Appendix A

Protection Factors for Respirators



Statement of Requirement:

Table A.1.

APPENDIX A

Appendix A to Part 20 - Protection Factors for Respirators®

Operating mode

Assigned Protection Factors

I. Air-Purifying Respirators [Particulate® only]°:

Filtering facepiece disposable’ |Negative Pressure )

Facepiece, half® Negative Pressure 10

Facepiece, full Negative Pressure 100

Facepiece, half Powered air-purifying 50
respirators

Facepiece, full Powered air-purifying 1000
respirators

Helmet/hood Powered air-purifying 1000
respirators

Facepiece, loose-fitting Powered air-purifying 25

respirators

II. Atmosphere supplying respirators [particulate, gases and vapors']:

1. Air-line respirator:

Facepiece, half Demand 10
Facepiece, half Continuous Flow 50
Facepiece, half Pressure Demand 50
Facepiece, full Demand 100
Facepiece, full Continuous Flow 1000
Facepiece, full Pressure Demand 1000
Helmet/hood Continuous Flow 1000
Facepiece, loose-fitting Continuous Flow 25
Suit Continuous Flow ®

2. Self-Contained Breathing Apparatus (SCBA):

Facepiece, full Demand "100
Facepiece, full Pressure Demand 110,000
Facepiece, full Demand, Recirculating 100
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Operating mode Assigned Protection Factors
Facepiece, full Positive Pressure 110,000
Recirculating
III. Combination Respirators:
Any combination of (1) Assigned protection factor
air-purifying and for type and mode of
atmosphere-supplying operation as listed above.
respirators

* These assigned protection factors apply only in a respiratory protection program that meets the
requirements of this Part. They are applicable only to airborne radiological hazards and may not
be appropriate to circumstances when chemical or other respiratory hazards exist instead of, or
in addition to, radioactive hazards. Selection and use of respirators for such circumstances must
also comply with Department of Labor regulations.

Radioactive contaminants for which the concentration values in Table 1, Column 3 of
Appendix B to Part 20 are based on internal dose due to inhalation may, in addition, present
external exposure hazards at higher concentrations. Under these circumstances, limitations on
occupancy may have to be governed by external dose limits.

Air-purifying respirators with APF <100 must be equipped with particulate filters that are at
least 95% efficient. Air-purifying respirators with APF = 100 must be equipped with particulate
filters that are at least 99% efficient. Air-purifying respirators with APFs >100 must be
equipped with particulate filters that are at least 99.97% efficient.

The licensee may apply to the Commission for the use of an APF greater than 1 for sorbent
cartridges as protection against airborne radioactive gases and vapors (e.g., radioiodine).

Licensees may permit individuals to use this type of respirator who have not been medically
screened or fit tested on the device provided that no credit be taken for their use in estimating
intake or dose. It is also recognized that it is difficult to perform an effective positive or
negative pressure pre-use user seal check on this type of device. All other respiratory protection
program requirements listed in 10 CFR 20.1703 apply. An assigned protection factor has not
been assigned for these devices. However, an APF equal to 10 may be used if the licensee can
demonstrate a fit factor of at least 100 by use of a validated or evaluated, qualitative or
quantitative fit test.

Under-chin type only. No distinction is made in this Appendix between elastomeric half-masks
with replaceable cartridges and those designed with the filter medium as an integral part of the
facepiece (e.g., disposable or reusable disposable). Both types are acceptable so long as the seal
area of the latter contains some substantial type of seal-enhancing material such as rubber or
plastic, the two or more suspension straps are adjustable, the filter medium is at least 95%
efficient and all other requirements of this Part are met.
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The assigned protection factors for gases and vapors are not applicable to radioactive
contaminants that present an absorption or submersion hazard. For tritium oxide vapor,
approximately one-third of the intake occurs by absorption through the skin so that an overall
protection factor of 3 is appropriate when atmosphere-supplying respirators are used to protect
against tritium oxide. Exposure to radioactive noble gases is not considered a significant
respiratory hazard, and protective actions for these contaminants should be based on external
(submersion) dose considerations.

¢ No NIOSH approval schedule is currently available for atmosphere supplying suits. This
equipment may be used in an acceptable respiratory protection program as long as all the other

minimum program requirements, with the exception of fit testing, are met (i.e.,
10 CFR 20.1703).

The licensee should implement institutional controls to assure that these devices are not used in
areas immediately dangerous to life or health (IDLH).

This type of respirator may be used as an emergency device in unknown concentrations for
protection against inhalation hazards. External radiation hazards and other limitations to
permitted exposure such as skin absorption shall be taken into account in these circumstances.
This device may not be used by any individual who experiences perceptible outward leakage of
breathing gas while wearing the device.

Discussion:

Appendix A to Part 20, Subpart H, provides the APFs for respirators. The information is
provided in a table, with footnotes provided for explanation. The APFs are listed for each broad
class of respirators (e.g., air-purifying). Each class is subdivided into respirator types (e.g., full
facepiece). Each type is characterized by how it operates (operating mode, e.g., negative
pressure).

Statement of Applicability:
The information in this appendix applies to all licensees that use respirators to limit worker
intakes of radioactive materials.

Guidance Statement:

Licensees may use APF values only if the requirements of Subpart H are met. Lower APFs may
be assigned by the licensee without prior notification and approval by NRC. The use of higher
APFs must have prior approval by NRC. The definitions for the table’s respirator classes, types
and modes of operation are found in section 20.1003, Definitions. Appendix A APFs are only
applicable to airborne radiological hazards, and may not be appropriate for chemical or other
non-radiological respiratory hazards. See specific guidance on OSHA, Department of Labor
respiratory requirements in NRC’s Regulatory Guide, 8.15 Revision 1.
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List of Existing Regulatory Guidance:
NUREG-0041 Manual of Respiratory Protection Against Airborne Radioactive Materials
Reg. Guide 8.15  Acceptable Programs For Respiratory Protection (Revision 1)

List of Implementing Guidance:

HPPOS-037 Farley 1 & 2 - 10 CFR Part 20 Exemption Request, MSA GMR-I Canister
Radioiodine Protection Factor (describes example of NRC approval process to
use non-NIOSH approved equipment to protect against radio-iodine gases and
vapors)

HPPOS-118  Airflow Measurement and Control for Supplied-Air Respirators (provides
guidance to effectively use and control airline respirators)

Q&A 91 Clarifies the need to comply with programmatic requirements when using
respirators

List of Outdated Implementing Guidance:

HPPOS-225  Footnote (g) of Appendix A to 10 CFR 20 Concerning Protection Factor for
Respirator (discusses NRC policy on use of non-elastomeric (disposable) half-
facepieces)
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Annual Limits on Intake (ALIs) and
Derived Air Concentrations (DACs) of
Radionuclides for Occupational
Exposure; Effluent Concentrations;
Concentrations for Release to Sewerage



APPENDIX B

Statement of Requirement:

Note: The accompanying tables (3) and footnotes/notes that comprise the rest of Appendix B
can be found on the web at: <http://www.nrc.gov/NRC/CFR/TABLES/ISOTOPES/PART020-
APPB/radionuclides.html>.

Appendix B to Part 20 — Annual Limits on Intake (ALls) and Derived Air
Concentrations (DACs) of Radionuclides for Occupational Exposure; Effluent
Concentrations; Concentrations for Release to Sewerage

Introduction

For each radionuclide, Table 1 indicates the chemical form which is to be used for selecting the
appropriate ALI or DAC value. The ALIs and DACs for inhalation are given for an aerosol with
an activity median aerodynamic diameter (AMAD) of 1 m and for three classes (D,W,Y) of
radioactive material, which refer to their retention (approximately days, weeks or years) in the
pulmonary region of the lung. This classification applies to a range of clearance half-times of less
than 10 days for D, for W from 10 to 100 days, and for Y greater than 100 days. The class (D, W,
or Y) given in the column headed “Class” applies only to the inhalation ALIs and DACs given in
Table 1, columns 2 and 3. Table 2 provides concentration limits for airborne and liquid effluents
released to the general environment. Table 3 provides concentration limits for discharges to
sanitary sewer systems.

Notation

The values in Tables 1, 2, and 3 are presented in the computer “E” notation. In this notation a
value of 6E-02 represents a value of 6x107 or 0.06, 6E+2 represents 6x10? or 600, and 6E+0
represents 6x10° or 6.

Note that the columns in Table 1 of this appendix captioned “Oral Ingestion ALL” “Inhalation
ALIL” and “DAC,” are applicable to occupational exposure to radioactive material.

The ALIs in this appendix are the annual intakes of a given radionuclide by “Reference Man”
which would result in either: (1) a CEDE of 5 rems (stochastic ALI); or (2) a committed dose
equivalent of 50 rems to an organ or tissue (non-stochastic ALI). The stochastic ALIs were
derived to result in a risk, due to irradiation of organs and tissues, comparable to the risk
associated with deep-dose equivalent to the whole body of 5 rems. The derivation includes
multiplying the committed dose equivalent to an organ or tissue by a weighting factor, w;. This
weighting factor is the proportion of the risk of stochastic effects resulting from irradiation of the
organ or tissue, T, to the total risk of stochastic effects when the whole body is irradiated
uniformly. The values of w; are listed under the definition of weighting factor in

10 CFR 20.1003. The non-stochastic ALIs were derived to avoid non-stochastic effects, such as
prompt damage to tissue or reduction in organ function.
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A value of w;=0.06 is applicable to each of the five organs or tissues in the “remainder” category
receiving the highest dose equivalents, and the dose equivalents of all other remaining tissues
may be disregarded. The following parts of the GI tract — stomach, small intestine, upper large
intestine, and lower large intestine — are to be treated as four separate organs. Note that the dose
equivalents for extremities (hands and forearms, feet and lower legs), skin, and lens of the eye
are not considered in computing the CEDE, but are subject to limits that must be met separately.

When an ALl is defined by the stochastic dose limit, this value alone, is given. When an ALI is
determined by the non-stochastic dose limit to an organ, the organ or tissue to which the limit
applies is shown, and the ALI for the stochastic limit is shown in parentheses. (Abbreviated
organ or tissue designations are used: LLI wall = lower large intestine wall; St. wall = stomach
wall; Blad wall = bladder wall; and Bone surf = bone surface.)

The use of the ALIs listed first, the more limiting of the stochastic and non-stochastic ALIs, will
ensure that non-stochastic effects are avoided and that the risk of stochastic effects is limited to
an acceptably low value. If, in a particular situation involving a radionuclide for which the
non-stochastic ALI is limiting, and use of that non-stochastic ALI is considered unduly
conservative, the licensee may use the stochastic ALI to determine the CEDE. However, the
licensee shall also ensure that the 50-rem dose equivalent limit for any organ or tissue is not
exceeded by the sum of the external deep-dose equivalent plus the internal committed dose to
that organ (not the effective dose). For the case where there is no external dose contribution, this
would be demonstrated if the sum of the fractions of the nonstochastic ALIs (ALI,) that
contribute to the committed dose equivalent to the organ receiving the highest dose does not
exceed unity (i.e., (intake (in «Ci) of each radionuclide/ALI ) <1.0). If there is an external deep-
dose equivalent contribution of H, then this sum must be less than 1-(H,/50) instead of being
<1.0.

The derived air concentration (DAC) values are derived limits intended to control chronic
occupational exposures. The relationship between the DAC and the ALI is given by:

DAC = ALI (in uCi1)/(2,000 hours per working year x 60 minutes/hour x 2 x 10* ml per
minute) = [ALI/2.4 x 10°] ©Ci/ml, where 2 x 10* ml is the volume of air breathed per minute at
work by “Reference Man” under working conditions of “light work.”

The DAC values relate to one of two modes of exposure: either external submersion or the
internal committed dose equivalents resulting from inhalation of radioactive materials. Derived
air concentrations based upon submersion are for immersion in a semi-infinite cloud of uniform
concentration and apply to each radionuclide separately.

The ALI and DAC values relate to exposure to the single radionuclide named, but also include
contributions from the in-growth of any daughter radionuclide produced in the body by the decay
of the parent. However, intakes that include both the parent and daughter radionuclides should
be treated by the general method appropriate for mixtures.
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The value of ALI and DAC do not apply directly when the individual both ingests and inhales a
radionuclide, when the individual is exposed to a mixture of radionuclides oy either inhalation or
ingestion or both, or when the individual is exposed to both internal and external radiation (see
10 CFR 20.1202). When an individual is exposed to radioactive materials which fall under
several of the translocation classifications (i.e., Class D, Class W, or Class Y) of the same
radionuclide, the exposure may be evaluated as if it were a mixture of different radionuclides.

It should be noted that the classification of a compound as Class D, W, or Y is based on the
chemical form of the compound and does not take into account the radiological half-life of
different radioisotopes. For this reason, values are given for Class D, W, and Y compounds,
even for very short-lived radionuclides.

The columns in Table 2 of this appendix captioned “Effluents,” “Air,” and “Water,” are
applicable to the assessment and control of dose to the public, particularly in the implementation
of the provisions of 10 CFR 20.1302. The concentration values given in Columns 1 and 2 of
Table 2 are equivalent to the radionuclide concentrations which, if inhaled or ingested
continuously over the course of a year, would produce a total effective dose equivalent of 0.05
rem (50 millirem or 0.5 millisieverts).

Consideration of non-stochastic limits has not been included in deriving the air and water
effluent concentration limits because non-stochastic effects are presumed not to occur at the dose
levels established for individual members of the public. For radionuclides, where the
non-stochastic limit was governing in deriving the occupational DAC, the stochastic ALI was
used in deriving the corresponding airborne effluent limit in Table 2. For this reason, the DAC
and airborne effluent limits are not always proportional as was the case in Appendix B to 10 CFR
20.1- 20.601.

The air concentration values listed in Table 2, Column 1, were derived by one of two methods.
For those radionuclides for which the stochastic limit is governing, the occupational stochastic
inhalation ALI was divided by 2.4 x 10°ml, relating the inhalation ALI to the DAC, as explained
above, and then divided by a factor of 300. The factor of 300 includes the following
components: a factor of 50 to relate the 5-rem annual occupational dose limit to the 0.1-rem
limit for members of the public, a factor of 3 to adjust for the difference in exposure time and the
inhalation rate for a worker and that for members of the public; and a factor of 2 to adjust the
occupational values (derived for adults) so that they are applicable to other age groups.

For those radionuclides for which submersion (external dose) is limiting, the occupational DAC
in Table 1, Column 3, was divided by 219. The factor of 219 is composed of a factor of 50, as
described above, and a factor of 4.38 relating occupational exposure for 2,000 hours per year to
full-time exposure (8,760 hours per year). Note that an additional factor of 2 for age
considerations is not warranted in the submersion case.
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The water concentrations were derived by taking the most restrictive occupational stochastic oral
ingestion ALI and dividing by 7.3 x 10”. The factor of 7.3 x 107 (ml) includes the following
components: the factors of 50 and 2 described above and a factor of 7.3 x 10° (ml) which is the
annual water intake of “Reference Man.”

Note 2 of this appendix provides groupings of radionuclides which are applicable to unknown
mixtures of radionuclides. These groupings (including occupational inhalation ALIs and DACs,
air and water effluent concentrations and sewerage) require demonstrating that the most limiting
radionuclides in successive classes are absent. The limit for the unknown mixture is defined
when the presence of one of the listed radionuclides cannot be definitely excluded either from
knowledge of the radionuclide composition of the source or from actual measurements.

The monthly average concentrations for release to sanitary sewers are applicable to the
provisions in 10 CFR 20.2003. The concentration values were derived by taking the most
restrictive occupational stochastic oral ingestion ALI and dividing by 7.3 x 10%(ml). The factor
of 7.3 x 10° (ml) is composed of a factor of 7.3 x 10° (ml), the annual water intake by “Reference
Man,” and a factor of 10, such that the concentrations, if the sewage released by the licensee
were the only source of water ingested by a reference man during a year, would result in a CEDE
of 0.5 rem.

List of Elements

Name Atomic

Symbol No.
Actinium Ac 89
Aluminum Al 13
Americium Am 95
Antimony Sb 51
Argon Ar 18
Arsenic As 33
Astatine At 85
Barium Ba 56
Berkelium Bk 97
Beryllium Be 4
Bismuth Bi 33
Bromine Br 35
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Symbol No.
Cadmium Cd 48
Calcium Ca 20
Californium Cft 98
Carbon C 6
Cerium Ce 58
Cesium Cs 55
Chlorine Cl 17
Chromium Cr 24
Cobalt Co 27
Copper Cu 29
Curium Cm 96
Dysprosium Dy 66
Einsteinium Es 99
Erbium Er 68
Europium Eu 63
Fermium Fm 100
Fluorine F 9
Francium Fr 87
Gadolinium Gd 64
Gallium Ga 31
Germanium Ge 32
Gold Au 79
Hafnium Hf 72
Holmium Ho 67
Hydrogen H 1
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Name Atomic

Symbol No.
Indium In 49
Iodine I 33
Iridium Ir 77
Iron Fe 26
Krypton Kr 36
Lanthanum La 57
Lead Pb 82
Lutetium Lu 71
Magnesium Mg 12
Manganese Mn 25
Mendelevium Md 101
Mercury Hg 80
Molybdenum Mo 42
Neodymium Nd 60
Neptunium Np 93
Nickel Ni 28
Niobium Nb 41
Osmium Os 76
Palladium Pd 46
Phosphorus p 15
Platinum Pt 78
Plutonium Pu 94
Polonium Po 84
Potassium K 19
Praseodymium Pr 59
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Name Atomic

Symbol No.
Promethium Pm 61
Protactinium Pa 91
Radium Ra 88
Radon Rn 86
Rhenium Re 75
Rhodium Rh 45
Rubidium Rb 37
Ruthenium Ru 44
Samarium Sm 62
Scandium Sc 21
Selenium Se 34
Silicon Si 14
Silver Ag 47
Sodium Na 11
Strontium Sr 38
Sulfur S 16
Tantalum Ta 73
Technetium Tc 43
Tellurium Te 52
Terbium Tb 65
Thallium Tl 81
Thorium Th 90
Thulium Tm 69
Tin Sn 50
Titanium Ti 22
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Name Atomic

Symbol No.
Tungsten W 74
Uranium U 92
Vanadium v 23
Xenon Xe 54
Ytterbium Yb 70
Yttrium Y 39
Zinc Zn 30
Zirconium Zr 40
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Ora! . Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class wCi) «Ci) (uCi/ml) (uCi/ml) | (uCi/ml) (uCi/ml)
1 Hydrogen-3 Water, DAC includes skin 8E+4 S8E+4 2E-5 1E-7 1E-3 1E-2
absorption
Gas (HT or T,) Submersion ': Use above values as HT and T, oxidize in air and in the body to HTO
4 Beryllium-7 W, all compounds except 4E+4 2E+4 9E-6 3E-8 6E-4 6E-3
those given for Y
Y, oxides, halides, and - 2E+4 8E-6 3E-8 - -
nitrates
4 Beryllium-10 W, see 'Be 1E+3 2E+2 6E-8 2E-10 - -
LLI wall
(1E+3) - - - 2E-5 2E-4
Y, see 'Be - 1E+] 6E-9 2E-11 - -
6 Carbon-11* Monoxide - 1E+6 SE-4 2E-6 - -
Dioxide - 6E+5 3E-4 9E-7 - -
Compounds 4E+5 4E+5 2E-4 6E-7 6E-3 6E-2
6 Carbon-14 Monoxide - 2E+6 7E-4 2E-6 - -
Dioxide - 2E+5 9E-5 3E-7 - -
Compounds 2E+3 2E+3 1E-6 3E-9 3E-5 3E-4
9 Fluorine-18% D, fluorides of H, Li. Na, SE+4 TE+4 3E-5 1E-7 - -
K, Rb, Cs, and Fr St wall
(S5E+4) - - - 7E-4 7E-3
W, fluorides of Be. Mg, Ca, - 9E+4 4E-5 1E-7 - -
Sr. Ba, Ra, Al, Ga, In. Ti,
As, Sb, Bi, Fe, Ru, Os, Co,
Ni, Pd, Pt, Cu, Ag, Au. Zn,
Cd, Hg, Sc, Y. Ti. Zr, V,
Nb, Ta, Mn, Tc, and Re
Y, lanthanum fluoride - S8E+4 3E-5 1E-7 - -
11 Sodium-22 D, all compounds 4E+2 6E+2 3E-7 9E-10 6E-6 6E-5
11 Sodium-24 D, all compounds 4E+3 S5E+3 2E-6 7E-9 SE-5 SE-4
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral . Monthly
Ingestion Inhalation Average
Atomic ALI ALX DAC Air Water Concentration
No. Radionuclide Class (e Ci) (wCi) {(uCi/ml) (uCi/ml) | (»Ci/mi) {(uCi/ml)
12 Magnesium-28 D, all compounds except TE+2 2E+3 7TE-7 2E-9 9E-6 9E-5
those given for W
W, oxides, hydroxides, - 1E+3 5E-7 2E-9 - -
carbides, halides, and
nitrates
13 Aluminum-26 D, all compounds except 4E+2 6E+1 3E-8 9E-11 6E-6 6E-5
those given for W
W, oxides, hydroxides, - 9E+1 4E-8 1E-10 - -
carbides, halides, and
nitrates
14 Silicon-31 D, all compounds except 9E+3 3E+4 1E-5 4E-8 1E-4 1E-3
those given for W and Y
W, oxides, hydroxides, - 3E+4 1E-5 SE-8 - -
carbides, and nitrates
Y, aluminosilicate glass " - 3E+4 1E-5 4E-8 - -
14 Silicon-32 D, see *'Si 2E+3 2E+2 1E-7 3E-10 - -
LLI wall
(3E+3) - - - 4E-5 4E-4
W, see *'Si - IE+2 5E-8 2E-10 - -
Y, see *'Si - SE+0 2E-9 2E-12 - -
15 Phosphorus-32 D, all compounds except 6E+2 9E+2 4E-7 1E-9 9E-6 9E-5
phosphates given for W
W, phosphates of Zn®, $**, - 4E+2 2E-7 5E-10 - -
Mg®, Fe**, Bi**, and
lanthanides
15 Phosphorous-33 | D, see P 6E+3 8E+3 4E-6 1E-8 8E-5 8E-4
W. see VP - 3E+3 1E-6 4E-9 - -
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" Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col.2 Col. 3 Col. 1 Col. 2
Oral. i Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class uCi) wCi) («Ci/ml) wCiml) | (uCi/ml) (uCi/ml)
16 Sulfur-35 Vapor - 1E+4 6E-6 2E-8 - -
D, sulfides and sulfates 1E+4 2E+4 7E-6 2E-8 - -
except those given for W LLI walt
(8E+3) - - - 1E-4 1E-3
W, elemental sulfur, 6E+3 2E+3 9E-7 3E-9 - -
sulfides of Sr, Ba, Ge, Sn,
Pb, As, Sb, Bi, Cu, Ag, Au,
Zn, Cd, Hg, W, and Mo.
Sulfates of Ca, Sr, Ba, Ra,
As, Sb, and Bi
17 Chiorine-36 D, chlorides of H, Li, Na, 2E+3 2E+3 1E-6 3E-9 2E-5 2E-4
K, Rb, Cs, and Fr
W, chlorides of lanthanides, - 2E+2 1E-7 3E-10 - -
Be, Mg, Ca, Sr, Ba, Ra, Al
Ga, In, T], Ge, Sn, Pb, As,
Sb, Bi, Fe, Ru, Os, Co, Rh,
Ir, Ni, Pd, Pt, Cu, Ag, Au,
Zn, Cd, Hg, Sc, Y, Ti, Zr,
Hf, V, Nb, Ta, Cr, Mo, W,
Mn, Tc, and Re
17 Chlorine-38? D, see *Cl 2E+4 4E+4 2E-5 6E-8 - -
St. wall
(3E+4) - - - 3E4 3E-3
W, see *Cl - SE+4 2E-5 6E-8 - -
17 Chlorine-39" D, see *Cl 2E+4 SE+4 2E-5 7E-8 - -
St. wall
(4E+4) - - - SE-4 5E-3
W, see *Cl - 6E+4 2E-5 8E-8 - -
18 Argon-37 Submersion'" - - 1E+0 6E-3 - -
18 Argon-39 Submersion'" - - 2E-4 8E-7 - -
18 Argon-41 Submersion" - - 3E-6 1E-8 - -
19 Potassium-40 D, all compounds 3E+2 4E+2 2E-7 6E-10 4E-6 4E-5
19 Potassium-42 D, all compounds SE+3 SE+3 2E-6 TE-9 6E-5 6E-4
19 Potassium-43 D, all compounds 6E+3 9E+3 4E-6 1E-8 9E-5 9E-4
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Ora! . Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class (uCi) (uCi) {1.Ci/ml) wCi/ml) | (uCi/ml) («Ci/ml)
19 Potassium-44% | D, all compounds 2E+4 7E+4 3E-5 9E-8 - -
St. wall
(4E+4) - - - 5E-4 SE-3
19 Potassium-45% D, all compounds 3E+4 1E+5 SE-5 2E-7 - -
St. wall
(SE+4) - - - 7E-4 7E-3
20 | Calcium-41 W, all compounds 3E+3 4E+3 2E-6 . , ;
Bone Surf | Bone Surf
(4E+3) (4E+3) - SE-9 6E-5 6E-4
20 Calcium-45 W. all compounds 2E+3 8E+2 4E-7 1E-9 2E-5 2E-4
20 Calcium-47 W. all compounds 8E+2 9E+2 4E-7 1E-9 1E-5 1E-4
21 Scandium-43 Y, all compounds TE+3 2E+4 9E-6 3E-8 1E-4 1E-3
21 Scandium-44m Y, all compounds SE+2 TE+2 3E-7 1E-S 7E-6 7E-5
21 Scandium-44 Y, all compounds 4E+3 1E+4 SE-6 2E-8 SE-5 SE-4
21 Scandium-46 Y, all compounds 9E+2 2E+2 1E-7 3E-10 1E-5 1E-4
21 Scandium-47 Y, all compounds 2E+3 3E+3 1E-6 4E-9 - -
LLI wall
(3E+3) - - - 4E-5 4E-4
21 Scandium-48 Y, all compounds 8E+2 1E+3 6E-7 2E-9 1E-5 1E-4
21 Scandium-49'? Y, all compounds 2E+4 SE+4 2E-5 8E-8 3E-4 3E-3
22 Titanium-44 D, all compounds except 3E+2 1E+1 SE-9 2E-11 4E-6 4E-5
those given for W and Y
W, oxides, hydroxides, - 3E+1 1E-8 4E-11 - -
carbides, halides, and
nitrates
Y, SrTiO, - 6E+0 2E-9 8E-12 - -
22 Titanium-45 D, see “Ti 9E+3 3E+4 1E-5 3E-8 1E-4 1E-3
W, see Y'Ti - 4E+4 1E-5 SE-8 - -
Y, see *'Ti - 3E+4 1E-5 4E-8 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral , Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class wCi) (uCi) (¢ Ci/ml) (uCi/ml) | (uCi/ml) {(uCi/ml)
23 Vanadium-47? | D, all compounds except 3E+4 8E-+4 3E-5 1E-7 - -
those given for W St. wall
(BE+4) - - - 4E-4 4E-3
W, oxides, hydroxides, - 1E+5 4E-5 1E-7 - -
carbides, and halides
23 Vanadium-48 D, see 'V 6E+2 1E+3 SE-7 2E-9 9E-6 9E-5
W, see 'V - 6E+2 3E-7 9E-10 - -
23 Vanadium-49 D, see V'V 7E+4 3E+4 1E-5 - - -
LLI wall | Bone Surf
(9E+4) (3E+4) - SE-8 1E-3 1E-2
W, see ¥V - 2E+4 8E-6 2E-8 - -
24 Chromium-48 D, all compounds except 6E+3 1E+4 SE-6 2E-8 8E-5 8E-4
those given for W and Y
W, halides and nitrates - TE+3 3E-6 1E-8 - -
Y, oxides and hydroxides - TE+3 3E-6 1E-8 - -
24 Chromium-49@ D, see #Cr 3E+4 8E+4 4E-5 1E-7 4E-4 4E-3
W, see ®Cr - 1E+5 4E-5 1E-7 - -
Y, see ®#Cr - 9E+4 4E-5 1E-7 - -
24 Chromium-51 D, see *Cr 4E+4 SE+4 2E-5 6E-8 5E-4 SE-3
W, see *Cr - 2E+4 1E-5 3E-8 - -
Y, see ¥*Cr - 2E+4 8E-6 3E-8 - -
25 Manganese-51 | D, all compounds except 2E+4 SE+4 2E-5 7E-8 3E-4 3E-3
those given for W
W, oxides, hydroxides, - 6E+4 3E-5 8E-8 - -
halides, and nitrates
25 Manganese- D, see *'Mn 3E+4 9E+4 4E-5 1E-7 - -
52m* St. wall
(4E+4) - - - 5E-4 5E-3
W, see *'Mn - LE+5 4E-5 1E-7 - -
25 Manganese-52 D, see 5'Mn TE+2 1E+3 SE-7 2E-9 1E-5 1E-4
W, see >'Mn - 9E+2 4E-7 IE-9 - -
B-13 NUREG-1736



APPENDIX B

Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class wCi) wCi) (uCi/ml) WCi/ml) | (uCi/ml) (uCi/ml)
25 Manganese-53 D, see 'Mn SE+4 1E+4 SE-6 - 7E-4 7E-3
Bone Surf
- (QE+4) - 3E-8 - -
W, see *'Mn - 1E+4 SE-6 2E-8 - -
25 Manganese-54 D, see *'Mn 2E+3 9E+2 4E-7 1E-9 3E-5 3E-4
W, see 5'Mn - 8E+2 3E-7 1E-9 - -
25 Manganese-56 D, see *'Mn SE+3 2E+4 6E-6 2E-8 7E-5 7E-4
W, see *'Mn - 2E+4 9E-6 3E-8 - -
26 Iron-52 D, all compounds except 9E+2 3E+3 1E-6 4E-9 1E-5 1E-4
those given for W
W, oxides, hydroxides, and - 2E+3 1E-6 3E-9 - -
halides
26 Iron-55 D, see ¥Fe 9E+3 2E+3 8E-7 3E-9 1E-4 1E-3
W, see “'Fe - 4E+3 2E-6 6E-9 - -
26 Iron-59 D, see *%Fe 8E+2 3E+2 1E-7 5E-10 1E-5 1E-4
W, see “Fe - 5E+2 2E-7 7E-10 - -
26 Iron-60 D, see ¥Fe 3E+] 6E+0 3E-9 9E-12 4E-7 4E-6
W, see “Fe - 2E+1 8E-9 3E-11 - -
27 Cobalt-55 W, ali compounds except 1E+3 3E+3 1E-6 4E-9 2E-5 2E-4
those given for Y
Y, oxides, hydroxides, - 3E+3 1E-6 4E-9 - -
halides, and nitrates
27 Cobalt-56 W, see ¥Co SE+2 3E+2 1E-7 4E-10 6E-6 6E-5
Y. see **Co 4E+2 2E+2 8E-8 3E-10 - -
27 Cobalt-57 W, see *Co 8E+3 3E+3 1E-6 4E-9 6E-5 6E-4
Y. see *Co 4E+3 7E+2 3E-7 9E-10 - -
27 Cobalt-58m W, see ¥Co 6E+4 9E+4 4E-5 1E-7 8E-4 8E-3
Y, see “Co - 6E+4 3E-5 9E-8 - -
27 Cobalt-58 W, see Co 2E+3 1E+3 SE-7 2E-9 2E-5 2E-4
Y, see *Co 1E+3 7E+2 3E-7 1E-9 - -
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APPENDIX B

Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Ora! . Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class wCi) (uCi) (1 Ci/ml) - (uCifml) | (nCi/ml) (uCi/ml)
27 Cobalt-60m® W, see ¥Co 1E+6 4E+6 2E-3 6E-6 - -
St. wall
(1E+6) - - - 2E-2 2E-1
Y, see ¥*Co - 3E+6 1E-3 4E-6 - -
27 Cobalt-60 W, see **Co SE+2 2E+2 7E-8 2E-10 3E-6 3E-5
Y, see *Co 2E+2 3E+1 1E-8 SE-11 - -
27 Cobalt-617? W, see “*Co 2E+4 6E+4 3E-5 9E-8 3E-4 3E-3
Y. see ¥*Co 2E+4 6E+4 2E-5 8E-8 - -
27 Cobalt-62m® W, see Co 4E+4 2E+5 7E-5 2E-7 - -
St. wall
(SE+4) - - - 7E-4 7E-3
Y, see ¥Co - 2E+5 6E-5 2E-7 - -
28 Nickel-56 D, all compounds except 1E+3 2E+3 8E-7 3E-9 2E-5 2E-4
those given for W
W, oxides, hydroxides, and - 1E+3 SE-7 2E-9 - -
carbides
Vapor - 1E+3 SE-7 2E-9 - -
28 Nickel-57 D, see *Ni 2E+3 SE+3 2E-6 7E-9 2E-5 2E-4
W, see *Ni - 3E+3 1E-6 4E-9 - -
Vapor - 6E+3 3E-6 9E-9 - -
28 Nickel-59 D. see **Ni 2E+4 4E+3 2E-6 5E-9 3E-4 3E-3
W, see “Ni - 7E+3 3E-6 1E-8 - -
Vapor - 2E+3 8E-7 3E-9 - -
28 Nickel-63 D, see **Ni 9E+3 2E+3 7E-7 2E-9 1E-4 1E-3
W, see *Ni - 3E+3 1E-6 4E-9 - -
Vapor - 8E+2 3E-7 1E-9 - -
28 Nickel-65 D, see *Ni 8E+3 2E+4 1E-5 3E-8 1E-4 1E-3
W, see *Ni - 3JE+4 IE-5 4E-8 - -
Vapor - 2E+4 7E-6 2E-8 - -
28 Nickel-66 D, see **Ni 4E+2 2E+3 7E-7 2E-9 - -
LLI wall
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
In(g)ersatlion Inhalation r:;?li
Atomic ALI ALI DAC Air Water Concentrition
No. Radionuclide Class uCi) (uCi) («Ci/ml) (uCifml) | («Ci/ml) (1 Ci/ml)
(5E+2) - - - 6E-6 6E-5
W, see *Ni - 6E+2 3E-7 9E-10 - -
Vapor - 3E+3 1E-6 4E-9 - -
29 Copper-60”? D, all compounds except 3E+4 9E+4 4E-5 1E-7 - -
those given for W and Y St. wall
(3E+4) - - - 4E-4 4E-3
W, sulfides, halides, and - 1E+5 SE-5 2E-7 - -
nitrates
Y..oxides and hydroxides - 1E+5 4E-5 1E-7 - -
29 Copper-61 D, see “Cu 1E+4 3E+4 1E-5S 4E-8 2E-4 2E-3
W, see ¥Cu - 4E+4 2E-5 6E-8 - -
Y, see °Cu - 4E+4 1E-5 5E-8 - -
29 Copper-64 D, see “Cu IE+4 3E+4 1E-5 4E-8 2E-4 2E-3
W, see “Cu - 2E+4 1E-5 3E-8 - -
Y, see “Cu - 2E+4 9E-6 3E-8 - -
29 Copper-67 D, see ®Cu SE+3 8E+3 3E-6 1E-8 6E-5 6E-4
W, see “Cu - SE+3 2E-6 7E-9 - -
Y, see “Cu - 5E+3 2E-6 6E-9 - -
30 Zinc-62 Y, all compounds 1E+3 3E+3 1E-6 4E-9 2E-5 2E-4
30 Zinc-63% Y, all compounds 2E+4 7E+4 3E-5 9E-8 - -
St. wall
(3E+4) - - - 3E4 3E-3
30 Zinc-65 Y, all compounds 4E+2 3E+2 1E-7 4E-10 SE-6 SE-5
30 Zinc-69m Y, all compounds 4E+3 7E+3 3E-6 1E-8 6E-5 6E-4
30 Zinc-69Y Y, all compounds 6E+4 1E+5 6E-5 2E-7 8E-4 8E-3
30 Zinc-7lm Y, all compounds 6E+3 2E+4 7E-6 2E-8 8E-5 8E-4
30 Zinc-72 Y, call compounds 1E+3 1E+3 SE-7 2E-9 1E-5 1E-4
31 Gallium-65? D, all compounds except SE+4 2E+5 7E-5 2E-7 - -
those given for W St. wall
(6E+4) - - - 9E-4 9E-3
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral ' Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class (uCi) (uCi) (1 Ci/ml) uCifml) | (uCi/ml) (uCi/ml)
W, oxides, hydroxides, - 2E+5 8E-5 3E-7 - -
carbides, halides, and
nitrates
31 Gallium-66 D, see “*Ga 1E+3 4E+3 1E-6 SE-9 1E-5 1E-4
W, see ¥Ga - 3E+3 1E-6 4E-9 - -
31 Gallium-67 D, see ®Ga TE+3 1E+4 6E-6 2E-8 1E-4 1E-3
W, see $Ga - 1E+4 4E-6 1E-8 - -
31 Gallium-68® D, see ®Ga 2E+4 4E+4 2E-5 6E-8 2E-4 2E-3
W, see Ga - SE+4 2E-5 7E-8 - -
31 Gallium-70% D, see ®Ga SE+4 2E+5 7E-5 2E-7 - -
St. walil
(7E+4) - - - 1E-3 1E-2
W, see $Ga - 2E+5 8E-5 3E-7 - -
31 Gallium-72 D. see “*Ga 1E+3 4E+3 1E-6 5E-9 2E-5 2E-4
W, see Ga - 3E+3 1E-6 4E-9 - -
31 Gallium-73 D, see Ga SE+3 2E+4 6E-6 2E-8 7E-5 7E-4
W, see ®Ga - 2E+4 6E-6 2E-8 - -
32 Germanium-66 D, all compounds except 2E+4 3E+4 1E-5 4E-8 3E-4 3E-3
those given for W
W, oxides, sulfides, and - 2E+4 8E-6 3E-8 - -
halides
32 Germanium-672 | D, see “Ge 3E+4 9E+4 4E-5 1E-7 - -
St. wall
(4E+4) - - - 6E-4 6E-3
W, see %Ge - 1E+5 4E-5 1E-7 - -
32 Germanium-68 D, see ®Ge SE+3 4E+3 2E-6 SE-9 6E-5 6E-4
W, see *Ge - 1E+2 4E-8 1E-10 - -
32 Germanium-69 D, see ®Ge 1E+4 2E+4 6E-6 2E-8 2E-4 2E-3
W, see “Ge - 8E+3 3E-6 1E-8 - -
32 Germanium-71 D, see *Ge SE+5 4E+5 2E-4 6E-7 7E-3 7E-2
W, see *Ge - 4E+4 2E-5 6E-8 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral. i Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class wCi) wCi) (uCi/ml) (uCi/ml) | (Ci/ml) (1 Ci/ml)
32 Germanium-75% § D, see %Ge 4E+4 8E+4 3E-5 1E-7 - -
St. wall
(TE+4) - - - 9E-4 9E-3
W, see %Ge - 8E+4 4E-5 1E-7 - -
32 Germanium-77 D, see ®Ge 9E+3 1E+4 4E-6 1E-8 1E-4 1E-3
W, see “Ge - 6E+3 2E-6 8E-9 - -
32 Germanium-78? | D, see *Ge 2E+4 2E+4 9E-6 3E-8 - -
St. wall
(2E+4) - - - 3E-4 3E-3
W, see “Ge - 2E+4 9E-6 3E-8 - -
33 Arsenic-69' W, all compounds 3E+4 1E+5 SE-5 2E-7 - -
St. wall
(4E+4) - - - 6E-4 6E-3
33 Arsenic-70'? W, all compounds 1E+4 SE+4 2E-5 7E-8 2E-4 2E-3
33 Arsenic-71 W, all compounds 4E+3 5E+3 2E-6 6E-9 SE-5 5E-4
33 Arsenic-72 W, all compounds 9E+2 1E+3 6E-7 2E-9 1E-5 1E-4
33 Arsenic-73 W, all compounds 8E+3 2E+3 TE-7 2E-9 1E-4 1E-3
33 Arsenic-74 W, all compounds 1E+3 S8E+2 3E-7 1E-9 2E-5 2E-4
33 Arsenic-76 W, all compounds 1E+3 1E+3 6E-7 2E-9 1E-5 1E-4
33 Arsenic-77 W, all compounds 4E+3 S5E+3 2E-6 7E-9 - -
LLI wall
(5E+3) - - - 6E-5 6E-4
33 Arsenic-78" W. all compounds 8E+3 2E+4 9E-6 3E-8 1E-4 1E-3
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col.3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class wCi) (.. Ci) (uCi/ml) wCiml) | («Ci/ml) (uCi/fml)
34 Selenium-70? D, ali compounds except 2E+4 4E+4 2E-5 SE-8 1E-4 1E-3
those given for W
W, oxides, hydroxides, 1E+4 4E+4 2E-5 6E-8 - -
carbides, and elemental Se
34 Selenium-73m? | D, see "°Se 6E+4 2E+5 6E-5 2E-7 4E-4 4E-3
W, se Se 3E+4 1E+5 6E-5 2E-7 - -
34 Selenium-73 D, see 'Se 3E+3 1E+4 SE-6 2E-8 4E-5 4E-4
W, see °Se - 2E+4 7E-6 2E-8 - -
34 Selenium-75 D, see “Se SE+2 TE+2 3E-7 1E-9 7E-6 7E-5
W, see "Se - 6E+2 3E-7 8E-10 - -
34 Selenium-79 D, see °Se 6E+2 8E+2 3E-7 1E-9 8E-6 8E-5
W, see Se - 6E+2 2E-7 8E-10 T -
34 Selenium-81m'® | D, see "Se 4E+4 TE+4 3E-5 9E-8 3E-4 3E-3
W, see "Se 2E+4 TE+4 3E-5 1E-7 - -
34 Selenium-81? D, see °Se 6E+4 2E+5 9E-5 3E-7 - -
St. wall
(8E+4) - - - 1E-3 1E-2
W, see PSe - 2E+5 1E-4 3E-7 - -
34 Selenium-83'* D, see "Se 4E+4 1E+5 SE-5 2E-7 4E-4 4E-3
W, see 'Se 3E+4 1E+5 SE-5 2E-7 - -
35 Bromine-74m™ D, bromides of H, Li, Na, 1E+4 4E+4 2E-5 SE-8 - -
K, Rb, Cs, and Fr St. wall
(ZE+4) - - - 3E4 3E-3
W, bromides of lanthanides, - 4E+4 2E-5 6E-8 - -
Be, Mg, Ca, Sr, Ba, Ra, Al,
Ga, In, T}, Ge, Sn, Pb, As,
Sb, Bi, Fe, Ru, Os, Co, Rh,
Ir, Ni, Pd, Pt, Cu, Ag, Au,
Zn, Cd, Hg, Sc, Y, Ti, Zr,
Hf, V, Nb, Ta, Mn, Tc, and
Re
35 Bromine-74'? D, see "*"Br 2E+4 TE+4 3E-5 1E-7 - -
St. Wall
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col.3 Col. 1 Col. 2
Ora! . Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class (uCi) wCi) (uCi/ml) wCi/ml) | (uCi/ml) (uCi/ml)
(4E+4) - - - SE-4 5E-3
W, see "*"Br - 8E+4 4E-5 1E-7 - -
35 Bromine-75? D, see “"Br 3E+4 5E+4 2E-5 7E-8 - -
St. wall
(4E+4) - - - 5E-4 5E-3
W, see *™Br - SE+4 2E-5 7E-8 - -
35 Bromine-76 D, see "™Br 4E+3 5E+3 2E-6 7E-9 5E-5 SE-4
W, see “"Br - 4E+3 2E-6 6E-9 - -
35 Bromine-77 D, see “™Br 2E+4 2E+4 1E-5 3E-8 2E-4 2E-3
W, see *"Br - 2E+4 8E-6 3E-8 - -
35 Bromine-80m D, see ""Br 2E+4 2E+4 7E-6 2E-8 3E-4 3E-3
W, see “"Br - 1E+4 6E-6 2E-8 - -
35 Bromine-80? D, see *"Br SE+4 2E+5 8E-5 3E-7 - -
St. wall
(9E+4) - - - 1E-3 1E-2
W, see “™Br - 2E+5 9E-5 3E-7 - -
35 Bromine-82 D, see "™Br 3E+3 4E+3 2E-6 6E-9 4E-5 4E-4
W, see “™Br - 4E+3 2E-6 SE-9 - -
35 Bromine-83 D, see "™Br SE+4 6E+4 3E-5 9E-8 - -
St. wall
(7E+4) - - - 9E-4 9E-3
W, see ""Br - 6E+4 3E-5 9E-8 - -
35 Bromine-84" D, see ""Br 2E+4 6E+4 2E-5 8E-8 - -
St. wall
(3E+4) - - - 4E-4 4E-3
W, see "Br - 6E+4 3E-5 9E-8 - -
36 Krypton-74? Submersion'” - - 3E-6 1E-8 - -
36 Krypton-76 Submersion'" - - 9E-6 4E-8 - -
36 Krypton-77% Submersion‘” - - 4E-6 2E-8 - -
36 Krypton-79 Submersion'" - - 2E-5 7E-8 -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral , Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class «Ci) wCi) (¢ Ci/ml) wCi/ml) | (uCi/ml) (uCi/ml)
36 Krypton-81 Submersion‘" - - 7E-4 3E-6 - -
36 Krypton-83m® | Submersion'” - - 1E-2 5E-5 - -
36 Krypton-85m Submersion" - - 2E-5 1E-7 - -
36 Krypton-85 Submersion" . - 1E-4 7E-7 - -
36 Krypton-87? Submersion'® - - 5E-6 2E-8 - -
36 Krypton-88 Submersion‘" - - 2E-6 9E-9 - -
37 Rubidium-79? D, all compounds 4E+4 1E+5 5E-5 2E-7 - -
St. wall
(6E+4) - - - 8E-4 8E-3
37 Rubidium-81m™ | D, all compounds 2E+5 3E+5 1E-4 5E-7 - -
St. wall
(3E+3) - - - 4E-3 4E-2
37 Rubidium-81 D, all compounds 4E+4 SE+4 2E-5 7E-8 SE-4 SE-3
37 Rubidium-82m D, all compounds 1E+4 2E+4 7E-6 2E-8 2E-4 2E-3
37 Rubidium-83 D, all compounds 6E+2 1E+3 4E-7 1E-9 9E-6 9E-5
37 Rubidium-84 D, all compounds SE+2 8E+2 3E-7 1E-9 7E-6 7E-5
37 Rubidium-86 D, all compounds SE+2 8E+2 3E-7 1E-9 7E-6 7E-5
37 Rubidium-87 D, all compounds 1E+3 2E+3 6E-7 2E-9 1E-5 1E-4
37 Rubidium-88® D, all compounds 2E+4 6E+4 3E-5 9E-8 - -
St. wall
(3E+4) - - - 4E-4 4E-3
37 Rubidium-89% D, all compounds 4E+4 1E+5 6E-5 2E-7 - -
St. wall
{(6E+4) - - - 9E-4 9E-3
38 Strontium-80°? D, all soluble compounds 4E+3 1E+4 5E-6 2E-8 6E-5 6E-4
except SrTiO,
Y, all insoluble compounds - 1E+4 SE-6 2E-8 - -
and SrTiO,
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral . Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class wCi) (uCi) (uCifml) (wCi/ml) | (uCi/ml) (.Ci/ml)
38 Strontium-81?% D, see *Sr 3E+4 8E+4 3E-5 1E-7 3E-4 3E-3
Y, see 5°Sr 2E+4 8E+4 3E-5 1E-7 - -
38 Strontium-82 D, see ¥Sr 3E+2 4E+2 2E-7 6E-10 - -
LLI wall
(2E+2) - - - 3E-6 3E-5
Y, see ¥Sr 2E+2 9E+1 4E-8 1E-10 - -
38 Strontium-83 D, see ®°Sr 3E+3 TE+3 3E-6 1E-8 3E-5 3E-4
Y, see *Sr 2E+3 4E+3 1E-6 5E-9 - -
38 Strontium-85m® | D, see ¥Sr 2E+5 6E+5 3E-4 9E-7 3E-3 3E-2
Y, see *Sr - 8E+5 4E-4 1E-6 - -
38 Strontium-85 D, see ¥Sr 3E+3 3E+3 1E-6 4E-9 4E-5 4E-4
Y, see ¥Sr - 2E+3 6E-7 2E-9 - -
38 Strontium-87m D, see *Sr SE+4 1E+5 5SE-5 2E-7 6E-4 6E-3
Y, see *Sr 4E+4 2E+5 6E-5 2E-7 - -
38 Strontium-89 D, see *°Sr 6E+2 8E+2 4E-7 1E-9 - -
LLI wall
(6E+2) - - - 8E-6 8E-5
Y, see ¥Sr SE+2 1E+2 6E-8 2E-10 - -
38 Strontium-90 D, see ¥Sr 3E+1 2E+1 8E-9 - - -
Bone Surf | Bone Surf
(4E+1) (2E+1) - 3E-11 SE-7 5E-6
Y, see ¥Sr - 4E+0 2E-9 6E-12 - -
38 Strontium-91 D, see *Sr 2E+3 6E+3 2E-6 8E-9 2E-5 2E-4
Y, see “Sr - 4E+3 1E-6 5E-9 - -
38 Strontium-92 D, see ¥Sr 3E+3 9E+3 4E-6 1E-8 4E-5 4E-4
Y, see ¥Sr - 7E+3 3E-6 9E-9 - -
39 Yttrium-86m*” W, all compounds except 2E+4 6E+4 2E-5 8E-8 3E-4 3E-3
those given for Y
Y, oxides and hydroxides - SE+4 2E-5 8E-8 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average
Atomic ALI ALX DAC Air Water Concentration
No. Radionuclide Class (uCi) («Ci) (uCi/ml) wCimb) | (uCi/ml) (1 Ci/ml)
39 Yttrium-86 W, see ¥y 1E+3 3E+3 1E-6 SE-9 2E-5 2E-4
Y, see ¥"Y - 3E+3 1E-6 5E-9 - -
39 Yttrium-87 W, see Y 2E+3 3E+3 1E-6 SE-9 3E-5 3E-4
Y, see ¥mY - 3E+3 1E-6 SE-9 - -
39 Yttrium-88 W, see Y 1E+3 3E+2 1E-7 3E-10 1E-5 1E-4
Y, see Y - 2E+2 1E-7 3E-10 - -
39 Yttrium-90m W, see Y 8E+3 1E+4 SE-6 2E-8 1E-4 1E-3
Y, see ¥"Y - 1E+4 SE-6 2E-8 - -
39 Yttrium-90 W, see ¥mY 4E+2 TE+2 3E-7 9E-10 - -
LLI wall
(5E+2) - - - 7E-6 7TE-5
Y, see ¥y - 6E+2 3E-7 9E-10 - -
39 Yttrium-91m™ W, see *"Y 1E+5 2E+5 1E-4 3E-7 2E-3 2E-2
Y, see Y - 2E+5 7E-5 2E-7 - -
39 Yttrium-91 W, see ¥y SE+2 2E+2 7E-8 2E-10 - -
LLI wall
(6E+2) - - - 8E-6 8E-5
Y, see *"Y - 1E+2 SE-8 2E-10 - -
39 Yttrium-92 W, see *"Y 3E+3 9E+3 4E-6 1E-8 4E-5 4E-4
Y. see Y - 8E+3 3E-6 1E-8 - -
39 Yttrium-93 W, see *mY 1E+3 3E+3 1E-6 4E-9 2E-5 2E-4
Y, see Y - 2E+3 1E-6 3E-9 - -
39 Yttrium-94 W, see *™Y 2E+4 8E+4 3E-5 1E-7 - -
St. wall
(3E+4) - - - 4E-4 4E-3
Y, see *"Y - S8E+4 3E-5 1E-7 - -
39 Yttrium-95% W, see *™Y 4E+4 2E+5 6E-5 2E-7 - -
St. wall
(SE+4) - - - 7E-4 7E-3
Y, see 7Y - 1E+5 6E-5 2E-7 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Ora! . Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class (wCi) wCi) (uCi/ml) (uCi/ml) | (.Ci/ml) (uCi/ml)
40 Zirconium-86 D, all compounds except 1E+3 4E+3 2E-6 6E-9 2E-5 2E-4
those given for W and Y
W, oxides, hydroxides, - 3E+3 1E-6 4E-9 - -
halides, and nitrates
Y, carbide - 2E+3 1E-6 3E-9 - -
40 Zirconium-88 D, see ¥Zr 4E+3 2E+2 SE-§ 3E-10 5E-5 SE-4
W, see *Zr - SE+2 2E-7 TE-10 - -
Y, see ¥Zr - 3E+2 1E-7 4E-10 - -
40 Zirconium-89 D, see *Zr 2E+3 4E+3 1E-6 5E-9 2E-5 2E-4
W, see ¥Zr - 2E+3 1E-6 3E-9 - -
Y. see *Zr - 2E+3 1E-6 3E-9 - -
40 Zirconium-93 D, see *Zr 1E+3 6E+0 3E-9 - - -
Bone Surf | Bone Surf
(3E+3) (2E+1) - 2E-11 4E-5 4E-4
W, see ¥Zr - 2E+1 1E-8 - - -
Bone Surf
- (6E+1) - 9E-11 - .
Y, see ¥Zr - 6E+1 2E-8 - - -
Bone Surf
- (TE+1) - 9E-11 - -
40 Zirconium-95 D, see *Zr 1E+3 1E+2 SE-8 - 2E-5 2E-4
Bone Surf
- (3E+2) - 4E-10 - -
W, see ¥Zr - 4E+2 2E-7 SE-10 - -
Y. see *Zr - 3E+2 1E-7 4E-10 - -
40 Zirconium-97 D, see *Zr 6E+2 2E+3 8E-7 3E-9 9E-6 9E-5
W, see *Zr - 1E+3 6E-7 2E-9 - -
Y, see *Zr - 1E+3 5E-7 2E-9 - -
41 Niobium-88" W, all compounds except SE+4 2E+5 9E-5 3E7 - -
those given for Y St. wall
(TE+4) - - - 1E-3 1E-2
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Ora! Monthly
Ingestion Inhalation Average
Atomic ALI ALIX DAC Air Water Concentration
No. Radionuclide Class wCi) (uCi) (uCi/ml) wCi/ml) | (»Ci/ml) (uCi/ml)
Y, oxides and hydroxides - 2E+5 9E-5 3E-7 - -
41 Niobium-89m?’ W, see ¥Nb 1E+4 4E+4 2E-5 6E-8 1E4 1E-3
(66min) "
Y, see *Nb - 4E+4 2E-5 5E-8 - -
41 Niobium-89 W, see ¥Nb SE+3 2E+4 8E-6 3E-8 7E-5 7E-4
(122min)
Y, see ¥Nb - 2E+4 6E-6 2E-8 - -
41 Niobium-90 W, see #Nb 1E+3 3E+3 1E-6 4E-9 1E-5 1E-4
Y, see ¥Nb - 2E+3 1E-6 3E-9 - -
41 Niobium-93m W, see ¥Nb 9E+3 2E+3 8E-7 3E-9 - -
LLI wall
(1E+4) - - - 2E-4 2E-3
Y, see ®Nb - 2E+2 7E-8 2E-10 - -
41 Niobium-94 W, see ®¥Nb 9E+2 2E+2 8E-8 3E-10 1E-5 1E-4
Y, see ®Nb - 2E+1 6E-9 2E-11 - -
41 Niobium-95m W, see ¥Nb 2E+3 3E+3 1E-6 4E-9 - -
LLI wall
(2E+3) - - - 3E-5 3E-4
Y, see ¥Nb - 2E+3 9E-7 3E-9 - -
41 Niobium-95 W, see ¥Nb 2E+3 1E+3 SE-7 2E-9 3E-5 3E-4
Y, see ®¥Nb - 1E+3 SE-7 2E-9 - -
4] Niobium-96 W, see ¥Nb 1E+3 3E+3 1E-6 4E-9 2E-5 2E-4
Y, see ®Nb - 2E+3 1E-6 3E-9 - -
4] Niobium-97% W, see ¥Nb 2E+4 8E+4 3E-5 1E-7 3E-4 3E-3
Y, see ¥Nb - TE+4 3E-5 1E-7 - -
41 Niobium-98% W, see ™Nb 1E+4 SE+4 2E-5 8E-8 2E-4 2E-3
Y, see ™Nb - SE+4 2E-5 7E-8 - -
42 Molybdenum-90 | D, all compounds except 4E+3 7E+3 3E-6 1E-8 3E-5 3E-4
those given for Y
Y, oxides, hydroxides, and 2E+3 SE+3 2E-6 6E-9 - -
MoS,
42 Molybdenum- D, see Mo 9E+3 2E+4 TE-6 2E-8 6E-5 6E-4
Jim
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral' . Monthly
Ingestion Inhalation Average
Atomic ALI v ALI DAC Air Water Concentration
No. Radionuclide Class (uCi) (u.Ci) (uCi/ml) (wCi/ml)y | (.Ci/ml) (uCi/ml)
Y, see “Mo 4E+3 1E+4 6E-6 2E-8 - -
42 Molybdenum-93 | D, see Mo 4E+3 SE+3 2E-6 8E-9 SE-5 5E-4
Y, see Mo 2E+4 2E+2 8E-8 2E-10 - -
42 Molybdenum-99 | D, see **Mo 2E+3 3E+3 1E-6 4E-9 - -
LLI wall
(1E+3) - - - 2E-5 2E-4
Y, see ®Mo 1E+3 1E+3 6E-7 2E-9 - -
42 Molybdenum- D, see Mo 4E+4 1E+5 6E-35 2E-7 | - -
101® St. wall
(SE+4) - - - 7E-4 7E-3
Y, see Mo - 1E+5 6E-5 2E-7 - -
43 Technetium- D, all compounds except TE+4 2E+5 6E-5 2E-7 1E-3 1E-2
93m™ those given for W
W, oxides, hydroxides, - 3E+5 1E-4 4E-7 - -
halides, and nitrates
43 Technetium-93 D, see *"Tc 3E+4 7E+4 3E-5 1E-7 4E-4 4E-3
W, see #™Tc - 1E+5 4E-5 1E-7 - -
43 Technetium- D, see P*"Tc 2E+4 4E+4 2E-5 6E-8 3E-4 3E-3
94m?
W, see ™Tc - 6E+4 2E-5 8E-8 - -
43 Technetium-94 D, see ®*™Tc 9E+3 2E+4 8E-6 3E-8 1E-4 1E-3
W, see ™Tc - 2E+4 1E-5 3E-8 - -
43 Technetium-95m | D, see **™T¢ 4E+3 SE+3 2E-6 8E-9 SE-5 SE-4
W, see *™T¢ - 2E+3 8E-7 3E-9 - -
43 Technetium-95 D, see ™Tc 1E+4 2E+4 9E-6 3E-8 1E-4 1E-3
W, see *™T¢ - 2E+4 8E-6 3E-8 - -
43 Technetium- D, see “*"Tc 2E+5 3E+5 1E-4 4E-7 2E-3 2E-2
96m™ -
W, see **™Tc - 2E+5 1E-4 3E-7 - -
43 Technetium-96 D, see *"Tc 2E+3 3E+3 1E-6 5E-9 3E-5 3E-4
W, see " Tc¢ - 2E+3 9E-7 3E-9 - -
43 Technetium-97m | D, see **™Tc SE+3 TE+3 3E-6 - 6E-5 6E-4
St. wall
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
In(g)ersilion Inhalation I“\;I:)er;t:glz
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class uCi) uCi) («Ci/ml) wCi/ml) | (Ci/ml) (1.Ci/ml)
- (7E+3) - 1E-8 - -
W, see *"T¢c - 1E+3 SE-7 2E-9 - -
43 Technetium-97 D, see *™T¢ 4E+4 SE+4 2E-5 7E-8 SE-4 SE-3
W, see #™Tc - 6E+3 2E-6 8E-9 - -
43 Technetium-98 D, see *"Tc 1E+3 2E+3 7E-7 2E-9 1E-5 1E-4
W, see “"Tc - 3E+2 1E-7 4E-10 - -
43 Technetium-99m | D, see *™Tc 8E+4 2E+5 6E-5 2E-7 1E-3 1E-2
_ W, see *™Tc - 2E+5 1IE4 3E-7 - -
43 Technetium-99 | D, see *™Tc 4E+3 5E+3 2E-6 - 6E-5 6E-4
St. wall
- (6E+3) - 8E-9 - -
W, see " Tc i 7E+2 387 | 9E-10 : :
43 Technetium- D, see *"Tc 9E+4 3E+5 1E-4 5E-7 - -
101® St. wall
(1E+5) - - - 2E-3 2E-2
W, see ®"Tc - 4E+5 2E-4 5E-7 - -
43 Technetium- D, see **™Tc 2E+4 7E+4 3E-5 1E-7 - -
104 St. wall
(3E+4) - - - 4E-4 4E-3
W, see *"Tc - 9E+4 4E-5 1E-7 - -
44 Ruthenium-94® | D, all compounds except 2E+4 4E+4 2E-5 6E-8 2E-4 2E-3
those given for Wand Y
W, halides - 6E+4 3E-5 '9E-8 . -
Y, oxides and hydroxides - 6E+4 2E-5 8E-8 - -
44 Ruthenium-97 D, see Ru 8E+3 2E+4 8E-6 3E-8 1E-4 1E-3
W, see *Ru - 1E+4 5E-6 2E-8 - -
Y. see "Ru - 1E+4 5E-6 2E-8 - -
44 Ruthenium-103 | D, see *Ru 2E+3 2E+3 7E-7 2E-9 3E-5 3E-4
W, see “Ru - 1E+3 4E-7 1E-9 - -
Y, see *Ru - 6E+2 3E-7 9E-10 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
In(g):szon Inhalation i{onmly
verage
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class uCi) (uCi) (uCi/ml) (uCi/ml) | («C¥/ml) («Ci/ml)
44 Ruthenium-105 | D, see *Ru SE+3 1E+4 6E-6 2E-8 TE-5 TE-4
W, see “Ru - 1E+4 6E-6 2E-8 - -
Y, see *Ru - 1E+4 SE-6 2E-8 - -
44 Ruthenium-106 | D, see *Ru 2E+2 S9E+1 4E-8 1E-10 - -
LLI wall
(2E+2) - - - 3E-6 3E-5
W, see *Ru - SE+1 2E-8 8E-11 - -
Y, see *Ru - 1E+1 SE9 2E-11 - -
45 Rhodium-99m D, all compounds except 2E+4 6E+4 2E-5 8E-8 2E-4 2E-3
those given for Wand Y
W, halides - 8E+4 3E-5 1E-7 - -
Y, oxides and hydroxides - TE+4 3E-5 9E-8 - -
45 Rhodium-99 D, see ®™Rh 2E+3 3E+3 1E-6 4E-9 3E-5 3E-4
W, see *"Rh - 2E+3 9E-7 3E9 - -
Y, see ®"Rh - 2E+3 8E-7 3E-9 - -
45 Rhodium-100 D, see “"Rh 2E+3 S5E+3 2E-6 7E-9 2E-5 2E-4
W, see *"Rh - 4E+3 2E-6 6E-9 - -
Y, see ”"Rh - 4E+3 2E-6 5E-9 - -
45 Rhodium-101m D, see ®™Rh 6E+3 1E+4 SE-6 2E-8 8E-5 S8E-4
W, see ®"Rh - 8E+3 4E-6 1E-8 - -
Y, see *"Rh - 8E+3 3E-6 1E-8 - -
45 Rhodium-101 D, see *"Rh 2E+3 SE+2 2E-7 7E-10 3E-5 3E-4
W, see *"Rh - SE+2 3E-7 1E-9 - -
Y, see *"Rh - 2E+2 6E-8 2E-10 - -
45 Rhodium-102m | D, see ® Rh 1E+3 5E+2 2E-7 7E-10 - -
LLI wall
(1E+3) - - - 2E-5 2E-4
W, see ®*"Rh - 4E+2 2E-7 5E-10 - -
Y, see ®™Rh - 1E+2 SE-8 2E-10 - -
45 Rhodium-102 D, see ®™Rh 6E+2 9E+1 4E-8 1E-10 8E-6 8E-5
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral ) Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class wCi) (uCi) (uCi/mi) wCi/ml) | (uCi/ml) (z.Ci/ml)
W, see “™Rh - 2E+2 7E-8 2E-10 - -
Y, see *"Rh - 6E+1 2E-8 8E-11 - -
45 Rhodium-103m® | D, see ® Rh 4E+5 1E+6 SE-4 2E-6 6E-3 6E-2
W, see ®™Rh - 1E+6 5E-4 2E-6 - -
Y, see *"Rh - 1E+6 SE-4 2E-6 - -
45 Rhodium-105 D, see ®™Rh 4E+3 1E+4 SE-6 2E-8 - -
LLI wall
(4E+3) - - - 5E-5 SE-4
W, see *"Rh - 6E+3 3E-6 9E-9 - -
Y, see *"Rh - 6E+3 2E-6 8E-9 - -
45 Rhodium-106m D, see *"Rh 8E+3 3E+4 1E-5 4E-8 1E-4 1E-3
W, see ®™Rh - 4E+4 2E-5 SE-8 - -
Y, see *"Rh - 4E+4 1E-5 5E-8 - -
45 Rhodium-107? D, see "Rh TE+4 2E+5 1E-4 3E-7 - -
St. wall
(9E+4) - - - 1E-3 1E-2
W, see "Rh - 3E+5 1E-4 4E-7 - -
Y, see ®™Rh - 3E+5 1E-4 3E-7 - -
46 Pailadium-100 D, all compounds except 1E+3 1E+3 6E-7 2E-S 2E-5 2E-4
those given for Wand Y
W, nitrates - 1E+3 SE-7 2E-9 - -
Y, oxides and hydroxides - 1E+3 6E-7 2E-9 - -
46 Palladium-101 D, see '®Pd 1E+4 3E+4 1E-5 SE-8 2E-4 2E-3
W, see '"Pd - JE+4 1E-5 SE-8 - -
Y, see '®Pd - 3E+4 1E-5 4E-8 - -
46 Palladium-103 D, see '°Pd 6E+3 6E+3 3E-6 9E-9 - -
LLI wall
(7E+3) - - - 1E-4 1E-3
W, see '°Pd - 4E+3 2E-6 6E-9 - -
Y, see '®Pd - 4E+3 1E-6 SE-9 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Ing:;]ion Inhalation Ii\x'lonthly
verage
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class (uCi) (uCi) (1Ci/ml) uCi/ml) | (uCi/ml) («Ci/ml)
46 Palladium-107 D, see '®Pd 3E+4 2E+4 9E-6 - - -
LLI wall Kidneys
(4E+4) (2E+4) - 3E-8 5E-4 SE-3
W, see '“Pd - 7E+3 3E-6 1E-8 - -
Y, see 'Pd - 4E+2 2E-7 6E-10 - -
46 Palladium-109 D, see '%Pd 2E+3 6E+3 3E-6 9E-6 3E-5 3E-4
W, see '“Pd - 5E+3 2E-6 8E-9 - -
Y, see '®Pd - SE+3 2E-6 6E-9 - -
47 Silver-102?® D, all compounds except SE+4 2E+5 8E-5 2E-7 - -
those given for W and Y St. wall
(6E+4) - - - 9E-4 9E-3
W, nitrates and sulfides - 2E+5 9E-5 3E-7 - -
Y. oxides and hydroxides - 2E+5 8E-5 3E-7 - -
47 Silver-103® D, see 'Ag 4E+4 1E+5 4E-5 1E-7 SE-4 SE-3
W, see '®Ag - 1E+5 SE-5 2E-7 - -
Y. see Ag - 1E+5 5E-5 2E-7 - -
47 Silver-104m'® D, see '"Ag 3E+4 9E+4 4E-5 1E-7 4E-4 4E-3
W, see '"Ag - 1E+5 SE-S 2E-7 - -
Y, see '“Ag - 1E+5 SE-5 2E-7 - -
47 Silver-104® D, see Ag 2E+4 7TE+4 3E-5 1E-7 3E-4 3E-3
W, see 'ZAg - 1E+5 6E-5 2E-7 - -
Y, see 'PAg - 1E+5 6E-5 2E-7 - -
47 Silver-105 D, see '“Ag 3E+3 1E+3 4E-7 1E-9 4E-5 4E-4
W, see 'Ag - 2E+3 7E-7 2E-9 - -
Y, see 'Ag - 2E+3 7E-7 2E-9 - -
47 Silver-106m D, see Ag 8E+2 TE+2 3E-7 1E-9 1E-5 1E-4
W, see 'Ag - 9E+2 4E-7 1E-9 - -
Y, see '%Ag - 9E+2 4E-7 1E-9 - -
47 Silver-106% D, see '"Ag 6E+4 2E+5 8E-5 3E-7 - -
St. wall
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col.2
Ora! ) Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class wCi) uCi) (xCi/ml) (uCi/ml) | (uCi/ml) (uCi/ml)
(6E+4) - - - 9E-4 9E-3
W, see 'Ag - 2E+5 9E-5 3E-7 - -
Y, see 'Ag - 2E+5 8E-5 3E-7 - -
47 Silver-108m D, see 'PAg 6E+2 2E+2 8E-8 3E-10 9E-6 9E-5
W, see 'ZAg - 3E+2 1E-7 4E-10 - -
Y, see %Ag - 2E+1 1E-8 3E-11 - -
47 Silver-110m D, see '“Ag 5E+2 1E+2 5E-8 2E-10 6E-6 6E-5
W, see 'PAg - 2E+2 8E-8 3E-10 - -
Y, see 'PAg - 9E+1 4E-8 1E-10 - -
47 Silver-111 D, see '%Ag S9E+2 2E+3 6E-7 - - -
LLI wall Liver
(1E+3) (2E+3) - 2E-9 2E-§ 2E-4
W, see 'Ag - 9E+2 4E-7 1E-9 - -
Y, see '?Ag - 9E+2 4E-7 1E-9 - -
47 Silver-112 D, see '“Ag 3E+3 8E+3 3E-6 1E-8 4E-5 4E-4
W, see “Ag - 1E+4 4E-6 1E-8 - -
Y, see "Ag - 9E+3 4E-6 1E-8 - -
47 Silver-115? D, see '“Ag 3E+4 9E+4 4E-5 1E-7 - -
St. wall
(3E+4) - - - 4E-4 4E-3
W, see 'PAg - 9E+4 4E-5 1E-7 - -
Y, see 'PAg - 8E+4 3E-5 1E-7 - -
48 Cadmium-104"" | D, alt compounds except 2E+4 7TE+4 3E-5 9E-8 3E-4 3E-3
those given for Wand Y
W, sulfides, halides, and - 1E+5 5E-5 2E-7 - -
nitrates
Y, oxides and hydroxides - 1E+5 SE-5 2E-7 - -
48 Cadmium-107 D, see '“Cd 2E+4 SE+4 2E-5 8E-8 3E-4 3E-3
W, see '“Cd - 6E+4 2E-5 8E-8 - -
Y, see '"Cd - SE+4 2E-5 7E-8 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral . Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class (uCi) wCi) («Ci/ml) wCi/ml) | (uCi/ml) («Ci/ml)
48 Cadmium-109 D, see '™Cd 3E+2 4E+1 1E-8 - - -
Kidneys Kidneys
(4E+2) (5E+1) - 7E-11 6E-6 6E-5
W, see '™Cd - 1E+2 5E-8 - - -
Kidneys
- (1E+2) - 2E-10 - -
Y, see '%Cd - 1E+2 SE-8 2E-10 - -
48 Cadmium-113m | D, see '*Cd 2E+1 2E+0 1E-9 - - -
Kidneys Kidneys |
(4E+1) (4E+0) - SE-12 SE-7 SE-6
W, see '*Cd - 8E+0 4E-9 - - -
Kidneys
- (1E+1) - 2E-11 - -
Y, see '“Cd - 1E+1 SE-9 2E-11 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral , Monthly
Ingestion Inhalation
Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class wCi) wCi) (uCi/ml) wCi/ml) | («Ci/fml) (.Ci/ml)
48 Cadmium-113 D, see '“Cd 2E+1 2E+0 9E-10 - - -
Kidneys Kidneys
(3E+1) (3E+0) - SE-12 4E-7 4E-6
W, see '*Cd - 8E+0 3E-9 - - -
Kidneys
- (1E+1) - 2E-11 - -
Y, see '™Cd - 1E+1 6E-9 2E-11 - -
48 Cadmium-115m | D, see "Cd 3E+2 SE+1 2E-8 - 4E-6 4E-5
Kidneys
- (8E+1) - 1E-10 - -
W, see '“Cd - 1E+2 SE-8 2E-10 - -
Y, see '™Cd - 1E+2 6E-8 2E-10 - -
48 Cadmium-115 D, see '%Cd 9E+2 1E+3 6E-7 2E-9 - -
LLI wall
(1E+3) - - - 1E-5 1E-4
W, see '*Cd - 1E+3 5E-7 2E-9 - -
Y, see '™Cd - 1E+3 6E-7 2E-9 - -
48 Cadmium-117m | D, see '™Cd SE+3 1E+4 5E-6 2E-8 6E-5 6E-4
W, see '%Cd - 2E+4 7E-6 2E-8 - -
Y, see '%Cd - 1E+4 6E-6 2E-8 - -
48 Cadmium-117 D, see '™Cd SE+3 |1E+4 5E-6 2E-8 6E-5 6E-4
W, see '*Cd - 2E+4 7E-6 2E-8 - -
Y, see "™Cd - 1IE+4 6E-6 2E-8 - -
49 Indium-109 D, all compounds except 2E+4 4E+4 2E-5 6E-8 3E-4 3E-3
those given for W
W, oxides, hydroxides, - 6E+4 3E-5 9E-8 - -
halides, and nitrates
49 Indium-110" D. see '*In 2E+4 4E+4 2E-5 6E-8 2E-4 2E-3
(69.1min)
W, see '%In - 6E+4 2E-5 8E-8 - -
49 Indium-110 D, see "®In SE+3 2E+4 7E-6 2E-8 7E-5 TE-4
(4.9h) )
W, see '®In - 2E+4 8E-6 3E-8 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class wCi) (uCi) (uC¥/ml) wCi/ml) | (wCi/ml) (@ Ci/ml)
49 Indium-111 D, see "®In 4E+3 6E+3 3E-6 9E-9 6E-5 6E-4
W, see '®In - 6E+3 3E-6 9E-9 - -
49 Indium-112® D, see "®In 2E+5 6E+5 3E-4 9E-7 2E-3 2E-2
W, see ®In . TE+5 3E4 1E-6 - -
49 Indium-113m® | D, see ®In SE+4 1E+5 6E-5 2E-7 7E-4 7E-3
W, see '®In - 2E+5 8E-5 3E-7 - -
49 Indium-114m D, see *®In 3E+2 6E+1 3E-8 9E-11 - -
LLI wall
(4E+2) - - - 5E-6 5E-5
W, see '®In - 1E+2 4E-8 1E-10 - -
49 Indium-115m D, see '"In 1E+4 4E+4 2E-5 6E-8 2E-4 2E-3
W, see '®In - SE+4 2E-5 7E-8 - -
49 Indium-115 D, see '®In 4E+1 1E+0 6E-10 2E-12 5E-7 SE-6
W, see "®In - SE+0 2E-9 8E-12 - -
49 Indium-116m™ D, see '®In 2E+4 8E+4 3E-5S 1E-7 3E-4 3E-3
W, see '®In - 1E-5 SE-5 2E-7 - -
49 Indium-117m® D, see '®In 1E+4 3E+4 1E-5 5E-8 2E-4 2E-3
W, see "In - 4E+4 2E-5 6E-8 - -
49 Indium-117"% D, see "In 6E+4 2E+5 7E-5 2E-7 8E-4 8E-3
W, see 'In - 2E+S 9E-5 3E-7 - -
49 Indium-119m® D, see "“In 4E+4 1E+5 5E-5 2E-7 - -
St. wall
(SE+4) - - - 7E-4 7E-3
W, see '®In - 1E+5 6E-5 2E-7 - -
50 Tin-110 D, all compounds except 4E+3 1E+4 SE-6 2E-8 5E-5 SE-4
those given for W
W, sulfides, oxides, - 1E+4 SE-6 2E-8 - -
hydroxides, halides,
nitrates, and stannic
phosphate
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Ora! . Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class (wCi) (uCi) (uCi/ml) uCifml) | (uCi/ml) («Ci/ml)
50 Tin-1119 D, see ''°Sn TE+4 2E+5 9E-5 3E-7 | 1E3 1E-2
W, see '°Sn - 3E+5 1E-4 4E-7 - -
50 Tin-113 D, see ''°Sn 2E+3 1E+3 SE-7 2E-9 - -
LLI wall
(2E+3) - - - 3E-5 3E-4
W, see ''%Sn - 5E+2 2E-7 8E-10 - -
50 Tin-117m D, see '°Sn 2E+3 1E+3 5E-7 - - -
LLI wall | Bone Surf
(2E+3) (2E+3) - 3E-9 3E-5 3E-4
W, see ''%n - 1E+3 6E-7 2E-9 - -
50 Tin-119m D, see ''%n 3E+3 2E+3 1E-6 3E-9 - -
LLI wall
(4E+3) - - - 6E-5 6E-4
W, see '"Sn - 1E+3 4E-7 1E-9 - -
50 Tin-121m D, see '"%Sn 3E+3 9E+2 4E-7 1E-9 - -
LLI wall
(4E+3) - - - SE-5 SE-4
W, see ''%Sn - 5E+2 2E-7 8E-10 - -
50 Tin-121 D, see ''"Sn 6E+3 2E+4 6E-6 2E-8 - -
LLI wall
(6E+3) - - - 8E-5 8E-4
W, see ''%Sn - 1E+4 SE-6 2E-8 - -
50 Tin-123m? D, see "'%n SE+4 1E+5 SE-5 - 2E-7 7E-4 7E-3
W, see ''°Sn - 1E+5 6E-5 2E-7 - -
50 Tin-123 D, see '"Sn SE+2 6E+2 3E-7 9E-10 - -
LLI wall
(6E+2) - - - 9E-6 9E-5
W, see ''%Sn - 2E+2 7E-8 2E-10 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class wCi) (uCi) («Ci/ml) wCi/ml) | (wCi/ml) (uCi/ml)
50 Tin-125 D, see ''%Sn 4E+2 9E+2 4E-7 1E-9 - -
LLI wall
(SE+2) - - - 6E-6 6E-5
W, see '%n - 4E+2 1E-7 SE-10 - -
50 Tin-126 D, see ''%Sn 3E+2 6E+1 2E-8 8E-11 4E-6 4E-5
W, see '%Sn - 7E+1 3E-8 9E-11 - -
50 Tin-127 D, see ''°Sn TE+3 2E+4 8E-6 3E-8 9E-5 9E-4
W, see %Sn - 2E+4 8E-6 3E-8 - -
50 Tin-128? D, see "'%Sn 9E+3 3E+4 1E-S 4E-8 1E-4 1E-3
W, see ''%n - 4E+4 1E-5 SE-8 - -
51 Antimony-115% { D, all compounds except 8E+4 2E+5 1E-4 3E-7 1E-3 1E-2
those given for W
W, oxides, hydroxides, - 3E+5 1E-4 4E-7 - -
halides, sulfides, sulfates,
and nitrates
51 Antimony- D, see 'Sb 2E+4 TE+4 3E-5 1E-7 3E-4 3E-3
116m® -
W, see ''*Sb - 1E+5 6E-5 2E-7 - -
51 Antimony-116® | D, see '*Sb 7TE+4 3E+5 1E-4 4E-7 - -
St. wall
(SE+4) - - - 1E-3 1E-2
W, see '*Sb - 3E+5 1E-4 SE-7 - -
51 Antimony-117 D, see ''*Sb 7E+4 2E+5 9E-5 3E-7 9E-4 9E-3
W, see '“Sb - 3E+5 1E-4 4E-7 - -
51 Antimony-118m { D, see ''*Sb 6E+3 2E+4 8E-6 3E-8 7E-5 7E-4
W, see 'Sb 5E+3 2E+4 9E-6 3E-8 - -
51 Antimony-119 D, see "*Sb 2E+4 SE+4 2E-5 6E-8 2E-4 2E-3
W, see ''*Sb 2E+4 3E+4 1E-5 4E-8 - -
51 Antimony-120 D, see '*Sb 1E+5 4E+5 2E-4 6E-7 - -
(16min) St. wall
(2E+5) - - - 2E-3 2E-2
W, see ''°Sb - SE+5 2E-4 7E-7 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
. Oral Ihala Monthly
ngestion nhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class (. Ci) (uCi) (uCi/ml) WCi/ml) | (uCi/ml) (. Ci/ml)
51 Antimony-120 D, see '*Sb 1E+3 2E+3 9E-7 3E-9 1E-5 1E-4
(5.76 d) ;
W, see !°Sb 9E+2 1E+3 SE-7 2E-9 - -
51 Antimony-122 D, see '’Sb 8E+2 2E+3 1E-6 3E-9 - -
LLI wall
(8E+2) - - - 1E-5 1E-4
W, see '°Sb TE+2 1E+3 4E-7 2E-9 - -
51 Antimony- D, see '*Sb 3E+5 8E+5 4E-4 1E-6 3E-3 3E-2
124m® -
W, see '"Sb 2E+5 6E+5 2E-4 8E-7 - -
51 Antimony-124 D, see '5Sb 6E+2 9E+2 4E-7 1E-9 7E-6 7E-5
W, see ''5Sb 5E+2 2E+2 1E-7 3E-10 - -
51 Antimony-125 D, see '*Sb 2E+3 2E+3 1E-6 3E-9 3E-5 3E-4
W, see ''*Sb - 5E+2 2E-7 7E-10 - -
51 Antimony- D, see ''*Sb SE+4 2E+5 8E-5 3E-7 - -
126m®@ St. wall
(7TE+4) - - - S9E-4 9E-3
W, see ''°Sb - 2E+5 8E-5 3E-7 - -
51 Antimony-126 D, see '"*Sb 6E+2 1E+3 5E-7 2E-9 7TE-6 7E-5
W, see !'*Sb SE+2 SE+2 2E-7 7E-10 - -
51 Antimony-127 D, see 'Sb 8E+2 2E+3 9E-7 3E-9 - -
LLI wall
(8E+2) - - - 1E-5 1E-4
W, see '*Sb 7E+2 9E+2 4E-7 1E-9 - -
51 Antimony-128% | D, see "'*Sb 8E+4 4E+5 2E-4 SE-7 - -
(10.4min) St. wall
(1E+5) - - - 1E-3 1E-2
W, see ''*Sb - 4E+5 2E-4 6E-7 - -
51 Antimony-128 D, see ''*Sb 1E+3 4E+3 2E-6 6E-9 2E-5 2E-4
(9.01h)
W, see ''*Sb - 3E+3 1E-6 SE-9 - -
5t Antimony-129 D, see '*Sb 3E+3 9E+3 4E-6 1E-8 4E-5 4E-4
W, see ''*Sb - 9E+3 4E-6 1E-8 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral _ Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class wCi) wCi) (uCi/ml) wCi/ml) | (uCi/ml) (uCi/ml)
51 Antimony-130? | D, see 'Sb 2E+4 6E+4 3E-5 9E-8 3E-4 3E-3
W, see ''*Sb - 8E+4 3E-5 1E-7 - -
51 Antimony-131% | D, see !'*Sb 1E+4 2E+4 1E-5 - - -
Thyroid Thyroid
(2E+4) (4E+4) - 6E-8 2E-4 2E-3
W, see ''*Sb - 2E+4 1E-5 - - -
Thyroid
- (4E+4) - 6E-8 - -
52 Tellurium-116 D, all compounds except 8E+3 2E+4 9E-6 3E-8 1E-4 1E-3
those given for W
W, oxides, hydroxides, and - 3E+4 1E-5 4E-8 - -
nitrates
52 Tellurium-121m | D, see ''*Te SE+2 2E+2 8E-8 - - -
Bone Surf | Bone Surf
(7E+2) (4E+2) - SE-10 1E-5 1E-4
W, see '"*Te - 4E+2 2E-7 6E-10 - -
52 Tellurium-121 D, see !"*Te 3E+3 4E+3 2E-6 6E-9 4E-5 4E-4
W, see ''°Te - 3E+3 1E-6 4E-9 - -
52 Tellurium-123m | D, see !'*Te 6E+2 2E+2 9E-8 - - -
Bone Surf | Bone Surf
(1E+3) (SE+2) - 8E-10 1E-5 1E-4
W, see '*Te - 5E+2 2E-7 8E-10 - -
52 Tellurium-123 D, see ''*Te SE+2 2E+2 8E-8 - - -
Bone Surf | Bone Surf
(1E+3) (SE+2) - 7E-10 2E-5 2E-4
W, see !'“Te - 4E+2 2E-7 - - -
Bone Surf
- (1E+3) - 2E-9 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral' ) Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class wCi) wCi) (uCi/ml) (uCi/ml) | («Ci/ml) (1 Ci/ml)
52 Tellurium-125m | D, see '*Te 1E+3 4E+2 2E-7 - - -
Bone Surf | Bone Surf
(1E+3) (1E+3) - 1E-9 2E-5 2E-4
W, see '"*Te - 7E+2 3E-7 1E-9 - -
52 Tellurium-127m | D, see ''"°Te 6E+2 3E+2 1E-7 - 9E-6 9E-5
Bone Surf
- (4E+2) - 6E-10 - -
W, see ''*Te - 3E+2 1E-7 4E-10 - -
52 Tellurium-127 D, see ''*Te TE+3 2E+4 9E-6 3E-8 1E-4 1E-3
W, see '"*Te - 2E+4 7E-6 2E-8 - -
52 Tellurium-129m | D, see '"*Te SE+2 6E+2 3E-7 9E-10 TE-6 7E-5
W, see *°Te - 2E+2 1E-7 3E-10 - -
52 Tellurium-129? | D, see '"*Te 3E+4 6E+4 3E-5 9E-8 4E-4 4E-3
W, see 'Te - TE+4 3E-5 1E-7 - -
52 Tellurium-131m | D, see '"*Te 3E+2 4E+2 2E-7 - - -
Thyroid Thyroid
(6E+2) (1E+3) - 2E-9 8E-6 8E-5
W, see '"*Te - 4E+2 2E-7 - - -
Thyroid
- (9E+2) - 1E-9 - .
52 Tellurium-131" | D, see '"*Te 3E+3 SE+3 2E-6 - - -
Thyroid Thyroid
(6E+3) (1E+4) - 2E-8 8E-5 8E-4
W, see '"Te - SE+3 2E-6 - - -
Thyroid
- (1E+4) - 2E-8 - -
52 Tellurium-132 D, see '*Te 2E+2 2E+2 9E-8 - - -
Thyroid Thyroid
(7TE+2) (8E+2) - 1E-9 9E-6 9E-5
W, see '"°Te - 2E+2 9E-8 - - -
Thyroid
- (6E+2) - 9E-10 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Ora! . Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class (uCi) («Ci) (uCi/ml) (uCiml) | (uCi/ml) (uCi/ml)
52 Tellurium- D, see "'*Te 3E+3 SE+3 2E-6 - - -
133m® Thyroid Thyroid
(6E+3) (1E+4) - 2E-8 9E-5 9E-4
W, see ''°Te - SE+3 2E-6 - - -
Thyroid
- (IE+4) - 2E-8 - -
52 Tellurium-133? | D, see ""*Te 1E+4 2E+4 9E-6 - - -
Thyroid Thyroid
(3E+4) (6E+4) - 8E-8 4E-4 4E-3
W, see '%Te . 2E+4 9E-6 - - -
Thyroid
- (6E+4) - 8E-8 - -
52 Tellurium-134% | D, see "'*Te 2E+4 2E+4 1E-5 - - -
Thyroid Thyroid
(2E+4) (SE+4) - 7E-8 3E4 3E-3
W, see ''°Te - 2E+4 1E-5 - - -
Thyroid
- (SE+4) - 7E-8 - -
53 lodine-120m® D, all compounds 1E+4 2E+4 9E-6 3E-8 - -
Thyroid
(1E+4) - - - 2E-4 2E-3
53 lodine-120 D, all compounds 4 E+3 9E+3 4E-6 - - -
Thyroid Thyroid
(8E+3) (1E+4) - 2E-8 1E-4 1E-3
53 Iodine-121 D, all compounds 1E+4 2E+4 8E-6 - - -
Thyroid Thyroid
(3E+4) (SE+4) - 7E-8 4E-4 4E-3
53 fodine-123 D, all compounds 3E+3 6E+3 3E-6 - - -
Thyroid Thyroid
(1E+4) (2E+4) - 2E-8 1E-4 1E-3
53 lIodine-124 D, all compounds SE+] 8E+1 3E-8 - - -
Thyroid Thyroid
(2E+2) | (3E+2) - 4E-10 2E-6 2E-5
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
I Ora! Inhalati Monthly
ngestion nhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class (uCi) (uCi) (uCi/ml) uCi/ml) | (xCi/mb) (1Ci/ml)
53 lIodine-125 D, all compounds 4E+1 6E+1 3E-8 - - -
Thyroid Thyroid
(1E+2) (2E+2) - 3E-10 2E-6 2E-5
53 Iodine-126 D, all compounds 2E+1 4E+1 1E-8 - - -
Thyroid Thyroid
(7TE+1) (1E+2) - 2E-10 1E-6 1E-5
53 Todine-128%® D, all compounds 4E+4 1E+5 SE-5 2E-7 - -
St. wall
(6E+4) - - - 8E-4 8E-3
53 Iodine-129 D, all compounds SE+0 9E+0 4E-9 - - -
Thyroid Thyroid
(2E+1) (3E+1) - 4E-11 2E-7 2E-6
53 lodine-130 D, all compounds 4E+2 7E+2 3E-7 - - -
Thyroid Thyroid
(1E+3) (2E+3) - 3E-9 2E-5 2E-4
53 Iodine-131 D, all compounds 3E+1 S5E+1 2E-8 - - -
Thyroid Thyroid
(9E+1) (2E+2) - 2E-10 1E-6 1E-5
53 lodine-132m™ D, all compounds 4E+3 8E+3 4E-6 - - -
Thyroid Thyroid
(1E+4) (2E+4) - 3E-8 1E-4 1E-3
53 lodine-132 D, all compounds 4E+3 8E+3 3E-6 - - -
Thyroid Thyroid
(9E+3) (1E+4) - 2E-8 1E-4 1E-3
53 lodine-133 D, all compounds 1E+2 3E+2 1E-7 - - -
Thyroid Thyroid
(SE+2) (9E+2) - 1E-9 7E-6 7E-5
53 Todine-134% D, all compounds 2E+4 5E+4 2E-5 6E-8 - -
Thyroid
(3E+4) - - - 4E-4 4E-3
53 Jodine-135 D, all compounds 8E+2 2E+3 TE-7 - - -
Thyroid Thyroid
(GE+3) | (4E+3) - 6E-9 3E-5 3E-4
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Ing:;:on Inhalation I‘l\;l‘(’);.t:glz
Atomic ALl ALI DAC Air Water Concentration

