Braidwood Nuclear Station

2002 Radioactive
Effluent Release Report



RADIOACTIVE EFFLUENT RELEASE REPORT
Supplementa! Information

January - December 2002

Facility. BRAIDWOOD NUCLEAR POWER STATION
Licensee: EXELON GENERATION COMPANY, LLC
1. Regulatory Limits
a For Noble Gases
Dose Rate

1) Less than 500 mrem/year to the whole body.
2) Less than 3000 mrem/year to the skin.

Dose Gamma Rad:ation

1) Less than or equal to 5§ mrad/quarter.
2) Less than or equal to 10 mrad/year.

Beta Radiation

1) Less than or equal to 10 mrad/quarter.
2) Less than or equal to 20 mrad/year.

b,c. For lodine-131, for lodine-133, and for all radionuclides in particulate form with half-lives
greater than 8 days.

Dose Rate
1) Less than 1500 mrem/year.
Dose
1) Less than or equal to 7.5 mrem/quarter.
2) Less than or equal to 15 mrem/year.
d For Liguid
1) Less than or equal to 1.5 mrem to the whole body during any calendar quarter.
2) Less than or equal to 5 mrem to any organ during any calendar quarter.
3) Less than or equal to 3 mrem to the whole body during any calendar year.
4) Less than or equal to 10 mrem to any organ during any calendar year.
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2. Maximum Permissible Concentration

a., b ,c.,For fission and activation gases, iodines, and particulates with half-lives greater than 8 days,
allowable release limits are calculated by solving equations 10.1 and 10.2 from the Offsite
Dose Calculation Manual.

d. For liquid effluents, allowable release limits are calculated by solving equations 10.3 and 10.4
from the Offsite Dose Calculation Manual.

3. Average Energy
This item is not applicable. Release rates are calculated using an isotopic mix rather than average
energy.

4. Measurements and Approximations of Total Radioactivity
a Fission and Activation Gases, lodines, and Particulates

Containment batch releases are analyzed for noble gas and tritum before being discharged
by gamma isotopic and scintillation, respectively. Gaseous decay tanks are analyzed for
noble gas before being discharged by gamma isotopic. Released activity is normally
calculated using volume of release, which is determined by change in tank or containment
pressure.

The Auxiliary Building ventilation exhaust system is continually monitored for iodines and
particulates. These samples are pulled every 7 days and analyzed by gamma isotopic. The
particulate samples are also analyzed quarterly for gross alpha and Sr-89/90.

Noble gas and tritium grab samples are pulled and analyzed weekly by gamma isotopic and
scintillation, respectively. The average flow at the release points are used to calculate the
curies released.

b. Liquid Effluents

The liquid release tanks are analyzed before discharge by gamma isotopic and for tritium. A
representative portion of this sample is saved This is composited, every 31 days, with other
discharges that occurred and is analyzed for tritium and gross alpha. The batch composites
are composited quarterly and sent to a vendor for Sr-89/90 and Fe-55 analysis Circulating
Water Blowdown, Condensate Polisher Sump and Waste Water Treatment are analyzed
weekly by gamma isotopic and for tritium. These weekly samples are composited quarterly
and sent to a vendor for Sr-89/90 and Fe-55 analysis. However, the June 2002 monthly
composite sample of Circulating Water Blowdown did not include a weekly sample that had
been inadvertently prematurely disposed. This also affected the quarterly composite for
second quarter 2002. This issue is documented in the Braidwood Corrective Action Program
as CR#114419

The tank volumes and activities are used to calculate the curies released for the liquid
release tanks. The total volume of water released and the activity is used to calculate the
diluted activity released at the discharge point from batch discharges.

c Less than the lower limit of detection (<LLD).

Samples are analyzed such that the Offsite Dose Calculation Manual (ODCM) LLD
requirements are met. When a nuclide is not detected during the quarter then <LLD 1s
reported.
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BRAIDWOOD NUCLEAR POWER STATION
ANNUAL EFFLUENT REPORT FOR 2002

GAS RELEASES
UNIT 1 (Docket Number 50-456)
SUMMATION OF ALL RELEASES
[ Units | 1stQtr | 2ndQtr | 3rdQtr | 4thQtr | Total |
A. Fission and Activation Gas Releases
1. Total Release Activity Ci 7.59E-02 | 1.71E-01 | 8.03E-02 | 9.29E-02 | 4.20E-01
2. Average Release Rate uCvsec | 9.76E-03 | 2.17E-02 | 1.01E-02 | 1.17E-02 | 1.33E-02
B. lodine Releases
1. Total 1-131 Activity Ci <LLD 8.82E-07 <LLD 1.05E-06 | 1.93E-06
2. Average Release Rate uCi/sec <LLD 1.12E-07 <LLD 1.32E-07 | 6.13E-08
C. Particulate (> 8 day half-life) Releases
1. Gross Activity Ci <LLD 1.03E-06 <LLD <LLD 1.03E-06
2. Average Release Rate uCi/sec <LLD 1.31E-07 <LLD <LLD 3 27E-08
3. Gross Alpha Activity Ci <LLD <LLD <LLD <LLD <LLD
D. Tritium Releases
1. Total Release Activity Ci 4.71E-01 | 7.51E-01 | 7.61E-01 | 2.37E+00 | 4.35E+00
2. Average Release Rate uCi/sec | 6.06E-02 | 9.55E-02 | 9.57E-02 | 2.98E-01 | 1.38E-01

E. Sum of lodine, Particulate (> 8 day half-life),

and Tritium Releases.

[1. Total Release Activity

| Ci

[ 4.71E-01 | 7.61E-01 | 7.61E-01 | 2.37E+00 | 4.35E+00 |

Note LLD Values are included in Appendix A of this report

Note % Limit Values are included in Appendix B of this report
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BRAIDWOOD NUCLEAR POWER STATION
ANNUAL EFFLUENT REPORT FOR 2002
GAS RELEASES
UNIT 1 (Docket Number 50-456)
BATCH MODE

|Un|ts| 1st Qtr | 2nd Qtr | 3rd Qfr | 4th Qtr |

Total

A. Particulate ( > 8 day half-life) Releases

Cr-51 Ci * * * * *
Mn-54 Ci * * * * *
Co-57 Ci * * * * *
Co-58 Ci * * * * *
Fe-59 Ci * * * * *
Co-60 Ci * * * * *
Zn-65 c * * * * *
Sr-89 Ci * * * * *
Sr-90 Ci * * * * *
Mo-99 Ci * * * * *
Sn-117m Ci * * * * *
Cs-134 Ci * * * * *
Cs-137 Ci * * * * *
Ba\La-140 Ci * * * * *
Ce-141 Ci * * * * *
Ce-144 Ci * * * * *

* Value reported as Continuous Mode

B. Tritium Releases

|1 . Total Release Activity

[ Ci | 471E-01 | 7.51E-01 | 7.61E-01 | 2.37E+00 | 4.35E+00

C. Fission and Activation Gas Releases

Ar-41 Ci | 5.08E-02 | 5.92-02 | 4.70E-02 | 5.30E-02 | 2.10E-01
Kr-85 Ci <LLD <LLD <LLD <LLD <LLD
Kr-85m Ci <LLD 9.71E-04 <LLD <LLD 9.71E-04
Kr-87 Ci <LLD <LLD <LLD <LLD <LLD
Kr-88 Ci <LLD <LLD <LLD <LLD <LLD
Xe-131m Ci <LLD <LLD <LLD <LLD <LLD
Xe-133 Ci | 2.51E-02 | 8.25E-02 | 3.30E-02 | 3.93E-02 | 1.80E-01
Xe-133m Ci <LLD <LLD <LLD <LLD <LLD
Xe-135 Ci <LLD 2.88E-02 | 3.22E-04 | 6.23E-04 | 2.97E-02
Xe-135m Ci <LLD <LLD <LLD <LLD <LLD
Xe-138 Ci <LLD <LLD <LLD <LLD <LLD
D. lodine Releases

i-131 Ci * * * * *
1-132 Ci * * * * *
1-133 Ci > * * * ¥
i-134 Ci * * * * *
1-135 Ci * * * * *

* Value reported as Continuous Mode
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BRAIDWOOD NUCLEAR POWER STATION
ANNUAL EFFLUENT REPORT FOR 2002
GAS RELEASES

UNIT 1 (Docket Number 50-456)

CONTINOUS MODE

| Units I 1st Qtr | 2nd Qtr | 3rd Qtr | 4th Qtr | Total
A. Particulate { > 8 day half-life) Releases
Cr-51 Ci <LLD <LLD <LLD <LLD <LLD
Mn-54 Ci <LLD <LLD <LLD <LLD <LLD
Co-57 Ci <LLD <LLD <LLD <LLD <LLD
Co-58 Ci <LLD 1.03E-06 <LLD <LLD 1.03E-06
Fe-59 Ci <LLD <LLD <LLD <LLD <LLD
Co-60 Ci <LLD <LLD <LLD <LLD <LLD
An-65 Ci <LLD <LLD <LLD <LLD <LLD
Sr-89 Ci <LLD <LLD <LLD <LLD <LLD
Sr-90 Ci <LLD <LLD <LLD <LLD <LLD
Mo-99 Ci <LLD <LLD <LLD <LLD <LLD
Sn-117m Ci <LLD <LLD <LLD <LLD <LLD
Cs-134 Ci <LLD <LLD <LLD <LLD <LLD
Cs-137 Ci <LLD <LLD <LLD <LLD <LLD
Ba\lLa-140 Ci <LLD <LLD <LLD <LLD <LLD
Ce-141 Ci <LLD <LLD <LLD <LLD <LLD
Ce-144 Ci <LLD <LLD <LLD <LLD <LLD
B. Tritium Releases
1. Total Release Activity | ¢ | <D | <LLD <ttb | <«up | <D
C. Fission and Activation Gas Releases
Ar-41 Ci <LLD <LLD <LLD <LLD <LLD
Kr-85 Ci <LLD <LLD <LLD <LLD <LLD
Kr-85m Ci <LLD <LLD <LLD <LLD <LLD
Kr-87 Ci <LLD <LLD <LLD <LLD <LLD
Kr-88 Ci <LLD <LLD <LLD <LLD <LLD
Xe-131m Ci <LLD <LLD <LLD <LLD <LLD
Xe-133 Ci <LLD <LLD <LLD <LLD <LLD
Xe-133m Ci <LLD <LLD <LLD <LLD <LLD
Xe-135 Ci <LLD <LLD <LLD <LLD <LLD
Xe-135m Ci <LLD <LLD <LLD <LLD <LLD
Xe-138 Ci <LLD <LLD <LLD <LLD <LLD
D. lodine Releases
1-131 Ci <LLD <LLD <LLD 1.05E-06 1.05E-06
1-132 Ci <LLD <LLD <LLD <LLD <LLD
-133 Ci <LLD 8.82E-07 <LLD <LLD 8.82E-07
1-134 Ci <LLD <LLD <LLD <LLD <LLD
1-135 Ci <LLD <LLD <LLD <LLD <LLD
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BRAIDWOOD NUCLEAR POWER STATION
ANNUAL EFFLUENT REPORT FOR 2002
GAS RELEASES
UNIT 2 (Docket Number 50-457)
SUMMATION OF ALL RELEASES

[ Units | istQir | 2ndQtr | 3rdQtr | 4thQtr | Total |
A. Fission and Activation Gas Releases
1. Total Release Activity Ci 3.85E-01 | 2.26E-01 | 4.76E-02 | 5.18E-02 | 7.10E-01
2. Average Release Rate uCilsec | 4.95E-02 | 2.87E-02 | 5.99E-03 | 6.52E-03 | 2.25E-02
B. lodine Releases
1. Total I-131 Activity Ci <LLD |275E-06| <LLD <LLD | 2.75E-06
2. Average Release Rate uCilsec <LLD | 3.50E-07| <LLD <LLD | 8.72E-08
C. Particulate (> 8 day half-life) Releases
1. Gross Activity Ci <LLD | 541E-06| <LLD <LLD | 5.41E-06
2. Average Release Rate uCi/sec <LLD | 696E-07| <LLD <LLD | 1.72E-07
3 Gross Alpha Activity Ci <LLD <LLD <LLD <LLD <LLD
D. Tritium Releases
1. Total Release Activity Ci 9.14E-02 | 2.54E-02 | 3 92E-02 | 9.63E-02 | 2.52E-01
2. Average Release Rate uCirsec | 1.18E-02 | 3.23E-03 | 4.93E-03 | 1.21E-02 | 7.99E-03

E. Sum of lodine, Particulate (> 8 day half-life),

and Tritium Releases.

[1. Total Release Activity

| GCi

[0.14E-02 | 2.54E-02 | 3.92E-02 | 9.63E-02 | 2.52E-01 |

Note LLD Values are included in Appendix A of this report.

Note: % Limit Values are included in Appendix B of this report.
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BRAIDWOOD NUCLEAR POWER STATION
ANNUAL EFFLUENT REPORT FOR 2002

GAS RELEASES
UNIT 2 (Docket Number 50-457)
BATCH MODE
[Units | 1statr | 2ndQtr | 3rdQtr | 4thQtr | Total |
A. Particulate ( > 8 day half-life} Releases
Cr-51 Ci * * * * *
Mn-54 Ci * * * * *
Co-57 Ci * * * * *
Co-58 Ci * * * * *
Fe-59 Ci * * * * *
Co-60 Ci * * * * *
Zn-65 Ci * * * * *
Sr-89 Ci * * * * *
Sr-90 Ci * * * * *
Mo-99 Ci * * * * *
Sn-117m Ci * * * * *
Cs-134 Ci * * * * *
Cs-137 Ci * * * * *
Ba\La-140 Ci * * * * *
Ce-141 Ci * * * * *
Ce-144 Ci * * * * *
* Value reported as Continuous Mode
B. Tritium Releases
[1. Total Release Activity [ Ci | 9.14E-02 | 2.54E-02 | 3.92E-02 | 9.63E-02 | 2.52E-02 |
C. Fission and Activation Gas Releases
Ar-41 Ci 1.73E-01 | 6.59E-02 | 3.20E-02 | 3.17E-02 | 3.03E-01
Kr-85 Ci <LLD <LLD <LLD <LLD <LLD
Kr-85m Ci <LLD 9.71E-04 <LLD <LLD 9.71E-04
Kr-87 Ci <LLD <LLD <LLD <LLD <LLD
Kr-88 Ci <LLD <LLD <LLD <LLD <LLD
Xe-131m Ci <LLD <LLD <LLD <LLD <LLD
Xe-133 Ci 2.01E-01 | 1.26E-01 | 1.55E-02 | 2.01E-02 | 3.63E-01
Xe-133m Ci <LLD <LLD <LLD <LLD <LLD
Xe-135 Ci 1.12E-02 | 3.28E-02 | 1.05E-04 <LLD 4.41E-02
Xe-135m Ci <LLD <LLD <LLD <LLD <LLD
Xe-138 Ci <LLD <LLD <LLD <LLD <LLD

D. lodine Releases

|_131 * %* * * * *
|_1 32 * * L4 * * *
'_133 £ g *® * * * *
l_134 * * * * * *
|_135 * * * * * %

* Value reported as Continuous Mode
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BRAIDWOOD NUCLEAR POWER STATION
ANNUAL EFFLUENT REPORT FOR 2002

GAS RELEASES
UNIT 2 (Docket Number 50-457)
CONTINUOUS USE

[ Units | 4statrr | 2ndatr | 3rdatr | 4thQtr | Total

A. Particulate ( > 8 day half-life) Releases

Cr-51 Ci <LLD <LLD <LLD <LLD <LLD
Mn-54 Ci <LLD <LLD <LLD <LLD <LLD
Co-57 Ci <LLD 3.03E-06 <LLD <LLD | 3.03E-06
Co-58 Ci <LLD 2.38E-06 <LLD <LLD | 2.38E-06
Fe-59 Ci <LLD <LLD <LLD <LLD <LLD
Co-60 Ci <LLD <LLD <LLD <LLD <LLD
Zn-65 Ci <LLD <LLD <LLD <LLD <LLD
Sr-89 Ci <LLD <LLD <LLD <LLD <LLD
Sr-90 Ci <LLD <LLD <LLD <LLD <LLD
Mo-99 Ci <LLD <LLD <LLD <LLD <LLD
Sn-117m Ci <LLD <LLD <LLD <LLD <LLD
Cs-134 Ci <LLD <LLD <LLD <LLD <LLD
Cs-137 Ci <LLD <LLD <LLD <LLD <LLD
Ba\La-140 Ci <LLD <LLD <LLD <LLD <LLD
Ce-141 Ci <LLD <LLD <LLD <LLD <LLD
Ce-144 Ci <LLD <LLD <LLD <LLD <LLD
B. Tritium Releases

[1. Total Release Actvity]  Ci | <LLD <LLD <LLD <LLD | <LLD
C. Fission and Activation Gas Releases

Ar-41 Ci <LLD <LLD <LLD <LLD <LLD
Kr-85 Ci <LLD <LLD <LLD <LLD <LLD
Kr-85m Ci <LLD <LLD <LLD <LLD <LLD
Kr-87 Ci <LLD <LLD <LLD <LLD <LLD
Kr-88 Ci <LLD <LLD <LLD <LLD <LLD
Xe-131m Ci <LLD <LLD <LLD <LLD <LLD
Xe-133 Ci <LLD <LLD <LLD <LLD <LLD
Xe-133m Ci <LLD <LLD <LLD <LLD <LLD
Xe-135 Ci <LLD <LLD <LLD <LLD <LLD
Xe-135m Ci <LLD <LLD <LLD <LLD <LLD
Xe-138 Ci <LLD <LLD <LLD <LLD <LLD
D. lodine Releases

1-131 Ci <LLD 2.75E-06 <LLD <LLD | 2.75E-06
1-132 Ci <LLD <LLD <LLD <LLD <LLD
1-133 Ci <LLD <LLD <LLD <LLD <LLD
1-134 Ci <LLD <LLD <LLD <LLD <LLD
1-135 Ci <LLD <LLD <LLD <LLD <LLD
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BRAIDWOOD NUCLEAR POWER STATION
ANNUAL EFFLUENT REPORT FOR 2002

LIQUID RELEASES
UNIT 1 (Docket Number 50-456)
SUMMATION OF ALL RELEASES
[ Units [ 1stQtr | 2ndQtr | 3rdQtr | 4thQtr | Total |
A. Fission and Activation Products
1. Total Activity Released Ci 1.37E-02 | 2.39E-02 | 1.19E-02 | 3.81E-03 | 5.33E-02
2. Average Concentration Released uCi/ml | 5.66E-09 | 8.12E-09 | 3.68E-09 | 1.16E-09 | 4.48E-09
B. Tritium
1. Total Activity Released Ci 2.31E+02 | 2.25E+02 | 2.21E+02 | 4.94E+02 | 1.17E+03
2. Average Concentration Released uCiml | 9.54E-05 | 7.65E-05 | 6.84E-05 | 1.50E-04 | 9.85E-05
3. % of Limit (1E-3 uCi/ml) % 9.54E+00 | 7.65E+00 | 6.84E+00 | 1.50E+01 | 9.85E+00
C. Dissolved Noble Gases
1. Total Activity Released Ci 1.87E-04 | 2.14E-03 | 8.91E-05 | 1.23E-04 | 2.54E-03
2. Average Concentration Released uCim! | 7.72E-11 | 7.27E-10 | 2.76E-11 | 3.74E-11 | 2.14E-10
3. % of Limit (2E-4 uCi/ml) % 3.86E-05 | 3.64E-04 | 1.38E-05 | 1.87E-05 | 1.07E-04
D. Gross Alpha
1. Total Activity Released Ci <LLD <LLD <LLD <LLD <LLD
2. Average Concentration Released uCrvml <LLD <LLD <LLD <LLD <LLD
E. Volume of Releases
1. Volume of Liquid Waste to Discharge liters | 1.29E+06 | 2.17E+06 | 1.81E+06 | 1.02E+06 | 6.29E+06
2. Volume of Dilution Water liters | 2.42E+00 | 2.94E+09 | 3.23E+09 | 3.29E+09 | 1.19E+10

Note: LLD Values are included in Appendix A of this report.

Note: % Limit Values are included in Appendix B of this report
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BRAIDWOOD NUCLEAR POWER STATION
ANNUAL EFFLUENT REPORT FOR 2002
LIQUID RELEASES

UNIT 1 (Docket Number 50-456)

BATCH MODE
Nuclides From Batch Releases Units 1st Qir 2nd Qtr 3rd Qtr 4th Qtr Total
H-3 Ci 2.27E+02 | 2.25E+02 | 1.81E+02 | 3.59E+02 9.91E+02
Ar-41 Ci <LLD <LLD <LLD <LLD <LLD
Cr-51 Ci <LLD 1.41E-03 <LLD <LLD 1.41E-03
Mn-54 Ci 2.25E-04 6.16E-04 1.42E-04 3.76E-05 1.02E-03
Fe-55 Ci <LLD <LLD <LLD <LLD <LLD
Co-57 Ci 4.08E-05 6.66E-06 1.70E-06 6.25E-06 5.54E-05
Co-58 Ci 6.87E-03 6.21E-03 | 4.34E-03 9.56E-04 1.84E-02
Fe-59 Ci <LLD 1.40E-04 <LLD <LLD 1.40E-04
Co-60 Ci 1.74E-03 5.74E-03 1.77E-03 9.17E-04 1.02E-02
Ni-65 Ci <LLD 8 60E-06 <LLD <LLD 8.60E-06
Zn-65 Ci <LLD <LLD <LLD <LLD <LLD
Kr-85 Ci <LLD 1.06E-03 <LLD <LLD 1.06E-03
Kr-87 Ci <LLD <LLD <LLD <LLD <LLD
Kr-88 Ci <LLD <LLD <LLD <LLD <LLD
Sr-89 Ci <LLD <LLD <LLD <LLD <LLD
Sr-90 Ci <LLD <LLD <LLD <LLD <LLD
Nb-95 Ci 6.54E-05 2.13E-04 | 1.86E-06 <LLD 2.80E-04
Zr-95 Ci 3.45E-06 4.01E-05 <LLD <LLD 4.35E-05
Nb-97 Ci <LLD 5.17E-05 | 560E-05 2.55E-05 1.33E-04
Zr-97 Ci <LLD <LLD 3.00E-06 <LLD 3.00E-06
Tc-99m Ci <LLD 5.20E-06 <LLD <LLD 5.20E-06
Mo-99 Ci <LLD <LLD <LLD <LLD <LLD
Ag-110m Ci 1.60E-05 3.00E-04 1.76E-05 1.156E-05 3.45E-04
Sn-117m Ci <LLD <LLD <LLD <LLD <LLD
Sbh-122 Ci <LLD <LLD <LLD <LLD <LLD
Te-123m Ci 1.32E-04 2.23E-03 1.21E-04 9.66E-05 2.57E-03
Sb-124 Ci <LLD 1.68E-03 | 2.12E-03 1.14E-04 3.91E-03
Sh-125 Ci 2.05E-03 2.36E-03 | 3.27E-03 1.35E-03 9.02E-03
Te-125m Ci 2.56E-03 2.29E-03 <LLD <L.LD 4.85E-03
Xe-131m Ci 1.26E-04 <LLD <LLD <LLD 1.26E-04
1-131 Ci <LLD <LLD <LLD 3.08E-06 3.08E-06
1-132 Ci <LLD <LLD <LLD <LLD <LLD
1-133 Ci <LLD 5.80E-04 <LLD <LLD 5.80E-04
Xe-133 Ci 6 18E-05 1.08E-03 | 7.76E-05 1.24E-04 1.34E-03
Xe-133m Ci <LLD <LLD <LLD <LLD <LLD
Cs-134 Ci <LLD <LLD <LLD <LLD <LLD
Xe-135 Ci <LLD 3 83E-06 <LLD <LLD 3.83E-06
1-135 Ci <LLD <LLD <LLD <LLD <LLD
Cs-137 Ci 2.38E-05 <LLD <LLD 1.560E-05 3.88E-05
Cs-138 Ci <LLD <LLD <LLD <LLD <LLD
Xe-138 Ci <LLD <LLD 1.17E-05 <LLD 1.17E-05
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BRAIDWOOD NUCLEAR POWER STATION
ANNUAL EFFLUENT REPORT FOR 2002
LIQUID RELEASES

UNIT 1 (Docket Number 50-456)

BATCH MODE

muclldes From Batch Releases | Units | 1st Qtr | 2nd Qtr | 3rd Qtr | 4th Qtr | Total |
Ba\La-140 Ci <LLD <LLD <LLD 2.89E-04 2.89E-04
Ce-141 Ci <LLD <LLD <LLD <LLD <LLD
Ce-144 Ci <LLD <LLD <LLD <LLD <LLD
[-134 Ci <LLD 1.46E-05 | 5.15E-06 <LLD 1.98E-05
Cs-136 Ci <LLD 5.90E-06 <LLD <LLD 5.90E-06
Rb-88 Ci <LLD <LLD 4.11E-05 <LLD 4.11E-05
Br-82 Ci <LLD 5.80E-04 <LLD <LLD 5.80E-04
Na-24 Ci <LLD 4.17E-06 <LLD <LLD 4.17E-06
Tc-101 Ci <LLD 1.20E-05 <LLD <LLD 1.20E-05
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BRAIDWOOD NUCLEAR POWER STATION
ANNUAL EFFLUENT REPORT FOR 2002
LIQUID RELEASES
UNIT 1 (Docket Number 50-456)

~. CONTINUOUS MODE
[Nuchdes From Continuous Releases IUmtsI 1st Qtr | 2nd Qtr | 3rd Qtr | 4th Qtr | Total J
H-3 Ci | 4.49E+00 | 0.00E+00 | 4.03E+01 | 1.36E+02 | 1.81E+02
Ar-41 Ci <LLD <LLD <LLD <LLD <LLD
Cr-51 Ci <LLD <LLD <LLD <LLD <LLD
Mn-54 Ci <LLD <LLD <LLD <LLD <LLD
Fe-55 Ci <LLD <LLD <LLD <LLD <LLD
Co-57 Ci <LLD <LLD <LLD <LLD <LLD
Co-58 Ci <LLD <LLD <LLD <LLD <LLD
Fe-59 Ci <LLD <LLD <LLD <|.LD <LLD
Co-60 Ci <LLD <LLD <LLD <LLD <LLD
Ni-65 Ci <LLD <LLD <LLD <LLD <LLD
Zn-65 Ci <LLD <LLD <LLD <LLD <LLD
Kr-85 Ci <LLD <LLD <LLD <LLD <LLD
Kr-87 Ci <LLD <LLD <LLD <LLD <LLD
Kr-88 Ci <LLD <LLD <LLD <LLD <LLD
Sr-89 Ci <LLD <LLD <LLD <LLD <LLD
Sr-90 Ci <LLD <LLD <LLD <LLD <LLD
Nb-95 Ci <LLD <LLD <LLD <LLD <LLD
Zr-95 Ci <LLD <LLD <LLD <LLD <LLD
Nb-97 Ci <LLD <LLD <LLD <LLD <LLD
h Zr-97 Ci <LLD <LLD <LLD <LLD <LLD
—/ Tc-98m Ci <LLD <LLD <LLD <LLD <LLD
Mo-99 Ci <LLD <LLD <LLD <LLD <LLD
Ag-110m Ci <LLD <LLD <LLD <LLD <LLD
Sn-117m Ci <LLD <LLD <LLD <LLD <LLD
Sh-122 Ci <LLD <LLD <LLD <LLD <LLD
Te-123m Ci <LLD <LLD <LLD <LLD <LLD
Sb-124 Ci <LLD <LLD <LLD <LLD <LLD
Sb-125 Ci <LLD <LLD <LLD <LLD <LLD
Te-125m Ci <LLD <LLD <LLD <LLD <LLD
Xe-131m Ci <LLD <LLD <LLD <LLD <LLD
1-131 Ci <LLD <LLD <LLD <LLD <LLD
1-132 Ci <LLD <LLD <LLD <LLD <LLD
1-133 Ci <LLD <LLD <LLD <LLD <LLD
Xe-133 Ci <LLD <LLD <LLD <LLD <LLD
Xe-133m Ci <LLD <LLD <LLD <LLD <LLD
Cs-134 Ci <LLD <LLD <LLD <LLD <LLD
Xe-135 Ci <LLD <LLD <LLD <LLD <LLD
1-135 Ci <LLD <LLD <LLD <LLD <LLD
Cs-137 Ci <LLD <LLD <LLD <LLD <LLD
Cs-138 Ci <LLD <LLD <LLD <LLD <LLD
Xe-138 Ci <LLD <LLD <LLD <LLD <LLD
Bal\La-140 Ci <LLD <LLD <LLD <LLD <LLD
N Ce-141 Ci <LLD <LLD <LLD <LLD <LLD
Ce-144 Ci <LLD <LLD <LLD <LLD <LLD
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BRAIDWOOD NUCLEAR POWER STATION
ANNUAL EFFLUENT REPORT FOR 2002
LIQUID RELEASES
UNIT 2 (Docket Number 50-457)
SUMMATION OF ALL RELEASES

[ Units | 1stQtr [ 2ndQtr [ 3rdQtr | 4thQtr | Total |
A. Fission and Activation Products
1. Total Activity Released Ci 1.37E-02 | 2.39E-02 | 1.19E-02 | 3.81E-03 | 5.33E-02
2. Average Concentration Released| uCi/ml | 5.66E-09 | 8.12E-09 | 3.68E-09 | 1.16E-09 | 4.48E-09
B. Tritium
1. Total Activity Released Ci 2.31E+02 | 2.25E+02 | 2.21E+02 | 4.94E+02{ 1.17E+03
2. Average Concentration Released | uCi/ml | 9.54E-05 | 7.65E-05 | 6 84E-05 | 1.50E-04 | 9.85E-05
3. % of Limit (1E-3 uCi/mI) % 9.54E+00 | 7.65E+00 | 6.84E+00{ 1.50E+01 | 9.85E+00
C. Dissolved Noble Gases
1. Total Activity Released Ci 1.87E-04 | 2.14E-03 | 8.91E-05 | 1.23E-04 | 2.54E-03
2. Average Concentration Released| uCi/ml | 7.72E-11 | 7.27E-10 | 2.76E-11 | 3.74E-11 | 2.14E-10
3. % of Limit (2E-4 uCvml) % 3.86E-05 | 3.64E-04 | 1.38E-05 | 1.87E-05 | 1.07E-04
D. Gross Alpha
1. Total Activity Released Ci <LLD <LLD <LLD <LLD <LLD
2. Average Concentration Released} uCiml <LLD <LLD <LLD <LLD <LLD
E. Volume of Releases
1. Volume of Liquid Waste to Dischg __liters 1.29E+06 | 2.17E+06 | 1.81E+06 | 1.02E+06 | 6.29E+06
2. Volume of Dilution Water iters |2 42E+09 | 2.94E+09 | 3.23E+09 | 3.29E+09 | 1.19E+10

Note: LLD Values are included in Appendix A of this report.

Note: % Limit Values are included in Appendix B of this report
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BRAIDWOOD NUCLEAR POWER STATION

ANNUAL EFFLUENT REPORT FOR 2002
LIQUID RELEASES
UNIT 2 (Docket Number 50-456)

BATCH MODE
Nuclides From Batch Releases Units 1st Qtr 2nd Qtr 3rd Qtr 4th Qtr Total
H-3 Ci 2.27E+02 | 2.25E+02 | 1.81E+02 | 3.59E+02 9.91E+02
Ar-41 Ci <LLD <LLD <LLD <LLD <LLD
Cr-51 Ci <LLD 1.41E-03 <LLD <LLD 1.41E-03
Mn-54 Ci 2.25E-04 6.16E-04 | 1.42E-04 3.76E-05 1.02E-03
Fe-55 Ci <LLD <LLD <LLD <LLD <LLD
Co-57 Ci 4.08E-05 6.66E-06 | 1.70E-06 6.25E-06 5.54E-05
Co-58 Ci 6.87E-03 6.21E-03 | 4.34E-03 9.56E-04 1.84E-02
Fe-59 Ci <LLD 1.40E-04 <LLD <LLD 1.40E-04
Co-60 Ci 1.74E-03 574E-03 | 1.77E-03 9.17E-04 1.02E-02
Ni-65 Ci <LLD 8.60E-06 <LLD <LLD 8.60E-06
Zn-65 Ci <LLD <LLD <LLD <LLD <LLD
Kr-85 Ci <LLD 1.06E-03 <LLD <LLD 1.06E-03
Kr-87 Ci <LLD <LLD <LLD <LLD <LLD
Kr-88 Ci <LLD <LLD <LLD <L.LD <LLD
Sr-89 Ci <LLD <LLD <LLD <LLD <LLD
Sr-90 Ci <LLD <LLD <LLD <LLD <LLD
Nb-95 Ci 6.54E-05 2.13E-04 | 1.86E-06 <LLD 2.80E-04
Zr-95 Ci 3.45E-06 4.01E-05 . <LLD <LLD 4.35E-05
Nb-97 Ci <LLD 5.17E-05 | 5.60E-05 2.55E-05 1.33E-04
Zr-97 Ci <LLD <LLD 3.00E-06 <LLD 3.00E-06
Tc-99m Ci <LLD 5.20E-06 <LLD <LLD 5.20E-06
Mo-99 Ci <LLD <LLD <LLD <LLD <LLD
Ag-110m Ci 1.60E-05 3.00E-04 [ 1.76E-05 1.15E-05 3.45E-04
Sn-117m Ci <LLD <LLD <LLD <LLD <LLD
Sb-122 Ci <LLD <LLD <LLD <LLD <LLD
Te-123m Ci 1 32E-04 2.23E-03 | 1.21E-04 9.66E-05 2.57E-03
Sb-124 Ci <LLD 1.68E-03 | 2.12E-03 1.14E-04 3.91E-03
Sb-125 Ci 2.05E-03 2.36E-03 | 3.27E-03 1.35E-03 9.02E-03
Te-125m Ci 2.56E-03 2.29E-03 <LLD <LLD 4.85E-03
Xe-131m Ci 1.26E-04 <LLD <LLD <LLD 1.26E-04
1-131 Ci <LLD <LLD <LLD 3.08E-06 3.08E-06
|-132 Ci <LLD <LLD <LLD <LLD <LLD
1-133 Ci <LLD 5.80E-04 <LLD <LLD 5.80E-04
Xe-133 Ci 6.18E-05 1.08E-03 7.76E-05 1.24E-04 1.34E-03
Xe-133m Ci <LLD <LLD <LLD <LLD <LLD
Cs-134 Ci <LLD <LLD <LLD <LLD <LLD
Xe-135 Ci <LLD 3 83E-06 <LLD <LLD 3.83E-06
1-135 Ci <LLD <LLD <LLD <LLD <LLD
Cs-137 Ci 2.38E-05 <LLD <LLD 1.50E-05 3.88E-05
Cs-138 Ci <LLD <LLD <LLD <LLD <LLD
Xe-138 Ci <LLD <LLD 1.17E-05 <LLD 1.17E-05
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BRAIDWOOD NUCLEAR POWER STATION
ANNUAL EFFLUENT REPORT FOR 2002
LIQUID RELEASES
UNIT 2 (Docket Number 50-456)

BATCH MODE

Nuclides From Batch Releases | Units l 1st Qtr | 2nd Qtr | 3rd Qtr | 4th Qtr | Total |
Ba\La-140 Ci <LLD <LLD <LLD 2.89E-04 2.89E-04
Ce-141 Ci <LLD <LLD <LLD <LLD <LLD
Ce-144 Ci <LLD <LLD <LLD <LLD <LLD
1-134 Ci <LLD 1.46E-05 | 5.15E-06 <LLD 1.98E-05
Cs-136 Ci <LLD 5.90E-06 <LLD <LLD 5.90E-06
Rb-88 Ci <LLD <LLD 4.11E-05 <LLD 4.11E-05
Br-82 Ci <LLD 5.80E-04 <LLD <LLD 5.80E-04
Na-24 Ci <LLD 4.17E-06 <LLD <LLD 4.17E-06
Tc-101 Ci <LLD 1.20E-05 <LLD <LLD 41.20E-05
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BRAIDWODO NUCLEAR POWER STATION
ANNUAL EFFLUENT REPORT FOR 2002
LIQUID RELEASES
UNIT 2 (Docket Number 50-457)

CONTINUOQOUS MODE
_/
Nuchdes From Continuous Releases | Units | 1st Qtr | 2nd Qtr l 3rd Qtr | 4th Qtr | Total |
H-3 Ci | 4.49E+00 | 0.00E+00 | 4.03E+01 | 1.36E+02 [ 1.81E+02
Ar-41 Ci <LLD <LLD <LLD <LLD <LLD
Cr-51 Ci <LLD <LLD <LLD <LLD <LLD
Mn-54 Ci <LLD <LLD <LLD <LLD <LLD
Fe-55 Ci <LLD <LLD <LLD <LLD <LLD
Co-57 Ci <LLD <LLD <LLD <LLD <LLD
Co-58 Ci <LLD <LLD <LLD <LLD <LLD
Fe-59 Ci <LLD <LLD <LLD <LLD <LLD
Co-60 Ci <LLD <LLD <LLD <LLD <LLD
Ni-65 Ci <LLD <LLD <LLD <LLD <LLD
Zn-65 Ci <LLD <LLD <LLD <LLD <LLD
Kr-85 Ci <LLD <LLD <LLD <LLD <LLD
Kr-87 Ci <LLD <LLD <LLD <LLD <LLD
Kr-88 Ci <LLD <LLD <LLD <LLD <LLD
Sr-89 Ci <LLD <LLD <LLD <LLD <LLD
Sr-90 Ci <LLD <LLD <LLD <LLD <LLD
Nb-95 Ci <LLD <LLD <LLD <LLD <LLD
Zr-95 Ci <LLD <LLD <LLD <LLD <LLD
Nb-97 Ci <LLD <LLD <LLD <LLD <LLD
W Zr-97 Ci <LLD <LLD <LLD <LLD <LLD
Tc-99m Ci <LLD <LLD <LLD <LLD <LLD
Mo-99 Ci <LLD <LLD <LLD <LLD <LLD
Ag-110m Ci <LLD <LLD <LLD <LLD <LLD
Sn-117m Ci <LLD <LLD <LLD <LLD <LLD
Sb-122 Ci <LLD <LLD <LLD <LLD <LLD
Te-123m Ci <LLD <LLD <LLD <LLD <LLD
Sb-124 Ci <LLD <LLD <LLD <LLD <LLD
Sb-125 Ci <LLD <LLD <LLD <LLD <LLD
Te-125m Ci <LLD <LLD <LLD <LLD <LLD
Xe-131m Ci <LLD <LLD <LLD <LLD <LLD
I-131 Ci <LLD <LLD <LLD <LLD <LLD
1-132 Ci <LLD <LLD <LLD <LLD <LLD
1-133 Ci <LLD <LLD <LLD <LLD <LLD
Xe-133 Ci <LLD <LLD <LLD <LLD <LLD
Xe-133m Ci <LLD <LLD <LLD <LLD <LLD
Cs-134 Ci <LLD <LLD <LLD <LLD <LLD
Xe-135 Ci <LLD <LLD <LLD <LLD <LLD
1-135 Ci <LLD <LLD <LLD <LLD <LLD
Cs-137 Ci <LLD <LLD <LLD <LLD <LLD
Cs-138 Ci <LLD <LLD <LLD <LLD <LLD
Xe-138 Ci <LLD <LLD <LLD <LLD <LLD
. Ba\La-140 Ci <LLD <LLD <LLD <LLD <LLD
— Ce-141 Ci | <LLD <LLD <LLD <LLD <LLD
Ce-144 Ci <LLD <LLD <LLD <LLD <LLD
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BRAIDWOOD NUCLEAR POWER STATION

RADIOACTIVE EFFLUENT RELEASE REPORT FOR 2002
SOLID RADIOACTIVE WASTE
UNIT 1 AND 2 COMBINED (Docket Numbers 50-456 and 50-457)

A. SOLID WASTE SHIPPED OFFSITE FOR BURIAL OR DISPOSAL

1. Types of Waste
a. Process Waste 1st Qtr 2nd Qtr 3rd Qtr 4th Qtr Yr total
Total (m°)= 5.83E+00 5.83E+00 1.59+02 0.00E+00  1.71E+02
Total (C)= 4.09E+01 1 15E+01 1.21E+01 0.00E+00 6.45E+01
% Error= 2.50E+01 2.50E+01 2.50E+01 2.50E+01
b. Dry Active Waste 1st Qtr 2nd Qtr 3rd Qtr 4th Qtr Yr total
Total (m®) = 0.00E+00 1.15E+02 7.65E+01 1.45E+02 3.37E+02
Total (Ci)= 0.00E+00  4.75E-01 1.45E-01 308E-02 6.51E-01
% Error = 2.50E+01 2.50E+01 2.50E+01 2.50E+01
2. Estimate of major nuclide composition (by type of waste)
a_Process Waste
1st Qtr 2nd Qtr 3rd Qtr 4th Qtr Yr total
Nuclide Ci Ci Ci C Ci % Composition
H-3 324E+01 4.56E+00 1.55E-02 0.00E+00 3.70E+01 5.73E+01
*Cr-14 2.64E+00 2.19E+00 5.39E+00 0.00E+00 1.02E+01 1.58E+01
Cr-51 3 00E+00 2.56E+00 357E+00 0.00E+00 9.13E+00 1.42E+01
Mn-54 1.77E+00 1.49E+00 2.75E+00 0.00E+00 6.01E+00 9.32E+00
*Fe-55 5 58E-01 1.61E-01 5.19E-02 0.00E+00 7.71E-01 1.20E+00
Fe-59 1.16E-01 9.63E-02 2.40E-01 0.00E+00 4 52E-01 7.01E-01
Co-57 2.32E-01 5.56E-02 3.97E-03  0.00E+00 2 92E-01 4 52E-01
Co-58 590E-02 1.65E-01 8.78E-03  0.00E+00  1.02E-01 3.61E-01
Co-60 261E-02 2.17E-02 540E-02 0.00E+00 1.02E-01 1.58E-01
*N-59 3.92E-02 5.44E-02 1.76E-04  0.00E+00  9.38E-02 1.45E-01
*Ni-63 9.26E-03 529E-02 2.71E-02 0.00E+00  8.93E-02 1.38E-01

*Activities based on 10CFR61 scaling factors
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N/

b_Dry Active Waste

1st Qtr 2nd Qtr 3rd Qtr 4th Qtr Yr total

Nuclide Ci Ci Ci Ci Ci % Composition
H-3 000E+00  1.53E-01 4 26E-02 107E-02  2.06E-01 3.17E+01
*Cr-14  0.0E+00 1.32E-01 3.67E-02 9.21E-03 1.78E-01 2.73E+01
Cr-51 0.00E+00 8.91E-02 247E-02 6.25E-03 1.20E-01 1.84E+01
Mn-54 0.00E+00 3.16E-02  2.19E-02  0.00E+00  5.35E-02 8.21E+00
*Fe-55 0.00E+00 3.25E-02  9.00E-03 2.09E-03  4.36E-02 6.69E+00
Co-57 0.00E-00 6.71E-03 1.85E-03  3.93E-04  8.95E-03 1.37E+00
Co-58 0.00E+00 5.79E-03 161E-03 4.08E-04 7.81E-03 1.20E+00
Co-60 0.00E+00 5.62E-03 1.56E-03  3.95E-04 7.58E-03 1.16E+00
*Ni-59 0.00E+00  5.27E-03 1.46E-03  3.64E-04 7.0SE-03 1.08E+00
*Ni-63 0.00E+00 4 07E-03 1.13E-03  2.59E-04  5.46E-03 8.38E-01
Sr-89 0.00E+00  4.02E-03 1.11E-03 2.81E-04 541E-03 8.31E-01
Sr-90 0.00E+00 1.74E-03 4.78E-04 967E-05 2.31E-03 3.55E-01
Zr-95 0.00E+00 1.30E-03  3.62E-04  9.18E-05 1.75E-03 2.69E-01
Nb-95 0.00E+00 6.96E-04 1.93E-04 4.40E-05 9.33E-04 1.43E-01
*Tc-99 0.00E+00  5.34E-04 1.48E-04 367E-05 7.19E-04 1.10E-01

*Activities based on 10CFR61 scaling factors

Number of Shipments: 10

Mode of Transportation: Exclusive Use

Destination: Envirocare, Clive, Utah (2)
GTS Duratek, Kingston, Tennessee (4)
GTS Duratek, Oak Ridge, Tennessee (4)

B. IRRADIATED FUEL SHIPMENTS

No irradiated fuel shipments for January through December, 2002
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BRAIDWOOD NUCLEAR POWER STATION
RADIOACTIVE EFFLUENT RELEASE REPORT FOR 2002
SOLID RADIOACTIVE WASTE
UNIT 1 AND 2 COMBINED (Docket Numbers 50-456 and 50-457)

Shipment Number Waste Class Type of Container Solidification Agent
RWS02-001 AU Type A Cask None
RWS02-002 AU STC None
RWS02-003 AU STC None
RWS02-004 AU STC None
RWS02-005 AS Cask STC None
RWS02-006 AU STC None
RWS02-007 AU STC None
RWS02-008 AU STC None
RwWS02-009 AU STC None
RWS02-010 AU STC None
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BRAIDWOOD NUCLEAR POWER STATION
RADIOACTIVE EFFLUENT RELEASE REPORT FOR 2002
UNIT 1 AND 2 COMBINED (Docket Numbers 50-456 and 50-457)

The following items reflect changes to the Braidwood Station Process Control Program implementing
procedure(s). BWRP 5600-13, 10CFR61 Waste Stream Sampling and Analysis, was changed to
move the Radwaste (WX) Mixed Bed Demineralizers from the Primary Resin Waste Stream into the
Radwaste Resin Waste Stream to reflect the way the demineralizers are currently being used for
processing The Steam Generator Blowdown Demineralizers (SGBD) and Condensate Polisher
Demineralizers (CP) were moved from the Secondary Resin Waste Stream into the Radwaste Resin
Waste Stream, and the Secondary Resin Waste Stream was eliminated This eliminates the cost
and effort required for sampling and analyzing one waste stream, while moving the SGBD and CP
resin waste types into the more conservative and more highly concentrated Radwaste Resin Waste
Stream

There were no changes to the installed liquid, gaseous, or solid radwaste treatment systems in 2002.

There were no liquid release tanks or gas decay tanks which exceeded the imits addressed in the
ODCM-RETS

Pursuant to ODCM-RETS Section 12.6.2, the following is an explanation as to why the inoperability of
liquid or gaseous effluent monitoring instrumentation was not corrected within the time specified in
ODCM-RETS.

There were no liquid or gaseous effluent monitoring instruments that exceeded their specified
inoperability time in 2002

Error in Measurement -

The following is an estimate of the errors associated with effluent monitoring and analysis. The
estimate is calculated using the square root of the sum of the squares methodology.

A. Gaseous Effluents Est Total Error %
1. Fission and Activation
Gas Releases 7 59
2. lodine Releases 33.2
3. Particulates (>8 day half life)
Releases 19.8
4, Tritium Releases 8.07
B. Liquid Effluents Est. Total Error %
1. Fission and Activation
Products 2.64
2. Tritium 5.85
3 Dissolved Noble Gases 2.64
4 Gross Alpha 14.7
5 Volume of Liquid Waste
to Discharge 2.0
6. Volume of Dilution Water 1.5
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6. The complete ODCM manual with changes is attached. The following is @ summary of the 2002
Revisions to the Exelon Nuclear Offsite Dose Calculation Manual (ODCM).

Generic Section

\_/ Table of Contents

Page or Section

Cover Page
Table of Contents
Chapter 1

Page or Section

page vil
1.0

1.1

Chapter 2

Page or Section

N/ 2.0

214
2145

2.4

25

Table 2-1

Change Description

Replaced ComEd logo with Exelon Nuclear logo.

Updated table of contents to reflect changes to generic section of ODCM.

Change Description
Added “INTRODUCTION?" to chapter heading

Last paragraph. Changed "ComEd" to "Exelon Nuclear”

Revised first sentence of first paragraph to read: "The manual is the ODCM
for the following Exelon Nuclear power stations: Braidwood, Byron, Dresden,
LaSalle, Quad Cities and Zion."

Second paragraph. Changed "ComEd" to "Exelon Nuclear”

Revised second sentence in second paragraph to read: "Appendices A and
B provide detailed information on specific aspects of the methodology."

Change Description

Editorial revision. Changed "CFR" to read " Code of Federal Regulations
(CFR)"

Changed "whole body" to "total body"

Changed "whole body" to "total body"
Changed "ComEd" to "Exelon Nuclear" Editorial revision. Changed
“calculational” to “calculation” in last sentence of last paragraph.

Changed "whole body" to "total body"
Added “(or TEDE)” to first paragraph

Revised section to indicate that dose methodology is based upon maximum
individual concept of Regulatory Guide 1.109 and NUREG 0133. Clarified
location of dose receptor based upon NUREG 0133.

Revised references to equation numbers.

Added footnote 4 to explanation of Total Effective Dose Equivalent.
Changed "whole body" to "total body"

Changed "ComEd" to "Exelon Nuclear" in footnote 2.

p:\depts\zd84g\environsgroup\2002eff.doc



Chapter 2 (cont.)

Page or Section

Table 2-2

Table 2-3

Figure 2-1

Chapter 3

Page or Section

3.1

3.2

Figure 3-1

Change Description

Clarified reference to Table F-8.

Deleted reference to direct dose from radioactivity deposited on the ground.
Added reference to dose due to radioiodines, tritium and particulates with
half-lives greater than 8 days for inhalation, ingestion of vegetation, milk and
meat, and ground plane exposure pathways.

Deleted reference to receiver at unrestricted area boundary location with
highest D/Q.

Defined dose receptor in accordance with methodology of NUREG 0133.
Deleted reference to Total Effective Dose Equivalent replacing it with Total
Dose.

Added. “Note it may also be necessary to address dose from on-site activity
by members of the public.”

Deleted footnote 1.

Revised to reflect new equation and section numbers.

Changed "whole body" to "total body"

Deleted reference to 10CFR20 requirement for instantaneous dose rate
limits from airborne radioactivity and added reference to RETS.
Revised footnote 1 to include all groups for 10CFR20 and 40CFR190
compliance assessment.

Deleted reference to FGR 11 in footnote 1.

Added footnote 4 to explanation of Total Effective Dose Equivalent.
Changed receptor from "Adult” to "Child" for Non-Noble Gas Inhalation dose
rate.

Changed "whole body" to "total body"

Revised references to new section numbers.

Changed “Leafy Vegetables” {o “Vegetation”

Deleted reference to “Produce”

Revised footnote ¢ to reflect changes in location of dose receptor.
Changed "ComEd" to "Exelon Nuclear” in footnote 2.

Change Description

Deleted reference to Figure 3-1.

Changed “Radiation from radioactivity airborne...” to read, “External
Radiation from radioactivity airborne...”

Changed “Radiation from radioactivity deposited...” to read, “External
Radiation from radioactivity deposited...”

Deleted references to "transfer of radioactivity deposited on the soil" for
vegetation and animal food products.

Delete last paragraph and added statement: “Dose for airborne releases is
assessed at the location in the unrestricted area where the combination of
existing pathways and receptor age groups indicates the maximum potential
exposures "

Delete references to the following pathways: direct exposure, shoreline
exposure, vegetation irrigation and animal food product irrigation.
Changed "ComEd" to "Exelon Nuclear”

Revised Figure 3-1 to reflect NUREG 0133 pathways.
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Chapter 4

Page or Section

4.0

411

413

421

4211

Change Description

Changed "ComEd" to "Exelon Nuclear”

Deleted, “and Dose Commitment” from section title.

Deleted last sentence of first paragraph

Changed first sentence of second paragraph to read: "Internal exposure
occurs when the source of radioactivity is inside the body."

Editorial change, second paragraph. Changed “eating” to “consumption of.”
Deleted definition of ingested activity.

Added paragraph to define dose as used by Regulatory Guide 1.109.

Editorial revision. Changed “...deposited the radioactivity on vegetation’ to
read “deposited radioactivity on vegetation.”
Changed notation for “N"®" to “'°N.”

Changed "ComEd" to "Exelon Nuclear”
Editonal revision. Changed "where-as" to "whereas".
Editorial revision. Deleted “(Ci)" in second paragraph.

Revised first paragraph to read. * The dose impact from airborne release of

radioactivity, is determined by the height of the release of the effluent plume
relative to the ground and by the location of the dose recipient.”

Changed second paragraph from, “It has been found that the height an..."to
read “The height an...”

Changed "ComEd" to "Exelon Nuclear".

Changed “X/0” to “x/Q.”

Added reference to “gamma-x/Q"

Deleted reference to Gamma Air Dose Factor.

Deleted reference to Whole Body Dose Factor.

Changed first sentence of last paragraph to read, “The bases sections of the
Standard Radiological Effluent Technical Specifications (guidance
documents NUREGs 0472, 0473, 1301 and 1302)..."

Changed “X/0Q” to “x/Q

Added reference to “gamma-y/Q."

Added verbal definition of gamma-x/Q.

Changed “methodology” to “methodologies” in last paragraph.

Changed “X/0"” to “y/Q
Changed "ComEd" to "Exelon Nuclear"

Added discussion of how gamma-y/Q impacts assessment of gamma air
dose.

Revised definition of Finite Cloud Gamma Air Dose Factor to be consistent
with that of Regulatory Guide 1.109 and the use of gamma-y/Q.

Revised definition of Semi-Infinite Cloud Gamma Air Dose Factor to be
consistent the use of gamma-x/Q

Changed section title from "The Gamma Air Dose Factor” to "Finite Cloud
Gamma Air Dose Factor”
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Chapter 4 (cont.)

Page or Section

4212

422

423

424

425

426

4.2.7

43

Change Description

Revised definition of Semi-Infinite Cloud Gamma Air Dose Factor to be
consistent the use of gamma-x/Q.

