1.0e-03 4.1e-02 _ 3.5e-01 5.2e-,1,_ , 42e-04 3.6e-06 1.4e-04 1.2e-03 1.9e-03
Np1237Q .- 27e40;i 2Ae4-03 9.5eO2. 8.1e-0 1 ju.i2e+00 -- 0.9.8e ,.4 -04Th-2.9e.03f4Ae03
Pu-236 2.1e-41 1.8e-03 7.2e-02 6.2e-01 9.3e41 ' 7.5e-04 6.4e-06 2.6e-04 2.2e-03 3.3e-03
Pu-238 5.7e-41 4.9e-03 2.0e4-1 1.7e+00 2.5e+00 2.0e-03 .7e-05 7.0e-04 6.0e-03 9.1 e-03
Pu-239 6.2e4-1 5.3e-03 2.1e-41 1.8e+00 2.8e+00 2.2e-03 1.9e4-5 7.6e-04 6.6e-03 9.8e-03
Pu-240 62e-01 5.3e-03 2.1e-01 1.8e+00 2.8e+00 2.2e-03 1.9e-05 7.6e-04 6.6e-03 9.8e-03
Pu-241 __ 2.I..,12e-,2,'.Oe-04,'4.0, 3.5--'' 42 ^'562e §42e-O5' 3.6 14e-O .'__1'2e0i- 4.9e-04

Pu-242 5.9e4-1 5.1e-03 2.1e4-1 1.8e+00 2.7e+00 2.1 e-03 1.8e4-5 7.3e-04 6.3e-03 9.4e-03
Pu-244 6.0e-01 5.1 e-43 2.1e-41 1.8e+00 2.7e+00 2.1 e-03 1.8e-05 7.3e-04 6.3e-43 9.5e-03
Am-241 5.0e4-1 4.3e-03 1.7e-01 1.5e+00 2.2e+00 1.8e-03 1.5e-05 6.1 e-44 5.2e-43 7.9e-03
Am-242m 5.0e4-1 4.3e-03 1.7e-1 1.5e+00 2.2e+00 1.8e-03 1.5e-05 6.1e-04 5.3e-03 7.9e-03
Arr243 -'500-0e1_' et3.-O3 .7e-1; 1i 5e+00 , ,.'2.2 +0O 1 0;-03.-1 .5eO5 '6.1e-04 t25.3e-3 ;7.9e03
Cm-242 2.6e-02 2.2e-04 9.1e-03 7.7e-02 1.2e4-1 9.3e405 8.0e-07 3.2e.-5 2.8e-04 4.1e-04
Cm-243 3.7e-41 3.2e-03 1.3e4-1 I.1e+00 1.7e+00 1.3e-03 1.1e-O5 4.6e-O4 3.9e-O3 5.9e-03
Cm-244 3.0e-01 2.5e-03 1.0e-41 8.8e4-1 1.3e+00 I.Ie-43 9.1e46 3.6e-04 3.1e-03 4.7e-03
Cm-245 5.2e-1 4.5e-03 1.8e4-1 1.5e+00 2.3e+00 1.9e-03 1.6e-05 6.4e-04 5.5e-03 8.3e-03
Cmn246 ,- ''E5, -1•i52e-,05e43 *21H.5e'+00 ',2.3e+00 t 1.9e-03 Z)1.6e-,5 16:404 5.5e-03 .. 3
Cm-247 4.7e-01 4.1e-03 1.6e-01 1Ae+00 2.1e+00 -1.7-03 1.4e-05 5.8e4)4 5.0e-03 7.5e-03
Cm-248 1.9e+00 1.6e-02 6.6e-01 5.7e+00 8.5e+00 6.8e-03 5.8e-05 2.3e403 2.0e-02 3.0e-02
Bk-249 2.4e-03 2.0e-05 8.3e4)4 7.1e-03 1.1e-02 8.5e-06 7.3e-08 2.9e-06 2.5e-05 3.8e-05
Cf-248 6.6e-02 5.6e-04 ,2.3e-02 1.9e-01 2.9e-01 _,2.3e-04 2.0e-06 8.1 e45= 6.9e.04 1.0e-03
Cf-249 '8.7e1--7 -7.5e-03 3.0ee41 ,:.2.6e+00 3.9e+00'-' '3.1e-3,'2.6e45'.f 1.1e4 A9.2e43 -- 1.4e-02

Cf-250 3.9e-41 3.4e-03 1.4e4-1 1.2e+00 1.8e+00 1.4e-03 1.2e.-5 4.8e-O4 4.2e4-3 6.3e-03
Cf-251 8.9e-01 7.7e-03 3.1e4-1 2.6e+00 4.0e+00 * 3.2e-03 2.7e.-5 1.1e-03 9.4e-03 1.4e402
Cf-252 2.2e-41 1.9e-03 7.5e-02 6.4e-01 9.6e-O1 7.8e-04 6.6e-06 2.7e-04 2.3e-03 3.5e-03
Cf-254 6.8e-01 5.6e-03 2.3e4-1 2.0e+00 3.0e+00 2.4e-43 2.0e.-5 8.2e-04 7.0e-03 1.1e-02
Es-254 -'; .46.6e-02K Sf''-.6e-044. 2.3e-02 - '2.0eOi -'2.9e-i 2;4e04 2.0e46 48I -05 ,7.Oe04 ' .043

Note: To convert these values to conventional units (mrem/y per pCUg or mrem/y per pCi/cm2 , multiply by 3.7e-3
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Normalized Effective Doses from Concrete Appendix I-2

Table 12.22 Norrnalized effective doses from all pathways: Leachate-lndustrial
Rad.Ionlde Mass-based effective dose (pSvty per Bqtg) Surficial effective dose (pSv/y per Bq/crn2)

a oule Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
H-3 6.9e-02 O.Oe+OO 4.6e-05 1.4e-01 3.0e-01 2.5e-04 O.Oe+OO 1.6e-07 4.8e-04 1.e 03
C-14 1.2e-01 O.Oe+OO O.Oe+OO O.Oe+OO 2.9e-01 4.2e-04 O.Oe+OO O.Oe+OO O.Oe+OO 1.0e-03
Na-22 1.5e-36 O.Oe+OO0 O.Oe+OO O.Oe+OO O.Oe+OO 5.4e-39 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
P-32 6.8e-39 O.Oe+OO O.Oe+OO -O.Oe+OO O.Oe+OO- 2.3e.-41 _O.Oe+OO, O.Oe+OO O.Oe+OO O.Oe+OO

b3'A,---.,i1'6,Y.e+ .'0; Z'-.e0<3e3'.9 9,'7,OO,,'Oe Oe ;
Cl-36 1.5e+00 O.Oe+OO O.Oe+OO 2.5e+00 7.0e+00 5.3e-03 O.Oe+OO O.Oe+OO 8.9e-03 2.5e-02
K-40 8.4e+00 O.Oe+OO O.Oe+OO 1.5e+01 4.1e+01 3.0e-02 O.Oe+OO O.Oe+OO 5.6e-02 1.5e-01
Ca-41 6.1e-01 O.Oe+OO O.Oe+OO 1.3e+00 3.1 e+00 2.2e-03 O.Oe+OO O.oe+OO 4.6e-03 1.1e-02
Ca-45 8.5e-16 O.Oe+OO O.Oe+OO 5.4e-33 1.4e-32 3.2e-1 8 O.Oe+OO O.Oe+OO 1.9e-35 4.9e-35

" 6-¢,.e,-3515'5-.O+0 -0;.0e,+00.'^'-Oe;,, Oe0 g,.~,7.<S.e+rO.Oe+ '00,O.Oe;OO.&3 O.
Cr-51 8.9e-37 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 3.1 e-39 O.Oe+OO0 O.Oe+OO O.Oe+OO O.Oe+OO
Mn-53 1.6e-03 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+oo 5.6e-06 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Mn-54 3.3e-19 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+oo 1.2e-21 O.Oe+OO O.Oe+OO O.oe+OO O.Oe+OO
Fe-55 4.1 e-1 2 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 1.5e-14 O.Oe+OO O.Oe+OO O.oe+OO o.oe+OO

Co-56 2.0e-34 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 7.1 e-37 O.Oe+OO0. O.Oe+OO O.Oe+OO O.Oe+OO
CO-57 5.3e-24 O.Oe+OO O.Oe+OO- O.Oe+OO O.Oe+OO 1.8e-26 O.Oe+OO0. O.Oe+OO O.Oe+OO O.Oe+OO
CO-5a 5.3e-35 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 1.9e-37 O.Oe+OO0. O.Oe+OO O.Oe+OO O.Oe+OO
Co-60 2.3e-07 O.Oe+OO O.Oe+OO O.Oe+OO _O.Oe+OO 8.1e-10 O.Oe+OO0. O.Oe+OO O.Oe+OO O.Oe+OO

Ni-63 2.8e-10 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+oo 1.0e-12 O.Oe+00O.O .e+00 o.oe+oo O.Oe+OO
Zn-65 2.7e-08 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 9.5e-11I O.Oe+OO0. O.Oe+OO O.Oe+OO O.Oe+OO
As-73 1.1e-39 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+Oo 3.8e-42 O.Oe+OO0. O.Oe+OO Q.Oe+OO O.Oe+OO
Se-75 1.6e-37 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 5.7e40 O.Oe+OO0. O.Oe+OO O.Oe+OO O.Oe+OO

Sr '~~~~~~~~~~~5< ~~~33-2,''-.'-.;-'9. 0.0e'00''00e,+0C eO si. O.OeiO(i, ,.Oe0L.0,0 49,i
Sr-89 3.3e-26 O.Oe+OO O.Oe+OO O.Oe+OO 5.1e-34 1.2e-28 O.Oe+OO O.Oe+OO O.Oe+OO 1.8e-36
Sr-90 1.1e+00 O.Oe+OO O.Oe+OO O.Oe+OO 2.0e-06 3.8e-03 O.Oe+OO O.Oe+OO O.Oe+OO 7.0e-09
Y-91 7.2e-35 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 2.7e-37 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Zr-93 2.1 e-05 O.Oe+OO O.Oe+OO- O.Oe+OO0 O.Oe+OO 7.6e-08 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Z9 z ,'-e'2.5e-36- O.Oit e0.0e+OL;0-0*+00: >'~,O.Oe0,'939 O.Oe 'OOe ;W ~ e Oe+0
Nb-93m 4.2e-22 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 1.4e-24 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Nb-94 1.5e-07 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+oo 5.2e-10 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Nb-95 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+oO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Mo-93 9.Oe-01 0.Oe+OO O.Oe+OO O.Oe+OO 1.2e+00 3.2e-03 O.Oe+OO O.Oe+OO O.Oe+OO 4.4e-03
tc9- Oe<-'#.3 0 OOO e00Z.6+0 .e0 , 00+0rOeO ,_; J2.1e021
Tc-97m 4.5e-07 O.Oe+OO O.Oe+OO 1.2e-31 7.3e-31 1.5e-09 O.Oe+OO o.Oe+00 4.3e-34 2.6e-33
TC-99 1.2e+01 O.Oe+OO O.Oe+OO 2.5e+01 5.6e+01 4.3e-02 O.Oe+OO O.Oe+OO 8.9e-02 2.0e-01
Ru-103 1.2e-37 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 4.5e-40 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Ru-106 1.1e-35 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 4.0e-38 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

A-0 r:t.;-303,S;.e05.e eO Oe+'-, h 6... 0 +OO.Oe;OtO.OX+Ot,~
Ag-110m 1.3e-35 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+oo 4.6e-38 O.Oe+OO O.Oe+OO O.Oe+OO O.oe+OO
Cd-1 09 1.5e-1 1 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+oo 5.3e-14 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Sn-I 13 5.9e-24' O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 2.1e-26 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
S-1 24 1.5e-39- O.Oe+OO O.Oe+OO0O O.Oe+ O.O+O 5.2e-42 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Sbi125:' ;, .e3^~00+00eO .eO O.Oe+O -:',j?' . 38;-2 0.06+00,~ 0S50.eO. O.e+
Te-123m 7.0e-11I O.Oe+OO O.Oe+OO O.Oe+OO 4.2e-33 2.5e-13 O.Oe+OO O.Oe+OO O.Oe+W0 1.5e-35
Te-127m 2.5e-11I O.Oe+OO O.Oe+OO O.Oe+OO 6.7e-33 8.8e-14 O.Oe+OO O.Oe+OO O.Oe+W0 2.4e-35
I-125 5.5e-12 O.Oe+OO O.Oe+OO 9.9e-32 3.6e-31 1.9e-14 O.Oe+OO O.Oe+OO 3.5e-34 1.3e-33
I-129 4.3e+02 O.Oe+OO0 O.Oe+OO 5.9e+02 1.9e+03 1.5e+00 O.Oe+OO O.Oe+OO 2.1e+W0 6.8e+00-

1 13-. -- ^2.1-32;:.,.Oe+O~l O.O+OO.-,-2.0-324. 7e-32 --- t7.56- 5-,,.e+WO.;-O. e+00'-,70-35 -. 6-4
Cs-1 34 1.2e-14 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 4.0e-17 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cs-135 1.4e-02 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 4.9e-05 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cs-1 37 9.4e-04 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 3.3e-06 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
8a-133 3.9e-01 O.Oe+OO O.Oe+OO 3.8e-10 2.2e-02 1.4e-03 O.Oe+OO O.Oe+OO 1.4e-12 7.6e-05
Ce-13'::--- :;20-9 0ee+0 00 ~-0.0e+00 0e'+' .,-76 2 00+O-"OOeO O.Oe+ , o.+O

Ce-141 1.3e-39 O.Oe+OO O.Oe+OO O.Oe+Oo O.Oe+OO 4.9e-42 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Ce-144 8.3e-38 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 3.2e-40 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Pm 147 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
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Appendix 1-2 Normalized Effective Doses from Concrete

Table 12.22 Normalized effective doses from all pathways: Leachate-Industrial
Radionuclide Mass-based effective dose'(pSvly per BqIg) Surficial Offective dose (uSv/y per Bq/cm2 )

Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
SM-151 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0

Eu-154 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
Eu-155 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Gd-153 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Tb-160 2.4e-17 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 8.5e-20 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO

Tr10'Af ,; :1.3 ;8.O.eO;~,O-OO+~t -+O^4. 0 0 0 ,

Tn-171 3.6e-07 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.3e-D9 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ta-182 2.1e-19 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 7.0e-22 O.Oe+OO O.Oe+0O O.Oe+00 O.Oe+00
W-181 8.7e-10 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.9e-12 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
W-185 1.6e-61 OOe+00 O.Oe+00 O.Oe+00 O.Oe+00 5.5e-14 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
P2l.9e-44 0.0e+00 0.Oe+DO 0.0e+00 .Oe+,007.e1 ;-10 O.Oet0 O.Oe+00^ ;O.Oe+00. .O00
Ir-192 3.8e-28 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 1.4e-30 ' O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
TP-204 3.3e-26 O.Oe+00O O.8 O O.Oe+ O.Oe+OO O.Oe+0 O.Oe+00
Pb-210 8.9e-08 O.Oe+0 O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+O 0 O .Oe+DO O Oe+DO
Bi-207 9.8e-09 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 3.4e-1I O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Ra-226 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ra-228 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
AT-227 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+0O O.Oe+00 O.Oe+00
Th-228 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00

029,;5..,- b,.e+do,' Ob;+O;1tO.Ob H~sO.OeO" CO.Oe+ b7'-COO+O'&O. 0 '.O'O .066 O.OT '+O-.Oe+OO:
Th-230 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-232 O.Oe+0W O.Oe+0O O.Oe+ .Oe+0.Oe+00 6.e O.Oe+Oe O.Oe+O O.Oe+ O.Oe+00
Pa-231 O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+0O O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
U-232 1.8e+01 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+W0 6.3e-02 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00

U-33-..'?t..8'01-'........... O.e+O,'. +OiO.OetOO..O.O+s-'d2 2 ~ OOe+ O.O.Oe _OO.Oe+,OO0................................. D'0e_00
U-234 1.2e+01 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 4.4e-02 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-235 1.5e+01 O.Oe+00 O.Oe+00 O.Oe+0W O.Oe+00 5.4e-02 O.Oe+00 O.Oe+OO O.Oe+0O O.Oe+OO
U-236 1.1e+01 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 4.0e-02 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00
U-238 1.2e+01 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 4.1 e-02 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Np,23795.9e-01,4 e+OO d.Oe+00 0.00+00' 0.e+00 2.Oe-06 0.Oe+00 O. 2.Oe+ 00'65O2+00
Pu-236 2.7e-09 O.Oe+0W O.Oe+00 O.Oe+00 O.Oe+00 9.6e-12 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-238 252e-07 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 8.0e-10 O.Oe+00 .Oe+00 O.Oe+00 O.Oe+00
Pu-239 5.5e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.0e-06 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-240 5.1 e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.8e-06 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-24112,.e- 1_O.Oe+00 0.Oe+00 0.00+0 ,O.Oe+00, ':.e,48 .OeW+00O.Oe'0 0.00+00 .Oe,+00
Pu-242 . 5.5e404' O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.9e06 O.Oe+00 'O.Oe+00 O.Oe+00 O.Oe+00
Pu-244 6.1 e04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.2e406 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Am-241 4.3e01 O0.Oe+OO O.Oe+OO 0.00+0O O.Oe+00 1.5e403 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Am-242m 2.1e401 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+W0 7.5e404 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Cm-242 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+W0 O.Oe+00 O.Oe+0O O.Oe+00
Cm-243 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+ 00  O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-244 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-245 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cmn 246'1 --- ,'OOe'+OO <' O.Oe+00--'O.Oe-+00 "O.eO ;eO.Oe ,.e DO v0 eo.0e .e0# +0

Cm-247 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-248 O.Oe+0O O.Oe+W0 O.Oe+00 O.Oe+00 O.Oe+00 ' .Oe+W O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
Bk-249 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 ' O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-248 8.5e-09 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 3.0e-11 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-2i9',' - O,,i9e5:'0. 0, 0.0 +00 -- 0-.0e+W Oe0-':,,67 O.+O..0 O O +0
Cf-250 .Ae-07 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 4.9e-10 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-251 4.8e-45 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 .7e-407 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00
Cf-252 7.7e-38 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.7e-40 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00
Cf-254 2.2e-38 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 7.6e-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Es-254 ~---: ~---~:'::7.9e-09 '; ':O.Oe+Ot Oe+OO: .eO .eO:''--'0.e11 OO+O'OO+ .eO .eO

Note: To convert these values to conventional units (mremly per pCi/g or mremly per pClcrn2), multiply by 3.7e-3
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Normalized Effective Doses from Concrete . Appendix 1-2
Table 12.23 Normalized effective doses from all pathways: Leachate-MSW

Radionuclide .Mass-based effective dose (pSvly per Bq/g)
Mean 5th 50th 90th 95th

Surficial effective dose (pSv/y per BqIcm2)
Mean 5th 50th 90th 95th

H-3 4.50e-02 O.Oe+00 2.6e-05 6.5e-02 1.8e-01 1.6e-04 O.Oe+O0 9.4e-08 2.3e-04 6.6e-04
C-14 8.0e-02 O.Oe+00 O.Oe+00 O.Oe+O0 1.2e-01 2.8e-04 O.Oe+00 O.Oe+00 O.Oe+00 4.3e-04
Na-22 2.0e-37 0.0e+00 O.Oe+OO O.Oe+00 O.Oe+00 7.4e-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
P-32 9.4e-39 O.Oe+OO 0.0e+0O.OOe+O O.Oe+00 3.5e-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
S-35%IW: ,'3.1e 08 , 10.0o+00',0.0e±0O0,-O.Oe+00 *;;,7.7e5 I5.1;1e_10_0.0e+0Of0.' 0 O O.Oe t0 2.7e 37e
CI-36 1.0e+00 O.Oe+00 O.0e+00 1.3e+00 4.5e+00 3.6e-03 O.Oe+00 O.Oe+0O 4.6e-03 1.6e-02
K-40 5.4e+00 O.Oe+00 O.Oe+00 7.5e+00 2.5e+01 1.9e-02 O.Oe+00 O.Oe+00 2.7e-02 8.9e-02
Ca-41 3.9e-01 O.Oe+00 O.Oe+00 6Ae-01 1.9e+00 1.4e-03 O.Oe+00 O.Oe+00 2.3e-03 6.9e-03
Ca-45 3.3e-17 O.Oe+00 O.Oe+00 2.4e-33 6.8e-33 1.3e-19 O.Oe+00 O.Oe+00 8.3e-36 2.4e-35
S646 U;7,f-,.,14o-29::;, 0.e+0O,>-.0Oe OO~ 0,.00+,OO0x 0.Oe+OO'~ -l:'' 0.e O.O 00 .Oe+00 ,,> 0.0e+0O'j0.0e'+00
Cr-51 6.0e-37 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.1 e-39 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mn-53 1.0e-03 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 3.6e-06 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mn-54 1.5e-16 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 6.1e-19 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Fe-55 2.7e-12 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 9.8e-15 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00
Fe-59:, 1 ' ± O.O0. Oe+0 0.00+00'' _.O e+0O.O e
Co-56 8.9e-35 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 3.2e-37 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Co-57 8.7e-18 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.9e-20 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Co-58 2.4e-35 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 8.6e-38 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Co-60 7.1e-06 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe!00 2.5e-08 O.e+00O.Oe+OO O.Oe+00 O.Oe+O0
Ni-590-0e. -; 2.6 08f0.0e++00� 0.0 0;.O 0.0 O0.O.OQ9.5~1,OOe 0_,'0.0 0 4

Ni-63 7.4e-11 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.7e-13 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zn-65 2.2e-10 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 7.6e-13 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
As-73 4.9e-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.7e-42 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Se-75 1.4e-37 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 5.0e40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sr-85',4'~4.'t':~- ~12e-33~9.Oe40:0.0 i-a-e~00. > O.Oe+00,,-,4.5e 3,5- s4.2e-36 : ;.',0.0eOt00;,t .e+O O+i,,-s-.6e' 37.j
Sr-89 5.7e-34 O.Oe+00 O.Oe+00 O.Oe+00 1.6e-34 2.0e-36 O.Oe+00 O.Oe+00 O.Oe+00 5.8e-37
Sr-90 3.4e-01 O.Oe+00 O.Oe+00 O.Oe+0O 4.3e-07 1.2e-03 O.Oe+00 O.Oe+00 O.Oe+00 1.6e-09
Y-91 7.7e-33 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.8e-35 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr-93 3.0e-05 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.1e-07 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Nb-93m O.Oe+OO O.Oe+OO 0.Oe+00 O.Oe+OO O.Oe+OO 0.0e+00 O.Oe+00 0.00+00 O.Oe+00 O.Oe+OO
Nb-94 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Nb-95 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mo-93 4.7e-01 O.Oe+00 O.0e+00 O.Oe+OO 4.9e-01 1.7e-03 O.Oe+00 O.Oe+00 O.Oe+00 1.8e-03
Tc-97f•*,-E-- Q'8.9oe01__'.00+0 0.00~+00; 3;1.6o+00 3.'-t+03,.2e0 3 2.-00..00e 0, O.e,+0- TS..-03_,1.4e-02
Tc-97m 5.3e-07 O.Oe+00 O.Oe+00 6.6e-32 4.1e-31 1.8e-09 O.Oe+00 O.Oe+00 2.3e-34 1.Se-33
TO-99 8.4e+00 O.Oe+00 O.Oe+00 1.5e+01 3.7e+01 3.0e-02 O.Oe+00 O.Oe+00 5.5e-02 1.3e-01
Ru-103 1.7e-37 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 6.1 e-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ru-106 1.6e-35 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 5.5e-38 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ag-i 10WZ '',2.ie 03s+, OO.. 0e0O O.00. >J. Y7.3eO6' '00 O e .Oe+O 'O.6~OOe,,+,,
Ag-11 Om 7.3e-36 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.6e-38 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cd-109 1.7e-11 O.Oe+00 O.Oe+00 O.Oe+00 1.0e-35 6.4e-14 O.Oe+00 O.Oe+00 O.Oe+00 3.8e-38
Sn-i 13 4.3e-35 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.5e-37 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sb-124 1.4e-38 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 4.8e-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Te-123m 7.1e-06 O.Oe+00 O.Oe+00 O.Oe+00 1.3e-33 2.5e-08 O.Oe+00 O.Oe+00 O.Oe+00 4.6e-36
Te-127m 7.7e-06 O.Oe+00 O.Oe+00 O.Oe+00 2.0e-33 2.7e-08 O.Oe+00 O.Oe+00 O.Oe+00 7.3e-36
1-125 3.5e-14 O.Oe+00 O.Oe+00 3.7e-32 1.7e-31 1.3e-16 O.Oe+00 O.Oe+00 1.3e-34 6.0e-34
1-129 3.3e+02 O.Oe+O0 O.Oe+OO 2.7e+02 1.0e+03  1.2e+00 O.Oe+00 O.Oe+00 9.8e-01 3.7e+00
1-131 ' " .4''.3, 1i.6e-32 ' '.0.0e+00:.'. 0.0e 00' , 7.1.e33 73.ie32'...... 5.7e 35: '0' O.O O.Oe+- 2. 5 , , i ie, 4:
Cs-134 1.1e-24 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 3.7e-27 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-135 2.7e-02 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 9.8e-05 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-137 6.2e-05 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.2e-07 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Ba-133 3.3e-01 _ O.Oe+00 O.Oe+00 2.5e-10 1.2e-02 1.2e-03 O.Oe+00 O.Oe+00 8.5e-13 4.3e-OS

e1-39 .- 0.00400 O0.00+00' *.[ 0-0000- 0000 A r 0.010e0,',-O.Oe 0: 0 0o-ib o.o+4OO^'OO,,,,O.Oe+O.OO
Ce-141 6.9e-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.4e-42 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ce-144 4.4e-38 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.6e-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pm-147 O.Oe+00 O.Oe+00 O.Oe00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
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Appendix 1-2 Normalized Effective Doses from Concrete

Table 12.23 Normalized effective doses from all pathways: Leachate-MSW
Rdould' -' Mass-based effective dose (pJSv/y per Bq/g) Sufficial effective dose (uSv/y per Bq/crn2)

louIe Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

Sm-151 O.OB+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Eu,152t-xX00 + ,t,;O;e+.O , .OeOO,9,.Oe+,O ;O.e+O- ,, O.Oe,+00.1-,O.Oe+O e 0': . '0'0+

Eu-154 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Eu-155 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Gd-153 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Tb-160 1.2e-27 O.Oe+OOO.Oe 00 O.Oe+OO _O.Oe+OO 4.3e-30 O.Oe+OO__O.Oe+OO O.Oe+OO O.Oe+OO
Tr ,10_, ;.2e-200+0- O.Oe '+OO -O.eOO.O e .O'Ot^. e-15',.OO O <OOe+00' -e O.eO'--.e+00;
Tm-171 2.0e-07 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 6.7e-10 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Ta-1B82 4.3e-18 O.Oe+WO O.Oe+OO O.Oe+OO O.Oe+OO 1.6e-20 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
W-1 81 1.0e-14 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 3.5e-17 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
W-185 2.4e-19 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 82e-22 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

9853 3 .e+OO"-'O;OeOO;-O.e+O,>'~O~eOO e45',,0 +O.>,'O.O+OO' O.e-O.e+O

Ir-192 1.3e-12 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 4.3e-15 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
TI-204 8.7e-17 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 3.1e-19 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Pb-21 0 2.9e-06 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 1.1e-08 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Bi-207 1.9e-08 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 6.7e-11I O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
'PM2 iO, '.;i 9345F >J,^.0+0+t ,. + -,; O.e+O.e O-1:6;3i 3E .e, O0 . .e
Ra-226 8.5e-06 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 2.9e-08 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Ra-228 3.9e-37 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 1.3e-39 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Ac-227 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Th-228 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
,TO.OeOO-'-.6; e+ ,,'O.Oet-O;O F..e;6OO 6-wOO+O> -O~ ~.O e+ O 0 O .+O OO+W-O+O
Th-230 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO
Th-232 O.Oe+OO O.Oe+WO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO
Pa-231 1.2e-05 O.Oe+WO O.Oe+OO O.Oe+OO O.Oe+OO 4.1 e-08 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
U-232 2.9e+01 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 1.0e-01 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

U-234 1.5e+01 O.Oe+WO O.Oe+W0 O.Oe+OO O.Oe+OO 5.2e-02 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
U-235 1.7e+01 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 6.0e-02 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
U-236 1.4e+01 O.Oe+W0 O.Oe+W0 O.Oe+OO O.Oe+OO 4.8e-02 O.Oe+OO O.Oe+WO O.Oe+W0 O.Oe+OO
U-238 1Ae+01 O.Oe+W0 O.Oe+W0 O.Oe+OO O.Oe+OO 4.9e-02 O.Oe+OO O.Oe+W0 O.Oe+W0 O.Oe+OO

Pu-236 5.3e-08 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 1.9e-10 O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO
Pu-238 4.0e-06 O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO 1.5e-08 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Pu-239 5.2e-03 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 1.9e-05 O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO
Pu-240 4.9e-03 _O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO 1 .8e-05 O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO
Pu-241 _'3.e0'.0.e.^+00 ~'0. e+00;,rii,0.e+ 3-O e+ O e'OO10 +
Pu-242 5.2e-03 O.Oe+W0 O.Oe+OO O.Oe+W0 O.Oe+OO 1.9e-05 O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO
Pu-244 5.7e-03 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 2.1 e-05 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0
Am-241 1.7e-01 O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO 6.1 e-04 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Am-242m 1.0e-01 O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO 3.7e-04 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

A~~~~~~~~~6- 2i^:6'.¢.~O'9-OO+ ,'OOe 00.00 O,,,.~+ 4,- ;0 ,.e3 0+ ,O0 OOe+0000,

Cm-242 O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO
Cm-243 O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO
Cm-244 O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO
Cm-245 O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO

C-i',0O+O,,,.eO'_ *O_.e,00 ' ,Oe+O, ,OO . D;S0e+,00 ^- .OetO
Cm-247 O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cm-248 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0
Bk-249 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cf-248 2.4e-06 O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO 8.6e-09 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0

Cf29*' 'i-3.. -O.Oe+OO-, O.Oe+O'~0;0 +0,0.0d of+K 0 WOi8eO5 ........... 200'0,,.O'0.' ,.Oe+,OO
Cf-250 3.8e-05 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 1.4e-07 O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO
Cf-251 1.3e-02 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 4.8e-05 O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO
Cf-252 1.3e-35 O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO 4.5e-38 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cf-254 4.0e-36 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 1.4e-38 O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+W0
Es:254 -'2' 2-'0'6' -Oe+''.e+W. O;Oe;OO; Oe+WO,' ;.'00'-'OO+O;O+O . 0 'O.Oe+00'

Note: To convert these values to conventional units (mremly per pC~g or mremly per pC~cml), multiply by 3.7e-3

I-93 NUREG-1640



APPENDIX J

PARTITIONING FACTORS AND MASS FRACTIONS



Appendix 31 Partitioning Factors and Mass Fractions
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J PARTITIONING FACTORS AND MASS FRACTIONS

When scrap metal cleared from nuclear facilities is melted and refined, any residual radioactivity
is redistributed (partitioned) among the metal melt, the slag or dross, and the furnace offgas
(which may consist of both fine particulates and volatile species). As previously stated in
Section 3.3.2, an analysis of such partitioning is needed to determine the radionuclide
concentrations in each of the furnace products. Since all isotopes of a given element have
virtually identical chemical properties, the partitioning of the various radioisotopes can be
determined from the partitioning of the stable isotopes of the same elements, or of other
radioisotopes for which partitioning data exist. A partitioning factor is defined as the ratio of the
total amount of a given element or compound in one of the furnace products to the amount in the
scrap metal charged to the furnace.1

This appendix contains a detailed discussion of partitioning of impurities2 during the melting of
steel, cast iron, copper, and aluminum. A discussion of partitioning during the electrolytic
refining of copper is also included. Summary discussions of partitioning during the melting and
refining of steel, copper, and aluminum scrap, respectively, are presented in Chapters 3 - 5.

Much of the material presented in this appendix is excerpted from Appendices B, C, E, and F of
Anigstein et al. 2001, with appropriate additions and revisions. Tools used in developing the
partitioning factors include thermochemical calculations, boiling points and vapor pressures of
chemical species, analogies between chemically similar elements, observations from laboratory
experiments, and industry experience in scrap recycling operations. It is important to note that
the available information is often insufficient to establish robust partitioning factors. As a
consequence, a large measure of professional judgment is used. When these partitioning factors
are incorporated into the dose assessments described in Chapters 3 - 5, statistical distributions
are applied to the parameters to reflect this uncertainty. Mass fractions for the various process
streams are also developed.

The discussions that follow address partitioning of various chemical elements and their
compounds during: (1) steelmaking in basic oxygen furnaces and electric arc furnaces, (2)
foundry operations that produce cast iron in cupola and induction furnaces, (3) secondary
smelting and electrorefining of copper, and (4) secondary smelting of aluminum.

The remainder of this appendix refers to the partitioning of individual elements. This is not to
imply that the impurity in question is necessarily in the elemental state. Rather, it is a

This concept is a generalization of the partition coefficient used in chemistry, but differs from the latter in three
significant respects: (1) the partitioning factor refers to the total amount (not concentration) in the furnace product; (2) it
is the ratio of this amount to the original amount in scrap, not the equilibrium concentration; and (3) it includes the
volatile fractions as well as the amounts that collect in dust, and is therefore not restricted to liquid phases.

2 The generic term "impurity" refers to any chemical species other than the element that is the main component of
the metal in question. Thus, carbon is referred to as an impurity during the discussion of partitioning, even though it is a
normal component of steel and cast iron.
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convenient way of referring to the various chemical forms of each element and its radioisotopes
in cleared scrap and in ihe products and by-products of recycling.

The extent to which an impurity in scrap metal is distributed or partitions among the various
process streams during melting and refining can be described in a variety of ways. From a
fundamental chemical thermodynamics perspective, the Nernst distribution law describes how a
solute partitions between two immiscible phases in contact with each other. According to this
law, at a constant temperature and at equilibrium, the solute will partition so that the ratio of the
chemical activities' in each phase is a constant (Philbrook and Bever 1951).

When describing the final distribution of an element among various process products, we present
partitioning factors as the fraction or percentage of the total amount of the element in each
stream, with the sum of the fractions in all streams being 1 (or 100%). When describing the ratio
of the amount of the element in one phase to that in another (e.g., slag to metal), the term
partitioning ratio is used. We do not attempt to define the specific location in the offgas
treatment system where dust collects. Rather, we specify the fraction of a given element that is
converted to dust. Some dust may accumulate in components upstream of the baghouse, such as
the ducting, fans, and heat exchangers. Melt shops utilizing baghouses select offgas flow rates
that minimize dust accumulation prior to the baghouse (Fruehan 1998).

Section J.5 presents the statistical methods used to assign probability distributions to the
partitioning factors. These probability distributions should not be confused with the
distributions of the various chemical elements among the furnace products, otherwise referred to
as partitioning factors.

J.1 Steel Melting

During the melting of steel scrap, any impurities would be distributed among the metal product,
the home scrap, the slag, the furnace lining, and the dust trapped in the offgas collection system.4

In addition, some elements could pass through the furnace offgas system and be vented to the
atmosphere. For example, a gaseous element will be exhausted directly from the furnace system
into the atmosphere, while a relatively nonvolatile element (e.g., manganese) can be distributed
among all the other possible media. This partitioning of impurities is a complex process that can
be influenced by numerous chemical and physical factors, including composition of the steel

3 In this appendix, the term "activity" refers to either the chemical or thermodynamic activity of a chemical species,
or to the rate of disintegration of radioactive material. The term "radioactivity" is sometimes used to denote the latter
meaning.

4 The offgas from the furnace may contain dust, fume, volatilized metals, combustion gasses, excess combustion air
(or oxygen), process gases, etc. The furnace offgas typically passes through some type of air pollution control device
(e.g., the offgas treatment system or the fume control system) that removes most of the particulate matter and may alter
the form of the gases to be more environmentally acceptable. Minor amounts of dust and fume and all the contained
gases will escape from the offgas treatment system and be released to the atmosphere. Particulates in the offgas from an
EAF are typically collected as dust in a baghouse while particulates from a BOF are typically collected via an
electrostatic precipitator or venturi scrubber as sludge.
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bath, chemistry of the slag, vapor pressures of the particular element and its compounds,
solubility of the element in molten iron, density of the oxide(s), steel-melting temperature, and
melting practice (e.g., furnace type and size, melting time, method of carbon adjustment, and
method of alloy additions).

This section discusses the partitioning of various elements with particular reference to electric
arc furnace (EAF) steelmaking. Within the accuracy of the data, the results should be generally
applicable to BOF steelmaking, as well. Sections J.1.1 and J.l1.2 consider the calculation of
partition ratios for various elements between metal and slag based on thermodynamic
considerations. Section J.1.3 presents results of measurements in the laboratory or at
commercial steel mills of the partitioning of various elements among slag, metal, and the dust or
fume in the offgas collection system. Section J.1.4 presents partitioning ratios for those elements
where theoretical orpractical information is lacking. Section .1.5 describes the composition of
EAF baghouse dust. Section J.1.6 summarizes the assumed partitioning of each element of
interest. 5

J.1.1 Thermodynamic Calculation of Partition Ratios

Partitioning of a solute element between a melt and its slag under equilibrium conditions can be
calculated from thermodynamic principles if appropriate data are available. Consider a divalent
solute element M, such as cobalt, dissolved in molten iron, which reacts with FeO in the slag
according to the following equation:

M + FeO(,lag) = MO(,b.,) + Fe.) J.1

where M is the symbol for solute dissolved in liquid iron.

Equation J. 1 can be written as the difference between the following equations:

M+l/022=MO J.3

and
Fe + 1/202 =FeO J.4

The Gibbs free energy for Equation J.1, AF01, can be expressed as the difference in the free
energies of Equations J.3 and J.4, viz.:

AF0 = AF° - AF 0
3

The tabulation of thermodynamic data for Equation J.3 normally assumes that the standard state
for M is the pure liquid or solid, but it is often desirable to convert from the standard state of the
pure element to a new standard state where M is in a dilute solution. In steelmaaking, 1 wt% M

The elements discussed in this appendix include all 59 elements whose radioisotopes are addressed by the
radiological assessments.

J-3 NUREG-l 640
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in solution in iron is commonly used for this new standard state,6 as defined by the
transformation:

M(p)= M J.4

The free energy change for M from the pure state to M in the dilute state is expressed as follows'
(Darken and Gurry 1953):

AF = RTIn( Y MFe

T = absolute temperature in kelvin (K)

R = universal gas constant
= 1.987 cal mole' K'

Y M = Henry's Law activity coefficient (based on atom fraction) of M at infinite dilution
in iron

MFR = atomic weight of iron
= 55.85

MM = atomic weight of M

Equation J.3 can also be written as the difference of Equation J.5 (below) and Equation J.4.

M(p,) + '20 2 = MO J.5

Therefore, AF0
2 = AF 5 - AFP4 , and the Gibbs free energy change for Equation J.1 can be written:

AFP = AFO - AFO - AF°

= AF. -AFgFO - RT In ( YoMF J.6

where AF0f is the free energy of formation of the particular oxide.

At equilibrium,
AFP = - RT In K

= -RTln FaMo)
aF.O am,

6 Concentrations are expressed here as wt% instead of mass%, because wt0/o is commonly used in the steelmaking
literature. For present purposes, the terms are synonymous.

7 The thermodynamic data in this appendix is usually cited in calories (cal) or kilocalories (kcal): I cal = 4.184 J.
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where a is the activity of each species in Equation J.7 and K, is the equilibrium constant. In the
steel bath, it is assumed that aFC = 1, while aFo = YF~oNFeo. To estimate NFeo (the mole fraction of
FeO in the slag), the composition of the slag is assumed to be 50 wt% CaO, 30 wt% Si0 2, and 20
wt0/o FeO.8 Thus, NFeo = 0.167. Various investigators have described the activity of FeO in
ternary mixtures of CaO, FeO, and SiO2 (Philbrook and Bever 1951, Ansara and Mills 1984).
According to the ternary diagram by Ansara and Mills (1984), when NFeO is 0.2, aF, is about 0.4
(i.e., yFO is about 2). Therefore, we conclude that aFo = 0.333 (aFo = yFeONFeO 2 x 0.167 =
0.333).

For the dilute standard state, aM = wt% M; for dilute solutions of MO in the slag, we assume that
aMo = NMO. It follows that

em a~ xp JA0 J.8
wt% M = RT

where /M is one form of the partition ratio for M between the melt and the slag.

For metal oxides other than those formed from divalent cations, the different stoichiometries
must be accommodated in Equations J.6, J.7, and J.8.

Using values of y° for various solute elements in iron at 1,873 K tabulated by Sigworth and
Elliott (1974)9 and free energy of formation data for oxides tabulated by Glassner (1957),
partition ratios between melt and slag were calculated for the present analysis and are presented
in Table J.1.

When the partition ratio is large, the solute element is strongly concentrated in the slag under
equilibrium conditions. This is true for Ce, Nb, U, and Zr, which all have partition ratios (as
defined here) of 80,000 or greater. Similarly, when the partition ratio is small, the solute
element is concentrated in the molten iron. Examples of this situation are Ag, Co, Cr, Ni, Pb,
Sn, Mo, and W, which all have partition ratios of 0.009 or less. Manganese, with a partition
ratio of about 3, would be more evenly distributed between melt and slag. Silver will not react
with FeO in the slag, so, on the basis of slag-metal, equilibria, this element is expected to remain
in the melt. However, silver has a relatively high vapor pressure, 2.3 kPa for the pure metal,"0 so

8 This illustrative slag composition lies within the range of compositions for EAF carbon steelmaking quoted in IISI
1994.

The value of y° for cerium is from Ansara and Mills 1984 and that for antimony from Nassaralla and Turkdogan
(1993). A compendium of values for y° similar to that by Sigworth and Elliot (1974) has been prepared by the Japan
Society for the Promotion of Science (JSPS 1988). Some differences exist between the values of Sigworth and Elliot and
JSPS, particularly for W, Co, and, Pb. JSPS proposes a value of y° for Ce(j) of 0.332. This difference in y° values does
not affect the conclusions about cerium partitioning.

10 Interpolated from data presented by Lide (2003), using methodology recommended by Perry and Green (1984).
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some would tend to be removed at a rate dependent on the rate of transfer of silver vapor through
the slag.

Table J.l Partition ratios at 1,873 K for various elements (M) dissolved In Iron and slag

MOxide y O Partition ratio
(kcallmole) (NmJwt%M)

Age) Ag2O 200 +20.6 3.9e-04cd
CaO) CaO 2,240 -104 1.5e+09
Cen CeO2  0.026 -176 4.3e+07
Con CoO 1.07 -18.4 5.0e-05

Mn(, MnO 1.3' -58 2.7e+00

MO(S) MoO3  1.86 -89.1 1.2e-05

Nb(S) Nb2O5  1.4 -275 8.1e+04c
Nim NiO 0.66 -19 3.7e-05
pb~ _l_ 8.
Sb°) Sb2O3  6.2 -52.1 6.6e-06
Sn,) SnO2  2.8 -47.6 6.1 e-06
Um U02  0.027 -183 1.7e+08
W(,) W0 3  1.2 -96.2 2.8e-05

a (1), (s), (g) refer to liquid solid and gas, respectively
Fr.Fo = -34.0 kcal/mole (-142 W/mole)

c PR= NI/wtO/o M
d Ag will not react with FeO; Ag20 is unstable at 1,873 K
e According to Ansara and Mills (1984), y°A, = 0.005
f According to Ansara and Mills (1984), yNb =1.48

It is instructive to examine the impact of assuming a dilute solution in iron, rather than the pure
element, as the standard state for the solute. For those elements that tend to partition strongly to
the melt (Co, Cr, Mo, Ni, Sb, Sn, and W), change of standard state from the pure metal to the
dilute solution increases partitioning to the melt by factors of about 10 to 300. Lead is an
exception, presumably owing to its strong deviation from ideal solution behavior. Similarly, use
of a dilute solution as the standard state decreases partitioning to the slag for the strong oxide
formers, such as Ce, Nb, U, and Zr, by factors of about 100 to 16,000. The exception is calcium,
with strong positive deviation from ideality. These observations emphasize the importance of
using a dilute solution as the standard state when adequate data are available.

As noted previously, the calculations in Table J. I incorporated the simplifying assumption that
the activity of MO in the slag is equal to the mole fraction (i.e., Ymo = 1). This assumption may
not always be a good one. If, for example, YMo = 0.01, NMo would increase 100-fold. Work by
Ostrovski (1994) on the partitioning of tungsten in steel melted in a 25-t EAF illustrates the
impact of melting practice and slag chemistry on the activity of W03 in the slag. When the steel
was melted under strongly oxidizing conditions utilizing a 30-minute oxygen blow, the activity

NUREG- 1640 J-6
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coefficient was found to be a function of the ratio %CaO:%SiO 2 in the slag and varied from
about 10.2 to about 10' as the CaO:SiO2 ratio increased from 1:1 to 4:1. Typical measured

values of log (wt'% W) were between 1 and 2, where (% W) and [% W] are the tungsten
[Wt% WI

concentrations in the slag and the metal, respectively." A good fit between experimental and
calculated partition ratios was obtained using the following equations:

log ywo = -2.076 -0.592 (%CaQ)
3 '/O SiO2)

and

log (%W) = -- 4.56 - log ywo, + 3 log aF., + log M
[%WI T

+ log [Mwo,(nFeo + nc. 0 + nsio + nwo3)]

where n is the number of moles of the various components per 100 grams ofslag. With this
melting practice, approximately 94% of the tungsten in the feed was transferred to the slag, 4%
remained in the melt, and the balance was lost. This outcome emphasizes that special melting
practices can produce substantially different results from the predictions in Table J. 1.

The thermodynamic treatment used to derive the partition ratios in Table J. 1 assumes that the
melt is a binary system of iron and solute M, while in practice, the melt will actually be a multi-
component solution. In recent years, a considerable amount of work, both theoretical and
experimental, has been undertaken to develop a solution model that considers interactions
between solute elements (Engh 1992, Sigworth and Elliot 1974, Ansara and Mills 1984). The
activity of element I in dilute solution can be expressed as:

ai = f, (wt% I)

where fi is the Henry's Law activity coefficient (for concentrations expressed in wt%). The first
order interaction coefficients eii are defined by the following equation:

k

log fj = 2 e? (%j)
jii

(Higher order terms are possible, but are not considered here.) For illustrative purposes, using a
low alloy 4140 steel with the nominal composition 0.4% C, 0.04% S, 0.9% Cr, and 0.1% Co, and
the interaction coefficients for cobalt with these elements in liquid iron from Engh 1992, fc. was
calculated to be 0.975. In this example, the impact of the binary interactions on cobalt activity in
iron is quite small. Unfortunately, interaction coefficients for many of the elements of interest in

The convention of using (x) and [x] to signify concentrations of components in the slag and the metal,
respectively, is commonly used in the technical literature and will generally be used in this appendix.
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the melting of cleared scrap metals are not available to refine the calculations summarized in
Table J.I.

J.1.2 Estimates of the Partitioning of Other Elements

Values of the Henry's Law activity coefficient (y"m) are not available for many solute elements
addressed by the present study. However, an indication of partitioning between the melt and the
slag can be obtained by calculating the Gibbs free energy for the following reaction:

M ( x)FeO ( X)Fe + ( MxOy J.9

where M is the pure component rather than the solute dissolved in the melt, and FeO and MOy
are slag components. Values of the standard free energy change for Equation J.9 are
summarized in Table J.2 for all instances where the reaction occurs in the direction written.

Table J.2 shows that Ac, Am, Ba, Np, Pa, Pu, Ra, Sc, Sm, Sr, Ta, Th, and Y all will react with
FeO to form their respective oxides, as indicated by the calculated free energies. Thus, these
elements would be preferentially distributed to the slag. By chemical analogy to similar species
in Table J.1, we estimate the partition ratios to be on the order of IO0 or greater.' 2 The solute
elements As, Bi, Cd, Cs, Ir, K, Na, Os, Ru, Sb, Se, Tc, Te, T1, and Zn do not react with FeO,
either because the oxides are unstable or because Equation J.9 is thermodynamically
unfavorable. Of these elements, Ir, Ru, and Tc are expected to remain in the melt. Osmium
forms volatile oxides, so a portion of these impurities may oxidize during furnace heat-up and
vaporize before the steel is melted.

As indicated in Table J.3, the solute elements As, Bi, Cd, Cs, K, Na, Pb, Po, S, Sb, Se, Te, TI,
and Zn have relatively low boiling points, and would therefore vaporize from the melt to some
degree at typical steelmaking temperatures of 1,823 K to 1,923 K. For example, cesium would
tend to be removed at a rate dependent on the rate of transfer of vapor through the slag, unless
some stable compound such as Cs2SiO3 forms in the slag. Should Cs2O form during the melting
process before a continuous slag had formed, it would be volatilized, because the boiling point of
the oxide is about 915 K The boiling point of metallic cesium is in the same temperature range.
Even though an element may have a low boiling point, it cannot be assumed, a priori, that the
element will completely vaporize from the melt. Some may remain in the melt and some may be
contained in the slag. For example, elements such as Ca, Mg, K, and Na are found as oxides and
silicates in steel slags (Harvey 1990a).

12 The free energies in Table 1.2 were recalculated assuming that y° in Equation J.6 was unity, and partition ratios
were then calculated using Equation J.8. All partition ratios calculated in this manner for elements expected to partition
to the slag were greater than 104 except Ba (6,200) and Ra (320). These two elements are in Group 11 of the periodic
table, and have electronic structures and chemical properties similar to calciunL As discussed in Section J.1.1, calcium
has a value of y° = 2,240. By analogy, we would expect the partition ratios of Ba and Ra (also Sr) to actually be higher
than calculated with y° = 1. For example, if yp0 = 2,000, the partition ratio for radium, as defined by Equation J.8,
would be 6 x I05.
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Table J.2 Standard free energy of reaction of various elenients with FeO at 1,873 K

Element Oxide AP Comments(kcal)
Acrn Ac2O3  -120 Ac is expected to partition to slag

Am.n Am20 3  -103 Am is expected to partition to slag
As. As202  As will not react with FeO, some As may vaporize during melting

Ba. BaO -57 Ba is expected to partition to slag

BI(N) Bi20 3  Bi will not react with FeO; some may vaporize from melt
Cd(g) CdO CdO unstable at 1873 K; Cd is expected to vaporize from the melt

Cs2O Cs2O unstable at 1873 K; Cs expected to vaporize from melt; some Cs may react with
Cs C2slag components

lr(,) lr0 2  Ir02 unstable above =1100 K; Ir is expected to remain in melt

K(9) K20 K20 less stable than FeO; other K compounds stable in slag
Na(0) Na2O Na2O less stable than FeO; other Na compounds stable in slag
Npyn NPO2  -100 Np is expected to partition to slag
Os(,) OS04 OsO4 boils at 408 K; most Os assumed to vaporize before melting occurs
Pa. PaO2  -95 Pa is expected to partition to slag

PO(g) P0O2  PoO2 unstable above =1300 K- most Po assumed to vaporize from melt

Pu, PuO2  -103 Pu is expected to partition to slag'
Ra(M) RaO -48 Ra is expected to partition to slag

Ru(,) RuO4  Ru0 4 unstable above = 1700 K: Ru is expected to remain in melt

Sb Sb2O3  Sb will not react with FeO, some may vaporize from melt
Scn Sc2O3  -93 Sc is expected to partition to slag
Se(,) SeO2  Se will not react with FeO; Se is expected to vaporize from melt

SmM Sm203  -102 Sm is expected to partition to slag
Sr(,) SrO -59 Sr is expected to partition to slag, but low boiling point could cause some vaporization

Ta(,) Ta2O5  -76 Ta is expected to partition to slag
Tc(,) TcO2  Tc will not react with FeO and is expected to remain in melt
Te(g, TeO2  Te wMIl not react with FeO and Te is expected to vaporize from melt
TlIM T 2O TI will not react with FeO and TI is expected to vaporize from melt
Th(,) ThO2  -142 Th is expected to partition to slag
YM Y203  -102 Y is expected to partition to slag
Zn(,) ZnO Zn will not react with FeO and Zn is expected to vaporize from melt

a Reaction between Pu and FeO to form PuO2 is slightly more favored thermodynamically than reaction to form Pu20 3 .

Pehlke (1973) has shown that, for a solute M dissolved in a solvent (liquid Fe), the following,
equation applies:

M(T)= PM (T) YM(I) NM

PM = vapor pressure of M over melt

Pmo = vapor pressure of pure M

YM = activity coefficient of M in melt

NM = mole fraction of M in melt

J-9 NUREG-1640
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Table J.3 Normal boiling points of selected elements
Boiling point

Element 0C K

Ag 2162 2435
As 603 (sublimes) 876
Bi 1564 1837
Cd 767 1040
Cs 671 944

Na 883 1156
Pb 1749 2022
Po 962 1235
Ra 17378 2010

A't *

Se 685 958
Sb 1587 1860
Te 988 1261
TI 1473 1746

Source: Lide 2003, unless otherwise noted
a Dean 1992

Thus, as the temperature of the melt increases, the quantity of the volatile element M in the melt
decreases by an amount determined by the temperature dependency of PM'. Based on vapor
pressure data for Pb, Sb, and Bi cited by Brandes and Brooks (1992) and for Zn given by Perrot
et al. (1992), we estimate that increasing the temperature of the iron bath from 1,873 to 1,923 K
will reduce the amount of Pb, Sb, and Bi by about 25%, while that of Zn will be reduced by
about 18% (assuming that yM is independent of temperature over the same range and NM is
constant). Actually, YM is an increasing function of temperature for antimony (Nassaralla and
Turkdogan 1993) and a decreasing function for zinc (Perrot et al. 1992).

J.1.3 Observed Partitioning During Steelmaking

This section presents available information from laboratory experiments and observations at
production facilities on the distribution of various elements among melt, slag, the dust in the
offgas collection system and any released to the atmosphere during steelmaking. Additional
information on baghouse dusts is included in Section J.1.5. Some of the laboratory data
presented in this section are obviously not obtained under conditions that correspond to
production melting practices. However, such data may still provide useful information on the
behavior of impurities during melting.

The data cited in the following subsections include references to two types of partitioning ratios.
One is the ratio of the concentration of the solute in slag to its concentration in the metal. It is
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expressed as I (' (Wt% X) , where X is the solute element in question, and (wt% X)and
x [wt% X]

[Wt%/O X] are the concentrations (wt/wt) in slag and metal, respectively-it is sometimes referred
to as the concentration ratio. The other is the mass partitioning ratio, which is the ratio of the
total mass of the solute in slag to the total mass of the solute in the metal. This should not be
confused with the slag:metal mass ratio, which is the ratio of the total mass of the slag to the
mass of the metal in a particular melting process.

Because many of the references cited in this section discuss the distribution of multiple elements
in a single test, it would be cumbersome to repeat all the experimental details here for each
element. Table J.4 summarizes the references by element. Substantial additional information on
these and other references is presented by Worchester et al. (1993).

Some additional perspective concerning the concentrations of impurities and alloying elements
can be obtained by examining the composition of a typical low-carbon steel (i.e., SAE 1020)
shown below:

* C .. 0.18 -0.23%
* Mn .. 0.60 - 0.90%
* P ... 0.04%
a S ... 0.05%

Thus, the steel melting process must control carbon and manganese within specified ranges and
ensure that the maximum concentrations of sulfur and phosphorus are not exceeded. The
furnace charge, the melting conditions, and the slagging practice must all be carefully managed
to achieve the desired steel chemistry.

The experimental and production information summarized in this section is combined with
theoretical information and engineering judgement to establish the partitioning factors presented
in Section J.1.6.

J.1.3.1 Americium

Based on the thermodynamic equilibria, americium is expected to partition strongly to the slag.
Gomer of British Steel reported that, when melting reactor heat exchanger tubing contaminated
with Am-241 in a 5-t EAF, traces of Am-241 were found in the slag. No other Am-241 was
detected (Pflugrad et al. 1985). In laboratory steel-melting experiments in a 5-kg furnace, the
Am-241 distribution was 1% in the ingot, 110% in the slag,'3 and 0.05% in the aerosol offgas
filter, resulting in a partition ratio between slag and metal of about 100 (Schuster and Haas 1990,
Schuster et al. 1988). Americium is chemically similar to uranium, which partitions strongly to
the slag (Harvey 1 990a). Thermodynamic calculations predict that americium would partition to

13 Because of differences in detection efficiencies, more radioactivity is sometimes detected in the products than
was measured in the furnace charge.
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the slag. However, one caveat is offered by Harvey (1990a). Because the density of the AmO2
(11.68 glcm3) is high compared to that of the steel bath (7 glcm3) and of the slag (2.4 g/cm3),
transfer of americium to the slag could be retarded by gravity separation. On the other hand, the
current industry practice of rocking the EAF to get better mixing of slag with the bath would
tend to increase transfer to the slag, and, consequently, no americium is assumed to remain in the
melt.

In small-scale laboratory experiments using mild steel (see Section J. 1.3.22 for details),
americium was observed to partition to the slag (Gerding et al. 1979). Values of the
concentration partitioning ratio, q A., generally exceed 1,000: 1.

J.1.3.2 Antimony

As described previously, antimony will not react with FeO in the slag and, is therefore expected
to remain in the melt. However, as noted in Table J.3, the normal boiling point of antimony
(1,860 K) is below the range of steelmaking temperatures, so at least some vaporization would
be expected. Contrary to this prediction, Harvey (1 990a) reports ". . . that when antimony is
added to steel, it is recovered with high yield." This view is supported by Philbrook and Bever
(1951), who observed that antimony is probably almost completely in solution in steel. On the
other hand, Stubbles (1984a) indicates that antimony is volatilized from scrap during EAF
melting. In no case is adequate background information provided to support the statements.'4

Kalcioglu and Lynch (1991) found that antimony could be removed from carbon-saturated iron
(typical of blast furnace operations) if temperatures exceeded 1,823 K and the slag basicity (B),

B = (CaO) + (MgO)
(SiO2) + (A220 3)

was greater than 1. Using very small samples consisting of 2 g of slag and 3 g of steel, about
45% to 51% of the antimony was vaporized at 1,823 K when the slag basicity was unity. The
distribution of antimony between slag and metal under these melting conditions is presented in
Table J.5.

When the slag basicity was lowered to 0.818, values of TlSb ranged from 0.09 to 0. 13; when the
basicity was 0.666, lSb ranged from 0.05 to 0.08. The reaction that caused the marked increase
in antimony partitioning to the slag when the basicity was unity was not identified.

In a proposed follow-on study to the work of Kalcioglu and Lynch, Zhong (1994) suggested that
the reaction below has an estimated value for AF of 4 kcal (-17 kJ):

2Sb +3(FeO) +(02) = 2(SbO 2 ) +3Fe( 0

14 In a telephone conversation, Dr. J. R. Stubbles, currently Manager of Technology at Charter Steel Company,
advised that his conclusions in Stubbles 1984a were based on the high vapor pressure of antimony rather than
experimental steel melting evidence. He would not argue against Harvey's conclusions. (Private communication with
William C. Thurber, SC&A, Inc., July 1, 1996.)
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Table J.4 Selected references on the partitioning of Impurities during steelmaking
Element References

Ag Sappok et at. 1990. Harvey 1990a, Menon et at. 1990, Massalski and Okamoto 1990
Am, Pflugrad et at.1 1985, Schuster and Haas 1990. Schuster et at. 1988, Gerding et at. 1979, Harvey 1990a
Bi Abom 1974, Shieldattoy 2002
C Philbrook and Bever 1951. Stubbles 1984b. Fruehan 1998
Ce Sappok et at. 1990. Harvey 1990a, JSPS 1988
Cl McKenzie-Carter et at. 1995

Co Nakamura and Fujiki 1993, Pflugrad et at. 1985, Sappok et at. 1990, Larsen et at. 1985a, Schuster and
Co Haas 1990. Harvey 1990a, Menon et at. 1990, Larsen 1985b

Cr Stubbles 1984a, Xiao and Hotappa 1993
Cs Nakamura and Fujiki 1993, Larsen et al. 1985a, 1985b, Pflugrad et at. 1985. Sappok et at. 1990. Harvey

1990a, Menon et at. 1990, Massatski and Okamoto 1990, Gomer and Lambley 1985
Eu Sappok et at. 1990. Larsen et at. 1985a, Harvey 1990a
Fe Schuster and Haas 1990. Schuster et at. 1988. NSA 1994
H Stubbles 1984b, Deo and Boom 1993. Kreutzner 1992. Philbrook and Bever 1951
Ir Larsen et at. 1985b, Massatski and Okamoto 1990
K, Na Harvey 1990a, Brough and Carter 1972. Murayama and Wada 1984
Mn Nakamura and Fujiki 1993, Sappok et at. 1990. Stubbles 1984a, Meraikib 1993, Harvey 1990a, Menon et

at. 1990
Mo Stubbles 1984a, Chen et at. 1993
Nb Stubbles 1984a, Harvey 1990a, Wenhua et at. 1990
Ni Harvey I1990a, Stubbles I1984a, Schuster and Haas 1990
P Stubbles 1984b, Fruehan 1998, Lehigh 1982. McKenzie-Carter et at. 1995, Arthur D. Uittle 1993
Pb Stubbles 1984a, Massalski and Okamoto 1990, Glassner 1957, Kellogg 1966
Pu Gerding et at. 1979. Harvey 1990a
Ra Starkey et at. 1961

Stubbles I1984b, Engh 1992. Fruehan 1998. Arthur D. Uittle 1993. Lehigh 1982, McKenzie-Carter et at.
1995, Kaercher and Sensenbough 1974

Sb Harvey 1990a. Menon et at. 1990, Stubbles; 1984a, Kafciogtu and Lynch 1991, Nassaratta and Turkdogan
1993. Philbrook and Bever 1951. Zhong 1994

Se Abomn 1974
Sr Nakamura and Fujiki 1993, Larsen et at. 1985b, Schuster and Haas 1990. Bronson and St. Pierre 1985.
Sr Schuster and Haas 1990

Te Abomn 1974
Th Harvey I 990a

LI Harvey 1990a, Larsen et al. 1985a, Schuster and Haas 1990, Heshmatpour and Copeland 1981, Abe et
at. 1985

Zn Harvey 1990a, Nakamura and Fujiki 1993. Sappok et at. 1990. Stubbles; 1984a, Menon et at. 1990, Perrot
et at. 1992. Hino et at. 1994, Richards and Thome 1961

Zr Stubbles, 1984a

While not strongly favoring partitioning to the slag, the reaction can proceed as written,
particularly because aF.Oand a0 2- tend to be high in basic slags. Using data presented by

Zhong, the partition ratio for the above reaction can be roughly estimated to be 0.006-a value
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similar to that for lead in Table J. 1.15 The calculation supports the conclusion that antimony will
not partition to the slag to a significant degree.

Table J.5 Partitioning of antimony between slag and steel

[wt% Sb]' nsb

0.4 0.55
0.46 0.59
0.51 0.67

Source: Kalcioglu and Lynch (1991)
Note: T - 1823 K, B = I
a [wt% Sb] = concentration in metal

b = (wt</o Sb)I[wt/oSb]
(wt% Sb) = concentration in slag

This conclusion is reinforced by the work of Nassaralla and Turkdogan (1993), who stated that
". . . most of the antimony will remain in the metal phase. However, it should be possible to
remove some antimony from the hot metal by intermixing it with lime-rich flux under highly
reducing conditions." Using values of Y'sb developed by these investigators, we calculated a
partition ratio for antimony of about 7 x 10-6 at 1,873 K.

Based on the calculated partition ratios (above and in Table J.1) and the boiling points of the
pure metals (Table J.3), antimony and lead would be expected to behave similarly. Antimony,
with a boiling point in the range of steelmaking temperatures, should be more volatile than lead.
It is unclear, therefore, why antimony tends to remain in the melt and lead is primarily collected
in the baghouse (see Section J. 1.3.15). This phenomenon may be a manifestation of significantly
higher thermodynamic activity of lead as compared to antimony in molten iron (see Table J.1 for
values of the activity coefficients of Pb and Sb).

Menon et al. (1990) measured the distribution of Sb-125 from two heats of stainless steel.
Activities of 4.3 x IO' Bq were detected in the melt and 1.7 x 103 Bq in the baghouse dust. No
radioactivity was reported in the slag.

J.1.3.3 Arsenic

Arsenic has considerable solubility in liquid iron, and a maximum solubility of 3% in gamma
iron at 1,150 0C (1,423 K). The solubility of arsenic in alpha iron is 12% at 840 IC (1,113 K),
decreasing to about 5% at 25 0C (298 K) (Aborn 1974). The recovery of arsenic from ore and
scrap during processing into steel is nearly 100% (Abom 1974.). This observation is consistent
with the thermochemical calculations summarized in Table J.2. Since, as listed in Table J.3,
arsenic sublimes at 887 K, part of any arsenic initially present as a surficial contaminant on the
scrap may vaporize before the scrap is melted.

is This calculation uses a value for y's, measured in carbon-saturated iron.

NUREG-1640 
J- 14

NUREG-1640 J- 14



Appendix I Partitioning Factors and Mass Fractions
Appendix J Partitioning Factors and Mass Fractions

J.1.3.4 Bismuth

According to Abom (1974): "The solubility of bismuth in high-purity liquid iron has been
measured at 0.3%, but carbon in the iron reduces this solubility to a much lower value. In solid
iron, the solubility is generally considered nil, but the fact that bismuth wets electrolytic iron
above 600 'C [873 K] suggests a definite, though minute, solubility."

As noted in Table J.2, bismuth will not react with FeO and will thus not partition to the slag. In
addition, bismuth has a boiling point below the range of steelmaking temperatures (see
Table J.3). Bismuth is sometimes added to leaded free-machining steels, which typically contain
0.1% Bi and 0.2% Pb (Shieldalloy 2002). It is reported that, because bismuth addition agents are
denser than liquid steel, gravitational segregation can be a problem. Also, because its boiling
point is just below the tap temperature for carbon steels, melt inoculation with bismuth will be
accompanied by considerable fuming. Bismuth recovery in the steel may be as low as 40% to
50% unless special master alloys are used.

During the remelting of cast iron scrap, 0.00 1% to 0.002% Bi remains in the iron when remelting
in an induction furnace, and somewhat less when remelting in a cupola. However, no residual
bismuth has been reported in remelted bismuth steel scrap, possibly because of the strong
oxidizing conditions and turbulence characteristic of oxygen steel processes (Aborn 1974).

J.1.3.5 Carbon

Carbon is a carefully controlled element in steelmaking. Excess carbon is often added to the
melt and then reduced to its final level by oxygen decarburization. This process promotes slag-
metal reactions and assists in removing hydrogen from the melt (Stubbles 1984b). Carbon
produced by the decarburization reaction combines with atmospheric oxygen in the offgas
stream to form CG2, which is exhausted from the system (Philbrook and Bever 1951). If, for
example, 5 kg/t of charge carbon are added to a melt that nominally contains 2.5 kg of carbon
per tonne of scrap, and the objective is to produce steel with a final carbon content of 0.2% (i.e.,
an SAE 1020 steel), 0.55 wt0/o C must be removed. Thus, about 73% of the carbon would be
exhausted from the system and the balance would remain in the melt. The partitioning of carbon
between the melt and the offgas stream is dependent upon the carbon content of the scrap charge,
the melting practice (i.e., use of charge carbon), and the desired carbon content of the finished
steel. Other authors have noted the importance of reacting carbon in the steel bath with oxygen
to form CO, which supplies significant heat energy, creates a desirable foamy slag, and promotes
hydrogen and nitrogen removal from the bath (Fruehan 1998).

J.1.3.6 Cerium

Based on thermodynamic calculations, cerium is expected to strongly partition to the slag as
CeO2 or Ce2O3. Sappok et al. (1990) described the experience in induction melting of
contaminated steel from nuclear installations. All the Ce-144 contamination was found in the
slag, although details of the melting and slagging practice were not discussed. Cerium is
sometimes added to steel to react with oxygen and sulfur. Because CeO2 has a density of 6.9
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g/cm3, which is similar to that of molten steel, Harvey (1 990a) suggests that the density of the
oxide retards transfer to the slag and, consequently, some CeO2 may remain as nonmetallic
inclusions in the steel.

No information was found during the course of this study that would permit quantifying the
extent to which cerium oxide might be present as inclusions. Based on EAF melting practices
designed to insure good slag-metal separation, we assume that less than 1% of the cerium would
remain in the melt.

According to JSPS (1988), Ce203, rather than CeO2, is the stable oxide during steelmaking. In
addition, JSPS recommends a value of 0.322 for y0 in dilute iron solutions. These differing
assumptions do not alter the conclusion-developed from the calculations in Section J.1.l-that
cerium strongly partitions to the slag. Using the data recommended by JSPS, the partition ratio
forcerium, NMo % = 1.15 X 108.

wt%/oM

J.1.3.7 Cesium

Based on free energy and vapor pressure considerations, cesium is expected to volatilize from
the melt. Furthermore, cesium is insoluble in liquid iron. Massalski and Okamoto (1990)
provide the following comment on the cesium-iron phase diagram:

From the scant data reported here and by analogy with other iron-alkali metal binary
phase diagrams, it is evident that Cs-Fe is virtually completely immiscible in the solid
and liquid phases.

A number of investigators have reported measurements on the experimental partitioning of
cesium during steel melting. Sappok et al. (1990) observed that during air induction melting of
about 2,000 t of steel, no Cs-134/137 remained in the melt. Cesium was found both in the slag
and in the dust collection system, but the partitioning was not quantified.

At the Japanese Atomic Energy Research Institute (JAERI), Nakamura and Fujiki (1993)
obtained similar results from air induction melting of both ASTM-A335'6 and SUS 304 steels.
The Cs-137 was about equally distributed between the slag and the dust collection system, but
only about 77% of the amount charged was recovered.

At the Idaho National Engineering Laboratory (INEL), Larsen et al. (1985a) found cesium both
in the slag and in the baghouse dust when melting contaminated scrap from the Special Power
Excursion Reactor Test (SPERT) III. In tracer tests, Larsen et al. (1 985b) found that 5% to 10%
of the cesium remained in Type 304L stainless steel ingots.

36 This ASTM specification covers various seamless ferritic alloy steel pipes for high temperature service.
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Gomer described results of three 5-t EAF and one 500-kg induction furnace melts in which the
chemical form of cesium addition and the slag chemistry were varied (Gomer and Lambley
1985, Pflugrad et al. 1985). The partitioning of this nuclide, based on the fraction of Cs-134
recovered, is summarized in Table J.6.

Table J.6 Partitioning of Cs-134 following steel melting

Furnace type Cs addition Cs partitioning (% of total recovered) Cs recovery
Steel Slag Offgas (%)

EAF CsCI 0 0 100 100
Induction CsOH 0 100 0 91
EAF CsOH 0 7 93 50
EAF Cs2SO4 0 66 34 64

In the melt where the cesium was added as CsCl, the chloride, which is volatile below the steel
melting temperature, was not collected in the slag because the slag had not formed before the
CsCl had completely evaporated. In the induction furnace test, CsOH was added to the liquid
steel under a quiescent acid slag. In the related arc furnace test with CsOH, the slag was not
sufficiently acidic to promote extensive formation of cesium silicate, which would be retained in
the slag. In the arc furnace melt with the Cs2SO4 addition, this compound was apparently
incorporated into the slag to a significant extent.

Harvey (1 990a) concluded that the hot, basic slags typical of EAF melting were not conducive to
cesium retention in the slag. A comparison of three arc furnace melts with varying slag
compositions showed the following levels of cesium retention in the slag 16 minutes after
cesium was added to the melt:

* SiO2:CaO = 3.1:1 ........ 50% recovery
* SiO2:CaO = 1.3:1 ........ < 4% recovery
* SiO2:CaO = 0.41:1 .......... 0 recovery

In these tests, no cesium remained in the melt.

Menon et al. (1990) recounted that no cesium was found in the ingots or the slag after melting
332 t of carbon steel in an induction furnace, but that substantial Cs-137 (21,000 Bq/kg) was
collected in the ventilation filters. During production of two heats of stainless steel, no cesium
was found in the ingots, 32% was in the slag, and 68% in the baghouse dust (Menon et al. 1990).

Cesium, both from atmospheric fallout-a result of the world-wide testing of nuclear weapons-
and from inadvertent melting of radioactive sources, has been identified in baghouse dust.
Lubenau and Yusko (1998) note several instances around the world where Cs-137 sources have
been melted and cesium contamination was found in the baghouse dust. Sant'7 noted that, when
a Cs-1 37 source was melted in an EAF at Ameristeel in Baldwin, FL, no contamination was

7 Robert Sant, INEEL, private communication with Joe DeCicco, NRC (March 13, 2003).
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found in the slag or the metal product. All of the Cs-137 was confined to the two baghouses and
the ductwork leading to them.'" No cesium escaped through the baghouse and into the exhaust
stack (Cofer and Turner 2002).

J.1.3.8 Chlorine

The distribution of chlorine depends on its form at the time of introduction into the EAF furnace.
Any chlorine gas would be desorbed from the scrap metal surface and vented to the atmosphere.
If the element exists as a metal chloride, it is likely to be distributed between the slag and the
dust. Chloride ion has been reported in baghouse dust (McKenzie-Carter et al. 1995).

J.1.3.9 Chromium

From a theoretical viewpoint, chromium would be expected to remain primarily in the melt.
However, Stubbles (1984a) suggests that chromium recovery in the melt during EAF
steelmaking is only 30% to 50%. Stubbles' observation is not consistent with the calculations in
Table J. 1, which show chromium remaining primarily in the melt.

Xiao and Holappa (1993) have studied the behavior of chromium oxides in various slags at
temperatures between 1,773 K and 1,873 K. They reported that chromium in the slag was
mainly (i.e., 88% to 100%) Cr2+ when the mol% CrO, in the slag was 10% or less and the ratio
Ncao:Nsio was unity. The calculations in Table J.l assumed Cr` 3 to be the predominant
species. Using free energy data presented by these authors for the reaction

Cr(S) + '202 = CrO(,)

AF = -79,880 + 15.25 T

(where APF is expressed in calories) and other relevant data from Table J.1, the partition ratio
involving CrO rather than Cr203 is calculated to be 0.42. This result suggests that a significant
portion of the chromium will partition to the slag if Cr` 2 is the principal chromium cation in the
slag.

Chromium in amounts from 0.3% to 0.4% has been observed in baghouse dust from EAFs (see
Section J.1.5).

J.13.10 Cobalt

Free energy calculations indicate that cobalt is expected to remain primarily in the melt.
Nakamura and Fujiki (1993) found this to be the case in 500-kg air induction melts of carbon
steel and stainless steel, where Co-60 was detected only in the ingots. During the melting of six
heats of contaminated carbon steel scrap at INEL, some unquantifiable Co-60 activity" was
detected in the dust collection system and some in the slag (Larsen et al. 1985a). In subsequent

Is In this appendix, the term "activity," when used in conjunction with a radionuclide or radioactive material, refers
to the rate of radioactive decay rather than to the chemical or thermodynamic activity of the element or compound.
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tracer tests with three heats of Type 304L stainless steel, between 96% and 97% of the Co-60
was recovered in the ingots (Larsen et al. 1985b). Sappok et al. (1990) noted that, during the
induction melting of steel at Siempelkamp Guss-und Reactortechnik (SGR), Co-60 was mostly
found in the melt, although unquantifiable amounts were detected in the slag and in the dust
collection system. Pflugrad et al. (1985) cited Co-60 partitioning in nine melts, totaling 24 t, at
SGR. Ninety-seven percent of the cobalt was in the steel, 1.5% in the slag, and 1.5% in the
cyclone and baghouse. Schuster and Haas (1990) measured Co-60 partitioning in laboratory
melts of St37-2 steel' 9 and reported 108% in the ingot,20 0.2% in the slag, and 0.2% in the
aerosol filter.

According to Harvey (1990a)," .... cobalt-60 will almost certainly be retained entirely in the
steel in uniform dilution in both electric arc and induction furnaces." In support of this
conclusion, Harvey described two steel melts in a 5-t EAF. In one test, highly reducing
conditions were employed (high carbon and ferrosilicon), while in the other, the conditions were
oxidizing (oxygen blow). In neither case was any measurable Co-60 activity found in the slag.
The activity of Co-60 found in the melt was in good agreement with the activity in the furnace
charge. No Co-60 was found in the furnace dust, although some was expected, based on transfer
of slag and oxidized steel particles to the gas cleaning system. Harvey concluded that the low
activity concentration in the furnace charge (ca. 0.23 Bq/g), coupled with dilution from dust
already trapped in the filters, resulted in activity concentrations of Co-60 in the offgas fume that
were below the limits of detection.

Menon et al. (1990) reported on the air-induction melting of 33.6 t of carbon steel. No Co-60
was detected in the slag, but some residual activity (1.3 Bq/g) was detected in the baghouse dust.
The amount remaining in the ingots was not quoted. In two heats of stainless steel, weighing a
total of 5 t, 26 MBq of Co-58/Co-60 was measured in the ingots, 40 kBq in the slag, and 78 kBq
in the baghouse dust.

Incidents involving the inadvertent melting of Co-60 radioactive sources have, on several
occasions, produced contaminated steel products, such as plate and rebar (Lubenau and Yusko
1998). Reported information from these incidents is not sufficient to establish quantitative
estimates of cobalt partitioning, but does qualitatively support the position that significant
amounts of any Co-60 remain in the melt and in its resultant products.

One industry expert notes that when cobalt is added to steel as an alloying element, this is done
through a ladle addition to insure high levels of cobalt recovery.2 ' However, no information was
uncovered during the course of this study to suggest that cobalt, in the trace quantities addressed
by the present study, would not be retained in the melt.

19 This is the designation of a German structural steel.

20 See Note 13 on page J-1 1.

21 Anthony LaMastra, CHP, private communication with William C. Thurber, SC&A, Inc., October 7,2002.
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J.1.3.11 Europium

Based on its chemical similarity to other rare-earth elements such as samarium, cerium, and
lanthanum, europium is expected to partition to the slag. During induction melting of steel scrap
from nuclear installations, Sappok et al. (1990) reported that all the Eu-154 was in the slag.
Larsen found some europium in the slag and some in the baghouse dust during induction melting
of scrap from the SPERT HI reactor. The europium content was below the limits of detection in
the feed material, so presumably some unquantified concentrating effects occurred in the slag
and the offgas dust (Larsen et al. 1985a). Europium-152 concentrations in the baghouse dust
were very low-on the order of 0.8 pCi/g (0.03 Bq/g). Harvey (1990a) described production of
an experimental 3.5-t melt of steel in an arc furnace to study europium partitioning. During the
melting operation, oxygen was blown into the melt to remove 0.2% C (typical of normal
steelmaking practice). The radioactivity of the metal was too low to be measured, and no
europium was found in the dust from the fume extraction system. Europium activity was
detected only in the slag. Even though there had been some concern that the Eu203 would not
readily float to the metal-slag interface because of the similar densities of steel and Eu203
(7.9 gfcm3 and 7.4 g/cm3, respectively), the experimental results suggest that this was not an
issue. With regard to the fact that no europiurn was found in the fume collection system, Harvey
(1990a) observed the following:

It is inevitable, however, because of the nature of the process, that some slag is ejected
into the atmosphere of the arc furnace and is then entrained in the offgas and is collected
in the gas cleaning filters. Hence, any radioactive component present in the slag will be
present to some extent in the offgas. The fact that it is not detected on this occasion
reflects the small amount of radioactivity used, and the mixing and dilution of dust which
occurs in the gas cleaning plant.

J.1.3.12 Hydrogen

Hydrogen is an undesirable impurity in steel, causing embrittlement. Thus, steelmaking practice
seeks to keep hydrogen at very low levels. As noted in Section J.L1.3.5, removal of charge carbon
by blowing oxygen through the melt also reduces the hydrogen concentration. Stubbles (1984b)
described tests on the rate of hydrogen removal as a function of time and of the carbon reduction
rate. For steel with an initial hydrogen content of 9 ppm, the hydrogen concentration was
reduced to 1 ppm after 15 minutes when the rate of carbon removal was 1% per hour, and to
5 ppm over the same interval when the carbon removal rate was 0.1% per hour.

Stubbles' work is consistent with results reported by Deo and Boom (1993), who showed that the
rate of hydrogen removal was directly related to the rate of carbon removal. They also described
the work of Kreutzner (1972), who investigated the solubility of hydrogen in steel at 1,873 K
and 1,973 K. From a graphical presentation of Kreutzner's work, one can estimate that the
solubility of hydrogen in steel at 1,873 K can be expressed as follows:

[ H] = 27(PH2)
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where [H] is the equilibrium hydrogen concentration in ppm and PHis the partial pressure of

hydrogen in atmospheres. Thus, if Plz = 0.01 atm (I kPa), [H] = 2.7 ppm.

Because the most likely source of hydrogen is from water in the charge components or the
furnace atmosphere, the following reaction should also be considered (Philbrook and Bever
1951):

H2 0(,=2H+O

At 1,873 K, the equilibrium hydrogen concentration, %H = 1.35 x _ ( where ao is the

activity of oxygen in the melt. One can see from this equation that the %H increases as ao
decreases. Table J.7 lists the concentrations of H for as a function of the concentration of
dissolved oxygen when PH2O = 0.003 atm (0.3 kPa).

Table J.7 Hydrogen and oxygen concentrations In liquid Iron

Concentration (%)
0 H

0.1 2.3e-04
0.01 7.4e-04
0 2.3e-03

Note: T 1,873 K, Pli=O 0.003 atm, 0 = ao

If the oxygen content of the bath is low, the steel can absorb more hydrogen from water vapor
than from pure hydrogen at 1 atm (100 kPa). Hydrogen or water vapor in materials added to the
bath after carbon removal or to the furnace ladle will tend to be retained in the steel product
(Philbrook and Bever 1951).