No. Radionuclide Class (uCi) (uCi) (uCi/ml) (uCi/ml) | (uCi/ml) (uCi/ml)
54 Xenon-120? Submersion‘” - - 1E-5 4E-8 - -
54 Xenon-121? Submersion” - - 2E-6 1E-8 - -
54 Xenon-122 Submersion” - - 7E-5 3E-7 - -
54 Xenon-123 Submersion'” - - 6E-6 3E-8 - -
54 Xenon-125 Submersion? - - 2E-5 7E-8 - -
54 Xenon-127 Submersion” - - 1E-5 6E-8 - -
54 Xenon-129m Submersion” - - 2E-4 9E-7 - -
54 Xenon-131m Submersion'” - - 4E-4 2E-6 - -
54 Xenon-133m Submersion'” - - 1E-4 6E-7 - -
54 Xenon-133 Submersion'” - - 1E-4 SE-7 - -
54 Xenon-135m® Submersion'” - - 9E-6 4E-8 - -
54 Xenon-135 Submersion” - - 1E-5 7E-8 - -
54 Xenon-138? Submersion™ - - 4E-6 2E-8 - -
55 Cesium-125% D, all compounds S5E+4 1E+5 6E-5 2E-7 - -

St. wall

(SE+4) - - - 1E-3 1E-2
55 Cesium-127 D, all compounds 6E+4 SE+4 4E-5 1E-7 9E-4 SE-3
55 Cesium-129 D, all compounds 2E+4 3E+4 1E-5 SE-8 3E-4 3E-3
55 Cesium-130°? D, all compounds 6E+4 2E+S 8E-5 3E-7 - -

St. wall

(1E+5) - - - 1E-3 1E-2
55 Cesium-131 D, all compounds 2E+4 3E+4 1E-5 4E-8 3E-4 3E-3
55 Cesium-132 D, all compounds 3E+3 4E+3 2E-6 6E-9 4E-5 4E-4
55 Cesium-134m D. all compounds 1E+5 1E+5 6E-5 2E-7 - -