Changed first sentence of first paragraph to read: " The term ‘beta air dose’
refers to the component of dose absorbed by air resulting from the
absorption of energy from emissions of beta particles..."

Revised definition of Beta Air Dose Factor to be consistent with that of
Regulatory Guide 1.109.

Revised wording referring to "Whole Body" to read "Total Body" to be
consistent with that of Regulatory Guide 1.109 and NUREG 0133.

Deleted references to deep dose equivalent and DDE.

Revised references to equation numbers

Revised definition of Whole Body Dose Factor (now Total Body Dose Factor)
to be consistent with that of Regulatory Guide 1.109 and NUREG 0133

Deleted reference to shallow dose equivalent and SDE.

Revised references to equation numbers

Revised definition of Skin Dose Factor to be consistent with that of
Regulatory Guide 1.109 and NUREG 0133.

Changed "whole body" to "total body"

Deleted reference to deep dose equivalent

Revised wording referring to "Whole Body" to read "Total Body."
Revised references to equation numbers.

Editorial revision. Deleted last two sentences of last paragraph.

Replaced wording of "Dose Commitment" with "Dose".

Deleted reference to C-14

Revised references to equation numbers.

Deleted reference to committed dose equivalent and CDE.

Revised definition of inhalation Dose Factor to be consistent with that of
Regulatory Guide 1.109 and NUREG 0133.

Changed receptor age group from "Adult" to "Child."

Replaced reference to "Leafy Vegetables” with "Vegetables."

Deleted reference to "Produce”

Deleted reference to absorption by vegetation.

Changed "ComEd" to "Exelon Nuclear"

Editorial revision. Replaced "Milk, and" with "Milk"

Revised references to equation numbers.

Deleted reference to FGR 11.

Changed last sentence of section to read. "The equations used for
radioactivity concentration on vegetation and in milk and meat are discussed
in Appendix A"

Changed "ComEd" to "Exelon Nuclear”

Deleted reference to dose rate.

Changed "bio-accumulation” to "bioaccumulation.”

In first paragraph changed wording "principal pathways" to "pathways."

In first paragraph changed wording, "from both the drinking water" to "from
the drinking water.”

Revised references to equation numbers

Revised wording to reflect change from Regulatory Guide 1.109 to NUREG
0133 dose calculation methodology.
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Chapter 4 (cont.)

Page or Section

4.4

441

442

4.5

4.6

Table 4-1

Table 4-2

Chapter 5

Page or Section

52

Chapter 6

Page or Section

6.1

63

64

Change Description

Changed "whole body" to "total body"
Changed "rad" to "radioactive" in last sentence of last paragraph.

Changed notation for “N'®" to *'°N.”
Revised references to equation numbers.

Editorial revision' Changed "Low level" to "Low-level" in first sentence of first
paragraph

Changed "ComEd" to "Exelon Nuclear”

Editorial revision: changed "In addition Rad Material may be stored on site:"
to read, "Rad Material may be stored on site."

Added reference to ISFSI facilities.

Revised to address details of how 10CFR20 compliance will be
demonstrated.
Reference to TEDE was deleted.

Changed notation for “N'®" to “'°N.”

Deleted reference to C-14.
Deleted footnote 1.
Revised to reflect changes in footnotes.

Changed "Whole Body" to "Total Body"

Changed units for whole body (now total body) dose factor from "mrad/yr per
pCifm*" to "mrem/yr per uCifm™

Changed Name and Symbol for ground plane to "Ground Plane Dose
Conversion Factor”

Deleted references to S, V;and G.,.

Revised references to equation numbers

Revised units for Gamma Air Dose Factors.

Deleted Inhalation Dose Commitment Factor reference to FGR 11.
Deleted Ingestion Dose Commitment Factor reference to FGR 11.
Deleted reference to FGR 11 from table Note 1.

Change Description

Changed "station's" to "stations
Changed "ComEd" to "Exelon Nuclear"

Change Description

Changed third sentence of first paragraph to read, "These data are used...
Deleted last paragraph.

Changed reference to "GSRPD" to "corporate”

Deleted
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Chapter 7

Page or Section

Reference 93

Reference 104

Reference 105

Reference 106

Reference 107:

Appendix A

Page or Section

Table of Contents

A0

A1.21

A122

A123

A124

A1.3.1

A132

Change Description

Deleted

Added: " Federal Register, Vol. 56, No. 98, Tuesday, May 21, 1991, page
23374, column 3."

Added: " U.S. Nuclear Regulatory Commission, Offsite Dose Calculation
Manual Guidance: Standard Radiological Effluent Controls for Pressurized
Water Reactors, NUREG-1301, April 1991."

Added " U.S. Nuclear Regulatory Commission, Offsite Dose Calculation
Manual Guidance: Standard Radiological Effluent Controls for Boiling Water
Reactors, NUREG-1302, April 1991."

Added. " U.S. Nuclear Regulatory Commission, LADTAP 11 - Technical
Reference and Users Guide, NUREG-4013, April 1986."

Change Description

Updated table of contents to reflect changes to Appendix A

Revised "These factors, X/Q and D/Q are defined..." to read, "These
atmospheric dispersion and deposition factors..."

Reworded to remove references to meteorologically based dose factors.
Deleted fifth paragraph and added the statement, "This section of the ODCM
provides the methodological details for demonstrating compliance with the
10CFR20, 10CFR50 Appendix | and 40CFR190 radiclogica! limits for liquid
and gaseous effluents.”

Revised section to reflect change to NUREG 0133 and gamma-y/Q
methodology.
Clarified location of calculation for gamma air dose.

Revised section to reflect change to NUREG 0133 methodology.
Clarified location of calculation for beta air dose.

Revised section to reflect change to NUREG 0133 and gamma-y/Q
methodology.

Changed "whole body" to "total body."

Clarified location of calculation for total body noble gas dose.

Revised section to reflect change to NUREG 0133 and gamma-y/Q
methodology.
Clarified location of calculation for skin noble gas dose.

Revised section to reflect change to NUREG 0133 and gamma-x/Q
methodology.

Deleted references to deep dose equivalent

Changed "whole body" to "total body."

Revised section to reflect change to NUREG 0133 and gamma-y/
methodology. '
Deleted reference to "shallow dose equivalent rate”
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Appendix A (cont.)

Page or Section

A14

A1.41

A14.2
A1.43
A.1.4.31
A1.43.2
A1.4.33
A15

A16

A2

A211

A21.2

A22

A23

A25

A3

Change Description

Revised to reflect change to NUREG 0133 methodology.
Added paragraph to define dose as used by Regulatory Guide 1.109.
Clarified location of calculation for dose due to non-noble gas radionuclides.

Revised to reflect change to NUREG 0133 methodology.
Changed "whole body" to "total body”

Revised to reflect change to NUREG 0133 methodology.
Revised to reflect change to NUREG 0133 methodology.
Revised to reflect change to NUREG 0133 methodology.
Revised to reflect change to NUREG 0133 methodology.
Revised to reflect change to NUREG 0133 methodology.

Revised to reflect change to NUREG 0133 methodology.
Changed age group typically considered as dose rate receptor from adult to
child in accordance with guidance in NUREGs 0472, 0473, 1301 and 1302.

Deleted last paragraph of "Requirements”
Revised equation numbers

Deleted references to dose commitment.
Deleted references to FGR 11.
Revised to reflect change to NUREG 0133 methodology.

Added section for potable water pathway dose factors.
Added section for fish ingestion pathway dose factors.

Editorial revision: changed format of Equation A-21.

Editorial revision: changed "over index | (radionuclides)." to read "over
radionuclides i "

Editorial revision: changed "mL" to "ml"

Deleted wording "(if approved)" in definition of Tech Spec Multiplier.
Revised equation numbers.

Editorial revision: changed "mL" to "m!"
Revised Equation A-22 to reflect terminology of Equation 18.
Revised definition of dilution flow to be consistent with NUREG 0133.

Changed "whole body" to "total body."

Revised equation numbers

Changed wording in last paragraph from, "Projected radionuclide releases
are used in placed of measured releases, A, " to read, "Projected
radionuclide release concentrations are used in placed of measured
concentration, C, "

Changed "ComEd" to "Exelon Nuclear”

Changed notation for “N'®" to *'°N.”

Added "(boiling water reactor)”

Chanced reference to "whole body" to "total body."
Deleted references to deep dose equivalent.
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Appendix A (cont.)

Page or Section
A 3.1

A32

A4

A4

A42
A43

Ab5A1

A 511

Ab512

Ab2

A6
AB2

Table A-1

Change Description

Changed "ComEd" to "Exelon Nuclear"

Changed notation for “N'®" to *'°N.”

Changed notation for “0**" to “'°0.”

Editorial revision: Reworded paragraph 4.

Editonial revision: changed format of Equation A-23.
Deleted references to deep dose equivalent.

Added bullet "Independent Spent Fuel Storage Installation (ISFSI) facilities”
Deleted next-to-last paragraph.

Revised equation numbers

Changed "ComEd" to "Exelon Nuclear”

Section reworded to reflect change to NUREG 0133 methodology.
Section reworded to reflect compliance with 10CFR20 to be based upon
compliance with 40CFR190.

Changed title of section o "External Total Body Dose"

Deleted references to deep dose equivalent.

Deleted item 3 following first paragraph and incorporated into item 2.
Changed references {o "whole body" to "total body"

Deleted CEDE Methodology
Changed TEDE methodology to Total Dose

Section reworded to reflect compliance with 10CFR20 to be based upon
compliance with 40CFR190

Deleted 2™ paragraph.

Section reworded to reflect compliance with 10CFR20 to be based upon
compliance with 40CFR190.

Changed “whole body” to “total body”

Editorial revision: Changed "The calculation of compliance to 40CFR190
regulations is now required as part of demonstration of compliance to
10CFR290 regulations.” to read, "Compliance with the 40CFR190
regulations is now required as part of demonstration of complhance with
10CFR20 regualtions per 10CFR20 1301(d) "

Revised equation numbers.

Added wording, "(not verbatim)"

Changed "radionuclides” to "radionuclide” in second sentence of first
paragraph
Revised equation numbers

Deleted references to CDE.

Deleted references to TEDE.

Added wording to reflect compliance with 10CFR20 to be based upon
compliance with 40CFR190.

Changed "whole body" to "total body."

Added the wording "Instantaneous’ noble gas total body and skin dose
rates and radioiodine, tritium and particulate inhalation dose rates to a child
due to radioactivity in airborne effluents "

Deleted first sentence of footnote 1.
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Appendix A (cont.)

Page or Section
Table A-2

Table A-3

Table A-4

Appendix B
Page or Section
Table of Contents

B.0

B.21
B22

B.3

B.31
B.3.2
B.3.3

B.3.4

B.3.5
B4
B4
B4.2
B.4.3
B.5

B.5.1

Change Description

Revised Table to include "Chemical Cleaning" and "Vent (Mixed Mode)" for
Dresden 1.

Changed "ComEd" to "Exelon Nuclear"

Revised equation numbers.

Changed references to "whole body" to "total body "

Changed wording, "Deep Dose Equivalent" to "Total Body Dose."
Changed wording, "Committed Dose Equivalent" to "Organ Dose."
Added table note 1c

Deleted table note 2.

Change Description

Updated table of contents to reflect changes to Appendix B.

Added reference to gamma-y/Q.

Deleted references to meteorologically dependent dose factors
Changed wording in last paragraph from, "Most of these equations..." to
"These equations..."

Revised section numbers.

Changed "X" to "y"

Changed "X" to "x"

Revised equation numbers.

Changed first sentence of first paragraph to read, ". .provides a simplified
method of calculating...”

Changed "X" to "y"

Changed "X" to "y"

Changed "X" to "y"

Changed "X" to "¢"

Deleted last sentence of 1* paragraph.
Changed "X" to "y"

Added section to address to gamma-y/Q methoedology.
Revised equation numbers.
Revised equation numbers.
Revised equation numbers.
Revised equation numbers.
Revised equation numbers

Revised equation numbers
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Appendix B (cont.)

Page or Section
B.5.2

B.6

B.6.1
B.6.2
B.6.3
B.7

B.8

B.9

B.10

B.14

B.15.1

B.15.2

B.156.3.1

B.16.3.1.1

B.156.3.1.2

B.156.3.2

B.156.3.3

B 156.3.4

Change Description

Deleted last two sentences of last paragraph.

Renamed "Whole Body Dose Factors" to "Gamma Total Body Dose
Conversion Factor”

Changed wording from "whole body" to "total body"

Revised definition of dose factor in this section to correspond to NUREG
0133 methodology.

Deleted Stack Release Methodology
Deleted Ground Release Methodology
Deleted Vent Release Methodology

Editorial revision. Changed title from "BETA AIR AND SKIN DOSE
FACTORS" to read, "BETA AIR AND BETA SKIN DOSE CONVERSION
FACTORS"

Revised definition of dose factors in this section to correspond to NUREG
0133 methodology.

Revised equation numbers.

Revised equation numbers.

Editorial revision Changed "(mrem) per (pCi inhaled)" to "mrem per pCi
inhaled”

Deleted last paragraph.

Revised equation numbers

Changed ingestion dose commitment factor from "DFA,;," to "DFL,," to be
consistent with the notation of Appendix A.

Deleted reference to radiological decay constants.

Rewvised equation numbers.
Revised section to reflect change to NUREG 0133 methodology.

Revised equation numbers.
Revised section to reflect change to NUREG 0133 methodology.

Revised section to reflect change to NUREG 0133 methodology.

Revised section to reflect change to NUREG 0133 methodology.
Deleted references to radioactive decay in transit

Revised section to reflect change to NUREG 0133 methodology.
Deleted references to radioactive decay in transit.

Revised equation numbers.

Changed ingestion dose commitment factor from "DFI,," to "DFL " to be
consistent with the notation of Appendix A

Deleted last paragraph to remove references to FGR 11 and radioactive
decay in transit

Changed "A" to "C," to be consistent with notation of Appendix A.

Deleted reference to Decay Constants
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Appendix B (cont.)

Page or Section

B.16.3.5

B.16

Table B-0

Figure B-5

Figure B-6
Appendix C

Page or Section

Table of Contents
CA1
c2
C3

Table C-1

Table C-2
Table C-3

Table C-7

Table C-8

Table C-9

Change Description

Renumbered.

Revised equation numbers

Changed "U,»" and "Uy," to "U,"" and "U.5" to be consistent with notation of
Appendix A.

Revised equation numbers.
Revised Equation A-22 to match Appendix A.

Added table of Noble Gas Nuclide Fractions.
Deleted generic plume diagram

Deleted generic plume diagram.

Change Description

Updated table of contents to reflect changes to Appendix C.

Deleted reference to section C 3.

Added reference to NUREG 4013 for H-3 dose factors

Deleted reference to 10 CFR 20 Dose Commitment factors

Revised equation numbers

Revised to refiect change to NUREG 0133 methodology.

Deleted Basis Key "B"

Changed t, from 20 years to 30 years.

Revised footnote C to read: " The parameter t, is taken as the midpoint of
plant operating hfe (based upon an assumed 60 year plant operating
lifetime)."

Revised terms in Variable column to refiect notation of Appendix A.

Changed reference to "F¢" to "F¢" to be consistent with notation of Appendix
A

Changed nuclide abbreviation notation from "XX" to "Xx" (e.g. "BE" changed
to IIBell)

Changed reference to "B;" to "BF," to be consistent with notation of Appendix
A

Revised to reflect change to NUREG 0133 methodology.

Table C-10 Deleted reference to FGR 11 in table note.
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Appendix O

Page or Section

General Document
Table of Contents
List of Tables
0.1.1

0.31

0.3.2

0.33
0.4.1

042
043
0.6

0.7.1

0.7.3

0.7.4

0.7.5
0.7.6

0.7.6.1
0.7.6.2

0.763

0764

Change Description

Changed revision number and data

Updated table of contents to reflect changes to Appendix O of ODCM.
Changed "ComEd" to Exelon”

Changed "whole body" to "total body"

Revised to reflect changes from Reg. Guide 1.109 to NUREG 0133
methodology.

Revised to reflect changes from Reg Guide 1.109 to NUREG 0133
methodology.

Changed wording in first sentence of third paragraph from: "The selection of
liquid pathways evaluated was based on..." to read: "The liquid pathways
were evaluated based on..."

Changed "whole body" to "total body" in fifth paragraph.

Revised definition of time factors to agree with that of NUREG 0133, Section
2.2,

Corrected Reg Guide 1.111 Section reference.
Corrected reference number.
Changed’ "ComEd's" to "Exelon's"

Corrected Reg. Guide 1.109 Section reference.
Corrected Reg. Guide 1.111 Section reference.

Corrected Reg. Guide 1.111 Section reference in first and second
paragraph.

Corrected Reg. Guide 1.109 Section reference.
Corrected Reg. Guide 1.111 Section reference.
Changed ""X/Q" to "yx/Q"

Changed "whole body" to "total body"

Changed "X" to "y"
Changed "X/Q" to "y/Q"

Changed " (X/Q)s" to "(x/Q)s"

Changed reference to Reg. Guide 1.01
Changed " (X/Q)¢" to "(x%/Q),

Changed wording in first sentence from: "Equation B-29 of Appendix B is the
formula for calculating...” to read. "Equation B-29 of Appendix B may be
used for calculating..."”

Changed" (X/Q)," to " (x/Q)."

Corrected Reg. Guide 1.111 Section reference.

Changed "X/0" to "yx/Q"
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Appendix O (cont.)

Page or Section

/ 0.76.5
0.7.7
0.7.8.1
0.7.8.2

N
0.7.8.3
0.7.9
/

Change Description

Added section for Gamma-x/Q

Revised references to equation numbers in Appendix B.
Corrected Reg. Guide 1.111 Section reference.

Revised first paragraph to reflect use of gamma-x/0Q .

Changed reference from Regulatory Guide 1.109 to NUREG 0133 in first
and second paragraphs.

Changed wording in second sentence of second paragraph from: "...
contains a term representing each of the three release point..." to read.
"contains terms representing the appropriate release point..."

Corrected Reg. Guide 1.111 Section reference.

Added reference for M, dose factors.

Revised references to equation numbers in Appendix B.

Corrected Reg Guide 1.111 Section reference

Changed wording in first sentence of first paragraph from: "Equation A-1 of
Appendix A involves the use of dose factors..." to read "Calculation of
gamma-y/Q involves the use of finite plume gamma air dose factors..."
Changed wording in first two sentences of third paragraph from: " As
explained in Section B.5.2 of Appendix B, the gamma air dose factor for a
ground level release is obtained by a slightly modified version of Equation
B-36 of Appendix B. The approach corresponds to use of a finite plume
model and differs from Regulatory Guide 1.109. In the regulatory guide,
dose factors for a ground level release are based on a semi-infinite cloud
model (see Equation 7 of Regulatory Position B 16.b).” to read' "The finite
plume gamma air dose factors for a ground level release are obtained by
Equation B-40 of Appendix B using the ground level joint frequency
distribution data and assuming an effective release height of zero. The use
of a finite plume model differs from NUREG 0133 in that ground level
releases are based on a semi-infinite cloud model (see Equation 7 of
Regulatory Position C.2.b)."

Changed wording in second paragraph from" "The dose factor is obtained
..." to read: "The dose factors are obtained...”

Changed wording in second sentence of first paragraph from: “...the gamma
air dose factors should be..." to read: “...the gamma-y/Q values should
be...”

Revised table reference.

Changed wording in third sentence of first paragraph from: "...of Appendix F
are unrestricted are boundary values” to read: ".. of Appendix F are for the
unrestricted area boundary”

Changed wording in last sentence of first paragraph from. "...gamma air
dose factors..." to read: "...gamma air dose factors used to calculate
gamma-x/Q..."

Changed wording in first sentence of last paragraph from: "The dose factors
in the each station's..." to read: "The gamma air dose factors used to
calculate gamma-y/¢Q in each station's .."

Changed wording in last sentence of last paragraph from: "...it is judged that
a gamma air dose factor value..." to read: "it is judged that a gamma-y/Q
value..."

Changed reference from Regulatory Guide 1.109 to NUREG 0133
Corrected Reg. Guide 1.111 Section reference.
Changed dose factor "L{" to "N,".
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Appendix O (cont.)

Page or Section

0.7.10

0.7.11

0.7.12

0.7.13
0.7.14

0.7.15

0.7.16

Change Description

Changed "Whole body" to "Total body" in first paragraph

Revised references to equation numbers in Appendix A in first paragraph.
Corrected Reg Guide 1.111 Section reference in first paragraph.
Changed reference from Regulatory Guide 1.109 to NUREG 0133 in first
paragraph.

Added sentence. "The dose factors Ki used in Equation A-3 of Appendix A
are identical to the beta air dose factors DFBi specified in Table B-1 of
Regulatory Guide 1.109." in first paragraph.

Deleted rest of section.

Revised references to equation numbers in Appendix A

Changed reference from Regulatory Guide 1.109 to NUREG 0133

Corrected Reg Guide 1.111 Section reference.

Changed wording in last sentence of first paragraph from* * The dose factors
L; used in Equation A-7 of Appendix A are identical to the beta skin dose..."
to read " The dose factors L; and M, used in Equation A-4 of Appendix A are
identical to the gamma and beta skin dose..."

Changed wording in first sentence of last paragraph from: "... calculated with
the same dose factors as used in Equation..."” to read: "...calculated with
gamma-y/Q in the same manner as that of Equation..."

Changed wording in the second sentence of the last paragraph from:
"...contribution due to ground level releases” to read. "...contribution to the
skin due to gamma emissions..."

Deleted last sentence of last paragraph.

Changed "Whole bady" to "Total body"
Revised references to equation numbers in Appendix A

Revised references to equation numbers in Appendix A.

Revised references to equation numbers in Appendix A.
Changed reference from Regulatory Guide 1.109 to NUREG 0133.

Revised references to equation numbers in Appendix A

Deleted second and third sentence of first paragraph and added: " The
methodology is based upon Sections 5.3 1 and 5.3 1.2 of NUREG 0133"
Changed wording in last sentence of last paragraph from: "...of R.G. 1.109."
to read: "...of Regulatory Guide 1.109 and Section 5.3.1.2 of NUREG 0133 "

Revised references to equation numbers in Appendix A.

Changed wording in first paragraph from: "It is based on Equations 13 and
C-3 of Regulatory Guide 1.109 except that the relative concentration factor,
- /Q, depends on whether the release point is elevated, vent, or ground
level This is done for conformance with Regulatory Position B 16.b of
Regulatory Guide 1.111." to read: "This equation is explained in Section
4.2.6. Itis based on Sections 5.3.1 and 5.3.1.1 of NUREG 0133."

Deleted last sentence of first paragraph.
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Appendix O (cont.)

Page or Section

0.7.17

0.7.18

0.8.1

0.82
0.9.1
Table O.8

Table 0.9

Change Description

Revised references to equation numbers in Appendix A.

Changed wording in third sentence of first paragraph from. " They are similar
to Equations 14 and C-5 through C-13 of Regulatory Guide 1.109 except as
follows:" to read. " They are based the methodology found in Sections
5.3.1.3 through 5.3.1.5 of NUREG 0133."

Deleted bulleted paragraphs.

Deleted second sentence of last paragraph

Deleted last bulleted paragraph.

Revised references to equation numbers in Appendix A

Revised references to equation numbers in Appendix A

Changed wording in second sentence of first paragraph from: "The total
dose is the sum..." to read: "The dose is based upon the sum..."
Deleted second paragraph and the bulleted paragraphs that followed
Added reference to dilution factors "Z" and "D""

Deleted last paragraph.

Revised references to equation numbers in Appendix A.

Revised references to equation numbers in Appendix A.

Changed. "ComEd" to "Exelon”

Changed. "ComEd" to "Exelon”
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» Site Specific Annexes

Chapter 10, Revision 5

Page or Section

Cover Page

10.1.3.2

Chapter 11, Revision 3

Page or Section

Cover Page

Chapter 12, Revision 6

Page or Section

Cover Page
12.0

12.1.8
12.1.12

Table 12.0-1

Table 12 0-2
Table 12.1-1

Table 12.3-1

Bases 12.41.C

Table 12.5-1
Table 12 5-3
12.6.1

1262

Change Description
Changed revision number and date.

Changed setpoint equations to reflect revised dose rate methodology of
Appendix A. Updated references to equations in Appendix A.

Change Description

Changed revision number and date.

Change Description

Changed revision number and date. Deleted Paragraph referring to ITS
Revised wording in first sentence, replaced "compliance” with "compilation”.
Deleted references to ITS

Deleted references to ITS

Revised equation numbers to reflect changes in Appendix A

Changed references to "whole" body dose and dose rate to "total" body dose
and dose rate.

Deleted references to ITS..

Replaced references to "CDE" with "Dose".

Replaced references to "deep” dose to "external” dose.

Changed reference age group for instantaneous organ dose rate from
"adult” to "child".

Deleted references to ITS

Deleted references to ITS

Deleted footnote "7" references to dissolved and entrained noble gases.
Revised footnote "7" principle gamma emitters list.

Revised footnote "7" to change Ce-144 LLD to 5E-06.

Revised to reflect changes in 10 CFR Part 20.
Specified reference age group for organ dose rate to be "child".

Changed "Commonwealth Edison” to "Exelon Nuclear”
Changed LLDs to reflect ROG standards
Deleted references to ITS

Deleted references to ITS
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Appendix F, Revision 5

Page or Section Change Description

Cover Page Changed revision number and date.

List of Tables Revised to reflect changes to Appendix F.

List of Figures Revised to reflect changes to Appendix F.

Table F-1 Editorial revision: Replaced "ocurring” with "occurring”.
Changed units for water and fish consumption to "L/yr* and "kg/yr",
respectively.

Revised Table to reflect changes to methodology in Appendix A.

Table F-5 Changed X/Q to x/Q

Table F-5a Changed X/Q to %/Q

Table F-5b Added Table F-5b, Maximum Offsite Gamma

Table F-6 Broken into new Tables F-6, “x/Q and D/Q at the Nearest Resident

Locations within 5 Miles,” F-6a, “x/Q and D/Q at the Nearest Cow Milk
Locations within 5 Miles,” and F-6b “x/Q and D/Q at the Nearest Cow Meat
Locations within 5 Miles”

Table F-7a Deleted, redundant to Table F-7

Table 8 Added site specific potable water dose factor table for adult age group.
Table 8a Added site specific potable water dose factor table for teen age group.
Table 8b Added site specific potable water dose factor table for child age group.
Table 8¢ Added site specific potable water dose factor table for infant age group.
Table 9 Added site specific fish ingestion dose factor table for adult age group.
Table 9a Added site specific fish ingestion dose factor table for teen age group
Table Sb Added site specific fish ingestion dose factor table for child age group
Table 10 Added ground plane dose factors.

Table 11 Added adult inhalation dose factors.

Table 11a Added teen inhalation dose factors.

Table 11b Added child inhalation dose factors.

Table 11c Added infant inhalation dose factors.

Table 12 Added adult vegetation dose factors.

Table 12a Added teen vegetation dose factors

Table 12b Added child vegetation dose factors.

Table 13 Added adult grass-cow-milk dose factors

Table 13a Added teen grass-cow-milk dose factors
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Appendix F, Revision 5 (cont.)

Page or Section

Table 13b
Table 13c
Table 14

Table 14a
Table 14b
Table 14c
Table 15

Table 15a
Table 15b

Change Description

Added child grass-cow-milk dose factors.
Added infant grass-cow-milk dose factors
Added adult grass-goat-milk dose factors.
Added teen grass-goat-milk dose factors.

Added child grass-goat-milk dose factors.

Added infant grass-goat-milk dose factors.

Added adult grass-cow-meat dose factors

Added teen grass-cow-meat dose factors.

Added child grass-cow-meat dose factors.
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BRAIDWOOD NUCLEAR POWER STATION
RADIOACTIVE EFFLUENT RELEASE REPORT FOR 2002
UNIT 1 AND 2 (Docket Numbers 50-456 and 50-457)

APPENDIX A

LLD Tables
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BRAIDWOOD NUCLEAR POWER STATION
RADIOACTIVE EFFLUENT RELEASE REPORT FOR 2002
UNIT 1 AND 2 (Docket Numbers 50-456 and 50-457)
LLD VALUES FOR GASEOUS RELEASES

|sotope LLD (Ci/ml
Alpha 9 43E-22
H-3 5.70E-14
Ar-41 5.38E-14
Mn-54 577E-19
Co-57 9.87E-19
Co-58 1.95E-18
Fe-59 1.34E-18
Co-60 2.43E-18
Zn-65 4.08E-18
Kr-85 4.94E-12
Kr-85m 5.72E-14
Kr-87 5.78E-14
Kr-88 1.45E-13
Sr-89 1 86E-20
Sr-90 2.42E-21
Mo-99 1.01E-18
1-131 9.45E-19
1-133 1.03E-18
Xe-133 2.35E-14
Xe-133m 3 03E-13
Cs-134 1.51E-18
1-135 8.83E-18
Xe-135 3.82E-14
Xe-135m 3.88E-12
Cs-137 2.07E-18
Xe-138 3.69E-11
Ba-140 4,.45E-18
La-140 1.34E-18
Ce-141 1.93E-18
Ce-144 9.04E-18

NOTE: LLD Value for total activity released is based on LLD values for individual isotopes used in the
calculation.
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BRAIDWOOD NUCLEAR POWER STATION
RADIOACTIVE EFFLUENT RELEASE REPORT FOR 2002
UNIT 1 AND 2 (Docket Numbers 50-456 and 50-457)
LLD VALUES FOR LIQUID RELEASES

Isotope LLD (Ci/ml)
Alpha 7.55E-14
H-3 8 46E-12
Ar-41 3.60E-14
Cr-51 5.53E-13
Mn-54 5.12E-14
Fe-55 9.94E-13
Co-57 5.43E-14
Co-58 6 85E-14
Fe-59 1.03E-13
Co-60 2.26E-14
Ni-65 4.07E-13
Zn-65 3.86E-14
Sr-89 4.58E-14
Sr-90 1.60E-14
Nb-95 5 28E-14
Zr-97 7.83E-14
Zr-895 1.01E-13
Nb-97 1.32E-13
Mo-99 3 13E-13
Tc-99m 3 18E-13
Ag-110m 6.58E-14
Sb-124 6.39E-14
Sb-125 1.23E-13
Te-125m 1.73E-11
1-131 9.88E-14
Xe-133 1.37E-13
Cs-134 5.81E-14
Xe-135 4.98E-14
Cs-137 2.62E-14
Ba-140 2.10E-13
La-140 5.63E-13
Ce-141 9.93E-14
Ce-144 3 25E-13
Na-24 2 44E-14
1-134 5.77E-14
Tec-101 2 04E-12
Cs-136 5.78E-14
Rb-88 7.17E-12
Br-82 1.41E-12

NOTE: LLD Value for Total Activity Released is based on LLD Values for individual isotopes used in the
calculation.
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BRAIDWOOD NUCLEAR POWER STATION
RADIOACTIVE EFFLUENT RELEASE REPORT FOR 2002
UNIT 1 AND 2 (Docket Numbers 5§0-456 and 50-457)

RN
APPENDIX B
Supplemental Information
L
N

p:\depts\zd84g\environsgroup\2002eff.doc



BRAIDWOOD NUCLEAR POWER STATION
RADIOACTIVE EFFLUENT RELEASE REPORT FOR 2002
UNIT COMMON (Docket Numbers 50-456 and 50-457)

GASEOUS EFFLUENTS (WASTE GAS DECAY TANKS)
SUPPLEMENTAL RELEASE INFORMATION

A. Batch Release 1st Qtr 2nd Qtr 3rd Qtr 4th Qtr
1. Total Number of Batch

Releases 0 S 0 0
2. Total Time Period for Batch

Releases (minutes) N/A 370 N/A N/A
3. Maximum Time Period for

a Batch Release (minutes) N/A 83 N/A N/A
4, Average Time Period for a

Batch Release (minutes) N/A 74 N/A N/A
5. Minimum Time Period for a

Batch Release (minutes) N/A 60 N/A N/A
B. Abnormal Releases
1. Number of Releases 0 0 0 0
2. Total Activity Released 0.00 0.00 0.00 0.00
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Total

370

83

74.0

60

0.00



BRAIDWOOD NUCLEAR POWER STATION

RADIOACTIVE EFFLUENT RELEASE REPORT FOR 2002
UNIT 1 (Docket Number 50-456)

GASEOUS EFFLUENTS
SUPPLEMENTAL RELEASE INFORMATION

A Batlch Release 1st Qtr
1. Total Number of Batch
27

Releases
2. Total Time Period for Batch

Releases (minutes) 1275
3. Maximum Time Period for a

Batch Release (minutes) 142
4. Average Time Period for a

Batch Release (minutes) 47.2
5. Minimum Time Period for a

Batch Release (minutes) 9
B. Abnormal Releases
1. Number of Releases 0
2. Total Activity Released 0.00
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2nd Qtr

28

1120

83

40

10

0.00

3rd Qtr

28

1290

910

46.2

22

0.00

4th Qtr

30

1190

530

39.8

24

0.00

Total

113

4875

910

43.1

0.00



BRAIDWOOD NUCLEAR POWER STATION
RADIOACTIVE EFFLUENT RELEASE REPORT FOR 2002
UNIT 2 (Docket Number 50-457)

GASEOUS EFFLUENTS
SUPPLEMENTAL RELEASE INFORMATION

p.\depts\zd84g\environsgroup\2002eff doc

Batch Release 1st Qtr 2nd Qtr 3rd Qtr 4th Qtr Total
' ;‘;ﬁg:g:“ber of Batch 79 37 29 29 174
. Total Time Period for

Batch Releases (minutes) 3840 9080 1090 1120 15,130
. Maximum Time Period for

a Batch Release (minutes) 370 2010 50 54 2010
. Average Time Period for a

Batch Release (minutes) 48.6 245 37.5 38.6 87.0
. Minimum Time Period for

a Batch Release (minutes) 17 25 17 25 17

Abnormal Releases
. Number of Releases 0 0 0 0 0
. Total Activity Released 0.00 0.00 0.00 0.00 0.00



BRAIDWOOD NUCLEAR POWER STATION
RADIOACTIVE EFFLUENT RELEASE REPORT FOR 2002
UNIT 1 AND 2 COMBINED (Docket Numbers 50-456 and 50-457)
BRAIDWOOD NUCLEAR POWER STATION

LIQUID EFFLUENTS
SUPPLEMENTAL RELEASE INFORMATION
A. Batch Release 1st Qtr 2nd Qtr 3rd Qtr 4th Qtr Total

1. Total Number of Batch

30 50 41 23 144
Releases

2. Total Time Period for Batch

. 4,280 10,600 4,180 5,450 24,510
Releases (minutes)

3.  Maximum Time Period for a

Batch Release (minutes) 305 473 478 622 622
4.  Average Time Period for a 143 212 102 237 170
Batch Release
5. Minimum Time Period for a 50 50 44 52 44

Batch Release (minutes)

6. Average Stream Flow During
Periods of Release of Effluent
into a Flowing Stream
(hters/min)

1.47E+07 1.82E+07 2.62E+06 1.74E+06 N/A

B. Abnormal Releases
1.  Number of Releases 0 0 0 0 0
2. Total Activity Released (Ci) 0.00 0.00 0.00 0.00 0.00

3. Description
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RETDAS v3.6.3 <BRA> VSSI

GASEQUS RELEASE AND DOSE SUMMARY REPORT - BY UNIT
(Composite Critical Receptor - Limited Analysis)

Release ID...........: 1 BAll Gas Release Types
Period Start Date....: 01/01/2002 00:00
Period End Date...... : 01/01/2003 00:00
Period Duration {(min): 5.256E+05
Coefficient Type.....: Historical
Unit.eeeeeeeeeaeenaaaas 1
=== RELEASE DATA
Total Release Duration (Minutes).....iieiiiieeeesenncassneccasonsannnass 2.407E+04
Total Release Volume (Cf) .t ieerererseeesasenssescnnsasoenssnsncsensesss 3.077E+09
Average Release Flowrate (Cfm)....i.eiieireinieinnnecenacensscanssanans 1.278E+05
Average Period Flowrate (Cfm)........iciiieinrnerenereeircnsnsnncncns 5.854E4+03
=== NUCLIDE DATA
Average EC
Nuclide ucCi uCi/cc Ratio EC
AR-41 2.10E+05 2.41E-09 2.41E-01 1.00E-08
KR-85M 9.71E+02 1.11E-11 1.11E-04 1.00E-07
XE-135 2.98E+04 3.42E-10 4.88E~03 7.00E-08
XE-133 1.80E+05 2.06E-09 4.13E-03 5.00E-07
F&AG 4.21E+05 4.83E-09 2.50E-01
I-131 1.05E+00 1.21E-14 6.03E-05 2.00E-10
I-133 8.82E-01 1.01E-14 1.01E-05 1.00E-09
Iodine 1.93E+00 2.22E-14 7.04E-05
H-3 4.35E+406 5.00E-08 5.00E-01 1.00E-07
H-3 4 ,.35E+06 5.00E-08 5.00E-01
CO-58 1.03E+00 1.18E-14 1.18E-05 1.00E-09
P>=8 1.03E+400 1.18E-14 1.18E-05
Total 4_.7BE+06 5.48E-08 7.50E-01
Date/Time: 04/25/2003 11:16 brwmn Page - 1
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RETDAS v3.6.3 <BRA> VSSI

GASEQUS RELEASE AND DOSE SUMMARY REPORT - BY UNIT
(Composite Critical Receptor - Limited Analysis)

Release ID...........: 1 All Gas Release Types
Period Start Date....: 01/01/2002 00:00

Period End Date......: 01/01/2003 00:00

Period Duration (min): 5.256E+05

Coefficient Type.....: Historical
Unit...eeeveveececenas 1

=== MAXIMUM I&P DOSE FOR PERIOD

Limit Organ Age Dose Limit Limit Percent

Type Type Group Organ {mrem) Period (mrem) of Limit

Admin Any Organ INFANT THYROID 2.00E-03 31-day 2.25E-01 8.89E-01
Quarter 5.63E+00 3.56E-02
Annual 1.13E+01 1.78E-02

T.Spec Any Organ INFANT THYROID 2.00E-03 31-day 3.00E-01 6.67E-01
Quarter 7.50E+00 2.67E-02
Annual 1.50E+01 1.33E-02

ReCeptOr..cvieveseeensesal D Composite Crit. Receptor - IP

Distance (meters)....... : 0.0

Compass Point...........: 0.0

Critical Pathway........: 3 Grs/Goat/Milk (GMILK)

Major Contributors...... : 0.0 % or greater to total

Nuclide Percentage

H-3 3.61E+01

CO-58 1.02E-02

I-131 6.34E+01

I-133 4.92E-01

Date/Time: 04/25/2003 11:16  brwmn Page - 2
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RETDAS v3.6.3 <BRA> VSSI
GASEOUS RELEASE AND DOSE SUMMARY REPORT - BY UNIT
(Composite Critical Receptor - Limited Analysis)
Release ID......oveun : 1 All Gas Release Types
Period Start Date....: 01/01/2002 00:00
Period End Date......: 01/01/2003 00:00
Period Duration (min}): 5.256E+05
Coefficient Type.....: Historical
Unit...ieeeeneiennennns : 1
=== PERIOD ORGAN DOSE BY AGE GROUP AND PATHWAY (mrem)
Age/Path Bone Liver Thyroid Kidney Lung GI-Lli Skin TB
AGPD 2.14E-07 2.14E-07 2.14E-07 2.14E-07 2.14E-07 2.14E-07 0.00E+00 2.14E-07
AINHL 1.25E-09 1.15E-04 1.16E-04 1.15E-04 1.15E-04 1.15E-04 0.00E+00 1.15E-04
AVEG 4.51E-08 2.07E-04 2.28E-04 2.07E-04 2.07E-04 2.07E-04 0.00E+00 2.07E-04
AGMILK 1.97E-07 1.43E-04 2.34E-04 1.43E-04 1.42E-04 1.42E-04 0.00E+00 1.42E-04
ACMEAT 5.87E-09 2.97E-05 3.24E-05 2.97E-05 2.97E-05 2.99E-05 0.00E+00 2.97E-05
ACMILK 1.64E-07 7.00E-05 1.46E-04 7.01E-05 6.97E-05 6.99E-05 0.00E+00 6.99E-05
TGPD 2.14E-07 2.14E-07 2.14E-07 2.14E-07 2.14E-07 2.14E-07 0.00E+00 2.14E-07
TINHL 1.77E-09 1.16E-04 1.17E-04 1.16E-04 1.16E-04 1.16E-04 0.00E+00 1.16E~04
TVEG 4.29E-08 2.36E-04 2.54E-04 2.36E-04 2.36E-04 2.37E-04 0.00E+00 2.36E-04
TGMILK 3.57E-07 1.86E-04 3.30E-04 1.86E-04 1.85E-04 1.85E-04 0.00E+00 1.85E-04
TCMEAT 4.88E-09 1.77E-05 1.97E-05 1.77E-05 1.77E-05 1.78E-05 0.00E+00 1.77E-05
TCMILK 2.97E-07 9.12E-05 2.12E-04 9.15E-05 9.08E-05 9.09E-05 0.00E+00 9.10E-05
CGPD 2.14E-07 2.14E-07 2.14E-07 2.14E-07 2.14E-07 2.14E-07 0.00E+00 2.14E-07
CINHL 2.40E~09 1.03E-04 1.03E-04 1.03E-04 1.03E-04 1.03E-04 0.00E+00 1.03E-04
CVEG 7.98E-08 3.67E-04 3.93E-04 3.67E-04 3.67E-04 3.67E-04 0.00E+00 3.67E-04
CGMILK 8.65E-07 2.94E-04 5.80E-04 2.95E-04 2.93E-04 2.93E-04 0.00E+00 2.94E-04
CCMEAT 9.05E-09 2.15E-05 2.45E-05 2.15E-05 2.14E-05 2.15E-05 0.00E+00 2.15E-05
CCMILK 7.21E-07 1.45E-04 3.83E-04 1.45E-04 1.44E-04 1.44E-04 0.00E+00 1.44E-04
IGPD 2.14E-07 2.14E-07 2.14E-07 2.14E-07 2.14E-07 2.14E-07 0.00E+00 2.14E-07
IINHL 1.90E-09 5.90E-05 5.97E-05 5.90E-05 5.90E-05 5.90E-05 0.00E+00 5.90E-05
IGMILK 1.81E-06 4.47E-04 1.14E-03 4.48E-04 4.45E-04 4.45E-04 0.00E+00 4.46E-04
ICMILK 1.50E-06 2.20E-04 7.99E-04 2.20E-04 2.18E-04 2.18E-04 0.00E+00 2.19E-04
——————————————————————————————————— TOTALS ~=—=——r——e—mm———— e m e m— o — e —— e — =
ADULT 6.27E-07 5.64E-04 7.56E-04 5.65E-04 5.64E-04 5.64E-04 0.00E+00 5.64E-04
TEEN 9.17E-07 6.47E-04 9.32E-04 6.48E-04 6.46E-04 6.47E-04 0.00E+00 6.47E-04
CHILD 1.89E-06 9.30E-04 1.48E-03 9.31E-04 9.28E-04 9.29E-04 0.00E+00 9.29E-04
INFANT 3.53E-06 7.26E-04 2.00E-03 7.27E-04 7.22E-04 7.23E-04 0.00E+00 7.24E-04
=== AGE GROUP / PATHWAY DESCRIPTIONS
Abbreviation Age Group Pathway
AGPD ADULT Ground Plane Deposition (GPD) .
AINHL ADULT Inhalation (INHL)
AVEG ADULT Vegetation (VEG)
AGMILK ADULT Grs/Goat/Milk (GMILK)
ACMEAT ADULT Grs/Cow/Meat (CMEAT)
ACMILK ADULT Grs/Cow/Milk (CMILK)
TGPD TEEN Ground Plane Deposition (GPD)
TINHL TEEN Inhalation (INHL)
Date/Time: 04/25/2003 11:16 brwmn Page - 3
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RETDAS v3.6.3 <BRA> VSSI

GASEOQOUS RELEASE AND DOSE SUMMARY REPORT - BY UNIT
(Composite Critical Receptor - Limited Analysis)

Release ID...........: 1 All Gas Release Types
Period Start Date....: 01/01/2002 00:00

Period End Date......: 01/01/2003 00:00

Period Duration (min): 5.256E+05

Coefficient Type.....: Historical
Unit....coeiveevenen.zs 1

=== AGE GROUP / PATHWAY DESCRIPTIONS =

Abbreviation Age Group Pathway

TVEG TEEN Vegetation (VEG)

TGMILK TEEN Grs/Goat/Milk (GMILK)

TCMEAT TEEN Grs/Cow/Meat (CMEAT)

TCMILK TEEN Grs/Cow/Milk (CMILK)

CGPD CHILD Ground Plane Deposition (GPD)
CINHL CHILD Inhalation (INHL}

CVEG CHILD Vegetation (VEG)

CGMILK CHILD Grs/Goat/Milk (GMILK)

CCMEAT CHILD Grs/Cow/Meat (CMEAT)

CCMILK CHILD Grs/Cow/Milk (CMILK)

IGPD INFANT Ground Plane Deposition (GPD)
IINHL INFANT Inhalation (INHL)

IGMILK INFANT Grs/Goat/Milk (GMILK)

ICMILK INFANT Grs/Cow/Milk (CMILK)
Date/Time: 04/25/2003 11:16  brwmn Page - 4
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RETDAS v3.6.3 <BRA> VSSI
GASEOUS RELEASE AND DOSE SUMMARY REPORT - BY UNIT
(Composite Critical Receptor - Limited Analysis)

Release ID........o. : 1 All Gas Release Types

Period Start Date....: 01/01/2002 00:00

Period End Date......: 01/01/2003 00:00

Period Duration (min): 5.256E+05

Coefficient Type.....: Historical

Unit...coeievnreeeeans 1

=== MAXIMUM NG DOSE FOR PERIOD

Limit Dose Limit Limit Percent

Type Dose Type (mrad) Period (mrad) of Limit

Admin Gamma 4,69E-05 31-day 1.50E-01 3.12E-02
Quarter 3.75E+00 1.25E-03
Annual 7.50E+00 6.25E-04

Admin Beta 3.51E-05 31-day 3.00E-01 1.17E-02
Quarter 7.50E+00 4.68E-04
Annual 1.50E+01 2.34E-04

T.Spec Gamma 4.69E-05 31-day 2.00E-01 2.34E-02
Quarter 5.00E+00 9.37E-04
Annual 1.00E+01 4.69E-04

ReceptOr....cvenvense-ant 4 Composite Crit. Receptor - NG

Distance (meters).......: 0.0

Compass Point...........: 0.0

Major Contributors...... : 0.0 % or greater to total

Nuclide Percentage

AR-41 9.41E+01

KR-85M 5.75E-02

XE-135 2.75E+00

XE-133 3.06E+00

T.Spec  Beta 3.51E-05 31-day 4.00E-01 8.77E-03
Quarter 1.00E+01 3.51E-04
Annual 2.00E+01 1.75E-04

ReceptOr.....eoeveeenn..2 4 Composite Crit. Receptor - NG

Distance (meters)....... : 0.0

Compass Point...........: 0.0

Major Contributors...... : 0.0 % or greater to total

Nuclide Percentage

AR-41 7.23E+01

KR~-85M 2.01E-01

XE-135 7.68E400

XE-133 1.98E+01

Date/Time: 04/25/2003 11:16 brwmn LAST Page 5
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RETDAS v3.6.3 <BRA> VSSI

GASEQUS RELEASE AND DOSE SUMMARY REPORT - BY UNIT
(Composite Critical Receptor - Limited Analysais)

Release ID...........: 1 All Gas Release Types
Period Start Date....: 01/01/2002 00:00
Period End Date......: 01/01/2003 00:00
Period Duration (min): 5.256E+05
Coefficient Type.....: Historical
Unit...veverennennenees 2
=== RELEASE DATA
Total Release Duration (MinuUtes) .. ...ttt eroroenanesenneassnannn 4.117E+04
Total Release Volume (CL) ..ot iiiiiiin it eeersossssonosssosssacsasascsas 4.041E+09
Average Release Flowrate (Cfm)......itiiiiiiiieiniiinieseinsnnaenanennns 9.815E+4+04
Average Period Flowrate (Cfm)......iitiiiiniiieneenoronnsenocnnaesnnnns 7.688E+03
=== NUCLIDE DATA
Average EC
Nuclide uCi uCi/cc Ratio EC
AR-41 3.02E+05 2.64E-09 2.64E-01 1.00E-08
KR-85M 9.71E+02 8.48E-12 8.48E-05 1.00E~-07
XE-135 4.41E4+04 3.86E-10 5.51E-03 7.00E-08
XE-133 3.62E+05 3.17E-09 6.33E-03 5.00E-07
F&AG 7.10E+05 6.20E-09 2.76E~-01
I-131 2.75E+00 2.40E-14 1.20E-04 2.00E-10
Iodine 2.75E+00 2.40E-14 1.20E-04
H-3 2.52E+05 2.21E-09 2.21E-02 1.00E-07
H-3 2.52E+05 2.21E-09 2.21E-02
C0-57 3.03E+00 2.65E-14 2.95E-05 9.00E-10
CO-58 2.38E+00 2.08E-14 2.08E-05 1.00E-09
P>=8 5.41E+00 4.73E-14 5.02E-05
Total 9.62E+05 8.41E-09 2.98E~01
Date/Time: 04/21/2003 15:00 brwmn Page - 1
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RETDAS v3.6.3 <BRA> VSSI
GASEOUS RELEASE AND DOSE SUMMARY REPORT - BY UNIT
(Composite Critical Receptor - Limited Analysis)

Release ID...........: 1 All Gas Release Types

Period Start Date....: 01/01/2002 00:00

Period End Date...... : 01/01/2003 00:00

Period Duration (min): 5.256E+05

Coefficient Type.....: Historical

Unit......ceineevnnaas 2

=== MAXIMUM I&P DOSE FOR PERIOD

Limit Organ Age Dose Limit Limit Percent

Type Type Group Organ (mrem) Period (mrem) of Limit

Admin Any Organ INFANT THYROID 3.36E-03 31-day 2.25E-01 1.49E+00
Quarter 5.63E+00 5.87E-02
Annual 1.13E+01 2.99E-02

T.Spec Any Organ INFANT THYROID 3.36E-03 3l-day 3.00E-01 1.12E+00
Quarter 7.50E+00 4,48E-02
Annual 1.50E+01 2.24E-02

Receptor..vieeieeeaseaanass 5 Composite Crit. Receptor - IP

Distance (meters).......: 0.0

Compass Point...........: 0.0

Critical Pathway........: 3 Grs/Goat/Milk (GMILK)

Major Contributors...... : 0.0 % or greater to total

Nuclide Percentage

H-3 1.25E+00

CO-58 1.40E-02

I-131 9.87E+01

Date/Time: 04/21/2003 15:00 brwmn Page - 2
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RETDAS v3.6.3 <BRA> VSSI
GASEQOUS RELEASE AND DOSE SUMMARY REPORT - BY UNIT
(Composite Critical Receptor - Limited Analysis)
Release ID.......cuv..: 1 All Gas Release Types
Period Start Date....: 01/01/2002 00:00
Period End Date......: 01/01/2003 00:00
Period Duration (min): 5.256E+05
Coefficient Type.....: Historical
Unit......cieievenen : 2
=== PERIOD ORGAN DOSE BY AGE GROUP AND PATHWAY (mrem)
Age/Path Bone Liver Thyroid Kidney Lung GI-L1li Skin TB
AGPD 4,95E-07 4.95E-07 4.95E-07 4.95E-07 4.95E-07 4.95E-07 0.00E+00 4.95E-07
AINHL 2.55E-09 6.67E-06 7.88E-06 6.68E-06 6.75E-06 6.68E-06 0.00E+00 6.67E-06
RVEG 1.16E-07 1.22E-05 6.61E-05 1.23E-05 1.20E-05 1.28E-05 0.00E+00 1.21E-05
AGMILK 5.08E-07 8.97E-06 2.47E-04 9.49E-06 8.24E-06 8.45E-06 0.00E+00 8.66E-06
ACMEAT 1.54E-08 1.77E-06 B.92E-06 1.76E~06 1.72E-06 2.18E-06 0.00E+00 1.78E-06
ACMILK 4,24E-07 4.65E-06 2.03E-04 5.0BE-06 4.04E-06 4.32E-06 0.00E+00 4.40E-06
TGPD 4.95E-07 4.95E-07 4.95E-07 4.95E-07 4.95E-07 4.95E-07 0.00E+00 4.95E-07
TINHL 3.58E-09 6.74E-06 8.21E~06 6.74E-06 6.85E-06 6.74E-06 0.00E+00 6.73E-06
TVEG 1.10E-07 1.39E-05 5.86E-05 1.40E-05 1.37E~05 1.45E-05 0.00E+00 1.39E-05
TGMILK 9.23E-07 1.20E-05 3.88E-04 1.29E~05 1.07E-05 1.10E-05 0.00E+00 1.14E-05
TCMEAT 1.28E-08 1.06E-06 6.24E-06 1.06E-06 1.03E-06 1.27E-06 0.00E+00 1.07E-06
TCMILK 7.69E-07 6.34E-06 3.19E-04 7.11E-06 5.26E-06 5.61E-06 0.00E+00 5.86E-06
CGPD 4.95E-07 4.95E-07 4.95E-07 4.95E-07 4.395E-07 4.95E-07 0.00E+00 4.95E-07
CINHL 4.86E-09 5.95E-06 7.59E-06 5.95E-06 6.04E-06 5.95E-06 0.00E+00 5.395E-06
CVEG 2.05E-07 2.16E-05 8.93E-05 2.16E-05 2.13E-05 2.17E-05 0.00E+00 2.16E-05
CGMILK 2.24E-06 1.92E-05 7.61E-04 2.07E-05 1.70E-05 1.72E-05 0.00E+00 1.83E-05
CCMEAT 2.37E-08 1.29E-06 9.12E-06 1.28E-06 1.24E-06 1.36E-06 0.00E+00 1.32E-06
CCMILK 1.86E-06 1.02E-05 6.29E-04 1.14E-05 8.33E-06 8.59E-06 0.00E+00 9.44E-06
IGPD 4.95E-07 4.95E-07 4.95E-07 4.95E-07 4.95E-07 4.95E-07 0.00E+00 4.95E-07
IINHL 3.84E-09 3.42E-06 4.92E-06 3.42E-06 3.49E-06 3.42E-06 0.00E+00 3.42E-06
IGMILK 4.67E-06 3.13E-05 1.83E-03 3.22E-05 2.58E-05 2.60E-05 0.00E+00 2.82E-05
ICMILK 3.89E-06 1.73E-05 1.52E-03 1.80E~-05 1.26E-05 1.29E-05 0.00E+00 1.47E-05
——————————————————————————————————— TOTALS —-—————————mmm e ———m e m o
ADULT 1.56E-06 3.47E-05 5.33E-04 3.58E-05 3.32E-05 3.49E-05 0.00E+00 3.42E-05
TEEN 2.31E-06 4.06E-05 7.80E-04 4.23E-05 3.80E-05 3.96E-05 0.00E+00 3.95E-05
CHILD 4.83E-06 5.87E-05 1.50E-03 6.14E-05 5.44E-05 5.53E-05 0.00E+00 5.71E-05
INFANT 9.06E-06 5.25E-05 3.36E-03 5.41E-05 4.24E-05 4.28E-05 0.00E+00 4.69E-05
=== AGE GROUP / PATHWAY DESCRIPTIONS
Abbreviation Age Group Pathway
AGPD ADULT Ground Plane Deposition (GPD)
AINHL ADULT Inhalation (INHL)
AVEG ADULT Vegetation (VEG)
AGMILK ADULT Grs/Goat/Milk (GMILK)
ACMEAT ADULT Grs/Cow/Meat (CMEAT)
ACMILK ADULT Grs/Cow/Milk (CMILK)
TGPD TEEN Ground Plane Deposition (GPD)
TINHL TEEN Inhalation (INHL)
Date/Time: 04/21/2003 15:00 brwmn Page - 3
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RETDAS v3.6.3 <BRA> VSST

GASEOUS RELEASE AND DOSE SUMMARY REPORT - BY UNIT
(Composite Critical Receptor - Limited Analysis)

Release ID...........: 1 All Gas Release Types
Period Start Date....: 01/01/2002 00:00

Period End Date......: 01/01/2003 00:00

Period Duration {(min): 5.256E+05

Coefficient Type..... : Historical
Unit.eeeeeeneinoneane s 2

=== AGE GROUP / PATHWAY DESCRIPTIONS ===

Abbreviation Age Group Pathway

TVEG TEEN Vegetation (VEG)

TGMILK TEEN Grs/Goat/Milk (GMILK)

TCMEAT TEEN Grs/Cow/Meat (CMEAT)

TCMILK TEEN Grs/Cow/Milk (CMILK)

CGPD CHILD Ground Plane Deposition (GPD)
CINHL CHILD Inhalation (INHL)

CVEG CHILD Vegetation (VEG)

CGMILK CHILD Grs/Goat/Milk (GMILK)

CCMEAT CHILD Grs/Cow/Meat (CMEAT)

CCMILK CHILD Grs/Cow/Milk (CMILK)

IGPD INFANT Ground Plane Deposition (GPD)
IINHL INFANT Inhalation (INHL)

IGMILK INFANT Grs/Goat/Milk (GMILK)

ICMILK INFANT Grs/Cow/Milk (CMILK)
Date/Time: 04/21/2003 15:00 brwmn Page - 4
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RETDAS v3.6.3 <BRA> VSSI
GASEOUS RELEASE AND DOSE SUMMARY REPORT - BY UNIT
(Composite Critical Receptor - Limited Analysis)

Release ID......cv... : 1 All Gas Release Types

Period Start Date....: 01/01/2002 00:00

Period End Date......: 01/01/2003 00:00

Period Duration (min): 5.256E+05

Coefficient Type.....: Historical

Unit...ceeennennnenanr 2

=== MAXIMUM NG DOSE FOR PERIOD

Limit Dose Limit Limit Percent

Type Dose Type {mrad) Period (mrad) of Limit

Admin Gamma 6.83E-05 31-day 1.50E-01 4.55E-02
Quarter 3.75E+00 1.82E-03
Annual 7.50E+00 9.11E-04

Admin Beta 5.46E-05 31-day 3.00E-01 1.82E-02
Quarter 7.50E+00 7.28E-04
Annual 1.50E+01 3.64E-04

T.Spec Gamma 6.83E-05 31l-day 2.00E-01 3.42E-02
Quarter 5.00E+00 1.37E-03
Annual 1.00E+01 6.83E-04

Receptor..........cc.o H Composite Crit. Receptor - NG

Distance (meters)....... : 0.0

Compass Point...........: 0.0

Major Contributors......: 0.0 % or greater to total

Nuclide Percentage

AR-41 9.29E+01

KR-85M 3.95E-02

XE-135 2.80E+00

XE~-133 4,23E+00

T.Spec Beta 5.46E-05 31-day 4.00E-01 1.36E-02
Quarter 1.00E+01 5.46E-04
Annual 2.00E+01 2.73E-04

Receptor.......ceveev...: 4 Composite Crit. Receptor - NG

Distance (meters).......: 0.0

Compass Point........... : 0.0

Major Contributors......: 0.0 % or greater to total

Nuclide Percentage

AR-41 6.69E+01

KR-85M 1.29E-01

XE-135 7.32E+00

XE~-133 2.57E+01

Date/Time: 04/21/2003 15:00 brwmn
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RETDAS v3.6.3 <BRA> VSSI
LIQUID RELEASE AND DOSE SUMMARY REPORT
—————— (PERIOD BASIS - BY UNIT) ---=-=--

Release ID...cvvenrens : 1 All Liquid Release Types

Period Start Date.....: 01/01/2002 00:00

Period End Date.......: 01/01/2003 00:00

Period Duration (mins): 5.256E+05

Unit....cevevinieeeeeas 1

=== MULTIPLE RELEASE POINT MESSAGE ===

Undiluted and Diluted Flowrate(s) and Concentration(s) cannot be combined.

