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Docket No. 50-443
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U.S. Nuclear Regulatory Commission
Attn.: Document Control Desk
Washington, DC 20555-0001

Seabrook Station
2016 Annual Radioactive Effluent Release Report

Pursuant to 10CFR 50.36a (a).2 and Technical Specification 6.8.1.4, NextEra Energy Seabrook,
LLC submits the Annual Radioactive Effluent Release Report for 2016. A copy of the Offsite
Dose Calculation Manual (ODCM) is also provided pursuant to Technical Specification 6.13.c.
A summary of the changes to the ODCM is included in Enclosure 1, Appendix A.

The following information is provided in the enclosures:

Enclosure 1 Effluent release data as required by Regulatory Guide 1.21

Enclosure 2 Joint frequency distributions of wind speed, wind direction, and
atmospheric stability
Enclosure 3 Radiation dose assessment

Enclosure 4 Offsite Dose Calculation Manual (ODCM), Revision 37
Should you have any questions regarding this letter, please contact David Robinson, Chemistry
Department Manager, at (603) 773-7496.
Sincerely,

NextEra Ener eabrook, LLC

Kefinetli Browne

Licensing Manager

NextEra Energy Seabrook, LLC

PO Box 300, Seabrook, NH 03874
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CC:

NRC Region I Administrator

NRC Project Manager, Project Directorate I-2
NRC Senior Resident Inspector

B. Dionne, Region | Inspector

Seth Breitmaier, American Nuclear Insurers



Enclosure 1

Effluent Release Data
as Required by Regulatory Guide 1.21



EFFLUENT AND WASTE DISPOSAL ANNUAL REPORT
Supplemental Information 2016

Facility: Seabrook Station Unit 1 Licensee: NextEra Energy

1.

Seabrook, LL.C
Regulatory Limits

A. Gaseous Effluents

a. 5.0 mrad per quarter gamma air dose.
b. 10.0 mrad per quarter beta air dose.
c. 7.5 mrem per quarter to any organ.

B. Liquid Effluents
a. 1.5 mrem per quarter total body.
b. 5.0 mrem per quarter any organ.

c. 2.0 E-04 pCi/ml dissolved or entrained gas.

Effluent Concentration Limits

Provide the ECL’s used in determining allowable release rates or concentrations.

a. Fission and activation gases: 10 ECL
b. Iodines: 10 ECL

c Particulates, half-lives >8 days: 10 ECL
d Liquid Effluents: 10 ECL

Average Energy

Not applicable

Measurements and Approximations of Total Radioactivity

Provide the methods used to measure or approximate the total radioactivity in
effluents and the methods used to determine radionuclide composition.

A. Fission and activation gases: Determined by gamma spectroscopy. Total
error is based on stack flow error, analytical error, and calculated sampling
error. -

B. Iodines: Determined by collection on charcoal with subsequent gamma

spectroscopy analysis. Total error is based on stack flow error, analytical
error, and calculated sampling error.




Particulates: Determined by collection on fixed filter with subsequent
gamma spectroscopy analysis. Strontium is determined by composite
analysis of filters by liquid scintillation, gross alpha by proportional
counter and iron 55 by liquid scintillation. Total error is based on stack
flow error, analytical error, and calculated sampling error.

Liquid Effluents: Determined by gamma spectroscopy. A composite
sample is analyzed for strontium by liquid scintillation, tritium by liquid
scintillation, gross alpha by proportional counter and iron 55 by liquid
scintillation. Total error is based on the volume discharge error and
analytical error.

ND: None Detected or No Detectable Activity



5. Batch Releases

Provide the following information relating to batch releases of radioactive
materials in liquid and gaseous eftluents.

A. Liquid
a. Number of batch releases: 76
b. Total time for batch releases: 16517 minutes
C. Maximum time period for batch release: 574 minutes
d. Average time period for batch release: 217 minutes
e. Minimum time period for batch release: 64 minutes
f. Average stream flow during periods of release of effluents into a

flowing stream: 1.68 E+06 liters per minute

B.  Gaseous
a. Number of batch releases: 26
b. Total time for batch releases: 6045 minutes
c. Maximum time period for batch release: 5283 minutes
d. Average time period for batch release: 233 minutes
e. Minimum time period for batch release: 4 minute

6. Abnormal Releases

A. Liquid

a. Number of releases: 0

b. Total activity released: N/A
B. Gaseous

a. Number of releases: 0
b. Total activity released: N/A



TABLE 1A

EFFLUENT AND WASTE DISPOSAL ANNUAL REPORT 2016
GASEOUS EFFLUENTS-SUMMATION OF ALL RELEASES

Unit Quarter Quarter Quarter Quarter Est. Total
1 2 3 4 Error, %
A. Fission and activation gases
1. Total releases Ci
3.99E-03 3.14E-03 2.74E-03 2.83E-03 1.70E+01
2. Average release rate uCilsec
for period 5.07E-04 4.00E-04 3.45E-04 3.56E-04
3. Percent of applicable
Technical Specification %
limit 1.27E-04 1.09E-04 5.14E-05 2.98E-05
B. lodines
1. Total release Ci
ND ND ND ND 1.50E+01
2. Average release rate uCilsec
for period N/A N/A N/A N/A
3. Percent of applicable
Technical Specification %
limit N/A N/A N/A N/A
C. Particulates
1. Total release Ci
2.05E+00 5.02E+00 3.13E+00 1.86E+00 1.80E+01
2. Average release rate \Cilsec
for period 2.61E-01 6.38E-01 3.94E-01 2.34E-01
3. Percent of applicable
Technical Specification %
limit 1.44E-01 2.04E-01 1.79E-01 4.33E-01
4. Total alpha radioactivity Ci ND ND ND ND
D. Tritium
1. Total release Ci
9.76E+00 1.49E+01 1.32E+01 3.21E+01 1.60E+01
2. Average release rate uCilsec
for period 1.24E+00 1.89E+00 1.66E+00 4.03E+00
3. Percent of applicable
Technical Specification %
limit 1.44E-01 2.04E-01 1.79E-01 4.33E-01




TABLE 1B

EFFLUENT AND WASTE DISPOSAIL. ANNUAI. REPORT 2016
GASEOUS EFFLUENTS-ELEVATED RELEASES

BATCH
Nuclides Released Unit Quarter | Quarter | Quarter | Quarter
1 2 3 4

1. Fission and activation gases
argon-41 Ci | 3.69E-03| 3.13E-03 | 2.70E-03 | 2.68E-03
krypton-85 Ci ND ND ND ND
krypton-85m Ci ND ND ND ND
krypton-87 Ci ND ND ND ND
krypton-88 Ci ND ND ND ND
xenon-131m Ci ND ND ND ND
xenon-133 Ci ND 1.20E-05 ND ND
xenon-133m Ci ND ND ND ND
xenon-135 Ci ND ND 3.97E-05 | 1.52E-04
xenon-135m Ci | 3.01E-04 ND ND ND
xenon-138 Ci ND ND ND ND

Ci

unidentified Ci ND ND ND ND
Total for period Ci | 3.99E-03| 3.14E-03| 2.74E-03]| 2.83E-03

2. Iodines
iodine-131 Ci ND ND ND ND
iodine-132 Ci ND ND ND ND
iodine-133 Ci ND ND ND ND
iodine-135 Ci ND ND ND ND
Total for period Ci | 0.00E+00| 0.00E+00| 0.00E+00| 0.00E+00

3. Particulates
strontium-89 Ci ND ND ND ND
strontium-90 Ci ND ND ND ND
cesium-134 Ci ND ND ND ND
cesium-137 Ci ND ND ND ND
barium-lanthanum-140 Ci ND ND ND ND

Ci

unidentified Ci ND ND ND ND
Total for period Ci | 0.00E+00{ 0.00E+00| 0.00E+00| 0.00E+00




EFFLUENT AND WASTE DISPOSAL ANNUAL REPORT 2016

TABLE 1B

GASEQOUS EFFLUENTS-ELEVATED RELEASES

CONTINUOUS
Nuclides Released Unit Quarter | Quarter | Quarter | Quarter
1 2 3 4

1. PFission and activation gases
argon-41 Ci ND ND ND ND
krypton-85 Ci ND ND ND ND
krypton-85m Ci ND ND ND ND
krypton-87 Ci ND ND ND ND
krypton-88 Ci ND ND ND ND
xenon-131m Ci ND ND ND ND .
xenon-133 Ci ND ND ND ND
xenon-133m Ci ND ND ND ND
xenon-135 Ci ND ND ND ND
xenon-135m Ci ND ND ND ND
xenon-138 Ci ND ND ND ND

Ci
Ci

unidentified Ci ND ND ND ND
Total for period Ci 0.00E+00{ 0.00E+00| 0.00E+00| 0.00E+00

2. Iodines
jodine-131 Ci ND ND ND ND
jodine-132 Ci ND ND ND ND
jodine-133 Ci ND ND ND ND
iodine-135 Ci ND ND ND ND
Total for period Ci 0.00E+00| 0.00E+00{ 0.00E+00| 0.00E+00

3. Particulates
strontium-89 Ci ND ND ND ND
strontium-90 Ci ND ND ND ND
cesium-134 Ci ND ND ND ND
cesium-137 Ci ND ND ND ND
barium-lanthanum-140 Ci ND ND ND ND
cobalt-58 Ci ND ND ND ND
cobalt-60 Ci ND ND ND ND
chromium-51 Ci ND ND ND ND
manganese-54 Ci ND ND ND ND
niobium-95 Ci ND ND ND ND
iron-59 Ci ND ND ND ND
carbon-14 Ci 2.05E+00| 5.02E+00] 3.13E+00 | 1.86E+00
unidentified Ci ND ND ND ND
Total for period Ci 2.05E+00 | 5.02E+00 | 3.13E+00 [ 1.86E+00




TABLE 1C

EFFLUENT AND WASTE DISPOSAL ANNUAL REPORT 2016
GASEQUS EFFLUENTS-GROUND LEVEL RELEASES

BATCH
Nuclides Released Unit Quarter | Quarter | Quarter | Quarter
1 2 3 4
1. Fission and activation gases
argon-41 Ci ND ND ND ND
krypton-85 Ci ND ND ND ND
krypton-85m Ci ND ND ND ND
krypton-87 Ci ND ND ND ND
krypton-88 Ci ND ND ND ND
xenon-131m Ci ND ND ND ND
xenon-133m Ci ND ND ND ND
xenon-133 Ci ND ND ND ND
xenon-135 Ci ND ND ND ND
xenon-135m Ci ND ND ND ND
xenon-138 Ci ND ND ND ND
Ci
Ci
unidentified Ci ND ND ND ND
Total for period Ci 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
2. Iodines
jodine-131 Ci ND ND ND ND
iodine-132 Ci ND ND ND ND
iodine-133 Ci ND ND ND ND
iodine-135 Ci ND ND ND ND
Total for period Ci 0.00E+00 | 0.00E+00| 0.00E+00 | 0.00E+00
3. Particulates
strontium-89 Ci ND ND ND ND
strontium-90 Ci ND ND ND ND
cesium-134 Ci ND ND ND ND
cesium-136 Ci ND ND ND ND
cesium-137 Ci ND ND ND ND
barium-lanthanum-140 Ci ND ND ND ND
cobalt-57 Ci ND ND ND ND
cobalt-58 Ci ND ND ND ND
cobalt-60 Ci ND ND ND ND
manganese-54 Ci ND ND ND ND
iron-59 Ci ND ND ND ND
niobium/zirconium-95 Ci ND ND ND ND
chromium-51 Ci ND ND ND ND
technetium-99m Ci ND ND ND ND
bromine-82 Ci ND ND ND ND
unidentified Ci ND ND ND ND
Total for period Ci 0.00E+00 | 0.00E+00 | 0.00E+00| 0.00E+00




TABLE 1C

EFFLUENT AND WASTE DISPOSAL ANNUAL REPORT 2016
GASEOUS EFFLUENTS-GROUND LEVEL RELEASES

CONTINUOUS
Nuclides Released Unit Quarter | Quarter | Quarter | Quarter
1 2 3 4
1. Fission and activation gases
argon-41 Ci ND ND ND ND
krypton-85 Ci ND ND ND ND
krypton-85m Ci ND ND ND ND
krypton-87 Ci ND ND ND ND
Krypton-88 Ci ND ND ND ND
xenon-133 Ci ND ND ND ND
xenon-135 Ci ND ND ND ND
xenon-135m Ci ND ND ND ND
xenon-138 Ci ND ND ND ND
Ci
Ci
unidentified Ci ND ND ND ND
Total for period Ci 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00
2. Iodines
iodine-131 Ci ND ND ND ND
iodine-133 Ci ND ND ND ND
Ci
Total for period Ci 0.00E+00| 0.00E+00 | 0.00E+00 | 0.00E+00Q
3. Particulates
strontium-89 Ci ND ND ND ND
strontium-90 Ci ND ND ND ND
cesium-134 Ci ND ND ND ND
cesium-136 Ci ND ND ND ND
cesium-137 Ci ND ND ND ND
barium-lanthanum-140 Ci ND ND ND ND
cobalt-58 Ci ND ND ND ND
cobalt-60 Ci ND ND ND ND
chromium-51 Ci ND ND ND ND
unidentified Ci ND ND ND ND
Total for period Ci 0.00E+00| 0.00E+00( 0.00E+00| 0.00E+00




TABLE 2A

EFFLUENT AND WASTE DISPOSAL ANNUAL REPORT 2016

LIQUID EFFLUENTS-SUMMATION OF ALI RELEASES

Unit | Quarter 1 | Quarter 2 | Quarter 3 | Quarter 4 Est. Total
Error, %
A. Fission and activation products
1. Total releases Ci | 6.04E-03 | 3.41E-03 | 2.40E-03 | 1.21E-03 | 7.00E+00
2. Average diluted concentration uCiimi| 2.86E-11 | 1.52E-11 | 1.19E-11 | 5.76E-12
during period
3. Percent of applicable limit % | 5.58E-03 | 4.83E-03 | 3.57E-03 | 3.67E-03
B. Tritium
1. Total release Ci | 1.96E+02| 1.93E+02 | 1.36E+02 | 1.69E+02 | 9.00E+00
2. Average diluted concentration uCiimi| 9.28E-07 | 8.59E-07 | 6.75E-07 | 8.08E-07
during period
3. Percent of applicable limit % | 3.48E-03 | 1.96E-03 | 1.36E-03 | 1.26E-03
C. Dissolved and entrained gases
1. Total release Ci ND ND ND ND 1.90E+01
2. Average qnuted'concentratlon WGl NIA NIA N/A N/A
during period
3. Percent of applicable limit % N/A N/A N/A N/A
D. Gross alpha radioactivity
1. Total release Ci ND ND ND ND 1.00E+01
E. Volume ofw_aste _ liters | 2.97E+07 | 2.40E+07 | 1.55E+07 | 1.49E+07 | 1.30E+00
released (prior to dilution)
F. Volume of dilution liters | 2.11E+11| 2.24E+11 | 2.02E+11 | 2.09E+11 | 9.00E+00

water used during period




TABLE 2B
EFFLUENT AND WASTE DISPOSAL ANNUAL REPORT 2016
LIQUID EFFLUENTS
CONTINUQUS MODE

Nuclides Released Unit | Quarter 1 Quarter 2 Quarter 3 Quarter 4
strontium-89 Ci ND ND ND ND
strontium-90 Ci ND ND ND ND
cesium-134 Ci ND ND ND ND
cesium-137 Ci ND ND ND ND

jodine-131 Ci ND ND ND ND
iodine-133 Ci ND ND ND ND
cobalt-57 Ci ND ND ND ND
cobalt-58 Ci ND ND ND ND
cobalt-60 Ci ND ND ND ND
iron-55 Ci ND ND ND ND
iron-59 Ci ND ND ND ND
zinc-65 Ci ND ND ND ND
manganese-54 Ci ND ND ND ND
chromium-51 Ci ND ND ND ND
zirconium-niobium-95 Ci ND ND ND ND
molybdenum-99 Ci ND ND ND ND
technetium-99m Ci ND ND ND ND
barium-lanthanum-140 Ci ND ND ND ND
cerium-141 Ci ND ND ND ND
unidentified Ci ND ND ND ND

Total for period(above) | Ci | 0.00E+00 | 0.00E+00 | 0.00E+00 [ 0.00E+00 |

xenon-131m Ci ND ND ND ND
xenon-133m Ci ND ND ND ND
xenon-133 Ci ND ND ND ND
xenon-135 Ci ND ND ND ND




TABLE 2B
EFFLUENT AND WASTE DISPOSAL ANNUAL REPORT 2016

LIQUID EFFLUENTS

BATCH MODE

Nuclides Released Unit{ Quarter 1 Quarter 2 Quarter 3 Quarter 4
strontium-89 Ci ND ND ND ND
strontium-90 Ci ND ND ND ND
cesium-134 Ci ND ND ND ND
cesium-137 Ci ND ND ND ND

jodine-131 Ci ND ND ND ND
iodine-133 Ci ND ND ND ND
cobalt-57 Ci 2.52E-06 5.10E-06 2.35E-06 1.33E-06
cobalt-58 Ci 4.76E-03 1.19E-03 5.32E-04 2.62E-04
cobalt-60 Ci 1.34E-04 7.43E-05 9.15E-05 6.61E-05
chromium-51 Ci 1.41E-04 ND ND ND
iron-55 Ci ND ND ND ND
iron-59 Ci 1.34E-05 ND ND ND
zinc-65 Ci ND ND ND ND
manganese-54 Ci 8.40E-06 ND 6.68E-07 ND
Zirconium-niobium-95 Ci 9.03E-06 ND ND ND
molybdenum-99 Ci ND ND ND ND
technetium-29m Ci ND ND ND ND
silver-110m Ci 1.16E-05 ND ND ND
barium-lanthanum-140 Ci ND ND ND ND
cerium-141 Ci ND ND ND ND
antimony-122 Ci ND ND ND ND
antimony-124 Ci 1.35E-05 ND ND ND
antimony-125 Ci 9.51E-04 2.14E-03 1.77E-03 8.78E-04
antimony-126 Ci ND ND ND ND
niobium-97 Ci ND ND ND ND
tin-117m Ci ND ND ND ND
sodium-24 Ci ND ND ND ND
Tellurium-129m Ci ND ND ND ND
Tellurium-132 Ci ND ND ND ND
unidentified Ci ND ND ND ND
Total for period(above) | Ci | 6.04E-03 | 3.41E-03 | 240E-03 [ 1.21E-03 |
xenon-133 Ci ND ND ND ND
xenon-135 Ci ND ND ND ND




EFFLUENT AND WASTE DISPOSAL ANNUAL REPORT 2016
SOLID WASTE AND IRRADIATED FUEL SHIPMENTS

A. SOLID WASTE SHIPPED OFFSITE FOR BURIAL OR DISPOSAL (Not irradiated fuel)

1.  Type of waste Unit ! year Est. Total
Period o
a. Spent resi ’ 8.04E+00 Tron
. Spent resins, filter sludges, evaporator m .
Bottoms, etc. Ci 3.21E+02 2.50E+01
b. Dry compressible waste, contaminated m’ 2.31E+02
Equip, et. Ci 6.26E-01 2.508+01
¢. Irradiated components, control m’
Rods, etc. Ci N/A N/A
. 3
d. Other (describe) m N/A N/A
Ci
2. Estimate of major nuclide composition (by type of waste)
a. Ni-63 % 8.18E+01
Co-60 % 8.17E+00
Fe-55 Yo 4.00E+00
Co-58 % 2.04E+00
Mn-54 % 1.13E+00
Ni-59 % 1.01E+00
Co-57 % 6.24E-01
Sb-125 % 6.19E-01
Cs-137 % 4.36E-01
H-3 % 1.02E-01
C-14 % 9.59E-02
Sr-90 Yo 2.93E-03
Y%
Y%
b. Fe-55 Y% 6.24E+01
Ni-63 % 1.37E+01
Co-58 % 1.16E+01
Co-60 % 5.55E+00
Cs-137 % 2.63E+00
H-3 % 1.55E+00
Zr-95 % 1.01E+00
Nb-95 % 8.96E-01
Mn-54 % 5.31E-01
Sb-125 % 9.88E-02
Co-57 % 3.28E-02
Be-7 % 5.26E-03
Cr-51 % 2.09E-03
Sn-113 Y 2.08E-03
%
%
%
c. NA [ % | N/A |

d. NA [ % | N/A |




3. Solid Waste Disposition

Number of Waste Container Type Solidification Mode of Destinati
Shipments Class P Agent Transportation on
1 A General Design N/A Truck EnergySolutions,
Kingston, TN
4 A General Design N/A Truck EnergySolutions,
Oak Ridge, TN
3 B Type A N/A Truck Waste Control Specialists,
Andrews, TX
B. IRRADIATED FUEL SHIPMENTS (Disposition)
Number of Shipments Mode of Transportation Destination
N/A N/A N/A
C. REVIEW AND APPROVAL
Prepared By: Fred Haniffy . P Date: 4/18/17
Reviewed By: Date: 1‘/? ‘i‘//‘;
Approved By: Date: (4 ‘/;/ 2.'?/1/ 20/ 2
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Appendix A
Offsite Dose Calculation Manual

Requirement: Technical Specification 6.13.2c¢ requires that licensee initiated changes to the Offsite Dose
Calculation Manual be submitted to the Commission in the Annual Radioactive Effluent
Release Report for the period in which the change(s) was made effective. Include in this
changes to the Radiological Environmental Program in accordance with Offsite Dose
Calculation Manual (ODCM) - C.9.1.1 and - C.9.2.1.

Response: Changes were made to the ODCM in 2016.
Changes to the Seabrook ODCM to be included under Revision 37 include the following items:

e Expanded critical organ dose equations for offsite receptors to include dose impact from the
ingestion and inhalation exposure pathways for C-14 projected to be emitted from the station
over a full year of power operations.

e Expanded critical organ dose equations for on-site receptors to include the dose impact from the
inhalation exposure pathway (no food ingestion pathway exist) of C-14 projected to be emitted
from the station over a full year of power operations.

¢ Added new reference to the re-located “Fitness Center” now located in the ground floor of the
Hi-Rise office building. This includes dose factors and meteorology specific to the new
location.

e Added new reference to the “Firing Range” for security personnel (include local member of law
enforcement who are considered members of the public). This includes the development of
dose factors and meteorological dispersion estimates specific to this new location.

e Removed unsupported statement referencing the Station Management Manual (SSMM) policy
for radiation monitors rendered inoperable for testing.

e Added clarification in Table A.6.1-1 on liquid effluent sampling by identify that minimum
analysis frequencies applied to “composite samples” collected at the identified sampling
frequencies should be stated in accordance with NUREG-1301.

e Added clarification to Table A.6.1-1 on the application of the liquid radiation monitor located
on the yard drain system is for trending only (not under control of RETS or REMP surveillance,
testing or calibration requirements).

e Added clarification that certain analyses (gross alpha, Sr-89, Sr-90, Fe-55 [and H-3 for Service
water]) are only required to be performed when water samples taken from Neutralization Tank,
Low Conductivity Tank, Turbine Building Sump, SGBD Flash Tank, Condensate
Polishing/SGBD Demin. Mega-rinse, Service Water, Subsurface Dewatering, and Storm Drains
show positives for gamma analysis as an indication of contamination of secondary side water.




Added reference to Table A.7.1-1 footnote 3 to the plant Vent monthly grab sample and the
Containment Purge analysis frequency of “each Purge” to reflect statements in NUREG-1301.

Removed all dose and dose rate equations from the ODCM that apply to on-site special
receptors where members of the public could be present for short periods of time (low
occupancy factors), with the exception of the critical organ dose methods for on-site special
receptors in order to provide dose characterization information as required by the ODCM
Section A.10.2, Annual Radioactive Effluent Release Report. ODCM Controls C.7.1.1 and
C.7.2.1 apply at and beyond the site boundary, not to on-site locations inside the site boundary.

Updated distance and direction information for REMP aquatic sampling locations (Table B.4-1)
as measured by recent GPS measurements taken by Normandeau Associates.

Re-located TLD position of TL.-10 on Tables B.4-1 and B.4-2. (The TLD was moved a short
distance due to its interference with on-going quarry operations near the SSW site boundary
[maintained position criteria for TLD coverage in the SSW sector from the plant near the site
boundary]).

Removed location information for TLD locations TL-67 and SB-35 which have been taken out
of the field due to the re-location of the old Fitness Center south of the DFS pad to the ground
floor of the Hi-Rise Office Building. Add reference in the ODCM monitoring with respect to
the DFS TLD locations SB-32 and SB-33 which are in the Hi-Rise Office Building and provide
exposure monitoring of the new Fitness Center.

Added new radionuclide dose conversion factors for new on-site receptors at the Firing Range
and new Fitness Center.

Removed dose factors and all references to the on-site boat launching ramp known as the
“Rocks”. This was due to its close proximity to the Protected Area Boundary which has
precipitated security to exercise restricted access to the site for the public, and thereby
eliminating the location from any exposure pathways to members of the public. In addition, the
need for TL-43 to monitor direct radiation for public exposures at the “Rock” is eliminated and
the TLD at this location can be permanently removed.

Removed from Figure B.4-2 reference to an old milk sampling location (TM-09), along with
milk location TM-20 on Figure B.4-3, since both locations have gone out of business and have
been dropped from the REMP sampling program. Shell-fish sampling location MU-59 is added
to Figure B.4-3 to illustrate its placement as a control location.

Revised and added new location atmospheric dispersion factors used in the assessment of dose
impacts at the site boundary and on-site receptors (Science and Nature Center, Firing Range,
new Fitness Center).

Updated time dependent (t™) meteorological factors for the maximum off-site dose receptor
location and on-site Science & Nature Center to account for small changes in computational
precision identified between the original derivation of these factors and re-calculation of the
same factors on current computer operating platforms.




Appendix B

Process Control Program

Requirement: The Offsite Dose Calculation Manual requires that licensee initiated changes to the Process

Response:

Control Program be submitted to the Commission in the Annual Radioactive Effluent Release
Report for the period in which the change(s) was made.

No changes were made to the process control program in 2016.




Appendix C
Liquid Holdup Tanks

Requirement: Technical Specification 3.11.1.4 limits the quantity of radioactive material contained in any

Response:

outside temporary tank. With the quantity of radioactive material in any outside temporary
tank exceeding the limits of Technical Specification 3.11.1.4, a description of the events
leading to this condition is required in the next Annual Effluent Release Report in accordance
with Tech. Spec. 6.8.1.4.

From January 1, 2016 to December 31, 2016, there was no radioactive material stored in any
temporary outdoor tank that exceeded the limits of T. S. 3.11.1.4.




Appendix D
Radwaste Treatment Systems

Requirement; Technical Specification 6.14.1a requires that licensee initiated changes to the Radwaste

Response:

Treatment Systems (liquid, gaseous, and solid) be submitted to the Commission in the Annual
Radioactive Effluent Release Report for the period in which the change was made.

For 2016 NextEra Energy Seabrook LLC, will submit any changes to the Radwaste Treatment
Systems (liquid, gaseous and solid) as part of the FSAR update.



Appendix E
Unplanned Releases

Requirement: Technical Specification 6.8.1.4 requires a list and description of unplanned releases from the

Response:

site to UNRESTRICTED AREAS of radioactive materials in gaseous and liquid effluents made
during the reporting period.

e  Submit all groundwater monitoring well sample results and a description of any significant
onsite leaks/spills that impact groundwater

A review of the January 1, 2016 to December 31, 2016 time period indicated there were no
unplanned, unanticipated or abnormal releases from the site to unrestricted areas of radioactive
materials of gaseous or liquid effluents. See next sheet for groundwater monitoring well results.




Date/Time BD-1 BD-2 BD-3 BD-4 BD-5 BD-6 BU-1

SC-1

SD-1

2016 Ground Water Monitoring Well Tritium Data

sb-2 sD-3 8D4 SD-5 SU-t

SW-1

SW-2 SW-3 SW-4 SW-5 SW-8 SU-10 SU-11 BU-10 BU-11 TW-1 TW-2 Tw-3
(pCilL) (pCilL) (PCiL) (pCiL) (PCIL) (PCIL) (PCIL) (pCiL) (pCilL) (pCilL) (pCL) (pCiL) (pCiL) (pCL) (pCiL) (pCiL) (pCIL) (pCil) (pCHL) (pCifL) (pCilL) (pCilL) (pCill)

(pCilL) (pCilL) (pCIL) (pCilL)

03/30/16

1730

03/31/16

618

<590

<595

06/23/16

598

<576

2080

<583

09/08/16

<432

652

09/09/16

1820

09/14/16

<601

<572

09/15/16

<572

<570

<578

<572

<570

09/16/16

<569

<570

<569

<572

12/14/16

1960

<580

12/15/16

<580

<580

Paired well locations:

SD-1/BD-2 South of plant near seawall inside PA fence
SD-2 / BD-3 East of plant inside owner controlled area

SD-3 / BD-4 Northeast of plant inside owner controlled area
SD-4 / BD-5 Southwest of plant, south of cooling tower inside owner controlled area
SD-5 / BD-6 South of Unit 2 containment equipment hatch outside PA fence

SU-1/BU-1 Northwest of plant (Background location) inside owner controlled area
SU-10/ BU-10 North / northwest of plant inside PA fence

SU-11/BU-11 North of plant inside PA fence

Note: All sample results in pCi/L

Selected well locations:

SW-1 South of Fuel Storage Building (Indicator location) inside PA fence

SW-2 East of plant near Service Water Pump House inside PA fence

SW-3 Southwest of plant near Unit 1 to Unit 2 tunnel inside PA fence

SW-4 South of waste process building / steam generator blowdown room inside PA fence

SW-5 West of service water building inside PA fence

SW-6 Southwest of demineralized tank 259 inside PA fence

TW-1 Southeast of plant inside owner controlled area outside PA fence
TW-2 Southeast of plant inside owner controlied area outside PA fence
TW-3 Southeast of plant inside owner controlled area outside PA fence

Definitions:
S = Shallow
B = Bedrock

C = Cross gradient
D = down gradient

U = up gradient
T = temporary




Enclosure 2

Joint Frequency Distributions of Wind Speed,
Wind Direction, and Atmospheric Stability



SEABROOK JAN16-DEC16 MET DATA JOINT FREQUENCY DISTRIBUTION

43.0 FT WIND DATA STABILITY CLASS A

WIND DIRECTION FROM

SPEED N NNE NE ENE E ESE SE SSE
MPH
CALM 1 0 0 0 0 0 1 0
(1) 06 00 00 .00 00 ol ¢] 06 00
(2) 0l 00 00 .00 00 00 01 00
Cc-3 7 6 6 6 7 4 2 5
(1) 42 36 36 36 W42 24 12 30
(2) 08 07 07 07 .08 05 02 06
4-7 34 29 15 17 42 22 35 18
(1) 2.05 1.75 90 1.02 2.53 1.33 2.11 1.08 1
(2) 39 33 17 .20 48 25 40 21
8-12 4 5 25 46 32 29 48 25
(1) 24 30 1.51 2.77 1.93 1.75 2.89 1.51
(2) 05 06 29 .53 37 33 55 29
13-18 0 0 20 16 10 5 0 2
(1) 0o 00 1.21 .96 60 30 00 12
(2) 00 00 23 .18 12 06 00 02
19-24 0 0 0 2 3 2 0 0
(1) .00 .00 .00 .12 .18 .12 .00 .00
(2) .00 .00 .00 .02 .03 .02 .00 .00
GT 24 0 0 0 0 0 4] 0 0
(1) .00 .00 .00 .00 .00 .00 .00 .00
(2) .00 .00 .00 .00 .00 .00 .00 .00
ALL SPEEDS 46 40 66 87 94 62 86 50

(1) 2,77 2.41 3.98 5.24 5.67 3.74 5.18 3.01 2.

(2) .53 .46 .76 1.00 1.08 .71 .99 .58

(1)=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PAGE
(2)=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PERIOD
C= CALM (WIND SPEED LESS THAN OR EQUAL TO .95 MPH)

(210-FOOT TOWER)

S8W

CLASS FREQUENCY

SW

103
6.21
1.19

(PERCENT) =

WSW

188
11.33
2.17

19.12

107

1.23

= o,
~3
Rl

269
16.21
3.10

NNW VRBL
¢] 0
.00 .00
.00 .00
11 0
.66 .00
13 .00
41 0
.47 .00
.47 .00
13 0
78 .00
15 00
6 0
.36 .00
.07 .00
0 0
.00 .00
.00 00
0 0
.00 .00
.00 .00
71 0
.28 .00
.82 .00

TOTAL

.12
.02

156
1.80
660
39.78
7.61
623
37.55
7.18
207
12.48
2.39
11

.13

.00

1659
100.00
19.12




SEABROOK JAN16-DEC16 MET DATA JOINT FREQUENCY DISTRIBUTICN (210-~FOOT TOWER)
43.0 FT WIND DATA STABILITY CLASS B CLASS FREQUENCY (PERCENT) = 4.71

WIND DIRECTION FROM

SPEED N NNE NE ENE E ESE SE SSE S SSW SW  WSW W WNW
MPH

CALM 0 ] 0 0 1 0 0 0 0 0 0 0 0 0
(1) .00 .00 .00 .00 .24 .00 .00 .00 .00 .00 .00 .00 .00 .00
(2) .00 .00 .00 .00 .01 .00 .00 .00 .00 .00 .00 .00 .00 .00
C-3 2 0 0 1 1 2 1 1 2 2 3 2 3 2
(1) .49 .00 .00 .24 .24 .49 .24 .24 .49 .49 .73 .49 .73 .49
(2) .02 .00 .00 .01 .01 .02 .01 .01 .02 .02 .03 .02 .03 .02
4-1 8 2 0 1 1 4 11 2 2 2 6 31 18 12
(1) 1.96 .49 00 .24 .24 .98 2.69 .49 .49 49 1.47 7.58 4.40 2.93
(2) .09 .02 .00 .01 .01 .05 .13 .02 .02 .02 .07 .36 .21 .14
8-12 2 0 3 20 19 14 20 9 2 10 22 22 24 25
(1) .49 .00 .73 4.89 4.65 3.42 4.89 2.20 .49 2.44 5.38 5.38 5.87 6.11
(2) .02 .00 .03 .23 .22 .16 .23 .10 .02 .12 .25 .25 .28 .29
13-18 0 0 2 7 2 0 0 0 0 0 5 2 3 7
(1) .00 .00 .49 1,71 .49 .00 .00 .00 .00 .00 1.22 .49 .73 1,71
(2) .00 .00 .02 .08 .02 .00 .00 .00 .00 .00 .06 .02 .03 .08
19-24 0 0 0 0 ] 0 0 0 0 0 5 0 0 4
(1) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 1.22 .00 .00 .98
(2) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .06 .00 .00 .05
GT 24 0 0 0 0 0 0 0 0 0 0 0 0 0 0
(1) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
(2) 00 00 00 00 00 00 00 00 00 00 00 00 00 00
ALL SPEEDS 12 2 5 29 24 20 32 12 6 14 41 57 48 50
(1) 2.93 .49 1.22 7.09 5.87 4.89 7.82 2.93 1.47 3.42 10.02 13.94 11.74 12.22
(2) .14 .02 .06 .33 .28 .23 .37 .14 .07 .16 .47 .66 .55 .58

(1)=PERCENT OF ALL GOCD OBSERVATIONS FOR THIS PAGE
(2)=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PERIOD
C= CALM (WIND SPEED LESS THAN OR EQUAL TO .95 MPH)

11.

NW

NNW VRBL
0 0
.00 .00
.00 .00
1 0
.24 .00
.01 .00
5 0
.22 .00
.06 .00
2 0
.49 .00
.02 .00
2 0
.49 .00
.02 .00
o 0
.00 .00
.00 .00
0 0
.00 .00
.00 .00
10 0
.44 .00
.12 .00

TOTAL

27
6.60
.31

122
29.83
1.41
210
51.34
2.42
37
.43
12
.14
.00
.00
409

100.00
4.71



SEABROOK JAN16-DEC16 MET DATA JOINT FREQUENCY DISTRIBUTION (210-FOOT TOWER)
43.0 FT WIND DATA STABILITY CLASS C CLASS FREQUENCY (PERCENT) = 6.33

WIND DIRECTION FROM

SPEED N NNE NE ENE B ESE SE SSE S SSW SW WSW W WNW
MPH

CALM 0 0 0 0 0 G 0 ] 0 0 0 0 0 0
(1) .00 .00 .00 .00 .00 00 .00 00 00 .00 00 .00 .00 .00
(2) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
C-3 4 0 2 3 1 0 0 0 3 0 0 3 7 5
(1) .13 .00 .36 .55 .18 .00 .00 .00 .55 .00 .00 .55 1.28 .91
(2) .05 .00 .02 .03 .01 .00 .00 .00 .03 .00 .00 .03 .08 .06
4-7 9 3 1 1 8 7 16 8 5 6 12 38 23 20
(1) 1.64 .55 18 .18 1.46 1.28 2.91 1.46 91 1.09 2.19 6.92 4.19 3.64
(2) .10 .03 .01 .01 .09 .08 .18 .09 .06 .07 .14 .44 .27 .23
8-12 3 4 7 27 33 20 22 4 1 3 29 22 14 29
(1) .55 .73 1.28 4.92 6.01 3.64 4.01 .73 .18 .55 5.28 4.01 2.55 5.28
(2) .03 .05 .08 .31 .38 .23 .25 .05 .01 .03 .33 .25 .16 .33
13-18 0 0 4 6 4 1 0 0 0 1 6 3 4 20
(1) 00 00 73 1.09 73 18 00 00 00 18 1.09 55 73 3.64
(2) 00 00 05 07 05 01 00 00 00 01 07 03 05 23
19-24 0 0 1 0 0 0 0 0 0 0 1 0 0 2
(1) .00 .00 .18 .00 .00 .00 .00 .00 .00 .00 .18 .00 .00 .36
(2) .00 .00 .01 .00 .00 .00 .00 .00 .00 .00 .01 .00 .00 .02
GT 24 0 0 0 0 0 0 0 0 0 0 0 0 0 0
(1) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
(2) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
ALL SPEEDS 16 7 15 37 46 28 38 12 9 10 48 66 48 76
(1} 2,91 1.28 2.73 6.74 8.38 5.10 6.92 2.19 1.64 1.82 8.74 12.02 8.74 13.84
(2} .18 .08 .17 .43 .53 .32 .44 .14 .10 .12 .55 .76 .55 .88

{1)=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PAGE
(2)=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PERIOD
C= CALM (WIND SPEED LESS THAN OR EQUAL TO .95 MPH)

12.

NW

NNW VRBL
0 0
.00 .00
.00 .00
2 0
.36 .00
.02 .00
18 0
.28 .00
.21 .00
5 0
.91 .00
.06 .00
2 0
.36 .00
.02 .00
0 0
.00 .00
.00 00
] 0
.00 00
.00 00
27 0
.92 .00
.31 .00

TOTAL

.00

31
5.65
.36

186
33.88
2.14

257
46.81
2.96

68
12.39
.78

.08

.00
.00

549
100.00
6.33



SEABROOK JAN16-DEC16 MET DATA JOINT FREQUENCY DISTRIBUTION (210-FOOT TOWER)
43.0 FT WIND DATA STABILITY CLASS D CLASS FREQUENCY (PERCENT) = 39.82

WIND DIRECTION FROM

SPEED N NNE NE ENE E ESE SE SSE S SswW SW  WSW W WNW NW NNW VRBL TOTAL
MPH

CALM 1 1 0 1 0 1 0 0 0 0 0 0 0 2 0 0 0 6
(1) .03 .03 .00 .03 .00 .03 .00 .00 .00 .00 .00 .00 .00 .06 .00 .00 .00 .17
(2) .01 .01 .00 .01 .00 .01 .00 .00 .00 .00 .00 .00 .00 .02 .00 .00 .00 .07
c-3 22 20 16 29 22 10 15 18 25 23 18 27 32 29 34 19 0 359
(1) .64 .58 .46 .84 .64 .29 .43 .52 12 .67 .52 .78 .93 .84 .98 .55 .00 10.39
(2) .25 .23 .18 .33 .25 .12 .17 .21 .29 .27 .21 .31 .37 .33 .39 .22 .00 4.14
4-7 72 44 54 104 90 78 84 72 60 87 106 139 98 131 144 103 0 1466
(1) 2.08 1.27 1.56 3.01 2.60 2.26 2.43 2.08 1.74 2.52 3.07 4.02 2.84 3.79 4.17 2.98 .00 42.42
(2) .83 .51 .62 1,20 1.04 .90 .97 .83 .69 1.00 1.22 1.60 1.13 1.51 1.66 1.19 .00 16.89
8-12 47 21 93 80 87 57 32 45 32 75 169 75 111 167 150 41 0 1282
(1) 1.36 .61 2.69 2.31 2.52 1.65 .93 1.30 .93 2.17 4.89 2,17 3.21 4.83 4.34 1.19 .00 37.09
(2) .54 .24 1.07 .92 1.00 .66 .37 .52 .37 .86 1.95 .86 1.28 1.92 1.73 .47 .00 14.77
13-18 0 0 31 15 27 2 1 6 2 15 29 5 27 92 60 2 0 314
(1) .00 .00 .90 .43 .78 .06 .03 .17 .06 .43 .84 .14 .78 2,66 1.74 .06 .00 9.09
{2) .00 .00 .36 17 .31 .02 .01 .07 .02 .17 .33 .06 .31 1.06 .69 .02 .00 3.62
19-24 0 0 2 1 1 1 0 0 1 0 4 0 0 12 6 0 0 28
(1) .00 .00 .06 .03 .03 .03 .00 .00 .03 .00 .12 .00 .00 .35 .17 .00 .00 .81
(2) .00 .00 .02 .01 .01 .01 .00 .00 .01 .00 .05 .00 .00 .14 .07 .00 .00 .32
GT 24 0 0 0 0 0 0 ¢] 0 1 0 Y] 0 0 ¢] 0 0 0 1
(1) .00 .00 .00 .00 .00 .00 .00 .00 .03 .00 .00 .00 .00 .00 .00 .00 .00 .03
(2) .00 .00 .00 .00 .00 .00 .00 .00 .01 .00 .00 .00 .00 .00 .00 .00 .00 .01
ALL SPEEDS 142 86 196 230 227 149 132 141 121 200 326 246 268 433 394 165 0 3456

(1) 4.11 2.49 5.67 6.66 6.57 4.31 3.82 4.08 3.50 5.79 9.43 7.12 7.75 12.53 11.40 4.77 .00 100.00
(2) 1.64 .99 2.26 2.65 2.62 1.72 1.52 1.62 1.39 2.30 3.76 2.83 3.09 4.99 4.54 1.90 .00 39.82

(1)=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PAGE
(2)=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PERIOD
C= CALM (WIND SPEED LESS THAN OR EQUAL TC .95 MPH)




SEABROOK JAN16-DEC16 MET DATA JOINT FREQUENCY DISTRIBUTION (210-FOOT TOWER)

43.0 FT WIND DATA STABILITY CLASS E CLASS FREQUENCY (PERCENT) = 18.69

WIND DIRECTION FROM

SPEED N NNE NE ENE E ESE SE SSE S SSW SW  WSW W WNW NW NNW VRBL TOTAL
MPH

CALM 2 1 0 1 0 1 1 0 0 0 1 0 0 0 1 2 0 10
(1} .12 .06 00 .06 .00 .06 06 .00 .00 00 .06 .00 .00 .00 .06 .12 .00 .62
(2} .02 .01 .00 .01 .00 .01 .01 .00 .00 .00 .01 .00 .00 .00 .01 .02 .00 .12
Cc-3 27 17 21 18 13 17 3 17 27 40 44 64 87 67 49 37 0 548
(1) 1.66 1.05 1.29 1.11 .80 1.05 .18 1.05 1.66 2.47 2.71 3.95 5.36 4.13 3.02 2.28 .00 33.79
(2) .31 .20 .24 .21 .15 .20 .03 .20 .31 .46 .51 .74 1.00 L7 .56 .43 .00 6.31
4-7 14 11 10 13 28 12 20 25 14 37 90 170 143 130 125 39 0 881
(1) .86 .68 .62 .80 1.73 .74 1.23 1.54 .86 2.28 5.55 10.48 8.82 8.01 7.71 2.40 .00 54.32
(2) .16 .13 .12 .15 .32 .14 .23 .29 .16 .43 1.04 1.96 1.65 1.50 1.44 .45 .00 10.15
8-12 1 0 7 17 11 5 7 8 4 15 35 26 5 9 19 0 0 169
(1} .06 .00 .43 1.05 .68 .31 .43 .49 .25 .92 2.16 1.60 .31 .55 1.17 .00 .00 10.42
(2) .01 .00 .08 .20 .13 .06 .08 .09 .05 .17 .40 .30 .06 .10 .22 .00 .00 1.95
13-18 0 0 1 2 6 0 0 1 0 0 2 0 0 0 1 0 0 13
(1) .00 .00 .06 .12 .37 .00 .00 .06 00 .00 .12 .00 .00 .00 .06 .00 .00 .80
(2) .00 .00 .01 .02 .07 .00 .00 .01 .00 .00 .02 .00 .00 .00 .01 .00 .00 .15
19-24 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1
(1) .00 .00 .00 .00 .00 .06 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .06
(2) .00 .00 .00 .00 .00 .01 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .01
GT 24 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
(1) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
(2) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
ALL SPEEDS 44 29 39 51 58 36 31 51 45 92 172 260 235 206 195 78 Q 1622
(1) 2,71 1.79 2.40 3.14 3.58 2.22 1.91 3.14 2.77 5.67 10.60 16.03 14.49 12.70 12.02 4.81 .00 100.00
(2) .51 .33 .45 .59 .67 .41 .36 .59 .52 1.06 1.98 3.00 2.71 2.37 2.25 .90 .00 18.69

(1)=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PAGE
(2)=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PERICD
C= CALM (WIND SPEED LESS THAN OR EQUAL TC .95 MPH)



SEABROOK JAN16-DEC16 MET DATA JOINT FREQUENCY DISTRIBUTION (210-FOOT TOWER)
43.0 FT WIND DATA STABILITY CLASS F CLASS FREQUENCY (PERCENT) = 6.61

WIND DIRECTION FROM

SPEED N NNE NE ENE E ESE SE SSE S sSsw SW WswW W WNW NwW NNW VRBL TOTAL
MPH
CALM 2 0 1 0 1 0 0 0 0 0 1 0 0 1 1 1 0 8
(1) .35 .00 .17 .00 W17 .00 .00 .00 .00 .00 W17 .00 .00 .17 .17 .17 .00 1.39
(2) .02 .00 .01 .00 .01 .00 .00 .00 .00 .00 .01 .00 .00 .01 .01 .01 .00 .09
C-3 13 7 10 13 6 7 4 2 3 9 28 52 87 71 49 13 o] 374
(1) 2.26 1.22 1.74 2.26 1.05 1.22 .70 .35 .52 1.57 4.88 9.06 15.16 12.37 8.54 2.26 .00 65.16
(2} .15 .08 .12 .15 .07 .08 .05 .02 .03 .10 .32 .60 1.00 .82 .56 .15 .00 4.31
4-17 2 0 1 3 5 2 6 0 3 3 7 30 34 30 44 14 0 i84
(1) .35 .00 W17 .52 .87 .35 1.05 .00 .52 .52 1.22 5.23 5.92 5.23 7T.67 2.44 .00 32.06
(2) .02 .00 .01 .03 .06 .02 .07 .00 .03 .03 .08 .35 .39 .35 .51 .16 .00 2.12
8-12 0 0 0 0 2 0 2 0 0 1 0 0 0 0 2 1 0 8
(1) .00 .00 .00 .00 .35 .00 .35 .00 .00 W17 .00 .00 .00 .00 .35 .17 .00 1.39
(2) .00 .00 .00 .00 .02 .00 .02 .00 .00 .01 .00 .00 .00 .00 .02 .01 .00 .09
13-18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 C 0
(1) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
(2) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
19-24 0 0 0 0 0 0 ] 0 0 ] 0 0 0 0 0 0 0 0
(1) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
(2) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
GT 24 0 0 0 0 0 0 0 ] 0 0 0 ¢} 0 0 0 0 0 0
(1) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
(2) .00 .00 .00 .00 .00 .C0 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
ALL SPEEDS 17 7 12 16 14 9 12 2 6 13 36 82 121 102 96 29 0 574
(1) 2.96 1.22 2.09 2.79 2.44 1.57 2.09 .35 1.05 2.26 6.27 14.29 21.08 17.77 16.72 5.05 .00 100.00
(2) .20 .08 .14 .18 .16 .10 .14 .02 .07 .15 .41 .94 1.39 1.18 1.11 .33 .00 6.61

(1)=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PAGE
(2)=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PERICD
C= CALM (WIND SPEED LESS THAN OR EQUAL TO .95 MPH)



SEABROOK JAN16-DEC16 MET DATA JOINT FREQUENCY DISTRIBUTION

43.0 FT WIND DATA

13-18

19-24
(1)
(2)

GT 24
(1)
(2)

ALL SPEEDS
(1)
(2)

(1)=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PAGE

.13
.03

NE

1.71
.08

STABILITY CLASS G

ENE

.00

10

.12

.24
.01

.00
.00

ESE

0
.00
.00

3
.73
.03

0
.00
.00

0
.00
.00

0
.00
.00

0
.00
.00

0
.0C
.00

3
.73
.03

(2)=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PERIOD
.95 MPH)

C= CALM

(WIND SPEED LESS THAN OR EQUAL TO

WIND DIRECTION FROM

CLASS FREQUENCY

SW

1

.01

i8

.21

.00
.00

.00
.00

.00
.00

.00
.00

(210-FOOT TOWER)

(PERCENT) =
WswW W

2 0

.49 .00
.02 .00
54 79
13.20 19.32
.62 .91

4 14

.98 3.42
.05 .16

0 0

.00 .00
.00 .00

0 0

.00 00
.00 00

0 0

.00 .00
.00 .00

0 0

.00 .00
.00 .00
60 93
14.67 22.74
.69 1.07

4.71

WNW

0
.00
.00

101
24.69
1.16
11

.13

11.

i6.
.18

NW

68
63

NNW VRBL
0 0
.00 .00
.00 .00
7 c
.11 .00
.08 .00
2 0
.49 .00
.02 .00
0 ¢]
.00 .00
.00 .00
0 0
.00 .00
.00 00
0 0
.00 00
.00 00
0 0
.00 00
.00 00
9 0
.20 .00
10 .00

TOTAL

1.71
.08

343
83.86
3.95

59
14.43
.68

.00
.00

.00
.00

.00
.00

.00
.00

409
100.00
4.71



SEABROOK JAN16-DEC16 MET DATA JOINT FREQUENCY DISTRIBUTION (210-FOOT TOWER)
43.0 FT WIND DATA STABILITY CLASS ALL CLASS FREQUENCY (PERCENT) = 100.00

WIND DIRECTION FROM

SPEED N NNE NE ENE E ESE SE SSE S SswW SW  WSW W WNW
MPH
CALM 6 3 2 2 2 2 3 0 0 0 3 2 ] 3
(1) .07 .03 .02 .02 .02 .02 .03 .00 .00 .00 .03 .02 .00 .03
(2) .07 .03 .02 .02 .02 .02 .03 .00 .00 .00 .03 .02 .00 .03
Cc-3 78 52 61 80 57 43 26 44 69 87 119 217 310 295
(1) .90 .60 .70 .92 .66 .50 .30 .51 .80 1.00 1.37 2.50 3.57 3.40
(2} .90 .60 .70 .92 .66 .50 .30 .51 .80 1.00 1.37 2.50 3.57 3.40

4-1 139 89 81 140 179 125 172 125 109 165 257 491 401 404
(1) 1.60 1.03 .93 1.61 2.06 1.44 1.98 1.44 1.26 1.90 2.96 5.66 4.62 4.66
(2) 1.60 1.03 .93 1.61 2.06 1.44 1.98 1.44 1.26 1.90 2.96 5.66 4.62 4.66
8-12 57 30 135 190 184 125 131 91 43 119 293 219 218 337
(1) .66 .35 1.56 2.19 2.12 1.44 1.51 1.05 .50 1.37 3.38 2.52 2.51 3.88
(2) .66 .35 1.56 2.19 2.12 1.44 1.51 1.05 .50 1.37 3.38 2.52 2.51 3.88
13-18 0 0 58 46 49 8 1 9 2 20 63 30 44 165
(1) .00 .00 .67 .53 .56 .09 .01 .10 .02 .23 .73 .35 .51 1.90
(2} .00 .00 .67 .53 .56 .09 .01 .10 .02 .23 .73 .35 .51 1,90
19-24 0 0 3 3 4 4 0 0 1 0 10 0 0 18
(1) .00 .00 .03 .03 .05 .05 .00 .00 .01 .00 .12 .00 .00 .21
(2) .00 .00 .03 .03 .05 .05 .00 .00 .01 .00 .12 .00 .00 .21
GT 24 0 0 0 0 ¢ 0 0 0 1 0 0 0 0 0
(1) .00 .00 .00 .00 .00 .00 .00 .00 .01 .00 .00 .00 .00 .00
(2) .00 .00 .00 .00 .00 .00 .00 .00 .01 .00 .00 .00 .00 .00

ALL SPEEDS 280 174 340 461 475 307 333 269 225 391 745 958 973 1222

NW

210
2.42
2.42

459
5.29
5.29

315
3.63
132
1.52
1.52
i6
.18
.18
0
.00
.00

1135

(1) 3.23 2.01 3.92 5.31 5.47 3.54 3.84 3.10 2.59 4.51 8.58 11.05 11.21 14.08 13.08
(2) 3.23 2.01 3.92 5.31 5.47 3.54 3.84 3.10 2.59 4.51 8.58 11.05 11.21 14.08 13.08

(1)=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PAGE
(2)=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PERIOD
C= CALM (WIND SPEED LESS THAN OR EQUAL TC .95 MPH)

NNW VRBL
3 0
.03 .00
.03 .00
90 0
1.04 .00
1.04 .00
222 0
2.56 .00
2.56 .00
62 0
.11 .00
71 .00
12 0
.14 .00
.14 .00
0 0

00 .00
00 .00

0 0
.00 .00
.00 .00
389 0
4.48 .00
4.48 .00

TOTAL

1838
21.18
21.18

3558
41.00
41.00

2549
29.37
29.37

639
7.36
7.36

59

.68

.01

.01
8678

100.00
100.00



SEABROCOK JAN16-DEC16 MET DATA JOINT FREQUENCY DISTRIBUTION (210-FOOT TOWER)
209.0 FT WIND DATA STABILITY CLASS A CLASS FREQUENCY (PERCENT) = 23.95

WIND DIRECTION FROM

SPEED N NNE NE ENE B ESE SE SSE S Ssw SW WSW W WNW
MPH
CAIM 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1) 00 00 00 00 00 00 00 00 00 00 00 00 00 00
2) 00 1] 00 00 00 00 00 00 00 00 00 00 00 00
C-3 2 2 2 4 2 2 2 3 5 2 2 5 5 11
(1) 13 13 13 25 13 13 13 19 32 13 13 32 32 70
(2) 03 03 03 06 03 03 03 05 08 03 03 08 08 17
4-17 21 16 5 10 22 13 13 10 9 17 19 23 i5 39
(1) 1.34 1.02 32 64 1.40 83 .83 .64 57 1.08 1.21 1.46 96 2.48
(2) 32 24 08 15 34 20 .20 15 14 26 29 35 23 59
8-12 30 24 22 15 24 20 31 11 21 27 39 47 57 82
(1) 1.91 1.53 1.40 96 1.53 1.27 1.97 70 1.34 1.72 2.48 2.99 3.63 5.22
(2) 46 37 34 23 37 31 417 17 32 41 59 72 87 1.25
13-18 3 12 34 22 13 9 23 10 5 i0 27 71 68 115
(1 19 76 2.17 1.40 83 57 1.46 .64 32 64 1.72 4.52 4.33 7.32
(2} 05 18 52 34 20 14 35 .15 08 15 41 1.08 1.04 1.75
19-24 1 3 9 4 8 2 3 2 1 2 17 23 25 40
(1) 06 19 57 25 51 13 19 .13 06 13 1.08 1.46 1.59 2.55
(2) 02 a5 14 06 12 03 05 .03 02 03 26 35 38 61
GT 24 0 0 1 3 3 4 0 0 0 0 1 1 2 4
(1) 00 00 06 19 19 25 .00 00 00 00 43 06 13 25
(2) 00 00 02 05 05 06 .00 00 00 00 02 .02 03 06
ALL SPEEDS 57 57 73 58 72 50 72 36 41 58 105 170 172 291
(1) 3.63 3.63 4.65 3.69 4.59 3.18 4.59 2.29 2.61 3.69 6.69 10.83 10.96 18.54
(2) .87 .87 1.11 .88 1.10 .76 1.10 .55 .63 .88 1.60 2.59 2.62 4.44

