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Ladies and Gentlemen:

In accordance with section 5.6.3 of the referenced plants' Technical
Specifications, Southern Nuclear Operating Company hereby submits the Annual
Radioactive Effluent Release Reports for 2009. The Annual Radioactive Effluent
Release Report for the Edwin I. Hatch Nuclear Plant (Hatch), Joseph M. Farley
Nuclear Plant (Farley), and the Vogtle Electric Generating Plant (Vogtle) are
provided in Enclosures 1, 2, and 3, respectively.

Technical Specification 5.5.1 .c. for each plant requires that the Offsite Dose
Calculation Manual (ODCM) be provided as a part of, or concurrent with, the
Radioactive Effluent Release Report for the period of the report in which any
change in the ODCM was made. During the reporting period for the Annual
Radioactive Effluent Release Report for 2009, the Hatch and Vogtle ODCMs
were revised. Accordingly, copies of Version 22 of the Hatch ODCM, dated
February 2009, and Version 26 of the Vogtle ODCM, dated December 2009 are
provided in Enclosures 4 and 5, respectively. Revision bars are provided in the
margin to show the changes for Version 22 of the Hatch ODCM and Versions 25
and 26 of the Vogtle ODCM. A description of the changes to each ODCM is
provided in Section 8.0 of the Annual Radioactive Effluent Release Report for the
corresponding plant. Changes to the Process Control Program (PCP), as
applicable, are described in section 9.2 of the corresponding Radioactive Effluent
Release Report for each site.
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This letter contains no NRC commitments. If you have any questions, please
advise.
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T. C. Moorer

Environmental Affairs, Chemistry, and Radiological Services Manager

TCM/LWW
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5. Vogtle Offsite Dose Calculation Manual - Version 26
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1.0 Liquid Effluents

1.1 Regulatory Requirements

1.1.1 Concentration Limits

The concentration of radioactive material released in liquid effluents to
UNRESTRICTED AREAS shall be limited to ten times the concentrations
specified in 10 CFR Part 20, Appendix B, Table 2, Column 2, for radionuclides
other than dissolved or entrained noble gases. For dissolved or entrained noble
gases, the concentration shall be limited to 1 E-04 microcuries/ml total activity.

1.1.2 Dose Limits

The dose or dose commitment, to a MEMBER OF THE PUBLIC from radioactive
materials in liquid effluents released from each unit to UNRESTRICTED AREAS,
shall be limited:

a. During any calendar quarter, to less than or equal to 1.5 mrems to the
whole body and to less than or equal to 5 mrems to any organ, and

b. During any calendar year, to less than or equal to 3 mrems to the whole

body and to less than or equal to 10 mrems to any organ.

1.2 Effluent Concentration Limit

ECL values used in determining allowable liquid radwaste release rates and
concentrations, for principal gamma emitters, 1-131, tritium, Sr-89, Sr-90 and
Fe-55, are taken from 10 CFR Part 20, Appendix B, Table 2, Column 2.
A tolerance factor of up to 10 is utilized to allow flexibility in establishing practical
monitor set points which can accommodate effluent releases at concentrations
higher than the ECL values stated in 10 CFR 20, Appendix B, Table 2, Column 2.

For dissolved or entrained noble gases in liquid radwaste, the ECL is
1 E-04 uCi/mI total activity.

For gross alpha in liquid radwaste, the ECL is 2E-09 uCi/ml.

Furthermore, for all the above radionuclides, or categories of radioactivity, the
overall ECL fraction is determined in accordance with 10 CFR Part 20,
Appendix B.

The method utilizing the ECL fraction to determine liquid radwaste release rates
and effluent radiation monitor set points is described in Subsection 1.3 of this
report.
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The method utilizing the ECL fraction to determine the dose released from
groundwater outfalls is described in Subsection 1.4 of this report.

1.3 Measurements and Approximations of Total Radioactivity for Liquid
Radwaste

Prior to the release of any tank containing liquid radwaste, following the required
recirculations, samples are collected and analyzed in accordance with the
Edwin I. Hatch Nuclear Plant Offsite Dose Calculation Manual (ODCM) Table 2-3.
A sample from each tank planned for release is analyzed for principal gamma
emitters, 1-131, and dissolved and entrained noble gases, by gamma
spectroscopy. Monthly and quarterly composites are prepared for analysis by
extracting aliquots from each sample taken from the tanks released.
Liquid radwaste sample analyses are performed as described in Section 1.3.1.

1.3.1 Total Radioactivity Determination for Liquid Radwaste

MEASUREMENT

1. Gamma Isotopic

2. Dissolved or entrained
noble gas

3. Tritium

4. Gross Alpha

5. Sr-89 & Sr-90

FREQUENCY

Each Batch

Each Batch

Monthly
Composite

Monthly
Composite

Quarterly
Composite

METHOD

Gamma Spectroscopy
with computerized data
reduction.

Gamma Spectroscopy
with computerized data
reduction.

Distillation and liquid
scintillation counting

Gas flow proportional
counting

Chemical separation
and gas flow
proportional or
scintillation counting

Chemical separation
and liquid scintillation
counting

6. Fe-55 Quarterly
Composite
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Gamma isotopic measurements are performed in-house using germanium
detectors with a resolution of 2.0 keV or lower. The detectors are shielded by four
inches of lead. A liquid radwaste sample is typically counted for 2000 seconds
and a peak search of the resulting gamma ray spectrum is performed. Energy
and net count data for all significant peaks are determined and a quantitative
reduction or MDC calculation is performed to ensure that the MDC's are met for
the nuclides specified in the ODCM Chapter 10 (i.e., Mn-54, Fe-59, Co-58, Co-60,
Zn-65, Mo-99, Cs-1 34, Cs-137, Ce-141 and Ce-144). The quantitative
calculations, corrections for counting time, decay time, sample volume, sample
geometry, detector efficiency, baseline counts, branching ratio and MDC
calculations, are made based on the counts at the location in the spectrum where
the-peak for that radionuclide would be located, if present. Typically achieved
liquid effluent sample analyses minimum detectable concentrations are reported in
Table 1-4.

Tritium, Gross Alpha, Sr-89, Sr-90 and Fe-55 are, in some cases, analyzed offsite.

The radionuclide concentrations determined by gamma spectroscopic analysis of
samples taken from tanks planned for release, in addition to the most current
sample analysis results available for tritium, gross alpha, Sr-89, Sr-90 and Fe-55,
are used along with the corresponding ECL values to determine the ECL fraction
for these tanks. This ECL fraction is then used, with the appropriate safety
factors, tolerance factors, and the expected dilution stream flow to calculate
maximum permissible release rate and a liquid effluent monitor setpoint. The
monitor setpoint is calculated to assure that the limits of the ODCM are not
exceeded.

A monitor reading in excess of the calculated setpoint will result in an automatic
termination of the liquid radwaste discharge. Liquid effluent discharge is also
automatically terminated if the dilution stream flow rate falls below the minimum
assured dilution flow rate used in the setpoint calculations and established as a
setpoint on the dilution stream flow monitor.

Radionuclide concentrations, safety factors, dilution stream flow rate, and the
liquid effluent radiation monitor calibration factor, are entered into the computer
and a pre-release printout is generated. If the release is not permissible,
appropriate warnings will be displayed on the computer screen. If the release is
permissible, it is approved by the Chemistry Foreman on duty. The pertinent
information is transferred manually from the prerelease printout to a one-page
release permit, which is forwarded to Radwaste Operations. When the release is
completed, the release permit is returned from Radwaste Operations to Chemistry
with the actual release data provided. These data are input into the computer and
a post-release printout is generated. The post release printout contains the actual
release rates, the actual release concentrations and quantities, the actual dilution
flow, and the calculated doses to a Member of the Public.
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1.4 Measurements and Approximations of Total Radioactivity for Groundwater
Outfalls - Y22NO08A

Samples are collected and analyzed in accordance with the Edwin I. Hatch
Nuclear Plant Offsite Dose Calculation Manual (ODCM) Table 2-3. Weekly,
monthly and quarterly composites are prepared for analysis by extracting aliquots
from each outfall's automatic sampler, which collects a composite sample over a
seven-day period. Sample analyses are performed as described in Section 1.4.1.

1.4.1 Total Radioactivity Determination for Groundwater Outfalls

MEASUREMENT FREQUENCY METHOD

1. Gamma Isotopic Weekly Composite Gamma Spectroscopy
with computerized data
reduction.

2. Tritium Weekly Composite Distillation and liquid
scintillation counting

3. Sr-89 & Sr-90 Quarterly Chemical separation
Composite and gas flow

proportional or
scintillation counting

Gamma isotopic measurements are performed in-house using germanium
detectors with a resolution of 2.0 keV or lower. The detectors are shielded by four
inches of lead. A weekly composite sample is typically counted to Environmental
MDC's and a peak search of the resulting gamma ray spectrum is performed.
Energy and net count data for all significant peaks are determined and a
quantitative reduction or MDC calculation is performed to ensure that the MDC's
are met for the nuclides specified in the ODCM Chapter 10 (i.e., Mn-54, Fe-59,
Co-58, Co-60, Zn-65, Mo-99, Cs-134, Cs-137, Ce-141 and Ce-144). The
quantitative calculations, corrections for counting time, decay time, sample
volume, sample geometry, detector efficiency, baseline counts, branching ratio
and MDC calculations, are made based on the counts at the location in the
spectrum where the peak for that radionuclide would be located, if present.
Typically achieved liquid effluent sample analyses minimum detectable
concentrations are reported in Table 1-4.

Tritium, Gross Beta, Sr-89 and Sr-90 are, in some cases, analyzed offsite.

The radionuclide concentrations determined by gamma spectroscopic analysis of
the weekly composite sample, in addition to the most current sample analysis
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results available for tritium, gross beta, Sr-89 and Sr-90, are used along with the
corresponding ECL values to determine the ECL fraction for these composite
samples. This ECL fraction is then used, with the appropriate safety factors,
tolerance factors, and the expected dilution stream flow to calculate projected
dose released.

Radionuclide concentrations, safety factors and dilution stream flow rate are
entered into the computer and a pre-release printout is generated for each release
period. When the release period is complete, the release permit is updated with
the actual release data collected during the release period. These data are input
into the computer and a post-release printout is generated. The post release
printout contains the actual release rates, the actual release concentrations and
quantities, the actual dilution flow, and the calculated doses to a Member of the
Public. Cumulative dose results are tabulated along with the percent of the
ODCM limit for each release period, for the current quarter and year.

1.5 Total Error Estimation

The maximum error associated with volume and flow measurements, based upon
plant calibration practice, is estimated to be + or - 10%. The average error
associated with counting is estimated to be less than + or - 15%. Therefore, the
total error estimation is + or - 18%.
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1.6 Liquid Effluent Release Data

Regulatory Guide 1.21, Tables 2A and 2B are found in this report as Table 1-1A,
for Unit 1, Table 1-1 B, for Unit 2 and Table 1-1C, for the site; and Table 1 -2A, for
Unit 1, 1-2B, for Unit 2, and Table 1-2C, for the site. Typical liquid minimum
detectable concentrations (MDC's) used for analyses are found in Table 1-4.

The evaluation for the release of radioactive RHR Service Water for 2009 can be
found in Appendix A of this report.

The values for the four categories of Tables 1-1A, and 1-1 B, and 1 -lC, are
calculated and the Tables completed as follows:

1. Fission and activation products - The total release values (not including
tritium, gases, and alpha) are comprised of the sum of the measured
individual radionuclide activities. This sum is for each batch released to the
river for the respective quarter.

2. Tritium - The measured tritium concentrations in the monthly composite
samples are used to calculate the total release and average diluted
concentration during each period.

3. Dissolved and entrained gases - Concentrations of dissolved and entrained
gases in liquid effluents are measured by germanium spectroscopy using a
one liter sample from each liquid radwaste batch. The measured
concentrations are used to calculate the total release and the average
diluted concentration during the period. Radioisotopes of iodine in any
form are also determined during the isotopic analysis for each batch;
therefore, a separate analysis for possible gaseous forms is not performed
because it would not provide additional information.

4. Gross alpha radioactivity - The measured gross alpha concentrations in the
monthly composite samples are used to calculate the total release of alpha
radioactivity.
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1.7 Radiological Impact Due to Liquid Releases

Doses to a Member of the Public due to radioactivity in liquid effluents were
calculated in accordance with the Offsite Dose Calculation Manual. Results are
presented in Table 1-3A for Unit 1, and 1-3B for Unit 2, for all four quarters.

1.8 Liquid Effluents - Batch Releases

Batch Release information for Units 1 and 2 is summarized in the following tables:

Unit 1 Liquid Batch Releases: Table 1-5A
Unit 2 Liquid Batch Releases: Table 1-5B

1.9 Liquid Effluents - Continuous Releases

Continuous Release information is summarized in the following tables:

Unit 1 Liquid Continuous Releases: Table 1-2A
Unit 2 Liquid Continuous Releases: Table 1-2B
Hatch Site Conitinuous Releases: Table 1-2C

1.10 Liquid Effluents - Abnormal Releases

There were no abnormal liquid releases for this reporting period.
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Table 1-1A

Hatch Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Liquid Effluents - Summation Of All Releases

Unit: 1

Starting: 1-Jan- 2009 Ending: :31-Dec-2009

ripe of affuent

A, F"Oft Add Attivatioe Prod ucts

L. TOWa Releaw (amt k~dtd1I

trtlhm^ game Alpha)

2. AvMsse MAWtn mruibatlon
d~Ultg p!JW

3. Pmentdof Ap4oJkbhe Lkrft

(L Tujinum
L. Total R~ease
2L Averaage diluted Czoxeittlorn

3. Pemfof AppAl~lite at

C. 0hisaolvd &Ml Euntrahted Gasee
L. Total Release
2. Av&Wg diluAW (~Ca=*ztln

diaii lietbd

3. Percent of Aplrfal~e unitl

0: G~rcds Aloha RaMoacti~vitt
L. Total Release

*~ Wafte Vol Release (Pre-Ollutioti)

*. Volunie of Diution Water Used

unns 1S. Quarter 2 Quater MW Qarter

curies

uturnti

1M8E-04

1.24E-M

6-63E-02

2A3E-06

2-02E -03

6.92it+OD

2-OIE-06

&Ant-12

5.07E+06

?_48E+08

3.12-04

9.8SE-ln

2.04E+OOS

4111 Quarter

4.01E-09

5.44t-O

IMg-OS

tIes
1.42E+05

3.16E4-08

8.43E+042.14E+07

3.11E+07

* Applicable limits are expressed in terms of dose. See TabLes 1-3A and 1-3B of this report.

8



Table 1-lB

Hatch Nuclear Plant

RADIOAC.TIVE EFFLUENT RELEASE REPORT - 2009

Liquid Effluents - Summation Of All Releases

Unit: 2

Startng: 1-Jan- 2009 Ending: 31-{)ec-2009

Typ2e Of Effluent

A, Fisson And Activationi Prodwcts

1.TeWs Release (nx bkddutllr4

trB5m QPK alpha)

2. Asesag dl~ted wrxse'afi

dutin Pewto

3. P&MO of Ap~i~ble Lft*

* Trti{um

1. Tota Release
2. M~ape dBUIId CaMef~llaft

3. P&OVA Aof AfpfUlM Unit

C. Dhe5ohed MWd fttriaded Gasft

i Tota Release
2. Asef ag ~e dll Ces11alls

dLS15 pebi

3. PeMA 1of plbe Lidt

0: GrowS AtoM Radwctlvitv
1. Total Raiffa11

e Waste Vol "eease (Pre-DOLetion)

F. Volu mee of Dlutiont Water Wsed

units 15T Qsltter vi Questtr n, 0 QIM~ser 4TH Quarter

Curleg

curies

I.112E-M.

4.95E-12

0,005+0

ZM~E-O3

4.42E-10

&19E+00

9J6W-07

ISM-13

I 29E-06

5.43E+06

6,.34E+09

2.ABE-04

4.48E-11

7-31E-06

L3J5-12

9-07E-0 7

5.42E+ag

2 32E-M1

5.07E-1.2

1.5E+00

O.01E+IXI

Lb"
2.06E+DS
I68BE+D9

3.8BE+06

4.57E-M

*Applicable limits are expressed in terms of dose. See Tables 1-3A and 1-3B of this report.
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Table 1-iC

Hatch Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Liquid Effluents - Summation Of All Releases

Unit: Site

Starting: 1-Jan- 2009 Ending: 31-Dec- 2009

Tytpe of Effluent

A. Fisson~ And Activ~ation Ptoducts

L Tcbi elea (ado howafv7

2. Averagedikitd aicerfiatin

du~t ptiv P!

3. Paced Of~ Ap~sble Lint

9.Tridum
L. Total Release
2. Mýeg dlDAW~ CoftoetlSMM

duft Mind

3. PefYAoApp~'il le Limit

C. isolvtedl &d aEeb-atnd Gases
1L ibWa Refffise
2. AVesge MWtt~ GCM* edj~ta

diw"ngpet
3. Permit of AopIlafl~e Usift

0: GrM~ Aloha RadlOaediity
1. TOWa Reisase

L~ Waste Vot Release (pre-Deution)

V. Volu~me of Diluition Water Used

units 1ST QUaztsr 2ND Quarter 3RD Quartetr 4TH Qutarter

curie

4.02E-04

LIJE-01

O.00E+lM

%

4.83E-03

7.32E-10

1-31E+01

2Z97E-06

4-SIE-13

ISM-O6

I.OSE+07

6.59E+09

S.55E-Ol

9.66E-11

1.21E-e0l

2.LlE-06

9.XIE-aS

1.9&E-11

4.8E-oe

3.97E4-05

4.SBE+0g

GulaE+00

LW4+07

3.71E+09i

L7Ss-06

!5,74E+09

Liters

Lit"

Applicable limits are expressed in terms of dose. See Tables i-3A and 1-3B of this report.
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Table 1-2A

Hatch Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Liquid Effluenits

Unit: 1

Starting: 1-3an-2009 Ending: 31-Dec-2009

Continuous Mode
Unit 3ST Quarter 2ND Quarter S3a Quarter 4TH QuarterNuclides Released

RAIMe~ & ACUdfrestlr PrWLuct

TOWe For Perwo

cuifte
Curies

Curies

2AAE-o

LAE4-04
&65E-05 O.O0E-I-O

&W0+05
lOOGE+OO

"GEo+00

GOMO0t4

Dissofted AMd Entraind Gases

No RuCEIM Foagg

Grog$ A43113 R"doCW~ftr
N60 Nu:GW5a Fnjed

curl"s

Colts

Curies

4.3ZBE-03

aorX+0o

OCO1E+00

0-oW4o0

0aow4oo&W+OD

0OLME4OO

OAM0+00

MOMl-RM

Znves inl this tablee ir&=aEs that no rad-dactiity was preseir at dectxble levek
See Tade 1-4 for tpIcal nmaimm dEascudk menc auoons
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Table 1-2A

Hatch Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Liquid Effluents

Unit: 1

Starting: l-]an-2009 Ending: 31-Dec-2009

Batch Mode

Nuclides Released

Fission & Activation Products

unit 1ST Quarter 2ND Quarter 3RD Quarter 4TH Quarter

CO-58.
Co-60

0r-51
Fe-55

Fe-59

W54
Na-24

Sr-89

Zn-v55

CL-141

Cs-137
Zn-69M

Cuines

curies

Curies
Curies

allies

allies
Curies

Curies

Curies

alines

Cuines
alines

0,00E+00

O.OKJE+00

0.00E+00
0.00E+00

O.IX0E+00
O.OOE+00
O.OOE+0O

O.OlJE+00

O.00E4-CO
0.O0E+00
O.OOE+OO
O.OCE4-OO

2.91E-05
4.92E-04

4.55E-05
1.11E-03

4.41E-06

1.02E-04
1.69E-05

O.OOE+OO

8.44E-06

0.0OE+00

1.29E-04
O.OOE+00

1.69E-06
1.46E-O4

O.OOE+OO
3.05E-05

0.O0E+00

2.13E-05
1.25E-06

3.04E-05

1.60E-05
1.57E-06
6.15E-05
1.26E-06

3.12E-04

8.04E+00

O.OOE+0O

2.12E-05
O.00E+00
2.60E-05
O.OOE+OO

2.97E-06
0,00E+00

5.12E-06
0.0OE+00
0.00E+00

1.15E-05
O.00E+00

6.6,8E-05

5.14E-01

Total For Period Curies 0.00E+00 1.94E-03

Tritiunm

H-3 Curies O.OOE+00 6.92E+00

Dissolved And Entrained Gases

Xe-135

Total For Period

Cuines O.OOE+OO 2.01E-06 6.98E-07 O.OOE+OO

Curies O.OOE+0O 2-OIE-06 6.98E-07 O.OGE+0O

Zeroes in this table indicates that no radioactivity was present at detectable levels.
See Table 1-4 for typical minimum detectable concentrations.
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Table 1-2A

Hatch Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Liquid Effluents

Unit: 1

Starting: 1-Jan-2009 Ending: 31-Dec-2009

Batch Mode

Unit 1ST Quarter 2ND Quarter 3RD Quarter 4TH QuarterNuclides Released
Gross Alpha Radioactivity

G-Alpha curies O.OOE+00 5.92E-07 8.75E-07 4.83E-08

Zeroes in this table indicates that no radioactivity was present at detectable levels.
See Table 1-4 for typical minimum detectable concentrations.
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Table 1-2B

Hatch Nudear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Liquid Effluents

Unit: 2

Starting: 1-Jan-2009 Ending: 31-Dec-2009

Continuous Mode
Unik S ,qr 2ND QUwttr 3RD Quaer 4TH Quarta

Cudes LaE-O5 2_65E-04 53-E-OS LV7E-05

Cuxries j82" -05 216E-04 5-37E-O5 t37E-OS

cur~ies 4.66E-C2 4.93E-02 3.75E-02 54E0

Nuclides Released

FISuioun & Activation ProdLocfs

Tc4I For Period

bTiajum
H-3

Ditmofted And Efttrahmed ae

No~ IfudIjes FataW

rMAlpha RaffiawtiitV
No NLA11ds Fourd

Curles

Curies

0.lt01E01

O.OE+~OD

QAXW4O0

MOAM+00

a005400

D.OI+O0D

0.0m+0o

DLOM00E0

ZaDos in this tabe inKBtes that no raoadiv~y was Wvsritn at &et-able leevu
See TabLe 1-4 for tpical muimirnn demctable concEnbaflon
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Table 1-2B

Hatch Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Liquid Effluents

Unit: 2

Starting: 1-]an-2009 Ending: 31-Dec-2009

Batch Mode

Unit 1ST Quarter 2ND Quarter 3RD Quarter 4TH QuarterNuclides Released

Fission & Activation Products

As-76

Co-58

Co-60

Fe-55

14n-54

Na-24
Nb-97

sr-89

5r-90

Sr-92

Zn-65

Cs- 137

Sb-124

Tc-99M

Curies

Curies

Curies

Cuines

Curies
Curies
cuines
Curies
Curies
Curies
Curies
Curies

0.00E+00

0.00E+00

O.00E+00
0.O0E+00

0.OOE+00

O.OOE+00
O.00E+00
0.OOE+00
O.00E+00
0.00E+00
G.OOE+00
0.0OE+00
O.00E+00
O.OOE+OO
0.00E+00

0.00E+00

5.24E-06

8.80E-05
2.27E-03
7.12E-05
O.OO]E+00
2.56E-06

0.0(OE+00
1.48E-05
1.03E-06

6.50E-05
2.04E-05

2.99E-06

0.OOE+00

1.28E-06

1.61E-06

2.89E-06

1.71E-05
1.68E-05
3.53E-05

6.84E-05
2.86E-06
3.21E-05

0.0OE+00
0.00E+00
5.64E-06
4.83E-06
0.OOE+00

1.7'9E-06
0.OOE+00

0.OOE+00

0.OCE+00

1.75E-06
0.OOE+00
1.50E-06

0.OCE+00
0.00 E+00

0.OOE+00

0.OOE+00
0.00E+00

1i.75E-06
4.49E-06

0.OOE+0O

0.OOE+00
0.OOE+00Ag-11OM

Total For Period Curies O.OOE+00 2.S4E-O:3 IL89E-04 9.49E-06

Tritiumn

H-3 Cuies 0.OOE+00 6.14E+00 4.06E+00 1.10E+00

Dissolved And Entrained Gases

Xe-135

Total For Period

Curies O.OOE+00 9.66E-07 7.31E-06 O.OOE+00

Curies O.OOE+00 9.66E-07 7.31E-06 0.00E+00

Zeroes in this table indicates that no radioactivity was present at detectable levels.
See Table 1-4 for typical minimum detectable concentrations.
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Table 1-2B

Hatch Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Liquid Effluents

Unit: 2

Starting: 1-Jan-2009 Ending: 31-Dec-2009

Batch Mode

Unit IST Quarter 2ND Quarter 3RD Quarter 4TH Quarter

clu•es O.OOE+0 1.29E-06 9.07E-07 O.00E+O0

Nuclides Released

Gross Alpha Radioacti,

G-Alpha

Zeroes in this table indicates that no radioactivity was present at detectable levels.
See Table 1-4 for typical minimum detectable concent-ations.
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Table 1-2C

Hatch Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Liquid Effluents

Unit: Site

Starting: 1-Jan-2009 Ending: 31-Dec-2009

Continuous Mode

Nudides Released

RFSWOM, & AeftiatiOf Pod =fts

Unit 1ST QkAwter 2IND QMsiter 3R~D Quaster 4TH Qaarter

TOW tatr Period

cw1ks
Curies

Calries
L46m-04

3.12E-04 i 0
3.97E-05 &ME+03

3.522-04 5.3Th-O5

H1-3

t3Th-O5

O.OM+÷O

laMh-05

5.49E-02

I0GM400

Dissolved And Entraine Gases

hNb !*dfeS FbOWz~

1.13-al

0AX0E4+IO

&DBE+00

S.37E-OL2.

aLOti+0o

I14II+00

DO.O+t00

aoor+GO

Gros A"BPwjdkoaCthit
No ?Ju~les Rscj m Dkries

Zeroes in this tab&e infites diat no rsd~ac~ityi was present at deateable leaek
See Table 1-4 for ypical mirimzm dewctableconmenaoum
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Table 1-2C

Hatch Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Liquid Effluents

Unit: Site

Starting: I-Jan-2009 Ending: 31-Dec-2009

Batch Mode

Nuclides Released

Fission & Activation Products

unit 1ST Quarter 2ND Quarter 3RD Quarter 4TH Quarter

As-76

CD-58

Co60

cr-51

Fe-55

Fe-59

Mn-54

Na-24

Nb-97
sr-89
s1-9o

Si-92

Zn-65

Ce-141
Cs-137

Sb-124
TC-99M
Zn-69M

Ag-11OM

Total For Period

Cures
Curies

curies

Curies

curies

curies

Cuimes

curies

curies

Quries

Curies

curies

Curies

Curies

Curies

curie

0.OOE+00

G.OOE+GO

O.OOE+OO
0.OOE+00

G.OOEi-OO

G.OOE+00
G.OOE+00

G.OOE+00

G.OOE+00
G.OOE+00

G.OOE+OO
0.O0E+00

G.OOE+OO

0.0OE+00
GOOE+G0

G.OOE+00

G.OGE+00
0.00E+00

G.OOE+00

O.00E+00

3.43E-05

5.80E-04
4.55E-05

3.37E-03

4.41E-06
1.74E-04

1.69E-05
2.56E-06
O.OOE+OO
1.48E-05
1.03E-06

7.34E-05

O.OOE+OO
1.50E-04

2.99E-06
O.00E+00
O.OOE+OO

1.28E-06

1.61E-06

4.59E-06

1.63E-G4
0.00E+00

4.73E-05

O.00E+00
5.66E-05

6.96E-05

2.86E-06
6.25E-05

O.00E+00
O.00E+00

2.16E-05

1.5-7E-06
6.63E-05

O.00E+00
1.79E-06
1.26E-06

O.OOE+0O

5.01E-04

1.21E+01

O.OOE+OO

O.OOE+OO

2.30E-05
O.OOE+OO

2.60E-05
O.OOE+0O
4.47E-06

O.OOE+00

0.0OE+00
5.12E-06
0.00E+00

O.OOE+00

1.75E-06

0.00E+00
1.60E-05

O.OOE+OO

O.OOE+OO
0.0OE+00

O.OOE+OO

7.63E-05

1.61E+00

Curies O.OOE+00 4.47E-03

Trithurn

H-3 Cuir~e O.OOE+00 1.31E+O1

Zeroes in this table indicates that no radioactivity was present at detectable levels.
See Table 1-4 for typical minimum detectable concentrations.
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Nuclides Released

Dissolved And Entrained Gases

Xe-135

Total For Period

Gross Alpha Radioactivity

G-Aipha

Table 1-2C

Hatch Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Liquid Effluents

Unit: Site

Starting: 1-Jan-2009 Ending: 31-Dec-2009

Batch Mode

Unit 1ST Quarter 2ND Quarter 3RD Quarter 4TH Quarter

Curies O.OOE+00 2.97E-06 8.00E-06 O.OOE+00

Curies O.OOE+00 2.97E-06 8.OOE-06 0.00E+00

Curies 0.00E+-0 1.88E-06 1.78E-06 4.83E-08

Zeroes in this table indicates that no radioactivity was present at detectable levels.
See Table 1-4 for typical minimum detectable concentrations.
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Table 1-3A

Hatch Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Doses to a member of the public due to Liquid Releases

Unit: 1

Starting: 1-Jan-2009 Ending: 31-Dec-2009

Cumulative Doses Per Quarter

Organ ODCM Lint unit

GI-Ui 5.l0E+00 mitem

MLft 5MOE-C mrnem

UkM &M+00E mitm~

Tlhyi d SM-H0X rMIem

Total Body lS50E+00 mrteM

1ST Qtr % ODCM 2m Qtr % ODC4 3RD Qtr % 0D04 4TH Qtr % ODC0

5E4-O4 1.0E-02 3.M-03 &25E-02 113E-04 4-26E-B 4.ME-5 9.05E-04

L35E-0 217E-03 7.44,04 149E-02 L3KE-04 L-7E-03 1.76E-05 3.5iE-04

476E-05 9.52E-04 2.4E-04 4.97E-03 1.54E-04 3.08E-03 2.45E-O5 4.92E-04

4.76E-06 9.52E-04 6&2-04 -22E-02 340E-04 &97E-M3 6.ME-QS 1.3mE-03

4.J6E-GS 9-52E-04 1-27E-04 24E-03 &55E-O5 1.71E-03 I.07E-03 2.14E-04

4.75E-05 9S2E-0e4 &69"-OS 34t-03 53E-05 1.07E3 3.7SE-0 7.%E-M

6-32E-05 4.21E-03 5.iEE-04 3.46E-02 2.51E-04 1.-f6E-G2 4.ME-05 3.02E-M3

Cumulative Doses per Year

Oro-n 00D L" t Unit Year to fadi*g Daft % ODCM

ROMe tOOE4Ol MRes 3,93E-O3 3A3E-Q2 MAX INDIVIIDAL LIQUID I Adult

G1-,I. IMOOE+01 miem 1OE-03 IME-02 MAX EINDWIC4AL LLQUID I AdLid

KInew 1I0E4+1 mtAn 4.75E-04 4.7E--fl MAX IN rUAL LIMMD I Adul

tLOtOE+O MRsI IMO7E-03 1M-7E-02 MAX WIMDIML LIQ••J AdUft

Unilt
Anm Cum iQM Uq Doe

Aftm CUM 0M2M Uq Dose

Anm Cini 0Gt Uq Dew

Ano Cum Orow Uq Doe

Anl mOn orWp ULq Dow

Anm CuG Ogpn Uq Dose

Anm CUn Tot Bdy Lq Do=eTotal acty

1.0E+01 MReM

LOE01 mieM

3iOE-i00 miem

2-71E-04

1.72E-04

&78E-04

2-71E-0 MAX ENDIVIDtJAL LIQUID I Adult

1.72E-03 MAX IND1NIDnIAL LIQUID I Adult

293E-02 MAX V4DIVIUAL LIQUID I Adult
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Table 1-3B

Hatch Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Doses to a member of the public due to Liquid Releases

Unit: 2

Starting: 1-Jan-2009 Ending: 31-Dec-2009

Cumulative Doses Per Quarter

Organ 00CM Lint Units 1STQ W % 00CM 2XD Qtr % 00CM 3w0 Qtr_ % 00CM 4TH Qtr % 00CM

Rone 5MOE+00 ml~es t93-06 3-86E-05 LSIE-04 303E-03 ZIlE-05 5-6m-04 2,GBE-O5 4.17E-04
GI-LU 5A00E+40 mRem ".6E-07 L92E-05 L3cE-G4 2.6K-03 SMlE-CS 1.01E-GD 1.21E-05 241E-04

IMYSAMOE0 mRefa) 6-SiE-07 L30E-05 9.86"s5 L97E-03 4.38"-S &7SE-04 1.A5E-OS 3.70E-04

5000+OO+0 mAetx 6.SIE-07 L3OE-06 1.8E-04 XJ1E-03 &M9-05 1-14E-O 3,53E-OS 7.06E-O4
Liuv SJOKoECa MIZ4M &5IE-w L30E-05 5S&E.OS LIM-03 3.66E-0S 7,32E-04 1.24E-025 2 48E-0

Thytodi SAOE+00 ni~en &51E-07 1-3mE-0 4.47E-05 8-94E-04 3.5-36"S 6.76E-04 9.565-0 1.91E-04
TOtW Body~ 1.50+00 mRem 7-07"07 4J71E-OS 1IA3E-0)4 9.555-03 52?3E-05 3.49E-03 2 64E-0S 1 765-03

Cumulative Doses per Year

Organ ODCH Lint Units Year to Etdiag Mt

ftwe 10E+01 MReM 2-02E-04

GI-U.i 1.00E+01 -em 1-94E-04

U0 05+01 mpem 2.3E-04

%o 00CM Reoetor

2-025-03 MAX EDIMID4JAL LIQUI1D I Adult

1-44E-03 MAX IDIVWIDUAL LIQUID I Adult
I-SZE-03 MaX INDI)M.IAL LIQUI]D I Adult

2.53-03 MAX IND1VIDUJAL LIQUID f Adult

LOSE-OS MAX [NDWIVIOAL LIQUID I Adult

8.51-04 MAX INDIVIDUAL LIQUID I Adult
7.435-03 KAX INDIVIDUAL LIQUID I Adult

niftE

Arm C•Dm Ot Uq Dote

Aim Cum O•ra Uq Dose

Aim Dim 0rgim 119 Dose

Anim Dim ftm ga11 Dose

Aim Cum Tat So~y 11 Dowe

Lung
Thytold
Total Body

2.095+01 mRem

005E+01 MRas

3.M0500 rnReni

IME8-04

9.&M5-05

2.23E-04
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Table 1-4
E. L HATCH NUCLEAR PLANT

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
MINIMUM DETECTABLE CONCENTRATIONS - LIQUID SAMPLE ANALYSES

STARTING: 1-Jan-2009 ENDING: 31-Dec-2009

The values in this table represent a priori Minimum Detectable Concentrations
(MDC) that are typically achieved in laboratory analyses of liquid radwaste
samples.

RADIONUCLIDE MDC UNITS

Mn-54 1.97E-08 uCi/ml
Fe-59 3.94E-08 uCi/ml
Co-58 1.59E-08 uCi/ml
Co-60 1.72E-08 uCi/ml
Zn-65 2.92E-08 uCi/ml
Mo-99 1.20E-07 uCi/ml
Cs-134 1.75E-08 uCi/ml
Cs-137 1.62E-08 uCi/ml
Ce-141 1.92E-08 uCi/ml
Ce-144 8.83E-08 uCi/ml
1-131 1.43E-08 uCi/ml
Xe-135 1.03E-08 uCi/ml
Fe-55 2.34E-08 uCi/ml
Sr-89 1.44E-08 uCi/ml
Sr-90 8.50E-09 uCi/ml
H-3 6.OOE-07 uCi/ml
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Table 1-5A

Hatch Nudear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Liquid Effluents - Batch Release Summary

Unit: 1

Starting: I-Jan-2009 Ending: 31-Dec-2009

Uquid R~eftes

M. T"a Whne psbl for Dalearf

M. Mtaafinu Utr peiad for a batchL telease

4. Averae &Mi~ Wadct I a batch~ Md~ea

S. bubx tin* MW I& a batch retelfs

6.AveraQ stmea flows d~inig p&W93

frdeawo 0 u tquklsae fltD
a flowhng are~ff

PABMI tagirk th e S4wIn Pawnekes

Unfts 1ST Quiarter 2ND Quartar 3RD Quaarter 4TH quarter

0 27 410 3

(MKiute) DAM0040 I&IE403 S5IM+03 3-32E+02

(t.M~Aes) MOt-143 L7AM+02 L72E4O2 L30E402

(Mliwtm)e 000Ef+o0 L2E+02 t23E4O2 LIIE+4O2

(Mwaft) OAlMt400 a.60E+01 8AIE+0i &9M+01O

Year Totals

70

1713E+02

13W+02

LD)4+04(cFs) LSKt+G4 L14-404 5ý6,f4+03 4.84E•03
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Table 1-5B

Hatch Nudear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Liquid Effluents - Batch Release Summary

Unit: 2

Starting: 1-Jan-2009 Ending: 31-Dec-2009

LiQuId Ralaases

2L TOM[l MM peW Iw Mitch releases

4. Averagee Wfre pe*,d W a ba"td~ebease

6. Av&W ae tearn ftw durig prta~s

CErelease eff "efflum~ k~nb
alflowing stram

Replice this Wd In the Rato Pvreraimtes

Units MS Quarter 2N D Quarter 3RD Quarter 4TH Quarter Year Teftis

0 57 33 to 100I

(KMAru ) OAWE+Oo 6.41E+(13 3.6+4IB tU+03 LLM+04

(Munias D0.E+00 L26E+(2 129E+02 L32E+02 L.JE+02

(Mbnts) OA410t00 t1.M4+l2 L1LE+02 LIIE+02 LIM+02

(Minvte OAIOE+OD 7.&E+01 .30E+01 IG 02 710E+01

Lt9MS4 L14EG40 5.386+03 4-84E+03 L04E+04
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Table I-GA

H~atch Nudear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Liquid Effluents - Abnormal Release Summary

Unit: I

Starting. l-3an-2009 Ending: 31-Dec-2009

Wnilts 1ST Quarter 2#W Quwter 3UD Quarter 4TH quarter Year Totals

0 0 0 0 0

(Mlnub )0+ OAIOM+00 0.012+00 .0M+O0D aAOE+oo

(Minutes QAIOE+GO flA10+00 DA)CE-00 O.tGE400 0A3M+OD

(minutes) 0.04+0EQO~+00 um~o 0a+00 aO-CE+OD 0-4oce+0

(Mmin, a0-0M+01? OAMO+OD D.lXM4OD DOM0EOD MDM+G0D

(Cuies) Q.0M4O0 0.0E4O0 M0M+00 0.04O0 043l+4Xl

Liquid Raki6s~

L Mukjnt, O~f Releases

2- To2L Tkme For ADl R~eaiei

3. MaxIntr Tlme For A R e

4. A-We~J TIMM ro~ A R~eee

6. Tcof activft for am dMfeae
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Table 1-s8

Hatch Nudear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Liquid Effluents - Abnormal Release Summary

Unit: 2

Starting: 1-lan-2009 Ending. 31-Dec-2009

u1 .ST Quarw 2MD Quarter 3fD Qwurtzr 4TH Quarter Year TotI2

0 0 0 0 0

Liquid Releaaea

L RUMOWe Of R~ebaraa

2. 7T2I TUMe Rr All R~e~aUr

3. Kaarmi' fle Far A R e

4. A~eMe Time For A Redea~e

S. e~dMwMU Tihk For A Raw"~

6. TCA~ adhvty fmr as dMEl

curie
O.0lE+OD

O~DA+00

0AMG+0D

afaCE00

0.60E+60

MOot+0o
0"+00)

D.OE+O00

D.OOE+0O

DAXE+OD

aOOM+Ge

DOM+OD

a010M00

DOOE+131

aOoE+OD
ODM+4xl

GaOn+oo
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Table 1-6C

Liud- ee
L Runber of R~elleae

-2 TOMa TM*e Fm AD Meisaý

3. Makrkmmt Timm Fw A Re~se

4. A~vaep TbY* For A Releaes

S. MkWxtWM Th*e Fmw A Mees

6. Tole a~vity fm at rveme

Hatch Mudear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Liquid Effluents - Abnormal Release Summary

Unit: Site

Starting: I-Jan-2009 Ending: 31-Dec-2009

Units 1ST Quarter 2.2D Quarter RD Quarter 4TH Qurtrr Year Totaf

0 0 0 0 0

(Minutes ) 0A100100 0.00140 O.00140 0.001400 0.0+0140

(Ml-eja) 0.A00400 OOE+00 0.00+00 ..00400 .00140

(CGurkI) O.O0+00 0"001+00 D.001+0D 0.00+10 0.001+40
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2.0 Gaseous Effluents

2.1 Regulatory Requirements

The ODCM Specifications presented in this section are for Unit 1 and Unit 2.

2.1.1 Dose Rate Limits

The dose rate due to radioactive materials released in gaseous effluents from the
site to areas at and beyond the SITE BOUNDARY shall be limited to the following:

a. For noble gases: Less than or equal to 500 mrems/yr. to the whole body
and less than or equal to 3000 mrems/yr. to the skin and,

b. For Iodine-1 31, Iodine-1 33, tritium and for all radionuclides in particulate
form with half lives greater than 8 days: Less than or equal to 1500
mrems/yr. to any organ.

2.1.2 Air Doses Due To Noble Gases in Gaseous Effluents

The air dose due to noble gases released in gaseous effluents, from each unit, to
areas at and beyond the SITE BOUNDARY, shall be limited to the following:

a. During any calendar quarter: Less than or equal to 5 mrads for gamma
radiation and less than or equal to 10 mrads for beta radiation, and

b. During any calendar year: Less than or equal to 10 mrads for gamma
radiation and less than or equal to 20 mrads for beta radiation.

2.1.3 Doses To A Member of the Public

The dose to a MEMBER OF THE PUBLIC from Iodine-1 31, Iodine-1 33, tritium and
all radionuclides in particulate form with half-lives greater than 8 days, in gaseous
effluents released from each unit, to areas at and beyond the SITE BOUNDARY,
shall be limited to the following.

a. During any calendar quarter: Less than or equal to 7.5 mrems to any

organ.

b. During any calendar year: Less than or equal to 15 mrems to any organ.
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2.2 Measurements and Approximations of Total Radioactivity

Waste gas release at Plant Hatch is confined to four paths: main stack (also
called the offgas vent), Unit 1 reactor building vent; Unit 2 reactor building vent,
and the recombiner building vent. Each of these four paths is continuously
monitored for gaseous radioactivity.

2.2.1 Sample Collection and Analysis

Each of the four gaseous effluent paths is equipped with an integrating-type
sample collection device for collecting particulates and iodines. Unless required
more frequently under certain circumstances, samples are collected as follows:

1. Noble gas samples are collected by grab sampling monthly.

2. Tritium samples are collected by grab sampling monthly.

3. Radioiodine samples are collected by pulling the sample stream through a
charcoal cartridge over a 7-day period.

4. Particulates are collected by pulling the sample stream through a
particulate filter over a 7-day period.

5. The 7-day particulate filters above are analyzed for gross alpha activity.

6. Quarterly composite samples are prepared from the particulate filters
collected over the previous quarter and the samples are analyzed for Sr-89
and Sr-90.

Sample analyses results and release flow rates from the four release points form
the basis for calculating released quantities of radionuclide-specific radioactivity,
the dose rates associated with gaseous releases, and the cumulative doses for
the current quarter and year. This task is normally performed with computer
assistance.

The noble gas grab sample analysis results are used along with maximum
expected release flow rates from each of the four vents to calculate monitor
setpoints for the gaseous effluent monitors serving the four release points.
Calculation of monitor setpoints is described in the ODCM. Typically achieved
minimum detectable concentrations for gaseous effluents sample and analyses
are reported in Table 2-6.

For each release period, released radioactivity, dose rates, and cumulative doses
are calculated. Cumulative dose results are tabulated along with the percent of
the ODCM limit for each release, for the current quarter and year.
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2.2.2 Total Quantities of Radioactivity, Dose Rates, and Cumulative Doses

The methods for determining release quantities of radioactivity, dose rates, and
cumulative doses follow:

2.2.2.1 Fission and Activation Gases

The released radioactivity is determined using sample analyses results collected
as described above and the average release flow rates over the period
represented by the collected sample.

Dose rates due to noble gases, radioiodines, tritium, and particulates are
calculated (with computer assistance). The calculated dose rates are compared to
the dose rate limits specified in ODCM 3.1.2 for noble gases, radioiodine, tritium,
and particulates. Dose rate calculation methodology is presented in the ODCM.

Beta and gamma air doses due to noble gases are calculated for the location in
the unrestricted area with the potential for the highest exposure due to gaseous
releases. Air doses are calculated for each release period and cumulative totals
are kept for each unit for the calendar quarter and year. Cumulative air doses are
compared to the dose limits specified in ODCM 3.1.3. The current percent of the
ODCM limits are shown on the printout for each release period. Air dose
calculation methodology is presented in the ODCM.

2.2.2.2 Radioiodine, Tritium and Particulate Releases

Released quantities of radioiodines are determined using the weekly samples and
release flow rates for the four release points. Radioiodine concentrations are
determined by gamma spectroscopy.

Release quantities of particulates are determined using the weekly (filter) samples
and release flow rates for the four release points. Gamma spectroscopy is used
to quantify concentrations of principal gamma emitters.

After each quarter, the particulate filters from each vent are combined, fused, and
a strontium separation is performed. Since sample flows and vent flows are
almost constant over each quarterly period the filters from each vent can be
dissolved together. Decay corrections are performed back to the middle of the
quarterly collection period. If Sr-89 or Sr-90 is not detected, MDC's are calculated.
Strontium concentrations are input into the composite file of the computer and
used for release dose rate and dose calculations for a Member of the Public.

30



Tritium samples are obtained monthly from each vent by passing the sample
stream through a cold trap. The grams of water vapor/cubic foot is measured
upstream of the cold trap in order to alleviate the difficulties in determining water
vapor collection efficiencies. The tritium samples are analyzed by an independent
laboratory and the results are furnished in uCi/ml of water. The tritium
concentration in water is converted to the tritium concentration in air and this value
is input into the composite file of the computer and used in release, dose rate, and
individual dose calculations.

Dose rates due to radioiodine, tritium and particulates are calculated for a
hypothetical child exposed to the inhalation pathway at the location in the
unrestricted area where the potential dose rate is expected to be the highest.
Dose rates are calculated, for each release point for each release period, and the
dose rates from each release point are compared to the dose rate limits as
described in ODCM 3.1.2 Doses due to radioiodine, tritium and particulates are
calculated for the controlling receptor, which is described in the ODCM. Doses to
a Member of the Public are calculated for each release period, and cumulative
totals are kept for each unit, for the current calendar quarter and year. Cumulative
doses are compared to the dose limits specified in ODCM 3.1.4. The current
percent of ODCM limits are shown on the printout for each release period.

2.2.2.3 Gross Alpha Release

The gross alpha release is computed each month by counting the particulate
filters, for each week for gross alpha activity in a proportional counter. The four or
five weeks' numbers are then recorded on a data sheet and the activity is summed
at the end of the month. The summed activity is then divided by the total monthly
volume to determine the concentration. This concentration is input into the
composite file of the computer and used for release calculations.

2.2.3 Total Error Estimation

The total or maximum error associated with the effluent measurement will include
the cumulative errors resulting from the total process of sampling and
measurement. Due to the difficulty with assigning error terms for each parameter
affecting the final measurement, detailed statistical evaluation of error is not
suggested. The objective is to obtain an overall estimate of the error associated
with measurements of radioactive materials released in liquid and gaseous
effluents and solid waste.

Estimated errors are associated with counting equipment calibration, counting
statistics, vent-flow rates, vent sample flow rates, non steady release rates,
chemical yield factors and sample losses for such items as charcoal cartridges.
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Fission and activation total release was calculated from sample analysis results
and release point flow rates.

Statistical error 60%
Counting equipment calibration 10%
Vent flow rates 10%
Non-steady release rates 20%
TOTAL ERROR 65%

1-131 releases were calculated from each weekly sample.

Statistical error 60%
Counting equipment calibration 10%
Vent flow rates 10%
Vent sample flow rates 10%
Non-steady release rates 10%
Losses from charcoal cartridges 10%
TOTAL ERROR 64%

Particulates with half lives greater than 8 days releases were calculated from
sample analysis results and release point flow rates.

Statistical error 60%
Counting equipment calibration 10%
Vent flow rates 10%
Vent sample flow rates 10%
Non-steady release rates 10%
TOTAL ERROR 63%

Total tritium releases were calculated from sample analysis results and release
point flow rates.

Water vapor in sample stream determination 20%
Vent flow rates 10%
Counting calibration and statistics 10%
Non-steady release rates 50%
TOTAL ERROR 56%
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Gross Alpha radioactivity was calculated from sample analysis results and release
point flow rates.

Statistical error 60%
Counting equipment calibration 10%
Vent flow rates 10%
Vent sample flow rates 10%
Non-steady release rates 10%
TOTAL ERROR 63%

2.3 Gaseous Effluent Release Data

Regulatory Guide 1.21 Tables 1A, 1B, and 1C are found in this report as
Tables 2-1A, 2-1B, 2-1C, 2-2A, ,2-2B, 2-2C, 2-3A, 2-3B, 2-3C. Data is presented
on a quarterly basis as required by Regulatory Guide 1.21 for all quarters.

To complete table 2-1A, 2-1 B, and 2-1C, total release for each of the four
categories (fission and activation gases, iodines, particulates, and tritium) was
divided by the number of seconds in the quarter to obtain a release rate in
uCi/second for each category for each quarter. However, the percent of the
ODCM limits are not applicable because we have no curie limits for gaseous
releases. Applicable limits are expressed in terms of dose. Noble gases are
limited as specified in ODCM 3.1.2. The other three categories (tritium,
radioiodines, and particulates) are limited as a group as specified in ODCM 3.1.2.

Dose rates due to noble gas releases, and due to radioiodine, tritium, and
particulates were calculated as part of the pre-release and post-release permits
on individual permits. No limits were exceeded for this reporting period.

Gross alpha radioactivity is reported in Table 2-1A, 2-1 B, and 2-1C, as curies
released in each quarter.

Limits for cumulative beta and gamma air doses due to noble gases are specified
in ODCM 3.1.3. Cumulative air doses are presented in Table 2-4A and 2-4B,
along with percent of ODCM limits.

Limits for cumulative doses to a Member of the Public due to radioiodine, tritium
and particulates, are specified in ODCM 3.1.4. Cumulative doses to a Member of
the Public doses are presented in Table 2-5A, and 2-5B, along with percent of
ODCM limits.
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2.4 Radiological Impact Due to Gaseous Releases

Dose rates due to noble gas release were calculated for the site in accordance
with ODCM 3.1.2. Dose rates due to radioiodine, tritium, and particulates in
gaseous releases were calculated in accordance with ODCM 3.1.2.

These dose rates were calculated as part of the pre-release and post release on
individual release permits. No limits were exceeded for this reporting period.

Cumulative air doses due to noble gas releases were calculated for each unit in
accordance with ODCM 3.1.3. These results are presented in
Tables 2-4A and 2-4B.

Cumulative doses to a Member of the Public due to radioiodine, tritium and
particulates in gaseous releases were calculated for each unit in accordance with
ODCM 3.1.4. These results are presented in Tables 2-5A and 2-5B.

Dose rates and doses were calculated using the methodology presented in the
ODCM.

2.5 Gaseous Effluents - Batch Releases

There are no gaseous batch releases from Plant Hatch.

2.6 Gaseous Effluents - Abnormal Releases

There were no unplanned or uncontrolled gaseous releases during this reporting
period.
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Table 2-1A

Hatch Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT -2009

Gaseous Effluents - Summation Of All Releases

Unit: 1

Starting: 1-]an-2009 Ending: 31-{}ec-2009

Tyipe of Effuenht Unfts 1ST Quarter 2ND Quarter 3RD Qizaltr 4TH Quarter
A. Fhaaoin And Ardwab00 Gate

L Tota R a Cui1es 0RW+00 fl.0M+0 a00I w 2400O

*. Avenge Release isfe for Mlod uMvs&c (10M+05 OA-E+0 DA801+00 3.W4-01

I. Rtadltodhies
L Tdzli Itdwne13 ciLkff 1. ISE-03 6.61E-0 7.47E-06 6.52-OS

2. Av&2pO Rae~ate sfae (ft j~eW us 1.49E-06 8.38E-06 9.47E-07 8.27E-06

3. Pefcent of Appl~ate tknl

C. Paituclates
1. Paiftlates ( Haff-Uvet > 8 Days) Curie 1.76E-05 ISIE-05 2.83E-05 1.85E-04

2. AveMW~ Release ratefW p&W ucvS 2-23E-06 3. ISE-06 3,66E-06 2.34X1-05

X Perc~ga of App6itbi Unit %

0. Tritium~
L Tial MY"se CLites 429M+1)0 7.081+01 &.911f+00 tLMil01

2. ffimt Release rate for pffM b1S S.561-01 8 561-01 8.77E-01 L391+00

3. Fteejtmof Applible tknit

E. Gr=j Alpha
3. Tdal Releas CwiaI M0001+00 0AWaf+00 D.001400 0.DE0040

2. Avetale talake i fat pekid tI71e 0.0(M40o 0.001400 0.0M1+00 001-i-D

*Applicable limits are expressed in tarais of dose. See Tables 2-4A, 2-4B, 2-SA, 2-SB of thi~s repomt
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Table 2-1B

Hatdh Nudear Plant

RADIOACTIVE EFFLUIENT RELEASE REPORT - 2009

Gaseous Effluents- Summation Of All Releases

Unit: 2

Starting: Il-an-2009 End'ing: 31-Oecý-2009

TV"p or Effluent Unift 1ST Quarter 2ND Quarter 3RD QLQrtsr 4TH Quarter

A. Fh~on And Activation SS

L. TCfaI PReae CLU'lez QiOC+W 400 O.OM+8 18MEO1)

2- Average Meiesee rate for period O.OS&10M+0 QADff+O Q.)E0M 3.64E-01

3. perent ofApp~k2bMLkt To

B. Raibodines
J. TMti IMIn-.31 iis97EC ISIE-OS 7.47E-06 9.37E-05

2. Av02p Releme take for period iC/e .23E-06 3.5611-06 .47E-07 1. 19E-OM

3. Percent of Appliara LM-dt %

C. Partkcstates
L Puflicilat ( Kaff-Ueas > 8 Dlays cw 2.14E-06 2.46E-06 SASE-06 863E-M

2. AvtisW R~eie rae, I& perlol UCVSw 231E-117 3.12E-07 6.9211-0 1.09SE-06

3. P&e ftApp~abd Unit % A

D. Trituiun

1. TONa IlJisee Cu~is L34E4OD (62E400 5.21E+DO 4.45EOD

2. Average Meseeof (rar period U -4.2411-0j 8.39E-01 6.6E-01 IE0

3. PercWi odAppfaiake Uknit

L. Gm"s Alpha
L. Tcaal Reeas Curies MCM+01) ftAw4OD 0aotE+00 0.0mE~w

2..Avesge RPlease tate fo period UC~s& 1M00e O.fa4lOO~OEf+0 MOM0+00

* Applicable limits wxe expressed in terse of dose. See Tables 2-4A, 2-4B, 2-SA, 2-5B of this report.
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Table 2-1C

Hatch Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Gaseous Effluents - Summation Of All Releases

Unit- Site

Starting: 1-Jan-2009

I! QuarQtw

Ending: 31-Dec-2009

Trope ofr Euenf

A. Pisstn And Acbtaboa Gaes

1. Tet2l ReSe

2. ,e"Ma paeae tate fee peel

3. PetMWt of ApEbk U¶tn

I RadWio&oMSeg
L. TdI k~dlrk-131

2. Avetage Re~ege ifte fet p&W~

3. PAett of ApAkfe [knt

C. Pard=Uwt
L Paftmhaes ( HaM a > 8 O )

2. Ave&We ,ewe rat fo/ pesod

3. Pernt of APPMA~be L.Mt

unks

cnie

%cie

2NJD Qunfter 3wD Quarter 4TM Qesrter

10M~+09

I. _SE-M5

2.7E-06

1.97E-M

Z-SOE-06

LM+Oa

1.19E-05

275E-ad

3.4•E-06

aAM4a0

1,ASE-015

lgE-ad

3.43E-a

4.3SE-06

&.74E+00

7.2IE-O1

1.sgE-04

2.02WE-O

1.94E-04

14SSE-05

1.54201

LS&409

(10Mot--

D. Triflutm

1. Total Reease Cules 7J3E+0D L37E+01 L21E+01

2- Avetae Reaee rate f• o period ucvtew 9.MtE-01 LT742E+O) L54E+00

X. Pexces 01 Appfiatd Lknlt

L Gross AIM:

L T70ai RI se Cagier 0.002+0O D0.G+00 O.OM+00

L Av ppage Mlse amie for pepod ressee n 10+00 d ,e1--+00 0.40M-o r00

5Applicable limits are exoressed in terms of dose. See Tables 2-4A. 2-4B, 2-&k. 2-51B of this report.
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Table 2-2A

Hatch Nuclear Plan~t

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Gaseous Effluents - Elevated Level Releases

Unit- I

Starting: 1-Jan- 2009 Ending: 31-Dec-2009

Continuo~us Mode

Nuclides Released
Plea"o CIMS

Kr-8514

Kf-97
xe-m3
Xe43SM
x1- IM

TOWa For Paod

Unit IST QtMrtar 211D Quaitei 3RD Quartar 41M Quarleer

1-131
1-133

TOWa Por Period

o~ita

Curilos

Calies

ftIYJE+00 0.0WE+400

CWE+430 .WE441
0.00E+G0 O.DDE+OO
(OGXE+4-0 O.DOE+00
(1.00E+00 OXEIE+00

O.OO+00 0OAM+OO

O.OIE+O0

0.00E+00
0.00E+.00

O.OWE+00

0COE+00

7.47E-06
1. tE-OS

LBSE-52S

1.1SE-O

1.A5E-O

2.62E-05

6.61E-05

SI17E-OS

1.182-04

8MOE-02

4MEt-02

7-86"-1

2A87500

1.74E-OS

4.6E-06

2IIIE-a1

iLME-OS

6ME3-06

IOCt+00

Particubits,

se-90

Cs-137
B3-140

I-1w1

ToWa For Period

MOM0800 4.69E-Ca O.00840

3.54E-OS 3.77EM E-06 345O

9.02E-ci 4..I2E-0 9.67E-09

0.008+00) 0.008400 OAMOE00

0.005+00 CL008+OD 2.22E-0

0.008400 0.00400 0.OM00

3.63E-ft 3.86E-06 3.72E-06

TrH-
H-I 6.35E-01 8.59E-01 7.1E-01

If Not Detaiad. Nud~de is Nut Reported. Z~es inthis tabe indictes 6atno radioativit9 was piseeriat lwe~b e Ivo
SEe Table 2-6 foir typical mninrimm detacteble, coentrabarm
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Table 2-28

Hatch Nuclear Plant

RADIOACTIVE EFFLUENTRELEASE REPORT - 2009

Gaseous Effluents - Elevated Level Releases

Unit 2

Starting: 1-Jan- 2009 Ending: 31-Dec-2009

Continuous Mode

Nuclides Released

Kt-85M
Kr-.87

Xe.-33
Ye-i3SM
Xe-1M

Total Far Peor

Unt1w Quiarter 2ND Qt~ater 3ItD Qtkazten 4TH Qlitartft

1-131
1-1.33

Total For Period

Curlee

cuties

Dides

1~10E+00

0.00~E+00

5.11E-1M
8.38E-06

L35E-05

O.W1E+00
0.00E+00
O.Oa1E+00
C.XIE+00
O.ODE+00

zai-E-05

2.7fi-05

O.DDE+00

0.00E+00
0.00OE+00

7.47E-06
IAMI-05

i.R5F-O

4-59"-2

9.72E-01
7S6E-01

2.87E+00

1374E-05

4.6&E-06
2 flE-M

1.1SE-07
1.21E-M

6.03E-86

Imo+00

Particutates

CS- 137
Ba-i40

MalW

Total Par Period

aO.O+OD aoot-~oo DAoDE,
8.68E-07 IMiE-015 3.49E-06
2 21E-aa 1.227E-Wl 9.7E-09

DaOaE+oW O.OMOE4O DOcE40
Q0M00EO tLOM4OO 2.2.2E-07
0.0E+0D oOOM+oO 0om+00

&90"-7 LIJE-06 112! -06

Trfitifum

W-3 culles 203E-01 4.59E-01 7.11E-01

if Iot Detecteed, Nuc~de is Nut Reprtd. Zeioes in this tAkl uviiiates ti=t no raaatiit was pzsent at &-eta~e Levls
See Table 2-6 for typkAi mnimtum detEctabe alniumtrd~ons.
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Table 2-2C

Hatch Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Gaseous Effluents - Elevated Level Releses

Unit; Site

Starting: I-Jan- 2009 Ending: 31-Oec-2009

Continuous Mode

Nuclides Released

Kr-87

Y--133

Xe4L331
xe433
TOWI For Period

Unat 15F Quarter 2ND Quarter 3RD Quarter 4TH Quarte

Iodlaft

1-131

1-1.33

TOWa For Period

Curie

01ties

G.00E+00 O.00E+00
cLDOE4-00 1100E+00
aO0E+00 COE0
cLO0E+00 0.00E+00
C.00E+00 OMXE+00

0.ODE+00 0.08+00

IM6E-05
2.2&E-05

3.97E-05

9.42E-0S
7.93E-05

1-73E-04

0100E+00
C.DOE+00
0.00E+00
0.00E.-00
O.D0E+00

0.00+00

1.49E-05
2.20E-0

1.9qE+,00
1.57E+00

1.97E+80

!5J74E00

1. 14E-04
3.43E-05

tME8-04

0OcE+00
9.35E-05
4.21E-08

2.30E-07
2.4.22-06

2.512-0

1.21f-05

Particultee
Mii-54

sr-89

sr-0O

CS-137
83-M4

1-131P

T*Wa For Period

CaOO+00 4.89E-Da 0JGMe-0o
4.40E-06 4.882-06 6.97E-05
I. 12-07 5.34E--08 1.93E-08

D.002400 0.002+00 OAM+0OD
GA002+00 0.002480 4.,M-07

MD0024D 0,002+00 0.0CM+

4-52LL06 4.9815-06 7.442-06

Tritium

cutles 8.39E-01 1-32E+00 1.422+00 2.-I+OD

If Not Detected, Nuclide, us Not Reported. ZAmes irkthu takile icftat ffbat no rau~oadv was pseeet at detecmble Ievee
See Table 2-6 for typical rzirdmum detectible conceml-abouna.
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Table 2-3A

Hatd• Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 20G9

Gaseous Effluents - Ground Level Releases

Unit: I

Starting: 1-3an-2009 Ending: 31-Dec-2009

Continuous Mode

Nuclides Released

FNOn a3as.

No mffdlsS Found

Unit iST Qu~arter 21JD Quaroer 3mD Quarter 4TH Quarter

O.DDE+00 .00E+00

toffines

1-131

1-133

Total Fer Period

Paticuatwte
W4-54

Zft-65

Total For Period

caries

arts

G.DOE+I0I O.DaE+00

GODE+00 Q.DOE+Ob

O.DlE+00f 7AO3E-06

O.ME+00 4.47E-06

L3gE-05 5-02E-07

L39E-O5 2.1IM-05

0,001E400

O.OOE+WX

0.08E+00

9IM06

5.70Et-06

&03E-06
2kffi06

LOat-06

2.51E-05

3.38E-06

&16E-05

3A5ST-05

ISM2-06

L7Sf-04

Trittium

14-3 Curies 3.7SE+00 6.22E+O0 6.ZIIE+MX

0.A0E+

Gregg Alph~a

..OaE+-0

if Not Detecad, Nucbde is Not Reported. Zaones in thei taIle mdcats d= no radaactivrt1 ' was preerý at detectmble leý'1
See Table 2-6 for typical mninimumn deracrable cornweratbons.
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Table 2-311

Hatch Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Gaseous Effluents - Ground Level Releases

Unit: 2

Starting: 1-Jan-2009 Ending: 31-Dec-2009

Continuous Mod&

Nucitdes Released

Fission Gases

NMN dkkes Fotmd

Unit 1SF Qm~rter 2ND Qialarbr 3RD Qdaszt~r L4iH Quarter

0.,0aE+0a O.DaE+00

Ioffines

1-13a r

TaW• :For Period

Curies +604.eE-06 Q0E0 .0ý .M0

curies 4.60E-06 lKGDE+00 OMOE1+60 3.15E-E4

Oflies I 25E-06 "3Ea-06 L73E-06 .m6

Curies 1,351-06 L33E-06 1.735-0 2.60E-06

pasticuiatm

TOWa For Period

Tdtrm-

Ht-3 3.141+00 &.16E+0XI

Q.CCE+IXI

4.50E+W8

O.IYJE+1X

3.37E-00

Gross Alpha
W~ Nudiio F&Atd Curies

If Not Detected, Nue is Not Reported. Zones sintis table iin-arms tiat no ra•oamijv was preser at d•eimal: levels
See Table 2-6 for piKcA minimum devctble €ncgeai .

42



Table 2-3C

Hatch Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Gaseous Effluents - G~round Level Releases

Unit: Site

Starting: 1-3an-2009 Ending: 31-Dec-2009

Continuous Mode

Nudides Released

FRs9ona

Unai 1!;T Quaarter 2ND Quarter 31W Qua~rter 4TH Qatjaztr

M MdkkS F6=d O4CE+00 .fME-+00

Lmones

1-131
I-133

TOtM For PerWo

Pahtlcifites
MM-54

ZA-65
sr-m

Total For Perbod

Quett 4IIIE-06
Quides O.OOE+00

Culitet 4AVE-06

Quiets O.DOE+(XI
weies tBE0

ojriet OOE0
QuIles 0.00E+00
Qriews L,52E-05

curies IMFE-as

4A7E-06

7,03E-06

2.25E-05

O.tWE-0

6-03E-06

2taE-06

2.69E-os

4-S3-O0
33i8E-O

4AS-05

6.16E-05

3ASE3-GM
48-M-5

I5tE-01
4.72E-06

Lf*Z-04

Tri•lim

H-3 1.24E+01 1.07E+-01

Grors Alpa

No WdMeS Fatud

1.33E+01

O.OOE4IXJQfes O.OE+Oi

If Not D~etedý, Nucfde is Not Reported. Zeroes inths tablIe ind& thas t no F8&oaifvlty was pv-sent at deta~ble Wets.
See Table 2-6 for Wyica rminufmam detctible concent-afkrms
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Table 2-4A

Hatch Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Air Doses Due to Gaseous Releases

Unit: 1

Starting: 1-Jan-2009 Ending: 31-Dec-2,09

Cumulative Doses Per Quarter

TV"eOf Radbaot ~ ODCH Lott Uafts MQ&~t % 0004 2)40 Qbr % 00094 3RD Qtr % 000M WT" Q&r % 0004
Gamrmn Air 5 -WO00 MR-ad O.O1E400 0.00E+00J aiDG+0o (MAE400 &00E400 0c0m+410 itca-as 144E-G4
8Be Air LOUE+01 miRad .0wF+0 0.00E4-00 CLO4-I0 C+00 .OEOD OME+00 OXDM+00 9.65E-05 945E-05

Cumulative Doses Per Year,

Type of RafflatiM OWN Lint Wkis Year to End Date % 00CM R~e-put

Gamma Air LOOE+01 rnRad 1.22E-05 L22E-04 $M! BOU M)ARY I cmdk
oeM At 2flfE4IM mRad 9.6SE-0 4.82E-05 MAM IND ALM0IME I (h&I

LImit

MActnn Gam Aldoe

Amn Cufm Maf Akft1se

44



Table 2-4B

Hatch Nudear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Air Doses Due to Gaseous Releases

Unit: 2

Starting. 1-Jaa-2009 Ending: 31-Dec-2009

Cunnufatwe Doses Per Quarter

Trae of badaion ODCN Lint Unfts 1sT Qtr % ODCM 2ND Qtr % ODCH 3RD QWn % 00C4 4TH Qtr % O0CM
Ga ha Ak 5,O6E+00 MRad o.Ow-i0 O.OnE+O0 CL&OE+6O0 aO4+0o &M+O 0tM+OO0 122E-0S 2.44E-04
Bea Afr LOE-•01 mrRad O.OOE•+00 0,OOE+O0 (LO0E+Q0 ooGM+eO 0 ++OD amCE+0 9A5E-06 965E"-s

Cumulative Doses Per Year

Twoeof paffatie 0004 Link WKS Year to End Date % ODCM Receptor

Gafna. Akr LOUE+0I mnRad 1.22E-05 1a22-04 &M wE MI&W~Y Ichm
BE12 A& LOfiE4+1 mRal 9.65-06 4-92E-a5 MAX DND. AItMRE I Ch!d

Aan n GMina AMte
Aimf Qxffi Bem AkOdce
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Table 2-5A

H~atch Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Doses To A Memnber Of The Pubfic Due To Radoioodines, Tritiumi, and Particulates in Gaseous Releases

Unit: 1

Starting: I-Jan-2009 Ending: 31-Dec-2009

Cumulative Doses Per Quarter

Organ 00CM Limt Units 1ST Qtr % 00CM 21(0 Qbr % 0CMC1 311D Qtr % 00M 47H Qt % 00CH
Boe7SE+0O ff~fn ~ 1-51E-04 2-CIE-03 &02E-05 &02E-04 5.93E-Q 7.90E-04 3.66E-04 4.87E-0

I-uI 7SOME400 nMEM ~ 1.96E-03 2-61E-02 3.2RE-G3 4.3RE-a2 3.29E-03 4.39E-02 S.SIE-03 73SE-Q2

Jtw7.50Ef+00 ndbaen L9SE-03 2Z6fE-02 3.2at-03 4.7-TM-2 3,2E-03 4.35E-02 5.AE-O3 7.31E-a2
Lhr7.SOE-fO nunsM 19SE-G3 2.hJE-02 3289E-03 4.3811-a2 3.27E-C3 4.33E-02 S50~E-03 7.34E1-02

Lung 7M01+00 Ud~em 1L95E-03 2f"1-02 3.28E1-03 4.-W1-02 3.2711-0 4.36E1-02 5.521-03 7.36E1-02
Thwolw 7-WE400 091em 1.57-03 1.E0"2 3,42E-03 4S61A-02 3.28E-03 4.37E1-02 5.7111-0 7.62E1-02
TOW~ B0&f 7.5011+00 fnRae 1.95E1-03 2.GIE-02 3.29E-03 4.38E1-02 1.271-03 4.35E-02 SSOE-03 7.33E-02

Cumulative Doses per Year

Orga 00CM Li~t unfts Year to EndfaV Date % 00CM RaceptLmi
Soam 13O5"011 fries 6-361E1-04 4.241E1-03 MAX IND. AUMMORIO Chllk Anm Czxn !ntLPatt Alinkan

GI-LO iSWtE+0i fn111( L0411-02 9.33M1-02 MMX IND. ADMRN)IE I OWlk Armnn CiO k4Pas Ailraae
ndcney' L50M401 ffalrn [397E-02 9.317E1-02 MAX MDn. AMMUM! I Mkid Ain Cixn TodMPat Moose

timef i3(AM+Oi (MMe 1-40C-02 9.334E1.02 MAX IND. AMW0R1(E I Chmfki Ann Cuml Io0Pai Alrmkae

LAM~ 1-SM+01 W&Mie L402E-02 9.3491-02 MAX ID.X ANMRXP.Nf Chldk Akm Cm i10patt Abnome

Thfu [50011+01 mnfanI L43SE-02 9.S888-02 MAX IND- AMWBRNE! Ohlid An m C If odi~Pan Aciudse
TOtW Body, LSE0~1O fffta L40CE-02 9.335E-02 MAX IND- AIRBORE I Mlid Afm Cum tombPad AMmkse~
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Table 2-50

Hatch Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Doses To A Member Of The Public Due To Radioiodines, Tritium, and Particulates in Gaseous Releases

Unit: 2

Starting: 1-Jan-2009 Ending: 31-Dec-2009

Cumulative Doses Per Qu-arter

Orpan OD04 Lint Utfs 1ST Qtr % OD0C 27(D qbr % OWCN 3RD Qtr % ODCN 4Th Qtr % OCN
73W+000 gn•em [54E-05 2.6E-04 1OO-0"s L14E-04 7-3E-05 3.1411-04 3.71E-(M 4.95E-M4

G41. 7.WE+00 n1W' 1-63E-(13 Z17E-02 3.20E-05 4-26E-02 2.34E-03 3.12E-02 1.76E-0 2.3SE-02

"7501+00 (mJln L630-03 2-17E-02 3.19E-03 4-26E-02 2.34E-03 3.20E-02 1.76E-03 235-E-02

Lhf 7.-00+00 fra'f 1.63E-(13 2-17E-02 3.19E-03 4-26E-02 2.34E-03 3.120-02 1.76E-03 2.35E-02

IV 7-50E+00 mnRem 1[63E0-3 2.17E-02 3.1IE-03 4.26E-02 2.34-•03 3.12E-02 1.7611-0 2.351-W2

Thytol 750040O mfle 1371E0-3 2.27E-02 325E-03 4-34E-02 235E-03 3.14E-02 2.43E-03 3.24E-02

Tots awy 7300+00 ft•rn 1631E-03 2.17"-02 3.20•413 426"12 2.34E-03 3.12E-02 1.76E-03 2-33E-02

Cumulative Doses per Year

Orwan ODC0 Lmt thaft Year to E&dhv Daft % 00CH Roepta- ULnt

Same 150M1401 fne 92-091-0 61400-04 KAX IND. AMWnR190 I Chidk Arm Cm TodlPrt Alrdes

GI-4l [501=+01 C&M &922E-03 5.94BE-02 MAX . ARO•R I OChId Aim Cu~r IoffP r Alrdose

ne 1s000+01 ftea &922E-03 5.948E-02 MAX IND. AIRE0R7( I OCh Anm Ormn b/Pad Alrdnek

Lef [M5000+01 ren 99210E-03 5,947E-02 MAX IND. ADR3E I ChilE d Amn Cwt IodPwt Airdie

LL11V 15001+0 m&i92CE-03 5.9460-02 MAX MND. ADRXEI Chld1 Ann Cwa snkqat Awow
Thnyrfl IM001-01 ntar 9.743E-03 6.495E-0Z MAX IND. AIORNE I Cild Annm Cwn load t AItdnea

TOW Body 1500E401 can L2923E1-03 5.949E-02 MAX f1N. AKIRK03 E I Child Aim CLM 1OaWdt AlJnme
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TABLE 2-6
E. L HATCH NUCLEAR PLANT

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
MINIMUM DETECTABLE CONCENTRATIONS - GASEOUS SAMPLE ANALYSES

STARTING: 1-Jan-2009 ENDING: 31-Dec-2009

The values in this table represent a priori Minimum Detectable Concentration (MDC) that
are typically achieved in laboratory analyses of gaseous radwaste samples.

RADIONUCLIDE
Kr-87
Kr-88
Xe-133
Xe-133m
Xe-135
Xe-138
1-131
1-133
Mn-54
Fe-59
Co-58
Co-60
Zn-65
Mo-99
Cs-1 34
Cs-1 37
Ce-1 41
Ce-1 44
Sr-89
Sr-90
H-3

MDC
2.94E-08
3.22E-08
2.30E-08
7.30E-08
8.73E-09
1.99E-07
1.34E-1 3*
1.53E-1 3*
1.62E-13*
3.42E-13*
1.30E-13*
1.54E-13*
2.54E-13*
9.61 E-13*
1.42E-13*
1.28E-13*
1.26E-13*
5.64E-13*
1.10E-16
6.70E-1 6
4.OOE-07

UNITS
uCi/cc
uCi/cc
uCi/cc
uCi/cc
uCi/cc
uCi/cc
uCi/cc
uCi/cc
uCi/cc
uCi/cc
uCi/cc
uCi/cc
uCi/cc
uCi/cc
uCi/cc
uCi/cc
uCi/cc
uCi/cc
uCi/cc
uCi/cc
uCi/cc

* Based on an estimated sample quantity of 4.078E+07 cc's.
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Table 2-7A

Hatch Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2008

Gaseous Effluents - Batch Release Summary

Unit. 1

Starting: 1-3an-2008 Ending: 31-Dec-2008

ueits 1ST Quarter 2ND Quariter 3RD Quarter ATM Qutartse Year TOWS

0 0 0 0 01. HNUbee OF hbit tefcih

x. Itbu lMe pakal be a hbite fdMaas

4. Avetae e pakal for a habit

5. beliAfftimtem P&Wi few a hbath Mmse

MWA)

(inu)

(MA)

p(MlniL)

D.005+OD

0.00E+00

5.00+00

5.005400

5.Ai400

(10M5+00

0.00E400

QAMc+oo

DA00500

O.005400

D0A0E40D

5.4305400

0.00E+00

5.00+100

OA00500

5.005+0
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Table 2-7B

Hatch Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2008

Gaseous Effluents - Batch Release Summary

Unit: 2

Starting: 1-ian-2008 Ending: 31-Dec-2008

Gaseous Rdease

L. mtjmb or mamd rems

L. TetaI iMe pbW W~s btch MeWeM

3. HaitMiM W~M PerW W~ B bWth teka

4. Ava &me pedod fb a both d reasa

&.~~s Nhruse peke MW M a btcah reitaae

Units 1ST Q4urter 2ND Quarter 3RD Quarter 4TH QuaIter Year TO4IS

0 0 0 0 0

(Mw~es

(MKniM)

(Min, )

0,00E+00

Q-00E+00

COMO+00

aocE400

O.OM00

MOM00EO

aOcit+OD

01111400

MOM0e00

a011+o

0.GCE400

01311400

D011+OD
OIIOE+00

o0.0E+o0
0OOE+IX
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Table 2-8A

Hatch Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Gaseous Effluents - Abnormal Release Summary

Unit: 1

Starting: 1-Jan-2009 Ending: 31-Dec-2009

GINSBO Release

1. Numbev of R~elase

1. TOW~ TbM For All ftenam

3. Ma~dmn lime* Wo A R~ehs

4. Av~age Tana For A Rdewem

5. Kikn1MI Th'e Fat A Relesee

6. TOW~ acfvWr Wo all tefiý

Units 1ST Quarter

(Mwjt)

( cultEs )

0.001+O0

DA01400

0.001+00

0.001+00

0.001+00

2ND Qiaaiter 3RD Quarter 4THQuiarter Yea7 Totals
0 0 0 0

0"00+00 0-0w1+00 0.00F+00 0.001+00

0.001400 0.001+0 0.0000 0.001+OD

0.001+00 0.01+00 0.001+0 0.00+00

oAIoE+G0 0.00+00 .001+Q00 Q0--

0.00+00 0.001+0 0.001+00 0.00+00
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Table 2-88

Hatch Nuclear Plant

RADIOAC1TJE EFFLUENT RELEASE REPORT - 2009

Gaseous Effluents - Abnormal Release Summary

Unitn 2

Starting: 1-Jan-2009 Ending: 31-Dec-2O09

Gosawmi R~efes
1. Nwnb&of Wanees

I TdW TbiM For AM Releases

3. Ma~trr TMne For * ReWmee

4. Avf1Bge Time For A ReleSE:

S. Mkinnurn Time Fat A se~eM

6. Ta c1 evisr I&r at release$

Units isr Quarter 2ND QUarter
0 0

(M~n~) A1140 QOAE+00

Minutes DAl4EA0 G0-00+00

(Mimest DaOo+oo 0A10E40

(Minite) 0011400 0IE

(curies) 0A105400 I0W+40D

3]tD Quart

0

aO.O+oo
0.0w008

OAIE+O0

QAWE+oo

fLGMO+O0

4TH Quarter Year Totals

0 0

000!*00

aLOOE+00

o.OM+G0
DAIOE+OO

D.00E400

OZE+OD

QAXE+0D
MCMODEo
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Table 2-8C

Hatch Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Gaseous Effluents - Abnormal Release Summary

Unit: Site

Starting: 1-Jan-2009 Ending: 31-Dec-2009

Gaaa*US Rfolofts

1. Numb& of Releases

2. TdW Thm For All Thlasm

3. Kl~ffilftt TIMe Fot A, Rýe

4. Avftge TkMe For A lReIeWe

S. Mt1nbwm Time For A Rease

6. TOW atrvit Wo al p~ses

Units isw Quarter 214D Qualter 31RD Quiartar
0 0 0

M(mQM) O1D0I OA&hE40OD aM

(Mw~te) GA)OE400 O00O+OD 00M0

(MlnI*eg) O.O0Et+00 OAIOE+O0 CAKM40

(M~me~) A0E400 DAMOE40 DCLtO-f0

are AlM400 MOM40DE O.OMl+00

47H QUarter Year Totals

0 0

10M4~+00

DLOMOE40

O.04+00

D.OM400

DO4M+00

0.&E+00

al.oE+OD
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3.0 Solid Waste

3.1 Regulatory Requirements

The Process Control Program (PCP) and the ODCM requirements presented in
this section are for Unit 1 and Unit 2 and are stated in part.

3.1.1 Solid Radioactive Waste System

PCP Section A.3.1 Solid Radioactive Waste System control states:

The solid radwaste system shall be used in accordance with the PROCESS
CONTROL PROGRAM to provide for the SOLIDIFICATION of wet solid wastes
and for the SOLIDIFICATION and packaging of other radioactive wastes, as
required, to ensure that they meet requirements of 10 CFR Parts 20 and 71, prior
to shipment of radioactive wastes from the site.

3.1.2 Reporting Requirements

Technical Specification 5.6.3 requires in part:

The Radioactive Effluent Release Report covering the operation of the unit shall
be submitted in accordance with 10 CFR 50.36a. The report shall include a
summary of the quantities of radioactive liquid and gaseous effluents and solid
waste released from the unit. The material provided shall be consistent with the
objectives outlined in the ODCM and the Process Control Program and in
conformance with 10 CFR 50.36a and 10 CFR 50, Appendix I, Section IV.B.1.

PCP Section A.4.1 states in part:

The Radioactive Effluent Release Report, submitted in accordance with Technical
Specification 5.6.3, shall include a summary of the quantities of solid radwaste
released from the units as outlined in Regulatory Guide 1.21, "Measuring,
Evaluating, and Reporting Radioactivity in Solid Wastes and Releases of
Radioactive Materials in Liquid and Gaseous Effluents from Light-Water-Cooled
Nuclear Power Plants," Revision 1, June 1974, with data summarized on a 6
month basis following the format of Appendix B thereof.
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For each type of solid radwaste shipped offsite during the report period, the report
shall include the following information:

a. Container volume.

b. Total curie quantity (specify whether determined by measurement or
estimate).

c. Principal radionuclides (specify whether determined by
measurement or estimate).

d. Type of waste (such as spent resin, compacted dry waste,

evaporator bottoms).

e. Type of container (such as LSA, type A, type B, large quantity).

f. Solidification agent (such as cement).

Major changes to the solid radioactive waste treatment system shall be reported to
the Nuclear Regulatory Commission in the Radioactive Effluent Release Report
for the period in which the evaluation was reviewed and accepted by the PRB.

3.2 Solid Waste Data

Regulatory Guide 1.21, Table 3 is found in this report as Table 3-1.
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TABLE 3-1
E. L HATCH NUCLEAR PLANT

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
SOLID WASTE AND IRRADIA TED FUEL SHIPMENTS

UNIT 1 AND 2
STARTING: 1-Jan-2009 ENDING: 30-Jun-2009

A. SOLID WASTE SHIPPED OFFSITE FOR BURIAL OR DISPOSAL (Not irradiated fuief
1. Type of waste UNIT 6 month Est. Total

period ERROR %
a. Spent resins, filter sludges, evaporator m 3  5.68 E+01

bottoms, etc. Ci 1.19 E+02 1.00 E 01
b. Dry compressible waste, contaminated equip. m3  2.88 E+02

etc. Ci 8.80 E+00 2.00 E 01
c. Irradiated components, control rods, m _

Ci

d. Control Rod Drive Filters m _3

Ci
e. Other (describe) m _3

Equip. etc. Ci

2. Estimate of major nuclide composition (by type of waste)

ISOTOPE PERCENT CURIES
a.Fe-55 60.7 7.22E+01

Co-60 15.3 1.82E+01
Zn-65 9.4 1.12E+01
Mn-54 7.0 8.29E+00
Cr-51 0.7 8.77E-01
Other 6.9 8.23E+00

b.Fe-55 22.2 1.95E+00
Co-60 25.6 2.25E+00
Mn-54 5.71 5.02E-01
Zn-65 35.2 3.1OE+00
Other 11.3 9.92E-01

C.

d.

e.

i i

3. Solid Waste Disposition
Number of Shipments Mode of Transportation

All waste sent to processors N/A
B. IRRADIATED FUEL SHIPMENTS (Disposition)

Number of Shipments Mode of Transportation
0 N/A

Destination
N/A

Destination
N/A
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TABLE 3-1
E. I. HATCH NUCLEAR PLANT

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
SOLID WASTE AND IRRADIA TED FUEL SHIPMENTS

UNIT 1 AND 2
STARTING: 1-Jul-2009 ENDING: 31-Dec-2009

A. SOLID WASTE SHIPPED OFFSITE FOR BUJRIAL OR DISPOSAL (Not irradiated fuefl
1. Type of waste UNIT 6 month Est. Total

period ERROR %
a. Spent resins, filter sludges, evaporator m3  3.79E+01

bottoms, etc. Ci 2.28E+02 1.00 E 01
b. Dry compressible waste, contaminated equip. m3  1.22E+02

etc. Ci 1.28E+01 2.00 E 01
c. Irradiated components, control rods, m3

Ci
d. Control Rod Drive Filters m3

Ci
e. Other (describe) ma3

Equip. etc. Ci

2. Estimate of major nuclide composition (by type of waste)

ISOTOPE PERCENT CURIES
a.Fe-55 45.3 1.03E+02

Co-60 23.0 5.24E+01
Zn-65 8.6 1.96E+01
Mn-54 19.0 4.33E+01
Other 4.1 9.35E+00

b.Fe-55 22.2 2.84E+00
Co-60 25.6 3.27E+00
Mn-54 5.71 7.30E-01
Zn-65 35.2 4.50E+00
Other 5.0 1.44E+00

C.

d.

e.

3. Solid Waste Disposition
Number of Shipments Mode of Transportation

All waste sent to processors N/A
B. IRRADIATED FUEL SHIPMENTS (Disposition)

Number of Shipments Mode of Transportation
0 N/A

Destination
N/A

Destination
N/A
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TABLE 3-1
E. I. HA TCH NUCLEAR PLANT

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
SOLID WASTE AND IRRADIATED FUEL SHIPMENTS

UNIT 1 AND 2
STARTING: 1 -Jan-2009 ENDING: 30-Jun-2009

TYPE CURIE PRINCIPAL BURIAL NUMBER OF VOLUME OF TYPE SHIPMENT/ SOLIDIFICATION

OF QUANTITY/ NUCLIDES/ CONTAINER CONTAINERS EACH CONTAINER AGENT

WASTE DETERMINED DETERMINATION DESCRIPTION SHIPPED CONTAINER

CUBIC FEET

(FT 3)

Dewatered 119.0 Zn-65,Fe-55,Co-60 Carbon Steel 11 195 14-210 DOT 7A N/A

Resins Mn-54, Cr-51 Liners (external) TYPE A CASK/

14-210"*STC

Cask

Dry 8.80 Fe-55,Co-60,Mn-54 B-25 113 90 *STC N/A

Active Waste Zn-65 Boxes/High See Note (B-25)

Integrity

Container

Note: The actual size and number of the containers may vary from the recorded values due to the use of different
containers by waste processors.

•* STC-Strong Tight Container

TABLE 3-1
E. L. HATCH NUCLEAR PLANT

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
SOLID WASTE AND IRRADIA TED FUEL SHIPMENTS

UNIT 1 AND 2
STARTING: 1 -JUL-20 09 ENDING:.q 1-DEC-2009

TYPE CURIE PRINCIPAL BURIAL NUMBER OF VOLUME OF TYPE SHIPMENT/ SOLIDIFICATION

OF QUANTITY/ NUCLIDES/ CONTAINER CONTAINERS EACH CONTAINER AGENT

WASTE DETERMINED DETERMINATION DESCRIPTION SHIPPED CONTAINER

CUBIC FEET

(FT 3)

Dewatered 228.0 Zn-65,Fe-55,Co-60 Carbon Steel 7 195 14-210 CASK/ N/A

Resins Mn-54 Liners See Note (external) 8-21OCask

Dry 12.8 Fe-55,CO-60,Mn-54 B-25 44.9 96 B25 Boxes, Sea N/A

Active Waste Zn-65 *_See Note land Containers
*

Note: The actual type, size and number of the containers may vary from the recorded values due to the use of different
containers by waste processors for final disposal of processed resin and DAW.
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4.0 Doses to Members of the Public Inside the Site Boundary

4.1 Regulatory Requirements

ODCM 7.2.2.3 states in part that the Radioactive Effluent Release Report shall
also include an assessment of the radiation doses from radioactive liquid and
gaseous effluents to MEMBERS OF THE PUBLIC due to their activities inside the
SITE BOUNDARY during the report period; this assessment must be performed in
accordance with the ODCM.

4.2 Demonstration of Compliance

The locations of concern within the site boundary are the Roadside Park, the
Camping Area, the Recreation Area, and the Visitors Center. Listed in
Table 4-1 are: The distance and direction from a point midway between the
center of Unit 1 and the Unit 2 reactors, the dispersion and deposition factors for
any releases from the Main Stack (elevated) and from the reactor building
(ground level); and the estimated maximum occupancy factor for an individual and
the assumed age group of this individual.

The source term is not listed in Table 4-1 . The source term is listed in
Tables 2-2A and 2-2B, for the elevated releases. Similarly the source term is
listed in Tables 2-3A and 2-3B for the ground level releases.

The maximum doses in units of mrem accumulated by an individual MEMBER OF
THE PUBLIC due to their activities inside the site boundary during the reporting
period are presented in Table 4-1.

59



Table 4-1

Hatch Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Doses to a Member of the Public Due to Activities Inside the Site Boundary

Unit: Site

Starting: l-Jan-2009 Ending: 31-Dec-2009

Location Name:

Distance (kilometers):

Sector.

Occupancy Factor.

Age Group:

Elevated Release
Elevated Release
GrouMd Level Release
Ground Level Release

ROADSIDE PARK

1.1BE+00

WNW

2.28E-04
Child

Noble Gas
Particulate and Radioiodie
Noble Gas
Pariculate and Radioiodine

X/Q (sec/m3): 2.42E-08
XJQ (sec/m3): 2-37E-08
X4Q (sec/m3): 7.83E-06
X/Q (secjm3). 7.OOE-06

D/Q (m-2): 1.29E-09

D/Q (m-2): 2.01E-08

Bone

Liver

Total Body

Thyroid

KFidney

Lung
GI-Lfi

Skin

Units

mRem

mRern

mRem;

mRern

mRem

mRem
mRem

mRem

151 Quarter

4.90E-12
3.93E-09
3.93E-09
3.97E-09
3.93E-09
3.95E-09
3.93E-09
1.80E-13

2ND Quarter

2.38E-10
7.30E-09

7.30E-09
7.30E-09
7.30E-09
7.34E-09
7.30E-09
2.79E-10

3RD Quarter

2.18E-10
6,32E-09

6.32E-09
6.32E-09
6.32E-09
6.37E-09
&.43E-09

2.55E-10

4TH Quarter

1.70E-09
9.28E-09
9.28E-09
9.66E-09
9.28E-09
9.54E-09
9.28E-09
2.OOE-09

Year
2.17E-09
2.68E-08
2.68E-08
2.73E-08
2.68E-08
2.72E-08
2.69E-08
2.53E-09
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Table 4-1

Hatch Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Doses to a Member of the Public Due to Activities Inside the Site Boundary

Unit: Site

Starting: 1-Jan-2009 Ending: 31-Dec-2009

Location Name:

Distance (kdlometers):

Sector:.

Occupancy Factor.

Age Group:

Elevated Release
Elevated Release
Ground Level Release
Ground Lev Release

CAMPING AREA

1.27E+00

WNW

5.48E-03

Child

Noble Gas
Particulate and Radioiodine
Noble Gas
Particulate and Radioiodine

Units 1ST Quarter

)qQ (seclm3): 2.38E-08
X/ (sec/m3): 2.33E-08
X/Q (se/r3): 7.03E-06
X/Q (seclfn3): &27E-06

D/Q (mr-2): 2.01E-08

D/Q (m-2): 1.80E-08

Bone

Liver

Total Body

Thyroid
Kidney

Lung

GI-LS
Sldn

mnRern
mRern

mRern

mRern
mnRemn

mRemn
mRern

mnRern

1.17E-10
8.46E-08

8.46E-08
8.54E-08
8.46E-08
8.50E-08
8.46E-08
1.77E-11

2ND Quarter

5.18E-09
1.57E-07
1.57E-07
1.57E-07
1.57E-G7
L58BE-07
1.57E-07
6.07E-09

3RD Quarter

4.71E-09
1.36E-07

1.36E-07
1.36E-07
1.36E-07
1.37E-07
1.38E-07
5.50E-09

4TH Quarter

3.68E-08
2.00E-07

2.00E-07
2.08E-07
2.OOE-07
2.05E-07
2.O0E-07
4.32E-08

Year

4.68E-08
5.78E-07

5.78E-07
5.87E-07
5.78E-07
5.86E-07
5.80E-07
5.48E-08
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Table 4-1

Hatch Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Doses to a Member of the Public Due to Activities Inside the Site Boundary

Unit: Site

Starting: 1-Jan-2009 Ending: 31-Dec-2009

Location Name:

Distance (kilometers):

Sector.

Occupancy Factor

Age Group:

Elevated Release
Elevated Release
Ground Level Rlease

Ground Level Release

RECREATION AREA

1.03E+00

SSE

2.37E-02

Child

Noble Gas
Particulate and Radioodine
Noble Gas
Particulate and Radioiodine

X/Q (secjm3): 3.30E-08
XqQ (secm3). 3.21E-08
XJQ (Secjm3): 6.42E-06
X/Q (sec/m3): 5.73E-06

D/Q (m-2): 1.56E-09

DIQ (m-2): 2-36E-08

Bone

Liver

Total Body
Thyd

Kidney
Lung

GI-L
Skin

units

mRern

mRem

mRemn

mRem
mRern

mRern

151 Quarter 2ND Quarter

4.24E-10 2.90E-08
3.34E-07 6.30E-07

3.34E-07 6.30E-07
3.38E-07 6.30E-07
3.34E-07 6.30E-07
3.36E-07 6.33E-07
3.35E-07 6,30E-07
2.21E-11 3.40E-08

3RD Quarter

2-66E-08
5ACE-07

5A6E-07
5.46E-07
5.46E-07
5.50E-07
5.55K-07
3.11E-08

4TH Quarter

2.08E-07
8.53E-07

8.53E-07
8.85E-07
8.53E-07
8.75E-07
3.53E-07
2.44E-07

Year

2.64E-07
2-36E-06

2.36E-06
2.40E-06
2.36E-06
2.39E-06
2.37E-06
3.09E-07
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Table 4-1

Hatch Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Doses to a Member of the Public Due to Activities inside the Site Boundary

Unit: Site

Starting: 1-3an-2009 Ending: 31-Dec-2009

Location Namne:

Distance (kilometers):

Sector:

Occupancy Factor.

Age Group:

Elevated Release
Elevated Release
Ground Level Release
Ground Level Release

VISITORS CENTER

6.94E-01

WSW

4.57E-04

Child

Noble Gas
Partculate and Radioiodine
Nobe Gas
Particulate and Radioiodine

XqQ (seqj/m3): 5.0OE-08
X/Q (sechm3): 4.97E-08
XJQ Caec/rn3): 1.87E-05
X/Q (sec/m3): 1.72E-05

DIQ (m-2): 2.26E-09

D/Q (m-2): 5.47E-08

Bone

Liver

Total Body

Thyroid

Kidney

Lung

GI-Lbi
Skin

Units
mRem

niRem

mRem
mRem
mRein

rnRern

mRern
mRein

1ST Quarter 2ND Quarter

2.41E-11 1.30E-09
1.94E-08 3.61E-08

1.94E-08 3.61E-08
1.95E-08 161E-08
1.94E-08 3,61E-08
1.94E-08 3.63E-08
1.94E-08 3.61E-08
9.G3E-13 1.52E-09

3RD Quarter

1.1gE-09
3.13E-08

3.13E-08
3.13E-08

3.13E-08
3.15E-08
3.18E-08
1.39E-09

4TH Quarter

9.30E-09
4.66E-08
4.66E-08
4.85E-08
4.66E-08
4.79E-08
4.66E-08
1.09E-08

Year
1.18E-08
1-33E-07

1.33E-07
1.35E-07
1.33E-07

1.35E-07
1-34E-07
1.38E-08
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5.0 Total Dose from Uranium Fuel Cycle (40 CFR 190)

5.1 Regulatory Requirements

The annual (calendar year) dose or dose commitment to any MEMBER OF THE
PUBLIC due to releases of radioactivity and to radiation from uranium fuel cycle
sources shall be limited to less than or equal to 25 mrems to the whole body or to
any organ, except the thyroid, which shall be limited to less than or equal to
75 mrems.

5.2 Demonstration of Compliance

No dose limits stated in ODCM Sections 2.1.3, 3.1.3, and 3.1.4 were exceeded.
Therefore, compliance with 40 CFR 190 dose limits was demonstrated in
accordance with the requirements of ODCM Section 5.1.3.

6.0 Meteorological Data

The Radioactive Effluent Release Report, to be submitted by May 1 of each year,
shall include an annual summary of hourly meteorological data collected over the
previous year. This annual summary may be either in the form of an hour-by-hour
listing of wind speed, wind direction, atmospheric stability, and precipitation (if
measured), on magnetic tape, or, in the form of joint frequency distributions of
wind speed, wind direction and atmospheric stability.

In lieu of submission with the Radioactive Effluent Release Report, the licensee
has retained this summary of required meteorological data on site in a file. It will
be provided to the NRC upon request.

7.0 Program Deviations

7.1 Inoperable Liquid or Gaseous Effluent Monitoring Instrumentation

7.1.1 Regulatory Requirements

ODCM, Chapter 7, Section 7.2.2.6.2 states that the Radioactive Effluent Release
Report shall include deviations from the liquid and gaseous effluent monitoring
instrumentation operability requirements included in Sections 2.1.1 and 3.1.1,
respectively.
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7.1.2 Description of Deviations

There were no deviations from the liquid and gaseous effluent monitoring
instrumentation operability requirements during this reporting period.

7.2 Tanks Exceeding Curie Content Limits

7.2.1 Regulatory Requirements

ODCM 7.2.2.6 states in part that the report shall include notifications if the
contents within any outside temporary tank, for liquids, exceed the limit of
Technical Specification 5.5.8.b.

7.2.2 Description of Deviations

There were no outside temporary tanks, for liquids, that exceeded the limit of
Technical Specification 5.5.8.b during this reporting period.

7.3 Effluent Sample Analysis Exceeding Minimum Detectable Concentration
(MDC)

7.3.1 Regulatory Requirements

ODCM 7.2.2.6 states in part that deviations from MDC(s) required in Table 3-3

shall be included in the Radioactive Effluent Release Report.

7.3.2 Description of Deviation

There were no deviations from MDC(s) required in Table 3-3 during this reporting
period.

8.0 Changes to the Plant Hatch Offsite Dose Calculation Manual (ODCM)

There was only one change to the ODCM in 2009.

8.1 Regulatory Requirements

Pursuant to Technical Specification 5.5.1 and ODCM Section 7.2.2.5, licensee
initiated changes shall be submitted to the NRC in the form of a complete, legible
copy of the entire ODCM as part of or concurrent with the Radioactive Effluent
Release Report for the period of the report in which any change in the ODCM was
made. Each change shall be identified by markings in the margin of the affected
pages, clearly indicating the area of the page that was changed, and shall indicate
the date (i.e., month and year) the change was implemented.
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8.2 Description of Changes

Version 22 of the Hatch Offsite Dose Calculation Manual became effective in May 2009. A
complete copy of the ODCM will be included with this report with changes identified by bars in the
right hand margin of the document. A summary of the four changes included in this revision are
listed below:
(1) Groundwater protection program sampling and analysis requirements were added to Table
4-1, REMP. Table 4-5, Groundwater Monitoring Locations, and Figures 4-6, Groundwater
Monitoring Wells, and Figure 4-7, Deep Wells, were added to describe and depict the locations
of the groundwater monitoring wells and deep wells that are part of the groundwater protection
program.
(2) Table 2-1, Radioactive Liquid Effluent Monitoring Instrumentation, Table 2-2, Radioactive
Liquid Effluent Monitoring Instrumentation Surveillance Requirements, Table 2-3, Radioactive
Liquid Waste Sampling and Analysis Program, and Table 2-4, Applicability of Liquid Monitor
Setpoint Methodologies, were revised to remove the monitoring requirements for the outfall
pathway Y22N0012B / Y22N003A which is no longer a permitted radioactive discharge release
point. Figure 2-4, Northwest Surface Drainage System, (showing the flow path of Y22N0012B
and other surface runoff to Y22N003A and to the river) was deleted.
(3) Table 2-1, Action 104 and Table 2-3, Groundwater Outfall Quarterly Composite and Table 2-
3, Footnote "e" were revised to remove Gross Beta analysis as a screening analysis and require
that Sr 89/90 analysis is always done when applicable.
(4) Administrative changes were made to Section 2.1.5.b. and Section 3.1.6.b., to change
"Nuclear Plant General Manager" to "Vice President - Plant".

9.0 Major Changes to Liquid, Gaseous, or Solid Radwaste Treatment Systems

9.1 Regulatory Requirements

The Radioactive Effluent Release Report shall include.... any major change to
liquid, gaseous, or solid radwaste treatment systems pursuant to ODCM
Chapter 7, Section 7.2.2.7.

9.2 Description of Major Changes

Gaseous Radwaste System

There were no major changes to the gaseous radwaste system during this
reporting period.

Solid Radwaste System

There were no major changes to the solid radwaste system during this reporting
period.
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Liquid Radwaste System

There were no major changes to the Liquid Radwaste Treatment System during
this reporting period.
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Release of Radioactive RHR Service Water for 2009

The following historical information is provided to create a perspective for the release of
radioactivity during the year 2009 relative to the RHR Service Water System.

In 1996, the analysis of samples from the Unit 1 RHR "B" Loop service water (RHRSW) system
identified several radionuclides at very low concentrations. The first indication of contamination
was noted on August 8,1996 and the second indication was noted on August 23, 1996. The
total activity in the RHRSW contained within the heat exchanger, which has a volume of
approximately 4000 gallons, was respectively estimated to be about 13.7 jiCi and 25.6 ýtCi. On
August 23,1996 repairs were made to a Ap instrument in an effort to stop the inleakage into the
service water side of the heat exchanger. To determine if the leak had been repaired, the
service water loop of the heat exchanger was decontaminated by flushing and the service water
in the loop was then resampled and analyzed. The circulating water flume has a blowdown line,
which diverts a small portion of the total circulating water to the river via the discharge structure.
This resulted in a release to an unrestricted area. Though this release was both monitored and
controlled, it was not through the normally utilized liquid radwaste system but the release to the
unrestricted area did in fact take the same release path to the river. The regulatory
discreteness of this release is discussed in the 1996 evaluation of the release, which is
documented in the 10CFR50.59 Evaluation titled "Unit 1 RHR Service Water: Release of
Contaminated Water."

The requirements of the Radioactive Effluent Controls Program are spelled out in TS 5.5.4.
The Offsite Dose Calculation Manual (ODCM) implements this program and it conforms to the
requirements of 1 0CFR50.36a for the control of radioactive effluents and for maintaining the
doses as low as reasonable achievable. Compliance with TS 5.5.4 regarding liquid releases
can be assured by adhering to the requirements of ODCM sections 2.1.2, 2.1.3 and 2.1.4 which
respectively provide limits on the concentration of the radioactive material at the point of release
to an unrestricted area, the resultant dose to a member of the public from the release, and the
necessity of using the radwaste treatment system.

MWO 1-96-02845 was worked during the Unit 1 outage to repair the leaks in the U1 RHR "B"
Heat Exchanger. The RHR side of the Heat Exchanger was pressurized with helium and a
helium detector on the RHRSW side was used to look for the presence of leaks. Based on this
it was determined that one of the outermost tubes (tube 1-1) was definitely leaking. No other
tubes were identified as definite leakers; however, the eight tubes closest to tube 1-1 were
identified as possible leakers.

Integrated Technologies, Inc. performed an eddy current inspection of 245 of the tubes,
including all of the suspected leakers and surrounding tubes. This inspection also identified
tube 1-1 as a leaker. The tube breach is located next to the top support in the outlet leg. The
cause is unknown. No other leaking tubes were identified.
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The conservative decision was made to plug the leaker as well as the eight surrounding tubes.
After plugging the tubes a hydrostatic pressure test was conducted at 300 psi and the Heat
Exchanger was inspected for signs of leakage. No leakage was noted at this time. The Heat
Exchanger was deconned, closed up and placed back in service. The Chemistry Department
has sampled and monitored the activity during the operation of the Heat Exchanger.

The only concentrations of radionuclides found in the RHRSW samples for 2009 were from
7/10/09 and 7/22/09, when the total concentration released was 2.76E-8 gCi/ml. As shown in
the following table, the highest concentrations were found in 1997, when the total concentration
released was 1.21 E-5 gCi/ml.

Radio- 1997 I!99811999 [ 2600 2001
nuclide gCl/mI WCM)(~ ')ýJCl/m) '(C/mi)
Cr-51 - 1.07E-6 3.16E-7
Mn-54 2.37E-6 4.95E-7 2.49E-7 2.53E-7
Fe-59 _,_1.19E-7

Co-60 4.94E-6 1.12E-6 2.27E-8 2.82E-7 1.99E-7
Zn-65 2.06E-6 7.96E-8 2.24E-7
Co-58 1.06E-6
Cs-1 34 2.1OE-7
Cs-137 4.43E-7

Radio- 2002 2003 .2004 2005 1 2006 1 2007 1 20081 200.9
nuclide I (4Ci/ml) [ ( i/mI) (gCi/mI) I(ýCimm I) U (ECi/ml) .....m 1J .UI
Mn-54 2.78E-8 1.46E-8 8.59E-9 1.23E-8 1.89E-8
Co-60 1.99E-7 2.65E-7 3.78E-8 2.96E-8 1.24E-7 2.43E-7 1.12E-8 2.76E-8
Nb-95' _I___ 5.46E-9
Cs-i 37•I!I __7.77E-9

Fe-59 was identified in one sample (7/18/01). Heat exchanger testing and the analysis result
indicate no new leaks to the system. The results of the samples analyzed in 2005 indicate we
are monitoring residual contamination from the 1996 leaks.

ODCM section 2.1.2 requires that the concentrations of the radioactive materials released be
limited to 10 times (10X) the concentrations specified in 10CFR20, Appendix B, Table 2,
Column 2, with the exception for dissolved or entrained noble gases whose concentration shall
be limited to 1.OE-4 ýCi/ml.

The following discussion is based on a release duration of 1 minute, a release volume of
4,000 gallons, a total dilution of only 10,000 gallons, and the radionuclide concentrations from
1997. This is a very conservative estimate, since credit for the additional dilution provided by
the circulating water flume was not taken into consideration and the activity from 1997 was

higher with more radionuclides. The sum of the ratios of the concentration of each radionuclide
in the mixture to its effluent concentration limit (ECL) was 1.15. The sum of the ECL fractions

must be less than ten (<10) to ensure that the concentration limit for the mixture is not
exceeded. As can be seen, the sum is much less that ten. (1 OCFR20 Appendix B states that
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the sum of the fractions of the nuclides divided by their effluent concentration limits (ECLs) must
be less than one. Further NRC guidance, Technical Specifications, and the ODCM allow the

ECLs in Appendix B to be increased by a factor of 10. Mathematically this can be achieved by
dividing the nuclides by the original 1 OCFR 20 Appendix B ECLs and insuring that the sum of
the fractions is less than 10. The plant software performs the sum of the ECL fractions and
comparisons this way to insure compliance with 10CRF20 limits.)

ODCM section 2.1.3 requires that the annual dose to a member of the public, in unrestricted
areas, due to liquid releases from each unit be limited to 3 mrem to the total body and 10 mrem
to any organ. The dose in any quarter is limited to half of the annual limits. Dose calculations
were performed for this release, in accordance with ODCM section 2.4, to evaluate the doses
relative to this release. The total body dose was 6.66 E-5 mrem (2.2 E-3 % of its annual limit)
and the highest organ dose was 7.39 E-5 mrem to the GI-LLI, gastrointestinal track,
(7.4 E-4 % of its annual limit). The resultant doses are quite low and essentially do not
contribute to the quarterly and/or the annual dose limits. This provides a high degree of
assurance that the release in no way presented a threat to the health and safety of a member of
the public, even using the very low dilution rate. With a higher dilution value the ECL fraction
and the resultant doses are reduced further and become even less significant.

ODCM section 2.1.4 requires that the radwaste system be employed to reduce the radioactivity
in the liquid waste prior to its discharge whenever the projected dose due to the release would
exceed 0.06 mrem to the total body and 0.2 mrem to any organ. As shown in the previous
paragraph, the total body dose due to the release of the RHRSW was much less than
0.06 mrem and the maximum organ dose was much less than 0.2 mrem.

10CFR20.1302 (b)(1) requires that a licensee show compliance with the annual limit of
100 mrem to any member of the public by demonstrating that certain concentration limits of the
effluent at the point of release are not exceeded. This was addressed above in the assessment
of ODCM section 2.1.2.

10CFR20.1501 (a)(2)(ii) & (iii) requires the licensee to evaluate the concentration or quantities
of radioactive materials and the potential radiological hazard, respectively. The concentrations
and quantity of the radioactive materials in the release was evaluated by sampling and analysis
as discussed above. The potential radiological hazard was also evaluated by performance of
the dose calculations, which would be a result of the release, as discussed above in the
assessment of ODCM section 2.1.3.

This release does not constitute a Licensee Event Report (LER) based on the following.
10CFR 50.73 (A)(2)(VIII)(B) requires the licensee to report any liquid effluent release which
exceeds 20 times the applicable concentration specified in 1 OCFR20, Appendix B, Table 2,
column 2, at the point of entry into the receiving waters (i.e., unrestricted area). This is justified
as discussed above in the assessment of ODCM section 2.1.3; it can be seen that the
concentrations are much less that the applicable limits.
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Design Criterion 64 in Appendix A to 1 OCFR50 requires the monitoring of effluent discharge
paths. Performance of the sampling and analysis of the RHRSW service water before its
release complied with this criterion.

Compliance with Appendix I to 1 OCFR50 was assured by adherence to the applicable ODCM
sections as discussed above. Furthermore, Appendix I is the bases for one of these ODCM
sections.

40CFR1 90 is concerned with the annual dose to any member of the public due to releases of
radioactivity and to radiation from the uranium fuel cycle sources. This is addressed by
TS 5.5.4.j and implemented by ODCM section 5.1.2, which states that additional calculation and
reporting is required when any of the dose limits as specified in the ODCM sections 2.1.3, 3.1.3,
or 3.1.4 are exceeded by a factor of two. This requirement is not applicable for the release
based on the doses as discussed above in the assessment of ODCM section 2.1.3.

NRC Bulletin 80-10, "Contamination of Nonradioactive Systems and Resulting Potential for
Unmonitored, Uncontrolled Releases of Radioactivity to the Environment" lists four actions for
the licensee. First: identify the affected systems; the Unit 1 RHR "B" loop was identified.
Second: establish a sampling/analysis of monitoring program for the affected systems; this was
done. Third: restrict use of the system until the cause of the contamination is identified and
corrected, and the system is decontaminated. The release was the result of identifying the
leakage, implementation of corrective action and of decontaminating the system. The third
action also states, that, if it is considered necessary to continue operation of the system as
contaminated, then a 10CFR50.59 evaluation must be performed. This was done in 1996. The
fourth action calls attention to the regulations to be complied with and states that releases must
be monitored and controlled. The release of the RHR service water was sampled and
monitored (evaluated) by the sampling and analysis prior to the flush taking place; the release
was controlled in the fact that the flush was a planned evolution.

Administrative controls and sampling have been established to ensure that any future releases
would be within 1OCFR20 limits, reference Lab Standing Order, SO-HPC-001 -0402, and
64CH-SAM-028-0.
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1.0 LIQUID EFFLUENTS

This section contains applicable ODCM limits for liquid effluents as
well as the quantities of radioactive liquid effluents releasedduring
2009. These quantities are summarized on a quarterly basis and include
any unplanned releases. A tabulation of the total body and organ doses
which were calculated in accordance with ODCM 2.4 are presented to show.
conformance with the limits of ODCM 2.1.3.

1.1 Regulatory Requirements

1.1.1 Concentration Limits

Technical Specifications 5.5.4.b and 5.5.4.c state that the
concentration of radioactive material released in liquid effluents to
UNRESTRICTED AREAS (see ODCM Figure 10-1) shall be limited at all times
to ten times the concentrations specified in 10CFR20, Appendix B, Table
2, Column 2 for radionuclides other than dissolved or entrained noble
gases. For dissolved or entrained noble gases, the concentration shall
be limited to 1.OE-04 uCi/ml total activity.

1.1.2 Dose Limits

Technical Specifications 5.5.4.d and 5.5.4.e state that the dose or dose
commitment to a MEMBER OF THE PUBLIC from radioactive materials in
liquid effluents released, from each unit, to UNRESTRICTED AREAS
(see ODCM Figure 10-1) shall be limited:

a. During any calendar quarter to less than or equal to 1.5 mrem to the
total body and to less than or equal to 5 mrem to any organ, and

b. During any calendar year to less than or equal to 3 mrem to the total
body and to less than or equal to 10 mrem to any organ.

1.2 Effluent Concentration Limit (ECL)

ECL Values used in determining allowable liquid radwaste release rates
and concentrations, for principal gamma emitters, 1-131, tritium, Sr-89,
Sr-90 and Fe-55, are taken from 10CFR Part 20, Appendix B, Table 2,
Column 2. A tolerance-factor of up to 10 is utilized to allow
flexibility in establishing practical monitor setpoints which can
accommodate effluent releases at concentrations higher than the ECL
values stated in 10CFR20, Appendix B, Table 2, Column 2.

For dissolved or entrained noble gases in liquid radwaste, the ECL is
1.OE-04 uCi/ml total activity.

For gross alpha in liquid radwaste, the ECL is 2.OE-09 uCi/ml.

Furthermore, for all the above radionuclides, or categories of
radioactivity, the overall ECL fraction is determined in accordance with
10CFR Part 20, Appendix B.
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1.3 Measurements and Approximation of Total Radioactivity

The radionuclides listed below are considered when evaluating liquidý
effluents:

MN-54 CS-134
FE-59 CS-137
CO-58 CE-141
CO-60 CE-144
ZN-65 MO-99
SR-89 FE-55
SR-90 H-3
1-131

1.3.1 Total Radioactivity Determination

Batch Releases: Representative pre-release grab samples are obtained and
analyzed in accordance with ODCM Table 2-3. Isotopic analyses are
performed using the computerized pulse height analysis system utilizing
high resolution germanium detectors. Isotopic values thus obtained are
used for release rate calculations as specified in the ODCM. Only those
nuclides that are detected are used in the calculations. All Strontium
and Iron-55 samples are sent offsite to the Georgia Power Environmental
Laboratory for analysis. Gross beta and gross alpha determinations are
made using 2 pi gas flow proportional counters. Tritium determinations
are made using liquid scintillation techniques. Dissolved gases are
determined employing grab sampling techniques and then counting on the
pulse height analyzer.

The sample analyses results are used along with the ECL values to
determine the ECL fraction for the planned release. The ECL fraction is
then used, with the appropriate safety factors, and the expected
dilution stream flow, to calculate the maximum permissible release rate
and a liquid effluent monitor setpoint. The monitor setpoint is
calculated to assure that the limits of the ODCM are not exceeded. A
monitor reading in excess of the calculated setpoint will result in
automatic termination of the liquid radwaste discharge.

Radionuclide concentrations, safety factors, dilution stream flow rate,
and liquid effluent radiation monitor calibration factors are used by
the computer to generate a pre-release printout. If the release is not
permissible, appropriate warnings will be displayed on the computer
screen and on the printout. If the release is permissible, it is
approved by a Chemistry Technician. The release permit is transferred
from the Chemistry Department to the Operations Department for release.
When the release is completed, the actual release data are provided to
the Chemistry Department. These release data, including release rate and
release duration, are input into the computer and a post-release
printout is generated. This printout contains the actual release rates,
radionuclide concentrations and quantities, dilution flow, and
calculated doses to an individual.
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Continuous Releases: Continuous releases are analogous to batch
releases except that they are analyzed on a weekly composite basis in
accordance with ODCM Table 2-3.

Typically achieved liquid effluent sample analyses minimum detectable
concentrations are reported in Table 1-4.

1.3.2 Total Error Estimation

The maximum error associated with volume and flow measurements, based
upon plant calibration practice is estimated to be + or - 10%. The
average error-associated with counting is estimated to be
less than + or - 15%.

1.4 Liquid Effluent - Release Data

Summaries of all radioactive liquid effluents released from Units 1 and
2 during 2009 are presented in accordance with Regulatory Guide 1.21
Tables 2A and 2B. Information required by Table 2A is found in this
report in Tables 1-lA, 1-1B, and 1-1C; Table 2-B information is
presented in Tables 1-2A, 1-2B, and 1-2C. Data is presented on a
quarterly basis as required by Regulatory Guide 1.21 for all four
quarters.

1.5 Radiological Impact Due to Liquid Releases

The total body and organ doses for Units 1 and 2 are provided in the
following tables in order to show conformance with the limits of ODCM
2.1.3:

Unit 1 2009 Doses to a Member of the Public due to Liquid Releases:
Table 1-3A

Unit 2 2009 Doses to a Member of the Public due to Liquid Releases:
Table 1-3B
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1.6 Liquid Effluents Batch Releases

Batch release information for Units 1 and 2 is summarized in the
following tables:

Unit 12009 Liquid Effluents - Batch Release Summary: Table 1-5A

Unit 2 2009 Liquid Effluents - Batch Release Summary: Table I-5B

1.7 Liquid Effluents - Abnormal Releases

There were no abnormal releases during 2009.