St. wall

(1E+5) - - - 2E-3 2E-2
55 Cesium-134 D, all compounds 7E+1 1E+2 4E-8 2E-10 9E-7 9E-6
55 Cesium-135m™ | D, all compounds 1E+5 2E+5 8E-5 3E-7 1E-3 1E-2
55 Cesium-135 D, all compounds 7TE+2 1E+3 SE-7 2E-9 1E-5 1E-4
55 Cesium-136 D, all compounds 4E+2 TE+2 3E-7 9E-10 6E-6 6E-5
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Ora! . Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class wCi) wCi) (uCi/ml) (uCifml) | (uCi/ml) (uCi/ml)
55 Cesium-137 D, all compounds 1E+2 2E+2 6E-8 2E-10 1E-6 1E-5
55 Cesium-138® D, all compounds 2E+4 6E+4 2E-5 8E-8 - -
St. wall
(3E+4) - - - 4E-4 4E-3
56 Barium-126® D, all compounds 6E+3 2E+4 6E-6 2E-8 8E-5 8E-4
56 Barium-128 D, all compounds S5E+2 2E+3 7E-7 2E-9 7E-6 7E-5
56 Barium-131m® | D, all compounds 4E+5 1E+6 6E-4 2E-6 - .
St. wall
(SE+5) - - - 7E-3 7E-2
56 Barium-131 D, all compounds 3E+3 8E+3 3E-6 1E-8 4E-5 4E-4
56 Barium-133m D, all compounds 2E+3 9E+3 4E-6 1E-8 - -
LLI wall
(3E+3) - - - 4E-5 4E-4
56 Barium-133 D, all compounds 2E+3 7E+2 3E-7 9E-10 2E-5 2E-4
56 Barium-135m D, all compounds 3E+3 1E+4 SE-6 2E-8 4E-5 4E-4
56 Barium-139'? D, all compounds 1E+4 3E+4 1E-5 4E-8 2E-4 2E-3
56 Barium-140 D, all compounds S5E+2 1E+3 6E-7 2E-9 - -
LLI wall
(6E+2) - - - 8E-6 8E-5
56 Barium-141? D, all compounds 2E+4 7TE+4 3E-5 1E-7 3E-4 3E-3
56 Barium- 1427 D, all compounds 5E+4 1E+5 6E-5 2E-7 7E-4 7E-3
57 Lanthanum- D, all compounds except SE+4 1E+5 5E-5 2E-7 6E-4 6E-3
1312 those given for W
W, oxides and hydroxides - 2E+5 7E-5 2E-7 - -
57 Lanthanum-132 | D, see ®'La 3E+3 1E+4 4E-6 1E-8 4E-5 4E-4
W, see P'La - 1E+4 SE-6 2E-8 - -
57 Lanthanum-135 | D, see *'La 4E+4 1E+5 4E-5 1E-7 SE-4 5E-3
W, see "'La - 9E+4 4E-5 1E-7 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Ora! ) Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class wCi) (uCi) (uCi/ml) wCi/ml) | (uCi/ml) (1 Ci/ml)
57 Lanthanum-137 D, see P'La 1E+4 6E+1 3E-8 - 2E-4 2E-3
Liver
- (TE+1) - 1E-10 - -
W, see PlLa - 3E+2 1E-7 - - -
Liver
- (3E+2) - 4E-10 - -
57 Lanthanum-138 | D, see "'La 9E+2 4E+0 1E-9 SE-12 1E-5 1E-4
W, see *'La - 1E+1 6E-9 2E-11 - -
57 Lanthanum-140 D, see P'La 6E+2 1E+3 6E-7 2E-9 9E-6 9E-5
W, see *!La - 1E+3 SE-7 2E-9 - -
57 Lanthanum-141 D, see "'La 4E+3 9E+3 4E-6 1E-8 SE-5 SE-4
W, see “'La - 1E+4 SE-6 2E-8 - -
57 Lanthanum- D, see B'La 8E+3 2E+4 9E-6 3E-8 1E-4 1E-3
142@
W, see P'La - 3E+4 1E-5 SE-8 - -
57 Lanthanum- D, see "'La 4E+4 1E+5 4E-5 1E-7 - -
143® St. wall
(4E+4) - - - SE-4 5E-3
W, see "'La - 9E+4 4E-5 1E-7 - -
58 Cerium-134 W, all compounds except SE+2 7E+2 3E-7 1E-9 - -
those given for Y LLI wall
(6E+2) - - - 8E-6 8E-5
Y, oxides, hydroxides, and - 7E+2 3E-7 9E-10 - -
fluorides
58 Cerium-135 W, see MCe 2E+3 4E+3 2E-6 SE-9 2E-5 2E-4
Y, see HCe - 4E+3 1E-6 SE-9 - -
58 Cerium-137m W, see *Ce 2E+3 4E+3 2E-6 6E-9 - -
LLI wall
(2E+3) - - - 3E-5 3E-4
Y, see '¥Ce - 4E+3 2E-6 5E-9 - -
58 Cerium-137 W, see 'MCe SE+4 1E+5 6E-5 2E-7 7TE-4 7E-3
Y, see *'Ce . 1E+5 5E-5 2E-7 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral. Inhalati Monthly
Ingestion nhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class («Ci) (uCi) (uCi/ml) (uCi/ml) | (nCi/ml) (uCi/ml)
58 Cerium-139 W, see *Ce S5E+3 8E+2 3E-7 1E-9 7E-5 7E-4
Y, see 'Ce - TE+2 3E-7 9E-10 - -
58 Cerium-141 W, see **Ce 2E+3 7E+2 3E-7 1E-9 - -
LLI wall
(2E+3) - - - 3E-5 3E-4
Y, see **Ce - 6E+2 2E-7 8E-10 - -
58 Cerium-143 W, see *Ce 1E+3 2E+3 8E-7 3E-9 - -
LLI wall
(1E+3) - - - 2E-5 2E-4
Y, see *'Ce - 2E+3 7E-7 2E-9 - -
58 Cerium-144 W, see 'HCe 2E+2 3E+1 1E-8 4E-11 - -
LLI wall
(3E+2) - - - 3E-6 3E-5
Y, see *'Ce - 1E+1 6E-9 2E-11 - -
59 Praseodymium- | W, all compounds except SE+4 2E+5 1E-4 3E-7 - -
1362 those given for Y St. wall
(TE+4) - - - 1E-3 1E-2
Y, oxides, hydroxides, - 2E+5 9E-5 3E-7 - -
carbides, and fluorides
59 Praseodymium- | W, see “Pr 4E+4 2E+5 6E-5 2E-7 SE-4 SE-3
1 37(2)
Y, see *Pr - 1E+5 6E-5 2E-7 - -
59 Praseodymium- | W, see P°Pr 1E+4 S5E+4 2E-5 8E-8 1E-4 1E-3
138m ”
Y, see Pr - 4E+4 2E-5 6E-8 - -
59 Praseodymium- | W, see **Pr 4E+4 1E+5 5E-5 2E-7 6E-4 6E-3
139 ”
Y, see °Pr - 1E+5 SE-5 2E-7 - -
59 Praseodymium- | W, see *Pr 8E+4 2E+5 7E-5 2E-7 1E-3 1E-2
142m® -~
Y, see “°Pr - 1E+5 6E-5 2E-7 - -
59 Praseodymium- | W, see '*Pr 1E+3 2E+3 9E-7 3E-9 1E-5 1E-4
142 %
Y, see °Pr - 2E+3 8E-7 3E-9 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral . Monthly
Ingestion Inhalation Average
Atomic ALI ALl DAC Air Water Concentration
No. Radionuclide Class wCi) wCi) (uCi/ml) wCi/ml) | («Ci/ml) (uCi/ml)
59 Praseodymium- | W, see *%pr 9E+2 8E+2 3E-7 1E-9 - -
143 LLI wall
(1E+3) - - - 2E-5 2E-4
Y, see “Pr - 7E+2 3E-7 9E-10 - -
59 Praseodymium- | W, see PPr 3E+4 1E+5 5E-5 2E-7 - -
144 St. wall
(4E+4) - - - 6E-4 6E-3
Y, see *°Pr - 1E+5 SE-5 2E-7 - -
59 Praseodymium- | W, see '*Pr 3E+3 9E+3 4E-6 1E-8 4E-5 4E-4
145
Y, see *°Pr - 8E+3 3E-6 1E-8 - -
59 Praseodymium- | W, see *Pr SE+4 2E+5 8E-5 3E-7 - -
147 St. wall
(3E+4) - - - 1E-3 1E-2
Y, see *pr - 2E+5 8E-S 3E-7 - -
60 Neodymium- W, all compounds except 1E+4 6E+4 2E-5 8E-8 2E-4 2E-3
1362 those given for Y
Y, oxides, hydroxides, - SE+4 2E-5 8E-8 - -
carbides, and fluorides
60 Neodymium-138 | W, see '**Nd 2E+3 6E+3 3E-6 9E-9 3E-5 3E-4
Y, see Y*Nd - SE+3 2E-6 7E-9 - -
60 Neodymium- W, see "“*Nd SE+3 2E+4 7E-6 2E-8 7E-5 7E-4
139m
Y, see Nd - 1E+4 6E-6 2E-8 - -
60 Neodymium- W, see **Nd 9E+4 3E+5 1E-4 5E-7 1E-3 1E-2
1 39(2)
Y, see **Nd - 3E+5 1E-4 4E-7 - -
60 Neodymium-141 | W, see **Nd 2E+5 7E+5 3E-4 1E-6 2E-3 2E-2
Y, see *Nd - 6E+5 3E-4 9E-7 - -
60 Neodymium-147 | W, see "*Nd 1E+3 9E+2 4E-7 1E-9 - -
LLI wall
(1E+3) - - - 2E-5 2E-4
Y. see "Nd - 8E+2 4E-7 1E-9 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col.2
Ora]‘ . Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class (uCi) wCi) («Ci/ml) WwCiml) | (uCi/ml) (uCi/ml)
60 Neodymium- W, see P*Nd 1E+4 3E+4 1E-5 4E-8 1E-4 1E-3
149@
Y, see *Nd - 2E+4 1E-5 3E-8 - -
60 Neodymium- W, see “*Nd TE+4 2E+5 8E-5 3E-7 9E-4 9E-3
1512 -
Y, see **Nd - 2E+5 8E-5 3E-7 - -
61 Promethium- W, all compounds except SE+4 2E+5 8E-5 3E-7 - -
141? those given for Y St. wall
(6E+4) - - - 8E-4 8E-3
Y, oxides, hydroxides, - 2E+5 7TE-5 2E-7 - -
carbides, and fluorides
61 Promethium-143 | W, see *'Pm 5E+3 6E+2 2E-7 8E-10 7E-5 7E-4
Y, see *'Pm - 7E+2 3E-7 1E-9 - -
61 Promethium-144 | W, see *'Pm 1E+3 1E+2 SE-8 2E-10 2E-5 2E-4
Y, see “'Pm - 1E+2 SE-8 2E-10 - -
61 Promethium-145 | W, see "*'Pm 1E+4 2E+2 7E-8 - 1E-4 1E-3
Bone Surf
- (2E+2) - 3E-10 - -
Y, see “'Pm - 2E+2 8E-8 3E-10 - -
61 Promethium-146 | W, see *'Pm 2E+3 SE+1 2E-8 7E-11 2E-5 2E-4
Y, see *'Pm - 4E+1 2E-8 6E-11 - -
61 Promethium-147 | W, see *'Pm 4E+3 1E+2 SE-8 - - -
LLI wall Bone Surf
(5E+3) (2E+2) - 3E-10 TE-5 7E-4
Y, see *'Pm - 1E+2 6E-8 2E-10 . .
61 Promethium- W, see 'Pm TE+2 3E+2 1E-7 4E-10 1E-5 1E-4
148m
Y, see *'Pm - 3E+2 1E-7 SE-10 - -
61 Promethium-148 | W, see “'Pm 4E+2 SE+2 2E-7 8E-10 - -
LLI wall
(5E+2) - - - 7E-6 7E-5
Y, see *'Pm - SE+2 2E-7 7E-10 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class wCi) wCi) (¢ Ci/ml) @Ciml) | (uCi/ml) (uCi/ml)
61 Promethium-149 | W, see “'Pm IE+3 2E+3 8E-7 3E-9 - -
LLI wall
(1E+3) - - - 2E-5 2E-4
Y, see “'Pm - 2E+3 8E-7 2E-9 - -
61 Promethium-150 | W, see '“'Pm SE+3 2E+4 8E-6 3E-8 7E-5 7E-4
Y, see *'Pm - 2E+4 7E-6 2E-8 - -
61 Promethium-151 | W, see "*'Pm 2E+3 4E+3 1E-6 5E-9 2E-5 2E-4
Y, see "'Pm - 3E+3 1E-6 4E-9 - -
62 Samarium- W, all compounds 3E+4 {E+5 4E-5 1E-7 4E-4 4E-3
141m™?
62 Samarium-141” | W, all compounds SE+4 2E+5 8E-5 2E-7 - -
St. wall
(6E+4) - - - 8E-4 8E-3
62 Samarium-142? | W, all compounds 8E+3 3E+4 1E-5 4E-8 1E-4 1E-3
62 Samarium-145 W, all compounds 6E+3 SE+2 2E-7 7E-10 8E-5 8E-4
62 Samarium-146 W, all compounds 1E+1 4E-2 1E-11 - - -
Bone Surf | Bone Surf
(3E+1) (6E-2) - 9E-14 3E-7 3E-6
62 Samarium-147 - | W, all compounds 2E+1 4E-2 2E-11 - - -
Bone Surf | Bone Surf
(3E+1) (7E-2) - 1E-13 4E-7 4E-6
62 Samartum-151 W, all compounds 1E+4 1E+2 4E-8 - - -
LLI wall | Bone Surf
(1E+4) (2E+2) - 2E-10 2E-4 2E-3
62 Samarium-153 W, all compounds 2E+3 3E+3 1E-6 4E-S - -
LLI wall
(2E+3) - - - 3E-5 3E-4
62 Samarium-1557 | W, all compounds 6E+4 2E+5 9E-5 3E-7 - -
St. wall
(8E+4) - - - 1E-3 1E-2
62 Samarium-156 W, all compounds S5E+3 9E+3 4E-6 1E-8 7E-5 7E-4
63 Europium-145 W, all compounds 2E+3 2E+3 8E-7 3E-9 2E-5 2E-4
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral . Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class (uCi) (uCi) uCi/ml) uCi/ml) | (uCi/ml) (uCi/ml)
63 Europium-146 W, all compounds 1E+3 1E+3 SE-7 2E-9- 1E-5 1E-4
63 Europium-147 W, all compounds 3E+3 2E+3 7E-7 2E-9 4E-5 4E-4
63 Europium-148 W, all compounds 1E+3 4E+2 1E-7 SE-10 1E-5 1E-4
63 Europium-149 W, all compounds 1E+4 3E+3 1E-6 4E-9 2E-4 2E-3
63 Europium-150 W, all compounds 3E+3 8E+3 4E-6 1E-8 4E-5 4E-4
(12.62h)
63 Europium-150 W, all compounds 8E+2 2E+1 8E-9 3E-11 1E-5 1E-4
(34.2y)
63 Europium-152m | W, all compounds 3E+3 6E+3 3E-6 9E-9 4E-5 4E-4
63 Europium-152 W, all compounds 8E+2 2E+] 1E-8 3E-11 1E-5 1E-4
63 Europium-154 W, all compounds 5E+2 2E+1 8E-9 3E-11 7E-6 7E-5
63 Europium-155 W, all compounds 4E+3 9E+!1 4E-8 - 5E-5 5E-4
Bone Surf
- (1E+2) - 2E-10 - -
63 Europium-156 W, all compounds 6E+2 SE+2 2E-7 6E-10 8E-6 8E-5
63 Europium-157 W, all compounds 2E+3 SE+3 2E-6 7E-9 3E-5 3E-4
63 Europium-158% | W, all compounds 2E+4 6E+4 2E-5 8E-8 3E4 3E-3
64 Gadolinium- D, all compounds except SE+4 2E+5 6E-5 2E-7 - -
1457 1 those given for W St. wall
(SE+4) - - - 6E-4 6E-3
W, oxides, hydroxides, and - 2E+5 7E-5 2E-7 - -
fluorides
64 Gadolinium-146 | D, see '*Gd 1E+3 1E+2 SE-8 2E-10 2E-5 2E-4
W, see "°Gd - 3E+2 1E-7 4E-10 - -
64 Gadolinium-147 | D, see '*Gd 2E+3 4E+3 2E-6 6E-9 3E-5 3E-4
W, see "“'Gd - 4E+3 1E-6 SE-9 - -
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Table 1 Table 2 Table 3
Occupational Values Efftuent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col.3 Col. 1 Col. 2
Oral . Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class (uCi) (wCi) (uCi/ml) (uCi/ml) | («Ci/ml) (uCi/ml)
64 Gadolinium-148 | D, see '*Gd 1E+1 8E+3 3E-12 - - -
Bone Surf | Bone Surf
(ZE+1) (2E+2) - 2E-14 3E-7 3E-6
W, see '"*Gd - 3E-2 1E-11 - - -
Bone Surf
- (6E-2) - 8E-14 - -
64 Gadolinium-149 | D, see '*Gd 3E+3 2E+3 9E-7 3E-9 4E-5 4E-4
W, see '¥*Gd - 2E+3 1E-6 3E-9 - -
64 Gadolinium-151 | D, see '*°Gd 6E+3 4E+2 2E-7 - 9E-5 S9E-4
Bone Surf
- (6E+2) - 9E-10 - -
W, see "Gd - 1E+3 5E-7 2E-9 - -
64 Gadolinium-152 | D, see "*Gd 2E+1 1E-2 4E-12 - - -
Bone Surf | Bone Surf
(BE+1) (2E-2) - 3E-14 4E-7 4E-6
W, see Gd - 4E-2 2E-11 - - -
Bone Surf
- (8E-2) - 1E-13 - -
64 Gadolinium-153 | D, see '*Gd SE+3 1E+2 6E-8 - 6E-5 6E-4
Bone Surf
- (2ZE+2) - 3E-10 - -
W, see "*Gd - 6E+2 2E-7 8E-10 - -
64 Gadolinium-159 | D, see **Gd 3E+3 8E+3 3E-6 1E-8 4E-5 4E-4
W, see "Gd - 6E+3 2E-6 8E-9 - -
65 Terbium-147® W, all compounds 9E+3 3E+4 1E-5 SE-8 1E-4 1E-3
65 Terbium-149 W, all compounds SE+3 7E+2 3E-7 1E-9 7E-5 7E-4
65 Terbium-150 W, all compounds SE+3 2E+4 9E-6 3E-8 7E-5 7E-4
65 Terbium-151 W, all compounds 4E+3 9E+3 4E-6 1E-8 SE-5 SE-4
65 Terbium-153 W, all compounds SE+3 TE+3 3E-6 1E-8 7E-5 7E-4
65 Terbium-154 W, all compounds 2E+3 4E+3 2E-6 6E-9 2E-5 2E-4
65 Terbium-155 W, all compounds 6E+3 8E+3 3E-6 1E-8 8E-5 8E-4
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral . Monthly
Ingestion Inhalation Average
Atomic ALI ALl DAC Air Water Concentration
No. Radionuclide Class wCh «Ci) (1 Ci/ml) wCi/ml) | (©Ci/ml) (©Ci/ml)
65 Terbium-156m W, all compounds 2E+4 3E+4 1E-5 4E-8 2E-4 2E-3
(5.0h)
65 Terbium-156m W, all compounds TE+3 8E+3 3E-6 1E-8 1E-4 1E-3
(24.4h)
65 Terbium-156 W, all compounds 1E+3 1E+3 6E-7 2E-9 1E-5 1E-4
65 Terbium-157 W, all compounds SE+4 3E+2 1E-7 - - -
LLI wall | Bone Surf
(SE+4) (6E+2) - 8E-10 7E-4 7E-3
65 Terbium-158 W, all compounds 1E+3 2E+1 8E-9 3E-11 2E-5 2E-4
65 Terbium-160 W, all compounds 8E+2 2E+2 9E-8 3E-10 1E-5 1E-4
65 Terbium-161 W, all compounds 2E+3 2E+3 7E-7 2E-9 - -
LLI wall
(2E+3) - - - 3E-5 3E-4
66 Dysprosium-155 | W, all compounds 9E+3 3E+4 1E-§ 4E-8 1E-4 1E-3
66 Dysprosium-157 | W, all compounds 2E+4 6E+4 3E-5 9E-8 3E-4 3E-3
66 Dysprosium-159 | W, all compounds 1E+4 2E+3 1E-6 3E-9 2E-4 2E-3
66 Dysprosium-165 | W, all compounds 1E+4 SE+4 2E-5 6E-8 2E-4 2E-3
66 Dysprosium-166 | W, all compounds 6E+2 TE+2 3E-7 1E-9 - -
LLI wall
(8E+2) - - - 1E-5 1E-4
67 Holmium-155® | W, all compounds 4E+4 2E+5 6E-5 2E-7 6E-4 6E-3
67 Holmium-157% W, all compounds 3E+5 1E+6 6E-4 2E-6 4E-3 4E-2
67 Holmium-159" | W, all compounds 2E+5 1E+6 4E-4 " 1E-6 3E-3 3E-2
67 Holmium-161 W, all compounds 1E+5 4E+5 2E-4 6E-7 1E-3 1E-2
67 Holmium- W, all compounds SE+4 3E+5 1E-4 4E-7 7E-4 7E-3
162m®
67 Holmium-162% | W, all compounds SE+5 2E+6 1E-3 3E-6 - -
St. wall
(8E+5) - - - 1E-2 1E-1
67 Holmium- W, all compounds 1E+5 3E+5 1E-4 4E-7 1E-3 1E-2
164m™
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Table 1 Table 2 Table 3
Occupational Values Efftuent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral . Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class uCi) wCi) («Ci/ml) (Ci/ml) | (uCi/ml) («Ci/ml)
67 Holmium-164® | W, all compounds 2E+5 6E+S5 3E-4 9E-7 - -
St. wall
(2E+5) - - - 3E-3 3E-2
67 Holmium-166m | W, all compounds 6E+2 7E+0 3E-9 9E-12 9E-6 9E-5
67 Holmium-166 W, all compounds 9E+2 2E+3 TE-7 2E-9 - -
LLI wall
(9E+2) - - - 1E-5 1E-4
67 Holmium-167 W, all compounds 2E+4 6E+4 2E-5 8E-8 2E-4 2E-3
68 Erbium-161 W, all compounds 2E+4 6E+4 3E-5 9E-8 2E-4 2E-3
68 Erbium-165 W, all compounds 6E+4 2E+5 8E-5 3E-7 9E-4 9E-3
68 Erbium-169 W, all compounds 3E+3 3E+3 1E-6 4E-9 - -
LLI wall
(4E+3) - - - 5E-5 SE-4
68 Erbium-171 W, all compounds 4E+3 1E+4 4E-6 1E-8 SE-5 5E-4
68 Erbium-172 W, all compounds 1E+3 1E+3 6E-7 2E-9 - -
LLI wall
(1E+3) - - - 2E-5 2E-4
69 Thulium-162? W, all compounds 7E+4 3E+5 1E-4 4E-7 - -
St. wall
(TE+4) - - - 1E-3 1E-2
69 Thulium-166 W, all compounds 4E+3 1E+4 6E-6 2E-8 6E-5 6E-4
69 Thulium-167 W, all compounds 2E+3 2E+3 8E-7 3E-9 - -
LLI wall
(2E+3) - - - 3E-5 3E-4
69 Thulium-170 W, all compounds 8E+2 2E+2 9E-8 3E-10 - -
LLI wall
(1E+3) - - - 1E-5 1E-4
69 Thulium-171 W, all compounds 1E+4 3E+2 1E-7 - - -
LLI wall | Bone Surf
(IE+4) (6E+2) - 8E-10 2E-4 2E-3
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
I Oral . Monthly
ngestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class wCi) (uCi) (uCi/ml) wCiml) | (.Ci/ml) («Ci/ml)
69 Thulium-172 W, all compounds TE+2 1E+3 SE-7 2E-9 - -
LLI wall
(8E+2) - - - 1E-5 1E-4
69 Thulium-173 W, all compounds 4E+3 1E+4 5E-6 2E-8 6E-5 6E-4
69 Thulium-175® W, all compounds 7TE+4 3E+5 1E-4 4E-7 - -
St. wall
B | - i i 1E-3 IE-2
70 Ytterbium-162? | W, all compounds except TE+4 3E+5 1E-4 4E-7 1E-3 1E-2
those given for Y
Y, oxides, hydroxides, and - 3E+5 1E-4 4E-7 - -
fluorides
70 Ytterbium-166 W, see '°Yb 1E+3 2E+3 8E-7 3E-9 2E-5 2E-4
Y, see 'Yb - 2E+3 8E-7 3E-9 - -
70 Ytterbium-167? | W, see '?Yb 3E+5 8E+5 3E-4 1E-6 4E-3 4E-2
Y, see "*Yb - TE+5 3E-4 1E-6 - -
70 Ytterbium-169 W, see '*Yb 2E+3 8E+2 4E-7 1E-9 2E-5 2E-4
Y, see '2Yb - TE+2 3E-7 1E-9 - -
70 Ytterbium-175 W, see '2Yb 3E+3 4E+3 1E-6 -5E-9 - -
LLI wall
(3E+3) | - - - 4E-5 4E-4
Y, see '*Yb - 3E+3 1E-6 5E-9 - -
70 Ytterbium-177? | W, see '?Yb 2E+4 SE+4 2E-5 7E-8 2E-4 2E-3
Y, see "*Yb - SE+4 2E-5 6E-8 - -
70 Yiterbium-178% | W, see '**Yb 1E+4 4E+4 2E-5 6E-8 2E-4 2E-3
Y, see '2Yb - 4E+4 2E-5 SE-8 - -
71 Lutetium-169 W, all compounds except 3E+3 4E+3 2E-6 6E-9 3E-5 3E-4
those given for Y
Y, oxides, hydroxides, and - 4E+3 2E-6 6E-9 - -
fluorides
71 Lutetium-170 W, see "“Lu 1E+3 2E+3 SE-7 3E-9 2E-5 2E-4
Y, see '“Lu - 2E+3 8E-7 3E-9 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral . Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class wCi) wCi (uCi/ml) wCi/ml) | («Ci/ml) (uCi/ml)
7 Lutetium-171 W, see '“Lu 2E+3 [ 2E+3 8E-7 3E-9 3E-5 3E-4
Y, see "“Lu - 2E+3 8E-7 3E-9 - -
71 Lutetium-172 W, see '®Lu 1E+3 1E+3 5E-7 2E-9 1E-5 1E-4
Y, see '"“Lu - 1E+3 SE-7 2E-9 - -
71 Lutetium-173 W, see '®Lu SE+3 3E+2 1E-7 - 7E-5 7E-4
Bone Surf
- (5E+2) - 6E-10 - -
Y, see '“Lu - 3E+2 1E-7 4E-10 - -
71 Lutetium-174m | W, see "*Lu 2E+3 2E+2 1E-7 - - -
LLI wall Bone Surf
(3E+3) (3E+2) - SE-10 4E-5 4E-4
Y, see 'Lu - 2E+2 9E-8 3E-10 - -
71 Lutetium-174 W, see '“Lu 5E+3 1E+2 5E-8 - 7E-5 7E-4
Bone Surf
- (2E+2) - 3E-10 - -
Y, see '“Lu - 2E+2 6E-8 2E-10 - -
71 Lutetium-176m W, see '“Lu 8E+3 3E+4 1E-5 3E-8 1E-4 1E-3
Y, see '¥Lu - 2E+4 9E-6 3E-8 - -
71 Lutetium-176 W, see “Lu TE+2 SE+) 2E-9 - 1E-5 1E-4
Bone Surf
- (1E+1) - 2E-11 - -
Y, see '“Lu - 8E+0 3E-9 1E-11 - -
71 Lutetium-177m W, see '"“Lu 7E+2 1E+2 5E-8 - 1E-5 1E-4
Bone Surf
- (1E+2) - 2E-10 - -
Y, see '*Lu - 8E+1 3E-8 1E-10 - -
71 Lutetium-177 W, see '“Lu 2E+3 2E+3 9E-7 3E-9 - -
LLI wall
(3E+3) - - .- 4E-5 4E-4
Y, see 'Lu - 2E+3 9E-7 3E-9 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Ora! ' Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class (uCi) uCi) («Ci/ml) wCi/ml) | (uCi/ml) (uCi/ml)
71 Lutetium-178m® | W, see '"“Lu SE+4 2E+5 8E-5 3E-7 - -
St. wall
(6E+4) - - - 8E-4 8E-3
Y, see *Lu - 2E+5 7E-5 2E-7 - -
71 Lutetium-178® | W, see '“Lu 4E+4 1E+5 5E-5 2E-7 - -
St. wall
(4E+4) - - - 6E-4 6E-3
Y, see '“Lu - 1E+5 5E-S 2E-7 - -
71 Lutetium-179 W, see '“Lu 6E+3 2E+4 8E-6 3E-8 9E-5 9E-4
Y, see '“Lu - 2E+4 6E-6 3E-8 - -
72 Hafnium-170 D, all compounds except 3E+3 6E+3 2E-6 8E-9 4E-5 4E-4
those given for W
W, oxides, hydroxides, - SE+3 2E-6 6E-9 - -
carbides, and nitrates
72 Hafnium-172 D, see '°Hf 1E+3 9E+0 4E-9 - 2E-5 2E-4
Bone Surf
- (2E+D) - 3E-11 - -
W, see '"°Hf - 4E+1 2E-8 - - -
Bone Surf
- (6E+1) - 8E-11 - -
72 Hafnium-173 D, see "°Hf SE+3 1E+4 5SE-6 2E-8 7E-5 7E-4
W, see '"°Hf - 1E+4 SE-6 2E-8 - -
72 Hafnium-175 D, see '"Hf - 3E+3 9E+2 4E-7 - 4E-5 4E-4
Bone Surf
- (1E+3) - 1E-9 - -
W, see '"Hf - 1E+3 5E-7 2E-9 - -
72 Hafnium-177m® | D, see "Hf 2E+4 6E+4 2E-5 8E-8 3E-4 3E-3
W, see '°Hf - 9E+4 4E-5 1E-7 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral . Monthly
Ingestion Inhalation Average
Atomic ‘ALI ALI DAC Air Water Concentration
No. Radionuclide Class (uCi) {(uCi) (uCi/ml) wCi/ml) | (uCi/ml) (. Ci/ml)
72 Hafnium-178m D, see 'Hf 3E+2 1E+0 5E-10 - 3E-6 3E-5
Bone Surf
- (2ZE+0) - 3E-12 - -
W, see °Hf - S5E+0 2E-9 - - -
Bone Surf
- (9E+0) - 1E-11 - -
72 Hafnium-179m | D, see """Hf 1E+3 3E+2 1E-7 - 1E-5 1E-4
Bone Surf
- (6E+2) - 8E-10 - -
W, see 'PHf - 6E+2 3E-7 8E-10 - -
72 Hafnium-180m | D, see "PHf 7E+3 2E+4 9E-6 3E-8 1E-4 1E-3
W, see '"Hf - 3E+4 1E-5 4E-8 - -
72 Hafnium-181 D, see "Hf 1E+3 2E+2 7E-8 - 2E-§ 2E-4
Bone Surf
- (4E+2) - 6E-10 - -
W, see "Hf - 4E+2 2E-7 6E-10 - -
72 Hafnium-182m™® | D, see Hf 4E+4 9E+4 4E-5 1E-7 SE-4 5E-3
W, see "°Hf - 1E+5 6E-5 2E-7 - -
72 Hafnium-182 D, see '""Hf 2E+2 8E-1 3E-10 - - -
Bone Surf | Bone Surf
(4E+2) (RE+0) - 2E-12 S5E-6 SE-5
W, see '"°Hf - 3E+0 1E-9 - - -
Bone Surf
- (7E+0) - 1E-11 - -
72 Hafnium-183% D, see ""Hf 2E+4 SE+4 2E-5 6E-8 3E-4 3E-3
W, see "PHf - 6E+4 2E-5 8E-8 - -
72 Hafnium-184 D, see 'Hf 2E+3 8E+3 3E-6 1E-8 3E-5 3E-4
W, see "°Hf - 6E+3 3E-6 9E-9 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Ora! . Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class (uCi) uCi) («Ci/ml) (wCi/ml) | (wCi/ml) (uCi/ml)
73 Tantalum-172% | W, all compounds except 4E+4 1E+5 SE-5 2E-7 5E-4 5E-3
those given for Y
Y, elemental Ta, oxides, - 1E+5 4E-5 1E-7 - -
hydroxides, halides,
carbides, nitrates, and
nitrides
73 Tantalum-173 W, see Ta 7TE+3 2E+4 8E-6 3E-8 9E-5 9E-4
Y, see "Ta - 2E+4 7E-6 2E-8 - -
73 Tantalum-174? | W, see '"*Ta 3E+4 1E+5 4E-5 1E-7 4E-4 4E-3
Y, see "*Ta - 9E+4 4E-5 1E-7 - -
73 Tantalum-175 W, see '"Ta 6E+3 2E+4 7E-6 2E-8 8E-5 8E-4
Y, see '"’Ta - 1E+4 6E-6 2E-8 - -
73 Tantalum-176 W, see '"*Ta 4E+3 1E+4 5E-6 2E-8 5E-5 SE-4
Y, see "*Ta - 1E+4 5E-6 2E-8 - -
73 Tantalum-177 W, see "’Ta 1E+4 2E+4 8E-6 3E-8 2E-4 2E-3
Y, see """Ta - 2E+4 7E-6 2E-8 - -
73 Tantalum-178 W, see 'Ta 2E+4 9E+4 4E-5 1E-7 2E-4 2E-3
Y, see Ta - TE+4 3E-5 1E-7 - -
73 Tantalum-179 W, see '"Ta 2E+4 S5E+3 2E-6 8E-9 3E-4 3E-3
Y, see '"*Ta - 9E+2 4E-7 1E-9 - -
73 Tantalum-180m | W, see '"*Ta 2E+4 7E+4 3E-5 9E-8 3E-4 3E-3
Y, see *Ta - 6E+4 2E-5 8E-8 - -
73 Tantalum-180 W, see *Ta 1E+3 4E+2 2E-7 6E-10 2E-5 2E-4
Y, see *Ta - 2E+1 1E-8 3E-11 - -
73 Tantalum- W, see '""Ta 2E+5 SE+5 2E-4 8E-7 - -
182m™ St. wall
(2E+5) . - - 3E-3 3E-2
Y, see '"Ta - 4E+5 2E-4 6E-7 - -
73 Tantalum-182 W, see ’Ta 8E+2 3E+2 1E-7 5E-10 1E-5 1E-4
Y, see '"Ta - 1E+2 6E-8 2E-10 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral , Monthly
Ingestion Inhalation Average
Atomic ALI ALl DAC Air Water Concentration
No. Radionuclide Class (uCi) («Ci) (uCi/ml) uCi/ml) | (Ci/ml) (1 Ci/ml)
73 Tantalum-183 W, see 'Ta 9E+2 1E+3 SE-7 2E-9 - -
LLI wall
(1E+3) - - - 2E-5 2E-4
Y, see Ta - 1E+3 4E-7 1E-9 - -
73 Tantalum-184 W, see "*Ta 2E+3 SE+3 2E-6 8E-9 3E-5 3E-4
Y, see Ta - 5E+3 2E-6 7E-9 - -
73 Tantalum-185% | W, see """Ta 3E+4 TE+4 3E-5 1E-7 4E-4 4E-3
Y, see '"*Ta - 6E+4 3E-5 9E-8 - -
73 Tantalum-186% | W, see "’Ta SE+4 2E+5 1E-4 3E-7 - -
St. wall
(7TE+4) - - - 1E-3 1E-2
Y, see '"Ta - 2E+5 9E-5 3E-7 - -
74 Tungsten-176 D, all compounds 1E+4 SE+4 2E-5 7E-8 1E-4 1E-3
74 Tungsten-177 D, all compounds 2E+4 9E+4 4E-5 1E-7 3E-4 3E-3
74 Tungsten-178 D, all compounds SE+3 2E+4 8E-6 3E-8 7E-5 7E-4
74 Tungsten-179 | D, all compounds 5E+5 2E+6 TE-4 2E-6 7E-3 7E-2
74 Tungsten-181 D, all compounds 2E+4 3E+4 1E-5 SE-8 2E-4 2E-3
74 Tungsten-185 D, all compounds 2E+3 TE+3 3E-6 S9E-9 - -
LLI wall
(3E+3) - - - 4E-5 4E-4
74 Tungsten-187 D, all compounds 2E+3 9E+3 4E-6 1E-8 3E-5 3E-4
74 Tungsten-188 D, all compounds 4E+2 1E+3 5E-7 2E-9 - -
LLI wall
(SE+2) - - - 7E-6 7E-5
75 Rhenium-177% D, all compounds except 9E+4 3E+5 1E-4 4E-7 - -
those given for W St. wall
(IE+S) - - - 2E-3 2E-2
W, oxides, hydroxides, and - 4E+5 1E-4 SE-7 - -
nitrates
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral . Monthly
Ingestion Inhalation Average
Atomic ALY ALI DAC Air Water Concentration
No. Radionuclide Class wCi) wCi) (uCi/ml) wCi/ml) | (uCi/ml) (1 Ci/ml)
75 Rhenium-1782 | D, see 'Re TE+4 3E+5 1E-4 4E-7 - -
St. watl
(1E+5) - - - 1E-3 1E-2
W, see "'Re - 3E+5 1E-4 4E-7 - -
75 Rhenium-181 D, see '"'Re SE+3 9E+3 4E-6 1E-8 7E-5 7E-4
W, see '"Re - 9E+3 4E-6 1E-8 - -
75 Rhenium-182 D, see "Re 7E+3 1E+4 5E-6 2E-8 9E-5 9E-4
(12.7h) o
W, see "'Re - 2E+4 6E-6 2E-8 - -
75 Rhenium-182 D, see '"Re 1E+3 2E+3 1E-6 3E-9 2E-5 2E-4
(64.0h) ~
W, see "'Re - 2E+3 9E-7 3E-9 - -
75 Rhenium-184m | D, see "'Re 2E+3 3E+3 1E-6 4E-9 3E-5 3E-4
W, see "'Re - 4E+2 2E-7 6E-10 - -
75 Rhenium-184 D, see Re 2E+3 4E+3 1E-6 5E-9 3E-5 3E-4
W, see "Re - 1E+3 6E-7 2E-9 - -
75 Rhenium-186m | D, see "'Re 1E+3 2E+3 7E-7 - - -
St. wall St. wall
(2E+3) (2E+3) - 3E-9 2E-5 2E-4
W, see '"'Re - 2E+2 6E-8 2E-10 - -
75 Rhenium-186 D, see "Re 2E+3 3E+3 1E-6 4E-9 3E-5 3E-4
W, see ""Re - 2E+3 7E-7 2E-9 - -
75 Rhenium-187 D, see '"Re 6E+5 8E+5 4E-4 - 8E-3 8E-2
St. wall
- (9E+5) - 1E-6 - -
W, see '"'Re - 1E+5 4E-5 1E-7 - -
75 Rhenium-188m® | D, see ""'Re 8E+4 1E+5 6E-5 2E-7 iE-3 1E-2
W, see '"Re - 1E+5 6E-5 2E-7 - -
75 Rhenium-188 D, see '"Re 2E+3 3E+3 1E-6 4E-9 2E-5 2E-4
W. see "'Re - 3E+3 1E-6 4E-9 - -
75 Rhenium-189 D, see '"Re 3E+3 SE+3 2E-6 7E-9 4E-5 4E-4
W, see "Re - 4E+3 2E-6 6E-9 - -
B-59 NUREG-1736



