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Nuclear Regulatory Affairs, Policy &
Emergency Preparedness

13225 Hagers Ferry Rd., MGO11E
Huntersville, NC 28078

843-951-1329
Kevin.Ellis@duke-energy.com

Serial: RA-24-0030 10 CFR 50.36a
April 29, 2024

U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, DC 20555-0001

Brunswick Steam Electric Plant, Unit Nos. 1 and 2
Renewed Facility Operating License Nos. DPR-71 and DPR-62
Docket Nos. 50-325 and 50-324

Catawba Nuclear Station, Unit Nos. 1 and 2
Renewed Facility Operating License Nos. NPF-35 and NPF-52
Docket Nos. 50-413 and 50-414

Shearon Harris Nuclear Power Plant, Unit 1
Renewed Facility Operating License No. NPF-63
Docket No. 50-400

McGuire Nuclear Station, Unit Nos. 1 and 2
Renewed Facility Operating License Nos. NPF-9 and NPF-17
Docket Nos. 50-369 and 50-370

Oconee Nuclear Station, Unit Nos. 1, 2 and 3
Renewed Facility Operating License Nos. DPR-38, DPR-47 and DPR-55
Docket Nos. 50-269, 50-270 and 50-287

H. B. Robinson Steam Electric Plant, Unit 2
Renewed Facility Operating License No. DPR-23
Docket No. 50-261

SUBJECT: Annual Radioactive Effluent Release Report - 2023

Ladies and Gentlemen:

Duke Energy Carolinas, LLC and Duke Energy Progress, LLC (collectively referred to as Duke
Energy), in accordance with 10 CFR 50.36a and Technical Specification (TS) 5.6.3 for
Brunswick Steam Electric Plant Units 1 and 2 (BNP), TS 5.6.3 and Selected Licensing
Commitment (SLC) 16.11-16 for Catawba Nuclear Station Units 1 and 2 (CNS), TS 6.9.1.4 for
Shearon Harris Nuclear Power Plant Unit 1 (HNP), TS 5.6.3 and SLC 16.11.17 for McGuire
Nuclear Station Units 1 and 2 (MNS), TS 5.6.3 and SLC 16.11.9 for Oconee Nuclear Station
Units 1, 2, and 3 (ONS), and TS 5.6.3 for H. B. Robinson Steam Electric Plant Unit 2 (RNP), is
submitting the Annual Radioactive Effluent Release Reports (ARERRSs) for the period from
January 1, 2023, through December 31, 2023. The ARERRs are provided in Enclosures 1
through 6.
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BNP TS 5.5.1, "Offsite Dose Calculation Manual (ODCM)," requires changes to the ODCM be
submitted as part of, or concurrent with, the Radioactive Effluent Release Report. ODCM
Revision 40 was implemented in 2023 and is included with this submittal.

CNS TS 5.5.1, "Offsite Dose Calculation Manual (ODCM)," requires changes to the ODCM be
submitted as part of, or concurrent with, the Radioactive Effluent Release Report. The ODCM
was not revised during this report period.

HNP TS 6.14, "Offsite Dose Calculation Manual (ODCM)," requires changes to the ODCM be
submitted as part of, or concurrent with, the Radioactive Effluent Release Report. The ODCM
was not revised during this report period.

MNS TS 5.5.1, "Offsite Dose Calculation Manual (ODCM)," requires changes to the ODCM be
submitted as part of, or concurrent with, the Radioactive Effluent Release Report. The ODCM
was not revised during this report period.

ONS TS 5.5.1, "Offsite Dose Calculation Manual (ODCM)," requires changes to the ODCM be
submitted as part of, or concurrent with, the Radioactive Effluent Release Report. ODCM
Revision 62 was implemented in 2023 and is included with this submittal.

RNP TS 5.5.1, "Offsite Dose Calculation Manual (ODCM)," requires changes to the ODCM be
submitted as part of, or concurrent with, the Radioactive Effluent Release Report. ODCM
Revision 38 was implemented in 2023 and is included with this submittal.

No regulatory commitments are contained in this submittal.

Please refer any questions concerning this letter and its enclosures to Ryan Treadway, Director,
Nuclear Fleet Licensing, at (980) 373-5873.

Sincerely,

NAlb
Kevin Ellis”
General Manager, Nuclear Regulatory Affairs, Policy & Emergency Preparedness

Enclosures:
1. BNP Annual Radioactive Effluent Release Report

CNS Annual Radioactive Effluent Release Report
HNP _Annual Radioactive Effluent Release Report
MNS Annual Radioactive Effluent Release Report
ONS Annual Radioactive Effluent Release Report
RNP Annual Radioactive Effluent Release Report
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cc: (all Enclosures unless specified)

L. Dudes, USNRC, Region Il Regional Administrator

L. Haeg, USNRC NRR Project Manager for BNP/RNP

S. Williams, USNRC NRR Project Manager for CNS/ONS
M. Mahoney, USNRC NRR Project Manager for HNP

J. Klos, USNRC NRR Project Manager for MNS

G. Smith, USNRC Senior Resident Inspector for BNP

D. Rivard, USNRC Senior Resident Inspector for CNS

P. Boguszewski, USNRC Senior Resident Inspector for HNP
C. Safouri, USNRC Senior Resident Inspector for MNS
N. Smalley, USNRC Senior Resident Inspector for ONS
J. Zeiler, USNRC Senior Resident Inspector for RNP

Enclosure 1
General Counsel to Chair of NC Utilities Commission (swatson@ncuc.net)

Enclosure 6
SC Attorney General (HKirkland@scag.gov)

Enclosure 1, 3. and 4
L. Brayboy (Louis.Brayboy@dhhs.nc.gov), NC DHHS, Radiation Protection Section
P. D. Cox (patrick.cox@dhhs.nc.gov), NC DHHS, Environmental Program

Enclosures 2, 5, and 6

S. Jackson (Jacksosb@dhec.sc.gov), SC DHEC, Division of Analytical and Radiological
Environmental Services

R. Brewer (brewerre@dhec.sc.gov), SC DHEC, Division of Analytical and Radiological
Environmental Services

L. Berresford (berresjl@dhec.sc.gov), SC DHEC, Site Assessment, Remediation, and
Revitalization Division, State Voluntary Cleanup Program

L. Garner (garnerld@dhec.sc.gov), SC DHEC, Division of Waste Management, Radioactive
& Infectious Waste Management

A. Nair (naira@dhec.sc.gov), SC DHEC, Division of Environmental Response
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Brunswick Steam Electric Plant
Units 1 and 2

Annual Radioactive
Effluent Release Report

January 1, 2023 through December 31, 2023

Dockets 50-325 and 50-324




Introduction

The Annual Radioactive Effluent Release Report is pursuant to Brunswick Steam Electric Plant Technical Specification
5.6.3 and ODCM Specification 7.4.2. The below listed attachments to this report provide the required information. In
addition, if a revision to the ODCM has occurred during the report period, it is included pursuant to Brunswick Steam
Electric Plant Technical Specification 5.5.1.

Attachment 1

Attachment 2

Attachment 3

Attachment 4

Attachment 5

Attachment 6

Attachment 7

Attachment 8

Attachment 9

Attachment 10

Attachment 11

Attachment 12

Summary of Gaseous and Liquid Effluents

Supplemental Information

Solid Radioactive Waste Disposal

Meteorological Data

Unplanned Offsite Releases

Assessment of Radiation Dose from Radioactive Effluents to Members of the Public
Information to Support the NEI Ground Water Protection Initiative

Inoperable Equipment

Summary of Changes to the Offsite Dose Calculation Manual

Summary of Changes to the Process Control Program

Summary of Major Modifications to the Radioactive Waste Treatment Systems

Errata to a Previous Year's ARERR



Attachment 1
Summary of Gaseous and Liquid Effluents

Brunswick Steam Electric Plant Units 1 & 2
Period 1/1/2023 - 12/31/2023

ATTACHMENT 1

Summary of Gaseous and Liquid Effluents

This attachment includes a summary of the quantities of radioactive liquid and gaseous effluents
as outlined in Regulatory Guide 1.21, Appendix B.
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Attachment 1
Summary of Gaseous and Liquid Effluents

Brunswick Steam Electric Plant Units 1 & 2

Period 1/1/2023 - 12/31/2023

Gaseous Effluents - Summation of All Releases

. Fission and Activation Gases
1. Total Release
2. Avg. Release Rate

. lodine-131
1. Total Release
2. Avg. Release Rate

. Particulates Half-Life = 8 days
1. Total Release
2. Avg. Release Rate

. Tritium
1. Total Release
2. Avg. Release Rate

. Carbon-14
1. Total Release
2. Avg. Release Rate

. Gross Alpha
1. Total Release

Units Qtr 1
Ci 4.33E+02
pCi/sec  5.57E+01
Ci 2.90E-02
pCi/lsec  3.73E-03
Ci 4.26E-03
uCi/sec  5.48E-04
Ci 1.51E+01
pCi/lsec  1.94E+00
Ci 4.65E+00
puCi/fsec  5.98E-01
Ci 9.60E-08

Qtr 2 Qtr 3
3.27E+02 3.29E+02
4.16E+01  4.14E+01
2.86E-02  2.40E-02
3.64E-03 3.01E-03
5.17E-03  5.48E-03
6.57E-04  6.89E-04
1.31E+01 1.42E+01
1.67E+00  1.79E+00
5.73E+00 5.99E+00
7.28E-01 7.54E-01
0.00E+00  3.20E-07

Qtr 4

3.17E+02
3.99E+01

2.02E-02
2.55E-03

5.09E-03
6.40E-04

1.69E+01
2.13E+00

5.93E+00
7.46E-01

0.00E+00

Year
1.41E+03
4 A7E+01

1.02E-01
3.23E-03

2.00E-02
6.34E-04

5.93E+01
1.88E+00

2.23E+01
7.07E-01

4.16E-07
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Attachment 1
Summary of Gaseous and Liquid Effluents

Brunswick Steam Electric Plant Units 1 & 2

Period 1/1/2023 - 12/31/2023

Gaseous Effluents - Elevated Releases - Continuous Mode

A. Fission and Activation Gases

Ar-41
Kr-85m
Kr-85
Kr-87
Kr-88
Kr-89
Xe-133
Xe-135m
Xe-135
Xe-137
Xe-138

Total for Period
B. lodines

1-131

1-133

1-135

Total for Period

C. Particulates Half-Life = 8 days

Cr-51
Mn-54
Co-58
Co-60
Sr-89
Sr-90
Cs-134
Cs-137
Ba-140
La-140

Total

D. Tritium
H-3

E. Carbon-14
C-14

F. Gross Alpha
Total for Period

Units Qtr 1
Ci 4.30E-01
Ci 3.51E+01
Ci 0.00E+00
Ci 1.03E+01
Ci 3.22E+01
Ci 0.00E+00
Ci 4.24E+01
Ci 4.34E+01
Ci 2.29E+01
Ci 8.00E+01
Ci 1.01E+02
Ci 3.68E+02
Ci 1.12E-02
Ci 5.15E-02
Ci 6.47E-02
Ci 1.27E-01
Ci 0.00E+00
Ci 4.23E-06
Ci 6.91E-06
Ci 6.65E-05
Ci 1.18E-04
Ci 1.16E-06
Ci 4.69E-06
Ci 3.41E-06
Ci 1.80E-04
Cl 3.13E-04
Cl 6.98E-04
Ci 2.53E+00
Ci 1.86E+00
Ci 0.00E+00

Qtr 2 Qtr 3
1.03E+00 9.15E-01
4.35E+01  4.03E+01
0.00E+00 1.04E+01
5.54E+00 4.85E+00
3.89E+01 3.60E+01
0.00E+00 0.00E+00
516E+01  5.14E+01
3.64E+01  2.83E+01
2.07E+01  1.73E+01
2.93E+01 4.79E+01
7.07E+01 6.29E+01
2.98E+02 3.00E+02
1.75E-02  1.49E-02
9.14E-02  9.12E-02
1.21E-01  1.10E-01
2.30E-01 2.16E-01
1.98E-05 0.00E+00
2.22E-06 0.00E+00
0.00E+00 0.00E+00
3.70E-05 1.39E-06
3.40E-04 5.03E-04
3.99E-08 3.55E-06
0.00E+00  0.00E+00
8.97E-07  3.08E-06
9.89E-04 1.43E-03
1.71E-03 2.55E-03
3.10E-03 4 49E-03
2.61E+00 3.26E+00
2.29E+00  2.40E+00
0.00E+00 0.00E+00

Qtr 4

1.64E+00
3.10E+01
1.16E+01
4.16E+00
2.63E+01
4.10E+00
3.67E+01
2.08E+01
1.28E+01
9.35E+01
4.94E+01

2.92E+02

1.06E-02
6.68E-02
8.09E-02

1.58E-01

0.00E+00
0.00E+00
9.31E-06
1.59E-06
3.56E-04
3.52E-06
0.00E+00
0.00E+00
1.03E-03
1.84E-03

3.25E-03

2.52E+00

2.37E+00

0.00E+00

Year

4.02E+00
1.50E+02
2.20E+01
2.49E+01
1.33E+02
4.10E+00
1.82E+02
1.29E+02
7.37E+01
2.51E+02
2.84E+02

1.26E+03

5.42E-02
3.01E-01
3.77E-01

7.31E-01

1.98E-05
6.45E-06
1.62E-05
1.06E-04
1.32E-03
8.27E-06
4.69E-06
7.39E-06
3.63E-03
6.41E-03

1.15E-02

1.09E+01

8.92E+00

0.00E+00
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Attachment 1
Summary of Gaseous and Liquid Effluents

Brunswick Steam Electric Plant Units 1 & 2
Period 1/1/2023 - 12/31/2023

Gaseous Effluents - Elevated Releases - Batch Mode *

Units Qtr 1 Qtr 2 Qtr 3 Qtr 4 Year

A. Fission and Activation Gases

N/A Ci - - - - -

Total for Period Ci - - - - -
B. lodines

N/A Ci - - - - -

Total for Period Ci - - - - -
C. Particulates Half-Life = 8 days

N/A Ci - - - - -

Total for Period Ci - - - - -
D. Tritium

N/A Ci - - - - -
E. Carbon-14

N/A Ci - - - - -
F. Gross Alpha

N/A Ci - - - - -

* Brunswick Steam Electric Plant Units 1 and 2 do not have batch elevated releases.
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Attachment 1
Summary of Gaseous and Liquid Effluents

Brunswick Steam Electric Plant Units 1 & 2
Period 1/1/2023 - 12/31/2023

Gaseous Effluents - Ground Releases - Continuous Mode

Units Qtr 1 Qtr 2 Qtr 3 Qtr 4 Year

A. Fission and Activation Gases

Kr-87 Ci 7.93E-02 0.00E+00 5.57E-02 2.79E-02 1.63E-01

Xe-135m Ci 6.09E+00 9.78E+00 1.38E+01 1.26E+01 4.23E+01

Xe-135 Ci 6.25E+00 1.49E+01 1.33E+01 9.81E+00 4.43E+01

Xe-137 Ci 6.86E-01 0.00E+00 0.00E+00 0.00E+00 6.86E-01

Xe-138 Ci 4.35E+00 8.15E-01 0.00E+00 1.15E+00 6.32E+00

Total for Period Ci 1.75E+01 2.55E+01 2.71E+01 2.36E+01 9.37E+01
B. lodines

1-131 Ci 1.31E-02 9.92E-03 7.62E-03 8.08E-03 3.87E-02

1-133 Ci 1.01E-01 1.10E-01 7.92E-02 8.19E-02 3.72E-01

1-135 Ci 1.87E-01 2.22E-01 1.42E-01 1.42E-01 6.93E-01

Total for Period Ci 3.01E-01 3.42E-01 2.29E-01 2.32E-01 1.10E+00
C. Particulates Half-Life = 8 days

Co-58 Ci 1.03E-05 0.00E+00 0.00E+00 0.00E+00 1.03E-05

Co-60 Ci 6.60E-05 3.15E-05 2.28E-05 5.04E-06 1.25E-04

Sr-89 Ci 3.38E-04 3.48E-04 9.75E-06 2.32E-04 9.28E-04

Sr-90 Ci 0.00E+00 0.00E+00 1.73E-06 4.81E-07 2.21E-06

Ag-110m Ci 1.78E-05 1.08E-05 0.00E+00 0.00E+00 2.86E-05

Ba-140 Ci 8.13E-04 5.52E-04 2.78E-04 5.41E-04 2.18E-03

La-140 Ci 1.40E-03 8.53E-04 4.81E-04 9.87E-04 3.72E-03

Total for Period Ci 2.65E-03 1.80E-03 7.93E-04 1.77E-03 7.01E-03
D. Tritium

H-3 Ci 9.86E+00 8.08E+00 6.72E+00 1.13E+01 3.60E+01
E. Carbon-14

C-14 Ci 9.30E-01 1.15E+00 1.20E+00 1.19E+00 4.47E+00
F. Gross Alpha

G-A Ci 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00
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Attachment 1
Summary of Gaseous and Liquid Effluents

Brunswick Steam Electric Plant Units 1 & 2
Period 1/1/2023 - 12/31/2023

Gaseous Effluents - Ground Releases - Batch Mode *

Units Qtr 1 Qtr 2 Qtr 3 Qtr 4 Year

A. Fission and Activation Gases

N/A Ci - - - - -

Total for Period Ci - - - - -
B. lodines

N/A Ci - - - - -

Total for Period Ci - - - - -
C. Particulates Half-Life = 8 days

N/A Ci - - - - -

Total for Period Ci - - - - -
D. Tritium

N/A Ci - - - - -
E. Carbon-14

N/A Ci - - - - -
F. Gross Alpha

N/A Ci - - - - -

* Brunswick Steam Electric Plant Units 1 and 2 do not have batch ground releases.

Page 1-6



Attachment 1
Summary of Gaseous and Liquid Effluents

Brunswick Steam Electric Plant Units 1 & 2

Period 1/1/2023 - 12/31/2023

Gaseous Effluents - Mixed-Mode Releases - Continuous Mode

A. Fission and Activation Gases
Xe-133
Xe-135m
Xe-135
Xe-138

Total for Period

B. lodines
1-131
1-133
1-135

Total for Period

C. Particulates Half-Life = 8 days
Cr-51
Mn-54
Co-58
Co-60
Fe-59
Sr-89
Nb-95
Ag-110m
Cs-134
Cs-137
Ba-140
La-140
Ce-141

Total for Period
D. Tritium
H-3

E. Carbon-14
C-14

F. Gross Alpha
G-A

Units Qtr 1
Ci 3.68E+01
Ci 3.84E+00
Ci 6.48E+00
Ci 3.14E-01
Ci 4.74E+01
Ci 4.79E-03
Ci 3.66E-02
Ci 6.17E-02
Ci 1.03E-01
Ci 1.17E-04
Ci 1.30E-05
Ci 1.63E-05
Ci 2.02E-04
Ci 5.82E-06
Ci 9.13E-07
Ci 1.04E-06
Ci 8.54E-06
Ci 2.17E-06
Ci 7.37E-06
Ci 2.15E-04
Ci 3.28E-04
Ci 3.85E-06
Ci 9.21E-04
Ci 2.67E+00
Ci 1.86E+00
Ci 9.60E-08

Qtr 2 Qtr 3
0.00E+00 0.00E+00
1.64E+00 0.00E+00
2.13E+00  1.81E+00
0.00E+00 0.00E+00
3.77E+00  1.81E+00
1.21E-03 1.39E-03
1.18E-02 1.35E-02
2.08E-02 2.30E-02
3.39E-02 3.79E-02
0.00E+00 0.00E+00
1.50E-05 0.00E+00
7.05E-06  7.25E-07
1.00E-04  9.23E-05
0.00E+00  0.00E+00
0.00E+00 0.00E+00
0.00E+00 0.00E+00
0.00E+00 0.00E+00
9.80E-07 0.00E+00
3.76E-06 0.00E+00
3.45E-05  2.51E-05
1.16E-04  7.81E-05
0.00E+00 0.00E+00
2.78E-04 1.96E-04
2.41E+00 4.23E+00
2.29E+00  2.40E+00
0.00E+00 3.20E-07

Qtr 4

0.00E+00
0.00E+00
1.95E+00
0.00E+00

1.95E+00

1.52E-03
1.59E-02
2.75E-02

4.49E-02

0.00E+00
0.00E+00
0.00E+00
2.19E-06
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.54E-05
5.79E-05
0.00E+00

7.55E-05

3.05E+00

2.37E+00

0.00E+00

Year

3.68E+01
5.48E+00
1.24E+01
3.14E-01

5.49E+01

8.91E-03
7.78E-02
1.33E-01

2.20E-01

1.17E-04
2.80E-05
2.41E-05
3.96E-04
5.82E-06
9.13E-07
1.04E-06
8.54E-06
3.15E-06
1.11E-05
2.90E-04
5.80E-04
3.85E-06

1.47E-03

1.24E+01

8.92E+00

4.16E-07
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Attachment 1
Summary of Gaseous and Liquid Effluents

Brunswick Steam Electric Plant Units 1 & 2
Period 1/1/2023 - 12/31/2023

Gaseous Effluents - Mixed-Mode Releases - Batch Mode *

Units Qtr 1 Qtr 2 Qtr 3 Qtr 4 Year

A. Fission and Activation Gases

N/A Ci - - - - -

Total for Period Ci - - - - -
B. lodines

N/A Ci - - - - -

Total for Period Ci - - - - -
C. Particulates Half-Life = 8 days

N/A Ci - - - - -

Total for Period Ci - - - - -
D. Tritium

N/A Ci - - - - -
E. Carbon-14

N/A Ci - - - - -
F. Gross Alpha

N/A Ci - - - - -

* Brunswick Steam Electric Plant Units 1 and 2 do not have batch mixed-mode releases.
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Attachment 1
Summary of Gaseous and Liquid Effluents

Brunswick Steam Electric Plant Units 1 & 2
Period 1/1/2023 - 12/31/2023

Liquid Effluents - Summation of All Releases - Discharge Canal

Units Qtr 1 Qtr 2 Qtr 3 Qtr 4 Year

A. Fission and Activation Products *

1. Total Release Ci 3.40E-03 4.38E-03 6.60E-03 2.58E-03 1.70E-02

2. Avg. Diluted Conc. MCi/ml 9.29E-12 8.91E-12 1.26E-11 5.51E-12 9.08E-12
B. Tritium

1. Total Release Ci 9.63E+00 1.23E+01 1.23E+01 1.07E+01 4 49E+01

2. Avg. Diluted Conc. MCi/ml 2.63E-08 2.50E-08 2.34E-08 2.28E-08 2.44E-08
C. Dissolved & Entrained Gases

1. Total Release Ci 3.29E-02 5.40E-02 5.02E-02 3.82E-02 1.75E-01

2. Avg. Diluted Conc. MCi/ml 8.99E-11 1.10E-10 9.57E-11 8.16E-11 9.43E-11
D. Gross Alpha

1. Total Release Ci 0.00E+00 0.00E+00 0.00E+00 0.00E+00  0.00E+00
E. Volume of Liquid Waste

1. Batch Releases Liters 2.75E+06 4.74E+06 5.46E+06 3.72E+06 1.67E+07

2. Continuous Releases Liters 1.14E+08 1.05E+08 1.50E+08 1.01E+08 4.70E+08
F. Volume of Dilution Water

1. All Releases Liters 3.66E+11 4.91E+11 5.24E+11 4.68E+11 1.85E+12

" Excludes tritium, dissolved and entrained noble gases, and gross alpha.
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Attachment 1
Summary of Gaseous and Liquid Effluents

Brunswick Steam Electric Plant Units 1 & 2
Period 1/1/2023 - 12/31/2023

Liquid Effluents - Summation of All Releases - Marsh Area

Units Qtr 1 Qtr 2 Qtr 3 Qtr 4 Year

A. Fission and Activation Products *

1. Total Release Ci 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

2. Avg. Diluted Conc. puCi/ml 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
B. Tritium

1. Total Release Ci 0.00E+00 0.00E+00 4.15E-03  0.00E+00 4.15E-03

2. Avg. Diluted Conc. uCi/ml 0.00E+00 0.00E+00  8.09E-08 0.00E+00 2.02E-08
C. Dissolved & Entrained Gases

1. Total Release Ci 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

2. Avg. Diluted Conc. pCi/ml 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
D. Gross Alpha

1. Total Release Ci 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

2. Avg. Diluted Conc. puCi/ml 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
E. Volume of Liquid Waste

1. Batch Releases Liters 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

2. Continuous Releases Liters 5.02E+07 5.07E+07 5.13E+07 5.13E+07 2.04E+08
F. Volume of Dilution Water

1. All Releases Liters 5.02E+07 5.07E+07 5.13E+07 5.13E+07 2.04E+08

" Excludes tritium, dissolved and entrained noble gases, and gross alpha.
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Attachment 1
Summary of Gaseous and Liquid Effluents

Brunswick Steam Electric Plant Units 1 & 2

Liquid Effluents - Continuous Mode - Discharge Canal

A. Fission and Activation Products
None

Total for Period

B. Tritium
H-3

C. Dissolved & Entrained Gases
None

Total for Period

D. Gross Alpha
G-A

Period 1/1/2023 - 12/31/2023

Units Qtr 1
Ci 0.00E+00
Ci 0.00E+00
Ci 0.00E+00
Ci 0.00E+00
Ci 0.00E+00
Ci 0.00E+00

Qtr 2 Qtr 3
0.00E+00 0.00E+00
0.00E+00 0.00E+00
0.00E+00 1.56E-01
0.00E+00  0.00E+00
0.00E+00 0.00E+00
0.00E+00 0.00E+00

Qtr 4
0.00E+00

0.00E+00

3.87E-01

0.00E+00

0.00E+00

0.00E+00

Year
0.00E+00

0.00E+00

5.43E-01

0.00E+00

0.00E+00

0.00E+00
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Attachment 1
Summary of Gaseous and Liquid Effluents

Brunswick Steam Electric Plant Units 1 & 2

Period 1/1/2023 - 12/31/2023

Liquid Effluents - Continuous Mode - Marsh Area

Units Qtr 1

A. Fission and Activation Products

None Ci 0.00E+00

Total for Period Ci 0.00E+00
B. Tritium

H-3 Ci 0.00E+00
C. Dissolved & Entrained Gases

None Ci 0.00E+00

Total for Period Ci 0.00E+00
D. Gross Alpha

G-A Ci 0.00E+00

Qtr 2 Qtr 3
0.00E+00 0.00E+00
0.00E+00 0.00E+00
0.00E+00 4 .15E-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+00

0.00E+00

0.00E+00

4.15E-03

0.00E+00

0.00E+00

0.00E+00
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Attachment 1
Summary of Gaseous and Liquid Effluents

Brunswick Steam Electric Plant Units 1 & 2

Period 1/1/2023 - 12/31/2023

Liquid Effluents - Batch Mode - Discharge Canal

A. Fission and Activation Products
Mn-54
Co-58
Co-60
Zn-65
Tc-104
Sb-125
1-131
-132
-133
1-135
Cs-134
Cs-137
La-140

Total for Period

B. Tritium
H-3

C. Dissolved & Entrained Gases
Xe-133m
Xe-133
Xe-135m
Xe-135

Total for Period

D. Gross Alpha
G-A

Units Qtr 1
Ci 1.87E-05
Ci 8.45E-06
Ci 5.30E-05
Ci 9.06E-07
Ci 2.42E-06
Ci 0.00E+00
Ci 1.81E-03
Ci 0.00E+00
Ci 1.29E-03
Ci 1.50E-04
Ci 1.71E-05
Ci 4 98E-05
Ci 4.33E-07
Ci 3.40E-03
Ci 9.63E+00
Ci 5.75E-05
Ci 6.63E-03
Ci 4.24E-05
Ci 2.61E-02
Ci 3.29E-02
Ci 0.00E+00

Qtr 2 Qtr 3
3.71E-05 0.00E+00
7.09E-06 0.00E+00
2.41E-04  8.23E-05
0.00E+00 0.00E+00
0.00E+00 0.00E+00
0.00E+00 0.00E+00
1.44E-03  2.02E-03
9.80E-06  2.82E-06
2.14E-03  3.70E-03
4.14E-04  7.75E-04
3.48E-05 6.36E-06
5.49E-05 1.77E-05
0.00E+00 0.00E+00
4 .38E-03 6.60E-03
1.23E+01  1.21E+01
8.58E-05 1.76E-04
1.00E-02 1.00E-02
9.74E-05 1.54E-04
4 .38E-02 3.99E-02
5.40E-02  5.02E-02
0.00E+00 0.00E+00

Qtr 4

8.38E-07
0.00E+00
3.94E-05
0.00E+00
0.00E+00
1.41E-05
1.27E-03
0.00E+00
1.11E-03
1.37E-04
4.97E-07
1.56E-06
0.00E+00

2.58E-03

1.03E+01

0.00E+00
7.76E-03
2.24E-05
3.04E-02

3.82E-02

0.00E+00

Year

5.66E-05
1.55E-05
4.16E-04
9.06E-07
2.42E-06
1.41E-05
6.54E-03
1.26E-05
8.24E-03
1.48E-03
5.88E-05
1.24E-04
4.33E-07

1.70E-02

4.43E+01

3.19E-04
3.44E-02
3.16E-04
1.40E-01

1.75E-01

0.00E+00
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Attachment 1
Summary of Gaseous and Liquid Effluents

Brunswick Steam Electric Plant Units 1 & 2

Period 1/1/2023 - 12/31/2023

Liquid Effluents - Batch Mode - Marsh Area

A. Fission and Activation Products
None

Total for Period

B. Tritium
H-3

C. Dissolved & Entrained Gases
None

Total for Period

D. Gross Alpha
G-A

Units Qtr 1
Ci 0.00E+00
Ci 0.00E+00
Ci 0.00E+00
Ci 0.00E+00
Ci 0.00E+00
Ci 0.00E+00

Qtr 2 Qtr 3
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
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Attachment 2
Supplemental Information

Brunswick Steam Electric Plant Units 1 & 2
Period 1/1/2023 - 12/31/2023

ATTACHMENT 2

Supplemental Information

This attachment includes supplemental information to the gaseous and liquid effluents report.
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VL.

Attachment 2

Supplemental Information

Brunswick Steam Electric Plant Units 1 & 2

Period 1/1/2023 - 12/31/2023

Regulatory Limits - Per Unit

. Noble Gases - Air Dose

1. Calendar Quarter Gamma Dose
2. Calendar Quarter Beta Dose

3. Calendar Year Gamma Dose

4. Calendar Year Beta Dose

oo
N = =g
ooo

. Liquid Effluents - Dose

(&)

1. Calendar Quarter Total Body Dose
2. Calendar Quarter Organ Dose

3. Calendar Year Total Body Dose

4. Calendar Year Organ Dose

{1 I | I |
= W OO -
o .

1. Calendar Quarter Organ Dose =75
2. Calendar Year Organ Dose =15

Maximum Permissible Effluent Concentrations

. Gaseous Effluents

mRAD
mRAD
mRAD
mRAD

mREM
mREM
mREM
mREM

mREM
mREM

1. Information found in Offsite Dose Calculation Manual

. Liquid Effluents

1. Information found in 10 CFR Part 20, Appendix B, Table 2, Column 2

Average Enerqy
(not applicable)

Measurements and Approximations of Total Radioactivity

. Gaseous Effluents - lodine-131 & 133, Tritium, and Particulates with Half-lives > 8 days

Analyses of specific radionuclides in selected or composited samples as described in the ODCM are used
to determine the radionuclide composition of the effluent. A summary description of the method used for
estimating overall errors associated with radioactivity measurements is provided as part of this attachment.

Batch Releases

. Liquid Effluents

1. Total Number of Batch Releases

2. Total Time (min) for Batch Releases
Maximum Time (min) for a Batch Release
Average Time (min) for Batch Releases
Minimum Time (min) for a Batch Release
Average Dilution Water Flow During Release

(gpm)

o0k w

. Gaseous Effluents

. Total Number of Batch Releases

Total Time (min) for Batch Releases
Maximum Time (min) for a Batch Release
Average Time (min) for Batch Releases
Minimum Time (min) for a Batch Release

SR wN

Abnormal Releases
See Attachment 5, Unplanned Offsite Releases.

Jan - Jun
114
2.59E+05
4.29E+04
2.27E+03
1.30E+01

7.32E+05

Jan - Jun
N/A
N/A
N/A
N/A
N/A

Jul - Dec
130

4 16E+04

9.93E+03

3.20E+02

1.10E+01

8.40E+05

Jul - Dec
N/A
N/A
N/A
N/A
N/A
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Attachment 2
Supplemental Information

Brunswick Steam Electric Plant Units 1 & 2
Period 1/1/2023 - 12/31/2023

Carbon-14

In Regulatory Guide 1.21, Revision 2, “Measuring, Evaluating, and Reporting Radioactive Material in Liquid and
Gaseous Effluents and Solid Waste”, the NRC recommends U.S. nuclear power plants evaluate whether C-14 is a
"principal radionuclide" in gaseous effluents, and if so, report the amount of C-14 released. Improvements over the
years in effluent management practices and fuel performance have resulted in a decrease in gaseous radionuclide
(non-C-14) concentrations, and a change in the distribution of gaseous radionuclides released to the environment. As
a result, many sites show C-14 has become a "principal radionuclide" for the gaseous effluent pathway, as defined in
Regulatory Guide 1.21, Rev. 2. Although committed to Regulatory Guide 1.21, Rev. 1, the Brunswick Steam Electric
Plant 2023 ARERR contains estimates of C-14 radioactivity released in 2023 and estimates of public dose resulting
from the C-14 effluent.

Because the dose contribution of C-14 from liquid radioactive waste is much less than that contributed by gaseous
radioactive waste, evaluation of C-14 in liquid radioactive waste is not required (Ref. Reg. Guide 1.21, Rev. 2). The
quantity of gaseous C-14 released to the environment can be estimated by use of a C-14 source term scaling factor
based on power generation (Ref. Reg. Guide 1.21, Rev. 2). The Brunswick Steam Electric Plant Updated Final Safety
Analysis Report (UFSAR) states the C-14 release rate from a BWR is approximately 9.5 Ci/yr per unit assuming 80%
plant capacity factor, or 292 Effective Full Power Days (EFPD). Since Brunswick Steam Electric Plant has two reactors,
the total release rate would be 19.0 Ci/yr. Using actual EFPD for Unit 1 and Unit 2, the total C-14 release rate was
2.23E+01 Cilyr.

Public dose estimates from airborne C-14 are performed using dose models in Regulatory Guide 1.109. The dose
models and assumptions used are documented in the Brunswick Steam Electric Plant ODCM 3.3.3, Carbon-14. The
estimated C-14 dose impact on the maximum organ dose from airborne effluents released from Brunswick Steam
Electric Plant in 2023 is well below the 10CFR50, Appendix I, ALARA design objective (i.e., 15 mrem/yr per unit).

Based on the 2023 Land Use Census, the critical receptor is located in the south sector at 1.5 miles with a garden.
There are no meat or milk pathways within 5 miles. Regulatory Guide 1.109 methodology was used to determine the
dose to this critical receptor. The bone dose for 2023 was 2.45E+00 mrem and the total body dose was 4.91E-01
mrem.

Units Year
1. C-14 Activity Released Ci 2.23E+01
2. C-14 Total Body Dose mREM 4.91E-01
3. C-14 Organ Dose mREM 2.45E+00

Receptor Location 1.5 miles S
Critical Age CHILD
Critical Organ BONE
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Attachment 2
Supplemental Information

Brunswick Steam Electric Plant Units 1 & 2
Period 1/1/2023 - 12/31/2023

Discussion of liquid release from the BSEP Sewage Treatment Plant

In accordance with the Brunswick Steam Electric Plant (BSEP) National Pollutant Discharge Elimination System
(NPDES) Permit Number NC0007064 the decant from the BSEP Sewage Treatment Plant is released to Outfall Number
004. Outfall Number 004 discharges to the discharge canal which is a designated release point. The BSEP sewage
decant is monitored continuously with a composite sampler for gamma and tritium analysis. On December 11, 2013
the monthly effluent sample contained tritium, there was no detectable gamma activity. Condition Report (CR) 651320
was generated and daily sampling was initiated for effluent accountability. Inputs to the system were sampled and it
was discovered that tritiated groundwater is leaking into the Number 6 lift station. The source of tritium is from pre-
existing groundwater contamination in the general area surrounding the Number 6 lift station. Regulatory Affairs
confirmed this was not reportable per NEI 07-07 groundwater reporting. The BSEP sewage treatment plant was
decommissioned in January 2019 and no further releases from this point occurred.

Discussion of liquid releases from the Storm Drain Collector Basin (SDCB)

During periods of heavy rain, the contents of the SDCB may be released to the discharge canal in accordance with
regulatory requirements to protect plant personnel and equipment. The SDCB was released directly to the discharge
canal on 19 occasions in 2023 due to heavy rains. Approximately 2.740E+06 gallons containing 0.00E+00 curies of
tritium were released. There was no detectable gamma radioactivity.

Discussion of liquid releases from the Storm Drain Stabilization Facility (SDSF)

The SDSF collects rainwater, water from miscellaneous low volume drains on plant site, water from the Groundwater
Extraction System, and water from the Unit 1 CST Remediation Facility. Treatment consists of filtration and evaporation.
When sufficient water has accumulated in the pond it is released into the intake canal where it is drawn into the plant
circulating and service water system and eventually released into the discharge canal. The SDSF was turned into a
continuous release in July of 2023. Approximately 1.14E+08 gallons containing 1.08E+00 curies of tritium were
released from the SDSF. There was no detectable gamma radioactivity.

Discussion of water evaporation from the Drainage Holding Facility (DHF) and Retired
Storm Drain Stabilization Pond (RSDSP)

It was calculated that up to 1.04E+06 cubic feet of water vapor were released via evaporation from the DHF in 2023.
This yields 0.00E+00 curies of tritium released to the atmosphere as a ground release. The nearest resident to the
pond is in the north sector at approximately 0.3 miles. Only inhalation dose would be determined because the exposed
individuals do not have a garden and do not have any milk or meat animals at this location. The Drainage Holding
Facility (DHF) was completed and placed in service in March 2023. This took the place of the Storm Drain Stabilization
Pond (SDSP) which has sense been retired. The SDSP had an estimated evaporation of 7.08E+04 cubic feet of water
vapor before it’s full retirement. This yields 0.00E+00 curies of tritium released to the atmosphere as a ground release.