{1)=PERCENT OF ALL GOCD OBSERVATIONS FOR THIS PAGE
(2)=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PERIOD
C= CALM (WIND SPEED LESS THAN OR EQUAL TO .95 MPH)

NW

w
iy
(o2}

186
11.85
2.84

NNW VRBL
0 0
.00 .00
.00 .00
6 0
.38 .00
.09 .00
36 0
2.29 .00
.55 .00
20 0
1.27 .00
.31 .00
6 0
.38 .00
.09 .00
4 0
.25 .00
.06 .00
] 0
.00 .00
.00 .00
72 0
4.59 .00
1.10 .00

TOTAL

.00
.00

62
3.95
.95

296
18.85
4.52

551
35.10
8.41

479
30.51
7.31

16l
10.25
2.46

21
1.34
.32

1570
100.00
23.95



SEABROOK JAN16-DEC16 MET DATA JOINT FREQUENCY DISTRIBUTION (210-FOOT TOWER)
209.0 FT WIND DATA STABILITY CLASS B CLASS FREQUENCY (PERCENT) = 4.24

WIND DIRECTION FROM

SPEED N NNE NE ENE E ESE SE SSE S SSW SW WsW W WNW
MPH
CAIM 0 0 0 0 o] 0 0 0 0 0 ] 0 0 0
(1) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
(2) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
Cc-3 0 1 1 0 0 0 0 0 0 0 0 0 0 0
(1) .00 .36 .36 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
(2) .00 .02 .02 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
4-7 1 0 0 0 1 3 3 0 5 3 5 0 4 4
(1) .36 .00 .00 .00 .36 1.08 1.08 .00 1.80 1.08 1.80 .00 1.44 1.44
(2) .02 .00 .00 .00 .02 .05 .05 .00 .08 .05 .08 .00 .06 .06
8-12 6 2 1 8 7 7 10 1 3 4 7 17 17 10
(1) 2.16 .72 .36 2.88 2.52 2.52 3.60 .36 1.08 1.44 2.52 6.12 6.12 3.60
(2) .09 .03 .02 12 .11 L1l .15 .02 .05 .06 .11 .26 .26 .15
13-18 2 0 1 3 2 2 3 3 1 3 19 20 20 21
(1) .12 .00 .36 1.08 72 .72 1.08 1.08 .36 1.08 6.83 7.19 7.19 7.55
(2) .03 .00 .02 .05 .03 .03 .05 .05 .02 .05 .29 .31 .31 .32
19-24 0 0 1 1 0 0 0 0 0 0 1 1 0 3
(1) .00 .00 .36 .36 .00 .00 .00 .00 .00 .00 .36 .36 .00 1.08
(2) .00 .00 .02 .02 .00 .00 .00 .00 .00 .00 .02 .02 .00 .05
GT 24 ] €] 0 0 0 0 0 0 0 1 4 0 0 3
(1) .00 .00 .00 .00 .00 .00 .00 .00 .00 .36 1.44 .00 .00 1.08
(2) .00 .00 .00 .00 .00 .00 .00 .00 .00 .02 .06 .00 .00 .05
ALL SPEEDS 9 3 4 12 10 12 16 4 9 11 36 38 41 41
(1) 3.24 1.08 1.44 4.32 3.60 4.32 5.76 1.44 3.24 3.96 12.95 13.67 14.75 14.75
(2) .14 .05 .06 .18 .15 .18 .24 .06 .14 .17 .55 .58 .63 .63

{1)=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PAGE
{2)=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PERIOD
C= CALM (WIND SPEED LESS THAN OR EQUAL TO .95 MPH)

NW

NNW VRBL
0 0
00 00
00 00
0 0
00 .00
00 .00
4 0
.44 .00
06 .00
5 0
.80 .00
.08 .00
0 0
.00 .00
.00 .00
0 0
.00 .00
.00 .00
0 0
.00 .00
.00 .00
9 0
.24 .00
.14 .00

TOTAL

12.95

118
42.45
1.80

105
37.77
1.60

2.88
.12

3.24
.14

278
100.00
4.24



SEABROOK JAN16-DEC16 MET DATA JOINT FREQUENCY DISTRIBUTION (210-FOOT TOWER)
209.0 FT WIND DATA STABILITY CLASS C CLASS FREQUENCY (PERCENT) = 5.90

WIND DIRECTION FROM

SPEED N NNE NE ENE E ESE SE SSE S SSW SW  WSW W WNW NW NNW VRBL TOTAL
MPH

CALM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
(1) 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
(2) 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 [o]¢] 00
Cc-3 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 2 0 6
(1) 26 26 26 00 00 00 26 00 00 .00 00 00 00 00 00 52 00 1.55
(2) 02 02 02 00 00 00 02 00 00 .00 00 00 00 00 00 03 00 09
4-17 1 2 0 0 2 1 3 0 3 1 4 3 10 2 2 5 0 39
(1) 26 52 00 00 52 26 78 00 78 26 1.03 78 2.58 52 52 1.29 00 10.08
(2) 02 03 00 00 03 02 05 00 05 02 06 05 15 03 03 08 00 59
8-12 17 5 5 14 16 12 8 9 3 5 12 27 15 21 17 3 0 189
(1) 4.39 1.29 1.29 3.62 4.13 3.10 2.07 2.33 .78 1.29 3.10 6.98 3.88 5.43 4.39 .78 .00 48.84
(2) .26 .08 .08 .21 .24 .18 .12 .14 .05 .08 .18 .41 .23 .32 .26 .05 .00 2.88
13-18 2 2 3 3 2 2 2 4 0 1 21 17 14 28 13 2 0 116
(1) .52 .52 .78 .78 .52 .52 .52 1.03 .00 .26 5.43 4,39 3.62 7.24 3.36 .52 .00 29.97
(2) .03 .03 .05 .05 .03 .03 .03 .06 .00 .02 .32 .26 .21 .43 .20 .03 .00 1.77
19-24 0 0 1 1 1 1 1 0 0 1 3 1 3 15 4 0 0 32
(1) .00 .00 .26 .26 .26 .26 .26 .00 .00 .26 .18 .26 .78 3.88 1.03 .00 .00 8.27
(2) .00 .00 .02 .02 .02 .02 .02 .00 .00 .02 .05 .02 .05 .23 .06 .00 .00 .49
GT 24 0 0 0 0 0 0 0 0 0 0 1 0 1 3 0 0 0 5
(1) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .26 .00 .26 .78 .00 .00 .00 1.29
(2) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .02 .00 .02 .05 .00 .00 .00 .08
ALL SPEEDS 21 10 10 18 21 16 15 13 6 8 a1 48 43 69 36 12 0 387
(1) 5.43 2.58 2.58 4.65 5.43 4.13 3.88 3.36 1.55 2.07 10.59 12.40 11.11 17.83 9.30 3.10 .00 100.00
(2) .32 .15 .15 .27 .32 .24 .23 .20 .09 .12 .63 .73 .66 1.05 .56 .18 .00 5.90

(1}=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PAGE
(2)=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PERIOD
C= CALM (WIND SPEED LESS THAN OR EQUAL TO .95 MPH)



SEABROOK JAN16-DEC16 MET DATA JOINT FREQUENCY DISTRIBUTION (210-FOOT TOWER)

209.0 FT WIND DATA STABILITY CLASS D CLASS FREQUENCY (PERCENT) = 37.33
WIND DIRECTION FROM

SPEED N NNE NE ENE B ESE SE SSE s SSW SW WSW w WNW
MPH

CALM 0 0 0 0 0 0 0 0 0 0 0 0 0 0

(1) .00 .00 .00 .00 .00 00 .00 00 00 00 .00 .00 .00 .00

(2) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00

Cc-3 6 2 13 6 4 0 4 7 2 4 1 3 5 4

(1) .25 .08 .53 .25 .16 .00 .16 .29 .08 .16 .04 .12 .20 .16

(2) .09 .03 .20 .09 .06 .00 .06 .11 .03 .06 .02 .05 .08 .06

4-7 26 17 33 23 28 28 25 19 12 16 23 25 26 20

(1) 1.06 .69 1.35 .94 1.14 1.14 1.02 .78 .49 .65 .94 1.02 1.06 82

(2) .40 .26 .50 .35 .43 .43 .38 .29 .18 .24 .35 .38 .40 .31

8~12 82 29 33 23 42 39 29 44 42 66 85 94 72 121

(2) 1.25 .44 .50 .35 .64 .59 .44 .67 .64 1,01 1.30 1.43 1.10 1.85

13-18 48 23 20 21 9 8 11 27 17 61 105 58 85 134
(1) 1.96 94 .82 .86 37 .33 .45 1.10 .69 2.49 4.29 2.37 3.47 5.48
(2} .73 .35 .31 .32 .14 .12 .17 .41 .26 .93 1.60 .88 1.30 2.04

19-24 9 9 8 9 17 ¢] 1 10 2 19 11 8 57 72
(1} .37 .37 .33 .37 .69 .00 .04 .41 .08 .78 .45 .33 2.33 2.94
(2) .14 .14 .12 .14 .26 .00 .02 .15 .03 .29 .17 .12 .87 1.10

GT 24 0 1 2 0 0 3 1 2 3 1 2 0 6 25
(1) .00 .04 .08 .00 .00 .12 .04 .08 .12 .04 .08 .00 .25 1.02
(2) .00 .02 .03 .00 .00 .05 .02 .03 .05 .02 .03 .00 .09 .38

ALL SPEEDS 171 81 109 82 100 78 71 109 78 167 227 188 251 376
(1) 6.99 3.31 4.45 3.35 4.09 3.19 2.%0 4.45 3.19 6.82 9.28 7.68 10.26 15.37
(2) 2.61 1.24 1.66 1.25 1.53 1.19 1.08 1.66 1.19 2.55 3.46 2.87 3.83 5.74

(1)=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PAGE
(2)=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PERIOD
C= CALM (WIND SPEED LESS THAN OR EQUAL TC .95 MPH)

NW

NNW VRBL
0 0
.00 .00
.00 .00
8 0
.33 .00
12 .00
25 0
1.02 .00
.38 .00
57 0
2.33 .00
.87 .00
17 0
69 .00
.26 .00
0 0

00 .00
00 .00

0 0

00 .00
00 .00
107 0
4.37 00
1.63 00

TOTAL

.00
.00

74
3.02
1.13

387
15.82
5.90

980
40.05
14.95

712
29.10
10.86

2447
100.00
37.33



SEABROOK JAN16-DEC16 MET DATA JOINT FREQUENCY DISTRIBUTION (210-FOOT TOWER)
209.0 FT WIND DATA STABILITY CLASS E CLASS FREQUENCY (PERCENT) = 18.72

WIND DIRECTION FROM

SPEED N NNE NE ENE E ESE SE SSE S SSW SW  WSW W WNW
MPH
CALM 0 0 0 0 0 0 0 0 0 0 0 0 0 0
(1) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
(2) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
Cc-3 8 2 5 4 8 4 3 1 5 8 2 3 3 1
(1) .65 .16 .41 .33 .65 .33 .24 .08 .41 .65 .16 .24 .24 .08
(2) .12 .03 .08 .06 .12 .06 .05 .02 .08 .12 .03 .05 .05 .02
4-17 19 18 8 6 6 5 9 17 18 22 20 8 16 22
(1) 1.55 1.47 .65 .49 .49 .41 .73 1.39 1.47 1.79 1.63 .65 1.30 1.79
(2) .29 .27 .12 .09 .09 .08 .14 .26 .27 .34 .31 .12 .24 .34
8-12 50 7 12 9 4 2 10 25 20 50 77 79 72 117
(1) 4.07 .57 .98 .73 .33 .16 .Bl 2.04 1.63 4.07 6.28 6.44 5.87 9.54
(2) .76 .11 .18 .14 .06 .03 .15 .38 .31 .76 1.17 1,21 1.10 1.78
13-18 8 4 2 8 9 0 0 8 4 21 43 56 37 46
(1} .65 .33 .16 .65 .73 .00 .00 .65 .33 1.71 3.50 4.56 3.02 3.75
(2) .12 .06 .03 .12 .14 .00 .00 .12 .06 .32 .66 .85 .56 .70
19-24 0 0 0 4 5 0 2 4 0 1 2 0 0 1
(1) .00 .00 .00 .33 .41 .00 .16 .33 .00 .08 .16 .00 .00 .08
(2) .00 .00 .00 .06 .08 .00 .03 .06 .00 .02 .03 .00 .00 .02
GT 24 0 0 0 0 2 1 0 1 0 0 0 0 0 0
(1) .00 .00 .00 .00 .16 .08 .00 .08 .00 .00 .00 .00 .00 .00
(2) .00 .00 .00 .00 .03 .02 .00 .02 .00 .00 .00 .00 .00 .00
ALL SPEEDS 85 31 27 31 34 12 24 56 417 102 144 146 128 187

(1) 6.93 2.53 2,20 2.53 2.77 .98 1.96 4.56 3.83 8.31 11.74 11.90 10.43 15.24
(2) 1.30 .47 .41 .47 .52 .18 .37 .85 .72 1.56 2.20 2.23 1.95 2.85

(1)=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PAGE
(2)=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PERIOD
C= CALM (WIND SPEED LESS THAN OR EQUAL TO .95 MPH)

NW

125

1.91

NNW VRBL
0 0
00 .00
00 .00
3 0
.24 .00
05 .00
12 0
.98 .00
.18 .00
30 0
.44 .00
46 .00
3 0
.24 .00
05 .00
0 0
.00 .00
.00 .00
0 0
.00 .00
.00 .00
48 0
.91 .00
73 .00

TOTAL

60
4.89
.92

221
18.01
3.37

642
52.32
9.78%

281
22.90
4.29

19
1.55
.29

.33
.06

1227
100.00
18.72



SEABROOK JAN16-DEC16 MET DATA JOINT FREQUENCY DISTRIBUTION (210-FOOT TOWER)
209.0 FT WIND DATA STABILITY CLASS F CLASS FREQUENCY (PERCENT) = 6.24

WIND DIRECTION FROM

SPEED N NNE NE ENE E ESE SE SSE S SswW sw WsW W WNW
MPH
CALM [¢] 0 0 0 0 0 0 0 0 0 0 0 0 0
(1) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
(2) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
C-3 0 1 0 4 0 0 1 2 4 2 7 4 1 1
(1) .00 .24 .00 .98 .00 .00 .24 .49 .98 .49 1.71 .98 .24 .24
(2) .00 .02 .00 .06 .00 .00 .02 .03 .06 .03 11 .06 .02 .02

.11 .09 .06 .08 .02 .03 .12 .20 .20 .14 12 .09 .05 L1

8-12 14 4 2 1 1 0 0 7 12 15 14 26 36 46
(1) 3.42 .98 .49 .24 .24 .00 .00 1.71 2.93 3.67 3.42 6.36 8.80 11.25
(2) .21 .06 .03 .02 .02 .00 .00 .11 .18 .23 .21 .40 .55 .70

13-18 9 3 ¢] 1 0 0 0 2 1 1 2 7 8 5
(1) 2.20 .73 .00 .24 .00 .00 .00 .49 .24 .24 .49 1.71 1.96 1.22
(2) .14 .05 .00 .02 .00 .00 .00 .03 .02 .02 .03 .11 .12 .08

19-24 0 0 0 0 0 0 0 0 0 0 0 0 0 0
(1) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
(2) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00

GT 24 0 0 0 0 0 0 0 0 0 [¢] 0 0 0 0
(1) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
(2) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00

ALL SPEEDS 30 14 6 11 2 2 9 24 30 27 31 43 48 59
(1) 7.33 3.42 1.47 2.69 .49 .49 2,20 5.87 7.33 6.60 7.58 10.51 11.74 14.43
(2) .46 .21 .09 17 .03 .03 .14 .37 .46 .41 .47 .66 .73 .90

(1)=PERCENT OF ALL GCOD OBSERVATIONS FOR THIS PAGE
(2)=PERCENT OF ALL GOCD OBSERVATIONS FOR THIS PERIOD
C= CALM (WIND SPEED LESS THAN OR EQUAL TO .95 MPH)

13.

NW

NNW VRBL
0 0
.00 .00
.00 .00
2 0
.49 .00
.03 .00
2 0
.49 .00
.03 .00
10 0
.44 .00
.15 .00
3 0
.13 .00
.05 .00
0 0
.00 .00
.00 .00
0 0
.00 .00
.00 .00
17 0
.16 .00
.26 .00

TOTAL

.00
30

7.33
.46

103
25.18
1.57

223
54.52
3.40

53
12.96
.81

.00
.00

.00
.00

409
100.00
6.24



SEABROOK JAN16-DEC16 MET DATA JOINT FREQUENCY DISTRIBUTION (210-FOOT TOWER)
209.0 FT WIND DATA STABILITY CLASS G CLASS FREQUENCY (PERCENT) = 3.62

WIND DIRECTION FROM

SPEED N NNE NE ENE E ESE SE SSE S SSW SW WsW W WNW
MPH

CALM 0 0 0 o] 0 0 0 0 0 0 0 0 1 0
(1) .00 .00 .00 .00 00 .00 .00 .00 .00 00 .00 .00 .42 .00
(2) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .02 .00
C-3 3 2 1 2 1 1 0 1 1 2 1 1 3 4
(1) 1.27 .84 .42 .84 .42 .42 .00 .42 .42 .84 .42 .42 1.27 1.69
(2) .05 .03 .02 .03 .02 .02 .00 .02 .02 .03 .02 .02 .05 .06
4-7 5 4 7 2 2 1 3 2 5 8 13 14 8 4
(1) 2.11 1.69 2.95 84 .84 .42 1.27 .84 2,11 3.38 5.49 5.91 3.38 1.69
(2} .08 .06 11 .03 .03 .02 .05 .03 .08 .12 .20 .21 .12 .06
8~12 7 2 2 1 0 0 1 3 7 6 16 9 12 18
(1} 2.95 .84 .84 .42 .00 .00 .42 1.27 2.95 2.53 6.75 3.80 5.06 7.59
(2) .11 .03 .03 .02 .00 .00 .02 .05 .11 .09 .24 .14 .18 .27
13-18 3 2 0 0 0 0 0 4] 0 1 0 3 3 1
(1) 1.27 .B4 .00 .00 .00 .00 .00 .00 .00 .42 .00 1.27 1.27 .42
(2} .05 .03 .00 .00 .00 .00 .00 .00 .00 .02 .00 .05 .05 .02
19-24 0 0 0 0 0 0 0 0 0 0 0 0 0 0
(1) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
(2} .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
GT 24 0 0 0 0 0 0 0 0 0 0 ¢] 0 ¢] 0
(1) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
(2) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
ALL SPEEDS 18 10 10 5 3 2 4 6 13 17 30 27 27 27
(1) 7.59 4.22 4.22 2.11 1.27 .84 1.69 2.53 5.49 7.17 12.66 11.39 11.39 11.39
(2) .27 .15 .15 .08 .05 .03 .06 .09 .20 .26 .46 .41 .41 .41

{1)=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PAGE
{2)}=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PERIOD
C= CALM (WIND SPEED LESS THAN OR EQUAL TO .95 MPH)

NNW VRBL
0 0
.00 .00
.00 .00
3 0
.27 .00
.05 .00
6 0
.53 00
.09 00
7 0
.95 00
.11 00
0 0
.00 .00
.00 .00
0 0
.00 .00
.00 .00
0 0
.00 .00
.00 .00
16 0
.75 .00
.24 .00

TOTAL

28
11.81
.43
97
1.48
97
40.93
1.48
14
.21

.00
.00

.00
.00

237
10C.00
3.62



SEABROOK JAN16-DEC16 MET DATA JOINT FREQUENCY DISTRIBUTION (210-FOOT TOWER)
209.0 FT WIND DATA STABILITY CLASS ALL CLASS FREQUENCY (PERCENT) = 100.00

WIND DIRECTION FROM

SPEED N NNE NE ENE E ESE SE SSE S SSW SW  WSW W WNW
MPH

CALM 0 0 0 0 0 0 0 0 0 0 0 0 1 0
(1) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .02 .00

(2) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .02 .00
C-3 20 11 23 20 15 7 11 14 17 18 13 16 17 21
(1) .31 17 .35 .31 .23 .11 .17 .21 .26 .27 .20 .24 .26 .32

(2) .31 17 .35 .31 .23 .11 .17 .21 .26 .27 .20 .24 .26 .32

- 80 63 57 46 62 53 64 61 65 76 92 79 82 98

7
} 1.22 .96 .87 .70 .95 .81 .98 .93 .99 1.i6 1.40 1.21 1.25 1.50
) 1.22 .96 .87 .70 .95 .81 .98 .93 .99 1.16 1.40 1.21 1.25 1.50

8-12 206 73 71 71 94 80 89 160 108 173 250 299 281 415
. . . . . . . . . . 3.81 4.56 4.29 6.33
(2) 3.14 1.11 1.17 1.08 1.43 1.22 1.36 1.53 1.65 2.64 3.81 4.56 4.29 6.33

=
w
=
=
[
=
[
[
=
~
[
(=]
@
=
-y
w
—
n
N
[
w
X
[
6]
w
[
o
w
N
o
L=

13-18 75 46 60 58 35 21 39 54 28 98 217 232 235 350
(1) 1.14 .70 .92 .88 .53 .32 .59 .82 .43 1.50 3.31 3.54 3.59 5.34
(2) 1.14 .70 .92 .88 .53 .32 .59 .82 .43 1.50 3.3%1 3.54 3.59 5.34

19-24 10 12 19 19 31 3 7 16 3 23 34 33 85 131
(1) .15 .18 .29 .29 .47 .05 .11 .24 .05 .35 .52 .50 1.30 2.00
(2) .15 .18 .29 .29 .41 .05 .11 .24 .05 .35 .52 .50 1.30 2.00

GT 24 0 1 3 3 5 8 1 3 3 2 8 1 9 35
(1) .00 .02 .05 .05 .08 .12 .02 .05 .05 .03 .12 .02 .14 .53
(2) .00 .02 .05 .05 .08 .12 .02 .05 .05 .03 .12 .02 .14 .53

ALL SPEEDS 391 206 239 217 242 172 211 248 224 390 614 660 710 1050

NW

ill1
1.69
1.69

352
5.37
5.37

181
2.76
2.76

37
.56
.56

4
.06
.06

700

(1) 5.96 3.14 3.65 3.31 3.69 2.62 3.22 3.78 3.42 5.95 8.37 10.07 10.83 16.02 10.68
(2) 5.96 3.14 3.65 3.31 3.69 2.62 3.22 3.78 3.42 5.95 9.37 10.07 10.83 16.02 10.68

(1)=PERCENT OF ALL GOOD OBSERVATIONS FOR THIS PAGE
(2)=PERCENT OF ALL GOCOD OBSERVATIONS FOR THIS PERIOD
C= CALM {(WIND SPEED LESS THAN OR EQUAL TO .95 MPH)

NNW VRBL
0 0

00 .00
00 .00
24 0
.37 .00
.37 .00
90 0
1.37 00
1.37 00
132 0
2.01 .00
2.01 .00
31 0]
47 .00
47 .00

4 0
.06 .00
.06 .00
0 0
.00 .00
.00 .00
281 0
4.29 .00
4.29 .00

TOTAL



Enclosure 3

Radiation Dose Assessment



Seabrook Station
Radiological Effluent Impact Assessment For 2016
(Annual Radioactive Effluent Release Report)

. Summary

Seabrook Technical Specification Sections 6.7.6.9.4 & 9 require that limitations be placed on the
quarterly and annual doses or dose commitments to Members of the Public from radioactive materials in
liquid and gaseous effluents released from the station to Unrestricted Areas at or beyond the site boundary
conforming to the dose objectives of Appendix | to 10 CFR Part 50. Technical Specification 6.7.6.9.8
requires that limitations on the quarterly and annual air doses resulting from noble gases released in
gaseous effluents to areas beyond the site boundary also conform to Appendix I to 10 CFR Part 50. In a
similar fashion, Technical Specification 6.7.6.9.11 requires limitations on the annual dose or dose
commitment to any Member of the Public due to radioactivity and radiation from uranium fuel cycle
sources conforming to the EPA Radiation Standards in 40 CFR Part 190. The following table details the
above referenced effluent dose limits.

DOSE OBJECTIVE CRITERIA FOR COMPLIANCE

EFFLUENT TYPE DOSE TYPE QUARTERLY LIMITS ANNUAL LIMITS
LIQUIDS Total Body 1.5 mrem 3 mrem
(10CFRS0, APP. 1) Max. Organ 5 mrem 10 mrem
NOBLE GAS Gamma Air 5 mrad 10 mrad
(10CFRS0, APP. 1) Beta Air 10 mrad 20 mrad

GAS PARTICULATE
(10CFR50, APP. 1) Max. Organ 7.5 mrem 15 mrem
TOTAL DOSE Total Body & organ 25 mrem
(40CFR190) -

[liquids, gas, direct] Thyroid 75 mrem

Technical Specification 6.8.1.4 and the Seabrook Offsite Dose Calculation Manual (ODCM) Part
A, Section 10.2, provide that the Station’s Annual Radioactive Effluent Release Report include a
demonstration of compliance with the above off-site dose limitations, as well as the determination of dose
impacts to Members of the Public who may be associated with permitted activities inside the site boundary.

Doses resulting from actual liquid and gaseous effluents from Seabrook Station during 2016 were
calculated in accordance with Method Il as defined in the Station ODCM. The calculation methods follow
the models in Regulatory Guide 1.109 (Reference 1). The assessments included maximum whole body
doses and organ doses from all liquid releases, maximum offsite organ doses resulting from airborne
lodine, Tritium, Carbon-14 and particulate radionuclides with half-lives greater than eight days, and
maximum offsite beta air and gamma air doses from airborne noble gases. Calculated dose impacts from
airborne effluents included atmospheric dispersion estimates utilizing concurrent meteorology recorded by
the Station’s on-site meteorological tower. In addition, the potential direct dose from fixed radiation



sources from both plant operations and dry fuel storage were evaluated as part of the assessment required
under 40 CFR Part 190 for doses from the uranium fuel cycle.

Doses were also calculated for three special receptor locations inside the site boundary where the
public might be granted access for recreational or educational purposes. The Science and Nature Center is
located in the southwest portion of the site and offers educational opportunities on nuclear power and the
environment. The Fitness Center located in the Hi-Rise office building, approximately 384 meters WSW
from the plant vent stack. A third on-site location considered is the Firing Range for security force training
(including local law enforcement), which straddles the West site boundary at approximately 974 meters
from the plant vent stack. Another location which had been included in the past was the “Rocks” boat
launching ramp in an area northeast of the main plant facilities with access to Brown’s Creek and the tidal
marsh that borders the site. This location has been dropped from consideration of public on-site activities
due to restricted public access limitation as a result of security and safety concerns and abandonment of the
boat launching ramp.

All calculated liquid and gaseous pathway doses for the 2016 reporting period are well below the dose
criteria of 10 CFR Part 50, Appendix I, and the dose limits for effluent releases stated in the ODCM. In
addition, the total dose to the most limiting Member of the Public due to the combined exposure to plant
liquid and gaseous effluents and direct radiation from fixed plant and dry fuel storage sources was below
the dose standards of 40 CFR Part 190.



Il. Method for Calculating the Total Body and Maximum Organ Doses Resulting from Liquid
Releases

Liquid waste generated during plant operations is processed and discharged to the environment via
the station’s circulating water cooling system. The cooling system utilizes an offshore-submerged multi-
port diffuser discharge for rapid dissipation and mixing of liquid effluents in the ocean environment. A
22-port diffuser section of the discharge system is located in approximately 50 to 60 feet of water with
each nozzle 7 to 10 feet above the sea floor. Eleven riser shafts, with two discharge nozzles for each
diffuser, are spaced about 100 feet apart over a distance of about 1000 feet. Water is discharged in a
generally eastward direction away from the shoreline through the multiport diffuser, beginning at a
location over one mile offshore. During power operations, these high velocity jets passively entrain about
ten volumes of fresh water into the near field jet-mixing region before the plume reaches the water surface.
This arrangement also effectively prevents the discharge plume (at least to the 1 degree or 40 to 1 dilution
isopleth) from impacting the shoreline over the tidal cycle.

During shutdown periods, the high velocity jet mixing created by the normal circulating water
flow at the diffuser nozzles is reduced. However, mixing within the discharge tunnel water volume is
significantly increased due to the long transit time for batch discharges to travel the three miles from the
plant through the 19-foot diameter tunnels to the diffuser nozzles. Additional mixing of the effluent in the
near field assures that an equivalent overall 10 to 1 dilution occurs by the time the effluent reaches the
ocean surface.

The exposure pathways considered in the calculations of total body and maximum organ doses
resulting from liquid discharges from Seabrook Station are limited to ingestion of aquatic foods and
exposure to shoreline deposits. The dose calculations do not include the ingestion of potable water or
irrigated vegetation as potential exposure pathways because the liquid effluents from the plant are
discharged into salt water.

The dose assessment models utilized in the Offsite Dose Calculation Manual (Reference 2) are
taken from Regulatory Guide 1.109 (Reference 1). The total body and organ doses are evaluated for each
of the four age groups (i.e., infant, child, teen and adult) to determine the maximum total body dose and
maximum organ dose via all existing exposure pathways (i.e., fish and aquatic invertebrate ingestion, and
shoreline exposure) to an age-dependent individual from all detected radionuclides in plant releases. The
values for the various factors considered in the model equations are provided in Regulatory Guide 1.109
and the ODCM (see Table D). The flow rate (F) of the liquid effluent and the radionuclide activities (Q;)
are measured specifically prior to each liquid release. The values for half-lives for radionuclides (T,.) and
their radioactive decay constants (A;) have been taken from Kocher (Reference 3).

Table A presents the calculated liquid pathway doses for each calendar quarter and total for the
year. The calculated annual doses as a percent of the applicable regulatory limits are shown in Table C.
The estimated quarterly and annual doses resulting from liquid effluents to members of the public are well
below all dose limit criteria.



I1. Method for Calculating the Gamma and Beta Air Doses from Noble Gases

Gamma and beta air doses due to noble gases in gaseous effluents are calculated for several
receptor locations when noble gases are recorded in effluents. Those locations include the points in each
of the sixteen principle compass directions of estimated highest off-site ground level air concentration of
radioactive material, site boundary (or closest point on the opposite shoreline in directions which are
bordered by the tidal marsh), nearest resident, nearest vegetable garden, and nearest milk animal within
five miles. The special on-site receptor locations (Science and Nature Center, the Fitness Center and the
Firing Range) are evaluated for whole body dose to an individual from the noble gas component of
effluents predicted to pass nearby.

Atmospheric dispersion factors (i.e., X/Q factors) calculated from recorded concurrent site
meteorological data (i.e., meteorological data measurements taken during the time of the release) are used
in the estimation of receptor specific air concentrations due to station effluents. The atmospheric dispersion
estimations utilize methodology generally consistent with US NRC Regulatory Guide 1.111 (Reference 4).
Beta air doses use undepleted X/Qs and assume a semi-infinite plume at the point of exposure. Gamma air
doses are calculated using the finite cloud model presented in “Meteorology and Atomic Energy — 1968”
(Reference 5). That model is implemented through the definition of an effective gamma atmospheric
dispersion factor [X/Q'] (Reference 6) and the replacement of the undepleted X/Q in the infinite cloud dose
equation by [X/Q].

The release point of effluents is also considered in the atmospheric dispersion calculation. The
primary vent stack is treated as a “mixed-mode” release, as defined in Regulatory Guide 1.111 (Reference
4). These effluents are considered to be part-time ground level / part-time elevated releases, depending on
the ratio of primary vent stack exit velocity relative to the speed of prevailing wind. All other release
points (e.g., Turbine Building and Chemistry lab hoods) are considered ground-level releases. The beta air
and gamma air dose calculations are consistent with the models presented in Regulatory Guide 1.109
(Reference 1). The values for the dose factors, DF;" and DF;?, have been taken from Table B-1 in
Regulatory Guide 1.109.

Table A presents the calculated maximum off-site gamma air and beta air doses for each calendar
quarter and year. The calculated annual doses as a percent of the applicable regulatory limit are shown in
Table C. The estimated quarterly and annual air doses resulting from noble gas effluents are well below all
dose limit criteria.



V. Method for Calculating the Critical Organ Dose Resulting from lodines, Tritium, Carbon-14 and
Particulates with T 1/2 Greater than 8 Days in Gaseous Releases

Regulatory Guide 1.109 (Reference 1) dose models are applied in the calculation of the critical organ doses
from lodines, Tritium, Carbon-14 and particulate radionuclides released into the atmosphere during the
reporting period. Atmospheric dispersion and deposition factors (i.e., depleted X/Q and D/Q factors)
calculated with concurrent meteorological data (i.e., meteorological data measurements taken during the
time of the release) are used in the determination of gaseous pathway doses. The dispersion models are
described in Section B.7.3.2 & B.7.3.3 of the Seabrook ODCM.

Potential exposure pathways associated with gaseous effluent are (i) external irradiation from radioactivity
deposited on the ground surface, (ii) inhalation, and (iii) ingestion of vegetables (both fresh leafy and
stored) and milk. Dose estimates were determined for the site boundary and for the locations of the nearest
resident, vegetable garden, and milk animal in each of the sixteen principle compass directions. The
locations of the nearest resident, vegetable garden and milk animal in each sector were identified by the
2016 Annual Land Use Census as required by ODCM Control C.9.2.1 (see Table F). Conservatism in the
dose estimates was maintained by assuming that the vegetable garden pathway was active at each milk
animal location. Milk animals were assumed to receive their entire intake from pasture during the second
and third quarters. This is a conservative assumption because most dairy operations utilize supplemental
feeding when animals are on pasture, or actually restrict animals to full time silage feeding throughout the
entire year. Table E provides the reference sources for dose model parameter assumptions used in the dose
assessment.

In June 2009, the NRC issued Revision 2 of Regulatory Guide 1.21 (Reference 7) which introduced the
term “principal radionuclide” in a risk informed or dose context. A radionuclide can be considered a
principal radionuclide if it contributes either (1) greater than 1 percent of the 10 CFR Part 50, Appendix |
design objective dose for all radionuclides in the type of effluent being considered, or (2) greater than 1
percent of the activity of all radionuclides in the type of effluent being considered. In addition to natural
production in the environment, Carbon-14 is also produced in nuclear reactors as a function of power
output, but at amounts much less than those generated naturally or from past weapons testing. Since the
time of the earlier publication of Regulatory Guide 1.21 (Revision 1) in 1974, commercial nuclear power
plants have decreased total radioactive effluents (other than Carbon-14) through improved fuel
performance and waste management practices to the point today that Carbon-14 could be considered a
principal radionuclide under today’s definition, and therefore has been included in the assessment of dose
to the public from gaseous effluent releases for 2016.

The primary exposure pathways associated with Carbon-14 include inhalation and ingestion of food
products that have incorporated Carbon-14 (in the form of CO,) via photosynthesis. A full year’s
consumption of food products are assumed to be grown from the highest impacted garden during the
growing season (2" and 3" quarters). It is also assumed that the garden grows sufficient mass to support
ingestion throughout the year (i.e., the annual dose to the individual is from consumption during all four
quarters).

The maximum organ doses from all radionuclides in this category of gaseous effluents were determined by
summing the contributions from all exposure pathways at each location, and sorting in descending order.



Doses were calculated for the whole body, GI-LLI, bone, liver, kidney, thyroid, lung, and skin for adults,
teenagers, children, and infants. The estimated quarterly and annual organ doses at the location of the
maximally exposed individual are reported in Table A.

The estimated organ doses from lodines, Tritium, Carbon-14 and Particulates in gaseous effluents are well
below the 10 CFR Part 50, Appendix I dose criteria for the reporting period. (See Table C for calculated
dose as a percentage of annual limits.)



V. Total Dose (40 CFR Part 190)

40 CFR 190 states that the annual dose equivalent should not exceed 25 mrem to the whole body, 75
mrem to the Thyroid, or 25 mrem to any other organ of any Member of the Public at and beyond the site
boundary from all uranium fuel cycle sources. To show compliance with this standard, the maximum
doses for both the liquid and gaseous pathways from Seabrook Station are added together with the whole
body dose from noble gas releases and any direct radiation component attributed to station fixed sources to
the maximum receptor location. This includes the addition of spent fuel storage in a Dry Fuel Storage
(DFS) facility that began operations in July 2008 with the first transfer of spent fuel assemblies into storage
arrays. A second transfer of spent fuel assemblies to the DFS occurred between August and September,
2013. The DFS facility is located on Seabrook Station property approximately 0.38 miles West-Southwest
of the Unit 1 Containment Building. Since there are no other uranium fuel cycle facilities within five miles
of Seabrook Station, no additional impacts from sources beyond Seabrook Station need be considered.

The sum of the maximum annual whole body doses to Members of the Public from all exposure
pathways for liquid and gaseous effluents, plus the direct external dose from plant and dry fuel storage
fixed sources, was 5.86E-02 mrem to a hypothetical individual at or beyond the site boundary. The
maximum organ dose (including the thyroid) to any age group from all exposure pathways including direct
radiation was 2.58E-01 mrem.

Table B illustrates the total dose projections from all station sources to the maximum potential off-
site individual for the year 2016 and demonstrates compliance with the EPA’s environmental radiation
standard for the uranium fuel cycle per 40 CFR Part 190. (See Table C for total dose as a percentage of
annual limits.)
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Table A

Seabrook Station
2016 Annual Radioactive Effluent Release Report

Maximum@-Off-Site Doses and Dose Commitments to Members of the Public

Dose (mrem)(b)

Release Type 1st 2nd 3rd 4th Year®
Quarter Quarter Quarter Quarter 2016
Liquid Effluents:
Total Body Dose 6.72E-05 | 5.59E-05 | 3.91E-05 | 4.67E-05 2.09E-04
1) 1) 1) 1)
Max Organ Dose 1.54E-04 | 7.44E-05 | 5.04E-05 | 5.28E-05 3.32E-04
) 2 ) )
Alrborne Effluents: 6.32E-02 | 6.80E-02 | 6.38E-02 | 6.25E-02
Organ Dose from Carbon-14, lodines, ' ) i ' ; i ' ; i ' ; i 2.58E-01
Tritium, and Particulates (T, > 8 days) @) ) ®) ®)
Noble Gases Beta Air 4.82E-07 | 5.46E-07 | 6.16E-07 | 1.18E-07 | 1.76E-06
(mrad) (4) (%) (6) (7)
Gamma Air 1.05E-06 | 2.26E-06 | 1.58E-06 | 3.34E-07 5.22E-06
(mrad) (4) (%) (6) (7)
Direct Dose Offsite From
0
Station Operation® 0 0 0 0
Doses (mrem) at Receptor Locations Inside Site Boundary®:
Science and Nature Center (SW, 488m):
3.91E-06 | 1.26E-05 | 7.86E-06 | 1.22E-06 2.56E-05
Max Organ Dose (mrem)
The Firing Range (W, 974m)
7.69E-05 | 2.23E-04 | 1.18E-04 | 3.07E-05 4.49E-04
Max Organ Dose
The Fitness Center (WSW, 384m):
Max Organ Dose (mrem) 2.96E-04 | 6.67E-04 | 4.25E-04 | 8.52E-05 1.47E-03




Table A (continued)

Seabrook Station
2016 Annual Radioactive Effluent Release Report

Maximum®@ Off-Site Doses and Dose Commitments to Members of the Public

NOTES:

(@)

()

(©

(d)

(€)

"Maximum means the largest fraction of corresponding 10CFR50, Appendix I, dose design
objective.

The numbered footnotes indicate the age group, organ, and location (compass sector and distance
from the primary vent in meters) of the critical receptor, where appropriate, based on the most
limiting radionuclide dose contributor (C-14).

(1) Adult

(2) GI-LLI of an Adult

(3) Bone of a child, NW 1178 m
(4) ESE 2276 m

(5) WSW 1022 m

(6) WNW 930 m

(7) SSE 914m

"Maximum" dose for the year is the sum of the maximum doses for each quarter. This results in a
conservative yearly dose estimate, but still well within the limits of 10CFR50.

For each special receptor location, the whole body and organ doses calculated for the airborne
effluent releases were adjusted by the occupancy factors (i.e., 0.0014 for the Science and Nature
Center and 0.0416 for the Fitness Center and Firing Range). The most limiting on-site location
with respect to dose is estimated to be the Fitness Center located in the Hi-Rise office building due
to relatively close location to the plant vent stack. An alternate TLD assessment method from
National Standard ANSI/HPS N13.37-2014 did detect a statistical positive TLD related dose in the
third quarter at the on-site Fitness Center of 4.8 mR, corrected for occupancy time to 0.05 mR for
the quarter. For the annual period the statistical dose above background was calculated to be 14.8
mR, corrected for annual occupancy time to 0.6 mR.

Only station sources (both plant and dry fuel storage) are considered since there are no other fuel
cycle facilities within five miles of Seabrook Station site. Dosimeter data collected in 2016 for the
closest off-site environmental TLD locations in each sector (as listed in Tables B.4-1 and B.4-2 of
Seabrook's ODCM) were compared to preoperational data for the same locations. No statistical
difference above random background variability which could be attributed to station sources was
identified.
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Table B

Seabrook Station
2016 Annual Radioactive Effluent Release Report

Total Dose to Maximum Off-Site Individual

(40CFR190)
i (a)

Release Source Total Body Maximum QOrgan
(mrem) (mrem)
Liquids 2.09E-04 3.32E-04
Noble Gases 3.47E-06 3.47E-06

Gaseous lodines, Tritium, C-14 &
Particulates (T, > 8 days) 5-84E-02 2.58E-01
Direct Radiation 0 0

Annual Total 5.86E-02 2 58E-01

(a) Maximum organ includes consideration of the thyroid.
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Table C

Seabrook Station
2016 Annual Radioactive Effluent Release Report

Calculated 2016 Maximum Doses versus Applicable Limits

Applicable ODCM Calculated Percent
ODCM Annual Annual (2016) of
Receptor Control Limit Dose Limit
Offsite
Liquid Effluents
Whole Body Dose Cc.6.2.1 3 mrem 2.09E-04 mrem | 0.0070%
Organ Dose Cc.6.2.1 10  mrem 3.32E-04 mrem | 0.0033%
Airborne Effluents
Organ Dose (iodines, H-3, C-14 and part.) C.7.3.1 15  mrem 2.58E-01 mrem | 1.72%
Gamma Air Dose (noble gases) cr.21 10  mrad 5.22E-06 mrad | 0.0001%
Beta Air Dose (noble gases) Cc7.21 20 mrad 1.76E-06 mrad | 0.00001%
Al Station Sources @
Whole Body Dose Cc8.1.1 25 mrem 5.86E-02 mrem | 0.234%
Organ Dose Cc8.1.1 25 mrem 2.58E-01 mrem | 1.03%
Onsite (Science & Nature Center, 488m SW) ®
Organ Dose (iodines, H-3, C-14 and part.) Cr3l 15 mrem | 2°6E-05  mrem | 0.00017%
Onsite (The Firing Range, 974m W)
Organ Dose (iodines, H-3, C-14 and part.) c.731® 15 mrem | 449E-04  mrem | 0.0030%
Onsite (Fitness Center, 384m WSW)
0,
Organ Dose (iodines, H-3, C-14 and part.) c7.31® 15 mrem | 147E-03  mrem | 0-0098%

(@) The “all station sources” doses are the sum of the whole body doses and maximum organ doses from liquid, noble gas, and
gaseous iodines/tritium/carbon-14/particulate releases as well as direct radiation from fixed station sources (both plant
facilities and dry fuel storage).

(b) ODCM Part A, Section 10.2 states that the annual effluent report shall include an assessment of the radiation doses from
radioactive liquids and gaseous effluents to members of the public due to their activities inside the site boundary during the
report period. The referenced limits (C.7.2.1 & C.7.3.1) are the acceptable doses from liquid and gaseous effluents to areas
at and beyond the site boundary and are considered to be appropriate for comparison purposes.
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Table D

Seabrook Station
2016 Annual Radioactive Effluent Release Report

Sources of the Values of Factors Used in Liquid Dose Equations

Factor Definition Source
U, Usage factor Table B.7-1, Station ODCM
M, Mixing ratio Section B.7.1, Station ODCM (value=0.1 for
aquatic foods and 0.025 for shoreline)
Bi Equilibrium bioaccumulation factor Table A-1, Reg. Guide 1.109
D i Dose factor Tables E-11 through E-14, R.G. 1.109
t Nuclide transit time Table E-15, Reg. Guide 1.109
p
K Transfer coefficient from water to Reg. Guide 1.109
c sediment
t Period of activity buildup in sediment Table B.7-2, Station ODCM
b or soil
W Shoreline width factor Table A-2, Reg. Guide 1.109 (value = 0.5)
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Table E

Seabrook Station
2016 Annual Radioactive Effluent Release Report

Sources of Values for the Factors Used in Dose Equations for Gaseous Releases

Factor Definition Source
t, (F))frslc())iclj of activity buildup in sediment Table B.7-2, Station ODCM
" Nuclide decay constant Kocher (Reference 3)
DFG, Ground plane dose factor Table E-6, Reg. Guide 1.109
[X/Q] Atmospheric dispersion factor (non-
depleted) Calculated following Reg. Guide 1.111
[X/Q]° Atmospheric dispersion factor
(depleted) Calculated following Reg. Guide 1.111
R, Breathing rate Table B.7-3, Station ODCM
DFA, | Mhalation dose factor Tables E-7 through E-10, Reg. Guide 1.109
d. Nuclide deposition rate Reg. Guide 1.109
P Soil surface density Table B.7-2, Station ODCM
Crop, leafy vegetable, or pasture .
Average time from crop harvest to .
th consumption Table B.7-2, Station ODCM
Y, Agricultural productivity by unit area Table B.7-2, Station ODCM
Fraction of deposited activity
r retained on crops, leafy vegetables, or | Table E-15, Reg. Guide 1.109
pasture grass
B Stable element transfer coefficient
v from soil to produce, leafy vegetable, | Table E-1, Reg. Guide 1.109
or pasture grass
b Fractional equilibrium ratio Reg. Guide 1.109
H Ambient absolute humidity Table B.7-2, Station ODCM
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Table E (continued)

Seabrook Station
2016 Annual Radioactive Effluent Release Report

Sources of Values for the Factors Used in Dose Equations for Gaseous Releases

Factor Definition Source
= Stable element transfer coefficient
m from feed to milk Tables E-1 and E-2, Reg. Guide 1.109
Average time from feed to milk to .
t; consur%ption Reg. Guide 1.109
Fraction of the year that animals .
f, graze on pasture Table B.7-2, Station ODCM
f, Fraction daily feed pasture grass Table B.7-2, Station ODCM
3 Stable element transfer coefficient | ple E-1, Reg. Guide 1.109
Average time from meat animal .
t, slaughter to consumption Table E-15, Reg. Guide 1.109
DFI;, Ingestion dose factor Tables E-11 through E-14, R.G.1.109
Uy Annual intake of produce Table B.7-3, Station ODCM
ur Annual intake of milk Table B.7-3, Station ODCM
Ug Annual intake of meat Table B.7-3, Station ODCM
Uhy Annual intake of leafy vegetables Table B.7-3, Station ODCM
Ingestion rate fractions for garden .
fq produce Reg. Guide 1.109
Ingestion rate fractions for garden .
f leafy vegetables g Reg. Guide 1.109
3 Rate constant for activity removal
w from plant and leaf surfaces by Table E-15, Reg. Guide 1.109
weathering
Qr Animal consumption rate Table E-3, Reg. Guide 1.109
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Table F

Seabrook Station
2016 Annual Radioactive Effluent Release Report

Receptor Locations- for Seabrook Station

Milk Animals
Nearest Nearest within 5 Mile
Resident Garden Radius

Sector km (miles) km (miles) km (miles)
N 2.78 (1.73) 3.99 (2.48)
NNE 3.09 (1.92) 3.08 (1.91)
NE 2.92(1.82) | 4.20(2.61)
ENE 2.31(1.44) | 2.44(1.52)
E 2.56 (1.59)
ESE 2.43(1.51) | 2.76 (1.71)
SE 2.36 (1.46) | 4.69(2.91)
SSE 1.65 (1.02)
S 1.21(0.75) 1.25(0.77)
SSW 1.12 (0.69) 1.22 (0.76)

SW 1.13 (0.70) 1.57 (0.97) 4.52 (2.81)
WSW | 1.87(1.16) | 2.33(1.45)
w 1.25 (0.78) 1.55 (0.96)
WNW | 1.11(0.69) | 1.52(0.94)

NW 1.22 (0.76) 2.35 (1.46) 6.93 (4.30)

NNW | 1.04(0.64) | 1.07 (0.67) 5.32 (3.31)"

' Owner could not be contacted to determine if goats were milking.

“ Locations based on 2016 Land Use Census.
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Offsite Dose Calculation Manual (ODCM), Revision 37
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ABSTRACT

The Offsite Dose Calculation Manual (ODCM) contains details to implement the requirements of
Technical Specifications 6.7.6g and 6.7.6h.

The Offsite Dose Calculation Manual (ODCM) is divided into two parts: (1) the Radioactive Effluent
Controls Program for both in-plant radiological effluent monitoring of liquids and gases, along with the
Radiological Environmental Monitoring Program (REMP) (Part A); and (2) approved methods to
determine effluent monitor setpoint values and estimates of doses and radionuclide concentrations
occurring beyond the boundaries of Seabrook Station resulting from normal Station operation (Part B).

The sampling and analysis requirements of the Radioactive Effluent Controls Program, specified in Part
A, provide the inputs for the models of Part B in order to calculate offsite doses and radionuclide
concentrations necessary to determine compliance with the dose and concentration requirements of the
Station Technical Specification 6.7.69. The REMP required by Technical Specification 6.7.6h, and as
specified within this manual, provides the means to determine that measurable concentrations of |
radioactive materials released as a result of the operation of Seabrook Station are not significantly higher
than expected.

Revisions to the ODCM require an interdisciplinary review documented on the following page as well as
a SORC review prior to implementing the change. An interdisciplinary review includes as a minimum
the potential impact the change has on the respective departments’ programs and procedures. The
interdisciplinary review shall involve the following departments: Chemistry, Radiation Protection, 1&C,
and Operations. The Originator shall ensure the interdisciplinary reviews are completed prior to the
SORC meeting.
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PART A
RADIOLOGICAL EFFLUENT CONTROL AND ENVIRONMENTAL MONITORING PROGRAMS

1.0 INTRODUCTION

The Offsite Dose Calculation Manual (ODCM) contains details to implement the Radioactive
Effluent Controls and Environmental Monitoring Programs” of Technical Specifications 6.7.6g
and 6.7.6h.

The purpose of this manual is to contain details for the implementation of the Radioactive
Effluent Technical Requirement Program (RETRP) and the Radiological Environmental
Monitoring Program (REMP). These programs are required by Technical Specifications 6.7.6g
and 6.7.6h.

Part A of this manual defines specific concentrations, sampling regimes and frequencies for both
the RETRP and the REMP. These activities are the defined surveillances for radiological
releases. Part A also defines specific sampling locations for the RETRP. The information
contained in Part A is used as input into the models that are used in Part B. The Part B models
identify the calculational methods for determining radiation monitor setpoints, offsite doses and
effluent concentrations of radionuclides. Part B also defines sampling locations for the REMP.
The data resulting from the surveillance and monitoring programs described in Part A provide a
means to confirm that concentrations of radioactive material released, as a result of routine
Seabrook Station operations, do not contribute to effluent dose significantly different than as
postulated in Part B.

An ODCM Surveillance Requirement may be considered met if surveillance is performed within
1.25 times the stated surveillance interval. This 25% extension facilitates surveillance
scheduling and considers plant operating conditions that may not be suitable for conducting the
surveillance test. This provision is not intended to be used repeatedly merely as an operational
convenience to extend surveillance intervals beyond those specified.
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2.0

RESPONSIBILITIES (PART A) |

All changes to the ODCM shall be reviewed by the Station Operation Review Committee

(SORC), approved by the Station Director, and documented per Administrative Control 6.13 of

the Technical Specifications. The change process is controlled by the Applicability ‘
Determination Process as controlled by the 10 CFR 50.59 Resource Manual (5059RM). Changes
made to Part A shall be submitted to the NRC for its information in the Annual Radioactive
Effluent Release Report for the period in which the change(s) was made effective, pursuant to

T.S. 6.13.

It shall be the responsibility of the Station Director to ensure that the ODCM is used in the
performance of the Radioactive Effluent Control and Environmental Monitoring Program
implementation requirements, as identified under Administrative Controls 6.7.6g and 6.7.6h of
the Technical Specifications.

A.2-1 ODCM Rev. 24



3.0 DEFINITIONS

The defined terms of this section appear in capitalized type and are applicable throughout these Controls.
Terms used in these Controls and not defined herein have the same definition as listed in the Technical
Specifications.
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4.0 CONTROL AND APPLICABILITY
This section provides a summary listing of the Controls and Applicability requirements of the ODCM.

The RECP conforms with 10 CFR 50.36a for the control of radioactive effluents and for maintaining the
doses to MEMBERS OF THE PUBLIC from radioactive effluents as low as reasonably achievable. The
REMP provides for monitoring the radiation and radionuclides in the environs of the plant.

The specific implementation details for the RECP and REMP are located in the OFFSITE DOSE
CALCULATION MANUAL (ODCM). Contained within the ODCM are the following CONTROLS:

C.5.1 - RADIOACTIVE EFFLUENT MONITORING INSTRUMENTATION - LIQUIDS

CONTROL - At All Times

The radioactive liquid effluent monitoring instrumentation channels shown in Table A.5.1-1 shall be
OPERABLE with their Alarm/Trip Setpoints set to ensure that the limits of Control C.6.1.1 are not
exceeded. The Alarm/Trip Setpoints of these channels shall be determined and adjusted in accordance
with the methodology and parameters in the OFFSITE DOSE CALCULATION MANUAL (ODCM),
Part B.

C.5.2 - RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION

CONTROL- As Shown on ODCM Table A.5.2-1

The radioactive gaseous effluent monitoring instrumentation channels shown in Table A.5.2-1 shall be
OPERABLE with their Alarm/Trip Setpoints set to ensure that the limits of Control C.7.1.1 are not
exceeded. The Alarm/Trip Setpoints of these channels meeting Control C.7.1.1 shall be determined and
adjusted in accordance with the methodology and parameters in the ODCM (Part B).

C.6.1.1 - RADIOACTIVE LIQUID EFFLUENTS - CONCENTRATION

CONTROL - At All Times

The concentration of radioactive material released in liquid effluents at the point of discharge from the
multiport diffuser (see Technical Specifications Figure 5.1-3) shall be limited to not more than ten times |
the concentrations specified in 10 CFR Part 20, Appendix B, Table 2, Column 2, for radionuclides other
than dissolved or entrained noble gases. For dissolved or entrained noble gases, the concentration shall

be limited to 2 X 10™* microCurie/ml total activity.
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C.6.2.1 - DOSE

CONTROL — At All Times

The dose or dose commitment to a MEMBER OF THE PUBLIC from radioactive materials in liquid
effluents released, from each unit, to UNRESTRICTED AREAS (see Technical Specification
Figure 5.1-3) shall be limited

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

e During any calendar year to less than or equal to 3 mrems to the whole body and to less than or equal
to 10 mrems to any organ.