APPENDIX B

Table 1 Table 2 Table 3
QOccupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Ing:;lion Inhalation I;'I:;Tglz
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class (uCi) («Ci) (uCi/ml) wCi/ml) | («Ci/ml) (uCi/ml)
76 Osmium-180® D, all compounds except 1E+5 4E+5 2E-4 SE-7 1E-3 1E-2
those given for Wand Y
W, halides and nitrates - SE+5 2E-4 7E-7 - -
Y, oxides and hydroxides - SE+5 2E4 6E-7 - -
76 Osmium-181? D, see *°0s 1E+4 4E+4 2E-5 6E-8 2E4 2E-3
W, see '*°0s - S5E+4 2E-5 6E-8 - -
Y, see "*0s - 4E+4 2E-5 6E-8 - -
76 Osmium-182 D, see '®0s 2E+3 6E+3 2E-6 8E-9 3E-5 3E-4
W, see '*°0s - 4E+3 2E-6 6E-9 - -
Y, see '¥0s - 4E+3 2E-6 6E-9 - -
76 Osmium-185 D, see "%0s 2E+3 SE+2 2E-7 7E-10 3E-5 3E4
W, see '¥0s - 8E+2 3E-7 1E-9 - -
Y, see ¥0s - 8E+2 3E-7 1E-9 - -
76 Osmium-189m D, see ™0s SE+4 2E+5 1E-4 3E-7 1E-3 iE-2
W, see '¥0s - 2E+5 9E-5 3E-7 - -
Y, see "®0s - 2E+5 7E-5 2E-7 - -
76 Osmium-191m D, see *'0Os 1E+4 3E+4 1E-5 4E-8 2E-4 2E-3
W, see 05 - 2E+4 8E-6 3E-8 - -
Y, see "M0s - 2E+4 7E-6 2E-8 - -
76 Osmium-191 D, see "*°Os 2E+3 2E+3 9E-7 3E9 - -
LLI wall
(3E+3) - - - 3E-5 3E-4
W, see "*°0s - 1 2E+3 7E-7 2E-9 - -
Y, see '*°0s - 1E+3 6E-7 2E-9 - -
76 Osmium-193 D, see "0s 2E+3 SE+3 2E-6 6E-9 - -
LLI wall
(2E+3) - - - 2E-5 2E4
W, see '*°0s - 3E+3 1E-6 4E-9 - -
Y, see *°0s - 3E+3 1E-6 4E-9 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average
Atomic ALY ALI DAC Air Water Concentration
No. Radionuclide Class (uCi) (uCi) (uCi/ml) (uCi/ml) | («Ci/ml) (. Ci/ml)
76 Osmium-194 D, see "*°0s 4E+2 4E+1 2E-8 6E-11 - -
LLI wall
(6E+2) - - - 8E-6 8E-5
W, see "0s - 6E+1 2E-8 8E-11 - -
Y, see "Os - 8E+0 3E-9 1E-11 - -
77 Iridium-182?% D, all compounds except 4E+4 1E+5 6E-5 2E-7 - -
those given for W and Y St. wall
(4E+4) - - - 6E-4 6E-3
W, halides, nitrates, and - 2E+5 6E-5 2E-7 - -
metallic iridium
Y, oxides and hydroxides - 1E+5 5E-5 2E-7 - -
77 Iridium-184 D, see "¥Ir 8E+3 2E+4 1E-S 3E-8 1E-4 1E-3
W, see ¥Ir - 3E+4 1E-5 SE-8 - -
Y, see "®r - 3E+4 1E-5 4E-8 - -
77 Iridium-185 D, see "Ir SE+3 1E+4 5E-6 2E-8 7E-5 7E-4
W, see *ir - 1E+4 5E-6 2E-8 - -
Y, see ™Ir - 1E+4 4E-6 1E-8 - -
77 Iridium-186 D, see *r 2E+3 8E+3 3E-6 1E-8 3E-5 3E-4
W, see "®Ir - 6E+3 3E-6 9E-9 - -
Y, see ¥t - 6E+3 2E-6 8E-9 - -
77 Iridium-187 D, see "Ir 1E+4 3E+4 1E-5 SE-8 1E-4 1E-3
W, see ®r - 3E+4 1E-5 4E-8 - -
Y, see ™Ir - 3E+4 1E-5 4E-8 - -
77 Iridium-188 D, see "It 2E+3 SE+3 2E-6 6E-9 3E-5 3E-4
W, see "¥Ir - 4E+3 1E-6 SE-9 - -
Y, see "¥Ir - 3E+3 1E-6 5E-9 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Ingersatlion Inhalation lronthly
verage
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class (uCi) wCi) (uCifml) Cifml) | (uCi/ml) (¢ Ci/ml)
77 Iridium-189 D, see "®Ir 5E+3 SE+3 2E-6 7E-9 - -
LLI wall
(SE+3) - - - 7E-5 7E-4
W, see "¥Ir - 4E+3 2E-6 5SE-9 - -
Y, see '“Ir - 4E+3 1E-6 SE-9 - -
77 Iridium-190m® | D, see "¥Ir 2E+5 2E+5 8E-5 3E-7 2E-3 2E-2
W, see "®¥Ir - 2E+5 9E-5 3E-7 - -
Y, see ¥r - 2E+5 8E-5 3B-7 - -
77 Iridium-190 D, see "“Ir 1E+3 9E+2 4E-7 1E-9 1E-5 1E-4
W, see "#Ir - 1E+3 4E-7 1E-9 - -
Y, see "It - 9E+2 4E-7 1E-9 - -
77 Iridium-192m D, see ¥Ir 3E+3 SE+1 4E-8 1E-10 4E-5 4E-4
W, see "¥r - 2E+2 9E-8 3E-10 - -
Y, see "*Ar - 2E+1 6E-9 2E-11 - -
77 Iridium-192 D, see ™It 9E+2 3E+2 1E-7 4E-10 1E-S 1E-4
W, see "Ir - 4E+2 2E-7 6E-10 - -
Y, see "™Ir - 2E+2 9E-8 3E-10 - -
77 Iridium-194m D, see "¥Ir 6E+2 9E+1 4E-8 1E-10 9E-6 9E-5
W, see "®Ir - 2E+2 7E-8 2E-10 - -
Y, see ¥Ir - 1E+2 4E-8 1E-10 - -
77 Iridium-194 D, see "™Ir 1E+3 3E+3 1E-6 4E-9 1E-5 1E-4
W, see ™Ir - 2E+3 9E-7 3E-9 - -
Y, see "™Ir - 2E+3 8E-7 3E-9 - -
77 Iridium-195m D, see "Ir 8E+3 2E+4 1E-5 3E-8 1E-4 1E-3
W, see Mir - 3E+4 1E-§ 4E-8 - -
Y, see ®Ir - 2E+4 9E-6 3E-8 - -
77 Iridium-195 D, see "*Ir 1E+4 4E+4 2E-5 6E-8 2E-4 2E-3
W, see "Ir - SE+4 2E-5 7E-8 - -
Y, see "Ir - 4E+4 2E-5 6E-8 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Ora! ) Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class (uCi) wCi) (uCi/ml) (uCi/ml) | (Ci/ml) («Ci/ml)
78 Platinum-186 D, all compounds 1E+4 4E+4 2E-5 SE-8 2E-4 2E-3
78 Platinum-188 D, all compounds 2E+3 2E+3 TE-7 2E-9 2E-5 2E-4
78 Platinum-189 D, all compounds 1E+4 3E+4 1E-5 4E-8 1E-4 1E-3
78 Platinum-191 D, all compounds 4E+3 8E+3 4E-6 1E-8 SE-5 SE-4
78 Platinum-193m D, all compounds 3E+3 6E+3 3E-6 8E-9 - -
LLI wall
(B3E+4) - - - 4E-5 4E-4
78 Platinum-193 D, all compounds 4E+4 2E+4 1E-5 3E-8 - -
LLI wall
(SE+4) - - - 6E-4 6E-3
78 Platinum-195m D, all compounds 2E+3 4E+3 2E-6 6E-9 - -
LLI wall
(2E+3) - - - 3E-5 3E-4
78 Platinum-197m™ | D, all compounds 2E+4 4E+4 2E-5 6E-8 2E-4 2E-3
78 Platinum-197 D, all compounds 3E+3 1E+4 4E-6 1E-8 4E-5 4E-4
78 Platinum-199"” D, all compounds SE+4 1E+5 6E-5 2E-7 7E-4 7E-3
78 Platinum-200 D, all compounds 1E+3 3E+3 1E-6 SE-9 2E-5 2E-4
79 Gold-193 D, all compounds except 9E+3 3E+4 1E-5 4E-8 1E-4 1E-3
those given for Wand Y
W, halides and nitrates - 2E+4 9E-6 3E-8 - -
Y, oxides and hydroxides - 2E+4 8E-6 3E-8 - -
79 Gold-194 D, see *Au 3E+3 8E+3 3E-6 1E-8 4E-5 4E-4
W, see "PAu - 5E+3 2E-6 8E-9 - -
Y, see Au - SE+3 2E-6 7E-9 - -
79 Gold-195 D, see '’Au 5E+3 1E+4 SE-6 2E-8 7E-5 7E-4
W, see Au - 1E+3 6E-7 2E-9 - -
Y, see *’Au - 4E+2 2E-7 6E-10 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral . Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class wCi) wCi) (uCi/ml) wCi/ml) | («Ci/ml) (uCi/ml)
79 Gold-198m D, see Au 1E+3 3E+3 1E-6 4E-9 1E-5 1E-4
W, see Au - 1E+3 SE-7 2E-9 - -
Y, see Au - 1E+3 SE-7 2E-9 - -
79 Gold-198 D, see *Au 1E+3 4E+3 2E-6 SE-9 2E-5 2E-4
W, see '“Au - 2E+3 8E-7 3E-9 - -
Y, see 'PAu - 2E+3 7E-7 2E-9 - -
79 Gold-199 D, see "PAu 3E+3 9E+3 4E-6 1E-8 - -
LLI wall
(3E+3) - - - 4E-5 4E-4
W, see ’Au - 4E+3 2E-6 6E-9 - -
Y, see '"*Au - 4E+3 2E-6 SE-9 - -
79 Gold-200m D, see '"Au 1E+3 4E+3 1E-6 5E-9 2E-5 2E-4
W, see '*Au - 3E+3 1E-6 4E-9 - -
Y, see *Au - 2E+4 1E-6 3E-9 - -
79 Gold-200® D, see *Au 3E+4 6E+4 3E-5 9E-8 4E-4 4E-3
W, see *Au - 8E+4 3E-5 1E-7 - -
Y, see *Au - TE+4 3E-5 1E-7 - -
79 Gold-201 D, see "*Au TE+4 2E+5 9E-5 3E-7 - -
St. wall
(9E+4) - - - 1E-3 1E-2
W, see *Au - 2E+5 1E-4 3E-7 - -
Y, see "*Au - 2E+5 9E-5 3E-7 - -
80 Mercury-193m Vapor - 8E+3 4E-6 1E-8 - -
Organic D 4E+3 1E+4 SE-6 2E-8 6E-5 6E-4
D, sulfates 3E+3 9E+3 4E-6 1E-8 4E-5 4E-4
W, oxides, hydroxides, - 8E+3 3E-6 1E-8 - -
halides, nitrates, and
sulfides
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
In(;(:.satlion Inhalation IXIonthly
verage
Atomic ALl ALI DAC Air Water Concentration
No. Radionuclide Class wCi) wCi) (uCi/ml) (uCifml) | (uCi/ml) (uCi/ml)
80 Mercury-193 Vapor - 3E+4 1E-5 4E-8 - -
Organic D 2E+4 6E+4 3E-5 9E-8 3E-4 3E-3
D, see ""Hg 2E+4 4E+4 2E-5 6E-8 2E-4 2E-3
W, see *"Hg - 4E+4 2E-5 6E-8 - -
80 Mercury-194 Vapor - 3E+] 1E-8 4E-11 - -
Organic D 2E+1 3E+l1 1E-8 4E-11 2E-7 2E-6
D, see ""Hg 8E+2 4E+1 2E-8 6E-11 1E-5 1E-4
W, see *""Hg - 1E+2 5E-8 2E-10 - -
80 | Mercury-195m | Vapor ] 4E+3 2E-6 6E-9 ; ]
Organic D 3E+3 6E+3 3E-6 8E-9 4E-5 4E-4
D, see "*"Hg 2E+3 5E+3 2E-6 7E-9 3E-5 3E-4
W, see *"Hg - 4E+3 2E-6 SE-9 - -
80 Mercury-195 Vapor - 3E+4 1E-5 4E-8 - -
Organic D 2E+4 SE+4 2E-5 6E-8 2E-4 2E-3
D, see **"Hg 1E+4 4E+4 1E-5 SE-8 2E-4 2E-3
W, see '""Hg . 3E+4 1E-5 SE-8 - -
80 Mercury-197m Vapor - SE+3 2E-6 7E-9 - -
Organic D 4E+3 9E+3 4E-6 1E-8 5E-5 SE-4
D, see """Hg 3E+3 7E+3 3E-6 1E-8 4E-5 4E-4
W, see """Hg - 5E+3 2E-6 7E-9 - -
80 Mercury-197 Vapor - 8E+3 4E-6 1E-8 - -
Organic D 7E+3 1E+4 6E-6 2E-§ 9E-5 9E-4
D, see '®*"Hg 6E+3 1E+4 SE-6 2E-8 8E-5 8E-4
W, see "Hg - 9E+3 4E-6 1E-8 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
In(g):satlion Inhalation IZIonthly
verage
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class (uCi) uCi) (©.Ci/fml) (uCi/ml) | («Ci/ml) («Ci/ml)
80 Mercury-199m® | Vapor - 8E+4 3E-5 1E-7 - -
Organic D 6E+4 2E+5 7E-5 2E-7 - -
St. wall
(1IE+5) - - - 1E-3 1E-2
D, see *"Hg 6E+4 1E+5 6E-5 2E-7 8E-4 8E-3
W, see "*"Hg - 2E+5 7E-5 2E-7 - -
80 Mercury-203 Vapor - 8E+2 4E-7 1E-S - -
Organic D SE+2 8E+2 3E-7 1E-9 7E-6 7E-5
D, see "*"Hg 2E+3 1E+3 5E-7 2E-9 3E-5 3E-4
W, see **"Hg - 1E+3 SE-7 2E-9 - -
81 Thallium-194m™ | D, all compounds SE+4 2E+5 6E-5 2E-7 - -
St. wall
(TE+4) - - - IE-3 1E-2
81 Thallium-194? D, all compounds 3E+5 6E+5 2E-4 8E-7 - -
St. wall
(3E+5) - - - 4E-3 4E-2
81 Thallium- 195" D, all compounds 6E+4 1E+5 SE-5 2E-7 9E-4 9E-3
81 Thallium-197 D, all compounds TE+4 1E+5 5E-5 2E-7 1E-3 1E-2
81 Thallium-198m'® | D, all compounds 3E+4 SE+4 2E-5 8E-8 4E-4 4E-3
81 Thallium-198 D, all compounds 2E+4 3E+4 1E-5 SE-8 3E-4 3E-3
81 Thallium-199 D, all compounds 6E+4 8E+4 4E-5 1E-7 9E-4 9E-3
81 Thallium-200 D, all compounds 8E+3 1E+4 5E-6 2E-8 1E-4 1E-3
81 Thallium-201 D, all compounds 2E+4 2E+4 9E-6 3E-8 2E-4 2E-3
81 Thallium-202 D, all compounds 4E+3 SE+3 2E-6 7E-9 SE-5 SE-4
81 Thallium-204 D, all compounds 2E+3 2E+3 9E-7 3E-9 2E-5 2E-4
82 Lead-195m® D, all compounds 6E+4 2E+5 8E-5 3E-7 8E-4 8E-3
82 Lead-198 D, all compounds 3E+4 6E+4 3E-5 9E-8 4E-4 4E-3
82 Lead-199® D, all compounds 2E+4 TE+4 3E-5 1E-7 3E-4 3E-3
82 Lead-200 D, all compounds 3E+3 6E+3 3E-6 9E-9 4E-5 4E-4
82 Lead-201 D, all compounds TE+3 2E+4 8E-6 3E-8 1E-4 1E-3
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
In(g):;lion Inhalation lromh]y
verage
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class (uCi) (uCi) («Ci/ml) wCiml) | (.Cifml) («Ci/ml)
82 Lead-202m D, all compounds 9E+3 3E+4 1E-5 4E-8 1E-4 1E-3
82 Lead-202 D, all compounds 1E+2 SE+1 2E-8 7E-11 2E-6 2E-5
82 Lead-203 D, all compounds SE+3 9E+3 4E-6 1E-8 7E-5 7E-4
82 Lead-205 D, all compounds 4E+3 1E+3 6E-7 2E-9 SE-5 SE-4
82 Lead-209 D, all compounds 2E+4 6E+4 2E-5 8E-8 3E-4 3E-3
82 Lead-210 D, all compounds 6E+1 2E+1 1E-10 - - -
Bone Surf | Bone Surf
(1E+0} (4E-1) - 6E-13 1E-8 1E-7
82 Lead-211? D, all compounds 1E+4 6E+2 3E-7 9E-10 2E-4 2E-3
82 Lead-212 D, all compounds 8E+1 3E+1 1E-8 SE-11 - -
Bone Surf
‘(1E+2) - - - 2E-6 2E-5
82 Lead-214% D, all compounds 9E+3 8E+2 3E-7 1E-9 1E-4 1E-3
83 Bismuth-200 D, nitrates 3E+4 8E+4 4E-5 1E-7 4E-4 4E-3
W, all other compounds - 1E+5 4E-5 1E-7 - -
83 Bismuth-201% D, see “Bi 1E+4 3E+4 1E-5 4E-8 2E-4 2E-3
W, see "B - 4E+4 2E-5 5E-8 - -
83 Bismuth-202? D, see *Bi 1E+4 4E+4 2E-5 6E-8 2E-4 2E-3
W, see *Bi - 8E+4 3E-5 1E-7 - -
83 Bismuth-203 D, see “Bi 2E+3 7E+3 3E-6 9E-9 3E-5 3E-4
W, see *Bi - 6E+3 3E-6 9E-9 - -
83 Bismuth-205 D, see *Bi 1E+3 3E+3 1E-6 3E-9 2E-5 2E4
W, see Bi - 1E+3 SE-7 2E-9 - -
83 Bismuth-206 D, see *Bi 6E+2 1E+3 6E-7 2E-9 9E-6 9E-5
W, see Bi - %E+2 4E-7 1E-9 - -
83 Bismuth-207 D, see Bi 1E+3 2E+3 7E-7 2E-9 1E-5 1E-4
W, see ¥Bi - 4E+2 1E-7 5E-10 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral . Monthly
Ingestion Inhalation Average
Atomic ALl ALI DAC Air Water Concentration
No. Radionuclide Class wCi) wCi) (uCi/ml) (wCi/ml) | («Ci/ml) {uCi/ml)
83 Bismuth-210m D, see *Bj 4E+1 SE+0 2E-9 - - -
Kidneys Kidneys
(6E+1) (6E+0) - 9E-12 8E-7 8E-6
W, see Bj - 7E-1 3E-10 9E-13 - -
83 Bismuth-210 D, see *Bj 8E+2 2E+2 1E-7 - 1E-5 1E-4
Kidneys
- (4E+2) - SE-10 - -
W, see 2Bi - 3E+1 1E-8 4E-11 - -
83 Bismuth-212? D, see *Bi SE+3 2E+2 1E-7 3E-10 7E-5 7E-4
W, see ®Bi - 3E+2 1E-7 4E-10 - -
83 Bismuth-213? D, see *Bi 7E+3 3E+2 1E-7 4E-10 1E-4 1E-3
W, see Bj - 4E+2 1E-7 5E-10 - -
83 Bismuth-214® D, see *Bj 2E+4 8E+2 3E-7 1E-9 - -
St. wall
(2E+4) - - - 3E-4 3E-3
W, see *®Bi - 9E-2 4E-7 1E-9 - -
84 Polonium-203% | D, all compounds except 3E+4 6E+4 3E-5 9E-8 3E-4 3E-3
those given for W
W, oxides, hydroxides, and - 9E+4 4E-5 1E-7 - -
nitrates
84 Polonium-205 | D, see **Po 2E+4 4E+4 2E-5 SE-8 3E-4 3E-3
W, see ®Po - 7E+4 3E-5 1E-7 - -
84 Polonium-207 D, see *Po 8E+3 3E+4 1E-5 3E-8 1E-4 1E-3
W, see P*Po - 3E+4 1E-5 4E-8 - -
84 Polonium-210 D, see *'Po 3E+0 6E-1 3E-10 9E-13 4E-8 4E-7
W, see *®Po - 6E-1 3E-10 9E-13 - -
85 Astatine-207? D, halides 6E+3 3E+3 1E-6 4E-9 8E-5 8E-4
w - 2E+3 9E-7 3E-9 - -
85 Astatine-211 D, halides 1E+2 8E+1 3E-8 1E-10 2E-6 2E-5
w - SE+1 2E-8 8E-11 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral ' Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class wCi) (uCi) (uCv/ml) (uCi/ml) | (xCi/ml) (uCi/ml)
86 Radon-220 With daughters removed - 2E+4 7E-6 2E-8 - -
With daughters present - 2E+1 9E-9 3E-11 - -
(or 12 (or 1.0
working working
level level)
months)
86 Radon-222 With daughters removed - 1E+4 4E-6 1E-8 - -
With daughters present - 1E+2 3E-8 1E-10 - -
(or4 (or 0.33
working working
level level)
months)
87 Francium-222% | D, all compounds 2E+3 SE+2 2E-7 6E-10 3E-5 3E-4
87 Francium-223% | D, all compounds 6E+2 8E+2 3E-7 1E-9 8E-6 8E-5
88 Radium-223 W, all compounds SE+0 7E-1 3E-10 9E-13 - -
Bone Surf
(9E+0) - - - 1E-7 1E-6
88 Radium-224 W, all compounds 8E+0 2E+0 7E-10 2E-12 - -
Bone Surf
(2E+1) - - - 2E-7 2E-6
88 Radium-225 W, all compounds 8E+0 7E-1 3E-10 9E-13 - -
' Bone Surf
(2E+1) - - - 2E-7 2E-6
88 Radium-226 W, all compounds 2E+0 6E-1 3E-10 9E-13 - -
Bone Surf
(SE+0) - - - 6E-8 6E-7
88 Radium-227% W, all compounds 2E+4 1E+4 6E-6 - - -
Bone Surf | Bone Surf
(2E+4) (2E+4) - 3E-8 3E-4 3E-3
88 Radium-228 W, all compounds 2E+0 1E+0 SE-10 2E-12 - -
Bone Surf
(4E+0) - - - 6E-8 6E-7
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Table 2

Table 1 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral . Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class wCi) wCi) («Ci/ml) (uCi/ml) | (uCi/ml) (uCi/ml)
89 Actinium-224 D, all compounds except 2E+3 3E+l 1E-8 - - -
those given for Wand Y LLIwall | Bone Surf
(2E+3) (4E+1) - SE-11 3E-5 3E-4
W, halides and nitrates - SE+1 2E-8 TE-11 - -
Y, oxides and hydroxides - SE+1 2E-8 6E-11 - -
89 Actinium-225 D, see Z*Ac SE+1 3E-1 1E-10 - - -
LLI wall | Bone Surf
(5E+1) (SE-1) - 7E-13 7E-7 7E-6
W, see 2Ac - 6E-1 3E-10 9E-13 - -
Y, see *Ac - 6E-1 3E-10 9E-13 - -
89 Actinium-226 D, see Z*Ac 1E+2 3E+0 1E-9 - - -
LLI wall { Bone Surf
(1E+2) (4E+0) - SE-12 2E-6 2E-5
W, see *Ac - SE+0 2E-9 7E-12 - -
Y, see Z*Ac - SE+0 2E-9 6E-12 - -
89 Actinium-227 D, see *Ac 2E-1 4E-4 2E-13 - - -
Bone Surf | Bone Surf
(4E-1) (8E-4) - 1E-15 5E-9 SE-8
W, see *Ac - 2E-3 7E-13 - - -
Bone Surf
- (3E-3) - 4E-15 - -
Y, see “Ac - 4E-3 2E-12 6E-15 - -
89 Actinium-228 D, see *'Ac 2E+3 9E+0 4E-9 - 3E-5 3E-4
Bone Surf
- (ZE+1) - 2E-11 - -
W, see Z'Ac - 4E+1 2E-8 - - -
Bone Surf
- (6E+1) - 8E-11 - -
Y, see 'Ac - 4E+1 2E-8 6E-11 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral ‘ Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class wCi) (nCi) (1.Ci/ml) (wCiml) | («Ci/ml) (uCi/ml)
90 Thorium-226® W, all compounds except 5E+3 2E+2 6E-8 2E-10 - -
those given for Y St. wall
(5E+3) - - - TE-5 7E-4
Y, oxides and hydroxides - 1E+2 6E-8 2E-10 - -
S0 Thorium-227 W, see ?5Th 1E+2 3E-1 1E-10 5E-13 2E-6 2E-5
Y, see **Th - 3E-1 1E-10 SE-13 - -
90 Thorium-228 W, see 2*Th 6E+0 1E-2 4E-12 - - -
Bone Surf | Bone Surf
(1E+1) (2E-2) - 3E-14 2E-7 2E-6
Y, see **Th - 2E-2 7E-12 2E-14 - -
920 Thorium-229 W, see 2°Th 6E-1 9E-4 4E-13 - - -
Bone Surf | Bone Surf
(1E+0) (2E-3) - 3E-15 2E-8 2E-7
Y, see 2°Th - 2E-3 1E-12 - - -
Bone Surf
- (3E-3) - 4E-15 - -
90 Thorium-230 W, see **Th 4E+0 6E-3 3E-12 - - -
Bone Surf | Bone Surf
(9E+0) (2E-2) - 2E-14 1E-7 1E-6
Y, see *°Th - 2E-2 6E-12 - - -
Bone Surf
- (2E-2) - 3E-14 - -
90 Thorium-231 W, see 226™ 4E+3 6E+3 3E-6 9E-9 5E-5 SE-4
Y, see “°Th - 6E+3 3E-6 9E-9 - -
90 Thorium-232 W, see “*Th 7E-1 1E-3 SE-13 - - -
Bone Surf | Bone Surf
(2ZE+0Q) (3E-3) - 4E-15 3E-8 3E-7
Y, see **Th - 3E-3 1E-12 - - -
Bone Surf
- (4E-3) - 6E-15 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral . Monthly
Ingestion Inhalation Average
Atomic ALI ALIX DAC Air Water Concentration
No. Radionuclide Class («Ci) wCi) (uCi/ml) wCi/ml) | (Ci/ml) (uCi/ml)
90 Thorium-234 W, see 2°Th 3E+2 2E+2 8E-8 3E-10 - -
LLI wall
(4E+2) - - - SE-6 SE-5
Y, see °Th - 2E+2 6E-8 2E-10 - -
91 Protactinium- W, all compounds except 4E+3 1E+2 5E-8 2E-10 5E-5 SE-4
2279 those given for Y
Y, oxides and hydroxides - 1E+2 4E-8 1E-10 - -
91 Protactinium-228 | W, see ?'Pa 1E+3 1E+1 5E-9 - 2E-5 2E-4
Bone Surf
- (2E+1) - 3E-11 - -
Y, see ?'Pa - 1E+1 5E-9 2E-11 - -
91 Protactinium-230 | W, see **’Pa 6E+2 SE+0 2E-9 7E-12 - -
Bone Surf
(9E+2) - - - 1E-5 1E-4
Y, see *¥'Pa - 4E+0 1E-9 SE-12 - -
91 Protactinium-231 | W, see 2'Pa 2E-1 2E-3 6E-13 - - -
Bone Surf | Bone Surf
(5E-1) (4E-3) - 6E-15 6E-9 6E-8
Y, see *'Pa - 4E-3 2E-12 - - -
Bone Surf
- (6E-3) - 8E-15 - -
91 Protactinium-232 | W, see *'Pa 1E+3 2E+1 9E-9 - 2E-5 2E-4
Bone Surf
- (6E+1) - 8E-11 - -
Y, see *'Pa - 6E+1 2E-8 - - -
Bone Surf
- (7E+1) - 1E-10 - -
91 Protactinium-233 | W, see 2'Pa 1E+3 TE+2 3E-7 1E-9 - -
LLI wall
(2E+3) - - - 2E-5 2E-4
Y, see 'Pa - 6E+2 2E-7 8E-10 - -
91 Protactinium-234 | W, see ?'Pa 2E+3 8E+3 3E-6 1E-8 3E-5 3E-4
NUREG-1736 B-72