Discussion of water evaporation from the Storm Drain Stabilization Facility (SDSF)

It was calculated that 1.01E+06 cubic feet of water vapor were released via evaporation from the SDSF in 2023. This
yields 1.17E-01 curies of tritium released to the atmosphere as a ground release. The nearest resident to the pond is
in the north-northwest sector at approximately 0.5 miles. The maximum exposed individuals at that location received a
calculated dose of 7.52E-05 mrem via the inhalation pathway in 2023. Only inhalation dose was determined because
the exposed individuals do not have a garden and do not have any milk or meat animals at this location.
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Attachment 2
Supplemental Information

Brunswick Steam Electric Plant Units 1 & 2
Period 1/1/2023 - 12/31/2023

Discussion of liquid releases from the Marsh to Nancy’s Creek

Samples are routinely analyzed from the marsh areas that drain into Nancy’s Creek during falling tides. The marsh
areas are all on company owned property. The marsh land is under the influence of high and low tides and releases to
Nancy’s Creek, which is offsite. This constitutes a release point for evaluation. The sampling program consists of
monthly sampling and analysis at nine locations. All gamma analyses performed in 2023 were less than the Lower
Limit of Detection (LLD). Some tritium analyses were greater than the LLD. The average tritium concentration each
month, two high tides per day, the area of the marsh at high tide, the days in the month, and a conservative factor of 2
were used to calculate the amount of tritium released each month. In 2023, it was calculated that 5.38E+07 gallons
were released to Nancy’s Creek containing 4.15E-03 curies of tritium. This yielded a Total Body dose of 5.04E-05
mrem to an adult from eating fish and invertebrate.

Discussion of liquid releases from the Retired Storm Drain Stabilization Pond (RSDSP) and
the Drainage Holding Facility (DHF)

The Retired Storm Drain Stabilization Pond collected rainwater as its only input source. Treatment from this location
consists of sedimentation, evaporation, and transpiration. When sufficient water has accumulated in the pond, it is
released into the intake canal where it is drawn into the circulating and service water system and eventually released
into the discharge canal. There was 0 SDSP releases in 2023. Approximately 0.00E+00 gallons were released in 2023
containing 0.00E+00 curies of tritium. There was no detectable gamma radioactivity. This system was completely
retired in March of 2023.

The focus of the BNP Groundwater Program is to be proactive in fully understanding the actions needed for the
management of historical leaks and the prevention and management of potential future leaks and spills. The site has
taken important steps to strengthen this program and to manage in a safe and sustainable way. One action was to cap
the existing SDSP and construct a new holding facility for stormwater. The SDSP required retirement / abandonment
in support of site legacy radionuclide management. The system no longer receives radionuclide sources because of
groundwater liabilities with its unlined original design and has been replaced by the lined SDSF. In addition, the SDSP
containment perimeter condition was degraded by vegetative overgrowth.

The new Drainage Holding Facility (DHF) was completed in March of 2023 within the SDSP footprint. The DHF controls
aquatic vegetation by use of an aeration system and weighted high-density polyethylene (HDPE) balls. Also, the DHF
is double lined to reduce the potential for any tritium leakage to groundwater. When sufficient water has accumulated
in the DHF pond it is released into the intake canal where it is drawn into the plant circulating and service water system
and eventually released into the discharge canal. The DHF can also serve as a back-up to the SDSF and can take
inputs from the SDSF as well as all listed SDSF inputs. Typically, the DHF is maintained non-radioactive, and primarily
takes rainwater runoff from the RSDSP. When in release the DHF is considered a continuous release per BNP ODCM.
Approximately 7.72E+06 gallons were released in 2023 containing 0.00E+00 curies of tritium. There was no detectable
gamma radioactivity.
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Attachment 2
Supplemental Information

Brunswick Steam Electric Plant Units 1 & 2
Period 1/1/2023 - 12/31/2023

Overall Estimate of Error for Effluent Radioactivity Release Reported

The estimated percentage of overall error for Gaseous effluent release data at Brunswick Steam Electric Plant is listed
below. These values were derived by taking the square root of the sum of the squares of the discrete individual
estimates of error.

1. Fission and Activation Gases = +25%
2. Particulates and lodine = +25%
3. Tritium = +15%

The estimated percentage of overall error for Liquid effluent release data at Brunswick Steam Electric Plant is listed
below. These values were derived by taking the square root of the sum of the squares of the discrete individual
estimates of error.

1. Fission and Activation Products and = +17%
Dissolved and Entrained Noble Gases

2. Tritium +23%

3. Gross Alpha

+32%

Overall Estimate of Error for Solid Waste Radioactivity Reported

The estimated percentage of overall error for Solid Waste data at Brunswick Steam Electric Plant has been determined
to be £ 10%.
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Attachment 2
Supplemental Information

Brunswick Steam Electric Plant Units 1 & 2
Period 1/1/2023 - 12/31/2023

Summary of Changes in Land Use Census Affecting Effluent Dose Calculations

The 2023 Land Use Census was performed July 10-11, 2023. The results were certified and made available for use
on August 31, 2023. The following are changes to residences, gardens, and milk animals from the previous year.

Residences
¢ No resident changes from 2022.
Gardens

The closest garden in the N sector was replaced with a new garden at 1.10 miles.
The closest garden in the S sector was replaced with a new garden at 1.56 miles.
The closest garden in the SSW sector was replaced with a new garden at 1.59 miles.
The closest garden in the W sector was replaced with a new garden at 1.28 miles.
The closest garden in the NW sector was replaced with a new garden at 0.95 miles.
The closest garden in the NNW sector was replaced with a new garden at 0.96 miles.

Milk Animals

No milk animals (cows or goats) were identified in the 5-mile radius in any of the 16 meteorological sectors.

Environmental Monitoring Locations

Broadleaf vegetation sample location 805 (0.8 miles ENE — East Intake Canal) was removed as a supplemental
indicator location and sample location 806 (1.06 miles ENE — East Intake Canal) was added.

Direct Radiation (TLD) Locations 1 (1.1 miles E), 5 (1.1 miles S), 15 (0.9 miles ENE), 23 (4.6 miles WSW), 34 (5.4
miles E), and 38 (11.0 miles W) were removed, and Locations 86 (1.07 miles E), 87 (1.02 miles ENE), 88 (5.30 miles
WSW), 89 (5.06 miles E), 90 (5.68 miles W), and 91 (0.95 miles S) were added.

Ground Water Locations 404 (Monitoring Well ESS-1B, 0.16 miles SW), 407 (Monitoring Well ESS-13B, 0.06 miles
ENE), 418 (Monitoring Well ESS-21B, Near Storm Drain Stabilization Pond), 426 (Monitoring Well ESS-25B, Near
Storm Drain Stabilization Pond), 429 (Monitoring Well ESS-27A, Near Storm Drain Stabilization Pond), and 612
(Monitoring Well ESS MWPA-118B, Near Intake Canal and Plant Stack) were removed, and Locations 412
(Monitoring Well, ESS-18B, west side of retired SDSP), 420 (Monitoring Well ESS-22B, south side of retired SDSP),
and 1020 (Monitoring Well U1CSTREM-05B, east side of protected area near intake structure) were added.
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Attachment 3
Solid Radioactive Waste Disposal

Brunswick Steam Electric Plant Units 1 & 2
Period 1/1/2023 - 12/31/2023

ATTACHMENT 3

Solid Radioactive Waste Disposal

This attachment includes a summary of the solid waste shipped off-site for burial and/or disposal,
including:

e Container volume

e Total Curie content

¢ Principal Radionuclides

e Source/Type of waste

e Solidification agent or absorbent

e Type of shipping container

¢ Number of shipments

e Other relevant information as necessary
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Attachment 3
Solid Radioactive Waste Disposal

Brunswick Steam Electric Plant Units 1 & 2
Period 1/1/2023 - 12/31/2023

Type of Number of Number of Waste Container Solidification Burial To_ta_l
Waste Shipped Shipments Containers Class Type Agent Volume ACt“.”ty
(m?3) (Curies)
1. Waste from Liquid Systems
; ; Type A
a. Spent Resins, Filters, 23 23 A N/A 1.03E+2  2.72E+2
Sludges (dewatered) GDP
b. Spent Resins, Filters,
Sludges (dewatered 1 1 B Type B N/A 2.55 3.25E+1
c. Solidified (cement) Acids, Oily 0 } } } } ) )
Water
2. Dry Solid Waste
; Type A
a. Dry Active Waste (compacted 40 64 A N/A 1 71E+3 6.83
& non-compacted) GDP
b. Irradiated Components 2 2 C Type B N/A 3.16 2.24E+4
c. Other Waste (oil/sludge) 0 - - - - -
3. Total Solid Waste 64 - - - 1.82E+3 2.27E+4

NOTE: Total Activity determined by estimate. Solid Waste listed above shipped for processing to various waste processing services or directly shipped
to licensed disposal facility.
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Attachment 3
Solid Radioactive Waste Disposal

Brunswick Steam Electric Plant Units 1 & 2
Period 1/1/2023 - 12/31/2023

Type of Waste Shipped Radionuclide % Abundance

1. Waste from Liquid Systems

a. Spent Resins, Filters, Sludges Fe-55 23.51
(dewatered) Mn-54 4.69
Co-60 51.03

Ni-63 8.37

Zn-65 4.67

Cs-137 4.16

b. Solidified (cement) Acids, Oily Water N/A N/A

2. Dry Solid Waste

a. Dry Active Waste (compacted & non- Fe-55 37.56
compacted) Mn-54 6.86
Co-60 46.18
Ni-63 1.9
Cr-51 2.65
Zn-65 1.42
Co-58 1.63
b. Irradiated Components Fe-55 66.61
Co-60 22.24
Ni-63 4.32
Mn-54 2.96
Ta-182 3.05
c. Other Waste N/A N/A
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Attachment 4
Meteorological Data

Brunswick Nuclear Plant
Period 1/1/2023 - 12/31/2023

ATTACHMENT 4

Meteorological Data

This attachment includes a summary of meteorological joint frequency distributions of wind speed,
wind direction, and atmospheric stability (hours of occurrence) for each respective height (lower-
level and upper level).
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Attachment 4
Meteorological Data

Brunswick Nuclear Plant
Period 1/1/2023 - 12/31/2023

Lower Level
(mph) N INNE| NE | ENE | E | ESE [SE|sSE| s | ssw | sw Jwsw]|w] wNnw | NW | NNW
07535 | o oo | o o] o|JoJo|Jo]o|o|o]|o|] o |o]oO
3917% JojJojofo|ojojojo|Jo|1]lo]oOo o] 0o |1]71
A 7511250 1 9 | o | 2 o lo|lo|o|lo|oOo]| 7 8 0 |0 1 1| 2
12511850 | 9 | 0 | 0 | o |o| 0o |0o| 0| 0| 6 |22| 0 |0O] O 0| 0
18512500 9 | 0 0| 0o |0| o0 |0o|O|O| O |oOo]|] o0 |0] o 0] 0
25+ ojJ]ojJo]oJoJ]o]J]oJ]o]J]O|]oO]J]OoO]|]oO]JoOo|l 0o ]O]oO
07535 | o oo | o o] oJoJo]|]o]o|o|o]|o|] o |o]oO
351750 3 14| 2| 0o |o| 4|6|0]o0o|lo0o]o] o0 3] 1 |5]1
B 7511250 1 3 1 > 15| 8 | 4| 6 |10 3 |16| 51 |59 3 | 2] 10 |5 | 11
125118501 9 | 1 |5 | 5 1| o |o]|o |3 |17 ]| 2 |0o|] 0o 0] o0
18512500 9 | 0 0| 0o |0| O |0o|O|O| O |oO]|] 0 |0] o 0] o0
25+ ojJ]ojJo]oJoJ]o]J]oJ]o]J]O|]oO]J]OoO]|]oO]JoOo|l 0o ]O]oO
0753% |3 |1 o]l o Jo]JoJojo]Jo]|]o|o|o ] |of o |2]3
351750 125 | 25 |21 | 16 |10 | 37 31|16 | 3 | 4 |16 | 6 |18| 11 |14 | 30
c 7511250 1 99 | 11 | 67 | 42 | 25| 20 | 6 | 23|43 | 75 |89 | 14 | 5 5 7 | 14
125118501 0 | 2 | 6 | 7 |1 | o |o]|o |7 |18 0]o|] o |o]o
185125001 9 | 0 | 0o | 0o |0| O |0o|O|O| O |oOo]|] 0 |0] o 0] o0
25+ oJojJojo]oJo|oJo|o]o|Jo]o o] O oo
075350 128 |21 | 8 | 8 |12 12 |13| 6 | 3 | 3 |18 | 16 |24| 19 |35 | 32
351750 11731233 | 114 | 79 |49 | 68 | 73| 59 | 82 | 130 |251| 112 | 75| 64 | 95 | 84
5 7511230 | 57 1181|183 | 98 |58 | 8 |11 | 33 |106| 155 [293| 27 [16| 21 | 13| 36
12511850 f 4 121 |31 | 17 [ 3| 2 |1 | 8 |17] 22 29| 0 |0| 0 | 6| 14
18512500 | o | o | > 0 ol ool o] o 2 2 0 |0 0 0 0
25+ oJojJ]ojJo]JoJ]o|loJo]Jo]J]oJo]Jo o] o |ofoO




Attachment 4
Meteorological Data

Brunswick Nuclear Plant
Period 1/1/2023 - 12/31/2023

Lower Level
Stability SWincl Hours (2‘ Occurrence
Class peed ector
(mph) N |[NNE|] NE | ENE | E | ESE | SE| SSE| S ssW | sw Jwsw | w | WNwW | NW | NNW

075350 |77 |39 | 31| 23 |22| 24 |33 |31 | 24| 38 |76 | 91 |63 | 51 |67 | 95
3.51-7.50

101 | 63 | 62 | 45 |29 30 |16 | 44 | 45 | 69 |241| 61 |35]| 47 33 | 55

7.51-12.50 2 1 7 5 6| 13 | 1| 5 | 25| 33 | 31 4 4 3 0 0

12.51-18.50 | 0 0 1 3 0 3 0 5 5 0 0 0 0 0 0

18.51-25.00 | 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

25+ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

075350 1go |19 |11 | 3 |3 | 8 | 2| 6 | 8| 8 |32] 45 |57| 59 |52 120

851750 145 2 | 4 | 2 |2 1 |1 2| 2] 4 |1w.6| 9 |1| 1 |7 10

7.51-12.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

12511850 | 4 | o | ¢ o |lo|l o |o|lo]|oO 0 0 0 |0 0 0 0

18.51-25.00 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

25+ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

075350 1 49 | 4 | 2 o |1 3 |1] 4] 3 2 5 | 17 | 28| 50 | 68 | 145

3.51-7.50 5 0 0 0 1 0 ol ol o 0 4 3 1 3 0 2

7.51-12.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

12511850 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

18.51-25.00 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

25+ olo|lo| ool ol|o|l]o|o|]o]|]o|] o ]|o|l o |o] o
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Attachment 4
Meteorological Data

Brunswick Nuclear Plant
Period 1/1/2023 - 12/31/2023

Upper Level
- Wind Hours of Occurrence
Sg:'s“sty Speed Sector
(mph) N NNE | NE ENE E ESE | SE | SSE S SSW | SW JWSW | W | WNW | NW | NNW

0.75-3.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

3.51-7.50 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

7.51-12.50 ol o 0 1 ol o|lo| o] o 0 0 0 [0 0 0 1

12.51-18.50 | 4 0 1 0 0 0 0 0 0 2 9 1 0 0 1 2

18.5125.00 | 0 0 0 0 0 0 0 0 0 6 1 0 1 0 1

25+ olo|lo| o |]o]ol|o|l]o|o| o ]| 2]21]o|l o |o] o

0.75-3.50 ol ol o 0 o|l ol|o] o] o 0 0 0 |0 0 0 0

3.51-7.50 0 1 0 0 0 2 2101l o0 0 0 0 [0 0 0 1

B 7.51-12.50 2 5 4 0 1 7 |71 3 2 9 8 0 1 0 0 4

12.5118.50 | 1 8 10 2 0 0 0 9 30 | 39 3 3 7 3 11

18.51-2500 | 4 | | 3 4 ol o |o| o] 2 6 8 5 1 5 2 0

25+ o|lo|lo| o|o|]o|o|lo|o| o ]|e6]| 2ol o |o0o] o

075350 11 |1 |o ] o |o]ojo|Jo]o|o|o|o o] 1 0] 1

351730 | 9 | 6 | 9 | 5 |5 |13 |11| 5| 1| 2 | o | o [1] 2 |3 ]| 8

7311250 151 |19 | 23| 20 | 23] 31 [22]| 19|23 |36 |38]| 10 | 7| 11 |9 | 11

Cc
12911850 (13| 8 |40 | 30 | 6| 0 | 0] 2 [12]37 |48 12 (11| 6 | 6 | 19
183925001 1 | 2 |5 |12 |o| o |1]0 | 1] 9 |14| 3 |o| 3 |4a]|ce
25+ ojJojJoJoJojJoJoJo]JO| 1 ]2]oO ol 0o J]O]oO
075350 14 | 2 |2 | 3 |6 | 4|6 2|52 |2]|3 3|6 |6]%5
381750 1 20 | 23 | 22 | 25 |29 29 |28 | 17 [ 25| 15 | 15| 26 [24| 19 |20 | 22
o 172 |56 | 75 | 67 | 69 |50 | 26 | 26|37 | 72| 99 | 80 | 57 32| 24 |28 58

12511850 | 75 1168 | 122 | 79 |28 | 11 | 5 | 13 | 47 [ 128 |204 | 78 |56 | 29 | 45| 40

18512500 [ 10 |57 |81 | 42 | 7 | 1 | 8| 7 [16] 32 |94 |53 [22] 13 |11 | 27

25+ 8 20 | 32 12 8 2 2 2 10 | 12 30 11 0 5 5 18
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Attachment 4
Meteorological Data

Brunswick Nuclear Plant
Period 1/1/2023 - 12/31/2023

Upper Level
stabily Soend T
(mph) N NNE | NE ENE E ESE | SE | SSE S SSW | SW | WSW | W | WNW | NW | NNwW
0.75-3.50 2 2 3 3 1 1 1] 4 1 0 1 3 1 0 1 1
351750 {7 1 1 |10 | 9 |16| 11 |10[14 13| 9 [12| 5 | 4| 11 |10]| 5
¢ |70 |31 033 | 29| 15 [20] 7 [19]42 |31 | 43 [ 74| 25 |25| 16 | 17 | 20
12511850 | 76 | 104 | 74 | 58 |18 | 20 |14 | 25 | 29 | 59 |141| 89 |56| 29 |32 | 31
1851250015 |12 | 3| 9 |92 | 7| 6 |26] 20 | 52| 68 [37| 20 [ 13| 5
25+ ojJo|Jo| 1|45 |al3]3[13]|]1]1]1] o0 |0]oO
0.75-3.50 0 0 1 0 2 1 5 1 4 3 1 2 3 1 2 0
3.51-7.50 4 | 5 | 3 3 |4| 4 |5| 6 |18 4 |5 6 | 8 3 6 | 4
e P a1 )11 |18 13 |9 1 |7]10]19] 15 [21| 13 [19] 16 [ 9 | 9
12511850 | 26 | 37 |52 | 20 | 4| 5 | 1| 1 | 5 | 12 |27 | 34 [20] 13 |11 | 19
18512500 f 19|18 |10 | 3 [1 ]| o |o] oo | 1 |13]|21 |24 6 | 7] 10
25+ oJojlojo]o|Jo|loJo]Jo]o |Jo]o o]l o oo
0.75-3.50 4 | 1| 2 1 |21 0 |o]| 3|2 1 1 4 |1 2 0| 0
38175 11 | e |10 | 5 12| 8 [ 8| 2 11| 2 [ 8] 8 |6]| 9 |11]| 5
o |7 |9 |14 |18 30 |11] 9 [4)11]9 | 7 | 9|13 |16 5 [12] 7
12511830 121 |27 |51 | 26 | 1| 6 [ 1| 1 | 1|11 18| 13 |[21| 9 | 5 | 3
18.51-25.00 | 13 | 56 | 17 2 0 0 0 0 1 5 0 13 | 12 5 4 5
25+ 0| 0| o0 o |o|l o |o|lo]|o]| o 0 0 |o0 0 1 0
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Attachment 5
Unplanned Offsite Releases

Brunswick Steam Electric Plant Units 1 & 2
Period 1/1/2023 - 12/31/2023

ATTACHMENT 5

Unplanned Offsite Releases

This attachment includes a summary of the unplanned offsite releases of gaseous and liquid
radioactive effluents.
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Attachment 5
Unplanned Offsite Releases

Brunswick Steam Electric Plant Units 1 & 2
Period 1/1/2023 - 12/31/2023

Brunswick Steam Electric Plant did not experience any unplanned offsite gaseous or liquid effluent
releases in 2023.

Page 5-2



Attachment 6
Assessment of Radiation Dose from Radioactive Effluents to Members of the Public

Brunswick Steam Electric Plant Units 1 & 2
Period 1/1/2023 - 12/31/2023

ATTACHMENT 6

Assessment of Radiation Dose from Radioactive Effluents to Members of the Public

(includes fuel cycle dose calculation results)

This attachment includes an assessment of radiation doses to the maximum exposed member of
the public due to radioactive liquid and gaseous effluents released from the site for each calendar
quarter for the calendar year of the report as well as the total dose for the calendar year.

This attachment also includes an assessment of radiation doses to the maximum exposed member
of the public from all uranium fuel cycle sources within 8 km of the site for the calendar year of this
report to show conformance with 40 CFR Part 190.

Methods for calculating the dose contribution from liquid and gaseous effluents are given in the
Offsite Dose Calculation Manual (ODCM).
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Attachment 6
Assessment of Radiation Dose from Radioactive Effluents to Members of the Public

Brunswick Steam Electric Plant Units 1 & 2
Period 1/1/2023 - 12/31/2023

Gaseous Effluents Dose Summary

Units Qtr 1 Qtr 2 Qtr 3 Qtr4 Year
A. Noble Gases
1. Maximum Beta Air mRAD 1.50E-02 1.06E-02 9.83E-03 9.53E-03 4 50E-02
(a) Limit mRAD 2.00E+01 2.00E+01 2.00E+01 2.00E+01 4.00E+01
(b) % of Limit 7.50E-02 5.30E-02 4.91E-02 4.77E-02 1.12E-01
2. Maximum Gamma Air mRAD 2.40E-02 2.01E-02 1.97E-02 1.87E-02 8.26E-02
(a) Limit mRAD 1.00E+01 1.00E+01 1.00E+01 1.00E+01 2.00E+01
(b) % of Limit 2.40E-01 2.01E-01 1.97E-01 1.87E-01 4.13E-01

Receptor Location 0.7 miles ENE

B. lodine, H-3, & Particulates

1. Maximum Organ Dose mREM 3.81E-01 3.16E-01 2.61E-01 2.42E-01 1.20E+00
(a) Limit mREM  1.50E+01 1.50E+01 1.50E+01 1.50E+01 3.00E+01
(b) % of Limit 2.54E+00 2.11E+00 1.74E+00 1.61E+00 4.00E+00

Receptor Location 4.75 miles NE

Critical Age Infant
Critical Organ Thyroid
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Attachment 6

Assessment of Radiation Dose from Radioactive Effluents to Members of the Public

Brunswick Steam Electric Plant Units 1 & 2
Period 1/1/2023 - 12/31/2023

A. Batch & Continuous Mode
1. Maximum Organ Dose
(a) Limit
(b) % of Limit

2. Maximum Total Body Dose
(a) Limit
(b) % of Limit

Critical Age ADULT
Critical Organ Thyroid

Liquid Effluents Dose Summary

Units Qtr 1
mREM 1.27E-03
mREM 1.00E+01

1.27E-02
mREM 4.10E-05
mREM  3.00E+00
1.37E-03

Qtr 2

1.03E-03
1.00E+01
1.03E-02

5.32E-05
3.00E+00
1.77E-03

1.52E-03
1.00E+01
1.52E-02

8.98E-05
3.00E+00
2.99E-03

8.54E-04
1.00E+01
8.54E-03

4.80E-05
3.00E+00
1.60E-03

4.68E-03
2.00E+01
2.34E-02

2.32E-04

6.00E+00
3.87E-03
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In accordance with the requirements of 40 CFR Part 190, the annual dose commitment to any member of the general
public shall be calculated to assure that doses are limited to 25 millirems to the total body or any organ with the exception
of the thyroid which is limited to 75 millirems. The fuel cycle dose assessment for Brunswick Steam Electric Plant
includes liquid and gaseous effluent dose contributions from Brunswick Steam Electric Plant and direct and air-scatter
dose from the onsite ISFSI and Turbine Buildings. No other uranium fuel cycle facility contributes significantly to the
maximum exposed individual. Also included is dose from Carbon-14, evaporation of tritium from both the DHF, RSDSP,
and SDSF, and marsh releases containing tritium to Nancy’s Creek (Ref. Attachment 2, Supplemental Information, of
this report for further information). The combined dose to a maximum exposed individual from effluent releases and

Attachment 6
Assessment of Radiation Dose from Radioactive Effluents to Members of the Public

Brunswick Steam Electric Plant Units 1 & 2

40 CFR Part 190 Uranium Fuel Cycle Dose Calculation Results

Period 1/1/2023 - 12/31/2023

direct and air-scatter dose is below 40 CFR Part 190 limits as shown by the following summary.

Note: The 40 CFR Part 190 effluent dose analysis to the maximum exposed individual from liquid and gas releases does not include the dose from

noble gases (i.e., total body and skin) due to the low significance compared to other dose pathways.

40 CFR Part 190 Effluent Dose Summary

arON = arON=

arON =

A. Gaseous Effluent Dose

Location

Critical Age

Critical Organ

Organ Dose (MREM)
Total Body Dose (MREM)

B. Liquid Effluent Dose

Location

Critical Age

Critical Organ

Organ Dose (MREM)
Total Body Dose (MREM)

C. Carbon-14 Dose

Location

Critical Age

Critical Organ

Organ Dose (MREM)
Total Body Dose (MREM)

4.75 mi. NE
INFANT
THYROID
1.20E+00
3.35E-03

0.10 mi. SW
ADULT
THYROID
4.68E-03
2.32E-04

1.5mi. S
CHILD
BONE
2.45E+00
4.91E-01

D. RSDSP/DHF Evap. H-3 Dose

RN~

Location

Critical Age

Critical Organ

Organ Dose (MREM)
Total Body Dose (MREM)

E. SDSF Evaporation H-3 Dose

AP WN =

Location

Critical Age

Critical Organ

Organ Dose (MREM)
Total Body Dose (MREM)

F. Nancy’s Creek Marsh H-3 Dose

AP WN =

Location

Critical Age

Critical Organ

Organ Dose (MREM)
Total Body Dose (MREM)

0.30 mi. NW/N
TEEN

N/A

0.00E+00
0.00E+00
0.50 mi. NNW
TEEN

N/A

7.52E-05
7.52E-05

Nancy's Creek
ADULT

N/A

5.04E-05
5.04E-05
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Attachment 6
Assessment of Radiation Dose from Radioactive Effluents to Members of the Public

Brunswick Steam Electric Plant Units 1 & 2
Period 1/1/2023 - 12/31/2023

Direct and air-scatter radiation dose contributions from the onsite ISFSI and Turbine Buildings are shown in plant
operating manual OPLP-36, 10 CFR 72.212 Report, revision 6. The maximum dose rate to the nearest real individual
from the ISFSI and Turbine Buildings is conservatively calculated to be less than 14.8 mrem/yr. The below excerpt
from plant operating manual OPLP-36, 10 CFR 72.212 Report, revision 4, Attachment 1, is provided to document the
method used to calculate the dose from the onsite ISFSI and Turbine Buildings as less than 14.8 mrem/yr to the nearest
real individual.

5.2.2 Dose from Normal Operations and Anticipated Occurrences

5. The real dose contribution from direct radiation sources during plant operations at BSEP it taken
at 14.8 mrem/year.

Dose contributions from Carbon-14 in gaseous effluents have been determined from ODCM 3.3.3, Carbon-14. The
maximum dose rate to the nearest real individual from the release of Carbon-14 in gaseous effluents is conservatively
calculated to be less than 2.45E+00 mrem/yr based on 2.23E+01 Curies released in 2023 (Ref. Attachment 2,
Supplemental Information, of this report).

Dose contributions from evaporation of the Drainage Holding Facility (DHF) and the Retired Storm Drain Stabilization
Pond (RSDSP) have been determined from ODCM 3.3.2, 1-131, 1-133, Particulates, and Tritium, equation 3.3-19. The
maximum dose rate to the nearest real individual from evaporation of tritium in the DHF/RSDSP is calculated to be
0.00E+00 mrem/yr based on 0.00E+00 Curies released in 2023 (Ref. Attachment 2, Supplemental Information, of this
report).

Dose contributions from evaporation of the Storm Drain Stabilization Facility (SDSF) have been determined from ODCM
3.3.2, 11131, 1-133, Particulates, and Tritium, equation 3.3-19. The maximum dose rate to the nearest real individual
from evaporation of tritium in the SDSF is conservatively calculated to be less than 7.52E-05 mrem/yr based on 1.17E-
01 Curies released in 2023 (Ref. Attachment 2, Supplemental Information, of this report).

Dose contributions from marsh releases to Nancy’s Creek from ODCM 2.1.7, Marsh Releases. The maximum dose
rate to the nearest real individual from marsh releases to Nancy’s Creek is conservatively calculated to be less than
5.04E-05 mrem/yr based on 4.15E-03 Curies released in 2023 (Ref. Attachment 2, Supplemental Information, of this
report).

Total dose from liquid and gaseous effluents from Brunswick Steam Electric Plant and the additional pathways
mentioned above is conservatively estimated to be less than 19.0 mrem/yr for total body and organ. It is recognized
summing dose for different organs and age groups is not entirely accurate. However, the sum of the organ and age
specific doses will always be less than the sum of the maximums of each. Therefore, summing the maximum values of
each provides the most conservative value to ensure compliance with 40 CFR 190. The dose from all pathways related
to operation of Brunswick Steam Electric Plant meets the 40 CFR Part 190 requirements of an annual dose commitment
to any member of the general public of less than 25 mrem total body or any organ and 75 mrem to the thyroid.
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Attachment 7
Information to Support the NEI Ground Water Protection Initiative

Brunswick Steam Electric Plant Units 1 & 2
Period 1/1/2023 - 12/31/2023

ATTACHMENT 7

Information to Support the NEI Ground Water Protection Initiative

This attachment includes a summary of voluntary reports made in accordance with the NEI
Ground Water Protection Initiative and a summary of ground water well sample data.
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Attachment 7
Information to Support the NEI Ground Water Protection Initiative

Brunswick Steam Electric Plant Units 1 & 2
Period 1/1/2023 - 12/31/2023

The Brunswick Steam Electric Plant groundwater sampling and analysis program is a significant surveillance program.
Wells are installed around the Retired Storm Drain Stabilization Pond (RSDSP), in the Protected Area (PA), and
throughout the Owner Controlled Area (OCA). The wells listed in the ODCM are collected as part of the Radiological
Environmental Monitoring Program (REMP) and reported in the Annual Radiological Environmental Operating Report
(AREOR). The monitoring wells not described in the ODCM are listed below. The list consists of shallow wells,
intermediate wells, and deep aquifer wells in different locations around the OCA and PA. They are used to evaluate
groundwater movement and for remediation of the Unit 1 Condensate Storage Tank (CST) leak and the RSDSP.

Unit 1 CST Groundwater Wells - The investigation into groundwater impacts resulting from the December 2010 Unit 1
Condensate Storage Tank line leak resulted in the installation of numerous monitoring/recovery wells. Two of these
wells (U1CSTREM-07BCH and U1CSTREM-09BCH) are installed in the Castle Hayne aquifer (greater than 70' below
ground surface) to investigate and monitor potential impacts to the aquifer. Nine of these wells (U1CSTREM-05B,
U1CSTREM-02B, GWM-17, U1CSTREM-09B, GWM-15, U1CSTREM-21B, U1CSTREM-22B, U1CSTREM-27B, MW-
01B) are installed in the dense sand unit (45' - 70" below ground surface) to investigate and monitor impacts to this flow
zone comprised of native material beneath the plant excavation backfill. Twenty-three of these wells (GWM-01,
U1CSTREM-09C, U1CSTREM-10C, U1CSTREM-11C, U1CSTREM-12C, GWM-13, GWM-15, GWM-16, GWM-18,
GWM-19, U1CSTREM-21C, U1CSTREM-22B, GWM-11, GWM-22, GWM-21, U1CSTREM-27C, U1CSTREM-28C,
GWM-02, GWM-08, GWM-09, U1CSTREM-32C, GWM-10, GWM-12) are installed in the plant excavation backfill (up
to 45' below ground surface) to investigate and monitor impacts to this flow zone where the leak occurred. Seven (7) of
these wells are currently used as recovery wells as part of the groundwater remediation effort.

Monitoring wells are typically sampled on a frequency determined from activity of the wells, risk assessments, and
historical trends. This frequency can range from weekly to every two years. Ground water samples are regularly
analyzed for tritium. There were no notifications per NEI 07-07, Industry Ground Water Protection Initiative in 2023.

No voluntary reports made in accordance with NEI Ground Water Protection Initiative in 2023.Results from sampling
during 2023 are shown in the table below.

Key to below table
) ) Not scheduled to be sampled, not sampled due to insufficient
volume in well, or well inaccessible during outage.
pCi/l - picocuries per liter.
<LLD - less than lower limit of detection, typically 250 pCi/l.
20,000 pCil _the Environmental Protection Agency drinking water standard for

tritium. This standard applies only to water used for drinking.

the 10 CFR Part 20, Appendix B, Table 2, Column 2, Effluent
Concentration Limit for tritium.