C.6.3.1 - LIQUID RADWASTE TREATMENT SYSTEM

CONTROL — At All Times

The Liquid Radwaste Treatment System shall be OPERABLE and appropriate portions of the system
shall be used to reduce releases of radioactivity when the projected doses due to the liquid effluent to
UNRESTRICTED AREAS (see Technical Specification Figure 5.1-3) would exceed 0.06 mrem to the
whole body or 0.2 mrem to any organ in a 31-day period.

C.7.1.1 - RADIOACTIVE GASEOUS EFFLUENTS — DOSE RATE

CONTROL - At All Times

The dose rate due to radioactive materials released in gaseous effluents from the site to areas at and
beyond the SITE BOUNDARY (see Technical Specification Figure 5.1-1) shall be limited to the
following:

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

e For lodine-131, for lodine-133, for tritium, and for all radionuclides in particulate form with
half-lives greater than 8 days: Less than or equal to 1500 mrems/yr to any organ.
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C.7.2.1 - DOSE - NOBLE GASES

CONTROL - At All Times

The air dose due to noble gases released in gaseous effluents to areas at and beyond the SITE
BOUNDARY (see Technical Specification Figure 5.1-1) shall be limited to the following:

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

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

C.7.3.1 - DOSE - IODINE-131, TRITIUM, AND RADIOACTIVE MATERIAL IN
PARTICULATE FORM

CONTROL- At All Times

The dose to a MEMBER OF THE PUBLIC from Iodine-131, Iodine-133, tritium, and all radionuclides
in particulate form with half-lives greater than 8 days in gaseous effluents released to areas at and
beyond the SITE BOUNDARY (see Technical Specification Figure 5.1-1) shall be limited to the
following:

¢ During any calendar quarter: Less than or equal to 7.5 mrems to any organ, and

e During any calendar year: Less than or equal to 15 mrems to any organ.

C.7.4.1 - GASEOUS RADWASTE TREATMENT SYSTEM

CONTROL — At All Times

The VENTILATION EXHAUST TREATMENT SYSTEM and the GASEOUS RADWASTE
TREATMENT SYSTEM shall be OPERABLE and appropriate portions of these system shall be used to
reduce releases of radioactivity when the projected doses in 31 days due to gaseous effluent releases to
areas at and beyond the SITE BOUNDARY (see Technical Specification Figure 5.1-1) would exceed

e (.2 mrad to air from gamma radiation, or
e (.4 mrad to air from beta radiation, or

e (.3 mrem to any organ of a MEMBER OF THE PUBLIC.
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C.8.1.1 - TOTAL DOSE

CONTROL- At All Times

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

C.9.1.1 - RADIOLOGICAL ENVIRONMENTAL MONITORING —- MONITORING PROGRAM

CONTROL — At All Times

The Radiological Environmental Monitoring Program (REMP) shall be conducted as specified in
Table A.9.1-1.

C.9.2.1 - LAND USE CENSUS

CONTROL - At All Times

A Land Use Census shall be conducted and shall identify within a distance of 8§ km (5 miles) the location
in each of the 16 meteorological sectors of the nearest milk animal, the nearest residence, and the nearest
garden** of greater than 50 m* (500 ft*) producing broad leaf vegetation.

C.9.3.1 - INTERLABORATORY COMPARISON PROGRAM

CONTROL - At All Times

In accordance with Technical Specification 6.7.6.h.3, analyses shall be performed on all radioactive
materials supplied as part of an Interlaboratory Comparison Program, that has been approved by the
Commission, that correspond to samples required by REMP.

**Broad leaf vegetation sampling of at least three different kinds of vegetation may be performed at the
SITE BOUNDARY in each of two different direction sectors with the highest predicted relative
deposition values (D/Qs) in lieu of the garden census. Specifications for broad leaf vegetation sampling
in the REMP shall be followed, including analysis of control samples.
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C.94.1 DRY FUEL STORAGE FACILITY MONITORING PROGRAM

CONTROL - At All Times

The Dry Fuel Storage Facility Radiological Environmental Monitoring Program shall be conducted as

specified in Table A.9.4-1.

A.4-5
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MONITORING INSTRUMENTATION

5.0 RADIOACTIVE EFFLUENT MONITORING INSTRUMENTATION
51 Liquids

CONTROLS

C51 The radioactive liquid effluent monitoring instrumentation channels shown in
Table A.5.1-1 shall be OPERABLE with their Alarm/Trip Setpoints set to ensure that the
limits of Control C.6.1.1 are not exceeded. The Alarm/Trip Setpoints of these channels
shall be determined and adjusted in accordance with the methodology and parameters in
the OFFSITE DOSE CALCULATION MANUAL (ODCM), Part B.

APPLICABILITY: Atall times.

ACTION:

a.  With aradioactive liquid effluent monitoring instrumentation channel Alarm/Trip
Setpoint less conservative than required by the above specification, immediately
suspend the release of radioactive liquid effluents monitored by the affected channel,
or declare the channel inoperable.

b.  With less than the minimum number of radioactive liquid effluent monitoring
instrumentation channels OPERABLE, take the ACTION shown in Table A.5.1-1.
Restore the inoperable instrumentation to OPERABLE status within a time period
determined by an evaluation conducted in accordance with the requirements of the
Corrective Action Program. An evaluation is not required if the noncompliance is a
consequence of surveillance testing or planned maintenance.

SURVEILLANCE REQUIREMENTS

S51 Each radioactive liquid effluent monitoring instrumentation channel shall be demonstrated
OPERABLE by performance of the CHANNEL CHECK, SOURCE CHECK, CHANNEL
CALIBRATION, and CHANNEL OPERATIONAL TEST at the frequencies shown in
Table A.5.1-2.

BASES

The radioactive liquid effluent instrumentation is provided to monitor and control, as applicable, the
releases of radioactive materials in liquid effluents during actual or potential releases of liquid effluents.
The Alarm/Trip Setpoints for these instruments shall be calculated and adjusted in accordance with the
methodology and parameters in the ODCM to ensure that the alarm/trip will occur prior to exceeding the
limits of 10 CFR Part 20. The OPERABILITY and use of this instrumentation is consistent with the
requirements of General Design Criteria 60, 63, and 64 of Appendix A to 10 CFR Part 50.
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Table A.5.1-2 Item 3a of Control C.5.1 requires that a Channel Operational Test be performed on the
radioactivity monitors (RM-R-6515 and RM-R-6516) for the PCCW System. This channel operational test
is a digital channel operational test and requires that it shall demonstrate automatic isolation of the pathway
and control room alarm annunciation.

For Seabrook Station, these two radioactivity monitoring channels provide control room annunciation, but
do not provide automatic isolation of the release pathway. This particular item was discussed in detail with
the NRC staff reviewers. For this particular reason, the words "But Not Termination of Release™ were
added to Item 3 of Table A.5.1-2. The purpose of adding the above words to Item 3 was to preclude the
addition of another Table Notation to Table A.5.1-2. Therefore, the channel operational test for these
monitors only requires that they provide control room alarm annunciation.

The CHANNEL CHECK for Flow Rate Measurement Devices (Table A.5.1-2, items 2.a., 2.b. and 2.d.) is
required "at least once per 24 hours on days when continuous, periodic, or batch releases are made."
Additionally, ACTION 31 of Table A.5.1-1 is only applicable during actual releases.

Based on the above requirements, these instruments are only required to be OPERABLE during actual
releases. Therefore, the CHANNEL CHECK is only required during periods when continuous, periodic, or
batch releases are being made.

The Primary Component Cooling Water (PCCW) System is monitored by radiation monitors, which are
required by Technical Specifications 3.3.3.1 and ODCM C.5.1 to be OPERABLE, or sampling of the
PCCW and Service Water (SW) Systems is required. Clarification of this requirement needs to be made
for certain PCCW System conditions. Below is a list of 3 conditions and their corresponding
requirements.

1) If the PCCW System is shut down but not drained, grab samples shall be taken of PCCW
and SW, as required in Technical Specification Table 3.3-6, Items 6a and 6b (Action 28).

2) During transition times when the PCCW system is in the process of being drained, grab
samples, as required by Technical Specification Table 3.3-6 and ODCM C.5.1, shall be
taken until such time as sampling of PCCW is no longer possible. At this time neither
PCCW nor SW need to be sampled. During transition times when the PCCW system is
being filled, the taking of grab samples shall commence as soon as physically possible
and continue in accordance with the requirements of Technical Specifications 3.3.3.1 and
ODCM C.5.1 until PCCW is in service, the pumps are operating, and monitors are
operable.

3) When PCCW is drained, there are no sampling requirements.

The above statements are consistent with the Technical Specification definition of OPERABILITY and
with the Bases for Technical Specification 3.3.3.1.
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The following actions are required when the Service Water side of the Primary Component Cooling Water
(PCCW) Heat Exchanger is drained and grab samples of the Service Water System are required:

a. Grab samples from the Service Water System will be obtained at the frequencies specified
in Technical Specification 3.3.3.1 and ODCM C.5.1 as the Service Water System is being
drained until obtaining these samples is not physically possible.

b. Grab samples are not required once the Service Water System is drained such that it is not
physically possible to obtain the samples.

C. When refilling the Service Water System, grab samples shall resume as soon as physically
possible, at the intervals specified in the aforementioned sources, and continue until the
PCCW radiation monitors (1-RM-6515 and 1-RM-6516) are OPERABLE.

Sampling of the PCCW system with the Service Water system drained and the PCCW system in operation
shall continue per the requirements of Technical Specification 3.3.3.1 and this Control.

The purpose of the plant radiation monitors is to sense radiation levels in selected plant systems and
locations and determine whether or not predetermined limits are being exceeded. In the case of the Primary
Component Cooling Water (PCCW) loops, the radiation monitors (1-RM-6515 and 1-RM-6516) sense
radiation in the PCCW system which could leak into the Service Water System and be discharged to the
environment via the multiport diffuser. Per Control C.6.1.1, the concentration of radioactive material
released in liquid effluents at the point of discharge from the multiport diffuser must be within specified
limits. This limitation provides assurance that the levels of radioactive materials in unrestricted areas will
not pose a threat to the health and safety of the public.

Based on the importance of maintaining radioactive effluent releases within limits that guarantee the health
and safety of the public will not be at risk, the PCCW radiation monitors are required to be in operation at
all times. When a radiation monitor is inoperable, grab samples from the PCCW and Service Water
systems must be obtained and analyzed as a compensatory measure in accordance with Technical
Specification 3.3.3.1, Table 3.3-6 Action 28 and this Control. If the service water system is drained, there
is no potential for inadvertent radioactive liquid effluent release through the service water system to the
environment via the multiport diffuser. Thus, when the system is drained there is no need to obtain the
grab sample. However, when the system is being filled, grab samples must be obtained as soon as possible
to ensure that the water discharged to the environment is in compliance with Control C.6.1.1.

The purpose of the PCCW monitors is to detect radioactivity indicative of a leak from the Reactor Coolant
System or from one of the other radioactive systems which exchange with the PCCW System. These
monitors are required to be operable at all times. Grab samples of PCCW are required when the PCCW
monitors are not operable. Since the purpose of obtaining the PCCW samples is to provide an indication of
a leak of radioactive liquid into the PCCW system, draining of the Service Water system does not remove
the reason for obtaining the PCCW grab samples. These samples shall be obtained as specified in
Technical Specification 3.3.3.1 and this Control. This determination is consistent with the Bases for
Technical Specification 3.3.3.1.

The temporary lowering of an RDMS channel setpoint, by RDMS data base manipulation to verify
alarm/trip functions, does not prevent the channel from continuously monitoring radiation levels (except for
the WRGM DCOT due to low and high activity sample flow paths). Additionally, when the setpoint is
lowered below background radiation levels the associated trip functions will actuate equipment in their
required operating mode as if a high radiation condition exists. The channel remains OPERABLE because
monitoring and associated trip functions are not inhibited.
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When the SGBD demineralizers are being rinsed to the ocean using SGBD water, the SGBD flash tank
radiation monitor (RM-6519) may become inoperable in this alignment from decreased backpressure to run
the monitor sample pump. If this happens, the sampling requirements of Table A.5.1-1 ACTION 30 must
be performed.

RM-6509, although in the flowpath of the SGBD demineralizer rinse, cannot perform the function of
RM-6519 because it cannot achieve the same sensitivity to radiation. However, RM-6509 shall have its
setpoints established per plant procedures since the discharge flow path is through the SGBD
demineralizers (where a potential to acquire radioactivity exists), but after RM-6519.

If RM-65009 is inoperable, then in addition to the periodic sampling requirements of Table A.5.1-1
ACTION 30 for RM-6519, the batch sample and lineup verification of ACTION 29 would also have to
be complied with, for RM-65009.

It should be noted that, during a SGBD demineralizer rinse to the discharge transition structure with
SB liquid, SB-FE-1918 is not in the flow path. It is acceptable to use a flow monitoring device in the
final flow path (such as WL-FIT-1458) so that Table A.5.1-1 ACTION 31 does NOT have to be
entered.

During power operations, SGBD demineralizer effluent is normally aligned to the Main Condenser Hotwell
for water recovery. However, following SGBD / SGBD demineralizer system maintenance, or for plant
operational requirements, the system effluent can be aligned to the Turbine Building Sump to maintain
secondary chemistry and plant related parameters. When SGBD demineralizer effluent is aligned to the
Turbine Building Sump, the effluent to Outfall 001 is monitored by RM-6521. The Turbine Sump
Radiation Monitor RM-6521, although in the flow path of the SGBD demineralizer effluent, cannot
perform the alarm and trip function of the SGBD Flash Tank Monitor RM-6519 because it cannot achieve
the same sensitivity to radiation. However, RM-6521 shall have its set points established per plant
procedures since the discharge flow path is through the SGBD demineralizers (where a potential to acquire
radioactivity exist), but after passing through RM-6519. If either RM-6519 or RM-6521 is inoperable, then
the periodic sampling requirements of Table A.5.1-1 Action 30 apply. It should be noted that when SGBD
demineralizer effluent is aligned to the Turbine Building Sump, flow indicator SB-FE-1918 is not in the
flow path. It is acceptable to use a flow monitoring device in the final flow path (such as DF-FT-5957) so
that Table A.5.1-1 ACTION 31 does NOT have to be met.

Steam generators may be drained using the wet lay-up pumps directly to the circulating water system, if
no secondary steam pressure is available and provided the steam generator(s) liquid radioactivity is less
than both 10 CFR 20 (Appendix B, Table 2, Column 2 instantaneous release); and 10 CFR 50
Appendix I (annual release). Table A.5.1-1 Actions 30 and 31 apply in this case as both the radiation
monitor (RM-RM-6519) and the flow rate monitor (SB-FE-1918) are bypassed.

The Note which corresponds to Table A.5.1-1 "**" states that pump performance curves generated in
place "should" be used to estimate flow. Hence, there is no requirement to use the pump curves as
described in these tables.
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TABLE A.5.1-1

RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION

MINIMUM ACTION
CHANNELS
INSTRUMENT OPERABLE
1. Radioactivity Monitors Providing Alarm
and Automatic Termination of Release
a. Liquid Radwaste Test Tank Discharge 1 29
b.  Steam Generator Blowdown Flash Tank Drain 1* 30
c.  Turbine Building Sump Effluent Line 1 30
d. Water Treatment Liquid Effluent Discharge 1 29
2. Flow Rate Measurement Devices
a.  Liquid Radwaste Test Tank Discharge 1 31
b.  Steam Generator Blowdown Flash Tank Drain 1* 31
c.  Circulating Water Discharge 1** N.A.
d. Water Treatment Liquid Effluent Discharge 1 31

*Only applicable when steam generator blowdown is directed to the discharge transition structure without intermediate collection. The required radiation monitoring
channel is RM-6519. The flow path must include a flow indicator which can be used to provide total flow discharged during period of interest.
**Pump performance curves generated in place should be used to estimate flow.
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RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION

TABLE A.5.1-1

(Continued)

MINIMUM ACTION
CHANNELS
INSTRUMENT OPERABLE
3. Radioactivity Monitors Providing Alarm but Not
Termination of Release
a.  Primary Component Cooling Water System (in lieu of 1 32
service water monitors)
4, Rate of Change Monitor
a.  Primary Component Cooling Water System Head Tank 1 33
(in lieu of service water monitors)
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ACTION 29 -

ACTION 30 -

ACTION 31 -

ACTION 32 -

ACTION 33 -

TABLE A.5.1-1

(Continued)

ACTION STATEMENTS

With the number of channels OPERABLE less than the Minimum Channels
OPERABLE requirement, effluent releases via this pathway may continue provided
that prior to initiating a release

a. At least two independent samples are analyzed in accordance with
Surveillance S.6.1.1, and

b. At least two technically qualified members of the station staff independently
verify the release rate calculations and discharge line valving.

Otherwise, suspend release of radioactive effluents via this pathway.

With the number of channels OPERABLE less than the Minimum Channels
OPERABLE requirement, effluent releases via this pathway may continue provided
grab samples are analyzed for radioactivity at a lower limit of detection of no more
than 10 microCurie/ml

a. At least once per 12 hours when the specific activity of the secondary coolant
is greater than 0.01 microCurie/gram DOSE EQUIVALENT 1-131, or

b.  Atleast once per 24 hours when the specific activity of the secondary coolant
is less than or equal to 0.01 microCurie/gram DOSE EQUIVALENT I-131.

With the number of channels OPERABLE less than the Minimum Channels
OPERABLE requirement, effluent releases via this pathway may continue provided
the flow rate is estimated at least once per 4 hours during actual releases. Pump
performance curves generated in place may be used to estimate flow.

With the number of channels OPERABLE less than required by the Minimum
Channels OPERABLE requirement, collect grab samples daily from the Primary
Component Cooling Water System and the Service Water System and analyzed for
radioactivity until the inoperable channel(s) is restored to OPERABLE status.

With the number of channels OPERABLE less than required by the Minimum
Channels OPERABLE requirement, effluent releases via this pathway may continue
provided the radioactivity level is determined at least once per 12 hours during
actual releases.
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TABLE A5.1-2

RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION SURVEILLANCE REQUIREMENTS

CHANNEL
CHANNEL SOURCE CHANNEL OPERATIONAL

INSTRUMENT CHECK CHECK CALIBRATION TEST
1.  Radioactivity Monitors Providing Alarm and

Automatic Termination of Release

a. Liquid Radwaste Test Tank Discharge D P R(2) P(1)

b. Steam Generator Blowdown Flash Tank Drain D M R(2) Q1)

c. Turbine Building Sumps Effluent Line D M R(2) Q)

d. Water Treatment Liquid Effluent Discharge D P R(2) P(1)
2. Flow Rate Measurement Devices

a. Liquid Radwaste Test Tank Discharge* D(3) N.A. R N.A.

b. Steam Generator Blowdown Flash Tank Drain*** D(3) N.A. R N.A.

c. Circulating Water Discharge D(3) N.A. N.A. N.A.

d. Water Treatment Liquid Effluent Discharge D(3) N.A. R N.A.

*Isolation of the flow path is accomplished by the Waste Test Tank Discharge Pump Trip Circuitry.
**Pump curves may be used to estimate flow.
***Applies to the flow indicator used in the discharge path when steam generator blowdown is directed to the discharge transition structure without intermediate collection.
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TABLE A5.1-2

RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION SURVEILLANCE REQUIREMENTS
(Continued)

CHANNEL
CHANNEL SOURCE CHANNEL OPERATIONAL

INSTRUMENT CHECK CHECK CALIBRATION TEST
3. Radioactivity Monitor Providing Alarm but Not

Termination of Release

a. Primary Component Cooling Water System (in lieu D M R(2) Q(1)

of service water monitors)

4.  Rate of Change Monitor

a. Primary Component Cooling Water System (in lieu D(4) N.A. R N.A

of service water monitors)
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1)

)

(3)

(4)

TABLE A5.1-2
(Continued)

TABLE NOTATIONS

The DIGITAL CHANNEL OPERATIONAL TEST shall also demonstrate that automatic
isolation of this pathway and Control Room alarm annunciation occurs if the instrument indicates
measured levels above the normal or Surveillance test Alarm/Trip Setpoint.

The initial channel calibration for radioactivity measurement instrumentation shall include the
use of a known (traceable to National Institute for Standards and Technology) liquid radioactive
source positioned in a reproducible geometry with respect to the sensor. These standards shall
permit calibrating the system over its normal operating range of energy and rate. For subsequent
channel calibrations, sources that have been related to the initial calibration shall be used.

CHANNEL CHECK shall consist of verifying indication of flow during periods of release.
CHANNEL CHECK shall be made at least once per 24 hours on days on which continuous,
periodic, or batch releases are made.

CHANNEL CHECK shall consist of verifying indication of tank level during periods of release.
CHANNEL CHECK shall be made at least once per 24 hours.
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5.2  Radioactive Gaseous Effluent Monitoring Instrumentation

CONTROLS

C.5.2

The radioactive gaseous effluent monitoring instrumentation channels shown in

Table A.5.2-1 shall be OPERABLE with their Alarm/Trip Setpoints set to ensure that the
limits of Control C.7.1.1 are not exceeded. The Alarm/Trip Setpoints of these channels
meeting Control C.7.1.1 shall be determined and adjusted in accordance with the
methodology and parameters in the ODCM (Part B).

APPLICABILITY: Asshown in Table A.5.2-1.

ACTION:

With a radioactive gaseous effluent monitoring instrumentation channel Alarm/Trip
Setpoint less conservative than required by the above specification, immediately
suspend the release of radioactive gaseous effluents monitored by the affected
channel, or declare the channel inoperable.

With the number of OPERABLE radioactive gaseous effluent monitoring
instrumentation channels less than the Minimum Channels OPERABLE, take the
ACTION shown in Table A.5.2-1. Restore the inoperable instrumentation to
OPERABLE status within a time period determined by an evaluation conducted in
accordance with the requirements of the Corrective Action Program. An evaluation
is not required if the noncompliance is a consequence of surveillance testing or
planned maintenance.

SURVEILLANCE REQUIREMENTS

S5.2

BASES

Each radioactive gaseous effluent monitoring instrumentation channel shall be
demonstrated OPERABLE by performance of the CHANNEL CHECK, SOURCE
CHECK, CHANNEL CALIBRATION and CHANNEL OPERATIONAL TEST at the
frequencies shown in Table A.5.2-2.

The radioactive gaseous effluent instrumentation is provided to monitor and control, as applicable, the
releases of radioactive materials in gaseous effluents during actual or potential releases of gaseous
effluents. The Alarm/Trip Setpoints for these instruments shall be calculated and adjusted in accordance
with the methodology and parameters in the ODCM (Part B) to ensure that the alarm/trip will occur prior
to exceeding the limits of 10 CFR Part 20. The OPERABILITY and use of this instrumentation is
consistent with the requirements of General Design Criteria 60, 63, and 64 of Appendix A to

10 CFR Part 50. The sensitivity of any noble gas activity monitors used to show compliance with the
gaseous effluent release requirements of Control C.7.2.1 shall be such that concentrations as low as

1 X 10 pCilcc are measurable.

A5-11 ODCM Rev. 36



The main condenser air evacuation radiation monitor, RM-6505, is included with the Turbine Gland Seal
Condenser Exhaust in Tables A.5.2-1 and A.5.2-2. Table A.5.2-1 defines the minimum channels operable
and the required actions for the radioactive gaseous effluent monitoring instrumentation. Table A.5.2-2
lists the surveillance requirements for this instrumentation.

The Plant Vent Wide Range Gas Monitor (WRGM) design includes three ranges of noble gas monitors and
two ranges of iodine and particulate sampling filters. The noble gas monitor, the equipment necessary to
provide flow through three ranges of the noble gas monitors, and the iodine and particulate sample filters
all affect the operability of the WRGM. The various combinations of out-of-service components are
addressed in this clarification.

The WRGM noble gas activity monitor has three overlapping detector ranges: low, mid, and high.
UFSAR Table 12.3-15 lists the following ranges for the WRGM:

Low Range 107 -10™ uCi/cc
Mid Range 107 - 10°
High Range 107 - 10°

The minimum number of operable channels for the noble gas activity monitor, the flow rate monitors and
the iodine sampler and particulate sampler is one, respectively.

The Controls do not list the specific WRGM noble gas activity monitor, the iodine/particulate sampler or
the flow rate monitor channels separately by an instrumentation identification tag number.

Heat tracing of the sample lines, from the plant vent to the WRGM, is not listed as a specific requirement
for WRGM operability. However, these circuits are necessary to ensure that the particulate and iodine
concentration of the sample reaching the WRGM is representative of the effluent. The purpose of heat
tracing is to ensure that the sample lines are free of moisture due to condensation. The low temperature
alarm setpoint is variable based on outside ambient air temperature, and ensures that the sample line tubing
metal temperature is high enough to prevent the moisture in the air from condensing inside of the sample
line. The ability to detect of noble gases is not affected by the operational status of the heat tracing circuits.

The heat tracing on the sample lines within the PAB (CP 433, circuit 55) is not required for WRGM
operation. (Engineering Evaluation, SS-EV-960017 and MMOD 02-0531)

The following equipment normally defines an operational WRGM:

During routine releases,

-Sample flow through one of the particulate and iodine (P&l) filters F-156-1,2,3 and
channel 1 (low range) noble gas (NG) detectors using pump P-240-2, and

-Sample flow through P&l filters F-156-7, 8 using pump RM-P-391.
or in the event the noble gas activity is in the mid/high range,

-Sample flow through one of the particulate/iodine (P&aI) filters F-156-4, 5, 6 and
channels 2 or 3 (mid/high range) NG detectors using pump P-240-1, and

-Sample flow bypassing P&l filters F-156-7, 8 using pump RM-P-391.
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At all times,
-Heat tracing (HT) on the sample lines from the plant vent to the WRGM.

Note: Dewpoint measurements may be used if heat tracing is out of service. (See the
following table)

-Vent stack flow rate monitor.
-WRGM sample flow rate for the channel(s) in service.

The table below lists the action required in the event that a WRGM component is out of service.

Out of Service Component Action
Low range NG detector Enter Action 33. Perform grab sampling as required.
High range NG detector Enter Action 33. The actions required by Action 33 are satisfied

provided the Low range NG detector provides continuous indication
of the effluent concentrations, grab sampling not required. In the
unlikely event that elevated effluent concentrations above the
capability of the low range detector are present, then grab sampling
or backup monitoring will/may be required.

Mid range NG detector No action required, detection capability met by the overlapping
ranges of the low and high NG detectors. (May need to ensure that
the high range pump [RM-P-240-1] starts on increasing activity.)

RM-P-391 Enter Action 35. The mid and high range particulate and iodine
sampling capability is lost. If a low range P&l filter F-156-1,2 or 3
is in service then no further action is required. If the low range P&l
filters are out of service then comply with Action 35 within one
hour.

P-240-1 (High range pump) Enter Actions 32, 33 and 35. Action 33 is satisfied provided the low
range NG detector provides continuous indication of the effluent
concentrations, grab sampling is not required. Actions 32 and 35 are
satisfied if P-240-2, and filters F-156-1,-2, or -3 are in service. If
these P&I filters are out of service and the NG activity is in the low
range, then ensure compliance with Actions 32 and 35 within one
hour of identifying the out of service condition. In the unlikely event
that elevated effluent concentrations above the capability of the low
range detector are present, then, with P-391 operating, install a
portable sample pump across valves V28 and V29 to facilitate P&l
grab sampling using filters F-156-4,-5, or -6, and noble gas sampling
using the medium and high range detectors.
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P-240-2 (Low range pump) Enter Actions 32, 33 and 35. Action 33 is satisfied by performing
grab samples. Actions 32 and 35 are satisfied by ensuring one of the
following sample configurations are in service within one hour of
identifying the out-of-service condition; the operation of P-391 with
filters F-156-7 & 8, or installing a portable sample pump across
valves V2, and V5 to facilitate P&I grab sampling.

HT circuit: Enter Action 36. Action 36 is satisfied and
the WRGM may

CP-434 Ckt 28. remain OPERABLE with CP-434 Ckt 28 out of

(Sample line temperature service provided that CP-426 CKkt 46 is

less than 20°F above ambient energized within 1 hr of the out-of-service

as indicated by computer condition. If the sample line temperature can not be maintained

points B5946 / B5948.) greater than or equal to 20°F above ambient, the particulate and

iodine samples remain valid provided moisture is not present.
Action 36 provides moisture monitoring capability.

Flow rate monitor and/or Comply with Action 32.
sampler flow rate monitor.

Action Statement 35 provides no guidance with regard to time required to initiate auxiliary sampling upon
failure of a monitor. A finite time is required to take the appropriate actions to initiate auxiliary sampling.
An interval of 60 minutes is a reasonable period of time in which to accomplish these actions provided that
no activity occurs during this period which could result in an increase in radiation release levels.

Since the intent of Action 35 is to allow continued release of gaseous effluents provided an alternate means
of continuous monitoring/collection capability is on-going during the release of radioactive gaseous
effluents, the 60 minute time frame for auxiliary sampling to be established is still a reasonable period of
time to complete the necessary manual actions to establish auxiliary sampling. If auxiliary sampling cannot
be established within 60 minutes then the initial action of immediately suspending the release of
radioactive gaseous effluents should be done, as specified in Action a. of C.5.2. It should be noted that for
lack of specified criteria the 60-minute time period is solely based on prudent engineering judgment for
completion of manual actions in order to satisfy the intent of Action 35. Operation beyond 60 minutes
without auxiliary sampling service would need to be justified by engineering calculation to ensure
continued compliance with 10 CFR Part 20 limits.
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When a surveillance test must be performed on the WRGM, rendering it inoperable, Action 35 cannot be
fully satisfied because of the nature of testing is incompatible with the Action 35 required installation of
auxiliary sampling equipment. However, because the performance of the WRGM surveillance renders it
inoperable for only a short period of time (e.g., less than one hour), it is reasonable to allow the surveillance
test to be performed without the installation of the auxiliary sampling equipment. It should be noted that
neither C.5.2 Action a. nor Action b. requires the immediate establishment of auxiliary sampling.

However, if there is concern that the results of surveillance testing activities will identify the
instrumentation as inoperable then it would be prudent to set up the auxiliary sampling equipment prior to
surveillance testing. The prudent action would prevent the potential situation of continued release of
gaseous effluents beyond 60 minutes without continuous monitoring/collection capability.

A procedural method of collecting the grab sample from the plant vent release pathway may require the
shutdown of the compensatory sampling equipment pump (for pressure equilibrium purposes) whenever a
grab sample is to be withdrawn into the sample bottle. Shutting down the pump raises the question as to
whether this action contradicts the "continuous collection™ requirement of Action 35.

Action 35 allows effluent releases to continue provided samples are continuously collected (as required in
Table A.7.1-1) with auxiliary equipment whenever the number of channels OPERABLE is less than the
Minimum Channels OPERABLE requirement. Table A.7.1-1 requires that the sampling frequency be
continuous for iodine and particulate and a monthly grab sample for noble gasses (Kr and Xe). Action 32
supports Action 35 by providing periodic sample flow rate monitoring for use in the iodine and particulate
activity determinations. The ODCM also requires that the ratio of the sample flow rate to the sampled
stream flow rate be known/determined for the time period covered by each dose or dose rate calculation
made in accordance with C.7.1.1, C.7.2.1, and C.7.3.1 (i.e., weekly and/or monthly).

It must be noted that Actions 32 and 35 pertain to the iodine and particulate samplers. For noble gas
collection, Action 33 is applicable which requires grab samples be taken once per 12 hours and analyzed
for radioactivity within 24 hours. Action 33 does not specify that auxiliary sampling for noble gas must be
continuous; therefore, the concern for "continuous" monitoring/collection is not applicable for auxiliary
sampling of noble gas.

Whenever the station is operating under the auspices of Action 35 the process of collecting grab samples by
the auxiliary sampling method necessitates, on occasions, the temporary disablement of permanent and/or
temporary equipment (e.g., installation, and disconnection of auxiliary sampling equipment, pressure
equalization, etc.) in order to achieve and comply with the requirements of Action 35. Therefore, actions
required (e.g. temporarily shutting down the sample pump in order to install / remove / equalize sample
bottles, thus interrupting continuous flow) to obtain a grab sample are not considered actions that are
contrary in meeting the intent of Action 35.

The temporary lowering of an RDMS channel setpoint, by RDMS data base manipulation to verify
alarm/trip functions, does not prevent the channel from continuously monitoring radiation levels (except
WRGM). Additionally, when the setpoint is lowered below background radiation levels the associated trip
functions will actuate equipment in their required operating mode as if a high radiation condition exists.
The channel remains OPERABLE because monitoring and associated trip functions are not inhibited.
Therefore, during performance of a RDMS channel DCOT, the LCO remains satisfied. Entering an
ACTION statement is neither appropriate nor required (except for WRGM DCOT due to low and high
activity sample flow paths). However, because the channel is in alarm status, increased operator vigilance
is required to note any increase in radiation levels during the DCOT surveillance period and to take
remedial actions if required.
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C.5.2 ACTION Statement #33 is applied if RM-6504 is inoperable. The intent of the last sentence is that
RM-6503 may be used instead of taking a grab sample. It is not intended that RM-6503 be used in place of
or as an alternate to RM-6504 and ACTION Statement #33 not entered. If RM-6503 were considered an
alternate for RM-6504 then operations could continue indefinitely without the ability to automatically
terminate a radiological release. This is clearly not the intent of C.5.2 ACTION Statement #33.

RM-6504 monitors the radiation level of the gas stream at the outlet of the waste gas compressors. If a
high radiation level is detected, RM-6504 automatically closes WG-FV-1602. The closing of
WG-FV-1602 isolates a potential radiological release path to the environment. RM-6503, located at the
inlet to the waste gas compressor, provides alarm and monitoring functions only. It does not have the
ability to terminate a radiological release. Therefore, it cannot be used as a substitute for RM-6504.

Table A.5.2-1, Radioactive Gaseous Effluent Monitoring Instrumentation, specifically lists RM-6504 as the
instrument required to satisfy the Limiting Condition for operation. This table also states that the monitor
provide the functions of alarm and automatic termination of release.
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TABLE A5.2-1

RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION

MINIMUM CHANNELS

INSTRUMENT OPERABLE APPLICABILITY ACTION
1. (Not Used)
2. PLANT VENT-WIDE RANGE GAS MONITOR
a. Noble Gas Activity Monitor 1 * 33
b. lodine Sampler 1 * 35
C. Particulate Sampler 1 * 35
d. Flow Rate Monitor 1 * 32
e. Sampler Flow Rate Monitor 1 * 32,35
f. Sample Line Temperature 1 * 36
3. GASEOUS WASTE PROCESSING SYSTEM
(Providing Alarm and Automatic Termination
of Release - RM-6504)
a. Noble Gas Activity Monitor (Process) 1 * 33
4, TURBINE GLAND SEAL CONDENSER EXHAUST
a. lodine Sampler 1 foleie 35
b. Particulate Sampler 1 il 35
C. Sampler Flow Rate Indicator 1 foleie 32,35
d. Noble Gas Activity Monitor (RM 6505) 1 fala 34
* At all times.
*x (Not Used.)
Fxx When the gland seal exhauster is in operation.
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ACTION 32

ACTION 33

ACTION 34

ACTION 35

ACTION 36 -

TABLE A5.2-1
(Continued)

ACTION STATEMENTS

With the number of channels OPERABLE less than the Minimum Channels
OPERABLE requirement, effluent releases via this pathway may continue provided
the flow rate is estimated at least once per 4 hours.

With the number of channels OPERABLE less than the Minimum Channels
OPERABLE requirement, effluent releases via this pathway may continue provided
grab samples are taken at least once per 12 hours and these samples are analyzed for
radioactivity within 24 hours. For RM-6504, RM-6503 may be used instead of
taking grab samples.

With RM-6505 INOPERABLE and the gland seal exhauster in operation, effluent
releases via the turbine gland seal condenser exhaust may continue provided grab
samples from condenser air evacuation pump effluent are taken at least once per
12 hours, and analyzed for radioactivity within 24 hours.

With the number of channels OPERABLE less than the Minimum Channels
OPERABLE requirement, effluent releases via the affected pathway may continue
provided samples are continuously collected with auxiliary sampling equipment as
required in this document.

Auxiliary sampling must be initiated within 60 minutes. Additionally, the auxiliary
sampling equipment need not be installed during surveillance activities provided the
surveillance testing is completed in less than one hour. Actions required (e.g.,
temporarily shutting down the sample pump in order to install / remove / equalize
sample bottles, thus interrupting continuous flow) to obtain a grab sample are not
considered actions that are contrary in meeting the intent of this Action.

Auxiliary sample equipment includes sample flow monitoring to provide
information used in the sample analysis.

If, for any reason, the sample line temperature cannot be maintained greater than or
equal to 20° F above outside ambient air temperature, the WRGM may remain
OPERABLE provided dewpoint measurements are obtained every 12 hours verifying
that conditions do not exist for condensation in the sample line with the inservice
operating sample pump. (CX0901.38)
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TABLE A.5.2-2

RADIOACTIVE GASEQOUS EFFLUENT MONITORING INSTRUMENTATION SURVEILLANCE REQUIREMENTS

CHANNEL SOURCE CHANNEL CHANNEL MODES FOR WHICH
INSTRUMENT CHECK CHECK CALIBRATION OPERATIONAL SURVEILLANCE IS
TEST REQUIRED

1 (Not Used)
2. PLANT VENT-WIDE RANGE GAS MONITOR

a. Noble Gas Activity Monitor D M R(3) Q2 *

b. lodine Sampler W N.A N.A. N.A. *

c. Particulate Sampler W N.A. N.A. N.A. *

d. Flow Rate Monitor D N.A. R QF*** *

e. Sampler Flow Rate Monitor D N.A. R QF*** *

f.  Sample Line Temperature N.A. N.A. 240W N.A. *
3. GASEOUS WASTE PROCESSING SYSTEM

(Providing Alarm and Automatic Termination of

Release)

a. Noble Gas Activity Monitor D N.A. R(5) Q) *

(Process)

4, TURBINE GLAND SEAL CONDENSER EXHAUST

a. lodine Sampler W N.A. N.A. N.A. il

b. Particulate Sampler W N.A. N.A. N.A. il

c. Sampler Flow Rate Indicator D N.A. N.A. N.A. il

d. Noble Gas Activity Monitor (RM 6505) D M R(3) Q2 falea
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TABLE A.5.2-2
(Continued)

TABLE NOTATIONS

At all times.
(Not Used.)
When the gland seal exhauster is in operation.

The CHANNEL OPERATIONAL TEST for the flow rate monitor shall consist of a verification
that the Radiation Data Management System (RDMS) indicated flow is consistent with the
operational status of the plant.

The DIGITAL CHANNEL OPERATIONAL TEST shall also demonstrate that automatic
isolation of this pathway and Control Room alarm annunciation occurs if the instrument indicates
measured levels above the normal or Surveillance test Alarm/Trip Setpoint.

The DIGITAL CHANNEL OPERATIONAL TEST shall also demonstrate that Control Room
alarm annunciation occurs if the instrument indicates measured levels above the normal or
Surveillance test Alarm Setpoint.

The initial channel calibration for radioactivity measurement instrumentation shall include the
use of a known (traceable to National Institute for Standards and Technology) radioactive source
positioned in a reproducible geometry with respect to the sensor. These standards should permit
calibrating the system over its normal operating range of rate capabilities. For subsequent
channel calibrations, sources that have been related to the initial calibration shall be used.

(Not Used).

The CHANNEL CALIBRATION shall be performed using sources of various activities covering
the measurement range of the monitor to verify that the response is linear. Sources shall be used
to verify the monitor response only for the intended energy range.
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6.0 RADIOACTIVE LIQUID EFFLUENTS
6.1 Concentration

CONTROLS

C6.1.1 The concentration of radioactive material released in liquid effluents at the point of
discharge from the multiport diffuser (see Technical Specifications Figure 5.1-3) shall be
limited to not more than ten times the concentrations specified in 10 CFR Part 20,
Appendix B, Table 2, Column 2, for radionuclides other than dissolved or entrained noble
gases. For dissolved or entrained noble gases, the concentration shall be limited to
2 X 10 pCi/ml total activity.

APPLICABILITY: Atall times.

ACTION:

With the concentration of radioactive material released in liquid effluents at the point of
discharge from the multiport diffuser exceeding the above limits, restore the concentration
to within the above limits within 15 minutes.

SURVEILLANCE REQUIREMENTS

S.6.11 Radioactive liquid wastes shall be sampled and analyzed according to the sampling and
analysis program specified in Table A.6.1-1.

S.6.1.2 The results of the radioactivity analyses shall be used in accordance with the methodology
and parameters in Part B of the ODCM to assure that the concentrations at the point of
release are maintained within the limits of Control C.6.1.1.

BASES

This Control is provided to ensure that the concentration of radioactive materials released in liquid waste
effluents at the point of discharge from the multiport diffuser will be less than the concentration levels
specified in 10 CFR Part 20, Appendix B to 20, Table 2, Column 2 (most restrictive). This limitation
provides additional assurance that the levels of radioactive materials in bodies of water in
UNRESTRICTED AREAS will result in exposures within (1) the Section I1.A design objectives of
Appendix I, 10 CFR Part 50, to a MEMBER OF THE PUBLIC, and (2) the limits of Appendix I,

10 CFR 20.1301 and 20.1302 to the population. Those values assure a continuous discharge at those
concentrations (8760 hours per year). Pursuant to the requirements of 10 CFR 50.36a to maintain
effluent concentrations as low as reasonably achievable (ALARA), Appendix | t010 CFR 50 specifies
dose values that are a small percentage of the dose limits in 10 CFR 20.1301. Consistent with
Appendix | t010 CFR 50, to allow operational flexibility, this specification in conjunction with the dose
specification in Section C-6.2 permits an instantaneous concentration release rate up to a factor of ten
times greater than specified in 10 CFR 20, Appendix B, Table 2, Column 2 while continuing to limit the
total annual discharge to a small fraction of the allowable annual dose as specified in Appendix I.
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The concentration limit for dissolved or entrained noble gases is based upon the assumption that Xe-135
is the controlling radioisotope and its MPC in air (submersion) was converted to an equivalent
concentration in water using the methods described in International Commission on Radiological
Protection (ICRP) Publication 2. For technical requirements associated with the release of liquid
effluent, the method currently in use for controlling releases of dissolved and entrained noble gases is
suitable for demonstrating conformance to the requirements of the "new" 10 CFR 20, Appendix B ECL
concentration limits because the 2X10™*pCi/ml criterion is based on the "old" MPC value for Xe-135 as
the driving radionuclide. Controlling liquid effluent to within the MPC values based on an
instantaneous release rate (i.e., no time averaging of effluent concentrations) is considered more
conservative than the requirements of the new Part 20 which have limits stated as effluent concentrations
averaged over a year. In other words, if discharged dissolved and entrained noble gas concentrations
remain within the instantaneous concentration limit of 2X10™pCi/ml during the times that discharges
actually take place, then there is reasonable confidence that the annual average limits established by the
ECL values will also be met. This position is based on a June 30, 1993 letter from Thomas E. Murley
(then Director, Office of Nuclear Reactor Regulation) to Thomas E. Tipton of NEI, in which the NRC
responded to an industry inquiry on promulgation of a new Part 20.

Controls C.6.1.1 and C.5.1 provide controls to ensure that the concentration of radioactive materials
released in liquid waste effluents at the point of discharge from the multiport diffuser will be less than the
concentration levels specified in 10 CFR 20, Appendix B, Table 2, Column 2. As no LLD is specified for
the compensatory samples taken for an inoperable PCCW Head Tank Rate of Change Monitor, the LLD for
these samples must ensure that these limits are met.

Although the periodic Service Water System sample is counted to an LLD of 5x10pCi/cc, the
compensatory samples for inoperable SGBD Flash Tank and Turbine Building Sump Monitors are required
to be counted to an LLD of 1x10uCi/cc. This more restrictive limit will ensure that the limits of

10 CFR 20 are met during periods of PCCW Head Tank Rate of Change Monitor inoperability, thereby
ensuring compliance with the requirements of the respective Controls.

Counting the required grab samples to an LLD of 1x10'pCi/cc is therefore an acceptable method of
complying with these requirements; it is not necessary to meet the LLD of 1x10®uCi/cc specified as the
equivalent sensitivity of the PCCW Head Tank Rate of Change Monitor.
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RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM

TABLE A.6.1-1

Lower Limit of

Minimum Analysis Detection
Liquid Release Type Sampling Frequency Frequency Type of Activity Analysis (LLD) @
(UCi/ml)
A. 1. Liquid Radwaste Test Tanks P P Principal Gamma Emitters® 5x107
(WL-TK-63A+B) Each Batch Each Batch
(BRS-TK58A+B)
SGBD Waste Holdup Sump
2. Neutralization Tank (TK-32) 1-131 1x10°
3. Low Conductivity Tank P M Dissolved and Entrained 1x10°®
(TK-274) One Batch/M Gases (Gamma Emitters)
4. Steam Generator Drains (i.e. P M@ H-3 1x10°®
from wet lay-up)® Each Batch Composite
5. Temporary Tanks via CPS Gross Alpha®® 1x10”7
Discharge Line @*
(Batch Release)® P QW Sr-89, Sr-90 @© 5x10°®
Each Batch Composite
Fe-55119 1x10°
B. 1. Turbine Building Sump w w Principal Gamma Emitters® 5x107
Effluent® Grab Sample
2. Steam Generator Blowdown
©®
3. Condensate Polishing / 1-131 1x10°®
Steam Generator Blowdown
Demineralizer Megarinse
@12
(Continuous Release) © W M Dissolved and Entrained 1x107
Grab Sample Composite Gases (Gamma Emitters)
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RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM

TABLE A.6.1-1

(Continued)

Lower Limit
of Detection
Minimum Analysis (LLD) @
Liquid Release Type Sampling Frequency Frequency Type of Activity Analysis (UCi/ml)
B.  (Continued) W M H-3 1x10°°
Grab Sample Composite
Gross Alpha 1x10”
w Q¥ Sr-89, Sr-90 *% 5x10°®
Grab Sample Composite
Fe-55 (%) 1X10°®
C. Service Water" 19 Y w Principal Gamma Emitters®® 5x10”
Grab Sample
1-131 1x10°®
w M Dissolved and Entrained 1x10°
Grab Sample Gases (Gamma Emitters)
W M H-3() 1x107
Grab Sample Composite
Gross Alpha 1x10”
w Q¥ Sr-89, Sr-90 *9 5x10°®
Grab Sample Composite
Fe-55 () 1x10°®
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TABLE A.6.1-1

RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM

(Continued)

Lower Limit
Minimum Analysis of Detection
Frequency Type of Activity Analysis (LLD) @
Liquid Release Type Sampling Frequency (uCi/ml)
D.  Subsurface Dewatering ™ M M Principal Gamma Emitters ® 5x107
Grab Sample
H-3¢® 2x10°®
M M Gross Alpha 1x107
Grab Sample
M Q® Sr-89, Sr-90 9 5x10°®
Grab Sample Composite
Fe-55 1x10°
E.  Storm Drains @ w w Principal Gamma Emitters ® 5x107
Composite Sample @
H-3 2x10°
w M Gross Alpha 1x10”7
Composite Sample Composite
w Q® Sr-89, Sr-90 @9 5x10°®
Composite Sample Composite
Fe-55 1x10°
P - Prior to Discharge
W - Weekly
M - Monthly
Q - Quarterly
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TABLE A.6.1-1
RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM
(Continued)

Notations

The LLD is defined, for purposes of these specifications, as the smallest concentration of
radioactive material in a sample that will yield a net count, above system background, that will be
detected with 95 percent probability with only 5 percent probability of falsely concluding that a
blank observation represents a "real™ signal.

For a particular measurement system, which may include radiochemical separation:

LLD = 4.66S,
EXVX222x10°XY xexp (-1At)
Where:
LLD = the "a priori™ lower limit of detection (microcurie per unit mass or volume),
466 =  aconstant derived from the Kapha and Kpeta Values for the 95% confidence
level;
S, = the standard deviation of the background counting rate or of the counting rate
of a blank sample as appropriate (counts per minute),
E = the counting efficiency (counts per disintegration),
vV = the sample size (units of mass or volume),

2.22x10° = the number of disintegrations per minute per microcurie,

Y = the fractional radiochemical yield, when applicable,
A = the radioactive decay constant for the particular radionuclide (s™), and
At = the elapsed time between the midpoint of sample collection and the time of

counting(s).
Typical values of E, V, Y, and A t should be used in the calculation.

It should be recognized that the LLD is defined as an a priori (before the fact) limit
representing the capability of a measurement system and not as an a posteriori (after the
fact) limit for a particular measurement.

A batch release is the discharge of liquid wastes of a discrete volume. A batch discharge that is
interrupted and reinitiated at a later time with no additional input (verified input isolated) is
considered to be one release. Prior to sampling for analyses, each batch shall be isolated, and
then thoroughly mixed to assure representative sampling.
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TABLE A.6.1-1
RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM
(Continued)

Notations
(Continued)

The principal gamma emitters for which the LLD specification applies include the following
radionuclides: Mn-54, Fe-59, Co-58, Co-60, Zn-65, M0-99, Cs-134, Cs-137, Ce-141, and
Ce-144. This list does not mean that only these nuclides are to be considered. Other gamma
peaks that are identifiable, together with those of the above nuclides, shall also be analyzed and
reported in the Annual Radioactive Effluent Release Report in accordance with Technical
Specification 6.8.1.4. Isotopes which are not detected should be reported as "not detected.”
Values determined to be below detectable levels are not used in dose calculations.

A composite sample is one in which the quantity of liquid sampled is proportional to the quantity
of liquid waste discharged and in which the method of sampling employed results in a specimen
that is representative of the liquids released.

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.

Sampling and analysis is only required when Steam Generator Blowdown is directed to the
discharge transition structure. During plant operation in Modes 1 through 4, Steam Generator
Blowdown Flash Tank releases are considered continuous releases (sampled prior to or during
the release) due to the potential input from primary to secondary system leakage during
discharges. During plant outages (Modes 5 and 6), Steam Generator drains are considered as
batch type releases (input isolated, recirculated and sampled prior to release).

Principal gamma emitters shall be analyzed weekly in Service Water. Sample and analysis
requirements for dissolved and entrained gases, tritium, gross alpha, strontium 89 and 90, and
Iron 55 shall only be required when analysis for principal gamma emitters exceeds the LLD for
other than naturally occurring radioactivity.

The following are additional sampling and analysis requirements:
a. PCCW sampled and analyzed weekly for principal gamma emitters.

b.  Sample Service Water System (SWS) daily for principal gamma emitters whenever
primary component cooling water (PCCW) activity exceeds 1x10° pClcc.

C. With the PCCW System radiation monitor inoperable, sample PCCW and SWS daily for
principal gamma emitters.

d. With a confirmed PCCW/SWS leak and PCCW activity in excess of 1x10™ puClcc, sample
SWS every 12 hours for principal gamma emitters.

e. The setpoint on the PCCW head tank liquid rate-of-change alarm will be set to ensure that its
sensitivity to detect a PCCW/SWS leak is equal to or greater than that of an SWS radiation
monitor, located in the unit's combined SWS discharge, with an LLD of 1x10® uClcc. If
this sensitivity cannot be achieved, the SWS will be sampled once every 12 hours.
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TABLE A.6.1-1
RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM
(Continued)

Notations
(Continued)

If the Turbine Building Sump, Steam Generator Blowdown Flash Tank, Steam Generator
Blowdown Demineralizer Megarinse, or Condensate Polishing Demineralizer Megarinse
discharges isolate due to high concentration of radioactivity, that liquid stream will be sampled
and analyzed for lodine-131 and principal gamma emitters prior to release.

Quarterly composite analysis requirements shall only be required when analysis for principal
gamma emitters indicate positive radioactivity other than naturally occurring.

A grab sample can be considered as a combination of aliquots taken from each SW train during
the same collection cycle or as individual samples taken from each train in service.

Principal gamma emitters and tritium shall be analyzed monthly in subsurface dewatering
samples. Sample and analysis requirements for gross alpha, strontium 89 and 90, and Iron 55
shall only be required when analysis for principal gamma emitters exceeds the LLD for other
than naturally occurring radioactivity.

Condensate Polishing Demineralizer or Steam Generator Blowdown Megarinse water shall be
sampled and analyzed for principal gamma emitters and 1-131 prior to initiation of the megarinse
discharge to the circulating water system.

The Storm Drain System is not designed as a pathway for plant related liquid effluent waste
releases. Storm drains are routinely used as the plant subsurface de-watering, secondary steam
trap condensation and auxiliary boiler liquid release pathway to the circulating water system.
Incidental releases from other sources that contain insignificant quantities of radioactivity may
enter and use the storm drain system as a pathway to the circulating water system. Principal
gamma emitters and tritium shall be analyzed for weekly. Sample and analysis requirements for
gross alpha, strontium 89 and 90, and Iron 55 shall only be required when analysis for principal
gamma emitters exceeds the LLD for other than naturally occurring radioactivity, from an
unidentified source. The liquid radiation monitor located on the yard drain system outfall and
associated with the liquid sampler for the Storm Drain System, is operated as a screening device
for trending of response information that may be correlated with sample analysis results for the
same flow path. As such, the radiation monitor is not part of either the RETS effluent control
program or the REMP.,

The Condensate Polishing System (CPS) has the provision to discharge temporary tanks as batch
releases through the same discharge path as the Neutralization Tank (TK-32). The requirements
for discharges from a temporary tank through this CPS pathway are equivalent to those of the
Neutralization Tank.

This analysis shall only be required when a sample taken for gamma analysis contains positive
activity, for other than naturally occurring isotopes.

For the Neutralization Tank (TK-32) and the Low Conductivity Tank (TK-274), this analysis
shall only be required when a sample taken for gamma analysis contains positive activity, for
other than naturally occurring isotopes.
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6.2 Dose

CONTROLS

C6.21 The dose or dose commitment to a MEMBER OF THE PUBLIC from radioactive materials
in liquid effluents released, from each unit, to UNRESTRICTED AREAS (see Technical
Specification Figure 5.1-3) shall be limited

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

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

APPLICABILITY: Atall times.

ACTION:

With the calculated dose from the release of radioactive materials in liquid effluents
exceeding any of the above limits, prepare and submit to the Commission within 30 days,
pursuant to Technical Specification 6.8.2, a Special Report that identifies the cause(s) for
exceeding the limit(s) and defines the corrective actions that have been taken to reduce the
releases and the proposed corrective actions to be taken to assure that subsequent releases
will be in compliance with the above limits.

SURVEILLANCE REQUIREMENTS

S.6.2.1 Cumulative dose contributions from liquid effluents for the current calendar quarter and the
current calendar year shall be determined in accordance with the methodology and
parameters in Part B of the ODCM at least once per 31 days.
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BASES

This Control is provided to implement the requirements of Sections I.A, III.A, and IV.A of Appendix |
to 10 CFR Part 50. The Control implements the guides set forth in Section II.A of Appendix I. The
ACTION statements provide the required operating flexibility and at the same time implement the
guides set forth in Section IV.A of Appendix | to assure that the releases of radioactive material in liquid
effluents to UNRESTRICTED AREAS will be kept as low as is reasonably achievable. The dose
calculation methodology and parameters in the ODCM implement the requirements in Section I11.A of
Appendix | that conformance with the guides of Appendix | be shown by calculational procedures based
on models and data, such that the actual exposure of a MEMBER OF THE PUBLIC through appropriate
pathways is unlikely to be substantially underestimated. The equations specified in the ODCM for
calculating the doses due to the actual release rates of radioactive materials in liquid effluents are
consistent with the methodology provided in Regulatory Guide 1.109, "Calculation of Annual Doses to
Man from Routine Releases of Reactor Effluents for the Purpose of Evaluating Compliance with

10 CFR Part 50, Appendix I," Revision 1, October 1977 and Regulatory Guide 1.113, "Estimating
Aquatic Dispersion of Effluents from Accidental and Routine Reactor Releases for the Purpose of
Implementing Appendix 1," April 1977.
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6.3  Liquid Radwaste Treatment System

CONTROLS

C.6.3.1 The Liquid Radwaste Treatment System shall be OPERABLE and appropriate portions of
the system shall be used to reduce releases of radioactivity when the projected doses due to
the liquid effluent to UNRESTRICTED AREAS (see Technical Specification Figure 5.1-3)
would exceed 0.06 mrem to the whole body or 0.2 mrem to any organ in a 31-day period.