J.1.3.13 Iridium

Iridium is expected to remain in the melt during steelmaking. Iridium and iron are completely
miscible in the liquid phase (Massalski and Okamoto 1990). Larsen et al. (I 985b) conducted
one induction melting test at the Waste Experimental Reduction Facility (WERF) at INEL,
where Ir-192 was added to Type 304L stainless steel during the production of about 500 lb
(230 kg) of metal. About 60% of the Ir-192 activity was recovered in the ingot, but only small
amounts were detected in the slag. Although much of the activity was unaccounted for, there is
no basis to conclude that iridium does not primarily remain in the melt.

J.1.3.14 Iron

Iron oxide is a major slag component. According to a 1991 survey by the National Slag
Association (NSA 1994), the average FeO content of steel slags is 25%. If we assume that the
mass ratio of slag to steel is 1:10, then about 2% of the iron in the charge would be distributed to
the slag. Schuster et al. reported some laboratory tests where Fe-55 was added to small melts of
steel conducted under an Ar + 10% H2 atmosphere and reducing conditions (Schuster and Haas
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1990, Schuster et al. 1988). No Fe-55 was found in the slag nor in the aerosol filter. However,
these results have little relevance to expected partitioning under actual steelmaking conditions.
Iron (as iron oxides) is also a major component of EAF baghouse dust (see Section J.1.5).

J.1.3.15 Lead

As shown in Table J.1, lead is expected to remain with the melt rather than with the slag. At
1,873 K, lead has limited solubility in molten iron-about 0.064 to 0.084 wt0/o (Massalski and
Okamoto 1990). Although the boiling point of lead (2,022 K) is above normal steelmaking
temperatures, lead has a significant vapor pressures at 1,873 K: 42 kPa for the pure metal.'
Consequently, much of the lead is expected to evolve from the melt and be collected in the
offgas dust collection system. Lead concentrations of 1.5% to 2% have been observed in EAF
baghouse dust (see Section J.1.5). Stubbles (1984a) reports that, when leaded scrap is added to
liquid steel, the lead boils off like zinc and is collected with the fume.

J.1.3.16 Manganese

Manganese is a common element in steelmaking. As listed on page J-l 1, a typical carbon steel
contains 0.6% to 0.9% Mn. According to the calculations presented in Section J. 1. 1, manganese
is expected to concentrate more in the slag than in the metal. Stubbles (1984a) states that during
melting in an EAF, about 25% of the manganese is recovered in the steel. This finding
establishes the mass partition ratio-the mass of Mn in slag to the mass in steel-as 3:1.
Fruehan (1998) notes that manganese is typically lowered to about 0.06% in the bath of an EAF
and that the slag typically ranges from 2% to 5% MnO. Based on these observations, and
assuming that the mass of the slag is 10% that of the melt, the mass partition ratio would range
from 3 to 6, values consistent with Stubbles 1984a.

Meraikib (1993) also compiled information on manganese partitioning between slag and molten
steel based on a large number of heats in a 70-ton (63.5 t) EAF. The furnace charge consisted of
varying ratios of scrap and sponge iron (52% to 95% sponge iron or direct reduced iron). This
type of furnace charge is significantly different from U.S. melting practice, where the EAF
charge is about 95% scrap. He showed that the partitioning ratio, r1m., is given by the following
equation:

?lMn = a[0] f.] exp ( 273 - 0.0629 B - 7.3952)

alo1 = activity of oxygen in melt

f[w, = activity coefficient for [Mn]

22 See Note 1O on pagei-5.
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For the range of manganese concentrations (0.06 to 1.0 wt%) and the range of temperatures
(1,823 K to 1,943 K) studied, fp&] is essentially unity (i.e., 0.9503). If one assumes that B = 2.5
and afol = 0.012,2 then the variation of 1iMn with temperature can be calculated as follows:

* 1,843 K ..........-.-.-.. TilM= 18-4

* 1,943 K ..........------------ = 8.5

This indicates that the concentration ratios of manganese in slag and in metal can vary by more
than a factor of 2 for a 100 K change in melt temperature. Based on the work of Meraikib, the
partitioning of manganese between slag and metal (assuming a slag:metal mass ratio of 1:10) is a
factor of 2 lower than observed by Stubbles and about a factor of 20 lower than we estimated on
the basis of the thermodynamic calculations presented in Section J.1.1. This result serves to
emphasize the potential variability of calculated and measured partition ratios. This is
particularly true of elements that do not partition strongly to either the melt or the slag.

Nakamura and Fujiki (1993) conducted four 500-kg air induction melting tests (two with
ASTM-A335 steel and two with SUS 304 stainless steel), to which 24 MBq of Mn-54 were
added. In the two tests with SUS 304 and one test with ASTM-A335, about 90% of the
radioactivity was contained in the ingot. In the other ASTM-A335 test, only 50% of the Mn-54
was recovered in the ingot. For the one ASTM-A335 test where the activity concentration in the
slag was also reported, the Mn-54 partitioned as follows:

* Ingot .......... 91%
* Slag ................ 8%
* Unaccounted .... ...... 2%

Sappok et al. (1990) described results from melting about 2,000 t of contaminated steel in a 20-t
induction furnace. The melting process generated only a small amount (-1.2%) of slag. During
a 200-t melting campaign, no Mn-54 was found in the melt. Up to 21.9% of the total
radioactivity in the slag was attributed to Mn-54 and up to 2.1 % of the total activity in the dust
collection system was from this nuclide.

Harvey (1990a) notes that manganese tends to be more concentrated in the slag when melting
under oxidizing conditions, while the reverse result can be obtained when the furnace conditions
are reducing. Manganese is relatively volatile at steelmaking temperatures, the pure metal
having a vapor pressure of 5.2 kPa at 1,873 K24

In two stainless steel heats melted at Studsvik, the Mn-54 activity was distributed as follows
(Menon etal. 1990):

23 This oxygen activity is calculated from Equation 39 of Meraikib 1993, assuming that the slag contains 4.11%
MnO and the melt contains 0.22% Mn, per Table I of Meraikib 1993.

24 See Note 10 on page J-5.

3-23 NUREG-1640
J-23 NUREG-1640



Partitioning Factors and Mass Fractionss Appendix J
Partitioning Factors and Mass Fractions Appendix J

* Ingot ........... 44 kBq
* Slag ........... 3.6 kBq
* Baghouse dust ........... 0.36 kBq

J.1.3.17 Molybdenum

As discussed in Section J. 1.1, molybdenum is expected to remain primarily in the melt. This
view is supported by the work of Stubbles (1984a), which indicates that 100% of molybdenum is
recovered in the steel during EAF melting. Studies by Chen et al. (1993) on the reduction
kinetics of MoO3 in slag also buttress this conclusion. In 1-kg-scale laboratory tests, Chen et al.
found that the reduction of MoO3 in slag over an iron-carbon melt was completed in about five
minutes.

J.1.3.18 Nickel

Nickel is chemically similar to cobalt and is expected to remain in the melt during steelmaking.
Stubbles (1984a) states that nickel recovery during arc melting is 100%. According to Harvey
(1990a), it is common practice to add NiO to a steel melt and quantitatively recover the nickel.
He further notes: "Nickel cannot be volatilized from molten steel, and there do not appear to be
any slags that will absorb nickel selectively." Schuster and Haas (1990) described the
distribution of Ni-63 in laboratory melts of 3 - 5 kg under inert gas. About 82% of the nickel
was recovered in the ingot, 0.04% in the slag, and 0.06% in the aerosol filter, with the remainder
unaccounted for.

J.1.3.19 Niobium

On the basis of the thermodynamic calculations presented in Section J.1.1, niobium is expected
to partition primarily to the slag. According to Stubbles (1984a), the recovery of niobium in the
ingot is zero during EAF melting of scrap containing niobium, which is consistent with our
theoretical calculations. Harvey (1990a) notes that niobium can be retained in the steel under
reducing conditions, but under oxidizing conditions will clearly be transferred to the slag
according to the following reaction:

2Nb + 60 + Fe = FeO-Nb2O5

The equilibrium constant for this reaction is expressed as follows:

K aFcO.NbzO
1, = 2 6

a., a,, a.

The equilibrium is thus very sensitive to the oxygen activity in the steel. At 1,873 K,
K, = 2.4 x 1010.
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Wenhua et al. (1990) studied the kinetics of the reduction of Nb205 in slag by silicon dissolved
in iron, as described by the following reaction:

5Si + 2(Nb2O5) = 4n + 5(SiO2)

The reaction was assumed to be divided into five steps:

I Nb2O5 diffuses through slag towards the reaction interface
2 Si diffuses through molten iron towards the reaction interface
3 Reaction occurs at interface
4 Reaction product Nb diffuses from interface into molten iron
5 Reaction product SiO2 diffuses from interface into slag

Using a slag with a CaO:SiO2 (basicity) ratio of about 2:1 and a ferrosilicon reductant
(ca. 0.42% Si), niobium was rapidly transferred from the slag to the melt, reaching a
concentration of 1.5% after 10 minutes. Wenhua et al. found that the rate-controlling step was
the diffusion of niobium in liquid iron.

J.1.3.20 Phosphorus

Phosphorus is an undesirable impurity in steel, which is typically removed by oxidation. The
transfer of phosphorus from the metal to the slag can be represented by the following simplified
reaction (Stubbles 1984b):

2P + 50 = (P205)

The amount removed from the melt will depend on the phosphorus content of the scrap charge
and the desired phosphorus content of the melt. Phosphorus removal is facilitated during EAF
melting by increasing the basicity and oxidation level of the slag. By injecting 35 kg of powered
lime per tonne of charge into the melt together with oxygen, the phosphorus content can be
reduced to about 10% of its initial value.

Fruehan (1998, Figure 9.8) shows that phosphorus is reduced from about 0.16% to about 0.012%
during the oxygen blow in a BOF, which suggests that about 8% remains in the melt and 92%
partitions to the slag (and possibly to the dust). Table 9.8 of this reference shows a typical
material balance for a BOF heat with the mass partitioning ratio of phosphorus between the slag
and the metal being 0.59:0.10, which is equal to 14% P in the steel and the balance in the slag.
On page 625, it is noted that phosphorus retention in the slag during EAF steelmaking is a
function of bath temperature, slag basicity, and FeO level in the slag. At higher temperatures or
low FeO levels, phosphorus will revert from the slag back to the metal. Reported partition ratios
of phosphorus between the slag and the metal bath range from 5 to 15, while the mass of
phosphorus in steel produced in an EAF is 20% to 50% less than the mass of phosphorus in the
scrap. For the partition ratios and the ratios of phosphorus in steel to phosphorus in scrap to be
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consistent, the cited partition ratios must be concentration ratio, lp, not the ratio of masses of
phosphorus in the two process streams."

Phosphorus pentoxide (P205 ) is a gas above about 630 K. The steelmaking literature cited above
does not mention transfer of any phosphorus to the baghouse dust. In addition, as discussed in
Section J.1.5, Arthur D. Little (1993), in its report on a survey of EAF dust generation at 52
shops that melted carbon steel, did not note the presence of phosphorus in the dust. A Lehigh
University (1982) study on EAF dust also did not mention phosphorus in dusts from stainless
and carbon steel melts, nor did a report by McKenzie-Carter et al.(l995). These observations do
not guarantee the absence of phosphorus, but they do indicate that phosphorus is not a significant
component of dust.

J.1.3.21 Potassium and Sodium

Since K2 0 is less stable than FeO, potassium would not be expected to partition to the slag.
Furthermore, because the element has a boiling point of 1032 K, well below the range of
steelmaking temperatures, we would expect it to evaporate from the melt. However, various
potassium compounds, such as silicates and phosphates, are present in slags (Harvey 1990a).
The same observations apply to sodium. Sodium oxide (Na20) has also been collected in EAF
baghouse dust (Brough and Carter 1972). Given the fact that Na2 O in the slag can be reduced by
carbon in the melt (Murayama and Wada 1984), the presence of sodium in the dust is not
surprising. The appropriate chemical reaction is

Na 2O.0 ) + C = 2Na(,) + CO(B)

AF0 for this reaction at 1,873 K is -48 kcallmole (-201 kI/mole) of Na2O. Removal of Na20
from the slag would be enhanced by higher carbon levels in the melt. Presumably, any elemental
sodium from this reaction would vaporize, oxidize in the fume, and subsequently condense in the
baghouse as Na2Q.

J.1.3.22 Plutonium

Thermodynamics indicates thatplutonium wouldpartition strongly to the slag. Harvey (1990a)
assumed that plutonium would form a stable oxide and partition to the slag, based on the
chemical similarity of plutonium to thorium and uranium. However, he notes that because of its
high specific gravity ( 1.5), transfer of PuO2 to the slag could be slow and some could possibly
fall to the base of the furnace and not reach the slag.

Assume a heat that produces 100-t of steel, where the mass of the slag is 10% of the mass of the steel, and the
phosphorus concentration is 0.9% in the slag and 0.1% in the metal. Then 0.09 t of phosphorus would be in the slag
(0.009 x 100 x 0.1 - 0.09) and 0.1 t in the steel (0.001 x 100 = 0. 1). Assuming all the phosphorus comes from the metal
charge, and neglecting any losses of material, the amount of phosphorus in the charge would be 0.19 t (0.09 + 0.1 = 0.19).
Thus, the mass of phosphorus in the steel is 47% less than in the charge (1 - [0.1 +I 0.19] = 0.47).
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Gerding et al. (1979) conducted small-scale (i.e., 10 g and 200 g) tests with plutonium oxide and
mild steel in an electric resistance furnace. The melts were held in contact with various slags
under -0.5 atm (50 kPa) of helium at 1,773 K for 1 -7 2 hours. Slag:steel mass ratios ranged from
0.05 to 0.20. The studies showed that the plutonium partitioned to the slag, the partition
coefficient, 11pU, ranging from 2 x 106 to 8 x 106. Decontamination efficiencies at concentrations
of 400 ppm and 14,000 ppm Pu were about equal, and differences in composition among the
various silicate slags did not significantly affect the partitioning.

J.1.3.23 Radium

Radium forms a stable oxide in the presence of FeO and thus is expected to partition mainly to
the slag. Starkey et al. (1961) described results from the arc furnace melting of eight heats of
steel contaminated with radium. The average concentrations of radium in the furnace products
were < 9 x 10. 3 g Ra per g steel and 1.47 x 10-9 g Ra per g slag. Slag-to-metal mass ratios were
not reported, but assuming a mass ratio of 1: 10, the partitioning ratio, Tj ,, would be > 1600: 1.

J.1.3.24 Selenium

The solubility of selenium in liquid iron is about 4% at 1,520 'C (1,793 K); in solid iron it is
about 10 ppm at 800 'C (1,073 K). Any excess selenium precipitates out at the metal grain
boundaries (Aborn 1974). Based on thermochemical calculations (see Table J.2), selenium
would not partition to the slag; furthermore, because of its low boiling point, significant
volatilization from the melt is expected (see Table J.3). Aborn (1974) observes that steel plants
do not normally segregate selenium-bearing steel scrap for remelting, because the turbulent
oxygen steelmaking processes probably remove most of the selenium as oxide fume or in the
slag. However, during relatively quiet remelting in an induction furnace, only 7% of the
selenium is lost.

J.1.3.25 Silver

As noted in Section J.l.l, silver will not react with FeO because Ag2O is unstable at steelmaking
temperatures. Silver has no solubility in liquid iron; thus, the two metals would coexist as
immiscible liquids (Massalski and Okamoto 1990). As was also noted, some volatilization
might be expected. Sappok et al. (1990) reported that induction melting of steel contaminated
with silver resulted in the silver being primarily detected in the metal, but some was detected
both in the slag and in the dust. However, the partitioning was not quantified. Harvey (1 990a)
concluded, based on the instability of Ag2O and the expected similarity to the behavior of copper
in steel, that silver "would be expected to remain in the melt under all normal steelmaking
conditions."

Ag-l l Om activity was measured for two heats of stainless steel at Studsvik (Menon et al. 1990).
The activity was distributed as follows:

* Ingot ........... 290 kBq
* Slag ........... 1.3 kBq
* Baghouse dust ....... .... 93 kBq
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J.1.3.26 Strontium

According to Table J.2, strontium is expected to partition to the slag. Nakamura and Fujiki
(1993) studied the partitioning of Sr-85 during the air induction melting of ASTM-A335 steel in
a 500-kg furnace with a slag basicity of L. Strontium-85 was found only in the slag (75% of the
initial activity was recovered). Larsen et al. (1985b) described the melting of three heats of Type
304L stainless, weighing 500 to 700 lb (230 - 320 kg) each, in an air induction furnace. The
amount of strontium remaining in the ingots was 1% in two cases and zero in the third.
Strontium-85 was found in the slag and the baghouse dust, but no quantitative accounting of the
initial activity was provided. Slagging practice was not documented, other than to state that a
small amount of a "slag coagulant" was added to aid in slag removal. Schuster and Haas (1990)
melted St37-2 steel in a 5-kg laboratory furnace using a carborundum crucible. Lime, silica, and
alumina were added as slag formers. The melt was allowed to solidify in situ. About 80% of the
Sr-85 was found on the surface of the ingot, 6.3% in the slag, 0.5% in the ingot, and 0.02% in the
aerosol filter. The material on the ingot surface would most likely have been found in the slag
under actual production conditions.

Strontium can also react with sulfur, the resultant SrS is expected to partition to the slag
(Bronson and St. Pierre 1985).

J.1.3.27 Sulfur

Sulfur is a generally undesirable element in steel, except in certain steels where higher sulfur
levels are desired for easier machinability. As indicated on page J- 11, the maximum sulfur
content of a typical low-carbon steel is 0.05%. Sulfur is difficult to remove from the melt. One
mechanism for sulfur removal is reaction with lime in the slag to form calcium sulfide:

CaO + S = CaS + 0

This reaction is facilitated by constant removal of high basicity slag and agitation. According to
Stubbles (1984b), the partition ratio, qs, rarely exceeds 8:1 in EAF melting of steel. If the mass
of the slag is equal to 10% of the mass of the steel, then a partition ratio of 8:1 means that there
would be 0.8 g S (8 x 0.1 = 0.8) in slag for every gram of sulfur in steel. At most 44% of the
total sulfur would thus partition to the slag (0.8 -. [1 + .8] =0.44), while the remaining 56%
would stay in the steel.

Although sulfur has a boiling point well below steel bath temperatures (see Table J.3), the
compounds it forms within the slag (e.g., CaS) are very stable at steelmaking temperatures.

Engh (1992) described the partitioning of sulfur between slag and metal as a function of slag
acidity and the FeO content of the slag. Assuming that the slag contained 25% FeO and 20%
acidic components (SiO 2, P205, B203, and TiO 2), js would range from about 16 to 26.

Fruehan (1998, Section 9.4.1.5) states that 10% to 20% of the sulfur in a BOF reacts directly
with oxygen to form gaseous S02. Similar information on SO2 formation in EAFs is not
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provided in that reference. Fruehan also notes that rjs in a BOF varies from about 4 to 8. If the
mass of the slag were 10% of the mass of the metal, then 29% to 44% of the sulfur would
partition to the slag. However, there is an additional element of complexity that must be
considered. During ladle refining in a BOF, 11s ranges from about 300 to 500. Fruehan (1998,
Section 10.8.4) states that ni in an EAF ranges from 3 to 5. Sulfur partitioning ratios of 20 to
100 can be achieved during ladle operations where reducing conditions can exist. Using the
EAF data for melting and ladle refining, it can be calculated that from 6% to 25% of the sulfur
remains in the metal.

No sulfur was reported in the EAF baghouse dust compositions cited by Arthur D. Little (1993,
Table 2-1), Lehigh University (1982), McKenzie-Carter et al. (1995), or Kaercher and
Sensenbough (1974). However, since the dust compositions presented in these reports do not
generally account for 100% of the material, some small quantities of sulfur could have been
omitted. ArthurD. Little (1993, Table 5-1) reported that the EAF dust that is fed into the Waelz
kilns at Horsehead Resource Development Co. (HRDC) for zinc recovery contained 1.5% to
2.5% sulfur. Consequently, it is reasonable to assume that a small amount of sulfur is present in
the dust.

J.1.3.28 Tellurium

The solubility of tellurium in liquid iron is 0.25% at 1,550 'C (1,823 K), while its solubility in
solid iron is 0.1% at 1,200 'C (1,473 K). Carbon and manganese in steel probably reduce this
solubility considerably (Abom 1974). Similar to selenium, tellurium is not expected to partition
to the slag (see Table J.2) and, because of its low boiling point (see Table J.3), significant
volatilization is expected. In practice, the turbulent oxygen-rich steelmaking processes oxidize
any tellurium in steel scrap to a negligible amount. Special conditions are required to achieve
the desired level of 0.05% tellurium in free-machining steel (Aborn 1974).

J.1.3.29 Thorium

Based on the stability of ThO2, thorium is expected to partition to the slag. Harvey (1990a)
notes that the stability of ThO2 has been exploited by'using the material in steel-melting
crucibles. However, because of their high specific gravity (9.86), ThO2 particles may settle in
the melt and not reach the slag. This would not be a significant effect for the minute quantities
of thorium that could potentially be found in steel scrap cleared from nuclear facilities.

J.1.3.30 Uranium

Free energy calculations suggest that uranium would partition to the slag. Heshmatpour and
Copeland (1981) conducted a number of small-scale partitioning experiments where
500 - 1,000 ppm of U0 2 was added to 50 - 500 g of mild steel and melted in either an induction
furnace or a resistance furnace. Slag and crucible compositions were varied as well. With the
use of highly fluid, basic slags and induction melting, mass partition ratios (mass U in
slag:mass U in metal) ranging from 1.2:1 to > 371:1 were achieved.
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Larsen et al. (1985a) reported that, although uranium was not detected in the feed stock, it was
sometimes found in the slag and in the baghouse dust. Schuster and Haas (1990) determined that
when slag formers were added to small laboratory melts, the uranium content of the melt was
reduced from 330 ppm to 5 ppm. Harvey (1990a) commented that British Steel had occasionally
used uranium as a trace element in steelmaking. Based on their experience, the uranium was
absorbed in the slag, despite the fact that U02, which has a density of 10.9 g/cm3, significantly
higher than that of iron, could conceivably settle in the melt. This observation, based on actual
steelmaking experience, is particularly relevant to the present analysis. Partitioning of the
minute masses of uranium isotopes and, by extension, of other radionuclides that are potential
impurities in steel scrap cleared from nuclear facilities would not be affected by the densities of
their oxides.

Abe et al. (1985) studied uranium decontamination of mild steel using small (100 g) melts in a
laboratory furnace. Melting was done in an argon atmosphere at a pressure of 200 Torr
(26.7 kPa) in alumina crucibles with 10 wt0/o flux added to the charge. The decontamination
factor (DF) was found to be a function of the initial contamination level, the DF varying from
about 200 to 5,000 as the uranium concentration increased from 10 to 1,000 ppm. Optimum
decontamination with a CaO-Al20 3-SiO2 slag occurred when the slag basicity was 1.5.
Decontamination was further enhanced by additions of CaF2 or NiO to the slag.

J.1.3.31 Zinc

Zinc is not expected to react with the slag constituents. Because of its low boiling point, some
fraction of the zinc would evaporate from the melt: in fact, dust from steelmaking operations is
an important secondary source of zinc. In 1990, about 100,000 t of zinc were recovered from
baghouse dust in Europe (Perrot et al. 1992). Hino et al. (1994) studied the evaporation of zinc
from liquid iron at 1,873 K and found that the evaporation rate was first order with respect to the
zinc content of the melt. The mass transfer coefficient in the liquid phase was estimated to be
0.032 cm/s.

Nakamura and Fujiki (1993) observed that, during induction melting of both ASTM-A335 and
SUS 304 steels, about 60% to 80% of Zn-65 that had been added to the furnace charge remained
in the ingot. In one test with ASTM-A335 steel, 90.7% of the added zinc was recovered. Of the
total amount recovered, about 14% was found in the offgas dust and 1% in the slag, with the
balance remaining in the ingot. Sappok et al. (1990) reported that, in some instances, zinc was
found only in the dust in the offgas collection system and, in another melting campaign, some
zinc was found in the ingot and the slag, as well as in the dust collected in the offgas system.
The causes of these differences are not apparent.

On the other hand, Stubbles (1984a) states that zinc is volatilized during EAF melting. Harvey
(1990a) supports the view of Stubbles, noting that zinc is volatilized during melting and
collected as ZnO on the baghouse filters. "The volatilization is very efficient, and the residual
content of zinc in the steel is likely to be below 0.001 %, whereas the zinc oxide content of the
dust is often more than 10%."
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Perrot et al. (1992) note that in spite of its low boiling point and expected ease of evaporation,
zinc removal from liquid steel is far from complete. Industrial experience indicates that the zinc
content is often above 0.1 wt.% in liquid cast iron at 1,573 - 1,673 K, but is somewhat lower in
liquid steel at 1,773 - 1,873 K. At 1,773 K, if the zinc vapor pressure over the melt were 0.01
atm. (1 kPa), the calculated solubility of zinc in iron would be about 72 ppm. The solubility of
zinc in liquid iron is decreased by other solute elements with ion interaction coefficients greater
than zero (e.g., Al and Si) and increased by solutes with coefficients less than zero (e.g., Mn and
Ni).

Richards and Thome (1961) studied the activity of ZnO in slags with various CaO:SiO2 ratios
over the temperature range 1,373 - 1,523 K, based on the assumption that the following slag-
metal reaction controlled the equilibrium:

(ZnO) + Fe(,) = (FeO) + Zn,

Further assuming that the gas phase contained 3 vol% Zn, they calculated that, at 1,473 K, the
amount of zinc in the slag could be represented by the following expression:

0.022 (wtFeO) (YF'O)
(wto Zn) =(Yzno)

where, as indicated by the parentheses, all components of the equation involve the slag phase.
For a fixed FeO concentration, the amount of zinc in the slag decreased with increasing
temperature and increasing ratio of CaO:SiO2. For example, at 1,473 K, when the CaO:SiO2
ratio was 0.3:1, the slag contained 1.2 wt% Zn; when the CaO:SiO2 ratio was 1.2:1, the zinc
content of the slag had dropped to 0.8 wt%. If we extrapolate these results to 1,873 K, the
amount of zinc in the slag would be only about 0.009 wt% (90 ppm).

Menon et al. (1990) found that, during the melting of two stainless steel heats, Zn-65 was about
equally distributed between the melt and the baghouse dust.

From the available information, it appears that when the scrap metal charge has a reasonably
high zinc content, significant amounts of zinc will be volatilized but, when the zinc levels in the
charge are low, vaporization will be more difficult. Virtually no zinc is expected to remain in
the slag.

J.1.3.32 Zirconium

Based on free energy considerations, zirconium is expected to partition to the slag. Information
on EAF steel-melting provided by Stubbles (1984a) for supports this hypothesis.

J-3 I 
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J.1.4 Inferred Partitioning

No theoretical or experimental evidence exists for the partitioning of several elements that may
be impurities in steel. This section provides guidelines for the partitioning of these elements
based on chemical or physical behavior.

J.1.4.1 Actinide Elements

The transuranic elements Bk, Cf, Cm, and Es are expected to behave like other transuranic
elements in the actinide series, such as Am, Np, and Pu, and partition to the slag.

J.1.4.2 Lanthanide Elements

The lanthanide elements Gd, Pm, Th, and Tm are expected to behave like other rare-earth
elements, such as Ce, Eu, and Sm, and partition to the slag. Gadolinium, Th, and Tm are known
to form oxides of the type R203 (Lide 2003).

J.1.5 Composition of EAF Baghouse Dust

Various studies have reported measurements of the composition of EAF baghouse dust From
these data, one may draw inferences as to the extent to which certain impurities partition to the
dust. Results of measurements reviewed for the present study are reported here.

The Babcock & Wilcox Company provided the following baghouse dust composition at its No. 3
EAF melt shop at Koppel, PA (Kaercher and Sensenbough 1974):

* Fe2O3 .............. ...... 52.7
* CaO ......................... 13.6
* 2° 3 ........................... 0.9
* SiO2 ............... 0....... 9.
* MgO .................... 12.6
* Mn2O3 ........................... 0.6
* ZnO .......... .......... 6.3
* NiO ......... ........... 0.1
* Cr203 ........... ......... 0.6
* CuO ............... ....... 0.1
* Loss on ignition at l,I00 'C ......... 6.8
* Balance .................... 4.6

The melt shop included one 50-ton, one 75-ton, and three 100-ton furnaces (45-t, 68-t, and 91-t,
respectively) used for the production of carbon, alloy, and stainless steels. The average dust
collection was 12 lb per ton (6 kg/t) of steel melted. More recently, dust collection has been
increasing, reaching a level of 26 lb per ton (13 kg/t) of carbon steel melting capacity in 1985
and 30 lb per ton (15 kg/t) in 1992 (Arthur D. Little 1993). More recently, Fruehan (1998) noted
that the range was 20 lb per ton (1 0 kg/t) to 40 lb per ton (20 kg/t) of scrap melted.
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Arthur D. Little (1993) estimated that about 600,000 tons (540,000 t) of dust were generated in
1992 from U.S. carbon steel operations. The authors reported the following dust composition (in
wt%), based on a survey of 52 shops that melted carbon steel:

* Fe ......... 28.5
* Zn ......... 19.0
* Cd ......... < 0.01
* Pb ......... 2.1
* CrO ......... 0.39
* CaO+MgO ......... 10.7

The high levels of zinc in the dust are the result of large amounts of galvanized steel in the
furnace charge.

Table J.8 presents the composition of EAF baghouse dust from stainless steel and carbon steel
melts reported by Lehigh University (1982), as part of a study of EAF dust for the Department of
Commerce.

Table J.8 Composition of EAF baghouse dust (wt%)
Component Stainless steel dust Carbon steel dust

Fe 31.7 35.1
Zn 1 15.4
Cd 0.16 0.028
Pb 1.1 1.5

CaO 3.1 4.8

Source: Lehigh University 1982

McKenzie-Carter et al. (1995) presented the composition of EAF dust (in wt0/o):

* Fe2O3 .... 52.5
* ZnO .... 16.3
* CaO ...... 14.4
* MnO .... 4.4
* SiO2 ..... - 2.6
* MgO .1.9
e Na2O.1.5
* Cl2.............................. 2
* Other .5.2

These values were based on an earlier work by Brough and Carter (1972). According to the
original source, "Cl21" is Cl- and 4.4% of "Other" is ignition loss. The dust was a byproduct of
melting low-alloy carbon steels.
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J.1.6 Summary

In summarizing the partitioning of the various impurities that might be introduced into the steel-
melting process, we must define the mass fractions and other process parameters, including the
following:

* ratio of mass of steel produced to total mass of scrap charged to furnace ..... ......... fp
* ratio of mass of slag to mass of metal poured .................................... fg
* ratio of mass of dust to mass of scrap melted .................................... fd'
* fraction of dust from slag ........ ... %SI
* fraction of dust from steel .%St

To establish elemental partitioning factors for producing steel in an EAF, the following values
were adopted in this appendix for each of these process parameters:

26 . .0.90 (range: 0.85 to 0.95)
7 .0.13 (range: 0.12 to 0.14)

.fd' . . . . .. . . . . . . . . . . . . . . . . . . . . . . . 10 - 20 kg per tonne of scrap melted (Fruehan 1998)
. %SI2 . 33.3
* %St .66.7

Losses that contribute to the fp value of 0.9 include dust, slag,29 metal entrained in slag, metal not
removed from the furnace during tapping, etc. Metal entrained in the slag is typically recovered
on site and returned to the process as home scrap.

Based on these process parameters and the information presented above, the nominal partitioning
factors of the various elements that are adopted for the present analysis are listed in Table J.9.30

These factors are presented as the percentages of the total amount of each element in the metal
charge which partitions to each process stream.

26 A. Pulliam (Bayou Steel) stated that Bayou Steel typically produces 0.882 tons of steel billets per ton of scrap
charged (private communication with William C. Thurber, SC&A, Inc., June 25, 1996).

27 According to R. West of International Mill Services, a major slag marketer, between 0.12 and 0.14 tons of slag
are generated per ton of steel produced (private communication with William C. Thurber, SC&A, Inc., June 25, 1996).
Because this appears to be a more realistic figure than the 10% cited by Stubbles (1984a), the average of 0.13 was
adopted for the present analysis.

23 Based on the baghouse dust composition presented by McKenzie-Carter et al. (1995), adjusted for the ZnO
content, and assuming that all the Fe203 and one-half the MnO and SiO2 are from the melt.

29 According to Fruehan (1998, Table 10.14), the slag contains 10% to 30% FeO.

30 The probability distributions used in the dose assessments, which are based on these nominal values, are listed in
Table J.42.
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Table J.9 Partitioning of Impurities during carbon steelmaking
Element Nominal partitioning factor (%) Comments

Melt Slag Dust Volatile
Ac 95 5 See Table J2
Ag 99-75 1 -25 See Table J.1, Section J.1.3.25
Am 95 5 See Table J.2, Section J.1.4.1
As 50 -90 10 -50 See Tables J.2, J.3, Section J.1.3.3

Bi 5 95 Assume same as Pb; see Tables J.2, J.3, and Section J.1.3.4
Bk 95 5 Assume same as Am, Np, and Pu
C 100-27 0-73 See Section J.1.3.5; depends on melting practice
Ca 95 5 See Table J.1

Ce 95 5 See Table J.1, Section J.1.3.6
Cf 95 5 Assume same as Am, Np, and Pu
Cl 0- 50 0-50 0-100 See Section J.1.3.8
Cm 95 5 Assume same as Am, Np, and Pu

TeCa a
Cr 97-40 0 -59 1 -3 See Table J.1, Section J.1.3.9
Cs 0 5 100 -95 See Tables J.2 and J.3, Section J.1.3.7
Es 95 5 Assume same as Am, Np, and Pu
Eu 95 5 Assume same as Ce and Sm; see Section J.1.3.11

4Fe~972-i 2-- I
Gd 95 5 Assume same as Ce and Sm
H 10 90 See Section J.1.3.12

0 I 0-50 0- 50 0-100 Assumed same as Cl
Ir 99 See Table J.2, Section J.1.3.13

Mn 2-24 72-95 4 -3 See Table J.1, Section J.1.3.16
Mo 99 1 See Table J.1, Section J.1.3.17
Na 50 50 Same as K; see Table J.2, Section J.1.3.21

-Nb 95 5 See Table J.1, Section J.1.3.19
VSee Ta

Np 95 5 See Table J.2
Os 5 95 See Table J.2; OSO4 boils at 408 K
P 9 -48 50 -87 2-4 See Section J.1.3.20
Pa 95 5 See Table J.2

-95- .- - S66Ta 1 3
Pm 95 5 Assume same as Ce and Sm
Po 5 95 See Tables J.2 and J.3
Pu 95 5 See Table J.2, Section J.1.3.22
Ra 95 5 See Table J.2, Section J.1.3.23

S 6-25 74 - 89 1- 5 See Section J.1.3.27
Sb 99-75 0- 5 1-20 See Tables J.2 and J.3, Section J.1.3.2
Sc 95 5 See Table J.2
Se 5 95 See Tables J.2 and J.3
S;5 -2 SeTableJ.;- 2 >
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Table J.9 Partitioning of Impurities during carbon steelmaking

Element Nominal partitioning factor (%) Comments
Melt Slag Dust Volatile

Sn 99 1 See Table J.1
Sr 95 5 See Table J.2, Section J.1.3.26
Ta 95 5 See Table J.2
Tb 95 5 Assume same as Ce and Sm

To 5 95 See Tables J.2 and J.3
Th 95 5 See Table J.2, Section J.1.3.29
TI 5 95 See Tables J.2 and J.3, assumed same as Pb
Tm 95 5 Same as Ce (see Section J.1.4.2)

W 99 1 SeeTableJ.1
Y 95 5 - See Table J.2
Zn 20-0 80-100 See Tables J.2 and J.3, Section J.1.3.31
Zr 95 5 See Table J.1, Section J.1.3.32

The calculation of the partitioning factors is complicated by the fact that the dust includes
contributions from the melt-atomic and molecular species that are vaporized in the furnace and
particulate matter entrained in the gas stream-as well as from the slag. As listed above, one-
third of the dust is formed from slag. Based on the mean value of fd' (15 kg/t = 1.5%), the mass
fraction from the slag is 0.005 (0.015 x 1/3 = 0.005). Slag formation can thus be visualized as a
two-step process. In the first step, slag forms during the melting of steel scrap, and those
radionuclides that are predicted to partition to the slag pass into this phase. From a nominal
charge of 100 t of total scrap, a total of 12.2 t of slag is initially formed. Next, 500 kg of the
slag, along with any impurities in that material, is entrained in the gas stream and forms part of
the dust, resulting in a net 11.7 t of slag.31 Thus, about 5% of the radioactivity that initially
partitions to the slag passes into the dust. This is why the actinides and other elements which, on
theoretical grounds, are expected to partition entirely to slag, are assigned slag partition ratios of
95%, the remaining 5% accumulating in the dust. Similarly, because the average amount of dust
that evolves directly from the melt is 10 kg/t (15 x 0.667 = 10), if a radionuclide partitioned to
the melt, the dust would typically contain 1% of the activity in the melt.

The fraction of any radionuclide that partitions to the dust comprises the activity in the dust
trapped by the baghouse or other APCD, and the activity in the dust that escapes the APCD and
is released to the atmosphere. The volatile fractions include gaseous releases that do not
condense in the APCD.

Where varying results are presented by different investigators, emphasis is placed on results that
represented EAF melting of carbon steel with basic slags. If, in our judgement, the fraction of
the total amount of any element remaining in a particular process stream would be less than 1%

31 The net amount of slag is calculated from m,= = fm,= 0.13 x 0.9 x 100 t= 11.7 t, where m, is the mass of
metal in the furnace charge.
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of the total impurity present in the scrap metal, then the presence of that element in that process
stream is ignored. For example, the possibility that some cerium might be trapped in the melt as
oxide inclusions rather than transferred to the slag was mentioned in Section J. 1.3.6. In the
absence of quantitative data to the contrary, and consistent with thermochemical and limited
experimental data, the quantity of cerium remaining in the melt was assumed to be less than one
percent and was not considered further.

Additional factors that may alter the parameters presented in Table J.9 are presented below.

* In some cases, results are quoted for stainless steels rather than carbon steels. The
thermodynamic activity of solutes in the highly alloyed steel melt is expected to be different
from that in plain carbon steels, and the slag chemistry would be significantly altered.

* Perspective on kinetically driven processes may be altered by the scale of the melting
operation.

* Melt temperatures and holding times in the molten state may be quite different in cited
experiments than in commercial practice. These differences can significantly affect the
conclusions, especially with regard to volatile elements. The mass concentrations of
potential radioactive contaminants in cleared steel scrap would be quite low. Consequently,
some of the partition predictions made here may be overridden by other factors. For
example, if evaporation kinetics of volatile elements control the release, then small quantities
of zinc may remain in the steel.

* For strong oxide formers that would be expected to partition to the slag, transfer may be
impeded owing to the high density of many of the actinide and rare-earth oxides. The
experimental evidence of this possibility is mixed. For example, Eu.OY seems to be removed
from the melt during normal EAF melting, but CeO2 may not be completely removed. One
report noted that the uranium decontamination factor in mild steel increased with increasing
contamination levels (Abe et al. 1985).

* The expected partitioning may be altered significantly if the melting practice is changed.
Examples presented in this appendix include the removal of niobium from the slag to the
melt and movement of tungsten in the opposite direction.

The information in Table J.9 does not explicitly consider home scrap or contaminated furnace
refractories. Home scrap (scrap from the melting process that is recirculated into future furnace
charges) is assumed to contain the same impurities as the melt from which it was produced. The
calculation of radionuclide concentrations in the products of melting and refining discussed in
Section 3.5 explicitly accounts for recirculating home scrap. The contamination of furnace
refractories was not addressed by the present analysis. However, it should be noted that residual
material remaining in the furnace from a melt is frequently recovered in the next one to two
melts. For example, when melting a low-alloy steel containing, say, 1% Cr, the following one or
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two heats will contain more chromium than would be expected if the only source were the
furnace charge for the ensuing heats.32

J.2 Cast Iron Melting-

Melting practices for cast iron differ from steel melting in several important respects, including
the following:

* Melting is generally done in cupolas and induction furnaces, although small EAFs are used
in some steel foundries.

* Cast iron melting furnaces are generally smaller than steel-melting furnaces.

* Cast iron melts contain substantially higher levels of carbon, which enhances the possibility
of certain reduction reactions between melt and slag.

* The melting temperatures may be 200-300 K lower in cast iron furnaces.

* The melting process is more quiescent in induction furnaces than in BOFs and EAFs and,
consequently, volatile elements may not be removed as readily.

* Slags are less basic in cast iron melting and lower in mass and volume, altering slag-metal
reactions.

* Slags may be cooler than the melt in induction furnaces due to the nature of the heating
process where the energy is focused into the more conductive metal.

* Refining reactions are not generally a key part of cast iron melting practices, nor can they be
readily achieved in induction furnaces.

For these reasons, we would expect partitioning of some elements to be different in cast iron
melting than in steel melting. However, the available data are generally insufficient to
differentiate between the processes for most elements. Sections J.2. 1, J.2.2, and J.2.3 address
those elements whose partitioning during cast iron melting is assumed to be significantly
different from their partitioning during steel melting.

J.2.1 Thermodynamic Calculation of Partition Ratios

The methodology for calculating elemental partition ratios based on free energy considerations,
described in Section J.1.1 for steelmaking, can be applied to cast iron. Replicating the
calculations in Table J. 1 at 1,573 K rather than 1,873 K provides no indication of significant

32 J. R. Stubbles, Manager of Technology, Charter Steel Company, private communication with William C.
Thurber, SC&A, Inc., July 1, 1996.
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differences in the expected behavior of the elements evaluated. Selected free energies of
reaction (AF0) at 1,573 K are listed in Table J.Io.

Table J.10 Standard free energy of reaction of various elements with FeO at 1,573 K

Element Oxide -(kcal) Comments

Acm Ac20 3 -121 Ac is expected to partition to slag
Am0  Am,20 3 -105 Am is expected to partition to slag
Ban BaO -59.6 Ba is expected to partition to slag
Bi(9) Bi203  39.1 Bi will not react with FeO; some Bi may vaporize
Cd(G) CdO 27 Cd will not react with FeO; gaseous Cd is expected to vaporize above 1.040 K
Cs ICsO 35 Cs2O unstable at 1.573 K: Cs is expected to vaporize from melt, some Cs may react with

s C 2  slag components
lr(.) Ir02  92.1 1r0 2 unstable above -1.100 K; Ir is expected to remain in melt
K(,) K20 13.8 K will not react with FeO; some K compounds may be stable in slag
Na(g) Na2O 5.98 Na will not react with FeO; some Na compounds may be stable in slag
Npn Np02 -104 Np is expected to partition to slag
Pa. PaO2 -100 Pa is expected to partition to slag
PoW,) PoO2  88.9 PoO2 unstable above -1,300 K% Po is expected to vaporize from melt
Pus Pu203 -89.1 Pu Is expected to partition to slag
Rats RaO -55 Ra Is expected to partition to slag
Ru(,) RuO4 147 Ru will not react with FeO; Ru is expected to remain In melt
Sb(g) Sb2O3 19.9 Sb will not react with FeO; some Sb may vaporize from melt
Se(g, SeO2  60.6 Se will not react with FeO; Se Is expected to vaporize from melt
Sr1g, SrO -65.8 Sr is expected to partition to slag; some could vaporize due to low boiling point
Tr(,) TcO2  39.3 Tc will not react with FeO; Tc is expected to remain in melt
The ) ThO2 -147 Th is expected to partition to slag
Ye Y203  -104 Y is expected to partition to slag
Zn(,) ZnO 2.33 Zn will not react with FeO; most Zn is expected to vaporize from melt

Partition ratios based on the application of Henry's Law to dilute solutions, discussed in
Section J. 1.1, were recalculated for a furnace temperature of 1,573 K. While slight changes in
partition ratios were obtained at the lower temperature, no significant shifts in equilibria
resulted. An example is the comparable partition ratios, NMO , for cobalt and uranium, which
are shown in Table J.l. wt% M

Table J.11 Comparison of partition ratios at typical Iron- and steel-making temperatures

Partition ratio °
Element wtM ha

1.573 K 1,873 K
Co 1.00e-04 4.80e-05
U 1.40e+08 8.90e+07

Calculations of partition ratios at 1,573 K are summarized in Table J. 12. Values of y0, the
Henry's Law activity coefficient, were calculated using temperature-dependent values of the free
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energy change for transference of the pure substance to a dilute solution in liquid iron. All
values were obtained from Sigworth and Elliot (1974) except that for cerium, which was taken
from JSPS (1988).

Table J.12 Partition ratios at 1,573 K for various elements dissolved In Iron and slag

MOxide YM FPartition ratioOieA(kcallmole) (N,,twt%M)

Ages Ag2O 546 +16.5 1.06e-03bc
AlM Al203  0.013 -280 2.63e+05b
Ca(,) CaO 1330 -118 1.15e+10
Cell Ce2 03  0.26 -302 1.79e+07b

Cr(,) Cr2O3  1.45 -111 1.86e-03b
Mn) MnO 1.36 -64.3 5.24e+00
Mo(s) MoO3  2.6 -95.3 3.49e-06
Nb(s) Nb2O5  1.79 -298 1.22e+05b

,t1 w>Ss',-.. ie - ;-,IH hI zoa

PbM PbO 11900 -17.8 4.56e-02
Sn. SnO2  3.44 -61.7 3.70e-05
U, U0 2  0.014 -193 1.44e+08

W(,) W0 3  1.73 -110 6.56e-05
0' - akK 029 =9 o;. .~.-= +8~

a =F~fF~o- -38.1 kcal/mole (-159 kd/mole)
b PR = N/wt% M

c Ag will not react with FeO; Ag2O is unstable at 1,573 K

Several of the elements of interest have high vapor pressures at cast iron melting temperatures,
as shown in Table J.13. Substantial volatilization of these elements is expected during melting.

Table J.13 Vapor pressures in pure state of selected elements

Element Vapor pressure at 1,573 K (kPa)
Ag 0.093
Bi 13.78
Pb 4.98

Sb 18.3'

Source: Lide 2003
' Interpolated according to Perry and Green (1984)

J.2.2 Observed Partitioning During Cast Iron Melting

Because of concerns that tramp elements might be accumulating in cast irons from impurities in
steel scrap, and affecting casting behavior, the U.S. Bureau of Mines conducted an extensive
study over a period of more than five years to evaluate the impurities in cast iron (Nafziger et al.
1990). While this study does not specifically address partitioning of trace elements, the results
can provide confirmation of inferred partitioning to the cast iron. Samples were obtained from
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28 ductile iron foundries and 52 gray iron foundries at various times over the course of the study.
The distribution of foundries by geographical location, furnace type, and product is shown in
Table J.14.

Table J.14 Distribution of foundries In U.S. Bureau of Mines tramp element study
Ductile iron . Gray iron

Zone Furnace type Size' Furnace type Sizes
Cupola Electric Induction A B C Cupola Electric Induction A B C

Northeast 1 0 2 1 1 1 6 0 2 3 5 0
Great Lakes 5 0 2 1 2 4 . 12 0 2 4 7 3
Southeast 1 1 3 3 1 1 4 0 3 3 2 2
Upper Midwest 4 1 3 0 8 0 11 1 4 0 12 4
West 1 0 4 5 0 0 3 1 3 5 1 1
Source: Nafziger et al. 1990
' A: < 1,000 tons per month

B: 1,000 to 8,000 tons per month
C: >8,000 tons per month

With limited exceptions, Ce, Nb, Pb, and Sb were not found at the limits of detection listed
below for the 23 calendar quarters over which sampling was conducted:

0

0

Ce .0.02 -0.1 (wt/o)
Nb .0.0 -0.05 (wt%)
Pb .0.005 -0.1 (wto/o)
Sb .0.02- 0.1 (wto/o)

Lead levels above the lower detection limit were observed in four quarters during the course of
the study, as shown in Table J.15.

* Table J.15 Lead levels at two different types of foundries
Pb above detection limits (wt%)

Quarter Ductile iron - Gray iron
1 0.005- 0.007 < 0.005 - 0.007
2 < 0.005 - 0.008 < 0.005 - 0.010
3 < 0.005 - 0.006

20 ' .< 0.005-0.007
Source: Naffiger et al. 1990
a For all other periods Pb was <0.005 wt0/o

Grit and dust from cupola foundries were found to contain Cd, Cr, Cu, Pb, Ni, and Zn, with Pb
and Zn being the predominant heavy metals. Lead and zinc were even more concentrated in the
offgas fume than in the dust and grit as shown below (Simmons 1982):
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* Cd .. 13mg/kg
* Cr .. 200 mg/kg
* Cu .. 1,600 mg/kg
* Pb .. 4,500 mg/kg
* Ni .. 100mg/kg
* Zn .. 8,700 mg/kg

Average analyses for other elements of interest in the study are included in Table J. 16.

Table J.16 Average concentrations of tramp elements In cast Iron (wt%)

Ductile iron Gray iron
Zone

Co Mn Mo Ni Zn Co Mn Mo Ni Zn
Northeast 0.008 0.378 0.020 0.067 0.003 0.009 0.726 0.025 0.073 0.002
Great Lakes 0.007 0.405 0.022 0.117 0.003 0.010 0.703 0.051 0.192 0.002
Southeast 0.009 0.453 0.017 0.171 0.004 0.010 0.675 0.030 0.142 0.003
Upper Midwest 0.008 0.409 0.024 0.257 0.002 0.009 0.701 0.040 0.107 0.002
West 0.012 0.415 0.025 0.186 0.005 0.009 0.670 0.040 0.086 0.002
Source: Nafziger et al. 1990

Energetics (1999, Figure 3-1) has identified, but not quantified, particulate emissions
from cupolas as containing Cd, FeO, CaO, MgO, SiO, and Zn in addition to Pb.

UNTDO (n/d) quoted chemical compositions of cupola dust from furnaces using both hot
and cold blasts, listed in Table J. 17.

Table J.17 Chemical composition of dust evolved In cupola furnaces

Blast Content of components (% by mass)
Fe203 MnO2 A1203  S102 CaO MgQ P2 05  SO2 Na2O K20 LOC'

Hot 24.45 1.9 2.78 30.35 4.28 0.74 0.25 0.7 0.28 0.69 32.3
Cold 22.18 1.52 3.04 28 3.66 1 0.54 0.74 1.01 1.89 28.9

Source: UNIDO (n/d)
' LOC = loss on combustion

Particulate emissions from induction furnaces are largely iron oxides. Induction furnaces
emit about 75% less dust and fumes than electric arc or cupola furnaces because of the
absence of combustion gases and lower superheat temperatures (Energetics 1999). Lead
emissions from uncontrolled induction melting furnaces range from 0.009 to 0.1 lb of
pollutant per ton of gray iron produced (4.5 - 50 g/t) (EPA 1995).

J.2.3 Partitioning Factors

For most elements, there are few theoretical grounds or empirical data to distinguish
partitioning during steelmaking and cast iron melting. In such cases, we adopted the
same values for both processes. Only those elements with significantly different
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partitioning during cast iron melting are discussed in the following subsections. It should
be emphasized that a large measure of engineering judgement is involved in adopting
partitioning factors for these elements.

J.2.3.1 Antimony

Thermodynamic calculations indicate that antimony will not partition to the slag (see
Table J.10). Experimental work by Kalcioglu and Lynch (1991) showed that when
antimony is added to carbon-saturated iron at 1,723 K and allowed to react with an acidic
slag (B = 0.666),33 most of the antimony remained in the iron. The resulting partition
ratios are listed in Table J.18.

Table J.1 8 Partitioning of antimony between slag and Iron
[wt%Sb] rlSb

0.45 0.067
0.87 0.022
1.03 0.020
1.06 0.018

Source: Kalcioglu and Lynch (1991)
Note: T = 1723 K, B = 0.666

Based on these values for r7sb and an assumed slag-to-metal mass ratio of 0.05, the
quantities of antimony in the slag are insignificant (<1%). Antimony recoveries ranged
from 47% to 71% for these four tests, the losses being presumably due to vaporization.

Nassaralla and Turkdogan (1993) cite the following equation for the activity of antimony
in carbon-saturated iron:

l~gO Ysb _6623+5

This yields a value for y0 of 6.2 at 1,573 K, which, when combined into the Henry's Law

relationship, indicates that the partition ratio, [w = 2.6 x 1 O-, supporting the view

that antimony partitions strongly to the melt. Although, as noted in Section J.2.2, no
antimony was found in cast iron samples at the lower limit of detection, this observation -
does not necessarily vitiate the thermodynamic partitioning argument-antimony may
not have been present in the feed materials at the detection limit. Since no information
was available on the amount of antimony expected to volatilize from the melt, it was
assumed that antimony volatilization could be prorated from lead volatilization based on
the ratio of vapor pressures of the two elements.

33 B is the slag basicity, which is defined in Section J.1.3.2.
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J.2.3.2 Carbon

Carbon is added to the furnace charge to achieve the levels desired in the finished
product (e.g., 1.8% - 4.0% C). During the melting process, some of the carbon in the
scrap iron or steel may be oxidized and removed from the system as CO; however, there
is a net addition of carbon to the melt, rather than a net removal. Since it is impossible to
predict how much carbon is removed from the scrap steel and later replaced with carbon
from other charge materials, it is assumed that essentially all of the carbon in the scrap
remains in the cast iron.

J.2.3.3 Chromium

As shown in Table J. 12, chromium is expected to partition strongly to the melt. In the
absence of any tempering observations based on actual cast iron melting, it is assumed
that 99% to 100% of the chromium would remain in the melt with the balance
partitioning to the dust.

J.2.3.4 Cesium

During induction furnace melting, cesium is expected to partition to the slag and to
accumulate in any air pollution control device (APCD) used with the furnace. No cesium
is expected to remain in the melt (Harvey 1990b).. Harvey described two series of
experiments where steel was melted in an induction furnace using three melt
temperatures (1,673 K, 1,773 K and 1,873 K) and three slag compositions (CaO:SiO2 =
1:4, 1: 1, and 4: 1). When cesium was added to the melt on surface-contaminated steel
plates, the cesium content of the slag initially rose to high values and then declined
markedly. "For all slag compositions and temperatures, the amount of caesium [sic] lost
was at least 50% of that which had originally been absorbed." In the second set of
experiments, the cesium was added directly to the slag. With this approach, an initial
loss of cesium occurred in all cases. After that, there was little further loss from the
acidic slag, but erratic results were obtained with the neutral and basic slags. Harvey
concluded the following:

. . . in the induction furnace acidic slags do tend to retain Cs better than neutral or
[basic] slags. The effect of temperature on retention of caesium is not marked in
the range 1400'C to 1600-C [1673 K- 1873 K]. The results show that the
behavior of caesium in the induction is not easily controlled, and complete
retention in the slag could not be achieved ....

J.2.3.5 Lead

Based on thermodynamic equilibrium calculations, lead is expected to remain in the melt.
However, lead has very limited solubility in liquid iron. Furthermore, the pure metal has
a vapor pressure of 4.9 kPa at 1,573 K (see Table J.13). At the limits of detection, lead is
seldom found in cast iron (see Section J.2.2). This observation appears on its face to be
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somewhat at odds with the statement in Energetics (1999) that 3.5% to 10% of the lead
remains in the melt. However, if the furnace charge contained 600 grams of lead per
tonne of scrap metal and 550 g/t were vaporized from the furnace, then the lead content
of the metal would be 0.005%, which is at or below the lower limit of detection for lead
(0.005 - 0.2 wt%).

Lead emissions have been observed from uncontrolled cupola furnaces (EPA 1995).
Energetics (1999) quotes a range from 0.1 to 1.1 lb/ton of cast iron (50 - 550 g/t) from
cupolas in gray iron foundries. In addition, lead has been detected in leachates from
baghouse dust collected by cupola emission control systems. Leachate levels based on
the EPA extraction procedure (EP) ranged from -10 to -220 mg/L (Kunes et al. 1990)..
Since it is not possible to relate these leachate results quantitatively to impurity levels in
the dust, one can only reach the qualitative conclusion that some lead vaporizes from the
cast iron melt and is collected in the APCD. The work of Simmons (1982) documents
the fact that significant quantities of lead are found in dust, grit, and fume from cupolas.
Energetics (1999) observes that less than 1% of the lead partitions to the slag.

The combined evidence indicates that, for the purposes of the present analysis, at least
90% of lead can be assumed to vaporize from the melt. The Energetics (1999) data were
selected to characterize the amount of lead remaining in the metal (viz: 4% to 10%).

J.2.3.6 Manganese

Based on thermodynamic calculations, which assume that the Henry's Law activity
coefficient for manganese at infinite dilution in iron, y0' = 2.6, the partition ratio of

* manganese between slag and iron is calculated to be about 5 at 1,573 K (see Table J.12).
This suggests that significant amounts of manganese will be present in both the slag and
the melt. As was discussed in Section J.1.3.16, Merailib (1993) presented an equation
that described the partitioning of manganese between the slag and the melt during
steelmaking.

Although there are risks in extrapolating this equation to cast iron melting, the
calculation was undertaken in the absence of better information. Partition ratios at two
different partial pressures of CO were estimated, assuming T = 1,573 K, B = 0.63, fM=
0.95, and 65 kg of slag generated per tonne of metal melted. These values are listed in
Table J.19.

Table J.19 Partition ratios of manganese at different partial pressures of CO

Pco (atm) rIn Partition ratio (mass in slag/mass in metal)
1 0.45 0.03
0.1 0.045 0.003

Note: The oxygen activity is calculated using free energy values for C and 0 dissolved in
iron (JSPS 1988) and the CO free energy of formation given by Glassner (1957).
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Small amounts of manganese are found in dust from cupola operations (see Table J.17).
If the manganese content of gray iron castings is 0.7% (see Table J. 16), then about 1% of
the manganese will be present in the dust.

J.2.3.7 Potassium and Sodium

Since K20 and Na2O are less stable than FeO, they should not replace iron in the slag. It
is likely that significant fractions of both elements will be removed from the melt because
of their low boiling points. Both Na2O and K20 have been observed in cupola furnace
dust, as documented in Table J.17. If any sodium (or potassium) oxides do form, it is
likely that the large amount of carbon in cast iron melts will support reduction and
removal from the melt as metal vapor according to the following reaction (Murayama and
Wada 1984):

Na2 O(J) + C = 2Na(,) + CO(g)

Because of the higher carbon content in cast iron, greater removal of sodium and
potassium as vapor is expected than in steel melting.

J.2.3.8 Selenium

Aborn (1974) has observed that, during the relatively quiet remelting of steel scrap
containing selenium in an induction furnace, only about 7% of the selenium is lost.

J.2.3.9 Silver

As listed in Table J.13, pure silver has a vapor pressure of 93 Pa at a typical cast iron
melting temperature of 1,573 K. This is about a factor of 25 less than the vapor pressure
at 1,873 K, a typical steelmaking temperature (see page J-5). Consequently, it is
expected that less silver will volatilize in cast iron melting than in steelmaking.

J.2.3.10 Tellurium

Abom (1974) describes a cast iron melting practice where tellurium tablets are added to
the metal stream during filling of the pouring ladle. With this practice, tellurium
recovery is 50%. While the recovery may be higher with this practice than would be
experienced when tellurium is introduced directly into the melt, other relevant
information is not available. Consequently, it is assumed that 50% of tellurium remains
in the metal and 50% is volatilized.

J.2.3.11 Zinc

From a free energy perspective, zinc is not expected to partition to the slag and, because
of its high vapor pressure, to vaporize from the melt to a large extent. Cast iron melting
temperatures are well above the normal boiling point of zinc (1,180 K).

NIJREG-1 640 
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Based on information presented by Perrot et al. (1992), the solubility of zinc at 1,573 K is
expected to be about 140 ppm when the partial pressure of zinc is 0.01 atm (1 kPa).
Silicon in the cast iron will tend to increase the zinc solubility, while manganese will
have the opposite effect. As shown in Table J.16, from 20 - 50 ppm of zinc is typically
found in cast iron, which suggests that it is unrealistic to assume that 100% of the zinc
volatilizes. Assume, for example, that a furnace charge contains 45% steel scrap and
55% cast iron scrap, and that both the cast iron scrap and the product contain 30 ppm Zn.
If the normal steel scrap contained less than 0.67 wt% Zn (Koros 1994), then 1% or more
of the zinc would remain in the melt.34

According to Koros (1994), typical galvanized scrap contains about 2% Zn. The same
author reported that, in 1992, 35% of the scrap classified as No. 1 bundles and busheling
was galvanized steel. Other grades of scrap likely to contain significant quantities of
galvanized steel include shredded scrap and No. 2 bundles. 5 In 2000, No. 1 bundles, No.
1 busheling, shredded scrap, and No. 2 bundles accounted for 44% of the carbon steel
scrap used in iron foundries (Fenton 2002). Using the above information, it can be
estimated that about 2% of the zinc will remain in the cast iron and the balance will be
transferred to the baghouse dust, based on the following calculation:

CZZZn cFec

P; fFe'C Zn f gfcZ
;FC CF'. + fige f9g g

Zn
PR = partition fraction of zinc in cast iron

= 0.021
Zn = mass fraction of zinc in cast iron product

= 3x10-5

Fe'fFe'= mass ratio of cast iron scrap:cast iron product
= 0.55

ZnCF; .C= mass fraction of zinc in cast iron scrap
= 3xl0-5.

fF5¢= mass ratio of steel scrap:cast iron product
= 0.45

34

Assume, for the purpose of this illustration, that one tonne of scrap is consumed in producing one tonne of cast
iron. This scrap consists of 450 kg of steel scrap and 550 kg of cast iron scrap. The steel scrap contains 3 kg Zn (450 kg
x 0.67% = 3 kg). The cast iron scrap contains 16.5 g Zn (550 kg x 3 x 10-5 - 0.0165 kg). Thus, the total amount of Zn in
the tonne of scrap is 3,016.5 g. The tonne of metal product contains only 30 g Zn (I 06 g x 3 x 10 ' - 30 g), which is
approximately 1% of the Zn in one tonne of scrap charged to the furnace.

M. D. Fenton, Iron and Steel Specialist, U.S. Geologic Survey, private communication with William C. Thurber,
SC&A, Inc., September 3, 1996.
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fsp = fraction of galvanized-steel-bearing scrap sources in steel scrap
= 0.44

f I = fraction of galvanized steel in galvanized-steel-bearing scrap sources
= 0.35

C; = mass fraction of zinc in galvanized steel
= 0.02

J.2.3.12 Partitioning Summary

The values for cast iron partitioning, which are based on the foregoing discussion and
other relevant information included in Section J. 1, are summarized in Table J.20.
Partitioning factors are expressed as a percent of the element initially in the scrap metal
charge. Elements not listed in Table J.20 are assumed to have the same partitioning
factors as in steel (see Table J.9).

Table J.20 Nominal partitioning factors for cast Iron melting (%/6)
Element Metal Slag Dust

Bi 3-7 93-97
C, Co, Cr, Fe, lr, Mo, Ni, Ru, Tc, W 99 -100 0-1
Sb 2-6 94-98
Ag, Cs, K, Na 0 - 50 50 -100

- . .. -93-4.r 4 -r-~ -Cvla

Po 0 100
Pb 4-10 90-96
Mn 96-98 1-3 0-1
Te 50 50

J.2.4 Mass Fractions for Cast Iron Melting

Fenton (n/d, Table 8) reported the following U.S. shipments of iron and steel castings for
2000:

* Ductile iron castings ........... 4,140 kt
* Gray iron castings ............. 5,220 kt
* Malleable iron castings .......... 169 kt
* Steel castings .................. 943 kt
* Steel investment castings .......... 78 kt
* Total .................. 10,600kt

The following summary of scrap consumption by manufacturers of steel castings and by iron
foundries and miscellaneous users in that year is presented in Section 3.2.3.3 (Fenton 2002,
Table 4):

NUREG- 1640 J-48
NUREG- 1640 J48



Appendix J Partitioning Factors and Mass Fractions

* Electric arc furnace ....... ...... 7.4 Mt
* Cupola furnace ................. 7.4 Mt
* Other (including air furnaces)36........ 2 kt
* Total3 7 ....................... 15.2 Mt

Of this total, 5.8 Mt, or 38%, was recirculating or home scrap (Fenton 2002, Table 2).
About 5.3 Mt of the 7.5 Mt of scrap consumed for producing castings in electric furnaces
is used in iron foundries. The 15.2 Mt of scrap used in the production of iron and steel
castings is about 20% of all steel scrap consumed in the U.S., which totaled 74 Mt in
2000 (Fenton 2002, Table 4). Most of the steel scrap is consumed in the production of
raw steel in EAFs and BOFs.

In addition, 1.2 Mt of pig iron and 16 kt of direct reduced iron were consumed by the iron
and steel foundries (Fenton 2002, Table 4). The total metal consumption by foundries in
2000 was 16.4 Mt, which is about 55% greater than the total shipments of cast iron and
steel. This difference is due largely to the generation and recycling of home scrap, which
has been estimated to be 40% - 60% of the metal melted (UNIDO n/d). From a recycling
perspective, a significant observation is that cast iron contains more than 90% scrap
metal (including home scrap)-the percentage in 2000 was 91.5% (Fenton 2002,
Table 4).

J.2.4.1 Cupolas38

The cupola is similar to a small blast furnace, where the iron ore in the charge is replaced
by pig iron and steel scrap. A 1998 EPA survey of iron and steel foundries lists furnaces
with melt rates ranging from 0.6 to 130 tons per hour (0.5 - 118 t/h)39 and an average
melt rate of 27 tons per hour (24 t/h).40 Annual iron foundry capacities averaged 118,000
tons (107 kt) and ranged from 100 to 1,368,000 tons (91 t - 1.24 Mt), the latter being a
large automotive foundry. The installed capacity, based on the EPA survey, is about
twice the cast iron production from cupolas in 1998.

The total number of cupola furnaces has been decreasing in recent years, the cupolas
being replaced by induction furnaces and electric arc furnaces to maintain industry

36 Excludes data withheld to avoid disclosing company proprietary data.

37 Includes withheld data on "other" furnaces.

38 A somewhat abridged version of the information in this section is presented in Section 3.2.3.3.

39 This excludes three furnaces with capacities of 0.13, 0.25, and 0.75 tons/h which are presumably prototypes
rather than production furnaces.

40 Jim Maysilles, Metals Group, Emission Standards Division, U.S. Environmental Protection Agency, Research
Triangle Park, NC, private communication with Kathleen Behling, SC&A, Inc., September 27, 2001.
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capacity (Baldwin 1980). The American Foundry Society's Casting Source Directory
lists 143 companies with cupolas.4" This total does not include companies with captive
foundry capacity (such as automotive companies), nor does it account for multiple
furnaces at a single company listed in the Casting Source Directory. Thus, the actual
number of operating cupolas is somewhat greater than 143. Energetics (1999) cited 144
cupola furnaces. The 1998 EPA survey also lists 144 cupolas, including three very low
tonnage prototypes.39

Based on a 1980 EPA-sponsored environmental assessment of the iron casting industry,
Baldwin (1980) reported that a typical cupola producing a medium-strength cast iron
from a cold charge would utilize the following materials (as a percentage of iron input):

* Scrap steel ............................... 48%
* Foundry returns (i.e., foundry home scrap) .............................. 52%
* Ferrosilicon ..................................... 1.1%
* Ferromanganese ............................... 0.2%
* Coke ............................... 14%
* Limestone ............................... 3%
* Melting loss ............................... 2%

Energetics (1999) cites melting losses of 7% to 10%.

The composition of cupola furnace slag is listed in Table J.21.

Table J.21 Composition of slag from cupola furnaces
Compound Composition (%) kg/t of metal

CaO 25 20
MgO 5 4
A120 3  20 16
FeO 10 8
Si0 2  40 32
Total 80

Source: UNIDO (n/d)

The quantity of slag produced-80 kg/t of metal-is consistent with the values quoted by
Baldwin (1980) who documented the quantities of slag generated by a ductile iron foundry using
a cupola, and by a gray and ductile iron foundry using a cupola for primary melting that duplexes
into induction holding furnaces. The ductile iron foundry generated 173 lb of slag per ton of
metal melted (86.5 kgft) while the gray and ductile iron foundry generated 130 lb of slag per ton
(65 kg/t).

41 L. Smolecki, American Foundry Society, private communication with William C. Thurber, SC&A, Inc.,
August 22, 2001.
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Particulate emissions from cupola furnaces are discussed in Section 3.2.3.3.

J.2.4.2 Induction Furnaces

Most induction furnaces are of the coreless design where electrical coils surround a cylindrical
refractory-lined vessel. Coreless induction furnaces can be operated in the "heel" mode, where a
portion of the liquid charge is retained in the furnace after tapping, and in the "batch" mode,
where the entire molten charge is poured from the furnace (Energetics 1999). Channel induction
furnaces are also used in the foundry, primarily as holding rather than melting furnaces. In the
channel induction furnace, a loop of molten metal is surrounded by refractory, and an induction
coil external to the main bath is energized by the electromagnetic field. Channel induction
furnaces used for melting must be operated in the heel mode. Melting furnaces of this type can
have capacities exceeding 100,000 lb (45 t).

Additional information on induction furnaces is presented in Section 3.2.3.3.

J.2.4.3 Mass Fraction Summary

The mass fractions adopted for the present analysis are based on the information presented in
Sections 3.2.3.3, J.2.4.1 and J.2.4.2. These mass fractions are represented by uncertainty
distributions, which are shown in Table B.3. Key parameters that are the bases of these
distributions are summarized in Table J.22.

Table J.22 Mass fractions for various cast Iron foundry melting operations
Cupola Induction

Parameter
Mode Range - Mode Range

Dust (kglt)' 6.9 3.3-10 0.45 0.41 -0.5
Slagb 0.080; 0.065-0.086 0.0157
Metal' 0.98; 0.90-0.93 0.98 - 0.99
Scrap fraction' 0.91 0.91
H__ 38
Melting rate (t/h) 24 0.5 -120 1.1 (2 tV) 0.02 - 38 (1 - 50 t9)
Annual output (t) 107000 90 -1,240,000 9700 4 -286,000

Per tonne of metal poured
b Fraction of metal poured
d Fraction of metal charge-for reference, not used in model

Total scrap fraction in metal charge
C Size of charge, based on engineering judgment
f Fraction of scrap in furnace derived from home scrap

S size of charge-the upper limit of 50 t is for a channel induction furnace that requires a melt heel

While several values for home scrap generation from cast iron foundry operations have been
reported in the literature (see Sections J.2.4 and J.2.4.1), the value of 38%, based on Fenton
2002, was chosen for use in the analysis. This is the most recent value and encompasses all
types of cast iron melting furnaces.
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J.3 Copper Smelting and Refining

J.3.1 Partitioning During Copper Refining

This section presents the development of partitioning factors for impurities in scrap during
secondary copper refining, based on thermodynamic calculations, vapor pressures, literature
reviews, discussions with industry personnel, and professional judgment. There are two main
types of secondary copper production processes. Fire-refined copper is used for products such as
copper tubing, and is also the feed material for electrolytic refining. Electrolytically refined
copper is used in electrical applications, where extremely pure copper is required to insure high
electric conductivity. Partitioning factors were developed for both fire refining and
electrorefining.

J.3.1.1 Partitioning During Fire Refining

Thermochemical Considerations

Most impurities in copper scrap introduced into the fire refining furnaces will tend to be oxidized
during processing and removed with the slag. Theoretically, this removal will include all oxides
whose free energies of formation per gram-atom of oxygen are more negative than that of CuO
(or Cu2 0), depending on furnace conditions. The free energies of formation (AFO) at 1,500 K of
oxides of most of the elements addressed by the present study are listed in Table J.23. As shown
in this table, AF0 of CuO = -5.8 kcal (-24.3 Id) per gram-atom of oxygen, while that of Cu2O =
-14.2 kcal (-59.4 ki) per gram-atom of oxygen (Glassner 1957). Oxides of metals such as Po,
Te, and the platinum group (Os, Pd, Ru, and Ir) are less stable than CuO, and the respective
metals are expected to remain with the copper. Relevant free energy data for various oxides are
summarized in Table J.23. Of the elements whose oxides are listed in this table, Ag, Po, Ir, Ru,
Os, Te, and possibly Se, Cs, and Bi, are not expected to be oxidized, and, therefore, would tend
to remain in the copper under equilibrium conditions. However, as can be seen from Table J.3,
Cs, Po, Se, and Te are expected to volatilize substantially from the melt owing to their low
boiling points.

Copeland et al. (1978) calculated the partition ratios between copper and an oxide slag for
several elements, based on free energy data. The authors assumed that (1) the weight of the slag
was 10% of the weight of the metal, (2) the activity of the copper oxide in the slag was 0. 1, and
(3) the activity of the oxide impurity in the slag was 0.01. Henry's Law constants for the
metallic element and its oxide were assumed to be unity (i.e., ideal solution behavior). The
partition ratio was defined as the weight of the element in the slag divided by its weight in the
ingot. Calculated partition ratios at 1,400 K are summarized in Table J.24. These calculations
suggest that all the elements listed, except cobalt, will partition preferentially to the slag, and that
concentrations of most of these elements in the copper will be very low.

Because thermochemical data were not readily available for several other elements of interest,
partitioning was assumed to be the same as for chemically similar elements. This group included
Cf, Bk, and Es, which were assumed to be the same as other transuranic actinides (e.g., Am, Pu),
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and Gd, Eu, Tb, and Tm, which were assumed to be the same as other rare earths (e.g., Sm and
Ce).

Table J.23 Standard free energies of formation for various oxides at 1,500 K
Metal oxide -AF0 (kcaVg-atom 0) Metal Oxide -AF0 (kcalg-atom 0)

Ag2O Decomposes at 473 K W03  38
P0O2  Decomposes above ca. 770 K FeO 38.6
1rO 2  Decomposes at 1,373 K ZnO 39.2
RuO4  1.9 Cr203  39.3

.;P44.4
TeO2  5.6 Nb2O5  60.9
CuO 5.8 -MnO 65.7
SeO2  8.5 Ta2Q5  70.6
Cs2O 9.4 S102  73.4

Cu2O 14.2 AmO2  89.8
CdO 14.6 NpO2  91.6
TP2O 26.1 RaO 94.6
PbO 19.1 CeO 2  94.6

ReO2  21.3 UQ2  99
Sb2Q3  26 BaO 99.3
CoO 26.5 Pu2Q3  99.9

NO26.5 SrO 102

AS203 27.5 Y203  109
SO2  29.6 Sm203  110
MoO3  32.5 ThO2  113
SnO2 - 32.6 CaO 116

Source: Glassner 1957

Table J.24 Calculated partition ratios of various elements between
copper and an oxide slag at 1,400 K

Element Partition ratio
Th 1031
U 1024
Np 1024
Pu 1020

Tc 103
Co 100

Source: Copeland et al. 1978
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Copper Partitioning Based on Industry Experience

The metal-slag-dust partitioning factors that can be deduced from these theoretical
considerations are tempered by information on industry experience in the refining of copper.

For example, estimates of the partitioning of selected elements to the metal during fire refining
are made by using the composition of the blister copper from a converter operation involving the
secondary copper smelting, as summarized in Table J.25, for the assumed feed to a reverberatory
furnace. The output from the reverberatory furnace was assumed to be described by three sets of
data characterizing the composition of fire-refined copper anodes, as summarized in Table J.26
(Garbay and Chapuis 1991, Brunson and Stone 1976, and Schloen 1987). While the use of
unrelated data sets is a recognized problem, better data were not uncovered during the current
study. This concern is ameliorated, in part, by representing the partitioning factors by
uncertainty distributions (see Table J.44).

Table J.25 Composition of converter products from the smelting of copper scrap (%/6)

Element Blister copper Slag Baghouse dust
Cu 94-96 30 - 35 2 -3
Ni 0.5-1 10-15 0.5 -1
Sb 0.1 -0.3 0.5 - 1.5 0.5 - 1.5
Sn 0.1-0.2 2-4 10-20

Zn 0.05 -0.1 1 - 1.5 25 -35
Pb 0.05-1 2.5-4 20 -25

Source: Opie et al. 1985

Table J.26 Impurities In fire-refined anodes (ppm)

Element Garbay and Chapuis Schloen 1987' Brunson and Stone
1991 minimum maximum 1976

Ag 600 120 1200 240
As 1110 24 560 50
Pb 2200 63 1600 1900
Ni 500 121 3000 1000

Sb 250 38 700 100
Se 100 20 600 310
Te 100 6 140 3
Bi 20 3 50 7

Zn 100 130
S 10 30

'Based on range of data from nine refineries
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These data were used to estimate the partitioning of seven elements in a reverberatory furnace
with a 45.5 kt total annual charge that produces 45 kt of anodes and loses 500 t of copper to slag
and dust. The range of scrap-to-metal partitioning ratios of each element is presented in
Table J.27. Unlike the slag-to-metal partitioning ratios discussed previously, these ratios
represent the mass of the element in the furnace charge divided by its mass in the cast metal.

Table J.27 Calculated range of metal partitioning ratios during fire refining of copper scrap

Element Min Max
Ni 0.012 0.593
Sb 0.012 0.692
Sn 0.124 0.396
Fe 0.016 0.247

Pb 0.006 > 1
Ag 0.059 0.593

Experimental Copper Partitioning Studies

Some experimental work has been conducted to measure partitioning of radionuclides during
copper smelting. Heshmatpour et al. (1983) found that plutonium strongly partitioned to the
slag, as would be expected from thermodynamic considerations. Three tests were performed in
which 500 ppm of PuO2 was melted with 200 grams of copper in recrystallized alumina crucibles
at 1,400 OC (1,773 K). The slag weight was 10% of the metal weight. Slags included a
borosilicate composition (80% SiO2, 13% B203, 4% Na2 O, 2% A12 03 , 1% K2 0), a blast furnace
composition (40% CaO, 30% SiO2, 10% A1203, 15% Fe2 03 , 5% CaF2) and a high-silica
composition (60% SiO2, 30% CaO, 10% A1203 )- The respective slag-metal partition ratios (mass
of Pu in slag divided by mass in melt) were 3,225, 157, and 107. In each case, less than 1 ppm
of Pu remained in the copper. In the last two cases, a significant fraction of the input PuO2 was
not accounted for, rendering these values suspect.

Copeland and Heestand (1980) measured the partition ratio of uranium in copper in a laboratory
experiment by equilibrating copper at 1,100 'C (1,373 K) with a slag containing 0.3 wt0/o U. The
measured partition ratio was 600, which is many orders of magnitude lower than the predicted
value (see Table J.24). The final uranium concentration in the copper was 5 ppm. Other
experimental details were not provided. A laboratory drip-melting experiment was also
described, in which surface-contaminated copper was placed on a screen and melted. The
molten copper passed through the screen into a crucible below. Assay of the dross and the ingot
showed that the former contained 3,400 ppm U, while the latter contained 1.4 ppm U. In a
scaled-up experiment, about 40 kg of copper scrap surface-contaminated with U02 was drip
melted. The copper ingots contained 0.07 ppm U, while the slag contained 1,250 ppm U,
resulting in a partition ratio, 1ju = 18,000. '

In subsequent work, Heshmatpour and Copeland (1981) performed a series of laboratory
experiments in which 500 ppm U02 was added to small melts of copper produced with various
fluxes. The samples were melted in recrystallized alumina or zirconia crucibles and held at
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about 1,250 'C (1,523 K) to equilibrate the melt and the slag. The results, which are
summarized in Table J.28, show that the uranium mass partition ratios vary from 49 to 3182.

Table J.28 Partitioning of uranium In laboratory melts of copper

Sample Metal Flux U concentration (ppm) Partition Flux composition (%)
(S) (g) Slag Metal ratios A1203 CaF CaO CuO Fe203 Si0 2

7 100 10 1813 0.83 218 10 - 10 - 5 75
8 100 10 1273 0.04 3182 10 - 10 - 5 65
9 100 10 943 0.25 377 10 - 30 - 5 55

10 250 25 1590 1.36 117 borosilicate glass

12 170 - - 1.96 no flux

Source: Heshmatpour and Copeland 1981
a Mass of uranium in slag divided by mass in metal

Partitioning Factors for Fire Refining

The information presented above was used to develop the partitioning factors for the fire refining
of copper scrap listed in Table J.29. No additional information was available on a large number
of elements that, based on thermochemical calculations, probably partition to the slag (e.g.,
oxides of metals with free energies of formation at least as great as TcO2 in Table J.23). In the
absence of other data, these elements were assumed to partition 0.1% to the metal and 99.9% to
the slag to reflect the fact that chemical equilibrium may not be achieved. Maximum and
minimum values represent reasonable upper and lower limits. Where only maximum values are
presented, they represent the most probable values.

It is important to note that a significant amount of engineering judgment is required to convert
the available information to the partitioningfactors presented in Table J.29.

J.3.1.2 Partitioning During Electrorefining

Process Description

The final stage in copper purification employs an electrolytic refining process that yields copper
that may contain less than 40 ppm of metallic impurities (Ramachandran and Wildman 1987).
During electrorefining, copper anodes from the fire-refining furnace and pure copper cathode
starter sheets are suspended in a CuSO4-H2SO4-H20 electrolyte, through which an electrical-
current is passed at a potential of about 0.25 Vdc. During electrolysis, the copper dissolves from
the anode and deposits on the cathode. Impurities such as Au, Ag, and other precious metals, as
well as Pb, Se, and Te, collect in the anode slimes.42 Other elements, such as Fe, Ni, and Zn,

42 According to U.S. patent 4,351,705, a typical slimes composition is 5-10% Cu, 4-8% Ni, 6-8% Sb, 15-25% Sn,
5-12% Pb, 0-2% Ag, and 4-8% As. Smaller quantities of other metals are presumably not listed.
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dissolve in the electrolyte 43 and are removed from the copper electrolysis cells in a bleed stream.
The bleed stream is sent to "liberator" cells, where the solution is again electrolyzed and soluble
copper is plated out on insoluble lead anodes. The bleed stream is then treated for NiSO4
recovery by concentrating the solution in evaporator vessels, where NiSO4 crystals precipitate.
The remaining liquor is called "black acid." Both the NiSO4 and the black acid are saleable
products (Kusik and Kenahan 1978). Spent anodes are remelted and returned to the electrolytic
refining process.