1,000,000 pCill
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Attachment 7

Information to Support the NEI Ground Water Protection Initiative

Brunswick Steam Electric Plant Units 1 & 2

Period 1/1/2023 - 12/31/2023

Brunswick Shallow Wells for Plant Site
Number Nufn.ber of AverageH-3 | MinimumH-3 Maximum
Well Name of Positive H.-3 Activity Activity H-3 Activity Depth of

Samples Samples in . . . Well (ft)

in 2023 2023 (pCi/L) (pCi/L) (pCi/L)
ESS-2C 2 2 4.43E+02 3.98E+02 4.87E+02 27
ESS-3C 2 0 <LLD <LLD <LLD 14
ESS-12C 1 0 <LLD <LLD <LLD 15
ESS-13C 2 0 <LLD <LLD <LLD 25
ESS-16 1 1 4.93E+02 4.93E+02 4.93E+02 27
ESS-17C 2 2 5.70E+03 5.35E+03 6.04E+03 26
ESS-18C 2 2 2.88E+03 9.54E+02 4.80E+03 20
ESS-19C 2 2 5.10E+04 7.15E+04 3.06E+04 20
ESS-20C 4 4 1.26E+03 8.87E+02 1.69E+03 20
ESS-21C 1 0 <LLD <LLD <LLD 20
ESS-22C 1 1 1.74E+03 1.74E+03 1.74E+03 20
ESS-23C 3 3 3.35E+04 2.91E+04 4.03E+04 23
ESS-24C 4 4 2.95E+03 2.43E+03 3.65E+03 18
ESS-25C 1 0 <LLD <LLD <LLD 22
ESS-26C 2 2 2.72E+03 2.14E+03 3.30E+03 15
ESS-27C 2 2 5.31E+04 5.15E+04 5.46E+04 16
ESS-28C 1 0 <LLD <LLD <LLD 23
ESS-29C 0 - - - 28
ESS-30C 1 1 7.19E+02 7.19E+02 7.19E+02 15
ESS-31C 1 0 <LLD <LLD <LLD 15
ESS-38C 1 0 <LLD <LLD <LLD 15
ESS-39C 1 0 <LLD <LLD <LLD 20
ESS-40C 1 0 <LLD <LLD <LLD 30
ESS-41C 1 0 <LLD <LLD <LLD 27
ESS-42C 1 0 <LLD <LLD <LLD 30
ESS-44C 1 0 <LLD <LLD <LLD 15
ESS-45C 1 0 <LLD <LLD <LLD 21
ESS-46C 1 0 <LLD <LLD <LLD 18
ESS-48C 1 0 <LLD <LLD <LLD 18
ESS-49C 1 0 <LLD <LLD <LLD 19
ESS-50C 1 0 <LLD <LLD <LLD 22
ESS-51C 1 0 <LLD <LLD <LLD 22
ESS-54C 0 24
ESS-55C 0 38
ESS-56C 0 32
ESS-58C 0 18
ESS-59C 0 18
ESS-60C 0 19
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Attachment 7

Information to Support the NEI Ground Water Protection Initiative

Brunswick Steam Electric Plant Units 1 & 2

Period 1/1/2023 - 12/31/2023

Brunswick Shallow Wells for Plant Site
Number Nutn.ber of Average H-3 | MinimumH-3 Maximum
Well Name of Positive H.-3 Activity Activity H-3 Activity Depth of

Samples Samples in . . . Well (ft)

in 2023 2023 (pCi/L) (pCi/L) (pCi/L)
ESS-67C 1 0 <LLD <LLD <LLD 25
ESS-68C 1 0 <LLD <LLD <LLD 19
ESS-69C 1 0 <LLD <LLD <LLD 30
ESS-70C 1 0 <LLD <LLD <LLD 18
ESS-71C 1 0 <LLD <LLD <LLD 19
ESS-72C 1 0 <LLD <LLD <LLD 18
ESS-73C 1 0 <LLD <LLD <LLD 15
ESS-74C 1 0 <LLD <LLD <LLD 25
ESS-201C 2 2 6.62E+02 5.88E+02 7.36E+02 19
ESS-202C 4 4 1.05E+04 4.76E+03 1.54E+04 19
ESS-203C 2 2 5.86E+02 5.34E+02 6.37E+02 19
ESS-STAB 12 12 5.12E+04 1.07E+03 6.35E+04 31
ESS-NC-4A 12 12 1.90E+04 1.53E+04 2.15E+04 17
MW-3 0 - - - 26
MWPA-100C 1 0 <LLD <LLD <LLD 30
MWPA-101C 2 0 <LLD <LLD <LLD 29
MWPA-102C 1 1 3.09E+02 3.09E+02 3.09E+02 30
MWPA-103C 1 0 <LLD <LLD <LLD 30
MWPA-104C 1 1 6.73E+02 6.73E+02 6.73E+02 29
MWPA-105C 1 0 <LLD <LLD <LLD 30
MWPA-106C 1 1 2.44E+02 2.44E+02 2.44E+02 29
MWPA-107C 4 4 2.81E+03 2.44E+03 3.14E+03 29
MWPA-108C 2 1 2.42E+02 2.42E+02 2.42E+02 29
MWPA-109C 4 4 8.58E+02 3.72E+02 1.20E+03 29
MWPA-110C 2 2 6.39E+02 4,94E+02 7.84E+02 29
MWPA-113C 4 4 1.63E+03 1.13E+03 1.96E+03 25
MWPA-114C 4 4 9.67E+02 8.08E+02 1.08E+03 30
MWPA-115C 2 2 2.07E+03 1.95E+03 2.19E+03 34
MWPA-117C 2 2 5.62E+02 5.18E+02 6.05E+02 30
MWPA-118C 1 1 3.85E+02 3.85E+02 3.85E+02 30
GWSP- 1C 1 0 <LLD <LLD <LLD 19
ESS-61C 1 0 <LLD <LLD <LLD 28
ESS-62C 1 0 <LLD <LLD <LLD 20
ESS-63C 1 0 <LLD <LLD <LLD 29
ESS-64C 1 0 <LLD <LLD <LLD 21
ESS-65C 1 0 <LLD <LLD <LLD 15
ESS-66C 1 0 <LLD <LLD <LLD 20
ESS-57C 0 40
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Attachment 7

Information to Support the NEI Ground Water Protection Initiative

Brunswick Steam Electric Plant Units 1 & 2

Period 1/1/2023 - 12/31/2023

Brunswick Shallow Wells for Plant Site
Number Number of . . Maximum
Well Name of Positive H.-3 Av:::i%l?t;l 2 er:::il;‘l::yH-s H.-3. Depth of

Samples Samples in . . Activity Well (ft)

in 2023 2023 (pCi/L) (pCi/L) (pCi/L)
ESS-43C 1 0 <LLD <LLD <LLD 17
ESS-32C 1 0 <LLD <LLD <LLD 35
ESS-33C 1 0 <LLD <LLD <LLD 25
ESS-35C 1 0 <LLD <LLD <LLD 20
ESS-36C 1 0 <LLD <LLD <LLD 22
SME-01C 3 0 <LLD <LLD <LLD 36
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Attachment 7

Information to Support the NEI Ground Water Protection Initiative

Brunswick Steam Electric Plant Units 1 & 2
Period 1/1/2023 - 12/31/2023

Brunswick Intermediate Wells for Plant Site
Number Number of . . Maximum
Well Name of Positive H.-3 Av:::i%l?t;l 2 er:::il;‘l?:yH-s H.-3. Depth of

Samples Samples in . . Activity Well (ft)

in 2023 2023 (pCi/L) (pCi/L) (pCi/L)
ESS-3B 1 0 <LLD <LLD <LLD 52
ESS-18B 4 4 1.75E+03 1.71E+03 1.80E+03 63
ESS-19B 4 4 5.72E+03 4.92E+03 6.50E+03 42
ESS-20B 0 43
ESS-22B 4 4 4.26E+03 4.03E+03 4.40E+03 76
ESS-38B 1 0 <LLD <LLD <LLD 55
ESS-39B 1 0 <LLD <LLD <LLD 55
ESS-51B 1 0 <LLD <LLD <LLD 45
ESS-52B 0 51
ESS-53B 0 - - 76
MWPA-104B 1 1 1.52E+03 1.52E+03 1.52E+03 59
MWPA-107B 2 2 2.44E+03 2.35E+03 2.53E+03 60
ESS-401-BCH 1 0 <LLD <LLD <LLD 85
GWSP-2B 1 1 6.42E+02 6.42E+02 6.42E+02 65
GWSP-4B 1 0 <LLD <LLD <LLD 65
SME-01BCH 3 0 <LLD <LLD <LLD 100
SME-02B 3 0 <LLD <LLD <LLD 66
SME-02BCH 3 0 <LLD <LLD <LLD 107
SME-03B 3 0 <LLD <LLD <LLD 58
SME-04B 3 0 <LLD <LLD <LLD 50
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Attachment 7

Information to Support the NEI Ground Water Protection Initiative

Brunswick Steam Electric Plant Units 1 & 2

Period 1/1/2023 - 12/31/2023

Brunswick Deep Wells for Plant Site
Number Number of . . Maximum
Well Name of Positive H.-3 Av::::i%l?t;l 2 er::::il;ll:yH-s H.-?’. Depth of
Samples Samples in . . Activity Well (ft)
in 2023 2023 (pCi/L) (pCi/L) (pCi/L)
ESS-13A 1 0 <LLD <LLD <LLD 134
SME-01A 3 0 <LLD <LLD <LLD 175
SME-02A 3 0 <LLD <LLD <LLD 157
SME-04A 3 0 <LLD <LLD <LLD 155
SME-05A 3 0 <LLD <LLD <LLD 166
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Information to Support the NEI Ground Water Protection Initiative

Attachment 7

Brunswick Steam Electric Plant Units 1 & 2
Period 1/1/2023 - 12/31/2023

Brunswick Unit 1 CST Groundwater Wells
woiname | umberel | posiivers | ARSENS | Minmum3 | Medmm 3 | popin orwon

2023 amples in (pCilL) (pCilL) (pCilL) (ft)
GWM-01 53 53 1.05E+03 3.77E+02 1.68E+03 61
GWM-02 0 - - - - 45
GMW-06 0 - - - - 45
GWM-08 0 - - - - 45
GWM-09 0 - - - - 46
GWM-10 0 - - - - 45
GWM-11 0 - - - - 45
GWM-12 0 - - - - 33
GMW-13 53 53 8.33E+03 4.00E+03 1.35E+04 44
GWM-14 53 52 3.90E+03 <LLD 5.76E+03 44
GMW-15 52 37 6.13E+02 <LLD 4.37E+03 59
GWM-16 52 52 2.32E+04 6.55E+03 3.60E+04 40
GMW-17 53 53 8.91E+03 3.66E+03 1.31E+04 68
GWM-18 53 53 2.00e+04 4.69e+03 3.88e+04 29
GMW-19 53 53 5.77E+03 3.35E+03 9.17E+03 40
GMW-20 52 52 3.94E+03 1.00E+03 1.26E+04 45
GMW-21 0 - - - - 45
GWM-22 0 - - - - 29
MW-1 4 2 5.84E+02 <LLD 6.13E+02 24
MW-1B 4 1 4.01E+02 <LLD 4.01E+02 45
U1CSTREM-02B 12 1 3.47E+02 <LLD 3.47E+02 68
U1CSTREM-05B 4 0 <LLD <LLD <LLD 65
U1CSTREM-07BCH 12 9 4. 88E+02 <LLD 7.69E+02 85
U1CSTREM-09B 12 8 9.73E+02 <LLD 1.31E+03 68
U1CSTREM-09BCH 12 3 4.20E+02 <LLD 4.64E+02 85
U1CSTREM-09C 12 12 3.47E+03 2.33E+03 4.11E+03 45
U1CSTREM-10C 4 1 4.50E+02 <LLD 4.50E+02 45
U1CSTREM-11C 4 2 3.82E+02 <LLD 3.87e+02 40
U1CSTREM-12C 12 9 1.68e+03 <LLD 4.59E+03 34
U1CSTREM-21B 12 6 4.26e+02 <LLD 5.41e+02 69
U1CSTREM-21C 12 12 4.42E+03 3.77E+03 5.17E+03 45
U1CSTREM-22B 4 2 3.92E+02 <LLD 4.13E+02 69
U1CSTREM-27B 4 1 3.36E+02 <LLD 3.36E+02 68
U1CSTREM-27C 12 11 7.93e+02 <LLD 1.07E+03 45
U1CSTREM-28C 12 5 4.16E+02 <LLD 4.89E+02 45
U1CSTREM-32C 4 2 4.73E+02 <LLD 5.51E+02 45
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Attachment 8
Inoperable Equipment

Brunswick Steam Electric Plant Units 1 & 2
Period 1/1/2023 - 12/31/2023

ATTACHMENT 8

Inoperable Equipment

This attachment includes an explanation of inoperable instruments related to effluent monitoring in
excess of allowed time defined by licensing bases and an explanation of liquid hold-up tanks
exceeding 10 Curies total activity (excluding tritium and dissolved or entrained noble gases).
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Attachment 8
Inoperable Equipment

Brunswick Steam Electric Plant Units 1 & 2
Period 1/1/2023 - 12/31/2023

Brunswick Steam Electric Plant did not experience any instances of inoperable equipment
relevant to effluent monitoring in excess of ODCM Specification 7.3.0 limits during 2023.

Brunswick Steam Electric Plant experienced no Liquid Hold-Up Tank exceeding the 10 Curie limit
of ODCMS 7.3.6 during 2023.
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Attachment 9
Summary of Changes to the Offsite Dose Calculation Manual

Brunswick Steam Electric Plant Units 1 & 2
Period 1/1/2023 - 12/31/2023

ATTACHMENT 9

Summary of Changes to the Offsite Dose Calculation Manual

This attachment includes a summary of changes to the ODCM and Radiological Effluent Controls.
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Attachment 9
Summary of Changes to the Offsite Dose Calculation Manual

Brunswick Steam Electric Plant Units 1 & 2
Period 1/1/2023 - 12/31/2023

ODCM Revision 40

The Brunswick Steam Electric Plant ODCM was revised in 2023. The ODCM was revised due to the
retirement of the Storm Drain Stabilization Pond and the placing of the Drainage Holding Facility into service.
The new Drainage Holding Facility and the existing Storm Drain Stabilization Facility are continuous releases
when in release. The following is a list of changes:

Updated list of effected pages, pages with changes to the ODCM can be found on pages marked rev. 40.
Updated 2-1 index to reflect pages changed from revision.

Updated 2-2 list of tables, Table 2.2-1, At Values For the Adult

Updated 2.1.2 continuous release section to include the drainage holding facility and the storm drain
stabilization facility as continuous releases.

Updated list of release points on page 2-9 and 2-10 and removed storm drain stabilization pond and replaced
it with the new drainage holding facility.

Page 2-11 updated to reflect Drainage Holding Facility.

Values in table 2.2-1 updated to include more radionuclide values.

Flow values for Unit 2 Turbine and Stack updated on page 3-6 and 3-8.

Table 3.2-2 updated to reflect newest distance values from the 2022 Land Use Census

Page 3-39 updated to remove Storm Drain Stabilization Pond and include Drainage Holding Facility.
Corrected equation numbering error on page 3-41 and changed references on page 3-42.

Updated Radiological Environmental Program section 4.0 (page 4-3 to 4-16). This reflects current sampling
program and maps from 2022 Land Use Census.

Updated requirements in section 7.3.1 to reflect the removal of the V-notch weir that was in the retired
Stabilization Storm Drain Facility with a partial flume that is at the new Drainage Holding Facility (pages 7.3.1-
3,7.3.1-4).

Updated table 7.3.1-1 to reflect requirements of the new Drainage Holding Facility (page 7.3.1-7).

Page 7.3.2-6, 7.3.2-11, 7.3.2-12 updated for better reading/clarification on requirement J.

Table 7.3.3-1 updated to reflect sampling requirements of the Stabilization Storm Drain Facility and the
Drainage Holding Facility for continuous release.

Table 7.3.15-1 updated for clarification on sampling ingestion milk control sample.

Table 7.3.15-2 and 7.3.15-3 edited for easier reading with no drinking water pathway.

P. 7.3.16-3 Updated land use census compensatory action to allow sampling location removal to be optional.
Values in table B-8 updated.

Appendix E updated to reflect the new samplers at the Drainage Holding Facility and to remove the retired
SDSP instrumentation.

Figure F-1 updated to include Avantech rad waste system.
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INTRODUCTION

The Off-Site Dose Calculation Manual (ODCM) provides the information and methodologies to
be used by the Brunswick Steam Electric Plant (BSEP) to show compliance with 10CFR20,
10CFR50.36a, Appendix | of 10CFR50, 10CFR72, 40CFR190, and to assure compliance with
ODCM Specifications (ODCMS).

The ODCM is based on "Radiological Effluent Technical Specifications for BWR's" (NUREG
0473, Draft), "Preparation of Radiological Effluent Technical Specifications for Nuclear Power
Plants" (NUREG 0133), and guidance from the United Stated Nuclear Regulatory Commission
(NRC). Specific plant procedures for implementation of this manual are provided elsewhere.
These procedures will be utilized to assure compliance with ODCMS and Test Requirements
(TRs) provided in the Radioactive Effluents Control Program.

The ODCM has been prepared as generically as possible to minimize the need for future
revisions. Any changes to the ODCM will be reviewed and approved as indicated in the
Administrative Control section of the BSEP Technical Specifications.

The Radioactive Effluent Release Report prepared after January 1 of each year will include an
assessment of the annual radiation doses to members of the public from radioactive liquid and
gaseous effluents using the methodology in the ODCM for the report period. This report will be
inclusive of the requirements outlined in the BSEP Technical Specifications and ODCM
Specifications.
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2.0 LIQUID EFFLUENT
2.1 COMPLIANCE WITH 10CFR PART 20 (LIQUIDS)

211 Batch Releases

A batch release is the discharge of liquid waste of a discrete volume. Batch
releases from the BSEP liquid radwaste system may occur from the waste
sample tank, floor drain sample tank, detergent drain tank and the salt
water tanks. The maximum release rate possible due to pump capacity is
200 GPM from all release tanks except the detergent drain tank, which has
a maximum release rate of 50 GPM. All of the above liquid radwaste
discharges go to the circulating water discharge canal. Circulating water
leakage collected in the circulating water pits and low purity, low activity
liquids are transferred to the salt water release tanks where they are
recirculated, sampled, and released to the environment. For any batch
release, if the radwaste monitor effluent is inoperable, then two
independent samples are analyzed and must be within 15% of each other
before the release is approved. The two samples may differ by more than
15% upon approval of the E&C Supervisor or equivalent. The maximum
release rate is determined so that 10CFR Part 20 limits are not exceeded
after dilution in the discharge canal.

The sampling and analysis frequency and the type of analysis required by
the BSEP ODCM Specifications is given in Table 7.3.3-1. All applicable
instrument numbers may be found in Appendix E.

1. Prerelease

The radioactive content of each batch release will be determined prior to
release in accordance with Table 7.3.3-1 of the BSEP ODCM
Specifications. Compliance with 10CFR Part 20 will be shown in the
following manner:

a. Minimum acceptable dilution factor:

DF = ) S (Eq. 2.1-1)

0 i EC, 2.
Where:

DF, = Minimum acceptable dilution factor determined from analysis of liquid
effluent to be released.

Ci = Concentration of radionuclide i in the batch to be released, pCi/ml

EC = Effluent concentration limit of radionuclide i from Appendix B, Table 2,

Column 2 of 10CFR20, pCi/ml
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DFg
Where:

DFs

10

DF,

MRR

Where:

MRR

RPFcw

RPFsw

DFs

ODCM (BSEP)

(10) (DFo) (Eq. 2.1-2)

Conservative dilution factor used by BSEP to calculate maximum release
rate prior to release in order to assure compliance with 10CFR Part 20

A factor of 10 less than 10CFR Part 20 limits as specified in Appendix B,
Table 2, Column 2. This factor represents one layer of conservatism for all
releases at BSEP

Minimum acceptable dilution factor per Equation 2.1-1

b. Maximum release rate:
(n—1RPFoy )+ (o~ NRPFyy,) 0 219)
2(DF,)

Maximum release rate of the batch to be released, GPM
Number of operating circulating water pumps

Number of operating service water pumps

Minimum rated pump flow of each circulating water pump
1.357 E5 GPM

Rated pump flow of each service water pump

8 E3 GPM

Engineering factor to prevent spurious alarms caused by deviations in the
mixtures of radionuclides which affect the monitor response

Conservative dilution factor used by BSEP to calculate maximum release
rate prior to release in order to assure compliance with 10CFR Part 20
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SP

Where:
SP

Em

RPFcw
RPFsw
RR

Bkg

SP

ODCM (BSEP)

C. Monitor Alarm/Trip Setpoint:

Monitor alarm/trip setpoints are determined to ensure that the
concentration of radionuclides in the liquid effluent released from the
site to unrestricted areas does not exceed the limits specified in
10CFR Part 20, Appendix B, Table 2, Column 2, for radionuclides
other than dissolved or entrained noble gases. An effluent
concentration (EC) of 2 E-4 uCi/ml has been established for noble
gases dissolved or entrained in liquid effluents, based on the
assumption that Xenon-135 is the controlling radionuclide.

(NUREG 0133)

C, (Em )[(n — 1)(RPchv )+ (p - 1)(RPFSW )] +Bkg (Eq. 2.1-4)
RR

Monitor alarm/trip setpoint, cps

The monitor efficiency for the mixture of radionuclides in the liquid effluent
prior to dilution, cps/uCi/ml

3 E-7 uCi/ml; engineering factor to ensure that the final concentration for
the mixture of radionuclides will be less than 10CFR Part 20 limits at
unrestricted areas

Number of operating circulating water pumps

Number of operating service water pumps

1.357 E5 GPM

8 E3 GPM

200 GPM; maximum design release rate

Background count rate due to internal contamination and the radiation
levels in the area in which the monitor is installed when the detector sample

chamber is filled with an uncontaminated fluid, cps

3E-7(E, f(n-1)1.357E5)+(p—1)8.0 E3)]

+Bk Eq. 2.1-5
200 g (Eq )
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d. Calculated concentration at unrestricted area:

Conci = (C‘) (MRR) (Eq. 2.1-6)
(n - 1) (RPFCW) + (p - 1) (RPFSW)
Where:
Conci = Calculated concentration of radionuclide i at the unrestricted area, uCi/ml
Ci = Concentration of radionuclide i in the batch to be released, uCi/ml
MRR = Maximum release rate of the batch to be released (see Equation 2.1-3),
GPM
n = Number of operating circulating water pumps
p = Number of operating service water pumps
RPFcw = 1.357 E5 GPM
RPFsw = 8 E3 GPM
e. 10CFR Part 20 Prerelease Compliance Check:
Before initiating the batch release, one final check for compliance
with 10CFR Part 20 will be performed. If the calculated diluted
Effluent Concentration Limit (ECL) fraction at the unrestricted area
is less than or equal to 10, then 10CFR Part 20 limits have been
met. The following equation must be true:
(Conc/Ec) < 10 (Eq. 2.1-7) |
Where:
Conc; = Concentration of radionuclide i at the unrestricted area per Equation 2.1-6,
uCi/ml
EC = Effluent concentration limit of radionuclide i from Appendix B, Table 2, |

Column 2 of 10CFR20, nCi/ml.
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Conck =

Where:

Conck =

Ci =
Vert =

Vi =

Where:

RPFcw

RPFsw

tk =

Where:

Conci

ECi =

ODCM (BSEP)

Postrelease

The actual concentration of each radionuclide following release from a
batch tank will be calculated to show final compliance with 10CFR Part 20
as follows:

a. Actual concentration at unrestricted area:

(Ciz/(Veﬁ) (Eq. 2.1-8)

The actual concentration of radionuclide i at the unrestricted area during
release k, uCi/ml

Concentration of radionuclide i in the batch released, uCi/mil
Actual volume of liquid effluent released, gal
Actual volume of dilution water during release k, gal

[N (RPFcw) *+ P (RPFsw)] (t«)

Number of operating circulating water pumps

Number of operating service water pumps

1.357 E5 GPM

8 E3 GPM

Total release time, min

b. 10CFR Part 20 Postrelease Compliance Check:

To show final compliance with 10CFR Part 20, the following
relationship must hold:

%i (Concw/ECi) < 10 (Eq. 2.1-9)

The actual concentration of radionuclide i during release k (from Equation
2.1-8), uCi/ml

Annual average effluent concentration limit of radionuclide i from Appendix
B, Table 2, Column 2 of 10CFR20, pCi/ml.
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21.2

TLS =
Where:

TL =

Bkg =

ODCM (BSEP)

Continuous Releases

A continuous release is the discharge of liquid wastes of a nondiscrete
volume; e.g., from a volume of a system that has an input flow during the
continuous release. The Groundwater Extraction System, Drainage Holdup
Facility, and Storm Drain Stabilization Facility are considered a continuous
release when releasing effluent. The potential for a continuous release
exists in the service water system. Weekly tests are performed on the
service water system during system operation as specified in Table 7.3.3-1
of the BSEP ODCM Specifications. For continuous releases, the
concentration of various radionuclides in the unrestricted area would be
calculated using Equation 2.1-8 with C; being the concentration of
radionuclide i in the continuous release stream. To show compliance with
10CFR Part 20, the sum of the concentration of radionuclide i in the
unrestricted area due to both continuous and batch releases divided by that
isotope's EC must be less than 10.

Service Water Effluent Monitor Setpoint Determination

This procedure determines the monitor alarm setpoints that indicate the
abnormal presence of radionuclides in the service water liquid effluents
released from the site to unrestricted areas. This procedure is applicable to
any service water effluent monitor.

a. Determine the monitor efficiency factor, EF, in
nCi/ml , from the appropriate RST
cps
b. Determine the monitor trigger level setpoint, TLS, in cps
TL/EF + Bkg (Eq. 2.1-10)

The alarm trigger level (uCi/ml) as per ODCM TR 7.3.3.2
5.0 x 106 uCi/ml

Monitor background, (cps)
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214

21.5
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Drainage Holding Facility

The Storm Drain Stabilization Pond (SDSP) was retired in 2023 and was
backfilled. The Drainage Holdup Facility (DHF) was created within the
footprint of the SDSP. The primary function of the DHF is to collect surface
water runoff from the retired SDSP. The secondary function of the DHF is
to serve as a backup Storm Drain Stabilization Facility (SDSF). Due to its
ability to take inputs that would normally go to the SDSF, releases from the
DHF will be treated as potentially contaminated. Prior to the start of
release, compliance checks similar to those in Section 2.1.1.1 will be
performed. Once in release, it will be treated as a continuous release, as
the release may continue uninterrupted for extended periods of time.
Continuous release calculations will be based off grab sample data and
composite sample data. The composite sample is collected in proportion to
flow during the release period. Compliance checks will occur similar to
2.1.1.2 once release is established. Analyses will be performed in
accordance with Table 7.3.3-1. Dilution flow will be estimated from the
minimum number of circulating water and service water pumps possible.

Storm Drain Stabilization Facility Releases

The Storm Drain Stabilization Facility has water inputs from the Strom Drain
Collector Basin, French Drain Pump Stations, Groundwater Extraction
System, and ISFI are collection basin. Prior to the start of release,
compliance checks similar to those in Section 2.1.1.1 will be performed.
Once in release, it will be treated as a continuous release, as the release
may continue uninterrupted for extended periods of time. This is due to the
input flow from the above-mentioned systems. Continuous release
calculations will be based off grab sample data and composite sample data.
The composite sample is collected in proportion to flow during the release
period. Compliance checks will occur similar to 2.1.1.2 once release is
established. Analyses will be performed in accordance with Table 7.3.3-1.
Dilution flow will be estimated from the minimum number of circulating
water and service water pumps possible.

Storm Drain Collection Basin

Storm Drain Collection Basin (SDCB) collects rainwater from site drains.
Typically, the SDCB is pumped to the Storm Drain Stabilization Facility or
the Drainage Holding Facility. Releasing water directly to the discharge
canal through the storm drain basin overflow valves is prohibited by the
National Pollutant Discharge Elimination System (NPDES) permit except
where unavoidable to prevent loss of life, personnel injury, or severe
property damage. Prerelease and post-release compliance checks similar
to those of Section 2.1.1 are to be performed for releases from the SDCB.
Analyses will be performed on the composite sample after the release is
complete in accordance with Table 7.3.3-1. Typical release times are on
the order of days.
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Groundwater Extraction System Releases

Groundwater Extraction System (GWES) collects groundwater from a sock
drain and extraction wells that are strategically placed around the Retired
Storm Drain Stabilization Pond. The GWES can output into the SDSF,
DHF, or release directly to the intake canal. Typical configuration is output
into the SDSF. Prior to the start of release compliance checks similar to
those in Section 2.1.1.1 will be performed. Once in release, it will be
treated as a continuous release, as the release may continue uninterrupted
for extended periods of time. Continuous release calculations will be based
off grab sample data and composite sample data. The composite sample
is collected in proportion to flow during the release period. Compliance
checks will occur similar to 2.1.1.2 once release is established. Analyses
will be performed in accordance with Table 7.3.3-1. Dilution flow will be
estimated from the minimum number of circulating water and service water
pumps possible.
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21.7 Marsh Releases

Marsh releases from the area around the outside area of the Drainage
Holding Facility are an ongoing release. The release from the marsh areas
to Nancy’s Creek are sampled in accordance with Table 4.0-1. Curies
released and associated doses will be determined and included in the
Annual Radioactive Effluent Release Report. Doses will be calculated by
the following methodology from Regulatory Guide 1.109:

Ua M (_//Litp)
R, = 1100( o J 2. 0,B,D,, exp

is total annual dose to organ j of individuals of age group a from all of the nuclides i in
pathway p, in mrem/year;

is the factor to convert from (Ci/yr)/(ft¥/sec) to pCilliter;

is a usage factor that specifies the exposure time or intake rate for an individual of
age group a associated with pathway p, in kg/yr;

is the mixing ratio (reciprocal of the dilution factor) at the point of exposure (or the
point of withdrawal of harvest of aquatic foods), dimensionless;

is the flowrate of the liquid effluent in ft¥/sec;
is the release rate of nuclide /, in Cilyr;

is the equilibrium bioaccumulation factor for nuclide i in pathway p, expressed as the
ratio of the concentration in biota (in pCi/kg) to the radionuclide concentration in water
(in pCilliter), in liters/kg;

is the radioactive decay constant of nuclide i, in hr';

is the average transit time required for nuclides to reach the point of exposure. For
internal dose, t; is the total time elapsed between release of the nuclide and ingestion,
in hours.

is the dose factor, specific to a specific age group a, radionuclide /, pathway p, and
organ j, which can be used to calculate the radiation dose from an intake of a
radionuclide, in mrem/pCi.

Historically, only tritium has been identified in the marsh areas, therefore only tritium will be
routinely used in dose calculations unless other nuclides are identified. Due to tidal fluctuations
in the marsh area the annual dose will be determined on two releases per day for the year using
average activity for the year.
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TABLE 2.1-1

ECs FOR SELECTED RADIONUCLIDES

Radionuclide ECi (uCi/ml
H-3 1E-3
Na-24 5E-5
Cr-51 5E-4
Mn-54 3E-5
Co-58 2E-5
Fe-59 1E-5
Co-60 3 E-6
Cu-64 2E4
Zn-65 5E-6
Zn-69m 6 E-5
Sr-89 8 E-6
Sr-90 5E-7
Sr-91 2E-5
Zr-95 2E-5
Mo-99 2E-5
1-131 1E-6
1-132 1E-4
1-133 7 E-6
Cs-134 9E-7
1-134 4 E-4
1-135 3E-5
Cs-137 1E-6
La-141 5E-5
Np-239 2E-5
Am-241 2 E-8
Noble Gases 2E-4

ODCM (BSEP)
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2.2 COMPLIANCE WITH 10CFR PART 50 (LIQUIDS)

2.2.1

Dt =

Where:

tk =

Fk =

Air =

ODCM (BSEP)

Cumulation of Doses

ODCM TR 7.3.4.1 requires that the cumulative dose contributions from
liquid effluents be determined at least once per 31 days, and a cumulative
summation of these total body and any organ doses should be maintained
for each calendar quarter. The cumulative dose contributions will consider
the dose contributions from the maximum exposed individual's consumption
of fish and invertebrates. At BSEP the adult is considered as the maximum
exposed individual. The dose or dose commitment limits based on 10CFR
Part 50, Appendix I, are defined in ODCM Specification 7.3.4 aand b. The
dose contribution for all releases for the quarter will be calculated using the
following equation:

Z[Z(An t, Cy F, )} (Eq. 2.2-1)

k i

The cumulative dose commitment to the total body or any organ t, from the
liquid effluents releases, mrem

The length of time of release k over which Ci and Fi are averaged for each
liquid release, hours

The concentration of radionuclide i in the undiluted liquid effluent during
release k from any liquid release, uCi/ml

The near-field average dilution factor for Cix during any liquid effluent
release. It is defined as the ratio of the volume of undiluted liquid waste
released to the product of the dilution volume from the site discharge to
unrestricted receiving water times 1. (1 is the site-specific applicable factor
for the mixing effect of the BSEP discharge structure as defined in NUREG
0133.)

Ver (See Equation 2.1-8).

VdiI
The ingestion dose commitment factor to the total body or any organ t for

each identified gamma and beta emitter i (as presented in Table 2.2-1).
Values are for an adult, mrem-ml per hr-uCi

1.14 E5 (5 Bl + 21 BF;) DCFi:
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Where:

1.14 E5

B|i =

21 =

BFi =

DCFi

222

ODCM (BSEP)

100 PS (103 ﬂ'j v
uCi L )\ 8760 hr

Maximum adult invertebrate consumption rate from Table E-5 of Regulatory
Guide 1.109, Rev. 1, kg/yr

Bioaccumulation factor for radionuclide i in invertebrates from Table A-1 of
Regulatory Guide 1.109, Rev. 1, pCi/kg per pCi/L

Maximum adult fish consumption rate from Table E-5 of Regulatory Guide
1.109, Rev. 1, kg/yr

Bioaccumulation factor for radionuclide i in fish from Table A-1 of
Regulatory Guide 1.109, Rev. 1, pCi/kg per pCi/L

Dose conversion factor for radionuclide i for adults for a particular organ t
from Table E-11 of Regulatory Guide 1.109, Rev. 1, and BSEP File:
B10-10530, Letter to J. W. Davis, "Dose Factors for Hf-181 and Sn-113,"
May 24, 1988, and NUREG CR4653 for Am-241, mrem/pCi.

Projection of Doses

Dose projections for this section are required at least once per 31 days in
ODCM TR 7.3.5.2.

The projection of doses for liquid effluents can be accomplished by using
Equation 2.2-2. Where possible, credit for expected operational evolutions
(i.e., major planned liquid releases, etc.), can be taken in the dose
projections. This may be accomplished by using the source-term data from
similar historical operating experiences where practical and adding the
dose as additional anticipated dose.

Dr
D, = ( P 31j +D,  (Eq.2.2-2)

e

Where:
D = 31 day projected dose by organ T in mrem;

D.= Current cumulative monthly dose of organ up to the end of the

T
release under evaluation, in mrem;

T,= Time elapsed in month up to the end of the release under evaluation,
in days;

31= Number of days dose is projected; and

D, = Additional anticipated dose by organ r in mrem
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TABLE 2.2-1
Ait VALUES FOR THE ADULT
(MREM/HR PER MICRO-CI/ML)

Note: Nuclides not listed in this table are assigned a value of zero.

Nuclide Bone Liver T.Body Thyroid Kidney Lung GI-LLI
H-3 0.00E+00 | 2.82E-01 | 2.82E-01 | 2.82E-01 | 2.82E-01 | 2.82E-01 | 2.82E-01
C-14 1.45E+04 | 2.90E+03 | 2.90E+03 | 2.90E+03 | 2.90E+03 | 2.90E+03 | 2.90E+03
NA-24 4 57E-01 | 4.57E-01 | 4.57E-01 | 4.57E-01 | 4.57E-01 | 4.57E-01 | 4.57E-01
P-32 1.67E+07 | 1.04E+06 | 6.45E+05 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 1.89E+06
CR-51 0.00E+00 | 0.00E+00 | 5.58E+00 | 3.34E+00 | 1.23E+00 | 7.40E+00 | 1.40E+03
MN-54 0.00E+00 | 7.06E+03 | 1.35E+03 | 0.00E+00 | 2.10E+03 | 0.00E+00 | 2.16E+04
MN-56 0.00E+00 | 1.78E+02 | 3.15E+01 | 0.00E+00 | 2.26E+02 | 0.00E+00 | 5.67E+03
FE-55 5.11E+04 | 3.53E+04 | 8.23E+03 | 0.00E+00 | 0.00E+00 | 1.97E+04 | 2.03E+04
FE-59 8.06E+04 | 1.90E+05 | 7.27E+04 | 0.00E+00 | 0.00E+00 | 5.30E+04 | 6.32E+05
CO-57 0.00E+00 | 1.42E+02 | 2.36E+02 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 3.59E+03
CO-58 0.00E+00 | 6.03E+02 | 1.35E+03 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 1.22E+04
CO-60 0.00E+00 | 1.73E+03 | 3.82E+03 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 3.25E+04
NI-63 4 96E+04 | 3.44E+03 | 1.67E+03 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 7.18E+02
NI-65 2.02E+02 | 2.62E+01 | 1.20E+01 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 6.65E+02
CU-64 0.00E+00 | 2.14E+02 | 1.01E+02 | 0.00E+00 | 5.40E+02 | 0.00E+00 | 1.83E+04
ZN-65 1.61E+05 | 5.13E+05 | 2.32E+05 | 0.00E+00 | 3.43E+05 | 0.00E+00 | 3.23E+05
ZN-69 3.43E+02 | 6.56E+02 | 4.56E+01 | 0.00E+00 | 4.26E+02 | 0.00E+00 | 9.85E+01
BR-83 0.00E+00 | 0.00E+00 | 7.25E-02 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 1.04E-01
BR-84 0.00E+00 | 0.00E+00 | 9.39E-02 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 7.37E-07
BR-85 0.00E+00 | 0.00E+00 | 3.86E-03 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 1.80E-18
RB-86 0.00E+00 | 6.24E+02 | 2.91E+02 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 1.23E+02
RB-88 0.00E+00 | 1.79E+00 | 9.49E-01 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 2.47E-11
RB-89 0.00E+00 | 1.19E+00 | 8.34E-01 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 6.89E-14
SR-89 4 99E+03 | 0.00E+00 | 1.43E+02 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 8.00E+02
SR-90 1.23E+05 | 0.00E+00 | 3.01E+04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 3.55E+03
SR-91 9.18E+01 | 0.00E+00 | 3.71E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4.37E+02
SR-92 3.48E+01 | 0.00E+00 | 1.51E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 6.90E+02
Y-90 6.06E+00 | 0.00E+00 | 1.63E-01 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 6.42E+04
Y-91M 5.73E-02 | 0.00E+00 | 2.22E-03 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 1.68E-01
Y-91 8.88E+01 | 0.00E+00 | 2.37E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 4.89E+04
Y-92 5.32E-01 | 0.00E+00 | 1.56E-02 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 9.32E+03
Y-93 1.69E+00 | 0.00E+00 | 4.66E-02 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 5.35E+04
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TABLE 2.2-1 (Cont'd)

Nuclide Bone Liver T.Body Thyroid Kidney Lung GI-LLI
ZR-95 1.59E+01 | 5.11E+00 | 3.46E+00 | 0.00E+00 | 8.02E+00 | 0.00E+00 | 1.62E+04
ZR-97 8.81E-01 1.78E-01 8.13E-02 | 0.00E+00 | 2.68E-01 | 0.00E+00 | 5.51E+04
NB-95 4 47E+02 | 2.49E+02 | 1.34E+02 | 0.00E+00 | 2.46E+02 | 0.00E+00 | 1.51E+06
MO-99 0.00E+00 | 1.28E+02 | 2.43E+01 | 0.00E+00 | 2.89E+02 | 0.00E+00 | 2.96E+02

TC-99M 1.30E-02 | 3.66E-02 | 4.66E-01 | 0.00E+00 | 5.56E-01 1.79E-02 | 2.17E+01
TC-101 1.33E-02 1.92E-02 1.88E-01 | 0.00E+00 | 3.46E-01 9.81E-03 | 5.77E-14
RU-103 1.07E+02 | 0.00E+00 | 4.60E+01 | 0.00E+00 | 4.07E+02 | 0.00E+00 | 1.25E+04
RU-105 8.89E+00 | 0.00E+00 | 3.51E+00 | 0.00E+00 | 1.15E+02 | 0.00E+00 | 5.44E+03
RU-106 1.59E+03 | 0.00E+00 | 2.01E+02 | 0.00E+00 | 3.06E+03 | 0.00E+00 | 1.03E+05

AG-110M | 1.56E+03 | 1.45E+03 | 8.60E+02 | 0.00E+00 | 2.85E+03 | 0.00E+00 | 5.91E+05

SN-113 2.18E+03 | 8.43E+01 | 2.05E+03 | 2.96E+01 | 6.16E+01 | 0.00E+00 | 3.80E+04
TE-125M | 2.17E+02 | 7.86E+01 | 2.91E+01 | 6.52E+01 | 8.82E+02 | 0.00E+00 | 8.66E+02
TE-127M | 5.48E+02 | 1.96E+02 | 6.68E+01 | 1.40E+02 | 2.23E+03 | 0.00E+00 | 1.84E+03

TE-127 8.90E+00 | 3.20E+00 | 1.93E+00 | 6.60E+00 | 3.63E+01 | 0.00E+00 | 7.03E+02

TE-129M | 9.31E+02 | 3.47E+02 | 1.47E+02 | 3.20E+02 | 3.89E+03 | 0.00E+00 | 4.69E+03
TE-129 2.54E+00 | 9.55E-01 6.19E-01 1.95E+00 | 1.07E+01 | 0.00E+00 | 1.92E+00
TE-131M | 1.40E+02 | 6.85E+01 | 5.71E+01 | 1.08E+02 | 6.94E+02 | 0.00E+00 | 6.80E+03

TE-131 1.59E+00 | 6.66E-01 5.03E-01 1.31E+00 | 6.99E+00 | 0.00E+00 | 2.26E-01

TE-132 2.04E+02 | 1.32E+02 | 1.24E+02 | 1.46E+02 | 1.27E+03 | 0.00E+00 | 6.24E+03
1-130 3.96E+01 | 1.17E+02 | 4.61E+01 | 9.91E+03 | 1.82E+02 | 0.00E+00 | 1.01E+02
I-131 2.18E+02 | 3.12E+02 | 1.79E+02 | 1.02E+05 | 5.35E+02 | 0.00E+00 | 8.23E+01
1-132 1.06E+01 | 2.85E+01 | 9.96E+00 | 9.96E+02 | 4.54E+01 | 0.00E+00 | 5.35E+00
1-133 7.45E+01 | 1.30E+02 | 3.95E+01 | 1.90E+04 | 2.26E+02 | 0.00E+00 | 1.16E+02
[-134 5.56E+00 | 1.51E+01 | 5.40E+00 | 2.62E+02 | 2.40E+01 | 0.00E+00 | 1.32E-02
1-135 2.32E+01 | 6.08E+01 | 2.24E+01 | 4.01E+03 | 9.75E+01 | 0.00E+00 | 6.87E+01

CS-134 6.84E+03 | 1.63E+04 | 1.33E+04 | 0.00E+00 | 5.27E+03 | 1.75E+03 | 2.85E+02

CS-136 7.16E+02 | 2.83E+03 | 2.04E+03 | 0.00E+00 | 1.57E+03 | 2.16E+02 | 3.21E+02

CS-137 8.77E+03 | 1.20E+04 | 7.85E+03 | 0.00E+00 | 4.07E+03 | 1.35E+03 | 2.32E+02

CS-138 6.07E+00 | 1.20E+01 | 5.94E+00 | 0.00E+00 | 8.81E+00 | 8.70E-01 5.12E-05
BA-139 7.85E+00 | 5.59E-03 | 2.30E-01 | 0.00E+00 | 5.23E-03 | 3.17E-03 | 1.39E+01
BA-140 1.64E+03 | 2.06E+00 | 1.08E+02 | 0.00E+00 | 7.02E-01 1.18E+00 | 3.38E+03
BA-141 3.81E+00 | 2.88E-03 | 1.29E-01 | 0.00E+00 | 2.68E-03 | 1.63E-03 | 1.80E-09
BA-142 1.72E+00 | 1.77E-03 1.08E-01 | 0.00E+00 | 1.50E-03 | 1.00E-03 | 2.43E-18
LA-140 1.57E+00 | 7.94E-01 2.10E-01 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 5.83E+04
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TABLE 2.2-1 (Cont'd)

Nuclide Bone Liver T.Body Thyroid Kidney Lung GI-LLI
LA-142 8.06E-02 | 3.67E-02 | 9.13E-03 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 2.68E+02
CE-141 3.43E+00 | 2.32E+00 | 2.63E-01 | 0.00E+00 | 1.08E+00 | 0.00E+00 | 8.86E+03
CE-143 6.04E-01 | 4.46E+02 | 4.94E-02 | 0.00E+00 | 1.97E-01 | 0.00E+00 | 1.67E+04
CE-144 1.79E+02 | 7.47E+01 | 9.59E+00 | 0.00E+00 | 4.43E+01 | 0.00E+00 | 6.04E+04
PR-143 5.79E+00 | 2.32E+00 | 2.87E-01 | 0.00E+00 | 1.34E+00 | 0.00E+00 | 2.54E+04
PR-144 1.90E-02 | 7.87E-03 | 9.64E-04 | 0.00E+00 | 4.44E-03 | 0.00E+00 | 2.73E-09
ND-147 3.96E+00 | 4.58E+00 | 2.74E-01 | 0.00E+00 | 2.68E+00 | 0.00E+00 | 2.20E+04
HF-181 1.72E+02 | 9.66E-01 1.94E+01 | 6.14E-01 8.08E-01 | 0.00E+00 | 1.27E+04
W-187 9.16E+00 | 7.66E+00 | 2.68E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 2.51E+03
NP-239 3.53E-02 | 3.47E-03 | 1.91E-03 | 0.00E+00 | 1.08E-02 | 0.00E+00 | 7.11E+02
AM-241 4.76E+05 | 4.44E+05 | 3.41E+04 | 0.00E+00 | 2.56E+05 | 0.00E+00 | 4.67E+04
F-18 6.66E+00 | 0.00E+00 | 7.38E-01 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 1.97E-01
SE-75 1.27E+04 | 4.88E+03 | 9.76E+04 | 4.88E+03 | 9.76E+02 | 1.17E+04 | 1.37E+04
AG-108M | 5.80E+03 | 2.23E+03 | 4.46E+04 | 2.23E+03 | 4.46E+02 | 5.36E+03 | 6.25E+03
EU-152 1.58E+02 | 3.59E+01 | 3.16E+01 | 0.00E+00 | 2.23E+02 | 0.00E+00 | 2.07E+04
SB-124 7.18E+03 | 1.36E+02 | 2.85E+03 | 1.74E+01 | 0.00E+00 | 5.59E+03 | 2.04E+05
SB-125 4.59E+03 | 5.13E+01 | 1.09E+03 | 4.67E+00 | 0.00E+00 | 3.54E+03 | 5.05E+04
SB-126 2.95E+03 | 6.00E+01 | 1.06E+03 | 1.81E+01 | 0.00E+00 | 1.81E+03 | 2.41E+05
SN-117M | 8.76E+02 | 3.37E+02 | 6.74E+03 | 3.37E+02 | 6.74E+01 | 8.09E+02 | 9.43E+02
TE-123M | 5.45E+03 | 2.10E+03 | 4.19E+04 | 2.10E+03 | 4.19E+02 | 5.03E+03 | 5.87E+03
BA-133 5.84E+01 | 2.25E+01 | 4.49E+02 | 2.25E+01 | 4.49E+00 | 5.39E+01 | 6.29E+01
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3.0 GASEQOUS EFFLUENTS
3.1 MONITOR ALARM SETPOINT DETERMINATION

This procedure determines the monitor alarm setpoint that indicates if the dose rate
in the unrestricted areas due to noble gas radionuclides in the gaseous effluent
released from the site to areas at and beyond the site boundary exceeds

500 mrem/year to the whole body or exceeds 3000 mrem/year to the skin.
(NUREG-0133)

3.1.1 Setpoint Based on Conservative Radionuclide Mix (Ground and Mixed
Mode Releases)

The following method applies to gaseous releases via the Units 1 and 2
Turbine Building Vents and via the Units 1 and 2 Reactor Building Vents
when determining the high alarm setpoint for the Turbine Building Vent Gas
Monitors and Reactor Building Vent Gas Monitors.