APPLICABILITY: At all times.

ACTION:

With radioactive liquid waste being discharged without treatment and in excess of the
above limits and any portion of the Liquid Radwaste Treatment System which could
reduce the radioactive liquid waste discharged not in operation, prepare and submit to the
Commission within 30 days, pursuant to Specification 6.8.2, a Special Report that includes
the following information:

a. Explanation of why liquid radwaste was being discharged without treatment,
identification of any inoperable equipment or subsystems, and the reason for the
inoperability,

b. Action(s) taken to restore the inoperable equipment to OPERABLE status, and
C. Summary description of action(s) taken to prevent a recurrence.

SURVEILLANCE REQUIREMENTS

S.6.3.1 Doses due to liquid releases from each unit to UNRESTRICTED AREAS shall be
projected at least once per 31 days in accordance with the methodology and parameters in
Part B of the ODCM when Liquid Radwaste Treatment Systems are not being fully utilized.

S.6.3.2 The installed Liquid Radwaste Treatment System shall be considered OPERABLE by
meeting Controls C.6.1.1 and C.6.2.1.
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BASES

The OPERABILITY of the Liquid Radwaste Treatment System ensures that this system will be available
for use whenever liquid effluents require treatment prior to release to the environment. The requirement
that the appropriate portions of this system be used when specified provides assurance that the releases
of radioactive materials in liquid effluents will be kept as low as is reasonably achievable. This
specification implements the requirements of 10 CFR 50.36a, General Design Criterion 60 of

Appendix A to 10 CFR Part 50, and the design objective given in Section 11.D of Appendix | to

10 CFR Part 50. The specified limits governing the use of appropriate portions of the Liquid Radwaste
Treatment System were specified as a suitable fraction of the dose design objectives set forth in

Section II.A of Appendix A to 10 CFR Part 50 for liquid effluents.
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7.0 RADIOACTIVE GASEOUS EFFLUENTS
7.1 Dose Rate

CONTROLS

C711 The dose rate due to radioactive materials released in gaseous effluents from the site to
areas at and beyond the SITE BOUNDARY (see Technical Specification Figure 5.1-1)
shall be limited to the following:

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

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

APPLICABILITY: Atall times.

ACTION:

With the dose rate(s) exceeding the above limits, decrease the release rate within
15 minutes to within the above limit(s).

SURVEILLANCE REQUIREMENTS

S7.11 The dose rate due to noble gases in gaseous effluents shall be determined to be within the
above limits in accordance with the methodology and parameters in Part B of the ODCM.

S.7.12 The dose rate due to lodine-131, lodine-133, tritium, and all radionuclides in particulate
form with half-lives greater than 8 days in gaseous effluents shall be determined to be
within the above limits in accordance with the methodology and parameters in the ODCM
by obtaining representative samples and performing analyses in accordance with the
sampling and analysis program specified in Table A.7.1-1.
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BASES

This Control is provided to ensure that the dose at any time at and beyond the SITE BOUNDARY from
gaseous effluents from all units on the site will be within the annual dose limits of 10 CFR Part 20 to
UNRESTRICTED AREAS. The annual dose limits are the doses associated with the concentrations of
10 CFR Part 20, Appendix B, Table 2, Column 1. These limits provide reasonable assurance that
radioactive material discharged in gaseous effluents will not result in the exposure of a MEMBER OF
THE PUBLIC in an UNRESTRICTED AREA, either within or outside the SITE BOUNDARY, to
annual average concentrations exceeding the limits specified in Appendix B, Table 2 of 10 CFR Part 20
(10 CFR Part 20.1302[c]). For MEMBERS OF THE PUBLIC who may at times be within the SITE
BOUNDARY, the occupancy of the MEMBER OF THE PUBLIC will usually be sufficiently low to
compensate for any increase in the atmospheric diffusion factor above that for the SITE BOUNDARY.
Examples of calculations for such MEMBERS OF THE PUBLIC, with the appropriate occupancy
factors, shall be given in the ODCM. The specified release rate limits restrict, at all times, the
corresponding gamma and beta dose rates above background to a MEMBER OF THE PUBLIC at or
beyond the SITE BOUNDARY to less than or equal to 500 mrems/year to the whole body or to less than
or equal to 3000 mrems/year to the skin. These release rate limits also restrict, at all times, the
corresponding thyroid dose rate above background to a child via the inhalation pathway to less than or
equal to 1500 mrems/year.
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TABLE A.7.1-1

RADIOACTIVE GASEOUS WASTE SAMPLING

AND ANALYSIS PROGRAM

Gaseous Release Type Sampling Frequency | Minimum Analysis Type of Activity Lower Limit of
Frequency Analysis Detection®
(LLD) (uCi/cc)
1. Plant Vent M@ M® Principal Gamma 1x10™
Grab Sample Emitters®
H-3 1x10°®
Continuous® w® 1-131 1x10™*
Charcoal Sample
Continuous® we® Principal Gamma 1x10™
Particulate Sample | Emitters®®
Continuous® M Gross Alpha 1x10™
Composite
Particulate Sample
Continuous® Q Sr-89, Sr-90 1x10™H
Composite
Particulate Sample
2. Condenser Air M M® Principal Gamma 1x10™
Removal Exhaust Grab Sample Noble Gases Emitters®
H-3 1x10°®
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TABLE A.7.1-1

RADIOACTIVE GASEOUS WASTE SAMPLING

AND ANALYSIS PROGRAM

(Continued)

Gaseous Release Type Sampling Frequency | Minimum Analysis Type of Activity Lower Limit of
Frequency Analysis Detection™ (LLD)
(uCilcc)
3. Gland Steam Packing Continuous W Principal Gamma 1x10™
Exhauster Particulate Sample | Emitters®
Continuous W 1-131 1x10*
Charcoal Sample
Continuous M Gross Alpha 1x10™
Composite
Particulate Sample
Continuous Q Sr-89, Sr-90 1x10™
Composite
Particulate
Sample®
4. Containment Purge p®) p® Principal Gamma 1x10™
Each Purge Grab Each Purge Emitters®
Sample
H-3 (oxide) 1x10°°
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TABLE A.7.1-1
RADIOACTIVE GASEOUS WASTE SAMPLING
AND ANALYSIS PROGRAM
(Continued)

Notations

The LLD is defined, for purposes of these specifications, as the smallest concentration of
radioactive material in a sample that will yield a net count, above system background, that will be
detected with 95 percent probability with only 5 percent probability of falsely concluding that a
blank observation represents a "real" signal.

For a particular measurement system, which may include radiochemical separation:

LLD = 4.66S,
EXVXx222x10°XY xexp (-1At)
Where:

LLD = the "a priori™ lower limit of detection (microcurie per unit mass or volume),

466 = a constant derived from the Kajpna and Kyeta Values for the 95% confidence
level;

Sp = the standard deviation of the background counting rate or of the counting rate
of a blank sample as appropriate (counts per minute),

E = the counting efficiency (counts per disintegration),

vV = the sample size (units of mass or volume),

2.22 x 10° = the number of disintegrations per minute per microcurie,

Y = the fractional radiochemical yield, when applicable,
A = the radioactive decay constant for the particular radionuclide (s™), and
At = the elapsed time between the midpoint of sample collection and the time of

counting(s).
Typical values of E, V, Y, and A t should be used in the calculation.

It should be recognized that the LLD is defined as an a priori (before the fact) limit representing
the capability of a measurement system and not as an a posteriori (after the fact) limit for a
particular measurement.
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TABLE A.7.1-1
RADIOACTIVE GASEOUS WASTE SAMPLING
AND ANALYSIS PROGRAM
(Continued)

Notations
(Continued)

The principal gamma emitters for which the LLD specification applies include the following
radionuclides: Kr-87, Kr-88, Xe-133, Xe-133m, Xe-135, and Xe-138 in noble gas releases and
Mn-54, Fe-59, Co-58, Co-60, Zn-65, M0-99, 1-131, Cs-134, Cs-137, Ce-141 and Ce-144 in
iodine and particulate releases. This list does not mean that only these nuclides are to be
considered. Other gamma peaks that are identifiable, together with those of the above nuclides,
shall also be analyzed and reported in the Annual Radioactive Effluent Release Report in
accordance with Technical Specification 6.8.1.4 and Part A, Section 10.2 of the ODCM.
Isotopes which are not detected should be reported as "not detected.” Values determined to be
below detectable levels are not used in dose calculations.

Sampling and analysis shall also be performed following shutdown, startup, or a THERMAL
POWER change exceeding 15 percent of RATED THERMAL POWER within a one hour period
unless; 1) analysis shows that the DOSE EQUIVALENT 1-131 concentrations in the primary
coolant has not increased more than a factor of 3; 2) the noble gas activity monitor for the plant
vent has not increased by more than a factor of 3. For containment purge, requirements apply
only when purge is in operation.

Tritium grab samples shall be taken at least once per 24 hours when the refueling canal is
flooded.

The ratio of the sample flow rate to the sampled stream flow rate shall be known for the time
period covered by each dose or dose rate calculation made in accordance with Controls C.7.1.1,
C.7.2.1,and C.7.3.1.

Samples shall be changed at least once per seven (7) days and analyses shall be completed within
48 hours after changing, or after removal from sampler. Sampling shall also be performed at
least once per 24 hours for at least seven (7) days following each shutdown, startup, or
THERMAL POWER change exceeding 15 percent of RATED THERMAL POWER within a
one-hour period and analyses shall be completed within 48 hours of changing. When samples
collected for 24 hours are analyzed, the corresponding LLDs may be increased by a factor of 10.
This requirement does not apply if 1) analysis shows that the DOSE EQUIVALENT 1-131
concentration in the reactor coolant has not increased more than a factor of 3; and 2) the noble
gas monitor shows that effluent activity has not increased more than a factor of 3.

Samples shall be taken prior to start-up of condenser air removal system when there have been
indications of a primary to secondary leak.

Quarterly composite analysis requirements shall only be required when analysis for principal
gamma emitters indicate positive radioactivity.
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7.2 Dose - Noble Gases

CONTROLS

C721 The air dose due to noble gases released in gaseous effluents to areas at and beyond the
SITE BOUNDARY (see Technical Specification Figure 5.1-1) shall be limited to the
following:

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

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

APPLICABILITY: Atall times.

ACTION:

With the calculated air dose from radioactive noble gases in gaseous effluents exceeding
any of the above limits, prepare and submit to the Commission within 30 days, pursuant to
Technical Specification 6.8.2, a Special Report that identifies the cause(s) for exceeding
the limit(s) and defines the corrective actions that have been taken to reduce the releases
and the proposed corrective actions to be taken to assure that subsequent releases will be in
compliance with the above limits.

SURVEILLANCE REQUIREMENTS

S.7.21 Cumulative dose contributions for the current calendar quarter and current calendar year for
noble gases shall be determined in accordance with the methodology and parameters in
Part B of the ODCM at least once per 31 days.
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BASES

This Control is provided to implement the requirements of Sections 11.B, I1l.A, and IV.A of Appendix |
to 10 CFR Part 50. The Control implements the guides set forth in Section 1.B of Appendix I. The
ACTION statements provide the required operating flexibility and at the same time implement the
guides set forth in Section IV.A of Appendix | at the SITE BOUNDARY that the releases of radioactive
material in gaseous effluents to UNRESTRICTED AREAS will be kept as low as reasonably achievable.
The Surveillance Requirements implement the requirements in Section I11.A of Appendix | that
conformance with the guides of Appendix | be shown by calculational procedures based on models and
data such that the actual exposure of a MEMBER OF THE PUBLIC through appropriate pathways is
unlikely to be substantially underestimated. The dose calculation methodology and parameters
established in the ODCM for calculating the doses due to the actual release rates of radioactive noble
gases in gaseous effluents are consistent with the methodology provided in Regulatory Guide 1.109,
"Calculation of Annual Doses to Man from Routine Releases of Reactor Effluents for the Purpose of
Evaluating Compliance with 10 CFR Part 50, Appendix I," Revision 1, October 1977, and Regulatory
Guide 1.111, "Methods for Estimating Atmospheric Transport and Dispersion of Gaseous Effluents in
Routine Releases from Light-Water Cooled Reactors,” Revision 1, July 1977. The ODCM equations
provided for determining the air doses at and beyond the SITE BOUNDARY are based upon the
historical average atmospheric conditions.
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7.3 Dose - lodine-131, lodine-133, Tritium, and Radioactive Material in Particulate Form

CONTROLS

C.731

The dose to a MEMBER OF THE PUBLIC from lodine-131, lodine-133, tritium, and all
radionuclides in particulate form with half-lives greater than 8 days in gaseous effluents
released to areas at and beyond the SITE BOUNDARY (see Technical Specification Figure
5.1-1) shall be limited to the following:

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

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

APPLICABILITY: Atall times.

ACTION:

With the calculated dose from the release of lodine-131, lodine-133, tritium, and
radionuclides in particulate form with half-lives greater than 8 days, in gaseous effluents
exceeding any of the above limits, prepare and submit to the Commission within 30 days,
pursuant to Technical Specification 6.8.2, a Special Report that identifies the cause(s) for
exceeding the limit(s) and defines the corrective actions that have been taken to reduce the
releases and the proposed corrective actions to be taken to assure that subsequent releases
will be in compliance with the above limits.

SURVEILLANCE REQUIREMENTS

S.73.1

Cumulative dose contributions for the current calendar quarter and current calendar year for
lodine-131, lodine-133, tritium, and radionuclides in particulate form with half-lives greater
than 8 days shall be determined in accordance with the methodology and parameters in

Part B of the ODCM at least once per 31 days.
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BASES

This Control is provided to implement the requirements of Sections I1.C, Ill.A, and IV.A of Appendix |
to 10 CFR Part 50. The Controls are the guides set forth in Section I1.C of Appendix I. The ACTION
statements provide the required operating flexibility and at the same time implement the guides set forth
in Section IV.A of Appendix | to assure that the releases of radioactive materials in gaseous effluents at
the SITE BOUNDARY will be kept as low as reasonably achievable. The ODCM calculation methods
specified in the Surveillance Requirements implement the requirements in Section I1.A of Appendix |
that conformance with the guides of Appendix | be shown by calculational procedures based on models
and data such that the actual exposure of a MEMBER OF THE PUBLIC through appropriate pathways
is unlikely to be substantially underestimated. The ODCM calculational methodology and parameters
for calculating the doses due to the actual release rates of the subject materials are consistent with the
methodology provided in Regulatory Guide 1.109, "Calculation of Annual Doses to Man from Routine
Releases of Reactor Effluents for the Purpose of Evaluating Compliance with 10 CFR Part 50,
Appendix I," Revision 1, October 1977, and Regulatory Guide 1.111, "Methods for Estimating
Atmospheric Transport and Dispersion of Gaseous Effluents in Routine Releases from Light-Water
Cooled Reactors," Revision 1, July 1977. These equations also provide for determining the actual doses
based upon the historical lodine-133, tritium, and radionuclides in particulate form with half-lives
greater than 8 days are dependent upon the existing radionuclide pathways to man in the areas at and
beyond the SITE BOUNDARY. The pathways that were examined in the development of the
calculations were

(1) Individual inhalation of airborne radionuclides,

(2) Deposition of radionuclides onto green leafy vegetation with subsequent consumption by
man,

(3) Deposition of radionuclides onto grassy areas where milk animals and meat-producing
animals graze followed by human consumption of that milk and meat, and

(4) Deposition of radionuclides on the ground followed by subsequent human exposure.
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7.4 Gaseous Radwaste Treatment System

CONTROLS

C741 The VENTILATION EXHAUST TREATMENT SYSTEM and the GASEOUS
RADWASTE TREATMENT SYSTEM shall be OPERABLE and appropriate portions of
these systems shall be used to reduce releases of radioactivity when the projected doses in
31 days due to gaseous effluent releases to areas at and beyond the SITE BOUNDARY
(see Technical Specification Figure 5.1-1) would exceed

a. 0.2 mrad to air from gamma radiation, or
b. 0.4 mrad to air from beta radiation, or
C. 0.3 mrem to any organ of a MEMBER OF THE PUBLIC.

APPLICABILITY: Atall times.

ACTION:

With radioactive gaseous waste being discharged without treatment and in excess of the
above limits, prepare and submit to the Commission within 30 days, pursuant to
Specification 6.8.2, a Special Report that includes the following information:

a. Identification of any inoperable equipment or subsystems, and the reason for the
inoperability,

b.  Action(s) taken to restore the inoperable equipment to OPERABLE status, and
c.  Summary description of action(s) taken to prevent a recurrence.

SURVEILLANCE REQUIREMENTS

S74.1 Doses due to gaseous releases from each unit to areas at and beyond the SITE
BOUNDARY shall be projected at least once per 31 days in accordance with the
methodology and parameters in Part B of the ODCM when Gaseous Radwaste Treatment
Systems are not being fully utilized.

S.74.2 The installed VENTILATION EXHAUST TREATMENT SYSTEM and GASEOUS
RADWASTE TREATMENT SYSTEM shall be considered OPERABLE by meeting
Controls C.7.1.1, and C.7.2.1, or C.7.3.1.
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BASES

The OPERABILITY of the GASEOUS RADWASTE TREATMENT SYSTEM and the
VENTILATION EXHAUST TREATMENT SYSTEM ensures that the systems will be available for use
whenever gaseous effluents require treatment prior to release to the environment. The requirement that
the appropriate portions of these systems be used, when specified, provides reasonable assurance that the
releases of radioactive materials in gaseous effluents will be kept as low as is reasonably achievable.
This Control implements the requirements of 10 CFR 50.36a, General Design Criterion 60 of

Appendix A to 10 CFR Part 50, and the design objectives given in Section 11.D of Appendix | to

10 CFR Part 50. The specified limits governing the use of appropriate portions of the systems were
specified as a suitable fraction of the dose design objectives set forth in Sections 11.B and 11.C of
Appendix I to 10 CFR Part 50, for gaseous effluents.
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8.0 TOTAL DOSE

CONTROL

C.8.1.1 The annual (calendar year) dose or dose commitment to any MEMBER OF THE PUBLIC
due to releases of radioactivity and to radiation from uranium fuel cycle sources shall be
limited to less than or equal to 25 mrems to the whole body or any organ, except the
thyroid, which shall be limited to less than or equal to 75 mrems.

APPLICABILITY: At all times.

ACTION:

With the calculated doses from the release of radioactive materials in liquid or gaseous
effluents exceeding twice the limits of Controls C.6.2.1.a, C.6.2.1.b, C.7.2.1.a, C.7.2.1.b,
C.7.3.1.a, or C.7.3.1.b, calculations shall be made including direct radiation contributions
from the units and from outside storage tanks to determine whether the above limits of
Control C.8.1.1 have been exceeded. If such is the case, prepare and submit to the
Commission within 30 days, pursuant to Technical Specification 6.8.2, a Special Report
that defines the corrective action to be taken to reduce subsequent releases to prevent
recurrence of exceeding the above limits and includes the schedule for achieving
conformance with the above limits. This Special Report, as defined in 10 CFR
20.2203(a)(4), shall include an analysis that estimates the radiation exposure (dose) to a |
MEMBER OF THE PUBLIC from uranium fuel cycle sources, including all effluent
pathways and direct radiation, for the calendar year that includes the release(s) covered by
this report. It shall also describe levels of radiation and concentrations of radioactive
material involved, and the cause of the exposure levels or concentrations. If the estimated
dose(s) exceeds the above limits, and if the release condition resulting in violation of 40
CFR Part 190 has not already been corrected, the Special Report shall include a request for
a variance in accordance with the provisions of 40 CFR Part 190. Submittal of the report
is considered a timely request, and a variance is granted until staff action on the request is
complete.

SURVEILLANCE REQUIREMENTS

S.8.1.1 Cumulative dose contributions from liquid and gaseous effluents shall be determined in
accordance with Surveillance Requirement S.6.2.1, S.7.2.1, and S.7.3.1, and in accordance
with the methodology and parameters in Part B of the ODCM.

S.8.1.2 Cumulative dose contributions from direct radiation from plant facilities, including
radwaste storage tanks and Dry Fuel Storage Facility, shall be determined in accordance
with the methodology and parameters in Part B of the ODCM. This requirement is
applicable only under conditions set forth in ACTION a. of Control C.8.1.1.
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BASES

This Control is provided to meet the dose limitations of 40 CFR Part 190 that have been incorporated
into 10 CFR Part 20 by 46FR18525. The specification requires the preparation and submittal of a
Special Report whenever the calculated doses due to releases of radioactivity and to radiation from
uranium fuel cycle sources exceed 25 mrems to the whole body or any organ, except the thyroid, which
shall be limited to less than or equal to 75 mrems. For sites containing up to four reactors, it is highly
unlikely that the resultant dose to a MEMBER OF THE PUBLIC will exceed the dose limits of 40 CFR
Part 190 if the individual reactors remain within twice the dose design objectives of Appendix I, and if
direct radiation doses from the units (including outside storage tanks, solid radwaste storage and dry fuel
storage, etc.) are kept small. The Special Report will describe a course of action that should result in the
limitation of the annual dose to a MEMBER OF THE PUBLIC to within the 40 CFR Part 190 limits.
For the purposes of the Special Report, it may be assumed that the dose commitment to the MEMBER
OF THE PUBLIC from other uranium fuel cycle sources is negligible, with the exception that dose
contributions from other nuclear fuel cycle facilities at the same site are within a radius of 8§ km must be
considered. If the dose to any MEMBER OF THE PUBLIC is estimated to exceed the requirements of
40 CFR Part 190 [equivalent to 10 CFR 72.104(a) for Dry Fuel Storage considerations], the Special |
Report with a request for a variance (provided the release conditions resulting in violation of 40 CFR
Part 190 have not already been corrected), in accordance with the provisions of 40 CFR 190.11 and 10
CFR 20.405c, is considered to be a timely request and fulfills the requirements of 40 CFR Part 190 until
NRC staff action is completed. The variance only relates to the limits of 40 CFR Part 190, and does not
apply in any way to the other requirements for dose limitation of 10 CFR Part 20, as addressed in
Controls C.6.1.1 and C.7.1.1. An individual is not considered a MEMBER OF THE PUBLIC during
any period in which he/she is engaged in carrying out any operation that is part of the nuclear fuel cycle.
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9.0 RADIOLOGICAL ENVIRONMENTAL MONITORING
9.1 Plant Operations Monitoring Program

CONTROL

Co11 The Radiological Environmental Monitoring Program (REMP) shall be conducted as
specified in Table A.9.1-1.

APPLICABILITY: Atall times.

ACTION:

a. With the REMP not being conducted as specified in Table A.9.1-1, prepare and
submit to the Commission, in the Annual Radiological Environmental Operating
Report required by Technical Specification 6.8.1.3 and Part A, Section 10.1 of the
ODCM, a description of the reasons for not conducting the program as required
and the plans for preventing a recurrence.

b. With the level of radioactivity as the result of plant effluents in an environmental
sampling medium at a specified location exceeding the reporting levels of
Table A.9.1-3 when averaged over any calendar quarter, prepare and submit to the
Commission within 30 days from receipt of the laboratory analyses, pursuant to
Technical Specification 6.8.2, a Special Report that identifies the cause(s) for
exceeding the limit(s) and defines the corrective actions to be taken to reduce
radioactive effluents so that the potential annual dose* to a MEMBER OF THE
PUBLIC is less than the calendar year limits of Control C.6.2.1, C.7.2.1, or
C.7.3.1. When more than one of the radionuclides in the REMP are detected in the
sampling medium, this report shall be submitted if

concentration (1) concentration (2)
reporting level (1) + reporting level (2) *+-->1.0

When radionuclides other than those listed in the REMP are detected and are the
result of plant effluents, this report shall be submitted if the potential annual dose*
to a MEMBER OF THE PUBLIC from all radionuclides is equal to or greater than
the calendar year limits of Control C.6.2.1, C.7.2.1, or C.7.3.1. This report is not
required if the measured level of radioactivity was not the result of plant effluents;
however, in such an event, the condition shall be reported and described in the
Annual Radiological Environmental Operating Report required by Technical
Specification 6.8.1.3 and Part A, Section 10.1 of the ODCM.

*The methodology and parameters used to estimate the potential annual dose to a MEMBER OF THE
PUBLIC shall be indicated in this report.
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ACTION: (Continued)

With milk or fresh leafy vegetable samples unavailable from one or more of the
sample locations required by the REMP, identify specific locations for obtaining
replacement samples and add them within 30 days to the REMP given in the
ODCM. The specific locations from which samples were unavailable may then be
deleted from the monitoring program. Pursuant to Technical Specification 6.13,
and Part A, Section 10.2, of the ODCM, submit in the next Annual Radioactive
Effluent Release Report documentation for a change in the ODCM including a
revised figure(s) and table for the ODCM reflecting the new location(s) with
supporting information identifying the cause of the unavailability of samples and
justifying the selection of the new locations(s) for obtaining samples.

SURVEILLANCE REQUIREMENTS

S9.11 The radiological environmental monitoring samples shall be collected pursuant to
Table A.9.1-1 from the specific locations given in the table and figure(s) in Part B of the
ODCM, and shall be analyzed pursuant to the requirements of Table A.9.1-1 and the
detection capabilities required by Table A.9.1-2.

BASES

The REMP required by this Control provides representative measurements of radiation and of
radioactive materials in those exposure pathways and for those radionuclides that lead to the highest
potential radiation exposures of MEMBERS OF THE PUBLIC resulting from the plant operation. This
monitoring program implements Section 1V.B.2 of Appendix | to 10 CFR Part 50, and thereby
supplements the REMP by verifying that the measurable concentrations of radioactive materials and
levels of radiation are not higher than expected on the basis of the effluent measurements and the
modeling of the environmental exposure pathways. Guidance for this monitoring program is provided
by the Radiological Assessment Branch Technical Position on Environmental Monitoring, Revision 1,
November 1979. The initially specified monitoring program will be effective for at least the first

3 years of commercial operation. Following this period, program changes may be initiated based on
operational experience.

Detailed discussion of the LLD and other detection limits can be found in Currie, L.A., "Lower Limit of
Detection: Definition and Elaboration of a Proposed Position for Radiological Effluent and
Environmental Measurements,” NUREG/CR-4007 (September 1984).
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TABLE A9.1-1

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

Exposure Pathway and/or
Sample

Number of Representative Samples and
Sample Locations®

Sampling and Collection
Frequency

Type and Frequency of
Analysis

1.

DIRECT RADIATION®

40 routine monitoring stations with two or
more dosimeters placed as follows:

An inner ring of stations, one in each
meteorological sector in the general area of
the SITE BOUNDARY;

An outer ring of stations, one in each
meteorological sector, generally in the 6 to
8-km range from the site;

The balance of the stations to be placed in
special interest areas such as population
centers, nearby residences, schools, and
control locations.

Quarterly.

Gamma dose quarterly.

2.

AIRBORNE

Radioiodine and
Particulates

Samples from five locations®:

Three samples from close to the three SITE
BOUNDARY locations, in different sectors,
of high calculated long-term average
ground-level D/Q.

One sample from the vicinity of a
community having the highest calculated
long-term average ground-level D/Q.

Continuous sampler
operation with sample
collection biweekly
(approx. 14 days), or
more frequently if
required by dust loading.

Radioiodine Canister:

I-131 analysis biweekly
(approx. 14 days).

Particulate Sampler:

Gross beta radioactivity
analysis following filter
change®;

Gamma isotopic analysis® of
composite (by location)
quarterly.
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TABLE A9.1-1

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

(Continued)

Exposure Pathway and/or

Number of Representative Samples and

Sampling and Collection

Type and Frequency of

Sample Sample Locations® Frequency Analysis
2. (Continued) One sample from a control location, as for
example 15-30 km distant and in the least
prevalent wind direction.
3.  WATERBORNE
a.  Surface One sample in the discharge area. One Monthly grab sample. Gamma isotopic analysis®
sample from a control location. monthly. Composite for
tritium analysis quarterly.
b.  Sediment from One sample from area with existing or Semiannually. Gamma isotopic analysis®

shoreline

potential recreational value.

semiannually.

4.  INGESTION

a.  Milk

Samples from milking animals in three
locations within 5 km distance having the
highest dose potential. If there are none,
then, one sample from milking animals in
each of three areas between 5 to 8 km
distant where doses are calculated to be
greater than 1 mrem per yr.|

One sample from milking animals at a
control location, as for example, 15-30 km
distant and in the least prevalent wind
direction.

Semimonthly when
milking animals are on
pasture, monthly at other
times.

Gamma isotopic® and 1-131
analysis on each sample.
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TABLE A9.1-1

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

(Continued)

Exposure Pathway and/or
Sample

Number of Representative Samples and
Sample Locations®

Sampling and Collection
Frequency

Type and Frequency of
Analysis

4. (Continued)

b. Fish and
Invertebrates

C. Food Products

One sample of each of three commercially
and recreationally important species in
vicinity of plant discharge area.

One sample of similar species in areas not
influenced by plant discharge.

Samples of three (if practical) different
kinds of broad leaf vegetation® grown
nearest each of two different off-site
locations of highest predicted long-term
average ground-level D/Q if milk sampling
is not performed. "

One sample of each of the similar broad leaf
vegetation? grown at a control location, as
for example 15-30 km distant in the least
prevalent wind direction, if milk sampling
is not performed. "

Sample in season, or
semiannually if they are
not seasonal.

Monthly, when available.

Monthly, when available.

Gamma isotopic analysis® on
edible portions.

Gamma isotopic® and 1-131
analysis.

Gamma isotopic® and 1-131
analysis.

A.9-5

ODCM Rev. 36




TABLE A.9.1-1
RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM
(Continued)

Table Notations

Specific parameters of distance and direction sector from the centerline of the Unit 1 reactor, and additional description where pertinent,
shall be provided for each and every sample location in Table B.4-1 in the ODCM, Part B. Deviations are permitted from the required
sampling schedule if specimens are unobtainable due to circumstances such as hazardous conditions, seasonal unavailability and
malfunction of automatic sampling equipment. If specimens are unobtainable due to sampling equipment malfunction, effort shall be
made to complete corrective action prior to the end of the next sampling period. All deviations from the sampling schedule shall be
documented in the Annual Radiological Environmental Operating Report as specified in Part A, Section 10.1. It is recognized that, at
times, it may not be possible or practicable to continue to obtain samples of the media of choice at the most desired location or time. In
these instances suitable alternative media and locations may be chosen for the particular pathway in question and appropriate substitutions
made within 30 days in the Radiological Environmental Monitoring Program. ldentify the cause of the unavailability of samples for that
pathway and identify the new location(s), if available, for obtaining replacement samples in the next Semiannual Radioactive Effluent
Release Report as specified in Part A, Section 10.2 and also include in the report a revised figure(s) and table for the ODCM reflecting the
new location(s).

A thermoluminescent dosimeter (TLD) is considered to be one phosphor; two or more phosphors in a packet are considered as two or
more dosimeters.

Airborne particulate sample filters shall be analyzed for gross beta radioactivity 24 hours or more after sampling to allow for radon and
thoron daughter decay. If gross beta activity in air particulate samples is greater than ten times the yearly mean of control samples, gamma
isotopic analysis shall be performed on the individual samples.

Optimal air sampling locations are based not only on D/Q but on factors such as population in the area, year-round access to the site, and
availability of power.

Gamma isotopic analysis means the identification and quantification of gamma-emitting radionuclides that may be attributable to the
effluents from the facility.

The dose shall be calculated for the maximum organ and age group, using the methodology and parameters in the ODCM, Part B.
If broad leaf vegetation is unavailable, other vegetation will be sampled.

Vegetation samples may be taken in the general vicinity of the designated sample location, due to availability.
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TABLE A.9.1-2
DETECTION CAPABILITIES FOR ENVIRONMENTAL SAMPLE ANALYSIS*"

Lower Limit of Detection (LLD)"

Water Airborne Particulate or In\lzi?eg?a(ies Milk Food Products Sediment
Analysis (pCi/kg) Gas (pCi/m°) (pCi/kg, wet) (pCi/kg) (pCi/kg, wet) (pCi/kg, dry)
Gross Beta 4 0.01
H-3 3,000
Mn-54 15 130
Fe-59 30 260
Co-58, 60 15 130
Zn-65 30 260
Zr-Nb-95 15°
1-131 15 0.07 1 60°
Cs-134 15 0.05 130 15 60 150
Cs-137 18 0.06 150 18 80 180
Ba-La-140 15%¢ 15%¢
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TABLE A.9.1-2
DETECTION CAPABILITIES FOR ENVIRONMENTAL SAMPLE ANALYSIS
(Continued)

Table Notations

This list does not mean that only these nuclides are to be considered. Other peaks that are
identifiable, together with those of the above nuclides, shall also be analyzed and reported in the
Annual Radiological Environmental Operating Report.

The LLD is defined, for purposes of these specifications, as the smallest concentration of
radioactive material in a sample that will yield a net count, above system background, that will be
detected with 95% probability with only 5% probability of falsely concluding that a blank
observation represents a "real™ signal.

For a particular measurement system, which may include radiochemical separation:

4.66 Sb

LLD= -
EXV x 2.22 x10° x Y xexp (- AAt)

Where:

LLD is the "a priori" lower limit of detection as defined above, as picocuries per unit mass
or volume;

4.66 is a constant derived from the Kapha and Kpeta Values for the 95% confidence level;

Sp Is the standard deviation of the background counting rate or of the counting rate of a
blank sample as appropriate, as counts per minute;

E is the counting efficiency, as counts per disintegration;

V is the sample size in units of mass or volume;

2.22 is the number of disintegrations per minute per picocurie;

Y is the fractional radiochemical yield, when applicable;

A is the radioactive decay constant for the particular radionuclide as per second; and

At for environmental samples is the elapsed time between sample collection and time of
counting, as seconds.

Typical values of E, V, Y, and A t should be used in the calculation.

In calculating the LLD for a radionuclide determined by gamma ray spectrometry, the
background shall include the typical contributions of other radionuclides normally present in the
samples (e.g., Potassium-40 in milk samples).
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TABLE A.9.1-2
DETECTION CAPABILITIES FOR ENVIRONMENTAL SAMPLE ANALYSIS
(Continued)

Table Notations
(Continued)

It should be recognized that the LLD is defined as an a priori (before the fact) limit representing
the capability of a measurement system and not as an a posteriori (after the fact) limit for a
particular measurement. This does not preclude the calculation of an a posteriori LLD for a
particular measurement based upon the actual parameters for the sample in question and
appropriate decay correction parameters such as decay while sampling and during analysis.
Analyses shall be performed in such a manner that the stated LLDs will be achieved under
routine conditions. Occasionally background fluctuations, unavoidable small sample sizes, the
presence of interfering nuclides, or other uncontrollable circumstances may render these LLDs
unachievable. In such cases, the contributing factors shall be identified and described in the
Annual Radiological Environmental Operating Report per Part A, Section 10.1.

Parent only.

The Ba-140 LLD and concentration can be determined by the analysis of its short-lived daughter
product La-140 subsequent to an eight-day period following collection. The calculation shall be
predicated on the normal ingrowth equations for a parent-daughter situation and the assumption
that any unsupported La-140 in the sample would have decayed to an insignificant amount (at
least 3.6% of its original value). The ingrowth equations will assume that the supported La-140
activity at the time of collection is zero.

Broad leaf vegetation only.

If the measured concentration minus the three standard deviation uncertainty is found to exceed
the specified LLD, the sample does not have to be analyzed to meet the specified LLD.

Required detection capabilities for thermoluminescent dosimeters used for environmental
measurements shall be in accordance with recommendations of Regulatory Guide 4.13,
Revision 1, July 1977.
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TABLE A.9.1-3
REPORTING LEVELS FOR RADIOACTIVITY CONCENTRATIONS IN ENVIRONMENTAL SAMPLES

Analysis Water Airborne Particulate or Gas Fish and Milk Food Products

(pCi/kg) (pCi/m®) Invertebrates (pCi/kg) (pCi/kg, wet)
(pCi/kg, wet)

H-3 30,000***

Mn-54 1,000 30,000

Fe-59 400 10,000

Co-58 1,000 30,000

Co-60 300 10,000

Zn-65 300 20,000

Zr-Nb-95 400*

1-131 100 0.9 3 100**

Cs-134 30 10 1,000 60 1,000

Cs-137 50 20 2,000 70 2,000

Ba-La-140 200* 300*

* Parent only.
** Broad leaf vegetation only.
*** Drinking water reporting level = 20,000 pCi/kg (2E-05 puCi/ml)
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9.2 Land Use Census

CONTROL

Co.21

A Land Use Census shall be conducted and shall identify within a distance of 8 km

(5 miles) the location in each of the 16 meteorological sectors of the nearest milk animal,
the nearest residence, and the nearest garden** of greater than 50 m? (500 ft*) producing

broad leaf vegetation.

APPLICABILITY: Atall times.

ACTION

With a Land Use Census identifying a location(s) that yields a calculated dose or
dose commitment greater than the values currently being calculated in Surveillance
S.7.3.1 pursuant to Technical Specification 6.8.1.4 and Part A, Section 10.2, of the
ODCM, identify the new location(s) in the next Annual Radioactive Effluent
Release Report.

With a Land Use Census identifying a location(s) that yields a calculated dose or
dose commitment (via the same exposure pathway) 20% greater than at a location
from which samples are currently being obtained in accordance with

Control C.9.1.1, add the new location(s) within 30 days to the REMP given in the
ODCM, if permission from the owner to collect samples can be obtained and
sufficient sample volume is available. The sampling location(s), excluding the
Control station location, having the lowest calculated dose or dose commitment(s),
via the same exposure pathway, may be deleted from this monitoring program after
October 31 of the year in which this Land Use Census was conducted. Pursuant to
Technical Specification 6.13 and Part A, Section 10.2 of the ODCM, submit in the
next Annual Radioactive Effluent Release Report documentation for a change in the
ODCM including a revised figure(s) and table(s) for the ODCM reflecting the new
location(s) with information supporting the change in sampling locations.

SURVEILLANCE REQUIREMENTS

S9.21

**Broad leaf vegetation sampling of at least three different kinds of vegetation may be performed at the

The Land Use Census shall be conducted during the growing season at least once per

12 months using a method such as by a door-to-door survey, aerial survey, or by consulting

local agriculture authorities, as described in the ODCM. The results of the Land Use
Census shall be included in the Annual Radiological Environmental Operating Report
pursuant to Part A, Section 10.1 of the ODCM.

SITE BOUNDARY in each of two different direction sectors with the highest predicted relative

deposition values (D/Qs) in lieu of the garden census. Specifications for broad leaf vegetation sampling

in the REMP shall be followed, including analysis of control samples.
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BASES

This specification is provided to ensure that changes in the use of areas at and beyond the SITE
BOUNDARY are identified and that modifications to the REMP given in the ODCM are made if
required by the results of this census. Information from methods such as the door-to-door survey, from
aerial survey, of from consulting with local agricultural authorities shall be used. This census satisfies
the requirements of Section 1V.B.3 of Appendix | to 10 CFR Part 50. Restricting the census to gardens
of greater than 50 m? provides assurance that significant exposure pathways via leafy vegetables will be
identified and monitored, since a garden of this size is the minimum required to produce the quantity
(26 kglyear) of leafy vegetables assumed in Regulatory Guide 1.109 for consumption by a child. To
determine this minimum garden size, the following assumptions were made: (1) 20% of the garden was
used for growing broad-leaf vegetation (i.e., similar to lettuce and cabbage), and (2) there was a
vegetation yield of 2 kg/m?.
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9.3 Interlaboratory Comparison Program

CONTROL

C.931 In accordance with Technical Specification 6.7.6h.3, analyses shall be performed on all
radioactive materials supplied as part of an Interlaboratory Comparison Program, that has
been approved by the Commission, that correspond to samples required by REMP.

APPLICABILITY: Atall times.

ACTION:

With analyses not being performed as required above, report the corrective actions taken to
prevent a recurrence to the Commission in the Annual Radiological Environmental
Operating Report pursuant to Part A, Section 10.1 of the ODCM.

SURVEILLANCE REQUIREMENTS

S.9.3.1 The Interlaboratory Comparison Program shall be identified in Part B of the ODCM.
A summary of the results obtained as part of the above required Interlaboratory Comparison
Program shall be included in the Annual Radiological Environmental Operating Report
pursuant to Part A, Section 10.1 of the ODCM.

BASES

The requirement for participation in an approved Interlaboratory Comparison Program is provided to
ensure that independent checks on the precision and accuracy of the measurements of radioactive
material in environmental sample matrices are performed as part of the Quality Assurance Program for
environmental monitoring in order to demonstrate that the results are valid for the purposes of

Section IV.B.2 of Appendix I to 10 CFR Part 50.
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9.4 Dry Fuel Storage Facility Monitoring Program

CONTROL

Co41 The Dry Fuel Storage Facility radiological environmental monitoring program shall
be conducted as specified in Table A.9.4-1

APPLICABILITY: Atall times.

ACTION:

With the Dry Fuel Storage Facility radiological environmental measurements not
being conducted as specified in Table A.9.4-1, prepare and submit to the
Commission, in the Annual Radiological Environmental Operating Report required
by Technical Specification 6.8.1.3 and Part A, Section 10.1 of the ODCM, a
description of the reasons for not conducting the program as required and the plans
for preventing a recurrence.

SURVEILLANCE REQUIREMENTS

S94.1 The Dry Fuel Storage Facility radiological environmental measurements shall be
performed pursuant to Table A.9.4-1 from the specific locations given in the
table(s) and figure(s) in Part B of the ODCM, and shall be analyzed pursuant to the
requirements of Table A.9.4-1.

BASES

The Dry Fuel Storage radiological environmental monitoring program required by this Control
provides representative measurements of direct (including scattered) radiation exposure at those
locations that have the highest potential for dose to MEMBERS OF THE PUBLIC resulting from
dry fuel storage operations. The design of the storage facility is such that there are no liquid or
gaseous effluents released to the environment from DFS and, therefore, no associated exposure
pathways for liquids and gases requiring the collection and analysis of such sample media. As a
result, only direct (including scattered) radiation from the DFS modules need to be monitored for
integrated exposures in areas where doses to MEMBERS OF THE PUBLIC need to be limited.
This measurement program provides information to support the determination of compliance
with the dose criteria of 10 CFR 72.104(a), 40 CFR 190, and 10 CFR 20.1301(a)(1) for that
portion of the total annual dose contributed by DFS.
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TABLE A9.4-1

DRY FUEL STORAGE FACILITY RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

Exposure Pathway

Number of Locations

Collection Frequency

Type and Frequency of
Analysis

1.

DIRECT RADIATION "

14 routine monitoring stations with two or
more dosimeters placed at each station as
follows:

2 nearby locations on-site where
MEMBERS OF THE PUBLIC can
congregate.

5 locations along the site boundary in
areas of high potential for public
exposure (shared TLD Locations with
plant REMP, Table B.4-1).

2 locations near the closest site
boundary approach to the DFS in
different sectors.

5 locations beyond 15 km from the site
(shared TLD locations with plant
REMP, Table B.4-1).

Quarterly.

Gamma dose quarterly.

Specific parameters of distance and direction sector from the centerline of the DFS Pad, and additional description where pertinent, shall be provided for
each sample location in Table B.4-2 in the ODCM, Part B. Deviations are permitted from the required measurement schedule if dosimeters are
unobtainable due to circumstances beyond the control of the licensee, such as lost of dosimeters resulting from unauthorized removal from the field. All
deviations from the measurement schedule shall be documented in the Annual Radiological Environmental Operating Report as specified in Part A,

Section 10.1.

A thermoluminescent dosimeter (TLD) is considered to be one phosphor; two or more phosphors in a packet are considered as two or more dosimeters.
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10.0 REPORTS
10.1 Annual Radiological Environmental Operating Report

Routine Annual Radiological Environmental Operating Reports covering the operation of the
station during the previous calendar year shall be submitted prior to May 1 of each year pursuant
to Technical Specification 6.8.1.3.

The Annual Radiological Environmental Operating Reports shall include summaries,
interpretations, and an analysis of trends of the results of the radiological environmental
Surveillance activities for the report period, including a comparison with preoperational studies,
with operational Controls, as appropriate, and with previous environmental Surveillance reports,
and an assessment of the observed impacts of the plant operation on the environment. The
reports shall also include the results of the Land Use Census required by Control C.9.2.1.

The Annual Radiological Environmental Operating Reports shall include the results of analysis
of all radiological environmental samples and of all environmental radiation measurements taken
during the period pursuant to the locations specified in the table and figures in Part B of the
ODCM, as well as summarized and tabulated results of these analyses and measurements in the
format of the table in the Radiological Assessment Branch Technical Position, Revision 1,
November 1979. In the event that some individual results are not available for inclusion with the
report, the report shall be submitted noting and explaining the reasons for the missing results.
The missing data shall be submitted as soon as possible in a supplementary report.

The reports shall also include the following: a summary description of the Radiological
Environmental Monitoring Program; at least two legible maps**** covering all sampling
locations keyed to a table giving distances and directions from the centerline of one reactor; the
results of licensee participation in the Interlaboratory Comparison Program and the corrective
action taken if the specified program is not being performed as required by Control C.9.3.1;
reason for not conducting the Radiological Environmental Monitoring Program as required by
Control C.9.1.1, and discussion of all deviations from the sampling schedule; discussion of
environmental sample measurements that exceed the reporting levels but are not the result of
plant effluents, pursuant to ACTION b. of Control C.9.1.1; and discussion of all analyses in
which the LLD required was not achievable.

*#%*One map shall cover locations near the SITE BOUNDARY ; the more distant locations shall be
covered by one or more additional maps.
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10.2 Annual Radioactive Effluent Release Report

A routine Annual Radioactive Effluent Release Report covering the operation of the station
during the previous calendar year of operation shall be submitted by May 1 of each year, pursuant
to Technical Specification 6.8.1.4.

The Annual Radioactive Effluent Release Reports shall include a summary of the quantities of
radioactive liquid and gaseous effluents and solid waste released from the station as outlined in
Regulatory Guide 1.21, "Measuring, Evaluating, and Reporting Radioactivity in Solid Wastes
and Releases of Radioactive Materials in Liquid and Gaseous Effluents from Light-Water-
Cooled Nuclear Power Plants," Revision 1, June 1974, with data summarized on a quarterly
basis following the format of Appendix B thereof. For solid wastes, the format for Table 3 in
Appendix B shall be supplemented with three additional categories: class of solid wastes (as
defined by 10 CFR Part 61), type of container (e.g., LSA, Type A, Type B, Large Quantity) and
SOLIDIFICATION agent or absorbent (e.g., cement).

The Annual Radioactive Effluent Release Report shall include an annual summary of hourly
meteorological data collected over the previous year. This annual summary may be either in the
form of an hour-by-hour listing on magnetic tape of wind speed, wind direction, atmospheric
stability, and precipitation (if measured), or in the form of joint frequency distributions of wind
speed, wind direction, and atmospheric stability. ***** This same report shall include an
assessment of the radiation doses due to the radioactive liquid and gaseous effluents released
from the unit or station during the previous calendar year. This same report shall also include an
assessment of the radiation doses from radioactive liquid and gaseous effluents to MEMBERS
OF THE PUBLIC due to their activities inside the SITE BOUNDARY Technical Specification
(Figure 5.1-3) during the report period. All assumptions used in making these assessments, i.e.,
specific activity, exposure time, and location, shall be included in these reports. The
meteorological conditions concurrent with the time of release of radioactive materials in gaseous
effluents, as determined by sampling frequency and measurement, shall be used for determining
the gaseous pathway doses. The assessment of radiation doses shall be performed in accordance
with the methodology and parameters in the OFFSITE DOSE CALCULATION MANUAL
(ODCM).

The Annual Radioactive Effluent Release Report shall also include an assessment of radiation
doses to the likely most exposed MEMBER OF THE PUBLIC from reactor releases and other
nearby uranium fuel cycle sources, including doses from primary effluent pathways and direct
radiation, for the previous calendar year to show conformance with 40 CFR Part 190,
"Environmental Radiation Protection Standards for Nuclear Power Operation." Acceptable
methods for calculating the dose contribution from liquid and gaseous effluents are given in
Regulatory Guide 1.109, Rev. 1, October 1977.

*#%4%In lieu of submission with the Annual Radioactive Effluent Release Report, the licensee has the

option of retaining this summary of required meteorological data on site in a file that shall be provided to
the NRC upon request.
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The Annual Radioactive Effluent Release Report shall include a list and description of unplanned
releases from the site to UNRESTRICTED AREAS of radioactive materials in gaseous and
liquid effluents made during the reporting period.

The Annual Radioactive Effluent Release Report shall include any changes made during the
reporting period to the PROCESS CONTROL PROGRAM and the ODCM, pursuant to
Technical Specifications 6.12 and 6.13, respectively, as well as any major change to Liquid,
Gaseous, or Solid Radwaste Treatment Systems pursuant to Control 11.0. It shall also include a
listing of new locations for dose calculations and/or environmental monitoring identified by the
Land Use Census pursuant to Control C.9.2.

The Annual Radioactive Effluent Release Report shall also include a description of the events
leading to liquid holdup tanks or gas storage tanks exceeding the limits of Technical
Specification 3.11.1.4.
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SEABROOK STATION ODCM
PART B

RADIOLOGICAL CALCULATIONAL METHODS AND PARAMETERS
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1.0

11

INTRODUCTION

The Offsite Dose Calculation Manual (ODCM) contains details to implement Radioactive
Effluent Controls and Environmental Monitoring Program as required by Technical
Specifications 6.7.6g and 6.7.6h.

Part B of the ODCM provides formal and approved methods for the calculation of off-site
concentration, off-site doses and effluent monitor setpoints, and indicates the locations of
environmental monitoring stations in order to comply with the Seabrook Station Radioactive
Effluent Controls Program (RECP), and Radiological Environmental Monitoring Program
(REMP) detailed in Part A of the manual. The ODCM forms the basis for station procedures
which document the off-site doses due to station operation which are used to show compliance
with the numerical guides for design objectives of Section Il of Appendix I to 10CFR Part 50.
The methods contained herein follow accepted NRC guidance, unless otherwise noted in the text.

The references to 10 CFR Part 20 in Part B of the ODCM refer to revisions of 10 CFR Part 20
published prior to 1 January 1993. The decision to continue the use of the "old" version of

10 CFR Part 20 is based on an NRC letter dated June 30, 1993, from Thomas E. Murley to
Thomas E. Tipton. For the convenience of the plant staff a copy of 10 CFR Part 20 (Rev. 1,
January 1992) has been included in Appendix B.

Responsibilities for Part B

All changes to the ODCM shall be reviewed by the Station Operation Review Committee
(SORC), approved by the Station Director, and documented in accordance with Technical
Specification 6.13. The change process is controlled by the Applicability Determination Process
as controlled by the 10 CFR 50.59 Resource Manual (5059RM). Changes made to Part B shall
be submitted to the Commission for their information in the Annual Radioactive Effluent Release
Report for the period in which the change(s) was made effective.

It shall be the responsibility of the Station Director to ensure that the ODCM is used in the
performance of surveillance requirements and administrative controls in accordance with
Technical Specifications 6.7.6g and 6.7.6h, and Effluent Control Program and Radiological
Environmental Monitoring Program detailed in Part A of the manual.

In addition to off-site dose calculations for the demonstration of compliance with Technical
Specification dose limits at and beyond the site boundary, 10 CFR 20.1302 requires that
compliance with the dose limits for individual members of the public (100 mrem/yr total
effective dose equivalent) be demonstrated in controlled areas on-site. Demonstration of
compliance with the dose limits to members of the public in controlled areas is implemented per
Health Physics Department Procedures, and is outside the scope of the ODCM. However,
calculations performed in accordance with the ODCM can be used as one indicator of the need to
perform an assessment of exposure to members of the public within the site boundary. Since
external direct exposure pathways are already subject to routine exposure rate surveys and
measurements, only the inhalation pathway need be assessed. The accumulated critical organ
dose at the site boundary, as calculated per ODCM Part B Sections 3.9 and 3.11, can be used as
an indicator of when additional assessments of on-site exposure to members of the public is
advisable (see Section 3.11.2). Off-site critical organ doses from station effluents should not,
however, be the only indicator of potential on-site doses.
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1.2

Summary of Methods, Dose Factors, Limits, Constants, Variables and Definitions

This section summarizes the Method | dose equations which are used as the primary means of
demonstrating compliance with RECP. The concentration and setpoint methods are identified in
Table B.1-2 through Table B.1-7. Appendix C provides documentation for an alternate
computerized option, designated as Method 1A in the ODCM, for calculating doses necessary to
demonstrate compliance with RECP. The Effluent Management System (EMS) software
package used for this purpose is provided by Canberra Industries, Inc. Where more refined dose
calculations are needed, the use of Method Il dose determinations are described in Sections 3.2
through 3.9 and 3.11. The dose factors used in the equations are in Tables B.1-10

through B.1-14 and the Regulatory Limits are summarized in Table B.1-1.

The variables and special definitions used in this ODCM, Part B, are in Tables B.1-8 and B.1-9.
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TABLE B.1-1

SUMMARY OF RADIOLOGICAL EFFLUENT PART A CONTROLS AND IMPLEMENTING EQUATIONS

Part A Control

C6.11

C6.21

C.6.3.1

C711

Liquid Effluent
Concentration

Liquid Effluent Dose

Liquid Radwaste
Treatment
Operability

Gaseous Effluents
Dose Rate

Category

Total Fraction of ECL
Excluding Noble Gases

Total Noble Gas Concentration

Total Body Dose

Organ Dose

Total Body Dose

Organ Dose

Total Body Dose Rate from
Noble Gases

Skin Dose Rate from Noble
Gases

Organ Dose Rate from 1-131,

[-133, Tritium, C-14 and
Particulates with Ty,> 8 Days

B.1-3

Method I(l)

Eq

Eq.

Eq.

Eq.

Eq.

Eq.

Eq.

Eq.

Eq.

.2-1

2-2

3-1

3-2

3-3

3-4

3-5

Limit

<10

<2x10™* pCi/ml
<1.5mreminadqtr.
<3.0mreminayr.
<5mrem inaqtr.
<10 mreminayr.

< 0.06 mrem in a mo.

< 0.2 mrem in a mo.

< 500 mrem/yr.
<3000 mrem/yr.

< 1500 mrem/yr.
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TABLE B.1-1
SUMMARY OF RADIOLOGICAL EFFLUENT PART A CONTROLS AND IMPLEMENTING EQUATIONS

Part A Control

C721

C.731

C741

C8.11

C5.1

Gaseous Effluents
Dose from Noble
Gases

Gaseous Effluents
Dose from 1-131,
1-133, Tritium, and
Particulates

Ventilation
Exhaust Treatment

Total Dose (from All
Sources)

Liquid Effluent
Monitor Setpoint

Liquid Waste Test
Tank Monitor

(Continued)

Category Method 1Y
Gamma Air Dose from Noble Eqg. 3-6
Gases
Beta Air Dose from Noble Eq. 3-7
Gases
Organ Dose from lodines, Eqg. 3-8
Tritium and Particulates with
T1, > 8 Days (Including
Carbon-14)
Organ Dose Eq. 3-8

Total Body Dose

Organ Dose

Thyroid Dose

Alarm Setpoint

Footnote (2).

Eq. 5-1

B.1-4

Limit

<5mrad inaqtr.

<10mradinayr.

<10 mrad in a qtr.
<20 mrad inayr.
<7.5mreminaqtr.

<15 mreminayr.

< 0.3 mrem in a mo.

<25 mreminayr.

<25 mreminayr.

<75 mreminayr.