A more detailed description of electrolytic refining is presented in Section 4.2.3.2, from which
most of the information in the preceding paragraph is excerpted.

Thermochemical Approach to Partitioning During Electrorefining of Copper

The literature on the electrorefining of copper abounds with data on the removal of impurities
typically associated with copper ores, including Ag, As, Bi, Ni, Pb, Sb, Se, and Te. Virtually no
information was uncovered in the course of this study on actinides and other elements addressed
by the present analysis. To provide a quantitative perspective on the expected behavior of these
impurities during electrorefining, recourse was taken to some general electrorefining principles.
According to Demaerel (1987):

During the electrorefining of copper, anode impurities either dissolve in the electrolyte or
remain as insoluble compounds in the anode slime. 'Elements less noble than copper,
such as zinc, nickel, and iron, easily dissolve in the electrolyte. Elements more
electropositive than copper, e.g., selenium, tellurium, silver, gold, and the platinum group
metals and elements that are insoluble in sulfuric acid, such as lead, are concentrated in
the anode slime. A third group of elements, comprising the impurities that have a
dissolution potential comparable to copper, such as arsenic, antimony, and bismuth,
behave in a different way. Depending on anode composition and other operational
parameters, they either report to the slime or to the electrolyte with a widely fluctuating
distribution pattern. Furthermore, these elements can, depending on the respective
concentration in the electrolyte, undergo several side reactions in the bulk of the
electrolyte, resulting in a wide range of insoluble compounds and floating slimes.

43 Davenport (1986) states that As, Bi, Co, Fe, Ni, and Sb report to the electrolyte. This characterization of arsenic
conflicts with the information in Footnote 42, as well with the results of our own analysis of the behavior of arsenic
during electrorefining.
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Table J.29 Partitioning of Impurities during the fire refining of copper

Nominal partitioning factor (%)
Element Metal - Slag , Offgasa Basis for estimate

Min Max Min Max Min Max
Ac 0.1 1.0 99.0 99.9 Table J.23; assume same as Pu
Ag 100.0 Tables J.23 and J.26
Am 0.1 1.0 99.0 99.9 Table J.23; assume same as Pu
As 10.0 20.0 10.0 70.0 10.0 80.0 Tables J.3, J.23, and J.26; As203is a gas

Bi 90.0 100.0 0.0 10.0 Tables J.23 and J.26
Bk 0.1 1.0 99.0 99.9 Assume same as Pu
C 100.0 All carbon assumed to be converted to CO/CO2

Ca 0.1 99.9 Table J.23

Ce 0.1 99.9 Table J.23
Cf 0.1 1.0 99.0 99.9 Assume same as Pu
Cl 90.0 100.0 0.0 10.0 Assumed present in scrap as metal chloride
Cm 0.1 1.0 99.0 99.9 Assume same as Pu

t;- Qiso . :Of i• .2 asssurseA 4N
Cr 0.1 99.9 Table J.23
Cs 10.0 20.0 80.0 90.0 Tables J.3 and J.23
Es 0.1 1.0 99.0 99.9 Assume same as Pu
Eu 0.1 99.9 Assume same as Ce
Fe? {?~20- 2 i
Gd 0.1 99.9 Assume same as Ce
H 100.0 Assume present as H2 or water vapor
I 90.0 100.0 0.0 10.0 Assume same as Ci
Ir 100.0 Table J.23; assume same as Ru

Mn 2.0 5.0 95.0 98.0 Table J.23
Mo 0.1 99.9 Table J.23; assume same as W
Na 0.1 99.9 Table J.23
Nb 0.1 99.9 Table J.23
NP ' .0. 1 60 . Tabibi-J;2L,- 2n d 216
Np 0.1 1.0 99.0 99.9 Tables J.23 and J.24; assume same as Pu
Os 100.0 Table J.23; assume same as Ru
P 0.05 0.15 10.0 90.0 10.0 90.0 Table J.23; P20, is a gas
Pa 0.1 2.0 98.0 99.9 Table J.23; assume same as U
Pb f- '*;- ,6.0 :100.0. ,-,89.0',,> 0.0.--_- '5.0 Tablest ;23;J.26,-and'J.27 '' ,

Pm 0.1 99.9 Assume same as Ce
Po 1.0 50.0 50.0 99.0 Tables J.3, J.23
Pu 0.1 1.0 99.0 99.9 Tables J.23 and J.24; Heshmatpour et al. 1983
Ra 0.1 99.9 Table J.23

u - - ' '-100 0 i -Table J23-'."- ' -'L
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Table J.29 Partitioning of impurities during the fire refining of copper
Nominal partitioning factor (%)

Element Metal Slag Offgas' Basis for estimate
Min Max Min Max Min Max

S 0.05 0.15 10.0 90.0 10.0 90.0 Tables J.23 and J.26; SO2 is a gas
Sb 1.0 69.0 31.0 94.0 0.0 5.0 Tables J.23, J.26, and J.27
Sc 0.1 99.9 Table J.23
Se 10.0 20.0 80.0 90.0 Tables J.3, J.23, and J.26

.S
Sn 12.0 40.0 60.0 88.0 Tables J.23, J.26, and J.27
Sr 0.1 99.9 Table J.23
Ta 0.1 99.9 Table J.23
Tc 0.1 99.9 Tables J.23 and J.24

T -~q Y~~ A -;99 r ~s e same _ t

Te 10.0 20.0 80.0 90.0 Tables J.3, J.23, and J.26
Th 0.1 2.0 98.0 99.9 Tables J.23, J.24; assume same as U
TI 10.0 20.0 20.0 60.0 30.0 60.0 Table J.23, T120 is a gas
Tm 0.1 99.9 Assume same as Ce

W 0.1 99.9 Tables J.23 and J24
Y 0.1 99.9 Table J.23
Zn 1.0 26.0 74.0 94.0 0.0 5.0 Tables J.3, J.23, J.26, and J.27
Zr 0.1 99.9 Table J.23
" Includes particulates and volatile species

Electrode potentials for half-cells of various elements are listed in Table J.30. Based on this
tabulation, we assume that many of the listed elements would report to the electrolyte and that a
fraction would be continuously'removed from the electrorefining circuit with the electrolyte
bleed. In the absence of modifying information, all the elements less noble than copper are
assumed to report 100% to the electrolyte. It is not known if, during treatment of the electrolyte
bleed, many of these elements would concentrate in the black acid or in the crystallized nickel
sulfate. Most of the nickel and probably the zinc, iron, cobalt, and manganese would be
recovered from the electrolyte bleed as mixed sulfate crystals.4 '

Partitioning Based on Industry Electrorefining Experience

Our analysis also utilized published reports on the experience of industrial producers of
electrolytically refined copper. Brunson and Stone (1976) reported the composition of the' anode
and cathode copper, as well as anode slimes, at the Copper Division of the Southwire Co. These
data are listed in Table J.31. Ramachandran and Wildman (1987) presented data on anode and

44 Dobner (1997) has indicated that the composition of crude nickel sulfate (NiSO4.2H20) is 27% Ni, 0.7% Zn,
0.3% Fe, 0.18% As, and 0.12% Sb.

_-5 ;U - 64
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cathode impurities at ASARCO's Amarillo copper refinery. We have calculated Partitioning
factors from these two data sets; the results are summarized in Table J.32.

Table J.30 Half-cell electrode potentials of various elements
Reaction Potential (V) Reaction Potential (V)

K 0 K+ + e- -2.925
Cs 0 Cse + e7 -2.92
Ra 0 Ra2* + 2e -2.92
Ba 0 Ba2+ + 2e- -2.9

S- t~~~~~* '-}- *---- -½'''-Gu

Ca 0 Ca2+ + 2e7 -2.87
Na 0 Nay + ei -2.714
Ce 0 Ce3+ + 3e- -2.48
Sm 0 Sm3 +3e7 -2.41
Gd-'-Oi Gd3-+ 31 4

Y3+ + 3er -2.37
Am 0 Am3+ + 3e0 -2.32
Sc 0 Sc3+ + 3e0 -2.08
Pu 0 Pu3+ + 3e6 -2.07

Np 0 Np3++ 3e- -1.86
U 0 U3++ 3ei -1.8
Zr 0 Zr4* + 4er -1.53
Mn 0 Mn2+ +2e0 -1.1

cta1b-17 + c:i

Zn = Zn2+ + 2e7 -0.763
Tc = Tc+ ea -0.71
Cr = Cr2+ + 2e6 -0.557
Fe = Fe2+ + 2e6 -0.441

-:e'fl74-it '--0.f'- r.l

= Tl+ + e -0.3363
Co = Co2+ + 2e6 -0.277
Ni = Ni2+ + 2e0 -0.25
Mo = Mo3+ + 3e7 ca. -0.2

e3&
Pb = Pb2 + 2e 0.126
Sb = Sb3 + 3e- 0.1
Bi = Bi3+ + 3er 0.226
As = As3+ + 3e 0.3

=Cu COP ?4 Z -Z

Po = Po4+ + 4er 0.4
Cu = Cu+ + e6 0.47
Te = Te4+ + 4e- 0.558
Ag = Ag+ + e7 0.7991

Sources: Lewis and Randall 1961, Snyder et al. 1987, Latimer 1952

Chen and Dutrizac (1999) conducted an excellent study of the distribution of impurities during
the electrorefining of secondary copper anodes. These investigators studied three sets of copper
anodes and the respective slimes from two copper refineries. Their work emphasizes the
complexity of the movement of impurities during electrorefining. The investigators note that
"some of the dissolved species from the secondary copper anodes reprecipitate as a complex
oxidate phase that commonly agglomerates many of the fine slimes particles into larger masses."
Their measurements of the composition of the oxidate phase in the slimes are summarized in
Table J.33.

The authors further note that chloride ion is added to the electrolyte to improve the surface of the
cathode deposits. Part of the added chloride precipitates as either CuCI or Cl-bearing cuprous
oxide and contributes to the slimes.

NUREG-1640 J-60



Appendix J Partitioning Factors and Mass Fractions

Table J.31 Composition of anode and cathode copper and anode slimes at the Southwire Co.
Element Typical anode (%) Typical cathode (ppma) Anode slimes (%)
Cu 99.5 99.99% 8.77
0 0.1 - -
S 0.003 - -
Pb .0.19 5 31.45

As 0.005 1 0.75
Sb 0.01 1 -
Bi 0.0007 0.1 -
Au 0.0012 - 0.55

:
Se 0.031 0.5
Te 0.0003 1
Sn 0.025 1 9.28
Fe 0.025 6 1.2

Ca 1.1
Si 3.5

Source: Brunson and Stone 1976
Note: Slimes also contain 0.001% Pt and 0.001% Pd.
a Unless otherwise noted

The authors present the following conclusions of their study:

Although the compositions of secondary copper anodes vary with the impurities present in
the copper scrap, these anodes are commonly rich in Sn, Pb, Ni and Sb, but are notably
deficient in Se, Te, and Ag. Most of the Ni, virtually all of the Ag, slightly more than one-
fifth of the Pb, about one-third of the As and Sb, and approximately one-tenth of the Sn
present in secondary copper anodes are in solid solution in the copper. The remaining
impurity contents occur as tiny (1-5 fum) grain-boundary inclusions in the anodes, and these
are mainly Cu2O, SnO2, Cu-Pb-As-Sb-Bi oxide, Pb-Sb oxide, Sn-Ni-Zn oxide, Cu-Sn-Ni
oxide, Cu-Sb-Ni oxide (Kupferglimmer), and trace Cu2 (Sete). Although the species present
in the inclusions and their relative amounts vary with the impurity contents of the anodes, the
presence of the various Sn oxides seems to be characteristic of secondary copper anodes.
Barium sulphate, which originates from the mold wash used in anode casting, is also
prevalent in the anodes. During electrorefining, the BaSO4, SnO2 Pb-Sb oxide, Sn-Ni-Zn
oxide, Cu-Sn-Ni oxide, and Cu-Sb-Ni oxide inclusions are liberated and accumulate in the
slimes layer. Nickel in solid solution dissolves along with the copper and accumulates in the
electrolyte. Solid solution Sn dissolves, but partly reprecipitate as Sn arsenate. Solid
solution Ag dissolves, but rapidly reacts to form Ag2(Se,Te), Ag powder, Ag-bearing Cu2O,
(Cu,Ag)SO4, or a complex oxidate phase. The solid solution Pb dissolves and most
reprecipitate as fine grained PbSO4. Partial dissolution of the Cu-Pb-As-Sb-Bi oxide
particles takes place; the Pb is converted to PbSO4, whereas Cu, As, Sb and Bi dissolve. The
reaction product, consisting mostly of PbSO4, retains the morphology of the original Cu-Pb-
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As-Sb-Bi oxide particle. Some of the dissolved As, Sb, and Bi remains in solution, but much
reprecipitate as SbAsO4, As-Sb-Bi oxide, and as a poorly defined oxidate phase which
consists mostly of Cu-Ag-Pb arsenate-sulphate.

Table J.32 Calculated partitioning factors for copper electrorefining (%)

Brunson and Stone 1976

Element Metal Slimes Bleed

Ramachandran and Wildman 1987
Metal

Min Max
Ni 0.69 0 99.3 0.3 0.5
Sb 0.99 0 99 0.1 0.2
Sn 0.14 99.9 0 2 10
Fe 2.37 36 61.6 0 0

Pb 0.26 99.7 0 0.3 0.3
Ag 4.12 95.9 0 0 0
Bi 1.41 0 98.6 0.3 1
As 1.98 98 0 0.1 0.3

Se 0.16 99.8 0 0.1 0.2
Ca 0 50' 50 0 0

' Assumed, based on detection of 1.1% Ca in slimes

Table J.33 Electron microprobe analyses of oxidate phase In secondary copper anode slimes
(wt%)

Slimes - 1 Slimes - 2 Slimes - 3
Element Average Range Average Range Average Range

Cu 25.17 9.2 -57.3 23.51 9.9-53.0 48.59 22.8-63.4
Ag 13 0.2-75.6 12.35 3.0-32.5 4.64 0.7-11.5
As 6.67 0.7-17.5 6.75 0.8-13.2 3.98 0.8 -17.7
S 3.14 0.9-10.6 3.3 1.0 6.7 5.25 1.0- 7.1

Sb 0.77 0.0 - 9.2 0.12 0.0 - 3.8 0.44 0.0- 2.6
NI 0.33 0.0 - 2.6 0.13 0.0 - 3.9 0.33 0.1 - 0.8
Se 1.49 0.0 - 4.1 1.81 0.2 - 5.2 0.38 0.0- 0.9
Sn 0.99 0.0 - 7.0 0.44 0.0 - 8.7 0.01 0.0- 0.1

Te 1.12 0.0 - 3.3 0.56 0.0 - 1.3 -

Source: Chen and Dutrizac 1999

Experimental Partitioning Studies on Electrorefined Copper

Vorotnikov et al. (1969) studied the behavior of iridium and ruthenium during the electrorefining
of copper. They used copper anodes with 0.4% Ni, to which Ru-1 06 and Ir-1 92 were added.
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The partitioning of these radionuclides during electrorefining in laboratory cells at current
densities of 175 - 350 A/n 2 is summarized in Table J.34.

Table J.34 Partitioning of Iridium and ruthenium during electrorefining of copper (%/6)
Current Ir Ru
density
(Aim2) Electrolyte Slimes Cathode Electrolyte Slimes Cathode

175 14 84 none 65 29.8 3.8
240 15 83 none 67 27.4 3.2
350 15.5 81 none 70 20.1 3

Source: Vorotnikov et al. 1969

It is apparent that most of the iridium, reports to the slimes, while most of the ruthenium reports
to the electrolyte. The electrolyte was then decoppered at a current density of 400 A/m2; the
resultant solution was boiled to produce nickel sulfate. Even after purification of the electrolyte,
most of the iridium and ruthenium remain in that process stream.

Partitioning Factors for Electrorefining

Table J.35 presents partitioning factors for selected elements in the electrorefining process. The
partitioning factors are the percentages of the total amount of an element initially contained in
the anodes that is present in each process stream after electrorefining. Where experimental or
production data have been reported in the literature, such values are used (e.g., Brunson and
Stone 1975, Ramachandran and Wildman 1987, Vorotnikov et al. 1969). For elements where
only electrode half-cell potentials are available, the partitioning factors are derived from that
data. For elements where no data are available, partitioning is assumed to be the same as for
chemically similar elements. Maximum and minimum values represent reasonable upper and
lower limits. Where only maximum values are presented, they represent the most probable
values.

J.3.2 Mass Fractions for Secondary Copper Processing

J.3.2.1 Fire Refining

General background information on fire refining at secondary copper producers is presented in
Chapter 4. A detailed discussion of the mass fractions of the products and by-products of fire
refining appears in Section 4.3.1.1.
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Table J.35 Partitioning of Impurities during the electrorefining of copper
Nominal partitioning factor (%)

Element Metal Anode slimes Electrolyte Basis for estimate
bleed

Min Max Min Max Min Max
Ac 100.0 Assume same as Pu
Ag 4.0 96.0 Tables J.30 and J.32
Am 100.0 Table J.30
As 0.1 2.0 98.0 99.9 Tables J.30 and J.32

L9.o... le:i

Bi 0.3 1.4 0.0 75.0 25.0 99.0 Tables J.30, J.32, and J.33
Bk 0.0 0.0 0.0 0.0 100.0 Assume same as Pu
C 0.0 0.0 0.0 0.0 0.0 Assume removed during fire refining

Ca 0.0 0.0 50.0 50.0 Tables J.30 and J.32
Cd. 0.0 0-0Ii+W0.0-- 9 % OJe3 h Z
Ce 0.0 0.0 0.0 0.0 100.0 Table J.30
Cf 0.0 0.0 0.0 0.0 100.0 Assume same as Pu
Cl 0.0 0.0 100.0 0.0 Chen and Dutrizac 1999
Cm 0.0 0.0 0.0 0.0 100.0 Assume same as Pu

Cr 0.0 0.0 0.0 0.0 100.0 Table J.30
Cs 0.0 0.0 0.0 0.0 100.0 Table J.30
Es 0.0 0.0 0.0 0.0 100.0 Assume same as Pu
Eu 0.0 0.0 0.0 0.0 100.0 Assume same as Ce
Fe . t and
Gd 0.0 0.0 0.0 0.0 100.0 Table J.30
I 0.0 0.0 0.0 100.0 0.0 0.0 Assume same as Cl
Ir 0.0 0.0 81.0 84.0 16.0 19.0 Table J.34
K 0.0 0.0 0.0 0.0 100.0 Table J.30

Mo 0.0 0.0 0.0 0.0 100.0 Table J.30
Na 0.0 0.0 0.0 0.0 100.0 Table J.30
Nb 0.0 0.0 0.0 0.0 100.0 Table J.30
NI 0.3 0.7 0.0 10.0 90.0 99.0 Tables J.30, J.32, and J.33

Os 0.0 0.0 81.0 84.0 14.0 16.0 Assume same as Ir
P 0.1 2.0 98.0 99.9 0.0 0.0 Assume same as As
Pa 0.0 0.0 0.0 0.0 100.0 Assume same as Pu
Pb 0.0 0.3 0.0 99.7 0.0 0.0 Tables J.30 and J.32

Pm 0.0 ;- 0.0- -- 0O~ 0. _ -O 0.Assumesa easCe ;- :
Po 25.0 75.0 25.0 75.0 0.0 TableJ.30
Pu 0.0 0.0 0.0 0.0 100.0 Table J.30
Ra 0.0 0.0 0.0 0.0 100.0 Table J.30
Ru 3.0 4.0 26.0 32.0 65.0 70.0 Table J.34; slimes adjusted to sum to unity
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Table J.35 Partitioning of impurities during the'electrorefining of copper
Nominal partitioning factor (%)

Element Metal Anode slimes Electrolyte Basis for estimate

Min Max Min Max Min Max
S 5t&-:-r 0.1,- :-0.2~ '.f 99.8 ssumd.9t '; .o :-o.0:A ;am e issn e.i- <
Sc 0.0 0.0 0.0 0.0 100.0 Table J.30
Sb 0.1 1.0 0.0 74.9 25.0 99.0 Tables J.30, J.32, and J.33
Se 0.1 0.2 99.8 99.9 0.0 0.0 Table J.32
Sm 0.0 0.0 0.0 0.0 100.0 Table J.30

Sr 0.0 0.0 0.0 0.0 100.0 TableJ.30
Ta 0.0 0.0 0.0 0.0 100.0 Assume same as Nb
Tb 0.0 0.0 0.0 0.0 100.0 Assume same as Ce
Tc 0.0 0.0 0.0 0.0 100.0 Table J.30

T ' .. '0 O' ~l 'O ","ab7les''t-.30-ad'.
_- S~~~3. 0_, _." d. ... v- M .... _e, :.. r _s_.J _.-.-,ad.....__--_2,+s~^ nm

Th 0.0 0.0 0.0 0.0 100.0 Table J.30
Ti 0.0 0.0 0.0 0.0 100.0 Table J.30
Tm 0.0 0.0 0.0 0.0 100.0 Assume same as Ce
U 0.0 0.0 0.0 0.0 100.0 Table J.30

___ ___ _ Mo:eas.
Y 0.0 0.0 0.0 0.0 100.0 Table J.30
Zn 0.0 0.0 0.0 10.0 90.0 100.0 Tables J.30 and J.32; Chen and Dutrizac 1999
Zr 0.0 0.0 0.0 0.0 100.0 Table J.30

J.3.2.2 Electrorefining

As cited in Section 4.2.3.2, Brunson and Stone (1976) estimated that, at the Southwire Co.
copper refinery, about 15 lb of slimes are generated for each ton of copper that is electrorefined
(7.5 kg/t). Over a period of years, the slimes content at that refinery has varied from 10 to 19 lb
per ton (5 - 9.5 kg/t), depending on the anode purity (Stone and Tuggle 1995). In addition,
about 0. 1% - 0.3% of the anodes are removed from the electrolyte bleed (primarily as nickel).
About 13% of the anodes are returned to anode melting furnaces as scrap (Dobner 1997).
However, the anode recycling can be ignored in the present analysis if we assume that no
partitioning occurs in the anode melting furnace.

The concentration of a radionuclide in any output phase (metal product, anode slimes, or
electrolyte bleed) of electrolytic refining is given by the following expression:

Cif ff fiiC
fi J.10

Cij = concentration of nuclide Iin mediumj (Bq/g)

Cif. = concentration of nuclide Iin fire-refined copper (Bq/g)
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ff = fire-refined copper anodes as a fraction of copper fed to electrolytic bath

fij = partitioning factor of nuclide Iin product stream] (see Table J.35)

fie = mass fraction of product streamj in electrorefining

Equation J.10 is a simplified special case of Equation 3.2 in Chapter 3.

The electrorefining of copper derived from cleared scrap is not included in the exposure
scenarios discussed in Chapter 4. However, it is the subject of scoping analyses presented in
Appendix N.

J.4 Secondary Aluminum Smelting

The partitioning of impurities among the dross, the metal, and the furnace emissions (particulate
and gaseous) during the secondary smelting of aluminum is presented in this section. Details on
the mass fractions for secondary aluminum smelters are presented in Section 5.3.1.

J.4.1 Thermochemical and Vapor Pressure Considerations

A major operation during the smelting of aluminum scrap involves the blowing of chlorine gas
or other gaseous halogen through the melt to remove excess magnesium (known as
"demagging"). Other metallic impurities in aluminum scrap may be transferred to the dross
during the demagging operation, depending on the relative thermodynamic stability of the
respective chloride species. The following reaction is assumed to be representative of transfer of
selected metallic elements from the melt to the dross during demagging:

x M + I Cl2 I Mx CIr
y 2 y

Values for the free energy of formation for this reaction at 1000 K (a typical pouring temperature
for aluminum) are presented in Table J.36 for various impurities in the scrap metal. Assuming
that the above equation represents the governing chemistry, that equilibrium is obtained, and that
the dilute solutions behave as pure substances, all chlorides with free energies below that AlCI3
will partition to the dross. Hydrogen is expected to also be substantially, but not totally,
removed from the melt and released to the atmosphere. Hydrogen removal occurs by solution in
the chlorine gas rather than by the formation of HCI, which is thermodynamically unfavorable.
Thermodynamic equilibria based on pure substances suggest that solute elements with standard
free energies of formation of the solute metal chlorides higher (less negative) than that of AlCI3
will remain in the melt. However, there is virtually no information available on activity
coefficients for these substances in dilute solutions. Thus, the thermochemical calculations in
Table J.36 provide only rough guidelines to the expected partitioning during melting.

Large volumes of gas are passed through the liquid metal and flux phases. Three possible
interactive partitioning mechanisms could occur during this process: (1) between the gas and the
metal, (2) between the gas and the flux, and (3) between the flux and the metal. Table J.37 lists
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some of the chlorides of metallic elements that are included in the present study which have
boiling points below the pouring temperatures of molten aluminum. These chlorides will have a
perceptible vapor pressure at 1,000 K and could be transferred from the melt to the gas. Some of
these displaced chlorides will terminate in the dross and some in the fume, which will either
condense on the ducting or in the baghouse, or escape into the atmosphere.

Table J.36 Standard free energy of formation (}AF) for various metal chlorides at 1,000 K

Chloride -AF (kcal/g-atom Cl)

RuCI 3  decomposes > 770 K
SeC14  0.36
IrCi3  0.79
MoCIS 3.3

WCI 5  6.2

NbCI5  11.4
TaCl. 12.9

PoCl2  14

TeCI2  16.7

AsCI3  17.2

BiCI 3  18.4

NiCI2  18.9

CuCI 21

SbCI 3  21.7

CoCI2  22.5

HOI 24.1

PbCI 2  26.6

FeCI 2  26.6

SnCI2  28.2

CdC1, 29.1

Chloride

ZnC12

Tncl

-AF- (kcalg-atom Cl)
32.2
34.4

MnCI2  40.2
PaCOs 41.3

AICI, 45.5
ZrC13  52.7
UCI3  53.5
ThC14  53.5

ScCl3  56.1
PuCI 3  59.5
YC13  62.2
AcCI3  64

AmCI3  66.6
NaCI 76.8
CaCI 2  77.9
SmC13  80.2

KCI 83
CsCI 83.1
BaCI2  83.9
RaCI, 89.2

Removal of a portion of the iron and silicon, but not copper, has been observed during the
treatment of aluminum melts with Cl2 in the laboratory. 45 Iron and silicon chlorides condensed
on the walls of the system ducting. -The partitioning mechanism was not elucidated, but may
involve small partial pressures of the solute metal chlorides in a volatile aluminum chloride. The
gaseous aluminum chloride is dense and is not transported a significant distance in the offgas
system. These experiments involved large quantities of flux and highly specialized melting

45 C. Mel Adams, Adjunct Professor of Chemical and Nuclear Engineering, University of Cincinnati, private
communication with William C. Thurber, SC&A, Inc., May 1997.
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practices not representative of those expected in a secondary aluminum smelter. In a typical
smelting operation, impurities such as iron may not be preferentially removed.

Table J.37 Selected metal chlorides with boiling points below 1,080 K
Boiling point ._Boiling point

Chloride °C K Chloride BC p

AICd3  180 (sublimes) 453 SeCI 4  191 (sublimes) 464
AsCI3  130 403 SnCI2  623 896
BiCI 3  447 720 SnC14  114 387
CrCl 4b >600 (decomposes) >873 TaCI 5  239 513

MoCI5  268 541 TeCI 4  387 660
MoCIS 254 (sublimes)' 527 TICI 720 993
NbCI5  254 527 UCI4  791 1064
OsC14  450 (sublimes) 723 UC15  527a 800

PCI 5  160 (sublimes) 433 WCas 286 559
PaCI 5  4208 693 ZnCI2  732 1005
PoCd4  390 663 ZrCI 4  331 (sublimes) 604
SbCI3  220 493
Source: Lide 2003 except as noted
a Dean 1992
b "gas, stable at high temp."

The elements Fe, Sb, Ce, Co, Nb, Sr, Th, and U have no reported solubility in molten aluminum;
rather, they form interrmetallic compounds that are in equilibrium with pure aluminum (Davis
1993). Thus, the formation volatile chlorides would require a reaction between chlorine and,
say, UAl4, rather than between chlorine and uranium dissolved in the aluminum. If a volatile
chloride did form with an compound less stable than AlCI3 (as listed in Table J.36), it might be
immediately reduced before it could exit the melt.

It is possible that some elements that are expected to partition to the dross would also volatilize
to some extent and condense on the ducting, be collected in the baghouse dust, or escape into the
atmosphere. The data in Tables J.36 and J.37 indicate that uranium might exhibit such behavior.

The simple free energy calculations presented in Table J.36 suggest that any uranium dissolved
in an aluminum melt would be removed by chlorine during the demagging process. However, as
discussed in Appendix L, any uranium on cleared aluminum scrap would most likely be in the
form of an oxide. It is not clear whether such oxides will be either reduced by aluminum or
converted to the halide form. For example, the thermodynamics are unfavorable for converting
U02 to either a fluoride or chloride at 1,000 K. In addition, the free energy change for the
reaction between U02 and Al to form A1203 and U is about zero at 1,000 K, suggesting that this
reaction is also unlikely to proceed. However, as will be discussed subsequently, formation of
uranium-aluminum intermetallics has been observed. Similar comments may apply to Np, Pu,
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and Am, and by extension to Cm, Bk, Cf, and Es, if these transuranic elements were initially in
the form of oxides.

The large number of possible partition reactions emphasizes the difficulty in quantitatively
predicting partitioning during secondary aluminum smelting.

J.4.2 Observed Partitioning During Aluminum Melting

The partitioning of uranium in aluminum melts has been experimentally measured by Copeland
and Heestand (1980). In this work, aluminum melts at 973 K were equilibrated with a slag
containing 0.3 wtv/o uranium, and the uranium pickup by the aluminum was measured. (The
composition of the slag was not otherwise specified.) Based on' these laboratory measurements,
the partition ratio, rju = 190. The experimental results, which-suggest that some decontamination
of the melt will occur, are in contrast to thermodynamic calculations made by these authorsfor
an oxide system, which suggested a value on the order of 10i3 for the partition ratio.46 In another
set of experiments, these authors prealloyed uranium with aluminum and found that the partition
ratio was only 2 - 3.

Copeland and Heestand also examined drip melting, where surface-contaminated aluminum was
placed on a metal screen and then heated above the melting point. The molten aluminum
dripped through the screen to a crucible below, while the dross remained on the screen. In this
experiment, the metal contained 16 ppm U, while the dross contained 2,100 ppm U. When the
drip melting process was scaled to multikilogram-size ingots, the separation was less effective,
with 4 ppm U in the aluminum and 25 - 75 ppm in the dross.

Heshmatpour and Copeland (1981) described additional laboratory measurements of uranium
partitioning during aluminum melting. In these experiments, 500 ppm of UO2 was added to
aluminum, and the melts were held at 1,573 K under various slags. The results of these
experiments are summarized in Table J.38.

While these results generally show some preferential partitioning of uranium to the slag, there
are some results that appear to be anomalous. Sample 5 shows very little decontamination, even
though companion tests (samples 3 and 4) with slightly different fluxes show much higher
partition ratios. The flux compositions used for samples 1 and 18 are significantly different than
would be expected in commercial secondary smelting. Except for sample 5, the uranium content
of the melt ranged from about 1 ppm to 1 00 ppm when halide or cryolite-type fluxes were used.
It should also be noted that all of these tests were conducted at a substantially higher temperature
than is used in commercial secondary smelting. It is not clear from this work what effect the
higher temperature has on the partition ratios.

This partition ratio is based on the reaction of uranium in the aluminum melt with A12 0, in the slag to produce
U02 in the slag. The calculation assumes that the weight of the slag is 10% of that of the melt, that the thermodynamic
activity of A1203 inthe slag is 0.1, that the activity of UO2 in the slag is 0.01, and that the Henry's Law constants forU in
the aluminum melt and U0 2 in the slag are unity.
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Uda et al. (1986) found that the residual uranium content in aluminum melts doped with 500
ppm of uranium increased as the melting temperature increased. The melting was conducted
under a flux of 14% LiF-76% KCI-10% BaCl2; the mass of the flux was 10% of the mass of the
metal charge. The residual uranium content of alloy 5083, containing 4.45% Mg, increased from
about 1 ppm at 800 'C (1,073 K) to about 10 ppm at 1,000 'C (1,273 K). For alloy 1050
(99.5%Al), the residual uranium content increased from about 20 ppm to about 70 ppm over the
same temperature range. The experimental results showed that the uranium removal increased
exponentially with increasing magnesium content in the aluminum.

Table J.38 Partitioning of uranium In aluminum melts In zlrconia crucibles at 1,573 K

Sample Metal Flux UO2  U (ppm) Partition Flux (%)
(g) (g) (ppm) Metal Slag ratio, AIF3 A1203 CaF2 CaO Fe2O3 NaF SiO2

1 76 7.6 500 1.2 9610 801 100
2 81 8.1 500 111 1360 1.2 100
3 81 8.1 500 0.9 405 45 60 40
4 80 8 500 2.4 570 24 40 60

'?.,-j- .' - 77g4W¼ : .R 80
6 50 0 500 469 No flux
7 50 0 500 430 No flux
8 166 8.3 500 31.4 1760 3 35 10 55
9 503 25.15 500 81.1 4190 3 35 10 55

C 5~250"500250

Source: Heshmatpour and Copeland 1981
a Amount of U in the slag divided by amount in metal

The observation of Uda et al.-that uranium removal from aluminum increases as the
temperature decreases-is opposite of that predicted from the calculated equilibrium constant for
the following reaction:

U02 + 4 Al = U + - A12 03
3 3

No satisfactory explanation was provided by the authors for the difference between their
experimental observations and the thermodynamic calculations. The authors attributed the
increased uranium removal associated with higher magnesium content to the formation of strong
intermetallic compounds between Al and Mg that limit the ability of the aluminum to reduce the
U02. This argument appears specious because not all of the aluminum is tied up as
intermetallics.

In a subsequent paper, Uda et al. (1987) described the electroslag melting of aluminum alloy
5052 under a flux of 14% LiF, 76% KC1, and 10% BaCl2. The aluminum alloy electrode was
contaminated by drying a solution of known uranium concentration on the surface. The amount
of uranium was such that the concentration in the finished ingot would be 500 ppm if none were
lost to the slag or elsewhere. The actual uranium concentration in the finished ingot was
3 - 5 ppm. Insufficient information is provided by the authors to enable the calculation of a
partition ratio.
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Mautz et al. (1975) described the results of melting some aluminum scrap from the Portsmouth
gaseous diffusion plant in an oil-fired reverberatory furnace of unspecified size. Fluxing agents
were not used. The aluminum scrap consisted of die-cast, wrought, and cast parts that had'
experienced extended exposure to UF6. The scrap was chemically decontaminated before
melting. Sixty-two ingots from die cast scrap contained residual uranium, that had a minimum
range of 0 - 100 ppm and a maximum range 1,300 - 1,400 ppm. (Because the data were
presented in the form of bar charts, only ranges for the minimum and maximum could be
determined from this report.) Ingots produced from cast and wrought metal scrap generally had
lower uranium concentrations than ingots produced from die-cast scrap.

Some experimental work has shown that U02 can react with aluminum in the solid state at a
temperature of 873 K to form various intermetallic compounds such as UAl2, UA13, and UA14
(Waugh 1959). Reaction between U02 and Al to form UAIX and A1203 was 90% to 100%
complete in 10 hours. -The U-Al binary phase diagram predicts that the equilibrium phases
formed during the solidification of melts containing small quantities of uranium should be UA14
(or U0 9Al4) and aluminum (Davis 1993). If the same reaction occurs in the liquid state, it would
tend to promote partitioning of the uranium to the melt (as UAI1 ) rather than to the slag (as U0 2).

Heshmatpour et al. (1983) described one experiment where 500 ppm of PuO2 was melted with
100 g of Al at 800 'C (1,073 K) without any flux. The experimental melt was solidified in the
melting crucible. The bulk aluminum was assayed and found to contain 5.4 ppm Pu. The oxide
surface that forms on aluminum during melting and solidification (which was presumably
scraped off) was found to have a concentration of 18,300 ppm Pu. These results suggest that if
plutonium is present as the oxide, it is likely that most of it will be removed with the dross.

As noted above, oxide as well as chloride reactions can occur between elements and compounds
in the melt and in the slag. Hryn et al. (1995) have measured the cation content of the oxide
residue of dross generated by melting Series 3XX aluminum casting alloys.4 ' (These oxide
residues were byproducts of the process of aluminum recovery from the dross.) Their results are
summarized in Table J.39. These measurements indicate that some of the elements that would
be predicted to partition to the melt on the basis of the free energies listed in Table J.36 are also
found in the dross. These include Zn, Mn, and Fe.

J.4.3 Partitioning to Dust

Not all secondary aluminum smelters use baghouse dust collection systems. Some of those that
do may collect only a portion of the offigas and pass it through the baghouse. Limited data are
available to predict the partitioning of particular elements to the dust. As part of an EPA
program to develop an air emissions standard for secondary aluminum smelters, some
measurements have been made of the composition of the dusts based on stack samples. During
the standards development program, two sets of particulate samples were taken from a furnace at
the Alcan Recycling'Facility in Berea, KY (EPA 1990). No information was provided on the

47 3XX is a generic designation for a family of aluminum casting alloys with major amounts of silicon (4.5% -
23%) and added copper or magnesium.
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composition of the metal being melted, so it is not possible to develop a detailed estimate of how
the various elements partition to the dust. However, if we assume that the material being melted
is alloy 3004, the standard material used for the aluminum can bodies (Davis 1993), we can
derived some insight into the partitioning. The composition of Alloy 3004 and the compositions
of the furnace particulate matter are listed in Table J.40. From these data, it is apparent that the
particulates are enriched in Mg and Fe, depleted in Mn, and essentially unchanged in Zn. Small
quantities of other elements, including Sb, Ba, Co, Pb, and Ni, were also found in the particulate
matter. The limited information available does not suggest that these particular elements have
orders-of-magnitude concentration increases in the dust. Consequently, it is assumed that the
dust has the same composition as the scrap with regard to most metallic elements, unless there is
specific information to the contrary.

Table J.39 Cation species in 3XX aluminum residue-oxide samples
Element 3XX residue-oxide (%)

Mg 4.7
Si 5.3
Ca 1.4
Ti 0.3

Mn 0.14
Fe 1.5
Cu 0.5

J.4.4 Other Information on Behavior of Impurities

Additional observations on various aluminum alloying elements or impurities are summarized
below (Davis 1993):

* Silver has substantial solubility in both liquid and solid aluminum.

* Lead has very limited solubility in both liquid aluminum (0.2 wt%) and solid aluminum
(0.02 wt%), but is sometimes added to certain alloys to improve machinability.

* Carbon is occasionally found in aluminum as an oxycarbide or a carbide (A14C3), although
fluxing operations usually reduce carbon to the ppm level.

* Antimony is present in trace amounts (0.01 - 0.1 ppm) in primary commercial-grade
aluminum and is used as an alloying element (up to 4% to 6%) in certain aluminum alloys.

* Cobalt has been added to some Al-Si alloys containing iron to improve strength and ductility.

* Cerium has been added to experimental casting alloys to increase fluidity and reduce die
sticking.
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Table J.40 Composition of Alloy 3004 and particulate matter from secondary aluminum smelters

Element Alloy 3004 Alcan furnace (run 1) . Alcan furnace (run 2)
(%) lb/hr % lb/hr %

Al 3.19 0.679
As a 5.07e-04 0.016 <2.1Oe-04 <0.032
Ba * 1.69e-02 0.53 <7.00e-03 <1.0
Cd ' 2.1 e-04 0.0066 0.00007 0.01

Cr ' 1.44e-03 0.045 0.00063 0.093
Fe 0.70 max. 6.36e-02 2.0 0.0354 5.2
Hg a 8A5e-05 0.0026 0.00007 0.01
Mg 0.8 to 1.3 9.38e-01 29 0.938 138

Ni ' <1.69e-03 <0.053 <1.40e-03 <0.21
Pb ' 1.69e-03 0.052 0.0007 0.1
Sb ' 3.38e-03 0.11 0.0028 0.41
Se ' 1.69e-04 0.0052 0.00014 0.021

Zn 0.25 max 1.02e-02 0.32 0.00189 0.28
'Limited to a maximum of 0.05% of each element and a total of 0.15% of elements other than Al, Fe, Mg, Mn, and
Zn.

* Manganese is a common impurity in primary aluminum and is a frequently used alloying
additive.

* Strontium is found in trace amounts (0.01 - 0.1 ppm) in commercial aluminum.

* Molybdenum is a low-level impurity in aluminum (0.1 - 1 ppm), and has been added as a
grain refiner.

* Nickel has limited solubility in aluminum (0.04%), but has been added to Al-Si alloys to
increase hardness and strength at elevated temperatures.

* Arsenic must be controlled to very low limits where aluminum is used for food packaging.

* Bismuth is added to improve the machinability of aluminum alloys.

* Cadmium is used to improve the machinability of aluminum alloys.

* Calcium has very low solubility in aluminum and forms the intermetallic compound CaAl4.
With flux injection, an inert carrier gas and an active agent, such as hexachloroethane, the Ca
concentration in aluminum can be reduced from about 36 ppm to 9 ppm in 25 minutes.
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* Chromium occurs as a minor impurity (5 - 50 ppm) in commercial-grade aluminum. It is a
common addition to many alloys.

* Hydrogen can cause porosity in aluminum castings. Degassing with chlorine can reduce the
hydrogen content of an Alloy 356 melt from 0.5 mL/100 g to 0.1 mL/100 g in eight minutes.

* Iron is the most commonly found impurity in aluminum.

* Phosphorus is a minor impurity (1 - 10 ppm) in commercial-grade aluminum. Its solubility
in molten aluminum is very low (-0.01% at 660 'C [933 K]).

* Sulfur is found in commercial-grade aluminum at concentrations of 0.2 - 20 ppm.

* Tin is a common alloying addition to aluminum, at concentrations from 0.03% to several
percent in wrought alloys and up to 25% in casting alloys.

* Zinc is a common alloying element with aluminum.

* Sodium impurities can be removed to a large extent from aluminum alloy melts by
employing salt fluxes or reactive gas mixtures that contain chlorine and fluorine. With a
0.36 wt.% flux injection, the sodium content of an aluminum alloy melt was reduced from
60 ppm to about 5 ppm.

* Zirconium additions in the range of 0.1% to 0.3% are used to form a fine precipitate that
inhibits recovery and recrystallization.

J.4.5 Summary of Partitioning During Secondary Aluminum Smelting

The partitioning of impurities of aluminum scrap to the melt, dross, dust, and gaseous emissions
during secondary aluminum smelting is summarized in Table J.41. The partitioning factors are
based on the information presented in the preceding sections, coupled with engineering
judgment, and are expressed as the percentage of an element in the scrap that would be found in
each process stream. Because the available data are limited and conflicting, ranges of values are
presented for most factors. These ranges are believed to represent reasonable upper and lower
limits for the impurities in each process stream.

Metallic elements with chlorides less stable than AIC13 at 1000 K would be expected to
concentrate in the melt. However, if such a metal has chlorides with boiling points below the
temperature of molten aluminum, we assume that some of these displaced chlorides will
terminate in the dross and some in the offgas, and will either condense on the ducting or in the
baghouse, or escape to the atmosphere. In the absence of other technically sound data, we
assume that these elements partition 50% to 100% to the melt and 0% to 25% each to the dross
and to the dust.
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* Table J.41 Partitioning of Impurities during secondary aluminum smelting

Nominal partitioning factor (%)

Element Metal Dross Dust Volatile Comments

Min Max Min Max Min Max Min Max
Ac 1 50 50 99 Table J.36; I < PR < 100'
Ag 100 Table J.36; Davis 1993
Am 1 50 50 99 Table J.36; 1 < PR < 100'
As 50 100 0 25 0 25 Tables J.36, J.37, and J.40; Davis 1993

a ' .3
Bi 50 100 0 25 0 25 Tables J.36 and J.37; Davis 1993
Bk 1 50 50 99 1 < PR < 100'
C 1 10 90 99 Davis 1993

Ca 1 25 75 99 Tables J.36 and J.39; Davis 1993

Ce 1 10 90 99 Table J.36; Davis 1993
Cf 1 50 50 99 1 < PR < 100a
Cl 100 Assume removed to dross as stable CR
Co 80 98 1 10 1 10 Tables J.36 and J.40; Davis 1993; assume same as Fe

Cr 50 100 0 25 0 25 Tables J.36, J.37, and J.40; Davis 1993
Cs 100 Table J.36
Es 1 50 50 99 1 < PR < 100a
Eu 100 Assume same as Sm

Gd 100 Assume same as Sm
H 0 20 80 100 Davis 1993

50 100 0 50 See text
Ir 50 100 0 25 0 25 Table J.36; assume same as Os

ssuisame asN-.E
Mn 80 98 1 10 1 10 Tables J.36, J.37, J.39, and J.40; Davis 1993
Mo 50 100 0 25 0 25 Table J.36 and J.37; Davis 1993
Na 1 10 90 99 Table J.36. Davis 1993
Nb 80 98 1 10 1 10 Tables J.36 and J.37, assume same as Ti in Table J.39

Np 1 50 50 99 Table J.36; 1 < PR < 100'
Os 50 100 0 25 0 25 Tables J.36 and J.37
P 50 100 0 25 0 25 Tables J.36 and J.37; Davis 1993

Pa 50 100 0 25 0 25 Tables J.36 and J.37
0 -r~-Pb . .. 1,5 10~-±~5C025 iavis,1 9 9 37dJA0=-av- 193

Pm 100 Assume same as Sm
Po 50 100 0 25 0 25 Tables J.36 and J.37
Pu 1 50 50 89 0 10 Table J.36; 1 < PR < 100'
Ra 100 Table J.36
Ru X, > 100; , >2'~ _6 r,;.-:': r

S 100 Davis 1993
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Table J.41 Partitioning of Impurities during secondary aluminum smelting

Nominal partitoning factor (%)

Element Metal Dross Dust Volatile Comments
Min Max Min Max Min Max Min Max

Sb 50 100 0 25 0 25 Tables J.36, J.37, and J.40; Davis 1993
Sc 100 Table J.36
Se 50 100 0 25 0 25 Tables J.36, J.37, and J.40
J _ '

Sn 50 100 0 25 0 25 Tables J.36 and J.37; Davis 1993
Sr 1 25 75 99 Table J.36; Davis 1993; assume same as Ca
Ta 50 100 0 25 0 25 Tables J.36 and J.37
Tb 100 Assume same as Sm

Te 50 100 0 25 0 25 Tables J.36 and J.37
Th 1 50 50 99 Table J.36; 1 < PR < 1i00
TI 50 100 0 25 0 25 Tables J.36 and J.37

Tm 100 Assume same as Sm

W 50 100 0 25 0 25 Tables J.36 and J.37
Y 100 Table J.36
Zn 80 98 1 10 1 10 Tables J.36, J.37, J.39, and J.40; Davis 1993
Zr 0 100 0 100 0 100 Tables J.36 and J.37; Davis 1993

a Slag:metal partition ratio can vary from I to 100.

In the case of the uranium partition ratios, we discarded the very low and very high values in
Table J.38 and assumed that the dross partition ratio could vary from 1 to 100. In the absence of
other information and based on the similarities in chemical and thermodynamic properties, the
partitioning factors of other actinide elements-Ac, Am, Bk, Cf, Cm, Es, Np, Pu, and Th-are
based on the same range of slag:metal partition ratios.

As is shown in Table J.37, uranium in the oxidation states IV, V, and VI forms chlorides with
boiling points below the temperature of molten aluminum. Some uranium that partitions to the
dross could therefore volatilize as a chloride and accumulate in the dust. The partition factor for
uranium in dust was thus assigned a range of 0 - 10%.

Where no experimental evidence exists to the contrary, partitioning is assumed to follow
predictions based on the thermodynamic calculations in Table J.36. In some instances, the
conclusions based on these calculated free energy values were tempered by the observations of
oxides in the dross listed in Table J.39. For example, the free energy calculations indicate that
Mn, Fe, and Zn would concentrate in the metal; however, they have been observed in the dross.
These observations are reflected in partitioning factors. Although not listed in Table J.39, Nb is
assumed to be analogous to Ti, while Ni and Co are assumed to be analogous to Fe. As can be
seen from Table J.36, depending on the valence state, zirconium chlorides can be more or less
stable than AIC13. Therefore, we assume that zirconium would have an equal probability of
accumulating in any one of the three main process streams.
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We assume that a significant portion of any iodine will combine with cationic species in the
halide slag. As is reflected in the partitioning factors, some iodine may escape as 12 gas.

J.5 Statistical Treatment of Partitioning

This section describes the approach taken to define the statistical variability of each partitioning
factor in the melting and refining of steel, cast iron, copper (including electrorefining), and
aluminum. In the summaries of nominal partitioning factors presented in Tables J.9, J.20, J.29,
J.35, and J.41, each element is usually limited to two or three process streams. In theory
(although not in practice), as many as four such pathways are possible for partitioning during the
production of steel, cast iron, and aluminum. We designate the number of pathways for a given
element in a given metal refining process by the symbol K. For several elements, there is only
one pathway (K = 1). In such a case, the partitioning factor is fixed at a value of 1 (100%).

In the mathematical model constructed for the present analysis, the partitioning of each element
into K process streams is, in general, represented by K continuous random variables, Xl, . . ., XK,
each with support on a closed interval [Lk, UJ between 0 and 1: Lk • Xk • Uk, k = 1, . . ., K.
The endpoints of the interval for each variable, 0 • Lk < Uk • 1, must satisfy the additional
constraints discussed below.

It is convenient to rank each set of variables by the increasing magnitude of their expectation
values: E(X,) • E(X2) • ... • E(XK). (The set includes only those pathways that are not
identically zero.) The variables represent fractions normalized to unity, rather than the
percentages listed in the summary. The set of K random variables for a given element are thus
correlated and constrained to a K- I dimensional sub-space of the unit hypercube. This
restriction is met by defining the Kth (largest) variable as equal to one minus the sum of the first
K- 1 (smaller) variables: XK = 1 - (XI + . . . + XK.I). The first K- I variables are generated by
the independent random number functions in Crystal Ball,48 while the final Kth variable is
evaluated using the preceding formula.

For those partitioning factors specified by a range of values in Tables J.9, J.20, J.29, J.35, and
J.41, the interval specified for each variable is that range of values. However, the constraint of
summing to unity affects the assignment of intervals for each variable. When K = 2, the interval
for the larger variable must be the complement of the interval for the smaller variable, U2 = 1 -
LI, and L2 = 1 - U1. For example, if Xl is in the interval [0.1, 0.2], then X2 must be constrained
to the interval [0.8, 0.9] to ensure that XI + X2 = 1. When K= 3, the complementary interval for
X3 is given by U3 = I - (LI + L2), and L3 = I - (UI + U2), with (U, + U2) 5 1.

If only a single point estimate of a partitioning factor is listed, rather than a range, the
uncertainty in the estimate is represented by creating an interval of the form [Uk, Uj with Lk =
Xk - Sk and Uk = Xk + Sk. This interval is symmetric around Xk and is defined by the spread Sk.

48 Crystal Ball, a product of Decisioneering, Inc., is a Microsoft Excel add-in used to perform Monte Carlo
probability analyses (see Section 1.3.1).
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The value of sk was selected as follows: if the point estimate in the table, say Xk, is between 0.2
Xk 1 - Xk

and 0.8, then sk 0.1. If x, < 0.2, then sk = 2k Similarly, if xk > 0.8 then sk = 2 k,

After intervals were specified for each variable, each of the smallest K- 1 variables was assigned
either a uniform distribution or a truncated beta distribution on the appropriate interval.

Variables with a range Uk - Lk • 0.04 were assigned a uniform distribution on this range.
Variables with larger ranges were assigned truncated beta distributions. The (untruncated) beta
distribution defined on the interval [0, 1] is defined by the parameters a and P. Estimates of a
and P3 were calculated by the method of moments (Johnson et al. 1955, p. 222):

a = ,u2(1 - l)_

2 (I - p1) _
V

ac + P = P(-1)
V

= mean of distribution
U+L

2
V variance

The mean is equated to the midpoint of the distribution. The variance was calculated separately
for two distributions on the interval [Lk, Uks: (a) a uniform distribution and (b) a symmetric
triangular distribution. The average of these two variances was used as an estimate of the
variance, required for the method of moments calculation for a and p.

The beta distribution is not necessarily symmetric. However, use of this estimate of the variance
results in a beta distribution with mean and standard deviations such that the endpoints of the
given interval are located equidistant at two standard deviations from the mean of the
distribution. Because the tails of the calculated beta distribution extend beyond these endpoints
in both directions, the distribution is truncated at two standard deviations above and below the
mean. Truncation is required to ensure that the sum of the variables does not exceed unity and
all variables are confined to their appropriate ranges.

The distributions of the fractional partitioning factors for each element are summarized in
Tables J.42 - J.46. The table lists the type of distribution employed for each partitioning factor,
the a and P parameters for the beta distributions, and the minimum and maximum values of the
variable.
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Table J.42 Partitioning factors for carbon steelmaking -

Parameter values-
Element Medium Distribution --- Prmtraus

E Alpha/modelformula Beta Minimum Maximum

Ac c) Dust truncated beta 1.5209e+01 2.8843e+02 2.50e-02 7.50e-02
b) Slag derived 1-c 9.25e-01 9.75e-01

Ag c) Dust truncated beta 3.9600e+00 2.6484e+O1 1.00e-02 2.50e-01
a) Melt derived 1-c 7.50e-01 9.90e-01
c) Dust truncated beta 1.5209e+01 2.8843e+02 2.50e-02 7.50e-02

Am b) Slag derived 1-c 9.25e-01 9.75e-01
As c) Dust truncated beta 6.0038e+00 1.4006e+01 1.00e-01 5.00e-01

a) Melt derived 1-c 5.00e-01 9.00e-01
c) Dust truncated beta 1.5209e+01 2.8843e+02 2.50e-02 7.50e-02

Ba b) Slag derived 1-c 9.25e-01 9.75e-01
Bi a) Melt truncated beta 1.5209e+01 2.8843e+02 2.50e-02 7.50e-02

c) Dust derived 1-a 9.25e-01 9.75e-01

Bk c) 'Dust truncated beta 1.5209e+01 2.8843e+02 2.50e-02 7.50e-02
b) Slag derived 1-c 9.25e-01 9.75e-01
d) Gas or vapor truncated beta 2.1763e+00 3.7857e+00 O.OOe+00 7.30e-01
a) Melt derived 1-d 2.70e-01 1.00e+00

Ca c) Dust truncated beta 1.5209e+01 2.8843e+02 2.50e-02 7.50e-02
b) Slag derived 1-c 9.25e-01 9.75e-01

Cd c) Dust fixed 1
Ce c) Dust truncated beta 1.5209e+01 2.8843e+02 2.50e-02 7.50e-02

b) Slag derived 1-c 9.25e-01 9.75e-01
Cf c) Dust truncated beta 1.5209e+01 2.8843e+02 2.50e-02 7.50e-02

b) Slag derived- 1-c 9.25e-01 9.75e-01
b) Slag truncated beta 2.7522e+00 8.2543e+00 0.OOe+00 5.00e-01

Cl c) Dust truncated beta 2.7522e+00 8.2543e+00 O.OOe+00 5.00e-01
d) Gas or vapor derived 1-(b+c) O.OOe+00 1.00e+00
c) Dust truncated beta 1.5209e+01 2.8843e+02 2.50e-02 7.50e-02

Cm b) Slag derived 1-c 9.25e-01 9.75e-01
Co c) Dust uniform 5.00e-03 1.50e-02

a) Melt derived 1-c 9.85e-01 9.95e-01
c) Dust uniform 1.00e-02 3.00e-02

Cr a) Melt truncated beta 6.5969e+00 3.0341e+00 4.00e-01 9.70e-01
b) Slag derived 1-(c+a) 0.OOe+00 5.90e-01

C b) Slag truncated beta 3.9058e+00 1.5173e+02 0.OOe+00 5.00e-02
c) Dust derived 1-b 9.50e-01 1.00e+00
c) Dust truncated beta 1.5209e+01 2.8843e+02 2.50e-02 -7.50e-02
b) Slag derived 1-c 9.25e-01 '9.75e-01
c) Dust truncated beta 1.5209e+01 2.8843e+02 2.50e-02 7.50e-02

Eu b) Slag derived 1-c 9.25e-01 9.75e-01

c) Dust uniform 5.00e-03 1.50e-02
Fe b) Slag uniform 1.00e-02 3.00e-02

a) Melt denved 1-(c+b) 9.55e-01 9.85e-01
c) Dust truncated beta 1.5209e+01 2.8843e+02 2.50e-02 7.50e-02

Gd b) Slag derived 1-c 9.25e-01 9.75e-01
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Table J.42 Partitioning factors for carbon steelmaking

Element Medium Distribution -Parameter valuesAlphalmode/formula Beta Minimum Maximum
H a) Melt truncated beta 1.4327e+01 1.2883e+02 5.00e-02 1.50e-01

d) Gas or vapor derived 1-a 8.50e-01 9.50e-01
b) Slag truncated beta 2.7522e+00 8.2543e+00 O.OOe+00 5.00e-01

I c) Dust truncated beta 2.7522e+00 8.2543e+00 O.OOe+00 5.00e-01
d)- Gas or vapor derived 1-(b+c) O.OOe+00 1.00e+00

Ir c) Dust uniform 5.00e-03 1.50e-02
a) Melt derived 1-c 9.85e-01 9.95e-01

K c) Dust truncated beta 4.9520e+01 4.9520e+01 4.00e-01 6.00e-01
b) Slag derived 1-c 4.00e-01 6.00e-01
c) Dust uniform 3.00e-02 4.00e-02

Mn a) Melt truncated beta 4.7375e+00 3.1684e+01 2.00e-02 2.40e-01
b) Slag derived 1-(c+a) 7.20e-01 9.50e-01
c) Dust uniform 5.00e-03 1.50e-02
a) Melt derived 1-c 9.85e-01 9.95e-01

Na c) Dust truncated beta 4.9520e+01 4.9520e+01 4.00e-01 6.OOe-01
b) Slag derived 1-c 4.00e-01 6.00e-01

Nb c) Dust truncated beta 1.5209e+01 2.8843e+02 2.50e-02 7.50e-02b) Slag derived 1-c 9.25e-01 9.75e-01

Ni c) Dust uniform 5.00e-03 1.50e-02a) Melt derived 1-c 9.85e-01 9.95e-01
N c) Dust truncated beta 1.5209e+01 28843e+02 2.50e-02 7.50e-02

b) Slag derived 1-c 9.25e-01 9.75e-01
O a) Melt truncated beta 1.5209e+01 2.8843e+02 2.50e-02 7.50e-02

c) Dust derived 1-a 9.25e-01 9.75e-01
c) Dust uniform 2.00e-02 4.00e-02

P b) Slag truncated beta 1.6597e+01 7.6334e+00 5.00e-01 8.70e-01
a) Melt derived 1-(c+b) 9.00e-02 4.80e-01

Pa c) Dust truncated beta 1.5209e+01 2.8843e+02 2.50e-02 7.50e-02
b) Slag derived 1-c 9.25e-01 9.75e-01

Pb a) Melt truncated beta 1.5209e+01 2.8843e+02 2.50e-02 7.50e-02
c) Dust derived 1-a 9.25e-01 9.75e-01

Pm c) Dust truncated beta 1.5209e+01 2.8843e+02 2.50e-02 7.50e-02
b) Slag derived 1-c 9.25e-01 9.75e-01

Po a) Melt truncated beta 1.5209e+01 2.8843e+02 2.50e-02 7.50e-02
c) Dust derived 1-a 9.25e-01 9.75e-01

p c) Dust truncated beta 1.5209e+01 2.8843e+02 2.50e-02 7.50e-02
b) Slag derived 1-c 9.25e-01 9.75e-01

Ra c) Dust truncated beta 1.5209e+01 2.8843e+02 2.50e-02 7.50e-02
b) Slag derived 1-c 9.25e-01 9.75e-01

Ru c) Dust uniform 5.00e-03 1.50e-02
a) Melt derived 1-c 9.85e-01 9.95e-01
c) Dust truncated beta 8.7574e+00 2.8224e+02 1.00e-02 5.00e-02

S b) Slag truncated beta 8.6619e+01 1.9670e+01 7.40e-01 8.90e-01
a) Melt derived 1-(c+b) 6.00e-02 2.50e-01
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Table J.42 Partitioning factors for carbon steelmaking

Element Medium Distribution Parameter values
Alphalmode/formula Beta Minimum Maximum

b) Slag truncated beta 3.9058e+00 1.5173e+02 O.OOe+00 5.00e-02
Sb c) Dust truncated beta 42762e+00 3.6419e+01 1.00e-02 2.00e-01

a) Melt derived 1-(b+c) 7.50e-01 9.90e-01
S c) Dust truncated beta 1.5209e+01 2.8843e+02 2.50e-02 7.50e-02

b) Slag derived 1-c 9.25e-01 9.75e-01
Se a) Melt tnuncated beta 1.5209e+01 2.8843e+02 2.50e-02 7.50e-02

c) Dust derived 1-a 9.25e-01 9.75e-01
Sm c) Dust truncated beta 1.5209e+01 2.8843e+02 2.50e-02 7.50e-02

b) Slag derived 1-c 9.25e-01 9.75e-01
Sn c) Dust uniform 5.00e-03 1.50e-02

a) Melt derived 1-c 9.85e-41 9.95e-01
Sr c) Dust truncated beta 1.5209e+01 2.8843e+02 2.50e-02 7.50e-02

b) Slag derived - 1-c 9.25e-01 9.75e-01
Ta c) Dust truncated beta 1.5209e+01 2.8843e+02 2.50e-02 7.50e-02

b) Slag derived 1-c 9.25e-01 9.75e-01

Tb c) Dust truncated beta 1.5209e+01 2.8843e+02 2.50e-02 7.50e-02
b) Slag derived 1-c 9.25e-01 9.75e-01

Tc c) Dust uniform 5.00e-03 1.50e-02
a) Melt derived 1-c 9.85e-41 9.95e-01

Te a) Melt truncated beta 1.5209e+01 2.8843e+02 2.50e-02 7.50e-02
c) Dust derived 1-a 9.25e-01 9.75e-01

Th c) Dust truncated beta 1.5209e+01 2.8843e+02 2.50e-02 7.50e-02
b) Slag derived 1-c 9.25e-01 9.75e-01

TI a) Melt truncated beta 1.5209e+01 2.8843e+02 2.50e-02 7.50e-02
c) Dust derived 1-a 9.25e-01 9.75e-01

Tm c) Dust truncated beta 1.5209e+01 2.8843e+02 2.50e-02 7.50e-02
b) Slag derived 1-c 9.25e-01 9.75e-01

U c) Dust truncated beta 1.5209e+01 2.8843e+02 2.50e-02 7.50e-02
b) Slag derived 1-c 9.25e-01 9.75e-01

W c) Dust uniform 5.00e-03 1.50e-02
a) Melt derived 1-c 9.85e-01 9.95e-01
c) Dust truncated beta 1.5209e+01 2.8843e+02 2.50e-02 7.50e-02
b) Slag derived 1-c 9.25e-01 9.75e-01

Zn a) Melt truncated beta 3.5068e+00 3.1533e+01 O.OOe+00 2.00e-01
c) Dust derived 1-a 8.00e-01 1.00e+00
c) Dust truncated beta 1.5209e+01 2.8843e+02 2.50e-02 7.50e-02
b) Slag derived 1-c 9.25e-01 9.75e-01

a The values listed in the four columns under "Parameter valuesr depend on the type of distribution, as follows:
* for a fixed value, the first column contains the fixed value, and the second, third, and fourth columns do not contain

values;
* for a derived value, the first column contains a formula containing the complements of the derived value, the second

column does not contain a value, and the third, and fourth columns contain the minimum and maximum values of the
derived distribution, respectively;

* for a uniform distribution, the first two columns do not contain values, and the third and fourth columns contain the
minimum and maximum values of the distribution, respectively.

* for a truncated beta distribution, the first and second columns contain the alpha and beta values, respectively, and
third and fourth columns contain the minimum and the maximum values of the distribution, respectively.
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Table J.43 Partitioning factors for cast Iron melting

Element Medium Distribution Parameter values
Alphalmode/formula Beta Minimum Maximum

c) Dust truncated beta 1.52e+01 2.88e+02 2.50e-02 7.50e-02Ac b) Slag derived 1-c 9.25e-01 9.75e-01

c) Dust uniform O.OOe+OO 1.00e-02
A a) Melt derived 1-c 9.90e-01 1.00e+00

c) Dust truncated beta 1.52e+01 2.88e+02 2.50e-02 7.50e-02Am b) Slag derived 1-c 9.25e-01 9.75e-01

c) Dust truncated beta 6.00e+00 1.40e+01 1.00e-01 5.00e-01
a) Melt derived 1-c 5.00e-01 9.00e-01

Ba c) Dust truncated beta 1.52e+01 2.88e+02 2.50e-02 7.50e-02
b) Slag derived 1-c 9.25e-01 9.75e-01

Bi a) Melt truncated beta 2.38e+01 4.15e+02 3.00e-02 7.00e-02
c) Dust derived 1-a 9.30e-01 9.70e-01

Bk c) Dust truncated beta 1.52e+01 2.88e+02 2.50e-02 7.50e-02b) Slag derived 1-c 9.25e-01 9.75e-01
C c) Dust uniform O.OOe+OO 1.00e-02

a) Melt derived 1-c 9.90e-01 1.00e+00
Ca c) Dust truncated beta 1.52e+01 2.88e+02 2.50e-02 7.50e-02

b) Slag derived 1-c 9.25e-01 9.75e-01
Cd c) Dust fixed 1

Ce c) Dust truncated beta 1.52e+01 2.88e+02 2.50e-02 7.50e-02b) Slag derived 1-c 9.25e-01 9.75e-01
c) Dust truncated beta 1.52e+01 2.88e+02 2.50e-02 7.50e-02
b) Slag derived 1-c 9.25e-01 9.75e-01
b) Slag truncated beta 2.75e+00 8.25e+00 O.OOe+OO 5.00e-01

Cl c) Dust truncated beta 2.75e+00 8.25e+00 O.OOe+OO 5.00e-01
d) Gas or vapor derived 1-(b+c) O.OOe+OO 1.00e+00
c) Dust truncated beta 1.52e+01 2.88e+02 2.50e-02 7.50e-02

Cm b) Slag derived 1-c 9.25e-01 9.75e-01
C c) Dust uniform O.OOe+OO 1.00e-02

a) Melt derived 1-c 9.90e-01 1.00e+00
Cr c) Dust uniform O.OOe+OO 1.00e-02

a) Melt derived 1-c 9.90e-01 1.00e+00
C b) Slag truncated beta 2.75e+00 8.25e+00 O.OOe+OO 5.00e-01

c) Dust derived 1-b 5.00e-01 1.00e+00
Es c) Dust truncated beta 1.52e+01 2.88e+02 2.50e-02 7.50e-02

b) Slag derived 1-c 9.25e-01 9.75e-O1
Eu c) Dust truncated beta 1.52e+01 2.88e+02 2.50e-02 7.50e-02

b) Slag derived 1-c 9.25e-01 9.75e-01
c) Dust uniform O.OOe+OO 1.00e-02Fe a) Melt derived 1-c 9.90e-01 1.00e+00

Gd c) Dust truncated beta 1.52e+01 2.88e+02 2.50e-02 7.50e-02
b) Slag derived 1-c 9.25e-01 9.75e-01

H a) Melt truncated beta 1.43e+01 1.29e+02 5.00e-02 1.50e-01
d) Gas or vapor derived 1-a 8.50e-01 9.50e-01
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Table J.43 Partitioning factors for cast Iron melting

Element Medium Distribution Parameter values
Alpha/modelformula Beta Minimum Maximum

b) Slag truncated beta 2.75e+00 8.25e+00 O.OOe+00 5.00e-41
I c) Dust truncated beta 2.75e+00 8.25e+00 O.OOe+00 5.00e-01

d) Gas or vapor derived 1- (b+c) O.OOe+00 1.00e+00
c) Dust uniform O.OOe+00 1.00e-02
a) Melt derived 1-c 9.90e-01 1.00e+00
b) Slag truncated beta 2.75e+00 8.25e+00 O.OOe+00 5.00e-01
c) Dust derived 1-b 5.00e-01 1.00e+00
c) Dust uniform O.OOe+00 1.00e-02

Mn a) Melt truncated beta 4.23e+02 1.09e+01 9.60e-01 9.90e-01
b) Slag derived 1- (c+a) 1.00e-02 3.00e-02
c) Dust uniform O.OOe+00 1.00e-02
a) Melt derived 1-c 9.90e-01 1.00e+00

Na b) Slag truncated beta 2.75e+00 8.25e+00 O.OOe+00 5.00e-41
N c) Dust derived 1-b 5.00e-01 1.00e+00

Nb c) Dust truncated beta 1.52e+01 2.88e+02 2.50e-02 7.50e-02
b) Slag derived 1-c 9.25e-01 9.75e-41

Ni c) Dust uniform O.OOe+00 1.00e-02
N a) Melt derived 1-c 9.90e-01 1.00e+00

Np c) Dust truncated beta 1.52e+01 2.88e+02 2.50e-02 7.50e-02
b) Slag derived 1-c 9.25e-01 9.75e-41

O a) Melt truncated beta 1.52e+01 2.88e+02 2.50e-02 7.50e-02
c) Dust derived 1-a 9.25e-41 9.75e-01

c) Dust uniform 2.00e-02 4.00e-02
P b) Slag truncated beta 1.66e+01 7.63e+00 5.00e-01 8.70e-01

a) Melt derived 1- (c+b) 9.00e-02 4.80e-41
p c) Dust truncated beta 1.52e+01 2.88e+02 2.50e-02 7.50e-02

b) Slag derived 1-c 9.25e-01 9.75e-01
Pb a) Melt truncated beta 2.02e+01 2.69e+02 4.00e-02 1.00e-41

c) Dust derived 1-a 9.00e-01 9.60e-41
p c) Dust truncated beta 1.52e+01 2.88e+02 2.50e-02 7.50e-02

b) Slag derived 1-c 9.25e-41 9.75e-01
Po c) Dust fxed 1
p c) Dust truncated beta 1.52e+01 2.88e+02 2.50e-02 7.50e-02

b) Slag derived 1-c 9.25e-01 9.75e-01
Ra c) Dust truncated beta 1.52e+01 2.88e+02 2.50e-02 7.50e-02

b) Slag derived 1-c 9.25e-01 9.75e-41
c) Dust uniform O.OOe+00 1.00e-02

Ru a) Melt derived 1-c 9.90e-01 1.00e+00
c) Dust truncated beta 8.76e+00 2.82e+02 1.00e-02 5.00e-02

S b) Slag truncated beta 8.66e+01 1.97e+01 7.40e-01 8.90e-01
a) Melt derived I- (c+b) 6.00e-02 2.50e-01
c) Dust truncated beta 3.69e+02 1.54e+O0 9.40e-01 9.80e-01

Sb a) Melt derived 1-c 2.00e-02 6.00e-02
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Table J.43 Partitioning factors for cast Iron melting

Element Medium Distribution Parameter values
Alpha/mode/formula Beta Minimum Maximum

SC c) Dust truncated beta 1.52e+01 2.88e+02 2.50e-02 7.50e-02
b) Slag derived 1-c 9.25e-01 9.75e-01

Se c) Dust truncated beta 1.49e+01 1.97e+02 3.50e-02 1.05e-01
a) Melt derived 1-c 8.95e-01 9.65e-01

Sm c) Dust truncated beta 1.52e-01 2.88e+02 2.50e-02 7.50e-02
b) Slag derived 1-c 9.25e-01 9.75e-01
c) Dust uniform 5.00e-03 1.50e-02
a) Melt derived 1-c 9.85e-01 9.95e-01

Sr c) Dust truncated beta 1.52e+01 2.88e+02 2.50e-02 7.50e-02
b) Slag derived 1-c 9.25e-01 9.75e-01

Ta c) Dust truncated beta 1.52e+01 2.88e+02 2.50e-02 7.50e-02
b) Slag derived 1-c 9.25e-01 9.75e-01

Tb c) Dust truncated beta 1.52e+01 2.88e+02 2.50e-02 7.50e-02
b) Slag derived 1-c 9.25e-01 9.75e-01
c) Dust uniform O.00e+00 1.00e-02Tc a) Melt derived 1-c 9.90e-01 1.00e+00

Ta c) Dust truncated beta 4.95e+01 4.95e+01 4.00e-01 6.00e-01
a) Melt derived 1-c 4.00e-01 6.00e-01

Th c) Dust truncated beta 1.52e+01 2.88e+02 2.50e-02 7.50e-02
b) Slag derived 1-c 9.25e-01 9.75e-01

Tl a) Melt truncated beta 2.02e+01 2.69e+02 4.00e-02 1.00e-01
c) Dust derived 1-a 9.00e-01 9.60e-01

TM c) Dust truncated beta 1.52e+01 2.88e+02 2.50e-02 7.50e-02
b) Slag derived 1-c 9.25e-01 9.75e-01

U c) Dust truncated beta 1.52e+01 2.88e+02 2.50e-02 7.50e-02
b) Slag derived 1-c 9.25e-01 9.75e-01

W c) Dust uniform O.OOe+00 1.00e-02
a) Melt derived 1-c 9.90e-01 1.00e+00

Y c) Dust truncated beta 1.52e+01 2.88e+02 2.50e-02 7.50e-02
b) Slag derived 1-c 9.25e-01 9.75e-01

Z a) Melt uniform 1.00e-02 3.00e-02
c) Dust derived 1-a 9.70e-01 9.90e-01
c) Dust truncated beta 1.52e+01 2.88e+02 2.50e-02 7.50e-02
b) Slag derived 1-c 9.25e-01 9.75e-01

a The values listed in the four columns under "Parameter values" depend on the type of distribution, as follows:

* for a fixed value, the first column contains the fixed value, and the second, third, and fourth columns do not contain
values;

* for a derived value, the first column contains a formula containing the complements of the derived value, the second
column does not contain a value, and the third, and fourth columns contain the minimum and maximum values of the
derived distribution, respectively;

* for a uniform distribution, the first two columns do not contain values, and the third and fourth columns contain the
minimum and maximum values of the distribution, respectively.

* for a truncated beta distribution, the first and second columns contain the alpha and beta values, respectively, and
third and fourth columns contain the minimum and the maximum values of the distribution, respectively.
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Table J.44 Partitioning factors for copper fire reflning

Element Medium Distribution Parameter values
Alphalmode/formula Beta Minimum Maximum

a) Metal uniform 1.00e-03 1.00e-02
b) Slag derived 1-a 9.90e-01 9.99e-01

Ag a) Metal fixed 1
a) Metal uniform 1.00e-03 1.00e-02

Am b) Slag derived 1-a 9.90e-01 9.99e-01
a) Metal truncated beta 3.0488e+O1 1.7267e+02 1.00e-01 2.00e-01

As b) Slag truncated beta 3.8686e+00 5.8025e+00 1.00e-01 7.00e-01
c) Dust derived 1-{a+b) 1.00e-01 8.00e-01

Ba a) Metal uniform 5.00e-04 1.50e-03
b) Slag derived 1-a 9.99e-01 1.00e+00

Bi c) Dust truncated beta 3.7648e+00 7.1395e+01 O.OOe+00 1.00e-01
a) Metal derived 1-c 9.00e-01 1.00e+00

Bk a) Metal uniform 1.00e-03 1.00e-02
b) Slag derived 1-a 9.90e-01 9.99e-01

C c) Dust fixed 1
Ca a) Metal uniform 5.00e-04 1.50e-03

b) Slag derived 1-a 9.99e-01 1.00e+00
c) Dust truncated beta 3.9058e+00 1.5173e+02 O.OOe+00 5.00e-02

Cd b) Slag truncated beta 4.4348e+01 8.4516e+00 7.40e-01 9.40e-01
a) Metal derived 1-(c+b) 1.00e-02 2.60e-01

Ce a) Metal uniform 5.00e-04 1.50e-03
b) Slag derived 1-a 9.99e-01 1.00e+00

Cf a) Metal uniform 1.00e-03 1.00e-02
b) Slag derived 1-a 9.90e-01 9.99e-01

Cl c) Dust truncated beta 3.7648e+00 7.1395e+01 O.OOe+00 1.00e-01
b) Slag derived 1-c 9.00e-01 1.00e+00
a) Metal uniform 1.00e-03 1.00e-02

Cm b) Slag derived 1-a 9.90e-01 9.99e-01

C a) Metal truncated beta 2.6684e+00 6.0794e+00 1.00e-02 6.00e-01
b) Slag derived 1-a 4.00e-01 9.90e-01

Cr a) Metal uniform 5.00e-04 1.50e-03
b) Slag derived 1-a 9.99e-01 1.00e+00
a) Metal truncated beta 3.0488e+01 1.7267e+02 1.00e-01 2.00e-01
c) Dust derived 1-a 8.00e-01 9.00e-01

Es a) Metal uniform 1.00e-03 1.00e-02
b) Slag derived 1-a 9.90e-01 9.99e-01

Eu a) Metal uniform 5.00e-04 1.50e-03
b) Slag derived 1-a 9.99e-01 1.00e+O0
a) Metal truncated beta 4.6397e+00 2.9710e+01 2.00e-02 2.50e-01

- b) Slag derived 1;a 7.50e-01 9.80e-01
Gd a) Metal uniform 5.00e-04 1.50e-03

b) Slag derived 1-a 9.99e-01 1.00e+00
H c) Dust fixed I
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Table J.44 Partitioning factors for copper fire refining

Element Medium Distribution Parameter valuesAlphalmodelformula Beta Minimum Maximum
c) Dust truncated beta 3.7648e+00 7.1395e+01 O.OOe+00 1.00e-01
b) Slag derived 1-c 9.00e-01 1.00e+00

Ir a) Metal fixed 1
a) Metal uniform 5.00e-04 1.50e-03

K c) Dust truncated beta 2.6263e+00 2.6263e+00 1.00e-01 9.00e-01
b) Slag derived 1-(a+c) 9.85e-02 9.00e-01

Mn a) Metal uniform 2.00e-02 5.00e-02b) Slag derived 1-a 9.50e-01 9.80e-01
M a) Metal uniform 5.00e-04 1.50e-03

b) Slag derived 1-a 9.99e-01 1.00e+00
Na a) Metal uniform 5.00e-04 1.50e-03

b) Slag derived 1-a 9.99e-01 1.00e+00

Nb a) Metal uniform 5.OOe-04 1.50e-03b) Slag derived 1-a 9.99e-01 1.00e+00

Ni a) Metal truncated beta 2.6684e+00 6.0794e+00 1.00e-02 6.00e-01b) Slag derived 1-a 4.00e-01 9.90e-01
Np a) Metal uniform 1.00e-03 1.00e-02

b) Slag derived 1-a 9.90e-01 9.99e-01
Os a) Metal fixed 1

a) Metal uniform 5.00e-04 1.50e-03
P c) Dust truncated beta 2.6263e+00 2.6263e+00 1.00e-01 9.00e-01

b) Slag derived 1-(a+c) 9.85e-02 9.00e-01
p a) Metal uniform 1.00e-03 2.00e-02

b) Slag derived 1-a 9.80e-01 9.99e-01
c) Dust truncated beta 3.9058e+00 1.5173e+02 O.00e+00 5.00e-02

Pb b) Slag truncated beta 1.7759e+00 2.2148e+00 O.OOe+00 8.90e-01
a) Metal derived 1-(c+b) 6.00e-02 1.00e+00

Pm a) Metal uniform 5.00e-04 1.50e-03
b) Slag derived 1-a 9.99e-01 1.00e+00

Pa a) Metal truncated beta 2.9755e+00 8.6909e+00 1.00e-02 5.00e-01
c) Dust derived 1-a 5.OOe-01 9.90e-01

Pu a) Metal uniform 1.00e-03 1.00e-02
b) Slag derived 1-a 9.90e-01 9.99e-01

Ra a) Metal uniform 5.00e-04 1.50e-03
b) Slag derived 1-a 9.99e-01 1.00e+00

Ru a) Metal fixed 1
a) Metal uniform 5.00e-04 1.50e-03

S c) Dust truncated beta 2.6263e+00 2.6263e+00 1.00e-01 9.00e-01
b) Slag derived 1-(a+c) 9.85e-02 9.00e-01
c) Dust truncated beta 3.9058e+00 1.5173e+02 0.OOe+00 5.00e-02

Sb b) Slag truncated beta 5.2824e+00 3.1698e+00 3.10e-01 9.40e-01
a) Metal derived 1-(c+b) 1.00e-02 6.90e-01

SC a) Metal uniform 5.00e-04 1.50e-03
b) Slag derived 1-a 9.99e-01 1.00e+00
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Table J.44 Partitioning factors for copper fire reflnlng

Element Medium Distribution Parameter values
Alphalmode/formula Beta Minimum - Maximum

Se a) Metal truncated beta 3.0488e+01 1.7267e+02 1.00e-01 2.00e-01
C) Dust derived 1-a 8.00e-01 9.00e-01

Sm a) Metal uniform 5.00e-04 1.50e-03
b) Slag derived 1-a 9.99e-01 1.00e+00

Sn a) Metal truncated beta 9.9561e+00 2.8330e+01 1.20e-01 4.00e-01
b) Slag derived 1-a 6.00e-01 8.80e-01

Sr a) Metal uniform 5.00e-04 1.50e-03
b) Slag derived 1-a 9.99e-01 1.00e+00

Ta a) Metal uniform 5.00e-04 1.50e-03
b) Slag derived 1-a 9.99e-01 1.00e+00

Tc a) Metal uniform 5.00e-04 1.50e-03
b) Slag derived 1-a 9.99e-01 1.00e+00

Tb a) Metal uniform 5.00e-04 1.50e-03
b) Slag derived 1-a 9.99e-01 1.00e+00

Te a) Metal - truncated beta 3.0488e+O1 1.7267e+02 1.00e-01 2.00e-01
c) Dust derived 1-a 8.00e-01 9.00e-01

Th a) Metal uniform 1.00e-03 2.00e-02
b) Slag derived 1-a 9.80e-01 9.99e-01
a) Metal truncated beta 3.0488e+01 1.7267e+02 1.00e-01 2.00e-01

TI c) Dust truncated beta 1.9358e+01 2.3659e+01 3.00e-01 6.00e-O1
b) Slag derived 1-(a+c) - 2.00e-01 6.00e-01
a) Metal uniform 5.00e-04 1.50e-03

Tm b) Slag derived 1-a 9.99e-01 1.00e+00

U a) Metal uniform 1.00e-03' 2.00e-02
b) Slag derived 1-a 9.80e-01 9.99e-01
a) Metal uniform 5.00e-04 1.50e-03
b) Slag derived 1-a 9.99e-01 1.00e+00

Y a) Metal uniform 5.00e-04 1.50e-03
b) Slag derived 1-a 9.99e-01 1.00e+00
c) Dust truncated beta 3.9058e+00 1.5173e+02 O.OOe+OO 5.00e-02

Zn b) Slag truncated beta 4.4348e+01 - 8.4516e+00 7AOe-01 9.40e-01
a) Metal derived 1-(c+b) 1.00e-02 2.60e-01
a) Metal uniform 5.00e-04 1.50e-03
b) Slag derived 1-a 9.99e-01 1.00e+00

' The values listed in the four columns under "Parameter values" depend on the type of distribution, as follows:

for a fixed value, the first column contains the fixed value, and the second, third, and fourth columns do not contain
values;

* for a derived value, the first column contains a formula containing the complements of the derived value, the second
column does not contain a value, and the third, and fourth columns contain the minimum and maximum values of the
derived distribution, respectively;

* for a uniform distribution, the first two columns do not contain values, and the third and fourth columns contain the
minimum and maximum values of the distribution, respectively.