=== RELEASE DATA

Total Release Duration (Minutes) ... ...ttt iieeertoseesonesosssnccssse 5.069E+05

Total Undiluted Volume Released (gallonsS)....e.evrenocesecsonsasocsas NA

Average Undiluted Flowrate {(gpm)......ietueierneonoanonnssonncenncnnns NA

Total Dilution Volume (gallonsS) .....ceceeiieiieiernonsenasooocsnnsaeas NA

Average Dilution Flowrate (gPm)......ciiiiiiiniineinenesonssonnsanns NA

=== NUCLIDE DATA

Nuclide uCi

CO-57 5.54E+01

BR-82 5.81E+02

NB-97 1.33E+02

SB-124 3.91E+03

SB-125 9.01E+03

TE-123M 2.57E+03

NA-24 4.16E+00

CR-51 1.40E+03

MN-54 1.02E+03

FE-59 1.40E402

CO-58 1.84E+04

CO-60 1.02E+04

NI-65 8.61E+00

RB-88 4.10E401

ZR-95 4.35E401

ZR-97 3.00E+00

NB-95 2.80E+02

TC~99M 5.21E+00

TC-101 1.20E+401

AG-110M 3.45E+02

TE-125M 4.85E+03

I-131 3.08E+00

I-134 1.98E+401

CS-136 5.91E+00

CS-137 3.87E+01

BA-140 2.89E+02

Gamma 5.33E+04

Date/Time: 04/21/2003 15:04 brwmn Page - 1
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RETDAS v3.6.3 <BRA> VSSI

LIQUID RELEASE AND DOSE SUMMARY REPORT
—————— (PERIOD BASIS - BY UNIT) ------

Release ID.......cuu.. : 1 BAll Liquid Release Types
Period Start Date..... : 01/01/2002 00:00
Period End Date.......: 01/01/2003 00:00

Period Duration (mins): 5.256E+05

=== NUCLIDE DATA =====m=sssssocsssss—sss====

Nuclide uCi
KR-85 1.06E+03
XE-131M 1.25E+402
XE-135 3.83E+00
XE-133 1.34E+03
XE-138 1.17E401
D&EG 2.54E+03
H-3 1.17E+09
Beta 1.17E+09
Total 1.17E+09
Date/Time: 04/21/2003 15:04 brwmn Page - 2
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RETDAS v3.6.3 <BRA> VSSI

LIQUID RELEASE AND DOSE SUMMARY REPORT
—————— (PERIOD BASIS - BY UNIT) -==---

Release ID............ : 1 BAll Liquid Release Types

Period Start Date.....: 01/01/2002 00:00

Period End Date.......: 01/01/2003 00:00

Period Duration (mins): 5.256E+05

Unit..........covenant 1

Receptor..............: 0 Liquid Receptor

=== PERMIT ORGAN DOSE BY AGE GROUP AND PATHWAY (mrem) ====

Age/Path Bone Liver Thyroid Kidney Lung GI-L1li Skin TB
APWtr 4.87E-06 1.74E-02 1.74E-02 1.74E~02 1.74E-02 1.76E-02 0.00E+00 1.74E-02
AFWFSp 1.15E-03 8.64E-03 7.3BE-03 9.66E-03 7.31E-03 3.08E-02 0.00E+00 8.28E-03
TPWtr 4.82E-06 1.23E-02 1.23E-02 1.23E-02 1.23E-02 1.24E-02 0.00E+00 1.23E-02
TFWFSp 1.23E-03 7.01E-03 5.70E-03 5.91E-03 5.66E-03 2.23E-02 0.00E+00 6.38E-03
CPWtr 1.42E-05 2.36E~-02 2.36E-02 2.35E-02 2.35E-02 2.36E-02 0.00E+00 2.36E-02
CFWFSp 1.57E-03 5.89E-03 4.80E~03 4.90E-03 4.69E-03 1.06E-02 0.00E+00 5.28E-03
IPWtr 1.82E-05 2.31E-02 2.31E-02 2.31E-02 2.31E-02 2.32E-02 0.00E+00 2.32E-02
——————————————————————————————————— TOTALS ===—=——— e e e
ADULT 1.15E-03 2.61E-02 2.48E-02 2.71E-02 2.47E-02 4.83E-02 0.00E+00 2.57E-02
TEEN 1.24E-03 1.93E-02 1.80E-02 1.82E~-02 1.79E-02 3.47E-02 0.00E+00 1.87E-02
CHILD 1.58E-03 2.95E-02 2.83E-02 2.84E-02 2.82E-02 3.43E-02 0.00E+00 2.89E-02
INFANT 1.82E-05 2.31E-02 2.31E-02 2.31E-02 2.31E-02 2.32E-02 0.00E+00 2.32E-02

=== AGE GROUP / PATHWAY DESCRIPTIONS ======================= ====
Abbreviation Age Group Pathway

APWtr ADULT Potable Water (PWtr)

AFWFSp ADULT Fresh Water Fish - Sport (FFSP)

TPWtr TEEN Potable Water (PWtr)

TFWFSp TEEN Fresh Water Fish - Sport (FFSP)

CPWtr CHILD Potable Water (PWtr)

CFWFSp CHILD Fresh Water Fish - Sport (FFSP)

IPWtr INFANT Potable Water (PWtr)

Date/Time: 04/21/2003 15:04 brwmn Page - 3
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RETDAS v3.6.3

Release 1D
Period Start Date

Period End Date
Period Duration (mins):

-------------

<BRA>

LIQUID RELEASE AND DOSE SUMMARY REPORT

(PERIOD BASIS - BY UNIT)

....: 01/01/2002 00:00

Unit...oeeeeeenaeeannas 1

---------------

Agegroup Bone

ADULT
H-3
NA-24
CR-51
MN-54
FE-59
CO-58
CO-60
NI-65
RB-88
ZR-95
ZR-97
NB-95
TC-99M
TC-101
AG-110M
TE-125M
I-131
I-134
C5-136
Cs-137
BA-140

TEEN
H-3
NA-24
CR-51
MN-54
FE-59
CO-58
CO-60
NI-65
RB-88
ZR-95
ZR-97
NB-95
TC-9%M
TC-101
AG-110M
TE-125M

WO NWNONONDON SO BBOOMNROONO

GNNONONDNNJOBROO0OND OO

Date/Time:

.00E+00
.15E-08
.00E+00
.00E+00
.15E-06
.00E+00
.00E+00
.59E-08

00E+00
16E-10

.13E-12
.17E-06
.19E-12
.18E-12
.44E-08
.17E-04
.18E-08
.56E-09
.62E-06
.11E-04
.58E-06

.00E+00
.36E-08
.00E+400
.00E+00
.33E-06
.00E+00
.00E+00
.95E-08
.00E+00
.14E-10
.84E-12
.21E-06

.

22E-12
54E-12
29E-08

.63E-04

04/21/2003 15:04

Liver

2.46E-02
7.15E-08
0.00E+00
1.85E-04
1.45E-05
7.06E-05
1.12E-04
5.97E-09
4.92E-07
2.29E-10
5.50E-13
2.88E-06
6.18E-12
7.47E-12
2.26E-08
1.87E-04
3.11E-08
9.67E-09
3.01E-05
8.35E-04
4.50E-09

1.78E-02
7.36E-08
0.00E+00
1.82E-04
1.48E-05
7.00E-05
1.12E-04
6.33E-09
5.28E-07
2.25E-10
5.61E-13
2.89E-06
6.19E-12
7.88E-12
2.17E-08
2.03E-04

Thyroid

2.46E-02
.15E-08
.47E-08
.00E+00
.00E+00
.00E+00
.00E+00
.00E+00
.00E+00
.00E+00
00E+00
00E+00
.00E+00
.00E+00
.00E+00
.55E-04
.02E-05
.68E-07
.00E+00
.00E+00
.00E+00

COORKFFRFOODOODOOOOOOOON
.

78E~02
36E-08
.28E-08
.00E+00
.00E+00
.00E+00
.00E+00
.00E+0Q0
.00E+00
.00E+00
.00E+00
.00E+00
.00E+00
.00E+00
.00E+00
.57E-04

.

HPOOOOOQOOOQOOOOO M JK

brwmn
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01/01/2003 00:00
5.256E+05

0 Liquid Receptor

Kidney

2.46E-02
7.15E-08
1.65E-08
5.51E-05
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
3.60E-10
8.31E-13
2.84E-06
9.39E-11
1.34E-10
4.45E-08
2.10E-03
5.33E-08
1.54E-08
1.67E-05
2.84E-04
1.53E-09

1.78E-02
7.36E-08
1.69E-08
5.43E-05
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
3.31E-10
8.51E-13
2.80E-06
9.22E-11
1.43E-10
4.13E-08
0.00E+00

1 All Liquid Release Types

PERMIT ORGAN DOSE BY AGE GROUP AND NUCLIDE (mrem)

Lung

.46E~-02
.15E-08
.91E-08
.00E+00
.04E-06
.00E+00
.00E+00
.00E+00
.00E+00
00E+00
00E+00
O0E+00
.03E-12
.82E-12
.00E+00
.00E+00
.00E+00
.00E+00
.29E-06
.43E-05
.58E~-09

.

.

NONOOOOWWOOOOOOOROWNN
.

78E-02
36E-08
10E-07
.00E+00
.66E-06
.00E+00
.00E+00
.00E+00
.00E+0Q0
.00E+00
.00E+00
.00E+00
.43E-12
.80E-12
0.00E+00
0.00E+00

B WOOOOOOOW™ORIH
« v e

VSST

GI-L1li Skin TB

2.46E-02 0.00E+00 2.46E-02
7.15E-08 0.00E+00 7.15E-08
1.88E-05 0.00E+00 7.47E-08
5.68E-04 0.00E+00 3.54E-05
4_.82E-05 0.00E+00 5.54E-06
1.43E-03 0.00E+00 1.58E-04
2.11E-03 0.00E+00 2.47E-04
1.51E-07 0.00E+00 2.72E-09
6.80E-18 0.00E+00 2.61E-07
7.27E-07 0.00E+00 1.55E-10
1.71E-07 0.00E+00 2.52E-13
1.75E-02 0.00E+00 1.55E-06
3.66E-09 0.00E+00 7.88E-11
2.24E-23 0.00E+00 7.33E-11
9.23E-06 0.00E+00 1.34E-08
2.06E~03 0.00E+00 6.92E-05
8.21E-09 0.00E+00 1.78E-08
8.43E-12 0.00E+00 3.46E-09
3.42E-06 0.00E+00 2.17E-05
1.62E-05 0.00E+00 5.47E-04
7.38E-06 0.00E+00 2.35E-07
1.78E-02 0.00E+00 1.78E-02
7.36E-08 0.00E+00 7.36E-08
1.29E-05 0.00E+00 7.70E-08
3.74E-04 0.00E+00 3.61E-05
3.49E-05 0.00E+00 5.70E-06
9.64E-04 0.00E+00 1.61E-04
1.46E-03 0.00E+00 2.52E-04
3.43E-07 0.00E+00 2.88E-09
4.52E-14 0.00E+00 2.81E-07
5.20E-07 0.00E+00 1.55E-10
1.52E-07 0.00E+00 2.58E-13
1.24E-02 0.00E+00 1.59E-06
4.06E-09 0.00E+00 8.01E-11
1.35E-18 0.00E+00 7.74E-11
6.09E-06 0.00E+00 1.32E-08
1.66E-03 0.00E+00 7.52E-05
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RETDAS v3.6.3

Release 1D

Period Start Date

Period End Date
Period Duration (mins):

Agegroup Bone

I-131
I-134
CS-136
Cs-137
BA-140

CHILD
H-3
NA-24
CR-51
MN-54
FE-59
CO-58
Co-60
NI-65
RB-88
ZR-95
ZR-97
NB-95
TC-99M
TC-101
AG-110M
TE-125M
I-131
I-134
CS-136
CsS-137
BA-140

INFANT
H-3
NA-24
CR-51
MN-54
FE-59
CO-58
C0o-60
NI-65
RB-88
ZR-95
ZR-97

Date/Time:

2.31E-08
3.70E-09
7.66E-06
6.54E-04
3.71E-06

0.00E+00
8.21E-08
0.00E+00
0.00E+00
7.87E-06
0.00E+00
0.00E+0C
6.50E-08
0.00E+00
1.30E-09
5.40E-12
6.15E-06
3.07E-12
8.19E-12
4.19E-08
7.27E-04
3.38E-08
5.28E-09
9.05E-06
8.24E-04
6.73E-06

0.00E+00
4.09E-09
0.00E+00
0.00E+00
4.20E-07
0.00E+00
0.00E+Q0
3.93E-09
0.00E+00
8.70E-10
4.31E-12

........

<BRA>

LIQUID RELEASE AND DOSE SUMMARY REPORT

.....
.....

Liver

3.23E-08
9.80E-09
3.02E-05
8.70E-04
4.54E-09

2.81E-02
8.21E-08
0.00E+00
1.43E-04
1.27E-05
5.87E-05
9.54E-05
6.12E-09
5.08E-07
2.85E-10
7.80E-13
2.39E-06
6.02E-12
8.58E-12
2.83E-08
1.97E-04
3.40E-08
9.81E-09
2.49E-05
7.89E-04
5.89E-09

2.31E-02
4.09E-09
0.00E+00
1.97E-06
7.33E-07
6.42E-06
1.07E-05
4.45E-10
1.99E-09°
2.12E-10
7.40E-13

04/21/2003 15:04

(PERIOD BASIS - BY UNIT)

Thyroid

1.63E-07
0.0CE+00
0.00E+00
0.00E+00

2.81E-02
8.21E-08
4.61E-08
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+Q0
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
2.04E-04
1.12E-05
2.26E-07
0.00E+00
0.00E+00
0.00E+00

2.31E-02
4.09E-09
1.26E-09
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

brwmn
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Kidney

.
o
3]
T
o
m

00E+00
.00E+00
.00E+00
.00E+00
.00E+00
.08E-10
.12E-12
.25E-06
.75E-11
.46E-10
.27E-08
.00E+00
.58E~-08
.50E-08
.33E-05
.57E-04
.92E-09

HFNRFRRFROOOMRPRONRPEPEOOODOOBRLON

31E-02
09E-09
.74E-10
.37E-07
.00E+00
.00E+00
.00E+00
.00E+00
.00E+00
.29E-10
7.46E-13

.

NOOODOO NN

1 All Liquid Release Types
01/01/2002 00:00
01/01/2003 00:00
5.256E+05

PERMIT ORGAN DOSE BY AGE GROUP AND NUCLIDE (mrem)

Lung

0.00E+00
0.00E+00
2.59E-06
1.15E-04
3.05E-09

2.81E-02
8.21E-08
8.43E-08
0.00E+00
3.69E-06
0.00E+00
0.00E+00
0.00E+00
0.00E+Q0
0.00E+00
0.00E+00
0.00E+00
3.06E-12
4.54E-12
0.00E+00
0.00E+00
0.00E+00
0.00E+Q0
1.98E-06
9.25E-05
3.51E-09

2.31E-02
4.09E-09
2.44E-0S
0.00E+00
2.17E-07
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

VSSI

6.39%9E-09
1.29E-10
2.43E-06
1.24E-05
5.72E-06

2.81E-02
8.21E-08
4.41E-06
1.20E-04
1.33E-05
3.42E-04
5.28E-04
7.49E-07
2.49E-08
2.98E-07
1.18E-07
4.43E-03
3.42E-08
2.73E-11
3.36E-06
7.01E-04
3.02E-09
6.50E-09
8.74E-07
4.94E-06
3.41E-06

2.31E-02
4.09E-09
5.61E-08
7.24E-07
3.50E-07
1.60E-05
2.54E-05
3.39E-08
1.93E-09
1.06E-07
4.72E-08

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
:0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00C
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+0Q0
0.00E+00
0.00E+00
0.00E+00

2.B1E-02
8.21E-08
8.31E-08
3.82E-05
6.34E-06
1.80E-04
2.81E-04
3.57E-09
3.53E-07
2.54E-10
4.60E-13
1.71E-06
9.98E-11
1.09E-10
2.26E-08
9.69E-05
1.93E-08
4.51E-0%
1.61E-05
1.16E-04
3.93E-07

2.31E-02
4.09E-09
1.92E-09
4.47E-07
2.89E-07
1.60E-05
2.52E-05
2.02E-10
1.09E-09
1.50E-10
3.38E-13
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RETDAS v3.6.3 <BRA>

LIQUID RELEASE AND DOSE SUMMARY REPORT

—————— (PERIOD BASIS - BY UNIT)

Release ID......ccovn. : 1 All Liguid Release Types
Period Start Date.....: 01/01/2002 00:00
Period End Date....... : 01/01/2003 00:00

Period Duration (mins): 5.256E+05

=== PERMIT ORGAN DOSE BY AGE GROUP AND NUCLIDE (mrem)

Kidney

VSSI

Agegroup Bone Liver Thyroid
NB-95 1.14E-09 4.71E-10 0.00E+00
TC-99M 9.73E-13 2.01E-12 0.00E+00
TC-101 2.65E-12 3.34E-12 0.00E+00
AG-110M 3.34E-08 2.44E-08 0.00E+00
TE-125M 1.10E-05 3.67E-06 3.69E-06
I-131 1.07E-08 1.26E-08 4.16E-06
I-134 1.67E-09 3.42E-09 7.97E-08
CS-136 2.64E-08 7.76E-08 0.00E+00
CS-137 1.96E-06 2.30E-06 0.00E+00
BA-140 4.80E-06 4.80E-09 0.00E+00

Date/Time: 04/21/2003 15:04 brwmn
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3.38E-10
2.16E-11
3.97E-11
3.49E-08
0.00E+00
1.48E-08
3.82E-09
3.09E-08
6.16E-07
1.14E-09

MNANOOOORRKRO

.00E+00
.05E-12
.82E-12
.00E+00
.00E+00
.00E+00
.00E+00
.32E-09
.50E-07
.95E-09

3.97E-07
5.83E-10
5.67E-10
1.26E-06
5.23E-06
4.52E-10
3.53E-09
1.18E-09
7.18E-09
1.18E-06

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

2.72E-10
2.58E-11
3.30E-11
1.61E-08
1.48E-06
5.56E-09
1.22E-09
2.89E-08
1.63E-07
2.47E-07
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RETDAS v3.6.3 <BRA> VSSI
LIQUID RELEASE AND DOSE SUMMARY REPORT
—————— (PERIOD BASIS - BY UNIT) ---—---

Release ID............ : 1 All Liquid Release Types

Period Start Date..... : 01/01/2002 00:00

Period End Date.......: 01/01/2003 00:00

Period Duration (mins): 5.256E+05

Unit.e.eeooensecennneaas 1

Receptor...coveveeennn : 0 Liquid Receptor

=== MAXIMUM DOSE FOR PERIOD ===

Limit Organ Age Dose Limit Limit Percent

Type Type Group Organ (mrem) Period (mrem) of Limit

Admin Any Organ  ADULT GILLI 4.83E-02 31-day 1.50E-01 3.22E+01
Quarter 3.75E+00 1.29E+00
Annual 7.50E+00 6.45E-01

Admin Tot Body CHILD TBODY 2.89E-02 31-day 4.50E-02 6.42E+01
Quarter 1.13E+00 2.57E+00
Annual 2.25E400 1.28E+00

T.Spec Any Organ ADULT GILLI 4.83E-02 31-day 2.00E-01 2.42E+01
Quarter 5.00E+00 9.67E-01
Annual 1.00E+01 4.83E-01

Critical Pathway........: 1 Fresh Water Fish - Sport (FFSP

Major Contributors......: 0.0 % or greater to total

Nuclide Percentage

H-3 5.09E+01

NA-24 1.48E-04

CR-51 3.89E-02

MN-54 1.17E+00

FE-59 9.97E-02

CO-58 2.96E+00

CO-60 4.36E+00

NI-65 3.13E-04

RB-88 1.41E-14

ZR-95 1.50E-03

ZR-97 3.53E-04

NB-95 3.61E+01

TC-99M 7.57E-06

TC-101 4.64E-20

AG-110M 1.91E-02

TE-125M 4.27E+00

I-131 1.70E-05

I-134 1.74E-08

CS-136 7.07E-03

CsS-137 3.34E-02

BA-140 1.53E-02

Date/Time: 04/21/2003 15:04 brwmn Page - 7
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RETDAS v3.6.3 <BRA> VSSI
LIQUID RELEASE AND DOSE SUMMARY REPORT
—————— (PERIOD BASIS - BY UNIT) ------

Release ID............: 1 All Liquid Release Types

Period Start Date.....: 01/01/2002 00:00

Period End Date.......: 01/01/2003 00:00 .

Period Duration (mins): 5.256E+05

=== MAXIMUM DOSE FOR PERIOD

Limit Organ Age Dose Limit Limit Percent

Type Type Group Organ (mrem) Period (mrem) of Limit

T.Spec Tot Body CHILD TBODY 2.89%9E-02 3l-day 6.00E-02 4.81E+01
Quarter 1.50E+00 1.92E+00
Annual 3.00E+00 9.62E-01

Critical Pathway........: 0 Potable Water (PWtr)

Major Contributors......: 0.0 % or greater to total

Nuclide Percentage

H-3 9.74E+01

NA-24 2.84E-04

CR-51 2.88E-04

MN-54 1.32E-01

FE-59 2.20E-02

CO-58 6.22E~-01

CO-60 9.74E-01

NI-65 1.24E-05

RB-88 1.22E-03

ZR-95 8.80E-07

ZR-97 1.59E-09

NB-95 5.92E-03

TC-99M 3.46E-07

TC-101 3.77E-07

AG-110M 7.83E-05

TE-125M 3.36E-01

I-131 6.68E-05

I-134 1.56E-05

CS-136 5.58E-02

CS5-137 4.03E-01

BA-140 1.36E-03

Date/Time: 04/21/2003 15:04 brwmn LAST Page - 8
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RETDAS v3.6.3

Release ID
Period Start Date.....:
Period End Date....... :
Period Duration

=== MULTIPLE RELEASE POINT MESSAGE =

S I |

<BRA> VSS1I
LIQUID RELEASE AND DOSE SUMMARY REPORT
(PERIOD BASIS - BY UNIT)

All Liquid Release Types
01/01/2002 00:00
01/01/2003 00:00

-------------

Undiluted and Diluted Flowrate(s) and Concentration(s) cannot be combined.

RELEASE DATA =======

Total Release Duration (minutes)......c.ieeiiiiiiienretcnronococosenns 5.069E+05
Total Undiluted Volume Released {gallonsS).......ccivceeccccesononcnes NA
Average Undiluted Flowrate (gpm)......c.ccuvetnnecernnroncnnrucsonansee NA
Total Dilution Volume (gallONS) ..eeceeeeeesoasoncssoscotncoonanenennns NA
Average Dilution Flowrate (gpm)......c.iiieineiiniinaenacinenenennn. NA
=== NUCLIDE DATA

Nuclide uCi

CO-57 5.54E+01

BR-82 5.81E+02

NB-97 1.33E+02

SB-124 3.91E+03

SB-125 9.01E+03

TE-123M 2.57E+03

NA-24 4.16E+00

CR-51 1.40E+03

MN-54 1.02E+403

FE-59 1.40E+02

CO-58 1.84E+04

CO-60 1.02E+04

NI-65 8.61E+00

RB-88 4.10E+01

ZR-95 4.35E+01

ZR-97 3.00E+00

NB-95 2.80E+02

TC-99M 5.21E400

TC-101 1.20E+01

AG-110M 3.45E+02

TE-125M 4.85E+03

I-131 3.08E+00

I-134 1.98E+01

Cs-136 5.91E+00

Cs-137 3.87E+01

BA-140 2.89E+02

Gamma 5.33E+04

Date/Time: 04/21/2003 15:06  brwmn Page - 1
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RETDAS v3.6.3 <BRA> VSSI
LIQUID RELEASE AND DOSE SUMMARY REPORT
—————— (PERIOD BASIS - BY UNIT) --—-—-

Release ID............: 1 All Liquid Release Types

Period Start Date.....: 01/01/2002 00:00

Period End Date.......: 01/01/2003 00:00

Period Duration (mins): 5.256E+05

=== NUCLIDE DATA

Nuclide uCi

KR-85 1.06E+03

XE-131M 1.25E+02

XE-135 3.83E+00

XE-133 1.34E+03

XE-138 1.17E+01

D&EG 2.54E+03

H-3 1.17E+09

Beta 1.17E+09

Total 1.17E+09

Date/Time: 04/21/2003 15:06 brwmn Page - 2
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RETDAS v3.6.3 <BRA> VSSI

LIQUID RELEASE AND DOSE SUMMARY REPORT
—————— (PERIOD BASIS - BY UNIT) -----—-

Release ID..eeevrnenn. : 1 All Liquid Release Types

Period Start Date.....: 01/01/2002 00:00

Period End Date.......: 01/01/2003 00:00

Period Duration (mins}: 5.256E+05

Unit...eeieineennennaar 2

Receptor..............: 0 Liquid Receptor

=== PERMIT ORGAN DOSE BY AGE GROUP AND PATHWAY (mrem) ======s====ss=s=sssSosssssos
Age/Path Bone Liver Thyroid Kidney Lung GI-L1li Skin TB

APWtr 4,.87E-06 1.74E-02 1.74E-02 1,.,74E-02 1.74E-02 1.76E-02 0.00E+00 1.74E-02
AFWFSp 1.15E-03 8.64E-03 7.38E-03 9.66E-03 7.31E-03 3.08E-02 0.00E+00 8.28E-03
TPWtr 4.82E~-06 1.23E-02 1.23E-02 1.23E-02 1.23E-02 1.24E-02 0.00E+00 1.23E-02
TFWFSp 1.23E-03 7.01E-03 5.70E-03 5.91E~-03 5.66E-03 2.23E-02 0.00E+00 6.38E-03
CPWtrx 1.42E-05 2.36E-02 2.36E-02 2.35E-02 2.35E-02 2.36E-02 0.00E+00 2.36E-02
CFWFSp 1.57E-03 5.89E-03 4.80E-03 4.90E-03 4.69E-03 1.06E-02 0.00E+00 5.28E-03
IPWtr 1.82E-05 2.31E-02 2.31E-02 2.31E-02 2.31E-02 2.32E-02 0.00E+00 2.32E-02
——————————————————————————————————— TOTALS - ———————————— === ————
ADULT 1.15E-03 2.61E-02 2.48E-02 2.71E-02 2.47E-02 4.83E-02 0.00E+00 2.57E-02
TEEN 1.24E-03 1.93E-02 1.80E-02 1.82E-02 1.79E-02 3.47E-02 0.00E+00 1.87E-02
CHILD 1.58E-03 2.95E-02 2.83E-02 2.84E-02 2.82E-02 3.43E-02 0.00E+00 2.89E-02
INFANT 1.82E-05 2.31E-02 2.31E-02 2.31E-02 2.31E-02 2.32E-02 0.00E+00 2.32E-02
=== AGE GROUP / PATHWAY DESCRIPTIONS =====s=s=========== ====
Abbreviation Age Group Pathway

APWtr ADULT Potable Water (PWtr)

AFWFSp ADULT Fresh Water Fish - Sport (FFSP)

TPWtr TEEN Potable Water (PWtr)

TFWFSp TEEN Fresh Water Fish - Sport (FFSP)

CPWtr CHILD Potable Water (PWtr)

CEFWFSp CHILD Fresh Water Fish - Sport (FFSP)

IPWtr INFANT Potable Water (PWtr)

Date/Time: 04/21/2003 15:06 brwmn Page - 3
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RETDAS v3.6.3

Release ID........

Period Start Date

Period End Date...

<BRA>

LIQUID RELEASE AND DOSE SUMMARY REPORT

ce..2 1

(PERIOD BASIS - BY UNIT)

....: 0170172002 00:00
....: 01/01/2003 00:00
Period Duration {mins): 5.256E+05

..... 2

e...: 0 Liquid Receptor

All Liquid Release Types

=== PERMIT ORGAN DOSE BY AGE GROUP AND NUCLIDE (mrem)
Thyroid Kidney

Agegroup Bone
ADULT

H-3 0.00E+00
NA-24 7.15E-08

CR-51 0.00E+00
MN-54 0.00E+00
FE-59 6.15E-06
CO-58 0.00E+00
CO-60 0.00E+00
NI-65 4.59E-08
RB-88 0.00E+00
ZR-95 7.16E-10
ZR-97 2.73E-12
NB-95 5.17E-06
TC-99M 2.19E-12
TC-101 5.18E-12
AG-110M 2.44E-08
TE-125M 5.17E-04
I-131 2.18E-08
I-134 3.56E-09
C5-136 7.62E-06

Cs-137 6.11E-04
BA-140 3.58E-06
TEEN

H-3 0.00E+00

NA-24 7.36E-08
CR-51 0.00E+00

MN-54 0.00E+00
FE-58 6.33E-06
CO-58 0.00E+00

CO-60 0.00E+00
NI-65 4.95E-08
RB-88 0.00E+0Q0
ZR-95 7.14E-10
ZR-97 2.84E-12
NB-95 5.21E-06
TC-99M 2.22E-12
TC-101 5.54E-12
AG-110M 2.29E-08
TE-125M 5.63E-04

Date/Time: 04/21/2003 15:06

Liver

2.46E-02
7.15E-08
0.00E+00
1.85E-04
1.45E-05
7.06E-05
1.12E-04
5.97E-09
4.92E-07
2.29E-10
5.50E-13
2.88E-06
6.18E-12
7.47E-12
2.26E-08
1.87E-04
3.11E-08
9.67E-09
3.01E-05
8.35E-04
4.50E-09

1.78E-02
7.36E-08
0.00E+00
1.82E-04
1.48E-05
7.00E-05
1.12E-04
6.33E-09
5.28E-07
2.25E-10
5.61E-13
2.89E-06
6.19E-12
7.88E-12
2.17E-08
2.03E-04

COORRFPFRPOODODOOOOQOODOOORNIN

HFOOOOOODOOOOQOQO®™ I

.46E~02
.15E-08
.47E-08
.00E+00
.00E+00

.

00E+00

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

.

00E+00

.55E-04
.02E-05
.68E~07
.00E+00
.00E+00
.00E+00

.

7BE-02

.36E-08
.28E-08
.00E+00
.00E+00
.00E+00
.00E+0Q0
.00E+00
.00E+00

.

00E+00
00E+00

.00E+00
.00E+00
.00E+00
.00E+00
.57E-04

brwmn
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Lung

2.46E-02 2.46E-02
7.15E-08 7.15E-08

1.65E-08
5.51E-05
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
3.60E-10
8.31E-13
2.84E-06
9.39E-11
1.34E-10
4.45E-08
2.10E-03
5.33E-08
1.54E-08
1.67E-05
2.84E-04
1.53E-09

1.78E-02
7.36E-08
1.69E-08
5.43E-05
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+0Q0
3.31E-10
8.51E-13
2.80E-06
9.22E-11
1.43E-10
4.13E-08
0.00E+00

9.
0.

.

NONOOODOWWOOOOODOO O

.

COOMRWOOOOOOOROKIH
o

91E-08
00E+00

.04E-06
.00E+00
.00E+00
.00E+00
.00E+00
.00E+00
.00E+00

00E+00

.03E-12
.82E-12
.00E+00
.00E+00
.00E+00
.00E+00
.29E-06
.43E-05

58E-09

.78E-02
.36E-08
.10E-07
.00E+00
.66E-06
.00E+00
.00E+00
.00E+00

00E+00

.00E+00
.00E+00
.00E+00
.43E-12
.80E~-12
.00E+00
.00E+00

VSSI

2.46E-02
7.15E-08
1.88E-05
5.68E-04
4.82E-05
1.43E-03
2.11E-03
1.51E-07
6.80E-18
7.27E-07
1.71E-07
1.75E-02
3.66E-08
2.24E-23
9.23E-06
2.06E-03
8.21E-09
8.43E-12
3.42E-06
1.62E-05
7.38E-06

1.78E-02
7.36E-08
1.29E-05
3.74E-04
3.49E-05
9.64E-04
1.46E-03
3.43E-07
4.52E-14
5.20E-07
1.52E-07
1.24E-02
4.06E-09
1.35E-18
6.09E-06
1.66E-03

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+0Q0
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

2.46E-02
7.15E-08
7.47E-08
3.54E-05
5.54E-06
1.58E-04
2.47E-04
2.72E-09
2.61E-07
1.55E-~10
2.52E-13
1.55E-06
7.88E-11
7.33E-11
1.34E-08
6.92E-05
1.78E-08
3.46E-09
2.17E-05
5.47E-04
2.35E-07

1.78E-02
7.36E-08
7.70E-08
3.61E-05
5.70E-06
1.61E-04
2.52E-04
2.88E-09
2.81E-07
1.55E-10
2.58E-13
1.59E-06
8.01E-11
7.74E-11
1.32E-08
7.52E-05
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RETDAS v3.6.3 <BRA> VSSI

LIQUID RELEASE AND DOSE SUMMARY REPORT
—————— (PERIOD BASIS - BY UNIT) ------

Release ID............: 1 All Liquid Release Types
Period Start Date.....: 01/01/2002 00:00
Period End Date....... : 01/01/2003 00:00

Period Duration (mins): 5.256E+05

=== PERMIT ORGAN DOSE BY AGE GROUP AND NUCLIDE (mrem) ============
Agegroup Bone Liver Thyroid Kidney Lung GI-L1li Skin TB

I-131 2.31E-08 3.23E-08 9 0.00E+00 6.39E-09 0.00E+00 1
I-134 3.70E-09 9.80E-09 1.63E-07 1.54E-08 0.00E+00 1.29E-10 0.00E+00 3.
C5-136 7.66E-06 3.02E-05 0.00E+00 1.64E-05 2.59E-06 2.43E-06 0.00E+00 2.03E-05
C5-137 6.54E-04 8.70E-04 0.00E+00 2.96E-04 1.15E-04 1.24E-05 0.00E+00 3

0 3 5 2

BA-140 3.71E-06 4.54E-09 0.00E+00 1.54E-09 3.05E-09 5.72E-06 0.00E+00 39E-07
CHILD

H-3 0.00E+00 2.81E-02 2.81E-02 2.81E-02 2.81E-02 2.81E-02 0.00E+00 2.81E-02
NA-24 8.21E-08 8.21E-08 8.21E-08 8.21E-08 8.21E-08 8.21E-08 0.00E+00 8.21E-08
CR-51 0.00E+00 0.00E+00 4.61E-08 1.26E-08 8.43E-08 4.41E-06 0.00E+00 8.31E-08
MN-54 0.00E+00 1.43E-04 0.00E+00 4.02E-05 0.00E+00 1.20E-04 0.00E+00 3.82E-05
FE-59 7.87E-06 1.27E-05 0.00E+00 0.00E+00 3.69E-06 1.33E-05 0.00E+00 6.34E-06
CO-58 0.00E+00 5.87E-05 0.00E+00 0.00E+00 0.00E+00 3.42E-04 0.00E+00 1.80E-04
CO-60 0.00E+00 9.54E-05 0.00E+00 0.00E+00 0.00E+00 5.28E-04 0.00E+00 2.81E-04
NI-65 6.50E-08 6.12E-09 0.00E+00 0.00E+00 0.00E+00 7.49E-07 0.00E+00 3.57E-09
RB-88 0.00E+00 5.08E-07 0.00E+00 0.00E+00 0.00E+00 2.49E-08 0.00E+00 3.53E-07
ZR~-95 1.30E-09 2.85E-10 0.00E+00 4.08E-10 0.00E+00 2.98E-07 0.00E+00 2.54E-10
ZR-97 5.40E-12 7.80E-13 0.00E+00 1.12E-12 0.00E+00 1.18E-07 0.00E+00 4.60E-13
NB-95 6.15E-06 2.39E-06 0.00E+00 2.25E-06 0.00E+00 4.43E-03 0.00E+00 1.71E-06
TC-99M 3.07E-12 6.02E-12 0.00E+00 8.75E-11 3.06E-12 3.42E-09 0.00E+00 9.98E-11
TC-101 8.19E-12 8.58E-12 0.00E+00 1.46E-10 4.54E-12 2.73E-11 0.00E+00 1.09E-10
AG-110M 4.19E-08 2.83E-08 0.00E+00 5.27E-08 0.00E+00 3.36E-06 0.00E+00 2.26E-08
TE-125M 7.27E-04 1.97E-04 2.04E-04 0.00E+00 0.00E+00 7.01E-04 0.00E+00 9.69E-05
1-131 3.38E-08 3.40E-08 1.12E-05 5.58E-08 0.00E+00 3.02E-09 0.00E+00 1.93E-08
I-134 5.28E-09 9.81E-09 2.26E-07 1.50E-08 0.00E+00 6.50E-09 0.00E+00 4.51E-0%9
CsS-136 9.05E-06 2.49E-05 0.00E+00 1.33E-05 1.98E-06 8.74E-07 0.00E+00 1.61E-05
CS-137 8.24E-04 7.89E-04 0.00E+00 2.57E-04 9.25E-05 4.94E-06 0.00E+00 1.16E-04
BA-140 6.73E-06 5.89E~09 0.00E+00 1.92E-09 3.51E-09 3.41E-06 0.00E+00 3.93E-07
INFANT

H-3 0.00E+00 2.31E-02 2.31E-02 2.31E-02 2.31E-02 2.31E-02 0.00E+00 2.31E-02
NA-24 4.09E-09 4.09E-09 4.09E-09 4.09E-09 4.09E-09 4.09E-09 0.00E+00 4.09E-09
CR-51 0.00E+00 0.00E+00 1.26E-~09 2.74E-10 2.44E-09 5.61E-08 0.00E+00 1.92E-09
MN-54 0.00E+00 1.97E-06 0.00E+00 4.37E-07 0.00E+00 7.24E-07 0.00E+00 4.47E-07
FE-59 4,20E-07 7.33E-07 0.00E+00 0.00E+00 2.17E-07 3.50E-07 0.00E+00 2.89E-07
CO-58 0.00E+00 6.42E-06 0.00E+00 0.00E+00 0.00E+00 1.60E-05 0.00E+00 1.60E-05
CO-60 0.00E+00 1.07E-05 0.00E+00 0.00E+00 0.00E+00 2.54E-05 0.00E+00 2.52E-05
NI-65 3.93E-09 4.45E-10 0.00E+00 0.00E+00 0.00E+00 3.39E-08 0.00E+00 2.02E-10
RB-88 0.00E+00 1.99E-09 0.00E+00 0.00E+00 0.00E+00 1.93E-09 0.00E+00 1.09E-09
ZR~-85 8.70E-10 2.12E-10 0.00E+00 2.29E-10 0.00E+00 1.06E-07 0.00E+00 1.50E-10
ZR-97 4.31E-12 7.40E-13 0.00E+00 7.46E~13 0.00E+00 4.72E-08 0.00E+00 3.38E-13
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RETDAS v3.6.3 <BRA> VSSI

LIQUID RELEASE AND DOSE SUMMARY REPORT
—————— (PERIOD BASIS - BY UNIT) ------

Release ID............: 1 All Liquid Release Types
Period Start Date.....: 01/01/2002 00:00
Period End Date....... :+ 01/01/2003 00:00

Period Duration (mins): 5.256E+05

=== PERMIT ORGAN DOSE BY AGE GROUP AND NUCLIDE (mrem) ==

Agegroup Bone Liver Thyroid Kidney Lung GI-L1li Skin TB

NB-95 1.14E-09 4.71E-10 0.00E+00 3.38E-10 0.00E+00 3.97E-07 0.00E+00 2.72E-10
TC-99M 9.73E-13 2.01E-12 0.00E+00 2.16E-11 1.05E-12 5.83E-10 0.00E+00 2.58E-11
TC-101 2.65E-12 3.34E-12 0.00E+00 3.97E-11 1.82E-12 5.67E-10 0.00E+00 3.30E-11
AG-110M 3.34E-08 2.44E-08 0.00E+00 3.49E-08 0.00E+00 1.26E-06 0.00E+00 1.61E-08
TE-125M 1.10E-05 3.67E-06 3.69E-06 0.00E+00 0.00E+00 5.23E-06 0.00E+00 1.48E-06
I-131 1.07E-08 1.26E-08 4.16E-06 1.48E-08 0.00E+00 4.52E-10 0.00E+00 5.56E-09
I-134 1.67E-09 3.42E-09 7.97E-08 3.82E-09 0.00E+00 3.53E-09 0.00E+00 1.22E-09
CS-136 2.64E-08 7.76E-08 0.00E+00 3.09E-08 6.32E-09 1.18E-09 0.00E+00 2.89E-08
CS-137 1.96E-06 2.30E~06 0.00E+00 6.16E-07 2.50E-07 7.18E-09 0.00E+00 1.63E-07
BA~-140 4.80E-06 4.80E-09 0.00E+00 1.14E-09 2.95E-09 1.1BE-06 0.00E+00 2.47E-07
Date/Time: 04/21/2003 15:06  brwmn Page - 6

p:\depts\zd84g\environsgroup\2002eff.doc



RETDAS v3.6.3 <BRA> VSSI
LIQUID RELEASE AND DOSE SUMMARY REPORT
—————— (PERIOD BASIS - BY UNIT) -----—-

Release ID...v.sse....: 1 All Liquid Release Types

Period Start Date.....: 01/01/2002 00:00

Period End Date.......: 01/01/2003 00:00

Period Duration (mins): 5.256E+05

Unit.seeiinennnenaneeet 2

Receptor......vvve....: 0 Liquid Receptor

=== MAXIMUM DOSE FOR PERIOD ===

Limit Organ Age Dose Limit Limit Percent

Type Type Group Organ (mrem) Period (mrem) of Limit

Admin Any Organ ADULT GILLI 4.83E-02 31-day 1.50E-01 3.22E+01
Quarter 3.75E+400 1.29E+00
Annual 7.50E+00 6.45E-01

Admin Tot Body CHILD TBODY 2.89E-02 31-day 4.50E-02 6.42E+01
Quarter 1.13E+00 2.57E+00
Annual 2.25E+00 1.28E+00

T.Spec Any Organ ADULT GILLI 4.83E-02 31l-day 2.00E-01 2.42E+401
Quarter 5.00E+00 9.67E-01
Annual 1.00E+401 4.83E-01

Critical Pathway........: 1 Fresh Water Fish - Sport (FFSP

Major Contributors......: 0.0 % or greater to total

Nuclide Percentage

H-3 5.09E+01

NA-24 1.48E-04

CR-51 3.8%E-02

MN-54 1.17E+00

FE-59 9.97E-02

CO-58 2.96E+00

CO-60 4.36E+00

NI-65 3.13E-04

RB-88 1.41E~-14

ZR-95 1.50E-03

ZR-97 3.53E-04

NB-95 3.61E+01

TC-99M 7.57E-06

TC-101 4.64E-20

AG-110M 1.91E-02

TE-125M 4.27E+00

I-131 1.70E-05

I-134 1.74E-08

CS-136 7.07E-03

Cs-137 3.34E-02

BA~-140 1.53E-02

Date/Time: 04/21/2003 15:06 brwmn Page - 7
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RETDAS v3.6.3 <BRA> VSS1
LIQUID RELEASE AND DOSE SUMMARY REPORT
—————— (PERIOD BASIS - BY UNIT) ------

Release ID.....vces...2 1 All Liquid Release Types

Period Start Date.....: 01/01/2002 00:00

Period End Date.......: 01/01/2003 00:00

Period Duration (mins): 5.256E+05

=== MAXIMUM DOSE FOR PERIOD

Limit Organ Age Dose Limit Limit Percent

Type Type Group Organ (mrem) Period (mrem) of Limit

T.Spec Tot Body CHILD TBODY 2.88E-02 31-day 6.00E-02 4.81E+01
Quarter 1.50E+00 1.92E+00
Annual 3.00E+00 9.62E-01

Critical Pathway........: O Potable Water (PWtr)

Major Contributors......: 0.0 % or greater to total

Nuclide Percentage

H-3 9.74E+01

NA-24 2.8B4E-04

CR-51 2.88E-04

MN-54 1.32E-01

FE-59 2.20E-02

CO-58 6.22E-01

CO-60 9.74E-01

NI-65 1,24E-05

RB-88 1.22E-03

ZR-85 8.80E-07

ZR-97 1.59E-09

NB-95 5.92E-03

TC-99M 3.46E-07

TC-101 3.77E-07

AG-110M 7.83E-05

TE-125M 3.36E-01

I-131 6.68E-05

I-134 1.56E-05

CS-136 5.58E-02

CS-137 4.03E-01

BA-140 1.36E-03

Date/Time: 04/21/2003 15:06  brwmn LAST Page - 8
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RETDAS v3.6.3 <BRA>

40CFR190 URANIUM FUEL CYCLE DOSE REPORT

Braidwood Unit 1, 2002

Report for: 2002

VSSI

Unit Range - From: 1 To: 1

Liquid Receptor
=== PERIOD DOSE BY ORGAN AND AGE GROUP (mrem) QUARTER 1 ===========
Agegrp Bone Liver Thyroid Kidney Lung GI-LLI Skin TB

ADULT 1.18E-03 9.07E-03 7.94E-03 1.02E-02 7.89E-03 1.92E-02 0.00E+00 8.67E-03
TEEN 1.29E-03 6.97E-03 5.78E-03 5.99E-03 5.76E-03 1.38E-02 0.00E+00 6.25E-03
CHILD 1.64E-03 1.01E-02 9.10E-03 9.21E-03 9.00E-03 1.19E-02 0.00E+00 9.35E-03
INFANT 1.28E-05 7.32E-03 7.31E-03 7.31E-03 7.31E-03 7.33E-03 0.00E+00 7.33E-03

=== SITE DOSE LIMIT ANALYSIS QUARTER 1 ===========
Age Dose Limit Max % of

Quartr - Limit Group Organ (mrem) (mrem) Limit

Qtr 1 - Admin. Any Organ ADULT GILLI 1.92E-02 3.75E+00 5.12E-01

Qtr 1 - Admin. Total Body CHILD TBODY 9.35E-03 1.13E+00 8.31E-01

Qtr 1 - T.Spc. Any Organ ADULT GILLI 1.92E-02 ©5.00E+00 3.84E-01

Critical Pathway: Fresh Water Fish -~ Sport (FFSP)

Major Contributors ( 0% or greater to total)

Nuclide Percentage

H-3 4.06E+01

MN-54 1.20E+400

CoO-58 5.13E+00

CO-60 3.46E+00

ZR-95 5.53E-04

NB-95 3.91E+401

AG-110M 4.09E-03

TE-125M 1.05E+01

CS-137 9.50E-02

Otr 1 - T.Spc. Total Body CHILD TBODY 9.35E-03 1.50E+00 6.23E-01

Critical Pathway: Potable Water (PWtr)
Major Contributors ( 0% or greater to total)

Nuclide Percentage
H-3 9.51E+01
MN-54 1.66E-01
CO-58 1.32E+00
CO-60 9.47E-01
ZR-95 3.96E-07
NB-95 7.86E-03
AG-110M 2.05E-05
TE-125M 1.01E+00
CS-137 1.41E+400

Date/Time: 04/25/2003 12:03 brwmn

p:\depts\zd84g\environsgroup\2002eff doc

Page - 1



RETDAS v3.6.3 <BRA> VSSI

40CFR190 URANIUM FUEL CYCLE DOSE REPORT

Braidwood Unit 1, 2002

Report for: 2002

Unit Range -~ From: 1 To: 1

Liquid Receptor
=== PERIOD DOSE BY ORGAN AND AGE GROUP (mrem) QUARTER 2 ===========
Agegrp Bone Liver Thyroid Kidney Lung GI-LLI Skin TB

ADULT 4.99E-04 8.44E-03 7.95E-03 9.80E-03 7.82E-03 3.89E-02 0.00E+00 8.33E-03
TEEN 5.40E-04 6.29E-03 5.79E-03 5.74E-03 5.66E-03 2.77E-02 0.00E+00 6.18E-03
CHILD 6.95E-04 9.48E-03 9.11E-03 9.00E-03 8.93E-03 1.69E-02 0.00E+00 9.52E-03
INFANT 1.08E-05 7.35E-03 7.33E-03 7.33E-03 7.33E-03 7.38E-03 0.00E+00 7.37E-03