Abnormal release information for Units 1 and 2 is summarized in the
following tables:

Unit 1 2009 Liquid Effluents - Abnormal Release Summary: Table 1-6A

Unit 2 2009 Liquid Effluents - Abnormal Release Summary: Table 1-6B
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Table 1-1A
Joseph M Farley Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Liquid Effluents - Summation of All Releases

Unit: 1
Starting: 1-Jan- 2009 Ending: 31-Dec-2009

Units 1ST Quarter 2ND Quarter 3RD QuarterType of Effluent

A. Fission And Activation Products

1. Total Release (not including
tritium, gases, alpha)

2. Average diluted concentration
during period

3. Percent of Applicable Limit

B. Tritium
1. Total Release
2. Average diluted Concentration

during period

3. Percent of Applicable Limit

C. Dissolved and Entrained Gases
1. Total Release
2. Average diluted Concentration

during period

3. Percent of Applicable Limit

D: Gross Alpha Radioactivity
1. Total Release

E: Waste Vol Release (Pre-Dilution)

F. Volume of Dilution Water Used

4TH Quarter

6.12E-04

4.10E-11

Curies

uCi/mL

2.46E-03

1.62E-10

6.71E-03

4.40E-10

1.10E-03

6.86E-11

Curies

uCi/mL

Curies

uCi/mL

Curies

1.36E+02

9.02E-06

7.13E-03

4.71E-10

3.44E+01

2.25E-06

8.43E-05

5.53E-12

0.OOE+00

7.02E+07

1.52E+10

4.OOE+01

2.49E-06

9.64E-06

6.01E-13

4.75E-06

7.68E+07

1.60E+10

1.23E+02

8.25E-06
,

2.32E-05

1.55E-12

4.20E-06

7.32E+07

1.49E+10

0.OOE+00,

7.59E+07

1.51E+10

Liters

Liters

* Applicable limits are expressed in terms of dose. See Tables 1-3A and 1-3B of this report.
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Table 1-1B

Joseph M Farley Nuclear Plant
RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Liquid Effluents - Summation of All Releases
Unit: 2

Starting: 1-Jan- 2009 Ending: 31-Dec-2009
Units 1ST Quarter 2ND Quarter 3RD QuarterType of Effluent

A. Fission And Activation Products

1. Total Release (not including

tritium, gases, alpha)

2. Average diluted concentration
during period

3. Percent of Applicable Limit

B. Tritium
1. Total Release
2. Average diluted Concentration

during period

3. Percent of Applicable Limit

C. Dissolved and Entrained Gases
1. Total Release
2. Average diluted Concentration

during period

3. Percent of Applicable Limit

D: Gross Alpha Radioactivity
1. Total Release

E: Waste Vol Release (Pre-Dilution)

Curies

uCi/mL

Curies

uCi/mL

Curies

uCi/mL

Curies

6.01E-03

4.30E-10

8.09E+01

5.79E-06

1.03E-02

5.54E-10

9.84E+01

5.32E-06

6.23E-04

3.37E-11

7.86E-06

8.02E+07

1.84E+10

9.15E-04

4.88E-11
,

1.08E+02

5.75E-06

1.46E-05

7.79E-13

5.94E-06

8.38E+07

1.87E+10

4TH Quarter

2.01E-03

1.25E-10

2.22E+02

1.37E-05

2.61E-05

1.62E-12

1.37E-05

8.55E-03

6.12E-10

O.OOE+00

6.25E+07

1.39E+10

Liters

Liters

6.91E+07

1.61E+10F. Volume of Dilution Water Used

* Applicable limits are expressed in terms of dose. See Tables 1-3A and 1-3B of this report.
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Table 1-1C

Joseph M Farley Nuclear Plant
RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Liquid Effluents - Summation of All Releases
Unit: Site

Starting: 1-Jan- 2009 Ending: 31-Dec-2009
Units 1ST Quarter 2ND Quarter 3RD QuarterType of Effluent

A. Fission And Activation Products

1. Total Release (not including

tritium, gases, alpha)

2. Average diluted concentration
during period

3. Percent of Applicable Limit

B. Tritium
1. Total Release
2. Average diluted Concentration

during period

3. Percent of Applicable Limit

C. Dissolved and Entrained Gases
1. Total Release
2. Average diluted Concentration

during period

3. Percent of Applicable Limit

D: Gross Alpha Radioactivity
1. Total Release

E: Waste Vol Release (Pre-Dilution)

F. Volume of Dilution Water Used

4TH Quarter

2.62E-03

8.44E-11

Curies

uCi/mL

8.47E-03

2.91E-10

1.70E-02

5.02E-10

2.02E-03

5.79E-11

Curies

uCi/mL

Curies

uCi/mL

Curies

2.17E+02

7;47E-06

1.57E-02

5.39E-10

1.33E+02

3.93E-06
,

7.07E-04

2.09E-11

7.86E-06

1.50E+08

3.36E+10

1.48E+02

4.25E-06

2.42E-05

6.97E-13

1.07E-05

1.61E+08

3.46E+10

3.45E+02

1.11E-05

4.93E-05

1.59E-12

1.79E-05

1.42E+08

3.09E+10

0.OOE+00

1.38E+08

2.90E+10

Liters

Liters

* Applicable limits are expressed in terms of dose. See Tables 1-3A and 1-3B of this report.
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Table 1-2A

Joseph M Farley Nuclear Plant
RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Liquid Effluents

Unit: 1
Starting: 1-Jan- 2009 Ending: 31-Dec-2009

Continuous Mode

Nuclides Released

Fission & Activation Products

Sr-90

Total For Period

Units 1ST Quarter 2ND Quarter 3RD Quarter 4TH Quarter

Curies
Curies

O.OOE+O0

O.OOE+O0

O.OOE+O0

O.OOE+O0

1.26E-04 O.OOE+00

1.26E-04 O.OOE+00

Tritium

No Nuclides Found Curies O.OOE+00 O.OOE+O0

O.OOE+00

O.OOE+O0

O.OOE+O0

0.OOE+00

0.OOE+00

Dissolved And Entrained Gases

No Nuclides Found . Curies O.OOE+00

Zeroes in this table indicates that no radioactivity was present at detectable levels.
See Table 1-4 for typical minimum detectable concentrations.
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Table 1-2A
Joseph M Farley Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Liquid Effluents

Unit: 1
1-Jan- 2009 Ending: 31-Dec-2009Starting:

Batch Mode

Nuclides Released

Fission & Activation Products

As-76
Co-57
Co-58
Co-60
Cr-51
Fe-55
1-131
1-133
Mn-54
Mn-56
Nb-95
Nb-97

Rb-86
Sr-89
Sr-90
Zn-65
Zr-95
Ba-139
Ce-139
Cs-137
Hg-203
Rh-105
Ru-105
Sb-122
Sb-124
Sb-125
Sn-113
Zeroes in this table indicates that no
concentrations.

Units 1ST Quarter 2ND Quarter 3RD Quarter 4TH Quarter

Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies

radioactivity was

6.53E-07 O.OOE+00
2.77E-07 O.OOE+00
2.11E-04 3.38E-03
1.23E-03 1.10E-03
2.76E-05 5.85E-04
6.63E-04 3.79E-04
O.OOE+00 O.OOE+00
1.33E-06 O.OOE+00
2.91E-06 3.10E-05
1.39E-06 O.OOE+00
2.83E-05 2.40E-04
1.91E-06 4.33E-06
7.70E-06 O.OOE+00
O.OOE+00 9.99E-06
5.20E-06 O.OOE+00
2.23E-04 4.07E-04
3.89E-06 1.02E-04
1.28E-06 O.OOE+00
3.45E-07 O.OOE+00
1.05E-05 4.37E-06
2.03E-07 O.OOE+00
1.46E-05 2.37E-04

O.OOE+00 1.24E-05
7.10E-07 O.OOE+00
O.OOE+00 1.96E-05
1.40E-05 1.92E-04

O.OOE+00 7.51E-06
present-at detectable levels.
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0.OOE+00
0.OOE+00
2.27E-04
2.59E-04

O.OOE+00
2.18E-04
0.OOE+00
O.OOE+00
4.01E-06
0.OOE+00
7.15E-06
5.58E-07

O.OOE+00
1.44E-05

O.OOE+00
2.05E-05
9.54E-07
O.OOE+00
O.00E+00
3.63E-05
0.00E+00
0.OOE+00
O.OOE+00
O.OOE+00
2.85E-07,
1.87E-04

O.00E+00
See Table 1-4

0.00E+00
0.00E+00
4.22E-05
2.63E-04
0.OOE+00
1.26E-04
7.02E-06
0.OOE+00
2.78E-06
O.OOE+0O
1.51E-05
0.OOE+00
0.OOE+00
4.03E-06
1.07E-06
3.84E-05
2.78E-06
O.OOE+00
O.00E+00
3.84E-05
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
7.13E-05
O.00E+00

for typical minimum detectable



Table 1-2A
Joseph M Farley Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Liquid Effluents

Unit: 1
Starting: 1-Jan- 2009 Ending: 31-Dec-2009

Batch Mode

Nuclides Released
Tc-99M
Ag-108M
Ag-110M

Total For Period

Units
Curies
Curies,
Curies
Curies

1ST Quarter
6.80E-07
9.07E-06
1.35E-06

2.46E-03

1.36E+02

2ND Quarter
O.OOE+O0
O.OOE+O0
O.OOE+O0
6.71E-03

3.44E+01

3RD Quarter
O.OOE+O0
O.OOE+O0
O.OOE+O0
9.74E-04

4.OOE+01

4TH Quarter
O.OOE+O0
O.OOE+O0
O.OOE+00
6.12E-04

1.23E+02

Tritium

H-3 Curies

Dissolved And Entrained Gases

Ar-41
Xe-133
Xe-135
Xe-137
Xe-133M

Total For Period

Curies 5.05E-06
Curies 7.04E-03
Curies 4.79E-05
Curies O.OOE+00
Curies 3.47E-05

Curies 7.13E-03

O.OOE+00
8.43E-05
O.OOE+OO
O.OOE+OO
O.OOE+00
8.43E-05

O.OOE+0O
9.64E-06
O.OOE+0O
O.OOE+0O
O.OOE+0O

9.64E-06

1.81E-06
8.58E-06
1.08E-06
1.17E-05
0.OOE+00
-2.32E-05

See Table 1-4 for typical minimum detectable concentrations.
Zeroes in this table indicates that no radioactivity was present at detectable levels.
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Table 1-2B
Joseph M Farley Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Liquid Effluents

Unit: 2
Starting: 1-Jan- 2009 Ending: 31-Dec-2009

Continuous Mode

Units 1ST Quarter 2ND Quarter 3RD Quarter 4TH QuarterNuclides Released

Fission & Activation Products

Sr-89

Total For Period

Curies
Curies

4.33E-04
4.33E-04

O.OOE+O0

O.OOE+00

O.OOE+O0 O.OOE+O0
O.OOE+O0 O.OOE+O0

Tritium

No Nuclides Found Curies O.OOE+O0 O.OOE+O0

Dissolved And Entrained Gases

No Nuclides Found Curies O.OOE+O0 O.OOE+O0

Zeroes in this table indicates that no radioactivity was present at detectable levels.
See Table 1-4 for typical minimum detectable concentrations.

O.OOE+O0

O.OOE+O0

O.OOE+O0

O.OOE+O0
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Table 1-2B
Joseph M Farley Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Liquid Effluents

Unit: 2
Starting: 1-Jan- 2009 Ending: 31-Dec-2009

Batch Mode

Nuclides Released Units 1ST Quarter 2ND Quarter 3RD Quarter 4TH Quarter

Fission & Activation Products

Be-7
Y-88
Y-95
Co-57
Co-58
Co-60
Cr-51
Fe-55
1-131
1-133
Mn-54
Na-24
Nb-95
Nb-97
Sr-89
Sr-90
W-187
Y-91M
Zn-65

Zr-95
Ba-140
Cs-137
Hg-203
Rh-105
Ru-103
Sb-122
Sb-124

See Table

Curies 2.45E-04
Curies 7.42E-07
Curies O.OOE+00
Curies O.OOE+00
Curies 7.35E-04
Curies 1.29E-03
Curies 5.92E-06
Curies 6.OOE-04

Curies 1.16E-05
Curies 5.08E-05

Curies 2.84E-05
Curies 8.55E-04

Curies 1.89E-05
Curies 1.52E-06
Curies 2.96E-05
Curies 5.38E-06
Curies 1.34E-05
Curies 5.OOE-06
Curies 5.93E-04
Curies O.OOE+00
Curies O.OOE+00
Curies 4.04E-04
Curies O.OOE+00
Curies 3.1OE-06
Curies O.OOE+00
Curies 4.30E-06
Curies 1.14E-05

1-4 for typical minimum detectable concentrations. Zeroes

0.OOE+00
0.OOE+00
2.74E-04
2.52E-06
2.45E-03
1.89E-03
1.23E-03
3.07E-04
O.OOE+00
O.OOE+00
5.31E-05
O.OOE+00
5.23E-04
1.80E-05
O.OOE+00
5.61E-06
O.OOE+00
0.OOE+00
1.22E-03
2.70E-04
0.OOE+00
2.34E-04
2.80E-07
5.77E-04
2.50E-06
6.35E-06
1.54E-04

in this table

0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
1.36E-04
2.82E-04
0.OOE+00
1.37E-04
0.OOE+00
0.OOE+00
6.85E-07
0.OOE+00
1.20E-05
1.39E-06
1.69E-05
0.OOE+00
0.OOE+00
0.OOE+00
8.28E-05
3.35E-06
0.OOE+00
9.63E-05
0OOE+00
0.OOE+00 /

O.OOE+00
0.00E+00
O.OOE+00

indicates that no

0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
9.05E-05
7.76E-04
0.OOE+00
1.21E-04

0.OQE+00
0.OOE+00
2.02E-05
0.OOE+00
2. 10E-05
0.OOE+00
0.OOE+00
O.OOE+00
0.OOE+00
0.OOE+00
3 .24E-04
4.56E-06
1.98E-06
1.OOE-04

0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00

radioactivity was present at detectable levels. - 12



Table 1-213
Joseph M Farley Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Liquid Effluents

unit: 2
Starting: 1-Jan- 2009 Ending: 31-Dec-2009

Batch Mode

Nuclides Released

Sb-125
Sb-126
Sn-113
Tc-99M
Te-131
Zn-69M
Ag-108M
Ag-110M
Total For Period

Tritium

H-3

Dissolved And Entrained Gases

Ar-41
Kr-87
Kr-85M
Xe-127
Xe-133
Xe-135
Xe-133M
Xe-135M
Total For Period

Units 1ST Quarter
Curies 5.84E-04
Curies O.OOE+00
Curies 3.20E-07
Curies 5.63E-05
Curies 6.79E-07
Curies 1.60E-05
Curies 3.98E-06
Curies O.OOE+00
Curies 5.58E-03

2ND Quarter
9.76E-04
7.38E-07
2.96E-06

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
5.42E-05
1.03E-02

3RD Quarter

1.46E-04
0.OOE+00
0.OOE+00
0.OOE+00
0.00E+00
0.OOE+00
0.00E+00
0.OOE+00
9.15E-04

4TH Quarter

5.54E-04
O.OOE+00
0.OOE+00
O.OOE+00
0.00E+00
0.OOE+00
0.OOE+00
O.OOE+00
2.01E-03

Curies 8.09E+01 9.84E+01 1.08E+02 2.22E+02

Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies

1.84E-05
0.OOE+00
3.63E-07
0.OOE+00
8230E-03
1.39E-04
8.50E-05
3.36E-06

8.55E-03

6.66E-06
0.00E+00
0.OOE+00
0.OOE+00
6.15E-04
8.97E-07
0.OOE+00
0.OOE+00

6.23E-04

1.91E-06
5.23E-07
0.OOE+00
0.00E+00
1.22E-05

0.OOE+00
0.OOE+00
0.00E+00
1.46E-05

0.OOE+00
0.OOE+00
0.OOE+00
1.34E-06
2.48E-05

0.OOE+00
0.OOE+00
0.OOE+00

2.61E-05

See Table 1-4 for typical minimum detectable concentrations.

Zeroes in this table indicates that no radioactivity was present at detectable levels.
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Table 1-2C
Joseph M Farley Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Liquid Effluents

Unit: Site
Starting: 1-Jan- 2009 Ending: 31-Dec-2009

Continuous Mode

Nuclides Released

Fission & Activation Products

Sr-89
Sr-90
Total For Period

Tritium
No Nuclides Found

Dissolved And Entrained Gases
No Nuclides Found

Units

Curies
Curies
Curies

1ST Quarter 2ND Quarter 3RD Quarter 4TH Quarter

4.33E-04
O.OOE+O0

4.33E-04

O.OOE+O0
O.OOE+O0

O.OOE+00

O.OOE+O0
1.26E-04

1.26E-04

O.OOE+00
O.OOE+00

O.OOE+O0

Curies O.OOE+00 O.OOE+O0

O.OOE+00

0.OOE+00

0.OOE+00

0.OOE+00

0.OOE+00Curies O.OOE+00

Zeroes in this table indicates that no radioactivity was present at detectable levels.
See Table 1-4 for typical minimum detectable concentrations.
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Table 1-2C

Joseph M Farley Nuclear Plant
RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Liquid Effluents
Unit: Site

1-Jan- 2009 Ending: 31-Dec-2009Starting:
Batch Mode

Nuclides Released Units 1ST Quarter 2ND Quarter 3RD Quarter 4TH Quarter

Fission & Activation Products

Be-7 Curies

Y-88 Curies
Y-95 Curies

As-76 Curies

Co-57 Curies
Co-58 Curies
Co-60 Curies
Cr-51 Curies
Fe-55 Curies
1-131 Curies

1-133 Curies
Mn-54 Curies
Mn-56 Curies
Na-24 Curies
Nb-95 Curies
Nb-97 Curies
Rb-86 Curies
Sr-89 Curies
Sr-90 Curies

W-187 Curies
Y-91M Curies
Zn-65 Curies

Zr-95 Curies
Ba-139 Curies

Ba-140 Curies

Ce-139 Curies
Cs-137 Curies

See Table 1-4 for typical minimum detectable
radioactivity was present at detectable levels.

2.45E-04 O.OOE+00 O.OOE+00
7.42E-07 O.OOE+00 O.OOE+00
O.OOE+00 2.74E-04 O.OOE+00
6.53E-07 O.OOE+00 O.OOE+00
2.77E-07 2.52E-06 O.OOE+00
9.46E-04 5.83E-03 3.63E-04
2.52E-03 2.99E-03 5.41E-04
3.35E-05 1.82E-03 O.OOE+00
1.26E-03 6.86E-04 3.55E-04
1.16E-05 O.OOE+00 O.OOE+00
5.21E-05 O.OOE+00 O.OOE+00
3.14E-05 8.41E-05 4.69E-06
1.39E-06 O.OOE+00 O.OOE+00
8.55E-04 O.OOE+00 O.OOE+00
4.72E-05 7.63E-04 1.92E-05
3.43E-06 2.24E-05 1.95E-06
7.70E-06 O.OOE+00 O.OOE+00
2.96E-05 9.99E-06 3.13E-05

1.06E-05 5.61E-06 O.00E+00
i.34E-05 0.OOE+00 0.OOE+00

5.OOE-06 0.OOE+00 O.OOE+00
8.16E-04 1.63E-03 1.03E-04

3.89E-06 3.72E-04 4.30E-06
1.28E-06 O.OOE+00 O.OOE+00

O.OOE+00 O.OOE+oo O.OOE+00
3.45E-07 O.OOE+00 Q.OOE+00
'4.15E-04 2.39E-04 1.33E-04

concentrations. Zeroes in this table indicates that no
- 15 -

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
1.33E-04
1.04E-03

0.0OE+00
2.46E-04
7.02E-06
O.OOE+O0
2.30E-05
O.OOE+O0
O.OOE+O0
3.61E-05
O.OOE+00
O.OOE+O0
4.03E-06
1.07E-06

O.OOE+O0
O.OOE+O0
3.62E-04
7.34E-06
O.OOE+00
1.98E-06

O.OOE+00
1.38E704



Table 1-2C
Joseph M Farley Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Liquid Effluents

Unit:
1-Jan- 2009

Site
Ending: 31-Dec-2009Starting:

Batch Mode

Nuclides Released

Hg-203
Rh-105
Ru-103
Ru-105
Sb-122
Sb-124
Sb-125
Sb-126
Sn-113
Tc-99M
Te-131
Zn-69M
Ag-108M
Ag-110M
Total For Period

Units 1ST Quarter

Curies 2.03E-07
Curies 1.77E-05
Curies O.OOE+00
Curies O.OOE+00
Curies 5.01E-06
Curies 1.14E-05
Curies 5.98E-04
Curies O.OOE+00
Curies 3.20E-07
Curies 5.70E-05
Curies 6.79E-07
Curies 1.60E-05
Curies 1.30E-05
Curies 1.35E-06
Curies 8.03E-03

2ND Quarter

2.80E-07
8.14E-04
2.50E-06
1.24E-05
6.35E-06
1.74E-04
1.17E-03
7.38E-07
1.05E-05
0.00E+00
0.OOE+00
0.OOE+00
0.OOE+00
5.42E-05

1.70E-02

3RD Quarter

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
2.85E-07
3.33E-04
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00

4TH Quarter

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
6.25E-04
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00

1.89E-03 2.62E-03

Tritium

H-3 Curies 2.17E+02 1.33E+02 1.48E+02 3.45E+02

See Table 1-4 for typical minimum detectable concentrations.
Zeroes in this table indicates that no radioactivity was present at detectable levels.
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Table 1-2C
Joseph M Farley Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Liquid Effluents

'Unit:
1-Jan- 2009

Site
Ending: 31-Dec-2009Starting:

Batch Mode

Nuclides Released

Dissolved And Entrained Gases

Units 1ST Quarter 2ND Quarter 3RD Quarter 4TH Quarter

Ar-41
Kr-87
Kr-85M
Xe-127
Xe-133
Xe-135
Xe-137
Xe-133M
Xe-135M

Total For Period

Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies

2.34E-05
O.OOE+00
3.63E-07
O.OOE+00
1.53E-02
1.87E-04
O.OOE+00
1.20E-04
3.36E-06

1.57E-02

6.66E-06
O.OOE+00
O.OOE+00
O.OOE+00
7.OOE-04
8.97E-07
O.OOE+00
O.OOE+00
O.OOE+00

7.07E-04

1.91E-06
5.23E-07
0.O0E+00
O.OOE+00
2.18E-05
O.OOE+00
O.OOE+00
0.OOE+00
0.OOE+00

1.81E-06
O.OOE+00
O.OOE+00
1.34E-06
3.33E-05
1.08E-06
1.17E-05
0.OOE+00
0.OOE+00

2.42E-05 4.93E-05

Zeroes in this table indicates that no radioactivity was present at
See Table 1-4 for typical minimum detectable concentrations.

detectable levels.
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Table 1-3A
Joseph M Farley Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Doses to a member of the public due to Liquid Releases
Unit: 1

Starting: 1-Jan- 2009 Ending: 31-Dec-2009

Cumulative Doses Per Quarter

Organ ODCM Lmt
Bone 5.OOE+00

GI-Lli 5.OOE+00
Kidney 5.OOE+00
Liver 5.OOE+00

Lung 5.OOE+00

Thyroid 5.OOE+00

Units
mRem
mRem
mRem
mRem
mRem
mRem

1ST Qtr %/o ODCM 2ND Qtr %/o ODCM
3.46E-04 6.92E-03 1.31E-04 2.62E-03

2.09E-03 4.17E-02 1.19E-03 2.38E-02

1.59E-03 3.18E-02 3.58E-04 7.16E-03

1.80E-03 3.59E-02 4.74E-04 9.48E-03

1.72E-03 3.45E-02 1.22E-03 2.44E-02

1.57E-03 3.14E-02 3.28E-04 6.57E-03

3RD Qtr % ODCM 4TH Qtr %/o ODCM
8.54E-03 1.71E-01 1.13E-04 2.26E-03
8.33E-04

4.16E-04

4.96E-04

1.29E-03

3.96E-04

1.67E-02

8.31E-03

9.92E-03

2.58E-02

7.92E-03

1.49E-03

1.38E-03

1.45E-03

1.72E-03

1.38E-03

2.98E-02
2.77E-02
2-.90E-02
3.43E-02
2.76E-02

Total Body 1.50E+00 mRem 1.72E-03 1.14E-01 4.39E-04 2.93E-02 2.52E-03 1.68E-01 1.42E-03 9.48E-02

Cumulative Doses per Year

Organ
Bone
GI-Lli
Kidney
Liver
Lung
Thyroid

ODCM Lmt
1.OOE+01

1.00E+01

1.00E+01

1.00E+01

1.00E+01

1.OOE+01

Units
mRem
mRem
mRem
mRem
mRem
mRem

Year to Ending Date

9.13E-03

5.60E-03

3.75E-03

4.22E-03

5.95E-03

3.67E-03

% ODCM

9.13E-02

5.60E-02

3.75E-02

4.22E-02

5.95E-02

3.67E-02

Receptor

Maximum Individual Liquid

Maximum Individual Liquid

Maximum Individual Liquid

Maximum Individual Liquid

Maximum Individual Liquid

Maximum Individual Liquid

Limit
Liquid Effluent Organ Annual

Liquid Effluent Organ Annual

Liquid Effluent Organ Annual

Liquid Effluent Organ Annual

Liquid Effluent Organ Annual

Liquid Effluent Organ Annual

Total Body 3.OOE+00 mRem 6.10E-03 2.03E-01 Maximum Individual Liquid Liquid Effluent TB Annual
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Table 1-3B
Joseph M Farley Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Doses to a member of the public due to Liquid Releases

Unit: 2
Starting: 1-Jan- 2009 Ending: 31-Dec-2009

Cumulative Doses Per Quarter

Organ ODCM Lmnt
Bone 5.O0E+00
GI-Lli 5.OOE+00

Kidney 5.OOE+00
Liver 5.OOE+00
Lung 5.OOE+00
Thyroid 5.OOE+00

Units
mRem
mRem
mRem
mRem
mRem
mRem

1ST Qtr %/a ODCM 2ND Qtr %/o ODCM 3RD Qtr %/o ODCM 4TH Qtr %/a ODCM
2.30E-03 4.59E-02 5.04E-04 1.01E-02 1.45E-04 2.90E-03 1.75E-04 3.51E-03
2.15E-03 4.30E-02 2.47E-03 4.94E-02 1.11E-03 2.22E-02 2.74E-03 5.48E-02
1.24E-03 2.49E-02 1.15E-03 2.30E-02 1.00E-03 2.OOE-02 2.32E-03 4.63E-02
1.88E-03 3.76E-02 1.48E-03 2.96E-02 1.11E-03 2.23E-02 2.46E-03 4.92E-02
4.36E-03 8.72E-02 5.09E-03 1.02E-01 1.61E-03 3.22E-02 5.06E-03 1.01E-01
1.01E-03 2.01E-02 9.69E-04 1.94E-02 9.54E-04 1.91E-02 2.24E-03 4.49E-02

Total Body 1.50E+00 mRem 1.62E-03 1.08E-01 1.35E-03 9.02E-02 1.06E-03 7.04E-02 2.39E-03 1.59E-01

Cumulative Doses per Year

Organ
Bone
GI-Lli
Kidney
Liver
Lung
Thyroid

ODCM Lmnt
1.OOE+01

1.OOE+01

1.OOE+01

1.00E+01

1.00E+01

1.00E+01

Units
mRem
mRem
mRem
mRem
mRem
mRem

Year to Ending Date
3.12E-03

8.47E-03

5.71E-03

6.93E-03

1.61E-02

5.17E-03

%/o ODCM

3.12E-02

8.47E-02

5.71E-02

6.93E-02

1.61E-01

5.17E-02

Receptor
Maximum Individual Liquid

Maximum Individual Liquid

Maximum Individual Liquid,

Maximum Individual Liquid.

Maximum Individual Liquid

Maximum Individual Liquid

Limit
Liquid Effluent Organ Annual

Liquid Effluent Organ Annual

Liquid Effluent Organ Annual

Liquid Effluent Organ Annual

Liquid Effluent Organ Annual

Liquid Effluent Organ Annual

Total Body 3.OOE+00 mRem 6.42E-03 2.14E-01 Maximum Individual Liquid Liquid Effluent TB Annual
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TABLE 1-4
Joseph M. Farley Nuclear Plant

ANNUAL RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
MINIMUM DETECTABLE CONCENTRATION - LIQUID SAMPLE ANALYSES

The values in this table represent a priori Minimum Detectable Concentrations (MDC) that are typically achieved
in laboratory analyses of liquid radwaste samples.

Nuclide MDC (uCi/ML)

MN-54 4.01E-08

CO-58 3.12E-08

FE-59 9.04E-08

CO-60 1.76E-08

ZN-65 1.19E-07

MO-99 2.98E-07

1-131 3.05E-08

CS-134 4.01E-08

CS-137 3.84E-08

CE-141 4.21E-08

CE-144 1.51E-07
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Table 1-5A
Joseph M Farley Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Liquid Effluents - Batch Release Summary

Unit: 1
Starting:

Liquid Releases

1. Number of batch releases

2. Total time period for Batch releases

3. Maximum time period for a batch release

4. Average time period for a batch release

5. Minimum time period for a batch release

6. Average stream flow during periods

of release of liquid effluent into
a flowing stream *

Units

( Minutes

( Minutes

( Minutes

( Minutes

)
)
)
)

1-Jan- 2009
1ST Quarter

110

1.27E+04

1.74E+02

1.15E+02

9.90E+01

2ND Quarter

56

6.92E+03

1.65E+02

1.24E+02

1.05E+02

3.14E+05

30

3.85E+03

1.41E+02

1.28E+02

1.10E+02

1.83E+05

31
3.99E+03

1.55E+02

1.29E+02

1.10E+02

7.58E+05

3RD Quarter 4TH Quarter

Ending: 31-Dec-2009
Year Totals

227

2.74E+04

1.74E+02

1.21E+02

9.90E+01

3.98E+05( CFS ) 3.35E+05

Average River Flow Rate, taken at Walter F. George Lock and Dam, located 30.7 miles above Farley Nuclear Plant.
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Table 1-5B
Joseph M Farley Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Liquid Effluents - Batch Release Summary

Unit: 2
Starting: 1-Jan- 2009 Ending: 31-Dec-2009

Liquid Releases

1. Number of batch releases
Units 1ST Quarter

86
2ND Quarter

90
3RD Quarter 4TH Quarter Year Totals

31360 II

2. Total time period for Batch releases ( Minutes ) 8.68E+03 9.37E+03 6.93E+03

3. Maximum time period for a batch release ( Minutes ) 1.35E+02 1.77E+02 1.72E+02

4. Average time period for a batch release (Minutes) 1.01E+02 1.04E+02 1.16E+02

5. Minimum time period for a batch release (Minutes) 8.50E+01 8.90E+01 9.10E+01

6. Average stream flow during periods

of release of liquid effluent into
a flowing stream * ( CFS) 3.35E+05 3.14E+05 1.83E+05

Average River Flow Rate, taken at Walter F. George Lock and Dam, located 30.7 miles above Farley Nuclear Plant.

8.34E+03

1.73E+02

1.08E+02

1.OOE+00

7.58E+05

3.33E+04

1.77E+02

1.06E'+02

1.OOE+00

3.98E+05
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Liquid Releases

1. Number of Releases

2. Total Time For All Releases

3. Maximum Time For A Release

4. Average Time For A Release

5. Minimum Time For A Release

6. Total activity for all releases

Table 1-6A
Joseph M Farley Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Liquid Effluents - Abnormal Release Summary

Unit: 1
Starting: 1-Jan- 2009 Ending: 31-Dec-2009

Units 1ST Quarter 2ND Quarter 3RD Quarter 4TH Quarter Year Totals
0 0 0- 0 0

(Minutes) O.OOE+00 O.OOE+00 0.00E+00 O.OOE+00 O.OOE+00

(Minutes) O.OOEtO0 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00

(Minutes) O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00

(Minutes ) O.OOE+00 O.OOE+00 0.OOE+00 O.OOE+00 O.OOE+00

(Curies) O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00 0.00E+00I
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Table 1-6B

Joseph M Farley Nuclear Plant
RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Liquid Effluents - Abnormal Release Summary
Unit: 2

Liquid Releases

1. Number of Releases

2. Total Time For All Releases

3. Maximum Time For A Release

4. Average Time For A Release

5. Minimum Time For A Release

6. Total activity for all releases

Starting:
Units

( Minutes)

( Minutes)

( Minutes)

( Minutes)

(Curies )

1-Jan- 2009
1ST Quarter

0

0.OOE+00

O.OOE+00

O.OOE+00

O.OOE+00

O.OOE+00

Ending: 31-Dec-2009
2ND Quarter ý3RD Quarter 4TH Quarter Year Totals

0 0 0 0

O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00

0.OOE+00 0.00E+00 0.OOE+00 0.00E+00

0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00

o.OOE+00 O.OOE+00 0.OOE+00 O.OOE+00

O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00
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2.0 GASEOUS EFFLUENTS

This section contains applicable ODCM limits for gaseous effluents as well
as the quantities of radioactive gaseous effluents released during 2009.
These quantities are summarized on a quarterly basis and include any
unplanned releases. Tabulations are provided of the offsite air doses
calculated in accordance with ODCM 3.4.2 to show conformance with the limits
of ODCM 3.1.3, and the offsite organ doses to a member of the public
calculated in accordance with ODCM 3.4.3 to show conformance with ODCM
3.1.4.

2.1 Regulatory Requirements

The requirements presented in this section are for Unit 1 and Unit 2.

2.1.1 Dose Rate Limits

The dose rates due to radioactive materials released in gaseous effluents
from the site to areas at and beyond the SITE BOUNDARY shall be limited to
the following:

a. For noble gases: Less than or equal to 500 mrem/yr. to the whole body and
less than or equal to 3000 mrem/yr. to the skin, and

b. For Iodine-131, Iodine-133,tritium and for all radionuclides in
particulate form with half-lives greater than 8 days: Less than or equal
to 1500 mrem/yr. to any organ.

2.1.2 Air Doses Due to Noble Gases in Gaseous Releases

The air dose due to noble gases released in gaseous effluents, from each
reactor unit, to areas at and beyond the SITE BOUNDARY (see ODCM Figure
10-1) shall be limited to the following:

a. During any calendar quarter: Less than or equal to 5 mrad for gamma
radiation and less than or equal to 10 mrad for beta radiation, and

b. During any calendar year: Less than or equal to 10 mrad for gamma
radiation and less than or equal to 20 mrad for beta radiation.
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2.1.3 Doses to a Member of the Public

The dose to a MEMBER OF THE PUBLIC from 1-131, 1-133, tritium, and all
radionuclides in particulate form with half-lives greater than 8 days in
gaseous effluents released, from each reactor unit, to areas at and beyond
the SITE BOUNDARY (see ODCM Figure 10-1) shall be limited to the following:

a. During any calendar quarter: Less than or equal to 7.5 mrem to any
organ, and

b. During any calendar year: Less than or equal to 15 mrem to any
organ.

2.2 Measurements and Approximation of Total Radioactivity

The following noble gases are considered in evaluating gaseous effluents:

KR-87 XE-133
KR-88 XE-135
XE-133M XE-138

The following radioiodines and radioactive materials in particulate form are
specifically considered in evaluating gaseous effluents:

MN-54 MO-99
FE-59 1-131
CO-58 CS-134
CO-60 CS-137
ZN-65 CE-141
SR-89 CE-144
SR-90 H-3
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2.2.1 Sample collection and Analysis

Periodic grab samples from plant effluent streams are analyzed by a
computerized pulse height analyzer system utilizing high resolution
germanium detectors. Samples are obtained and analyzed in accordance with
ODCM Table 3-3. Isotopic values thus obtained are used for release rate
calculations as specified in ODCM 3.4.2 and ODCM 3.4.3. Only those nuclides
which are detected are used in calculations. For radioiodines and
particulates, in addition to the nuclides listed above other nuclides with
half-lives greater than 8 days which are identified are also considered.

Continuous Releases: Continuous sampling is performed on the continuous
release points (i.e. the Plant Vent Stack, Containment Purge when in
continuous mode, and the Turbine Building Vent). Particulate material is
collected by filtration. Periodically these filters are removed and analyzed
on the pulse height analyzer to identify and quantify radioactive materials
collected on the filters. Particulate filters are then analyzed for gross
alpha and strontium as required. All gross alpha, Sr-89 and SR-90 samples
are sent offsite to the Georgia Power Environmental Laboratory for analysis.

Batch Releases: The processing of batch type releases (from Containment when
in batch mode, or Waste Gas Decay Tanks) is analogous to continuous
releases, except that the release is not commenced until samples have been
obtained and analyzed. Containment Purge batch releases were commenced at
FNP beginning in 2006 in order to take advantage of additional decay time
for short lived radionuclides.

Typically achieved minimum detectable concentrations for gaseous effluent
sample analyses are reported in Table 2-6.

2.2.2 Total Quantities of Radioactivity, Dose Rates, and Cumulative Doses

The methods for determining release quantities of radioactivity, dose
rates, and cumulative doses follow:
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2.2.2.1 Fission and Activation Gases

The released radioactivity is determined using sample analyses results
collected as described in section 2.2.1 and the average release flow rates
over the period represented by the collected sample.

Dose rates due to noble gases, radioiodines, tritium, and particulates are
calculated (with computer assistance). The calculated dose rates are
compared to the dose rate limits specified in ODCM 3.1.2 for noble gases,
radioiodine, tritium, and particulates. Dose rate calculation methodology is.
presented in the ODCM.

Beta and gamma air doses due to noble gases are calculated for the location
in the unrestricted area with the potential for the highest exposure due to
gaseous releases. Air doses are calculated for each release period and
cumulative totals are kept for each unit for the calendar quarter and year.
Cumulative air doses are compared to the dose limits specified in ODCM
3.1.3. The current percent of the ODCM limits are shown on the printout for
each release period. Air dose calculation methodology is presented in the
ODCM.

2.2.2.2 Radioiodine, Tritium, and Particulate Releases

Released quantities of radioiodines are determined using theiweekly samples
and release flow rates for the applicable release points. Radioiodine
concentrations are determined by gamma spectroscopy.

Release quantities of particulates are determined using the weekly (filter)
samples and release flow rates for the applicable release points. Gamma
spectroscopy is used to quantify the concentrations of principal gamma
emitters.

After each quarter, the particulate filters from each applicable vent (plant
vent stack and containment purge) are combined, fused, and a strontium
separation is performed. Since sample flows and vent flows are almost
constant over each quarterly period the filters from each vent can be
dissolved together. Decay corrections are performed back to the middle of
the quarterly collection period. If Sr-89 or Sr-90 is not detected, MDC's
are calculated. Strontium concentrations are input into the composite file
of the computer and used for release dose rate and individual dose
calculations.

Tritium samples are obtained monthly from the Plant Vent Stack, the
Containment Purge when in batch mode, and the Turbine Building Vent (and
weekly for Containment Purge when in continuous mode) by passing the sample
stream through a cold trap or by using the bubble method. The grams of water
vapor/cubic meter is measured upstream of the cold trap in order to
alleviate the difficulties in determining water vapor collection
efficiencies. The tritium samples are analyzed onsite and the results
furnished in uCi/ml of water. The tritium concentration in water is
converted to the tritium concentration in air and this value is input into
the composite file of the computer and used in release, dose rate,and
individual dose calculations.
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Dose rates due to radioiodine, tritium and particulates are calculated for a
hypothetical child exposed to the inhalation pathway at the. location in the
unrestricted area where the potential dose rate is expected to be the
highest. Dose rates are calculated, for each release point for each release
period, and the dose rates from eachrelease point is compared to the dose
rate limits specified in ODCM 3.1.2, allocated for each release point as
described in ODCM 3.3.2.

Doses to a Member of the Public (individual doses) due to radioiodine,
tritium and particulates are calculated for the controlling receptor, which
is described in the ODCM. Individual doses are calculated for each release
period, and cumulative totals are kept for each unit, for the current
calendar quarter and year. Cumulative individual doses are compared to the
dose limits specified in ODCM 3.1.4. The current percent of ODCM limits are
shown on the printout for each release period.

2.2.2.3 Gross Alpha Release

The gross alpha release is computed each month by counting the particulate
filters, for each week for gross alpha activity in a proportional counter.
The highest concentration calculated for any of these weeks is used for the
monthly value. This value is input into the composite file of the computer
and used for release calculations.

2.2.3 Total Error Estimation

The maximum errors associated with monitor readings, sample flow, vent flow,
sample collection, monitor calibration and laboratory procedure are
collectively estimated to be:

Fission and
Activation Gases Iodine Particulates Tritium

75% 60% 50% 45%

The average error associated with counting is estimated to be:

Fission and
Activation Gases Iodine Particulates Tritium

19% 28% 200 8%
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2.3 Gaseous Effluent Release Data

Regulatory Guide 1.21 Tables 1A, lB and 1C are found in this report as
Tables 2-1A, 2-1B, 2-1C, 2-2A, 2-2B, 2-2C, 2-3A, 2-3B, and 2-3C. Data are
presented on a quarterly basis as required by Regulatory Guide 1.21.

To complete Tables 2-1A and 2-1B, the total release for each of the four
categories (fission and activation gases, radioiodines, particulates and
tritium) was divided by the number of seconds in the quarter to obtain a
release rate in uCi/second for each category. However, the percent of the
ODCM limits are not applicable because FNP has no curie limit for gaseous
releases. Applicable limits are expressed in terms of dose. Noble gases are
limited as specified in ODCM 3.1.2. The other three categories (tritium,
radioiodines, and particulates) are limited as a group as specified in ODCM
3.1.2.

Dose rates due to noble gas releases and due to radioiodines, tritium and
particulate releases were calculated as part of the pre-release and post-
release permits. No limits were exceeded for this reporting period.

Gross alpha radioactivity is reported in Tables 2-1A, 2-1B and 2-1C as
curies released in each quarter.

Limits for cumulative beta and gamma air doses due to noble gases are
presented in Tables 2-4A and 2-4B along with the percent of ODCM limits.

Limits for cumulative doses to an individual due to radioiodines, tritium
and particulates are specified in ODCM 3.1.4. Cumulative individual doses
are presented in Tables 2-5A and 2-5B along with percent of ODCM limits.
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2.4 Radiological Impact Due to Gaseous Releases

The air doses due to noble gases and doses to a Member of the Public due to
radioiodines, tritium and particulates in gaseous effluents for Units 1 and
2 are provided in the following tables in order to show conformance with the
limits of ODCM 3.1.3 and ODCM 3.1.4:

Unit 1'2009 Air Doses Due to Noble Gases in Gaseous Releases: Table 2-4A

Unit 2 2009 Air Doses Due to Noble Gases in Gaseous Releases: Table 2-4B

Unit 1 2009 Doses to a Member of the Public Due to Radioiodines, Tritium,
and Particulates in Gaseous Releases: Table 2-.5A

Unit 2 2009 Doses to a Member of the Public Due to Radioiodines, Tritium,
and Particulates in Gaseous Releases: Table 2-SB

2.5 Gaseous Effluents - Batch Releases

Batch release information for Units 1 and 2 is summarized in the following
tables:

Unit 1 2009 Gaseous Effluents - Batch Release Summary: Table 2-7A

Unit 2 2009 Gaseous Effluents - Batch Release Summary: Table 2-7B

2.6 Gaseous Effluents - Abnormal Releases

There were no abnormal releases on Unit 1 or Unit 2 during 2009.

Abnormal release information for Units 1 and 2 is summarized in the
following tables:

Unit 1 2009 Gaseous Effluents - Abnormal Release Summary: Table 2-8A
Unit 2 2009 Gaseous Effluents - Abnormal Release Summary: Table 2-8B
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Table 2-1A
Joseph M Farley Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Gaseous Effluents - Summation Of All Releases

Unit: 1
Starting: 1-Jan- 2009 Ending: 31-Dec-2009

Type of Effluent Units 1ST Quarter 2ND Quarter 3RD Quarter 4TH Quarter

A. Fission And Activation Gases
1. Total Release Curies 1.26E+01 1.07E+00 3.13E+00 9.91E-01

2. Average Release rate for period uCi/sec 1.60E+00 1.36E-01 3.97E-01 1.26E-01

3. Percent of Applicable Limit % * * * *

B. Radioiodines
1. Total Iodine-131 Curies O.OOE+00 3.01E-06 3.47E-06 O.OOE+00

2. Average Release rate for period uCi/sec O.OOE+00 3.82E-07 4.41E-07 O.OOE+00

3. Percent of Applicable Limit %* * * *

C. Particulates
1. Particulates ( Half-Lives > 8 Days) Curies 2.21E-07 6.41E-07 2.12E-07 1.27E-07

2. Average Release rate for period uCi/sec 2.80E-08 8.13E-08 2.69E-08 1.613E-08

3. Percent of Applicable Limit %* * * *

D. Tritium
1. Total Release Curies 1.44E+00 3.38E+00 1.16E+01 7.OOE+00

2. Average Release rate for period uCi/sec 1.82E-01 4.28E-01 1.47E+00 8.88E-01

3. Percent of Applicable Limit * * * *

E. Gross Alpha
1. Total Release Curies O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00

2. Average Release rate for period uCi/sec O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00

• Applicable limits are expressed in terms of dose. See Tables 2-4A, 2-4B, 2-5A, 2-5B of this report.
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Table 2-1B
Joseph M Farley Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Gaseous Effluents - Summation Of All Releases

Unit: 2
Starting: 1-Jan- 2009 Ending: 31-Dec-2009

Type of Effluent Units 1ST Quarter 2ND Quarter 3RD Quarter 4TH Quarter

A. Fission And Activation Gases

1. Total Release

2. Average Release rate for period

3. Percent of Applicable Limit

B. Radioiodines

1. Total Iodine-131

2. Average Release rate for period

3. Percent of Applicable Limit

C. Particulates
1. Particulates ( Half-Lives > 8 Days)

2. Average Release rate for period

3. Percent of Applicable Limit

D. Tritium

1. Total Release

2. Average Release rate for period

3. Percent of Applicable Limit

E. Gross Alpha
1. Total Release

2. Average Release rate for period

Curies

uCi/sec

Curies

uCi/sec

Curies

uCi/sec

Curies

uCi/sec

Curies

uCi/sec

1.50E+01

1.91E+00

0.OOE+00

O.OOE+00

O.OOE+O0

O.OOE+OO

4.88E+00

6.19E-01

O.OOE+00

0.OOE+00

2.82E-01

3.57E-02

0.OOE+O0

0.OOE+O0

1.62E-07

2.05E-08

3.97E+00

5.03E-01

0.OOE+00

6.85E-01

8.69E-02

0.OOE+00

0.OOE+00

1.02E-07

1.29E-08
*

6.86E+00

8.70E-01

O.OOE+00

0.OOE+00

4.48E-01

5.68E-02

O.OOE+00

O.OOE+00

1.61E-07

2.044E-08
,

3.36E+00

4.26E-01

0.OOE+00

0.OOE+00

*Applicable limits are expressed in terms of dose. See Tables 2-4A, 2-4B, 2-5A, 2-5B of this report.
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Table 2-1C
Joseph M Farley Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Gaseous Effluents - Summation Of All Releases

Unit: Site
Starting: 1-Jan- 2009 Ending: 31-Dec-2009

w

Type of Effluent Units 1ST Quarter 2ND Quarter 3RD Quarter 4TH Quarter

A. Fission And Activation Gases
1. Total Release Curies 2.76E+01 1.35E+00 3.81E+00 1.44E+00

2. Average Release rate for period uCi/sec 3.51E+00 1.71E-01 4.84E-01 1.82E-01

3. Percent of Applicable Limit %* * * *

B. Radioiodines
1. Total Iodine-131 Curies O.OOE+00 3.01E-06 3.47E-06 O.OOE+00

2. Average Release rate for period uCi/sec O.OOE+00 3.82E-07 4.41E-07 O.OOE+00

3. Percent of Applicable Limit %* * * *

C. Particulates
1. Particulates ( Half-Lives > 8 Days) Curies 2.21E-07 8.03E-07 3.14E-07 2.88E-07

2. Average Release rate for period uCi/sec 2.80E-08 1.02E-07 3.98E-08 3.657E-08

3. Percent of Applicable Limit %* * * *

D. Tritium
1. Total Release Curies 6.32E+00 7.34E+00 1.85E+01 1.04E+01

2. Average Release rate for period uCi/sec 8.01E-01 9.31E-01 2.34E+00 1.31E+00

3. Percent of Applicable Limit * * * *

E. Gross Alpha
1. Total Release Curies O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00

2. Average Release rate for period uCi/sec O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00

• Applicable limits are expressed in terms of dose. See Tables 2-4A, 2-4B, 2-5A, 2-5B of this report.
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Table 2-2A
Joseph M Farley Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Gaseous Effluents - Mixed Mode Level Releases

C nUnit: 1
1-Jan- 2009 Ending: 31-Dec-2009Starting:

Continuous Mode

Nuclides Released

Fission Gases

Ar-41
Xe-133
Xe-135

Total For Period

Iodines
1-131
1-133
Total For Period

Particulates
Cr-51
Co-58
Co-60
Sr-89
Nb-95
Ru-103
Cs-137

Total For Period

Units

Curies
Curies
Curies
Curies

Curies
Curies
Curies

Curies
Curies
Curies
Curies
Curies
Curies
Curies

Curies

1.25E+01
8.38E-02
1.22E-02

1.26E+01

0.OOE+00
9.32E-06

9.32E-06

O.OOE+00
O.OOE+00
O.OOE+00
2.21E-07

O.OOE+00
O.OOE+00
O.OOE+00

2.21E-07

1.44E+00

8.87E-01
O.OOE+00
O.OOE+00

8.87E-01

3.01E-06
6.48E-06

9.50E-06

9.70E-08

1.09E-07

2.74E-07
4.97E-08

2.91E-08

5.79E-08

2.41E-08

6.41E-07

3.08E+00

1ST Quarter 2ND Quarter 3RD Quarter

2.73E+00
1.09E-01
O.OOE+00

2.84E+00

3.47E-06
8.12E-06

1.16E-05

O.OOE+00
O.OOE+00
O.OOE+00
2.12E-07

O.OOE+00
O.OOE+00
0.O0E+00

2.12E-07

1.03E+01

4TH Quarter

O.OOE+00
0.OOE+00
O.OOE+00
0.OOE+00

O.OOE+00
1.45E-06
1.45E-06

O.OOE+00
O.OOE+00
O.OOE+00
1.27E-07

0.OOE+00
0.OOE+00
0.OOE+00
1.27E-07

2.57E+00
Tritium

H-3

Gross.Alpha

No Nuclides Found

Curies

Curies O.OE+00 O.OOE+00 O.OOE+00 O.OOE+00

See Table 2-6 for typical minimum detectable concentrations.
If Not Detected, Nuclide is Not Reported. Zeroes in this table indicates that no radioactivity was present at detectable levels.
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Nuclides Released

Fission Gases

Ar-41
Xe-133
Xe-135
Total For Period

lodines
No Nuclides Found

Particulates
No Nuclides Found

Tritium

H-3

Gross Alpha

No Nuclides Found

Table 2-2A
Joseph M Farley Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Gaseous Effluents - Mixed Mode Level Releases

Unit: 1
Starting: 1-Jan- 2009 Ending: 31-Dec-2009

Batch Mode

Units 1ST Quarter 2ND Quarter 3RD Quarter 4TH Quarter

Curies 6.11E-04 9.43E-02 2.13E-01 7.05E-01
Curies 4.20E-04 2.33E-02 6.90E-02 2.68E-01
Curies 4.63E-05 1.57E-03 6.88E-03 1.72E-02
Curies 1.08E-03 1.19E-01 2.89E-01 9.91E-01

Curies O.OOE+O0 O.OOE+O0 O.OOE+O0 O.OOE+O0

Curies O.OOE+O0 O.OOE+O0 O.OOE+O0 O.OOE+O0

Curies O.OOE+O0 2.99E-01 1.25E+00 4.43E+00

Curies O.OOE+O0 O.OOE+O0 O.OOE+O0 O.OOE+O0
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Table 2-2B

Joseph M Farley Nuclear Plant
RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Gaseous Effluents - Mixed Mode Level Releases
Unit: 2

Starting: 1-Jan- 2009 Ending: 31-Dec-2009
Continuous Mode

Units 1ST Quarter 2ND Quarter 3RD Quarter 4TH QuarterNuclides Released

Fission Gases

Ar-41

Total For Period

Curies
Curies

1.48E+01 O.OOE+O0 4.03E-01 O.OOE+O0

1.48E+01 O.OOE+O0 4.03E-01 O.OOE+O0

Iodines
No Nuclides Found Curies O.OOE+00 O.OOE+00 0.O0E+00 O.OOE+00

Particulates
Sr-89

Total For Period
Curies
Curies

0.OOE+0O 1.62E-07 1.02E-07 1.61E-07
O.OOE+OO 1.62E-07 1.02E-07 1.61E-07

Tritium

H-3 Curies 4.85E+00 3.91E+00 6.83E+00 3.30E+00

Gross Alpha

No Nuclides Found Curies 0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00

See Table 2-6 for typical minimum detectable concentrations.
If Not Detected, Nuclide is Not Reported. Zeroes in this table indicates that no radioactivity was present at detectable levels.
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Table 2-2B

Joseph M Farley Nuclear Plant
RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Gaseous Effluents - Mixed Mode Level Releases
Unit: 2

Starting: 1-Jan- 2009 Ending: 31-Dec-2009
Batch Mode

Nuclides Released

Fission Gases

Ar-41
Xe-133
Xe-135

Total For Period

Units 1ST Quarter 2ND Quarter 3RD Quarter

Curies
Curies
Curies
Curies

2.47E-01
2.99E-04
2.35E-04

2.47E-01

2.82E-01
O.OOE+00
O.OOE+00

2.82E-01

2.82E-01
O.OOE+00
O.OOE+00

2.82E-01

4TH Quarter

4.48E-01
5.29E-05
O.OOE+00
4.48E-01

lodines
No Nuclides Found

Particulates

No Nuclides Found

Tritium
H-3

Gross Alpha
No Nuclides Found

Curies

Curies

Curies

Curies

O.OOE+00

O.OOE+00

3.10E-02

O.OOE+00

O.OOE+00

O.OOE+00

5.93E-02

O.OOE+00

O.OOE+00

O.OOE+00

3.55E-02

O.OOE+00

0.OOE+00

0.OOE+00

6.28E-02

O.OOE+00

See Table 2-6 for typical minimum detectable concentrations.
If Not Detected, Nuclide is Not Reported. Zeroes in this table indicates that no radioactivity was present at detectable levels.
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Table 2-2C
Joseph M Farley Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Gaseous Effluents - Mixed Mode Level Releases

Unit:
1-Jan- 2009

Site
Ending: 31-Dec-2009Starting:

Continuous Mode

Nuclides Released

Fission Gases

Units 1ST Quarter 2ND Quarter 3RD Quarter

Ar-41 Curies
Xe-133 Curies
Xe-135 Curies

Total For Period Curies

lodines

1-131 Curies
1-133 Curies
Total For Period Curies

Particulates
Cr-51

Co-58

Co-60

Sr-89

Nb-95

Ru-103

Cs-137

Total For Period

Curies
Curies
Curies
Curies
Curies
Curies
Curies

Curies

2.73E+01
8.38E-02
1.22E-02

2.74E+01

0.OOE+00
9.32E-06

9.32E-06

0.OOE+00
0.OOE+00
0.OOE+00
2.21E-07
0.OOE+00
0.OOE+00
0.OOE+00
2.21E-07

6.29E+00

8.87E-01
0.OOE+00
O.OOE+00
8.87E-01

3.01E-06
6.48E-06

9.50E-06

9.70E-08
1 .09E-07
2.14E-07
2.11E-07
2.91E-08
5.79E-08
2.41E-08

8.03E-07

6.98E+00

3.13E+00
1.09E-01
0.OOE+00

3.24E+00

3.47E-06
8.12E-06

1.16E-05

4TH Quarter

O.OOE+00
O.OOE+00
O.OOE+00

O.OOE+00

O.OOE+00
1.45E-06

1.45E-06

0.OOE+00
0.OOE+O0
0.OOE+00
3.14E-07
0.OOE+00
0.OOE+00
0.OOE+00

0.OOE+00
0.OOE+00
0.OOE+00
2.88E-07
0.OOE+00
0.OOE+0Q
0.OOE+00

3.14E-07 2.88E-07

Tritium

H-3

Gross Alpha

No Nuclides Found

Curies

Curies

1.72E+01

0.OOE+00

5.87E+00

0.OOE+00O.OOE+00 O.OOE+00

See Table 2-6 for typical minimum detectable concentrations. If Not Detected, Nuclide is Not Reported. Zeroes in this table indicates that
no radioactivity was present at detectable levels.
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Table 2-2C
Joseph M Farley Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Gaseous Effluents - Mixed Mode Level Releases

Unit: Site
Starting: 1-Jan- 2009 Ending: 31-Dec-2009

Batch Mode

Nuclides Released
Fission Gases
Ar-41
Xe-133
Xe-135

Total For Period

Units 1ST Quarter

Curies 2.47E-01
Curies 7.18E-04
Curies 2.81E-04
Curies 2.48E-01

2ND Quarter 3RD Quarter

3.76E-01
2.331E-02
1.57E-03

4.01E-01

4.96E-01
6.90E-02
6.88E-03

5.72E-01

4TH Quarter

1.15E+00
2.68E-01
1.72E-02

1.44E+00

lodines
No Nuclides Found

Particulates
No Nuclides Found

Tritium
H-3

Gross Alpha
No Nuclides Found

Curies

Curies

Curies

Curies

O.OOE+00

O.OOE+00

3.10E-02

0.OOE+00

O.OOE+00

O.OOE+00

3.59E-01

0.OOE+00

O.OOE+00

O.OOE+00

1.29E+00

0.OOE+00

0.OOE+00

0.OOE+00

4.50E+00

0.OOE+00

See Table 2-6 for typical minimum detectable concentrations. If Not Detected, Nuclide is Not Reported. Zeroes in this table indicates that
no radioactivity was present at detectable levels.
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Table 2-3A
Joseph M Farley Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Gaseous Effluents - Ground Level Releases

Unit: 1
Starting: 1-Jan- 2009 Ending: 31-Dec-2009

Continuous Mode

Nuclides Released

Fission Gases

No Nuclides Found

Units 1ST Quarter 2ND Quarter 3RD Quarter 4TH Quarter

O.OOE+O0

Iodines
No Nuclides Found

Particulates
No Nuclides Found

Curies

Curies

Curies

Curies

Curies

O.OOE+O0

O.OOE+O0

O.OOE+00

O.OOE+0O

O.OOE+00

O.OOE+O0

O.OOE+O0

O.OOE+O0

O.OOE+0O

O.OOE+00

O.OOE+O0

O.OOE+00

0.OOE+00

0.OOE+00

0.OOE+00

Tritium

No Nuclides Found

0.OOE+00

0.OOE+00

O.OOE+00

0.OOE+00

Gross Alpha
No Nuclides Found

See Table 2-6 for typical minimum detectable concentrations. If Not Detected, Nuclide is Not Reported. Zeroes in this table indicates that
no radioactivity was present at detectable levels.
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Table 2-3A
Joseph M Farley Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Gaseous Effluents - Ground Level Releases

Unit: 1
Starting: 1-Jan- 2009 Ending: 31-Dec-2009

Batch Mode

Nuclides Released

Fission Gases

Xe-133

Total For Period

Units

Curies
Curies

1ST Quarter

O.OOE+00

O.OOE+00

2ND Quarter 3RD Quarter 4TH Quarter

6.36E-02
6.36E-02

O.OOE+0O

O.OOE+00

O.OOE+0O

O.OOE+O0

Iodines
No Nuclides Found

Particulates

Curies O.OOE+O0 O.OOE+0O O.OOE+O0 O.OOE+00

No Nuclides Found Curies O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00

Tritium

H-3 Curies O.OOE+00 3.12E-04 O.OOE+00 O.OOE+00

Gross Alpha

No Nuclides Found Curies O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00

See Table 2-6 for typical minimum detectable concentrations. If Not Detected, Nuclide is Not Reported. Zeroes in this table indicates that
no radioactivity was present at detectable levels.
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Table 2-3B
Joseph M Farley Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Gaseous Effluents - Ground Level Releases

Unit: 2
Starting: 1-Jan- 2009 Ending: 31-Dec-2009

Continuous Mode

Nuclides Released

Fission Gases

No Nuclides Found

Units 1ST Quarter 2ND Quarter 3RD Quarter 4TH Quarter,

O.OOE+O0

Iodines

No Nuclides Found

Particulates
No Nuclides Found

Curies

Curies

Curies

Curies

Curies

O.OOE+O0

O.OOE+O0

O.OOE+O0

O.OOE+O0

O.OOE+O0

O.OOE+00

O.OOE+0O

O.OOE+00

O.OOE+O0

O.OOE+00

0.OOE+0O

0.OOE+OO

O.OOE+O0

0.OOE+ý00

0.OOE+00

Tritium

No Nuclides Found

0.OOE+00

0.OOE+00

0.OOE+00

0.OOE+00

Gross Alpha
No Nuclides Found

See Table 2-6 for typical minimum detectable concentrations. If Not Detected, Nuclide is Not Reported. Zeroes in this table indicates that
no radioactivity was present at detectable levels.
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Table 2-3B
Joseph M Farley Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Gaseous Effluents - Ground Level Releases

Unit: 2
Starting: 1-Jan- 2009 Ending: 31-Dec-2009

Batch Mode

Nuclides Released

Fission Gases

No Nuclides Found

Units 1ST Quarter 2ND Quarter 3RD Quarter 4TH Quarter

lodines
No Nuclides Found

Particulates

No Nuclides Found

Tritium

No Nuclides Found

Gross Alpha

No Nuclides Found

Curies

Curies

Curies

Curies

Curies

O.OOE+O0

O.OOE+O0

O.OOE+O0

O.OOE+00

O.OOE+00

O.OOE+O0

O.OOE+00

0.OOE+O0

O.OOE+0O

0.OOE+00

O.OOE+O0

O.OOE+O0

O.OOE+0O

O.OOE+O0

O.OOE+00

Q.OOE+00

0.OOE+00

Q.OOE+00

0.OOE+00

0.OOE+00

See Table 2-6 for typical minimum detectable concentrations. If Not Detected, Nuclide is Not Reported. Zeroes in this table indicates that
no radioactivity was present at detectable levels.
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Table 2-3C
Joseph M Farley Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Gaseous Effluents - Ground Level Releases

Unit:
1-Jan- 2009Starting:

Site
Ending: 31-Dec-2009

Continuous Mode

Nuclides Released Units

Fission Gases

No Nuclides Found

1ST Quarter

O.OOE+O0

2ND Quarter 3RD Quarter 4TH Quarter

lodines
No Nuclides Found

Particulates
No Nuclides Found

Curies

Curies

Curies

Curies

Curies

Tritium
No Nuclides Found

O.OOE+O0

O.OOE+00

O.OOE+O0

O.OOE+0O

O.OOE+O0

O.OOE+00

O.OOE+O0

O.OOE+O0

O.OOE+00

O.OOE+O0

O.OOE+00

O.OOE+00

O.OOE+O0

O.OOE+0O

O.OOE+O0

O.OOE+O0

O.OOE+00

O.OOE+00

O.OOE+00

Gross Alpha

No Nuclides Found

See Table 2-6 for typical minimum detectable concentrations. If Not Detected, Nuclide is Not Reported. Zeroes in this table indicates that
no radioactivity was present at detectable levels.
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Table 2-3C
Joseph M Farley Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Gaseous Effluents - Ground Level Releases

Unit: Site
Starting: 1-Jan- 2009 Ending: 31-Dec-2009

Batch Mode

Nuclides Released Units 1ST Quarter 2ND Quarter 3RD Quarter 4TH Quarter

Fission Gases

Xe-133

Total For Period

Curies
Curies

0.OOE+00

O.OOE+00

6.36E-02

6.36E-02

O.OOE+O0

O.OOE+00

O.OOE+O0

O.OOE+00

Iodines
No Nuclides Found

Particulates

No Nuclides Found

Tritium

H-3

Curies

Curies

Curies

Curies

O.OOE+00

O.OOE+00

O.OOE+0O

O.OOE+0O

O.OOE+00

O.OOE+00

3.12E-04

O.OOE+00

O.OOE+O0

0.OOE+0O

0.OOE+00

0.OOE+0O

0.OOE+O0

0.OOE+00

0.OOE+00

0.OOE+00
Gross Alpha

No Nuclides Found

See Table 2-6 for typical minimum detectable concentrations. If Not Detected, Nuclide is Not Reported. Zeroes in this table indicates that
no radioactivity was present at detectable levels.
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Table 2-4A
Joseph M Farley Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Air Doses Due to Gaseous Releases

Unit: 1
Starting: 1-Jan- 2009 Ending: 31-Dec-2009

Cumulative Doses Per Quarter

Type of Radiation ODCM Lmt
Gamma Air 5.OOE+00
Beta Air 1.OOE+01

Units
mRad
mRad

1ST Qtr
3.98E-03
1.41E-03

0/0 ODCM

7.96E-02
1.41E-02

2ND Qtr
3.13E-04
1.11E-04

%/o ODCM

6.26E-03
1.11E-03

3RD Qtr
9.40E-04
3.37E-04

% ODCM

1.88E-02
3.37E-03

4TH Qtr
2.29E-04
9.03E-05

%/o ODCM

4.58E-03
9.03E-04

Cumulative Doses Per Year

Type of Radiation ODCM Lmt

Gamma Air 1.OOE+01
Beta Air 2.OOE+01

Units

mRad
mRad

Year to End Date 0/b ODCM

5.46E-03 5.46E-02
1.95E-03 9.73E-03

Receptor

Site Boundary SSE Mixed Mode R
Site Boundary SSE Mixed Mode R

Limit

Air Dose Gamma Annual
Air Dose Beta Annual
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Table 2-4B

Joseph M Farley Nuclear Plant
RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Air Doses Due to Gaseous Releases

Unit: 2

Starting: 1-Jan- 2009 Ending: 31-Dec-2009

Cumulative Doses Per Quarter

Type of Radiation ODCM Lmt
Gamma Air 5.O0E+00
Beta Air 1.OOE+01

Units
mRad
mRad

1ST Qtr
4.79E-03
1.69E-03

%/o ODCM

9.58E-02
1.69E-02

2ND Qtr
8.97E-05
3.16E-05

%/o ODCM

1.79E-03
3.16E-04

3RD Qtr
2.18E-04
7.70E-05

0/0 ODCM

4.36E-03
7.70E-04

4TH Qtr
1.43E-04
5.03E-05

0/0 ODCM

2.85E-03
5.03E-04

Cumulative Doses Per Year

Type of Radiation

Gamma Air
Beta Air

ODCM Lmt

1.OOE+01

Units

mRad

Year to End Date 0/o ODCM Receptor

5.24E-03 5.24E-02 Site Bound

Limit

ary SSE Mixed Mode R Air Dose Gamma Annual
2.OOE+O1 mRad 1.85E-03 9.24E-03 Site Boundary SSE Mixed Mode R Air Dose.Beta Annual
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Table 2-5A
Joseph M Farley Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Doses To A Member Of The Public Due To Radioiodines, Tritium, and Particulates in Gaseous Releases

Unit: 1
Starting: 1-Jan- 2009 Ending: 31-Dec-2009

Cumulative Doses Per Quarter

Organ ODCM Lint
Bone 7.50E+00

GI-Lli 7.50E+00
Kidney 7.50E+00
Liver 7.50E+00
Lung 7.50E+00
Thyroid 7.50E+00
Total Body 7.50E+00

Units
mRem
mRem
mRem
mRem
mRem
mRem
mRem

1ST Qtr
2.71E-06
1.97E-04
1.97E-04
1.97E-04
1.97E-04
2.OOE-04
1.97E-04

%/o ODCM

3.61E-05
2.62E-03
2.62E-03
2.62E-03
2.62E-03
2.67E-03
2.62E-03

2ND Qtr
3.07E-06
4.65E-04
4.65E-04
4.65E-04
4.64E-04
5.21E-04
4.65E-04

%/o ODCM

4.09E-05
6.20E-03
6.20E-03
6.20E-03
6.19E-03
6.95E-03
6.19E-03

3RD Qtr
2.81E-06
1.59E-03
1.59E-03
1.59E-03
1.59E-03
1.65E-03
1.59E-03

%/o ODCM

3.75E-05
2.12E-02
2.12E-02
2.12E-02
2.12E-02
2.20E-02
2.12E-02

4TH Qtr
1.55E-06
9.58E-04
9.58E-04
9.58E-04
9.58E-04
9.58E-04
9.58E-04

%/o ODCM

2.07E-05
1.28E-02
1.28E-02
1.28E-02
1.28E-02
1.28E-02
1.28E-02

Cumulative Doses per Year

Organ
Bone
GI-Lli
Kidney
Liver
Lung
Thyroid
Total Body

ODCM Lmt

1.500E+01

1.500E+01

1.500E+01

1.500E+01

1.500E+01

1.500E+01

1.500E+01

Units Year to Ending Date

mRem 1.014E-05

mRem 3.206E-03

mRem 3.206E-03

mRem 3.206E-03

mRem 3.205E-03

mRem 3.332E-03

mRem 3.206E-03

% ODCM

6.757E-05

2.137E-02

2.137E-02

2.137E-02

2.137E-02

2.221E-02

2.137E-02

Receptor
Gas Controlling Receptor
Gas Controlling Receptor
Gas Controlling Receptor
Gas Controlling Receptor
Gas Controlling Receptor
Gas Controlling Receptor
Gas Controlling Receptor

Limit
Iodine/Part Dose Annual

Iodine/Part Dose Annual

Iodine/Part Dose Annual

Iodine/Part Dose Annual

Iodine/Part Dose Annual

Iodine/Part Dose Annual

Iodine/Part Dose Annual
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Table 2-5B

Joseph M Farley Nuclear Plant
RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Doses To A Member Of The Public Due To Radioiodines, Tritium, and Particulates in Gaseous Releases
Unit: 2

Starting: 1-Jan- 2009 Ending: 31-Dec-2009
Cumulative Doses Per Quarter

Organ ODCM Lmt Units
Bone 7.50E+00 mRem
GI-Lli 7.50E+00 mRem
Kidney 7.50E+00 mRem
Liver 7.50E+00 mRem
Lung 7.50E+00 mRem
Thyroid 7.50E+00 mRem
Total Body 7.50E+00 mRem

Cumulative Doses per Year

1ST Qtr
O.OOE+00
6.68E-04
6.68E-04
6.68E-04
6.68E-04
6.68E-04
6.68E-04

% ODCM

O.OOE+00
8.90E-03
8.90E-03

8.90E-03
8.90E-03
8.90E-03
8.90E-03

2ND Qtr
1.97E-06
5.43E-04
5.43E-04
5.43E-04
5.43E-04
5.43E-04
5.43E-04

%/o ODCM

2.62E-05
7.24E-03
7.23E-03
7.23E-03
7.23E-03
7.23E-03
7.24E-03

3RD Qtr
1.24E-06
9.39E-04
9.39E-04
9.39E-04
9.39E-04
9.39E-04
9.39E-04

0/0 ODCM

1.65E-05
1.25E-02
1.25E-02
1.25E-02
1.25E-02
1.25E-02
1.25E-02

4TH Qtr
1.96E-06
4.60E-04
4.60E-04
4.60E-04
4.60E-04
4.60E-04
4.60E-04

0/0 ODCM

2.61E-05
6.13E-03
6.13E-03
6.13E-03
6.13E-03
6.13E-03
6.13E-03

Organ
Bone
GI-Lli
Kidney
Liver
Lung
Thyroid
Total Body

ODCM Lmt

1.500E+01

1.500E+01

1.500E+01

1.500E+01

1.500E+01

1.500E+01

1.500E+01

Units Year to Ending Date

mRem 5.163E-06

mRemr 2.609E-03

mRem 2.609E-03

mRem 2.609E-03

mRem 2.609E-03

mRem 2.609E-03

mRem 2.609E-03

%/a ODCM

3.442E-05

1.739E-02

1.739E-02

1.739E-02

1.739E-02

1.739E-02

1.739E-02

Receptor

Gas Controlling Receptor

Gas Controlling Receptor

Gas Controlling Receptor

Gas Controlling Receptor

Gas Controlling Receptor

Gas Controlling Receptor

Gas Controlling Receptor

Limit
Iodine/Part Dose Annual

Iodine/Part Dose Annual

Iodine/Part Dose Annual

Iodine/Part Dose Annual

Iodine/Part Dose Annual

Iodine/Part Dose Annual

Iodine/Part Dose Annual
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TABLE 2-6
Joseph M. Farley Nuclear Plant

ANNUAL RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
MINIMUM DETECTABLE CONCENTRATIONS - GASEOUS EFFLUENT ANALYSES

The values in this table represent a priori Minimum Detectable Concentrations (MDC) that are typically
achieved in laboratory analyses of gaseous radwaste samples.

Nuclide MDC(uCi/ML) Nuclide NDC(uCi/ML)

MN-54 4.17E-14 KR-87 4.64E-08

CO-58 7.65E-14 KR-88 7.46E-08

FE-59 2.53E-14 XE-133 4.71E-08

CO-60 6.01E-14 XE-133M 1.42E-07

ZN-65 2.40E-13 XE-135 1.58E-08

MO-99 4.46E-13 XE-138 1.21E-07

CS-134 5.17E-14 1-131 5.95E-14

CS-137 6.95E-15 1-133 8.96E-14

CE-141 4.28E-14

CE-144 1.64E-13
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Table 2-7A
Joseph M Farley Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Gaseous Effluents - Batch Release Summary

Unit: 1
Starting: 1-Jan- 2009 Ending: 31-Dec-2009

Gaseous Releases

1. Number of batch releases

2. Total time period for batch releases

3. Maximum time period for a batch release

4. Average time period for a batch release

5. Minimum time period for a batch release

Units 1ST Quarter 2ND Quarter 3RD Quarter 4TH Quarter Year Totals

14 30 47 125 216

(Minutes) 6.55E+03 2.36E+03 2.27E+03 7.22E+03 1.84E+04

(Minutes) 7.84E+02 7.78E+02 5.OOE+02 9.42E+02 9.42E+02

(Minutes) 4.68E+02 7.87E+01 4.83E+01 5.78E+01 8.52E+01

(Minutes) 2.88E+02 5.OOE+0O 4.OOE+00 1.OOE+0O 1.OOE+00
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Table 2-7B
Joseph M Farley Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Gaseous Effluents - Batch Release Summary

Unit: 2
Starting: 1-3an- 2009 Ending: 31-Dec-2009

Gaseous Releases

1. Number of batch releases

2. Total time period for batch releases

3. Maximum time period for a batch release

4. Average time period for a batch release

5. Minimum time period for a batch release

Units 1ST Quarter 2ND Quarter 3RD Quarter 4TH Quarter
66 72 73 102

(Minutes) 4.26E+03 3.29E+03 3.OOE+03 5.02E+03

(Minutes) 3.15E+02 2.75E+02 1.03E+02 2.59E+02

(Minutes) 6.45E+01 4.58E+01 4.12E+01 4.93E+01

(Minutes) 5.OOE+00 6.OOE+00 5.OOE+O0 4.OOE+00

Year Totals

313

1.56E+04

3.15E+02

4.98E+01

4.OOE+00
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Table 2-8A
Joseph M Farley Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Gaseous Effluents - Abnormal Release Summary

Unit: 1
Starting: 1-Jan- 2009 Ending: 31-Dec-2009

Gaseous Releases

1. Number of Releases

2. Total Time For All Releases

3. Maximum Time For A Release

4. Average Time For A Release

5. Minimum Time For A Release

6. Total activity for all releases

Units

(Minutes)

( Minutes)

( Minutes)

(Minutes)

( Curies )

1ST Quarter
0

0.OOE+00

0.OOE+00

0.OOE+00

0.OOE+00

0.OOE+00

2ND Quarter 3RD Quarter 4TH Quarter Year Totals

0 0 0 0

0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00

0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00

0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00

0.OOE+00 0.OOE+00 O.00E+00 0.00E+00

0.OOE+00 0.OOE+00 0.OOE+00 0.OOE+00
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Table 2-8B3

Joseph M Farley Nuclear Plant
RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Gaseous Effluents - Abnormal Release Summary

Unit: 2
Starting: 1-Jan-2009 Ending: 31-Dec-2009

Gaseous Releases

1. Number of Releases

2. Total Time For All Releases

3. Maximum Time For A Release

4. Average Time, For A Release

5. Minimum Time For A Release

6. Total activity for all releases

Units 1ST Quarter

0

(Minutes):

(Minutes):

(Minutes):

(Minutes):

(Curies)

0.OOE+O0

0.OOE+00

0.OOE+00

0.OOE+00

0.OOE+00

2ND Quarter

0

0.OOE+00

0.OOE+00

0.OOE+00

0.OOE+00

0.OOE+00

3RD Quarter

0

0.OOE+00

0.OOE+00

0.OOE+00

0.OOE+00

0.OOE+00

4TH Quarter

0

0.OOE+00

0.OOE+00

0.OOE+00

0.OOE+00

0.OOE+00

Year Totals

0

0.OOE+00

0.OOE+00

0.OOE+00

0.OOE+00

0.OOE+00
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3.0 SOLID WASTE

3.1 Regulatory Requirements

3.1.1 Solid Radioactive Waste System

FNP-0-M-30 step B.3.1 states that the radwaste solidification system
shall be OPERABLE and used, as applicable in accordance with a
PROCESS CONTROL PROGRAM, for the SOLIDIFICATION and packaging of
radioactive wastes to ensure meeting the requirements of 10 CFR Part
20 and 10 CFR Part 71 prior to shipment of radioactive wastes from
the site.

3.1.2 Reporting Requirements

FNP-0-M-30 step B.3.1 states that the Annual Radioactive Effluent
Release Report, submitted in accordance with Technical
Specifications 5.6.2 and 5.6.3, shall include a summary of the
quantities of solid radwaste released from the units as outlined in
Regulatory Guide 1.21, "Measuring, Evaluating, and Reporting
Radioactive Material in Liquid and Gaseous Effluents and Solid
Waste," Revision 2, June 2009, with data summarized on an annual
basis following the format of Table A-3 thereof.

3.2 Solid Waste Data

Regulatory Guide 1.21 Revision 2 Table A-3 is found in the report as
Table 3-1,.
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TABLE 3-1
Joseph M. Farley Nuclear Plant

ANNUAL RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
SOLID RADIOACTIVE WASTE SHIPPED FOR PROCESSING OR DISPOSAL

Starting 01-Jan-2009 Ending 31-Dec-2009

Resins, Filters, and Volume Curies Shipped
Evaporator Bottoms _

Waste Class ft m
A 3.32E+02 9.39E+00 8.39E+00
B 0.00E+00 0.00E+00 0.00E+00
C 0.00E+00 0.00E+00 0.00E+00
ALL 3.32E+02 9.39E+00 8.39E+00
Major Nuclides for the Above Table:
Waste Class A Ni-63 60.402% Co-60 14.548% Fe-55 10.284% Zn-65 7.975%

C-14 2.479% H-3 1.459% Cs-137 1.351%
Waste Class B N/A
Waste Class C N/A
ALL Ni-63 60.402% Co-60 14.548% Fe-55 10.284% Zn-65 7.975%

C-14 2.479% H-3 1.459% Cs-137 1.351%

Dry Active Waste Volume Curies Shipped

Waste Class ft• m

A 1.40E+04 3.98E+02 2.59E-01
B 0.00E+00 0.OOE+00 0.OOE+00
C 0.OOE+00 0.OOE+00 0.OOE+00
ALL 1.40E+04 3.98E+02 2.59E-01
Major Nuclides for the Above Table:
Waste Class A Nb-95 19.879% Zr-95 16.235% Fe-55 14.276% Co-60 11.635%

Zn-65 9.261% Co-58 7.752% Ni-63 5.913% H-3 5.581%
Cr-51 3.451% C-14 1.827% Sb-125 1.697% Mn-54 1.051%

Waste Class B N/A
Waste Class C N/A
ALL Nb-95 19.879% Zr-95 16.235% Fe-55 14.276% Co-60 11.635%

Zn-65 9.261% Co-58 7.752% Ni-63 5.913% H-3 5.581%
Cr-51 3.451% C-14 1.827% Sb-125 1.697% Mn-54 1.051%

Irradiated Components Volume Curies Shipped

Waste Class ft3 m

A 0.OOE+00 0.OOE+00 0.OOE+00
B 0.OOE+00 0.OOE+00 0.OOE+00
C 0.OOE+00 0.00E+00 0.OOE+00
ALL 0.OOE+00 0.00E+00 0.00E+00
Major Nuclides for the Above Table:
Waste Class A N/A
Waste Class B N/A
Waste Class C N/A
ALL N/A
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TABLE 3-1
Joseph M. Farley Nuclear Plant

ANNUAL RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
SOLID RADIOACTIVE WASTE SHIPPED FOR PROCESSING OR DISPOSAL

Starting 01-Jan-2009 Ending 31-Dec-2009
(Continued)

Other Waste Volume Curies Shipped

Waste Class ft• m
A 0.00E+00 0.00E+00 0.00E+00
B 0.OOE+00 0.00E+00 0.00E+00
C 0.00E+00 O.00E+00 0.OOE+00
ALL 0.00E+00 0.00E+00 0.00E+00
Major Nuclides for the Above Table:
Waste Class A N/A
Waste Class B N/A
Waste Class C N/A
ALL N/A

Sum of All Low-Level Volume Curies Shipped
Waste Shipped from Site
Waste Class ft• m
A 1.44E+04 4.07E+02 8.65E+00
B 0.OOE+00 0.OOE+00 0.OOE+00
C 0.OOE+00 0.OOE+00 0.OOE+00
ALL 1.44E+04 4.07E+02 8.65E+00
Major Nuclides for the Above Table:
Waste Class A Ni-63 58.769%

C-14 2.460%
Waste Class B N/A
Waste Class C N/A
ALL Ni-63 58.769%

C-14 2.460%

Co-60 14.461%
H-3 1.583%

Co-60 14.461%
H-3 1.583%

Fe-55 10.403%
Cs-137 1.313%

Fe-55 10.403%
Cs-137 1.313%

Zn-65 8.014%

Zn-65 8.014%

-- 58 --



4.0 DOSES TO MEMBERS OF THE PUBLIC INSIDE THE SITE BOUNDARY

4.1 Regulatory Requirements

Current FNP effluent controls as established by ODCM 6.1 do not require
assessment of the radiation doses from radioactive liquid and gaseous
effluents to MEMBERS OF THE PUBLIC due to their activities inside the SITE
BOUNDARY (ODCM Figure 10-1).

4.2 Demonstration of Compliance

However, this assessment has been performed for 2009 using the methods
described in ODCM 6.2 and is included in this section as Table 4-1.
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Table 4-1

Joseph M Farley Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Doses to a Member of the Public Due to Activities Inside the Site Boundary

Unit: Site

Starting: 1-Jan-2009 Ending: 31-Dec-2009

Location Name:

Distance (kilometers):

Sector:

Occupancy Factor:

Age Group:

Ground Level Release
Ground Level Release
Mixed Mode Release
Mixed Mode Release

Visitor Center
3.06E-01

N

1.37E-03

Child

Noble Gas
Particulate and Radioiodine
Noble Gas
Particulate and Radioiodine

X/Q (sec/m3): 1.04E-04
X/Q (sec/m3): 1.04E-04
X/Q (sec/m3): 8.80E-06
X/Q (sec/m3): 8.80E-06

D/Q (m-2): 4.80E-07

D/Q (m-2): 6.20E-08

Bone
Liver
Total Body
Thyroid
Kidney
Lung
GI-Lli
NG Total Body
Whole Body Dose

Units
mRem
mRem
mRem
mRem
mRem
mRem
mRem
mRem

1ST Quarter
1.71E-10
2.71E-06
2.71E-06
2.72E-06
2.71E-06
2.71E-06
2.71E-06
9.31E-05
9.58E-05

2ND Quarter
1.70E-08
3.17E-06
3.17E-06
3.20E-06
3.17E-06
3.17E-06
3.17E-06
4.35E-06
7.52E-06

3RD Quarter
4.02E-10
7.92E-06
7.92E-06
7.95E-06
7.92E-06
7.92E-06
7.92E-06
1.23E-05
2.02E-05

4TH Quarter
8.49E-11
4.44E-06
4.44E-06
4.45E-06
4.44E-06
4.44E-06
4.44E-06
3.94E-06
8.38E-06

Year

1.77E-08
1.82E-05
1.82E-05
1.83E-05
1.82E-05
1.82E-05
1.82E-05
1.14E-04
1.32E-04
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Table 4-1

Joseph M Farley Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Doses to a Member of the Public Due to Activities Inside the Site Boundary

Unit: Site

Starting: 1-Jan-2009 Ending: 31-Dec-2009

Location Name: Service Water Pond
Distance (kilometers): 9.66E-01

Sector:
Occupancy Factor:
Age Group:

Ground Level.Release
Ground Level Release
Mixed Mode Release
Mixed Mode Release

N
7.57E-03

Child

Noble Gas
Particulate and Radioiodine
Noble Gas
Particulate and Radioiodine

X/Q (sec/m3): 4.74E-05
X/Q (sec/m3): 4.74E-05
X/Q (sec/m3): 9.75E-07
X/Q (sec/m3): 9.75E-07

D/Q (m-2): 1.31E-07

D/Q (m-2): 2.78E-08

Bone
Liver
Total Body
Thyroid
Kidney
Lung
GI-Lli
NG Total Body
Whole Body Dose

Units
mRem
mRem
mRem
mRem
mRem
mRem
mRem
mRem

1ST Quarter
2.20E-10
1.66E-06
1.66E-06
1.67E-06
1.66E-06
1.66E-06
1.66E-06
5.70E-05
5.86E-05

2ND Quarter
4.19E-08
1.97E-06
1.97E-06
1.99E-06
1.97E-06
1.97E-06
1.97F-06

2.83E-06
4.80E-06

3RD Quarter
6.46E-10
4.85E-06
4.85E-06
4.87E-06
4.85E-06
4.85E-06
4.85E-06
7.52E-06
1.24E-05

4TH Quarter
6.98E-11
2.72E-06
2.72E-06
2.72E-06
2.72E-06
2.72E-06
2.72E-06
2.41E-06
5.13E-06

Year

4.28E-08
1.12E-05
1.12E-05
1. 12E-05
1. 12E-05
1. 12E-05
1.12E-05
6.97E-05
8.09E-05
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Table 4-1

Joseph M Farley Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Doses to a Member of the Public Due to Activities Inside the Site Boundary

Unit: Site

Starting: 1-Jan-2009 Ending: 31-Dec-2009

Location Name:

Distance (kilometers):

Sector:
Occupancy Factor:

Age Group:

Ground Level Release
Ground Level Release
Mixed Mode Release
Mixed Mode Release

River Water Discharge - Air

1.64E+00

N
1.14E-02

Child

Noble Gas
Particulate and Radioiodine
Noble Gas
Particulate and Radioiodine

X/Q (sec/m3): 1.63E-05
X/Q (sec/m3): 1.63E-05
X/Q (sec/m3): 7.05E-07
X/Q (sec/m3): 7.05E-07

D/Q (m-2): 4.55E-08

D/Q (m-2): 1.39E-08

Bone
Liver
Total Body
Thyroid
Kidney
Lung
GI-Lli
NG Total Body
Whole Body Dose

Units
mRem
mRem
mRem
mRem
mRem
mRem
mRem
mRem
mRem

1ST Quarter
1.88E-10
1.81E-06
1.81E-06
1.82E-06
1.81E-06
1.81E-06
1.81E-06
6.21E-05
6.39E-05

2ND Quarter
3.16E-08
2.13E-06
2.13E-06
2.15E-06
2.13E-06
2.13E-06
2.13E-06
2.96E-06
5.09E-06

3RD Quarter
5.25E-10
5.28E-06
5.28E-06
5.30E-06
5.28E-06
5.28E-06
5.28E-06
8.19E-06
1.35E-05

4TH Quarter
6.80E-11
2.96E-06
2.96E-06
2.96E-06
2.96E-06
2.96E-06
2.96E-06
2.63E-06
5.59E-06

Year

3.23E-08
1.22E-05
1.22E-05
1.22E-05
1.22E-05
1.22E-05
1.22E-05
7.58E-05
8.80E-05
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Table 4-1

Joseph M Farley Nuclear Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Doses to a Member of the Public Due to Activities Inside the Site Boundary

Unit: Site

Starting: 1-Jan-2009 Ending: 31-Dec-2009

Location Name:

Distance (kilometers):

Sector:
Occupancy Factor:

Age Group:

Ground Level Release
Ground Level Release
Mixed Mode Release
Mixed Mode Release

New Construction Activity

3.22E-01

S
2.28E-01

Adult

Noble Gas
Particulate and Radioiodine
Noble Gas
Particulate and Radioiodine

X/Q (sec/m3): 1.85E-04
X/Q (sec/m3): 6.66E-05
X/Q (sec/m3): 2.42E-06
X/Q (sec/m3): 2.23E-06

D/Q (m-2): 9.26E-08

D/Q (m-2): 8.66E-09

Bone
Liver
Total Body
Thyroid
Kidney
Lung
GI-Lli
NG Total Body
Whole Body Dose

Units
mRem
mRem
mRemr
mRem
mRem
mRem
mRem
mRem
mRem

1ST Quarter
3.82E-09
1.29E-04
1.29E-04
1.29E-04
1.29E-04
1.29E-04
1.29E-04
4.26E-03
4.39E-03

2ND Quarter
4.02E-07
1.51E-04
1.51E-04
1.52E-04
1.51E-04
1.51E-04
1.51E-04
2.21E-04
3.71E-04

3RD Quarter
9.08E-09
3.98E-04
3.98E-04
3.99E-04
3.98E-04
3.98E-04
3.98E-04
5.27E-04
9.26E-04

4TH Quarter
1.84E-09
2.12E-04
2.12E-04
2.12E-04
2.12E-04
2.12E-04
2.12E-04
1.80E-04
3.92E-04

Year

4.17E-07
8.89E-04
8.89E-04
8.92E-04
8.90E-04
8.90E-04
8.89E-04
5.19E-03
6.08E-03
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5.0 TOTAL DOSE FROM URANIUM FUEL CYCLE (40CFR190)

5.1 Regulatory Requirements

Technical Specification 5.5.4.j states that the dose or dose
commitment to any MEMBER OF THE PUBLIC over a calendar year,
due to releases of radioactivity and to radiation from uranium
fuel cycle sources, shall be limited to less than or equal to
25 mrem to the total body or to any organ, except the thyroid,
which shall be limited to less than or equal to 75 mrem (as
stated in ODCM 5.1).

With the calculated doses from the release of radioactive
materials in liquid or gaseous effluents exceeding twice the
limits of ODCM 2.1.3, 3.1.3, or 3.1.4, calculations shall be
made according to ODCM 5.2 methods to determine whether the
above (ODCM 5.1) limits have been exceeded (as stated in ODCM
5.1.2).

.5.2 Demonstration of Compliance

Since none of the ODCM 2.1.3, 3.1.3, or 3.1.4 limits were
exceeded during 2009, no calculations were required.

6.0 METEOROLOGICAL DATA

Meteorological data are retained onsite; these data are
available to. the NRC upon request. The meteorological data
include annual as well as quarterly summaries of hourly
measurements of wind speed, wind direction and atmospheric
stability in the form of joint frequency distribution tables.

7.0 PROGRAM DEVIATIONS

7.1 Inoperable Liquid or Gaseous Effluent Monitoring
Instrumentation

7.1.1 Regulatory Requirements

ODCM 7.2.2.6 states in part that the Annual Radioactive
Effluent Release Report (the report) shall include deviations
from the liquid and gaseous effluent monitoring
instrumentation operability requirements included in Sections
2.1.1 and 3.1.1 of the ODCM. The report must also include an
explanation as to why the inoperability was not corrected in a
timely manner.
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7.1.2 Description of Deviations

There were two effluent monitoring equipment deviations during
2009.

On 06-22-09, U1 Steam Generator Blowdown Effluent Monitor (RE-
23B) was declared inoperable (CR2009109372) . RE-23B was
repaired on 08-03-09. Per ODCM 2.1.1.2, this instrument should
have been repaired within 30 days or explained in the
Radioactive Effluent Release Report. This was not specified on
the work order and the repair priority exceeded the 30 day
timeframe.

On 11-26-09, the U1 dilution flow transmitter was declared
inoperable (CR2009115154). Per ODCM 2.1.1.2, this instrument
should have been repaired within 30 days or explained in the
Radioactive Effluent Release Report. The repair could not be
performed with the unit online and has been scheduled for
repair during the next U1 outage in October 2010.

7.2 Effluent Sample Analysis Exceeding Minimum Detectable
Concentration (MDC)

7.2.1 Regulatory Requirements

ODCM 7.2.2.6 states in part that the report shall include
deviations from the MDC requirements included in ODCM Tables
2-3 and 3-3.

7.2.2 Description of Deviations

There were no deviations during 2009.

7.3 Incorrect Compositing of Liquid or Gaseous Effluent Samples

7.3.1 Regulatory Requirements

ODCM 7.2.2.6 states in part that the report shall include
deviations from composite sampling requirements included in
ODCM Tables 2-3 and 3-3.

- 65 -



7.3.2 Description of Deviations

There was one deviation from liquid effluent sampling
requirements during 2009.

The TBS autosampler had inadvertently been placed in the "off"
position after a grab NPDES sample was taken on the prior day
(CR2009112773) . Personnel involved were coached on the use of

human performance tools, and all chemistry personnel were
retrained on maintaining an error-free work place.
Historically, the TBS has not shown radioactivity, therefore
it is unlikely that any ODCM limits were exceeded.

8.0 CHANGES TO THE PLANT FARLEY ODCM

8.1 Regulatory Requirements

Pursuant to Technical Specification 5.5.1.c and ODCM 7.2.2.5,
licensee initiated changes to the ODCM shall be submitted to
the Nuclear Regulatory Commission as a part of or concurrent
with the Annual Radioactive Effluent Release Report for the
period in which any changes were made. Included are changes to
the radiological environmental monitoring program sampling
locations or dose calculation locations or pathways, including
any changes made pursuant to ODCM 4.1.2.2.2 (land use census).

8.2 Description of Changes

There were no revisions to the Farley ODCM in 2009.
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9.0 MAJOR CHANGES TO LIQUID, GASEOUS, OR SOLID RADWASTE
TREATMENT SYSTEMS

9.1 Regulatory Requirements

ODCM 7.2.2.7 states in part that, as required by ODCM 2.1.5
and 3.1.6, licensee initiated MAJOR CHANGES TO RADIOACTIVE
WASTE TREATMENT SYSTEMS (liquid and gaseous) shall be reported
to the Nuclear Regulatory Commission in the Annual Radioactive
Effluents Release Report covering the period in which the
change was reviewed and accepted for implementation.

Process Control Program (PCP) B.5.1.2 states that licensee
initiated major changes to the solid radioactive waste
treatment system shall be reported to the Nuclear Regulatory
Commission in the Annual Radioactive Effluent Release Report
for the period in which the change was implemented. The
discussion of each change shall include the information
specified in PCP B.4.1.

9.2 Description of Major Changes

On 10-15-2009 a minor change to the Process Control Program,
FNP-0-M-30 Version 16 was approved by the PRB. Obsolete
vendor procedures were deleted from the Process Control
Program and the most current version of necessary vendor
procedures and test reports was incorporated. Additionally,
administrative changes included updating references and
organizational title changes. This revision did not result in
a change to any waste forms produced at FNP.
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1.0 Liquid Effluents

1.1 Regulatory Requirements

1.1.1 Concentration Limits

In accordance with Technical Specification 5.5.4.b, the concentration of
radioactive material released in liquid effluents to UNRESTRICTED
AREAS shall be limited at all times to ten times the concentrations
specified in 10 CFR 20, Appendix B, Table 2, Column 2 for radionuclides
other than dissolved or entrained noble gases. For dissolved or entrained
noble gases, the concentration shall be limited to 1 E-04 gCi/ml total
activity.

1.1.2 Dose Limits

The dose or dose commitment to a MEMBER OF THE PUBLIC from
radioactive materials in liquid effluents released, from each unit, to
UNRESTRICTED AREAS shall be limited as follows:

a. During any calendar quarter to less than or equal to 1.5 mrems to
the whole body and to less than or equal to 5 mrems to any organ,
and

b. During any calendar year to less than or equal to 3 mrems to the
whole body and to less than or equal to 10 mrems to any organ.

1.2 Effluent Concentration Limit (ECL)

ECL values used for determining the allowable liquid radwaste release
rates and concentrations for the principal gamma emitters, 1-131, tritium,
Sr-89, Sr-90 and Fe-55 are taken from 10 CFR Part 20, Appendix B,
Table 2, Column 2. A tolerance factor of up to 10 is utilized to allow
flexibility in establishing practical monitor set points which can
accommodate effluent releases at concentrations higher than the ECL
values stated in 10 CFR 20, Appendix B, Table 2, Column 2.

For dissolved or entrained noble gases in liquid radwaste, the ECL is
1 E-04 gCi/ml total activity.

For gross alpha in liquid radwaste, the ECL is 2 E-09 gCi/ml.

For all the above radionuclides or categories of radioactivity, the overall
ECL fraction is determined in accordance with 10 CFR Part 20, Appendix
B. The method utilizing the ECL fraction to determine release rates and
liquid radwaste effluent radiation monitor set points is described in
Subsection 1.3 of this report.
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1.3

1.3.1

Measurements and Approximations of Total Radioactivity

Total Radioactivity Determination

Prior to the release of any tank containing liquid radwaste, and following
the required recirculation, samples are collected and analyzed in
accordance with the Offsite Dose Calculation Manual (ODCM) Table 2-3
"Radioactive Liquid Waste Sampling and Analysis Program". A sample
from each tank which is planned for release is analyzed for principal
gamma emitters, 1-131, and dissolved and entrained noble gases by
gamma spectroscopy. Monthly and quarterly composites are prepared
for analysis by extracting aliquots from each sample taken from the
tanks, which are released. Liquid radwaste sample analyses are
performed as follows:

MEASUREMENT

1. Gamma Isotopic

2. Dissolved or entrained
noble gases

FREQUENCY

Each Batch

Each Batch

METHOD

Gamma Spectroscopy
with computerized
data reduction.

Gamma Spectroscopy
with computerized
data reduction

3. Tritium Monthly
Composite

Distillation and
liquid scintillation
counting

4. Gross Alpha

5. Sr-89 & Sr-90

Monthly
Composite

Quarterly
Composite

Gas flow proportional
counting

Chemical separation
and gas flow
proportional or
scintillation counting

Chemical separation
and liquid scintillation
counting

6. Fe-55 Quarterly
Composite
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1.3.1 Total Radioactivity Determination cont'd

Gamma isotopic measurements are performed using germanium detectors with
a resolution of 2.1 keV or lower. A peak search of the resulting gamma ray
spectrum is performed by the computer system. Energy and net count data for
all significant peaks are determined, and a quantitative reduction or MDC
calculation is performed. This ensures that the MDC's are met for the nuclides
specified in ODCM Chapter 10 (i.e., Mn-54, Fe-59, Co-58, Co-60, Zn-65, Mo-99,
Cs-134, Cs-137, Ce-141 and Ce-144). The quantitative calculations, corrections
for counting time, decay time, sample volume, sample geometry, detector
efficiency, baseline counts, branching ratio and MDC calculations, are made
based on the counts at the location in the spectrum where the peak for that
radionuclide would be located, if present.

Tritium, Gross Alpha, Sr-89, Sr-90 and Fe-55 are, in some cases, analyzed
offsite.

ECL fraction is determined using radionuclide concentrations of a tank planned
for release, the most current results available for tritium, gross alpha, Sr-89,
Sr-90 and Fe-55 and the corresponding ECL values.
This ECL fraction is used, with appropriate safety factors, tolerance factors, and
the minimum assured dilution stream flow to calculate maximum permissible
release rates and a liquid effluent monitor setpoint. The monitor setpoint is
calculated to assure that the limits of the Offsite Dose Calculation Manual
(ODCM) are not exceeded.

A monitor reading in excess of the calculated setpoint results in an automatic
termination of the liquid radwaste discharge. Liquid effluent discharge is also
automatically terminated if the dilution stream flow rate falls below the minimum
assured dilution flow rate used in the setpoint calculations and established as a
setpoint on the dilution stream flow monitor.

Radionuclide concentrations, safety factors, dilution stream flow rate, and liquid
effluent radiation monitor calibrations are entered into the computer and a pre-
release printout is generated. If the release is not permissible, appropriate
warnings will be displayed on the computer screen. If the release is permissible,
it is approved by the Chemistry Department and sent to the Operations
Department for approval and release. When the release is completed, the
necessary data from the release (i.e., release volume, etc.) are provided by the
Operations Department to the Chemistry Department. These data are input to
the computer and a post-release printout is generated. The post release printout
contains the actual release rates, release concentrations and quantities, actual
dilution flow, and calculated doses to an individual.

Typically achieved liquid effluent sample analyses minimum detectable
concentrations are reported in Table 1-4.
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1.3.2 Total Error Estimation

The total or maximum error associated with the effluent measurement
includes the cumulative errors resulting from the total operation of sampling
and measurement. Because it may be very difficult to assign error terms
for each parameter affecting the final measurement, detailed statistical
evaluation of error is not suggested. The objective should be to obtain an
overall estimate of the error associated with measurements of radioactive
materials released in liquid effluents.

a. Fission and activation total release was calculated from sample analysis
results and release point flow rates.

Sampling and statistical error 10%
Counting Equipment Calibration 10%
Tank Volumes and System Flow Rates 20%
TOTAL ERROR 24.5%

b. Total Tritium release was calculated from sample analysis results and
release point volumes.

Sampling and statistical errors 10%
Counting equipment calibration 10%
Tank volumes and system flow rate 20%
TOTAL ERROR 24.5%

c. Dissolved and entrained gases were calculated from sample analysis
results and release point volumes.

Sampling and statistical error 20%
Counting equipment calibration 10%
Tank volumes and system flow rate 20%
TOTAL ERROR 30%

d. Gross alpha radioactivity was calculated from sample analysis results and
release point volumes.

Sampling and statistical error 10%
Counting Equipment calibration 10%
Tank volumes and system flowrates 20%
TOTAL ERROR 24.5%
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1.3.2 Total Error Estimation cont'd

e. Volume of waste prior to dilution was calculated from level indicators on
the tanks and pump discharge flow rates and times.

Level Indicator error 10%
Operator Interpretation of gauge 10%
TOTAL ERROR 14%

f. Volume of dilution water used was calculated from flow totalizers and
pump discharge flow rates and times.

Flow totalizer error 10%
Operator interpretation of gauge 10%
TOTAL ERROR 14%

g. Gross alpha, Sr-89, Sr-90, Fe-55 and H-3 radioactivity has an additional
error associated with sample compositing.

Compositing sample error 5%

1.4 Liquid Effluent Release Data

Regulatory Guide 1.21 Tables 2A and 2B are found in this report as
Tables 1-1A, 1-1B, 1-1C, 1-2A, 1-2B and 1-2C. Data is presented on a
quarterly basis as required by Regulatory Guide 1.21 for all four quarters.

1.5 Radiological Impact Due to Liquid Releases

Doses to an individual due to radioactivity in liquid effluent were
calculated in accordance with the Offsite Dose Calculation Manual.
Results are presented in Table 1-3A for Unit 1 and 1-3B for Unit 2, for all
four quarters.

1.6 Liquid Effluents - Batch Releases

Batch release information for liquid effluents is presented in Table 1-5A
for Unit 1 and Table 1-5B for Unit 2.

1.7 Liquid Effluents - Abnormal Releases

There were no abnormal releases for this reporting period.
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Table 1-1A

Vogtle Electric Generating Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Liquid Effluents - Summation Of All Releases

Unit: 1
Starting: 1-Jan- 2009 Ending: 31-Dec-2009

Type of Effluent Units 1ST Quarter 2ND Quarter 3RD Quarter 4TH Quarter

A. Fission And Activation Products
1. Total Release (not including

tritium, gases, alpha) Curies 1.62E-03 8.46E-04 3.96E-03 3.44E-03
2. Average diluted concentration

during period uCi/mL 9.07E-10 1.30E-09 1.29E-09 3.84E-09

3. Percent of Applicable Limit %

B. Tritium
1. Total Release Curies 2.80E+01 2.83E+01 2.29E+01 2.80E+01
2. Average diluted Concentration

during period uCi/mL 1.56E-05 4.33E-05 7.44E-06 3.13E-05
3. Percent of Applicable Limit %* * * *

C. Dissolved and Entrained Gases
1. Total Release Curies 6.19E-04 1.13E-05 4.01E-05 6.38E-04
2. Average diluted Concentration

during period uCi/mL 3.46E-10 1.72E-11 1.30E-11 7.13E-10
3. Percent of Applicable Limit %* * * *

D: Gross Alpha Radioactivity
1. Total Release Curies O.OOE+00 O.OOE+00 1.22E-06 1.53E-06

E: Waste Vol Release (Pre-Dilution) Liters 1.95E+07 4.78E+06 9.31E+06 1.77E+07

F. Volume of Dilution Water Used Liters 1.79E+09 6.53E+08 3.08E+09 8.95E+08

* Applicable limits are expressed in terms of dose.

See Tables 1-3A and 1-3B of this report.
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Table 1-1B

Vogtle Electric Generating Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Liquid Effluents - Summation Of All Releases

Unit: 2
Starting: 1-Jan- 2009 Ending: 31-Dec-2009

Type of Effluent Units 1ST Quarter 2ND Quarter 3RD Quarter 4TH Quarter

A. Fission And Activation Products
1. Total Release (not including

tritium, gases, alpha) Curies 1.59E-03 3.21E-03 2.31E-02 9.81E-03
2. Average diluted concentration

during period uCi/mL 8.47E-10 1.85E-09 5.80E-09 5.48E-09
3. Percent of Applicable Limit %* * * *

B. Tritium
1. Total Release Curies 6.11E+01 1.51E+02 5.92E+02 3.13E+02
2. Average diluted Concentration

during period uCi/mL 3.25E-05 8.70E-05 1.49E-04 1.75E-04
3. Percent of Applicable Limit %* * * *

C. Dissolved and Entrained Gases
1. Total Release Curies 5.88E-04 2.67E-03 2.12E-02 1.76E-01
2. Average diluted Concentration

during period uCi/mL 3.13E-10 1.54E-09 5.31E-09 9.81E-08
3. Percent of Applicable Limit %* * * *

D: Gross Alpha Radioactivity -

1. Total Release Curies O.OOE+00 O.OOE+00 2.56E-06 1.49E-06

E: Waste Vol Release (Pre-Dilution) Liters 7.13E+06 4.82E+07 4.62E+07 2.91E+07

F. Volume of Dilution Water Used Liters 1.88E+09 1.74E+09 3.98E+09 1.79E+09

* Applicable limits are expressed in terms of dose.

See Tables 1-3A and 1-3B of this report.
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Table 1-1C

Vogtle Electric Generating Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Liquid Effluents - Summation Of All Releases

Unit: Site
Starting: 1-Jan- 2009 Ending: 31-Dec-2009

T ýrm ̂ f rffIN .an I I.;n4-# 1&1 Nlm.mw4-r 3pjf m mffm'r4,r 2Dn fmm .m,,m' ATm mmi..1nr
*L I 0 Y. Y _ *t ~ * *t* ~ 5 ~ J.L. *** t

A. Fission And Activation Products
1. Total Release (not including

tritium, gases, alpha) Curies
2. Average diluted concentration

during period uCi/mL
3. Percent of Applicable Limit %

B. Tritium
1. Total Release Curies
2. Average diluted Concentration

during period uCi/mL
3. Percent of Applicable Limit %

C. Dissolved and Entrained Gases
1. Total Release Curies
2. Average diluted Concentration

during period uCi/mL
3. Percent of Applicable Limit %

D: Gross Alpha Radioactivity
1. Total Release Curies

E: Waste Vol Release (Pre-Dilution) Liters

F. Volume of Dilution Water Used Liters

* Applicable limits are expressed in terms of dose.

See Tables 1-3A and 1-3B of this report.

3.22E-03

8.76E-10

8.91E+01

2.43E-05

1.21E-03

3.29E-10

0.OOE+00

2.66E+07

3.67E+09

4.06E-03

1 .70E-09

1.79E+02

7.51E-05

2.68E-03

1.12E-09

0.OOE+00

5.30E+07

2.39E+09

2.71E-02

3.83E-09
*

6.15E+02

8.71E-05
,

2.12E-02

3.OOE-09

3.79E-06

5.55E+07

7.06E+09

1.32E-02

4.93E-09
,

3.41E+02

1.27E-04
*

1.76E-01

6.57E-08

3.01E-06

4.68E+07

2.68E+09

L
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Table 1-2A

Vogtle Electric Generating Plant
RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Liquid Effluents - Summation of All Releases

Unit: 1
Starting: 1-Jan-2009 Ending: 31-Dec-20091 I

Batch
2ND Ouarter

Mode
3RD OuarterNuclides Released

Fission & Activation Products
Co-58
Co-60
Cr-51
Fe-55
1-131
Mn-54
Nb-95
Sr-89
Sr-90
Cs-134
Cs-137
Sb-125
Te-125M
Total For Period

Tritium
H-3

Unit 1ST Ouarter 4TH Ouarter

Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies

Curies

Curies
Curies

Curies

3.72E-04
2.51E-04
O.OOE+00
9.27E-04
5.41E-06
3.32E-05
O.OOE+00
2.20E-05
2.09E-06
O.OOE+0O
1.18E-05
O.OOE+00
O.OOE+Q0
1.62E-03

2.79E+01

6.19E-04
6.19E-04

O.OOE+00

7.84E-05
1.96E-04

O.OOE+00
2.51E-04
O.OOE+00
7.33E-06
O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00
6.06E-05
2.53E-04
O.OOE+00
8.46E-04

2.82E+01

1.13E-05
1.13E-05

O.OOE+00

4.30E-05
2.24E-04
1.12E-04
1.11E-03
1.38E-05
7.19E-06
O.OOE+00
1.05E-05
O.OOE+O0
4.10E-06
9.18E-05
2.14E-03
1.49E-05

3.77E-03

2.29E+01

4.01E-05
4.01E-05

1.22E-06

1.39E-03
2.22E-04
O.OOE+00
1.53E-03
9.83E-06
4.53E-06
3.55E-06
7.03E-05
4.28E-06
5.64E-06
1.02E-04
3.74E-05
O.OOE+00
3.38E-03

2.80E+01

6.38E-04
6.38E-04

1.53E-06

Dissolved And Entrained Gases
Xe-133
Total For Period

Gross Alpha Radioactivity
G-Alpha

Zeroes in this table indicates that no radioactivity was present at detectable levels.See Table 1-4 for typical minimum detectable concentrations.
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Table 1-2A

Vogtle Electric Generating Plant
RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Liquid Effluents - Summation of All Releases

Unit: 1
ci,-'l'n• a l-,nn hnng CnA'." o2j-r% -,)nno

L~ * t* * * * .P~* * - * *~J*t *~4 * - ~ ~

Continuous Mode
2ND Ouarter 3RD OuarterNuclides Released Unit 1ST Ouarter 4TH Ouarter

Fission & Activation Products
1-131
Sr-89
Total For Period

Curies
Curies
Curies

O.OOE+00
O.OOE+0O

0.OOE+00

O.OOE+O0
O.OOE+0O

0.OOE+00

O.OOE+00
1.91E-04

1.91E-04

6.13E-05
O.OOE+0O
6.13E-05

Tritium
H-3 Curies 1.44E-01

O.OOE+O0

2.70E-02

0.OOE+OO

1. 19E-02

0.00E+OO

1.23E-02

O.OOE+00
Dissolved And Entrained Gases

No Nuclides Found Curies

Gross Alpha Radioactivity
No Nuclides Found Curies O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00

Zeroes in this table indicates that no radioactivity was present at detectable levels.See Table 1-4 for typical minimum detectable concentrations.
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Table 1-2B

Vogtle Electric Generating Plant
RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Liquid Effluents - Summation of All Releases

Unit: 2
f':rl'; an 1-'Inn-,inno IPnrin, a ai-1"g%, jnna

N N

Batch
7Nfl Anmi;rtpr

Mode
3RD Quarter4TH QuarterFission & ActivationNimrligiac PaanI~cirI Ilnit 1 ;T N,,;•rfer

Unit 2ND nuarterJQT n"nrter
Products

Co-57
Co-58
Co-60
Fe-55
Mn-54
Nb-95
Sr-89
Sr-90
Cs-134
Cs-137
Sb-125
Te-125M
Total For Period

Tritium
H-3

Dissolved And Entrained Gases
Ar-41
Kr-85M
Xe-133
Xe-135
Xe-131M
Xe-133M
Xe-135M
Total For Period

Gross Alpha Radioactivity
G-Alpha

Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies

Curies

Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies

Curies

1.15E-06
5.99E-04
4.30E-04
4.91E-04
3.90E-05
2.20E-05
3.48E-06
7.52E-07
0.OOE+00
8.33E-06
0.OOE+00
o.OOE+00
1.59E-03

6.11E+01

0.OOE+00
O.OOE+00
5.88E-04
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
5.88E-04

O.OOE+00

0.OOE+00
2.OOE-04
1.12E-03
6.09E-04
3.76E-05
6.61E-06
6.60E-06

O.OOE-+00
2.06E-05
2.88E-04
9.21E-04
O.OOE+00
3.21E-03

1.51E+02

0.OOE+00
O.OOE+00
2.67E-03
0.OOE+00
0.OOE+00
O.OOE+00
0.OOE+00
2.67E-03

0.OOE+00

0.OOE+00
2.51E-04
1.03E-03
2.84E-03
8.13E-06
0.OOE+00
2.58E-05
0.OOE+00
2.71E-05
6.62E-04
3.30E-03
1.49E-02

2.31E-02

5.92E+02

2.87E-07
0.OOE+00
2.11E-02
O.OOE+00
O.OOE+00
8.31E-05
4.22E-06
2.12E-02

2.56E-06

2.50E-06
4.01E-03
5.07E-04
4.OOE-03
0.OOE+00
0.OOE+00
1.61E-04
O.OOE+00
1.91E-05
2.35E-04
8.77E-04
O.OOE+00
9.81E-03

3.13E+02

O.OOE+00
1.26E-05
1.70E-01
1.17E-03
2.33E-03
1.71E-03
O.OOE+00
1.76E-01

1.49E-06

Zeroes in this table indicates that no radioactivity was present at detectable levels.See Table 1-4 for typical minimum detectable concentrations.
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Table 1-2B

Vogtle Electric Generating Plant
RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Liquid Effluents - Summation of All Releases

Unit: 2
Cf # 1 .ff - lo Inr"A;nn '2I1 _ N%*-.')nna

U "!A 8 U " Ho

Continuous Mode
Nmmrlidac PalImcdarl I Init 1 4T nm urI~r ,NIl Nmmartor ,Ap ' nmmart AT1 nAmirfr

Fission & Activation Products
No Nuclides Found

Tritium
H-3

Dissolved And Entrained Gases
No Nuclides Found

Gross Alpha Radioactivity
No Nuclides Found

Curies

Curies

Curies

Curies

O.OOE+O0

2.21E-02

O.OOE+O0

O.OOE+O0

O.OOE+O0

2.OOE-01

O.OOE+00

O.OOE+O0

O.OOE+0O

1.51E-01

O.OOE+00

O.OOE+00

0.OOE+00

4.43E-02

0.OOE+00

0.OOE+00

Zeroes in this table indicates that no radioactivity was present at detectable levels.See Table 1-4 for typical minimum detectable concentrations.
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Table 1-2C

Vogtle Electric Generating Plant
RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Liquid Effluents - Summation of All Releases

Unit: Site
Starting: 1-Jan-2009 Ending: 31-Dec-2009

Batch Mode
Nuclides Released Unit 1ST Quarter 2ND Quarter 3RD Quarter 4TH Quarter

Fission & Activation Products
Co-57 Curies 1.15E-06 O.OOE+O0 O.OOE+O0 2.50E-06
Co-58 Curies 9.70E-04 2.78E-04 2.94E-04 5.39E-03
Co-60 Curies 6.81E-04 1.32E-03 1.26E-03 7.29E-04
Cr-51 Curies O.OOE+O0 O.OOE+O0 1.12E-04 O.OOE+O0
Fe-55 Curies 1.42E-03 8.60E-04 3.94E-03 5.53E-03
1-131 Curies 5.41E-06 O.OOE+O0 1.38E-05 9.83E-06
Mn-54 Curies 7.23E-05 4.50E-05 1.53E-05 4.53E-06
Nb-95 Curies 2.20E-05 6.61E-06 O.OOE+O0 3.55E-06
Sr-89 Curies 2.54E-05 6.60E-06 3.63E-05 2.32E-04
Sr-90 Curies 2.85E-06 O.OOE+O0 O.OOE+O0 4.28E-06
Cs-134 Curies O.OOE+O0 2.06E-05 3.12E-05 2.48E-05
Cs-137 Curies 2.01E-05 3.48E-04 7.54E-04 3.38E-04
Sb-125 Curies O.OOE+O0 1.17E-03 5.44E-03 9.15E-04
Te-125M Curies O.OOE+O0 O.OOE+O0 1.50E-02 O.OOE+O0
Total For Period Curies 3.22E-03 4.06E-03 2.69E-02 1.32E-02

Tritium
H-3 Curies 8.89E+01 1.79E+02 6.15E+02 3.41E+02

Page 20 of 80



Table 1-2C

Vogtle Electric Generating Plant
RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Liquid Effluents - Summation of All Releases

Unit: Site
Q!f 'linrfn, 1 -1n-7PNnal Fndlinn, a 1-nair-7nlna

Batch Mode
Nn nrliA'l• D-l1- e -. I In;f4 1 CT -I. I; ATW IP'•I I I • 1"41"d•, I"

A'rU -1ýMug %.- muca 'Q1 muca %-.I Mug =1

Dissolved And Entrained Gases
Ar-41
Kr-85M
Xe-133
Xe-135
Xe-131M
Xe-133M
Xe-135M
Total For Period

Gross Alpha Radioactivity
G-Alpha

Curies
Curies
Curies
Curies
Curies
Curies
Curies
Curies

Curies

O.OOE+00
0.O0E+00
1.21E-03

O.OOE+00
0.OOE+00
O.OOE+00
O.OOE+00
1.21E-03

0.OOE+00

0.OOE+00
0.OOE+00
2.68E-03
0.OOE+00
0.OOE+00
O.OOE+00
O.OOE+00
2.68E-03

0.OOE+00

2.87E-07
O.OOE+00
2.11E-02
0.OOE+00
0.OOE+00
8.31E-05
4.22E-06
2.12E-02

3.79E-06

O.00E+00
1.26E-05
1.71E-01
1.17E-03
2.33E-03
1.71E-03

Q.OOE+00
1.76E-01

3.01E-06

Zeroes in this table indicates that no radioactivity was present at detectable levels.See Table 1-4 for typical minimum detectable concentrations.
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Table 1-2C

Vogtle Electric Generating Plant
RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Liquid Effluents - Summation of All Releases

Unit: Site
Starting: 1-Jan-2009 Ending: 31-Dec-2009m I

Continuous Mode
2ND Ouarter 3RD OuarterNuclides Released

Fission & Activation Products
1-131
Sr-89
Total For Period

Tritium
H-3

Unit 1ST Ouarter 4TH Ouarter

Curies
Curies
Curies

Curies

O.OOE+O0
O.OOE+O0

0.OOE+00

1.44E-01

O.OOE+O0
O.OOE+00

0.OOE+00

2.70E-02

O.OOE+0Q
1.91E-04

1.91E-04

1.19E-02

6.13E-05
O.OOE+0O
6.13E-05

1.23E-02

Dissolved And Entrained Gases
No Nuclides Found Curies 0.OOE+00 O.OOE+00 O.OOE+00 O.OOE+0O

Gross Alpha Radioactivity
No Nuclides Found Curies O.OOE+00 O.OOE+O0 O.OOE+O0 O.OOE+O0

Zeroes in this table indicates that no radioactivity was present at detectable levels.See Table 1-4 for typical minimum detectable concentrations.
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Table 1-3A

Vogtle Electric Generating Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Doses to a member of the public due to Liquid Releases

Unit: 1
Starting: 1-Jan-2009 Ending: 31-Dec-2009

Cumulative Doses Per Quarter

Oroan

Bone
GI-Lli
Kidney
Liver
Lung
Thyroid
Total Body

ODCM Limit

5.OOE+00
5.OOE+00
5.OOE+00
5.OOE+00
5.0OE+00
5.OOE+00
1.50E+00

Units

mRem
mRem
mRem
mRem
mRem
mRem
mRem

IST Otr % ODCM 2ND Otr %/a ODCM 3RD Otr 0/ ODCM

1.08E-04
4.71E-04
4.53E-04
5.08E-04
4.45E-04
4.39E-04
4.86E-04

2. 16E-03
9.43E-03
9.06E-03
1.02E-02
8.90E-03
8.77E-03
3.24E-02

4.06E-04
7.96E-04
9.01E-04
1.26E-03
1.29E-03
7.16E-04
1.08E-03

8.11E-03
1.59E-02
1.80E-02
2.53E-02
2.59E-02
1.43E-02
7.17E-02

1.18E-03
1.09E-03
1.04E-03
1.90E-03
5.44E-03
6.19E-04
1.47E-03

2.37E-02
2.17E-02
2.07E-02
3.80E-02
1.09E-01
1.24E-02
9.82E-02

1.71E-03
7.50E-03
7.98E-03
9.41E-03
7.68E-03
8.38E-03
8.72E-03

3.42E-02
1.50E-01
1.60E-01
1.88E-01
1.54E-01
1.68E-01
5.81E-01

4TH Otr %/ ODCM

Cumulative Doses per Year

Organ ODCM Limit Units Year to Ending Date 0/0 ODCM Receptor Limit

Bone
GI-Lli
Kidney
Liver
Lung
Thyroid
Total Body

1.OOE+01
1.OOE+01
1.00E+01
1.OOE+01
1.OOE+01
1.OOE+01
3.OOE+00

mRem
mRem
mRem
mRem
mRem
mRem
mRem

3.41E-03
9.85E-03
1.04E-02
1.31E-02
1.49E-02
1.02E-02
1. 18E-02

3.41E-02
9.85E-02
1.04E-01
1.31E-01
1.49E-01
1.02E-01
3.92E-01

Maximum Individual Liquid
Maximum Individual Liquid
Maximum Individual Liquid
Maximum Individual Liquid
Maximum Individual Liquid
Maximum Individual Liquid
Maximum Individual Liquid

Liquid Effluent Organ Annual
Liquid Effluent Organ Annual
Liquid Effluent Organ Annual
Liquid Effluent Organ Annual
Liquid Effluent Organ Annual
Liquid Effluent Organ Annual
Liquid Effluent TB Annual
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Table 1-3B

Vogtle Electric Generating Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Doses to a member of the public due to Liquid Releases

Unit: 2
rtarfinn! I -Ian-7nnq Endinn! -,A-f~r.-2flfQ

Cumulative Doses Per Ouarter

Organ ODCM Limit Units 1ST Otr %/ ODCM 2ND Otr %/ ODCM 3RD Otr %/ ODCM 4TH Otr %/ ODCM

Bone
GI-Lli
Kidney
Liver.
Lung
Thyroid
Total Body

5.OQE+O0
5.OOE+O0
5.OOE+O0
5.OOE+O0
5.OOE+O0
5.00E+O0
1.50E+00

mRem
mRem
mRem
mRem
mRem
mRem
mRem

5.57E-05
9.22E-04
8.86E-04
9.27E-04
8.79E-04
8.70E-04
9.09E-04

1.11E-03
1.84E-02
1.77E-02
1.85E-02
1.76E-02
1.74E-02
6.06E-02

1.78E-03
3.40E-03
3.92E-03
5.56E-03
5.28E-03
3.09E-03
4.74E-03

3.56E-02
6.80E-02
7.85E-02
1.11E-01
1.06E-01
6.18E-02
3.16E-01

7.83E-03
2.48E-02
2.69E-02
2.98E-02
3.02E-02
2.02E-02
2.64E-02

1.57E-01
4.96E-01
5.39E-01
5.96E-01
6.03E-01
4.05E-01
1.76E+00

3.79E-03
1.60E-02
1.68E-02
2.02E-02
1.94E-02
1.51E-02
1.86E-02

7.57E-02
3.20E-01
3.37E-01
4.05E-01
3.89E-01
3.03E-01
1.24E+00

Cumulative Doses per Year

Organ ODCM Limit Units Year to Ending Date /o ODCM Receptor Limit

Bone
GI-Lli
Kidney
Liver
Lung
Thyroid
Total Body

1.00E+01
1.00E+01
1.00E+01
1.00E+01
1.00E+01
1.OOE+01
3.OOE+00

mRem
mRem
mRem
mRem
mRem
mRem
mRem

1.35E-02
4.52E-02
4.86E-02
5.65E-02
5.57E-02
3.93E-02
5.06E-02

1.35E-01
4.52E-01
4.86E-01
5.65E-01
5.57E-01
3.93E-01
1.69E+00

Maximum Individual Liquid
Maximum
Maximum
Maximum
Maximum
Maximum
Maximum

Individual
Individual
Individual
Individual
Individual
Individual

Liquid
Liquid
Liquid
Liquid
Liquid
Liquid

Liquid Effluent Organ Annual
Liquid Effluent Organ Annual
Liquid Effluent Organ Annual
Liquid Effluent Organ Annual
Liquid Effluent Organ Annual
Liquid Effluent Organ Annual
Liquid Effluent TB Annual
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Table 1-3C

Vogtle Electric Generating Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Doses to a member of the public due to Liquid Releases

Unit: Site
Ending: 31-Dec-2009Starting: 1-Jan-200'I I

Cumulative Doses Per Ouarter

Organ ODCM Limit Units 1ST Otr %/ ODCM 2ND Otr /o ODCM 3RD Otr %/a ODCM 4TH Otr 0/ ODCM

Bone
GI-Lli
Kidney
Liver
Lung
Thyroid
Total Body

5.OOE+0O
5.OOE+00
5.OOE+0O
5.OOE+O0
5.OOE+0O
5.OOE+O0
1.50E+O0

m Rem
mRem
mRem
mRem
mRem
mRem
mRem

1.64E-04
1.39E-03
1.34E-03
1.43E-03
1.32E-03
1.31E-03
1.40E-03

3.28E-03
2.79E-02
2.68E-02
2.87E-02
2.65E-02
2.62E-02
9.30E-02

2.19E-03
4.20E-03
4.82E-03
6.83E-03
6.57E-03
3.81E-03
5.82E-03

4.37E-02
8.39E-02
9.65E-02
1.37E-01
1.31E-01
7.61E-02
3.88E-01

9.01E-03
2.59E-02
2.80E-02
3.17E-02
3.56E-02
2.09E-02
2.79E-02

1.80E-01
5.18E-01
5.60E-01
6.34E-01
7.12E-01
4.17E-01
1.86E+00

5.50E-03
2.35E-02
2.48E-02
2.96E-02
2.71E-02
2.35E-02
2.73E-02

1.10E-01
4.70E-01
4.96E-01
5.93E-01
5.42E-01
4.71E-01
1.82E+00

Cumulative Doses per Year

Organ ODCM Limit Units Year to Ending Date %/o ODCM Receptor Limit

Bone
GI-Lli
Kidney
Liver
Lung
Thyroid
Total Body

1.00E+01
1.00E+01
1.OOE+01
1.OOE+01
1.OOE+01
1.OOE+01
3.OOE+00

mRem
mRem
mRem
mRem
mRem
mRem
mRem

1.69E-02
5.50E-02
5.90E-02
6.96E-02
7.06E-02
4.95E-02
6.24E-02

1.69E-01
5.50E-01
5.90E-01
6.96E-01
7.06E-01
4.95E-01
2.08E+00

Maximum Individual Liquid
Maximum Individual Liquid
Maximum Individual Liquid
Maximum Individual Liquid
Maximum Individual Liquid
Maximum Individual Liquid
Maximum Individual Liquid

Liquid Effluent Organ Annual
Liquid Effluent Organ Annual
Liquid Effluent Organ Annual
Liquid Effluent Organ Annual
Liquid Effluent Organ Annual
Liquid Effluent Organ Annual
Liquid Effluent TB Annual
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Table 1-4

VOGTLE ELECTRIC GENERATING PLANT
RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

MINIMUM DETECTABLE CONCENTRATIONS - LIQUID SAMPLE ANALYSES

JANUARY 2009 - DECEMBER 2009

The values in this table represent a priori Minimum Detectable Concentrations (MDC) that are typically
achieved in laboratory analyses of liquid radwaste samples.