1. Determine the “mix” (noble gas radionuclide composition) of the gaseous
effluent (the “mix” can be determined from actual data or by using GALE
code results of Table 3.1-2):*

a. Determine the gaseous source terms that are representative of the
"mix" of the gaseous effluent. Gaseous source terms are the noble
gas activities in the effluent.

Gaseous source terms can be obtained from:

- Table 3.1-2; Turbine Building Vent Release
- Table 3.1-2; Reactor Building Vent Release
- Actual release data

b. Determine S; (the fraction of the total noble gas radioactivity in the
gaseous effluent comprised by noble gas radionuclide i) for each
individual noble gas radionuclide in the gaseous effluent.

Si = A (3.1-1)
T A
Ai = The radioactivity of noble gas radionuclide i in gaseous effluent from

Table 3.1-2, Turbine Building Vent Release; Table 3.1-2, Reactor Building
Vent Release; or from analysis of gaseous effluent.

*If actual plant data is used, the dose constants need to be confirmed.
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2. Determine Q: (the maximum acceptable total release rate of all noble gas
radionuclides in the gaseous effluent, uCi/sec) based upon the whole body
exposure limit.

500
Qi = —_— (3.1-2)
(X/Q)Zi (Ki Si)
(x/Q)y = The highest calculated annual average relative concentration of effluents
released via the Turbine Building Vent for any area at or beyond the site
boundary for all sectors (sec/m?3) from Table A-1, Appendix A
= 1.5 E-5 sec/m?3
v/Q), = The highest calculated annual average relative concentration of effluents
released via the Reactor Building Vent for any area at or beyond the site
boundary for all sectors (sec/m?3) from Table A-7, Appendix A
= 2.5 E-6 sec/m?®
NOTE: Use the y/Q that applies to the monitor for which the alarm setpoint is being
calculated.
Ki = The total whole body dose factor due to gamma emissions from noble gas
radionuclide i (mrem/year/uCi/m?3) from Table 3.1-3.
3. Determine Q; based upon the skin exposure limit.
3000
Q = 3.1-3
‘ (WQ)E L, + 1.1M)S] 519
Li+11M = The total skin dose factor due to emissions from noble gas radionuclide
i (mrem/year/uCi/m?3) from Table 3.1-3.
NOTE: The Turbine Building radiation monitors are designed to input the monitor
high alarm setpoint in uCi/sec or uCi/cc. The monitor setpoint in uCi/sec can be

calculating
desired.

obtained by multiplying the lowest Q; value (obtained from Sections 3.1.1.2 and 3.1.1.3)
by the Tr value found in Section 3.1.1.5.b. The uCi/cc setpoint can be obtained by
dividing the uCi/sec setpoint by the design flow rate in cc/sec. The equations for

the setpoint in cpm are included for completeness and may be used if
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Ct -

Determine C; (the maximum acceptable total radioactivity concentration of
all noble gas radionuclides in the gaseous effluent, nCi/sec/cfm).
Q

= (3.1-4)

Use the lower of the Q¢ values obtained in Sections 3.1.1.2 and 3.1.1.3.

CR =

Em =

HSP =
Tm =

The maximum acceptable effluent flow rate at the point of release (cfm)
based on design flow rates

15,000 cfm (Unit 2 Turbine Building Vent— Recirculation Mode)
15,500 cfm (Unit 1 Turbine Building Vent— Recirculation Mode)
95,000 cfm (Turbine Building Vent — Once Thru Mode)
172,800 cfm (Reactor Building Vent)

Determine the monitor high alarm setpoint above background:

a. Determine CR (the calculated monitor count rate above background
attributed to the noble gas radionuclides, net cpm).

C,
~t 3.1-5
E ( )

m

The detection efficiency of the monitor for the "mix" of noble gas
radionuclides in the gaseous effluent (uCi/sec/cfmecpm) from E&RC files

b. Determine HSP (the monitor high alarm setpoint with background,
cpm).

TmCR + Bkg (3.1-6)

Fraction of the radioactivity from the site that may be released via the
monitored pathway to ensure that the site boundary limit is not exceeded
during simultaneous releases from several pathways. Typical values for Tn,
are shown below.

0.10 for the Unit 1 Turbine Building Vent Gas Monitor
0.10 for the Unit 2 Turbine Building Vent Gas Monitor
0.20 for the Unit 1 Reactor Building Vent Gas Monitor
0.20 for the Unit 2 Reactor Building Vent Gas Monitor

NOTE:

Tm is defined such that ) Tm < 1.
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3.1.2

Si -

Ai =

The background count rate (cpm) due to internal contamination and the
radiation levels in the area in which the monitor is installed when the
detector sample chamber is filled with uncontaminated air

C. The monitor high alarm setpoint including background (cpm) shall
be set at or below the HSP value determined above.

Setpoint Based on Conservative Radionuclide Mix (Long-Term Elevated
Release

The following method applies to gaseous releases via the stack when
determining the high-high alarm setpoint for the Stack Monitor during
continuous release via the stack.

Determine the "mix" (noble gas radionuclide composition) of the gaseous
effluent (the "mix" can be determined from actual data or by using GALE
code results of Table 3.1-2):*

a. Determine the gaseous source terms that are representative of the
"mix" of the gaseous effluent. Gaseous source terms are the noble
gases radionuclide activity concentrations in the effluent.

Gaseous source teams can be obtained from:

- Table 3.1-2; Stack Release
- Actual Release Data

b. Determine S; (the fraction of the total radioactivity in the gaseous
effluent comprised by noble gas radionuclide i) for each individual
noble gas radionuclide in the gaseous effluent.

A,

£7§ (3.1-7)

The radioactivity of noble gas radionuclide i in gaseous effluent from
Table 3.1-2, Stack Release, or from analysis of gaseous effluent.

Determine Q: (the maximum acceptable total release rate of all noble gas
radionuclides in the gaseous effluent, uCi/sec) based upon the whole body
exposure limit.

*If actual plant data is used, the dose constants need to be confirmed.

ODCM (BSEP)

3-7 Rev. 30



500

Q - 3.1-8
! s s 319
Vi = The constant for noble gas radionuclide i accounting for the gamma
radiation from the elevated finite plume (mrem/year/uCi/sec) from Table
3.1-3
3. Determine Q; based upon the skin exposure limit.
Q = 3000 (3.1-9)

Zi[(Li (X/Q)s +1.1 Bi)si]

L(x/Q), +1.1B, = The total skin dose constant for long term releases (greater than
' ° ' 500 hours/year) due to emissions from noble gas radionuclide i
(mrem/year/uCi/sec) from Table 3.1-3).

NOTE: The stack radiation monitor is designed to input the monitor high-high alarm
setpoint in uCi/sec or uCi/cc. The monitor setpoint in uCi/sec can be obtained by
multiplying the lowest Q; value (obtained from Sections 3.1.2.2 and 3.1.2.3 by the Tn,
value found in Section 3.1.2.5.b. The uCi/cc setpoint can be obtained by dividing the
uCi/sec setpoint by the design flow rate in cc/sec. The equations for calculating the
setpoint in cps are included for completeness and may be used if desired.

4. Determine C; (the total maximum acceptable radioactivity concentration of
noble gas radionuclides in the gaseous effluent, nCi/sec/cfm).
Ci = % (3.1-10)

NOTE: Use the lowest of the Q; values obtained in Sections 3.1.2.2 and 3.1.2.3.

—
I}

The maximum acceptable effluent flow rate at the point of release (cfm)
based on design flow rates

78,600 cfm (stack)
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CR =

Em =

HHSP =
Tm =

Bkg =

ODCM (BSEP)

Determine the monitor high-high alarm setpoint above background:

a. Determine the CR (the calculated monitor count rate above
background attributed to the noble gas radionuclides, net cpm).

C,

~t 3.1-11

= ( )

m

The detection efficiency of the monitor for the "mix" of noble gas
radionuclides in the gaseous effluent (uCi/sec/cfmecpm) from E&RC files

b. Determine HHSP (the monitor high-high alarm setpoint with
background, cpm).
TmCR + Bkg (3.1-12)

Fraction of the radioactivity from the site that may be released via the
monitored pathway to ensure that the site boundary limit is not exceeded
during simultaneous releases from several pathways

0.40 for the Stack Monitor

The background count rate (cpm) due to internal contamination and the
radiation levels in the area in which the monitor is installed when the
detector sample chamber is filled with uncontaminated air

C. The monitor high-high alarm setpoint including background (cpm)
shall be set at or below the HHSP value determined above.
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3.1.3 Condenser Air Ejector Monitor Alarm Setpoint

This procedure determines the alarm setpoint for the Condenser Air Ejector
Monitor that will provide reasonable assurance that the total body exposure
to an individual at the exclusion area boundary will not exceed a small
fraction of the limits of 10CFR100 in the event of an inadvertent release via
the condenser air ejector.

1. The following method applies to gaseous releases via the Units 1 and 2
condenser air ejectors when determining the maximum allowable alarm
setpoint for the Condenser Off-gas Radiation Monitors, Reference
Table 3.1-1.

a. Determine Q, the allowable release rate (uCi/sec) at the air ejector
for the noble gas radionuclides.

Technical Specification 3.7.5 limits the gross radioactivity rate of
noble gases measured at the main condenser air ejector to less
than or equal to 243,600 uCi/sec (after 30 minutes' decay). Assume
that the noble gas concentrations at the air ejector (t = 0) are
representative of the GALE code. Since the holdup time between
the air ejector and the stack (down the 30-minute holdup line) can
vary due to operational conditions, the mix of the noble gases at the
stack should be determined based on the actual decay time not to
exceed 30 minutes. This mix can then be applied to the 243,600
uCi/sec limit and then back-calculated to determine the allowable
release rate at the air ejector, Q. As an example, assume that the
holdup time is 30 minutes. The mix of the noble gases after

30 minutes' decay (t = 30 minutes) can be determined by the
following table.
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TABLE 3.1-1

GALE CODE 30 MINUTE AIR EJECTOR TECHNICAL SPECIFICATION

Decayed Release Fraction

Nuclide GALE Code | Steam (uCi/gm)| nCi/sec* e uCi/sec Fraction

Rev. 0 t=0 t=0 t=30m t=30m of Mix

Steam (nCi/gm) t=30m

t=0
(for 3400 MWt) (for 2923 MWi)

Kr-83m 1.1E-3 9.46E-4 1.52E+3 8.3E-1 1.26E+3 | 2.85E-2
Kr-85m 1.9E-3 1.63E-3 2.63E+3 9.2E-1 2.43E+3 | 5.50E-2
Kr-85 6.0E-6 5.16E-6 8.31E+0 1.0E+0 8.31E+0 | 1.88E-4
Kr-87 6.6E-3 5.67E-3 9.14E+3 7.6E-1 6.96E+3 | 1.57E-1
Kr-88 6.6E-3 5.67E-3 9.14E+3 8.8E-1 8.08E+3 | 1.82E-1
Kr-89 41E-2 3.52E-2 5.68E+4 1.4E-3 7.89E+1 1.78E-3
Kr-90 9.0E-2 7.74E-2 1.25E+5 1.7E-17 2.11E-12 |4.76E-17
Xe-131m 4.7E-6 4.04E-6 6.51E+0 1.0E+0 6.50E+0 | 1.47E-4
Xe-133m 9.0E-5 7.74E-5 1.25E+2 9.9E-1 1.24E+2 | 2.80E-3
Xe-133 2.6E-3 2.24E-3 3.60E+3 1.0E+0 3.59E+3 | 8.11E-2
Xe-135m 8.4E-3 7.22E-3 1.16E+4 2.6E-1 2.99E+3 | 6.75E-2
Xe-135 7.2E-3 6.19E-3 9.97E+3 9.6E-1 9.60E+3 | 2.17E-1
Xe-137 4.7E-2 4.04E-2 6.54E+4 4 4E-3 2.90E+2 | 6.54E-3
Xe-138 2.8E-2 2.41E-2 3.88E+4 2.3E-1 8.87E+3 | 2.01E-1
TOTAL 4 43E+4 | 1.00E+0

Applying this mix to 243,600 uCi/sec (after 30 minutes' delay) and back calculating to t = 0 will
yield the allowable uCi/sec per noble gases at the air ejectors. The Gale Code numbers were
obtained from NUREG-0016 April 1976 and were scaled in accordance with NUREG-0133 for

2923 MWH.

* Steam Flow = (12.782E6 lbs/hr)(

ODCM (BSEP)

Ibs/hr

0.1260 gm/sec

j=l.61E+6gm/sec
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TABLE 3.1-1 (Continued)

GALE CODE 30 MINUTE AIR EJECTOR TECHNICAL SPECIFICATION

Release Rate Limits

Nuclide Fraction of Mix Tech Spec M Tech Spec
t =30 min (uCi/sec) t =30 min (uCi/sec)
t =30 min t=0
Kr-83m 2.85E-2 6.95E+3 8.3E-1 8.38E+3
Kr-85m 5.50E-2 1.34E+4 9.2E1 1.45E+4
Kr-85 1.88E-4 4 57E+1 1.0E+0 4 .57E+1
Kr-87 1.57E-1 3.83E+4 7.6E-1 5.03E+4
Kr-88 1.82E-1 4.44E+4 8.8E-1 5.03E+4
Kr-89 1.78E-3 4.34E+2 1.4E-3 3.12E+5
Kr-90 4.76E-17 1.16E-11 1.7E-17 6.85E+5
Xe-131m 1.47E-4 3.58E+1 1.0E+0 3.58E+1
Xe-133m 2.80E-3 6.81E+2 9.9E-1 6.85E+2
Xe-133 8.11E-2 1.97E+4 1.0E+0 1.98E+4
Xe-135m 6.75E-2 1.64E+4 2.6E-1 6.40E+4
Xe-135 2.17E-1 5.28E+4 9.6E-1 5.48E+4
Xe-137 6.54E-3 1.59E+3 4.4E-3 3.58E+5
Xe-138 2.00E-1 4.88E+4 2.3E-1 2.13E+5
TOTALS 1.00E+0 2.44E+5 1.83E+6
Therefore:
Q = 1.83E+6 uCi/sec (for 30 minutes' holdup)
b. Determine Cn, (the total radioactivity concentration of noble gases)
in the condenser air ejector gas (uCi/sec/cfm).
Cm = Q/f (3.1-13)
Q = The allowable release rate (uCi/sec) at the air ejector for noble gases

—
I}

ODCM (BSEP)

The main condenser air inleakage rate plus the radiolytic gas flow rate
(cfm)

3-12 Rev. 30 |



MR =

Em =

C. Determine the monitor high-high alarm setpoint above background.

(1) Determine MR (the calculated monitor response attributed to
the noble gas radionuclides, mR/hr).

Cn
En

The detection efficiency of the monitor for the "mix" of noble gas
radionuclides in the gaseous stream [(uCi/sec)/(mR/hrecfm)] from E&RC
files

(3.1-14)

(2) The monitor high-high alarm setpoint (mR/hr) should be set
at or below the MR value determined above.

Condenser Off-Gas Treatment System (AOG) Monitor Alarm Setpoint
Determination

This method determines the monitor alarm setpoint that includes sufficient
noble gas activity to cause an alarm at the stack effluent noble gas monitor.

Determine Q: (the maximum acceptable total release rate of all noble gas
radionuclides in the gaseous effluent, uCi/sec) based upon the whole body
exposure (see Equation 3.1-8) and skin exposure (see Equation 3.1-9).

Use the lowest of the Q; values obtained.

Qs =
Tm =

ODCM (BSEP)

Determine Qs (the site adjusted maximum release rate, uCi/sec, for effluent
releases via the stack).

Qi x Tm (3.1-15)

Fraction of radioactivity from the site that may be released via the stack to
ensure that the site boundary limit is not exceeded during simultaneous
releases from several pathways. The typical value used for T, is shown
below

0.4 for the stack monitor
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3. Determine HSP (high alarm setpoint in uCi/cc).

HSP = Qs+ f (3.1-16)
f = Maximum design flow rate of the AOG System

= 70,800 cc/sec (150 cfm)

4. The monitor high alarm setpoint shall be set at or below the HSP value

determined above.
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TABLE 3.1-2
GASEOUS SOURCE TERMS **

(Cilyear/unit)
Turbine Bldg Vent Reactor Bldg Vent Stack
Radionuclide Ai (Cilyr) Si Ai (Cilyr) Si A (Cilyr) Si
Kr-83m * - * - 3.7E+4 2.84E-2
Kr-85m 6.8E+1 1.95E-2 6.0E0 1.72E-2 7.2E+4 5.46E-2
Kr-85 * - * - 2.4E+2 1.86E-4
Kr-87 1.9E+2 5.45E-2 6.0E0 1.72E-2 2.05E+5 | 1.56E-1
Kr-88 2.3E+2 6.59E-2 6.0E0 1.72E-2 2.4E+5 1.82E-1
Kr-89 * - * - 3.5E+3 2.64E-3
Xe-131m * - * - 1.9E+2 1.46E-4
Xe-133m * - * - 3.6E+3 2.78E-3
Xe-133 2.8E+2 8.03E-2 1.32E+2 3.78E-1 1.1E+5 8.24E-2
Xe-135m 6.5E+2 1.86E-1 9.2E+1 2.64E-1 8.8E+4 6.72E-2
Xe-135 6.3E+2 1.81E-1 6.8E+1 1.95E-1 2.8E+5 2.16E-1
Xe-137 * - * - 1.1E+4 8.09E-3
Xe-138 1.44E+3 4 13E-1 1.4E+1 4.01E-2 2.6E+5 2.00E-1
Ar-41 * - 2.5E+1 7.16E-2 * -
TOTAL 3.49E+3 3.49E+2 1.31E+6
*<1.0E+1
**Source terms are based upon GALE code and not actual releases.
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TABLE 3.1-3

DOSE FACTORS AND CONSTANTS

Radio Total Whole Body Total Skin Total Body Dose Total Skin Dose
Nuclide Dose Factor Dose Factor Constant For Constant for

(Ki) (Li + 1.1M) Long-Term Long-Term
(mrem/yr/uCi/m?3) | (mrem/yr/uCi/m?3) Releases Releases

(Vi) (Li(x/Q)s + 1.1By)

(mrem/yr/uCi/sec) | (mrem/yr/uCil/sec)
Kr-83m 7.56E-2 2.12E+1 2.70E-09 8.21E-07
Kr-85m 1.17E+3 2.81E+3 1.14E-04 2.33E-04
Kr-85 1.61E+1 1.36E+3 1.69E-06 4 57E-05
Kr-87 5.92E+3 1.65E+4 5.12E-04 1.16E-03
Kr-88 1.47E+4 1.91E+4 1.35E-03 2.30E-03
Kr-89 1.66E+4 2.91E+4 7.59E-04 1.58E-03
Xe-131m 9.15E+1 6.48E+2 2.78E-05 6.41E-05
Xe-133m 2.51E+2 1.35E+3 2.12E-05 7.04E-05
Xe-133 2.94E+2 6.94E+2 2.22E-05 4.85E-05
Xe-135m 3.12E+3 4.41E+3 2.62E-04 4 59E-04
Xe-135 1.81E+3 3.97E+3 1.82E-04 3.61E-04
Xe-137 1.42E+3 1.39E+4 6.42E-05 4 97E-04
Xe-138 8.83E+3 1.43E+4 8.09E-04 1.46E-03
Ar-41 8.84E+3 1.29E+4 9.71E-04 1.69E-03
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3.2 COMPLIANCE WITH ODCM SPECIFICATION 7.3.7 (GASEOUS)
3.2.1 Noble Gases

The gaseous effluent monitors' setpoints are utilized to show compliance
with ODCM Specification (ODCMS) 7.3.7 for noble gases. However,
because they are based upon a conservative mix of radionuclides, the
possibility exists that the setpoints could be exceeded and yet ODCMS
7.3.7 limits may not be exceeded. Therefore, the following methodology
has been provided in the event that if the alarm/trip setpoints are exceeded,
a determination may be made as to whether the actual releases have
exceeded ODCMS 7.3.7.

The dose rate in unrestricted areas resulting from noble gas effluents is
limited to 500 mrem/year to the total body and 3000 mrem/year to the skin.
Based upon NUREG 0133, the following are used to show compliance with

ODCMS 7.3.7.
z {Vi Q, +Ki (x/Q), QI } <500 mrem/yr (3.2-1)
) { [Li (1/Q), +1 .1Bi]Qis +(L+1.M)(/Q), Q, } <3000 mrem/yr (3.2-2)
where:
Ki = The total body dose factor due to gamma emissions for noble gas
radionuclide i, mrem/year per uCi/m3
L = The skin dose factor due to beta emissions for noble gas radionuclide i,
mrem/year per uCi/m?3
M; = The air dose factor due to gamma emissions for noble gas radionuclide i,
mrad/year per uCi/m?3
Vi = The constant for each identified noble gas radionuclide i accounting for the
gamma radiation from the elevated finite plume mrem/year per uCi/sec
Bi = The constant for long-term releases (greater than 500 hours/year) for each

identified noble gas radionuclide i accounting for the gamma radiation from
the elevated finite plume in mrad/year per uCi/sec
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The ratio of the tissue to air absorption coefficients over the energy range
of the photon of interest, mrem/mrad

The release rate of noble gas radionuclide i in gaseous effluents from
free-standing stack, uCi/sec

The release rate of noble gas radionuclide i in gaseous effluents from all
vent releases, uCi/sec

At the Brunswick Steam Electric Plant (BSEP), gaseous releases may
occur from:

1. The Turbine Building vent*
2. The Reactor Building vent
3. The Stack

Releases from the Turbine Building are ground level. The sources of these
releases are steam leakage through valve stems, pump seals, and flanged
connections. Releases from the Reactor Building are considered mixed
mode in nature, and the source is also leakage through valve stems, pump
seals, and flanged connections. Releases from the stack are considered
elevated. Their sources are the main condenser's steam jet air ejectors,
Radwaste Building and AOG Building ventilation system exhausts,
mechanical vacuum pump exhausts during startup, and gland seal
off-gases.

Noble gas releases may occur from all three points. To show compliance
with ODCMS 7.3.7, Expressions 3.2-1 and 3.2-2 are now in terms of the
actual release points for BSEP.

For the total body dose rate:

Vi QI +3.K; |:(X/Q)rb Qim +(x/Q),, Qi‘b } <500 mrem/yr (3.2-3)

ODCM (BSEP)
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For the skin dose rate:

2L@ﬁﬁi+1A&k%+2j4+1mmquDmQ%+ﬂQmQ%}ﬁSNNrmemNr (3.2-4)
Where:
Qis = Release rate of radionuclide i from the stack, uCi/sec
Q, = Release rate of radionuclide i from the two Reactor Buildings, uCi/sec
Qitb = Release rate of radionuclide i from the two Turbine Buildings, uCi/sec
xQ), = Annual average relative concentration for releases from the stack, sec/ m3
xQ),, = Annual average relative concentration for releases from the Reactor
Buildings, sec/m3
x/Q)y, = Annual average relative concentration for releases from the Turbine

ODCM (BSEP)

Buildings, sec/ m?
All other terms remain the same as those defined previously.

The determination of controlling location for implementation of ODCMS
7.3.7 for noble gases is a function of the radionuclide mix, the isotopic
release rate, and the meteorology.

The incorporation of these variables into Expressions 3.2-3 and 3.2-4 result
in the following expressions for the controlling locations for the BSEP. This
location is 0.7 miles, the ENE site boundary.
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For the total body:

TV,Q, +TK; (1.9 x10°°Q, +6.0x10°Q, )<500 mrem/yr (3.2-5)
For the skin:
. (3.2x 10 8 |_i+1.1Bi)Qis+ (3.2-6)

s, [(Li+ 1.MM,)(1.9x 10 °Q, +6.0x10°Q, )} < 3000 mrem/yr

The radionuclide mix was based upon source terms calculated using the
NRC GALE code. They are presented in Table 3.2-1 as a function of
release point. It should be noted, however, that the releases in Table 3.2-1
do not reflect the actual BSEP release data to date. The releases to date
have been substantially less. This table was used as a calculational tool to
determine the controlling location.

The y/Q values utilized in the equations for implementation of 10CFR20 are

based upon the maximum long-term annual average (X/Q) in the

unrestricted area. Table 3.2-2 presents the distances from the Reactor and
Turbine Buildings to the nearest unrestricted area for each of the 16 sectors
as well as to the nearest residence, vegetable garden, cow, goat, and beef
animal. Table 3.2-3 presents the distances and directions from the stack to
the same site boundaries of Table 3.2-2. Note that only distance has
changed in relation to Table 3.2-2.

Long-term annual (y/Q) values for the stack, Reactor Building, and Turbine
Building release points from BSEP to the special locations in Table 3.2-2
are presented in Appendix A. A description of the derivation is also
provided in this appendix. ¥/Q values at the limiting site boundary for
releases from the Turbine Building, Reactor Building, and stack were
obtained from Tables A-1, A-7, and A-13, respectively, of the appendix.

To determine the controlling location for implementation of 10CFR20, the
two or three highest site boundary y/Q values for each release point were
utilized in conjunction with the radionuclide mix and release rate for each
release point. Since mixed mode and elevated releases occur from BSEP,
their maximum %/Q value may not decrease with distance; i.e., the site
boundary may not have the highest y/Q values.
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Therefore, long-term annual average y/Q values were calculated at the
midpoint of the 10 standard distances as given in Table A-4 of Appendix A.
The highest two or three %/Q values for each release point at a distance
greater than the site boundary were used in conjunction with the
radionuclide mix to determine the controlling location. A particular
combination of release point mix and meteorology dominates in the
determination of the controlling location. For BSEP, it is the stack, and the
dominant factor in determining a control location becomes the V; values.
The controlling location is at the ENE at the site boundary due to its higher
V; values.

Values for K, Li, and M;, which were used in the determination of the
controlling locations and which are to be used by BSEP in Expressions
3.2-5 and 3.2-6 to show compliance with ODCMS 7.3.7, are presented in
Table 3.2-4. These values originate from NUREG 0472, Revision 0, and
were taken from Table B-1 of the NRC Regulatory Guide 1.109, Revision 1.
The values have been multiplied by 108 to convert picocuries™ to
microcuries™ for use in Expressions 3.2-5 and 3.2-6.

Values for V; and B; for the finite plume model can be expressed as shown
in Equations 3.2-7 and 3.2-8. They were calculated at the site boundary of
each of the 16 sectors using the NRC code RABFIN. Values for Vi and B;
for each of the 16 sectors are presented in Appendix B.

K fi Aip, EJ
B - r—zjzkx.w

d I"L j

(3.2-7)

I = The results of numerical integration over the plume spatial distribution of
the airborne activity as defined by the meteorological condition of wind
speed (u;) and atmospheric stability class "K" for a particular wind direction

K = A numerical constant representing unit conversions

260 mrad (radians)( m?®)(transfor mation) _ 16 sectors
sec(Mev)(Ci) 2n radians

10° Ci « 3.15 x107 sec
uCi yr
= 2.1 x 10* mrad (m?3) (transformation) / year (Mev) (uCi)
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Vi =

Where:

KT =
Td =

1.1 =

ODCM (BSEP)

The distance from the release point to the receptor location, meters
The mean wind speed assigned to the jth wind speed class, meters/sec

The joint frequency of occurrence of the jth wind speed class and the kth
stability class (dimensionless)

The number of photons of energy corresponding to the Ith energy group
emitted per transformation of the ith radionuclide, number/transformation

The energy assigned to the Ith energy group, MeV
The energy absorption coefficient in air for photon energy Ei, meters™'

The Vi, factor is computed with conversion from air dose to tissue depth
dose, thus;

fic Ai Ly Ele™ 1T
H;

11K/ 32 3 (3.2-8)

The tissue energy absorption coefficient for photons of energy E;, cm?/gm

The tissue density thickness taken to represent the total body dose (5
gm/cm?)

The ratio of the tissue to air absorption coefficients over the energy range
of photons of interest, mrem/mrad
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3.2.2

1-131, 1-133, Particulates, and Tritium*

The dose rate in unrestricted areas resulting from the release of
radioiodines and particulates with half-lives greater than 8 days is limited to
1500 mrem/year to any organ. Based upon NUREG 0133, the following is
used to show compliance with ODCMS 7.3.7.

X, P [(m)q Qz + (m)rb Qz‘,,, + (m),b (Q.im + QiDC + Q'iRM + Q.iLLW )] <1500 mrem/yr (3.2-9)

Where:
P/ =

irzw

(X0, =

(XD =

(0), =

Dose parameter for radioiodines and particulates with half-lives greater
than 8 days based upon the organ and the age group (child) at the site
boundary, mrem/year per uCi/m3

The release rate of radionuclide i in gaseous effluents from free standing
stack, uCi/sec

Release of radionuclide i from the two Reactor Buildings, uCi/sec
Release of radionuclide i from the two Turbine Buildings, uCi/sec
Release of radionuclide i from the Hot Shop (Decon) Facility, uCi/sec

Release of radionuclide i from the Radioactive Materials Container and
Storage Building (RMCSB), uCi/sec

Release of radionuclide i from the Low Level Warehouse (LLW), uCi/sec
Annual average relative concentrations for releases from the Reactor
Buildings, sec/m3

Annual average relative concentrations for releases from the Turbine

Buildings, and other ground level releases such as Decon, RMCSB and
LLW, sec/m3

Annual average relative concentrations for releases from the stack, sec/m?

*For ODCM calculations performed to comply with ODCM TRs 7.3.7.2 and 7.3.9.1, the [-133 values used
are determined by actual analysis.

ODCM (BSEP)
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Radioiodines, particulates, and tritium are primarily released from the
Stack, Reactor Buildings, and Turbine Buildings at BSEP. Radioiodines
and particulates may also be released from other sources such as the Hot
Shop (Decon) Facility, the Radioactive Materials Container and Storage
Building (RMCSB), and the Low Level Warehouse (LLW). Effluent doses
from Decon, RMCSB, LLW, and any building exfiltration are quantified
using ground level meteorology.

To show compliance with ODCMS 7.3.7, Expression 3.2-9 is evaluated at
the limiting site boundary. The limiting site boundary location is 0.7 miles
NE.

In the determination of the controlling site boundary location, the highest
two or three site boundary /Q values for each release point were utilized in
conjunction with the radionuclide mix and the release rate for each release
point. At BSEP, the release rate which dominates comes from the stack.
The higher value for %/Q for the NE sector at the site boundary make it the
dominant meteorological sector and the control location.

Values for P; were calculated for a child for various radionuclides for the
inhalation pathway using the methodology of NUREG 0133. The P; values
are presented in Table 3.2-5. Appendix C presents the methodology which
was utilized in calculating P; values.