Control C.6.1.1
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TABLE B.1-1
SUMMARY OF RADIOLOGICAL EFFLUENT PART A CONTROLS AND IMPLEMENTING EQUATIONS
(Continued)

Part A Controls Category Method 1Y Limit
C.5.2 Gaseous Effluent
Monitor Setpoint
Plant Vent Wide Alarm/Trip Setpoint For Total Eg. 5-5 Control C.7.1.1a
Range Gas Monitors Body Dose Rate (Total Body)
Alarm/Trip Setpoint for Skin Eq. 5-6 Control C.7.1.1a
Dose Rate (Skin)

1) More accurate methods may be available (see subsequent chapters).
(2) Part A Control C.8.1.1a requires this evaluation only if twice the limit of equations 3-1, 3-2, 3-12, 3-15 or 3-18 is reached. If this occurs a

Method I1 calculation, using actual release point parameters with annual average or concurrent meteorology and identified pathways for a real
individual, shall be made.
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TABLE B.1-2
SUMMARY OF METHOD | EQUATIONS TO CALCULATE
UNRESTRICTED AREA LIQUID CONCENTRATIONS

Equation Number

Category Equation

2-1 T_otal_ Fraction of ECL in EENG = ZZ Coi <10

Liquids, Except Noble Gases » 1 ECL;
2-2 Total Activity of Dissolved and B NG

Entrained Noble Gases from all e (# Ci] - Z Ci

. Ne =
Station Sources ml ) < 2g-04
B.1-6
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TABLE B.1-3
SUMMARY OF METHOD | EQUATIONS TO CALCULATE
OFE-SITE DOSES FROM LIQUID RELEASES

Equation Number Category Equation
3-1 Total Body D, (mrem) =k ¥ Q.DFL.
th i ith
Dose :
3-2 Maximum Dmo(mrem) =k¥ Q i DFL.
Organ Dose . IMo
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TABLE B.1-4
SUMMARY OF METHOD | EQUATIONS TO CALCULATE DOSE RATES

Category Equation Receptor Release
Number Location® Height” Equation
Total Body Dose 3-3a OS E . .
Rate From Noble Due = 0.85 % Z(Qi * DFB)
Gases
3-3b O} G

Dtb(g)

3.4 * Z(Qi * DFB)

40S = Off-Site.
E = Elevated, G = Ground
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TABLE B.1-4
SUMMARY OF METHOD | EQUATIONS TO CALCULATE DOSE RATES

(Continued)
Category Equation Receptor Release
Number Location? Height” Equation
Skin Dose Rate 3-4a 0S E _ —N(6 *DE
From Noble Gases Dskinge) = Z(Qi ©)
3-4b oS G

Dskin@) = Z(Q. *DF i(g))

40S = Off-Site.
E = Elevated, G = Ground
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TABLE B.1-4
SUMMARY OF METHOD | EQUATIONS TO CALCULATE DOSE RATES

(Continued)
Category Equation Receptor Release
Number Location® Height” Equation
Critical Organ Dose 3-5a o) E _ . ,
Rate From 1-131, Deoge) = Z(Qi* DFG" i) Plus [0.611 mrem/yr]c.is
-133, H-3, C-14 and '
Particulate With
Ty, >8 Days
3-5b 0osS G

Deoiy = 2.(Q *DFG i)

40S = Off-Site.
E = Elevated, G = Ground
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TABLE B.1-5
SUMMARY OF METHOD | EQUATIONS TO CALCULATE DOSES TO AIR FROM NOBLE GASES

Category Equation Receptor Release
Number Location® Height” Equation
Gamma Dose to Air 3-6a (0N E
From Noble Gases Diie =3-2E-07 *t'°'274*Z(Qi *DF)
3-6b oS G

Dig = 1.6E-06 * t°%° * >(Q, * DF)

40S = Off-Site.
E = Elevated, G = Ground
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TABLE B.1-5
SUMMARY OF METHOD I EQUATIONS TO CALCULATE DOSES TO AIR FROM NOBLE GASES
(Continued)

Category Equation Receptor Release
Number Location® Height” Equation
Beta Dose to Air 3-7a oS E
From Noble Gases Db = 4.0E-07 *t'o'm*Z(Qi *DFY)
3-7b 0S G

Dlig) = 6.1E-06*£°2°* 3 (Q,* DF/)

40S = Off-Site.
E = Elevated, G = Ground
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TABLE B.1-6
SUMMARY OF METHOD | EQUATIONS TO CALCULATE
DOSE TO AN INDIVIDUAL FROM TRITIUM, IODINE, CARBON-14 AND PARTICULATES

Category Equation Receptor Release
Number Location® Height” Equation
Dose to Critical _ 3-8a OS E Deoe) =15.0*t%*®*3(Q, * DFGicoy)  PIUS
Organ From lodines, [0.051 mrem/month]c.ia

Tritium, C-14 and
Particulates

3-8b (O] G Deog) =17.7*t " * 2(Q, * DF Gico(q))

3'8C EC E Dco E(e) = 33 E_ 02 * t-0.348 *Z(Qi * DFGico E(e)) pIUS
[2.58E-06 mrem/month]c.14

3-8d EC G Deoe(g) = 3-3E- 02*t°%*"* 3(Q, * DF Gicor(o))

3'88 FR E DcoR(e) = 115* t_0'366* Z(Q, * DFGicoR(e)) pIUS
[2.60E-05 mrem/month]c.14

3'8f FR G DcoR(g) = 161* t-0.403* Z(Q| * DFGicoR(g))

3-89 FC E Deorce) = 1.08* t7°%° *Z(Q;i * DFGicorc(e)) Plus

[7.67E-05 mrem/month]c.14

3-8h FC G DcoFC(g) =094* t_0'344 *Z(Qi * DFGiCO[:C(g))

%0S = Off-Site, FC = Fitness Center, EC = Science & Nature Center, formerly the Education Center, FR = Firing Range
°E = Elevated, G = Ground
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TABLE B.1-7
SUMMARY OF METHODS FOR
SETPOINT DETERMINATIONS

Equation Number Category Equation
5-1 Liquid Effluents: pCi Fg .
Liquid Waste Test Rsetpoint (Hj ! Frm X DFmin 2 Cyl
Y
Tank Monitor
(RM-6509) @
5-23 PCCW Rate-of-Change -8 1
Alarm RC, (gph)=1x10 ~SWF Pec
Gaseous Effluents:
Plant Vent Wide
Range Gas Monitors
(RM-6528-1, 2, 3)
5-5 Total Body 1
- =588 —— f
R, (#Cilsec) DFB. '
5-6 Skin 1
R n( 1Cilsec) = 3000 DF' K

(1)  This equation maybe used for other effluent radiation monitors, such as the CPS Rad Monitor
(RM-6473) where the fraction of total FCL (f,) is administratively adjusted for the particular

pathway.
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Variable

Ci®
c®

Cui

Diire)

7
air(g)

TABLE B.1-8
SUMMARY OF VARIABLES

Definition

Concentration at point of discharge and entrained noble
gas "i" in liquid pathways from all station sources

Total activity of all dissolved and entrained noble gases
in liquid pathways from all station sources

Concentration of radionuclide "i" at the point of liquid
discharge

Concentration of radionuclide "i"

Concentration, exclusive of noble gases, of
radionuclide "i" from tank "p" at point of discharge

Concentration of radionuclide "i"" in mixture at the
monitor

Off-site beta dose to air due to noble gases in elevated
release

Off-site beta dose to air due to noble gas in ground
level release

Off-site gamma dose to air due to noble gases in
elevated release

Off-site gamma dose to air due to noble gases in
ground level release

B.1-15

Units

pCi/ml

pCi/ml

pCi/ml

pCi/ml
pCi/ml

pCi/ml

mrad

mrad

mrad

mrad
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Variable

Dco(e)

Deo(g)

DcoFC(e)

DcoFC(g)

DcoE(e)

Deok(g)

DcoFR(e)

DcoFR(g)

Dq
Dfinite
Dmo
DS
D
DFmin

DI:miny

DF'
DFB;

DFB.

TABLE B.1-8
SUMMARY OF VARIABLES
(Continued)

Definition

Critical organ dose from an elevated release to an
off-site receptor

Critical organ dose from a ground level release to an
off-site receptor

Critical organ dose from an elevated release to a
receptor at the Fitness Center (Hi-Rise Office Building)

Critical organ dose from a ground level release to a
receptor at the Fitness Center (Hi-Rise Office Building)

Critical organ dose from an elevated release to a
receptor at the Science & Nature Center

Critical organ dose from a ground level release to a
receptor at the Science & Nature Center

Critical organ dose from an elevated release to a
receptor at the Firing Range

Critical organ dose from a ground level release to a
receptor at the Firing Range

Direct dose

Gamma dose to air, corrected for finite cloud

Dose to the maximum organ
Dose to skin from beta and gamma
Dose to the total body

Minimum required dilution factor based on all (beta —
emitting and gamma — emitting) radionuclides

Minimum required dilution factor necessary to ensure
that the sum of the ratios for the concentration of each
gamma-emitting radionuclide to the respective ECL
value is not greater than 1 (dimensionless).

Composite skin dose factor for off-site receptor

Total body gamma dose factor for nuclide "i" (Table
B.1-10)

Composite total body dose factor

B.1-16

mrem

mrem

mrem

mrem

mrem

mrem

mrem

mrem

mrad

mrem
mrem
mrem

ratio

mrem-sec/pCi-yr

mrem®
pCi-yr

mrem’
pCi-yr
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Variable

DFLiw

DFBico(e)

DFGicoFC(e)

DFGicoFC(g)

DFGicoE(e)

DFGicoE(g)

DFGicorree)

DFGicoFR(g)

D FG ’ico(e)

DFGlico(g)

DFS;

DF;

DF;

TABLE B.1-8
SUMMARY OF VARIABLES
(Continued)

Definition

Site-specific, total body dose factor for a liquid release
of nuclide "i" (Table B.1-11)

Site-specific, maximum organ dose factor for a liquid
release of nuclide "i" (Table B.1-11)

Site-specific, critical organ dose factor for an elevated
gaseous release of nuclide "i" (Table B.1-12)

Site-specific critical organ dose factor for a ground level
release of nuclide "i" (Table B.1-12)

Fitness Center (Hi-Rise Office Building) specific critical
organ dose factor for an elevated release of nuclide "i".

Fitness Center (Hi-Rise Office Building) specific critical
organ dose factor for a ground level release of nuclide

Science & Nature Center-specific critical organ dose
factor for an elevated release of nuclide "i"
(Table B.1-14)

Science & Nature Center-specific critical organ dose
factor for a ground level release of nuclide "i"
(Table B.1-14)

The Firing Range-specific critical organ dose factor for
an elevated release of nuclide "i" (Table B.1-15)

The Firing Range-specific critical dose factor for a
ground level release of nuclide "i" (Table B.1-15)

Site-specific critical organ dose rate factor for an
elevated gaseous release of nuclide "i" (Table B.1-12)

Site-specific critical organ dose rate factor for a ground
level release of nuclide "i" (Table B.1-12)

Beta skin dose factor for nuclide "i" (Table B.1-10)

Combined skin dose factor for nuclide "i"
(Table B.1-10)

Gamma air dose factor for nuclide "i" (Table B.1-10)

B.1-17

Units

mrem/uCil

mrem/pCi
mrem/uCi
mrem/pCi
mrem/pCi

mrem/pCi

mrem/pCi

mrem/pCi

mrem/uCi
mrem/pCi
mrem-sec/pCi-yr
mrem-sec/pCi-yr
mrem- m®
pCi-yr

mrem- sec/uCi-yr

mrad- m®
pCi-yr
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Variable

DF/

Dco(e)

DCO(Q)

Dskin(e)

Dskin(g)

Dtb(e)

I:.)tb(g)
D/Q

ECL;

Fd
Fm

Fmax

I:maxy

TABLE B.1-8
SUMMARY OF VARIABLES
(Continued)

Definition

Beta air dose factor for nuclide "i" (Table B.1-10)

Critical organ dose rate to an off-site receptor due to
elevated release of iodines, tritium, carbon-14 and
particulates

Critical organ dose rate to an off-site receptor due to
ground level release of iodines, tritium, and particulates

Skin dose rate to an off-site receptor due to noble gases
in an elevated release

Skin dose rate to an off-site receptor due to noble gases
in a ground level release

Total body dose rate to an off-site receptor due to noble
gases in an elevated release

Total body dose rate to an off-site receptor due to noble
gases in a ground level release

Deposition factor for dry deposition of elemental
radioiodines and other particulates

Effluent concentration limit (ECL) for radionuclide "i"
(excluding dissolved and entrained noble gas) as
specified in 10 CFR 20, Appendix B, Table 2.

The fraction of the offsite limiting total body dose rate
administratively assigned to the plant vent release

Actual or estimated flow rate out of discharge tunnel
Flow rate past liquid waste test tank monitor

Maximum allowable discharge flow rate from liquid
test tanks based on all (beta — emitting and gamma —
emitting) radionuclides

Maximum allowable discharge flow rate from the test
tank past the monitor which would equate to the control
concentration limit for the gamma radioactivity mixture
determined to be in the test tank

The fraction of the offsite limiting total body dose rate
administratively assigned to monitored ground level

B.1-18

mrem
yr
mrem
yr
mrem
yr
mrem
yr

mrem

yr
1
o
pCi/ml

Dimensionless

gpm or ft¥/sec
gpm
gpm

gpm

Dimensionless
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Variable

fgland

fa; fo; f3; 4. f5
Fie

MPC;

Qi

Q

Rsetpoint

Rskin

Rib

X/Q

[X/Q]y

TABLE B.1-8
SUMMARY OF VARIABLES
(Continued)

Definition

release

Flow rate past plant vent monitor

Release reduction factor to be administratively assigned
to account for potential unmonitored contributions from
the Turbine Gland Seal Exhaust

Fraction of total ECL associated with Paths 1, 2, 3, 4,
and 5, the sum of which is < 1.

Total fraction of ECL in liquid pathways (excluding
noble gases)

Maximum permissible concentration for radionuclide
"I ("old" 10 CFR 20, Appendix B, Table Il, Column 2)

Release to the environment for radionuclide "i"

Release rate to the environment for radionuclide "i"

Liquid monitor response for the limiting concentration
at the point of discharge

Response of the noble gas monitor to limiting total body
dose rate

Response of the noble gas monitor to limiting total body
dose rate

Shielding factor

Detector counting efficiency from the gas monitor
calibration

Detector counting efficiency for noble gas "i"

Detector counting efficiency from the liquid monitor
calibration

Detector counting efficiency for radionuclide "i"

Average long-term undepleted atmospheric dispersion
factor (Tables B.7-4, B.7-5, and B.7-6)

Effective long-term average gamma atmospheric
dispersion factor (Tables B.7-4, B.7-5, and B.7-6)

B.1-19

cc

Sec

Dimensionless

Dimensionless

Dimensionless

pCi/cc

curies, or W curies

pCi/sec

pCi/ml

cpm, or uCi/sec

cpm, or uCi/sec

Dimensionless

cpm or mR/ hr
uCi-cc uCilcc

cpm or mR/ hr
uCi-cc uCilcc

cps/uCi/ml

cps/pCi/ml

Sec
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TABLE B.1-8
SUMMARY OF VARIABLES
(Continued)

Variable Definition Units
SWF = Service Water System flow rate gph
PCC = Primary component cooling water measured (decay pCi/ml

corrected) gross radioactivity concentration

t? = Unitless factor which adjusts the value of atmospheric Dimensionless
dispersion factors for elevated or ground-level releases
with a total release duration of t hours

tc = The C-14 release duration (hours) associated with the hr
period of dose estimation being considered. Carbon-14
releases are considered continuous over the year from
the plant vent stack.
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TABLE B.1-9
DEFINITION OF TERMS

Critical Receptor - A hypothetical or real individual whose location and behavior cause him or her to
receive a dose greater than any other possible real individual.

Dose - As used in Regulatory Guide 1.109, the term "dose," when applied to individuals, is used instead
of the more precise term "dose equivalent," as defined by the International Commission on Radiological
Units and Measurements (ICRU). When applied to the evaluation of internal deposition or radioactivity,
the term "dose," as used here, includes the prospective dose component arising from retention in the
body beyond the period of environmental exposure, i.e., the dose commitment. The dose commitment is
evaluated over a period of 50 years. The dose is measured in mrem to tissue or mrad to air.

Dose Rate - The rate for a specific averaging time (i.e., exposure period) of dose accumulation.

Liquid Radwaste Treatment System - The components or subsystems which comprise the available
treatment system as shown in Figure B.6-1.
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TABLE B.1-10
DOSE FACTORS SPECIFIC FOR SEABROOK STATION FOR NOBLE GAS RELEASES

Gamma Total Beta Skin Dose Combined Skin Dose  Combined Skin Dose Beta Air Dose Gamma Air Dose

Body Dose Factor Factor Factor for Elevated Factor for Ground Factor Factor
Radio- 5 Release Points Level Release Points p o3 5
nuclide 3 mrem- m ' mrem- sec , mrem- sec p  mrad -m y mrad- m

DEE (m:;”i‘_ y”: ) DFsi( Cioyr ) DFi) ( Gyt ) DFig)( Oyt DR Cocioyr ) DRy ( iyt
Ar-41 8.84E-03 2.69E-03 1.09E-02 6.20E-02 3.28E-03 9.30E-03
Kr-83m 7.56E-08 @ - 1.81E-05 7.28E-05 2.88E-04 1.93E-05
Kr-85m 1.17E-03 1.46E-03 2.35E-03 1.92E-02 1.97E-03 1.23E-03
Kr-85 1.61E-05 1.34E-03 1.11E-03 1.35E-02 1.95E-03 1.72E-05
Kr-87 5.92E-03 9.73E-03 1.38E-02 1.21E-01 1.03E-02 6.17E-03
Kr-88 1.47E-02 2.37E-03 1.62E-02 8.10E-02 2.93E-03 1.52E-02
Kr-89 1.66E-02 1.01E-02 2.45E-02 1.66E-01 1.06E-02 1.73E-02
Kr-90 1.56E-02 7.29E-03 2.13E-02 1.34E-01 7.83E-03 1.63E-02
Xe-131m 9.15E-05 4.76E-04 5.37E-04 5.35E-03 1.11E-03 1.56E-04
Xe-133m 2.51E-04 9.94E-04 1.12E-03 1.12E-02 1.48E-03 3.27E-04
Xe-133 2.94E-04 3.06E-04 5.83E-04 4.39E-03 1.05E-03 3.53E-04
Xe-135m 3.12E-03 7.11E-04 3.74E-03 1.98E-02 7.39E-04 3.36E-03
Xe-135 1.81E-03 1.86E-03 3.33E-03 2.58E-02 2.46E-03 1.92E-03
Xe-137 1.42E-03 1.22E-02 1.14E-02 1.28E-01 1.27E-02 1.51E-03
Xe-138 8.83E-03 4.13E-03 1.20E-02 7.60E-02 4.75E-03 9.21E-03

8.84E-03 =8.84 x 10
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TABLE B.1-11
DOSE FACTORS SPECIFIC FOR SEABROOK STATION

FOR
LIQUID RELEASES
Total Body Maximum Organ
Dose Factor Dose Factor
mrem mrem
Radionuclide DFLitb ( ﬂC| ) DFLimO (E)

H-3 3.02E-13 3.02E-13
Na-24 1.38E-10 1.42E-10
Cr-51 1.83E-11 1.48E-09
Mn-54 5.15E-09 2.68E-08
Fe-55 1.26E-08 7.67E-08
Fe-59 8.74E-08 6.66E-07
Co-58 2.46E-09 1.40E-08
Co-60 6.15E-08 9.22E-08
Zn-65 2.73E-07 5.49E-07
Br-83 1.30E-14 1.89E-14
Rb-86 4.18E-10 6.96E-10
Sr-89 2.17E-10 7.59E-09
Sr-90 3.22E-08 1.31E-07
Nb-95 5.25E-10 1.58E-06
Mo-99 3.72E-11 2.67E-10
Tc-99m 5.22E-13 1.95E-12
Ag-110m 1.01E-08 6.40E-07
Sh-124 1.71E-09 9.89E-09
Sh-125 6.28E-09 8.31E-09
Te-127m 7.07E-08 1.81E-06
Te-127 3.53E-10 9.54E-08
Te-129m 1.54E-07 3.46E-06
Te-129 7.02E-14 1.05E-13
Te-131m 3.16E-08 2.94E-06
Te-132 9.06E-08 3.80E-06
1-130 2.75E-11 3.17E-09
1-131 2.30E-10 1.00E-07
1-132 6.28E-11 6.36E-11
1-133 3.85E-11 1.15E-08
1-134 1.19E-12 1.41E-12
1-135 5.33E-11 4.69E-10
Cs-134 3.24E-08 3.56E-08
Cs-136 2.47E-09 3.27E-09
Cs-137 3.58E-08 4.03E-08
Ba-140 1.70E-10 3.49E-09
La-140 1.07E-10 4.14E-08
Ce-141 3.85E-11 9.31E-09
Ce-144 1.96E-10 6.46E-08
Other* 3.12E-08* 1.58E-06*

* Dose factors to be used in Method I calculation for any "other” detected gamma emitting
radionuclide which is not included in the above list.
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TABLE B.1-12
DOSE AND DOSE RATE FACTORS SPECIFIC FOR SEABROOK STATION
FOR
IODINES, TRITIUM AND PARTICULATE RELEASES

Critical Organ Critical Organ Dose  Critical Organ Dose Rate  Critical Organ Dose
Dose Factor Factor for Ground Factor for Elevated Rate Factor for Ground
for Elevated Level Release Point Release Point Level Release Point
Release Point
Radio-nucli - DFGicoe) (M) DFGico(g) (M) DFG'ioe (M) DFG'icog) (M)

de uCi uCi yr-uCi yr-uCi
H-3 3.08E-10 3.76E-09 9.71E-03 1.19E-01
Cr-51 8.28E-09 2.89E-08 2.91E-01 1.01E+00
Mn-54 1.11E-06 3.79E-06 4.38E+01 1.50E+02
Fe-59 1.06E-06 3.65E-06 3.53E+01 1.21E+02
Co-58 5.56E-07 1.91E-06 2.00E+01 6.88E+01
Co-60 1.21E-05 4.12E-05 5.42E+02 1.85E+03
Zn-65 2.33E-06 7.93E-06 7.82E+01 2.66E+02
Sr-89 1.98E-05 6.73E-05 6.24E+02 2.12E+03
Sr-90 7.21E-04 2.47E-03 2.27E+04 7.79E+04
Zr-95 1.10E-06 3.77E-06 3.63E+01 1.24E+02
Nb-95 2.01E-06 6.86E-06 6.40E+01 2.20E+02
Mo-99 1.63E-08 1.10E-07 5.39E-01 3.56E+00
Ru-103 3.03E-06 1.04E-05 9.62E+01 3.31E+02
Ag-110m 5.02E-06 1.72E-05 1.80E+02 6.15E+02
Sb-124 1.83E-06 6.28E-06 6.15E+01 2.11E+02
1-131 1.47E-04 5.04E-04 4.64E+03 1.59E+04
1-133 1.45E-06 5.72E-06 4.57E+01 1.80E+02
Cs-134 5.62E-05 1.91E-04 1.81E+03 6.18E+03
Cs-137 5.47E-05 1.86E-04 1.79E+03 6.09E+03
Ba-140 1.55E-07 6.39E-07 5.01E+00 2.06E+01
Ce-141 2.65E-07 9.28E-07 8.45E+00 2.96E+01
Ce-144 6.09E-06 2.09E-05 1.93E+02 6.62E+02
Other* 4.09E-06 1.39E-05 1.29E+02 4.38E+02

* Dose factors to be used in Method | calculations for any "other" detected gamma emitting radionuclide

which is not included in the above list.
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TABLE B.1-13
-Deleted-
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TABLE B.1-14
DOSE FACTORS SPECIFIC FOR THE SCIENCE & NATURE CENTER AND FITNESS CENTER
FOR IODINE, TRITIUM, AND PARTICULATE RELEASES

Science & Nature Science & Nature Fitness Center Critical Fitness Center Critical
Critical Organ Dose Critical Organ Dose  Organ Dose Factor for Organ Dose Factor for
Factor for Elevated  Factor for Ground Elevated Release Point Ground Level Release

Release Point Level Release Point
Radio- Point mrem
nucide DFGuy () DFGiwe (2 PFGareo | uCi ) DFGicorc(o) (T

uCi uCi uCi

H-3 6.49E-11 9.50E-10 6.51E-11 1.64E-09
Cr-51 4.93E-09 3.01E-08 4.06E-09 5.12E-08
Mn-54 1.37E-06 5.94E-06 1.06E-06 9.99E-06
Fe-59 3.06E-07 1.99E-06 2.54E-07 3.38E-06
Co-58 3.85E-07 2.20E-06 3.13E-07 3.73E-06
Co-60 2.14E-05 8.31E-05 1.65E-05 1.28E-05
Zn-65 7.25E-07 3.33E-06 5.60E-07 5.59E-06
Sr-89 1.16E-07 1.71E-06 1.17E-07 2.98E-06
Sr-90 5.18E-06 7.63E-05 5.25E-06 1.33E-04
Zr-95 3.36E-07 2.70E-06 2.91E-07 4.65E-06
Nb-95 1.52E-07 9.81E-07 1.26E-07 1.67E-06
Mo-99 1.63E-08 2.03E-07 1.57E-08 3.53E-07
Ru-103 1.29E-07 9.08E-07 1.09E-07 1.55E-06
Ag-110m 3.39E-06 1.61E-05 2.62E-06 2.70E-05
Sh-124 6.91E-07 4.69E-06 5.79E-07 8.01E-06
Sh-125 2.24E-06 9.61E-06 1.73E-06 1.62E-05
1-131 7.94E-07 1.16E-05 8.00E-07 2.01E-05
1-133 1.86E-07 2.73E-06 1.89E-07 4.75E-06
Cs-134 6.74E-06 2.62E-05 5.21E-06 4.35E-05
Cs-137 1.02E-05 3.94E-05 1.11E-07 1.06E-06
Ba-140 1.15E-07 1.51E-06 7.85E-06 6.55E-05
Ce-141 4.09E-08 4.78E-07 1.12E-07 2.61E-06
Ce-144 6.99E-07 9.67E-06 3.87E-08 8.30E-07
Other* 1.44E-07 6.30E-07 6.94E-07 1.69E-05
* Dose factors to be used in Method I calculations for any "other" detected gamma emitting radionuclide

which is not included in the above list (i.e., based on Cs-136).
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TABLE B.1-15
DOSE FACTORS SPECIFIC FOR THE FIRING RANGE
FOR IODINE, TRITIUM, AND PARTICULATE RELEASES

Critical Organ Dose Critical Organ Dose

Factor Factor for Ground
for Elevated Release Level
Point Release Point
Radio-nuclide DFGicorree) (n;r%) DFGicorr(g) (n::%)

H-3 2.21E-11 2.78E-10
Cr-51 1.62E-09 7.90E-09
Mn-54 4.50E-07 1.50E-06
Fe-59 1.01E-07 5.24E-07
Co-58 1.26E-07 5.72E-07
Co-60 7.03E-06 2.03E-05
Zn-65 2.38E-07 8.45E-07
Sr-89 3.84E-08 4.80E-07
Sr-90 1.72E-06 2.14E-05
Zr-95 1.11E-07 7.31E-07
Nb-95 5.00E-08 2.59E-07
Mo-99 5.38E-09 5.66E-08
Ru-103 4.24E-08 2.42E-07
Ag-110m 1.11E-06 4.10E-06
Sh-124 2.27E-07 1.25E-06
Sh-125 7.34E-07 2.42E-06
1-131 2.63E-07 3.23E-06
1-133 6.18E-08 7.66E-07
Cs-134 2.21E-06 6.40E-06
Cs-137 3.34E-06 9.65E-06
Ba-140 3.80E-08 4.19E-07
Ce-141 1.35E-08 1.33E-07
Ce-144 2.31E-07 2.71E-06
Other* 4.73E-08 1.59E-07

Dose factors to be used in Method | calculations for any "other" detected gamma emitting radionuclide
which is not included in the above list (i.e., based on Cs-136).
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2.0 METHOD TO CALCULATE OFF-SITE LIQUID CONCENTRATIONS

Chapter 2 contains the basis for station procedures used to demonstrate compliance with ODCM Part A
Control C.6.1.1, which limits the total fraction of ECL in liquid pathways, other than noble gases

(denoted here as [’ NG ) at the point of discharge from the station to the environment (see Figure B.6-1).
1

ENG . . 3
F is limited to less than or equal to ten, i.e.,
1

ENG

F™< 0.

1

The total concentration of all dissolved and entrained noble gases at the point of discharge from
the multiport diffuser from all station sources combined, denoted CfVG , 1s limited to
2E-04 pCi/ml, i.e.,

CN% < 2E-04 puCi/ml.

Appendix C, Attachments 3 and 4, provide the option and bases for the use of the EMS
determination of liquid concentration limits for plant discharges to the environment.

2.1  Method to Determine F,*~¢ AND C,N¢

First, determine the total fraction of ECL (excluding noble gases), at the point of discharge from
the station from all significant liquid sources denoted E Y9 and then separately determine the
total concentration at the point of discharge of all dissolved and entrained noble gases from all

. NG
station sources, denoted (', , as follows:

FENG _ ZZECCpiL <10 (2-1)
1 p 1 .
uCi/ml
uCi/ ml
and:
C° = = (C° <2E-04 (2-2)
(nCi/ml) (nCi/ml) (nCi/ml)
where:
ENG

Total fraction of ECL in liquids, excluding noble gases, at the point of discharge from the

Fi

multiport difuser.
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Cpi = Concentration at point of discharge from the multiport diffuser of radionuclide
"1", except for dissolved and entrained noble gases, from all tanks and other
significant sources, p, from which a discharge may be made (including the waste
test tanks and any other significant source from which a discharge can be made).
Cpi 1s determined by dividing the product of the measured radionuclide
concentration in liquid waste test tanks, PCCW, steam generator blowdown, or
other effluent streams times their discharge flow rate by the total available
dilution water flow rate of circulating and service water at the time of release
(uCi/ml).

ECL; = Effluent concentration limit (ECL) for radionuclide "i" (except for dissolved and
entrained noble gases) in pCi/ml as specified in 10 CFR 20, Appendix B,
Table 2. See Appendix B for a list of ECL values.

CN% = Total concentration at point of discharge of all dissolved and entrained noble
gases in liquids from all station sources (uCi/ml)

nn

CliNG = Concentration at point of discharge of dissolved and entrained noble gas "i" in
liquids from all station sources (nCi/ml)

2.2 Method to Determine Radionuclide Concentration for Each Liquid Effluent Source

2.2.1 Waste Test Tanks

Cpi 1s determined for each radionuclide detected from the activity in a representative grab
sample of any of the waste test tanks and the predicted flow at the point of discharge.

The batch releases are normally made from two 25,000-gallon capacity waste test tanks.
These tanks normally hold liquid waste which may have been processed through the
installed vendor equipment. The waste test tanks can also contain other waste such as
liquid taken directly from the floor drain/chemical drain treatment tanks when that liquid
does not require processing in the evaporator, from the installed vendor resin skid,
distillate from the boron recovery evaporator when the BRS evaporator is substituting for
the waste evaporator, or waste distillate from the Steam Generator Blowdown System
when that system must discharge liquid off site.

If testing indicates that purification of the waste test tank contents is required prior to
release, the liquid can be circulated through the waste demineralizer and filter.

The contents of the waste test tank may be reused in the Nuclear System if the sample test
meets the purity requirements.

Prior to discharge, each waste test tank is analyzed for principal gamma emitters in
accordance with the liquid sample and analysis program outlined in Part A to the ODCM.
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2.2.2 Turbine Building Sump

The Turbine Building sump collects leakage from the Turbine Building floor drains and
discharges the liquid unprocessed to the circulating water system.

Sampling of this potential source is normally done once per week for determining the
radioactivity released to the environment (see Table A.6.1-1).

2.2.3 Steam Generator Blowdown Flash Tank

The primary method to process radioactive secondary liquid from the steam generators is
to direct steam blowdown flash tank bottoms cooler discharge to the floor drain tanks. If
no secondary pressure is available, the steam blowdown and wet lay-ups pumps can be
used. From the floor drain tanks, processing through the installed vendor resin skid
(WL-SKD-135) to the waste test tanks is the preferred method. Other methods may be
used as defined below.

The steam generator blowdown evaporators may process the liquid from the steam
generator blowdown flash tank when there is primary to secondary leakage. Distillate
from the evaporators can be sent to the waste test tanks or recycled to the condensate
system. When there is no primary to secondary leakage, flash tank liquid is processed
through the steam generator blowdown demineralizers and returned to the secondary side.

Steam generator blowdown is only subject to sampling and analysis when all or part of
the blowdown liquid is being discharged to the environment instead of the normal
recycling process (see Table A.6.1-1).

2.2.4 Primary Component Cooling Water (PCCW) System

The PCCW System is used to cool selected primary components.

The system is normally sampled weekly to determine if there is any radwaste in-leakage.
If leakage has been determined, the Service Water System is sampled to determine if any
release to the environment has occurred.

2.2.5 Water Treatment System (Condensate Polishing System)

The addition to the plant design of a Condensate Polishing System (CPS) for secondary
side water treatment creates the potential for radiological contaminated effluents to be
discharge from the Mixed Bed or Cation Demineralizers (during Megarinse) and from the
Neutralization Tank (1-WT-TK-32) and the Low Conductivity Tank (1-CPS-TK-274) to
the Circulating Water System via the Water Treatment System Piping following
regeneration of the resin beds.

Prior to discharge, each tank or vessel to be processed is sampled and analyzed for
principal gamma emitters in accordance with the Liquid Sample and Analysis Program
outlined in Part A to the ODCM.
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3.0

OFF-SITE DOSE CALCULATION METHODS

Chapter 3 provides the basis for station procedures required to meet the Radiological Effluent
Control Program (RECP) dose and dose rate requirements contained in ODCM Part A Controls.
A simple, conservative method (called Method 1) is listed in Tables B.1-2 to B.1-7 for each of the
requirements of the RECP. Each of the Method | equations is presented in Part B, Sections 3.2
through 3.9. As an alternate to Method I, the EMS computer program documented in

Appendix C can be used to determine regulatory compliance for effluent doses and dose rates.
The use of the EMS software is designated as Method IA in Chapter 3. In addition, those
sections include more sophisticated methods (called Method I1) for use when more refined results
are needed. This chapter provides the methods, data, and reference material with which the
operator can calculate the needed doses, dose rates and setpoints. For the requirements to
demonstrate compliance with Part A off-site dose limits, the contribution from all measured
ground level releases must be added to the calculated contribution from the vent stack to
determine the Station's total radiological impact. The bases for the dose and dose rate equations
are given in Chapter 7.0. Method IA bases and software verification documentation are
contained in Appendix C.

The Annual Radioactive Effluent Release Report, to be filed after January 1 each year per
Technical Specification 6.8.1.4, and Part A, Section 10.2, requires that meteorological conditions
concurrent with the time of release of radioactive materials in gaseous effluents, as determined
by sampling frequency and measurement, be used for determining the gaseous pathway doses.
For continuous release sources (i.e., plant vent, condenser air removal exhaust, and gland steam
packing exhauster), concurrent quarterly average meteorology will be used in the dose
calculations along with the quarterly total radioactivity released. For batch releases or
identifiable operational activities (i.e., containment purge or venting to atmosphere of the Waste
Gas System), concurrent meteorology during the period of release will be used to determine dose
if the total noble gas or iodine and particulates released in the batch exceeds five percent of the
total quarterly radioactivity released from the unit; otherwise quarterly average meteorology will
be applied. Quarterly average meteorology will also be applied to batch releases if the hourly
met data for the period of batch release is unavailable.

Annual dose assessment reports prepared in accordance with the requirements of the ODCM will
include a statement indicating that the appropriate portions of Regulatory Guide 1.109 (as
identified in the individual subsections of the ODCM for each class of effluent exposure) have
been used to determine dose impact from station releases. Any deviation from the methodology,
assumptions, or parameters given in Regulatory Guide 1.109, and not already identified in the
bases of the ODCM, will be explicitly described in the effluent report, along with the bases for
the deviation.
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3.1

Introductory Concepts

In Part A Controls, the RECP limits for dose or dose rate are stated. The term "dose™ for
ingested or inhaled radioactivity means the dose commitment, measured in mrem, which results
from the exposure to radioactive materials that, because of uptake and deposition in the body,
will continue to expose the body to radiation for some period of time after the source of
radioactivity is stopped. The time frame over which the dose commitment is evaluated is

50 years. The phrases "annual dose™ or "dose in one year" then refers to the 50-year dose
commitment resulting from exposure to one year's worth of releases. "Dose in a quarter"
similarly means the 50-year dose commitment resulting from exposure to one quarter's releases.
The term "dose," with respect to external exposures, such as to noble gas clouds, refers only to
the doses received during the actual time period of exposure to the radioactivity released from the
plant. Once the source of the radioactivity is removed, there is no longer any additional
accumulation to the dose commitment.

"Dose rate" is the total dose or dose commitment divided by exposure period. For example, an
individual who is exposed via the ingestion of milk for one year to radioactivity from plant
gaseous effluents and receives a 50-year dose commitment of 10 mrem is said to have been
exposed to a dose rate of 10 mrem/year, even though the actual dose received in the year of
exposure may be less than 10 mrem.

In addition to limits on dose commitment, gaseous effluents from the station are also controlled
so that the maximum or peak dose rates at the site boundary at any time are limited to the
equivalent annual dose limits of 10 CFR Part 20 to unrestricted areas (if it were assumed that the
peak dose rates continued for one year). These dose rate limits provide reasonable assurance that
members of the public, either inside or outside the site boundary, will not be exposed to annual
averaged concentrations exceeding the limits specified in Appendix B, Table 2 of

10 CFR Part 20. See Appendix B for a listing of these concentration limits.

The quantities AD and D are introduced to provide calculable quantities, related to off-site doses
or dose rates that demonstrate compliance with the RETS.

Delta D, denoted AD, is the quantity calculated by the Part B, Chapter 3, Method | dose
equations. It represents the conservative increment in dose. The AD calculated by Method |
equations is not necessarily the actual dose received by a real individual, but usually provides an
upper bound for a given release because of the conservative margin built into the dose factors and
the selection and definition of critical receptors. The radionuclide specific dose factors in each
Method | dose equation represent the greatest dose to any organ of any age group. (Organ dose is
a function of age because organ mass and intake are functions of age.) The critical receptor
assumed by "Method I" equations is then generally a hypothetical individual whose behavior - in
terms of location and intake - results in a dose which is higher than any real individual is likely to
receive. Method IA dose calculations using the EMS software evaluate each age group and
organ combination to determine the maximum organ dose for each mix of radionuclides
specified in a release period. Method Il also allows for a more exact dose calculation for each
individual if necessary.
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D dot, denoted D, is the quantity calculated in the Part B, Chapter 3 dose rate equations. It is
calculated using the station's effluent monitoring system reading and an annual or long-term

average atmospheric dispersion factor. D predicts the maximum off-site annual dose if the peak
observed radioactivity release rate from the plant stack continued for one entire year. Since peak
release rates, or resulting dose rates, are usually of short time duration on the order of an hour or
less, this approach then provides assurance that 10 CFR 20.106 limits will be met.

Each of the methods to calculate dose or dose rate is presented in the following subsections.
Each dose type has two levels of complexity. Method I is the simplest and contains many
conservative factors. As an alternate to Method | the EMS computer program documented in
Appendix C can be used to determine regulatory compliance for effluent doses and dose rates.
The use of the EMS system is designated as Method IA in Chapter 3 of Part B.

Method Il is a more realistic analysis which makes use of the models in Regulatory Guide 1.109
(Revision 1), as noted in each subsection of Part B, Chapter 3 for the various exposure types. A
detailed description of the methodology, assumptions, and input parameters to the dose models
that are applied in each Method Il calculation, if not already explicitly described in the ODCM,
shall be documented and provided when this option is used for NRC reporting and ODCM,

Part A RECP dose compliance.
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3.2

3.2.1

where

Method to Calculate the Total Body Dose from Liquid Releases

Part A Control C.6.2.1 limits the total body dose commitment to a member of the public from
radioactive material in liquid effluents to 1.5 mrem per quarter and 3 mrem per year per unit.
Part A Control C.6.3.1 requires liquid radwaste treatment when the total body dose estimate
exceeds 0.06 mrem in any 31-day period. Part A Control C.8.1.1 limits the total body dose
commitment to any real member of the public from all station sources (including liquids) to
25 mrem in a year.

Use Method | or Method IA first to calculate the maximum total body dose from a liquid release
from the station as it is simpler to execute and more conservative than Method II.

Use Method Il if a more refined calculation of total body dose is needed, i.e., Method | or
Method IA indicates the dose might be greater than Part A Control limits.

To evaluate the total body dose, use Equation 3-1 to estimate the dose from the planned release
and add this to the total body dose accumulated from prior releases during the month. See
Part B, Section 7.1.1 for basis.

Method |

The total body dose from a liquid release is:

D, = kZi: Q; DFLin (3-1)
.\ [ mrem
mrem) = i
(mrem) = (1) («Ci) [ Ci j
DFLig = Site-specific total body dose factor (mrem/uCi) for a liquid release. It is the
highest of the four age groups. See Table B.1-11.
Qi = Total activity (uCi) released for radionuclide "i". (For strontiums, use the most
recent measurement available.)
k = 918/F4; where Fq is the average (typically monthly average) dilution flow of the

Circulating Water System at the point of discharge from the multiport diffuser
(in ft*/sec). For normal operations with a cooling water flow of 918 ft®/sec, k is
equal to 1. During periods when no or low flow is recorded from the Discharge
Transition Structure (DTS), a minimum dilution flow of 23 ft¥/sec (10,500 gpm
for one service water pump) can be used since this would be the minimum flow
available when discharges to the tunnel are reestablished. Alternately, the
monthly average discharge flow for the period in which the release occurs can be
used when this value is available.
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3.2

3.2.1

Method to Calculate the Total Body Dose from Liquid Releases (Continued)

Method | (Continued)

Equation 3-1 can be applied under the following conditions (otherwise, justify Method | or consider
Method I1):

3.2.2

1. Liquid releases via the multiport diffuser to unrestricted areas (at the edge of the initial
mixing or prompt dilution zone that corresponds to a factor of 10 dilution), and

2. Any continuous or batch release over any time period up to 1 year. For annual dose
estimates, the annual average discharge flow from the DTS should be used as the dilution
flow estimate.

Method IA is implemented by the EMS software as described in Appendix C. Liquid release
models are detailed in sections 2.1 - 2.6 of the EMS Technical Reference Manual (Attachment 4
of Appendix C).

Method Il

Method Il consists of the models, input data and assumptions (bioaccumulation factors,
shore-width factor, dose conversion factors, and transport and buildup times) in Regulatory
Guide 1.109, Rev. 1 (Reference A), except where site-specific data or assumptions have been
identified in the ODCM. The general equations (A-3 and A-7) taken from Regulatory

Guide 1.109, and used in the derivation of the simplified Method | approach as described in the
Bases section, are also applied to Method Il assessments, except that doses calculated to the
whole body from radioactive effluents are evaluated for each of the four age groups to determine
the maximum whole body dose of an age-dependent individual via all existing exposure
pathways. Table B.7-1 lists the usage factors of Method Il calculations. As noted in

Section B.7.1, the mixing ratio associated with the edge of the 1°F surface isotherm above the
multiport diffuser may be used in Method Il calculations for the shoreline exposure pathway
(Mp = 0.025). Aquatic food ingestion pathways shall limit credit taken for mixing zone dilution
to the same value assumed in Method | (M, = 0.10).
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3.3

33.1

where

Method to Calculate Maximum Organ Dose from Liquid Releases

Part A Control C.6.2.1 limits the maximum organ dose commitment to a Member of the Public
from radioactive material in liquid effluents to 5 mrem per quarter and 10 mrem per year per unit.
Part A Control C.6.3.1 requires liquid radwaste treatment when the maximum organ dose
projected exceeds 0.2 mrem in any 31 days (see Part B, Subsection 3.11 for dose projections).
Part A Control C.8.1.1 limits the maximum organ dose commitment to any real member of the
public from all station sources (including liquids) to 25 mrem in a year except for the thyroid,
which is limited to 75 mrem in a year.

Use Method | or Method IA first to calculate the maximum organ dose from a liquid release to
unrestricted areas (see Figure B.6-1) as it is simpler to execute and more conservative than
Method I1.

Use Method II if a more refined calculation of organ dose is needed, i.e., Method | or Method IA
indicates the dose may be greater than the limit.

Use Equation 3-2 to estimate the maximum organ dose from individual or combined liquid
releases. See Part B, Section 7.1.2 for basis.

Method |

The maximum organ dose from a liquid release is:

Dn=k2. Q DFLi (3-2)

(rem) = () (uCi) (mrer_n]

1Ci

DFLimo =  Site-specific maximum organ dose factor (mrem/uCi) for a liquid release. It is the
highest of the four age groups. See Table B.1-11.

Qi =  Total activity (uCi) released for radionuclide "i". (For composited analyses of
strontiums, use the most recent measurement available.)

k =  918/Fg; where Fq is the average (typically monthly average) dilution flow of the
Circulating Water System at the point of discharge from the multiport diffuser (in
ft*/sec). For normal operations with a cooling water flow of 918 ft¥/sec, k is equal
to 1. During periods when no or low flow is recorded from the Discharge
Transition Structure (DTS), a minimum dilution flow of 23 ft*/sec (10,500 gpm
for one service water pump) can be used since this would be the minimum flow
available when discharges to the tunnel are reestablished. Alternately, the
monthly average discharge flow for the period in which the release occurs can be
used when this value is available.
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3.3

33.1

Method to Calculate Maximum Organ Dose from Liquid Releases (Continued)

Method | (Continued)

Equation 3-2 can be applied under the following conditions (otherwise, justify Method | or consider
Method I1):

3.3.2

1. Liquid releases via the multiport diffuser to unrestricted areas (at the edge of the initial
mixing or prompt dilution zone that corresponds to a factor of 10 dilution), and

2. Any continuous or batch release over any time period up to 1 year. For annual dose
estimates, the annual average discharge flow from the DTS should be used as the dilution
flow estimate.

Method IA is implemented by the EMS software as described in Appendix C. Liquid release
models are detailed in sections 2.1 - 2.6 of the EMS Technical Reference Manual (Attachment 4
of Appendix C).

Method Il

Method Il consists of the models, input data and assumptions (bioaccumulation factors,
shore-width factor, dose conversion factors, and transport and buildup times) in Regulatory
Guide 1.109, Rev. 1 (Reference A), except where site-specific data or assumptions have been
identified in the ODCM. The general equations (A-3 and A-7) taken from Regulatory

Guide 1.109, and used in the derivation of the simplified Method | approach as described in the
Bases section, are also applied to Method Il assessments, except that doses calculated to critical
organs from radioactive effluents are evaluated for each of the four age groups to determine the
maximum critical organ of an age-dependent individual via all existing exposure pathways.
Table B.7-1 lists the usage factors for Method Il calculations. As noted in Section B.7.1, the
mixing ratio associated with the edge of the 1°F surface isotherm above the multiport diffuser
may be used in Method Il calculations for the shoreline exposure pathway (Mp = 0.025).
Aquatic food ingestion pathways shall limit credit taken for mixing zone dilution to the same
value assumed in Method | (M, = 0.10).
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3.4 Method to Calculate the Total Body Dose Rate from Noble Gases

Part A Control C.7.1.1 limits the dose rate at any time to the total body from noble gases at any
location at or beyond the site boundary to 500 mrem/year. The Part A Control indirectly limits
peak release rates by limiting the dose rate that is predicted from continued release at the peak
rate. By limiting D, to a rate equivalent to no more than 500 mrem/year, we assure that the

total body dose accrued in any one year by any member of the general public is less than
500 mrem.

Use Method | or Method IA first to calculate the Total Body Dose Rate from the peak release rate
via the station vents or ground level effluent release points. Method I applies at all release rates.

Use Method Il if a more refined calculation of D, is desired by the station (i.e., use of actual

release point parameters with annual or actual meteorology to obtain release-specific X/Qs) or if
Method | or Method IA predicts a dose rate greater than the Part A Control limit to determine if it
had actually been exceeded during a short time interval. See Part B, Section 7.2.1 for basis.

Compliance with the dose rate limits for noble gases are continuously demonstrated when
effluent release rates are below the plant vent noble gas activity monitor alarm setpoint by virtue
of the fact that the alarm setpoint is based on a value which corresponds to the off-site dose rate
limit, or a value below it. Determinations of dose rate for compliance with Part A Control are
performed when the effluent monitor alarm setpoint is exceeded, or as required by the Action
Statement (Part A Control C.5.2, Table A.5.2-1) when the monitor is inoperable.

3.4.1 Method |

The Total Body Dose Rate to an off-site receptor due to noble gases in effluents released via the
plant vent can be determined as follows:

D - 08 *Z (Q* DFB) (3-3a)

th(e)

mrem _ ( pCi-sec 3 (uCij mrem - m?
yr uCi—m? sec pCi-yr

where
[.)tb(e) B,  The off-site total body dose rate (mrem/yr) due to noble gases in elevated effluent
releases,
é = the release rate at the station vents (Ci/sec), for each noble gas radionuclide, "i",
| shown in Table B.1-10, and
DFB;, = total body gamma dose factor (see Table B.1-10).

The Total Body Dose Rate (to an off-site receptor) due to noble gas in ground level effluent
releases can be determined as follows:
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3.4 Method to Calculate the Total Body Dose Rate from Noble Gases (Continued)

3.4.1 Method I (Continued)

Divg) = 34 *Z(Qi*DFBi) (3-3b)
mrem _ ( pCi-sec 3 (,uCij mrem - m?
yr uCi—m? sec pCi-yr

Dun(g) D: The total off-site body dose rate (mrem/yr) due to noble gases in ground level
equivalent effluent releases, and

where

é ~and DFB; are as defined for Equation 3-3a.

Equations 3-3a and 3-3b can be applied under the following conditions (otherwise, justify Method I or
consider Method I1):

1. Normal operations (nonemergency event), and
2. Noble gas releases via any station vent to the atmosphere.

Method IA is implemented by the EMS software as described in Appendix C. Gaseous release
models are detailed in Section 6.7.3 of the EMS Software Requirements Specification
(Attachment 3 of Appendix C).

3.4.2 Method Il

Method Il consists of the model and input data (whole body dose factors) in Regulatory

Guide 1.109, Rev. 1 (Reference A), except where site-specific data or assumptions have been
identified in the ODCM. The general equation (B-8) taken from Regulatory Guide 1.109, and
used in the derivation of the simplified Method | approach as described in the Bases section, is
also applied to a Method 1l assessment. No credit for a shielding factor (Sg) associated with
residential structures is assumed. Concurrent meteorology with the release period may be
utilized for the gamma atmospheric dispersion factor identified in ODCM Equation 7-3 (Part B,
Section 7.2.1), and determined as indicated in Part B, Section 7.3.2 for the release point (either
ground level or vent stack) from which recorded effluents have been discharged.
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3.5

3.5.1

where

Method to Calculate the Skin Dose Rate from Noble Gases

Part A Control C.7.1.1 limits the dose rate at any time to the skin from noble gases at any
location at or beyond the site boundary to 3,000 mrem/year. The Part A Control indirectly limits
peak release rates by limiting the dose rate that is predicted from continued release at the peak
rate. By limiting D, to a rate equivalent to no more than 3,000 mrem/year, we assure that the
skin dose accrued in any one year by any member of the general public is less than 3,000 mrem.
Since it can be expected that the peak release rate on which p,, is derived would not be
exceeded without corrective action being taken to lower it, the resultant average release rate over
the year is expected to be considerably less than the peak release rate.

Use Method | or Method IA first to calculate the Skin Dose Rate from peak release rate via
station vents. Method I applies at all release rates.

Use Method Il if a more refined calculation of p,,;, is desired by the station (i.e., use of actual

release point parameters with annual or actual meteorology to obtain release-specific X/Qs) or if
Method | or Method IA predicts a dose rate greater than the Part A Control limit to determine if it
had actually been exceeded during a short time interval. See Part B, Section 7.2.2 for basis.

Compliance with the dose rate limits for noble gases are continuously demonstrated when
effluent release rates are below the plant vent noble gas activity monitor alarm setpoint by virtue
of the fact that the alarm setpoint is based on a value which corresponds to the off-site dose rate
limit, or a value below it. Determinations of dose rate for compliance with Part A Controls are
performed when the effluent monitor alarm setpoint is exceeded.

Method |

For an off-site receptor and elevated effluent release, the Skin Dose Rate due to noble gases is:

Dsking) = Z (Q. *DF) (3-4a)
mrem  _ ¥ yre mrem - sec
yr sec uCi-yr
Dekine) = the off-site skin dose rate (mrem/yr) due to noble gases in an effluent discharge
from an elevated release point,
Q, = as defined previously, and
DF{, = the combined skin dose factor for elevated discharges (see Table B.1-10).
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35 Method to Calculate the Skin Dose Rate from Noble Gases (Continued)
3.5.1 Method I (Continued)

For an off-site receptor and ground level release, the skin dose rate due to noble gases is:

Diskin(g) = Z(Q. *DFi,(g)) (3-4b)
where
Dekintg) = The off-site skin dose rate (mrem/yr) due to noble gases in an effluent discharge
from a ground level release point,
Q, = as defined previously, and

DF, = The combined skin dose factor for ground level discharges (see Table B.1-10).

Equations 3-4a and 3-4b can be applied under the following conditions (otherwise, justify
Method | or consider Method I1).

1. Normal operations (nonemergency event), and
2. Noble gas releases via any station vent to the atmosphere.

Method IA is implemented by the EMS software as described in Appendix C. Gaseous release
models are detailed in Section 6.7.3 of the EMS Software Requirements Specification
(Attachment 3 of Appendix C).

3.5.2 Method Il

Method Il consists of the model and input data (skin dose factors) in Regulatory Guide 1.1009,
Rev. 1 (Reference A), except where site-specific data or assumptions have been identified in the
ODCM. The general equation (B-9) taken from Regulatory Guide 1.109, and used in the
derivation of the simplified Method | approach as described in the Bases section, is also applied
to a Method Il assessment, no credit for a shielding factor (Sg) associated with residential
structures is assumed. Concurrent meteorology with the release period may be utilized for the
gamma atmospheric dispersion factor and undepleted atmospheric dispersion factor identified in
ODCM Equation 7-8 (Part B, Section 7.2.2), and determined as indicted in Part B, Sections 7.3.2
and 7.3.3 for the release point (either ground level or vent stack) from which recorded effluents
have been discharged.
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3.6 Method to Calculate the Critical Organ Dose Rate from lodines, Tritium and
Particulates with T, Greater Than 8 Days, (Including Carbon-14) ‘

Part A Control C.7.1.1 limits the dose rate at any time to any organ from **1, *3, *H and
radionuclides in particulate form with half lives greater than 8 days to 1500 mrem/year to any
organ. In addition, Carbon-14 has been declared a principle radionuclide for Seabrook gaseous ‘
effluents and is included in the assessment of compliance with the Part A Control limit C.7.1.1.
The Part A Control indirectly limits peak release rates by limiting the dose rate that is predicted
from continued release at the peak rate. By limiting p,, to a rate equivalent to no more than

1500 mrem/year, we assure that the critical organ dose accrued in any one year by any member of
the general public is less than 1500 mrem.

Use Method | or Method IA first to calculate the Critical Organ Dose Rate from the peak release
rate via the station vents. Method | applies at all release rates.

Use Method Il if a more refined calculation of p,, is desired by the station (i.e., use of actual

release point parameters with annual or actual meteorology to obtain release-specific X/Qs) or if
Method | or Method IA predicts a dose rate greater than the Part A Control limit to determine if it
had actually been exceeded during a short time interval. See Part B, Section 7.2.3 for basis.

3.6.1 Method |

The Critical Organ Dose Rate to an off-site receptor and elevated release conditions can be
determined as follows:

Dco(e):Z(Q *DFGi,e)  plus [0.611]c14 (3-5a)
mrem)  _ » 4Ci , [Mmrem-sec) (mrem
yr sec MCi-yr yr
where
Deoe) = The off-site critical organ dose rate (mrem/yr) due to iodine, tritium, carbon-14, |

and particulates in an elevated release,

%i = The activity release rate at the station vents of radionuclide "i" (except C-14) in ‘

uCi/sec (i.e., total activity measured of radionuclide "i" averaged over the time
period for which the filter/charcoal sample collector was in the effluent stream.
For i = Sr89 or Sr90, use the best estimates, such as most recent measurements),
and

mrem -Sec

DFG'icoe) = the site-specific critical organ dose rate factor
® LCi-yr

J for an elevated

gaseous release (See Table B.1-12).