* for a truncated beta distribution, the first and second columns contain the alpha and beta values, respectively, and
third and fourth columns contain the minimum and the maximum values of the distribution, respectively.
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Table J.45 Partitioning factors for copper electroreflning

Element Medium Distribution Parameter valuesAlpha/ mode/ formula Beta Minimum Maximum
Ac c) Electrolyte fixed 1
A a) Metal truncated beta 1.5395e+01 3.6860e+02 2.00e-02 6.OOe-02
A b) Anode slimes derived 1-a 9.40e-01 9.80e-01

Am c) Electrolyte fixed 1
As a) Metal uniform 1. OOe-03 2.OOe-02

b) Anode slimes derived 1-a 9.80e-01 9.99e-01
B c) Electrolyte truncated beta 1.5833e+00 1.5833e+00 1.OOe-02 9.90e-01

b) Anode slimes derived 1-c 1.OOe-02 9.90e-01
a) Metal uniform 3.OOe-03 1.40e-02

Bi c) Electrolyte truncated beta 3.6930e+00 22829e+00 2.50e-01 9.86e-01
b) Anode slimes derived 1-(a+c) 0.OOe+00 7.47e-01

Bk c) Electrolyte fixed 1
C) Electrolyte truncated beta 4.9520e+01 4.9520e+01 4.00e-01 6.00e-01

Ca b) Anode slimes derived 1-c 4.00e-01 6.00e-01
Cd c) Electrolyte fixed I
Ce c) Electrolyte fixed 1
Cf c) Electrolyte fixed 1
Cl b) Anode slimes fixed I
Cm c) Electrolyte fixed 1
Co a) Metal uniform 5.OOe-03 1.50e-02

c) Electrolyte derived 1-a 9.85e-01 9.95e-01
Cr c) Electrolyte fixed 1
Cs c) Electrolyte fixed 1
Es c) Electrolyte fixed 1
Eu c) Electrolyte fixed 1

a) Metal uniform 1.00e-02 3.00e-02
Fe b) Anode slimes truncated beta 3.2835e+01 5.8365e+0i 2.60e-01 4.60e-01

c) Electrolyte derived 14a+b) 5.10e-01 7.30e-01
Gd c) Electrolyte fixed 1
I b) Anode slimes fixed 1
I c) Electrolyte uniform 1.60e-01 1.90e-01

b) Anode slimes derived 1-c 8.1Oe-O1 8.40e-01
K c) Electrolyte fixed. 1

a) Metal uniform 1.OOe-02 3.00e-02
Mn b) Anode slimes truncated beta 3.2835e+01 5.8365e+01 2.60e-01 4.60e-01

c) Electrolyte derived 1-(a+b) 5.10e-01 7.30e-01
Mo c) Electrolyte fixed 1
Na c) Electrolyte fixed 1
Nb c) Electrolyte fixed 1

c) Electrolyte truncated beta 8.4483e+01 4.9254e+00 8.97e-01 9.93e-01
Ni a) Metal uniform 3.00e-03 7.OOe-03

b) Anode slimes derived 1-(c+a) 0.OOe+00 1.00e-01
Np c) Electrolyte fixed 1
O c) Electrolyte uniform 1.60e-01 1.90e-01

b) Anode slimes derived 1-c 8.10e-01 8.40e-01
p a) Metal uniform 1.00e-03 2.00e-02

b) Anode slimes derived 1-a 9.80e-01 9.99e-01
Pa c) Electrolyte fixed 1
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Table J.45 Partitioning factors for copper electroreflning

Element Medium Distribution Parameter values
Alpha/ model formula Beta Minimum Maximum

Pb a) Metal uniform 1.50e-03 4.50e-03
b) Anode slimes derived 1-a 9.96e-01 9.99e-01

Pm c) Electrolyte fixed I
Po b) Anode slimes truncated beta 7.5032e+00 7.5032e+00 2.50e-01 7.50e-01

a) Metal derived 1-b 2.50e-01 7.50e-01
Pu c) Electrolyte fixed 1
Ra c) Electrolyte fixed 1

a) Metal uniform 3.00e-02 4.00e-02
Ru c) Electrolyte uniform 6.50e-01 7.00e-01

b) Anode slimes derived 1-(a+c) 2.60e-01 3.20e-01
a) Metal uniform 1.00e-03 2.00e-03
b) Anode slimes derived 1-a 9.98e-01 9.99e-01

Sc c) Electrolyte fixed 1
a) Metal uniform 1.00e-03 1.00e-02

Sb c) Electrolyte truncated beta 3.6497e+00 2.2371 e+00 2.50e-01 9.90e-01
b) Anode slimes derived 1-(a+c) 0.OOe+00 7.49e-01

S a) Metal uniform 1.00e-03 2.00e-03
b) Anode slimes derived 1-a 9.98e-01 9.99e-01

Sm c) Electrolyte fixed I
a) Metal truncated beta 3.9177e+00 7.3523e+01 1.00e-03 1.00e-01

Sn b) Anode slimes derived 1-a 9.00e-01 9.99e-01
Sr c) Electrolyte fixed I
Ta c) Electrolyte fixed I
Tb c) Electrolyte fixed 1
Tc c) Electrolyte fixed 1
Te a) Metal truncated beta 3.1787e+00 1.6078e+01 0.OOe+00 3.30e-01

b) Anode slimes derived 1-a 6.70e-01 1.00e+00
Th c) Electrolyte fixed I
TI c) Electrolyte fixed 1
Tm c) Electrolyte fixed 1
U c) Electrolyte fixed 1
W c) Electrolyte fixed 1
Y c) Electrolyte fixed 1

b) Anode slimes truncated beta 3.7648e+00 7.1395e+01 0.OOe+00 1.00e-01
Zn c) Electrolyte derived 1-b 9.00e-01 1.00e+00
Zr c) Electrolyte fixed - 1

' The values listed in the four columns under "Parameter values" depend on the type of distribution, as follows:

* for a fixed value, the first column contains the fixed value, and the second, third, and fourth columns do not contain
values;

* for a derived value, the first column contains a formula containing the complements of the derived value, the second
column does not contain a value, and the third, and fourth columns contain the minimum and maximum values of the
derived distribution, respectively;

* for a uniform distribution, the first two columns do not contain values, and the third and fourth columns contain the
minimum and maximum values of the distribution, respectively.

* for a truncated beta distribution, the first and second columns contain the alpha and beta values, respectively, and
third and fourth columns contain the minimum and the maximum values of the distribution, respectively.
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Table J.46 Partitioning factors for aluminum smelting

Element Medium Distribution Parameter valuesAlpha/mode/ formula Beta Minimum Maximum
Ac a) Metal truncated beta 2.9755e+00 8.6909e+00 1.00e-02 5.00e-01

b) Dross derived 1-a 5.00e-01 9.90e-01
Ag a) Metal fixed 1
A a) Metal truncated beta 2.9755e+00 8.6909e+00 1.00e-02 5.00e-01

b) Dross derived 1-a 5.00e-01 9.90e-01
b) Dross truncated beta 3.3802e+00 2.3645e+01 O.OOe+OO 2.50e-01

As c) Dust truncated beta 3.3802e+00 2.3645e+01 O.OOe+OO 2.50e-O1
a) Metal derived 1-(b+c) 5.00e-01 1.00e+00

B C) Dust truncated beta 5.6116e+00 9.6253e+01 1.00e-02 1.00e-01
b) Dross derived 1-c 9.OOe-01 9.90e-01
b) Dross truncated beta 3.3802e+00 2.3645e+01 O.OOe+OO 2.50e-01

Bi c) Dust truncated beta 3.3802e+00 2.3645e+01 O.OOe+OO 2.50e-01
a) Metal derived 1-(b+c) 5.00e-01 1.00e+00

Bk a) Metal truncated beta 2.9755e+00 8.6909e+00 1.00e-02 5.00e-01
b) Dross derived 1-a 5.00e-01 9.90e-01

C a) Metal truncated beta 5.6116e+00 9.6253e+01 1.00e-02 1.00e-01b) Dross derived 1-a 9.00e-O1' 9.90e-01
C a) Metal truncated beta 3.9600e+00 2.6484e+01 1.00e-02 2.50e-01

a b) Dross derived 1-a 7.50e-01 9.90e-01

Cd c) Dust truncated beta 5.6116e+00 9.6253e+01 1.00e-02 1.00e-01
a) Metal derived 1-c 9.00e-01 9.90e-01

Ce a) Metal truncated beta 5.6116e+00 9.6253e+01 1.00e-02 1.00e-01
b) Dross derived 1-a 9.00e-01 9.90e-01
a) Metal truncated beta 2.9755e+00 8.6909e+00 1.00e-02 5.00e-01
b) Dross derived 1-a 5.00e-01 9.90e-01

Ci b) Dross fixed 1
b) Dross truncated beta 5.6116e+00 9.6253e+01 1.00e-02 1.00e-01

Co c) Dust truncated beta 5.6116e+00 9.6253e+01 1.00e-02 1.00e-01
a) Metal derived 1-(b+c) 8.00e-01 9.80e-01

Cm a) Metal truncated beta 2.9755e+00 8.6909e+00 1.00e-02 5.00e-01
b) Dross derived 1-a 5.00e-01 9.90e-01
b) Dross truncated beta 3.3802e+00 2.3645e+01 O.OOe+OO 2.50e-01

Cr c) Dust truncated beta 3.3802e+00 2.3645e+01 O.OOe+OO 2.50e-01
a) Metal derived 1-(b+c) 5.00e-01 1.00e+00

Cs b) Dross fixed 1
E a) Metal truncated beta 2.9755e+00 8.6909e+00 1.00e-02 5.00e-01

b) Dross derived 1-a 5.00e-01 9.90e-01
Eu b) Dross fied 1

b) Dross truncated beta 5.6116e+O0 9.6253e+01 1.00e-02 1.00e-01
Fe c) Dust truncated beta 5.6116e+00 9.6253e+01 1.00e-02 1.00e-01

a) Metal derived 1-(b+c) 8.00e-01 9.80e-01
Gd b) Dross fixed 1
H a) Metal truncated beta 3.5068e+00 3.1533e+01 O.OOe+OO 2.00e-01

d) Gas or vapor derived 1-a 8.00e-01 1.00e+00
d) Gas or vapor truncated beta 2.7522e+00 8.2543e+00 O.OOe+OO 5.00e-01
b) Dross derived 1-d 5.00e-01 1.00e+00
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Table J.46 Partitioning factors for aluminum smelting

Element Medium Distribution Parameter values
Alpha/model formula Beta Minimum Maximum

- b) Dross truncated beta 3.3802e+00 2.3645e+01 O.OOe+00 2.50e-01
Ir c) Dust truncated beta 3.3802e+0W 2.3645e+01 O.OOe+00 2.50e-01

a) Metal derived 1-(b+c) 5.00e-01 1.00e+00
K a) Metal truncated beta 5.6116e+00 9.6253e+01 1.00e-02 1.00e-01

b) Dross derived 1-a 9.00e-01 9.90e-01
b) Dross truncated beta 5.6116e+00 9.6253e+01 1.00e-02 1.00e-01

Mn c) Dust truncated beta 5.6116e+00 9.6253e+01 1.00e-02 1.00e-01
a) Metal derived 1-(b+c) 8.W0e-01 9.80e-01
b) Dross truncated beta , 3.3802e+00 2.3645e+01 O.OOe+00 2.50e-01

Mo c) Dust truncated beta 3.3802e+00 2.3645e+01 O.OOe+00 2.50e-01
a) Metal derived 1-(b+c) 5.00e-01 1.00e+00

Na a) Metal truncated beta 5.6116e+00 9.6253e+01 1.00e-02 1.W0e-01
b) Dross derived 1-a 9.00e-01 9.90e-01
b) Dross truncated beta 5.6116e+00 9.6253e+01 1.00e-02 1.00e-01

Nb c) Dust truncated beta 5.6116e+00 9.6253e+01 1.00e-02 1.00e-01
a) Metal derived 1-(b+c) 8.00e-01 9.80e-01
b) Dross truncated beta 5.6116e+00 9.6253e+01 1.00e-02 1.00e-01

Ni c) Dust truncated beta 5.6116e+0W 9.6253e+01 1.00e-02 1.00e-01
a) Metal derived 1-(b+c) 8.00e-01 9.80e-01

Np a) Metal truncated beta 2.9755e+00 8.6909e+00 1.00e-02 5.00e-01
b) Dross derived 1-a 5.00e-01 9.90e-01
b) Dross truncated beta 3.3802e+00 2.3645e+01 0.OOe+00 2.50e-01

Os c) Dust truncated beta 3.3802e+00 2.3645e+01 0.OOe+00 2.50e-01
a) Metal derived 1-(b+c) 5.00e-01 1.00e+00
b) Dross truncated beta 3.3802e+00 2.3645e+01 0.OOe+00 2.50e-01

P c) Dust truncated beta 3.3802e+00 2.3645e+01 0.OOe+00 2.50e-01
a) Metal derived 1-(b+c) 5.00e-01 1.00e+00
b) Dross truncated beta 3.3802e+00 2.3645e+01 O.OOe+00 2.50e-01

Pa c) Dust truncated beta 3.3802e+00 2.3645e+01 0.OOe+00 2.50e-01
a) Metal derived 1-(b+c) 5.00e-01 1.00e+00
b) Dross truncated beta 3.3802e+00 2.3645e+01 0.OOe+00 2.50e-01

Pb c) Dust truncated beta 3.3802e+00 2.3645e+01 0.OOe+00 2.50e-01
a) Metal derived 1qb+c) 5.00e-01 1.00e+00

Pm b) Dross fixed 1
b) Dross truncated beta 3.3802e+00 2.3645e+01 O.OOe+00 2.50e-01

Po c) Dust truncated beta 3.3802e+00 2.3645e+01 O.OOe+00 2.50e-01
a) Metal derived 1-(b+c) 5.00e-01 1.00e+00
c) Dust truncated beta 3.7648e+00 7.1395e+01 0.OOe+00 1.00e-01

Pu b) Dross truncated beta 1.4809e+01 6.5001e+00 5.00e-01 8.90e-01
a) Metal derived 1-(c+b) 1.00e-02 5.00e-01

Ra b) Dross faed 1
Ru a) Metal fixed I
S a) Metal fixed I

b) Dross truncated beta 3.3802e+00 2.3645e+01 O.OOe+00 2.50e-01
Sb c) Dust truncated beta 3.3802e+00 2.3645e+01 O.OOe+00 2.50e-01

a) Metal derived 1-(b+c) 5.00e-01 1.00e+00
Sc b) Dross fixed I
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Table J.46 Partitioning factors for aluminum smelting
- Parameter valuesElement Medium Distribution PrmtrvleEAphalmodel formula Beta Minimum Maximum

b) Dross truncated beta 3.3802e+00 2.3645e+01 O.OOe+00 2.50e-01
Se c) Dust truncated beta 3.3802e+00 2.3645e+01 O.OOe+00 2.50e-01

a) Metal derived 1-(b+c) 5.00e-01 1.00e+00
Sm b) Dross fixed 1

b) Dross truncated beta 3.3802e+00 2.3645e+01 O.OOe+00 2.50e-01
Sn c) Dust truncated beta 3.3802e+00 2.3645e+01 O.OOe+00 2.50e-01

a) Metal derived 1-(b+c) 5.00e-01 1.00e+00
S a) Metal truncated beta 3.9600e+00 2.6484e+01 1.00e-02 2.50e-01

r b) Dross derived 1-a 7.50e-01 9.90e-01
b) Dross truncated beta 3.3BO2e+00 2.3645e+01 O.OOe+00 2.50e-01 -

Ta c) Dust truncated beta 3.3802e+00 2.3645e+01 O.OOe+00 2.50e-01
a) Metal derived 1-(b+c) 5.00e-01 1.00e+00

Tb b) Dross fixed 1
b) Dross truncated beta 3.3802e+00 2.3645e+01 O.OOe+00 2.50e-01

Tc c) Dust truncated beta 3.3802e+00 2.3645e+01 O.OOe+00 2.50e-01
a) Metal derived 1-(b+c) 5.00e-01 1.00e+00
b) Dross truncated beta 3.3802e+00 2.3645e+01 O.OOe+00 2.50e-01

Te c) Dust truncated beta 3.3802e+00 2.3645e+01 O.OOe+00 2.50e-01
a) Metal derived 1-(b+c) 5.00e-01 1.00e+00
a) Metal truncated beta 2.9755e+00 8.6909e+00 1.00e-02 5.00e-01

Th b) Dross derived 1-a 5.00e-01 9.90e-01
b) Dross truncated beta 3.3802e+00 2.3645e+01 O.OOe+00 2.50e-01

Ti c) Dust truncated beta 3.3802e+00 2.3645e+01 O.OOe+00 2.50e-01
a) Metal derived 1-(b+c) 5.00e-01 1.00e+00

Tm b) Dross fixed 1
c) Dust truncated beta 3.7648e+00 7.1395e+01 O.OOe+00 1.00e-01

U b) Dross truncated beta 1.4809e+01 6.5001e+00 5.00e-01 8.90e-01
a) Metal derived 1-(c+b) 1.00e-02 5.00e-01
b) Dross truncated beta 3.3802e+00 2.3645e+01 O.OOe+00 2.50e-01

W c) Dust truncated beta 3.3802e+00 2.3645e+01 O.OOe+00 2.50e-01
a) Metal derived 1-(b+c) 5.00e-01 1.00e+00

Y b) Dross fixed 1
b) Dross truncated beta 5.6116e+00 9.6253e+01 1.00e-02 1.00e-01

Zn c) Dust truncated beta 5.6116e+00 9.6253e+01 1.00e-02 1.00e-01
a) Metal derived 1-(b+c) 8.00e-01 9.80e-01
b) Dross derived e/(d+e+Q O.OOe+00 1.00e+00

Zr c) Dust derived fI(d+e+f) O.OOe+00 1.00e+00
a) Metal derived dl(d+e+f) O.OOe+00 1.00e+00

' The values listed in the four columns under "Parameter values" depend on the type of distribution, as follows:
* for a fixed value, the first column contains the fixed value, and the second, third, and fourth columns do not contain

values;
* for a derived value, the first column contains a formula containing the complements of the derived value, the second

column does not contain a value, and the third, and fourth columns contain the minimum and maximum values of the
derived distribution, respectively;

* for a uniform distribution, the first two columns do not contain values, and the third and fourth columns contain the
minimum and maximum values of the distribution, respectively.

* for a truncated beta distribution, the first and second columns contain the alpha and beta values, respectively, and
third and fourth columns contain the minimum and the maximum values of the distribution, respectively.
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Appendix K Normalized Radionuclide Concentrations

K NORMALIZED RADIONUCLIDE CONCENTRATIONS

The calculation of radionuclide concentrations in the various furnace products (or media)
following the melting and refining of scrap metals is discussed in Section 3.5 of Volume 1 of this
report. This appendix presents summary statistics of the Monte Carlo uncertainty analyses used
to calculate 10,000 realizations of the concentration of each radionuclide in each type of furnace
product.'

The iron and steel analysis model the radionuclide concentrations in the furnace products
separately for the three types of furnaces addressed by the analysis: EAFs, BOFs, and cast iron
furnaces. The number of realizations for each medium-in each type of furnace is proportional to
the fraction of ferrous scrap consumed by each type of furnace in the United States. Thus, out of
a total of 10,000 realization, 5,800 realizations model EAFs, 2,000 model BOFs, and the
remaining 2,200 model cast iron furnaces. The copper and aluminum assessments address one
type of furnace for each of these two metals-fire refineries in the case of copper and secondary
aluminum smelters. Consequently, 10,000 realizations are employed to calculate the
radionuclide concentrations in the products of each of these two processes.

The calculated radionuclide concentrations are the initial concentrations in each medium,
normalized to an initial unit specific activity in the cleared scrap, uncorrected for radioactive
decay. Decay (and the ingrowth of radioactive progeny-if any) are incorporated into the dose
assessments of the individual scenarios. Thus, these normalized concentrations (or concentration
ratios) depend only on the mixing of cleared scrap with virgin metal and scrap from other
sources in each individual melt shop2 and on the partitioning of each chemical species among the
various media. The 1 15 radionuclides addressed by the present analysis are isotopes of 59
different chemical elements. Since all isotopes of a given element will experience the same
partitioning, it is sufficient to list the relative concentration of each element, rather than of every
nuclide.

The annual activities of volatile radionuclides released as gases or vapors are calculated relative
to an initial unit specific activity in the cleared scrap.

The mean and the 5th, 50th, 90th, and 95th percentile values of the normalized concentrations
and the relative annual gaseous releases, from 2,000 - 10,000 realizations, are listed in Tables
K-1 - K-12.

These concentrations are normalized to a unit activity concentration of each radionuclide in cleared scrap and are
therefore concentration ratios. Being dimensionless quantitites, they are independent of the system of units used to
express activities or concentrations.

2 The generic term "melt shop" refers to any facility where scrap metal is melted and refined into finished or semi-
finished metal products.
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Table K1 Normalized concentrations-steel EAF-metal product
Element Annual average Maximum single heat

Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
H 2.2e-03 5.9e-04 1.3e-03 4.0e-03 6.5e-03 2.4e-02 1.1e-02 2.1e-02 3.8e-02 4.5e-02
C 1.7e-02 3.9e-03 1.0e-02 3.2e-02 5.0e-02 1.6e-01 6.5e-02 1.4e-01 2.6e-01 3.1e-01
Na - 0.Oe+00 O.Oe+00 O.Oe+00. O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 0.0+00
P 6.6e-03 1.5e-03 4.0e-03 1.2e-02 2.0e-02 6.7e-02 2.7e-02 6.0e-02 1.1e-01 1.3e-01
S_,;,9.2q_ 3.58 ;,,92 2.2e-03L 6!KV2:- j
Cl O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00
K O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+0O 0.0e+00
Sc O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 0.Oe+00 0.Oe+00

Mn 2.8e-03 5.5e-04 1.7e-03 5.4e-03 8.4e-03 3.0e-02 9.9e-03 2.6e-02 5.1e-02 6.2e-02
Fe 2.8e-02 8.5e-03 1.7e-02 4.9e-02 8.5e-02 2.4e-01 1.2e-01 2.2e-01 3.7e-01 4.4e-01
Co 2.8e-02 8.8e-03 1.7e-02 5.0e-02 8.7e-02 2Ae-01 1.3e-01 2.2e-01 3.8e-01 4.5e-01
NI 2.8e-02 8.8e-03 1.7e-02 5.0e-02 8.7e-02 2Ae-01 1.3e-01 2.2e-01 3.8e-01 4.5e-01
ZW 4ba03 1-6 . ii^^ U3e-ZILIS 45.0I'3O 6,-3e,-0-3'T_ 2 '40 02 db4;;0e:bd 4.9e-02,
As 1.9e-02 5.3e-03 1.1e-02 3.3e-02 5.6e-02 1.7e-01 8.6e-02 1.6e-01 2.6e-01 3.2e-01
Se 1.1e-03 2.9e-04 6.6e-04 2.0e-03 3.1e-03 1.2e-02 5.5e-03 1.0e-02 1.9e-02 2.2e-02
Sr O.Oe+00- O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Y O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Nb O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mo 2.8e-02 8.8e-03 1.7e-02 5.0e-02 8.7e-02 2.4e-01 1.3e-01 2.2e-01 3.8e-01 4.5e-01
Tc 2.8e-02 8.8e-03 1.7e-02 5.0e-02 8.7e-02 2.4e-01 1.3e-01 2.2e-01 3.8e-01 4.5e-01
Ru 2.8e-02 8.8e-03 1.7e-02 5.0e-02 8.7e-02 2.4e-01 1.3e-01 2.2e-01 3.8e-01 4.5e-01

Cd O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 0.0+00
Sn 2.8e-02 8.8e-03 1.7e-02 5.0e-02. 8.7e-02 2.4e-01 1.3e-01 2.2e-01 3.8e-01 4.5e-01
Sb 2.4e-02 7.4e-03 1.5e-02' 4.3e-02 7.4e-02 2.2e-01 1.1e-01 1.9e-01 3.3e-01 3.9e-01
Te 1.1e-03 2.8e-04 6.7e-04 2.0e-03 3.2e-03 1.2e-02 5.3e-03 1.1e-02 1.9e-02 2.2e-02

d. ON ibO O.Oe 0.004e.O O e±00.00 0.0+00;
Cs O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ba O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ce O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pm O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+OO
Sm. ,0 -_ 10 0e400,0.0e+0O.Oe+bc 0j0.0e+00O.0e+0JO-- 0 0.00+00 O. ',.Oe+0..
Eu O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Gd O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th O.Oe+00 O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Tm O.Oe+000O.Oe+000O.Oe+00O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
TajJEOO~eZ.O t00.0e,00 - O;Oe00 0e+0O:~e 0, 0.0 ,O,.Oe+O.O~+ 0;-0§.0 +003<O.0e+O .0 0, o +00a
W 2.8e-02 8.8e-03 1.7e-02 5.0e-02 8.7e-02 2.4e-01 1.3e-01 2.2e-01 3.8e-01 4.5e-01
Os 1.1e-03 2.9e-04 6.6e-04 1.9e-03 3.2e-03 1.2e-02 5.4e-03 1.1e-02 1.9e-02 2.3e-02
Ir 2.8e-02 8.8e-03 1.7e-02 5.0e-02 8.7e-02 2.4e-01 1.3e-01 2.2e-01 3.8e-01 4.5e-01
TI 1.1e-03 2.9e-04 6.7e-04 2.0e-03 3.2e-03 1.2e-02 5.4e-03 1.1e-02 1.9e-02 2.2e-02

Pb I. i! ,ew03- ;;,2.98-04:i- ,¢ 6.7e 04,.. 03_- 3.2e 3,' 1.2e-2"i* 54-3': 1.e0.,1;9e 02,n2.3e-02-
Bi 1.1e-03 2.9e-04 6.6e-04 2.0e-03 3.3e-03 1.2e-02 5.4e-03 1.1e-02 1.9e-02 2.2e-02
Po 1.1e-03 2.9e-04 6.7e-04 2.0e-03 3.2e-03 1.2e-02 5.4e-03 1.1e-02 1.9e-02 2.2e-02
Ra O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ac O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th",! '-_- 'O.Oe+OO *. O.Oe'+OO .Oe+OO 0O.Oe+0 O.OO,+;0 .0 .OtOO j' O.Oe+OO-; 0.Oe+OO0
Pa O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 0.00+00 O.Oe+00 O.Oe+00
U 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Np O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu O.Oe+00 O.Oe+00 0.0e+00 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Am' - O.OeOO- O.Oe4- 0.00+00 O.Oe+ 0.004-0+00 -WO. 0 00, O.Oe+00. .Oe,: 0-,.0+e00; OO.Oe+00
Cm O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00
Bk O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 0.0+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00
Es O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
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Table 1V2 Normalized concentrations-steel EAF-slag and dust

Element Slag Dust
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

H O.Oe+0O 0.Oe+OO O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
C O.Oe+O0 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
Na 8Ae-02 2.5e-02 5.2e-02 1.5e-01 2.5e-01 6.8e-01 1.9e-01 4.1e-01 1.2e+00 2.0e+00
P 1.2e-01 3.7e-02 7.6e-02 2.2e-01 3.7e-01 4.3e-02 1.1e-02 2.6e-02 8.0e-02 1.2e-01

S 1 ,<42-a,870t-H'72.5e-01 ,2Ri4.4o" 1 4i~.l-eOV--9.2o-0 ,.5e-O2. ''-.7ev02 ;->;t2e-01:i

Cl 4.0e-02 6.3e-03 2.4e-02 7.7e-02 1.2e-01 3.2e-01 4.9e-02 1.9e-01 6.0e-01 9.2e-01
K 8.5e-02 2.5e-02 5.2e-02 1.5e-01 2.6e-01 6.7e-01 1.9e-01 4.2e-01 1.2e+00 2.0e+00
Ca 1.6e-01 4.9e-02 9.7e-02 2.8e-01 4.9e-01 6.6e-02 1.7e-02 4.1e-02 1.2e-01 1.9e-01
Sc 1.6e01 4.9e-02 9.7e-02 2.8e-01 4.9e-01 6.6e-02 1.7e-02 4.1e-02 1.2e-01 2.0e-01

Cr +56 - .e3^:344*tie.70w1 7 4 _; 2. < --- D'----!7~~,-r----- '

Mn 1.5e-01 4.5e-02 8.9e-02 2.6e-01 4.4e-01 4.9e-02 1Ae-02 3.0e-02 8.6e-02 1.4e-01
Fe 4.4e-03 1.0e-03 2.7e-03 8.1e-03 1.3e-02 1.7e-02 4.1e-03 1.1e402 3.2e-02 5.1e-02
Co O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 1.8e402 4.0e-03 1.0e-02 3.3e-02 5.3e-02
Ni O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.8e-02 4.1e-03 1.1e-02 3.4e-02 5.2e-02

As O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 4.7e-01 1.1e-01 2.9e401 8.7e-01 1Ae+00
Se O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 1.3e+00 3.8e-01 8.0e-01 2.3e+00 3.8e+00
Sr 1.6e-01 4.9e-02 9.7e-02 2.8e-01 4.9e-01 6.6e-02 1.7e-02 4.1e-02 1.2e-01 2.0e-01
Y 1.6e-01 4.9e-02 9.7e-02 2.8e-01 4.9e-01 6.7e-02 1.7e-02 4.1e-02 1.2e-01 1.9e41

Nb 1.6e-01 4.9e-02 9.8e-02 2.8e-01 4.9e-01 6.6e-02 1.7e-02 4.0e-02 1.2e-01 2.0e-01
Mo O.Oe+00 O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 1.8e-02 4.1e-03 1.1e-02 3.3e-02 5.2e-02
Tc O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 1.8e-02 4.0e-03 1.1e-02 3.4e-02 5.2e-02
Ru O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 1.8e-02 4.0e-03 1.1e-02 - 3.2e-02 5.1e-02

Cd O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.4e+00 3.9e-01 8.3e-01 2Ae+00 4.0e+00
Sn 0.0e+00 O.Oe+00 0.0e+00 0.0e+00 O.Oe+00 1.8e-02 4.0e-03 1.1 e-02 3.3e-02 5.1e-02
Sb 5.0e-03 8.9e-04 2.9e-03 9.6e-03 1.5e-02 1.7e-01 3.1e-02 1.0e-01 3.3e-01 52e-01
TeO.O e+00 _.Oe+00 O .Oe+00 0.0e+00 O.Oe+OO 1.3e+00 3.8e-01 8.0e-01 2.3e+00 3.8e+00
I- ':= : 1 -0 3,e Zi7.,,7,<2e-0i j4e-0T7 4 3 ->63 1 ',. ij9.5e-,01,.
Cs 4.0e-03 7.0e-04 2.4e403 7.6e-03 1.2e-02 1.3e+00 3.8e-01 8.1e-01 2.3e+00 3.9e+00
Ba 1.6e-01 4.9e-02 9.7e-02 2.8e-01 4.9e-01 6.6e-02 1.7e-02 4.1e-02 12e-01 1.9e-01
Ce 1.6e-01 4.9e-02 9.7e-02 2.8e-01 4.9e01 6.6e-02 1.7e-02 4.0e-02 1.2e-01 2.0e-01
Pm 1.6e-01 4.9e-02 9.7e-02 2.8e-01 4.9e-01 6.6e-02 1.7e-02 4.0e-02 1.2e-01 1.9e-01

Eu 1.6e-01 4.9e-02 9.7e-02 2.8e-01 4.9e-01 6.7e-02 1.7e02 4.0e-02 1.2e-01 2.0e-01
Gd 1.6e-01 4.9e-02 9.7e-02 2.8e-01 4.9e-01 6.7e-02 1.7e-02 4.1e-02 1.2e401 1.9e-01
Th 1.6e-01 4.9e-02 9.7e-02 2.8e-01 4.9e-01 6.7e02 1.7e-02 4.0e-02 1.2e-01 2.0e-01
Tm 1.6e-01 4.9e-02 9.7e-02 2.8e-01 4.9e-01 6.6e-02 1.7e-02 4.0e-02 1.2e-01 2.0e-01

J ,.6e4-7 .0e42 :-9.i1i2.e-01 ei.O2'tie'@i;4'
W 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.8e-02 4.1e403 1.1e-02 3.3e02 5.1e-02
Os 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.3e+00 3.8e-01 8.0e-01 2.3e+00 3.8e+00
Ir O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 1.8e-02 4.2e-03 1.1e-02 3.3e-02 5.1e-02
TI O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO 1.3e+00 3.8e-01 8.0e-01 2.3e+00 3.8e+00

P0 ,,,''-0 O.Oe+00 000 2.3 3 .O-',38e+00'
Bi O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.3e+00 3.8e-01 8.0e-01 2.3e+00 3.8e+00
Po O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 1.3e+00 3.8e-01 8.0e-01 2.3e+00 3.8e+00
Ra 1.6e-01 4.9e402 9.7e-02 2.8e-01 4.9e-01 6.7e-02 1.7e-02 4.1 e-02 1.2e-01 1.9e-01
Ac 1.6e-01 4.9e-02 9.8e-02 2.8e-01 4.9e-01 6.6e-02 1.7e-02 4.1e-02 1.2e-01 1.9e-01
ThK,'7.&1.6e-0i+I4.9e-02 -. 9.7e-02,;2.8eO1 24.9e41x'i1j'8.7eO22l.7e-02 j4.i 2'X,1.2e-0i: :<1.9e40
Pa 1.6e-01 4.9e-02 9.7e-02 2.8e-01 4.9e401 6.6e-02 1.7e-02 4.0e-02 1.2e-01 1.9e-01
U 1.6e-01 4.9e-02 9.8e-02 2.8e-01 4.9e01 6.7e-02 1.7e-02 4.1e-02 1.2e-01 2.0e-01
Np 1.6e-01 4.9e-02 9.7e-02 2.8e-01 4.9e-01 6.7e-02 1.7e-02 4.1e-02 1.3e401 2.0e-01
Pu 1.6e-01 4.9e-02 9.7e-02 2.8e-01 4.9e-01 6.7e-02 1.7e-02 4.1e-02 1.2e-01 1.9e-01

Am>~>±.6o01'-4.9e-02 9.8e42 162.8e-01 49e-01;,,;6.7e-02,' 1.:7 4.0e42, 2e1 2Oei,'
Cm 1.6e01 4.9e-02 9.7e-02 2.8e-01 4.9e-01 6.6e-02 1.7e-02 4.1e-02 1.2e-01 1.9e-01
Bk 1.6e-01 4.9e-02 9.8e-02 2.8e-01 4.9e-01 6.7e-02 1.7e-02 4.1e-02 1.2e-01 1.9e-01
Cf 1.6e-01 4.9e-02 9.7e-02 2.8e-01 4.9e-01 6.6e-02 1.7e-02 4.0e-02 1.2e-01 1.9e-01
Es 1.6e-01 4.9e-02 9.7e-02 2.8e-01 4.9e-01 6.6e-02 1.7e-02 4.1e-02 1.2e-01 1.9e01
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Normalized Radionuclide Concentrations Appendix K
Table K.3 Normalized concentrations-steel BOF-metal product

Element Annual average Maximum single heat
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

H 4.1e-04 1.9e-04 3.7e-04 6.3e-04 7.3e-04 1.8e-02 8.0e-03 1.6e-02 2.9e-02 3.4e-02
C 2.8e-03 1.2e-03 2.5e-03 4.4e-03 5.te-03 1.2e-01 5.Oe-02 1.1e-01 1.9e-01 2.3e-01
Na O.Oe+00 O.Oe+0O O.Oe+0O O.Oe+0O 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
P 1.2e-03 4.8e-04 1.0e-03 1.9e-03 2.2e-03 5.0e-02 1.9e-02 4.4e-02 8.6e-02 1.0e-01

Cl O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+0O 0.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
K O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
Ca O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sc 0.Oe+0O 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.0+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00
0C~ze3.0e032i,,,4& 436 •58e-03-- -03i;I, .3o-O,39 -,.+,,.ei40.2.e05&t
Mn 5.1e-04 1.8e-04 4.6e-04 8.7e-04 1.0e-03 2.2e-02 7.1e-03 1.9e-02 3.8e-02 4.7e-02
Fe 4.2e-03 2.4e-03 4.0e-03 5.6e-03 7.3e-03 l.8e-01 9.6e-02 1.5e-01 3.0e-01 3.1e-01
Co 4.3e-03 2.4e-03 4.0e-03 5.8e-03 7.5e-03 1.8e-01 9.8e-02 1.6e-01 3.1e-01 3.1e-0l
Ni 4.3e-03 2.4e-03 4.Oe-03 5.7e-03 7.5e-03 1.8e-01 9.8e-02 1.6e-01 3.1e-01 3.1e-01
Z n- 3.9.;i 3 1 0 i2M ,3.8e,-4
As 3.0e-03 1.6e-03 2.8e-03 4.4e-03 5.2e-03 1.3e-01 6.5e-02 1.1e-01 2.1e-01 2.5e-01
Se 2.0e-04 9.4e-05 1.8e-04 3.1e4-4 3.6e-04 8.8e-03 4.0e-03 8.0e-03 1.4e-02 1.7e-02
Sr O.Oe+00 0.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 0.0e+00 O.Oe+00
Y O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+0O O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Nb O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00
Mo 4.3e-03 2.4e-03 4.0e-03 5.8e-03 7.5e-03 1.8e-01 9.8e-02 1.6e-01 3.1e-01 3.1e-01
Tc 4.3e-03 2.4e-03 4.0e-03 5.8e-03 7.5e-03 1.8e-01 9.8e-02 1.6e-01 3.1e-01 3.1e-01
Ru 4.3e-03 2.4e-03 4.0e-03 5.8e-03 7.5e-03 1.8e-01 9.8e-02 1.6e-01 3.1e-01 3.le-01

Cd O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sn 4.3e-03 2.4e-03 4.0e-03 5.8e-03 7.5e-03 1.8e-01 9.8e-02 1.6e-01 3.1e-01 3.1e-01
Sb 3.8e-03 2.1e-03 3.5e-03 5.2e-03 6.6e-03 1.6e-01 8.5e-02 1.4e-01 2.5e-01 2.9e-01
Te 2.0e-04 9.7e-05 1.8e-04 3.1e-04 3.7e-04 8.9e-03 4.1e-03 7.8e-03 1.5e-02 1.8e-02
F':a joe ='.a>o~.0e+00~40.0e±00z-n0.0e~o±00 e+00O __ _0.^'r:,>Oe.0Qj.0 0.0a+000.0e 1 O e,
Cs O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O 0.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ba O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 0.Oe+00 0.00+00 0.0e+00 0.Oe+00
Ce O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
Pm O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 0.0e+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00
~v f ' ~ o O.Oe^+OO._O.eO' _ 0.o C ,5Oe<,O.0eO'.e+00O 0v<= .0e+0OO ^ : 0.0e+00S

Eu O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.0e+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Gd O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00
Th O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Tm O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 0.00+00

> 0+.Oe0+,OO0 .:, O.Oefo O.Oe,0O.O ' O +0~h0) 0.0e0000
W 4.3e-03 2.4e-03 4.0e-03 5.8e-03 7.5e-03 1.8e-01 9.8e-02 1.6e-01 3.1e-01 3.1e-01
Os 2.0e-04 9.7e-05 1.9e-04 3.1e-04 3.7e-04 9.0e-03 4.2e-03 8.0e-03 1.5e-02 1.8e-02
Ir 4.3e-03 - 2.4e-03 4.0e-03 5.8e-03 7.5e-03 1.8e-01 9.8e-02 1.6e-01 3.1e-01 3.1e-01
TI 2.0e-04 9.5e-05 1.8e-04 3.2e-04 3.7e-04 8.9e-03 3.9e-03 7.8e-03 1.5e-02 1.8e-02

Pb2-.=*-.Oe-0,-, ' 8e .4S 1-,e0 .- e o- . . j03.=-,. ,4t 903 3' 0 y
BI 2.0e-04 9.7e-05 1.9e-04 3.1e-04 3.6e-04 8.9e-03 4.1e-03 7.9e-03 1.4e-02 1.7e-02
Po 2.0e-04 9.7e-05 1.9e-04 3.1e-04 3.6e-04 8.9e-03 4.2e-03 7.9e-03 1.5e-02 1.7e-02
Ra O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.0e+00
Ac O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

U .Oe+00 O.Oe+00 O.Oe+00 Q.Oe+00 O.Oe+00 O.Oe+00 Q.Oe+00 Q.Oe+00 O.Oe+00 O.Oe+00
Np O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 Q.Oe+00 Q.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu O.Oe+00 O .Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0 O.Oe+0O 0.0e+00 O.Oe+00
Cm,-'f-eO2.0 0 ..Oe+00.t'. OO-'.0 O.Oe _>; ',0.00O400O.e_- O.Oe+ O Q
Cm O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 Q.Oe+00 O.Oe+00 O.Oe+00Bk O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OOBk 0.Oe+00 0.0e+00 0.00+00 0.00+00 0.00+00 0.00+00 0.0e+00 0.00+00 0.00+00 0.Oe+00
Cf O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Es O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 00+0 O .Oe +OO +00 0.0+00 0.0Q+00 O.Oe+00 OO.+00
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Appendix K Normalized Radionuclide Concentrations
Table K.4 Normalized concentrations-steel BOF-slag and dust

-___ Slao Dust
E-IlmenT

Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

H O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00
C O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Na 1.7e-02 7.4e-03 1.5e-02 2.8e-02 3.3e-02 1.4e-01 5.6e-02 1.2e-01 2.3e-01 2.8e-01
P 2.4e-02 1.0e-02 2.1e-02 4.0e-02 4.7e-02 8.2e-03 3.2e-03 6.9e-03 1Ae-02 1.8e-02

Cl 8.1e-03 1.8e-03 6.7e-03 1.5e-02 1.9e-02 6.5e-02 1.5e-02 5.4e-02 1.2e-01 1.6e-01
K 1.7e-02 7.5e-03 1.5e-02 2.8e-02 3.3e-02 1.3e-01 5.7e-02 1.1e-01 2.3e-01 2.8e-01
Ca 3.2e-02 1.4e-02 2.9e-02 5.3e-02 6.2e-02 1.3e-02 4.9e-03 1.1e-02 2.3e-02 2.8e-02
Sc 3.2e-02 1.5e-02 2.9e-02 5.3e-02 6.3e-02 1.3e-02 4.9e-03 1.1e-02 2.3e-02 2.8e-02
Cr_' .~ ~9.9'e .7Z >,0': ,z 5, ^ ? - -8.v03j8o0lZj3e0 bt2~ e9,. .4 03'i& e'_ .
Mn 2.9e-02 1.3e-02 2.5e-02 4.8e-02 5.6e-02 9.5e-03 4.0e-03 8.0e-03 1.6e-02 2.0e-02
Fe 7.2e-04 2.6e-04 6.0e-04 1.3e-03 1 503 2.9e-03 9.6e-04 2.4e-03 5.2-03 6.6e-03
Co O.Oe+00 O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 2.8e-03 9.3e-04 2.4e-03 5.0e-03 6.0e-03
Ni O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.9e-03 9.5e-04 2.3e-03 5.1e-03 6.3e-03

> ~.0f~X,=.0e*,0 ' O.0e+OO .'O.OetO O O.Oe,+OOt 0.Oe,+00~ m~~ .5e-0^¢*s1.j.oe1 >jti2..e01 i---4 1e-Ot.t~ 5.2e-01t,
As 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 8.3e-02 2.6e-02 7.0e-02 1.5e-01 1.8e-01

Se O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 2.6e-01 1.1e-01 2.2e-01 4.3e-01 5.3e-01
Sr 3.2e-02 1Ae-02 2.9e-02 5.4e-02 6.2e-02 1.3e-02 4.9e-03 1.1e-02 2.3e-02 2.9e-02
Y 3.2e-02 1 Ae-02 2.9e-02 5.3e-02 6.2e-02 1.3e-02 5.0e-03 1.1 e-02 2.3e-02 2.9e-02
Zr2t;t2X:-F-;~-2t _2 ]2¼i2A-2 E, . e-0 72.9e 02
Nb 3.2e-02 1.4e-02 2.9e-02 5.3e-02 6.2-02 1.3e-02 4.9e-03 1.1e-02 2.3e-02 2.8e-02
Mo O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 2.9e-03 9.8e-04 2Ae-03 5.1e-03 6.4e-03
Tc O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.9e-03 9.5e-04 2.3e-03 5.1e-03 6Ae-03
Ru O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.8e-03 9.7e-04 2.4e-03 5.0e-03 6.3e-03
Ag 6Ye06 .O e0 ..OetOOLD.Oe,, ,O O0 ,
Cd O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 2.7e-01 1.1e-01 2.3e-01 4.5e-01 5.6e-01
Sn O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.9e-03 9.6e-04 2.4e-03 5.1 e-03 6.3e-03
Sb 8.5e-04 2.3e-04 7.0e-04 1.6e-03 2.0e-03 2.8e-02 7.5e-03 2.3e-02 5.4e-02 6.8e-02
To O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.6e-01 1.1e-01 2.2e-01 4.3e-01 5.3e-01

! zVA-'52; 5- m$ - .7 t ~ 2. e- D ;6 0 ,
Cs 8.1e-04 2.1e-04 6.6e-04 1.503 1.8e-03 2.6e-01 1.1e-01 2.2e-01 4Ae-01 5.5e-01
Ba 32e-02 1.4e-02 2.8e-02 5.3e42 6.2e-02 1.3e-02 4.8e-03 1.1e-02 2.3e-02 2.9e-02
Ce 32e-02 1.4e-02 2.8e-02 5.3e-02 6.2e-02 1.3e-02 5.0e-03 1.1e-02 2Ae-02 2.9e-02
Pm 32e-02 1.4e-02 2.9e-02 5.3e-02 6.3e-02 1.3e-02 5.0e-03 1.1e-02 2.3e-02 2.8e42

Eu 32e-02 1.4e-02 2.9e-02 5.3e-02 6.2e-02 1.3e-2 5.0e-03 1.1e-02 2.3e-02 2.9e42
Gd 32e-02 1.4e-02 2.9e-02 5.3e-02 6.3e-02 1.3e-02 4.8e-03 1.1e-02 2.3e-02 2.8e-02
Tb 3.2e-02 1.4e-02 2.9e-02 5.3e-02 62e-02 1.3e-02 4.9e03 1.1e-02 '-2.4-02 2.8e02
Tm 3.2e-02 1Ae4-02 2.9e-02 5.3e-02 6.2e-02 1.3e-02 4.9e-03 1.1e-02 2.3e-02 2.9e-02

__ 2ii02022|i8e02 L56.3e,,42'Th63e* ............................. 48-3.e02-,2 ,;d.94:
W O.Oe+00 O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 2.9e-03 9.5e-04 2.4e-03 5.0e-03 6.2e-03
Os O.Oe+00 O.Oe+O O O.Oe+0 0 O.Oe+00 O.Oe+00 2.6e-01 1.1e-01 2.2e-01 -4.3e-01 5.3e-01
Ir O.Oe+00 O.Oe+00 0.0e+00 'O.Oe+00 O.Oe+00 2.9e403 -9.4e-04 ' 2.4e-03 5.3e-03 6.4e-03
n O.Oe+OO. O.Oe+00 O.Oe+000.Oe+0O O.Oe+00 2.6e-01 1.1e-01 2.2e-01 4.3e-01 5.3e-01

Bi O.Oe+00 O.Oe+00 0.0e+00 O.Oe+0O O.Oe+00 2.6e-01 1.1e-01 2.2e-01 4.3e-01 5.3e-01
Po O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 2.6e-01 1.1e-01 22e-01 4.3e-01 5.3e-01

Ra 3.2e-02 1.5e-02 2.8e-02 5.3e-02 6.3e-02 1.3e-02 5.0e-03 1.1e-02 2.3e-02 3.0e-02
Ac 3.2e-02 1.4e-02 2.8e-02 5.3e-02 6.2e-02 1.3e-02 5.0e-03 1.1e-02 --2.3e-02 2.8e02

Pa 3.2e-02 1.4e-02 2.9e-02 5.3e-02 6.2e-02 - 1.3e-02 4.9e-03 1.1e-02 2.4e-02 2.8e-02

U 3.2e-02 1.4e-02 2.9e-02 5.3e-02 62e402 1.3e-02 4.9e-03 1.1e02 2.3e4-02 2.8e-02

Np 3.2e-02 1.4e-02 2.8e-02 5.3e02 6.3e-02 1.3e-02 4.9e03 1.1e-02 2.3e02 2.8e02
Pu 32e-02 1.4e-02 2.9e-02 5.3e-02 62e-02 1.3e-02 4.7e-03 1.1e-02 2.3e-02 2.8e-02
An.§-2 32e02 '-1 '.4e 22.9e.02'.'5 02 -'62-02 1; CI.3 . 4 ,_3- i110 '2. 2;8e02
Cm 32e-02 1Ae4-02 2.9e-02 5.3e-02 6.2e-02 1.3e-02 4.8e-03 1.1e-02 2.3e-02 2.9e02
Bk- 32e-02 1.5e-02 2.9e-02 5.3e-02 6.3e-02 1.3e-02 5.0e-03 1.1e-02 2.3e-02 2.8e-02
Cf 32e-02 1Ae-02 2.9e-02 5.3e-02 6.2e-02 1.3e-02 5.0e-03 1.1e-02 2.3e-02 2.8e-02
Es 32e-02 1.5e-02 2.9e-02 5.3e02 6.3e-02 1.3e-02 5.1e03 1.1e-02 2.3e-02 2.9e-02
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Normalized Radionuclide Concentrations Appendix KNoimlizd Raionclid Cocentatins Avenix
Table K.S Normalized concentrations-cast iron furnaces-metal product

El t Annual average Maximum single heat
emen Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

H 1.5e-02 5.6e-04 5.9e-03 5.0e-02 6.2e-02 5.9e-02 3.7e-02 5.9e-02 7.8e-02 8.2e-02
C 2.3e-01 9.4e-03 9.9e-02 8.3e-01 9.1e-01 6.7e-01 5.9e-01 6.2e-01 8.8e-01 9.1e-01
Na O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00- O.Oe+00 O.Oe+00
P 4.6e-02 1.7e-03 1.7e-02 1.4e-01 1.9e-01 1.7e-01 - 8.7e-02 1.7e-01 2.4e-01 2.6e-01
S _J[ 2.5e-02 9 A8.9e- 9.9i.9 1.0e ,3'O2Y-" 6 .2e O2 ,_1.2.-01> Ii. Oi
CI 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
K O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sc 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

.3~e-Oi'';>:9.3e 03.,9 9b2 8.3'9 1 'i 1 •.70ie0 5.9e 0,16.3e 0 &.4864i1M.1'-i2
Mn 2.3e-01 9.1e-03 9.5e-02 8.0e-01 8.8e-01 6.6e-01 5.8e-01 6.1e-01 8.5e-01 8.8e-01
Fe 2.3e-01 9.4e-03 9.8e-02 8.3e-01 9.1e-01 6.7e-01 5.9e-01 6.2e-01 8.8e-01 9.1e-01
Co 2.3e-01 9.4e-03 9.9e-02 8.3e-01 9.0e-01 6.7e-01 5.9e-01 6.2e-01 8.8e-01 9.1e-01
Ni 2.3e-01 9.4e-03 9.9e-02 8.3e -01 9.1e-01 6.7e-01 5.9e-01 6.2e-01 8.8e-01 9.1e-01

As 1.4e-01 5.4e-03 5.8e-02 4.8e-01 5.8e-01 4.5e-01 3.4e-01 4.5e-01 5.6e-01 6.1e-01
Se 2.1e-01 8.4e-03 8.9e-02 7.501 8.1e-01 6.2e-01 5.5e-01 5.8e-01 7.9e-01 8.2e-01
Sr O.Oe+00 O.Oe+0. 0O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Y O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

.Oe+O'O0o00.$k ' . e O.OeO e'<O.,oo;•p.--Rto-e .'o O O,0;- O.~O6,,KO Oe+ i
Nb O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mo 2.3e-01 9.4e-03 9.8e-02 8.3e-01 9.1e-01 6.7e-01 5.9e-01 6.2e-01 8.8e-01 9.1e-01
Tc 2.3e-01 9.4e-03 9.8e-02 8.3e-01 9.1e-01 6.7e-01 5.9e-01 6.2e-01 8.8e-01 9.1e-01
Ru 2.3e-01 9.4e-03 9.8e-02 8.3e-01 9.1e-01 6.7e-01 5.9e-01 6.3e-01 8.8e-01 9.1e-01

,Agf.3eOti';-03'.'99-,01"4- 9. e-0j,7-0 3.K> 5.9,e0-oit. _, 2' 8.8O0jT'- '
Cd O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.0e+00
Sn 2.3e-01 9.3e-03 9.7e-02 8.2e-01 9.0e-01 6.7e-01 5.9e-01 6.2e-01 8.7e-01 9.0e-01
Sb 6.1e-03 2.3e-04 2.4e-03 2.0e-02 2.4e-02 2Ae-02 1.5e-02 2.3e-02 3.1e-02 3.3e-02
Te 9.2e-02 3.6e-03 3.8e-02 3.1e-01 3.6e-01 3.1e-01 2.6e-01 3.1e-01 3.6e-01 3.8e-01

*<,.+s<<3ffl r!<>,0.0e,+00,^, 0.0O+00~.0Oe+00.., 0.0,,QW .Oe,0.0e4, Q-.0a+ O 0E0.O+00; O'e0,*uO-
Cs O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ba 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ce O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.e+00 O.Oe+00 0.00e+00 O.Oe+00 O.Oe+00
Pm O.Oe+00 O.Oe+00 0.e+00 O.Oe+000 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0 O.Oe+00
S , K0+ S 0.0 +00 A 06x00 o0oo+o&> o;O b o- .O'+OO O.O O j
Eu O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Gd O.Oe+00 O.Oe+00 O.Oe+00 0.00+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00
Th O.Oe+00 O.Oe+00 O.Oe+00 0.0+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Tm O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
TaŽ2q&L 0'.Oe+OO2 Y0.0e ,>Oe+0 O Oe~0 0.0-e+00o 0.00i00^ ,i~s~eoz~~e-ooo~0* O.Oe:0 >±.0 OOe+00I
W 2.3e-01 9.4e-03 9.9e-02 8.3e-01 9.1e-01 6.7e-01 5.9e-01 6.2e-01 8.8e-01 9.1e-01
Os 7.6e-03 2.8e-04 3.0e-03 2.5e-02 2.9e-02 2.9e-02 1.9e-02 2.9e-02 3.9e-02 4.1e-02
Ir 2.3e-01 9.4e-03 9.8e-02 8.3e-01 9.1e-01 6.7e-01 5.9e-01 6.2e-01 8.8e-01 9.1e-01
Tl 1.1e-02 3.9e-04 4.3e-03 3.6e-02 4.4e-02 4.1e-02 2.8e-02 4.1 e-02 5.2e-02 5.5e-02
Pbj-21;1o-02~. :-,.0i.e-04 ,, .io03C, 36e,-02--- i;.3:02>f 4,qrio-02.2.9,e.02,&.i eO2 SieO02 5.~
BI 7.7e-03 2.7e-04 3.1 e-03 2.5e-02 3.1 e-02 2.9e-02 2.1 e-02 2.9e-02 3.7e-02 3.8e-02
Po O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ra O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ac O.Oe+000O.Oe+000 O.Oe+00 OOe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th, 0.e+02.0-7.0e+.00 s0.00+0067 0.0et0r O.Oe+OO:', 0.0e+OOO.00+00;'. 00oiO .Oeb.Oe+OOI
Pa O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe'O 0.00e+00
U O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Np O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 O.e.00+
Pu 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ai7 .', Oe+00 -O.0+ or.0e+.0O.0O+ ,.Oe+00,.-: ,'-- OO+00Oe 0.0;Oe+O .,- 0e; O.0e+00
Cm O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.0e+00 0.00+00 O.Oe+00 O.Oe+00 O.Oe+00
Bk O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Es O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
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Appendix K Normalized Radionuclide Concentrations
Table K.6 Normalized concentrations-cast Iron fumaces-slag and dust

EeetSlag Dust
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

H O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oeo+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00
C O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 4.0e-01 4.1e-03 8.7e-02 9.4e-01 1.7e+00
Na 8.7e-01 2.0e-02 2.7e-01 2Ae+00 3.6e+00 3.9e+01 7.3e-01 1.1e+01 9.3e+01 1.7e+02
P 2.8e+00 7.8e-02 9.9e-01 7.8e+00 1.1e+01 1.7e+00 3.1e-02 4.6e-01 4.1e+00 7.3e+00

S3.i<22eO ,1T-9.0e-02_&i W1.2e+.0 8.00 -1 .20+0 i2.6e + 00 ,-2.6 02-,,42e,0 3.7e+0O'690 0.
Cl 8.7e-01 2.1 e-02 2.8e-01 2.3e+00 3.7e+00 1.3e+01 1.8e-01 3.0e+00 3.0e+01 5.3e+01
K 8.9e-01 2.1 e-02 2.8e-01 2.5e+00 3.6e+00 3.9e+01 6.9e-01 1.1e+01 9.3e+01 1.7e+02
Ca 3.5e+00 1.0e-01 1.2e+00 9.3e+00 1.4e+01 2.5e+00 4.7e-02 6.8e-01 5.9e+00 1.1e+01
Sc 3.5e+00 1.0e-01 1.2e+00 9Ae+00 1Ae+01 2.6e+00 4.4e-02 6.8e-01 5.9e+00 1.1e+01
F js -O.~oe+0 -o3.Oe+0,, U.0+, ._ 0 ., 2e4 7 i 6 2e2_94eC.e

Mn 1.1e-01 3.0e-03 3.7e-02 3.0e-01 4.5e-01 3.9e-41 3.5e-03 8.5e-02 9.3e-01 1.7e+00
Fe O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+O0 3.7e401 2.9e-03 8.1e-02 9.2e-01 1.7e+00
Co O.Oe+00 O.Oe+0O O.Oe+0O O.Oe+00 O.Oe+00 4.1e-01 3.6e-03 8.3e-02 9.4e-01 1.7e+00
Ni 0.Oe+00 O.Oe+0 O.Oe+0O O.Oe+O0 O.Oe+00 3.7e-01 3.8e43 8.4e402 9.3e-01 1.6e+OO
+, Qo 0' jo 0 OO~, u0.0 0.0+0'->pOO 7$.Oo+00 ,%5.0e+,,0i;9.e4,1~~i Ae^+'0'i1-'2e+502a 2e+02'

As O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+OO 2.0e+01 3.5e-1 5.3e+00 4.6e+01 8.8e+01
Se O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 0.0e+00 5.2e+00 9.5e-02 1.4e+00 1.2e+01 2.3e+01
Sr 3.5e+00 9.9e-02 1.3e+00 9.4e+00 1.4e+01 2.5e+00 4.4e-02 6.7e-01 5.9e+00 1.1e+01
Y 3.5e+00 9.9e-02 1.2e+00 9.4e+00 1Ae+01 2.5e+00 4.6e-02 6.8e-01 5.9e+00 1.1e+01

Zr', -' - .:5'+00f'i-:.Oe-01 C1.3i00jij .4e+00 21;4e+01- V,-S4e±9o4 _ 4-e-2-£-eo5.8e+o0 -i1.e+,0
Nb 3.5e+00 1.0e-01 1.2e+00 9.4e+00 1.4e+01 2.5e+00 4.5e-02 6.9e-01 5.9e+00 1.1e+01
Mo O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 4.0e-01 3.7e-03 8.5e-02 9.3e-01 1.8e+00
Tc O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 3.9e-01 3.6e-03 8.3e-02 9Ae4-01 1.7e+00
Ru 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 3.8e-01 3.8&-03 8Ae4-02 8.9e-01 1.6e+00
g -C - . i0Oe0;w<.OOeOr7l-,O+0.9o-,01.35ie-03,8.e02 ''9.6o-0m1 .j7e+00 2

Cd O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 5.1e+01 9.4e-01 1Ae+01 1.2e+02 2.2e+02
Sn O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 7.9e-01 1Ae-02 2.1e-01 1.9e+00 3Ae+00
Sb O.Oe+00 O.Oe+00 O.Oe+O0 0.0e+00 O.Oe+00 5.0e+01 9.1e-01 1.4e+01 1.2e+02 2.2e+02
Te O.Oe+00 O.Oe+00 O.Oe+00 .Oe+00 O.0e+00 '3.1e+01 5.6e-01 8.6e+00 7.6e+01 1.4e+02
! ,L2.5e+00 8e-''A O''0'Ts ie1 r.e+00, '.3.7e+01•Lo0, , ,1:.8e40 .80+01 5.4e+01 t
Cs 8.8e-01 2.0e-02 2.7e-01 2.4e+00 3.7e+00 3.8e+01 7.2e1 1.0e+01 8.9e+01 1.7e+02
Ba 3.5e+00 1.0e-01 1.2e+00 9.4e+00 1.Ae+01 2.5e+00 4.5e-02 6.9e-01 6.1e+00 1.1e+01
Ce 3.5e+00 1.0e-01 1.2e+00 9.3e+00 1Ae+01 2.5e+00 4.5e-02 6.9e-01 6.0e+00 1.1e+01
Pm 3.5e+00 1.0e-01 1.2e+00 9.4e+00 1.4e+01 2.5e+00 4.5e42 7.0e-01 5.9e+00 1.1e+01
Sm >'.+,-7;a5e+0 0j.Oo-0i ._2o+ 009 t14k0 e+O<.'=,<+2.5O+ OAA.6o02j.R:690-0 i' 5.e0 COv1i.e i,
Eu 3.5e+00 1.0e-01 1.2e+00 9.3e+00 1.4e+01 2.6e+00 4.5e-02 6.9e-01 6.1e+00 1.1e+01
Gd 3.5e+00 1.0e-01 1.2e+00 9.3e+00 1.4e+01 2.5e+00 4Ae-02 6.7e-01 6.0e+00 1.1e+01
Tb 3.5e+00 9.9e-02 1.3e+00 9.3e+00 1Ae+01 2.5e+00 4.6e-02 6.7e-01 5.9e+00 1.1e+01
Tm 3.5e+00 1.0e-01 1.2e+00 9.2e+00 1.4e+01 2.5e+00 4.7e-02 6.8e-01 5.9e+00 1.1e+01
FTa,7-:.-i3.5e±009T10o01 2e =2_,9_4 50+00? T¢5' Be-Of2.56.20+00 Ie42 1
W O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 3.8e-01 3.8e403 8.5e42 9.0e-01 1.6e+00
Os O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00 4.9e+01 9.1e-01 1Ae+01 1.2e+02 2.1e+02
Ir O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 3.9e-01 3.3e-03 8.3e-02 9.0e-01 1.7e+00
TI O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 4.9e+01 9.0-01 1.Ae+01 12e+02 2.1e+02
P~b ,."'-,:-,.O.+0OO'.,O.Oe+O00:'O0.0e+4 00x.00+00..O+OO ,,# *;'4.9e401.:;8.9e01 :.'i e+ 1i.2o+02.1e*2,
Bi O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 4.9e+01 9.1e-01 1.4e+01 12e+02 2.1e+02
Po O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 5.1e+01 9Ae-01 1Ae+01 1.2e+02 2.2e+02
Ra 3.5e+00 1.0e-01 1.3e+00 9.3e+00 1Ae+01 2.5e+00 4.3e-02 6.6e-01 5.9e+00 1.1e+01
Ac 3.5e+00 9.9e-02 1.2e+00 9.3e+00 1.4e+01 2.6e+00 4.4e-02 '6.8e-01 5.9e+00 1.1e+01
Pa ""-' X3.5+00-'- 1 0ei.'-:12e,00,- 9.3e+00 fZ'le >,." 42e+00 -i.6 -02 6.8ei 6.ie+00¼.iie+Oji
Pa 3.5e+00 1.0e-01 12e+00 9Ae+00 1Ae+01 2.5e+00 4.7e-02 6.8e-01 5.7e+00 1.1e+01
U 3.5e+00 1.0e-1 1.3e+00 9.3e+00 1.4e+01 2.5e+00 4.6e-02 6.9e-01 6.0e+00 1.1e+01
Np 3.5e+00 1.0e-01 1.2e+00 9.3e+00 1.4e+01 2.5e+00 4.5e-02 6.9e-01 5.9e+00 1.0e+01
Pu 3.5e+00 1.0e-01 1.3e+00 9.4e+00 1Ae+01 2.5e+00 4.6e-02 6.8e-01 5.9e+00 1.1e+01
Ari.'; :3.5e+00 ,,--.'.-0f'12e+00 A9 +OO K' 1.4e+01 - '2.5o+00 -4.5e42Ž7.0o41 5.8e+00 e1.10+,01.
Cm 3.5e+00 1.0e401 1.2e+00 9.3e+00 1.4e+01 2.5e+00 4.7e-02 6.8e-01 5.8e+00 1.1e+01
Bk 3.5e+00 1.0e-01 1.3e+00 9.4e+00 1Ae+01 2.6e+00 4.4e-02 6.8e-01 6.0e+00 1.1e+01
Cf 3.5e+00 1.0e-01 1.2e+00 9.3e+00 1.4e+01 2.5e+00 4.7e-02 6.9e401 5.7e+00 1.1e+01
Es 3.5e+00 1.0e-01 12e+00 9.3e+00 1Ae+01 2.5e+00 4.7e402 6.7e-01 6.1e+00 1.1e+01
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Normalized Radionuclide Concentrations Appendix K

Table K.7 Normalized gaseous releases-steel EAF and BOF

Element EAF - BOF
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

H 1.1e+10 8.3e+09 1.1e+10 1.3e+10 1.3e+10 1.1e+10 8.3e+09 1.1e+10 1.2e+10 1.3e+10
C 4.7e+09 1.3e+09 4.6e+09 7.8e+09 8.6e+09 4.3e+09 1.1e+09 4.1e+09 7.2e+09 8.1e+09
Na 4.7e+06 3.4e+06 4.7e+06 5.8e+06 6.1e+06 1.9e+07 9.6e+06 1.8e+07 2.8e+07 3.0e+07
P 3.0e+05 1.9e+05 2.9e+05 4.0e+05 4.3e+05 1.1e+06 5.2e+05 1.1e+06 1.8e+06 2.0e+06

25 2.8e 05-4.2e±05 6e 05 - -
CI 6.2e+09 3.0e+09 6.2e+09 8.9e+09 9.6e+09 6.2e+09 2.8e+09 6.2e+09 8.8e+09 9.5e+09
K 4.7e+06 3.4e+06 4.7e+06 5.8e+06 6.1e+06 1.9e+07 9.4e+06 1.8e+07 2.8e+07 3.1e+07
Ca 4.6e+05 2.7e+05 4.5e+05 6.3e+05 6.9e+05 1.9e+06 8.4e+05 1.7e+06 2.9e+06 3.3e+06
Sc 4.6e+05 2.8e+05 4.5e+05 6.3e+05 6.9e+05 1.9e+06 8.2e+05 1.7e+06 2.9e+06 3.3e+06

Mn 3.4e+05 2.4e+05 3.4e+05 4.2e+05 4.4e+05 1.3e+06 6.7e+05 1.3e+06 2.0e+06 2.2e+06
Fe 1.2e+05 6.3e+04 1.2e+05 1.8e+05 1.9e+05 4.0e+05 1.6e+05 3.7e+05 6.5e+05 7.4e+05
Co 1.2e+05 6.4e+04 1.2e+05 1.8e+05 1.9e+05 3.9e+05 1.6e+05 3.6e+05 6.4e+05 7.3e+05
NI 1.2e+05 6.5e+04 1 .2e+05 1.8e+05 1.9e+05 4.0e+05 1.6e+05 3.7e+05 6.4e+05 7.4e+05

,4,.5 +0
As 3.3e+06 1.7e+06 3.2e+06 4.8e+06 5.2e+06 1.1e+07 4.4e+06 1.1e+07 1.9e+07 2.1e+07
Se 9.1e+06 6.7e+06 9.2e+06 1.1e+07 1.1e+07 3.6e+07 1.8e+07 3.4e+07 5.3e+07 5.8e+07
Sr 4.7e+05 2.8e+05 4.6e+05 6.4e+05 7.0e+05 1.8&+06 8.4e+05 1.7e+06 2.9e+06 3.2e+06
Y 4.7e+05 2.8e+05 4.6e+05 6.4e+05 6.9e+05 1.9e+06 8.4e+05 1.7e+06 2.9e+06 3.2e+06

,,- P ' . ,!, 32
Nb 4.6e+05 2.8e+05 4.5e+05 6.3e+05 6.9e+05 1.9e+06 8.4e+05 1.7e+06 - 2.9e+06 3.3e+06
Mo 1.2e+05 6.5e+04 1.2e+05 1.8e+05 1.9e+05 4.0e+05 1.6e+05 3.7e+05 6.5e+05 7.5e+05
Tc 1.2e+05 6.4e+04 1.2e+05 1.8e+05 2.0e+05 4.0e+05 1.6e+05 3.7e+05 6.6e+05 7.4e+05
Ru 1.2e+05 6.4e+04 1.2e+05 1.8e+05 1.9e+05 4.0e+05 1.6e+05 3.6e+05 6.6e+05 7.5e+05

'1.5e,+068 54o+05.4't4@ A ef 2 .3 eO 6_Sp Z6 .9e.5 o :4Ao+05 -5 9.7e+0<
Cd 9.4e+06 6.9e+06 9.5e+06 1.1e+07 1.2e+07 3.8e+07 1.9e+07 3.6e+07 5.5e+07 6.1e+07
Sn 1.2e+05 6.5e+04 1.2e+05 1.8e+05 2.0e+05 4.0e+05 1.7e+05 3.7e+05 6.4e+05 7.4e+05
Sb 1.2e+06 4.5e+05 1.le+06 1.9e+06 2.1e+06 4.0e+06 1.2e+06 3.6e+06 7.0e+06 8.1e+06
To 9.1e+06 6.7e+06 9. e+06 1.1e+07 1.1e+07 3.6e+07 1.8e+07 3.4e+07 5.3e+07 5.8e+07

qJ%•- 62e09. 2.9e+09x, 62e+09 ,L 9_ 09J 2_509
Cs 9.2e+06 6.8e+06 9.3e+06 1.1e+07 1.1e+07 3.7e+07 1.9e+07 3.5e+07 5.4e+07 5.9e+07
Ba 4.7e+05 2.7e+05 4.6e+05 6.3e+05 6.9e+05 1.8e+06 8.4e+05 1.7e+06 2.9e+06 3.3e+06
Ce 4.7e+05 2.8e+05 4.6e+05 6.4e+05 6.9e+05 1.8e+06 8.4e+05 1.7e+06 2.9e+06 3.3e+06
Pm 4.6e+05 2.8e+05 4.5e+05 6.3e+05 6.8e+05 1.9e+06 8.4e+05 1.7e+06 2.9e+06 3.3e+06

; 4.6o405Gf 2.86405 -4';'+05 -6Ae+0. 6.90+0541.90+06'8e 5 1'.7o+ 2.9 <I3.3et06+-.
Eu 4.6e+05 2.7e+05 4.5e+05 6.4e+05 6.9e+05 1.8e+06 8.5e+05 1.7e+06 2.9e+06 3.2e+06
Gd 4.7e+05 2.8e+05 4.6e+05 6.4e+05 6.9e+05 1.8e+06 8.3e+05 1.7e+06 2.9e+06 3.2e+06
Tb 4.6e+05 2.8e+05 4.5e+05 6.3e+05 6.9e+05 1.9e+06 8.3e+05 1.8e+06 2.9e+06 3.3e+06
Tm 4.6e+05 2.8e+05 4.5e+05 6.3e+05 6.9e+05 1.9e+06 8.2e+05 1.7e+06 2.9e+06 3.3e+06
,T ~a.6e405 -';',2.8e+05 .5e+05 _ 05 .. 9 'e106.-.'.9e, 06, 2S 9e6 ['2e ,
W 1.2e+05 6.5e+04 1.2e+05 1.8e+05 1.9e+05 4.0e+05 1.6e+05 3.7e+05 6.5e+05 7.3e+05
Os 9.1e+06 6.6e+06 9.2e+06 1.1e+07 1.1e+07 3.6e+07 1.8e+07 3.4e+07 5.2e+07 5.8e+07
Ir 1.2e+05 6.4e+04 1.2e+05 1.8e+05 1.9e+05 4.0e+05 1.6e+05 3.7e+05 6.7e+05 7.5e+05
TI 9.1e+06 6.7e+06 9.2e+06 1.1e+07 1.1e+07 3.6e+07 1.8e+07 3.5e+07 5.3e+07 5.8e+07

4-i29.1e+06' - 6.7O+06-9.06 ,tT, .ie$0i 1.1e8,07.<,.60OTj: ,-6 80 7 52e+07:5.07 07t
BI 9.1e+06 6.7e+06 9.2e+06 1.1e+07 1.1e+07 3.6e+07 1.8e+07 3.4e+07 5.2e+07 5.80+07
Po 9.1e+06 6.7e+06 9.2e+06 1.1e+07 1.1e+07 3.6e+07 1.9e+07 3.4e+07 5.3e+07 5.80+07
Ra 4.7e+05 2.8e+05 4.5e+05 6.4e+05 6.8e+05 1.80+06 8.3e+05 1.7e+06 2.9e+06 3.3e+06
Ac 4.6e+05 2.8e+05 4.5e+05 6.4e+05 6.9e+05 1.9e+06 8.3e+05 1.7e+06 2.9e+06 3.3e+06
Th4$~;.'2''~ -4.6e+05o 2.7e+05,9 i.5e+0,5e; 6.3o 05^;B ;605.9e+01.9 82405 .7+06 '
Pa 4.6e+05 2.80+05 4.5e+05 6.4e+05 6.9e+05 1.80+06 8.3e+05 1.80+06 2.8e+06 3.2e+06
U 4.7e+05 2.80+05 4.6e+05 6.4e+05 6.9e+05 1.8e+06 8.4e+05 1.7e+06 2.9e+06 3.3e+06
Np 4.6e+05 2.80+05 4.5e+05 6.4e+05 6.9e+05 1.9e+06 8.2e+05 1.7e+06 2.9e+06 3.3e+06
Pu 4.6e+05 2.7e+05 4.5e+05 6.4e+05 6.9e+05 1.8e+06 8.1e+05 1.7e+06 2.9e+06 3.2e+06
Am ,''' 4.7o+05'2.8 Y -4.7e+05-' 6.4005 6.9 *5 ..j1.8e+05- 8.2e 05...- 1.7e+8 2.8eo06 3i06
Cm 4.6e+05 2.8e+05 4.5e+05 6.3e+05 6.9e+05 1.8e+06 8.2e+05 1.7e+06 2.9e+06 3.2e+06
Bk 4.7e+05 2.80+05 4.5e+05 6.4e+05 6.9e+05 1.8e+06 8.4e+05 1.7e+06 2.9e+06 3.3e+06
Cf 4.6e+05 2.7e+05 4.5e+05 6.3e+05 6.9e+05 1.8e+06 8.2e+05 1.7e+06 2.9e+06 3.2e+06
Es 4.6e+05 2.80+05 4.5e+05 6.4e+05 6.9e+05 1.9e+06 8.5e+05 1.8e+06 2.9e+06 3.3e+06
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Appendix K Normalized Radionuclide Concentrations
Table K.8 Normalized gaseous releases-cast Iron furnaces and secondary aluminum smelter

Cast iron . Aluminum
Element Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
H 1.1e+10 6.2e+09 1.1e+10 1.3e+10 1.3e+10 1.5e+06 1.2e+06 1.5e+06 1.8e+06 1.8e+06
C 3.0e+07 1.7e+06 2.2e+07 7.1e+07 8.8e+07 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00
Na 2.9e+09 4.4e+08 2.7e+09 5.4e+09 6.1e+09 O.Oe+OO O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00
P 1.3e+08 1.8e+07 1.2e+08 2.4e+08 2.7e+08 5.7e+04 1.1e+04 4.1e+04 1.2e+05 1.6e+05

2L,1.;,2e+08 - 1.6oe+, 0e.08j e .+08' 2;7e+08 e-<L O.Oe+OO005.0et0,_ O..e+O Oj.Oe+ '002.o+o
Cl 6.8e+09 2.6e+09 7.0e+09 9.6e+09 1.0e+10 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
K 2.9e+09 4.3e+08 2.7e+09 5.5e+09 6.1e+09 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca 1.9e+08 2.7e+07 1.7e+08 3.7e+08 4.1e+08 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sc 1.9e+08 2.7e+07 1.7e+08 3.5e+08 4.1e+08 O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00

Mn 2.9e+07 1.3e+06 22e+07 6.6e+07 8.1e+07 2.7e+04 6.1e+03 2.0e+04 5.6e+04 7.6e+04
Fe 2.8e+07 1 .2e+06 2.0e+07 6.7e+07 8.2e+07 2.7e+04 6.1 e+03 2.0e+04 5.6e+04 7.6e+04
Co 2.9e+07 1.4e+06 2.10e+07 7.0e+07 8.5e+07 2.7e+04 6.0e+03 2.0e+04 5.4e+04 7.3e+04
Ni 2.9e+07 1.6e+06 2.1e+07 6.9e+07 8.2e+07 2.7e+04 6.10e+03 2.0e+04 5.5e+04 7.6e+04
ZNi 237e+097 16.9e+07 .2.7e904 6.e 29e+04 5e+O .6e+0
As 1.5e+09 2.0e+08 1.3e+09 2.9e+09 3.3e+09 5.7e+04 1.0e+04 4.1e+04 1.2e+05 1.6e+05
Se 3.9e+08 5.8e+07 3.5e+08 7.3e+08 8Ae+08 5.8e+04 1.1e+04 4.0e+04 1.2e+05 1.6e+05
Sr 1.9e+08 2.7e+07 1.7e+08 3.5e+08 4.1e+08 O.Oe+00 0.0e+00 O.Oe+00 0.0e+00 O.Oe+00
Y 1.9e+08 2.6e+07 1.7e+08 3.6e+08 4.2e+08 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Z' __8>2.8e+072:^,ti.7e,~6308:r08r. 4;
Nb 1.9e+08 2.7e+07 1.7e+08 3.6e+08 4.1 e+08 2.7e+04 6.2e+03 2.0e+04 5.5e+04 7.5e+04
Mo 2.9e+07 1.4e+06 2.1e+07 6.8e+07 8.3e+07 5.7e+04 1.1e+04 4.1e+04 1.2e+05 1.6e+05
Tc 2.9e+07 1.6e+06 2.2e+07 6.6e+07 8.2e+07 5.8e+04 1.1e+04 4.1e+04 1.2e+05 1.6e+05
Ru 2.8e+07 1.5e+06 2.1 e+07 6.8e+07 8.2e+07 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

A ;2;_+ 07: .3e+062 .1 ,e+~ 800 0.0 0o0o00e+O2.0
Cd 3.8e+09 5.7e+08 3.6e+09 7.0e+09 7.5e+09 2.8e+04 6.1e+03 2.0e+04 5.7e+04 7.7e+04
Sn 5.8e+07 8.2e+06 5.0e+07 1.1e+08 1.3e+08 5.7e+04 1.1e+04 4.1e+04 1.2e+05 1.6e+05
Sb 3.7e+09 5.5e+08 3.5e+09 6.8e+09 7.3e+09 5.7e+04 1.1e+04 4.1e+04 1.2e+05 1.6e+05
Te 2.3e+09 3.4e+08 2.2e+09 4.2e+09 4.6e+09 5.80+04 1.1e+04 4.1e+04 1.2e+05 1.7e+05

.909 +09 0e0, ,7, 9j . 6;4e,+5,
Cs 2.9e+09 4.3e+08 2.7e+09 5.4e+09 5.9e+09 O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00
Ba 1.9e+08 2.7e+07 1.7e+08 3.5e+08 4.0e+08 2.0e+04 4.3e+03 1.4e+04 4.1 e+04 5.6e+04
Ce 1.9e+08 2.8e+07 1.7e+08 3.6e+08 4.0e+08 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pm 1.9e+08 2.7e+07 1.7e+08 3.6e+08 4.1e+08 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O

.7j. 9o e+86e,7,.7, + I. 8 4.0e+08 ,. 0.O0e 7<0d.OO+00$.0e 00- 0+ 0Y;.
Eu 1.9e+08 2.6e+07 1.7e+08 3.6e+08 4.1e+08 O.Oe+00 O.Oe+00 0.0e+00 0.Oe+00 O.0e+00
Gd 1.9e+08 2.7e+07 1.7e+08 3.5e+08 4.te+08 O.Oe+00 O.Oe+00 o.oe+o o.oe+00 O.Oe+o00
Th 1.9e+08 2.7e+07 1.7e+08 3.5e+08 4.1e+08 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 O.0e+00
Tm 1.9e+08 2.6e+07 1.7e+08 3.5e+08 4.1e+08 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 0.0e+00
'; 9e,+08 ,+07!.7e_083.50+0,8 34.0e+'08 757e'th~i lo i+40054 1,6e+
w 2.8e+07 1.5e+06 2.1e+07 6.6e+07 8.0e+07 5.8e+04 1.1e+04 4.1e+04 1.2e+05 1.7e+05
Os 3.7e+09 5.5e+08 3.5e+09 6.7e+09 7.3e+09 5.7e+04 1.1e+04 4.0e+04 .1.2e+05 1.6e+05
Ir 2.9e+07 1.5e+06 22e+07 6.8e+07 8.3e+07 5.7e+04 1.0e+04 4.1e+04 12e+05 1.6e+05
TI 3.6e+09 5.5e+08 3Ae+09 6.6e+09 7.2e+09 5.8e+04 1.1e+04 4.1e+04 1.2e+05 1.6e+05

P i:<7~3.60+09 j;.5.5o+,,08 ' -,3.4e+09 ,5, .ie+,,O9 *,' 7.2e+09 <.8 {4) ,4.1, e+,0,4,'-;2e4 1.5
Bl 3.7e+09 5.5e+08 3.5e+09 6.7e+09 7.3e+09 5.8e+04 1.1e+04 4.1e+04 12e+05 1.6e+05
Po 3.8e+09 5.7e+08 3.6e+09 7.0e+09 7.5e+09 5.7e+04 1.0e+04 4.0e+04 1.2e+05 1.6e+05
Ra 1.9e+08 2.7e+07 1.7e+08 3.5e+08 4.0e+08 O.Oe+00 0.0e+00 O.Oe+00 0.0e+00 O.Oe+00
Ac 1.9e+08 2.6e+07 1.7e+08 -3.5e+08 4.0e+08 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th>"x '4i'1.9e+08 ^'26O+07'e+08i :3.560+8 -41e8 .Z' Ž0.000.0O -<'0.Oe+00 0.-0''0 ~'' .Oe+00'i
Pa 1.9e+08 2.6e+07 1.7e+08 3.6e+08 4.1e+08 5.7e+04 1.1e+04 4.1e+04 1.2e+05 1.7e+05
U 1.9e+08 2.7e+07 1.7e+08 3.6e+08 4.0e+08 1.9e+04 3.6e+03 1Ae+04 4.0e+04 5.5e+04
Np 1.9e+08 2.7e+07 1.7e+08 3.6e+08 4.1e+08 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu 1.9e+08 2.7e+07 1 .7e+08 3.5e+08 4.0e+08 1.9e+04 3.5e+03 1 Ae+04 3.9e+04 5.6e+04
Am- _i-;t1.90' 08 ,2.6e+0i7':1 .7e' 08 j, 3.5e+08 - -4.00+08 ,'--O O3.e+ OA O.0Oe O 0.0e*O0 &o.o-O6 U. O OOe+,OOCm 1.9 e0+08 2.00 .8 3.60+8 4.le068 0.+0 0.00 .00+0 0O+00 0.00+00
Cm 1.9e+08 2.8e+07 1.7e+08 3.6e+08 4.1e+08 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00
Bk 1.9e+08 2.7e+07 1.7e+08 3.6e+08 4.1e+08 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.0e+00
Cf 1.9e+08 2.7e+07 1.7e+08 3.6e+08 4.1e+08 O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 0.0e+00
Es 1.8e+08 2.6e+07 1.7e+08 3.5e+08 4.0e+08 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+O0
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Normalized Radionuclide Concentrations Appendix K

Table K9 Normalized concentrations-secondary copper reverberatory furnace-metal and slag

Element Metal product Slag
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

H O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00
C O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Na 5.7e-07 1.7e-07 4.5e-07 1.1e-06 1.3e-06 2.5e-02 1.1e-02 2.1e-02 4.4e-02 4.9e-02
P 5.7e-07 1.7e-07 4.5e-07 1.Ie-06 1.3e-06 1.2e-02 3.0e-03 9.5e-03 2.5e-02 3.0e-02
S- 7.,, 5.7e 07 1.7O074.5'0 i ,1 06 L1j.3 06'' Ii ' .2e0_2- 3.0o-03' 9.40.03__2.502Yg'3,0e02,
Cl 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 2.4e-02 I.Oe-02 2.0e-02 4.2e-02 4.7e-02
K 5.6e-07 1.7e-07 4.5e-07 1.1e-06 1.3e-06 1.2e-02 3.0e-03 9.4e-03 2.4e-02 3.0e-02
Ca 5.7e-07 1.7e-07 4.5e-07 1.e-06 1.3e-06 2.5e-02 1.e-02 2.1e-02 4.4e-02 4.9e-02
Sc 5.6e-07 1.6e-07 4.5e-07 I.1e-06 1.3e-06 2.5e-02 1.1e-02 2.1e-02 4.4e-02 4.9e-02
C 1.3e, 2.So 0,,,1 5' 2i 2i, Zj4.
Mn 2.0e-05 6.4e-06 1.6e-05 3.7e-05 4.6e-05 2.4e-02 1.0e-02 2.1e-02 4.3e-02 4.8e-02
Fe 7.8e-05 1 .9e-05 6.0e-05 1 .6e-04 1 .9e-04 2.3e-02 9.8e-03 2.0e-02 4.1 e-02 4.5e-02
Co 2.0e-04 3.5e-05 1.5e-04 4.2e-04 5.3e-04 2.0e-02 7.9e-03 1.7e-02 3.6e-02 4.1e-02
NI 2.0e-04 3.5e-05 1.5e-04 4.1 e-04 5.4e-04 2.0e-02 8.0e-03 1.7e-02 3.7e-02 4.1e-02
5; 8.1 e-05l 2.2 82e 058j.6o-4L.04 ; ~>4.S~ ,2.2o 02 .t-9.,5o-03-,~ .9e-,2 g- 4.0o.,04:.4e

As 9.1e-05 3.4e-05 7.6e-05 1.6e-04 1.9e-04 1.1 e-02 2.9e-03 8.2e-03 2.10-02 2.5e-02
Se 9.1e-05 3.5e-05 7.7e-05 1.6e-04 1.9e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sr 5.7e-07 1.7e-07 4.5e-07 1.1e-06 1.3e-06 2.5e-02 1.1e-02 2.1e-02 4.40-02 4.9e-02
Y 5.7e-07 1.7e-07 4.5e-07 1.1e-06 1.3e-06 2.5e-02 1.1e-02 2.1e-02 4.4e-02 4.9e-02
ZNb:-:,. 5.7e-0 7. L1I.7e-07 4.5eO7 .Ie06 1.306 2.5e-02 51.1-02 2.1e-02 4.4eb0 4.9022
Nb 5.7e-07 1.7e-07 4.5e-07 1.1e-06 1.3e-06 2.5e-02 1.1e-02 2.1e-02 4.4e-02 4.9e-02
Mo 5.7e-07 1.7e-07 4.5e-07 1.1e-06 1.3e-06 2.5o-02 1.1e-02 2.1e-02 4.4e-02 4.9e-02
Tc 5.6e-07 1.7e-07 4.5e-07 1.1e-06 1.3e-06 2.5e-02 1.1o-02 2.1e-02 4.4e-02 4.9e-02
Ru 1.1e-03 5.0e-04 8.9e-04 1.9e-03 1.9e-03 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

,S,:;~~~~__ .j 'go 1.~i 0.e-003.0e.004, 9,03:1.0-90~~a;O.0e4S.00vO.iiij0O+Og,0e+00.