=== SITE DOSE LIMIT ANALYSIS QUARTER 2 ===========
Age Dose Limit Max % of
Quartr - Limit Group Organ (mrem) (mrem) Limit
Qtr 2 - Admin. Any Organ ADULT GILLI 3.89E-02 3.75E+00 1.04E+00
Qtr 2 - Admin. Total Body CHILD TBODY 9.52E-03 1.13E+00 8.46E-01
Qtr 2 - T.Spc. Any Organ ADULT GILLI 3.89E~02 5.00E+00 7.79E-01

Critical Pathway: Fresh Water Fish - Sport (FFSP)
Major Contributors ( 0% or greater to total)

Nuclide Percentage
H-3 2.01E+01
NA-24 3.50E-04
CR-51 9.19E-02
MN-54 1.68E+00
FE-59 2.36E-01
CoO-58 2.37E+00
CO-60 5.82E+00
NI-65 7.41E-04
ZR-95 3.28E-03
NB-95 6.49E+01
TC-99M 1.79E-05
TC-101 1.10E-19
AG-110M 3.93E-02
TE-125M 4.77E+00
I-134 3.05E-08
C5-136 1.67E-02
Qtr 2 - T.Spc. Total Body CHILD TBODY 9.52E-03 1.50E+00 6.34E-01

Critical Pathway: Potable Water (PWtr)
Major Contributors ( 0% or greater to total)

Nuclide Percentage

H-3 9.37E+01

NA-24 1.64E-03

Date/Time: 04/25/2003 12:03 brwmn Page - 2
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RETDAS v3.6.3 <BRA> VSSI

40CFR190 URANIUM FUEL CYCLE DOSE REPORT

Nuclide Percentage
CR-51 1.66E-03
MN-54 4.62E-01
FE-59 1.27E-01
CO-58 1.22E+00
CO-60 3.18E+00
NI-65 7.15E-05
ZR-95 4.68E-06
NB-95 2.60E-02
TC-99M 2.00E-06
TC-101 2.18E-06
AG-110M 3.93E-04
TE-125M 9.16E-01
I-134 6.67E-05
CS-136 3.22E-01
Date/Time: 04/25/2003 12:03 brwmn Page - 3
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RETDAS v3.6.3 <BRA>

40CFR190 URANIUM FUEL CYCLE DOSE REPORT

Braidwood Unit 1, 2002

VSSI

Report for: 2002
Unit Range - From: 1 To:
Liquid Receptor
=== PERIOD DOSE BY ORGAN AND AGE GROUP (mrem) === QUARTER 3 ===========

Agegrp Bone Liver

Thyroid Kidney

Lung GI-LLI

Skin TB

ADULT 5.55E-08 6.39E-03 6.29E-03 6.31E-03 6.29E-03 7.66E-03
TEEN 5.58E~-08 4.65E-03 4.55E-03 4.56E-03 4.55E-03 5.49E-03
CHILD 6.74E-08 7.27E-03 7.19E-03 7.20E-03 7.19E-03 7.53E-03
INFANT 3.26E-08 5.92E-03 5.91E-03 5.91E-03 5.91E-03 5.92E-03

Critical Pathway: Potable Water (PWtr)
0% or greater to total)

Major Contributors (

Nuclide Percentage
H-3 9.80E+01
MN-54 1.10E-01
CO-58 8.78E-01
CO-60 1.01E+00
RB-88 7.30E-03
ZR-97 9.52E-09
NB-95 2.35E-04
AG-110M 2.37E-05
I-134 2.44E-05

Date/Time: 04/25/2003

12:03
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0.00E+00 6.42E-03
0.00E+00 4.68E-03
0.00E+00 7.34E-03
0.00E+00 5.92E-03

=== SITE DOSE LIMIT ANALYSIS QUARTER 3 ==s=========
Age Dose Limit Max % of

Quartr - Limit Group Organ (mrem) (mrem) Limit

Qtr 3 - Admin. Any Organ ADULT GILLI 7.66E-03 3.75E+00 2.04E-01

Qtr 3 - Admin. Total Body CHILD TBODY 7.34E-03 1.13E+400 6.53E-01

Qtr 3 - T.Spc. Any Organ ADULT GILLI 7.66E-03 5.00E+00 1.53E-01

Critical Pathway: Potable Water (PWtr)

- Major Contributors ( 0% or greater to total)

Nuclide Percentage

H-3 8.22E+01

MN-54 1.56E+00

CO-58 6.70E+00

CO-60 7.26E+00

RB-88 1.35E~-13

ZR~97 3.38E-03

NB-95 2.30E+00

AG-110M 9.29E-03

I-134 4.36E-08

Qtr 3 - T.Spc. Total Body CHILD TBODY 7.34E-03 1.50E+00 4.89E-01
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RETDAS v3.6.3

<BRA>

40CFR190 URANIUM FUEL CYCLE DOSE REPORT

VSSI

Braidwood Unit 1, 2002
Report for: 2002
Unit Range - From: 1 To: 1
Liquid Receptor

=== PERIOD DOSE BY ORGAN AND AGE GROUP (mrem) ============ QUARTER 4 ===========
Agegrp Bone Liver Thyroid Kidney Lung GI-LLI Skin TB
ADULT 3.64E-04 1.44E-02 1.39E-02 1.41E-02 1.40E-02 1.44E-02 0.00E+00 1.43E-02
TEEN 3.89E-04 1.06E-02 1.01E-02 1.02E-02 1.01E-02 1.04E-02 0.00E+00 1.03E-02
CHILD 4.94E-04 1.64E-02 1.59E-02 1.60E-02 1.59E-02 1.60E-02 0.00E+00 1.60E-02
INFANT 8.44E-06 1.31E-02 1.31E-02 1.31E-02 1.30E-02 1.31E-02 0.00E+00 1.31E-02
=== SITE DOSE LIMIT ANALYSIS QUARTER 4 ===========

Age Dose Limit Max % of
Quartr - Limit Group Organ (mrem) (mrem) Limit
Qtr 4 - Admin. Any Organ CHILD LIVER 1.64E-02 3.75E+00 4.37E-01
Qtr 4 - Admin. Total Body CHILD TBODY 1.60E-02 1.13E+00 1.42E+00
Qtr 4 - T.Spc. Any Organ CHILD LIVER 1.64E-02 5.00E+00 3.27E-01
Critical Pathway: Potable Water (PWtr)
Major Contributors ( 0% or greater to total)
Nuclide Percentage
H-3 9.70E+01
MN-54 4.89E-02
Co-58 2.82E-02
CO-60 7.96E-02
AG-110M 8.65E-06
I-131 3.14E-04
CsS~-137 2.83E+00
BA-140 5.45E-05
Qtr 4 - T.Spc. Total Body CHILD TBODY 1.60E-02 1.50E+00 1.07E+00
Critical Pathway: Potable Water (PWtr)
Major Contributors ( 0% or greater to total)
Nuclide Percentage
H-3 9.92E+01
MN-54 1.33E-02
CO-58 8.84E-02
CO-60 2.40E-01
AG-110M 7.08E-06
I-131 1.83E-04
Cs-137 4,27E-01
BA-140 3.71E-03
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RETDAS v3.6.3 <BRA> VSSI

40CFR190 URANIUM FUEL CYCLE DOSE REPORT

Braidwood Unit 1, 2002

Report for: 2002

Unit Range - From: 1 To: 1

Ligquid Receptor
=== PERIOD DOSE BY ORGAN AND AGE GROUP (mrem) ============ ANNUAL 2002 =========
Agegrp Bone Liver Thyroid Kidney Lung GI-LLI . Skin TB
ADULT 1.98E-03 3.95E-02 3.74E-02 4.13E-02 3.72E-02 7.79E-02 0.00E+00 3.89E-02
TEEN 2.13E-03 2.94E-02 2.71E-02 2.74E-02 2.70E-02 5.59E-02 0.00E+00 2.83E-02
CHILD 2.72E-03 4.47E-02 4.27E-02 4.29E-02 4.25E-02 5.30E-02 0.00E+00 4.36E-02
INFANT 3.14E-05 3.49E-02 3.48E-02 3.48E-02 3.48E-02 3.49E-02 0.00E+00 3.49E-02

=== SITE DOSE LIMIT ANALYSIS ANNUAL 2002 =========
Age Dose Limit Max % of
Annual - Limit Group Organ (mrem) (mrem) Limit
2002 - Admin. Any Organ ADULT GILLI 7.79E-02 7.50E+00 1.04E+00
2002 - Admin. Total Body CHILD TBODY 4.36E-02 2.25E+00 1.94E+00
2002 - T.Spc. Any Organ ADULT GILLI 7.79E-02 1.00E+01 7.79E-01

Critical Pathway: Fresh Water Fish - Sport (FFSP)
Major Contributors { 0% or greater to total)

Nuclide Percentage
H-3 4.76E+01
NA-24 1.58E-04
CR-51 4,.15E-02
MN-54 1.25E+00
FE-59 1.06E-01
CO-58 3.16E+00
CO-60 4.65E+00
NI-65 3.34E-04
RB-88 1.50E-14
ZR-95 1.61E-03
ZR-97 3.77E-04
NB-95 3.86E+01
TC-99M 8.08E-06
TC-101 4.96E-20
AG-110M 2.04E-02
TE-125M 4.56E+00
I-131 1.81E-05
I-134 1.86E-08
CS-136 7.55E-03
Cs-137 3.57E-02
BA-140 1.63E-02
2002 - T.Spc. Total Body CHILD TBODY 4.36E-02 3.00E+00 1.45E+00
Date/Time: 04/25/2003 12:03  brwmn Page - 6
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RETDAS v3.6.3 <BRA> VSSI

40CFR190 URANIUM FUEL CYCLE DOSE REPORT

Critical Pathway: Potable Water (PWtr)

Major Contributors ( 0% or greater to total)
Nuclide Percentage
H-3 9.71E+01
NA-24 3.24E-04
CR-51 3.28E-04
MN-54 1.51E-01
FE-59 2.50E-02
CO-58 7.08E-01
C0O-60 1.11E+00
NI-65 1.41E-05
RB-88 1.39E-03
ZR-95 1.00E-06
ZR-97 1.81E-09
NB-95 6.74E-03
TC-99M 3.93E-07
TC-101 4.29E-07
AG-110M 8.91E-05
TE-125M 3.82E-01
I-131 7.61E-05
I-134 1.78E-05
CS-136 6.35E-02
Cs-137 4.59E-01
BA-140 1.55E-03
Date/Time: 04/25/2003 12:03 brwmn Page - 7
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RETDAS v3.6.3 <BRA> VSSI
40CFR190 URANIUM FUEL CYCLE DOSE REPORT
GASEQOUS DOSE SUMMARY
Braidwood Unit 1, 2002
Report for: 2002
Unit Range - From: 1 To: 1
=== I1&P DOSE LIMIT ANALYSIS QUARTER 1 ===========
Age Dose Limit Max % of
Quartr - Limit Group Organ (mrem) (mrem) Limit
Qtr 1 - Admin. Any Organ CHILD LIVER 1.20E-04 5.63E+00 2.13E-03
Qtr 1 - Admin. Total Body CHILD TBODY 1.20E-04 ©5.25E+00 2.28E-03
Qtr 1 - T.Spc. Any Organ CHILD LIVER 1.20E-04 7.50E+00 1.60E-03
Receptor: 5 Composite Crit. Receptor - IP
Distance: 0.00 (meters) Compass Point: NA

Critical Pathway: Vegetation (VEG)
Major Contributors ( 0% or greater to total)

Nuclide Percentage

H-3 1.00E+02

Qtr 1 - T.Spc. Total Body CHILD TBODY 1.20E-04
Receptor: 5 Composite Crit. Receptor - IP

Distance: 0.00 (meters) Compass Point: NA

Critical Pathway: Vegetation (VEG)
Major Contributors ( 0% or greater to total)
Nuclide Percentage

H-3 1.00E+02

Date/Time: 04/25/2003 12:03 brwmn

p \depts\zd84g\environsgroup\2002eff.doc
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RETDAS v3.6.3 <BRA>

40CFR190 URANIUM FUEL CYCLE DOSE REPORT

Braidwood Unit 1, 2002

Report for: 2002

VSSI

Unit Range - From: 1 To: 1

=== NG DOSE LIMIT ANALYSIS QUARTER 1 ===========
Dose Limit Max % of

Quartr - Limit (mrad) {mrad) Limit

Qtr 1 - Admin. Gamma 4.92E-05 3.75E+00 1.31E-03

Qtr 1 - Admin. Beta 3.68E-05 7.50E+00 4.90E-04

Qtr 1 - T.Spc. Gamma 4.92E~-05 5.00E+00 9.85E-04

Receptor: 4 Composite Crit. Receptor - NG

Distance: 0.00 (meters) Compass Point: NA

Nuclide Percentage

AR-41 9.54E+01

XE-135 9.87E-01

XE-133 3.66E+00

Qtr 1 - T.Spc. Beta 3.68E~-05 1.00E+01 3.68E-04

Receptor: 4 Composite Crit. Receptor - NG

Distance: 0.00 (meters) Compass Point: NA

Nuclide Percentage

AR-41 7.35E+01

XE-135 2.76E+00

XE-133 2.38E+01

Date/Time: 04/25/2003 12:03 brwmn
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RETDAS v3.6.3 <BRA> VSSI
40CFR190 URANIUM FUEL CYCLE DOSE REPORT
GASEQUS DOSE SUMMARY
Braidwood Unit 1, 2002
Report for: 2002

Unit Range - From: 1 To: 1
=== I&P DOSE LIMIT ANALYSIS QUARTER 2 ======ss====

Age Dose Limit Max % of
Quartr - Limit Group Organ {mrem) {mrem) Limit
Qtr 2 - Admin. Any Organ INFANT THYROID 3.46E-03 5.63E+00 6.14E-02
Qtr 2 - Admin. Total Body CHILD TBODY 1.69E-04 5.25E+00 3.22E-03
Qtr 2 - T.Spc. Any Organ INFANT THYROID 3.46E-03 7.50E+00 4.61E-02
Receptor: 5 Composite Crit. Receptor - IP
Distance: 0.00 (meters) Compass Point: NA
Critical Pathway: Grs/Goat/Milk (GMILK)
Major Contributors ( 0% or greater to total)
Nuclide Percentage
H-3 3.73E+400
CO-58 1.95E-02
I-131 9.60E+01
I-133 2.85E-01
Qtr 2 - T.Spc. Total Body CHILD TBODY 1.69E-04 7.50E+00 2.26E-03
Receptor: 5 Composite Crit. Receptor - IP
Distance: 0.00 (meters) Compass Point: NA
Critical Pathway: Vegetation (VEG)
Major Contributors ( 0% or greater to total)
Nuclide Percentage
H-3 9.78E+401
CO-58 7.02E-01
I-131 1.48E+00
I-133 6.07E-03
Date/Time: 04/25/2003 12:03 brwmn Page - 10
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RETDAS v3.6.3 <BRA> VSSI
40CFR190 URANIUM FUEL CYCLE DOSE REPORT
GASEOUS DOSE SUMMARY
Braidwood Unit 1, 2002
Report for: 2002

Unit Range - From: 1 To: 1
=== NG DOSE LIMIT ANALYSIS = QUARTER 2 ====s======

Dose Limit Max % of
Quartr - Limit (mrad) (mrad) Limit
Qtr 2 - Admin. Gamma 3.07E-05 3.75E+00 8.17E-04
Qtr 2 - Admin. Beta 2.89E-05 7.50E+00 3.85E-04
Qtr 2 - T.Spc. Gamma 3.07E-05 5.00E+00 6.13E-04
Receptor: 4 Composite Crit. Receptor - NG
Distance: 0.00 (meters) Compass Point: NA
Nuclide Percentage
AR-41 8.57E+01
KR-85M 1.76E-01
XE-135 8.71E+00
XE-133 5.41E+00
Qtr 2 - T.Spc. Beta 2.8%9E-05 1.00E+01 2.89E-04
Receptor: 4 Composite Crit. Receptor - NG
Distance: 0.00 (meters) Compass Point: NA
Nuclide Percentage
AR-41 5.23E+01
KR-85M 4.88BE-01
XE-135 1.93E+01
XE-133 2.79E+401
Date/Time: 04/25/2003 12:03 brwmn Page - 11
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RETDAS v3.6.3 <BRA> VSSI
40CFR190 URANIUM FUEL CYCLE DOSE REPORT
GASEOUS DOSE SUMMARY
Braidwood Unit 1, 2002
Report for: 2002

Unit Range - From: 1 To: 1
=== I1&P DOSE LIMIT ANALYSIS === = QUARTER 3 ===========

Age Dose Limit Max % of
Quartr - Limit Group Organ (mrem) (mrem) Limit
Qtr 3 - Admin. Any Organ CHILD LIVER 1.71E-04 5.63E+00 3.03E-03
Qtr 3 - Admin. Total Bedy CHILD TBODY 1.71E-04 5.25E+00 3.25E-03
Qtr 3 - T.Spc. Any Organ CHILD LIVER 1.71E-04 7.50E+00 2.28E-03
Receptor: 5 Composite Crit. Receptor - IP
Distance: 0.00 (meters) Compass Point: NA
Critical Pathway: Vegetation (VEG)
Major Contributors ( 0% or greater to total)
Nuclide Percentage
H-3 1.00E+02
Qtr 3 - T.Spc. Total Body CHILD TBODY 1.71E-04 7.50E+00 2.28E-03
Receptor: 5 Composite Crit. Receptor - IP .
Distance: 0.00 (meters) Compass Point: NA
Critical Pathway: Vegetation (VEG)
Major Contributors ( 0% or greater to total)
Nuclide Percentage
H-3 1.00E+02
Date/Time: 04/25/2003 12:03 brwmn Page - 12
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RETDAS v3.6.3 <BRA>

40CFR190 URANIUM FUEL CYCLE DOSE REPORT

———— e e

Braidwood Unit 1, 2002

Report for: 2002
Unit Range - From: 1 To: 1

VSSI

=== NG DOSE LIMIT ANALYSIS ==== QUARTER 3 ===========
Dose Limit Max % of

Quartr - Limit {mrad) (mrad) Limit

Qtr 3 - Admin. Gamma 1.70E-05 3.75E+00 4.53E-04

Qtr 3 - Admin. Beta 1.14E-05 7.50E+00 1.53E-04

Qtr 3 - T.Spc. Gamma 1.70E-05 5.00E+00 3.40E-04

Receptor: 4 Composite Crit. Receptor - NG

Distance: 0.00 (meters) Compass Point: NA

Nuclide Percentage

AR-41 9.76E+01

XE-135 1.09E-01

XE-133 2.27E+00

Qtr 3 - T.Spc. Beta 1.14E-05 1.00E+01 1.14E-04

Receptor: 4 Composite Crit. Receptor - NG

Distance: 0.00 (meters) Compass Point: NA

Nuclide Percentage

AR-41 8.33E+01

XE-135 3.37E-01

XE-133 1.64E+01

Date/Time: 04/25/2003 12:03 brwmn Page - 13

p \depts\zd84g\environsgroup\2002eff doc



o/

RETDAS v3.6.3 <BRA> VSSI

40CFR190 URANIUM FUEL CYCLE DOSE REPORT

Braidwood Unit 1, 2002

Report for: 2002
Unit Range - From: 1 To: 1

=== &P DOSE LIMIT ANALYSIS = QUARTER 4 ====s======
Age Dose Limit Max % of

Quartr - Limit Group Organ {mrem) {mrem) Limit

Qtr 4 - Admin. Any Organ INFANT THYROID 1.68E-03 5.63E+00 2.98E-02

Qtr 4 =~ Admin. Total Body CHILD TBODY 5.27E-04 5.25E+00 1.00E-02

Qtr 4 - T.Spc. Any Organ INFANT THYROID 1.68E-03 7.50E+00 2.24E-02

Receptor: 5 Composite Crit. Receptor - IP

Distance: 0.00 (meters) Compass Point: NA

Critical Pathway: Grs/Goat/Milk (GMILK)

Major Contributors ( 0% or greater to total)

Nuclide Percentage

H-3 2.44E+01

I-131 7.56E+01

Qtr 4 - T.Spc. Total Body CHILD TBODY 5.27E-04 7.50E+00 7.02E-03

Receptor: 5 Composite Crit. Receptor - IP

Distance: 0.00 (meters) Compass Point: NA

Critical Pathway: Vegetation (VEG)

Major Contributors ( 0% or greater to total)

Nuclide Percentage

H-3 9.98E+01

I-131 1.82E-01

Date/Time: 04/25/2003 12:03 brwmn Page - 14
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RETDAS v3.6.3 <BRA> VSSI

40CFR190 URANIUM FUEL CYCLE DOSE REPORT

Braidwood Unit 1, 2002

Report for: 2002
Unit Range - From: 1 To: 1

=== NG DOSE LIMIT ANALYSIS QUARTER 4 ===========
Dose Limit Max % of

Quartr - Limit (mrad) (mrad) Limit

Qtr 4 - Admin. Gamma 1.83E-05 3.75E+00 4.88E-04

Qtr 4 - Admin. Beta 1.26E-05 7.50E+00 1.68E-04

Qtr 4 - T.Spc. Gamma 1.83E-05 5.00E+00 3.66E-04

Receptor: 4 Composite Crit. Receptor - NG

Distance: 0.00 (meters) Compass Point: NA

Nuclide Percentage

AR-41 9.73E+01

XE~-135 1.48E-01

XE-133 2.59E+00

Ootr 4 - T.Spc. Beta 1.26E~-05 1.00E+01 1.26E-04

Receptor: 4 Composite Crit. Receptor - NG

Distance: 0.00 (meters) Compass Point: NA

Nuclide Percentage

AR-41 8.13E+01

XE-135 4,48E-01

XE-133 1.83E+01

Date/Time: 04/25/2003 12:03 brwmn Page - 15
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RETDAS v3.6.3 <BRA> VSSI
40CFR190 URANIUM FUEL CYCLE DOSE REPORT
GASEOUS DOSE SUMMARY
Braidwood Unit 1, 2002
Report for: 2002

Unit Range - From: 1 To: 1
=== I&P DOSE LIMIT ANALYSIS ANNUAL 2002 =========

Age Dose Limit Max % of
Annual - Limit Group Organ (mrem) (mrem) Limit
2002 - Admin. Any Organ INFANT THYROID 5.36E-03 1.13E+01 4.76E-02
2002 - Admin. Total Body CHILD TBODY 9.86E-04 1.05E+01 9.40E-03
2002 - T.Spc. Any Organ INFANT THYROID 5.36E-03 1.50E+01 3.57E-02
Receptor: 5 Composite Crit. Receptor - IP
Distance: 0.00 (meters) Compass Point: NA
Critical Pathway: Grs/Goat/Milk (GMILK)
Major Contributors ( 0% or greater to total)
Nuclide Percentage
H-3 1.43E+01
CO-58 1.26E-02
I-131 8.55E+01
I-133 1.84E-01
2002 - T.Spc. Total Body CHILD TBODY 9.86E-04 1.50E+01 6.58E-03
Receptor: 5 Composite Crit. Receptor - IP
Distance: 0.00 (meters) Compass Point: NA
Critical Pathway: Vegetation (VEG)
Major Contributors ( 0% or greater to total)
Nuclide Percentage
H-3 9.95E+01
CO-58 1.20E-01
I-131 3.51E~-01
I-133 1.04E-03

Date/Time: 04/25/2003 12:03 brwmn
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RETDAS v3.6.3 <BRA>

40CFR190 URANIUM FUEL CYCLE DOSE REPORT

Braidwood Unit 1, 2002

Report for: 2002

VSSI

Unit Range - From: 1 To: 1

=== NG DOSE LIMIT ANALYSIS ANNUAL 2002 =========
Dose Limit Max % of

Annual - Limit {mrad) (mrad) Limit

2002 - Admin. Gamma 1.15E-04 7.50E+00 1.54E-03

2002 - Admin. Beta 8.97E-05 1.50E+01 5.98E-04

2002 - T.Spc. Gamma 1.15E-04 1.00E+01 1.15E-03

Receptor: 4 Composite Crit. Receptor - NG

Distance: 0.00 (meters) Compass Point: NA

Nuclide Percentage

AR-41 9.34E+01

KR-85M 4.68E-02

XE-135 2.78E+00

XE-133 3.75E+00

2002 - T.Spc. Beta 8.97E~-05 2.00E+01 4.4BE-04

Receptor: 4 Composite Crit. Receptor - NG

Distance: 0.00 (meters) Compass Point: NA

Nuclide Percentage

AR-41 6.90E+01

KR-85M 1.57E-01

XE-135 7.46E+00

XE-133 2.34E401

Date/Time: 04/25/2003 12:03 brwmn Page - 17
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RETDAS v3.6.3 <BRA> VSSI
40CFR190 URANIUM FUEL CYCLE DOSE REPORT

Braidwood Unit 1, 2002

Report for: 2002

Unit Range - From: 1 To: 1

=== MAXIMUM DOSE ANALYSIS = ANNUAL 2002 =========
Age Dose

Dose Type Group Organ (mrem)

Any Organ ADULT GILLI 7.85E-02

Liquid Receptor: O Liquid Receptor
Gaseous Receptor: 5 Composite Crit. Receptor - IP
Distance: 0.00 {meters) Compass Point: NA

Liquid Dose: 7.79E-02 % of Total: 9.93E+01
Critical Pathway: Fresh Water Fish - Sport (FFSP)
Major Contributors ( 0% or greater to total)

Nuclide Percentage

H-3 4.76E4+01

NA-24 1.58E-04

CR-51 4.15E-02

MN-54 1.25E400

FE-59 1.06E-01

CO-58 3.16E+00

CO-60 4,.65E400

NI-65 3.34E-04

RB-88 1.50E-14

ZR-95 1.61E-03

ZR-97 3.77E-04

NB-95 3.86E+01

TC-99M 8.08E-06

TC-101 4.96E-20
AG-110M 2.04E-02
TE-125M 4,56E+00

I-131 1.81E-05

I-134 1.86E-08

CS-136 7.55E-03

Ccs§-137 3.57E-02

BA-140 1.63E-02
Gaseous Dose: 5.99E-04 $ of Total: 7.63E-01
Critical Pathway: Vegetation (VEG)~
Major Contributors ( 0% or greater to total)
Nuclide Percentage

H-3 9.95E+01

CoO-58 4.40E-01

I-131 9.84E-02

I-133 1.51E-03
Date/Time: 04/25/2003 12:03 brwmn Page - 18
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RETDAS v3.6.3 <BRA> VSSI

40CFR190 URANIUM FUEL CYCLE DOSE REPORT

=== MAXIMUM DOSE ANALYSIS ===sss=sssosssssssssssssssssss=== ANNUAL 2002 =========
Age Dose

Dose Type Group Organ (mrem)

Total Body CHILD TBODY 4.46E-02

Liquid Receptor: 0 Liquid Receptor
Gaseous Receptor: 5 Composite Crit. Receptor - IP

Distance: 0.00 (meters) Compass Point: NA
Liquid Dose: 4.36E-02 % of Total: 9.79E+01
Critical Pathway: Potable Water (PWtr)

Major Contributors ( 0% or greater to total)
Nuclide Percentage

H-3 9.71E+01

NA-24 3.24E-04

CR-51 3.28E-04

MN-54 1.51E-01

FE-59 2.50E-02

CO-58 7.08E-01

CO-60 1.11E+00

NI-65 1.41E-05

RB-88 1.3%E-03

ZR-95 1.00E-06

ZR-97 1.81E-09

NB-95 6.74E-03

TC-99M 3.93E-07

TC-101 4.29E-07

AG-110M 8.91E-05

TE-125M 3.82E-01

I-131 7.61E-05

I-134 1.78E~-05

CS-136 6.35E-02

CS-137 4.59E-01

BA-140 1.55E-03

Gaseous Dose: 9.86E-04 % of Total: 2.21E+00

Critical Pathway: Vegetation (VEG)
Major Contributors ( 0% or greater to total)

Nuclide Percentage

H-3 9.95E+01

CO-58 1.20E-01

I-131 3.51E-01

I-133 1.04E-03

Date/Time: 04/25/2003 12:03 brwmn LAST Page - 19

p:\depts\zd84g\environsgroup\2002eff doc



RETDAS v3.6.3 <BRA>

40CFR190 URANIUM FUEL CYCLE DOSE REPORT

Unit 2, 2002

Report for: 2002

VSSI

Unit Range - From: 2 To: 2

Liquid Receptor
=== PERIOD DOSE BY ORGAN AND AGE GROUP (mrem) == QUARTER 1 ===========
Agegrp Bone Liver Thyroid Kidney Lung GI-LLI Skin TB

ADULT 1.19E-03 9.07E-03 7.94E-03 1.02E-02 7.89E-03 1.92E-02
TEEN 1.29E-03 6.97E-03 5.78E-03 5.99E-03 5.76E-03 1.38E-02
CHILD 1.64E-03 1.01E-02 9.10E-03 9.21E-03 9.00E-03 1.19E-02
INFANT 1.29E-05 7.32E-03 7.31E-03 7.31E-03 7.31E-03 7.33E-03

0.00E+00 8.67E-03
0.00E+00 6.25E-03
0.00E+00 9.35E-03
0.00E+00 7.33E-03

=== SITE DOSE LIMIT ANALYSIS QUARTER 1 ===========
Age Dose Limit Max % of

Quartr - Limit Group Organ {(mrem) (mrem) Limit

Qtr 1 - Admin. Any Organ ADULT GILLI 1.92E-02 3.75E+00 5.12E-01

Otr 1 - Admin. Total Body CHILD TBODY 9.35E-03 1.13E+00 8.31E-01

Qtr 1 - T.Spc. Any Organ ADULT GILLI 1.92E-02 5.00E+00 3.84E-01

Critical Pathway: Fresh Water Fish - Sport (FFSP)

Major Contributors ( 0% or greater to total)

Nuclide Percentage

H-3 4.06E401

MN-54 1.20E+00

CO-58 5.13E+00

CO-60 3.46E+00

ZR-95 5.53E-04

NB-95 3.91E+01

AG-110M 4.09E-03

TE-125M 1.05E+01

CS-137 9.50E-02

Qtr 1 - T.Spc. Total Body CHILD TBODY 9.35E-03 1.50E+00 6.23E-01

Critical Pathway: Potable Water (PWtr)
Major Contributors ( 0% or greater to total)

Nuclide Percentage
H-3 9.51E+01
MN-54 1.66E-01
CO-58 1.32E400
Co0-60 9.47E-01
ZR-95 3.96E-07
NB-95 7.86E-03
AG-110M 2.05E-05
TE-125M 1.01E400
Cs-137 1.41E+00

Date/Time: 04/21/2003 14:53 brwmn
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RETDAS v3.6.3 <BRA>

40CFR190 URANIUM FUEL CYCLE DOSE REPORT

Unit 2, 2002

Report for: 2002

VSSI

Unit Range - From: 2 To: 2

Liquid Receptor
=== PERIOD DOSE BY ORGAN AND AGE GROUP (mrem) ============ QUARTER 2 =========z==
Agegrp Bone Liver Thyroid Kidney Lung GI-LLI Skin TB

ADULT 4.99E-04 8.44E-03 7.95E-03 9.80E-03 7.82E-03 3.89E-02 0.00E+00 8.33E-03
TEEN 5.40E-04 6.29E-03 5.79E-03 5.74E-03 5.66E~03 2.77E-02 0.00E+00 6.18E~-03
CHILD 6.95E-04 9.48E-03 9.11E-03 9.00E-03 8.93E-03 1.69E-02 0.00E+00 5.52E-03
INFANT 1.08E-05 7.35E-03 7.33E-03 7.33E-03 7.33E-03 7.38E-03 0.00E+00 7.37E-03

=== SITE DOSE LIMIT ANALYSIS QUARTER 2 ===========
Age Dose Limit Max % of

Quartr - Limit Group Organ (mrem) (mrem) Limit

Qtr 2 - Admin. Any Organ ADULT GILLI 3.89E-02 3.75E+00 1.04E+00

Qtr 2 -~ Admin. Total Body CHILD TBODY 9.52E-03 1.13E+400 8.46E-01

Qtr 2 - T.Spc. Any Organ ADULT GILLI 3.89E-02 5.00E+00 7.7%E-01

Critical Pathway: Fresh Water Fish - Sport (FFSP)

Major Contributors {( 0% or greater to total)

Nuclide Percentage

H-3 2.01E+01

NA-24 3.50E-04

CR-51 9.19E-02

MN-54 1.68E+00

FE-59 2.36E-01

CO-58 2.37E+400

CO-60 5.82E+00

NI-65 7.41E-04

ZR-95 3.28E-03

NB-95 6.49E+01

TC-99M 1.78E-05

TC-101 1.10E-19

AG-110M 3.93E-02

TE-125M 4.77E+00

I-134 3.05E-08

CS-136 1.67E-02

Qtr 2 - T.Spc. Total Body CHILD TBODY 9.52E-03 1.50E4+00 6.34E-01

Critical Pathway: Potable Water (PWtr)
Major Contributors { 0% or greater to total)

Nuclide Percentage
H-3 9.37E+01
NA-24 1.64E-03

Date/Time: 04/21/2003 14:53 brwmn
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RETDAS v3.6.3 <BRA>

AG-110M
TE-125M
I-134
CS-136

Date/Time:

40CFR190 URANIUM FUEL CYCLE DOSE REPORT

.66E-03
.62E-01
.27E-01
.22E+00
.18E+00
.15E-05
.68E-06
.60E-02
.00E-06
.18E-06
.93E-04
.16E-01
.67E~-05
.22E-01

WOHWWNNNB JWHER SR

04/21/2003 14:53
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RETDAS v3.6.3 <BRA>

40CFR190 URANIUM FUEL

CYCLE DOSE REPORT

VSSI

LIQUID DOSE SUMMARY
/ Unit 2, 2002
Report for: 2002
Unit Range - From: 2 To: 2
Liquid Receptor
=== PERIOD DOSE BY ORGAN AND AGE GROUP (mrem) ============ QUARTER 3 ===========
Agegrp Bone Liver Thyroid Kidney Lung GI-LLI Skin TB

ADULT 5.55E-08 6.39E-03 6.29E-03 6.31E-03
TEEN 5.58E-08 4.65E-03 4.55E-03 4.56E-03
CHILD 6.74E-08 7.27E-03 7.1%E-03 7.20E-03
INFANT 3.26E-09 5.92E-03 5.91E-03 5.91E-03

6.29E-03 7.66E-03
4.55E-03 5.49E-03
7.19E-03 7.53E-03
5.91E-03 5.92E-03

0.00E+00 6.42E-03
0.00E+00 4.68BE-03
0.00E+00 7.34E-03
0.00E+00 5.92E-03

=== SITE DOSE LIMIT ANALYSIS QUARTER 3 ===========
Age Dose Limit Max % of
Quartr - Limit Group Organ (mrem) {mrem) Limit
Qtr 3 - Admin. Any Organ ADULT GILLI 7.66E-03 3.75E+00 2.04E-01
Qtr 3 - Admin. Total Body CHILD TBODY 7.34E-03 1.13E+00 6.53E-01
Qtr 3 - T.Spc. Any Organ ADULT GILLI 7.66E~03 5.00E+00 1.53E-01
Critical Pathway: Potable Water (PWtr) .
Major Contributors ( 0% or greater to total)
Nuclide Percentage
H-3 8.22E+01
MN-54 1.56E+00
CO-58 6.70E4+00
. CO-60 7.26E4+00
A\ RB-88 1.35E-13
ZR-97 3.38E-03
NB-95 2.30E+00
AG-110M 9.29E-03
I-134 4.36E-08
Qtr 3 -~ T.Spc. Total Body CHILD TBODY 7.34E-03 1.50E+00 4.89E-01
Critical Pathway: Potable Water (PWtr)
Major Contributors ( 0% or greater to total)
Nuclide Percentage
H-3 9.80E+01
MN-54 1.10E-01
CO-58 8.78E-01
CO-60 1.01E+00
RB-88 7.30E-03
ZR-97 9.52E-09
NB-95 2.35E~-04
AG~-110M 2.37E-05
I-134 2.44E-05

Date/Time: 04/21/2003 14:53 brwmn
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RETDAS v3.6.3 <BRA>

40CFR190 URANIUM FUEL CYCLE DOSE REPORT

VSSI

—/ Unit 2, 2002
Report for: 2002
Unit Range - From: 2 To: 2
Liquid Receptor
=== PERIOD DOSE BY ORGAN AND AGE GROUP (mrem) QUARTER 4 ===========
Agegrp Bone Liver Thyroid Kidney Lung GI-LLI Skin TB

ADULT 3.64E-04 1.44E-02 1.39E-02 1.41E-02 1.40E-02 1.44E-02
TEEN 3.89E-04 1.06E-02 1.01E~02 1.02E-02 1.01E-02 1.04E-02
CHILD 4.94E-04 1.64E-02 1.59E-02 1.60E-02 1.59E-02 1.60E-02
INFANT 8.44E-06 1.31E-02 1.31E-02 1.31E-02 1.30E-02 1.31E-02

0.00E+00 1.43E-02
0.00E+00 1.03E-02
0.00E+00 1.60E-02
0.00E+00 1.31E-02

=== SITE DOSE LIMIT ANALYSIS QUARTER 4 ===========
Age Dose Limit Max % of
Quartr - Limit Group Organ (mrem) (mrem) Limit
Qtr 4 - Admin. Any Organ CHILD LIVER 1.64E-02 3.75E+00 4.37E-01
Qtr 4 - Admin. Total Body CHILD TBODY 1.60E~-02 1.13E+00 1.42E+00
Qtr 4 - T.Spc. Any Organ CHILD LIVER 1.64E-02 5.00E+00 3.27E-01

Critical Pathway: Potable Water (PWtr)
Major Contributors ( 0% or greater to total)

Nuclide Percentage
H-3 9.70E+01
MN-54 4,89E-02
CO-58 2.82E-02
C0O-60 7.96E-02
/ AG-110M 8.65E-06
I-131 3.14E-04
CsS-137 2.83E+00
BA-140 5.45E-05
Qtr 4 - T.Spc. Total Body CHILD TBODY 1.60E-02

Critical Pathway: Potable Water (PWtr)
Major Contributors ( 0% or greater to total)

Nuclide Percentage
H-3 9.92E+01
MN-54 1.33E-02
CO-58 8.84E-02
CO-60 2.40E-01
AG-110M 7.08E-06
I-131 1.83E-04
Cs-137 4.27E-01
BA-140 3.71E-03

Date/Time: 04/21/2003 14:53 brwmn
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RETDAS v3.6.3 <BRA> VSSI

40CFR190 URANIUM FUEL CYCLE DOSE REPORT

Unit 2, 2002

Report for: 2002

Unit Range - From: 2 To: 2

Liguid Receptor
=== PERIOD DOSE BY ORGAN AND AGE GROUP (mrem) ANNUAL 2002 =========
Agegrp Bone Liver Thyroid Kidney Lung GI-LLI Skin TB

ADULT 1.98E~03 3.95E-02 3.74E-02 4.13E-02 3.72E-02 7.79E-02 0.00E+00 3.89E-02
TEEN 2.13E-03 2.94E-02 2.71E-02 2.74E-02 2.70E-02 5.59E-02 0.00E+00 2.83E-02
CHILD 2.72E-03 4.47E-02 4.27E-02 4.29E-02 4.25E-02 5.30E-02 0.00E+00 4.36E-02
INFANT 3.14E-05 3.49E-02 3.48E-02 3.48E-02 3.48E-02 3.49E-02 0.00E+00 3.49E-02

=== SITE DOSE LIMIT ANALYSIS ANNUAL 2002 =========
Age Dose Limit Max % of
Annual - Limit Group Organ (mrem) (mrem) Limit
2002 - Admin. Any Organ ADULT GILLI 7.79E-02 7.50E+00 1.04E+00
2002 - Admin. Total Body CHILD TBODY 4.36E-02 2.25E+00 1.94E+00
2002 - T.Spc. Any Organ ADULT GILLI 7.79E-02 1.00E+01 7.79E-01

Critical Pathway: Fresh Water Fish - Sport (FFSP)
Major Contributors ( 0% or greater to total)

Nuclide Percentage
H-3 4.76E+01
NA-24 1.58E-04
CR-51 4.15E-02
MN-54 1.25E+00
FE-59 1.06E-01
CO-58 3.16E+00
CO-60 4,65E+00
NI-65 3.34E-04
RB-88 1.50E-14
ZR~-95 1.61E-03
ZR-97 3.77E-04
NB-95 3.86E+01
TC-99M 8.08E~06
TC-101 4.96E-20
AG-110M 2.04E~-02
TE-125M 4.56E4+00
I-131 1.81E-05
I-134 1.86E-08
CS-136 7.55E-03
CS-137 3.57E-02
BA-140 1.63E-02
2002 - T.Spc. Total Body CHILD TBODY 4.36E-02 3.00E+00 1.45E+00
Date/Time: 04/21/2003 14:53  brwmn Page - 6
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RETDAS v3.6.3 <BRA> VSSI

40CFR190 URANIUM FUEL CYCLE DOSE REPORT

Critical Pathway: Potable Water (PWtr)

Major Contributors { 0% or greater to total)
Nuclide Percentage
H-3 9.71E+01
NA-24 3.24E-04
CR-51 3.28E-04
MN-54 1.51E-01
FE-59 2.50E-02
CO-58 7.08E-01
CO-60 1.11E+00
NI-65 1.41E-05
RB-88 1.39E-03
ZR-95 1.00E-06
ZR-97 1.81E-09
NB-95 6.74E-03
TC-99M 3.93E-07
TC-101 4.29E-07
AG-110M 8.91E-05
TE-125M 3.82E-01
I-131 7.61E-05
I-134 1.78E~05
CS-136 6.35E-02
CS-137 4.59E-01
BA-140 1.55E-03
Date/Time: 04/21/2003 14:53 brwmn Page - 7
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RETDAS v3.6.3 <BRA> VSSI
40CFR190 URANIUM FUEL CYCLE DOSE REPORT
GASEOUS DOSE SUMMARY
Unit 2, 2002
Report for: 2002
Unit Range - From: 2 To: 2
=== I&P DOSE LIMIT ANALYSIS ==== QUARTER 1 ===========
Age Dose Limit Max % of
Quartr - Limit Group Organ (mrem) (mrem) Limit
Qtr 1 - Admin. Any Organ CHILD LIVER 1.20E-04 5.63E+00 2.13E-03
Qtr 1 - Admin. Total Body CHILD TBODY 1.20E-04 5.25E+00 2.28E-03
Qtr 1 - T.Spc. Any Organ CHILD LIVER 1.20E-04 7.50E+00 1.60E-03
Receptor: 5 Composite Crit. Receptor - IP
Distance: 0.00 (meters) Compass Point: NA
Critical Pathway: Vegetation (VEG)
Major Contributors ( 0% or greater to total)
Nuclide Percentage
H-3 1.00E+02
Qtr 1 - T.Spc. Total Body CHILD TBODY 1.20E-04 7.50E+00 1.60E-03
Receptor: 5 Composite Crit. Receptor - IP
Distance: 0.00 (meters) Compass Point: NA
Critical Pathway: Vegetation (VEG)
Major Contributors ( 0% or greater to total)
Nuclide Percentage
H-3 1.00E+02
Date/Time: 04/21/2003 14:53 brwmn Page - 8
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RETDAS v3.6.3 <BRA>

40CFR190 URANIUM FUEL CYCLE DOSE REPORT

Unit 2, 2002

Report for: 2002

VSSI

Unit Range - From: 2 To: 2

=== NG DOSE LIMIT ANALYSIS = == QUARTER 1 ===========
Dose Limit Max % of

Quartr - Limit {mrad) {mrad) Limit

Qtr 1 - Admin. Gamma 4,.92E-05 3.75E+00 1.31E-03

Qtr 1 - Admin. Beta 3.68E-05 7.50E400 4.90E-04

Qtr 1 - T.Spc. Gamma 4.92E-05 5.00E+00 9.85E-04

Receptor: 4 Composite Crit. Receptor - NG

Distance: 0.00 (meters) Compass Point: NA

Nuclide Percentage

AR-41 9.54E+01

XE-135 9.87E-01

XE-133 3.66E+00

Qtr 1 - T.Spc. Beta 3.68E-05 1.00E+01 3.68E-04

Receptor: 4 Composite Crit. Receptor - NG

Distance: 0.00 (meters) Compass Point: NA

Nuclide Percentage

AR-41 7.35E+01

XE-135 2.76E+00

XE-133 2.38E+01

Date/Time: 04/21/2003 14:53 brwmn
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RETDAS v3.6.3 <BRA> VSSI
40CFR190 URANIUM FUEL CYCLE DOSE REPORT
GASEOUS DOSE SUMMARY
Unit 2, 2002
Report for: 2002
Unit Range - From: 2 To: 2
=== I&P DOSE LIMIT ANALYSIS ==== = QUARTER 2 ===========
Age Dose Limit Max % of
Quartr - Limit Group Organ (mrem) {mrem) Limit
Qtr 2 - Admin. Any Organ INFANT THYROID 3.46E-03 5.63E+00 6.14E-02
Qtr 2 - Admin. Total Body CHILD TBODY 1.69E-04 5.25E+00 3.22E-03
Qtr 2 - T.Spc. Any Organ INFANT THYROID 3.46E-03 7.50E+00 4.61E-02
Receptor: 5 Composite Crit. Receptor - IP
Distance: 0.00 (meters) Compass Point: NA
Critical Pathway: Grs/Goat/Milk (GMILK)
Major Contributors ( 0% or greater to total)
Nuclide Percentage
H-3 3.73E+00
CO-58 1.95E-02
I-131 9.60E+01
I-133 2.85E-01
Qtr 2 - T.Spc. Total Body CHILD TBODY 1.69E-04 7.50E+00 2.26E-03
Receptor: 5 Composite Crit. Receptor - IP
Distance: 0.00 (meters) Compass Point: NA
Critical Pathway: Vegetation (VEG)
Major Contributors ( 0% or greater to total)
Nuclide Percentage
H-3 9.78E+01
CO-58 7.02E-01
I-131 1.48E+00
I-133 6.07E-03

Date/Time: 04/21/2003 14:53 brwmn
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RETDAS v3.6.3 <BRA>

40CFR190 URANIUM FUEL CYCLE DOSE REPORT

VSSI

Unit 2, 2002
Report for: 2002
Unit Range - From: 2 To: 2
=== NG DOSE LIMIT ANALYSIS = QUARTER 2 ===========
Dose Limit Max % of
Quartr - Limit (mrad) (mrad) Limit
Qtr 2 - Admin. Gamma 3.07E-05 3.75E+00 8.17E-04
Qtr 2 - Admin. Beta 2.89E-05 7.50E+00 3.85E-04
Qtr 2 - T.Spc. Gamma 3.07E-05 5.00E+00 6.13E-04
Receptor: 4 Composite Crit. Receptor - NG
Distance: 0.00 (meters) Compass Point: NA
Nuclide Percentage
AR-41 8.57E+01
KR-85M 1.76E-01
XE-135 8.71E+00
XE-133 5.41E+400
Qtr 2 - T.Spc. Beta 2.89E-05 1.00E+01 2.89E-04
Receptor: 4 Composite Crit. Receptor - NG
Distance: 0.00 (meters) Compass Point: NA
Nuclide Percentage
AR-41 5.23E+01
KR-85M 4.88E-01
XE-135 1.93E+01
XE-133 2.79E+01
Date/Time: 04/21/2003 14:53 brwmn Page - 11
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RETDAS v3.6.3 <BRA> VSSI
40CFR190 URANIUM FUEL CYCLE DOSE REPORT
GASEOUS DOSE SUMMARY
Unit 2, 2002
Report for: 2002
Unit Range -~ From: 2 To: 2
=== I&P DOSE LIMIT ANALYSIS ===== QUARTER 3 ===========
Age Dose Limit Max % of
Quartr - Limit Group Organ {mrem) {mrem) Limit
Qtr 3 - Admin. Any Organ CHILD LIVER 5.8%E-03 5.63E+00 1.05E-01
Qtr 3 - Admin. Total Body CHILD TBODY 5.89E-03 5.25E+00 1.12E-01
Qtr 3 - T.Spc. Any Organ CHILD LIVER 5.89E-03 7.50E+00 7.86E-02
Receptor: 5 Composite Crit. Receptor - IP
Distance: 0.00 (meters) Compass Point: NA
Critical Pathway: Vegetation (VEG)
Major Contributors ( 0% or greater to total)
Nuclide Percentage
H-3 1.00E+02
Qtr 3 - T.Spc. Total Body CHILD TBODY 5.89E-03 7.50E+00 7.86E-02
Receptor: 5 Composite Crit. Receptor - IP
Distance: 0.00 (meters) Compass Point: NA
Critical Pathway: Vegetation (VEG)
Major Contributors ( 0% or greater to total)
Nuclide Percentage
H-3 1.00E+02
Date/Time: 04/21/2003 14:53 brwmn Page - 12
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RETDAS v3.6.3 <BRA> VSSI
40CFR190 URANIUM FUEL CYCLE DOSE REPORT
GASEQOUS DOSE SUMMARY
Unit 2, 2002
Report for: 2002

Unit Range - From: 2 To: 2
=== NG DOSE LIMIT ANALYSIS = QUARTER 3 ===========

Dose Limit Max % of
Quartr - Limit (mrad) (mrad) Limit
Qtr 3 - Admin. Gamma 1.70E-05 3.75E+00 4.53E-04
QOtr 3 - Admin. Beta 1.14E-05 7.50E+00 1.53E-04
Qtr 3 - T.Spc. Gamma 1.70E-05 5.00E+00 3.40E-04
Receptor: 4 Composite Crit. Receptor - NG
Distance: 0.00 (meters) Compass Point: NA
Nuclide Percentage
AR-41 9.76E+01
XE-135 1.09E-01
XE-133 2.27E+400
Qtr 3 - T.Spc. Beta 1.14E-05 1.00E+01 1.14E-04
Receptor: 4 Composite Crit. Receptor - NG
Distance: 0.00 (meters) Compass Point: NA
Nuclide Percentage
AR-41 8.33E+01
XE-135 3.37E~-01
XE-133 1.64E+401

Date/Time: 04/21/2003 14:53 brwnmn
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RETDAS v3.6.3 <BRA> VSSI
40CFR190 URANIUM FUEL CYCLE DOSE REPORT
GASEQUS DOSE SUMMARY
Unit 2, 2002
Report for: 2002
Unit Range - From: 2 To: 2
=== I&P DOSE LIMIT ANALYSIS = QUARTER 4 ===========
Age Dose Limit Max % of
Quartr - Limit Group Organ (mrem) (mrem) Limit
Qtr 4 - Admin. Any Organ INFANT THYROID 1.68E-03 5.63E+00 2.8BE-02
Qtr 4 -~ Admin. Total Body CHILD TBODY 5.27E-04 5.25E+00 1.00E-02
Qtr 4 - T.Spc. Any Organ INFANT THYROID 1.68E-03 7.50E+00 2.24E-02
Receptor: 5 Composite Crit. Receptor - IP
Distance: 0.00 (meters) Compass Point: NA
Critical Pathway: Grs/Goat/Milk (GMILK)
Major Contributors ( 0% or greater to total)
Nuclide Percentage
H-3 2.44E4+01
I-131 7.56E+01
Qtr 4 - T.Spc. Total Body CHILD TBODY 5.27E-04 7.50E+00 7.02E-03
Receptor: 5 Composite Crit. Receptor - IP
Distance: 0.00 (meters) Compass Point: NA
Critical Pathway: Vegetation (VEG)
Major Contributors ( 0% or greater to total)
Nuclide Percentage
H-3 9.98E+01
I-131 1.82E-01
Date/Time: 04/21/2003 14:53 brwmn Page - 14
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RETDAS v3.6.3 <BRA>