0.611 =  The default annual dose rate contribution (inhalation and ingestion exposures)
from Carbon-14 in elevated gaseous discharges (mrem/yr) used in lieu of
surveillance measurements of Carbon-14 in effluents.
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3.6

3.6.1

where

Method to Calculate the Critical Organ Dose Rate from lodines, Tritium and
Particulates with T/, Greater Than 8 Days, (Including Carbon-14) (Continued)

Method | (Continued)

For an off-site receptor and ground level release, the critical organ dose rate can be determined as
follows:

Dco(g) = Z (Q| DFG i’co(g)) (3'5b)

Deot) = the off-site critical organ dose rate (mrem/yr) due to iodine, tritium, and
particulates in a ground level release (carbon-14 discharged via plant vent stack
only),

Q, = as defined previously, and

DEGico) = the site-specific critical organ dose rate factor for a ground level gaseous

DFGico@) discharge (see Table B.1-12).

Equations 3-5a and 3-5b can be applied under the following conditions (otherwise, justify
Method | or consider Method I1):

1. Normal operations (not emergency event), and
2. Tritium, 1-131 and particulate releases via monitored station vents to the atmosphere.

Method IA is implemented by the EMS software as described in Appendix C. Gaseous release
models are detailed in Section 6.7.3 of the EMS Software Requirements Specification
(Attachment 3 of Appendix C).
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3.6.2 Method Il

Method Il consists of the models, input data and assumptions in Appendix C of Regulatory
Guide 1.109, Rev. 1 (Reference A), except where site-specific data or assumptions have been
identified in the ODCM (see Tables B.7-2 and B.7-3). The critical organ dose rate will be
determined based on the location (site boundary, nearest resident, or farm) of receptor pathways
as identified in the most recent annual land use census, or by conservatively assuming the
existence of all pathways (ground plane, inhalation, ingestion of stored and leafy vegetables,
milk, and meat) at an off-site location of maximum potential dose. Concurrent meteorology with
the release period may be utilized for determination of atmospheric dispersion factors in
accordance with Part B, Sections 7.3.2 and 7.3.3 for the release point (either ground level or vent
stack) from which recorded effluents have been discharged. The maximum critical organ dose
rates will consider the four age groups independently, and take no credit for a shielding factor
(Sg) associated with residential structures.
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3.7

3.7.1

where

Method to Calculate the Gamma Air Dose from Noble Gases

Part A Control C.7.2.1 limits the gamma dose to air from noble gases at any location at or
beyond the site boundary to 5 mrad in any quarter and 10 mrad in any year per unit. Dose
evaluation is required at least once per 31 days.

Use Method | or Method IA first to calculate the gamma air dose from the station gaseous
effluent releases during the period.

Use Method Il if a more refined calculation is needed (i.e., use of actual release point parameter
with annual or actual meteorology to obtain release-specific X/Qs), or if Method | or
Method IA predicts a dose greater than the Part A Control limit to determine if it had
actually been exceeded. See Part B, Section 7.2.4 for basis.

Method |

The general form of the gamma air dose equation is:

5 = 3.17E-02 * [%L " *Z(Qi * DR/ ) (3-6)

(mrad) = (pCi-er . [s;g} v ()3 (Ci) (mrad-mj

HCi -sec pCi-yr

D" is the gamma air dose.

3.17E-02 is the number of pCi per uCi divided by the number of second per year,
[X/QT,, is the 1-hour gamma atmospheric dispersion factor,

t? is a unitless factor which adjusts the 1-hour [X/Q]" value for a release with a total
duration of t hours,

Qi is the total activity in uCi of each radionuclide "i" released to the atmosphere from the
station gaseous effluent release point during the period of interest, and

DF/ is the gamma dose factor to air for radionuclide "i" (see Table B.1-10).
Incorporating receptor location-specific atmospheric dispersion factors ([X/Q]"), adjustment
factors (t®) for elevated and ground-level effluent release conditions, and occupancy factors when

applicable (see Section 7.2.7), yields a series of equations by which the gamma air dose can be
determined.
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3.7

3.7.1

3.7.2

Method to Calculate the Gamma Air Dose from Noble Gases (Continued)

Method | (Continued)

a. Maximum off-site receptor location, elevated release conditions:

-0.274

Dig = 32E-07 * " *3% (Q*DF) (3-62)
|

_ [ pCi-yr mrad - m
(mrad) = (ﬂcl mJ () * X(uCi) (—C-yrj

b.  Maximum off-site receptor location, ground-level release conditions:

-0.293

Dig = L16E-06 * t =X (Q*DF) (3-6D)
|

_ [ pCi-yr mrad - m
(mrad) = (yo mj () * X (uCi) (—Cl-yrj

Equations 3-6a and 3-6b can be applied under the following conditions (otherwise justify
Method | or consider Method I1):

1. Normal operations (nonemergency event), and
2. Noble gas releases via station vents to the atmosphere.

Method IA is implemented by the EMS software as described in Appendix C. Gaseous release
models are detailed in Section 6.7.3 of the EMS Software Requirements Specification
(Attachment 3 of Appendix C).

Method Il

Method Il consists of the models, input data (dose factors) and assumptions in Regulatory

Guide 1.109, Rev. 1 (Reference A), except where site-specific data or assumptions have been
identified in the ODCM. The general equations (B-4 and B-5) taken from Regulatory

Guide 1.109, and used in the derivation of the simplified Method | approach as described in the
Part B Bases Section 7.2.4 are also applied to Method Il assessments. Concurrent meteorology
with the release period may be utilized for the gamma atmospheric dispersion factor identified in
ODCM Equation 7-14, and determined as indicated in Part B, Section 7.3.2 for the release point
(either ground level or vent stack) from which recorded effluents have been discharged.
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3.8

3.8.1

Method to Calculate the Beta Air Dose from Noble Gases

Part A Control C.7.2.1 limits the beta dose to air from noble gases at any location at or beyond
the site boundary to 10 mrad in any quarter and 20 mrad in any year per unit. Dose evaluation is
required at least once per 31 days.

Use Method | or Method IA first to calculate the beta air dose from gaseous effluent releases
during the period. Method I applies at all dose levels.

Use Method Il if a more refined calculation is needed (i.e., use of actual release point parameters
with annual or actual meteorology to obtain release-specific X/Qs) or if Method | or Method IA
predicts a dose greater than the Part A Control limit to determine if it had actually been
exceeded. See Part B, Section 7.2.5 for basis.

Method |

The general form of the beta air dose equation is:

D =3.17E- 02#(X/Q),y, * % > (Q;* DF) (3-7)

_( pCi-yr ), (sec . mrad- m?
d) = x| == Ci*—
(o) =[PV« S o=

where

D is the beta air dose,

3.17E-02 is the number of pCi per uCi divided by the number of seconds per year,
(X/Q)1pr is the 1-hour undepleted atmospheric dispersion factor,

t? is a unitless factor which adjusts the 1-hour X/Q value for a release with a total duration
of t hours,

Qi is the total activity (UCi) of each radionuclide "i" released to the atmosphere during the
period of interest, and

DF/is the beta dose factor to air for radionuclide "i" (see Table B.1-10).
Incorporating receptor location-specific atmospheric dispersion factor (X/Q), adjustment factors
(t®) for elevated and ground-level effluent release conditions, and occupancy factors when

applicable (see Section 7.2.7) yields a series of equations by which the Beta Air Dose can be
determined.
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3.8

3.8.1

3.8.2

Method to Calculate the Beta Air Dose from Noble Gases (Continued)
Method | (Continued)

a. Maximum off-site receptor location, elevated release conditions:

Dl =4.0E-7*t°%2*>(Q,* DF/) (3-72)
Ci-yr .. mrad-m®
(mrad) = (2 YTy * ()3 (uCix M
41Ci-m pCi-yr

b. Maximum off-site receptor location, ground-level release conditions:
Dhirg) = 6.1E- 06 * t%%°* > (Q, * DF/) (3-7b)

mrad- m®

pCi-yr )

(mra) = (PEYT)x ()3 (uci®
w1 Ci-m

Equations 3-7a and 3-7b can be applied under the following conditions (otherwise justify
Method | or consider Method I1):

1. Normal operations (nonemergency event), and
2. Noble gas releases via station vents to the atmosphere.

Method IA is implemented by the EMS software as described in Appendix C. Gaseous release
models are detailed in Section 6.7.3 of the EMS Software Requirements Specification
(Attachment 3 of Appendix C).

Method Il

Method Il consists of the models, input data (dose factors) and assumptions in Regulatory

Guide 1.109, Rev. 1 (Reference A), except where site-specific data or assumptions have been
identified in the ODCM. The general equations (B-4 and B-5) taken from Regulatory

Guide 1.109, and used in the derivation of the simplified Method | approach as described in the
Part B Bases Section 7.2.5, are also applied to Method Il assessments. Concurrent meteorology
with the release period may be utilized for the atmospheric dispersion factor identified in ODCM
Equation 7-15, and determined, as indicated in Part B, Sections 7.3.2 and 7.3.3 for the release
point (either ground level or vent stack) from which recorded effluents have been discharged.
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3.9

3.9.1

where

Method to Calculate the Critical Organ Dose from lodines, Tritium and Particulates,
(Including Carbon-14)

Part A Control C.7.3.1 limits the critical organ dose to a member of the public from radioactive
iodines, tritium, and particulates with half-lives greater than 8 days in gaseous effluents to

7.5 mrem per quarter and 15 mrem per year per unit. In addition, Carbon-14 has been declared a
principle radionuclide for Seabrook gaseous effluents and is included in the assessment of
compliance with the Part A Control limit C.7.3.1. Part A Control C.7.3.1 limits the total body
and organ dose to any real member of the public from all station sources (including gaseous
effluents) to 25 mrem in a year except for the thyroid, which is limited to 75 mrem in a year.

Use Method | or Method IA first to calculate the critical organ dose from gaseous effluent
releases as it is simpler to execute and more conservative than Method II.

Use Method Il if a more refined calculation of critical organ dose is needed (i.e., Method | or
Method IA indicates the dose is greater than the limit). See Part B, Section 7.2.6 for basis.

Method |

Deo = (XIQ)iP I(XIQ)a'* 2% Y (Q;* DFGieo) PlUS [6.97E-05 * tc]c.14 (3-8)

(mrem) = (o) o) * () * 2 (uCi)* (ot 4+ (e
m m 1Ci

hr

D., is the critical organ dose from iodines, tritium, carbon-14 and particulates, ‘

(X/Q)fﬁf' is the 1-hour depleted atmospheric dispersion factor.

(X/Q)depl is the annual average depleted atmospheric dispersion.

an
t? is a unitless adjustment factor to account for a release with a total duration of t hours,

Qi is the total activity in uCi of radionuclide "i" (except C-14) released to the atmosphere during
the period of interest (for strontiums, use the most recent measurement), and

DFGj, is the site-specific critical organ dose factor for radionuclide "i", see Tables B.1-12,
B.1-14, and B.1-15. (For each radionuclide, it is the age group and organ with the largest dose
factor.)

6.97E-05 (mrem/hr) is the Carbon-14 default dose contribution to the maximum exposed
member of the public based on a continuous release with an estimated annual discharge in
gaseous effluent of 12.06 Curies of C-14. For a 1 month (tc = 730 hrs) release period, the C-14
dose contribution to the critical organ is estimated to be 5.1E-02 mrem/month.

tc is the C-14 release duration (hours) associated with the period of dose estimation being
considered. Since the release of C-14 is considered to be continuous, the total tc for the year
must account for 8760 hours of release regardless if any other radionuclide is detected to be
present in the effluent stream.
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3.9

3.90.1

Method to Calculate the Critical Organ Dose from lodines, Tritium and Particulates,
(Including Carbon-14) (Continued)

Method | (Continued)

depl

Incorporating receptor location-specific atmospheric dispersion factors ((X/Q),,, and (X/Q)

dep
an

and adjustment factors (t*) for elevated and ground-level release conditions, and incorporating
occupancy factors when applicable (see Section 7.2.7), yields a series of equations by which the

critical organ dose can be determined.

a. Maximum off-site receptor location, elevated release conditions:
Do =15.0%t*?®* > (Q,* DFGico) ~ Plus [0.051 mrem/month]c.14

mrem

(mrem) =( )*( )2 (uCi~* Gi
1

) + (mrem/mo.)

b.  Maximum off-site receptor location, ground-level release conditions:
DCO(g) = 177 * t_0'317 * Z(Q, * DFGico(g))

mrem

(mrem) =( )*( ) X (uCi*—
1Ci

)

C. Science & Nature Center receptor; elevated release conditions:

Deoe) = 3-3E-02*t%*#* > (Q,* DFGicory) ~ PIUs [2.58E-06 mrem/month]c.14

mrem

(mrem)=( )*( )X (uCi* —) + (mrem/mo.)
uCi

d.  Science & Nature Center receptor; ground-level release conditions:
DcoE(g) = 33 E- 02 * t_0'347* Z(Q| * DFGicoE(g))

(mrem) = ( )*( )T (uCi* o
uCi

e. Receptor at the "Firing Range"; elevated release conditions:

Deorre =1.15* t°°%°* > (Q,* DFGicorry) ~ PIUs [2.60E-05 mrem/month]c.14

mrem

(mrem) =( )*( ) X (uCi* i
|

) + (mrem/mo.)

(3-8a)

(3-8b)

(3-8c)

(3-8d)

(3-8e)
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3.9

3.90.1

Method to Calculate the Critical Organ Dose from lodines, Tritium and Particulates,
(Including Carbon-14) (Continued)

Method | (Continued)

f. Receptor at the "Firing Range"; ground-level release conditions:
Deorrg) = 1.61% t04%°* Z(Q. * DFGicorr(g)) (3-8f)

(mrem) = ( )*( )T (uCi* o0
uCi

g. Receptor at the Fitness Center; elevated release conditions:

Deorce) = 1.08 * t9%9 #5(Q; * DFGicorc(e)) plus [7.67E-05 mrem/month]c.14 (3-80)

(mrem) = () * ( )* T (uCi* (mrem)) + (mrem)

UCi mo.
h. Receptor at the Fitness Center; ground-level release conditions:
Doorcig = 0.94 * t73 *£(Q; * DFGicorc(g) (3-8h)

(mrem)= () * ( )* X (uCi* (mrem))
uCi

Equations 3-8a through 3-8h can be applied under the following conditions (otherwise, justify
Method | or consider Method I1):

1. Normal operations (nonemergency event),
2. lodine, tritium, and particulate releases via station vents to the atmosphere, and
3. Any continuous or batch release over any time period.

Method IA is implemented by the EMS software as described in Appendix C. Gaseous release
models are detailed in Section 6.7.3 of the EMS Software Requirements Specification
(Attachment 3 of Appendix C).
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3.9.2 Method Il

Method Il consists of the models, input data and assumptions in Appendix C of Regulatory
Guide 1.109, Rev. 1 (Reference A), except where site-specific data or assumptions have been
identified in the ODCM (see Tables B.7-2 and B.7-3). The critical organ dose will be determined
based on the location (site boundary, nearest resident, or farm) of receptor pathways, as identified
in the most recent annual land use census, or by conservatively assuming the existence of all
pathways (ground plane, inhalation, ingestion of stored and leafy vegetables, milk and meat) at
an off-site location of maximum potential dose. Concurrent meteorology with the release period
may be utilized for determination of atmospheric dispersion factors in accordance with Part B,
Sections 7.3.2 and 7.3.3 for the release point (either ground level or vent stack) from which
recorded effluents have been discharged. The maximum critical organ dose will consider the
four age groups independently, and use a shielding factor (Sg) of 0.7 associated with residential
structures.
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3.10

3.10.1

Method to Calculate Direct Dose from Site Operations

Part A Control C.8.1.1 restricts the dose to the whole body or any organ to any member of the
public from all uranium fuel cycle sources to 25 mrem in a calendar year (except the thyroid,
which is limited to 75 mrem). Direct radiation from contained sources is required to be included
in the assessment of compliance with this standard.

Method

The direct dose from the plant and Dry Fuel Storage (DFS) facilities will be determined by
obtaining the dose from TLD locations situated on-site near potential sources of direct radiation,
as well as those TLDs near the site boundary which are part of the plant operations and DFS
environmental monitoring programs, and subtracting out the dose contribution from background.
Realistic occupancy factors should be applied to the estimation of annual dose to MEMBERS OF
THE PUBLIC from Seabrook site operations. Additional methods to calculate the direct dose
may also be used to supplement the TLD information, such as high pressure ion chamber
measurements, or analytical design calculations of direct dose from identified sources (such as
solid waste storage facilities).

The dose determined from direct measurements or calculations will be related to the nearest real
person off-site, as well as those individuals on-site involved in activities at either the Science and
Nature Center or the Rocks boat landing, to assess the contribution of direct radiation to the total
dose limits of Part A Control C.8.1.1 in conjunction with liquid and gaseous effluents.

For TLD assessments, the direct dose from plant area sources and DFS operations is determined
by comparing the expected annual data for environmental TLD locations near the site boundary
or public access areas to pre-operational data for the same locations.

The expected measurement for each indicator TLD location is determined as a function of the
observed change in exposure rate at the control location TLD data (i.e., TLD locations more than
20 km from the site) for the current year and for the pre-operational monitoring program as
follows:

X
X, =X, ™
Xoc
where:
X, = the expected TLD measurement for a given location, independent of any direct
radiation from station facilities,
X, = the average pre-operational TLD* measurement response for the location of

interest,

' For the DFS, the pre-operational period includes those DFS environmental monitoring program TLD
measurements made prior to fuel assemblies being moved into the DFS facility.
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3.10 Method to Calculate Direct Dose from Site Operations (Continued)

3.10.1 Method (Continued)

Xpe = the average TLD measurement for the control TLD locations (TL-36 through
TL-38 and TL-40 through TL-42)? in the current year, and

X,. =  theaverage TLD measurement for the control TLD locations (TL-36 through
TL-38 and TL-40 through TL-42) in the pre-operational period?

All doses are expressed in mR/91days. This is the length of a standard quarter which places all
quarterly TLD field measurement on equivalent time intervals for comparisons.

The current year annual average measurement for each TLD location (X,) is compared to the
expected TLD measurement (X.) by taking the difference between the current measurement
value and the expected value (X, - X¢). A direct dose component due to plant or DFS operations
is assumed if the difference between the current annual average TLD measurement (X,) and the
calculated expected value for a TLD location (X.) is greater than 20% (unless an evaluation can
show that this difference is not plant related):

[(Xo - Xe)/Xe > 0.2]

For those measurements determined to reflect an increase due to plant or DFS operations, the net
dose is estimated as the difference between the observed location value and the expected value
(Xo — Xe).

The 20% criterion in increased dose is selected based on its similar use as a significance criterion
in NUREG-1301 (Land Use Control 3/4.12.1, Action b). The 20% increase criteria is also
related to the ability of the TLDs to differentiate a true positive increase above a fluctuating
background in the low dose ranges associated with environmental TLD measurements (20% is in
the range of the typical 3-sigma counting statistics on the TLD readouts).

2 Control location TL-39 was not included since it has been moved from its original pre-operational location.
Control locations can be added or removed from the assessment if their locations or nearby environments are
altered from their baseline conditions.
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3.11

3.11.1

Dose Projections

Part A Controls C.6.3.1 and C.7.4.1 require that appropriate portions of liquid and gaseous
radwaste treatment systems, respectively, be used to reduce radioactive effluents when it is
projected that the resulting dose(s) would exceed limits which represent small fractions of the "as
low as reasonably achievable™ criteria of Appendix | to 10 CFR Part 50. The surveillance
requirements of these Part A Controls state that dose projections be performed at least once per
31 days when the liquid radwaste treatment systems or gaseous radwaste treatment systems are
not being fully utilized.

Since dose assessments are routinely performed at least once per 31 days to account for actual
releases, the projected doses shall be determined by comparing the calculated dose from the last
(typical of expected operations) completed 31-day period to the appropriate dose limit for use of
radwaste equipment, adjusted if appropriate for known or expected differences between past
operational parameters and those anticipated for the next 31 days.

Liguid Dose Projections

The 31-day liquid dose projections are calculated by the following:

a.  Determine the total body Dy, and organ dose Dy, (Equations 3-1 and 3-2, respectively) for
the last typical completed 31-day period. The last typical 31-day period should be one
without significant identified operational differences from the period being projected to,
such as full power operation vs. periods when the plant is shut down. For periods with
identified operational differences, skip to subsection 3.11.1.e. below.

b. Calculate the ratio (R;) of the total estimated volume of batch releases expected to be
released for the projected period to that actually released in the reference period.

c. Calculate the ratio (Ry) of the estimated gross primary coolant activity for the projected
period to the average value in the reference period. Use the most recent value of primary
coolant activity as the projected value if no trend in decreasing or increasing levels can be
determined.

d. Determine the projected dose from:

e.  During periods when significant operational differences are identified, such as shutdowns
vs. normal power operations, or when specific treatment components are expected to be
bypassed or out of service for repair or maintenance, the projected dose should be based
on an assessment of the expected amount of radioactivity that could be discharged, both
through treated and any untreated pathways, over the next 31 days. Specific
consideration should be given to effluent streams and treatment systems noted on
Figure B.6-1. The volume of liquid to be released, the current or projected maximum
radioactivity concentration in the effluent streams either prior to treatment or at the point
of release to the environment, and the duration of expected release evaluations should be
estimated as part of the projection of offsite dose.
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For these periods outside the bounds of steps 3.11.1.a. when significant operational
differences exist from the last reference period, the projected dose to the total body Dy,
and organ dose D, shall use Equations 3-1 and 3-2, respectively to project dose for each
definable time segment of release evolution and summed over the next 31 days. The
radioactive release quantity, Q;, in equations 3-1 and 3-2 represents the estimated quantity
of radionuclide "i" estimated to be released over the next 31 days, or during short time
periods for defined plant operational evaluations, based on expected volumes,
concentrations and treatment options to be applied.

The EMS software can also be used to perform monthly projected dose calculations as described
in Appendix C. The methodology applied by EMS in projecting liquid doses is outlined in
Section 2.7 of Attachment 4 to Appendix C (EMS Technical Reference Manual).

3.11.2 Gaseous Dose Projections

1. For the gaseous radwaste treatment system, the 31-day dose projections are calculated by
the following:

a.  Determine the gamma air dose D, (Equation 3-6a), and the beta air dose D%,

(Equation 3-7a) from the last typical 31-day operating period. The last typical
31-day period should be one without significant identified operational differences
from the period being projected to, such as full power steady state operation vs.
periods when the plant is shutdown. For periods with identified operational
differences, skip to subsection 3.11.2.2.e. below.

b.  Calculate the ratio (R3) of anticipated number of curies of noble gas to be released
from the hydrogen surge tank to the atmosphere over the next 31 days to the number
of curies released in the reference period on which the gamma and beta air doses are
based. If no differences between the reference period and the next 31 days can be
identified, set R3 to 1.

c.  Determine the projected dose from:
Gamma Air: D pr = Diir - R3
Beta Air: Daior = D4 - Ra

2. For the ventilation exhaust treatment system, the critical organ dose from iodines, tritium,
carbon-14 and particulates are projected for the next 31 days by the following:

a.  Determine the critical organ dose D¢, (Equation 3-8a) from the last typical 31-day
operating period. (If the limit of Part A Control C.7.4.1.c (i.e., 0.3 mrem in 31 days)
is exceeded, the projected controlled area annual total effective dose equivalent from
all station sources should be assessed to assure that the 10 CFR 20.1301 dose limits
to members of the public are not exceeded.)* . The last typical 31-day period should
be one without significant identified operational differences from the period being
projected to, such as full power steady state operation vs. periods when the plant is
shutdown. For periods with identified operational differences, skip to
subsection 3.11.2.2.e. below.
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Calculate the ratio (Ry4) of anticipated primary coolant dose equivalent 1-131 for the
next 31 days to the average dose equivalent 1-131 level during the reference period.
Use the most current determination of DE 1-131 as the projected value if no trend
can be determined.

Calculate the ratio (Rs) of anticipated primary system leakage rate to the average
leakage rate during the reference period. Use the current value of the system
leakage as an estimate of the anticipated rate for the next 31 days if no trend can be
determined.

Determine the projected dose from:
Critical Organ: Dco pr = [Deo — 5.09E-02] * (R4) * (Rs) + 5.09E-02

Note: The value of 5.09E-02 (mrem) reflects the default CRITICAL ORGAN
DOSE to the maximum exposed individual from Carbon-14 releases averaged over
a 31-day (monthly) period. The value is based on the estimated annual Carbon-14
releases from the Station of 12.06 Curies (per HPSTID 11-004 which applies the
methodology outlined in Reference G) and conservative atmospheric dispersion
during the growing season to the limiting off-site receptor. For dose projection
periods (continuous) other than monthly, the Carbon-14 dose contribution should be
ratioed based on time duration in order to obtain a corrected default value.

During periods when significant operational differences are identified, such as
shutdowns vs. normal power operations, or when specific treatment components are
expected to be bypassed or out of service for repair or maintenance, the projected
dose should be based on an assessment of the expected amount of radioactivity that
could be discharged, both through treated and any untreated pathways, over the next
31 days. Specific consideration should be given to effluent streams and treatment
systems noted on Figure B.6-2. The volume or flow rate of gas to be released, the
current or projected maximum radioactivity concentration in the effluent streams
either prior to treatment or at the point of release to the environment, and the
duration of expected release evaluations should be estimated as part of the
projection of offsite dose.

For these periods outside the bounds of steps 3.11.2.1.a or 3.11.2.2.a. when
significant operational differences exist from the last reference period, the projected
air dose from gamma and beta emissions from noble gases (Equations 3-6 and
Equations 3-7, respectively), or from iodines, tritium, carbon-14 and particulates
(Equations 3-8) shall use the referenced equations to project dose for each definable
time segment of release evolution and summed over the next 31 days. The
radioactive release quantity, Q; in the dose equations represents the estimated
quantity of radionuclide "i" estimated to be released over the next 31 days, or during
short time periods for defined plant operational evaluations, based on expected
volumes, concentrations and treatment options to be applied.
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3. Alternate Projection Method for Use with Containment Ventilation Exhaust Treatment
System (Charcoal Filters)

During periods when the Containment Building air needs to be vented to the atmosphere,
the decision to use the Containment charcoal filter train to exhaust Containment air can be
based on dose conversion factors and critical organ dose equation that reflect only those
real exposure pathways in the offsite environment as indicated by the annual Land Use
Census. This reduces the excess conservatism associated with the standard Method |
assumptions that all typical (potential) exposure pathways (including milk) may exist at
the most limiting atmospheric dispersion point off site.

In place of the dose conversion factors found in Table B.1-12, and critical organ dose
equation 3-8a for Dco, Chemistry Department technical evaluation CHSTID 02-004
contains the dose conversion factors (DFG) and critical organ dose equation which were
developed in the same manner as the current Method | factors and time dependent dose
equation, but which utilize the most recent Land Use Census data to define which
exposure pathways and identified receptor locations exist. CHSTID 02-004 documents the
development of this alternate dose projection method. After the Land Use Census is
performed each year, and before application to any Containment venting evolution,
CHSTID 02-004 will be reviewed to see if any new receptor location impacts the selection
of controlling dose location.

The EMS software can also be used to perform monthly projected dose calculations as described
in Appendix C. The methodology applied by EMS in projecting gaseous dose is outlined in
Section 3.8 of Attachment 4 to Appendix C (EMS Technical Reference Manual).

*Note:  This action is based on the assumption that tritium is the controlling nuclide for whole body
exposures through the inhalation pathway. Maximum annual average on-site X/Q's for station
effluent release points are approximately 100 times the values used for the site boundary dose
calculations. However, the site boundary doses calculated by the ODCM for iodine, tritium,
carbon-14 and particulates with half-lives greater than 8 days includes all potential off-site
exposure pathways. For tritium, the inhalation pathway only accounts for about 5% of the
total dose contribution being calculated. As a result, if the monthly calculation indicates that
the site boundary maximum organ dose reached 0.3 mrem, the on-site maximum dose due to
inhalation would be approximately 6 mrem for this period. If this were projected to continue |
for a year with a 2000 hour occupancy factor applied, the projected inhalation whole body dose
would be approximately 16 mrem, or 16% of the 10 CFR 20.1301 limit. This is a reasonable |
trigger value for the need to consider the dose contribution from all station sources to members
of the public in controlled areas.
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3.12 Method to Calculate Total Dose From Plant Operations

3.12.1

ODCM Control C.8.1.1 restricts the annual dose to the whole body or any organ of a member of
the public from all uranium fuel cycle sources (including direct radiation) to 25 mrem (except the
thyroid, which is limited to 75 mrem). These cumulative dose contribution limits from liquids
and gaseous effluents, and direct radiation, implement the Environmental Protection Agency
(EPA) 40 CFR 190, "Environmental Standards for the Uranium Fuel Cycle."

Method

Compliance with the Seabrook Station Effluent Controls dose objectives for the maximum
individual, as calculated by the methods described in sections B.3.2, B.3.3, B.3.7, B.3.8, B.3.9 of
the ODCM also demonstrates compliance with the EPA limits to any member of the public. This
indirect determination of compliance is based on the fact that the Effluent Control liquid and
gaseous dose objectives are taken from 10 CFR 50, Appendix I, and represent lower values than
the 40 CFR 190 dose limits. Direct radiation dose from contained sources is not expected to be a
significant contributor to the total dose to areas beyond the site boundary. If the operational dose
objectives in the Seabrook ODCM Effluent Controls C.6.2.1.a, C.6.2.1.b, C.7.2.1.3, C.7.2.1.b,
C.7.3.1.a, or C.7.3.1.b are determined to be exceeded by a factor of two, a Special Report must
be prepared. The purpose of this Special Report is to determine by direct assessment if the
cumulative dose (calendar year) to any member of the public (real individual) from all sources is
within the limits of the Total Dose Control C.8.1.1.

In addition, section A.10.2, "Annual Radioactive Effluent Release Report,” requires that an
assessment of radiation doses to the likely most exposed member of the public from all effluent
and direct radiation sources be included for the previous calendar year to show compliance with
40 CFR 190 [equivalent limits to 10 CFR 72.104(a) when considering Dry Fuel Storage].

When required, the total dose to a member of the public will be calculated for all significant
effluent release points for all real pathways, including direct radiation. Only effluent releases
from Seabrook Station, including direct radiation from the Dry Fuel Storage facility, need be
considered since no other uranium fuel cycle facilities exist within five miles. EPA has
determined that for fuel cycle facilities separated by more than five miles, their contribution to
each other's total dose would not be significant and cause dose Standard for the Uranium Fuel
Cycle to be exceeded. The calculations will be based on the liquid and gaseous Methods 11 dose
models as described in Section B.3, including usage factors and other documented site-specific
parameters reflecting realistic assumptions, where appropriate. The liquid and gaseous effluent
Method Il models are derived from the methods given in Regulatory Guide 1.109, Rev. 1,
October 1977.

The direct radiation component from the plant and the Dry Fuel Storage facility can be
determined using environmental TLD results as noted in Section B.3.10.1 (or alternately, high
pressure ion chamber measurements or analytical design calculations for estimating the direct
radiation dose from identified contained radioactive sources within the facility).
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4.0

4.1

4.2

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM (REMP)

The Radiological Environmental Monitoring Program consist of two interconnected sample
collection and measurement schedules that look for environmental influences from: (1) plant
operations which release to the environment radioactive materials in liquid and gaseous effluents,
and direct radiation from plant facilities inside the power block Protected Area, and (2) direct
radiation from used fuel placed in the Dry Fuel Storage (DFS) facility located in the West
Southwest sector approximately 0.38 miles from the Containment Building. Several monitoring
locations provide data that are shared or used in the assessment of both plant and DFS operations

Plant Operations REMP

The plant operations related radiological environmental monitoring stations are listed in
Table B.4-1. The locations of the stations with respect to the Seabrook Station are shown on the
maps in Figures B.4-1 to B.4-6.

All radiological analyses for environmental samples are performed at a contractor laboratory.
The contractor laboratory participates in an Interlaboratory Comparison Program for all relevant
species in an aqueous (water) matrix. An independent vendor (Analytics) supplies the remaining
cross check samples. These samples are presented on an air filter and in milk and water matrices.

Pursuant to Part A Surveillance S.9.2.1, the Land Use Census will be conducted "during the
growing season” at least once per 12 months. The growing season is defined, for the purposes of
the Land Use Census, as the period from June 1 to October 1. The method to be used for
conducting the census will consist of one or more of the following, as appropriate: door-to-door
survey, visual inspection from roadside, aerial survey, or consulting with local agricultural
authorities.

Technical Specification 6.8.1.3 and Part A, Section 10.1 of the ODCM require that the results of
the Radiological Environmental Monitoring Program be summarized in the Annual Radiological
Environmental Operating Report "in the format of the table in the Radiological Assessment
Branch Technical Position, Revision 1, 1979." The general table format will be used with one
exception and one clarification, as follows. The mean and range values will be based not upon
detectable measurements only, as specified in the NRC Branch Technical Position, but upon all
measurements. This will prevent the positive bias associated with the calculation of the mean
and range based upon detectable measurements only. Secondly, the Lower Limit of Detection
column will specify the LLD required by ODCM Table A.9.1-2 for that radionuclide and sample
medium.

Dry Fuel Storage Facility Monitoring Program

The DFS radiological environmental monitoring stations are listed in Table B.4-2. The
measurement locations with respect to the Seabrook site area are shown on Figures B.4-4 and
B.4-7.

The results of the Dry Fuel Storage environmental monitoring are summarized and reported in
the Annual Radiological Environmental Operating Report.
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1.

2.

3.

TABLE B.4-1

RADIOLOGICAL ENVIRONMENTAL MONITORING STATIONS®

Exposure Pathway Sample Location
and/or Sample and Designated Code

Approx. Distance
From Unit 1
Containment (km)

AIRBORNE (Particulate and Radioiodine)

AP/CF-01
AP/CF-02
AP/CF-03
AP/CF-04
AP/CF-05
AP/CF-07
AP/CF-08
AP/CF-09

WATERBORNE

a. Surface WS-01
WS-51

b. Sediment SE-02
SE-07
SE-08
SE-52
SE-57

INGESTION

a. Milk
TM-15

b. Fish and Invertebrates®

FH-03

FH-53

HA-04
HA-54
MU-06
MU-09
MU-56
MU-59

PSNH Barge Landing Area
Harbor Road

SW Boundary

W. Boundary
Winnacunnet H.S.®
(PSNH Substation)

E&H Substation®
Georgetown

Electric Light (Control)

Hampton-Discharge Area
Ipswich Bay (Control)

Hampton-Discharge Area®
Hampton Beach®
Seabrook Beach

Ipswich Bay (Control)®
Plum Island Beach
(Control)®

Hampton Falls, NH ©@

Hampton - Discharge Area
Ipswich Bay (Control)
Hampton - Discharge Area
Ipswich Bay (Control)
Hampton - Discharge Area
Hampton Harbor®
Ipswich Bay (Control)
Plum Island®

B.4-2

2.6
2.5
1.0
1.2
4.0
5.7
3.4
21.4

5.1
26.2

5.2
3.3
3.3
26.2
22.4

6.9

5.0
23.3
5.1
27.9
5.2
2.5
28.6
22.0

Direction From
the Plant

ESE
SW
NNE
NNW

SSE
SSW

SSE

ESE
SSE
SSE

NW

ESE
SSE

SSE

SSE
SSE
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4.

TABLE B.4-1

RADIOLOGICAL ENVIRONMENTAL MONITORING STATIONS®

Exposure Pathway Sample Location
and/or Sample and Designated Code

(Continued)

c. Food Products

TG-08
TG-09
TG-10

DIRECT RADIATION
TL-1

TL-2
TL-3

TL-4

TL-5

TL-6

TL-7
TL-8
TL-9
TL-10
TL-11
TL-12
TL-13
TL-14
TL-15

TL-16
TL-17
TL-18
TL-19
TL-20

TL-21
TL-22

Approx. Distance
From Unit 1

Containment (km)

Site Boundary
Site Boundary
Georgetown Light

Brimmer's Lane,
Hampton Falls
Landing Rd., Hampton
Glade Path, Hampton
Beach

Island Path, Hampton
Beach

Harbor Rd., Hampton
Beach

PSNH Barge Landing
Area

Cross Rd., Seabrook Beach
Farm Lane, Seabrook
Farm Lane, Seabrook
Site Boundary Fence ©
Site Boundary Fence ©
Site Boundary Fence ©
Inside Site Boundary ©
Trailer Park, Seabrook ©
Brimmer's Lane,
Hampton Falls
Brimmer's Lane,
Hampton Falls

South Rd., N. Hampton
Mill Rd., N. Hampton
Appledore Ave.,

N. Hampton

Ashworth Ave.,
Hampton Beach

Route 1A, Seabrook Beach
Cable Ave.,

Salisbury Beach

B.4-3

1.05
97
21.4

97

3.0
2.9

2.3
2.5
2.7

2.6
1.3
1.3
1.1
1.0
1.2
1.2
1.3
1.4

1.2
7.8
7.6
7.7
3.2

3.7
7.6

Direction From
the Plant

SW
SSW

NNE
NE

ENE

ESE

SE
SSE

SSW
SW
WSW

WNW
NW

NNW
NNE
NE
ENE

SE
SSE

ODCM Rev. 35



TABLE B.4-1

RADIOLOGICAL ENVIRONMENTAL MONITORING STATIONS®

(Continued)

Exposure Pathway Sample Location
and/or Sample and Designated Code
TL-23 Ferry Rd., Salisbury
TL-24 Ferry Lots Lane,
Salisbury
TL-25 Elm St., Amesbury
TL-26 Route 107A, Amesbury
TL-27 Highland St., S. Hampton
TL-28 Route 150, Kensington
TL-29 Frying Pan Lane,
Hampton Falls
TL-30 Route 27, Hampton
TL-31 Alumni Drive, Hampton
TL-32 Seabrook Elementary School
TL-33 Dock Area, Newburyport
TL-34 Bow St., Exeter
TL-35 Lincoln Ackerman School
TL-36 Route 97, Georgetown
(Control) ©
TL-37 Plaistow, NH (Control) ©
TL-38 Hampstead, NH (Control) ©
TL-39 Fremont, NH (Control) ©
TL-40 Newmarket, NH (Control) ©
TL-41 Portsmouth, NH, (Control)®®
TL-42 Ipswich, MA (Control)®®

Approx. Distance
From Unit 1
Containment (km)

B.4-4

8.1
7.2

7.6
8.1
7.5
7.5
7.2

7.6
3.8
2.0
9.8
12.0
2.3
22.6

21.5
21.7
27.0
21.6
21.0
22.8

Direction From
the Plant

SSW

SW
WSW

WNW
NW

NNW
NNE

NW
NNW
SSW

WSW
WNW
NNW

NNE
SSE
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(@)
(b)

(©)

(d)

(€)

TABLE B.4-1
RADIOLOGICAL ENVIRONMENTAL MONITORING STATIONS®
(Continued)

Sample locations are shown on Figures B.4-1 to B.4-6.

This sample location is not required by monitoring program defined in Part A of ODCM;
program requirements specified in Part A do not apply to samples taken at this location.

Samples will be collected pursuant to ODCM Table A.9.1-1. Samples are not required from all
stations listed during any sampling interval (FH = Fish; HA = Lobsters; MU = Mussels ).

Table A.9.1-1 specifies that "one sample of three commercially and recreationally important
species" be collected in the vicinity of the plant discharge area, with similar species being
collected at a control location. (This wording is consistent with the NRC Final Environmental
Statement for Seabrook Station.) Since the discharge area is off-shore, there is a great number of
fish species that could be considered commercially or recreationally important. Some are
migratory (such as striped bass), making them less desirable as an indicator of plant-related
radioactivity. Some pelagic species (such as herring and mackerel) tend to school and wander
throughout a large area, sometimes making catches of significant size difficult to obtain. Since
the collection of all species would be difficult or impossible, and would provide unnecessary
redundancy in terms of monitoring important pathways to man, three fish and invertebrate
species have been specified as a minimum requirement. Samples may include marine fauna such
as lobsters, clams, mussels, and bottom-dwelling fish, such as flounder or hake. Several similar
species may be grouped together into one sample if sufficient sample mass for a single species is
not available after a reasonable effort has been made (e.g., yellowtail flounder and winter
flounder)

Monitoring program defined in Part A of ODCM does not require this sample location; food
product sampling is being implemented in lieu of an insufficient number of milk locations.

Indicates locations shared with DFS monitoring.
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TABLE B.4-2

DRY FUEL STORAGE RADIOLOGICAL ENVIRONMENTAL MONITORING STATIONS

Exposure
Pathway

DIRECT
RADIATION

TL-44
SB-36
SB-32
SB-33
TL-68
TL-69
TL-10
TL-11
TL-12
TL-13
TL-14
TL-36
TL-37
TL-38
TL-39
TL-40
TL-41
TL-42

Sample Location

and Designated Code From
DFS Pad (km)

On-site, outside Science & Nature Center @ 0.21
On-site, inside Science & Nature Center 0.24
Hi-Rise Office Building, 3" floor 0.23
Hi-Rise Office Building, 1* floor (Fitness Center)  0.23
Nearby site boundary (dump) to DFS 0.45
Nearby site boundary (Rocks Rd) to DFS 0.47
Site Boundary Fence @ 0.77
Site Boundary Fence @ 0.52
Site Boundary fence @ 0.53
Inside Site Boundary 0.61
Trailer Park, Seabrook @ 0.94
Rt 97, Georgetown (Control) ) 22
Plaistow, NH (Control) @ 21
Hampstead, NH (Control) @ 27
Fremont, NH (Control) @ 27
Newmarket, NH (Control) @ 22
Portsmouth, NH (Control) ¥® 22
Ipswich, MA (Control) ©@ 22

Approx. Distance

Direction
From
DES Pad

(1) This location is not part of the required DFS radiological monitoring program defined in Table
A.9.4-1 of the ODCM.

(2) Shared environmental monitoring locations for both plant REMP (see Table B.4-1) and DFS

monitoring.
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FIGURE B.4-1
RADIOLOGICAL ENVIRONMENTAL MONITORING LOCATIONS
WITHIN 4 KILOMETERS OF SEABROOK STATION
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FIGURE B.4-2
RADIOLOGICAL ENVIRONMENTAL MONITORING LOCATIONS
BETWEEN 4 KILOMETERS AND 12 KILOMETERS FROM SEABROOK STATION
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FIGURE B.4-3
RADIOLOGICAL ENVIRONMENTAL MONITORING LOCATIONS
OUTSIDE 12 KILOMETERS OF SEABROOK STATION

o 5 10 18

KILOMETERS

QURHAM ®

NEWMARKET @

RAY:',UNO EPPING
o

1
1
' ETER - N
SEE ENLARGEMENT IN FIGURE . = '
B.4=2 ~— :
t HAMPTON !
I pd '
i i
| SEABROOK STATION :
KINGSTON @ | N SHf- naneton HARSOR
| sEABROOK @ \ !
-~ .
b N DISCHARGE SITE
e @ SALISBURY !
;7 |AMESBURY @ !
PLAISTOW ® S e i
[
Ny o t
T :f; / r:'- ° '
,° m-fs. - § NEWBURYPQRT - . I ATULANTIC GCEAN
L4 a2 —— e el wll S TEE A N, N N A R —— ——
| HAVERMILL@ £ MU-59
! A SE-57
e PLUM ISLAND
' FH-53
HETHUEN o 7G-10 A SE-52
AP/CE-09 A A WS-51
® LAWRENCE IPSWICH BAY

A MU-5¢
HA-54

IPSWICH &

® GLQUCESTER

ri

B.4-9 ODCM Rev. 35




FIGURE B.4-4

DIRECT RADIATION MONITORING LOCATIONS WITHIN

4 KILOMETERS OF SEABROOK STATION
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FIGURE B.4-5
DIRECT RADIATION MONITORING LOCATIONS BETWEEN
4 KILOMETERS AND 12 KILOMETERS FROM SEABROOK STATION
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FIGURE B.4-6
DIRECT RADIATION MONITORING LOCATIONS OUTSIDE
12 KILOMETERS OF SEABROOK STATION
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FIGURE B.4-7
DRY FUEL STORAGE RADIOLOGICAL ENVIRONMENTAL MONITORING STATIONS
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5.0 SETPOINT DETERMINATIONS

Chapter 5 contains the methodology for the calculation of effluent monitor setpoints to
implement the requirements of the radioactive effluent monitoring systems Part A
Controls C.5.1 and C.5.2 for liquids gases, respectively.

Example setpoint calculations are provided for each of the required effluent monitors.
5.1  Liquid Effluent Instrumentation Setpoints

Part A Control C.5.1 requires that the radioactive liquid effluent instrumentation in

Table A.5.1-1 of Part A have alarm setpoints in order to ensure that Part A Control C.6.1.1
is not exceeded. Part A Control C.6.1.1 limits the activity concentration in liquid effluents
to ten times the ECL values in 10 CFR 20, Appendix B, Table 2, and a total noble gas MPC.

5.1.1 Liquid Waste Test Tank Monitor (RM-6509)

The liquid waste test tank effluent monitor provides alarm and automatic termination of
release prior to exceeding ten times the concentration limits specified in 10 CFR 20,
Appendix B, Table 2, Column 2 to the environment. It is also used to monitor discharges
from various waste sumps to the environment.

5.1.1.1 Method to Determine the Setpoint of the Liguid Waste Test Tank Monitor (RM-6509)

The alarm setpoint is based on ensuring that radioactive effluents in liquid waste are in
compliance with Control limits which are based on the concentration limits in Appendix B
to 10 CFR 20. The alarm point depends on available dilution flow through the discharge
tunnel, radwaste discharge flow rate from the test tanks, the isotopic composition of the
liquid waste, and the monitor response efficiency and background count rate applicable at
the time of the discharge. The alarm/trip setpoint is determined prior to each batch release
taking into account current values for each variable parameter. The following steps are used
in determining the monitor setpoint:

First, the minimum required dilution factor is determined by evaluating the isotopic analysis
of each test tank to be released along with ECL requirements for each radionuclide. The
most recent analysis data for tritium and other beta emitters that are analyzed only monthly
or quarterly on composite samples can be used as an estimate of activity concentration in the
tank to be released. For noble gases, the Control limit (C.6.1.1) is defined as 2E-04 pCi/ml
total for all dissolved and entrained gases. Therefore,

Ci CNG . .
DFmin = 2 or X , Whichever is larger. (5-3)
10ECL, 2E-04
Where:
DFmin = Minimum required dilution factor necessary to ensure that the sum of the ratios

for each nuclide concentration divided by its ECL value is not greater than 10
(dimensionless).
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Ci =  Activity concentration of each radionuclide "i" (except noble gases) determined
to be in the test tank (uCi/ml). This includes tritium and other non gamma
emitting isotopes either measured or estimated from the most recent composite

analysis.

Chg = The sum of all dissolved and entrained noble gases identified in each test tank
(uCi/ml).

ECL; = Effluent concentration limit (ECL) for radionuclide "i" (except for dissolved and

entrained noble gas) in uCi/ml as specified in 10 CFR 20, Appendix B, Table 2.

See ODCM, Appendix B, for a listing. In the event that no activity is expected
to be discharged, or can be measured in the system, the liquid monitor setpoint
should be based on the most restrictive ECL for an "unidentified" mixture or a
mixture known not to contain certain radionuclides as given in 10 CFR 20,
Appendix B, notes.

2E-04 = The total dissolved and entrained noble gas Technical Specification
concentration limit in liquid effluents from the plant (uCi/ml).

Next, the available dilution flow through the discharge tunnel (Fg), or a conservative estimate
for it, is divided by the minimum dilution factor (DFy;,) to determine the maximum
allowable discharge flow rate (Frnax) that the test tanks could be released at without exceeding
the ECL limits, assuming no additional radioactive flow paths are discharging at the time of
release of the test tanks. Therefore,

F
Fmax - d
DFmin
Fmax =  The maximum allowable discharge flow rate from the test tank past the monitor
which would equate to the Control concentration limit for the radioactivity
mixture determined to be in the test tank (gpm).
Fq = The actual or conservative estimate of the flow rate out of the discharge tunnel

(gpm).
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Where:

Where:

For Waste Test Tank (WTT) releases, tritium is expected to be the radionuclide with the
highest concentration, and therefore requires the highest dilution flow in order to satisfy the
discharge concentration limits. Unlike concentrations of other dissolved or suspended
radionuclides, tritium concentrations are not expected to vary because they are unaffected by
plant cleanup systems used to reduce or control waste radioactivity levels. As such, events
that cause sudden increases in the concentrations of other dissolved or suspended
radionuclides, such as changes in waste cleanup efficiencies, crud bursts or failed fuel
fractions would not change the tritium concentrations. As long as the minimum required
dilution factor (DFn;y) for all radionuclides present in the liquid waste is satisfied, the alarm
setpoint for the Waste Test Tank monitor need only consider the potential changes to the
concentrations of detectable gamma-emitting radionuclides. Therefore, the required dilution
for detectable activity by the WTT monitor can be determined by applying the definition of
DFnin (given in equation (5-3)) to only the gamma-emitting radionuclides present in the

waste.

DI:miny

Ci,

ECL;

DFuiny = 2 (Cy /10ECL,; ) (5-3a)

Minimum required dilution factor necessary to ensure that the sum of the
ratios for the concentration of each gamma-emitting radionuclide to the
respective ECL value is not greater than 10 (dimensionless).

Activity concentration of each detectable gamma-emitting radionuclide "i" in
the mixture (uCi/ml).

As defined previously.

As in the determination of Fna for the total radioactivity mixture, the maximum allowable
discharge flow rate that the waste from the test tanks could be released at without exceeding
the concentration limit for gamma-emitters, Fraxy, IS obtained by dividing the discharge
tunnel flow, Fq, by DFmin,. This determination is based on the assumption that there are no
additional discharges of liquid waste at the time of release from the test tanks. Therefore,

I:maXy

Fd

Fmax«/, =Fq/ DI:miny

The maximum allowable discharge flow rate from the test tank past the
monitor which would equate to the control concentration limit for the gamma
radioactivity mixture determined to be in the test tank (gpm).

The actual or conservative estimate of the flow rate out of the discharge
tunnel (gpm).
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Where:

The selection of the actual discharge flow rate (Fn,) from the test tanks compared to the
maximum allowable discharge rate based on all radionuclides that are present (Fmax) and the
maximum allowable discharge rate based on only gamma-emitting radionuclides that are
present (Fmaxy) must satisfy the following:

Fmn < Fmax ™ fit < Frmaxy * Tt

Where the f; represents an administrative fraction of the maximum allowable discharge flow
from the test tanks. This fraction provides additional margin in meeting ECL limits for
non-gamma emitters (such as tritium) at the discharge point to the ocean when other flow
paths may contribute to the total site release at the time of tank discharges and minimum
dilution flow conditions exist.

With the above conditions on discharge and dilution flow rates satisfied, the alarm/trip
setpoint for the monitor which corresponds to the maximum allowable concentration at the
point of discharge is determined as follows:

Rsetpoint =fi X LX ZC]’l (5-1)
Fm X DFminy

Risetpoint = The maximum allowable alarm/trip setpoint for an instrument response
(UCi/ml) that ensures the limiting concentration at the point of
discharge is not exceeded.

1 = The fraction of the total contribution of ECL at the discharge point to
be associated with the test tank effluent pathway, where f,, f3, f4, and fs,
are the fractions for the Turbine Building Sump, Steam Generator
Blowdown, Primary Component Cooling and Water Treatment
Effluent (Condensate Polishing System) pathways contribution to the
total, respectively (f;+f,+f3+f,+fs < 1). Each of the fractions may be
conservatively set administratively such that the sum of the fractions is
less than 1. This additional margin can be used to account for the
uncertainty in setpoint parameters such as estimated concentration of
non gamma emitters that are based on previous composite analyses of
the waste stream.
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5.1.1.2 Liquid Waste Test Tank Monitor Setpoint Example

The radioactivity concentration of each radionuclide, C;, in the waste test tank is determined
by analysis of a representative grab sample obtained at the radwaste sample sink, and
analyzed prior to release for gamma emitters, or as part of a composite analysis for non
gamma emitters. The maximum allowable instantaneous effluent concentrations (i.e., ten
time the ECL values in 10 CFR 20, Appendix B, Table 2) are used to illustrate a monitor
setpoint determination. This setpoint example is based on the following data:

Ten Times
[ Ci (uCi/ml) ECL; (uCi/ml) ECL, (uCi/ml)
Cs-134 2.15E-05 9E-07 9E-06
Cs-137 7.48E-05 1E-06 1E-05
Co-60 2.56E-05 3E-06 3E-05
H-3 1.50E-01 1E-03 1E-02

The minimum required dilution factor for this mix of radionuclides (including beta-emitters) is:

C: _ 215E-05 7.48E-05 256E-05 @ 1.50E-01 _
= + + + =26

min = z
DF 10ECL; 9E-06 1E-05 3E-05 1E-02

The release flow rate (Fr) from the waste test tanks can be set between 10 and 150 gpm. The
cooling water tunnel discharge dilution flow rate (Fq) can typically vary from approximately 8,800 to
412,000 gpm depending on the operating status of the plant. In this example, if the dilution flow (Fg)
is taken as 412,000 gpm, the maximum allowable discharge rate (Fmax) IS:

Fmax = L
DFmin

412,000
26
15,846 gpm

Next, the required dilution factor for only gamma emitters in the mix is:

2.15E-05 N 7.48E-05 + 2.56E-05 _
9E - 06 1E-05 3E-05

DFminy = 2 (Ci,/10ECL;) =

The maximum allowable discharge flow rate (Fmaxy,) considering only gamma emitters is given as:

Fa 412,000
= ’ = 37,455 gpm
DFminy 11 e ¥

Fraxy
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With the selected release rate from the test tank set at 150 gpm, and the administrative flow fraction
(fir) assumed in this example to be 0.7, the condition for the control concentration limits is met since:

Fm (equal to 150) < Fmax (equal to 15,846 gpm) x fi; (set at 0.7)
< Frmaxy (equal to 37,455 gpm X Fy (set at 0.7)

150 < 11092 < 26219

and the monitor response due to the mix of the gamma emitters is:

i C,i (uCi/ml)
Cs-134 2.15E-05
Cs-137 7.48E-05
Co-60 2.56E-05

XC; = 1.22E-04 4Cilml

Under these conditions, the alarm/trip setpoint for the liquid radwaste discharge monitor is:

Fq .
Rsetpoint = X—XZCI 5-1
tpoint 1 F X DFminy Y (5-1)
uCiiml () () uCi/ml
Rsetpoim = 0-4X 412,000 X1.22E - 04
150x11

= 1.22E - 02 pCi/ml

In this example, the alarm/trip setpoint of the liquid radwaste discharge monitor can be put at
1.22E-02 pCi/ml above background. For the example, it is assumed that the test tank release
pathway will be limited to only 40% of the total site discharge allowable concentration.
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5.1.2

where:

Turbine Building Drains Liquid Effluent Monitor (RM-6521)

The Turbine Building drains liquid effluent monitor continuously monitors the Turbine
Building sump effluent line. The only sources to the Sump Effluent System are from the
secondary steam system. Activity is expected in the Turbine Building Sump Effluent System
only if a significant primary-to-secondary leak is present. If a primary-to-secondary leak is
present, the activity in the sump effluent system would be comprised of only those
radionuclides found in the secondary system, with reduced activity from decay and dilution.