Cd 8.1e-05 2.2e-05 6.3e-05 1.6e-04 1.9e-04 2.2e-02 9.5e-03 1.9e-02 4.0e-02 4.4e-02
Sn 1.7e-04 5.4e-05 1.3e-04 3.1e-04 3.7e-04 2.1e-02 8.8e-03 1.8e-02 3.7e-02 4.1e-02
Sb 2.4e-04 4.5e-05 1.8e-04 4.9e-04 6.4e-04 1.9e-02 7.0e-03 1.6e-02 3.4e-02 3.9e-02
To 9.1 e-05 3.5e-05 7.6e-05 1.6e-04 1.9e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
I.00-C O.OIOL' 0.0Ot00ii~r . 0O-OtOOTh.O±O -. 402I< 2.0i6..21m2.i0002%.2o .7e-02d
Cs 9.1e-05 3.4e-05 7.6e-05 1.6e-04 1.9e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.0e+00
Ba 5.7e-07 1.7e-07 4.4e-07 1.1e-06 1.3e-06 2.5e-02 1.1e-02 2.1e-02 4.4e-02 4.9e-02
Ce 5.7e-07 1.7e-07 4.5e-07 1.1e-06 1.3e-06 2.5e-02 1.1e-02 2.1e-02 4.4e-02 4.9e-02
Pm 5.6e-07 1.6e-07 4.5e-07 1.Ie-06 1.3e-06 2.5e-02 1.1e-02 2.1e-02 4.4e-02 4.9e-02
S nR '5.6e -7 Ve 07 4.5e ,7 i.Ie-0 .3e0 0 2.5 , 1.1 e02, 2'1e 02 -4.4e 2 4.9e02,
Eu 5.6e-07 1.7e-07 4.5e007 1.Ie-06 1.3e-06 2.5e-02 1.1e-02 2.1e-02 4.4e-02 4.9e-02
Gd 5.6e-07 1.7e-07 4.5e-07 1.1e-06 1.3e-06 2.5e-02 1.1e-02 2.1e-02 4.4e-02 4.9e-02
Tb 5.6e-07 1.7e-07 4.5e-07 1.Ie-06 1.3e-06 2.5e-02 1.1e-02 2.1e-02 4.4e-02 4.9e-02
Tm 5.6e-07 1.7e-07 4.5e-07 1.1e406 1.3e406 '2.5e402 1.1e-02 2.1e402 4.4e-02 4.9e-02

W 5.7e-07 1.7e-07 4.5e-07 1.1e-06 1.3e-06 2.5e-02 1.1e-02 2.1e-02 4.4e-02 4.9e-02
Os 1.1e-03 5.00-4 8.9e-04 1.9e-03 1.9e-03 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ir 1.1e-03 5.0e-04 8.9e-04 1.9e-03 1.9e-03 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
TI 9.1e-05 3.4e-05 7.7e-05 1.6e-04 1.9e-04 1.e-02 4.0e-03 9.1e-03 2.0e-02 2.3e-02
Pb- - 4.5e4'za7.4e-05 &.33o.0 e,, 1-ie 037 ,,,4-1.4e6-02 ;8e-;,-,1;0'e, 2.7-2 i 3.3
BI 9.8e-04 4.3e-04 8.3e-04 -1.8e-03 1.8e-03 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Po 1.6e-04 3.e-05 1.2e-04 3.2e-04 4.2e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ra 5.7e-07 1.7e-07 4.5e-07 1.1e-06 1.3e-06 2.5e-02 1.1e-02 2.1e-02 4.4e-02 4.9e-02
Ac 3.1e-06 5.6e-07 2.3e-06 6.6e-06 8.2e-06 2.5e-02 1.1e-02 2.1e-02 4.4e-02 4.9e-02
m1- . > 600 8.2e 7f4.5 .06"1;3e 05 2-1 .5e0'--* 2 44 48eO_ 2~
Pa 6.0e-06 8.3e-07 4.4e-06 1.3e-05 1.6e-05 2.5e-02 1.1e-02 2.1e-02 4.4e-02 4.8e-02
U 6.0e-06 8.0e-07 4.5e-06 1.3e-05 1.6e-05 2.5e-02 1.1e-02 2.1e-02 4.4e-02 4.8e-02
Np 3.1e-06 5.6e-07 2.3e-06 6.6e-06 8.2e-06 2.5e-02 1.1e-02 2.1e-02 4.4e-02 4.8e-02
Pu 3.1e-06 5.6e-07 2.3e-06 6.6e-06 7.9e-06 2.5e-02 1.1e-02 2.1e-02 4.4e-02 4.9e-02
A -3.1e-0657  :2.50-02 .1e.0 e-06 2.1.-02- 4"4e-2A'4.9e-02.:4
Cm 3.1e-06 5.6e-07 2.3e-06 6.6e-06 8.0e-06 2.5e-02 1.1e-02 2.1e-02 4.4e-02 4.9e-02
Bk 3.1e-06 5.7e-07 2.30-06 6.5e-06 8.0e-06 2.5e-02 1.1e-02 2.1e-02 4.4e-02 4.9e-02
Cf 3.1e-06 5.5e-07 2.3e-06 6.60-06 8.1e-06 2.5e-02 1.1e-02 2.1e-02 4.4e-02 4.8e-02
Es 3.1e-06 5.6e-07 2.3e-06 6.5e-06 8.0e-06 2.5e-02 1.1e-02 2.1e-02 4.4e-02 4.9e-02
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Appendix K Nonnalized Radionuclide Concentrations
Table K.10 Normalized concentrations In dust and gaseous releases-'c6pper reverberatory furnace

Dust concentration Gaseous release
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

H 0.Oe+00 0.Oe+O0 O.Oe+00 0.Oe+00 0.Oe+0O 7.6e+07 6.2e+07 6.2e+07 1.2e+08 1.2e+08
C 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.0e+00 7.6e+07 6.2e+07 6.2e+07 1.2e+08 1.2e+08
Na O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00
P 1.9e-01 2.0e-02 1.2e-01 4Ae-01 6.3e-01 1.6e+06 5.3e+05 1.4e+06 2.6e+06 3.5e+06
S' , .,;'0Ze-O1 , 2.0e02. Oi.2oOg.5e 01 -s,;6.3e-01 1.6.e+8-'.4+'05 , .4AeO06.2.,7e+08-B.6e0
Cl 1.8e-02 1.7e-03 1.1e-02 4.2e-02 5.9e-02 1.5e+05 4.5e+04 1.3e+05 2.5e+05 3.4e+05
K 2.0e-01 2.0e-02 1.2e-01 4.5e-01 6.3e-01 1.6e+06 5.3e+05 1.4e+06 2.6e+06 3.6e+06
Ca 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+WO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sc O.Oe+00 O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Mn O.e+0 O.Oe+O O.Oe+00 O. OeOO _00+0O O.Oe+00 O.Oe+00 O.Oe+OO 0.Oe+W0 0.Oe+00
Fe O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00
Co 0.Oe+00 0.Oe+00 0.Oe+00 O.Oe+WO 0.Oe+00 0.Oe+00 0.0O+00 0.Oe+00 O.Oe+00 O.Oe+00
N O.Oe+000 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+O0 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zn eP,2ef02 98.0040 9 e2.5e+04 ,6.9 ,,.3e+05=1805
As 1.9e-01 2.2e-02 1.2e-01 4.3e-01 6.1e-01 1.6e+06 6.6e+05 1.4e+06 2.6e+06 3.4e+06
Se 3.6e-01 4.8e-02 2.4e-01 7.8e-01 1.1e+00 2.9e+06 2.3e+06 2Ae+06 4.8e+06 4.9e+06
Sr O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00
Y O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr,-^.',.Oe+0 :p.Oe+00_g0.Oe±00Z!O.O~e+OO0 ~ E'-.Oe+00_0.0+0 - _0.Ooe __ ziL0.do~
Nb O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mo O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+oo O.Oe+OO
Tc O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00
Ru O.Oe+00 0.0e+00 O.Oe+00 O.Oe+0W O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

_.b. O Oe+0O -0 r, .'e+0-O.Oe+0O 1
Cd 9.7e-03 9.6e-04 5.8e-03 2.2e-02 3.1e-02 8.0e+04 2.5e+04 6.9e+04 1.3e+05 1.8e+05
Sn 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sb 1.1e-02 1.1e-03 6.5e-03 2.5e-02 3.7e-02 9.1e+04 2.8e+04 7.8e+04 1.5e+05 2.1e+05
Te 3.6e-01 4.8e-02 2.4e-01 7.8e-01 1.1e+00 2.9e+06 2.3e+06 2Ae+06 4.8e+06 4.9e+06

Cs 3.6e-01 4.8e-02 2.4e-01 7.8e-01 1.1e+0W 2.9e+06 2.3e+06 2Ae+06 4.8e+06 4.9e+06
Ba O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Ce 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pm 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 0.Oe+00

5m '-,. O2,.O+O-,e+O''E.O -Oe O', &eW',!7,Q;,"e+-o ob.etw 2bdb
Eu O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00
Gd O.Oe+00 O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Td O.Oe+00 0.0e+00 0.0e+00 0.Oe+00 O.Oe+00 'O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.0e+00
Tm O.Oe+00 0.0e+00 O.Oe+WO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.0e+00

W O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O 0.0e+00
Os O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 O.0e+00 0.0e+00 O.Oe+00 0.0e+00 O.Oe+00
Ir O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 0.0e+00 O.Oe+00
Tl 1.9e-01 2Ae-02 1.2e-01 4.1e-01 5.7e-01 1.5e+06 9.6e+05 1.3e+06 2.6e+06 3.0e+06

P.': ,-0,,-12e ,<70 '-2.9e-02,,4.1 90-2>.<@ 710+0; 31+4:'87.e05'23 e-PbKsJ1.Oe+05..S.1 _ -,
B1 3.4e-02 3.3e-03 2.0e-02 7.6e-02 1.1e-01 2.7e+05 8.9e+04 2Ae+05 4.5e+05 6.3e+05
Po 3.3e-01 4.4e-02 2.2e-01 7.3e-01 1.0e+00 2.7e+06 1.9e+06 2.3e+06 4.6e+06 4.9e+06
Ra O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.00+00 O.Oe+00 0.0e+00
Ac 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+W O.Oe+O0

0eW ; a o.0040fOO . 6+O .O O .Oe+OO ;, O.OeO ' b.0O.Oe OO .Oe O ' + .fOOe0 O.O 0oW
Pa 0.0e+00 O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Np O.Oe+00 0.0e+00 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
Cm 00+ 0.00+00,' O.O -0.0e+00 -0.00e+00 O.Oe+00 ,0, .Oe+ 0.0e+OO

Cf O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OOBk 0.00+00 0.00+00 0.Oe+00 0.00+00 0.00+00 0.00+00 0.00+00 0.00+00 0.00+00 0.00+00
Cf 0.00+00 0.00+00 0.Oe+00 0.00+00 0.00+00 0.00+00 0.Oe+DO 0.00+00 0.Oe+00 0.00+00
Es O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
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Normalized Radionuclide Concentrations Appendix K
Normalized Radionuclide Concentrations Atoendix K

Table 1i11 Normalized concentrations-secondary aluminum smelter-metal product
Element Annual average Maximum single heat

Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
H 1.2e-06 2.5e-07 9.2e-07 2.6e-06 3.3e-06 1.9e-03 5.7e-04 1.7e-03 3.2e-03 3.8e-03
C 6.9e-07 1.8e-07 5.2e-07 1.3e-06 1.7e-06 1.1e-03 4.1e-04 9.5e-04 1.7e-03 2.0e-03
Na 6.9e-07 1.7e-07 5.2e-07 1.4e-06 1.7e-06 1.1e-03 -4.0e-04 9Ae-04 1.7e-03 2.0e-03
P 1.3e-05 4.7e-06 1.0e-05 2.3e-05 2.8e-05 1.5e-02 9.6e-03 1.4e-02 2.1 e-02 2.8e-02

_ _ i§.'18o.05,.? 7.1 e-6 1 * 0 5 3 . 2 0 5  0 , . 2' 1.8o.02 S~Z2.7e02t<3.7e 02,
Cl 0.Oe+00 O.Oe+0O O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
K 6.9e-07 1.8e-07 5.3e-07 1.4e-06 1.7e-06 1.1e-03 4.0e-04 9.5e-04 1.7e-03 2.1e-03
Ca 1.7e-06 3.7e-07 1.2e-06 3.4e-06 4.3e-06 2.5e-03 8.4e-04 2.2e-03 4.1e-03 4.9e-03
Sc O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+0O O.Oe+00 O.Oe+00 0.0e+00

Mn 1.6e-05 6.0e-06 1.3e-05 2.8e-05 3.5e-05 1 .8e-02 1 .2e-02 1.6e-02 2.4e-02 3.3e-02
Fe 1 .6e-05 6.0e-06 1 .3e-05 2.8e-05 3.5e-05 1 .8e-02 1.2e-02 1 .6e-02 2.5e-02 3.3e-02
Co 1.6e-05 6.0e-06 1.3e-05 2.8e-05 3.5e-05 1.8e-02 1.2e-02 1.6e-02 2.5e-02 3.3e-02
Ni 1.6e-05 6.10e-06 1.3e-05 2.8e-05 3.5e-05 1.8e-02 1.2e-02 1.6e-02 2.5e-02 3.3e-02ZNi, t ,:1.6e':05 6.1e-06 1~ .3e-0 .e05 3.5e,05 8.8e'0 12e-02 1.6e02, 2.5e0-2w,, 3.e02

As 1.3e-05 4.7e-06 1.1e-05 2.3e-05 2.9e-05 1.5e-02 9.7e-03 1.4e-02 2.2e-02 2.8e-02
Se 1.3e-05 4.7e-06 1.0e-05 2.3e-05 2.9e-05 1.50-02 9.7e-03 1.4e-02 2.1e-02 2.8e-02
Sr 1.7e-06 3.7e-07 1.2e-06 3.4e-06 4.3e-06 2.5e-03 8.1e-04 2.2e-03 4.1e-03 5.0e-03
Y O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00

.' '7'- 4 -90-08 ri 4.4Si 7.5e 0. ,-5--.,TX.7, 8. ,7',.Oet' 1~.5

Nb 1.6e-05 6.1e-06 1.3e-05 2.8e-05 3.5e-05 1.8e-02 1.2e-02 1.6e-02 2.5e-02 3.3e-02
Mo 1.3e-05 4.7e-06 1.1e-05 2.3e-05 2.9e-05 1.5e-02 9.6e-03 1.4e-02 2.1e-02 2.8e-02
Tc 1.3e-05 4.7e-06 1.0e-05 2.3e-05 2.9e-05 1.5e-02 9.7e-03 1.4e-02 2.1e-02 2.8e-02
Ru 1.8e-05 7.1e-06 1.6e-05 3.2e-05 4.1e-05 2.0e-02 1.3e-02 1.8e-02 2.7e-02 3.7e-02

4Mi:s-e18li1-6:X;.0',- .2e1e" ,,, 0 2 :.i. T'.8 5 Ff:d 2.7e-A O2
Cd 1.7e-05 6.5e-06 1.4e-05 3.0e-05 3.7e-05 1.9e-02 1.3e-02 1.7e-02 2.6e-02 3.5e-02
Sn 1.3e-05 4.7e-06 1.Ie-05 2.3e-05 2.9e-05 1.5e-02 9.7e-03 1.4e-02 2.1e-02 2.8e-02
Sb 1.3e-05 4.7e-06 1.Oe-05 2.3e-05 2.9e-05 1.5e-02 9.6e-03 1.4e-02 2.1 e-02 2.9e-02
To 1.3e-05 4.7e-06 1.1e-05 2.3e-05 2.9e-05 _1.5-02 9.6e-03 1.4e-02 2.1e-02 2.9e-02

j5 t'O.Oe4+OO,;O. +O2O1 O O;--,,eO,; 4J>->.-OO,_-, e,--,O e.e O
Cs O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ba O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ce 6.9e-07 1.8e-07 5.3e-07 1Ae-06 1.7e-06 1.1e-03 4.1e-04 9.5e-04 1.7e-03 2.0e-03
Pm .Oe+00+ O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O .Oe+00 O.Oe+00 O.Oe+00 0.0e+00 0.Oe+00
Eu 00+ 0.00+00 0.06+00 0.00+00 0.00+0 00+ 0 e0 0O-j.0 6+00 Q.Oe+O0 0.00+0o
Eu O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Gd O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.0O+00 O.Oe+00 O.Oe+00 O.Oe+00
Tb O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Tm O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

W 1.3e-05 4.7e-06 1.le-O5 2.3e-05 2.90-05 1.5e-02 9.7e-03 1.4e-02 2.1e-02 2.80-02
Os 1.3e-OS 4.7e-06 1.0.-O5 2.3e-05 2.8.-OS 1.50-02 9.6e-03 1.4e-02 2.1e-02 2.8e-02
Ir 1.3e-05 4.7e-06 1.0e-05 2.3e-05 28.8-O5 1.5e-02 9.7e-03 1.4e-02 2.2e-02 2.8e-02
TI 1.3e-05 4.7e-06 1.0e-05 2.3.-OS 2.9e-05 1.5e-02 9.7e-03 1.4e-02 2.1e-02 2.8e-02
Pb- qS:,-,' 1.3o-O5= *,4.7o-06,,;, 1.Oe-05E=- 2.3o-O5A! 2;9e 05.j, 3;1.5e,-02':&, t9.6&0' i4.4 2-.022e2
Bi 1.3e-05 4.7e-06 1.0e-05 2.3e-05 2.9e-OS 1.5e-02 9.6e-03 1.4e-02 2.1e-02 2.8e-02
Po 1.3.-OS 4.7e-06 1.1e-OS 2.3e-05 2.8.-O5 1.5e-02 9.7e-03 1.4e-02 2.1e-02 2.8e-02
Ra 0.00+00 0.0e+00 0.0e+00 0.00+00 0.00+00 0.00+00 O.Oe+OO 0.0e+00 O.Oe+OO 0.00+00
Ac _ 3.4e-06 6.5e-07 2.50-06 7.1e-06 9.1e-06 4.9e-03 1.3e-03 4.4e-03 8.3e-03 1.0e-02

I73.'4oe- -O '2.5 6 7.0e.06, W 9.--i 03.:4.3eO3 203go-O3i
Pa 1.3e-05 4.7e-06 1.1e-05 2.3e-05 2.8e-05 1.5e-02 9.7e-03 1.4e-02 2.1e-02 2.8e-02
U 3.5e-06 8.7-07 2.70e-06 7.0e-05 8.80-06 1.-03 1.90-03 4.6e-03 8.1e-03 9.8e-03
Np 3.4.-O6 6.6e-07 2.5e-06 7.0e-06 8.9o-06 4.9e-03 1.4e-03 4.3e-03 8.3e-03 9.9e-03
Pu 3.5e-06 8.5-07 2.70e-06 7.0e-06 8.7e-06 5.0e-03 1.9e-03 4.6403 8.0e-03 9.8e-03
Am, , ,; 3.4e-06', : 6.5e 07'~ ',2.5o-06,- 7;0e-06'$:; 9;ie-06 -' 4.8e-03:,2- i.4e-0 .'-4.e-.W 2-0, .803
Cm 3.4e-06 6.6e-07 2.6e-06 6.9e-06 8.9e-06 4.9e-03 1.4e-03 4.3e-03 8.3e-03 1.0e-02
Bk 3.4e-06 6.6e-07 2.50e-05 6.9.-OS 9.0. 4.90-03 1.46-03 4.3e-03 8.2.e-03 1.0e-02
Cf 3.4e-06 6.6e-07 2.5e-06 7.0e-06 8.9.e-06 4.8e-03 1.4e-03 4.3e-03 8.2e-03 9.7e-03
Es 3.4e-06 6.7e-07 2.5e-06 7.0e-06 9.0e-06 4.9e-03 1.4e-03 4.4e-03 8.2e-03 9.9e-03-
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Appendix K Normalized Radionuclide Concentrations

Table K.12 Normalized concentrations-secondary aluminum smelter-dross and dust

Element Dross Dust
Mean 5th 50th . 90th 95th Mean 5th 50th 90th 95th

H O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+O0
C 7.8e-05 2.6e-05 6.2e-05 1.5e-04 1.8e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O
Na 7.8e-05 2.6e-05 6.2e-05 1.5e-04 1.8e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00
P 1.2e-05 2.5e-06 9.le-06 2.6e-05 3.3e-05 9.7e-04 1.3e-04 6.le-04 2._e-03 2.9e-03
S ,','-. ',.Oe+OoL O.Oe+OO,:'- O.Oe+,00.- Q.e+OO -t' O.0e+OO_' '5O.~OI++:0O.Oe+O0 20e0 '.Oo~ Oi¢*.Oe~O0 '_.'O~e+0OO
Cl 8.1 e-05 2.7e-05 6.5e-05 1.5e-04 1.9e-04 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00
K 7.8e-05 2.6e-05 6.3e-05 1.5e-04 1.8e-04 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
Ca 7.3e-05 2.5e-05 5.9e-05 1 Ae-04 1 .7e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sc 81e45 2.7e-05 6.5e-05 1.5e-04 1.9e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00
& v; -3~ IT26e-6 .1 e4 -0 .,2.5e-05_3e iO 5' 9,..0&02 21 e-03 '>'5.9ea
Mn 5.8e-06 1Ae-06 4Ae-06 1.1e-05 1 Ae-05 4.6e-04 7.5e-05 2.9e-04 1.0e-03 1.Ae-03
Fe 5.8e-06 1.4e-06 4.4e-06 1.2e-05 1.5e-05 4.6e-04 7.3e-05 2.9e-04 9.9e-04 1.4e-03
Co 5.8e-06 1 Ae-06 4.4e-06 1.2e-05 1.5e-05 4.6e-04 7.5e-05 3.0e-04 9.8e-04 1 Ae-03
Ni 5.8e-06 1.4e-06 4.4e-06 1.2e-05 1.5e-05 4.6e-04 7Ae-05 3.0e-04 1.Oe-03 1.4e-03
Zn::$-,,±5.Bo-6L..4e-6^ -'4 .3e06 X2e-,05 j5-0 D, 5 ,.6. 4 :: .7.5e-0 .-S-2.9e 9.8e..0__.4003,
As 1.2e-05 2.6e-06 9.0e-06 2.5e-05 3.3e-05 9.6e-04 1.3e-04 6.0e-04 2.1e-03 3.1e-03
Se 1.2e-05 2.5e-06 9.0e-06 2.5e45 32e-05 9.8e-04 1.4e-04 6.le-04 2.2e-03 3.0e-03
Sr 7.3e-05 2.5e-05 5.9e-05 1Ae-04 1.7e-04 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
Y 81le-05 2.7e405 6.5e-05 1 .5e404 1 .9e404 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO

Nb 5.8e406 1.4e-06 4Ae-06 1.2e4-05 1.5e-05 4.6e-04 7.6e-05 3.0e-04 9.8e-04 1.4e-03
Mo 1.2e-05 2.5e-06 9.0e-06 2.5e-05 3.3e-05 9.7e-04 1.3e-04 6.1e-04 2.2e-03 3.1e-03
Tc 1.2e-05 2.Se-06 8.9e-06 2.5e-05 3.3e-05 9.8e-04 1.4e-04 6.1e-04 2.1e-03 3.0e-03
Ru O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
4'' Ca- .0e+00)20.0e+O _.Oe+00 j 0.Oe+OO00 .O~ 0 >, .Oe+002 .0e0FO.Oe,;OMO~e+OO,
Cd O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 4.7e-04 7.5e-05 3.0e-04 1.Oe-03 1 Ae4-03
Sn 1.2e-05 2.4e-06 9.1 e-06 2.5e-05 3.2e-05 9.7e-04 1.4e-04 6.0e-04 2.1 e-03 3.le-03
Sb 1.2e-05 2.5e-06 9.0e-06 2.5e-05 3.2e-05 9.8e-04 1.3e-04 6.2e-04 2.1e-03 3.0e-03
Te 1.2e-05 2.5e-06 9.1e-06 2.5e-05 3.2e-05 9.7e-04 1.3e-04 6.2e-04 2.1 e-03 3.0e-03

sO 0;-,0- e+O
Cs 8.1ea-5 2.7e-05 6.5e45 1.5e-04 1.9e-04 O.Oe+00 O.Oe+W0 O.Oe+00 O.Oe+00 O.Oe+00
Ba 7.7e-45 2.6e-05 6.1e-05 Ae4-04 1.8e-04 3.4e-04 5.2e-05 2.2e-04 7Ae4-04 I.1e403
Ce 7.8e-05 2.6e-05 6.2e-05 1.4e-04 1.8e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pm 8.1e-05 2.7e-05 6.5e-05 1.5e-04 1.9e-04 O.Oe+00 O.Oe+O0 O.Oe+0O O.Oe+00 O.Oe+W
Sm 8.Ie5~L2J05_;-6.5eO-05,1.7 ; 1.94 4, O.QOe+O Oe+004' O.Oet O'O e OO7-Oe'o.
Eu 8.1e-O5 2.7e45 6.5e405 1.S44 1.9e44 0.0e+O0 0.0e+00 O.Oe+OO O.Oe+OO O.Oe+O
Gd 8.1e-05 2.7e-05 6.5e-05 1.5e-04 1.9e-04 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O
Tb 8.le-05 2.7e-05 6.5e-05 1.5e-04 1.9e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Tm 8.1e-05 2.7e405 6.5e-05 1.5e-04 1.9e-04 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
TM<- 1.2e-05 2.7e-056.-006.5 2.5e0 4519 e-04T3 .4O.4eT00 3 Oe400

W 1.2e-05 2.5e-06 9.le-06 2.5e-05 3.3e-05 9.8e-04 1.3e-04 6.1e-04 2.1e-03 .3.1e-03
Os 12e-05 2.5e-06 9.le-06 2.5e-05 3.3e-05 9.7e-04 1.3e-04 6.0e-04 2.1e-03 3.0e-03
Ir 12e-05 2.5e-06 9.1e-06 2.5e-05 3.3e-05 9.7e-04 1.3e-04 6.1e-04 2.1 e-03 3.0e-03
Ti 12e-05 2.5e-46 9.1e-06 2.5e-05 3.2e-05 9.7e-04 1.3e-04 6.0e-04 2.le-03 3.le-03

bv-:, .- j.-; 2e-05,.,>2.5e-0 9.io406 - ,2.5, ,,'3.3e0s 5 .f ,4:s-¶.4.0 '16I04 2.1e-03W.;ff3.I003 .
Bi 1.2e-05 2.5e-06 9.0e-06 2.5e-05 3.2e-05 9.7e-04 1.4e-04 6.1e-04 2.1e-03 3.1e-03
Po 1.2e-05 2.5e-06 9.0e-06 2.5e-05 3.3e-05 9.7e-04 Ae4-04 6.0e-04 2.1 e-03 3.1e-03
Ra 8.1e-05 2.7e-05 6.5e-05 1.5e-04 1.9e-04 O.Oe+00 O.Oe+00 O.Oo+00 0.0+00 O.Oe+00
Ac 6.6e-05 2.2e-05 5.2e-05 1.2e-04 1.5e-04 O.Oe+0 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
Th ~J,,^- - 6.60-05 r.'2.2045-085,52e-05 -; i.5o-J~04Z-.HOOo2--0.000 00+ 00- .' c0.0e+00U0'5-.0e+0O ,$;0.Oe+002
Pa 1.2e-05 2Ae-06 9.1e-06 2.5e-05 3.3e-05 9.7e-04 1.3e-04 6.0e404 2.1e-03 3.0e-03
U 6.le-05 2.0e-05 4.9e-05 1.1e-04 1.4e-04 3.3e-04 4.5e-05 2.0e-04 7.2e-04 1.0e-03
Np 6.6e-05 2.2e-05 5.2e-05 1.2e-04 1.5e-04 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu 6.1e-05 2.Oe-05 4.9e-05 I.e-04 1Ae4-04 3.3e-04 4.5e-05 2.0e-04 7.1 e-04 1.0e-03

Am-,-: ''--'6 2.-2eO05'5.2e O5,'-0 e 1ie,44..0 0 OO,.'O3o ',O.Oe+ 0.'0+00 O,0.0e+0o'
Cm 6.6e-05 2.2e-05 5.2e-05 12e-04 1.5e-04 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00
Bk 6.6e-05 2.2e-05 5.2e-05 1.2e-04 1.5e-04 0.0e+00 O.Oe+00 O.O+00 O.Oe+00 O.Oe+00
Cf 6.6e-05 2.2e-05 5.2e-05 1.2e-04 1.5e-04 O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00
Es 6.6e-05 2.2e-05 5.2e-05 1.2e-04 1.5e-04 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
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L CHEMICAL FORM AND PARTICLE SIZE

The assessment of internal exposures due to the inhalation and ingestion of residually radioactive
material is presented in Chapters 3 - 6 of the main report. As mentioned in Section 1.6.2, the
assessment of effective dose equivalent (EDE) utilizes dose conversion factors (DCFs) listed in
Federal Guidance Report No. 11 (FGR 11) (Eckerman et al. 1988). In like manner, the
assessment of effective doses uses the effective dose coefficients in ICRP Publication 68 (ICRP
1994).

For most radionuclides, the values of the DCFs and the effective dose coefficients depend on the
chemical form of the nuclide. Furthermore, the effective dose coefficients for inhalation have
different values for different size distributions of the inhaled particles. Choosing the correct
values of DCFs and dose coefficients in each exposure scenario therefore requires determining
the chemical form of each of these radionuclides and the particle size distribution of the
suspended aerosols.

L.1 Chemical Form

Eckerman et al. (1988, Table 3) assign the chemical forms of each element to one of three
clearance classes. These classes are defined in 10 CFR 20.1003:

Class (or lung [clearance] class or inhalation class) means a classification scheme for
inhaled material according to its rate of clearance from the pulmonary region of the lung.
Materials are classified as D, W, or Y, which applies to a range of clearance half-times:
for Class D (Days) of less than 10 days, for Class W (Weeks) from 10 to 100 days, and
for Class Y (Years) of greater than 100 days.

A comparable assignment is presented by ICRP (1994, Annexe F). ICRP defines the following
lung clearance types:

Type F Materials: deposited materials that are readily absorbed into blood from the
respiratory tract. (Fast rate of absorption.)

Type M Materials: deposited materials that have intermediate rates of absorption into
blood from the respiratory tract. (Moderate rate of absorption.)

Type S Materials: deposited materials that are relatively insoluble in the respiratory
tract. (Slow rate of absorption.)

Eckerman et al. (1988, Table 3) also assign a fractional absorption from the gastrointestinal tract
to each chemical form of each element. These assignments are presented as f, values, defined as
the fractional absorption from the small intestine to blood. A similar listing is presented by
ICRP (1994, Annexe F).

NUREG-1640 L-l



Chemical Forrn and Particle Size Appendix L
Chemical Form and Particle Size Av�endix L

The 115 radionuclides addressed by the present radiological assessment are isotopes of 59
different elements. The progeny of these radionuclides include isotopes of four additional
elements.' Forty-one of these 63 elements have more than one lung clearance class2 and/or f,
value listed by Eckerman et al. (1988) or by ICRP 1994. These 41 elements, along with the lung
clearance classes and f, values corresponding to their assumed chemical forms in scrap metal or
concrete rubble, are listed in Table L. 1. Elements that partition to the metal product or to slag
and/or offgas during the melting and refining of steel, copper, and aluminum are assigned lung
clearance classes and f, values appropriate to their chemical forms in these media, as listed in
Tables L.2 - L.7.

L.1.1 Scrap Metal and Concrete Rubble

The chemical forms of radionuclides in scrap metal and concrete rubble depend on a number of
factors. These include the original source of the activity; the mechanism by which it is
transferred to these materials; the conditions under which these materials are handled, processed,
and stored, both before and after clearance; the mechanism by which the residual activity is
dispersed into the environment; and the environmental transport pathway in a given exposure
scenario.

Earlier studies (e.g., Anigstein et al. 2001, EC 1998) addressed this issue by using the maximum
dose coefficient and f, value for each pathway in scenarios modeling exposures to scrap metal
and other cleared materials. Such an assumption is inconsistent with the objective of the present
analysis, which is a realistic assessment of radiation doses. On the other hand, since all the
factors controlling the chemical forms of some of the elements in question are not known, and
may vary for different types of nuclear facilities and under different operating conditions, care
must be taken not to understate the doses. The approach used to determine the chemical form of
radionuclides on cleared materials in the present study is realistic yet cautious. First we examine
the chemical forms of a given element that correspond to different lung clearance classes and f,
values, as listed, and compare these to the known chemical properties of that element.3 If the
history of the cleared material and of the residual radioactivity clearly preclude certain chemical
forms of the element in question, these are removed from further consideration. If it is
reasonable to believe that the element could be present in chemical forms which correspond to
more than one clearance class or f, value, the element is assigned a clearance class

I These progenies also include isotopes of radon, a noble gas. Since radon is not taken up by human tissue, there
are no DCFs or dose coefficients listed for these isotopes.

2 In the following discussion, the terms "lung clearance class" or "clearance class" (FGR I 1; 10 CFR 20.1003) will
also encompass "lung clearance type" (ICRP 1994).

3 Unless otherwise noted, these properties are based on data listed by Dean (1992), Lide (2003), and Moeller
(1952).
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corresponding to the highest dose factor4 for a majority of its isotopes. The assignment of f1
values followed a similar logic.

The main generators of materials cleared from NRC-licensed facilities are commercial nuclear
power plants. The ultimate source of the residual activity is leakage from fuel rods in the reactor
core or neutron activation of reactor components. The primary transport mechanism of the
activity is the reactor coolant system and the various other reactor water systems. Thus, much of
the residual activity will have passed through an aqueous phase prior to being deposited on
materials which may subsequently be cleared. Another possible mechanism is deposition of
radioactive materials in the form of airborne particulates or condensable vapors.

Table L. 1 lists the lung clearance classes and f1 values for all elements in scrap metal and
concrete rubble for which more than one class or f, value is presented in FGR 1 1 or ICRP 1994.
Under the heading "corresponding compounds" are all compounds (including elemental states)
listed in FGR 11 or ICRP 1994 (referred to in the tables as "ICRP 68") that correspond to the
selected lung class or f, value and are known to exist. This does not imply that all the listed
compounds may be found in cleared materials. The discussion of chemical forms of the
individual elements cites all forms presented in FGR 1 1 or ICRP 1994, whether or not such
compounds are listed in the standard references (e.g., Lide 2003 or Dean 1992).

L.1.1.1 Hydrogen

Both FGR 1 1 and ICRP 1994 present separate inhalation dose factors for tritiated water vapor
and for elemental hydrogen. It is highly unlikely that elemental hydrogen would be associated
with cleared materials; water vapor is therefore adopted as the chemical form of tritium for the
inhalation analysis. Separate ingestion dose coefficients for tritiated water vapor and for
organically bound tritium are listed in ICRP 1994. Since many organic compounds would
adhere to cleared material more tenaciously than water, the former-which has the higher dose
coefficient-was adopted for the ingestion pathway analysis.

L.1.1.2 Carbon

Three separate inhalation dose factors-one for labeled organic compounds, another for CO, and
a third for CO2 -are listed in both FGR 1 1 and ICRP 1994. It is unlikely that gaseous CO or
CO2 would be associated with cleared materials. It is therefore assumed that carbon would be in
the form of organic compounds, which have the highest dose coefficient.

4 The term "dose factor" is used to refer to DCFs (FGR 11) and effective dose coefficients (ICRP 1994) whenever
there is no need to distinguish between these two parameters.
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Table L.1 Lung clearance class and f, value In scrap metal and concrete rubble

Lung class f, value
E
iD FGR 11 ICRP 68 Corresponding compounds' FGR 11 ICRP 68 Corresponding compoundsa

H H20 organic organic
C organic vapor
P W M P042 - determined by combining cation
S W M s042 - determined by combining cation 0.8 0.8 Inorganic compounds

Cr Y S 02-, OH- 0.01 0.01 Cr3*
Mn W M 02-, OH-, N03-, X- b
Fe D F Various salts
Co Y S o2 -, OH-, NO3-; X7 0.05 0.05 02-, OH-, trace inorganics

Se W M 02-, Se 0.8 0.8 o2-
Sr D F All but SrTiO3  0.3 0.3 All but SrTiO3
Y Y S 0 2-,OH-
Zr W M 02-, OH-, N03-; X-
Nb, F-r
Mo Y S o2-, MoS2  0.8 0.8 Other than MoS2
Tc W M 02-,X-
Ru Y S o2-
Rh Y S Same as Ru parent
AgYlSL; . 5'_''e' ' i, B ;' o H
Cd D F Various salts
In W M Same as Sn parent

Sn W M SnPO4. o2-, OH-, S2-, Xi.
Sb W M O2-, S2., SO4

2-, X

Ce Y S o2-, F-
Pr Y S Same as Ce parent

Pm Y S O2-,F-, C-'
Gd W M 02- F-
-Tat'^ ,' k ,S:.,CJ-;O2 CNO 3 ;; N--' X;'.-'i ,,# : ',,','.-'ALI2I:'
W 0.3 0.3 Other than H2WO4

oS Y0 2-

Ir Y S 02-

Bi W M Other than Bi(NO3)3

Ac Y S 02-, OH-
Th W M Various salts 5e-4 Various salts
Pa W M Various salts
U Y S Insoluble oxides 0.02 0.05 Unspecified compounds

P-. . r3s s5eri .Var Lsssaltsjfij
Cf Y o2- ,OH-

a Not all listed compounds are likely to be found in cleared materials
b Xi is the symbol for halides
c C- is used as a generic symbol for carbides, which can have different valence states
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L.1.1.3 Phosphorus

Two different clearance classes can be assigned to phosphorus: one to phosphates combined
with certain cations, another to all other compounds. Phosphorus would probably be present as a
phosphate, which represents its highest oxidation state-phosphates have been used for
chemistry control in recirculating steam generator PWRs (Bohlke and Gesior 2002). Since the
cations in the phosphates are unknown, this element is assigned the clearance class that would
result in the higher doses from P-32.

L.1.1.4 Sulfur

Like phosphorus, sulfur can be assigned to one of two clearance classes: one for sulfates and
sulfides combined with certain cations, the other for other sulfates and sulfides, elemental sulfur,
and gases. Sulfates are commonly found in water at nuclear power plants (Bonaca 2003). It is
likely that sulfur on cleared materials would be in the form of a sulfate (the highest oxidation
state), or possibly a sulfide. Since the identity of the cations in the compound is unknown, this
element is assigned the clearance class that would result in the higher doses from S-35. There is
also a choice of two f, values: one for elemental sulfur, another for inorganic compounds. Since
the elemental form is unlikely to be found in cleared materials, the latter value is assigned in the
present analysis.

L.1.1.5 Chlorine

Chlorine can be assigned to one of two clearance classes, depending on the cation in the chlorine
compound. Since we do not know which cation would form the compound, this element is
assigned the clearance class that would result in the higher doses from Cl-36.

L.1.1.6 Chromium

Chromium can be assigned any of three clearance classes: one for oxides and hydroxides,
another for halides and nitrates, and a third for all other compounds.- Some reactor coolant
systems are maintained at an alkaline pH, favoring the formation of Cr(OH)3 . Oxides or
hydroxides are therefore the likely chromium compounds. In addition, the corresponding
clearance class leads to higher inhalation dose factors from Cr-5 1; that clearance class is
therefore assigned to this element. Chromium can also be assigned one of two f1 values: one for
trivalent compounds, the other for hexavalent. The trivalent form, which is the most stable one
in aqueous solutions (Moeller 1952), is assigned to this element.

L.1.1.7 Manganese

Manganese can be assigned to one of two clearance classes: one for oxides, hydroxides, halides,
and nitrates, another for all other compounds. The former class leads to higher dose factors for
Mn-53 and Mn-54. Common manganese minerals include MnO2 (Lide 2003), indicating that
this is a likely compound under normal environmental conditions. Manganese is therefore
assigned to the corresponding clearance class.
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L.1.1.8 Iron

Iron can be assigned to one of two clearance classes: one for oxides, hydroxides, and halides,
another for all other compounds. The clearance class for "other" compounds results in higher
DCFs for Fe-55 and Fe-59, and in higher dose coefficients for Fe-55. Since iron could be
present as various compounds other than those listed, the clearance class for other compounds is
assigned to this element.

L.1.1.9 Cobalt

There are two clearance classes for cobalt: one for oxides, hydroxides, halides, and nitrates,
another for all other compounds. The former class leads to higher dose factors for all the cobalt
isotopes addressed in the present analysis. Some reactor coolant systems are maintained at an
alkaline pH, favoring the formation of Co(OH)2. It is thus likely that cobalt in cleared materials
will be in the form of one or more of the four listed compounds; it is therefore assigned to the
corresponding clearance class. There are also two f, values: one for oxides, hydroxides, and
inorganic compounds, another for all others. Consistent with the assigned clearance class, the f,
value for the former class of compounds is adopted. for the present analysis.

L.1.1.10 Nickel

Nickel can be assigned to one of two clearance classes: one for oxides, hydroxides, and
carbides, another for all other compounds. There is also a set of dose factors for nickel carbonyl,
which evolves as a vapor at normal temperatures. Nickel carbonyl is an unlikely compound in
cleared materials. The clearance class for "other compounds" results in higher dose factors for
Ni-59 and Ni-63. Since nickel forms a number of other water-soluble organic compounds, the
corresponding clearance class is assigned to this element.

L.1.1.11 Selenium

Selenium can be assigned to one of two clearance classes: one for elemental selenium, oxides,
hydroxides, and carbides, another for all other compounds. The former class leads to higher
dose factors for Se-75. Since this element may be found in one of these four listed forms, it is
assigned to the corresponding clearance class. There are also two f, values: one for elemental
selenium (and selenides [ICRP 1994]), another for all other compounds. There is no reason to
assume selenium would necessarily be in the elemental (or selenide) form. Since the f, value
corresponding to "all other compounds" leads to higher ingestion dose factors, this value is
adopted for the analysis.

L.1.1.12 Strontium

There are two clearance classes and f, values for strontium: one set of values for SrTiO3, the
other for all other forms. Since SrTiO3 is an unlikely compound in cleared materials, the
clearance class and f, value for all other forms is adopted.

L-6 NUREG-1640
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L.1.1.13 Yttrium

Yttrium can be assigned to one of two clearance classes: one for oxides and hydroxides, another
for all other compounds. The former class leads to higher dose factors for Y-91. Since finely
divided yttrium metal oxidizes in air (Lide 2003), it is plausible that the oxide would be found in
cleared material. This element is therefore assigned to the corresponding clearance class.

L.1.1.14 Zirconium

Zirconium can be assigned to any of three clearance classes: one for ZrC; a second for oxides,
hydroxides, halides, and nitrates; a third for all other compounds. Zirconium carbide is insoluble
in water; it is therefore difficult to postulate a transport mechanism that would result in the
presence of this compound in cleared materials. Since the second category- oxides,
hydroxides, halides, and nitrates-includes several water-soluble compounds, this element is
assigned to the corresponding clearance class.

L.1.1.15 Niobium

Niobium can be assigned to one of two clearance classes: one for oxides and hydroxides,
another for all other compounds. The former class leads to higher dose factors for all the
isotopes of this element addressed by the present analysis. Although niobium oxides are not
known to be water soluble, niobium will oxidize in air at elevated temperatures. Thus, niobium
oxides could be dispersed in air and deposited on materials prior to clearance. This element is
therefore assigned to the corresponding clearance class.

L.1.1.16 Molybdenum

Molybdenum can be assigned to one of two clearance classes: one for oxides, hydroxides, and
MoS2, another for all other compounds. The former class leads to higher dose factors for Mo-93.
Since the forms corresponding to this class include MoO3, which is slightly soluble in water, this
element is assigned the corresponding clearance class. There are also two f, values: one for
MoS2, another for all other compounds. The f, value corresponding to "other compounds" leads
to higher ingestion dose factors; furthermore, MoS2 is insoluble in water. The f, value
corresponding to "other compounds" is therefore adopted for this element.

L.1.1.17 Technetium

Technetium can be assigned to one of two clearance classes: one for oxides, hydroxides, halides,
and nitrates, another for all other compounds. The former class leads to higher dose factors for
all the technetium isotopes addressed by the present analysis. Tc207 is soluble in water. Since
this element may be found in one of these four listed forms, it is assigned to the corresponding
clearance class.

NUREci-1640 L-7
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L.1.1.18 Ruthenium and Rhodium

Ruthenium can be assigned to any of three clearance classes: one for oxides and hydroxides, a
second for halides, a third for all other compounds. The class corresponding to oxides and
hydroxides leads to higher dose factors for Ru-103 and Ru-106. RuC12 is insoluble in water; data
on the solubilities of other halides were not found in the course of this study. On the other hand,
RuO4 is highly soluble, as well as being volatile at normal temperatures. This element is
therefore assigned to the clearance class for oxides. The short-lived isotopes of rhodium
included in the present analysis-Rh-103m and Rh-106m-are daughters of Ru-103 and Ru-106,
respectively. They are assumed to have the same chemical forms as their parents.

L.1.1.19 Silver

Silver can be assigned to any of three clearance classes: one for oxides and hydroxides, a second
for nitrates and sulfides, a third for all other forms. The first of the three classes leads to higher
dose factors for Ag-108m and Ag-II Oni; furthermore, silver oxides are slightly soluble in water.
This element is therefore assigned the clearance class corresponding to oxides.

L.1.1.20 Cadmium

Cadmium can be assigned to any of three clearance classes: one for oxides and hydroxides, a
second for sulfides, halides, and nitrates, and a third for all other forms. The third class leads to
the highest dose factors for Cd-109; furthermore, cadmium forms a number of soluble salts, in
addition to those listed under the first two classes. This element is therefore assigned the
corresponding clearance class.

L.1.1.21 Tin and Indium

Tin can be assigned to one of two clearance classes: one for stannic phosphate, sulfides, oxides,
hydroxides, halides, and nitrates, another for all other compounds. The former class leads to
higher dose factors for Sn-I 13. Tin forms a number of soluble halides; this element is therefore
assigned the corresponding clearance class. Indium can also be assigned to one of two clearance
classes: one for oxides, hydroxides, halides, and nitrates, another for all other compounds.
Since the only indium isotope in the present analysis is In-I 13m, a short-lived daughter of Sn-
113, it is assigned to the same clearance class as the parent.

L.1.1.22 Antimony

Antimony can be assigned to one of two clearance classes: one for oxides, hydroxides, halides,
sulfides, sulfates, and nitrates, another for all other compounds. The former class leads to higher
dose factors for Sb-124 and Sb-125. Since several of the named compounds are soluble, this
element is assigned the corresponding clearance class.
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L.1.1.23 Tellurium

Tellurium can be assigned to one of two clearance classes: one for oxides, hydroxides, and
nitrates, another for all other compounds. The former class leads to higher dose factors for
Te-123m and Te-127m. Since several of the named compounds are soluble, this element is
assigned the corresponding clearance class.

L.1.1.24 Cerium and Praseodymium

Cerium can be assigned to one of two clearance classes: one for oxides, hydroxides, and
fluorides, another for all other compounds. The former class leads to higher dose factors for all
the cerium isotopes in the present study. Although the oxide and fluorides are insoluble in water,
metallic cerium oxidizes rapidly in moist air. Consequently, cerium could be found in the form
of an oxide in cleared materials; it is therefore assigned the corresponding clearance class.
Praseodymium can also be assigned to one of two clearance classes: one for oxides, hydroxides,
carbides, and fluorides, another for all other compounds. Since the only isotopes of
praseodymium included in the present study are the short-lived daughters of Ce-144, it is
assigned to the same clearance class as the parent.

L.1.1.25 Promethium

Promethium can be assigned to one of two clearance classes: one for oxides, hydroxides,
carbides, and fluorides, another for all other compounds. Little chemical data exists on
promethium compounds. However, it is a member of the rare earth series of elements, all of
which have similar chemical properties. It is therefore assigned to the same clearance class as
cerium, which corresponds to the four types of compounds listed above.

L.1.1.26 Gadolinium

Gadolinium can be assigned to one of two clearance classes: one for oxides, hydroxides, and
fluorides, another for all other compounds. It is another member of the rare earth series of
elements, all of which have similar chemical properties. It is therefore assigned to the same
clearance class as cerium, which corresponds to the first group of compounds listed above.

L.1.1.27 Tantalum

Tantalum can be assigned to one of two clearance classes: one for elemental tantalum, oxides,
hydroxides, halides, carbides, nitrates, and nitrides, another for all other compounds. The former
class leads to higher dose factors for Ta-I 82. Except for TaF5, the common tantalum compounds
are not soluble in water. However, since the listed forms include most of the common forms of
tantalum, the corresponding clearance class is assigned to this element.
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L.1.1.28 Tungsten

Tungsten can be assigned one of two f1 values: one for tungstic acid (H2WO4), another for all
other compounds. There is no reason to assume that tungsten would necessarily be in the acid
form; furthermore, the latter f, value leads to higher dose factors. That value is therefore
assigned to this element.

L.1.1.29 Osmium

Osmium can be assigned to any of three clearance classes: one for oxides and hydroxides, a
second for halides and nitrates, a third for all other compounds. The first of these classes leads
to the highest dose factors for Os-I 85. OsO4 is volatile at normal temperatures; the vapor could
condense on materials that might be subsequently cleared. Osmium is therefore assigned to the
corresponding clearance class.

L.1.1.30 Iridium

Iridium can be assigned to any of three clearance classes: one for oxides and hydroxides, a
second for metallic iridium, halides and nitrates, a third for all other compounds. IrO2 is very
slightly soluble in water at room temperature. Since the clearance class corresponding to oxides
and hydroxides also leads to higher dose factors for Ir-1 92, that class is assigned to this element.

L.1.1.31 Bismuth

Bismuth can be assigned to one of two clearance classes: one for bismuth nitrate, another for all
other compounds. The only bismuth nitrate listed in the standard references (Dean 1992, Lide
2003) is Bi(NO3)3.5H20, which decomposes in water. Since cleared materials would most likely
be exposed to water during storage or processing, this compound would probably decompose
prior to the time of the exposure scenarios in the present radiological assessment. Bismuth is
therefore assigned the clearance class for other compounds, which leads to the higher dose
factors for Bi-207.

L.1.1.32 Polonium

Polonium can be assigned to one of two clearance classes: one for oxides, hydroxides, and
nitrates, another for all other compounds. The former class leads to higher dose factors for
Po-210. There is sparse data on the chemical properties of polonium compounds. However,
polonium is a Group VIa element, located just below tellurium in the periodic table. Therefore,
like tellurium, it is assigned to the clearance class corresponding to oxides, hydroxides, and
nitrates.

L.1.1.33 Actinium

Actinium can be assigned to any of three clearance classes: one for oxides and hydroxides, a
second for halides and nitrates, a third for all other compounds. Actinium is a Group Mila
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element, located just below lanthanum in the periodic table. The chemical properties of the
actinides (elements of atomic numbers 89- 103) are analogous to those of the lanthanide rare
earths (Moeller 1952). Therefore, actinium, like cerium and the other rare earth elements, is
assigned to the clearance class corresponding to oxides and hydroxides.

L.1.1.34 Thorium and Protactinium

Thorium and protactinium can be assigned to one of two clearance classes: one for oxides and
hydroxides, another for all other compounds. The latter class leads to higher dose factors for
most of the isotopes of these two elements that are included in the present analysis. Thorium
forms a number of salts that are soluble in water, whereas ThO2 is insoluble; thorium is therefore
assigned the clearance class for other compounds. Thorium can also be assigned one of two f,
values: one for oxides and hydroxides, another for all other compounds. Consistent with the
choice of clearance class, the f, value for other compounds is assigned to this element.

Little information was found on protactinium compounds in the course of this study. Since it is
the next actinide after thorium in the periodic table, it is expected to have similar chemical
properties. It is therefore assigned to the same clearance class as thorium.

L.1.1.35 Uranium

Uranium can be assigned to any of three clearance classes: one for most hexavalent compounds
(e.g., UF6, U02F2, and U02(NO3)2), the second for less soluble compounds (e.g., UF4, UC14, U03 ,
and most other hexavalent compounds), and the third for highly insoluble compounds (e.g., U02,
U308). The last of these results in the highest dose factors for all the uranium isotopes included
in the present study. Since these insoluble oxides are a common form of uranium in nuclear
reactors and other nuclear facilities, the corresponding clearance class is adopted for this
element. Uranium can also be assigned one of two fz values:, one for hexavalent compounds,
another for insoluble forms (FGRI 1). Since the exact uranium compound cannot be predicted
for all cleared materials (e.g., U308 is made up of uranium in both pentavalent and hexavalent
states), the f, values for hexavalent compounds, which are the higher of the two sets of values,
are assigned to this element.

L.1.1.36 Plutonium

Plutonium can be assigned to one of two clearance classes: one for insoluble oxides, another for
all other compounds. The latter class leads to higher dose factors for all the plutonium isotopes
that are included in the present analysis. The clearance class corresponding to all other
compounds, which includes soluble compounds, is therefore assigned to this element. Plutonium
can also be assigned one of three f, values: one for insoluble oxides, another for nitrates, and a
third for all other compounds. Since the actual plutonium compound cannot be determined, the
f, values for "all other compounds," which are the highest of the three sets of values, are
assigned to this element.
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L.1.1.37 Californium

Federal Guidance Report No. 11 lists two clearance classes for californium: one for oxides and
hydroxides, the other for all other compounds. The former class results in higher DCFs for most
of the isotopes of this element that are included in the present study. Standard chemical
references have almost no information on the compounds of californium. As a member of the
actinide series, it would most likely form stable oxides; the corresponding clearance class is
assigned to this element.

L.1.2 Melting and Refining of Iron and Steel Scrap

L.1.2.1 Slag and Offgas from Steel Mills and Foundries

Some fraction of each of the 41 elements listed in Table L. 1 partitions to slag and/or to offgas
during the melting and refining of iron and steel scrap. In many cases, these processes will
change the chemical forms of these elements. In general, each element present in slag or offgas
will be in its highest oxidation state. The lung clearance class and f, value for each of these
elements in slag and offgas are listed in Table L.2.

L.1.2.2 Finished Steel Product

Some fraction of 24 of the 41 elements listed in Table L. 1 partitions to the melt during the
melting and refining of iron and steel scrap. These processes will, in many cases, change the
chemical forms of these elements. Further changes will take place when the metal is dispersed in
the air during the metal product handling scenario: the metal dust will oxidize, along with the
trace elements that partition to the melt. The exceptions are metals that have significantly lower
oxidation potentials than iron, such as nickel, silver, and iridium. The lung clearance class and f,
value for each of these elements in the steel product are listed in Table L.3.

L.1.3 Fire Refining of Copper Scrap by Secondary Producers

L.1.3.1 Slag and Offgas from Secondary Copper Fire-Refining Furnace

Thirty-six of the 41 elements listed in Table L. 1 partition, in whole or in part, to slag and/or
offigas during the fire refining of copper scrap at a secondary producer. Some of these elements
will undergo chemical reactions and be transformed into different chemical forms. In general,
each element present in slag or offgas will be in its highest oxidation state. The lung clearance
class and f, value for each of these elements in slag and offgas are listed in Table L.4.

Li 2 NI.JREG- 1640
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Table L.2 Lung clearance class and f, value In slag and offgas from steel mill or foundry

a) Lung class
I-

0 FGR 11 ICRP 68

f, value

FGR 11 ICRP 68 Corresponding compound"Corresponding compounda

H H20 H20
C CO2  C02

P D F P205

S W M SO4
2 - determined by combining cation 0.8 0.8 Inorganic compounds

~C jW C, M &;-Deterrflined b ym ngca tlo n 7 S T L-77
Cr Y S - 0.1 0.1 Cr6*
Mn W M o2-, OH-, NO3- X- b
Fe W M 02-,OH-,X-
Co Y S 02-, OH-, NO3-0,X- 0.05 0.05 02-, OH-, trace inorganics

Se W M 02-, Se 0.8 0.8 02-

Sr D F All but SrTiO3  0.3 0.3 All but SrTiO3

Y Y S 0 2 -,OH-

Zr W M 02-,OH-,NN3 -,X -

Mo Y S 02-, MoS 2  0.8 0.8 Other than MoS2

Tc W M 02-,X-
Ru Y S o2-
Rh Y S Same as Ru parent
i9-A g P ; > Ž L ffi F S -:.
Cd Y S 02-, OH-
In W M Same as Sn parent

* Sn W M SnPO4, 02-, OH-, S2-, X-
Sb W M 02., S2-, S 4

2 -, X-

Ce Y S 02-, F-

Pr Y S Same as Ce parent
Pm Y S 02-, F-, C-d
Gd W M 02-, F-

W .
0.3 0.3 Other than H2WO4

Os Y S 02-

Ir Y S 02-
Bi W M Other than Bi(N03)3

Ac Y S 02-,OH-
Th Y S 02- 2e-4 o2-

Pa Y S o2-
U Y S Insoluble oxides 2e-3 2e-3 Insoluble oxides

Y -. uble oxdes ns.;.. -e. e 7 -nUpespe dorhpound s
Cf Y o2-

: * Not all listed compounds are likely to be found in slag or offgas
b X- is the symbol for halides
c Ag would be reduced by the molten steel
d C is used as a generic symbol for carbides, which can have different valence states
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Table L.3 Lung clearance class and f1 value In steel or cast Iron

Lung class f, value
E
0' FGR 11 ICRP 68 Corresponding compounda FGR11 ICRP68 Correspondingcompounda

H H20 organic organic
C organic vapor
P D F FeP
S D F FeS2  0.8 0.8 Inorganic compounds

Mn W M 02-
Fe W M 02-
Co Y S 02- 0.05 0.05 02-

Ni D F Ni

Mo Y S o2- . 0.8 0.8 Other than MoS2

Tc W M 02-
Ru Y S 02-
Rh Y S Same as Ru parent

In W M Same as parent (Sn)
Sn W M o2-
Sb W M 02--
TeM o 02-

S ; F =O:4UiJ 0 3UOther:than H W =
Os Y s o

2
-

Ir W M Ir
Bi W M Other than Bi(NO3)3
Po W M 02-

a Not all listed compounds are likely to be found in steel or iron
bAg would be reduced by the molten steel

L.1.3.2 Fire-Refined Secondary Copper Product

Thirty-eight of the 41 elements listed in Table L. I partition partially or entirely to the melt
during the fire refining of copper scrap at a secondary producer. These process will, in many
cases, change the chemical forms of these elements. Further changes will take place when the
metal is dispersed in the air during the metal product handling scenario. The metal dust will
oxidize, along with the trace elements that partition to the melt. The exceptions are metals that
have significantly lower oxidation potentials than copper, such as nickel, silver, and iridium.
The lung clearance class and f, value for each of these elements in the copper product are listed
in Table L.5.
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Table L4 Lung clearance class and f, value In slag and offgas from secondary fire refinery

a, ' Lung class
E
a' FGR 11 ICRP 68 Corresponding compounda
W
H H20 H20

ft value

FGR 11 ICRP 68 Corresponding compounda

C organic vapor
P D F Cu3(PO4)2
S W M CuS04  0.8 0.8 Inorganic compounds

,-ed by combining ! -

Cr Y S 02- 0.1 0.1 Cr6
Mn W M 02-, OH-, N03-, X-b
Fe W M 0 2-,OH-,X-
Co Y S 02-, OH-, NO3-, X- 0.05 0.05 02-, OH-, trace inorganics

Se W M 02-, Se 0.8 0.8 o2-
Sr D F All but SrTiO3  0.3 0.3 All but SrTiO3
Y Y S 02-,OH-

Zr W M 02-, OH-, NO3-, X-
7 7, ,, S~v E..... ,; } , . . -,,,

Mo Y o2-, MoS2  0.8 0.8 Other than MoS2
Tc W M O2-,X-
Cd Y S 02-, OH-
In W M Same as Sn parent

Sb W M 02-, S2-, SO4
2-, X-

Te W M 02-
Ce Y S 02-, F-
Pr Y S Same as Ce parent

Pr2>-,''-v if~ -a----- - , - f '~SP ' --

Gd W M 02-,F-
Ta Y S Ta, 02-, C, NO3, N-, X
W 0.3 0.3 Other than H2WO4
Bi W M Other than Bi(NO3)3

Ac Y S 02-, OH
Th Y S 02- 2e-4 02-

Pa Y S 02-

U Y S Insoluble oxides 2e-3 2e-3 Insoluble oxides
_Fi- pYa'r con. .,
Cf Y o2-

' Not all listed compounds are likely to be found in slag or offgas
b X- is the symbol for halides
c C- is used as a generic symbol for carbides, which can have different valence states
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Table L.5 Lung clearance class and f, value In fire-refined secondary copper product

Lung class f, value
E

FGR11 ICRP68 Correspondingcompounda FGR11 ICRP68 Correspondingcompound'

P D F Unspecified compounds
S W M Cu2S 0.8 0.8 Inorganic compounds
Cr Y S O2- 0.01 0.01 Cr34

Mn W M o2-

Co Y S O2 0.05 0.05 02-
Ni D F Ni
Se W M 02-, Se 0.8 0.8 02-
Sr D F All but SrTiO3  0.3 0.3 All but SrTiO3

Zr W M o2 ,OH-, N03-,Xb
Nb Y S 02-
Mo Y S O2- 0.8 0.8 Other than MoS2
Tc W M o2-
____. p

Rh Y S Same as Ru parent
Ag D F Agc
Cd Y S o2-, OH-
In W M Same as parent (Sn)

Sb W M 02-
Te W M 02-
Ce Y S o2-, F-
Pr Y S Same as Ce parent

Gd W M 02-,OH-,F-
Ta Y S Ta,0 2

-,C9 NOj3-, N-,X-
W 0.3 0.3 Other than H2WO4
Os Y s 02-

Bi W M Other than Bi(NO3)3
Po W M 02-
Ac Y S 02-,OH-
Th Y S 02- 2e-4 02-

U Y S Insoluble oxides 2e-3 2e-3 Insoluble oxides
Pu Y S Insoluble oxides le-3 5e-4 Unspecified compounds
Cf Y 02-

a Not all listed compounds are likely to be found in copper product
b X is the symbol for halides
c Ag would be reduced by the molten metal
d C- is used as a generic symbol for carbides, which can have different valence states
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L.1.4 Recycling Aluminum Scrap at a Secondary Smelter

L.1.4.1 Dross and Offgas from a Secondary Aluminum Smelter

Thirty-seven of the 41 elements listed in Table L. 1 partition partially or entirely to the dross
and/or offgas during the secondary smelting of aluminum scrap. This process will change the
chemical form of many of these elements. In general, elements that partition strongly to the
dross-those whose chlorides are listed below AICd3 in Table J.36-will be present in dross or
offgas as chlorides. Other elements that exhibit partial partitioning to dross or offgas may be
present as oxides. The lung clearance class and f, value for each of these elements in dross and
offgas are listed in Table L.6.

L.1.4.2 Aluminum Produced at a Secondary Smelter

Thirty-eight of the 41 elements listed in Table L.1 partition partially or entirely to the melt
during the secondary smelting of aluminum scrap. This process will change the chemical form
of many of these elements. Further changes will take place when the metal is dispersed in the air
during the metal product handling scenario. The metal dust will oxidize, along with the trace
elements that partition to the melt. The exceptions are metals that have significantly lower
oxidation potentials than aluminum, such as nickel, silver, and iridium. The lung clearance class
and f, value for each of these elements in the aluminum product are listed in Table L.7.

NUREG-l 640 L-1 7
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Table L.6 Lung clearance class and f, value In dross and offgas from aluminum smelter

Q Lung class f, value
E
i) FGR 11 ICRP 68 Corresponding compound' FGR 11 ICRP 68 Corresponding compoundawi _

H H20 H20
C organic vapor
P D F P20 5 .
Cl W M Determined by combining cation

Mn W M o 2 ,OH-, NO3,Xb
Fe W M 0 2-,OH-,X-
Co Y S o2-, OH-, NO3-, X- 0.05 0.05 02-, OH-, trace inorganics
Ni D F Unspecified compounds

Sr D F All but SrTiO3  0.3 0.3 All but SrTiO3
Y W M Unspecified compounds
Zr W M 02-, OH-, NO3-, X_
Nb Y S Q2 - .

Mo5.>Y S; -.- O < e MoS>X G=;,ff~ 0..0 8Y4 Othrt~iM oj1-.e
Tc W M o 2-, X-
Cd W M NO3-, S2-, Xi
In W M Same as parent (Sn)
Sn W M SnPO4, o2-, OH-, S2-, X-

Te W M o2-
Ce Y S o2-
Pr Y S Same as Ce parent

Pm W M Cl-

Ta Y S Ta, 02, C-c, NO 3 ,N , X
W 0.3 0.3 Other than H2WO4
Os Y s o2-

lr Y S 02-i
:Bs _.W. -.- M. .-Otherthar ~i(NO3E . ........... - ;-* ~ - ;;-r';
Po W M o2
Ac W M Cl-
Th W M Cl- 2e-4 o2-
Pa W M Cl-
U¢.. -ompqr IF; !.. S 5 .O lnslec n ompounds-;.
Pu W M Unspecified compounds le-3 5e-4 Unspecified compounds
Cf W Unspecified compounds

a Not all listed compounds are likely to be found in dross and offgas
b X is the symbol for halides
c C- is used as a generic symbol for carbides, which can have different valence states
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Table L.7 Lung clearance class and f, value In aluminum produced In secondary smelter
C
CD Lung class f, value
E
-1 FGR11 ICRP68 Correspondingcompound' FGR11 ICRP68 Correspondingcompound8

H H20 organic organic
C organic vapor
P D F Unspecified compounds
S D - F A 2S3 0.8 0.8 Inorganic compounds

Mn W M o2-
Fe W M o2-
Co Y S 02- 0.05 0.05 02-

Ni D F Ni
,Se =W~;M
Sr D F All but SrTiO3  0.3 0.3' All but SrTiO3

Y Y S 0 2 -, OH-
Zr W M 02-,OH-,NO3-,X-b
Nb Y S o2-

Mo,-<>8_ Y '-,' -f, ,. . Otherth'an'MoS,
Tc W M o2-

Ru Y S o2-
Rh Y S same as Ru parent

Ag D F Agc
Cd.-,F ~ , .7bQ ,Tj:Thi,, >
In W M Same as Sn parent

Sn W M 02-

Sb W M o2
Te W M 02-

Pr Y S Same as Ce parent
Ta Y S Ta,O 2 .,C-dNO03,N, X-

W 0.3 0.3 Other than H2WO4

Os Y s o2-

Bi W M Other than Bi(NO3)3

Po W M 02-
Ac Y S 02-, OH-
Th Y S 2- 2e-4 2

U Y S Insoluble oxides ' 2e-3 2e-3 Insoluble oxides

Pu Y S Insoluble oxides le-3 5e-4 Unspecified compounds
Cf Y 02 ,

'Not all listed compounds are likely to be found in aluminum product
b X- is the symbol for halides
c Ag would be reduced by the molten metal
dC- is used as a generic symbol for carbides, which can have different valence states
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L.1.5 f1 Values in Food and Drinking Water

In all scenarios in which food or drinking water is consumed by exposed individuals, the highest
f, value, corresponding to the most soluble chemical forms, is assigned to each element.

L.2 Particle Size

ICRP 1994 presents two separate sets of effective dose coefficients for the inhalation of particles
with different size distributions: 1 prm AMAD' or 5 pm AMAD. Table L.8 lists the particle size
distribution that is assigned to each medium. These assignments are based on experimental data
or field measurements made during activities that correspond to the exposure scenarios in the
present analysis.

Table L.8 Particle size distribution of different media (prm AMAD)
Medium

Materal Scrap/rubble Metal product Slag/dross Dust Airbome effluents

Steel 1 1 5 5 1
Cu 1 1 5 1 1
Al 1 1 5 1 1
Concrete 5

L.2.1 Scrap Metal

The size distribution of dust generated during cutting and segmenting of iron and steel scrap is
based on an experiment conducted at the Idaho National Engineering Laboratory (Newton et al.
1987). Ranges of particle sizes were reported for five different types of cutting tools used on
2-in (5-cm), Schedule 40, Type 304L, stainless steel pipe, as shown in Table L.9. The average
value of the geometric mean of each range is shown to be about 1 pum. Therefore, a size
distribution of 1 prm AMAD is assigned to the inhalable dust from the processing of steel scrap.
Absent specific data on the processing of copper and aluminum scrap, the same distribution is
assigned to the dust in these scenarios.

L.2.2 Concrete Rubble

No specific particle size distributions for dust generated during the handling and processing of
concrete rubble were found in the literature during the present study. However, EPA 1995
presents data for estimating the emission from loading of aggregate onto storage piles, including
fractions of total emissions that fall into various ranges of particle sizes. An estimated 80% of
the particles, by mass, had an aerodynamic diameter (AD) 2 5 pm. Since aggregate (crushed
rock, sand, and gravel) is the main constituent of concrete rubble, these data can serve as an

5 AMAD is the acronym for Activity Median Aerodynamic Diameter, "[which] is the diameter of a unit density
sphere with the same terminal settling velocity in air as that of an aerosol particle whose activity is the median of the
entire aerosol" (Eckerman et al. 1988).
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estimate of the size distribution from the handling and processing of concrete rubble. A size
distribution of 5 pum AMAD is therefore assigned to the inhalable dust from concrete rubble.

Table L.9 Aerosol particle size distribution for metal cutting tools (pm)
Tool Range of MMAD' pr,"

Band saw 0.1 - 0.5 0.22
Chopsaw 1.5 - 9 3.67
Oxy-acetylene torch 0.1 - 10.3 1.01
Cut rod 0.4 - 0.8 0.57
Plasma torch 0.2 - 0.3 0.24
Average 1.14

Source: Newton et al. 1987, Table I
a Mass Median Aerodynamic Diameter
b Geometric mean of range-calculated by authors of present report

L.2.3 Metal Products

The particle size distribution of the metal dusts in the scenarios that model the handling of metal
products is assumed to be the same as that of the dusts generated during the processing of scrap
metal, as listed in Table L.8.

L.2.4 Steel and Copper Slag and Aluminum Dross

The Midwest Research Institute, under contract to EPA, studied particle size distributions of dust
from steel slags (Bohn et al.1978, Cowherd et al. 1979). These data showed that the
preponderance of the particles were > 5 pum in mass median diameter. Therefore, a size
distribution of 5 pm AMAD is assigned to the dust from steel slags. In the absence of
comparable data on copper slag and aluminum dross, the same distributions are assigned to these
materials.

L.2.5 Baghouse Dust

L.2.5.1 Electric Arc Furnace Dust

The particle size distribution of uncontrolled emissions (i.e., full-cycle emissions captured by
canopy and side draft hoods) from electric arc furnaces (EAFs) melting and refining carbon steel
indicates that 53% of the particles by mass of dust had < 5 pm AD (EPA 1995). A size
distribution of 5 pim AMAD is therefore assigned to EAF baghouse dust.

L.2.5.2 Reverberatory Furnace Used in Secondary Copper Production

Unlike the case with EAFs used in steel production, no detailed particle size distributions were
found for the uncontrolled emissions from reverberatory furnaces used in secondary copper
production. However, the distribution can be inferred from the data that is presented in EPA
1995 (Table 12.9-1). EPA lists total particulate emissions of 2.6 kg/t of material processed, and

NUREG-l 640 
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PM-10 emissions6 of 2.5 kg/t; about 96% of the emissions thus have an AD -; 10 pm. In
contrast, only 58% of the EAF emissions described above have an AD of • 10 pum. These data
indicate that the particles from the copper furnaces are much smaller than those from the EAFs;
the dust from these furnaces is therefore assigned a size distribution of 1 prm AMAD.

L.2.5.3 Reverberatory Furnace Used in Secondary Aluminum Production

According to EPA 1995 (Table 12.8-4), 50% of the particles, by mass, from secondary aluminum
refining operations using reverberatory furnaces have an AD 5 2.5 Jim. Since this is closer to 1
prm than to 5 pm on an arithmetic scale, a particle size distribution of 1 pum AMAD is assigned
to the dust from these furnaces.

L.2.6 Airborne Effluent Emissions

According to EPA 1995 (Table 12.5-2), controlled emissions from a steelmaking EAF have a
smaller particle size distribution than the uncontrolled emissions. This is to be expected, since
the larger particles are trapped more efficiently by the baghouse filters. A particle size
distribution of 1 pm AMAD is therefore assigned to the airborne effluent emissions from these
furnaces.

Since the uncontrolled emissions-dust captured by the baghouse or other APCD-from
reverberatory furnaces used in secondary copper and aluminum production are assigned a
particle size distribution of 1 pm AMAD, the same distribution is assigned to the airborne
effluent emissions from these furnaces.