40CFR190 URANIUM FUEL CYCLE DOSE REPORT

Unit 2, 2002

Report for: 2002

VSSI

Unit Range - From: 2 To: 2

=== NG DOSE LIMIT ANALYSIS QUARTER {4 ===========
Dose Limit Max % of

Quartr - Limit (mrad) (mrad) Limit

Qtr 4 - Admin. Gamma 1.83E-05 3.75E+00 4.88E-04

Qtr 4 - Admin. Beta 1.26E-05 7.50E+00 1.68E-04

Qtr 4 - T.Spc. Gamma 1.83E-05 5.00E+00 3.66E-04

Receptor: 4 Composite Crit. Receptor - NG

Distance: 0.00 (meters) Compass Point: NA

Nuclide Percentage

AR-41 9.73E+01

XE~135 1.48E-01

XE-133 2.59E+00

Qtr 4 - T.Spc. Beta 1.26E-05 1.00E+01 1.26E-04

Receptor: 4 Composite Crit. Receptor - NG

Distance: 0.00 (meters) Compass Point: NA

Nuclide Percentage

AR-41 8.13E+01

XE-135 4.48E-01

XE-133 1.83E+01

Date/Time: 04/21/2003 14:53 brwmn
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RETDAS v3.6.3 <BRA> VSSI
40CFR190 URANIUM FUEL CYCLE DOSE REPORT
GASEOUS DOSE SUMMARY
N Unit 2, 2002
Report for: 2002
Unit Range - From: 2 To: 2
=== I&P DOSE LIMIT ANALYSIS == ANNUAL 2002 =========
Age Dose Limit Max % of
Annual - Limit Group Organ {mrem) (mrem) Limit
2002 - Admin. Any Organ INFANT THYROID 9.81E-03 1.13E+01 8.72E-02
2002 - Admin. Total Body CHILD TBODY 6.71E-03 1.05E+01 6.39E-02
2002 - T.Spc. Any Organ INFANT THYROID 9.81E-03 1.50E+01 6.54E-02
Receptor: 5 Composite Crit. Receptor - IP
Distance: 0.00 (meters) Compass Point: NA
Critical Pathway: Grs/Goat/Milk (GMILK)
Major Contributors ( 0% or greater to total)
Nuclide Percentage
H-3 5.32E+01
CO-58 6.87E-03
I-131 4.67E+01
I-133 1.00E-01
2002 - T.Spc. Total Body CHILD TBODY 6.71E-03 1.50E+01 4.47E-02
Receptor: 5 Composite Crit. Receptor - IP
Distance: 0.00 (meters) Compass Point: NA
Critical Pathway: Vegetation (VEG)
, Major Contrabutors ( 0% or greater to total)
N/ Nuclide Percentage
H-3 9.99E+01
CO-58 1.77E-02
I-131 5.16E-02
I-133 1.53E-04
Date/Time: 04/21/2003 14:53 brwmn Page - 16
AN

p.\depts\zd84g\environsgroup\2002eff doc



RETDAS v3.6.3 <BRA>

40CFR190 URANIUM FUEL CYCLE DOSE REPORT

Unit 2, 2002

Report for: 2002

VSSI

Unit Range - From: 2 To: 2

=== NG DOSE LIMIT ANALYSIS ANNUAL 2002 =========
Dose Limit Max % of

Annual - Limit (mrad) (mrad) Limit

2002 - Admin. Gamma 1.15E-04 7.50E+00 1.54E-03

2002 - Admin. Beta 8.97E-05 1.50E+01 5.98E-04

2002 - T.Spc. Gamma 1.15E-04 1.00E+01 1.15E-03

Receptor: 4 Composite Crit. Receptor - NG

Distance: 0.00 (meters) Compass Point: NA

Nuclide Percentage

AR-41 9.34E+01

KR-85M 4,68E-02

XE-135 2.78E+00

XE-133 3.75E+00

2002 - T.Spc. Beta 8.97E-05 2.00E+01 4.48E-04

Receptor: 4 Composite Crit. Receptor - NG

Distance: 0.00 (meters) Compass Point: NA

Nuclide Percentage

AR-41 6.90E+01

KR-85M 1.57E-01

XE-135 7.46E+00

XE-133 2.34E+01

Date/Time: 04/21/2003 14:53 brwmn Page - 17
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RETDAS v3.6.3 <BRA> VSSI
40CFR190 URANIUM FUEL CYCLE DOSE REPORT

Report for: 2002
Unit Range - From: 2 To: 2

=== MAXIMUM DOSE ANALYSIS ANNUAL 2002 =========
Age Dose

Dose Type Group Organ {mrem)

Any Organ ADULT GILLT 8.20E-02

Liquid Receptor: 0 Liquid Receptor
Gaseous Receptor: 5 Composite Crit. Receptor - IP

Distance: 0.00 (meters) Compass Point: NA
Liquid Dose: 7.79E-02 % of Total: 9.50E+01
Critical Pathway: Fresh Water Fish - Sport (FFSP)
Major Contributors ( 0% or greater to total)
Nuclide Percentage

H-3 4.76E+01

NA-24 1.58E-04

CR-51 4.15E-02

MN-54 1.25E+00

FE-59 1.06E-01

CO-58 3.16E+00

CO-60 4.65E+00

NI-65 3.34E-04

RB-88 1.50E-14

ZR-95 1.61E-03

ZR-97 3.77E-04

NB-95 3.86E+01

TC-99M 8.08E-06

TC-101 4.96E-20

AG-110M 2.00E-02

TE-125M 4.56E+00

I-131 1.81E-05

I-134 1.86E-08

CS-136 7.55E-03

Cs-137 3.57E-02

BA-140 1.63E-~02

Gaseous Dose: 4.07E-03 % of Total: 4.97E+00

Critical Pathway: Vegetation (VEG)
Major Contributors ( 0% or greater to total)

Nuclide Percentage

H-3 8.99E+01

CO-58 6.48E-02

I-131 1.45E-02

I-133 2.22E-04

Date/Time: 04/21/2003 14:53 brwmn Page - 18
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RETDAS v3.6.3 <BRA> VSSI

40CFR190 URANIUM FUEL CYCLE DOSE REPORT

=== MAXIMUM DOSE ANALYSIS == ANNUAL 2002 ======m===
Age Dose

Dose Type Group Organ {mrem)

Total Body CHILD TBODY 5.04E-02

Liquid Receptor: O Liquid Receptor
Gaseous Receptor: 5 Composite Crit. Receptor - IP
Distance: 0.00 (meters) Compass Point: NA

Liquid Dose: 4.36E-02 % of Total: 8.66E+01
Critical Pathway: Potable Water (PWtr)
Major Contributors ( 0% or greater to total)

Nuclide Percentage
H-3 9.71E+401
NA-24 3.24E-04
CR-51 3.28E-04
MN-54 1.51E-01
FE-59 2.50E-02
CO-58 7.08E-01
CO-60 1.11E+400
NI-65 1.41E-05
RB-88 1.39E-03
ZR-95 1.00E-06
ZR-97 1.81E-09
NB-95 6.74E-03
TC-99M 3.93E-07
TC-101 4.29E-07
AG-110M 8.73E-05
TE-125M 3.82E-01
I-131 7.61E-05
I-134 1.78E-05
CS-136 6.35E-02
CS-137 4.59E-01
BA-140 1.55E-03
Gaseous Dose: 6.71E-03 % of Total: 1.33E+01

Critical Pathway: Vegetation (VEG)
Major Contributors ( 0% or greater to total)

Nuclide Percentage

H-3 9.99E+01

CO-58 1.77E-02

I-131 5.16E~02

I-133 1.53E-04

Date/Time: 04/21/2003 14:53 brwnn LAST Page - 19
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TABLE 7 -15-
Braidwood Nuclear Station January-March, 2002
34 ft Wind Speed and Direction 203Ft-34Ft Delta-T (F)

\\_—// Number of Observations = 2150
Values are Percent Occurrence

7217 U S WIND DIRECTION CLASSES --=---=cscsosmsocmomesmmmmesncnaas aceeeee. STABILITY CLASSES =-=-sv-ve-
CLASS N NNE NE ENE E ESE SE SSE S SSW SH MW W WW N NW TOTAL EU MU SU N SS M5 ES TOTAL

EU 000 0.00 000 000 OO0 000 DOD 0DOO 000 0.00 DOO 0.00 OO0 OO0 000 000 0.00 000
My 0.00 000 000 0.00 0.00 0.00 000 000 OO0 OO0 0.00 0.00 000 000 0.00 0.00 0 00 000
CSu 000D 000 0.00 000 GO0 0DO 0.00 0.00 OO0 OO0 000 0.00 0.00 000 0.00 000 0.00 0.00
A N 0.00 000 0CO0 000 0.00 000 DOO 0.00 000 .00 D00 000 0.00 0.00 D00 000 O 00 0 00
LSS 000 000 000 0.00 0OC GO0 0.00 000 000 OGO DOO 0.00 000 0.00 000 D00 000 0 00
MMS 000 0C0O 000 000 000 0.00 000 00D 0.06 000 GOD DOQO 0.00 000 000 0.00 000 0 00
ES 0.00 0.00 000 000 000 DOD 000 000 OOO OO0 0.00 D00 OO0 DOO 0D00 OO0 0.00 000

EU 000 0DO 00O 000 000 0DOO 0.0 0O 0.00 000 0.00 D00 0.00 0.00 00 000 L, 000 000
MI 0.00 000 0.00 000 00D DOO 000 0.00 CO0O 0D00 0.00 005 000 OO0 000 000 OGO5 0.05
1Sy 0.00 0.00 0.00 005 000 00D 000 0.00 000 OO0 OO0 0.00 0.05 000 0.00 000 009 009
- NDOD9 D14 019 0.28 023 605 005 005 005 000 000 005 0.09 009 019 033 186 186
355 0.19 0.05 023 0.42 014 028 000 0.05 0.05 005 005 019 023 042 0.56 033 3 21 321
M5 005 009 009 005 019 009 005 000 005 0.14 000 009 0.5 033 037 009 219 219

'ES 0.00 0.00 0.00 009 0.09 005 0.00 000 000 0.05 005 0.00 0.00 028 023 005 088 0 88
828

E" 00 000 0.00 00D 005 000 DOO 0.00 OGO 0.00 000 0.00 005 0.28 009 005 051 0.5
h_+00 0.00 0.00 000 0.05 000 005 0.00 0.05 005 014 009 019 0.09 014 0 14 098 09
45U 0.00 000 000 0.24 009 000 D05 009 009 014 G19 005 028 009 0.14 0.05 1.40 140
- K 05 09 098 195 088 014 0.23 019 009 005 0.47 0.65 074 051 037 112 9.9] 991
755 033 0.09 028 0.42 0.47 0.23 060 0.28 0.70 0.23 1.26 728 126 121 065 093 11 21 121
M5 000 000 DO0 000 DO0 014 009 005 0.05 000 005 140 1.02 0.42 000 000 321 3.21

ES 0.00 0.00 000 0.00 000 000 005 OO0 000 OO0 0.00 023 019 000 0.00 0.00 0.47 0.47
27 67

EU D00 005 0.19 0.00 000 00O 005 000 000 009 GO5 D28 0.47 112 065 009 302 302
Wi 0.00 0.00 DO0 0.05 000 005 000 005 0.14 0.05 0.00 033 037 047 0.00 0.19 1.67 167
85U 0.00 000 0.00 0.00 0.00 0.00 005 0.23 000 009 D19 0.37 014 051 005 023 1.86 1.86
- N 070 079 163 037 014 009 019 1.81 167 0.70 2.09 181 1.67 233 1.12 251 19 63 19.63
155 005 0.00 0.05 005 0.00 D00 047 1.35 163 074 600 2.23 0.70 0.65 0.14 047 14 42 14 42
2M5 000 GO0 000 000 0.00 000 0.05 000 000 000 0.19 005 0.00 0.00 0.00 000 ¢ 28 0.28

ES 0.00 0.00 000 0.00 000 000 0.00 000 OO0 000D 000 0.00 0CO 0.00 000 000 0.00 0.00
40.88

EU 000 00O 0.00 0.00 0.00 000 0.09 0.14 051 037 037 0.28 0.65 051 000 014 3.07 3.07
1M 000 000 0.00 0.00 0.00 000 0.00 0.09 014 047 051 0.09 019 0.23 0.05 005 1.81 1.81
35U 0.00 000 005 D00 000 GOC 000 0C9 0.23 0.42 047 000 009 023 014 005 177 177
- N 03 019 1.12 000 000 000 0.00 0.42 1.63 1.35 1.72 014 116 126 028 056 1019 10 19
1S5 0.00 000 0.05 000 0.00 0.00 0.00 023 1.12 1.30 093 0.00 000 009 000 0.00 372 372
8M5 0.00 000 000 0.00 000 OCO 000 0.00 000 0.00 000 0.00 000 000 0.00 000 0.00 0 00

ES 000 000 D00 000 OOCO 0.00 003 .00 000 D00 000 DOO 000 0.00 000 GOD 000 0.00
20.56

Murray & Trettel, Inc. » 414 West Frontage Road » Northfield, llinois « 60093 = (847) 446-7800



TABLE 7 -16-

continued
Braidwood Nuclear Station January-March, 2002
34 ft. Wind Speed and Direction 203Ft-34Ft Delta-T (F)
e, WIND DIRECTION CLASSES =--s-svecevommmmmscmacoananaae . STABILITY CLASSES ~-e--enn--

etRSS/ N NNE NE ENE E  ESE SE SSE S  SSW SW O WSW W WM MW NN TOTAL EU My SuU N SS M5 ES TOTAL

EU 000 000 0.00 0.00 D00 CCO OO0 005 005 0 05 0.00 0.00 000 0.00 000 005 D19 0.19
1M 000 0G0 D00 000 0.00 0.00 000 0.00 0 05 000 0.00 000 000 000 0.00 0.00 0.05 0.05
95U 000 000 000 0.00 D00 0G0 0.00 000 0.05 009 D00 0.00 DGO 0.00 000 D Q5 o 19 019
- N 0DOC 000 000 0.00 OO0 0.00 000 0.00 023 0 42 0.23 000 0.33 014 000 014 1.49 149
255 000 0.00 000 0.00 000 COD OO0 D.OO 09 009 000 0.00 0.00 0.00 0.00 000 019 0.19
4M5 000 000 000 DOO OGO DOO 000 0.00 000 0CO 0.00 D00 0.00 000 000 0 00 000 0 00

ES D00 0.00 000 000 0.00 0.00 000 0.00 0.00 000 0.00 000 000 OO0 00C 0.00 000 0.00

2.09

EU 000 000 000 0.00 000 0.00 000 000 O OO 0.00 .00 000 0.00 0.00 0.00 000 0 Q0 0 00
GM/ 000 000D 0.00 000 000 OO0 0.00 000 0.00 0.00 000 000 0.00 0.00 0.00 D OO 0 00 0.00
TSU 000 000 OO0 0.00 000 000 D00 000 O 00 0.00 000 DOO 0.05 D00 0.00 000 005 005
N 000 000 0.00 000 000 0O0 GOD 005 000 D00 000 0CO 042 000 0.00 000 o047 0 47
2SS 0.00 0.00 000 000 0.00 D00 OO0 OO0 OO0 0.00 000 0.00 0.00 000 000 00D O0.00 0.00
4M5 000 DO0O 0DO0 OO0 00D 0OC 000 0.00 ¢ 00 000 000 .00 000 000 000 000 O Q0 0.00

ES 0.00 0.00 0.00 000 0.00 0.00 000 0.00 000 000 000 000 OO0 DO 000 OO0 O Q0 000
0.51

TOT 233 237 4.84 38 233 112 2.05 521 §.56 6 93 14 93 10.65 10 84 11.26 5 16 7 58 100.00 679 4.56 53543533274 567 1.35 100.00

Wi __+rection by Stality

N NNE NE ENE E  ESE SE SSE S SSW SW O WSW W WNW MW NNW TOTAL -STABILITY CLASSES-

D00 0.05 019 0.00 005 000 014 019 056 051 042 056 116 191 074 033 6.79 Extremely Unstable
0.00 000 0CO DOD5 005 005 005 014 037 056 0.65 056 0.74 079 0.19 037 456 Moderately Unstable
0.00 000 0.05 019 009 000 009 0.42 037 074 0.84 042 0.60 0.84 033 0.37 5.35 Slightly Unstable
172 209 391 260 1.26 028 0.47 251 367 251 4.51 2,65 4.42 433 1.95 465 4353 Neutral

05 014 060 0.88 D60 051 107 1.91 349 242 823 470 219 2.37 135 172 32.74 Slightly Stable
005 009 009 0.05 0.19 023 0.19 005 0.09 ¢ 14 023 1.53 1.53 0.74 037 009 5.67 Moderately Stable
0.00 0.00 0.00 009 009 0.05 D05 0.00 0.00 0 05 005 0.23 019 0.28 023 0.05 135 Extremely Stable

Wind Direction by Wind Speed

N NNE NE ENE E ESE SE SSE S  SSW SWoOWSW W WNW MW NNW TOTAL  -WIND SPEED CLASSES-

000 0.00 000 000 0.06 000 000 000 0.00 0.00 0.00 0.00 000 0CO D00 0.00 000 CALM

033 028 051 08 065 0.47 0.09 009 0.14 0.23 0.09 037 0.88 1.12 135 079 4.28 < 3.5 mph
088 107 12 2.51 153 051 107 060 0.98 047 2.09 4.70 3.72 2.60 1.40 2.28 27 67 3.6 - 7.5 mph
074 0.84 18 047 014 014 079 3.44 335 1 67 851 507 3.35 507 195 349 40 83 7.6 - 12.5 mph

037 019 1.21 000 000 000 009 098 363 3.91 4.00 051 2.09 2.33 0.47 0.79 20 56 12.6 - 18 5 mph
000 0.00 000 000 0.00 000 000 005 047 @ 65 023 000 0.33 014 0.00 023 209 18 6 - 24 5 mph
000 000 000 DOO GO0 OO0 OO0 .05 000 0 00 000 000 047 0.00 0.00 000 051 > 24.5 mph

Murray & Trettel, Inc. o 414 West Frontage Road e Northfield, Hinois « 60093 = (847) 446-7800



csu
AN
LSS
M MS

ES

EU
158U

35S

ES

0 00
000
000
0 00
000
0.00
0.00

0 00
0.00
000
0.00
D14
023
009

0.09
000
0.09
0 97
0.09
0 00
000

0 00
0.00
0.00
019
0.00
000
0.00

0 00
0.00
0 00
000
0.00
0.00
0.00

0 05
0 00
0.00
028
0.09
019
000

0.23
0 05
014
1.02
0 05
0.05
0 00

014
0.14
005
0 83
000
0.00
0.00

0.00
0.09
0 00
0 00
0.00
0 00
000

TABLE 8

0.00
0 00
0.00
0 00
0 00
0.00
0 00

005
0.00
0 05
0.28
0 46
014
0 09

028
0.14
D14
185
028
0 00
0 00

0 37
0.28
0.60
1.90
014
0.00
0 00

0.05
005
005
019
000
000
0 00

Braidwood Nuclear Station

0 00
0 00
000
0 00
0.00
0 00
000

0.05
0 00
0.09
0 56
069
023
0 05

0.23
0.14
019
1583
037
0.05
0 00

019
0.05
000
0.46
0.05
0 00
0.00

000
0.00
000
0.00
0 00
0.00
000

34 ft. Wind Speed and Direction

000
0 00
000
000
000
0.00
000

000
0.00
000
028
0.88
037
0 00

0 09
0.00
000
1.1
0 56
0 05
005

0 05
0 00
0 05
028
0.14
0 00
0.00

000
000
000
000
0 00
0.00
0.00

0 00
0.00
0 00
0 00
0 00
0.00
000

000
0 00
000
014
¢ 65
0 93
028

0.51
009
0.14
0.42
1.06
023
000

0.05
0.05
000
0 42
023
0.00
0 00

0 00
0.00
0 00
0.00
0 00
0.00
000

WIND DIRECTION CLASSES

SE

0 00
0.00
0 00
0.00
0.00
0 00
0.00

0 00
0.00
0.05
019
037
014
005

014
0.28
0.28
051
139
028
0.00

0 09
0.09
005
056
037
0.00
0.00

0 00
0.00
0 00
014
0 00
000
0 00

SSE

000
0.00
0 00
0.00
0.00
0.00
0.00

0.00
0 00
0.05
009
028
0.09
0.09

106
009
0.28
0 46
185
023
0.00

0 51
023
005
0 69
1.80
0.00
0 00

0.00
0.00
000
0.19
0 09
0 00
000

S

000
000
000
0 00
0.00
0.00
0 00

0.00
005
0.00
005
005
0 09
0 00

088
0.14
0.05
0 69
208
0 32
000

0 56
0.09
0.14
0 56
208
0 00
0.00

0.56
0 05
0.09
0.37
0.46
000
000

Number of Observations =
Values are Percent Occurrence

SSW

0 00
0.00
0 00
0 05
0 05
009
014

0.56
023
0.14
037
051
019
005

0.42
005
014
0.56
069
0.00
0.00

0.79
0.19
0.14
088
1.34
0.00
0.00

-17-

April-Jdune,
203Ft-34Ft Delta-T (F)

2161

0 00
0.00
000
009
014
0.05
014

0 56
0.28
005
0.42
1,20
032
0 05

0.60
009
0.05
1.53
213
0.19
0 00

037
014
0.00
0 37
0 46
0 00
0 00

000
000
0 00
0.00
0 00
0 00
000

0.09
0 00
0.05
005
0.09
0.19
¢.09

083
005
0.09
088
167
0.46
0.09

0 88
0.28
0.05
074
019
0.05
0 00

014
0.00
0.05
0.09
0.05
0.00
0 00

0.00
000
000
009
046
079
037

0.23
009
0.05
0.65
162
056
0.05

0.74
0.09
0.23
D42
0.28
000
000

0.32
009
0.05
019
0 05
000
0.00

000
0.00
000
0.28
0.88
0.19
014

0 65
014
023
1.02
0.79
009
000

1.1
023
0.28
074
0 00
0 00
000

0.23
005
0.14
0 42
0.00
0.00
0.00

0 00
0 05
000
028
032
028
019

019
¢ 19
014
1.06
0.51
000
0 00

069
028
0.14
1.11
014
0 00
0 00

014
0 00
000
009
0.05
0.00
0 00

0 00
0.00
0.05
005
0.05
019
0 00

023
0.09
014
0.65
032
0 00
000

0.69
009
009
0.88
023
0.00
000

000
0 00
000
0.05
000
0.00
0.00

2002

0.00
0 00
0.00
0.00
0.00
0 00
000

0.23
009
0.32
2.73
5.60
4.16
1.71

676
2.08
2.22
13.05
14.62
2.82
0.28

7.17
2.04
199
12.63
8 56
0.23
¢.00

259
065
0.51
315
250
000
0 00

--------- STABILITY CLASSES ----ccecne
U M SU N 0SS M ES TOTAL

023

14.85

676
208
2.22
13.05
14.62
2.82
028
41.83

32.62
259
065
0 51
2 50

0.00
9.39

Murray & Trettel, Inc. « 414 West Frontage Road » Northfield, lllinois » 60093 = (847) 446-7800



4]
G M
TSU

255
4 M

0.00
0.00
0 00
000
000
000
000

T0T 305

0.00
0 00
0.00
000
000
0.00
000

0.00
0.00
0 00
0.00
0 00
0 00
0.00

TABLE 8

continued
Braidwood Nuclear Station

34 ft. Wind Speed and Direction

0 00
0.00
000
0.00
0.00
0.00
0.00

0 00
0.00
0.00
0 00
0 00
0 00
0 00

736

000
0.00
000
000
0 00
000
0.00

0.00
0 00
0.00
0 00
0.00
000
000

491

Wih_rection by Stability

Wind Direction by Wind Speed

N

019
009
0.28
1.57
0 60
023
0.09

N

0.00
046
1.16
1.25
0.19
0.00
000

o

NNE

0 42
028
0.19
2.13
014
023
0.00

NNE

000
0 60
1.583
116
009
0.00
0.00

NE

074
0.46
0 83
4.21
088
014
009

NE

0 00
1.06
2 68
329
0 32
0.00
0 00

ENE

0 46
0.19
0.28
2.55
11
028
005

ENE

000
167
2.50
074
000
000
000

0 00
0.00
0.00
000
000
0 00
000

0 00
0.00
0.00
0.00
0 00
000
0.00

389

014
0.00
0 05
1.67
157
0.42
0 05

0.00
153
1.85
0 51
0.00
000
000

0 00
000
0 00
000
0 00
0.00
0.00

0 00
0.00
000
0 0o
0 00
000
0.00

518

ESE

0.56
0.14
014
0.97
194
1.16
0.28

ESE

000
199
2.45
074
000
000
0.00

WIND DIRECTION CLASSES

SE

000
0 00
0.00
000
0.00
0.00
0 00

0.00
000
000
0 00
0.00
0.00
0 00

4,95

SE

023
037
037
1.39
213
0 42
005

SE

0.00
079
2.87
116
014
0 00
0.00

SSE

0 00
000
0 00
000
000
0 00
0 00

.00
000
0.00
000
0.00
0 00
000

SSE

157
032
037
1.43
403
0.32
009

SSE

0.00
0 60
3.98
329
0.28
0.00
000

S

0.00
0.00
0.00
¢ 00
0 00
000
000

0 00
0.00
0.00
0 00
000
0 00
0.00

935

199
032
0.28
167
4 67
0 42
0.00

000
023
4.16
342
1.53
0 00
0.00

SSW

028
0.05
0.05
019
019
0.00
0 00

0.00
0.00
0.00
0.05
0 00
000
0.00

8.33

SSW

2.04
051
046
208
2.78
028
019

SSW

0.00
0.32
2.04
1.85
3.33
0.74
0.05

-18-

April-June,
203Ft-34Ft Delta-T (F)

000
0 00
0.00
0 00
000
0.00
0 00

0 00
000
000
0.00
0 00
0 00
0 00

921

SW

1.53
0 51
009
241
39
0 56
0.19

SW

0 00
0 42
287
4,58
134
000
0.00

0.00
0 00
0.00
0 05
000
0.00
0 00

0 00
0.00
0 00
0.00
0 00
0 00
0.00

717

WSW

1.94
0 32
0.23
180
199
0.69
019

WSW

0 00
0 56
4.07
217
0.32
005
0 00

023
0.00
0.00
014
0.00
0.00
0.00

0 00
000
0.00
0.00
000
0.00
0.00

1.53
028
0.32
148
241
134
0.42

0.00
171
324
1.76
069
037
000

005
000
0 00
0.05
0.00
000
0 00

0 00
0 00
0.00
0.00
0.00
0.00
0.00

7.68

WNW

204
0 42
0 65
2.50
167
028
0.14

WNW

000
1.48
2.92
2.36
083
009
0.00

0.00
0 00
0 00
0.00
0 00
0 00
0.00

0 00
0 00
0.00
000
0.00
0 00
0 00

5 83

NW

1.02
051
028
2.55
1.02
028
019

0.00
1.1
2.08
236
0.28
0.00
0.00

NNW

0 00
0.00
000
0.00
0.00
0 00
0 00

0 00
0 00
0 00
0 00
0 00
0.00
0 00

3.79

NNW

0.93
0.19
028
162
0.60
019
0.00

NNW

0.00
0.32
143
1.99
0.05
0 00
000

2002

TOTAL

056
005
0.05
042
019
0 00
000

0.00
0 00
000
0.05
0 00
0.00
0.00

100 00

TOTAL

17.31
491
5.09

32.02

31.47
7.22
199

TOTAL

0.00
14 85
41 83
32.62

939

125

0.05

--------- STABILITY CLASSES =--=--n--- _
M5 ES  TOTAL

EU M SU N N
0 56
005
005
0 42
0.19
0.00
0.00
1.25
0.00
0 00
D 00
0.05
0.00
000
000
0.05

17.31 4,91 5.09 32.02 31.47 7.2z 1.99 100 00

-STABILITY CLASSES-

Extremely Unstable
Moderately Unstable
Stightly Unstable
Neutral

STightly Stable
Moderately Stable
Extremely Stable

-WIND SPEED CLASSES-

CALM
< 3 5 mph
36- 7.5mph
7.6 - 12,5 mph
12.6 - 18 5 mph
18 6 - 24 5 mph
> 24 5 mph

Murray & Trettel, Inc. o 414 West Frontage Road « Northfield, llhinois » 60093 = (847) 446-7800



EY

€ su
AN
LSS
MM

ES

EU
MU
15U
35S

ES

¢ 00
0.00
0 00
000
0G0
0.00
0 00

0.00
000
0.05
014
0.14
039
0.19

39

Ho_05

45U

78S

ES

Ev

8 su

155
215
ES

EU
1w
3 SuU

1SS
8 M

0.14
053
0.68
0.10
000

014
005
0.19
029
0.24
000
000

0 00
0.00
6.00
0.05
000
0.00
0.00

0 00
000
0 00
0.00
0 00
000
0 00

0 00
000
0.00
019
0 58
0.24
0.05

019
014
0.05
1.06
150
010
0.00

043
0.05
0.10
0.68
014
0.00
0 00

¢ 00
0.00
0.00
000
0.00
0 00
000

TABLE 9

0.00
000
0 00
0.00
0 00
0 00
0.00

0.10
¢ 05
0.00
04
135
029
0.14

193
0.39
024
150
1.64
0.05
000

0.82
010
0.10
024
0 00
000
0 00

0 00
0 00
0 00
0.00
000
0 00
000

Braidwood Nuclear Station

0 00
000
000
0.00
000
0.00
000

000
0 Q0
024
D 68
2.03
053
0.14

2.46
0.39
014
1.50
101
0.05
000

0.14
0.05
0.00
0.05
0.00
0 00
000

0.00
0.00
0.00
0.00
000
0 00
0.00

34 ft. Wind Speed and Direction

000
0.00
000
0 00
0 00
D00
0 00

0 05
0.14
0.05
0.43
082
1.59
121

0.77
0.48
005
034
0.05
0.10
0 00

0.10
0 00
0.00
0.00
0.00
0 00
000

0 00
0.00
000
0.00
0.00
000
0 00

000
0.00
0.00
0 00
0 00
0.00
0 00

0.00
0 05
005
0 39
0 58
0.77
111

0.53
019
0.14
029
034
0.39
0.14

000
0.00
0.00
0.00
0 00
0 00
0.00

0.00
000
0 00
0 00
0.00
000
000

WIND DIRECTION CLASSES

SE

0.00
0 00
0.00
0.00
0 00
000
0 oo

005
0.00
014
0.14
024
019
010

11
034
005
0.63
0.72
039
0.05

010
0.00
0 00
005
000
0.00
0.00

0 00
0 00
0.00
000
000
0.00
0.00

SSE

0 00
0.00
0 00
0.00
000
0 00
0.00

005
005
0.05
0.14
019
019
0.00

1.30
0.43
0.14
097
198
0.10
005

0 48
0.10
005
0.10
039
0.00
6.00

000
000
000
0 00
0 00
0.00
0 00

S

000
0 00
0.00
000
0 00
0.00
0 00

000
0 00
0.00
0.05
014
0.05
005

0 58
019
010
048
319
0 o0
0.00

0 48
010
0.19
130
1.1
0 00
0 00

0.00
0 00
000
0.00
000
0.00
0.00

Number of Observations =

SSH

0 00
000
0.00
0 00
000
000
0.00

0.10
000
0.00
0.05
0 00
024
010

097
005
000
053
068
0.05
0 00

1n
014
0.14
1.06
130
000
000

0 92
0.14
014
043
000
0 00
000

-10-

July-September,

2002

203Ft-34Ft Delta-T (F)

2071
Values are Percent Occurrence

000
000
0 00
000
0.00
0 00
000

000
005
0.00
0 00
019
0.19
005

0 92
0.00
6.00
0.82
111
0.05
0.00

126
0.24
0.10
2.66
0.68
0 00
0 00

019
014
0.05
014
000
000
000

000
0.00
000
0.00
0.00
0 00
0 00

0 05
0 00
0.00
010
0.19
0.19
0.00

1.45
0 00
014
677
0.63
043
010

0 87
014
0.10
0 58
0 00
0.00
0 00

¢ 00
000
0.00
0.05
0 00
000
000

0 05
010
0 00
0.24
0 68
077
0.72

203
0.58
0.24
0.77
0.72
0.34
010

097
005
0.05
0.00
0.00
0.00
0.00

000
0.00
0 00
010
0.00
000
0 00

0.14
014
005
0.10
048
048
072

155
0.19
0.00
0.29
019
000
0 00

029
0 00
0.00
0.05
005
0.00
0G0

000
0 00
000
0 00
0.00
0.00
000

0 00
0 00
0 00
000
000
0.00
0 00

0.05
0.00
0 05
010
0 58
0.29
029

0 58
010
005
0.48
029
0 00
0.00

005
0 00
0.00
0 00
0.00
0.00
000

0 00
0.00
0.00
0 00
0 00
000
0.00

NNW

0.00
000
0.00
0 00
000
000
0 00

005
0 00
000
005
014
029
0.19

034
029
0 05
04
0.43
0.00
000

014
000
0 00
010
024
0.00
0.00

0.00
0 00
000
0 05
0 00
0 00
0.00

TOTAL

0 00
0 00
0 00
0.00
0 00
000
0.00

068
0 58
0 68
324
8 35
671
507

17.09
3 81
1.55

11.40

15 16
212
0.43

7.39
1.01
1.01
715
4.15
0 00
0.00

L1
029
0.19
082
000
0.00
000

0 68

17.09

739

029

STABILITY CLASSES

Su

0 68

1.65

N

324

11.40

SS

15.16

671

2.12

ES

507

0.43

Murray & Trettel, Inc. » 414 West Frontage Road  Northfield, llinois « 60093 = (847) 446-7800

TOTAL

0.00

25 30

51.57

20 71

241



EY
1M
95U

255

4 MS
ES

1]
G M
TsuU

2SS
4 M

10T

r

---------------------------------- WIND DIRECTION CLASSES ==--=-==snssmsmnecuccmmasmnamnnnns ~ec-enaoo STABILITY CLASSES

0.00
0 00
0 00
000
0.00
000
¢ 00

0.00
0.00
0.00
000
0 00
0 00
000

377

0.00
0 00
0 00
0.00
0.00
0.00
0.00

0.00
0 00
0 00
0 00
000
0 00
0.00

5 50

TABLE 9 -20-

continued
Braidwood Nuclear Station

34 ft Wind Speed and Direction

0.00
000
0.00
0 00
0 00
0.00
0 00

0.00
000
0.00
0.00
000
6.00
000

937

0 00
000
0.00
0 00
0 00
0.00
0.00

000
0.00
0.00
000
0.00
0.00
0 00

9.42

WI\/FECUOH by Stability

Wind Direction by Wind Speed

N

0.53
0.10
039
101
1.06
0.48
019

N

0.00
0.92
188
092
005
0.00
0.00

NNE

0 63
019
0.14
193
2,22
0.34
0 05

NNE

0.00
1.06
3.04
1.40
000
000
0 00

NE

285
0.53
034
217
2.99
034
014

NE

000
2.37
5.75
1.26
0 00
000
0.00

ENE

2.61
043
039
2.22
304
058
0.14

ENE

0.00
3 62
5 55
0.24
0 00
0 00
0 00

July-September, 2002
203Ft-34Ft Delta-T (F)

E ESE SE SSE S SSW SW WSW W WNW  NW  NWW TOTAL BV M SU N

0.00 000 000 000 0.00 000 0.00 CCC OOD D OO OO0 0.00 0.00 000

000 DDO 0.00 000 GO0 000 000 0.00 0.00 0.00 000 0.00 0 00 0 00

000 000 000 0.0 DOO 000 0.00 000 OO0 0.00 000 000 O 00 0 00

0.00 DOC 000 D00 0.00 000 0.00 0.00 0.00 000 00D 0 00 0.0¢ 0.00
0.00 000 000 00O 0.00 0.00 D00 0.00 0.00 000 0.00 000 0 00

0.00 0.00 0.00 0.00 D DO 0.00 000 000 OO0 000 000 0.00 ¢ 00

000 DOO 000 0.00 0.00 000 0.00 0.00 000 0.00 0 00 0.00 000

0.00 0.00 0.00 000 0.00 DOO 000 000 OO0 O OO OO0 000 000 000

000 000 000 00O 000 000 0.00 DOO 0.00 0.00 0.00 000 00O 0 00

000 0.00 CO0 000 0.00 0.00 0.00 CO0 OO0 0DDO OO0 Q00 O 00 ¢ 00

000 DOO OO0 OO0 C.00 OD0O 00D DGO 0OC 0.00 0.00 00D 0.00 000
000 000 DOC OO0 DOO OO0 0.00 DOO 000 0.00 0.00 Q00 0.00

000 0.00 000 000 000 0.00 0.00 000 0.00 GO0 OO0 0.00 000

0.00 000 000 0.00 .00 000 D00 000 0.00 0.00 0.00 0 00 0 00

SS

S

TOTAL

0 00

618 497 430 6.76 8.02 816 B84 579 850 473 290 280 100.00 26 27 5.70 3 43 22.60 27.67 8 84 5.50 100 00

E ESE SE SSE S SSW SW WSW W MWW NW NN TOTAL  -STABILITY CLASSES-

092 053 126 18 106 309 237 2.37 3.04 198 068 053 26.27  Extremely Unstable
063 0.24 0.34 058 029 0.34 043 D14 072 034 0.10 0 29 5,70  Moderately Unstable
0.10 0.19 0.19 0.24 029 029 0.4 0.24 029 005 010 005 343  Siightly Unstable
077 0.68 082 121 1.83 2.08 362 150 111 043 058 0.63 22.60  Neutral

0.87 092 097 25 444 1.98 198 082 140 0.72 0.87 0 82 27.67  Slightly Stable
169 1.16 058 0.29 0.05 029 0.24 063 111 0.48 0.29 029 884 Moderately Stable
1.21 12 014 005 0.05 010 005 010 082 0.72 029 019 5.50  Extremely Stable

E ESE SE SSE S SSW SW WSW W WNW MW NNW TOTAL  -WIND SPEED CLASSES-
0.00 000 000 000 0.00 GO0 0.00 000 DGO 000 0.00 000 0.00 CALM
430 295 087 0.68 029 0.48 0.48 053 2.5 2.12 1.35 0 72 25 30 < 3.5 mph
1.79 2.03 328 4.97 4.54 2.27 290 352 478 2.22 1.50 155 51.57 3.6 - 75mph
0.10 000 014 1.11 3.19 3.77 4.93 1.69 1.06 0.39 005 0.48 207 76 -12.5 mph

D00 00O 0.00 0.00 000 1.64 0.53 0.05 0.10 000 0.00 005 2.41 12.6 - 18 5 mph
000 0OO 0.00 0.00 0.00 000 000 000 0.00 000 0.00 000 0 Q0 18 6 - 24 5 mph
0.00 000 00CO 0.00 DOO 0.00 000 06.00 0.00 000 0.00 0 00 0 00 > 24.5 mph

Murray & Trettel, Inc. o 414 West Frontage Road o Northfield, Hlinois » 60093 = (847) 446-7800
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TABLE 10 -21-

Braidwood Nuclear Station October-December, 2002
34 ft Wind Speed and Direction 203Ft-34Ft Delta-T (F)

| Number of Observations = 2170
Values are Percent Occurrence

SPEED  ==s-e-cmsmeommememeccoicaoacnanas WIND DIRECTION CLASSES =---ssesveseeoscmommimmiiacccace .. STABILITY CLASSES =-vv-vvnx-
CLASS N NNE NE ENE B ESE SE SSE S S SW WSW MWW N MW TOTAL Bl W Sy N oSS M ES

EU 0.00 000 000 DOO OO0 0.00 000 000 000 0.00 O Q0 0.00 000 000 DOO 0.00 0GO OO0
M) 0.00 000 0.00 000 000 DOO GO0 GO OO0 000 Q.00 0.00 000 000 D00 0.00 000 000
CSu 000 000 000 0.00 000 000 DOD 0.00 0.00 0.00 0.00 000 DOO DOO 0.00 000 0.00 000
A N 000 0.00 0C0 DOO GO0 0DOC GO0 DO0 000 0.060 000 0 00 0.00 0.00 000 000 © 00 0.00
LSS 000 000 000 OO0 0.00 OO0 000 0.0 00C G 00 O Q0 000 D00 000 0G0 QOO 0O 00 0.00
MMS 0.00 0.00 000 000 000 OGO 00O OO0 000 0OQ0 000 000 000 000 D00 0.00 0.00 0 00
ES 000 000 000 DOO 0.00 CO0O 0.00 ODO 0.00 000 000 O 00 000 0.00 000 000 000 0.00

EU 000 00O 000 00O 0.00 000 0.05 000 0.00 000 O QO 0.00 000 005 000 0.00 009 0.09
MJ 000 0.00 0.00 000 GO0 000 009 000 0.00 0.00 0.00 005 005 000 0.09 0.05 0.32 032
15U €00 0.00 0.00 0O5 000 0.05 0.00 D OO 000 0.00 0.00 000 000 0600 005 0O5 0.18 018
- N 014 037 032 069 014 0.05 005 005 D00 005 0.05 0 14 018 028 000 018 2.67 2 67
355 037 0.23 0.65 0.78 0.60 037 014 000 0.00 000 0.05 0.14 055 069 101 0.37 594 59
M5 000 009 0.00 014 0.37 041 014 005 0.18 005 0.09 0 37 097 046 041 023 39 3 96
"ES 000 0.00 000 032 041 028 0.05 009 0.05 0.00 018 005 014 032 018 009 217 2.17

3 09 000 C05 005 018 014 00D 009 0.05 0.05 0.00 0 14 028 0.23 065 032 2.30 230
Mo 05 0.05 0.00 0.23 014 005 0.05 D09 0.00 023 0.32 000 000 0.09 0 18 023 1.7 171
45U 009 009 014 041 009 009 0.00 000 0.00 005 0 00 018 009 005 0.18 009 1.57 157
- N 097 203 2.03 147 134 023 014 023 0.37 023 0237 0.97 1.38 124 15 2.26 1682 16 82
755 060 065 1.01 065 037 0.37 065 0.69 134 032 1.20 194 230 1.11 115 111 1544 15.44
M5 000 0.05 000 D00 0.00 014 0.4 005 018 046 0 32 152 065 037 0.05 018 410 410
ES 000 0.00 000 000 0.00 000 000 0.00 000 0.00 000 023 032 000 00O 000 055 0.55

EU 018 005 000 000 005 0.00 0.05 032 018 046 0.32 0 00 032 0.28 041 032 295 2.95
MU 0.14 009 0.00 000 005 D05 0.05 0.00 0.09 009 0 37 0.23 032 009 0.14 023 1.9 194
85U 009 009 005 0.00 D05 000 DO5 0.05 000 032 037 0.32 0.14 018 018 018 207 207
- N 051 0.83 097 005 032 046 009 106 0.8 0.97 1.61 1.57 152 138 092 1.57 14.65 14.65
155 0.09 005 0.05 005 000 014 023 0.28 124 1.34 2 76 083 088 0.46 0.28 014 880 8 80
2M5 0.00 000 0.060 D00 000 0.00 0.00 0.00 000 0.37 0 74 000 0.00 0.00 0.00 000 1.11 1.11
€S 000 0.00 000 0.00 000 0.00 000 DOD 0.60 0.00 005 0 00 00O DOG 0.00 0.00 005 0.05

EU 000 000 0.00 0G0 000 OO0 000 D OO 0.00 0.05 005 0 14 0.09 000 0.05 0.05 0.41 041
LM 0.05 0.00 0.00 0.00 0.00 600 0.00 600 000 O 09 0.09 003 005 0.00 0.09 0.00 0.46 0 46
3SU 000 0.00 0.00 000 0.00 000 0.00 0.00 005 0.14 0.14 0.14 0.14 0.00 0.05 000 065 065
- N 0.14 005 0.00 000 000 0.00 0.05 018 0.37 083 0.5 0.60 1.43 037 018 037 5.12 512
155 000 000 0.00 0.00 0.00 000 005 0.23 041 175 074 D00 DOO 0.00 000 OO0 3.18 318
8M5 000 000 0.00 600 0.00 000 0.00 000 0.00 0 00 0.00 000 000 000 0.00 0.00 0.00 000
ES 0.00 000 000 .00 000 000 0.00 0.00 000 000 000 O 00 0.00 0.00 000 0.00 000 0.00

Murray & Trettel, Inc. o 414 West Frontage Road » Northfield, lllinois « 60093 = (847) 446-7800

TOTAL

0.00

15.35

42.49

31.57

9.82
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TABLE 10 22

continued

Braidwood Nuclear Station October-December, 2002

34 ft. Wind Speed and Direction 203Ft-34Ft Delta-T (F)

---------------------------------- WIND DIRECTION CLASSES -« --=se-emmemmsecomnmnemammnenn.. <=====n== STABILITY CLASSES ----vsnnn-

0.00
000
000
0.00
0 00
0.00
0 00

0 00
000
0 00
000
000
000
000

0 00
0.00
0 00
0.00
0.00
0 00
0.00

0.00
0.00
0.00
000
0.00
000
0 00

0 00
0 00
0 00
0.00
0.00
000
000

000
000
0 00
0 00
000
0.00
000

525

000
0.00
0.00
0.00
0 00
000
0.00

0 00
0 00
0.00
000
0.00
0.00
0.00

4 88

wrvrection by Stability

N

028
023
0.18
1.75
106
0.00
0 00

NNE

005
0.14
0.18
3.27
0 92
014
0.00

NE

0.05
0 00
0.18
3 32
17
0 00
000

ENE

0 05
0.23
0.46
221
1.47
0.14
032

EESE SE SSE S SSW  SW O WSW W WM MW NN TOTAL B MU SU N S§ MS ES TOTAL

000 000 DOO 0.00 D.00 000 0.00 000 000 0.00 0.00 0.00 000 000

000 D00 000 0.00 000 0.00 DGO 000 0.00 0.00 0 00 000 000 0 00

000 00 0.00 000 0CO D.00 OGO 0.00 000 0.00 000 0 00 000 0 00

000 000 000 009 D09 018 014 0.00 0.18 0 00 0 00 0.00 069 069

0.00 D00 0.00 000 005 000 000 0.00 000 0.00 0 00 0.00 005 005

DD0 000 000 00O OO0 000 0.00 0.00 000 000 0.00 0.00 000 0 00

000 0.00 000 0.00 000 0.00 000 000 0.00 0.00 0.00 000 0.00 0.00

0.00 0.00 000 0.0 000 DOO 0.00 000 OO0 0.00 000 000 000 000

000 0.00 0.00 000 000 000 DOCO GO0 600 OO0 0.00 0.00 000 0.00

000 DCO GO0 DOO 005 0.06 000 Q00 000 OO0 0.00 000 0.05 0.05

0.0 000 0.00 000 0.00 0.00 600 0.00 000 {00 0.00 000 000 0.00

0.00 0.00 D00 GOG 0.00 0.00 000 DOO 000 0.00 0 00 000 o000 0.00

0.00 D00 0.00 000 GO0 DOO 0.00 0.00 000 000 0.00 0.00 000 000

000 000 000 000 0.00 OO0 0.00 000 0.00 000 0.00 0.00 0.00 0 00
005

410 281 203 355 553 8021051 9631198 765 7.83 802100.00 576 4.42 4.52 39.95 33.41 9.17 2.76 100 00

E ESE SE SSE S SSHW SW O WSW W WW MM NNW TOTAL ~ -STABILITY CLASSES-

023 0.14 009 0.41 023 0.5 0.37 0.28 0.69 0 55 1.11 069 5.76  Extremely Unstable
018 D09 018 009 0.09 041 078 037 041 018 0.51 051 442 Moderately Unstable
014 014 0.05 605 0.09 051 051 065 037 023 0.46 0.32 452 Slightly Unstable
180 0.74 032 161 1.66 226 272 3.27 470 327 2.67 4 38 39.95  Neutral

097 088 1.06 120 304 3.41 475 290 3.73 2.26 2 44 161 3341 Slightly Stable
037 055 0.28 009 037 0.88 1.15 1.89 1.61 D83 0 46 0.41 9.17  Moderately Stable
041 0.28 005 0.09 0.05 0.00 023 028 046 0.32 0.18 009 2.76  Extremely Stable

Wind Direction by Wind Speed

N

0.00
051
180
101
018
0 00
000

N

NNE

0 00
069
286
11
D05
000
000

NE

0.00
097
3.23
1.06
0 00
0 00
000

ENE

0.00
198
2.81
0.09
000
0 00
0.00

E ESE SE SSE S SSHW S WSW W WNW MW N TOTAL  -WIND SPEED CLASSES-
000 0.00 000 0.00 000 0.00 0.00 0CO 000 0.00 000 0 00 0.00 CALM
1.52 115 051 018 0.23 009 037 0.74 1.89 1.80 175 0.97 1535 < 3.5 mph
212 101 097 115 1.94 1.34 221 4.98 502 309 378 4,19 42.49 36 - 7.5mph
046 065 046 171 2.35 3.55 622 295 3.18 2.40 1 94 244 31.57 7.6 - 12.5 mph
D00 000 0.09 0.41 083 2.86 157 0.97 1.71 037 037 ¢4l 9 82 12 6 - 18.5 mph

000 000 D00 009 014 01B 014 0.00 018 000 0.00 O 00 074 18 6 - 24 5 mph
000 0.00 0.00 0.00 0.05 0.00 0.00 000 0.00 0.00 000 0.00 0.05 > 24.5 mph

Murray & Trettel, Inc. o 414 West Frontage Road e Northfield, llinois « 60093 = (847) 446-7800
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LSS
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EY
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18U
35S
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000
0.00
000
0.00
000
000
000

000
000
001
0.09
0.21
016
007

14

Al.\/ 05

4 sy

758

ES

EU
MU
8 SU

15s
M
ES

EU
1M
3su

1SS
8 MS

011
0 62
0.49
0.02
0.00

011
0.05
0.09
0.62
0.12
000
0 00

0 00
001
0.00
0.19
0 o0
0.00
000

000
0 00
0.00
000
0 00
0.00
000

001
0.00
0.00
025
0.23
0.15
001

011
D06
0.07
1.27
0.56
005
000

016
0 07
0 06
0.78
0.05
0 00
0 00

000
0.02
.00
0.06
0 00
0 00
000

TABLE 11

Braidwood Nuclear Station

0.00
0 00
0 00
0 00
¢ 00
000
0 00

0.04
0 01
001
0 30
0.67
013
0 06

0.55
013
013
1.59
0 80
0.01
0.00

0 34
009
019
1.19
0 06
0.00
000

0.01
00t
0.02
0.33
60
0.00
0 00

e 00
0.00
0 00
000
0.00
0 00
0 00

001
0 00
011
0.55
097
023
015

0 67
019
022
1.61
061
002
0 00

008
004
0.00
023
0.04
0.00
000

000
0 00
000
000
0 00
0.00
000

34 ft. Wind Speed and Direction

0.00
000
0 00
0 00
0 00
0.00
000

001
004
0.01
0 27
061
0.62
0.42

027
0.16
0 06
0 92
0 36
004
001

0.05
001
002
019
0 04
0 00
0 00

0.00
000
0.00
0.00
0.00
0.00
0 00

0 00
000
000
0 00
000
000
000

6.00
001
0.02
015
0.47
0.55
0 42

029
008
009
0.27
0 50
022
0 04

001
004
0.00
025
009
000
0.00

0 00
0.00
0 00
0.00
0 00
0.00
0 00

WIND DIRECTION CLASSES

SE

0 00
0 00
0.00
0.00
0 00
0 00
0 00

0 02
0 02
0.05
0.11
019
0.13
0 05

0.30
018
0 09
037
0.84
022
0 02

0 07
004
004
0.22
0.27
0.01
0.00

002
000
0.00
0.05
001
0.00
0 00

SSE

0 00
000
0.00
0.00
000
0.00
000

001
0.01
0.02
0.08
013
008
005

06l
015
0.13
0 46
119
0.11
001

0.33
009
0.09
092
0.96
0.00
0 00

0.04
0 02
002
0.20
014
000
0 00

S

0 00
0 00
000
0 00
0 00
000
0.00

0.00
0.01
0.00
004
0.06
0.09
0.02

037
0.09
0.06
041
181
0 14
0.00

030
0.11
008
109
150
0 00
0.00

0.27
0.05
0.09
0.60
0 50
000
0 00

-23-

January-December,
203Ft-34Ft Delta-T (F)

Number of Observations = 8552
Values are Percent Occurrence

SSW

000
0 00
0 00
0 00
0.00

0 02
0.00
0 00
004
0.02
0.13
007

039
014
008
0.29
043
0.18
001

051
0.08
018
0 82
1.02
0.09
0 00

0.53
0.22
0.21
068
1.1
000
¢ 00

N4 NNW

0.00
001
0.00
0.04
on
008
011

036
0.19
0 06
0 51
1.19
019
001

0 55
018
018
19
2.91
028
0.01

025
022
016
670
0.54
0 00
0.00

0 04
002
001
0.08
015
0.21
004

0.60
004
012
0 82
1.64
09
016

0 50
02
0.21
118
0.82
002
000

0.14
0.05
0.05
0 22
00t
0.00
0.00

001
0.04
001
015
048
076
0.30

0.63
021
016
089
149
064
016

0 62
021
0.14
091
047
0 00
0 00

027
008
007
0.72
0.01
000
0 00

0 05
0 04
001
019
0 62
0.36
0.36

0 67
0.13
609
077
0.83
0.22
0 00

0.70
020
0.25
1.13
029
000
0.00

0.19
0.07
0.09
0.51
0.02
0 00
0.00

0 00
0 00
0.00
0 00
0 00
0 00
0.00

0.01
D 04
0.02
‘0.14
0 62
034
0.22

037
0.15
013
0 88
065
001
0 00

0 46
011
009
0.80
014
0 00
0 00

0.05
004
005
014
001
000
000

0.00
0 00
0.00
0.00
000
0.00
0 00

001
001
0 02
0.15
022
0.20
008

0.23
019
0.08
112
070
0 05
000

0.32
013
0.13
1.27
027
000
000

0.05
001
0.01
0.26
000
0.00
000

TOTAL

0 00
0 00
000
0 00
000
0 00
0.00

025
026
0.32
2 62
575
423
2.43

6 56
213
1.68
12.82
14 10
308
043

5.11
1.67
174
13.58
9.03
041
001

1.80
081
078
4 85
237
000
000

2002

--------- STABILITY CLASSES =-=n-s=--=
U M SU N SS MS ES TOTAL

0 00
000
000

0 00
000

025

0 32
2 62

4,23

2.43
15.86

31 55

Murray & Trettel, Inc. o 414 West Frontage Road « Northfield, lllinois » 60093 = (847) 446-7800
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1M
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EU
G MU
TSU

25S
4 MS

ToT

0.00
0 00
¢ 0c
0.00
0 00
000
000

000
0 00
0 00
0.00
000
000
0 00

316

0 00
0.00
0 00
0.00
000
0 00
000

000
0.00
0.00
0.00
000
0 00
0 00

3.98

TABLE 11

continued

000
0 00
0 00
0.00
0 00
0.00
000

0 00
0.00
0 00
0 00
000
0.00
0.00

6 68

Braidwood Nuclear Station
34 ft Wind Speed and Direction

0.00
0 00
0 00
0 00
0.00
0.00
0 00

0 00
0 00
0 00
0.00
0 00
0.00
0 00

573

Hi\\u//rection by Stability
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CHAPTER 1
INTRODUCTION

1.0 INTRODUCTION
The Offsite Dose Calculation Manual (ODCM) presents a discussion of the following:

+ The basic concepts applied in calculating offsite doses from nuclear plant effluents.

e The regulations and requirements for the ODCM and related programs.

+ The methodology and parameters for the offsite dose calculations used by the nuclear power
stations to assess impact on the environment and compliance with regulations.