Annual average x/Q values at the standard distances for the Stack, Reactor
Building, Turbine Building and other effluent release points can be obtained
from Appendix A. A description of the derivation of the /Q values is
provided in Appendix A.
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TABLE 3.2-1

RELEASES FROM BRUNSWICK STEAM ELECTRIC PLANT *

(Cilyr per unit)
Isotope Turbine Building Reactor Building Stack
(Ground Level) (Mixed Mode) (Elevated)

Kr-83m 0.0E+0 0.0E+0 3.7E+4
Kr-85m 6.8E+1 6.0E+0 7.2E+4
Kr-85 0.0E+0 0.0E+0 2.4E+2
Kr-87 1.9E+2 6.0E+0 2.05E+5
Kr-88 2.3E+2 6.0E+0 2.4E+5
Kr-89 0.0E+0 0.0E+0 3.5E+3
Xe-131m 0.0E+0 0.0E+0 1.9E+2
Xe-133m 0.0E+0 0.0E+0 3.6E+3
Xe-133 2.8E+2 1.3E+2 1.1E+5
Xe-135m 6.5E+2 9.2E+1 8.8E+4
Xe-135 6.3E+2 6.8E+1 2.8E+5
Xe-137 0.0E+0 0.0E+0 1.1E+4
Xe-138 1.4E+3 1.4E+1 2.6E+5
Ar-41 0.0E+0 2.5E+1 0.0E+0
1-131 1.9E-2 3.4E-1 5.1E+0
[-133 7.6E-2 1.4E+0 2.0E+1
Cr-51 1.3E-4 6.0E-4 9.0E-3
Mn-54 6.0E-6 6.0E-3 3.6E-2
Fe-59 5.0E-6 8.0E-4 1.5E-2
Co-58 6.0E-6 1.2E-3 4.5E-3
Co-60 2.0E-5 2.0E-2 9.0E-2
Zn-65 2.0E-6 4.0E-3 1.0E-3
Sr-89 6.0E-5 1.8E-4 5.0E-4
Sr-90 2.0E-7 1.0E-5 3.0E-4
Zr-95 1.0E-6 8.0E-4 5.0E-5
Sb-124 3.0E-6 4.0E-4 5.0E-5
Cs-134 3.0E-6 8.0E-3 4 .5E-3
Cs-136 5.0E-7 6.0E-4 4 .5E-4
Cs-137 6.0E-6 1.1E-2 9.0E-3
Ba-140 1.1E-4 8.0E-4 1.0E-4
Ce-141 6.0E-6 2.0E-4 2.6E-3
C-14 0.0E+0 0.0E+0 9.5E+0
H-3 0.0E+0 3.6E+1 0.0E+0

*Calculations based upon GALE code and not actual releases.
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TABLE 3.2-2

DISTANCE TO CONTROLLING LOCATIONS AS MEASURED FROM THE

BRUNSWICK PLANT CENTER (Mi)

Sector Site Milk Cow | Milk Goat Meat Nearest Nearest
Boundary Animal Resident Garden
NNE 0.7 - - - 0.91 0.99
NE 0.7 4.75% - - - -
ENE 0.7 - - - - -
E 0.7 - - - - -
ESE 0.7 - - - 1.37 1.48
SE 0.7 - - - - -
SSE 0.7 - - - 1.22 -
S 0.8 - - - 1.02 1.50
SSW 0.8 - - - 1.25 1.48
SW 0.7 - - - 0.97 0.97
WSW 0.7 - - - 1.27 1.27
w 0.7 - - - 0.84 0.85
WNW 0.6 - - - 0.90 -
NW 0.6 - - - 0.95 0.98
NNW 0.6 - - - 0.86 1.02
N 0.7 - - - 0.87 1.1

* A "hypothetical" cow milk pathway is located at this point in accordance with 5.3.1 of NUREG 0133.
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TABLE 3.2-3

DISTANCE TO SITE BOUNDARIES BASED UPON BRUNSWICK PLANT

Based on Center of Brunswick Plant

CENTER AND DIRECTIONS FROM THE STACK

Direction Site Boundary

Distance (Mi)
NNE 0.7
NE 0.7
ENE 0.7
E 0.7
ESE 0.7
SE 0.7
SSE 0.7
S 0.8
SSW 0.8
SW 0.7
WSW 0.7
w 0.7
WNW 0.6
NW 0.6
NNW 0.6
N 0.7

ODCM (BSEP)
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From Stack to Site Boundaries

of Table 3.2-2
Direction Distance (Mi)
NNE 0.7
NE 0.7
ENE 0.7
E 0.6
ESE 0.6
SE 0.6
SSE 0.6
S 0.6
SSW 0.7
SW 0.7
WSW 0.7
w 0.8
WNW 0.7
NW 0.7
NNW 0.7
N 0.8
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DOSE FACTORS FOR NOBLE GASES AND DAUGHTERS*

TABLE 3.2-4

Radionuclide Total Body Skin Gamma Air Beta Air
Dose Factor Dose Factor Dose Factor Dose Factor
Ki Li M; Ni
(mrem/yr per (mrem/yr per (mrad/yr per (mrad/yr per
uCi/m?3) uCi/m?3) uCi/m?3) uCi/m?3)
Kr-83m 7.56E-02** --- 1.93E+01 2.88E+02
Kr-85m 1.17E+03 1.46E+03 1.23E+03 1.97E+03
Kr-85 1.61E+01 1.34E+03 1.72E+01 1.95E+03
Kr-87 5.92E+03 9.73E+03 6.17E+03 1.03E+04
Kr-88 1.47E+04 2.37E+03 1.52E+04 2.93E+03
Kr-89 1.66E+04 1.01E+04 1.73E+04 1.06E+04
Kr-90 1.56E+04 7.29E+03 1.63E+04 7.83E+03
Xe-131m 9.15E+01 4.76E+02 1.56E+02 1.11E+03
Xe-133m 2.51E+02 9.94E+02 3.27E+02 1.48E+03
Xe-133 2.94E+02 3.06E+02 3.53E+02 1.05E+03
Xe-135m 3.12E+03 7.11E+02 3.36E+03 7.39E+02
Xe-135 1.81E+03 1.86E+03 1.92E+03 2.46E+03
Xe-137 1.42E+03 1.22E+04 1.51E+03 1.27E+04
Xe-138 8.83E+03 4.13E+03 9.21E+03 4.75E+03
Ar-41 8.84E+03 2.69E+03 9.30E+03 3.28E+03
* The listed dose factors are for radionuclides that may be detected in gaseous effluents.
** 7 56E-02 = 7.56 X 102
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PATHWAY = Inhalation
AGE GROUP = Child

TABLE 3.2-5

P: VALUES FOR A CHILD FOR THE
BRUNSWICK STEAM ELECTRIC PLANT*

Nuclide

T. Body

Gl-Tract

Bone

Liver

Kidney

Thyroid

Lung

Skin

H-3

1.12E+03

1.12E+03

0.00E+00

1.12E+03

1.12E+03

1.12E+03

1.12E+03

1.12E+03

P-32

9.86E+04

4.21E+04

2.60E+06

1.14E+05

0.00E+00

0.00E+00

0.00E+00

0.00E+00

CR-51

1.54E+02

1.08E+03

0.00E+00

0.00E+00

2.43E+01

8.53E+01

1.70E+04

0.00E+00

MN-54

9.50E+03

2.29E+04

0.00E+00

4.29E+04

1.00E+04

0.00E+00

1.57E+06

0.00E+00

FE-59

1.67E+04

7.06E+04

2.07E+04

3.34E+04

0.00E+00

0.00E+00

1.27E+06

0.00E+00

CO-58

3.16E+03

3.43E+04

0.00E+00

1.77E+03

0.00E+00

0.00E+00

1.10E+06

0.00E+00

CO-60

2.26E+04

9.61E+04

0.00E+00

1.31E+04

0.00E+00

0.00E+00

7.06E+06

0.00E+00

ZN-65

7.02E+04

1.63E+04

4.25E+04

1.13E+05

7.13E+04

0.00E+00

9.94E+05

0.00E+00

RB-86

1.14E+05

7.98E+03

0.00E+00

1.98E+05

0.00E+00

0.00E+00

0.00E+00

0.00E+00

SR-89

1.72E+04

1.67E+05

5.99E+05

0.00E+00

0.00E+00

0.00E+00

2.15E+06

0.00E+00

SR-90

6.43E+06

3.43E+05

1.01E+08

0.00E+00

0.00E+00

0.00E+00

1.47E+07

0.00E+00

Y-91

2.43E+04

1.84E+05

9.13E+05

0.00E+00

0.00E+00

0.00E+00

2.62E+06

0.00E+00

ZR-95

3.69E+04

6.10E+04

1.90E+05

4. 17E+04

5.95E+04

0.00E+00

2.23E+06

0.00E+00

NB-95

6.54E+03

3.69E+04

2.35E+04

9.16E+03

8.61E+03

0.00E+00

6.13E+05

0.00E+00

RU-103

1.07E+03

4.47E+04

2.79E+03

0.00E+00

7.02E+03

0.00E+00

6.61E+05

0.00E+00

RU-106

1.69E+04

4.29E+05

1.36E+05

0.00E+00

1.84E+05

0.00E+00

1.43E+07

0.00E+00

AG-110M

9.13E+03

1.00E+05

1.68E+04

1.14E+04

2.12E+04

0.00E+00

5.47E+06

0.00E+00

SN-113

9.84E+03

7.45E+03

9.01E+03

2.91E+02

2.03E+02

1.19E+02

3.40E+05

0.00E+00

TE-127M

3.01E+03

7.13E+04

2.48E+04

8.53E+03

6.35E+04

6.06E+03

1.48E+06

0.00E+00

TE-129M

3.04E+03

1.81E+05

1.92E+04

6.84E+03

5.02E+04

6.32E+03

1.76E+06

0.00E+00

[-131

2.72E+04

2.84E+03

4.80E+04

4.80E+04

7.87E+04

1.62E+07

0.00E+00

0.00E+00

1-132

1.87E+03

3.20E+03

2.11E+03

4.06E+03

6.24E+03

1.93E+05

0.00E+00

0.00E+00

[-133

7.68E+03

5.47E+03

1.66E+04

2.03E+04

3.37E+04

3.84E+06

0.00E+00

0.00E+00

[-135

4.14E+03

4.43E+03

4.91E+03

8.72E+03

1.34E+04

7.91E+05

0.00E+00

0.00E+00

CS-134

2.24E+05

3.84E+03

6.50E+05

1.01E+06

3.30E+05

0.00E+00

1.21E+05

0.00E+00

CS-136

1.16E+05

4.17E+03

6.50E+04

1.71E+05

9.53E+04

0.00E+00

1.45E+04

0.00E+00

CS-137

1.28E+05

3.61E+03

9.05E+05

8.24E+05

2.82E+05

0.00E+00

1.04E+05

0.00E+00

BA-140

4.32E+03

1.02E+05

7.39E+04

6.47E+01

2.11E+01

0.00E+00

1.74E+06

0.00E+00

CE-141

2.89E+03

5.65E+04

3.92E+04

1.95E+04

8.53E+03

0.00E+00

5.43E+05

0.00E+00

CE-144

3.61E+05

3.88E+05

6.76E+06

2.11E+06

1.17E+06

0.00E+00

1.19E+07

0.00E+00

HF-181

8.50E+03

5.31E+04

8.44E+04

3.28E+02

2.64E+02

2.76E+02

7.95E+05

0.00E+00

AM-241

4.59E+08

1.75E+05

1.10E+10

6.81E+09

2.82E+09

0.00E+00

7.47E+08

0.00E+00

*Units are mrem/yr per uCi/m? for the inhalation pathway.
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3.3 COMPLIANCE WITH 10CFR50 (GASEOUS)
3.3.1 Noble Gases
1. Cumulation of Doses

Section 11.B.1 of Appendix | of 10CFR50 limits the releases of gaseous
effluents from each reactor such that the estimated annual gamma air
dose is limited to 10 millirad and the beta air dose is limited to 20 millirad.
Based upon NUREG 0133, the air dose in the unrestricted area due to
noble gases released in gaseous effluents can be determined by the
following expressions:

During any calendar quarter, for gamma radiation:

(3.3-1)
347 x10°°%, {M, [ (/Q), Q; * (x/a), a, |+ BiQ,, +biq, <5 mrad
During any calendar quarter, for beta radiation:
3.47x10° £N, [ (4Q), Q, * (/a), g, *+(1/Q) Q, *+ (/a), g, |<10mrad
(3.3-2)
During any calendar year, for gamma radiation:
(3.3-3)
317 x10°°3, {M, [(/Q), @, + (x/a), 4. ]*BiQ, +big, J<10 mrad
During any calendar year, for beta radiation:
3.17x10°® N, [(X/Q)v Q, +(x/a), a, +((/Q)s Q;, + (x/q)s G, ]S 20 mrad
(3.3-4)
Where:
M; = The air dose factor due to gamma emissions for each identified noble gas
radionuclide i, mrad/year per uCi/m?3
N; = The air dose factor due to beta emissions for each identified noble gas
radionuclide i, mrad/year per uCi/m?
(x/Q) , o The annual average relative concentration for areas at or beyond the

unrestricted area boundary for long-term vent releases (greater than 500
hrs/year), sec/m?3
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(x/q), = The relative concentration for areas at or beyond the unrestricted area

boundary for short-term vent releases (equal to or less than 500
hours/year), sec/m?

(X/Q)s = The annual average relative concentration for areas at or beyond the

unrestricted area boundary for long-term, free-standing stack releases
(greater than 500 hours/year), sec/m3

(x/q)s = The relative concentration for areas at or beyond the unrestricted area

boundary for short-term, free-standing stack releases (equal to or less than
500 hours year), sec/m3

o} = The average release of noble gas radionuclide i in gaseous effluents for

S

short-term stack releases (equal to or less than 500 hours/year), uCi

q = The average release of noble gas radionuclide i in gaseous effluents for
short-term vent releases (equal to or less than 500 hours/year), uCi

Qi = The average release of noble gas radionuclide i in gaseous effluents for
long-term, free-standing stack releases (greater than 500 hours/year), uCi

Qi = The average release of noble gas radionuclide i in gaseous effluents for

long-term vent releases (greater than 500 hours/year), uCi

Bi = The constant for long-term releases (greater than 500 hours/year) for each
identified noble gas radionuclide i accounting for the gamma radiation from
the elevated finite plume, mrad/year per uCi/sec

bi = The constant for short-term releases (equal to or less than 500 hours/year)
for each identified noble gas radionuclide i accounting for the gamma
radiation from the elevated finite plume, mrad/year per uCi/sec

3.17x 108

The inverse of the number of seconds in a year

For BSEP all releases are considered long-term. The incorporation of the
stack, Reactor Building, and Turbine Building release points into
Expressions 3.3-1 through 3.3-4 results in the following expressions for two
units to show compliance with 10CFR50.
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During any calendar quarter or year:

Gamma radiation:

3.17x107°% {M [(1/Q), (Q,, + Q)+ (/Q) (@, + Q) [+ B, |
<10 mrad per quarter or 20 mrad per year

(3.3-5)
Beta radiation:
347 x 10 TN [(1/Q), (@i, *+ Qi)+ (W) (Qi,, + Q)+ (2/Q), Q]
< 20 mrad per quarter or 40 mrad per year
(3.3-6)
Where:
(x/Q), = Annual average relative concentration for releases from the Reactor
Building, sec/m?
(x/Q), = Annual average relative concentration for releases from the Turbine
Building, sec/m?3
(x/Q)s = Annual average relative concentration for releases from the stack, sec/m3
Q Q = Release of radionuclide i from Reactor Buildings 1 and 2, respectively, uCi
rb1 b2
Q Q = Release of radionuclide i from Turbine Buildings 1 and 2, respectively, uCi
tb1 tb2
Q = Release of radionuclide i from the stack, uCi

S

At BSEP, the limiting location for noble gases is 0.7 miles ENE.
Substitution of the appropriate ¢/Q values into Expressions 3.3-5 and 3.3-6
results in the following:
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During any calendar quarter or year:
Gamma radiation:

3.17x10° % {M[1.9x10°(Q,_ +Q, )+6.0x10°(Q;, +Q, )]+BQ;

<10 mrad per quarter or 20 mrad per year

(3.3-7)
Beta radiation:
317 x10° TN, [1.9x107° (@, +Q, )+6.0x10°°(Q, +Q, )+3.2x107°Q, ]
< 20 mrad per quarter or 40 mrad per year

(3.3-8)

The determination of the controlling locations for implementation of
10CFR50 is a function of parameters such as radionuclide mix, isotopic
release, and meteorology.

The incorporation of these parameters into Expressions 3.3-1 through 3.3-4
resulted in the expressions for the controlling locations as presented in
Expressions 3.3-7 and 3.3-8. The radionuclide mix was based upon source
terms calculated using the NRC GALE Code and is presented in Table
3.2-1 as a function of release point.

The two or three highest site boundary (x/Q) values for each release point
were utilized in conjunction with the radionuclide mix and release for each
release point to determine the controlling site boundary location. Since
mixed mode and elevated releases occur from BSEP and their maximum
v/Q values may not decrease with distance (i.e., the site boundary may not
have the highest /Q values); x/Q values were calculated at the midpoint of
10 standard distance intervals out to a distance of 5 miles. The two or
three highest x/Q values were considered in conjunction with the
radionuclide mix and releases to determine the controlling location.

In the determination of the controlling location, annual average x/Q values
are utilized. These values are presented in tables in Appendix A. %/Q
values at the limiting site boundary location for releases from the Turbine
Buildings, Reactor Buildings, and stack were obtained from Tables A-1,
A-7, and A-13, respectively, of Appendix A. A description of the derivation
of x/Q values is also presented in Appendix A.

ODCM (BSEP) 3-33 Rev. 37 |



A particular combination of release point mix and meteorology dominates in
the determination of the controlling location. For BSEP the controlling
release point is the stack. The dominate factor in determining a control
location becomes the B; values. The ENE sector at the site boundary is the
control location because of its higher B; values.

Values for M; and N;, which were used in the determination of the
controlling location and which are to be used by BSEP in Expressions 3.3-7
and 3.3-8 to show compliance with 10CFR50 were presented in Table
3.2-4. These values originate from NUREG 0472, Revision 0, and were
taken from Table B-1 of NRC Regulatory Guide 1.109, Revision 1. The
values have been multiplied by 10° to convert from picocuries to
microcuries.

The following relationship should hold for BSEP to show compliance with
ODCM Specification 7.3.8.

For the calendar quarter:

For the calendar year:

Where:

Dp =

ODCM (BSEP)

Dy < 10mrad (3.3-9)
DB < 20mrad (3.3-10)
Dy < 20mrad (3.3-11)
DB <40mrad (3.3-12)

The air dose from gamma radiation, mrad
The air dose from beta radiation, mrad

The quarterly limits given above represent one-half the annual design
objective of Section I1.B.1 of Appendix | of 10CFR50. If any of the limits of
Expressions 3.3-9 through 3.3-12 are exceeded, a special report pursuant
to Section IV.A of Appendix | of 10CFR50 must be filed with the NRC.
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3.3.2 1-131, 1-133, Particulates, and Tritium

1. Cumulation of Doses

Section 11.C of Appendix | of 10CFR50 limits the release of radioiodines and
radioactive material in particulate form from each reactor such that
estimated dose or dose commitment to an individual in an unrestricted area
from all pathways of exposure is not in excess of 15 mrem to any organ.
Based upon NUREG 0133, the dose to an organ of an individual from
radioiodines and particulates, with half-lives greater than 8 days in gaseous
effluents released to unrestricted areas, can be determined by the following
expression:

During any calendar quarter or year:
3.17x107° IR, (W,Q; +w.q, +W,Q, +w,q; ) (3.3-13)
< 7.5 mrem per quarter or 15 mrem per calendar year

Where:
Qi = Release of radionuclide i for long-term, free-standing stack releases

S

(greater than 500 hours/year), uCi
Q = Release of radionuclide i for long-term vent releases (greater than 500

v

hours/year), uCi

q; = Release of radionuclide i for short-term, free-standing stack releases (equal

S

to or less than 500 hours/year), uCi

q; = Release of radionuclide i for short-term vent releases (equal to or less than

\2

500 hours/year), uCi

Ws = Dispersion parameter for estimating dose to an individual at the controlling
location for long-term, free-standing stack releases (greater than
500 hours/year)

= sec/m? for the inhalation pathway and tritium

= metersfor the food and ground plane pathway

*For ODCM calculations performed to comply with ODCM TRs 7.3.7.2 and 7.3.9.1, the 1-133 values used
are determined by actual analysis.
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W, = The dispersion parameter for estimating the dose to an individual at the
controlling location for long-term vent releases (greater than 500
hours/year)

= sec/m? for the inhalation pathway and tritium
= meters for the food and ground plane pathway

Ws = Dispersion parameter for estimating the dose to an individual at the
controlling location for short-term stack releases (equal to or less than 500
hours/year)

= sec/m? for the inhalation pathway and tritium
= meters? for the food and ground plane pathway

Wy = The dispersion parameter for estimating the dose to an individual at the
controlling location for short-term vent releases (equal to or less than 500
hours/year)

= sec/m? for the inhalation pathway and tritium
= meters for the food and ground plane pathway
3.17x108% = The inverse of the number of seconds in a year

R = The dose factor for each identified radionuclide i of the organ of interest,
mrem/yr per uCi/sec per m2 or mrem/yr per uCi/m?3

Radioiodines, particulates, and tritium are primarily released from the
Stack, Reactor Buildings, and Turbine Buildings at BSEP. Radioiodines
and particulates, may also be released from other sources such as the Hot
Shop (Decon) Facility, the Radioactive Materials Container and Storage
Building (RMCSB), and the Low Level Warehouse (LLW). Effluent doses
from Decon, RMCSB, LLW and any building exfiltration are quantified using
ground level meteorology. At BSEP all releases are considered long-term
in duration. Therefore, incorporating the various release points into
Expression 3.3-13 results in the following expression to show compliance
with 10CFR50 for a particular organ:

(3.3-14)
317 x 10°ER, [W,Q, +W, (Q, +Q,

Iib1 b2

)+ W, (Q,,,+Q,

ltb1 lth2

+Q; . +Q;  +Q

ILw )

<15.0 mrem per quarter or 30 mrem per year
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Q...

3.17x107°%,

Dispersion parameter for releases from the stack
Dispersion parameter for releases from the Reactor Building

Dispersion parameter for releases from the Turbine Building

Release of radionuclide i from the stack, uCi

Release of radionuclide i from Reactor Buildings 1 and 2, respectively, uCi
Release of radionuclide i from Turbine Buildings 1 and 2, respectively, uCi

Release of radionuclide i from the Hot Shop (Decon) Facility, uCi

Release of radionuclide i from the Radioactive Materials Container and
Storage Building (RMCSB), uCi

Release of radionuclide i from the Low Level Warehouse (LLW), uCi

In determining the dose at a particular location, W (as in Section 3.2.2) is a
function of the pathway. For the food and ground plane pathway, W is in
terms of D/Q. If the inhalation pathway is considered, W is in terms of ¢/Q.
Incorporation of the various pathways into Expression 3.3-14 results in the
following:

{(Ric + RiM + RiV + R;E )[(D/Q )SQiS +(D/Q )rb (Qi,m + Qz'r,,z )H(D/Q )zb Qi,b1 + Qi,,,z +0pc + v + Qirw )]+

Ri, [(XO), Qz +(x0), (Qi,,h1 +Qi,_,,2 )+ (x0), (0, +Qz;h2 +Opc + Oru + Qiaw )}

th1

< 15 mrem (per quarter)or 30 mrem (per year)

Where:

g

ODCM (BSEP)

(3.3-15)

Dose factor for an organ for radionuclide i for the ground plane exposure
pathway, mrem/yr per uCi/sec per m=

Dose factor for an organ for radionuclide i for either the cow milk or goat
milk pathway, mrem/yr per uCi/sec per m=2

Dose factor for an organ for radionuclide i for the vegetable pathway,
mrem/yr per uCi/sec per m=

Dose factor for an organ for radionuclide i for the meat pathway. mrem/yr
per uCi/sec per m=

Dose factor for an organ for radionuclide i for the inhalation pathway,
mrem/yr per uCi/m3
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(D/Q),, -
(D/Q),, =

(D/Q), =

For tritium:

DT =

Where:

QTrbl ’Q Ta =
QTZM ’anz =

ODCM (BSEP)

Annual average deposition for releases from the Reactor Buildings,m-2

Annual average deposition for releases from the Turbine Buildings, and
other ground level releases such as Decon, RMCSB, and LLW, m-

Annual average deposition for releases from the stack, m=2

As discussed in Section 3.2.2, for tritium the parameter W for the food
pathway is based upon %/Q. The ground plane pathway is not appropriate
for tritium. Therefore, the left-hand portion of Expression 3.3-15 may be
modified for tritium as:

317 x10 "R, +R; +R, + R, )

(27000, + (2000 Q) + 0y )+ (2D (@1 + 0, )]
(3.3-16)

Dose resulting from tritium, mrem

Dose factor for an organ for tritium for the milk pathway, mrem/yr per
uCi/m3

Dose factor for an organ for tritium for the vegetable pathway, mrem/yr per
uCi/m3

Dose factor for an organ for tritium for the beef pathway, mrem/yr per
uCi/m3

Dose factor for an organ for tritium for the inhalation pathway, mrem/yr per
uCi/m3

Release of tritium from the stack, uCi
Release of tritium from Reactor Buildings 1 and 2, respectively, uCi

Release of tritium from Turbine Buildings 1 and 2, respectively, uCi
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To show compliance with 10CFR50, Expression 3.3-15 is evaluated at the
controlling pathway location. At BSEP the controlling location is a milk cow
4.75 miles in the NE sector. Expression 3.3-15 becomes:

3.17 X 1078%; {(R;, + Rip)[2.9 X 10710Q; + 7.0 X 1071°(Q;.,, + Q;p,) +
7.2 X 10_10(Qitb1 + Qitb2 + QiDC + QiRM + QiLLW)] + Rll[24 X 10_8Qis +
1.9 X 1077(Qi ), + Qippy) +32X1077(Qigyy + Qigyy T Qipe + Qigy + Qipp) 13

< 15 mrem/quarter or 30 mrem/year (3.3-17)

For tritium, Equation 3.3-16 reduces to:

D, =3.17x10" (R, +R, )24x10°0Q, +1.9x107 (0, +0, )+3.2x107 (0, +0, )

(3.3-18)

Airborne Tritium Releases from the Drainage Holding Facility and Stabilization Facility

Airborne releases of tritium from the Drainage Holding Facility (DHF) and Storm Drain
Stabilization Facility (SDSF) by evaporation are routinely calculated and dose rates determined
based on the following equation:

3.3-19
DT:(RTI +RTV)[(X/Q)*QT] ( )
Where
Dt = Dose rate from the DHF or SDSF tritium airborne release, mrem/year
R = Dose parameter for tritium for the inhalation pathway, mrem/year per pCi/m3
Rrv = Dose parameter for tritium for the ingestion pathway, mrem/year per uCi/m?
X/Q = Annual average relative concentrations for releases from the DHF or SDSF to the
nearest resident.
Qr = Release rate of tritium from the DHF or SDSF, pCi/sec.

Note: The nearest resident from the center of the DHF is typically to the N at approximately 0.3
miles. The nearest resident from the center of the SDSF is typically to the NNW at
approximately 0.5 miles.
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The determination of a controlling location for implementation of 10CFRS50
for radioiodines and particulates is a function of:

a. Radionuclide mix and isotopic release
b. Meteorology

C. Exposure pathway

d. Receptor's age

The incorporation of these parameters into Expression 3.3-14 results in the
respective equations at the controlling location.

In the determination of the controlling location, the radionuclide mix of
radioiodines and particulates was based upon the source terms calculated
using the GALE code. This mix was presented in Table 3.2-1 as a function
of release point.

In the determination of the controlling location, all of the exposure
pathways, as presented in Table 3.2-2, were evaluated. These include cow
milk, goat milk, beef and vegetable ingestion, and inhalation ground plane
exposure. An infant was assumed to be present at all milk pathway
locations. A child was assumed to be present at all vegetable garden and
beef animal locations. The ground plane and inhalation pathways were
considered present everywhere a residence was present.

For the determination of the controlling location, the highest D/Q values for
each release point and release mode for the vegetable garden, cow milk,
and goat milk pathways were selected. At BSEP, no cow milk or goat milk
pathways are present. In accordance with NUREG 0133, dose to a
"hypothetical" cow milk pathway located 4.75 miles NE was evaluated
against existing vegetable garden pathways. The thyroid dose was
calculated at each of these locations using the radionuclide mix and
releases of Table 3.2-1. Based upon these calculations, it was determined
that the controlling receptor pathway is the "hypothetical" cow milk-infant
pathway in the NE sector, at 4.75 miles.
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Tables 3.3-1 through 3.3-19 present R; values for the total body, Gl tract,
bone, liver, kidney, thyroid, and lung organs for the ground plane,
inhalation, cow milk, goat milk, and vegetable and meat ingestion pathways
for the infant, child, teen, and adult age groups as appropriate to the
pathways. These values were calculated using the methodology described
in NUREG 0133 using a grazing period of eight months. A discussion of
their calculation is presented in Appendix C.

In the determination of the controlling location annual average D/Q and

x/Q values are utilized. D/Q values at the limiting real pathway locations
for releases from the Turbine Buildings, Reactor Buildings, and the stack
were obtained from Tables A-3, A-9, and A-15, respectively, of Appendix A.
x/Q values at the same location for these same release points were
obtained from Tables A-1, A-7, and A-13 of Appendix A. A description of

the derivation of the various %/Q and D/Q values is presented in Appendix
A

Long-term D/Q values for the stack, Reactor Buildings, and Turbine
Buildings are provided for the midpoints of the following distances:

0.0-0.5 mi. 0.5-1.0 mi. 1.0-1.5 mi. 1.5-2.0 mi.
2.0-2.5 mi. 2.5-3.0 mi. 3.0-3.5 mi. 3.5-4.0 mi.
4.0-4.5 mi. 4.5-5.0 mi.

These values appear in tables in Appendix A. These tables may be utilized
if an additional special location arises which is different from one presented
in the special locations of Appendix A.

The following relationships should hold for BSEP to show compliance with
BSEP ODCM Specification 7.3.9.

For the calendar quarter:

Dt <15 mrem

For the calendar year:

Dt <30 mrem
Where:
Dt =

ODCM (BSEP)

(3.3-20)
(3.3-21)
The dose to any organ t from radioiodines and particulates, mrem
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The quarterly limits given above represent one-half the annual design
objective of Section II.C of Appendix | of 10CFR50. If any of the limits of
Expressions 3.3-20 or 3.3-21 are exceeded, a special report pursuant to
Section IV.A of Appendix | of 10CFR50 must be filed with the NRC.

2. Projection of Doses

Dose projections for this section are required at least once per 31 days in
ODCM TR 7.3.11.2.

The doses will be projected using the equation below. Where possible,
credit for expected operational evolutions (i.e., outages, etc.) should be
taken in the dose projections. This may be accomplished by using the
source term data from similar historical operating experiences where
practical and adding the dose as additional anticipated dose.

DT
Dpt = T_ X 31 |+ Dar
e
Where:
Dpr = 31 day projected dose by organ T, in mrem;
D. = Current cumulative monthly dose of organ T up to the end
of the release under evaluation, in mrem
T, = time elapsed in month up to the end of the release under
evaluation, in days;
31 = number of days dose is projected; and
D, = additional anticipated dose by organ T in mrem.

ODCM (BSEP) 3-42 Rev. 40 |



TABLE 3.3-1
PATHWAY = Ground

R VALUES FOR THE BRUNSWICK STEAM ELECTRIC PLANT*

Nuclide | T.Body | Gl-Tract | Bone Liver Kidney | Thyroid Lung Skin
CR-51 | 4.66E+06 | 4.66E+06 | 4.66E+06 | 4.66E+06 | 4.66E+06 | 4.66E+06 | 4.66E+06 | 5.51E+06
MN-54 | 1.34E+09 | 1.34E+09 | 1.34E+09 | 1.34E+09 | 1.34E+09 | 1.34E+09 | 1.34E+09 | 1.57E+09
FE-59 | 2.75E+08 | 2.75E+08 | 2.75E+08 | 2.75E+08 | 2.75E+08 | 2.75E+08 | 2.75E+08 | 3.23E+08
CO-58 | 3.79E+08 | 3.79E+08 | 3.79E+08 | 3.79E+08 | 3.79E+08 | 3.79E+08 | 3.79E+08 | 4.44E+09
CO-60 | 2.15E+10 | 2.15E+10 | 2.15E+10 | 2.15E+10 | 2.15E+10 | 2.15E+10 | 2.15E+10 | 2.52E+10
ZN-65 | 7.49E+08 | 7.49E+08 | 7.49E+08 | 7.49E+08 | 7.49E+08 | 7.49E+08 | 7.49E+08 | 8.61E+08
RB-86 | 8.99E+06 | 8.99E+06 | 8.99E+06 | 8.99E+06 | 8.99E+06 | 8.99E+06 | 8.99E+06 | 1.03E+07
SR-89 | 2.23E+04 | 2.23E+04 | 2.23E+04 | 2.23E+04 | 2.23E+04 | 2.23E+04 | 2.23E+04 | 2.58E+04
Y-91 1.08E+06 | 1.08E+06 | 1.08E+06 | 1.08E+06 | 1.08E+06 | 1.08E+06 | 1.08E+06 | 1.22E+06
ZR-95 | 2.49E+08 | 2.49E+08 | 2.49E+08 | 2.49E+08 | 2.49E+08 | 2.49E+08 | 2.49E+08 | 2.89E+08
NB-95 | 1.36E+08 | 1.36E+08 | 1.36E+08 | 1.36E+08 | 1.36E+08 | 1.36E+08 | 1.36E+08 | 1.60E+08
RU-103 | 1.09E+08 | 1.09E+08 | 1.09E+08 | 1.09E+08 | 1.09E+08 | 1.09E+08 | 1.09E+08 | 1.27E+08
RU-106 | 4.19E+08 | 4.19E+08 | 4.19E+08 | 4.19E+08 | 4.19E+08 | 4.19E+08 | 4.19E+08 | 5.03E+08
AG-110M| 3.48E+09 | 3.48E+09 | 3.48E+09 | 3.48E+09 | 3.48E+09 | 3.48E+09 | 3.48E+09 | 4.06E+09
SN-113 | 1.44E+07 | 6.28E+06 | 1.22E+07 | 6.21E+06 | 1.00E+07 | 1.33E+07 | 8.14E+06 | 4.09E+07
TE-127M| 9.15E+04 | 9.15E+04 | 9.15E+04 | 9.15E+04 | 9.15E+04 | 9.15E+04 | 9.15E+04 | 1.08E+05
TE-129M| 2.00E+07 | 2.00E+07 | 2.00E+07 | 2.00E+07 | 2.00E+07 | 2.00E+07 | 2.00E+07 | 2.34E+07
1-131 1.72E+07 | 1.72E+07 | 1.72E+07 | 1.72E+07 | 1.72E+07 | 1.72E+07 | 1.72E+07 | 2.09E+07
[-132 1.24E+06 | 1.24E+06 | 1.24E+06 | 1.24E+06 | 1.24E+06 | 1.24E+06 | 1.24E+06 | 1.46E+06
[-133 2.47E+06 | 2.47E+06 | 2.47E+06 | 2.47E+06 | 2.47E+06 | 2.47E+06 | 2.47E+06 | 3.00E+06
[-135 2.56E+06 | 2.56E+06 | 2.56E+06 | 2.56E+06 | 2.56E+06 | 2.56E+06 | 2.56E+06 | 2.99E+06
CS-134 | 6.82E+09 | 6.82E+09 | 6.82E+09 | 6.82E+09 | 6.82E+09 | 6.82E+09 | 6.82E+09 | 7.96E+09
CS-136 | 1.49E+08 | 1.49E+08 | 1.49E+08 | 1.49E+08 | 1.49E+08 | 1.49E+08 | 1.49E+08 | 1.69E+08
CS-137 | 1.03E+10 | 1.03E+10 | 1.03E+10 | 1.03E+10 | 1.03E+10 | 1.03E+10 | 1.03E+10 | 1.20E+10
BA-140 | 2.05E+07 | 2.05E+07 | 2.05E+07 | 2.05E+07 | 2.05E+07 | 2.05E+07 | 2.05E+07 | 2.34E+07
CE-141 | 1.36E+07 | 1.36E+07 | 1.36E+07 | 1.36E+07 | 1.36E+07 | 1.36E+07 | 1.36E+07 | 1.53E+07
CE-144 | 6.95E+07 | 6.95E+07 | 6.95E+07 | 6.95E+07 | 6.95E+07 | 6.95E+07 | 6.95E+07 | 8.03E+07
HF-181 | 1.97E+08 | 1.63E+08 | 2.30E+08 | 1.70E+08 | 1.76E+08 | 2.33E+08 | 1.82E+08 | 2.82E+08
AM-241 | 5.16E+08 | 5.16E+08 | 5.16E+08 | 5.16E+08 | 5.16E+08 | 5.16E+08 | 5.16E+08 | 7.45E+08

*R Values in units of mrem/yr per uCi/m? for inhalation and tritium, and in units of m?>-mrem/yr per uCi/sec
for all others.
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TABLE 3.3-2
PATHWAY = Vegetable
AGE GROUP = Adult

R VALUES FOR THE BRUNSWICK STEAM ELECTRIC PLANT*

Nuclide

T. Body

Gl-Tract

Bone

Liver

Kidney

Thyroid

Lung

Skin

H-3

2.28E+03

2.28E+03

0.00E+00

2.28E+03

2.28E+03

2.28E+03

2.28E+03

2.28E+03

P-32

5.91E+07

1.72E+08

1.53E+09

9.51E+07

0.00E+00

0.00E+00

0.00E+00

0.00E+00

CR-51

4.60E+04

1.16E+07

0.00E+00

0.00E+00

1.01E+04

2.75E+04

6.10E+04

0.00E+00

MN-54

5.83E+07

9.36E+08

0.00E+00

3.05E+08

9.09E+07

0.00E+00

0.00E+00

0.00E+00

FE-59

1.12E+08

9.75E+08

1.24E+08

2.93E+08

0.00E+00

0.00E+00

8.17E+07

0.00E+00

CO-58

6.71E+07

6.07E+08

0.00E+00

2.99E+07

0.00E+00

0.00E+00

0.00E+00

0.00E+00

CO-60

3.67E+08

3.12E+09

0.00E+00

1.66E+08

0.00E+00

0.00E+00

0.00E+00

0.00E+00

ZN-65

5.77E+08

8.04E+08

4.01E+08

1.28E+09

8.54E+08

0.00E+00

0.00E+00

0.00E+00

RB-86

1.03E+08

4.36E+07

0.00E+00

2.21E+08

0.00E+00

0.00E+00

0.00E+00

0.00E+00

SR-89

2.87E+08

1.60E+09

1.00E+10

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

SR-90

1.64E+11

1.93E+10

6.70E+11

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

Y-91

1.34E+05

2.76E+09

5.01E+06

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

ZR-95

2.51E+05

1.17E+09

1.16E+06

3.71E+05

5.82E+05

0.00E+00

0.00E+00

0.00E+00

NB-95

4.19E+04

4.73E+08

1.40E+05

7.79E+04

7.70E+04

0.00E+00

0.00E+00

0.00E+00

RU-103

2.04E+06

5.53E+08

4.74E+06

0.00E+00

1.81E+07

0.00E+00

0.00E+00

0.00E+00

RU-106

2.46E+07

1.26E+10

1.94E+08

0.00E+00

3.75E+08

0.00E+00

0.00E+00

0.00E+00

AG-110M

6.23E+06

4.28E+09

1.13E+07

1.05E+07

2.06E+07

0.00E+00

0.00E+00

0.00E+00

SN-113

1.36E+07

2.53E+08

1.44E+07

5.60E+05

4.09E+05

1.96E+05

0.00E+00

0.00E+00

TE-127M

6.12E+07

1.68E+09

5.02E+08

1.80E+08

2.04E+09

1.28E+08

0.00E+00

0.00E+00

TE-129M

4.71E+07

1.50E+09

2.98E+08

1.11E+08

1.24E+09

1.02E+08

0.00E+00

0.00E+00

1-131

6.61E+07

3.04E+07

8.07E+07

1.15E+08

1.98E+08

3.78E+10

0.00E+00

0.00E+00

1-132

5.21E+01

2.80E+01

5.57E+01

1.49E+02

2.37E+02

5.21E+03

0.00E+00

0.00E+00

1-133

1.12E+06

3.30E+06

2.11E+06

3.67E+06

6.40E+06

5.39E+08

0.00E+00

0.00E+00

1-135

3.91E+04

1.20E+05

4.05E+04

1.06E+05

1.70E+05

7.00E+06

0.00E+00

0.00E+00

CS-134

8.83E+09

1.89E+08

4.54E+09

1.08E+10

3.49E+09

0.00E+00

1.16E+09

0.00E+00

CS-136

1.19E+08

1.88E+07

4 19E+07

1.66E+08

9.21E+07

0.00E+00

1.26E+07

0.00E+00

CS-137

5.94E+09

1.76E+08

6.63E+09

9.07E+09

3.08E+09

0.00E+00

1.02E+09

0.00E+00

BA-140

8.40E+06

2.64E+08

1.28E+08

1.61E+05

5.47E+04

0.00E+00

9.22E+04

0.00E+00

CE-141

1.48E+04

4.99E+08

1.93E+05

1.31E+05

6.07E+04

0.00E+00

0.00E+00

0.00E+00

CE-144

1.69E+06

1.06E+10

3.15E+07

1.32E+07

7.80E+06

0.00E+00

0.00E+00

0.00E+00

HF-181

1.08E+06

7.06E+08

9.51E+06

5.36E+04

4.48E+04

3.41E+04

0.00E+00

0.00E+00

AM-241

4.12E+09

5.65E+09

5.75E+10

5.37E+10

3.10E+10

0.00E+00

0.00E+00

0.00E+00

*R Values in units of mrem/yr per uCi/m? for inhalation and tritium, and in units of m?>-mrem/yr per uCi/sec
for all others.
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TABLE 3.3-3 R VALUES FOR THE BRUNSWICK STEAM ELECTRIC PLANT*
PATHWAY = Vegetable
AGE GROUP = Teen