APPENDIX B

Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral . Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class (uCi) (Ci) (1 Ci/ml) (uCi/ml) | («Ci/ml) (1 Ci/ml)
Y, see 22'Pa - 7E+3 3E-6 9E-9 - -
92 Uranium-230 D, UF,, UO,F,, UO,(NO,), 4E+0 4E-1 2E-10 - - -
Bone Surf | Bone Surf
(6E+0) (6E-1) - 8E-13 8E-8 8E-7
W, UO,, UF,, UCI], - 4E-1 1E-10 SE-13 - -
Y, UO,, U,0,4 - 3E-1 1E-10 4E-13 - -
92 Uranium-231 D, see *U SE+3 8E+3 3E-6 1E-8 - -
LLI wall
(4E+3) - - - 6E-5 6E-4
W, see 20U - 6E+3 2E-6 8E-9 - -
Y, see P°U - 5E+3 2E-6 6E-9 - -
92 Uranium-232 D, see ®°U 2E+0 2E-1 9E-11 - - -
Bone Surf | Bone Surf
(4E+0) (4E-1) - 6E-13 6E-8 6E-7
W, see 2°U - 4E-1 2E-10 5E-13 - -
Y, see *°U - 8E-3 3E-12 1E-14 - -
92 Uranium-233 D, see U 1E+1 1E+0 5E-10 - - -
Bone Surf | Bone Surf
(2E+1) (2E+0) - 3E-12 3E-7 3E-6
W, see U - 7E-1 3E-10 1E-12 - -
Y, see *U - 4E-2 2E-11 SE-14 - -
92 Uranium-234* D, see U 1E+1 1E+0 SE-10 - - -
Bone Surf | Bone Surf
(2E+1) (2E+0) - 3E-12 3E-7 3E-6
W, see ®°U - 7E-1 3E-10 1E-12 - -
Y, see U - 4E-2 2E-11 SE-14 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Ora! ) Monthly
Ingestion Inhalation Average
Atomic ALl ALI DAC Air Water Concentration
No. Radionuclide Class wCi) («Ci) (.. Ci/ml) (uCi/ml) | (..Ci/ml) (Ci/ml)
92 Uranium-235® D, see U 1E+1 1E+0 6E-10 - - -
Bone Surf | Bone Surf
(2E+1) (2E+0) - 3E-12 3E-7 3E-6
W, see U - SE-1 3E-10 1E-12 - -
Y, see U - 4E-2 2E-11 6E-14 - -
92 Uranium-236 D, see *°U 1E+1 1E+0 5E-10 - - -
Bone Surf | Bone Surf
(2E+1) (2E+0) - 3E-12 3E-7 3E-6
W, see Z°U - 8E-1 3E-10 1E-12 - -
Y, see 2%U - 4E-2 2E-11 6E-14 - -
92 Uranium-237 D, see *°U 2E+3 3E+3 1E-6 4E-9 - -
LLI wall
(2E+3) - - - 3E-5 3E-4
W, see 2°U - 2E+3 7E-7 2E-9 - -
Y, see U - 2E+3 6E-7 2E-9 . -
92 Uranium-238® | D, see *°U 1E+1 1E+0 6E-10 - - -
Bone Surf | Bone Surf
(ZE+1) (2E+0) - 3E-12 3E-7 3E-6
W, see 2°U . 8E-1 3E-10 1E-12 - -
Y, see U - 4E-2 2E-11 6E-14 - -
92 Uranium-239~ D, see *°U TE+4 2E+5 8E-5 3E-7 9E-4 9E-3
W, see U - 2E+5 7E-5 2E-7 - -
Y, see 2°U - 2E+5 6E-5 2E-7 - -
92 Uranium-240 D, see U 1E+3 4E+3 2E-6 5E-9 2E-5 2E-4
W, see U - 3E+3 1E-6 4E-9 - -
Y, see U - 2E+3 1E-6 3E9 - -
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Table 1 Table 2 Table 3
Qccupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Ora! i Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class (uCi) (uCi) (uCi/ml) (Ci/ml) | («Ci/ml) (uCi/fml)
92 Uranium- D, see 2°U 1E+1 1E+0 SE-10 - - -
natural™ Bone Surf | Bone Surf
(2E+1) (RE+0) - 3E-12 3E-7 3E-6
W, see 2°U - 8E-1 3E-10 9E-13 - -
Y, see 2°U - SE-2 2E-11 9E-14 - -
93 Neptunium-232% | W, all compounds 1E+5 2E+3 JE-7 - 2E-3 2E-2
Bone Surf
- (5E+2) - 6E-9 - -
93 Neptunium-233? | W, all compounds 8E+5 3E+6 1E-3 4E-6 1E-2 1E-1
93 Neptunium-234 | W, all compounds 2E+3 3E+3 1E-6 4E-9 3E-5 3E-4
93 Neptunium-235 W, all compounds 2E+4 8E+2 3E-7 - - -
LLI wall | Bone Surf
(2E+4) (1E+3) - 2E-9 3E-4 3E-3
93 Neptunium-236 W, all compounds 3E+0 2E-2 9E-12 - - -
(1.15E+5y) Bone Surf | Bone Surf
(6E+0) (SE-5) - 8E-14 9E-8 9E-7
93 Neptunium- W, all compounds 3E+3 3E+] 1E-8 - - -
236m (22.5h) Bone Surf | Bone Surf
(4E+3) (7E+1) - 1E-10 SE-5 SE-4
93 Neptunium-237 W, all compounds SE-1 4E-3 2E-12 - - -
Bone Surf | Bone Surf
(1E+0) (1E-2) - 1E-14 2E-8 2E-7
93 Neptunium-238 W, all compounds 1E+3 6E+1 3E-8 - 2E-5 2E-4
Bone Surf
- (2E+2) - 2E-10 - -
93 Neptunium-239 W, all compounds 2E+3 2E+3 9E-7 3E-9 - -
LLI wall
(2E+3) - - - 2E-5 2E-4
93 Neptunium-240” | W, all compounds 2E+4 8E+4 3E-5 1E-7 3E-4 3E-3
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral . Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class wCi) (uCi) (Ci/ml) @Ci/ml) | (uCi/ml) (uCi/ml)
94 Plutonium-234 W, all compounds except 8E+3 2E+2 9E-8 3E-10 1E4 IE-3
PuO, _
Y, PuO, - 2E+2 8E-8 3E-10 - -
94 Plutonium-235? | W, see ®*Pu 9E+5 3E+6 1E-3 4E-6 1E-2 1E-1
Y, see **Pu - 3E+6 1E-3 3E-6 - -
94 Plutonium-236 W, see 2'Pu 2E+0 2E-2 8E-12 - - -
Bone Surf | Bone Surf
(4E+0) (4E-2) - 5E-14 6E-8 6E-7
Y, see 2*Pu - 4E-2 2E-11 6E-14 - -
94 Plutonium-237 W, see **Pu 1E+4 3E+3 1E-6 SE-9 2E-4 2E-3
Y, see **Pu - 3E+3 1E-6 4E-9 - -
94 Plutonium-238 W, see 2*Pu 9E-1 7E-3 3E-12 - - -
Bone Surf | Bone Surf
(2E+0) (1E-2) - 2E-14 2E-8 2E-7
Y, see *Pu - 2E-2 8E-12 2E-14 - -
94 Plutonium-239 W, see **Pu 8E-1 6E-3 3E-12 - - -
Bone Surf | Bone Surf
(1E+0) (1E-2) - 2E-14 2E-8 2E-7
Y, see **Pu - 2E-2 7E-12 - - -
Bone Surf
- (2E-2) . 2E-14 - -
94 Plutonium-240 W, see Py 8E-1 6E-3 3E-12 - - -
Bone Surf | Bone Surf
(1E+0) (1E-2) - 2E-14 2E-8 2E-7
Y, see 2'Pu - 2E-2 7E-12 - - -
Bone Surf
- (2E-2) - 2E-14 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
. . Monthly
Ingestion Inhalation Average
Atomic ALl ALI DAC Air Water Concentration
No. Radionuclide Class wCi) (nCi) (Ci/ml) uCiml) | (uCi/ml) (uCi/ml)
94 Plutonium-241 W, see 2*Pu 4E+1] 3E-1 1E-10 - - -
Bone Surf | Bone Surf
(TE+1) (6E-1) - 8E-13 1E-6 1E-5
Y, see *'Pu - 8E-1 3E-10 - - -
Bone Surf
- (1E+0) - 1E-12 - -
94 Plutonium-242 W, see 2*Pu 8E-1 TE-3 3E-12 - - -
Bone Surf | Bone Surf
(1E+0) (1E-2) - 2E-14 2E-8 2E-7
Y, see *'Pu - 2E-2 7E-12 - - -
Bone Surf
- (2E-2) - 2E-14 - -
94 Plutonium-243 W, see *'Pu 2E+4 4E+4 2E-5 SE-8 2E-4 2E-3
Y, see **Pu - 4E+4 2E-5 SE-8 - -
94 Plutonium-244 W, see 2Pu 8E-1 7E-3 3E-12 - - -
Bone Surf | Bone Surf
(2ZE+0) (1E-2) - 2E-14 2E-8 2E-7
Y, see **Pu - 2E-2 7E-12 - . -
Bone Surf
- (2E-2) - 2E-14 - -
94 Plutonium-245 W, see HPu 2E+3 SE+3 2E-6 6E-9 3E-5 3E-4
Y, see **Pu - 4E+3 2E-6 6E-9 - -
94 Plutonium-246 W, see *Pu 4E+2 3E+2 1E-7 4E-10 - -
LLI wall
(4E+2) - - - 6E-6 6E-5
Y, see **Pu - 3E+2 1E-7 4E-10 - -
95 Americium- W, all compounds 8E+4 3E+5 1E-4 4E-7 1E-3 1E-2
2372
95 Americium- W, all compounds 4E+4 3E+3 1E-6 - SE-4 SE-3
2382 Bone Surf
- (6E+3) - 9E-9 - -
95 Americium-239 W, all compounds SE+3 1E+4 SE-6 2E-8 7E-5 TE-4
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral. . Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class (nCi) wCi) («Ci/ml) (uCi/fml) | (»Ci/ml) uCi/ml)
95 | Americium-240 | W, all compounds 2E+3 3E+3 1E-6 4E-9 3E-5 3E-4
95 Americium-241 W, all compounds 8E-1 6E-3 3E-12 - - -
Bone Surf | Bone Surf
(1E+0) (1E-2) - 2E-14 2E-8 2E-7
95 Americium- W, all compounds 8E-1 6E-3 3E-12 - - -
242m Bone Surf | Bone Surf
(1E+0) (1E-2) - 2E-14 2E-8 2E-7
95 Americium-242 | W, all compounds 4E+3 8E+1 4E-8 - SE-§ 5E-4
Bone Surf
- (SE+1) - 1E-10 - -
95 Americium-243 W, all compounds 8E-1 6E-3 3E-12 - - -
Bone Surf | Bone Surf
(1E+0) (1E-2) - 2E-14 2E-8 2E-7
95 Americium- W, all compounds 6E+4 4E+3 2E-6 - - -
244m™ St. wall | Bone Surf
(8E+4) (TE+3) - 1E-8 1E-3 1E-2
95 Americium-244 | W, all compounds 3E+3 2E+2 8E-8 - 4E-5 4E-4
Bone Surf
- (3E+2) - 4E-10 - -
95 Americium-245 [ W, all compounds 3E+4 8E+4 3E-5 1E-7 4E-4 4E-3
95 Americium- W, all compounds SE+4 2E+5 8E-5 3E-7 - -
246m™ St. wall
(6E+4) - - - 8E-4 8E-3
95 Americium- W, all compounds 3E+4 1E+5 4E-5 1E-7 4E-4 4E-3
246
96 Curium-238 W, all compounds 2E+4 1E+3 SE-7 2E-9 2E-4 2E-3
96 Curium-240 W, all compounds 6E+1 6E-1 2E-10 - - -
Bone Surf | Bone Surf
(8E+1) (6E-1) - 9E-13 1E-6 1E-5
96 Curium-241 W, all compounds 1E+3 3E+] 1E-8 - 2E-5 2E-4
Bone Surf
- (4E+1) - 5E-11 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Ora! . Monthly
Ingestion Inhalation Average
Atomic ALI ALl DAC Air Water Concentration
No. Radionuclide Class (1 Ci) wCi) (1 Ci/ml) wCi/ml) | (nCi/ml) (1.Ci/ml)
96 Curium-242 W, all compounds 3E+1 3E-1 1E-10 - - -
Bone Surf | Bone Surf
(S5E+1) (3E-1) - 4E-13 TE-7 7E-6
96 Curium-243 W, all compounds 1E+0 9E-3 4E-12 - - -
Bone Surf | Bone Surf
(2E+0) (2E-2) - 2E-14 3E-8 3E-7
96 Curium-244 W, all compounds 1E+0 1E-2 SE-12 - - -
Bone Surf | Bone Surf
(BE+0) (2E-2) - 3E-14 3E-8 3E-7
96 Curium-245 W, all compounds 7E-1 6E-3 3E-12 - - -
Bone Surf | Bone Surf
(1E+0) (1E-2) - 2E-14 2E-8 2E-7
96 Curium-246 W, all compounds 7E-1 6E-3 3E-12 - - -
Bone Surf | Bone Surf
(1E+0) (1E-2) - 2E-14 2E-8 2E-7
96 Curium-247 W, all compounds 8E-1 6E-3 3E-12 - - -
' Bone Surf | Bone Surf
(1E+0) (1E-2) - 2E-14 2E-8 2E-7
96 Curium-248 W, all compounds 2E-1 2E-3 7E-13 - - -
Bone Surf | Bone Surf
(4E-1) (3E-3) - 4E-15 SE-9 SE-8
96 Curium-249"~ W, all compounds SE+4 2E+4 7E-6 - 7E-4 7E-3
Bone Surf
- (3E+4) - 4E-8 - -
96 Curium-250 W, all compounds 4E-2 3E-4 1E-13 - - -
Bone Surf | Bone Surf
(6E-2) (5E-4) - 8E-16 9E-10 9E-9
97 Berkelium-245 W, all compounds 2E+3 1E+3 SE-7 2E-9 3E-5 3E-4
97 Berkelium-246 W, all compounds 3E+3 3E+3 1E-6 4E-9 4E-5 4E-4
97 Berkelium-247 W, all compounds SE-1 4E-3 2E-12 - - -
Bone Surf | Bone Surf
(1E+0) (9E-3) - 1E-14 2E-8 2E-7
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral . Monthly
Ingestion Inhalation Average
Atomic ALI ALl DAC Air Water Concentration
No. Radionuclide Class (uCi) wCh (1Ci/ml) wCiml) | (uCi/ml) («Ci/ml)
97 Berkelium-249 W, all compounds 2E+2 2E+0 7E-10 - - -
Bone Surf { Bone Surf
(5E+2) (4E+0) - SE-12 6E-6 6E-5
97 Berkelium-250 W, all compounds 9E+3 3E+2 1E-7 - 1E-4 1E-3
Bone Surf
- (TE+2) - 1E-9 - -
98 Californium- W, all compounds except 3E+4 6E+2 2E-7 8E-10 - -
244 those given for Y St. wall
(3E+4) - - - 4E-4 4E-3
Y, oxides and hydroxides - 6E+2 2E-7 8E-10 - -
98 Californium-246 | W, see 2Cf 4E+2 9E+0 4E-9 1E-11 5E-6 5E-5
Y, see 24Cf - 9E+0 4E-9 1E-11 - -
98 Californium-248 | W, see 2Cf 8E+0 6E-2 3E-11 - - -
Bone Surf | Bone Surf
(2E+D) (1E-1) - 2E-13 2E-7 2E-6
Y, see *MCf - 1E-1 4E-11 1E-13 - -
98 Californium-249 | W, see 2Cf 5E-1 4E-3 2E-12 - - -
Bone Surf | Bone Surf
(1E+0) (9E-3) - 1E-14 2E-8 2E-7
Y, see *MCf - 1E-2 4E-12 - - -
Bone Surf
- (1E-2) - 2E-14 - -
98 Californium-250 | W, see **Cf 1E+0 9E-3 4E-12 - - -
Bone Surf | Bone Surf
(2E+0) (2E-2) - 3E-14 3E-8 3E-7
Y, see *HCf - 3E-2 1E-11 4E-14 - -
98 Californium-251 | W, see 2Cf SE-1 4E-3 2E-12 - - -
Bone Surf | Bone Surf
(1E+0) (9E-3) - 1E-14 2E-8 2E-7
Y, see 2Cf - 1E-2 4E-12 - - -
Bone Surf
- (1E-2) - 2E-14 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Ora! ) Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class wCi) wCi) (1 Ci/ml) wCifml) | (uCi/ml) (¢ Ci/ml)
98 Californium-252 | W, see 2*Cf 2E+0 2E-2 8E-12 - - -
Bone Surf | Bone Surf
(SE+0) (4E-2) - SE-14 7E-8 7E-7
Y, see 2Cf - 3E-2 1E-11 5E-14 - -
98 Californium-253 | W, see 2Cf 2E+2 2E+0 8E-10 3E-12 - -
Bone Surf
(4E+2) - - - SE-6 SE-5
'Y, see 2Cf - 2E+0 7E-10 2E-12 - -
98 Californium-254 | W, see 2*Cf 2E+0 2E-2 9E-12 3E-14 3E-8 3E-7
Y, see *'Cf - 2E-2 7E-12 2E-14 - -
99 Einsteinium-250 | W, all compounds 4E+4 SE+2 2E-7 - 6E-4 6E-3
Bone Surf
- (1E+3) - 2E-9 - -
99 Einsteinium-251 | W, all compounds 7E+3 9E+2 4E-7 - 1E-4 1E-3
Bone Surf f
- (IE+3) - 2E-9 - -
99 Einsteiniom-253 | W, all compounds 2E+2 1E+0 6E-10 2E-12 2E-6 2E-5
99 Einsteinium- W, all compounds 3E+2 1E+1 4E-9 1E-11 - -
254m LLI wall
(3E+2) - - - 4E-6 4E-5
99 Einsteinium-254 | W, all compounds 8E+0 7E-2 3E-11 - - -
Bone Surf { Bone Surf
(2E+1) (1E-1) - 2E-13 2E-7 2E-6
100 Fermium-252 W, all compounds SE+2 1E+1 SE-9 2E-11 6E-6 6E-5
100 Fermium-253 W, all compounds 1E+3 1E+1 4E-9 1E-11 1E-5 1E-4
100 Fermium-254 W, all compounds 3E+3 9E+1 4E-8 1E-10 4E-5 4E-4
100 Fermium-255 W, all compounds SE+2 2E+] 9E-9 3E-11 7E-6 7E-5
100 Fermium-257 W, all compounds 2E+1 2E-1 7E-11 - - -
Bone Surf | Bone Surf
(4E+1) (2E-1) - 3E-13 SE-7 5E-6
B-81 NUREG-1736



APPENDIX B

Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Ora! Monthly
Ingestion Inhalation Average
Atomic ALI ALI DAC Air Water Concentration
No. Radionuclide Class wCi) (uCi) (uCi/ml) (uCi/ml) | (uCi/ml) (uCi/ml)
101 Mendelevium- W, all compounds 7TE+3 8E+1 4E-8 - 1E-4 1E-3
257 Bone Surf
- (9E+1) - 1E-10 - -
101 Mendelevium- W, all compounds 3E+1 2E-1 1E-10 - - -
258 Bone Surf | Bone Surf
(SE+1) (3E-1) - 5E-13 6E-7 6E-6
- Any single radionuclide not
listed above with decay mode
other than alpha emission or
spontaneous fission and with
radioactive half-life less than
2 hours Submersion'" - 2E+2 1E-7 1E-9 - -
- Any single radionuclide not
listed above with decay mode
other than alpha emission or
spontaneous fission and with
radioactive half-life greater than
2 hours - 2E-1 1E-10 1E-12 1E-8 1E-7
- Any single radionuclide not
listed above that decays by alpha
emission or spontaneous fission,
or any mixture for which either
the identity or the concentration
of any radionuclide in the mixture
is not known - 4E-4 2E-13 1E-15 2E-9 2E-8
FOOTNOTES:

" "Submersion” means that values given are for submission in a hemispherical semi-infinite cloud of airborne material.

® These radionuclides have radiological half-lives of less than 2 hours. The total effective dose equivalent received during operations with these
radionuclides might include a significant contribution from external exposure. The DAC values for all radionuclides, other than those designated
Class "Submersion," are based upon the committed effective dose equivalent due to the intake of the radionuclide into the body and do NOT include
potentially significant contributions to dose equivalent from external exposures. The licensee may substitute 1E-7..Ci/ml for the listed DAC to
account for the submersion dose prospectively, but should use individual monitoring devices or other radiation measuring instruments that measure
external exposure to demonstrate compliance with the limits. (See section 20.1203.)

) For soluble mixtures of U-238, U-234, and U-235 in air, chemical toxicity may be the limiting factor (see section 20.1201(e)). If the percent by
weight (enrichment) of U-235 is not greater than 5, the concentration value for a 40-hour workweek is 0.2 milligrams uranium per cubic meter of air
average. For any enrichment, the product of the average concentration and time of exposure during a 40-hour workweek shall not exceed 8E-3 (SA)
uCi-hr/ml, where SA is the specific activity of the uranium inhaled. The specific activity for natural uranium is 6.77E-7 curies per gram U. The
specific activity for other mixtures of U-236, U-235, and U-234, if not known, shall be:
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SA
SA

3.6E-7 curies/gram U . U-depleted
[0.4 + 0.38 (enrichment) + 0.0034 (enrichment)] E-6, enrichment > 0.72

where enrichment is the percentage by weight of U-235, expressed in percent.

NOTE:

1.

If the identity of each radionuclide in a mixture is known but the concentration of one or more of the radionuclides in the mixture is not known,
the DAC for the mixture shall be the most restrictive DAC of any radionuclide in the mixture.

2. If the identity of each radionuclide in the mixture is not known, but it is known that certain radionuclides specified in the appendix are not
present in the mixture, the inhalation ALI, DAC, and effluent and sewage concentration for the mixture are the lowest values specified in this
appendix for any radionuclide that is not known to be absent from the mixture; or

Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral
Ingestion Inhalation Monthly
Average
ALI ALI DAC Air Water Concentration
Radionuclide uCi) (uCi) wCiml | (uCiml) | (uCi/ml) (uCi/ml)
If it is known that Ac-227-D and Cm-250-W are not present - 7E-4 3E-13 - - -
If, in addition, it is known that Ac-227-W, Y, Th-229-W, Y,
Th-230-W, Th-232-W, Y, Pa-231-W, Y, Np-237-W,
Pu-239-W, Pu-240-W, Pu-242-W, Am-241-W,
Am-242m-W, Am-243-W, Cm-245-W, Cm-246-W,
Cm-247-W, Cm-248-W, Bk-247-W, Cf-249-W, and
Cf-251-W are not present - 7E-3 3E-12 - - -
If, in addition, it is known that Sm-146-W, Sm-147-W,
Gd-148-D, W, Gd-152-D, W, Th-228-W, Y, Th-230-Y,
U-232-Y, U-233-Y, U-234-Y, U-235-Y, U-236-Y, U-238-Y,
Np-236-W, Pu-236-W, Y, Pu-238-W, Y, Pu-239-Y,
Pu-240-Y, Pu-242-Y, Pu-244-W, Y, Cm-243-W,
Cm-244-W, Cf-248-W, Cf-249-Y, Cf-250-W, Y, Cf-251-Y,
Cf-252-W, Y, and Cf-254-W, Y are not present - 7E-2 3E-11 - - -
If, in addition, it is known that Pb-210-D, Bi-210m-W,
Po-210-D, W, Ra-223-W, Ra-225-W, Ra-226-W,
Ac-225-D, W, Y, Th-227-W, Y, U-230-D, W, Y,
U-232-D, W, Pu-241-W, Cm-240-W, Cm-242-W,
Cf-248-Y, Es-254-W, Fm-257-W, and Md-258-W are not
present . - 7E-1 3E-10 - - -
If, in addition, it is known that Si-32-Y, Ti-44-Y, Fe-60-D,
Sr-90-Y, Zr-93-D, Cd-113m-D, Cd-113-D, In-115-D, W,
La-138-D, Lu-176-W, Hf-178m-D, W, Hf-182-D, W,
Bi-210m-D, Ra-224-W, Ra-228-W, Ac-226-D, W, Y,
Pa-230-W, Y, U-233-D, W; U-234-D, W, U-235-D, W,
U-236-D, W, U-238-D, W, Pu-241-Y, Bk-249-W,
Cf-253-W, Y, and Es-253-W are not present - TE+0 3E-9 - - -
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Radionuclide

Table 1

Occupational Values

Table 2
Effluent
Concentrations

Col. 1

Col. 2

Col. 3

Col. 1

Col. 2

Table 3
Releases to
Sewers

Oral
Ingestion

Inhalation

ALI
(wCi)

ALX
WG

DAC
(. Ci/ml)

Air
(uCi/ml)

Water
(uCi/ml)

Monthly
Average
Concentration
(uCifml)

If it is known that Ac-227-D, W, Y, Th-229-W, Y,
Th-232-W, Y, Pa-231-W, Y, Cm-248-W, and Cm-250-W
are not present

1E-14

If, in addition, it is known that Sm-146-W, Gd-148-D; W,

Gd-152-D, Th-228-W, Y, Th-230-W, Y, U-232-Y,
U-233-Y, U-234-Y, U-235-Y, U-236-Y, U-238-Y,
U-Nat-Y, Np-236-W, Np-237-W, Pu-236-W, Y,
Pu-238-W, Y, Pu-239-W, Y, Pu-240-W, Y, Pu-242-W, Y,
Pu-244-W, Y, Am-241-W, Am-242m-W, Am-243-W,
Cm-243-W, Cm-244-W, Cm-245-W, Cm-246-W,
Cm-247-W, Bk-247-W, Cf-249-W, Y, Cf-250-W, Y,
Cf-251-W, Y, Cf-252-W, Y, and Cf-254-W, Y are not
present : :

1E-13

If, in addition, it is known that Sm-147-W, Gd-152-W,
Pb-210-D, Bi-210m-W, Po-210-D, W, Ra-223-W,
Ra-225-W, Ra-226-W, Ac-225-D, W, Y, Th-227-W, Y,
U-230-D, W, Y, U-232-D, W, U-Nat-W, Pu-241-W,
Cm-240-W, Cm-242-W, Cf-248-W, Y, Es-254-W,
Fm-257-W, and Md-258-W are not present

1E-12

If, in'addition, it is known that Fe-60, Sr-90, Cd-113m,
Cd-113,In-115, I-129, Cs-134, Sm-145, Sm-147, Gd-148,
Gd-152, Hg-194 (organic), Bi-210m, Ra-223, Ra-224,
Ra-225, Ac-225, Th-228, Th-230, U-233, U-234, U-235,
U-236, U-238, U-Nat, Cm-242, Cf-248, Es-254, Fm-257,
and Md-258 are not present

1E-6

1E-5

If a mixture of radionuclides consists of uranium and its daughters in ore dust (10.4sm AMAD particle distribution assumed) prior to chemical
separation of the uranium from the ore, the following values may be used for the DAC of the mixture; 6E-11.Ci of gross alpha activity from
uranium-238, uranium-234, thorium-230, and radium-226 per milliliter of air; 3E-11 .Ci of natural uranium per milliliter of air; or 45

micrograms of natural uranium per cubic meter of air.

If the identity and concentration of each radionuclide in a mixture are known, the limiting values should be derived as follows: determine, for
each radionuclide in the mixture, the ratio between the concentration present in the mixture and the concentration otherwise established in
Appendix B for the specific radionuclide when not in a mixture. The sum of such ratios for all of the radionuclides in the mixture may not

exceed "1" (i.e., "unity").

Example: If radionuclides "A," "B," and "C" are present in concentrations C,, Cg, and C, and if the applicabie DACs are DAC,, DAC,, and

DAC,, resbectively, then the concentrations shall be limited so that the following relationship exists:

Ca + GCs
DAC,
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Discussion:

The data tabulated in this appendix is intended to be used to show compliance with a number of
sections of Part 20 that refer to one or more of the tables in the appendix. For example,
monitoring of workers for intakes is required when annual intakes may exceed specified
fractions of Columns (2) and (3) of Table (1). Licensees may show compliance, in part, with
public dose limits for doses resulting from effluents by referring to the concentrations listed in
Columns (1) and (2) of Table (2). Compliance with sewer release limits is shown, in part, by
using the values in Table (3). In addition, certain requirements such as area posting, respiratory
protection, and incident reporting use Appendix B values as triggers for these actions. Table (1)
is based on occupational dose limits, Table (2) on dose limits to members of the public, and
Table (3) is a special case of exposure to members of the public.

The values tabulated in Appendix B are all secondary limits or derived quantities, and each
column in the appendix is based on a primary limit, which in this case is a dose. A secondary
limit, such as the DAC, is derived from a primary limit. The difference is that the primary limit
is absolute in that it is not to be exceeded in any routine situation. The secondary limit is not
absolute in the sense that it is applicable only if certain conditions are met. It is not valid as a
limit if these conditions are not met. For example, the ALI is a limit if there are no external
exposures during the monitoring year and the only source of exposure is internal. If there are
external exposures, limiting annual intakes to an ALI will lead to exceeding the primary dose
limit, and hence a violation of NRC requirements. The ALI is also not a limit if the ingested or
inhaled radioactive material contains more than one type of radionuclide. In such cases, the ALIs
of each of the components must be adjusted to take account of the presence of the other
components.

A derived quantity, such as the DAC, is not a limit at all, and may be exceeded at any time
provided certain restrictions apply. The DAC is tabulated for convenience and because it is an
easily measured quantity. It is easily calculated from the ALI by assuming a suitable breathing
rate and exposure time. Part 20 does not limit airborne concentrations at any given time to
values below the DAC, and requirements in Part 20 that are specified in terms of airborne
concentrations generally use only time-averaged concentrations and not instantaneous values.

In this appendix, the daughter products of the radionuclides listed were not included in the intake
when calculating the tabulated values of ALI and DAC for the parent. However, the effects of
the daughters that are produced in the body after intake of the parent are included in the
calculations. For example, uranium decays in a long decay chain that includes many radioactive
daughter products. When considering the inhalation of uranium, the calculations of ALIs and
DAC:s for the tables assume that only the parent uranium isotope is inhaled, and no daughters are
considered with the uranium inhalation. The daughters produced in the body after the uranium is
taken into the body are included in estimating the dose resulting from the intake. To properly
account for the dose from a parent that produces one or more daughters, the parent and each of
the daughters must be treated as separately inhaled or ingested radionuclides, and the dose from
each added to produce a total dose. The parent and its daughters that may be in the inhaled air or
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in the ingested material are considered as a mixture of radionuclides and not as members of one
chain.