RADIONUCLIDE MDC

Mn-54
Fe-59
Co-58
Co-60
Zn-65
Mo-99
Cs-134
Cs-137
Ce-141
Ce-144
1-131
Xe-133
Xe-135
Fe-55
Sr-89
Sr-90
H-3
Gross Alpha

2.73E-08
8.33E-08
3.78E-08
6.76E-08
1.32E-07
4.31E-07
3.06E-08
4.51E-08
6.99E-08
2.95E-07
5.97E-08
9.11E-08
4.27E-08
1.00E-06
5.00E-08
7.OOE-09
2.OOE-06
7.OOE-08

UNITS

ýiCi/ml
pCi/ml
RCi/ml
pCi/ml
gCi/ml
pCi/ml
pCi/ml
pCi/ml
ýiCi/ml
pCi/ml
pCi/ml
RCi/ml
pCi/ml
gCi/ml
pCi/ml
ptCi/ml
[Ci/ml
pCi/ml
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Table 1-5A

Vogtle Electric Generating Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Liquid Effluents - Batch Release Summary

Unit: 1
Starting: 1-Jan-2009 Ending: 31-Dec-2009

..

Liquid Releases

1. Number of batch releases

2. Total time period for Batch releases

3. Maximum time period for a batch release

4. Average time period for a batch release

5. Minimum time period for a batch release

6. Average stream flow during periods
of release of liquid effluent into

flowing stream *

Units

( Minutes)

( Minutes)

( Minutes)

( Minutes)

(CFS )

1ST Quarter

14

1.OOE+03

8.70E+01

7.16E+01

4.80E+01

5,784

2ND Quarter

13

1.05E+03

2.96E+02

8.05E+01

1.OOE+01

5,848

3RD Quarter

12

1.34E+03

4.78E+02

1.12E+02

3.OOE+00

4,542

4TH Quarter

14

1.59E+03

3.36E+02

1.14E+02

5.20E+01

14,704

r Year Totals

53

4.98E+03

4.78E+02

9.40E+01

3.OOE+00

Annual Avg Flow a

7,735

* Average River Flow Rate, taken from USGS Monitoring Station 02197500 Savannah River at Burton's Ferry Bridge near Millhaven, Ga 32 River miles
downstream of Plant Vogtle
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Table 1-5B

Vogtle Electric Generating Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Liquid Effluents - Batch Release Summary

Unit: 2
Starting: 1-Jan-2009 Ending: 31-Dec-2009

Liquid Releases

1. Number of batch releases

2. Total time period for Batch releases

3. Maximum time period for a batch release

4. Average time period for a batch release

5. Minimum time period for a batch release

6. Average stream flow during periods
of release of liquid effluent into
a flowing stream *

Units

(Minutes)

( Minutes)

( Minutes)

( Minutes)

(CFS )

1ST Quarter

10

2.05E+03

3.93E+02

2.05E+02

5.20E+01

5,784

2ND Quarter

9

2.74E+03

6.20E+02

3.04E+02

7.80E+01

5,848

3RD Quarter

24

1.16E+04

9.88E+02

4.84E+02

4.50E+01

4,542

4TH Quarter

20

5.75E+03

3.99E+02

2.87E+02

2.12E+02

14,704

Year Totals

63

2.22E+04

9.88E+02

3.52E+02

4.50E+01

Annual Avg Flow

7,735

* Average River Flow Rate, taken from USGS Monitoring Station 02197500 Savannah River at Burton's Ferry Bridge near Millhaven, Ga 32 River miles
downstream of Plant Vogtle
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Table 1-5C

Vogtle Electric Generating Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Liquid Effluents - Batch Release Summary

Unit: Site
Starting: 1-Jan-2009 Ending: 31-Dec-2009

Liquid Releases

1. Number of batch releases

2. Total time period for Batch releases

3. Maximum time period for a batch release

4. Average time period for a batch release

5. Minimum time period for a batch release

6. Average stream flow during periods
of release of liquid effluent into
a flowing stream *

Units

( Minutes)

( Minutes )

( Minutes )

( Minutes)

(CFS )

1ST Quarter

24

3.06E+03

3.93E+02

1.27E+02

4.80E+01

5,784 .

2ND Quarter

22

3.79E+03

6.20E+02

1.72E+02

1.OOE+01

5,848

3RD Quarter

36

1.30E+04

9.88E+02

3.60E+02

3.OOE+O0

4,542

4TH Quarter

34

7.34E+03

3.99E+02

2.16E+02

5.20E+01

14,704

Year Totals

116

2.71E+04

9.88E+02

2.34E+02

3.OOE+0O

Annual Avg Flow

7,735

* Average River Flow Rate, taken from USGS Monitoring Station 02197500 Savannah River at Burton's Ferry Bridge near Millhaven, Ga 32 River miles
downstream of Plant Vogtle
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Table 1-6A

Vogtle Electric Generating Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Liquid Effluents - Abnormal Release Summary

Unit: 1

Starting: 1-Jan-2009 Ending: 31-Dec-2009

Liquid Releases

1. Number of Releases

2. Total Time For All Releases

3. Maximum Time For A Release

4. Average Time For A Release

5. Minimum Time For A Release

6. Total activity for all releases

I nil' 1 QT Irin, orf 7mnf nfl.rtmlr apnl fl..rgar AT14Min~a Vgar Tn%1F= I©

0

( Minutes)

( Minutes)

( Minutes)

( Minutes)

( Curies )

O.OOE+00

O.OOE+00

O.OOE+00

O.OOE+00

O.OOE+00

0

0.OOE+00

0.OOE+00

0.OOE+00

0.OOE+00

0.OOE+00

0

0.OOE+00

0.OOE+00

0.OOE+00

0.OOE+00

0.OOE+00

0

0.OOE+00

0.OOE+00

0.OOE+00

0.OOE+00

0.OOE+00

0

0.OOE+00

0.OOE+00

0.OOE+00

0.OOE+00

0.OOE+00
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Table 1-6B

Vogtle Electric Generating Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Liquid Effluents - Abnormal Release Summary

Unit: 2

Starting: 1-Jan-2009 Ending: 31-Dec-2009

I inlti t Iga1•cnjc Ilnitc ICT~i fl.4r )Mfr~ el I mrt4ar 2Dn% f~lm.a4*r ATMI sin m4ýp
n M *i. dA ~ S ~ ~ *S* r*II t ~

1. Number of Releases

2. Total Time For All Releases

3. Maximum Time For A Release

4. Average Time For A Release

5. Minimum Time For A Release

6. Total activity for all releases

0

( Minutes)

( Minutes)

( Minutes)

( Minutes)

( Curies )

0.OOE+O0

0.OOE+00

0.OOE+00

0.OOE+O0

0.OOE+00

0

0.OOE+00

0.OOE+00

0.OOE+00

0.OOE+00

0.OOE+00

- 0

0.00E+00

0.OOE+00

0.OOE+00

0.OOE+00

0.OOE+00

0

0.OOE+00

0.00E+00

0.OOE+00

0.00E+00

0.OOE+00

Year Totals

0

O.OOE+00

O.OOE+00

O.OOE+00

O.OOE+00

O.OOE+00
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Table 1-6C

Vogtle Electric Generating Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Liquid Effluents - Abnormal Release Summary

Unit: Site

Starting: 1-Jan-2009 Ending: 31-Dec-2009

Liquid Releases

1. Number of Releases

2. Total Time For All Releases

3. Maximum Time For A Release

4. Average Time For A Release

5. Minimum Time For A Release

6. Total activity for all releases

Units
Units 1ST nuarter

0

(Minutes)

( Minutes)

( Minutes)

( Minutes)

( Curies )

0.00E+00

0.OOE+00

0.00E+00

0.OOE+00

0.OOE+00

2ND Quarter 3RD Quarter 4TH Quarter

0 0 0

0.OOE+00 0.OOE+00 0.OOE+00

O.OOE+00 O.OOE+00 O.OOE+00

O.OOE+00 O.OOE+00 O.OOE+00

O.OOE+00 O.OOE+00 O.OOE+00

O.OOE+00 O.OOE+00 O.OOE+00

Year Totals

0

0.OOE+00

0.00E+00

0.OOE+00

0.OOE+00

O.OOE+00
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2.0 Gaseous Effluents

2.1 Regulatory Requirements

The ODCM Specifications presented in this section are for Unit 1 and Unit 2.

2.1.1 Dose Rate Limits

The dose rate due to radioactive materials released in gaseous effluents from the
site to areas at and beyond the SITE BOUNDARY shall be limited to the
following:

a. For noble gases, Less than or equal to 500 mrems/yr. to the whole body
and less than or equal to 3000 mrems/yr. to the skin and,

b. For Iodine-1 31, for Iodine-1 33, for tritium and for all radionuclides in
particulate form with half lives greater than 8 days: Less than or equal to
1500 mrems/yr. to any organ.

2.1.2 Air Doses Due to Noble Gases in Gaseous Releases

The air dose due to noble gases released in gaseous effluents, from each unit, to
areas at and beyond the SITE BOUNDARY shall be limited to the following:

a. During any calendar quarter: Less than or equal to 5 mrads
for gamma radiation and less than or equal to 10 mrads for beta
radiation, and

b. During any calendar year: Less than or equal to 10 mrads for gamma

radiation and less than or equal to 20 mrads for beta radiation.

2.1.3 Doses to a Member of the Public

The dose to a MEMBER OF THE PUBLIC from Iodine-131, Iodine-133, tritium
and all radionuclides in particulate form with half-lives greater than 8 days in
gaseous effluents released, from each unit, to areas at and beyond the SITE
BOUNDARY shall be limited to the following.

a. During any calendar quarter: Less than or equal to 7.5 mrems to any
organ.

b. During any calendar year: Less than or equal to 15 mrems to any organ.
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2.2 Measurements and Approximations of Total Radioactivity

2.2.1 Sample Collection and Analysis

Gaseous Effluents at the Vogtle Electric Generating Plant are currently confined
to five paths: plant vents (Unit 1 and Unit 2), the condenser air ejector, the steam
packing exhauster systems (Unit 1 and Unit 2), and the Radwaste Processing
Facility.

Waste gas decay tanks are batch released through the Unit 1 plant vent. The
containment purges are released through their respective plant vents.
Containment atmosphere is also released via the containment equipment hatch
during periods when the equipment hatch is open with containment purge/vent
being stopped. Approval was granted by the NRC to open the equipment hatch
during fuel movement; a release permit is generated when the equipment hatch
is opened and the containment exhaust fan is not discharging to the plant vent.
Any detected activity in the containment equipment hatch permit is included in
the Ground Release Table of the effluent report.

All of the paths with the exception of the RPF can be continuously monitored for
gaseous radioactivity. The RPF is equipped with an integrated-type sample
collection device for collecting particulates. Plant vent, containment, steam jet air
ejector, steam-packing exhauster are equipped with an integrated-type sample
collection device for collecting particulates and iodines. During this reporting
period, there were no continuous radioactive releases through the condenser air
ejector and the steam packing exhauster system vents. Batch Waste Gas Decay
Tank releases are analyzed for noble gases before each release. The
containment atmosphere is analyzed for noble gases prior to each release and
for tritium at least on a monthly basis.

Sample analyses results and release flow rates form the basis for calculating
released quantities of radionuclide specific radioactivity, dose rates associated
with gaseous releases, and cumulative doses for the current quarter and year.

With each release period and batch release, radioactivity, dose rates, and
cumulative doses are calculated. Cumulative dose results are tabulated, along
with the percent of the ODCM limits for each release for the current quarter and
year.

Typically achieved minimum detectable concentrations for gaseous effluent
sample analyses are reported in Table 2-6.
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2.2.2 Total Quantities of Radioactivity, Dose Rates, and Cumulative Doses

The methods for determining release quantities of radioactivity, dose rates, and
cumulative doses are as follows:

2.2.2,1 Fission and Activation Gases

The released radioactivity is determined from sample analyses results collected
as described above and average release flow rates over the period represented
by the collected sample. Dose rates due to noble gases, radioiodines, tritium,
and particulates are calculated. Calculated dose rates are compared to the dose
rate limits specified in ODCM 3.1.2 for noble gases, radioiodines, tritium, and
particulates. Dose rate calculation methodology is presented in the ODCM.

Beta and gamma air doses due to noble gases are calculated for the location in
the unrestricted area with the potential for the highest exposure due to gaseous
releases. Air doses are calculated for each release period and cumulative totals
are kept for each unit for the calendar quarter and year. Cumulative air doses
are compared with the dose limits specified in ODCM 3.1.3. Current percent of
the ODCM limits are shown on the printout for each release period. Air dose
calculation methodology is presented in the ODCM.

2.2.2,2 Radioiodines, Tritium and Particulate Releases

The released quantities of radioiodines, tritium and particulates are determined
using the weekly samples and release flow rates for the two plant vent release
points.

After each quarter, the particulate filters from each plant vent are combined, for
strontium analysis. Strontium concentrations are input to the composite file of the
computer to be used for release dose rate and individual dose calculations.

Doses to a Member of the Public due to radioiodines, tritium and particulates are
calculated for the controlling receptor, which is described in Table 3-7of the
ODCM. Doses are calculated for each release period, and cumulative totals are
kept for each unit for the current calendar quarter and year. Cumulative doses
are compared to the dose limits specified in ODCM 3.1.4.

Current percent of ODCM limits are shown in this report for each release period.

2.2.2.3 Gross Alpha Release

The gross alpha release is calculated each month by counting the particulate
filters for each week for gross alpha activity. The four or five weeks' numbers are
then recorded on a data sheet and the activity is summed at the end of the
month. This concentration is used for release calculations.
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2.2.3 Total Error Estimation

The total or maximum error associated with the effluent measurement will include
the cumulative errors resulting from the total operation of sampling and
measurement. Because it may be very difficult to assign error terms for each
parameter affecting the final measurement, detailed statistical evaluation of error
are not suggested.
The objective should be to obtain an overall estimate of the error associated with
measurements of radioactive materials released in liquid and gaseous effluents
and solid waste.

Estimated errors are based on errors in counting equipment calibration, counting
statistics, vent-flow rates, vent sample flow rates, non-steady release rates,
chemical yield factors, and sample losses for such items as charcoal cartridges.

a. Fission and activation total release was calculated from sample analysis
results and release point flow rates.

Sampling and statistical error in counting 10%
Counting equipment calibration 10%
Vent flow Rates 10%
Non-steady release rates 20%
TOTAL ERROR 26.5%

b. 1-131 releases were calculated from each weekly sample:

Statistical error in counting 10%
Countin,ý equipment calibration 10%
Vent Flow Rates 10%
Vent Sample Flow Rates 50%
Non-Steady release rates 10%
Losses from charcoal cartridges 10%
TOTAL ERROR 55%

c. Particulates with half-lives greater than 8 day releases were calculated
from sample and analysis results and release point flow rates.

Statistical error at MDC concentration 10%
Counting equipment calibration 10%
Vent flow rates 10%
Vent sample flow rates 50%
Non steady release rates 10%
TOTAL ERROR 54%
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2.2.3 Total Error Estimation cont'd

d. Total tritium releases were calculated from sample analysis results
and release point flow rates.

Water vapor in sample stream determination 10%
Vent flow rates 10%
Counting calibration and statistics 10%
Non-steady release rates 10%
TOTAL ERROR 20%

e. Gross Alpha radioactivity was calculated from sample analysis results
and release point flow rates.

Statistical error at MDC concentration 10%
Counting equipment calibration 10%
Vent flow rates 10%
Vent sample fTow rates 50%
Non Steady release rates 10%
TOTAL ERROR 55%

2.3 Gaseous Effluent Release Data

Regulatory Guide 1.21 Tables 1A, 11B, and 1C are found in this report as Tables
2-1A, 2-1B, 2-1C, 2-2A, 2-2B, 2-2C, 2-3A, 2-3B, and 2-3C. Data are presented on
a quarterly basis as required by Regulatory Guide 1.21.

To complete table 2-1A, and 2-1 B, the total release for each of the four
categories (fission and activation gases, iodines, particulates, and tritium) was
divided by the number of seconds in the quarter to obtain a release rate in
ýtCi/second for each category. However, the percent of the ODCM limits are not
applicable because VEGP has no curie limits for gaseous releases. Applicable
limits are expressed in terms of dose. Noble gases are limited as specified in
ODCM 3.1.2. The other three categories (tritium, radioiodines, and particulates)
are limited as a group as specified in ODCM 3.1.2.

Dose rates due to noble gas releases and due to radioiodines, tritium, and
particulate releases were calculated as part of the pre-release and post-release
permits. No limits were exceeded for this reporting period.

Gross alpha radioactivity is reported in Table 2-1 A, and 2-1 B as curies released
in each quarter.

Limits for cumulative beta and gamma air doses due to noble gases are specified
in ODCM 3.1.3. Cumulative air doses are presented in Table 2-4A, and 2-4B
along with the percent of the ODCM limits.
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Limits for cumulative doses to a Member of the Public due to radioiodines, tritium
and particulates, are specified in ODCM 3.1.4. Cumulative doses to a Member of
the Public are presented in Table 2-5A, and 2-5B along with percent of ODCM
limits.

2.4 Radiological Impact Due to Gaseous Releases

Dose rates due to the release of noble gases were calculated for the site in
accordance with ODCM 3.4.1.1. Dose rates due to radioiodines, tritium, and
particulates in gaseous releases were calculated in accordance with ODCM
3.4.1.2.

Dose rates were calculated as part of pre-release and post release permits, no
limits were exceeded for this reporting period.

Cumulative air doses due to noble gas releases were calculated for each unit in
accordance with ODCM 3.4.2. These results are presented in Tables 2-4A and
2-4B.

Cumulative doses to a Member of the Public were calculated for each unit in
accordance with ODCM 3.4.3. These results are presented in Tables 2-5A and
2-5B.

Dose rates and doses were calculated using the methodology presented in the
Vogtle Electric Generating Plant Offsite Dose Calculation Manual.

2.5 Gaseous Effluents - Batch Releases

Other data pertinent to batch releases of radioactive gaseous effluent from Unit 1
and Unit 2 are listed in Table 2-7A and 2-7B.

2.6 Gaseous Effluents - Abnormal Releases

There were no abnormal releases of gaseous radioactivity for this reporting
period.
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Table 2-1A

Vogtle Electric Generating Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Gaseous Effluents - Summation Of All Releases

Unit: 1
Starting: 1-Jan-2009 Ending: 31-Dec-2009

Type of Effluent
A. Fission And Activation Gases

1. Total Release
2. Average Release rate for period
3. Percent of Applicable Limit

Units

Curies
uCi/sec

1ST Ouarter

7.07E+00
8.96E-01

*W

2ND Ouarter

5.30E+01
6.73E+00

3RD Ouarter

2.09E+02
2.65E+01

4TH Ouarter

8.88E-01
1.13E-01

B. Radioiodines
1. Total Iodine-131 Curies 2.01E-06 2.47E-06
2. Average Release rate for period uCi/sec 2.55E-07 3.13E-07
3. Percent of Applicable Limit %* *

C. Particulates
1. Particulates ( Half-Lives > 8 Days) Curies O.OOE+00 O.OOE+00
2. Average Release rate for period uCi/sec O.OOE+00 O.OOE+00
3. Percent of Applicable Limit % * *

D. Tritium
1. Total Release Curies 1.63E+01 1.12E+01
2. Average Release rate for period uCi/sec 2.06E+00 1.42E+00
3. Percent of Applicable Limit %* *

E. Gross Alpha
1. Total Release Curies O.OOE+00 O.OOE+00
2. Average Release rate for period uCi/sec 0.OOE+00 O.OOE+00

Applicable limits are expressed in terms of dose.See Tables 2-4A, 2-4B, 2-5A, 2-5B of this report.

4.19E-04
5.32E-05

*

1.86E-06
2.36E-07

,

1.52E+01
1.93E+00

0.00E+00
0.OOE+00

8.99E-06
1. 14E-06

,

1.51E-04
1.91E-05

,

1.06E+01
1.34E+00

0.OOE+00
0.OOE+00
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Table 2-1B

Vogtle Electric Generating Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Gaseous Effluents - Summation Of All Releases

Unit: 2
Starting: 1-Jan-2009 Ending: 31-Dec-2009

Type of Effluent
A. Fission And Activation Gases

1. Total Release
2. Average Release rate for period
3. Percent of Applicable Limit

B. Radioiodines
1. Total Iodine-131
2. Average Release rate for period
3. Percent of Applicable Limit

C. Particulates
1. Particulates ( Half-Lives > 8 Days)
2. Average Release rate for period
3. Percent of Applicable Limit

D. Tritium
1. Total Release
2. Average Release rate for period
3. Percent of Applicable Limit

E. Gross Alpha
1. Total Release
2. Average Release rate for period
3. Percent of Applicable Limit

Units

Curies
uCi/sec

Curies
uCi/sec

Curies
uCi/sec

Curies
uCi/sec

Curies
uCi/sec

1ST Ouarter

2.26E+02
2.87E+01

2ND Ouarter

2.39E+02
3.03E+01

3RD Ouarter 4TH Ouarter

O.OOE+00
O.OOE+00

1.53E-07
1.94E-08

,

3.95E+00
5.OOE-01

O.OOE+00
O.OOE+00

0.OOE+00
0.OOE+00

0.OOE+00
0.OOE+00

4.96E+00
6.29E-01

0.OOE+00
O.OOE+00

2.14E+02
2.71E+01

3.35E-07
4.25E-08

,

5.66E-07
7,17E-08

6.46E+00
8.20E-01

0.OOE+00
0.O0E+00

8.11E+01
1.03E+01

*.OE0

0.OOE+00

0.OOE+00

0.OOE+00

1 .07E+00
1.36E-01

0.OOE+00
0.OOE+O0

Applicable limits are expressed in terms of dose.See Tables 2-4A, 2-4B, 2-5A, 2-5B of this report.
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Table 2-1C

Vogtle Electric Generating Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Gaseous Effluents - Summation Of All Releases

Unit: Site
Starting: 1-Jan-2009 Ending: 31-Dec-2009

Type of Effluent
A. Fission And Activation Gases

1. Total Release
2. Average Release rate for period
3. Percent of Applicable Limit

Units

Curies
uCi/sec

1ST Ouarter

2.33E+02
2.96E+01

*k

2ND Ouarter

2.92E+02
3.70E+01

*<

3RD Ouarter

4.23E+02
5.36E+01

*<

4TH Ouarter

8.20E+01
1.04E+01

*k

B. Radioiodines
1. Total Iodine-131 Curies 2.01E-06 2.47E-06
2. Average Release rate for period uCi/sec 2.55E-07 3.13E-07
3. Percent of Applicable Limit %* *

C. Particulates
1. Particulates ( Half-Lives > 8 Days) Curies 1.53E-07 O.OOE+00
2. Average Release rate for period uCi/sec 1.94E-08 O.OOE+00
3. Percent of Applicable Limit %* *

D. Tritium
1. Total Release Curies 2.02E+01 1.62E+01
2. Average Release rate for period uCi/sec 2.56E+00 2.05E+00
3. Percent of Applicable Limit %* *

E. Gross Alpha
1. Total Release Curies O.OOE+00 O.OOE+00
2. Average Release rate for period uCi/sec O.OOE+00 O.OOE+00
3. Percent of Applicable Limit %* *

Applicable limits are expressed in terms of dose.See Tables 2-4A, 2-4B, 2-5A, 2-5B of this report.

4.20E-04
5.33E-05

2.42E-06
3.07E-07

,

2.17E+01
2.75E+00

0.OOE+00
0.OOE+00

*k

8.99E-06
1.14E-06

1.51E-04
1.913E-05

1.16E+01
1.48E+00

*.OE0

0.OOE+00
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Table 2-2A

Vogtle Electric Generating Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Gaseous Effluents - Mixed Mode Level Releases

Unit: 1
Starting: 1-Jan-2009 Ending: 31-Dec-2009

Continuous Mode

Nuclides Released
Fission Gases
Xe-133
Xe-135
Total For Period

lodines
1-131
1-133
Total For Period

Particulates
Co-58
Sr-89
Total For Period

Tritium
H-3

Gross Alpha
No Nuclides Found

Unit 1 •T uAiirtpr 7Nfl Aiura~rf •Rfl OAirh~r 4TH A. irtf~r
Unit IST nuarter 2ND nuarter 3RD Ouarter 4TH Oua er

Curies
Curies
Curies

Curies
Curies
Curies

Curies
Curies
Curies

Curies

Curies

O.OOE+O0
O.OOE+O0

O.OOE+00

2.01E-06
5.82E-06

7.83E-06

0.OOE+00
O.OOE+00
O.OOE+00

1.17E+01

* O.OOE+00

6.36E+00
O.OOE+O0
6.36E+00

2.47E-06
O.OOE+O0
2.47E-06

0.OOE+00
0.OOE+00
O.OOE+0O

6.56E+00

0.OOE+00

4.80E+01
9.38E-01

4.89E+01

3.64E-05
4.29E-05

7.93E-05

0.OOE+O0
1.86E-06
1.86E-06

9.94E+00

O.OOE+OO

O.OOE+0O
O.OOE+00
O.OOE+00

4.72E-06
4.66E-06
9.38E-06

6.94E-07
0.OOE+00
6.94E-07

8.96E+00

0.OOE+00

If Not Detected, Nuclide is Not Reported. Zeroes in this table indicates that no radioactivity was present at detectable levels.See Table 2-6 for typical minimum
detectable concentrations.
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Table 2-2A

Vogtle Electric Generating Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Gaseous Effluents - Mixed Mode Level Releases

Unit: 1
Starting: 1-Jan-2009 Ending: 31-Dec-2009

Batch Mode

Nuclides Released
Fission Gases
Ar-41
Kr-85M
Xe-131M
Xe-133M
Xe-133
Xe-135
Total For Period

lodines
No Nuclides Found

Particulates
No Nuclides Found

Tritium
H-3

Gross Alpha
No Nuclides Found

llnit 1•1" uAirtpr •)ND Ouart#_r 3Rfl OAmrtpr 4TH Ami•rti~r
Unit 1ST Oua er 2ND inuarter 3RD nuarter 4TH Oua er

Curies
Curies
Curies
Curies
Curies
Curies
Curies

Curies

Curies

Curies

Curies

4.25E-01
0.00E+00
0.OOE+00
2.17E-03
6.52E+00
1.21E-01

7.07E+00

O.OOE+00

O.OOE+00

4.60E+00

O.OOE+00

8.59E-01
1.22E-02
2.74E-01
5.76E-01
4.45E+01
3.95E-01

4.67E+01

O.OOE+00

O.OOE+00

4.63E+00

0.OOE+00

2.95E+00
4.23E-01
1.13E+00
2.90E+00
1.46E+02

4.74E+00
1.58E+02

O.OOE+00

O.OOE+00

5.23E+00

0.O0E+00

4.55E-01
0.OOE+00
0.OOE+00
0.OOE+00
4.08E-01
O.OOE+00
8.63E-01

O.OOE+00

O.OOE+00

1.58E+00

O.OOE+00

If Not Detected, Nuclide is Not Reported. Zeroes in this table indicates that no radioactivity was present at detectable levels.See Table 2-6 for typical minimum
detectable concentrations.

Page 43 of 80



Table 2-2B

Vogtle Electric Generating Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Gaseous Effluents - Mixed Mode Level Releases

Unit: 2
Starting: 1-Jan-2009 Ending: 31-Dec-2009

Continuous Mode

nnrli.A;nc DýlIcIMl I nif ICT gnm.rar ,JkNr Nn i=r+Ar Dlr nf:xrIr ATl- MnI x'rf~

Fission Gases
Kr-85M
Xe-133
Xe-135
Total For Period
Iodines
1-131
Total For Period

Particulates
Sr-89
Total For Period

Tritium
H-3

Gross Alpha
No Nuclides Found

Curies
Curies
Curies
Curies

Curies
Curies

Curies
Curies

Curies

Curies

8.85E-01
5.61E+01
7.22E+00
6.43E+01

O.OOE+O0
0.OOE+00

1.53E-07
1.53E-07

2.87E+00

O.OOE+00

O.OOE+O0
8.24E+01
O.OOE+O0
8.24E+01

O.OOE+O0
O.OOE+00

O.OOE+00
0.OOE+00

4.47E+00

O.OOE+O0

0.OOE+00
1.33E+02
1.85E+00

1.35E+I02

3.35E-07
3.35E-07

5.66E-07
5.66E-07

5.07E+00

O.OOE+0O

0.OOE+0O
2.57E+01
4,05E+00

2.98E+01

0.OOE+00
0.OOE+00

0.OOE+00
0.OOE+00

6.85E-01

O.OOE+00

If Not Detected, Nuclide is Not Reported. Zeroes in this table indicates that no radioactivity was present at detectable levels.See Table 2-6 for typical minimum
detectable concentrations.
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Table 2-2B

Vogtle Electric Generating Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Gaseous Effluents - Mixed Mode Level Releases

Unit: 2
Starting: 1-Jan-2009 Ending: 31-Dec-2009

Batch Mode

Nuclides Released Unit 1ST Quarter 2ND Quarter 3RD Quarter 4TH Ouarter
Fission Gases
Ar-41 Curies 9.38E-01 9.83E-01 1.05E+00 6.35E-01
Kr-85M Curies 1.73E-03 O.OOE+00 3.51E-03 2.03E-03
Kr-85 Curies O.OOE+00 O.OOE+00 6.36E-01 O.OOE+00
Kr-88 Curies O.OOE+00 O.OOE+00 1.32E-03 O.OOE+00
Xe-131M Curies 1.27E+00 1.35E+00 6.20E-01 4.58E-01
Xe-133M Curies 2.29E+00 1.75E+00 7.94E-01 5.01E-01
Xe-133 Curies 1.56E+02 1.52E+02 7.57E+01 4.96E+01
Xe-135 Curies 1.21E+00 4.64E-01 2.99E-01 1.85E-01
Total For Period Curies 1.62E+02 1.56E+02 7.91E+01 5.14E+01

Iodines
No Nuclides Found Curies O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00

Particulates
No Nuclides Found Curies O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00

Tritium
H-3 Curies 1.07E+00 4.88E-01 1.40E+00 3.85E-01

Gross Alpha
No Nuclides Found Curies O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00

If Not Detected, Nuclide is Not Reported. Zeroes in this table indicates that no radioactivity was present at detectable levels.See Table 2-6 for typical minimum
detectable concentrations.
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Table 2-2C

Vogtle Electric Generating Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Gaseous Effluents - Mixed Mode Level Releases

Unit: Site
Starting: 1-Jan-2009 Ending: 31-Dec-2009

Continuous Mode

Nuclides Released
Fission Gases
Kr-85M
Xe-133
Xe-135
Total For Period

Unit 1ST Ouarter 2ND Ouarter 3RD Ouarter 4TH Ouarter

lodines
1-131
1-133
Total For Period

Particulates
Co-58
Sr-89
Total For Period

Tritium
H-3

Gross Alpha
No Nuclides Found

Curies
Curies
Curies
Curies

Curies
Curies
Curies

Curies
Curies
Curies

Curies

Curies

8.85E-01
5.61E+01
7.22E+00
6.43E+01

2.01E-06
5.82E-06

7.83E-06

O.OOE+00
1.53E-07
1.53E-07

1.45E+01

O.OOE+00

0.OOE+00
8.88E+01
0.OOE+00
8.88E+01

2.47E-06
0.OOE+00
2.47E-06

0.OOE+00
0.OOE+00
O.OOE+00

1.10E+01

0.OOE+00

O.OOE+00
1.81E+02
2.79E+00
1.84E+02

3.67E-05
4.29E-05

7.96E-05

O.OOE+00
2.42E-06
2.42E-06

1.50E+01

O.OOE+00

0.OOE+00
2.57E+01
4.05E+00

2.98E+01

4.72E-06
4.66E-06
9.38E-06

6.94E-07
0.OOE+00
6.94E-07

9.65E+00

0.OOE+00

If Not Detected, Nuclide is Not Reported. Zeroes in this table indicates that no radioactivity was present at detectable levels.See Table 2-6 for typical minimum
detectable concentrations.
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Table 2-2C

Vogtle Electric Generating Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Gaseous Effluents - Mixed Mode Level Releases

Unit: Site
Starting: 1-Jan-2009 Ending: 31-Dec-2009

Batch Mode

Nuclides Released Unit 1ST Quarter 2ND Quarter 3RD Quarter 4TH Quarter
Fission Gases
Ar-41 Curies 1.36E+00 1.84E+00 4.OOE+00 1.09E+00
Kr-85M Curies 1.73E-03 1.22E-02 4.27E-01 2.03E-03
Kr-85 Curies O.OOE+00 O.OOE+00 6.36E-01 O.0OE+00
Kr-88 Curies O.OOE+00 O.OOE+00 1.32E-03 O.0OE+00
Xe-131M Curies 1.27E+00 1.62E+00 1.75E+00 4.58E-01
Xe-133M Curies 2.29E+00 2.33E+00 3.69E+00 5.01E-01
Xe-133 Curies 1.63E+02 1.96E+02 2.22E+02 5.OOE+01
Xe-135 Curies 1.33E+00 8.59E-01 5.04E+00 1.85E-01
Total For Period Curies 1.69E+02 2.03E+02 2.37E+02 5.22E+01

lodines
No Nuclides Found Curies O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00

Particulates
No Nuclides Found Curies O.OE+00 O.OOE+00 O.0OE+00 0.OOE+00

Tritium
H-3 Curies 5.67E+00 5.12E+00 6.63E+00 1.96E+00

Gross Alpha
No Nuclides Found Curies O.OOE+00 O.OOE+00 O.OOE+00 0.00E+00

If Not Detected, Nuclide is Not Reported. Zeroes in this table indicates that no radioactivity was present at detectable levels.See Table 2-6 for typical minimum
detectable concentrations.
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Table 2-3A

Vogtle Electric Generating Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Gaseous Effluents - Ground Level Releases

Unit: 1
Starting: 1-Jan-2009 Ending: 31-Dec-2009

Continuous Mode
Nuclides Released Unit 1ST Quarter 2ND Quarter 3RD Quarter 4TH Quarter

Fission Gases
No Nuclides Found Curies

Iodines
No Nuclides Found Curies

O.OOE+O0

O.OOE+00

O.OOE+00

O.OOE+00

o .OOE+Q0

0.OOE+00

0.OOE+00

O.OOE+00

0.OOE+O0

0.OOE+00

0.OOE+00

0.OOE+00

0.OOE+0Q

0.OOE+00

0.OOE+00

0.OOE+00

Particulates
No Nuclides Found Curies

Tritium
No Nuclides Found Curies

Gross Alpha
No Nuclides Found Curies O.OOE+00 O.OOE+00 O.OOE+00 O.OOE+00

If Not Detected, Nuclide is Not Reported. Zeroes in this table indicates that no radioactivity was present at detectable levels.See Table 2-6 for typical minimum

detectable concentrations.
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Table 2-3A

Vogtle Electric Generating Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Gaseous Effluents - Ground Level Releases

Unit: 1
Starting: 1-Jan-2009

Bat
Unit 1ST Ouart4

Ending: 31-Dec-2009

tch Mode
Nuclides Released er 2ND Ouarter 3RD Ouarter 4TH Ouarterer
Fission Gases
Kr-85M
Xe-133M
Xe-133
Xe-135
Total For Period

Iodines
1-131
1-133
Total For Period

Particulates
Cr-51
Co-58
Co-60
Total For Period

Curies
Curies
Curies
Curies
Curies

Curies
Curies
Curies

Curies
Curies
Curies
Curies

Curies

0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00

0.OOE+00

0.OOE+00
0.OOE+00

0.OOE+00

0.OOE+00
0.OOE+00
0.OOE+00

0.OOE-I00

0.OOE+00

0.OOE+00

0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00

0.OOE+00
0.OOE+00

0.OOE+00

0.OOE+00
0.OOE+00
0.OOE+00
O.OOE+00

0.OOE+00

0.OOE+00

2.55E-03
8.16E-03
1.64E+00
2.65E-02

1.68E+00

3.83E-04
2.25E-05

4.06E-04

O.OOE+00
O.OOE+00
O.OOE+00

O.OOE+00

4.73E-02

0.OOE+00

0.OOE+00
0.OOE+00
2.48E-02
0.OOE+00
2.48E-02

4.27E-06
0.OOE+00
4.27E-06

6.49E-05
7.64E-05
8.81E-06
1.50E-04

2.83E-02

0.OOE+00

Tritium
H-3

Gross Alpha
No Nuclides Found Curies

If Not Detected, Nuclide is Not Reported. Zeroes in this table indicates that no radioactivity was present at detectable levels.See Table
detectable concentrations.

2-6 for typical minimum
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Table 2-3B

Vogtle Electric Generating Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Gaseous Effluents - Ground Level Releases

Unit: 2
Starting: 1-Jan-2009 Ending: 31-Dec-2009

Continuous Mode
Nuclides Released Unit 1ST Quarter 2ND Quarter 3RD Quarter 4TH Quarter

Fission Gases
No Nuclides Found Curies O.OOE+O0 O.OOE+O0 O.OOE+O0 O.OOE+O0

Iodines
No Nuclides Found Curies O.OOE+O0 O.OOE+O0 O.OOE+O0 O.OOE+O0

Particulates
No Nuclides Found Curies O.OOE+O0 O.OOE+O0 O.OOE+O0 O.OOE+O0

Tritium
No Nuclides Found Curies O.OOE+O0 O.OOE+O0 O.OOE+O0 O.OOE+O0

Gross Alpha
No Nuclides Found Curies O.OOE+O0 O.OOE+O0 O.OOE+O0 O.OOE+O0

If Not Detected, Nuclide is Not Reported. Zeroes in this table indicates that no radioactivity was present at detectable levels.See Table 2-6 for typical minimum
detectable concentrations.
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Table 2-3B

Vogtle Electric Generating Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Gaseous Effluents - Ground Level Releases

Unit: 2
Starting: 1-Jan-2009 Ending: 31-Dec-2009

Batch Mode
Pd-1;A- 0-1----A I I i.- o2nr% .41. ATUr rU. -

1 EELc .L.1 JIU E £EL JMUI LA =1 ~ E '.Mug L=E MtI~ ugi L=1

Fission Gases
No Nuclides Found

lodines
No Nuclides Found

Particulates
No Nuclides Found

Tritium
No Nuclides Found

Gross Alpha
No Nuclides Found

Curies

Curies

Curies

O.OOE+O0

O.OOE+O0

O.OOE+00

O.OOE+O0

O.OOE+00

O.OOE+0O

O.OOE+O0

O.OOE+00

O.OOE+O0

O.OOE+O0

O.OOE+00

O.OOE+00

O.OOE+OO

O.OOE+OO

O.OOE+0O

O.OOE+OO

0.OOE+O0

0.OOE+00

0.O-OE+00

O.OOE+00

Curies

Curies

If Not Detected, Nuclide is Not Reported. Zeroes in this table indicates that no radioactivity was present at detectable levels.See Table 2-6 for typical minimum
detectable concentrations.
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Table 2-3C

Vogtle Electric Generating Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Gaseous Effluents - Ground Level Releases

Unit: Site
Starting: 1-Jan-2009 Ending: 31-Dec-2009

Continuous Mode
Unit 1ST Quarter 2ND Quarter 3RD Quarter 4TH QuarterNuclides Released

Fission Gases
No Nuclides Found

Iodines
No Nuclides Found

Particulates
No Nuclides Found

Tritium
No Nuclides Found

Gross Alpha
No Nuclides Found

Curies

Curies

Curies

O.OOE+O0

O.OOE+O0

O.OOE+00

O.OOE+O0

O.OOE+O0

0.OOE+0O

0.OOE+0O

O.OOE+00

O.OOE+00

0.OOE+00

O.OOE+O0

O.OOE+O0

O.OOE+0O

O.OOE+O0

O.OOE+00

O.OOE+OO

0.OOE+00

0.OOE+00

0.OOE+00

0.OOE+00

Curies

Curies

If Not Detected, Nuclide is Not Reported. Zeroes in this table indicates that no radioactivity was present at detectable levels.See Table 2-6 for typical minimum
detectable concentrations.
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Table 2-3C

Vogtle Electric Generating Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Gaseous Effluents - Ground Level Releases

Unit: Site
Starting: 1-Jan-2009 Ending: 31-Dec-2009

Batch Mode
NiNdAAC Iall••ad I"nit 14ZT niirI~r ,3Nn niinrtar 21p1 A' o,, r AT14 nli+n r

Fission Gases
Kr-85M
Xe-133M
Xe-133
Xe-135

Total For Period

Iodines
1-131
1-133
Total For Period

Particulates
Cr-51
Co-58
Co-60
Total For Period

Curies
Curies
Curies
Curies

Curies

Curies
Curies
Curies

Curies
Curies
Curies
Curies

Curies

Curies

0.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00

0.OOE+00

O.OOE+O0
O.OOE+O0
O.OOE+00

O.OOE+00
O.OOE+O0
O.OOE+O0

OOOE+O0

O.OOE+O0

O.OOE+O0

O.OOE+00
O.OOE+00
O.OOE+00
O.OOE+00

0.OOE+00

O.OOE+O0
O.OOE+O0
0.OOE+00

O.OOE+OO0. 00E +00
0.OOE+00
0.OOE+00

O.OOE+00

O.OOE+O0

O.OOE+O0

2.55E-03
8.16E-03
1.64E+00
2.65E-02

1.68E+00

3.83E-04
2.25E-05

4.06E-04

O.OOE+00
O.00E+00
O.OOE+00

O.OOE+00

4.73E-02

O.OOE+O0

O.OOE+00
0.OOE+00
2.48E-02

O.OOE+OO

2.48E-02

4.27E-06
O.OOE+O0
4.27E-06

6.49E-05
7.64E-05
8.81E-06
1.50E-04

2.83E-02

O.00E+0O

Tritium
H-3

Gross Alpha
No Nuclides Found

If Not Detected, Nuclide is Not Reported. Zeroes in this table indicates that no radioactivity was present at detectable levels.See Table 2-6 for typical minimum
detectable concentrations.
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Table 2-4A

Vogtle Electric Generating Plant
RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Air Doses Due to Gaseous Releases

Unit: 1
Starting: 1-Jan-2009 Ending: 31-Dec-2009

Cumulative Doses Per Quarter

Type of Radiation ODCM Limit Units 1ST Otr O/o ODCM 2ND Otr O/o ODCM 3RD Otr %/ ODCM 4TH Otr %/ ODCM

Gamma Air
Beta Air

5.OOE+00 mRad 9.50E-05 1.90E-03 3.95E-04 7.90E-03 1.64E-03 3.28E-02 6.48E-05 1.30E-03
1.OOE+01 mRad 1.25E-04 1.25E-03 8.56E-04 8.56E-03 3.57E-03 3.57E-02 3.02E-05 3.02E-04

Cumulative Doses Per Year

Type of Radiation ODCM Limit Units Year to End Date %/o ODCM Receptor Limit

Gamma Air
Beta Air

1.00E+01 mRad
2.OOE+01 mRad

2.20E-03
4.58E-03

2.20E-02 Site Boundary / Child
2.29E-02 Site Boundary / Child

Air Dose Gamma Annual 1.21
Air Dose Beta Annual 1.21
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Table 2-4B

Vogtle Electric Generating Plant
RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Air Doses Due to Gaseous Releases I

Unit: 2
Starting: 1-Jan-2009 Ending: 31-Dec-2009

Cumulative Doses Per Ouarter

Type of Radiation ODCM Limit Units 1ST Otr °/o ODCM 2ND Otr O/o ODCM 3RD Otr %/o ODCM 4TH Otr 0/0 ODCM

Gamma Air
Beta Air

5.OOE+00 mRad 1.49E-03 2.99E-02 1.37E-03 2.74E-02 1.29E-03 2.58E-02 5.99E-04 1.20E-02
1.0OE+01 mRad 3.71E-03 3.71E-02 3.73E-03 3.73E-02 3.38E-03 3.38E-02 1.36E-03 1.36E-02

Cumulative Doses Per Year

Type of Radiation ODCM Limit Units Year to End Date /o ODCM Receptor Limit

Gamma Air
Beta Air

1.OOE+01 mRad
2.OOE+01 mRad

4.75E-03
1.22E-02

4.75E-02 Site Boundary / Child
6.09E-02 Site Boundary / Child

Air Dose Gamma Annual 1.21
Air Dose Beta Annual 1.21
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Table 2-4C

Vogtle Electric Generating Plant
RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Air Doses Due to Gaseous Releases

Unit: Site
Starting: 1-Jan-2009 Ending: 31-Dec-2009

Cumulative Doses Per Ouarter

Type of Radiation ODCM Limit Units 1ST Qtr %/a ODCM 2ND Otr 0/o ODCM 3RD Otr O/o ODCM 4TH Qtr %/a ODCM

Gamma Air
Beta Air

5.OOE+00 mRad 1.59E-03 3.18E-02 1.76E-03 3.53E-02 2.93E-03 5.86E-02 6.63E-04 1.33E-02
1.OOE+01 mRad 3.84E-03 3.84E-02 4.58E-03 4.58E-02 6.96E-03 6.96E-02 1.39E-03 1.39E-02

Cumulative Doses Per Year

Type of Radiation ODCM Limit Units Year to End Date /o ODCM Receptor Limit

Gamma Air
Beta Air

1.OOE+01 mRad
2.OOE+01 mRad

6.95E-03
1.68E-02

6.95E-02 Site Boundary / Child
8.38E-02 Site Boundary / Child

Air Dose Gamma Annual 1.21
Air Dose Beta Annual 1.21
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Table 2-5A

Vogtle Electric Generating Plant
RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Doses To A Member Of The Public Due To Radioiodines, Tritium, and Particulates in Gaseous Releases

Unit: 1
Starting: 1-Jan-2009 Ending: 31-Dec-2009

Cumulative Doses Per Ouarter

Oraan ODCM Limit Units 1~T Otr O/~ ODCM 2ND Otr 0/n ODCM ~RD Otr O/n ADCM 4TH fltr ~ ADCM
IST Otr 0/p ODC 2ND Otr O/o ODC 3RD Otr O/o ODCM 4TH intr O/o ODCM

Bone
GI-LIi
Kidney
Liver
Lung
Thyroid
Total Body

7.50E+00
7.50E+00
7.50E+00
7.50E+00
7.50E+00
7.50E+00
7.50E+00

mRem
mRem
mRem
mRem
mRem
mRem
mRem

1.30E-08
3.52E-04
3.52E-04
3.52E-04
3.52E-04
3.56E-04
3.52E-04

1.74E-07
4.69E-03
4.69E-03
4.69E-03
4.69E-03
4.74E-03
4.69E-03

1.42E-08
2.42E-04
2.42E-04
2.42E-04
2.42E-0-4
2.46E-04
2.42E-04

1.89E-07
3.23E-03
3.23E-03
3.23E-03
3.23E-03
3.28E-03
3.23E-03

8.80E-06
3.34E-04
3.44E-04
3.40E-04
3.34E-04
2.33E-03
3.37E-04

1.17E-04
4.46E-03
4.58E-03
4.53E-03
4.45E-03
3.10E-02
4.49E-03

1.95E-05
2.56E-04
2.51E-04
2.51E-04
2.53E-04
2.80E-04
2.53E-04

2.60E-04
3.41E-03
3.34E-03
3.35E-03
3.38E-03
3.74E-03
3.38E-03

Cumulative Doses per Year

Arn~ n AfliM I imil I Inifc Y~r fn I~nrlinni nl,* OA lflNnM ID.,r•ntnr l im;l
Ornan npr i imit "nite Vanr M Fnelin nnfga o/- nnrm Mnea i-nr I ;ý;IF22 If

Bone
GI-Lli
Kidney
Liver
Lung
Thyroid
Total Body

1.500E+01
1.500E+01
1.500E+01
1.500E+01
1.500E+01
1.500E+01
1.500E+01

mRem
mRem
mRem
mRem
mRem
mRem
mRem

2.836E-05
1.184E-03
1.188E-03
1.185E-03
1.181E-03
3.209E-03
1. 184E-03

1.891E-04
7.891E-03
7.919E-03
7.899E-03
7.872E-03
2.139E-02
7.894E-03

Maximum Individual
Maximum Individual
Maximum Individual
Maximum Individual
Maximum Individual
Maximum Individual
Maximum Individual

Child
Child
Child
Child

/ Child
/ Child
/ Child

Iodine/Part Dose Annual 1.21
Iodine/Part Dose Annual 1.21
Iodine/Part Dose Annual 1.21
Iodine/Part Dose Annual 1.21
Iodine/Part Dose Annual 1.21
Iodine/Part Dose Annual 1.21
Iodine/Part Dose Annual 1.21
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Table 2-5B

Vogtle Electric Generating Plant
RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Doses To A Member Of The Public Due To Radioiodines, Tritium, and Particulates in Gaseous Releases

Unit: 2
Starting: 1-Jan-2009 Ending: 31-Dec-2009

Cumulative Doses Per Ouarter

Oraan ODCM Limit Units 1ST Otr 0/o ODCM 2ND Otr 0/0 ODCM 3RD Otr %/o ODCM 4TH Otr %/c ODCM_.• .....................

Bone
GI-Lli
Kidney
Liver
Lung
Thyroid
Total Body

7.50E+00
7.50E+00
7.50E+00
7.50E+00
7.50E+00
7.50E+00
7.50E+00

mRem
mRem
mRem
mRem
mRem
mRem
mRem

1.80E-07
8.53E-05
8.53E-05
8.53E-05
8.53E-05
8.53E-05
8.53E-05

2.39E-06
1.14E-03
1.14E-03
1.14E-03
1.14E-03
1.14E-03
1.14E-03

0.OOE+00
1.07E-04
1.07E-04
1.07E-04
1.07E-04
1.07E-04
1.07E-04

O.OOE+00
1.43E-03
1.43E-03
1.43E-03
1.43E-03
1.43E-03
1.43E-03

6.67E-07
1.40E-04
1.40E-04
1.40E-04
1.40E-04
1.40E-04
1.40E-04

8.89E-06
1.86E-03
1.86E-03
1.86E-03
1.86E-03
1.87E-03
1.86E-03

0.OOE+00
2.31E-05
2.31E-05
2.31E-05
2.31E-05
2.31E-05
2.31E-05

O.OOE+00
3.08E-04
3.08E-04
3.08E-04
3.08E-04
3.08E-04
3.08E-04

Cumulative Doses per Year

Oraan ODCM Limit Units Year to Endina Date 0/h ODCM Receotor Limit

Bone
GI-Lli
Kidney
Liver
Lung.
Thyroid
Total Body

1.500E+01
1.500E+01
1.500E+01
1.500E+01
1.500E+01
1.500E+01
1.500E+01

mRem
mRem
mRem
mRem
mRem
mRem
mRem

8.466E-07
3.555E-04
3.555E-04
3.555E-04
3.555E-04
3.560E-04
3.555E-04

5.644E-06
2.370E-03
2.370E-03
2.370E-03
2.370E-03
2.374E-03
2.370E-03

Maximum Individual / Child
Maximum Individual / Child
Maximum Individual / Child
Maximum Individual / Child
Maximum Individual / Child
Maximum Individual / Child
Maximum Individual / Child

Iodine/Part Dose Annual 1.21
Iodine/Part Dose Annual 1.21
Iodine/Part Dose Annual 1.21
Iodine/Part Dose Annual 1.21
Iodine/Part Dose Annual 1.21
Iodine/Part Dose Annual 1.21
Iodine/Part Dose Annual 1.21
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Table 2-5C

Vogtle Electric Generating Plant
RADIOACTIVE EFFLUENT RELEASE REPORT - 2009

Doses To A Member Of The Public Due To Radioiodines, Tritium, and Particulates in Gaseous Releases

Unit: Site
Starting: 1-Jan-2009 Ending: 31-Dec-2009

Cumulative Doses Per Ouarter

Oraan ODCM Limit Units 1ST Otr 0/6 ODCM 2ND Otr 0/n ODCM 3RD Otr o/o ADCM 4TH Atr o/n ADCM
3RD Otr O/o ODCM 4TH Otr O/o ODCM

Bone
GI-LIi
Kidney
Liver
Lung
Thyroid
Total Body

7.50E+00
7.50E+00
7.50E+00
7.50E+00
7.50E+00
7.50E+00
7.50E+00

mRem
mRem
mRem
mRem
mRem
mRem
mRem

1.93E-07
4.37E-04
4.37E-04
4.37E-04
4.37E-04
4.41E-04
4.37E-04

2.57E-06
5.83E-03
5.83E-03
5.83E-03
5.83E-03
5.88E-03
5.83E-03

1.42E-08
3.49E-04
3.49E-04
3.49E-04
3.49E-04
3.54E-04
3.49E-04

1.89E-07
4.66E-03
4.66E-03
4.66E-03
4.66E-03
4.71E-03
4.66E-03

9.46E-06
4.74E-04
4.83E-04
4.79E-04
4.73E-04
2.47E-03
4.77E-04

1.26E-04
6.32E-03
6.44E-03
6.39E-03
6.31E-03
3.29E-02
6.36E-03

1.95E-05
2.79E-04
2.74E-04
2.74E-04
2.76E-04
3.03E-04
2.76E-04

2.60E-04
3.72E-03
3.65E-03
3.66E-03
3.69E-03
4.04E-03
3.68E-03

Cumulative Doses per Year

n rmn nIrldm I ;nm;4l I eIic' Výnr #.^ CnA,.n nnf-ý o/- fnr D- #-- I i. ;a-
-. S4L... ~*** *****L Li. Ito * ~tU* tt ~*IL4***~4 LSCIL~ ~U LSL..** Ft~t.~MLti*

Bone
GI-Lli
Kidney
Liver
Lung
Thyroid
Total Body

1.500E+01
1.500E+01
1.500E+01
1.500E+01
1.500E+01
1.500E+01
1.500E+01

mRem
mRem
mRem
mRem
mRem
mRem
mRem

2.921E-05
1.539E-03
1.543E-03
1.540E-03
1.536E-03
3.565E-03
1.540E-03

1.947E-04
1.026E-02
1.029E-02
1.027E-02
1.024E-02
2.377E-02
1.026E-02

Maximum Individual
Maximum Individual
Maximum Individual
Maximum Individual
Maximum Individual
Maximum Individual
Maximum Individual

/ Child
/ Child
/ Child
/ Child
/ Child
/ Child
/ Child

Iodine/Part Dose Annual 1.21
Iodine/Part Dose Annual 1.21
Iodine/Part Dose Annual 1.21
Iodine/Part Dose Annual 1.21
Iodine/Part Dose Annual 1.21
Iodine/Part Dose Annual 1.21
Iodine/Part Dose Annual 1.21
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Table 2-6
Vogtle Electric Generating Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
MINIMUM DETECTABLE CONCENTRATIONS - GASEOUS SAMPLE ANALYSES

Starting: 1-Jan-2009 Ending: 31-Dec-2009

The values in this table represent a priori Minimum Detectable Concentrations (MDC) that are typically
achieved in laboratory analyses of gaseous radwaste samples.

RADIONUCLIDE MDC UNITS

Kr-87 1.82E-08 tCi/ml
Kr-88 2.53E-08 gCi/ml
Xe-133 2.05E-08 !tCi/ml
Xe-133m 8.63E-08 gtCi/ml
Xe-135 7.12E-08 1iCi/ml
Xe-138 1.05E-07 pCi/ml
1-131 7.93E-15* RCi/ml
Mn-54 3.94E-14* [Ci/ml
Fe-59 2.45E-14* pCi/ml
Co-58 1.39E-14* pCi/ml
Co-60 1.75E-14* [tCi/ml
Zn-65 2.82E-14* ipCi/ml
Mo-99 9.57E-14* .iCi/ml
Cs-134 1.12E-14* pCi/ml
Cs-137 8.71E-15* RCi/ml
Ce-141 8.62E-15" [ICi/ml

Ce-144 2.77E-14* ýtCi/ml
Sr-89 1.00E-13 ptCi/ml
Sr-90 1.00E-13 4Ci/ml
H-3 9.OOE-08 pCi/ml
Gross Alpha 1.00E-13 gtCi/ml

* Based on an estimated sample volume of 5.7E+08 ml.
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Table 2-7A 4,

Vogtle Electric Generating Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Gaseous Effluents - Batch Release Summary

Unit: 1

Gaseous Releases

1. Number of batch releases

2. Total time period for batch releases

3. Maximum time period for a batch release

4. Average time period for a batch release

5. Minimum time period for a batch release

(Mi

(Mi

(Mi

(Mi

Starting: 1-Jan-2009 Ending: 31-Dec-2009

Units -1ST Quarter 2ND Quarter 3RD Quarter 4TH Quarter

39 43 47 32

nutes) 9.91E+03 2.34E+04 7.66E+04 2.67E+04

nutes) 4.48E+03 6.91E+03 9.19E+03 8.57E+03

nutes ) 2.54E+02 5.44E+02 1.63E+03 8.34E+02

nutes) 2.OOE+O0 2.90E+01 2.80E+01 1.20E+01

Year Totals

161

1.37E+05

9.19E+03

8.48E+02

2.OOE+O0
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Table 2-7B -

Vogtle Electric Generating Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Gaseous Effluents - Batch Release Summary

Unit: 2

Gaseous Releases

1. Number of batch releases

2. Total time period for batch releases

3. Maximum time period for a batch release

4. Average time period for a batch release

5. Minimum time period for a batch release

(Mir

(Mir

(Mir

(Mir

Starting: 1-Jan-2009 Ending: 31-Dec-2009

Units 1ST Quarter 2ND Quarter 3RD Quarter 4TH Quarter

25 20 23 20

nutes) 2.34E+04 2.89E+04 2.54E+04 1.68E+04

nutes) 9.46E+03 5.51E+03 7.80E+03 5.87E+03

nutes) 9.35E+02 1.45E+03 1.10E+03 8.39E+02

nutes) 1.80E+01 5.OOE+00 5.OOE+00 3.70E+01

Year Totals

88

9.45E+04

9.46E+03

1.07E+03

5.OOE+00
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Gaseous Releases

1. Number of batch releases

2. Total time period for batch releases

3. Maximum time period for a batch release

4. Average time period for a batch release

5. Minimum time period for a batch release

Table 2-7C

Vogtle Electric Generating Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Gaseous Effluents - Batch Release Summary

Unit: Site
Starting: 1-Jan-2009 Ending: 31-Dec-2009

Units 1ST Quarter 2ND Quarter 3RD Quarter 4TH Quarter

64 63 70 52

inutes) 3.33E÷04 5.23E+04 1.02E+05 4.35E+04

inutes) 9.46E+03 6.91E+03 9.19E+03 8.57E+03

inutes) 5.20E+02 8.30E+02 1.46E+03 8.36E+02

fnutes) 2.OOE+00 5.OOE+00 5.OOE+00 1.20E+01

(Mi

(Mi

(Mi

(Mi

Year Totals

249

2.31E+05

9.46E+03

9.28E+02

2.OOE+00
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Table 2-8A

Vogtle Electric Generating Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Gaseous Effluents - Abnormal Release Summary

Unit: 1
Starting: 1-Jan-2009

•s 1•1" fuarterGaseous Releases

1. Number of Releases

2. Total Time For All Releases

3. Maximum Time For A Release

4. Average Time For A Release

5. Minimum Time For A Release

6. Total activity for all releases

Unit
Units 1ST Oua er

0

( Minutes)

( Minutes)

( Minutes)

( Minutes)

( Curies )

0.OOE+00

0.OOE+00

o.OOE+00

0.OOE+00

0.OOE+00

Ending: 31-Dec-2009

2ND Quarter 3RD Quarter 4TH Quarter

0 0 0

0.OOE+00 0.OOE+00 0.OOE+00

0.OOE+00 0.OOE+00 0.OOE+00

0.OOE+00 0.OOE+00 0.OOE+00

0.OOE+00 0.OOE+00 0.OOE+00

0.OOE+00 0.OOE+00 0.OOE+00

Year Totals

0

O.OOE+00

O.OOE+00

O.OOE+00

O.OOE+00

0.OOE+00
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Table 2-8B

Vogtle Electric Generating Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Gaseous Effluents - Abnormal Release Summary

Unit: 2
Starting: 1-Jan-2009

Units 1ST QuarterGaseous Releases

1. Number of Releases

2. Total Time For All Releases

3. Maximum Time For A Release

4. Average Time For A Release

5. Minimum Time For A Release

6. Total activity for all releases

0

( Minutes)

( Minutes)

( Minutes)

( Minutes)

( Curies )

0.OOE+00

0.OOE+0O

0.OOE+0O

0.OOE+00

0.OOE+00

Ending: 31-Dec-2009

2ND Quarter 3RD Quarter 4TH Quarter

0 0 0

O.OOE+00 O.OOE+00 O.OOE+00

O.OOE+00 O.OOE+00 O.OOE+00

O.OOE+00 O.OOE+00 O.OOE+00

O.OOE+00 O.OOE+00 O.OOE+00

O.OOE+00 O.OOE+00 O.OOE+00

Year Totals

0

O.OOE+00

O.OOE+00

O.OOE+00

O.OOE+00

O.OOE+00
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Table 2-8C

Vogtle Electric Generating Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Gaseous Effluents - Abnormal Release Summary

Unit: Site
Starting: 1-Jan-2009

ts 1ST QuarterGaseous Releases

1. Number of Releases

2. Total Time For All Releases

3. Maximum Time For A Release

4. Average Time For A Release

5. Minimum Time For A Release

6. Total activity for all releases

Unit

0

( Minutes)

( Minutes)

( Minutes)

( Minutes)

( Curies )

0.OOE+00

0.OOE+00

0.OOE+OO

0.OOE+00

0.OOE+00

Ending: 31-Dec-2009

2ND Quarter 3RD Ouarter 4TH Quarter

0 0 0

O.OOE+00 0.OOE+00 0.OOE+00

O.OOE+00 O.00E+00 O.OOE+00

0.OOE+00 O.OOE+00 O.OOE+00

O.OOE+00 O.OOE+00 0.OOE+00

O.OOE+00 0.OOE+00 O.OOE+00

Year Totals

0

O.OOE+O0

O.OOE+O0

O.OOE+O0

O.OOE+O0

O.OOE+00

J
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3.0 Solid Waste

3.1 Regulatory Requirements

The ODCM requirements presented in this section are stated in part for Unit 1 and
Unit 2.

3.1.1 Solid Radioactive Waste System

10.2.1 Process Control Program (PCP)

Radioactive wastes shall be solidified or dewatered in accordance with the PCP to
meet shipping and transportation requirements during transit and disposal site
requirements when received at the disposal site.

3.1.2 Reporting Requirements

12.1 PCP states in part:

The Radioactive Effluent Release Report, submitted in accordance with Technical
Specification 5.6.3, shall include a summary of the quantities of solid radwaste
released from the units, as outlined in Regulatory Guide 1.21.

3.2 Solid Waste Data

Regulatory Guide 1.21, Table 3 is found in this report as Table 3-1.
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Table 3-1
Vogtle Electric Generating Plant

RADIOACTIVE EFFLUENT AND WASTE DISPOSAL REPORT - 2009
SOLID WASTE AND IRRADIATED FUEL SHIPMENTS

Units 1 and 2
Page 1 of 4

JANUARY 1, 2009 THROUGH JUNE 30, 2009

A. SOLID WASTE SHIPPED OFFSITE FOR BURIAL OR DISPOSAL (Not Irradiated Fuel)

1. Type of waste Unit 6-month Est. Total
Period Error, %

a. Spent resins, filter sludges, evaporator m3 NONE
bottoms, etc. Ci NONE N/A

b. Dry compressible waste, contaminated m3 432.96
equip, etc. Ci 44.3 40

c. Irradiated components, control m3 NONE
rods, etc. Ci NONE N/A

d. Other (describe) m3 105.00
(Secondary Side Resin (SGBD) Ci 8.92E-02 N/A

2. Estimate of major nuclide composition (by type of waste).

a. N/A % N/A
N/A % N/A
N/A % N/A
N/A % N/A

b. Fe-55 % 51.282
Ni-63 % 24.640
Co-60 % 16.931
H-3 3.874
All others % 3.273

c. N/A % N/A
N/A % N/A
N/A % N/A
N/A % N/A

d. FE-55 % 88.702
Co-60 % 4.098
Ni-63 % 4.387
Others % 2.813

3. Solid Waste Disposition
Number of Mode of
Shipments Transportation Destination

3 Tractor and Trailer, Cask Energy Solutions, Oak Ridge, TN

12 Tractor and Trailer Energy Solutions, Oak Ridge, TN
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TABLE 3-1
Vogtle Electric Generating Plant

RADIOACTIVE EFFLUENT AND WASTE DISPOSAL REPORT - 2009
SOLID WASTE AND IRRADIATED FUEL SHIPMENTS

Units 1 and 2

JANUARY 1, 2009 THROUGH JUNE 30, 2009

B. IRRADIATED FUEL SHIPMENTS (Disposition)

Page 2 of 4

Number of
•hinmipnt•

Mode of
Tro ncnnrftni-nn

Shi ments Trans ortation

None None None

ADDITIONAL INFORMATION REQUIRED BY ODCM:

Shipments Sent Directly to Disposal

Shipment No. Waste Class Type Container -Shipping Class, Solidification Agent Volume
(direct disposal only)

NONE

Shipments to a Waste Processor:

Shipment No. Waste Class Type Container Shipping Class Solidification Agent Processor

RVRS-09-001
RVRS-09-002
RVRS-09-003
RVRS-09-004
RVRS-09-005
RVRS-09-006
RVRS-09-007
RVRS-09-008
RVRS-09-009
RVRS-09-0 10
RVRS-09-011
RVRS-09-012
RVRS-09-013
RVRS-09-014
RVRS-09-015

A
A
A
A
A
A
A
A
A
A
A
A
A
A
A

IP- I
IP- 1
IP- 1
IP- I
IP-i

IP- I
IP- I
IP-2
IP-2
IP- I
IP- 1
IP- 1
IP- 1
IP- I
IP-2

LSA I
Limited Quantity
LSA I
LSA I
Limited Quantity
LSA I
Limited Quantity
LSA II
LSA II
LSA I
Limited Quantity
Limited Quantity
Limited Quantity
Limited Quantity
LSA II

None Used
None Used
None Used
None Used
None Used
None Used
None Used
None Used
None Used
None Used
None Used
None Used
None Used
None Used
None Used

Energy Solutions
Energy Solutions
Energy Solutions
Energy Solutions
Energy Solutions
Energy Solutions
Energy Solutions
Energy Solutions
Energy Solutions
Energy Solutions
Energy Solutions
Energy Solutions
Energy Solutions
Energy Solutions
Energy Solutions
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TABLE 3-1
Vogtle Electric Generating Plant

RADIOACTIVE EFFLUENT AND WASTE DISPOSAL SEMIANNUAL REPORT - 2009
SOLID WASTE AND IRRADIATED FUEL SHIPMENTS

Units 1 and 2
Page 3 of 4

JULY 1, 2009 THROUGH DECEMBER 31, 2009

A. SOLID WASTE SHIPPED OFFSITE FOR BURIAL OR DISPOSAL (Not Irradiated Fuel)

1. Type of waste Unit 6-month Est. Total
Period Error, %

a. Spent resins, filter sludges, evaporator m3 3.115
bottoms, etc. Ci 5.1 N/A

b. Dry compressible waste, contaminated m3 488.35
equip, etc. Ci 1.83 40

c. Irradiated components, control m3 NONE
rods, etc. Ci NONE N/A

d. Other (describe) m3 93.33
Ci 6.61E-02 N/A

2. Estimate of major nuclide composition (by type of waste).

a. Mn-54 % 4.081
Fe-55 % 14.625
Co-60 % 26.773
Ni-63 % 52.013
Other % 2.508

b. Fe-55 % 51.282
Co-60 % 16.931
Ni-63 % 24.640
H-3 % 3.874
All others % 3.273

c. N/A % N/A
N/A % N/A
N/A % N/A
N/A % N/A

d. Fe-55 % 88.702
Co-60 % 4.098
Ni-63 % 4.687
All others % 2.813

3. Solid Waste Disposition

Number of Mode of
Shipments Transportation Destination

Cask/ Tractor/ Trailer Energy Solutions, Oak Ridge, TN

12 Tractor / Trailer Energy Solutions, Oak Ridge, TN
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TABLE 3-1
Vogtle Electric Generating Plant

RADIOACTIVE EFFLUENT AND WASTE DISPOSAL REPORT - 2009
SOLID WASTE AND IRRADIATED FUEL SHIPMENTS

Units 1 and 2

July 1, 2009 THROUGH December 31, 2009

B. IRRADIATED FUEL SHIPMENTS (Disposition)

Page 4 of 4

Number of Mode of
9r n n,+ffr

nnnun.sc...., *1 a..ausvn .a.fln. 1,uatJRatfltJ.

None None None

ADDITIONAL INFORMATION REQUIRED BY ODCM:

Shipments Sent Directly to Disposal at Barnwell, SC.

Shipment No. Waste Class Type Container Shipping Class Solidification Agent Volume
(direct disposal only)

NONE

Shipments to a Waste Processor:

Shipment No.

RVRS-09-016
RVRS-09-017
RVRS-09-018
RVRS-08-019
RVRS-08-020
RVRS-09-021
RVRS-09-022
RVRS-09-023
RVRS-08-024
RVRS-08-025
'RVRS-09-026
RVRS-09-027
RVRS-09-028
RVRS-08-029

Waste Class Type Container

A
A
A
A
A
A
A
A
A
A
A
A
A
A

IP-II
IP- I
IP- I
IP- I
IP- I
IP-I
IP- I
IP- I
IP- I
IP- I
IP-I
IP-I1
IP- 1
IP- I

Shipping Class

LSA-II
LSA I
Limited Quantity
Limited Quantity
LSA-I
LSA-I
LSA I
Limited Quantity
Limited Quantity
LSA-I
LSA-I
LSA II
Limited Quantity
Limited Quantity

Solidification Agent Processor

None Used
None Used
None Used
None Used
None Used
None Used
None Used
None Used
None Used
None Used
None Used
None Used
None Used
None Used

Energy Solutions
Energy Solutions
Energy Solutions
Energy Solutions
Energy Solutions
Energy Solutions
Energy Solutions
Energy Solutions
Energy Solutions
Energy Solutions
Energy Solutions
Energy Solutions
Energy Solutions
Energy Solutions
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4.0 Doses to Members of the Public Inside the Site Boundary

4.1 Regulatory Requirements

ODCM 7.2.2.3 states in part:

"The report shall also include assessment of the radiation doses from radioactive
liquid and gaseous effluents to MEMBERS OF THE PUBLIC due to their activities
inside the SITE BOUNDARY during the report period; this assessment must be
performed in accordance with Chapter 6. All assumptions used in making these
assessments ( i.e., specific activity, exposure time, and location) shall be included in
the report".

4.2 Demonstration of Compliance

The location of concern within the site boundary is the Visitors Center. The activities
at the Visitor Center consist of occasional attendance at meetings and/or short visits
for informational purposes.

There will be no radiation dose at this location due to radioactive liquid effluents.
Delineated in Table 4-1 for this location are the values of the basic data assumed in
the dose assessment due to radioactive gaseous effluents. Listed in this table are
distance and direction from a point midway between the center of Unit 1 and the Unit
2 reactors, the dispersion and deposition factors for any releases from the plant vent
(mixed mode) and from the turbine building (ground level), and the estimated
maximum occupancy factor for an individual and the assumed age group of this
individual.

The source term is listed in Tables 2-2A, and 2-2B for the mixed mode releases.
Similarly, it is listed in tables 2-3A and 2-3B for the ground level releases.

The maximum doses in units of mrem to a MEMBER OF THE PUBLIC due to their
activities inside the site boundary during the reporting period are presented in Table
4-1.
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Table 4-1

Vogtle Electric Generating Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Doses to a Member of the Public Due to Activities Inside the Site Boundary

Unit: Site
Starting: 1-Jan-2009 Ending: 31-Dec-2009

Location Name:
Distance (kilometers):
Sector:
Occupancy Factor:

Age Group:

Ground Level Release
Ground Level Release
Mixed Mode Release
Mixed Mode Release

Visitor's Center Receptor
4.47E-01
SE
4.57E-04

Child

Noble Gas
Particulate and Radioiodine
Noble Gas
Particulate and Radioiodine

X/Q (sec/m3): 5.93E-06
X/Q (sec/m3): 5.58E-06
X/Q (sec/m3): 7.12E-07
X/Q (sec/m3): 6.74E-07

D/Q (m-2): 2.28E-08

D/Q (m-2): 5.77E-09

Bone
Liver
Total Body
Thyroid
Kidney
Lung
GI-Lli
NG Total Body
Whole Body Dose

Units

mRem
mRem
mRem
mRem
mRem
mRem
rnRem
mRem
mRem

1ST Quarter 2ND Quarter 3RD Quarter 4TH Quarter

6.87E-12
2.35E-07
2.35E-07
2.36E-07
2.35E-07
2.35E-07
2.35E-07
9.66E-07
1.20E-06

4.71E-12
1.88E-07
1.88E-07
1.88E-07
1.88E-07
1.88E-07
1.88E-07
1.06E-06
1.24E-06

3.82E-09
2.60E-07
2.59E-07
7.77E-07
2.61E-07
2.58E-07
2.58E-07
1.80E-06
2.05E-06

7.24E-08
2.10E-07
2.10E-07
2.17E-07
2.10E-07
2.22E-07
2.10E-07
4.11E-07
6.21E-07

7.62E-08
8.93E-07
8.92E-07
1.42E-06
8.94E-07
9.03E-07
8.92E-07
4.23E-06
5.12E-06

Year
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Table 4-1

Vogtle Electric Generating Plant

RADIOACTIVE EFFLUENT RELEASE REPORT - 2009
Doses to a Member of the Public Due to Activities Inside the Site Boundary

Unit: Site
Starting: 1-Jan-2009 Ending: 31-Dec-2009

Location Name:
Distance (kilometers):
Sector:
Occupancy Factor:

Age Group:

Ground Level Release
Ground Level Release
Ground Level Release
Mixed Mode Release
Mixed Mode Release

Units 3&4 Construction
4.83E-01
SW
2.28E-01

Adult

Noble Gas
Particulate and Radioiodine
Particulate and Radioiodine
Noble Gas
Particulate and Radioiodine

X/Q (sec/m3): 1.81E-05
X/Q (sec/m3): 6.93E-06
X/Q (sec/m3): 6.96E-'06
X/Q (sec/m3): 9.75E-07
X/Q (sec/m3): 9.17E-07

D/Q (m-2): 2.88E-08
D/Q (m-2): 2.88E-08

D/Q (m-2): 7.14E-09

Bone
Liver
Total Body
Thyroid
Kidney
Lung
GI-Lli
NG Total Body
Whole Body Dose

Units
mRem
mRem
mRem
mRem
mRem
mRem
mRem
mRem
mRem

1ST Quarter
3.50E-09
1.80E-04
1.80E-04
1.81E-04
1.80E-04
1.80E-04
1.80E-04
6.60E-04
8.40E-04

2ND Quarter
2.60E-09
1.43E-04
1.43E-04
1.44E-04
1.43E-04
1.43E-04
1.43E-04
7.22E-04
8.65E-04

3RD Quarter
1.93E-06
2.06E-04
2.06E-04
4.42E-04
2.07E-04
2.06E-04
2.06E-04
1.27E-03
1.47E-03

4TH Quarter
4.56E-05
1.54E-04
1.54E-04
1.57E-04
1.54E-04
1.60E-04
1.54E-04
2.81E-04
4.35E-04

Year
4.75E-05
6.84E-04
6.84F-04
9.23E-04
6.85E-04
6.90E-04
6.84E-04
2.93E-03
3.61E-03
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5.0 Total Dose from Uranium Fuel Cycle (40CFR190)

5.1 Regulatory Requirements

ODCM 5.1 states in part that the annual (calendar year) dose or dose
commitment to any MEMBER OF THE PUBLIC due to releases of
radioactivity and to radiation from uranium fuel cycle sources shall be
limited to less than or equal to 25 mrems to the whole body or to any
organ, except the thyroid, which shall be limited to less than or equal to
75 mrems.

5.2 Demonstration of Compliance

No dose limits stated in ODCM Sections 2.1.3, 3.1.3, and 3.1.4 were exceeded.
Therefore, compliance with 40 CFR 190 dose limits was demonstrated in
accordance with the requirements of ODCM Section 5.1.3.

6.0 Meteorological Data

ODCM 7.2.2.2 states in part:

The Radioactive Effluent Release Report shall include an annual
summary of hourly meteorological data collected over the previous year.
This annual summary may be either in the form of an hour-by-hour listing
of wind speed, wind direction, atmospheric stability, and precipitation (if
measured) on magnetic tape; or in the form of joint frequency distributions
of wind speed, wind direction and atmospheric stability.

In lieu of submission with the Radioactive Effluent Release Report, the
licensee has the option of retaining this summary of required
meteorological data on site in a file that shall be provided to the NRC
upon request.

7.0 Program Deviations

7.1 Inoperable Liquid or Gaseous Effluent Monitoring Instrumentation

7.1.1 Regulatory Requirement

ODCM 7.2.2.6 states in part that the report shall include deviations from
the liquid and gaseous effluent monitoring instrumentation operability
requirements included in Sections 2.1.1 and 3.1.1, respectively. The
report shall include an explanation as to why the inoperability of liquid or
gaseous effluent monitoring instrumentation was not corrected within the
specified time requirement.
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7.1.2 Description of Deviations

The inoperability of liquid and gaseous effluent monitors not corrected
within the specified time for this reporting period is detailed below:

a. The river water dilution flow instrumentation, AFQI-7620 and Fl-
7620A, were determined to be inoperable and not corrected within the
specified time requirement of ODCM Section 2.1.1.

Condition reports 2009108845, 2009108949, 2009110546 and

2009110718 document the events of inoperability.

The requirements of ODCM Action 40 have been implemented.

This inoperability was not corrected within the specified time
requirement because of equipment obsolescence. Design change
work order C091733601 is scheduled to correct this issue.

b. AFT-0014, waste gas system effluent flow rate measure device, was
determined to be inoperable and not corrected within the specified
time requirement of ODCM Section 3.1.1.

Condition report 2009106923 documented the events of inoperability.

The requirements of ODCM Action 46 have been implemented.

This inoperability was not corrected within the specified time
requirement because of operational issues. Repair of this equipment
requires a simultaneous outage of the waste gas systems for both
operating units. Design change work order A091273901 is scheduled
to correct this issue following the Unit 1 refueling outage.

c. 1 FT-0021, Steam Generator Blowdown Effluent Line flow rate
measurement device, was determined to be inoperable and not
corrected within the specified time requirement of ODCM Section
2.1.1.

Condition report 2009104981 was written following unsuccessful
channel calibration surveillance of this equipment under WO
1081301301.

The requirements of ODCM Action 40 have been implemented.

This inoperability was not corrected within the specified time
requirement because of equipment obsolescence. Design change
work order 1090935601 is scheduled to correct this issue.
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d. 2RE-12444C,'Plant vent noble gas activity monitor, was determined to
be inoperable and not corrected within the specified time requirement
of ODCM Section 3.1.1.

Condition report 2009100357 was written following unsuccessful
channel calibration surveillance under WO 2090065101.

The requirements of ODCM Actions 47 and 48 have not been required
due to alternate monitor 1 RE-1 2442C being continuously operable.

The inoperability was not corrected within the specified time
requirement because of equipment obsolescence. WO 2090065101
documents efforts to procure replacement parts. Repair is scheduled
for spring 2010.
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7.2 Tanks Exceeding Curie Content Limits

7.2.1 Regulatory Requirements

ODCM 7.2.2.6 states in part that the report shall include a description of
the events leading to liquid holdup tanks or gas storage tanks exceeding
the limits of Technical Specifications 5.5.12.

7.2.2 Description of Deviations

Limits for outdoor liquid hold-up tanks used for radioactive liquids were
not exceeded during this reporting period.
Limits for the gas storage tanks were not exceeded during this reporting
period.

8.0 Changes to the Vogtle Electric Generating Plant Offsite Dose

Calculation Manual (ODCM)

8.1 Regulatory Requirements

ODCM 7.2.2.5 states in part that changes to the ODCM shall be
submitted with the Radioactive Effluent Release Report. These changes
may be due to changes in the radiological environmental monitoring
program sampling locations as required by ODCM 4.1.1.2.3 or changes to
dose calculation locations as required by ODCM 4.1.2.2.2. Land uses
and dose calculation locations within five miles of VEGP must be
determined by a land use census as required by ODCM 4.1.2.
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8.2 Description of Changes

Changes were made to the Vogtle Electric Generating Plant ODCM for
the period January 1, 2009 through December 31, 2009. Revision 25
became effective February 2009 and Revision 26 in December 2009. A
complete copy of the ODCM will be included with this report with changes
identified by bars in the right hand margin of the document.

Revision 25, February 2009
Due to construction activities for VEGP 3 and 4, the Dry Active Waste
building will be destroyed which includes the building vent radiation
monitor. For the last few years, this building has been used for storage
and not for processing or packaging of radioactive waste. ODCM Section
3.2, Gaseous Waste Processing System, was updated to reflect the
reduction from six potential gaseous effluent release points to five. The
DAW Building Vent radiation monitor, ARE-13256, was removed from
ODCM Table 3-4; and ODCM Figure 3-5 which was a schematic of the
DAW ventilation release pathway was deleted. There are also three
groundwater monitoring wells that have been abandoned due to VEGP 3
and 4 construction activities and another well that may be impacted in the
future. A letter from SCS will be included in the ODCM references to
document that the removal of the wells (and the potential removal of the
other well) does not adversely impact the radiological groundwater
protection program. ODCM Table 4-5, Groundwater Monitoring
Locations, was updated by removing the three abandoned wells and a
footnote was added to the well that may be impacted in the future. A
minor administrative change was made to ODCM Section 2.1.5.b and
3.1.6.b, to replace "General Manager" with "Vice President - Plant". A
minor clarification was made to the Girard Dairy location in ODCM Table
4-4, Radiological Environmental Monitoring Locations.

Revision 26, December 2009
The Dixon Dairy was a milk sampling location for the REMP. Since the
dairy has gone out of business, another milk sampling location was
selected at the Seven Oaks Dairy. Table 4-4, Radiological Environmental
Sampling Locations, and Figure 4-3, Terrestrial Stations Beyond 5 Miles,
were revised to reflect the changes.

The Land Use Census was conducted November 10, 2009 by Georgia
Power Company Environmental Lab personnel. Due to the results of the
census for 2009, no changes will be made to the REMP sampling
locations and the dose calculation locations.
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9.0 Major Changes to Liquid, Gaseous, or Solid Radwaste Treatment
Systems

9.1 Regulatory Requirements

ODCM 7.2.2.7 states in part:

As required by Sections 2.1.5 and 3.1.6, licensee initiated MAJOR
CHANGES TO RADIOACTIVE WASTE TREATMENT SYSTEMS (liquid
and gaseous) shall be reported to the Nuclear Regulatory Commission in
the Radioactive Effluent Release Report covering the period in which the
change was reviewed and accepted for implementation.

Note 1: In lieu of inclusion in the Radioactive Effluents Release Report,
this same information may be submitted as part of the annual FSAR
update.

PCP 12.1 states in part:

Licensee major initiated changes to the solid radioactive waste treatment
system shall be reported to the Nuclear Regulatory Commission in the
Radioactive Effluent Release Report for the period in which the change
was implemented.

9.2 Description of Major Changes

Gaseous Radwaste System

There were no major changes to the gaseous radwaste systems in the 2009
assessment period.

Liquid Radwaste System

Major changes to the liquid radwaste facilities are those that contribute to
significant changes in release; i.e., either decreases or increases in
release volume or activity/dose.
This is to indicate that no major changes to the liquid radwaste systems
occurred during the 2009 assessment period.

Solid Radwaste System

There were no major changes to the solid radwaste systems in the 2009
assessment period.
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CHAPTER 1

INTRODUCTION

The Offsite Dose Calculation Manual is a supporting document of the Technical Specifications.
As such, it describes the methodology and parameters to be used in the calculation of offsite
doses due to radioactive liquid and gaseous effluents, and in the calculation of liquid and
gaseous effluent monitoring instrumentation alarm setpoints. In addition, it contains the
following:

The controls required by the Technical Specifications, governing the radioactive
effluent and radiological environmental monitoring programs.

Schematics of liquid and gaseous radwaste effluent treatment systems, which include
designation of release points to UNRESTRICTED AREAS.

A list and maps indicating.the specific sample locations for the Radiological
Environmental Monitoring Program.

Specifications and descriptions of the information that must be included in the Annual
Radiological Environmental Surveillance Report and the Annual Radioactive Effluent
Release Report required by the Technical Specifications.

The ODCM will be maintained at the plant for use as a reference guide and training document of
accepted methodologies and calculations. Changes in the calculational methods or parameters
will be incorporated into the ODCM in order to ensure that it represents current methodology in
all applicable areas. Any computer software used to perform the calculations described will be
maintained current with the ODCM.

Equations and methods used in the ODCM are based on those presented in NUREG-0133
(Reference 1), in Regulatory Guide 1.109 (References 2 and 3), in Regulatory Guide 1.111
(References 4 and 5), and in Regulatory Guide 1.113 (Reference 6).
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CHAPTER 2

LIQUID EFFLUENTS

2.1 LIMITS OF OPERATION

The following Liquid Effluent Controls implement requirements established by Technical

Specifications Section 5.0. Terms printed in all capital letters are defined in Chapter 10.

2.1.1 Liquid Effluent Monitoring Instrumentation Control

In accordance with Technical Specification 5.5.4.a, the radioactive liquid effluent monitoring
instrumentation channels shown in Table 2-1 shall be OPERABLE with their alarm/trip setpoints
set to ensure that the limits specified in Section 2.1.2 are not exceeded. The alarm/trip
setpoints of these channels shall be determined in accordance with Section 2.3.

2.1.1.1 Applicability

As shown in Table 2-1.

2.1.1.2 Actions

With a radioactive liquid effluent monitoring instrumentation channel alarm/trip setpoint less
conservative than required by the above control, immediately suspend the release of radioactive
liquid effluents monitored by the affected channel, declare the channel inoperable, or change
the setpoint to a conservative value.

With less than the minimum number of radioactive liquid effluent monitoring instrumentation
channels OPERABLE, take the ACTION shown in Table 2-1. NOTE: One instrument channel
may be inoperable for up to 6 hours to perform required surveillances prior to entering other ý
applicable ACTIONS. Otherwise, restore the inoperable instrumentation to OPERABLE status
within 30 days and, if unsuccessful, explain in the next Radioactive Effluent Release Report, per.
Technical Specification 5.6.3, why this inoperability was not corrected in a timely manner.

Entry into an Operational Mode or other specified CONDITION shall be made if, as a minimum,
the requirements of Technical Specifications LCO 3.0.4 are met.

2.1.1.3 Surveillance Requirements

Each radioactive liquid effluent monitoring instrumentation channel shall be demonstrated
OPERABLE by performance of the CHANNEL CHECK, SOURCE CHECK, CHANNEL
CALIBRATION, and CHANNEL FUNCTIONAL TEST operations at the frequencies shown in
Table 2-2.
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2.1.1.4 Basis

The radioactive liquid effluent instrumentation is provided to monitor and control, as applicable,
the releases of radioactive materials in liquid effluents during actual or potential releases of
liquid effluents. The Alarm/Trip Setpoints for these instruments shall be calculated and adjusted
in accordance with the methodology and parameters in Section 2.3 to ensure that the alarm/trip
will'occur prior to exceeding the limits of Section 2.1.2. The OPERABILITY and use of this
instrumentation is consistent with the requirements of General Design Criteria 60, 63, and 64 of
Appendix A to 10 CFR Part 50.
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Table 2-1 Radioactive Liquid Effluent Monitoring Instrumentation

OPERABILITY Requirementsa

Minimum Channels

Instrument OPERABLE Applicabilityb ACTION

1. Gross Radioactivity Monitors Providing Automatic Termination of Release

Liquid Radwaste Effluent
Line 1 (1) 100

2. Gross Radioactivity Monitors not Providing Automatic Termination of Release

Service Water System
Effluent Line 1 (2) 101

3. Flowrate Measurement Devicesc

a. Liquid Radwaste
Effluent Line 1 (1) 102

b. Discharge Canal 1 (1), (2) 102

4. Differential Pressure Measurement Devices.

Service Water System to
Closed Cooling Water
System 1 At all times 103

5. Groundwater Outfall Instrumentation

a. Auto Sampler at

Y22N008A 1 At all times 104

b. Flow Totalizer at 1 At all times 105
Y22N008A

a. All requirements in this Table apply to each unit.

b. Applicability of requirements is as follows:
(1)Whenever the radwaste discharge valves are not locked closed.
(2) Whenever the Service Water System pressure is below the Closed Cooling Water System

pressure, or AP indication is not available.

c. Pump curves may be used to estimate flow; in such cases, ACTION statement 102 is not required.
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Table 2-1 (contd) Notation for Table 2-1 - ACTION Statements

ACTION 100 - With the number of channels OPERABLE less than required by the Minimum
Channels OPERABLE requirement, effluent releases may continue provided that prior to
initiating a release:

a. At least two independent samples are analyzed in accordance with Section 2.1.2.3,
and

b. At least two technically qualified individuals independently verify the discharge line
valving and verify the release rate calculations.

Otherwise, suspend release of radioactive effluents via this pathway. If the channel
remains inoperable for over 30 days, an explanation of the circumstances must be
included in the next Radioactive Effluent Release Report.

ACTION 101 - With the number of channels OPERABLE less than required by the Minimum
Channels OPERABLE requirement, effluent releases via this pathway may continue,
provided that once per shift grab samples are collected and analyzed for gross
radioactivity at a MINIMUM DETECTABLE CONCENTRATION no higher than
1 x 10- gCi/mL. If the channel remains inoperable for over 30 days, an explanation of the
circumstances must be included in the next Radioactive Effluent Release Report.

ACTION 102 - With the number of channels OPERABLE less than required by the Minimum
Channels OPERABLE requirement, effluent releases via this pathway may continue,
provided that the flowrate is estimated at least once per 4 hours during actual releases. If
the channel remains inoperable for over 30 days, an explanation of the circumstances
must be included in the next Radioactive Effluent Release Report.

ACTION 103 - With the number of channels OPERABLE less than required by the Minimum
Channels OPERABLE requirement, assure that the Service Water System effluent monitor
is OPERABLE.

ACTION 104 - With the number of channels OPERABLE less than required by the Minimum
Channels OPERABLE requirement, obtain daily grab samples and composite for weekly
tritium, monthly gamma, and quarterly Sr 89/90 analyses.

ACTION 105 - With the number of channels OPERABLE less than required by the Minimum
Channels OPERABLE requirement, estimate outfall flow rate daily. If thechannel remains
inoperable for over 30 days, an explanation of the circumstances must be included in the
next Radioactive Effluent Release Report.
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Table 2-2 Radioactive Liquid Effluent Monitoring Instrumentation Surveillance
Requirements

Surveillance Requirementsa

CHANNEL
CHANNEL SOURCE CHANNEL FUNCTIONAL

INSTRUMENT CHECK CHECK CALIBRATION TEST

1. Gross Radioactivity Monitors Providing Automatic Termination of Release

Liquid Radwaste I b
Effluent Line pe R j Qc

2. Gross Radioactivity Monitors not Providing Automatic Termination of Release

Service Water
System. Effluent Line Db M R Qf

3. Flowrate Measurement Devices

a. Liquid Radwaste
Effluent Line Dbd NA 18 M Q

b. Discharge Canal Db'd NA 18 M Q

4. Differential Pressure Measurement Devices

Service Water
System to Closed
Cooling Water I
System D NA R NA

5. Groundwater Outfall Instrumentation

a, Auto Samplers at

(1) Y22N008A Wg NA NA NA

b. Flow Totalizer at Wg NA NA NA
Y22N008A

a. All requirements in this Table apply to each unit.

b. During releases via this pathway.

c. In addition to the basic functions of a CHANNEL FUNCTIONAL TEST (Section 10.2), the
CHANNEL FUNCTIONAL TEST shall also demonstrate that automatic isolation of this
pathway and control room alarm annunciation occur if any of the following conditions exists:

(1) Instrument indicates measured levels above the alarm/trip setpoint;
(2) Instrument indicates an isolation on high alarm; or
(3) Instrument controls are not set in operate mode.

d. CHANNEL CHECK shall consist of verifying indication of flow during periods of release.
CHANNEL CHECK shall be made at least once daily on any day on which CONTINUOUS,
periodic, or BATCH releases are made.

e. The SOURCE CHECK shall consist of verifying that the instrument is reading on scale.
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Table 2-2 (contd) Notation for Table 2-2 - Surveillance Requirements

f. In addition to the basic functions of a CHANNEL FUNCTIONAL TEST (Section 10.2), the
CHANNEL FUNCTIONAL TEST shall also demonstrate that control room alarm
annunciation occurs if any of the following conditions exists:

(1) Instrument indicates measured levels above the alarm setpoint;
(2) Instrument indicates a downscale failure; or
(3) Instrument controls are not set in operate mode.

g. CHANNEL CHECK shall consist of verifying indication of operability at least once weekly
during sample collection.
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2.1.2 Liquid Effluent Concentration Control

In accordance with Technical Specifications 5.5.4.b and 5.5.4.c, the concentration of radioactive
material released in liquid effluents to UNRESTRICTED AREAS (see Figure 10-1) shall be
limited at all times to ten times the concentrations specified in 10 CFR 20, Appendix B, Table 2,
Column 2 for radionuclides other than dissolved or entrained noble gases. For dissolved or
entrained noble gases, the concentration shall be limited to 1 x 10-4 ýCi/mL total activity.

2.1.2.1 Applicability

This limit applies at all times

2.1.2.2 Actions

With the concentration of radioactive material released in liquid effluents to UNRESTRICTED
AREAS exceeding the limits stated in Section 2.1.2, immediately restore the concentration to
within the stated limits.

Entry into an Operational Mode or other specified CONDITION shall be made if, as a minimum,
the requirements of Technical Specifications LCO 3.0.4 are met.

2.1.2.3 Surveillance Requirements

The radioactivity content of each batch of radioactive liquid waste shall be determined by
sampling and analysis in accordance with Table 2-3. The results of radioactive analyses shall
be used with the calculational methods in Section 2.3 to assure that the concentration at the
point of release is maintained within the limits of Section 2.1.2.

2.1.2.4 Basis

This control is provided to ensure that the concentration of radioactive materials released in
liquid waste effluents to UNRESTRICTED AREAS will be less than ten times the concentration
levels specified in 10 CFR 20, Appendix B, Table 2, Column 2. This limitation provides
additional assurance that the levels of radioactive materials in bodies of water in
UNRESTRICTED AREAS will result in exposures within (1) the Section II.A design objectives of
Appendix 1, 10 CFR 50, to a MEMBER OF THE PUBLIC, and (2) the limits of 10 CFR 20.1301
to the population. The concentration limit for dissolved or entrained noble gases is based upon
the assumption that Xe-135 is the controlling radioisotope and its MPC in air (submersion) was
converted to an equivalent concentration in water using the methods described in International
Commission on Radioloical Protection (ICRP) Publication 2 (1959). The resulting
concentration of 2 x 10. was then multiplied by the ratio of the effluent concentration limit for
Xe-1 35, stated in Appendix B, Table 2, Column 1 of 10 CFR 20 (paragraphs 20.1001 to
20.2401), to the MPC for Xe-135, stated in Appendix B, Table II, Column 1 of 10 CFR 20
(paragraphs 20.1 to 20.601), to obtain the limiting concentration of 1 x 10-4tCi/mL.
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Table 2-3 Radioactive Liquid Waste Sampling and Analysis Program

Sampling and Analysis Requirementsa'b
MINIMUM

DETECTABLE

Minimum CONCENTRATION
Liquid Sampling Analysis Type of Activity (MDC)

Release Type FREQUENCY FREQUENCY Analysis (pCi/mL)

PRINCIPAL GAMMA
EMITTERS 5 E-7c

P P
Each BATCH Each BATCH 1-131 1 E-6

Batch Waste Dissolved and
Release P M Entrained Gases
Tanks One BATCH/M (Gamma Emitters) 1 E-5

H-3 1 E-5
P M

Each BATCH COMPOSITE Gross Alpha 1 E-7

Sr-89, Sr-90 5 E-8
P Q

Each BATCH COMPOSITE Fe-55 2 E-6

W H-3 d
Groundwater Compositee

Outfall. Continuous M PRINCIPAL GAMMA d
Y22N008A Release Compositee EMITTERS

Q Sr89,Sr90 d
Compositee

a. All requirements in this table apply to each unit.

b. Terms printed in all capital letters are defined in Chapter 10.

c. For certain radionuclides with low gamma yield or low energies, or for certain radionuclide
mixtures, it may not be possible to measure radionuclides at or near the required MINIMUM
DETECTABLE CONCENTRATION. Under these circumstances, the required MINIMUM
DETECTABLE CONCENTRATION may be increased inversely proportionally to the
magnitude of the gamma yield (i.e., 5 E-7/I, where I = photon abundance expressed as a
decimal fraction). In no case shall the MINIMUM DETECTABLE CONCENTRATION, as
calculated in this manner for a specific radionuclide, be greater than 10 percent of the
corresponding Effluent Concentration Limit value specified in 10 CFR 20 Appendix B,
Table 2, Column 2.

d. Refer to table 4-3 for environmental MDCs.

e. Composite samples composed of aliquots taken from automatic sampler. Grab samples
should be taken if autosampler is out of service.
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2.1.3 Liquid Effluent Dose Control

In accordance with Technical Specifications 5.5.4.d and 5.5.4.e, the dose or dose commitment
to a MEMBER OF THE PUBLIC from radioactive materials in liquid effluents released, from
each unit, to UNRESTRICTED AREAS (see Figure 10-1) shall be limited:

a. During any calendar quarter to less than or equal to 1.5 mrem to the total body and to
less than or equal to 5 mrem to any organ, and

b. During any calendar year to less than or equal to 3 mrem to the total body and to less

than or equal to 10 mrem to any organ.

2.1.3.1 Applicability

These limits apply at all times.

2.1.3.2 Actions

With the calculated dose from the release of radioactive materials in liquid effluents exceeding
any of the limits of Section 2.1.3, prepare and submit to the Nuclear Regulatory Commission
within 30 days a Special Report which identifies the cause(s) for exceeding the limit(s); defines
the corrective actions to be taken to reduce the releases; and defines the proposed corrective
actions to be taken to assure that subsequent releases will be in compliance with the limits of
Section 2.1.3. This report shall also include (1) the results of radiological analyses of the
drinking water source, and (2) the radiological impact on finished water supplies with regard to
the requirements of 40 CFR 141, the Safe Drinking Water Act.

Entry into an Operational Mode or other specified CONDITION shall be made if, as a minimum,
the requirements of Technical Specifications LCO 3.0.4 are met.

2.1.3.3 Surveillance Requirements

At least once per 31 days, cumulative dose contributions from liquid effluents for the current
calendar quarter and the current calendar year shall be determined, for each unit, in accordance
with Section 2.4.
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2.1.3.4 Basis

This control is provided to implement the requirements of Sections IIA, III.A and IV.A of
Appendix 1, 10 CFR Part 50. The limits stated in Section 2.1.3 implement the guides set forth in
Section II.A of Appendix I. The ACTIONS stated in Section 2.1.3.2 provide the required
operating flexibility and at the same time implement the guides set forth in Section IV.A of
Appendix I to assure thatthe releases of radioactive material in liquid effluents will be kept "as
low as is reasonably achievable." Also, for fresh water sites with drinking water supplies that
can be potentially affected by plant operations, there is reasonable assurance that the operation
of the facility will not result in radionuclide concentrations in the finished drinking water that are
in excess of the requirements of 40 CFR Part 141. The dose calculations in Section 2.4
implement the requirements in Section III.A of Appendix I, which state that conformance with the
guides of Appendix I be shown by calculational procedures based on models and data, such
that the actual exposure of a MEMBER OF THE PUBLIC through appropriate pathways is
unlikely to be substantially underestimated. The equations specified in Section 2.4 for
calculating the doses due to the actual release rates of radioactive materials in liquid effluents
are consistent with the methodology provided in Regulatory Guide 1.109 (Reference 3) and
Regulatory Guide 1.113 (Reference 6).

This control applies to the release of liquid effluents from each unit at the site. The liquid
effluents from shared LIQUID RADWASTE TREATMENT SYSTEMS are to be proportioned
between the units.

2.1 .4 Liquid Radwaste Treatment System Control

In accordance with Technical Specification 5.5.4.f., the LIQUID RADWASTE TREATMENT
SYSTEM shall be OPERABLE. The appropriate portions of the system shall be used to reduce
radioactivity in liquid wastes prior to their discharge when the projected doses due to the liquid
effluent, from each unit, to UNRESTRICTED AREAS (see Figure 10-1) would exceed 0.06 mrem.
to the total body or 0.2 mrem to any organ of a MEMBER OF THE PUBLIC in 31 days.

2.1.4.1 Applicability

This limit applies at all times.

2.1.4.2 Actions

With radioactive liquid waste being discharged without treatment and in excess of the above
limits and any portion of the LIQUID RADWASTE TREATMENT SYSTEM not in operation,
prepare and submit to the Nuclear Regulatory Commission within 30 days a Special Report
which includes the following information:

a. Explanation of why liquid radwaste was being discharged without treatment,
identification of any inoperable equipment or subsystems and the reason for
inoperability,

b. Action(s) taken to restore the inoperable equipment to OPERABLE status, and

c. Summary description of action(s) taken to prevent a recurrence.
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Entry into an Operational Mode or other specified CONDITION shall be made if, as a minimum,
the requirements of Technical Specifications LCO 3.0.4 are met.

2.1.4.3 Surveillance Requirements

Doses due to liquid releases to UNRESTRICTED AREAS shall be projected at least once per
31 days; in accordance with Section 2.5, during periods in which the discharge of untreated
liquid effluent containing radioactive materials occurs or is expected to occur.

The installed LIQUID RADWASTE TREATMENT SYSTEM shall be demonstrated OPERABLE by
meeting the controls of Sections 2.1.2 and 2.1.3.

2.1.4.4 Basis

The OPERABILITY of the LIQUID RADWASTE TREATMENT SYSTEM ensures that this
system will be available for use whenever liquid effluents require treatment prior to release to
the UNRESTRICTED AREAS. The requirement that the appropriate portions of this system be
used when specified provides assurance that the releases of radioactive materials in liquid
effluents will be kept "as low as is reasonably achievable." This control implements the
requirements of 10 CFR Part 50.36a, General Design Criterion 60 of Appendix A to
10 CFR Part 50, and the design objective given in Section II.D of Appendix I to 10 CFR Part 50.
The specified limits governing the use of appropriate portions of the LIQUID RADWASTE
TREATMENT SYSTEM were specified as a suitable fraction of the dose design objectives set
forth in Section II.A of Appendix 1, 10 CFR Part 50, for liquid effluents.

This control applies to the release of radioactive materials in liquid effluents from each unit at the
site. For units with shared radwaste systems, the liquid effluents from the shared system are to
be proportioned among the units sharing that system.

2.1.5 MAJOR CHANGES TO LIQUID RADIOACTIVE WASTE TREATMENT
SYSTEMS

Licensee initiated MAJOR CHANGES TO LIQUID RADIOACTIVE WASTE TREATMENT
SYSTEMS:

a. Shall be reported to the Nuclear Regulatory Commission in the Radioactive Effluents
Release Report for the period in which the change was implemented, in accordance with
Section 7.2.2.7.

b. Shall become effective upon review by the Plant Review Board and approval by the Vice
President-Plant (VPP).
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2.2 LIQUID RADWASTE TREATMENT SYSTEM

The Edwin I. Hatch Nuclear Plant is located on the south bank of the Altamaha River, which
supplies make-up water to the circulating water system and receives blowdown from the cooling
tower. There are two boiling water reactors on the site. Each unit is served by a separate
LIQUID RADWASTE TREATMENT SYSTEM.

Schematics of the LIQUID RADWASTE TREATMENT SYSTEMS are presented in Figure 2-1 and
Figure 2-2. The dotted lines indicate alternate pathways through which liquid radwaste may be
routed.

The two units release liquid radwaste to separate discharge lines. Dilution flow is furnished by the
cooling tower blowdown and plant service water systems, if necessary. Releases from plant
service water systems are to the main condenser circulating flume, or to the cooling tower
blowdown discharge line when needed for additional dilution. Since each unit is served by a
separate dilution stream, liquid releases may be made independently from each of the two units.

Although no significant quantities of radioactivity are expected in the plant service water systems,
these effluent pathways are monitored as a precautionary measure.
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Figure 2-2 Unit 2 LIQUID RADWASTE TREATMENT SYSTEM
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2.3 LIQUID EFFLUENT MONITOR SETPOINTS

2.3.1 General Provisions Regarding Setpoints

Liquid monitor setpoints calculated in accordance with the methodology presented in this
section will be regarded as upper bounds for the actual high alarm setpoints. That is, a lower
value for the high alarm setpoint may be-established or retained on the monitor, if desired.
Intermediate level setpoints should be established at an appropriate level to give sufficient
warning prior to reaching the high alarm setpoint. If no release is planned for a particular
,pathway, or if there is no detectable activity in the planned release, the monitor setpoint should
be established as close to background as practical to prevent spurious alarms, and yet alarm
should an inadvertent release occur.

Two basic setpoint methodologies are presented below. For radwaste system discharge
monitors, setpoints are determined to assure that the limits of Section 2.1.2 are not exceeded.
For monitors on streams that are not expected to contain significant radioactivity, the purpose of
the monitor setpoints is to cause an alarm on low levels of radioactivity, and to terminate the
release where this is possible. Section 2.1.1 establishes the- requirements for liquid effluent
monitoring instrumentation. Table 2-4 lists the monitors for which each of the setpoint
methodologies is applicable.

2-16 Version 22 2/09



HNP ODCM

Table 2-4 Applicability of Liquid Monitor Setpoint Methodologies

Liquid Radwaste Discharge Monitors

Setpoint Method: Section 2.3.2

Release Type: BATCH

Unit 1 or Unit 2 Liquid Radwaste System Effluent
Monitor: 1D11-N007/2D11-N007

Normally Low-Radioactivity Streams with Termination or Diversion upon Alarm

Plant Hatch has no liquid effluent streams in this category.

Normally Low-Radioactivity Streams with Alarm Only

Setpoint Method:- Section 2.3.3

Release Type: CONTINUOUS

Unit 1 or Unit 2 Plant Service Water System Effluent
Monitor: 1 D11 -N008 / 2D1 1 -N008

Groundwater Outfall Stream

Setpoint Method: Auto sampler and flow measurement, no radiation monitor

Release Type: CONTINUOUS

Plant Site Subsurface (Underdrain) System #1 Effluent
Outfall # Y22N008A
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2.3.2 Setpoints for Radwaste System Discharge Monitors

2.3.2.1 Overview of Method

LIQUID RADWASTE TREATMENT SYSTEM effluent line radioactivity monitors are intended to
provide alarm and automatic termination of release prior to exceeding the limits specified in
Section 2.1.2 at the point of release of the diluted effluent into the UNRESTRICTED AREA.
Therefore, their alarm/trip setpoints are established to ensure compliance with the following
equation (equation adapted from Addendum to Reference 1):

c"f <TF'CEcL

F+f (2.1)

where:

CECL = the Effluent Concentration Limit corresponding to the mix of radionuclides in the
effluent being considered for discharge, in gCi/mL.

c = the setpoint, in pCi/mL, of the radioactivity monitor measuring the concentration of
radioactivity in the effluent line prior to dilution and subsequent release. The
setpoint represents a concentration which, if exceeded, could result in
concentrations exceeding the limits of Section 2.1.2 in the UNRESTRICTED
AREA.

f = the effluent flowrate at the location of the radioactivity monitor, in gpm.

F the dilution stream flowrate which can be assured prior to the release point to the
UNRESTRICTED AREA, in gpm. A predetermined dilution flowrate must be
assured for use in the calculation of the radioactivity monitor setpoint.

TF = the tolerance factor selected to allow flexibility in the establishment of a practical
monitor setpoint which could accommodate effluent releases at concentrations
higher than the ECL values stated in 10 CFR 20, Appendix B, Table 2, Column 2;
the tolerance factor must not exceed a value of 10.

While equation (2.1) shows the relationships of the critical parameters that determine the
setpoint, it cannot be applied practically to a mixture of radionuclides with different Effluent
Concentration Limits (ECLs). For a mixture of radionuclides, equation (2.1) is satisfied in a
practicable manner based on the calculated ECL fraction of the radionuclide mixture and the
dilution stream flowrate that can be assured for the duration of the release (Fd), by calculating the
maximum permissible effluent flowrate (fin) and.the radioactivity monitor setpoint (c).

The setpoint method presented below is applicable to the release of only one tank of liquid
radwaste per reactor unit at a given time. Liquid releases must be controlled administratively to
ensure that this condition is met; otherwise, the setpoint method may not ensure that the limits of
Section 2.1.2 are not exceeded.
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2.3.2.2 Setpoint Calculation Steps

Step 1: Determine the radionuclide concentrations in the liquid waste being considered for
release in accordance with the sampling and analysis requirements of Section
2.1.2.

All liquid radwastes are collected in tanks for sampling and analysis prior to release. To ensure
that a representative sample can be taken from a tank, its contents will be recirculated for a
minimum time period to allow adequate mixing of the contents. Minimum recirculation times are
as follows (Reference 22):

Minimum Recirculation Time (minutes)

Tank(s) Unit 1 Unit 2

Waste sample tanks 40 40
Floor drain sample tanks 70 65
Chemical waste sample tanks 65 65
Demineralizer feed tank 115 NA
Laundry drain tanks 50 NA

The total concentration of the liquid waste is determined by the results of all required analyses on
the collected sample, as follows:

I C; =C +I 3C +Cf+C' +ICg (2.2)
S g

Ca  the gross concentration of alpha emitters in the liquid waste, not less than that
measured in the most recent applicable composite sample.

CS = the concentration of strontium radioisotope s (Sr-89 or Sr-90) in the liquid
waste, not less than that measured in the most recent applicable composite
sample.

Cf the concentration of Fe-55 in the liquid waste, not less than that measured in
the most recent applicable composite sample.

Ct= the concentration of H-3 in the liquid waste, not less than that measured in the
most recent applicable composite sample.

Cg the concentration of gamma emitter g in the liquid waste as measured by
gamma ray spectroscopy performed on the sample for the release under
consideration.
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The Cg term will be included in the analysis of each waste sample; terms for gross
concentrations of alpha emitters, Sr-89, Sr-90, Fe-55, and tritium will be included in accordance
with the sampling and analysis program required for the waste stream (see Section 2.1.2). For
each analysis, only radionuclides identified and detected above background for the given
measurement should be included in the calculation. When using the alternate setpoint
methodology of step 5.b, the historical maximum values of Ca, Cs, Cf, and Ct shall be used.

Step 2: Determine the required dilution factor for the mix of radionuclides detected in the
waste.

Measured radionuclide concentrations are used to calculate ECL fractions. The ECL fractions
are used along with a safety factor to calculate the required dilution factor; this is the minimum
ratio of dilution flowrate to waste flowrate that must be maintained throughout the release to
ensure that the limits of Section 2.1.2 are not exceeded at the point of discharge into the
UNRESTRICTED AREA. The required dilution factor, RDF, is calculated as the sum of the
dilution factors required for gamma emitters (RDF,) and for non-gamma-emitters (RDFny):

RDF = ECLj +[(SF)(TF)]

(2.3)
= RDFY + RDF, y

RDF= (2.4)
(SF)(TF)

RDF,,y ECk, ECL, ECLf. ECL] (2.5)
(SF)(TF)

Ci = the measured concentration of radionuclide i as defined in step 1, in jiCi/mL.
The Ca, Cs, Cf, and Ct terms will be included in the calculation as appropriate.

ECL = the ECL for radionuclide i from 10 CFR Part 20, Appendix B, Table 2,
Column 2 (except for noble gases as discussed below). In the absence of
information regarding the solubility classification of a given radionuclide in the
waste stream, the solubility class with the lowest ECL shall be assumed. For
dissolved or entrained noble gases, the concentration shall be limited to
1 x 10-4 tCi/mL. For gross alpha, the ECL shall be 2 x 10-9 tCi/mL; if specific
alpha-emitting radionuclides are measured, the ECL for the specific
radionuclide(s) should be used.
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SF the safety factor selected to compensate for statistical fluctuations and errors
of measurement. The value for the safety factor must be between 0 and 1. A
value of 0.5 is reasonable for liquid releases; a more precise value may be
developed if desired.

TF the tolerance factor (as defined in Section 2.3.2.1).

Step 3: Determine the release-specific assured dilution stream flowrate.

Determine the dilution stream flowrate that can be assured during the release period, designated
Fd; this value is the setpoint for the dilution stream flowrate measurement device.

If simultaneous radioactive releases are planned from the same reactor unit, the unit's dilution
stream must be allocated among all the simultaneous releases, whether or not they are monitored
during release. Normally, only the batch tank effluents need be considered, unless there is
detectable radioactivity in one of the normally low-radioactivity streams (see Table 2-4). Allocation
of the dilution stream to multiple release paths is accomplished as follows:

F,, Fd (AF, (2.6)

FdP = the dilution flowrate allocated to release pathway p, in gpm.

AFp = the dilution allocation factor for release pathway p. AFp may be assigned any
value between 0 and 1 for each active release pathway, under the condition
that the sum of the AFp for all active release pathways for each unit does not
exceed 1. [Note: Because the two units have separate dilution streams, the
two units do not affect each other with respect to dilution allocation.]

Fd the assured minimum dilution flow for the unit, in gpm. For Plant Hatch, Fd is
normally established at 10,000 gpm.

If more precise allocation factor values are desired, they may be determined based on the
relative radiological impact of each active release pathway; this may be approximated by
multiplying the RDF of each effluent stream by its respective planned release flowrate, and
comparing these values. If only one release pathway for a given reactor unit contains detectable
radioactivity, its AFp may be assigned the value of 1, making Fdp equal to Fd.

For the case where RDF < 1, the planned release meets the limits of Section 2.1.2 without
dilution, and may be released with any desired effluent flowrate and dilution flowrate.

Step 4: Determine the maximum allowable waste discharge flowrate.

For the case where RDF > 1, the maximum permissible effluent discharge flowrate for this
release pathway, fmp (in gpm), is calculated as follows:

Fdp (2.7)

f- (RDF)
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For the case RDF _< 1, equation (2.7) is not valid. However, as discussed above, when RDF _< 1,
the release may be made at full discharge pump capacity; the radioactivity monitor setpoint must
still be calculated in accordance with Step 5 below.

NOTE 1: Discharge flowrates are actually limited by the discharge pump capacity. When
the calculated maximum permissible release flowrate exceeds the pump capacity,
the release may be made at full capacity. Discharge flowrates less than the pump
capacity must be achieved by throttling if this is available; if throttling is not
available, the release may not be made as planned.