6 "PM-10" is the acronym for 2articulate matter with AMAD s 10 [km.
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M RESULTS OF SINGLE HEAT SCENARIOS IN STEEL ANALYSIS

This appendix presents some of the results of the radiological assessments of seven exposure
scenarios-describing exposures to iron and steel products-that are not included in the ranking

* to determine the critical group for each radionuclide. These assessments are based on the
maximum single-heat mixing factors, which are discussed in Section 3.4.2.2 of the main report.
Monte Carlo uncertainty analyses are employed to calculate 6,708 to 10,000 realizations for each
radionuclide in each of these seven scenarios. The end points of the analyses are the effective
dose equivalent (EDE) and the effective dose from one year of exposure, normalized to an initial
unit activity concentration of each separate radionuclide in the scrap metal at the time of
clearance. The results are reported as both mass-based and surficial normalized doses (pjSv per
Bq/g and [uSv per Bq/cm 2).

The mean and the 5th, 50th, 90th, and 95th percentile values of the normalized EDEs from 6,708
to 10,000 realizations of these seven scenarios are tabulated in Appendix M-1. The
corresponding effective doses are listed in Appendix M-2. These scenarios involve only the
external exposure pathway.

In the interest of a uniform presentation, all 115 radionuclides addressed by the analysis are
listed in the dose tables. However, only those nuclides that partition to steel or cast iron are
present in these scenarios. The doses from all other nuclides are listed as zero.

The doses from certain other nuclides in some scenarios are also listed as zero. The dose
* contributions from two radionuclides that partially partition to steel and cast iron-H-3 and

Mn-53-are not assessed in these seven scenarios. H-3 is an extremely weak p-emitter which
produces a negligibly small external exposure. Mn-53 decays by electron capture and emits low-
energy x-rays (E1 < 10 keV) that are below the threshold for external exposure calculations in
the present analysis. The dose contributions from external exposure to other nuclides emitting
low-energy x- and y-rays would be negligible in scenarios where shielding between the source
and the receptor would essentially absorb such radiation.

3 See Section 3.7.5 of the main report.
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Table MI.1 Normalized effective dose equivalents: Exposure to large mass

Mass-based EDE (pSvly per Bqlg) Surficial EDE (pSvly per Bq/cm2)
Radionucide -Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
H-3 O.Oe+0O O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+O0 O.Oe+O0 O.Oe+00 O.Oe+OO O.Oe+0O O.Oe+00
C-14 4.7e-06 5.5e-07 2.7e-06 1.2e-05 1.7e-05 9.3e-07 1.1e-07 5.4e-07 2.4e-06 3.3e-06
Na-22 O.Oe+00 O.Oe+0O O.Oe+O0 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
P-32 1.1e-05 2.6e-07 3.8e-06 3.0e-05 4.7e-05 2.2e-06 5.1e-08 7.5e-07 5.9e-06 9.4e-G6

S35Z',:,,7e-07 . 2.5e-08 w C .2e-071L1•.EeJ7 4.e- 07-E :3 3' 08- 4'9e 2.3' 08 7,.1e 8 r''9. 6e08,
CI-36 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00
K-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
Ca41 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca45 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
S^ ,e+ ,eE.Oe O
Cr-51 1.0e-03 8.0e-05 5.3e-04 2.5e-03 3.9e-03 2.1e-04 1.6e-05 1.1e-04 4.9e-04 7.7e-04
Mn-53 O.Oe+00 O.Oe+O0 O.Oe+00 0.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+O0
Mn-54 4.4e-01 1.4e-02 7.7e-02 1.7e+00 2.4e+00 8.8e-02 2.7e-03 1.5e-02 3.4e-01 4.8e-01
Fe-55 1.0e-10 1.7e-11 7.3e-11 2.3e-10_ 3.1e-10 2.1e-11 3.3e-12 1.5e-11 4.7e-11 6.2e-11

iieP02,-1;ff 5.24.7e 1-#- 3.9" i 2.5"2 3.2 e.7 02
Co-56 9.4e-01 1.5e-01 6.6e-01 2.1e+00 2.8e+00 1.9e-01 2.9e-02 1.3e-01 4.1e-01 5.5e-01
Co-57 5.0e-02 8.1e-03 3.6e-02 1.1e-01 1.5e-01 1.Oe-02 1.6e-03 7.1e-03 2.2e-02 2.9e-02
Co-58 2.4e-01 3.7e-02 1.7e-01 5.3e-01 7.2e-01 4.8e-02 7.2e-03 3.3e-02 1.1e-01 1.4e-01
Co-60 3.8e+00 6.1e-01 2.7e+00 8.4e+00 1.1e+01 7.5e-01 -. 1.2e-01 5.3e-01 1.7e+00 2.2e+00
Nl-,59-66 g5'-2.9e-0'5.A4.6o 6- 2.0 5-6.05 :'8.6e,05Ti 5.7e 06- I .. 0.O8. 1e.05 .7e-05
Ni-63 6.1e-08 9.8e-09 4.3e-08 1.4e-07 1.8e-07 1.2e-08 1.9e-09 8.5e-09 2.7e-08 3.6e-08
Zn-65 3.0e-02 4.5e-03 2.1e-02 6.3e-02 8.4e-02 5.9e-03 8.8e-04 4.2e-03 1.2e-02 1.7e-02
As-73 6.9e-05 1.1e-05 4.9e-05 1.5e-04 2.0e-04 1.4e-05 2.1e-06 9.6e-06 3.0e-05 4.1e-05
Se-75 6.8e-02 1.1e-03 5.5e-03 2.8e-01 4.0e-01 1.3e-02 2.2e-04 1.1e-03 5.6e 02 7.9e-02

)2:k- 0.Oe+00 0.Oe+ OOO, 0. 00.Oe+OO 00.O+OO .0e+OOW 0.e6+00';.0e+00'0e+0
Sr-89 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sr-90 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Y-91 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr-93 O.Oe+O00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0
Zr9-..~l072.e000+0> j0e+.0e_ ~ 000,,0. 0 +00W >O.Oe+OO0, Oe,+,
Nb-93m O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Nb-94 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Nb-95 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mo-93 3.9e-05 6.2e-06 2.7e-05 8.6e-05 1.1e-04 7.7e-06 1.2e-06 5.4e-06 1.7e-05 2.3e-05
T97 ' 44e05 1-3e 4 1406 2
Tc-97m 3.6e-05 5.7e-06 2.6e-05 8.0e-05 1.1e-04 7.2e-06 1.1e-06 5.1e-06 1.6e-05 2.1e-05
TC-99 7.8e-05 1.2e-05 5.5e-05 1.7e-04 2.3e-04 1.5e-05 2Ae-06 1.1e-05 3.4e-05 4.5e-05
Ru-103 4.4e-02 5.5e-03 2.8e-02 9.6e-02 1.4e-01 8.7e-03 1.1e-03 5.7e-03 1.9e-02 2.7e-02
Ru-106 2.7e-01 4.3e-02 1.9e-01 5.9e-01 7.9e-01 5.3e-02 8.4e-03 3.7e-02 1.2e-01 1.5e-01
A@10K,'.M2.7e+00 '.'4:1e-01'4.1.8ei00,6.2ie+004, 84e+00,'Kr 5 .3e : 1,79e 2 -r3.6e 1 ;7i
Ag-110m 2.3e+00 3.5e-01 1.6e+00 5.2e+00 7.1e+00 4.5e-01 6.8e-02 3.1e-01 1.0e+00 1.4e+00
Cd-109 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+O0 O.Oe+00 O.Oe+00
Sn-1 13 1.2e-01 1.9e-02 8.6e-02 2.7e-01 3.6e-01 2.4e-02 3.8e-03 1.7e-02 5.4e-02 7.0e-02
Sb-124 1.7e-01 1.0e-02 1.2e-01 3.8e-01 4.9e-01 3.3e-02 2.0e-03 2.4e-02 7.4e-02 9.7e-02

S3.1e .28-02I-.,4eO3 ,4.7e,02> 1.4 - 0.12ie2Oi
Te-123m 9.6e-03 3.0e-04 1.5e-03 3.7e-02 5.3e-02 1.9e-03 5.8e-05 2.9e-04 7.3e-03 1.1e-02
Te-127m 5.7e-04 1.8e-05 8.6e-05 2.2e-03 3.2e-03 1.e-04 3.4e-06 1.7e-05 4.3e-04 6.2e-04
1-125 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
1-129 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+O0 O.Oe+O0 O.Oe+00

1i3:~~ 0 ,0 .- , ,e+ 0.0e .0e+00!: -O.Oe+008,,0 O-'.0.Oe+00OO.OeO00 + .Oe+O ; O ;Oe+ ; :.Oe
Cs-134 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
Cs-135 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00
Cs-137 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ba-133 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ce-139% .2..Oe+00 3. 0Oee+00.2O.Oef O' `.-O`e+O & .O .Oe+0O- > ; 0 .e+00"-?O.Oe+00 0.OebO0 ,0.+0
Ce-141 O.Oe+OO O.Oe+OO O.Oe+0O O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO00 Oe+OO O.Oe+0O O.Oe+00
Ce-144 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+O0 O.Oe+00
Pm-147 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00

NIJREG- 1640 M-2
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Appendix M-1 Normalized Effective Dose Equivalents from Single Heat Steel Scenarios

Table M1.1 Normalized effective dose equivalents: Exposure to large mass

Radionuclide M Mass-based EDE (pSv/y per Bqlg) . Surficial EDE (pSv/y per Bq/cm2)
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

Sm-151 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0 O.Oe+00
Eu-I52 .-. z- O.Oe+0 O O.OeO ' O.Oe e+00.:O.Oe+00 C.O.0;00 e O.Oe+ 00 .00+00 &''0e+00
Eu-I 54 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00
Eu-I 55 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
Gd-153 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
TbI60 O.Oe+00 O.Oe+00 O+00 O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+00 O+00 O.Oe+0 O.Oe+00
,Tm-170, -.L'> O.Oe+0 0.00400 +OO_.0e4O0_.0e,400 0i.00400 - ZO.-0Oe+O .,Oi.0e+OO,•. .0e,+O_ *,O.Oe 00oo.~Oe+OO,
Trn-171 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+O0 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
Ta- 182 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
W-181 1.5e-03 2Ae-04 1.1e-03 3.3e-03 4.4e-03 2.9e-04 4.7e-05 2.1e-04 6.6e-04 8.6e-04
W-185 3.3e-05 5.1e-06 2.3e-05 7.3e-05 9.9e-05 6.6e-06 1.0e-06 4.6e-06 1.4e-05 1.9e-05

0185 $ , 02 .7e-03s -:,8.1e-03 ' .4Ae-,02 '2='3e e02'2 03,i&04 3' 07 6.'e-03
Ir-192 2.1e-01 3.2e-02 1.5e-01 4.7e-01 6.3e-01 4.2e-02 6.3e-03 2.9e-02 9.2e-02 12e-01
T1-204 6.8e-05 92e-06 4.3e-05 1.6e-04 2.2e-04 1.4e-05 1.8e-06 8.6e-06 3.3e-05 4.5e-05
Pb-210 1.7e-04 2.2e-05 1.1e-04 4.0e-04 5.5e-04 3.3e-05 4Ae-06 2.1e-05 8.0e-05 I.Ie-04
Bi-207 1.2e-01 1.9e-02 8.5e-02 2.6e-01 3Ae-01 2.3e-02 3.7e-03 1.7e-02 5.2e-02 6.7e-02
Po-2i0J: . 175e-O7'. 00O+00 I.I&07Ž , -6.i.8
Ra-226 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ra-228 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ac-227 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-228 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+O00 O.Oe+00 O.Oe+00 O.Oe+00
Th-229 I O.Oe+00 0e-O OO.Oe+t0~O. O.0e0 .00i.Oe+00 '. O.0e0 :A.0.Oe+ 00i;;.Oe+00' a0.0et0 k0".0;Oe+
Th-230 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-232 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00
Pa-231 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-232 O.Oe+0O O.Oe+OO O.Oe+OO O.Oe+0O O.Oe+OO O.Oe+00 O.Oe+00.Oe+00OO .Oe+00 O.Oe+00
U0-233; p.0e,+00 1,^0O;0e+00_:-O.0e+00 ,'.Oe+O,4O.O0e+00 rn o !o o e+OO:!' 0.0 O.:Oe+ O +,oOO
U-234 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
U-235 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0
U-236 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-238 0.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 OOe+OO O.Oe+00 O.Oe+O0
Np-237ffi, 2 0i<0.0e40 00 -0.0Ot+,O O- +.00 O:0e,+, -;;0.00 +o~oF>,.0e+00+O~+ O.e O,,,OO
Pu-236 O.Oe+OO 0.00+00 0.00+00 0.00+O0 O.Oe+OO O.Oe+OO O.Oe+O O.Oet+O_ .O.Oe+0 O.Oe+OO
Pu-238 O.Oe+OO 0.00+00 0.00+00 O.Oe+OO O.Oee+OO O.Oe+OO 0.00+00 0.e+00 O.Oe+OO
Pu-239 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-240 O.Oe+00 O.Oe+00 O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 .Oe+00 O.Oe+00 O.Oe+00
Pu-242 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O 0.Oe+0+00 O.Oe+00 O.Oe+00 0.00+00 0.Oe+00
Pu-242 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+OO O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+DO
Pu-244 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+O0 O.Oe+00 O.Oe+00
Am-241 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+O0
Am-242 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Cm-242 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+0O
Cm-243 O.Oe+OO O.Oe+OO O.Oe+OO 0.00+00 O.Oe+0 O.Oe+00 O.Oe+OO O.Oe+OO 0.Oe+00 O.Oe+00
Cm-244 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+0O O.Oe+0O
Cm-245_ O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Cm-247 O.Oe+0O O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
Cm-248 O.Oe+0O O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
Bk-249 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-248 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00
Cf-249 O.Oe+OO O.Oe+OO - O.Oe+OO O.Oe+00 O.Oe+O OO .Oe+0O.O00 O.0e+00 O.Oe+00 O.Oe+00
Cf-251 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O
Cf-252 O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-254 O.Oe+00 O.Oe+00 O.Oe+00 O.0e400 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00Cf-252 0.Oe+00 0.00+00 0.Oe+00 0.Oef00OO .Oe+00 0.Oe+00 0.Oe+00 0.0e+00 0.Oe+00 0.Oe+00

Es-254 -- OOe+O O.Oe+ O ,00 -. 0.+00 -OOe+00 ,; O.Oe+00 - .0e+00 O -+00 O.Oe+0 -0. e+00 OO.Oe+00

Note: To convert these values to conventional units (mrem/y per pC/g or mrem/y per pCi/cm2), multiply by 3.7e-3
M- .NRG._ _
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Normalized Effective Dose Equivalents from SinRle Heat Steel Scenarios : Appendix M-1I

Table MI.2 -Normalized effective dose equivalents: Exposure to small mass

Radionuclide Mass-based EDE (pSvly per Bq/g) - Surficial EDE (pSv/y per Bq/cm2)
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

H-3 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
C-14 3Ae-07 1.4e-08 1.3e-07 8.4e-07 1.4e-06 6.7e-08 2.8e-09 2.7e-08 1.7e-07 2.8e-07
Na-22 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
P-32 8.6e-07 8.9e-09 1.9e-07 2.1e-06 3.9e-06 1.7e-07 1.8e-09 3.8e-08 4.2e-07 7.7e-07

CI-36 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
K-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
Ca-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-45 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 OO.+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

SS W<;; <7O.oe+oo- O.Oet OUO.Oe ,O .e+ '-'O e,+ . ,O.Oew .6; OOe 0
Cr-51 8.2e-05 2.4e-06 2.8e-05 1.9e-04 3.5e-04 1.6e-05 4.8e-07- 5.5e-06 3.8e-05 6.8e-05
Mn-53 O.Oe+OO O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mn-54 3.5e-02 4.0e-04 4.6e-03 9.5e-02 2.1e-01 6.9e-03 7.9e-05 9.1e-04 1.9e-02 4.0e-02
Fe-55 7.7e-12 4.4e-13 3.6e-12 1.9e-1I 2.9e-11 1.5e-12 8.7e-14 7.1e-13 3.8e-12 5.8e-12
F9 ,.',9.O .4e02 3.80-022'J. 1.9-03 9
Co-56 7.5e-02 4.1e-03 3.4e-02 1.9e-01 2.8e-01 1.5e-02 8.2e-04 6.8e-03 3.7e-02 5.6e-02
Co-57 3.7e-03 2.1e-04 1.7e-03 9.3e-03 1.4e-02 7.4e-04 4.2e-05 3.4e-04 1.8e-03 2.8e-03
Co-58 1.9e-02 1.Oe-03 8.6e-03 4.8e-02 7.1e-02 3.7e-03 2.0e-04 1.7e-03 9.5e-03 .4e-02
Co-60 3.0e-01 1.7e-02 1.4e-01 7.5e-01 1.1e+00 5.9e-02 3.4e-03 2.8e-02 1.5e-01 2.3e-01
Nl-9:> i' 7 _iY 5
Ni-63 4.3e-09 2.4e-10 2.0e-09 1.1e-08 1.6e-08 8.4e-10 4.8e-1i 4.0e-10 2.1e-09 3.2e-09
Zn-65 2.3e-03 1.3e-04 1.1e-03 5.8e-03 8.5e-03 4.6e-04 2.7e-05 2.1e-04 1.2e-03 1.7e-03
As-73 4.9e-06 2.7e-07 2.3e-06 1.2e-05 1.8e-05 9.7e-07 5.4e-08 4.5e-07 2.5e-06 3.7e-06
Se-75 5.2e-03 3.1e-05 3.4e-04 1.5e-02 3.3e-02 1.0e-03 6.1e-06 6.6e-05 3.0e-03 6.5e-03
SIr-85;8,,t,* 0 .Oe+0 vI-.0e+O0 Oe.Oe+0.Oe~ OO,~ ,rOO;O=.Oo +00 .000 0.08+004. 0.0e+,O~.O U.YU'+OO

Sr-89 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00
Sr-90 O.Oe+00 0.Oe+00 O.Oe+00 .0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Y-91 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
Zr-93 O.Oe+00 O.Oe+00 O.Oe+00_OO+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0
Zr-95:-'~§-' ':0.0e+000.0.e. - O .Oe+ 0e O.Oe+O.Oe+ , 00. -, O.Oe+00e-w
Nb-93m O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
Nb-94 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
Nb-95 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00
Mo-93 2.7e-06 1.6e-07 1.3e-06 6.8e-06 1.Oe-05 5.4e-07 3.1 e-08 2.5e-07 1.3e-06 2.1 e-06

Z!C -- - - T I- .To-97;''-' ".':: 3;1e-06-1 .,ei8o-07>'_.1.4e-0,§ 6r7.8e,-06 ,. 92et-0 '6.20-0_-3.5e-82e0~i5 6 2.0-6
Tc-97m 2.6e-06 1.Se-07 1.2e-06 6.6e-06 1.0e-05 5.2e-07 2.9e-08 2.4e-07 1.3e-06 2.0e-06
TC-99 5.7e-06 3.3e-07 2.7e-06 1.4e-05 2.2-05 1.1e-06 6.4e-08 5.3e-07 2.8e-06 4.3e-06
Ru-103 3.4e-03 1.6e-04 1.Se-03 8.5e-03 1.3e-02 6.8e-04 3.1e-05 2.9e-04 1.7e-03 2.6e-03
Ru-106 2.1e-02 1.2e-03 9.7e-03 5.2e-02 7.9e-02 4.1e-03 2.3e-04 1.9e-03 1.0e-02 1.6e-02
Ag-18,.'7>,21 1'-, ; 2 . t 2 1,-,82 1 :g-,-ie0 ,22 3'i.e0 1. Oet I'A i.6 -

Ag-110m 1.8e-01 9.7e-03 8.1e-02 4.5e-01 7.0e-01 3.6e-02 1.9e-03 1.6e-02 8.9e-02 1.4e-01
Cd-109 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00
Sn-I 13 9.4e-03 5.4e-04 4.4e-03 2.3e-02 3.5e-02 1.9e-03 1.0e-04 8.7e-04 4.6e-03 7.0e-03
Sb-124 1.3e-02 3.4e-04 5.4e-03 3.5e-02 5.1e-02 2.6e-03 6.9e-05 1.1e-03 6.9e-03 1.0e-02
5Sb-i, '-' -L2.48-O2,-i-:7.e0eV ;10e, O2',.6.3e 02;..,9.ie-029 ?r 4.7e-03 i.4e-O j 2;0e0 0~i3-Oi
Te-123m 7.2e-04 7.9e-06 8.8e-05 2.0e-03 4.3e-03 1.4e-04 1.5e-06 1.7e-05 3.8e-04 8.5e-04
Te-127m 4.4e-05 4.8e-07 5.4e-06 1.2e-04 2.6e-04 8.8e-06 9Ae-08 1.1e-06 2.3e-05 5.2e-05
1-125 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
1-129 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+00

l31\ '-0.0e'+006 0.06+0 O O0o0080+00 00 C0"o+0.- b .O0 *.O+0 '.0 0- .O -0~~.0e+001

Cs-134 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 0.08+00 0.Oe+00 0.0e+00 0.Oe+00 O.Oe+00
Cs-I 35 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-137 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ba-133 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-137 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+O O.Oe+0O - 0.0e+O0 O.Oe+00 O.Oe+OO' 0.0e+00 O.Oe+OO'
Ce-141 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ce-144 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pm-147 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
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Appendix M- I Normalized Effective Dose Equivalents from Single Heat Steel Scenarios

Table MI.2 Normalized effective dose equivalents: Exposure to small mass

Radionuclide Mass-based EDE (jjSV/y per Bq/g) Surficial EDE (pSv/y per Bq/cm2)
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

Srm-151 O.O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Eu-I52~ c .':" O.Oe+OO 0>'.0 0O.0e~+00; 0.00+00z YO.Oe0 7OO.', OOe+OTO.,'- O).Oe+OW O, 0 .. 0 +0OO.Oe, 00,
Eu-1 54 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00' O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
Eu-155 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Gd-153 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00
Tb-160 O.Oe+OO O.Oe+O0 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+OO O.Oe+00
T' 70 -',.0e00 L-0 0etO .0e',
Tmr-171 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+O0 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
Ta-1 82 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
W-181 I.1e-04 6.0e-06 4.9e-05 2.6e-04 4.0e-04 2.1e-05 1.2e-06 9.8e-06 5.2e-05 7.9e-05
W-185 2.4e-06 1.3e-07 1.1e-06 6.2e-06 9.2e-06 4.9e-07 2.7e-08 2.2e-07 1.2e-06 1.8e-06
bi8S B -' '. 8 8e04 .; 96-05-7,4.14 , .2e-033.3e 03- . ,1 .7e ;`98e, -6;'8i5 4.i4 ,.
Ir-192 1.6e-02 9.0e-04 7.5e-03 4.1 e-02 6.2e-02 3.3e-03 1.8e-04 1.5e-03 8.2e-03 1.2e-02
Tl-204 5.1e-06 - 2.5e-07 2.2e-06 1.3e-05 2.0e-05 I.Oe-06 4.9e-08 4.3e-07 2.5e-06 4.0e-06
Pb-210 1.3e-05 6.2e-07 5.5e-06 3.1e-05 5.0e-05 2.5e-06 1.2e-07 I.Ie-06 6.2e-06 1.0e-05
Bi-207 92e-03 5.3e-04 4.4e-03 2.3e-02 3.5e-02 I.8e-03 1.Oe-04 8.6e-04 4.6e-03 6.9e-03
P~r210> ,;.,,' I.l'.e-08;''-OTC3 i.4,'•3.1,e083 i7e-08 :3 .e, 9,OO4O . 0t62 2
Ra-226 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ra-228 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Ao-227 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-228 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
h229 0.0e+00 C' 0.e'+0 .0e'+0 .&+0.0e. 'O.Oe4OOOe+0 O.Oe00 -

Th-230 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-232 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pa-231 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-232 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O:Oe+00 O.Oe+00

,,23.:4'<0.0e'+W-,'O.eO¢.eOiOO . + ,,'..OO+ .e O~; e+ O'O-d; O6e', O;b-'_'_O.O-,O
U-234 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00
U-235 O.Oe+OO O.Oe+00 'O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+WO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-236 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-238 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO Oe+00W O.Oe+0 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00
Np-27 o.:Q.e+0o >; 0.Oe+002n o 0.e+007~0.0ei00 O5.o.- o >,~bO+ t AO.Oe+0 £~c-0.Oe+00O .00+00:UO.0^;e+OO
Pu-236 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-238 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
Pu-239 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-240 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 .Oe+00 O.Oe+00 "O.Oe+00 O.Oe+00 O.Oe+00
Pu-244,'.,0.e+00 0.Oe0 0 Oe+00 w 0.00+00 0.e+00 * O.Oe_ 0.00+00 0, + .Oe+00 0.o
Pu-242 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-244 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 .Oe+00 'O.Oe+00 O.Oe+00 O.Oe+00
Am-241 O.Oe+OO O.Oe+00 0.0+00 O.Oe+00 O.Oe+00 O.Oe+ 00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Am-242m O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+WO O.Oe+00 O.Oe+00 O.Oe+00

Cm-242 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-243 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-244 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-245 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Cr;26'=- W,"-O.Oe+OO,,OeW.,.- O;Oe+,'OO''".O '.:>.-'.eOOO;' .OeO-_6+O
Cm-247 O.Oe+00 O.Oe+00 .Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-248 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+WO O.Oe+00 O.Oe+O00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00
Bk-249 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-248 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00
Cf-249 <'-' ,,:'-,-OO+ OO+t, eO,,O.eOO.Oe+.Oe+ ,--`,i ' O.Oe,,OO'O.OO '--;O.Oe+,O",O.Oe+OO`,:O!e+OO
Cf-250 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 'O.Oe+00 O.Oe+00 O.Oe+00
Cf-251 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-252 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00
Cf-254 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

E>5 ^~ .O+ a.eOO<O~+',OO+O',-OO^+O .O.Oe O 1s O.Oe+OO-=,. O.e+O0-- OeeO
Note: To convert these values to conventional units (mremly per pCiIg or mremly per pC/cm2), multiply by 3.7e-3
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Normalized Effective Dose Equivalents from Single Heat Steel Scenarios Appendix M- I
Table MI.3 Normalized effective dose equivalents: Steel object on body

Radionuclide Mass-based EDE (pSvly per BqIg) Surficial EDE (pSYIy per Bq/cm2)Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
H-3 O.Oe+O0 O.Oe+O0 O.Oe+OO O.Oe+O0 O.Oe+O0 O.Oe+OO O.Oe+OO O.Oe+0O O.Oe+OO O.Oe+OO
C-14 2.5e-O5 7.0e06 2.0e-05 4.5e-05 5.7e-05 4.9e-06 1.4e-06 4.0e-06 9.1 e-06 1.1e-05
Na-22 O.Oe+OO O.Oe+O0 O.Oe+OO O.Oe+0O O.Oe+O0 O.Oe+00 O.Oe+0O O.Oe+O0 O.Oe+00 O.Oe+00
P-32 1.9e-05 6.6e-07 8.1e-06 5.2e-05 7.7e-05 3.9e-06 1.3e-07 1.6e-06 1.0e-05 1.5e-05

S35, 2 ;. i 2e , 45

Cl-36 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
K-40 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO- O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Ca-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+O0 O.Oe+00
Ca-45 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0
Ca O.Oe+O r 7. 6 +'0O.e0 +00- _ ° 0.Oe O- ,O.qe+O.Oe+O0 0.e+O0O.Oe+Ot' O.Oe+0 O.Oe +O0
Cr-51 8.8e-05 1.4e-05 6.le-05 1.9e-04 2.5e-04 1.7e-05 2.7e-06 1.2e-05 3.7e.05 5.0e-05
Mn-53 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mn-54 1.1e-02 2.5e-03 8.4e-03 2.0e-02 2.5e-02 2.1 e-03 4.9e-04 1.7e-03 4.0e-03 5.0e-03
Fe-55 1.4e-11 4.8e-12 1.2e-11 2.5e-11 3.1le-11 2.8e-12 9.6e-13 2Ae-12 5.0e-12 6.2e-12

Co-56 9.6e-02 3.0e-02 7.9e-02 1.7e-01 2.le-01 1.9e-02 5.8e-03 1.6e-02 3.4e-02 4.2e-02
Co-57 7.0e-03 2.4e-03 5.9e-03 1.2e-02 1.5e-02 1.4e-03 -4.7e-04 1.2e-03 2.4e-03 3.0e-03
Co-58 2.4e-02 7.3e-03 2.0e-02 4.4e-02 5.4e-02 4.8e-03 1.Ae-03 3.9e-03 8.6e-03 1.le-02
Co-60 3.8e-01 1.3e-01 3.3e-01 6.8e-01 8.3e-01 7.6e-02 2.6e-02 6.4e-02 1.4e-01 1.7e-0l

Ni-63 O.Oe+OO O.Oe+O0 O.Oe+0O O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+00
Zn-65 4.7e-03 9.6e-04 3.7e-03 9.4e-03 1.2e-02 9.4e-04 1.9e-04 7.3e-04 1.9e-03 2.4e-03
As-73 1.9e-05 5.9e-06 1.6e-05 3.5e-05 4Ae-05 3.9e-06 1.2e-06 3.2e-06 7.0e-06 8.8e-06
Se-75 7.8e-04 2.3e-04 6.5e-04 1.4e-03 1.8e-03 1.6e-04 4.5e-05 1.3e-04 2.8e-04 3.5e-04

S-h O Oe+ O -^.O+0OO,'OO; e -O e+00;- O.Oe,+,O O 0.-e+O e,0 .W7+ 00 O e O O e
Sr-89 O.Oe+0O O.Oe+O0 O.Oe+OO O.Oe+00 O.Oe+0O O.Oe+OO O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+O0
Sr-90 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O
Y-91 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00
Zr-93 O.Oe+00 O.Oe+00 O .Oe+OO O.Oe+0O O.Oe+0O O.Oe+0 O.ee+00 O.Oe+00 O.Oe+0 0.O0+00
Z.0 6 -,O O.Oe+00,_O O e+OO0.e 0e ̂ , D0 .O. e 0- O.0o+00O@ O.OeO. .
Nb-93m O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00. O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Nb-94 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+OO O.Oe+00 O.Oe+00 O.Oe+0O OOe+00 O.Oe+00
Nb-95 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
Mo-93 2.9e-05 9.7e-06 2.4e-05 5.0e-05 6.1e-05 5.7e-06 1.9e-06 4.8e-06 1.Oe-05 1.2e-05
T-97X3 .64Se-0 5 t1.0e-05 ,2.5 05j5.205' , 9.0
Tc-97m 9.8e-06 3.1 e-06 8.2e-06 1.8e-05 2.2e-05 1.9e-06 6.1 e-07 1.6e-06 3.5e-06 4.3e-06
Tc-99 2.6e-04 8.7e-05 2.2e-04 4.5e-04 5.5e-04 5.1e-05 1.7e-05 4.3e-05 9.0e-05 1.1e-04
Ru-103 4.4e-03 1.Oe-03 3.4e-03 8.6e-03 1.1le-02 8.6e-04 2.0e-04 6.8e-04 1.7e-03 2.2e-03
Ru-106 2.3e-02 7.8e-03 1.9e-02 4.1e-02 4.9e-02 4.5e-03 1.5e-03 3.9e-03 8.0e-03 9.9e-03
Ag-A08m;, , 2.5e-01 .3e 02'..,2.10-014:.4. OiA-. 3 0i- 4.902.e-02 i.
Ag-i1Om 2.1le-01 7.3e-02 1.8e-01 3.8e-01 4.6e-01 4.3e-02 1.4e-02 3.6e-02 7.6e-02 9.2e-02
Cd-109 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sn-113 1.2e-02 3.9e-03 1.0e-02 2.1e 02 2.6e-02 2.4e-03 7.7e-04 2.0e-03 4.2e-03 5.1e-03
Sb-124 3.0e-02 8.5e-03 2.4e-02 5.5e-02 6.9e-02 5.9e-03 1.7e-03 4.8e-03 1 1e-02 1.4e-02
Sb_125 7e-02 3.6e-03s'- 9.1e- 03 .9 2.36-0I
Te-123m 2.4e-04 7.2e-05 1.9e-04 4.3e-04 5.4e-04 4.7e-05 1.4e-05 3.9e-05 8.6e-05 1.1e-04
Te-127m 1.1e-05 3.4e-06 9.3e-06 2.1 e-05 2.6e-05 2.2e-06 6.7e-07 1.8e-06 4.2e-06 5.1e-06
1-125 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+OO O.Oe+00
1-129 0.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+00

03,',:'.Oe+00 :' O.Oo+O,-.O;e 0OC O.Oo;OO;'0..Oe+0 -'. O-0.0e000,O.Oe+0'.Oe+00 -. 0.0 0.e+ O;O.Oe+O
Cs-I134 0.0+00 0.0e+00 O.Oe+OO O.+0000 0.Oe+00 0.Oe+00.0.Oe+00 0.OO+00 0.Oe+OO O.Oe+0O
Cs-i 35 O.Oe+00 O.Oe+00 O.Oe+00 0.0+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-1137 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ba-133 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ce-134 O.Oe+00 O.Oe+00 O.O+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00Ce-14 0!.00+00z Oe 00 .0.Oe +00-2 O.-O e+0 0e+0 .O00 .e00 .e000 0.Oe400 O.e0

Ce-144 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
Pm-147 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

_UE- 64 M_
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Appendix M-l Normalized Effective Dose Equivalents from Single Heat Steel Scenarios

Table M1.3 Normalized effective dose equivalents: Steel object on body

Radionuclide Mass-based EDE (OSV/y per Bq/g) Surficial EDE (pSv/y per BqIcm2 )
Mean 5th 50th 90th 95th Mean - 5th 50th 90th 95th

Sm-151 O.Oe+OO O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+O00 O.Oe+0O O.Oe+0O O.Oe+OO0 O.Oe+OO
Eu-I 52;* S:,-e'O.Oe+00 ,O.Oe+O .Oe+OO '0.-e+OO '.Oe+OO . 4.00 e+00
Eu-154 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+0O O.Oe+0 O.Oe+00
Eu-155 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+WO O.Oe+OO O.Oe+00
Gd-153 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+OO O.Oe+00 O.Oe+00
Tb-160 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 Oe+00O O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+00

66TnFI70 . p. 0.0.400 R
Tm-171 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ta-182 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
W-181 3.8e-04 1.3e-04 3.2e-04 6.7e-04 8.2e-04 7.5e-05 2Ae-05 6.3e-05 1.3e-04 1.6e-04
W-185 7.9e-05 2.4e-05 6.5e-05 1.4e-04 1.8e-04 1.6e-05 4.8e-06 1.3e-05 2.8e-05 3.5e-05
O85nA.-. 3,A 04e 9.7e04 ir2.2e-03 37 -43) .3e 04 A6.70-05 4 I 4
Ir-192 2.1e-02 6.4e-03 1.7e-02 3.8e-02 4.7e-02 4.2e-03 1.3e-03 3.4e-03 7.5e-03 9.3e-03
TI-204 9.9e-05 3.0e-05 8.2e-05 I.8e-04 2.2e-04 2.0e-05 6.0e-06 1.6e-05 3.6e-05 4.5e-05
Pb-210 2.3e-06 6.9e-07 1.9e-06 4.2e-06 5.1e-06 4.5e-07 1.4e-07 3.7e-07 8.2e-07 1.0e-06
BI-207 1 .2e-02 3.8e-03 I.Oe-02 2.3e-02 2.8e-02 2.4e-03 7.5e-04 2.0e-03 4.5e-03 5.6e-03
Po-210 ;. t~ '~ 2.7oQ8-08 t.IoO;,99 22e-08 p -i5.Oe-08 4:8,.I.e 08' :A,, 5^.4. -9.. I'',.6e-,09 ,-. 4Ae-09 _-9.8e-09 '.>2e-08 ,
Ra-226 O.Oe+O0 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00
Ra-228 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ac-227 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0
Th-228 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
Th-229< A- a0.iOO ,;,0. 0e0+00g:^.eO.0O e+0> 0.Oe*O O.0e+OO O.0e00jH.0e 400 Oe-s,_,O.0e+00
Th-230 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-232 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pa-231 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
U-232 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+0O O.Oe+00
U-233^* '.^ 0.400 0..-0.0e+00 0.0e+0 . 00.0+ 0 +Oe '
U1-234 O.Oe+OO 0.0e+00 O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO .Oe+00 O.Oe+OO O.Oe+OO* 1-25 00800 .0+000.8+0 00.40 .0e00 0.0+0 0..40 .Oe+00 0.800 0080
U-235 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-236 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-238 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Pu-236 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-238 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe00 0.Oe+00 O.Oe+00
Pu-239 O.Oe+00 O.Oe+0O O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-240 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-242 O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO
Pu-242 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-244 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Am-241 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
Arn-242rn O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cmn-243 O.Oe+0 O.Oe+OOAO.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO -O.Oe+O O.e O O.e+00, O O.0e+00
Cm-242 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+0W O.Oe+00 O.Oe+00
Cm-243 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.0e400 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-244 O.Oe+00 O.Oe+WO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-245 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0

B-4 O.eO O.eO O.eO O.eW OO+O.Oe.Oe+ O.O.Oe+O O.OeO .eO .eO
Cf-2i9 Oe+W,0 +00 0.+00_000 '-O+0 -;'OO0_ '0.e+0_,+0.0 O'_,O.Oe+W0-O.O'0 ,. e00
Cm-247 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-248 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Bk-249 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+W0 O.Oe+00

Cf-248 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+W O.Oe+OO0.9600 " --. 0+0- .0,0Lo0+0. .O+0 ~.et0l)pe 0:0O+00Y0.0e+00.
* Cf-250 0.08+00 0.00+00 0.0e+00 0.0e+00 0.0e+00 0.Oe+00O0.00+00 0.Oe+00 0.Oe+00 0.Oe+00

Cf-251 0.Oe+00 0.00+00 0.Oe+00 0.08+00 0.00+00 0.00+00 0.00+00 0.Oe+00 0.0.400 0.0e+00
* Cf-252 0.08+00 0.Oe+00 0.0e+00 0.0e+00 0.00+00 0.00+00 0.00+00 0.0.400 0.Oe+00 0.0e+00

Cf-254 O.Oe+00 O.O0+00 O.Oe+00 .Oe+00 O.O+00 ' .Oe+00 0.00+00 O.Oe+00 0.Oe+00 O.Oe+00
-E~5 .00 .000 00+00.e0 .00 :-4..,.O.+0Oe 840)..40~0+0000. 7..Oe+00;

Note: To convert these values to conventional units (mremly per pCig or mrerny per pCi/cm'), multiply by 3.7e-3
_- UEG14
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Normalized Effective Dose Equivalents from Single Heat Steel Scenarios Appendix M- I
Nomlie Efetv oeEuvlnsfo igeHa te cnro pedxM

Table M1.4 Normalized effective dose equivalents: Driver-automobile

Radionuclide Mass-based EDE (pSvly per BqIg) Surficial EDE (pSv/y per Bq/cm2)
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

H-3 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O
C-14 2.0e-05 1.3e-05 1.9e-05 2.6e-05 2.9e-05 3.9e-06 2.5e-06 3.8e-06 5.2e-06 '5.7e-06
Na-22 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
P-32 3.5e-05 2.3e-07 6.5e-06 1.1e-04 1.7e-04 6.9e-06 4.6e-08 1.3e-06 2.2e-05 3.4e-05
S354?- ' .4.. '.5eO71.i9e ,V-0714.1O7-,i07 ......7.3.-.....8....07...:..95-Oi-e3.7e,08,I8.0e-0U 81.5,e07, 0f17e:07>

CI-36 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
K-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0
Ca-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-45 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

S ,4,r 0.06 f0e 's^ O.Oe+OO,- O.Oe'+OeO. .O e+00_ .0e 0.00+0O0 O .Oe+ .Oe40 +O, '.000g
Cr-51 4.8e-03 5.0e-04 2.8e-03 1.2e-02 1.5e-02 9.6e-04 1 .Oe-04 5.6e-04 2.5e-03 3.0e-03
Mn-53 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mn-54 4.7e+00 3.1e+00 4.6e+00 6.3e+00 7.0e+00 9.4e-01 5.9e-01 9.1e-01 1.3e+00 1.4e+00
Fe-55 5.4e-10 3.7e-10 5.3e-10 7.1e-10 8.0e-10 1.1e-10 7.0e-11 1.0e-10 1.4e-10 1.6e-10
Fe-S9 .e! ~-,-;' 5:4. 01 .:Ž1 _1e 4  8e - 1.3e+00., iv0i 8.5oO'f: 20 6e-o1
Co-56 4.5e+00 2.0e+00 4.1e+00 7.4e+00 8.4e+00 9.0e-01 3.9e-01 8.1e-01 1.5e+00 1.7e+00
Co-57 2.4e-01- 1.6e-01 2.4e-01 3.3e-01 3.6e-01 4.9e-02 3.0e-02 4.7e-02 6.6e-02 7.4e-02
Co-58 1.1e+00 4.7e-01 1.0e+00 1.9e+00 2.2e+00 2.3e-01 9.2e-02 2.0e-01 3.9e-01 4.4e-01
Co-60 2.2e+01 1.5e+01 2.2e+01 3.0e+01 3.3e+01 4.5e+00 2.9e+00 4.3e+00 6.0e+00 6.6e+00
N-59, .2 V, 3Gir-e 2 e. 3.3e 2.6 -
Ni-63 2.4e-08 1.6e-08 2.4e-08 3.2e-08 3.5e-08 4.8e-09 3.1e-09 4.6e-09 6.4e-09 7.0e-09
Zn-45 4.9e-02 2.3e-02 4.7e-02 7.5e-02 8.3e-02 9.8e-03 4.6e-03 9.3e-03 1.5e-02 1.7e-02
As-73 1.6e-04 6.8e-05 1.4e-04 2.5e-04 2.9e-04 3.1e-05 1.3e-05 2.8e-05 5.1e-05 5.9e-05
Se-75 7.0e-01 3.8e-01 6.6e-01 1.Oe+00 1.1e+00 1.4e-01 7.4e-02 1.3e-01 2.1e-01 2.3e-01

Sr-89 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00' O.Oe+00 O.Oe+00 O.Oe+00
Sr-90 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Y-91 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr-93 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00' O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

0_ 0. et0.00+006Zr-95'-t4 -]..,, O.Oe ' O O.Oe+O * .0e'+0'>O.e+0O.'0....O.0' +O O.e 0.0o+00e °0."b'°+00'LO.0e+000.e° 0
Nb-93m O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Nb-94 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 '.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Nb-95 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mo-93 8.5e-11 5.8e-11 8.3e-11 1.1e-10 1.3e-10 1.7e-11 1.1e-11 1.6e-11 2.3e- 1 2.5e- I

To7-i;. ;-.ei-t>-'4 2.n6 i~ - 5i'- .8e-12:, i .ei i i,.88e N.g,,.e
To-97m 1.1e-04 5.1e-05 1.0e-04 1.7e-04 2.0e-04 2.2e-05 1.Oe-05 2.0e-05 3.5e-05 4.0e-05
TO-99 3.6e-04 2.4e-04 3.5e-04 4.7e-04 5.2e-04 7.1e-05 4.6e-05 6.9e-05 9.5e-05 1.0e-04
Ru-1 03 1.8e-01 3.9e-02 1.4e-01 4.0e-01 4.7e-01 3.6e-02 7.7e-03 2.7e-02 7.9e-02 9.3e-02
Ru-106 1.5e+00 9.7e-01 1.4e+00 2.0e+00 2.2e+00 2.9e-01 1.9e-01 2.8e-01 4.0e-01 4.4e-01
Ag-108ni'--17 01,2e+017'.V.7e+01 i2.70i 2 ;3e.4+d0O,2.23e00)0 3.3.+0,.ti.6e+ -
Ag-110m 1.4e+01 8.6e+00 1.3e+01 1.8e+01 2.0e+01 2.7e+00 1.7e+00 2.6e+00 3.7e+00 4.1e+00
Cd-109 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sn-113 6.2e-01 3.3e-01 5.8e-01 9.2e-01 1.Oe+00 1.2e-01 6Ae-02 1.1e-01 1.8e-01 2.1e-01
Sb-124 5.3e-02 1.8e-02 4.5e-02 9.8e-02 1.2e-01 1.1e-02 3.5e-03 9.0e-03 2.0e-02 2.3e-02
Sb1256!'; ZO _1.3e-01"724p-02.30-01 ,1.8e01^' 2.0 e 20-02 4e02 25e0 3.6o2 ;0-02
Te-123m 8.8e-02 4.8e-02 8.4e-02 1.3e-01 1.4e-01 1.8e-02 9.3e-03 1.7e-02 2.6e-02 2.9e-02
Te-127m 5.4e-03 2.8e-03 5.1e-03 8.0e-03 8.9e-03 1.1e-03 5.5e-04 1.Oe-03 1.6e-03 1.8e-03
1-125 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
1-129 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
l-131§; - .,-' 0.00+00/. 00+00' ii.0.Oe+002 O.Oe+Or00 O.Oe+00 O.Oe+00:-! O.Oe+00-- O.Oe+00O:0.QOe+O0 -- O.Oe+O0t

Ci34 0e00 0Oe+00O+00O+.Oe+00+0 00e40 0Oe+0 0eeO0 0Oe00 0 e+0
Cs-134 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-135 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-137 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ba-133 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00
Ce:i 39t~. ~OO+O- ;e 0.''0~ O.1 O:+O,;.e+O-^ Oe+OO O;O 0 O.e -'O.Oe O'OOe,0

Ce-141 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.00+00 0.0+00 O.Oe+00
Ce-144 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pm 147 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
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Appendix M-l Normalized Effective Dose Equivalents from Single Heat Steel Scenarios

Table M1.4 Normalizid effective dose equlvalents: Driver-automobile'
Mass-based EDE (uSv/Y per Bq/q) Surfiaial EDE (pJSv/y Per Bq/cmO)

Radionuclide Mean 5th 50th 90th 95th -Mean -5th 50th 90th 95th

Sm-151 0 Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Eu-1 54 O.Oe+OO O.Oe+OO O.Oe+OO0 O.Oe+OO O.Oe+OO0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Eu- F15 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 'O.Oe+OO0 O.Oe+OO O.Oe+OO O.Oe+OO
Gd-153 O.Oe+OO- O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Tb,460 O.Oe+OO0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Tm-1iO ' ,'_- 00 ,O.Oe+00;la O.Oe+OO ,.'OOe 00 O;e .- OOe<.We e+,-;OO0OO.eO
Tm-171 ' .eO'OO+OOO+OOO+O OO+O O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Ta--182 O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
W-1 81 4.5e-03 2.4e-03 42e-03 6.6e-03 7Ae-03 9.0e-04 '4.8e 04 8.4e 04 1.3e-03 1.5e-03
W-185 1.3e-04 5.7e-05 12e-04 2.Ze-04 _2.5e-04 2.6e-05 1.1e-05 2:3e-05 4.4e-05 5O0e-05

Ir-192 1.0e+00 4.3e-01 9.0e401 1.7e+00 1.9e+00 2.0e-01 8 .3e-02 1.8e-01 3.3e-01 3.8e-01
TI-204 3.9e-04 2.4e-04 3.8e-04 5.3e-04 5.8e-04 '7.7e-05 4.6e-05 7.5e-05 ' .1e-04 1.2e-04
PtF210 9.0e-04 5.5e-04 8.7e-04 1.2e-03 1.3e-03 1.8e-04 1.1e-04 1.7e-04 -2.5e-04 2.7e-04
BF-207 - 6.6e-01 4.1e-01 .6Ae-01 8.9e-01 9.6e-01 1.3e-01 7.9e-02 1.3e-01 1.8e-01 2.0e-01

PF177'0t.e0t>=00+O#,.e+,O'''OOL8.,.eO O; ,'00 0 , >
Ra-226 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO' O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Ra-228 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Ao-227 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Th-228 O.Oe+OO_ O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO _OOe+OO O.Oe+OO O.Oe+OO

Th-Z;.,-6.e~O<:OO+O:.0e+ -0.e+O O.e0,,ab.e;O-OO O- ~ +0--, O6 6J00 1
Th-230 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Th-232 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO0 O.Oe+OO O.Oe+OO
Pa-231 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
U-232 O.Oe+OO O.Oe+OO0 O.Oe+OO O.Oe+OO O.Oe+OO0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
U-23''>'''; ,'.e+00,' O.Oe0'+O O.0e+00 -, O.Oe+ ,,OO OOeO ',",',O.6e.;OO+ O O . O+O
U-234 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
U-235 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
U-236 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO ' O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
U-238 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Nf237..- ,, ^;'O.e+O.O'+OO .-OetOO. YtO.Oe;00-OO+O'-t.eOO O+ _O
Pu-23 O.eO-OOeO .eO OO+OOOO.Oe + .Oe+OO O.e+OO --LO.Oe+OO~- O.OeO .eO
Pu-2386 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Pu-239 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Pu-240 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO _O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Pu-240 ,,,te,00 O.Oe+OO0_O.Oe+00O,2Oe+ OO-O.Oe+OO -O.Oe+00 ':O.Oe+00 ;O.Oe_00 O.Oe+0 O. - 0

Pu-242 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO0~ O.Oe+OO O.Oe+OO0 O.Oe+OO O.Oe+OO O.Oe+OO
Pu-244 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Am-241 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Am-242m O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe-+OO O.Oe+0 ' O.Oe+OO O.Oe+OO0. O.Oe+OO O.Oe+OO O:Oe+OO

ArF43-"O.e ,'fiO+0.O*,-O.Oe+00 ,:.e 0,'',,'OeOO00OO.Oe.O 0->, '+0 O.Oe+001
Cm-242 -'O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO0 O.Oe+OO O.Oe+OO O.Oe+OO
Cm-.243 'O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cm-244 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cm-245 _O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO'0 O.Oe+OO O.Oe+OO ' 0:Oe+OO O.Oe+OO O.Oe+OO

Cri26-... .eO.e OO .. Oe+ O'~.e00+ OeO'-,,O.Oe 0'.Oe+OO'O.
Cm-247 O.Oe+OO O.Oe+OO 'O.Oe+OO0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO0 O.Oe+OO O.Oe+OO
Cm-248 O.Oe+OO O.Oe+OO0 O.Oe+OO0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Bk-249 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe,+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cf-248 O.Oe+OO O.Oe+OO OOe,+,OO O.Oe+,OO O.Oe+OO ,.O.Oe+,OO O ..........................Oe+,OO, O.Oe+00O ;O.Oe,+0O ;O.Oe+OO
Cf-249 . t,-0.~0 ,,.eO,,,.e+O,'Oe+OO :OO+O ' 'OO+O ,,,,. , -00+0>'OOe+OO0->'O.Oe+OO ' O.Oe+00:

Cf20 OO+O'O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO' O.Oe+OO O.Oe+OO
Cf-251 O.Oe+OO O.Oe+OO O.Oe+OO0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cf-252 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cf-254 O.Oe+OO O.Oe+OO O.Oe+OO eO.Oe+00 O.Oe+OO, O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Es-254 ~'- '' -O.Oe+OO ' .Oe+O -.Oe+O- O.O+O'' "O.O+O' .t O.OeO .O+O-f;.O+O-;.Oe+O
Note: To convert these values to conventional units (mremly per pCi/g or mrem/iy per pCllcm2), multiply by 3.7e-3
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Normalized Effective Dose Equivalents front Single Heat Steel Scenarios Appendix M- I
Table MI.5 Normalized effective dose equivalents: Home with steel studs

Radionuclide Mass-based EDE (pSv/y per Bq/g) Surficial EDE (uSvty per Bq/cm2)
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

H-3 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+0O O.Oe+00 O.Oe+OO
C-14 1.8e-05 6.2e-06 1.6e-05 3.2e-05 3.9e-05 3.7e-06 1.2e-06 3.1e-06 6.4e-06 7.8e-06
Na-22 O.Oe+O0 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
P-32 1.9e-07 2.6e-10 1.9e-08 6.0e-07 1.0e-06 3.8e-08 5.2e-11 3.7e-09 1.2e-07 2.0e-07
S-5 3 3e,07,'- '8;7e- 8-2.6e-07 i, 8.3e-0,7' fi729o-0 7 6'.5e-08;' '1'.7e, 08X.2e 0 e 7-
Ci-36 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00
K-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-41 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
Ca-45 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00

, A .C1 , ,, ;*- *r- if

Cr-51 1.1e-04 5.0e-06 4.9e-05 3.0e-04 4.3e-04 2.3e-05 9.9e-07 - 9.5e-06 6.1e-05 8.6e-05
Mn-53 O.Oe+00 O.Oe+00 O.Oe+00 o.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mn-54 1.5e-01 4.1e-02 1.3e-01 2.8e-01 3.5e-01 3.0e-02 8.1e-03 2.5e-02 5.6e-02 6.9e-02
Fe-55 3.7e-10 1.5e-10 3.3e-10 6.2e-10 7.3e-10 7.4e-11 3.0e-11 6.5e-11 1.2e-10 1.5e-10
Fe-59 - 3.7e- ;-'5.30 3r 2.4e 0238.3e-02 1 , 0 4.8e ^2 . 2.2e02-
Co-56 6.0e-01 1.6e-01 4.8e-01 1.1e+00 1.4e+00 1.2e-01 3.3e-02 9.6e-02 2.2e-01 2.8e-01
Co-57 1Ae-01 5.6e-02 1.3e-01 2.4e-01 2.8e-01 2.8e-02 1.1e-02 2.5e-02 4.7e-02 5.7e-02
Co-58 1Ae-01 3.5e-02 1.1e-01 2.7e-01 3.4e-01 2.8e-02 7.0e-03. 2.2e-02 5.4e-02 6.7e-02
Co-60 7.0e+00 2.8e+00 6.1e+00 1.2e+01 1Ae+01_ 1.4e+00 5.6e-01 1.2e+00 2.3e+00 2.7e+00
Nl-59 --. i~5.8o'05S2.4o05 '5.1e0'05j gt7e-05g..1e-04 ' 2e ~ '.7, -,.'' 559e
Ni-63 1.7e-07 6.9e-08 1.5e-07 2.8e-07 3.3e-07 3.3e-08 -1.4e-08 3.0e-08 5.6e-08 6.6e-08
Zn-65 6.2e-02 1.4e-02 5.1e-02 1.2e-01 1.5e-01 1.2e-02 2.7e-03 1.Oe-02 2.4e-02 3.0e-02
As-73 1.8e-04 4.9e-05 1.5e-04 3.5e-04 4.3e-04 3.6e-05 9.7e-06 2.9e-05 6.8e-05 8.6e-05
Se-75 8.8e-03 2.7e-03 7.4e-03 1.6e-02 2.0e-0.8e-03 5.3e-04 1.5e-03 3.2e-03 3.9e-03
Sr8 >@Ar;¢.0 ~,OO .e OE.Oe004,0 0.00+&'jS0.0e+00{ 0 .0Oe+00 O;Oe+OO0-' O OeOO , .Oe:,
Sr-89 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sr-90 O.Oe+00. O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Y-91 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr-93 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

r-9'd,'.;=-g~eOOO.O+O OOe+O,--O.Oe 00 O'OOet ;-O eO-OO'+ ,;. Oe

Nb-94 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Nb-95 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mo-93 5.3e-07 2.2e-07 4.7e-07 8.8e-07 1.0e-06 1.1e-07 4.3e-08 9.3e-08 1.8e-07 2.1e-07
Tc-97..- -'-'_,,E i3-1=,06. 5.3e-07u..1e-Of,1e068 .5 0,,.",6e,8-07 i.,, 1.0e 07 2.80L
TC-97m 5.5e-05 1.6e-05 4.5e-05 1.Oe-04 1.3e-04 1.1e-05 3.2e-06 8.9e-06 2.0e-05 2.5e-05
TO-99 3.6e-04 1.5e-04 3.2e-04 5.9e-04 7.1e-04 7.1e-05 2.9e-05 6.3e-05 1.2e-04 1.4e-04
Ru-103 1.1e-02 1.2e-03 6.7e-03 2.6e-02 3.5e-02 2.2e-03 2.5e-04 1.3e-03 5.2e-03 6.9e-03
Ru-106 4.2e-01 1.7e-01 3.7e-01 7.0e-01 8.3e-01 8.3e-02 3.3e-02 7.4e-02 1.4e-01 1.7e-01
Ag-108mrn - 5.1e+00.'2.00+0024.50+00.-8.50+00 1.00+01 @,--'1 .Oe+00-B4.0o-01,; 8.8o01; ,1.7e00,2.0e+00'
Ag-110m 2.9e+00 1.ie+00 2.6e+00 4.9e+00 5.9e+00 5.8e-01 2.2e-01 5.1e-01 9.7e-01 1.2e+00
Cd-109 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sn-113 1.2e-01 4.0e-02 i.Oe-01 2.1Ie-0 2.5e-01 2.3e-02 7.7e-03 2.0e-02 4.1e-02 5.0e-02
Sb-124 1.4e-01 3.0e-02 1.0e-01 2.8e-01 3.6e-01 2.7e-02 5.9e-03 2.1e-02 5.6e-02 7.le-02
Sb,1254--:. 1.Oe , , ,,-1ZL9.1o-01,< , 1.7o+00 e+ O O 20 1 02, i,1.8e 1 3io01g.441e0 i
Te-123m 3.0e-03 9.2e-04 2.5e-03 5.3e-03 6.7e-03 5.8e-04 1.8e-04 4.9e-04 1.1e-03 1.3e-03
Te-127m 1.1e-04 3.5e-05 9.4e-05 2.1e-04 2.7e-04 2.3e-05 6.8e-06 1.9e-05 4.2e-05 5.2e-O5
1-125 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
l-129 - O.Oe+00 O.Oe+00 OOe+00 O.Oe+00 OO0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

.11i'- '0.00+00<0.'O.Oe+00O..0.Oe+00 0.00+00.: 0.00+0Oe+00 2fO.Oe+00: O.Oe+0s'r-0.0e+0 o.e+Oi-
Cs-134 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-135 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-137 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ba-133 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ce-1392 ,- 0.0e+O+0j1 O.Oe+00: 0.00+ 00O.Oe+00'- O.Oe+00'-. 0- O.oe+- 00 O.Oe+0 0.e~ 6- 00e0+0
Ce-141 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00
Ce-144 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00
Pm-147 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
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Appendix M-l Normalized Effective Dose Equivalents from Sinjzle Heat Steel Scenarios
Appendix M-1 Normalized Effective Dose Equivalents from Single Heat Steel Scenarios

Table M1.5 Normalized effective dose equivalents: Home with steel studs

Radionuclide Mass-based EDE (uSyty per BqIg) Surlicial EDE (,Sv/y per Bq/cm2 )
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

SM-151 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 Oe+0O O.Oe+O+00 Oe+O0 O.Oe+DO
E*~152>~t 0.0'i',.e40 ,- O.Oe+00 e.O.0.e+,,O,.'.04OO.Oe+OO-0.0et00 7,<.'2;O.0e+0O -'p.e+0s.Oe+00 +OO d0.0e+00:*'O.0e+OO0iE-54 0000 0.Oe0 0.e0 0O+0 .00 0.00 .e0 .e0 .000+00 0.00+0
Eu-1 54 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Eud1 55 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Gd-153 -O.Oe+OO O.Oe+OO. O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Tb-160 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00

Toi0-sa&O.e+O%^-,O.e+O,'O.e+O>01.e_,L 's':O.O+O --' . O 6.0e,+00.e~.00 +O ~,
Tm-171 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ta-I 82 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
W-181 5.5e-03 1.9e-03 4.7e-03 9.6e-03 1.2e-02 1.1e-03 3.7e-04 9.2e-44 1.9e-03 2.3e-03
W-185 4.3e-05 1.1e-05 3.5e-05 8.4e-05 I.0e-04 8.6e406 2.3e-06 6.9e-06 1.6e-05 2.0e-05
Osbgi 8_ -y79 e'03 ,, '.2.6e-03 7 03 I,7,e'4 2 2e., .8e..0 3 5:1:/j.5e,43 i3.5e-, ,4.3'e3
Ir-192 1.4e-01 3.7e-02 I.Ie-01 2.7e-01 3.4e-01 2.8e-02 7.2e-03 2.2e-02 5.3e02 6.6e402
Tl-204 2.2e-04 7.8e-05 1.9e-04 3.7e-04 4.5e-04 4.3e-05 1.6e-05 3.7e-05 .7.4e-05 9.1e-05
Pb-210 4.6e-04 1.7e-04 4.0e-04 8.0e-04 9.6e-04 9.2e-05 3.3e-05 7.9e-05 1.6e-04 1.9e-04
B1-207 2.4e-01 8.9e-02 2.1e-01 4.2e-01 5.1e401 4.8e402 1.8e-02 4.2e-02 8.4e-02 1.0e-01
Po1= 7k4.SfX.e7-S'904:.3716.e4-~6e07 -9.554'.;,8e-08 ;4.6e-085~9.e08 ; ,12e07~
Ra-226 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 'O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ra-228 . 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00
Ac-227 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-228 0.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O
Th-229> 7~I~O.0e+OO'.-Oe+O; _0.Oe+00-:0.b0t0' O.Oe+O- 0^- .0 - -. 0 OO0..0e0+00t0.0e+00 O.OeOO
Th-230 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-232 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pa-231 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-232 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

U-3 - - -rOO.Oe+ Oe+ .O . *O_.-6+00_
U-234 O.Oe+0O 0.Oe+OO 0.00+00 O.Oe+W O.Oe+OO 0.Oe+00 0.00+00 O.Oe+OO O.Oe+OO 0.00+OOU-235 O.Oe+O O.eO .eO .eO .eO.eO-OO+OOO+OOO+OOOe+OO
U-234 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00. O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00
U-238 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-236 O.Oe+00 O.Oe+O0 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+O00 O.Oe+00 O.Oe+00

Pu-238 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+OO
NPu-239 O.Oe+OO 0.0e+00 O.Oe+O0 0.Oe+OO O.Oe+O 0..Oe0 0.00+00 O.Oe+OO 0.0e+OO O.Oe+OOPu-40 .OeOO O.O+OOO.O+O O.e+O OOe+OO- -. O.Oe+O O.O+O O.eO-OO+O .eO
Pu-234 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00
Pu-244 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 .Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
An-241 O.Oe+O0 O.Oe+00W O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+W

Am-242m O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO
Pu-24IP~~ 0.0.400 A-_ ',0.)00O+0000+00

Pu-242 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-244 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Am-241 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Am-242m O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+.00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-247 O.Oe+OO O0.e+OO O.Oe+WO eO . Oe+OOY 0 -0 -. OetOO -0.0e+00 .,_O.Oe+00 O.Oe+OOt O.Oe+OO
Cm-242 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-243 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-244 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00
Cf-245 O.Oe+00 O.e+00 O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-24467 p000+00 _ 0.00:00+000O000+0. .> 00.00- %O.0e+00,- ~.Oe+00L.e0 k.0
Cm-247 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-248 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Bk-249 O O.Oe+00 O.Oe+00 OOe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-248 O.Oe+00 'O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00 -O.e+00 O.Oe+W 000 O.Oe+00 O.Oe+00

.~~ ~~ _ _; __ _.~~ '"

Cf-249 Oj . O.0.0400e. 00+00-- 0b.0+0 ,.'.O~6o .e+00 0.0+0 -l 0.0~ O 0.0000 0.0000 0.00OpoYO.e+0 6
Cf-250 0.0e+00 0.Oe+00 0.0e+00 0.Oe+00 0.00+00 0.00+00 0.00+00 0.Oe+00 0.Oe+00 0.00+00
Cf-251 0.Oe+00 0.0.400 0.Oe+00 0.0e+00 0.00+00 0.0e+00 0.00.00 0.0.400 0.Oe+00 0.0e+00
Cf-252 0.00+00 0.Oe+00 0.Oe+00 0.0e.00 0.Oe+00 0.Oe+00 0.00+00 0.0e+00 0.0e400 0.Oe+00
Cf-254 0.00+00 _ .Oe+00 0.0e+00 _ .00+00 0.0e+00 000e+00 0.Ge+00 0.Oe+00 0.Oe+00 0.Oe+00

E254 ~-i - O .000 9 .e+0+00 0 000>O+00',000 0040-00W-00O+0- 0.0e0~ .. 0

Note: To convert these values to conventional units (mrem/y per pCI~g or mrerm/y per pCi/m 2), multiply by 3.7e-3
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Nornalized Effective Dose Equivalents from Single Heat Steel Scenarios Appendix M-lI
Table M1.6 Normalized effective dose equivalents: Seaman-hull plate

R -IdMass-based EDE (pSv/y per Bq/g) .Surficial EDE (pJSv/y per Bq/cm2)
loule Mean -5th 50th 90th 95th -Mean 5th 50th 90th 95th

H-3 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
C-14 7.4e-05 2.7e-05 6.5e-05 1.2e-04 1.5e-04 1.5e-05 5.4e-06 1.3e-05 .2.5e-05 2.9e-05
Na-22 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO0 O.Oe+OO O.Oe+OO
P-32 2.4e-15_ 5.0e-1 6 1.8e-15 5.0e-1 5 6.6e-15 4.8e-16' 1.0e-1 6 3.5e-16 9.9e-16 1.3e-15

Cl-36 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
K-40 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Ca-41 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Ca-45 0 Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

s4 .. i' e OO,>.Oe+00;-,,O. OtO.Oe'O^O .0 OO.e'+OW' O O Oe.00 O,,.eOd e
Cr-51 3.9e-08 1.4e408 3.3e408 6.9e-08 8.4e-08 7.8e409 2.8e409 6.6e409 1.4e-08 1.7e408
Mn-53 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO0 O.Oe+OO O.Oe+OO
Mn-54 S.9e401 1.8e401 S.Oe401 1.0e+00 1.3e+00 1.2e401 3.6e402 1.0e401 '2.1e401 2.5e401
Fe-55 1.2e409 5.5e-10 1.1e409 1.9e-09 2.2e-09 2.3e-10 1.1e-10 2.1e-10 3.7e-10 4.4e-10

Fe,-9,*,'-e',;8e4s;;1,,>"~1.e-,3w}cE.,-'-..5s,66e' >-t~i3e -,12.e 3 4 0e.' 04.0
Co-56 1.9e401 8.8e-02 1.e401 3.0e401 3.6e401 3.8e-02 1.7e402 3.4e402 6.1e402 7.1 e-02
Co-57 2.3e401 1.0e-01 2.0e401 3.6e401 4.2e401 4.5e-02 2.0e402 4.0e-02 7.1 e-02 8.4e402
Co-58 2.8e402 1.3e-02 2.5e-02 4.6e-02 5.4e402 5.6e-03 2.5e403 5.0e-03 9.1 e-03 1.1e402
Co-60 5.Se+01 2.6e+01 4.9e+01 8.8e+011 1.0e+02 1.1e+01 5.Oe+OO 9.9e+00 11 7e+01 2.Oe+01

Ni-63 1.2e406 5.8e407 1.1e406 2.0e406 2.3e406 2.5e407 1.1e-07 2.2e-07 3.9e407 4.6e407
Zn-65 1.9e401 4.9e402 1.6e401 3.5e401 4.3e401 3.8e402 9.7e-03 '3.2e402 7.0e402 8.5e402
As-73 1.6e-05 7.3e-06 1.5e405 2.7e405 3.2e-05 3.3e406 1.4e406 2.9e406 5.3e406 6.3e406
Se-75 6.4e403 2.6e-03 5.6e403 1.0e402 1.3e-02 1.3e403 5.1 e44 1.1Ie403 .2.1 e43 2,.5e403

Sr-89 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Sr-90 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Y-91 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Zr-93 0 Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Zr,-9*,<e±00"- Oe+O.eOOfO.Oet.OO:-'9O .*Oe OO.,,O.OeOW.!:,+O -t; O.Oe+OO,+ O.Oe+~ iO.Od*O- .eO,; .e
Nb-93m O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Nb-94 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Nb-95 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Mo-93 8.7e-04 4.0e404 7.8e404 1.4e-03 1.6e403 1.e404 7.9e405 1.6e404 2.7e-04 3.2e044
TZO97.-'-J §';x-s.9ie4 Ae-04'.6e 64-''.e44,-:-1'64Ev. I03 &..=0e o;O 5'6418_,+ 1,~ _;s'.3.7
Tc-97m 1.2e405 5.4e-06 1.0e405 1.9e405 2.2e405 2.3e406 1.0e406 2.1e-06 3.7e-06 4.4e406
Tc-99 1.3e403 6.0e-04 1.2e403 2.1e403 2.4e-03 2.5e404 1.2e-04 2.3e-04 4.1e-04 4.8e-04
Ru-103 9.0e405 3.8e-05 7.8e405 1.5e404 1.8e-04 1.8e405 7.5e406 1.6e405 2.9e-OS 3.5e-05
Ru-106 1.7e+00 8.1le41 1.6e+00 2.8e+00 3.2e+00 3.5e401 1.6e-01 3.1e401 5.5e401 6.5e401

~Ag-18;,Xi2e+O 1.t19e 0i,3.8 1,B.e'0-,79+1-,H.~ a.4g38+75 'O;i6
Ag-110m 9.1e+00 4.2e+00 8.1 e+00 1.4e+01 1.7e+011 1.8e+00 8.2e-01 1.6e+00 2.9e+00 3.4e+00
Cd-109 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Sn-113 9.4e-02 4Ae402 8.4e402 1.5e401 1.7e401 1.9e402 8.5e403 1.7e-02 3.0e-02 3.5e402
Sb-124 1.5e402 6.6e403 1.3e402 2.4e402 2.8e402 2.9e403 1.3e-03 2.6e403 4.7e-03 5.6e403

SS,'25-:.* O'6 .e+0 5.'0 .0+i.e0'';i3+0.'5.9 ZIt1.7 0..-2e+0,'O 2.4+
Te-123m 1.7e403 6.8e404 1.5e-03 2.8e403 3.3e403 3.3e404 1.3e404 2.9e-04 5.6e-04 6.6e044
Te-127m 7.6e405 3.e405 '6.7e405 1.3e-04 1.5e404 1.5e-05 6.1 e46 1.3e405 2.5e405 3.0e405
1-125 0.0e+00 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
1-129 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

C-3 O.O.Oe+OO.O+O OO O.OO.OOO O .O+.Oe+O+O .e O.OO.Oe+O O.Oe+OO- c O.Oe+OO,

Cs-135 O.Oe+OO O.Oe+OO 0.0e+00 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cs-137 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Ba-133 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Ce-141 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO.

Ce-144 O.Oe+OO O.Oe+OO0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Pm-147 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
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Appendix M-lI Normalized Effective Dose Equivalents from Single Heat Steel Scenarios

Table MI.6 Normalized effective dose equivalents: Seaman-hull plate
Radionucilde Mass-based EDE (pSV/y per Bq/g) Surficial EDE (uSv/y per Bq/cm2)

Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
Srm-151 O.Oe+OO O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Eu-,12>','m,_<.0 +0 ',.^0 +00~" 0.0' +00'70.0 +0-' 0 0 0 0 .0O;e+O 0. +',.O+
Eu-154 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+OO -O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O
Eu-155 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+WO O.Oe+W0 O.Oe+00 O.Oe+00 O.Oe+00
Gd-153 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+W0 O.Oe+00 O.Oe+00 O.Oe+00
Tb-160 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

TrlOeO .JiOe+00 0-.0o00O.Oe+OO0 0*.Oe.+00_.Oe+OO ,O..Oe+0 0..0 O~.00+00 0.0.400 .Oo+00
___ __ _ O.e+O:?0.e+

Trn-171 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
Ta-182 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
W-181 1.5e-03 6.9e-04 1.3e-03 2.4e-03 2.8e-03 3.0e-04 1.4e-04 2.7e-04 4.7e-04 5.5e-04
W-1 85 5.0e-06 2.3e-06 4.5e-06 8.1 e-06 9.50-06 1.0e-06 4.5e-07 8.9e-07 1.6e-06 1.9e-06

,5 .7e-0 .9eO3Ž 4.2o-034.7.9e-03,t,,9.4e-03 9
Ir-192 3.0e-02 1.4e-02 2.7e-02 4.8e-02 5.6e-02 5.9e-03 2.7e-03 5.3e-03 9.5e-03 1.1e-02
T1-204 7.8e-04 3.2e-04 6.9e-04 1.3e-03 1.6e-03 1.5e-04 6.2e-05 1.4e-04 2.6e-04 3.1e-04
Pb-210 2.3e-03 9.5e-04 2.1 e-03 3.9e-03 4.6e-03 4.6e-04 1.9e-04 4.1e-04 7.8e-04 9.3e-04
Bi-207 2.1e+00 8.4e-01 1.8e+00 3Ae+00 4.1e+00 4.1e-01 1.7e-01 3.6e-01 6.8e-01 8.2e-01
IPo-2I0 ~ ~3.7e-07^. e-O7i3.2e-07 ' 7, .j2e"07
Ra-226 O.Oe+00 O.Oe+O0 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ra-228 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.e+00 O.Oe+0O O.Oe+00
Ac-227 O.Oe+00 O.Oe+00 O.Oe+W0 O.Oe+00 O.0e+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00O
Th-228 0.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+W O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-229,:T,' OO~.0e'O.Oe+0O~bO.Oe40e+00~ o.0o+0OO .0oW00~L¾O.O+LO 20.Oe 0.0e4 .Oe4 W*,':,Oe+O0
Th-230 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 .Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-232 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pa-231 O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+00 W .Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-232 ' O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00

U)3 2;i 3 0.0e+00 :'-O.Oe+00 O.Oe+,OO^0.0e+00 50.0o4O0-O+O OeO.Oe4OOO.Oe000 -0.O+00
U24 - 0.+0 0.+0 0.00+0 .. 0 .e0 .00 0.000_..0 0040 .00

U-234 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-235 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00
U-236 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-238 0O.e+0W O.Oe+00 O.Oe+O.Oe+00 OO+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00o .