The methodology detailed in this manual is intended for the calculation of radiation doses during routine
(i.e., non-accident) conditions. The calculations are normally performed using a computer program.
Manual calculations may be performed in lieu of the computer program.

The dose effects of airbome radioactivity releases predominately depend on meteorological conditions
(wind speed, wind direction, and atmospheric stability). For airhorne effluents, the dose calculations
prescribed in this manual are based on historical average atmospheric conditions. This methodology is
appropriate for estimating annual average dose effects and is stipulated in the Bases Section of the
Radiological Effluent Technical Standards (RETS) of all Exelon Nuclear nuclear power stations.

1.1 STRUCTURE OF THIS MANUAL

This manual is the ODCM for the following Exelon Nuclear power stations: Braidwood, Byron, Dresden,
LaSalle, Quad Cities and Zion. It is divided into two parts. The material in the first part is generic
(applicable to more than one station) and consists of Chapters 1 through 7 and Appendices A through C.
The material in the second part is station (or site) specific. Therefore, there are six separate sets of
station-specific sections each containing three chapters (chapters 10, 11, 12) and an appendix (App. F).

The chapters of the generic section provide a brief introduction to and overview of Exelon Nuclear's offsite
dose calculation methodology and parameters. Appendices A and B provide detailed information on
specific aspects of the methodology. Appendix C contains tables of values of the generic parameters
used in offsite dose equations.
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The station-specific section provides specific requirements for the treatment and monitoring of radioactive
effluents, for the contents of the Radiological Environmental Monitoring Program (REMP) and the
Radiological Effluent Technical Standards (RETS). These three programs are detailed in ODCM
Chapters 10, 11 and 12, respectively. Appendix F contains tables of values for the station-specific
parameters used in the offsite dose equations. References are provided as required in each
station-specific chapter and appendix.

An ODCM Bases and Reference Document (see Reference 101) provides description of the bases for the
methodology and parameters discussed in the generic section of the ODCM. This is a stand-alone
document and is not considered to be a part of the ODCM.
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CHAPTER 2
REGULATIONS AND GUIDELINES
2.0 INTRODUCTION

This chapter of the ODCM serves to illustrate the regulations and requirements that define and are
applicable to the ODCM. Any information provided in the ODCM concerning specific regulations are not a
substitute for the regulations as found in the Code of Federal Regulations (CFR) or Technical
Specifications.

2.1 CODE OF FEDERAL REGULATIONS

Various sections of the Code of Federal Regulations (CFR) require nuclear power stations to be designed
and operated in a manner that limits the radiation exposure to members of the public. These sections
specify limits on offsite radiation doses and on effluent radioactivity concentrations and they also require
releases of radioactivity to be "As Low As Reasonably Achievable". These requirements are contained in
10CFR20, 10CFR50 and 40CFR190. In addition, 40CFR141 imposes limits on the concentration of
radioactivity in drinking water provided by the operators of public water systems.

2.1.1 10CFR20, Standards for Protection Against Radiation

This revision of the ODCM addresses the requirements of 10CFR20. The 10CFR20 dose limits are
summarized in Table 2-1.

2.1.2 Design Criteria (Appendix A of 10CFR50)

Section 50.36 of 10CFR50 requires that an application for an operating license include proposed Technical
Specifications. Final Technical Specifications for each station are developed through negotiation between the
applicant and the NRC. The Technical Specifications are then issued as a part of the operating license, and
the licensee is required to operate the facility in accordance with them.

Section 50.34 of 10CFR50 states that an application for a license must state the principal design criteria of
the facility. Minimum requirements are contained in Appendix A of 10CFR50.

2.1.3 ALARA Provisions (Appendix | of 1T0CFR50)

Sections 50.34a and 50.36a of 10CFR50 require that the nuclear plant design and the station RETS have
provisions to keep levels of radioactive materials in effluents to unrestricted areas "As Low As Reasonably
Achievable" (ALARA). Although 10CFR50 does not impose specific limits on releases, Appendix | of
10CFR50 does provide numerical design objectives and suggested limiting conditions for operation.
According to Section | of Appendix | of 10CFR50, design objectives and limiting conditions for operation,
conforming to the guidelines of Appendix | "shall be deemed a conclusive showing of compliance with the *As
Low As Reasonably Achievable" requirements of 10CFR50.34a and 50.36a."

An applicant must use calculations to demonstrate conformance with the design objective dose limits of
Appendix |. The calculations are to be based on models and data such that the actual radiation exposure of
an individual is "unlikely to be substantially underestimated” (see 10CFR50 Appendix I, Section Ill.A.1).

The guidelines in Appendix | call for an investigation, corrective action and a report to the NRC whenever the
calculated dose due to the radioactivity released in a calendar quarter exceeds one-half of an annua! design

objective. The guidelines also require a surveillance program to monitor releases, monitor the environment
and identify changes in land use.

2.1.4 40CFR190, Environmental Radiation Protection Standards for Nuclear Power Operations
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Under an agreement between the NRC and the EPA, the NRC stipulated to its licensees in Generic Letter 79-
041 that "Compliance with Radiological Effluent Technical Specifications (RETS), NUREG-0472 (Rev.2) for
PWR's or NUREG-0473 (Rev.2) for BWR's, implements the LWR provisions to meet 40CFR190". (See
Reference 103 and 49.)

The regulations of 40CFR190 limit radiation doses received by members of the public as a result of
operations that are part of the uranium fuel cycle. Operations must be conducted in such a manner as to
provide reasonable assurance that the annual dose equivalent to any member of the public due to radiation
and to planned discharges of radioactive materials does not exceed the following limits:

. 25 mrem to the total body
. 75 mrem to the thyroid
. 25 mrem to any other organ

An important difference between the design objectives of 10CFR50 and the limits of 40CFR190 is that
10CFRS50 addresses only doses due to radioactive effluents. 40CFR190 limits doses due to effluents and
also to radiation sources maintained on site. See Section 2.4 for further discussion of the differences
between the requirements of 10CFR50 Appendix | and 40CFR190.

2.1.5 40CFR141, National Primary Drinking Water Regulations

The following radioactivity limits for community water systems were established in the July, 1976 Edition of
40CFR141:
¢ Combined Ra-226 and Ra-228: < 5 pCi/l.. .
* Gross alpha (particle activity including Ra-226 but excluding radon and uranium): <15 pCi/L.
e The average annual concentration of beta particle and photon radioactivity from man-made
radionuclides in drinking water shall not produce an annual dose equivalent to the total body or
any internal organ greater than 4 mrem/yr.

The regulations specify procedures for determining the values of annual average radionuclide concentration
which produce an annual dose equivalent of 4 mrem. Radiochemical analysis methods are also specified.
The responsibility for monitoring radioactivity in a community water system falls on the supplier of the water. .
However, some of the Exelon Nuclear stations have requirements related to 40CFR141 in their specific
RETS. For calculation methodology, see Section A.6 of Appendix A.

22 RADIOLOGICAL EFFLUENT TECHNICAL STANDARDS

The Radiological Effluent Technical Standards (RETS) were formerly a subset of the Technical
Specifications. They implement provisions of the Code of Federal Regulations aimed at limiting offsite
radiation dose. The NRC published Standard Radiological Effluent Technical Specifications for PWRs
(Reference 2) and for BWRs (Reference 3) as guidance to assist in the development of technical
specifications. These documents have undergone frequent minor revisions to reflect changes in plant design
and evolving regulatory concems. The Radiological Effluent Technical Specifications have been removed
from the Technical Specifications and placed in the ODCM as the Radiological Effluent Technical Standards
(RETS) (see Reference 90). The RETS of each station are similar but not identical to the guidance of the
Standard Radiological Effluent Technical Specifications.

2.2.1 Categories
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The major categories found in the RETS are the following:

«  Definitions
N/ A glossary of terms (not limited to the ODCM).

¢ Instrumentation
This section states the Operability Requirements (OR) for instrumentation performance as well
as the associated Surveillance Requirements. The conservative alarm/trip setpoints ensure
regulatory compliance for both liquid and gaseous effluents. Surveillance requirements are
listed to ensure ORs are met through testing, calibration, inspection and calculation. Also
included are the bases for interpreting the requirements. The Operability Requirement (OR) is
the ODCM equivalent of a Limiting Condition for Operation (LCO) as defined in both the NRC
published Standard Radiological Effluent Technical Specifications and the stations' Technical
Specifications.

e Liquid Effluents -
This section addresses the limits, special reports and liquid waste treatment systems required to
substantiate the dose due to liquid radioactivity concentrations to unrestricted areas.
Surveillance Requirements and Bases are included for liquid effluents.

* Gaseous Effluents
This section addresses the limits, special reports and gaseous radwaste and ventilation exhaust
treatment systems necessary for adequate documentation of the instantaneous offsite radiation
dose rates and doses to a member of the public. Surveillance Requirements and Bases are
included for gaseous effluents.

+ Radiological Environmental Monitoring Program
This section details the Radiological Environmental Monitoring Program (REMP) involving
) sample collection and measurements to verify that the radiation levels released are minimal.
\_/ This section describes the annual land use census and participation in an interlaboratory
comparison program. Surveillance Requirements and Bases are included for environmental
monitoring.

* Reports and Records
This section serves as an administrative guide to maintain an appropriate record tracking system.
The management of procedures, record retention, review/audit and reporting are discussed.

23 OFFSITE DOSE CALCULATION MANUAL
The NRC in Generic Letter 89-01 defines the ODCM as follows (not verbatim) (see Reference 90):

The Offsite Dose Calculation Manual (ODCM) shall contain the methodology and parameters
used in the calculation of offsite doses resulting from radioactive gaseous and liquid effluents,
in the calculation of gaseous and liquid effluent monitoring Alarm/Trip Setpoints, and in the
conduct of the Radiological Environmental Monitoring Program. The ODCM shall also contain
(1) the Radioactive Effluent Controls and Radiological Environmenta! Monitoring Programs and
(2) descriptions of the Information that should be included in the Annual Radiological
Environmental Operating and Annual Radioactive Effluent Release Reports.

Additional requirements for the content of the ODCM are contained throughout the text of the RETS.

2.4 OVERLAPPING REQUIREMENTS

~
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In 10CFR20, 10CFR50 and 40CFR190, there are overlapping requirements regarding offsite radiation
dose and dose commitment to the total body. In 10CFR20.1301 the total effective dose equivalent (or
TEDE) to a member of the public is limited to 100 mrem per calendar year. In addition, Appendix | to
10CFR50 establishes design objectives on annual total body dose or dose commitment of 3 mrem per
reactor for liquid effluents and 5 mrem per reactor for gaseous effiuents (see 10CFR50 Appendix |,
Sections II.A and I1.B.2(a)). Finally, 40CFR190 limits annual total body dose or dose commitment to a
member of the public to 25 mrem due to all uranium fuel cycle operations.

While these dose limits/design objectives appear to overlap, they are different and each is addressed
separately by the RETS. Calculations are made and-reports are generated to demonstrate compliance
to all regulations. Refer to Tables 2-1, 2-2 and 2-3 for additional information regarding instantaneous
effluent limits, design objectives and regulatory compliance.

25 DOSE RECEIVER METHODOLOGY

Table 2-2 lists the location of the dose recipient and occupancy factors, if applicable. Dose is assessed
at the location in the unrestricted area where the combination of existing pathways and receptor age
groups indicates the maximum potential exposures. The dose calculation methodology is consistent with
the methodology of Regulatory Guide 1.109 (Reference 6) and NUREG 0133 (Reference 14). Dose is
therefore calculated to a maximum individual. The maximum individual is characterized as "maximum"
with regard to food consumption, occupancy and other usage of the area in the vicinity of the plant site.
Such a "maximum individual" represents reasonable deviation from the average for the population in
general. In all physiological and metabolic respects the maximum individual is assumed to have those
characteristics that represent averages for their corresponding age group. Thus, the dose calculated is
very conservative compared to the "average" (or typical) dose recipient who does not go out of the way
to maximize radioactivity uptakes and exposure.

Finally Table 2-3 relates the dose component (or pathway) to specific ODCM equations and the
appropriate regulation.
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Table 2-1
Regulatory Dose Limit Matrix
REGULATION DOSE TYPE DOSE LIMIT(s) ODCM
EQUATION
Airborne Releases: (quarterly) {annual)
10CFR50 App. I’ Gamma Dose to Air due to Noble Gas 5 mrad 10 mrad A-1
Radionuclides (per reactor unit)
Beta Dose to Air Due to Noble Gas 10 mrad 20 mrad A2
Radionuclides {per reactor unit)
Organ Dose Due to Specified Non-Noble 7.5 mrem 15 mrem A-7
Gas Radionuclides (per reactor unit)
Total Body and Skin | Total Body 2.5 mrem 5 mrem A-3
Dose (if air dose is
exceeded)
Skin 7.5 mrem 15 mrem A-4
Technical Specifications Total Body Dose Rate Due to Noble Gas 500 mrem/yr A-5
Radionuclides (instantaneous limit, per
site)
Skin Dose Rate Due to Noble Gas 3,000 mrem/yr A-6
Radionuclides (instantaneous limit, per
site)
Organ Dose Rate Due to Specified Non- 1,500 mrem/yr A-16
Noble Gas Radionuclides (instantaneous
limit, per site)
Liquid Releases: (quarterly) {annual)
10CFRS50 App. I° Whole (Total) Body Dose 1.5 mrem 3 mrem A-17
(per reactor unit)
Organ Dose (per reactor unit) 5 mrem 10 mrem A-17
Technical Specifications The concentration of radioactiity in liquid Ten (10) times the
effluents released to unrestricted areas concentration values A-21
listed in 10CFR20
Appendix B; Table 2,
Column 2, Table C-6 of
ODCM Appendix C for
Noble Gases
Total Doses ':
10 CFR 20.1301 (a)(1) Total Effective Dose Equivalent * 100 mrem/yr A-25
10CFR20.1301 (d) Total Body Dose 25 mrem/yr A-25
and 40CFR190 Thyroid Dose 75 mrem/yr A-25
Other Organ Dose 25 mrem/yr A-25
Other Limits *:
40CFR141 Total Body Dose Due to Drinking Water 4 mrem/yr A-17
From Public Water Systems
Organ Dose Due to Dnnking Water From 4 mrem/yr A-17
Public Water Systems
' These doses are calculated considering all sources of radiation and radioactivity in effluents.
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2 These limits are not directly applicable to nuclear power stations. They are applicable to the owners
or operators of public water systems. However, the RETS of some of the Exelon Nuclear nuclear
power stations require assessment of compliance with these limits. For additional information, see
Section A.6 of Appendix A.

Note that 10CFR50 provides design objectives not limits.

Compliance with 10CFR20.1301(a)(1) is demonstrated by compliance with 40CFR190. Note that it
may be necessary to address dose from on-site activity by members of the public as well.
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TABLE 2-2

DOSE ASSESSMENT RECEIVERS

Dose Component or Pathway

Location; Occupancy if
Different than 100%

*Instantaneocus” dose rates from airborne
radioactivity

Unrestricted area boundary location that results in
the maximum dose rate

"Instantaneous” concentration limits in liquid
effluents

Point where liquid effluents enter the unrestricted
area

Annual average concentration limits for liquid
effluents

Point where liquid effluents enter the unrestricted
area

\

Direct dose from contained sources

Receiver spends part of this time in the controlled
area and the remainder at his residence or fishing
nearby; occupancy factor is considered and is site-
specific. See Appendix F, Table F-8 for occupancy
factors for N-16 skyshine.

Direct dose from airborne plume

Receiver is at the unrestricted area boundary location
that results in the maximum dose.

Dose due to radioiodines, tritium and
particulates with half-lives greater than 8 days
for inhalation, ingestion of vegetation, milk and
meat, and ground plane exposure pathways.

Receiver is at the location in the unrestricted area
where the combination of existing pathways and
receptor age groups indicates the highest potential
exposures.

Ingestion dose from drinking water

The drinking water pathway is considered as an
additive dose component in this assessment only if
the public water supply serves the community
immediately adjacent to the plant.

Ingestion dose from eating fish

The receiver eats fish from the receiving body of
water (lake or river)

Total Organ Doses

Summation of ingestion/inhalation doses

Total Dose

Summation of above data (Note it may also be
necessary to address dose from on-site activity by
members of the public.)
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TABLE 2-3
DOSE COMPONENT/REGULATION MATRIX
\_/
Regulation in which dose
component is utilized
Dose Component or Reference equation; 10CFR50
Pathway Comments 10CFR20 | 40CFR190 App.1
*Instantaneous" dose rates from airborne A-5: Total Body
radioactivity (RETS requirement only) A-6: Skin
A-16: Organ
*Instantaneous” concentration limits in liquid A-21;
effluents Ten times the limits of Table 2, x@
Col. 2,10CFR20, Appendix B to
§§20.1001 — 20.2402, Table C-6
of Appendix C for Noble Gases
Annual average concentration limits for liquid 10CFR20, Appendix B to @)
effluents §§20.1001 — 20.2402% X
Direct dose from contained sources A-23 and Section A.3.2 X X
Direct dose from airbome plume A-1: Gamma air dose X
_ A-2: Beta air dose X
- A-3: Total body dose X X X
A-4: Skin dose X
Direct dose from radioactivity deposited on
*he ground A-7 and A-8 X X X
\\ .hhalation dose from airbome effluents
é A7 and A-9 " X X X
Ingestion dose from vegetables A7,A10 and A-11 X X X
Ingestion dose from milk A-7,A-12 and A-13 X X X
Ingestion dose from meat A7, A-14 and A-15 " X X X
Ingestion dose from drinking water .
A-17, A-18 and A-19 ¥ X X X
Ingestion dose from eating fish |
A-17, A-18 and A-20 ¥ X X X
Total Organ Doses A-25 : X X
YT
Total Effective Dose Equivalent A25 X
! Ingestion/inhalation dose assessment is evaluated for adult/teen/child and infant for 10CFR50 Appendix |

compliance and for 10CFR20/40CFR190 compliance. Ingestion/inhalation dose factors are taken from Reg. Guide
1.109 (Reference 6).

2 Technical Specifications for most stations have been revised to allow 10 times the 10CFR20 value or specifically
states the maximum instantaneous dose rate limit.

8 Optional for 10CFR20 compliance.
4 Compliance with the Tota! Effective Dose Equivalent imits of 10CFR20 is demonstrated by compliance with

40CFR190. It may also be necessary to address dose from on-site activity by members of the public.

Generic Chapters 9 0212210646



Revision 3

January 2002
Figure 2-1
L Simplified Chart of Offsite Dose Calculations®
o’
Cateqgory Radionuclides Pathway Text Receptor Code and Limits Frequency of
Section Calculation’
Airborne Releases:
Noble Gases: Plume v* A1.31 Total Body RETS: As Required by
500 mrem/yr Instantaneous
Noble Gases: Plume ¥* and p® A.1.32 Skin RETS: Station
3000 mrem/yr Procedure
Instantaneous
Noble Gases: Plume 4* A121 Air* 10CFR50™:
§ mrad/qtr, 10 mrad/yr
Noble Gases: Plume p° Al.22 Art 10CFR50%: Monthly
10 mrad/qtr, 20 mrad/yr
Non-Noble Inhalation® A.15 Child RETS: As required by
Gases: (Any Organ) 1500 mremvyr Station
Instantaneous Procedure
Ground A.1.4.1 Total body
Deposition®
Non-Noble Inhalation® A1.42 3
Gases: d 10CFR50™:
Vegetation A.1.4.31 Four Age groups Monthly and
4 (All Organs) Annually
Milk A.1.4.32 7.5 mrem/qtr, 15 mrem/yr
‘\/ Meat® A14.33
Liquid Releases:
All Water A22 RETS, 10 times 10CFR20 | As Required by
Appendix B; Table 2; Col. 2, Station
Table C-6 of Appendix C for Procedure
Noble Gases
Non-Noble Water® and A2.1 Total Body 10CFR50°:
Gases
Fish! 1.5 mrem/qtr 3 mrem/yr
Non-Noble Water® and A21 4 Age Groups 10CFRS0™: Monthly
Gases Fish! (All Organs) 5 mrem/gtr 10 mrem/yr
Non-Noble Water® A6 Adult (Total 40CFR141: When Required
Gases Body and all 4 mremyr by RETS
Organs)
Total Body 40CFR190;
! 25 mrem/yr
Uranium
Fuel All All releases plus Ad2 Thyroid (Adult) 40CFR190: Annually
direct radiation B 75 mrem/fyr
Cycle: from contained
sources
All Other Organs 40CFR190.
(Adutt) 25 mremvyr
TEDE: All External + Internal A5 Total Body + 10CFR20: Annually
organs {Adult) 100 mrem/yr
e J
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Figure 2-1 (Cont'd)

Notes for Figure 2-1:

1.
2.

Definition: Monthly means at least once per 31 days or once per month. See station RETS for exact requirements.
Additional Calculations: In addition to the calculations shown in this figure, monthly projections of doses due to
radioactive materials are required for gaseous and liquid effluents from Exelon Nuclear nuclear power stations. See
Sections A.1.6 and A.2.5 of Appendix A.

Also, projections of drinking water doses are required at least once per 92 days for Dresden and Quad Cities. See
Section A.7 of Appendix A.

10 CFR 50 prescnbes design objectives not hmits.

If the air dose is exceeded, doses to the total body and skin are calculated. Total body objectives are 2.5 mrem/qtr and
5.0 mrem/year; the skin dose objectives are 7.5 mrem/qtr and 15 mrem/year. | )

Evaluated at the unrestricted area boundary.

Evaluated at the location of maximum offsite X/Q.

Ground plane and inhalation pathways are considered to be present at all offsite locations.

Evaluated at the location in the unrestricted area where the combination of existing pathways and receptor age groups
indicates the maximum potential exposures. If no real pathway exists then a hypothetical cow-milk producer is evaluated

at 5 miles in the highest D/Q sector.

Evaluated for the nearest downstream community water supply as specified in Table A-3 of Appendix A. The flow and
dilution factors specified in Table F-1 of Appendix F are used.

Evaluated for fish caught in the near-field region downstream of plant using the flow and dilution factors specified in Table
F-1 of Appendix F.
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CHAPTER 3
EXPOSURE PATHWAYS
3.0 INTRODUCTION

Figure 3-1 illustrates some of the potential radiation exposure pathways to humans due to routine
operation of a nuclear power station. These exposure pathways may be grouped into three categories:

s  Airborne Releases -
Exposures resulting from radioactive materials released with gaseous effiuents to the
atmosphere.

+»  Liquid Releases
Exposures resulting from radioactive materials released with liquid discharges to bodies of
water.

. Radiation from Contained Sources
Exposures to radiation from contained radioactive sources.

When performing radiation dose calculations, only exposure pathways that significantly contribute (= 10%)
to the total dose of interest need to be evaluated. The radiation dose from air and water exposure
pathways are routinely evaluated. (see Regulatory Guide 1.109, Reference 6.)

3.1 AIRBORNE RELEASES

For airbome releases of radioactivity, the NRC considers the following pathways of radiation exposure of
persons:

External radiation from radioactivity airborne in the effluent plume.

External radiation from radioactivity deposited by the plume on the ground.

Ingestion of radioactivity on, or in, edible vegetation (from direct plume deposition).

Ingestion of radioactivity that entered an animal food product (milk or meat) because the
animal ingested contaminated feed, with the contamination due to direct deposition on foliage.
+ Inhalation of radioactivity in the plume.

Dose for airbome releases is assessed at the location in the unrestricted area where the combination of
existing pathways and receptor age groups indicates the maximum potential exposures.

3.2 LIQUID RELEASES

For liquid releases of radioactivity (Figure 3-1), the NRC considers the following pathways of radiation
exposure of persons:

+ Ingestion of aquatic food (e.g., fish or inverterbrate) obtained from the body of water to which
radioactive station effluents are discharged.

¢ Ingestion (drinking) of potable water contaminated by radioactive liquid effluents discharged
from the station.

For the aquatic food pathway, only fish is considered since it is the only significant locally produced
aquatic food consumed by humans.

The stations omit the pathways involving irrigation and animal consumption of contaminated water
because these pathways were determined to be insignificant. The stations also omit the pathway of
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radiation exposure from shoreline sediment because this pathway was also found to be insignificant (see
ODCM Bases and Reference Document, Section 0.3.2).

The stations have also verified that the dose contribution to people participating in water recreational
activities (swimming and boating) is negligible. (See ODCM Bases and Reference Document, Reference
101, Tables O-3 and O-4) This pathway was not addressed explicitly in Regulatory Guide 1.109. Thus,
the stations also omit dose assessments for the water recreational activities pathway.

Periodically the lllinois Army Comps of Engineers dredges silt and debris from the river beds near Exelon
Nuclear nuclear stations. As a part of the land use census, Exelon Nuclear will determine if the Corps
performed dredging within one mile of the discharge point. If so, Exelon Nuclear will obtain spoils samples,
through it's REMP vendor, for analysis. The impact to the offsite dose will be evaluated on a case by case
basis and added to the station annex of the ODCM when applicable.

In addition, to assure that doses due to radioactivity in liquid effluents will be ALARA, concentrations will
be limited to ten times (10x) the values given in 10CFR20 Appendix B, Table 2; Column 2. Specific
limitations for concentrations of entrained noble gases are contained in the stations' Radiological Effluent
Technical Standards (RETS).

3.3 RADIATION FROM CONTAINED SOURCES

Radioactivity contained within tanks, pipes or other systems and contained radioactive material or waste
stored on site can produce radiation at offsite locations. Annual offsite radiation doses near the stations
due to such sources were judged to be negligible in comparison with applicable limits except for doses
due to BWR turbine skyshine and potential doses due to radioactive waste storage facilities (excludes
radioactive material storage). See ODCM Bases and Reference Document, Reference 101. Changes or
modifications to the power station that may impact the offsite dose through increases to the direct
radiation levels need to be evaluated on a case by case basis and added to Chapter 12 of the station
annex to the ODCM when applicable (e.g.; the Old Steam Generator Storage Facilities).
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CHAPTER 4
METHODOLOGY
4.0 INTRODUCTION

This chapter provides an introduction to the methodology used by Exelon Nuclear to calculate offsite
radiation doses resulting from the operation of nuclear power stations. Additional explanation and details
of the methodology are provided in Appendices A and B. Appendix A discusses each dose limit in the
RETS and provides the associated assessment equations. Appendix B describes methods used to
determine values of parameters included in the equations.

4.1 IMPORTANT CONCEPTS AND PARAMETERS
4.1.1 Dose

The dose calculation equations contained in the ODCM are based on two types of exposure to radiation;
external and internal exposure. The first type of exposure is that resulting from radioactive sources
extemal to the body (including radiation emanating from an effluent plume, radiation emanating from
radioactivity deposited on the ground and radiation emanating from contained sources (also referred to as
direct radiation)). Exposure to radiation external to the body only occurs while the source of the
radioactivity is present.

Internal exposure occurs when the source of radioactivity is inside the body. Radiation can enter the body
by breathing air containing the radioactivity, or by consumption of food or drinking water containing
radioactivity. Once radioactivity enters the body and becomes internal radiation, a person will continue to
receive radiation dose until the radioactivity has decayed or is eliminated by biological processes. The
dose from this type of exposure is also termed dose commitment, meaning that the person will continue to
receive dose even-though the plume containing the radioactivity has passed by the individual, or even-
though the individual is no longer drinking water containing radioactivity.

The regulations addressed by the ODCM may require assessment of either type of exposure to radiation
or of both types in summation.

The term dose is used instead of the term "dose equivalent," as defined by the International Commission
on Radiological Units and Measurements (ICRU). When applied to the evaluation of intenal deposition of
radioactivity, the term "dose," as used in the ODCM, includes the prospective dose component arising
from retention in the body beyond the period of environmental exposure, i.e., the dose commitment. The
dose commitment is evaluated over a period of 50 years.

4.1.2 Exposure Pathways

All of the exposure pathways are discussed in Chapter 3. This section presents the exposure pathways
addressed by Exelon Nuclear nuclear stations in the ODCM and associated software.

For releases of radioactivity in airborne effluents the primary pathways are the following:

Direct radiation from an effluent plume.

Direct radiation from radioactivity deposited on the ground by a plume.

Inhalation of radioactivity in a plume.

Ingestion of radioactivity that entered the food chain from a plume that deposited radioactivity on
vegetation.

For releases of radioactivity in liquid effluents, the exposure pathways considered are human consumption
of water and fish.
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When determining total doses, as required by 10CFR20 and 40CFR190, the BWR stations also consider
direct radiation due to skyshine from nitrogen-16 (*°N) in turbines and associated piping. All nuclear power
stations will consider exposure to radiation emanating from onsite radwaste storage facilities when they
are put into operation.

41.3 Categories of Radioactivity

Radionuclide content of effluent releases from nuclear power stations can be categorized according to the
characteristics of the radionuclides. In evaluating doses associated with a particular pathway, only those
categories of radionuclides that significantly contribute to the dose need to be included in the dose
calculations (See Section 3.0). The categories of radionuclides considered by the Exelon Nuclear nuclear
power stations for each of the airborne pathways are summarized in Table 4-1. Selection of the significant
airbome pathways was based on the following:

¢ The requirements in the RETS (see discussion in Appendix A)

+ Applicable regulatory guidance (References 6 and 14), and

* A study of the potential radiological implications of nuclear facilities in the upper Mississippi River
basin (Reference 20).

Calculations were used to determine which radionuclides were significant for a particular pathway. For
example, in the case of direct radiation from a plume of airborne radioactivity, it was found that radiation
from noble gases is significant and radiation from radioactive iodine was not. The dose rate per unit of
airborne radioactivity concentration is about the same for noble gases and radioactive iodine since they
emit comparable types and energies of radiation. However, the quantity of noble gas radioactivity
released in routine nuclear plant operation typically exceeds the quantity of radioactive iodine by a factor of
about 10,000.

As another example, consider the inhalation pathway. Here, the calculations showed that the dose
commitment due to radioactive iodine was significant but the dose commitment due to radioactive noble
gases was not significant and can be excluded from the compliance calculations for the inhalation
pathway. This is true despite the fact that a much larger quantity of noble gas radioactivity is released.
The reason for this is that the solubility of noble gas in body tissue is very low, whereas the inhaled
radioactive iodine does concentrate in specific body organs such as the thyroid (see the discussion on
Pages 228 and 231 to 234 of Reference 38).

4.1.4 Atmospheric Release Point Classifications

The dose impact from airborne release of radioactivity is determined by the height of the release of the
effluent plume relative to the ground and by the location of the dose recipient.

The height an effluent plume maintains as it travels above the ground is related to the elevation of the
release point and to the height of structures immediately adjacent as follows:

. If the elevation of the release point is sufficiently above the height of any adjacent structures,
the plume will remain elevated for considerable distances.

. If the elevation of the release point is at or below the heights of adjacent structures, the
plume is likely to be caught in the turbulence of the wakes created by wind passing over the
buildings. The plume elevation would then drop to ground level.

s lIf the elevation of the release point is not significantly above the heights of adjacent
structures, then the plume may be elevated or at ground level.

For the calculations of this manual, each established release point has been designated as belonging to
one of three release point classifications:
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*  Stack (or Elevated) Release Points (denoted by the letter S or subscript s)

These are release points approximately twice the height of adjacent solid structures.
Releases are treated as elevated releases unaffected by the presence of the adjacent
structures.

*  Ground Level Release Points (denoted by the letter G or subscript g)

These are release points at ground level or lower than adjacent solid structures. Releases
are considered drawn into the downwind wake of these structures and are treated as ground
level releases.

*  Vent (or Mixed Mode) Release Points (denoted by the letter V or subscript v)

These are release points as high or higher than adjacent solid structures but lower than twice
the structure’s heights. These releases are treated as a mixture of elevated and ground
level releases. The proportion of the release attributed to either elevated or ground level in a
vent release is determined by the ratio of stack exit velocity to the wind speed (see Section
B.1.2.4 of Appendix B).

The definitions of these classifications are based on Regulatory Guide 1.111 (Reference 7). Alist of the
classifications of specific airbome release points for each of the Exelon Nuclear nuclear power stations is
contained in Table A-2 in Appendix A.
4.1.5 Historical Average Atmospheric Conditions
The dispersion characteristics of airbomne effluents from a nuclear power station are dependent on
weather conditions. Meteorological factors that directly affect the concentration of airbone radioactivity in
a plume include the following:
¢ Wind Direction
The concentration of radioactivity is highest in the direction toward which the wind is blowing.

¢ Wind Speed

Greater wind speeds produce more dispersion and consequently lower concentrations of
radioactivity.

e Atmospheric Turbulence

The greater the atmospheric turbulence, the more a plume spreads both vertically and
horizontally. For calculations in this manual, the degree of turbulence is classified by use of
seven atmospheric stability classes, designated A (extremely unstable) through G (extremely
stable). The seven classes and some of their characteristics are listed in Table C-4 of
Appendix C.

Meteorological conditions strongly impact the values of various parameters applied in the dose
calculations of this manual. These include:

e The Relative Concentration Factors %/Q and gamma-x/Q (Section 4.1.6)
» The Relative Deposition Factor D/Q (Section 4.1.7)

The bases sections of the Standard Radiological Effluent Technical Specifications (guidance documents

NUREGs 0472, 0473, 1301 and 1302) and the RETS specify that dose calculations be based on
"historical average atmospheric conditions". Therefore, this manual provides values for the above
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parameters that are based on station-specific historical average meteorological conditions. These values
were obtained by averaging hourly values of the parameters over a long-term, several-year period of
record. The averaging period was based on calendar years in order to avoid any bias from weather
conditions associated with any one season. The period of record is identified in each of the tables
providing the values (see Appendix F).

4.1.6 Relative Concentration Factors x/Q and Gamma-y/Q

A person immersed in a plume of airborne radioactivity is exposed to radiation from the plume and may
also inhale some of the radioactivity from the plume. The concentration of radioactivity in air near the
exposed person must be calculated to adequately evaluate doses resulting from any inhalation. The
relative concentration factor y/Q (referred to as “chi over Q") is used to simplify these calculations. $/Qis
the concentration of radioactivity in air, at a specified location, divided by the radioactivity release rate.
%/Q has the following units:

Units of 4/Q = (uCV/m®) / (uCi/sec) = sec/m®

Station-specific values of x/Q are provided for each nuclear power station in Table F-5 of Appendix F.
These values are based on historical average atmospheric conditions (see Section 4.1.5).

For each of the release point classifications (eg. stack, vent and ground level) and for the 16
compass-direction sectors (N, NNE, etc.), Table F-5 provides the maximum value of x/Q for locations at or
beyond the unrestricted area boundary.

The value of x/Q for each sector reflects the fraction of time that the wind blew into that sector and the
distribution of wind speeds and atmospheric stability classes during that time. Note that the value would
be zero if the wind never blew into the sector.

The gamma-x/Q provides a simplified method of calculating gamma air dose and dose rates for a finite
and/or elevated plume. Itis used in place of the semi-infinite plume model that tends to underestimate
gamma air dose for elevated plumes. Use of the gamma-x/Q also corrects for the tendency of the semi-
infinite plume model to overestimate gamma air dose for mixed mode and ground level releases.

The methodologies for determining x/Q and gamma-y/Q are discussed in detail in Section B.3 of
Appendix B.

4.1.7 Relative Deposition Factor D/Q

As a plume travels away from its release point, portions of the plume may touch the ground and deposit
radioactivity on the ground and/or on vegetation. Occurrences of such deposition are important to model
since any radioactivity deposited on the ground or on vegetation may directly expose people and/or may
be absorbed into food products which can ultimately be ingested by people. The relative deposition factor
is used to simplify the dose calculations for these pathways.

The relative deposition factor D/Q is the rate of deposition of radioactivity on the ground divided by the
radioactivity release rate. lts value was determined for specific conditions. In this manual it has the
following units:

Units of D/Q = [(pCi/sec)/m?] / (pCi/sec) = 1/m>
The values of D/Q are affected by the same parameters that affect the values of x/Q: release
characteristics, meteorological conditions and location (see Section 4.1.6). Station-specific values of D/Q
are provided for each Exelon Nuclear nuclear power station in Appendix F Tables F-5 and F-6. These
values are based on historical average atmospheric conditions (see Section 4.1.5).

For each release point classification and for each of the 16 compass-direction sectors (N, NNE, etc.),
Table F-5 provides the maximum value of D/Q for locations at or beyond the unrestricted area boundary.
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In Table F-6, values of D/Q are given for the locations of the nearest milk and meat producers within 5
miles of the nuclear power station. The methodology for determining D/Q is discussed in Section B.4 of
Appendix B.

4.1.8 Dose Factors

Various dose factors are used in this manual to simplify the calculation of radiation doses. These factors
are listed in Table 4-2. Definitions of these factors are given in the remainder of this chapter. Methods of
determining their values are addressed in Appendix B.

4.2 AIRBORNE RELEASES

4.2.1 Gamma Air Dose

The term ‘gamma air dose’ refers to the component of dose absorbed by air resulting from the absorption
of energy from photons emitted during nuclear and atomic transformations, including gamma rays, x-rays,
annihilation radiation, and Bremsstrahlung radiation (see footnote on page 1.109-19 of Regulatory Guide
1.109).

The noble gas dose factors of Reg. Guide 1.109, Table B-1 are based upon assumption of immersion in a
semi-infinite cloud. For ground level and mixed mode releases this tends to over estimate the gamma air
dose arising from a plume that is actually finite in nature.

For elevated releases, the Reg. Guide 1.109 noble gas dose factors will underestimate exposure as they
consider only immersion and not that portion of exposure arising from sky shine. At distances close in to -
the point of elevated release, the ground level concentration as predicted by %/Q will be essentially zero. In
such a case, the sky shine component of the exposure becomes significant and must be considered.

The gamma-x/Q provides a simplified method of calculating gamma air dose and dose rates for a finite
and/or elevated plume. The methodology of Reg. Guide 1.109, Section C.2 and Appendix B provide the
methodology for calculating finite cloud gamma air dose factors from which the gamma-x/Q values can be
derived. Section B.5 addresses the calculation of these dose factors.

Three gamma-y/Q values are defined: (x/Q)s", (x/Q),¥ and (x/Q)," for stack, vent and ground level
releases, respectively. Section B.3.5 addresses the calculation of the gamma-x/Q values.

4.2.1.1 Finite Cloud Gamma Air D_ose Factor

The finite cloud gamma air dose factor is determined by calculating the gamma dose rate to air (ata
specific location and corresponding to a given release rate) and dividing that dose rate by the
corresponding release rate:

Finite Cloud Gamma Air Dose Factor = [(mrad/yr)/(uCi/sec)]

The methodology for this calculation is discussed in Section B.5 of Appendix B. The calculation is
complex because the dose rate at any given point is affected by the radioactivity concentration and
distance. Calculation of the finite cloud gamma air dose factor takes into consideration release
characteristics, meteorological conditions and location (see Section 4.1.6). Additionally, the value is
affected by radiological parameters: the distribution of energies and intensities for gamma emissions from
each specific radionuclide and the photon attenuation characteristics of air.

In the ODCM, station-specific values of gamma dose factors are provided for each station in Appendix F,
Table F-7. These values are based on historical average atmospheric conditions (see Section 4.1 .5). For
the release point classification and for each of the 16 compass-direction sectors, Table F-7 provides the
maximum value of the gamma air dose factor for noble gas radionuclides at the unrestricted area
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boundary. The value includes a correction for radioactive decay during transport of the radionuclide from
the release point to the dose calculation location.

4.2.1.2 Semi-Infinite Cloud Gamma Air Dose Factor

The semi-infinite cloud gamma dose factor is the gamma air dose rate divided by the concentration of
radioactivity in air at the dose calculation location. Values of these gamma dose factors are radionuclide
specific and are provided in Appendix C, Table C-9.

The semi-infinite cloud gamma dose factor is used in conjunction with gamma-3/Q to calculate noble gas

gamma air dose and dose rate for elevated and finite noble gas plumes. The gamma-x/Q is defined such
that for a given finite cloud the semi-infinite cloud methodology will yield the same gamma air dose as the

finite cloud methodology.

422 Beta Air Dose
The term ‘beta air dose’ refers to the component of dose absorbed by air resulting from the absorption of

energy from emissions of beta particles, mono-energetic electrons and positrons during nuclear and
atomic transformations (see the footnote on Page 1.109-20 of Regulatory Guide 1.109).

The Beta Air Dose Factor

The beta air dose factor is the beta air dose rate divided by the concentration of radioactivity in air at the
dose calculation location. Values of the beta air dose factor are radionuclide specific and are provided in
Appendix C Table C-9.

423 Total Body Dose and Dose Rate

Total Body Dose

Equation A-3 of Appendix A is used to calculate dose to the total body from noble gas radionuclides
released in gaseous effluents. The total body dose equation is similar to that used to calculate gamma air
dose (Equation A-1 of Appendix A).

Total Body Dose Rate

Equation A-5 of Appendix A is used to calculate dose rate to the total body. The assumptions used for
this equation are the same as those used in the calculation of total body dose (Equation A-3 of Appendix
A) except that any shielding benefit (dose attenuation) provided by residential structures is not applied.

Since the calculation is for the maximum instantaneous dose rate, the dose recipient may be out of doors
when exposed and would not be shielded from the exposure by any structural material.

The Total Body Dose Factor

The total body dose factor is the total body dose rate divided by the radioactive release rate. Values for
the total body dose factor are site specific and are provided in Table C-9 of Appendix C.
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424 Skin Dose and Dose Rate

Skin Dose

Equation A-4 of Appendix A is used to calculate dose to skin from noble gas radionuclides released in
gaseous effluents. The skin dose is the summation of dose to the skin from beta and gamma radiation.

The equation for beta dose to skin is similar to that used to calculate beta dose to air (Equation A-2 of
Appendix A) except that beta skin dose factors are used instead of beta air dose factors. The beta skin
dose factor differs from the beta air dose factor by accounting for the attenuation of beta radiation by the
dead layer of skin. The dead layer of skin is not susceptible to radiation damage and therefore is not of
concem. The beta dose to the skin from non-noble gases is insignificant and is not calculated for the
reason described in Section 4.1.3. When calculating the beta contribution to skin dose, no reduction is
included in the calculations due to shielding provided by occupancy of residential structures.

The equation for gamma dose to skin is similar to that used to calculate gamma dose to air except for fhe

following:
s Equation A-4 of Appendix A includes a units conversion factor 1.11 rem/rad to convert
from units of gamma air dose (rad) to units of tissue dose equivalent (rem).

e Equation A-4 of Appendix A includes a dimensionless factor of 0.7 to account for the
shielding due to occupancy of residential structures.

Equation A-4 of Appendix A uses gamma air dose factors not gamma total body dose factors. When
calculating gamma dose to skin, no reduction is applied for the attenuation of radiation due to passage
through body tissue (dead layer of skin).

Skin Dose Rate
Equation A-6 of Appendix A is used to calculate dose rate to skin. The assumptions are the same as
those used in the calculation of skin dose (Equation A-4 of Appendix A) except that no credit is taken for

shielding of gamma radiation by residential structures. The dose recipient may be outdoors when
exposed and the maximum instantaneous dose rate is of concern.

The Skin Dose Factor

Values of the beta air dose factors and skin dose factors are nuclide specific and are provided in Table C-
9 of Appendix C for 15 noble gas radionuclides.

4.25 Ground Radiation

Equations A-7 and A-8 of Appendix A are used to calculate the total body dose due to non-noble gas
radionuclides released in gaseous effluents and deposited on the ground.

Comment .
Note that if there is no release of radionuclide i during a given time period, then the deposition rate is zero,
the ground plane concentration is zero and the resulting dose due to ground deposition is zero. If there is
a release of radionuclide i, the ground concentration is computed as if that release had been occurring at

a constant rate for the ground deposition time period.
The Ground Plane Dose Conversion Factor

The ground plane dose conversion factor is the dose rate to the total body per unit of radioactivity
concentration on the ground. Values of the ground plane dose conversion factor that are calculated by
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assuming constant concentration over an infinite plane are provided for various radionuclides in Table C-
10 of Appendix C.

4.2.6 Inhalation

Dose

Radioactivity from airbome releases of radioactive iodine, particulate and tritium can enter the body
through inhalation. Equations A-7 and A-9 of Appendix A are used to calculate dose commitment to the
total body or organs due to inhalation of non-noble gas radionuclides released in gaseous effluents.

The Inhalation Dose Factor

Values for the inhalation dose commitment factor are nuclide specific and are taken from Reg. Guide
1.109 (Reference 6) Tables E-7, 8, 9 and 10. These tables include data for four age groups (adult,
teenager, child and infant) and seven body organs.

Dose Rate

The inhalation dose rate is the rate at which dose is accrued by an individual breathing contaminated air.
Equation A-16 of Appendix A is used to calculate dose commitment rate to an organ due to inhalation of
non-noble gas radionuclides. The assumptions are the same as used in the calculation of inhalation dose.
The dose rate is determined for the child age group in accordance with the guidance found in NUREGs
0472, 0473, 1301 and 1302 (References 2, 3, 105 and 106).

4.2.7 Ingestion

Airborne releases of radioactive iodine, particulate and tritium can enter the food chain through deposition
on vegetation. The radioactivity can be ingested by humans who consume the vegetation or who
consume products (e.g., milk or meat) of animals who have fed on the contaminated vegetation. Each
Exelon Nuclear nuclear power station considers the following ingestion pathways:

e Vegetables
e Milk
¢ Meat.

Equations A-7 and A-10 through A-15 of Appendix A are used to calculate the dose due to ingestion of
food containing non-noble gas radionuclides released in gaseous effluents. Dose is assessed at the
location in the unrestricted area where the combination of existing pathways and receptor age groups
indicates the maximum potential exposures.

Values of the ingestion dose commitment factor are the same for each Exelon Nuclear nuclear power
station. The components of this factor are not impacted by station-specific parameters. The
station-specific aspects of the calculation of ingestion dose only concern the quantity of radioactivity
ingested. Values of the ingestion dose commitment factors are taken from Reg. Guide 1.109 Tables E-11,
12, 13 and 14. These tables include data for four age groups and seven organs.

The equations used for radioactivity concentration on vegetation and in milk, and meat are discussed in
Appendix A.
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4.3 LIQUID RELEASES

The evaluation of dose due to releases of radioactivity in liquid effluents is required to confirm compliance
with the provisions of RETS related to 10CFR50 Appendix . ODCM Section 3.2 and Figure 3-1 list some
of the pathways by which radioactivity in liquid effluents can impact man. The pathways used by Exelon
Nuclear to calculate dose from liquid effluents are ingestion by drinking water and by eating fish from the
body of water receiving station liquid discharges. The nuclear power stations obtain the dose commitment
due to radioactivity in liquid effluent releases by summing the dose commitments from the drinking water
and fish pathways depending upon their presence.

Equations A-17 through A-20 of Appendix A are used to calculate dose for the member of the public due
to consumption of drinking water and fish.

The radioactivity concentration in water is obtained by dividing the quantity of radioactivity released by the
volume of water in which the release is diluted. The result can be modified by a factor to represent any
additional dilution that might occur.

The radioactivity concentration in fish is the product of the radioactivity concentration in water and a
bioaccumulation factor. The dilution factors for fish may be different from those for water. (The fish may
be caught at a location different from where drinking water is drawn.)

The bioaccumulation factor accounts for the fact that the quantity of radioactivity in fish can build up with
time to a higher value relative to the concentration of the radioactivity in the water they consume. The
bioaccumulation factor is the equilibrium ratio of the concentration of radionuclide i in fish to its
concentration in water. The same values are used for the bioaccumulation factor at each station. These
values are provided in Appendix C, Table C-8.

4.4 CONTAINED SOURCES OF RADIOACTIVITY

In addition to the total body, skin and single organ dose assessments previously described, an additional
assessment is required. The additional assessment addresses radiation dose due to radioactivity
contained within the nuclear power station and its structures.

There are presently two types of contained sources of radioactivity which are of concem in offsite
radiological dose assessments. The first is that due to gamma rays resulting from nitrogen-16 carry- over
to the turbine in BWR steam (skyshine). The second is that due to gamma rays associated with
radioactive material contained in onsite radwaste and radioactive material storage facilities.

4.4.1 BWR Skyshine

The most significant dose component to members of the public produced by "contained sources” is
nitrogen-16 (*°N) within the turbine building of BWRs. Although primary side shielding is around the
turbine and its piping, '®N gamma rays scattered by air molecules in the overhead air space above the
turbine and piping cause a measurable "skyshine" radiation dose in the local power plant environs.

Equation A-23 of Appendix A is used to evaluate skyshine dose. A complicating factor in the calculation is
the practice at some stations of adding hydrogen to reactor coolant to improve coolant chemistry. The
addition of hydrogen can increase the dose rate due to skyshine up to a factor of 10 times expected levels
depending on injection rates and power levels (Reference 39). Increasing the hydrogen injection rate will
increase the dose rates even further. (See Reference 102) The skyshine dose determined by Equation
A-23 of Appendix A depends on the following factors:

* The distance of the dose recipient location from the turbine.

e The number of hours per year that the location is occupied by a dose recipient.

* The total energy [MWe-hr] generated by the nuclear power station with hydrogen addition.

e The total energy [MWe-hr] generated by the nuclear power station without hydrogen addition.

Generic Chapters 23 0212210646



Revision 3
January 2002

44.2 Onsite Radwaste and Rad Material Storage Facilities

Low-level radioactive waste may be stored at any Exelon Nuclear nuclear power station in the following
-types of storage facilities:

o Process Waste Storage Facilities
e Interim Radwaste Storage Facility (IRSF) structure
e Concrete vaults containing 48 radwaste liners (Also referred to as *48-pack™;)

o DAW Storage Facilities
* Dry Active Waste (DAW) facilities (may include Butler buildings/warehouses)

¢ Replaced Steam Generator Storage Facilities

Rad Material may be stored in facilities on site

+ Rad Material Storage Facilities
+ Contaminated tools and equipment in seavans and/or warehouses

Spent Fuel may be stored in facilities on site:

o ISFSI Facilities
+ Independent spent fuel storage installation facilities

Administrative controls are implemented by each station to ensure compliance to applicable regutations.
The impact to the offsite dose will be evaluated on a case by case basis and added to the station annex of
the ODCM when applicable. In addition, a 10CFR50.59 analysis may be required for radwaste storage
facilities.

4.5 TOTAL DOSE REQUIREMENTS
4.5.1 Total Effective Dose Equivalent Limits; 10CFR20 and 40CFR190

10CFR20 requires compliance to dose limits expressed as "Total Effective Dose Equivalent" (TEDE).
Although annual dose limits in 10CFR20 are now expressed in terms of TEDEs, 40CFR190 limits remain
stated as organ dose. The NRC continues to require 10CFR50 Appendix | and 40CFR190 doses to be
reported in terms of organ dose and not TEDE. Due to the fact that organ dose limits set forth in
40CFR190 are substantially lower than those of 10CFR20 (25 mrem/yr vs 100 mrem/yr), the NRC has
stated that demonstration of compliance with the dose limits in 40CFR190 will be deemed as
demonstration of compliance with the dose limits of 10CFR20 for most facilities (Reference 104). In
addition to compliance with 40CFR190, it may be necessary for a nuclear power plant to address dose
from on-site activity by members of the public.

452 Total Dose For Uranium Euel Cycle

The nuclear power stations are required to determine the total dose to a member of the public due to all
uranium fuel cycle sources in order to assess compliance with 40CFR190 as part of demonstrating
compliance with 10CFR20.

The total dose for the uranium fuel cycle is the sum of doses due to radioactivity in airborne and liquid
effluents and the doses due to direct radiation from contained sources at the nuclear power station. When
evaluation of total dose is required for a station, the following contributions are summed:

+ Doses due to airborne and liquid effluents from the station.
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e Doses due to liquid effluents from nuclear power stations upstream.
e Doses due to nitrogen-16 ("°N) skyshine, if the station is a boiling water reactor.
Q e Doses due to any onsite radioactive waste storage facilities; if applicable.

Section A.5.2 of Appendix A discusses the details of evaluations.
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Table 4-1
Radionuclide Types Considered For Airborne Effluent Exposure Pathways

External Radiation Internal Radiation
Category Plume Ground Inhalation Ingestion
Noble Gases X
Tritium (H-3) - X X
lodine® X
Particulate® X X

a

The nuclear power stations are not required to consider all iodine radionuclides. Only particulates
with half-life greater than 8 days need be considered. For details, see Generic Letter 89-01 and
the RETS.
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Name and Symbol

Gamma Air Dose
Factor
M

Total Body Dose
Factor:
Ki

Beta Air Dose
Factor N,

Beta Skin Dose
Factor L;

Ground Plane Dose
Conversion Factor
DFG,

Inhalation Dose
Commitment Factor
DFA,,

Ingestion Dose
Commitment Factor
DFlya

Dose assessments for 10CFR50 Appendix | are made using dose factors of R

age groups.

Genenic Chapters

Units

mrad/yr
per
uCim?®

mremvyyr

per
uCirm?®

mradfyr
per
pCirm®

mrem/yr

per
uCi'm®

mrem/hr
per
pCi/m®

mrem
per
pCi

mrem
per
pCi

Table 4-2
Radiation Dose Factors

27

Definition

Gamma air dose rate per

unit of radioactivity
concentration for
radionuclide i.

Total body dose rate per
unit of radioactivity
concentration for
radionuclde i.

Beta air dose rate per
unit of radioactivity
concentration for
radionuclide i.

Beta skin dose rate per
unit of radioactivity
concentration for
radionuchide i.

Dose rate per unit

of ground radioactivity
concentration for
radionuclide i.

Dose to organ j of age
group a per unit of
radioactivity inhaled
for radionuclide i.

{see Note 1)

Dose to organ j of age
group a per unit of
radioactivity ingested
for radionuchde i.