Nuclide | T. Body | GlI-Tract Bone Liver Kidney | Thyroid Lung Skin
H-3 2.61E+03 | 2.61E+03 | 0.00E+00 | 2.61E+03 | 2.61E+03 | 2.61E+03 | 2.61E+03 | 2.61E+03
P-32 |6.80E+07 | 1.47E+08 |1.75E+09 | 1.09E+08 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
CR-51 |6.11E+04 | 1.03E+07 | 0.00E+00 | 0.00E+00 | 1.34E+04 | 3.39E+04 | 8.72E+04 | 0.00E+00
MN-54 | 8.79E+07 | 9.09E+08 | 0.00E+00 | 4.43E+08 | 1.32E+08 | 0.00E+00 | 0.00E+00 | 0.00E+00
FE-59 |1.60E+08 | 9.78E+08 | 1.77E+08 | 4.14E+08 | 0.00E+00 | 0.00E+00 | 1.30E+08 | 0.00E+00
CO-58 |9.79E+07 | 5.85E+08 | 0.00E+00 | 4.25E+07 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
CO-60 |5.57E+08 | 3.22E+09 | 0.00E+00 | 2.47E+08 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
ZN-65 | 8.68E+08 | 7.88E+08 | 5.36E+08 | 1.86E+09 | 1.19E+09 | 0.00E+00 | 0.00E+00 | 0.00E+00
RB-86 | 1.30E+08 | 4.09E+07 |0.00E+00 | 2.76E+08 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
SR-89 |4.36E+08 | 1.81E+09 | 1.52E+10 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
SR-90 |2.05E+11 | 2.33E+10 |8.32E+11 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
Y-91 |2.06E+05 | 3.15E+09 | 7.68E+06 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
ZR-95 |3.68E+05 | 1.23E+09 | 1.69E+06 | 5.35E+05 | 7.86E+05 | 0.00E+00 | 0.00E+00 | 0.00E+00
NB-95 |5.77E+04 | 4.48E+08 | 1.89E+05 | 1.05E+05 | 1.02E+05 | 0.00E+00 | 0.00E+00 | 0.00E+00

RU-103 | 2.90E+06 | 5.66E+08 | 6.78E+06 | 0.00E+00 | 2.39E+07 | 0.00E+00 | 0.00E+00 | 0.00E+00

RU-106 | 3.93E+07 | 1.50E+10 | 3.12E+08 | 0.00E+00 | 6.02E+08 | 0.00E+00 | 0.00E+00 | 0.00E+00

AG-110M| 9.39E+06 | 4.34E+09 | 1.63E+07 | 1.54E+07 | 2.95E+07 | 0.00E+00 | 0.00E+00 | 0.00E+00

SN-113 | 2.02E+07 | 2.29E+08 | 1.91E+07 | 8.03E+05 | 5.65E+05 | 2.63E+05 | 0.00E+00 | 0.00E+00

TE-127M| 9.44E+07 | 1.98E+09 | 7.93E+08 | 2.81E+08 | 3.22E+09 | 1.89E+08 | 0.00E+00 | 0.00E+00

TE-129M| 6.79E+07 | 1.61E+09 | 4.29E+08 | 1.59E+08 | 1.77E+09 | 1.38E+08 | 0.00E+00 | 0.00E+00
[-131 |5.77E+07 | 2.13E+07 | 7.68E+07 | 1.07E+08 | 1.85E+08 | 3.14E+10 | 0.00E+00 | 0.00E+00
[-132 | 4.72E+01 | 5.72E+01 | 5.02E+01 | 1.31E+02 | 2.07E+02 | 4.43E+03 | 0.00E+00 | 0.00E+00
[-133 | 1.01E+06 | 2.51E+06 | 1.96E+06 | 3.32E+06 | 5.83E+06 | 4.64E+08 | 0.00E+00 | 0.00E+00
[-135 | 3.49E+04 | 1.04E+05 | 3.66E+04 | 9.42E+04 | 1.49E+05 | 6.06E+06 | 0.00E+00 | 0.00E+00

CS-134 | 7.54E+09 | 2.02E+08 | 6.90E+09 | 1.62E+10 | 5.16E+09 | 0.00E+00 | 1.97E+09 | 0.00E+00

CS-136 | 1.13E+08 | 1.35E+07 |4.28E+07 | 1.68E+08 | 9.16E+07 | 0.00E+00 | 1.44E+07 | 0.00E+00

CS-137 | 4.90E+09 | 2.00E+08 | 1.06E+10 | 1.41E+10 | 4.78E+09 | 0.00E+00 | 1.86E+09 | 0.00E+00

BA-140 | 8.88E+06 | 2.12E+08 | 1.38E+08 | 1.69E+05 | 5.72E+04 | 0.00E+00 | 1.14E+05 | 0.00E+00

CE-141 | 2.12E+04 | 5.29E+08 | 2.77E+05 | 1.85E+05 | 8.70E+04 | 0.00E+00 | 0.00E+00 | 0.00E+00

CE-144 | 2.71E+06 | 1.27E+10 | 5.04E+07 | 2.09E+07 | 1.25E+07 | 0.00E+00 | 0.00E+00 | 0.00E+00

HF-181 | 1.54E+06 | 6.90E+08 | 1.38E+07 | 7.58E+04 | 6.32E+04 | 4.63E+04 | 0.00E+00 | 0.00E+00

AM-241 | 4.97E+09 | 6.80E+09 | 6.89E+10 | 6.50E+10 | 3.72E+10 | 0.00E+00 | 0.00E+00 | 0.00E+00

*R Values in units of mrem/yr per uCi/m? for inhalation and tritium, and in units of m?>-mrem/yr per uCi/sec
for all others. \

ODCM (BSEP) 3-45 Rev. 37 |




TABLE 3.3-4
PATHWAY = Vegetable

AGE GROUP = Child

R VALUES FOR THE BRUNSWICK STEAM ELECTRIC PLANT*

Nuclide | T.Body | Gl-Tract | Bone Liver Kidney | Thyroid Lung Skin
H-3 4.04E+03 | 4.04E+03 | 0.00E+00 | 4.04E+03 | 4.04E+03 | 4.04E+03 | 4.04E+03 | 4.04E+03
P-32 | 1.42E+08 | 1.01E+08 | 3.67E+09 | 1.72E+08 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
CR-51 | 1.16E+05 | 6.15E+06 | 0.00E+00 | 0.00E+00 | 1.76E+04 | 6.44E+04 | 1.18E+05 | 0.00E+00
MN-54 | 1.73E+08 | 5.44E+08 | 0.00E+00 | 6.49E+08 | 1.82E+08 | 0.00E+00 | 0.00E+00 | 0.00E+00
FE-59 | 3.17E+08 | 6.62E+08 | 3.93E+08 | 6.36E+08 | 0.00E+00 | 0.00E+00 | 1.84E+08 | 0.00E+00
CO-58 | 1.92E+08 | 3.66E+08 | 0.00E+00 | 6.27E+07 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
CO-60 | 1.11E+09 | 2.08E+09 | 0.00E+00 | 3.76E+08 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
ZN-65 | 1.70E+09 | 4.81E+08 | 1.03E+09 | 2.74E+09 | 1.73E+09 | 0.00E+00 | 0.00E+00 | 0.00E+00
RB-86 | 2.81E+08 | 2.94E+07 | 0.00E+00 | 4.56E+08 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
SR-89 | 1.03E+09 | 1.40E+09 | 3.62E+10 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
SR-90 | 3.49E+11 | 1.86E+10 | 1.38E+12 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
Y-91 | 4.89E+05 | 2.44E+09 | 1.83E+07 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
ZR-95 | 7.44E+05 | 8.71E+08 | 3.80E+06 | 8.35E+05 | 1.20E+06 | 0.00E+00 | 0.00E+00 | 0.00E+00
NB-95 | 1.12E+05 | 2.91E+08 | 4.04E+05 | 1.57E+05 | 1.48E+05 | 0.00E+00 | 0.00E+00 | 0.00E+00
RU-103 | 5.86E+06 | 3.94E+08 | 1.52E+07 | 0.00E+00 | 3.84E+07 | 0.00E+00 | 0.00E+00 | 0.00E+00
RU-106 | 9.38E+07 | 1.17E+10 | 7.52E+08 | 0.00E+00 | 1.02E+09 | 0.00E+00 | 0.00E+00 | 0.00E+00
AG-110M| 1.87E+07 | 2.78E+09 | 3.46E+07 | 2.34E+07 | 4.35E+07 | 0.00E+00 | 0.00E+00 | 0.00E+00
SN-113 | 3.98E+07 | 1.46E+08 | 3.64E+07 | 1.18E+06 | 8.09E+05 | 4.82E+05 | 0.00E+00 | 0.00E+00
TE-127M| 2.26E+08 | 1.54E+09 | 1.90E+09 | 5.12E+08 | 5.42E+09 | 4.55E+08 | 0.00E+00 | 0.00E+00
TE-129M| 1.55E+08 | 1.22E+09 | 9.98E+08 | 2.79E+08 | 2.93E+09 | 3.22E+08 | 0.00E+00 | 0.00E+00
[-131 8.16E+07 | 1.23E+07 | 1.43E+08 | 1.44E+08 | 2.36E+08 | 4.75E+10 | 0.00E+00 | 0.00E+00
1-132 7.53E+01 | 1.93E+02 | 8.91E+01 | 1.64E+02 | 2.51E+02 | 7.60E+03 | 0.00E+00 | 0.00E+00
[-133 | 1.67E+06 | 1.78E+06 | 3.57E+06 | 4.42E+06 | 7.36E+06 | 8.21E+08 | 0.00E+00 | 0.00E+00
[-135 5.54E+04 | 8.92E+04 | 6.50E+04 | 1.17E+05 | 1.79E+05 | 1.04E+07 | 0.00E+00 | 0.00E+00
CS-134 | 5.40E+09 | 1.38E+08 | 1.56E+10 | 2.56E+10 | 7.93E+09 | 0.00E+00 | 2.84E+09 | 0.00E+00
CS-136 | 1.43E+08 | 7.77E+06 | 8.04E+07 | 2.21E+08 | 1.18E+08 | 0.00E+00 | 1.76E+07 | 0.00E+00
CS-137 | 3.52E+09 | 1.50E+08 | 2.49E+10 | 2.39E+10 | 7.78E+09 | 0.00E+00 | 2.80E+09 | 0.00E+00
BA-140 | 1.61E+07 | 1.40E+08 | 2.76E+08 | 2.42E+05 | 7.87E+04 | 0.00E+00 | 1.44E+05 | 0.00E+00
CE-141 | 4.75E+04 | 3.99E+08 | 6.42E+05 | 3.20E+05 | 1.40E+05 | 0.00E+00 | 0.00E+00 | 0.00E+00
CE-144 | 6.49E+06 | 9.94E+09 | 1.22E+08 | 3.81E+07 | 2.11E+07 | 0.00E+00 | 0.00E+00 | 0.00E+00
HF-181 | 3.15E+06 | 3.17E+08 | 3.13E+07 | 1.22E+05 | 9.78E+04 | 1.03E+05 | 0.00E+00 | 0.00E+00
AM-241 | 7.12E+09 | 5.34E+09 | 9.50E+10 | 8.17E+10 | 4.35E+10 | 0.00E+00 | 0.00E+00 | 0.00E+00

*R Values in units of mrem/yr per uCi/m? for inhalation and tritium, and in units of m?>-mrem/yr per uCi/sec
for all others.
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TABLE 3.3-5 R VALUES FOR THE BRUNSWICK STEAM ELECTRIC PLANT*
PATHWAY = Meat
AGE GROUP = Adult

Nuclide | T. Body | Gl-Tract | Bone Liver Kidney | Thyroid Lung Skin
H-3 3.27E+02 | 3.27E+02 | 0.00E+00 | 3.27E+02 | 3.27E+02 | 3.27E+02 | 3.27E+02 | 3.27E+02
P-32 | 1.18E+08 | 3.43E+08 | 3.05E+09 | 1.89E+08 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
CR-51 | 4.27E+03 | 1.08E+06 | 0.00E+01 | 0.00E+00 | 9.42E+02 | 2.56E+03 | 5.67E+03 | 0.00E+00
MN-54 | 1.06E+06 | 1.71E+07 | 0.00E+00 | 5.57E+06 | 1.66E+06 | 0.00E+00 | 0.00E+00 | 0.00E+00
FE-59 | 1.43E+08 | 1.25E+09 | 1.59E+08 | 3.74E+08 | 0.00E+00 | 0.00E+00 | 1.04E+08 | 0.00E+00
CO-58 | 2.43E+07 | 2.20E+08 | 0.00E+00 | 1.08E+07 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
CO-60 | 1.03E+08 | 8.76E+08 | 0.00E+00 |4.66E+07 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
ZN-65 | 3.58E+08 | 4.98E+08 | 2.49E+08 | 7.91E+08 | 5.29E+08 | 0.00E+00 | 0.00E+00 | 0.00E+00
RB-86 | 1.42E+08 | 6.00E+07 | 0.00E+00 | 3.04E+08 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
SR-89 | 5.23E+06 | 2.92E+07 | 1.82E+08 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
SR-90 | 2.02E+09 | 2.38E+08 | 8.22E+09 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
Y-91 | 1.80E+04 | 3.71E+08 | 6.75E+05 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
ZR-95 | 2.43E+05 | 1.14E+09 | 1.12E+06 | 3.59E+05 | 5.64E+05 | 0.00E+00 | 0.00E+00 | 0.00E+00
NB-95 | 4.12E+05 | 4.65E+09 | 1.38E+06 | 7.66E+05 | 7.58E+05 | 0.00E+00 | 0.00E+00 | 0.00E+00
RU-103 | 2.72E+07 | 7.38E+09 | 6.32E+07 | 0.00E+00 | 2.41E+08 | 0.00E+00 | 0.00E+00 | 0.00E+00
RU-106 | 2.19E+08 | 1.12E+11 | 1.73E+09 | 0.00E+00 | 3.35E+09 | 0.00E+00 | 0.00E+00 | 0.00E+00
AG-110M| 2.34E+06 | 1.61E+09 | 4.27E+06 | 3.95E+06 | 7.76E+06 | 0.00E+00 | 0.00E+00 | 0.00E+00
SN-113 | 2.80E+07 | 5.19E+08 | 2.97E+07 | 1.15E+06 | 8.40E+05 | 4.03E+05 | 0.00E+00 | 0.00E+00
TE-127M| 1.00E+08 | 2.76E+09 | 8.22E+08 | 2.94E+08 | 3.34E+09 | 2.10E+08 | 0.00E+00 | 0.00E+00
TE-129M| 1.17E+08 | 3.73E+09 | 7.40E+08 | 2.76E+08 | 3.09E+09 | 2.54E+08 | 0.00E+00 | 0.00E+00
[-131 | 5.77E+06 | 2.66E+06 | 7.04E+06 | 1.01E+07 | 1.73E+07 | 3.30E+09 | 0.00E+00 | 0.00E+00
[-133 | 1.51E-01 | 4.46E-01 | 2.85E-01 | 4.96E-01 | 8.66E-01 | 7.29E+01 | 0.00E+00 | 0.00E+00
[-135 | 6.07E-17 | 1.86E-16 | 6.28E-17 | 1.64E-16 | 2.64E-16 | 1.08E-14 | 0.00E+00 | 0.00E+00
CS-134 | 7.81E+08 | 1.67E+07 | 4.01E+08 | 9.55E+08 | 3.09E+08 | 0.00E+00 | 1.03E+08 | 0.00E+00
CS-136 | 2.14E+07 | 3.33E+06 | 7.53E+06 | 2.97E+07 | 1.65E+07 | 0.00E+00 | 2.27E+06 | 0.00E+00
CS-137 | 4.99E+08 | 1.47E+07 | 5.57E+08 | 7.61E+08 | 2.58E+08 | 0.00E+00 | 8.59E+07 | 0.00E+00
BA-140 | 1.20E+06 | 3.77E+07 | 1.83E+07 | 2.30E+04 | 7.82E+03 | 0.00E+00 | 1.32E+04 | 0.00E+00
CE-141 | 6.46E+02 | 2.18E+07 | 8.42E+03 | 5.69E+03 | 2.65E+03 | 0.00E+00 | 0.00E+00 | 0.00E+00
CE-144 | 4.70E+04 | 2.96E+08 | 8.75E+05 | 3.66E+05 | 2.17E+05 | 0.00E+00 | 0.00E+00 | 0.00E+00
HF-181 | 1.52E+06 | 9.97E+08 | 1.34E+07 | 7.57E+04 | 6.33E+04 | 4.81E+04 | 0.00E+00 | 0.00E+00
AM-241 | 1.80E+07 | 2.47E+07 | 2.52E+08 | 2.35E+08 | 1.36E+08 | 0.00E+00 | 0.00E+00 | 0.00E+00

*R Values in units of mrem/yr per uCi/m? for inhalation and tritium, and in units of m?>-mrem/yr per uCi/sec
for all others.
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TABLE 3.3-6
PATHWAY = Meat

AGE GROUP = Teen

R VALUES FOR THE BRUNSWICK STEAM ELECTRIC PLANT*

Nuclide

T. Body

Gl-Tract

Bone

Liver

Kidney

Thyroid

Lung

Skin

H-3

1.95E+02

1.95E+02

0.00E+00

1.95E+02

1.95E+02

1.95E+02

1.95E+02

1.95E+02

P-32

9.98E+07

2.16E+08

2.58E+09

1.60E+08

0.00E+00

0.00E+00

0.00E+00

0.00E+00

CR-51

3.42E+03

5.75E+05

0.00E+00

0.00E+00

7.49E+02

1.90E+03

4.88E+03

0.00E+00

MN-54

8.43E+05

8.72E+06

0.00E+00

4.25E+06

1.27E+06

0.00E+00

0.00E+00

0.00E+00

FE-59

1.15E+08

7.02E+08

1.27E+08

2.97E+08

0.00E+00

0.00E+00

9.36E+07

0.00E+00

CO-58

1.93E+07

1.15E+08

0.00E+00

8.36E+06

0.00E+00

0.00E+00

0.00E+00

0.00E+00

CO-60

8.15E+07

4.71E+08

0.00E+00

3.62E+07

0.00E+00

0.00E+00

0.00E+00

0.00E+00

ZN-65

2.83E+08

2.57E+08

1.75E+08

6.07E+08

3.89E+08

0.00E+00

0.00E+00

0.00E+00

RB-86

1.19E+08

3.76E+07

0.00E+00

2.54E+08

0.00E+00

0.00E+00

0.00E+00

0.00E+00

SR-89

4.40E+06

1.83E+07

1.54E+08

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

SR-90

1.31E+09

1.49E+08

5.32E+09

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

Y-91

1.52E+04

2.33E+08

5.68E+05

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

ZR-95

1.95E+05

6.53E+08

8.97E+05

2.83E+05

4.16E+05

0.00E+00

0.00E+00

0.00E+00

NB-95

3.29E+05

2.55E+09

1.08E+06

5.97E+05

5.79E+05

0.00E+00

0.00E+00

0.00E+00

RU-103

2.20E+07

4.30E+09

5.15E+07

0.00E+00

1.82E+08

0.00E+00

0.00E+00

0.00E+00

RU-106

1.84E+08

7.00E+10

1.46E+09

0.00E+00

2.81E+09

0.00E+00

0.00E+00

0.00E+00

AG-110M

1.86E+06

8.59E+08

3.23E+06

3.06E+06

5.83E+06

0.00E+00

0.00E+00

0.00E+00

SN-113

2.22E+07

2.51E+08

2.09E+07

8.80E+05

6.19E+05

2.89E+05

0.00E+00

0.00E+00

TE-127M

8.25E+07

1.73E+09

6.94E+08

2.46E+08

2.81E+09

1.65E+08

0.00E+00

0.00E+00

TE-129M

9.81E+07

2.33E+09

6.20E+08

2.30E+08

2.59E+09

2.00E+08

0.00E+00

0.00E+00

1-131

4.40E+06

1.62E+06

5.85E+06

8.20E+06

1.41E+07

2.39E+09

0.00E+00

0.00E+00

1-133

1.23E-01

3.06E-01

2.39E-01

4.05E-01

7.10E-01

5.65E+01

0.00E+00

0.00E+00

1-135

4.88E-17

1.46E-16

5.11E-17

1.32E-16

2.08E-16

8.46E-15

0.00E+00

0.00E+00

CS-134

3.48E+08

9.34E+06

3.19E+08

7.51E+08

2.39E+08

0.00E+00

9.11E+07

0.00E+00

CS-136

1.55E+07

1.86E+06

5.87E+06

2.31E+07

1.26E+07

0.00E+00

1.98E+06

0.00E+00

CS-137

2.14E+08

8.75E+06

4.62E+08

6.15E+08

2.09E+08

0.00E+00

8.13E+07

0.00E+00

BA-140

9.76E+05

2.34E+07

1.51E+07

1.86E+04

6.29E+03

0.00E+00

1.25E+04

0.00E+00

CE-141

5.42E+02

1.35E+07

7.07E+03

4.72E+03

2.22E+03

0.00E+00

0.00E+00

0.00E+00

CE-144

3.96E+04

1.85E+08

7.37E+05

3.05E+05

1.82E+05

0.00E+00

0.00E+00

0.00E+00

HF-181

1.23E+06

5.50E+08

1.10E+07

6.05E+04

5.04E+04

3.69E+04

0.00E+00

0.00E+00

AM-241

1.13E+07

1.55E+07

1.57E+08

1.48E+08

8.49E+07

0.00E+00

0.00E+00

0.00E+00

*R Values in units of mrem/yr per uCi/m? for inhalation and tritium, and in units of m?>-mrem/yr per uCi/sec
for all others.
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TABLE 3.3-7
PATHWAY = Meat
AGE GROUP = Child

R VALUES FOR THE BRUNSWICK STEAM ELECTRIC PLANT*

Nuclide

T. Body

Gl-Tract

Bone

Liver

Kidney

Thyroid

Lung

Skin

H-3

2.36E+02

2.36E+02

0.00E+00

2.36E+02

2.36E+02

2.36E+02

2.36E+02

2.36E+02

P-32

1.87E+08

1.34E+08

4.86E+09

2.27E+08

0.00E+00

0.00E+00

0.00E+00

0.00E+00

CR-51

5.33E+03

2.83E+05

0.00E+00

0.00E+00

8.09E+02

2.96E+03

5.40E+03

0.00E+00

MN-54

1.30E+06

4.08E+06

0.00E+00

4.86E+06

1.36E+06

0.00E+00

0.00E+00

0.00E+00

FE-59

1.82E+08

3.80E+08

2.25E+08

3.65E+08

0.00E+00

0.00E+00

1.06E+08

0.00E+00

CO-58

2.99E+07

5.70E+07

0.00E+00

9.76E+06

0.00E+00

0.00E+00

0.00E+00

0.00E+00

CO-60

1.27E+08

2.38E+08

0.00E+00

4.30E+07

0.00E+00

0.00E+00

0.00E+00

0.00E+00

ZN-65

4.35E+08

1.23E+08

2.62E+08

6.99E+08

4.40E+08

0.00E+00

0.00E+00

0.00E+00

RB-86

2.21E+08

2.32E+07

0.00E+00

3.60E+08

0.00E+00

0.00E+00

0.00E+00

0.00E+00

SR-89

8.31E+06

1.13E+07

2.91E+08

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

SR-90

1.74E+09

9.26E+07

6.87E+09

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

Y-91

2.87E+04

1.43E+08

1.07E+06

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

ZR-95

3.12E+05

3.65E+08

1.59E+06

3.50E+05

5.01E+05

0.00E+00

0.00E+00

0.00E+00

NB-95

5.17E+05

1.34E+09

1.86E+06

7.23E+05

6.80E+05

0.00E+00

0.00E+00

0.00E+00

RU-103

3.58E+07

2.41E+09

9.31E+07

0.00E+00

2.34E+08

0.00E+00

0.00E+00

0.00E+00

RU-106

3.43E+08

4.27E+10

2.75E+09

0.00E+00

3.71E+09

0.00E+00

0.00E+00

0.00E+00

AG-110M

2.89E+06

4.30E+08

5.36E+06

3.62E+06

6.74E+06

0.00E+00

0.00E+00

0.00E+00

SN-113

3.43E+07

1.25E+08

3.14E+07

1.01E+06

6.97E+05

4.15E+05

0.00E+00

0.00E+00

TE-127M

1.55E+08

1.06E+09

1.31E+09

3.52E+08

3.73E+09

3.13E+08

0.00E+00

0.00E+00

TE-129M

1.81E+08

1.42E+09

1.17E+09

3.26E+08

3.43E+09

3.77E+08

0.00E+00

0.00E+00

1-131

6.20E+06

9.72E+05

1.09E+07

1.09E+07

1.79E+07

3.61E+09

0.00E+00

0.00E+00

[-133

2.07E-01

2.21E-01

4.43E-01

5.48E-01

9.13E-01

1.02E+02

0.00E+00

0.00E+00

1-135

7.87E-17

1.27E-16

9.25E-17

1.66E-16

2.55E-16

1.47E-14

0.00E+00

0.00E+00

CS-134

1.95E+08

4.93E+06

5.63E+08

9.23E+08

2.86E+08

0.00E+00

1.03E+08

0.00E+00

CS-136

1.80E+07

9.78E+05

1.01E+07

2.78E+07

1.48E+07

0.00E+00

2.21E+06

0.00E+00

CS-137

1.20E+08

5.10E+06

8.51E+08

8.15E+08

2.65E+08

0.00E+00

9.55E+07

0.00E+00

BA-140

1.63E+06

1.42E+07

2.80E+07

2.45E+04

7.97E+03

0.00E+00

1.46E+04

0.00E+00

CE-141

9.86E+02

8.28E+06

1.33E+04

6.64E+03

2.91E+03

0.00E+00

0.00E+00

0.00E+00

CE-144

7.42E+04

1.14E+08

1.39E+06

4.36E+05

2.41E+05

0.00E+00

0.00E+00

0.00E+00

HF-181

2.02E+06

3.31E+08

2.01E+07

7.79E+04

6.26E+04

6.56E+04

0.00E+00

0.00E+00

AM-241

1.27E+07

9.49E+06

1.69E+08

1.45E+08

7.74E+07

0.00E+00

0.00E+00

0.00E+00

*R Values in units of mrem/yr per uCi/m? for inhalation and tritium, and in units of m?>-mrem/yr per uCi/sec
for all others.
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TABLE 3.3-

AGE GROUP = Adult

8

R VALUES FOR THE BRUNSWICK STEAM ELECTRIC PLANT*
PATHWAY = Cow Milk

Nuclide | T. Body | Gl-Tract| Bone Liver Kidney | Thyroid Lung Skin
H-3 7.69E+02 | 7.69E+02 | 0.00E+00 | 7.69E+02 | 7.69E+02 | 7.69E+02 | 7.69E+02 | 7.69E+02
P-32 | 4.32E+08 | 1.26E+09 | 1.12E+10 |6.95E+08 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
CR-51 | 1.73E+04 |4.36E+06 | 0.00E+00 | 0.00E+00 | 3.82E+03 | 1.04E+04 | 2.30E+04 | 0.00E+00
MN-54 | 9.76E+05 | 1.57E+07 | 0.00E+00 |5.11E+06 | 1.52E+06 | 0.00E+00 | 0.00E+00 | 0.00E+00
FE-59 | 1.60E+07 |1.39E+08| 1.77E+07 |4.17E+07 | 0.00E+00 | 0.00E+00 | 1.17E+07 | 0.00E+00
CO-58 |6.28E+06 |5.68E+07 | 0.00E+00 |2.80E+06 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
CO-60 |2.24E+07 | 1.91E+08| 0.00E+00 | 1.02E+07 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
ZN-65 | 1.38E+09 | 1.92E+09 | 9.59E+08 | 3.05E+09 | 2.04E+09 | 0.00E+00 | 0.00E+00 | 0.00E+00
RB-86 |7.54E+08 |3.19E+08 | 0.00E+00 | 1.62E+09 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
SR-89 |2.50E+07 | 1.40E+08 | 8.70E+08 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
SR-90 |7.59E+09 |8.94E+08 | 3.09E+10 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
Y-91 1.37E+02 | 2.81E+06 | 5.11E+03 |0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
ZR-95 | 1.22E+02 |5.71E+05| 5.62E 02 | 1.80E 02 | 2.83E 02 | 0.00E+00 | 0.00E+00 | 0.00E+00
NB-95 | 1.48E+04 |1.67E+08| 4.95E+04 |2.75E+04 | 2.72E+04 | 0.00E+00 | 0.00E+00 | 0.00E+00
RU-103 |2.63E+02 |7.14E+04 | 6.11E+02 | 0.00E+00 | 2.33E+03 | 0.00E+00 | 0.00E+00 | 0.00E+00
RU-106 | 1.60E+03 |8.17E+05| 1.26E+04 | 0.00E+00 | 2.44E+04 | 0.00E+00 | 0.00E+00 | 0.00E+00
AG-110M | 2.04E+07 | 1.40E+10| 3.71E+07 | 3.44E+07 | 6.76E+07 | 0.00E+00 | 0.00E+00 | 0.00E+00
SN-113 | 1.32E+06 | 2.44E+07 | 1.40E+06 | 5.41E+04 | 3.96E+04 | 1.90E+04 | 0.00E+00 | 0.00E+00
TE-127M | 4.11E+06 | 1.13E+08 | 3.37E+07 | 1.21E+07 | 1.37E+08 | 8.62E+06 | 0.00E+00 | 0.00E+00
TE-129M | 6.19E+06 | 1.97E+08 | 3.91E+07 | 1.46E+07 | 1.63E+08 | 1.34E+07 | 0.00E+00 | 0.00E+00
[-131 1.59E+08 | 7.32E+07 | 1.94E+08 |2.77E+08 | 4.76E+08 | 9.09E+10 | 0.00E+00 | 0.00E+00
1-132 1.03E-01 | 5.51E-02 | 1.10E-01 | 2.93E-01 | 4.67E-01 | 1.03E+01 | 0.00E+00| 0.00E+00
[-133 | 1.40E+06 |4.13E+06 | 2.64E+06 |4.59E+06 | 8.01E+06 | 6.75E+08 | 0.00E+00 | 0.00E+00
[-135 | 9.03E+03 |2.76E+04 | 9.34E+03 | 2.45E+04 | 3.92E+04 | 1.61E+06 | 0.00E+00 | 0.00E+00
CS-134 |6.71E+09 | 1.44E+08 | 3.45E+09 |8.22E+09 | 2.66E+09 | 0.00E+00 | 8.82E+08 | 0.00E+00
CS-136 |4.73E+08 | 7.46E+07 | 1.66E+08 |6.57E+08 | 3.65E+08 | 0.00E+00 | 5.01E+07 | 0.00E+00
CS-137 |4.22E+09 | 1.25E+08 | 4.71E+09 | 6.44E+09 | 2.19E+09 | 0.00E+00 | 7.27E+08 | 0.00E+00
BA-140 |1.12E+06 |3.53E+07 | 1.71E+07 |2.15E+04 | 7.32E+03 | 0.00E+00 | 1.23E+04 | 0.00E+00
CE-141 | 2.23E+02 | 7.52E+06 | 2.91E+03 | 1.97E+03 | 9.14E+02 | 0.00E+00 | 0.00E+00 | 0.00E+00
CE-144 | 1.15E+04 | 7.26E+07 | 2.15E+05 | 8.97E+04 | 5.32E+04 | 0.00E+00 | 0.00E+00 | 0.00E+00
HF-181 | 6.68E+02 |4.39E+05| 5.91E+03 |3.33E+01 | 2.79E+01 | 2.12E+01 | 0.00E+00 | 0.00E+00
AM-241 | 1.27E+06 | 1.74E+06 | 1.77E+07 | 1.66E+07 | 9.56E+06 | 0.00E+00 | 0.00E+00 | 0.00E+00

*R Values in units of mrem/yr per uCi/m? for inhalation and tritium, and in units of m?>-mrem/yr per uCi/sec

for all others.
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TABLE 3.3-9 R VALUES FOR THE BRUNSWICK STEAM ELECTRIC PLANT*
PATHWAY = Cow Milk
AGE GROUP = Teen

Nuclide | T. Body | Gl-Tract | Bone Liver Kidney | Thyroid Lung Skin
H-3 | 1.00E+03 | 1.00E+03 | 0.00E+00 | 1.00E+03 | 1.00E+03 | 1.00E+03 | 1.00E+03 | 1.00E+03
P-32 | 8.00E+08 | 1.73E+09 | 2.06E+10 | 1.28E+09 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
CR-51 | 3.02E+04 | 5.08E+06 | 0.00E+00 | 0.00E+00 | 6.63E+03 | 1.68E+04 | 4.32E+04 | 0.00E+00
MN-54 | 1.69E+06 | 1.75E+07 | 0.00E+00 | 8.52E+06 | 2.54E+06 | 0.00E+00 | 0.00E+00 | 0.00E+00
FE-59 | 2.79E+07 | 1.71E+08 | 3.10E+07 | 7.23E+07 | 0.00E+00 | 0.00E+00 | 2.28E+07 | 0.00E+00
CO-58 | 1.09E+07 | 6.50E+07 | 0.00E+00 | 4.72E+06 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
CO-60 | 3.88E+07 | 2.25E+08 | 0.00E+00 | 1.72E+07 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
ZN-65 | 2.38E+09 | 2.16E+09 | 1.47E+09 | 5.11E+09 | 3.27E+09 | 0.00E+00 | 0.00E+00 | 0.00E+00
RB-86 | 1.39E+09 | 4.37E+08 | 0.00E+00 | 2.95E+09 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
SR-89 | 4.59E+07 | 1.91E+08 | 1.60E+09 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
SR-90 | 1.08E+10 | 1.23E+09 | 4.37E+10 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
Y-91 | 2.52E+02 | 3.85E+06 | 9.40E+03 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
ZR-95 | 2.13E+02 | 7.14E+05 | 9.83E+02 | 3.10E+02 | 4.56E+02 | 0.00E+00 | 0.00E+00 | 0.00E+00
NB-95 | 2.58E+04 | 2.00E+08 | 8.45E+04 | 4.68E+04 | 4.54E+04 | 0.00E+00 | 0.00E+00 | 0.00E+00
RU-103 | 4.65E+02 | 9.08E+04 | 1.09E+03 | 0.00E+00 | 3.83E+03 | 0.00E+00 | 0.00E+00 | 0.00E+00
RU-106 | 2.93E+03 | 1.11E+06 | 2.32E+04 | 0.00E+00 | 4.48E+04 | 0.00E+00 | 0.00E+00 | 0.00E+00
AG-110M| 3.53E+07 | 1.63E+10 | 6.14E+07 | 5.81E+07 | 1.11E+08 | 0.00E+00 | 0.00E+00 | 0.00E+00
SN-113 | 2.28E+06 | 2.58E+07 | 2.15E+06 | 9.06E+04 | 6.37E+04 | 2.97E+04 | 0.00E+04 | 0.00E+00
TE-127M| 7.39E+06 | 1.55E+08 | 6.22E+07 | 2.21E+07 | 2.52E+08 | 1.48E+07 | 0.00E+00 | 0.00E+00
TE-129M| 1.13E+07 | 2.69E+08 | 7.15E+07 | 2.65E+07 | 2.99E+08 | 2.31E+07 | 0.00E+00 | 0.00E+00
[-131 | 2.65E+08 | 9.75E+07 | 3.52E+08 | 4.93E+08 | 8.48E+08 | 1.44E+11 | 0.00E+00 | 0.00E+00
1-132 1.83E-01 | 2.22E-01 | 1.94E-01 | 5.09E-01 | 8.02E-01 | 1.71E+01 | 0.00E+00 | 0.00E+00
[-133 | 2.49E+06 | 6.19E+06 | 4.82E+06 | 8.18E+06 | 1.43E+07 | 1.14E+09 | 0.00E+00 | 0.00E+00
-135 | 1.68E+04 | 4.74E+04 | 1.66E+04 | 4.27E+04 | 6.75E+04 | 2.75E+06 | 0.00E+00 | 0.00E+00
CS-134 | 6.54E+09 | 1.75E+08 | 5.99E+09 | 1.41E+10 | 4.48E+09 | 0.00E+00 | 1.71E+09 | 0.00E+00
CS-136 | 7.48E+08 | 8.97E+07 | 2.83E+08 | 1.11E+09 | 6.07E+08 | 0.00E+00 | 9.56E+07 | 0.00E+00
CS-137 | 3.96E+09 | 1.62E+08 | 8.54E+09 | 1.14E+10 | 3.87E+09 | 0.00E+00 | 1.50E+09 | 0.00E+00
BA-140 | 1.99E+06 | 4.77E+07 | 3.09E+07 | 3.79E+04 | 1.28E+04 | 0.00E+00 | 2.55E+04 | 0.00E+00
CE-141 | 4.09E+02 | 1.02E+07 | 5.35E+03 | 3.56E+03 | 1.68E+03 | 0.00E+00 | 0.00E+00 | 0.00E+00
CE-144 | 2.12E+04 | 9.93E+07 | 3.95E+05 | 1.63E+05 | 9.76E+04 | 0.00E+00 | 0.00E+00 | 0.00E+00
HF-181 | 1.18E+03 | 5.28E+05 | 1.06E+04 | 5.81E+01 | 4.84E+01 | 3.55E+01 | 0.00E+00 | 0.00E+00
AM-241 | 1.74E+06 | 2.38E+06 | 2.42E+07 | 2.28E+07 | 1.31E+07 | 0.00E+00 | 0.00E+00 | 0.00E+00

*R Values in units of mrem/yr per uCi/m? for inhalation and tritium, and in units of m?>-mrem/yr per uCi/sec
for all others.
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TABLE 3.3-10
PATHWAY = Cow Milk