NOTE 2: If, at the time of the planned release, there is detectable radioactivity due to plant
operations in tihe dilution stream, the diluting capacity of the dilution stream is
diminished. (In addition, sampling and analysis of the other radioactive effluents
affecting the dilution stream must be sufficient to ensure that the liquid effluent
dose limits specified in the controls of Section 2.1.3 are not exceeded.) Under
these conditions, equation (2.7) must be modified to account for the radioactivity
present in the dilution stream prior to the introduction of the planned release:

f - Fdp _- -Ffr Cir (2.8)(RDF)r -- Fd

rL

Cir the measured concentration of radionuclide i in release pathway r that is

contributing to radioactivity in the dilution stream.

fr = the effluent discharge flowrate of release pathway r:

If the entire dilution stream contains detectable activity due to plant operations, whether
or not its source is identified, fr = Fd, and Cir is the concentration in the total dilution
system. This note does not apply: a) if the RDF of the planned release is < 1; or b) if the
release contributing radioactivity to the dilution stream has been accounted for by the
assignment of an allocation factor.

Step 5: Determine the maximum radioactivity monitor setpoint concentration.

Based on the values determined in previous steps, the radioactivity monitor setpoint for the
planned release is calculated to ensure that the limits of Section 2.1.2 will not be exceeded.
Because the radioactivity monitor responds primarily to gamma radiation, the monitor setpoint cp
for release pathway p (in jtCi/mL) is based on the concentration of gamma emitters in the waste
stream, as follows:

Cp = Ap" Cg (2.9)

g
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where:

Ap an adjustment factor which will allow the setpoint to be established in a
practical manner to prevent spurious alarms while allowing a margin
between measured concentrations and the limits of Section 2.1.2.

Step 5.a. If the concentration of gamma emitters in the effluent to be released is sufficient
that the high alarm setpoint can be established at a level that will prevent spurious
alarms, Ap should be calculated as follows:

1p lFdp
A - xADF= x- (2.10)

RDF RDF fap

where:

ADF = the assured dilution factor.

fap the anticipated actual discharge flowrate for the planned release (in gpm),
a value less than fmp. The release must then be controlled so that the
actual effluent discharge flowrate does not exceed fap at any time.

Step 5.b. Alternatively, Ap may be calculated as follows:

ADF - RDF ny
Ap= D (2.11)P RDF 7

Step 5.c. Evaluate the computed value of AD as follows:

If Ap > 1, calculate the monitor setpoint, cp. However, if cp is within about 10 percent of
Cg, it may be impractical to use this value of cp. This situation indicates that
measured concentrations are approaching values which would cause the limits of
Section 2.1.2 to be exceeded. Therefore, steps should be taken to reduce
potential concentrations at the point of discharge; these steps may include
decreasing the planned effluent discharge flowrate, increasing the dilution stream
flowrate, postponing simultaneous releases, and/or decreasing the effluent
concentrations by further processing the liquid planned for release. Alternatively,
allocation factors for the active liquid release pathways may be reassigned. When
one or more of these actions has been taken, repeat Steps 1 - 5 to calculate a
new radioactivity monitor setpoint.

If Ap < 1, the release may not be made as planned. Consider the alternatives discussed.
in the paragraph above, and calculate a new setpoint based on the results of the
actions taken.
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2.3.2.3 Use of the Calculated Setpoint

The setpoint calculated above is in the units gCi/mL. The monitor actually measures a count rate
that includes background, so that the calculated setpoint must be converted accordingly:

Cp= C E + B (2.12)

Cp the monitor setpoint as a count rate.

EP the monitor calibration factor, in count rate/(jtCi/mL). Monitor calibration
data for conversion between count rate and concentration may include
operational data obtained from determining the monitor response to
stream concentrations measured by liquid sample analysis.

Bp the monitor background count rate. In all cases, monitor background must
be controlled so that the monitor is capable of responding to
concentrations in the range of the setpoint value.

The count rate units of CpI Ep, and Bp in equation (2.12) must be the same (cpm or cps).

2.3.3 Setpoints for Monitors on Normally Low-Radioactivity Streams

Radioactivity in these streams (listed in Table 2-4 above) is expected to be at very low levels,
generally below detection limits. Accordingly, the purpose of these monitors is to alarm upon the
occurrence of significant radioactivity in these streams, and to terminate or divert the release
where this is possible.

2.3.3.1 Normal Conditions

When radioactivity in one of these streams is at its normal low level, its radioactivity monitor
setpoint should be established as close to background as practical to prevent spurious alarms,
and yet alarm should an inadvertent release occur.

2.3.3.2 Conditions Requiring an Elevated Setpoint

Under the following conditions, radionuclide concentrations must be determined and an elevated
radioactivity monitor setpoint determined for these pathways:

For streams that can be diverted or isolated, a new monitor setpoint must be
established when it is desired to discharge the stream directly to the dilution water
even though the radioactivity in the stream exceeds the level which would normally be
diverted or isolated.
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For streams that cannot be diverted or isolated, a new monitor setpoint must be
established whenever: the radioactivity in the stream becomes detectable above the
background levels of the applicable laboratory analyses; or the associated
radioactivity monitor detects activity in the stream at levels above the established
alarm setpoint.

When an elevated monitor setpoint is required for any of these effluent streams, it should be
determined in the same manner as described in Section 2.3.2. However, special consideration
must be given to Step 3. An allocation factor must be assigned to the normally low-radioactivity
release pathway under consideration, and allocation factors for other release pathways
discharging simultaneously must be adjusted downward (if necessary) to ensure that the sum of
the allocation factors does not exceed 1. Sampling and analysis of the normally low-radioactivity
streams must be sufficient to ensure that the liquid effluent dose limits specified in the controls of
Section 2.1.3 are not exceeded.
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2.4 LIQUID EFFLUENT DOSE CALCULATIONS

The following subsections present the methods required for liquid effluent dose calculations, in
deepening levels of detail. Applicable site-specific pathways and parameter values for the
calculation of De, Aj, and CFiv are summarized in Table 2-5.

2.4.1 Calculation of Dose

The dose limits for a MEMBER OF THE PUBLIC specified in Section 2.1.3 are on a per-unit
basis. Therefore, the doses calculated in accordance with this section must be determined and
recorded on a per-unit basis, including apportionment of releases shared between the two units.

For the purpose of implementing Section 2.1.3, the dose to the maximum exposed individual due
to radionuclides identified in liquid effluents released from each unit to UNRESTRICTED AREAS
will be calculated as follows (equation from Reference 1, page 15):

D,=YA_, AtCjFt (2.13)

where:

D = the cumulative dose commitment to the total body or to any organ 'T, in mrem,
due to radioactivity in liquid effluents released during the total of the m time
periods At,.

Ai= the site-related adult ingestion dose commitment factor, for the total body or
for any organ t, due to identified radionuclide i, in (mrem-mL)/(h • [iCi).
Methods for the calculation of Ai, are presented below in Section 2.4.2. The
values of A1, to be used in dose calculations for releases from the plant site
are listed in Table 2-8.

Atj the length of time period I, over which Cil and F, are averaged for liquid
releases, in hours.

Cil the average concentration of radionuclide i in undiluted liquid effluent during
time period I, in gCi/mL. Only radionuclides identified and detected above
background in their respective samples should be included in the calculation.

F1  the near-field average dilution factor in the receiving water of the
UNRESTRICTED AREA:

-ft

F1  ft (2.14)
Ft X Z
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where:

ft the average undiluted liquid waste flowrate actually observed during the period
of radioactivity release, in gpm.

Ft the average dilution stream flowrate actually observed during the period of
radioactivity release, in gpm.

Z = the applicable dilution factor for the receiving water body, in the near field of
the discharge structure, during the period of radioactivity release, from
Table 2-5.

Note: In equation (2.14), the product (Ft x -Z) is limited to 1000 cfs (= 448,000 gpm) or less.

(Reference 1, Section 4.3.)

2.4.2 Calculation of AL,

The site-related adult ingestion dose commitment factor, Ai1, is calculated as follows (equation
adapted from Reference 1, page 16, by addition of the irrigated garden vegetation pathway).

AiT =1.14 x 105 t W +twUf BFi e-Aif+ U~CFi, }Fii. (2.15)

where:

51.14 x 10 a units conversion factor, determined by:

106 pCi/RCi x 103 mL/L - 8760 h/y.

Uw= the adult drinking water consumption rate applicable to the plant
site (L/y).

Dw the dilution factor from the near field of the discharge structure for the
plant site to the potable water intake location.

= i the decay constant for radionuclide i (h-1). Values of Xi used in
effluent calculations should be based on decay data from a
recognized and current source, such as Reference 26.

tw the transit time from release to receptor for potable water

consumption (h).

Uf the adult rate of fish consumption applicable to the plant site (kg/y).

BFi the bioaccumulation factor for radionuclide i applicable to freshwater
fish in the receiving water body for the plant site, in
(pCi/kg)/(pCi/L) = (LUkg). For specific values applicable to the plant
site, see Table 2-6.
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tf = the transit time from release to receptor for fish consumption (h).

Uv the adult consumption rate for irrigated garden vegetation applicable
to the plant site (kg/y).

CFiv the concentration factor for radionuclide i in irrigated garden
vegetation, as applicable to the vicinity of the plant site, in
(pCi/kg)/(pCi/L). Methods for calculation of CFiv are presented below
in Section 2.4.3.

DFiT the dose conversion factor for radionuclide i for adults, in organ -r

(mrem/pCi). For specific values, see Table 2-7.

2.4.3 Calculation of CFjv

The concentration factor for radionuclide i in irrigated garden vegetation, CFjv in (L/kg), is
calculated as follows:

* For radionuclides other than tritium (equation adapted from Reference 3, equations A-8
and A-9):

LF =M- i + f, Bi1 (I - e-ý (2.16)

" For tritium (equation adapted from Reference 3, equations A-9 and A-1 0):

CF,,v = M .L, (2.17)

where:

M = the additional river dilution factor from the near field of the discharge
structure for the plant site to the point of irrigation water usage.

I the average irrigation rate during the growing season (L)/(m2 h).

r the fraction of irrigation-deposited activity retained on the edible portions of
leafy garden vegetation.

Yv = the areal density (agricultural productivity) of leafy garden vegetation

(kg/m 2).

f = the fraction of the year that garden vegetation is irrigated.

Biv = the crop to soil concentration factor applicable to radionuclide i (pCi/kg
garden vegetation)/(pCi/kg soil).
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2P the effective surface density of soil (kg/rn).

ki - the decay constant for radionuclideji (h-). Values of ki used in effluent
calculations should be based on decay data from a recognized and current
source, such as Reference 26.

Xw the rate constant for removal of activity from plant leaves by weathering (h1).

kEi the effective removal rate for activity deposited on crop leaves (h-')

calculated as: kEi =i + Xw.

te the period of leafy garden vegetation exposure during the growing season

(h).

tb the period of long-term buildup of activity in soil (h).

th the time between harvest of garden vegetation and human consumption
(h).

Lv the water content of leafy garden vegetation edible parts (L/kg).
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Table 2-5 Parameters for Calculation of Doses Due to Liquid Effluent Releases

Dose Calculation Receptor Locations:

Fish:

Drinking Water:

Irrigated Garden Vegetation:

Numerical Parameters:*

Parameter

Vicinity of plant discharge

None"+

None"+

Value

z

Uw
D,

tw

Uf

tf

Uv

M
I

r

Yv
fi

P

xW
te

tb

th

1-v

10

0 Ly
1.0+
12 h
21 kg/y

24 h

0 kg/y

1.0+
No value

0.25
2.0 kg/m 2

1.0+

240 kg/M2

0.0021 h1 (i.e., half- life of 14 d)

1440 h (= 60 d)

1.31 x 105 h (= 15 y)

24 h

0.92 [/kg

Reference

Ref. 9, Sec. 5.1; Ref. 6, Sec. B;
Ref. 21

(Pathway not applicable)

Ref. 3, Sec. A.2

Ref. 3, Table E-5

Ref. 3, Sec. A.2

(Pathway not applicable)

Ref. 3, Table E-15
Ref. 3, Table E-15

Ref. 3, Table E-15

Ref. 3, Table E-15

Ref. 3, Table E-15

Ref. 3, Table E-15

Ref. 3, Table E-15

Based on Ref. 27, Table 5.16 (for
lettuce, cabbage, etc.)

- Because there is no known drinking water pathway or irrigated garden vegetation
pathway downstream of the plant site, the parameters for these pathways are default
values, and the usage factors are set to 0.

+ - There is no established default value for this parameter. The most conservative
physically realistic value is 1.0.

** There is no established default value for this parameter. A value will be supplied if the
pathway is ever observed.

++ - Confirmed during the annual river water use survey.
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Table 2-6 Element Transfer Factor

Freshwater Fish

Element BFj

H 9.0 E-01
C 4.6 E+03

Na 6.6 E+01
P 2.5 E+04

Cr 1.5 E+02
Mn 8.9 E+01
Fe' 6.0 E+00
Co 1.7 E+02
Ni 1.0 E+02
Cu 4.4 E+01
Zn 2.9 E+02
Br 4.2 E+02
Rb 2.0 E+03
Sr 3.8 E+00
Y 2.5 E+01
Zr 1.9 E+02
Nb 4.1 E+01
Mo 1.8 E+02
Tc 1.5 E+01
Ru 4.6 E+00
Rh 1.0 E+01
Ag 3.5 E+02
Sb 1.0 E+00
Te 4.0 E+02

I 4.3 E+01
Cs 5.8 E+02
Ba 5.0 E+00
La 2.5 E+01
Ce 8.4 E+01
Pr 2.5 E+01
Nd 4.6 E+01
W 1.2 E+03
Np 1.0 E+01

* - Bioaccumulation Factors for freshwater fish, in (pCi/kg)/(pCi/L). They are obtained from
Reference 9 (Appendix A, Table 2'3-1), except as follows: Reference 2 (Table A-8) for Sb.
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Table 2-7 Adult Ingestion Dose Factors

Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI

H-3 No Data 1.05E-07 1.05E-07 1.05E-07 1.05E-07 1.05E-07 1.05E-07

C-14 2.84E-06 5.68E-07 5.68E-07 5.68E-07 5.68E-07 5.68E-07 5.68E-07

Na-24 1.70E-06 1.70E-06 1.70E-06 1.70E-06 1.70E-06 1.70E-06 1.70E-06

P-32 1.93E-04 1.20E-05 7.46E-06 No Data No Data No Data 2.17E-05

Cr-51 No Data No Data 2.66E-09 1.59E-09 5.86E-10 3.53E-09 6.69E-07

Mn-54 No Data 4.57E-06 8.72E-07 No Data 1.36E-06 No Data 1.40E-05

Mn-56 No Data 1.15E-07 2.04E-08 No Data 1.46E-07 No Data 3.67E-06

Fe-55 2.75E-06 1.90E-06 4.43E-07 No Data No Data 1.06E-06 1.09E-06

Fe-59 4.34E-06 1.02E-05 3.91 E-06 No Data No Data 2.85E-06 3.40E-05

Co-58 No Data 7.45E-07 1.67E-06 No Data No Data No Data 1.51 E-05

Co-60 No Data 2.14E-06 4.72E-06 No Data No Data No Data 4.02E-05

Ni-63 1.30E-04 9.01 E-06 4.36E-06 No Data No Data No Data 1.88E-06

Ni-65 5.28E-07 6.86E-08 3.13E-08 No Data No Data No Data 1.74E-06

Cu-64 No Data 8.33E-08 3.91E-08 No Data 2.1OE-07 No Data 7.1OE-06

Zn-65 4.84E-06 1.54E-05 6.96E-06 No Data 1.03E-05 No Data 9.70E-06

Zn-69 1.03E-08 1.97E-08 1.37E-09 No Data 1.28E-08 No Data 2.96E-09

Br-83 No Data No Data 4.02E-08 No Data No Data No Data 5.79E-08

Br-84 No Data No Data 5.21 E-08 No Data No Data No Data 4.09E-13

Br-85 No Data No Data 2.14E-09 No Data No Data No Data No Data

Rb-86 No Data 2.11E-05 9.83E-06 No Data No Data No Data 4.16E-06

Rb-88 No Data 6.05E-08 3.21 E-08 No Data No Data No Data 8.36E-19

Rb-89 No Data 4.01 E-08 2.82E-08 No Data No Data No Data 2.33E-21

Sr-89 3.08E-04 No Data 8.84E-06 No'Data No Data No Data 4.94E-05

Sr-90 7.58E-03 No Data 1.86E-03 No Data No Data No Data 2.19E-04

Sr-91 5.67E-06 No Data 2.29E-07 No Data No Data No Data 2.70E-05

Sr-92 2.15E-06 No Data 9.30E-08 No Data No Data No Data 4.26E-05

Y-90 9.62E-09 No Data 2.58E-10 No Data NoData No Data 1.02E-04

Y-91m 9.09E-11 No Data 3.52E-12 No Data No Data No Data 2.67E-10

Y-91 1.41 E-07 No Data 3.77E-09 No Data No Data No Data 7.76E-05

Y-92 8.45E-10 No Data 2.47E-1 1 No Data No Data No Data, 1.48E-05

All values are in (mrem.p/Ci ingested). They are obtained from Reference 3 (Table E-1 1),
except as follows: Reference 2 (Table A-3) for Rh-105, Sb-124, and Sb-125.
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Table 2-7 (contd) Adult Ingestion Dose Factors

Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI

Y-93 2.68E-09 No Data 7.40E-1 1 No Data No Data No Data 8.50E-05

Zr-95 3.04E-08 9.75E-09 6.60E-09 No Data 1.53E-08 No Data 3.09E-05

Zr-97 1.68E-09 3.39E-10 1.55E-10 No Data 5.12E-10 No Data 1.05E-04

Nb-95 6.22E-09 3.46E-09 1.86E-09 No Data 3.42E-09 No Data 2.1OE-05

Mo-99 No Data 4.31 E-06 8.20E-07 No Data 9.76E-06 No Data 9.99E-06

Tc-99m 2.47E-10 6.98E-10 8.89E-09 No Data 1.06E-08 3.42E-10 4.13E-07

Tc-101 2.54E-10 3.66E-10 3.59E-09 No Data 6.59E-09 1.87E-10 1.10E-21

Ru-103 1.85E-07 No Data 7.97E-08 No Data 7.06E-07 No Data 2.16E-05

Ru-1 05 1.54E-08 No Data 6.08E-09 No Data 1.99E-07 No Data 9.42E-06

Ru-106 2.75E-06 No Data 3.48E-07 No Data 5.31E-06 No Data 1.78E-04

Rh-105 1.22E-07 8.86E-08 5.83E-08 No Data 3.76E-07 No Data 1.41 E-05

Ag-110m 1.60E-07 1.48E-07 8.79E-08 No Data 2.91E-07 No Data 6.04E-05

Sb-124 2.81E-06 5.30E-08 1.11E-06 6.79E-09 No Data 2.18E-06 7.95E-05

Sb-125 2.23E-06 2.40E-08 4.48E-07 1.98E-09 No Data 2.33E-04 1.97E-05

Te-125m 2.68E-06 9.71E-07 3.59E-07 8.06E-07 1.09E-05 No Data 1.07E-05

Te-127m 6.77E-06 2.42E-06 8.25E-07 1.73E-06 2.75E-05 No Data 2.27E-05

Te-127 1.10E-07 3.95E-08 2.38E-08 8.15E-08 4.48E-07 No Data 8.68E-06

Te-129m 1.15E-05 4.29E-06 1.82E-06 3.95E-06 4.80E-05 No Data 5.79E-05

Te-129 3.14E-08 1.18E-08 7.65E-09 2.41E-08 1.32E-07 No Data 2.37E-08

Te-131m 1.73E-06 8.46E-07 7.05E-07 1.34E-06 8.57E-06 No Data 8.40E-05

Te-131 1.97E-08 8.23E-09 6.22E-09 1.62E-08 8.63E-08 No Data 2.79E-09

Te-132 2.52E-06 1.63E-06 1.53E-06 1.80E-06 1.57E-05 No Data 7.71E-05

1-130 7.56E-07 2.23E-06 8.80E-07 1.89E-04 3.48E-06 No Data 1.92E-06

1-131 4.16E-06 5.95E-06 3.41E-06 1.95E-03 1.02E-05 No Data 1.57E-06

1-132 2.03E-07 5.43E-07 1.90E-07 1.90E-05 8.65E-07 No Data 1.02E-07

1-133 1.42E-06 2.47E-06 7.53E-07 3.63E-04 4.31E-06 No Data 2.22E-06

1-134 1.06E-07 2.88E-07 1.03E-07 4.99E-06 4.58E-07 No Data 2.51 E-10

1-135 4.43E-07 1.16E-06 4.28E-07 7.65E-05 1.86E-06 No Data 1.31 E-06

Cs-134 6.22E-05 1.48E-04 1.21 E-04 No Data 4.79E-05 1.59E-05 2.59E-06

Cs-136 6.51E-06 2.57E-05 1.85E-05 No Data 1.43E-05 1.96E-06 2.92E-06

All values are in (mrem.p/Ci ingested). They are obtained from Reference 3 (Table E-1 1),
except as follows: Reference 2 (Table A-3) for Rh-105, Sb-124, and Sb-125.
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Table 2-7 (contd) Adult IngestionDose Factors

Nuclide Bone Liver FT. Body I Thyroid Kidney Lung GI-LLI

Cs-137 7.97E-05 1.09E-04 7.14E-05 No Data 3.70E-05 1.23E-05 2.11E-06

Cs-138 5.52E-08 1.09E-07 5.40E-08 No Data 8.01E-08 7.91E-09 4.65E-13

Ba-139 9.70E-08 6.91E-11 2.84E-09 No Data 6.46E-11 3.92E-11 1.72E-07

Ba-140 2.03E-05 2.55E-08 1.33E-06 No Data 8.67E-09 1.46E-08 4.18E-05

Ba-141 4.71E-08 3.56E-11 1.59E-09 No Data 3.31E-11 2.02E-11 2.22E-17

Ba-142 2.13E-08 2.19E-11 1.34E-09 No Data 1.85E-11 1.24E-11 3.00E-26

La-140 2.50E-09 1.26E-09 3.33E-10 No Data NoData No Data 9.25E-05

La-142 1.28E-10 5.82E-11 1.45E-11 No Data No Data No Data 4.25E-07

Ce-141 9.36E-09 6.33E-09 7.18E-10 No Data 2.94E-09 No Data 2.42E-05

Ce-143 1.65E-09 1.22E-06 1.35E-10 No Data 5.37E-10 No Data 4.56E-05

Ce-144 4.88E-07 2.04E-07 2.62E-08 No Data 1.21E-07 No Data 1.65E-04

Pr-143 9.20E-09 3.69E-09 4.56E-10 No Data 2.13E-09 No Data 4.03E-05

Pr-144 3.01 E-11 1.25E-11 1.53E-12 No Data 7.05E-12 No Data 4.33E-18

Nd-147 6.29E-09 7.27E-09 4.35E-10 No Data 4.25E-09 No Data 3.49E-05

W-187 1.03E-07 8.61E-08 3.01E-08 No Data No Data No Data 2.82E-05

Np-239 1.19E-09 1.17E-10 6.45E-11 No Data 3.65E-10 No Data 2.40E-05

All values are in (mrem.p/Ci ingested). They are obtained from Reference 3 (Table E-1 1),
except as follows: Reference 2 (Table A-3) for Rh-105, Sb-1i24, and Sb-125.
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Table 2-8 Site-Related Ingestion Dose Factors, Ai

Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI

H-3 0.00 2.26E-01 2.26E-01 2.26E-01 2.26E-01 2.26E-01 2.26E-01

C-14 3.13E+04 6.26E+03 6.26E+03 6.26E+03 6.26E+03 6.26E+03 6.26E+03

Na-24 8.86E+01 8.86E+01 8.86E+01 8.86E+01 8.86E+01 8.86E+01 8.86E+01

P-32 1.10E+07 6.84E+05 4.25E+05 0.00 0.00 0.00 1.24E+06

Cr-51 0.00 0.00 9.32E-01 5.57E-01 2.05E-01 1.24E+00 2.34E+02

Mn-54 0.00 9.72E+02 1.85E+02 0.00 2.89E+02 0.00 2.98E+03

Mn-56 0.00 3.87E-02 6.86E-03 0.00 4.91 E-02 0.00 1.23E+00

Fe-55 3.95E+01 2.73E+01 6.36E+00 0.00 0.00 1.52E+01 1.56E+01

Fe-59 6.14E+01 1.44E+02 5.53E+01 0.00 0.00 4.03E+01 4.81E+02

Co-58 0.00 3.OOE+02 6.73E+02 0.00 0.00 0.00 6.09E+03

0o-60 0.00 8.71 E+02 1.92E+03 0.00 0.00 0.00 1.64E+04

Ni-63 3.11E+04 2.16E+03 1.04E+03 0.00 0.00 0.00 4.50E+02

Ni-65 1.72E-01 2.23E-02 1.02E-02 0.00 0.00 0.00 5.66E-01

Cu-64 0.00 2.37E+00 1.11 E+00 0.00 5.97E+00 0.00 2.02E+02

Zn-65 3.35E+03 1.07E+04 4.82E+03 0.00 7.13E+03 0.00 6.72E+03

Zn-69 1.14E-07 2.19E-07 1.52E-08 0.00 1.42E-07 0.00 3.28E-08

Br-83 0.00 0.00 3.83E-02 0.00 0.00 0.00 5.52E-02

Br-84 0.00 0.00 1.22E-12 0.00 0.00 0.00 9.61,E-18

Br-85 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Rb-86 0.00 9.73E+04 4.53E+04 0.00 0.00 0.00 1.92E+04

Rb-88 0.00 1.29E-22 6.82E-23 0.00 0.00 0.00 1.78E-33

Rb-89 0.00 1.61E-26 1.14E-26 0.00 0.00 0.00 0.00

Sr-89 2.76E+03 0.00 7.93E+01 0.00 0.00 0.00 4.43E+02

Sr-90 6.90E+04 0.00 1.69E+04 0.00 0.00 0.00 1.99E+03

Sr-91 8.95E+00 0.00 3.62E-01 0.00 0.00 0.00 4.26E+01

Sr-92' 4.22E-02 0.00 1.83E-03 0.00 0.00 0.00 8.36E-01

Y-90 4.44E-01 0.00 1.19E-02 0.00 0.00 0.00 4.71E+03

Y-91 m 1.04E-11 0.00 4.01E-13 0.00 0.00 0.00 3.04E-11

Y-91 8.34E+00 0.00 2.23E-01 0.00 0.00 0.00 4.59E+03

All values are in (mrem-mL)/(h-gCi). They are calculated using equation (2.15), and data from
Table 2-5, Table 2-6, and Table 2-7. When "No Data" is shown for a radionuclide-organ
combination in Table 2-7, Afactors in this table are presented as zero.
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Table 2-8 (contd) Site-Related Ingestion Dose Factors, A,

Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI

Y-92 4.60E-04 0.00 1.35E-05 0.00 0.00 0.00 8.06E+00

Y-93 3.09E-02 0.00 8.53E-04 0.00 0.00 0.00 9.80E+02

Zr-95 1.37E+01 4.39E+00 2.97E+00 0.00 6.88E+00 0.00 1.39E+04

Zr-97 2.86E-01 5.76E-02 2.,63E-02 0.00 8.70E-02 0.00 1.78E+04

Nb-95 5.99E-01 3.33E-01 1.79E-01 0.00 3.29E-01 0.00 2.02E+03

Mo-99 0.00 1.44E+03 2.75E+02 0.00 3.27E+03 0.00 3.35E+03

Tc-99m 5.59E-04 1.58E-03 2.01 E-02 0.00 2.40E-02 7.75E-04 9.36E-01

Tc-101 2.71E-33 3.91E-33 3.83E-32 0.00 7.03E-32 2.OOE-33 0.00

Ru-103 2.OOE+00 0.00 8.62E-01 0.00 7.64E+00 0.00 2.34E+02

Ru-105 4.OOE-03 0.00 1.58E-03 0.00 5.17E-02 0.00 2.45E+00

Ru-106 3.02E+01 0.00 3.83E+00 0.00 5.84E+01 0.00 1.96E+03

Rh-105 1.83E+00 1.33E+00 8.72E-01 0.00 5.63E+00 0.00 2.11 E+02

Ag-110m 1.34E+02 1.24E+02 7.34E+01 0.00 2.43E+02 0.00 5.05E+04

Sb-124 6.65E+00 1.25E-01 2.63E+00 1.61E-02 0.00 5.16E+00 1.88E+02

Sb-125 5.33E+00 5.74E-02 1.07E+00 4.74E-03 0.00 5.57E+02 4.71E+01

Te-125m 2.54E+03 9.19E+02 3.40E+02 7.63E+02 1.03E+04 0.00 1.01E+04

Te-127m 6.44E+03 2.30E+03 7.85E+02 1.65E+03 2.62E+04 0.00 2.16E+04

Te-127 1.78E+01 6.38E+00 3.85E+00 1.32E+01 7.24E+01 0.00 1.40E+03

Te-129m 1.08E+04 4.02E+03 1.71E+03 3.71E+03 4.50E+04 0.00 5.43E+04

Te-129 1.78E-05 6.68E-06 4.33E-06 1.36E-05 7.47E-05 0.00 1.34E-05

Te-1 31 m 9.51 E+02 4.65E+02 3.88E+02 7.37E+02 4.71 E+03 0.00 4.62E+04

Te-131 8.64E-17 3.61E-17 2.73E-17 7.1OE-17 3.78E-16 0.00 1.22E-17

Te-132 1.95E+03 1.26E+03 1.18E+03 1.39E+03 1.22E+04 0.00 5.97E+04

1-130 2.03E+01 5.98E+01 2.36E+01 5.06E+03 9.32E+01 0.00 5.14E+01

1-131 3.93E+02 5.62E+02 3.22E+02 1.84E+05 9.63E+02 0.00 1.48E+02

1-132 1.51E-02 4.04E-02 1.41E-02 1.41E+00 6.43E-02 0.00 7.59E-03

1-133 6.57E+01 1.14E+02 3.48E+01 1.68E+04 1.99E+02 0.00 1.03E+02

1-134 6.26E-08 1.70E-07 6.09E-08 2.95E-06 2.71E-07 0.00 1.48E-10

1-135 3.68E+00 9.64E+00 3.56E+00 6.36E+02 1.55E+01 0.00 1.09E+01

All values are in (mrem-mL)/(h-gCi).
Table 2-5, Table 2-6, and Table 2-7.

They are calculated using equation (2.15), and data from
When "No Data" is shown for a radionuclide-organ

combination in Table 2-7, Ajfactors in this table are presented as zero.
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Table 2-8 (contd) Site-Related Ingestion Dose Factors, A,

Nuclide Bone Liver ] T. Body Thyroid Kidney Lung GI-LLI

Cs-134 8.63E+04 2.05E+05 1.68E+05 0.00 6.64E+04 2.21E+04 3.59E+03

Cs-1 36 8.58E+03 3.39E+04 2.44E+04 0.00 1.88E+04 2.58E+03 3.85E+03

Cs-137 1.11E+05 1.51E+05 9.91E+04 0.00 5.14E+04 1.71E+04 2.93E+03

Cs-138 2.64E-12 5.22E-12 2.59E-12 0.00 3.84E-12 3.79E-13 2.23E-17

Ba-139 7.05E-06 5.03E-09 2.07E-07 0.00 4.70E-09 2.85E-09 1.25E-05

Ba-140 2.30E+02 2.89E-01 1.51E+01 0.00 9.83E-02 1.66E-01 4.74E+02

Ba-1 41 1.06E-24 8.00E-28 3.57E-26 0.00 7.44E-28 4.54E-28 4.99E-34

Ba-142 0.00 0.00 0.00 0.00 0.00 0.00 0.00

La-140 9.89E-02 4.99E-02 1.32E-02 0.00 0.00 0.00 3.66E+03

La-142 2.19E-07 9.96E-08 2.48E-08 0.00 0.00 0.00 7.27E-04

Ce-141 1.84E+00 1.25E+00 1.41E-01 0.00 5.79E-01 0.00 4.76E+03

Ce-143 2.OOE-01 1.48E+02 1.64E-02 0.00 6.52E-02 0.00 5.54E+03

Ce-144 9.79E+01 4.09E+01 5.26E+00 0.00 2.43E+01 0.00 3.31 E+04

Pr-143 5.23E-01 2.10E-01 2.59E-02 0.00 1.21E-01 0.00 2.29E+03

Pr-144 1.48E-28 6.14E-29 7.51E-30 0.00 3.46E-29 0.00 2.13E-35

Nd-147 6.50E-01 7.52E-01 4.50E-02 0.00 4.39E-01 0.00 3.61E+03

W-187 1.47E+02 1.23E+02 4.30E+01 0.00 0.00 0.00 4.03E+04

Np-239 2.12E-02 2.09E-03 1.15E-03 0.00 6.51E-03 0.00 4.28E+02

All values are in (mrem-mL)/(h.gCi). They are calculated using equation (2.15), and data from
Table 2-5, Table 2-6, and Table 2-7. When "No Data" is shown for a radionuclide-organ
combination in Table 2-7, Ah factors in this table are presented as zero.
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2.5 LIQUID EFFLUENT DOSE PROJECTIONS

2.5.1 Thirty-One Day Dose Projections

In order to meet the requirements for operation of the LIQUID RADWASTE TREATMENT
SYSTEM (see Section 2.1.4), dose projections must be made at least once each 31 days; this
applies during periods in which a discharge to UNRESTRICTED AREAS of liquid effluents
containing radioactive materials occurs or is expected.

Projected 31-day doses to individuals due to liquid effluents may be determined as follows:

Sx31 (2.18)

where:

DTp the projected dose to the total body or organ r, for the next 31 days of liquid
releases.

D =c the cumulative dose to the total body or organ t, for liquid releases that
have occurred in the elapsed portion of the current quarter, plus the release
under consideration.

t = the number of whole or partial days elapsed into the current quarter,
including the time to the end of the release under consideration (even if the
release continues into the next quarter).

DTa = the anticipated dose contribution to the total body or any organ -C, due to
any planned activities during the next 31-day period, if those activities will
result in liquid releases that are in addition to routine liquid effluents. If only
routine liquid effluents are anticipated, Dra may be set to zero.

2.5.2 Dose Proiections for Specific Releases

Dose projections may be performed for a particular release by performing a pre-release dose
calculation assuming that the planned release will proceed as anticipated. For individual dose
projections due to liquid releases, follow the methodology of Section 2.4, using sample analysis
results for the source to be released, and parameter values expected to exist during the release
period.
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2.6 DEFINITIONS OF LIQUID EFFLUENT TERMS

The following symbolic terms are used in the presentation of liquid effluent calculations in the
sub-sections above.

Section of
Term Definition Initial Use

A the adjustment factor used in calculating the effluent monitor
setpoint for liquid release pathway p: the ratio of the assured
dilution to the required dilution [unitless]. 2.3.2.2

ADF = the assured dilution factor for a planned release [unitless]. 2.3.2.2

AFp = the dilution allocation factor for liquid release pathway p [unitless]. 2.3.2.2

Ai -. the site-related adult ingestion dose commitment factor, for the
total body or for any organ r, due to identified radionuclide i 2.4.1
[(mrem-mL)/(h.pCi)]. The values of Ai, are listed in Table 2-8.

Biv the crop to soil concentration factor applicable to radionuclide i,
[(pCi/kg garden vegetation)/(pCi/kg soil)]. 2.4.3

BFi the bioaccumulation factor for radionuclide i for freshwater fish
[(pCi/kg)/(pCi/L)]. Values are listed in Table 2-6. 2.4.2

c the setpoint of the radioactivity monitor measuring the
concentration of radioactivity in the effluent line, prior to dilution
and subsequent release [ Ci/mL]. 2.3.2.1

Cp the calculated effluent radioactivity monitor setpoint for liquid
release pathway p [[tCi/mL]. 2.3.2.2

Ca the gross concentration of alpha emitters in the liquid waste as 2.3.2.2
measured in the applicable composite sample [pCi/mL].

CECL the Effluent Concentration Limit stated in 10 CFR 20, Appendix B,
Table 2, Column 2 [pCi/mL]. 2.3.2.1

Cf the concentration of Fe-55 in the liquid waste as measured in the
applicable composite sample [RCi/mL]. 2.3.2.2

Cg the concentration of gamma emitter g in the liquid waste as
measured by gamma ray spectroscopy performed on the
applicable pre-release waste sample [gCi/mL]. 2.3.2.2

Ci the measured concentration of radionuclide i in a sample of liquid
effluent [gCi/mL]. 2.3.2.2

Cii the average concentration of radionuclide i in undiluted liquid
effluent during time period 1 [RCi/mL]. 2.4.1
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fr

rm Definition

= the measured concentration of radionuclide i in release pathway r
that is contributing to radioactivity in the dilution stream [jiCi/mL].

= the concentration of strontium radioisotope s (Sr-89 or Sr-90) in
the liquid waste as measured in the applicable composite sample
[iiCi/mL].

= the concentration of H-3 in the liquid waste as measured in the
applicable composite sample [jiCi/mL].

= the concentration factor for radionuclide i in irrigated garden
vegetation [(pCi/kg)/(pCi/L)].

= the dilution factor from the near field of the discharge structure to
the potable water intake location [unitless].

= the cumulative dose commitment to the total body or to any
organ r, due to radioactivity in liquid effluents released during a
given time period [mrem].

= the anticipated dose contribution to the total body or any organ r,
due to any planned activities during the next 31-day period [mrem].

= the cumulative dose to the total body or organ T, for liquid releases
that have occurred in the elapsed portion of the current quarter,
plus the release under consideration [mrem].

= the projected dose to the total body or organ 'r, for the next
31 days of liquid releases [mrem].

= the dose conversion factor for radionuclide i for adults, in organ Tr
[mrem/pCi]. Values are listed in Table 2-7.

= the liquid Effluent Concentration Limit for radionuclide i from
10 CFR Part 20, Appendix B, Table 2, Column 2 [pCi/mL].

= the effluent flowrate at the location of the radioactivity monitor
[gpm].

= the anticipated actual discharge flowrate for a planned release
from liquid release pathway p [gpm].

= the fraction of the year that garden vegetation is irrigated [unitless].

= the maximum permissible effluent discharge flowrate for release

pathway p [gpm].

= the effluent discharge flowrate of release pathway r [gpm].

HNP ODCM

Section of
Initial Use

2.3.2.2

2.3.2.2

2.3.2.2

2.4.2

2.4.2

2.4.1

2.5.1

2.5.1

2.5.1

2.4.2

2.3.2.2

2.3.2.1

2.3.2.2

2.4.3

2.3.2.2

2.3.2.2
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Section of
Term Definition Initial Use

ft = the average undiluted liquid waste flowrate actually observed
during the period of a liquid release [gpm]. 2.4.1

F = the dilution stream flowrate which can be assured prior to the
release point to the UNRESTRICTED AREA [gpm]. 2.3.2.1

Fd = the entire assured dilution flowrate for the plant site during the
release period [gpm]. 2.3.2.2

Fdp = the dilution flowrate allocated to release pathway p [gpm]. 2.3.2.2

F1 the near-field average dilution factor in the receiving water of the
UNRESTRICTED AREA [unitless]. 2.4.1

Ft = the average dilution stream flowrate actually observed during the

period of a liquid release [gpm]. 2.4.1

= the average irrigation rate during the growing season [L/(m 2-h)]. 2.4.3

Lv = the water content of leafy garden vegetation edible parts [L/kg]. 2.4.3

M = the additional river dilution factor from the near field of the
discharge structure for the plant site to the point of irrigation water
usage [unitless]. 2.4.3

P = the effective surface density of soil [kg/m 2]. 2.4.3

r = the fraction of irrigation-deposited activity retained on the edible
portions of leafy garden vegetation. 2.4.3

RDF = the required dilution factor: the minimum ratio by which liquid
effluent must be diluted before reaching the UNRESTRICTED
AREA, in order to ensure that the limits of Section 2.1.2 are not
exceeded [unitless]. 2.3.2.2

RDFy = the RDF for a liquid release due only to its concentration of
gamma-emitting radionuclides [unitless]. 2.3.2.2

RDF•7 = the RDF for a liquid release due only to its concentration of
non-gamma-emitting radionuclides [unitless]. 2.3.2.2

SF = the safety factor selected to compensate for statistical fluctuations
and errors of measurement [unitless]. 2.3.2.2

t = the number of whole or partial days elapsed into the current
quarter, including the time to the end of the release under
consideration. 2.5.1

tb = the period of long-term buildup of activity in soil [h]. 2.4.3
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Term Definition

= the period of leafy garden vegetation exposure during the growing
season [h].

the transit time from release to receptor for fish consumption [hi.

- the time between harvest of garden vegetation and human
consumption [h].

the transit time from release to receptor for potable water
consumption [h].

the tolerance factor selected to allow flexibility in the establishment
of a practical monitor setpoint which could accommodate effluent
releases at concentrations higher than the ECL values stated in
10 CFR 20, Appendix B, Table 2, Column 2 [unitless]; the
tolerance factor must not exceed a value of 10.

= the adult rate of fish consumption [kg/y].

= the adult consumption rate for irrigated garden vegetation [kg/y].

= the adult drinking water consumption rate applicable to the plant
site [L/y].

the areal density (agricultural productivity) of leafy garden
vegetation [kg/m 2].

the applicable dilution factor for the receiving water body, in the
near field of the discharge structure, during the period of
radioactivity release [unitless].

the length of time period I, over which Ci and F, are averaged for
liquid releases [h].

the effective removal rate for activity deposited on crop leaves
[h-1 ].

= the decay constant for radionuclide i [h-].

= the rate constant for removal of activity from plant leaves by
weathering [h-1].

HNP ODCM

Section of
Initial Use

2.4.3

2.4.2

2.4.3

2.4.2

2.3.2.1

2.4.2

2.4.2

2.4.2

2.4.3

2.4.1

2.4.1

2.4.3

2.4.2

2.4.3
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CHAPTER 3

GASEOUS EFFLUENTS

3.1 LIMITS OF OPERATION

The following Limits of Operation implement requirements established by Technical

Specifications Section 5.0. Terms printed in all capital letters are defined in Chapter 10.

3.1.1 Gaseous Effluent Monitoring Instrumentation Control

In accordance with Technical Specification 5.5.4., the radioactive gaseous effluent monitoring
instrumentation channels shown in Table 3-1 shall be OPERABLE with their alarm/trip setpoints
set to ensure that the limits of Section 3.1.2.a are not exceeded. The alarm/trip setpoints of
these channels shall be determined in accordance with Section 3.3.

3.1.1.1 Applicability

These limits apply as shown in Table 3-1.

3.1.1.2 Actions

With a radioactive gaseous effluent monitoring instrumentation channel alarm/trip setpoint less
conservative than required by the above control, immediately suspend the release of radioactive
gaseous effluents monitored by the affected channel, declare the channel inoperable, or restore
the setpoint to a value that will ensure that the limits of Section 3.1.2.a are met.

With less than the minimum number of radioactive gaseous effluent monitoring instrumentation
channels OPERABLE, take the ACTION shown in Table 3-1. NOTE: One instrument channel
may be inoperable for up to 6 hours to perform required surveillances prior to entering other
applicable ACTIONS. Otherwise, restore the inoperable instrumentation to OPERABLE status
within 30 days and, if unsuccessful, explain in the next Radioactive Effluent Release Report, per
Technical Specification 5.6.3, why this inoperability was not corrected in a timely manner.

Entry into an Operational Mode or other specified CONDITION shall be made if, as a minimum,

the requirements of Technical Specifications LCO 3.0.4 are met.

3.1.1.3 Surveillance Requirements

Each radioactive gaseous effluent monitoring instrumentation channel shall be demonstrated
OPERABLE by performance of the CHANNEL CHECK, SOURCE CHECK, CHANNEL
CALIBRATION, and CHANNEL FUNCTIONAL TEST operations at the frequencies shown in
Table 3-2.
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3.1.1.4 Basis

The radioactive gaseous effluent instrumentation is provided to monitor and control, as
applicable, the releases of radioactive materials in gaseous effluents during actual or potential
releases of gaseous effluents. The Alarm/Trip Setpoints for these instruments shall be
calculated and adjusted in accordance with the methodology and parameters in Section 3.3 to
ensure that the alarm/trip will occur prior to exceeding the limits of Section 3.1.2.a. The
OPERABILITY and use of this instrumentation is consistent with the requirements of General
Design Criteria 60, 63, and 64 of Appendix A to 10 CFR Part 50.
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Table 3-1 Radioactive Gaseous Effluent Monitoring Instrumentation

Minimum
Channels

Instrument OPERABLE Applicability ACTION

1. Reactor Building Vent Stack Monitoring System (Each Unit)

a. Noble Gas Activity Monitorc 1 (a) 105

b. Iodine Sampler Cartridge 1 (a) 107

c. Particulate Sampler Filter 1 (a) 107

d. Effluent System Flowrate Measurement 1 (a) 104
Device

e. Sampler Flowrate Measurement Device 1 (a) 104

2. Recombiner Building Ventilation Monitoring System

a. Noble Gas Activity Monitorc 1 (a) 105

b. Iodine Sampler Cartridge 1 (a) 107

c. Particulate Sampler Filter 1 (a) 107

d. Effluent System Flowrate Measurement 1 (a) 104
Device

e. Sampler Flowrate Monitor 1 (a) 104

3. Main Stack Monitoring System

a. Noble Gas Activity Monitorc 1 (a) 105

b. Iodine Sampler Cartridge 1 (a) 107

c. Particulate Sampler Filter 1 (a) 107

d. Effluent System Flowrate Measurement 1 (a) 104
Device

e. Sampler Flowrate Measurement Device 1 (a) 104

4. Condenser Offgas Pretreatment Monitor (Each Unit)

a. Noble Gas Activity Monitor ý 1 (b) 108

a. During radioactive releases via this pathway.

b. During operation of the main condenser air ejector.

c. Monitor must be capable of responding to a MINIMUM DETECTABLE
CONCENTRATION of 1 x 10-4 iCi/mL.
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Table 3-1 (contd) Notation for Table 3-1.

ACTION 104 - With the number of channels OPERABLE less than required by the Minimum
Channels OPERABLE requirement, effluent releases via this pathway may continue
provided the flowrate is estimated at least once per 4 hours. If the number of channels
OPERABLE remains less than required by the minimum channels OPERABLE
requirement for over 30 days, an explanation of the circumstances shall be included in the
next Radioactive Effluent Release Report.

ACTION 105 - With the number of channels OPERABLE less than required by the Minimum
Channels OPERABLE requirement, effluent releases via this pathway may continue
provided grab samples are taken daily and these samples are analyzed for gross activity
within 24 hours. With the number of main stack monitoring system channels OPERABLE
less than required by the minimum channels OPERABLE requirement, immediately
suspend drywell purge. If the number of channels OPERABLE remains less than required
by the minimum channels OPERABLE requirement for over 30 days, an explanation of the
circumstances shall be included in the next Radioactive Effluent Release Report.

ACTION 107 - With the number of channels OPERABLE less than required by the Minimum
Channels OPERABLE requirement, effluent releases via this pathway may continue,
provided samples are continuously collected with auxiliary equipment for periods on the
order of 7 days and analyzed within 48 hours after the end of the sampling period. If the
number of channels OPERABLE remains less than required by the minimum channels
OPERABLE requirement for over 30 days, an explanation of the circumstances shall be
included in the next Radioactive Effluent Release Report.

ACTION 108 - With the number of channels OPERABLE less than required by the Minimum
Channels OPERABLE requirement, effluent releases via this pathway may continue
provided:

a. The offgas treatment system is not bypassed; and

b. The offgas post-treatment monitor (D11-K615) or the main stack monitor (D11-K600)
is OPERABLE; and

c. Perform Technical Specification SR 3.7.6.1 every 4 hours.

Otherwise, enter Condition "A" of Technical Specification LCO 3.7.6.

If the number of channels OPERABLE remains less than required by the minimum
channels OPERABLE requirement for over 30 days, an explanation of the circumstances
shall be included in the next Radioactive Effluent Release Report.
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Table 3-2 Radioactive Gaseous Effluent Monitoring Instrumentation Surveillance
Requirements

CHANNEL

CHANNEL SOURCE CHANNEL FUNCTIONAL
INSTRUMENT CHECK CHECK. CALIBRATION TEST

1. Reactor Building Vent Stack Monitoring System (Each Unit)

a. Noble Gas Activity Monitor Da M R QC

b. Iodine Sampler Cartridge Wa'd NA NA NA

c. Particulate Sampler Filter Wa'd NA NA NA

d. Effluent System Flowrate Da NA R Q
Measuring Device

e. Sampler Flowrate Da NA R Q
Measuring Device

2. Recombiner Building Ventilation Monitoring System

a. Noble Gas Activity Monitor Da M R QC

b. Iodine Sampler Cartridge Wa'd NA NA NA

c. Particulate Sampler Filter Wa'd NA NA NA

d. Effluent System Flowrate Da NA R Q
Measuring Device

e. Sampler Flowrate Da NA R Q
Measuring Device

3. Main Stack Monitoring System

a. Noble Gas Activity Monitor Da M R QC

b. Iodine Sampler Cartridge Wa'd NA NA NA

c. Particulate Sampler Filter Wa'd NA NA NA

d. Effluent Flowrate Monitor Da NA R Q

e. Sampler Flowrate Monitor Da NA R Q

4. Condenser Offgas Pretreatment Monitor (Each Unit)

a. Noble Gas Activity Monitor Db M R QC

a. Requirement applies during releases via this pathway.

b. Requirement applies during operation of the main condenser air ejector.

c. In addition to the basic functions of a CHANNEL FUNCTIONAL TEST (Section 10.2), the
CHANNEL FUNCTIONAL TEST shall also demonstrate that control room alarm
annunciation occurs if any of the following conditions exists:
(1) Instrument indicates measured levels above the alarm/trip setpoint.
(2) Circuit failure occurs.
(3) Instrument indicates a downscale failure.
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d. The CHANNEL CHECK shall consist of verifying sampler flow and the presence of the
collection device (i.e., particulate filter or charcoal cartridge, etc.) at the weekly changeout.

3.1.2 Gaseous Effluent Dose Rate Control

In accordance with Technical Specifications 5.5.4.c and 5.5.4.g, the licensee shall conduct
operations so that the dose rates due to radioactive materials released in gaseous effluents
from the site to areas at and beyond the SITE BOUNDARY (see Figure 10-1) are limited as
follows:

a. For noble gases: Less than or equal to a dose rate of 500 mrem/y to the total body and
less than or equal to a dose rate of 3000 mrem/y to the skin, and

b. For lodine-131, lodine-133, tritium, and for all radionuclides in particulate form with
half-lives greater than 8 days: Less than or equal to a dose rate of 1500 mrem/y to any
organ.

3.1.2.1 Applicability

This limit applies at all times.

3.1.2.2 Actions

With a dose rate due to radioactive material released in gaseous effluents exceeding the limit
stated in Section 3.1.2, immediately decrease the release rate to within the stated limit.

Entry into an Operational Mode or other specified CONDITION shall be made if, as a minimum,

the requirements of Technical Specifications LCO 3.0.4 are met.

3.1.2.3 Surveillance Requirements

The dose rates due to radioactive materials in areas at or beyond the SITE BOUNDARY due to
releases of gaseous effluents shall be determined to be within the above limits, in accordance
with the methods and procedures in Section 3.4.1, by obtaining representative samples and
performing analyses in accordance with the sampling and analysis program specified in
Table 3-3.

3.1.2.4 Basis

This control is provided to ensure that gaseous effluent dose rates will be maintained within the
limits that historically have provided reasonable assurance that radioactive material discharged
in gaseous effluents will not result in a dose to a MEMBER OF THE PUBLIC in an
UNRESTRICTED AREA, either within or outside the SITE BOUNDARY, exceeding the limits
specified in Appendix I of 10 CFR Part 50, while allowing operational flexibility for effluent
releases. For MEMBERS OF THE PUBLIC who may at times be within the SITE BOUNDARY,
the occupancy of the MEMBER OF THE PUBLIC will be sufficiently low to compensate for any
increase in the atmospheric diffusion factor above that for the SITE BOUNDARY.
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The dose rate limit for lodine-131, lodine-133, tritium, and radionuclides in particulate form with
half-lives greater than 8 days specifically applies to dose rates to a child via the inhalation
pathway.

This control applies to the release of gaseous effluents from all reactors at the site.
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Table 3-3 Radioactive Gaseous Waste Sampling and Analysis Program

Sampling and Analysis Requirementsa

MINIMUM
DETECTABLE

Minimum Type of CONCENTRATION
Gaseous Release Sampling Analysis Activity (MDC)

Type FREQUENCY FREQUENCY Analysis (ltCi/mL)

Mc Mc PRINCIPAL 1 E-4
Grab Sample GAMMA

EMITTERS

H-3 1 E-6

Environmental CONTINUOUSe Wd 1-131 1 E-12
Release Points Charcoal or

Silver Zeolite 1-133 1 E-10

1. Main Stack Sample

CONTINUOUSe Wd PRINCIPAL 1 E-11
2. Reactor Particulate GAMMA

Building Vent Sample EMITTERS
(Each Unit) CONTINUOUSe M Gross Alpha 1 E-1 1

3. Recombiner COMPOSITE
Building Ventb Particulate

Sample

CONTINUOUSe Q Sr-89, Sr-90 1 E-1 1
COMPOSITE

Particulate
Sample

a. Terms printed in all capital letters are defined in Chapter 10. When unusual
circumstances result in a MINIMUM DETECTABLE CONCENTRATION higher than
required, the reasons shall be documented in the next Radioactive Effluent Release
Report.

b. The Recombiner Building Vent serves Unit 1. Sample analysis results and associated
source terms must be assigned to Unit 1 for the purpose of release accountability and
dose calculations.

c. Sampling and analyses for PRINCIPAL GAMMA EMITTERS shall also be performed
following shutdown, startup, or a THERMAL POWER change exceeding 15% of the
RATED THERMAL POWER within a one-hour period. The more frequent sampling and
analysis requirement applies only if analysis shows that the DOSE EQUIVALENT 1-131
concentration in the primary coolant and the Main Stack Noble Gas Activity Monitor
reading have both increased by a factor of 3.
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Table 3-3 (contd) Notation for Table 3-3

d. Sampling shall be performed weekly, and analyses completed within 48 hours of changing
(or after removal from sampler). Sampling shall also be performed once per 24 hours for 7
days following each shutdown, startup, or a THERMAL POWER change exceeding 15% of
the RATED THERMAL POWER within a one-hour period, with analyses completed within
48 hours of changing. When samples collected for 24 hours are analyzed, the
corresponding MINIMUM DETECTABLE CONCENTRATIONs may be increased by a
factor of 10. The more frequent sampling and analysis requirement applies only if analysis
shows that the DOSE EQUIVALENT 1-131 concentration in the primary coolant and the
Main Stack Noble Gas Activity Monitor reading have both increased by a factor of 3.

e. The ratio of the sample flowrate to the sampled stream flowrate shall be known for the
time period covered by each dose or dose rate calculation made in accordance with
controls specified in Sections 3.1.2, 3.1.3, and 3.1.4.
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3.1.3 Gaseous Effluent Air Dose Control

In accordance with Technical Specifications 5.5.4.e and 5.5.4.h, the air dose due to noble gases
released in gaseous effluents, from each reactor unit, to areas at and beyond the SITE
BOUNDARY (see Figure 10-1) shall be limited to the following:

a. During any calendar quarter: Less than or equal to 5 mrad for gamma radiation and
less than or equal to 10 mrad for beta radiation, and

b. During any calendar year: Less than or equal to 10 mrad for gamma radiation and

less than or equal to 20 mrad for beta radiation.

3.1.3.1 Applicability

This limit applies at all times.

3.1.3.2 Actions

With the calculated air dose from radioactive noble gases in gaseous effluents exceeding any of
the above limits, prepare and submit to the Nuclear Regulatory Commission within 30 days a
Special Report which identifies the cause(s) for exceeding the limit(s); defines the corrective
actions that have been taken to reduce the releases; and defines the proposed corrective
actions to be taken to assure that subsequent releases of radioactive noble gases in gaseous
effluents will be in compliance with the limits of Section 3.1.3.

Entry into an Operational Mode or other specified CONDITION shall be made if, as a minimum,
the requirements of Technical Specifications LCO 3.0.4 are met.

3.1.3.3 Surveillance Requirements

Cumulative air dose contributions from noble gas radionuclides released in gaseous effluents
from each unit to areas at and beyond the SITE BOUNDARY, for the current calendar quarter
and current calendar year, shall be determined in accordance with Section 3.4.2 at least once
per 31 days.
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3.1.3.4 Basis

This control is provided to implement the requirements of Sections II.B, III.A and IV.A of
Appendix 1, 10 CFR Part 50. Section 3.1.3 implements the guides set forth in Section II.B of
Appendix I. The ACTION statements in Section 3.1.3.2 provide the required operating flexibility
and at the same time implement the guides set forth in Section IV.A of Appendix I, assuring that
the releases of radioactive material in gaseous effluents to UNRESTRICTED AREAS will be
kept "as low as is reasonably achievable." The Surveillance requirements in Section 3.1.3.3
implement the requirements in Section III.A of Appendix I, which require that conformance with
the guides of Appendix I be shown by calculational procedures based on models and data such
that the actual exposure of a MEMBER OF THE PUBLIC through appropriate pathways is
unlikely to be substantially underestimated. The dose calculations established in Section 3.4.2
for calculating the doses due to the actual releases of noble gases in gaseous effluents are
consistent with the methodology provided in Regulatory Guide 1.109 (Reference 3), and
Regulatory Guide 1.111 (Reference 5). The equations in Section 3.4.2 provided for determining
the air doses at the SITE BOUNDARY are based upon the historical annual average
atmospheric conditions.

3.1.4 Control on Gaseous Effluent Dose to a MEMBER OF THE PUBLIC

In accordance with Technical Specifications 5.5.4.e and 5.5.4.i, the dose to a MEMBER OF
THE PUBLIC from 1-131, 1-133, tritium, and all radionuclides in particulate form with half-lives
greater than 8 days in gaseous effluents released, from each reactor unit, to areas at and
beyond the SITE BOUNDARY (see Figure 10-1) shall be limited to the following:

a. During any calendar quarter: < 7.5 mrem to any organ, and

b. During any calendar year: < 15 mrem to any organ.

3.1.4.1 Applicability

This limit applies at all times.

3.1.4.2 Actions

With the calculated dose from the release of 1-131, 1-133, tritium, or radionuclides in particulate
form with-half-lives greater than 8 days, in gaseous effluents exceeding any of the above limits,
prepare and submit to the Nuclear Regulatory Commission within 30 days a Special Report
which identifies the cause(s) for exceeding the limit; defines the corrective actions that have
been taken to reduce the releases of radioiodines and radionuclides in particulate form with half-
lives greater than 8 days in gaseous effluents; and defines proposed corrective actions to
assure that subsequent releases will be in compliance with the limits stated in Section 3.1.4.

Entry into an Operational Mode or other specified CONDITION shall be made if, as a minimum,
the requirements of Technical Specifications LCO 3.0.4 are met.
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3.1.4.3 Surveillance Requirements

Cumulative organ dose contributions to a MEMBER OF THE PUBLIC from 1-131, 1-133, tritium,
and radionuclides in particulate form with half-lives greater than 8 days released in gaseous
effluents from each unit to areas at and beyond the SITE BOUNDARY, for the current calendar
quarter and current calendar year, shall be determined in accordance with Section 3.4.3 at least
once per 31 days.

3.1.4.4 Basis

This control is provided to implement the requirements of Section II.C, III.A and IV.A of
Appendix 1, 10 CFR Part 50. The limits stated in Section 3.1.4 are the guides set forth in
Section II.C of Appendix I. The ACTION statements in Section 3.1.4.2 provide the required
operating flexibility and at the same time implement the guides set forth in Section IV.A of
Appendix I to assure that the releases of radioactive materials in gaseous effluents to
UNRESTRICTED AREAS will be kept "as low as is reasonably achievable." The calculational
methods specified in the Surveillance Requirements of Section 3.1.4.3 implement the
requirements in Section III.A of Appendix I that conformance with the guides of Appendix I be
shown by calculational procedures based on models and data, such that the actual exposure of
a MEMBER OF THE PUBLIC through appropriate pathways is unlikely to be substantially
underestimated. The calculational methods in Section 3.4.3 for calculating the doses due to the
actual releases of the subject materials are consistent with the methodology provided in
Regulatory Guide 1.109 (Reference 3), and Regulatory Guide 1.111 (Reference 5). These
equations provide for determining the actual doses based upon the historical annual average
atmospheric conditions. The release specifications for radioiodines, radioactive materials in
particulate form and radionuclides other than noble gases are dependent on the existing
radionuclide pathways to man, in the areas at and beyond the SITE BOUNDARY. The
pathways which were examined in the development of these calculations were: 1) individual
inhalation of airborne radionuclides, 2) deposition of radionuclides onto green leafy garden
vegetation with subsequent consumption by man, 3) deposition onto grassy areas where milk
animals and meat producing animals graze with consumption of the milk and meat by man, and
4) deposition on the ground with subsequent exposure of man.

3.1.5 GASEOUS RADWASTE TREATMENT SYSTEM Control

In accordance with Technical Specification 5.5.4.f., the GASEOUS RADWASTE TREATMENT
SYSTEM as described in Section 3.2 shall be in operation.

3.1.5.1 Applicability

Whenever the main condenser air ejector is in operation.

3.1.5.2 Actions

With gaseous radwaste from the main condenser air ejector system being discharged without
treatment for more than 7 days, prepare and submit to the Nuclear Regulatory Commission
within 30 days a Special Report which includes the following information:

a. Identification of the inoperable equipment or subsystem and the reason for
inoperability,
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b. Action(s) taken to restore the inoperable equipment to OPERABLE status, and

c. Summary description of action(s) taken to prevent a recurrence..

Entry into an Operational Mode or other specified CONDITION shall be made if, as a minimum,
the requirements of Technical Specifications LCO 3.0.4 are met.

3.1.5.3 Surveillance Requirements

The GASEOUS RADWASTE TREATMENT SYSTEM shall be demonstrated to be OPERABLE
by administrative controls which ensure that the offgas treatment system is not bypassed.

3.1.5.4 Basis

The OPERABILITY of the GASEOUS RADWASTE TREATMENT SYSTEM ensures that the
system will be available for use whenever gaseous effluents require treatment prior to release to
the environment. The requirement that the appropriate portions of this system be used, when
specified, provides reasonable assurance that the releases of radioactive materials in gaseous
effluents will be kept "as low as is reasonably achievable." This control implements the
requirements of 10 CFR Part 50.36a, General Design Criterion 60 of Appendix A to 10 CFR Part
50, and the design objectives given in Section II.D of Appendix I to 10 CFR Part 50. The
specified limits governing the use of appropriate portions of the system were specified as a
suitable fraction of the dose design objectives set forth in Section II.B and II.C of Appendix I,
10 CFR Part 50, for gaseous effluents.

This control applies to the release of radioactive materials in gaseous effluents from each unit at
the site. For units with shared radwaste systems, the gaseous effluents from the shared system
are proportioned among the units sharing that system.

3.1.6 MAJOR CHANGES TO GASEOUS RADIOACTIVE WASTE TREATMENT
SYSTEM

Licensee initiated MAJOR CHANGES TO GASEOUS RADIOACTIVE WASTE TREATMENT
SYSTEMS:

a. Shall be reported to the Nuclear Regulatory Commission in the Radioactive
Effluent Release Report for the period in which the change was implemented, in
accordance with Section 7.2.2.7.

b. Shall become effective upon review by the Plant Review Board and approval by
the Vice President-Plant (VPP).
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3.2 GASEOUS RADWASTE TREATMENT SYSTEM

At Plant Hatch, there are four points where radioactivity normally is released to the atmosphere
in gaseous discharges. These four release pathways are: the Unit 1 and Unit 2 reactor building
vent stacks; the Unit 1 recombiner building vent; and the main stack, which serves both units.
In addition, releases may be made from any of the building exhaust augmented ventilation
systems that have been included in Table 3-1, Table 3-2, and Table 3-3.

The main stack serves as the discharge point from the following release sources from each unit:
" Mechanical vacuum pumps;

* Offgas treatment system (see Figure 3-1);

" Gland seal exhaust; and

* Standby gas treatment system (through which drywell purge's are discharged).

In addition, the waste gas treatment building ventilation also discharges through the main stack.

Each reactor building vent stack serves as the discharge point for the following release sources
of its respective unit:

• Reactor building;

• Refueling floor ventilation;

* Turbine building; and

" Radwaste building.

The Unit 1 recombiner building vent discharges directly to the atmosphere.

Releases from all of the above discharge points except the main stack are considered to be
ground-level releases; releases from the main stack are considered to be elevated releases.
Chapter 8 discusses the calculation of atmospheric dispersion parameters using the ground-
level and elevated models. All release pathways are considered to be CONTINUOUS (as
opposed to BATCH) in nature.
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Figure 3-1 Schematic Diagram of the Condenser Offgas Treatment System
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3.3 GASEOUS EFFLUENT MONITOR SETPOINTS

3.3.1 General Provisions Reqarding Noble Gas Monitor Setpoints

Noble gas radioactivity monitor setpoints calculated in accordance with the methodology
presented in this section are intended to ensure that the limits of Section 3.1.2.a are not
exceeded. They will be regarded as upper bounds for the actual high alarm setpoints. That is,
a lower high alarm setpoint may be established or retained on the monitor, if desired.
Intermediate level setpoints should be established at an appropriate level to give sufficient
warning prior to reaching the high alarm setpoint.

If no release is planned for a given pathway, or if there is no detectable activity in the gaseous
stream being evaluated for release, the setpoint should be established as close to background
as practical to prevent spurious alarms, and yet alarm should a significant inadvertent release
occur.

As established in Section 3.1.1, gaseous effluent monitor setpoints are required only for the
noble gas monitors on the release streams listed above. However, Section 3.3.6 discusses
setpoint methodologies for particulate and iodine monitors on an information-only basis.

Note: Section 3.3.3 is included for section numbering compatibility with the ODCMs of the
other Southern Company nuclear power plants. This section is not required by the
existing release source and discharge point configuration of Plant Hatch.
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Table 3-4 Applicability of Gaseous Monitor Setpoint Methodologies

Final Release Pathways with no Monitored Source Streams

Setpoint Method:
Release Type:

Main Stack
Release Elevation:
Monitor:
Flowrate:
Maximum Flowrate

Section 3.3.2
CONTINUOUS

Elevated
D11-K600 A and B
20,000 cfm (9.44 E+06 mL/s) [without SBGT in operation]

: 36,000 cfm (1.70 E+07 mL/s) [with all four trains of SBGT
operation at 4000 cfm per
train]

r Building Vent
Ground-level
D11-K619 A and B / 2D11-K636 A and B

: 300,000 cfm (1.42 E+08 mL/s)

Iding Vent
Ground-level
D11-R763A and B

: 500 cfm (2.36 E+05 mL/s)

Unit 1 or Unit 2 Reacto
Release Elevation:
Monitor:
Maximum Flowrate

Unit 1 Recombiner Buil
Release Elevation:
Monitor:
Maximum Flowrate

Building Exhaust Augmented Ventilation
The systems in this category are not currently vented to the atmosphere.

Final Release Pathways with One or More Monitored Source Streams

Plant Hatch currently has no release pathways in this category.

(X/Q)vb Values for Use in Setpoint Calculations

Ground-Level Releases:

Elevated Releases:,

8.37 x 10-6 s/m 3 [ENE Sector]

4.10 x 10.8 s/m3 [ENE Sector]
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3.3.2 Setpoint for the Final Noble Gas Monitor on Each Release Pathway

3.3.2.1 Overview of Method

Gaseous effluent radioactivity monitors are intended to alarm prior to exceeding the limits of Section
3.1.2.a. Therefore, their alarm setpoints are established to ensure compliance with the following
equation:

cthe lesser of AG SF X Rt (3.1)c te eserO:AG' SF. X. Rk

where:

c = the setpoint, in ý.Ci/mL, of the radioactivity monitor measuring the
concentration of radioactivity in the effluent line prior to release. The
setpoint represents a concentration which, if exceeded, could result in
dose rates exceeding the limits of Section 3.1.2.a at or beyond the
SITE BOUNDARY.

AG an administrative allocation factor applied to divide the release limit
among all the gaseous release pathways at the site.

SF the safety factor selected to compensate for statistical fluctuations and
errors of measurement.

X the noble gas concentration for the release under consideration.

Rt the ratio of the dose rate limit for the total body, 500 mrem/y, to the
dose rate to the total body for the conditions of the release under
consideration.

Rk the ratio of the dose rate limit for the skin, 3000 mrem/y, to the dose
rate to the skin for the conditions of the release under consideration.

Equation (3.1) shows the relationships of the critical parameters that determine the setpoint.
However, in order to apply the methodology presented in the equation to a mixture of noble gas
radionuclides, radionuclide-specific concentrations and dose factors must be taken into account
under conditions of maximum flowrate for the release point and-annual average meteorology.

The basic setpoint method presented below is applicable to the radioactivity monitor nearest the
point of release for the release pathway. For monitors measuring the radioactivity in source
streams that merge with other streams prior to subsequent monitoring and release, the
modifications presented in Section 3.3.3 must be applied.
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3.3.2.2 Setpoint Calculation Steps

Step 1: Determine the concentration, Xv, of each noble gas radionuclide i in the gaseous
stream v being considered for release, in accordance with the sampling and analysis
requirements of Section 3.1.2. Then sum these concentrations to determine the total
noble gas concentration, Y_ Xiv.

i

Step 2: Determine Rt, the ratio of the dose rate limit for the total body, 500 mrem/y, to the
total body dose rate due to noble gases detected in the release under consideration,
as follows,

a. for release pathways for which the release elevation is ground-level:

R500 (3.2)( XIQ)vb Y-[K,.Q).]

i
Rt 500(3)

yt-" [Vi,. Q,.](33

b. for release pathways for which the release elevation is elevathed:

where:

500 = the dose rate limit for the total body, 500 mrem/y.

(X/Q)vb = the highest annual average relative concentration at the SITE
BOUNDARY for the discharge point of release pathway v. Table
3-4 includes an indication of what release elevation is applicable
to each release pathway; release elevation determines the
appropriate value of (X-Q)vb.

Ki the total-body dose factor due to gamma emissions from noble
gas radionuclide i, in (mrem/y)/(RtCi/m 3), from Table 3-5.

Q=v the release rate of noble gas radionuclide i from the release
pathway under consideration, in ptCi/s, calculated as the product
of Xjv and fav, where:

X=v the concentration of noble gas radionuclide i for the particular
release, in ýtCi/mL.
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fav the maximum anticipated flowrate for release pathway v during
the period of the release under consideration, in mL/s.

Vi the elevated finite-plume total body dose factor due to gamma
emissions from noble gas radionuclide i in effluents released from
the main stack, in (mrem/y)/(piCi/s), from Table 3-6.

Step 3: Determine Rk, the ratio of the dose rate limit for the skin, 3000 mrem/y, to the skin
dose rate due to noble gases detected in the release under consideration, as follows:

a. for release pathways for which the release elevation is ground-level:

Rk 3000 (3.4)( X/Q)vb • [(Li +1.1Mi ) Qiv ]

i

b. for release pathways for which the release elevation is elevated:

3000
Rk = (3.5)

I[Li (--Q)vb +1.1 Bi ]'Qiv}

i

where:

3000 = the dose rate limit for the skin, 3000 mrem/y.

Li = the skin dose factor due to beta emissions from noble gas

radionuclide i, in (mrem/y)/(itCi/m 3), from Table 3-5.

Mi = the air dose factor due to gamma emissions from noble gas
radionuclide i, in (mrad/y)/(jiCi/m 3), from Table 3-5.

1.1 = the factor to convert air dose in mrad to skin dose in mrem.

Bi = the elevated finite-plume air dose factor due to gamma emissions
from noble gas radionuclide i in effluents released from the main
stack, in (mrad/y)/(gCi/s), from Table 3-6.

All other terms were defined previously.

Step 4: Determine the maximum noble gas radioactivity monitor setpoint concentration.

Based on the values determined in previous steps, the radioactivity monitor setpoint for the planned
release is calculated to ensure that the limits of Section 3.1.2.a will not be exceeded. Because the
radioactivity monitor responds primarily to radiation from noble gas radionuclides, the monitor
setpoint Cnv (in gCi/mL) is based on the concentration of all noble gases in the waste stream, as
follows:
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AG, •SF. Xi" Rt"

cm, ="the lesser of (3.6)

LAGV SF. Xiv Rk

where:

Cnv calculated setpoint, in gCi/mL, for the noble gas monitor serving gaseous
release pathway v.

AGv the administrative allocation factor for gaseous release pathway v, applied to
divide the release limit among all the gaseous release pathways at the site.
The allocation factor may be assigned any value between 0 and 1, under the
condition that the sum of the allocation factors for all simultaneously-active
final release pathways at the entire plant site does not exceed 1. Alternative
methods for determination of AGv are presented in Section 3.3.4.

SF the safety factor selected to compensate for statistical fluctuations and errors
of measurement. The value for the safety factor must be between 0 and 1. A
value of 0.5 is reasonable for gaseous releases; a more precise value may be
developed if desired.

Xiv the measured concentration of noble gas radionuclide i in gaseous stream v,
as defined in Step 1, in gCi/mL.

The values of Rt and Rk to be used in the calculation are those which were determined in
Steps 2 and 3 above.

Step 5: Determine whether the release is permissible, as follows:

If Cnv >x i , the release is permissible. However, if Cnv is within about 10 percent of xiv,

it may be impractical to use this value of Cnv. This situation indicates that measured
concentrations are approaching values which would cause the limits of Section
3.1.2.a to be exceeded. Therefore, steps should be taken to reduce contributing
source terms of gaseous radioactive material, or to adjust the allocation of the limits
among the active release points. The setpoint calculations (steps 1-4) must then be
repeated with parameters that reflect the modified conditions.

If Cnv x iv , the release may not be made as planned. Consider the alternatives

discussed in the paragraph above, and calculate a new setpoint based on the results
of the actions taken.

3-21 Version 22 2/09



HNP ODCM

3.3.2.3 Use of the Calculated Setpoint

The setpoint calculated above is in the units pCi/mL. The monitor actually measures a count rate
that includes background, so that the calculated setpoint must be converted accordingly:

C* nv=(cn .Ev )+Bv (3.7)

where:

C*V = the monitor setpoint as a count rate.

Ev = the monitor calibration factor, in count rate/(gCi/mL). Monitor
calibration data for conversion between count rate and concentration
may include operational data obtained from determining the monitor
response to effluent stream concentrations measured by sample
analysis.

Bv = the monitor background count rate. In all cases, monitor background
must be controlled so that the monitor is capable of responding to
concentrations in the range of the setpoint value. Contributions to the
monitor background may include any or all of the following factors:
ambient background radiation, plant-related radiation levels at the
monitor location (which may change between shutdown and power
conditions), and internal background due to contamination of the
monitor's sample chamber.

The count rate units for C*,,v, Ev, and B, in equation (3.7) must be the same, cpm or cps.

3.3.3 Setpoints for Noble Gas Monitors on Effluent Source Streams

The listing in Table 3-4 shows that Plant Hatch currently has no gaseous release pathways that
meet the following criteria: a setpoint is required for them under the effluent controls of this ODCM;
and they are monitored prior to merging with other streams, and passing a final radioactivity
monitor. This section, which presents a setpoint methodology for such monitors, is included in the
Plant Hatch ODCM for compatibility with the ODCMs of the other Southern Company nuclear power
plants.

3.3.3.1 Setpoint of the Monitor on the Source Stream

Step 1: Determine the concentration Xis of each noble gas radionuclide i in source
stream s (in pCi/mL) according to the results of its required sample analyses
[see Section 3.1.2].

Step 2: Determine rt, the ratio of the dose rate limit for the total body, 500 mrem/y, to the
total body dose rate due to noble gases detected in the source stream under
consideration. Use the Xis values and the maximum anticipated source stream flow
rate fas in equation (3.2) (or in equation (3.3) if the release is elevated) to determine
the total body dose rate for the source stream, substituting rt for Rt.
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The SITE BOUNDARY relative dispersion value used in Steps 2 and 3 for the source stream is the
same as the (X/Q)vb that applies to the respective merged stream. This is because the (X/Q) value is
determined by the meteorology of the plant site and the physical attributes of the release point, and is
unaffected by whether or not a given source stream is operating.

Step 3: Determine rk, the ratio of the dose rate limit for the skin, 3000 mrem/y, to the skin
dose rate due to noble gases detected in the source stream under consideration.
.Use the Xis values and the maximum anticipated source stream flow rate fas in
equation (3.4) (or in equation (3.5) if the release is elevated) to determine the skin
dose rate for the source stream, substituting rk for Rk.

Step 4: Determine the maximum noble gas radioactivity monitor setpoint concentration, as
follows:

AGs'SF'Z Xis'r.

c1S the lesser of i (3.8)

{AGs SF. Xi* rk

where:

Cns the calculated setpoint (in ptCi/mL) for the noble gas monitor serving
gaseous source stream s.

AGs the administrative allocation factor applied to gaseous source stream'
s. For a given final release point v, the sum of all the AGs values for
source streams contributing to the final release point must not exceed
the release point's allocation factor AG,.

Xis = the measured concentration of noble gas radionuclide i in gaseous
source stream s, as defined in Step 1, in tLCi/mL.

The values of rt and rk to be used in the calculation are those which were determined in Steps 2 and

3 above. The safety factor, SF, was defined previously.

Step 5: Determine whether the release is permissible, as follows:

If Cns Y- Xis, the release is permissible. However, if Cns is within about 10 percent of YXis' it

may be impractical to use this value of Cns. This situation indicates that measured
concentrations are approaching values which would cause the limits of Section
3.1.2.a to be exceeded. Therefore, steps should be taken to reduce contributing
source terms of gaseous radioactive material, or to adjust the allocation of the limits
among the active release points. The setpoint calculations (steps 1-4) must then be
repeated with parameters that reflect the modified conditions.
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If Cns < .ZXis ,the release may not be made as planned. Consider the alternatives discussed
I

in the paragraph above, and calculate a new setpoint based on the results of the
actions taken.

3.3.3.2 Effect on the Setpoint of the Monitor on the Merged Stream

Before beginning a release from a monitored source stream, a setpoint must be determined for the
source stream monitor as presented in Section 3.3.3.1. In addition, whether or not the source
stream has its own effluent monitor, the previously-determined maximum allowable setpoint for the
downstream final monitor on the merged stream must be redetermined. This is accomplished by
repeating the steps of Section 3.3.2, with the following modifications.

Modification 1: The new maximum anticipated flowrate of the merged stream is the
sum of the old merged stream maximum flowrate, and the maximum
flowrate of the source stream being considered for release.

(fai)new = (fav)old + fas (3.9)

Modification 2: The new concentration of noble gas radionuclide i in the merged
stream includes both the contribution of the merged stream without
the source stream, and the source stream being considered for
release.

( "v = (fai')old (xiJ), + fs + (3.10)
1

'~ii')new -(f 0~ )new

3.3.4 Determination of Allocation Factors, AG

When simultaneous gaseous releases are conducted, an administrative allocation factor must be
applied to divide the release limit among the active gaseous release pathways. This is to assure
that the dose rate limit for areas at and beyond the SITE BOUNDARY (see Section 3.1.2) will not
be exceeded by simultaneous releases. The allocation factor for any pathway may be assigned
any value between 0 and 1, under the following two conditions:

1. The sum of the allocation factors for all simultaneously-active final release paths at the plant
site may not exceed 1.

2. The sum of the allocation factors for all simultaneously-active source streams merging into a
given final release pathway may not exceed the allocation factor of that final release pathway.

Any of the following three methods may be used to assign the allocation factors to the active

gaseous release pathways:

1. For ease of implementation, AG, may be equal for all release pathways:
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1
AG 

N = I
S N (3.11)

where:

N = the number of simultaneously active gaseous release pathways.

2. AGv for a given release pathway may be selected based on an estimate of the portion of the
total SITE BOUNDARY dose rate (from all simultaneous releases) that is contributed by the
release pathway. During periods when a given building or release pathway is not subject to
gaseous radioactive releases, it may be assigned an allocation factor of zero.

3. AG, for a given release pathway may be selected based on a calculation of the portion of the
total SITE BOUNDARY dose rate that is contributed by the release pathway, as follows,

a. for ground-level release points:

(X-Q)vb Z (KiQiv)

AGv (3.12)

b. for the elevated release point (main stack):

AGv (3.13)
N

i (VQis ) + rI=l[-1-0rb, (KiiQir)]

where:

(X/Q)vb

Ki

Qiv

= the annual average SITE BOUNDARY relative concentration applicable to
the gaseous release pathway v for which the allocation factor is being
determined, in s/m 3.

= the total-body dose factor due to gamma emissions from noble gas
radionuclide i, in (mrem/y)/(ACi/m 3), from Table 3-5.

= the release rate of noble gas radionuclide i from release pathway v, in gCi/s,

calculated as the product of X1v and fav, where:
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Xiv the concentration of noble gas radionuclide i applicable to the gaseous
release pathway v for which the allocation factor is being determined, in
gtCi/mL.

fav the discharge flowrate applicable to gaseous release pathway v for which the
allocation factor is being determined, in mL/s.

Note: As applied in equations (3.12) and (3.13), Qiv is restricted to ground-level
release pathways.

Vi the elevated finite-plume total body dose factor due to gamma emissions from
noble gas radionuclide i in effluents released from the main stack, in
(mrem/y)/(pCi/s), from Table 3-6.

Qis = the release rate of noble gas radionuclide i from the main stack, in laCi/s,

calculated as the product of the Xiv and fav values specific to the main stack.

(X/Q)rb the annual average SITE BOUNDARY relative concentration applicable to
active gaseous release pathway r, in s/m3.

Qir = the value of Qiv applicable to active release pathway r, in ptCi/s.

N the number of simultaneously active gaseous release pathways (including
pathway v that is of interest).

Note: Although equations (3.11), (3.12), and (3.13) are written to illustrate the
assignment of the allocation factors for final release pathways, they may
also be used to assign allocation factors to the source streams that merge
into a given final release pathway.

3.3.5 Setpoints for Noble Gas Mointors with Special Requirements

Unit 1 Condenser Offqas Pretreatment Mointor
Monitor: 1 D11-K601 and 1 D11-K602

Unit 2 Condenser Offqas Pretreatment Mointor
Monitor: 2D11-K601 and 2D11-K602

For the purpose of implementing Section 3.1.1, the alarm setpoint level for these noble gas
monitors will be calculated as follows:

2.40 x 105 (3.14)
Cnoc -(.4

Eco"* fco

where:

2.40 x 10 the release rate limit for pretreatment condenser offgas as specified in
Technical Specification 3.7.6 in pCi/s.
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Cnco = the reading of the condenser off gas pretreatment monitor at the alarm
setpoint, in mR/h.

the calibration factor for the condenser offgas pretreatment monitor, in
(ltCi/s) per (cfm-mR/h).

the condenser offgas flowrate, in cfm.

•3.3.6 Setpoints for Particulate and Iodine Monitors

In accordance with Section 5.1.1 of NRC NUREG-0133 (Reference 1), the effluent controls of
Section 3.1.1 do not require that the ODCM establish setpoint calculation methods for particulate
and iodine monitors.
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3.4 GASEOUS EFFLUENT COMPLIANCE CALCULATIONS

3.4.1 Dose Rates at and Beyond the Site Boundary

Because the dose rate limits for areas at and beyond the SITE specified in Section 3.1.2. are site
limits applicable at any instant in time, the summations extend over all simultaneously active

gaseous final release pathways at the plant site. Table 3-4 identifies the gaseous final release
pathways at the plant site, and indicates the (X/Q)vb [or (X/Q)sb] value for each.

3.4.1.1 Dose Rates Due to Noble Gases

For the purpose of implementing the controls of Section 3.1.2.a, the dose rates due to noble gas
radionuclides in areas at or beyond the SITE BOUNDARY, due to releases of gaseous effluents,
shall be calculated as follows:

For total body dose rates:

DRt ={(X-Q)vb E[KiQiv]}+ + (Vi Qis) (3.15)

For skin dose rates:

DRk N v16b [(Li +1.1 Mi) Qiv]}+[ sb Li +l'l BiQis (3.16)

where:

DRt = the total body dose rate at the time of the release, in mrem/y.

DRk = the skin dose rate at the time of the release, in mrem/y.

Qiv = the release rate of noble gas radionuclide i, in giCi/s, equal to the product of
ftv and Xiv, where:

ftv = the actual average flowrate for release pathway v during the period of the
release, in mL/s.

Note: For equations (3.15) and (3.16), the definition of Qiv, and the
summations over v, are restricted to ground-level release
pathways.

Qis the release rate of noble gas radionuclide i from the main stack, in pCi/s,

equal to the product of the ftv and Xiv values specific to the main stack. [This
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definition applies to both equations (3.15) and (3.16).]

(X/Q)sb = the value of (X/Q)vb for the main stack; that is, the highest annual average
relative concentration at the SITE BOUNDARY, for the main stack, in s/m3.
Table 3-4 includes the value of (X/Q)sb.

All other terms were defined previously.

3.4.1.2 Dose Rates Due to lodine-131, lodine-133, Tritium, and
Radionuclides in Particulate Form with Half-Lives Greater than
8 Days.

For the purpose of implementing the controls of Section 3.1.2.b, the dose rates due to Iodine-1 31,
Iodine-133, tritium, and all radionuclides in particulate form with half-lives greater than 8 days, in
areas at or beyond the SITE BOUNDARY, due to releases of gaseous effluents, shall be calculated
as follows:

DR0  -{x )vb Z[P0 Q']}+(Q)b [ 0 QJ (3.17)

where:

DRo = the dose rate to organ o at the time of the release, in mrem/y.

Pio = the site-specific dose factor for radionuclide i and organ o, in
(mrem/y)/(q1Ci/m 3). Since the dose rate limits specified in Section 3.1.2.b
apply only to the child age group exposed to the inhalation pathway, the
values of Pio may be obtained from Table 3-9, "Raipj for Inhalation Pathway,
Child Age Group."

' the release rate of radionuclide i from gaseous release pathway v, in gCi/s.

For the purpose of implementing the controls of Section 3.1.2.b, only 1-131,

1-133, tritium, and all radionuclides in particulate form with half-lives greater
than 8 days should be included in this calculation.

All other terms were defined previously.

3.4.2 Noble Gas Air Dose at or Beyond SITE BOUNDARY

For the purpose of implementing the controls of Section 3.1.3, air doses in areas at or beyond the
SITE BOUNDARY due to releases of noble gases from each unit shall be calculated as follows
(adapted from Reference 1, page 28, by including only long-term releases):

D/3 =3.17108 (N~ .QA} I)b (Ni .Qsj (3.18)
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Dy=3.17×x0-8 + E(Bi i, (3.19)
i i

where:

3.17 x 10-8 = a units conversion factor: 1 y/(3.15 x 107 s).

D= the air dose due to beta emissions from noble gas radionuclides, in mrad.

D= the air dose due to gamma emissions from noble gas radionuclides, in
mrad.

Ni= the air dose factor due to beta emissions from noble gas radionuclide i, in
(mrad/y)/(p Ci/m 3), from Table 3-5.

(X/Q)sb the value of (X/Q)vb for the main stack; that is, the highest annual average
relative concentration at the SITE BOUNDARY, for the main stack, in s/m3.

Table 3-4 includes the value of (X/Q)sb.

Mi= the air dose factor due to gamma emissions from noble gas radionuclide i,
in (mrad/y)/(piCi/m 3), from Table 3-5.

Bi= the elevated finite-plume air dose factor due to gamma emissions from
noble gas radionuclide i in effluents released from the main stack, in
(mrad/y)/(gCi/s), from Table 3-6.

(4V = the cumulative release of noble gas radionuclide i from non-elevated
release pathway v, in gCi, during the period of interest.

(Ois the value of Oiv for the main stack; that is, the cumulative release of noble

gas radionuclide i from the main stack, in pCi, during the period of interest.

and all other terms are as defined above.

Because the air dose limit is on a per-reactor-unit basis, the summations extend over all gaseous
final release pathways (other than the main stack, which has its own term) for a given unit. For a
release pathway discharging materials originating in both reactor units, the activity discharged from
the release point may be apportioned to the two units in any reasonable manner, provided that all
activity released via the particular shared release pathway is apportioned to one or the other unit.

The gaseous final release pathways at the plant site, and the (X/Q)vb for each, are identified in
Table 3-4.
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Table 3-5 Dose Factors for Exposure to a Semi-Infinite Cloud of Noble Gases

y- Body (K) -Skin (L) 7- Air (M) 3-Air (N)

Nuclide (mrem/y) per (mrem/y) per (mrad/y) per (mrad/y) per
(Cilm3) (qCilm3)"(p im)( Cl )

Kr-83m 7.56 E-02 0.00 E+00 1.93 E+01 2.88 E+02

Kr-85m 1.17 E+03 1.46 E+03 1.23 E+03 1.97 E+03

Kr-85 1.61 E+01 1.34 E+03 1.72 E+01 1.95 E+03

Kr-87 5.92 E+03 9.73 E+03 6.17 E+03 1.03 E+04

Kr-88 1.47 E+04 2.37 E+03 1.52 E+04 2.93 E+03

Kr-89 1.66 E+04 1.01 E+04 1.73 E+04 1.06 E+04

Kr-90 1.56 E+04 7.29 E+03- 1.63 E+04 7.83 E+03

Xe-131m 9.15 E+01 4.76 E+02 1.56 E+02 1.11 E+03

Xe-133m 2.51 E+02 9.94 E+02 3.27 E+02 1.48 E+03

Xe-133 2.94 E+02 3.06 E+02 3.53 E+02 1.05 E+03

Xe-135m 3.12 E+03 7.11 E+02 3.36 E+03 7.39 E+02

Xe-135 1.81 E+03 1.86 E+03 1.92 E+03 2.46 E+03

Xe-137 1.42 E+03 1.22 E+04 1.51 E+03 1.27 E+04

Xe-138 8.83 E+03 4.13 E+03 9.21 E+03 4.75 E+03

Ar-41 8.84 E+03 2.69 E+03 9.30 E+03 3.28 E+03

All values in this table were obtained from Reference 3 (Table B-i), with units converted.
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Table 3-6 Dose Factors for Exposure to Direct Radiation from Noble Gases in an Elevated
Finite Plume

Nuclide y - Total Body (V) y - Air (B)

(mrem/y) per (jaCi/s) (mrad/y) per (gtCi/s)

Kr-83m 0.00 E-00 0.00 E-00

Kr-85m 8.25 E-05 8.69 E-05

Kr-85 1.26 E-06 1.35 E-06

Kr-87 4.40 E-04 4.59 E-04

Kr-88 1.09 E-03 1.13 E-03

Kr-89 9.44 E-04 9.87 E-04

Kr-90 7.00 E-04 7.38 E-04

Xe-131m 1.68 E-06 1.76 E-06

Xe-133m 1.29 E-05 1.37 E-05

Xe-133 1.38 E-05 1.43 E-05

Xe-135m 2.42 E-04 2.59 E-04

Xe-135 1.33 E-04 1.42 E-04

Xe-137 9.55 E-05 1.02 E-04

Xe-138 6.16 E-04 6.44 E-04

Ar-41 7.34 E-04 7.72 E-04

Values are as reported in Reference 24. They were calculated in accordance with Reference 1
(Section 5.2.1) and Reference 3 (Appendix F), using the meteorological joint frequency
distributions presented in Reference 14. All values in this table are for the Site Boundary (1545 m)
in the ENE sector.
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3.4.3 Dose to a MEMBER OF THE PUBLIC at or BEYOND SITE BOUNDARY

The dose received by an individual due to gaseous releases from each reactor unit, to areas at
or beyond the SITE BOUNDARY, depends on the individual's location, age group, and
exposure pathways. The MEMBER OF THE PUBLIC expected to receive the highest dose in
the plant vicinity is referred to as the controlling receptor. The dosimetrically-significant,
attributes of the currently-defined controlling receptor are presented in Table 3-7.

Doses to a MEMBER OF THE PUBLIC due to gaseous releases of 1-131,1-133, tritium, and all
radionuclides in particulate form from each unit shall be calculated as follows (equation adapted
from Reference 1, page 29, by considering only long-term releases):

Dja 3.17 x10" 8 • Raipj [Wvip .Q iv (3.20)

where:

Dja = the dose to organ j of an individual in age group a, due to gaseous
releases of 1-131, 1-133, tritium, and all radionuclides in particulate form
with half-lives greater than 8 days, in mrem.

3.17 x 10.8 = a units conversion factor: 1 y/(3.15 x 107 S).

Raipj = the site-specific dose factor for age group a, radionuclide i, exposure
pathway p, and organ j. For the purpose of implementing the controls of
Section 3.1.4, the exposure pathways applicable to calculating the dose
to the currently-defined controlling receptor are included in Table 3-7;
values of Raipi for each exposure pathway and radionuclide applicable to
calculations of dose to the controlling receptor are listed in Table 3-8
through Table 3-10.

A detailed discussion of the methods and parameters used for calculating
Raipj for the plant site is presented in Chapter 9. That information may be
used for recalculating the Raipj values if the underlying parameters
change, or for calculating Raipj values for special radionuclides and age
groups when performing the assessments discussed in Section 3.4.4
below.

Wvip = the annual average relative dispersion or deposition at the location of the
controlling receptor, for release pathway v, as appropriate to exposure
pathway p and radionuclide i.

For all tritium pathways, and for the inhalation of any radionuclide: Wvip is
(X/Q)vp, the annual average relative dispersion Yctor for release pathway
v, at the location of the controlling receptor (s/m). For the ground-plane
exposure pathway, and for all ingestion-related pathways for
radionuclides other than tritium: Wvip is (D/Q)vp, the annual average
relative deposition factor for release pathway v, at the location of the
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controlling receptor (m -2). Values of (X/Q)vp and (D/Q)vp for use in
calculating the dose to the currently-defined controlling receptor are
included in Table 3-7.

Qiv the cumulative release of radionuclide i from release pathway v, during
the period of interest (jiCi). For the purpose of implementing the controls
of Section 3.1.4, only 1-131, 1-133, tritium, and all radionuclides in
particulate form with half-lives greater than 8 days should be included in
this calculation. In any dose assessment using the methods of this
subsection, only radionuclides detectable above background in their
respective samples should be included in the calculation.

Because the MEMBER OF THE PUBLIC dose limit is on a per-unit basis, the summations
extend over all gaseous final release pathways for a given unit. For a release pathway
discharging materials originating in both reactor units, the activity discharged from the release
point may be apportioned between the two units in any reasonable manner, provided that all
activity released from the plant site is apportioned to one or the other unit.

The gaseous final release pathways at the plant site, and the release elevation for each, are
identified in Table 3-4.
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Table 3-7 Attributes of the Controlling Receptor

The locations of MEMBERS OF THE PUBLIC in the vicinity of the plant site, and the exposure
pathways associated with those locations, were determined in the Annual Land Use Census
(Reference 12). Dispersion and deposition values were-calculated based on site meteorological
data collected for the period 1984 through 1986 (Reference 16).

Based on an analysis of this information, the current controlling receptor for the HNP site is
described as follows:

Sector:

Distance:

Acqe Group:

WSW

1.2 miles

Child

Exposure Pathways: Ground plane
Inhalation
Garden vegetation

Dispersion Factors (;X/Q)v:

Ground-Level:

Elevated:

3.18 x 10-6 s/m3

6.53 x 10- s//m3

Deposition Factors (D/Q)v,:

Ground-Level:

Elevated:

8.80 x 10-9 m2

1.37 x 1 0.9 m2

Elevated Plume Dose Factors:+

Vi

Radionuclide (mrem/y)/( iCi/s)

Kr-85m 6.92 E-05
Kr-85 9.95 E-07
Kr-87 3.36 E-04
Kr-88 8.23 E-04
Kr-89 7.20 E-04
Kr-90 5.39 E-04

Xe-131m 1.42 E-06

RadinucldeTViSRadionuclide 1 (mrem/y)/(pCi/s)

Xe-133m 1.07 E-05
Xe-133 1.23 E-05

Xe-135m 1.90 E-04
Xe-135 1.09 E-04
Xe-137 7.54 E-05
Xe-138 4.71 E-04
Ar-41 5.59 E-04

+ These values were calculated using the methods and data described in Reference 29.
They are necessary when performing calculations for the purpose of demonstrating
compliance with the limits of Section 5.1.
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3.4.4 Dose Calculations to Support Other Requirements

Case 1: Under 10 CFR 50.73, a radiological impact assessment may be required to
support evaluation of a reportable event.

Dose calculations may be performed using the equations in Section 3.4.3, with the
substitution of the dispersion and deposition parameters [(X/Q) and (D/Q)] for the period
covered by the report, and using the appropriate pathway dose factors (Raipj) for the
receptor of interest. Methods for calculating (X/Q) and (D/Q) from meteorological data
are presented in Chapter 8.

The values of Raipi presented in Table 3-8 through Table 3-10 are applicable only to the
currently-defined controlling receptor, so that when dose calculations must be performed
for a different receptor, Raipj values applicable to that receptor must first be calculated.
Methods and parameters for calculating Raipi for radionuclides and age groups other
than those required in Section 3.4.3 are presented in Chapter 9. When calculating Raipj
for evaluation of an event, pathway and usage factors specific to the receptor involved in
the event may be used in place of the values in Chapter 9, if the specific values are
known.

Case 2: A dose calculation is required to evaluate the results of the Land Use
Census, under the provisions of Section 4.1.2.

In the event that the Land Use Census reveals that exposure pathways have changed at
previously-identified locations, or if new locations are identified, it may be necessary to
calculate doses at two or more locations to determine which should be designated as the
controlling receptor. Such dose calculations may be performed using the equations in
Section 3.4.3, with the substitution of the annual average dispersion and deposition
values [(X/Q) and (D/Q)] for the locations of interest, and using the appropriate pathway
dose factors (Raipj) for the receptors of interest.

Methods for calculating (X/Q) and (D/Q) from meteorological data are presented in
Chapter 8. The values of Raipj presented in Table 3-8 through Table 3-10 are applicable
only to the currently-defined controlling receptor, so that when dose calculations must be
performed for a different receptor, Raipi values applicable to that receptor must first be
calculated.

Methods and parameters for calculating Raipj for radionuclides and age groups other than
those required in Section 3.4.3 are presented in Chapter 9.

Case 3: Under Section 5.2, a dose calculation is required to support determination of
total dose to a receptor of age group other than that currently defined as the
controlling receptor.

Dose calculations shall be performed using the equations in Section 3.4.3, using the
dispersion and deposition parameters defined in Table 3-7 for the controlling receptor,

- but substituting the appropriate pathway dose factors (Raipj) for the receptor age group
of interest.
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The values of Raipj presented in Table 3-8 through Table 3-10 are applicable only to the
currently-defined controlling receptor, so that when dose calculations must be performed
for a different receptor age group, Raipj values applicable to that receptor must first be
calculated. Methods and parameters or calculating Raipo for radionuclides and age
groups other than those required in Section 3.4.3 are presented in Chapter 9.
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Table 3-8 Raipj for Ground Plane Pathway, All Age Groups

Nuclide T. Body Skin

H-3 0.00 0.00
C-14 0.00 0.00
P-32 0.00 0.00

Cr-51 4.66E+06 5.51 E+06
Mn-54 1.39E+09 1.63E+09
Fe-55 0.00 0.00
Fe-59 2.73E+08 3.21 E+08
Co-58 3.79E+08 4.44E+08
Co-60 2.15E+10 2.53E+10
Ni-63 0.00 0.00
Zn-65 7.47E+08 8.59E+08
Rb-86 8.99E+06 1.03E+07
Sr-89 2.16E+04 2.51 E+04
Sr-90 0.00 0.00
Y-91 1.07E+06 1.21 E+06

Zr-95 2.45E+08 2.84E+08
Nb-95 1.37E+08 1.61 E+08

Ru-103 1.08E+08 1.26E+08
Ru-106 4.22E+08 5.07E+08

Ag-110m 3.44E+09 4.01 E+09
Sb-124 5.98E+08 6.90E+08
Sb-125 2.34E+09 2.64E+09

Te-125m 1.55E+06 2.13E+06
Te-127m 9.16E+04 1.08E+05
Te-129m 1.98E+07 2.31E+07

1-131 1.72E+07 2.09E+07
1-133 2.45E+06 2.98E+06

Cs-1 34 6.86E+09 8.OOE+09
Cs-136 1.51 E+08 1.71 E+08
Cs-137 1.03E+10 1.20E+10
Ba-140 2.05E+07 2.35E+07
Ce-141 1.37E+07 1.54E+07
Ce-144 6.95E+07 8.04E+07
Pr-143 0.00 0.00
Nd-147 8.39E+06 1.01 E+07

1. Units are m2.(mrem/yr)/(gCi/s).
2. The values in the Total Body column also apply to the Bone, Liver, Thyroid, Kidney,

Lung, and GI-LLI organs.
3. This table also supports the calculations of Section 6.2.
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Table 3-9 Raipj for Inhalation Pathway, Child Age Group

Nuclide Bone Liver T. Body Thyroid I Kidney Lung GI-LLI

H-3 O.OOV 1.12E+03 1.12E+03 1.12E+03 1.12E+03 1.12E+03 1.12E+03

C-14 3.59E+04 6.73E+03 6.73E+03 6.73E+03 6.73E+03 6.73E+03 6.73E+03
P-32 2.60E+06 1.14E+05 9.88E+04 0.00 0.00 0.00 4.22E+04

Cr-51 0.00 .0.00 1.54E+02 8.55E+01 2.43E+01 1.70E+04 1.08E+03
Mn-54 0.00 4.29E+04 9.51 E+03 0.00 1.00E+04 1.58E+06 2.29E+04
Fe-55 4.74E+04 2.52E+04 7.77E+03 0.00 0.00 1.11E+05 2.87E+03

Fe-59 2.07E+04 3.34E+04 1.67E+04 0.00 0:00 1.27E+06 7.07E+04

Co-58 0.00 1.77E+03 3.16E+03 0.00 0.00 1.11E+06 3.44E+04
Co-60 0.00 1.31 E+04 2.26E+04 0.00 0.00 7.07E+06 9.62E+04

Ni-63 8.21 E+05 4.63E+04 2.80E+04 0.00 .0.00 2.75E+05 6.33E+03
Zn-65 4.26E+04 1.13E+05 7.03E+04 0.00 7.14E+04 9.95E+05 1.63E+04
Rb-86 0.00 1.98E+05 1.14E+05 0.00 0.00 0.00 7.99E+03

Sr-89 5.99E+05 0.00 1.72E+04 0.00 0.00 2.16E+06 1.67E+05
Sr-90 1.01 E+08 0.00 6.44E+06 0.00 0.00 1.48E+07 3.43E+05
Y-91 9.14E+05 0.00 2.44E+04 0.00 0.00 2.63E+06 1.84E+05

Zr-95 1.90E+05 4.18E+04 3.70E+04 0.00 5.96E+04 2.23E+06 6.11E+04
Nb-95 2.35E+04 9.18E+03 6.55E+03 0.00 8.62E+03 6.14E+05 3.70E+04

Ru-103 2.79E+03 0.00 1.07E+03 0.00 7.03E+03 6.62E+05 4.48E+04

Ru-106 1.36E+05 0.00 1.69E+04 0.00 1.84E+05 1.43E+07 4.29E+05
Ag-110m 1.69E+04 1.14E+04 9.14E+03 0.00 2.12E+04 5.48E+06 1.OOE+05

Sb-124 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Sb-125 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Te-125m 6.73E+03 2.33E+03 9.14E+02 1.92E+03 0.00 4.77E+05 3.38E+04
Te-127m 2.49E+04 8.55E+03 3.02E+03 6.07E+03 6.36E+04 1.48E+06 7.14E+04

Te-129m 1.92E+04 6.85E+03 3.04E+03 6.33E+03 5.03E+04 1.76E+06 1.82E+05

1-131 4.81E+04 4.81E+04 2.73E+04 1.62E+07 7.88E+04 0.00 2.84E+03
1-133 1.66E+04 2.03E+04 7.70E+03 3.85E+06 3.38E+04 0.00 5.48E+03

Cs-134 6.51 E+05 1.01 E+06 2.25E+05 0.00 3.30E+05 1.21 E+05 3.85E+03
Cs-136 6.51E+04 1.71E+05 1.16E+05 0.00 9.55E+04 1.45E+04 4.18E+03
Cs-137 9.07E+05 8.25E+05 1.28E+05 0.00 2.82E+05 1.04E+05 3.62E+03
Ba-140 7.40E+04 6.48E+01 4.33E+03 0.00 2.11E+01 1.74E+06 1.02E+05

Ce-141 3.92E+04 1.95E+04 2.90E+03 0.00 8.55E+03 5.44E+05 5.66E+04
Ce-144 6.77E+06 2.12E+06 3.61E+05 0.00 1.17E+06 1.20E+07 3.89E+05
Pr-143 1.85E+04 5.55E+03 9.14E+02 0.00 3.OOE+03 4.33E+05 9.73E+04

Nd-147 1.08E+04 8.73E+03 6.81E+02 0.00 4.81E+03 3.28E+05 8.21E+04

1. Units are (mrem/yr)/(jtCi/m3) for all radionuclides.
2. This table also supports the calculations of Section 6.2.
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Table 3-10 Raidi for Garden Vegetation Pathway, Child Age Group.

Nuclide Bone Liver T.Body Thyroid Kidney Lung GI-LLI

H-3 0.00 4.01 E+03 4.01 E+03 4.01 E+03 4.01 E+03 4.01 E+03 4.01 E+03

C-14 8.89E+08 1.78E+08 1.78E+08 1.78E+08 1.78E+08 1.78E+08 1.78E+08

P-32 3.37E+09 1.58E+08 1.30E+08 0.00 0.00 0.00 9.31 E+07

Cr-51 0.00 0.00 1.17E+05 6.50E+04 1.78E+04 1.19E+05 6.21E+06

Mn-54 0.00 6.65E+08 1.77E+08 0.00 1.86E+08 0.00 5.58E+08

Fe-55 8.01 E+08 4.25E+08 1.32E+08 0.00 0.00 2.40E+08 7.87E+07

Fe-59 3.98E+08 6.43E+08 3.20E+08 0.00 0.00 1.86E+08 6.70E+08

Co-58 0.00 6.44E+07 1.97E+08 0.00 0.00 0.00 3.76E+08

Co-60 0.00 3.78E+08 1.12E+09 0.00 0.00 0.00 2.1OE+09

Ni-63 3.95E+10 2.11E+09 1.34E+09 0.00 0.00 0.00 1.42E+08

Zn-65 8.13E+08 2.16E+09 1.35E+09 0.00 1.36E+09 0.00 3.80E+08

Rb-86 0.00 4.52E+08 2.78E+08 0.00 0.00 0.00 2.91E+07

Sr-89 3.60E+10 0.00 1.03E+09 0.00 0.00 0.00 1.39E+09

Sr-90 1.24E+12 0.00 3.15E+11 0.00 0.00 0.00 1.67E+10

Y-91 1.86E+07 0.00 4.99E+05 0.00 0.00 0.00 2.48E+09

Zr-95 3.86E+06 8.48E+05 7.55E+05 0.00 1.21 E+06 0.00 8.85E+08

Nb-95 4.1OE+05 1.60E+05 1.14E+05 0.00 1.50E+05 0.00 2.96E+08

Ru-103 1.53E+07 0.00 5.90E+06 0.00 3.86E+07 0.00 3.97E+08

Ru-106 7.45E+08 0.00 9.30E+07 0.00 1.01E+09 0.00 1.16E+10

Ag-110m 3.21E+07 2.17E+07 1.73E+07 0.00 4.04E+07 0.00 2.58E+09

Sb-124 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Sb-125 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Te-125m 3.51E+08 9.50E+07 4.67E+07 9.84E+07 0.00 0.00 3.38E+08
Te-127m 1.32E+09 3.56E+08 1.57E+08 3.16E+08 3.77E+09 0.00 1.07E+09

Te-129m 8.41E+08 2.35E+08 1.31E+08 2.71E+08 2.47E+09 0.00 1.03E+09

1-131 1.43E+08 1.44E+08 8.17E+07 4.75E+10 2.36E+08 0.00 1.28E+07

1-133 3.53E+06 4.37E+06 1.65E+06 8.11E+08 7.28E+06 0.00 1.76E+06

Cs-134 1.60E+10 2.63E+10 5.55E+09 0.00 8.15E+09 2.93E+09 1.42E+08

Cs-136 8.24E+07 2.27E+08 1.47E+08 0.00 1.21E+08 1.80E+07 7.96E+06

Cs-137 2.39E+10 2.29E+10 3.38E+09 0.00 7.46E+09 2.68E+09 1.43E+08

Ba-140 2.77E+08 2.42E+05 1.61E+07 0.00 7.89E+04 1.45E+05 1.40E+08

Ce-141 6.56E+05 3.27E+05 4.86E+04 0.00 1.43E+05 0.00 4.08E+08

Ce-144 1.27E+08 3.98E+07 6.78E+06 0.00 2.21E+07 0.00 1.04E+10

Pr-143 1.46E+05 4.37E+04 7.23E+03 0.00 2.37E+04 0.00 1.57E+08

Nd-147 7.15E+04 5.79E+04 4.48E+03 0.00 3.18E+04 0.00 9.17E+07

Units are (mrem/yr)/(p Ci/m 3) for tritium, and m2-(mrem/yr)/(jiCi/s) for all other radionuclides.
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3.5 GASEOUS EFFLUENT DOSE PROJECTIONS

3.5.1 Thirty-One Day Dose Projections

Because continuous operation of the gaseous radwaste treatment system is required (see
Section 3.1.5), routine 31-day dose projections are not required for effluent control compliance
at Plant Hatch. However, whenever it is desired to perform such projections, projected 31-day
air doses and doses to individuals due to gaseous effluents may be determined as follows:

For air doses:

D =rpD&sIjx3J+Dla

(3.21)

D =D)cjx 3 1+ Dya

For individual doses:

Dop = x 31 + ( (3.22)

where:

Dp= the projected air dose due to beta emissions from noble gases, for the next
31 days of gaseous releases.

Dpc = the cumulative air dose due to beta emissions from noble gas releases that
have occurred in the elapsed portion of the current quarter, plus the release
under consideration.

Dpa = the anticipated air dose due to beta emissions from noble gas releases,
contributed by any planned activities during the next 31-day period, if those
activities will result in gaseous releases that are in addition to routine gaseous
effluents. If only routine gaseous effluents are anticipated, Dpa may be set to
zero.

D= the projected air dose due to gamma emissions from noble gases for the next
31 days of gaseous releases.

D= the cumulative air dose due to gamma emissions from noble gas releases that
have occurred in the elapsed portion of the current quarter, plus the release
under consideration.
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Dya = the anticipated air dose due to gamma emissions from noble gas releases,
contributed by any planned activities during the next 31-day period, if those
activities will result in gaseous releases that are in addition to routine gaseous
effluents. If only routine gaseous effluents are anticipated, Dya may be set to
zero.

Dop= the projected dose to the total body or organ o, due to releases of 1-131, 1-133,
tritium, and particulates for the next 31 days of gaseous releases.

Doc = the cumulative dose to the total body or organ o, due to releases of 1-131, 1-133,
tritium, and particulates that have occurred in the elapsed portion of the current
quarter, plus the release under consideration.

Doa = the anticipated dose to the total body or organ o, due to releases of 1-131, 1-133,
tritium, and particulates, contributed by any planned activities during the next
31-day period, if those activities will result in gaseous releases that are in
addition to routine gaseous effluents. If only routine gaseous effluents are
anticipated, Doa may be set to zero.

t the number of whole or partial days elapsed into the current quarter, including
the time to the end of the release under consideration (even if the release
continues into the next quarter).

3.5.2 Dose Proiections for Specific Releases

Dose projections may be performed for a particular release by performing a pre-release dose
calculation assuming that the planned release will proceed as anticipated. For air dose and
individual dose projections due to gaseous effluent releases, follow the methodology of
Section 3.4, using sample analysis results for the gaseous stream to be released, and
parameter values expected to exist during the release period.
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3.6 DEFINITIONS OF GASEOUS EFFLUENT TERMS

Section of
Term Definition Initial use

AG = the administrative allocation factor for gaseous streams,
applied to divide the gaseous release limit among all the
release pathways [unitless]. 3.3.2.1

AGS = the administrative allocation factor for gaseous source
stream s, applied to divide the gaseous release limit among
all the release pathways [unitless]. 3.3.3

AGv - the administrative allocation factor for gaseous release
pathway v, applied to divide the gaseous release limit
among all the release pathways [unitless]. 3.3.2.2

Bi - the elevated finite plume air dose factor due to gamma
emissions from noble gas radionuclide i in the effluents
released from the main stack [(mrad/y)/(RCi/s)]. 3.3.2.2

c = the setpoint of the radioactivity monitor measuring the
concentration of radioactivity in the effluent line prior to
release [RCi/mL]. 3.3.2.1

Cnco = the reading of the condenser offgas pretreatment monitor at
the alarm setpoint [mR/h]. 3.3.5

Cns = the calculated noble gas effluent monitor setpoint for
gaseous source stream s [gCi/mL]. 3.3.3

Cnv = the calculated noble gas effluent monitor setpoint for
release pathway v [gCi/mL]. 3.3.2.2

Dja = the dose to organ j of an individual in age group a, due to
gaseous releases of 1-131, 1-133, tritium, and radionuclides
in particulate form with half-lives greater than 8 days
[mrem]. 3.4.3

Doa = the anticipated dose to organ o due to releases of non-
noble-gas radionuclides, contributed by any planned
activities during the next 31-day period [mrem]. 3.5.1

Doc = the cumulative dose to organ o due releases of non-noble-
gas radionuclides that have occurred in the elapsed portion
of the current quarter, plus the release under consideration
[mrem]. 3.5.1

Dop = the projected dose to organ o due the next 31 days of
gaseous releases of non-noble-gas radionuclides [mrem]. 3.5.1
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Section of
Term Definition Initial use

Do the air dose due to beta emissions from noble gas
radionuclides [mrad]. 3.4.2

DIpa = the anticipated air dose due to beta emissions from noble
gas releases, contributed by any planned activities during
the next 31-day period [mrad]. 3.5.1

Doc = the cumulative air dose due to beta emissions from noble
gas releases that have occurred in the elapsed portion of the
current quarter, plus the release under consideration [mrad].

3.5.1
Dp = the projected air dose due to beta emissions from noble

gases, for the next 31 days of gaseous releases [mrad]. 3.5.1

D = the air dose due to gamma emissions from noble gas
radionuclides [mrad]. 3.4.2

D -a the anticipated air dose due to gamma emissions from noble
gas releases, contributed by any planned activities during
the next 31-day period [mrad]. 3.5.1

D -C the cumulative air dose due to gamma emissions from noble
gas releases that have occurred in the elapsed portion of the
current quarter, plus the release under consideration [mrad].

3.5.1
D -P the projected air dose due to gamma emissions from noble

gases, for the next 31 days of gaseous releases [mrad].
3.5.1

(D/Q),p= the annual average relative deposition factor for release
pathway v, at the location of the controlling receptor, from
Table 3-7 [m- 2]. 3.4.3

DRk = the skin dose rate at the time of the release [mrem/y]. 3.4.1.1

DRo = the dose rate to organ o at the time of the release [mrem/y].
3.4.1.2

DRt = the total body dose rate at the time of the release [mrem/y].
3.4.1.1

Eco = the calibration factor for the condenser offgas pretreatment
monitor [(pCi/s) per (cfm.mR/h)]. 3.3.5

fav = the maximum anticipated actual discharge flowrate for
release pathway v during the period of the planned release
[mL/s]. 3.3.2.2
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Section of
Term Definition Initial use

f = the condenser offgas flowrate [cfm]. 3.3.5

fas the maximum anticipated actual discharge flowrate for
gaseous source stream s during the period of the planned
release [mL/s]. 3.3.3

K = the total body dose factor due to gamma emissions from
noble gas radionuclide i, from Table 3-5 [(mrem/y)/(pCi/m 3)].

3.3.2.2
Li the skin dose factor due to beta emissions from noble gas

radionuclide i, from Table 3-5 [(mrem/y)/(gCi/m 3)]. 3.3.2.2

M = the air dose factor due to gamma emissions from noble gas
radionuclide i, from Table 3-5 [(mrad/y)/(gCi/m 3)]. 3.4.2

N the number of simultaneously active gaseous release
pathways [unitless]. 3.3.4

N = the air dose factor due to beta emissions from noble gas
radionuclide i, from Table 3-5 [(mrad/y)/(tCi/m 3)]. 3.4.2

P0o the site-specific dose factor for radionuclide i (1-131,
1-133, tritium, and radionuclides in particulate form with half-
lives greater than 8 days) and organ o. The values of P0o are
equal to the site-specific Raipj values presented in Table 3-9
[(m rem/y)/(pCi/m 3)]. 3.4.1.2

Q =v the release rate of noble gas radionuclide i from release
pathway v during the period of interest [pCi/s]. 3.3.2.2

QV the release rate of radionuclide i (1-131, 1-133, tritium, and
radionuclides in particulate form with half-lives greater than 8
days) from gaseous release pathway v during the period of
interest [gCi/s]. 3.4.1.2

( =s the cumulative release of noble gas radionuclide i from the
main stack during the period of interest [gCi]. 3.4.2

( =v the cumulative release of noble gas radionuclide i from
release pathway v during the period of interest [pCi]. 3.4.2

IV the cumulative release of non-noble-gas radionuclide i from
release pathway v, during the period of interest [ýtCi]. 3.4.3
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Section of
Term Definition Initial use

Raipj = the site-specific dose factor for age group a, radionuclide i,
exposure pathway p, and organ j. Values and units of Raipj
for each exposure pathway, age group, and radionuclide that
may arise in calculations for implementing Section 3.1.4 are
listed in Table 3-8 through Table 3-10. 3.4.3

Rk = the ratio of the skin dose rate limit for noble gases, to the
skin dose rate due to noble gases in the release under
consideration [unitless]. 3.3.2.1

Rt = the ratio of the total body dose rate limit for noble gases, to
the total body dose rate due to noble gases in the release
under consideration [unitless]. 3.3.2.1

rk = the ratio of the skin dose rate limit for noble gases, to the
skin dose rate due to noble gases in the source stream
under consideration [unitless]. 3.3.3.1

rt = the ratio of the total body dose rate limit for noble gases, to
the total body dose rate due to noble gases in the source
stream under consideration [unitless]. 3.3.3.1

SF = the safety factor used in gaseous setpoint calculations to
compensate for statistical fluctuations and errors of
measurement [unitless]. 3.3.2.2

t = the number of whole or partial days elapsed in the current
quarter, including the period of the release under
consideration. 3.5.1

Vi = the elevated finite plume total body dose factor due to
gamma emissions from noble gas radionuclide i in the
effluents released from the main stack [(mrem/y)/(gCi/s)]. 3.3.2.2

W = the annual average relative dispersion [(X/Q)vp] or deposition
[(D/Q)p] at the location of the controlling receptor, for release
pathway v, as appropriate to exposure pathway p and
radionuclide i. 3.4.3

X = the noble gas concentration for the release under
consideration [liCi/mL]. 3.3.2.1

Xir = the concentration of radionuclide i applicable to active
gaseous release pathway r [liCi/mL]. 3.3.4

XIs = the measured concentration of radionuclide i in gaseous
source stream s [gCi/mL]. 3.3.3
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Section of
Term Definition Initial use

X = the measured concentration of radionuclide i in gaseous stream v
[1iCi/mL]. 3.3.2.2

(X/Q) = the highest relative concentration at any point at or beyond
the SITE BOUNDARY [s/m 3]. 3.3.2.1

(X/Q)rb = the annual average SITE BOUNDARY relative concentration
applicable to active gaseous release pathway r [s/m 3].

3.3.4
(X/Q)sb = the highest annual average relative concentration at the

SITE BOUNDARY for the main stack, from Table 3-4 [s/m 3].
3.4.2

(X/Q)vb = the highest annual average relative concentration at the
SITE BOUNDARY for the discharge point of release
pathway v, from Table 3-4 [s/m 3]. 3.3.2.2

(X/Q)vp = annual average relative dispersion factor for release
pathway v, at the location of the controlling receptor, from
Table 3-7 [s/m 3]. -3.4.3
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CHAPTER 4

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

4.1 LIMITS OF OPERATION

The following limits are the same for both units at the site. Thus, a single program including

monitoring, land use survey, and quality assurance serves both units.

4.1.1 Radiological Environmental Monitoring

The Radiological Environmental Monitoring Program (REMP) shall be conducted as specified in
Table 4-1.

4.1.1.1 Applicability

This control applies at all times.