(see Note 1)

Note 1: Dose assessments for 10CFR20 and 40CFR 190 compliance are made for an adult only.
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Table

RG 1.109
Table B-1,
Column 4

RG 1.109
Table B-1,
Column 5

RG 1.109
Table B-1,
Column 2

RG 1.109
Table B-1,
Column 3

RG 1.109
Table E-6,
Column 2

RG 1.109
Tables;
E-7, E-8,
E-9, E-10

RG 1.109
Tables;
E-11, E-12,
E-13, E-14

egulatory Guide 1,109 (Reference 6) for all
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CHAPTER 5
MEASUREMENT

5.0 INTRODUCTION -

Each nuclear station has three measurement programs associated with offsite dose assessment:
* Measurement of releases of radioactivity from the station.
* Measurement of meteorology at the station site.
* Measurement of levels of radiation and radioactivity in the environs surrounding the station.

5.1 EFFLUENT AND PROCESS MONITORING

Radioactivity in liquid and gaseous effluents is measured in order to provide data for calculating radiation
doses and radioactivity concentrations in the environment of each nuclear power station. Measurement of
effluent radioactivity is required by 10CFR20.1302 and 10CFR50. The RETS of each nuclear power
station provide detailed requirements for instrumentation, sampling and analysis. Relevant Regulatory
Guides are 1.21 (Reference 4) and 4.15 (Reference 13). Chapter 10 of the ODCM includes brief
descriptions of effluent monitoring instruments at each nuclear power station. The RETS of each nuclear
power station require submission to the NRC of reports of effluent radioactivity releases and
environmental measurements.

5.2 METEOROLOGICAL MONITORING

Meteorological parameters are measured in the vicinity of each nuclear power station in order to provide
data for calculating radiation doses due to airborne effluent radioactivity. Some nuclear power stations'
Technical Specifications state applicable requirements (typically under the subheading, “Meteorological
Instrumentation,” in the instrumentation section). Regulatory guidance is given in Regulatory Guide 1.23

* (Reference 5). Wind speed, wind direction and the temperature gradient are measured using instruments
at two or more elevations on a meteorological tower at each Exelon Nuclear station. The elevations are
chosen to provide meteorological data representative of the elevations of the airborne releases from the
station. The Annual Radiological Environmental Operating Report includes a summary of meteorological
data collected over the reporting year. These data are used to calculate optional isopleths of radiation
dose and radioactivity concentration.

5.3 RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM (REMP)

Each nuclear power station has a REMP that provides representative measurements of radiation and
radioactive material in the environment. The program provides verification that measurable radiological
impacts from the power station on the environment are within expectations derived from effluent
measurements and calculations. The REMP is required by 10CFR50 (see Appendix I, Sections IV.B.2
and IV.B.3). General requirements of the program are prescribed in each station's RETS and more
precise details (such as specific monitoring locations) are specified in ODCM Chapter 11.

5.3.1 Interlaboratory Comparison Program

The laboratory which performs the REMP analyses is required by the RETS to participate in an
interlaboratory comparison program. The purpose is to provide an independent check on the laboratory’s
analytical procedures and to alert it to potential problems (e.g. accuracy). In order to assess the
measurements of radioactivity in environmental media, an independent agency supplies participating
laboratories with samples of environmental media containing unspecified amounts of radioactivity, The
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laboratories measure the radioactivity concentrations and report the results to the agency. Ata later time,
the agency informs the participating laboratories of the actual concentrations and associated uncertainties.
’ Any significant discrepancies are investigated by the participating laboratories. A similar process is used
\/ to assess measurements of environmental radiation by passive thermoluminescent dosimeters.
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CHAPTER 6
IMPLEMENTATION OF OFFSITE DOSE ASSESSMENT PROGRAM

6.1 NUCLEAR POWER STATION

The nuclear power station staff is responsible for effluent monitoring. The staff determines effluent
radioactivity concentration and flow rate. These data are used to determine the radioactivity release
information required for the Radioactive Effluent Release Report and to perform monthly calculations and
projections of offsite radiation dose.

The nuclear power station staff is also responsible for control of effluent radioactivity. Procedures are
implemented for determining, calculating and implementing setpoints. Liquid and gaseous radwaste
treatment systems and ventilation exhaust treatment systems are utilized when appropriate. The nuclear
power station staff implements the Process Control Program (PCP) for solid radwaste and measures tank
radioactivity and BWR off-gas radioactivity.

The nuclear power station staff maintains instrumentation associated with these activities and
demonstrates operability of the instrumentation in accordance with the surveillance requirements of the
RETS. In the event that any RETS requirements are violated, the nuclear power station staff is
responsible for taking one of the actions allowed by the RETS and issuing any required reports to the
NRC.

The nuclear power station staff assembles and distributes the Radioactive Effluent Release Report.
6.2 METEOROLOGICAL CONTRACTOR

The meteorological contractor operates and maintains the meteorological tower instrumentation at each
nuclear power station. The contractor collects and analyzes the data and issues periodic reports. The
contractor prepares the meteorological data summary required for the Annual Radiological Environmental
Operating Report (AREOR) and also computes and plots isopleths included in the AREOR.

6.3 REMP CONTRACTOR

The radiological environmental contractor collects environmental samples and performs radiological
analyses as specified in the nuclear power station's REMP (see ODCM Chapters 11 and 12). The
contractor issues reports of results to appropriate points of contact and each nuclear station. The
contractor participates in an interlaboratory comparison program and reports results in the Annual
Radiological Environmental Operating Report. The contractor performs the annual land use census and
assembles the Annual Radiological Environmental Operating Report.
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APPENDIX A
COMPLIANCE METHODOLOGY

A0 INTRODUCTION

This appendix reviews the offsite radiological limits applicable to the nuclear power stations and presents
in detail the equations and procedures used to assess compliance with these limits. An introduction to the
calculational approach used here is given in Chapter 4. The approach incorporates simplifications such
as the following:

*  Use of pre-calculated atmospheric transport parameters based on historical average
atmospheric conditions (see Section 4.1.5). These atmospheric dispersion and deposition
factors are defined in Chapter 4.

The equations and parameters of this appendix are for use in calculating offsite radiation doses during
routine operating conditions. They are not for use in calculating doses due to non-routine releases (e.g.,
accident releases).

This section of the ODCM provides the methodological details for demonstrating compliance with the
10CFR20, 10CFR50 Appendix | and 40CFR190 radiological limits for liquid and gaseous effluents.

An overview of the required compliance is given in Tables 2-1, 2-2, and 2-3. In Table 2-1, the dose
components are itemized and referenced, and an indication of their regulatory application is noted. A
more detailed compliance matrix is given in Table 2-3. Additionally, the locations of dose receivers for
each dose component are given in Table 2-2.
The following sections detail the required radiological dose calculations.
A1 AIRBORNE RELEASES
A.1.1 Release Point Classifications
The pattern of dispersion of airborne releases is dependent on the height of the release point relative to
adjacent structures. For the equations of this appendix, each release point is classified as one of the
following three height-dependent types, which are defined in Section 4.1.4:

 Stack (or Elevated) Release Point (denoted by the letter S or subscript s)

* Ground Level Release Point (denoted by the letter G or subscript Q)

» Vent(or Mixed Mode) Release Point (denoted by the letter V or subscript v)
The release point classifications of routine release points at the nuclear power stations are stated in Table
A-2.
A1.2 Dose Due to Noble Gas Radionuclides
A.1.2.1 Gamma Air Dose
Requirement
RETS limit the gamma air dose due to noble gas effluents released from each reactor unit to areas at and

beyond the unrestricted area boundary to the following:

* Less than or equal to 5 mrad per calendar quarter.
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¢ Less than or equal to 10 mrad per calendar year.

Equation

The gamma air dose due to noble gases released in gaseous effluents is calculated by the following
expression:

D, = (3-175—8)2 M{G/Q) A, +(/Q) A, +(/Q)A, } (A-1)

The summation is over noble gas radionuclides i.
D Gamma Air Dose - [mrad]

Dose to air due to gamma radiation from noble gas radionuclides
released in gaseous effluents.

3.17E-8 Conversion Constant (seconds to years) [yr/sec]
M; Gamma Air Dose Conversion Factor [(mrad/yr)/(uCi/m®)]

Gamma air dose rate factor per unit of radioactivity
release rate for radionuclide i. From Table B-1 of Reg
Guide 1.190.

(x/Q);, (/Q);, (x/Q); Gamma-y/Q Factor [sec/m?

Radioactivity concentration based on finite cloud methodology at a
specific location per unit of radioactivity release rate from a stack,

vent or ground level release, respectively. See Section B.3.5 and Table
F-5b of appendix F.

A, Ay Ag Cumulative Radionuclide Release [uCi]

Measured cumulative release of radionuclide i over the time period
of interest from a stack, vent, or ground level release point, respectively.

Application

RETS require determination of cumulative and projected gamma air dose contributions due to noble
gases for the current calendar quarter and the current calendar year at least once per 31 days (see
Sections 12.4 of each station's RETS or Technical Specifications).

Gamma air dose is calculated for the sector with the highest offsite (x/Q)" and is compared with the RETS
limits on gamma air dose.

For a release attributable to a processing or effluent system shared by more than one reactor unit, the
dose due to an individual unit is obtained by proportioning the effluents among the units sharing the
system. The allocation procedure is specified in ODCM Chapter 10.

A.1.2.2 Beta Air Dose
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Requirement
RETS limit the beta air dose due to noble gases in gaseous effluents released from each reactor unit to areas at
and beyond the unrestricted area boundary to the following:

* Less than or equal to 10 mrad per calendar quarter.
* Less than or equal to 20 mrad per calendar year.

Equation
The beta air dose due to noble gases released in gaseous effluents is calculated by the following

expression:

0y = (8.17E - 8)3 {N(1/Q). Au + (1/Q), Ay + (1/Q), A ]} (A-2)

The summation is over noble gas radionuclides i.
Dg Beta Dose [mrad]

Dose to air due to beta radiation from noble gas radionuclides released in
gaseous effluents.

3.17E-8 Conversion Constant (seconds to years) [yr/sec]
N; — Beta Air Dose Conversion Factor [(mrad/yr)/(uCifm3)]

Beta air dose rate per unit of radioactivity concentration for
radionuclide i. Take from Table C-9 of Appendix C.

(x/Q)s Relative Concentration Factor [sec/m?
(vQ),
(x/Q)g Radioactivity concentration based on semi-infinite cloud methodology at

a specified location per unit of radioactivity release rate for a stack, vent,
or ground level release, respectively. See Section 4.1.6, Section B.3 of
Appendix B, and Table F-5 of Appendix F.

Ag Ay Ay Cumulative Radionuclide Release [1Ci]

Measured cumulative release of radionuclide i over the time period
of interest from a stack, vent, or ground level release point, respectively.

Application

RETS require determination of cumulative and projected beta air dose contributions due to noble gases
for the current calendar quarter and the current calendar year at least once per 31 days (see Section 12.4
of each station’s RETS or Technical Specification).

Beta air dose is calculated for the sector with the highest offsite (x/Q) and is compared with the RETS limit
on beta air dose.

For arelease attributable to a processing or effluent system shared by more than one reactor unit, the

dose due to an individual unit is obtained by proportioning the effluents among the units sharing the
system. The allocation procedure is specified in ODCM Chapter 10.

A.1.2.3 Total Body Dose
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Requirement
The total body dose, to any receiver is due, in part, to gamma radiation emitted from radioactivity in
airborne effluents. This component is added to others to demonstrate compliance to the requirements of

40CFR190 and 10CFR20.
Equation

The total body dose component due to gamma radiation from noble gases released in gaseous effluents
is calculated by the following expression:

Dry =GA7E-8) 2K, {(/QUA, + (/A A, + (/Q); A, | (4)

The summation is over noble gas radionuclides i.
Dtg Total Body Dose [mrem)

Dose to the total body due to gamma radiation from noble
gas radionuclides released in gaseous effluents.

3.17E-8 Conversion Constant (seconds to years) [yrisec]
K Gamma Total Body Dose Conversion Factor [(mrem/yr)/(uCi/m3)]
Gamma total body dose factor due to gamma emissions for noble gas

radionuclide i released from a stack, vent or ground level release point,
respectively. Taken from Table C-9 of Appendix C.

A, Ay, Ag Cumulative Radionuclide Release [1uCi]

Measured cumulative release of radionuclide i over the time period
of interest from a stack, vent, or ground level release point, respectively.

Application

The total body dose is also calculated for the 40CFR190 and 10CFR20 compliance assessments. In
some cases, the total body dose may be required in 10CFR50 Appendix | assessments (See Table 2-1 ).

A1.2.4 Skin Dose

Requirement

There is no regulatory requirement to evaluate skin dose. However, this component is evaluated for
reference as there is skin dose design objective contained in 10CFR50 Appendix I. Note that in the
unlikely event that if beta air dose guideline is exceeded, then the skin dose will require evaluation.

Equation :
The part of skin dose due to noble gases released in gaseous effluents is calculated by the following
expression:
Do =(3.176-8) 3 {L.[ (x/Q), A, + (/Q), A, +(1/Q),A,,]
]

(
+ (110M, [ (/Q)1 A, +G/Q); A, +(/Q) A, ]} o
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The summation is over noble gas radionuclides i.
Dsk Skin Dose [mrem]

Dose to the skin due to beta and gamma radiation from noble
gas radionuclides released in gaseous effluents.

L; Beta Skin Dose Conversion Factor [(mrem/yr)/(uCiim?®)]

Beta skin dose rate per unit of radioactivity concentration for
radionuclide i. Taken from Table C-9 of Appendix C.

1.11 Conversion Constant (rads in air to rem in tissue) [mrem/mrad]
All other terms have been previously defined.
Application
The skin dose is calculated for reference only.
A.1.3 Dose Rate Due to Noble Gas Radionuclides
A.1.3.1 Total Body Dose Rate

Requirement

RETS limit the total body dose rate due to noble gases in gaseous effluents released from a site to areas
at and beyond the site boundary to less than or equal to 500 mrem/yr at all times. (see Section 12.4 of
each station's RETS and Technical Specifications)

Equation

The total body dose rate due to noble gases released in gaseous effluents is calculated by the following
expression:

Dw = K, {r/Q)1Q, +(/Q)Q, +(/Q)Q,} (A-5)
i
The summation is over noble gas radionuclides i.

6,,3 Total Body Dose Rate [mrem/yr]

Dose rate to the total body due to gamma radiation from
noble gas radionuclides released in gaseous effluents.

Qs, Qu, Qig Release Rate [uCi/sec]

Measured release rate of radionuclide i from a stack, vent or ground level
release point, respectively.

All other terms have been previously defined.

Application
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RETS require the dose rate due to noble gases in gaseous effluents be determined to be within the above
limit in accordance with methodology specified in the ODCM (see Section 12.4 of each station's RETS
and Technical Specifications).

To comply with this specification, each station uses an effluent radiation monitor setpoint corresponding to
an offsite total body dose rate at or below the limit (see Chapter 10). In addition, each station assesses
compliance by calculating offsite total body dose rate on the basis of periodic samples obtained in
accordance with station procedures.

A.1.3.2 Skin Dose Rate

Requirement

RETS limit the skin dose rate due to noble gases in gaseous effluents released from a site to areas at and
beyond the site boundary to less than or equal to a dose rate of 3000 mrem/yr at all times. (See Section
12.4 of each station's RETS and/or Technical Specifications)

Equation
The skin dose rate due to noble gases released in gaseous effluents is calculated by the following
expression:

\,
~

65K = ZI:{L;[(X/Q)SQIs + (X/Q)v Q, + (X/Q)goig]

(A-6)
+aanm[ea)a, + a)a, +G/a)a,]}
The summation is over noble gas radionuclides i.
6sx Skin Dose Rate [mrem/yr]
Dose rate to skin due to beta and gamma radiation from
noble gas radionuclides released in gaseous effluents.
Q., Qi, Qg Release Rate [uCifsec]

Measured release rate of radionuclide i from a stack, vent or ground level
release point, respectively.

Al other terms been previously defined.

Application
RETS require the dose rate due to noble gases in gaseous effluents to be determined to be within the
above limit in accordance with methodology specified in the ODCM. (See Section 12.4 of each station's

RETS and Technical Specifications.)

To comply with this specification, each station uses an effluent radiation monitor setpoint corresponding to
an offsite skin dose rate at or below the limit (see Chapter 10). In addition, each station assesses
compliance by calculating offsite skin dose rate on the basis of samples obtained periodically in
accordance with station procedures.

A.1.4 Dose Due to Non-Noble Gas Radionuclides

Requirement
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RETS provide the following limits, based on 10CFR50 Appendix |, on the dose to a member of the public from
specified non-noble gas radionuclides in gaseous effluents released from each reactor unit to areas at and beyond
the unrestricted area boundary:

. Less than or equal to 7.5 mrem to any organ during any calendar quarter.

* Lessthan or equal to 15 mrem to any organ during any calendar year.
The individual dose components are also required as part of the 40CFR190 assessments and combined
as part of the 10CFR20 assessment (See Section A.4). The dose due to radionuclides deposited on the
ground is considered to be a component of the deep dose equivalent for 10CFR20 compliance and an
organ (and total body) dose component for 10CFR50 Appendix | and 40CFR190 compliance.
In accordance with the definition of dose in Regulatory Guide 1.109, the term "dose” in this document
when applied to individuals, is used instead of the more precise term "dose equivalent,” as defined by the
International Commission on Radiological Units and Measurements (ICRU). When applied to the
evaluation of internal deposition of radioactivity, the term "dose" as used here, includes the prospective
dose component arising from retention in the body beyond the period of environmental exposure, i.e., the
dose commitment. The dose commitment is evaluated over a period of 50 years. Assessments for

10CFRS50 Appendix | compliance are made for 4 age groups (adult/teenager/child/infant) using Regulatory
Guide 1.109 (Reference 6) dose conversion factors.

Equation
The dose is calculated for releases in the time period under consideration.

Specifically, the dose is calculated as follows:

D:jNG = (3-1 7TE~ B)Z Z [wsRalijls +WR, A, + WiR, A (A-7)
P

The summation is over pathways p and non-noble gas radionuclides i.
D¢ Dose Due to Non-Noble Gas Radionuclides [mrem]

Dose due to non-noble gases (radioiodines, tritium and particulates) to
age group a, and to organ j.

3.17E-8 Conversion Constant (seconds to years) fyr/sec]
W., W,, W, Relative Concentration Factor
Radioactive concentration at a specific location per unit of radioactivity
release rate or concentration for stack, vent or ground level release,

respectively.

W;s, W, or Wy = (x/Q)s, (x/Q), or (x/Q), for immersion, inhalation and all
tritium pathways.

W, W, or Wg = (D/Q)s, (D/Q), or (D/Q), for ground plain and all
ingestion pathways.

(2/Q)s, (X/Q), (WQ)q Relative Concentration Factor [sec/m?]
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Radioactivity concentration based on semi-infinite cloud model at a
specified location per unit of radioactivity release rate for a stack, vent, or
ground level release, respectively. See Section 4.1.6, Section B.3 of
Appendix B, and Table F-5 of Appendix F.

(DIQ),, (D/Q),, (DIQ), Relative Deposition Factor [1/m3

Radioactivity concentration at a specified location per unit of radioactivity
release concentration for a stack, vent, or ground level release,
respectively. See Section 4.1.6, Section B.3 of Appendix B, and Table
F-6 of Appendix F.

Raip Site-Specific Dose Factor [(m? mrem/yr)/(nCi/sec)]
or [(mrem/yr)/{(uCi/m3)]

Site-specific dose factor for age group a, nuclide i, pathway p and organ
j. Pathway included are ground plane exposure, inhalation, vegetation
ingestion, milk ingestion and meat ingestion. Values of Rap, are provided
in Appendix F.

As Ay, Ag Cumulative Radionuclide Release [rCi]

Measured cumulative release of radionuclide i over the time period of
interest from a stack, vent, or ground level release point, respectively.

Application

RETS require cumulative and projected dose contributions for the current calendar quarter and the current
calendar year for the specified non-noble gas radionuclides in airborne effluents to be determined at least
once per 31 days (see Section 12.4 of each station’s RETS and Technical Specifications).

To comply with this specification, each nuclear power station obtains and analyzes samples in accordance
with the radioactive gaseous waste or gaseous effluent sampling and analysis program in its RETS. In
accordance with NUREG 0133 (Reference 14), dose due to non-noble gases is assessed at the location
in the unrestricted area where the combination of existing pathways and receptor age groups indicates the
maximum potential exposure. The inhalation and ground plane exposure pathways are considered to exist
at all locations. The food ingestion pathways at a specific location are considered based on their
existence as determined by land use census. The values used for (x/Q) and (D/Q) correspond to the
applicable pathway location.

For arelease attributable to a processing or effluent system shared by more than one reactor, the dose
due to an individual unit is obtained by proportioning the effluents among the units sharing the system.
The allocation procedure is specified in ODCM Chapter 10.

The dose evaluated is also included as part of the 10CFR20 and 40CFR190 assessment (See Section
Ad).

A.1.4.1 Ground Deposition

The site-specific dose factor for ground deposition of radioactivity is considered to be a total body dose
component and is calculated by the following expression:

— Mt
bl orpro =52 ~o
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Ground Plane Deposition Dose Factor [(m? mrem/yr)/(uCi/sec)]

Site-specific ground plane dose factor for age group a, nuclide i and
organ j. The ground plane dose is calculated using (D/Q).

Conversion Constant (1E6 pCi per uCi) [pCi/uCi]
Conversion Constant (8760 hr/yr) [hriyr]
Shielding Factor; a factor which accounts for dimensionless

shielding due to occupancy of structures.

Ground Plane Dose Conversion Factor [(mrem/hr)/(pCi/m?)]
Dose rate to the total body per unit of surface radioactivity

concentration due to standing on ground uniformly contaminated

with radionuclide i. Taken from Table C-10 of Appendix C.

Note that ground plane dose factors are only given for the total body and

no age group. Doses to other organs are assumed to be equal to the
total body dose. All age groups are assumed to receive the same dose.

Radiological Decay Constant [hr]

Radiological decay constant for radionuclide i. See Table C-7 of
Appendix C.

Time Period of Ground Deposition [hr]

Time period during which the radioactivity on the ground is assumed to
have been deposited. See Table C-1 of Appendix C.

The ground plane exposure pathway is considered to exist at all locations.

A1.4.2 Inhalation

The site-specific dose factor for inhalation is calculated by the following expression:

Ral(lnhal)] [X/ Q]

BR,

DFA,;

Appendix A

Rai(lnhal); [X/Q] = K’BRaDFAaI] (A-9)
Inhalation Pathway Dose Factor [(mrem/yr)/(uCi/rm®)]

Site-specific inhalation dose factor for age group a, nuclide i and organ j.
The inhalation dose is calculated using (x/Q).

Conversion Constant (1E6 pCi per pCi) [PC/uCi]
Individual Air Inhalation Rate [m3yr]

The air intake rate for individuals in age group a. See Table C-2 of
Appendix C.

Inhalation Dose Conversion Factor [mrem/pCi]
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Dose commitment to an individual in age group a to organ j

per unit of activity of radionuclide i inhaled. Taken from Tables E-7
through E-10 of Regulatory Guide 1.109. The value for H-3 is taken from
NUREG 4013 (Reference 107).

The inhalation exposure pathway is considered to exist at all locations.

A143 Food Ingestion Pathway Dose Factors

Application

Food ingestion pathway doses are calculated at locations indicated by the land use census survey. Ifno
real pathway exists within 5 miles of the station, the cow-milk pathway is assumed to be located at 5
miles. Food pathway calculations are not made for sectors in which the offsite regions near the station are

over bodies of water.

A.1.4.3.1 Vegetation Ingestion Pathway Dose Factor
The dose factor for consumption of vegetables is calculated by the following expression:

R ai(Veg)j [D/Q]

Kl

Yy

A

Appendix A

Rai(veg) [D/Q] = K',: (r) )] (DFL,,l) [Ula-fl.e-ML + Uffge_l't" ] {A-10)

Y, ix yHA
Vegetation Ingestion Pathway Dose Factor [(m? mrem/yr)/(uCi/sec)]

Site-specific vegetation ingestion dose factor for age group a, nuclide i
and organ J. With the exception of H-3, the vegetation dose is calculated
using (D/Q).

Conversion Constant (1E6 pCi per uCi) [pCi/uCi]
Vegetation Retention Factor dimensionless
Agricultural Productivity Yield [ka/ m?
Radiological Decay Constant [1/sec]

Radiological decay constant for radionuclide i. See Table C-7 of
Appendix C.

Weathering Decay Constant [1/sec]

Removal constant for physical loss of activity by weathering. See Table
C-1 of Appendix C.

Ingestion Dose Conversion Factor [mrem/pCi]
Ingestion dose conversion factor for age group a, nuclide i and organ j.
Converts pCi ingested to mrem. Taken from Tables E-11 though E-14 of
Regulatory Guide 1.109. The value for H-3 is taken from NUREG 4013
(Reference 107).

Consumption Rate for Fresh Leafy Vegetation [kglyr]
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Consumption rate for fresh leafy vegetation for age group a.
v u.® Consumption Rate for Stored Vegetation [kglyr]
~ Consumption rate for stored vegetation for age group a.
fL » Local Leafy Vegetation Fraction dimensionless
Fraction of the annual intake of fresh leafy vegetation which is grown
locally. -
fg Local Stored Vegetation Fraction dimensionless
Fraction of the annual intake of stored vegetation which is grown locally.
t Environmental Transport Time - Fresh Vegetation [sec]
Average time between harvest of leafy vegetation and its consumption.
ty Environmental Transport Time - Stored Vegetation [sec]
Average time between harvest of stored vegetation and its consumption.
The tritium dose from the vegetation pathway must be considered separately as the transport mechanism
is based on airborne concentration rather than ground deposition. The dose factor for the tritium
vegetation pathway is:
| Rapaxvesy /@] = K'K™ (UL1, +USH, JDFL,(, 4, [0.75(0.5/H)] (A-11)
\\./'A
R esyvegy [X/Q] Tritium Vegetation Ingestion Pathway Dose Factor  [(mrem/yr)/(uCifm®]
Site-specific tritium vegetation ingestion dose factor for age group a and
organ j. The tritium vegetation dose is calculated using ¥/Q.
K™ Conversion Constant (1E3 gm per Kg) [gm/Kg]
H Absolute Atmospheric Humidity [gm/m?]
0.75 Water Fraction dimensionless
The fraction of total vegetation that is water.
0.5 Specific Activity Ratio dimensionless
A.1.4.3.2 Milk Ingestion Pathway Dose Factor
; The dose factor for consumption of milk is calculated by the following expressions:.
N
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,Q.(U,., £f, (-1f)e™s]
Raivincy [D/ Q] =K Tpg'—l_w—) Fn (r)(DF Laij) [’:’Z + _pz— e (A-12)

Milk Ingestion Pathway Dose Factor [(m? mrem/yr)/(nCi/sec)]

Site-specific milk ingestion dose factor for age group a, nuclide i and
organ j. With the exception of H-3, the milk dose factor is calculated
using (D/Q).

Conversion Constant (1E6 pCi per uCi) [pCiluCi]
Feed Consumption [Kg/da]

Amount of feed consumed by milk animal each day. See Table C-1 of
Appendix C.

Milk Consumption Rate [iyr]
Milk consumption rate for age group a.

Stable Element Transfer Coefficient for Milk [da/l]
Fraction of animal's daily intake of a particular chemical element which

appears in each liter of milk (pCi/l in milk per pCi/da ingested by animal).
See Table C-3 of Appendix C.

Pasture Time Fraction dimensionless
Fraction of year that animal is on pasture.
Pasture Grass Fraction dimensionless
Fraction of animal feed that is pasture grass while animal is on pasturg.
Agricultural Productivity Yield - Pasture Grass [ka/m?
The agricultural productivity by unit area of pasture feed grass.
Agricultural Productivity Yield - Stored Feed [ka/m?]
The agricultural productivity by unit area of stored feed.

Environmental Transport Time - Stored Feed [sec]

Average time between harvest to consumption of stored feed by milk
animal.

Environmental Transport Time - Pasture to Consumption [sec]

Average time from pasture, to milk animal, to milk, to consumption.

All other terms have been previously defined.
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The tritium dose from the milk pathway must be considered separately as the transport mechanism is
based on airborne concentration rather than ground deposition. The dose factor for the tritium milk

pathway is:

Ra(H-s)(Mnk)j [X/ Q]

Kll'

0.75

0.5

Ra(H—S)(Mnlk)j [X/Q] =K'K” Fm QFUamDFLa(H—3)j [075(0'5/H)] (A"1 3)

Tritium Milk Ingestion Pathway Dose Factor [(mrem/yr)/(uCi/m®)]

Site-specific tritium milk ingestion dose factor for age group a and organ
j- The tritium milk dose is calculated using ¥/Q.

Conversion Constant (1E3 gm per Kg) [gm/Kg]
Absolute Atmospheric Humidity [gm/m?]
Water Fraction dimensionless

The fraction of total vegetation that is water.

Specific Activity Ratio dimensionless

All other terms have been previously defined.

A.1.4.3.3 Meat

The dose factor for consumption of meat is calculated by the following expression:

' Q.(u,) if, (-1f)e™w]
: R [b/Q]=K' == F (r)(DFL,; )| 2= +—2 e (A-14)
\\/} ai(Meat); l, +lw f ( ai]) Yp Ys .
R ety [D/Q] Meat Ingestion Pathway Dose Factor [(m® mrem/yr)/(uCi/sec)]
Site-specific meat ingestion dose factor for age group a, nuclide i and
organ j. With the exception of H-3, the meat dose factor is calculated
using (D/Q).
Uas Meat Consumption Rate [tyr]
Meat consumption rate for age group a.
Fs Stable Element Transfer Coefficient for Meat [da/Kg]
Fraction of animal's daily intake of a particular chemical element which
appears in each liter of meat (pCi/Kg in meat per pCi/da ingested by
animal). See Table C-3 of Appendix C.
t, Environmental Transport Time - Stored Feed [sec]
Average time between harvest to consumption of stored feed by meat
animal.
t Environmental Transport Time - Pasture to Consumption [sec]
o
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Average time from pasture, to meat animal, to meat, to consumption.
All other terms have been previously defined.
The tritium dose from the meat pathway must be considered separately as the transport mechanism is
based on airborne concentration rather than ground deposition. The dose factor for the tritium meat

pathway is:

Raf-smeaty[/Q] = K'K"F, Q.U DFL,, ,,[0.75(0.5/H)] (A-15)
Ragtsymeary D0/Q) Tritium Meat Ingestion Pathway Dose Factor [(mrem/yr)/(uCi/m)]

Site-specific tritium meat ingestion dose factor for age group a and organ
J- The tritium meat dose is calculated using y/Q.

K™ Conversion Constant (1E3 gm per Kg) [gm/Kg]
H Absolute Atmospheric Humidity [gm/m?]
0.75 Water Fraction dimensionless

The fraction of total vegetation that is water.
0.5 Specific Activity Ratio dimensionless
All other terms have been previously defined.
A.1.5 Dose Rate Due to Non-Noble Gas Radionuclides

Requirement

RETS limit the dose rate to any organ, due to radioactive materials in gaseous effluents released from a
site to areas at and beyond the site boundary, to less than or equal to a dose rate of 1500 mrem/yr (see
Section 12.4 of each station’s RETS and Technical Specifications).

Typically the child is considered to be the limiting receptor in calculating dose rate to organs due to
inhalation of non-noble gas radionuclides in gaseous effluents.

Equation
The dose rate to any child organ due to inhalation is calculated by the following expression:

NNG

l5(ch"a)l(lnm-u)1 = R (chnd)iginnany {(X/ Q),Q, +(x/Q),Q, + [/ Q)g Q, } (A-16)
i

The summation is over non-noble gas radionuclides i.

. NNG

D (cha)i(inhat); Inhalation Dose Rate [mrem/yr]
Dose rate to the child age group from radionuclide i, via the inhalation
pathway to organ j due to non-noble gas radionuclides.

Richitdyiginnan; Inhalation Dose Factor [(mrem/yr)/(1Ci/m®))
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Inhalation dose factor for child age group for radionuclide i, and organ j.
This dose factor is defined by Equation A-9.

Qis, Qu, Qg Radionuclide Release Rate [uCi/sec]

Measured release rate of radionuclide i from a stack, vent,
or ground level release point, respectively.

All other terms have been previously defined.

Application

RETS require the dose rate due to non-noble gas radioactive materials in airborne effluents be
determined to be within the above limit in accordance with a sampling and analysis program specified in
the RETS (see Section 12.4 of each station's RETS and Technical Specifications).

To comply with this specification, each station obtains and analyzes samples in accordance with the
sampling and analysis program in its RETS. The child organ dose rate due to inhalation is calculated in
each sector at the location of the highest offsite ¥/Q. The result for the sector with the highest organ
inhalation dose rate is compared to the limit.

A.1.6 Operability and Use of Gaseous Effluent Treatment Systems

Requirement

10CFR50 Appendix | and the station RETS require that the ventilation exhaust treatment system and the
waste gas holdup system be used when projected offsite doses in 31 days, due to gaseous effluent
releases, from each reactor unit, exceed any of the following limits:

+ 0.2 mrad to air from gamma radiation.
* 0.4 mrad to air from beta radiation.
+ 0.3 mrem to any organ of a member of the public.

The nuclear power stations are required to project doses due to gaseous releases from the site at least
once per 31 days.

Equation

Offsite doses due to projected releases of radioactive materials in gaseous effluents are calculated using
Equations A-1, A-2 and A-7. Projected cumulative radionuclide releases are used in place of measured
cumulative releases A, A,y and Ayg.

Application

For a release attributable to a processing or effluent system shared by more than one reactor unit, the
dose due to an individual unit is obtained by proportioning the effluents among the units sharing the
system. The allocation procedure is specified in Chapter 10 of this manual.

A2 LIQUID RELEASES
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A.21 Dose

Requirement
The design objectives of 10CFR50, Appendix | and RETS provide the following limits on the dose to a ~
member of the public from radioactive materials in liquid effluents released from each reactor unit to

restricted area boundaries:

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

equal to 5 mrem to any organ.
. During any calendar year, less than or equal to 3 mrem to the total body and less than or

equal to 10 mrem to any organ.

The organ doses due to radioactivity in liquid effluents are also used as part of the 40CFR180 compliance
and are included in the combination of doses to determine the total dose used to demonstrate 10CFR20
compliance. (See Section A.4)

Dose assessments for 10CFR50 Appendix | compliance are made for four age groups
(adult/teenager/child/infant) using NUREG 0133 (Reference 14) methodology and Regulatory Guide 1.109
(Reference 6) dose conversion factors.

Equation

The dose from radioactive materials in liquid effluents considers the contributions for consumption of fish
and potable water. All of these pathways are considered in the dose assessment unless demonstrated
not to be present. While the adult is normally considered the maximum individual, the methodology

provides for dose to be calculated for all four age groups. The dose to each organ (and to the total body)
is calculated by the following expression:

D:qu =F At ZZAalp]cl (A-17)
P

The summation is over exposure pathways p and radionuclides i.

D;? Organ and Total Body Dose Due to Liquid Effluents [mrem]

Dose to organ j (including total body) of age group a due to radioactivity
in liquid effluents.

F Near Field Average Dilution Factor dimensionless

Dilution in the near field averaged over the period of interest.

Defined as:
Waste Flow
" Dilution Flow xZ (A-18)
Waste Flow Liquid Radioactive Waste Flow [gpm)

The average flow during disposal from the discharge structure release
point into the receiving water body.

Dilution Flow Dilution Water Flow During Period of Interest [gpm]

Z Discharge Structure Mixing Factor dimensionless
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Site-specific factor to account for the mixing effect of the discharge
structure. The factor addresses the dilution which occurs in the near field
between the discharge structure and the body of water containing the fish
in the liquid ingestion pathway. From Table F-1, Appendix F.

Duration of Release [hrs]

Average Radionuclide Concentration [uCifml]

Average concentration of radionuclide i, in the undiluted liquid effluent
during time period At.

Site-Specific Liquid Dose Factor [(mrem/hr)/(uCi/ml)]

Site-specific dose factor for age group a, nuclide i, liquid pathway p and
organ j. The pathways included are potable water and fish ingestion.
A,y is defined for these pathways in the following sections. Values for
A, are provided in Appendix F.

A 2.1.1 Potable Water Pathway

The site-specific potable water pathway dose factor is calculated by the following expression:

Where:
A% Aqipvj

U aw

DW

DFL;

Appendix A

u’
Aal(P’W)] = ko{av} DFLaIJ (A'1 9)
Site-Specific Dose Factor for Potable Water [(mrem/hr)/(uCi/ml)]

Pathway

Site-specific potable water ingestion dose factor for age group a, nuclide i
and organ j.

Conversion Constant (1.14E05) [(yr-pCi-mil)/(hr-pCi-l)]
Units constant to convert years to hours, pCi to uCi and liters to ml.
Potable Water Consumption Rate [I#yr]

Potable water consumption rate for age group a. Taken from Table E-5
of Regulatory Guide 1.109.

Potable Water Dilution Factor dimensionless

Dilution factor from the near field area within one-quarter mile of the
release point to the potable water intake. From Table F-1, Appendix F.

Ingestion Dose Conversion Factor [mrem/pCi]
Ingestion dose conversion factor for age group a, nuclide i and organ j.
Converts pCi ingested to mrem. Taken from Tables E-11 though E-14 of

Regulatory Guide 1.109. The value for H-3 is taken from NUREG 4013
(Reference 107).
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A.2.1.2 Fish Ingestion Pathway
The site-specific fish ingestion pathway dose factor is calculated by the following expression:
Aal(Flsh)] = koU:BFIDFLaIJ (A-20)
Where:
AdiFish)j Site-Specific Dose Factor for Potable Water [(mrem/hr)/(uCi/ml)]
Pathway
Site-specific fish ingestion dose factor for age group a, nuclide i and
organ j.
u.f Fish Consumption Rate [ka/yr]
Fish consumption rate for age group a. Taken from Table E-5 of
Regulatory Guide 1.109.
BF; Bioaccumulation Factor [(pCilkg)/(pCiN)]

Bioaccumulation factor for nuclide i in fresh water fish. Taken from Table
C-8 of Appendix C. ’

All other terms have been previously defined.

Application

RETS require determination of cumulative and projected dose contributions from liquid effluents for the
current calendar quarter and the current calendar year at least once per 31 days. (see Section 12.3 of
each station's RETS and/or Technical Specifications).

For a release attributable to a processing or effluent system shared by more than one reactor unit, the
dose due to an individual unit is obtained by proportioning the effluents among the units sharing the
system. The allocation procedure is specified in ODCM Chapter 10.

A2.2 Liquid Effluent Concentrations Requirement

Requirement

One method of demonstrating compliance to the requirements of 10CFR20.1301 is to demonstrate that
the annual average concentrations of radioactive material released in gaseous and liquid effluents do not
exceed the values specified in 10CFR20 Appendix B, Table 2, Column 2. (See 10CFR 20.1302(b)(2).)
However, as noted in Section A.5.1, this mode of 10CFR20.1301 compliance has not been elected.

As a means of assuring that annual concentration limits will not be exceeded, and as a matter of policy
assuring that doses by the liquid pathway will be ALARA; RETS provides the following restriction:

"The concentration of radioactive material released in liquid effluents to unrestricted areas shall be limited
to ten times the concentration values in Appendix B, Table 2, Column 2 to 10CFR20.1001-20.2402."

This also meets the requirement of Station Technical Specifications and RETS.

Equation
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According to the footnotes to 10CFR20 Appendix B, Table 2, Column 2, if a radionuclide mix of known
composition is released, the concentrations must be such that

~ D3| P (A-21)
~(10ECL, )~
where the summation is over radionuclide i.
Ci Radioactivity Concentration in [uCi/ml)

Liquid Effluents to the Unrestricted Area
Concentration of radionuclide i in liquid released to the unrestricted area.

ECL; Effluent Concentration Limit in Liquid [rCi/mi]
Effluents Released to the Unrestricted Area

The allowable annual average concentration of radionuclide i in liquid
effluents released to the unrestricted area. This concentration is
specified in 10CFR20 Appendix B, Table 2; Column 2. Concentrations for

noble gases are different and are specified in the stations' Technical
Specifications/RETS.

10 Multiplier to meet the requirements of Technical Specifications.

If either the identity or concentration of any radionuclide in the mixture is not known, special rules apply.
These are given in the footnotes in 10CFR20 Appendix B, Table 2, Column 2.

J Application
\_ The RETS and Technical Specifications require a specified sampling and analysis program to assure that
liquid radioactivity concentrations at the point of release are maintained within the required limits.
To comply with this provision, each nuclear power station obtains and analyzes samples in accordance
with the radioactive liquid waste (or effluent) sampling and analysis program in its RETS. Radioactivity

concentrations in tank effluents are determined in accordance with Equation A-22 in the next section.
Comparison with the Effluent Concentration Limit is made using Equation A-21.

A.23 Tank Discharges

When radioactivity is released to the unrestricted area with liquid discharge from a tank (e.g., aradwaste
discharge tank), the concentration of a radionuclide in the effluent is calculated as follows:

: Waste Flow (A-22)

' = ™1 Dilution Flow

Lo Concentration in Liquid effluent to the unrestricted area. [kCi/mi)

Concentration of radionuclide i in liquid released to the unrestricted area.

(o Concentration in the Discharge Tank [uCi/ml]

Measured concentration of radionuclide i in the discharge tank.

All other terms have been previously defined.
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A.24 Tank Overflow

Requirement

To limit the consequences of tank overflow, the RETS/Technical Specifications may limit the quantity of
radioactivity that may be stored in unprotected outdoor tanks. Unprotected tanks are tanks that are not
surrounded by liners, dikes, or walls capable of holding the tank contents and that do not have tank
overflows and surrounding area drains connected to the liquid radwaste treatment system. The specific
objective is to provide assurance that in the event of an uncontrolled release of a tank's contents, the
resulting radioactivity concentrations beyond the unrestricted area boundary, at the nearest potable water
supply and at the nearest surface water supply, will be less than the limits of 10CFR20 Appendix B, Table
2; Column 2,

The Technical Specifications and RETS may contain a somewhat similar provision. For most nuclear
power stations, specific numerical limits are specified on the number of curies allowed in affected tanks.

Application
Table F-1 of Appendix F provides information on the limits applicable to affected stations. The limits are
as stated for some stations in the station Technical Specifications.

A.25 Operability and Use of the Liquid Radwaste Treatment System

Requirement

The design objectives of 10CFR50, Appendix | and RETS/Technical Specifications require that the liquid
radwaste treatment system be operable and that appropriate portions be used to reduce releases of
radioactivity when projected doses due to the liquid effluent from each reactor unit to restricted area
boundaries exceed either of the following (see Section 12.3 of each station's RETS or Technical
Specifications);

0.06 mrem to the total body in a 31 day period.
* 0.2 mrem to any organ in a 31 day period.

Equation

Offsite doses due to projected releases of radioactive materials in liquid effluents are calculated using
Equation A-17. Projected radionuclide release concentrations are used in place of measured
concentrations, C;.

A.2.6 Drinking Water
Five nuclear power stations (Braidwood, Dresden, LaSalle, Quad Cities, and Zion) have requirements for

calculation of drinking water dose that are related to 40CFR141, the Environmental Protection Agency
National Primary Drinking Water Regulations. These are discussed in Section A.6.

Appendix A A-20 0212210640



./

Revision 3
January 2002

A.2.7 Non-routine Liquid Release Pathways

Cases in which normally non-radioactive liquid streams (such as the Service Water) are found to contain
radioactive material are non-routine will be treated on a case specific basis if and when this occurs. Since
each station has sufficient capacity to delay a liquid release for reasonable periods of time, it is expected
that planned releases will not take place under these circumstances. Therefore, the liquid release
setpoint calculations need not and do not contain provisions for treating multiple simultaneous release
pathways.

A3 DOSE DUE TO CONTAINED SOURCES

There are presently two types of contained sources of radioactivity which are of concern in Exelon Nuclear
offsite radiological dose assessments. The first source is that due to gamma rays from nitrogen-16 (*°N)
carried over to the turbine in BWR (boiling water reactor) steam. The second source is that due to
gamma rays associated with radioactive material resident in onsite radwaste storage facilities. Gamma
radiation from these sources contributes to the total body dose.

A.3.1 BWR Skyshine

The contained onsite radioactivity source which results in the most significant offsite radiation levels at
Exelon Nuclear nuclear power stations is skyshine resulting from '°N decay inside turbines and steam
piping at boiling water reactor (BWRs).

The ‘GI_\I that produces the skyshine effect is formulated through neutron activation of the oxygen atoms
{oxygen-16, or 160) in reactor coolant as the coolant passes through the operating reactor core. The '°N
travels with the steam produced in the reactor to the steam driven turbine. While the '®N is in transport, it
radioactively decays with a half-life of about 7 seconds and produces 6 to 7 MeV gamma rays. Typically,
offsite dose points are shielded from a direct view of components containing "°N, but there can be
skyshine radiation at offsite locations due to scattering of gamma rays off the mass of air above the
steamlines and turbine.

The offsite dose rate due to skyshine has been found to have the following dependencies:

e The dose rate decreases as distance from the station increases.

» The dose rate increases non-linearly as the power production level increases.

» The dose rate increases when hydrogen is added to the reactor coolant, an action taken
to improve reactor coolant chemistry characteristics (see Reference 39).

To calculate offsite dose due to skyshine in a given time period, a BWR must track the following
parameters:

» The total gross energy E, produced with hydrogen being added.
» The total gross energy E, produced without hydrogen being added.

The turbines at BWR sites are sufficiently close to each other that energy generated by the two units at
each site may be summed.

An initial estimate of BWR skyshine dose is calculated per the following equation:

D™ = (K)(E, +M,E, ) {OF, SF, e} (A-23)
k

The summation is over all locations k occupied by a hypothetical maximally exposed member of the public
characterized by the parameters specified in Table F-8 of Appendix F of the Dresden, LaSalle, and Quad
Cities ODCMs. The parameters in Equation A-23 are defined as follows:
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Dose Due to N-16 Skyshine [mrem]

External direct gamma dose due to BWR N-16 skyshine for the time
period of interest.

Empirical Constant [mrem/(MWe-hr)]
A constant determined by fitting data measured at each station.

Electrical Energy Generated Without Hydrogen Addition [MWe-hr]

Total gross electrical energy generated without hydrogen addition in the
time period of interest.

Electrical Energy Generated with Hydrogen Addition [MWe-hr]

Total gross electrical energy generated with hydrogen addition in the
period of interest.

Multiplication Factor for Hydrogen Addition dimensionless
Factor applied to offsite dose rate when skyshine is present. Hydrogen
addition increases main steam line radiation levels typically up to a factor
of approximately 5 (see Page 8-1 of Reference 39). M,, is station specific
and is given in Table F-8, Appendix F of Dresden, LaSalle and Quad
Cities ODCMs.

Occupancy Factor dimensionless
The fraction of time that the dose recipient spends at location k during
the period of interest. See Table F-8, Appendix F of Dresden, LaSalle
and Quad Cities ODCMs.

Shielding Factor dimensionless

A dimensionless factor that accounts for shielding due to occupancy of
structures.

SF, = 0.7 if there is a structure at location k:

SFy = 1.0 otherwise. See Table F-8, Appendix F of Dresden, LaSalle and
Quad Cities ODCMs.

Empirical Constant [m™]

A constant determined by fitting data measured at the
Dresden station (see Reference 45).

Distance [m]

Distance from the turbine to location k. See Table F-8, Appendix F of
Dresden, LaSalle and Quad Cities ODCMs.

\/1 A.3.2 Dose from Onsite Radwaste Storage Facilities
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A-22 0212210640



Revision 3
January 2002

Low-level radioactive waste may be stored at any, or all Exelon Nuclear nuclear power stations in the
following types of storage facilities:

Interim Radwaste Storage Facility (IRSF)

Concrete vaults containing 48 radwaste liners (48-Pack)

Dry Active Waste (DAW) facilities

Butler buildings/warehouses

Steam generator storage facilities

Independent Spent Fuel Storage Installation (ISFSI) facilities

The "48-Pack” is a shielded concrete vault which is designed to hold three tiers of radwaste liners in a four
by four array. The outer shell of the "48-Pack” is a three-foot thick concrete wall and a two and one-half
foot thick concrete cover slab. The vault is placed on a poured concrete slab. The liners may have an
average surface dose rate of fifteen (15) rem per hour (or up to 380 rem/hr if a 50.59 evaluation has been

completed).

The DAW facility will contain low-level radioactive waste that would result in dose rates less than the
10CFR20 requirements.

The dose rates resulting from these radwaste and spent fuel storage facilities will be monitored frequently
as they are being utilized, and if necessary, a dose calculation model similar to that of Equation A-23 will

be developed and placed in the ODCM.
A4 Total Dose Limits {10CFR20 and 40CFR190)

The regulatory requirements of 10CFR20 and 40CFR190 each limit total dose to individual members of
the public without regard to specific pathways. The only significant exposure pathways for light water
reactors included in 10CFR20 and 40CFR190 not addressed by 10CFR50 Appendix | are the direct
radiation pathway and exposure from on-site activity by members of the public. Sections A.1 and A.2
considered organ doses from the gaseous and liquid effluent streams for purposes of compliance with
10CFR50 Appendix I. Section A.3 addresses the direct radiation component that must be considered for
10CFR20 and 40CFR190 compliance. The following sections will describe the methodology of assessing
direct radiation dose and then the manner in which the various doses are combined to obtain the
appropriate "total" for regulatory compliance purposes.

Although annual dose limits in 10CFR20 are now expressed in terms of Total Effective Dose Equivalent
(TEDE) 40CFR190 limits are still stated as organ dose. The NRC continues to require 10CFR50 Appendix
| and 40CFR190 doses to be reported in terms of organ dose. Due to the fact that organ dose limits set
forth in 40CFR190 are substantially lower than those of 10CFR20 (25 mrem/yr vs 100 mrem/yr), the NRC
has stated that demonstration of compliance with the dose limits in 40CFR190 wili be deemed as
demonstration of compliance with the dose limits of 10CFR20 for most facilities (Reference 104). In
addition to compliance with 40CFR190 it may be necessary for a nuclear power plant to address dose
from on-site activity by members of the public.

A.4.1 External Total Body Dose

The external total body dose is corﬁprised of the following parts:
1)  Total body dose due to noble gas radionuclides in gaseous effluents (Section A.1.2),
2) Dose due to N-16 skyshine and other contained sources (Sections A.3.1 and A.3.2) and
3) Total body dose due to radioactivity deposited on the ground (Section A.1.4.1).

The external total body dose due to radioactivity deposited on the ground is accounted for in the
determination of the non-noble gas dose (See Equations A-7 and A-8) and is not considered here.

The total external total body dose, D, is given by:
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| DEX___ DTB + DSky + DOSF (A'24)
N D™ Total External Total Body Dose [mrem]

Total external total body dose due to irradiation by external sources at the
location of interest.

D™ Noble Gas Total Body Dose [mrem]
External total body dose due to gamma radiation from noble gas
radionuclides released in gaseous effluents at the location of interest.
See Equation A-3.

DS¥ N-16 Skyshine Total Body Dose [mrem]

External total body dose due to N-16 skyshine for the period and location
of interest. See Equation A-23.

DosF Dose From On-Site Storage Facilities [mrem]

External total body dose due to gamma radiation from on-site storage
facilities at the location of interest. See Section A.3.2.

A4.2 - Total Dose

The total dose, D', in the unrestricted area to a member of the public due to plant operations is given by:

? ‘D™ =D™ +DY + DN (A-25)
N
where:
pTet Total Dose To Member of Public [mrem]
Total off-site dose to a member of public due to plant operations.
DX Total External Total Body Dose [mrem]
Total body dose due to external exposure to noble gases, N-16 skyshine
and on-site storage facilities.
D° Liquid Effluent Dose [mrem]
Dose due to liquid effluents to age group a and organ j. The age group
and organ with the highest dose from liquid effluents is used.
Dj¢ Non-Noble Gaseous Effluent Dose [mrem]
Dose due to non-noble gaseous effluents to age group a and organ j.
The age group and organ with the highest dose from non-noble gas
effluents is used.
. A5 COMPLIANCE TO TOTAL DOSE LIMITS
\_/
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A.5.1 Total Effective Dose Equivalent Limit - 10CFR20 Compliance

Requirement

Each station's RETS limits the Total Effective Dose Equivalent (TEDE) to an annual limit of 100 mrem, as
required by 10CFR20.1301 (a)(1). Demonstration of compliance with the limits of 40CFR190 (per Section
4.5.2) will be considered to demonstrate compliance with the 100 mrem/year limit.

A.5.1.1 Dose to a Member of the Public in the Unrestricted Area

The NRC has stated that demonstration of compliance with the limits of 40CFR190 or with the design
objectives of Appendix | to 10CFR50 will be deemed to demonstrate compliance with the limits of
10CFR20.1301(a)(1). Power reactors that comply with Appendix | may also have to demonstrate that they
are within the 25 mrem limit of 40CFR190 (See Reference 104).

A.5.1.2. Dose to a Member of the Public in the Restricted Area

In August of 1995, a revision to 10CFR20 was implemented that changed the definition of a member of
the public. As a result, for each nuclear station, estimated doses were calculated for a member of the
public who enters the site boundary, but is not authorized for unescorted access to the protected area of
the site and does not enter any radiologically posted areas on the site. Realistic assumptions were made
for occupancy times and locations visited while within the site boundary.

These evaluations indicate that the doses estimated for these members of the public are well within the
10CFR20 limits. These dose evaluations will be performed annually and if necessary, a model will be
developed and included in the ODCM.

Application
Evaluation of the 40CFR190 dose is used to demonstrate compliance to 10CFR20 and satisfy station
RETS and Technical Specifications (see Chapter 12).

A5.2 Total Dose due to the Uranium Fuel Cycle (40CFR190)
Requirement

RETS and 40CFR190 limit 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 to the following:

* Less than or equal to 25 mrem to the total body.
e Less than or equal to 25 mrem to any organ except the thyroid.
» Less than or equal to 75 mrem to the thyroid.