AGE GROUP = Child

R VALUES FOR THE BRUNSWICK STEAM ELECTRIC PLANT*

Nuclide | T.Body | Gl-Tract | Bone Liver Kidney | Thyroid Lung Skin
H-3 1.58E+03 | 1.58E+03 | 0.00E+00 | 1.58E+03 | 1.58E+03 | 1.58E+03 | 1.58E+03 | 1.58E+03
P-32 | 1.96E+09 |1.41E+09 | 5.09E+10 | 2.38E+09 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
CR-51 | 6.17E+04 | 3.27E+06 | 0.00E+00 | 0.00E+00 | 9.36E+03 | 3.42E+04 | 6.25E+04 | 0.00E+00
MN-54 | 3.39E+06 | 1.07E+07 | 0.00E+00 | 1.27E+07 | 3.57E+06 | 0.00E+00 | 0.00E+00 | 0.00E+00
FE-59 | 5.79E+07 |1.21E+08 | 7.18E+07 | 1.16E+08 | 0.00E+00 | 0.00E+00 | 3.37E+07 | 0.00E+00
CO-58 | 2.21E+07 |4.20E+07 | 0.00E+00 | 7.21E+06 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
CO-60 | 7.90E+07 | 1.48E+08 | 0.00E+00 | 2.68E+07 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
ZN-65 | 4.79E+09 | 1.35E+09 | 2.89E+09 | 7.70E+09 | 4.85E+09 | 0.00E+00 | 0.00E+00 | 0.00E+00
RB-86 | 3.36E+09 | 3.52E+08 | 0.00E+00 | 5.47E+09 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
SR-89 | 1.13E+08 | 1.54E+08 | 3.97E+09 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
SR-90 | 1.87E+10 | 9.95E+08 | 7.38E+10 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
Y-91 | 6.21E+02 | 3.09E+06 | 2.32E+04 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
ZR-95 | 4.47E+02 | 5.23E+05 | 2.28E+03 | 5.02E+02 | 7.18E+02 | 0.00E+00 | 0.00E+00 | 0.00E+00
NB-95 | 5.31E+04 | 1.37E+08 | 1.91E+05 | 7.42E+04 | 6.98E+04 | 0.00E+00 | 0.00E+00 | 0.00E+00
RU-103 | 9.88E+02 | 6.65E+04 | 2.57E+03 | 0.00E+00 | 6.47E+03 | 0.00E+00 | 0.00E+00 | 0.00E+00
RU-106 | 7.14E+03 | 8.90E+05 | 5.72E+04 | 0.00E+00 | 7.72E+04 | 0.00E+00 | 0.00E+00 | 0.00E+00
AG-110M| 7.19E+07 | 1.07E+10 | 1.33E+08 | 9.00E+07 | 1.68E+08 | 0.00E+00 | 0.00E+00 | 0.00E+00
SN-113 | 4.61E+06 | 1.69E+07 | 4.22E+08 | 4.13E+07 | 4.37E+08 | 3.66E+07 | 0.00E+00 | 0.00E+00
TE-127M| 1.82E+07 | 1.24E+08 | 1.53E+08 | 4.13E+07 | 4.37E+08 | 3.66E+07 | 0.00E+00 | 0.00E+00
TE-1290M| 2.74E+07 | 2.15E+08 | 1.76E+08 | 4.92E+07 | 5.18E+08 | 5.68E+07 | 0.00E+00 | 0.00E+00
[-131 4.88E+08 | 7.64E+07 | 8.54E+08 | 8.59E+08 | 1.41E+09 | 2.84E+11 | 0.00E+00 | 0.00E+00
[-132 | 3.89E-01 | 9.95E-01 | 4.60E-01 | 8.45E-01 | 1.29E+00 | 3.92E+01 | 0.00E+00 | 0.00E+00
[-133 5.48E+06 | 5.84E+06 | 1.17E+07 | 1.45E+07 | 2.41E+07 | 2.69E+09 | 0.00E+00 | 0.00E+00
[-135 | 3.35E+04 | 5.39E+04 | 3.93E+04 | 7.07E+04 | 1.08E+05 | 6.26E+06 | 0.00E+00 | 0.00E+00
CS-134 | 4.78E+09 | 1.22E+08 | 1.38E+10 | 2.27E+10 | 7.03E+09 | 0.00E+00 | 2.52E+09 | 0.00E+00
CS-136 | 1.14E+09 | 6.17E+07 | 6.39E+08 | 1.76E+09 | 9.36E+08 | 0.00E+00 | 1.40E+08 | 0.00E+00
CS-137 | 2.91E+09 | 1.23E+08 | 2.06E+10 | 1.97E+10 | 6.42E+09 | 0.00E+00 | 2.31E+09 | 0.00E+00
BA-140 | 4.36E+06 | 3.78E+07 | 7.47E+07 | 6.54E+04 | 2.13E+04 | 0.00E+00 | 3.90E+04 | 0.00E+00
CE-141 | 9.73E+02 | 8.17E+06 | 1.31E+04 | 6.55E+03 | 2.87E+03 | 0.00E+00 | 0.00E+00 | 0.00E+00
CE-144 | 5.20E+04 | 7.96E+07 | 9.74E+05 | 3.05E+05 | 1.69E+05 | 0.00E+00 | 0.00E+00 | 0.00E+00
HF-181 | 2.53E+03 | 4.16E+05 | 2.51E+04 | 9.79E+01 | 7.86E+01 | 8.24E+01 | 0.00E+00 | 0.00E+00
AM-241 | 2.55E+06 | 1.91E+06 | 3.40E+07 | 2.92E+07 | 1.56E+07 | 0.00E+00 | 0.00E+00 | 0.00E+00

*R Values in units of mrem/yr per uCi/m? for inhalation and tritium, and in units of m?>-mrem/yr per uCi/sec
for all others.
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TABLE 3.3-11
PATHWAY = Cow Milk
AGE GROUP = Infant

R VALUES FOR THE BRUNSWICK STEAM ELECTRIC PLANT*

Nuclide

T. Body

Gl-Tract

Bone

Liver

Kidney

Thyroid

Lung

Skin

H-3

2.40E+03

2.40E+03

0.00E+00

2.40E+03

2.40E+03

2.40E+03

2.40E+03

2.40E+03

P-32

4.06E+09

1.42E+09

1.05E+11

6.17E+09

0.00E+00

0.00E+00

0.00E+00

0.00E+00

CR-51

9.77E+04

2.85E+06

0.00E+00

0.00E+00

1.39E+04

6.38E+04

1.24E+05

0.00E+00

MN-54

5.37E+06

8.71E+06

0.00E+00

2.37E+07

5.25E+06

0.00E+00

0.00E+00

0.00E+00

FE-59

9.23E+07

1.12E+08

1.34E+08

2.34E+08

0.00E+00

0.00E+00

6.92E+07

0.00E+00

CO-58

3.60E+07

3.59E+07

0.00E+00

1.44E+07

0.00E+00

0.00E+00

0.00E+00

0.00E+00

CO-60

1.29E+08

1.30E+08

0.00E+00

5.47E+07

0.00E+00

0.00E+00

0.00E+00

0.00E+00

ZN-65

6.14E+09

1.12E+10

3.88E+09

1.33E+10

6.45E+09

0.00E+00

0.00E+00

0.00E+00

RB-86

6.86E+09

3.55E+08

0.00E+00

1.39E+10

0.00E+00

0.00E+00

0.00E+00

0.00E+00

SR-89

2.17E+08

1.55E+08

7.55E+09

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

SR-90

2.05E+10

1.00E+09

8.04E+10

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

Y-91

1.16E+03

3.12E+06

4.36E+04

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

ZR-95

7.01E+02

4.92E+05

4.05E+03

9.88E+02

1.06E+03

0.00E+00

0.00E+00

0.00E+00

NB-95

8.48E+04

1.24E+08

3.56E+05

1.47E+05

1.05E+05

0.00E+00

0.00E+00

0.00E+00

RU-103

1.74E+03

6.33E+04

5.21E+03

0.00E+00

1.08E+04

0.00E+00

0.00E+00

0.00E+00

RU-106

1.47E+04

8.95E+05

1.18E+05

0.00E+00

1.39E+05

0.00E+00

0.00E+00

0.00E+00

AG-110M

1.19E+08

9.32E+09

2.46E+08

1.80E+08

2.57E+08

0.00E+00

0.00E+00

0.00E+00

SN-113

6.66E+06

1.37E+07

6.46E+06

2.45E+05

1.32E+05

9.34E+04

0.00E+00

0.00E+00

TE-127M

3.75E+07

1.25E+08

3.10E+08

1.03E+08

7.64E+08

8.96E+07

0.00E+00

0.00E+00

TE-129M

5.57E+07

2.16E+08

3.62E+08

1.24E+08

9.05E+08

1.39E+08

0.00E+00

0.00E+00

1-131

9.23E+08

7.49E+07

1.78E+09

2.10E+09

2.45E+09

6.90E+11

0.00E+00

0.00E+00

[-132

6.90E-01

1.57E+00

9.55E-01

1.94E+00

2.16E+00

9.09E+01

0.00E+00

0.00E+00

[-133

1.05E+07

6.09E+06

2.47E+07

3.60E+07

4.23E+07

6.55E+09

0.00E+00

0.00E+00

[-135

5.93E+04

5.83E+04

8.17E+04

1.63E+05

1.81E+05

1.46E+07

0.00E+00

0.00E+00

CS-134

4.19E+09

1.13E+08

2.23E+10

4.15E+10

1.07E+10

0.00E+00

4.38E+09

0.00E+00

CS-136

1.37E+09

5.68E+07

1.25E+09

3.67E+09

1.46E+09

0.00E+00

2.99E+08

0.00E+00

CS-137

2.72E+09

1.20E+08

3.28E+10

3.84E+10

1.03E+10

0.00E+00

4.18E+09

0.00E+00

BA-140

7.91E+06

3.77E+07

1.54E+08

1.54E+05

3.65E+04

0.00E+00

9.43E+04

0.00E+00

CE-141

1.87E+03

8.23E+06

2.60E+04

1.59E+04

4.90E+03

0.00E+00

0.00E+00

0.00E+00

CE-144

7.82E+04

8.01E+07

1.40E+06

5.71E+05

2.31E+05

0.00E+00

0.00E+00

0.00E+00

HF-181

4.23E+03

3.94E+05

4.78E+04

2.26E+02

1.32E+02

1.91E+02

0.00E+00

0.00E+00

AM-241

2.72E+06

1.92E+06

3.65E+07

3.17E+07

1.64E+07

0.00E+00

0.00E+00

0.00E+00

*R Values in units of mrem/yr per uCi/m? for inhalation and tritium, and in units of m?>-mrem/yr per uCi/sec
for all others.
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TABLE 3.3-12 R VALUES FOR THE BRUNSWICK STEAM ELECTRIC PLANT*
PATHWAY = Goat Milk
AGE GROUP = Adult

Nuclide | T. Body | GI-Tract| Bone Liver Kidney | Thyroid Lung Skin
H-3 1.57E+03 | 1.57E+03 | 0.00E+00 | 1.57E+03| 1.57E+03 | 1.57E+03 | 1.57E+03 | 1.57E+03
P-32 |5.19E+08 | 1.51E+09| 1.34E+10 | 8.34E+08 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
CR-51 |2.08E+03|5.23E+05| 0.00E+00 |0.00E+00 | 4.58E+02 | 1.24E+03 | 2.76E+03 | 0.00E+00
MN-54 |1.17E+05|1.88E+06 | 0.00E+00 |6.14E+05| 1.83E+05 | 0.00E+00 | 0.00E+00 | 0.00E+00
FE-59 |2.08E+05|1.81E+06| 2.31E+05 |5.42E+05| 0.00E+00 | 0.00E+00 | 1.51E+05 | 0.00E+00
CO-58 |7.54E+05|6.82E+06 | 0.00E+00 | 3.36E+05 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
CO-60 |2.69E+06 |2.29E+07 | 0.00E+00 | 1.22E+06 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
ZN-65 |1.65E+08|2.31E+08| 1.15E+08 |3.66E+08 | 2.45E+08 | 0.00E+00 | 0.00E+00 | 0.00E+00
RB-86 |9.05E+07|3.83E+07 | 0.00E+00 |1.94E+08| 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
SR-89 |5.24E+07 |2.93E+08 | 1.83E+09 |0.00E+00| 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
SR-90 |1.59E+10|1.88E+09| 6.49E+10 |0.00E+00| 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
Y-91 |1.64E+01|3.37E+05| 6.13E 02 |0.00E+00| 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
ZR-95 |1.46E+01|6.85E+04 | 6.74E+01 |2.16E+01| 3.39E+01 | 0.00E+00 | 0.00E+00 | 0.00E+00
NB-95 |1.78E+03|2.01E+07 | 5.94E+03 |3.31E+03| 3.27E+03 | 0.00E+00 | 0.00E+00 | 0.00E+00
RU-103 |3.16E+01|8.56E+03 | 7.33E+01 |0.00E+00 | 2.80E+02 | 0.00E+00 | 0.00E+00 | 0.00E+00
RU-106 |1.92E+02|9.81E+04 | 1.52E+03 |0.00E+00 | 2.93E+03 | 0.00E+00 | 0.00E+00 | 0.00E+00
AG-110M|2.45E+06 | 1.68E+09 | 4.46E+06 |4.12E+06 | 8.11E+06 | 0.00E+00 | 0.00E+00 | 0.00E+00
SN-113 |1.32E+05|2.44E+06 | 1.40E+05 |5.41E+03| 3.96E+03 | 1.90E+03 | 0.00E+00 | 0.00E+00
TE-127M|4.93E+05 | 1.36E+07 | 4.05E+06 | 1.45E+06 | 1.64E+07 | 1.03E+06 | 0.00E+00 | 0.00E+00
TE-129M |7.43E+05 | 2.36E+07 | 4.69E+06 | 1.75E+06 | 1.96E+07 | 1.61E+06 | 0.00E+00 | 0.00E+00
[-131 | 1.91E+08 |8.78E+07 | 2.33E+08 |3.33E+08| 5.71E+08 | 1.09E+11 | 0.00E+00 | 0.00E+00
-132 | 1.23E-01 | 6.61E-02 | 1.32E-01 | 3.52E-01 | 5.61E-01 | 1.23E+01 | 0.00E+00 | 0.00E+00
[-133 | 1.68E+06 |4.95E+06 | 3.17E+06 |5.51E+06 | 9.61E+06 | 8.10E+08 | 0.00E+00 | 0.00E+00
1-135 | 1.08E+04 |3.32E+04 | 1.12E+04 |2.94E+04 | 4.71E+04 | 1.94E+06 | 0.00E+00 | 0.00E+00
CS-134 |2.01E+10|4.31E+08| 1.03E+10 |2.46E+10| 7.97E+09 | 0.00E+00 | 2.65E+09 | 0.00E+00
CS-136 |1.42E+09|2.24E+08 | 4.99E+08 |1.97E+09| 1.10E+09 | 0.00E+00 | 1.50E+08 | 0.00E+00
CS-137 (1.27E+10|3.74E+08| 1.41E+10 |1.93E+10 | 6.56E+09 | 0.00E+00 | 2.18E+09 | 0.00E+00
BA-140 | 1.35E+05 |4.23E+06 | 2.06E+06 |2.58E+03| 8.78E+02 | 0.00E+00 | 1.48E+03 | 0.00E+00
CE-141 |2.68E+01|9.03E+05 | 3.49E+02 |2.36E+02| 1.10E+02 | 0.00E+00 | 0.00E+00 | 0.00E+00
CE-144 |1.38E+03|8.71E+06 | 2.58E+04 |1.08E+04 | 6.39E+03 | 0.00E+00 | 0.00E+00 | 0.00E+00
HF-181 |8.02E+01|5.26E+04 | 7.09E+02 | 3.99E+00 | 3.34E+00 | 2.54E+00 | 0.00E+00 | 0.00E+00
AM-241 (1.52E+05|2.09E+05| 2.12E+06 |1.99E+06 | 1.15E+06 | 0.00E+00 | 0.00E+00 | 0.00E+00

*R Values in units of mrem/yr per uCi/m? for inhalation and tritium, and in units of m?>-mrem/yr per uCi/sec
for all others.
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TABLE 3.3-13 R VALUES FOR THE BRUNSWICK STEAM ELECTRIC PLANT*
PATHWAY = Goat Milk
AGE GROUP = Teen

Nuclide | T. Body | Gl-Tract | Bone Liver Kidney | Thyroid Lung Skin
H-3 2.04E+03 | 2.04E+03 | 0.00E+00 | 2.04E+03 | 2.04E+03 | 2.04E+03 | 2.04E+03 | 2.04E+03
P-32 | 9.60E+08 | 2.08E+09 | 2.48E+10 | 1.53E+09 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
CR-51 | 3.63E+03 | 6.10E+05 | 0.00E+00 | 0.00E+00 |7.95E+02 | 2.02E+03 | 5.18E+03 | 0.00E+00
MN-54 | 2.03E+05 | 2.10E+06 | 0.00E+00 | 1.02E+06 | 3.05E+05 | 0.00E+00 | 0.00E+00 | 0.00E+00
FE-59 | 3.63E+05 | 2.22E+06 | 4.03E+05 | 9.40E+05 | 0.00E+00 | 0.00E+00 | 2.96E+05 | 0.00E+00
CO-58 | 1.30E+06 | 7.80E+06 | 0.00E+00 | 5.66E+05 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
CO-60 | 4.66E+06 | 2.69E+07 | 0.00E+00 | 2.07E+06 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
ZN-65 | 2.86E+08 | 2.60E+08 | 1.77E+08 | 6.13E+08 | 3.93E+08 | 0.00E+00 | 0.00E+00 | 0.00E+00
RB-86 | 1.66E+08 | 5.24E+07 | 0.00E+00 | 3.54E+08 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
SR-89 | 9.65E+07 | 4.01E+08 | 3.37E+09 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
SR-90 |2.27E+10 | 2.58E+09 | 9.18E+10 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
Y-91 | 3.02E+01 | 4.62E+05 | 1.13E+03 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
ZR-95 | 2.56E+01 | 8.59E+04 | 1.18E+02 | 3.72E+01 | 5.47E+01 | 0.00E+00 | 0.00E+00 | 0.00E+00
NB-95 | 3.09E+03 | 2.40E+07 | 1.01E+04 | 5.62E+03 | 5.45E+03 | 0.00E+00 | 0.00E+00 | 0.00E+00
RU-103 | 5.58E+01 | 1.09E+04 | 1.30E+02 | 0.00E+00 | 4.60E+02 | 0.00E+00 | 0.00E+00 | 0.00E+00
RU-106 | 3.51E+02 | 1.34E+05 | 2.79E+03 | 0.00E+00 | 5.38E+03 | 0.00E+00 | 0.00E+00 | 0.00E+00
AG-110M| 4.24E+06 | 1.96E+09 | 7.37E+06 | 6.97E+06 | 1.33E+07 | 0.00E+00 | 0.00E+00 | 0.00E+00
SN-113 | 2.28E+05 | 2.58E+06 | 2.15E+05 | 9.06E+03 | 6.37E+03 | 2.97E+03 | 0.00E+00 | 0.00E+00
TE-127M| 8.87E+05 | 1.86E+07 | 7.46E+06 | 2.65E+06 | 3.02E+07 | 1.77E+06 | 0.00E+00 | 0.00E+00
TE-129M| 1.36E+06 | 3.22E+07 | 8.58E+06 | 3.19E+06 | 3.59E+07 | 2.77E+06 | 0.00E+00 | 0.00E+00
[-131 | 3.18E+08 | 1.17E+08 | 4.22E+08 | 5.91E+08 | 1.02E+09 | 1.73E+11 | 0.00E+00 | 0.00E+00
[-132 | 2.19E-01 | 2.66E-01 | 2.33E-01 | 6.11E-01 | 9.62E-01 | 2.06E+01 | 0.00E+00 | 0.00E+00
[-133 | 2.99E+06 | 7.43E+06 | 5.79E+06 | 9.81E+06 | 1.72E+07 | 1.37E+09 | 0.00E+00 | 0.00E+00
[-135 | 1.90E+04 | 5.63E+04 | 1.99E+04 | 5.13E+04 | 8.10E+04 | 3.30E+06 | 0.00E+00 | 0.00E+00
CS-134 | 1.96E+10 | 5.26E+08 | 1.80E+10 | 4.23E+10 | 1.34E+10 | 0.00E+00 | 5.13E+09 | 0.00E+00
CS-136 | 2.25E+09 | 2.71E+08 | 8.50E+08 | 3.34E+09 | 1.82E+09 | 0.00E+00 | 2.87E+08 | 0.00E+00
CS-137 | 1.19E+10 | 4.85E+08 | 2.56E+10 | 3.41E+10 | 1.16E+10 | 0.00E+00 | 4.51E+09 | 0.00E+00
BA-140 | 2.39E+05 | 5.72E+06 | 3.71E+06 | 4.55E+03 | 1.54E+03 | 0.00E+00 | 3.06E+03 | 0.00E+00
CE-141 | 4.91E+01 | 1.22E+06 | 6.40E+02 | 4.27E+02 | 2.01E+02 | 0.00E+00 | 0.00E+00 | 0.00E+00
CE-144 | 2.55E+03 | 1.19E+07 | 4.74E+04 | 1.96E+04 | 1.17E+04 | 0.00E+00 | 0.00E+00 | 0.00E+00
HF-181 | 1.41E+02 | 6.34E+04 | 1.27E+03 | 6.97E+00 | 5.81E+00 | 4.26E+00 | 0.00E+00 | 0.00E+00
AM-241 | 2.09E+05 | 2.86E+05 | 2.90E+06 | 2.74E+06 | 1.57E+06 | 0.00E+00 | 0.00E+00 | 0.00E+00

*R Values in units of mrem/yr per uCi/m? for inhalation and tritium, and in units of m?>-mrem/yr per uCi/sec
for all others.

ODCM (BSEP) 3-55 Rev. 37 |




TABLE 3.3-14
PATHWAY = Goat Milk

AGE GROUP = Child

R VALUES FOR THE BRUNSWICK STEAM ELECTRIC PLANT*

Nuclide

T. Body

Gl-Tract

Bone

Liver

Kidney

Thyroid

Lung

Skin

H-3

3.23E+03

3.23E+03

0.00E+00

3.23E+03

3.23E+03

3.23E+03

3.23E+03

3.23E+03

P-32

2.35E+09

1.69E+09

6.11E+10

2.86E+09

0.00E+00

0.00E+00

0.00E+00

0.00E+00

CR-51

7.40E+03

3.93E+05

0.00E+00

0.00E+00

1.12E+03

4.11E+03

7.50E+03

0.00E+00

MN-54

4.07E+05

1.28E+06

0.00E+00

1.53E+06

4.29E+05

0.00E+00

0.00E+00

0.00E+00

FE-59

7.52E+05

1.57E+06

9.34E+05

1.51E+06

0.00E+00

0.00E+00

4.38E+05

0.00E+00

CO-58

2.65E+06

5.05E+06

0.00E+00

8.65E+05

0.00E+00

0.00E+00

0.00E+00

0.00E+00

CO-60

9.48E+06

1.78E+07

0.00E+00

3.21E+06

0.00E+00

0.00E+00

0.00E+00

0.00E+00

ZN-65

5.74E+08

1.62E+08

3.47E+08

9.24E+08

5.82E+08

0.00E+00

0.00E+00

0.00E+00

RB-86

4.04E+08

4.22E+07

0.00E+00

6.57E+08

0.00E+00

0.00E+00

0.00E+00

0.00E+00

SR-89

2.38E+08

3.23E+08

8.34E+09

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

SR-90

3.93E+10

2.09E+09

1.55E+11

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

Y-91

7.45E+01

3.71E+05

2.79E+03

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

ZR-95

5.36E+01

6.28E+04

2.74E+02

6.02E+01

8.62E+01

0.00E+00

0.00E+00

0.00E+00

NB-95

6.37E+03

1.65E+07

2.29E+04

8.91E+03

8.37E+03

0.00E+00

0.00E+00

0.00E+00

RU-103

1.19E+02

7.98E+03

3.09E+02

0.00E+00

7.77E+02

0.00E+00

0.00E+00

0.00E+00

RU-106

8.56E+02

1.07E+05

6.86E+03

0.00E+00

9.27E+03

0.00E+00

0.00E+00

0.00E+00

AG-110M

8.63E+06

1.28E+09

1.60E+07

1.08E+07

2.01E+07

0.00E+00

0.00E+00

0.00E+00

SN-113

4.61E+05

1.69E+06

4.22E+05

1.36E+04

9.38E+03

5.59E+03

0.00E+00

0.00E+00

TE-127M

2.18E+06

1.49E+07

1.84E+07

4.95E+06

5.24E+07

4.40E+06

0.00E+00

0.00E+00

TE-129M

3.28E+06

2.58E+07

2.12E+07

5.91E+06

6.21E+07

6.82E+06

0.00E+00

0.00E+00

1-131

5.85E+08

9.17E+07

1.02E+09

1.03E+09

1.69E+09

3.41E+11

0.00E+00

0.00E+00

1-132

4.67E-01

1.19E+00

5.52E-01

1.01E+00

1.55E+00

4.71E+01

0.00E+00

0.00E+00

[-133

6.58E+06

7.00E+06

1.41E+07

1.74E+07

2.90E+07

3.23E+09

0.00E+00

0.00E+00

1-135

4.01E+04

6.47E+04

4.72E+04

8.49E+04

1.30E+05

7.52E+06

0.00E+00

0.00E+00

CS-134

1.43E+10

3.67E+08

4.14E+10

6.80E+10

2.11E+10

0.00E+00

7.56E+09

0.00E+00

CS-136

3.41E+09

1.85E+08

1.92E+09

5.27E+09

2.81E+09

0.00E+00

4.19E+08

0.00E+00

CS-137

8.72E+09

3.70E+08

6.17E+10

5.91E+10

1.93E+10

0.00E+00

6.93E+09

0.00E+00

BA-140

5.23E+05

4.55E+06

8.96E+06

7.85E+03

2.56E+03

0.00E+00

4.68E+03

0.00E+00

CE-141

1.17E+02

9.81E+05

1.53E+03

7.36E+02

3.45E+02

0.00E+00

0.00E+00

0.00E+00

CE-144

6.24E+03

9.55E+06

1.17E+05

3.66E+04

2.03E+04

0.00E+00

0.00E+00

0.00E+00

HF-181

3.04E+02

4.99E+04

3.02E+03

1.17E+01

9.43E+00

9.89E+00

0.00E+00

0.00E+00

AM-241

3.06E+05

2.29E+05

4.08E+06

3.50E+06

1.87E+06

0.00E+00

0.00E+00

0.00E+00

*R Values in units of mrem/yr per uCi/m? for inhalation and tritium, and in units of m?>-mrem/yr per uCi/sec
for all others.
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TABLE 3.3-15
PATHWAY = Goat Milk
AGE GROUP = Infant

R VALUES FOR THE BRUNSWICK STEAM ELECTRIC PLANT*

Nuclide

T. Body

Gl-Tract

Bone

Liver

Kidney

Thyroid

Lung

Skin

H-3

4.90E+03

4.90E+03

0.00E+00

4.90E+03

4.90E+03

4.90E+03

4.90E+03

4.90E+03

P-32

4.88E+09

1.70E+09

1.26E+11

7.40E+09

0.00E+00

0.00E+00

0.00E+00

0.00E+00

CR-51

1.17E+04

3.42E+05

0.00E+00

0.00E+00

1.67E+03

7.65E+03

1.49E+04

0.00E+00

MN-54

6.45E+05

1.04E+06

0.00E+00

2.84E+06

6.30E+05

0.00E+00

0.00E+00

0.00E+00

FE-59

1.20E+06

1.45E+06

1.74E+06

3.04E+06

0.00E+00

0.00E+00

9.00E+05

0.00E+00

CO-58

4.31E+06

4.31E+06

0.00E+00

1.73E+06

0.00E+00

0.00E+00

0.00E+00

0.00E+00

CO-60

1.55E+07

1.56E+07

0.00E+00

6.56E+06

0.00E+00

0.00E+00

0.00E+00

0.00E+00

ZN-65

7.36E+08

1.35E+09

4.66E+08

1.60E+09

7.74E+08

0.00E+00

0.00E+00

0.00E+00

RB-86

8.23E+08

4.26E+07

0.00E+00

1.67E+09

0.00E+00

0.00E+00

0.00E+00

0.00E+00

SR-89

4.55E+08

3.26E+08

1.59E+10

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

SR-90

4.30E+10

2.11E+09

1.69E+11

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

Y-91

1.39E+02

3.75E+05

5.23E+03

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

ZR-95

8.41E+01

5.90E+04

4.85E+02

1.19E+02

1.28E+02

0.00E+00

0.00E+00

0.00E+00

NB-95

1.02E+04

1.48E+07

4.27E+04

1.76E+04

1.26E+04

0.00E+00

0.00E+00

0.00E+00

RU-103

2.09E+02

7.60E+03

6.25E+02

0.00E+00

1.30E+03

0.00E+00

0.00E+00

0.00E+00

RU-106

1.77E+03

1.07E+05

1.41E+04

0.00E+00

1.67E+04

0.00E+00

0.00E+00

0.00E+00

AG-110M

1.43E+07

1.12E+09

2.95E+07

2.16E+07

3.08E+07

0.00E+00

0.00E+00

0.00E+00

SN-113

6.66E+05

1.37E+06

6.46E+05

2.45E+04

1.32E+04

9.34E+03

0.00E+00

0.00E+00

TE-127M

4.51E+06

1.50E+07

3.72E+07

1.23E+07

9.16E+07

1.08E+07

0.00E+00

0.00E+00

TE-129M

6.69E+06

2.59E+07

4.34E+07

1.49E+07

1.09E+08

1.67E+07

0.00E+00

0.00E+00

1-131

1.11E+09

8.99E+07

2.14E+09

2.52E+09

2.94E+09

8.28E+11

0.00E+00

0.00E+00

1-132

8.28E-01

1.88E+00

1.15E+00

2.33E+00

2.59E+00

1.09E+02

0.00E+00

0.00E+00

1-133

1.27E+07

7.31E+06

2.97E+07

4.32E+07

5.08E+07

7.86E+09

0.00E+00

0.00E+00

1-135

7.11E+04

7.06E+04

9.81E+04

1.95E+05

2.17E+05

1.75E+07

0.00E+00

0.00E+00

CS-134

1.26E+10

3.38E+08

6.68E+10

1.25E+11

3.21E+10

0.00E+00

1.31E+10

0.00E+00

CS-136

4 11E+09

1.67E+08

3.75E+09

1.10E+10

4.39E+09

0.00E+00

8.98E+08

0.00E+00

CS-137

8.17E+09

3.61E+08

9.85E+10

1.15E+11

3.10E+10

0.00E+00

1.25E+10

0.00E+00

BA-140

9.50E+05

4.53E+06

1.84E+07

1.84E+04

4.38E+03

0.00E+00

1.13E+04

0.00E+00

CE-141

2.24E+02

9.85E+05

3.13E+03

1.91E+03

5.88E+02

0.00E+00

0.00E+00

0.00E+00

CE-144

9.39E+03

9.61E+06

1.67E+05

6.86E+04

2.77E+04

0.00E+00

0.00E+00

0.00E+00

HF-181

5.08E+02

4.72E+04

5.74E+03

2.71E+01

1.58E+01

2.30E+01

0.00E+00

0.00E+00

AM-241

3.26E+05

2.30E+05

4.38E+06

3.80E+06

1.97E+06

0.00E+00

0.00E+00

0.00E+00

*R Values in units of mrem/yr per uCi/m? for inhalation and tritium, and in units of m?>-mrem/yr per uCi/sec
for all others.
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TABLE 3.3-16
PATHWAY = Inhalation
AGE GROUP = Adult

R VALUES FOR THE BRUNSWICK STEAM ELECTRIC PLANT*

Nuclide

T. Body

Gl-Tract

Bone

Liver

Kidney

Thyroid

Lung

Skin

H-3

1.26E+03

1.26E+03

0.00E+00

1.26E+03

1.26E+03

1.26E+03

1.26E+03

1.26E+03

P-32

5.00E+04

8.63E+04

1.32E+06

7.70E+04

0.00E+00

0.00E+00

0.00E+00

0.00E+00

CR-51

9.99E+01

3.32E+03

0.00E+00

0.00E+00

2.28E+01

5.94E+01

1.44E+04

0.00E+00

MN-54

6.29E+03

7.72E+04

0.00E+00

3.95E+04

9.83E+03

0.00E+00

1.40E+06

0.00E+00

FE-59

1.05E+04

1.88E+05

1.17E+04

2.77E+04

0.00E+00

0.00E+00

1.01E+06

0.00E+00

CO-58

2.07E+03

1.06E+05

0.00E+00

1.58E+03

0.00E+00

0.00E+00

9.27E+05

0.00E+00

CO-60

1.48E+04

2.84E+05

0.00E+00

1.15E+04

0.00E+00

0.00E+00

5.96E+06

0.00E+00

ZN-65

4.65E+04

5.34E+04

3.24E+04

1.03E+05

6.89E+04

0.00E+00

8.63E+05

0.00E+00

RB-86

5.89E+04

1.66E+04

0.00E+00

1.35E+05

0.00E+00

0.00E+00

0.00E+00

0.00E+00

SR-89

8.71E+03

3.49E+05

3.04E+05

0.00E+00

0.00E+00

0.00E+00

1.40E+06

0.00E+00

SR-90

6.09E+06

7.21E+05

9.91E+07

0.00E+00

0.00E+00

0.00E+00

9.59E+06

0.00E+00

Y-91

1.24E+04

3.84E+05

4.62E+05

0.00E+00

0.00E+00

0.00E+00

1.70E+06

0.00E+00

ZR-95

2.32E+04

1.50E+05

1.07E+05

3.44E+04

5.41E+04

0.00E+00

1.77E+06

0.00E+00

NB-95

4.20E+03

1.04E+05

1.41E+04

7.80E+03

7.72E+03

0.00E+00

5.04E+05

0.00E+00

RU-103

6.57E+02

1.10E+05

1.53E+03

0.00E+00

5.82E+03

0.00E+00

5.04E+05

0.00E+00

RU-106

8.71E+03

9.11E+05

6.90E+04

0.00E+00

1.33E+05

0.00E+00

9.35E+06

0.00E+00

AG-110M

5.94E+03

3.02E+05

1.08E+04

9.99E+03

1.97E+04

0.00E+00

4.63E+06

0.00E+00

SN-113

6.48E+03

2.48E+04

6.87E+03

2.66E+02

1.97E+02

9.33E+01

2.99E+05

0.00E+00

TE-127M

1.57E+03

1.49E+05

1.26E+04

5.76E+03

4.57E+04

3.28E+03

9.59E+05

0.00E+00

TE-129M

1.58E+03

3.83E+05

9.75E+03

4.67E+03

3.65E+04

3.44E+03

1.16E+06

0.00E+00

1-131

2.05E+04

6.27E+03

2.52E+04

3.57E+04

6.12E+04

1.19E+07

0.00E+00

0.00E+00

1-132

1.16E+03

4.06E 02

1.16E+03

3.25E+03

5.18E+03

1.14E+05

0.00E+00

0.00E+00

1-133

4.51E+03

8.87E+03

8.63E+03

1.48E+04

2.58E+04

2.15E+06

0.00E+00

0.00E+00

1-135

2.56E+03

5.24E+03

2.68E+03

6.97E+03

1.11E+04

4.47E+05

0.00E+00

0.00E+00

CS-134

7.27E+05

1.04E+04

3.72E+05

8.47E+05

2.87E+05

0.00E+00

9.75E+04

0.00E+00

CS-136

1.10E+05

1.17E+04

3.90E+04

1.46E+05

8.55E+04

0.00E+00

1.20E+04

0.00E+00

CS-137

4.27E+05

8.39E+03

4.78E+05

6.20E+05

2.22E+05

0.00E+00

7.51E+04

0.00E+00

BA-140

2.56E+03

2.18E+05

3.90E+04

4.90E+01

1.67E+01

0.00E+00

1.27E+06

0.00E+00

CE-141

1.53E+03

1.20E+05

1.99E+04

1.35E+04

6.25E+03

0.00E+00

3.61E+05

0.00E+00

CE-144

1.84E+05

8.15E+05

3.43E+06

1.43E+06

8.47E+05

0.00E+00

7.76E+06

0.00E+00

HF-181

5.16E+03

1.29E+05

4.56E+04

2.57E+02

2.15E+02

1.63E+02

5.99E+05

0.00E+00

AM-241

5.37E+08

3.68E+05

1.34E+10

9.04E+09

4.03E+09

0.00E+00

4.85E+08

0.00E+00

*R Values in units of mrem/yr per uCi/m? for inhalation and tritium, and in units of m?>-mrem/yr per uCi/sec
for all others.
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TABLE 3.3-17
PATHWAY = Inhalation
AGE GROUP = Teen