Pu-236 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-238 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-239 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
Pu-240 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-24 Uii I '0.0ot0.-0.00+00 , .' ' 0.0.+00 0 0 0.0e+,O0-0+ .0 e+00 s0.O0 O; O.Oe+OO,
Pu-242 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-244 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Arn-241 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 - O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Am-242r -O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-243 O,.Oe+O 0.0.e+0 W O.Oe+OO O.Oe+OO &.Oe+00 0.0Oe W .Oe+OO 2O.Oe+OO O.e+000 O.Oe+OO

Cm24 OO+OOO+W OO+O-.e .eO OO+W OO+OOOe+OO O.Oe+OO60" O.O+OCm-242 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Crn-243 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Cm-248 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cnk-249 O.Oee+00+ 00OO00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+O O.Oe+
Cf-248 0.0e+00 0.e+,00 0.Oe+OO,,, 00+00 ,.Oe+,OO ,,,,0 .Oe+00 00 0 0+ O.Oe+OO O.Oe+00
Cf-249 0.0e+0 -O.Oe+0W00 0.0400 .Oe+00 0.00+00 0.00+00 0.Oe+0-0 0.0e+00 0z.0.00 0.Oe+O0
Cf-245 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Bk-249 j. .0.e400 -0.Oe+00 Oi'.0e+00O ;.0e+00 O..Oe+00 --. Oe+00 '- .00+00 O.Oe.0+00 O0.0e+00 &O.GetOO

Cf-252 O.Oe+00 O.Oe+00 O.Oe+0 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-254 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

* Cf-252 0.0e+00 0.Oe+00 0.00+00 0.0.400 0.0e+00 0.00+00 0.0.400 0.0.400 0.0.400 0.00+00
Cf-252 0.Oe+00 0.Oe+00 0.Oe+00 0.0e+00 0.0e+00 0.0.400 0.00+00, 0.0e+00 0.0e+00 - .Oe+00

EC-254 - O.Oe+000 ,O.Oe+00 O.Oe+ O.Oe+00 O.Oe+.00 .^0Oe+00 O.Oe00 :O.Oe+00 O.Oe+00 O.Oe+00;

Note: To convert these values to conventional units (mrem/y per pCi/g or mremly per pCilcm2). multiply by 3.7e-3
M-e e NE-1 6nAd40-=
M-13 NUREG-1 640



Normalized Effective Dose Equivalents from Single Heat Steel Scenarios Appendix M-1I
Table MI.7 Normalized effective dose equivalents: Driver-diesel engine

Radionuclide Mass-based EDE (pSvly per Bq/g) Surficial EDE (pSv/y per Bq/cm2)Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
H-3 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+OO
C-14 4.0e-05 2.9e-05 3.8e-05 5.1e-05 5.6e-05 7.9e-06 5.6e-06 7.6e-06 1.0e-05 t.1e-05
Na-22 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
P-32 5.2e-05 3.5e-07 9.3e-06 1.7e-04 2.6e-04 1.Oe-05 6.9e-08 1.9e-06 3.4e-05 5.1e-05

35i,, i',e-07 i .1o-07^'. 8.3e07: _,i.5e 06K......... i~1.i, O6'', 1.8e0Z.0e,08,u,-1.6e-07. ;'9 07i:'¢3.4e i'A
Cl-36 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
K-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+0O O.Oe+00 O.Oe+00
Ca-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
Ca-45 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Cr-51 7.8e-03 8.3e-04 4.4e-03 2.0e-02 2.5e-02 1.5e-03 1.6e-04 8.9e-04 4.0e-03 4.9e-03
Mn-53 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mn-54 8.7e+00 6.2e+00 8.4e+00 1.1e+01 11.2e+01 1.7e+00 1.2e+00 1.7e+00 2.3e+00 2.5e+00
Fe-55 8.5e-10 6.2e-10 8.2e-10 1.1e-09 1.2e-09 1.7e-10 1.2e-10 1.6e-10 2.2e-10 2.4e-10

22
Co-56 8.8e+00 4.1e+00 8.0e+00 1.4e+01 1.6e+01 1.7e+00 8.0e-01 1.6e+00 2.8e+00 3.2e+00
Co-57 3.9e-01 2.7e-01 3.7e-01 5.0e-01 5.5e-01 7.7e-02 5.1e-02 7.3e-02 1.Oe-01 1.1e-01
Co-58 2.1e+00 9.0e-01 1.9e+00 3.4e+00 3.9e+00 4.1e-01 1.8e-01 3.7e-01 6.8e-01 7.8e-01
Co-60 4.3e+01 3.2e+01 4.2e+01 5.5e+01 6.1e+01 8.6e+00 6.1e+00 8.3e+00 1.1e+01 1.2e+01
Ni-592A.22 3 - 045 9e-05 ,e 5 6e-05H7.Eto-0j 7_ 4-5
Ni-63 2.0e-07 1.5e-07 1.9e-07 2.6e-07 2.8e-07 4.0e-08 2.8e-08 3.8e-08 5.2e-08 5.7e-08
Zn-65 9.4e-02' 4.7e-02 9.1e-02 1.4e-01 1.5e-01 1.9e-02 9.3e-03 1.8e-02 2.8e-02 3.1e-02
As-73 4.6e-04 2.1e-04 4.2e-04 7.4e-04 8.3e-04 9.1e-05 4.1e-05 8.3e-05 1.5e-04 1.7e-04
Se-75 1.1e+00 6.5e-01 1.1e+00' 1.6e+00 1.8e+00 2.2e-01 1.3e-01 2.1-01 3.2e-01 3.6e-01
S',85~O ' 00'O 0.0e .Oe+--' OOe+O, .0,' O.Oe+0
Sr-89 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sr-90 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00
Y-91 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr-93 O.Oe+0O O.Oe+OO O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
'Zr-95 ' WH 00e+00 ;O.0eO 0O0.e++00-y O OOOO.OQ00+00. '^;_ .O.Oe, __O,.Oo+ sO67Oe+Oi .eOi+OO
Nb-93n 0.Oe+0 + O.Oe+OO 0.0e+00 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO 0.00+00
Nb-94 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Nb-95 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mo-93 2.3e-06 1.7e-06 2.2e-06 2.9e-06 3.2e-06 4.5e-07 3.2e-07 4.3e-07 5.9e-07 6.4e-07

_3.Z' 7-e-01.; ;.1.-06' 6.O 7.4. -;L,1.,e04j4
Tc-97m 1.9e-04 9.5e-05 1.8e-04 2.9e-04 3.3e-04 3.8e-05 1.8e-05 3.5e-05 5.9e-05 6.6e-05
Tc-99 5.7e-04 4.2e-04 5.4e-04 7.3e-04 7.9e-04 1.le-04 7.9e-05 1.e-04 1.5e-04 1.6e-04
Ru-103 3.2e-01 7.0e-02 2.3e-01 6.8e-01 7.9e-01 6.3e-02 1.4e-02 4.6e-02 1.4e-01 1.6e-01
Ru-106 2.6e+00 1.9e+00 2.5e+00 3.4e+00 3.7e+00 5.2e-01 3.6e-01 5.0e-01 6.8e-01 7.5e-01
Agi 108m,:,- 3.0ei; 2.2e+0i 2.9e,, 0 1 -3.9+01-i 4.2e 6, _ _d - .. 8.
Ag-110m 2.5e+01 1.7e+01 2.4e+01 3.3e+01 3.6e+01 5.0e+00 3.3e+00 4.8e+00 6.6e+00 7.3e+00
Cd-109 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sn-113 1.Oe+00 5.8e-01 9.6e-01 1.5e+00 1.6e+00 2.0e-01 1.1e-01 1.9e-01 2.9e-01 3.3e-01
Sb-124 1.0e-01 3.5e-02 8.6e-02 1.8e-01 2.2e-01 2.0e-02 6.9e-03 1.7e-02 3.6e-02 4.3e-02

Te-123m 1.4e-01 7.9e-02 1.3e-01 1.9e-01 2.1e-01 2.7e-02 1.5e-02 2.6e-02 3.9e-02 4.3e-02
Te-127m 9.1e-03 5.1e-03 8.6e-03 1.3e-02 1.4e-02 1.8e-03 9.8e-04 1.7e-03 2.6e-03 2.9e-03
I-125 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
1-129 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00

0.Oo6~+00 0."O e + 6 0~'.0+0- 0.0Ce+0" 0. 0 66 ; 6.O6e +0O 0.o+0'-:-6 6.0Ce+00466 ~' 0.0.+00 'O. 0'.00+0
Cs-1 34 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-1 35 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-137 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0
Ba-133 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

C.-1393,'E,'0,'OOe'+OO''','' .e+00~ .Oe+00',','.0.+OO'?:0.00+0 '-Q-' 0.0+0. 0.08-tO;O .4 .o00 ' '.O4-0j 0.0+00
Ce-141 0.0e+00 O.Oe+OO 0.0e+00 0.0e+00 0.0e+00 0.00+00 O.Oe+OO 0.0e+O0 O.Oe+OO O.Oe+OOCe-144 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OOCe-144 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pm-147 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 0.Oe+00 0.0M+00 -. Oe+00 0.00+00 0.00+00
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Appendix M- I Normalized Effective Do'se Equivalents from -Single Heat Steel Scenarios

Table MI.7 Normalized effective dose equivalents: Driver-diesel engine

RadIn d Mass-based EDE (pSV/y per Bq/g) Surficial EDE (uSvty per BqIcm2)
ionuclde Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

Sm-151 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00

Eu-154 0.Oe+00 : Oe+O0 O.Oe+00 O.Oe+00 O .Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 0.Oe+00 O.Oe+0O
Eu-155 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
Gd-1553 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+O0 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Tb-1 60 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO

Tm-171 O.Oe+0O O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ta-1 82 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00
W-181 1.1e-02 6.4e-03 I.Oe-02 1.6e-02 .7e-02 2.2e03 12e-03 2.1e-03 3.1e-03 3.5e-03
W-185 2.Oe-04 9.Oe405 1.8e-04 3.2e44 3.6e-04 - 3.9e-05 1.8e-05 3.6e-05 6.4e-05 7.3e-05
Os"'185 .342fi.-.3"2-_, 402,,,,6=2x-15-1 .7e i .,'1 2 8.e3.;7 2 2902 3^i
Ir-192 1.7e+00 7.5e-01 1.5e+00 2.7e+00 3.0e+00 3.3e-01 I.5e401 3.0e-01 5.4e-01 6.1e-01
T1-204 6.0e-04 3.8e-04 5.8e-04 7.9e-04 8.5e-04 1 .2e-04 7.4e405 1 .2e-04 1.6e-04 1 .7e-04
Pb-210 1.5e-03 9.8e-04 1.5e03 2.0e-03 2.1e-03 3.0e-04 1.9e-04 2.9e-04 4.0e-04 4Ae-04
Bi-207 1.2e+00 8.2e-01 1.2e+00 1.6e+00 1.7e+00 2.4e-01 1.6e-41 2.4e-41 3.2e401 3.5e-01

Ra-226 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00
Ra-228 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ac-227 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 0.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+0O O.Oe+0O
Th-228 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+O0 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00

22 0.0e+O -O.Oe+0 0 O.0e+00-.0±O0 oo .0 :fl-zt,^ -0"O.Oe+00_ ,O.e+OOe+O0:rO O0 '.Oe+O
Th-230 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+OO
Th-232 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Pa-231 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00
U-232 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
U-3 .. , e0 .Oe+OO.Oe+,O~O<rO.Oe+OO Oe+OO '; 'OOe+OO-e
U-234 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-235 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-236 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+O0
U-238 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+0O O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+O0
NpO237;tOOO.0 0-0e+00_0.e+,00- .0e+0f0;0 *0 t fiO _O.Oe00 - O.Oe :0.6;+00, O,- 0.0 e+,^0 00
Pu-236 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-238 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+OO O.Oe+00 O.Oe+00 O.Oe+00
Pu-239 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-240 O.Oe+00 O.Oe+OO O.Oe+O0 O.Oe+00 O.Oe+00 _ O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00
Pu-24i . .0ei00 e.00 o +00 Oe 0.00+00 O.Oe+00O O.e00 O T. 0e+00 Oe+,00 7.r 0 00
Pu-242 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-244 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

rAm-241 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Am-242m O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+OOOOe+00 O.Oe+OO O.Oe+00
Arn243,: C"Oe+00 >~ 0.0e+00';,O.Oe+00NO.Oe+OO0O 0. O0 0.00+00 2O 0.0e,00 ,O;Oe+O0 f'O.Oe+O,'O~e O .00
Cm-242 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00
Cm-243 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

rCm-244 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Cm25 00+00 0-..Oe+00__0.Oe+0_0.000 0000e+00 '0 0.eTO.e0 0.e0000+00,

Cm-247 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00
Cm-248 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Bk-249 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-248 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-249 - 00+0>.00000.e0 0.40'0. 000 ~00+00 0.0e+0.P .e0'O.e00 0-'.Oe00:0
Cf-250 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 ' O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 OOe+00
Cf-251 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-252 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Cf-254 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00
Es-254 A'O 0.00+00 -;0.0e+OO:'"0Oe+0 <t O.Oe+00 Z0OO00 '2 jO.Oe+OO _ 00e 7.'O.Oe+0O,-0. e+00O '- O.Oe+00
Note: To convert these values to conventional units (mremly per pCVg or mrem/y per pClcm2), multiply by 3.7e-3
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Normalized Effective Doses from Single Heat Steel Scenarios Appendix M-2
Table M2.1 Normalized effective doses: Exposure to large mass

Radionuclide Mass-based effective dose (pSv/y per Bq/g) Surficial effective dose (pSv/y per Bq/cm2)
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

H-3 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
C-14 4.5e-06 5.3e-07 2.6e-06 1.2e-05 1.6e-05 9.0e-07 1.Oe-07 5.2e-07 2.3e-06 3.2e-06
Na-22 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00
P-32 1.1e-05 2.6e-07 3.7e-06 3.0e-05 4.7e-05 2.2e-06 5.1e-08 7.5e-07 5.9e-06 9.4e-06

Z435;&h,-, 1.6e-01 -2.ie.08 '1.2e07 0 7." 7e ~ 0 3.2 8 . 9.A 08
CI-36 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+Oo O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00
K-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-41 O.Oe+OO O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-45 0.Oe+00 O00 O O Oe+ O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+OO
S 46:zq O.e .OeOO 0.Oet0 0.0110 '.O ,.'Oe± -O.Oe e+00.< 0.0tOO'-.0.0e+001
Cr-51 1.Oe-03 7.9e-05 5.3e-04 2Ae-03 3.9e-03 2.1 e-04 1.6e-05 1.0e-04 4.8e-04 7.6e-04
Mn-53 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mn-54 4.4e-01 1.3e-02 7.7e-02 1.7e+00 2.4e+00 8.7e-02 2.7e-03 1.5e-02 3.3e-01 4.7e-01
Fe-55 i.Oe-10 1.7e-11 7.3e-1I 2.3e-10 3.1e-10 2.1e-1 3.3e-12 iAe-11 4.6e-11 6.1e-11
F. -59~,2 f 2'0-~16-,t .e,1$'' :e0-- >-^ . 2 t3'16t0g 7 76e0
Co-9A.e-01 1.5e-01 6.6e-0 2.1e+00 2.8e+00 1.9e-41 2.9e-02 1.3e-01 4.1e-01 5.5e-01
Co-57 5.0e-02 8.1e-03 3.6e402 1.1e401 1.5e401 9.9e403 1.6e403 7.0e-03 2.2e-02 2.9e402
Co-58 2.4e-01 3.6e-02 1.7e-01 5.2e-01 7.1e-01 4.7e-02 7.1e-03 3.3e-02 1.Oe-01 1.4e-01
C y::.0 3.8e+0 6.1 e-01 2.7eo00 8e+00 1.e+01 7.5e-01 1.2e-01 5.3e-01 1.7e+00 2.2e+00

4i- - 2.9e-05 _&

Ni-63 5.0e-08 8.0e-09 3.5e-08 1.Ie-07 1.5e-07 9.8e-09 1.6e-09 6.9e-09 2.2e-08 2.9e-08
Zn-65 3.0e-02 4.5e-03 2.1e-02 6.3e-02 8.4e42 5.9e403 8.8e-04 4.2e-03 -1.2e-02 1.7e-02
As-73 6.7e-05 1.0e-05 4.7e-05 1.5e-04 2.0e-04 1.3e-05 2.0e-06 9.4e-06 2.9e-05 4.0e-05
Se-75 6.7e-02 1.1e-03 5.5e-03 2.8e-01 4.0e-01 1.3e-02 2.1e-04 .1e-03 5.5e-02 7.9e-02

Sr+oo~o:6e14,,, 0 e .0e±00r: 0.+0O 0 Oe +O.Oe+O O :0,0eO.0';O.Oe O.Oe+o O 6O0
Sr-89 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00O
Sr-90 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O
Y-91 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr-93 O.Oe+00 O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00

Nb-93m O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Nb-94 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Nb-95 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mo93 2.6e05 4.2e06 1.9e-05 5.9e05 7.8e-05 5.2e-06 8.3e-07 3.7e-06 1.2e-05 1.5e-05
T6-97; i&3.Oe-05_4.8.-OS > 2.1 45:r,6.7005z9.0e-05v-s':' 6.. 8oii2^1; 5P
Tc-97m 3.4e-05 5.3e-06 2.4e-05 7.5e-05 1.Oe-04 6.7e-06 1.0e-06 4.7e-06 1.5e-05 2.0e-05
Tc-99 7.7e-05 1.2e-05 5.4e-05 1.7e-04 2.3e-04 1.5e-05 2.4e-06 1.1e-05 3.4e-05 4.5e-05
Ru-103 4.3e-02 5.4e-03 2.8e-02 9.5e-02 1.4e-01 8.6e-03 I1.e-03 5.6e-03 1.9e-02 2.7e-02
Ru-106 2.6e-01 4.3e-02 1.9e-01 5.8e-01 7.8e-01 5.2e-02 8.3e-03 3.7e-02 1.2e-01 1.5e-01
AgiO8mn 8- 2.7e+00-3- 4.0. 01MS1.8et~-,6.1o.. .8.3e+00 5 .01. '7.9e,02I 3.6e 1 -4iemi.6

Ag-110m 2.3e+00 3.5e-01 1.5e+00 5.2e+00 7.0e+00 4.5e-01 6.7e-02 3.0e-01 1.0e+00 1.4e+00
Cd-109 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sn-113 1.2e-01 1.9e-02 8.5e-02 2.7e-41 3.5e-01 2.4e-02 3.8e-03 1.7e-02 5.3e-02 7.0e-02
Sb-124 1.7e-01 1.O0e-02 1.2e-01 3.7e-01 4.8e-01 3.3e-02 2.0e-03 2.4e-02 7.4e-02 9.6e-02
S-I125.- .: ': 3.ie 10-01- 2.2 .4eie 68e-01; ...............W',8.5e1 ,_' ._e,02 4;3e , 3- s.6e 02.1.3e i.7e 0
Te-123m 9.5e-03 2.9e-04 1.4e-03 3.7e-02 5.3e-02 1.9e-03 5.7e-05 2.9e-04 7.3e-03 1.0e-02
Te-127m 5.6e-04 1.7e-05 8.5e-05 2.2e-03 3.1e-03 1.1e-04 3.4e-06 1.7e-05 4.3e-04 6.2e-04
1-125 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
1-129 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
l-i31c--:It,; 0.00+00 ''OOe+0O tOO 0.Oe 00. 0.00+00 : O.Oe+0 0-0:; O.Oe+, O' O.Oe+O 0'.Oe+0 0-.e+0O,
Cs-134 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-135 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-137 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00
Ba-133 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00
Ce-139, -- O.Oe+00 0.Oe+0O _' O.Oe+00 O.Oe+00+0 O.Oe+00 - .-' Oo 0+ v,.Oe+007 0;.O.e+0 , O.O+eO'O
Ce-141 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ce-144 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pm-147 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
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Appendix M-2 Mormazed Effective Doses from Single Heat Steel Scenarios
Table M2.1 Normalized effective doses: Exposure to large mass

Rd'Ionclde Mass-based effective dosEi (pSv/y per Bq/g) Surficial effective dose (plSv/y per Bq/cM2)
loule Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

FSa1-51 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO

Eu-1 54 'O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO- O.Oe+W0 O.Oe+OO
Eu-155 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Gd-153 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Tb-1 60 O.Oe+OO O.Oe+OO O.Oe+W O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Tm-171 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe |00
Ta-1 82 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
W-181 1.5e-03 2.3e-04 1.0e-03 3.3e-03 4Ae-03 2.9e-04 4.7e-05 2.1 e-04 6.5e 04 8.6e-04
W-185 3.3e-05 5.1e-06 2.3e-05 7.3e-05 9.8e-05 6.5e-06 1.0e-06 4.6e-06' 1.4e-05 1.9e-05

18v-'<91-2<.1.7e-03,.' -.7.9e-0O3 >E=-2.'4e-02 ''@,3.2et202_,,.2e~ -03',t' 6-034 3' ef .e03'-)i
Ir-192 2.1e-01 3.2e-02 1.5e-01 4.6e-01 6.2e-01 4.2e-02 6.3e-03 2.9e-02 9.2e-02 1.2e-01
Tl-204- 6.8e-05 9.2e-06 4.3e-05 1.6e-04 2.2e-04 1.4e-05 1.8e-06 8.6e-06 3.3e-05 4.5e-05
Pb-210 1.7e-04 2.2e-05 1.0e-04 3.9e-04 5.4e-04' 3.3e-05 4.4e-06 '2.1 e-05 7.9e-05 1.1 e-04
8->207 1.2e-01 1.8e-02 8.4e-02 2.6e-01 3.4e-01 2.3e-02 3.6e-03 1.7e-02 5.1 e-02 6.7e-02

Pl>21o-urPAt-;-1o7,-..O.e+00----,-1..e-7 Ae-O3.e_;',4.3e47:s -- 29e 8.0.eO..2e8,,.670.,85W

Ra-226 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Ra-228 O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Ac-227 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Th-228 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+OO ,O.Oe+OO, O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0

Th230>- : 'O.Oe+W0 :'O.Oe+00O ,.OOe+W0 ,i.50e+00 D.Oe ,+W <,:O.Oe+00-. O.Oe+00 OO . ' O.OeW.O+00 .eD
Th-230 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0
Th-232 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0
Pa-231 O.Oe+OO O.Oe+OO O.Oe,+OO O.Oe+OO O.Oe+W0 O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

U-232 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+WO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
U-233;5'c Xi. .Oe+DO0 O.Oe+W0 .O.Oe+00 iO.Oe+DOO'- O.Oe+00 '-O.Oe+,OO ,O.Ge00O.Oe+00O .e0 0.O+0

U-234 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO

U-235 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+W0

PU-236 -O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
PU-238 O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+W0

Pu239 0W,-O.Oe00 O.,e00OOe'+00 O.Oe+00 O;Oe,+,O . 0 +00 O.e+,OO''O.Oe+O0O-' Oe+00 ,.O.e,0

Pu-236 O.Oe+OO O.Oe+W0 O.Oe+W0 O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO

Pu-238 O.Oe+OO O.Oe+W0 O.Oe+W0 O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO

Pu-239 O.Oe+OO O.Oe+W0 O.Oe+W0 O.Oe+W0 O.Oe+W0 O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Pu-240 O.Oe+OO O.Oe+W0 O.Oe+W0 O.Oe+OO O.Oe+W0 O.Oe+W0 O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO

Pu-242m O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0
Pu24 O.Oe+OO .- O.Oe+OO --;O.Oe+OO O.eO O.e+OO O.eO .eO .e+O-OO+OOO+

CM-F242 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cm->243m O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO0 O.Oe+OO O.Oe+OO0 O.Oe+OO O.Oe+OO O.Oe+OO

Cm-242 O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Cm-243 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0

Cm-244 O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+W0 O.Oe+W0 O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO

Cm-2458 O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+W0 O.Oe+OO0 O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+W0 O.Oe+W0

Bk-249 tO.Oe+00, :O.Oe+W0 -'O.Oe+00 -O.Oe+OO0^ O.Oe+OO0 ',tO.Oe'00O.Oe ,-, O.Oe+00OO-, Oe+OO-'0 O.e+,W,

Cm-247 O.Oe+OO 'O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Cm-2489.eO OO+OO O.Oe+O.O+O O.OO.Oe+.O+O O.O+O O."&Oe+OO~;, O.Oe+OO' O.Oe+OO

Cf-248 O.Oe+OO'0 O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0

Cf-250 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO

Cf-2512 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+W- O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00

Cf-252 O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO

Cf24 OO+ .eO .Oe+O O.Oe+OO0 O'.Oe+O O.Oe+O O.eOO-O.eOOOOeO OO+
-Es 24''- '., OO+O.Oe+.Oe+ - -.'O.Oe+ :OO+ ..Oe+W --- OOeW' , OO+ i .eWOO+,Q

Note: To convert these values to conventional units (mrem/y per pCl~g or mremly per pClfcm2), multiply by 3.7e-3
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Normalized Effective Doses from Single Heat Steel Scenarios Appendix M-2

Table M2.2 Normalized effective doses: Exposure to small mass
Radionuclide Mass-based effective dose (pSvly per Bq/g) Surficial effective dose (pSv/y per Bq/cm2)

Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
H-3 O.Oe+00 O.Oe+00 0.0+00 . 0 .Oe+O0 O.Oe+O O.Oe+OO O.Oe+OO O.Oe+0OO O.Oe+00
C-14 3.2e-07 1.4e-08 1.3e-07 8.1e-07 1.4e-06 6.4e-08 2.7e-09 2.6e-08 1.6e-07 2.7e-07
Na-22 O.Oe+0O O.Oe+0O O.Oe+OO O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
P-32 8.5e-07 8.9e-09 1.9e-07 2.1e-06 3.9e-06 1.7e-07 1.8e-09 3.8e-08 4.2e-07 7.7e-07
$-35 .2e-0889.8*1Or -5.-9' 3.0e-O, ' 4 . 9- O, t1e-09:- 6.02A"909,'.0e,9;
CI-36 O.Oe+00 O.Oe+0O O.Oe+OO O.Oe+00 O.0e+OO O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
K-40 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+OO O.Oe+OO 0.Oe+00
Ca-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00O O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
Ca-45 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+OO O.0O+O0 O.Oe+00

6 ,.,.O .Oe+O ,'.Oe,+0 .Oe+0. ',-,,O.Oe,+ 0O0.+0 , 0','O.Oe+OO~I O.0e.00.4 0.0e4-0O
Cr-51 8.1e-05 2.4e-06 2.8e-05 1.9e-04 3.5e-04 1.6e-05 4.8e-07 5.5e-06 3.8e-05 6.8e-05
Mn-53 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mn-54 3.4e-02 4.0e-04 4.6e-03 9.4e-02 2.0e-01 6.8e-03 7.8e-05 9.1e-04 1.9e-02 4.0e-02
Fe-55 7.7e-12 4.3e-13 3.6e-12 1.9e-11 2.9e-11 1.5e-12 8.6e-14 7.1e-13 3.8e-12 5.8e-12

,';'-3 8e-02,'.;'1.9e03r_' 294 ' e',0;,:8.5e-04e8.5 Be.'i7.8e 03i
Co-56 7.4e-02 4.1e-03 3.4e-02 1.9e-01 2.8e-01 1.5e-02 8.1e-04 6.8e-03 3.7e-02 5.5e-02
Co-57 3.7e-03 2.1e-04 1.7e-03 9.3e-03 1.4e-02 7.4e-04 4.2e-05 3.4e-04 1.8e-03 2.8e-03
Co-58 1.9e-02 i.Oe-03 8.5e-03 4.7e-02 7.1 e-02 3.7e-03 2.0e-04 1.7e-03 9.4e-03 1.Ae-02
Co-60 3.0e-01 1.7e-02 1.4e-01 7.5e-01 1.1e+O0 5.9e-02 34e-03 2.8e-02 1.5e-01 2.2e-01
N>59f^2.-.r~s)2e-0S L 1.3ej07.^1ji.0o-O635.6e4-O:8 i~ 5 ,>2e e1.

NI-63 3.5e-09 2.0e-10 1.6e-09 8.7e-09 1.3e-08 6.9e-10 3.9e-11 3.2e-10 1.7e-09 2.6e-09
Zn-65 2.3e-03 1.3e-04 1.1e-03 5.8e-03 8.3e-03 4.6e-04 2.6e-05 2.1e-04 1.1e-03 1.7e-03
As-73 4.8e-06 2.6e-07 2.2e-06 1.2e-05 1.8e-05 9.4e-07 5.2e-08 4.4e-07 2.4e-06 3.5e-06
Se-75 5.2e-03 3.1e-05 3.4e-04 1.5e-02 3.3e-02 1.Oe-03 6.1e-06 6.6e-05 3.0e-03 6.5e-03
sr-.+ e .Oe,+0O OOe+OW; O.Oe0 0-':-Oe+00i.0.0O00 i0.0O+0 0L.Oe+O:Oe+0O- -oO
Sr-89 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sr-90 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Y-91 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr-93 O.Oe+00 O.Oe+00 _O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Zr-9 O.^g0o+ 0.0e+00 00+ O. O .0Oe+OO'> -, O e+OOE' -<,0O9O-' O.Oe' OO0.0e+O4-' O.Oe+OO.O Oe
Nb-93m O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe +00 O.Oe+OO O.Oe+00 0 .00+00 0O.Oe+00
Nb-94 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Nb-95 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mo-93 1.9e-06 i.Ie-07 8.7e-07 4.7e-06 7.1e-06 3.7e-07 2.1 e-08 1.7e-07 9.1e-07 1.4e4-6
Tc-97ttg'- 2.1&6 e ~-O.e0~K 9.9e47i jL?.5.3e,.-O8Y 8.1 e.S- 64.2e-O7X ~22.4e-Bj2.0e-07 510.Oe4(i6O6
Tc-97m 2.5e-06 1.4e-07 i.ie-06 6.1e.-6 9.3e-06 4.9e-07 2.7e-08 2.3e-07 1.2e-06 1.8e-06
TC-99 5.6e-06 3.2e-07 2.6e-06 1.4e-05 2.1e-05 1.1e-O6 6.4e-08 5.2e-07 2.8e-06 4.2e-06
Ru-103 3.4e-03 1.6e-04 1.5e-03 8.4e-03 1.3e-02 6.7e-04 3.1e-05 2.9e-04 1.7e-03 2.6e-03
Ru-106 2.0e-02 1.2e-03 9.6e-03 5.1e4-2 7.9e-02 4.1e-03 2.3e4-4 1.9e-03 1.0e-02 1.5e-02

Ag-110m 1.8e-1 9.6e-03 8.1e4-2 4.4e4-1 6.9e-01 3.5e-02 1.9e-03 1.6e-02 8.8e-02 1.4e-01
Cd-109 O.Oe+00 O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 0.0e+00 0.Oe+00 0.0e+00 0.Oe+00 0.Oe+00
Sn-i 13 9.3e-03 5.3e-04 4.3e-03 2.3e-02 3.5e-02 1.9e-03 1.0e-04 8.6e-04 4.6e-03 6.9e-03
Sb-124 1.3e-02 3.4e-04 5.3e-03 3.4e-42 5.0e-02 2.6e-03 6.8e.-5 1.0e-03 6.8e-03 1.Oe-02
Sb 125 2,>k3 ,,62e40-2 .- ; 69e-0 ,,.i,0o02 ~6.3e 02' 9.le-O2'> 4.7e403 i.4e-O4 2.0eO :.1~>,.2z 6ii1.8e
Te-123m 7.2e-04 7.9e-06 8.8e-05 2.0e-03 4.3e-03 1.4e-04 1.5e-06 1.7e4-5 3.8e-04 8.5e-04
Te-127m 4.3e-05 4.8e-07 5.3e-06 1.2e-04 2.6e-04 8.6e-06 9.2e-08 1.0e406 2.3e-05 5.2e4-5
1-125 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00
1-129 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+OO O.Oe+00 0.Oe+00 O.Oe+00 0.Oe+00

Cs-i35 0.0e+00 0.Oe+00 0.0e+00 O.Oe+00 0.0e+00 0.0e+00 0.Oe+O0 0.0e+00 0.Oe+00 0.0e+00
Cs-137 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+OO
Cs-137 O.Oe+00- 0.00+00 .. 0e.O0 ; .0e+00-. 0.0e+007 O.Oe+OO0K, 0e06+00Ž0.0+00 - .Oe+003 O.0e+00~

Ce-141 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+OO O.0e+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ce-144 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.0e+00 O.Oe+OO O.0e+OO O.Oe+00
Pm-147 O.Oe+00 O.Oe+00 0.0e+00 0.0e+00 O.Oe+00 O.0e+00 O.0e+00 O.Oe+00 O.Oe+00 0.0e+00

NUREG-1640 Mal1s



Appendix M-2 Nornialized.Effective Doses from Single Heat Steel Scenarios
Table M2.2 Normalized effective doses: Exposure to small mass

Radionuclide Mass-based effective dos6 (pSvly per Bq/g) Surficial affective dose (pSv/y per Bq/cm2)
Mean 5th 50th 90th 95th Mean 5th 50th - 90th 95th

Sm-151 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+Oe O.Oe4000.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Eii,152 ~E3T i0.;0e,+,00 0e+00:, 0.0e400 0.0e400. 0.0e4 00 + 0.0~+0 0 8p .OO .0-. 6e4
Eu-154 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Eu-155 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Gd-1 53 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0 O O.Oe+00 O.Oe+00
Tb-160 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00
Ttii0 ,00 +,>.0e .0X;Oe+00 -jO.Oe+oo!0p, O.Oe+0 ODe00->_ .0e+0
Tm-171 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ta-1 82 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
W-181 1.0e-04 5.9e-06 4.9e-05 2.6e-04 4.0e-04 2.1 e-05 1.2e-06 9.7e-06 5.2e-05 7.8e-05
W-185 2.4e-06 1.3e-07 1.Ie-06 6.1e-06 9.2e-06 4.8e-07 2.7e-08 2.2e-07 1.2e-06 1.8e-06

85.9e*87vo4*F @i.8 0 5e., 042e3; 3.3 3-S-r-,t ,9.ie46 8.1e 3e ; 6.5 6

Ir-192 1.6e-02 8.9e-04 7.4e-03 4.1e-02 6.1e402 3.2e-03 1.8e-04 1.5e-03 8.2e-03 1.2e-02
T1-204 5.1e-06 2.5e-07 2.2e-06 1.3e405 2.0e4-5 1.Oe-06 4.9e-08 4.3e-07 2.5e-06 4.0e4-6
Pb-210 1.3e-05 6.1e-07 5.4e-06 3.1e4-5 5.0e.-5 2.5e4-6 1.2e-07 1.1e4-6 6.2e4-6 1.0e-O5
Bi-207 9.1e-03 5.3e-04 4.3e-03 2.3e-02 3.4e-02 1.8e-03 1.0e-04 8.6e-04 4.5e-03 6.8e-03
P*,21 ,i~ I 1.-0'80 -0000e~45e49 ,-. 3.ie-,08 -7:,4.7e-08 2 .3e',49 ,, 0.0.+,00 .-'-' 8e8-10 5,.1e.0A9.ie09r

Ra-226 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ra-228 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00
Ac-227 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th228 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-229 O'+~n- .Oe+00+O.0e+00 -. 0.0400 O'.Oe+&0.0±00..iO..400_ 0.0e400 Oi0.0.00 e 0.0.400
Th-230 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-232 OOe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pa-231 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.e+00
U-232 O.Oe+00 O.Oe+00 O.Oe+00 O.0e40OOe00 _ .Oe+00 O.Oe+00 0.0.+00 O.Oe+00 O.Oe+00
UJ 233 ,j, 0.'0.000 <0,.0.eO ~O.Oe+OO_0.Oe+00, O. , .Oe,000 40.0000'+OO w ~O.Oe+O ';fO.Oe+.4e '.0Oe.eO)
U-234 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
U-235 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-236 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-238 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+400 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00

N p.0.0,400>e0.00t00 > ,e4O 0.0e40+00 b0.00 0.0.+00.
Pu-236 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-238 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.e+00 O.Oe+00 O.Oe+00
Pu-239 O.0e+0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.e.400 O.Oe+00
Pu-240 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+400 O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+00

4i1 .. 000 .Oe'+OO _OOO O O .0.+0 ,'O.Oe+OO -o.Oet6.5 O.Oe_
Pu-242 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00
Pu-244 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

rAm-241 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Am-242m O.O0 O.O.e+OO 0.0e+0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O Oe+00: O.Oe+00 O.Oe+00

C-243 0.00 0.0.4O.Oe0 0.0.00 00ee -7^O..400 0.0.400 0..0 0.0,40 Oe'+00O 0e0+0 0.0e,00
Cm23 .,40 0.040 O.Oe0 0,00 0e00 .,40.0.00. Ot ,400l 5 004600 .. .. 0Cm-242 O.Oe+00 O.e+00' O.Oe+00 O.Oe+00 O.Oe+00' O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+000

Cm-243 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
Cm-244 O.Oe+00 O.Oe+OO O.Oe+0OO0 O.Oe+00 O.Oe+00 O.Oe+00 0.0O+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-245 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-2,4, '>'.; -0.0O.40 0e40 0o.0.40 00,400 0.0,4 0.0.400 0,400 0.,0 ' 0.0,400 0.0400-
Cm-247 O.Oe400 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0. O.0e+00 O.Oe+00 O.Oe+000 O.Oe+00 O.Oe+00
Cm-248 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+400 O.Oe+00 'O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Bk-249 ' O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-248 O.Oe+00 O.Oe+00- O.Oe+00 O.Oe+00 O.Oe+.00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-25 -0e.0,0 . 00.0e+00.O.Oe+ 0.0,400 0,400e 0.0.400 +.0.400 0.0.40 O.O,4 0.0.400
Cf-250 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cf-251 O.Oe+400 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 OOe.Oe+00 .Oe+00 O.Oe+00' 0.0e+00 O.Oe+00
Cf-252 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-254 O.Oe+00 O.Oe+00 O.e+00 O.Oe+0.00 0.000 _ O.Oe+00 F.0e400 .0..00 O.Oe+00 O.Oe+00

544

Note: To convert these values to conventional units (mremn-y per pClg or mremly per pC/cm2). multiply by 3.7e-3
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Normalized Effective Doses from Single Heat Steel Scenarios Appendix M-2

Table M2.3 Normalized effective doses: Steel object on body

Radionuclide Mass-based effective dose (pSv/y per BqIg) Surficial effective dose (pSvly per Bq/cm 2)
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

H-3 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
C-14 9.9e-06 2.8e-06 8.2e-06 1.8e-05 2.3e-05 2.0e-06 5.6e-07 1.6e-06 3.6e-06 4.5e-06
Na-22 O.Oe+0O O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+O O.Oe+ 0 O.Oe+OO O.Oe+00 O.Oe+O0
P-32 7.8e-06 2.6e-07 3.2e-06 2.1e-05 3.1e-05 1.6e-06 5.3e-08 6.4e-07 4.1e-06 6.1e-06

Ae57':,74.4e,07i' 1,.3e,07-'-'3.6 07, '8.2e07 7-;,1.0 06 8.8.-O , .5eO8L ,.6e .007
CI-36 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
K-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+0O
Ca-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-45 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Cr-51 4.0e-05 6.2e-06 2.7e-05 8.6e-05 1.1e-04 7.8e-06 1.2e-06 5.4-06 1.7e-05 2.2e-05
Mn-53 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mn-54 4.8e-03 1.1e-03 3.8e-03 9.3e-03 1.1e-02 9.5e-04 2.3e-04 7.6e-04 1.8e-03 2.3e-03
Fe-55 7.3e-12 2.5e-12 6.2e-12 1.3e-11 1.6e-i 1.4e-12 4.9e-13 1.2e-12 2.6e-12 3.2e-12
Fe59 2; 209303 1-4
Co-56 4.5e-02 1.4e-02 3.7e-02 8.1e-02 9.9e-02 8.9e-03 2.7e-03 7.4e-03 1.6e-02 2.0e-02
Co-57 3.6e-03 1.2e-03 3.0e-03 6.3e-03 7.7e-03 7.1e-04 2.4e-04 6.0e-04 1.2e-03 1.5e-03
Co-58 1.1e-02 3.4e-03 9.1e-03 2.0e-02 2.5e-02 2.2e-03 6.6e-04 1.8e-03 4.0e-03 4.9e-03
Co-60 1.8e-01 6.1e-02 1.5e-01 3.1Ve-01 3.8e-01 3.5e-02 1.2e-02 3.0e-02 6.3e-02 7.7e-02
NF59 j 2. 1.3.-O6D. 4.3 07f1'.1'O6, 2e-06>.. Z7e2-05, '56.i!5~8.5e, 08,t2.1o,7; s.5 _ 07
Ni-63 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00, O.Oe+00 O.Oe+00 O.Oe+00
Zn-65 2.2e-03 4.4e-04 1.7e-03 4.4e-03 5.6e-03 4.3e-04 8.8e-05- 3.4e-04 8.6e-04 1.1e-03
As-73 1.Oe-05 3.1 e-06 8.3e-06 1.8e-05 2.2e-05 2.0e-06 6.0e-07 1.6e-06 3.6e-06 4.5e-06
Se-75 3.6e-04 1.1e-04 3.0e-04 6.6e-04 8.2e-04 7.2e-05 2.1e-05 5.9e-05 1.3e04 1.6e-04
Sr-85.0,>6 .;OO+OOOe+OOjs O.Oe+OOy;00 0,~ O OeO~,OO o 'CiOe ' ;eOt,.eF;e
Sr-89 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sr-90 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Y-91 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr-93 O.Oe+O O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Z"95-,_2L' ,.,T0.0e,'0O.."o'0e+O .e 0 '.eOe-OOe+O.;+. Oi2;O.Oe 'Oe+ O. OO''!.,O.Oe0Zr-:10.06.0+0::0.o402 0 e+0e 00.00e .0+070

Nb-93m O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00. O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Nb-94 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Nb-95 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00
Mo-93 1.1e-05 3.7e-06 9.4e-06 2.0e-05 2.4e-05 2.2e-06 7.4e-07 1.9e-06 3.9e-06 4.8e-06

To97:',-55 ..9efi , 9.7e-067-- 2.0oe-05J 2-5e-051- 30. 1.9e-06; 41 U 5.0e-06
Tc-97m 4.5.-O6 1.4e-06 3.7e-06 8.0e-06 9.9e-06 8.8e-07 2.8e-07 7.3e-07 1.6e-06 1.9e-06
Tc-99 1.0e-04 3.5e-05 8.7e-05 1.8e-04 2.2e-04 2.0e-05 6.9e-06 1.7e-05 3.6e-05 4.5e-05
Ru-103 2.0e-03 4.6e-04 1.5e-03 3.9e-03 5.0e-03 3.9e-04 9.1e-05 3.1e-04 7.7e-04 9.8e-04
Ru-106 1.Oe-02 3.6e-03 8.9e-03 1.9e-02 2.3e-02 2.1e-03 7.0e-04 1.8e-03 3.7e-03 4.5e-03
A 108 - :..-0i-3.8.-O2. <' 9.5.-02Q, 2.0e-012r224e 01,- i 2
Ag-110m 9.9e-02 3.4e-02 8.4e-02 1.8e-01 2.1e-01 2.0e-02 6.5e-03 1.7e-02 3.5e-02 4.2e-02
Cd-109 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sn-113 5.4e-03 1.8e-03 4.5e-03 9.5e-03 1.2e-02 1.1e-03 3.5e-04 8.9e-04 1.9e-03 2.3e-03-
Sb- 124 14Ae-02 4.0e-03 1.1e-02 2.6e-02 3.2e-02 2.8e-03 7.9e-04 2.2e-03 5.1e-03 6.3e-03
Sb,125e : . 02.5-02 8.4e03 . 21e2:-:4.,4o-24 SAe 2,', I 1.6e 03,' 4.1e03
Te-123m 1.1e-04 3.5e-05 9.5e.-5 2.1e-04 2.6e-04 2.3e.-5 6.8e-06 1.9e-05 4.2e-05 5.2e-05
Te-127m 5.1e-06 1.5e-06 4.2e406 9.3e-06 1.2e-05 1.0e-06 3.0e-07 8.2e-07 1.9e.-6 2.3e4-6
1-125 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
1-129 O.Oe+00 O.e0+00 .Oe+00 O.Oe+00 O.e0+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+OO,
1-131 .': ,. 0.0et00>0.Oe+OO' 0.0e+OO' 0: :.00+00 (r 0.Oe+0.,''0. 0.06+00 .0-.0+00,0.00+00K 0.00400'' 0.Oe+0
Cs-134 0 .08+00 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-135 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-137 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ba-I 33 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

C.19I~00t0> .00 .00 .00 .00i .00:~.60~ 0 .Oe+00 ~ 0. t0-00+0
Ce-141 O.0e+0 O.Oe+OO - O.Oe+OO O.Oe+00 O.eOO 0.0e+00 O.Oe+OO O.Oe+OO O.Oe+OO 0.0e+00
Ce-144 O.Oe+00 O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 0.Oe+00 O.Oe+00 0.0e+00 0.Oe+00 0.Oe+00
Pm-147 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00
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Appendix M-2 Normalized Effective Doses from Single Heat Steel Scenarios

Table M2.3 Normalized effective doses: Steel object on b6dy
Radionuclide - Mass-based effective dose (pSv/y per Bqlg) Surficial effective dose (pSv/y per Bq/cm2)

Mean 5th - 50th 90th 95th Mean 5th 50th 90th 95th
Sm-151 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+O0 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+O0

E~12~~o~ .0e+oooo+O .e 0 .6+0 0.P0 ..e :: .0e00~.0e+0.~Ov .0e+0
Eu-154 O.2e00 O.Oe+O0 O.0e+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 .OOe+O0 O.Oe+00 O.Oe+00
Eu-155 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Gd-1 53 O.Oe+00 O.Oe+00 0.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00
Tb-160 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+0 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00

* nTm-171 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+OO
Ta-1 82 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+0O O.Oe+O0
W-181 2.0e-04 6.5e-05 1.7e-04 3.5e-04 4.3e-04 3.9e-05 1.3e-05 3.3e-05 7.0e-05 8.6e-05
W-185 3.2e-05 9.8e-06 2.6e-05 5.7e-05 7.1e-05 6.3e-06 1.9e-06 5.2e-06' 1.e-05 1.4e-05

i6e 4 4 .Oe O3',.^a 7. - i'e ,8.8e
Ir-192 9.5e-03 2.9e-03 7.8e-03 1.7e-02 2.1e-02 1.9e-03 5.7e-04 1.6e-03 3.4e-03 4.2e-03
Tl-204 4.1 e-05 1.2e-05 3.3e-05 7.4e-05 9.2e-05 8.0e-06 2.5e-06 6.7e-06 1.5e-05 1.8e-05
Pb-210 1.Ie-06 3Ae-07 9.1e-07 2.0e-06 2.5e-06 2.2e-07 6.6e-08 1.8e-07 4.0e-07 4.9e-07
B-207 5.7e-03 1.8e-03 4.7e-03 i.0e-02 1.3e-02 _ 1.1e-03 3.4e-04 9.3e-04 2.1e-03 2.6e-03
Po*2iO' 3; 3 2-,-8 Th 09I:1 08L 2.3.-08' 28e ,8T:)8" X2.5.-097.3e-1OŽ..z2.0e-09,_;-4:~i5e-09 3.6.-09,
Ra-226 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe4OO 0.0e+00- O.Oe+00 O.Oe+O00
Ra-228 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+000 O.Oe+00 O.Oe+00 O.Oe+00
Ac-227 O.Oe+WO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
Th-228 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+0 -O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
Th-229.+; U oX .O.OO_ ,0Oo+OO .0.400 _t.O.Oe+ ., OQA30.e,+OO. _0.0 O.Oe+OO '-v;O;O O.Oe+,O );Oe+OO T.OeO:
Th-230 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-232 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe.00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pa-231 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-232 O.Oe+00 O.Oe+OO O.Oe+O_ O.Oe+OO O.Oe+OO O.Oe+00 .00 O O.Oe+

0 0.0e4S0.e00 0.0e400 -- O.. ,+ : t , O O,
U-234 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-235 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-236 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-238 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.e+00 O.Oe+OO O.Oe+00

N ~ .O+0 -- , e+0 O ,OO+O -O.+O O+ O' .eO* .eOO,,.eOOO+O
Pu-236 e O.Oe+O O.Oe 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO
Pu-238 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0.00 .00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-238 O.Oe+OO 0.Oe+00 0.Oe+00 0.0.+O0 0.Oe+00 O.Oe+00 O.Oe+O0 0.0e+00 0.0.+00 0.0e00
Pu-239 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-240 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Pu-242 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-244 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O O.Oe+00
Am-241 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Arn-242m O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-2437 :O.0+OOZ O..Oe+OOO.Oe+OO O.Oe+OO O.OeOO - O.Oe+OO . O. O.Oe+OO O.Oe+OO
Cm-242 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-243 O.Oe+00 O.Oe+00 O.Oe+00 0.0.+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-244 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.e+00 O.Oe+0 O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-245 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Bk-249 O.OeO.Oe+0 0 _.e 0 O .Oe+OO O.Oe+00 0.0.t00~.Oe+OO O.Oe+ 0..eOe+. 0.0.e0 O 6.Oe+O

Cf-24 _' 0Oe+OO -.eO O.eO OO+O O.Oe+OO; O".O~e+OO'_ O.e+OO_' O.eOO_.OeO .eO
Cf-247 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0 O 0.0e+00 O.Oe+00 O.Oe+-00 O.Oe+00 O.Oe+00
Cm-248 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe400 O.Oe+000 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Bk-249 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+,00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

* Cf-248 0.0.400 0.0.400 0.0.400 0.0.400 0.0e400 O* .0.400 0.0.400 -0.0e+00 0.Oe+00 0.0.400

* Cf-250 0.0e+00 0.0.400 0.0.400 0.0.400 0.0e400 0.0.+00 0.0.400 0.0.400 0.0e400 0.0.400
Cf-251 0.0.400 0.0e+00 0.0e400 * 0.0.400 0.0.400 0.0e400 0.0.400 0.0e+00 0.0.400 0.0.400

Cf-254 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
EsC-254 ' O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 ;.e+00 .Oe+00 O.Oe+00 O.Oe+00 OOe+00 -O.Oe+00

Note: To convert these values to conventional units (mrem/y per pClg or mrem/y per pCi/an2 ), multiply by 3.7e-3
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Normalized Effective Doses from Single Heat Steel Scenarios Appendix M-2
Table M2.4 Normalized effective doses: Driver-autormobile

Radionuclide Mass-based effective dose (pSvly per Bq/g) Surficial effective dose (pSv/y per BqIcm2)
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

H-3 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.0+00 O.Oe+00
C-14 1.9e-05 1.3e-05 1.8e-05 2.5e-05 2.8e-05 3.7e-06 2.4e-06 3.6e-06 5.0e-06 5.5e-06
Na-22 O.Oe+0 O.Oe+00 O.Oe+00. O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O+ O.Oe+00 O.Oe+00
P-32 3.4e-05 2.3e-07 6.3e-06 1.1e-04 1.7e-04 6.7e-06 4.5e-08 1.3e-06 2.2e-05 3.3e-05

95.7.'. >- 43-0 ,x.18e '- .4;,6t, .,e 7;982 7ar-860 ';3.6e 08-;,47 0814e 07 *.e0
CI-36 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00
K-40 O.Oe+00, O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ca-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0.0 O.Oe+00 O.Oe+00
Ca-45 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00
SG-,46 '.y;' e0.+OO.~. 0.0e~O:: 0.0e+00.iOO . : O.0 O eb o+,O';O.O .40 0.0O40; O.Oe,0 O.Oet003,
Cr-51 4.7e-03 4.9e-04,, 2.8e-03 1.2e-02 i.5e-02, 9.4e-04 9.7e-05 5.5e-04 2.4e-03 2.9e-03
Mn-53 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0 00 O.Oe+00 O.Oe+OO
Mn-54 4.6e+00 3.0e+00, 4.5e+00 6.2e+00 6.8e+00 9.2e-01 5.8e-01 8.8e-01 1.2e+00 1.4e+00
Fe-55 5.3e-10 3.5e-10 5.1e-10 6.9e-10 7.7e-10 1.0e-10 6.8e-11 1.0e-10 1.4e-10 1.5e-10

Co-56 4.4e+00 2.0e400 4.0e+00 7.3e+00 8.2e+00 8.8e-01 3.8e-01 8.0e-01 1.4e+00 1.7e+00
Co-57 2.4e-01 1.5e-01 2.3e-01 3.2e-01 3.5e-01 4.7e-02 2.9e-02 4.5e002 6.4e-02 7.2e-02
Co-58 1.1e+00 4.6e-01- 1.0e+00 1.9e+00 2.1e+00 2.2e-01 8.9e-02 2.0e-01 3.8e-01 4.3e-01
Co-60 2.2e+01 1.5e+01 2.1e+01 2.9e+01 3.2e+01 4.4e+00 2.8e+00 4.2e+00 5.8e+00 6.4e+00

tz9 7`- 1.31-e 2 ' - 4.4LOS =-O5 .- 05A.
Ni-63 2.2e-08 1.5e-08 2.2e-08 2.9e-08 3.3e-08 4.4e-09 2.9e-09 4.3e-09 6.0e-09 6.5e-09
Zn-65 4.8e-02 2.3e-02. 4.6e-02 7.3e-02 8.1e-02 9.6e-03 4.5e-03 9.1e-03 1.5e-02 1.6e-02
As-73 1.5e-04 6Ae-05 1.3e-04 2.4e-04 2.8e-04 2.9e-05 1.3e-05 2.6e-05 4.8e-05 5.5e-05
Se-75 6.8e-01 3.7e-01 6.5e-01 1.0e+00 1.1e+00 1.4e-01 7.2e-02 1.3e-01 2.0e-01 2.3e-01

Sr-89 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sr-90 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.e+00' O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Y-91 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr-93 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr-95 .'c O.O. -';,,00e+_O~ .e400'-0.e0,, 0.0e.0e+,0,-00+0.................... i.O,'OeOo.e+r
Nb-93m O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Nb-94 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00
Nb-95 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mo-93 7.8e-11 5.2e-i1 7.6e-i1 1.0e-10 1.1e-10 1.5e-11 1.0e-1I 1.5.e-i _2.1e-11 2.3e-il

Tc-97m 1.1e-04 5.0e-05 9.9e-05 1.7e-04 1.9e-04 2.1e-05 9.7e-06 2.0e-05 3.4e-05 3.9e-05
Tc-99 3.4e-04 2.3e-04 3.4e-04 4.6e-04 5.1e-04 6.9e-05 4.5e-05 6.6e-05 9.2e-05 1.0e-04
Ru-103 1.8e-01 3.8e-02 1.3e-01 3.8e-01 4.5e-01 3.5e-02 7.5e-03 2.6e-02 7.6e-02 9.0e-02
Ru-106 1.4e+00 9.4e-01 1.4e+00 1.9e+00 2.1e+00 2.9e-01 1.8e-01 2.8e-01 3.9e-01 4.3e-01

JA-0mv, ,- .et0,2a11e0 p*1.e,01t ff 2+1:^e+01+0f> >;f,3.3e+00,--S2-2e+00,,l 32etOL, 0,' ,44et,00W. 4.9etW;0
Ag-110m 1.3e+01 8.4e+00 1.3e+01 1.8e+01 2.0e+01 2.6e+00 1.6e+00 2.5e+00 3.6e+00 4.0e+00
Cd-109 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sn-113 6.0e-01 3.2e-01 5.6e-01 8.9e-01 9.9e-01 1.2e-01 6.2e-02 1.1e-01 1.8e-01 2.0e-01
Sb-124 5.2e-02 1.7e-02 4.4e-02 9.6e-02 1.1e-01 1.0e-02 3.4e-03 8.8e-03 1.9e-02 2.2e-02

Sti5. -,,;j,.3e -01 4,7;20eO-,02~ i e- ,1:.g19-1^-¢'.e-02 1 0
Te-123m 8.6e-02 4.7e-02 8.1e-02 1.3e-01 1.4e-01 1.7e-02 9.1e-03 1.6e-02 2.5e-02 2.8e-02
Te-127m 5.2e-03 2.8e-03 4.9e-03 7.8e-03 8.7e-03 1.0e-03 5.3e-04 9.8e-04 1.6e-03 1.8e-03
1-125 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O O.Oe+,00

C-134 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-134 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-135 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-137 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ba-133 0.00+00 0.0e+00 0.0.400 0.0.400 0.Oe+00 0.0.400 0.00+00 . .Oe+O0.0 .4e00 0.0.400
Ce-141 0.0e+OO O.Oe+OO 0.e+OO .Oe+OO O.Ooe+O O.Oe+O O.Oe+0 00 O.O+ 00-O.Oe+00 ,.O.Oe+00

C0-141 0.00+000.0.400 ;0.0,400 06.0.0 0..00 0040 .. 4000,0 .0400.00

Ce-144 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+,00 O.Oe+00 O.Oe+00 O.Oe+00
Pm-147 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

rUEG _64 _ =
NUREG-1640 M-22



Appendix M-2 Normalized Effective Doses from Single Heat Steel Scenarios

Table M2.4 Normnalized effective doses: Driver-aitomobile
Radionuclide Mass-based effective dose (pSv/y per Bq/g) Surficial effective dose (pSv/y per Bq/cm 2 )

Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
Sm-151 O.Oe+OO O.Oe+OO O.Oe+00 .Oe+O O.Oe+OO O.Oe+OO O.Oe+0O O.Oe+OO O.Oe+O0 O.Oe+OO
Eu-152 OiŽLt '.Oe+OO O.Oe+0 ,O.Oe+,00 'O.Oe+OO Ž.0e+00'.::..O.OetOO §O.Oe+OO :.Oe+O-0.0e+OO OOeOO
Eu-154 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+0O O.Oe+OO O.Oe+00
Eu-155 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Gd-1153 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
Tb-160 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+O0 O.Oe+OO O.Oe+00 O.Oe+OO

O170'.,O.0e4-0;e.Oe+OO -O.0e+00imO.Oe+00 ;..O± O , OO .e+O O.Oe,0-0e+00
Tr-171 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Ta-1 82 O.Oe+OO O.Oe+O0 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+O0
W-181 4.3e-03 2.3e-03 4.1 e-03 6.3e-03 7.1e-03 8.6e-04 4.6e-04 8.0e-04 1.3e-03 1.4e-03
W-185 1.3e-04 5.5e-05 1.2e-04 2.1 e-04 2.4e-04 2.5e-05 1.1e-05 2.3e.05 4.2e-05 4.8e-05
Os-leS ' Z5.le-02 r3e.2 .'46e428.2e 02'.9.4e 02 1902
Ir-192 9.7e-01 4.2e-01 8.8e401 1.6e+00 1.8e+00 1.9e-01 8.0e-02 1.7e-01 3.2e-01 3.7e-01
TI-204 3.8e-04 2.3e-04 3.7e-04 5.1e-04 5.6e-04 7.5e-05 4.4e-05 7.3e-05 1.Oe-04 1.1e-04
Pb-210 8.7e-04 5.4e-04 8.5e-04 1.2e-03 1.3e-03 1.7e404 I.Oe-04 1.7e-04 2.4e-04 2.6e-04
Bi-207 6Ae-01 4.0e-01 6.3e-01 8.7e-01 9.3e-01 1.3e-01 7.7e-02 1.2e-01 1.8e-01 1.9e-01
Po2i0.,-',20.e+00,\' 0.Oe+,00'- O.Oe+00 ,O.Oe OO-,,',O.Oe,+,O iz•0.0 t00 0.0e+,0 0+00, -0.000 e1o.0+ 00
Ra-226 O.Oe+O0 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+0' O.Oe+00 O.Oe+00
Ra-228 O.Oe+O0 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00
Ao-227 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+0O O.Oe+O0 O.Oe+O0 O.Oe+00 O.Oe+0O O.Oe+0O O.Oe+OO
Th-228 O.Oe+00 O.Oe+00 O.Oe+00 _O.Oe+0O O.Oe+O0 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+0O

_29 I0 0I0e,,00•i-rO.'O-.O . O.O,067- 0.0e+ 0' 0 'pO 00 . 0.0b 0
Th-230 O.Oe+O0 O.Oe+0O O.Oe+00 O.Oe+OO O.Oe+0O O.Oe+0O O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+O0
Th-232 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+OO O.Oe+O0 O.Oe+00 O.Oe+00
Pa-231 O.Oe+O0 O.Oe+0O O.Oe+00 O.Oe+0O O.Oe+0O O.Oe+0O O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
U-232 O.Oe+00 O.Oe+00 O.Oe+OO0 .Oe+0O O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+0 O.Oe+00 O.Oe+00

U-233 e-j , 0.00e 00' 0.0;e'0 0'.0 --0¾0Oe+O0'0 Z0e+OO _ ' O Oe'+00 0e0 0 00.0e000'{0.0e+0O

U-234 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00

U-235 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+0O O.Oe+00 O.Oe+00

U-236 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00
U-238 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+OO .Oe+00O O.Oe+0 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+0O

Np-23T7e, tO.Oe+O00 'j0.O+007J'.Oe_ O.OO.Oe+OO i ,.OO0 ,

Pu-236 O.Oe+OO O.Oe+0O O.Oe+0O O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00

Pu-238 O.Oe+00 O.Oe+O0 0.Oe+00 O.Oe+00 O.Oe+W O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00

Pu-239 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+OO

Pu-240 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+OO
P 7,m;-.eOOO 0-5,0. 75.5O;Oe..O~+ bOO+O .e ,;0e<..O+O

Pu-242 O.Oe+0O O.Oe+OO O.Oe+00 O.Oe+O0 O.Oe+0O O.Oe+OO O.Oe+OO O.Oe+0O O.Oe+OO O.Oe+OO

Pu-244 O.Oe+0O O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+0O' O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Am-241 O.Oe+0O O.Oe+0O O.Oe+00 O.Oe+O0 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+0O

Am-242m O.Oe+00 O.Oe+00 O.Oe+00 '.O.Oe+00 O.Oe+00 - O.Oe+00 O.O.Oe!00 -. Oe+OO O.Oe+0O O.Oe+OO

Cm-242 O.Oe+00 O.Oe+0O O.Oe+O0 O.Oe+OO O.Oe+0O O.Oe+0O O.Oe+00 O'.Oe+00 O.Oe+O0 O.Oe+OO

Cm-243 O.Oe+00 O.Oe+0O O.Oe+O0 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00

Cm-244 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+0O O.Oe+O0 O.Oe+0O O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+00

Cm-245 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+ O.Oe+O0000 0.Oe+4O O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00

Cm-246 -,.-:<; '0O.Oe+OO,'- -,-.Oe'+OO,'- Z.Oe,+OO X ~~o,- O .Oe+OO* '.0~00 ~O.e+OO ' . O.Oe+OO -'; O.Oe+0 SOO0~ 0O.e.Oe+,OO'
Cm-247 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+0O O.Oe+0O O.Oe+O0

Cm-248 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00

Bk-249 O.Oe+0O O.Oe+O0 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+O0

Cf-248 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+0 O.Oe+00 O.Oe+O0 O.Oe+00

Cf-249 1 .9Jj'O.0e+00 ,O.Oe+ &. 6O.Oe -6 ,,.Oe+O ' 0.0e+,OO ,i,, 0 +o-.Oe oo'jb.O
Cf-250 O.Oe+OO O.Oe+OO O.Oe+0O O.Oe+00 O.Oe+0O O.Oe+0O O.Oe+00 O.e+00 O.Oe+00 O.Oe+00

Cf-251 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Cf-252 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O

Cf-254 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+0O 0.Oe+0O O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00

Es-254 -,--''' 5 0.0e+00 -'0.0 OO;Oe+O.Oe+oo oOo .O:e+ O ~ ''O.Oe+0 0.-0;.00O 'O.Oe0"'0.0e+00<0 0e+OO

Note: To convert these values to conventional units (mremly per pCig or mremly per pC/cm
2

), multiply by 3.7e-3
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Normalized Effective Doses from Single Heat Steel Scenarios Appendix M-2
Table M2.5 Normalized effective doses: Home with steel studs

Radionuclide Mass-based effective dose (pSv/y per Bqlg) Surficial effective dose (IJSvly per Bq/crn2)
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

H-3 0.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+O0
C-14 1.8e-05 6.1e-06 1.5e-05 3.1e-05 3.8e-05 3.6e-06 1.2e-06 3.0e-06 6.2e-06 7.5e-06-
Na-22 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO, O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0
P-32 1.9e-07 2.6e-10 1.9e-08 6.0e-07 1.Oe-06 3.8e-08 5.2e-1 1 3.7e-09 1.2e-07 2.0e-07
S-358:i'. - ;: 3'-.32e,07 ' ,8is -08--T 2.60071 6.1,0,7j>' 7.7e0,7,. ^'-+64 8S.e0r .e0,K e0 .- 1S r
CI-36 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
K-40 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+O0 O.Oe+00
Ca-41 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0
Ca-45 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00

S * o.aOe+aO4O ,.Oe+OO' --;0.0e~o .+00 £' 0.oei O.Oe jO.Oe+00 O.O+OO 0.0 +O0,j O.00+00',;O.Oe+OO i
Cr-51 1.1e-04 5.Oe-06 4.8e-05 3.0e-04 4.3e-04 2.2e-05 9.9e-07 9.5e-06 6.0e-05 8.6e-05
Mn-53 O.Oe+00 O.Oe+OO O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
Mn-54 1.5e-01 4.1 e-02 1.3e-01 2.8e-01 3.5e-01- 3.0e-02 8.0e-03 2.5e-02 5.6e-02 6.9e-02
Fe-55 3.7e-10 1.5e-10 3.3e-10 6.2e-10 7.3e-10 7.3e-11 2.9e-11 6.5e-11 1.2e-10 1.5e-10
Fe-59< 3.7eM2:~5.2eO3g 2.48-02* 8.3 0 28. 'i.-i a r .7,.3e03, i_090 .3 8 O3i 1.68 02X4-. iA i -
Co-56 6.0e-01 1.6e-01 4.8e-01 1.1e+00 1.4e+00 1.2e-01 3.2e-02 9.5e-02 2.2e-01 2.8e-01
Co-57 1.4e-01 5.6e-02 1.2e-01 2.4e-01 2.8e-01 2.8e-02 1.1e-02. 2.5e-02 4.7e-02 5.6e-02
Co-58 1.4e-01 3.5e-02 1.1e-01 2.7e-01 3.4e-01 2.7e-02 6.9e-03 2.2e-02 5.4e-02 6.7e-02
Co-60 6.9e+00 2.8e+00 6.1e+00 1.1e+01 1.4e+01 1.4e+00 5.5e-01 1.2e+00 2.3e+00 2.7e+00

5 W 'S.7e- : 23e-09e.1e-05e. - 6 0 9 ' 2
Nl-3 1.Se-07 6.1e-08 1.3e-07 2.5e-07 3.0e-07 3.0e-08 1.2e-08 2.6e-08 5.Oe-08 5.9e-08
Zn-65 6.2e-02 1.4e-02 5.Oe-02 1.2e-01 1.5e-01 1.2e-02 2.7e-03 1.0e-02 2.3e-02 3.0e-02 -

As-73 1.8e-04 4.8e-05 1.4e-04 3.4e-04 4.2e-04 3.5e-05 9.4e-06 2.8e-05 '6.7e-05 8.4e-05
Se-75 8.8e-03 2.7e-03 7.3e8-031.6o-02 2.0e-02 I.7e-03 5.2e-04 1 O.e-03 3.1 -03 3.9e-03

Sr-89 O.Oe+O0 O.Oe+O0 O.Oe+OO O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+O0
Sr-90 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+O0 O.Oe+00 O.Oe+O0
Y-91 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+000 .Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr-93 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00

Z90.06+00 0.0Oe+00u'-.0e;00z0.0e40Oe O.Oe+0 00 . 0.0+0 0 0 0.0e+0O 0.
Nb-93m O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Nb-94 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Nb-95 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mo-93 3.7e-07 1.5e-07 3.2e-07 6.1e-07 7.2e-07 7.3e-08 2.9e-08 6.4e-08 1.2e-07 1.4e-07
To-97---p F,:'- 9.ue-u7; 3.7,e-,07I7.9e-07 .5 e-;0.'.1.8e0t 1. 0 7>.2e-08r . 7 3.
Tc-97m 5.5e-05 1.6e-05 4.5e-05 1.0e-04 1.3e-04 1.1e-05 3.2e-06 8.9e-06 2.0e-05 2.5e-05
TO-99 3.6e-04 1.5e-04 3.1e-04 5.9e-04 7.0e-04 7.1e-05 2.8e-05 6.2e-05 1.2e-04 1.4e-04
Ru-103 1.le-02 1.2e-03 6.6e-03 2.6e-02 3.5e-02 2.2e-03 2.4e-04 1.3e-03 5.2e-03 6.8e-03
Ru-106 4.2e-01 1.7e-01 3.7e-01 6.9e-01 8.3e-01 8.3e-02 3.2e-02 7.3e-02 1.4e-01 1.6e-01
Ag-loami 11-5.0et00.2.0eit005t4 4e,+0 i8.4e +OO=9.9o+0O . 9.9e-01 4.0e.01^-2i 8.7e 1~-0 '201.7e+00< 2.0e+0
Ag-1I0m 2.9e+00 1.1e+00 2.5e+00 4.9e+00 5.8e+00 5.7e-01 2.2e-01 S.Oe-01 9.6e-01 1.2e+00
Cd-109 O.Oe+00 O.Oe+00 0.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sn-113 1.2e-01 3.9e-02 9.9e-02 2.1e-01 2.5e-01 2.3e-02 7.7e-03 2.0e-02 4.1e-02 S.Oe-02
Sb-124 1.4e-01 3.0e-02 1.0e-01 2.8e-01 3.6e-01 2.7e-02 5.9e-03 2.1e-02 5.6e-02 7.1e-02
Sb-1251  7:--,,,2 1.0e+ - '._4.2e0Q1A,;9.0eO-71.78±00-i7 .................... .2.0e 002-24 2;0e-01,'- .8,1e-02;.......... ',i.8e, 2 3401, 3~ e4.Oe01,
Te-123m 2.9e-03 9.2e-04 2.4e-03 5.3e-03 6.7e-03 5.8e-04 1.8e-04 4.9e-04 1.1e-03 1.3e-03
Te-127m 1.1e-04 3.4e05 ,9.3e-05 2.1e-04 2.6e-04 2.3e-05 6.7e-06 1.9e-05 4.1e-05 5.2e-05
1-125 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
1-129 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00

I, ,,'O.Oe+OO , O.Oe+O: O.0e+0 .0e+0 O.Oe+00,Z O.Oe+OO .+OO.'; O.0e+0'," O.Oe+0O,: O.Oe+OO
Cs-1 34 O.Oe+OO O.Oe+00 - O.Oe+O0 .Oe+0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cs-135 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
Cs-137 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+O0
Ba-133 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
CB-1393.'' -O.Oe+00 O.Oe0OOe+00 0.Oe+00 0.Oe+00; O.Oe+00y O.Oe+00> 0.0e00 O.Oe+.00. O.Oe+00.

Ce11 0O+00O+0Oe+ e+0Oe+eOe+00: 0Oe+0 0O.Oe+OOe+ 0.0.e+00,, 0.0e+OO0 0.Oe+00
Ce-141 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ce-144 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
PN-147 O.Oe+60 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+O O.Oe+OO O.Oe+OO O.Oe+OO O.0e+00
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Appendix M-2 Normalized Effective Dose's from Single Heat Steel Scenarios

Table M2.5 Normalized effective doses: Home with steel studs
Mass-based effective dose (pSv/y per Bq/g) Surficial effective dose (pSv/y per Bq/cm2)

Mean 5th 50th 90th 95th Mean 5th . 50th 90th 95th
Sr71-51 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+O0 O.Oe+.Oe+OO_ O.Oe+0 O.e+00 O.Oe+ O.Oe+OO O.Oe+OO
Eu-I 15 ,. Z. - , .Oe+O- 'O. -,=O.0e+00'0.0e+0 : O.Oe0 0'0 +OO :, +oo,
Eu-1 54 O.Oe+00 O.Oe+OO O.Oe+0O O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+OO O.Oe+OO
Eu-1 55 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+OO
Gd-1 53 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Tb-160 O.Oe+00 O.Oe+O' O.Oe+0 O.Oe+00 O.Oe+0O O.Oe+00 Oe+00O O.Oe+0 O.Oe+OO O.Oe+00
Tr 70 oO. Oe1 o. O.Oe+OO e O Oeb-Oe6.Oe+O.
Trn-171 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ta-182 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
W-181 5.4e-03 1.9e-03 4.6e-03 9.5e-03 1.2e-02 1.1e-03 3.6e-04 9.2e-04 1.9e-03 2.3e-03
W-185 4.3e-05 1.1e-05 3.4e-05 8.3e-05 1.0e-04 8.5e-06 2.2e-06 6.8e-06 1.6e-05 2.0e-05

si-85 ' . 2e-032.6e'03E7;56-03 , .7e-'02*:.' 0
Ir-192 IAe-01 3.6e-02 1.1e-01 2.7e-01 3.3e-01 2.8e-02 7.2e-03 2.2e-02 5.3e-02 6.6e-02
Tl-204 2.2e-04 7.8e-05 1.9e-04 3.7e-04 4.5e-04 4.3e-05 1.6e-05 3.7e-05 7.4e-05 9.1le-05
Pb-210 4.6e-04 1.7e-04 4.0e-04 7.9e-04 9.5e-04 9.1e-05 3.2e-05 7.9e-05 1.6e-04 1.9e-04
Bi-207 .2Ae-01 8.9e-02 2.1e-01 4.2e-01 5.0e-01 4.8e-02 1.7e-02 4.1e-02 8.3e-02 I.Oe-01

PI ~~2Be P~.9e-08A i~23- . 6- IPF: e9 _

Ra-226 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Ra-228 O.Oe+00 O.Oe+WO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ac-227 O.Oe+00 O.Oe+WO O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-228 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+0O O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+OOOOe+00
T229j.- b.0.'-. 0e .0e+00 .- O.Oe+ 00 60.0eO+.6 &k;00.e+O O.e 0O.0.e,+00°.0e0O
Th-230 O.Oe+00 O.Oe+00 O.Oe+00 Q.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Th-232 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pa-231 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
U-232 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO

3 -.- d. I - - .r- 6' -, _-40 . '0 -,O.--e-10 ' --.

ii', .+-.Oe+ O.Oe+OO ^ ,O.Oe O.Oe+O.',O.O +0 0 + 0.Oe+00
U-234 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-235 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-236 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-238 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+OO
N-i237i',,> K: 0400O5.00+00,<O. e+,OO O.OeO, .* _.oo i O.Oe, O.00 ",.O0eO 0;0 0.Oe+OO;
Pu-236 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-238 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+W0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-239 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00
Pu-240 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO0 O.Oe+00
P,,u-24,I9~>..0e+00, ,-.0dt O :,+O -O.Oe,+OO . 0,.'Oe+OO02O 0.0e+'.OO .O0e+ 00 ¢.o ,o ,'+0 o0.oe0~0.e 20o~ .Oeo0i
Pu-242 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-244 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Arn-241 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Am-242m 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 Q.Oe+00 Q.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

Ar23..,,' eOO<,,OOeO-'<.O+0 406.0e ,XOOe+OOe,00 O. OOO~O 0
Cm-242 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cm-243 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cm-244 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cmn-245 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO 'O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO

Cr'26,-,A,'-,~r-.e+O.O e .e+O '^ 0.ee+O0^0.Oe OO O.-O-e"+OO- -.ri+OeO0 , ,OOe+OOeOOe00-
Cm-247 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cmn-248 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO. O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Bk-249 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cf-248 O.Oe+OO O.Oe+OO ,O.Oe,+OO ,O.Oe+,OO ,O.Oe,+OO O.Oe+W0 O.Oe+OO O.Oe+OO ,OOe+,OO O.Oe+OO

Cf29 r' ' OO+OOO+,O,, .eW',.e+O-O.Oe+00,,:;>__,:.O.Oe+0 !;.'O.Oe+W O 0.-.eOnOO+Ok,.0e+00
Cf-250 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+W0 O.Oe;OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Cf-251 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO -O.Oe+OO O.Oe+O0 O.Oe+00
Cf-252 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-254 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Es-25 i 0.' 00 0. 0e+00 0. O +00 .O.Oe+ 00

Note: To convert these values to convenbional units (mnrem/y per pC~g or mremly per p~i/rnit) multiply by 3.7e-3
M-2 NRA -1 6 w40-S
M-25 NUREG-1640



Normalized Effective Doses from Single Heat Steel Scenarios Appendix M-2

Table M2.6 Normalized effective doses: Seaman-hull plate'
Mass-based effective dose (pSvly per Bqlg) Surficial effective dose (pSvly per Bq/cm2)

Radionucide Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
H-3 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+OO
C-14 7.1e-05 2.6e-05 6.3e-05 1.2e-04 1.4e-04 1.4e-05. 5.2e-06 1.2e-05 2.4e-05 2.8e-05
Na-22 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+0O
P-32 2.4e-15 5.0e-16 1.8e-15 5.0e-15 6.6e-15 4.8e-16 1.Oe-16 3.5e-16 9.9e-16 1.3e-15

,55e, 8-k 2.2 082.8 8 ,9.2eO08,,.1 07 f i' .4 F , 9.6e ,1.8e-O8 2e 8 j
CI-36 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
K-40 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00
Ca-45 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00. O.Oe+00 O.Oe+00
Ca4's ,:,O.Oe+0 O.O+ O.Oe+0O 9O.Oe+00 Qj08+O0 O.Oe+00 O.Oe+00 O.Oe+0O 0.Oe+00 O.Oe+00

Cr-51 3.9e-08. 1.4e-08 3.3e-08 6.8e-08 8.4e-08 7.7e-09 2.8e-09 6.6e-09 1.3e-08 1.7e-08
Mn-53 0.Oe+00 0.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mn-54 5.8e-01 1.8e-01 5.0e-01 1.Oe+00 1.3e+00 1.2e-01 3.6e-02 9.9e-02 2.1e-01 2.5e-01
Fe-55 1.2e-09 5.5e-10 1.1e-09 1.9e-09 2.2e-09 2.3e-10 1.1e-10 2.1e-10 3.7e-10 4.4e-10

Fe59-,1~i', .8e'-03,4-Z1.5e,066-03:;1,e.5e3.0e44
Co-56 1.9e-01 8.7e-02 1.7e-01 3.0e-01 3.6e-01 3.7e-02 1.7e-02 3.3e-02 6.0e-02 7.1e-02
Co-57 2.2e-01 1.Oe-01 2.0e-01 3.6e-01 4.2e-01 4.4e-02 2.0e-02 4.0e-02 7.1e-02 8.3e-02
Co-58 2.8e-02. 1.3e-02 2.5e-02 4.5e-02 5.4e-02 5.6e-03 2.5e-03 5.0"03 9.0e-03 1.1 e-02
Co-60 5.5e+01 2.6e+01 4.9e+01 8.8e+01 1.Oe+02 1.Ie+01 5.0e+00 9.9e+00 1.7e+01 2.Oe+01

w i ~~ -~z-~~ ~ -r'- ~~-|--f '% -- t~f ~ -- ~ r -S.w._ _.