Total Dose Components

This requirement includes the total dose from operations at the nuclear power station. This includes
doses due to radioactive effluents (airborne and liquid) and dose due to direct radiation from non-effluent
sources (e.g., sources contained in systems on site). It also includes dose due to plants under
consideration, neighboring plants and dose due to other facilities in the uranium fuel cycle.

The operations comprising the uranium fuel cycle are specified in 40CFR190.02(b). The following are
included to the extent that they directly support the production of electrical power for public use utilizing
nuclear energy:

Milling of uranium ore.

Chemical conversion of uranium.
Isotopic enrichment of uranium.
Fabrication of uranium fuel.

Appendix A A-25 0212210840



Revision 3
January 2002

» Generation of electricity by a light-watered-cooled nuclear power plant using uranium fuel.
¢ Reprocessing of spent uranium fuel.

Excluded are:

Mining operations.

Operations at waste disposal sites.

Transportation of any radioactive material in support of these operations.

The re-use of recovered non-uranium special nuclear and by-product materials from the
cycle.

When Compliance Assessment is Required
Compliance with the 40CFR190 regulations is now required as part of demonstration of compliance to
10CFR20 regulations per 10CFR20.1301(d).

Equation
The dose due to the uranium fuel cycle is determined by equation A-25.
A.5.3 Summary of Compliance Methodology

The required compliance is given in Tables 2-1, 2-2 and 2-3. In Table 2-1, the dose components are
itemized and referenced, and an indication of their regulatory application is noted. A more detailed
compliance matrix is given in Table 2-3. The locations of dose receivers for each dose component are
given in Table 2-2.

Further, Table 2-2 states the location of the receiver and occupancy factors, if applicable. In general, the
receiver spends time in locations that result in maximum direct dose exposure and inhales and ingests
radioactivity from sites that yield maximum pathway doses. Thus, the dose calculated is a very
conservative one compared to the "average” receiver who does not go out of his way to maximize
radioactivity uptakes. Finally, the connection between regulations, the ODCM equations and the station
RETS and Technical Specifications is given in Table 12-0.

A6 DOSE DUE TO DRINKING WATER (40CFR141)

The National Primary Drinking Water Regulations, 40CFR141, contain the requirements of the
Environmental Protection Agency applicable to public water systems. Included are limits on radioactivity
concentration. Although these regulations are directed at the owners and operators of public water
systems, several stations have requirements in their Technical Specifications related to 40CFR141.

A.6.1 40CFR141 Restrictions on Manmade Radionuclides

Section 141.16 states the following (not verﬁatim):

(a) The average annual concentration of beta particle and photon radioactivity from man-made
radionuclides in drinking water shall not produce an annual dose equivalent to the total body
or any internal organ greater than 4 millirem/year.

(b) Except for the radionuclides listed in Table A-0, the concentration of man-made radionuclides
causing 4 mrem total body or organ dose equivalents shall be calculated on the basis of
drinking 2 liter of water per day. (Using the 168 hour data listed in "Maximum Permissible
Body Burdens and Maximum Permissible Concentration of Radionuclides in Air or Water for
Occupational Exposure, "NBSHandbook 69 as amended August 1963, U.S. Department of
Commerce.). If two or more radionuclides are present, the sum of their annual dose
equivalents to the total body or any organ shall not exceed 4 millirem/year.
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A.6.2 Application

TABLE A-0
AVERAGE ANNUAL CONCENTRATIONS ASSUMED TO
PRODUCE A TOTAL BODY OR ORGAN DOSE OF 4 MREM/YR

Radionuclide Critical Organ pCi/ liter
Tritium Total body 20,000
Strontium-90 Bone marrow 8

The projection or calculation of dose due to the drinking water pathway is made using Equations A-17 and
A-19. Projections are made using projected radionuclide releases in place of measured releases A,
Doses calculated using Equations A-17 and A-19 may differ from doses determined by the methodology
prescribed in 40CFR141.16.

When required, a nuclear power station prepares a special report on radiological impact at the nearest
community water system. This system is taken as the one listed in Table A-3 of this appendix. The report
should include the following:

Appendix A

The doses calculated by Equations A-17 and A-19.

A statement identifying the dose calculation methodology (e.g., a reference to this manual).
A statement that the doses calculated by the ODCM methodology are not necessarily the
same as doses calculated by the methodology prescribed in 40CFR141.16.

The data used to calculate the doses. This information includes the amounts of radioactivity
released and the flow rate and dilution values used (see Table F-1). This information is
provided to assist the operator of the community water system in performing its own dose
assessment.
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Table A-1
COMPLIANCE MATRIX
Regulation Dose to be compared to limit
10CFR50  Gamma air dose and beta air dose due to airbarne radioactivity in effluent

Appendix | plume.

» Total body and skin dose due to airborne radioactivity in effluent plume are
reported only if certain gamma and beta air dose criteria are exceeded.

o Dose for all organs and all four age groups due to iodine and particulate in
effluent plume. Existing pathways are considered.

e Dose for all organs and all four age groups due to radioactivity in liquid

effluents.
10CFR20 o Adherence determined by compliance with dose limits of 40CFR190.
40CFR190 ¢ Total body dose due to direct radiation, ground and plume exposure from
(now, by reference, all sources at a station.

also part of 10CFR20
e Organ doses to an adult due to all pathways.

RETS/ODCM » "Instantaneous” noble gas total body and skin dose rates and radioiodine,
tritium and particulate inhalation dose rates to a child due to radioactivity in
airborne effluents.

* "Instantaneous” concentration limits for liquid effluents.
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Table A-2
Y Release Point Classifications

Release Release Point

Station Point Classification®

Braidwood 1 & 2 Vent Stacks Vent (Mixed Mode)

Byron 1 &2 Vent Stacks Vent (Mixed Mode)

Dresden 1 Plant Chimney Stack (Elevated)
Chemical Cleaning Vent (Mixed Mode)

Dresden2 & 3 Chimney Stack (Elevated)
Reactor Building Vent (Mixed Mode)
Ventilation
Exhaust Stack

LaSalle1 &2 Main Station Stack (Elevated)
Vent Stack .
Standby Gas Stack (Elevated)
Treatment Stack®

N

Quad Cities 1 & 2 Chimney Stack (Elevated)
Reactor Building Vent (Mixed Mode)
Ventilation
Exhaust Stack

Zion1 &2 Vent Stacks Ground Level

*The definitions of release point classifications (stack, vent and ground level) are given in Section 4.1.4.
®The LaSalle standby gas treatment stack is located inside the main station vent stack.
N
N
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Station

Braidwood

Byron

Dresden

LaSalle

Quad Cities

Zion

Table A-3
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Nearest Downstream Community Water Systems

Characteristics of Nearest
Affected Downstream Community

Exelon Nuclear
Facilities
Upstream of

Station

None

None

Braidwood

Braidwood

Dresden

None

None

Water Supply

Location
and
Distance®

Wilmington,
5 river miles

None within
115 river
miles

Peoria,
106 river
miles

Peoria,
97 river
miles

E. Moline,
16 river
miles

Lake County
Intake,
1.4 miles

Other Exelon
Nuclear Stations
Upstream of

Water Supply

None

NAP

Braidwood
‘LaSalle

Braidwood
Dresden

None

None

0ODCM Bases and Reference Document (Reference 101) Table O-2 and O-6 provide the bases of the

location and distance data.

PNA = not applicable. For purposes of the calculations in the ODCM, there are no community water

supplies affected by liquid effluents from Byron Station. This is based on the absence of community water
supplies between the Byron Station liquid discharge to the Rock River and the confluence of the Rock and
Mississippi Rivers, 115 miles downstream.
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Table A-4

40CFR190 Compliance

40CFR190 Dose Annual Limit ODCM Dose and Equation Number
(mrem)
Total Body 25 Total Body Dose; A-25 evaluated for total body
Thyroid 75 Thyroid Dose; A-25 evaluated for thyroid
Other Organs 25 Organ Dose; A-25 evaluated for all organs
except thyroid
Notes:
1. The evaluation is made considering the following sources:

a. Radioactivity in contained sources within the station;

b.
c.

nuclear fuel cycle.

Appendix A

Radioactivity in station gaseous and liquid effluents;
Dose contributions from neighboring stations and other facilities in the
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SECTION 1:

MODELS AND PARAMETERS FOR AIRBORNE EFFLUENT
CALCULATIONS

B.0 INTRODUCTION

The equations used for calculation of doses due to radioactive airborne effluents are given in Section A.1
of Appendix A. The equations involve the following types of parameters: )

e Meteorological Parameters
These include x/Q, gamma-y/Q, D/Q and wind speed. Their values are based on historical
average atmospheric conditions at a site for a selected multi-year historical period (see
Section 4.1.5).

e Dose Factors
These parameters are used to provide a simple way to calculate doses and dose rates due
to gamma and beta radiation. These parameters are independent of meteorological
conditions and therefore generic (i.e., not station-specific).

¢ Measured Release Parameters

These are measured values of radioactivity releases and release rates.

¢ Radiological Decay Constants
These are used to account for the radioactive decay between the release of radioactivity to
the environment and the exposure of persons to it.

* Production/Exposure Parameters
These are parameters characterizing agricultural production (e.g., length of growing season,
transport times) and human exposure patterns (e.g., exposure period, breathing rate, food
consumption rates). These parameters affect the quantities of radioactivity to which persons
may be exposed.

This appendix discusses the methodology used to determine values of these parameters. Section B.1
addresses how the historical meteorology of a site is characterized by use of a function called the joint
frequency distribution. Section B.1 and Sections B.3 through B.5 present equations that use the joint
frequency distribution to obtain values for site-specific meteorological parameters. These equations
involve a mathematical model of a plume known as the Gaussian plume model. This model is developed
in Section B.2. Various generic dose factors are discussed in Sections B.6 through B.10. The other
parameters are discussed in the remaining sections.

B.1 METEOROLOGICAL DATA AND PARAMETERS
Predicting where airborne effluent will travel requires information on the following:

o Wind speed
*  Wind direction
e  Atmospheric turbulence

The greater the atmospheric turbulence, the more an effluent plume will tend to broaden and the more
dilute the concentration will be. Atmospheric turbulence is affected by the general condition of the
atmosphere (e.g., the vertical temperature distribution) and by local features (e.g., objects that protrude
into the wind stream). A commonly used classification scheme for the degree of atmospheric turbulence
associated with the general condition of the atmosphere involves seven stability classes:

A Extremely Unstable
B  Moderately Unstable
C  Slightly Unstable

D  Neutral
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E Slightly Stable
F  Moderately Stable
G Extremely Stable

This classification scheme is based on Reference 5, Table 1. Each class is associated with a particular
range of wind direction fluctuations and of vertical temperature gradients in the atmosphere. These are
specified in Table C-4 of Appendix C.

B.1.1 Data

Historical atmospheric conditions at each nuclear power station were recorded by an instrumented
meteorological tower that measured wind speed, wind direction, and temperature at various heights.
Hourly average values of wind speed, wind direction, and stability class were determined. The difference
in temperature between two heights was used to assign an atmospheric stability class based on the
correlation between temperature gradient and stability class in Table C-4 of Appendix C.

In obtaining the data, quality assurance checks and corrections were made. Also, corrections were
applied to compensate for the limitations of wind sensors at low speeds. A calm was said to exist if the
wind speed was less than that of the threshold of either the anemometer (wind speed meter) or the wind
direction vane. For calm conditions, a wind speed equal to one-half of the higher threshold was assigned.
For each stability class, the wind directions during calm conditions were assumed to be distributed in
proportion to the observed wind direction distribution of the lowest non-calm wind speed class.

B.1.2 Joint Frequency Distribution

The data for a particular historical period are summarized by developing a joint frequency distribution
(JFD). Each such distribution specifies the fraction of time during the historical period that the following
jointly occur:

* Wind speed within a particular range (wind speed class).

e Downwind direction in one of the 16 sectors corresponding to the 16 principal compass
directions (N, NNE, etc.).

* Atmospheric conditions corresponding to one of the seven atmospheric stability classes
discussed in Section B.1. Table B-1 of this appendix displays a portion of an example JFD.

Different JFDs are associated with the different release classifications defined in Section 4.1 4. One JFD
is defined for stack releases, and another JFD is defined for ground level releases. Two JFDs are
associated with vent (mixed mode) releases, one for the portion of the time the release is treated as
elevated and the other for the portion of the time the release is treated as ground level.

B.1.2.1 Downwind Direction Versus Upwind Direction

Unless otherwise noted, any reference to wind direction in this document represents downwind direction,
i.e., the direction in which the wind is blowing toward. This is because the parameters developed in this
document are used to calculate radioactivity concentration and radiation dose downwind of a release
point. In contrast, it is conventional for meteorologists to provide JFDs based on upwind direction, the
direction from which the wind is blowing. For example, the JFDs presented in the annual operating
reports of the nuclear power stations are obtained from a meteorological contractor and the directions
specified in the reports are upwind directions. Users of JFDs should always be careful to ascertain
whether the directions specified are upwind or downwind.
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B.1.2.2 Stack JFD

For a stack release, the JFD is defined as follows:

Zfg(n,0,0) Joint Frequency Distribution, Stack Release

The fraction of hours during a period of observation that all of the following hold:
» The average wind speed is within wind speed class n.

¢ The downwind direction is within the sector denoted by 6.

¢ The atmospheric stability class is c.

This function is defined for application to a stack release point (see Section 4.1 .4). lts value is based on
hourly average wind data obtained at a height representative of the release point height.

The stack JFD is normalized to 1:

Zfg(n,6,c) =1 (B-1)

The summation is over all wind speed classes n, all compass direction sectors 6, and all stability classes
c.

B.1.2.3 Ground Level JFD

For a ground level release, the JFD fg(n, 6,c) is defined in the same way as for a stack release except

that the wind data are obtained at a heiéht representative of a ground level release point. This height is
taken as about 10 meters.

The ground level JFD is normalized to 1:

Efg(n6,c)=1 (B-2)
The summation is over all wind speed classes n, all compass direction sectors, and all stability classes ¢.
B.1.2.4 VentJFDs
In accordance with the approach recommended in Regulatory Guide 1.111 (Reference 7), the plume from
a vent release is treated as elevated part of the time and as ground level the rest of the time. Two JFDs

are determined:

¢ fy,elev(n,6,c) characterizes the plume during the part of the time that it is considered
elevated;

. fv,gnd(n,e,c) characterizes the plume during the part of the time that it is considered
ground level.

Their definitions are as follows:

fv,elev(n,8,¢) Joint Frequency Distribution, Elevated Portion of a Vent Release
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The fraction of hours during a period of observation that the plume is considered
elevated and that all of the following hold:

* The average wind speed is within wind speed class n.

* The downwind direction is within the sector denoted by 6.

* The atmospheric stability class is c.

fv’gnd(n,e,c) Joint Frequency Distribution,
Ground Level Portion of a Vent Release

The fraction of hours during a period of observation that the plume is considered
ground level and that all of the following hold:

The average wind speed is within wind speed class n.
The downwind direction is within the sector denoted by @.
* The atmospheric stability class is ¢.

The value of fy gjey(n, 6,¢) is based on hourly average wind data at a height representative of the vent

release point. Where the measurement height differed considerably from the release height, wind speed
data for the release height was obtained by extrapolation. The value of fv,gnd(“s 6,c) is based on hourly

average wind data obtained at a height representative of a ground level release point. This is taken as
about 10 meters.

The sum of these two JFDs is normalized to 1:

Z{ fy elev(n, 6,c) + fv,gnd(n, 6,c) } =1 (B-3)

The summation is over all wind speed élasses n, all compass direction sectors 0, and all stability classes
c.

The prescription of Regulatory Guide 1.111 is used in determining the fraction of time that the plume is

considered elevated and the fraction of time that it is considered ground level. The fractions are obtained
from the ratio of stack exit velocity W,, to hourly average wind speed u at the height of the vent release

point as follows:

-If Wo/u > 5, then the plume is considered elevated for the hour.
-if Wolu < 1, then the plume is considered ground level for the hour.

1t 1 <Wolu < 5, the plume is considered to be a ground level release for a fraction Gy of the
hour and an elevated release for a fraction (1 - Gy) of the hour where Gy is defined as follows:

Gt =2.58 - 1.58(Wy/u) for 1.0 <Wo/u<1.5 (B-4)
Gt = 0.30 - 0.06(W/u) for1.5 < Wo/u <5.0 (B-5)
B.1.3 Average Wind Speed

Using the joint frequency distribution, average wind speeds are obtained for each station. Values are
obtained for each downwind direction (N, NNE, etc.) and for various release point classifications (stack,
vent, and ground level).
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B.1.3.1 Stack Release
For a stack release, the following formula is used:
us(6) = ={ fg(n, 6,c)uy, ¥ Z{f5(n, 6,c) } (B-6)
where the summations are over wind speed classes n and stability classes c.
ug(6) Average Wind Speed, Stack Release [m/sec]

The average wind speed in downwind direction © for a stack release.

Un Wind Speed for Class n [m/sec]

A wind speed representative of wind speed class n. For each wind speed
class except the highest, up, is the average of the upper and lower limits of

the wind speed range for the class. Forthe highest wind speed class, un
is the lower limit of the wind speed range for the class.

The parameter fg is defined in Section B.1.2.2.

B.1.3.2 Ground Level Release

For a ground level release, the following formula is used:

ug(e) =X{ fg(n, 6,c)u, ¥/ X{ fg(n, 0,c) } {B-7)
where the summations are over wind speed classes n and stability classes c.
ug(e) Average Wind Speed, Ground Level Release [m/sec]
The average wind speed in downwind direction  for a ground level
release.

The parameter fg is defined in Section B.1.2.3.

B.1.3.3 Vent Release

For a vent release, the following formula is used:

uy(6) =X { [fv,elev(n; 6,c) + fv,gnd(n: 0,c)lun } (B-8)
1Z{ty elev(n,8,c) + fv,gnd(n.8,c) }

where the summations are over wind speed classes n and stability classes c.

uy(6) Average Wind Speed, Vent [m/sec]
Release

The average wind speed in downwind direction © for a vent release.

The parameters fy, gley and fv,gnd are defined in Section B.1.2.4.
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B.2 GAUSSIAN PLUME MODELS

As a plume of airbormne effluents moves away from an elevated release point, the plume both broadens
and meanders. It has been found that the time-averaged distribution of material in an effluent plume can
be well represented mathematically by a Gaussian function.

B.2.1 Mathematical Representation

In a widely used form of the Gaussian plume model, the distribution of radioactivity in a plume is
represented mathematically by the equation below:

x(x,y,2) = [Q/(2n oy ozu)]exp(-y21202y) x {exp[-(z-hg)/202,] + exp[-(z+he)2/262,]} (B-9)

%(%,¥,2) Radioactivity Concentration [nCi/m?]

The concentration of radioactivity at point (x,y,2). The x, y, and z axis are
defined as follows:

X Downwind Distance [m]
Distance from the stack along an axis paraliel to the wind direction.
y Crosswind Distance [m]

Distance from the plume centerline along an axis parallel to the
crosswind direction.

z Vertical Distance [m]

Distance from the ground (grade level at the stack) along an axis
parallel to the vertical direction.

Q Release Rate [HCi/sec]
Release rate of radioactivity. '

Oy: Oz Horizontal and Vertical Dispersion Coefficients [m]

Standard deviations of the Gaussian distributions describing the plume cross-
sections in the y and z directions, respectively. The values of Oy and o, depend

on several parameters:
* Downwind distance x.

Because a plume broadens and meanders as it travels away from its release
point, the values of oy and o, increase as x increases.

¢ Atmospheric stability class.

The plume is broadest for extremely unstable atmospheric conditions (Class
A) and narrowest for extremely stable conditions (Class G).

¢ Time period of averaging plume concentration.
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The values of Oy and o increase as the averaging period increases.

u Average Wind Speed [m/sec]
The average wind speed. The average speed of travel of the plume in the x
direction.

he Effective Release Height [m]

The effective height of effluent release above grade elevation.
This may be greater than the actual release height (see Section B.3.1 .1.1).

The two exponential functions of z in the curly brackets of Equation B-9 represent the emitted and
reflected components of the plume. The reflected component (represented by the exponential with (z +
he) in its argument) arises from the assumption that all material in a portion of the plume that touches

ground is reflected upward. This assumption is conservative if one is calculating airborne radioactivity
concentration.

B.2.2 Sector-Averaged Concentration

Sometimes, it is desired to determine the average concentration of radioactivity in a sector due to release
at a constant rate over an extended period of time (e.g., a year). For such a case, it is reasonable to
assume that the wind blows with equal likelihood toward all directions within the sector. From Equation
B-9, the following equation for ground level radioactivity concentration can be derived:

Xsector = [2.032 f Q/(cz u x)Jexp(-h2e/202,) (B-10)
Asector Sector-Averaged Ground Level [uCi/m3]
Concentration

The time-averaged concentration of airborne radioactivity in a sector at ground
level at a distance x from the release point.

2.032 A dimensionless constant.
f Sector Fraction
The fraction of time that the wind blows into the sector.
Q Release rate of radioactivity. [uCi/sec]
The other parameter definitions are the same as for Equation B-9.
B.3 RELATIVE CONCENTRATION FACTOR y/Q

The relative concentration factor /Q (called “chi over Q") provides a simplified method of calculating the
radioactivity concentration at a given point in an effluent plume when the release rate is known:

x =Q (x/Q) (B-11)

x Concentration of Radioactivity [uCi/m3]
Concentration of radioactivity at point
(x,y,2) in the atmosphere.
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Q Release Rate [uCi/sec]
Release rate of radioactivity.
2/Q Relative Concentration Factor [sec/m3]

Relative concentration factor for point (x,y,z). The airborne
radioactivity concentration at (x,y,z) per unit release rate.

Expressions for x/Q based on Gaussian plume models can be obtained from the equations for

concentration y in Section B.2 simply by dividing both sides of each equation by the release rate Q. For
example, from Equation B-10, we obtain the following expression for the sector-averaged y/Q:

(Xsecto/Q) = [2.032 /(G u x)]exp(-h2g/202,) (B-12)
The values of x/Q used in ODCM calculations are both sector-averaged and time-averaged. The time
averaging is based on the historical average atmospheric conditions of a specified multi-year time period
(see Section 4.1.5) and is accomplished by use of the joint frequency distribution discussed in Section
B.1.2. The formulas used to obtain the time- and sector-averaged x/Q are based on Equation B-12, but
vary depending on whether the release is a stack, ground level, or vent release. The three cases are
discussed below.
B.3.1 Stack Release

For a stack release, the relative concentration factor is designated (x/Q)g. lts value is obtained by the
following formula:

(1/Q)s = (2.032/R) X{ f5(n,8,c) x [exp (-h2e/2622)/(up, o,) } (B-13)
The summation is over wind speed classes n and atmospheric stability classes c.

(/Q)g Relative Concentration Factor, [sec/m3)
Stack Release

The time- and sector-averaged relative concentration factor due to a stack
release for a point at ground level at distance R in downwind direction 6.

2.032 Constant
A dimensionless constant.

R Downwind Distance [m]
The downwind distance from the release point to the point of interest.

f5(n,0,c) Joint Frequency Distribution, Stack Release

This function is defined in Section B.1.2.2.

he Effective Release Height [m]
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The effective height of an effluent release above grade elevation. For a stack
release, hg is obtained by correcting the actual height of the release point for

plume rise, terrain effects, and downwash as described in Section B.3.1.1 , below.

Standard Vertical Dispersion Coefficient [m]

A coefficient characterizing vertical plume spread in the Gaussian mode| for
stability class c at distance R (see Table C-5 of Appendix C).

Wind Speed [m/sec]

A wind speed representative of wind speed class n. For each wind speed class
except the highest, up, is the average of the upper and lower limits of the wind

speed range for the class. For the highest wind speed class, uy, is the lower limit
of the wind speed range for the class.

This expression is recommended by the NRC in Regulatory Guide 1.111 (Reference 7) and is based on a
model designated there as the "constant mean wind direction model.* In this model it is assumed that the
mean wind speed, the mean wind direction, and the atmospheric stability class determined at the release
point also apply at all points within the region in which airborne concentration is being evaluated.

B.3.1.1

Effective Release Height

For a stack release, the effective height of an effluent plume is the height of the release point corrected
for plume rise and terrain effects:

If (hs + hpp - hy) < 100 meters, then

Appendix B

If (hg + hpy - hy) > 100 meters, then;
-hg =100 meters (B-15)
Effective Release Height [m]

The effective height of an effluent release above grade elevation.

Actual Release Height [m]

The actual height of the release above grade elevation.

Plume Rise [m]

The rise of the plume due to its momentum and buoyancy.
(See Section B.3.1.1.1.)

Terrain Correction Parameter [m]

A parameter to account for the effect of terrain elevation on the effective
height of a plume. Taken as zero (see Section B.3.1.1 2).
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B.3.1.1.1 Plume Rise

Because nuclear power stations generally have plumes that are not significantly warmer than room
temperature, plume rise due to buoyancy is neglected. The formulas used to calculate plume rise due to
momentum are given below.

Stability Classes A, B, C, and D

For these stability classes (corresponding to unstable and neutral conditions), hp,. is taken as the lesser
of two quantities:

hp,. = Minimum of [(hpr)1, (hp,.)2] (B-16)

(hpr)1 = (1.44)(Wo/u)23(R/d)1/3(d) - hy (B-17)

(hpr)2 = (3)(Wo/u)(d) (B-18)
Wo Stack Exit Velocity [m/sec]

The effluent stream velocity at the discharge point.

u Wind Speed [m/sec]

R Downwind Distance [m]
The downwind distance from the release point to the point of interest.

d Internal Stack Diameter [m]
The interr-1al diameter of the stack from which the effluent is released.

hg Downwash Correction [m]
A parameter to account for downwash at low exit velocities.
The parameter hy is calculated by the following equations:
hg = (3)(1.5 - Wolu)(d) if Wo<1.5u (B-19)
hg =0 if Wo>1.5u (B-20)

Note that (hp)¢ can increase without limit as R increases; thus, the effect of (hpr)2 is to limit calculated
plume rise at large distances from the nuclear power station.

Stability Classes E, F, and G
For these stability classes (corresponding to stable conditions), hpr is taken as the minimum of four

quantities:

hpr = Minimum of [(hpr)1, (hpr)2, (hpp), (hpp)gl (B-21)
(hpr)z = (4)(FIs)1/4 (B-22)
(hpr)s  =(1.5)(Flu)1/3(s)1/6 (B-23)
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F Momentum Flux Parameter [m¥sec?
A parameter defined as:
F = Wg2(d/2)2 (B-24)
S Stability Parameter [1/sec?]

A parameter defined as follows:

Stability
Class S
E 8.70E-4
F 1.75E-3
G 2.45E-3

The quantities {(hpr)1 and (hpr)2 are as defined by Equations B-17 and B-18.

B.3.1.1.2 Terrain Effects

Due to general flatness of the terrain in the vicinity of the stations, the terrain correction parameter hy was
taken as zero in all calculations of meteorological dispersion and dose parameters for this Manual.

B.3.2 Ground Level Release

For a ground level release, the relative ‘concentration factor is designated (x/Q),. lts value is obtained by
the following formula:

(xl(?!)g = (2.032/R) x{ fg(n.8,c)(unS;) } (B-25)
The summation is over wind speed classes n and atmospheric stability classes c.
(xIQ)g Relative Concentration Factor, Ground Level Release [sec/m3]
The time- and sector-averaged relative concentration factor due toa

ground level release for a point at ground leve! at distance R in downwind
direction 6.

fg(n,e,c) Joint Frequency Distribution, Ground Level Release

This function is defined in Section B.1.2.3.

S, Wake-Corrected Vertical Dispersion Coefficient [m]

The vertical dispersion coefficient corrected for building
wake effects. The correction is made as described below.
The remaining parameters are defined in Section B.3.1.

Wake-Corrected Vertical Dispersion Coefficient
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The wake-corrected vertical dispersion coefficient S, in Equation B-25 is taken as the lesser of two
quantities: :

S, = Minimum of [(S;)4, (Sz)5] (B-26)

Sz  =[o% + D¥(2m)]"? (B-27)

(S22 =(c2)(3") (B-28)
S, Wake-Corrected Verti::al Dispersion Coefficient [m]

The vertical dispersion coefficient corrected for building wake effects.

Gz Standard Vertical Dispersion Coefficient [m]

The coefficient characterizing vertical plume spread in the Gaussian model
for stability class ¢ at distance R (see Table C-5 of Appendix C).

D Maximum Height of Neighboring Structure [m]

The maximum height of any neighboring structure causing building wake
effects (see Table F-2 of Appendix F).

B.3.3 Vent Release

For a vent release, the relative concentration factor is designated (x/Q)y. lts value is obtained by the
following formula:

((/Q)y = (2.032/R) Z{ fy eley(n.6;c) (B-29)
x [exp(-h’e/26°)}/(up, ©7)
+ fy,gnd(n,6,c)/(unSz) }

The summation is over wind speed classes n and atmospheric stability classes c¢.

(/Q)y Relative Concentration [sec/m3]
Factor, Vent Release

The time and sector averaged relative concentration factor due to a vent
release for a point at ground level at distance R in downwind direction .

The parameters fy, gjey(n,0,c) and fv,gnd(n,8:c) are defined in Section B.1.2.4. The parameter S, is
defined in Section B.3.2. The remaining parameters are defined in Section B.3.1.

B.3.4 Removal Mechanisms

In Regulatory Guide 1.111, the NRC allows various removal mechanisms to be considered in evaluating
the radiological impact of airborne effluents. These include radioactive decay, dry deposition, wet
deposition, and deposition over water. For simplicity, these removal mechanisms cited by the NRC are
not accounted for in the evaluation or use of 4/Q in this manual. This represents a conservative
approximation as ignoring removal mechanisms increases the value of 4/Q.
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B.3.5 Gamma-y/Q

The noble gas dose factors of Reg. Guide 1.109, Table B-1 are based upon assumption of immersion in a
semi-infinite cloud. For ground level and mixed mode releases this tends to overestimate the gamma air
dose arising from a plume that is actually finite in nature.

For elevated releases, the Reg. Guide 1.109 noble gas dose factors will underestimate exposure as they
consider only immersion and not that portion of exposure arising from sky shine. At distances close in to
the point of elevated release, the ground level concentration as predicted by /Q will be essentially zero.
In such a case, the sky shine component of the exposure becomes significant and must be considered.

The gamma-y/Q provides a simplified method of calculating gamma air dose and dose rates for a finite
and/or elevated plume. The methodology of Reg. Guide 1.109, Section C.2 and Appendix B provides the
methodology for calculating finite cloud gamma air dose factors from which the gamma-x/Q values can
be derived. Section B.5 addresses the calculation of these dose factors,

The gamma-x/Q is defined such that for a given finite cloud the semi-infinite cloud methodology will yield
the same gamma air dose as the finite cloud methodology.

Three gamma-/Q values are defined: (x/Q)¢Y, (x/Q),Y and (x/Q)g" for stack, vent and ground level
releases, respectively. These gamma-x/Q values are calculated as follows:

For stack releases:

(/) = Z' T (B-30)

The summation is over all noble gas radionuclides i.

Y
G/ Q)s Gamma-y/Q for Stack Releases [sec/m3]
f; Noble Gas Nuclide Fraction dimensionless

Fraction of total noble gas release that is due to radionuclide i. Values
for f; are listed in Table B-0.

S; Stack Release Gamma Air Dose Factor [(mrad/yr)/(uCi/sec)]

Gamma air dose factor for radionuclide i for stack releases as defined in
Section B.5.1. Taken from Appendix F, Table 7.

M, Semi-Infinite Cloud Dose Factor [(mrad/yr)/(uCi/m?)]

Dose factor for immersion exposure to a semi-infinite cloud of noble gas.
Taken from Reg. Guide 1.109, Table B-1, Col 4. (Note that the units in
Reg. Guide 1.109 must be multiplied by 1E6 to convert pCi to pCi.)

For vent releases:
pRA"

Q) = B-31
(wa) > (B-31)
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The summation is over all noble gas radionuclides i.
(/Q) Gamma-//Q for Vent Releases [sec/m3]
Vi Vent Release Gamma Air Dose Factor [(mrad/yr)/(uCi/sec)]

Gamma air dose factor for radionuclide | for stack releases as defined in
Section B.5.3. Taken from Appendix F, Table 7.

All other terms have been previously defined.

For ground level releases:

216G, .
(/Q)) =2 (B-32)

T

The summation is over all noble gas radionuclides i.

(x/Q); Gamma-y/Q for Ground Releases [sec/m3]

G; Ground Level Release Gamma Air Dose Factor [(mrad/yr)/(uCi/sec)]

Gamma air dose factor for radionuclide i for ground level releases as
defined in Section B.5.2. Taken from Appendix F, Table 7.

All other terms have been previously defined.

The Noble Gas Nuclide Fraction, {, is determined from historical release data and defined as:

A
f=t_ B-33
i ZA' ( )
i
The summation is over all noble gas radionuclides i.
A, Cumulative Radionuclide Release units of activity

Cumulative release of noble gas radionuclide i over a period of time.
B.4 RELATIVE DEPOSITION FACTOR D/Q

The quantity D/Q (called "D over Q") is defined to provide the following simple way of calculating the rate
of deposition of radioactivity at a given point on the ground when the release rate is known.

d=Q (D/Q) (B-34)
d Deposition Rate [(uCi/mz)/sec]
Rate of deposition of radioactivity at a specified point on the ground.

Q Release Rate of radioactivity. [HCi/sec]
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D/Q Relative Deposition Factor [1/m2]

Relative deposition factor for a specified point on the ground. The
deposition rate per unit release rate.

The values of D/Q used in this manual are time-averaged. The time averaging is based on the historical
average atmospheric conditions of a specified multi-year time period (see Section 4.1 .5) andis
accomplished by use of the joint frequency distribution described in Section B.1.2. The formulas used to
obtain D/Q vary depending on whether the release is a stack, ground level, or vent release. The three
cases are discussed below.

B.4.1 Stack Release

For a stack release, the relative deposition factor is designated (D/Q)g. Its value is obtained by the
following formula:

(D/Q) = [1/(27R/16)] Z{ts(n,6,c) Dy(c,R,he) } (B-35)

The summation is over wind speed classes n and stability classes c.
(D/Q)g Relative Deposition Factor, Stack Release [1/m?]

The time-averaged relative deposition factor due to a stack
release for a point at distance R in the direction @.

21/16 Sector Width [radians]
The width of a sector over which the plume direction is
assumed to be uniformly distributed (as in the model of
Section B.2.2). Taken as 1/16 of a circle.

R Downwind Distance [m]

The downwind distance from the release point to the point of interest.

fg(n,6,c) Joint Frequency Distribution, Stack Release
This function is defined in Section B.1.2.2.
Di{c,R,he) Relative Deposition Rate, Stack Release (m1)

The deposition rate per unit downwind distance [Ci/(sec-m)] divided by
the source strength [uCi/sec] due to a stack release for stability class ¢,
downwind distance R, and effective release height he.

The value is based on Figures 7 to 9 of Regulatory Guide 1.111, which
apply, respectively, to release heights of 30, 60, and 100 m. Linear
interpolation is used to obtain values at intermediate release heights. If
the effective release height is greater than 100 meters, then the data for
100 meters are used.

he Effective Release Height [m]
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The effective height of the release above grade elevation.
See Section B.3.1.1.

B.4.2 Ground Level Release

For ground level! release, the relative deposition factor is designated (D/Q)g. lts value is obtained by the
following formula:

(D/Q)g = [1/(2nR/16)] D(R) ={ f,(n,0,c) } (B-36)
The summation is over wind speed classes n and stability classes c¢.

(DIQ)g Relative Deposition Factor, [1/m?)]
Ground Level Release

The time-averaged relative deposition factor due to a ground level
release for a point at distance R in the direction 6.

fg(n,e,c) Joint Frequency Distribution, Ground Level Release
This function is defined in Section B.1.2.3.
DH{R) Relative Deposition Rate, Ground Level [m™1}

The deposition rate per unit downwind distance [uCi/(sec-m)] divided
by the source strength [uCi/sec] due to a ground level release for
downwind distance R. The value is taken from Figure 6 of Regulatory
Guide 1.111 and is the same for all atmospheric stability classes.

The remaining parameters are defined in Section B.4.1.

B.4.3 Vent Release

For a vent release, the relative deposition factor is designated (D/Q),,. Its value is obtained by the following

formula:
(D/Q)y, = [1/(2rR/16)] x [E{ fv,elev("’exc) D/{(c,R,hg) } + DR) X{ fv,gnd(n,e,c) H (B-37)

The summation is over wind speed classes n and stability classes c.
(D/Q),, Relative Deposition Factor, Vent Release [1/m?]

The time-averaged relative deposition factor due to a ground level
release for a point at distance R in the direction 6.

The parameters fy gjey(n.6,c) and ty,gnd(n.6,c) are defined in Section B.1.2.4. The remaining parameters
are defined in Sections B.4.1 and B.4.2.
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B.5 GAMMA AIR DOSE FACTORS (S, V;, G;j)

The gamma air dose factors provide a simple way of calculating doses and dose rates to air due to gamma
radiation. For example, using a dose factor DF;, gamma air dose rate may be calculated as follows:

D = =D (B-38)
D; = ={QiDF; } (B-39)

The summations are over i radionuclides.
D Gamma Air Dose Rate [mrad/yr]

The gamma air dose rate due to all radionuclides released.

b, Gamma Air Dose Rate Due to Radionuclide i [mrad/yr]
Q, Release Rate of Radionuclide i [uCi/sec]
DF; Gamma Air Dose Factor for [(mrad/yr)/ (uCi/sec)]

Radionuclide i

A factor used to calculate gamma air dose or dose rate
due to release of radionuclide i. Gamma air dose rate
at a particular location per unit release rate.

Three gamma air dose factors are defined: S;, V,, and G,. They are used for stack, vent, and ground level
releases, respectively. These three release point classifications are defined in Section 4.1.4. The calculation
of the three dose factors is discussed below.

B.5.1 Stack Release
For a stack release, the gamma air dose factor S, is obtained by a model similar to that of Equation 6 of

Regulatory Guide 1.109 (Reference 6). A sector-averaged Gaussian plume is assumed and the dose factor is
evaluated on the basis of historical average atmospheric conditions. The value of S, depends on distance R

from the release point and on downwind sector 8.
The following equation is used:
S, = [260/(2rR/16)] x E{fs(n,é,c)[exp(—i\,;RI3600un)] XEx Ha(Ex)Aki I(hg,Un,C,0 2, E)/u,} (B-40)
The summation is over wind speed classes n, atmospheric stability classes ¢, and photon group indices k.
S, Gamma Air Dose Factor, Stack Release [(mrad/yr)/ (uCi/sec)]

The gamma air dose factor at ground level for a stack release for
radionuclide i, downwind sector 8, downwind distance R from the
release point, and the average atmospheric conditions of a specified
historical time period.
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Conversion factor [(mrad—radians-m3-disintegrations)/(sec-MeV-Ci)]
Reconciles units of Equation B-36.
Sector Width [radians]

The width of a sector over which the plume direction is assumed to be
uniformly distributed (as in the model of Section B.2.2). Taken as 1/16 of
a circle. -

Joint Frequency Distribution, Stack Release

This function is defined in Section B.1.2.2.

Radiological Decay Constant [hr1)
Radiological Decay Constant for radionuclide i (see Table C-7 of Appendix C),
Conversion Factor [sec/hr]

The number of seconds per hour. Used to convert wind speed
in meters/sec to meters/hr.

Photon Group Energy [MeV/photon]

An energy representative of photon energy group k. The photons emitted
by each radionuclide are grouped into energy groups in order to facilitate
analysis. All photons with energy in energy group k are assumed to have
energy E;.

Air Energy Absorption Coefficient [m1

The linear energy absorption coefficient for air for photon energy group k. The
fraction of energy absorbed in air per unit of distance traveled for a beam of
photons of energy E,. Distance is measured in units of linear thickness
(meters).

Effective Photon Yield [photons/disintegration]

The effective number of photons emitted with energy in energy group k per
decay of nuclide i. On the basis of Section B.1 of Regulatory Guide 1.109
(Reference 6), the parameter A,; is calculated as follows:

Ayi = [Z{Am Em Ha(Em)}VIEk Ha(Ei)] (B-41)
The summation in the numerator is over the index m.

True Photon Yield [photons per
disintegration)

The actual number of photons emitted with energy E,»,

per decay of nuclide i.
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Em Photon Energy
[MeV/photon]
The energy of the m™ photon within photon energy group k.
Ha(Em) Air Energy Absorption Coefficient [m-1]
The linear energy absorption coefficient for air for photon energy E,,.
I(...) | Function -

A dimensionless parameter obtained by numerical evaluation of integrals
that arise in the plume gamma dose problem. The value of 1 depends on
the arguments (...) listed in Equation B-40. A specific definition for I is
given by Equation F-13 of Regulatory Guide 1.109.

The integrals involved in calculating 1 arise from conceptually dividing up
the radioactive plume into small elements of radioactivity and adding up
the doses produced at the point of interest by all of the small elements.
The distribution of radioactivity in the plume is represented by a
sector-averaged Gaussian plume model like that discussed in Section
B.2.2.

The parameters R, h,, u,, and o are defined in Section B.3.1.
B.5.2 Ground Level Release
The gamma air dose factor G; for a ground level release is defined as follows:
G; Gamma Air Dose Factor, Ground Leve! Release [(mrad/yr)/(uCi/sec)]
The gamma air dose factor at ground level for a ground level
release for radionuclide i, downwind sector 6, downwind
distance R from the release point, and the average atmospheric

conditions of a specified historical time period.

The value of G, is obtained by the same equation as used for a stack release, Equation B-36 of Section
B.5.1, with the following modifications:

* The joint frequency distribution for a ground level release (fy of Section B.1.2.3) is used
in place of the one for a stack release (fs).

* In evaluating the I function, the effective release height h, is taken as zero.
This corresponds to use of a finite plume model.
B.5.3 Vent Release

For a vent release, the gamma air dose factor is calculated as follows:

Vi = [260/(27R/16)] X Z{fy eiev(n,0,C)[eXp(-MR/3600u,)] X AEs(E) Hhe,Un,C,0,E ), (B-42)
+ fv,g,,d(n,e,c)[exp(-l;RI:iGOOu,.)] X AkiEkpa(Ek) I(O,Un,C,Gz,Ek)I un}

The summation is over wind speed classes n, atmospheric stability classes e, and photon group indices
k.
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Vi Gamma Air Dose Factor, Vent Release [(mrad/yr)/(uCi/sec)]

The gamma air dose factor at ground level for a vent release for
radionuclide i, downwind sector 6, downwind distance R from the release
point, and the average atmospheric conditions of a specified historical time
period.

The parameters f, gie(n,0,¢) and fv,gna(n,6,c) are defined in Section B.1.2.4. The parameter o, is defined
in Section B.3.2. The remaining parameters are discussed in Section B.5.1.

B.6 Gamma Total Body Dose Conversion Factor (K;)

The gamma total body dose conversion factors (K;) are used to calculate doses and dose rates due to
gamma irradiation of the whole body. The gamma total body dose conversion factors are taken from Reg.
Guide 1.109, Table B-1, Column 5. The gamma total body dose conversion factors in Table B-1 of Reg.
Guide 1.109 are based upon the semi-infinite cloud model.

B.7 BETA AIR AND BETA SKIN DOSE CONVERSION FACTORS (N;.Lp)

The beta air (N;) and beta skin (L;j) dose conversion factors are used to calculate doses and dose rates

due to noble gas beta exposure. The beta air dose conversion factors are taken from Reg, Guide 1.109,
Table B-1, Column 2. The beta skin dose conversion factors are taken from Column 5 of that same table.
The values are based on a semi-infinite cloud model. ’

B.8 GROUND PLANE DOSE CONVERSION FACTOR DFG,

The ground plane dose conversion factor DFG, is used to calculate dose due to standing on ground
contan;inated with radionuclide i (see Equation A-8 of Appendix A). The units of DFG, are (mrem/hr) per
(pCi/m®).

Values are provided (see Table C-10 of Appendix C) for dose to the whole body. The values are taken
from Regulatory Guide 1.109 and are based on a model that assumes a uniformly contaminated ground
plane.

B.9 INHALATION DOSE COMMITMENT FACTOR DFA,,

The inhalation dose commitment factor DFA,, is used to calculate dose and dose rate to organ j of an
individual of age group a due to inhalation of radionuclide i (see Equations A-7 and A-9 of Appendix A).

Values of DFA;, for 10CFR50 compliance are taken from Regulatory Guide 1.109 (Reference 6). The
units of DFA;, are mrem per pGi inhaled. Values are provided for seven organs, with the whole body
considered as an organ (see Tables E-7, E-8, E-9 and E-10 in Reg. Guide 1.109).

B.10 INGESTION DOSE COMMITMENT FACTOR DFL;;,

The ingestion dose commitment factor DFL;, is used to calculate dose to organ j of an individual of age
group a due to ingestion of radionuclide i (see Equations A-7 and A10 through A20 of Appendix A).

Values of DFL;;, for 10CFR50 compliance are taken from Regulatory Guide 1.109 (Reference 6). The

units of DFL;, are mrem per pCi ingested. In Tables E-11, E-12, E-13 and E-14 of Reg. Guide 1.109,
values are provided for seven organs, with the whole body considered as an organ.
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B.11 MEASURED RELEASE PARAMETERS

Input parameters required for calculations of dose or dose rate due to airborne effluents include
measured values of radioactivity release (A, Ay, and A;) or release rate (Qis, Q,\, and Q) (see Section
A.1 of Appendix A). These are obtained per the nuclear power station procedures.

B.12 RADIOLOGICAL DECAY CONSTANTS

Values used for these are obtained from the literature and are specified in Table C-7 of Appendix C.

B.13 PRODUCTION/EXPOSURE PARAMETERS

These parameters characterize various aspects of agricultural production and human exposure. Values
used for generic (site-independent) parameters are specified in Appendix C.

Values of site-specific parameters are given in Appendix F. Many of the values are based on Reg. Guide
1.109, while others are based on site-specific considerations.
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SECTION 2:
MODELS AND PARAMETERS FOR LIQUID EFFLUENT CALCULATIONS

B.14 INTRODUCTION
Equations for radiation dose and radioactivity concentration due to liquid effluents are given in Section
A.2 of Appendix A. The equations involve the following types of parameters:

Flow and Dilution Parameters.

Dose Factors.

Measured Release Parameters.
Transport/Consumption Parameters.

This section discusses the methodology used to determine these parameters. Section B.15 addresses

dose calculations and Section B.16 addresses concentration calculations for tank discharges. For dose
calculations, flow and dilution parameters are discussed for two different models; the River Model, which
is used for all nuclear power stations except Zion, and the Lake Michigan Model, which is used for Zion.

B.15 DOSE
B.15.1 Drinking Water

The radiation dose due to consumption of drinking water containing released radioactivity is calculated by
Equations A-17, A-18 and A-19 of Appendix A:

D:-ilq =F At ZZ Aaipici (A‘17)
p i
Waste Flow
" Dilution Flow xZ (A-18)
Uy
A iowy =K, {-D—‘”} DFL,; (A-19)

The summation is over index i (radionuclides) and p (pathways). The parameters are defined in Section
A.2.1 of Appendix A.

This methodology addresses the following considerations:

The duration of the release, At.

The concentration of the activity released, C,.

The dilution that takes place in the environment is represented by the parameters F and Z.
Receptor consumption rate, U,".

Dilution which occurs from the near field discharge area to potable water intake as
represented by D" . .

* The dose commitment per unit of ingested radioactivity is DFL.;.

B.156.2 Aquatic Foods (Fish)
Near the nuclear power stations, the only aquatic food of significance for human consumption is fish. The

liquid dose due to consumption of fish containing released radioactivity is calculated by Equations A-17,
A-18 and A-20 of Appendix A.
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A e = K U;BFDFL (A-20)

aij
The parameters are defined in Section A.2.1 of Appendix A.

This is similar to the methodolgy used for calculating the dose due to drinking water except for the
addition of the bioaccumulation factor, BF;. This factor is the equilibrium ratio of the concentration of
radionuclide i in fish (pCi/kg) to its concentration in water (pCi/L). It accounts for the fact that radioactivity
ingested by fish can accumulate in their bodies to a higher concentration than in the waters in which the
fish live.

B.15.3 Parameters
B.15.3.1 Flow and Dilution

The values of dilution can differ for potable water and fish. The dilution for potable water will depends on
where water is drawn, while that for fish will depends on where the fish are caught. Models used to
determine these parameters are discussed below. The values used for each station are summarized in
Table F-1 of Appendix F.

B.15.3.1.1 River Model

For the purpose of calculating the drinking water dose from liquid effluents discharged into a river, it is
assumed that total dilution of the discharge in the river flow occurs prior to consumption. The measure of
dilution for the potable water pathway is described by the parameter D¥. A value of D" = 1 represents no
dilution.

For the fish consumption pathway, the dilution in the near-field is described by the parameter Z. This is an
estimate of the dilution of released radioactivity in the water consumed by fish caught near the station
downstream of its discharge. No additional dilution is assumed to occur.

B.15.3.1.2 Lake Michigan Model

Only (Zion) discharges liquid effluents into Lake Michigan. For this nuclear power station, it is assumed
that the dilution in the near-field (2) is dictated by the initial entrainment dilution is a factor of 10. The
potable water pathway dilution factor of 6 (D") is derived from the plume dilution (a factor of 3 over
approximately 1 mile) and the current direction frequency (annual average factor of 2).

B.15.3.2 Dose Factors

Equations A-17 through A-20 of Appendix A determine dose due to ingested radioactivity using the same
ingestion dose factor DFLjj5 as used in the evaluation of airbome radioactivity which is ingested with

foods. The units of DFLjj, are:
(mrem) per (pCi ingested)

For 10CFR50 Appendix | compliance, the data of Tables E-1, E-12, E-13 and E-14 of Reg. Guide 1.109,
are used for four age groups and for seven organs, with the whole body considered as an organ.

B.15.3.3 Measured Releases

Calculations of dose due to liquid effluents require measured values of radioactivity concentration release
(C)) forinput. These release values are obtained per the nuclear power station procedures.
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B.15.3.4 Consumption

Equations A-19 and A-20 of Appendix A involve consumption rates for water and fish (U." and UaF). The
values used are specified for each nuclear power station in Table F-1 of Appendix F.

B.16 CONCENTRATION IN TANK DISCHARGES

The concentration of radioactivity in a release to the unrestricted area due to a tank discharge is
calculated by Equation A-22 of Appendix A:

+ Waste Flow (A-22)

c=Ct ——""""
'™ Dilution Flow

The parameters are defined in Section A.2.3 of Appendix A.

The radioactivity concentration released from the tank (Ct, at flow rate FT) is diluted by mixing with the
initial dilution stream (with flow rate F°) to yield a lower concentration (C, ) in the combined streams.
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Table B-0
Noble Gas Nuclide Fractions

Nuclide Braidwood' Byron' Dresden” LaSalle’ QuadCities” Zion'
Ar-41 8.90E-01 8.90E-01 1.46E-02 0.00E+00 1.85E-02 0.00E+00
Kr-83m 0.00E+00 0.00E+00 0.00E+00 4.50E-03 0.00E+00 0.00E+00
Kr-85 2.49E+01 2.49E+01 3.50E-05 2.60E-05 3.11E-02 1.00E+00
Kr-85m 1.80E-01 1.80E-01 3.68E-02 8.00E-03 2.39E-02 0.00E+00
Kr-87 4.00E-02 4.00E-02 3.71E-02 2.60E-02 3.25E-02 0.00E+00
Kr-88 2.80E-01 2.80E-01 4.47E-02 2.60E-02 3.10E-02 0.00E+00
Kr-89 0.00E+00 0.00E+00 0.00E+00 1.70E-01 0.00E+00 0.00E+00
Kr-90 0.00E+00 0.00E+00 0.00E+00 3.70E-01 0.00E+00 0.00E+00
Xe-131m 1.40E+00 1.40E+00 0.00E+00 2.00E-05 1.15E-03 0.00E+00
Xe-133 7.11E+01 7.11E+01 4.88E-02 1.10E-02 6.34E-02 0.00E+00
Xe-133m 5.70E-01 5.70E-01 3.17E-04 3.80E-04 5.00E-05 0.00E+00
Xe-135 5.30E-01 5.30E-01 2.71E-01 2.90E-02 4.95E-02 0.00E+00
Xe-135m 0.00E+00 0.00E+00 1.10E-01 3.40E-02 1.77E-01 0.00E+00
Xe-137 0.00E+00 0.00E+00 0.00E+00 2.00E-01 0.00E+00 0.00E+00
Xe-138 4.00E-02 4.00E-02 4.37E-01 1.20E-01 5.72E-01 0.00E+00
Notes:

(1) From Table 10-1.

2) From 1998 and 1999 Dresden Station Radiolagical Environmental Operating Reports.

(3) From 1998 and 1999 Quad Cities Station Radiologica! Environmental Operating Reports.
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Table B-1

Portion of an Exahple Joint Frequency Distribution
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Figure B-1

Instantaneous View of Plume

Wind

This figure represents a snapshot of a projection of a plume on the horizontal plane. As it moves downwind,
the plume meanders about the average wind direction and broadens (adapted from Reference 18).
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Figure B-2

A Gaussian Curve
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(Adapted from Reference 24 of Chapter 9, Page 61.)
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Figure B-3

Effect of Observation Period on Plume Shape
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This sketch represents the approximate outlines of a smoke plume observed instataneously and averaged
over periods of 10 minutes and 2 hours. The diagram on the right shows the corresponding cross plume
distribution patterns. The plume width increases as the period of observation increases (from Reference 18).
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Figure B-4
A Gaussian Plume
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This sketch ilisutrates a plume characterized by Equation B-9. The plume is moving downwind in the x
direction. Both the horizontal dispersion parameter sz increases as x increases. The reflected component has
been omitted in this illustration (adapted from Reference 24).
\/’
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