4.1.1.2 Actions

4.1.1.2.1 With the REMP not being conducted as specified in Table 4-1, submit to the
Nuclear Regulatory Commission (NRC), in the Annual Radiological Environmental Operating
Report, a description of the reasons for not conducting the program as required and the plans
for preventing a recurrence. Deviations from the required sampling schedule are permitted if
specimens are unobtainable due to hazardous conditions, unavailability, inclement weather,
equipment malfunction, or other just reasons. If deviations are due to equipment malfunction,
efforts shall be made to complete corrective action prior to the end of the next sampling period.

4.1.1.2.2 With the confirmed1 measured level of radioactivity as a result of plant effluents
in an environmental sampling medium specified in Table 4-1 exceeding the reporting levels of
Table 4-2 when averaged over any calendar quarter, submit within 30 days a Special Report to
the NRC. The Special Report shall identify the cause(s) for exceeding the limit(s) and define
the corrective action(s) to be taken to reduce radioactive effluents so that the potential annual
dose to a MEMBER OF THE PUBLIC is less than the calendar year limits of Sections 2.1.3,
3.1.3, and 3.1.4. The methodology and parameters used to estimate the potential annual dose
to a MEMBER OF THE PUBLIC shall be indicated in the Special Report.

When more than one of the radionuclides in Table 4-2 are detected in the sampling medium,
this report shall be submitted if:

concentration (1) concentration (2) + . 0 (4.1)

reporting level (1) reporting level (2)

Defined as confirmed by reanalysis of the original sample, or analysis of a duplicate or new sample,

as appropriate. The results of the confirmatory analysis shall be completed at the earliest time
consistent with the analysis.
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When radionuclides other than those in Table 4-2 are detected and are the result of plant
effluents, this Special Report shall be submitted if the potential annual dose to a MEMBER OF
THE PUBLIC is equal to or greater than the calendar year limits stated in Sections 2.1.3, 3.1.3,
and 3.1.4. This Special Report is not required if the measured level of radioactivity was not the
result of plant effluents; however, in such an event, the condition shall be described in the
Annual Radiological Environmental Operating Report. The levels of naturally-occurring
radionuclides which are not included in the plant's effluent releases need not be reported.

4.1.1.2.3 If adequate samples of milk, or during the growing season, grass or leafy
vegetation, can no longer be obtained from one or more of the sample locations required by
Table 4-1, or if the availability is frequently or persistently wanting, efforts shall be made: to
identify specific locations for obtaining suitable replacement samples; and to add any
replacement locations to the REMP given in the ODCM within 30 days. The specific locations
from which samples became unavailable may be deleted from the REMP. Pursuant to
Technical Specification 5.5.1, documentation shall be submitted in the next Radioactive Effluent
Release Report for the change(s) in the ODCM, including revised figure(s) and table(s)
reflecting the changes to the location(s), with supporting information identifying the cause of the
unavailability of samples and justifying the selection of any new location(s).

When the ACTION statement or other requirements of this control cannot be met, steps need
not be taken to change the Operational Mode of the unit. Entry into an Operational Mode or
other specified CONDITION may be made if, as a minimum, the requirements of the ACTION
statement are satisfied.

4.1.1.3 Surveillance Requirements

The REMP samples shall be collected pursuant to Table 4-1 from the locations described in
Section 4.2, and shall be analyzed pursuant to the requirements of Table 4-1 and Table 4-3.
Required detection capabilities for thermoluminescent dosimeters used for environmental
measurements shall be in accordance with the recommendations of Regulatory Guide 4.13.
Program changes may be initiated based on operational experience.

Analyses shall be performed in such a manner that the stated MINIMUM DETECTABLE
CONCENTRATIONS (MDCs) will be achieved under routine conditions. Occasionally
background fluctuations, unavoidable small sample sizes, the presence of interfering
radionuclides, or other uncontrollable circumstances may render these MDCs unachievable. In
such cases, the contributing factors will be identified and described in the Annual Radiological
Environmental Operating Report.

4.1.1.4 Basis

The REMP required by this control provides representative measurements of radiation and of
radioactive materials in those exposure pathways, and for those radionuclides, which lead to the
highest potential radiation exposures of MEMBERS OF THE PUBLIC resulting from the plant
operation. The REMP implements Section IV.B.2, Appendix 1, 10 CFR 50, and thereby
supplements the radiological effluent monitoring program by measuring concentrations of
radioactive materials and levels of radiation, which may then be compared with those expected
on the basis of the effluent measurements and modeling of the environmental exposure
pathways.
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The detection capabilities required by Table 4-3 are within state-of-the-art for routine
environmental measurements in industrial laboratories.
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Approximate
Exposure Pathway Number of Sample Sampling and Collection

and/or Sample Locationsa FREQUENCY Type of Analysis and FREQUENCY

1. AIRBORNE
Radioiodines and 6 Continuous operation of Radioiodine canister. 1-131 weekly.
Particulates sampler with sample

collection weekly. Particulate sampler. Analyze for gross beta
radioactivity not less than 24 hours following filter
change and analyze for 1-131 weekly. Perform gamma
isotopic analysis on affected sample when gross beta
activity is 10 times the yearly mean of control samples.
Composite (by location) for gamma isotopic analysis
quarterly.

2. DIRECT RADIATION

Direct Radiation 37 Quarterly. I Gamma dose quarterly.
3. INGESTION

Milk 4_b Bi-weekly. Gamma isotopic and 1-131 analyses biweekly.

Fishc or Clams 2 Semi-annually. Gamma isotopic analysis on edible portions semi-
annually.

Grass or Leafy 3 Monthly during growing Gamma isotopic analysis monthly.d

Vegetation season.
4. WATERBORNE

Surface 2 Compositee sample Gamma isotopic analysis monthly. Composite (by
_ __ ,collected monthly. location) for tritium analysis quarterly.

Sediment 2 Semiannually Gamma isotopic analysis yearly.

CD)

0

N.)
N.)
N)

Z
0
a.



Exposure Approximate Number Sampling and Collection
Pathway and/or of Sample Locationsa FREQUENCY Type of Analysis and FREQUENCY

Sample

Drinking Waterf'g From each of the one River Water collected near the 1-131 analysis on each sample when bi-weekly
to three nearest intake will be a composite collections are required. Gross beta and
water supplies which sample; the finished water will gamma isotopic analyses on each sample;
could be affected by be a grab sample. These composite (by location) for tritium quarterly.
HNP discharge: one samples will be collected
sample of river water monthly unless the calculated
near the intake and dose due to consumption of the
one sample of water is greater than
finished water. 1 mrem/year; then the

collections will be bi-weekly.
The collection may revert to
monthly should the calculated
doses become less than 1
mrem/year.

Groundwaterh An adequate number Quarterly Tritium and gamma isotopic quarterly. Other
of onsite wells to analyses based on results of tritium and
provide detection of gamma.
radioactive liquid
releases into the
groundwater from
tanks, underground
piping, and other
plant equipment. At
least one well at a
control location.

-I

M0"

-L

0

0.

0

m

CD3

0

0:3

CD

0

N')

(0

M
z
0
0E3
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TABLE NOTATIONS 41-

a. Sample locations are shown in Table 4-4 and Table 4-5 and in Figure 4-1 through Figure 4-7. 0

b. Up to three sampling locations within 5 miles and in different sectors will be used as available. In addition, one or more
control locations beyond 10 miles will be used.

•0

c. Commercially or recreationally important fish may be sampled. Clams will be sampled if difficulties are encountered in
obtaining sufficient fish samples. 0

d. If gamma isotopic analysis is not sensitive enough to meet the required MINIMUM DETECTABLE CONCENTRATION
(MDC) for 1-131, a separate analysis for 1-131 may be performed. m

0

e . Composite samples shall be collected by collecting an aliquot at intervals not exceeding a few hours. •
3

, f. If it is found that river water downstream of HNP is used for drinking, water samples will be collected and analyzed as
specified herein.

0
g. A survey shall be conducted annually at least 50 river miles downstream of HNP to identify those who use the

Altamaha River water for drinking. o

h. Table 4-5 contains typical groundwater monitoring locations. Depending on the groundwater level in the wells, there may "0

be times when no sample is available or only enough sample to run a tritium analysis.

3

00

CD-
Cn

-0
ro0

N) a
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Reporting Level

CD
Airborne 0

Particulate or
Water Gases Fish Milk Grass or Leafy Vegetation •

Analysis (pCi/L) (pCi/mn) (pCi/kg, wet) (pCi/L) (pCi/kg, wet)
H-3 2 E+4a

Mn-54 1 E+3 3 E+4 0'

Fe-59 4 E+2 1 E+4

Co-58 1 E+3 3 E+4 0
Co-60 3 E+2 1 E+4

Zn-65 3 E+2 2 E+4

Zr-95 4 E+2 0:3
Nb-95 7 E+2

1-131 2 E+O .9 E-1 3 E+O 1 E+2

Cs-134 3 E+1 1 E+1 1 E+3 6 E+1 1 E+3

Cs-137 5 E+1 2 E+1 2 E+3 7 E+1 2 E+3 _n

Ba-140 2 E+2 3 E+2 m

La-140 1 E+2 4 E+2La- 40 1E+2 E+2.,-0

a. This is the 40
used.

CFR 141 value for drinking water samples. If no drinking water pathway exists, a value of 3 E+04 pCi/L may be

CD
Ci,

0

(0

b. If no drinking water pathway exists, a value of 20 pCi/L may be used.
X
z
0
0



Minimum Detectable Concentration (MDC)a

Airborne Grass or Leafy
Water Particulate or Fish Milk Vegetation Sediment

Analysis (pCi/L) Gases (pCi/m 3) (pCi/kg, wet) (pCi/L) (pCi/kg, wet) (pCi/kg, dry)

Gross Beta 4 E+O 1 E-2

H-3 2 E+3b

Mn-54 1.5 E+1 1.3 E+2

Fe-59 3 E+1 2.6 E+2

Co-58, Co-60 1.5 E+1 1.3 E+2

Zn-65 3 E+1 2.6 E+2

Zr-95 3 E+1

Nb-95 1.5 E+1

1-131 1 E+0c 7 E-2 1 E+0 6 E+1

Cs-134 1.5 E+1 5 E-2 1.3 E+2 1.5 E+1 6 E+1 1.5 E+2

Cs-137 1.8 E+1 6 E-2 1.5 E+2 1.8 E+1 8 E+1 1.8 E+2

Ba-140 6 E+1 6 E+1

La-140 1.5 E+1 1.5 E+1

a. See the definition of MINIMUM DETECTABLE CONCENTRATION in Section 10.1. Other peaks which are measurable and
identifiable as plant effluents, together with the radionuclides in this table, shall be analyzed and reported in accordance with
Section 7.1.

b. If no drinking water pathway exists, a value of 3 E+3 pCi/L may be used.

c. If no drinking water pathway exists, a value of 1.5 E+1 pCi/L may be used.

0
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4.1.2 Land Use Census

A land use census shall be conducted and shall identify the locations of the following: the

nearest MILK ANIMAL 1 and the nearest permanent residence in each of the 16 meteorological
sectors within a distance of 5 miles; and all MILK ANIMALS within a distance of 3 miles.

4.1.2.1 Applicability

This control applies at all times.

4.1.2.2 Actions

4.1.2.2.1 With a land use census identifying a location(s) which yields a calculated dose or
dose commitment greater than values currently being calculated in accordance with Section 3.4.3,
identify the new location(s) in the next Radioactive Effluent Release Report.

4.1.2.2.2 With a land use census identifying a location(s) which yields a calculated dose or
dose commitment (via the same exposure pathway) 20 percent greater than at a location from
which samples are currently being obtained in accordance with Section 4.1.1, add the new
location(s) to the REMP within 30 days if samples are available. The sampling location,
excluding control station location(s), having the lowest calculated dose or dose commitment (via
the same exposure pathway) maybe deleted from the REMP if new sampling locations are
added. Pursuant to Technical Specification 5.5.1 submit in the next Radioactive Effluent
Release Report any change(s) in the ODCM, including the revised figure(s) and table(s)
reflecting any new location(s) and information supporting the change(s).

When the ACTION statement or other requirements of this control cannot be met, steps need not
be taken to change the Operational Mode of the unit. Entry into an Operational Mode or other
specified CONDITION may be made if, as a minimum, the requirements of the ACTION statement
are satisfied.

4.1.2.3 Surveillance Requirements

The land use census shall be conducted annually, using that information which will provide good
results, such as a door-to-door census, a visual census from automobile or aircraft, consultation
with local agriculture authorities, or some combination of these methods, as feasible. Results of
the land use census shall be included in the Annual Radiological Environmental Operating
Report.

4.1.2.4 Basis

This control is provided to ensure that changes in the use of UNRESTRICTED AREAS are
identified and that modifications to the REMP are made if required by the results of this census.
This census satisfies the requirements of Section IV.B.3 of Appendix I to 10 CFR Part 50.

Defined as a cow or goat that is producing milk for human consumption.
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4.1.3 Interlaboratory Comparision Program

Analyses shall be performed on radioactive materials supplied as part of an Interlaboratory
Comparison Program which satisfies the requirements of Regulatory Guide 4.15, Revision 1,
February, 1979.

4.1.3.1 Applicability

This control applies at all times.

4.1.3.2 Actions

With analyses not being performed as required by Section 4.1.3, report the corrective actions
taken to prevent a recurrence in the Annual Radiological Environmental Operating Report.

When the ACTION statement or other requirements of this control cannot be met, steps need not
be taken to change the Operational Mode of the unit. Entry into an Operational Mode or other
specified CONDITION may be made if, as a minimum, the requirements of the ACTION statement
are satisfied.

4.1.3.3 Surveillance Requirements

A summary of the results obtained as part of the required Interlaboratory Comparison Program
shall be included in the Annual Radiological Environmental Operating Report.

4.1.3.4 Basis

The requirement for participation in an approved Interlaboratory Comparison Program is
provided to ensure that independent checks on the precision and accuracy of the
measurements of radioactive material in environmental sample matrices are performed as part
of the quality assurance program for environmental monitoring, in order to demonstrate that the
results are reasonably valid for the purposes of Section IV.B.2, Appendix 1, 10 CFR 50.
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4.2 RADIOLOGICAL ENVIRONMENTAL MONITORING LOCATIONS

Table 4-4, and Figure 4-1 through Figure 4-5 specify the locations at which the measurements
and samples are taken for the REMP required by Section 4.1.1.
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Table 4-4 Radiological Environmental Monitoring Locations

Location Descriptive Distance
Number Location Direction (miles) Sample Type

064 Roadside park WNW 0.8 D

101 Inner ring N 1.9 D

102 Inner ring NNE 2.5 D

103 Inner ring NE 1.8 AD

104 Inner ring ENE 1.6 D

105 Inner ring E 3.7 D

106 Inner ring ESE 1.1 DV

107 Inner ring SE 1.2 AD

108 Inner ring SSE 1.6 D

109 Inner ring S 0.9 D

110 Inner ring SSW 1.0 D

111 Inner ring SW 0.9 D

112 Inner ring WSW 1.0 ADV

113 Inner ring W 1.1 D

114 Inner ring WNW 1.2 D

115 Inner ring NW 1.1 D

116 Inner ring NNW 1.6 AD

170 Upriver WNW ** R

172 Downriver E ** R

201 Outer ring N 5.0 D

202 Outer ring NNE 4.9 D

203 Outer ring NE 5.0 D

204 Outer ring ENE 5.0 D

205 Outer ring E 7.2 D

206 Outer ring ESE 4.8 D

207 Outer ring SE 4.3 D

208 Outer ring SSE 4.8 D

209 Outer ring S 4.4 D

210 Outer ring SSW 4.3 D
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Table 4-4 (contd) Radiological Environmental Monitoring Locations

Location Descriptive Distance Sample
Number Location Direction (miles) Type

211 Outer ring SW 4.7 D

212 Outer ring WSW 4.4 D

213 Outer ring W 4.3 D

214 Outer ring WNW 5.4 D

215 Outer ring NW 4.4 D

216 Outer ring NNW 4.8 D

301 Toombs Central School N 8.0 D

304 State Prison ENE 11.2 AD

304 State Prison ENE 10.3 M

309 Baxley substation S 10.0 AD

416 Emergency News Center NNW 21.0 DV

Sample Types:

A - Airborne Radioactivity
D - Direct radiation
M - Milk
R - River (fish or clams, shoreline sediment, and surface water)
V - Vegetation

** Station 170 is located at approximately 0.6 river miles upstream of the intake structure
for river water, 1.1 river miles for sediment and clams, and 1.5 river miles for fish.

Station 172 is located at approximately 3.0 river miles downstream of the discharge
structure for river water, sediment, and clams and 1.7 river miles for fish.

The location from which river water and sediment may be taken can be rather precisely
defined. Often, the sampling locations for clams have to be extended over a wide area
to obtain a sufficient quantity. High water adds tothe difficulty in obtaining clam
samples; high water might also make an otherwise suitable location for sediment
sampling unavailable. A stretch of the river on the order of a few miles or so is generally
needed to obtain adequate fish samples. The mile locations given above represent
approximations of the locations about which the catches are taken.
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Table 4-5 Groundwater Monitoring Locations

WELL [DEPTH (ft) MONITORING PURPOSE

R1 82.9 Confined Aquifer Upgradient

R2 82.7 Confined Aquifer Near Diesel Generator Bldg.

R3 89.2 Confined Aquifer Near CST-1

R4 41 Dilution Line Near River Water Discharge Structure

R5 33.6 Between Subsurface Drain Lines Downgradient

R6 38.2 Between Subsurface Drain Lines Downgradient

NW2A 27 Water Table Near CST-2 Inside of Subsurface Drain

NW2B 27 Water Table Outside of Subsurface Drain

NW3A 26.5 Water Table Inside of Subsurface Drain

NW3B 25.3 Water Table Outside of Subsurface Drain

NW4A 27 Water Table Upgradient Inside of Subsurface Drain

NW5A 26.7 Water Table Upgradient Inside of Subsurface Drain

NW5B 26.3 Water Table Upgradient Outside of Subsurface Drain

NW6 27 Water Table Near Diesel Generator Bldg.

NW8 23 Water Table Near Diesel Generator Bldg.

NW9 26.1 Water Table Downgradient Inside of Subsurface Drain

NW1 0 26.2 Water Table Near CST-2

T2 21.9 Water Table Near Recombiner Bldg.

T3 18 Water Table Near Turbine Bldg.

T7 21.4 Water Table Near Diesel Generator Bldg.

T10 18.8 Water Table Near CST-1

T12 23.2 Water Table Near CST-1

T15 27.4 Water Table Near CST-1

P15A 74.5 Confined Aquifer Near Turbine Bldg.

P15B 18 Water Table Near Turbine Bldg.

P17A 77 Confined Aquifer Near Diesel Generator Bldg.

P17B 14.8 Water Table Near Diesel Generator Bldg.

Deep Well 1 680 Backup Supply for Potable Water (infrequently used)

Deep Well 2 711 Plant Potable Water Supply

Deep Well 3 710 Potable Water Supply - Rec. Center, Firing Range, and Garage
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Figure 4-2 Sampling Location Map Beyond Site Periphery, North and West of Site
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Figure 4-3 Sampling Location Map Beyond Site Periphery, South and West of Site
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Figure 4-4 Sampling Location Map Beyond Site Periphery, East of Site /
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Figure 4-5 Location of Additional Control Station for TLDs and Vegetation
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Figure 4-6 Groundwater Monitoring Wells
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CHAPTER 5

TOTAL DOSE DETERMINATIONS

5.1 LIMIT OF OPERATION

In accordance with Technical Specification 5.5.4.j, the dose or dose commitment to any
MEMBER OF THE PUBLIC over a calendar year, due to releases of radioactivity and to
radiation from uranium fuel cycle sources, shall be limited to less than or equal to 25 mrem to
the total body or any organ, except the thyroid, which shall be limited to less than or equal to
75 mrem.

5.1.1 Applicability

This limit applies at all times.

5.1.2 Actions

With the calculated doses from the release of radioactive materials in liquid or gaseous effluents
exceeding twice the' limits of Section 2.1.3, 3.1.3, or 3.1.4, calculations shall be made according
to Section 5.2 methods to determine whether the limits of Section 5.1 have been exceeded. If
these limits have been exceeded, prepare and submit a Special Report to the Nuclear
Regulatory Commission within 30 days, which defines the corrective actions to be taken to
reduce subsequent releases to prevent recurrence of exceeding the limits of Section 5.1 and
includes the schedule for achieving conformance with the limits of Section 5.1. This Special
Report, as defined in 10 CFR 20.2203, shall also include an analysis which estimates the
radiation exposure (dose) to a MEMBER OF-THE PUBLIC from uranium fuel cycle sources
(including all effluent pathways and direct radiation) for the calendar year that includes the
release(s) covered by this report. This Special Report shall also describe the levels of radiation
and concentrations of radioactive material involved, and the cause of the exposure levels or
concentrations. If the estimated dose(s) exceeds the limits of Section 5.1, and if the release
condition resulting in violation of the provisions of 40 CFR 190 has not already been corrected,
the Special Report shall include a request for variance in accordance with the provisions of 40
CFR 190 and including the specified information of 40 CFR 190.11 (b). Submittal of the report is
considered a timely request, and a variance is granted until staff action on the request is
complete.

When the ACTION statement or other requirements of this control cannot be met, steps need not
be taken to change the Operational Mode of the unit. Entry into an Operational Mode or other
specified CONDITION, may be made if, as a minimum, the'requirements of the ACTION statement
are satisfied.

5.1.3 Surveillance Requirements

Cumulative dose contributions from liquid and gaseous effluents and from direct radiation shall
be determined in accordance with Section 5.2. This requirement is applicable only under the
conditions set forth above in Section 5.1.2.
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5.1.4 Basis

This control is provided to meet the dose limitations and reporting requirements of 40 CFR 190.
The control requires the preparation and submittal of a Special Report whenever the calculated
doses from plant radioactive effluents exceed the limits of Section 5.1. For sites containing up
to 4 reactors, it is highly unlikely that the resultant dose to a MEMBER OF THE PUBLIC will
exceed the dose limits of 40 CFR 190 if the individual reactors remain within twice the dose
design objectives of Appendix I and if direct radiation doses from the units, such as direct
exposure from outside storage tanks, are kept small. The Special Report will describe a course
of action which should result in the limitation of dose to a MEMBER OF THE PUBLIC for a
calendar year to within the 40 CFR 190 limits. For the purposes of the Special Report, it may be
assumed that the dose commitment to the MEMBER OF THE PUBLIC from other uranium fuel
cycle sources is negligible with the exception that dose contributions from other uranium fuel
cycle facilities at the same site or within a radius of 5 miles must be considered. If the dose to
any MEMBER OF THE PUBLIC is estimated to exceed the requirements of 40 CFR 190, the
Special Report with a request for variance (provided the release conditions resulting in violation
of 40 CFR 190 have not already been corrected), in accordance with the provisions of
40 CFR 190.11 and 10 CFR 20.2203(a)(4), is considered to be a timely request and fulfills the
requirements of 40 CFR 190 until NRC staff action is completed. The variance only relates to
the limits of 40 CFR 190 and does not apply in any way to the requirements for dose limitation
addressed in other sections of this ODCM. An individual is not considered a MEMBER OF THE
PUBLIC during any period in which he/she is engaged in carrying out any operation which is
part of the nuclear fuel cycle.
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5.2 DEMONSTRATION OF COMPLIANCE

There are no other uranium fuel cycle facilities within 5 miles of the plant site. Therefore, for the
purpose of demonstrating compliance with the limits of Section 5.1, the total dose to a MEMBER
OF THE PUBLIC in the vicinity of the plant site due to uranium fuel cycle sources shall be
determined as follows:

DTk =DL+DG+DD+DN (5.1)

where:

DTk = the total dose or dose commitment to the total body or organ k, in mrem.

DL = the dose to the same organ due to radioactivity discharged from the plant site
in liquid effluents, calculated in accordance with Section 2.4.1, in mrem.

DG = the dose to the same organ due to non-noble-gas radionuclides discharged
from the plant site in gaseous effluents, calculated for the controlling receptor in
accordance with Section 3.4.3, in mrem.

DD = the direct radiation dose to the whole body of an individual at the controlling
receptor location, due to radioactive materials retained within the plant site, in
mrem. Values of direct radiation dose may be determined by measurement,
calculation, or a combination of the two.

DN = the external whole body dose to an individual at the controlling receptor
location, due to gamma ray emissions from noble gas radionuclides discharged

.from the plant site in gaseous effluents, in mrem. DN is calculated as follows
(equation adapted from Reference 1, page 22, by recasting in cumulative dose
form):

DN =.7] XQ, 0, V (5.2)

where:

3.17 x 10-8 = a units conversion factor: 1 y/(3.15 x 107 s).

biv = the cumulative release of noble gas radionuclide i from non-elevated
release pathway v (pCi), during the period of interest.

Ois = the value of biv for the main stack; that is, the cumulative release of
noble gas radionuclide i from the main stack (pCi), during the period of
interest.

Ki the total-body dose factor due to gamma emissions from noble gas
radionuclide i (mrem/y)/(pCi/m3), from Table 3-5.
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Vi = the elevated finite-plume total-body dose factor at the controlling
receptor location, due to gamma emissions from noble gas radionuclide
i in effluents released from the main stack (mrem/y)/(pCi/s), from Table-
3-7.

(X-Q)vp = annual average relative dispersion factor for release pathway v, at the
location of the controlling receptor, from Table 3-7 [s/m3].

As defined above, DL and DG are for different age groups, while DD and DN are not age group
specific. When a more precise determination of DTk is desired, values of DL and DG may be
calculated for all four age groups, and those values used in equation (5.1) to determine age
group specific values of DTk; the largest value of DTk for any age group may then be compared
to the limits of Section 5.1.
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CHAPTER 6

POTENTIAL DOSES TO MEMBERS OF THE PUBLIC DUE TO
THEIR ACTIVITIES INSIDE THE SITE BOUNDARY

6.1 REQUIREMENT FOR CALCULATION

To support the reporting requirements of Section 7.2.2.3, an assessment of the radiation doses
from radioactive liquid and gaseous effluents to MEMBERS OF THE PUBLIC due to their
activities inside the SITE BOUNDARY (Figure 10-1) shall be performed as specified in Section
6.2, at least once per calendar year.

6.2 CALCULATIONAL METHOD

For the purpose of performing the calculations required in Section 6.1, the dose to a member of
the public inside the SITE BOUNDARY shall be determined at the locations, and for the
receptor age groups, defined in Table 6-1. The dose to such a receptor at any one of the
defined locations shall be determined as follows:

Dik = [DA + Ds + Dp]. F0  (6.1)

where:

Dik = the total dose to the total body or organ k, in mrem.

DA = the dose to the same organ due to inhalation of non-noble-gas radionuclides
discharged from the plant site in gaseous effluents, calculated in accordance
with Section 3.4.3, in mrem. The (T-')) value to be used is given for each
receptor location in Table 6-1; depleted (570) values may be used in
calculations for non-noble-gas radionuclides.

Ds= the dose to the same organ due to ground plane deposition of non-noble-gas
radionuclides discharged from the plant site in gaseous effluents, calculated in
accordance with Section 3.4.3, in mrem. The (D7Q) value to be used is given
for each receptor location in Table 6-1.

Dp the external whole body dose due to gamma ray emissions from noble gas
radionuclides discharged from the plant site in gaseous effluents, calculated
using equation (5.2), in torem. The values of (X7UM and Vi that are to be ,used
are given for each receptor location in Table 6-1.

F0  the occupancy factor for the given location, which is the fraction of the year that
one individual MEMBER OF THE PUBLIC is assumed to be present at the
receptor location [unitless]. Values of F, for each receptor location are included
in Table 6-1.
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Table 6-1 Attributes Of MEMBER OF THE PUBLIC Receptor Locations Inside The SITE
BOUNDARY

Location: Roadside Park, WNW at 1182 meters

Aqe Group: Child

Occupancy Factor: 2.28x 10-4 (based on 2 hours per year)

Dispersion and Deposition Parameters:

Parameter Ground-Level Elevated

Undepleted (X/[), s/m3 7.83 E-6 2.42 E-8

Depleted (X/Q), s/mr3  7.00 E-6 2.37 E-8

(D/Q), m 2 2.01 E-8 1.29 E-9

Elevated Plume Dose Factors:'

Vi

Radionuclide (mrem/y)/(pCi/s)

Kr-85m 8.39 E-05

Kr-85 1.31 E-06

Kr-87 4.60 E-04

Kr-88 1.14 E-03

Kr-89 9.89 E-04

Kr-90 7.32 E-04

Xe-131m 1.70 E-06

Vi

Radionuclide (mrem/y)/(p.Ci/s)

Xe-133m 1.32 E-05

Xe-133 1.37 E-05

Xe-135m 2.51 E-04

Xe-135 1.37 E-04

Xe-137 9.91 E-05

Xe-138 6.45 E-04

Ar-41 7.69 E-04

+
Values from Reference 16.
See footnotes to Table 3-6.

6-2 Version 22 2/09



HNP ODCM

Table 6-1 (contd) Attributes of MEMBER OF THE PUBLIC Receptor Locations Inside the
SITE BOUNDARY

Location: Camping Area, WNW at 1274 meters

Age Group: Child

Occupancy Factor: 5.48 x 103 (based on 48 hours per year)

Dispersion and Deposition Parameters:*

Parameter Ground-Level Elevated

Undepleted (X/Q), s/rn 3  7.03 E-6 2.38 E-8

Depleted (X/Q), s/m3  6.27 E-6 2.33 E-8

(D/Q), m2 1.80 E-8 1.21 E-9

Elevated Plume Dose Factors:'

Vi

Radionuclide (mrem/y)/(jiCi/s)

Kr-85m 7.84 E-05

Kr-85 1.22 E-06

Kr-87 4.28 E-04

Kr-88 1.06 E-03

Kr-89 9.19 E-04

Kr-90 6.80 E-04

Xe-131m 1.59 E-06

Vi

Radionuclide (mrem/y)/(gCi/s)

Xe-133m 1.24 E-05

Xe-133 1.28 E-05

Xe-135m 2.34 E-04

Xe-135 1.27 E-04

Xe-137 9.23 E-05

Xe-138 5.99 E-04

Ar-41 7.14 E-04

*- Values from Reference 16.
See footnotes to Table 3-6.
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Table 6-1 (contd) Attributes of MEMBER OF THE PUBLIC Receptor Locations Inside the
SITE BOUNDARY

Location: Recreation Area, SSE at 1030 meters

Age Group: Child

Occupancy Factor: 2.37

Dispersion and Deposition Parameters:*

X 10-2 (based-on 208 hours per year)

Parameter Ground-Level Elevated

Undepleted (X/Q), s/m 3  6.42 E-6 3.30 E-8

Depleted (X/Q), s/m 3  5.73 E-6 3.21 E-8

(D/Q), m-2 2.36 E-8 1.56 E-9

Elevated Plume Dose Factors:'

Vi

Radionuclide (mrem/y)/(iCi/s)

Kr-85m 7.21 E-05

Kr-85 1.13 E-06

Kr-87 3.99 E-04

Kr-88 9.90 E-04

Kr-89 8.57 E-04

Kr-90 6.34 E-04

Xe-131m 1.46 E-06

Vj

Radionuclide (mrem/y)/(tCi/s)

Xe-133m 1.14 E-05

Xe-133 1.17 E-05

Xe-135m 2.17 E-04

Xe-135 1.18 E-04

Xe-137 8.57 E-05

Xe-138 5.58 E-04

Ar-41 6.66 E-04

* Values from Reference 16.
+ See footnote to Table 3-6.
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Table 6-1 (contd) Attributes of MEMBER OF THE PUBLIC Receptor Locations Inside the
SITE BOUNDARY

Location: Visitors Center, WSW at 694 meters

Age Group:

Occupancy Factor:

Child

4.57 x 10-4 (based on 4 hours per year)

Dispersion and Deposition Parameters:*

L Parameter Ground-Level Elevated

Undepleted (X/Q), s/m 3  1.87 E-5 5.00 E-8

Depleted (X/Q), s/m3  1.72 E-5 4.97 E-8

(D/Q), m-2 5.47 E-8 2.26 E-9

Elevated Plume Dose Factors:'

Vi

Radionuclide (mrem/y)/(jiCi/s)

Kr-85m 1.47 E-04

Kr-85 2.34 E-06

Kr-87 8.27 E-04

Kr-88 2.06 E-03

Kr-89 1.78 E-03

Kr-90 1.31 E-03

Xe-131m 2.98 E-06

Vi

Radionuclide (mrem/y)/(iCi/s)

Xe-133m 2.34 E-05

Xe-133 2.36 E-05

Xe-135m 4.49 E-04

Xe-135 2.42 E-04

Xe-137 1.77 E-04

Xe-138 1.16 E-03

Ar-41 1.38 E-03

--I Values from Reference 16.
See footnotes to Table 3-6.

6-5 Version 22 2/09



HNP ODCM

CHAPTER 7

REPORTS

7.1 ANNUAL RADIOLOGICAL ENVIRONMENTAL OPERATING REPORT

7.1.1 Requirement for Report

In accordance with Technical Specification 5.6.2, the Annual Radiological Environmental Operating
Report covering the REMP activities during the previous calendar year shall be submitted by May
15 of each year. (A single report fulfills the requirements for both units.) The material provided
shall be consistent with the objectives outlined in Section 4.1 and Section 7.1.2 of the ODCM, and
in Sections IV.B.2, IV.B.3, and IV.C of Appendix Ito 10 CFR Part 50.

7.1.2 Report Contents

The materials specified in the following subsections shall be included in each Annual
Radiological Environmental Operating Report:

7.1.2.1 Data

The report shall include summarized and tabulated results of all REMP samples required by
Table 4-1 taken during the report period, in a format similar to that contained in Table 3 of the
Radiological Assessment Branch Technical Position (Reference 18); the results for any
additional samples shall also be reported. In the event that some results are not available for
inclusion with the report, the report shall be submitted noting and explaining the reasons for the
missing results; the missing data shall be submitted as soon as possible in a supplementary
report. The results for naturally-occurring radionuclides not included in plant effluents need not
be reported.

7.1.2.2 Evaluations

Interpretations and analyses of trends of the results shall be included in the report, including the
following: (as appropriate) comparisons with pre-operational studies, operational controls, and
previous environmental surveillance reports; and an assessment of any observed impacts of the
plant operation on the environment. If the measured level of radioactivity in an environmental
sampling medium exceeding the reporting levels of Table 4-2 is not the result of plant effluents,
the condition shall be described as required by Section 4.1.1.2.2.

7.1.2.3 Programmatic Information

Also to be included in each report are the following: a summary description of the REMP; a
map(s) of all sampling locations keyed to a table giving distances and directions from the main
stack; the results of land use censuses required by Section 4.1.2; and the results of licensee
participation in the Interlaboratory Comparison Program required by Section 4.1.3.
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7.1.2.4 Descriptions of Program Deviations

Discussions of deviations from the established program must be included in each report, as
follows:

7.1.2.4.1 If the REMP is not conducted as required in Table 4-1, a description of the
reasons for not conducting the program as required, and the plans for preventing a recurrence,
must be included in the report.

7.1.2.4.2 If the MDCs required by Table 4-3 are not achieved, the contributing factors must
be identified and described in the report.

7.1.2.4.3 If Interlaboratory Comparison Program analyses are not performed as required
by Section 4.1.3, the corrective actions taken to prevent a recurrence must be included in the
report.
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7.2 RADIOACTIVE EFFLUENT RELEASE REPORT

7.2.1 Requirement for Report

In accordance with Technical Specification 5.6.3, the Radioactive Effluent Release Report
covering the operation of the units during the previous calendar year of operation shall be
submitted in accordance with 10 CFR 50.36.a. (A single submittal may be made for Units 1
and 2. However, the submittal shall specify the releases of radioactive material in liquid and
gaseous effluents from each unit and solid radioactive waste from the site.) The report shall
include a summary of the quantities of radioactive liquid and gaseous effluents and solid waste
released from the units. The material provided shall be consistent with the objectives outlined
throughout this ODCM and the Process Control Program (PCP) and in conformance with
10 CFR Part 50.36a and Section IV.B.1 of Appendix I to 10 CFR Part 50.

7.2.2 Report Contents

The materials specified in the following subsections shall be included in each Radioactive
Effluent Release Report:

7.2.2.1 Quantities of Radioactive Materials Released

The report shall include a summary of the quantities of radioactive liquid and gaseous effluents
and solid waste released from the units as outlined in NRC Regulatory Guide 1.21, "Measuring,
Evaluating, and Reporting Radioactivity in Solid Wastes and Releases of Radioactive Materials
in Liquid and Gaseous Effluents from Light-Water-Cooled Nuclear Power Plants," Revision 1,
June 1974, with liquid and gaseous effluent data summarized on a quarterly basis and solid
radioactive waste data summarized on a semiannual basis following the format of Appendix B
thereof. The report shall include documentation of quantities of radioactive materials in
unplanned releases of gaseous and liquid effluents from the site to UNRESTRICTED AREAS,
tabulated either by quarter or by event. For gamma emitters released in liquid and gaseous
effluents, in addition to the principal gamma emitters for which MDCs are specifically
established in Table 2-3 and Table 3-3, other peaks which are measurable and identifiable also
shall be identified and reported.

7.2.2.2 Meteorological Data

The report shall include an annual summary of hourly meteorological data collected over the
previous year. This annual summary may be either in the form of an hour-by-hour listing of wind
speed, wind direction, and atmospheric stability, and precipitation (if measured) on magnetic
tape; or in the form of joint frequency distributions of wind speed, wind direction, and
atmospheric stability. In lieu of submission with the Radioactive Effluent Release Report, the
licensee has the option of retaining this summary of required meteorological data on site in a file
that shall be provided to the NRC upon request.
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7.2.2.3 Dose Assessments

The report shall include an assessment of the radiation doses due to the radioactive liquid and
gaseous effluents released from each unit during the previous calendar year. Historical annual
average meteorology or the meteorological conditions concurrent with the time of release of
radioactive materials in gaseous effluents (as determined by sampling frequency and
measurement) shall be used for determining the gaseous pathway dose. This assessment of
radiation doses shall be performed in accordance with Sections 2.1.3, 2.4, 3.1.3, 3.1.4, 3.4.2,
3.4.3, 5.1, and 5.2.

If a determination is required by Section 5.1.2, the report shall also include an assessment of
radiation doses to the likely most exposed MEMBER OF THE PUBLIC from reactor releases and
other nearby uranium fuel cycle sources (including doses from primary effluent pathways and
direct radiation) for the previous calendar year to show conformance with 40 CFR 190,
Environmental Radiation Protection Standards for Nuclear Power Operation; this dose
assessment must be performed in accordance with Chapter 5. The report shall also include an
assessment of the radiation doses from radioactive liquid and gaseous effluents to MEMBERS OF
THE PUBLIC due to their activities inside the SITE BOUNDARY (Figure 10-1) during the report
period; this assessment must be performed in accordance with Chapter 6.

7.2.2.4 Solid Radwaste Data

For each type of solid waste shipped offsite during the report period, the following information
shall be included:

a. Container volume,

b. Total curie quantity (specify whether determined by measurement or estimate),

c. Principal radionuclides (specify whether determined by measurement or estimate),

d. Type of waste (e.g., spent resin, compacted dry waste, evaporator bottoms),

e. Type of container (e.g., LSA, Type A, Type B, Large Quantity), and

f. Solidification agent (e.g., cement, urea formaldehyde).

7.2.2.5 Licensee Initiated Document Changes

Licensee initiated changes shall be submitted to the Nuclear Regulatory Commission as a part
of or concurrent with the Radioactive Effluent Release Report for the period in which any
changes were made. Such changes to the ODCM shall be submitted pursuant to Technical
Specification 5.5.1. This requirement includes:

7.2.2.5.1 Any changes to the sampling locations in the radiological environmental
monitoring program, including any changes made pursuant to Section 4.1.1.2.3. Documentation
of changes made pursuant to Section 4.1.1.2.3 shall include supporting information identifying
the cause of the unavailability of samples.

7.2.2.5.2 Any changes to dose calculation locations or pathways, including any changes
made pursuant to Section 4.1.2.2.2.
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7.2.2.6 Descriptions of Program Deviations

Discussions of deviations from the established program shall be included in each report, as
follows:

7.2.2.6.1 The report shall include deviations from MINIMUM DETECTABLE
CONCENTRATION (MDC) requirements included in Table 3-3.

7.2.2.6.2 The report shall include deviations from the liquid and gaseous effluent
monitoring instrumentation OPERABILITY requirements included in Sections 2.1.1 and 3.1.1,
respectively. The report shall include an explanation as to why the inoperability of the liquid or
gaseous effluent monitoring instrumentation was not corrected within the specified time
requirement. (This requirement does not include the Service Water System to Closed Cooling
Water System Differential Pressure channel.)

7.2.2.6.3 The report shall include notification if the contents within any outside temporary
tank exceed the limits of Technical Specification 5.5.8.b.

7.2.2.7 MAJOR CHANGES TO RADIOACTIVE WASTE TREATMENT
SYSTEMS

As required by Sections 2.1.5 and 3.1.6, licensee initiated MAJOR CHANGES TO
RADIOACTIVE WASTE TREATMENT SYSTEMS (liquid and gaseous) shall be reported to the
Nuclear Regulatory Commission in the Radioactive Effluents Release Report covering the
period in which the change was reviewed and accepted for implementation. 1 The discussion of
each change shall contain:

a. A summary of the evaluation that led to the determination that the change could be made
in accordance with 10 CFR Part 50.59;

b. Sufficient detailed information to totally support the reason for the change without benefit
of additional or supplemental information;

c. A detailed description of the equipment, components, and processes involved and the
interfaces with other plant systems;

d. An evaluation of the change, which shows the predicted releases of radioactive materials
in liquid and gaseous effluents that differ from those previously predicted in the license
application and amendments thereto;

e. An evaluation of the change, which shows the expected maximum exposures to a
MEMBER OF THE PUBLIC in the UNRESTRICTED AREA and to the general population
that differ from those previously estimated in the license application and amendments
thereto;

In lieu of inclusion in the Radioactive Effluents Release Report, this same information may be

submitted as'part of the annual FSAR update.
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f. A comparison of the predicted releases of radioactive materials, in liquid and gaseous
effluents, to the actual releases for the period prior to when the changes are to be made;

g. An estimate of the exposure to plant operating personnel as a result of the change; and

h. Documentation.of the fact that the change was reviewed and found acceptable by the
Plant Review Board.

7.3 MONTHLY OPERATING REPORT

This ODCM establishes no requirements pertaining to the Monthly Operating Report.

7.4 SPECIAL REPORTS

Special reports shall be submitted to the Nuclear Regulatory Commission as required by
Sections 2.1.3.2, 2.1.4.2, 3.1.3.2, 3.1.4.2, 3.1.5.2, 4.1.1.2.2, and 5.1.2.
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CHAPTER 8

METEOROLOGICAL MODELS

The models presented in this chapter are those which were used to compute the specific values
of meteorology-related parameters that are referenced throughout this ODCM. These models
should also be used whenever it is necessary to calculate values of these parameters for new
locations of interest.

Note 1: When calculating values of annual average parameters for new locations, use
the joint frequency meteorological data presented in Reference 28. Those are
the data which were used to compute the specific values of meteorology-related
parameters that are referenced throughout this ODCM.

Note 2: Although Plant Hatch has no mixed-mode releases, the sections on mixed mode
calculations (8.1.3 and 8.2.3) are included to preserve section number compatibility
with the ODCMs of the other Southern Company nuclear power plants.

8.1 ATMOSPHERIC DISPERSION

Atmospheric dispersion may be calculated using the appropriate form of the sector-averaged
Gaussian model. Gaseous release elevations may be considered to be either at ground-level,
elevated, or mixed mode. Facility release elevations for each gaseous release point are as
indicated in Table 3-4.

8.1.1 Ground-Level Releases

Relative concentration calculations for ground-level releases, or for the ground-level portion of
mixed-mode releases, shall be made as follows:

(X/Q)G = 2.032 r K, n_ jk' (8.1)

(xQ) ý r IkU z

where:

(X/Q)G = the ground-level sector-averaged relative concentration for a given wind
direction (sector) and distance (s/m3).

2.032 = (2/hr) 12 divided by the width in radians of a 22.50 sector, which is 0.3927
radians.

8 = the plume depletion factor for all radionuclides other than noble gases at a
distance r shown in Figure 8-3. For noble gases, the depletion factor is unity.
If an undepleted relative concentration is desired, the depletion factor is unity.
Only depletion by deposition is considered since depletion by radioactive
decay would be of little significance at the distances considered.
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Kr = the terrain recirculation factor corresponding to a distance r, taken from
Figure 8-2.

nik = the number of hours that wind of wind speed class j is directed into the
given sector during the time atmospheric stability category k existed.

N = the total hours of valid meteorological data recorded throughout the period
of interest for all sectors, wind speed classes, and stability categories.

uj = the wind speed (mid-point of wind speed class j) at ground level (m/s).

r = the distance from release point to location of interest (m).

Xzk = the vertical standard deviation of the plume concentration distribution
considering the initial dispersion within the building wake, calculated as
follows:

2 b271rzk 2;)
zk =the lesser of OR (8.2)

Gzk = the vertical standard deviation of the plume concentration distribution (m)
for a given distance and stability category k as shown in Figure 8-1. The
stability category is determined by the vertical temperature gradient AT/Az
(O0/1 00 m).

t = 3.1416.

b = the maximum height of adjacent plant structure (47 m).

8.1.2 Elevated Releases

Relative dispersion calculations for elevated releases, or for the elevated portion of mixed-mode
releases, shall be made as follows:

_h 2

2. o32Kr J
E Nr . Uj 6 zk (8.3)
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where:

(X/Q)E = the elevated release sector-averaged relative concentration for a given
wind direction (sector) and distance (s/m 3).

k = the plume depletion factor for all radionuclides other than noble gases at a
distance r for elevated releases, as shown in Figure 8-4, Figure 8-5, and
Figure 8-6. For an elevated release, this factor is stability dependent. For
noble gases, the depletion factor is unity. If an undepleted relative
concentration is desired, the depletion factor is unity. Only depletion by
deposition is considered since depletion by radioactive decay would be of
little significance at the distances considered.

njk = the number of hours that wind of wind speed class j is directed into the
given sector during the time atmospheric stability category k existed.

u1  = the wind speed (mid-point of wind speed class j) at the effective release
height h (m/s).

h = the effective height of the release (m), which is calculated as follows:

h = hV - ht (8.4)

h, the height of the release point (m), which is the height of the main stack,
120 m.

ht = the maximum terrain height between the release point and the point of

interest (m), from Figure 2.3-12 of Reference 8.

All other symbols are as previously defined in Section 8.1.1.

8.1.3 Mixed-Mode Releases

Relative dispersion calculations for mixed-mode releases shall be made as follows:

(XIQ)M =(1 - E) . (X/Q)E + E . (X/Q)G (8.5)

where:

(X/Q)M the mixed mode release sector-averaged relative concentration for a given
wind direction (sector) and distance (s/m3).

Effective release height may be further adjusted for plume rise in accordance with Paragraph

2.3.5.2.2 of Reference 8.
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E = the fraction of hours during which releases are considered as ground-level
releases, calculated as follows:

1.0 for W • < 1.0
U.

2.5 8 -1. 5 8 .W° "1 for l.O<W° <1.5
EU= ) Uj (8.6)

0.3-0.06. iO_ for 1.5 < •O<_5.0
U. U.

0 forW° >5.0
AU.

All other symbols are as previously defined.
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8.2 RELATIVE DEPOSITION

Plume depletion may be calculated using the appropriate form of the sector-averaged Gaussian
model. Gaseous release elevations may be considered to be either at ground-level, elevated,
or mixed-mode. Facility release elevations for each gaseous release points are as indicated in
Table 3-4.

8.2.1 Ground-Level Releases

Relative deposition calculations for ground-level releases, or for the ground-level portion of
mixed-mode releases, shall be made as follows:

2 .55Dg Kr
(D/Q)G N Znk (8.7)

k

where:

(D/Q)G = the ground-level sector-averaged relative deposition for a given wind
direction (sector) and distance (m- 2).

2.55 = the inverse of the number of radians in a 22.50 sector [= (2 Tr/1 6)-].

D9  = the deposition rate at distance r, taken from Figure 8-7 for ground-level
releases (m-1).

nk = the number of hours in which the wind is directed into the sector of.interest,

and during which stability category k exists.

All other symbols are as defined previously in Section 8.1.

8.2.2 Elevated Releases

Relative deposition calculations for elevated releases, or for the elevated portion of mixed-
mode releases, shall be made as follows:

(DQ)E = 255Kr (nk Dek) (8.8)
N r k

where:

(D/Q)E = the elevated-plume sector-averaged relative deposition for a given wind
direction (sector) and distance (m-2).

Dek = the elevated plume deposition rate at distance r, taken from Figure 8-8,
Figure 8-9, or Figure 8-10, as appropriate to the plume effective release
height h defined in Section 8.1.2, for stability class k (m-1 ).
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All other symbols are as defined previously.

8.2.3 Mixed-Mode Releases

Relative deposition calculations for mixed-mode releases shall be made as follows:

(D/Q)M (1 - E). (D/Q)E + E. (D/Q)G (8.9)

where:

(D/Q)M = the mixed-mode release sector-averaged relative deposition for a given wind
direction (sector) and distance (m- 2).

E = the fraction of hours during which releases are considered as ground-level
releases, defined in Section 8.1.3.

All other symbols are as previously defined.
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8.3 ELEVATED PLUME DOSE FACTORS

Certain gaseous effluent dose calculations require the use of the elevated-plume noble gas
dose parameters Bi or Vi, which are first defined in Section 3.4. These parameters are
calculated as follows:

BiK n j, Aci .1pa, .Ee.Ik,(r) (8.10)
rN j,k, u

_i 1.1K . njk "ai-"!a,, EC IkE~r) .e -(/UTE A.d)11
1.Kvi_ __ _ _ _ _ __ e f~d (8.11)

rN j,k,e [ k j

where:

K = a numerical constant representing the aggregated numerical constants and
unit conversions, 2.1 x 104.

Ai= the number of photons in energy group E emitted per transformation of
radionuclide i (number/decay).

aa, = the air energy absorption coefficient for photons in energy group F (m-1 ).

EC= the photon energy assigned to energy group E (MeV).

Ik,(r) = the (dimensionless) result of integrating the emission and attenuation of
photons of energy group £, over the entire spatial activity distribution of a
plume that has spread under atmospheric stability classification k, for a dose
receptor at downwind distance r (see below for calculational method).

1.1 = the average ratio of the photon energy absorption coefficient for tissue to that
of air over the energy range of interest. This ratio converts air dose (rad) to
dose equivalent (rem).

pT• = the tissue energy absorption coefficient for photons in energy group E (cm2/g).

d = the tissue density thickness taken to represent the depth at which total body
dose is received (5.0 g/cm 2).

All other symbols are as previously defined.

For a sector-averaged plume model like that described in Section 8.1, the dose integral Ik,(r) is

calculated as follows:
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Ik (r)= 3/2 B (i ,,u• ,R)xG(z,kr)xA(p,,R)xLdLdz (8.12)
2 00

where:

L = the upwind or downwind distance from the differential volume element of the
plume to the dose receptor point.

z = the vertical distance from the differential volume element of the plume to the
dose receptor point.

R = the total distance from the differential volume element of the plume to the dose
receptor point:

R=IL-
2 -+z

Bg = the air dose buildup factor through a thickness R of air:

Bg =1+ +L(Je -zpa, E'xRya,

PE = the total photon attenuation coefficient in air, for energy group F (m-1).

G = the function describing the vertical distribution of activity in a plume that has
travelled downwind a distance r from the point of emission, at an effective
height h, under stability classification k:

G=exp[(z-h)j2 (z+ + h)2
... . . + exp
|2a2-- 2a 2_

S zk zk

A = the attenuation and geometric loss factor for photons in energy group e, for the
distance R from the differential plume volume element to the dose receptor
point:

A=exp [- /uR]
A= p~

R2

27r L dL dz = the volume of the differential plume element. (When the 2n is factored out
into the constants in equations (8.10), (8.11), and (8.12), only L dL dz is
left.)

All other symbols are as previously defined.
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A derivation of the model describing the gamma dose rate from an elevated finite plume is found
in Chapter 7 of Reference 19. Numerical methods for evaluating the dose integral are found in
Appendix F of Reference 3. Details of the numerical methods used there may be found in
Reference 20.
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Table 8-1 Terrain Elevation Above Plant Site Grade

This table intentionally left blank.
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Range of Vertical Temperature Range of Vertical Temperature
Category Gradient (°C/100 m) Gradient (°F/100ft)

A AT/AZ < -1.9 AT/AZ < -1.0
B -1.9• AT/AZ < -1.7 -1.0Q <AT/AZ < -0.9
C -1.7• AT/AZ < -1.5 -0.9• AT/AZ < -0.8
D -1.5 < AT/AZ < -0.5 -0.8 < AT/AZ < -0.3
E -0.5• AT/AZ < 1.5 -0.3• AT/AZ < 0.8
F 1.5 AT/AZ < 4.0 0.8 < AT/AZ < 2.2
G 4.0 <AT/AZ 2.2 <AT/AZ

This graph is reproduced from Reference 5 (Figure 1).

Figure 8-1 Vertical Standard Deviation of Material in a Plume (0,)
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This graph is reproduced from Reference 4.

Figure 8-2 Terrain Recirculation Factor (Kr)
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This graph is reproduced from Reference 5 (Figure 2).

Figure 8-3 Plume Depletion Effect for Ground-Level Releases
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This graph is reproduced from Reference 5 (Figure 3).

Figure 8-4 Plume Depletion Effect for 30-Meter Releases
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This graph is reproduced from Reference 5 (Figure 4).

Figure 8-5 Plume Depletion Effect for 60-Meter Releases
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Figure 8-6 Plume Depletion Effect for 100-Meter Releases
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Figure 8-7 Relative Deposition for Ground-Level Releases
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Figure 8-8 Relative Deposition for 30-Meter Releases
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Figure 8-9 Relative Deposition for 60-Meter Releases
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Figure 8-10 Relative Deposition for 100-Meter (or Greater) Releases
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CHAPTER 9

METHODS AND PARAMETERS FOR CALCULATION OF

GASEOUS EFFLUENT PATHWAY DOSE FACTORS, Raipi

9.1 INHALATION PATHWAY FACTOR

For the inhalation pathway, Raipj in (mrem/y) per (gCi/m 3) is calculated as follows (Reference 1,

Section 5.3.1.1):

Raipj = Ki (BR)a (DFA)aij (9.1)

where:

K1  = the units conversion factor: 106 pCi/tCi.

(BR)a = the breathing rate of receptor age group a, in m3/y, from Table 9-5.

(DFA)aij = the inhalation dose factor for receptor age group a, radionuclide i, and
organ j, in mrem/pCi, from Table 9-7 through Table 9-10.
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9.2 GROUND PLANE PATHWAY FACTOR

For the ground plane external exposure pathway, Raipj in (m2.mrem/y) per ([iCi/s) is calculated
as follows (Reference 1, Section 5.3.1.2):

Raipj = K1 • K2 (SHF). (DFG)ij{ -A (9.2)

where:

K1  = the units conversion factor: 106 pCi/LCi.

K2  = the units conversion factor: 8760 h/y.

(SHF) = the shielding factor due to structure (dimensionless). The value used for
(SHF) is 0.7, from (Reference 3, Table E-15).

(DFG)ij = the ground plane dose factor for radionuclide i and organ j, in (mrem/h) per
(pCi /m ), from Table 9-15. Dose factors are the same for all age groups,
and those for the total body also apply to all organs other than skin.

,i the radioactive decay constant for radionuclide i, in s1. Values of ki used in
effluent calculations should be based on decay data from a recognized and
current source, such as Reference 26.

t the exposure time, in s. The value used for t is 4.73 x 108 s (= 15 y), from
(Reference 1, Section 5.3.1.2).

9.3 GARDEN VEGETATION PATHWAY FACTOR

For radionuclides other than tritium in the garden vegetation consumption pathway, Raipj in
(m2.mrem/y) per (jiCi/s) is calculated as follows (Reference 1, Section 5.3.1.5):

RI.pj = K, " r .(DFL),,ij * (U.Le;L + U,,(S e ) 19.3)

ap (At r+ AjU~fet

where:

K1  = the units conversion factor: 106 pCi/jtCi.

r = the fraction of deposited activity retained on the edible parts of garden
vegetation (dimensionless). The value used for r is 1.0 for radioiodines and
0.2 for particulates, from (Reference 3, Table E-1).

Yv the areal density (Vgricultural productivity) of growing leafy garden
vegetation, in kg/m , from Table 9-1.
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Xi the radioactive decay constant for radionuclide i, in s-'. Values of ki used
in effluent calculations should be based on decay data from a recognized
and current source, such as Reference 26.

Xw the rate constant for removal of activity on leaf and plant surfaces by
weathering, in s-1, from Table 9-1.

(DFL)aij = the ingestion dose factor for receptor age group a, radionuclide i, and
organ j, in mrem/pCi, from Table 9-11 through Table 9-14.

UaL = the consumption rate of fresh leafy garden vegetation. by a receptor in
age group a, in kg/y, from Table 9-5.

Uas = the consumption rate of stored garden vegetation by a receptor in age
group a, in kg/y, from Table 9-5.

fL the fraction of the annual intake of fresh leafy garden vegetation that is
grown locally (dimensionless), from Table 9-1.

fg the fraction of the annual intake of stored garden vegetation that is grown
locally (dimensionless), from Table 9-1.

tL = the average time between harvest of fresh leafy garden vegetation and its
consumption, in s, from Table 9-1.

thv the average time between harvest of stored garden vegetation and its
consumption, in s, from Table 9-1.

For tritium in the garden vegetation consumption pathway, Raipj in (mrem/y) per (liCi/m 3) is
calculated as follows (Reference 1, Section 5.3.1.5), based on the concentration in air rather
than deposition onto the ground:

Raipj =K 1 K3 "(DFL)aij "(UaLfL +UaSfg 0.75"0)(9.4)

where:

3K3  = the units conversion factor: 10 g/kg.

H = the absolute humidity of atmospheric air, in g/m 3, from Table 9-1.

0.75 = the fraction of the mass of total garden vegetation that is water
(dimensionless).

0.5 = the ratio of the specific activity of tritium in garden vegetation water to that in
atmospheric water (dimensionless).

and other parameters are as defined above.
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Table 9-1 Miscellaneous Parameters for the Garden Vegetation Pathway

The following parameter values are for use in calculating Raipj for the garden vegetation pathway
only. The terms themselves are defined in Section 9.3.

Parameter Value Reference

Yv 2.0 kg/m 2  Ref. 3, Table E-15

xW 5.73 x 10-7 s 1  Ref. 1, page 33

(14-day half-life)

fL 1.0 Ref. 1, page 36

f9 0.76 Ref. 1, page 33

tL 8.6 x 104S Ref. 3, Table E-15

(1 day)

thy 5.18 x 106S Ref. 3, Table E-15

(60 days)

H 8 g/m 3 Ref. 3
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9.4 GRASS-COW-MILK PATHWAY FACTOR

2For radionuclides other than tritium in the grass-cow-milk pathway, Raipj in (m 2mrem/y) per
(pCi/s) is calculated as follows (Reference 1, Section 5.3.1.3):

R.ip,.= K , QF Uap F,,, (DFL)aij . ff + (• - (9.5)
YP .+ W(95)

where:

K1  = the units conversion factor: 106 pCi/gCi.

r = the fraction of deposited activity retained on the edible parts of vegetation
(dimensionless). The value used for r is 1.0 for radioiodines and 0.2 for
particulates, from (Reference 3, Table E-1).

Xi =the radioactive decay constant for radionuclide i, in s-1. Values of Xj used in
effluent calculations should be based on decay data from a recognized and
current source, such as Reference 26.

?,w the rate constant for removal of activity on leaf and plant surfaces by
weathering, in s-1, from Table 9-2.

QF = the cow's consumption rate of feed, in kg/d, from Table 9-2.

Uap the consumption rate of cow milk by a receptor in age group a, in L/y, from
Table 9-5.

Fmi = the stable element transfer coefficient applicable to radionuclide i, for cow's
milk, in d/L, from Table 9-6.

(DFL)aij = the ingestion dose factor for receptor age group a, radionuclide i, and organ
j, in mrem/pCi, from Table 9-11 through Table 9-14.

fp = the fraction of the year that the cow is on pasture (dimensionless), from
Table 9-2.

fs = the fraction of the cow's feed that is pasture grass while the cow is on
pasture (dimensionless), from Table 9-2.

Yp the areal density (agricultural productivity) of growing pasture feed grass, in
kg/m 2, from Table 9-2.

Ys = the areal density (agricultural productivity) of growing stored feed, in kg/m 2,
from Table 9-2.
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thim the transport time from harvest of stored feed to its consumption by the
cow, in s, from Table 9-2.

tf = the transport time from consumption of feed by the cow, to consumption of
milk by the receptor, in s, from Table 9-2.

For tritium in the grass-cow-milk pathway, Raipj in (mrem/y) per (ýLCi/m 3) is calculated as follows
(Reference 1, Section 5.3.1.5), based on the concentration in air rather than deposition onto the
ground:

Raipj KI ' K3 QF Uap -Fmi "(DFL)aij "0.75 0.5) (9.6)

where:

K3  = the units conversion factor: 103 g/kg.

H = the absolute humidity of atmospheric air, in g/m3, from Table 9-2.

0.75 = the fraction of the mass of total vegetation that is water (dimensionless).

0.5 = the ratio of the specific activity of tritium in vegetation water to that in
atmospheric water (dimensionless).

and other parameters are as defined above.
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Table 9-2 Miscellaneous Parameters for the Grass-Cow-Milk Pathway

The following parameter values are for use in calculating Raipj for the grass-cow-milk pathway
only. The terms themselves are defined in Section 9.4.

Parameter Value Reference

5.73 x 10-7s1 Ref. 1, page 33

(14-day half-life)

QF 50 kg/d Ref. 3, Table E-3

fp 1.0 Ref. 1, page 33

f, 1.0 Ref. 1, page 33

YP 0.7kg/m2  Ref. 3, Table E-15

Ys 2.0 kg/m 2  Ref. 3, Table E-15

thm 7.78 x 106s Ref. 3, Table-E-15
(90 days)

tf 1.73 x 105 s Ref. 3,Table E-15
(2 days)

H 8 g/m 3 Ref. 3
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9.5 GRASS-GOAT-MILK PATHWAY FACTOR

2For radionuclides other than tritium in the grass-goat-milk pathway, Raipi in (m mrem/y) per
(ýtCi/s) is calculated as follows (Reference 1, Section 5.3.1.3):

rfpfs +e-s)e 2th Iit f
Raipj = K1 r QF "Uap " Fmi 1(DFL)ai " f .ee (9.7)(i+A)Yp Ys

where:

K1  - the units conversion factor: 106 pCi/jaCi.

r the fraction of deposited activity retained on the edible parts of vegetation
(dimensionless). The value used for r is 1.0 for radioiodines and 0.2 for
particulates, from (Reference 3, Table E-1).

x =i the radioactive decay constant for radionuclide i, in s-. Values of Xi used
in effluent calculations should be based on decay data from a recognized
and current source, such as Reference 26.

w = the rate constant for removal of activity on leaf and plant surfaces by
weathering, in s1, from Table 9-3.

QF = the goat's consumption rate of feed, in kg/d, from Table 9-3.

Uap = the consumption rate of goat milk by a receptor in age group a, in L/y, from
Table 9-5.

Fmi the stable element transfer coefficient applicable to radionuclide i, for goat's
milk, in d/L, from Table 9-6.

(DFL)aij = the ingestion dose factor for receptor age group a, radionuclide i, and organ
j, in mrem/pCi, from Table 9-11 through Table 9-14.

fp = the fraction of the year that the goat is on pasture (dimensionless), from
Table 9-3.

fs = the fraction of the goat's feed that is pasture grass while the goat is on
pasture (dimensionless), from Table 9-3.

Yp = the areal density (agricultural productivity) of growing pasture feed grass, in
kg/m 2, from Table 9-3.

Y = the areal density (agricultural productivity) of growing stored feed, in kg/M2,
from Table 9-3.
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thm = the transport time from harvest of stored feed to its consumption by the
goat, in s, from Table 9-3.

tf = the transport time from consumption of feed by the goat, to consumption of
milk by the receptor, in s, from Table 9-3.

For tritium in the grass-goat-milk pathway, Raipj in (mrem/y) per (jiCi/m 3) is calculated as follows
(Reference 1, Section 5.3.1.5), based on the concentration in air rather than deposition onto the
ground:

R.ipj =K *K3 "QF U "Fi (DFL)ij .0.75. 05- (9.8)

where:

K3  = the units conversion factor: 103 g/kg.

H = the absolute humidity of atmospheric air, in g/m3, from Table 9-3.

0.75 = the fraction of the mass of total vegetation that is water (dimensionless).

0.5 = the ratio of the specific activity of tritium in vegetation water to that in
atmospheric water (dimensionless).

and other parameters are as defined above.
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Table 9-3 Miscellaneous Parameters for the Grass-Goat-Milk Pathway

The following parameter values are for use in calculating Raipj for the grass-goat-milk pathway
only. The terms themselves are defined in Section 9.5.

Parameter Value Reference

5.73 x 10-7 S-1 Ref. 1, page 33
(14-day halfflife)

QF 6 kg/d Ref. 3, Table E-3

fp 1.0 Ref. 1, page 33

f, 1.0 Ref. 1, page 33

YP 0.7 kg/m 2  Ref. 3, Table E-15

YS 2.0 kg/m 2  Ref. 3, Table E-15

thm 7.78 x 106S Ref. 3, Table E-15
(90 days)

tf 1.73 x 105 s Ref. 3, Table E-15
(2 days)

H 8 g/m3 Ref. 3
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9.6 GRASS-COW-MEAT PATHWAY FACTOR

For radionuclides other than tritium in the grass-cow-meat pathway, Raipj in (m2 mrem/y) per
(jtCi/s) is calculated as follows (Reference 1, Section 5.3.1.4):

Raipj=K (ri QF'Uap'Ffi'(DFL)aij" + fpfs fpfs)e-ithmf (9.9)(A + -W •p e-YifS9

where:

K1  the units conversion factor: 106 pCi/pCi.

r the fraction of deposited activity retained on the edible parts of vegetation
(dimensionless). The value used for r is 1.0 for radioiodines and .0.2 for
particulates, from (Reference 3, Table E-1).

Xi =the radioactive decay constant for radionuclide i, in s-1. Values of Xi used
in effluent calculations should be based on decay data from a recognized
and current source, such as Reference 26.

w = the rate constant for removal of activity on leaf and plant surfaces by
weathering, in s-1, from Table 9-4.

QF = the cow's consumption rate of feed, in kg/d, from Table 9-4.

Uap the consumption rate of meat by a receptor in age group a, in kg/y, from
Table 9-5.

Ffi = the stable element transfer coefficient applicable to radionuclide i, for meat,
in d/kg, from Table 9-6.

(DFL)aij = the ingestion dose factor for receptor age group a, radionuclide i, and organ
j, in mrem/pCi, from Table 9-11 through Table 9-14.

fp = the fraction of the year that the cow is on pasture (dimensionless), from
Table 9-4.

fs = the fraction of the cow's feed that is pasture grass while the cow is on
pasture (dimensionless), from Table 9-4.

Yp the areal density (agricultural productivity) 'of growing pasture feed grass, in
kg/m2, from Table 9-4.

Ys = the areal density (agricultural productivity) of growing stored feed, in kg/m2n

from Table 9-4.
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thm = the transport time from harvest of stored feed to its consumption by the
cow, in s, from Table 9-4.

tf =the transport time from consumption of feed by the cow, to consumption of
meat by the receptor, in s, from Table 9-4.

For tritium in the grass-cow-meat pathway, Raipi in (mrem/y) per (PCi/m 3) is calculated as
follows (Reference 1, Section 5.3.1.4), based on the concentration in air rather than deposition
onto the ground:

Raipj -KI -K3 'QF 'Uap 'Ffi -(DFLtaj .7 (9.10)

where:

K3  = the units conversion factor: 103 g/kg.

H = the absolute humidity of atmospheric air, in g/m 3, from Table 9-4.

0.75 = the fraction of the mass of total vegetation that is water (dimensionless).

0.5 = the ratio of the specific activity of tritium in vegetation water to that in
atmospheric water (dimensionless).

and other parameters are as defined above.
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Table 9-4 Miscellaneous Parameters for the Grass-Cow-Meat Pathway

The following parameter values are for use in calculating
only. The terms themselves are defined in Section 9.6.

Raipj for the grass-cow-meat pathway

Parameter Value Reference

xw 5.73 x 10-7 S"1  Ref. 1, page 33
(14-day half-life)

QF 50 kg/d Ref. 3, Table E-3

fp 1.0 Ref. 1, page 33

fs 1.0 Ref. 1, page 33

Yp 0.7 kg/mi2  Ref. 3, Table E-15

Ys 2.0 kg/mr2  Ref. 3, Table E-15

thm 7.78 x 106 S Ref. 3, Table E-15
(90 days)

tf 1.73 x 106 s Ref. 3, Table E-15
(20 days) _ _ __ _ __3

H 8 g/m 3 Ref. 3
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Table 9-5 Individual Usage Factors

UsIage Factor nfaReceptor Age Group

Infant _ Child Teenager. Adult

Milk Consumption Rate, Uap 330 330 400 310

(L/y)
Meat Consumption Rate, Uap 0 41 65 110

(kg/y)

Fresh Leafy Garden Vegetation 0 26 42 64

Consumption Rate, UaL
(kg/y)

Stored Garden Vegetation 0 520 630 520

Consumption Rate, Uas
(kg/y)

Breathing Rate, (BR)a 1400 3700 8000 8000

(m 3/y) I _ _ _ _ _ _ _ _ I_ _ _ I______I_

All values are from Reference 3, Table E-5.
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Table 9-6 Stable Element Transfer Data

Cow Milk Goat Milk Meat
Element Fm (d/L)* Fm (d/L)+ Ff (d/kg)*

H 1.0 E-02 1.7 E-01 1.2 E-02
C 1.2 E-02 1.0 E-01 3.1 E-02

Na 4.0 E-02 4.0 E-02 3.0 E-02
P 2.5 E-02 2.5 E-01 4.6 E-02

Cr 2.2 E-03 2.2 E-03 2.4 E-03
Mn 2.5 E-04 2.5 E-04 8.0 E-04
Fe 1.2 E-03 1.3 E-04 4.0 E-02
Co 1.0 E-03 1.0 E-03 1.3 E-02
Ni 6.7 E-03 6.7 E-03 5.3 E-02

Cu 1.4 E-02 1.3 E-02 8.0 E-03
Zn 3.9 E-02 3.9 E-02 3.0 E-02
Br 5.0 E-02 5.0 E-02 2.6 E-02
Rb 3.0 E-02 3.0 E-02 3.1 E-02
Sr 8.0 E-04 1.4 E-02 6.0 E-04
Y 1.0 E-05 1.0 E-05 4.6 E-03
Zr 5.0 E-06 5.0 E-06 3.4 E-02
Nb 2.5 E-03 2.5 E-03 2.8 E-01
Mo 7.5 E-03 7.5 E-03 8.0 E-03
Tc 2.5 E-02 2.5 E-02 4.0 E-01
Ru 1.0 E-06 1.0 E-06 4.0 E-01
Rh 1.0 E-02 1.0 E-02 1.5 E-03
Ag 5.0 E-02 5.0 E-02 1.7 E-02
Sb 1.5 E-03 1.5 E-03 4.0 E-03
Te 1.0 E-03 1.0 E-03 7.7 E-02
1 6.0 E-03 6.0 E-02 2.9 E-03

Cs 1.2 E-02 3.0 E-01 4.0 E-03
Ba 4.0 E-04 4.0 E-04 3.2 E-03
La 5.0 E-06 5.0 E-06 2.0 E-04
Ce 1.0 E-04 1.0 E-04 1.2 E-03
Pr 5.0 E-06 5.0 E-06 4.7 E-03
Nd 5.0 E-06 5.0 E-06 3.3 E-03
W 5.0 E-04 5.0 E-04 1.3 E-03
Np 5.0 E-06 5.0 E-06 2.0 E-04

Values from Reference

and Sb.
3 (Table E-1) except as follows: Reference 2 (Table C-5) for Br

+ Values from Reference 3, Table E-2 for H, C, P, Fe, Cu, Sr, I, and Cs in goat milk, and
Table E-1 for all other elements in cow milk, except as follows: Reference 2 (Table C-5)
for Br and Sb in cow milk.
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Table 9-7 Inhalation Dose Factors for the Infant Age Group

Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI

H-3 No Data 4.62E-07 4.62E-07 4.62E-07 4.62E-07 4.62E-07 4.62E-07

C-14 1.89E-05 3.79E-06 3.79E-06 3.79E-06 3.79E-06 3.79E-06 3.79E-06

Na-24 7.54E-06 7.54E-06 7.54E-06 7.54E-06 7.54E-06 7.54E-06 7.54E-06

P-32 1.45E-03 8.03E-05 5.53E-05 No Data No Data No Data 1.15E-05

Cr-51 No Data No Data 6.39E-08 4.11E-08 9.45E-09 9.17E-06 2.55E-07

Mn-54 No Data 1.81E-05 3.56E-06 No Data 3.56E-06 7.14E-04 5.04E-06

Mn-56 No Data 1.10E-09 1.58E-10 No Data 7.86E-10 8.95E-06 5.12E-05

Fe-55 1.41 E-05 8.39E-06 2.38E-06 No Data No Data 6.21 E-05 7.82E-07

Fe-59 9.69E-06 1.68E-05 6.77E-06 No Data No Data 7.25E-04 1.77E-05

Co-58 No Data 8.71 E-07 1.30E-06 No Data No Data 5.55E-04 7.95E-06

Co-60 No Data 5.73E-06 8.41 E-06 No Data No Data 3.22E-03 2.28E-05

Ni-63 2.42E-04 1.46E-05 8.29E-06 No Data No Data 1.49E-04 1.73E-06

Ni-65 1.71E-09 2.03E-10 8.79E-11 No Data No Data 5.80E-06 3.58E-05

Cu-64 No Data 1.34E-09 5.53E-10 No Data 2.84E-09 6.64E-06 1.07E-05

Zn-65 1.38E-05 4.47E-05 2.22E-05 No Data 2.32E-05 4.62E-04 3.67E-05

Zn-69 3.85E-11 6.91E-11 5.13E-12 No Data 2.87E-11 1.05E-06 9.44E-06

Br-83 No Data No Data 2.72E-07 No Data No Data No Data No Data

Br-84 No Data No Data 2.86E-07 No Data No Data No Data No Data

Br-85 No Data No Data 1.46E-08 No Data No Data No Data No Data

Rb-86 No Data 1.36E-04 6.30E-05 No Data No Data No Data 2.17E-06

Rb-88 No Data 3.98E-07 2.05E-07 No Data No Data No Data 2.42E-07

Rb-89 No Data 2.29E-07 1.47E-07 No. Data No Data No Data 4.87E-08

Sr-89 2.84E-04 No Data 8.15E-06 No Data No Data 1.45E-03 4.57E-05

Sr-90 2.92E-02 No Data 1.85E-03 No Data No Data 8.03E-03 9.36E-05

Sr-91 6.83E-08 No Data 2.47E-09 No Data No Data 3.76E-05 5.24E-05

All values are in (mrem/pCi inhaled). They are obtained from Reference 3 (Table E-10).
Neither Reference 2 nor Reference 3 contains data for Rh-105, Sb-124, or Sb-125.
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Table 9-7 (contd) Inhalation Dose Factors for the Infant Age Group

Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI

Sr-92 7.50E-09 No Data 2.79E-10 No Data No Data 1.70E-05 1.OOE-04

Y-90 2.35E-06 No Data 6.30E-08 No Data No Data 1.92E-04 7.43E-05

Y-91rm 2.91 E-10 No Data 9.90E-12 No Data No Data 1.99E-06 1.68E-06

Y-91 4.20E-04 No Data 1.12E-05 No Data No Data 1.75E-03 5.02E-05

Y-92 1.17E-08 No Data 3.29E-10 No Data No Data 1.75E-05 9.04E-05

Y-93 1.07E-07 No Data 2.91E-09 No Data No Data 5.46E-05 1.19E-04

Zr-95 8.24E-05 1.99E-05 1.45E-05 No Data 2.22E-05 1.25E-03 1.55E-05

Zr-97 1.07E-07 1.83E-08 8.36E-09 No Data 1.85E-08 7.88E-05 1.OOE-04

Nb-95 1.12E-05 4.59E-06 2.70E-06 No Data 3.37E-06 3.42E-04 9.05E-06

Mo-99 No Data 1.18E-07 2.31E-08 No Data 1.89E-07 9.63E-05 3.48E-05

Tc-99m 9.98E-13 2.06E-12 2.66E-11 No Data 2.22E-11 5.79E-07 1.45E-06

Tc-101 4.65E-14 5.88E-14 5.80E-13 No Data 6.99E-13 4.17E-07 6.03E-07

Ru-103 1.44E-06 No Data 4.85E-07 No Data 3.03E-06 3.94E-04 1.15E-05

Ru-105 8.74E-10 No Data 2.93E-10 No Data 6.42E-10 1.12E-05 3.46E-05

Ru-106 6.20E-05 No Data 7.77E-06 No Data 7.61E-05 8.26E-03 1.17E-04

Rh-105 No Data No Data No Data No Data No Data No Data No Data

Ag-110m 7.13E-06 5.16E-06 3.57E-06 No Data 7.80E-06 2.62E-03 2.36E-05

Sb-124 No Data No Data No Data No Data No Data No Data No Data

Sb-125 No Data No Data No Data No Data No Data No Data No Data

Te-125m 3.40E-06 1.42E-06 4.70E-07 1.16E-06 No Data 3.19E-04 9.22E-06

Te-127m 1.19E-05 4.93E-06 1.48E-06 3.48E-06 2.68E-05 9.37E-04 1.95E-05

Te-127 1.59E-09 6.81E-10 3.49E-10 1.32E-09 3.47E-09 7.39E-06 1.74E-05

Te-129m 1.01E-05 4.35E-06 1.59E-06 3.91E-06 2.27E-05 1.20E-03 4.93E-05

Te-129 5.63E-11 2.48E-11 1.34E-11 4.82E-11 1.25E-10 2.14E-06 1.88E-05

Te-131m 7.62E-08 3.93E-08 2.59E-08 6.38E-08 1.89E-07 1.42E-04 8.51E-05

Te-131 1.24E-11 5.87E-12 3.57E-12 1.13E-11 2.85E-11 1.47E-06 5.87E-06
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Table 9-7 (contd) Inhalation Dose Factors for the Infant Age Group

Nuclide Bone Liver T. Body I Thyroid I Kidney Lung GI-LLI

Te-132 2.66E-07 1.69E-07 1.26E-07 1.99E-07 7.39E-07 2.43E-04 3.15E-05

1-130 4.54E-06 9.91E-06 3.98E-06 1.14E-03 1.09E-05 No Data 1.42E-06

1-131 2.71E-05 3.17E-05 1.40E-05 1.06E-02 3.70E-05 No Data 7.56E-07

1-132 1.21E-06 2.53E-06 8.99E-07 1.21E-04 2.82E-06 No Data 1.36E-06

1-133 9.46E-06 1.37E-05 4.OOE-06 2.54E-03 1.60E-05 No Data 1.54E-06

1-134 6.58E-07 1.34E-06 4.75E-07 3.18E-05 1.49E-06 No Data 9.21 E-07

1-135 2.76E-06 5.43E-06 1.98E-06 4.97E-04 6.05E-06 No Data 1.31 E-06

Cs-134 2.83E-04 5.02E-04 5.32E-05 No Data 1.36E-04 5.69E-05 9.53E-07

Cs-136 3.45E-05 9.61E-05 3.78E-05 No Data 4.03E-05 8.40E-06 1.02E-06

Cs-137 3.92E-04 4.37E-04 3.25E-05 No Data 1.23E-04 5.09E-05 9.53E-07

Cs-138 3.61E-07 5.58E-07 2.84E-07 No Data 2.93E-07 4.67E-08 6.26E-07

Ba-139 1.06E-09 7.03E-13 3.07E-11 No Data 4.23E-13 4.25E-06 3.64E-05

Ba-140 4.OOE-05 4.OOE-08 2.07E-06 No Data 9.59E-09 1.14E-03 2.74E-05

Ba-141 1.12E-10 7.70E-14 3.55E-12 No Data 4.64E-14 2.12E-06 3.39E-06

Ba-142 2.84E-11 2.36E-14 1.40E-12 No Data 1.36E-14 1.11E-06 4.95E-07

La-140 3.61E-07 1.43E-07 3.68E-08 No Data No Data 1.20E-04 6.06E-05

La-142 7.36E-10 2.69E-10 6.46E-11 No Data No Data 5.87E-06 4.25E-05

Ce-141 1.98E-05 1.19E-05 1.42E-06 No-Data 3.75E-06 3.69E-04 1.54E-05

Ce-143 2.09E-07 1.38E-07 1.58E-08 No Data 4.03E-08 8.30E-05 3.55E-05

Ce-144 2.28E-03 8.65E-04 1.26E-04 No Data 3.84E-04 7.03E-03 1.06E-04

Pr-143 1.OOE-05 3.74E-06 4.99E-07 No Data 1.41E-06 3.09E-04 2.66E-05

Pr-144 3.42E-11 1.32E-11 1.72E-12 No Data 4.80E-12 1.15E-06 3.06E-06

Nd-147 5.67E-06 5.81E-06 3.57E-07 No Data 2.25E-06 2.30E-04 2.23E-05

W-187 9.26E-09 6.44E-09 2.23E-09 No Data No Data 2.83E-05 2.54E-05

Np-239 2.65E-07 2.37E-08 1.34E-08 No Data 4.73E-08 4.25E-05 1.78E-05
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Table 9-8 Inhalation Dose Factors for the Child Age Group

Nuclide Bone I Liver T. Body Thyroid I Kidney Lung GI-LLI

H-3 No Data 3.04E-07 3.04E-07 3.04E-07 3.04E-07 3.04E-07 3.04E-07

C-14 9.70E-06 1.82E-06 1.82E-06 1.82E-06 1.82E-06 1.82E-06 1.82E-06

Na-24 4.35E-06 4.35E-06 4.35E-06 4.35E-06 4.35E-06 4.35E-06 4.35E-06

P-32 7.04E-04 3.09E-05 2.67E-05 No Data No Data No Data 1 .14E-05

Cr-51 No Data No Data 4.17E-08 2.31E-08 6.57E-09 4.59E-06 2.93E-07

Mn-54 No Data 1.16E-05 2.57E-06 No Data 2.71E-06 4.26E-04 6.19E-06

Mn-56 No Data 4.48E-10 8.43E-11 No Data 4.52E-10 3.55E-06 3.33E-05

Fe-55 1.28E-05 6.80E-06 2.1OE-06 No Data No Data 3.OOE-05 7.75E-07

Fe-59 5.59E-06 9.04E-06 4.51 E-06 No Data No Data 3.43E-04 1.91 E-05

Co-58 No Data 4.79E-07 8.55E-07 No Data No Data 2.99E-04 9.29E-06

Co-60 No Data 3.55E-06 6.12E-06 No Data No Data 1.91E-03 2.60E-05

Ni-63 2.22E-04 1.25E-05 7.56E-06 No Data No Data 7.43E-05 1.71 E-06

Ni-65 8.08E-10 7.99E-11 4.44E-11 No Data No Data 2.21E-06 2.27E-05

Cu-64 No Data 5.39E-10 2.90E-10 No Data 1.63E-09 2.59E-06 9.92E-06

Zn-65 1.15E-05 3.06E-05 1.90E-05 No Data 1.93E-05 2.69E-04 4.41E-06

Zn-69 1.81E-11 2.61E-11 2.41E-12 No Data 1.58E-11 3.84E-07 2.75E-06

Br-83 No Data No Data 1.28E-07 No Data No Data No Data No Data

Br-84 No Data No Data 1.48E-07 No Data No Data No Data No Data

Br-85 No Data No Data 6.84E-09 No Data No Data No Data No Data

Rb-86 No Data 5.36E-05 3.09E-05 No Data No Data No Data 2.16E-06

Rb-88 No Data 1.52E-07 9.90E-08 No Data No Data No Data 4.66E-09

Rb-89 No Data 9.33E-08 7.83E-08 No Data No Data No Data 5.11E-10

Sr-89 1.62E-04 No Data 4.66E-06 No Data No Data 5.83E-04 4.52E-05

Sr-90 2.73E-02 No Data 1.74E-03 No Data No Data 3.99E-03 9.28E-05

Sr-91 3.28E-08 No Data 1.24E-09 No Data No Data 1.44E-05 4.70E-05

All values are in (mrem/pCi inhaled). They are obtained from Reference 3 (Table E-9). Neither
Reference 2 nor Reference 3 contains data for Rh-105, Sb-124, or Sb-125.
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Table 9-8 (contd) Inhalation Dose Factors for the Child Age Group

Nuclide Bone Liver T. Body_[ Thyroid Kidney Lung GI-LLI

Sr-92 3.54E-09 No Data 1.42E-10 No Data No Data 6.49E-06 6.55E-05

Y-90 1.11 E-06 No Data 2.99E-08 No Data No Data 7.07E-05 7.24E-05

Y-91m 1.37E-10 No Data 4.98E-12 No Data No Data 7.60E-07 4.64E-07

Y-91 2.47E-04 No Data 6.59E-06 No Data No Data 7.1OE-04 4.97E-05

Y-92 5.50E-09 No Data 1.57E-10 No Data No Data 6.46E-06 6.46E-05

Y-93 5.04E-08 No Data 1.38E-09 No Data No Data 2.01 E-05 1.05E-04

Zr-95 5.13E-05 1.13E-05 1.OOE-05 No Data 1.61E-05 6.03E-04 1.65E-05

Zr-97 5.07E-08 7.34E-09 4.32E-09 No Data 1.05E-08 3.06E-05 9.49E-05

Nb-95 6.35E-06 2.48E-06 1.77E-06 No Data 2.33E-06 1.66E-04 1.OOE-05

Mo-99 No Data 4.66E-08 1.15E-08 No Data 1.06E-07 3.66E-05 3.42E-05

Tc-99m 4.81 E-1 3 9.41 E-13 1.56E-1 1 No Data 1.37E-1 1 2.57E-07 1.30E-06

Tc-101 2.19E-14 2.30E-14 2.91E-13 No Data 3.92E-13 1.58E-07 4.41E-09

Ru-103 7.55E-07 No Data 2.90E-07 No Data 1.90E-06 1.79E-04 1.21E-05

Ru-105 4.13E-10 No Data 1.50E-10 No Data 3.63E-10 4.30E-06 2.69E-05

Ru-106 3.68E-05 No Data 4.57E-06 No Data 4.97E-05 3.87E-03 1.16E-04

Rh-1i05 No Data No Data No Data No Data No Data No Data No Data

Ag-110m 4.56E-06 3.08E-06 2.47E-06 No Data 5.74E-06 1.48E-03 2.71E-05

Sb-124 No Data No Data No Data No Data No Data No Data No Data

Sb-125 No Data No Data No Data No Data No Data No Data No Data

Te-125m 1.82E-06 6.29E-07 2.47E-07 5.20E-07 No Data 1.29E-04 9.13E-06

Te-127m 6.72E-06 2.31E-06 8.16E-07 1.64E-06 1.72E-05 4.OOE-04 1.93E-05

Te-127 7/49E-10 2.57E-10 1.65E-10 5.30E-10 1.91E-09 2.71E-06 1.52E-05

Te-129m 5.19E-06 1.85E-06 8.22E-07 1.71E-06 1.36E-05 4.76E-04 4.91E-05

Te-129 2.64E-11 9.45E-12 6.44E-12 1.93E-11 6.94E-11 7.93E-07 6.89E-06

Te-131m 3.63E-08 1.60E-08 1.37E-08 2.64E-08 1.08E-07 5.56E-05 8.32E-05

Te-131 5.87E-12 2.28E-12 1.78E-12 4.59E-12 1.59E-11 5.55E-07 3.60E-07
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Table 9-8 (contd) Inhalation Dose Factors for the Child Age Group

Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI

Te-132 1.30E-07 7.36E-08 7.12E-08 8.58E-08 4.79E-07 1.02E-04 3.72E-05

1-130 2.21E-06 4.43E-06 2.28E-06 4.99E-04 6.61E-06 No Data 1.38E-06

1-131 1.30E-05 1.30E-05 7.37E-06 4.39E-03 2.13E-05 No Data 7.68E-07

1-132 5.72E-07 1.1OE-06 5.07E-07 5.23E-05 1.69E-06 No Data 8.65E-07

1-133 4.48E-06 5.49E-06 2.08E-06 1.04E-03 9.13E-06 No Data 1.48E-06

1-134 3.17E-07 5.84E-07 2.69E-07 1.37E-05 8.92E-07 No Data 2.58E-07

1-135 1.33E-06 2.36E-06 1.12E-06 2.14E-04 3.62E-06 No Data 1.20E-06

Cs-134 1.76E-04 2.74E-04 6.07E-05 No Data 8.93E-05 3.27E-05 1.04E-06

Cs-136 1.76E-05 4.62E-05 3.14E-05 No Data 2.58E-05 3.93E-06 1.13E-06

Cs-1 37 2.45E-04 2.23E-04 3.47E-05 No Data 7.63E-05 2.81 E-05 9.78E-07

Cs-138 1.71E-07 2.27E-07 1.50E-07 No Data 1.68E-07 1.84E-08 7.29E-08

Ba-139 4.98E-10 2.66E-13 1.45E-11 No Data 2.33E-13 1.56E-06 1.56E-05

Ba-140 2.OOE-05 1.75E-08 1.17E-06 No Data 5.71E-09 4.71E-04 2.75E-05

Ba-141 5.29E-11 2.95E-14 1.72E-12 No Data 2.56E-14 7.89E-07 7.44E-08

Ba-142 1.35E-11 9.73E-15 7.54E-13 No Data 7.87E-15 4.44E-07 7.41E-10

La-140 1.74E-07 6.08E-08 2.04E-08 No Data No Data 4.94E-05 6.1OE-05

La-142 3.50E-10 1.11E-10 3.49E-11 No Data No Data 2.35E-06 2.05E-05

Ce-141 1.06E-05 5.28E-06 7.83E-07 No Data 2.31E-06 1.47E-04 1.53E-05

Ce-143 9.89E-08 5.37E-08 7.77E-09 No Data 2.26E-08 3.12E-05 3.44E-05

Ce-144 1.83E-03 5.72E-04 9.77E-05 No Data 3.17E-04 3.23E-03 1.05E-04

Pr-143 4.99E-06 1.50E-06 2.47E-07 No Data 8.11E-07 1.17E-04 2.63E-05

Pr-144 1.61 E-11 4.99E-12 8.10E-13 No Data 2.64E-12 4.23E-07 5.32E-08

Nd-147 2.92E-06 2.36E-06 1.84E-07 No Data 1.30E-06 8.87E-05 2.22E-05

W-187 4.41E-09 2.61E-09 1.17E-09 No Data No Data 1.11E-05 2.46E-05

Np-239 1.26E-07 9.04E-09 6.35E-09 No Data 2.63E-08 1.57E-05 1.73E-05
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Table 9-9 Inhalation Dose Factors for the Teenager Age Group

Nuclide Bone Liver T. Body Thyroid Kidney Lung i GI-LLI

H-3 No Data 1.59E-07 1.59E-07 1.59E-07 1.59E-07 1.59E-07 1.59E-07

C-14 3.25E-06 6.09E-07 6.09E-07 6.09E-07 6.09E-07 6.09E-07 6.09E-07

Na-24 1.72E-06 1.72E-06 1.72E-06 1.72E-06 1.72E-06 1.72E-06 1.72E-06

P-32 2.36E-04 1.37E-08 8.95E-06 No Data No Data No Data 1.16E-05

Cr-51 No Data No Data 1.69E-08 9.37E-09 3.84E-09 2.62E-06 3.75E-07

Mn-54 No Data 6.39E-06 1.05E-06 No Data 1.59E-06 2.48E-04 8.35E-06

Mn-56 No Data 2.12E-10 3.15E-11 No Data 2.24E-10 1.90E-06 7.18E-06

Fe-55 4.18E-06 2.98E-06 6.93E-07 No Data No Data 1.55E-05 7.99E-07

Fe-59 1.99E-06 4.62E-06 1.79E-06 No Data No Data 1.91 E-04 2.23E-05

Co-58 No Data 2.59E-07 3.47E-07 No Data No Data 1.68E-04 1.19E-05

Co-60 No Data 1.89E-06 2.48E-06 No Data No Data 1.09E-03 3.24E-05

Ni-63 7.25E-05 5.43E-06 2.47E-06 No Data No Data 3.84E-05 1.77E-06

Ni-65 2.73E-10 3.66E-11 1.59E-11 No Data No Data 1.17E-06 4.59E-06

Cu-64 No Data 2.54E-10 1.06E-10 No Data 8.01E-10 1.39E-06 7.68E-06

Zn-65 4.82E-06 1.67E-05 7.80E-06 No Data 1.08E-05 1.55E-04 5.83E-06

Zn-69 6.04E-12 1.15E-11 8.07E-13 No Data 7.53E-12 1.98E-07 3.56E-08

Br-83 No Data No Data 4.30E-08 No Data No Data No Data No Data

Br-84 No Data No Data 5.41 E-08 No Data No Data No Data No Data

Br-85 No Data No Data 2.29E-09 No Data No Data No Data No Data

Rb-86 No Data 2.38E-05 1.05E-05 No Data No Data No Data 2.21 E-06

Rb-88 No Data 6.82E-08 3.40E-08 No Data No Data No Data 3.65E-15

Rb-89 No Data 4.40E-08 2.91E-08 No Data No Data No Data 4.22E-17

Sr-89 5.43E-05 No Data 1.56E-06 No Data No Data 3.02E-04 4.64E-05

Sr-90 1.35E-02 No Data 8.35E-04 No Data No Data 2.06E-03 9.56E-05

Sr-91 1.10E-08 No Data 4.39E-10 No Data No Data 7.59E-06 3.24E-05

All values are in (mrem/pCi inhaled). They are obtained from Reference 3 (Table E-8). Neither
Reference 2 nor Reference 3 contains data for Rh-105, Sb-124, or Sb-125.
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Table 9-9 (contd) Inhalation Dose Factors for the Teenager Age Group

Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI

Sr-92 1.1 9E-09 No Data 5.08E-1 1 No Data No Data 3.43E-06 1.49E-05

Y-90 3.73E-07 No Data 1.OOE-08 No Data No Data 3.66E-05 6.99E-05

Y-91m 4.63E-11 No Data 1.77E-12 No Data No Data 4.OOE-07 3.77E-09

Y-91 8.26E-05 No Data 2.21 E-06 No Data No Data 3.67E-04 5.11 E-05

Y-92 1.84E-09 No Data 5.36E-1 1 No Data No Data 3.35E-06 2.06E-05

Y-93 1.69E-08 No Data 4.65E-10 No Data No Data 1.04E-05 7.24E-05

Zr-95 1.82E-05 5.73E-06 3.94E-06 No Data 8.42E-06 3.36E-04 1.86E-05

Zr-97 1.72E-08 3.40E-09 1.57E-09 No Data 5.15E-09 1.62E-05 7.88E-05

Nb-95 2.32E-06 1.29E-06 7.08E-07 No Data 1.25E-06 9.39E-05 1.21 E-05

Mo-99 No Data 2.11E-08 4.03E-09 No Data 5.14E-08 1.92E-05 3.36E-05

Tc-99m 1.73E-13 4.83E-13 6.24E-12 No Data 7.20E-12 1.44E-07 7.66E-07

Tc-101 7.40E-15 1.05E-14 1.03E-13 No Data 1.90E-13 8.34E-08 1.09E-16

Ru-103 2.63E-07 No Data 1.12E-07 No Data 9.29E-07 9.79E-05 1.36E-05

Ru-105 1.40E-10 No Data 5.42E-11 No Data 1.76E-10 2.27E-06 1.13E-05

Ru-106 1.23E-05 No Data 1.55E-06 No Data 2.38E-05 2.01E-03 1.20E-04

Rh-105 No Data No Data No Data No Data No Data No Data No Data

Ag-110m 1.73E-06 1.64E-06 9.99E-07 No Data 3.13E-06 8.44E-04 3.41 E-05

Sb-124 No Data No Data No Data No Data No Data No Data No Data

Sb-125 No Data No Data No Data No Data No Data No Data No Data

Te-125m 6.1OE-07 2.80E-07 8.34E-08 1.75E-07 No Data 6.70E-05 9.38E-06

Te-127m 2.25E-06 1.02E-06 2.73E-07 5.48E-07 8.17E-06 2.07E-04 1.99E-05

Te-127 2.51E-10 1.14E-10 5.52E-11 1.77E-10 9.10E-10 1.40E-06 1.01E-05

Te-129m 1.74E-06 8.23E-07 2.81E-07 5.72E-07 6.49E-06 2.47E-04 5.06E-05

Te-129 8.87E-12 4.22E-12 2.20E-12 6.48E-12 3.32E-11 4.12E-07 2.02E-07

Te-131m 1.23E-08 7.51E-09 5.03E-09 9.06E-09 5.49E-08 2.97E-05 7.76E-05

Te-131 1.97E-12 1.04E-12 6.30E-13 1.55E-12 7.72E-12 2.92E-07 1.89E-09
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Table 9-9 (contd) Inhalation Dose Factors for the Teenager Age Group

Nuclide Bone Liver T. Body Thyroid I Kidney Lung GI-LLI

Te-132 4.50E-08 3.63E-08 2.74E-08 3.07E-08 2.44E-07 5.61E-05 5.79E-05

1-130 7.80E-07 2.24E-06 8.96E-07 1.86E-04 3.44E-06 No Data 1.14E-06

1-131 4.43E-06 6.14E-06 3.30E-06 1.83E-03 1.05E-05 No Data 8.11E-07

1-132 1.99E-07 5.47E-07 1.97E-07 1.89E-05 8.65E-07 No Data 1.59E-07

1-133 1.52E-06 2.56E-06 7.78E-07 3.65E-04 4.49E-06 No Data 1.29E-06

1-134 1.11E-07 2.90E-07 1.05E-07 4.94E-06 4.58E-07 No Data 2.55E-09

1-135 4.62E-07 1.18E-06 4.36E-07 7.76E-05 1.86E-06 No Data 8.69E-07

Cs-134 6.28E-05 1.41E-04 6.86E-05 No Data 4.69E-05 1.83E-05 1.22E-06

Cs-136 6.44E-06 2.42E-05 1.71E-05 No Data 1.38E-05 2.22E-06 1.36E-06

Cs-137 8.38E-05 1.06E-04 3.89E-05 No Data 3.80E-05 1.51E-05 1.06E-06

Cs-138 5.82E-08 1.07E-07 5.58E-08 No Data 8.28E-08 9.84E-09 3.38E-11

Ba-139 1.67E-10 1.18E-13 4.87E-12 No Data 1.11E-13 8.08E-07 8.06E-07

Ba-140 6.84E-06 8.38E-09 4.40E-07 No Data 2.85E-09 2.54E-04 2.86E-05

Ba-141 1.78E-11 1.32E-14 5.93E-13 No Data 1.23E-14 4.11E-07 9.33E-14

Ba-142 4.62E-12 4.63E-15 2.84E-13 No Data 3.92E-15 2.39E-07 5.99E-20

La-140 5.99E-08 2.95E-08 7.82E-09 No Data No Data 2.68E-05 6.09E-05

La-142 1.20E-10 5.31E-11 1.32E-11 No Data No Data 1.27E-06 1.50E-06

Ce-141 3.55E-06 2.37E-06 2.71E-07 No Data 1.11E-06 7.67E-05 1.58E-05

Ce-143 3.32E-08 2.42E-08 2.70E-09 No Data 1.08E-08 1.63E-05 3.19E-05

Ce-144 6.11E-04 2.53E-04 3.28E-05 No Data 1.51E-04 1.67E-03 1.08E-04

Pr-143 1.67E-06 6.64E-07 8.28E-08 No Data 3.86E-07 6.04E-05 2.67E-05

Pr-144 5.37E-12 2.20E-12 2.72E-13 No Data 1.26E-12 2.19E-07 2.94E-14

Nd-147 9.83E-07 1.07E-06 6.41E-08 No Data 6.28E-07 4.65E-05 2.28E-05

W-187 1.50E-09 1.22E-09 4.29E-10 No Data No Data 5.92E-06 2.21 E-05

Np-239 4.23E-08 3.99E-09 2.21E-09 No Data 1.25E-08 8.11E-06 1.65E-05
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Table 9-10 Inhalation Dose Factors for the Adult Age Group

Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI

H-3 No Data 1.58E-07 1.58E-07 1.58E-07 1.58E-07 1.58E-07 1.58E-07

C-14 2.27E-06 4.26E-07 4.26E-07 4.26E-07 4.26E-07 4.26E-07 4.26E-07

Na-24 1.28E-06 1.28E-06 1.28E-06 1.28E-06 1.28E-06 1.28E-06 1.28E-06

P-32 1.65E-04 9.64E-06 6.26E-06 No Data No Data No Data 1.08E-05

Cr-51 No Data No Data 1.25E-08 7.44E-09 2.85E-09 1.80E-06 4.15E-07

Mn-54 No Data 4.95E-06 7.87E-07 No Data 1.23E-06 1.75E-04 9.67E-06

Mn-56 No Data 1.55E-10 2.29E-11 No Data 1.63E-10 1.18E-06 2.53E-06

Fe-55 3.07E-06 2.12E-06 4.93E-07 No Data No Data 9.01 E-06 7.54E-07

Fe-59 1.47E-06 3.47E-06 1.32E-06 No Data No Data 1.27E-04 2.35E-05

Co-58 No Data 1.98E-07 2.59E-07 No Data No Data 1.16E-04 1.33E-05

Co-60 No Data 1.44E-06 1.85E-06 No Data No Data 7.46E-04 3.56E-05

Ni-63 5.40E-05 3.93E-06 1.81 E-06 No Data No Data 2.23E-05 1.67E-06

Ni-65 1.92E-10 2.62E-11 1.14E-11 No Data No Data 7.OOE-07 1.54E-06

Cu-64 No Data 1.83E-10 7.69E-11 No Data 5.78E-10 8.48E-07 6.12E-06

Zn-65 4.05E-06 1.29E-05 5.82E-06 No Data 8.62E-06 1.08E-04 6.68E-06

Zn-69 4.23E-12 8.14E-12 5.65E-13 No Data 5.27E-12 1.15E-07 2.04E-09

Br-83 No Data No Data 3.01 E-08 No Data No Data No Data 2.90E-08

Br-84 No Data No Data 3.91 E-08 No Data No Data No Data 2.05E-13

Br-85 No Data No Data 1.60E-09 No Data No Data No Data No Data

Rb-86 No Data 1.69E-05 7.37E-06 No Data No Data No Data 2.08E-06

Rb-88 No Data 4.84E-08 2.41E-08 No Data No Data No Data 4.18E-19

Rb-89 No Data 3.20E-08 2.12E-08 No Data No Data No Data 1.16E-21

Sr-89 3.80E-05 No Data 1.09E-06 No Data No Data 1.75E-04 4.37E-05

Sr-90 1.24E-02 No Data 7.62E-04 No Data No Data 1.20E-03 9.02E-05

Sr-91 7.74E-09 No Data 3.13E-10 No Data No Data 4.56E-06 2.39E-05

All values are in (mrem/pCi inhaled). They are obtained from Reference 3 (Table E-7), except
as follows: Reference 2 (Table C-1) for Rh-105, Sb-124, and Sb-125.
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Table 9-10 (contd) Inhalation Dose Factors for the Adult Age Group

Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI

Sr-92 8.43E-10 No Data 3.64E-11 No Data No Data 2.06E-06 5.38E-06

Y-90 2.61 E-07 No Data 7.01 E-09 No Data No Data 2.12E-05 6.32E-05

Y-91m 3.26E-11 No Data 1.27E-12 No Data No Data 2.40E-07 1.66E-10

Y-91 5.78E-05 No Data 1.55E-06 No Data No Data 2.13E-04 4.81 E-05

Y-92 1.29E-09 No Data 3.77E-11 No Data No Data 1.96E-06 9.19E-06

Y-93 1.18E-08 No Data 3.26E-10 No Data No Data 6.06E-06 5.27E-05

Zr-95 1.34E-05 4.30E-06 2.91 E-06 No Data 6.77E-06 2.21 E-04 1.88E-05

Zr-97 1.21E-08 2.45E-09 1.13E-09 No Data 3.71E-09 9.84E-06 6.54E-05

Nb-95 1.76E-06 9.77E-07 5.26E-07 No Data 9.67E-07 6.31 E-05 1.30E-05

Mo-99 No Data 1.51E-08 2.87E-09 No Data 3.64E-08 1.14E-05 3.1OE-05

Tc-99m 1.29E-13 3.64E-13 4.63E-12 No Data 5.52E-12 9.55E-08 5.20E-07

Tc-101 5.22E-15 7.52E-15 7.38E-14 No Data 1.35E-13 4.99E-08 1.36E-21

Ru-103 1.91E-07 No Data 8.23E-08 No Data 7.29E-07 6.31E-05 1.38E-05

Ru-105 9.88E-11 No Data 3.89E-11 No Data 1.27E-10 1.37E-06 6.02E-06

Ru-106 8.64E-06 No Data 1.09E-06 No Data 1.67E-05 1.17E-03 1.14E-04

Rh-105 9.24E-10 6.73E-10 4.43E-10 No Data 2.86E-09 2.41E-06 1.09E-05

Ag-11im 1.35E-06 1.25E-06 7.43E-07 No Data 2.46E-06 5.79E-04 3.78E-05

Sb-124 3.90E-06 7.36E-08 1.55E-06 9.44E-09 No Data 3.1OE-04 5.08E-05

Sb-125 8.26E-06 8.91 E-08 1.66E-06 7.34E-09 No Data 2.75E-04 1.26E-05

Te-125m 4.27E-07 1.98E-07 5.84E-08 1.31E-07 1.55E-06 3.92E-05 8.83E-06

Te-127m 1.58E-06 7.21E-07 1.96E-07 4.11E-07 5.72E-06 1.20E-04 1.87E-05

Te-127 1.75E-10 8.03E-11 3.87E-11 1.32E-10 6.37E-10 8.14E-07 7.17E-06

Te-129m 1.22E-06 5.84E-07 1.98E-07 4.30E-07 4.57E-06 1.45E-04 4.79E-05

Te-129 6.22E-12 2.99E-12 1.55E-12 4.87E-12 2.34E-11 2.42E-07 1.96E-08

Te-1 31 m 8.74E-09 5.45E-09 3.63E-09 6.88E-09 3.86E-08 1.82E-05 6.95E-05

Te-131 1.39E-12 7.44E-13 4.49E-13 1.17E-12 5.46E-12 1.74E-07 2.30E-09
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Table 9-10 (contd) Inhalation Dose Factors for the Adult Age Group

Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI

Te-1 32 3.25E-08 2.69E-08 2.02E-08 2.37E-08 1.82E-07 3.60E-05 6.37E-05

1-130 5.72E-07 1.68E-06 6.60E-07 1.42E-04 2.61E-06 No Data 9.61E-07

1-131 3.15E-06 4.47E-06 2.56E-06 1.49E-03 7.66E-06 No Data 7.85E-07

1-132 1.45E-07 4.07E-07 1.45E-07 1.43E-05 6.48E-07 No Data 5.08E-08

1-133 1.08E-06 1.85E-06 5.65E-07 2.69E-04 3.23E-06 No Data 1.11E-06

1-134 8.05E-08 2.16E-07 7.69E-08 3.73E-06 3.44E-07 No Data 1.26E-10

1-135 3.35E-07 8.73E-07 3.21E-07 5.60E-05 1.39E-06 No Data 6.56E-07

Cs-134 4.66E-05 1.06E-04 9.1OE-05 No Data 3.59E-05 1.22E-05 1.30E-06

Cs-136 4.88E-06 1.83E-05 1.38E-05 No Data 1.07E-05 1.50E-06 1.46E-06

Cs-137 5.98E-05 7.76E-05 5.35E-05 No Data 2.78E-05 9.40E-06 1.05E-06

Cs-138 4.14E-08 7.76E-08 4.05E-08 No Data 6.OOE-08 6.07E-09 2.33E-13

Ba-139 1.17E-10 8.32E-14 3.42E-12 No Data 7.78E-14 4.70E-07 '1.12E-07

Ba-140 4.88E-06 6.13E-09 3.21E-07 No Data 2.09E-09 1.59E-04 2.73E-05

Ba-141 .1.25E-11 9.41E-15 4.20E-13 No Data 8.75E-15 2.42E-07 1.45E-17

Ba-142 3.29E-12 3.38E-15 2.07E-13 No Data 2.86E-15 1.49E-07 1.96E-26

La-140 4.30E-08 2.17E-08 5.73E-09 No Data No Data 1.70E-05 5.73E-05

La-142 8.54E-11 3.88E-11 9.65E-12 No Data No Data 7.91E-07 2.64E-07

Ce-141 2.49E-06 1.69E-06 1.91E-07 No Data 7.83E-07 4.52E-05 1.50E-05

Ce-143 2.33E-08 1.72E-08 1.91E-09 No Data 7.60E-09 9.97E-06 2.83E-05

Ce-144 4.29E-04 1.79E-04 2.30E-05 No Data 1.06E-04 9.72E-04 1.02E-04

Pr-143 1.17E-06 4.69E-07 5.80E-08 No Data 2.70E-07 3.51E-05 2.50E-05

Pr-144 3.76E-12 1.56E-12 1.91E-13 No Data 8.81E-13 1.27E-07 2.69E-18

Nd-147 6.59E-07 7.62E-07 4.56E-08 No Data 4.45E-07 2.76E-05 2.16E-05

W-187 1.06E-09 8.85E-10 3.10E-10 No Data No Data 3.63E-06 1.94E-05

Np-239 2.87E-08 2.82E-09 1.55E-09 No Data 8.75E-09 4.70E-06 1.49E-05
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Table 9-11 Ingestion Dose Factors for the Infant Age Group

Nuclide Bone Liver T. Body Thyroid I Kidney Lung GI-LLI

H-3 No Data 3.08E-07 3.08E-07 3.08E-07 3.08E-07 3.08E-07 3.08E-07

C-14 2.37E-05 5.06E-06 5.06E-06 5.06E-06 5.06E-06 5.06E-06 5.06E-06

Na-24 1.01E-05 1.01E-05 1.01E-05 1.01E-05 1.01E-05 1.01E-05 1.01E-05

P-32 1.70E-03 1.OOE-04 6.59E-05 No Data No Data No Data 2.30E-05

Cr-51 No Data No Data 1.41E-08 9.20E-09 2.01E-09 1.79E-08 4.11E-07

Mn-54 No Data 1.99E-05 4.51 E-06 No Data 4.41 E-06 No Data 7.31 E-06

Mn-56 No Data 8.18E-07 1.41E-07 No Data 7.03E-07 No Data 7.43E-05

Fe-55 1.39E-05 8.98E-06 2.40E-06 No Data No Data 4.39E-06 1.14E-06

Fe-,59 3.08E-05 5.38E-05 2.12E-05 No Data No Data 1.59E-05 2.57E-05

Co-58 No Data 3.60E-06 8.98E-06 No Data No Data No Data 8.97E-06

Co-60 No Data 1.08E-05 2.55E-05 No Data No Data No Data 2.57E-05

Ni-63 6.34E-04 3.92E-05 2.20E-05 No Data No Data No Data 1.95E-06

Ni-65 4.70E-06 5.32E-07 2.42E-07 No Data No Data No Data 4.05E-05

Cu-64 No Data 6.09E-07 2.82E-07 No Data 1.03E-06 No Data 1.25E-05

Zn-65 1.84E-05 6.31 E-05 2.91 E-05 No Data 3.06E-05 No Data 5.33E-05

Zn-69 9.33E-08 1.68E-07 1.25E-08 No Data 6.98E-08 No Data 1.37E-05

Br-83 No Data No Data 3.63E-07 No Data No Data No Data No Data

Br-84 No Data No Data 3.82E-07 No Data No Data No Data No Data

Br-85 No Data No Data 1.94E-08 No Data No Data No Data No Data

Rb-86 No Data 1.70E-04 8.40E-05 No Data No Data No Data 4.35E-06

Rb-88 No Data 4.98E-07 2.73E-07 No Data No Data No Data 4.85E-07

Rb-89 No Data 2.86E-07 1.97E-07 No Data No Data No Data 9.74E-08

Sr-89 2.51 E-03 No Data 7.20E-05 No Data No Data No Data 5.16E-05

Sr-90 1.85E-02 No Data 4.71 E-03 No Data No Data No Data 2.31 E-04

Sr-91 5.OOE-05 No Data 1.81 E-06 No Data No Data No Data 5.92E-05

All values are in (mrem/pCi ingested). They are obtained from Reference 3 (Table E-14).
Neither Reference 2 nor Reference 3 contains data for Rh-105, Sb-1i24, or Sb-125.
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Table 9-11 (contd) Ingestion Dose Factors for the Infant Age Group

Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI

Sr-92 1.92E-05 No Data 7.13E-07 No Data No Data No Data 2.07E-04

Y-90 8.69E-08 No'Data 2.33E-09 No Data No Data No Data 1'.20E-04

Y-91m 8.10E-10 No Data 2.76E-11 No Data No Data No Data 2.70E-06

Y-91 1.13E-06 No Data 3.01 E-08 No Data No Data No Data 8.1OE-05

Y-92 7.65E-09 No Data 2.15E-10 No Data No Data No Data 1.46E-04

Y-93 2.43E-08 No Data 6.62E-10 No Data No Data No Data 1.92E-04

Zr-95 2.06E-07 5.02E-08 3.56E-08 No Data 5.41 E-08 No Data 2.50E-05

Zr-97 1.48E-08 2.54E-09 1.16E-09 No Data 2.56E-09 No Data 1.62E-04

Nb-95 4.20E-08 1.73E-08 1.OOE-08 No Data 1.24E-08 No Data 1.46E-05

Mo-99 No Data 3.40E-05 6.63E-06 No Data 5.08E-05 No Data 1.12E-05

Tc-99m 1.92E-09 3.96E-09 5.1OE-08 No Data 4.26E-08 2.07E-09 1.15E-06

Tc-101 2.27E-09 2.86E-09 2.83E-08 No Data 3.40E-08 1.56E-09 4.86E-07

Ru-103 1.48E-06 No Data 4.95E-07 No Data 3.08E-06 No Data 1.80E-05

Ru-105 1.36E-07 No Data 4.58E-08 No Data 1.OOE-06 No Data 5.41 E-05

Ru-106 2.41 E-05 No Data 3.01E-06 No Data 2.85E-05 No Data 1.83E-04

Rh-105 No Data No Data No Data No Data No Data No Data No Data

Ag-110m 9.96E-07 7.27E-07 4.81E-07 No Data 1.04E-06 No Data 3.77E-05

Sb-124 No Data No Data No Data No Data No Data No Data No Data'

Sb-125 No Data No Data No Data No Data No Data No Data No Data

Te-125m 2.33E-05 7.79E-06 3.15E-06 7.84E-06 No Data No Data 1.11E-05

Te-127m 5.85E-05 1.94E-05 7.08E-06 1.69E-05 1.44E-04 No Data 2.36E-05

Te-127 1.OOE-06 3.35E-07 2.15E-07 8.14E-07 2.44E-06 No Data 2.10E-05

Te-129m 1.OOE-04 3.43E-05 1.54E-05 3.84E-05 2.50E-04 No Data 5.97E-05

Te-129 2.84E-07 9.79E-08 6.63E-08 2.38E-07 7.07E-07 No Data 2.27E-05

Te-131m 1.52E-05 6.12E-06 5.05E-06 1.24E-05 4.21E-05 No Data 1.03E-04

Te-131 1.76E-07 6.50E-08 4.94E-08 1.57E-07 4.50E-07 No Data 7.11E-06
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Table 9-11 (contd) Ingestion Dose Factors for the Infant Age Group

Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI

Te-132 2.08E-05 1.03E-05 9.61E-06 1.52E-05 6.44E-05 No Data 3.81E-05

1-130 6.OOE-06 1.32E-05 5.30E-06 1.48E-03 1.45E-05 No Data 2.83E-06

1-131 3.59E-05 4.23E-05 1.86E-05 1.39E-02 4.94E-05 No Data 1.51 E-06

1-132 1.66E-06 3.37E-06 1.20E-06 1.58E-04 3.76E-06 No Data 2.73E-06

1-133 1.25E-05 1.82E-05 5.33E-06 3.31E-03 2.14E-05 No Data 3.08E-06

1-134 8.69E-07 1.78E-06 6.33E-07 4.15E-05 1.99E-06 No Data 1.84E-06

1-135 3.64E-06 7.24E-06 2.64E-06 6.49E-04 8.07E-06 No Data 2.62E-06

Cs-134 3.77E-04 7.03E-04 7.1OE-05 No Data 1.81E-04 7.42E-05 1.91 E-06

Cs-136 4.59E-05 1.35E-04 5.04E-05 No Data 5.38E-05 1.1OE-05 2.05E-06

Cs-137 5.22E-04 6.11E-04 4.33E-05 No Data 1.64E-04 6.64E-05 1.91 E-06

Cs-138 4.81E-07 7.82E-07 3.79E-07 No Data 3.90E-07 6.09E-08 1.25E-06

Ba-139 8.81E-07 5.84E-10 2.55E-08 No Data 3.51E-10 3.54E-10 5.58E-05

Ba-140 1.71E-04 1.71E-07 8.81E-06 No Data 4.06E-08 1.05E-07 4.20E-05

Ba-141 4.25E-07 2.91E-10 1.34E-08 No Data 1.75E-10 1.77E-10 5.19E-06

Ba-142 1.84E-07 1.53E-10 9.06E-09 No Data 8.81E-11 9.26E-11 7.59E-07

La-140 2.11E-08 8.32E-09 2.14E-09 No Data No Data. No Data 9.77E-05

La-142 1.10E-09 4.04E-10 9.67E-11 No Data No Data No Data 6.86E-05

Ce-141 7.87E-08 4.80E-08 5.65E-09 No Data 1.48E-08 No Data 2.48E-05

Ce-143 1.48E-08 9.82E-06 1.12E-09 No Data 2.86E-09 No Data 5.73E-05

Ce-144 2.98E-06 1.22E-06 1.67E-07 No Data 4.93E-07 No Data 1.71 E-04

Pr-143 8.13E-08 3.04E-08 4.03E-09 No Data 1.13E-08 No Data 4.29E-05

Pr-144 2.74E-10 1.06E-10 1.38E-11 No Data 3.84E-11 No Data 4.93E-06

Nd-147 5.53E-08 5.68E-08 3;48E-09 No Data 2.19E-08 No Data 3.60E-05

W-187 9.03E-07 6.28E-07 2.17E-07 No Data No Data No Data 3.69E-05

Np-239 1.11E-08 9.93E-10 5.61E-10 No Data 1.98E-09 No Data 2.87E-05
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Table 9-12 Ingestion Dose Factors for the Child Age Group

Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI

H-3 No Data 2.03E-07 2.03E-07 2.03E-07 2.03E-07 2.03E-07 2.03E-07

C-14 1.21E-05 2.42E-06 2.42E-06 2.42E-06 2.42E-06 2.42E-06 2.42E-06

Na-24 5.80E-06 5.80E-06 5.80E-06 5.80E-06 5.80E-06 5.80E-06 5.80E-06

P-32 8.25E-04 3.86E-05 3.1.8E-05 No Data No Data No Data 2.28E-05

Cr-51 No Data No Data 8.90E-09 4.94E-09 1.35E-09 9.02E-09 4.72E-07

Mn-54 No Data 1.07E-05 2.85E-06 No Data 3.OOE-06 No Data 8.98E-06

Mn-56 No Data 3.34E-07 7.54E-08 No Data 4.04E-07 No Data 4.84E-05

Fe-55 1.15E-05 6.1OE-06 1.89E-06 No Data No Data 3.45E-06 1.13E-06

Fe-59 1.65E-05 2.67E-05 1.33E-05 No Data No Data 7.74E-06 2.78E-05

Co-58 No Data 1.80E-06 5.51 E-06 No Data No Data No Data 1.05E-05

Co-60 No Data 5.29E-06 1.56E-05 No Data No Data No Data 2.93E-05

Ni-63 5.38E-04 2.88E-05 1.83E-05 No Data No Data No Data 1.94E-06

Ni-65 2.22E-06 2.09E-07 1.22E-07 No Data No Data No Data 2.56E-05

Cu-64 No Data 2.45E-07 1.48E-07 No Data 5.92E-07 No Data 1.15E-05

Zn-65 1.37E-05 3.65E-05 2.27E-05 No Data 2.30E-05 No Data 6.41 E-06

Zn-69 4.38E-08 6.33E-08 5.85E-09 No Data 3.84E-08 No Data 3.99E-06

Br-83 No Data No Data 1.71 E-07 No Data No Data No Data No Data

Br-84 No Data No Data 1.98E-07 No Data No Data No Data No Data

Br-85 No Data No Data 9.12E-09 No Data No Data No Data No Data

Rb-86 No Data 6.70E-05 4.12E-05 No Data No Data No Data 4.31 E-06

Rb-88 No Data 1.90E-07 1.32E-07 No Data No Data No Data 9.32E-09

Rb-89 No Data 1.17E-07 1.04E-07 No Data No Data No Data 1.02E-09

Sr-89 1.32E-03 No Data 3.77E-05 No Data No Data No Data 5.11 E-05

Sr-90 1.70E-02 No Data 4.31 E-03 No Data No Data No Data 2.29E-04

Sr-91 2.40E-05 No Data 9.06E-07 No Data No Data No Data 5.30E-05

All values are in (mrem/pCi ingested). They are obtained from Reference 3 (Table E-13).
Neither Reference 2 nor Reference 3 contains data for Rh-105, Sb-124, or Sb-1i25.
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Table 9-12 (contd) Ingestion Dose Factors for the Child Age Group

Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI

Sr-92 9.03E-06 No Data 3.62E-07 No Data No Data No Data 1.71 E-04

Y-90 4.11E-08 No Data 1.1OE-09 No Data No Data No Data 1.17E-04

Y-91m 3.82E-10 No Data 1.39E-11 No Data No Data No Data 7.48E-07

Y-91 6.02E-07 No Data 1.61 E-08 No Data No Data No Data 8.02E-05

Y-92 3.60E-09 No Data 1.03E-10 No Data No Data No Data 1.04E-04

Y-93 1.14E-08 No Data 3.13E-10 No Data No Data No Data 1.70E-04

Zr-95 1.1 6E-07 2.55E-08 2.27E-08 No Data 3.65E-08 No Data 2.66E-05

Zr-97 6.99E-09 1.01 E-09 5.96E-10 No Data 1.45E-09 No Data 1.53E-04

Nb-95 2.25E-08 8.76E-09 6.26E-09 No Data 8.23E-09 No Data 1.62E-05

Mo-99 No Data 1.33E-05 3.29E-06 No Data 2.84E-05 No Data 1.10E-05

Tc-99m 9.23E-10 1.81E-09 3.OOE-08 No Data 2.63E-08 9.19E-10 1.03E-06

Tc-101 1.07E-09 1.12E-09 1.42E-08 No Data 1.91E-08 5.92E-10 3.56E-09

Ru-103 7.31 E-07 No Data 2.81E-07 No Data 1.84E-06 No Data 1.89E-05

Ru-105 6.45E-08 No Data 2.34E-08 No Data 5.67E-07 No Data 4.21 E-05

Ru-106 1.17E-05 No Data 1.46E-06 No Data 1.58E-05 No Data 1.82E-04

Rh-105 No Data No Data No Data No Data No Data No Data No Data

Ag-110m 5.39E-07 3.64E-07 2.91E-07 No Data 6.78E-07 No Data 4.33E-05

Sb-124 No Data No Data No Data No Data No Data No Data No Data

Sb-125 No Data No Data No Data No Data No Data No Data No Data

Te-125m 1.14E-05 3.09E-06 1.52E-06 3.20E-06 No Data No Data 1.10E-05

Te-127m 2.89E-05 7.78E-06 3.43E-06 6.91E-06 8.24E-05 No Data 2.34E-05

Te-127 4.71E-07 1.27E-07 1.01E-07 3.26E-07 1.34E-06 No Data 1.84E-05

Te-129m 4.87E-05 1.36E-05 7.56E-06 1.57E-05 1.43E-04 No Data 5.94E-05

Te-129 1.34E-07 3.74E-08 3.18E-08 9.56E-08 3.92E-07 No Data 8.34E-06

Te-131m 7.20E-06 2.49E-06 2.65E-06 5.12E-06 2.41E-05 No Data 1.01 E-04

Te-131 8.30E-08 2.53E-08 2.47E-08 6.35E-08 2.51E-07 No Data 4.36E-07
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Table 9-12 (contd) Ingestion Dose Factors for the Child Age Group

Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI

Te-132 1.01E-05 4.47E-06 5.40E-06 6.51E-06 4.15E-05 No Data 4.50E-05

1-130 2.92E-06 5.90E-06 3.04E-06 6.50E-04 8.82E-06 No Data 2.76E-06

1-131 1.72E-05 1.73E-05 9.83E-06 5.72E-03 2.84E-05 No Data 1.54E-06

1-132 8.OOE-07 1.47E-06 6.76E-07 6.82E-05 2.25E-06 No Data 1.73E-06

1-133 5.92E-06 7.32E-06 2.77E-06 1.36E-03 1.22E-05 No Data 2.95E-06

1-134 4.19E-07 7.78E-07 3.58E-07 1.79E-05 1.19E-06 No Data 5.16E-07

1-135 1.75E-06 3.15E-06 1.49E-06 2.79E-04 4.83E-06 No Data 2.40E-06

Cs-134 2.34E-04 3.84E-04 8.10E-05 No Data 1.19E-04 4.27E-05 2.07E-06

Cs-136 2.35E-05 6.46E-05 4.18E-05 No Data 3.44E-05 5.13E-06 2.27E-06

Cs-137 3.27E-04 3.13E-04 4.62E-05 No Data 1.02E-04 3.67E-05 1.96E-06

Cs-138 2.28E-07 3.17E-07 2.01E-07 No Data 2.23E-07 2.40E-08 1.46E-07

Ba-139 4.14E-07 2.21E-10 1.20E-08 No Data 1.93E-10 1.30E-10 2.39E-05

Ba-140 8.31E-05 7.28E-08 4.85E-06 No Data 2.37E-08 4.34E-08 4.21 E-05

Ba-141 2.OOE-07 1.12E-10 6.51E-09 No Data 9.69E-11 6.58E-10 1.14E-07

Ba-142 8.74E-08 6.29E-11 4.88E-09 No Data 5.09E-11 3.70E-11 1.14E-09

La-140 1.01E-08 3.53E-09 1.19E-09 No Data No Data No Data 9.84E-05

La-142 5.24E-10 1.67E-10 5.23E-11 No Data No Data No Data 3.31 E-05

Ce-141 3.97E-08 1.98E-08 2.94E-09 No Data 8.68E-09 No Data 2.47E-05

Ce-143 6.99E-09 3.79E-06 5.49E-10 No Data 1.59E-09 No Data 5.55E-05

Ce-144 2.08E-06 6.52E-07 1.11E-07 No Data 3.61E-07 No Data 1.70E-04

Pr-143 3.93E-08 1.18E-08 1.95E-09 No Data 6.39E-09 No Data 4.24E-05

Pr-144 1.29E-10 3.99E-11 6.49E-12 No Data 2.11E-11 No Data 8.59E-08

Nd-147 2.79E-08 2.26E-08 1.75E-09 No Data 1.24E-08 No Data 3.58E-05

W-187 4.29E-07 2.54E-07 1.14E-07 No Data No Data No Data 3.57E-05

Np-239 5.25E-09 3.77E-10 2.65E-10 No Data 1.09E-09 No Data 2.79E-05
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Table 9-13 Ingestion Dose Factors for the Teenager Age Group

Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI

H-3 No Data 1.06E-07 1.06E-07 1.06E-07 1.06E-07 1.06E-07 1.06E-07

C-14 4.06E-06 8.12E-07 8.12E-07 8.12E-07 8.12E-07 8.12E-07 8.12E-07

Na-24 2.30E-06 2.30E-06 2.30E-06 2.30E-06 2.30E-06 2.30E-06 2.30E-06

P-32 2.76E-04 1.71 E-05 1.07E-05 No Data No Data No Data 2.32E-05

Cr-51 No Data No Data 3.60E-09 2.OOE-09 7.89E-10 5.14E-09 6.05E-07

Mn-54 No Data 5.90E-06 1.17E-06 No Data 1.76E-06 No Data 1.21 E-05

Mn-56 No Data 1.58E-07 2.81 E-08 No Data 2.OOE-07 No Data 1.04E-05

Fe-55 3.78E-06 2.68E-06 6.25E-07 No Data No Data 1.70E-06 1.16E-06

Fe-59 5.87E-06 1.37E-05 5.29E-06 No Data No Data 4.32E-06 3.24E-05

Co-58 No Data 9.72E-07 2.24E-06 No Data No Data No Data 1.34E-05

Co-60 No Data 2.81 E-06 6.33E-06 No Data No Data No Data 3.66E-05

Ni-63 1.77E-04 1.25E-05 6.OOE-06 No Data No Data No Data 1.99E-06

Ni-65 7.49E-07 9.57E-08 4.36E-08 No Data No Data No Data 5.19E-06

Cu-64 No Data 1.15E-07 5.41E-08 No Data 2.91E-07 No Data 8.92E-06

Zn-65 5.76E-06 2.OOE-05 9.33E-06 No Data 1.28E-05 No Data 8.47E-06

Zn-69 1.47E-08 2.80E-08 1.96E-09 No Data 1.83E-08 No Data 5.16E-08

Br-83 No Data No Data 5.74E-08 No Data No Data No Data No Data

Br-84 No Data No Data 7.22E-08 No Data No Data No Data No Data

Br-85 No Data No Data 3.05E-09 No Data No Data No Data No Data

Rb-86 No Data 2.98E-05 1.40E-05 No Data No Data No Data 4.41 E-06

Rb-88 No Data 8.52E-08 4.54E-08 No Data No Data No Data 7.30E-15

Rb-89 No Data 5.50E-08 3.89E-08 No Data No Data No Data 8.43E-17

Sr-89 4.40E-04 No Data 1.26E-05 No Data No Data No Data 5.24E-05

Sr-90 8.30E-03 No Data 2.05E-03 No Data No Data No Data 2.33E-04

Sr-91 8.07E-06 No Data 3.21 E-07 No Data No Data No Data 3.66E-05

All values are in (mrem/pCi ingested). They are obtainedfrom Reference 3 (Table E-12).
Neither Reference 2 nor Reference 3 contains data for Rh-105, Sb-124, or Sb-125.
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Table 9-13 (contd) Ingestion Dose Factors for the Teenager Age Group

Nuclide Bone I Liver T. Body [ Thyroid Kidney Lung GI-LLI

Sr-92 3.05E-06 No Data 1.30E-07 No Data No Data No Data 7.77E-05

Y-90 1.37E-08 No Data 3.69E-10 No Data No Data No Data 1.13E-04

Y-91m 1.29E-10 No Data 4.93E-12 No Data No Data No Data 6.09E-09

Y-91 2.01 E-07 No Data 5.39E-09 No Data No Data No Data 8.24E-05

Y-92 1.21 E-09 No Data 3.50E-1 1 No Data No Data No Data 3.32E-05

Y-93 3.83E-09 No Data 1.05E-10 No Data NoData No Data 1.17E-04

Zr-95 4.12E-08 1.30E-08 8.94E-09 No Data 1.91 E-08 No Data 3.OOE-05

Zr-97 2.37E-09 4.69E-10 2.16E-10 No Data 7.11E-10 No Data 1.27E-04

Nb-95 8.22E-09 4.56E-09 2.51 E-09 No Data 4.42E-09 No Data 1.95E-05

Mo-99 No Data 6.03E-06 1.15E-06 No Data 1.38E-05 No Data 1.08E-05

Tc-99m 3.32E-10 9.26E-10 1.20E-08 No Data 1.38E-08 5.14E-10 6.08E-07

Tc-101 3.60E-10 5.12E-10 5.03E-09 No Data 9.26E-09 3.12E-10 8.75E-17

Ru-103 2.55E-07 No Data 1.09E-07 No Data 8.99E-07 No Data 2.13E-05

Ru-105 2.18E-08 No Data 8.46E-09 No Data 2.75E-07 No Data 1.76E-05

Ru-106 3.92E-06 No Data 4.94E-07 No Data 7.56E-06 No Data 1.88E-04

Rh-105 No Data No Data No Data No Data No Data No Data No Data

Ag-110m 2.05E-07 1.94E-07 1.18E-07 No Data 3.70E-07 No Data 5.45E-05

Sb-124 No Data No Data No Data No Data No Data No Data No Data

Sb-125 No Data No Data No Data No Data No Data No Data No Data

Te-125m 3.83E-06 1.38E-06 5.12E-07 1.07E-06 No Data No Data 1.13E-05

Te-127m 9.67E-06 3.43E-06 1.15E-06 2.30E-06 3.92E-05 No Data 2.41 E-05

Te-127 1.58E-07 5.60E-08 3.40E-08 1.09E-07 6.40E-07 No Data 1.22E-05

Te-129m 1.63E-05 6.05E-06 2.58E-06 5.26E-06 6.82E-05 No Data 6.12E-05

Te-129 4.48E-08 1.67E-08 1.09E-08 3.20E-08 1.88E-07 No Data 2.45E-07

Te-131m 2.44E-06 1.17E-06 9.76E-07 1.76E-06 1.22E-05 No Data 9.39E-05

Te-131 2.79E-08 1.15E-08 8.72E-09 2.15E-08 1.22E-07 No Data 2.29E-09
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Table 9-13 (contd) Ingestion Dose Factors for the Teenager Age Group

Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI

Te-132 3.49E-06 2.21E-06 2.08E-06 2.33E-06 2.12E-05 No Data 7.OOE-05

1-130 1.03E-06 2.98E-06 1.19E-06 2.43E-04 4.59E-06 No Data 2.29E-06

1-131 5.85E-06 8.19E-06 4.40E-06 2.39E-03 1.41E-05 No Data 1.62E-06

1-132 2.79E-07 7.30E-07 2.62E-07 2.46E-05 1.15E-06 No Data 3.18E-07

1-133 2.01E-06 3.41E-06 1.04E-06 4.76E-04 5.98E-06 No Data 2.58E-06

1-134 1.46E-07 3.87E-07 1.39E-07 6.45E-06 6.1OE-07 No Data 5.1OE-09

1-135 6.1OE-07 1.57E-06 5.82E-07 1.01E-04 2.48E-06 No Data 1.74E-06

Cs-134 8.37E-05 1.97E-04 9.14E-05 No Data 6.26E-05 2.39E-05 2.45E-06

Cs-136 8.59E-06 3.38E-05 2.27E-05 No Data 1.84E-05 2.90E-06 2.72E-06

Cs-137 1.12E-04 1.49E-04 5.19E-05 No Data 5.07E-05 1.97E-05 2.12E-06

Cs-138 7.76E-08 1.49E-07 7.45E-08 No Data 1.10E-07 1.28E-08 6.76E-11

Ba-139 1.39E-07 9.78E-11 4.05E-09 No Data 9.22E-11 6.74E-11 1.24E-06

Ba-140 2.84E-05 3.48E-08 1.83E-06 No Data 1.18E-08 2.34E-08 4.38E-05

Ba-141 6.71E-08 5.01E-11 2.24E-09 No Data 4.65E-11 3.43E-11 1.43E-13

* Ba-142 2.99E-08 2.99E-11 1.84E-09 No Data 2.53E-11 1.99E-11 9.18E-20

La-140 3.48E-09 1.71E-09 4.55E-10 No Data No Data No Data 9.82E-05

La-142 1.79E-10 7.95E-11 1.98E-11 No Data No Data No Data 2.42E-06

Ce-141 1.33E-08 8.88E-09 1.02E-09 No Data .4.18E-09 No Data 2.54E-05

Ce-143 2.35E-09 1.71E-06 1.91E-10 No Data 7.67E-10 No Data 5.14E-05

Ce-144 6.96E-07 2.88E-07 3.74E-08 No Data 1.72E-07 No Data 1.75E-04

Pr-143 1.31E-08 5.23E-09 6.52E-10 No Data 3.04E-09 No Data 4.31 E-05

Pr-144 4.30E-11 1.76E-11 2.18E-12 No Data 1.01E-11 No Data 4.74E-14

Nd-147 9.38E-09 1.02E-08 6.11E-10 No Data 5.99E-09 No Data 3.68E-05

W-187 1.46E-07 1.19E-07 4.17E-08 No Data No Data No Data 3.22E-05

Np-239 1.76E-09 1.66E-10 9.22E-11 No Data 5.21E-10 No Data 2.67E-05
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Table 9-14 Ingestion Dose Factors for the Adult Age Group

Nuclide d Bone Liver T. Body IThyroid Kidney Lung GI-LLI

H-3 No Data 1.05E-07 1.05E-07 1.05E-07 1.05E-07 1.05E-07 1.05E-07

C-14 2.84E-06 5.68E-07 5.68E-07 5.68E-07 5.68E-071 5.68E-07 5.68E-07

Na-24 1.70E-06 1.70E-06 1.70E-06 1.70E-06 1.70E-06 1.70E-06 1.70E-06

P-32 1.93E-04 1.20E-05 7.46E-06 No Data No Data No Data 2.17E-05

Cr-51 No Data No Data 2.66E-09 1.59E-09 5.86E-10 3.53E-09 6.69E-07

Mn-54 No Data 4.57E-06 8.72E-07 No Data 1.36E-06 No Data 1.40E-05

Mn-56 No Data 1.15E-07 2.04E-08 No Data 1.46E-07 No Data 3.67E-06

Fe-55 2.75E-06 1.90E-06 4.43E-07 No Data No Data 1.06E-06 1.09E-06

Fe-59 4.34E-06 1.02E-05 3.91 E-06 No Data No Data 2.85E-06 3.40E-05

Co-58 No Data 7.45E-07 1.67E-06 No Data No Data No Data 1.51 E-05

Co-60 No Data 2.14E-06 4.72E-06 No Data No Data No Data 4.02E-05

Ni-63 1.30E-04 9.01 E-06 4.36E-06 No Data No Data No Data 1.88E-06

Ni-65 5.28E-07 6.86E-08 3.13E-08 No Data No Data No Data 1.74E-06

Cu-64 No Data 8.33E-08 3.91E-08 No Data 2.1OE-07 No Data 7.1OE-06

Zn-65 4.84E-06 1.54E-05 6.96E-06 No Data 1.03E-05 No Data 9.70E-06

Zn-69 1.03E-08 1.97E-08 1.37E-09 No Data 1.28E-08 No Data 2.96E-09

Br-83 No Data No Data 4.02E-08 No Data No Data No Data 5.79E-08

Br-84 No Data No Data 5.21E-08 No Data No Data No Data 4.09E-13

Br-85 No Data No Data 2.14E-09 No Data No Data No Data No Data

Rb-86 No Data 2.11 E-05 9.83E-06 No Data No Data No Data 4.16E-06

Rb-88 No Data 6.05E-08 3.21E-08 No Data No Data No Data 8.36E-19

Rb-89 No Data 4.01E-08 2.82E-08 No Data No Data * No Data 2.33E-21

Sr-89 3.08E-04 No Data 8.84E-06 No Data No Data No Data 4.94E-05

Sr-90 7.58E-03 No Data 1.86E-03 No Data No Data No Data 2.19E-04

Sr-91 5.67E-06 No Data 2.29E-07 No Data No Data No Data 2.70E-05

All values are in (mrem/pCi ingested). They are obtained from Reference 3 (Table E-1 1),
except as follows: Reference 2 (Table A-3) for Rh-105, Sb-124, and Sb-125.
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Table 9-14 (contd) Ingestion Dose Factors for the Adult Age Group

Nuclide Bone Liver T. Body i Thyroid Kidney ] Lung GI-LLI

Sr-92 2.15E-06 No Data 9.30E-08 No Data- No Data No Data 4.26E-05

Y-90 9.62E-09 No Data 2.58E-10 No Data No Data No Data 1.02E-04

Y-91m 9.09E-11 No Data 3.52E-12 No Data No Data No Data 2.67E-10

Y-91 1.41 E-07 No Data 3.77E-09 No Data No Data No Data 7.76E-05

Y-92 8.45E-10 No Data 2.47E-11 No Data No Data No Data 1.48E-05

Y-93 2.68E-09 No Data 7.40E-1 1 No Data No Data No Data 8.50E-05

Zr-95 3.04E-08 9.75E-09 6.60E-09 No Data 1.53E-08 No Data 3.09E-05

Zr-97 1.68E-09 3.39E-10 1.55E-10 No Data 5.12E-10 No Data 1.05E-04

Nb-95 6.22E-09 3.46E-09 1.86E-09 No Data 3.42E-09 No Data 2.1OE-05

Mo-99 No Data 4.31 E-06 8.20E-07 No Data 9.76E-06 No Data 9.99E-06

Tc-99m 2.47E-10 6.98E-10 8.89E-09 No Data 1.06E-08 3.42E-10 4.13E-07

Tc-101 2.54E-10 3.66E-10 3.59E-09 No Data 6.59E-09 1.87E-10 1.10E-21

Ru-103 1.85E-07 No Data 7.97E-08 No Data 7.06E-07 No Data 2.16E-05

Ru-105 1.54E-08 No Data 6.08E-09 No Data 1.99E-07 No Data 9.42E-06

Ru-106 2.75E-06 No Data 3.48E-07 No Data 5.31E-06 No Data 1.78E-04

Rh-105 1.22E-07 8.86E-08 5.83E-08 No Data 3.76E-07 No Data 1.41 E-05

Ag-110m 1.60E-07 1.48E-07 8.79E-08 No Data 2.91E-07 No Data 6.04E-05

Sb-124 2.81E-06 5.30E-08 1.11E-06 6.79E-09 No Data 2.18E-06 7.95E-05

Sb-125 2.23E-06 2.40E-08 4.48E-07 1.98E-09 No Data 2.33E-04 1.97E-05

Te-125m 2.68E-06 9.71E-07 3.59E-07 8.06E-07 1.09E-05 No Data 1.07E-05

Te-127m 6.77E-06 2.42E-06 8.25E-07 1.73E-06 2.75E-05 No Data 2.27E-05

Te-127 1.10E-07 3.95E-08 2.38E-08 8.15E-08 4.48E-07 No Data 8.68E-06

Te-129m 1.15E-05 4.29E-06 1.82E-06 3.95E-06 4.80E-05 No Data 5.79E-05

Te-129 3.14E-08 1.18E-08 7.65E-09 2.41E-08 1.32E-07 No Data 2.37E-08

Te-131m 1.73E-06 8.46E-07 7.05E-07 1.34E-06 8.57E-06 -No Data 8.40E-05

Te-131 1.97E-08 8.23E-09 6.22E-09 1.62E-08 8.63E-08 No Data 2.79E-09
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Table 9-14 (contd) Ingestion Dose Factors for the Adult Age Group

Nuclide Bone Liver T. Body] Thyroid I Kidney Lung GI-LLI

Te-132 2.52E-06 1.63E-06 1.53E-06 1.80E-06 1.57E-05 No Data 7.71E-05

1-130 7.56E-07 2.23E-06 8.80E-07 1.89E-04 3.48E-06 No Data 1.92E-06

1-131 4.16E-06 5.95E-06 3.41E-06 1.95E-03 1.02E-05 No Data 1.57E-06

1-132 2.03E-07 5.43E-07 1.90E-07 1.90E-05 8.65E-07 No Data 1.02E-07

1-133 1.42E-06 2.47E-06 7.53E-07 3.63E-04 4.31E-06 No Data 2.22E-06

1-134 1.06E-07 2.88E-07 1.03E-07 4.99E-06 4.58E-07 No Data 2.51 E-10

1-135 4.43E-07 1.16E-06 4.28E-07 7.65E-05 1.86E-06 No Data 1.31 E-06

Cs-134 6.22E-05 1.48E-04 1.21E-04 No Data 4.79E-05 1.59E-05 2.59E-06

Cs-136 6.51E-06 2.57E-05 1.85E-05 No Data 1.43E-05 1.96E-06 2.92E-06

Cs-137 7.97E-05 1.09E-04 7.14E-05 No Data 3.70E-05 1.23E-05 2.11E-06

Cs-138 5.52E-08 1.09E-07 5.40E-08 No Data 8.01E-08 7.91E-09 4.65E-13

Ba-139 9.70E-08 6.91E-11 2.84E-09 No Data 6.46E-11 3.92E-11 1.72E-07

Ba-140 2.03E-05 2.55E-08 1.33E-06 No Data 8.67E-09 1.46E-08 4.18E-05

Ba-141 4.71E-08 3.56E-11 1.59E-09 No Data 3.31E-11 2.02E-11 2.22E-17

Ba-142 2.13E-08 2.19E-11 1.34E-09 No Data 1.85E-11 1.24E-11 3.00E-26

La-140 2.50E-09 1.26E-09 3.33E-10 No Data No Data No Data 9.25E-05

La-142 1.28E-10 5.82E-11 1.45E-11 No Data No Data No Data 4.25E-07

Ce-141 9.36E-09 6.33E-09 7.18E-10 No Data 2.94E-09 No Data 2.42E-05

Ce-143 1.65E-09 1.22E-06 1.35E-10 No Data 5.37E-10 No Data 4.56E-05

Ce-144 4.88E-07 2.04E-07 2.62E-08 No Data 1.21 E-07 No Data 1.65E-04

Pr-143 9.20E-09 3.69E-09 4.56E-10 No Data 2.13E-09 No Data 4.03E-05

Pr-144 3.01E-11 1.25E-11 1.53E-12 No Data 7.05E-12 No Data 4.33E-18

Nd-147 6.29E-09 7.27E-09 4.35E-10 No Data 4.25E-09 No Data 3.49E-05

W-187 1.03E-07 8.61E-08 3.01E-08 No Data No Data No Data 2.82E-05

Np-239 1.19E-09 1.17E-10 6.45E-11 No Data 3.65E-10 No Data 2.40E-05
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Table 9-15 External Dose Factors for Standing on Contaminated Ground

Nuclide T. Body Skin

H-3 0.00 0.00

C-14 0.00 0.00

Na-24 2.50E-08 2.90E-08

P-32 0.00 0.00

Cr-51 2.20E-10 2.60E-10

Mn-54 5.80E-09 6.80E-09

Mn-56 1.10E-08 1.30E-08

Fe-55 0.00 0.00

Fe-59 8.OOE-09 9.40E-09

Co-58 7.OOE-09 8.20E-09

Co-60 1.70E-08 2.OOE-08

Ni-63 0.00 0.00

Ni-65 3.70E-09 4.30E-09

Cu-64 1.50E-09 1.70E-09

Zn-65 4.OOE-09 4.60E-09

Zn-69 0.00 0.00

Br-83 6.40E-1 1 9.30E-1 1

Br-84 1.20E-08 1.40E-08

Br-85 0.00 0.00

Rb-86 6.30E-10 7.20E-10

Rb-88 3.50E-09 4.OOE-09

Rb-89 1.50E-08 1.80E-08

Sr-89 5.60E-13 6.50E-13

Sr-90 0.00 0.00

Nuclide T. Body Skin

Sr-91 7.1OE-09 8.30E-09

Sr-92 9.OOE-09 1.OOE-08

Y-90 2.20E-12 2.60E-12

Y-91 m 3.80E-09 4.40E-09

Y-91 2.40E-11 2.70E-11

Y-92 1.60E-09 1.90E-09

Y-93 5.70E-10 7.80E-10

Zr-95 5.OOE-09 5.80E-09

Zr-97 5.50E-09 6.40E-09

Nb-95 5.1OE-09 6.OOE-09

Mo-99 1.90E-09 2.20E-09

Tc-99m 9.60E-10 1.10E-09

Tc-101 2.70E-09 3.OOE-09

Ru-103 3.60E-09 4.20E-09

Ru-105 4.50E-09 5.1OE-09

Ru-106 1.50E-09 1.80E-09

Rh-1i05 6.60E-10 7.70E-10

Ag-110m 1.80E-08 2.1OE-08

Sb-124 1.30E-08 1.50E-08

Sb-125 3.1OE-09 3.50E-09

Te-125m 3.50E-11 4.80E-11

Te-127m 1.10E-12 1.30E-12

Te-127 1.OOE-11 1.10E-11

Te-129m 7.70E-10 9.OOE-10

All values are in (mrem/h) per (pCi/m 2). They are obtained from
except as follows: Reference 2 (Table A-7) for Rh-105, Sb-124,

Reference 3 (Table E-6),
and Sb-125.
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Table 9-15 (contd) External Dose Factors for Standing on Contaminated Ground

NuclideI T. Body Skin
Te-129 7.1OE-10 8.40E-10

Te-131m 8.40E-09 9.90E-09

Te-131 2.20E-09 2.60E-06

Te-132 1.70E-09 2.OOE-09

1-130 1.40E-08 1 70E-08

1-131 2.80E-09 3.40E-09

1-132 1.70E-08 2.OOE-08

1-133 3.70E-09 4.50E-09

1-134 1.60E-08 1.90E-08

1-135 1.20E-08 1.40E-08

Cs-134 1.20E-08 1.40E&08

Cs-136 1.50E-08 1.70E-08

Cs-137 4.20E-09 4.90E-09

Cs-138 2.1OE-08 2.40E-08

Ba-139 2.40E-09 2.70E-09

Ba-140 2.1OE-09 2.40E-09

Ba-141 4.30E-09 4.90E-09

Ba-142 7.90E-09 9.OOE-09

La-140 1.50E-08 1.70E-08

La-142 1.50E-08 1.80E-08

Ce-141 5.50E-10 6.20E-10

Ce-143 2.20E-09 2.50E-09

Ce-144 3.20E-10 3.70E-10

Pr-143 0.00 0.00

Pr-144 2.OOE-10 2.30E-10

Nd-147 1.OOE-09 1.20E-09

W-187 3.1OE-09 3.60E-09

Np-239 9.50E-10 1.10E-09
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CHAPTER 10

DEFINITIONS OF EFFLUENT CONTROL TERMS

The terms defined in this chapter are used in the presentation of the above chapters. These

terms are shown in all capital letters to indicate that they are specifically defined.

10.1 TERMS SPECIFIC TO THE ODCM

The following terms are used in the ODCM, but are not found in the Technical Specifications:

BATCH RELEASE
A BATCH RELEASE is the discharge of wastes of a discrete volume. Prior to sampling
for analyses, each liquid batch shall be isolated and then thoroughly mixed by a method
described in the ODCM to assure representative sampling.

COMPOSITE SAMPLE
A COMPOSITE SAMPLE is one which contains material from multiple waste releases, in
which the quantity of sample is proportional to the quantity of waste discharged, and in
which the method of sampling employed results in a specimen that is representative of
the wastes released. Prior to analyses, all liquid samples that are to be aliquotted for a
COMPOSITE SAMPLE shall be mixed thoroughly, in order for the COMPOSITE
SAMPLE to be representative of the effluent release.

When assessing the consequences of a waste release at the pre-release or post-release
stage, the most recent available COMPOSITE SAMPLE results for the applicable
release pathway may be used.

CONTINUOUS RELEASE
A CONTINUOUS RELEASE is the discharge of wastes of a non-discrete volume, e.g.,
from a volume within a system that has an input flow during the continuous release.

FREQUENCY NOTATION
The FREQUENCY NOTATION specified for the performance of surveillance
requirements shall correspond to the intervals defined below, with a maximum allowable
extension not to exceed 25% of the surveillance interval.

NOTATION FREQUENCY

S (Once per shift) At least once per 12 hours.
D (Daily) At least once per 24 hours.
W (Weekly) At least once per 7 days.
M (Monthly) At least once per 31 days.
Q (Quarterly) At least once per 92 days.
SA (Semi-annually) At least once per 184 days.
18M At least once per 18 months.
R (Refueling) At least once per 24 months.
S/U (Startup) Prior to each reactor startup.
NA Not Applicable.
P (Prior) Completed prior to each release.
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GASEOUS RADWASTE TREATMENT SYSTEM
The GASEOUS RADWASTE TREATMENT SYSTEM is the offgas holdup system
designed and installed to reduce radioactive gaseous effluents by collecting primary
coolant system offgases from the primary system and providing for delay or holdup for
the purpose of reducing the total radioactivity prior to release to the environment.

LIQUID RADWASTE TREATMENT SYSTEM
A LIQUID RADWASTE TREATMENT SYSTEM is any system designed and installed to
reduce radioactive materials in liquid effluents by systematic collection, retention, and
processing through filtration, evaporation, separation and/or ion exchange treatment.
This system consists of at least one collection tank, one evaporator or demineralizer
system, one post-treatment tank and associated components providing for treatment
flow and functional control.

MAJOR CHANGES TO RADIOACTIVE WASTE TREATMENT SYSTEMS
For the purposes of the ODCM, MAJOR CHANGES TO RADIOACTIVE WASTE
TREATMENT SYSTEMS include the following changes to such systems:

(1) Major changes in process equipment, components, structures, or effluent
monitoring instrumentation as described in the Final Safety Analysis Report
(FSAR) or as evaluated in the Nuclear Regulatory Commission staff's Safety
Evaluation Report (SER) (e.g., deletion of evaporators and installation of
demineralizer);

(2) Changes in the design of radwaste treatment systems that could significantly
increase quantities of effluents released from those previously considered in the
FSAR and SER;

(3) Changes in system design which may invalidate the accident analysis as
described in the SER (e.g., changes in tank capacity that would alter the curies
released); or

(4) Changes in system design that could potentially result in a significant increase in
occupational exposure of operating personnel (e.g., use of temporary equipment
without adequate shielding provisions).

MEMBER(S) OF THE PUBLIC 1

A MEMBER OF THE PUBLIC shall be an individual in a controlled area or an
UNRESTRICTED AREA. However, an individual is not a MEMBER OF THE PUBLIC
during any period in which the individual receives an occupational dose. This category
may include persons who use portions of the site for recreational, occupational, or other
purposes not associated with the plant.

MILK ANIMAL
A MILK ANIMAL is a cow or goat that is producing milk for human consumption.

The italicized terms in this definition, which are not otherwise used in this ODCM, shall have the

definitions assigned to them by 10 CFR 20.1003.
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MINIMUM DETECTABLE CONCENTRATION
The MINIMUM DETECTABLE CONCENTRATION (MDC) is defined, for purposes of the
controls in this ODCM, as the smallest concentration of radioactive material in a sample
that will yield a net count above system background and that will be detected with
95-percent probability, with only 5-percent probability of falsely concluding that a blank
observation represents a "real" signal.

For a particular measurement system, which may include radiochemical separation, the
MDC for a given radionuclide is determined as follows (Reference 17):

2.713.29 b

t
MDC= s (10.1)

E'V'2.22xO 6 Y.e -t

where:

MDC the a priori MINIMUM DETECTABLE CONCENTRATION (pCi per unit
mass or volume).

Rb the background counting rate, or the counting rate of a blank sample, as
appropriate (counts per-minute).

ts= the length of the sample counting period (minutes).

tb = the length of the background counting period (minutes).

E = the counting efficiency (counts per disintegration)

V = the sample size (units of mass or volume).

2.22 x 106 = the number of disintegrations per minute per gCi.

Y = the fractional radiochemical yield, when applicable.

X = the radioactive decay constant for the given radionuclide (h-1). Values
of 4 used in effluent calculations should be based on decay data from a
recognized and current source, such as Reference 26.

At = for effluent samples, the elapsed time between the midpoint of sample
collection and the time of counting (h); for environmental samples, the
elapsed time between the end of sample collection and the time of
counting (h).

Typical values of E, V, Y, and At should be used in the calculation. It should be
recognized that the MDC is defined as an a priori (before the fact) limit representing the
capability of a measurement system, and not as an a posteriori (after the fact) limit for a
particular measurement.
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PRINCIPAL GAMMA EMITTERS
The PRINCIPAL GAMMA EMITTERS for which the MINIMUM DETECTABLE
CONCENTRATION (MDC) limit applies include exclusively the following radionuclides:

For liquid radioactive effluents: Mn-54, Fe-59, Co-58, Co-60, Zn-65, Mo-99, Cs-134, Cs-
137, and Ce-141. Ce-144 shall also be measured, but with an MDC of
5 x 10-6 jCi/mL.

For gaseous radioactive effluents: In noble gas releases, Kr-87, Kr-88, Xe-133,
Xe-133m, Xe-135, Xe-138; and in particulate releases, Mn-54, Fe-59, Co-58, Co-60,
Zn-65, Mo-99, Cs-134, Cs-137, Ce-141, and Ce-144.

For environmental media: The gamma emitters specifically listed in Table 4-3.

These lists do not mean that only these nuclides are to be considered. Other gamma
peaks that are identifiable, together with those of the above nuclides, shall also be
analyzed and reported in the Radioactive Effluent Release Report, the Annual
Radiological Environmental Operating Report, or other applicable report(s).

OPERATIONAL CONDITION
An OPERATIONAL CONDITION shall be any one inclusive combination of Mode Switch
position and average reactor coolant temperature, as defined in Table 1.1-1 of the
Technical Specifications.

REACTOR MODE
The'REACTOR MODE is established by the Mode Switch position. The four Mode
Switch positions are REFUEL, SHUTDOWN, START & HOT STANDBY, and RUN.
(See Technical Specifications Table 1.1-1 for definitions of these MODES.)

SITE BOUNDARY
The SITE BOUNDARY shall be that line beyond which the land is not owned, leased or
otherwise controlled by Georia Power Company as shown in Figure 10-1.

SOURCE CHECK
A SOURCE CHECK shall be the qualitative assessment of channel response when the
channel sensor is exposed to a source of increased radioactivity.

UNRESTRICTED AREA
The UNRESTRICTED AREA shall be any area access to which is neither limited nor
controlled by the licensee, or any area within the SITE BOUNDARY used for residential
quarters or for industrial, commercial, institutional, and/or recreational purposes.

i 0-4 Version 22 2/09
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10.2 TERMS DEFINED IN THE TECHNICAL SPECIFICATIONS

The following terms are defined in the Technical Specifications, Section 1.1. Because they are
used throughout the Limits of Operation sections of the ODCM, they are presented here for
convenience. In the event of discrepancies between the definitions below and those in the
Technical Specifications, the Technical Specification definitions shall take precedence.

ACTIONS
ACTIONS shall be that part of a Specification that prescribes Required Actions to be
taken under designated Conditions within specified Completion Times.

CHANNEL CALIBRATION
A CHANNEL CALIBRATION shall be the adjustment, as necessary, of the channel
output, such that it responds within the necessary range and accuracy to known values
of the parameter that the channel monitors. The CHANNEL CALIBRATION shall
encompass the entire channel, including the required sensor, alarm, display, and trip
functions, and shall include the CHANNEL FUNCTIONAL TEST. Calibration of
instrument channels with resistance temperature detector (RTD) or thermocouple
sensors may consist of an inplace qualitative assessment of sensor behavior and normal
calibration of the remaining adjustable devices in the channel. The CHANNEL
CALIBRATION may be performed by any means of any series of sequential,
overlapping, or total channel steps so that the entire channel is calibrated.

CHANNEL CHECK
A CHANNEL CHECK shall be the qualitative assessment, by observation, of channel
behavior during operation. This determination shall include, where possible, comparison
of the channel indication and status to other indications or status derived from
independent instrument channels measuring the same parameter.

CHANNEL FUNCTIONAL TEST
A CHANNEL FUNCTIONAL TEST shall be the injection of a simulated or actual signal
into the channel as close to the sensor as practicable to verify OPERABILITY, including
required alarm, interlock, display, and trip functions, and channel failure trips. The
CHANNEL FUNCTIONAL TEST may be performed by means of any series of
sequential, overlapping, or total channel steps so that the entire channel is tested.

DOSE EQUIVALENT 1-131
DOSE EQUIVALENT 1-131 shall be that concentration of 1-131 (microcuries/gram) that
alone would produce the same thyroid dose as the quantity and isotopic mixture of 1-131,
1-132, 1-133, 1-134, and 1-135 actually present. The thyroid dose conversion factors used,
for this calculation shall be those listed in Table III of TID-14844, AEC, 1962,
"Calculation of Distance Factors for Power and Test Reactor Sites;" Table E-7 of
Regulatory Guide 1.109, Rev. 1, NRC, 1977; or ICRP 30, Supplement to Part 1, page
192-212, Table titled, "Committed Dose Equivalent in Target Organs or Tissues per
Intake of Unit Activity."

OPERABLE (or OPERABILITY)
A system, subsystem, division, component, or device shall be OPERABLE or have
OPERABILITY when it is capable of performing its specified safety function(s) and when
all necessary attendant instrumentation, controls, normal or emergency electrical power,
cooling or seal water, lubrication or other auxiliary equipment that are required for the
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system; subsystem, division, component or device to perform its specified safety
function(s) are also capable of performing their related support function(s).

RATED THERMAL POWER
RATED THERMAL POWER shall be a total reactor core heat transfer rate to the reactor
coolant of 2804 MWt.

THERMAL POWER
THERMAL POWER shall be the total reactor core heat transfer rate to the reactor
coolant.
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VEGP ODCM

CHAPTER 1

INTRODUCTION

The Offsite Dose Calculation Manual is a supporting document of the Technical Specifications.
As such, it describes the methodology and parameters to be used in the calculation of offsite

,doses due to radioactive liquid and gaseous effluents, and in the calculation of liquid and gaseous
effluent monitoring instrumentation alarm setpoints. In addition, it contains the following:

* The controls required by the Technical Specifications, governing the radioactive effluent
and radiological environmental monitoring programs.

* Schematics of liquid and gaseous radwaste effluent treatment systems, which include
designation of release points to UNRESTRICTED AREAS.

* A list and maps indicating the specific sample locations for the Radiological Environmental
Monitoring Program.

" Specifications and descriptions of the information that must be included in the Annual
Radiological Environmental Operating Report and the Radioactive Effluent Release
Report required by the Technical Specifications.

The ODCM will be maintained at the plant for use as a reference guide and training document of
accepted methodologies and calculations. Changes in the calculational methods or parameters
will be incorporated into the ODCM in order to ensure that it represents current methodology in all
applicable areas. Any computer software used to perform the calculations described will be
maintained current with the ODCM.

Equations and methods used in the ODCM are based on those presented in NUREG-0133
(Reference 1), in Regulatory Guide 1.109 (References 2 and 3), in Regulatory Guide 1.111
(References 4 and 5), and in Regulatory Guide 1.113 (Reference 6).
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CHAPTER 2

LIQUID EFFLUENTS

'2.1 LIMITS OF OPERATION

The following Liquid Effluent Controls implement requirements established by Technical
Specifications Section 5.0. Terms printed in all capital letters are defined in Chapter 10.

2.1.1 Liquid Effluent Monitoring Instrumentation Control

In accordance with Technical Specification 5.5.4.a, the radioactive liquid effluent monitoring
instrumentation channels shown in Table 2-1 shall be OPERABLE with their alarm/trip setpoints
set to ensure that the limits specified in Section 2.1.2 are not exceeded. The alarm/trip setpoints
of these channels shall be determined in accordance with Section 2.3.

2.1.1.1 Applicability

This limit applies at all times.

2.1.1.2 Actions

With a radioactive liquid effluent monitoring instrumentation channel alarm/trip setpoint less
conservative than required by the above control, immediately suspend the release of radioactive
liquid effluents monitored by the affected channel, declare the channel inoperable, or change the
setpoint to a conservative value.

With less than, the minimum number of radioactive liquid effluent monitoring instrumentation
channels OPERABLE, take the ACTION shown in Table 2-1. Restore the INOPERABLE
instrumentation to OPERABLE status within 30 days, or if unsuccessful, explain in the next
Radioactive Effluent Release Report, per Technical Specification 5.6.3, why this inoperability was
not corrected in a timely manner.

This control does not affect shutdown requirements or MODE changes.

2.1.1.3 Surveillance Requirements

Each radioactive liquid effluent monitoring instrumentation channel shall be demonstrated
OPERABLE by performance of the CHANNEL CHECK, SOURCE CHECK, CHANNEL
CALIBRATION, and CHANNEL OPERATIONAL TEST operations at the frequencies shown in
Table 2-2. Specific instrument numbers are provided in parentheses for information only. The
numbers apply to each unit. These numbers will help to identify associated channels or loops and
are not intended to limit the requirements to the specific instruments associated with the number.
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2.1.1.4 Basis

The radioactive liquid effluent instrumentation is provided to monitor and control, as applicable,
the releases of radioactive materials in liquid effluents during actual or potential releases of liquid
effluents. The Alarm/Trip Setpoints for these instruments shall be calculated and adjusted in
accordance with the methodology and parameters in Section 2.3 to ensure that the alarm/trip will
occur prior to exceeding the limits of Section 2.1.2. The OPERABILITY and use of this
instrumentation is consistent with the requirements of General Design Criteria 60, 63, and 64 of
Appendix A to 10 CFR Part 50.
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Table 2-1. Radioactive Liquid Effluent Monitoring Instrumentation

OPERABILITY Requirementsa
Instrument Minimum

Channels
Operable ACTION

1. Radwaste Monitors Providing Alarm and Automatic Termination of Release

a. Liquid Radwaste Effluent Line (RE-0018) 1 37

b. Steam Generator Blowdown Effluent Line 1 38
(RE-0021)

c. Turbine Building Effluent Line (RE-0848) 1 38

2. Radwaste Monitors Providing Alarm, but Not Automatic Termination of Release

NSCW Effluent Line (RE-0020 A) 1 39

NSCW Effluent Line (RE-0020 B) 1 39

3. Flowrate Measurement Devices

a. Liquid Radwaste Effluent Line (FT-0018), 1 40
(FT-1084A/B),_or_(FT-1085A/B) .

b. Steam Generator Blowdown Effluent Line 1 40
(FT-0021)

c. Flow to Blowdown Sump (AFQI-7620, F17620A) 1 40

a. All requirements in this table apply to each unit.
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Table 2-1 (contd). Notation for Table 2-1 - ACTION Statements

ACTION 37 - With the number of channels OPERABLE less than required by the Minimum
Channels OPERABLE requirement, effluent releases may continue provided that prior to
initiating a release:

a. At least two independent samples are analyzed in accordance with
Section 2.1.2.3, and

b. At least two technically qualified members of the Facility Staff independently
verify the discharge line valving and the release rate calculations.

Otherwise, suspend release of radioactive effluents via this pathway.

ACTION 38 - With the number of channels OPERABLE less than required by the Minimum
Channels OPERABLE requirement, effluent releases via this pathway may continue
provided grab samples are analyzed for gross radioactivity at a MINIMUM DETECTABLE
CONCENTRATION no higher than 1 x 10-7 #ICi/mL using gross beta/gamma counting or
5 x 10-7 0Ci/mL for the principal gamma emitters using gamma-ray spectroscopy.

a. At least once per 12 hours when the specific activity of the secondary coolant is
greater than 0.01 gCi/gram DOSE EQUIVALENT 1-131.

b. At least once per 24 hours when the specific activity of the secondary coolant is
less than or equal to 0.01 pCi/gram DOSE EQUIVALENT 1-131.

ACTION 39 - With the number of channels OPERABLE less than required by'the Minimum
Channels OPERABLE requirement, effluent releases via this pathway may continue
provided that, at least once per 12 hours, grab samples are collected and analyzed for
radioactivity at a MINIMUM DETECTABLE CONCENTRATION no higher than
1 x 10-7 gCi/mL using gross beta/gamma counting or 5 x 10-7 pCi/mL for the principal
gamma emitters using gamma-ray spectroscopy.

ACTION 40 - With the number of channels OPERABLE less than required by the Minimum
Channels OPERABLE requirement, effluent releases via this pathway may continue
provided the flowrate is estimated at least once per 4 hours during actual releases. Pump
curves generated in place may be used to estimate flow.
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Table 2-2. Radioactive Liquid Effluent Monitoring Instrumentation Surveillance
Requirements

Surveillance Requirementsd

CHANNEL CHANNEL
Instrument CHANNEL SOURCE CALIBRA- OPERATIONAL

CHECK CHECK TION TEST
1. Radwaste Monitors Providing Alarm and Automatic Termination of Release

a. Liquid Radwaste
Effluent Line
(RE-0018) D P Rb Ra(l)

b. Steam Generator
Blowdown Effluent
Line (RE-0021) D M Rb Ra(l)

c. Turbine Building
Effluent Line
(RE-0848) D M Rb Ra(l)

2.. Radwaste Monitors Providing Alarm, but Not Automatic Termination of Release

NSCW Effluent Line
(RE-0020 A&B) D M Rb Ra(2)

3. Flowrate Measurement Devices

a. Liquid Radwaste
Effluent Line
(FT-001 8),
(FT-1084A/B), or
(FT-1085A/B) Dc NA R NA

b. Steam Generator
Blowdown Effluent
Line (FT-0021) DC NA R NA

c. Flow to Blowdown
Sump (AFQI-7620,
F17620A) Dc NA R Q
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Table 2-2 (contd). Notation for Table 2-2

a. In addition to the basic functions of a CHANNEL OPERATIONAL TEST (Section 10.2):

(1) The CHANNEL OPERATIONAL TEST shall also demonstrate that automatic
isolation of this pathway and control room annunciation occurs (for item a. below
only); and control room CRT indication occurs (if any of the following conditions
exist):

(a) Instrument indicates measured levels above the alarm/trip setpoint;

(b) Instrument indicates an "Equipment Trouble" alarm;

(c) Instrument indicates a "LoW' alarm; or

(d) Instrument indicates channel "Deactivated".

(2) The CHANNEL OPERATIONAL TEST shall also demonstrate that control room
annunciation occurs (for item a. below only); and that control room CRT
indication occurs (if any of the following conditions exist):

(a) Instrument indicates measured levels above the alarm/trip setpoint;

(b) Instrument indicates an "Equipment Trouble" alarm;

(c) Instrument indicates a "Low" alarm; or

(d) Instrument indicates channel "Deactivated".

b. The initial CHANNEL CALIBRATION shall be performed using one or more of the
reference standards certified by the National Institute of Standards and Technology or
using standards that have been obtained from suppliers that participate in measurements
assurance activities with NIST. These standards shall permit calibrating the system over
its intended range of energy and measurement range. For subsequent CHANNEL
CALIBRATION, sources that have been related to the initial calibration shall be used.

c. CHANNEL CHECK shall consist of verifying indication of flow during periods of release.
CHANNEL CHECK shall be made at least once per 24 hours on days on which
continuous, periodic, or batch releases are made.

d. All requirements in this table apply to each unit.

2-6 
VER 26

2-6 VER 26



VEGP ODCM

2.1.2 Liquid Effluent Concentration Control

In accordance with Technical Specifications 5.5.4.b and 5.5.4.c, the concentration of radioactive
material released in liquid effluents to UNRESTRICTED AREAS shall be limited at all times to ten
times the concentrations specified in 10 CFR 20, Appendix B, Table 2, Column 2 for radionuclides
other than dissolved or entrained noble gases. For dissolved or entrained noble gases, the
concentration shall be limited to 1 x 10-4 ýCi/mL total activity.

2.1.2.1 Applicability

This limit applies at all times.

2.1.2.2 Actions

With the concentration of radioactive material released in liquid effluents to UNRESTRICTED
AREAS exceeding the limits stated in Section 2.1.2, immediately restore the concentration to
within the stated limits.

This control does not affect shutdown requirements or MODE changes.

2.1.2.3 Surveillance Requirements

The radioactivity content of each batch of radioactive liquid waste shall be determined by
sampling and analysis in accordance with Table 2-3. The results of radioactive analyses shall be
used with the calculational methods in Section 2.3 to assure that the concentration at the point of
release is maintained within the limits of Section 2.1.2.

2.1.2.4 Basis

This control is provided to ensure that the concentration of radioactive materials released in liquid
waste effluents to UNRESTRICTED AREAS will be less than ten times the concentration levels
specified in 10 CFR 20, Appendix B, Table 2, Column 2. This limitation provides additional
assurance that the levels of radioactive materials in bodies of water in UNRESTRICTED AREAS
will result in exposures within (1) the Section II.A design objectives of Appendix 1, 10 CFR 50, to a
MEMBER OF THE PUBLIC, and (2) the limits of 10 CFR 20.1301 to the population. The
concentration limit for dissolved or entrained noble gases is based upon the assumption that Xe-
135 is the controlling radioisotope and its MPC in air (submersion) was converted to an equivalent
concentration in water using the methods described in International Commission on Radiological
Protection .(ICRP) Publication 2 (1959). The resulting concentration of 2 x 10-4 was then
multiplied by the ratio of the effluent concentration limit for Xe-1 35, stated in Appendix B,, Table 2,
Column 1 of 10 CFR 20 (paragraphs 20.1001 to 20.2401), to the MPC for Xe-1 35, stated in
Appendix B, Table II, Column 1 of 10 CFR 20 (paragraphs 20.1 to 20.601), to obtain the limiting
concentration of 1 x 10-4 ýCi/mL.
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Table 2-3. Radioactive Liquid Waste Sampling and Analysis Program

Sampling and Analysis Requirementsa'b

MINIMUM
DETECTABLE
CONCENTRA-,Minimum TO MC

Liquid Release Sampling Analysis Type of Activity TION (MDC)

Type FREQUENCY FREQUENCY Analysis (ýiCi/mL)

A. BATCH RELEASES
PRINCIPAL 5 E-7
GAMMA
EMITTERS

P P
Each BATCH Each BATCH 1-131 1 E-6

1. Waste Monitor Dissolved and 1 E-5
Tank p Entrained Gases

One BATCH/M M (Gamma Emitters)
2. Drainage of H-3 1 E-5

System P M
Each BATCH COMPOSITE Gross Alpha 1 E-7

Sr-89, Sr-90 5 E-8
P Q

Each BATCH COMPOSITE Fe-55 1 E-6

B. CONTINUOUS RELEASES
PRINCIPAL 5 E-7
GAMMA
EMITTERS

W
Continuous COMPOSITE 1-131 1 E-6

Dissolved and 1 E-5
M Entrained Gases

Grab Sample M (Gamma Emitters)
Waste Water H-3 1 E-5
Retention Basinc M

Continuous COMPOSITE Gross Alpha 1 E-7
Sr-89, Sr-90 5 E-8

Q
Continuous COMPOSITE Fe-55 1 E-6
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Table 2-3 (contd). Notation for Table 2-3

a. All requirements in this table apply to each unit.

b. Terms printed in all capital letters are defined in Chapter 10.

c. The WWRB will not be considered a release point until there is a confirmed primary to
secondary leak. Once a primary to secondary leak has been confirmed, this composite
shall be analyzed as specified until the leak is repaired. This surveillance will continue
until three consecutive weekly composite samples have shown no activity above the MDC.
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2.1.3 Liquid Effluent Dose Control

In accordance with Technical Specifications 5.5.4.d and 5.5.4.e, the dose or dose commitment to
a MEMBER OF THE PUBLIC from radioactive materials in liquid effluents released, from each
unit, to UNRESTRICTED AREAS shall be limited:

a. During any calendar quarter to less than or equal to 1.5 mrem to the total body and to less
than or equal to 5 mrem to any organ, and

b. During any calendar year to less than or equal to 3 mrem to the total body and to less than
or equal to 10 mrem to any organ.

2.1.3.1 Applicability

These limits apply at all times.

2.1.3.2 Actions

With the calculated dose from the release of radioactive materials in liquid effluents exceeding
any of the limits of Section 2.1.3., prepare and submit to the Nuclear Regulatory Commission
within 30 days a special report which identifies the cause(s) for exceeding the limit(s); defines
the corrective actions to be taken to reduce the releases; and defines the proposed corrective
actions to be taken to assure that subsequent releases will be in compliance with the limits of
Section 2.1.3.

This control does not affect shutdown requirements or MODE changes.

2.1.3.3 Surveillance Requirements

At least once per 31 days, cumulative dose contributions from liquid effluents for the current
calendar quarter and the current calendar year shall be determined, for each unit, in accordance
with Section 2.4.

2.1.3.4 Basis

This control is provided to implement the requirements of Sections II.A, III.A and IV.A of Appendix
1, 10 CFR Part 50. The limits stated in Section 2.1.3 implement the guides set forth in Section II.A
of Appendix I. The ACTIONS stated in Section 2.1.3.2 provide the required operating flexibility
and at the same time implement the guides set forth in Section IV.A of Appendix I to assure that
the releases of radioactive material in liquid effluents will be kept "as low as is reasonably
achievable." Also, for fresh water sites with drinking water supplies that can be potentially
affected by plant operations, there is reasonable assurance that the operation of the facility will not
result in radionuclide concentrations in the finished drinking water that are in excess of the
requirements of 40 CFR Part 141. The dose calculations in Section 2.4 implement the
requirements in Section III.A of Appendix I, which state that conformance with the guides of
Appendix I be shown by calculational procedures based on models and data, such that the actual
exposure of a MEMBER OF THE PUBLIC through appropriate pathways is unlikely to be
substantially underestimated. The equations specified in Section 2.4 for calculating the doses due
to the actual release rates of radioactive materials in liquid effluents are consistent with the
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methodology provided in Regulatory Guide 1.109 (Reference 3) and Regulatory Guide 1.113
(Reference 6).

This control applies to the release of liquid effluents from each unit at the site. The liquid effluents
from shared LIQUID RADWASTE TREATMENT SYSTEMs are to be proportioned between the
units.

2.1.4 Liquid Radwaste Treatment System Control

In accordance with Technical Specification 5.5.4.f, the LIQUID RADWASTE TREATMENT
SYSTEM shall be OPERABLE. The appropriate portions of the system shall be used to reduce
radioactivity in liquid wastes prior to their discharge when the projected doses due to the liquid
effluent, from each unit, to UNRESTRICTED AREAS would exceed 0.06 mrem to the total body or
0.2 mrem to any organ of a MEMBER OF THE PUBLIC in 31 days.

2.1.4.1 Applicability

This limit applies at all times.

2.1.4.2 Actions

With radioactive liquid waste being discharged without treatment and in excess of the above limits
and any portion of the LIQUID RADWASTE TREATMENT SYSTEM not in operation, prepare and
submit to the Nuclear Regulatory Commission within 30 days a special report which includes the
following information:

a. Explanation of why liquid radwaste was being discharged without treatment, identification
of any inoperable equipment or subsystems and the reason for the inoperability,

b. Action(s) taken to restore the inoperable equipment to OPERABLE status, and

c. Summary description of action(s) taken to prevent a recurrence.

This control does not affect shutdown requirements or MODE changes.

2.1.4.3 Surveillance Requirements

Doses due to liquid releases to UNRESTRICTED AREAS shall be projected at least once per
31 days, in accordance with Section 2.5, during periods in which the LIQUID RADWASTE
TREATMENT SYSTEMs are not being fully utilized.

The LIQUID RADWASTE TREATMENT SYSTEM shall be demonstrated OPERABLE by meeting
the controls of Sections 2.1.2 and 2.1.3.

2.1.4.4 Basis

The OPERABILITY of the LIQUID RADWASTE TREATMENT SYSTEM ensures that this system
will be available for use whenever liquid effluents require treatment prior to release to the
UNRESTRICTED AREAS. The requirement that the appropriate portions of this system be used
when specified provides assurance that the releases of radioactive materials in liquid effluents will
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be kept "as low as is reasonably achievable." This control implements the requirements of
10 CFR Part 50.36a, General Design Criterion 60 of Appendix A to 10 CFR Part'50, and the
design objective given in Section II.D of Appendix I to 10 CFR Part 50. The specified limits
governing the use of appropriate portions of the LIQUID RADWASTE TREATMENT SYSTEM
were specified as a suitable fraction of the dose design objectives set forth in Section II.A of
Appendix 1, 10 CFR Part 50, for liquid effluents.

This control applies to the release of radioactive materials in liquid effluents from each unit at the
site. For units with shared radwaste systems, the liquid effluents from the shared system are to
be proportioned among the units sharing that system.

2.1.5 Maior Chanqes to Liquid Radioactive Waste Treatment Systems

Licensee initiated MAJOR CHANGES TO LIQUID RADIOACTIVE WASTE TREATMENT
SYSTEMS:

a. Shall be reported to the Nuclear Regulatory Commission in the Radioactive Effluent o)
Release Report for the period in which the change was implemented. The discussion of
each change shall contain the information described in Section 7.2.2.7.

b. Shall become effective upon review and approval by the Vice President - Plant.
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2.2 LIQUID RADWASTE TREATMENT SYSTEM

The Vogtle Electric Generating Plant is located on the west bank of the Savannah River
approximately 151 river miles from the Atlantic Ocean. There are two pressurized water reactors
on the site. Each unit is served by a separate LIQUID RADWASTE TREATMENT SYSTEM;
however, certain components are shared between the two systems. Schematics of the LIQUID
RADWASTE TREATMENT SYSTEMs are presented in Figure 2-1 and Figure 2-2. Liquid
discharge pathways are shown in Figure 2-3.

All liquid radwastes treated by the LIQUID RADWASTE TREATMENT SYSTEM are collected in
5,000-gallon or 20,000-gallon waste monitor tanks. Releases from the waste monitor tanks are to
the discharge line from the blowdown sump, and from there to the Savannah River. The
blowdown sump also receives input from the waste water retention basins, turbine plant cooling
water blowdown, and nuclear service cooling water blowdown. Additional dilution water is
available from the cooling tower makeup water bypass line.

Although no significant quantities of radioactivity are expected in the nuclear service cooling
water, the steam generator blowdown processing system, or the turbine building drain system,
these effluent pathways are monitored as a precautionary measure. The monitors serving the
latter two pathways provide for automatic termination of releases from these systems in the event
that radio-activity is detected above predetermined levels. These two systems discharge to the
waste water retention basin. Sampling and analysis of releases via all three of these pathways
must be sufficient to ensure that the liquid effluent dose limits specified in the controls of
Section 2.1.3 are not exceeded.
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To Unit 2

Aonitor Waste Monitor Waste Monitor
ik: Filterý Tank: Tank:
gal Demin 5,000 gal 20,000 gal

To Discharge

Figure 2-1. Unit 1 Liquid Radwaste Treatment System
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from Laundry and Hot Shower
Tank

(Unit 1)

-- ---- - ---- - ---- - ---- - ---- - ---- - I -I- -

Waste Monitor _____________ Waste Monitor Waste Monitor
Tank: Filter Tank: Tank:

5,000 gal D 5,000 gal 20,000 gal
L I-

2 RE-0018

IITo Discharge

Figure 2-2. Unit 2 Liquid Radwaste Treatment System
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River

Radioactivity Monitors

0 1(2) RE0020

0 1(2) RE0021

0 1(2) RE0848

0 1(2) RE0018

*The blowdown sump is common to both units.

Figure 2-3. Liquid Radwaste Discharge Pathways
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2.3 LIQUID EFFLUENT MONITOR SETPOINTS

2.3.1 General Provisions Regarding Setpoints

Liquid monitor setpoints calculated in accordance with the methodology presented in this section
will be regarded as upper bounds for the actual high alarm setpoints. That is, a lower value for
the high alarm setpoint may be established or retained on the monitor, if desired. Intermediate
level setpoints should be established at an appropriate level to give sufficient warning prior to
reaching the high alarm setpoint. If no release is planned for a particular pathway, or if there is no
detectable activity in the planned release, the monitor setpoint should be established as close to
background as practical to prevent spurious alarms, and yet alarm should an inadvertent release
occur.

Two basic setpoint methodologies are presented below. For radwaste system discharge
monitors, setpoints are determined to assure that the limits of Section 2.1.2 are not exceeded.
For monitors on streams that are not expected to contain significant radioactivity, the purpose of
the monitor setpoints is to cause an alarm on low levels of radioactivity, and to terminate the
release where this is possible. Section 2.1.1 establishes the requirements for liquid effluent
monitoring instrumentation. Table 2-4 lists the monitors for which each of the setpoint
methodologies is applicable.
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Table 2-4. Applicability of Liquid Monitor Setpoint Methodologies

Liquid Radwaste Discharge Monitors

Setpoint Method: Section 2.3.2

Release Type: BATCH

Unit 1 or Unit 2 Liquid Waste Treatment System Effluent
Monitor: 1 RE-0018/ 2RE-0018

Normally Low-Radioactivity Streams with Termination or Diversion upon Alarm

Setpoint Method: Section 2.3.3

Release Type: CONTINUOUS

Unit 1 or Unit 2 Steam Generator Blowdown Effluent
Monitor: 1 RE-0021 / 2RE-0021

Unit 1 or Unit 2 Turbine Building Drain Effluent
Monitor: 1 RE-0848 / 2RE-0848

Normally Low-Radioactivity Streams with Alarm Only

Setpoint Method: Section 2.3.3

Release Type: CONTINUOUS

Unit 1 or Unit 2 Nuclear Service Cooling Water System Effluent
Monitors (2 per unit): 1 RE-0020 A and B

2RE-0020 A and B
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2.3.2 Setpoints for Radwaste System Discharge Monitors

2.3.2.1 Overview of Method

LIQUID RADWASTE TREATMENT SYSTEM effluent line radioactivity monitors are intended to
provide alarm and automatic termination of release prior to exceeding the limits specified in
Section 2.1.2 at the point of release of the diluted effluent into the UNRESTRICTED AREA.
Therefore, their alarm/trip setpoints are established to ensure compliance with the following
equation (equation adapted from Addendum to Reference 1):

c-f
S< TF. CECL (2.1)

F+f

where:

CECL = the Effluent Concentration Limit corresponding to the mix of radionuclides in the
effluent being considered for discharge, in gCi/mL.

c the setpoint, in piCi/mL, of the radioactivity monitor measuring the concentration
of radioactivity in the effluent line prior to dilution and subsequent release. The
setpoint represents a concentration which, if exceeded, could result in
concentrations exceeding the limits of Section 2.1.2 in the UNRESTRICTED
AREA.

f = the effluent flowrate at the location of the radioactivity monitor, in gpm.

F = the dilution stream flowrate which can be assured prior to the release point to the
UNRESTRICTED AREA, in gpm. A predetermined dilution flowrate must be
assured for use in the calculation of the radioactivity monitor setpoint.

TF the tolerance factor selected to allow flexibility in the establishment of a practical
monitor setpoint which could accommodate effluent releases at concentrations
higher than the ECL values stated in 10 CFR 20, Appendix B, Table 2, Column 2;
the tolerance factor must not exceed a value of 10.

While equation (2.1) shows the relationships of the critical parameters that determine the setpoint,
it cannot be applied practically to a mixture of radionuclides with different Effluent Concentration
Limits (ECLs). For a mixture of radionuclides, equation (2.1) is satisfied in a practicable manner
based on the calculated ECL fraction of the radionuclide mixture and the dilution stream flowrate
that can be assured for the duration of the release (Fd), by calculating the maximum permissible
effluent flowrate (fin) and the radioactivity monitor setpoint (c).

The setpoint method presented below is applicable to the release of only one tank of liquid
radwaste per reactor unit at a given time. Liquid releases must be controlled administratively to
ensure that this condition is met; otherwise, the setpoint method may not ensure that the limits of
Section 2.1.2 are not exceeded.
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2.3.2.2 Setpoint Calculation Steps

Step 1: Determine the radionuclide concentrations in the liquid waste being considered
for release in accordance with the sampling and analysis requirements of
Section 2.1.2.

All liquid radwastes treated by the LIQUID RADWASTE TREATMENT SYSTEM are collected in
waste monitor tanks for sampling and analysis. The 5,000-gallon waste monitor tanks are
recirculated for a minimum of 30 minutes, and the 20,000-gallon waste monitor tanks are
recirculated for a minimum of 45 minutes. This mixing assures that a representative sample can
be taken from the tank.

The total concentration of the liquid waste is determined by the results of all required analyses on
the collected sample, as follows:

,C1i = C,- + C Cf +C C ,+ Cg (2.2)
i s g

where:

Ca = the gross concentration of alpha emitters in the liquid waste, not less than that
measured in the most recent applicable composite sample.

Cs = the concentration of strontium radioisotope s (Sr-89 or Sr-90) in the liquid waste,
not less than that measured in the most recent applicable composite sample.

Cf = the concentration of Fe-55 in the liquid waste, not less than that measured in the
most recent applicable composite sample.

Ct  the concentration of H-3 in the liquid waste, not less than that measured in the
most recent applicable composite sample.

Cg = the concentration of gamma emitter g in the liquid waste as measured by gamma
ray spectroscopy performed on the sample for the release under consideration.

The Cg term will be included in the analysis of each waste sample; terms for gross concentrations
of alpha emitters, Sr-89, Sr-90, Fe-55, and tritium will be included in accordance with the sampling
and analysis program required for the waste stream (see Section 2.1.2). For each analysis, only
radionuclides identified and detected above background for the given measurement should be
included in the calculation. When using the alternate setpoint methodology of step 5.b, the
historical maximum values of Ca, Cs, Cf, and Ct shall be used.

Step 2: Determine the required dilution factor for the mix of radionuclides detected in the
waste.

Measured radionuclide concentrations are used to calculate ECL fractions. The ECL fractions are
used along with a safety factor to calculate the required dilution factor; this is the minimum ratio of
dilution flowrate to waste flowrate that must be maintained throughout the release to ensure that
the limits of Section 2.1.2 are not exceeded at the point of discharge into the UNRESTRICTED
AREA. The required dilution factor, RDF, is calculated as the sum of the dilution factors required
for gamma emitters (RDF.) and for non-gamma-emitters (RDFnv):
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RDF = CL- ] +[(SF)(TF)]

(2.3)

=RDF. + RDF,,>

RDF,- (SF)TF (2.4)
(SF)(TF)

where:

C' +' C,. + Cf + C'

RDF rECL, ECL, ECLf ECL- (2.5)

(SFXTF)

Ci the measured concentration of radionuclide i as defined in step 1, in ltCi/mL. The
Ca, Cs, Cf, and Ct terms will be included in the calculation as appropriate.

ECL i the Effluent Concentration Limit for radionuclide i from 10 CFR Part 20, Appendix
B, Table 2, Column 2 (except for noble gases as discussed below). In the
absence of information regarding the solubility classification of a given
radionuclide in the waste stream, the solubility class with the lowest ECL shall be
assumed. For dissolved or entrained noble gases, the concentration shall be
limited to lx1 0-4 Ci/mL. For gross alpha, the ECL shall be 2x1 0-9 [Ci/mL; if
specific alpha-emitting radionuclides are measured, the ECL for the specific
radionuclide(s) should be used.

SF the safety factor selected to compensate for statistical fluctuations and errors of
measurement. The value for the safety factor must be between 0 and 1. A value
of 0.5 is reasonable for liquid releases; a more precise value may be developed if
desired.

TF = the tolerance factor (as defined in Section 2.3.2.1).

Step 3: Determine the release-specific assured dilution stream flowrate.

Determine the dilution stream flowrate that can be assured during the release period, designated
Fd; this value is the setpoint for the dilution stream flowrate measurement device.

If simultaneous radioactive releases are planned from the same or different reactor units, the
dilution stream must be allocated among all the simultaneous releases. There will only be one
such release per unit at a given time, unless there is detectable radioactivity in one of the normally
low-radioactivity streams (see Section 2.3.3). Allocation of the dilution stream to multiple release
paths is accomplished as follows:

Fd,= Fd (AFR) (2.6)
where:
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Fdp = the dilution flowrate allocated to release pathway p, in gpm.

AFp = the dilution allocation factor for release pathway p. AFp may be assigned any
value between 0 and 1 for each active release pathway, under the condition that
the sum of the AFP for all active release pathways for the entire plant site does
not exceed 1.

Fd = the assured minimum dilution flow for the unit, in gpm.

In the normal case in which the only release pathways with detectable radioactivity are the
LIQUID RADWASTE TREATMENT SYSTEMs of each unit, AFP for each unit may be assigned
the value of 0.5 to permit releases from either unit to be made without regard to any releases from
the other unit; if only one unit's LIQUID RADWASTE TREATMENT SYSTEM is releasing at a
given time, its AFp may be increased proportionately. If more precise allocation factor values are
desired, they may be determined based on the relative radiological impact of each active release
pathway; this may be approximated by multiplying the RDF of each effluent stream by its
respective planned release flowrate, and comparing these values. If only one simultaneous
release is being made, its AFp may be assigned the value of 1, making Fdp equal to Fd.

For the case where RDF < 1, the planned release meets the limits of Section 2.1.2 without
dilution, and could be'released with any desired effluent flowrate and dilution flowrate. However,
in order to maintain individual doses due to liquid effluent releases as low as is reasonably
achievable, no releases with detectable radioactivity should be made if the assured dilution
flowrate, FEd, is less than 12,000 gpm.

Step 4: Determine the maximum allowable waste discharge flowrate.

For the case where RDF > 1, the maximum permissible effluent discharge flowrate for this release
pathway, fmp (in gpm), is calculated as follows:

Fdp (2.7)

'" = (RDF - 1)

For the case RDF < 1, equation (2.7) is not valid. However, as discussed above, when RDF < 1,
the release may be made at full discharge pump capacity; the radioactivity monitor setpoint must
still be calculated in accordance with Step 5 below.

NOTE 1: Discharge flowrates are actually limited by the discharge pump capacity. When
the calculated maximum permissible release flowrate exceeds the pump
capacity, the release may be made at full capacity. Discharge flowrates less than
the pump capacity must be achieved by throttling if this is available; if throttling is
not available, the release may not be made as planned.

NOTE 2: If, at the time of the planned release, there is detectable radioactivity due to plant
operations in the dilution stream, the diluting capacity of the dilution stream is
diminished. (In addition, sampling and analysis of the other radioactive effluents
affecting the dilution stream must be sufficient to ensure that the liquid effluent
dose limits specified in the controls of Section 2.1.3 are not exceeded.) Under
these conditions, equation (2.7) must be modified to account for the radioactivity
present in the dilution stream prior to the introduction of the planned release:
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f Fdp I Y-L1 (2.8)
'P ~ , LRD -"1) IF,,,dj

where:

Cir - the measured concentration of radionuclide i in release
pathway r that is contributing to radioactivity in the dilution
stream.

fr = the effluent discharge flowrate of release pathway r.

If the entire dilution stream contains detectable activity due to plant operations,
whether or not its source is identified, fr = Fd, and Cir is the concentration in the
total dilution system. This note does not apply: a) if the RDF of the planned
release is < 1; or b) if the release contributing radioactivity to the dilution stream
has been accounted for by the assignment of an allocation factor.

Step 5: Determine the maximum radioactivity monitor setpoint concentration.

Based on the values determined in previous steps, the radioactivity monitor setpoint for the
planned release is calculated to ensure that the limits of Section 2.1.2 will not be exceeded.
Because the radioactivity monitor responds primarily to gamma radiation, the monitor setpoint cp
for release pathway p (in pCi/mL) is based on the concentration of gamma emitters in the waste
stream, as follows:

Cp Ap .Cg (2.9)
g

where:

Ap =an adjustment factor which will allow the setpoint to be established in a
practical manner to prevent spurious alarms while allowing a margin between
measured concentrations and the limits of Section 2.1.2.

Step 5.a. If the concentration of gamma emitters in the effluent to be released is
sufficient that the high alarm setpoint can be established at a level that will
prevent spurious alarms, Ap should be calculated as follows:

1
'" Ap= -x ADF

'~RDF

(2.10)

-RF (FdP + f-- X
RDF .f p

where:
ADF the assured dilution factor.

fap the anticipated actual discharge flowrate for the
planned release (in gpm), a value less than fmp. The
release must then be controlled so that the actual
effluent discharge flowrate does not exceed fap at
any time.

2-23 VER 26



VEGP ODCM

Step 5.b.Alternatively, Ap may be calculated as follows:

ADF - RDF,,,
Ap, =

RDFy (2.11)

Step 5.c. Evaluate the computed value of AP as follows:

If AP> 1, calculate the monitor setpoint, c. However, if cp is within about
10 percent of Cg, it may be impractical to use this value of cP. This
situation indicates that measured concentrations are approaching
values which would cause limits of Section 2.1.2 to be exceeded.
Therefore, steps should be taken to reduce potential concentrations

.at the point of discharge; these steps may include decreasing the
planned effluent discharge flowrate, increasing the dilution stream
flowrate, postponing simultaneous releases, and/or decreasing the
effluent concentrations by further processing the liquid planned for
release. Alternatively, allocation factors for the active liquid release
pathways may be reassigned. When one or more of these actions
has been taken, repeat Steps 1-5 to calculate a new radioactivity
monitor setpoint.

If AP < 1, the release may not be made as planned. Consider the alternatives
discussed in the paragraph above, and calculate a new setpoint
based on the results of the actions taken.

2.3.2.3 Use of the Calculated Setpoint

The setpoint calculated above is in the units ýtCi/mL. The monitor actually measures a count rate,
subtracts a predetermined background count rate, and multiplies by a calibration factor to convert
from count rate to gCi/mL.

Initial calibration of the monitors by the manufacturer and Georgia Power Company utilized NIST-
traceable liquid solutions with gamma ray emissions over the range 0.08 to 1.33 MeV, in the exact
geometry of each production monitor. The calibration factor is a function of the radionuclide mix in
the liquid to be released, and will be calculated for the monitor based on the results of the pre-
release sample results from the laboratory gamma-ray spectrometer system. The mix-dependent
calibration factor will be used as the gain factor in the PERMS monitor, or used to modify the
calculated base monitor setpoint so that the default calibration factor in the PERMS monitor can
be left unchanged.

Notwithstanding the initial calibration, monitor calibration data for conversion between count rate
and concentration may include operational data obtained from determining the monitor response
to stream concentrations measured by liquid sample analysis. In all cases, monitor background
must be controlled so that the monitor is capable of responding to concentrations in the range of
the setpoint value.
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2.3.3 Setpoints for Monitors on Normally Low-Radioactivity Streams

Radioactivity in these streams (listed in Table 2-4 above) is expected to be at very low levels,
generally below detection limits. Accordingly, the purpose of these monitors is to alarm upon the
occurrence of significant radioactivity in these streams, and to terminate or divert the release
where this is possible.

2.3.3.1 Normal Conditions

When radioactivity in one of these streams is at its normal low level, its radioactivity monitor
setpoint should be established as close to background as practical to prevent spurious alarms,
and yet alarm should an inadvertent release occur.

2.3.3.2 Conditions Requiring an Elevated Setpoint

Under the following conditions, radionuclide concentrations must be determined and an elevated
radioactivity monitor setpoint determined for these pathways:

" For streams that can be diverted or isolated, a new monitor setpoint must be established when
it is desired to discharge the stream directly to the dilution water even though the radioactivity
in the stream exceeds the level which would normally be diverted or isolated.

" For streams that cannot be diverted or isolated, a new monitor setpoint must be established
whenever: the radioactivity in the stream becomes detectable above the background levels of
the applicable laboratory analyses; or the associated radioactivity monitor detects activity in
the stream at levels above the established alarm setpoint.

When an elevated monitor setpoint is required for any of these effluent streams, it should be
determined in the same manner as described in Section 2.3.2. However, special consideration
must be given to Step 3. An allocation factor must be assigned to the normally low-radioactivity
release pathway under consideration, and allocation factors for other release pathways
discharging simultaneously must be adjusted downward (if necessary) to ensure that the sum of
the allocation factors does not exceed 1. Sampling and analysis of the normally low-radioactivity
streams must be sufficient to ensure that the liquid effluent dose limits specified in the controls of
Section 2.1.3 are not exceeded.
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2.4 LIQUID EFFLUENT DOSE CALCULATIONS

The following sub-sections present the methods required for liquid effluent dose calculations, in
deepening levels of detail. Applicable site-specific pathways and parameter values for the
calculation of Dr, Aj,, and CFjv are summarized in Table 2-5.

2.4.1 Calculation of Dose

The dose limits for a MEMBER OF THE PUBLIC specified in Section 2.1.3 are on a per-unit
basis. Therefore, the doses calculated in accordance with this section must be determined and
recorded on a per-unit basis, including apportionment of releases shared between the two units.

For the purpose of implementing Section 2.1.3, the dose to the maximum exposed individual due
to radionuclides identified in liquid effluents released from each unit to UNRESTRICTED AREAS
will be calculated as follows (equation from Reference 1, page 15):

Dr =I j~~(AtICl1F}) (2.12)

where:

D = the cumulative dose commitment to the total body or to any organ ', in mrem,
due to radioactivity in liquid effluents released during the total of the m time
periods At1.

Ai. the site-related adult ingestion dose commitment factor, for the total body or for
any organ t, due to identified radionuclide i, in (mrem.mL)/(h.[tCi). Methods for
the calculation of A1, are presented below in Section 2.4.2. The values of A, to be
used in dose calculations for releases from the plant site are listed in Table 2-8.

At, = the length of time period/, over which C/ and F/ are averaged for liquid releases,
in h.

Ci = the average concentration of radionuclide i in undiluted liquid effluent during time
period /, in iCi/mL. Only radionuclides identified and detected above background
in their respective samples should be included in the calculation.

F, = the near-field average dilution factor in the receiving water of the
UNRESTRICTED AREA:

F- f(2.13)

where:

ft the average undiluted liquid waste flowrate actually observed during the
period of radioactivity release, in gpm.

F = the average dilution stream flowrate actually observed during the period of
radioactivity release, in gpm. If simultaneous releases from both units occur,
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the dilution stream flowrate Ft must be allocated between them. In such
cases, F, is unit-specific.

Z = the applicable dilution factor for the receiving water body, in the near field of
the discharge structure, during the period of radioactivity release, from Table
2-5.

NOTE: In equation (2.13), the product (Ft x Z) is limited to 1000 cfs
(= 448,000 gpm) or less. (Reference 1, Section 4.3.)

2.4.2 Calculation of A,

The site-related adult ingestion dose commitment factor, Aij, is calculated as follows (equation
adapted from Reference 1, page 16, by addition of the irrigated garden vegetation pathway):

r _,14x10 + Uf BFi e-"tf + U CFi, DFj,Air 1.4x 01 D--,e, (2.14)

where:

1.14 x 105

Uw

Dw

tw

Uf

BFj

tf

Uv

CFiv

= a units conversion factor, determined by:

106 pCi/pCi x 103 mL/L + 8760 h/y.

the adult drinking water consumption rate applicable to the plant site (L/y).

the dilution factor from the near field of the discharge structure for the plant
site to the potable water intake location.

the decay constant for radionuclide i (h-). Values of X, used in effluent
calculations should be based on decay data from a recognized and current
source, such as Reference 20.

the transit time from release to receptor for potable water consumption (h).

= the adult rate of fish consumption applicable to the plant site (kg/y).

the bioaccumulation factor for radionuclide i applicable to freshwater fish in
the receiving water body for the plant site, in (pCi/kg)/(pCi/L) = (L/kg). For
specific values applicable to the plant site, see Table 2-6.

the transit time from release to receptor for fish consumption (h).

the adult consumption rate for irrigated garden vegetation applicable to the
plant site (kg/y).

= the concentration factor for radionuclide i in irrigated garden vegetation, as
applicable to the vicinity of the plant site, in (pCi/kg)/(pCi/L). Methods for
calculation of CFjv are presented below in Section 2.4.3.
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DFj, = the dose conversion factor for radionuclide i for adults, in organ 'I
(mrem/pCi). For specific values, see Table 2-7.

2.4.3 Calculation of Cfiv

The concentration factor for radionuclide i in irrigated garden vegetation, CFjv in (L/kg), is
calculated as follows:

" For radionuclides other than tritium (equation adapted from Reference 3, equations A-8 and
A-9):

CFIV=M r -I; f -e e_•/, (2.15)
CF =M-I v Ei +1

" For tritium (equation adapted from Reference 3, equations A-9 and A-10):

CF,., = M.- L, (2.16)

where:

M = the additional river dilution factor from the near field of the discharge structure for
the plant site to the point of irrigation water usage.

/ = the average irrigation rate during the growing-season (L)/(m 2"h).

r = the fraction of irrigation-deposited activity retained on the edible portions of leafy
garden vegetation.

Yv = the areal density (agricultural productivity) of leafy garden vegetation (kg/m 2)

= the fraction of the year that garden vegetation is irrigated.

Biv = the crop to soil concentration factor applicable to radionuclide i (pCi/kg garden
vegetation)/(pCi/kg soil).

P = the effective surface density of soil (kg/m 2).

?,j = the decay constant for radionuclide i (h-1). Values of ?,i used in effluent
calculations should be based on decay data from a recognized and current
source, such as Reference 20.

X"w = the rate constant for removal of activity from plant leaves by weathering (h-').

k Ei = the effective removal rate for activity deposited on crop leaves (h- 1) calculated as:
?1BE X. +

te = the period of leafy garden vegetation exposure during the growing season (h).

tb = the period of long-term buildup of activity in soil (h).
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th = the time between harvest of garden vegetation and human consumption (h).

Lv = the water content of leafy garden vegetation edible parts (L/kg).
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Table 2-5. Parameters for Calculation of Doses Due to Liquid Effluent Releases

Dose Calculation Receptor Locations:

Fish: Vicinity of plant discharge

Drinkinq Water: 112 miles downstream, at Beaufort, SC (Reference 12)

Irrigated Garden Vegetation:

Numerical Parameters:

None (Reference 12)

Parameter Value Reference

Z

UW
Dw

tw

Uf
tf
Uv

M
/

r

Yv
f,

P

te

tb

th

10, for May through December
20, for January through April

730 L/y

8
48 h
21 kg/y

24 h
0 kg/y

1.0+

No value

0.25
2.0 kg/m

2

1.0+

240 kg/m 2

0.0021 h1 (i.e., half-life of 14 d)

1440 h (= 60 d)

1.31 x 105 h (= 15 y)

24 h
0.92 L/kg

Ref. 11

Ref 3

Ref. 7
Ref. 3, Sec. A.2; Ref. 8

Ref. 3, Table E-5

Ref. 3, Sec. A.2
Ref. 12

Ref. 3, Table E-15.

Ref. 3, Table E-15

Ref. 3, Table E-15

Ref. 3, Table E-15
Ref. 3, Table E-15

Ref. 3, Table E-15

Ref. 3, Table E-15

Based on Ref. 21, Table 5.16

(for lettuce, cabbage, etc.)

Because there is no irrigated garden vegetation pathway downstream of the plant site, the
consumption of irrigated garden vegetation is set to zero, and the other pathway
parameters are defaults.

+ - There is no established default value for this parameter. The most conservative physically
realistic value is 1.0.
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Table 2-6. Element Transfer Factors

Freshwater Fish
Element

BFE

H 9.0 E-01
C 4.6 E+03
Na 1.0 E+02
P 3.0 E+03
Cr 2.0 E+02
Mn 4.0 E+02
Fe 1.0 E+02
Co 5.0 E+01
Ni 1.0 E+02
Cu 5.0 E+01
Zn 2.0 E+03
Br 4.2 E+02
Rb 2.0 E+03
Sr 3.0 E+01
Y 2.5 E+01
Zr 3.3 E+00
Nb 5.5 E+02
Mo 1.0 E+01
Tc 1.5 E+01
Ru 1.0 E+01
Rh 1.0 E+01
Ag 2.3 E+00
Sb 2.0 E+02
Te 4.0 E+02

I 1.5 E+01
Cs 2.0 E+03
Ba 4.0 E+00

La 2.5 E+01
Ce 1.0 E+00
Pr 2.5 E+01
Nd 2.5 E+01
W 1.2 E+03
Np 1.0 E+01

- Bioaccumulation Factors for freshwater fish, in (pCi/kg)/(pCi/L). They are obtained from
Reference 3 (Table A-i), except as follows: Reference 9 for P; Reference 2 (Table A-8)
for Ag; and Reference 10 for Nb and Sb.
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Table 2-7. Adult Ingestion Dose Factors

Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI

H-3 No Data 1.05E-07 1.05E-07 1.05E-07 1.05E-07 1.05E-07 1.05E-07

C-14 2.84E-06 5.68E-07 5.68E-07 5.68E-07 5.68E-07 5.68E-07 5.68E-07

Na-24 1.70E-06 1.70E-06 1.70E-06 1.70E-06 1.70E-06 1.70E-06 1.70E-06

P-32 1.93E-04 1.20E-05 7.46E-06 No Data No Data No Data 2.17E-05

Cr-51 No Data No Data 2.66E-09 1.59E-09 5.86E-10 3.53E-09 6.69E-07

Mn-54 No Data 4.57E-06 8.72E-07 No Data 1.36E-06 No Data 1.40E-05

Mn-56 No Data 1.15E-07 2.04E-08 No Data 1.46E-07 No Data 3.67E-06

Fe-55 2.75E-06 1.90E-06 4.43E-07 No Data No Data 1.06E-06 1.09E-06

Fe-59 4.34E-06 1.02E-05 3.91 E-06 No Data No Data 2.85E-06 3.40E-05

Co-58 No Data 7.45E-07 1.67E-06 No Data No Data No Data 1.51 E-05

Co-60 No Data 2.14E-06 4.72E-06 No Data No Data No Data 4.02E-05

Ni-63 1.30E-04 9.01 E-06 4.36E-06 No Data No Data No Data 1.88E-06

Ni-65 5.28E-07 6.86E-08 3.13E-08 No Data No Data No Data 1.74E-06

Cu-64 No Data 8.33E-08 3.91E-08 No Data 2.1OE-07 No Data 7.1OE-06

Zn-65 4.84E-06 1.54E-05 6.96E-06 No Data 1.03E-05 No Data 9.70E-06

Zn-69 1.03E-08 1.97E-08 1.37E-09 No Data 1.28E-08 No Data 2.96E-09

Br-83 No Data No Data 4.02E-08 No Data No Data No Data 5.79E-08

Br-84 No Data No Data 5.21E-08 No Data No Data No Data 4.09E-13

Br-85 No Data No Data 2.14E-09 No Data No Data No Data No Data

Rb-86 No Data 2.11 E-05 9.83E-06 No Data No Data No Data 4.16E-06

Rb-88 No Data 6.05E-08 3.21E-08 No Data No Data No Data 8.36E-19

Rb-89 No Data 4.01 E-08 2.82E-08 No Data No Data No Data 2.33E-21

Sr-89 3.08E-04 No Data 8.84E-06 No Data No Data No Data 4.94E-05

Sr-90 7.58E-03 No Data 1.86E-03 No Data No Data No Data 2.19E-04

Sr-91 5.67E-06 No Data 2.29E-07 No Data No Data No Data 2.70E-05

All values are in (mrem/pCi ingested). They are obtained from Reference 3 (Table E-1 1),
except as follows: Reference 2 (Table A-3) for Rh-105, Sb-124, and Sb-125.
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Table 2-7 (contd). Adult Ingestion Dose Factors

Nuclide Bone Liver T.Body Thyroid Kidney Lung GI-LLI

Sr-92 2.15E-06 No Data 9.30E-08 No Data No Data No Data 4.26E-05

Y-90 9.62E-09 No Data 2.58E-10 No Data No Data No Data 1.02E-04

Y-91m 9.09E-11 No Data 3.52E-12 No Data No Data No Data 2.67E-10

Y-91 1.41 E-07 No Data 3.77E-09 No Data No Data No Data 7.76E-05

Y-92 8.45E-10 No Data 2.47E-11 No Data No Data No Data 1.48E-05

Y-93 2.68E-09 No Data 7.40E-1 1 No Data No Data No Data 8.50E-05

Zr-95 3.04E-08 9.75E-09 6.60E-09 No Data 1.53E-08 No Data 3.09E-05

Zr-97 1.68E-09 3.39E-10 1.55E-10 No Data 5.12E-10 No Data 1.05E-04

Nb-95 6.22E-09 3.46E-09 1.86E-09 No Data 3.42E-09 No Data 2.1OE-05

Mo-99 No Data 4.31 E-06 8.20E-07 No Data 9.76E-06 No Data 9.99E-06

Tc-99m 2.47E-10 6.98E-10 8.89E-09 No Data 1.06E-08 3.42E-10 4.13E-07

Tc-101 2.54E-10 3.66E-10 3.59E-09 No Data 6.59E-09 1.87E-10 1.10E-21

Ru-103 1.85E-07 No Data 7.97E-08 No Data 7.06E-07 No Data 2.16E-05

Ru-105 1.54E-08 No Data 6.08E-09 No Data 1.99E-07 No Data 9.42E-06

Ru-106 2.75E-06 No Data 3.48E-07 No Data 5.31E-06 No Data 1.78E-04

Rh-105 1.22E-07 8.86E-08 5.83E-08 No Data 3.76E-07 No Data 1.41 E-05

Ag-110m 1.60E-07 1.48E-07 8.79E-08 No Data 2.91E-07 No Data 6.04E-05

Sb-124 2.81E-06 5.30E-08 1.11E-06 6.79E-09 No Data 2.18E-06 7.95E-05

Sb-125 2.23E-06 2.40E-08 4.48E-07 1.98E-09 No Data 2.33E-04 1.97E-05

Te-125m 2.68E-06 9.71E-07 3.59E-07 8.06E-07 1.09E-05 No Data 1.07E-05

Te-127m 6.77E-06 2.42E-06 8.25E-07 1.73E-06 2.75E-05 No Data 2.27E-05

Te-127 1.10E-07 3.95E-08 2.38E-08 8.15E-08 4.48E-07 No Data 8.68E-06

Te-129m 1.15E-05 4.29E-06 1.82E-06 3.95E-06 4.80E-05 No Data 5.79E-05

Te-129 3.14E-08 1.18E-08 7.65E-09 2.41E-08 1.32E-07 No Data 2.37E-08

Te-131m 1.73E-06 8.46E-07 7.05E-07 1.34E-06 8.57E-06 No Data 8.40E-05

Te-131 1.97E-08 8.23E-09 6.22E-09 1.62E-08 8.63E-08 No Data 2.79E-09
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Table 2-7 (contd). Adult Ingestion Dose Factors

Nuclide Bone Liver T.Body Thyroid Kidney Lung GI-LLI

Te-132 2.52E-06 1.63E-06 1.53E-06 1.80E-06 1.57E-05 No Data 7.71 E-05

1-130 7.56E-07 2.23E-06 8.80E-07 1.89E-04 3.48E-06 No Data 1.92E-06

1-131 4.16E-06 5.95E-06 3.41E-06 1.95E-03 1.02E-05 No Data 1.57E-06

1-132 2.03E-07 5.43E-07 1.90E-07 1.90E-05 8.65E-07 No Data 1.02E-07

1-133 1.42E-06 2.47E-06 7.53E-07 3.63E-04 4.31E-06 No Data 2.22E-06

1-134 1.06E-07 2.88E-07 1.03E-07 4.99E-06 4.58E-07 No Data 2.51E-10

1-135 4.43E-07 1.16E-06 4.28E-07 7.65E-05 1.86E-06 No Data 1.31E-06

Cs-134 6.22E-05 1.48E-04 1.21E-04 No Data 4.79E-05 1.59E-05 2.59E-06

Cs-136 6.51E-06 2.57E-05 1.85E-05 No Data 1.43E-05 1.96E-06 2.92E-06

Cs-137 7.97E-05 1.09E-04 7.14E-05 No Data 3.70E-05 1.23E-05 2.11E-06

Cs-138 5.52E-08 1.09E-07 5.40E-08 No Data 8.01E-08 7.91E-09 4.65E-13

Ba-139 9.70E-08 6.91E-11 2.84E-09 No Data 6.46E-11 3.92E-11 1.72E-07

Ba-140 2.03E-05 2.55E-08 1.33E-06 No Data 8.67E-09 1.46E-08 4.18E-05

Ba-141 4.71E-08 3.56E-11 1.59E-09 No Data 3.31E-11 2.02E-11 2.22E-17

Ba-142 2.13E-08 2.19E-11 1.34E-09 No Data 1.85E-11 1.24E-11 3.OOE-26

La-140 2.50E-09 1.26E-09 3.33E-10 No Data No Data No Data 9.25E-05

La-142 1.28E-10 5.82E-11 1.45E-11 No Data No Data No Data 4.25E-07

Ce-141 9.36E-09 6.33E-09 7.18E-10 No Data 2.94E-09 No Data 2.42E-05

Ce-143 1.65E-09 1.22E-06 1.35E-10 No Data 5.37E-10 No Data 4.56E-05

Ce-144 4.88E-07 2.04E-07 2.62E-08 No Data 1.21E-07 No Data 1.65E-04

Pr-143 9.20E-09 3.69E-09 4.56E-10 No Data 2.13E-09 No Data 4.03E-05

Pr-144 3.01E-11 1.25E-11 1.53E-12 No Data 7.05E-12 No Data 4.33E-18

Nd-147 6.29E-09 7.27E-09 4.35E-10 No Data 4.25E-09 No Data 3.49E-05

W-187 1.03E-07 8.61E-08 3.01E-08 No Data No Data No Data 2.82E-05

Np-239 1.19E-09 1.17E-10 6.45E-11 No Data 3.65E-10 No Data 2.40E-05
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Table 2-8. Site-Related Ingestion Dose Factors, A,

Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI

H-3 0..00 1.32E+00 1.32E+00 1.32E+00 1.32E+00 1.32E+00 1.32E+00
C-14 3.13E+04 6.26E+03 6.26E+03 6.26E+03 6.26E+03 6.26E+03 6.26E+03

Na-24 1.36E+02 1.36E+02 1.36E+02 1.36E+02 1.36E+02 1.36E+02 1.36E+02
P-32 1.32E+06 8.22E+04 5.11E+04 0.00 0.00 0.00 1.49E+05

Cr-51 0.00 0.00 1.27E+00 7.58E-01 2.79E-01 1.68E+00 3.19E+02
Mn-54 0.00 4.41 E+03 8.42E+02 0.00 1.31 E+03 0.00 1.35E+04
Mn-56 0.00 1.74E-01 3.08E-02 0.00 2.21 E-01 0.00 5.55E+00
Fe-55 6.86E+02 4.74E+02 1.11 E+02 0.00 0.00 2.65E+02 2.72E+02
Fe-59 1.07E+03 2.51 E+03 9.61 E+02 0.00 0.00 7.01 E+02 8.36E+03
Co-58 0.00 9.59E+01 2.15E+02 0.00 0.00 0.00 1.94E+03
Co-60 0.00 2.78E+02 6.14E+02 0.00 0.00 0.00 5.23E+03
Ni-63 3.25E+04 2.25E+03 1.09E+03 0.00 0.00 0.00 4.70E+02
Ni-65 1.72E-01 2.23E-02 1.02E-02 0.00 0.00 0.00 5.66E-01
Cu-64 0.00 2.75E+00 1.29E+00 0.00 6.94E+00 0.00 2.35E+02
Zn-65 2.32E+04 7.37E+04 3.33E+04 0.00 4.93E+04 0.00 4.64E+04
Zn-69 7.88E-07 1.51 E-06 1.05E-07 0.00 9.79E-07 0.00 2.26E-07
Br-83 0.00 0.00 3.83E-02 0.00 0.00 0.00 5.52E-02
Br-84 0.00 0.00 1.22E-12 0.00 0.00 0.00 9.61E-18
Br-85 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Rb-86 0.00 9.75E+04 4.54E+04 0.00 0.00 0.00 1.92E+04
Rb-88 0.00 1.29E-22 6.82E-23 0.00 0.00 0.00 1.78E-33
Rb-89 0.00 1.61E-26 1.14E-26 0.00 0.00 0.00 0.00
Sr-89 2.49E+04 0.00 7.16E+02 0.00 0.00 0.00 4.OOE+03
Sr-90 6.23E+05 0.00 1.53E+05 0.00 0.00 0.00 1.80E+04
Sr-91 7.25E+01 0.00 2.93E+00 0.00 0.00 0.00 3.45E+02
Sr-92 3.33E-01 0.00 1.44E-02 0.00 0.00 0.00 6.60E+00
Y-90 5.04E-01 0.00 1.35E-02 0.00 0.00 0.00 5.34E+03

Y-91 m 1.04E-11 0.00 4.01 E-13 0.00 0.00 0.00 3.04E-11
Y-91 9.77E+00 0.00 2.61 E-01 0.00 0.00 0.00 5.38E+03
Y-92 4.61 E-04 0.00 1.35E-05 0.00 0.00 0.00 8.07E+00
Y-93 3.19E-02 0.00 8.82E-04 0.00 0.00 0.00 1.01 E+03
Zr-95 5.47E-01 1.75E-01 .1.19E-01 0.00 2.75E-01 0.00 5.56E+02
Zr-97 7.40E-03 1.49E-03 6.83E-04 0.00 2.26E-03 0.00 4.62E+02
Nb-95 8.09E+00 4.50E+00 2.42E+00 0.00 4.45E+00 0.00 2.73E+04
Mo-99 0.00 1.07E+02 2.04E+01 0.00 2.43E+02 0.00 2.49E+02

Tc-99m 5.70E-04 1.61 E-03 2.05E-02 0.00 2.44E-02 7.89E-04 9.53E-01

All values are in (mrem-mL)/(h-OCi). They are calculated using equation (2.14), and data'from
Table 2-5, Table 2-6, and Table 2-7. When "No Data" is shown for a radionuclide-organ
combination in Table 2-7, A, factors in this table are presented as zero.
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Table 2-8 (contd). Site-Related Ingestion Dose Factors, AiT

Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI
Tc-101 2.71E-33 3.91E-33 3.83E-32 0.00 7.03E-32 2.00E-33 0.00
Ru-103 6.21E+00 0.00 2.68E+00 0.00 2.37E+01 0.00 7.25E+02
Ru-105 8.79E-03 0.00 3.47E-03 0.00 1.14E-01 0.00 5.38E+00
Ru-106 9.42E+01 0.00 1.19E+01 0.00 1.82E+02 0.00 6.1OE+03
Rh-105 2.32E+00 1.69E+00 1.11E+00 0.00 7.15E+00 0.00 2.68E+02

Ag-110m 2.53E+00 2.34E+00 1.39E+00 0.00 4.61E+00 0.00 9.56E+02
Sb-124 1.36E+03 2.56E+01 5.37E+02 3.28E+00 0.00 1.05E+03 3.84E+04
Sb-125 1.09E+03 1.17E+01 2.19E+02 9.68E-01 0.00 1.14E+05 9.63E+03

Te-125m 2.56E+03 9.29E+02 3.43E+02 7.71E+02 1.04E+04 0.00 1.02E+04
Te-127m 6.51E+03 2.33E+03 7.93E+02 1.66E+03 2.64E+04 0.00 2.18E+04
Te-127 1.78E+01 6.40E+00 3.85E+00 1.32E+01 7.25E+01 0.00 1.41E+03

Te-129m 1.09E+04 4.07E+03 1.73E+03 3.74E+03 4.55E+04 0.00 5.49E+04
Te-129 1.78E-05 6.68E-06 4.33E-06 1.36E-05 7.47E-05 0.00 1.34E-05

Te-131m 9.57E+02 4.68E+02 3.90E+02 7.42E+02 4.74E+03 0.00 4.65E+04
Te-131 8.64E-17 3.61E-17 2.73E-17 7.10E-17 3.78E-16 0.00 1.22E-17
Te-132 1.97E+03 1.27E+03 1.19E+03 1.41E+03 1.23E+04 0.00 6.02E+04
1-130 7.60E+00 2.24E+01 8.85E+00 1.90E+03 3.50E+01 0.00 1.93E+01
1-131 1.73E+02 2.48E+02 1.42E+02 8.13E+04 4.25E+02 0.00 6.55E+01
1-132 5.27E-03 1.41E-02 4.93E-03 4.93E-01 2.24E-02 0.00 2.65E-03
1-133 2.59E+01 4.51E+01 1.37E+01 6.62E+03 7.86E+01 0.00 4.05E+01
1-134 2.18E-08 5.94E-08 2.12E-08 1.03E-06 9.44E-08 0.00 5.17E-11
1-135 1.31E+00 3.44E+00 1.27E+00 2.27E+02 5.52E+00 0.00 3.89E+00

Cs-134 2.98E+05 7.1bE+05 5.80E+05 0.00 2.30E+05 7.62E+04 1.24E+04
Cs-136 2.96E+04 1.17E+05 8.42E+04 0.00 6.51E+04 8.92E+03 1.33E+04
Cs-137 3.82E+05 5.23E+05 3.43E+05 0.00 1.78E+05 5.90E+04 1.01E+04
Cs-138 9.12E-12 1.80E-11 8.92E-12 0.00 1.32E-11 1.31E-12 7.68E-17
Ba-139 5.64E-06 4.02E-09 1.65E-07 0.00 3.76E-09 2.28E-09 1.OOE-05
Ba-140 3.74E+02 4.69E-01 2.45E+01 0.00 1.60E-01 2.69E-01 7.69E+02
Ba-141 8.47E-25 6.40E-28 2.86E-26 0.00 5.95E-28 3.63E-28 3.99E-34
Ba-142 0.00 0.00 0.00 0.00 0.00 0.00 0.00
La-140 1.10E-01 5.56E-02 1.47E-02 0.00 0.00 0.00 4.08E+03
La-142 2.19E-07 9.96E-08 2.48E-08 0.00 0.00 0.00 7.27E-04
Ce-141 1.15E-01 7.79E-02 8.84E-03 0.00 3.62E-02 0.00 2.98E+02
Ce-143 8.65E-03 6.39E+00 7.08E-04 0.00 2.81E-03 0.00 2.39E+02
Ce-144 6.22E+00 2.60E+00 3.34E-01 0.00 1.54E+00 0.00 2.1OE+03
Pr-143 6.1OE-01 2.44E-01 3.02E-02 0.00 1.41E-01 0.00 2.67E+03
Pr-144 1.48E-28 6.14E-29 7.51E-30 0.00 3.46E-29 0.00 2.13E-35
Nd-147 4.11E-01 4.75E-01 2.84E-02 0.00 2.78E-01 0.00 2.28E+03
W-187 1.47E+02 1.23E+02 4.31E+01 0.00 0.00 0.00 4.04E+04
Np-239 2.81 E-02 2.76E-03 1.52E-03 0.00 8.62E-03 0.00 5.67E+02
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2.5 LIQUID EFFLUENT DOSE PROJECTIONS

2.5.1 Thirty-One Day Dose Proiections

In order to meet the requirements for operation of the LIQUID RADWASTE
TREATMENT SYSTEM (see Section 2.1.4), dose projections must be made at least
once each 31 days; this applies during periods in which a discharge to
UNRESTRICTED AREAS of liquid effluents containing radioactive materials occurs or is
expected.

Projected 31-day doses to individuals due to liquid effluents may be determined as

follows:

x 31+D,, (2.17)

where:

DP = the projected dose to the total body or organ r, for the next 31 days of
liquid releases.

Dec = the cumulative dose to the total body or organ c, for liquid releases that
have occurred in the elapsed portion of the current quarter, plus the
release under consideration.

t = the number of whole or partial days elapsed into the current quarter,
including the time to the end of the release under consideration (even if
the release continues into the next quarter).

Dta the anticipated dose contribution to the total body or any organ T, due to
any planned activities during the next 31-day period, if those activities will
result in liquid releases that are in addition to routine liquid effluents. If
only routine liquid effluents are anticipated, Dta may be set to zero.

2.5.2 Dose Proiections for Specific Releases

Dose projections may be performed for a particular release by performing a prerelease
dose calculation assuming that the planned release will proceed as anticipated. For
individual dose projections due to liquid releases, follow the methodology of Section 2.4,
using sample analysis results for the source to be released, and parameter values
expected to exist during the release period.

2-37 VER 26



VEGP ODCM

2.6 DEFINITIONS OF LIQUID EFFLUENT TERMS

The following symbolic terms are used in the presentation of liquid effluent calculations in
the subsections above.

Section of
Term Definition Initial Use

Ap= the adjustment factor used in calculating the effluent
monitor setpoint for liquid release pathway p: the ratio of
the assured dilution to the required dilution [unitless]. 2.3.2.2

ADF = the assured dilution factor for a planned release [unitless]. 2.3.2.2

AFp = the dilution allocation factor for liquid release pathway p 2.3.2.2
[unitless].

Ai= the site-related adult ingestion dose commitment factor, for
the total body or for any organ r, due to identified
radionuclide i [(mrem mL)/(h • pCi)]. The values of Ai, are
listed in Table 2-8. 2.4.1

Biv = the crop to soil concentration factor applicable to
radionuclide i, [(pCi/kg garden vegetation)/(pCi/kg soil)]. 2.4.3

BFi = the bioaccumulation factor for radionuclide i for freshwater
fish [(pCi/kg)/(pCi/L)]. Values are listed in Table 2-6. 2.4.2

c = the setpoint of the radioactivity monitor measuring the
concentration of radioactivity in the effluent line, prior to dilution
and subsequent release [iCi/mL]. 2.3.2.1

Cp = the calculated effluent radioactivity monitor setpoint for liquid
release pathway p [pCi/mL]. 2.3.2.2

Ca= the gross concentration of alpha emitters in the liquid waste as
measured in the applicable composite sample [p[Ci/mL]. 2.3.2.2

CECL = the Effluent Concentration Limit stated in 10 CFR 20, Appendix
B, Table 2, Column 2 [OCi/mL]. 2.3.2.1

Cf= the concentration of Fe-55 in the liquid waste as measured
in the applicable composite sample [RCi/mL]. 2.3.2.2
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Section of
Term Definition Initial Use

Cg the concentration of gamma emitter g in the liquid waste as
measured by gamma ray spectroscopy performed on the
applicable prerelease waste sample [jtCi/mL]. 2.3.2.2

Ci = the measured concentration of radionuclide i in a sample of
liquid effluent [kCi/mL]. 2.3.2.2

Ci= the average concentration of radionuclide i in undiluted
liquid effluent during time period /[Ci/mL]. 2.4.1

Cir = the measured concentration of radionuclide i in release
pathway r that is contributing to radioactivity in the dilution 2.3.2.2
stream [iCi/mL].

Cs= the concentration of strontium radioisotope s (Sr-89 or
Sr-90) in the liquid waste as measured in the applicable
composite sample [.Ci/mL]. 2.3.2.2

Ct= the concentration of H-3 in the liquid waste as measured in
the applicable composite sample [pCi/mL]. 2.3.2.2

CFiv = the concentration factor for radionuclide i in irrigated garden
vegetation [(pCi/kg)/(pCi/L)]. 2.4.2

Dw= the dilution factor from the near field of the discharge
structure to the potable water intake location [unitless]. 2.4.2

D= the cumulative dose commitment to the total body or to any
organ r, due to radioactivity in liquid effluents released
during a given time period [mrem]. 2.4.1

Da = the anticipated dose contribution to-the total body or any
organ t, due to any planned activities during the next
31-day period [mrem]. 2.5.1

D= the cumulative dose to the total body or organ 'r, for liquid
releases that have occurred in the elapsed portion of the
current quarter, plus the release under consideration 2.5.1
[mrem].

D= the projected dose to the total body or organ T, for the next
31 days of liquid releases [mrem]. 2.5.1
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Term Definition

DF, = the dose conversion factor for radionuclide i for adults, in
organ t [mrem/pCi]. Values are listed in Table 2-7.

ECLi = the liquid Effluent Concentration Limit for radionuclide i from
10 CFR Part 20, Appendix B, Table 2, Column 2 [pCi/mL].

f = the effluent flowrate at the location of the radioactivity
monitor [gpm].

fap = the anticipated actual discharge flowrate for a planned
release from liquid release pathway p [gpm].

f= the fraction of the year that garden vegetation
is irrigated [unitless].

fmp = the maximum permissible effluent discharge flowrate for

release pathway p [gpm].

fr = the effluent discharge flowrate of release pathway r [gpm].

ft = the average undiluted liquid waste flowrate actually
observed during the period of a liquid release [gpm].

F = the dilution stream flowrate which can be assured prior to
the release point to the UNRESTRICTED AREA [gpm].

Fd = the entire assured dilution flowrate for the plant site during

the release period [gpm].

Fdp = the dilution flowrate allocated to release pathway p [gpm].

F/ = the near-field average dilution factor in the receiving water
of the UNRESTRICTED AREA [unitless].

Ft = the average dilution stream flowrate actually observed
during the period of a liquid release [gpm].

/= the average irrigation rate during the growing season [U(m 2

.h)].
Lv = the water content of leafy garden vegetation edible parts

[L/kg].

Section of
Initial Use

2.4.2

2.3.2.2

2.3.2.1

2.3.2.2

2.4.3

2.3.2.2

2.3.2.2

2.4.1

2.3.2.1

2.3.2.2

2.3.2.2

2.4.1

2.4.1

2.4.3

2.4.3
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Section of
Term Definition Initial Use

M = the additional river dilution factor from the near field of- the
discharge structure for the plant site to the point of irrigation
water usage [unitless]. 2.4.3

P = the effective surface density of soil [kg/m 2]. 2.4.3

r = the fraction of irrigation-deposited activity retained on the
edible portions of leafy garden vegetation. 2.4.3

RDF = the required dilution factor: the minimum ratio by which
liquid effluent must be diluted before reaching the
UNRESTRICTED AREA, in order to ensure that the limits of
Section 2.1.2 are not exceeded [unitless]. 2.3.2.2

RDFY = the RDF for a liquid release due only to its concentration of
gamma-emitting radionuclides [unitless]. 2.3.2.2

RDFnY = the RDF for a liquid release due only to its concentration of
non-gamma-emitting radionuclides [unitless]. 2.3.2.2

SF = the safety factor selected to compensate for statistical
fluctuations and errors of measurement [unitless]. 2.3.2.2

t = the number of whole or partial days elapsed into the current
quarter, including the time to the end of the release under
consideration. 2.5.1

tb = the period of long-term buildup of activity in soil [h]. 2.4.3

te = the period of leafy garden vegetation exposure during the
growing season [h]. 2.4.3

tf= the transit time from release to receptor for fish 2.4.2
consumption [h].

th = the time between harvest of garden vegetation and human
consumption [h]. 2.4.3

tw= the transit time from release to receptor for potable water
consumption [h]. 2.4.2
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Section of
Term Definition Initial Use

TF = the tolerance factor selected to allow flexibility in the
establishment of a practical monitor setpoint which could
accommodate effluent releases at concentrations higher
than the ECL values stated in 10 CFR 20, Appendix B,
Table 2, Column 2 [unitless]; the tolerance factor must not 2.3.2.1
exceed a value of 10.

Uf = the adult rate of fish consumption [kg/y]. 2.4.2

Uv= the adult consumption rate for irrigated garden
vegetation [kg/y]. 2.4.2

Uw= the adult drinking water consumption rate applicable to the
plant site [L/y]. 2.4.2

Yv= the areal density (agricultural productivity) of leafy garden
vegetation [kg/m 2]. 2.4.3

Z = the applicable dilution factor for the receiving water body, in
the near field of the discharge structure, during the period of
radioactivity release [unitless]. 2.4.1

Ati = the length of time period 1, over which Cil and F1 are
averaged for liquid releases [h]. 2.4.1

,Ei = the effective removal rate for activity deposited on crop

leaves [h-]. 2.4.3

i= the decay constant for radionuclide i [h']. 2.4.2

k= the rate constant for removal of activity from plant leaves by
weathering [h1]. 2.4.3
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CHAPTER 3
GASEOUS EFFLUENTS

3.1 LIMITS OF OPERATION

The following Limits of Operation implement requirements established by Technical

Specifications Section 5.0. Terms printed in all capital letters are defined in Chapter 10.

3.1.1 Gaseous Effluent Monitoring Instrumentation Control

In accordance with Technical Specification 5.5.4.a, the radioactive gaseous effluent
monitoring instrumentation channels shown in Table 3-1 shall be OPERABLE with their
alarm/trip setpoints set to ensure that the limits of Section 3.1.2.a are not exceeded. The
alarm/trip setpoints of these channels shall be determined in accordance with Section 3.3.

3.1.1.1 Applicability

These limits apply as shown in Table 3-1.

3.1.1.2 Actions

With a radioactive gaseous effluent monitoring instrumentation channel alarm/trip setpoint
less conservative than required by the above control, immediately suspend the release of
radioactive gaseous effluents monitored by the affected channel, declare the channel
inoperable, or restore the setpoint to a value that will ensure that the limits of Section
3.1.2.a are met.

With less than the minimum number of radioactive gaseous effluent monitoring
instrumentation channels OPERABLE, take the ACTION shown in Table 3-1. Restore the
inoperable instrumentation to operable status within 30 days, or if unsuccessful, explain in
the next Radioactive Effluent Release Report, per Technical Specification 5.6.3, why this
inoperability was not corrected in a timely manner.

This control does not affect shutdown requirements or MODE changes.

3.1.1.3 Surveillance Requirements

Each radioactive gaseous effluent monitoring instrumentation channel shall be
demonstrated OPERABLE by performance of the CHANNEL CHECK, SOURCE CHECK,
CHANNEL CALIBRATION and CHANNEL OPERATIONAL TEST operations at the
frequencies shown in Table 3-2.
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3.1.1.4 Basis

The radioactive gaseous effluent instrumentation is provided to monitor and control, as
applicable, the releases of radioactive materials in gaseous effluents during actual or
potential releases of gaseous effluents. The Alarm/Trip Setpoints for these instruments
shall be calculated and adjusted in accordance with the methodology and parameters in
Section 3.3 to ensure that the alarm/trip will occur prior to exceeding the limits of Section
3.1.2.a. The OPERABILITY and use of this instrumentation is consistent with the
requirements of General Design Criteria 60, 63, and 64 of Appendix A to 10 CFR Part 50.
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Table 3-1. Radioactive Gaseous Effluent Monitoring Instrumentation

OPERABILITY Requirements

Minimum
Instrument Channels

OPERABLE Applicability ACTION

1. GASEOUS RADWASTE TREATMENT SYSTEM (Common)

a. Noble Gas Activity Monitor, with
Alarm and Automatic Termination of
Release (ARE-0014) 1 During releasesa 45

b. Effluent System Flowrate Measuring
Device (AFT-0014) 1 During releasesa 46

2. Turbine Building Vent (Each Unit)

a. Noble Gas Activity Monitor
(RE-12839C) 1 During releasesa 47

b. Iodine and Particulate Samplers
(RE-12839A & B) 1 During releasesa 51

c. Flowrate Monitor (FT-12839 or
FIS-1 2 8 6 2 )b 1 During releasesa 46

d. Sampler Flowrate Monitor
(1FI-13211, 2FIT-13211) 1 During releasesa 46

3. Plant Vent (Each Unit)

a. Noble Gas Activity Monitor
(RE-12442C or RE-12444C) 1 At all times 47,48

b. Iodine Sampler/Monitor (RE-12442B
or RE-12444B) 1 At all times 51

c. Particulate Sampler/Monitor
(RE-12442A or RE-12444A) 1 At all times 51

d. Flowrate Monitor (FT-12442 or
12835) 1 At all times 46

e. Sampler Flowrate Monitor (FI-12442
or Fl-12444) At all times 46

4. Radwaste Processing Facility Vent (Common)

a. Particulate Monitor I
(ARE-16980) 1 During releases 51

a. "During releases" means "During radioactive releases via this pathway."

b. During emergency filtration.

03

3-3 VER 26



VEGP ODCM

Table 3-1 (contd). Notation for Table 3-1 - ACTION Statements

ACTION 45 - With the number of channels OPERABLE less than required by the Minimum
Channels OPERABLE requirement, the contents of the tank(s) may be released to the
environment for up to 14 days provided that prior to initiating the release:

a. At least two independent samples of the tank's contents are analyzed, and

b. At least two technically qualified members of the Facility Staff independently
verify, the discharge line valving, and verify the release rate calculations.

Otherwise, suspend release of radioactive effluents via this pathway.

ACTION 46 - With the number of channels OPERABLE less than required by the Minimum
Channels OPERABLE requirement, effluent releases via this pathway may continue
provided the flowrate is estimated at least once per 4 hours.

ACTION 47 - With the number of channels OPERABLE less than required by the Minimum
Channels OPERABLE requirement, effluent releases via this pathway may continue
provided grab samples are taken at least once per 12 hours and these samples are
analyzed for radioactivity within 24 hours.

ACTION 48 - With the number of channels OPERABLE less than required by the Minimum
Channels OPERABLE requirement, immediately suspend containment purging of
radioactive effluents via this pathway.

ACTION 49 - (Not Used)

ACTION 50 - (Not Used)

ACTION 51 - With the number of channels OPERABLE less than required by the Minimum
Channels OPERABLE requirement, effluent releases via the affected pathway may
continue provided samples are continuously collected with auxiliary sampling equipment.
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Table 3-2. Radioactive Gaseous Effluent Monitoring Instrumentation Surveillance
Requirements

Surveillance Requirements

CHANNEL
CHANNEL OPERA-

Instrument CHANNEL SOURCE CALIBRA- TIONAL
CHECK CHECK TION TEST MODESc

1. GASEOUS RADWASTE TREATMENT SYSTEM (Common)

a. Noble Gas Activity Monitor,
with Alarm and Automatic
Termination of Release During
(ARE-0014) P P Rb Ra(l) Release

b. Effluent System Flowrate
Measuring Device During
(AFT-0014) P NA R NA Release

2. Turbine Building Vent (Each Unit)

a. Noble Gas Activity Monitor During
(RE-12839C) D M Rb Ra(2) Release

b. Iodine and Particulate During
Samplers (RE-12839A&B) Wd NA NA NA Release

c. Flowrate Monitor During
(FT-12839 or FIS-12862) D NA R NA Release

d. Sampler Flowrate Monitor During
(1FI-13211,2FIT-13211) D NA R Q Release

3. Plant Vent (Each Unit)

a. Noble Gas Activity Monitor
(RE-12442C or
RE-12444C) D M Rb Ra(2) All

b. Particulate and Iodine
Monitors (RE-12442A&B) Wd NA R Ra(2) All

c. Particulate and Iodine
Samplers (RE-12444A&B) Wd NA NA NA All

d. Flowrate Monitor
(FT-12442 or 12835) D NA R NA All

e. Sampler Flowrate Monitor
(FI-12442 or FI-12444) D NA R Q All

4. Radwaste Processing Facility Vent (Common)

a. Particulate Monitor Wd Q Re. N/A During

(ARE-16980) Release
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Table 3-2 (contd). Notation for Table 3-2

a. In addition to the basic functions of a CHANNEL OPERATIONAL TEST (Section 10.2):

(1) The CHANNEL OPERATIONAL TEST shall also demonstrate that automatic
isolation of this pathway and control room annunciation occurs (for item a. below
only); and control room CRT indication occurs (if any of the following conditions
exist):

(a) Instrument indicates measured levels above the alarm/trip setpoint;

(b) . Instrument indicates an "Equipment Trouble" alarm;

(c) Instrument indicates a "Low" alarm; or.