R VALUES FOR THE BRUNSWICK STEAM ELECTRIC PLANT*

Nuclide

T. Body

Gl-Tract

Bone

Liver

Kidney

Thyroid

Lung

Skin

H-3

1.27E+03

1.27E+03

0.00E+00

1.27E+03

1.27E+03

1.27E+03

1.27E+03

1.27E+03

P-32

7.15E+04

9.27E+04

1.89E+06

1.09E+05

0.00E+00

0.00E+00

0.00E+00

0.00E+00

CR-51

1.35E+02

3.00E+03

0.00E+00

0.00E+00

3.07E+01

7.49E+01

2.09E+04

0.00E+00

MN-54

8.39E+03

6.67E+04

0.00E+00

5.10E+04

1.27E+04

0.00E+00

1.98E+06

0.00E+00

FE-59

1.43E+04

1.78E+05

1.59E+04

3.69E+04

0.00E+00

0.00E+00

1.53E+06

0.00E+00

CO-58

2.77E+03

9.51E+04

0.00E+00

2.07E+03

0.00E+00

0.00E+00

1.34E+06

0.00E+00

CO-60

1.98E+04

2.59E+05

0.00E+00

1.51E+04

0.00E+00

0.00E+00

8.71E+06

0.00E+00

ZN-65

6.23E+04

4.66E+04

3.85E+04

1.33E+05

8.63E+04

0.00E+00

1.24E+06

0.00E+00

RB-86

8.39E+04

1.77E+04

0.00E+00

1.90E+05

0.00E+00

0.00E+00

0.00E+00

0.00E+00

SR-89

1.25E+04

3.71E+05

4.34E+05

0.00E+00

0.00E+00

0.00E+00

2.41E+06

0.00E+00

SR-90

6.67E+06

7.64E+05

1.08E+08

0.00E+00

0.00E+00

0.00E+00

1.65E+07

0.00E+00

Y-91

1.77E+04

4.08E+05

6.60E+05

0.00E+00

0.00E+00

0.00E+00

2.93E+06

0.00E+00

ZR-95

3.15E+04

1.49E+05

1.45E+05

4.58E+04

6.73E+04

0.00E+00

2.68E+06

0.00E+00

NB-95

5.66E+03

9.67E+04

1.85E+04

1.03E+04

9.99E+03

0.00E+00

7.50E+05

0.00E+00

RU-103

8.95E+02

1.09E+05

2.10E+03

0.00E+00

7.42E+03

0.00E+00

7.82E+05

0.00E+00

RU-106

1.24E+04

9.59E+05

9.83E+04

0.00E+00

1.90E+05

0.00E+00

1.61E+07

0.00E+00

AG-110M

7.98E+03

2.72E+05

1.38E+04

1.31E+04

2.50E+04

0.00E+00

6.74E+06

0.00E+00

SN-113

8.69E+03

2.03E+04

8.19E+03

3.45E+02

2.46E+02

1.13E+02

4.27E+05

0.00E+00

TE-127M

2.18E+03

1.59E+05

1.80E+04

8.15E+03

6.53E+04

4.38E+03

1.65E+06

0.00E+00

TE-129M

2.24E+03

4.04E+05

1.39E+04

6.57E+03

5.18E+04

4.57E+03

1.97E+06

0.00E+00

1-131

2.64E+04

6.48E+03

3.54E+04

4.90E+04

8.39E+04

1.46E+07

0.00E+00

0.00E+00

1-132

1.57E+03

1.27E+03

1.59E+03

4.37E+03

6.91E+03

1.51E+05

0.00E+00

0.00E+00

1-133

6.21E+03

1.03E+04

1.21E+04

2.05E+04

3.59E+04

2.92E+06

0.00E+00

0.00E+00

1-135

3.48E+03

6.94E+03

3.69E+03

9.43E+03

1.49E+04

6.20E+05

0.00E+00

0.00E+00

CS-134

5.48E+05

9.75E+03

5.02E+05

1.13E+06

3.75E+05

0.00E+00

1.46E+05

0.00E+00

CS-136

1.37E+05

1.09E+04

5.14E+04

1.93E+05

1.10E+05

0.00E+00

1.77E+04

0.00E+00

CS-137

3.11E+05

8.48E+03

6.69E+05

8.47E+05

3.04E+05

0.00E+00

1.21E+05

0.00E+00

BA-140

3.51E+03

2.28E+05

5.46E+04

6.69E+01

2.28E+01

0.00E+00

2.03E+06

0.00E+00

CE-141

2.16E+03

1.26E+05

2.84E+04

1.89E+04

8.87E+03

0.00E+00

6.13E+05

0.00E+00

CE-144

2.62E+05

8.63E+05

4.88E+06

2.02E+06

1.21E+06

0.00E+00

1.33E+07

0.00E+00

HF-181

7.05E+03

1.21E+05

6.32E+04

3.48E+02

2.90E+02

2.12E+02

9.39E+05

0.00E+00

AM-241

5.68E+08

3.90E+05

1.42E+10

9.60E+09

4.26E+09

0.00E+00

8.40E+08

0.00E+00

*R Values in units of mrem/yr per uCi/m? for inhalation and tritium, and in units of m?>-mrem/yr per uCi/sec
for all others.
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TABLE 3.3-18
PATHWAY = Inhalation
AGE GROUP = Child

R VALUES FOR THE BRUNSWICK STEAM ELECTRIC PLANT*

Nuclide

T. Body

Gl-Tract

Bone

Liver

Kidney

Thyroid

Lung

Skin

H-3

1.12E+03

1.12E+03

0.00E+00

1.12E+03

1.12E+03

1.12E+03

1.12E+03

1.12E+03

P-32

9.86E+04

4.21E+04

2.60E+06

1.14E+05

0.00E+00

0.00E+00

0.00E+00

0.00E+00

CR-51

1.54E+02

1.08E+03

0.00E+00

0.00E+00

2.43E+01

8.53E+01

1.70E+04

0.00E+00

MN-54

9.50E+03

2.29E+04

0.00E+00

4.29E+04

1.00E+04

0.00E+00

1.57E+06

0.00E+00

FE-59

1.67E+04

7.06E+04

2.07E+04

3.34E+04

0.00E+00

0.00E+00

1.27E+06

0.00E+00

CO-58

3.16E+03

3.43E+04

0.00E+00

1.77E+03

0.00E+00

0.00E+00

1.10E+06

0.00E+00

CO-60

2.26E+04

9.61E+04

0.00E+00

1.31E+04

0.00E+00

0.00E+00

7.06E+06

0.00E+00

ZN-65

7.02E+04

1.63E+04

4.25E+04

1.13E+05

7.13E+04

0.00E+00

9.94E+05

0.00E+00

RB-86

1.14E+05

7.98E+03

0.00E+00

1.98E+05

0.00E+00

0.00E+00

0.00E+00

0.00E+00

SR-89

1.72E+04

1.67E+05

5.99E+05

0.00E+00

0.00E+00

0.00E+00

2.15E+06

0.00E+00

SR-90

6.43E+06

3.43E+05

1.01E+08

0.00E+00

0.00E+00

0.00E+00

1.47E+07

0.00E+00

Y-91

2.43E+04

1.84E+05

9.13E+05

0.00E+00

0.00E+00

0.00E+00

2.62E+06

0.00E+00

ZR-95

3.69E+04

6.10E+04

1.90E+05

4 17E+04

5.95E+04

0.00E+00

2.23E+06

0.00E+00

NB-95

6.54E+03

3.69E+04

2.35E+04

9.16E+03

8.61E+03

0.00E+00

6.13E+05

0.00E+00

RU-103

1.07E+03

4.47E+04

2.79E+03

0.00E+00

7.02E+03

0.00E+00

6.61E+05

0.00E+00

RU-106

1.69E+04

4.29E+05

1.36E+05

0.00E+00

1.84E+05

0.00E+00

1.43E+07

0.00E+00

AG-110M

9.13E+03

1.00E+05

1.68E+04

1.14E+04

2.12E+04

0.00E+00

5.47E+06

0.00E+00

SN-113

9.84E+03

7.45E+03

9.01E+03

2.91E+02

2.03E+02

1.19E+02

3.40E+05

0.00E+00

TE-127M

3.01E+03

7.13E+04

2.48E+04

8.53E+03

6.35E+04

6.06E+03

1.48E+06

0.00E+00

TE-129M

3.04E+03

1.81E+05

1.92E+04

6.84E+03

5.02E+04

6.32E+03

1.76E+06

0.00E+00

1-131

2.72E+04

2.84E+03

4.80E+04

4.80E+04

7.87E+04

1.62E+07

0.00E+00

0.00E+00

[-132

1.87E+03

3.20E+03

2.11E+03

4.06E+03

6.24E+03

1.93E+05

0.00E+00

0.00E+00

[-133

7.68E+03

5.47E+03

1.66E+04

2.03E+04

3.37E+04

3.84E+06

0.00E+00

0.00E+00

1-135

4.14E+03

4.43E+03

4.91E+03

8.72E+03

1.34E+04

7.91E+05

0.00E+00

0.00E+00

CS-134

2.24E+05

3.84E+03

6.50E+05

1.01E+06

3.30E+05

0.00E+00

1.21E+05

0.00E+00

CS-136

1.16E+05

4 17E+03

6.50E+04

1.71E+05

9.53E+04

0.00E+00

1.45E+04

0.00E+00

CS-137

1.28E+05

3.61E+03

9.05E+05

8.24E+05

2.82E+05

0.00E+00

1.04E+05

0.00E+00

BA-140

4.32E+03

1.02E+05

7.39E+04

6.47E+01

2.11E+01

0.00E+00

1.74E+06

0.00E+00

CE-141

2.89E+03

5.65E+04

3.92E+04

1.95E+04

8.53E+03

0.00E+00

5.43E+05

0.00E+00

CE-144

3.61E+05

3.88E+05

6.76E+06

2.11E+06

1.17E+06

0.00E+00

1.19E+07

0.00E+00

HF-181

8.50E+03

5.31E+04

8.44E+04

3.28E+02

2.64E+02

2.76E+02

7.95E+05

0.00E+00

AM-241

4.59E+08

1.75E+05

1.10E+10

6.81E+09

2.82E+09

0.00E+00

7.47E+08

0.00E+00

*R Values in units of mrem/yr per uCi/m? for inhalation and tritium, and in units of m?>-mrem/yr per uCi/sec
for all others.
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TABLE 3.3-19
PATHWAY = Inhalation
AGE GROUP = Infant

R VALUES FOR THE BRUNSWICK STEAM ELECTRIC PLANT*

Nuclide

T. Body

Gl-Tract

Bone

Liver

Kidney

Thyroid

Lung

Skin

H-3

6.46E+02

6.46E+02

0.00E+00

6.46E+02

6.46E+02

6.46E+02

6.46E+02

6.46E+02

P-32

7.73E+04

1.61E+04

2.03E+06

1.12E+05

0.00E+00

0.00E+00

0.00E+00

0.00E+00

CR-51

8.93E+01

3.56E+02

0.00E+00

0.00E+00

1.32E+01

5.75E+01

1.28E+04

0.00E+00

MN-54

4.98E+03

7.05E+03

0.00E+00

2.53E+04

4.98E+03

0.00E+00

9.98E+05

0.00E+00

FE-59

9.46E+03

2.47E+04

1.35E+04

2.35E+04

0.00E+00

0.00E+00

1.01E+06

0.00E+00

CO-58

1.82E+03

1.11E+04

0.00E+00

1.22E+03

0.00E+00

0.00E+00

7.76E+05

0.00E+00

CO-60

1.18E+04

3.19E+04

0.00E+00

8.01E+03

0.00E+00

0.00E+00

4.50E+06

0.00E+00

ZN-65

3.10E+04

5.13E+04

1.93E+04

6.25E+04

3.24E+04

0.00E+00

6.46E+05

0.00E+00

RB-86

8.81E+04

3.03E+03

0.00E+00

1.90E+05

0.00E+00

0.00E+00

0.00E+00

0.00E+00

SR-89

1.14E+04

6.39E+04

3.97E+05

0.00E+00

0.00E+00

0.00E+00

2.03E+06

0.00E+00

SR-90

2.59E+06

1.31E+05

4.08E+07

0.00E+00

0.00E+00

0.00E+00

1.12E+07

0.00E+00

Y-91

1.57E+04

7.02E+04

5.87E+05

0.00E+00

0.00E+00

0.00E+00

2.45E+06

0.00E+00

ZR-95

2.03E+04

2.17E+04

1.15E+05

2.78E+04

3.10E+04

0.00E+00

1.75E+06

0.00E+00

NB-95

3.77E+03

1.27E+04

1.57E+04

6.42E+03

4.71E+03

0.00E+00

4.78E+05

0.00E+00

RU-103

6.78E+02

1.61E+04

2.01E+03

0.00E+00

4.24E+03

0.00E+00

5.561E+05

0.00E+00

RU-106

1.09E+04

1.64E+05

8.67E+04

0.00E+00

1.06E+05

0.00E+00

1.15E+07

0.00E+00

AG-110M

4.99E+03

3.30E+04

9.97E+03

7.21E+03

1.09E+04

0.00E+00

3.66E+06

0.00E+00

SN-113

4.89E+03

2.29E+03

4.68E+03

1.74E+02

9.94E+01

6.73E+01

2.30E+05

0.00E+00

TE-127M

2.07E+03

2.73E+04

1.66E+04

6.89E+03

3.75E+04

4.86E+03

1.31E+06

0.00E+00

TE-129M

2.22E+03

6.89E+04

1.41E+04

6.08E+03

3.17E+04

5.47E+03

1.68E+06

0.00E+00

1-131

1.96E+04

1.06E+03

3.79E+04

4.43E+04

5.17E+04

1.48E+07

0.00E+00

0.00E+00

1-132

1.26E+03

1.90E+03

1.69E+03

3.54E+03

3.94E+03

1.69E+05

0.00E+00

0.00E+00

1-133

5.59E+03

2.15E+03

1.32E+04

1.92E+04

2.24E+04

3.55E+06

0.00E+00

0.00E+00

1-135

2.77E+03

1.83E+03

3.86E+03

7.59E+03

8.46E+03

6.95E+05

0.00E+00

0.00E+00

CS-134

7.44E+04

1.33E+03

3.96E+05

7.02E+05

1.90E+05

0.00E+00

7.95E+04

0.00E+00

CS-136

5.28E+04

1.43E+03

4.82E+04

1.34E+05

5.63E+04

0.00E+00

1.17E+04

0.00E+00

CS-137

4.54E+04

1.33E+03

5.48E+05

6.11E+05

1.72E+05

0.00E+00

7.12E+04

0.00E+00

BA-140

2.89E+03

3.83E+04

5.59E+04

5.59E+01

1.34E+01

0.00E+00

1.59E+06

0.00E+00

CE-141

1.99E+03

2.15E+04

2.77E+04

1.66E+04

5.24E+03

0.00E+00

5.16E+05

0.00E+00

CE-144

1.76E+05

1.48E+05

3.19E+06

1.21E+06

5.37E+05

0.00E+00

9.83E+06

0.00E+00

HF-181

5.05E+03

1.90E+04

5.65E+04

2.66E+02

1.59E+02

2.26E+02

6.73E+05

0.00E+00

AM-241

1.83E+08

6.69E+04

4.41E+09

2.73E+09

1.11E+09

0.00E+00

5.68E+08

0.00E+00

*R Values in units of mrem/yr per nCi/m3 for inhalation and tritium, and in units of m2-mrem/yr per

uCi/sec for all others.
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3.3.3 Carbon-14

Carbon-14 (C-14), with a half-life of 5730 years, is a naturally occurring isotope of carbon
produced by cosmic ray interactions in the atmosphere. The concentration of C-14 in the
atmosphere was increased significantly in the 1950s and 1960s due to nuclear weapons
testing. Commercial nuclear reactors also produce C-14, but in amounts much less than
those produced naturally or as a result of weapons testing. Regulatory Guide 1.21 Revision 1
(1974), to which the Brunswick Steam Electric Plant (BSEP) is committed, did not address C-
14. However, since that time analytical methods for determining C-14 have improved and
Revision 2 (2009) states that Licensees should evaluate whether C-14 is a principal
radionuclide for gaseous effluents. Improvements in fuel performance have resulted in a
decrease in radioactive effluents from BSEP to the point that C-14 is now considered a
principal radionuclide. In Boiling Water Reactors (BWRs), such as BSEP, the gaseous C-14
releases are primarily in the form of carbon dioxide. The dose contribution of C-14 in liquid
radioactive waste is minimal, therefore, evaluation of C-14 in liquid discharges is not required.

The C-14 curies released may be determined by any of the following methodologies:

a. Use BSEP’s Updated Final Safety Analysis Report (UFSAR) C-14 release rate of 9.5
Cilyr per unit assuming 80% plant capacity factor (292 Effective Full Power Days
(EFPD)) and scale it using actual EFPD for each unit. The curies per year will be
allotted based on ODCM allocation fractions of 0.40 for the Stack, 0.20 for each
Reactor Building, and 0.10 for each Turbine Building and attributed to each quarter for
reporting in the Annual Radioactive Effluent Release Report.

b. Use of historical values (with power up-rate adjustment) as indicated in NUREG/CR-

4245 (1985).

Use of actual sample data obtained during the reporting period.

Use of Electric Power Research Institute’s, “Estimation of Carbon-14 in Nuclear Power
Plant Gaseous Effluents” methodology.

oo

The Annual Land Use Census will be used to determine the critical receptor. Typically, there
are no meat or milk pathways within 5 miles of BSEP, therefore, unless other pathways are
identified, the reported dose to the individual will be determined from inhalation and vegetable
consumption. Regulatory Guide 1.109 Revision 1 methodology will be used to determine the
dose. The dose rate and subsequent dose to an individual from C-14 intake depends on the
specific activity of the food from each source and the amount of the ingested C-14 which is
retained over the period under consideration. Atmospheric Carbon Dioxide (CO3) is
incorporated in cellular material by the photosynthetic action of plants. Plants and grasses
equilibrate with the C-14 CO; of the air. The portion of the curies released that is determined
to be carbon dioxide is 90%. This value is based on conservative historical values from
NUREG/CR-4245 (1985). The growing season may be utilized and can be derived from the
North Carolina Cooperative Extension Service, current data available indicates that average
growing season is 238 days. BSEP gaseous releases are continuous and no credit is taken
for releases in non-daylight hours where photosynthetic action of plants is minimal or non-
existent.

Carbon-14 releases are typically tabulated at the end of the yearly reporting period and
included in the Annual Radioactive Effluent Release Report, however, special circumstances
as determined by E&C Management may require that C-14 releases be assessed on a more
frequent basis. Once the C-14 dose is determined it is included in the Annual Radioactive
Effluent Release Report.
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1. Annual Dose from Inhalation of Carbon-14 in Air

a. The annual average airborne concentration of C-14 may be determined as follows:

X
Xe = (3.17 x 10%) (Qc) (—] (3.3-21)
0
Where:
Xe is the annual average concentration of C-14 in air, pCi/m3;

3.17 x 10* is the number of pCi/Ci divided by the number of sec/year;
Q. is the release rate of C-14 to the atmosphere, in Ci/yr; and

For Reactor and Turbine Buildings using methodology a. listed under
Section 3.3.3 to determine the C-14 curies released:

i . . | EFPDf licableUnit
Q.= [Cl forapphcablereleasepomt}[ OT applicab’e mj
yr

292 days

For Stack using methodology a. listed under Section 3.3.3 to determine
the C-14 curies released:

Q. = ( Ci | EFPD of Unit1and Unit 2
yr 292 days+ 292 days

[éj is the annual average atmosphere dispersion factor, in sec/m3.

b. The annual dose associated with inhalation of C-14 may be determined as follows:

D5, =[(BR),](X.) (DFA,,) (3.3-22)

Where:

Dj-a is the C-14 annual dose to organ j of an individual in age group a, in
mrem/yr;

(BR)a is the breathing rate of the receptor of age group a, in m3/yr, reference
ODCM Section C.2.1 for these values;

Xe is the annual average concentration of C-14 in air, in pCi/m3.

DFAga is the C-14 inhalation dose factor for organ j, and age group a, in

mrem/pCi, reference Table 3.3-20 for values.
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Table 3.3-20
Inhalation Dose Factors for Carbon-14 (DFA)

(mrem/pCi)
Age Group Bone Liver T.Body Thyroid Kidney Lung GI-LLI
Adult 2.27E-06 | 4.26E-07 | 4.26E-07 | 4.26E-07 | 4.26E-07 | 4.26E-07 | 4.26E-07
Teenager 3.25E-06 | 6.09E-07 | 6.09E-07 | 6.09E-07 | 6.09E-07 | 6.09E-07 | 6.09E-07
Child 9.70E-06 | 1.82E-06 | 1.82E-06 | 1.82E-06 | 1.82E-06 | 1.82E-06 | 1.82E-06
Infant 1.89E-05 | 3.79E-06 | 3.79E-06 | 3.79E-06 | 3.79E-06 | 3.79E-06 | 3.79E-06

Note: These values are from Regulatory Guide 1.109 Revision 1 Tables E-7 through E-10.

2. Concentration of Airborne Carbon-14 in Vegetation

a. The annual concentration of Carbon-14 in vegetation may be determined as follows:

Where:

X )(0.11
C,. =(3.17 x 107 Q) | —= || — 3.3-23
14 = ( ) () ( C)(Q)(O.l6j ( )
C. is the concentration of Carbon-14 in vegetation in pCi/kg;
Q. is the annual release rate of Carbon-14, in Ci/yr;
p is the fractional equilibrium ratio, dimensionless (0.9 based off
conservative historical values from NUREG/CR-4245 (1985));
X . . , ,
(5] is the annual average atmosphere dispersion factor, in sec/m?3;
0.11 is the fraction of total plant mass that is natural carbon,
dimensionless, from RG 1.109 Revision 1 Appendix C;
0.16 is equal to the concentration of natural carbon in the atmosphere in g/m3
from RG 1.109 Revision 1 Appendix C; and
3.17 x 107

Semmnoﬁﬂx102MWCMLOx1mgmm/(éinm7§Ej
yl‘

3. Concentration of Airborne Carbon-14 in Milk

a. The concentration of Carbon-14 in milk is dependent on the amount and
contamination level of the feed consumed by the animal. The C-14 concentration in
milk may be determined as follows:

Where:

ODCM (BSEP)

cn=(F,)(Cy)@:) (3.3-24)
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Ci is the C-14 concentration in milk, in pCi/liter;

Fm is the average fraction of the animal’s daily intake of C-14, which
appears in each liter of milk, in days/liter. Cow = 0.012 days/liter from
Table E-1 of RG 1.109 Revision 1 and Goat = 0.10 days/liter from Table
E-2 of RG 1.109 Revision 1;

CIZ is the concentration of C-14 in the animal’s feed, in pCi/kg;

Qr is the amount of feed consumed by the animal per day, in kg/day, see
ODCM Table C-1.

4. Concentration of Airborne Carbon-14 in Meat

a.

The concentration of Carbon-14 in meat is dependent on the amount and
contamination level of the feed consumed by the animal. The C-14 concentration in
meat may be determined as follows:

Cth = (Ff)(CIZ)(QF) (3.3-25)

Where:

Clﬁ is the concentration of C-14 in animal flesh, in pCi/kg;

F¢ is the fraction of the animal’s daily intake of C-14, which appears in each
kilogram of flesh, in days/kg. Value for C-14 is 0.031 days/kg from
Table E-1 in RG 1.109 Revision 1;

CIZ is the concentration of C-14 in the animal’s feed, in pCi/kg;

Qr is the amount of feed consumed by the animal per day, in kg/day, see

ODCM Table C-1.

5. Annual Dose from Atmospherically Released Carbon-14 in Foods

a.

The annual dose associated with the ingestion of Carbon-14 in food may be
determined as follows:

D =DFI, [U}f,C)+U"Ch+U"CE+ULFCY]  (3.3-26)

Where:

D?a is the annual dose to organ j of an individual in age group a from
dietary intake of atmospherically released C-14, in mrem/yr;

DFlga is the dose conversion factor for the ingestion of C-14 for organ j,

ODCM (BSEP)

and age group a, in mrem/pCi, reference Table 3.3-21;
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the ingestion rate of produce (non-leafy vegetables, fruit, and

grains) for individuals in age group a, in kg/yr, see ODCM Table
C-3;

u” the ingestion rate of milk for individuals in age group a, in
liters/year, see ODCM Table C-1 (Uap);
U': the ingestion rate of meat for individuals in age group a, in kg/yr,
see ODCM Table C-2 (Uap);
Uﬁ the ingestion rate of leafy vegetables for individuals in age group
a, in kg/yr, see ODCM Table C-3;
fq is the fraction of produce ingested grown in garden of interest,
0.76 from Table E-15 of RG 1.109;
fi is the fraction of leafy vegetables grown in the garden of interest,
1.0 from Table E-15 of RG 1.109;
C. is the concentration of C-14 in vegetation, in pCi/kg;
C, is the concentration of C-14 in milk, in pCi/liter;
Cl‘z is the concentration of C-14 in animal flesh, in pCi/kg.
Table 3.3-21
Ingestion Dose Factors for Carbon-14 (DFI)
(mrem/pCi)
Age Group Bone Liver T.Body Thyroid Kidney Lung GI-LLI
Adult 2.84E-06 | 5.68E-07 | 5.68E-07 | 5.68E-07 | 5.68E-07 | 5.68E-07 | 5.68E-07
Teenager 4.06E-06 | 8.12E-07 | 8.12E-07 | 8.12E-07 | 8.12E-07 | 8.12E-07 | 8.12E-07
Child 1.21E-05 | 2.42E-06 | 2.42E-06 | 2.42E-06 | 2.42E-06 | 2.42E-06 | 2.42E-06
Infant 2.37E-05 | 5.06E-06 | 5.06E-06 | 5.06E-06 | 5.06E-06 | 5.06E-06 | 5.06E-06

Note: These values are from Regulatory Guide 1.109 Revision 1 Tables E-11 through E-14.
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4.0 RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

Table 4.0-1 contains the sample point description, sampling and collection frequency
analysis, and analysis frequency for various exposure pathways in the vicinity of the
BSEP for the radiological monitoring program. Figure 4.0-1, 4.0-2, 4.0-3 and 4.0-4
shows the location of various sample points. Figure F-2, Gaseous Radwaste Effluent
System, denotes the various release pathways.
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TABLE 4.0-1

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM*

Exposure Pathway | Sample | Sample Point Description, Approximate Distance, Sampling and Analysis | Analysis @
and/or Sample ID No. and Direction Collection Frequency
Frequency
1. DIRECT 86 1.07 miles E Q Q Gamma Dose
RADIATION 2 0.88 miles ESE Q Q Gamma Dose
3 0.82 miles SE Q Q Gamma Dose
4 1.01 miles SSE Q Q Gamma Dose
91 0.95 miles S Q Q Gamma Dose
6 1.45 miles SSW Q Q Gamma Dose
7 1.03 miles SW Q Q Gamma Dose
8 1.20 miles W Q Q Gamma Dose
9 1.08 miles WNW Q Q Gamma Dose
10 0.95 miles NW Q Q Gamma Dose
11 1.01 miles NNW Q Q Gamma Dose
12 1.16 miles N Q Q Gamma Dose
13 1.28 miles NNE Q Q Gamma Dose
14 0.61 miles NE Q Q Gamma Dose
87 1.02 miles ENE Q Q Gamma Dose
16 0.99 miles WSW Q Q Gamma Dose
17 1.41 miles ESE Q Q Gamma Dose
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Exposure Pathway | Sample | Sample Point Description, Approximate Distance, Sampling and Analysis | Analysis @
and/or Sample ID No. and Direction Collection Frequency
Frequency
1. DIRECT 18 1.60 miles SE Q Q Gamma Dose
RADIATION ,

(Cont’d) 77 5.34 miles S Q Q Gamma Dose
75 |4.56 miles S Q Q Gamma Dose

76  |4.70 miles SSW Q Q Gamma Dose

22 5.18 miles SW Q Q Gamma Dose

88 5.30 miles WSW Q Q Gamma Dose

24 |3.00 miles W Q Q Gamma Dose

25 | 8.64 miles WNW Q Q Gamma Dose

26 5.95 miles NW Q Q Gamma Dose

27  |5.17 miles NNW Q Q Gamma Dose

79  |9.56 miles N Q Q Gamma Dose

78 10.0 miles NNE Q Q Gamma Dose

30 2.06 miles NE Q Q Gamma Dose

31 2.55 miles ENE Q Q Gamma Dose

32 5.85 miles ENE Q Q Gamma Dose

33 |4.13 milesE Q Q Gamma Dose

89 5.06 miles E Q Q Gamma Dose

81 9.98 miles WNW © Q Q Gamma Dose
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TABLE 4.0-1 (Cont'd)

Exposure Pathway | Sample | Sample Point Description, Approximate Distance, Sampling and Analysis | Analysis @
and/or Sample ID No. and Direction Collection Frequency
Frequency

1. DIRECT 36 |9.02 miles NE Q Q Gamma Dose
RADIATION _

(Cont'd) 37 |5.58 miles NNW Q Q Gamma Dose

90 |5.68 miles W Q Q Gamma Dose

39 |5.20 miles SW Q Q Gamma Dose

40 |6.81 miles WSW Q Q Gamma Dose

20 [2.01 miles S Q Q Gamma Dose

21 2.79 miles SSW Q Q Gamma Dose

28 [4.31 miles NNW Q Q Gamma Dose

29  [2.50 miles SSW Q Q Gamma Dose

35 |7.09 miles SSE Q Q Gamma Dose

82 |0.29 miles NNE Q Q Gamma Dose

83 |0.40 miles NE Q Q Gamma Dose

84 |0.39 miles NE Q Q Gamma Dose

85 |0.21 miles NE Q Q Gamma Dose
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TABLE 4.0-1 (Cont'd)

Exposure Pathway | Sample | Sample Point Description, Approximate Distance, Sampling and Analysis Analysis @
and/or Sample ID No. and Direction Collection Frequency
Frequency
2. AIRBORNE 200 |0.91 miles WSW - Brunswick Education & Energy [Continuous sampler w Radioiodine
Center operation with Canister 1-131
Radioiodine and sample collected analysis
Particulate weekly or as
required by dust W Particulate
loading, whichever sampler
_ _ _ is more frequent
201 | 0.61 miles NE — Bio. Lab Road — Projected Gross beta
Maximum Annual Concentration (PMAC) radioactivity
analysis
following filter
change ®
202 |0.86 miles S — Substation, Construction Rd. Q Gamma isotopic
analysis of
composite by
location
203 | 1.92 miles SSW - Southport Substation
204 |22.6 miles N - Sutton Plant — (Historical
Control)
205 |0.55 miles SSE - Spoil Pond
206 |11.3 miles NW — Brunswick County Complex —
Control®©
207 | 0.65 miles NNE — GWE Compressor Building
ODCM (BSEP) 4-7 Rev. 40




TABLE 4.0-1 (Cont'd)

Exposure Pathway | Sample Sample Point Description, Approximate Sampling and Analysis Analysis @
and/or Sample ID No. Distance, and Direction Collection Frequency
Frequency
3. WATERBORNE 400 |0.75 miles NE - Intake Canal - Control ©) Composite Monthly |Gamma Isotopic
sample@
a. Surface 401 |4.82 miles SSW - Discharge Canal at OD CoIIecEc)ion-M Q Tritium
Pumps
495 |Nancy’s Creek — WP-52 Grab Sample, Monthly [Tritium
Monthly
497 |Nancy’s Creek — WP-55
498 |Nancy’s Creek — WP-57
499 | Control Station NE© — WP-61
Grab Sample, Monthly [Tritium
494 | Nancy’s Creek Marsh Area — WP-106 Monthly
Gamma Isotopic "9
604 |Nancy’s Creek Marsh Area — WP-92
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TABLE 4.0-1 (Cont'd)

Exposure Pathway | Sample Sample Point Description, Approximate Sampling and Analysis Analysis @
and/or Sample ID No. Distance, and Direction Collection Frequency
Frequency
3. WATERBORNE
(Cont'd)
a. Surface Triti
: ritium
(Continued) 607 |Nancy’s Creek Marsh Area — WP-76 Gra'\? Sarr]rlmle, Monthly
onthly Gamma Isotopic 9
Grab Sample, Tritium
609 |[Nancy’s Creek Marsh Area — WP-84 Monthly Monthly

Gamma Isotopic "9
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TABLE 4.0-1 (Cont'd)

Exposure Pathway |Sample Sample Point Description, Approximate Sampling and Analysis Analysis @
and/or Sample ID No. Distance, and Direction Collection Frequency
Frequency
3. WATERBORNE 500 |[4.92 miles SSW - Discharge — Beach near Semiannual Semiannual |(Gamma Isotopic @
(Cont'd) OD Pumps
b. Sediment 501 |Nancy’s Creek, Adjacent to WP-55, Near Annual Annual  (Gamma Isotopic (™
Retired SDSP
c. Groundwater 409 |Monitoring Well ESS-17A, northeast side of Grab Sample, Q Tritium
retired SDSP near Intake Canal Quarterly,
Semiannual Semiannual |Gamma Isotopic®
410 [Monitoring Well ESS-17B, northeast side of
retired SDSP near Intake Canal
412 |Monitoring Well, ESS-18B, west side of retired
SDSP
420 |Monitoring Well ESS-22B, south side of retired
SDSP
423 |Monitoring Well ESS-24A, southeast side of
retired SDSP adjacent to SDSF near Intake
Canal
424 |Monitoring Well ESS-24B, southeast side of
retired SDSP adjacent to SDSF near Intake
Canal
1020 |Monitoring Well U1CSTREM-05B, east side of
protected area near intake structure
4. INGESTION 600 |To be identified as available With animals on [Semi-monthly (Gamma isotopic
pasture - and [-131
a. Milk semi-monthly analyses (animals
At other times — on pasture)
601 monthly
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TABLE 4.0-1 (Cont'd)

Exposure Pathway |Sample Sample Point Description, Approximate Sampling and Analysis Analysis @
and/or Sample ID No. Distance, and Direction Collection Frequency
Frequency
4. INGESTION To be identified as available With animals on Monthly  |[Gamma isotopic
(Cont'd) pasture - and
602 semi-monthly 1-131 analysis
a. Milk At other times - (other times)
603
monthly
b. Fish and 700-702|5.09 miles SSW - Atlantic Ocean ©) at When in Season — | Semiannual | Gamma isotopic
Invertebrates Discharge Semiannual on edible portions
703-705| WSW - Atlantic Ocean ©)®
706-708| Nancy’s Creek (©) Annual Annual |Gamma isotopic
on edible portions
c. Broadleaf 800 |0.76 miles NE - Intake Canal When available - Monthly  |[Gamma Isotopic
Vegetation _ _ Monthly
801 |0.71 miles SW - Discharge Canal Monthly ~ [I-131
802 |10.4 miles - Control - WNW (©)
803 |0.48 miles SSE - Spoil Pond
804 |0.67 miles S — Leonard Street plant exit
adjacent to RR tracks
806 |1.06 miles ENE — East Intake Canal
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(@)

(b)

(c)
(d)
(e)

(h)

TABLE 4.0-1 (Cont'd)

The LLD for each analysis is specified in Table 7.3.15-3, except for the Nancy’s Creek Marsh Area principal gamma isotopic and 1-131. The LLD for
the Nancy’s Creek Marsh Area gamma isotopic is 5 x 10”7 puCi/ml for Principal Gamma Emitters and 1 x 10 yCi/ml for 1-131.

Particulate samples will be analyzed for gross beta radiation 24 hours or more following filter change. If gross beta activity in air particulate samples is
greater than ten times the yearly mean of control samples, gamma isotopic shall be performed on the individual samples.

Control Station - These stations are presumed to be outside the influence of plant effluents.
Composite samples shall be collected by collecting an aliquot at intervals not exceeding 6 hours.

A sample of one free swimmer, one bottom feeder, and one shellfish will be collected if available. A control sample of each species collected will be
obtained if available.

Gamma isotopic scan means the identification and quantification of gamma-emitting radionuclides that may be attributable to the effluents from the
facility.

The samples are to be analyzed for gamma isotopic analyses. If plant activity is detected from the gamma isotopic analysis, Sr-89, 90 and Fe-55
analysis are to be performed.

If plant activity is detected, Sr-89, 90 and Fe-55 analysis are to be performed and frequency will be increased to Semi-Annual.

ODCM (BSEP) 4-12 Rev. 40




ODCM (BSEP)

FIGURE 4.0-1
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FIGURE 4.0-2

BSEP Sample Point Locations Groundwater (1 mile)
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FIGURE 4.0-3
BSEP Sample Point Locations (10 miles)
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FIGURE 4.0-4

BSEP Sample Point Locations (25 miles)
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5.0 RADIOLOGICAL INTERLABORATORY COMPARISON STUDIES
5.1 OBJECTIVE
The objective of this program is to evaluate the total laboratory analysis process by
comparing results with results obtained by a separate laboratory or laboratories for
an equivalent sample.

5.2 PROGRAM

521 Environmental Sample Analyses Comparison Program

Environmental samples from the BSEP environs will be analyzed by the
Harris Energy & Environmental Center or by a qualified contracting
laboratory. These laboratories will participate at least annually in a
interlaboratory comparison study.

The results of the laboratories' performances in the study will be provided to
BSEP E&RC and will be included in the Annual Radiological Environmental
Operating Report. The results will be provided to the NRC upon request.

522 Effluent Release Analyses Program

BSEP E&RC will perform sample analyses for gamma-emitting
radionuclides in effluent releases. The E&RC radiochemistry laboratory will
participate annually in a corporate interlaboratory comparison study or
equivalent study. The results of these studies will be provided to the NRC
upon request.

523 Abnormal Results

Progress Energy laboratory or vendor laboratory results shall be compared
to the criteria established in the NRC Inspection Manual (Procedure 84750)
for Radioactive Waste Treatment, Effluent, and Environmental Monitoring.
The referenced criteria is as follows:

a. Divide each standard result by its associated uncertainty to obtain
resolution (the uncertainty is defined as the relative standard
deviation, or sigma, of the standard result as calculated from
counting statistics).
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b. Divide each laboratory result by the corresponding standard result
to obtain the ratio (laboratory result/standard).

C. The laboratory measurement is in agreement if the value of the ratio
falls within the limits shown below for the corresponding resolution:
Resolution Ratio
<4 04-25
4-7 0.5-2.0
8-15 0.6-1.66
16 - 50 0.75-1.33
51 - 200 0.80-1.25
> 200 0.85-1.18

If the Progress Energy laboratory or vendor laboratory results lie
outside the ratio criteria, an evaluation will be performed to identify
any recommended remedial actions to reduce anomalous errors.
Complete documentation of the evaluation will be available to BSEP
and will be provided to the NRC upon request.
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6.0 TOTAL DOSE (40CFR190 COMPLIANCE)

6.1 INTRODUCTION

Compliance with 40CFR190 as prescribed by ODCM Specification 7.3.14 is to be
demonstrated only when one or more of ODCM Specifications 7.3.4.a, 7.3.4.b,
7.3.8.a, 7.3.8.b, 7.3.9.3, 7.3.9.b is exceeded by a factor of 2. Once this occurs, the
Company has 30 days to submit this report.

6.2 GENERAL

To perform the calculations to evaluate conformance with 40CFR190, an effort is
made to develop doses that are realistic by removing assumptions that lead to
overestimates of dose to a MEMBER OF THE PUBLIC (i.e., calculations for
compliance with 10CR50, Appendix I). To accomplish this, the following
calculational rules are used:

6.2.1 Doses to a MEMBER OF THE PUBLIC via the liquid release pathway are
considered to be <1 mrem/yr. (Ref: NUREG 0543).

6.2.2 Doses to a MEMBER OF THE PUBLIC due to a milk pathway will be
evaluated only as can be shown to exist. Otherwise, doses via this
pathway will be estimated as <1 mrem/yr.

6.2.3 Environmental sampling data which demonstrates that no pathway exists
may be used to delete a pathway to man from a calculation.

6.2.4 To sum numbers represented as "less than" (<), use the value of the
largest number in the group.

(ile., <6 +<1+<1+<3=5%)

6.2.5 When doses via direct radiation are added to doses via inhalation pathway,