One exception to this rule is the case in which the half-life of the daughter is very short (usually
less than about 20 minutes) and much shorter than that of the parent. In this case, the tabulated
values assume that the daughter is in secular equilibrium with the parent and that both are always
inhaled or ingested together. The daughter in this case need not be considered separately in
determining the ALI from the table, because it has been already included in calculating the ALI
for the parent. In such situations, you will not find data in the table pertaining to short-lived
daughters of tabulated radionuclides. In such cases, assume that the data for the missing
daughter has been included in the data for the parent.

Column (1) in the appendix is the ALI for ingestion by occupationally exposed workers.
Ingestion means taking in the material by mouth via food or drink or as solid or liquid
contamination in the workplace. The values are based on an annual dose limit of 5 rem effective
dose equivalent (called the stochastic dose limit) or 50 rem organ dose equivalent (called the
non-stochastic, or deterministic, dose limit), whichever is more limiting. Internal dose models
described in ICRP Publication 30 were used to calculate the effective and organ doses that would
result from intake of unit activity of each of the radionuclides listed in the table. The intakes that
would lead to an effective dose of 5 rem or an organ dose of 50 rem are then calculated. The
highest intake that does not result in exceeding any organ limit or the effective dose equivalent
limit is then selected as the ALI and tabulated in Column (1). If the ALIis based on an organ
dose, the organ is specified under the tabulated ALI and the ALI that would result in an effective
dose equivalent of 5 rem is listed in parentheses under that organ name. The stochastic ALI is
specified in parentheses because it is sometimes needed to show compliance when several
radionuclides are present in the ingested material. If the ALI is based on the effective dose
equivalent, then only that value is listed, with no other information.

Column (2) in Table (1) is calculated in the same manner as that used for Column (1), except that
the intake is by inhalation of airborne material rather than ingestion. The methods of calculation
are the same, but the dosimetric models are those for inhalation rather than for ingestion. In
addition, inhaled material is classified into one of three classes, called D, W, or Y, depending on
how rapidly the material is cleared from the lungs after it is inhaled. Class D is cleared most
rapidly, within a matter of days, and Class Y is cleared most slowly, within months or years.
Class W is intermediate. The same radionuclide may exist in one or more classes depending on
its chemical and physical characteristics. For example, uranium as a fluoride is a Class D
material, but some of its oxide forms are Class W, and other oxide forms are Class Y. Licensees
should make a concerted effort to accurately classify the airborne material present at their sites
because such classification will determine the ALI and the dose received by a worker following
an intake.

The first step in classification is to know the chemical form of the airborne radioactive material.

With that knowledge, the licensee may refer to the listing in Appendix B, which specifies the
classification of the most frequently encountered compounds of each radionuclide. If the specific
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compound is not listed, then other references may be used, such as the tabulations by the ICRP.
See Reference {1} listed below.

Note also that the values of the ALI are based on the assumption that the airborne radioactive
material is in the form of particles with an activity median aerodynamic diameter of

1 micrometer, or micron. If the median particle size on site is known and is substantially
different from 1 micron, for example 5 microns, then the ALIs may be adjusted accordingly, but
only after obtaining approval from NRC. The method of adjustment is described in References
{1} and {2}, listed below. If the particle size is not known, then 1 micron is assumed.

The values in Column (3), Table (1), the derived air concentrations (DACs), are calculated
directly from Column (2) by dividing the respective ALIs by the breathing rate of a standard
person (1.2 m’/hr) and the number of working hours per year, taken to be 2,000 hr/yr.
Exceptions to this method are those airborne radionuclides that pose an external rather than an
internal hazard, and for which ALIs are not given, such as the isotopes of xenon and krypton. In
such cases, the DACs are calculated directly from the external doses, assuming immersion in a
semi-infinite cloud of the gas.

The values in Table (2) differ from those in Table ( 1) in two major respects: they do not include
values that are based on non-stochastic radiation effects, because the public dose limits are so
low that such effects are no longer of concern; and they are based on a stochastic dose limit of
100 mrem/yr effective dose equivalent rather than 5 rem/yr. The concentrations in Column (1) of
Table (2) were obtained by dividing the stochastic ALIs in Table (1) by the breathing rate of
2,400 m*/yr, then dividing by 3 to take into account the fact that members of the public breathe
the air 24 hours per day all year, rather than 8 hr/day during work days, as is assumed for
occupational exposure, and also to adjust for differences in inhalation rates between persons at
work and members of the public. The result is then divided by 50 to adjust the values from a
dose limit of 5,000 mrem/yr to 100 mrem/yr. Because the occupational ALIs were calculated for
healthy adult workers, but members of the public include groups that may be of varying health
conditions as well as children, the results are again divided by a safety factor of 2 to allow for
this effect.

In the case of radionuclides that pose an external hazard, the concentrations in Column (1) of
Table (2) were obtained by adjusting the occupational DACs in Table (1) for the difference in
dose limits, that is, by dividing by a factor of 50, and then adjusting for differences in exposure
duration from 8 hours per day during work days to 24 hours per day every day.

The concentrations for liquid effluents in Column (2) of Table (2) were obtained by using the
most restrictive value in Column (1) of Table (1) and then adjusting it in the same manner as that
used to adjust the air values.

The monthly average concentrations in Table (3) were obtained by assuming that a person

obtains all of his water from the licensee’s sewer outfall, and then calculating the average
concentration that would result in an annual ingestion dose of 500 mrem. Averaging the
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concentrations over a month rather than a year avoids excessive short-term peak discharges by
seasonal discharges.

References:
1. International Commission on Radiological Protection, Publication 30 and addenda,
Pergamon Press, Fairview Park, Elmsford, NY 10523.

2. NRC Regulatory Guide 8.9, Acceptable Concepts, Models, Equations, and Assumptions for a
Bioassay Program.
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Statement of Requirement:

Table C.1. Appendix C to Part 20 — Quantities' of Licensed Material Requiring

Labeling
Radionuclide Abbreviation Quantity («Ci)
Hydrogen-3 H-3 1,000
Beryllium-7 Be-7 1,000
Beryllium-10 Be-10 1
Carbon-11 C-11 1,000
Carbon-14 C-14 100
Fluorine-18 F-18 1,000
Sodium-22 Na-22 10
Sodium-24 Na-24 100
Magnesium-28 Mg-28 100
Aluminum-26 Al-26 10
Silicon-31 Si-31 1,000
Silicon-32 Si-32 1
Phosphorus-32 P-32 10
Phosphorus-33 P-33 100
Sulfur-35 S-35 100
Chlorine-36 Cl-36 10
Chlorine-38 Cl-38 1,000
Chlorine-39 CI-39 1,000
Argon-39 Ar-39 1,000
Argon-41 , Ar-41 1,000
Potassium-40 K-40 100

The quantities listed above were derived by taking '/\sth of the most restrictive ALI listed in Table 1, columns 1 and 2, of
Appendix B to 10 CFR 20.1001-20.2401 of this part, rounding to the nearest factor of 10, and arbitrarily constraining the
values listed between 0.001 and 1,000 nCi. Values of 100 4Ci have been assigned for radionuclides having a radioactive
half-life in excess of 10" years (except rhenium, 1,000 »Ci) to take into account their low specific activity.
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Radionuclide Abbreviation uantity (..Ci)
Potassium-42 K-42 1,000
Potassium-43 K-43 1,000
Potassium-44 K-44 1,000
Potassium-45 K-45 1,000
Calcium-41 Ca-41 100
Calcium-45 Ca-45 100
Calcium-47 Ca-47 100
Scandium-43 Sc-43 1,000
Scandium-44m Sc-44m 100
Scandium-44 Sc-44 100
Scandium-46 Sc-46 10
Scandium-47 Sc-47 100
Scandium-48 Sc-48 100
Scandium-49 Sc-49 1,000
Titanium-44 Ti-44 1
Titanium-45 Ti-45 1,000
Vanadium-47 V-47 1,000
Vanadium-48 V-48 100
Vanadium-49 V-49 1,000
Chromium-48 Cr-48 1,000
Chromium-49 Cr-49 1,000
Chromium-51 , Cr-51 1,000
Manganese-51 Mn-51 1,000
Manganese-52m Mn-52m 1,000
Manganese-52 Mn-52 100
Manganese-53 Mn-53 1,000
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Radionuclide Abbreviation Quantity (».Ci)
Manganese-54 Mn-54 100
Manganese-56 Mn-56 1,000
Iron-52 Fe-52 100
Iron-55 Fe-55 100
Iron-59 Fe-59 10
Iron-60 Fe-60 1
Cobalt-55 Co-55 100
Cobalt-56 Co-56 10
Cobalt-57 Co-57 100
Cobalt-58m Co-58m 1,000
Cobalt-58 Co-58 100
Cobalt-60m Co-60m 1,000
Cobalt-60 Co-60 1
Cobalt-61 Co-61 1,000
Cobalt-62m Co-62m 1,000
Nickel-56 Ni-56 100
Nickel-57 Ni-57 100
Nickel-59 Ni-59 100
Nickel-63 Ni-63 100
Nickel-65 Ni-65 1,000
Nickel-66 Ni-66 10
Copper-60 Cu-60 1,000
Copper-61 Cu-61 1,000
Copper-64 Cu-64 1,000
Copper-67 Cu-67 1,000
Zinc-62 Zn-62 100
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Radionuclide Abbreviation uantity (..Ci)
Zinc-63 Zn-63 1,000
Zinc-65 Zn-65 10
Zinc-69m Zn-69m 100
Zinc-69 Zn-69 1,000
Zinc-71m Zn-71m 1,000
Zinc-72 Zn-72 100
Gallium-65 Ga-65 1,000
Gallium-66 Ga-66 100
Gallium-67 Ga-67 1,000
Gallium-68 Ga-68 1,000
Gallium-70 Ga-70 1,000
Gallium-72 Ga-72 100
Gallium-73 Ga-73 1,000
Germanium-66 Ge-66 1,000
Germanium-67 Ge-67 1,000
Germanium-68 Ge-68 10
Germanium-69 Ge-69 1,000
Germanium-71 Ge-71 1,000
Germanium-75 Ge-75 1,000
Germanium-77 Ge-77 1,000
Germanium-78 Ge-78 1,000
Arsenic-69 As-69 1,000
Arsenic-70 As-70 1,000
Arsenic-71 As-71 100
Arsenic-72 As-72 100
Arsenic-73 As-73 100
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Radionuclide Abbreviation uantity («Ci)
Arsenic-74 As-74 100
Arsenic-76 As-76 100
Arsenic-77 As-77 100
Arsenic-78 As-78 1,000
Selenium-70 Se-70 1,000
Selenium-73m Se-73m 1,000
Selenium-73 Se-73 100
Selenium-75 Se-75 100
Selenium-79 Se-79 100
Selenium-81m Se-81m 1,000
Selenium-81 Se-81 1,000
Selenium-83 Se-83 1,000
Bromine-74m Br-74m 1,000
Bromine-74 Br-74 1,000
Bromine-75 Br-75 1,000
Bromine-76 Br-76 100
Bromine-77 Br-77 1,000
Bromine-80m | Br-80m 1,000
Bromine-80 Br-80 1,000
Bromine-82 Br-82 100
Bromine-83 Br-83 1,000
Bromine-84 Br-84 1,000
Krypton-74 Kr-74 1,000
Krypton-76 Kr-76 1,000
Krypton-77 Kr-77 1,000
Krypton-79 Kr-79 1,000
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Radionuclide Abbreviation uantity (..Ci)
Krypton-81 Kr-81 1,000
Krypton-83m Kr-83m 1,000
Krypton-85m Kr-85m 1,000
Krypton-85 Kr-85 1,000
Krypton-87 Kr-87 1,000
Krypton-88 Kr-88 1,000
Rubidium-79 Rb-79 1,000
Rubidium-81m Rb-81m 1,000
Rubidium-81 Rb-81 1,000
Rubidium-82m Rb-82m 1,000
Rubidium-83 Rb-83 100
Rubidium-84 Rb-84 100
Rubidium-86 Rb-86 100
Rubidium-87 Rb-87 100
Rubidium-88 Rb-88 1,000
Rubidium-89 Rb-89 1,000
Strontium-80 Sr-80 100
Strontium-8 1 Sr-81 1,000
Strontium-83 Sr-83 100
Strontium-85m Sr-85m 1,000
Strontium-85 Sr-85 100
Strontium-87m Sr-87m 1,000
Strontium-89 Sr-89 10
Strontium-90 Sr-90 0.1
Strontium-91 Sr-91 100
Strontium-92 Sr-92 100
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Radionuclide Abbreviation Quantity («.Ci)
Yttrium-86m Y-86m 1,000
Yttrium-86 Y-86 100
Yttrium-87 Y-87 100
Yttrium-88 Y-88 10
Yttrium-90m Y-90m 1,000
Yttrium-90 Y-90 10
Yttrium-91m Y-91m 1,000
Yttrium-91 Y-91 10
Yttrium-92 Y-92 100
Yttrium-93 Y-93 100
Yttrium-94 Y-94 1,000
Yttrium-95 Y-95 1,000
Zirconium-86 Zr-86 100
Zirconium-88 Zr-88 10
Zirconium-89 Zr-89 100
Zirconium-93 Zr-93 1
Zirconium-95 Zr-95 10
Zirconium-97 Zr-97 100
Niobium-88 Nb-88 1,000
Niobium-89m (66 min) Nb-89m 1,000
Niobium-89 (122 min) Nb-89 1,000
Niobium-90 Nb-90 100
Niobium-93m Nb-93m 10
Niobium-94 Nb-9%4 1
Niobium-95m Nb-95m 100
Niobium-95 Nb-95 100
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Radionuclide Abbreviation Quantity («Ci)
Niobium-96 Nb-96 100
Niobium-97 Nb-97 1,000
Niobium-98 Nb-98 1,000
Molybdenum-90 Mo-90 100
Molybdenum-93m Mo-93m 100
Molybdenum-93 Mo-93 10
Molybdenum-99 Mo-99 100
Molybdenum-101 Mo-101 1,000
Technetium-93m Tc-93m 1,000
Technetium-93 Tc-93 1,000
Technetium-94m Tc-94m 1,000
Technetium-94 Tc-94 1,000
Technetium-96m Tc-96 1,000
Technetium-96 Tc-96 100
Technetium-97m Tc-97m 100
Technetium-97 Tc-97 1,000
Technetium-98 Tc-98 10
Technetium-99m Tc-99m 1,000
Technetium-99 Tc-99 100
Technetium-101 Tc-101 1,000
Technetium-104 Tc-104 » 1,000
Ruthenium-94 Ru-%4 1,000
Ruthenium-97 Ru-97 1,000
Ruthenium-103 Ru-103 100
Ruthenium-105 Ru-105 1,000
Ruthenium-106 Ru-106 1
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Radionuclide | Abbreviation l Quantity (1.Ci)

Rhodium-99m Rh-99m 1,000
Rhodium-99 Rh-99 100
Rhodium-100 Rh-100 100
Rhodium-101m Rh-101m 1,000
Rhodium-101 Rh-101 10
Rhodium-102m Rh-102m 10
Rhodium-102 Rh-102 10
Rhodium-103m Rh-103m 1,000
Rhodium-105 Rh-105 100
Rhodium-106m Rh-106m 1,000
Rhodium-107 Rh-107 1,000
Palladium-100 Pd-100 100
Palladium-101 Pd-101 1,000
Palladium-103 Pd-103 100
Palladium-107 Pd-107 10
Palladium-109 Pd-109 100
Silver-102 Ag-102 1,000
Silver-103 Ag-103 1,000
Silver-104m Ag-104m 1,000
Silver-104 Ag-104 1,000
Silver-105 Ag-105 100
Silver-106m Ag-106m 100
Silver-106 Ag-106 1,000
Silver-108m Ag-108m 1
Silver-110m Ag-110m 10
Silver-111 Ag-111 100
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Radionuclide Abbreviation Quantity (.. Ci)
Silver-112 Ag-112 100
Silver-115 Ag-115 ' 1,000
Cadmium-104 Cd-104 1,000
Cadmium-107 Cd-107 1,000
Cadmium-109 Cd-109 1
Cadmium-113m Cd-113m 0.1
Cadmium-113 Cd-113 100
Cadmium-115m Cd-115m 10
Cadmium-115 Cd-115 100
Cadmium-117m Cd-117m 1,000
Cadmium-117 Cd-117 1,000
Indium-109 In-109 1,000
Indium-110 (69.1 min.) In-110 1,000
Indium-110 (4.9h) In-110 1,000
Indium-111 In-111 100
Indium-112 In-112 1,000
Indium-113m In-113m 1,000
Indium-114m In-114m 10
Indium-115m In-115m 1,000
Indium-115 In-115 100
Indium-116m In-116m 1,000
Indium-117m In-117m 1,000
Indium-117 In-117 1,000
Indium-119m In-119m 1,000
Tin-110 Sn-110 100
Tin-111 Sn-111 1,000
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Radionuclide Abbreviation uantity (uCi)
Tin-113 Sn-113 100
Tin-117m Sn-117m 100
Tin-119m Sn-119m 100
Tin-121m Sn-121m 100
Tin-121 Sn-121 1,000
Tin-123m Sn-123m 1,000
Tin-123 Sn-123 10
Tin-125 Sn-125 10
Tin-126 Sn-126 10
Tin-127 Sn-127 1,000
Tin-128 Sn-128 1,000
Antimony-115 Sb-115 1,000
Antimony-116m Sb-116m 1,000
Antimony-116 Sb-116 1,000
Antimony-117 Sb-117 1,000
Antimony-118m Ab-118m 1,000
Antimony-119 Ab-119 1,000
Antimony-120 (16 min.) Ab-120 1,000
Antimony-120 (5.76d) Ab-120 100
Antimony-122 Ab-122 100
Antimony-124m Ab-124m 1,000
Antimony-124 Ab-124 10
Antimony-125 Ab-125 100
Antimony-126m Ab-126m 1,000
Antimony-126 Ab-126 100
Antimony-127 Ab-127 100
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Radionuclide Abbreviation uantity (..Ci)
Antimony-128 (10.4 min.) Ab-128 1,000
Antimony-128 (9.01h) Ab-128 100
Antimony-129 Ab-129 100
Antimony-130 Ab-130 1,000
Antimony-131 Ab-131 1,000
Tellurium-116 Te-116 1,000
Tellurium-121m Te-121m 10
Tellurium-121 Te-121 100
Tellurium-123m Te-123m 10
Tellurium-123 Te-123 100
Tellurium-125m Te-125m 10
Tellurium-127m Te-127m 10
Tellurium-127 Te-127 1,000
Tellurium-129m Te-129m 10
Tellurium-129 Te-129 1,000
Tellurium-131m Te-131m 10
Tellurium-131 Te-131 100
Tellurium-132 Te-132 10
Tellurium-133m Te-133m 100
Tellurium-133 Te-133 1,000
Tellurium-134 Te-134 1,000
Iodine-120m I-120m 1,000
Iodine-120 I-120 100
Iodine-121 I-121 1,000
Iodine-123 I-123 100
Iodine-124 I-124 10
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Radionuclide Abbreviation uantity (..Ci)
Iodine-125 I-125 1
Iodine-126 I-126 1
Iodine-128 I-128 1,000
Todine-129 I-129 1
lIodine-130 I-130 10
Iodine-131 I-131 1
Iodine-132m I-132m 100
Iodine-132 I-132 100
Iodine-133 I-133 10
Iodine-134 I-134 1,000
fodine-135 I-135 100
Xenon-120 Xe-120 1,000
Xenon-121 Xe-121 1,000
Xenon-122 Xe-122 1,000
Xenon-123 Xe-123 1,000
Xenon-125 Xe-125 1,000
Xenon-127 Xe-127 1,000
Xenon-129m Xe-129m 1,000
Xenon-131m Xe-131m 1,000
Xenon-133m Xe-133m 1,000
Xenon-133 Xe-133 1,000
Xenon-135m Xe-135m 1,000
Xenon-135 Xe-135 1,000
Xenon-138 Xe-138 1,000
Cesium-125 Cs-125 1,000
Cesium-127 Cs-127 1,000
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Radionuclide Abbreviation uantity (..Ci)
Cesium-129 Cs-129 1,000
Cesium-130 Cs-130 1,000
Cesium-131 Cs-131 1,000
Cesium-132 Cs-132 100
Cesium-134m Cs-134m 1,000
Cesium-134 Cs-134 10
Cesium-135m Cs-135m 1,000
Cesium-135 Cs-135 100
Cesium-136 Cs-136 10
Cesium-137 Cs-137 10
Cesium-138 Cs-138 1,000
Barium-126 Ba-126 1,000
Barium-128 B-128 100
Barium-131m Ba-131m 1,000
Barium-131 Ba-131 100
Barium-133m Ba-133m 100
Barium-133 Ba-133 100
Barium-135m Ba-135m 100
Barium-139 Ba-139 1,000
Barium-140 Ba-140 100
Barium-141 Ba-141 1,000
Barium-142 Ba-142 1,000
Lanthanum-131 La-131 1,000
Lanthanum-132 La-132 100
Lanthanum-135 La-135 1,000
Lanthanum-137 La-137 10
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Radionuclide Abbreviation Quantity («.Ci)
Lanthanum-138 La-138 100
Lanthanum-140 La-140 100
Lanthanum-141 La-141 100
Lanthanum-142 La-142 1,000
Lanthanum-143 La-143 1,000
Cerium-134 Ce-134 100
Cerium-135 Ce-135 100
Cerium-137m Ce-137m 100
Cerium-137 Ce-137 1,000
Cerium-139 Ce-139 100
Cerium-141 Ce-141 100
Cerium-143 Ce-143 100
Cerium-144 Ce-144 1
Praseodymium-136 Pr-136 1,000
Praseodymium-137 Pr-137 1,000
Praseodymium-138m Pe-138m 1,000
Praseodymium-139 Pe-139 1,000
Praseodymium-142m Pe-142m 1,000
Praseodymium-142 Pe-142 100
Praseodymium-143 Pe-143 100
Praseodymium-144 Pe-144 1,000
Praseodymium-145 Pe-145 100
Praseodymium- 147 Pe-147 1,000
Neodymium-136 Nd-136 1,000
Neodymium-138 Nd-138 100
Neodymium-139m Nd-139m 1,000
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Radionuclide Abbreviation uantity (..Ci)
Neodymium-139 Nd-139 1,000
Neodymium-141 Nd-141 1,000
Neodymium-147 Nd-147 100
Neodymium-149 Nd-149 1,000
Neodymium-151 Nd-151 1,000
Promethium-141 Pm-141 1,000
Promethium-143 Pm-143 100
Promethium-144 Pm-144 10
Promethium-145 Pm-145 10
Promethium-146 Pm-146 1
Promethium-147 Pm-147 10
Promethium-148m Pm-148m 10
Promethium-148 Pm-148 10
Promethium-149 Pm-149 100
Promethium-150 Pm-150 1,000
Promethium-151 Pm-151 100
Samarium-141m Sm-141m 1,000
Samarium-141 Sm-141 1,000
Samarium-142 Sm-142 1,000
Samarium- 145 Sm-145 100
Samarium-146 Sm-146 1
Samarium-147 Sm-147 100
Samarium-151 Sm-151 10
Samarium-153 Sm-153 100
Samarium-155 Sm-155 1,000
Samarium-156 Sm-156 1,000
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Radionuclide Abbreviation Quantity (.Ci)
Europium-145 Eu-145 100
Europium-146 Eu-146 100
Europium-147 Eu-147 100
Europium- 1448 Eu-148 10
Europium-149 Eu-149 100
Europium-150 (12.62h) Eu-150 100
Europium-150 (34.2y) Eu-150 1
Europium-152m Eu-152m 100
Europium-152 Eu-152 1
Europium-154 Eu-154 1
Europium-155 Eu-155 10
Europium-156 Eu-156 100
Europium-157 Eu-157 100
Europium-158 Eu-158 1,000
Gadolinium-145 Gd-145 1,000
Gadolinium-146 Gd-146 10
Gadolinium-147 Gd-147 100
Gadolinium-148 Gd-148 0.001
Gadolinium-149 Gd-149 100
Gadolinium-151 Gd-151 10
Gadolinium-152 Gd-152 100
Gadolinium-153 Gd-153 10
Gadolinium-159 Gd-159 100
Terbium-147 Tb-147 1,000
Terbium-149 Tb-149 100
Terbium-150 Tb-150 1,000
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Radionuclide Abbreviation uantity («.Ci)
Terbium-151 Tb-151 100
Terbium-153 Tb-153 1,000
Terbium-154 Tb-154 100
Terbium-155 Tb-155 1,000
Terbium-156m (5.0h) Tb-156m 1,000
Terbium-156m (24.4h) Tb-156m 1,000
Terbium-156 Tb-156 100
Terbium-157 Tb-157 10
Terbium-158 Tb-158 1
Terbium-160 Tb-160 10
Terbium-161 Tb-161 100
Dysprosium-155 Dy-155 1,000
Dysprosium-157 Dy-157 1,000
Dysprosium-159 Dy-159 100
Dysprosium-165 Dy-165 1,000
Dysprosium-166 Dy-166 100
Holmium-155 Ho-155 1,000
Holmium-157 Ho-157 1,000
Holmium-159 Ho-159 1,000
Holmium-161 Ho-161 1,000
Holmium-162m Ho-162m 1,000
Holmium-162 Ho-162 1,000
Holmium-164m Hp-164m 1,000
Holmium-164 Ho-164 1,000
Holmium-166m Ho-166m 1
Holmium-166 Ho-166 100
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Radionuclide Abbreviation Quantity (+.Ci)
Holmium-167 Ho-167 1,000
Erbium-161 Er-161 1,000
Erbium-165 Er-165 1,000
Erbium-169 Er-169 100
Erbium-171 Er-171 100
Erbium-172 Er-172 100
Thulium-162 Tm-162 1,000
Thulium-166 Tm-166 100
Thulium-167 Tm-167 100
Thulium-170 Tm-170 10
Thulium-171 Tm-171 10
Thulium-172 Tm-172 100
Thulium-173 Tm-173 100
Thulium-175 Tm-175 1,000
Ytterbium-162 Yb-162 1,000
Ytterbium-166 Yb-166 100
Ytterbium-167 Yb-167 1,000
Ytterbium-169 Yb-169 100
Ytterbium-175 Yb-175 100
Ytterbium-177 Yb-177 1,000
Ytterbium-178 Yb-178 1,000
Lutetium-169 Lu-169 100
Lutetium-170 Lu-170 100
Lutetium-171 Lu-171 100
Lutetium-172 Lu-172 100
Lutetium-173 Lu-173 10
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Radionuclide Abbreviation uantity («Ci)
Lutetium-174m Lu-174m 10
Lutetium-174 Lu-174 10
Lutetium-176m Lu-176m 1,000
Lutetium-176 Lu-176 100
Lutetium-177m Lu-177m : 10
Lutetium-177 Lu-177 100
Lutetium-178m Lu-178m 1,000
Lutetium-178 Lu-178 1,000
Lutetium-179 Lu-179 1,000
Hafnium-170 Hf-170 100
Hafnium-172 Hf-172 1
Hafnium-173 Hf-173 1,000
Hafnium-175 Hf-175 100
Hafnium-177m Hf-177m 1,000
Hafnium-178m Hf-178m 0.1
Hafnium-179m Hf-179m 10
Hafnium-180m Hf-180m 1,000
Hafnium-181 Hf-181 10
Hafnium-182m Hf-182m 1,000
Hafnium-182 Hf-182 0.1
Hafnium-183 Hf-183 1,000
Hafnium-184 Hf-184 100
Tantalum-172 Ta-172 1,000
Tantalum-173 Ta-173 1,000
Tantalum-174 Ta-174 1,000
Tantalum-175 Ta-175 1,000
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Radionuclide Abbreviation Quantity (..Ci)
Tantalum-176 Ta-176 100
Tantalum-177 Ta-177 1,000
Tantalum-178 Ta-178 1,000
Tantalum-179 Ta-179 100
Tantalum-180m Ta-180m 1,000
Tantalum-180 Ta-180 100
Tantalum-182m Ta-182m 1,000
Tantalum-182 Ta-182 10
Tantalum-183 Ta-183 100
Tantalum-184 Ta-184 100
Tantalum-185 Ta-185 1,000
Tantalum-186 Ta-186 1,000
Tungsten-176 W-176 1,000
Tungsten-177 W-177 1,000
Tungsten-178 W-178 1,000
Tungsten-179 W-179 1,000
Tungsten-181 W-181 1,000
Tungsten-185 W-185 100
Tungsten-187 W-187 100
Tungsten-188 W-188 10
- Rhenium-177 Re-177 1,000
Rhenium-178 Re-178 1,000
Rhenium-181 Re-181 1,000
Rhenium-182 (12.7h) Re-182 1,000
Rhenium-182 (64.0h) Re-182 100
Rhenium-184m Re-184m 10

C-21 NUREG-1736



APPENDIX C

Radionuclide Abbreviation Quantity (. Ci)
Rhenium-184 Re-184 100
Rhenium-186m Re-186m 10
Rhenium-186 Re-186 100
Rhenium-187 Re-187 1,000
Rhenium-188m Re-188m 1,000
Rhenium-188 Re-188 100
Rhenium-189 Re-189 100
Osmium-180 Os-180 1,000
Osmium-181 Os-181 1,000
Osmium-182 Os-182 100
Osmium-185 Os-185 100
Osmium-189m 0Os-189m 1,000
Osmium-191m Os-191m 1,000
Osmium-191 Os-191 100
Osmium-193 Os-193 100
Osmium-194 Os-194 1
Iridium-182 Ir-182 1,000
Iridium- 184 Ir-184 1,000
Iridium- 185 Ir-185 1,000
Iridium-186 Ir-186 100
Iridium-187 Ir-187 1,000
Iridium-188 Ir-188 100
Iridium-189 Ir-189 100
Iridium-190m Ir-190m 1,000
Iridium-190 Ir-190 100
Iridium-192 (73.8d) Ir-192 1
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Radionuclide Abbreviation Quantity (..Ci)
Iridium-192m (1.4 min.) Ir-192m 10
Iridium-194m Ir-194m 10
Iridium-194 Ir-194 100
Iridium-195m Ir-195m 1,000
Iridium-195 Ir-95 1,000
Platinum-186 Pt-186 1,000
Platinum- 188 Pt-188 100
Platinum-189 Pt-189 1,000
Platinum-191 Pt-191 100
Platinum-193m Pt-193m 100
Platinum-193 Pt-193 1,000
Platinum-195m Pt-195m 100
Platinum-197m Pt-197m 1,000
Platinum-197 Pt-197 100
Platinum-199 Pt-199 1,000
Platinum-200 Pt-200 100
Gold-193 Au-193 1,000
Gold-194 Au-194 100
Gold-195 Au-195 10
Gold-198m Au-198m 100
Gold-198 Au-198 100
Gold-199 Au-199 100
Gold-200m Au-200m 100
Gold-200 Au-200 1,000
Gold-201 Au-201 1,000
Mercury-193m Hg-193m 100
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Radionuclide Abbreviation Quantity («Ci)
Mercury-193 Hg-193 1,000
Mercury-194 Hg-194 1
Mercury-195m Hg-195m 100
Mercury-195 Hg-195 1,000
Mercury-197m Hg-197m 100
Mercury-197 Hg-197 1,000
Mercury-199m Hg-199m 1,000
Mercury-203 Hg-203 100
Thallium-194m T1-194m 1,000
Thallium-194 T1-194 1,000
Thallium-195 T1-195 1,000
Thallium-197 T1-197 1,000
Thallium-198m TI-198m 1,000
Thallium-198 T1-198 1,000
Thallium-199 T1-199 1,000
Thallium-200 TI1-200 1,000
Thallium-201 T1-201 1,000
Thallium-202 T1-202 100
Thallium-204 T1-204 100
Lead-195m Pb-195m 1,000
Lead-198 Pb-198 1,000
Lead-199 Pb-199 1,000
Lead-200 Pb-200 100
Lead-201 Pb-201 1,000
Lead-202m Pb-202m 1,000
Lead-202 Pb-202 10
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Radionuclide Abbreviation Quantity (+Ci)
Lead-203 Pb-2023 1,000
Lead-205 Pb-205 100
Lead-209 Pb-209 1,000
Lead-210 Pb-210 0.01
Lead-211 Pb-211 100
Lead-212 Pb-212 1
Lead-214 Pb-214 100
Bismuth-200 Bi-200 1,000
Bismuth-201 Bi-201 1,000
Bismuth-202 Bi-202 1,000
Bismuth-203 Bi-203 100
Bismuth-205 Bi-205 100
Bismuth-206 Bi-206 100
Bismuth-207 Bi-207 10
Bismuth-210m Bi-210m 0.1
Bismuth-210 Bi-210 1
Bismuth-212 Bi-212 10
Bismuth-213 Bi-213 10
Bismuth-214 Bi-214 100
Polonium-203 Po-203 1,000
Polonium-205 Po-205 1,000
Polonium-207 Po-207 1,000
Polonium-210 Po-210 0.1
Astatine-207 At-207 100
Astatine-211 At-211 10
Radon-220 Rn-220 1
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Radionuclide Abbreviation Quantity (4Ci)
Radon-222 Rn-222 1
Francium-222 Fr-222 100
Francium-223 Fr-223 100
Radium-223 Ra-223 0.1
Radium-224 Ra-224 0.1
Radium-225 Ra-225 0.1
Radium-226 Ra-226 0.1
Radium-227 Ra-227 1,000
Radium-228 Ra-228 0.1
Actinium-224 Ac-224 1
Actinium-225 Ac-225 0.01
Actinium-226 Ac-226 0.1
Actinium-227 Ac-227 0.001
Actinium-228 Ac-228 1
Thorium-226 Th-226 10
Thorium-227 Th-227 0.01
Thorium-228 Th-228 0.001
Thorium-229 Th-229 0.001
Thorium-230 Th-230 0.001
Thorium-231 Th-231 100
Thorium-232 Th-232 100
Thorium-234 Th-234 10
Thorium-natural 100
Protactinium-227 Pa-227 10
Protactinium-228 Pa-228 1
Protactinium-230 Pa-230 0.01