(d) Instrument indicates channel "Deactivated."

(2) The CHANNEL OPERATIONAL TEST shall also demonstrate that control room
annunciation occurs (for item a. below only); and that control room CRT
indication occurs (if any of the following conditions exist):

(a) Instrument indicates measured levels above the alarm/trip setpoint;

(b) Instrument indicates an "Equipment Trouble" alarm;

(c) Instrument indicates a "Low" alarm; or

(d) Instrument indicates channel "Deactivated." ("Loss of counts" for ARE-
16980 only)

b. The initial CHANNEL CALIBRATION shall be performed using one or more of the
reference standards certified by the National Institute of Standards and Technology, or
using standards that have been obtained from suppliers that participate in measurement
assurance activities with NIST. These standards shall permit calibrating the system over
its intended range of energy and measurement range. For any subsequent CHANNEL
CALIBRATION, sources that have been related to the initial calibration shall be used.

c. MODES in which surveillance is required. "All" means "At all times." "During release"
means "During radioactive release via this pathway."

d. The channel check shall consist of visually verifying that the collection device (i.e.,
particulate filter or charcoal cartridge, etc.) is in place for sampling.

e. The CHANNEL CALIBRATION verifies proper operation of the CHANNEL
OPERATIONAL TEST requirements described in Notation a(2) above.
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3.1.2 Gaseous Effluent Dose Rate Control

In accordance with Technical Specifications 5.5.4.c and 5.5.4.g, the licensee shall conduct
operations so that the dose rates due to radioactive materials released in gaseous effluents from
the site to areas at and beyond the SITE BOUNDARY are limited as follows:

a. For noble gases: Less than or equal to a dose rate of 500 mrem/y to the total body and
less than or equal to a dose rate of 3000 mrem/y to the skin, and

b. For lodine-131, lodine-133, tritium, and for all radionuclides in particulate form with half-

lives greater than 8 days: Less than or equal to a dose rate of 1500 mrem/y to any organ.

3.1.2.1 Applicability

This limit applies at all times.

3.1.2.2 Actions

With a dose rate due to radioactive material released in gaseous effluents exceeding the limit
stated in Section 3.1.2, immediately decrease the release rate to within the stated limit.

These limits do not affect shutdown requirements or MODE changes.

3.1.2.3 Surveillance Requirements

The dose rates due to radioactive materials in areas at or beyond the SITE BOUNDARY due to
releases of gaseous effluents shall be determined to be within the above limits, in accordance with
the methods and procedures in Section 3.4.1, by obtaining representative samples and
performing analyses in accordance with the sampling and analysis program specified in Table 3-3.

3.1.2.4 Basis

This control is provided to ensure that gaseous effluent dose rates will be maintained within the
limits that historically have provided reasonable assurance that radioactive material discharged in
gaseous effluents will not result in a dose to a MEMBER OF THE PUBLIC in an UNRESTRICTED
AREA, either within or outside the SITE BOUNDARY, exceeding the limits specified in Appendix I
of 10 CFR Part 50, while allowing operational flexibility for effluent releases. For MEMBERS OF
THE PUBLIC who may at times be within the SITE BOUNDARY, the occupancy of the MEMBER
OF THE PUBLIC will be sufficiently low to compensate for any increase in the atmospheric
diffusion factor above that for the SITE BOUNDARY.

The dose rate limit for Iodine-1 31, Iodine-1 33, tritium, and radionuclides in particulate form with
half-lives greater than 8 days specifically applies to dose rates to a child via the inhalation
pathway.

This control applies to the release of gaseous effluents from all reactors at the site.
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Table 3-3. Radioactive Gaseous Waste Sampling and Analysis Program

Sampling and Analysis Requirementsa

MINIMUM
DETECTABLE

Minimum CONCENTRA-
Gaseous Sampling Analysis Type of Activity TION (MDC)

Release Type FREQUENCY FREQUENCY Analysis (jiCi/mL)

Waste Gas P P Noble Gas 1 E-4
Decay Tank Each Tank Grab Each Tank PRINCIPAL
(Common) Sample GAMMA EMITTERS

PC Noble Gas 1 E-4
Containment PC Each Purge PRINCIPAL

Purge Each Purge GAMMA EMITTERS
24" or 14"(Eac Ui 14" Grab Sample

(Each Unit) M H-3 (Oxide) 1 E-6

Noble Gas 1 E-4

Plant Vent Mc'd'f Mc PRINCIPAL
(Each Unit) Grab Sample GAMMA EMITTERS

H-3 (Oxide) 1 E-6

Condenser Air Noble Gas 1 E-4CondnserAirPRINCIPAL
Ejector & MPGAMMA L

Steam Packing Grab Sample M GAMMA EMITTERS
Exhaust

(Each Unit)b H-3 (Oxide) 1 E-6

We 1-131 1 E-12
CONTINUOUS 9  Charcoal or

Silver Zeolite
Sample

We Particulate 1 E-1 1
CONTINUOUS 9  Particulate PRINCIPAL

Sample GAMMA EMITTERS
Plant Vent, M Gross Alpha 1 E-11
Condenser Air COMPOSITE
Ejector & Particulate
Steam Packing CONTINUOUS 9  Sample
Exhaust (Each
Unit)b

Q Sr-89, Sr-90 1 E-11

CONTINUOUS
9  COMPOSITE

Particulate
Sample

Radwaste Wh Particulate 1 E-11
Processing Particulate PRINCIPAL
Facility Vent CONTINUOUS 9  Sample GAMMA EMITTERS
(Common)
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Table 3-3 (contd). Notation for Table 3-3

a. Terms printed in all capital letters are defined in Chapter 10.

b. The turbine building vent is the release point for the condenser air ejector and steam
packing exhaust. All sampling and analyses may be omitted for this vent, provided the
absence of a primary to secondary leak has been demonstrated, that is, if the gamma
activity in the secondary water does not exceed background by more than 20%.

c. Sampling and analysis shall also be performed following shutdown, startup, or a
THERMAL POWER change exceeding 15% of the RATED THERMAL POWER within a
one-hour period. This requirement does not apply if (1) analysis shows that the DOSE
EQUIVALENT.I-131 concentration in the primary coolant has not increased more than a
factor of 3; and (2) the noble gas monitor shows that effluent activity has not increased
more than a factor of 3.

d. Tritium grab samples shall be taken at least once per 24 hours when the refueling cavity is
flooded.

e. Samples shall be changed at least once per 7 days and analyses shall be completed
within 48 hours after changing (or after removal from sampler). Sampling shall also be
performed at least once per 24 hours for at least 7 days following each shutdown, startup,
or THERMAL POWER change exceeding 15% of RATED THERMAL POWER in one
hour, and analyses shall be completed within 48 hours of changing. When samples
collected for 24 hours are analyzed, the corresponding MDC may be increased by a factor
of 10. This requirement does not apply if (1) analysis shows that the DOSE EQUIVALENT
1-131 concentration in the primary coolant has not increased more than a factor of 3; and
(2) the noble gas monitor shows that effluent activity has not increased more than a factor
of 3.

f. Tritium grab samples shall be taken at least once per 7 days from the Unit 1 plant vent,
whenever spent fuel is in the spent fuel pool (Unit 1 plant vent only).

g. The ratio of the sample flowrate to the sampled stream flowrate shall be known for the
time period covered by each dose or dose rate calculation made in accordance with
controls specified in Sections 3.1.2, 3.1.3, and 3.1.4.

h. Samples shall be changed at least once per 7 days and analyses shall be completed
within 48 hours after changing (or removal of sampler).
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3.1.3 Gaseous Effluent Air Dose Control

In accordance with Technical Specifications 5.5.4.e and 5.5.4.h, the air dose due to noble gases
released in gaseous effluents, from each reactor unit, to areas at and beyond the SITE
BOUNDARY shall be limited to the following:

a. During any calendar quarter: Less than or equal to 5 mrad for gamma radiation and less
than or equal to 10 mrad for beta radiation, and

b. During any calendar year: Less than or equal to 10 mrad for gamma radiation and less

than or equal to 20 mrad for beta radiation.

3.1.3.1 Applicability

This limit applies at all times.

3.1.3.2 Actions

With the calculated air dose from radioactive noble gases in gaseous effluents exceeding any of
the above limits, prepare and submit to the Nuclear Regulatory Commission within 30 days a
special report which identifies the cause(s) for exceeding the limit(s); defines the corrective
actions that have been taken to reduce the releases; and defines the proposed corrective actions
to be taken to assure that subsequent releases of radioactive noble gases in gaseous effluents
will be in compliance with the limits of Section 3.1.3.

This control does not affect shutdown requirements or MODE changes.

3.1.3.3 Surveillance Requirements

Cumulative air dose contributions from noble gas radionuclides released in gaseous effluents from
each unit to areas at and beyond the SITE BOUNDARY, for the current calendar quarter and
current calendar year, shall be determined in accordance with Section 3.4.2 at least once per
31 days.

3.1.3.4 Basis

This control is provided to implement the requirements of Sections 1I.B, III.A and IV.A of Appendix
1, 10-CFR Part 50. Section 3.1.3 implements theguides set forth in Section II.B of Appendix I.
The ACTION statements in Section 3.1.3.2 provide the required operating flexibility and at the
same time implement the guides set forth in Section IV.A of Appendix I, assuring that the releases
of radioactive material in gaseous effluents to UNRESTRICTED AREAS will be kept "as low as is
reasonably achievable." The Surveillance requirements in Section 3.1.3.3 implement the
requirements in Section III.A of Appendix I, which require that conformance with the guides of
Appendix I be shown by calculational procedures based on models and data such that the actual
exposure of a MEMBER OF THE PUBLIC through appropriate pathways is unlikely to be
substantially underestimated. The dose calculations established in Section 3.4.2 for calculating
the doses due to the actual releases of noble gases in gaseous effluents are consistent with the.
methodology provided in Regulatory Guide 1.109 (Reference 3), and Regulatory Guide 1.111

,(Reference 5). The equations in Section 3.4.2 provided for determining the air doses at the SITE
BOUNDARY are based upon the historical annual average atmospheric conditions.
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3.1.4 Control on Gaseous Effluent Dose to a Member of the Public

In accordance with Technical Specifications 5.5.4.e and 5.5.4.i, the dose to a MEMBER OF THE
PUBLIC from 1-131,1-133, tritium, and all radionuclides in particulate form with half-lives greater
than 8 days in gaseous effluents released, from each reactor unit, to areas at and beyond the
SITE BOUNDARY shall be limited to the following:

a. During any calendar quarter: Less than or equal to 7.5 mrem to any organ, and

b. During any calendar year: Less than or equal to 15 mrem to any organ.

3.1.4.1 Applicability

This limit applies at all times.

3.1.4.2 Actions

With the calculated dose from the release of 1-131, 1-133, tritium, or radionuclides in particulate
form with half-lives greater than 8 days, in ,gaseous effluents exceeding any of the above limits,
prepare and submit to the Nuclear Regulatory Commission within 30 days a special report which
identifies the cause(s) for exceeding the limit; defines the corrective actions that have been taken
to reduce the releases of radioiodines and radionuclides in particulate form with half-lives greater
than 8 days in gaseous effluents; and defines proposed corrective actions to assure that
subsequent releases will be in compliance with the limits stated in Section 3.1.4.

This control does not affect shutdown requirements or MODE changes.

3.1.4.3 Surveillance Requirements

Cumulative organ dose contributions to a MEMBER OF THE PUBLIC from 1-131,1-133, tritium,
and radionuclides in particulate form with half-lives greater than 8 days released in gaseous
effluents from each unit to areas at and beyond the SITE BOUNDARY, for the current calendar
quarter and current calendar year, shall be determined in accordance with Section 3.4.3 at least
once per 31 days.

3.1.4.4 Basis

This control is provided to implement the requirements of Section II.C, .III.A and IV.A of Appendix
1, 10 CFR Part 50. The limits stated in Section 3.1.4 are the guides set forth in Section II.C of
Appendix I. The ACTION statements in Section 3.1.4.2 provide the required operating flexibility
and at the same time implement the guides set forth in Section IV.A of Appendix I to assure that
the releases of radioactive materials in gaseous effluents to UNRESTRICTED AREAS will be kept
"as low as is reasonably achievable." The calculational methods specified in the Surveillance
Requirements of Section 3.1.4.3 implement the requirements in Section III.A of Appendix I that
conformance with the guides of Appendix I be shown by calculational procedures based on
models and data, such that the actual exposure of a MEMBER OF THE PUBLIC through
appropriate pathways is unlikely to be substantially underestimated. The calculational methods in
Section 3.4.3 for calculating the doses due to the actual releases of the subject materials are
consistent with the methodology provided in Regulatory Guide 1.109 (Reference 3), and
Regulatory Guide 1.111 (Reference 5). These equations provide for determining the actual doses
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based upon the historical annual average atmospheric conditions. The release specifications for
radioiodines, radioactive materials in particulate form and radionuclides other than noble gases
are dependent on the existing radionuclide pathways to man, in the areas at and beyond the SITE
BOUNDARY. The pathways which were examined in the development of these calculations
were: 1) individual inhalation of airborne radionuclides, 2) deposition of radionuclides onto green
leafy garden vegetation with subsequent consumption by man, 3) deposition onto grassy areas
where milk animals and meat producing animals graze with consumption of the milk and meat by
man, and 4) deposition on the ground with subsequent exposure of man.

3.1.5 Gaseous Radwaste Treatment System Control

In accordance with Technical Specification 5.5.4.f, the GASEOUS WASTE PROCESSING
SYSTEM and the VENTILATION EXHAUST TREATMENT SYSTEM shall be OPERABLE. The
appropriate portions of the GASEOUS WASTE PROCESSING SYSTEM and the VENTILATION
EXHAUST TREATMENT SYSTEM shall be used to reduce radioactive materials in gaseous
wastes prior to their discharge when the projected doses in 31 days due to gaseous effluent
releases, from each reactor unit, to areas at and beyond the SITE BOUNDARY would exceed
0.2 mrad to air from gamma radiation, 0.4 mrad to air from beta radiation, or 0.3 mrem to any
organ of a MEMBER OF THE PUBLIC.

3.1.5.1 Applicability

These limits apply at all times.

3.1.5.2 Actions

With gaseous waste being discharged without treatment and in excess of the limits in Section
3.1.5, prepare and submit to the Nuclear Regulatory Commission within 30 days a special report
which includes the following information:

a. Identification of any inoperable equipment or subsystem and the reason for inoperability,

b. Action(s) taken to restore the inoperable equipment to OPERABLE status, and

c. Summary description of action(s) taken to prevent a recurrence.

This control does not affect shutdown requirements or MODE changes.

3.1.5.3 Surveillance Requirements

Doses due to gaseous releases from each unit to areas at and beyond the SITE BOUNDARY
shall be projected at least once per 31 days, in accordance with Section 3.5.1, when the
GASEOUS WASTE PROCESSING SYSTEM or the VENTILATION EXHAUST TREATMENT
SYSTEM is not being fully utilized.

The GASEOUS WASTE PROCESSING SYSTEM and the VENTILATION EXHAUST
TREATMENT SYSTEM shall be demonstrated OPERABLE:
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by meeting the controls of Sections 3.1.2, and either 3.1.3 (for the GASEOUS WASTE
PROCESSING SYSTEM) or 3.1.4 (for the VENTILATION EXHAUST TREATMENT
SYSTEM).

3.1.5.4 Basis

The OPERABILITY of the GASEOUS WASTE PROCESSING SYSTEM ensures that the system
will be available for use whenever gaseous effluents require treatment prior to release to the
environment. The requirement that the appropriate portions of this system be used, when
specified, provides reasonable assurance that the releases of radioactive materials in gaseous
effluents will be kept "as low as is reasonably achievable." This control implements the
requirements of 10 CFR Part 50.36a, General Design Criterion 60 of Appendix A to 10 CFR Part
50, and the design objectives given in Section II.D of Appendix I to 10 CFR Part 50. The specified
limits governing the use of appropriate portions of the system were specified as a suitable fraction
of the dose design objectives set forth in Section 11.B and II.C of Appendix 1, 10 CFR Part 50, for
gaseous effluents.

This control applies to the release of radioactive materials in gaseous effluents from each unit at
the site. For units with shared radwaste treatment systems, the gaseous effluents from the
shared system are proportioned among the units sharing that system.

3.1.6 Maior Chanqes to Gaseous Radioactive Waste Treatment Systems

Licensee initiated MAJOR CHANGES TO GASEOUS RADIOACTIVE WASTE TREATMENT
SYSTEMS:

a. Shall be reported to the Nuclear Regulatory Commission in the Radioactive Effluents
Release Report for the period in which the change was implemented. The discussion of
each change shall contain the information described in Section 7.2.2.7.

b. Shall become effective upon review and approval by the Vice President - Plant.
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3.2 GASEOUS WASTE PROCESSING SYSTEM

At Plant Vogtle, there are five potential points where radioactivity may be released to the
atmosphere in gaseous discharges. These five potential release pathways are the Unit 1 and
Unit 2 Plant Vents; the Unit 1 and Unit 2 Turbine Building Vents; and the Radwaste Processing
Facility Vent. However, the Turbine Building Vents are not normal release pathways unless a
primary-to-secondary leak exists. The Radwaste Processing Facility Vent is not a normal release
pathway unless a spill occurs. The figures on the following pages give schematic diagrams of the
Gaseous Waste Treatment System and the Ventilation Exhaust Treatment Systems (Reference
11)."

The Unit 1 Plant Vent release pathway includes two release sources that are common to the two
units: ventilation air from the Fuel Handling Building, and discharges from the GASEOUS
WASTE PROCESSING SYSTEM. Otherwise, discharges from the two reactor units are
separated. Reactor Containment Building ventilation releases are through the respective plant
vents. The Turbine Building Vent serves as the discharge point for both the condenser air ejector
and the steam packing exhauster system. The Radwaste Processing Facility Vent includes
sources from the Radwaste Processing Facility Process area.

Releases from the twoTurbine Building Vents and the Radwaste Processing Facility Vent are
considered to be ground-level releases, whereas releases from the two Plant Vents are
considered mixed-mode releases. Chapter 8 discusses the calculation of atmospheric dispersion
parameters using the ground-level and mixed-mode (i.e., split-wake) models. All five pote'ntial
release pathways are considered to be continuous (as opposed to batch) in nature.
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Radioactivity Monitor
ARE-0014 . To Unit 1 Plant Vent

via Auxiliary Building
Ventilation System

To Chemical Volume
Control Tank

To Waste Gas Decay
Tank Header

II
I
I

6

Unit 2 Waste Gas
v Tanks

Volume Control
Tank Purge

Recycle Evaporator
Vent Condenser

Waste Evaporator
Vent Condenser

Recycle Holdup
Tank Eductor

Reactor Coolant
Drain Tank

*Dotted line operational between 20 and 100 psig

NOTE: This is typical of both units. However, Unit 2 GWPS releases
via Unit 1 plant vent.

Figure 3-1. Schematic Diagram of the Gaseous Radwaste Treatment System
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Plant Vent

Radioactivity Monitor
1 RE12442A,B,C

Fuel Handling
Building
(Shared)*

Radioactivit Reactor
y MonitorReco Containment
ARE-0014 .

From Waste Gas
Processing Area and
Svstem

HEPA - High-Efficiency Particulate Air Filter
CF - Activated Charcoal Filter
HC - Heating Coil
ME - Moisture Eliminator

* Prior to treatment by the Fuel Handling Building Ventilation Exhaust

Treatment System, Exhaust from Unit 1 Spent Fuel Pool Area is
monitored by ARE2532B and ARE2533B; exhaust from Unit 2 Spent
Fuel Pool Area is monitored by ARE2532A and ARE2533A.

Figure 3-2. Schematic Diagram of the Unit 1 Plant Vent Release Pathway
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Plant Vent

Radioactivity Monitor
2RE12442A,B,C

Radioactivity
Mnnitnr

Auxiliary
Building

Reactor
Containment

HEPA - High-Efficiency Particulate Air Filter
CF - Activated Charcoal Filter
HC - Heating Coil
ME - Moisture Eliminator

Figure 3-3. Schematic Diagram of the Unit 2 Plant Vent Release Pathway
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Turbine Building Vent

Radioactivity Monitor
1 (2)RE12839A,B,C

NC

Steam Jet Air Steam Packing

HEPA - High-Efficiency Particulate Air Filter
CF - Activated Charcoal Filter
HC - Heating Coil

.DE - Demister
NO - Normally Open
NC - Normally Closed

NOTE: This is typical of both units.

Figure 3-4. Schematic Diagram of the Turbine Building Vent Release Pathway (Typical of
Both Units)
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Radwasta ProcMAi1g Facility Vait

(~Radioactivity Momitor ARE 16930

Radwaste Pgocamsing Facility Proem Arem - Room 101

Figure 3-5. Schematic Diagram of the Radwaste Processing Facility Ventilation Release
Pathway I
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3.3 GASEOUS EFFLUENT MONITOR SETPOINTS

3.3.1 General Provisions ReQardincq Noble Gas Monitor Setpoints

Noble gas radioactivity monitor setpoints calculated in accordance with the methodology
presented in this section are intended to ensure that the limits of Section 3.1.2.a are not
exceeded. They will be regarded as upper bounds for the actual high alarm setpoints. That is, a
lower high alarm setpoint may be established or retained on the monitor, if desired. Intermediate
level setpoints should be established at an appropriate level to give sufficient warning prior to
reaching the high alarm setpoint.

If no release is planned for a given pathway, or if there is no detectable activity in the gaseous
stream being evaluated for release, the setpoint should be calculated in accordance with the
methods presented below, based on an assumed concentration of Kr-88 that leads to a practical
setpoint. A practical setpoint in this context is one which prevents spurious alarms, and yet
produces an alarm should a significant inadvertent release occur.

Section 3.1.1 establishes the requirements for gaseous effluent monitoring instrumentation, and
Section 3.2 describes the VENTILATION EXHAUST TREATMENT SYSTEM and the GASEOUS
WASTE PROCESSING SYSTEM. From those Sections, it can be seen that certain monitors are
located on final release pathways, that is, streams that are being monitored immediately before
being discharged from the plant; the setpoint methodology for these monitors is presented in
Section 3.3.2. Other monitors are located on source streams, that is, streams that merge with
other streams prior to passing a final monitor and being discharged; the setpoint methodology for
these monitors is presented in Section 3.3.3. Table 3-4 identifies which of these setpoint
methodologies applies to each monitor. Some additional monitors with special setpoint
requirements are discussed in Section 3.3.5.

As established in Section 3.1.1, gaseous effluent monitor setpoints are required only for the noble
gas monitors on certain potential release streams: the two Plant Vents, the two Turbine Building
Vents, and the GASEOUS WASTE PROCESSING SYSTEM discharge. However, because of
the potential significance of releases from other sources, Section 3.3 discusses setpoint
methodologies for certain additional monitors, as well.
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Table 3-4. Applicability of Gaseous Monitor Setpoint Methodologies

Final Release Pathways with no Monitored Source Streams

Setpoint Method:
Release Elevation:

Section 3.3.2
Ground-level

GNUnit 1 or Unit 2 Turbine Building Vent
Monitor: 1 RE-1 2839C/2RE-1 2839C
Maximum Flowrate: 900 cfm (4.25 E+05 mL/s)

Final Release Pathways with One or More Monitored Source Streams

Release Elevation: Mixed-Mode

Unit 1 Plant Vent
Monitors:
Maximum Flowrate:
Setpoint Method:
Release Type:

1 RE-12442C, 1 RE-12444C
187,000 cfm (8.83 E+07 mL/s)
Section 3.3.2
CONTINUOUS

Source Stream: Unit 1 Reactor Containment Purge
Monitor: - 1 RE-2565C
Maximum Flowrate: release-dependent
Setpoint Method: Section 3.3.3
Release Type: BATCH

Source Stream: Gaseous Waste Treatment System
Monitor: ARE-0014
Maximum Flowrate: release-dependent
Setpoint Method: Section 3.3.3
Release Type: BATCH

Unit 2 Plant Vent
Monitors:
Maximum Flowrate:
Setpoint Method:
Release Type:

2RE-12442C, 2RE-12444C
112,500 cfm (5.31 E+07 mL/s)
Section 3.3.2
CONTINUOUS

Source Stream: Unit 2 Reactor Containment Purge
Monitor:
Maximum Flowrate:
Setpoint Method:
Release Type:

2RE-2565C
release-dependent
Section 3.3.3
BATCH

(XT--vb Values for Use in Setpoint Calculations

Ground-Level Releases: 2.55 x 106 s/rm3 [NE Sector]

4.62 x 10 7 s/rm3 [NE Sector]Mixed-Mode Releases:

Maximum flowrate values are from Reference 11, Table 11.5.2-1 and Table 11.5.5-1.
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3.3.2 Setpoint for the Final Noble Gas Monitor on Each Release Pathway

3.3.2.1 Overview of Method

Gaseous effluent radioactivity monitors are intended to alarm prior to exceeding the limits of
Section 3.1.2.a. Therefore, their alarm setpoints are established to ensure compliance with the
following equation:

of AG.SF.X.Rt
c=the lesser IAG.SF.X.Rk (3.1)

where:.
c = the setpoint, in i0Ci/mL, of the radioactivity monitor measuring the

concentration of radioactivity in the effluent line prior to release. The setpoint
represents a concentration which, if exceeded, could. result in dose rates
exceeding the limits of Section 3.1.2.a at or beyond the SITE BOUNDARY.

AG = an administrative allocation factor applied to divide the release limit among all
the gaseous release pathways at the site.

SF = the safety factor selected to compensate for statistical fluctuations and errors

of measurement.

X = the noble gas concentration for the release under consideration.

Rt = the ratio of the dose rate limit for the total body, 500 mrem/y, to the dose rate
to the total body for the conditions of the release under consideration.

Rk = the ratio of the dose rate limit for the skin, 3000 mrem/y, to the dose rate to
the skin for the conditions of the release under consideration.

Equation (3.1) shows the relationships of the critical parameters that determine the setpoint.
However, in order to apply the methodology presented in the equation to a mixture of noble gas
radionuclides, radionuclide-specific concentrations and dose factors must be taken into account
under conditions of maximum flowrate for the release point and annual average meteorology.

The basic setpoint method presented below is applicable to the radioactivity monitor nearest the
point of release for the release pathway. For monitors measuring the radioactivity in source
streams that merge with other streams prior to subsequent monitoring and release, the
modifications presented in Section 3.3.3 must be applied.

3.3.2.2 Setpoint Calculation Steps

Step 1: Determine the concentration, Xiv, of each noble gas radionuclide i in the gaseous
stream v being considered for release, in accordance with the sampling and
analysis requirements of Section 3.1.2. Then sum these concentrations to
determine the total noble gas concentration, ,•Xiv.
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Step 2: Determine Rt, the ratio of the dose rate limit for the total body, 500 mrem/y, to the
total body dose rate due to noble gases detected in the release under
consideration, as follows:

Rt 500 (3.2)
(XIQ)v Z_ [K • Q0]

Vb

where:

500 = the dose rate limit for the total body, 500 mrem/y.

(FXQ)vb = the highest annual average relative concentration at the SITE BOUNDARY for
the discharge point of release pathway v. Table 3-4 includes an indication of
what release elevation is applicable to each release pathway; release elevation

determines the appropriate value of (-X-Q-)vb

Ki = the total-body dose factor due to gamma emissions from noble gas
radionuclide i, in (mrem/y)/(pCi/m 3), from Table 3-5.

Qv = the release rate of noble gas radionuclide i from the release pathway under
consideration, in iCi/s, calculated as the product of Xjv and fav, where:

Xiv the concentration of noble gas radionuclide ifor the particular release, in
iCi/m L.

fav = the maximum anticipated flowrate for release pathway v during the period of
the release under consideration, in mL/s.

Step 3: Determine Rk, the ratio of the dose rate limit for the skin, 3000 mrem/y, to the skin
dose rate due to noble gases detected in the release under consideration, as
follows:

3000Rk = (3.3)
(X/Q),bYj[(Li + 1.1M+). Qiv]

i

where:

3000 = the dose rate limit for the skin, 3000 mrem/y.

L = the skin dose factor due to beta emissions from noble gas radionuclide i, in
(mrem/y)/(ýCi/m3), from Table 3-5.

Mi the air dose factor due to gamma emissions from noble gas radionuclide i, in
(mrad/y)/(pCi/m3), from Table 3-5.

1.1 = the factor to convert air dose in mrad to skin dose in mrem.

All other terms were defined previously.

3-23 VER 26



VEGP ODCM

Step 4: Determine the maximum noble gas radioactivity monitor setpoint concentration.

Based on the values determined in previous steps, the radioactivity monitor setpoint for the
planned release is calculated to ensure that the limits of Section 3.1.2.a will not be exceeded.
Because the radioactivity monitor responds primarily to radiation from noble gas radionuclides, the
monitor setpoint Cnv (in gCi/mL) is based on the concentration of all noble gases in the waste
stream, as follows:

where:
Cnv = the calculated setpoint, in pCi/mL, for the noble gas monitor serving gaseous

release pathway v.

rAGv, SF Xiv" R
cv= the lesser of i (3.4)

LAGv SF.ZXiv "Rk

AGv the administrative allocation factor for gaseous release pathway v, applied to
divide the release limit among all the gaseous release pathways at the site.
The allocation factor may be assigned any value between 0 and 1, under the
condition that the sum of the allocation factors for all simultaneously-active
final release pathways at the entire plant site does not exceed 1. Alternative
methods for determination of AGv are presented in Section 3.3.4.

SF the safety factor selected to compensate for statistical fluctuations and errors
of measurement. The value for the safety factor must be between 0 and 1.
A value of 0.5 is reasonable for gaseous releases; a more precise value may
be developed if desired.

X = the measured concentration of noble gas radionuclide i in gaseous stream v,
as defined in Step 1, in RCi/mL.

The values of Rt and Rk to be used in the calculation are those which were determined in Steps 2
and 3 above.

Step 5: Determine whether the release is permissible, as follows:

If Cnv -- Xv, the release is permissible. However, if Cnv is within about 10 percent of YXiv, it

may be impractical to use this value of Cnv. This situation indicates that measured
concentrations are approaching values which would cause the limits of Section
3.1.2.a to be exceeded. Therefore, steps should be taken to reduce contributing
source terms of gaseous radioactive material, or to adjust the allocation of the
limits among the active release points. The setpoint calculations (steps 1-4)
must then be repeated with parameters that reflect the modified conditions.

If Cnv < ,•Xi,, the release may not be made as planned. Consider the alternatives

discussed in the paragraph above, and calculate a new setpoint based on the
results of the actions taken.

3-24 VIER 26



VEGP ODCM

3.3.2.3 Use of the Calculated Setpoint

The setpoint calculated above is in the units gCi/mL. The monitor actually measures a count rate,
subtracts a predetermined background count rate, and multiplies by a calibration factor to convert
from count rate to gCi/mL.

Initial calibration by the manufacturer and Georgia Power Company of the gaseous effluent
monitors specified in Section 3.1.1 utilized at least one NIST-traceable gaseous radionuclide
source in the exact geometry of each production monitor. The point and gaseous sources used
covered the beta particle end point energy range from 0.293 MeV to at least 1.488 MeV. The
calibration factor is a function of the radionuclide mix in the gas to be released, and normally will
be calculated for the monitor based on the results of the sample results from the laboratory
gamma-ray spectrometer system. The mix-dependent calibration factor will be used as the gain
factor in the PERMS monitor, or used to modify the calculated base monitor setpoint so that the
default calibration factor in the PERMS monitor can be left unchanged.

Notwithstanding the initial calibration, monitor calibration data for conversion between count rate
and concentration may include operational data obtained from determining the monitor response
to stream concentrations measured by sample analysis.

In all cases, monitor background must be controlled so that the monitor is capable of responding
to concentrations in the range of the setpoint value. Contributions to the monitor background may
include any or all of the following factors: ambient background radiation, plant-related radiation
levels'at the monitor location (which may change between shutdown and power conditions), and
internal background due to contamination of the monitor's sample chamber.

3.3.3 Setpoints for Noble Gas Monitors on Effluent Source Streams

Table 3-4 lists certain gaseous release pathways as being source streams. As may be seen in
the figures of Section 3.2, these are streams that merge with other streams, prior to passing a
final radioactivity monitor and being released. Unlike the final monitors, the source stream
monitors measure radioactivity in effluent streams for which flow can be terminated; therefore, the
source stream monitors have control logic to terminate the source stream release at the alarm
setpoint.

3.3.3.1 Setpoint of the Monitor on the Source Stream

Step 1: Determine the concentration XIs of each noble gas radionuclide i in source stream
s (in gCi/mL) according to the results of its required sample analyses [see
Section 3.1.2].

Step 2: Determine rt, the ratio of the dose rate limit for the total body, 500 mrem/y, to the
total body dose rate due to noble gases detected in the source stream under
consideration. Use the Xj, values and the maximum anticipated source stream
flowrate fas in equation (3.2) to determine the total body dose rate for the source
stream, substituting rt for Rt.

The SITE BOUNDARY relative dispersion value used in Steps 2 and 3 for the source

stream is the same as the (XQ-)Vb that applies to the respective merged stream. This is
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because the (X/Qý value is determined by the meteorology of the plant site and the
physical attributes of the release point, and is unaffected by Whether or not a given source
stream is operating.

Step 3: Determine rk, the ratio of the dose rate limit for the skin, 3000 mrem/y, to the skin
dose rate due to noble gases detected in the source stream under consideration.
Use the Xs values and the maximum anticipated source stream flow rate fas in
equation (3.3) to determine the skin dose rate for the source stream, substituting
rk for Rk.

Step 4: Determine the maximum noble gas radioactivity monitor setpoint concentration,
as follows:

AGs .SF. Y Xis .rt
Cns= the lesser of (3.5)

LAGS *SF. Z Xis rk
i

where:

Cns = the calculated setpoint (in gCi/mL) for the noble gas monitor serving gaseous
source stream s.

AGS = the administrative allocation factor applied to gaseous source stream s. For
a given final release point v, the sum of all the AGS values for source streams
contributing to the final release point must not exceed the release point's
allocation factor Agv.

Xi = the measured concentration of noble gas radionuclide i in gaseous source
stream s, as defined in Step 1, in pCi/mL.

The values of rt and rk to be used in the calculation are those which were determined in Steps 2

and 3 above. The safety factor, SF, was defined previously.

Step 5: Determine whether the release is permissible, as follows:

If Cns > ._Xis, the release is permissible. However, if Cns is within about 10 percent of Y)Xi, it

may be impractical to use this value of Cns. This situation indicates that measured
concentrations are approaching values which would cause the limits of Section
3.1.2.a to be exceeded. Therefore, steps should be taken to reduce contributing
source terms of gaseous radioactive material, or to adjust the allocation of the
limits among the active release points. The setpoint calculations (steps 1-4)
must then be repeated with parameters that reflect the modified conditions.

If Cns < D-(is, the release may not be made as planned. Consider the alternatives

discussed in the paragraph above, and calculate a new setpoint based on the
results of the actions taken.

3-26 VER 26



VEGP ODCM

3.3.3.2 Effect on the Setpoint of the Monitor on the Merged Stream

Before beginning a release from a monitored source stream, a setpoint must be determined for
the source stream monitor as presented in Section 3.3.3.1. In addition, whether or not the source
stream has its own effluent monitor,. the previously-determined maximum allowable setpoint for
the downstream final monitor on the merged stream must be redetermined. This is accomplished
by repeating the steps of Section 3.3.2, with the following modifications.

Modification 1: The new maximum anticipated flowrate of the merged stream is the
sum of the old merged stream maximum flowrate, and the maximum

y flowrate of the source stream being considered for release.

(f.v)iiw = (f1. + ) I ,, (3.6)

Modification 2: The new concentration of noble gas radionuclide i in the merged
stream includes both the contribution of the merged stream without
the source stream, and the source stream being considered for
release.

(Xiv )new (fav )old, (Xi )old + f+as + Xis
(fav )new (3.7)

3.3.4 Determination of Allocation Factors, AG

When simultaneous gaseous releases are conducted, an administrative allocation factor must be
applied to divide the release limit among the active gaseous release pathways. This is to assure
that the dose rate limit for areas at and beyond the SITE BOUNDARY (see Section 3.1.2) will not
be exceeded by simultaneous releases. The allocation factor for any pathway may be assigned
any value between 0 and 1, under the following two conditions:

1. The sum of the allocation factors for all simultaneously-active final release paths at the
plant site may not exceed 1.

2. The sum of the allocation factors for all simultaneously-active source streams merging into
a given final release pathway may not exceed the allocation factor of that final release
pathway.

Any of the following three methods may be used to assign the allocation factors to the active
gaseous release pathways:

1. For ease of implementation, AGv may be equal for all release pathways:
1

AGv N 1(3.8)

where:

N = the number of simultaneously active gaseous release pathways.

2. AGv for a given release pathway may be selected based on an estimate of the portion of
the total SITE BOUNDARY dose rate (from all simultaneous releases) that is contributed
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by the release pathway. During periods when a given building or release pathway is not
subject to gaseous radioactive releases, it may be assigned an allocation factor of zero.

3. AG, for a given release pathway may be selected based on a calculation of the portion of
the total SITE BOUNDARY dose rate that is contributed by the release pathway, as
follows:

AGv = _ (3.9)
NrIl X1 /'•"b I (Si Qir

where:

(XIQ)vb = the annual average SITE BOUNDARY relative concentration applicable to
the gaseous release pathway v for which the allocation factor is being
determined, in s/m 3.

Ki = the total-body dose factor due to gamma emissions from noble gas
radionuclide i, in (mrem/y)/(RCi/m 3), from Table 3-5.

Qiv = the release rate of noble gas radionuclide i from release pathway v, in pCi/s,
calculated as the product of Xi, and fav, where:

Xiv = the concentration of noble gas radionuclide i applicable to the gaseous
release pathway v for which the allocation factor is being determined, in
pCi/mL.

fav = the discharge flowrate applicable to gaseous release pathway v for which the
allocation factor is being determined, in mL/s.

(Fx/Q) = the annual average SITE BOUNDARY relative concentration applicable to

active gaseous release pathway r, in s/m3 .

Qir = the release rate of noble gas radionuclide i applicable to active release
pathway r, in pCi/s, calculated as the product of Xir and far, where:

Xir = the concentration of noble gas radionuclide i applicable to active gaseous
release pathway r, in gCi/mL.

far = the discharge flowrate applicable to active gaseous release pathway r, in
mL/s.

N = the number of simultaneously active gaseous release pathways (including
pathway v that is of interest).

NOTE: Although equations (3.8) and (3.9) are written to illustrate the assignment of
the allocation factors for final release pathways, they may also be used to
assign allocation factors to the source streams that merge into a given final
release pathway.
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3.3.5 Setpoints for Noble Gas Monitors with Special Requirements

At present, VEGP has no noble gas monitors for which setpoint methodologies are to be
presented in the ODCM, and that require methods other than those in Section 3.3.2 or
Section 3.3.3.

3.3.6 Setpoints for Particulate and Iodine Monitors

In accordance with Section 5.1.1 of NRC NUREG-0133 (Reference 1), the effluent controls of
Section 3.1.1 do not require that the ODCM establish setpoint calculation methods for particulate
and iodine monitors. Therefore, the following is provided for information only: Initial setpoints for
the particulate channels of effluent monitors RE-1 2442, RE-2565, and ARE-1 3256 were
determined as described in Reference 13.
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3.4 GASEOUS EFFLUENT COMPLIANCE CALCULATIONS

3.4.1 Dose Rates at and Beyond the Site Boundary

Because the dose rate limits for areas at and beyond the SITE specified in Section 3.1.2 are site
limits applicable at any instant in time, the summations extend over all simultaneously active
gaseous final release pathways at the plant site. Table 3-4 identifies the gaseous final release

pathways at the plant site, and indicates the (X/Q)vb value for each.

3.4.1.1 Dose Rates Due to Noble Gases

For the purpose of implementing the controls of Section 3.1.2.a, the dose rates due to noble gas
radionuclides in areas at or beyond the SITE BOUNDARY, due to releases of gaseous effluents,
shall be calculated as follows:

For total body dose rates: (X1 Q)v,
DRt Z X/Q)V >iKQ1 ] (3.10)

For skin dose rates:

DRk =1'{ XIQ)V zI(L 1 +1 .1Mj)Q1i] (3.11)

where:

DRt = the total body dose rate at the time of the release, in mrem/y.

DRk = the skin dose rate at the time of the release, in mrem/y.

QNv = the release rate of noble gas radionuclide i, in ýtCi/s, equal to the product of
ft, and Xiv, where:

ftv = the actual average flowrate for release pathway v during the period of the

release, in mL/s.

All other terms were defined previously.

3.4.1.2 Dose Rates Due to Iodine-1 31, Iodine-1 33, Tritium, and
Radionuclides in Particulate Form with Half-Lives Greater than 8
Days

For the purpose of implementing the controls of Section 3.1.2.b, the dose rates due to Iodine-131,
Iodine-1 33, tritium, and all radionuclides in particulate form with half-lives greater than 8 days, in
areas at or beyond the SITE BOUNDARY, due to releases of gaseous effluents, shall be
calculated as follows:

DRY Z{X/) Vb ' 0 ' (3.12)

where:

DRo = the dose rate to organ o at the time of the release, in mrem/y.
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P. = the site-specific dose factor for radionuclide i and organ o, in
(mrem/y)/(jiCi/m 3). Since the dose rate limits specified in Section 3.1.2.b
apply only to the child age group exposed to the inhalation pathway, the
values of P1, may be obtained from Table 3-9, "Raipj for Inhalation Pathway,
Child Age Group."

= the release rate of radionuclide i from gaseous release pathway v, in jiCi/s.
For the purpose of implementing the controls of Section 3.1.2.b, only 1-131,
1-133, tritium, and all radionuclides in particulate form with half-lives greater
than 8 days should be included in this calculation.

All other terms were defined previously.

3.4.2 Noble Gas Air Dose at or Beyond Site Boundary

For the purpose of implementing the controls of Section 3.1.3, air doses in areas at or beyond the
SITE BOUNDARY due to releases of noble gases from each unit shall be calculated as follows
(adapted from Reference 1, page 28, by including only long-term releases):

D/3 =3.17x10-8 Z{(X/-Q)Vb i[Ni .QiV]} (3.13)

D= 3.17x10-8 X 0)vb .Z[M,'Qiv]} (3.14)

where:

3.17 x 10- = a units conversion factor: 1 y/(3.15 x 107S ).

Dp = the air dose due to beta emissions from noble gas radionuclides, in mrad.

Dy = the air dose due to gamma emissions from noble gas radionuclides, in mrad.

N, = the air dose factor due to beta emissions from noble gas radionuclide i
(mrad/y)/(gCi/m 3), from Table 3-5.

Mi = the air dose factor due to gamma emissions from noble gas radionuclide i
(mrad/y)/(ýLCi/m 3), from Table 3-5.

(iv = the cumulative release of noble gas radionuclide i from release pathway v

(pCi), during the period of interest.

and all other terms are as defined above.

Because the air dose limit is on a per-reactor-unit basis, the summations extend over all gaseous
final release pathways for a given unit. For a release pathway discharging materials originating in
both reactor units, the activity discharged from the release point may be apportioned to the two
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units in any reasonable manner, provided that all activity released via the particular shared
release pathway is apportioned to one or the other unit.

The gaseous final release pathways at the plant site, and the (TXQ)vb for each, are identified in

Table 3-4.
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Table 3-5. Dose Factors for Exposure to a Semi-Infinite Cloud of Noble Gases

y- Body (K) -Skin (L) y - Air (M) f3-Air (N)
Nuclide (mrem/y) per (mrem/y) per (mrad/y) per (mrad/y) per

(pCi/m3) (ýtCi/m3) (gCi/m3) (pCi/m3)

Kr-83m 7.56 E-02 0.00 E+00 1.93 E+01 2.88 E+02

Kr-85m 1.17E+03 1.46 E+03 1.23 E+03 1.97 E+03

Kr-85 1.61 E+01 1.34 E+03 1.72 E+01 1.95 E+03

Kr-87 5.92 E+03 9.73 E+03 6.17 E+03 1.03 E+04

Kr-88 1.47 E+04 2.37 E+03 1.52 E+04 2.93 E+03

Kr-89 1.66 E+04 1.01 E+04 1.73 E+04 1.06 E+04

Kr-90 1.56 E+04 7.29 E+03 1.63 E+04 7.83 E+03

Xe-131m 9.15 E+01 4.76 E+02 1.56 E+02 1.11 E+03

Xe-133m 2.51 E+02 9.94 E+02 3.27 E+02 1.48 E+03

Xe-133 2.94 E+02 3.06 E+02 3.53 E+02. 1.05 E+03

Xe-135m 3.12 E+03 7.11 E+02 3.36 E+03 7.39 E+02

Xe-135 1.81 E+03 1.86 E+03 1.92 E+03 2.46 E+03

Xe-137 1.42 E+03 1.22 E+04 1.51 E+03 1.27 E+04

Xe-138 8.83 E+03 4.13 E+03 9.21 E+03 4.75 E+03

Ar-41 8.84 E+03 2.69 E+03 9.30 E+03 3.28 E+03

All values in this table were obtained from Reference 3 (Table B-i), with units converted.
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Table 3-6. Dose Factors for Exposure to Direct Radiation from Noble Gases in an
Elevated Finite Plume

The contents of this table are not applicable to VEGP.
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3.4.3 Dose to a Member of the Public at or Beyond Site Boundary

The dose received by an individual due to gaseous releases from each reactor unit, to areas at or
beyond the SITE BOUNDARY, depends on the individual's location, age group, and exposure
pathways. The MEMBER OF THE PUBLIC expected to receive the highest dose in the plant
vicinity is referred to as the controlling receptor. The dosimetrically-significant attributes of the
currently-defined controlling receptor are presented in Table 3-7.

Doses to a MEMBER OF THE PUBLIC due to gaseous releases of 1-131,1-133, tritium, and all
radionuclides in particulate form from each unit shall be calculated as follows (equation adapted
from Reference 1, page 29, by considering only long-term releases):

D1j, = 3.17 x10-8 ~{RiP1 Y[_ lwi ,O (3.15)

where:

Dia = the dose to organ j of an individual in age group a, due to gaseous releases
of 1-131, 1-133, tritium, and all radionuclides in particulate form with half-lives
greater than 8 days, in mrem.

3.17 x 10-8 
= a units conversion factor: 1 y/(3.15 x 107 s).

Raipj = the site-specific dose factor for age group a, radionuclide i, exposure
pathway p, and organ j. For the purpose of implementing the controls of
Section 3.1.4, the exposure pathways applicable to calculating the dose to
the currently-defined controlling receptor are included in Table 3-7; values of
Raipj for each exposure pathway and radionuclide applicable to calculations of
dose to the controlling receptor are included in Tables 3-8 through 3-12.

A detailed discussion of the methods and parameters used for calculating
Raipo for the plant site is presented in Chapter 9. That information may be
used for recalculating the Raipo values if the underlying parameters change, or
for calculating Raipj values for special radionuclides and age groups when
performing the assessments discussed in Section 3.4.4 below.

Wvip the annual average relative dispersion or deposition at the location of the
controlling receptor, for release pathway v, as appropriate to exposure
pathway p and radionuclide i.

For all tritium pathways, and for the inhalation of any radionuclide: Wvip is
(x/Q--vp , the annual average relative dispersion factor for release pathway

v, at the location of the controlling receptor (s/m3). For the ground-plane
exposure pathway, and for all ingestion-related pathways for radionuclides

other than tritium: Wvp is (D-/Q)vp , the annual average relative deposition

factor for release pathway v, at the location of the controlling receptor (m-2).
Values of (x/•-)v• and (-D-Q-)vp for use in calculating the dose to the

currently-defined controlling receptor are included in Table 3-7.
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Of v the cumulative release of radionuclide i from release pathway v, during the
period of interest (pCi). For the purpose of implementing the controls of
Section 3.1.4, only 1-131, 1-133, tritium, and all radionuclides in particulate
form with half-lives greater than 8 days should be included in this calculation.
In any dose assessment using the methods of this subsection, only
radionuclides detectable above background in their respective samples
should be included in the calculation.

Because the member of the public dose limit is on a per-unit basis, the summations extend over
all gaseous final release pathways for a given unit. For a release pathway discharging materials
originating in both reactor units, the activity discharged from the release point may be apportioned
between the two units in any reasonable manner, provided that all activity released from the plant
site is apportioned to one or the other unit.

The gaseous final release pathways at the plant site, and the release elevation for each, are
identified in Table 3-4.
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Table 3-7. Attributes of the Controlling Receptor

The locations of members of the public in the vicinity of the plant site, and the exposure
pathways associated with those locations, are determined in the Annual Land Use Census.
Dispersion and deposition values were calculated based on site meteorological data collected
for the period January 1, 1985 through December 31, 1987.

Based on an analysis of this information, the current controlling receptor for the plant site is
described as follows.

Sector:

Distance:

Age Group:

WSW

1.2 miles

Child

Exposure Pathways: Inhalation, ground plane, cow meat, and garden vegetation

Dispersion Factors (X/Q)vb:

Ground-Level release points:
Mixed-Mode release points:

6.20 E-7 s/m 3

1.27 E-7 s/m
3

Deposition Factors (-D-Q)vb:

Ground-Level release points:
Mixed-Mode release points:

2.80 E-9 m-2
9.90 E-10 m-2
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3.4.4 Dose Calculations to Support Other Requirements

Case 1: A radiological impact assessment may be required to support evaluation of a
reportable event.

Dose calculations may be performed using the equations in Section 3.4.3, with the
substitution of the dispersion and deposition parameters [(X/Q) and (D/Q)] for the period
covered by the report, and using the appropriate pathway dose factors (Raipj) for the
receptor of interest. Methods for calculating (X/Q) and (D/Q) from meteorological data are
presented in Chapter 8.

Values of Raipj other than those presented in Tables 3-8 through 3-12 may need to be
calculated. Methods and parameters for calculating values of Raipj are presented in
Chapter 9. When calculating Raipj for evaluation of an event, pathway and usage factors
specific to the receptor involved in the event may be used in place of the values in Chapter
9, if the specific values are known.

Case 2: A dose calculation is required to evaluate the results of the Land Use Census,
under the provisions of Section 4.1.2.

In the event that the Land Use Census reveals that exposure pathways have changed at
previously-identified locations, or if new locations are identified, it may be necessary to
calculate doses at two or more locations to determine which should be designated as the
controlling receptor. Such dose calculations may. be performed using the equations in
Section 3.4.3, with the substitution of the annual average dispersion and deposition values

[ (X/Q) and (-DQý] for the locations of interest, and using the appropriate pathway dose
factors (Raipj) for the receptors of interest.

Methods for calculating (X/Q) and (D/Q) from meteorological data are presented in
Chapter 8. The values of Raipj other than those presented in Tables 3-8 through 3-12 may
need to be calculated. Methods and parameters for calculating values of Raipj are
presented in Chapter 9.

Case 3: Under Section 5.2, a dose calculation may be required to support the
determination of a component of the total dose to a receptor other than that
currently defined as the controlling receptor.

Dose calculations would be performed using the equations in Section 3.4.3, with the
dispersion and deposition parameters and appropriate values of (Rapj) for the receptor of
interest.

Appropriate values of the dispersion and deposition parameters, if not found in Table 3-7,
would need to be calculated. Methods for calculating (X/Q) and (D/Q) from meterological
data are presented in Chapter 8.

Appropriate values of Raipj, if not found in Tables 3-8 through 3-12, would need to be
calculated. Methods and parameters for calculating values of Raipj are presented in
Chapter 9.
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Table 3-8. Raipj for Ground Plane Pathway, All Age Groups

Nuclide T. Body J Skin
H-3 0.00 0.00

C-14 0.00 0.00
P-32 0.00 0.00
Cr-51 4.66E+06 5.51 E+06
Mn-54 1.39E+09 1.63E+09
Fe-55 0.00 0.00
Fe-59 2.73E+08 3.21 E+08
Co-58 3.79E+08 4.44E+08
Co-60 2.15E+10 2.53E+10
Ni-63 0.00 0.00
Zn-65 7.47E+08 8.59E+08
Rb-86 8.99E+06 1.03E+07

Sr-89 2.16E+04 2.51E+04
Sr-90 0.00 0.00
Y-91 1.07E+06 1.21 E+06

Zr-95 2.45E+08 2.84E+08
Nb-95 1.37E+08 1.61 E+08

Ru-103 1.08E+08 1.26E+08
Ru-106 4.22E+08 5.07E+08

Ag-110m 3.44E+09 4.01 E+09
Sb-124 5.98E+08 6.90E+08

Sb-125 2.34E+09 2.64E+09
Te-125m 1.55E+06 2.13E+06
Te-127m 9.16E+04 1.08E+05

Te-129m 1.98E+07 2.31 E+07
1-131 1.72E+07 2.09E+07
1-133 2.45E+06 2.98E+06

Cs-134 6.86E+09 8.OOE+09
Cs-136 1.51 E+08 1.71 E+08
Cs-137 1.03E+10 1.20E+10
Ba-140 2.05E+07 2.35E+07
Ce-141 1.37E+07 1.54E+07
Ce-144 6.95E+07 8.04E+07
Pr-143 0.00 0.00
Nd-147 8.39E+06 1.01 E+07

'I

1. Units are m2-(mrem/yr)/([tCi/s).
2. The values in the Total Body column also apply to the Bone,

Lung, and GI-LLI organs.
3. This table also supports the calculations of section 6.2.

Liver, Thyroid, Kidney,
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Table 3-9. Raipj for Inhalation Pathway, Child Age Group

Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI

H-3 0.00 1.12E+03 1.12E+03 1.12E+03 1.12E+03 1.12E+03 1:12E+03
C-14 3.59E+04 6.73E+03 6.73E+03 6.73E+03 6.73E+03 6.73E+03 6.73E+03
P-32 2.60E+06 1.14E+05 9.88E+04 0.00 0.00 0.00 4.22E+04

Cr-51 0.00 0.00 1.54E+02 8.55E+01 2.43E+01 1.70E+04 1.08E+03
Mn-54 0.00 4.29E+04 9.51 E+03 0.00 1.OOE+04 1.58E+06 2.29E+04
Fe-55 4.74E+04 2.52E+04 7.77E+03 0.00 0.00 1.11E+05 2.87E+03
Fe-59 2.07E+04 3.34E+04 1.67E+04 0.00 0.00 1.27E+06 7.07E+04
Co-58 0.00 1.77E+03 3.16E+03 0.00 0.00 1.11E+06 3.44E+04
Co-60 0.00 1.31 E+04 2.26E+04 0.00 0.00 7.07E+06 9.62E+04
Ni-63 8.21 E+05 4.63E+04 2.80E+04 0.00 0.00 2.75E+05 6.33E+03
Zn-65 4.26E+04 1.13E+05 7.03E+04 0.00 7.14E+04 9.95E+05 1.63E+04
Rb-86 0.00 1.98E+05 1.14E+05 0.00 0.00 0.00 7.99E+03
Sr-89 5.99E+05 0.00 1.72E+04 0.00 0.00 2.16E+06 1.67E+05
Sr-90 1.01E+08 0.00 6.44E+06 0.00 0.00 1.48E+07 3.43E+05
Y-91 9.14E+05 0.00 2.44E+04 0.00 0.00 2.63E+06 1.84E+05
Zr-95 1.90E+05 4.18E+04 3.70E+04 0.00 5.96E+04 2.23E+06 6.11E+04
Nb-95 2.35E+04 9.18E+03 6.55E+03 0.00 8.62E+03 6.14E+05 3.70E+04

Ru-103 2.79E+03 0.00 1.07E+03 0.00 7.03E+03 6.62E+05 4.48E+04
Ru-106 1.36E+05 0.00 1.69E+04 0.00 1.84E+05 1.43E+07 4.29E+05

Ag-110m 1.69E+04 1.14E+04 9.14E+03 0.00 2.12E+04 5.48E+06 1.OOE+05
Sb-124 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sb-125 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Te-125m 6.73E+03 2.33E+03 9.14E+02 1.92E+03 0.00 4.77E+05 3.38E+04
Te-127m 2.49E+04 8.55E+03 3.02E+03 6.07E+03 6.36E+04 1.48E+06 7.14E+04
Te-129m 1.92E+04 6.85E+03 3.04E+03 6.33E+03 5.03E+04 1.76E+06 1.82E+05

1-131 4.81E+04 4.81E+04 2.73E+04 1.62E+07 7.88E+04 0.00 2.84E+03
1-133 1.66E+04 2.03E+04 7.70E+03 3.85E+06 3.38E+04 0.00 5.48E+03

Cs-134 6.51E+05 1.01E+06 2.25E+05 0.00 3.30E+05 1.21E+05 3.85E+03
Cs-136 6.51E+04 1.71E+05 1.16E+05 0.00 9.55E+04 1.45E+04 4.18E+03
Cs-137 9.07E+05 8.25E+05 1.28E+05 0.00 2.82E+05 1.04E+05 3.62E+03
Ba-140 7.40E+04 6.48E+01 4.33E+03 0.00 2.11E+01 1.74E+06 1.02E+05
Ce-141 3.92E+04 1.95E+04 2.90E+03 0.00 8.55E+03 5.44E+05 5.66E+04
Ce-144 6.77E+06 2.12E+06 3.61E+05 0.00 1.17E+06 1.20E+07 3.89E+05
Pr-143 1.85E+04 5.55E+03 9.14E+02 0.00 3.OOE+03 4.33E+05 9.73E+04
Nd-147 1.08E+04 8.73E+03 6.81E+02 0.00 4.81E+03 3.28E+05 8.21E+04

1.
2.

Units are (mrem/yr)/(p Ci/m 3) for all radionuclides.
This table also supports the calculations of section 6.2.
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Table 3-10. Raipj for Inhalation Pathway, Adult Age Group

Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI 3
H-3 0.00 1.26E+03 1.26E+03 1.26E+03 1.26E+03 1.26E+03 1.26E+03

C-14 1.82E+04 3.41E+03 3.41E+03 3.41E+03 3.41E+03 3.41E+03 3.41E+03
P-32 1.32E+06 7.71 E+04 5.01 E+04 0.00 0.00 0.00 8.64E+04
Cr-51 0.00 0.00 1.00E+02 5.95E+01 2.28E+01 1.44E+04 3.32E+03
Mn-54 0.00 3.96E+04 6.30E+03 0.00 9.84E+03 1.40E+06 7.74E+04
Fe-55 2.46E+04 1.70E+04 3.94E+03 0.00 0.00 7.21E+04 6.03E+03
Fe-59 1.18E+04 2.78E+04 1.06E+04 0.00 0.00 1.02E+06 1.88E+05
Co-58 0.00 1.58E+03 2.07E+03 0.00 0.00 9.28E+05 1.06E+05
Co-60 0.00 1.15E+04 1.48E+04 0.00 0.00 5.97E+06 2.85E+05
Ni-63 -4.32E+05 3.14E+04 1.45E+04 0.00 0.00 1.78E+05 1.34E+04
Zn-65 3.24E+04 1.03E+05 4.66E+04 0.00 6.90E+04 8.64E+05 5.34E+04
Rb-86 0.00 1.35E+05 5.90E+04 0.00 0.00 0.00 1.66E+04
Sr-89 3.04E+05 0.00 8.72E+03 0.00 0.00 1.40E+06 3.50E+05
Sr-90 9.92E+07 0.00 6.10E+06 0.00 0.00 9.60E+06 7.22E+05
Y-91 4.62E+05 0.00 1.24E+04 0.00 0.00 1.70E+06 3.85E+05
Zr-95 1.07E+05 3.44E+04 2.33E+04 0.00 5.42E+04 1.77E+06 1.50E+05
Nb-95 1.41 E+04 7.82E+03 4.21 E+03 0.00 7.74E+03 5.05E+05 1.04E+05

Ru-103 1.53E+03 0.00 6.58E+02 0.00 5.83E+03 5.05E+05 1.10E+05
Ru-106 6.91E+04 0.00 8.72E+03 0.00 1.34E+05 9.36E+06 9.12E+05

Ag-110m 1.08E+04 1.OOE+04 5.94E+03 0.00 1.97E+04 4.63E+06 3.02E+05
Sb-124 3.12E+04 5.89E+02 '1.24E+04 7.55E+01 0.00 2.48E+06 4.06E+05
Sb-125 6.61E+04 7.13E+02 1.33E+04 5.87E+01 0.00 2.20E+06 1.01E+05

Te-125m 3.42E+03 1.58E+03 4.67E+02 1.05E+03 1.24E+04 3.14E+05 7.06E+04
Te-127m 1.26E+04 5.77E+03 1.57E+03 3.29E+03 4.58E+04 9.60E+05 1.50E+05
Te-129m 9.76E+03 4.67E+03 1.58E+03 3.44E+03 3.66E+04 1.16E+06 3.83E+05

1-131 2.52E+04 3.58E+04 2.05E+04 1.19E+07 6.13E+04 0.00 6.28E+03
1-133 8.64E+03 1.48E+04 4.52E+03 2.15E+06 2.58E+04 0.00 8.88E+03

Cs-134 3.73E+05 8.48E+05 7.28E+05 0.00 2.87E+05 9.76E+04 1.04E+04
Cs-136 3.90E+04 1.46E+05 1.10E+05 0.00 8.56E+04 1.20E+04 1.17E+04
Cs-137 4.78E+05 6.21E+05 4.28E+05 0.00 2.22E+05 7.52E+04 8.40E+03
Ba-140 3.90E+04 4.90E+01 2.57E+03 0.00 1.67E+01 1.27E+06 2.18E+05
Ce-141 1.99E+04 1.35E+04 1.53E+03 0.00 6.26E+03 3.62E+05 1.20E+05
Ce-144 3.43E+06 1.43E+06 1.84E+05 0.00 8.48E+05 7.78E+06 8.16E+05
Pr-143 9.36E+03 3.75E+03 4.64E+02 0.00 2.16E+03 2.81E+05 2.OOE+05
Nd-147 5.27E+03 6.1OE+03 3.65E+02 0.00 3.56E+03 2.21E+05 1.73E+05

1.
2.

Units are (mrem/yr)/(pCi/m 3) for all radionuclides.
This table is included to support the calculations of section 6.2.
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Table 3-11. Raipj for Cow Meat Pathway, Child Age Group

Nuclide Bone [ Liver T. Body I Thyroid Kidney Lung GI-LLI

H-3 0.00 2.34E+02 2.34E+02 2.34E+02 2.34E+02 2.34E+02 2.34E+02

C-14 5.29E+05 1.06E+05 1.06E+05 1.06E+05 1.06E+05 1.06E+05 1.06E+05
P-32 7.41 E+09 3.47E+08 2.86E+08 0.00 0.00 0.00 2.05E+08

Cr-51 0.00 0.00 8.79E+03 4.88E+03 1.33E+03 8.91 E+03 4.66E+05
Mn-54 0.00 8.01E+06 2.13E+06 0.00 2.25E+06 0.00 6.72E+06
Fe-55 4.57E+08 2.42E+08 7.51 E+07 0.00 0.00 1.37E+08 4.49E+07
Fe-59 3.76E+08 6.09E+08 3.03E+08 0.00 0.00 1.77E+08 6.34E+08
Co-58 0.00 1.64E+07 5.02E+07 0.00 0.00 0.00 9.58E+07
Co-60 0.00 6.93E+07 2.04E+08 0.00 0.00 0.00 3.84E+08
Ni-63 2.91E+10 1.56E+09 9.91E+08 0.00 0.00 0.00 1.05E+08
Zn-65 3.75E+08 1.OOE+09 6.22E+08 0.00 6.30E+08 0.00 1.76E+08
Rb-86 0.00 5.77E+08 3.55E+08 0.00 0.00 0.00 3.71 E+07

Sr-89 4.82E+08 0.00 1.38E+07 0.00 0.00 0.00 1.87E+07
Sr-90 1.04E+10 0.00 2.64E+09 0.00 0.00 0.00 1.40E+08
Y-91 1.80E+06 0.00 4.82E+04 0.00 0.00 0.00 2.40E+08

Zr-95 2.66E+06 5.85E+05 5.21 E+05 0.00 8.38E+05 0.00 6.11 E+08
Nb-95 3.1OE+06 1.21E+06 8.62E+05 0.00 1.13E+06 0.00 2.23E+09
Ru-103 1.55E+08 0.00 5.96E+07 0.00 3.90E+08 0.00 4.01E+09

Ru-106 4.44E+09 0.00 5.54E+08 0.00 5.99E+09 0.00 6.90E+10
Ag-110m 8.39E+06 5.67E+06 4.53E+06 0.00 1.06E+07 0.00 6.74E+08
Sb-124 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sb-125 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Te-125m 5.69E+08 1.54E+08 7.59E+07 1.60E+08 0.00 0.00 5.49E+08
Te-127m 1.77E+09 4.78E+08 2.11E+08 4.24E+08 5.06E+09 0.00 1.44E+09

Te-129m 1.79E+09 5.OOE+08 2.78E+08 5.77E+08 5.26E+09 0.00 2.18E+09
1-131 1.65E+07 1.66E+07 9.46E+06 5.50E+09 2.73E+07 0.00 1.48E+06
1-133 5.67E-01 7.02E-01 2.66E-01 1.30E+02 1.17E+00 0.00 2.83E-01

Cs-134 9.22E+08 1.51E+09 3.19E+08 0.00 4.69E+08 1.68E+08 8.16E+06
Cs-136 1.62E+07 4.46E+07 2.88E+07 0.00 2.37E+07 3.54E+06 1.57E+06
Cs-137 1.33E+09 1.28E+09 1.88E+08 0.00 4.16E+08 1.50E+08 7.99E+06
Ba-140 4.38E+07 3.84E+04 2.56E+06 0.00 1.25E+04 2.29E+04 2.22E+07
Ce-141 2.22E+04 1.11E+04 1.64E+03 0.00 4.86E+03 0.00 1.38E+07
Ce-144 2.32E+06 7.26E+05 1.24E+05 0.00 4.02E+05 0.00 1.89E+08
Pr-143 3.34E+04 1.OOE+04 1.66E+03 0.00 5.43E+03 0.00 3.60E+07
Nd-147 1.17E+04 9.47E+03 7.33E+02 0.00 5.19E+03 0.00 1.50E+07

Units are (mrem/yr)/(jtCi/m 3) for tritium, and m2-(mrem/yr)/(gCi/s) for all other
radionuclides.

3-42 VER 26



VEGP ODCM

Table 3-12. Raipj for Garden Vegetation Pathway, Child Age Group

Nuclide Bone Liver T.Body Thyroid Kidney Lung GI-LLI

H-3 0.00 4.01E+03 4.01E+03 4.01E+03 4.01E+03 4.01E+03 4.01E+03
C-14 8.89E+08 1.78E+08 1.78E+08 1.78E+08 1.78E+08 1.78E+08 1.78E+08
P-32 3.37E+09 1 .58E+08 1.30E+08 0.00 0.00 0.00 9.31 E+07

Cr-51 0.00 0.00 1.17E+05 6.50E+04 1.78E+04 1.19E+05 6.21E+06
Mn-54 0.00 6.65E+08 1.77E+08 0.00 1.86E+08 0.00 5.58E+08
Fe-55 8.01 E+08 4.25E+08 1.32E+08 0.00 0.00 2.40E+08 7.87E+07

Fe-59 3.98E+08 6.43E+08 3.20E+08 0.00 0.00 1.86E+08 6.70E+08
Co-58 0.00 6.44E+07 1.97E+08 0.00 0.00 0.00 3.76E+08
Co-60 0.00 3.78E+08 1.12E+09 0.00 0.00 0.00 2.1OE+09
Ni-63 3.95E+10 2.11E+09 1.34E+09 0.00 0.00 0.00 1.42E+08
Zn-65 8.13E+08 2.16E+09 1.35E+09 0.00 1.36E+09 0.00 3.80E+08
Rb-86 0.00 4.52E+08 2.78E+08 0.00 0.00 0.00 2.91 E+07

Sr-89 3.60E+10 0.00 1.03E+09 0.00 0.00 0.00 1.39E+09
Sr-90 1.24E+12 0.00 3.15E+11 0.00 0.00 0.00 1.67E+10
Y-91 1.86E+07 0.00 4.99E+05 0.00 0.00 0.00 2.48E+09
Zr-95 3.86E+06 8.48E+05 7.55E+05 0.00 1.21 E+06 0.00 8.85E+08
Nb-95 4.1OE+05 1.60E+05 1.14E+05 0.00 1.50E+05 0.00 2.96E+08

Ru-103 1.53E+07 0.00 5.90E+06 0.00 3.86E+07 0.00 3.97E+08
Ru-106 7.45E+08 0.00 9.30E+07 0.00 1.01E+09 0.00 1.16E+10

Ag-110m 3.21E+07 2.17E+07 1.73E+07 0.00 4.04E+07 0.00 2.58E+09
Sb-124 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sb-125 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Te-125m 3.51E+08 9.50E+07 4.67E+07 9.84E+07 0.00 0.00 3.38E+08
Te-127m 1.32E+09 3.56E+08 1.57E+08 3.16E+08 3.77E+09 0.00 1.07E+09
Te-129m 8.41E+08 2.35E+08 1.31E+08 2.71E+08 2.47E+09 0.00 1.03E+09

1-131 1.43E+08 1.44E+08 8.17E+07 4.75E+10 2.36E+08 0.00 1.28E+07
1-133 3.53E+06 4.37E+06 1.65E+06 8.11E+08 7.28E+06 0.00 1.76E+06

Cs-134 1.60E+10 2.63E+10 5.55E+09 0.00 8.15E+09 2.93E+09 1.42E+08
Cs-136 8.24E+07 2.27E+08 1.47E+08 0.00 1.21E+08 1.80E+07 7.96E+06
Cs-137 2.39E+10 2.29E+10 3.38E+09 0.00 7.46E+09 2.68E+09 1.43E+08
Ba-140 2.77E+08 2.42E+05 1.61E+07 0.00 7.89E+04 1.45E+05 1.40E+08
Ce-141 6.56E+05 3.27E+05 4.86E+04 0.00 1.43E+05 0.00 4.08E+08
Ce-144 1.27E+08 3.98E+07 6.78E+06 0.00 2.21E+07 0.00 1.04E+10
Pr-143 1.46E+05 4.37E+04 7.23E+03 0.00 2.37E+04 0.00 1.57E+08
Nd-147 7.15E+04 5.79E+04 4.48E+03 0.00 3.18E+04 0.00 9.17E+07

Units are (mrem/yr)/(gCi/m3 ) for tritium, and m2.(mrem/yr)/(ýtCi/s) for all other
radionuclides.
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3.5 GASEOUS EFFLUENT DOSE PROJECTIONS

3.5.1 Thirty-One Day Dose Projections

In order to meet the requirements of the limit for operation of the gaseous radwaste treatment
system (see Section 3.1.5), dose projections must be made at least once each 31 days; this
applies during periods in which a discharge to areas at or beyond the SITE BOUNDARY of
gaseous effluents containing radioactive materials occurs or is expected.

Projected 31-day air doses and doses to individuals due to gaseous effluents may be determined
as follows:

For air doses:

D=p D&[•_ 31+ Dx

(3.16)

Dyp =(•x 31]+ D,

For individual doses:

Dp D(-,)x31+D (3.17)

where:

Dpp the projected air dose due to beta emissions from noble gases, for the next
31 days of gaseous releases.

Dpc the cumulative air dose due to beta emissions from noble gas releases that
have occurred in the elapsed portion of the current quarter, plus the release
under consideration.

Dpa = the anticipated air dose due to beta emissions from noble gas releases,
contributed by any planned activities during the next 31-day period, if those
activities will result in gaseous releases that are in addition to routine
gaseous effluents. If only routine gaseous effluents are anticipated, Dia may
be set to zero.

Dy the projected air dose due to gamma emissions from noble gases for the
next 31 days of gaseous releases.

D' the cumulative air dose due to gamma emissions from noble gas releases
that have occurred in the elapsed portion of the current quarter, plus the
release under consideration.

D =a the anticipated air dose due to gamma emissions from noble gas releases,
contributed by any planned activities during the next 31-day period, if those
activities will result in gaseous releases that are in addition to routine
gaseous effluents. If only routine gaseous effluents are anticipated, D,, may
be set to zero.
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Dop = the projected dose to the total body or organ o, due to releases of 1-131,
1-133, tritium, and particulates for the next 31 days of gaseous releases.

Doc = the cumulative dose to the total body or organ o, due to releases of 1-131,
1-133, tritium, and particulates that have occurred in the elapsed portion of
the current quarter, plus the release under consideration.

Doa the anticipated dose to the total body or organ o, due to releases of 1-131,
1-133, tritium, and particulates, contributed by any planned activities during
the next 31-day period, if those activities will result in gaseous releases that
are in addition to routine gaseous effluents. If only routine gaseous effluents
are anticipated, Doa may be set to zero.

t =the number of whole or partial days elapsed into the current quarter,
including the time to the end of the release under consideration (even if the
release continues into the next quarter).

3.5.2 Dose Proiections for Specific Releases

Dose projections may be performed for a particular release by performing a pre-release dose
calculation assuming that the planned release will proceed as anticipated. For air dose and
individual dose projections due to gaseous effluent releases, follow the methodology of Section
3.4, using sample analysis results for the gaseous stream to be released, and parameter values
expected to exist during the release period.
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3.6 DEFINITIONS OF GASEOUS EFFLUENT TERMS

Section of
Term Definition Initial Use

AG the administrative allocation factor for gaseous streams, applied
to divide the gaseous release limit among all the release
pathways [unitless]. 3.3.2.1

AGs = the administrative allocation factor for gaseous source stream s,
applied to divide the gaseous release limit among all the release
pathways [unitless]. 3.3.3

AG, = the administrative allocation factor for gaseous release pathway
v, applied to divide the gaseous release limit among all the
release pathways [unitless]. 3.3.2.2

c = the setpoint of the radioactivity monitor measuring the
concentration of radioactivity in the effluent line prior to release
[•Ci/m L]. 3.3.2.1

Cns = the calculated noble gas effluent monitor setpoint for gaseous
source stream s [gCi/mL]. 3.3.3

Cnv = the calculated noble gas effluent'monitor setpoint for release
pathway v [iCi/mL]. 3.3.2.2

Dja = the dose to organ j of an individual in age group a, due to
gaseous releases of 1-131,1-133, tritium, and radionuclides in
particulate form with half-lives greater than 8 days [mrem]. 3.4.3

Doa = the anticipated dose to organ o due to releases of non-noble-gas
radionuclides, contributed by any planned activities during the
next 31-day period [mrem]. 3.5.1

Doc= the cumulative dose to organ o due to releases of non-noble-gas
radionuclides that have occurred in the elapsed portion of the
current quarter, plus the release under consideration [mrem]. 3.5.1

Dop= the projected dose to organ o due to the next 31 days of gaseous
releases of non-noble-gas radionuclides [mrem]. 3.5.1

D= the air dose due to beta emissions from noble gas radionuclides
[mrad]. 3.4.2

Dga = the anticipated air dose due to beta emissions from noble gas
releases, contributed by any planned activities during the next
31-day period [mrad]. 3.5.1
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Section of
Term Definition Initial Use

D= the cumulative air dose due to beta emissions from noble gas
releases that have occurred in the elapsed portion of the current
quarter, plus the release under consideration [mrad]. 3.5.1

D= the projected air dose due to beta emissions from noble gases,
for the next 31 days of gaseous releases [mrad]. 3.5.1

D7= the air dose due to gamma emissions from noble gas
radionuclides [mrad]. 3.4.2

D = the anticipated air dose due to gamma emissions from noble gas
releases, contributed by any planned activities during the next
31-day period [mrad]. 3.5.1

D• = the cumulative air dose due to gamma emissions from noble gas
releases that have occurred in the elapsed portion of the current
quarter, plus the release under consideration [mrad]. 3.5.1

Dyp = the projected air dose due to gamma emissions from noble
gases, for the next 31 days of gaseous releases [mrad]. 3.5.1

(D/Q)v = the annual average relative deposition factor for release pathway
v, at the location of the controlling receptor, from Table 3-7 [m- 2]. 3.4.3

DRk = the skin dose rate at the time of the release [mrem/y]. 3.4.1.1

DRo = the dose rate to organ o at the time of the release [mrem/y]. 3.4.1.2

DRt = the total body dose rate at the time of the release [mrem/y]. 3.4.1.1

fav = the maximum anticipated actual discharge flowrate for release
pathway v during the period of the planned release [mL/s]. 3.3.2.2

fas = the maximum anticipated actual discharge flowrate for gaseous
source stream s during the period of the planned release [mL/s]. 3.3.3

Ki = the total body dose factor due to gamma emissions from noble
gas radionuclide i, from Table 3-5 [(mrem/y)/(ýtCi/m 3)]. 3.3.2.2

Li = the skin dose factor due to beta emissions from noble gas radio-
nuclide i, from Table 3-5 [(mrem/y)/(gCi/m 3)]. 3.3.2.2

M= the air dose factor due to gamma emissions from noble gas
radionuclide i, from Table 3-5 [(mrad/y)/(pCi/m 3)]. 3.4.2
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Section of
Term Definition Initial Use

N = the number of simultaneously active gaseous release pathways
[unitless]. 3.3.4

N = the air dose factor due to beta emissions from noble gas
radionuclide i, from Table 3-5 [(mrad/y)/(gCi/m 3)]. 3.4.2

Pi. = the site-specific dose factor for radionuclide i (1-131, 1-133,
tritium, and radionuclides in particulate form with half-lives greater
than 8 days) and organ o. The values of Pi. are equal to the site-
specific Raipj values presented in Table 3-9 [(mrem/y)/(gCi/m 3)]. 3.4.1.2

Q= the release rate of noble gas radionuclide i from release pathway
v during the period of interest [[tCi/s]. 3.3.2.2

Q'iv= the release rate of radionuclide i (1-131, 1-133, tritium, and
radionuclides in particulate form with half,-lives greater than 8
days) from gaseous release pathway v during the period of
interest [ýtCi/s]. 3.4.1.2

3v= the cumulative release of noble gas radionuclide i from release
pathway v during the period of interest [gCi]. 3.4.2

iv= the cumulative release of non-noble-gas radionuclide i from
release pathway v, during the period of interest [pCi]. 3.4.3

Raipj = the site-specific dose factor for age group a, radionuclide i,
exposure pathway p, and organ j. Values and units of Raipj for
each exposure pathway, age group, and radionuclide that may
arise in calculations for implementing Section 3.1.4 are listed in
Table 3-8 through Table 3-9. 3.4.3

Rk = the ratio of the skin dose rate limit for noble gases, to the skin
dose rate due to noble gases in the release under consideration
[unitless]. 3.3.2.1

Rt= the ratio of the total body dose rate limit for noble gases, to the
total body dose rate due to noble gases in the release under
consideration [unitless]. 3.3.2.1

rk = the ratio of the skin dose rate limit for noble gases, to the skin
dose rate due to noble gases in the source stream under
consideration [unitless]. 3.3.3.1

rt = the ratio of the total body dose rate limit for noble gases, to the
total body dose rate due to noble gases in the source stream
under consideration [unitless]. 3.3.3.1
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Term

SF=

t=

Wvip =

X =

Xir =

Xis =

Xiv =

(X/Q) =

X/Q)vb

Definition

the safety factor used in gaseous setpoint calculations to
compensate for statistical fluctuations and errors of measurement
[unitless].

the number of whole or partial days elapsed in the current
quarter, including the period of the release under consideration.

the annual average relative dispersion [ (X/-Qv ] or deposition

[(-D-)v ] at the location of the controlling receptor, for release

pathway v, as appropriate to exposure pathway p and
radionuclide i.

the noble gas concentration for the release under consideration
[tC i/rnL].

the concentration of radionuclide i applicable to active gaseous
release pathway r [ýiCi/mL].

the measured concentration of radionuclide i in gaseous source
stream s [ýiCi/mL].

the measured concentration of radionuclide i in gaseous stream v
[gCi/mL].

the highest relative concentration at any point at or beyond the
SITE BOUNDARY [s/m 3].

the annual average SITE BOUNDARY relative concentration
applicable to active gaseous release pathway r [s/m 3].

the highest annual average relative concentration at the SITE
BOUNDARY for the discharge point of release pathway v, from
Table 3-4 [s/im3].

annual average relative dispersion factor for release pathway v,
at the location of the controlling receptor, from Table 3-7 [s/m 3].

VEGP ODCM

Section of
Initial Use

3.3.2.2

3.5.1

3.4.3

3.3.2.1

3.3.4

3.3.3

3.3.2.2

3.3.2.1

3.3.4

3.3.2.2

3.4.3
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CHAPTER 4
RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

4.1 LIMITS OF OPERATION

The following limits are the same for both units at the site. Thus, a single program including

monitoring, land use survey, and quality assurance serves both units.

4.1.1 Radiological Environmental Monitoring

The Radiological Environmental Monitoring Program (REMP) shall be conducted as specified in
Table 4-1.

4.1.1.1 Applicability

This. control applies at all times.

4.1.1.2 Actions

4.1.1.2.1 With the REMP not being conducted as specified in Table 4-1, submit to the
Nuclear Regulatory Commission (NRC), in the Annual Radiological Environmental Operating
Report, a description of the reasons for not conducting the program as required and the plans for
preventing a recurrence. Deviations from the required sampling schedule are permitted if
specimens are unobtainable due to hazardous conditions, unavailability, inclement weather,
equipment malfunction, or other just reasons. If deviations are due to equipment malfunction,
efforts shall be made to complete corrective action prior to the end of the next sampling period.

4.1.1.2.2 With the confirmed1 measured level of radioactivity as a result of plant effluents in
an environmental sampling medium specified in Table 4-1 exceeding the reporting levels of Table
4-2 when averaged over any calendar quarter, submit within 30 days a special report to the NRC.
The special report shall identify the cause(s) for exceeding the limit(s) and define the corrective
action(s) to be taken to reduce radioactive effluents so that the potential annual dose to a
MEMBER OF THE PUBLIC is less than the calendar year limits of Sections 2.1.3, 3.1.3, and
3.1.4. The methodology and parameters used to estimate the potential annual dose to a
MEMBER OF THE PUBLIC shall be indicated in the special report.

When more than one of the radionuclides in Table 4-2 are detected in the sampling medium,
this report shall be submitted if:

concentration (1) concentration (2)
+ +.,, > 1.0

reporting level (1) reporting level (2)

Defined as confirmed by reanalysis of the original sample, or analysis of a duplicate or new

sample, as appropriate. The results of the confirmatory analysis shall be completed at the
earliest time consistent with the analysis.
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When radionuclides other than those in Table 4-2 are detected and are the result of plant
effluents, this special report shall be submitted if the potential annual dose to a MEMBER OF THE
PUBLIC is equal to or greater than the calendar year limits stated in Sections 2.1.3, 3.1.3, and
3.1.4. This special report is not required if the measured level of radioactivity was not the result of
plant effluents; however, in such an event, the condition shall be described in the Annual
Radiological Environmental Operating Report. The levels of naturally-occurring radionuclides
which are not included in the plant's effluent releases need not be reported.

4.1.1.2.3 If adequate samples of milk, or during the growing season, grass or leafy
vegetation, can no longer be obtained from one or more of the sample locations required by Table
4-1, or if the availability is frequently or persistently wanting, efforts shall be made: to identify
specific locations for obtaining suitable replacement samples; and to add any replacement
locations to the REMP given in theODCM within 30 days. The specific locations from which
samples became unavailable may be deleted from the REMP. Pursuant to Technical
Specification 5.5.1, documentation shall be submitted in the next Radioactive Effluent Release
Report for the change(s) in the ODCM, including revised figure(s) and table(s) reflecting the
changes to the location(s), with supporting information identifying the cause of the unavailability of
samples and justifying the selection of any new location(s).

4.1.1.2.4 This control does not affect shutdown requirements or MODE changes.

4.1.1.3 Surveillance Requirements

The REMP samples shall be collected pursuant to Table 4-1 from the locations described in
Section 4.2, and shall be analyzed pursuant to the requirements of Table 4-1 and Table 4-3.
Required detection capabilities for thermoluminescent dosimeters used for environmental
measurements shall be in accordance with the recommendations of Regulatory Guide 4.13.
Program changes may be initiated based on operational experience.

Analyses shall be performed in such a manner that the stated MINIMUM DETECTABLE
CONCENTRATIONs (MDCs) will be achieved under routine conditions. Occasionally background
fluctuations, unavoidable small sample sizes, the presence of interfering radionuclides, or other
uncontrollable circumstances may render these MDCs unachievable. In such cases, the
contributing factors will be identified and described in the Annual Radiological Environmental
Operating Report.

4.1.1.4 Basis

The REMP required by this control provides representative measurements of radiation and of
radioactive materials in those exposure pathways, and for those radionuclides, which lead to the
highest potential radiation exposures of MEMBERS OF THE PUBLIC resulting from the plant
operation. The REMP implements Section IV.B.2, Appendix 1, 10 CFR 50, and thereby
supplements the radiological effluent monitoring program by measuring concentrations of
radioactive materials and levels of radiation, which may then be compared with those expected on
the basis of the effluent measurements and modeling of the environmental exposure pathways.

The detection capabilities required by Table 4-3 are within state-of-the-art for routine
environmental measurements in industrial laboratories.
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Exposure Number of Representative Samples and Sample Sampling and Type and
Pathway Locations(ml) Collection Frequency of

and/or Sample Frequency Analysis
- 1. DIRECT RADIATION

Direct Thirty-six or more routine monitoring stations, either Quarterly. Gamma dose
Radiation(2) with two or more dosimeters, or with one instrument quarterly.

for measuring and recording dose rate continuously,
placed as follows:

An inner ring of stations, one in each meteorological
sector in the general area of the site boundary.

An outer ring of stations, one in each meteorological
sector at approximately 5 miles from the site.

The balance of the stations to be placed in special
interest areas such as population centers, nearby
residences, schools, and in one or more areas to
serve as control stations.

2. AIRBORNE
Radioiodine Samples from 5 or more locations as follows: Continuous Radioiodine
and sampler operation Canister: 1-131
Particulates Three or more samples from close to the three site with sample analysis weekly.

boundary locations, in different sectors. collection weekly,
or more frequently Particulate

One sample from the vicinity of a community having if required by dust Sampler: Gross
the highest calculated annual average ground-level loading, beta radioactivity
D/Q. analysis following

filter change, and
One sample from a control location, as, for example, gamma isotopic
a population center 10 to 20 miles distant and in the analysis of
least prevalent wind direction. composite (by

location)
quarterly.(3)(4)

m

0
0
0
K



Exposure Number of Representative Samples Sampling and Collection Type and Frequency of
Pathwayple and Sample Locations(I) Frequency Analysis

3. WATERBORNE
Surface(5) One sample upstream. Composite sample over Gamma isotopic analysis

1-month period.(6) monthly; composite for
One sample downstream. tritium analysis

quarterly.(4)
Drinking Two samples at each of the one to Composite sample of river 1-131 analysis on each

three nearest water treatment plants water near intake at each sample when the dose
that could be affected by discharges water treatment plant over calculated for the
from the facility. 2-week period when 1-131 consumption of the water is

analysis is performed, greater than 1 mrem per
Two samples at a control location, monthly composite year. Composite for gross

otherwise; and grab sample beta and gamma isotopic
of finished water at each analyses monthly.
water treatment plant every Composite for tritium
2 weeks or monthly, as analysis quarterly.(4)(7)
appropriate.(6)

Sediment from One sample from downstream area Semiannually. Gamma isotopic analysis
Shoreline with existing or potential recreational semi-annually.(4)

value.
Groundwater An adequate number of onsite wells Quarterly Tritium and gamma

to provide detection of radioactive isotopic quarterly. Other
liquid releases into the groundwater analyses based on results
,from tanks, underground piping, and of tritium and gamma.
other plant equipment. At least one
well at a control location.

CD

0

0.

m

0

CD

0

-u
0

0

3D

0~

0

0
m

0)CY)



Exposure Number of Representative Samples and Sample Sampling and Type and
Pathway Locations(1) Collection Frequency of

and/or Sample Frequency Analysis

4. INGESTION
Milk Samples from milking animals in three locations within Semimonthly. Gamma

3 miles distance having the highest dose potential; if there isotopic
are none, then one sample from milking animals in each of analysis semi-
three areas between 3 and 5 miles distance where doses monthly.(4)(8)
are calculated to be greater than 1 mrem per year.(7)

One sample from milking animals at a control location about
10 miles distant or beyond, and preferably in a wind direction
of low prevalence.

Fish At least one sample of any commercially and recreationally Semiannually. Gamma
important species in vicinity of plant discharge area. isotopic

analyses on
At least one sample of any species in areas not influenced edible
by plant discharge. portions.(4)

At least one sample of any anadromous species in vicinity of During spring Gamma
plant discharge. spawning isotopic

season. analyses on
edible

___portion.(4)
Grass or One sample from two onsite locations near the site boundary Monthly during Gamma
Leafy in different sectors. growing season. isotopic.(4)(8)
Vegetation

One sample from a control location about 15 miles distant. Monthly during Gamma
1 1 1 growing season. isotopic.(4)(8)

-I

(D

0

0.

0

m
_2.

0

(0

3
3

CD

0

0~ m•

0

L3

"0

m

0b
N.)
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TABLE NOTATIONS "D

(1) For each sample location in this table, specific parameters of distance and direction sector from a point 0
midway
between the center of the two reactors, and additional description where pertinent, are provided in Table 4-4,
and in Figure 4-1 through Figure 4-4 of this ODCM.

(2) One or more instruments, such as a pressurized ion chamber, for measuring and recording dose rate

continuously, _0-may be used in place of or in addition to integrating dosimeters. For the purpose of this table, a _.
5.*thermoluminescent dosimeter (TLD) is considered to be one phosphor; two or more phosphors in a packet are W

considered as two or more dosimeters. Film badges shall not be used as dosimeters for measuring direct m
radiation. <

0) (3) Airborne particulate sample filters shall be analyzed for gross beta radioactivity 24 hours or more after 3
sampling
to allow for radon and thoron daughter decay. If gross beta activity in air particulate samples is greater than
10 times
the yearly mean of control samples, gamma isotopic analysis shall be performed on the individual samples. 0

0

(4) Gamma isotopic analysis means the identification and quantification of gamma-emitting radionuclides that =

may be attributable to the effluents from the facility.
0

(5) The upstream sample shall be taken at a distance beyond significant influence of the discharge. The
downstream 3
sample shall be taken in an area beyond but near the mixing zone.

0

(6) Composite sample aliquots shall be collected at time intervals that are very short (e.g., hourly) relative to the
compositing period (e.g., monthly) in order to assure obtaining a representative sample. CD <

< (7) The dose shall be calculated for the maximum organ and age group, using the methodology and parameters G)m ~in the ODCM.

0
o) (8) If gamma isotopic analysis is not sensitive enough to meet the required MDC for 1-131, a separate analysis for 0

1-131 will be performed.



Water Airborne Fish Milk Grass or Leafy
Analysis Particulate or Vegetation

'OIL' Gases (pCi/m 3) Jw O/L (pCi/kg, wet)

H-3 2 E+4a

Mn-54 1 E+3 3 E+4

Fe-59 4 E+2 1 E+4

Co-58 1 E+3 3 E+4
Co-60 3 E+2 1 E+4

Zn-65 3 E+2 2 E+4

Zr-95 4 E+2

Nb-95 7 E+2
1-131 2 E+Ob 9 E-1 3 E+0 1 E+2
Cs-134 3 E+1 1 E+1' 1 E+3 6 E+1 1 E+3
Cs-137 5 E+1 2 E+1 2 E+3 7 E+1 2 E+3
Ba-140 2 E+2 3 E+2

La-140 1 E+2 4 E+2

a. This is the 40 CFR 141 value for drinking water samples. If no drinking water pathway exists, a value of

3 E+04 pCi/L may be used.

b. If no drinking water pathway exists, a value of 20 pCi/L may be used.

M.

m

0
0
0

K3



Minimum Detectable Concentration MDC)a

Water Airborne Fish Milk Grass or Leafy Sediment
Analysis Particulate or Vegetation

(pCi/L) Gases (pCi/in 3) (pCi/kg, wet) (pCi/L) (pCi/kg, wet) (pCi/kg, dry)

Gross Beta 4 E+0 1 E-2

H-3 2 E+3 b

Mn-54 1.5 E+1 1.3 E+2

Fe-59 3 E+1 2.6 E+2

Co-58, Co-60 1.5 E+1 1.3 E+2

Zn-65 3 E+1 2.6 E+2

Zr-95 3 E+1
Nb-95 1.5 E+1
1-131 1 E+0c 7 E-2 1 E+O 6 E+1

Cs-134 1.5 E+1 5 E-2 1.3 E+2 1.5 E+1 6 E+1 1.5 E+2

Cs-137 1.8 E+1 6 E-2 1.5 E+2 1.8 E+1 8 E+1 1.8 E+2

Ba-140 6 E+1 6 E+1

La-140 1.5 E+1 1.5 E+1

a. See the definition of MINIMUM DETECTABLE CONCENTRATION in Section 10.1. Other peaks which are
measurable and identifiable as plant effluents, together with the radionuclides in this table, shall be analyzed and
reported in accordance with Section 7.1.

b. If no drinking water pathway exists, a value of 3 E+3 pCi/L may be used.

--

CD

CD
2)

3

C3
0
CD
CD

0
CD

0
0

CD

0

03
03

c. If no drinking water pathway exists, a value of 1.5 E+1 pCi/L may be used.

m
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m
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4.1.2 Land Use Census

A land use census shall be conducted and shall identify the following within a distance of 5 miles in
each of the 16 meteorological sectors: the location of the nearest milk animal,1 the nearest permanent
residence, and the nearest garden of greater than 500 square feet producing broad leafy vegetation.
Land within the Savannah River Site is excluded from this census.

4.1.2.1 Applicability

This control applies at all times.

4.1.2.2 Actions

4.1.2.2.1 With a land use census identifying a location(s) which yields a calculated dose or
dose commitment greater than values currently being calculated in accordance with Section 3.4.3,
identify the new location(s) in the next Radioactive Effluent Release Report.

4.1.2.2.2 With a land use census identifying a location(s) which yields a calculated dose or
dose commitment (via the same exposure pathway) 20 percent greater than at a location from which
samples are currently being obtained in accordance with Section 4.1.1, add the new location(s) to the
REMP within 30 days if samples are available. The sampling location, excluding control station
location(s), having the lowest calculated dose or dose commitment (via the same exposure pathway)
may be deleted from the REMP if new sampling locations are added, Pursuant to Technical
Specification 5.5.1 submit in the next Radioactive Effluent Release Report any change(s) in the
ODCM, including the revised figure(s) and table(s) reflecting any new location(s) and information
supporting the change(s).

4.1.2.2.3 This control does not affect shutdown requirements or MODE changes.

4.1.2.3 Surveillance Requirements

The land use census shall be conducted annually, using that information which will provide good
results, such as a door-to-door census, a visual census from automobile or aircraft, consultation with
local agriculture authorities, or some combination of these methods, as feasible. Results of the land
use census shall be included in the Annual Radiological Environmental Operating Report.

4.1.2.4 Basis

This control is provided to ensure that changes in the use of UNRESTRICTED AREAS are identified
and that modifications to the REMP are made if required by the results of this census. This census
satisfies the requirements of Section IV.B.3 of Appendix I to 10 CFR Part 50. Restricting the census to
gardens of greater than 500 ft2 provides assurance that significant exposure pathways via leafy
vegetables will be identified and monitored since a garden of this size is the minimum required to
produce the quantity (26 kg/y) of leafy vegetables assumed in Regulatory Guide 1.109 for consumption
by a child. To determine this minimum garden size, the following assumptions were made: (1) 20
percent of the garden was used for growing broad leaf vegetation (i.e., similar to lettuce and cabbage)
and (2) a vegetation yield of 2 kg/m 2 was obtained.

Defined as a cow or goat that is producing milk for human consumption.
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4.1.3 Interlaboratory Comparison Program

Analyses shall be performed on radioactive materials supplied as part of an Interlaboratory
Comparison Program which satisfies the requirements of Regulatory Guide 4.15, Revision 1, February,
1979.

4.1.3.1 Applicability

This control applies at all times.

4.1.3.2 Actions

With analyses not being performed as required by Section 4.1.3, report the corrective actions taken to
prevent a recurrence in the Annual Radiological Environmental Operating Report.

This control does not affect shutdown requirements or MODE changes.

4.1.3.3 Surveillance Requirements

A summary of the results obtained as part of the required Interlaboratory Comparison Program shall be
included in the Annual Radiological Environmental Operating Report.

4.1.3.4 Basis

The requirement for participation in an approved Interlaboratory Comparison Program is provided to
ensure that independent checks on the precision and accuracy of the measurements of radioactive
material in environmental sample matrices are performed as part of the quality assurance program for
environmental monitoring, in order to demonstrate that the results are reasonably valid for the
purposes of Section IV.B.2, Appendix 1, 10 CFR 50.
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4.2 RADIOLOGICAL ENVIRONMENTAL MONITORING LOCATIONS

Table 4-4 and Table 4-5 and Figure 4-1 through Figure 4-5 specify the locations at which the
measurements and samples are taken for the REMP required by Section 4.1 .1.
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Table 4-4. Radiological Environmental Monitoring Locations

Location Descriptive Location Direction Distance Sample
Number (miles) Type(1 )

1 River Bank N 1.1 D

2 River Bank NNE 0.8 D

3 Discharge Area NE 0.6 A

3 River Bank NE 0.7 D

4 River Bank ENE 0.8 D

5 River Bank E 1.0 D

6 Plant Wilson ESE 1.1 D

7 Simulator Building SE 1.7 D,V,A

8 River Road SSE 1.1 D

9 River Road S 1.1 D

10 Met Tower SSW 0.9 A

10 River Road SSW 1.1 D

11 River Road SW 1.2 D

12 River Road WSW 1.2 D,A

13 River Road W 1.3 D

14 River Road WNW 1.8 D

15 Hancock Landing Road NW 1.5 D,V

16 Hancock Landing Road NNW 1.4 D,A

17 Savannah River Site, River Road N 5.4 D

18 Savannah River Site, D Area NNE 5.0 D

19 Savannah River Site, Road A.13 NE 4.6 D

20 Savannah River Site, Road A.13.1 ENE 4.8 D

21 Savannah River Site, Road A.17 E 5.3 D

22 River Bank Downstream of Buxton ESE 5.2 D
Landing

23 River Road SE 4.6 D

24 Chance Road SSE 4.9 D

25 Chance Road near Highway 23 S 5.2 D

26 Hihway 23 and Ebenezer Church SSW 4.6 D
R42R
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Table 4-4 (contd). Radiological Environmental Monitoring Locations

Location Descriptive Location Direction Distance Sample
Number (miles) Type(l)

27 Highway 23, opposite Boll Weevil SW 4.7 D

Road

28 Thomas Road WSW 5.0 D

29 Claxton-Lively Road W 5.1 D

30 Nathaniel Howard Road WNW 5.0 D

31 River Road at Allen's Chapel Fork NW 5.0 D

32 River Bank NNW 4.7 D

35 Girard SSE 6.6 D,A

36 GPC Waynesboro Operating WSW 13.9 D,A
Headquarters

37 Substation; Waynesboro, GA WSW 16.7 D,V

43 Employees Recreation Area SW 2.2 D

47 Oak Grove Church SE 10.4 D

48 McBean Cemetery NW 10.2 D

51 SGA School; Sardis, GA S 11.0 D

52 Oglethorp Substation; SW 10.7 D

Alexander, GA

80 Augusta Water Treatment Plant NNW 29.0 W(2)

81 Savannah River N 2.5 F(3),S(4)

82 Savannah River (RM 151.2) NNE 0.8 R

83 Savannah River (RM 150.4) ENE 0.8 RS(4)

84 Savannah River (RM 149.5) ESE 1.6 R

85 Savannah River ESE 4.3 F(3)

87 Beaufort - Jasper Water Treatment SE 76.0 W(S)
Plant; Beaufort, SC

88 Cherokee Hill Water Treatment SSE 72.0 W(6)

Plant; Port Wentworth, GA

89 Purrysburg Water Treatment Plant; SSE 76.0 W(7)

Purrysburg, SC

101 Girard Dairy S 5.5 M

102 Seven Oaks Dairy w. 7.5 M
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Table 4-4 (cont.) Radiological Environmental Monitoring Locations

TABLE NOTATIONS

(1) Sample Types:

A - Airborne Radioactivity
D - Direct Radiation
F - Fish
M - Milk
R - River Water
S - River Shoreline Sediment
W - Drinking Water (at water treatment plant)
V - Vegetation

(2) The intake for the Augusta Water Treatment Plant is located on the Augusta Canal. The
entrance to this canal is at river mile (RM) 207 on the Savannah River. The canal effectively
parallels the river. The intake to the pumping station is about 4 miles down the canal and
only 0.1 mile from the river (across land).

(3) About a 5-mile stretch of the river is generally needed to obtain adequate fish samples.
Samples are normally gathered between RM 153 and 158 for upriver collections and
between RMs 144 and 149.4 for downriver collections.

(4) Sediment is collected at locations with existing or potential recreational value. High water
shifting of the river bottom or other reasons could cause a suitable location for sediment
collection to become unavailable or unsuitable. Thus, a stretch of river between RM 148.5
and 150.5 is designated for downriver sediment collections, while a stretch between RM 153
and 154 is designated for upriver collections. In practice, collections are normally made at
RM 150.2 for downriver collections and at RM 153.3 for upriver collections.

(5) The intake for the Beaufort-Jasper Water Treatment Plant is located at the end of a canal
which begins at RM 39.3 on the Savannah River. This intake is about 16 miles by line of
sight down the canal from its beginning on the Savannah River.

(6) The intake for the Cherokee Hill Water Treatment Plant is located on Abercorn Creek, which
is about one and a quarter creek miles from its mouth on the Savannah River at RM 29.

(7) The intake for the Purrysburg Water Treatment Plant is located on the same canal as the
Beaufort-Jasper Water Treatment Plant. The Purrysburg intake is nearer to the Savannah
River at the beginning of the canal.
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Table 4-5ý. Groundwater Monitoring Locations

WELL AQUIFER MONITORING PURPOSE
LT-1 B Water Table NSCW related tank
LT-7A Water Table NSCW related tank
LT-12 Water Table NSCW related tank
LT-13 Water Table NSCW related tank
802A Water Table Southeastern potential leakage
803A* Water Table Up gradient to rad waste building

Down gradient from rad waste bldg805A Water Table
and NSCW related facilities

806B Water Table Dilution line
808 Water Table Up gradient; along Pen Branch Fault

NSCW related tank; western potentialRi Water Tablelekg leakage

R2 Water Table. Southern potential leakage
R3 Water Table Eastern potential leakage
R4 Water Table Dilution line
R5 Water Table Dilution line
R6 Water Table Dilution line
R7 Water Table Dilution line
R8 Water Table Dilution line
1014 Tertiary Up gradient
1015 Water Table Vertically up gradient
27 Tertiary Down gradient tertiary
29 Tertiary Down gradient tertiary
MU-1 Tertiary/Cretaceous Facility water supply
River N/A Surface water

• May need to be abandoned in the future due to construction activities (REF 23).

I

I
I

7
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Figure 4-1. Terrestrial Stations Near Site Boundary
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Figure 4-2. Terrestrial Stations and Aquatic Stations, 0-5 Miles
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Figure 4-3. Terrestrial Stations Beyond 5 Miles
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Figure 4-4. Drinking Water Stations
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CHAPTER 5
TOTAL DOSE DETERMINATIONS

5.1 LIMIT OF OPERATION

In accordance with Technical Specification 5.5.4.j, the dose or dose commitment to any MEMBER
OF THE PUBLIC over a calendar year, due to releases of radioactivity and to radiation from
uranium fuel cycle sources, shall be limited to less than or equal to 25 mrem to the total body or
any organ, except the thyroid, which shall be limited to less than or equal to 75 mrem.

5.1.1 Applicability

This limit applies at all times.

5.1.2 Actions

With the calculated doses from the release of radioactive materials in liquid or gaseous effluents
exceeding twice the limits of Section 2.1.3, 3.1.3, or 3.1.4, calculations shall be made according to
Section 5.2 methods to determine whether the limits of Section 5.1 have been exceeded. If these
limits have been exceeded, prepare and submit a special report to the Nuclear Regulatory
Commission within 30 days, which defines the corrective actions to be taken to reduce
subsequent releases to prevent recurrence of exceeding the limits of Section 5.1 and includes the
schedule for achieving conformance with the limits of Section 5.1. This special report, as defined
in 10 CFR 20.2203, shall also include an analysis which estimates the radiation exposure (dose)
to a MEMBER OF THE PUBLIC from uranium fuel cycle sources (including all effluent pathways
and direct radiation) for the calendar year that includes the release(s) covered by this report. This
special report shall also describe the levels of radiation and concentrations of radioactive material
involved, and the cause of the exposure levels or concentrations. If the estimated dose(s)
exceeds the limits of Section 5.1, and if the release condition resulting in violation of the provisions
of 40 CFR 190 has not already been corrected, the special report shall include a request for
variance in accordance with the provisions of 40 CFR 190 and including the specified information
of 40 CFR 190.11 (b). Submittal of the report is considered a timely request, and a variance is
granted until staff action on the request is complete.

This control does not affect shutdown requirements or MODE changes.

5.1.3 Surveillance Requirements

Cumulative dose contributions from liquid and gaseous effluents and from direct radiation shall be
determined in accordance with Section 5.2. This requirement is applicable only under the
conditions set forth above in Section 5.1.2.

5.1.4 Basis

This control is provided to meet the dose limitations and reporting requirements of 40 CFR 190.
The control requires the preparation and submittal of a special report whenever the calculated
doses from plant radioactive effluents exceed the limits of Section 5.1. For sites containing up to
4 reactors, it is highly unlikely that the resultant dose to a MEMBER OF THE PUBLIC will exceed
the dose limits of 40 CFR 190 if the individual reactors remain within twice the dose design
objectives of Appendix I and if direct radiation doses from the units, such as direct exposure from
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outside storage tanks, are kept small. The special report will describe a course of action which
should result in the limitation of dose to a MEMBER OF THE PUBLIC for a calendar year to within
the 40 CFR 190 limits. For the purposes of the special report, it may be assumed that the dose
commitment to the MEMBER OF THE PUBLIC from other uranium fuel cycle sources is negligible
with the exception that dose contributions from other uranium fuel cycle facilities at the same site
or within a radius of 5 miles must be considered. If the dose to any MEMBER OF THE PUBLIC is
estimated to exceed the requirements of 40 CFR 190, the special report with a request for
variance (provided the release conditions resulting in violation of 40 CFR 190 have not already
been corrected), in accordance with the provisions of 40 CFR 190.11 and 10 CFR 20.2203(a)(4),
is considered to be a timely request and fulfills the requirements of 40 CFR 190 until NRC staff
action is completed. The variance only relates to the limits of 40 CFR 190, and does not apply in
any way to the requirements for dose limitation as addressed in other sections of this ODCM. An
individual is not considered a MEMBER OF THE PUBLIC during any period in which he/she is
engaged in carrying out any operation which is part of the nuclear fuel cycle.
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5.2 DEMONSTRATION OF COMPLIANCE

There are no other uranium fuel cycle facilities within 5 miles of the plant site. Therefore, for the
purpose of demonstrating compliance with the limits of Section 5.1, the total dose to a MEMBER
OF THE PUBLIC in the vicinity of the plant site due to uranium fuel cycle sources shall be
determined as follows:

DTk =DL+DG+DD+DN (5.1)

where:

DTk = the total dose or dose commitment to the total body or organ k, in mrem.

DL = the dose to the same organ due to radioactivity discharged from the plant site in
liquid effluents, calculated in accordance with Section 2.4.1, in mrem.

DG = the dose to the same organ due to non-noble-gas radionuclides discharged from
the plant site in gaseous effluents, calculated for the controlling receptor in
accordance with Section 3.4.3, in mrem.

DD = the direct radiation dose to the whole body of an individual at the controlling
receptor location, due to radioactive materials retained within the plant site, in
mrem. Values of direct radiation dose may be determined by measurement,
calculation, or a combination of the two.

DN = the external whole body dose to an individual at the controlling receptor location,
due to gamma ray emissions from noble gas radionuclides discharged from the
plant site in gaseous effluents, in mrem. DN is calculated as follows (equation
adapted from Reference 1, page 22, by recasting in cumulative dose form):

DN = 3.17x10- {"X/Q )~ v[K } (5.2)

where:

3.17 x 10- = a units conversion factor: 1 y/(3.15 x 107 s).

(iv = the cumulative release of noble gas radionuclide i from release
pathway v (RCi), during the period of interest.

K, = the total-body dose factor due to gamma emissions from noble gas
radionuclide i (mrem/y)/(tCi/m 3), from Table 3-5.

X/Q)vp = annual average relative dispersion factor for release pathway v, at'

the location of the controlling receptor, from Table 3-7 [s/m 3].
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As defined above, DL and DG are for different age groups, while DD and DN are not age group
specific. When a more precise determination of DTk is desired, values of DL and DG may be
calculated for all four age groups, and those values used in equation (5.1) to determine age group
specific values of DTk; the largest value of DTk for any age group may then be compared to the
limits of Section 5.1.

5-4 VER 26



VEGP ODCM

CHAPTER 6
POTENTIAL DOSES TO MEMBERS OF THE PUBLIC DUE TO

THEIR ACTIVITIES INSIDE THE SITE BOUNDARY

6.1 REQUIREMENT FOR CALCULATION

To support the reporting requirements of Section 7.2.2.3, an assessment of the radiation doses
from radioactive liquid and gaseous effluents to MEMBERS OF THE PUBLIC due to their
activities inside the SITE BOUNDARY shall be performed as specified in Section 6.2, at least
once per calendar year.

6.2 CALCULATIONAL METHOD

For the purpose of performing the calculations required in Section 6.1, the dose to a member of
the public inside the SITE BOUNDARY shall be determined at the locations, and for the receptor
age groups, defined in Table 6-1. The dose to such a receptor at any one of the defined locations
shall be determined as follows:

D= [DA + Ds + Dp]. F, (6.1)

where:

D~k = the total dose to the total body or organ k, in mrem.

DA = the dose to the same organ due to inhalation of non-noble-gas radionuclides
discharged from the plant site in gaseous effluents, calculated in accordance with
Section 3.4.3, in mrem. The (X/Q) value to be used is given for each receptor

location in Table 6-1; depleted (X/0) values may be used in calculations for non-
noble-gas radionuclides.

Ds= the dose to the same organ due to ground plane deposition of non-noble-gas
radionuclides discharged from the plant site in gaseous effluents, calculated in

accordance with Section 3.4.3, in mrem. The (D/Q) value to be used is given for
each receptor location in Table 6-1.

Dp= the external whole body dose due to gamma ray emissions from noble gas
radionuclides discharged from the plant site in gaseous effluents, calculated
using equation (5.2), in mrem. The (X--Q-) values that are to be used are given
for each receptor location in Table 6-1.

F, = the occupancy factor for the given location, which is the fraction of the year that
one individual MEMBER OF THE PUBLIC is assumed to be present at the
receptor location [unitless]. Values of F0 for each receptor location are included
in Table 6-1.
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Table 6-1. Attributes of Member of the Public Receptor Locations Inside the Site Boundary

Location: Visitors Center, SE at 447 meters

Agqe Group: Child

Occupancy Factor: 4.57 x 10-4 (based on 4 hours per year)

Dispersion and Deposition Parameters:

Parameter Ground-Level Mixed-Mode

Undepleted (X/Q), s/m 3  5.93 E-6 7.12 E-7

Depleted (X/Q), s/m 3  5.58 E-6 6.74 E-7

(D/Q), M-2 2.28 E-8 5.77 E-9
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CHAPTER 7
REPORTS

7.1 ANNUAL RADIOLOGICAL ENVIRONMENTAL OPERATING REPORT

7.1.1 Requirement for Report

In accordance with Technical Specification 5.6.2, the Annual Radiological Environmental
Operating Report covering the REMP activities during the previous calendar year shall be
submitted before May 15 of each year. (A single report fulfills the requirements for both units.)
The material provided shall be consistent with the objectives outlined in section 4.1 and section
7.1.2 of the ODCM, and in Sections IV.B.2, IV.B.3, and IV.C of Appendix I to 10 CFR Part 50.

7.1.2 Report Contents

The materials specified in the following subsections shall be included in each Annual Radiological
Environmental Operating Report:

7.1.2.1 Data

The report shall include summarized and tabulated results of all REMP samples required by
Table 4-1 taken during the report period, in a format similar to that contained in Table 3 of the
Radiological Assessment Branch Technical Position (Reference 19); the results for any additional
samples shall also be reported. In the event that some results are not available for inclusion with
the report, the report shall be submitted noting and explaining the reasons for the missing results;
the missing data shall be submitted as soon as possible in a supplementary report. The results
for naturally-occurring radionuclides not included in plant effluents need not be reported.

7.1.2.2 Evaluations

Interpretations and analyses of trends of the results shall be included in the report, including the
following: (as appropriate) comparisons with preoperational studies, operational controls, and
previous environmental reports; and an assessment of any observed impacts of the plant
operation on the environment. If the measured level of radioactivity in an environmental sampling
medium exceeding the reporting levels of Table 4-2 is not the result of plant effluents, the
condition shall be described as required by Section 4.1.1.2.2.

7.1.2.3 Programmatic Information

Also to be included in each report are the following: a summary description of the REMP; a
map(s) of all sampling locations keyed to a table giving distances and directions from a point
midway between the centers of the two reactors; the results of land use censuses required by
Section 4.1.2; and the results of licensee participation in the Interlaboratory Comparison Program
required by Section 4.1.3.

7.1.2.4 Descriptions of Program Deviations

Discussions of deviations from the established program must be included in each report, as
follows:
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7.1.2.4.1 If the REMP is not conducted as required in Table 4-1, a description of the
reasons for not conducting the program as required, and the plans for preventing a recurrence,
must be included in the report.

7.1.2.4.2 If the MDCs required by Table 4-3 are not achieved, the contributing factors must
be identified and described in the report.

7.1.2.4.3 If Interlaboratory Comparison Program analyses are not performed as required
by Section 4.1.3, the corrective actions taken to prevent a recurrence must be included in the
report.
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7.2 RADIOACTIVE EFFLUENT RELEASE REPORT

7.2.1 Requirement for Report

In accordance with Technical Specification 5.6.3, the Radioactive Effluent Release Report
covering the operation of the units during the previous calendar year of operation shall be
submitted in accordance with 10 CFR Part 50.36a. (A single submittal may be made for Units 1
and 2. However, the submittal shall specify the releases of radioactive material in liquid and
gaseous effluents from each unit and solid radioactive waste from the site.) The report shall
include a summary of the quantities of radioactive liquid and gaseous effluents and solid waste
released from the units. The material provided shall be consistent with the- objectives outlined
throughout this ODCM and the Process Control Program (PCP) and in conformance with
10 CFR Part 50.36a and Section IV.B.1 of Appendix I to 10 CFR Part 50.

7.2.2 Report Contents

The materials specified in the following subsections shall be included in each Radioactive Effluent
Release Report:

7.2.2.1 Quantities of Radioactive Materials Released

The report shall include a summary of the quantities of radioactive liquid and gaseous effluents
and solid waste released from the units as outlined in NRC Regulatory Guide 1.21, "Measuring,
Evaluating, and Reporting Radioactivity in Solid Wastes and Releases of Radioactive Materials in
Liquid and Gaseous Effluents from Light-Water-Cooled Nuclear Power Plants," Revision 1,
June 1974, with liquid and gaseous effluent data summarized on a quarterly basis and solid
radioactive waste data summarized on a semiannual basis following the format of Appendix B
thereof. Unplanned releases of radioactive materials in gaseous and liquid effluents from the site
to UNRESTRICTED AREAS shall be included in the report, tabulated either by quarter or by
event. For gamma emitters released in liquid and gaseous effluents, in addition to the principal
gamma emitters for which MDCs are specifically established in Table 2-3 and Table 3-3, other
peaks which are measurable and identifiable also shall be identified and reported.

7.2.2.2 Meteorological Data

The report shall include an annual summary of hourly meteorological data collected over the
previous year. This annual summary may be either in the form of an hour-by-hour listing of wind
speed, wind direction, and atmospheric stability, and precipitation (if measured) On magnetic
tape; or in the form of joint frequency distributions of wind speed, wind direction, and
atmospheric stability. In lieu of submission with the Radioactive Effluent Release Report, the
licensee has the option of retaining this summary of required meteorological data on site in a file
that shall be provided to the NRC upon request.

7.2.2.3 Dose Assessments

The report shall include an assessment of the radiation doses due to the radioactive liquid and
gaseous effluents released from each unit during the previous calendar year. Historical annual
average meteorology or the meteorological conditions concurrent with the time of release of
radioactive materials in gaseous effluents (as determined by sampling frequency and
measurement) shall be used for determining the gaseous pathway doses. This assessment of
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radiation doses shall be performed in accordance with Sections 2.1.3, 2.4, 3.1.3, 3.1.4, 3.4.2,
3.4.3, 5.1, and 5.2.

If a determination is required by Section 5.1.2, the report shall also include an assessment of
radiation doses to the likely most exposed MEMBER OF THE PUBLIC from reactor releases and
other nearby uranium fuel cycle sources (including doses from primary effluent pathways and
direct radiation) for the previous calendar year to show conformance with 40 CFR 190,
Environmental Radiation Protection Standards for Nuclear Power Operation; this dose
assessment must be performed in accordance with Chapter 5. The report shall also include an
assessment of the radiation doses from radioactive liquid and gaseous effluents to MEMBERS OF
THE PUBLIC due to their activities inside the SITE BOUNDARY during the report period; this
assessment must be performed in accordance with Chapter 6. All assumptions used in making
these assessments (i.e., specific activity, exposure time, and location) shall be included in the
report.

7.2.2.4 Solid Radwaste Data

For each type of solid waste shipped offsite during the report period, the following information
shall be included:

a. Waste volume,
b. Total curie quantity (specify whether determined by measurement of estimate),
c. Principal radionuclides (specify whether determined by measurement or estimate),
d. Type of waste (e.g., spent resin, compacted dry waste, evaporator bottoms),
e. Type of container (e.g., LSA, Type A, Type B, Large Quantity),
f. Solidification agent (e.g., cement, urea formaldehyde)

and
g. Class of solid wastes (as defined by 10 CFR Part 61.)

7.2.2.5 Licensee Initiated Document Changes

Licensee initiated changes shall be submitted to the Nuclear Regulatory Commission as a part of
or concurrent with the Radioactive Effluent Release Report for the period in which any changes
were made. Such changes to the ODCM shall be submitted pursuant to Technical Specification
5.5.1. This requirement includes:

7.2.2.5.1 Any changes to the sampling locations in the radiological environmental
monitoring program, including any changes made pursuant to Section 4.1.1.2.3. Documentation
of changes made pursuant to Section 4.1.1.2.3 shall include supporting information identifying the
cause of the unavailability of samples.

7.2.2.5.2 Any changes to dose calculation locations or pathways, including any changes
made pursuant to Section 4.1.2.2.2.

7.2.2.6 Descriptions of Program Deviations

Discussions of deviations from the established program shall be included in each report, as
follows:
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7.2.2.6.1 The report shall include deviations from the liquid and gaseous effluent
monitoring instrumentation operability requirements included in Sections 2.1.1 and 3.1.1,
respectively. Thereport shall include an explanation as to why the inoperability of the liquid or
gaseous effluent monitoring instrumentation was not corrected within the specified time
requirement.

7.2.2.6.2 The report shall include a description of the events leading to liquid holdup tanks
or gas storage tanks exceeding the limits of Technical Specification 5.5.12.