Ni-63 1.0e-06 4.7e-07 9.1 e-07 1.6e-06 1.9e-06 2.0e-07 9.2e-08 1.8e-07 3.2e-07 3.8e-07
Zn-65 1.9e-01 4.9e-02 1.6e-01 3.5e-01 4.3e-01 3.8e-02 9.7e-03 3.2e-02 7.0e-02 8.5e-02
As-73 1.6e-05 7.1e-06 1.4e-05 2.6e-05 3.1e-05 3.2e-06 1.4e-06 2.8e-06 5.2e-06 6.2e-06
Se-75 6.4e-03 2.6e-03 5.6e-03 1.Oe-02 1.3e-02 1.3e-03 5.1e-04 1.1e-03 2.1e-03 2.5e-03
Sr-85, +.Z00e± . t'O.O~eT90 ;O.O+,O .00+OO,.OO+0;*OO+O2'OO +°,- O.Oe+OO ;22' 0.0e+00-'~ Q.0e+OO; '.0.de+00
Sr-89 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sr-90 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Y-91 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr-93 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr-95'',3..''.s-'O.Oe+OOO.O .e+0OO ,O.Oe+OO'' O.0e+00,0.0e+0 G 0.0*,Qe+OO,.e+O";OOOO+O', O+0
Nb-93m O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Nt-94 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Nb-95 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Mo-93 5.9e-04 2.7e-04 5.3e-04 9.4e-04 1.1e-03 1.2e-04 5.3e-05 1.1e-04 1.9e-04 2.2e-04

Tc-97m 1.1e-05 4.9e-06 9.5e-06 1.7e-05 2.0e-05 2.1e-06 9.5e-07 1.9e-06 '3.4e-06 4.0e-06
Tc-99 1.3e-03 5.9e-04 1.1e-03 2.0e-03 2.4e-03 2.5e-04 1.2e-04 2.3e-04 4.0e-04 4.7e-04
Ru-103 8.9e-05 3.8e-05 7.8e-05 1.5e-04 1.8e-04 1.8e-05 7.4e-06 1.5e-05 2.9e-05 3.5e-05
Ru-106 1.7e+00 8.Oe-01 1.5e+00 2.7e+00 3.2e+00 3.4e-01 1.6e-01 3.1e-01 5.4e-01 6.4e-01
Ag-108' $ 4e,+0i , 81.9e+0f3.7o+01iZ6. e+0 '8+'01T'''-32" '8.3e+0':;'37e 0X75'+00;1,3+--i Oi
Ag-110m 9.0e+00 4.2e+00 8.0e+00 1.4e+01 1.7e+01 1.8e+00 8.1e-01 1.6e+00 2.9e+00 3Ae+00
Cd-109 O.Oe+O0 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sn-113 9.3e-02 4.3e-02 8.3e-02 1.5e-01 1.7e-01 1.8e-02 8.4e-03 1.7e-02 2.9e-02 3.5e-02
Sb-124 1.5e-02 6.6e-03 1.3e-02 2.4e-02 2.8e-02 2.9e-03 1.3e-03 2.6e-03 4.7e-03 5.6e-03
Sb-125; -.C.;'--6.Ae+007ej3.0e+0O 5.8e+00i,1.0e,+0 1.2e+0i U'-.'1 1.36+00.> 5.8e-01;1.1e+00' 2.+00e 2.40+
Te-123m 1.7e-03 6.8e-04 1.5e-03 2.8e-03 3.3e-03 3.3e-04 1.3e-04 2.9e-04 5.6e-04 6.5e-04
Te-127m 7.5e-05 3.1e-05 6.6e-05 1.3e-04 1.5e-04 1.5e-05 6.0e-06 1.3e-05 2.5e-05 2.9e-05
1-125 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
1-129 O.Oe+00 O.Oe+00 O.Oe+OO .Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O00 O.Oe+00 O.Oe+00

i 3-. 0; 0> - + o O 0 7=.e +O e,+O w OO ,O, e' O.OeO-O'-,r- ':.'O.e"+O, s' O.e+O .eOO+O000
Cs-134 O.Oe+O- O.Oe+OO O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+OO
Cs-135 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-137 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ba-133 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ce1a-" 3'30Oe Oe+0+ . . .+ ' 0.0 +00 0.00+
Ce-141 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ce-144 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pm-147 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
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Appendix M-2 Normalized Effective Doses'frorn Single Heat Steel Scenarios

Table M2.6 Normalized effective doses: Seaman-hull plate
Radionclide Mass-based effective dosd (pSvty per Bq/g) Surficial effective dose (pSvty per BqIcm2 )

Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
SM-151 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00
Eu--I,52 O .De+ 0 ~ O.Oe+00 e OO O.Oe.00 O.Oe0 .0e+00 ,0Oe+00 O.Oe+00 O.Oe+Oo
Eu-154 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+0O
Eu-I155 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Gd-153 O.Oe+OO 0.Oe+00 O.Oe+OO O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+WO O.Oe+00
Tb-I 60 O.Oe+OO O.Oe+00 O.Oe+O0.Oe+0 O.Oe+oo O.Oe+0O O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO
Tm,-170 0-_ O.0eKOO.Oe+00 > , . Oe0e000e+O.+OO'.'FrO.Oe+OO , . O .
Tm-171 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
Ta-182 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
W-181 1.5e-03 6.9e-04 1.3e-03 2.4e-03 2.8e-03 3.0e-04 1.4e-04 2.7e-04 4.7e-04 5.5e-04
W-185 5.0e-06 2.3e-06 4.5e-06 8.1e-06 9.5e-06 1.Oe-06 4.5e-07 8.9e-07 1.6e-06 1.9e-06
OW31 85 , 4 1 .9e-3 % 4.16-03 2'7.8e 03 ,9.3-03 -. 6e 03
Ir-192 3.0e-02 1.4e-02 2.6e-02 4.8e-02 5.6e-02 5.9e-03 2.7e03 5.2e-03 9.5e-03 1.1 e-02
Tl-204 7.9e-04 3.2e-04 7.0e-04 1.3e-03 1.6e-03 1.6e-04 6.2e-05 1.4e-04 2.6e-04 3.1 e-04
Pb-210 2.3e-03 9Ae-04 2.1e-03 3.8e-03 4.6e-03 4.6e-04 1.9e-04 4.1e-04 7.7e-04 9.2e-04
Bi-207 2.0e+00 8.3e-01 1.8e+00 3Ae+00 4.1e+00 4.0e-01 1.6e-0I 3.6e-01 6.8e-01 8.1e-01
'Po-2l01 We0 7Tii.5e-07T,.32e 07,z61e-0e-08, , ' '9e 08 §:-6.3 e08 1;Li 75I.4e07.
Ra-226 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+OO
Ra-228 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Ac-227 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+WO O.Oe+OO
Th-228_ O.Oe+00 0.Oe+00 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+OO
Th-229 c> .; r 0m,,Oio00e0 0..4Oe+00 ,,Lo.oe~oo :ZO.0e+00AA0.e+00 .0t~~e~ o. e o

Th20 OO+O .eO .eO.O e.:' OeO O.+OO.Oe+OO6a~6" - -O.OeO O.+OOO+OOOeo
Th-230 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
Th-232 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pa-231 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+oo
U-232 O.Oe+00 O.Oe+00 O.Oe+OO O .Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
U-233 :Z' 00.4e00 J0.+0e4 .0 T .00 O040~J~.e 400 O.Oe+00' O.6etoo. OT .0.00+ .. 0+
U-234 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0o
U-235 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+OO
U-236 0.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+OO O.Oe+00 O.Oe+00
U-238 0.0|400 _.Oe+00 O.Oe+00 .- e- O.Oe+0 .00 0.0.400 0.0e+O.e O e&00 .Oe.00 .Oe+Oo

Pu-236 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00 O.00 .Oe+00 O.Oe+00 O.Oe+O
Pu-238 O.Oe+00 O.Oe+0 O.Oe+OO O.Oe+.00 .Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O
Pu-239 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.e+00 O.Oe+000 .Oe+00 'O.Oe+00 O.Oe+OO
Pu-240 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.e+00 O.Oe+00 O.Oe+000 O.Oe+00 O..e+OO
Pu-24i-, X o .Oet,;Oe+O.Oe-0, OtO -Ae~+00'<;O+ 040.0e+,0i' 0.0o,+ OO.O+O-OO+0:. 0'j 0.400 _'0.0.0
Pu-242 O.Oe+00 O.0e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-244 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Am-241 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00
Am-242m _ O.Oe00 0.0.400 0.0400 0.0e+00 O.Oe+00 O.Oe+000 O.Oe+00' O.4e+OO O.Oe+00 O.Oe+OO

Cm-242 O.Oe+DOe+OO 00 0.0+00 ..Oe+O O.Oe+OO O.Oe+00 O.Oe+ 00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Cm-243 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 ' O.Oe+00 O.Oe+00 O.e+.00 O.Oe+00 O.Oe+00
Cm-244 O.Oe+OO O.Oe+00 O.O+.00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-245 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00
Cr'-246 9 '10 .0,e00C10Oe+00 ,.0.e+ 0. O O ,OO00e OO.-0 ''O.Oe O.Oe+400.'0. .
Cm-247 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00' O.Oe+00 O.Oe+00 O.Oe+00
Cm-248 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+OO
Bk-249 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 0.Oe+00 O.Oe+OO
Cf-248 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Cf-246.4 <- - O~.0e400 --! 0.e400:.0.0 ~ 0. 0.400_0+ .0 !* 0.0.400 ~0.0640'.+o00 -~0:0.e+00: .0e00,
Cf-250 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-251 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+OO
Cf-252 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00
Cf-254 O.Oe00 O.Oe+00 ,O.Oe+00 .O;Oe+0O0O0.00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 OO .0e+0
Es-254L- 06.0&400•.,0 .. 0 & 0.,0 0..00 Y-.e4000.400b0.)00-.0&.0 .060
Note: To convert these values to conventional units (mremly per pCUg or mremly per pC=cn), multiply by 3.7e-3
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Normalized Effective Doses from Single Heat Steel Scenarios ADpendix M-2

Table M2.7 Normalized effective doses: Driver-diesel engine
Mass-based effective dose (pSY/y per Bq/g) Surficial effective dose (pSvty per Bq/cm2)

Radionucide Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th
H-3 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
C-14 3.8e-05 2.8e-05 3.7e-05 4.9e-05 5.3e-05 7.6e-06 5.3e-06 7.3e-06 9.9e-06 1.1e-05
Na-22 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+0O O.Oe+OO O.Oe+00
P-32 5.0e-05 3.4e-07 9.1i06 1.7e-04 2.5e-04 1.0e-05 6.7e-08 1.8e-06 3.4e-05 5.0e-05

4S-35 506. 8.7" 07.3' , 8 1.7e, i , _7.7e 8..6e-07. 2.8e07..32e_0
CI-36 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+0O
K-40 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+0O O.Oe+0O O.Oe+00 O.Oe+0O O.Oe+00
Ca-41 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+0O O.Oe+00 O.Oe+00
Ca-45 O.Oe+0O O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 .Oe+00 O.Oe+0 0.Oe+00 O.Oe+0.
Sc46,,d07- +0,+ O.Oe ,+O O' 00<> O.tO>~OO+ 0.O'e,0O;:.O e'40~ O.0toO0.e+00=5 O.Oe+hOO
Cr-51 7.6e-03 8.1e-04 4.4e-03 2.0e-02 2.4e-02 1.5e-03 1.6e-04 8.7e-04 3.9e-03 4.8e-03
Mn-53 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+OO
Mn-54 8.5e+00 6.0e+00 8.2e+00 i.1e+01 1.2e+01 1.7e+00 1.2e+00 1.6e+00 2.2e+00 2.4e+00
Fe-55 8.3e-10 6.1e-10 8.0e.-I 1.1e-09 1.2e-09 1.6e-10 1.2e-10 1.6e-10 2.1e-10 2.3e-10

F~59 3 0~ 2 .7e;7-01 1--7.9e0j 2.ee,,0 *,2.Oe,-01fl''53-2 e0m.,,0

Co-56 8.6e+00 4.0e+00 7.8e+00 1.4e+01 1.5e+01 1.7e+00 7.8e-01 1.6e+00 2.7e+00 3.1e+00
Co-57 3.8e-01 2.6e-01 3.6e-01 4.9e-01 5.4e-01 7.5e-02 5.0e-02 7.1e-02 9.9e-02 1.1e-01
Co-58 2.0e+00 8.8e-01 1.8e+00 3.4e+00 3.8e+00 4.0e-01 1.7e-01 3.6e-01 6.7e-01 7.6e-01
Co-60 4.2e+01 3.1e+01 4.1e+01 5.4e+01 5.9e+01 8.4e+00 6.0e+00 8.0e+00 1.1e+01 1.2e+01
Ni.59c. 2.9e-0zc 2i42.8e -.04,4 3.7e 4 -z,4.0e-04 ,.,' 5.7e-05 . 4.1e-0 5 ' 5.5e,05i7'.5e-05 '- 8.2e-
NI-63 1.8e-07 1.3e-07 1.8e-07 2.3e-07 2.6e-07 3.6e08 2.5es08 3.5e-08 4.8e08 5.2e-08
Zn-65 9.2e-02 4.6e-02 8.9e-02 1.3e-01 1.5e-01 1.8e-02 9.1e-03 1.8e-02 '2.7e-02 3.0e-02
As-73 4.3e-04 2.0e-04 3.9e-04 6.9e-04 7.9e-04 8.6e-05 3.9e-05 7.8e-05 1.4e-04 1.6e-04
Se-75 1.1e+00 6.3e-01 1.Oe+00 1.6e+00 1.7e+00 2.2e-01 1.2e-01 2.0e-01 3.1e-01 3.5e-01
Sr-85 0d0.0e+0O4 .e,;O
Sr-89 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Sr-90 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+OO
Y-91 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Zr-93 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Zr-95'j0.0;00t 0.e00 ~.Oe +OO-O~et0~ a. i 0.OeO. 0e+0!,O.Oe;,0. O

Nb-93m O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 0.Oe+00 0.Oe+00 O.Oe+00 O.Oe+00
Nb-94 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Nb-95 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Mo-93 1.8e-06 1.4e-06 1.8e-06 2.4e-06 2.6e-06 3.7e-07 2.6e-07 3.5e-07 4.8e-07 5.2e-07
-- S -"__ 3 2006.-;.''420.6 ,,f4.te-062W 5,j.6e-0 1 OZ4 6- 6.007; . 8.347 1.1e .
To-97m 1.8e-04 9.3e-05 1.7e-04 2.9e-04 3.2e-04 3.7e-05 1.8e-05 3.4e-05 5.7e-05 6.5e-05
TO-99 5.5e-04 4.1e-04 5.3e-04 7.1e-04 7.7e-04 1.1e-04 7.7e-05 1.0e-04 1.4e-04 1.5e-04
Ru-103 3.1e-01 6.8e-02 2.3e-01 6.6e-01 7.7e4-1 6.1e-02 1.3e-02 4.5e-02 1.3e-01 1.6e-01
Ru-106 2.5e+00 1.8e+00 2.5e+00 3.3e+00 3.6e+00 5.1e-01 3.5e-01 4.9e-01 6.6e-01 73e-01
Ag-i08n.7;ih 2.9e+001;S,.2 0W 2.8e40tr 3.8e+0iASA4.e+ i >' .9e 4.1e400- 56e+00AJ76e+ § 8.3e+0'1
Ag-110m 2.4e+01 1.7e+01 2.3e+01 3.2e+01 3.5e+01 4.9e+00 3.2e+00 4.6e+00 6.4e+00 7.1 e+00
Cd-109 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Sn-113 9.9e4-1 5.7e.-1 9.4e-01 1.4e+00 1.6e+00 2.0e-01 1.1e-01 1.9e-01 2.9e4-1 3.2e-01
Sb-124 9.9e-02 3.4e-02 8.5e4-2 1.8e-01 2.1.-01 2.0e-02 6.8e-03 1.7e-02 3.6e-02 4.2e-02

sb-25Kj2.2..ii : 138012 143v02.5St~~~~~~~ i5t 3e1-2ie0 29 1_i2 1.--,.^43 '- 2;e-0 ;'' ii2e, 0- .9e'4 '6.5,.
Te-123m 1.3e-01 7.7e-02 1.3e-01 1.9e-01 2.1e-01 2.6e-02 1.5e-02 2.5e-02 3.8e-02 4.2e-02
Te-127m 8.8e-03 5.0e-03 8.4e-03 1.3e-02 1.4e-02 1.8e-03 9.6e-04 1.7e-03 2.6e-03 2.9e-03
1-125 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
1-129 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
1-131 i,~- l 0 .Oe+0O.-O0.Oe+00, .,0.0e+00 ik 0.0e+00',' .....................0.0e+00 0.eO ... ''0.0+ OOe+00'-,A .0e+00.XO.Oe+0OO O.Oe+OO;

CO14 0O+0 0O+ .80 .80 .08+00 -. O6e+e00- 0.e00OOe0 .Oe+00 10.0e+00
Cs-134 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-135 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cs-137 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ba-133 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

'-139 Oe,+','-' OO.G..e+0,'-eOOO~aO e+O OO O, O..OOe+0 O-.'O.Oe' 0 00 O.Oe + O.Oe+0.! 0800-
Ce-141 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ce-144 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pm-147 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00

NUE-14 .M-_ .. ,
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Appendix M-2 Normalized Effective Doses from Single Heat Steel Scenarios
Table M2.7 Normalized effective doses: Driver-diesel engine

Radionuclide Mass-based effective dose (pSv/y per BqIg) Surficial effective dose (pSvly per Bq/cm2)
Mean 5th 50th 90th 95th Mean 5th 50th 90th 95th

S7r;151 O.Oe+00 O.Oe+00 0.Oe+0O .O.Oe+00 O.Oe+OO O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0
E u-1 5e+2 0.Oe+00 -O.Oe+00 O 0.0e+00 -,O.0e+OO .W.o+OO, ,,.Oe+ 0071V.;Oe+00 O.e+& .00e+0OJ
Eu-154 O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+OO O.Oe+O0 O.Oe+OO O.Oe+00 M.Oe+OO .Oe+00
Eu-155 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Gd-153 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
Tb-160 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
TJ1r ,, O.Oe+O 0z ;O.Oe+00 r -YO±00 -0.00 O O.e400 O.e+00 O.Oe O-,0.Oe+00 O.Oe+00OT.OO.e+DO
Trn-171 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ta-182 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00
W-181 1.1e-02 6.1e-03 1.0e-02 I.5e-02 1.7e-02 2.1e-03 1.2e-03 2.0e-03 3.0e-03 3.4e-03
W-185 1.9e-04 8.8e-05 1.8e-04 3.1 e-04 3.5e-04 3.8e-05 1.7e-05 3.5e-05 6.3e-05 7.1 e-05
1i85;,- .9:Th-02. r' 4.2e-02 33e08.42 2 I.4o0i -,Ž,1.6e0i ;A I:8e-02,->'8.3e03 _1.7-02 -2.9e-02' 3.3e-02
Ir-192 1.6e+00 7.3e-01 1.5e+00 2.7e+00 3.0e+00 3.2e-01 1.4e-01 2.9e-01 5.3e-01 6.0e-01
T1-204 5.8e-04 3.7e-04 5.7e-04 7.7e-04 8.3e-04 1.2e-04 7.2e-05 1.1e-04 1.6e-04 1.7e-04
Pb-210 I.5e-03. 9.6e-04 1.4e-03 1.9e43 2.1e-03 2.9e-04 1.8e-04 2.8e-04 3.9e-04 4.2e-04
Bi-207 1.2e+00 8.0e-01 1.2e+00 1.6e+00 1.7e+00 2.4e-01 1.5e-01 2.3e-01 32e-01 3.4e-01

Ra-226 O.Oe+00 O..Oe+00 .Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Ra-228 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00
Ac-227 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Tc-228 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 OOe+O0 O.Oe+00 O.Oe+00 O.Oe+00
Th-228 _6.Oe+00 O.OeO +OO.OOO'' .OO ee+O sOe+OO .Oe+.O
Th-230 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+WO O.Oe+00
Th-232 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00
Pa-231 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-232 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-23'3-,$ <0.0e+00';.-0.0e+00'~Oe,+,00 FO.0et00je+ 00 O C0,s;.0e+90O, :0.Oe Oe+ ,.Oe+W - A.Ae+00_

U-234 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-235 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO
U-236 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
U-238 O.Oe400 0.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Np-230 _e000e0 e+00 O O.Oe+O0:
Pu-236 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
Pu-238 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-239 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-240 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+00 O.Oe+00
Pu-24lT,7~o0e+00 -e+Oo-'0.o.4e00 .OOe LO.O.Oe+ m : o.oe+,00t-oo.0e+0_o.Oe 0. o.0 +
Pu-242 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Pu-244 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
An-241 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Am-242m O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00

*ii ~ O. .O.+O0 0.Oe+0 .0400_ O.Oe+00;,y.0e+00 ,- O.,e, 0.0e++0 ' C-.O.Oe+400' O '.Oe+0 O O.+00
Cm-242 O.0e+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-243 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00
Cm-244 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+OO O.e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-245 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+O0 O.Oe+0O 00e+00
Crn-246Oe'+:04'0'. :0.0.400 Oe+OOL.0 +00_0.0 , , 0.0.40 O_ .Oe'+ 00
Cm-247 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cm-248 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Bk-249 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-248 0.Oe+00 O.Oe+00 O.Oe+OO O.Oe+O0 O.Oe+00 O.Oe+00 O.Oe+0O O.Oe+00 O.Oe+00 O.Oe+00
Cf-249, .',--0.Oe,+OO' "O.O+00, O.Oe+00 O.Oe+OO_.--' 0'.Oe+00, - 'O.Oe00 0,.0.+0 O.Oe 000.0O+00

Cf-50 0..40 .0+00 0.8+0 .040 0.8+0 .0+0 00800 0.0+00 0.Oe+00; AOe+00
Cf-250 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-251 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.e+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-252 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00 O.Oe+00
Cf-254 O.Oe+00 O.Oe+00 O.Oe+00 .0e400 0.Oe+00 eO.e+00 O.Oe+00 O.Oe+00 O.Oe+OO O.Oe+OO

ES24 .';; O.O+O--.eO' OO+O:O.eO-.;.eOO-' O.e00, 0.OeO0 : O.eO Oe++OO0 -'O.Oe+OO0:'O.Oe+OO'

Note: To convert these values to conventional units (mrem/y per pClg or mremly per pCicm2 ). multiply by 3.7e-3
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Appendix N Scoping Analyses

N SCOPING ANALYSES

As discussed in the main chapters of this report, 86 scenarios involving the reuse, recycling and
disposal of materials cleared from nuclear facilities were subjected to detailed probabilistic
assessments. Several other plausible scenarios were considered but rejected on the basis of
scoping calculations. These calculations ruled out any of these scenarios' being likely to give
rise to a critical group for any radionuclide in the present study. The details of these scoping
analyses are presented in this appendix.

N.1 Steel

The radiological assessment of the recycling of iron and steel scrap presented in Chapter 3
addressed exposures to scrap cleared from nuclear facilities and to the main products and by-
products-metal product, slag, and offgas-resulting from the melting and refining of the scrap
in steel mills and foundries. As is stated in Section 3.2.4.4, exposures to minor by-products were
not explicitly addressed in the main analysis. Scoping analyses of potential exposures to two
such by-products-mill scale and process water-indicate that the resulting normalized doses
would not exceed the doses to the critical groups for the recycling and disposal of steel scrap.

We begin with an overview of steel mill operations that lead to the generation of mill scale and
process water. This discussion forms a basis for the scoping radiological assessments that
follow. Not all of this background information is utilized in these analyses.

N.1.1 Mill Scale

When steel is processed at elevated temperatures, an oxide layer called "mill scale" forms on the
metal surface. This scale must be removed to ensure that the desired surface quality of the
fabricated mill products can be achieved. Basically, the scale consists of various iron oxides:
FeO, Fe2O3 and Fe30 4. The initial scale, which forms' as Fe20 3, is successively reduced to Fe3Q4
and FeO by the availability of iron at the metal-oxide interface. At elevated temperatures, about
85% of the scale thickness is FeO, 10% - 15% is Fe3O4 and 0.5% - 2% is Fe2O3 (Lankford
1985). The thickness of the scale depends on such factors as temperature, time, alloy
composition, and composition and flow rate of the ambient atmosphere. Scale forms at a
uniform rate at 8250C (-1,100 K); the rate accelerates at higher temperatures. As the
temperature increases from about 8250C to 9250C (-1,200 K), the rate of scale formation
increases more than four-fold.

A typical mini-mill uses an EAF to melt a charge that is essentially all scrap. The molten steel is
solidified into slabs in a continuous caster, which are then cut into usable lengths for further
processing. The slabs, blooms, or billets' are subsequently transferred to a reheat furnace

Slabs are shapes that are typically oblong in cross section with a width several times greater than the thickness;
blooms are typically square or slightly oblong in cross section; billets are similar to blooms but with a smaller cross-
sectional area. Very large blooms produced by one continuous caster measure 23.6 in (60 cm) wide by 14.6 in (37 cm)
high.

NUREG-1640 
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Scoping Analyses Appendix N

operating at 10000C to 12000C (1273 - 1473 K), in preparation for hot rolling. The reheated
slabs are then rolled into plate, sheet, or other desired geometries.

Scale can be generated whenever the steel is at an elevated temperature. During the casting
process, scale which forms as the steel is solidified and cooled is removed by the cooling water
that is sprayed onto the surface of the casting. Typically, the amount of scale formed during
continuous casting is small; its weight has been estimated to be about 0.3% of the cast metal.2

The cooling water transfers the scale via a flume to a settling pond or scale pit for collection.

The cast steel slabs are then usually sent to a reheat furnace in preparation for hot rolling. The
reheated slabs are transferred to the hot rolling mill for initial breakdown operations. High
pressure water jets are provided at the initial stages of the hot mill to remove scale which has
built up on the. slab during reheat. The jets blast the oxides from the metal surface to ensure that
desired surface quality can be achieved in the hot rolled product.- As is the case with scale from
the continuous caster, the process water carries the scale from the hot mill to the scale pits. More
scale is typically generated at this processing stage than during continuous casting, usually
totaling 1% - 2% of the cast metal.2 3 4

N.1.1.1 Scale Handling

Scale is periodically removed from the settling ponds or scale pits, using materials handling
devices such as clamshell buckets operated from an overhead crane. The bucket can handle
several cubic meters of scale. The scale may be placed on a concrete dewatering pad adjacent to
the ponds. Process water which drains from the scale flows back into the ponds. The frequency
of scale removal from the pits varies from mill to mill. It may occur once per shift, once per day,
or at even longer intervals.

In addition, maintenance workers spend considerable time removing scale which accumulates
around equipment and in the flumes. They may use high pressure water hoses to sluice the scale
toward the pits. Some of the scale may be collected in a truck equipped with vacuum hoses. At
one mini-mill, two to three workers spend an estimated two to three days per week in scale
cleanup activities. 4

Mill scale may be sold to cement makers for use as an additive, or to processors who sinter the
scale into briquettes for use as blast furnace or direct reduced iron feed. If the scale is
contaminated by oil and grease which leaks into the process water system, it may be necessary to

2 Thomas A. Danjczek, President, Steel Manufacturers Association, private communication with William C.
Thurber, SC&A, Inc., October 5, 1999.

3 John A. Davis, Superintendent of Quality Assurance and Metallurgical Services, Pennsylvania Steel
Technologies, Inc. (now ISG Steelton LLC), private communication with William C. Thurber, SC&A, Inc., October 5,
1999.

4 Tom Wesolowski, CoSteel-Lasco, Toronto, private communication with William C. Thurber, SC&A, Inc.,
September 27, 1999.
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send the material to a landfill for disposal. The mill scale is often handled by the same
middlemen who handle slag (e.g., International Mill Service, Inc., or Heckett MultiServe
Division of Harsco Corp.)5

N.1.2 Process Water

A typical mini-mill has one process water system that handles water requirements for both the
continuous caster and the rolling mill. An integrated steel mill may have a separate water system
for each major operation. Scale-laden water is circulated from the fabrication operation to
settling ponds or pits where much of the scale settles out. Ponds may be connected in parallel,
allowing scale to be cleaned from one pond while the other pond is in use. The water then
passes through a deep-bed filter or clarifier to remove fine particles. The water is next pumped
through an evaporative cooler before being returned to the process. Water is removed from the
circuit as (1) mist and droplets from the continuous caster, which are exhausted through a
collection system to the stack, (2) system blowdoawn, 6 which exits to a municipal waste water
system or other permitted drainage, and (3) evaporative losses from the cooling system.7 Both
the blowdown and the caster spray contain dissolved and suspended solids; the cooling system
effluent does not. Chemicals are added to the process water to inhibit system corrosion, reduce
biological growth, facilitate fine-particle flocculation, and control pH. No efforts are made to
reduce dissolved solids in the process water. Because the pH is controlled at about 8 and the
water is well oxygenated during the evaporative cooling, the concentration of dissolved iron
tends to be quite low (e.g., <0.1 ppm).7

For example, the ISG Steelton LLC (formerly Pennsylvania Steel Technologies) plant in
Steelton, PA draws water from the Susquehanna River into the plant canal system. About 24
million gallons (-91,000 m3) per day are used on a once-through basis. About eight million
gallons (-30,000 mi3) per day are used for the recirculating water system associated with the
continuous caster for a 150-ton (136-t) DC arc furnace and for the rolling mill. Blowdown from
this system is about 100,000 to 200,000 gallons (-380 - 760 M 3 ) per day, which is processed
through the central treatment plant before being returned to the river.

N.1.2.1 Regulation of Process Water

EPA regulates liquid effluents from various steelmaking operations discharged to surface water
and to publicly-owned treatment works (POTW) under 40 CFR 420. These regulations were
promulgated in May 1982 and amended in May 1984. Under these regulations, discharges from

For example, mill scale at ISG Steelton LLC (formerly Pennsylvania Steel Technologies) is collected by Heckett
MultiServe and sold as feed for blast furnaces at ISG Sparrows Point, in Sparrows Point, MD.

6 Blowdown is the removal of liquids or solids from a vessel or line using pressure. The term also applies to the
material removed in this manner.

7 James McNeill, Marketing Manager, Betz Dearborn, subsidiary of Hercules Chemical Co., private communication
with William C. Thurber, SC&A, Inc., October 5, 1999.
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direct contact water systems for continuous casters have limitations on pH, total suspended
solids (TSS), lead, and zinc. EPA states that direct contact water requirements are about 3,600
gallons per ton (-15,000 L per t) of cast product; discharge rates (i.e., blowdown for the better
controlled casters) are 25 gallons per ton (104 L per t) (EPA 1995). In developing standards
under 40 CFR 420 for the best practical control technology currently available (BPT), EPA
assumed that the system would include sedimentation, filtration, cooling, and 96.3% recycling.
Standards for best available control technology economically achievable (BAT) and for new
source performance standards (NSPS) assumed a high rate of recycling (99.3%) and blowdown
treatment consisting of metals precipitation and pH control. The effluent water control
requirements are summarized in Table N. 1. From this table, it may be noted that the long-term
average release of TSS is limited to 26 g per t of cast steel from existing sources.

Table N.1 Effluent Release Limits for Continuous Caster (g of effluent per kg of cast metal)
a. > Effluent Limits

Source Discharge co pH TSS Pb Zn
p i I-day 30-day 1-day 30-day 1-day 30-day

< max avg max avg max avg
Existing U.S. waters BPTP 6.0-9.0 7.80e-02 2.60e-02
Existing U.S. waters BATb 9.39e-05 3.13e-05 1.41e-04 4.69e-05
New U.S. waters NSPSC 6.0-9.0 7.30e-03 2.61e-03 9.39e-05 3.13e-05 1.41e-04 4.69e-05
Existing POTW PSESd 9.39e-05 3.13e-05 1.41e-04 4.69e-05
New POTW PSNS" 9.39e-05 3.13e-05 1.41e-04 4.69e-05
Source: 40 CFR 420, Subpart F, "Continuous Casting Subcategory"

a BPT Best Practicable control Technology currently available

b BAT Best Available Technology economically achievable

c NSPS New Source Performance Standards

d PSES Pretreatment Standards for Existing Sources

' PSNS Pretreatment Standards for New Sources

For hot forming operations, EPA assumed that the BPT for existing sources would involve
sedimentation, oil skimming, partial recycle of scale pit effluents (61% - 77%), clarification,
filtration, and sludge dewatering. EPA did not set BAT standards for hot forming operations
because the Agency concluded that significant quantities of toxic pollutants did not exist in hot
forming waste waters after compliance with BPT limitations. For NSPS, EPA assumed
sedimentation, increased recycling of primary pit effluents (to 96%), clarification, cooling,
blowdown filtration, and sludge dewatering. Allowable effluents from hot forming operations
are summarized in Table N.2. Release limits of TSS from hot forming are considerably higher
than from continuous casters.

Comparison of Tables N. l and N.2 shows that lead and zinc are monitored for continuous caster
effluents, but not for liquid effluents from hot forming operations. Since, as noted above, mini-
mills typically have a single process water system, this difference has created permitting
problems for some facilities. Because of this and a variety of other reasons, including significant
changes in steel industry technology since 1982, EPA has proposed revisions to 40 CFR 420 in a
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Federal Register Notice dated December 27, 2000 (EPA 2000b). The notice 'indicates that "EPA
is proposing to revise the Effluent Limitations Guidelines, Pretreatment Standards, and New
Source Performance Standards for the Iron and Steel Manufacturing Point Source Category.
This proposed regulation would establish technology-based effluent limitation guidelines for the
discharge of pollutants into waters of the United States and into publicly owned treatment works
(POTWs) from the operation of new and existing iron and steel mills." (EPA 2000a ).

Table N.2 Effluent Release Limits for Hot-Forming Operations

TSS (glkg of metal)
Source Operation .: pH

1 -day max 30-day avg

* Existing Primary carbon & specialty mills w/o scarring BPT 6.0 - 9.0' 0.15 0.0561
Existing Primary carbon and specialty mill w/ scarfing BPT 6.0 - 9.0 0.221 0.083
Existing Section mills, carbon BPT 6.0 - 9.0 0.357 0.134
Existing Section mills, speciality BPT 6.0 - 9.0 0.224 0.0841
Existing Hot strip & sheet mills, carbon and speciality BPT 6.0 - 9.0 0.427 0.16
Existing Carbon plate mills BPT 6.0-9.0 0.227 0.0851
Existing Specialty plate mills BPT 6.0-9.0 0.1 0.0376
Existing Pipe and tube mills, carbon & specialty BPT 6.0-9.0 0.212 0.0795
New Primary carbon & speciality mills w/o scarfing NSPS 6.0-9.0 '0.015 0.00563
New Primary carbon and speciality mills w/ scarfing NSPS 6.0 - 9.0 0.0234 0.00876
New Section mills, carbon NSPS 6.0-9.0 0.0334 0.0125
New Section mills, speciality NSPS 6.0 - 9.0 0.0217 0.00813
New Hot strip and sheet mills carbon & speciality NSPS 6.0 - 9.0 0.0435 0.0163
New Carbon plate mills NSPS 6.0 - 9.0 0.0234 0.00876
New Specialty plate mills NSPS 6.0 - 9.0 0.01 0.00375
New Pipe and tube mills, carbon and specialty NSPS 6.0-9.0 0.0369 0.0138
Source: 40 CFR 420, Subpart G, "Hot Forming Subcategory"

As part of its preliminary investigation of possible rule changes, EPA has reviewed the actual
performance of four continuous caster operations and four hot strip mills. The spray water
cooling system for each caster included scale pits with oil removal, filtration and recycle. One of
the mills was a mini-mill which operates two thin-slab casters. Blowdown from the casters is
mixed with water in other process water recycle systems and is disposed of by evaporation.
Evaporation is implemented through direct contact cooling of EAF electrodes. EPA notes that
this zero discharge process may not be applicable to all continuous casters. Long-term average
effluents for all four caster operations were well below the effluent limitation guidelines. In the
case of total suspended solids, all facilities were at least 90% below the EPA limits (EPA 1995,
Figure 4-6). Total zinc ranged from zero to 50% of the guideline, while total lead ranged from
zero to 95% of the guideline.

Of the four hot strip mills, three were located at integrated steel producers and one was at the
mini-mill with two thin-slab casters, which operates with zero discharge. Based on long-term
averages for all four strip mills, TSS ranged from zero to 5% of the effluent guidelines.
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Mair (1993) described the process-water treatment process required to bring the EAF shop of
Lukens Steel in Coatesville, PA (now part of ISG Sparrows Point) into compliance with EPA
regulations. The facility included two EAFs, one of which was on standby. The operating
furnace has an average heat size of 165 tons (150 t), and a tap-to-tap time of 1.5 h, for a daily
capacity of 2,400 t ("Electric Arc Furnace Roundup-U.S.A" 1991). The plant drew about four
million gallons (-15,000 m3) of river water daily into the process water recirculation system,
which had a 20-million-gallon (-76,000-n 3 ) reservoir to provide adequate storage capacity.
About two million gallons (7.6 x 106 L) were lost by evaporation, while about two million
gallons of blowdown were returned to the river. The plant was in compliance with state-
mandated zinc levels of 0.187 ppm, historically discharging about 0.1 ppm. However, with a
total zinc level of 1.67 lb (758 g) in a two-million-gallon daily discharge, the plant exceeded the
EPA standard by about a factor of eight. Achievement of compliance solely by reducing
blowdown was not feasible because the salt level in the recirculating process water would build
to unacceptable levels. Instead, the zinc was precipitated by the addition of hydrated lime which
elevated the pH. The precipitate was then removed by filtration and the water was acidified to
lower the pH to the level (6 - 9) required by the NPDES permit. Blowdown was reduced to
600,000 gallons (2.27 x 106 L) per day. The effluent zinc concentration was limited to 0.03 ppm.
The author noted that other trace metals were also effectively removed, resulting in discharge
water with fewer impurities than ordinary tap water.

The blowdown was thus reduced from 3,200 L/t before remediation ( 7.6 x 106 L *2400 t
3200 Lit) to 950 L/t after zinc removal was implemented. Assuming that these data are typical
of EAFs, blowdown at an EAF would range from 950 to 3,200 L/t.

N.1.3 Scoping Assessments

This present scoping analysis is limited to EAF shops, since such facilities consume 58% of the
steel scrap that is melted by the U.S. iron and steel industry.

N.1.3.1 Assessment of Mill Scale

The first step in the assessment of potential exposures to residually radioactive materials in mill
scale is determining impurities concentrations in mill scale relative to their concentrations in the
cleared steel scrap. Since the mill scale is generated during the casting and cooling of the metal
product, the concentrations in this medium are a function of those in the metal product, which
are discussed in Section 3.3 of the main report.

At very low concentrations, any impurities in the steel are expected to be in solid solution in the
iron matrix. As the steel oxidizes, it is expected that these impurities would be incorporated into
the iron oxide scale in about the same proportions as in the base metal. As discussed in Section
N. 1.1, mill scale is primarily FeO, which is 78% iron by weight, the balance being oxygen.
Thus, the concentrations of any impurities in mill scale would be about 78% of those in steel.

The three environmental exposure pathways addressed by the radiological assessment in the
present study are external exposure, inhalation, and ingestion. Workers in the vicinity of the
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settling ponds and the clamshell buckets used to handle the scale would be exposed to direct
penetrating radiation from x- and y-ray emitting radionuclides in the scale. However, the
radionuclide concentrations in this medium would be only 78% of the concentrations of these
same nuclides in the steel. The external exposures to long-lived y-emitters would be bounded by
the exposures to sailors in the two ship scenarios described in Section 3.7.4.1, neither of which
results in a critical group for any of the radionuclides in the present analysis.

The external exposures are also bounded by the exposures of scrap yard workers, who are in the
vicinity of a much larger mass of metal. A typical EAF consumes about 700,000 tons (635 kt) of
scrap (see Table D.5); about 90% of this scrap, or 572 kt, is recovered in the metal product.
According to the information presented on page N-2, total scale production-the sum of scale
produced during casting (0.3%) and during hot rolling (1% - 2%)-would be about 7.5 - 13 kt.
Since, as discussed in Section N.1.1.1, scale is removed from the scale pits at frequent intervals,
the amount of mill scale on hand at any time would be a small fraction of the annual production.
By contrast, as discussed in Appendix C, a typical storage pile at a ferrous metal scrap processor
contains 3,500 tons (3,175 t) of scrap. Furthermore, as shown in Table D.2, the scrap throughput
of a typical scrap processor is smaller than that of a typical EAF mill, leading to higher mixing
factors of cleared scrap and therefore higher normalized concentrations of the residually
radioactive materials.

There is little opportunity for internal exposure to any residual activities in mill scale via the
inhalation pathway. The mill scale is removed from the steel by water jets and flushed away by
workers using hoses. Since it is usually wet, there would be little or no generation of aerosols.
It is possible that some of the material could be inadvertently ingested. However, that pathway
is also bounded by the scrap yard worker scenario.

We therefore conclude that workers at a steel mill, the individuals with the greatest potential
exposures to any residually radioactive materials in mill scale, would not constitute a critical
group for any radionuclide addressed by the present analysis.

N.1.3.2 Assessment of Process Water

The average concentration of TSS in process water released to U.S. surface waters can be.
estimated from the following data presented by EPA (1995). In 1993, the U.S. steel industry
produced 98 million tons (89 Mt) of steel, 39% of which was melted in EAFs. EPA estimated
that, based on the current regulation, TSS releases from 100 nonintegrated mills (i.e., mini-mills)
equaled 3,900,000 lb/y (1.77 ktly). We therefore estimate TSS releases to be 51 grams per tonne
of steel produced (1,770 - [89,000,000 x 0.39] = 5.1 x I0'5). For th& purpose of the present
scoping analysis, we assume that the TSS is composed solely of fine particles of iron oxides.
These suspended particles provide the only mechanism by which radioactive impurities in the
steel can partition to the process water. Any direct dissolution 'of radioactive impurities from the
steel to the water would be insignificant, since iron and iron oxides are insoluble in water.

Since the residual activities in the process water are the result of suspended particles of mill
scale, the exposures of steel mill workers to process water are bounded by their exposures to mill
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scale. The only additional exposure scenario would result from the discharge of the water into a
body of surface water that serves as a supply of drinking water. The exposed individual would
be one who obtains his drinking water from such a source.

The amount of mixing of the process water with the water in the stream, river, lake, or pond that
serves as a supply of drinking water can vary over a large range. A bounding analysis is one that
takes no credit for such mixing: we assume that this individual obtains his drinking water from
the discharged process water. The dose from this pathway is calculated as follows:

D. = Cip fFo Fig Iw mTss ty, e It

Vb

= dose from ingestion of radionuclide i in tapwater during assessment period (,uSv)

Cip = undecayed specific activity of radionuclide i in metal product (see Equation 3.2)
(Bq/g)

fFCO = fraction of Fe in FeO
= 0.777

Fig = dose factor for ingestion of radionuclide i (gSv/Bq)

I = daily consumption of tapwater (mL/d)

mTSS = mass of TSS released per ton of steel produced
= 51g

= exposure duration (d)

,Xis = radioactive decay rate of nuclide i (d-')

= time from clearance of material to the time the scenario begins (d)

vb = volume of blowdown per ton of steel produced (mL)

The analysis is patterned after that of the copper water pipe scenario described in Section 4.6.6.
The daily consumption of tapwater is represented by a probability distribution, which is
described on page 3-82 of Volume 1. The exposure duration is represented by a triangular
distribution with a range of 250 - 350 days per year, and a mode of 300. The scenario timing is
the same as for the melting and refining of scrap at an EAF, described in Section 3.7.8.3. The
volume of blowdown is represented by a uniform distribution with a range of 9.5 x 105 to
3.2 x 106 mL per tonne of steel. The analysis was performed probabilistically, as described in
Section 1.3.1.

The results of the analysis are presented in Table N.3. All doses shown in the table are
normalized to one becquerel per gram of cleared scrap. As shown in this table, the mean doses
delivered via the process water ingestion pathway are one to seven orders of magnitude smaller
than the mean doses to the critical group for each of the radionuclides in steel.
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Table N.3 Mean mass-based normalized doses to Individuals consuming process water

Nuclide Effective dose equivalent (iSv/y per Bq/g) Effective dose (uSvly per Bq/g)
Critical groupb Process water Ratio' Critical groupb Process water Ratio0

H-3 1.94e-02 2.81e-07 1.45e-05 2.01e-02 2.92e-07 1.45e-05
C-14 3.24e-02 7.14e-05 2.20e-03 ,3.34e-02 7.34e-05 2.20e-03
P-32 5.66e-02 3.18e-05 5.62e-04 5.64e-02 3.22e-05 5.71 e-04
S-35 3.75e-04 2.45e-06 6.53e-03 5.47e-04 2.83e-06 5.17e-03
Cr-5 "£6e8Q6O925 O6';60e-O6 6 .99 ep6] 6
Mn-53 8.78e-04 6.06e-07 6.90e-04 9.02e-04 6.22e-07 6.90e-04
Mn-54 1.60e+01 1.45e-05 9.06e-07 1.58e+01 1.38e-05 8.73e-07
Fe-55 4.58e-04 3.26e-05 7.12e-02 7.53e-04 6.55e-05 8.70e-02
Fe-59 2.11e+01 2.34e-04 1.11e-05 2.09e+01 2.33e-04 1.11e-05

,6 6.79 ,e3eO4; 6- , 3
Co-57 1.22e+00 3.88e-05 3.18e-05 1.11e+00 3.67e-05 3.31e-05
Co-58 1.69e+01 1.26e-04 7.46e-06 1.67e+01 1.09e-04 6.53e-06
Co-60 5.24e+01 5.71e-04 1.09e-05 5.17e+01 5.15e-04 9.96e-06
Ni-59 4.60e-04 1.18e-05 2.57e-02 4.27e-04 1.31e-05 3.07e-02

Ni:5.e j84eO2 ,

Zn-65 1.50e+01 5.54e-05 3.69e-06 1.41e+01 5.54e-05 3.93e-06
As-73 2.23e-02 2.04e-05 9.15e-04 1.86e-02 2.77e-05 1.49e-03
Se-75 5.92e+00 1.76e-05 2.97e-06 5.48e+00 1.76e-05 3.21e-06
Mo-93 3.68e-02 7.59e-05 2.06e-03 1.92e-01 5.42e-04 2.82e-03

Tc-97m 4.52e-03 5.53e-05 I.22e-02 3.65e-03 1.09e-04 2.99e-02
Tc-99 1.59e+00 8.23e-05 5.18e-05 3.13e+00 1.62e-04 5.18e-05
Ru-1 03 7.12e+00 1.04e-04 1.46e-05 7.06e+00 9.20e-05 1.30e-05
Ru-106 4.16e+00 1.46e-03 3.51e-04 4.12e+00 1.38e-03 3.35e-04
,008r 42.8e . -h.2-3
Ag-110m 5.21e+01 4.80e-04 9.21e-06 5.16e+01 4.60e-04 8.91e-06
Sn-1 13 3.75e+00 1.50e-04 4.00e-05 3.72e+00 1.32e-04 3.55e-05
Sb-124 3.35e+O1 3.48e-04 1.04e-05 3.33e+01 3.18e-04 9.55e-06
Sb-125 7.11e+00 1.72e-04 2.42e-05 7.04e+00 2.26e-04 3.21e-05
-T&I23 e06 ,e , .38eO+ Q 00, "i6.9j06
Te-1 27m 1 .05e-01 1.61 e-05 1 .53e-04 9.72e-02 1 .65e-05 1 .70e-04
W-181 1.83e-01 1.36e-05 7.43e-05 1.56e-01 1.34e-05 8.59e-05
W-185 2.02e-03 6.80e-05 3.37e-02 2.02e-03 6.99e-05 3.46e-02
Os-185 1.42e+01 3.95e-06 2.78e-07 1.33e+01 3.29e-06 2.47e-07
'19'' 12 - 11e+01 -'2.2e-11e -I 1.99e-05

TI-204 1.16e-02 7.11e-06 6.13e-04 1.22e-02 1.02e-05 8.36e-04
Pb-210 1.22e+01 1.57e-02 1.29e-03 6.26e+00 7.35e-03 1.17e-03
Bi-207 4.30e+01 1 .20e-05 2.79e-07 4.01 e+01 1 .05e-05 2.62e-07
Po-210 3.34e+00 3.59e-03 1.07e-03 2.49e+00 1.68e-03 6.75e-04

' Isotopes of elements that do not partition to steel deliver zero dose via this pathway and are not listed

b Mean normalized doses to critical group

c Ratio of dose from ingestion of process water to dose to critical group
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This bounding calculation made the extremely conservative assumption that the exposed
individual would be drinking the discharged process water, undiluted with water from a river or
other sources. Since, in reality, the discharged process water would be highly diluted, this
pathway would result in far smaller doses. Thus, exposure to process water does not constitute a
significant pathway in the radiological assessment of steel scrap cleared from a nuclear facility.

N.2 Copper

As discussed in Chapter 4, the existing U.S. facilities used to melt and/or refine copper scrap fall
into three main categories: secondary fire refineries, electrolytic refineries, and brass and bronze
smelters. Only the scenarios involving the processing of copper scrap at the secondary fire
refineries were subject to detailed, probabilistic analyses. The scoping analyses used to rule out
the other types of facilities' being likely to lead to higher normalized doses are presented in this
section.

N.2.1 Electrolytic Refineries

Scoping analyses were performed on each of the three principal products of electrorefining:
copper metal, anode slimes, and crude nickel sulfate (CNS) recovered from the electrolyte bleed.

N.2.1.1 Electrorefined Copper

The main feed material for electrorefined copper is copper anodes which are produced by fire
refining copper scrap and blister copper in a reverberatory furnace. The fire-refining process is
already addressed by the scenarios in the copper analysis. The electrorefined copper will have
fewer impurities than the fire-refined material, which of course is the whole purpose of
electrorefining.

However, No. 1 scrap, which constitutes a large portion of the copper scrap that would be
cleared from a nuclear power plant, can be added directly to the vertical shaft furnace, as shown
in Figure 4.2. This furnace is used to cast the cathodes into the desired shapes and performs no
further refining. For the purpose of this analysis, we assume that the entire 62 t of cleared
copper scrap' is introduced into this furnace over the course of one year. Since the reference
electrolytic refinery described in Section 4.2.3.2 produces 420 kt/y of copper, the mixing factor
for cleared scrap would be approximately 1.5 x I0O.

There are five scenarios described in Chapter 4 that model radiation exposures to fire-refined
copper. One scenario describes the worker handling the metal and performing finishing
operations. This worker is exposed to a mass of approximately 200 kg at an average distance of
2 in for a period of 4 - 8 h/d. His internal exposure includes the inhalation and inadvertent
ingestion of metallic particulate matter. Another is the truck driver transporting the metal

8 The quantity of copper scrap that would be cleared during the dismantling of a commercial nuclear power plant is
derived in Section 4.2.1.
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product. The other three scenarios involve exposures to finished products made from fire-
refined copper.

As can be determined by comparing the mean normalized doses from all radionuclides that
exhibit some partitioning to the metal product,9 which are listed in Appendix G, the metal
handling and transportation scenarios always produce higher normalized doses than any of the
product-use scenarios.

The metal handling scenario at the electrorefinery is bounded by the scrap yard worker scenario.
The average mixing factor for this scenario is about 5.6 x IO-', roughly 40 times higher than for
the electrorefined copper. The scrap yard worker is exposed for 4 - 6 h/d to direct penetrating
radiation from a 45-t pile of scrap at an average distance of 2 m, the same source-to-receptor
distance as the metal handler. Both workers would be exposed to the same quantities of metallic
particulates via the inhalation and inadvertent ingestion. However, the metal handler is exposed
to a 200-kg mass of metal. Clearly, the higher mixing factor and greater mass of metal in the
proximity of the scrap yard worker far outweigh the slightly longer average daily exposure of the
worker at the electrolytic refinery.

A similar argument applies to the truck driver transporting electrorefined copper. The driver is
exposed to a 20-t load of metal at an average distance of 3 m from the sleeping compartment and
about 3.4 m from the driver's seat. The maximum exposure duration in the driver's seat is 1350
hours per year, while the duration in the sleeping compartment is less. The scrap yard worker is
exposed for an average of 1250 hours per year. Again, given the 40-fold higher mixing factor,
and the greater mass of metal, the scrap yard worker would experience far higher exposures to
any given radionuclide than would the truck driver.

Since all the radionuclides that could be in electrorefined copper would be in the scrap, there is
no need for a more detailed analysis of this material.

N.2.1.2 Anode Slimes

Anigstein et al. (2001, Chapter 9) analyzed the external exposure of a tank house operator to
y-emitting radionuclides that were concentrated in the anode slimes. Internal exposures to this
medium are unlikely, since it is not volatile at normal temperatures and there would be little
opportunity for workers to ingest this material. Consequently, a bounding analysis should
address a strong y-emitter which would concentrate in the anode slimes.

Radionuclides would accumulate in the slimes through a two-step process. First, only the
radionuclides that partition to the metal during the fire-refining stage would reach the
electorefining step. Of these, only the nuclides that partition strongly to the slimes would be
significant candidates for this scenario. As shown in Table 4.5, five of the elements in our
analysis show strong partitioning to the fire-refined copper product: Ru, Ag, Os, Ir, and Bi. All

9 As shown in Table 4.5, only four elements-H, C, Cl, and [-with a total of six radioisotopes in the present
analysis, exhibit zero partitioning to the metal.
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but the last partition 100% to the metal-bismuth has a range of 90 - 100%. Of these, only
silver partitions more than 90% to the slimes during electrorefining, as shown in Table 4.6. Two
isotopes of silver, Ag-108m and Ag-110m, are addressed in the main analysis. Since Ag-110m
is the stronger y-emitter, it was selected for the bounding analysis of the anode slimes.

For the purpose of this analysis, let us assume that the entire 62 t of copper scrap cleared from a
nuclear power plant is introduced into the anode furnace at an electrolytic refinery. This
becomes part of the 485 kt/y of anodes that is fed to the electrolytic bath at the reference
refinery. Since 7.5 kg of anode slimes are produced for each tonne of metal fed to the bath, the
annual production of anode slimes is estimated to be about 3,640 t. As noted above, all of the
Ag- 1Om activity remains in the fire-refined anodes; an average of 96% partitions to the slimes.
The annual-average concentration of Ag-i lOim in the slimes would be 0.0164 Bq/g per Bq/g in
cleared scrap (62 t x 0.96 3,640 t = 0.0164).

According to Anigstein et al. (2001, Chapter 9), a tank house operator sits at a distance of 3 ft
(-90 cm) from a 55-gal (-200 L) steel drum filled with anode slimes. The dose rate from
external exposure to Ag- 1Om in the slimes-calculated by use of the MicroShield computer
code -was 0.035 1iSv/h EDE per Bq/g in the slimes. Assuming an average exposure of 6 h/d,
the normalized dose would be 0.86 pSv/y EDE per Bq/g in cleared scrap (0.035 pSv/h x
0.0164 Bq/g x 6 h/d x 250 d/y - 0.86). This dose is less than the mean normalized dose to the
scrap yard workers, the critical group for Ag-1 10m:. 0.97 ,uSv/y EDE per Bq/g in cleared copper
scrap. Other nuclides that partition less strongly to the slimes and/or are weaker y-emitters
would produce correspondingly smaller doses. This bounding analysis, which places the worker
at a very close, fixed distance from the source for an extended daily period of exposure, shows
that exposure to the anode slimes is not likely to lead to a critical group for any nuclide in the
analysis.

N.2.1.3 Crude Nickel Sulfate (CNS)

The sulfuric acid bleed solution from the tank house is concentrated in an evaporator; the
concentrated solution is then cooled, causing nickel sulfate to crystallize. The solution is then
pumped to a centrifuge, where most of the liquid is removed and the crystals are washed and
dried. The crystals drop down a chute into a supersack. (Some supersacks can handle 2,000 to
3,000 lb [-900 - 1,400 kg]). The filled sacks are transported by a forklift truck to a storage area,
and later shipped to a nickel processor. As was mentioned in Section 4.6.8, the process is
reasonably automated, requiring little "up-close and personal" attention."

Since the CNS is moist-it contains 5% H2SO4 and 3% H2 0-there would be little likelihood of
airborne dust. Consequently, the only significant doses would be from external exposure to

0 Described in Appendix 0 of the present report.

11 Harry Taller, Tank House Manager, Amarillo Copper Refinery, ASARCO Incorporated, private communication
with William C. Thurber, SC&A, Inc., March 7,2003.
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direct penetrating radiation. The two workers most likely to experience such exposures would
be the forklift operator and the truck driver hauling the bags to a nickel processor.

As was done in Section N.2.1.2, a strong y-emitter that concentrates in CNS is selected for the
bounding analysis of this material. As shown in Table 4.6, about 99% of any cobalt in the
anodes would accumulate in the electrolyte and would thus be concentrated in the CNS.*.
Although cobalt is partly removed during the fire refining of copper scrap, it is possible that
high-grade copper scrap (such as the cleared scrap from a nuclear power plant) could be added
directly to the anode scrap-melting furnace, which does not perform any significant refining.
Therefore, for the purpose of this bounding analysis, it is assumed that 99% of the Co-60
(selected for this analysis because it is a strong y-emitter) accumulates in the CNS. As described
in Section 5.3.1.2, a typical electrolytic refinery produces 1,200 t of CNS per year. Thus, the
annual-average concentration of Co-60 in the CNS is calculated to be 0.051 Bq/g, normalized to
1 Bq/g in the cleared scrap (62 t x 0.99 - 1200 t - 0.051).

Forklift Operator Transporting Crude Nickel Sulfate

The refinery is assumed to operate three shifts per day, 350 days per year, producing 1,143 kg
(2,520 lb) of CNS per shift (1200 t - [350 x 3] = 1.143 t). It is assumed that the CNS produced
during one shift is collected in one supersack. An example of a supersack is the Vortex Bulk-
Bag, which has an estimated capacity of 40.5 f19 (-1.15 rn3), based on an illustration and related
scale drawing (Vortex [n/d]). If the CNS fills this volume, it would have a bulk density of
-1 g/cm3. Hung Chin (2001) lists a bulk density of 1.10 - 1.12 g/cm3 for NiSO4.6H20.
Although this is not exactly the same material, the assumption that the CNS fills the sack is
reasonable.

Based on a scaling of dimensions in the Vortex (n/d) illustration, the forklift operator was
estimated to sit 1.63 m from the bottom edge of the Vortex Bulk-Bag. The dose rate to the
operator was calculated using the MicroShield code. The material was modeled as aluminum,
one of the 12 built-in MicroShield materials and the one with the atomic number that is closest to
the effective atomic number of NiSO4. The density was specified as 1 g/cm3 . The resulting dose
rate, assuming a uniform specific activity of 1 Bq/g of Co-60, was 0.032 VSv/h EDE. Assuming,
for the purpose of a bounding analysis, that the forklift operator performed this task for one hour
per day, and that he works 250 days per year, his normalized dose would be 0.41 iLSv/y EDE per
1 Bq/g of Co-60 in cleared scrap (0.032 [pSv/h per Bq/g x 0.051 Bq/g x 250 h/y = 0.41 pSv/y)..
This is less than the mean dose to workers handling and processing reverberatory furnace slag at
a secondary producer, the critical group for Co-60. Because the calculation assumed the
maximum possible concentration of any radionuclide in the CNS relative to concentrations in
cleared scrap, this bounding analysis shows that forklift operators handling CNS are not likely to
constitute a critical group for any nuclide in the analysis.

Truck Driver Transporting Crude Nickel Sulfate

The truck driver transporting CNS is assumed to carry 20-t loads to a nickel processor 130 mi
(-209 kIn) away, at an average speed of 50 mph (-80 km/h) (see Section 4.6.5). The same driver
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is assumed to haul the 1,200 t produced in one year, which would require 60 trips. His exposure
duration would therefore be 156 W/y (130 x 60 - 50). The external exposure rate is assumed to
be the same as that of a driver hauling 20 t of aluminum dust, which is listed in Appendix C.
The dose rate from Co-60 is 0.0216 1 Sv/h EDE per Bq/g in the load. The normalized dose from
Co-60 to a truck driver hauling CNS is calculated to be 0.17 jiSvfh EDE per Bq/g in cleared
scrap (0.0216 jSv/h per Bq/g x 0.051 Bq/g x 156 h/y = 0.17 jSv/h). This is less than the mean
dose to members of the critical group for Co-60.

N.2.2 Brass Mills

Brass mills are the principal representative of the more general category of "brass and bronze
smelters," according to the breakdown of types of facility recovering copper from copper-base
scrap listed in Table 4.2. As shown in that table, brass and wire rod mills recovered a total of
844 kt of copper from copper-base scrap in 2000. Only 22.2 kt, or about 2.6%, of this total was
from old scrap. Consequently, even if scrap cleared from a nuclear power plant constituted all of
the old copper-base scrap consumed by a given brass mill, such scrap would constitute an
average of 2.6% of the mill's scrap consumption. Since scrap melted in a brass mill undergoes
no significant refining, it is assumed that the annual-average concentration of any radionuclide in
the brass product would be 0.026 Bq/g per Bq/g in cleared scrap.

The bounding analysis is of an individual who spends a large amount of time in close proximity
to a large mass of brass. An example of such an individual is a musician playing a large brass
instrument, such as a tuba. Since there is little if any erosion or abrasion of the metal during the
use of the instrument, the only pathway that needs to be considered is external exposure to direct
penetrating radiation from the metal. Co-60 is selected for this analysis because it is a strong
y-emitter with a half-life that is long relative to the one-year period of assessment for this
analysis.

The term "tuba" is applied to a variety of large brass instruments. There is the euphonium,
which is hand-held away from the body and is relatively light, and large, heavy tubas which are
either held against the body or actually surround the body of the player ("The Tuba - for TRUE
Heavy Metal Music ... ." 2002). The latter, also called a sousaphone, can weigh as much as 50
lb (-23 kg). The most commonly sold tuba, according to a salesman at The Tuba Exchange
store, has an average weight of 20 lb (-9 kg).'2 Since the purpose of the present analysis is to
identify a potential critical group, and since there is a relatively small number of tuba
players-the International Tuba-Euphonium Association has approximately 2,500 members
worldwide (ITEA 2002)-we will assume that the tuba player has an "average" instrument
weighing 20 lb.

The tuba player spends an average of 1,150 hours per year playing his instrument. This estimate
is based on his practicing three to four hours a day, seven days a week, 45 weeks per year, and

12 Todd Rodrigue, The Tuba Exchange, private communication with Kathleen Behling, SC&A, Inc., December 14,
2001.
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performing one hour per week, also for 45 weeks ([3.5 h/d x 7 d/w + I h/w] x 45 w/y
1150 h/y) (Harris 2001).

The external exposure rate is calculated by the MicroShield code. The actual instrument is
37 inches (94 cm) high and 24 inches (61 cm) in diameter;"2 it is modeled as a hollow cylinder
94 cm high, 61 cm in diameter, with an effective thickness of 0.6 mm, which results in a mass of
9.07 kg. The dose point is at the center of the cylinder. MicroShield does not include brass or
copper among its built-in materials; however, it does include nickel, the element just before
copper in the periodic table, which was utilized in the analysis. The external exposure dose rate
is 0.0162 .LSv/hr EDE per Bq/g of Co-60 in the metal.

The normalized dose to the tuba player is calculated as follows:

D. C= p Fix ( e ;t, _eta + ' )J

Di,, = dose from exposure to radionuclide i in metal (VSv/y)

Cip = undecayed specific activity of radionuclide i in brass
= 0.026 Bq/g

FX = external exposure dose rate from radionuclide i in tuba ([.Sv/h per Bq/g)

thy = exposure duration
= 1,150h

= average time from clearance of material to the time the scenario begins
= 35 d (see Section 4.6.10.4)

= radioactive decay rate of nuclide i (dl)

ta = assessment period
= 365.25 d

The normalized dose to the tuba player from Co-60 is 0.45 [ISv EDE per Bq/g in cleared scrap.
This is less than the mean normalized dose to the critical group for Co-60. Consequently, brass
musical instruments and, by extension, other products of brass and bronze smelters, are unlikely
to lead to critical groups for any nuclides in the present analysis.
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0 QUALITY MANAGEMENT PLAN

As stated in Chapter 7, a Quality Management Plan (QMP) was prepared and followed during
the conduct of this analysis. The QMP includes specification of procedures and conventions
adopted to implement quality control for the present analysis. The QMP also describes
requirements for model development, mathematical analyses, and software implementation, and
also specifically addresses requirements for the preparation, review, verification, documentation,
and record keeping of technical information. The QMP therefore provides a documented system
for ensuring accuracy of results, as well as a basis for tracing calculations. The QMP
incorporated quality assurance guidelines provided by the NRC and other recognized authorities.

The QMP, which is part of the contract between SC&A, Inc., (SC&A) and NRC, is presented in
the remaining section of this appendix.

0.1 Introduction

This Quality Management Plan (QMP) was prepared by SC&A for Contract No. NRC-
04-01-065, entitled "Technical Assistance in Finalizing NUREG-1640: Radiological
Assessments for Clearance of Equipment and Materials from Nuclear Facilities." Under this
contract SC&A and its subcontractors are responsible for conducting analyses and submitting a
manuscript for publication as NUREG-1 640.

The purpose of this QMP is to define responsibilities and to prescribe a process of controls to
ensure the adequacy, completeness, and correctness of technical information and analyses. This
QMP addresses the preparation, review, approval, and revision of conceptual and mathematical
models, computer software, and other technical information.

As a result of implementing this QMP, the following qualitites of the work products-
deliverables and files-are to be ensured. A primary objective is to enable independent review.

* Transparency. Mathematical formulations and rationales for assumptions and parameter
selections will be explicit and complete.

* Traceability. Citations of references will be complete enough to enable independent
retrieval; alternately, copies of cited material will be included in the Engineering Design
Files.

* Accuracy. Results of calculations will be checked for accuracy and consistency with the
design objectives.

* Organization. Records in the Engineering Design Files will be logically organized and
indexed to facilitate data retrieval.

* Archives. Sufficient backup of files and work in progress will be maintained to guard
against loss due to unexpected events, such as fire or theft.

0-1 NUREG-1 640
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The QMP incorporates quality assurance guidelines provided by ASME (1997). Since this
project is not "safety-related" as defined in 1O CFR 50.2, ASME 1997 does not strictly apply,
but is still being used to provide general guidance.

One of the deliverables of this project is computer software. This computer software shall be
developed utilizing the quality assurance guidance provided by the American Nuclear Society
(ANS 1987) and NRC (1993).

The QMP is intended to be a current statement of SC&A's approach to implementing the
elements of this contract. The QMP may thus be revised and updated as the project progresses.
Any revisions shall be submitted to the NRC as an attachment to the following Monthly Status
Letter Report. The QMP, along with subordinate documents, shall be maintained as controlled
documents in the Project Engineering Cabinet (see Section 0.4).

Section 0.2 discusses the quality requirements and responsibilities. Section 0.3 addresses the
QA process (document control, configuration management, and the QA review process). Section
0.4 discusses the record-keeping activities. Included are a description of the filing system that
shall be used and a description of the location of specific files. Examples of forms that shall be
used during the QA process are presented in Appendix 0-1. Appendix 0-2 provides a list of
commercially available software that is approved for use by the project.

0.2 Quality Requirements and Responsibilities

This section addresses the quality requirements, including configuration management and
document control, for all technical products developed to support this project. Sections 0.3 and
0.4 discuss the methods SC&A and its subcontractors shall use to meet these requirements.

0.2.1 General Requirements

The general requirements for information developed and used for this project apply to all aspects
of the project. All members of the project staff shall be apprized of these quality assurance,
documentation, and configuration management requirements. SC&A's primary subcontractor,
Gemini Consulting Company (Gemini), shall be required to comply with the requirements of the
QMP for the conduct of its work on the project. In a manner similar to SC&A employees and
Associates working in remote locations, Gemini employees that generate technical information
for this project shall be responsible for conducting the review process and forwarding
documentation to the Project Manager.

The basic quality requirements imposed on this project are:

* The technical basis for all input data and parameters shall be documented. Documentation
must be sufficient to permit independent verification and quality reviews and to allow ready
audit of configuration management.

NUREG- 1640 0-2
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* Documents and references necessary to establish the technical basis shall be filed in the
Project Engineering Cabinet upon the completion of an Engineering Design File (EDE) (see
Section 0.4.2).

* Technical changes must be documented and traceable.

* Each member of the project staff who generates reports, computer software, or other data in
electronic form shall be responsible for saving his work at appropriate intervals. He shall
maintain an anti-virus program (e.g., Norton Anti-Virus, McAffee Virus Scan, etc.) on his
computer to protect it from being infected by viruses and other malicious programs which
can have a deleterious effect on the integrity of data and/or software.

* Backups shall be saved on removable media (e.g., tapes, Zip discs, or CDS) and shall be
maintained in a secure, geographically separate location. It shall be the responsibility of the
staff member to ensure that no more than one week's work would be at risk under any
foreseeable circumstances.

0.2.2 Software Requirements

As specified by the American Nuclear Society (ANS, 1987), software developed by this project
was verified and validated (V&V). Because this project is non-safety related, a somewhat less
rigorous standard than that given by ANS 1987 shall be applied. Nevertheless, the following
basic quality requirements shall be imposed on project-developed software:

* Verification of source code:
- Is the source code understandable?
- Are all variables properly specified and used?
- Is there satisfactory error checking?

* Verification of program integration:
- Does the program interface properly with external files?
- Are all elements of the integrated program properly identified?

* Verification of test results:
- Have all test cases been executed correctly?
- Do the results agree with expected answers?

0.2.3 Responsibilities

Individuals with responsibility for implementing the various aspects of this QMP are described
below.

0-3 NUREG- 1640
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0.2.3.1 Project Manager

The Project Manager (PM) is ultimately responsible for ensuring that elements of this QMP are
carried out. He assigns a unique number to each EDF prepared for the project and performs
technical/validation reviews of EDFs (if the PM is also the Preparer, this technical review can be
performed by the Checker or other qualified individual). The PM or his designee logs and files
copies of all technical products delivered to the NRC, maintains the organization and contents of
the Project Engineering Cabinet, and maintains electronic backups of delivered products.

0.2.3.2 Project QA Manager

The Project QA Manager oversees the QA process to ensure that the procedures are being
followed correctly, maintains the Quality Management Plan, and performs audits of the project
records, including the Project Engineering Cabinet and EDFs.

0.2.3.3 Preparer

The Preparer has the following responsibilities:

* Assure that the data and mathematical formulae are accurate, complete, verifiable, and
properly documented

* Assure that these data and formulae are correctly encoded as computer models

* Prepare the technical product in accordance with the procedures given in Section 3.1

* Create the EDF

* Respond to Checker's questions and comments, and take necessary action to resolve them

* Sign and date the QA form

* Complete and transmit final data and EDF to the PM.

The PM may also perform the role of Preparer; the Checker or QA Manager may not perform the
role of Preparer.

0.23.4 Checker

The Checker reviews the technical product for adequacy and performs independent calculations
as necessary, provides the author with written comments, and signs and dates the QA form to
document the review and the resolution of comments. The PM may also perform the role of
Checker; the Preparer or QA Manager may not perform the role of Checker.
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0.2.3.5 Technical Reviewer

Whereas the Checker performs the verification of the EDF, the Technical Reviewer would (if
required) perform a validation of the EDF (see Section 0.3.3). It would be the Technical
Reviewer's responsibility to confirm that the proposed solution correctly solves the problem
being addressed by the EDF. The PM usually performs the role of Technical Reviewer, unless
he is the Preparer. In such a case, the function of Technical Reviewer may be performed by the
Checker or any other technically qualified individual appointed by the PM.

0.3 Preparation and Review of Technical Information

In order to meet the documentation requirements in an organized, retrievable manner, a system
of document review and filing shall be implemented. This system is described below and is
illustrated in the flow diagram presented in Figure 0.1. The following sections provide the
procedures for the preparation, V&V, and revision/correction of project deliverables. Within
this system, it is initially the responsibility of the Preparer and the Checker to assure that the
proper QA documentation is completed (see Section 0.2.3). Final responsibility rests with the
PM. The Project QA Manager oversees the entire procedure.

0.3.1 Preparation of Engineering Design Files

This section presents the procedure that shall be followed for the preparation of software,
calculations, reports, data, and any other project deliverables. An EDF shall be prepared for
each technical deliverable. 2 The first objective for preparing the EDF is that it must be
sufficiently detailed so that a technically qualified person can understand, review and reproduce
the analysis, and verify the correctness and reasonableness of the assumptions and results,
without consulting the originator. The second objective of the EDF is to ensure the technical
accuracy of all deliverables. The information specified in the following sections shall be
included in all EDFs prepared for the project to ensure that the objectives are met. Except for
the cover sheet and QA form specified in Section 0.3.1.1, which shall always appear at the front
of each EDF, the sequence of items may vary-individual items may be merged to avoid
redundancy and improve the clarity of the documentation. Likewise, additional items (e.g.,
tables of contents, lists of attachments, etc.) may be included. The intent is to preserve a flexible
format that does not hinder the performance of the calculation and the preparation of deliverables
while maintaining the required level of quality control and assurance. Because the technical
information developed for the project will vary in technical complexity, level of detail, data
quality, etc., it shall be the responsibility of the Preparer and Checker to decide what is needed to
adequately document and review the information to meet the objectives. In case of doubt, the
PM or the Project QA Manager shall be consulted.

2 Because of the size and complexity of some deliverables, the EDF for a deliverable may be broken into sub-
sections with the same or different Preparers responsible for different sections. The EDF numbering system shall reflect
that there are sub-sections.
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Figure 0.1 Review and documentation control of technical information

0.3.1.1 Cover Sheet

Each EDF shall include a filled-in EDF cover sheet and QA form (see Appendix 0-1)
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0.3.1.2 Purpose

Each EDF shall include a concise statement of the problem and the purpose of the calculation.

0.3.1.3 Parameter Values and Other Data

Each EDF shall present the rationale for the selection and verification of parameter values and
other data, and explicitly refer to the source documents or other references.

0.3.1.4 Assumptions

Each EDF shall explain the rationale and justification for all assumptions made in the analyses.

0.3.1.5 Analytical Methods and Calculations

Each EDF shall include model and scenario descriptions, descriptions of the method of solution,
explicit mathematical formulations, numerical calculations, and derivations of any equations not
in common usage.

0.3.1.6 Results

Each EDF shall include a summary of results including tables, charts, graphs, or any other type
of presentation of results that the Preparer believes is appropriate.

0.3.1.7 Computer Program Input Listing

The electronic version of each spreadsheet, or input files for any computer program used in the
calculation, shall be provided in each EDF, along with the source code and executable files for
any other software developed for the calculation.

0.3.1.8 References

Each EDF shall include a list of all reports, articles, manuals, etc., used to develop the analyses,
including edition, date of publication, and revision number, as applicable. This list shall be in a
citation format approved for publication in a NUREG document.

0.3.1.9 Reviewer Comments

Each EDF shall include every review comment made by the Checker, and its resolution. An
alternative algorithm may be used to verify a calculation (see Section 0.3.3); if so, the
alternative calculation shall be documented in the EDF to a level comparable to the model being
checked.
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0.3.1.10 Reports to Client

Hard copies, or electronic copies, as appropriate, of all reports submitted to NRC that result from
or contain the calculation shall be attached to the EDF.

0.3.2 Control and Management of Software

0.3.2.1 Software Developed for Project

It is anticipated that spreadsheets will be one of the primary software tools used for calculations
in this project. Spreadsheet models for this project will be developed on the PC-based platform
running proprietary, commercial software, typically Microsoft Excel'. The software shall be
produced under rigorous internal software quality control and quality assurance requirements.
Software application approval is the responsibility of the PM.

To the extent practicable, standard functions within the spreadsheet application's software
should be used in lieu of custom functions (i.e., macros). To the extent practicable, if custom
functions are used, they shall be consistently applied to all calculations performed.

A user's manual shall be prepared for all spreadsheet programs developed as part of the project.

03.2.2 Software Obtained from Commercial Sources or Other Organizations

Software currently approved for use on this project is listed in Appendix 0-2. If additional
programs are needed, the program's documentation will be relied upon to demonstrate that the
program in question performs the desired calculation. Once the PM has been convinced that a
new program performs as asserted, that program can be added to the list of approved software in
a revised Project Quality Management Plan. Software can also be added to the list at the
direction of the NRC Project Officer.

Non-technical software, such as word processing or project management software, does not have
to be approved prior to its being used on the project. Accordingly, it is not listed in
Appendix 0-2.

0.3.3 Verification and Validation (V&V)

Verification asks the question: Was the proposed solution developed in the EDF correctly
implemented? Validation asks the question: Will the proposed solution correctly solve the
problem? All EDFs developed for the project following the procedure outlined in Section 0.3.1
shall undergo V&V. The general V&V procedure is included in the EDF preparation procedure
illustrated in Figure 0.1.

Verification of the initial version of an EDF (including spreadsheet models) shall include, but
not be limited to, a review of the following three elements: parameters, calculational model, and
documentation. Specific information to be reviewed is listed in the "Review Checklist" (see
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Appendix 0-1). Parameter values shall be checked against sources for accuracy; documentation
shall be checked for completeness. Verification shall involve a check of whether or not the
algorithms are accurately implemented. The filled-in "Review Checklist," and any other
documentation generated by the Checker, shall be included in the EDF.

Once the Checker is satisfied that the Preparer has addressed all of the Checker's comments and
concerns, the Checker shall sign the QA Form in the place indicated (see page 01-2). The
Preparer shall next sign the QA Form. If there are outstanding comments or concerns that cannot
be resolved by the Checker and the Preparer, then the PM shall be consulted. If the PM is either
the Checker or the Preparer, the issues shall be resolved by the Manager of the SC&A
Consulting Services Division.

Validation of the EDF shall be performed by the PM (as stated in Section 0.2.3, if the PM is also
the Preparer, this validation shall be performed by the Checker). Once satisfied that the EDF
does correctly solve the problem, the PM (or the Checker) shall sign the QA Form in the place
indicated.

0.3.4 Signing of EDF Packages

Signatures are required on the EDF to document that each individual has completed his/her task
related to the preparation of the EDF. Each EDF shall be signed by the Checker and by the
Preparer. The PM shall sign as indicated on page 01-2-the signature of a Reviewer may also
be required. In the interest of providing deliverables to the NRC in a timely manner, an
individual may "sign" the QA Form by providing the PM with a written notice (which could be
electronically transmitted) stating that he/she has completed his/her responsibility. At that point,
the written notice becomes part of the EDF, and the PM can forward the deliverable to the NRC
for review. No further changes to the EDF are permitted after the submission of the written
notices. When the EDF is filed in the Project Engineering Cabinet, it shall contain a QA Form
with all necessary signatures.

0.3.5 Corrective Action: Revision of Technical Information

This section describes the procedure for revising a previously issued EDF to accommodate
comments of NRC or peer reviewers or changes to technical information or data. Different
procedures are provided for two levels of corrective action: minor revision and major correction.
The Preparer of the EDF, with input from the PM and/or the Project QA Manager, has primary
responsibility for determining the corrective action level.

0.3.5.1 Minor Revision

If the revision of the calculation does not substantially alter its format or structure, the Preparer
shall submit these as "minor" revisions. Each change to the EDF made by the revision shall be
clearly indicated by the Preparer. Minor revisions to the EDF only require a limited, change-
specific review. The Preparer clearly describes the changes to the calculation and its
documentation, and indicates the limited level of review required. The V&V reviews of minor
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revisions can be limited in scope (affecting only those portions of the EDF that have been
modified), but must be sufficient to address the documented changes. Once the Preparer and
Checker are satisfied with the modification, a new cover sheet is filled-out (with the reason for
the revision stated in the "Summary" section), signed and the EDF re-issued as a revision-the
EDF number is modified to indicate the revision number (e.g., 1-2-3 would become 1-2-3-Ri).

0.3.5.2 Major Correction

If a revision results in substantial changes to the calculation, the revised EDF shall be
documented and reviewed as a new calculation. If the calculation has been revised to the extent
that a new version is justified, then the revision, with all the required supporting documentation,
shall be entered into the QA review system again. That is, a new EDF (with a new EDF number)
shall be developed and the old EDF shall be marked "Superceded."

0.4 Document Control: Project Engineering Cabinet

This section of the QMP provides procedures for the control of documents prepared for the
project. The Project Engineering Cabinet shall serve as a repository for the master versions of
all controlled project documents. The PM (or his designee) is responsible for maintaining the
organization and contents of the Project Engineering Cabinet.

The Preparer shall maintain all calculations, documentation and references during the period of
performance of each task, including the period for NRC comments. After the completion of the
task, the EDF and all supporting documentation shall be delivered to the PM, who shall transmit
them to the Project Engineering Cabinet. In order to maintain a project history, the Project
Engineering Cabinet shall contain copies of both the original and updated versions of revised
EDFs. Likewise, copies of all "Superceded" EDFs or EDFs that otherwise become extraneous
shall be maintained in the Project Engineering Cabinet.

0.4.1 Organization of the Project Engineering Cabinet

The Project Engineering Cabinet shall include the components described in the following
sections.

0.4.1.1 Project Directory

The Project Directory shall contain information that is applicable to all aspects of the project.
This includes master lists, document status tables, procedures, and general project information.

0.4.1.2 Engineering Design Files

A separate section of the cabinet will contain the EDFs described in Section 0.3. Any references
other than readily available published sources, such as unpublished contractor reports, personal
communications, etc., shall be included in the cabinet with the appropriate EDF.
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0.4.1.3 Project QA Documentation

The Project QA documentation section shall contain the quality assurance documents for the
overall project (i.e., this Quality Management Plan with all the attached appendices, results of
audits, etc.).

0.4.1.4 Project Management

The Project Management section shall contain items such as monthly status letter reports,
memoranda, and other items applicable to various managerial aspects of the project.

0.4.1.5 Miscellaneous

Miscellaneous documentation refers to technical information developed for the project that does
not clearly fall into one of the other specified sections of the cabinet.

0.4.1.6 Document Index

A document index shall be maintained for the cabinet. The document index shall clearly indicate
the title of each document entered into the cabinet, its document number (if any), the date or
revision of the document, the Preparer/author, the date entered into the cabinet, and its location
within the cabinet.

0.4.2 Assessment of Records

Periodically, the Project QA Manager shall perform an audit of the Project Engineering Cabinet
and EDFs located therein to assess the project's compliance with this QMP, and any other
criteria the Project QA Manager deems appropriate. The results of these audits shall be provided
to the PM. It is the PM's responsibility to ensure the resolution of any findings or concerns
discovered by the audit within the time period allotted by the QA Manager.

0.4.3 Location of Records

During preparation of an EDF, all records shall be kept by the Preparer at the Preparer's
workplace. After the EDF has been completed, it shall be deposited in the Project Engineering
Cabinet.

0.4.4 Duration for Maintaining Records

If requested, all project records will be turned over to the NRC at the end of the project. If the
records are not requested by the NRC, they shall be maintained by SC&A for a period of one (1)
year after termination of the project.
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ENGINEERING DESIGN FILE COVER SHEET
Technical Assistance in Finalizing NUREG-1640

EDF No.: Page of

Title:

Summary:

Distribution (complete package):

Distribution (summary page only):

Signatures are provided on the QA Form for this EDF.
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QA FORM
Technical Assistance in Finalizing NUREG-1640

EDF No.: Page - of

Title:

Electronic file name:

Revision Information: New/Major Correction: Minor Revision:

QA Tracking Documentation

Post-Review
Pre-Review Complete Engineering Design Files and provide to Project Manager

Obtain EDF number Engineering Design Files to include the following:
* Printed copy (If not appropriate provide sheet stating so for file.)
* Reviewed copy and all markups

(initials) * Electronic copy
* Copies of all unpublished references used if not already on file.

i
I

I

i
I

I
I

I
I

Preparer Resolve any discrepancies with Checker and revise as necessary. Complete post-review documentation
requirements (Engineering Design Files) and provide to Project Manager.

Print name Signature Date:

Checker Document the review and the resolution of comments (if any)

Print name Signature Date:

Technical Review (Check if applicable): PerformedF

Project Manager Check for completeness of Engineering Design Files, technical review (as needed), complete
Master Directory entry, andfile in the Project Engineering Cabinet.

Print name Signature

Technical Review (Check): Needed F 1 Performed by PM F1
Date:

Not Needed 7
Technical Reviewer If needed, and if differentfrom the Project Manager

Print name __Signature _ Date: -

All signature must be made in either blue of black ink.
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.Review Checklist
Technical Assistance in Finalizing NUREG-1640

EDF No.: Page of

Title:

Special Instructions (attach additional sheet if necessary):

Yes No NA

Fi n a Subject and purpose clearly stated

ii ii Ei Sufficient narrative to describe analysis

El [ [1 Header and other documentation properly completed

[I1 [I F1 Assumptions clearly identified, valid, and consistent with the purpose of the analysis

[I] [I M Required parameter values used appropriately and their references provided

i1 C| [ 1 All cited information is referenced and copies of unpublished references are provided

] [] Parameter units/symbols/nomenclature consistent within document

[j1 Fl F1 Analytical methods (equations) clearly identified, consistent, verifiable, and transcribed
correctly[ Transcription; formulas in spreadsheet (or other software) accurately reflect written equations

[j] [j M Versions of the computer programs used are appropriate and identified

M M [j] Results are reasonable and consistent with the data and assumptions used

Comments (attach additional sheets if necessary):

Type/Print Name Signature See OA Form

Return original with markups and all documentation to Preparer.
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0-2 COMPUTER SOFTWARE APPROVED FOR PROJECT USE

A variety of computer software will be used to complete this project under the proposed
technical approach. Listed below are the technical computer programs and data files that have
been approved for use in this project.3 Microsoft' Excel 2000 or later and Crystal Ball' 2000 or
later will be used for spreadsheet modeling. Other computer codes will be used as appropriate.
This listing does not include non-technical programs, such as word processing or project
management software.

The following commercial and/or "industry standard" software applications are currently
approved for project use:

a Crystal Balls 2000 (Versions 2000.1 and 2000.2)
. Fortran 90 (Version 4.00)
. MCNP4C
* MicroShield (Version 4.21)
. MicroShield (Version 5.03)
* Microsoft Excel 2000/2002
. RadDecay (Version 3.04)

02.1 Crystal Ball 2000

Crystal Ball (Decisioneering 2000, 2001), a forecasting and risk analysis program, is used as an
add-on to Microsoft Excel. It uses Monte Carlo sampling methods to calculate a distribution of
results and will perform a statistical analyses of these results, producing such metrics as the
mean, median, 95th percentile, etc. Crystal Ball will sample from an assumption cell in the
Excel worksheet that contains a probability distribution defined by the user and calculate a range
of possible outcomes in the forecast cell, as well as the likelihood of achieving each of them.
The Monte Carlo method, as used by Crystal Ball, is accomplished with three simple steps which
are repeated for a set number of times defined by the user. These steps are (1) generating
random numbers for assumption cells, (2) calculating the entire spreadsheet, and (3) displaying
results in a forecast chart. This program is used as an uncertainty analysis tool.

02.2 DECDC 1.0: Nuclear Decay Data Files for Radiation Dosimetry Calculations

The DECDC decay data (JAERI 2001) were prepared using decay data sets from the August,
1997 version of the Evaluated Nuclear Structure Data Files (ENSDF). Basic nuclear properties
in the decay data sets were examined and updated by referring to NUBASE, the database for
nuclear and decay properties of nuclides, and by using the utility programs of ENSDF. The
revised data sets were processed by EDISTR in order to calculate the energies and intensities of
a particles, j particles, y rays, internal conversion electrons, X rays, and Auger electrons emitted
in nuclear transformation. The compiled data were prepared in two different types of format:

3 Only the computer software actually used in the analyses is listed.
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Publ. 38 and NUCDECAY formats. These data will supplement nuclear data obtained from
other sources, including the Table of Isotopes (Firestone 1996, 1999), as well as those on the
World-Wide Web maintained by the Isotopes Project of the Lawrence Berkeley National
Laboratory (ie.lbl.gov/) and the Evaluated Nuclear Structure Data Files
(www.nndc.bnl.gov/nndc/ensdff) maintained by the Brookhaven National Laboratory.

02.3 Fortran 90 Version 4.00

Lahey Fortran 90 (LF90) is a set of software tools for developing 32-bit Fortran applications.
LF90 is a complete implementation of the ANSI and ISO Fortran 90 standards and includes
support for such features as array expressions, derived types, and pointers. The toolset includes
a compiler, editor, linker, debugger, profiler, librarian, make utility, video graphics and user
interface library, and C- and assembly-language interfaces.

02.4 MCNP4C

MCNP4C (LANL 2001) is a general-purpose, continuous-energy, generalized geometry, time-
dependent, coupled neutron-photon-electron Monte Carlo transport code system. MCNP4C is
the first major release of MCNP since version 4B (February 4, 1997). The major new features of
MCNP4C include:

* Unresolved resonance range probability tables;
* Perturbation enhancements;
* Superimposed mesh weight window generator;
* Alpha eigenvalues;
* Macrobodies;
* ENDF/B-VI improvements;
* PC enhancements;
* Electron physics enhancements;
* Parallelization enhancements;
* Delayed neutrons.

In addition, there are 30 minor features/enhancements and 65 corrections.

MCNP treats an arbitrary three-dimensional configuration of materials in geometric cells
bounded by first- and second-degree surfaces and some special fourth-degree surfaces.
Pointwise continuous-energy cross section data are used, although multigroup data may also be
used. Fixed-source adjoint calculations may be made with the multigroup data option. For
neutrons, all reactions in a particular cross-section evaluation are accounted for. Both free gas
and S(alpha, beta) thermal treatments are used. Criticality sources as well as fixed and surface
sources are available. For photons, the code takes account of incoherent and coherent scattering
with and without electron binding effects, the possibility of fluorescent emission following
photoelectric absorption and absorption in pair production with local emission of annihilation
radiation. A very general source and tally structure is available. The tallies have extensive
statistical analysis of convergence. Rapid convergence is enabled by a wide variety of variance
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reduction methods. Energy ranges are 0-60 MeV for neutrons (data generally only available up
to 20 MeV) and I keV - 1 GeV for photons and electrons.

MCNP shall be used to calculate all of the external exposure geometry factors. Other shielding
programs (e.g., MicroShield, see below) may be used as a quality check of MCNP, or as
screening tools.

02.5 MicroShield

MicroShield (Grove 1995) analyzes shielding and estimates exposure from gamma radiation.
Version 4.21 operates in a DOS environment. This program allow versatile geometries with
offsets from axes of symmetry. Sensitivity analyses are available for dimensional variations
within a single case. Results are calculated with and without buildup simultaneously.
MicroShield has the capability to handle photon energies between 0.0 15 and 15 MeV. Data for
attenuation coefficients, buildup factors, and buildup factor coefficients are obtained from
information distributed by the Radiation Safety Information and Calculational Center and
included in ANS 6.4.3. MicroShield Version 5.03 (Grove 1997) operates under Microsoft
Windows. It includes all the capabilities of Version 4.21 plus some enhancements.

02.6 Microsoft Excel 2000/2002

Excel is a general purpose, spreadsheet analysis application. Excel provides the tools necessary
to perform data analysis, list-keeping, and calculations. Excel also enables the user to present
the results efficiently. Worksheets enable the user to store, manipulate, calculate, and analyze
data. Macros are also available in Excel, which enable the user to automate frequently
performed tasks and perform specialized calculations. Excel is used as the platform for
calculations.

02.7 RadDecay Version 3.04

RadDecay (Grove 1990) contains radioactive decay information for 497 radionuclides. Data
include the half-lives, radioactive daughters, probabilities per decay, and decay-product energies
of a particles, Pj and p'particles, Auger electrons, X rays, and y rays. Given an initial
radioactivity and decay time, RadDecay will calculate the remaining radioactivity of a
radionuclide and the radioactivity level of its progeny. The decay chain is calculated and
displayed for up to 20 generations. Identical daughters generated along different branches of the
parent decay chain are combined. RadDecay can be used to calculate ingrowth of radioactive
progeny.
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