The Turbine Building drains liquid effluent monitor provides alarm and automatic
termination of release prior to exceeding ten times the concentration limits specified in

10 CFR 20, Appendix B, Table 2, Column 2 to the environment. The alarm setpoint for this
monitor will be determined using the same method as that of the liquid waste test tank
monitor if the total sump activity is greater than the ECL, as determined by the most recent
grab sample isotopic analysis. If the total activity is less than the ECL, the setpoints of
RM-6521 are calculated as follows:

High Trip Monitor
Setpoint (LCi/ml)

f, (DF") (“unidentified mix ECL" (uCi/ml))  (5-21)

Circulating water flow rate (gpm)
DF’ — Flow rate pass-monitor (gpm)

unidentified mix ECL most restrictive ECL value (uCi/ml) for an unidentified
mixture or a mixture known not to contain certain

radionuclides as given in 10 CFR 20, Appendix B, Notes.

f, = 1-(f +f3+f,+1s); where the f values are described above.

In addition, a warning alarm setpoint can be determined by multiplying the high trip alarm point by an
administratively selected fraction (as an example, 0.25).

Warning Alarm . .
. . High Trip
MonitorSetpoint | = (0.25)

(uCiml)

M onitorSepoint
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5.1.3

5.1.4

where:

Steam Generator Blowdown Liguid Sample Monitor (RM-6519)

The steam generator blowdown liquid sample monitor is used to detect abnormal activity
concentrations in the steam generator blowdown flash tank liquid discharge.

The alarm setpoint for the steam generator blowdown liquid sample monitor, when liquid is to
be discharged from the site, will be determined using the same approach as the Turbine
Building drains liquid effluent monitor.

For any liquid monitor, in the event that no activity is expected to be discharged, or can be
measured in the system, the liquid monitor setpoint should be based on the most restrictive
ECL for an "unidentified" mixture or a mixture known not to contain certain radionuclides
given in 10 CFR 20, Appendix B notes.

PCCW Head Tank Rate-of-Change Alarm Setpoint

A rate-of-change alarm on the liquid level in the Primary Component Cooling Water (PCCW)
head tank will work in conjunction with the PCCW radiation monitor to alert the operator in
the Main Control Room of a leak to the Service Water System from the PCCW System. For
the rate-of-change alarm, a setpoint is selected based on detection of an activity level
equivalent to 10® puCi/ml in the discharge of the Service Water System. The activity in the
PCCW is determined in accordance with the liquid sampling and analysis program described
in Part A, Table A.6.1-1 of the ODCM and is used to determine the setpoint.

The rate-of-change alarm setpoint is calculated from:

RCw =1x10° o SWF o | é c (5-23)
Gl _(4Ci) (@l (ml
hr ml hr ) \ uCi
RCset = The setpoint for the PCCW head tank rate-of-change alarm (in gallons per
hour).
1x10® = The minimum detectable activity level in the Service Water System due to a
PCCW to SWS leak (uCi/ml).
SWF = Service Water System flow rate (in gallons per hour).
PCC = Primary Component Cooling Water measured (decay corrected) gross

radioactivity level (uCi/ml).
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5.15

As an example, assume a PCCW activity concentration of 1x10™ pCi/ml with a service
water flow rate of only 80 percent of the normal flow of 21,000 gpm. The rate-of-change
setpoint is then:

RCse =1x107 £|I *1.0x10°gph (1/1x10° £|I)
m m

RCeut = 1000 gph

As a result, for other PCCW activities, the RCst Which would also relate to a detection of a
minimum service water concentration of 1x10°® pCi/ml can be found from:

1x10®° x xCi/ml x 1000 gph
= 5-24
RCset e (5-24)

PCCW Radiation Monitor

The PCCW radiation monitor will alert the operator in the Main Control Room of a leak to the
PCCW System from a radioactively contaminated system.

The PCCW radiation monitor alarm is based on a trend of radiation levels in the PCCW
System. The background radiation of the PCCW is determined by evaluating the radiation
levels over a finite time period. The alert alarm setpoint is set at 1.5 x background, and the
high alarm setpoint is set at 2 x background, per Technical Specification Table 3.3-6.
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5.1.6 Water Treatment Liqguid Effluent (CPS Rad Monitor RM-6473)

The Water Treatment Liquid Effluent monitor is used to detect abnormal activity
concentrations in waste liquid discharges to the Transition Structure from tank Tk-32 (CPS
Neutralization Tank or equivalent®), tank Tk-274 (Low Conductivity Tank) and megarinse
wash water from the Condensate Polishing System (CPS) demineralizer regeneration cycle.

The CPS Rad monitor provides alarm and automatic termination of release prior to exceeding
the concentration limits specified in 10CFR20, Appendix B, Table 2, Column 2 to the
environment. The alarm setpoint for this monitor will be determined using the same method as
that of the Liquid Waste Test Tank Monitor (see Section 5.1.1.1) if the total activity expected
to be discharged is greater than 10 percent of ECL, as determined by the most recent grab
sample isotopic analysis. If the total activity is less than 10 percent of ECL, the setpoints of
RM-6473 can be calculated as follows:

High Trip Monitor
Setpoint (uCi/ml)

fs (DF") ("unidentified mix ECL" (uCi/ml))
where:

Circulating water flow rate (gpm)
Flow rate pass- monitor (gpm)

DF’ =

unidentified mix ECL most restrictive ECL value (uCi/ml) for an unidentified mixture
or a mixture known not to contain certain radionuclides as given

in 10CFR20, Appendix B, Notes.

fs = 1 - (f; + f, + f3+ f4); where the f values are described in Section
5.1.1.1 above.

In addition, a warning alarm setpoint can be determined by multiplying the high trip alarm
point by an administratively selected fraction (as an example, 0.25).

Warning Alarm

High Tri
MonitorSetpoint | = on T (0.25)
) M onitorSepoint

(uuCi/ml

! The Condensate Polishing System (CPS) has the provision to discharge temporary tanks as batch
releases through the same discharge path as the Neutralization Tank (TK-32). The requirements for
discharges from a temporary tank through this CPS pathway are equivalent to those of the Neutralization
Tank.
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5.2

521

Gaseous Effluent Instrumentation Setpoints

Part A Control C.5.2 requires that the radioactive gaseous effluent instrumentation in
Table A.5.2-1 of Part A have their alarm setpoints set to insure that Part A Control C.7.1.1 is not
exceeded.

Plant Vent Wide-Range Gas Monitors (RM-6528-1, 2 and 3)

The plant vent wide-range gas monitors are shown on Figure B.6-2.

5.2.1.1 Method to Determine the Setpoint of the Plant Vent Wide Range Gas Monitors (RM-6528-1, 2

and:

where:

and 3)

The maximum allowable setpoint for the plant vent wide-range gas monitor (readout response
in uCi/sec) is set by limiting the off-site noble gas dose rate to the total body or to the skin, and is |
denoted Rsetpoint. Rsetpoint |S the |eSSEI’ Of

R = 588 ﬁ fv (5'5)

mrem- 1 Ci-m?®, , pCi-yr )

1 Cilsec =( -
yr-pCi-sec mrem- m°

1

_=3,000 f, 5-6
Rskm DF'C ( )
i _,mrem, , uCi-yr
1 Cilsec = ( ) ( )
yr mrem- sec
R = Response of the monitor at the limiting total body dose rate (uCi/sec)
500 mrem- 1 Ci- m?®
588 - (1E+06) (8.5E-07) = yr-pCi-sec
500 = The offsite limiting total body dose rate (mrem/yr) from all release points
1E+06 = Number of pCi per uCi (pCi/uCi)
8.5E-07 = [X/Q], maximum off-site long-term average gamma atmospheric dispersion

factor for primary vent stack releases (sec/m°)
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DFB. = Composite total body dose factor (mrem-m?*/pCi-yr)
_ 2 Q, [?FBi (5-7)
2 Q
fy = The fraction of the offsite limiting total body dose rate to be
administratively assigned to the plant vent (f, <1 -fy, where fy is the
fraction of the limiting dose rate to be assigned to monitored ground level
releases)
Q = The relative release rate of noble gas "i" in the mixture, for each noble gas
identified or postulated to be in the off-gas (LCi/sec)
DFB; = Total body dose factor (see Table B.1-10) (mrem-m*/pCi-yr)
Rskin = Response of the monitor at the limiting skin dose rate (uCi/sec)
3,000 = The offsite limiting skin dose rate (mrem/yr)
DF’. = Composite skin dose factor (mrem-sec/uCi-yr)
). DF,
. 2 QDFy (5-8)
2 Q
DF’i(e) = Combined skin dose factor for elevated release point (see Table B.1-10)

(mrem-sec/uCi-yr)
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5.2.1.2 Plant Vent Wide Range Gas Monitor Setpoint Example for Limiting Case

The following setpoint example for the plant vent wide range gas monitors demonstrates the
use of equations 5-5 and 5-6 for determining setpoints. Evaluations of potential releases rates
associated with the limiting offsite dose rates (Control C.7.1.1.a) have been made considering
different noble gas mixes related to normal operations, observed periods with fuel defects,
and potential UFSAR accident conditions. The bounding noble gas mix case for setpoint
alarm indications was found to be related to projected fuel gap activity at the time of
shutdown from power operations (UFSAR Table 15.7-20). By setting the maximum alarm
setpoint in accordance with this assumed mix, other potential or realistic release conditions
will not create an effluent discharge at or above the limiting offsite dose rates without the
monitor going into alarm.

This limiting setpoint example is based on the following data (see Table B.1-10 for DFB;¢) and

DF'i(e):
Q, DFB; DFie)

_ uCi mrem- m? mrem- sec

' (g pCi-yr uCi-yr
Xe-138 2.52E+02 8.83E-03 1.20E-02
Kr-87 7.90E+01 5.92E-03 1.38E-02
Kr-88 1.15E+02 1.47E-02 1.62E-02
Kr-85m 4.49E+01 1.17E-03 2.35E-03
Xe-135 6.82E+01 1.81E-03 3.33E-03
Xe-133 3.23E+02 2.94E-04 5.83E-04
Kr-85 4.13E+00 1.61E-05 1.11E-03
Xe-131m 1.15E+00 9.15E-05 5.37E-04
Xe-133m 4.67E+01 2.51E-04 1.12E-03
Xe-135m 6.64E+01 3.12E-03 3.74E-03
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(5-7)

Y O DFB = (2.52E+02)(8.83E-03) + (7.90E+01)(5.92E-03) + (1.15E+02) (L.47E-02)

+ (4.49E+01)(L.17E-03) + (6.82E+01)(L1.81E-03) + (3.23E+02) (2.94E-04)
+ (4.13E+00)(1.61E-05) + (1.15E+00)(9.15E-05) + (4.67E+01) (2.51E-04)
+(6.64E+01) (3.12E-03)

= 4.86E+00 (UCi-mrem-m®/sec-pCi-yr)

2Q = 2.52E+02 + 7.90E+01 + 1.15E+02 + 4.49E+01 + 6.82E+01
+ 3.23E+02 + 4.14E+00 + 1.16E+00 + 4.67E+01 + 6.64E+01
= 1.00E+03 uCi/sec
4.86 E+ 00
DFB. = 1O00E+ 03

= 4.86E-03 (mrem-m*/pCi-yr)

and therefore:

1
R = 588 —— f 5-5
tb DFB. \ ( )

= (588) 1 07
(4.86E-03)

= 8.47E+04 uCil/sec
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and next;

DF. = ZZQ—QDF (5-8)
Y O,DF = (2.52E+02)(1.20E-02) + (7.90E+01)(1.38E-02) + (1.15E+02) (1.62E-02)
+ (4.49E+01)(2.35E-03) + (6.82E+01)(3.33E-03) + (3.23E+02) (5.83E-04)
+ (4.13E+00)(1.11E-03) + (1.15E+00)(5.37E-04) + (4.67E+01) (1.12E-03)
+ (6.64E+01) (3.74E-03)
= 6.80E+00 (uCi-mrem-sec/sec-UCi-yr)
DF'. = 6.80E + 00
1.00E + 03

=6.80E-03 (mrem -sec/uCi - yr)

and therefore:

Recn = 3,000 % f, (5-6)
= (3,000) (;) 0.7
' 6.80E - 03

= 3.09E+05 uCilsec

The setpoint, Rsetpoint, IS the lesser of Ry, and Rgin. For the limiting noble gas mixture, Ry, is
less than Rgin, indicating that the total body dose rate is more restrictive. Therefore, the plant
vent wide-range gas monitor should be set at no more than 8.47E+04 pCi/sec above
background, or at some administrative fraction of the above value.
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5.2.2

5.2.3

Waste Gas System Monitors (RM-6504 and RM-6503)

Process radiation monitors in the waste gas system provide operational information on the
performance of the system before its discharge is combined and diluted with other gas flows
routed to the plant vent for release to the environment.

The setpoints for the waste gas system monitors are administratively set as small multiples of
the expected activity concentration to provide operational control over unexpected changes in
gas discharges from the system. Typically, the alert alarm setpoint for both monitors is
placed at 1.5 times the expected activity concentration passing the monitor, with the high
alarm trip set at 2.0 times the expected concentration flow.

Under all conditions, the maximum allowable alarm trip shall not exceed a concentration
equivalent to 62.5 pCi/cm®. This concentration limit, based on system design flow of 1.2
cfm, assures that any release from the waste gas system to the plant vent will not exceed the
site boundary dose rate limits of Part A Control C.7.1.1.a.

Main Condenser Air Evacuation Monitor (RM-6505)

The process radiation monitor on the main condenser air evacuation system provides
operational information about the air being discharged. The discharge typically occurs either
directly from the turbine building during start up (hogging mode) or through the plant vent
during normal operations. During maintenance activities or other temporary operational
conditions, discharges to the turbine roof may also occur. This process monitor is also used
as an indicator of potential releases from the Turbine Gland Seal Condenser exhaust. Early
indications of a potential release (i.e., monitor count rate at twice the normal background)
should be evaluated by collecting a grab sample of the exhausts from both the main
condenser and the Turbine Gland Seal Condenser.

The condenser air evacuation monitor is the most sensitive indicator of a primary to
secondary leak in the plant steam generators. Therefore, the operational setpoints for the air
evacuation monitor are typically administratively set at small fractions of the values
necessary to maintain the site boundary dose rate limits of Part A Control C.7.1.1. Station
procedures for determining the condenser air evacuation monitor setpoints recognize the not
to be exceeded ODCM determined maximum values. Typically when primary to secondary
leakage is not present, the alert setpoint is 2 to 3 times background, with the high alarm set at
2.0E+03 cpm or a higher value corresponding to 30 gallons per day of primary to secondary
steam generator leakage.

Maximum allowable setpoint determinations assure that the site boundary dose rate limits of
Part A Control C.7.1.1.a will not be exceeded. For the air evacuation detector an efficiency
of 1.87E + 08 cpm-cm*/uCi, (the AR—41 response value determined by HPSTID 00-021),
flow rates of 10 to 50 cfm and 10,000 cfm for the normal and hogging modes of operation,
respectively, and assuming that all the response is due to the most restrictive noble gas
mixture associated with fuel gap activity inventory at the end of power operations (same
mixture as used for the limiting mixture for the plant vent Wide Range Gas Monitor setpoint
given in section 5.2.1.2), the following examples illustrate the calculation of the limiting
setpoint for different operational conditions.
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Case 1:  For start-up operations (i.e., 10,000 cfm hogging flow to the Turbine Building
roof), the maximum allowable alarm setpoint is calculated as:

1
RAE = 147 —_— fg fg|and
DFB:

where :

Rae =  Release rate equivalent to the assigned fraction of the limiting offsite total
body dose rate (UCi/sec)

147 _ 500 mrem - uCi - m3

(1E +06) (3.4E - 06) yr-pCi-sec

500 =  The site boundary limiting total body dose rate (mrem/yr) from all release
points

1E+06 = Number of pCi per uCi (pCi/uCi)

3.4E-06 =  Maximum off-site long-term average gamma atmospheric dispersion
factor for ground level releases (sec/m?)

DFB. =  Composite total body dose factor (defined for the WRGM in Section
5.2.1.2 to be equal to 4.86E-03 [mrem-m?® /pCi-yr] for the limiting fuel gap
activity mix)

fy =  The fraction of the site boundary total body dose rate limit to be
administratively assigned to monitored ground level releases (for this
illustration = 0.3) such that the combination of the plant vent fraction (f,)
and ground fraction (fy) is less than or equal to 1 (fy <1 —f,).

fgland = Release reduction factor to be administratively assigned to account for
potential unmonitored contributions from the Turbine Gland Seal
Condenser exhaust (for this illustration = 0.7).

R 147 — 1 (03)(07)

hE 486E - 03 *
=6.36E+03 pCi/sec release rate limit
and for the 10,000 cfm (4.72E+06 cm®/sec) exhaust flow, the count rate response of the air

gvacuation monitor would be:

Monitor Response

I:QAE
4.72E +06cm3; sec

1.87E + 08 cpm-cm®/uCi

(6.36E+03) (1.87E+08) / (4.72E+06)

2.520E + 05 cpm
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Case 2:

Monitor Response

Case 3:

Rae

where :

Rae =

588

5.8E-07

DFBc

fgland

Rae

As an extension of Case 1 which assumed the full startup hogging flow was
released to the Turbine Building roof, maintenance requirements could direct
normal operating main condenser offgas flow (assume 50 cfm or equivalent
2.36E+04 cm3/sec) to the Turbine Building Roof (ground level release point)
instead of the elevated main plant vent. In this situation, the same release rate
limit as calculated above (i.e., 6.36E+03 uCi/sec) would apply. However, the
reduced gas flow from 10,000 cfm down to 50 cfm would permit a higher alarm
setpoint to be used.

RAE
2.36E + 04cm?, sec

1.87E + 08 cpm-cm*/pCi

(6.36E+03) (L.87E + 08) / (2.36E+04)

5.04E + 07 cpm

For normal operations which direct main condenser offgas flow (assume 50 cfm or
equivalent 2.36E+04 cm®/sec) to be released to the atmosphere via the main plant
vent, the maximum allowable alarm setpoint would be:

1
588 —— fv fgland
DFBc

Release rate equivalent to the assigned fraction of the limiting offsite total body
dose rate (UCi/sec)
500 mrem - uCi - m?

- (1E + 06) (8.5E - 07) ( yr-pCi-sec

=  Maximum off-site long-term average gamma atmospheric dispersion factor
for elevated (mixed mode) releases (sec/m?)

Composite total body dose factor (defined for the WRGM in Section 5.2.1.2
to be equal to 4.86E-03 [mrem-m? /pCi-yr] for the limiting fuel gap activity
mix)

=  Same as listed above (i.e., 0.7)

=  The fraction of the site boundary total body dose rate limit to be
administratively assigned to plant vent releases such that the combination of
the plant vent fraction (f, ) and ground fraction (fy) is less than or equal to 1
(fy <1 —fy). For the case that main condenser offgas is discharged to the
main plant vent, there is no ground release fraction to be assigned
(i.e., fy = 0), and f, maybe set at 1.

1

= 588 2186E - 03 0.7

= 8.47E+04 uCi/sec release rate limit
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and for the 50 cfm (2.36E+06 cm3/sec) Main Condenser offgas exhaust flow, the count rate
response of the air evacuation monitor would be:

I:\)AE
2.36E + 06cm?3; sec

Monitor Response 1.87E + 08 cpm-cm*/pCi

(8.47E+04) (L.87E + 08) / (2.36E+04)

6.71E + 08 cpm

The operation of the Main Condenser Evacuation System assumes 670 Ibs./hour of steam
flow through the Turbine Gland Seal Condenser exhaust (very small fraction of total steam
flow), 1.5E+07 Ibs./hour steam flow to the main condenser, and that the Turbine Gland Seal
Condenser exhaust mostly air at a flow rate of 1,800 cfm which goes directly to the Turbine
Building Vents (does not pass RM-6505). The main condenser offgas which goes past the Air
Evacuation monitor during power operations is combined with other plant ventilation and
process gas streams before being monitored by the WRGM and discharged to the atmosphere
via the Plant Vent as a single release point.

The maximum allowable setpoints during startup and normal power operations may be
recalculated based on identified changes in detector efficiency, discharge flow rate,
radionuclide mix distribution, or administrative apportionment of potential contributions
from the plant vent and ground level release points following the methods identified in
Part B, Section 8.5.
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6.0

LIQUID AND GASEOUS EFFLUENT STREAMS, RADIATION MONITORS AND
RADWASTE TREATMENT SYSTEMS

Figure B.6-1 shows the liquid effluent streams, radiation monitors and the appropriate Liquid
Radwaste Treatment System. Figure B.6-2 shows the gaseous effluent streams, radiation
monitors and the appropriate Gaseous Radwaste Treatment System.

For more detailed information concerning the above, refer to the Seabrook Station Final Safety
Analysis Report, Sections 11.2 (Liquid Waste System), 11.3 (Gaseous Waste System) and 11.5
(Process and Effluent Radiological Monitoring and Sampling System).

The turbine gland seal condenser exhaust iodine and particulate gaseous releases will be
determined by continuously sampling the turbine gland seal condenser exhaust. The noble gas
releases will be determined by periodic noble gas grab samples. A ratio of main condenser air
evacuation exhaust and turbine gland seal condenser exhaust noble gas will be determined
periodically.
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Figure B.6-1
Liquid Effluent Streams, Radiation Monitors., and

Radwaste Treatment System at Seabrook Station
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Figure B.6-2
Gaseous Effluent Streams, Radiation Monitors., and
Radwaste Treatment System at Seabrook Station
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7.0

7.1

BASES FOR DOSE CALCULATION METHODS
Liquid Release Dose Calculations

This section serves: (1) to document the development and conservative nature of Method |
equations to provide background information to Method | users, and (2) to identify the general
equations, parameters and approaches to Method Il-type dose assessments. Appendix C provides
the bases for the EMS software which is used to implement the dose and dose rate calculations
indicated as Method IA.

Method I may be used to show that the Part A RECP which limit off-site total body dose from
liquids (C.6.2.1 and C.6.3.1) have been met for releases over the appropriate periods. The
quarterly and annual dose limits in Part A Control C.6.2.1 are based on the ALARA design
objectives in 10CFR50, Appendix | Subsection Il A. The minimum dose values noted in Part A
Control C.6.3.1 are "appropriate fractions," as determined by the NRC, of the design objective to
ensure that radwaste equipment is used as required to keep off-site doses ALARA.

Method | was developed such that "the actual exposure of an individual ... is unlikely to be
substantially underestimated™" (LOCFR50, Appendix I). The definition, below, of a single
“critical receptor” (a hypothetical or real individual whose behavior results in a maximum
potential dose) provides part of the conservative margin to the calculation of total body dose in
Method I. Method Il allows that actual individuals, associated with identifiable exposure
pathways, be taken into account for any given release. In fact, Method | was based on a Method
Il analysis for a critical receptor assuming all principal pathways present instead of any real
individual. That analysis was called the "base case;" it was then reduced to form Method I. The
general equations used in the base case analysis are also used as the starting point in Method 11
evaluations. The base case, the method of reduction, and the assumptions and data used are
presented below.

The steps performed in the Method I derivation follow. First, the dose impact to the critical
receptor [in the form of dose factors DFL;y (mrem/pCi)] for a unit activity release of each
radioisotope in liquid effluents was derived. The base case analysis uses the general equations,
methods, data and assumptions in Regulatory Guide 1.109 (Equations A-3 and A-7, Reference
A). The liquid pathways contributing to an individual dose are due to consumption of fish and
invertebrates, shoreline activities, and swimming and boating near the discharge point. A
nominal operating plant discharge flow rate of 918 ft*/sec was used with a mixing ratio of 0.10.
The mixing ratio of 0.10 corresponds to the minimum expected prompt dilution or near-field
mixing zone created at the ocean surface directly above the multiport diffusers. (Credit for
additional dilution to the outer edge of the prompt mixing zone which corresponds to the 10F
surface isotherm (mixing ratio .025) can be applied in the Method Il calculation for shoreline
exposures only since the edge of this isotherm typically does not reach the shoreline receptor
points during the tidal cycle. The mixing ratio for aquatic food pathways in Method II
assessments shall be limited to the same value (0.10) as applied in Method | for near-field
mixing, or prompt dilution only.
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The requirements for the determination of radiological impacts resulting from releases in liquid
effluents is derived from 10CFR50, Appendix I. Section I11.A.2 of Appendix | indicates that in
making the assessment of doses to hypothetical receptors, "The Applicant may take account of
any real phenomenon or factors actually affecting the estimate of radiation exposure, including
the characteristics of the plant, modes of discharge of radioactive materials, physical processes
tending to attenuate the quantity of radioactive material to which an individual would be
exposed, and the effects of averaging exposures over time during which determining factors may
fluctuate.” In accessing the liquid exposure pathways that characterize Seabrook Station, the
design and physical location of the Circulating Water Discharge System needs to be considered
within the scope of Appendix I.

Seabrook utilizes an offshore submerged multiport diffuser discharger for rapid dissipation and
mixing of thermal effluents in the ocean environment. The 22-port diffuser section of the
Discharge System is located in approximately 50 to 60 feet of water with each nozzle 7 to 10 feet
above the sea floor. Water is discharged in a generally eastward direction away from the
shoreline through the multiport diffuser, beginning at a location over one mile due east of
Hampton Harbor inlet. This arrangement effectively prevents the discharge plume (at least to the
1 degree or 40 to 1 dilution isopleth) from impacting the shoreline over the tidal cycle.

Eleven riser shafts with two diffuser nozzles each form the diffuser and are spaced about 100 feet
apart over a distance of about 1,000 feet. The diffusers are designed to maintain a high exit
velocity of about 7.5 feet per second during power operations. Each nozzle is angled
approximately 20 degrees up from the horizontal plane to prevent bottom scour. These high
velocity jets passively entrain about ten volumes of fresh ocean water into the near field jet
mixing region before the plume reaches the water surface. This factor of 10 mixing occurs in a
very narrow zone of less than 300 feet from the diffuser by the time the thermally buoyant plume
reaches the ocean surface. This high rate of dilution occurs within about 70 seconds of discharge
from the diffuser nozzles.

The design of the multiport diffuser to achieve a 10 to 1 dilution in the near field jet plume, and a
40 to 1 dilution in the near mixing zone associated with the 1 degree isotherm, has been verified
by physical model tests (reference "Hydrothermal Studies of Bifurcated Diffuser Nozzles and
Thermal Backwashing - Seabrook Station,” Alden Research Laboratories, July 1977).

During shutdown periods, when the plant only requires service water cooling flow, the high
velocity jet mixing created by the normal circulating water flow at the diffuser nozzles is
reduced. However, mixing within the discharge tunnel water volume is significantly increased
(factor of about 5) due to the long transit time (approximately 50 hours) for batch waste
discharged from the plant to travel the three miles through the 19-foot diameter tunnels to the
diffuser nozzles. Additional mixing of the thermally buoyant effluent in the near field mixing
zone assures that an equivalent overall 10 to 1 dilution occurs by the time the plume reaches the
ocean surface.
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The dose assessment models utilized in the ODCM are taken from NRC Regulatory Guide 1.109.
The liquid pathway equations include a parameter (M) to account for the mixing ratio
(reciprocal of the dilution factor) of effluents in the environment at the point of exposure. Table
1, in Regulatory Guide 1.109, defines the point of exposure to be the location that is anticipated
to be occupied during plant lifetime, or have potential land and water usage and food pathways as
could actually exist during the term of plant operation. For Seabrook, the potable water and land
irrigation pathways do not exist since saltwater is used as the receiving water body for the
circulating water discharge. The three pathways that have been factored into the assessment
models are shoreline exposures, ingestion of invertebrates, and fish ingestion.

With respect to shoreline exposures, both the mixing ratios of 0.1 and 0.025 are extremely
conservative since the effluent plume which is discharged over one mile offshore never reaches
the beach where this type of exposure could occur. Similarly, bottom dwelling invertebrates,
either taken from mud flats near the shoreline or from the area of diffuser, are not exposed to the
undiluted effluent plume. The shore area is beyond the reach of the surface plume of the
discharge, and the design of the upward directed discharge nozzles along with the thermal
buoyancy of the effluent, force the plume to quickly rise to the surface without affecting bottom
organisms.

Consequentially, the only assumed exposure pathway which might be impacted by the near field
plume of the circulating water discharge is finfish. However, the mixing ratio of 0.1 is very
conservative because fish will avoid both the high exit velocity provided by the discharge nozzles
and the high thermal temperature difference between the water discharged from the diffuser and
the ambient water temperature in the near field. In addition, the dilution factor of 10 is achieved
within 70 seconds of discharge and confined to a very small area, thus prohibiting any significant
quantity of fish from reaching equilibrium conditions with radioactivity concentrations created in
the water environment.

The mixing ratio of 0.025, which corresponds to the 1 degree thermal near field mixing zone, is a
more realistic assessment of the dilution to which finfish might be exposed. However, even this
dilution credit is conservative since it neglects the plant's operational design which discharges
radioactivity by batch mode. Batch discharges are on the order of only a few hours in duration
several times per week and, thus, the maximum discharge concentrations are not maintained in
the environment long enough to allow fish to reach equilibrium uptake concentrations as
assumed in the dose assessment modeling. Not withstanding the above expected dilution credit
afforded at the 1 degree isotherm, all Method Il aquatic food pathway dose calculations shall
conservatively assume credit for prompt dilution only with an M, = 0.10. When dose impacts
from the fish and invertebrate pathways are then added to the conservative dose impacts derived
for shoreline exposures, the total calculated dose is very unlikely to have underestimated the
exposure to any real individual.

The recommended value for dilution of 1.0 given in NUREG-0133 is a simplistic assumption
provided so that a single model could be used with any plant design and physical discharge
arrangement. For plants that utilize a surface canal-type discharge structure where little
entrainment mixing in the environment occurs, a dilution factor of 1.0 is a reasonable
assumption. However, in keeping with the guidance provided in Appendix | to 10CFR50,
Seabrook has determine site-specific mixing ratios which factor in its plant design.
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where:

7.1.2

The transit time used for the aquatic food pathway was 24 hours, and for shoreline activity 0.0
hours. Table B.7-1 outlines the human consumption and use factors used in the analysis. The
resulting, site-specific, total body dose factors appear in Table B.1-11. Appendix A provides an
example of the development of a Method I liquid dose conversion factor for site-specific
conditions at Seabrook.

Dose to the Total Body

For any liquid release, during any period, the increment in total body dose from radionuclide "i"
is:

ADy, = kQ; DFLy,

. [ mrem
(mrem) () (4Ci) ( . ] (7-1)
1Ci
DFLip = Site-specific total body dose factor (mrem/uCi) for a liquid release. It is the
highest of the four age groups. See Table B.1-11.
Qi = Total activity (UCi) released for radionuclide "i".
k = 918/F4 (dimensionless); where Fy is the average dilution flow of the Circulating

Water System at the point of discharge from the multiport diffuser (in ft*/sec).

Method I is more conservative than Method Il in the region of the Part A dose limits because the
dose factors DFL;y, used in Method | were chosen for the base case to be the highest of the four
age groups (adult, teen, child and infant) for that radionuclide. In effect each radionuclide is
conservatively represented by its own critical age group.

Dose to the Critical Organ

The methods to calculate maximum organ dose parallel to the total body dose methods (see Part
B, Section 7.1.1).

For each radionuclide, a dose factor (mrem/uCi) was determined for each of seven organs and
four age groups. The largest of these was chosen to be the maximum organ dose factor (DFLimo)
for that radionuclide. DFLin, also includes the external dose contribution to the critical organ.

For any liquid release, during any period, the increment in dose from radionuclide "i" to the
maximum organ is:

AD,, =kQ,DFL,

(mrem) () («Ci) [mrer.“J (7-2)
LCI
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where:

DFLime = Site-specific maximum organ dose factor (mrem/uCi) for a liquid release. See
Table B.1-11.

Qi = Total activity (LCi) released for radionuclide "i".

k = 918/F4 (dimensionless); where Fy is the average dilution flow of the Circulating

Water System at the point of discharge from the multiport diffuser (in ft*/sec).
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Table B.7-1
Usage Factors for Various Liquid Pathways at Seabrook Station

(From Reference A, Table E-5*, except as noted. Zero where no pathway exists)

AGE | VEG. | LEAFY MILK MEAT | FISH |INVERT.| POTABLE |SHORELINE | SWIMMING** | BOATING**
VEG. WATER
(KG/YR) | (KG/YR) | (LITER/YR) | (KG/YR) | (KG/YR) | (KG/YR) | (LITER/YR) | (HR/YR) (HR/YR) (HR/YR)
Adult 0.00 0.00 0.00 0.00 21.00 500  0.00 334.00%** 8.00 52.00
Teen 0.00 0.00 0.00 0.00 16.00 3.80| 0.0 67.00 45.00 52.00
Child 0.00 0.00 0.00 0.00 6.90 1.70|  0.00 14.00 28.00 29.00
Infant | 0.00 0.00 0.00 0.00 0.00 0.00| 0.0 0.00 0.00 0.00

**

*k*k

Regulatory Guide 1.109.

HERMES; "A Digital Computer Code for Estimating Regional Radiological Effects from Nuclear Power Industry,” HEDL, December
1971. Note, for Method Il analyses, these pathways need not be evaluated since they represent only a small fraction of the total dose
contribution associated with the other pathways.

Regional shoreline use associated with mudflats - Maine Yankee Atomic Power Station Environmental Report.

B.7-6

ODCM Rev. 35



7.2 Gaseous Release Dose Calculations

7.2.1 Total Body Dose Rate From Noble Gases

This section serves: (1) to document the development of the Method | equation, (2) to provide
background information to Method | users, and (3) to identify the general equations, parameters
and approaches to Method II-type dose rate assessments.

Method I may be used to show that the Part A Controls which limit total body dose rate from
noble gases released to the atmosphere (Part A Control C.7.1.1) has been met for the peak noble
gas release rate.

Method | was derived from general equation B-8 in Regulatory Guide 1.109 as follows:

Dw=1E+06[X/Q] ¥ Q,DFB, (7-3)
mrem | _( pCi (ﬁ (,uCi j mrem- m°
yr uCi )\m?® )\ sec pCi-yr
where:
[X/Q]" = Maximum off-site receptor location long-term average gamma atmospheric
dispersion factor.
Qi = Release rate to the environment of noble gas "i"" (uCi/sec).
_ .3
DFB; =  Gamma total body dose factor, (mj See Table B.1-10. (Regulatory

pCi-yr
Guide 1.109, Table B-1).

Elevated and ground level gaseous effluent release points are addressed separately through the
use of specific [X/Q]" For an elevated gaseous effluent release point and off-site receptor,
Equation 7-3 takes the form:

Duwe = (LE+ 06) *(8.5E-07) *Z (Q,*DFB,)

mrem ) _( pCi *(secj* #Ci _mrem—m?
= o R .
yr 1 Ci m Sec pCi-yr

B.7-7 ODCM Rev. 35



which reduces to:

. (3-32)
Dwe = 0-85* z (Q,*DFB))

mrem | _ ( pCi-sec Z(ﬂCij* mrem- m?*
yr 4Ci-m?® sec pCi-yr
For a ground level gaseous effluent release point and off-site receptor, Equation 7-3 takes the
form:

Do = (1E+ 06) * (3.4 E- 06) *z (O,*DFB))

which reduces to:

7.2.2

. (3-3b)
Divg) = 3.4* Z (Q. *DFB;)

mrem ) _ ( pCi-sec 5 uCi), ( mrem-m®
yr 4Ci-m?® sec pCi-yr
The selection of critical receptor, outlined in Part B, Section 7.3 is inherent in the derived
Method I, since the maximum expected off-site long-term average atmospheric dispersion factor
is used. The sum of doses from both plant vent stack and ground level releases must be

considered for determination of Technical Specification compliance. All noble gases in
Table B.1-10 should be considered.

A Method Il analysis could include the use of actual concurrent meteorology to assess the dose
rates as the result of a specific release.

Skin Dose Rate from Noble Gases

This section serves: (1) to document the development of the Method | equation, (2) to provide
background information to Method I users, and (3) to identify the general equations parameters
and approaches to Method II-type dose rate assessments. The methods to calculate skin dose rate
parallel the total body dose rate methods in Part B, Section 7.2.1. Only the differences are
presented here.

Method | may be used to show that the Part A Controls which limit skin dose rate from noble
gases released to the atmosphere (Part A Control C.7.1.1) has been met for the peak noble gas
release rate.

The annual skin dose limit is 3,000 mrem (from NBS Handbook 69, Reference D, pages 5 and 6,
is 30 rem/10). The factor of 10 reduction is to account for non-occupational dose limits.
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It is the skin dose commitment to the critical, or most limiting, off-site receptor assuming
long-term site average meteorology and that the release rate reading remains constant over the
entire year.

Method | was derived from the general equation B-9 in Regulatory Guide 1.109 as follows:

D°=1.11py, +3.17E+04 ¥ O, [X/Q]DFS, (7-4)
mrem _(mremj mrad (pCi-er g(ﬁ) mrem- m?®
yr mrad yr J\ Ci-sec ) yr\ m®J\ pCi-yr
where:
1.11 = Average ratio of tissue to air absorption coefficients (will convert mrad in air to
mrem in tissue).
DFS; = Beta skin dose factor for a semi-infinite cloud of radionuclide "i** which includes
the attenuation by the outer "dead" layer of the skin.
D% = 3.17E+04 ¥ Q,[X/Q]DF’ (7-5)
mrad | _ [pCi—yrj ( ) (g) mrad- m*
yr Ci-sec m* \ pCi-yr
DF/ = Gamma air dose factor for a uniform semi-infinite cloud of radionuclide "i"

Now it is assumed for the definition of (X/Q") from Reference B that:

D%nite: alr [X/Q]y/[X/Q] (7_6)
mrad | _ ( mrad (ﬁj(ﬁj
yr yr Jim®)\sec
and
Q = 3154 0O (7-7)

(9)-(S=) ()

B.7-9 ODCM Rev. 35



so:
. v .
Dan = 1.11 1E + 06 [%} > Q * DFY (7-8)
mrem _[mrem) pCi (ﬁj[ﬂ&j mrad - m*
yr ) Umrad ){ 4Ci )\ m?® )\ sec )l pCi-yr
+1E+06 X/Q ZQI DFS,
pCi (ﬁj(y&} mrem - m®
#Ci )\ m? )\ sec )\ pCi-yr

Substituting atmospheric dispersion factors for an elevated gaseous effluent release point, Equation 7-8
takes the following form:

Dacingy = [1-11*1E+ 06 *8.5E-07* 3 (O, * DF/ )] +[1E+ 06 *8.2E~07* " (&), * DFS,)]

which yields:

Dskin(e) =[0.94 Z (Q. *DF)]+[0.82 Z (Q. *DFS,)]

Lo . 3 . . 3
mrem | _ pCl_sec mrem 5 ,uCl*mrerT\ m +pC|_ secZ ,uCl*mrerr_l m (7-93)
yr 1 Ci—m?-mrad sec  pCi-yr uCi-m®* ~ sec  pCi-yr

defining:
DFie =0.94 DF +0.82 DFS (7-10a)

Then the off-site skin dose rate equation for an elevated gaseous effluent release point is:

Diskinge) = ZQ, * DFig) (3-4a)

(mrem]_ (,uCi *mrem—secj
=2 .
yr sec  uCi-yr

For an off-site receptor and a ground level gaseous effluent release point, Equation 7-8 becomes:

Daingy = [1-11*1E+ 06 *3.4E- 06* X(O), * DF))] + [1E+ 06 *1.0E- 05* 3 (O, * DFS)]
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which yields:

D =38 50 DRI+ 103 (0, DFS)] (7-90)
= Q[3.8DF +10DFs]
defining:
DFq =3.8 DF +10DFS (7-10b)
Then the off-site skin dose rate equation for ground level gaseous effluent release points is:
Dskin)= ZQi *DF (3-4b)

The selection of critical receptor, outlined in Part B, Section 7.3, is inherent in the derived
Method I, as it is based on the determined maximum expected off-site atmospheric dispersion
factors. All noble gases in Table B.1-10 must be considered.

7.2.3 Critical Organ Dose Rate from lodines, Tritium and Particulates With Half-Lives Greater Than

Eight Days, (Including Carbon-14)

This section serves: (1) to document the development of the Method | equation, (2) to provide
background information to Method I users, and (3) to identify the general equation’s parameters
and approached to Method Il type dose rate assessments. The methods to calculate skin dose rate
parallel the total body dose rate methods in Part B, Section 7.2.1.

Method | may be used to show that the Part A Controls which limit organ dose rate from iodines,
tritium and radionuclides in particulate form with half lives greater than 8 days released to the
atmosphere (Part A Control C.7.1.1) has been met for the peak above-mentioned release rates.
The annual organ dose limit is 1500 mrem (from NBS Handbook 69, Reference D, pages 5 and
6). Itis evaluated by looking at the critical organ dose commitment to the most limiting off-site
receptor assuming long-term site average meteorology.

The equation for D , is derived from a form of Equation 3-8 in Part B, Section 3.9 by applying
the conversion factor, 3.154E+07 (sec/yr) and converting Q to Q pCi/sec. To account for the

dose rate contribution from C-14 when surveillance measurements of its concentration in plant
effluents are not made, a default release rate value of 3.82E-01 pCi/second (12.06 Ci /yr per
HPSTID 11-004 which applies the methodology outlined in Reference G) of total C-14 is used to
estimate a site specific critical organ dose rate contribution from its continuous discharge of
0.611 mrem/year:

(7-12)

(mrem)_(sec} (yCi)*(mremJ (mremj
=l — |z = |+
yr yr sec 1 Ci yr
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Equation 7-12 is rewritten in the form:

where:

And

Deo = Y (Q,*DFG,,) + [6.11E-01]c 14

(mrem}zz(ﬂcj*(mren—l- sec] . (mremj (7-122)
yr sec uCi-yr yr

L (7-13)
DFGi, = 3.154E+ 07 * DFGico

mrem- Sec — ﬁ ~| mrem
uCi-yr yr uCi

6.11E-01 (mrem/yr) is the fixed default dose rate contribution from the estimated annual release
of C-14 at the location of the maximum exposed individual off-site (No direct surveillance
measurements for C-14 are routinely performed on plant effluents).

The dose conversion factor, DFGic,, has been developed for both elevated gaseous effluent
release points and ground level gaseous effluent release points (DFGicoe) and DFGico(g)),
respectively. These dose factors are used to determine accumulated doses over extended periods
and have been calculated with the Shielding Factor (SF) for ground plane exposure to gamma
emitters set equal to 0.7, as referenced in Regulatory Guide 1.109. In the case of the dose rate
conversion factors (DFG'icoe) and DFG'ico(g)), the dose conversion factors from which they were
derived were calculated with the Shielding Factor (SF) for ground plane exposure set equal to
1.0.

For an off-site receptor and elevated effluent release point, the critical organ dose rate equation
is:

. (3-59)
Deoy = Z (Q* DFG{CO(G)) + [6.11E-01]c-14
mrem | _ 5 4 Ci . mrem- sec N mrem
yr sec  uCi-yr yr
For an off-site receptor and ground level effluent release point, the critical organ dose rate
equation is:
(3-5b)

Dco(g) = Z (Q, * DFG ;co(g))

mrem | _ 5~ 4 Ci  mrem- sec
yr sec  uCi-yr
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where:

Note: Gaseous C-14 from Reactor Coolant degassing is processed through the waste
gas system, or discharged via Containment Building purges, and released to the plant
vent stack (elevated release). As such, no significant contribution to C-14 releases is
assumed via ground release points.

The selection of critical receptor, outlined in Part B, Section 7.3 is inherent in Method I, as are
the expected atmospheric dispersion factors.

In accordance with the Basis Statement 3/4.11.2.1 in NUREG-0472, and the base's section for the
organ dose rate limit given for Part A Control C.7.1.1 a Method Il dose rate calculation, for
compliance purposes, can be based on restricting the inhalation pathway to a child's thyroid to
less than or equal to 1,500 mrem/yr. Concurrent meteorology with time of release may also be
used to assess compliance for a Method Il calculation.

Gamma Dose to Air from Noble Gases

This section serves: (1) to document the development and conservative nature of Method |
equations to provide background information to Method | users, and (2) to identify the general
equations, parameters and approaches to Method Il-type dose assessments.

Method I may be used to show that the Part A Control C.7.2.1 which limits off-site gamma air
dose from gaseous effluents has been met for releases over appropriate periods. This Part A
Control is based on the objective in 10CFR50, Appendix I, Subsection B.1, which limits the
estimated gamma air dose in off-site unrestricted areas.

NUREG/CR-2919 presents a methodology for determining atmospheric dispersion factors
(CHI/Q values) for intermittent releases at user specified receptor locations (intermittent releases
being defined as releases with durations between 1 and 8,760 hours). The CHI/Q values for
intermittent releases are determined by linearly interpolating (on a log-log basis) between an
hourly 15-percentile CHI/Q value and an annual average CHI/Q value as a function of release
duration. This methodology has been adopted to produce a set of time-dependent atmospheric
dispersion factors for Method | calculations.

For any noble gas release, in any period, the increment in dose is taken from Equations B-4 and
B-5 of Regulatory Guide 1.109 with the added assumption that D"finite = D [X/Q]" /[X/Q]:

ADj = 317E+4 [XIQ} T Q,DF
_ (pCi-yr) (sec) ... (mrad-m’ ]
(mrad) = [—Ci—secj [mg) (Ci) (—pCi-yr j (7-14)

3.17E+04= Number of pCi per Ci divided by the number of seconds per year.
[X/Q"

Annual average gamma atmospheric dispersion factor for the receptor location of ‘

interest.
Qi = Number of curies of noble gas "i" released.
DFY; = Gamma air dose factor for a uniform semi-infinite cloud of radionuclide "i".
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Incorporating a unitless release duration adjustment term t® (where "a" is a constant and "t" is the total
release duration in hours), and the conversion factor for Ci to uCi (to accommodate the use of a release
rate Q in uCi), and substituting the 1-hour gamma atmospheric dispersion factor in place of the long

term average gamma atmospheric dispersion factor in Equation 7-14 leads to:
D7, = 3.17E-02 =[X/Q},, = t—a*; (Qi* DFi7/)
(mrad) = (%} * [%} * z (yCi s %j

For an elevated release, the equation used for an off-site receptor is:
Dy =3.17E-02*[LOE- 05] *{**** (Q, *DF)

which leads to:

Dl =32E-07* t*?**y (Q, * DF/)

pCi-yr . mrad-m?®
mrad) = | ———| * ) uCi % —————
(mrad) (uCi—msj ( pCi-er

For a ground-level release, the equation used for an off-site receptor is:
D%, =3.17E-02*[4.9E- 05]*t°?**Y (Q,*DF/)

air(g)

which leads to:

Dl =1.6E-06* (*#** ¥ (Q*DF)

pCi-yr . mrad -m?®
mrad) = | ——2— | * o —
(mred) (uCi—mJ 2 (”C pCi-yrj

(3-6)

(3-6a)

(3-6b)

The major difference between Method | and Method 1 is that Method 11 would use actual or
concurrent meteorology with a specific noble gas release spectrum to determine [X/Q]" rather

than use the site's long-term average meteorological dispersion values.

7.2.5 Beta Dose to Air from Noble Gases

This section serves: (1) to document the development and conservative nature of Method |
equations to provide background information to Method I users, and (2) to identify the general

equations, parameters and approaches to Method Il-type dose assessments.

Method | may be used to show that Part A Control C.7.2.1, which limits off-site beta air dose
from gaseous effluents, has been met for releases over appropriate periods. This Part A Control
is based on the objective in 10CFR50, Appendix I, Subsection B.1, which limits the estimated

beta air dose in off-site unrestricted area locations.
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For any noble gas release, in any period, the increment in dose is taken from Equations B-4 and
B-5 of Regulatory Guide 1.109:

AD4 = 317E-02+ XIQY (Q * DFf) (7-15)

_(pCioyr |, (o) (g | mrad-m®
oo - (292) 2] v )
where:

DFf=  Beta air dose factors for a uniform semi-infinite cloud of radionuclide "i".
Incorporating the term t into Equation 7-15 leads to:

Df = 3.17E-02* X/Q,, *t* ¥ (Q, * DF’) (3-7)

_ [ pCi-yr) . (sec) . . mrad - m®
(mrad) = (,uCi-secJ (m"’j ()2 (ﬂCI pCi-er

Where X/Q1nr = average 1-hour undepleted atmospheric dispersion factor.

For an elevated release, the equation used for an off-site receptor is:

Die = 317E-02#13E-05%t°*?x3y (Q * DFf)

_ [ pCi-yr) . (sec) . . . mrad - m*
(mrad) = (yCi-secJ (m"’j ()2 (ﬂCI pCi-yr]

which leads to:

Die = 40E-07 1%+ ¥ (Q * DFf) (3-7a)
_ [ pCi-yr : mrad - m®
(mrec) = (uCi-msJ n) (ﬂC' " pCi-yr)

For a ground-level release, the equation used for an off-site receptor is:

Dl = 317E-02%19E-04*t°®x¥ (Q * DF)

_ [ pCi-yr) _ (sec) . . mrad-m’
(mrad) = (yCi-secj (m3j ()2 (ﬂCI pCi-er
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which leads to:

Db = 6.1E-06*t°®2xy (Q * DFf) (3-7h)

(mrad) = (Mj £ () *3 (ﬂCi : ”“ad—m]
HCI—m pCi-yr

7.2.6 Dose to Critical Organ from lodines, Tritium and Particulates with Half-Lives Greater Than Eight
Days, (Including Carbon-14) |

This section serves: (1) to document the development and conservative nature of Method |
equations to provide background information to Method I users, and (2) to identify the general
equations, parameters and approaches to Method Il-type dose assessments.

Method | may be used to show that the Part A Controls which limit off-site organ dose from
gases (C.7.3.1 and C.8.1.1) have been met for releases over the appropriate periods. Part A
Control C.7.3.1 is based on the ALARA objectives in 10CFR50, Appendix I, Subsection Il C.
Part A Control C.8.1.1 is based on Environmental Standards for Uranium Fuel Cycle in
40CFR190, which applies to direct radiation as well as liquid and gaseous effluents. These
methods apply only to iodine, tritium, and particulates in gaseous effluent contribution.

Method | was developed such that "the actual exposure of an individual ... is unlikely to be
substantially underestimated™" (LOCFR50, Appendix ). The use below of a single "critical
receptor” provides part of the conservative margin to the calculation of critical organ dose in
Method I. Method Il allows that actual individuals, associated with identifiable exposure
pathways, be taken into account for any given release. In fact, Method | was based on a Method
Il analysis of a critical receptor assuming all pathways present. That analysis was called the
"base case"; it was then reduced to form Method I. The base case, the method of reduction, and
the assumptions and data used are presented below.

The steps performed in the Method I derivation follow. First, the dose impact to the critical
receptor [in the form of dose factors DFGic, (mrem/uCi)] for a unit activity release of each
iodine, tritium, and particulate radionuclide with half lives greater than eight days to gaseous
effluents was derived (Carbon-14 assessment is derived separately). Six exposure pathways |
(ground plane, inhalation, stored vegetables, leafy vegetables, milk, and meat ingestion) were
assumed to exist at the site boundary (not over water or marsh areas) which exhibited the highest
long-term X/Q. Doses were then calculated to six organs (bone, liver, kidney, lung, GI-LLI, and
thyroid), as well as for the whole body and skin for four age groups (adult, teenager, child, and
infant) due to the seven combined exposure pathways. For each radionuclide, the highest dose
per unit activity release for any organ (or whole body) and age group was then selected to
become the Method | site-specific dose factors. The base case, or Method I analysis, uses the
general equations methods, data, and assumptions in Regulatory Guide 1.109 (Equation C-2 for
doses resulting from direct exposure to contaminated ground plane; Equation C-4 for doses
associated with inhalation of all radionuclides to different organs of individuals of different age
groups; and Equation C-13 for doses to organs of individuals in different age groups resulting
from ingestion of radionuclides in produce, milk, meat, and leafy vegetables in Reference A).
Tables B.7-2 and B.7-3 outline human consumption and environmental parameters used in the
analysis. It is conservatively assumed that the critical receptor lives at the "maximum off-site
atmospheric dispersion factor location" as defined in Section 7.3.
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The resulting site-specific dose factors are for the maximum organ which combine the limiting
age group with the highest dose factor for any organ with each nuclide. These critical organ,
critical age dose factors are given in Table B.1-12. Appendix A provides an example of the
development of Method | gaseous dose conversion factor for site-specific conditions at Seabrook.

For any iodine, tritium, and particulate gas release, during any period, the increment in dose from
radionuclide "i" is:

A Dico = Q|DFG|C0 (7'16)

where DFG;i, is the critical dose factor for radionuclide "i" and Qj is the activity of radionuclide
"I" released in microcuries.

Special Case: Carbon-14

Carbon-14 is handled as a separate case from that of other gaseous effluents (Noble gases,
iodines, tritium and particulates) since the plant does not perform surveillance measurements of
the amount of C-14 in plant systems / release point vents, but determines the amount of C-14
released over the year by calculation based on power level and other operating parameters using
the methodology detailed in the EPRI Technical Report, "Estimation of Carbon-14 in Nuclear
Power Plant Gaseous Effluents” (Reference G). The primary exposure pathways associated with
Carbon-14 are ingestion of food products that have incorporated Carbon-14 (in the form of CO,)
via photosynthesis (off-site only) and inhalation. The fraction of total Carbon-14 that is CO; is
set at 20% based on Seabrook design and industry experience. A full year's consumption of food
products are assumed to be grown from the highest impacted garden during the growing season
(2" and 3" quarters).

Doses from the ingestion of vegetation exposed to airborne Carbon-14 effluents during the
growing season (second and third quarters) are considered. For inhalation doses, the total C-14
releases in all four calendar quarters is considered.

For 2010, the calculated reference total C-14 released (stack vent elevated release only) was 2.05
Curies, 1.86 curies, 3.13 Curies, and 5.02 Curies for the 1%, 2", 3 and 4™ calendar quarters,
respectively. As a conservative default set of values for estimating the maximum dose impact
from Carbon-14, the quarterly release totals were reassigning such that the highest quarterly
Cabron-14 releases were assumed to occur during the growing season periods with the most
limiting dispersion estimates (see Table B.7-7). The following chart list the Carbon-14 curie
releases by quarter and chemical form which are used in estimating the default dose impacts:

Carbon-14 Releases in Gaseous Effluents

Period C-14 as CO; (Curies) Total C-14
1% Quarter 0.41 2.05
2" Quarter, (Max 1.00 5.02
3" Quarter, (Growing) 0.63 3.13
4" Quarter 0.37 1.86
Annual Totals 2.41 12.06
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Regulatory Guide 1.109 (Reference A) provides default consumption rates for fruits and
vegetable for the three age groups of interest. The concentration of C-14 in vegetation is
calculated using equation C-8 (adjusted for time of release) from Regulatory Guide 1.109, while
the ingestion dose impacts follow equation C-13. The inhalation dose impacts follow equation
C-4 from Regulatory Guide 1.109. The resulting annual dose impact at the location of maximum
off-site receptor is 6.11E-01 mrem. Reducing this quantity to an average dose rate by dividing by
the number of hours in a year (8760 hrs) equals 6.97E-05 mrem/hour. This quantity can be
multiplied by the duration of the release period (in hours) and added to the critical organ
contribution from all measured radionuclides (iodines, tritium and particulates) recorded for a
release period in order to account for the C-14 contribution during that period. Carbon-14 is
normally treated as a continuous release such that all hours in a reporting period (such as 730
hours for a month) must be accounted for.

Applying this information, it follows that the general form for the critical organ dose equation is:

Deo = (XIQ)1 I(XIQ)y* t°* X (Q,* DF Gico) + [DFc16 * tc]c s (3-8)

mrem = (gj /(%}*( )*> (,u Ci *MJ + (mrem/hr) * hr
m m 1 Ci
Substituting specific values associated with the maximum off-site receptor location and elevated
release condition yields:
Doy = (1.13E- 05) /(7.50 E- 07) * t**** 3 (Q, * DF Gico(e)) + [6:97E-05 * tC]c-14

Where

6.97E-05 mrem/hr equals the site specific default dose factor (DF¢.14) contribution from
Carbon-14 due to food ingestion and inhalation to the critical organ dose at the limiting off-site
location, and tc reflects the duration of the release period (in hours) for all other radionuclides in
the release class (iodines, tritium and particulates with half-lives greater than 8 days). Since the
release of C-14 is considered to be continuous, the total tc for the year must account for 8760
hours of release regardless if any other radionuclide is detected to be present in the effluent
stream.