7.2.2.7 Major Changes to Radioactive Waste Treatment Systems

As required by Sections 2.1.5 and 3.1.6, licensee initiated MAJOR CHANGES TO RADIOACTIVE
WASTE TREATMENT SYSTEMS (liquid and gaseous) shall be reported to the Nuclear
Regulatory Commission in the Radioactive Effluent Release Report covering the period in which
the change was reviewed and accepted for implementation.1 The discussion of each change shall
contain:

a. A summary of the evaluation that led to the determination that the.change could be made
in accordance with 10 CFR 50.59;

b. Sufficient detailed information to totally support the reason for the change without benefit
of additional supplemental information;

c. A detailed description of the equipment, components, and processes involved and the
interfaces with other plant systems;

d. An evaluation of the change which shows the predicted releases of radioactive materials in
liquid and gaseous effluents that differ from those previously predicted in the license
applications and amendments thereto;

e. An evaluation of the change which shows the expected maximum exposures to individuals
in the UNRESTRICTED AREA and to the general population that differ from those
previously estimated in the license applications and amendments thereto;

f. A comparison of the predicted releases of radioactive materials, in liquid and gaseous

effluents, to the actual releases for the period prior to when the changes are to be made;

g. An estimate of the exposure to plant operating personnel as a result of the change; and

h. Documentation of the fact that the change was reviewed and found acceptable by the
PRB.

In lieu of inclusion in the Radioactive Effluents Release Report, this same information may be

submitted as part of the annual FSAR update.
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7.3 MONTHLY OPERATING REPORT

This ODCM establishes no requirements pertaining to the Monthly Operating Report.

7.4 SPECIAL REPORTS

Special reports shall be submitted to the Nuclear Regulatory Commission as required by Sections
2.1.3.2, 2.1.4.2, 3.1.3.2, 3.1.4.2, 3.1.5.2, 4.1.1.2.2, and 5.1.2.

7-6 
VER 26

7-6 VER 26



VEGP ODCM

CHAPTER 8
METEOROLOGICAL MODELS

The models presented in this chapter are those which were used to compute the specific values of
meteorology-related parameters that are referenced throughout this ODCM. These models
should also be used whenever it is necessary to calculate values of these parameters for new
locations of interest.

Note: Although Plant Vogtle has no pure elevated releases, the sections on elevated-mode
calculations (8.1.2 and 8.2.2) are included for convenience in calculating mixed-mode
values, and to preserve section number compatibility with the ODCMs of the other
Southern Company nuclear power plants.

8.1 ATMOSPHERIC DISPERSION

Atmospheric dispersion may be calculated using the appropriate form of the sector-averaged
Gaussian model. Gaseous release elevations may be considered to be either at ground-level,
elevated, or mixed-mode. Facility release elevations for each gaseous release point are as
indicated in Table 3-4.

8.1.1 Ground-Level Releases

Relative concentration calculations for ground-level releases, or for the ground-level portion of
mixed-mode releases, shall be made as follows:

20326K,,[ njk1
(XIQ)G N r =I L j'k j (8.1)N r jk[_UjYz,k

where:

(X/Q)G = the ground-level sector-averaged relative concentration for a given wind direction
(sector) and distance (s/m 3).

2.032 = (2/7c)1 /2 divided by the width in radians of a 22.50 sector, which is 0.3927. radians.

5 = the plume depletion factor for all radionuclides other than noble gases at a
distance r shown in Figure 8-3. For noble gases, the depletion factor is unity. If an
undepleted relative concentration is desired, the depletion factor is unity. Only
depletion by deposition is considered. since depletion by radioactive decay would
be of little significance at the distances considered.

Kr = the terrain recirculation factor corresponding to a distance r, taken from
Appendix A of Reference 15.

njk = the number of hours that wind of wind speed class j is directed into the given
sector during the time atmospheric stability category k existed.

N = the total hours of valid meteorological data recorded throughout the period of
interest for all sectors, wind speed classes, and stability categories.
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uj= the wind speed (mid-point Of wind speed class j) at ground level (mis).

r the distance from release point to location of interest (m).

Kzk = the vertical standard deviation of the plume concentration distribution considering
the initial dispersion within the building wake, calculated as follows:

2 qb11/2

zjOk 2;T

Zk = the lesser of OR

-FRk

(8.2)

Gzk = the vertical standard deviation of the plume concentration distribution (m) for a
given distance and stability category k as shown in Figure 8-1. The stability
category is determined by the vertical temperature gradient AT/Az (0C/1 00 m).

IC 3.1416

b the maximum height of adjacent plant structure (55 m).

8.1.2 Elevated Releases

Relative dispersion calculations for elevated releases, or for the elevated portion of mixed-mode
releases, shall be made as follows:

(XIQ)E (8.3)
Nr

where:

(X/Q)E = the elevated release sector-averaged relative concentration for a given wind
direction (sector) and distance (s/m3 ).

= the plume depletion factor for all radionuclides other than noble gases at a
distance r for elevated releases, as shown in Figure 8-4, Figure 8-5, and
Figure 8-6. For an elevated release, this factor is stability dependent. For noble
gases, the depletion factor is unity. If an undepleted relative concentration is
desired, the depletion factor is unity. Only depletion by deposition is considered
since depletion by radioactive decay would be of little significance at the
distances considered.

njk = the number of hours that wind of wind speed class j is directed into the given
sector during the time atmospheric stability category k existed.
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u= the wind speed (mid-point of wind speed class j) at the effective release height h
(m/s).

h = the effective height of the release (m), which is calculated as follows:

h = h, + hpr - ht - c, (8.4)

hv= the height of the release point (m).

ht = the maximum terrain height between the release point and the point of interest
(m), from Table 8-1.

hpr the additional height due to plume rise (m) which is calculated as follows and
limited by hpr(max):

2/3 1)I/3

hpr =1.44-d 1,-)KJ (8.5)

d

hpr(max)= the lesser of: OR 13 (8.6)

1. 5 F,, -1/6

S

d = the inside diameter of the vent (m).

Cv= the correction for low vent exit velocity (m), which is calculated as follows:

1 _5 _ for W .

Cv { OR (8.7)

0 forW° > 1.5
U

Fm - the momentum flux parameter (m4/s 2), which is calculated as follows:

Fr W - 2  (8.8)

S = the stability parameter:

= 8.75 x 10-4s-2 for -0.5 < AT < 1.5
= 1.75 x 10-3s-2 for 1.5 < AT < 4.0
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= 2.45 x 10-3 S-2 for AT > 4.0

All other symbols are as previously defined in Section 8.1.1.

8.1.3 Mixed-Mode Releases

Relative dispersion calculations for mixed-mode releases shall be made as follows:

(X/Q)M =(I- E)) (X/Q)E + E . (X/Q)G (8.9)

where:

(X/Q)M = the mixed-mode release sector-averaged relative concentration for a given wind
direction (sector) and distance (s/m3).

E = the fraction of hours during which releases are considered as ground-level
releases, calculated as follows:

1.0 for 0W < 1.0
U.

2.58 -. 58 .rW' for1.o <Wo •1.5E= U)u 2

0.3-0.06. j for 1.5 < W- < 5.0
W~juj

0 for W° > 5.0
U.

(8.10)

All other symbols are as previously defined.
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8.2 RELATIVE DEPOSITION

Plume depletion may be calculated using the appropriate form of the sector-averaged Gaussian
model. Gaseous release elevations may be considered to be either at ground-level, elevated, or
mixed-mode. Facility release elevations for each gaseous release points are as indicated in
Table 3-4.

8.2.1 Ground-Level Releases

Relative deposition calculations for ground-level releases, or for the ground-level portion of mixed-
mode releases, shall be made as follows:

2.55D9 K,
(D/Q)G - Znl (8.11)

Nr k

where:

(D/Q)G = the ground-level sector-averaged relative deposition for a given wind direction
(sector) and distance (m- 2).

2.55 = the inverse of the number of radians in a 22.50 sector [= (2 Rt /16)-1].

Dg = the deposition rate at distance r, taken from Figure 8-7 for ground-level releases
(m-1).

nk = the number of hours in which the wind is directed into the sector of interest, and

during which stability category k exists.

All other symbols are as defined previously in Section 8.1.

8.2.2 Elevated Releases

Relative deposition calculations for elevated releases, or for the elevated portion of mixed-mode
releases, shall be made as follows:

2.55K (.2
(D/Q)E - N--r Y-(nk Dek .12)

Nr k

where:

(D/Q)E = the elevated-plume sector-averaged relative deposition for a given wind direction
(sector) and distance (m-2).

Dek = the elevated plume deposition rate at distance r, taken from Figure 8-8,
Figure 8-9, or Figure 8-10, as appropriate to the plume effective release height h
defined in Section 8.1.2, for stability class k (m-1).

All other symbols are as defined previously.

8.2.3 Mixed-Mode Releases

Relative deposition calculations for mixed-mode releases shall be made as follows:
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(D!Q)M = (1 - E). (D/Q)E + E (D/Q)G (8.13)

where:

(D/Q)M = the mixed-mode release sector-averaged relative deposition for a given wind
direction (sector) and distance (m- 2).

E = the fraction of hours during which releases are considered as ground-level
releases, defined in Section 8.1.3.

All other symbols are as previously defined.

8.3 ELEVATED PLUME DOSE FACTORS

These factors are not required in effluent dose calculations for VEGP.
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Dist.] N NNE JNE ENE~ E ESE I SE SSE 1  S SSW 1 SW WSW 1IW WNW 1 NW NNW]

500 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.7 8.7 5.7 1.4 5.8 5.7 3.5

1,000 0.0 0.0 .0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.7 16.7 13.4 3.3 10.4 11.8 6.8

1,500 0 .0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.7 21.7 118.6- 7.3 12.2 14.3 7.3

2,000 0.0 0.0 0.0 0.0 0.0 0..0 0.0 0.0 0.0 4.7 21.7 18.6 7.3 12.2 14.3 7.3

2,500 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.7 21.7 18.6 7.3 12.2 14.3 7.3

3,000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.7 23.7 18.6 7.3 12.2 14.3 7.3

3,500 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.7 24.4 18.6 7.3 12.2 16.9 7.3

4,000 0.0 0.0 0.0 0.0 0.0 0.0 4.5 0.0 0.0 4.7 24.4 18.6 7.3 12.2 16.9 7.3

5,000 0.0 0.0 0.0 0.0 0.0 0.0 11.1 0.0 0.0 4.7 24.7. 18.6 7.3 12.2 16.9 7.3

6,000 0.0 0.0 0.0 -0.0 0.0 0.0 11.1 01.0 0.0 4.7 26.8 18.6 7.3 12.2 16.9 7.3

7,000 0.0 0.0 0.0 7.8 0.0 0.0 11.1 0.0 3.6 4.7 26.8 18.6 7.3 12.2 16.9 7.3

8,000 0.0 0.0 21.1 13.9 0.0 0.0 11.8 0.0 14.6 4.7 26.8 18.6 7.3 12.2 16.9 7.3

9,000 0.0 0.0 24.4 14.6 0.0 0.0 12.7 7.1 14.6 5.1 26.8 18.6 7.3 12.2 16.9 7.3

10,000 0.0 10.2 24.4 20.2 0.0 0.0 17.1 17.0 14.6 6.8 26.8 18.6 7.3 12.2 16.9 7.3

12,000 0.0 15.9 26.8 20.2 0.0. 0.0 17.1 19.5 14.6 6.8 34.1 28.9 13.4 12.2 16.9 7.3

14,000 0.0 15.9 26.8 20.2 0.0 0.0 17.1 19.5 14.6 6.8 34.1 28.9 13.4 16.5 19.7 7.3

16,0001 0.0 15.91 26.8 21.7113.2 0.0 17.1 19.51 1.4.6 6.81 34.1 28.9113.4 16.51 25.7 7.331

Data in this table are obtained from Reference 11.
m
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This graph is reproduced from Reference 5 (Figure 1).

Figure 8-1. Vertical Standard Deviation of Material in a Plume (uz)
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This figure intentionally left blank.
Refer to the definition for Kr (terrain recirculation factor) in

section 8.1.1 for applicable plant data.

Figure 8-2. Terrain Recirculation Factor (Kr)
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This graph is reproduced from Reference 5 (Figure 2).

Figure 8-3. Plurie Depletion Effect for Ground Level Releases
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This graph is reproduced from Reference 5 (Figure 3).

Figure 8-4. Plume Depletion Effect for 30-Meter Releases
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Figure 8-5. Plume Depletion Effect for 60-Meter Releases
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Figure 8-6. Plume Depletion Effect for 100-Meter Releases
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This graph is reproduced from Reference 5 (Figure 6).

Figure 8-7. Relative Deposition for Ground-Level Releases
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Figure 8-8. Relative Deposition for 30-Meter Releases
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Figure 8-9. Relative Deposition for 60-Meter Releases
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Figure 8-10. Relative Deposition for 100-Meter (or Greater) Releases
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CHAPTER 9
METHODS AND PARAMETERS FOR CALCULATION OF
GASEOUS EFFLUENT PATHWAY DOSE FACTORS, Raipj

9.1 INHALATION PATHWAY FACTOR

For the inhalation pathway, Raipi in (mrem/y) per (RCiim3) is calculated as follows
(Reference 1, Section 5.3.1.1):

Raipj =IK, (BR)a . (DFA)aij (9.1)

where:

K1  = the units conversion factor: 106 pCi/pCi.

(BR)a = the breathing rate of receptor age group a, in m3/y, from Table 9-5.

(DFA)aij = the inhalation dose factor for receptor age group a, radionuclide i, and
organ j, in mrem/pCi, from Table 9-7 through Table 9-10.
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9.2 GROUND PLANE PATHWAY FACTOR

For the ground plane external exposure pathway, Raipj in (m2 .mrem/y) per (ýiCi/s) is
calculated as follows (Reference 1, Section 5.3.1.2):

Raipj-- K1 •K2• (SHF).(DFG)ij T i (9.2)

where:

K1  = the units conversion factor: 106 pCi/pCi.

K2  = the units conversion factor: 8760 h/y.

(SHF) = the shielding factor due to structure (dimensionless). The value used for
(SHF) is 0.7, from (Reference 3, Table E-15).

(DFG)ij = the ground plane dose factor for radionuclide i and organ j, in (mrem/h)
per (pCi/m 2), from Table 9-15. Dose factors are the same for all age
groups, and those for the total body also apply to all organs other than
skin.

?'j the radioactive decay constant for radionuclide i, in s-1. Values of Xi used
in effluent calculations should be based on decay data from a recognized
and current source, such as Reference 20.

t the exposure time, in s. The value used for t is 4.73 x 108 s ( 15 y),
from (Reference 1, Section 5.3.1.2).
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9.3 GARDEN VEGETATION PATHWAY FACTOR

For radionuclides other than tritium in the garden vegetation consumption pathway, Raipj in
(m2-mrem/y) per (jiCi/s) is calculated as follows (Reference 1, Section 5.3.1.5):

R -ipi = r (DFL)TU . aLfte + Usfge ) (9.3)
Y,(i+ A .)DL, UJfet (S~e"

where:

K1  = the units conversion factor: 106 pCi/tCi.

r = the fraction of deposited activity retained on the edible parts of garden
vegetation (dimensionless). The value used for r is 1.0 for radioiodines
and 0.2 for particulates, from (Reference 3, Table E-1).

Yv the areal density (agricultural productivity) of growing leafy garden
vegetation, in kg/m 2, from Table 9-1.

k=i the radioactive decay constant for radionuclide i, in s-1. Values of ?Xi
used in effluent calculations should be based on decay data from a
recognized and current source, such as Reference 20.

x = the rate constant for removal of activity on leaf and plant surfaces by
weathering, in s-1, from Table 9-1.

(DFL)aij = the ingestion dose factor for receptor age group a, radionuclide i, and
organ j, in mrem/pCi, from Table 9-11 through Table 9-14.

UaL the consumption rate of fresh leafy garden vegetation by a receptor in
age group a, in kg/y, from Table 9-5.

UaS = the consumption rate of stored garden vegetation by a receptor in age
group a, in kg/y, from Table 9-5.

fL the fraction of the annual intake of fresh leafy garden vegetation that is
grown locally (dimensionless), from Table 9-1.

f = the fraction of the annual intake of stored garden vegetation that is
grown locally (dimensionless), from Table 9-1.

tL = the average time between harvest of fresh leafy garden vegetation and
its consumption, in s, from Table 9-1.

thv = the average time between harvest of stored garden vegetation and its
consumption, in s, from Table 9-1.

For tritium in the garden vegetation consumption pathway, Raipj in (mrem/y) per (g Ci/m 3) is
calculated as follows (Reference 1, Section 5.3.1.5), based on the concentration in air
rather than deposition onto the ground:
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Raipj = KI .K3 .(DFL),,ij "(ULfL +Usfg ).0.75. )(9.4)

where:

K3 = = the units conversion factor: 103 g/kg.

H = = the absolute humidity of atmospheric air, in g/m 3, from Table 9-1.

0.75 = = the fraction of the mass of total garden vegetation that is water
(dimensionless).

0.5 = = the ratio of the specific activity of tritium in garden vegetation water to
that in atmospheric water (dimensionless).

and other parameters are as defined above.
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Table 9-1. Miscellaneous Parameters for the Garden-Vegetation Pathway

The following parameter values are for use in calculating Raipj for the garden vegetation
pathway only. The terms themselves are defined in section 9.3.

Parameter Value Reference

Yv 2.0 kg/M2  Ref. 3, Table E-15

Xw 5.73 x 107 s-1  Ref. 1, page 33
(14-day half-life)

fL 1.0 Ref. 1, page 36

fg 0.76 Ref. 1, page 33

tL 8.6 x 104 S Ref. 3, Table E-15
(1 day)

thv 5.18 x 106S Ref. 3, Table E-15
(60 days)

H 8 g/m 3 Ref. 3
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9.4 GRASS-COW-MILK PATHWAY FACTOR

For radionuclides other than tritium in the grass-cow-milk pathway, Raipj in (m2.mrem/y) per
(giCi/s) is calculated as follows (Reference 1, Section 5.3.1.3):

R = K,* (i +rw) QF Uap FtIi "(DFL)aii f-pf +f (+- fpf,) e.tfh (9.5)

where:

K1  the units conversion factor: 106 pCi/tCi.

r the fraction of deposited activity retained on the edible parts of
vegetation (dimensionless). The value used for r is 1.0 for radioiodines
and 0.2 for particulates, from (Reference 3, Table E-1).

=i the radioactive decay constant for radionuclide i, in s-1. Values of ki
used in effluent calculations should be based on decay data from a
recognized and current source, such as Reference 20.

=,the rate constant for removal of activity on leaf and plant surfaces by
weathering, in s-1, from Table 9-2.

QF the cow's consumption rate of feed, in kg/d, from Table 9-2.

Uap the consumption rate of cow.milk by a receptor in age group a, in L/y,
from Table 9-5.

Fmi = the stable element transfer coefficient applicable to radionuclide i, for
cow's milk, in d/L, from Table 9-6.

(DFL)aij = the ingestion dose factor for receptor age group a, radionuclide i, and
organ j, in mrem/pCi, from Table 9-11 through Table 9-14.

fp the fraction of the year that the cow is on pasture (dimensionless), from
Table 9-2.

fs = the fraction of the cow's feed that is pasture grass while the cow is on
pasture (dimensionless), from Table 9-2.

Yp = the areal density (agricultural productivity) of growing pasture feed
grass, in kg/m 2, from Table 9-2.

Y = the areal density (agricultural productivity) of growing stored feed, in
kg/m 2, from Table 9-2.

thin = the transport time from harvest of stored feed to its consumption by the
cow, in s, from Table 9-2.
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tf= the transport time from consumption of feed by the cow, to
consumption of milk by the receptor, in s, from Table 9-2.

For tritium in the grass-cow-milk pathway, Raipj in (mrem/y) per (OCi/m 3) is calculated as
follows (Reference 1, Section 5.3.1.5), based on the concentration in air rather than
deposition onto the ground:

I K3 QF U . FItj (DFL)aij 0. 75 -(9.6)

where:

K3  the units conversion factor: 103 g/kg.

H the absolute humidity of atmospheric air, in g/m3, from
Table 9-2.

0.75 the fraction of the mass of total vegetation that is water
(dimensionless).

0.5 = the ratio of the specific activity of tritium in vegetation
water to that in atmospheric water (dimensionless).

and other parameters are as •defined above.

9-7 VER 26



VEGP ODCM

Table 9-2. Miscellaneous Parameters for the Grass-Cow-Milk Pathway

The following parameter values are for use in calculating Raipj for the grass-cow-milk pathway
only. The terms themselves are defined in section 9.4.

Parameter Value Reference

xv 5.73 x 1 0 7 S-1 Ref. 1, page 33

(14-day half-life)

QF 50 kg/d Ref. 3, Table E-3

fp 1.0 Ref. 1, page 33

f 1.0 Ref. 1, page 33

YP 0.7 kg/m 2  Ref. 3, Table E-15

YS 2.0 kg/m 2  Ref. 3, Table E-15

thin 7.78 x 10 6 S Ref. 3, Table E-15
(90 days)

tf 1.73 x 105s Ref. 3, Table E-15
(2 days)

H 8 g/m 3 Ref. 3
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9.5 GRASS-GOAT-MILK PATHWAY FACTOR

For radionuclides other than tritium in the grass-goat-milk pathway, Raipj in (m2.mrem/y) per
(RCi/s) is calculated as follows (Reference 1, Section 5.3.1.3):

R~~ipj = K, (2,+2w) QF .Up. F,,,i .(DFLi f _.+ (I-ff~ -.''
r K + QFU F M(L f1 e (9.7)

where:

K1  the units conversion factor: 106 pCi/gCi.

r the fraction of deposited activity retained on the edible parts of
vegetation (dimensionless). The value used for r is 1.0 for radioiodines
and 0.2 for particulates, from (Reference 3, Table E-1).

xji the radioactive decay constant for radionuclide i, in s-1. Values of )Xi
used in effluent calculations should be based on decay data from a
recognized and current source, such as Reference 20.

the rate constant for removal of activity on leaf and plant surfaces by
weathering, in s-1, from Table 9-3.

QF the goat's consumption rate of feed, in kg/d, from Table 9-3.

Uap the consumption rate of goat milk by a receptor in age group a, in L/y,
from Table 9-5.

Fmr the stable element transfer coefficient applicable to radionuclide i, for
goat's milk, in d/L, from Table 9-6.

(DFL)aij the ingestion dose factor for receptor age group a, radionuclide i, and
organ J, in mrem/pCi, from Table 9-11 through Table 9-14.

fp the fraction of the year that the goat is on pasture (dimensionless),
from Table 9-3.

fs the fraction of the goat's feed that is pasture grass while the goat is on
pasture (dimensionless), from Table 9-3.

Yp the areal density (agricultural productivity) of growing pasture feed
grass, in kg/M2, from Table 9-3.

YS the areal density (agricultural productivity) of growing stored feed, in
kg/M2, from Table 9-3.

thm the transport time from harvest of stored feed to its consumption by the
goat, in s, from Table 9-3.
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tf = the transport time from consumption of feed by the goat, to
consumption of milk by the receptor, in s, from Table 9-3.

For tritium in the grass-goat-milk pathway, Raipj in (mrem/y) per (pCi/m3) is calculated as
follows (Reference 1, Section 5.3.1.5), based on the concentration in air rather than
deposition onto the ground:

R,,ipj =K .K3• I QF U gap "F,,i" (DFL)aij .0. 75. (9.8)

where:

K3 = the units conversion factor: 103 g/kg.

H = the absolute humidity of atmospheric air, in g/m 3, from Table 9-3.

0.75 = the fraction of the mass of total vegetation that is water
(dimensionless).

0.5 = the ratio of the specific activity of tritium in vegetation water to that in
atmospheric water (dimensionless).

and other parameters are as defined above.
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Table 9-3. Miscellaneous Parameters for the Grass-Goat-Milk Pathway

The following parameter values are for use in calculating Raipj for the grass-goat-milk pathway
only. The terms themselves are defined in section 9-5.

Parameter Value Reference

5.73 x 10 - S-1 Ref. 1, page 33

(14-day half-life)

QF 6 kg/d Ref. 3, Table E-3

fp 1.0 Ref. 1, page 33

fs 1.0 Ref. 1, page 33

YP 0.7 kg/m 2  Ref. 3, Table E-15

Y, 2.0 kg/m 2  Ref. 3, Table E-15

thin 7.78 x 106 S Ref. 3, Table E-15
(90 days)

tf 1.73 x 105 s Ref. 3, Table E-15
(2 days)

H 8 g/m 3 Ref. 3
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9.6 GRASS-COW-MEAT PATHWAY FACTOR

For radionuclides other than tritium in the grass-cow-meat pathway, Raipj in (m2.mrem/y)
per (laCi/s) is calculated as follows (Reference 1, Section 5.3.1.4):

Raipi j Kl -- QF "U.p Ffi (DFL)ai [ffs + (e f " e tf (9.9)

where:

K1 = the units conversion factor: 106 pCi/ýCi.

r = the fraction of deposited activity retained on the edible parts of
vegetation (dimensionless). The value used for r is 1.0 for
radioiodines and 0.2 for particulates, from (Reference 3, Table E-1).

?= the radioactive decay constant for radionuclide i, in s-1. Values of ki
used in effluent calculations should be based on decay data from a
recognized and current source, such as Reference 20.

?v= the rate constant for removal of activity on leaf and plant surfaces by

weathering, in s-1, from Table 9-4.

QF = the cow's consumption rate of feed, in kg/d, from Table 9-4.

Uap = the consumption rate of meat by a receptor in age group a, in kg/y,
from Table 9-5.

Ffi = the stable element transfer coefficient applicable to radionuclide i, for
meat, in d/kg, from Table 9-6.

(DFL)aij = the ingestion dose factor for receptor age group a, radionuclide i, and
organ j, in mrem/pCi, from Table 9-11 through Table 9-14.

f= the fraction of the year that the cow is on pasture (dimensionless),
from Table 9-4.

fs the fraction of the cow's feed that is pasture grass while the cow is on
pasture (dimensionless), from Table 9-4.

Yp = the areal density (agricultural productivity) of growing pasture feed
grass, in kg/M2, from Table 9-4.

YS = the areal density (agricultural productivity) of growing stored feed, in
kg/m 2, from Table 9-4.

thm = the transport time from harvest of stored feed to its consumption by
the cow, in s, from Table 9-4.
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tf = the transport time from consumption of feed by the cow, to
consumption of meat by the receptor, in s, from Table 9-4.

For tritium in the grass-cow-meat pathway, Raipj in (mrem/y) per (iiCi/m 3) is calculated as
follows (Reference 1, Section 5.3.1.4), based on the concentration in air rather than
deposition onto the ground:

R,,pj = K '. K 3 • QF " Uap " Fu, • (DFL)aij • O 75. (9.10)

where:

K3 = the units conversion factor: 103 g/kg.

H = the absolute humidity of atmospheric air, in g/m 3, from Table 9-4.

0.75 = the fraction of the mass of total vegetation that is water
(dimensionless).

0.5 = the ratio of the specific activity of tritium in vegetation water to that in
atmospheric water (dimensionless).

and other parameters are as defined above.
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Table 9-4. Miscellaneous Parameters for the Grass-Cow-Meat Pathway

The following parameter values are for use in calculating
only. The terms themselves are defined in section 9-6.

Raipj for the grass-cow-meat pathway

Parameter Value Reference

xW 5.73 x 10.7 s- 1  Ref. 1, page 33
(14-day half-life)

QF 50 kg/d Ref. 3, Table E-3

fp 1.0 Ref. 1, page 33

fS 1.0 Ref. 1, page 33

YP 0.7 kg/in 2  Ref. 3, Table E-15

Ys 2.0 kg/M 2  Ref. 3, Table E-15

thin 7.78 x 106 S Ref. 3, Table E-15
(90 days)

tf 1.73 x10 6 s Ref. 3, Table E-15
(20 days)

H 8 g/m 3 Ref. 3
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Table 9-5. Individual Usage Factors

Receptor Age Group
Usage Factor Infant Child Teenager Adult

Milk Consumption Rate, Uap 330 330 400 310
(L/y)
Meat Consumption Rate, Uap 0 41 65 110
(kg/y)

Fresh Leafy Garden Vegetation 0 26 42 64
Consumption Rate, UaL

(kg/y)

Stored Garden Vegetation 0 520 630 520
Consumption Rate, Uas
(kg/y)

Breathing Rate, (BR)a 1400 3700 8000 8000
(m 3/y)

All values are from Reference 3, Table E-5.

9-15 VER 26



VEGP ODCM

Table 9-6. Stable Element Transfer Data

Cow Milk Goat Milk Meat
Element

Fm (d/L). Fm (d/L)+ Ff (d/kg)"

H 1.0 E-02 1.7 E-01 1.2 E-02
C 1.2E-02 1.0 E-01 3.1 E-02

Na 4.0 E-02 4.0 E-02 3.0 E-02

P 2.5 E-02 2.5 E-01 4.6 E-02
Cr 2.2 E-03 2.2 E-03 2.4 E-03
Mn 2.5 E-04 2.5 E-04 8.0 E-04

Fe 1.2 E-03 1.3 E-04 4.0 E-02
Co 1.0 E-03 1.0 E-03 1.3 E-02
Ni 6.7 E-03 6.7 E-03 5.3 E-02

Cu 1.4 E-02 1.3 E-02 8.0 E-03
Zn 3.9 E-02 3.9 E-02 3.0 E-02
Br 5.0 E-02 5.0 E-02 2.6 E-02

Rb 3.0 E-02 3.0 E-02 3.1 E-02
Sr 8.0 E-04 1.4 E-02 6.0 E-04
Y 1.0 E-05 1.0 E-05 4.6 E-03

Zr 5.0 E-06 5.0 E-06 3.4 E-02
Nb 2.5 E-03 2.5 E-03 2.8 E-01
Mo 7.5 E-03 7.5 E-03 8.0 E-03

Tc 2.5 E-02 2.5 E-02 4.0 E-01
Ru 1.0 E-06 1.0 E-06 4.0 E-01
Rh 1.0 E-02 1.0 E-02 1.5 E-03

Ag 5.0 E-02 5.0 E-02 1.7 E-02
Sb 1.5 E-03 1.5 E-03 4.0 E-03
Te 1.0 E-03 1.0 E-03 7.7 E-02

I 6.0 E-03 6.0 E-02 2.9 E-03
Cs 1.2 E-02 3.0 E-01 4.0 E-03
Ba 4.0 E-04 4.0 E-04 3.2 E-03

La 5.0 E-06 5.0 E-06 2.0 E-04
Ce 1.0 E-04 1.0 E-04 1.2 E-03
Pr 5.0 E-06 5.0 E-06 4.7 E-03

Nd 5.0 E-06 5.0 E-06 3.3 E-03
W 5.0 E-04 5.0 E-04 1.3 E-03
Np 5.0 E-06 5.0 E-06 2.0 E-04

* - Values from Reference
for Br and Sb.

3 (Table E-1) except as follows: Reference 2 (Table C-5)

+ - Values from Reference 3, Table E-2 for H, C, P, Fe, Cu, Sr, I, and Cs in goat
milk, and Table E-1 for all other elements in cow milk, except as follows:
Reference 2 (Table C-5) for Br and Sb in cow milk.
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Table 9-7. Inhalation Dose Factors for the Infant Age Group

Nuclide Bone Liver T.Body Thyroid Kidney Lung GI-LLI

H-3 No Data 4.62E-07 4.62E-07 4.62E-07 4.62E-07 4.62E-07 4.62E-07

C-14 1.89E-05 3.79E-06 3.79E-06 3.79E-06 3.79E-06 3.79E-06 3.79E-06

Na-24 7.54E-06 7.54E-06 7.54E-06 7.54E-06 7.54E-06 7.54E-06 7.54E-06

P-32 1.45E-03 8.03E-05 5.53E-05 No Data No Data No Data 1.15E-05

Cr-51 No Data No Data 6.39E-08 4.11E-08 9.45E-09 9.17E-06 2.55E-07

Mn-54 No Data 1.81E-05 3.56E-06 No Data 3.56E-06 7.14E-04 5.04E-06

Mn-56 No Data 1.10E-09 1.58E-10 No Data 7.86E-10 8.95E-06 5.12E-05

Fe-55 1.41 E-05 8.39E-06 2.38E-06 No Data No Data 6.21 E-05 7.82E-07

Fe-59 9.69E-06 1.68E-05 6.77E-06 No Data No Data 7.25E-04 1.77E-05

Co-58 No Data 8.71 E-07 1.30E-06 No Data No Data 5.55E-04 7.95E-06

Co-60 No Data 5.73E-06 8.41 E-06 No Data No Data 3.22E-03 2.28E-05

Ni-63 2.42E-04 1.46E-05 8.29E-06 No Data No Data 1.49E-04 1.73E-06

Ni-65 1.71E-09 2.03E-10 8.79E-11 No Data No Data 5.80E-06 3.58E-05

Cu-64 No Data 1.34E-09 5.53E-10 No Data 2.84E-09 6.64E-06 1.07E-05

Zn-65 1.38E-05 4.47E-05 2.22E-05 No Data 2.32E-05 4.62E-04 3.67E-05

Zn-69 3.85E-11 6.91E-11 5.13E-12 No Data 2.87E-11 1.05E-06 9.44E-06

Br-83 No Data No Data 2.72E-07 No Data No Data No Data No Data

Br-84 No Data No Data 2.86E-07 No Data No Data No Data No Data

Br-85 No Data No Data 1.46E-08 No Data No Data No Data No Data

Rb-86 No Data 1 .36E-04 6.30E-05 No Data No Data No Data 2.17E-06

Rb-88 No Data 3.98E-07 2.05E-07 No Data No Data No Data 2.42E-07

Rb-89 No Data 2.29E-07 1.47E-07 No Data No Data No Data 4.87E-08

Sr-89 2.84E-04 No Data 8.15E-06 No-Data No Data 1.45E-03 4.57E-05

Sr-90 2.92E-02 No Data 1.85E-03 No Data No Data 8.03E-03 9.36E-05

Sr-91 6.83E-08 No Data 2.47E-09 No Data No Data 3.76E-05 5.24E-05

All values are in (mrem/pCi inhaled). They are obtained from Reference 3
(Table E-10). Neither Reference 2 nor Reference 3 contains data for Rh-105,
Sb-1 24, or Sb-1 25.
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Table 9-7 (contd). Inhalation Dose Factors for the Infant Age Group

Nuclide Bone Liver T.Body Thyroid Kidney Lung GI-LLI.

Sr-92 7.50E-09 No Data 2.79E-10 No Data No Data 1.70E-05 1.OOE-04

Y-90 2.35E-06 No Data 6.30E-08 No Data No Data 1.92E-04 7.43E-05

Y-91m 2.91E-10 No Data 9.90E-12 No Data No Data 1.99E-06 1.68E-06

Y-91 4.20E-04 No Data 1.12E-05 'No Data No Data 1.75E-03 5.02E-05

Y-92 1.17E-08 No Data 3.29E-10 No Data No Data 1.75E-05 9.04E-05

Y-93 1.07E-07 No Data 2.91E-09 No Data No Data 5.46E-05 1.19E-04

Zr-95 8.24E-05 1.99E-05 1.45E-05 No Data 2.22E-05 1.25E-03 1.55E-05

Zr-97 1.07E-07 1.83E-08 8.36E-09 No Data 1.85E-08 7.88E-05 1.OOE-04

Nb-95 1.12E-05 4.59E-06 2.70E-06 No Data 3.37E-06 3.42E-04 9.05E-06

Mo-99 No Data 1.18E-07 2.31 E-08 No Data 1.89E-07 9.63E-05 3.48E-05

Tc-99m 9.98E-13 2.06E-12 2.66E-11 No Data 2.22E-11 5.79E-07 1.45E-06

Tc-101 4.65E-14 5.88E-14 5.80E-13 No Data 6.99E-13 4.17E-07 6.03E-07

Ru-103 1.44E-06 No Data 4.85E-07 No Data 3.03E-06 3.94E-04 1.15E-05

Ru-105 8.74E-10 No Data 2.93E-10 No Data 6.42E-10 1.12E-05 3.46E-05

Ru-106 6.20E-05 No Data 7.77E-06 No Data 7.61E-05 8.26E-03 1.17E-04

Rh-105 No Data No Data No Data No Data No Data No Data No Data

Ag-110m 7.13E-06 5.16E-06 3.57E-06 No Data 7.80E-06 2.62E-03 2.36E-05

Sb-124 No Data No Data No Data No Data No Data No Data No Data

Sb-125 No Data No Data No Data No Data. No Data No Data No Data

Te-125m 3.40E-06 1.42E-06 4.70E-07 .116E-06 No Data 3.19E-04 9.22E-06

Te-127m 1.19E-05 4.93E-06 1.48E-06 3.48E-06 2.68E-05 9.37E-04 1.95E-05

Te-127 1.59E-09 6.81E-10 3.49E-10 1.32E-09 3.47E-09 7.39E-06 1.74E-05

Te-129m 1.01E-05 4.35E-06 1.59E-06 3.91E-06 2.27E-05 1.20E-03 4.93E-05

Te-129 5.63E-11 2.48E-11 1.34E-11 4.82E-11 1.25E-10 2.14E-06 1.88E-05

Te-131m 7.62E-08 3.93E-08 2.59E-08 6.38E-08 1.89E-07 1.42E-04 8.51E-05

Te-131 1.24E-11 5.87E-12 3.57E-12 1.13E-11 2.85E-11 1.47E-06 5.87E-06
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Table 9-7 (contd). Inhalation Dose Factors for the Infant Age Group

Nuclide Bone Liver T.Body I Thyroid I Kidney Lung GI-LLI

Te-132 2.66E-07 1.69E-07 1.26E-07 1.99E-07 7.39E-07 2.43E-04 3.15E-05

1-130 4.54E-06 9.91E-06 3.98E-06 1.14E-03 1.09E-05 No Data 1.42E-06

1-131 2.71E-05 3.17E-05 1.40E-05 1.06E-02 3.70E-05 No Data 7.56E-07

1-132 1.21E-06 2.53E-06 8.99E-07 1.21E-04 2.82E-06 No Data 1.36E-06

1-133 9.46E-06 1.37E-05 4.00E-06 2.54E-03 1.60E-05 No Data 1.54E-06

1-134 6.58E-07 1.34E-06 4.75E-07 3.18E-05 1.49E-06 No Data 9.21 E-07

1-135 2.76E-06 5.43E-06 1.98E-06 4.97E-04 6.05E-06 No Data 1.31 E-06

Cs-134 2.83E-04 5.02E-04 5.32E-05 No Data 1.36E-04 5.69E-05 9.53E-07

Cs-136 3.45E-05 9.61E-05 3.78E-05 No Data 4.03E-05 8.40E-06 1.02E-06

Cs-137 3.92E-04 4.37E-04 3.25E-05 No Data 1.23E-04 5.09E-05 9.53E-07

Cs-138 3:61E-07 5.58E-07 2.84E-07 No Data 2.93E-07 4.67E-08 6.26E-07

Ba-139 1.06E-09 7.03E-13 3.07E-11 No Data 4.23E-13 4.25E-06 3.64E-05

Ba-140 4.OOE-05 4.OOE-08 2.07E-06 No Data 9.59E-09 1.14E-03 2.74E-05

Ba-141 1.12E-10 7.70E-14 3.55E-12 No Data 4.64E-14 2.12E-06 3.39E-06

Ba-142 2.84E-11 2.36E-14 1.40E-12 No Data 1.36E-14 1.11E-06 4.95E-07

La-140 3.61E-07 1.43E-07 3.68E-08 No Data No Data 1.20E-04 6.06E-05

La-142 7.36E-10 2.69E-10 6.46E-11 No Data No Data 5.87E-06 4.25E-05

Ce-141 1.98E-05 1.19E-05 1.42E-06 No Data 3.75E-06 3.69E-04 1.54E-05

Ce-143 2.09E-07 1.38E-07 1.58E-08 No Data 4.03E-08 8.30E-05 3.55E-05

Ce-144 2.28E-03 8.65E-04 1.26E-04 No Data 3.84E-04 7.03E-03 1.06E-04

Pr-143 1.OOE-05 3.74E-06 4.99E-07 No Data 1.41E-06 3.09E-04 2.66E-05

Pr-144 3.42E-11 1.32E-11 1.72E-12 No Data 4.80E-12 1.15E-06 3.06E-06

Nd-147 5.67E-06 5.81E-06 3.57E-07 No Data 2.25E-06 2.30E-04 2.23E-05

W-187 9.26E-09 6.44E-09 2.23E-09 No Data No Data 2.83E-05 2.54E-05

Np-239 2.65E-07 2.37E-08 1.34E-08 No Data 4.73E-08 4.25E-05 1.78E-05
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Table 9-8. Inhalation Dose Factors for the Child Age Group

Nuclide Bone Liver T. Body I Thyroid Kidney Lung GI-LLI ]
H-3 No Data 3.04E-07 3.04E-07 3.04E-07 3.04E-07 3.04E-07 3.04E-07

C-14 9.70E-06 1.82E-06 1.82E-06 1.82E-06 1.82E-06 1.82E-06 1.82E-06

Na-24 4.35E-06 4.35E-06 4.35E-06 4.35E-06 4.35E-06 4.35E-06 4.35E-06

P-32 7.04E-04 3.09E-05 2.67E-05 No Data No Data .No Data 1.14E-05

Cr-51 No Data No Data 4.17E-08 2.31E-08 6.57E-09 4.59E-06 2.93E-07

Mn-54 No Data 1.16E-05 2.57E-06 No Data 2.71E-06 4.26E-04 6.19E-06

Mn-56 No Data 4.48E-10 8.43E-11 No Data 4.52E-10 3.55E-06 3.33E-05

Fe-55 1.28E-05 6.80E-06 2.1OE-06 No Data No Data 3.O0E-05 7.75E-07

Fe-59 5.59E-06 9.04E-06 4.51 E-06 No Data No Data 3.43E-04 1.91 E-05

Co-58 No Data 4.79E-07 8.55E-07 No Data No Data 2.99E-04 9.29E-06

Co-60 No Data 3.55E-06 6.12E-06 No Data No Data 1.91 E-03 2.60E-05

Ni-63 2.22E-04 1.25E-05 7.56E-06 No Data No Data 7.43E-05 1.71 E-06

Ni-65 8.08E-10 7.99E-11 4.44E-11 No Data No Data 2.21E-06 2.27E-05

*Cu-64 No Data 5.39E-10 2.90E-10 No Data 1.63E-09 2.59E-06 9.92E-06

Zn-65 1.15E-05 3.06E-05 1.90E-05 No Data 1.93E-05 2.69E-04 4.41E-06

Zn-69 1.81E-11 2.61E-11 2.41E-12 No Data 1.58E-11 3.84E-07 2.75E-06

Br-83 No Data No Data 1.28E-07 No Data No Data No Data No Data

Br-84 No Data No Data 1.48E-07 No Data No Data No Data No Data

Br-85 No Data No Data 6.84E-09 No Data No Data No Data No Data

Rb-86 No Data 5.36E-05 3.09E-05 No Data No Data No Data 2.16E-06

Rb-88 No Data 1.52E-07 9.90E-08 No Data No Data No Data 4.66E-09

Rb-89 No Data 9.33E-08 7.83E-08 No Data No Data No Data 5.11E-10

Sr-89 1.62E-04 No Data 4.66E-06 No Data No Data 5.83E-04 4.52E-05

Sr-90 2.73E-02 No Data 1.74E-03 No Data No Data 3.99E-03 9.28E-05

Sr-91 3.28E-08 No Data 1.24E-09 No Data No Data 1.44E-05 4.70E-05

All values are in (mrem/pCi inhaled). They are obtained from Reference 3
(Table E-9). Neither Reference 2 nor Reference 3 contains data for Rh-105,
Sb-124, or Sb-125.
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Table 9-8 (contd). Inhalation Dose Factors for the Child Age Group

Nuclide Bone Liver T.Body Thyroid I Kidney Lung GI-LLI

Sr-92 3.54E-09 No Data 1.42E-10 No Data No Data 6.49E-06 6.55E-05

Y-90 1.11E-06 No Data 2.99E-08 No Data No Data 7.07E-05 7.24E-05

Y-91m 1.37E-10 No Data 4.98E-12 No Data No Data 7.60E-07 4.64E-07

Y-91 2.47E-04 No Data 6.59E-06 No Data No Data 7.1OE-04 4.97E-05

Y-92 5.50E-09 No Data 1.57E-10 No Data No Data 6.46E-06 6.46E-05

Y-93 5.04E-08 No Data 1.38E-09 No Data No Data 2.01 E-05 1.05E-04

Zr-95 5.13E-05 1.13E-05 1.00E-05 No Data 1.61E-05 6.03E-04 1.65E-05

Zr-97 5.07E-08 7.34E-09 4.32E-09 No Data 1.05E-08 3.06E-05 9.49E-05

Nb-95 6.35E-06 2.48E-06 1.77E-06 No Data 2.33E-06 1.66E-04 1.00E-05

Mo-99 No Data 4.66E-08 1.15E-08 No Data 1.06E-07 3.66E-05 3.42E-05

Tc-99m 4.81E-13 9.41E-13 1.56E-11 No Data 1.37E-11 2.57E-07 1.30E-06

Tc-101 2.19E-14 2.30E-14 2.91E-13 No Data 3.92E-13 1.58E-07 4.41 E-09

Ru-103 7.55E-07 No Data 2.90E-07 No Data 1.90E-06 1.79E-04 1.21 E-05

Ru-105 4.13E-10 No Data 1.50E-10 No Data 3.63E-10 4.30E-06 2.69E-05

Ru-106 3.68E-05 No Data 4.57E-06 No Data 4.97E-05 3.87E-03 1.16E-04

Rh-105 No Data No Data No Data No Data No Data No Data No Data

Ag-110m 4.56E-06 3.08E-06 2.47E-06 No Data 5.74E-06 1.48E-03 2.71 E-05

Sb-124 No Data No Data No Data No Data No Data No Data No Data

Sb-125 No Data No Data No Data No Data No Data No Data No Data

Te-125m 1.82E-06 6.29E-07 2.47E-07 5.20E-07 No Data 1.29E-04 9.13E-06

Te-127m 6.72E-06 2.31E-06 8.16E-07 1.64E-06 1.72E-05 4.00E-04 1.93E-05

Te-127 -7.49E-10 2.57E-10 1.65E-10 5.30E-10 1.91E-09 2.71E-06 1.52E-05

Te-129m 5.19E-06 1.85E-06 8.22E-07 1.71E-06 1.36E-05 4.76E-04 4.91E-05

Te-129 2.64E-11 9.45E-12 6.44E-12 1.93E-11 6.94E-11 7.93E-07, 6.89E-06

Te-131m 3.63E-08 1.60E-08 1.37E-08 2.64E-08 1.08E-07 5.56E-05 8.32E-05

Te-131 5.87E-12 2.28E-12 1.78E-12 4.59E-12 1.59E-11 5.55E-07 3.60E-07
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Table 9-8 (contd). Inhalation Dose Factors for the Child Age Group

Nuclide Bone Liver T.Body Thyroid Kidney Lung GI-LLI

Te-132 1.30E-07 7.36E-08 7.12E-08 8.58E-08 4.79E-07 1.02E-04 3.72E-05

1-130 2.21E-06 4.43E-06 2.28E-06 4.99E-04 6.61E-06 No Data 1.38E-06

1-131 1.30E-05 1.30E-05 7.37E-06 4.39E-03 2.13E-05 No Data 7.68E-07

1-132 5.72E-07 1.10E-06 5.07E-07 5.23E-05 1.69E-06 No Data 8.65E-07

1-133 4.48E-06 5.49E-06 2.08E-06 1.04E-03 9.13E-06 No Data 1.48E-06

1-134 3.17E-07 5.84E-07 2.69E-07 1.37E-05 8.92E-07 No Data 2.58E-07

1-135 1.33E-06 2.36E-06 1.12E-06 2.14E-04 3.62E-06 No Data 1.20E-06

Cs-134 1.76E-04 2.74E-04 6.07E-05 No Data 8.93E-05 3.27E-05 1.04E-06

Cs-136 1.76E-05 4.62E-05 3.14E-05 No Data 2.58E-05 3.93E-06 1.13E-06

Cs-137 2.45E-04 2.23E-04 3.47E-05 No Data 7.63E-05 2.81E-05 9.78E-07

Cs-138 1.71E-07 2.27E-07 1.50E-07 No Data 1.68E-07 1.84E-08 7.29E-08

Ba-139 4.98E-10 2.66E-13 1.45E-11 No Data 2.33E-13 1.56E-06 1.56E-05

Ba-140 2.OOE-05 1.75E-08 1.17E-06 No Data 5.71E-09 4.71E-04 2.75E-05

Ba-141 5.29E-11 2.95E-14 1.72E-12 No Data 2.56E-14 7.89E-07 7.44E-08

Ba-142 1.35E-11 9.73E-15 7.54E-13 No Data 7.87E-15 4.44E-07 7.41 E-10

La-140 1.74E-07 6.08E-08 2.04E-08 No Data No Data 4.94E-05 6.1OE-05

La-142 3.50E-10 1.11E-10 3.49E-11 No Data No Data 2.35E-06 2.05E-05

Ce-141 1.06E-05 5.28E-06 7.83E-07 No Data 2.31E-06 1.47E-04 1.53E-05

Ce-143 9.89E-08 5.37E-08 7.77E-09 No Data 2.26E-08 3.12E-05 3.44E-05

Ce-144 1.83E-03 5.72E-04 9.77E-05 No Data 3.17E-04 3.23E-03 1.05E-04

Pr-143 4.99E-06 1.50E-06 2.47E-07 No Data 8.11E-07 1.17E-04 2.63E-05

Pr-144 1.61E-11 4.99E-12 8.10E-13 No Data 2.64E-12 4.23E-07 5.32E-08

Nd-147 2.92E-06 2.36E-06 1.84E-07 No Data 1.30E-06 8.87E-05 2.22E-05

W-187 4.41E-09 2.61E-09 1.17E-09 No Data No Data 1.11E-05 2.46E-05

Np-239 1.26E-07 9.04E-09 6.35E-09 No Data 2.63E-08 1.57E-05 1.73E-05
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Table 9-9. Inhalation Dose Factors for the Teenager Age Group

Nuclide Bone Liver T.Body Thyroid Kidney Lung GI-LLI

H-3 No Data 1.59E-07 1.59E-07 1.59E-07 1.59E-07 1.59E-07 11.59E-07

C-14 3.25E-06 6.09E-07 6.09E-07 6.09E-07 6.09E-07 6.09E-07 6.09E-07

Na-24 1.72E-06 1.72E-06 1.72E-06 1.72E-06 1.72E-06 1.72E-06 1.72E-06

P-32 2.36E-04 1.37E-08 8.95E-06 No Data No Data No Data 1.1 6E-05

Cr-51 No Data No Data 1.69E-08 9.37E-09 3.84E-09 2.62E-06 3.75E-07

Mn-54 No Data 6.39E-06 1.05E-06 No Data 1.59E-06 2.48E-04 8.35E-06

Mn-56 No-Data 2.12E-10 3.15E-11 No Data 2.24E-10 1.90E-06 7.18E-06

Fe-55 4.18E-06 2.98E-06 6.93E-07 No Data No Data 1.55E-05 7.99E-07

Fe-59 1.99E-06 4.62E-06 1.79E-06 No Data No Data 1.91E-04 2.23E-05

Co-58 No Data 2.59E-07 3.47E-07 No Data No Data 1.68E-04 1.1 9E-05

Co-60 No Data 1.89E-06 2.48E-06 No Data No Data 1.09E-03 3.24E-05

Ni-63 7.25E-05 5.43E-06 2.47E-06 No Data No Data 3.84E-05 1.77E-06

Ni-65 2.73E-10 3.66E-11 1.59E-11 No Data No Data 1.17E-06 4.59E-06

Cu-64 No Data 2.54E-10 1.06E-10 No Data 8.01E-10 1.39E-06 7.68E-06

Zn-65 4.82E-06 1.67E-05 7.80E-06 No Data 1.08E-05 1.55E-04 5.83E-06

Zn-69 6.04E-12 1.15E-11 8.07E-13 No Data 7.53E-12 1.98E-07 3.56E-08

Br-83 No Data No Data 4.30E-08 No Data No Data No Data No Data

Br-84 No Data No Data 5.41 E-08 No Data No Data No Data No Data

Br-85 No Data No Data 2.29E-09 No Data No Data No Data No Data

Rb-86 No Data 2.38E-05 1.05E-05 No Data No Data No Data 2.21 E-06

Rb-88 No Data 6.82E-08 3.40E-08 No Data No Data No Data 3.65E-15

Rb-89 No Data 4.40E-08 2.91E-08 No Data No Data No Data 4.22E-17

Sr-89 5.43E-05 No Data 1.56E-06 No Data No Data 3.02E-04 4.64E-05

Sr-90 1.35E-02 No Data 8.35E-04 No Data No Data 2.06E-03 9.56E-05

Sr-91 1.10E-08 No Data 4.39E-10 No Data No Data 7.59E-06 3.24E-05

All values are in (mrem/pCi inhaled). They are obtained from Reference 3
(Table E-8). Neither Reference 2 nor Reference 3 contains data for Rh-105,
Sb-1 24, or Sb-1 25.
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Table 9-9 (contd). Inhalation Dose Factors for the Teenager Age Group

Nuclide Bone Liver T.Body Thyroid I Kidney Lung GI-LLI

Sr-92 1.19E-09 No Data 5.08E-11 No Data No Data 3.43E-06 1.49E-05

Y-90 3.73E-07 No Data 1.OOE-08 No Data No Data 3.66E-05 6.99E-05

Y-91m 4.63E-11 No Data 1.77E-12 No Data No Data 4.OOE-07 3.77E-09

Y-91 8.26E-05 No Data 2.21 E-06 No Data No Data 3.67E-04 5.11 E-05

Y-92 1.84E-09 No Data 5.36E-1 1 No Data No Data 3.35E-06 2.06E-05

Y-93 1.69E-08 No Data 4.65E-10 No Data No Data 1.04E-05 7.24E-05

Zr-95 1.82E-05 5.73E-06 3.94E-06 No D~ata 8.42E-06 3.36E-04 1.86E-05

Zr-97 1.72E-08 3.40E-09 1.57E-09 No Data 5.15E-09 1.62E-05 7.88E-05

Nb-95 2.32E-06 1.29E-06 7.08E-07 No Data 1.25E-06 9.39E-05 1.21 E-05

Mo-99 No Data 2.11E-08 4.03E-09 No Data 5.14E-08 1.92E-05 3.36E-05

Tc-99m 1.73E-13 4.83E-13 6.24E-12 No Data 7.20E-12 1.44E-07 7.66E-07

Tc-101 7.40E-15 1.05E-14 1.03E-13 No Data 1.90E-13 8.34E-08 1.09E-16

Ru-103 2.63E-07 No Data 1.12E-07 No Data 9.29E-07 9.79E-05 1.36E-05

Ru-105 1.40E-10 No Data 5.42E-11 No Data 1.76E-10 2.27E-06 1.13E-05

Ru-106 1.23E-05 No Data 1.55E-06 No Data 2.38E-05 2.01E-03 1.20E-04

Rh-105 No Data No Data No Data No Data No Data No Data No Data

Ag-110m 1.73E-06 1.64E-06 9.99E-07 No Data 3.13E-06 8.44E-04 3.41 E-05

Sb-124 No Data No Data No Data No Data No Data No Data No Data

Sb-1i25 No Data No Data No Data No Data No Data No Data No Data

Te-125m 6.1OE-07 2.80E-07 8.34E-08 1.75E-07 No Data 6.70E-05 9.38E-06

Te-127m 2.25E-06 1.02E-06 2.73E-07 5.48E-07 8.17E-06 2.07E-04 1.99E-05

Te-127 2.51E-10 1.14E-10 5.52E-11 1.77E-10 9.10E-10 1.40E-06 1.01E-05

Te-129m 1.74E-06 8.23E-07 2.81E-07 5.72E-07 6.49E-06 2.47E-04 5.06E-05

Te-129 8.87E-12 4.22E-12 2.20E-12 6.48E-12 3.32E-11 4.12E-07 2.02E-07

Te-131m 1.23E-08 7.51E-09 5.03E-09 9.06E-09 5.49E-08 2.97E-05 7.76E-05

Te-131 1.97E-12 1.04E-12 6.30E-13 1.55E712 7.72E-12 2.92E-07 1.89E-09
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Table 9-9 (contd). Inhalation Dose Factors for the Teenager Age Group

Nuclide Bone 4 Liver T.Body ThyroidI Kidney Lung GI-LLI

Te-132 4.50E-08 3.63E-08 2.74E-08 3.07E-08 2.44E-07 5.61E-05 5.79E-05

1-130 7.80E-07 2.24E-06 8.96E-07 1.86E-04 3.44E-06 No Data 1.14E-06

1-131 4.43E-06 6.14E-06 3.30E-06 1.83E-03 1.05E-05 No Data 8.11E-07

1-132 1.99E-07 5.47E-07 1.97E-07 1.89E-05 8.65E-07 No Data 1.59E-07

1-133 1.52E-06 2.56E-06 7.78E-07 3.65E-04 4.49E-06 No Data 1.29E-06

1-134 1.11E-07 2.90E-07 1.05E-07 4.94E-06 4.58E-07 No Data 2.55E-09

1-135 4.62E-07 1.18E-06 4.36E-07 7.76E-05 1.86E-06 No Data 8.69E-07

Cs-134 6.28E-05 1.41E-04 6.86E-05 No Data 4.69E-05 1.83E-05 1.22E-06

Cs-1 36 6.44E-06 2.42E-05 1.71E-05 No Data 1.38E-05 2.22E-06 1.36E-06

Cs-137 8.38E-05 1.06E-04 3.89E-05 No Data 3.80E-05 1.51E-05 1.06E-06

Cs-138 5.82E-08 1.07E-07 5.58E-08 No Data 8.28E-08 9.84E-09 3.38E-11

Ba-139 1.67E-10 1.18E-13 4.87E-12 No Data 1.11E-13 8.08E-07 8.06E-07

Ba-140 6.84E-06 8.38E-09 4.40E-07 No Data 2.85E-09 2.54E-04 2.86E-05

Ba-141 1.78E-11 1.32E-14 5.93E-13 No Data 1.23E-14 4.11E-07 9.33E-14

Ba-142 4.62E-12 4.63E-15 2.84E-13 No Data 3.92E-15 2.39E-07 5.99E-20

La-140 5.99E-08 2.95E-08 7.82E-09 No Data No Data 2.68E-05 6.09E-05

La-142 1.20E-10 5.31E-11 1.32E-11 No Data No Data 1.27E-06 1.50E-06

Ce-141 3.55E-06 2.37E-06 2.71E-07 No Data 1.11E-06 7.67E-05 1.58E-05

Ce-143 3.32E-08 2.42E-08 2.70E-09 No Data 1.08E-08 1.63E-05 3.19E-05

Ce-144 6.11E-04 2.53E-04 3.28E-05 No Data 1.51E-04 1.67E-03 1.08E-04

Pr-143 1.67E-06 6.64E-07 8.28E-08 No Data 3.86E-07 6.04E-05 2.67E-05

Pr-144 5.37E-12 2.20E-12 2.72E-13 No Data 1.26E-12 2.19E-07 2.94E-14

Nd-147 9.83E-07 1.07E-06 6.41E-08 No Data 6.28E-07 4.65E-05 2.28E-05

W-187 1.50E-09 1.22E-09 4.29E-10 No Data No Data 5.92E-06 2.21 E-05

Np-239 4.23E-08 3.99E-09 2.21E-09 No Data i1.25E-08 8.11E-06 1.65E-05

9-25 VER 26



VEGP ODCM

Table 9-10. Inhalation Dose Factors for the Adult Age Group

Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI

H-3 No Data 1.58E-07 1.58E-07 1.58E-07 1.58E-07 1.58E-07 1.58E-07

C-14 2.27E-06 4.26E-07 4.26E-07 4.26E-07 4.26E-07 4.26E-07 4.26E-07

Na-24 1.28E-06 1.28E-06 1.28E-06 1.28E-06 1.28E-06 1.28E-06 1.28E-06

P-32 1.65E-04 9.64E-06 6.26E-06 No Data No Data No Data 1.08E-05

Cr-51 No Data No Data 1.25E-08 7.44E-09 2.85E-09 1.80E-06 4.15E-07

Mn-54 No Data 4.95E-06 7.87E-07 No Data 1.23E-06 1.75E-04 9.67E-06

Mn-56 No Data 1.55E-10 2.29E-11 No Data 1.63E-10 1.18E-06 2.53E-06

Fe-55 3.07E-06 2.12E-06 4.93E-07 No Data No Data 9.01 E-06 7.54E-07

Fe-59 1.47E-06 3.47E-06 1.32E-06 No Data No Data 1.27E-04 2.35E-05

Co-58 No Data 1.98E-07 2.59E-07 No Data No Data 1.16E-04 1.33E-05

Co-60 No Data 1.44E-06 1.85E-06 No Data No Data 7.46E-04 3.56E-05

Ni-63 5.40E-05 3.93E-06 1.81 E-06 No Data No Data 2.23E-05 1.67E-06

Ni-65 1.92E-10 2.62E-11 1.14E-11 No Data No Data 7.00E-07 1.54E-06

Cu-64 No Data 1.83E-10 7.69E-11 No Data 5.78E-10 8.48E-07 6.12E-06

Zn-65 4.05E-06 1.29E-05 5.82E-06 No Data 8.62E-06 1.08E-04 6.68E-06

Zn-69 4.23E-12 8.14E-12 5.65E-13 No Data 5.27E-12 1.15E-07 2.04E-09

Br-83 No Data No Data 3.01 E-08 No Data No Data No Data 2.90E-08

Br-84 No Data No Data 3.91 E-08 No Data No Data No Data 2.05E-13

Br-85 No Data No Data 1.60E-09 No Data No Data No Data No Data

Rb-86 No Data 1.69E-05 7.37E-06 No Data No Data No Data 2.08E-06

Rb-88 No Data 4.84E-08 2.41E-08 No Data No Data No Data 4.18E-19

Rb-89 No Data 3.20E-08 2.12E-08 No Data No Data No Data 1.16E-21

Sr-89 3.80E-05 No Data 1.09E-06 No Data No Data 1.75E-04 4.37E-05

Sr-90 1.24E-02 No Data 7.62E-04 No Data No Data 1.20E-03 9.02E-05

Sr-91 7.74E-09 No Data 3.13E-10 No Data No Data 4.56E-06 2.39E-05

All values are in (mrem/pCi inhaled). They are obtained from Reference 3
(Table E-7), except as follows: Reference 2 (Table C-1) for Rh-105, Sb-124,
and Sb-125.
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Table 9-10 (contd). Inhalation Dose Factors for the Adult Age Group

Nuclide Bone Liver T.Body Thyroid [ Kidney Lung GI-LLI

Sr-92 8.43E-10 No Data 3.64E-11 No Data No Data 2.06E-06 5.38E-06

Y-90 2.61 E-07 No Data 7.01 E-09 No Data No Data 2.12E-05 6.32E-05

Y-91 m 3.26E-11 No Data 1.27E-12 No Data No Data 2.40E-07 1.66E-10

Y-91 5.78E-05 No Data 1.55E-06 No Data No Data 2.13E-04 4.81 E-05

Y-92 1.29E-09 No Data 3.77E-11 No Data No Data 1.96E-06 9.19E-06

Y-93 1.18E-08 No Data 3.26E-10 No Data No Data 6.06E-06 5.27E-05

Zr-95 1.34E-05 4.30E-06 2.91 E-06 No Data 6.77E-06 2.21 E-04 1.88E-05

Zr-97 1.21E-08 2.45E-09 1.13E-09 No Data 3.71E-09 9.84E-06 6.54E-05

Nb-95 1.76E-06 9.77E-07 5.26E-07 No Data 9.67E-07 6.31 E-05 1.30E-05

Mo-99 No Data 1.51E-08 2.87E-09 No Data 3.64E-08 1.14E-05 3.1OE-05

Tc-99m 1.29E-13 3.64E-13 4.63E-12 No Data 5.52E-12 9.55E-08 5.20E-07

Tc-101 5.22E-15 7.52E-15 7.38E-14 No Data 1.35E-13 4.99E-08 1.36E-21

Ru-103 1.91 E-07 No Data 8.23E-08 No Data 7.29E-07 6.31E-05 1.38E-05

Ru-105 9.88E-11 No Data 3.89E-11 No Data 1.27E-10 1.37E-06 6.02E-06

Ru-106 8.64E-06 No Data 1.09E-06 No Data 1.67E-05 1.17E-03 1.14E-04

Rh-105 9.24E-10 6.73E-10 4.43E-10 No Data 2.86E-09 2.41E-06 1.09E-05

Ag-110m 1.35E-06 1.25E-06 7.43E-07 No Data 2.46E-06 5.79E-04 3.78E-05

Sb-124 3.90E-06 7.36E-08 1.55E-06 9.44E-09 No Data 3.10E-04 5.08E-05

Sb-125 8.26E-06 8.91E-08 1.66E-06 7.34E-09 No Data 2.75E-04 1.26E-05

Te-125m 4.27E-07 1.98E-07 5.84E-08 1.31E-07 1.55E-06 3.92E-05 8.83E-06

Te-127m 1.58E-06 7.21E-07 1.96E-07 4.11E-07 5.72E-06 1.20E-04 1.87E-05

Te-127 1.75E-10 8.03E-11 3.87E-11 1.32E-10 6.37E-10 8.14E-07 7.17E-06

Te-129m 1.22E-06 5.84E-07 1.98E-07 4.30E-07 4.57E-06 1.45E-04 4.79E-05

Te-129 6.22E-12 2.99E-12 1.55E-12 4.87E-12 2.34E-11 2.42E-07 1.96E-08

Te-131m 8.74E-09 5.45E-09 3.63E-09 6.88E-09 3.86E-08 1.82E-05 6.95E-05

Te-131 1.39E-12 7.44E-13 4.49E-13 1.17E-12 5.46E-12 1.74E-07 2.30E-09
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Table 9-10 (contd). Inhalation Dose Factors for the Adult Age Group

Nuclide Bone Liver T.Body IThyroid Kidney Lung GI-LLI

Te-132 3.25E-08 2.69E-08 2.02E-08 2.37E-08 1.82E-07 3.60E-05 6.37E-05

1-130 5.72E-07 1.68E-06 6.60E-07 1.42E-04 2.61E-06 No Data 9.61 E-07

1-131 3.15E-06 4.47E-06 2.56E-06 1.49E-03 7.66E-06 No Data 7.85E-07

1-132 1.45E-07 4.07E-07 1.45E-07 1.43E-05 6.48E-07 No Data 5.08E-08

1-133 1.08E-06 1.85E-06 5.65E-07 2.69E-04 3.23E-06 No Data 1.11E-06

1-134 8.05E-08 2.16E-07 7.69E-08 3.73E-06 3.44E-07 No Data 1.26E-10

1-135 3.35E-07 8.73E-07 3.21E-07 5.60E-05 1.39E-06 No Data 6.56E-07

Cs-134 4.66E-05 1.06E-04 9.1OE-05 No Data 3.59E-05 1.22E-05 1.30E-06

Cs-136 4.88E-06 1.83E-05 1.38E-05 No Data 1.07E-05 1.50E-06 1.46E-06

Cs-1 37 .5.98E-05 7.76E-05 5.35E-05 No Data 2.78E-05 9.40E-06 1.05E-06

Cs-138 4.14E-08 7.76E-08 4.05E-08 No Data 6.00E-08 6.07E-09 2.33E-13

Ba-139 1.17E-10 8.32E-14 3.42E-12 No Data 7.78E-14 4.70E-07 1.12E-07

Ba-140 4.88E-06 6.13E-09 3.21E-07 No Data 2.09E-09 1.59E-04 2.73E-05

Ba-141 1.25E-11 9.41E-15 4.20E-13 No Data 8.75E-15 2.42E-07 1.45E-17

Ba-142 3.29E-12 3.38E-15 2.07E-13 No Data 2.86E-15 1.49E-07 1.96E-26

La-140 4.30E-08 2.17E-08 5.73E-09 No Data No Data 1.70E-05 5.73E-05

La-142 8.54E-11 3.88E-11 9.65E-12 No Data No Data 7.91E-07 2.64E-07

Ce-141 2.49E-06 1.69E-06 1.91E-07 No Data 7.83E-07 4.52E-05 1.50E-05

Ce-143 2.33E-08 1.72E-08 1.91E-09 No Data 7.60E-09 9.97E-06 2.83E-05

Ce-144 4.29E-04 1.79E-04 2.30E-05 No Data 1.06E-04 9.72E-04 1.02E-04

Pr-143 1.17E-06 4.69E-07 5.80E-08 No Data 2.70E-07 3.51E-05 2.50E-05

Pr-144 3.76E-12 1.56E-12 1.91E-13 No Data 8.81E-13 1.27E-07 2.69E-18

Nd-147 6.59E-07 7.62E-07 4.56E-08 No Data 4.45E-07 2.76E-'05 2.16E-05

W-187 1.06E-09 8.85E-10 3.10E-10 No Data No Data 3.63E-06 1.94E-05

Np-239 2.87E-08 2.82E-09 1 .55E-09 No Data 8.75E-09 4.70E-06 1.49E-05
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Table 9-11. Ingestion Dose Factors for the Infant Age Group

Nuclide Bone Liver T.Body Thyroid Kidney Lung GI-LLI

H-3 No Data 3.08E-07 3.08E-07 3.08E-07 3.08E-'07 3.08E-07 3.08E-07

C-14 2.37E-05 5.06E-06 5.06E-06 5.06E-06 5.06E-06 5.06E-06 5.06E-06

Na-24 1.01 E-05 1.01 E-05 1.01 E-05 1.01 E-05 1.01 E-05 1.01 E-05 1.01 E-05

P-32 1.70E-03 1.00E-04 6.59E-05 No Data No Data No Data 2.30E-05

Cr-51 No Data No Data 1.41E-08 9.20E-09 2.01E-09 1.79E-08 4.11E-07

Mn-54 No Data 1.99E-05 4.51 E-06 No Data 4.41 E-06 No Data 7.31 E-06

Mn-56 No Data 8.18E-07 1.41E-07 No Data 7.03E-07 No Data 7.43E-05

Fe-55 1.39E-05 8.98E-06 2.40E-06 No Data No Data 4.39E-06 1.14E-06

Fe-59 3.08E-05 5.38E-05 2.12E-05 No Data No Data 1.59E-05 2.57E-05

Co-58 No Data 3.60E-06 8.98E-06 No Data No Data No Data 8.97E-06

Co-60 No Data 1.08E-05 2.55E-05 No Data No Data No Data 2.57E-05

Ni-63 6.34E-04 3.92E-05 2.20E-05 No Data No Data No Data 1.95E-06

Ni-65 4.70E-06 5.32E-07 2.42E-07 No Data No Data No Data 4.05E-05

Cu-64 No Data 6.09E-07 2.82E-07 No Data 1.03E-06 No Data 1.25E-05

Zn-65 1.84E-05 6.31 E-05 2.91 E-05 No Data 3.06E-05 No Data 5.33E-05

Zn-69 9.33E-08 1.68E-07 1.25E-08 No Data 6.98E-08 No Data 1.37E-05

Br-83 No Data No Data 3.63E-07 No Data No Data No Data No Data

Br-84 No Data No Data 3.82E-07 No Data No Data No Data No Data

Br-85 No Data No Data 1.94E-08 No Data No Data No Data No Data

Rb-86 No Data 1.70E-04 8.40E-05 No Data No Data No Data 4.35E-06

Rb-88 No Data 4.98E-07 2.73E-07 No Data No Data No Data 4.85E-07

Rb-89 No Data 2.86E-07 1.97E-07 No Data No Data No Data 9.74E-08

Sr-89 2.51 E-03 No Data 7.20E-05 No Data No Data No Data 5.16E-05

Sr-90 1.85E-02 No Data 4.71 E-03 No Data No Data No Data 2.31 E-04

Sr-91 5.OOE-05 No Data 1.81 E-06 No Data No Data No Data 5.92E-05

All values are in (mrem/pCi ingested). They are obtained from Reference 3
(Table E-14). Neither Reference 2 nor Reference 3 contains data for Rh-105,
Sb-1 24, or Sb-1 25.
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Table 9-11 (contd). Ingestion Dose Factors for the Infant Age Group

Nuclide Bone Liver T.Body Thyroid Kidney Lung GI-LLI

Sr-92 1.92E-05 No Data 7.13E-07 No Data No Data No Data 2.07E-04

Y-90 8.69E-08 No Data 2.33E-09 No Data No Data No Data 1.20E-04

Y-91m 8.10E-10 No Data 2.76E-11 No Data No Data No Data 2.70E-06

Y-91 1.13E-06 No Data 3.01 E-08 No Data No Data No Data 8.1OE-05

Y-92 .7.65E-09 No Data 2.15E-10 No Data No Data No Data 1.46E-04

Y-93 2.43E-08 No Data 6.62E-10 No Data No Data No Data 1.92E-04

Zr-95 2.06E-07 5.02E-08 3.56E-08 No Data 5.41 E-08 No Data 2.50E-05

Zr-97 1.48E-08 2.54E-09 1.1 6E-09 No Data 2.56E-09 No Data 1.62E-04

Nb-95 4.20E-08 1.73E-08 1.OOE-08 No Data 1.24E-08 No Data 1.46E-05

Mo-99 No Data 3.40E-05 6.63E-06 No Data 5.08E-05 No Data 1.12E-05

Tc-99m 1.92E-09 3.96E-09 5.1OE-08 No Data 4.26E-08 2.07E-09 1.15E-06

Tc-101 2.27E-09 2.86E-09 2.83E-08 No Data 3.40E-08 1.56E-09 4.86E-07

Ru-103 1.48E-06 No Data 4.95E-07 No Data 3.08E-06 No Data 1.80E-05

Ru-105 1.36E-07 No Data 4.58E-08 No Data 1.OOE-06 No Data 5.41 E-05

Ru-106 2.41 E-05 No Data 3.01E-06 No Data 2.85E-05 No Data 1.83E-04

Rh-105 No Data No Data No Data No Data No Data No Data No Data

Ag- 1 O1m 9.96E-07 7.27E-07 4.81 E-07 No Data 1.04E-06 No Data 3.77E-05

Sb-124 No Data No Data No Data No Data No Data No Data No Data

Sb-125 No Data No Data No Data No Data No Data No Data No Data

Te-125m 2.33E-05 7.79E-06 3.15E-06 7.84E-06 No Data No Data 1.11E-05

Te-127m 5.85E-05 1.94E-05 7.08E-06 1.69E-05 1.44E-04 No Data 2.36E-05

Te-127 1.OOE-06 3.35E-07 2.15E-07 8.14E-07 2.44E-06 No Data 2.1OE-05

Te-129m 1.00E-04 3.43E-05 1.54E-05 3.84E-05 2.50E-04 No Data 5.97E-05

Te-129 2.84E-07 9.79E-08 6.63E-08 2.38E-07 7.07E-07 No Data 2.27E-05

Te-131m 1.52E-05 6.12E-06 5.05E-06 1.24E-05 4.21E-05 No Data 1.03E-04

Te-131 1.76E-07 6.50E-08 4.94E-08 1.57E-07 4.50E-07 No Data 7.11E-06
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Table 9-1 1 (contd). Ingestion Dose Factors for the Infant Age Group

Nuclide Bone Liver T.Body IThyroidI Kidney Lung GI-LLI

Te-132 2.08E-05 1.03E-05 9.61E-06 1.52E-05 6.44E-05 No Data 3.81 E-05

1-130 6.OOE-06 1.32E-05 5.30E-06 1.48E-03 1.45E-05 No Data 2.83E-06

1-131 3.59E-05 4.23E-05 1.86E-05 1.39E-02 4.94E-05 No Data 1.51 E-06

1-132 1.66E-06 3.37E-06 1.20E-06 1.58E-04 3.76E-06 No Data 2.73E-06

1-133 1.25E-05 1.82E-05 5.33E-06 3.31E-03 2.14E-05 No Data 3.08E-06

1-134 8.69E-07 1.78E-06 6.33E-07 4.15E-05 1.99E-06 No Data 1.84E-06

1-135 3.64E-06 7.24E-06 2.64E-06 6.49E-04 8.07E-06 No Data 2.62E:06

Cs-134 3.77E-04 7.03E-04 7.1OE-05 No Data 1.81E-04 7.42E-05 1.91 E-06

Cs-136 4.59E-05 1.35E-04 5.04E-05 No Data 5.38E-05 1.1OE-05 2.05E-06

Cs-137 5.22E-04 6.11E-04 4.33E-05 No Data 1.64E-04 6.64E-05 1.91 E-06

Cs-138 4.81 E-07 7.82E-07 3.79E-07 No Data 3.90E-07 6.09E-08 1.25E-06

Ba-139 8.81E-07 5.84E-10 2.55E-08 No Data 3.51E-10 3.54E-10 5.58E-05

Ba-140 1.71E-04 1.71E-07 8.81E-06 No Data 4.06E-08 1.05E-07 4.20E-05

Ba-141 4.25E-07 2.91E-10 1.34E-08 No Data 1.75E-10 1.77E-10 5.19E-06

Ba-142 1.84E-07 1.53E-10 9.06E-09 No Data 8.81E-11 9.26E-11 7.59E-07

La-140 2.11E-08 8.32E-09 2.14E-09 No Data No Data No Data 9.77E-05

La-142 1.10E-09 4.04E-10 .9.67E-11 No Data No Data No Data 6.86E-05

Ce-141 7.87E-08 4.80E-08 5.65E-09 No Data 1.48E-08 No Data 2.48E-05

Ce-143 1.48E-08 9.82E-06 1.12E-09 No Data 2.86E-09 No Data 5.73E-05

Ce-144 2.98E-06 1.22E-06 1.67E-07 No Data 4.93E-07 No Data 1.71 E-04

Pr-143 8.13E-08 3.04E-08 4.03E-09 No Data 1.13E-08 No Data 4.29E-05

Pr-144 2.74E-10 1.06E-10 1.38E-11 No Data 3.84E-11 No Data 4.93E-06

Nd-147 5.53E-08 5.68E-08 3.48E-09 No Data 2.19E-08 No Data 3.60E-05

W-187 9.03E-07 6.28E-07 2.17E-07 No Data No Data No Data 3.69E-05

Np-239 1.11E-08 9.93E-10 5.61E-10 No Data 1.98E-09 No Data 2.87E-05
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Table 9-12. Ingestion Dose Factors for the Child Age Group

Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI

H-3 No Data 2.03E-07 2.03E-07 2.03E-07 2.03E-07 2.03E-07 2.03E-07

C-14 1.21E-05 2.42E-06 2.42E-06 2.42E-06 2.42E-06 2.42E-06 2.42E-06

Na-24 5.80E-06 5.80E-06 5.80E-06 5.80E-06 5.80E-06 5.80E-06 5.80E-06

P-32 8.25E-04 3.86E-05 3.18E-05 No Data No Data No Data 2.28E-05

Cr-51 No Data No Data 8.90E-09 4.94E-09 1.35E-09 9.02E-09 4.72E-07

Mn-54 No Data 1.07E-05 2.85E-06 No Data 3.OOE-06 No Data 8.98E-06

Mn-56 No Data 3.34E-07 7.54E-08 No Data 4.04E-07 No Data 4.84E-05

Fe-55 1.15E-05 6.1OE-06 1.89E-06 No Data No Data 3.45E-06 1.13E-06

Fe-59 1.65E-05 2.67E-05 1.33E-05 No Data No Data 7.74E-06 2.78E-05

Co-58 No Data 1.80E-06 5.51 E-06 No Data No Data No Data 1.05E-05

Co-60 No Data 5.29E-06 1.56E-05 No Data No Data No Data 2.93E-05

Ni-63 5.38E-04 2.88E-05 1.83E-05 No Data No Data No Data 1.94E-06

Ni-65 2.22E-06 2.09E-07 1.22E-07 No Data No Data No Data 2.56E-05

Cu-64 No Data 2.45E-07 1.48E-07 No Data 5.92E-07 No Data 1.15E-05

Zn-65 1.37E-05 3.65E-05 2.27E-05 No Data 2.30E-05 No Data 6.41 E-06

Zn-69 4.38E-08 6.33E-08 5.85E-09 No Data 3.84E-08 No Data 3.99E-06

Br-83 No Data No Data 1.71 E-07 No Data No Data No Data No Data

Br-84 No Data No Data 1.98E-07 No Data No Data No Data No Data

Br-85 No Data No Data 9.12E-09 No Data No Data No Data No Data

Rb-86 No Data 6.70E-05 4.12E-05 No Data No Data No Data 4.31 E-06

Rb-88 No Data 1.90E-07 1.32E-07 No Data No Data No Data 9.32E-09

Rb-89 No Data 1.17E-07 1.04E-07 No Data No Data No Data 1.02E-09

Sr-89 1.32E-03 No Data 3.77E-05 No Data No Data No Data 5.11 E-05

Sr-90, 1.70E-02 No Data 4.31 E-03 No Data No Data No Data 2.29E-04

Sr-91 2.40E-05 No Data 9.06E-07 No Data No Data No Data 5.30E-05

All values are in (mrem/pCi ingested). They are obtained from Reference 3
(Table E-13). Neither Reference 2 nor Reference 3 contains data for Rh-105,
Sb-1 24, or Sb-1 25.
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Table 9-12 (contd). Ingestion Dose Factors for the Child Age Group

Nuclide Bone Liver T.Body Thyroid Kidney Lung GI-LLI

Sr-92 9.03E-06 No Data 3.62E-07 No Data No Data No Data 1.71 E-04

Y-90 4.11E-08 No Data 1.10E-09 No Data No Data No Data 1.17E-04

Y-91m 3.82E-10 No Data 1.39E-11 No Data No Data No Data 7.48E-07

Y-91 6.02E-07 No Data 1.61 E-08 No Data No Data No Data 8.02E-05

Y-92 3.60E-09 No Data 1.03E-10 No Data No Data No Data 1.04E-04

Y-93 1.14E-08 No Data 3.13E-10 No Data No Data No Data 1.70E-04

Zr-95 1.16E-07 2.55E-08 2.27E-08 No Data 3.65E-08 No Data 2.66E-05

Zr-97 6.99E-09 1.01E-09 5.96E-10 No Data 1.45E-09 No Data 1.53E-04

Nb-95 2.25E-08 8.76E-09 6.26E-09 No Data 8.23E-09 No Data 1.62E-05

Mo-99 No Data 1.33E-05 3.29E-06 No Data 2.84E-05 No Data 1.10E-05

Tc-99m 9.23E-10 1.81E-09 3.00E-08 No Data 2.63E-08 9.19E-10 1.03E-06

Tc-101 1.07E-09 1.12E-09 1.42E-08 No Data 1.91E-08 5.92E-10 3.56E-09

Ru-103 7.31 E-07 No Data 2.81E-07 No Data 1.84E-06 No Data 1.89E-05

Ru-105 6.45E-08 No Data 2.34E-08 No Data 5.67E-07 No Data 4.21 E-05

Ru-106 1.17E-05 No Data 1.46E-06 No Data 1.58E-05 No Data 1.82E-04

Rh-105 No Data No Data No Data No Data No Data No Data No Data

Ag-11Om' 5.39E-07 3.64E-07 2.91E-07 No Data 6.78E-07 No Data 4.33E-05

Sb-124 No Data No Data No Data No Data No Data No Data No Data

Sb-125 No Data No Data No Data No Data No Data No Data No Data

Te-125m 1.14E-05 3.09E-06 1.52E-06 3.20E-06 No Data No Data 1.10E-05

Te-127m 2.89E-05 7.78E-06 3.43E-06 6.91E-06 8.24E-05 No Data 2.34E-05

Te-127 4.71E-07 1.27E-07 1.01E-07 3.26E-07 1.34E-06 No Data 1.84E-05

Te-129m 4.87E-05 1.36E-05 7.56E-06 1.57E-05 1.43E-04 No Data 5.94E-05

Te-129 1.34E-07 3.74E-08 3.18E-08 9.56E-08 3.92E-07 No Data 8.34E-06

Te-131m 7.20E-06 2.49E-06 2.65E-06 5.12E-06 2.41E-05 No Data 1.01 E-04

Te-131 8.30E-08 2.53E-08 2.47E-08 6.35E-08 2.51E-07\ No Data 4.36E-07
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Table 9-12 (contd). Ingestion Dose Factors for the Child Age Group

Nuclide Bone Liver T.Body Thyroid Kidney Lung GI-LLI

Te-132 1.01E-05 4.47E-06 5.40E-06 6.51E-06 4.15E-05 No Data 4.50E-05

1-130 2.92E-06 5.90E-06 3.04E-06 6.50E-04 8.82E-06 No Data 2.76E-06

1-131 1.72E-05 1.73E-05 9.83E-06 5.72E-03 2.84E-05 No Data 1.54E-06

1-132 8.OOE-07 1.47E-06 6.76E-07 6.82E-05 2.25E-06 No Data 1.73E-06

1-133 5.92E-06 7.32E-06 2.77E-06 1.36E-03 1.22E-05 No Data 2.95E-06

1-134 4.19E-07 7.78E-07 3.58E-07 1.79E-05 1.19E-06 No Data 5.16E-07

1-135 1.75E-06 3.15E-06 1.49E-06 2.79E-04 4.83E-06 No Data 2.40E-06

Cs-134 2.34E-04 3.84E-04 8.1OE-05 No Data 1.19E-04 4.27E-05 2.07E-06

Cs-136 2.35E-05 6.46E-05 4.18E-05 No Data 3.44E-05 5.13E-06 2.27E-06

Cs-137 3.27E-04 3.13E-04 4.62E-05 No Data 1.02E-04 3.67E-05 1.96E-06

Cs-138 2.28E-07 3.17E-07 2.01E-07 No Data 2.23E-07 2.40E-08 1.46E-07

Ba-139 4.14E-07 2.21E-10 1.20E-08 No Data 1.93E-10 1.30E-10 2.39E-05

Ba-140 8.31E-05 7.28E-08 4.85E-06 No Data 2.37E-08 4.34E-08 4.21 E-05

Ba-141 2.OOE-07 1.12E-10 6.51E-09 No Data 9.69E-11 6.58E-10 1.14E-07

Ba-142 8.74E-08 6.29E-11 4.88E-09 No Data 5.09E-11 3.70E-11 1.14E-09

La-140 1.01E-08 3.53E-09 1.19E-09 No Data No Data No Data 9.84E-05

La-142 5.24E-10 1.67E-10 5.23E-11 No Data No Data No Data 3.31 E-05

Ce-141 3.97E-08 1.98E-08 2.94E-09 No Data 8.68E-09 No Data 2.47E-05

Ce-143 6.99E-09 3.79E-06 5.49E-10 No Data 1,.59E-09 No Data 5.55E-05

Ce-144 2.08E-06 6.52E-07 1.11E-07 No Data 3.61E-07 No Data 1.70E-04

Pr-143 3.93E-08 1.18E-08 1.95E-09 No Data 6.39E-09 No Data 4.24E-05

Pr-144 1.29E-10 3.99E-11 6.49E-12 No Data 2.11E-11 No Data 8.59E-08

Nd-147 2.79E-08 2.26E-08 1.75E-09 No Data 1.24E-08 No Data 3.58E-05

W-187 4.29E-07 2.54E-07 1.14E-07 No Data No Data No Data 3.57E-05

Np-239 5.25E-09 3.77E-10 2.65E-10 No Data 1.09E-09 No Data 2.79E-05
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Table 9-13. Ingestion Dose Factors for the Teenager Age Group

Nuclide Bone Liver, I T. BodyI Thyroid I Kidney Lung GI-LLI

H-3 No Data 1.06E-07 1.06E-07 1.06E-07 1.06E-07 1.06E-07 1 .06E-07

C-14 4.06E-06 8.12E-07 8.12E-07 8.12E-07 8.12E-07 8.12E-07 8.12E-07

Na-24 2.30E-06 2.30E-06 2.30E-06 2.30E-06 2.30E-06 2.30E-06 2.30E-06

P-32 2.76E-04 1.71 E-05 1.07E-05 No Data No, Data No Data 2.32E-05

Cr-51 No Data No Data 3.60E-09 2.OOE-09 7.89E-10 5.14E-09 6.05E-07

Mn-54 No Data 5.90E-06 1.17E-06 No Data 1.76E-06 No Data 1.21 E-05

Mn-56 No Data 1.58E-07 2.81 E-08 No Data 2.OOE-07 No Data 1.04E-05

Fe-55 3.78E-06 2.68E-06 6.25E-07 No Data No Data 1.70E-06 1.16E-06

Fe-59 5.87E-06 1.37E-05 5.29E-06 No Data No Data 4.32E-06 3.24E-05

Co-58 No Data 9.72E-07 2.24E-06 No Data No Data No Data 1.34E-05

Co-60 No Data 2.81 E-06 6.33E-06 No Data No Data No Data 3.66E-05

Ni-63 1.77E-04 1.25E-05 6.OOE-06 No Data No Data No Data 1.99E-06

Ni-65 7.49E-07 9.57E-08 4.36E-08 No Data No Data No Data 5.19E-06

Cu-64 No Data 1.15E-07 5.41E-08 No Data 2.91E-07 No Data 8.92E-06

Zn-65 5.76E-06 2.OOE-05 9.33E-06 No Data 1.28E-05 No Data 8.47E-06

Zn-69 1.47E-08 2.80E-08 1.96E-09 No Data 1.83E-08 No Data 5.16E-08

Br-83 No Data No Data 5.74E-08 No Data No Data No Data No Data

Br-84 No Data No Data 7.22E-08 No Data No Data No Data No Data

Br-85 No Data No Data 3.05E-09 No Data No Data No Data No Data

Rb-86 No Data 2.98E-05 1.40E-05 No Data No Data No Data 4.41 E-06

Rb-88 No Data 8.52E-08 4.54E-08 No Data No Data No Data 7.30E-15

Rb-89 No Data 5.50E-08 3.89E-08 No Data No Data No Data 8.43E-17

Sr-89 4.40E-04 No Data 1.26E-05 No Data No Data No Data 5.24E-05

Sr-90 8.30E-03 No Data 2.05E-03 No Data No Data No Data 2.33E-04

Sr-91 8.07E-06 No Data 3.21 E-07 No Data No Data No Data 3.66E-05

All values are in (mrem/pCi ingested). They are obtained from Reference 3
(Table E-12). Neither Reference 2 nor Reference 3 contains data for Rh-105,
Sb-1 24, or Sb-1 25.
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Table 9-13 (contd). Ingestion Dose Factors for the Teenager Age Group

Nuclide Bone Liver T.Body Thyroid Kidney Lung GI-LLI

Sr-92 3.05E-06 No Data 1.30E-07 No Data No Data No Data 7.77E-05

Y-90 1.37E-08 No Data 3.69E-10 No Data No Data No Data 1.13E-04

Y-91m 1.29E-10 No Data 4.93E-12 NoData No Data No Data 6.09E-09

Y-91 2.01 E-07 No Data 5.39E-09 No Data No Data No Data 8.24E-05

Y-92 1.21 E-09 No Data 3.50E-1 1 No Data No Data No Data 3.32E-05

Y-93 3.83E-09 No Data 1.05E-10 No Data No Data No Data 1.17E-04

Zr-95 4.12E-08 1.30E-08 8.94E-09 No Data 1.91E-08 No Data 3.OOE-05

Zr-97 2.37E-09 4.69E-10 2.16E-10 No Data 7.11E-10 No Data 1.27E-04

Nb-95 8.22E-09 4.56E-09 2.51 E-09 No Data 4.42E-09 No Data 1.95E-05

Mo-99 No Data 6.03E-06 1.15E-06 No Data 1.38E-05 No Data 1.08E-05

Tc-99m 3.32E-10 9.26E-10 1.20E-08 No Data 1.38E-08 5.14E-10 6.08E-07

Tc-101 3.60E-10 5.12E-10 5.03E-09 No Data 9.26E-09 3.12E-10 8.75E-17

Ru-103 2.55E-07 No Data 1.09E-07 No Data 8.99E-07 No Data 2.13E-05

Ru-105 2.18E-08 No Data 8.46E-09 No Data 2.75E-07 No Data 1.76E-05

Ru-106 3.92E-06 No Data 4.94E-07 No Data 7.56E-06 No Data 1.88E-04

Rh-105 No Data No Data No Data No Data No Data No Data No Data

Ag-110m 2.05E-07 1.94E-07 1.18E-07 No Data 3.70E-07 No Data 5.45E-05

Sb-124 No Data No Data No Data No Data No Data No Data No Data

Sb-125 No Data No Data No Data No Data No Data No Data No Data

Te-125m 3.83E-06 1.38E-06 5.12E-07 1.07E-06 No Data No Data 1.13E-05

Te-127m 9.67E-06 3.43E-06 1.15E-06 2.30E-06 3.92E-05 No Data 2.41 E-05

Te-127 1.58E-07 5.60E-08 3.40E-08 1.09E-07 6.40E-07 No Data 1.22E-05

Te-129m 1.63E-05 6.05E-06 2.58E-06 5.26E-06 6.82E-05 No Data 6.12E-05

Te-129 4.48E-08 1.67E-08 1.09E-08 3.20E-08 1.88E-07 No Data 2.45E-07

Te-131m 2.44E-06 1.17E-06 9.76E-07 1.76E-06 1.22E-05 No Data 9.39E-65

Te-131 2.79E-08 1.15E-08 8.72E-09 2.15E-08 1.22E-07 No Data 2.29E-09
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Table 9-13 (contd). Ingestion Dose Factors for the Teenager Age Group

Nuclide Bone Liver T.Body Thyroid Kidney Lung GI-LLI

Te-132 3.49E-06 2.21E-06 2.08E-06 2.33E-06 2.12E-05 No Data 7.OOE-05

1-130 1.03E-06 2.98E-06 1.19E-06 2.43E-04 4.59E-06 No Data 2.29E-06

1-131 5.85E-06 8.19E-06 4.40E-06 2.39E-03 1.41E-05 No Data 1.62E-06

1-132 2.79E-07 7.30E-07 2.62E-07 2.46E-05 1.15E-06 No Data 3.18E-07

1-133 2.01E-06 3.41E-06 1.04E-06 4.76E-04 5.98E-06 No Data 2.58E-06

1-134 1.46E-07 3.87E-07 1.39E-07 6.45E-06 6.1OE-07 No Data 5.1OE-09

1-135 6.1OE-07 1.57E-06 5.82E-07 1.01E-04 2.48E-06 No Data 1.74E-06

Cs-134 8.37E-05 1.97E-04 9.14E-05 No Data 6.26E-05 2.39E-05 2.45E-06

Cs-136 8.59E-06 3.38E-05 2.27E-05 No Data 1.84E-05 2.90E-06 2.72E-06

Cs-137 1.12E-04 1.49E-04 5.19E-05 No Data 5.07E-05 1.97E-05 2.12E-06

Cs-138 7.76E-08 1.49E-07 7.45E-08 No Data 1.1 OE-07 1.28E-08 6.76E-1 1

Ba-139 1.39E-07 9.78E-11 4.05E-09 No Data 9.22E-11 6.74E-11 1.24E-06

Ba-140 2.84E-05 3.48E-08 1.83E-06 No Data 1.18E-08 2.34E-08 4.38E-05

Ba-141 6.71E-08 5.01E-11 2.24E-09 No Data 4.65E-11 3.43E-11 1.43E-13

Ba-142 2.99E-08 2.99E-11 1.84E-09 No Data 2.53E-11 1.99E-11 9.18E-20

La-140 3.48E-09 1.71E-09 4.55E-10 No Data No Data No Data 9.82E-05

La-142 1.79E-10 7.95E-11 1.98E-11 No Data No Data No Data 2.42E-06

Ce-141 1.33E-08 8.88E-09 1.02E-09 No Data 4.18E-09 No Data 2.54E-05

Ce-143 2.35E-09 1.71E-06 1.91E-10 No Data 7.67E-10 No Data 5.14E-05

Ce-144 6.66E-07 2.88E-07 3.74E-08 No Data 1.72E-07 No Data 1.75E-04

Pr-143 1.31E-08 5.23E-09 6.52E-10 No Data 3.04E-09 No Data 4.31 E-05

Pr-144 4.30E-11 1.76E-11 2.18E-12 No Data 1.01E-11 No Data 4.74E-14

Nd-147 9.38E-09 1.02E-08 6.11E-10 No Data 5.99E-09 No Data 3.68E-05

W-187 1.46E-07 1.19E-07 4.17E-08 No Data No Data No Data 3.22E-05

Np-239 .1.76E-09 1.66E-10 9.22E-11 No Data 5.21E-10 No Data 2.67E-05
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Table 9-14. Ingestion Dose Factors for the Adult Age Group

Nuclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI

H-3 No Data 1.05E-07 1.05E-07 1.05E-07 1.05E-07 1.05E-07 1.05E-07

C-14 2.84E-06 5.68E-07 5.68E-07 5.68E-07 5.68E-07 5.68E-07 5.68E-07

Na-24 1.70E-06 1.70E-06 1.70E-06 1.70E-06 1.70E-06 1.70E-06 1.70E-06

P-32 1.93E-04 1.20E-05 7.46E-06 No Data No Data No Data 2.17E-05

Cr-51 No Data No Data 2.66E-09 1.59E-09 5.86E-10 3.53E-09 6.69E-07

Mn-54 No Data 4.57E-06 8.72E-07 No Data 1.36E-06 No Data 1.40E-05

Mn-56 No Data 1.15E-07 2.04E-08 No Data 1.46E-07 No Data 3.67E-06

Fe-55 2.75E-06 1.90E-06 4.43E-07 No Data No Data 1.06E-06 1.09E-06

Fe-59 4.34E-06 1.02E-05 3.91 E-06 No Data No Data 2.85E-06 3.40E-05

Co-58 No Data 7.45E-07 1.67E-06 No Data No Data No Data 1.51 E-05

Co-60 No Data 2.14E-06 4.72E-06 No Data No Data No Data 4.02E-05

Ni-63 1.30E-04 9.01 E-06 4.36E-06 No Data No Data No Data 1.88E-06

Ni-65 5.28E-07 6.86E-08 3.13E-08 No Data No Data No Data 1.74E-06

Cu-64 No Data 8.33E-08 3.91E-08 No Data 2.1OE-07 No Data 7.1OE-06

Zn-65 4.84E-06 1.54E-05 6.96E-06 No Data 1.03E-05 No Data 9.70E-06

Zn-69 1.03E-08 1.97E-08 1.37E-09 No Data 1.28E-08 No Data 2.96E-09

Br-83 No Data No Data 4.02E-08 No Data No Data No Data 5.79E-08

Br-84 No Data No Data 5.21 E-08 No Data No Data No Data 4.09E-13

Br-85 No Data No Data 2.14E-09 No Data No Data No Data No Data

Rb-86 No Data 2.11E-05 9.83E-06 No Data No Data No Data 4.16E-06

Rb-88 No Data 6.05E-08 3.21 E-08 No Data No Data No Data 8.36E-19

Rb-89 No Data 4.01E-08 2.82E-08 No Data No Data No Data 2.33E-21

Sr-89 3.08E-04 No Data 8.84E-06 No Data No Data No Data 4.94E-05

Sr-90 7.58E-03 No Data 1.86E-03 No Data No Data No Data 2.19E-04

Sr-91 5.67E-06 No Data 2.29E-07 No Data No Data No Data 2.70E-05

All values are in (mrem/pCi ingested). They are obtained from Reference 3
(Table E-1 1), except as follows: Reference 2 (Table A-3) for Rh-1 05, Sb-1 24,
and Sb-1 25.
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Table 9-14 (contd). Ingestion Dose Factors for the Adult Age Group

Nuclide[ Bone Liver T.Body IThyroid Kidney Lung GI-LLI

Sr-92 2.15E-06 No Data 9.30E-08 No Data NO Data No Data 4.26E-05

Y-90 9.62E-09 No Data 2.58E-10 No Data No Data No Data 1.02E-04

Y-91m 9.09E-11 No Data 3.52E-12 No Data No Data No Data 2.67E-10

Y-91 1.41 E-07 No Data 3.77E-09 No Data No Data No Data 7.76E-05

Y-92 8.45E-10 No Data 2.47E-11 No Data No Data No Data 1.48E-05

Y-93 2.68E-09 No Data 7.40E-1 1 No Data No Data No Data 8.50E-05

Zr-95 3.04E-08 9.75E-09 6.60E-09 No Data 1.53E-08 No Data 3.09E-05

Zr-97 1.68E-09 3.39E-10 1.55E-10 No Data 5.12E-10 No Data 1.05E-04

Nb-95 6.22E-09 3.46E-09 1.86E-09 No Data 3.42E-09 No Data 2.1 OE-05

Mo-99 No Data 4.31 E-06 8.20E-07 No Data 9.76E-06 No Data 9.99E-06

Tc-99m 2.47E-10 6.98E-10 8.89E-09 No Data 1.06E-08 3.42E-10 4.13E-07

Tc-101 2.54E-10 3.66E-10 3.59E-09 No Data 6.59E-09 1.87E-10 1.10E-21

Ru-103 1.85E-07 No Data 7.97E-08 No Data 7.06E-07 No Data 2.16E-05

Ru-105 1.54E-08 No Data 6.08E-09 No Data 1.99E-07 No Data 9.42E-06

Ru-i06 2.75E-06 No Data 3.48E-07 No Data 5.31 E-06 No Data 1.78E-04

Rh-105 1.22E-07 8.86E-08 5.83E-08 No Data 3.76E-07 No Data 1.41 E-05

Ag-110m 1.60E-07 1.48E-07 8.79E-08 No Data 2.91E-07 No Data 6.04E-05

Sb-124 2.81E-06 5.30E-08 1.11E-06 6.79E-09 No Data 2.18E-06 7.95E-05

Sb-125 2.23E-06 2.40E-08 4.48E-07 1.98E-09 No Data 2.33E-04 1.97E-05

Te-125m 2.68E-06 9.71E-07 3.59E-07 8.06E-07 1.09E-05 No Data 1.07E-05

Te-127m 6.77E-06 2.42E-06 8.25E-07 1.73E-06 2.75E-05 No Data 2.27E-05

Te-127 1.10E-07 3.95E-08 2.38E-08 8.15E-08 4.48E-07 No Data 8.68E-06

Te-129m 1.15E-05 4.29E-06 1.82E-06 3.95E-06 4.80E-05 No Data 5.79E-05

Te-129 3.14E-08 1.18E-08 7.65E-09 2.41E-08 1.32E-07 No Data 2.37E-08

Te-1 31 m 1.73E-06 8.46E-07 7.05E-07 1.34E-06 8.57E-06 No Data 8.40E-05

Te-131 1.97E-08 8.23E-09 6.22E-09 1.62E-08 8.63E-08 No Data 2.79E-09
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Table 9-14 (contd). Ingestion Dose Factors for the Adult Age Group

Nuclide Bone Liver T.Body Thyroid KidneyI Lung GLLLI

Te-132 2.52E-06 1.63E-06 1.53E-06 1.80E-06 1.57E-05 No Data 7.71 E-05

1-130 7.56E-07 2.23E-06 8.80E-07 1.89E-04 3.48E-06 No Data 1.92E-06

1-131 4.16E-06 5.95E-06 3.41E-06 1.95E-03, 1.02E-05 No Data 1.57E-06

1-132 2.03E-07 5.43E-07 1.90E-07 1.90E-05 8.65E-07 No Data 1.02E-07

1-133 1.42E-06 2.47E-06 7.53E-07 3.63E-04 4.31E-06 No Data 2.22E-06

1-134 1.06E-07 2.88E-07 1.03E-07 4.99E-06 4.58E-07 No Data 2.51 E-10

1-135 4.43E-07 1.16E-06 4.28E-07 7.65E-05 1.86E-06 No Data 1.31 E-06

Cs-134 6.22E-05 1.48E-04 1.21E-04 No Data 4.79E-05 1.59E-05 2.59E-06

Cs-136 6.51E-06 2.57E-05 1.85E-05 No Data 1.43E-05 1.96E-06 2.92E-06

Cs-137 7.97E-05 1.09E-04 7.14E-05 No Data 3.70E-05 1.23E-05 2.11E-06

Cs-138 5.52E-08 1.09E-07 5.40E-08 No Data 8.01E-08 7.91E-09 4.65E-13

Ba-139 9.70E-08 6.91E-11 2.84E-09 No Data 6.46E-11 3.92E-11 1.72E-07

Ba-140 2.03E-05 2.55E-08 1.33E-06 No Data 8.67E-09 1.46E-08 4.18E-05

Ba-141 4.71E-08 3.56E-11 1.59E-09 No Data 3.31E-11 2.02E-11 2.22E-17

Ba-142 2.13E-08 2.19E-11 1.34E-09 No Data 1.85E-11 1.24E-11 3.OOE-26

La-140 2.50E-09 1.26E-09 3.33E-10 No Data No Data No Data 9.25E-05

La-142 1.28E-10 5.82E-11 1.45E-11 No Data No Data No Data 4.25E-07

Ce-141 9.36E-09 6.33E-09 7.18E-10 No Data 2.94E-09 No Data 2.42E-05

Ce-143 1.65E-09 1.22E-06 1.35E-10 No Data 5.37E-10 No Data 4.56E-05

Ce-144 4.88E-07 2.04E-07 2.62E-08 No Data 1.21 E-07 No Data 1.65E-04

Pr-143 9.20E-09 3.69E-09 4.56E-10 No Data 2.13E-09 No Data 4.03E-05

Pr-144 3.01E-11 1.25E-11 1.53E-12 No Data 7.05E-12 No Data 4.33E-18

Nd-147 6.29E-09 7.27E-09 4.35E-10 No Data 4.25E-09 No Data 3.49E-05

W-187 1.03E-07 8.61E-08 3.01E-08 No Data No Data No Data 2.82E-05

Np-239 1.19E-09 1.17E-10 6.45E-11 No Data 3.65E-10 No Data 2.40E-05
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Table 9-15. External Dose Factors for Standing on Contaminated Ground

Nuclide T. Body Skin

H-3 0.00 0.00

C-14 0.00 0.00

Na-24 2.50E-08 2.90E-08

P-32 0.00 0.00

Cr-51 2.20E-10 2.60E-10

Mn-54 5.80E-09 6.80E-09

Mn-56 1.10E-08 1.30E-08

Fe-55 0.00 0;00,

Fe-59 8.OOE-09 9.40E-09

Co-58 7.OOE-09 8.20E-09

Co-60 1.70E-08 2.OOE-08

Ni-63 0.00 0.00

Ni-65 3.70E-09 4.30E-09

Cu-64 1.50E-09 1.70E-09

Zn-65 4.OOE-09 4.60E-09

Zn-69 0.00 0.00

Br-83 6.40E-1 1 9.30E-1 1

Br-84 1.20E-08 1.40E-08

Br-85 0.00 0.00

Rb-86 6.30E-10 7.20E-10

Rb-88 3.50E-09 4.OOE-09

Rb-89 1.50E-08 1.80E-08

Sr-89 5.60E-13 6.50E-13

Sr-90 0.00 0.00

Nuclide I T. Body I Skin

Sr-91 7.1OE-09 8.30E-09

Sr-92 9.OOE-09 1.OOE-08

Y-90 2.20E-12 2.60E-12

Y-91 m 3.80E-09 4.40E-09

Y-91 2.40E-11 2.70E-11

Y-92 1.60E-09 1.90E-09

Y-93 5.70E-10 7.80E-10

Zr-95 5.OOE-09 5.80E-09

Zr-97 5.50E-09 6.40E-09

Nb-95 5.1OE-09 6.OOE-09

Mo-99 1.90E-09 2.20E-09

Tc-99m 9.60E-10 1.10E-09

Tc-101 2.70E-09 3.OOE-09

Ru-103 3.60E-09 4.20E-09

Ru-105 4.50E-09 5.1OE-09

Ru-106 1.50E-09 1.80E-09

Rh-105 6.60E-10 7.70E-10

Ag-110m 1.80E-08 2.1OE-08

Sb-124 1.30E-08 1.50E-08

Sb-125 3.1OE-09 3.50E-09

Te-125m 3.50E-11 4.80E-11

Te-127m 1.10E-12 1.30E-12

Te-127 1.OOE-11 1.10E-11

Te-129m 7.70E-10 9.OOE-10

All values are in (mrem/h) per (pCi/m 2). They are obtained from Reference 3
(Table E-6), except as follows: Reference 2 (Table A-7) for Rh-105, Sb-124,
and Sb-125.
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Table 9-15 (contd). External Dose Factors for Standing on Contaminated Ground

Nuclide T.Body Skin

Te-129 7.10E-10 8.40E-10

Te-131 m 8.40E-09 9.90E-09

Te-131 2.20E-09 2.60E-06

Te-132 1.70E-09 2.OOE-09

1-130 1.40E-08 1.70E-08

1-131 2.80E-09 3.40E-09

1-132 1.70E-08 2.OOE-08

1-133 3.70E-09 4.50E-09

1-134 1.60E-08 1.90E-08

1-135 1.20E-08 1.40E-08

Cs-134 1.20E-08 1.40E-08

Cs-136 1.50E-08 1.70E-08

Cs-137 4.20E-09 4.90E-09

Cs-138. 2.1OE-08 2.40E-08

Ba-139 2.40E-09 2.70E-09

Ba-140 2.1OE-09 2.40E-09

Ba-141 4.30E-09 4.90E-09

Ba-142 7.90E-09 9.OOE-09

La-140 1.50E-08 1.70E-08

La-142 1.50E-08 1.80E-08

Ce-141 5.50E-10 6.20E-10

Ce-143 2.20E-09 2.50E-09

Ce-144 3.20E-10 3.70E-10

Pr-143 0.00 0.00

Pr-144 2.OOE-10 2.30E-10

Nd-147 1.OOE-09 1.20E-09

W-187 3.1OE-09 3.60E-09

Np-239 9.50E-10 1.10E-09
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CHAPTER 10
DEFINITIONS OF EFFLUENT CONTROL TERMS

The terms defined in this chapter are used in the presentation of the above chapters.

These terms are shown in all capital letters to indicate that they are specifically defined.

10.1 TERMS SPECIFIC TO THE ODCM

The following terms are used in the ODCM, but are not found in the Technical
Specifications:

ACTION(S)
An ACTION shall be that part of a control that prescribes remedial measures
required under designated conditions.

BATCH RELEASE
A BATCH RELEASE is the discharge of wastes of a discrete volume. Prior to
sampling for analyses, each liquid batch shall be isolated and then thoroughly
mixed by a method described in the ODCM to assure representative sampling.

COMPOSITE SAMPLE
A COMPOSITE SAMPLE is one which contains material from multiple waste
releases, in which the quantity of sample is proportional to the quantity of waste
discharged, and in which the method of sampling employed results in a specimen
that is representative of the wastes released. Prior to analyses, all liquid samples
that are to be aliquotted for a COMPOSITE SAMPLE shall be mixed thoroughly, in
order for the COMPOSITE SAMPLE to be representative of the effluent release.

When assessing the consequences of a waste release at the pre-release or post-
release stage, the most recent available COMPOSITE SAMPLE results for the
applicable release pathway may be used.

CONTINUOUS RELEASE
A CONTINUOUS RELEASE is the discharge of wastes of a non-discrete volume,
e.g., from a volume within a system that has an input flow during the continuous
release. To be representative of the quantities and concentrations of radioactive
materials in CONTINUOUS RELEASES of liquid effluents, samples shall be
collected in proportion to the rate of flow of the effluent stream or to the quantity of
liquid waste discharged.

FREQUENCY NOTATION
The FREQUENCY NOTATION specified for the performance of surveillance
requirements shall correspond to the intervals defined below, with a maximum
allowable extension not to exceed 25% of the surveillance interval.

NOTATION FREQUENCY
S (Once per shift) At least once per 12 hours.
D (Daily) At least once per 24 hours.
W (Weekly) At least once per 7 days.
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M (Monthly) At least once per 31 days.
Q (Quarterly) At least once per 92 days.
SA (Semi-annually) At least once per 184 days.
R (Refueling) At least once per 18 months.
S/U (Startup) Prior to each reactor startup.
NA Not applicable.
P (Prior) Completed prior to each release.

GASEOUS WASTE PROCESSING SYSTEM
A GASEOUS WASTE PROCESSING SYSTEM shall be any system designed and
installed to reduce radioactive gaseous effluents by collecting Reactor Coolant
System offgases from the Reactor Coolant System and providing for delay or
holdup for the purpose of reducing the total radioactivity prior to release to the
environment.

LIQUID RADWASTE TREATMENT SYSTEM
A LIQUID RADWASTE TREATMENT SYSTEM is any system designed and
installed to reduce radioactive materials in liquid effluents by systematic collection,
retention, and processing through filtration, evaporation, separation and/or ion
exchange treatment. This system consists of at least one collection tank, one
evaporator or demineralizer system, one post-treatment tank and associated
components providing for treatment flow and functional control.

MAJOR CHANGES TO RADIOACTIVE WASTE TREATMENT SYSTEMS
For the purposes of the ODCM, MAJOR CHANGES TO RADIOACTIVE WASTE
TREATMENT SYSTEMS include the following changes to such systems:

(1) Major changes in process equipment, components, structures, or effluent
monitoring instrumentation as described in the Final Safety Analysis
Report (FSAR) or as evaluated in the Nuclear Regulatory Commission
staff's Safety Evaluation Report (SER) (e.g., deletion of evaporators and
installation of demineralizers);

(2) Changes in the design of radwaste treatment systems that could
significantly increase quantities of effluents released from those
previously considered in the FSAR and SER;

(3) Changes in system design which may invalidate the accident analysis as
described in the SER (e.g., changes in tank capacity that would alter the
curies released); or

(4) Changes in system design that could potentially result in a significant
increase in occupational exposure of operating personnel (e.g., use of
temporary equipment without adequate shielding provisions).
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MEMBER(S) OF THE PUBLIC 1

A MEMBER OF THE PUBLIC means any individual except when that individual is
receiving an occupational dose2. This category may include persons who use
portions of the site for recreational, occupational, or other purposes not associated
with the plant.

MINIMUM DETECTABLE CONCENTRATION
The MINIMUM DETECTABLE CONCENTRATION (MDC) is defined, for purposes
of the controls in this ODCM, as the smallest concentration of radioactive material
in a sample that will yield a net count above system background and that will be
detected with 95-percent probability, with only 5-percent probability of falsely
concluding that a blank observation represents a "real" signal..

For a particular measurement system, which may include radiochemical
separation, the MDC for a given radionuclide is determined as follows (Reference
.18):

where:
MDC = the a priori MINIMUM DETECTABLE CONCENTRATION

(pCi per unit mass or volume).

2.71 + 3.29 Rb + +

MDC = s

E V 2.22 x 106  Y e-/I At

Rb = the background counting rate, or the counting rate of a blank
sample, as appropriate (counts per minute).

ts = the length of the sample counting period (minutes).
tb = the length of the background counting period (minutes).
E = the counting efficiency (counts per disintegration)
V = the sample size (units of mass or volume).
2.22 x 106 = the number of disintegrations per minute per .tCi.
Y = the fractional radiochemical yield, when applicable.
XL = the radioactive decay constant for the given radionuclide (h-

1), Values of k used in effluent calculations should be based
on decay data from a recognized and current source, such as
Reference 20.

At = for effluent samples, the elapsed time between.the midpoint
of sample collection and the time of counting (h); for

The italicized terms in this definition, which are not otherwise used in this ODCM, shall have the definitions

assigned to them by 10 CFR 20.1003.

2 EExcept as delineated in other parts of 10 CFR chapter I.
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environmental samples, the elapsed time between the end of
sample collection and the time of counting (h).

Typical values of E, V, Y, and At should be used in the calculation. It should be
recognized that the MDC is defined as an a priori (before the fact) limit
representing the capability of a measurement system, and not as an a posteriori
(after the fact) limit for a particular measurement.

PRINCIPAL GAMMA EMITTERS
The PRINCIPAL GAMMA EMITTERS for which the MINIMUM DETECTABLE
CONCENTRATION (MDC) limit applies include exclusively the following
radionuclides:

* For liquid radioactive effluents: Mn-54, Fe-59, Co-58, Co-60, Zn-65, Mo-
99, Cs-1 34, Cs-1 37, and Ce-1 41. Ce-1 44 shall also be measured, but with
an MDC of 5 x 10e pCi/mL.

0 For gaseous radioactive effluents: In noble gas releases, Kr-87, Kr-88, Xe-
133, Xe-1 33m, Xe-1 35, Xe-1 38; and in particulate releases, Mn-54, Fe-59,
Co-58, Co-60, Zn-65, Mo-99, Cs-1 34, Cs-1 37, Ce-1 41, and Ce-1 44.

* For environmental media: The gamma emitters specifically listed in Table 4-
3.

These lists do not mean that only these nuclides are to be considered. Other
gamma peaks that are identifiable, together with those of the above nuclides, shall
also be analyzed and reported in the Radioactive Effluent Release Report, the
Annual Radiological Environmental Operating Report, or other applicable report(s).

SITE BOUNDARY
For the purpose of effluent controls defined in the ODCM, the SITE BOUNDARY
shall be as shown in Figure 4-1.

SOURCE CHECK
A SOURCE CHECK shall be the qualitative assessment of channel response
when the channel sensor is exposed to a source of increased radioactivity.

UNRESTRICTED AREA
The UNRESTRICTED AREA shall be any area access to which is neither limited
nor controlled by the licensee, or any area within the SITE BOUNDARY used for
residential quarters or for industrial, commercial, institutional, and/or recreational
purposes.

VENTILATION EXHAUST TREATMENT SYSTEM
The VENTILATION EXHAUST TREATMENT SYSTEM is any system designed
and installed to reduce gaseous radioiodine or radioactive material in particulate
form in effluents, by passing ventilation or vent exhaust gases through charcoal
adsorbers and/or HEPA filters, for the purpose of removing iodines or particulates
from the gaseous exhaust stream prior to the release to the environment. (Such a
system is not considered to have any effect on any noble gas effluents).
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Engineered Safety Feature (ESF) atmospheric cleanup systems are not
considered to be VENTILATION EXHAUST TREATMENT SYSTEM components.
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10.2 . TERMS DEFINED IN THE TECHNICAL SPECIFICATIONS

The following terms are defined in the Technical Specifications, Section 1.0. Because
they are used throughout the Limits of Operation sections of the ODCM, they are
presented here for convenience. In the event of discrepancies between the definitions
below and those in the Technical Specifications, the Technical Specification definitions
shall take precedence.

CHANNEL CALIBRATION
A CHANNEL CALIBRATION shall be the adjustment, as necessary, of the
channel, such that it responds within the required range and accuracy to known
values of input. The CHANNEL CALIBRATION shall encompass the entire
channel including the required sensor, alarm, interlock, and/or trip functions and
may be performed by any series of sequential, overlapping, or total channel steps,
so that the entire channel is calibrated.

CHANNEL CHECK
A CHANNEL CHECK shall be the qualitative assessment of channel behavior
during operation by observation. This determination shall include, where possible,
comparison of the channel indication and/or status with other indications and/or
status derived from independent instrument channels measuring the same
parameter.

CHANNEL OPERATIONAL TEST (COT)
A CHANNEL OPERATIONAL TEST shall be the injection of a simulated signal into
the channel as close to the sensor as practicable to verify operability of required
alarm, interlock, and/or trip functions. The CHANNEL OPERATIONAL TEST shall
include adjustments, as necessary, of the required alarm, interlock, and/or trip
setpoints, so that the setpoints are within the required range and accuracy.

DOSE EQUIVALENT 1-131
DOSE EQUIVALENT 1-131 shall be that concentration of 1-131 (0Ci/g) which
alone would produce the same thyroid dose as the quantity and isotopic mixture of
1-131, 1-132,1-133, [-134, and 1-135 actually present. The thyroid dose
conversion factors used for this calculation shall be those listed in Table E-7 of
NRC Regulatory Guide 1.109, Revision 1, 1977.

MODE (or OPERATIONAL MODE)
An OPERATIONAL MODE shall correspond to any one inclusive combination of
core reactivity condition, power level, average reactor coolant temperature, and
reactor vessel head closure bolt tensioning specified in Section 1.0 of the
Technical Specifications with fuel in the reactor vessel.

OPERABLE (or OPERABILITY)
OPERABILITY exists when a system, subsystem, train, component or device is
capable of performing its specified function(s), and when all necessary attendant
instrumentation, controls, electrical power, cooling or seal water, lubrication or
other auxiliary equipment that are required for the system, subsystem, train,
component or device to perform its function(s) are also capable of performing their
related support function(s).
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RATED THERMAL POWER
RATED THERMAL POWER shall be a total reactor core heat transfer rate to the
reactor coolant of 3565 MWt.

THERMAL POWER
THERMAL POWER shall be the total reactor core heat transfer rate to the reactor
coolant.
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