NUREG-1736

C-26



APPENDIX C

Radionuclide Abbreviation Quantity (..Ci)
Protactinium-231 Pa-231 0.001
Protactinium-232 Pa-232 1
Protactinium-233 Pa-233 100
Protactinium-234 Pa-234 100
Uranium-230 U-230 0.01
Uranium-231 U-231 100
Uranium-232 U-232 0.001
Uranium-233 U-233 0.001
Uranium-234 U-234 0.001
Uranium-235 U-235 0.001
Uranium-236 U-236 0.001
Uranium-237 U-237 100
Uranium-238 U-238 100
Uranium-239 U-239 1,000
Uranium-240 U-240 100
Uranium-natural 100
Neptunium-232 Np-232 100
Neptunium-233 Np-233 1,000
Neptunium-234 Np-234 100
Neptunium-235 Np-235 100
Neptunium-236 (1.15x10%y) Np-236 0.001
Neptunium-236 (22.5h) Np-236 1
Neptunium-237 Np-237 0.001
Neptunium-238 Np-238 10
Neptunium-239 Np-239 100
Neptunium-240 Np-240 1,000

C-27 NUREG-1736



APPENDIX C

Radionuclide Abbreviation unantity (v Ci)
Plutonium-234 Pu-234 10
Plutonium-235 Pu-235 1,000
Plutonium-236 Pu-236 0.001
Plutonium-237 Pu-237 100
Plutonium-238 Pu-238 0.001
Plutonium-239 Pu-239 0.001
Plutonium-240 Pu-240 0.001
Plutonium-241 Pu-241 0.01
Plutonium-242 Pu-242 0.001
Plutonium-243 Pu-243 1,000
Plutonium-244 Pu-244 0.001
Plutonium-245 Pu-245 100
Americium-237 Am-237 1,000
Americium-238 Am-238 100
Americium-239 Am-239 1,000
Americium-240 Am-240 100
Americium-241 Am-241 0.001
Americium-242m Am-242m 0.001
Americium-242 Am-242 10
Americium-243 Am-243 0.001
Americium-244m Am-244m 100
Americium-244 ' Am-244 10
Americium-245 Am-245 1,000
Americium-246m Am-246 1,000
Americium-246 - Am-246 : 1,000
Curium-238 Cm-238 100
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Radionuclide Abbreviation uantity (¢ Ci)

Curium-240 Cm-240 0.1
Curium-241 Cm-241 1
Curium-242 Cm-242 0.01
Curium-243 Cm-243 0.001
Curium-244 Cm-244 0.001
Curium-245 Cm-245 0.001
Curium-246 Cm-246 0.001
Curium-247 Cm-247 0.001
Curium-248 Cm-248 0.001
Curium-249 Cm-249 1,000
Berkelium-245 Bk-245 100
Berkelium-246 Bk-246 100
Berkelium-247 Bk-247 0.001
Berkelium-249 Bk-249 0.1
Berkelium-250 Bk-250 10
Californium-244 Cf-244 100
Californium-246 Cf-246 1
Californium-248 Cf-248 0.01
Californium-249 Cf-249 ¢.001
Californium-250 Cf-250 0.001
Californium-251 Cf-251 0.001
Californium-252 Cf-252 0.001
Californium-253 Cf-253 0.1
Californium-254 Cf-254 0.001
Any alpha emitting radionuclide not listed

above or mixtures or alpha emitters of 0.001
unknown composition
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Radionuclide Abbreviation nantity (..Ci)
Einsteinium-250 Es-250 100
Einsteinium-251 Es-251 100
Einsteinium-253 Es-253 0.1
Einsteinium-254m Es-254m 1
Einsteinium-254 Es-254 0.01
Fermium-252 Fm-252 1
Fermium-253 Fm-253 1
Fermium-254 Fm-254 10
Fermium-255 Fm-255 1
Fermium-257 Fm-257 0.01
Mendelevium-257 Md-257 10
Mendelevium-258 Md-258 0.01

Any radionuclide other than alpha emitter
radionuclides not listed above, or mixtures of 0.01
beta emitters of unknown composition

Note: For purposes of 10 CFR 20.1902(e), 20.1905(a), and 20.2201(a) where there is involved a
combination of radionuclides in known amounts, the limit for the combination should be derived
as follows: determine, for each radionuclide in the combination, the ratio between the quantity
present in the combination and the limit otherwise established for the specific radionuclide when
not in combination. The sum of such ratios for all radionuclides in the combination may not
exceed “1” (i.e., “unity”).

Discussion:

Appendix C to Part 20 is a listing of the quantities of licensed material requiring posting pursuant
to 10 CFR 20.1902 or exempt from labeling pursuant to 10 CFR 20.1905. These quantities of
licensed material are considered to present a minimal radiological hazard. The quantities listed
in Appendix C were derived by taking one-tenth of the most restrictive, occupational, annual
limit of intake listed in Appendix B, rounding to the nearest factor of ten, and arbitrarily
constraining the values listed between 0.001 and 1,000 microcuries (37 and 3.7 X 10’ Bqg).
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Statement of Requirement:

APPENDIX D

Table D.1. Appendix D to Part 20 - United States Nuclear Regulatory
Commission Regional Offices

Address Telephone (24 hour)
Region I: Connecticut, Delaware, |USNRC, Region I (610) 337-5000
District of Columbia, Maine, 475 Allendale Road (800) 432-1156

Maryland, Massachusetts,
New Hampshire, New Jersey,
New York, Pennsylvania,
Rhode Island, and Vermont.

King of Prussia, PA 19406

Region II: Alabama, Florida,
Georgia, Kentucky, Mississippi,
North Carolina, Puerto Rico,
South Carolina, Tennessee,
Virginia, Virgin Islands, and
West Virginia.

USNRC, Region I
Atlanta Federal Center
61 Forsyth Street, SW
Suite 23T85

Atlanta, GA 30303

(404) 562-4400
(800) 577-8510

Region III: Illinois, Indiana, Iowa,
Michigan, Minnesota, Missouri,
Ohio, and Wisconsin.

USNRC, Region III
801 Warrenville Road
Lisle, IL 60532-4351

(708) 829-9500
(800) 522-3025

Region IV: Alaska, Arizona,
Arkansas, California, Colorado,
Hawaii, Idaho, Kansas, Louisiana,
Montana, Nebraska, Nevada,

New Mexico, North Dakota,
Oklahoma, Oregon, South Dakota,
Texas, Utah, Washington,
Wyoming, and the U.S. territories
and possessions in the Pacific.

USNRC, Region IV
611 Ryan Plaza Drive
Suite 400

Arlington, TX 76011

(817) 860-8100
(800) 952-9677

Discussion:
N/A.
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APPENDIX G

Statement of Requirement:

I. Manifest

A waste generator, collector, or processor who transports, or offers for transportation, low-level
radioactive waste intended for ultimate disposal at a licensed low-level radioactive waste land
disposal facility must prepare a Manifest (OMB Control Numbers 3150-0164, -0165, and -0166)
reflecting information requested on applicable NRC Forms 540 (Uniform Low-Level Radioactive
Waste Manifest (Shipping Paper)) and 541 (Uniform Low-Level Radioactive Waste Manifest
(Container and Waste Description)) and, if necessary, on an applicable NRC Form 542 (Uniform
Low-Level Radioactive Waste Manifest (Manifest Index and Regional Compact Tabulation)).
NRC Forms 540 and 540A must be completed and must physically accompany the pertinent low-
level waste shipment. Upon agreement between shipper and consignee, NRC Forms 541 and
541A and 542 and 542 A may be completed, transmitted, and stored in electronic media with the
capability for producing legible, accurate, and complete records on the respective forms.
Licensees are not required by NRC to comply with the manifesting requirements of this part
when they ship:

(a) LLW for processing and expect its return (i.e., for storage under their license) prior to
disposal at a licensed land disposal facility;

(b) LLW that is being returned to the licensee who is the “waste generator” or “generator,” as
defined in this part; or

(c) Radioactively contaminated material to a “waste processor” that becomes the processor’s
“residual waste.”

For guidance in completing these forms, refer to the instructions that accompany the forms.

Copies of manifests required by this appendix may be legible carbon copies, photocopies, or
computer printouts that reproduce the data in the format of the uniform manifest.

NRC Forms 540, 540A, 541, 541A, 542 and 542A, and the accompanying instructions, in hard
copy, may be obtained from the Information and Records Management Branch, Office of
Information Resources Management, U.S. Nuclear Regulatory Commission, Washington, DC
20555, telephone (301) 415-7232.

This appendix includes information requirements of the Department of Transportation, as
codified in 49 CFR Part 172. Information on hazardous, medical, or other waste, required to
meet Environmental Protection Agency regulations, as codified in 40 CFR Parts 259, 261 or
elsewhere, is not addressed in this section, and must be provided on the required EPA forms.
However, the required EPA forms must accompany the Uniform Low-Level Radioactive Waste
Manifest required by this chapter.
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As used in this appendix, the following definitions apply:
Chelating agent has the same meaning as that given in Section 61.2 of this chapter.

Chemical description means a description of the principal chemical characteristics of a low-level
radioactive waste.

Computer-readable medium means that the regulatory agency’s computer can transfer the
information from the medium into its memory.

Consignee means the designated receiver of the shipment of low-level radioactive waste.

Decontamination facility means a facility operating under a Commission or Agreement State
license whose principal purpose is decontamination of equipment or materials to accomplish
recycle, reuse, or other waste management objectives, and, for purposes of this part, is not
considered to be a consignee for LLW shipments.

Disposal container means a container principally used to confine low-level radioactive waste
during disposal operations at a land disposal facility (also see “high integrity container”). Note
that for some shipments, the disposal container may be the transport package.

EPA identification number means the number received by a transporter following application to
the Admunistrator of EPA as required by 40 CFR Part 263.

Generator means a licensee operating under a Commission or Agreement State license who:
(1) is a waste generator as defined in this part; or (2) is the licensee to whom waste can be
attributed within the context of the Low-Level Radioactive Waste Policy Amendments Act of
1985 (e.g., waste generated as a result of decontamination or recycle activities).

High integrity container (HIC) means a container commonly designed to meet the structural
stability requirements of Section 61.56 of this chapter, and to meet Department of Transportation
requirements for a Type A package.

Land disposal facility has the same meaning as that given in Section 61.2 of this chapter.

NRC Forms 540, 540A, 541, 541A, 542, and 542A are official NRC Forms referenced in this
appendix. Licensees need not use originals of these NRC Forms as long as any substitute forms
are equivalent to the original documentation in respect to content, clarity, size, and location of
information. Upon agreement between the shipper and consignee, NRC Forms 541 (and 541A)
and NRC Forms 542 (and 542A) may be completed, transmitted, and stored in electronic media.
The electronic media must have the capability for producing legible, accurate, and complete
records in the format of the uniform manifest.
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Package means the assembly of components necessary to ensure compliance with the packaging
requirements of DOT regulations, together with its radioactive contents, as presented for
transport.

Physical description means the items called for on NRC Form 541 to describe a low-level
radioactive waste.

Residual waste means low-level radioactive waste resulting from processing or decontamination
activities that cannot be easily separated into distinct batches attributable to specific waste
generators. This waste is attributable to the processor or decontamination facility, as applicable.

Shipper means the licensed entity (i.e., the waste generator, waste collector, or waste processor)
who offers low-level radioactive waste for transportation, typically consigning this type of waste
to a licensed waste collector, waste processor, or land disposal facility operator.

Shipping paper means NRC Form 540 and, if required, NRC Form 540A, which includes the
information required by DOT in 49 CFR Part 172.

Source material has the same meaning as that given in Section 40.4 of this chapter.
Special nuclear material has the same meaning as that given in Section 70.4 of this chapter.

Uniform Low-Level Radioactive Waste Manifest or uniform manifest means the combination of
NRC Forms 540, 541, and, if necessary, 542, and their respective continuation sheets as needed,
or equivalent.

Waste collector means an entity, operating under a Commission or Agreement State license,
whose principal purpose is to collect and consolidate waste generated by others, and to transfer
this waste, without processing or repackaging the collected waste, to another licensed waste
collector, licensed waste processor, or licensed land disposal facility.

Waste description means the physical, chemical and radiological description of a low-level
radioactive waste as called for on NRC Form 541.

Waste generator means an entity, operating under a Commission or Agreement State license,
who (1) possesses any material or component that contains radioactivity or is radioactively
contaminated for which the licensee foresees no further use, and (2) transfers this material or
component to a licensed land disposal facility or to a licensed waste collector or processor for
handling or treatment prior to disposal. A licensee performing processing or decontamination
services may be a “waste generator” if the transfer of low-level radioactive waste from its facility
is defined as “residual waste.”

Waste processor means an entity, operating under a Commission or Agreement State license,
whose principal purpose is to process, repackage, or otherwise treat low-level radioactive
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material or waste generated by others prior to eventual transfer of waste to a licensed low-level
radioactive waste land disposal facility.

Waste type means a waste within a disposal container having a unique physical description (i.e., a
specific waste descriptor code or description; or a waste sorbed on or solidified in a specifically
defined media).

Information Requirements

A. General Information
The shipper of the radioactive waste shall provide the following information on the uniform
manifest:

(1) The name, facility address, and telephone number of the licensee shipping the waste;

(2) An explicit declaration indicating whether the shipper is acting as a waste generator,
collector, processor, or a combination of these identifiers for purposes of the manifested
shipment; and

(3) The name, address, and telephone number, or the name and EPA identification number
for the carrier transporting the waste.

B. Shipment Information
The shipper of the radioactive waste shall provide the following information regarding the waste
shipment on the uniform manifest:

(1) The date of the waste shipment;

(2) The total number of packages/disposal containers;

(3) The total disposal volume and disposal weight in the shipment;

(4) The total radionuclide activity in the shipment;

(5) The activity of each of the radionuclides H-3, C-14, Tc-99, and I-129 contained in the
shipment; and

(6) The total masses of U-233, U-235, and plutonium in special nuclear material, and the
total mass of uranium and thorium in source material.
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C. Disposal Container and Waste Information

The shipper of the radioactive waste shall provide the following information on the uniform
manifest regarding the waste and each disposal container of waste in the shipment:

(D

(2)

3
@
S

(6)
(7

(8)
(9)

(10)

(11)
(12)

An alphabetic or numeric identification that uniquely identifies each disposal container
in the shipment;

A physical description of the disposal container, including the manufacturer and model
of any high integrity container;

The volume displaced by the disposal container;
The gross weight of the disposal container, including the waste;

For waste consigned to a disposal facility, the maximum radiation level at the surface of
each disposal container;

A physical and chemical description of the waste;

The total weight percentage of chelating agent for any waste containing more than
0.1% chelating agent by weight, plus the identity of the principal chelating agent;

The approximate volume of waste within a container;

The sorbing or solidification media, if any, and the identity of the solidification media
vendor and brand name;

The identities and activities of individual radionuclides contained in each container, the
masses of U-233, U-235, and plutonium in special nuclear material, and the masses of
uranium and thorium in source material. For discrete waste types (i.e., activated
materials, contaminated equipment, mechanical filters, sealed source/devices, and
wastes in solidification/stabilization media), the identities and activities of individual
radionuclides associated with or contained on these waste types within a disposal
container shall be reported;

The total radioactivity within each container; and

For wastes consigned to a disposal facility, the classification of the waste pursuant to
Section 61.55 of this chapter. Waste not meeting the structural stability requirements of
Section 61.56(b) of this chapter must be identified.

D. Uncontainerized Waste Information

The shipper of the radioactive waste shall provide the following information on the uniform
manifest regarding a waste shipment delivered without a disposal container:

ey
(2)

The approximate volume and weight of the waste;

A physical and chemical description of the waste;
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(3) The total weight percentage of chelating agent if the chelating agent exceeds 0.1% by
weight, plus the identity of the principal chelating agent;

(4) For waste consigned to a disposal facility, the classification of the waste pursuant to
section 61.55 of this chapter. Waste not meeting the structural stability requirements of
section 61.56(b) of this chapter must be identified;

(5) The identities and activities of individual radionuclides contained in the waste, the
masses of U-233, U-235, and plutonium in special nuclear material, and the masses of
uranium and thorium in source material; and

(6) For wastes consigned to a disposal facility, the maximum radiation levels at the surface
of the waste.

E. Multi-Generator Disposal Container Information

This section applies to disposal containers enclosing mixtures of waste originating from different
generators. (Note: The origin of the LLW resulting from a processor’s activities may be
attributable to one or more “generators” (including “waste generators”) as defined in this part). It
also applies to mixtures of wastes shipped in an uncontainerized form, for which portions of the
mixture within the shipment originate from different generators.

(1) For homogeneous mixtures of waste, such as incinerator ash, provide the waste
description applicable to the mixture and the volume of the waste attributed to each
generator.

(2)  For heterogeneous mixtures of waste, such as the combined products from a large
compactor, identify each generator contributing waste to the disposal container, and, for
discrete waste types (i.e., activated materials, contaminated equipment, mechanical
filters, sealed source/devices, and wastes in solidification/stabilization media), the
identities and activities of individual radionuclides contained on these waste types
within the disposal container. For each generator, provide the following:

(a) The volume of waste within the disposal container:

(a) A physical and chemical description of the waste, including the solidification agent,
if any;

(a) The total weight percentage of chelating agents for any disposal container
containing more than 0.1% chelating agent by weight, plus the identity of the
principal chelating agent;

(a) The sorbing or solidification media, if any, and the identity of the solidification
media vendor and brand name if the media is claimed to meet stability requirements
in 10 CFR 61.56(b); and
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(a) Radionuclide identities and activities contained in the waste, the masses of U-233,
U-235, and plutonium in special nuclear material, and the masses of uranium and
thorium in source material if contained in the waste.

II. Certification

An authorized representative of the waste generator, processor, or collector shall certify by
signing and dating the shipment manifest that the transported materials are properly classified,
described, packaged, marked, and labeled and are in proper condition for transportation
according to the applicable regulations of the Department of Transportation and the Commission.
A collector in signing the certification is certifying that nothing has been done to the collected
waste that would invalidate the waste generator’s certification.

III. Control and Tracking

A. Any licensee who transfers radioactive waste to a land disposal facility or a licensed waste
collector shall comply with the requirements in Paragraphs A.1 through 9 of this section.
Any licensee who transfers waste to a licensed waste processor for waste treatment or
repackaging shall comply with the requirements of Paragraphs A.4 through 9 of this section.
A licensee shall:

(1) Prepare all wastes so that the waste is classified according to section 61.55 and meets the
waste characteristics requirements in Section 61.56 of this chapter;

(2) Label each disposal container (or transport package if potential radiation hazards preclude
labeling of the individual disposal container) of waste to identify whether it is Class A
waste, Class B waste, Class C waste, or greater then Class C waste, in accordance with
section 61.55 of this chapter;

(3) Conduct a quality assurance program to assure compliance with sections 61.55 and 61.56
of this chapter (the program must include management evaluation of audits);

(4) Prepare the NRC Uniform Low-Level Radioactive Waste Manifest as required by this
appendix;

(5) Forward a copy or electronically transfer the Uniform Low-Level Radioactive Waste
Manifest to the intended consignee so that either: (i) receipt of the manifest precedes the

LLW shipment; or (ii) the manifest is delivered to the consignee with the waste at the
time the waste is transferred to the consignee. Using both (i) and (ii) is also acceptable;

(6) Include NRC Form 540 (and NRC Form 540A, if required) with the shipment regardless
of the option chosen in Paragraph A.5 of this section;

(7) Receive acknowledgment of the receipt of the shipment in the form of a signed copy of
NRC Form 540;

(8) Retain a copy of or electronically store the Uniform Low-Level Radioactive Waste
Manifest and documentation of acknowledgment of receipt as the record of transfer of
licensed material as required by 10 CFR Parts 30, 40, and 70 of this chapter; and
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(9) For any shipments or any part of a shipment for which acknowledgment of receipt has not
been received within the times set forth in this appendix, conduct an investigation in
accordance with Paragraph E of this appendix.

B. Any waste collector licensee who handles only prepackaged waste shall:

(1) Acknowledge receipt of the waste from the shipper within one week of receipt by
returning a signed copy of NRC Form 540;

(2) Prepare a new manifest to reflect consolidated shipments that meet the requirements of
this appendix. The waste collector shall ensure that, for each container of waste in the
shipment, the manifest identifies the generator of that container of waste;

(3) Forward a copy or electronically transfer the Uniform Low-Level Radioactive Waste
Manifest to the intended consignee so that either: (i) Receipt of the manifest precedes the
LLW shipment; or (ii) the manifest is delivered to the consignee with the waste at the
time the waste is transferred to the consignee. Using both (i) and (ii) is also acceptable;

(4) Include NRC Form 540 (and NRC Form 5404, if required) with the shipment regardless
of the option chosen in Paragraph B.3 of this section;

(5) Receive acknowledgment of the receipt of the shipment in the form of a signed copy of
NRC Form 540;

(6) Retain a copy of or electronically store the Uniform Low-Level Radioactive Waste
Manifest and documentation of acknowledgment of receipt as the record of transfer of
licensed material as required by 10 CFR Parts 30, 40, and 70 of this chapter;

(7) For any shipments or any part of a shipment for which acknowledgment of receipt has not
been received within the times set forth in this appendix, conduct an investigation in
accordance with Paragraph E of this appendix; and

(8) Notify the shipper and the Administrator of the nearest Commission Regional Office
listed in Appendix D of this part when any shipment, or part of a shipment, has not
arrived within 60 days after receipt of an advance manifest, unless notified by the shipper
that the shipment has been canceled.

C. Any licensed waste processor who treats or repackages waste shall:

(1) Acknowledge receipt of the waste from the shipper within one week of receipt by
returning a signed copy of NRC Form 540;

(2) Prepare a new manifest that meets the requirements of this appendix. Preparation of the
new manifest reflects that the processor is responsible for meeting these requirements.
For each container of waste in the shipment, the manifest shall identify the waste
generators, the preprocessed waste volume, and the other information as required in
Paragraph LE. of this appendix;
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(3) Prepare all wastes so that the waste is classified according to section 61.55 of this chapter
and meets the waste characteristics requirements in section 61.56 of this chapter;

(4) Label each package of waste to identify whether it is Class A waste, Class B waste, or
Class C waste, in accordance with Sections 61.55 and 61.57 of this chapter;

(5) Conduct a quality assurance program to assure compliance with sections 61.55 and 61.56
of this chapter (the program shall include management evaluation of audits);

(6) Forward a copy or electronically transfer the Uniform Low-Level Radioactive Waste
Manifest to the intended consignee so that either: (i) Receipt of the manifest precedes the
LLW shipment; or (ii) the manifest is delivered to the consignee with the waste at the
time the waste is transferred to the consignee. Using both (i) and (ii) is also acceptable;

(7) Include NRC Form 540 (and NRC Form 5404, if required) with the shipment regardless
of the option chosen in Paragraph C.6 of this section;

(8) Receive acknowledgment of the receipt of the shipment in the form of a signed copy of
NRC Form 540;

(9) Retain a copy of or electronically store the Uniform Low-Level Radioactive Waste
Manifest and documentation of acknowledgment of receipt as the record of transfer of
licensed material as required by 10 CFR Parts 30, 40, and 70 of this chapter;

(10) For any shipment or any part of a shipment for which acknowledgment of receipt has
not been received within the times set forth in this appendix, conduct an investigation in
accordance with Paragraph E of this appendix; and

(11) Notify the shipper and the Administrator of the nearest Commission Regional Office
listed in Appendix D of this part when any shipment, or part of a shipment, has not
arrived within 60 days after receipt of an advance manifest, unless notified by the
shipper that the shipment has been canceled.

. The land disposal facility operator shall:

(1) Acknowledge receipt of the waste within one week of receipt by returning, as a minimum,
a signed copy of NRC Form 540 to the shipper. The shipper to be notified is the licensee
who last possessed the waste and transferred the waste to the operator. If any discrepancy
exists between materials listed on the Uniform Low-Level Radioactive Waste Manifest
and materials received, copies or electronic transfer of the affected forms must be
returned indicating the discrepancy;

(2) Maintain copies of all completed manifests and electronically store the information
required by 10 CFR 61.80(]) until the Commission terminates the license; and

(3) Notify the shipper and the Administrator of the nearest Commission Regional Office
listed in Appendix D of this part when any shipment, or part of a shipment, has not
arrived within 60 days after receipt of an advance manifest, unless notified by the shipper
that the shipment has been canceled.
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E. Any shipment or part of a shipment for which acknowledgment is not received within the
times set forth in this section must:

(1) Be investigated by the shipper if the shipper has not received notification or receipt
within 20 days after transfer; and

(2) Be traced and reported. The investigation shall include tracing the shipment and filing a
report with the nearest Commission Regional Office listed in Appendix D to this part.
Each licensee who conducts a trace investigation shall file a written report with the
appropriate NRC Regional Office within 2 weeks of completion of the investigation.

Discussion:

N/A.

NUREG-1736 G-10



Appendix H

Summary of Comments Received on
Draft NUREG-1736, Part 20



APPENDIX H

Appendix H - Summary of Comments Received on Draft NUREG-1736,
Part 20

Comments Provided by the Academic & Medical Radiation Safety
Officers (AMRSO), Dated November 22, 2000

Location Subject Comment

Entire Document |Comment Period |This document is about 350 pages long and affects
every NRC licensee and most Agreement State
licensees. Because of this, the AMRSO group feels
even the original 90 days is an insufficient time to
conduct a thorough review and to submit considered
comments and that this problem is exacerbated by the
unavoidable delay imposed by distributing them by
mail. We feel that, otherwise, it will be difficult for
interested licensees to provide the considered
feedback that is the purpose of having a review period.

It is for this reason that we request that the Nuclear
Regulatory Commission extend the official comment
period for the referenced publication to

March 31, 2001.

NRC Staff Response: We consider the 90-day comment period to be of sufficient length for
interested parties to review the document and provide comments, particularly since the draft
document was available on the NRC web site with an online comment submission form. Also,
NRC believes that it was important to finalize the document so that it can be used. NRC
believes that use of the document by licensees and license reviewers will provide an
opportunity for additional comments. These comments will be incorporated into the document

during a planned revision in 2004.
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Comments Provided by American Nuclear Insurers (ANI), Dated

December 18, 2000

Location

Subject

Comment

Entire Document

Definition - public

dose

I have reason to believe that because of the wording in
the final rule in the 1995 Federal Register, regardless
of how it may be resolved in NUREG 1736, there will
remain some confusion on the issue of whether a
member of the public is subject to occupational dose
limits when he enters a restricted area as defined in
Part 20. In one sense this is surprising since the
primary reason for the 1995 revision to Part 20 was to
redefine “Occupational dose,” “Member of the
public,” “Public dose,” and “Occupational dose” in
order to clarify that very issue. The term “Controlled
Area” also appears to be adding to the confusion.

It seems to me that NUREG 1736 is an excellent
opportunity to address the entire issue by explaining
the history of the rule change, whether Q&A 26 is
finally retired or revised. Iexpect that the most useful
way to accomplish this might be to build on some of
the quotations above from the Federal Register as you
have done in several other sections of the draft.

NRC Staff Response: The current Part 20 defines Occupational and Public Doses in a manner
that clarifies the confusion that previously existed between the two terms and their application
to specific situations. It would be difficult to improve on these definitions. The staff agrees
with the part of the comment that refers to Q&A 26, and this Q&A has been marked as
obsolete, at least until it is updated. We agree that the definition and use of the term Controlled
Area still causes some difficulties. However, we believe that the discussion in connection with
the definition of this term makes the meaning clear, or at least clearer, and there is little that can
be added to clarify the meaning further.
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Comments Provided by J. Bacquet, Dated February 8, 2001

Location

Subject

Comment

Definitions &
Subpart G,
Sections 20.1601
and 20.1602

Entrance or
Access points

The definition states this is any location through
which an individual could gain access to a radiation
area or radioactive material. This includes portals of
sufficient size to permit human entry, irrespective of
their intended use. What does “sufficient size” mean?
Is there a specific opening size indicated? For security
access we have an actual size opening that would be
considered accessible (100 sq inches with a minimum
dimension of 8” on any side). Would the same size
limitation be considered reasonable for access to an
RN HRA or VHRA?

NRC Staff Response: There are no prescriptive numerical size (dimensional) criteria for
entrance or access points for high radiation areas (HRA) or very high radiation areas (VHRA).
The Part 20 definition (entrance or access point) is performance-based, allowing the licensees
needed flexibility, given the many different HRA and VHRA configurations across the wide
spectrum of facility types. Licensees may establish administrative definitions for accessibility
specific to their particular situations and for ease and consistency in implementation of
radiological controls. The test is a performance standard based on the reasonableness for an
individual to gain access to the area or material.
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Comments Provided by the Council on Radionuclides and
Radiopharmaceuticals, Inc. (CORAR), Dated February 20, 2001

Location Subject Comment
Entire Document |Format and While it is the objective of NRC to provide a single,
content of the comprehensive source of guidance concerning
consolidated 10 CFR 20 by combining the multitude of guidance

guidance report information previously available in a variety of
formats, the draft has not effectively achieved this
purpose. The draft consolidated guidance could be
vastly improved if it integrated the text of the
numerous guidance references (e.g., Q&As, HPPOS
and circulars) wherever possible, into the text of the
discussion of the consolidated guidance. The volume
of text in the Q&A documents is usually very brief
and could easily be inserted if not condensed into the
relevant discussion sections of the NUREG. This
would provide the opportunity to edit and update the
guidance as needed. Limiting the list of references to
more lengthy detailed guidance that could not be
practically integrated such as other NUREGS or
Regulatory Guides would result in a more
comprehensive guidance document that would serve
as the definitive handbook to Part 20 compliance. An
alternative to the production of a printed document
would be an electronic version on the NRC web site
that could still include the lists of implementing
guidance where