And with tc = 730 hours (1 month), the equation reduces to:

Do =15.0*t°*** 3 (Q,* DFGieoy) Plus [0.051 mrem/mo.]c-14 (3-8a)

For the maximum off-site receptor location and ground-level release conditions, the equation is:

Deogy = (1.71E- 04) /(9.64 E- 06) * t°°" * 3" (Q, * DF Gico(g))

which reduces to:

Doy =17.7* t** X (Q,* DF Gico(g)) (3-8b)
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7.2.7 Special Receptor Gaseous Release Dose Calculations

Part A Section 10.2 requires that the doses to individuals involved in recreational activities
within the site boundary are to be determined and reported in the Annual Radioactive Effluent
Release Report.

For members of the public who may be at times within the Site Boundary, the occupancy time is
expected to be sufficiently low to compensate for any increase in the atmospheric diffusion factor
above that for the maximum impacted Site Boundary location. To illustrate this ranking of
maximum Site Boundary to on-site locations where members of the public could be present, the
following calculation provides the relative order of each of the receptor locations.

The general form of the dose equation can be shown as:

Where:
K = Units conversion constant. This would be the same for all receptor points.
Usp = Usage factor, such as inhalation rate or ingestion rate of food products by age group.

This would include all pathways of exposure assumed at the Site Boundary, but only
inhalation and ground plane exposure at each on-site receptor.

XIQy = The atmospheric diffusion factor specific to a receptor point.
DFip = A dose conversion factor based on radionuclide, exposure pathways (inhalation,
ground plane or ingestion) and age group. Site Boundary assumed to have all

pathways present (conservative).

OF, = Occupancy factors which express the fraction of a year that a member of the public is
exposed and is specific to each individual receptor point.
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For all the factors considered in the dose estimate at each location (except the DF;a, which is
conservatively set for the site boundary with all pathways possible), the X/Qp and the OF are
specific to a receptor location. As such, the ranking of dose importance of the maximum Site
Boundary to each of the on-site receptors can be illustrated by multiply the location specific
parameters together while cancelling out all the parameters which would common to each of the
receptor sites. The following table shows this illustration:

Receptor location Long Term X/Q, Occupancy Factor Relative Ranking

with respect to Unit | undepleted (sec/m®) OFp (relative to Site B.)
1 Containment (See Table B.7-5)

Maximum Impacted
Site Boundary (W 8.16E-07 1.0 8.16E-07 (1)
974 meters)
Fitness Center in
Hi-Rise Bldg (WSW 1.61E-06 0.0416 6.70E-08 (0.082)
384 meters)
Firing Range
(centered at W 1026 5.47E-07 0.0416 2.28E-08 (0.028)
meters)
Science & Nature
Center (SW 488 1.61E-06 0.0014 2.25E-09 (0.0028)
meters)

7.2.7.1

7.2.7.2

7.2.7.3
7.2.7.4

7.2.1.5

As can be seen in the above illustration, the Site Boundary location has the highest dose ranking
of any on-site receptor due to the effects of the occupancy factors applied to the on-site locations.
For the site boundary location and beyond where the plant does not have right to exercise or limit
access, occupancy is assumed to be full time (1.0). For both the Fitness Center and the Firing
Range, a conservative assumption is applied that members of the public use the facilities 1 hour
per day, 7 days per week, for 52 weeks per year, which when represented as a fraction of a year
yields the occupancy factor of 0.0416. For the Science & Nature Center, it is assumed that
education trips total 12.5 hours per year per individual (2.5 hours per trip x 5 trips per year,
assumed) which on an annual basis gives a fraction of 0.0014.

As a result, dose rates and air dose estimates are bounded by those calculations that assess the
maximum off-site location. Section B.7.2.7.6 does provide a methodology for estimating the
dose impacts at the on-site receptors for consideration of the critical organ dose from lodines,
Tritium, Carbon-14 and particulates with half-lives greater than 8 days for purposes of providing
information to users of these facilities.

-Deleted-

-Deleted-

-Deleted-
-Deleted-

-Deleted-
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7.2.7.6

Critical Organ Dose from lodines, Tritium and Particulates With Half-Lives Greater Than
Eight Days, (Including Carbon-14)

Method | was derived as described in Part B, Section 7.2.3. The Critical Organ Dose
equations for receptors at the Science & Nature Center, the "Fitness Center" and "Firing
Range" were derived from Equation 3-8. The following general equation incorporates (i) a
ratio of the average 1-hour depleted atmospheric dispersion factor to the average annual
depleted atmospheric dispersion factor, (ii) the unitless t*® term, and (iii) the OF:

Deo = (XIQ)ym [(XIQ)3* t* *OF* > (Q,* DFGieo) + OF * DFc.14 * tC

(mrem) :(%j/(secj*( )*( )*Z(yCi* mrg?j + () * (mrem/hr) * (hr)
m H

m3
Applying the Science & Nature Center-specific factors for elevated release conditions
produces the equation:

Deote) = (3.55 E- 05) /(1.51E- 06) * t*****0.0014 * > (Q;* DF Gicoe)) *+ [0.0014 * 2.52E-06 * tC]c.14

Where

2.52E-06 mrem/hr equals the site specific default dose factor (DF¢.14g) contribution from
Carbon-14 due to inhalation to the critical organ dose at the Science and Nature Center for an
annual release of 12.06 Curies of total C-14, and tc is the C-14 release duration (hours)
associated with the period of dose estimation being considered, and 0.0014 is the occupancy
fraction of a year that a member of the public is assumed to be present. This reduces to:

Deog = 3.-3E- 02* %4> Z (Q,* DFGicor)+[3.53E - 09*tc].,, (3-8¢c)

, mrem

(mrem) =( )*( )*Z(yCi J + (mrem/hr) * (hr)

And with tc = 730 hrs. (1 month) to set the monthly dose contribution from C-14, the equation

reduces to:

Deokge) = 3.3E-02 * t93% # 3 (Q; * DFGicorge))  plus [2.58E-06 (mrem) Jc.14 (3-8¢)
Month

(mrem)= () () (MCi * mrem) plus[( ) mrem]
uCi month

where t defines the duration of releases for all radionuclides other than C-14 released during
the month.
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For a ground-level release, the equation for a receptor at the Science & Nature Center is:
Dooeg) = (5.21E- 04) /(2.23E- 05) *t ***"*0.0014* > (Q,* DF Giwoe0))

which reduces to:

Deoeg) = 3.3E- 02* %% 3 (Q * DF Gioe) (3-8d)

(mrem) = () *( )*Z(ﬂCi*mremJ
1 Ci

The specific Critical Organ Dose equation for a receptor at the Firing Range under elevated
release conditions is:

Deorre) = (1.39E-05)/(5.01E-07) * %% *0.0416*Z(Q; * DFGicorree)) + [3.56E-08 * tc]c.14

Where

1.39E-05 = the depleted 1 hour X/Q from elevated releases to the on-site Firing Range
(sec/m®).

5.01E-07 = the long term average depleted X/Q from elevated releases to the on-site Firing
Range (sec/m®).

3.56E-08 = the site specific default dose factor (DFc.14rr) contribution from Carbon-14 due

to inhalation to the critical organ dose at the Firing Range for an annual release
of 12.06 Curies of total C-14 (mrem/hour). It includes the location specific
occupancy correction factor (0.0416).
tc = the C-14 release duration (hours) associated with the period of dose estimation
being considered. C-14 is treated as a continuous release such that the
minimum required dose assessment period of monthly (730 hours) needs to be
applied to estimate the monthly contribution to the dose credited to C-14.
the occupancy fraction of a year that a member of the public is assumed to be
present at the firing range. It is conservatively assumed that an individual would
spend 1 hour per day for each day of the year (i.e., 1 hour/day x 7 days/week x
52 weeks/year divided by 8760 hours/year).

0.0416

This reduces to:
Deorre) = 1.15 * t9%%€ * 3 (Q; * DFGicorre) plus [2.60E-05]c 14 (3-8e)

(mrem)= () * ( )* Z(uCi*(mrem)) + (mrem)
uCi mo.

where t defines the duration of releases for all other radionuclides released during the month.
For a ground-level release, the equation for a receptor at the Firing Range is:

Deorrg) = (2.43E-04)/(6.26E-06) * t%“% * 0.0416 * £(Q; * DFGicorr(g)
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which reduces to:

Dcorr(g) = 1.61 * 048 * 3 (Qi * DFGicorr(g)) (3-81)

(mrem)= () *( ) *X(uCi* (mrem))
pCi

The specific Critical Organ Dose equation for a receptor at the Fitness Center (at the Hi-Rise
Office Building) under elevated release conditions is:

Deorce = (4.00 E- 05) /(1.533 E- 06) * t03%9%(0 0416 * z (Q,* DFGicorce) + (0.0416*2.52E-06*tC)c-14
Where

2.52E-06 mrem/hr equals the site specific default dose factor (DFc.14rc) contribution from
Carbon-14 due to inhalation to the critical organ dose at the Fitness Center for an annual
release of 12.06 Curies of total C-14, tc is the C-14 release duration (hours) associated with
the period of dose estimation being considered, and 0.0416 is the occupancy fraction of a year
that a member of the public is assumed to be present. It is conservatively assumed that an
individual would spend 1 hour per day for each day of the year (i.e., 1 hour/day x 7 days/week
x 52 weeks/year divided by 8760 hours/year). This reduces to:

Deorce) = 1.08* 3% Z (Q;* DFGicorc() Plus [1.05E-07 * tc]c-14 (3-89)

(mrem) = () *( )*Z{ﬂ Ci* mrerf‘j + (mrem/hr) * tc
uCi

And with tc = 730 hrs. (1 month) to set the monthly dose contribution from C-14, the equation
reduces to:

DcoFC(e) = 1.08 * t-0'359 *EQi* DFGicoFC(e)) p|US [7.67E-05 (mrem) ]c_14 (3-8C)
month

(mrem)= () () (MCi *mrem) plus [( ) mrem]
pCi month

Where t defines the duration of releases for all radionuclides other than C-14 released during
the month.

B.7-23 ODCM Rev. 35




For a ground-level release, the equation for a receptor at the Fitness Center is:

Diorog = (8.84 E- 04) /(389 E- 05) *1°%*%0.0416* Y (Q, * DF Giorcty)

which reduces to:

Do FC(@9) =0.94* t—0.344* z (Q| * DFGico FC(Q)) (3'8h)

(mrem) = ( )*( )*z[yCi*mrer
uCi

Note: Gaseous C-14 from Reactor Coolant degassing is processed through the waste gas
system, or discharged via Containment Building purges, and released to the plant vent stack
(elevated release). As such, no significant contribution to C-14 release is assumed via ground

release points. |
The special receptor equations can be applied under the following conditions (otherwise,

justify Method I or consider Method I1):

1. Normal operations (nonemergency event).

2. Applicable radionuclide releases via the station vents to the atmosphere.

If Method | cannot be applied, or if the Method | dose exceeds this limit, or if a more refined
calculation is required, then Method Il may be applied.
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Table B.7-2
Environmental Parameters for Gaseous Effluents at Seabrook Station

(Derived from Reference A)”

Variable Vegetables Cow Milk Goat Milk Meat

Stored Leafy Pasture Stored Pasture Stored Pasture Stored
YV | Agricultural Productivity (Kg/M?) 2. 2. 0.70 2. 0.70 2. 0.70 2.
P Soil Surface Density (Kg/M?) 240. 240. 240. 240. 240. 240. 240. 240.
T Transport Time to User (HRS) 48. 48. 48. 48. 480. 480.
B Soil Exposure Time W (HRS) 131400. 131400. 131400.| 131400. 131400. 131400. 131400. 131400.
TE Crop Exposure Time to Plume (HRS) 1440. 1440. 720. 1440. 720. 1440. 720. 1440.
TH Holdup After Harvest (HRS) 1440. 24, 0. 2160. 0. 2160. 0. 2160.
QF Animals Daily Feed (Kg/DAY) 50. 50. 6. 6. 50. 50.
FP | Fraction of Year on Pasture® 0.50 0.50 0.50
FS | Fraction Pasture when on Pasture® 1. 1. 1.
FG Fraction of Stored Veg. Grown in Garden 0.76
FL Fraction of Leafy Veg. Grown in Garden 1.0
Fl Fraction Elemental lodine = 0.5
H Absolute Humidity = 5.60 (gm/m?)

" Regulatory Guide 1.109, Rev. 1
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Notes:

1)

)

(3)

(4)

Table B.7-2
Environmental Parameters for Gaseous Effluents at Seabrook Station

For Method I dose/dose rate analyses of identified radioactivity releases of less than one year, the soil exposure time for that release may
be set at 8760 hours (1 year) for all pathways.

For Method Il dose/dose rate analyses performed for releases occurring during the first or fourth calendar quarters, the fraction of time
animals are assumed to be on pasture is zero (nongrowing season). For the second and third calendar quarters, the fraction of time on
pasture (FP) will be set at 1.0. FP may also be adjusted for specific farm locations if this information is so identified and reported as part
of the land use census.

For Method I1 analyses, the fraction of pasture feed while on pasture may be set to less than 1.0 for specific farm locations if this
information is so identified and reported as part of the land use census.

For all Method 11 analyses, an absolute humidity value equal to 5.6 (gm/m?®) shall be used to reflect conditions in the Northeast (Reference:
Health Physics Journal, Vol. 39 (August), 1980; Page 318-320, Pergammon Press).
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Table B.7-3
Usage Factors for Various Gaseous Pathways at Seabrook Station

(from Reference A, Table E-5)"

Maximum Receptor:

Age Leafy
Group Vegetables Vegetables Milk Meat Inhalation
(kglyr) (kalyr) (1/yr) (kalyr) (m°lyr)
Adult 520.00 64.00 310.00 110.00 8000.00
Teen 630.00 42.00 400.00 65.00 8000.00
Child 520.00 26.00 330.00 41.00 3700.00
Infant 0.00 0.00 330.00 0.00 1400.00
The Firing Range, Fitness Center and Science & Nature Center:
Age Leafy
Group Vegetables Vegetables Milk Meat Inhalation
(kglyr) (kg/yr) (1fyn) (katyr) (m°lyr)
Adult 0.00 0.00 0.00 0.00 8000.00
Teen 0.00 0.00 0.00 0.00 8000.00
Child 0.00 0.00 0.00 0.00 3700.00
Infant 0.00 0.00 0.00 0.00 1400.00

" Regulatory Guide 1.109
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7.3

7.3.1

Receptor Points and Average Atmospheric Dispersion Factors for Important Exposure
Pathways

The gaseous effluent dose equations (Method I) have been simplified by assuming an individual
whose behavior and living habits inevitably lead to a higher dose than anyone else. The
following exposure pathways to gaseous effluents listed in Regulatory Guide 1.109 (Reference
A) have been considered:

1. Direct exposure to contaminated air;

2. Direct exposure to contaminated ground,;
3. Inhalation of air;

4. Ingestion of vegetables;

5. Ingestion of goat's milk; and

6. Ingestion of meat.

Part B, Section 7.3.1 details the selection of important off-site and on-site locations and
receptors. Part B, Section 7.3.2 describes the atmospheric model used to convert meteorological
data into atmospheric dispersion factors. Part B, Section 7.3.3 presents the maximum
atmospheric dispersion factors calculated at each of the off-site receptor locations.

Receptor Locations

The most limiting site boundary location in which individuals are, or likely to be located as a
place of residence was assumed to be the receptor for all the gaseous pathways considered. This
provides a conservative estimate of the dose to an individual from existing and potential gaseous
pathways for the Method I analysis.

This point is the west sector, 974 meters from the center of the reactor units for undepleted,
depleted, and gamma X/Q calculations, and the northwest section, 914 meters for calculations
with D/Q the dispersion parameter.

The site boundary in the NNE through SE sectors is located over tidal marsh (e.g., over water),
and consequently are not used as locations for determining maximum off-site receptors
(Reference NUREG 0133).

Three other locations (on-site) were analyzed for direct ground plane exposure and inhalation
only. They are the Science & Nature Center (SW, 488 meters from Unit 1 Containment), the
Firing Range for security force training, including local law enforcement (W, 1026 meters from
Containment), and the Fitness Center located on the ground floor of the Hi-Rise Office Building
(WSW, 384 meters from Containment). These facilities provide access to members of the public
involved in activities not associated with power generation.
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7.3.2 Seabrook Station Atmospheric Dispersion Model

The time average atmospheric dispersion factors for use in both Method | and Method I1 are
computed for routine releases using the AEOLUS-2 Computer Code (Reference B).

AEOLUS-2 produces the following average atmospheric dispersion factors for each location:

1. Undepleted X/Q dispersion factors for evaluating ground level concentrations of noble
gases;
2. Depleted X/Q dispersion factors for evaluating ground level concentrations of iodines

and particulates;

3. Gamma X/Q dispersion factors for evaluating gamma dose rates from a sector
averaged finite noble gas cloud (multiple energy undepleted source); and

4. D/Q deposition factors for evaluating dry deposition of elemental radioiodines and
other particulates.

Gamma dose rate is calculated throughout this ODCM using the finite cloud model presented in
"Meteorology and Atomic Energy - 1968" (Reference E, Section 7-5.2.5). That model is
implemented through the definition of an effective gamma atmospheric dispersion factor, [X/Q'] |
(Reference B, Section 6), and the replacement of X/Q in infinite cloud dose equations by the

[X/Q". \

7.3.3 Average Atmospheric Dispersion Factors for Receptors

The calculation of Method | and Method Il atmospheric diffusion factors (undepleted CHI/Q,
depleted CHI/Q, D/Q, and gamma CHI/Q values) utilize a methodology generally consistent with
US NRC Regulatory Guide 1.111 (Revision 1) criteria and the methodology for calculating
routine release diffusion factors as represented by the XOQDOQ computer code
(NUREG/CR-2919). The primary vent stack is treated as a "mixed-mode" release, as defined in
Regulatory Guide 1.111. Effluents are considered to be part-time ground level/part-time elevated
releases depending on the ratio of the primary vent stack effluent exit velocity relative to the
speed of the prevailing wind. All other release points (e.g., Turbine Building and Chemistry lab
hoods) are considered ground-level releases.

In addition, Regulatory Guide 1.111 discusses the concept that constant mean wind direction
models like AEOLUS-2 do not describe spatial and temporal variations in airflow such as the
recirculation of airflow which can occur during prolonged periods of atmospheric stagnation.

For sites near large bodies of water like Seabrook, the onset and decay of sea breezes can also
result in airflow reversals and curved trajectories. Consequently, Regulatory Guide 1.111 states
that adjustments to constant mean wind direction model outputs may be necessary to account for
such spatial and temporal variations in air flow trajectories. Recirculation correction factors have
been applied to the diffusion factors. The recirculation correction factors used are compatible to
the "default open terrain” recirculation correction factors used by the XOQDOQ computer code.

The relative deposition rates, D/Q values, were derived using the relative deposition rate curves
presented in Regulatory Guide 1.111 (Revision 1). These curves provide estimates of deposition
rates as a function of plume height, stability class, and plume travel distance.
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Receptor Locations

For ground-level releases, the downwind location of the Fitness Center, Firing Range and the
Science & Nature Center were taken as the distance from the nearest point on the Unit 1
Administrative Building/Turbine Building complex. For the site boundary, the minimum
distances from the nearest point on the Administration Building/Turbine Building complex to the
site boundary within a 45-degree sector centered on the compass direction of interest as measured
from UFSAR Figure 2.1-4A were used (with the exception that the NE-NE-ENE-E-ESE-SE site
boundary sectors were not used because of their over-water locations).

For primary vent stack releases, the distances from the Unit 1 primary vent stack to the Fitness
Center, Firing Range and the Science & Nature Center as measured from a recent site aerial
photograph were used. For the site boundary, the minimum distances from the Unit 1 primary

vent stack to the site boundary within a 45-degree sector centered on the compass direction of
interest as measured from UFSAR Figure 2.1-4A were used (with the exception that the
NNE-NE-ENE-E-ESE-SE site boundary sectors were not used because of their over-water |
locations).

Meteorological Data Bases

For the Fitness Center, Firing Range and Science & Nature Center receptors, the diffusion factors ‘
represent six-year averages during the time period January 1980 through December 1983 and
January 1987 through December 1988 (with the exception that, because of low data recovery,

April 1979 and May 1979 were substituted for April 1980 and May 1980). For the site boundary
receptors, both six-year average growing season (April through September) and year-round
(January through December) diffusion factors were generated, with the higher of the two chosen

to represent the site boundary.

The meteorological diffusion factor used in the development of the ODCM Method | dose
models are summarized on Tables B.7-4 through B.7-6, for all radionuclides, except Carbon-14.
For Carbon-14 assessments, the primary exposure pathway is ingestion of vegetables, fruits and
grains grown near the plant site. A 15 year (1996 — 2010) meteorological data base was used to
evaluate the diffusion factors by calendar quarter during the growing season (2™ and 3" quarters)
at the highest impacted local gardens as identified in the 2010 site are land use census. The
maximum values for each quarter during the 15 year history were then averaged together. To the
average was added three times the standard deviation of the variance of the average value in
order to estimate a reasonable upper bound diffusion values to be used in the dose assessments.
The resulting values are summarized on Table B.7-7.
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Table B.7-4
Seabrook Station Long-Term Average Dispersion Factors”

Primary Vent Stack

Max Off-Site Location Dose Rate to Individual Dose to Air Dose to
Critical
Organ
Total Skin Critical Gamma Beta Thyroid
Body Organ
- - 7.5E-07 - - 7.5E-07
X/Q depleted (%}
m
- 8.2E-07 - - 8.2E-07 -
X/Q undepleted (gj
m
- - 1.5E-08" - - 1.5E-08
DIQ (ij
m
8.5E-07 8.5E-07 - 8.5E-07 - -
X ()
m
" West site boundary, 974 meters from Containment Building
" Northwest site boundary, 914 meters from Containment Building
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Table B.7-5
Seabrook Station Long-Term Average Dispersion Factors
For Special Receptors

Primary Vent Stack

RECEPTOR®
Diffusion Factor Hi-Rise Fitness Firing Range Science & Nature Off-Site
Center Center
Undepleted CHI/Q, 1.61 x 107 5.47 x 10”7 1.61 x 107 8.16 x 107
3
sec/m (384m WSW) (1026m W) (488m SW) (974m W)
Depleted CHI/Q, 1.53 x 107 5.01 x 10”7 1.51 x 107 7.50 x 10”7
3
sec/m (384m WSW) (1026m W) (488m SW) (974m W)
D/Q, m* 2.06 x 107 8.76 x 107 2.67 x 107 1.47 x 10°®
(284m WSW) (1026m W) (488m SW) (914m NW)
Gamma CHI/Q, 1.06 x 10°® 5.49 x 107 1.12x 10°® 8.49 x 107
3
sec/m (384m WSW) (1026m W) (488m SW) (974m W)

@

The highest site boundary (off-site) diffusion and deposition factors occurred during the April

through September growing season. Note that for the primary vent stack release pathway, none
of the off-site receptor diffusion and deposition factors (located at 0.25-mile increments beyond
the site boundary) exceeded the site boundary diffusion and deposition factors.
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Table B.7-6
Seabrook Station Long-Term Average Dispersion Factors
For Special Receptors

Ground-Level Release Pathway

RECEPTOR®
Diffusion Factor Hi-Rise Fitness Firing Range Science & Nature Off-Site
Center Center
Undepleted CHI/Q, 4.06 x 10° 6.90 x 10°® 2.36 x 10 1.06 x 10°
3
sec/m (288m SW) (888m WSW) (406m SW) (823m W)
Depleted CHI/Q, 3.89x10° 6.26 x 10°° 2.23x10° 9.64 x 10°®
3
m m m m
sec/m (288m SW) (888m WSW) (406m SW) (823m W)
D/Q, m* 1.72 x 107 2.53x 107 1.04 x 107 5.06 x 107
(288m SW) (888m WSW) (406m SW) (823m NW)
Gamma CHI/Q, 8.15 x 10°® 2.16 x 10°® 5.52 x 10°® 3.45x 10°®
3
m m m m
sec/m (288m SW) (888m WSW) (406m SW) (823m W)

@
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The highest site boundary (off-site) diffusion and deposition factors occurred during the April
through September growing season.
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Table B.7-7
Seabrook Station

Growing Season Diffusion for Carbon-14
Elevated —Level Release Pathway

Exposure Pathway and Time Period

X/Q undepleted *

(gardens)

(sec/m®)
Inhalation (all quarters, site boundary) 2.33x10°®
Ingestion, 2" quarter growing season 1.19x 10°
(gardens)
Ingestion, 3" quarter growing season 8.91x 107

* The off-site diffusion values represent the average for 15 years (1996 — 2010) of maximum values
calculated for each year at the site boundaries and nearest gardens receptors (2010 Land Use Census)
plus three standard deviations of the observed variance.
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8.0

8.1

where:

BASES FOR LIQUID AND GASEOUS MONITOR SETPOINTS
Basis for the Liquid Waste Test Tank Monitor Setpoint

The liquid waste test tank monitor setpoint must ensure that the limits of Part A Control C.5.1
are not exceeded in combination with any other site discharge pathways. The liquid waste test
tank monitor is placed upstream of the major source of dilution flow.

The derivation of Equation 5-1 begins with the general equation for the response of a radiation
monitor:

R = Z Cyi Sli (8-1)
(cps) = (ﬂmj (Cps_ ml}
ml LCIi
R = Response of the monitor to radioactivity (cps).
Si = Detector counting efficiency for radionuclide "i" (cps/(uCi/ml)).
Ci = Activity concentration of each gamma emitting radionuclide "i" in the mixture that

the monitor has a response efficiency sufficient to detect (uCi/ml).

The detector calibration procedure for the liquid waste test tank monitor at Seabrook Station
establishes counting efficiency by use of a known calibration source standard and a linearity
response check. Therefore, in Equation 8-1 one may substitute S, for S;;, where S, is the detector
counting efficiency determined from the calibration procedure. Therefore, Equation 8-1
becomes:

R=S X C, (8-2)

on- (5522
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The ECL for a given radionuclide must not be exceeded at the point of discharge to the
environment. When a mixture of radionuclides is present, 10 CFR 20 specifies that the
concentration (excluding dissolved and entrained noble gases) at the point of discharge
shall be limited as follows:

cd,

> ECL < 10 (8-3)
where:
Coi = Activity concentration of radionuclide "i"" determined to be present in the mixture at
the point of discharge to the environment (uCi/ml).
ECL; = Effluent concentration limit (ECL) for radionuclide "i" (except for dissolved and

entrained noble gas) in uCi/ml as specified in 10 CFR 20, Appendix B, Table 2.
The limit for the sum of all noble gases in the waste discharge is 2E-04 puCi/ml.
(See ODCM Appendix B for listing.)

The activity concentration of radionuclide "i" at the point of discharge is related to the activity
concentration of each radionuclide at the monitor as follows:

F
Cy = F_m(CVi + Cﬁi)
d

()~ () (%)

and with equivalence of C; = (Cy; + C/), Equation 8-4 can be written as

Co = Fn Ci (8-4)
Fd
where:
Fn = Flow rate past monitor (gpm)
Fg = Flow rate out of discharge tunnel (gpm)
Cs = Activity concentration of non gamma emitting radionuclide "i" in the mixture at the |
monitor for which the monitor response is inefficient to detect (uCi/ml).
G = The activity concentration of each radionuclide "i" in the waste stream. This

includes both gamma and non gamma emitters, such as tritium.
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Substituting the right half of Equation 8-4 for Cin Equation 8-3, and solving for Fq4/Fr, yields
the dilution factor needed to complete Equation 8-3:

F C.
DF, < % > ' 8-5
™ TF, Zi“lOECLi (8-3)
gom uCi-ml
gom ml - uCi
where:
ECL; = Effluent concentration limit (ECL) for radionuclide "i" (except for dissolved and
entrained noble gas) in uCi/ml as specified in 10 CFR 20, Appendix B, Table 2.
For noble gases, a value of 2E-04 uCi/ml is used for the limit of the sum of noble
gases in the waste stream.
If Fo/Fr is less than DF,in, then the tank may not be discharged until either F4 or Fr, or both are
adjusted such that:
F
DF. < ¢ 8-5
min Fm ( )

The maximum allowable discharge flow rate past the monitor can be found by setting Fr, t0 Frmax
and its equivalents, i.e:

Fq
D Fmin

Froe =

Usually Fg/Fy, is greater than DFy,in (i.€., there is more dilution than necessary to comply with
Equation 8-3), but must be satisfied since the monitor can only detect the gamma emitting
portion of the waste stream. The response of the liquid waste test tank monitor at the setpoint is

therefore:
_ Fq
Rsetpoint_ fl X E- X DEw X Slz C'Yi
cps-ml |( uCi
L | et 8-6
eps) () () ( e J[mlj (8-6)
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or with Fnax substituted into Equation 8-6 for the maximum allowable discharge flow rate

( Fa j the setpoint equation can be stated also as:
DFmin

Frmax

m

Rsetpoint =f X X SIZ C’YI

where f| is equal to the fraction of the total concentration of ECL at the discharge point to the
environment to be associated with the test tank effluent pathway, such that the sum of the
fractions of the five liquid discharge pathways is equal to or less than one

(fy + f, + f3 + 4 + f5 < 1). The five monitored liquid effluent pathways are derived from: (f;) the
Liquid Waste Test Tanks, (f,) the Turbine Building Sump, (f3) Steam Generator Blowdown, (f,)
Primary Component Cooling, and (fs) Water Treatment Liquid Effluent (the Condensate
Polishing System).

The monitoring system is designed to incorporate the detector efficiency, S), into its software.
This results in an automatic readout in uCi/ml or pCi/cc for the monitor response. Since the
conversion for changing cps to puCi/ml is inherently done by the system software, the monitor
response setpoint can be calculated in terms of the total waste test tank activity concentration in
HCi/ml determined by the laboratory analysis. Therefore, the setpoint calculation for the liquid
waste test tank is:

R ~ Cy (5-1)

setpoint |
F. x DF,

“) 0 0 (4

All liquid effluent pathway monitors are similar to the Liquid Waste Test Tank Monitor in
design and function as described above for ensuring the plant site's effluent concentration
limits are not exceeded in combination with each other.
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8.2 Basis for the Plant Vent Wide Range Gas Monitor Setpoints

The setpoints of the plant vent wide range gas monitors must ensure that Part A Control C.7.1.1.a is not
exceeded. Part B, Sections 3.4 and 3.5 show that Equations 3-3 and 3-4 are acceptable methods for
determining compliance with that Part A Control. Which equation (i.e., dose to total body or skin) is
more limiting depends on the noble gas mixture. For the limiting setpoint case, the gas mixture
associated with the fuel gap activity at time of shutdown (UFSAR Table 15.7-20) indicates that the total
body dose rate to the maximum offsite receptor is the limiting dose rate type. The derivations of
Equations 5-5 and 5-6 begin with the general equation for the response R of a radiation monitor:

R = ngi Cmi (8'7)

- (o) 12

where:
R = Response of the instrument (cpm)
Sgi = Detector counting efficiency for noble gas "i" (cpm/(uCi/cm?®))
Cni = Activity concentration of noble gas "i" in the mixture at the noble gas activity

monitor (uCi/cm?)

Cnmi, the activity concentration of noble gas "i" at the noble gas activity monitor, may be expressed in
terms of Q; by dividing by F, the appropriate flow rate. In the case of the plant vent noble gas activity
monitors the appropriate flow rate is the plant vent flow rate.

Co = = (6-9)

) - () )

where:
éi = The relative release rate of noble gas "i" identified or postulated to be in the
mixture.
F = Appropriate flow rate (cm®/sec)

Substituting the right half of Equation 8-8 into Equation 8-7 for C,,; yields:

R = TS, Qg (8-9)

o = (25 () (&
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As in the case before, for the liquid waste test tank monitor, the plant vent wide range gas
monitor establishes the detector counting efficiency by use of a calibration source. Therefore,
Sy can be substituted for Sg; in Equation 8-9, where Sy is the detector counting efficiency
determined from the calibration procedure. Therefore, Equation 8-9 becomes:

R = S, %ZQ (8-10)

o) - (B (2] (1)

The total body dose rate due to noble gases is determined with Equation 3-3a:

Dye = 085 * > (Q; * DFB)) (3-3a)
mrem )  ( pCi-sec [yclj mrem - m®
yr 4Ci-m?® sec pCi-yr
where:

Dive) = Total body dose rate (mrem/yr)

0.85 = (1.0E+06) x (8.5E-07) (pCi-sec/UCi-m?)

1E+06 = Number of pCi per uCi (pCi/uCi)

8.5E-07 = [X/Q]?, maximum off-site average gamma atmospheric dispersion factor
(sec/m®) for primary vent stack releases

Qi = The relative release rate of noble gas "i" identified or postulated to be in the
gas mix (uCi/sec).

DFB; = Total body dose factor (see Table B.1-10) (mrem-m*/pCi-yr)
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A composite total body gamma dose factor, DFB., may be defined such that:

DFB, > Q = > Q DFB (8-11)

mrem - m* (/JCI] B (@j mrem - m*
pCi-yr sec sec pCi-yr

Solving Equation 8-11 for DFB. yields:

ZQiDFBi
DFB.=——+——
R )

(5-7)

Part A Control C.7.1.1.a limits the dose rate to the total body from noble gases at any location at
or beyond the site boundary to 500 mrem/yr. By setting D,, equal to 500 mrem/yr and

substituting DFB, for DFB; in Equation 3-3, one may solve forZQi at the limiting whole body

noble gas dose rate:

2.Q = 588 DFlB (8-12)

(@j mrem - Ci-m?® ( pCi-yrj
sec yr-pCi-sec mrem - m?

Substituting this result for ZQi in Equation 8-10 yields Ry, the response of the monitor at the

limiting noble gas total body dose rate:

1
DFB,

(cpm) = mrem - £Ci-m*® ) ( cpm-cm? (secj ( pCi-yr}
yr-pCi-sec uCi cm® mrem - m®

R, = 588 S 1
F

g

(8-13)
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The skin dose rate due to noble gases is determined with Equation 3-4a:

Dsking) = Z (Q. * DFi,(e) ) (3-4a)
mrem ¥ UCi mrem - sec
yr sec uCi-yr
where:
Dskine) = Skin dose rate (mrem/yr)
Q, =  Asdefined above.
DF', ,= Combined skin dose factor (see Table B.1-10) (mrem-sec/uCi-yr)

A composite combined skin dose factor, DF’¢, may be defined such that:

DF'C * ZQ. = Z (Q. * DF i(e)) (8'14)
mrem - sec (,UCIJ B [ﬂClj mrem - sec
uCi-yr sec ) sec uCi-yr

Solving Equation 8-14 for DF’ yields:

ZQiDF’i )
DF, = ‘e (5-8)

2.9
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Part A Control C.7.1.1.a limits the dose rate to the skin from noble gases at any location at or
beyond the site boundary to 3,000 mrem/yr. By setting Ds»equal to 3,000 mrem/yr and
substituting DF’ for DF’; in Equation 3-4 one may solve forZQi at the limiting skin noble gas

dose rate:

>'Q; = 3000 !

8-15
i DF’ (8-15)

c

(,U_Clj mrem ( yCi-yrj
sec yr )\ mrem -sec

Substituting this result forZQi in Equation 8-10 yields Rgin, the response of the monitor at the limiting

noble gas skin dose rate:

R, = 3,000 S, 1 1
F DF’,
(cpm) mrem ) ( cpm-cm?® (secj ( ,uCi-yr) (8-16)
yr 4Ci cm?® mrem - sec

As with the liquid monitoring system, the gaseous monitoring system is also designed to
incorporate the detector efficiency, Sg, into its software. The monitor also converts the response
output to a release rate (Ci/sec) by using a real time stack flow rate measurement input.
Therefore, multiplying by the main plant vent flow rate measurement (F), the Equations 8-13 and

8-16 become:
I
Ripe = 588 _ 5-5
th(e) DFBC ( )
(},tCi _(mrem-uCi-m3 pCi-yr
Sec yr-pCi-sec ~ mrem-m?
1
Rskin(e) = 3,000 D_FC' (5-6)
Ci mrem Ci-yr
)= SRl il L)

mrem - Sec

These equations assume that the main plant vent is the only release point contributing to the
determination of limiting offsite dose rate. The Control dose rate limits (500 mrem/yr and
3000 mrem/yr for total body and skin, respectively) apply to combination of all release points to
the limiting offsite receptor. Administrative fractions (f) should be applied to main plant vent
setpoint calculation as a multiplier, and any other release points, such that the summation of all
fractions is less than or equal to 1. This provides for the combined impact of all release points
to ensure that selected setpoints alarm at or before the site dose rate limits is exceeded.
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8.3

Basis for PCCW Head Tank Rate-of-Change Alarm Setpoint

The PCCW head tank rate-of-change alarm will work in conjunction with the PCCW radiation
monitor to alert the operator in the Main Control Room of a leak to the Service Water System
from the PCCW System. For the rate-of-change alarm, a setpoint based on detection of an
activity level of 10°® pCi/cc in the discharge of the Service Water System has been selected. This
activity level was chosen because it is the minimum detectable level of a service water monitor if
such a monitor were installed. The use of rate-of-change alarm with information obtained from
the liquid sampling and analysis commitments described in Table A.6.1-1 of Part A ensure that
potential releases from the Service Water System are known. Sampling and analysis
requirements for the Service Water System extend over various operating ranges with increased
sampling and analysis at times when leakage from the PCCW to the service water is occurring
and/or the activity level in the PCCW is high.
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8.4

Basis for Waste Gas Processing System Monitors (RM-6504 and RM-6503)

The maximum allowable setpoint for the waste gas system monitors (response in pCi/cm®) can
be determined by equating the limiting off-site noble gas dose rate from the plant vent to the total
body or skin dose rate limits of Part A Control C.7.1.1.a, assuming that all the activity detected
by the vent wide-range gas monitors is due to waste gas system discharges.

By evaluating the noble gas radionuclide with the most limiting dose factor as given on

Table B.1-10, a conservative activity release rate from the plant vent for both whole body and
skin dose rate conditions can be calculated. From Table B.1-10, Kr-89 is seen to be the most
restrictive individual noble gas if it were present in the effluent discharge. Applying plant vent
setpoint equation 5-5 for the whole body, and equation 5-6 for the skin, the maximum allowable
plant vent stack release rate can be calculated as follows:

Ry = 588 1/DFB. (5-5)
where:

Ry = plant vent maximum release rate (UCi/sec) based on the whole body does rate limit

of 500 mrem/yr

DFB, = 1.66E-02 (mrem-m*/pCi-yr), whole body dose factor for Kr-89

588 = conversion factor (mrem-pCi-m®/yr-pCi-sec)
Therefore:

Rp = 588 1/1.66E-02

35,421 uCi/sec maximum release rate at plant vent

Next, the skin dose rate limit is evaluated from equation 5-6 in a similar fashion as follows:

Rskin = 3000 1/DFIC (5'6)
Rskin = plant vent maximum release rate (Ci/sec) based on skin dose
rate limit of 3000 mrem/yr.
DF'. = 2.45E-02 mrem-sec/uCi-yr skin dose factor for Kr-89
3000 = Site boundary skin dose rate limit (mrem/yr)
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therefore:

Reskin 3000 (mrem/yr) 1/2.45E-02(mrem-sec/pCi-yr)

122,449 uCi/sec from the plant vent

Comparing the release rate limit for the whole body to that for the skin (i.e., 35,421 pCi/sec vs
122,449 uCi/sec, respectively) it is determined that the release rate for the whole body is
limiting.

Next, to get the maximum plant vent release rate from the waste gas system discharge, equate the
plant vent maximum release rate limit for the whole body equal to the waste gas system activity
concentration times its flow rate to the plant vent, i.e.:

Ry = 35421(uCilsec) = Rug(MCilem®) Fyg(cm®/sec)

or solving for Ryy:

where:

Rwg(UCi/cm®) = 35421(uCilsec) / Fug(cm®/sec)

Ruwg maximum concentration (setpoint limit) at the waste gas system monitors

waste gas design flow of 566.4 cm*/sec (1.2 cfm)

FWg

therefore:

35,421(uCilsec) / 566.4(cm>/sec)

Rug(UCi/cm?®)

62.5 pCi/cm®

This represents the maximum waste gas discharge concentration which would equal the site
boundary whole body dose rate limit for plant vent releases. Administrative controls may set
alert alarm and high alarm (waste gas isolation) setpoints on the waste gas monitors as some
multiple of expected activity concentration, such as 1.5 and 2 times, respectively, as long as the
maximum setpoint does not exceed 62.5 puCi/cm?®. This provides operational controls to be
exercised before any waste gas discharges could equate to the Part A Control C.7.1.1.a.

The primary process monitor noted in Part A Control C.5.2 is RM-6504, which is downstream of
the waste gas discharge compressor at the end of the process system. Monitor RM-6503 is on the
inlet side of the compressor downstream of the charcoal delay beds, and is considered as an
alternate monitor if RM-6504 is inoperable. For the purpose of setting the maximum discharge
setpoint, RM-6503 is treated the same as RM-6504, which assumes no additional source
reduction before discharge to the plant vent.
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8.5

8.5.1

where:

Basis for the Main Condenser Air Evacuation Monitor Setpoint (RM-6505)

The maximum allowable setpoint for the main condenser air evacuation monitor must be
evaluated for two modes of operation. For normal operations the monitor is responding to a low
flow rate that is typically released through the plant vent stack. During start-up (hogging mode),
the monitor response must be related to a high flow rate that is being released from the turbine
building which is considered a ground level release. In both instances, the setpoint can be
determined by equating the limiting off-site noble gas dose rate from the release point to the total
body or skin dose rates of Part A Control C.7.1.1.a. The most restrictive noble gas mixture has
been found to be represented by the noble gases associated with the fuel gap activity at the time
of plant shutdown. This mixture is listed on UFSAR Table 15.7-20, and provides a limiting
setpoint calculation that bounds other potential or observed offgas mix conditions.

In addition to monitoring the main condenser air, the air evacuation monitor response is also used
as an indicator for Turbine Gland Seal Condenser exhaust. Since this is a potential release
pathway during both the normal and the hogging modes of operation, the impact is considered in
the setpoint calculations.

Limiting Example for the Air Evacuation Monitor Setpoint During Normal Operations

During normal power operation, the maximum allowable setpoint for the air evacuation monitor
is determined by applying plant vent setpoint equation 8-13 for the total body, and equation 8-16
for the skin. Therefore, the maximum allowable stack release rate can be calculated as follows:

Row = (588) (Sy) (L/F) (1/DFB) (8-13)

(cpm) = (mrem-pCi-m*/yr-pCi-sec) (cpm-cm*/uCi) (sec/cm®)(pCi-yr/mrem-m?)

Rib(e) = count rate (cpm) for the plant vent maximum release rate based on the total body
dose rate limit of 500-mrem/yr

588 = conversion factor (mrem-pCi-m®/yr-pCi-sec)

Sy = the detector response efficiency (cpm-cm*/uCi) as determined from monitor

calibration. For the air evacuation monitor, a typical value is
1.87E+08 cpm-cm®/uCi.

F = release flow rate. During normal operations, a typical flow value ranges from 10 to
50 cfm (2.36E+04 cc/sec maximum) for the air evacuation pathway.

DFB. = the composite total body dose factor, (mrem-m*/pCi-yr). For different gas mixes,
the composite can be found from:

DFB.

;Qi DFB; / ;Qi (5-7)

DFB. for the limiting gas mixture is 4.86E-03 mrem-m®/pCi-yr (See Section 5.2.1.2)
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Therefore,

588 1.87E+08 (1/2.36E+04) (1/4.86E-03)

Ribe)

9.59E+08 cpm detector count rate for a maximum release rate at the plant vent based
on the total body dose rate.

Next, the off-site skin dose rate limit is evaluated from equation 8-16 in a similar fashion as

follows:
(cpom) = (mrem/yr) (cpm-cm*/Ci) (sec/cm®) (uCi-yr/mrem-sec)
where:
Rskine) = count rate (cpm) for a plant vent maximum release rate based on the skin dose rate
limit of 3000 mrem/yr
DF. = the elevated release skin dose factor for the limiting noble gas mix associated with fuel
gap activity at shutdown is calculated in the example provided in Section 5.2.1.2, and
is equal to 6.80E-03 (mrem-sec/uCi-yr).
Therefore,

Rsine) = 3000 1.87E+08 (1/2.36E+04) (1/6.80E-03)

= 3.50E+09 cpm detector count rate for a maximum release rate at the plant vent based
on the skin dose rate.

Comparing the release rate limit for the total body to that of the skin (i.e., 9.59E+08 cpm versus
3.50E+09 cpm, respectively) it is determined that the release rate for the total body is limiting in this
case.

Since during normal operations the Turbine Gland Seal Condenser exhaust has the potential to be a
minor additional contribution to the total site release, the effective contribution from the main condenser
exhaust must be limited to some fraction of the calculated value. The contribution from the Turbine
Gland Seal Condenser exhaust is expected to be minor because this system handles only 670 Ibs/hour of
steam which is a very small fraction of the 1.5E+07 Ibs/hour of secondary side steam that the main
condenser handles. Therefore, the maximum alarm is set at 6.71E+08 cpm, which is 70% of the
calculated value, to ensure that the contribution of the two does not exceed the dose rate limit of Part A
Control C.7.1.1.a. During normal operations, this would represent the maximum allowable count rate on
the air evacuation monitor that would equate to the site boundary total body dose rate limit or less.
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8.5.2

where:

Example for the Air Evacuation Monitor Setpoint During Startup (Hogging Mode)

During startup (hogging mode), the determination of the air evacuation setpoint must take into
account a larger air flow rate that is also released as a ground level effluent. The flow rate must
also include the contribution from the Turbine Gland Seal Condenser exhaust, which is a
potential release pathway which the air evacuation monitor response must also take into account.
For ground releases, the general equation 8-10 is used to represent the monitor count rate.

R = (3)(UF) 3Q, (8-10)

(cpom)=  (cpm-cm*/uCi) (sec/cm®) (UCi/sec)

R = detector count rate (cpm)

Sg = the detector efficiency (cpm-cm*/uCi)

F = release flow rate (cm*/sec)

Qi = the release rate of noble gas "i" in the mixture, for each noble gas listed in

Table B.1-10.

For a ground release, the off-site total body dose rate is based on:
D = 34> (Q,DFB)) (3-3b)
A composite total body dose factor, DFB, can be defined such that:

DFB. ¥Q, = X(QDFB) (8-11)
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By substituting 8-11 into 3-3b and rearranging to solve for ZQi the following equation is

obtained:

ZQ. = (D(tb(g)/3'4) (1 DFB)
By inserting a limiting value of 500 mrem/yr as Dy, this simplifies to:
>Q, = 147 (VDFB)

Insertion of this equation into equation 8-10 yields:

Ruwg = 147 Sy (UF)(1/DFB.)
(com) =  (mrem-pCi-m*/yr-pCi-sec) (cpm-cm*/uCi) (sec/cm®) (pCi-yr/mrem-m?3)
where:
Ri = count rate (cpm) for the maximum ground release rate based on the total body dose rate
limit of 500 mrem/yr.
147 = conversion factor (mrem-pCi-m*/yr-pCi-sec)
Sg = the detector response efficiency for the air evacuation monitor (a typical value of
1.87E+08 cpm-cm®/uCi is applied in this example).
F = release flow rate. During the hogging mode of operation, a value of

4.72E+06 cm*/sec (10,000 cfm) is assumed. This represents the hogging flow that is
discharged to the Turbine Building roof via the air evacuation monitor. An additional
1800 cfm is discharged from the Gland Seal Condenser exhaust directly to the
Turbine Building roof without passing via the air evacuation monitor. To account for
this unmonitored flow, an administrative fraction (fgiang) is applied to the setpoint
calculation to ensure that the monitor would alarm before the dose rate limit for the
combined release would be exceeded. One approach for determining a conservative
fraction is to assume that the radioactivity concentration in the gland seal exhaust is
equal to the main condenser offgas, even though the steam flow to the gland seal
system is a very small fraction of the steam flow to the main condenser. Then the
ratio of the Gland Seal Condenser exhaust flow to the total flow of hogging discharge
and gland seal condenser provides for the relative flow of both sources. For the stated
conditions, the unmonitored flow is about 15 % of the total (as additional
conservatism, this could be doubled to 30% for the relative proportion assumed to be
contributed by the unmonitored pathway). Therefore, fgang = 1-0.3, or 0.7 as the
fraction applied to the air evacuation monitor setpoint. An additional fraction (fg) is
also applied to account for the potential offsite dose rate contribution from this total
ground source vs the plant main vent (fy< 1 —f,). The split for this illustration is set
at 0.3 for ground sources and 0.7 for the plant vent.
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DFBc = Composite total body dose factor which weights the combination of total body dose
factors (from ODCM Table B.1-10) of each radionuclide assumed to be in the gas
mix in accordance with the fraction that it makes up of the total release. For the
limiting noble gas mix associated with fuel gap activity at shutdown (see example
calculation provided in Section 5.2.1.2), the value is equal to
4.86E-03 (mrem-m®/pCi-yr).

In addition, two administrative fractions are applied to the general calculation to account for
other release contributions to the site dose that do not go by the air evacuation monitor. The first
(fy) is the fraction of the site boundary total body dose rate limit to be administratively assigned
to monitored ground level releases (for this illustration = 0.3) such that the combination of the
plant vent fraction (f,) and ground fraction (fg) is less than or equal to 1 (f; <1 —f,). The second
release reduction factor (fgiang ) is administratively assigned to account for potential unmonitored
contributions from the Turbine Gland Seal Condenser exhaust (for this illustration = 0.7) which
discharges to the Turbine Building roof without going past the air evacuation monitor

Therefore:

(147) (1.87E+08) (L/4.72E+06) (1/4.86E-03) (0.3) (0.7)

Rib(g)

2.52E+05 cpm detector count rate for a maximum ground release rate based on the
total body dose rate.

Next, the off-site skin dose rate limit for a ground release is evaluated from equation 3-4b in a
similar fashion as follows:

Daing = Z(Q iDFi(g)) (3-4b)

A composite skin dose factor, DF'yg can be defined such that:

DFuo 2O, = X[eor,) 817)

By substituting 8-17 into 3-4b and rearranging to solve for ZQi the following equation is

obtained:
;Qi = Dying (1/ DFé(g))
By inserting a limiting value of 3000 mrem/yr as Dskin(g) this simplifies to:

>Q; = 3000 (1/DF¢q)

Insertion of this equation into equation 8-10 yields:

(mrem/yr) (cpm-cm*/uCi) (sec/cm®) (UCi-yr/mrem-sec)

(cpm)
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where:

Riskin(g) =  Count rate (cpm) for the maximum ground release rate based on the skin
dose rate limit of 3000 mrem/yr.

DF'¢(g) = The composite ground release skin dose factors which weights the
combination of the combined skin dose factors (from ODCM
Table B.1-10) of each radionuclide assumed to be in the gas mix in
accordance with the fraction that it makes up of the total release. For the
limiting noble gas mix associated with fuel gap activity at shutdown (see
example calculation provided in Section 5.2.1.2), the value is equal to
6.80E-03 (mrem-sec/uCi-yr).

As with the whole body dose rate above, the same two administrative fractions, f,
and fgiang are also applied to the skin dose rate response.

Therefore:

Rekin(o) (3000) (1.87E+08) (L/4.72E+06) (1/6.80E-03) (0.3) (0.7)

3.67E+06 cpm detector count rate for a maximum ground release rate based
on the skin dose rate.

Comparing the release rate limit for the total body to that of the skin (i.e., 2.52E+05 cpm versus
3.67E+06 cpm, respectively) it is determined that the release rate for the total body is limiting in
this case.
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APPENDIX A
METHOD | DOSE CONVERSION FACTORS

l. LIQUID PATHWAYS - SEABROOK SITE SPECIFIC DCF'S

The models used to assess doses resulting from effluentsinto liquidsis derived from Appendix A of
Reg. Guide 1.109. Since Seabrook is a salt water site, the assumed pathways of exposure taken from
Reg Guide 1.109 are Aquatic foods - fish; Aquatic foods -invertebrates; and dose from shoreline
deposits (direct dose). No drinking water or irrigation pathways exist because of the salt water
environment. In addition, exposures resulting from boating and swimming activities have been included
for key radionuclides even though Reg. Guide 1.109 identifies these pathways as not contributing any
significant contribution to the total dose, and therefore does not provide dose equations for them. For
completeness, the swimming and boating pathways have been included using the dose models from the
HERMES code (HEDL-TME-71-168, Dec. 1971) section G, Water Immersion.

The Method | dose conversion factors are derived by calculating the dose impact to individuals viathe
site specific pathways for a unit activity release (1 curie per nuclide). For each pathway, doses by
radionuclide are calculated for each of the 7 organs (including whole body) for each of the four age
groups (adult, teen, child, and infant). The Method | dose factor for each nuclide is then selected by
taking the highest factor for any organ in any of the age groups for al the exposure pathways combined.
Thelist of dose factorsin the ODCM then represents a combination of different limiting organs and age
groups which, when used to calculate a dose impact from amix of radionuclides released in liquid
effluents, gives a conservative dose since it combines the exposure to different organs and age groups as
if there was a single critical organ-age group.

As an example of how the liquid dose conversion factors are devel oped, the following calculation for
Co-60 is shown. The critical organ/age group is selected based on the full assessment of all organs and

age groups.
Factor for fish Ingestion:

The general equation for ingestion dosesin RG 1.109 iseq. A-3.
Ux™M o
1119.7*%* iZQi* Bip* Dap * €1

The full assessment for the ODCM dose factors indicated that for i = Co-60, the maximum
dose (mrem/yr) isto the GI-LLI of an adult as the target organ and age group, therefore:

Uaxp = 21 kg/yr adult usage factor for fish
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M, = 01 mixing ratio for near field dilution provided by submerged
multiport diffuser.

F = 918 cu. ft./sec effluent flow rate for circulating water system

Qi = 10 curies/year released of Co-60 assumed

Bip = 100 equilibrium bioaccumulation factor for Co-60 in salt water fish, in
liters’kg

Daipj = 4.02* 10° mrem/pCi. adult GI-LLI ingestion dose factor from

RG-1.109, table E-11.

A = 1.501* 10° decay constant for Co-60 in V/hrs.
tp = 24 time between release and ingestion, in hrs.
1119.7 is the factor to convert from Ci/yr per ft¥/sec to pCi/liter. Note

that RG 1.109 uses 1100 as a rounded approximation.

Therefore the dose from fish to adult GI-LLI is (mrem/yr):

Uap

1119.7% FM"*Q Bip* Day* & = 0.01032

Factor for invertebrate ingestion:

Next, the dose from invertebrates to the adult GI-LLI is given by the same general equation but
with the following variables changed:

Uap = 5 kg/yr usage factor

Bip 1000 1/kg bioaccumulation factor
all other variables the same as above

therefore the dose from invertebrates is (mrem/yr):

Uap

1119.7* FM"*Q Bip* Dy * €7 = 0.02453

Factor for shoreline direct dose:

The general equation for direct dose from shoreline deposits is taken from equation A-7 in
RG-1.109 as (mrem/yr):
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* * W
111970+ Y2 M 5 o e iee 4

It is assumed that all internal organ doses also receive exposure from direct external sources,
therefore each organ dose due to ingestion must have an external component added. For the
above equation, the site specific variables for an adult exposure to a1 curie per year release of

Co-60 are:

Usap

Mp

th

Q

111970

334

0.1

0.5

1.923*10°

17010

0.0

131400

1.0

hrs/year usage factor used for assumed shoreline activities at
Seabrook.

mixing ratio for near field dilution provided by the submerged
multiport diffuser and assume to be extended to the beach
continuously.

shorewidth factor for ocean sites, dimensionless
radioactive half lifein days for Co-60

dose factor for Co-60 due to deposits in sediments, units of
(mrem/hr)/(pCi/m?)

transit time to point of exposure, hrs

period that sediment is assumed to be exposed to water
contamination for long term buildup, set at 15 years for
Method | DCF's

curies per year, Co-60 assumed

conversion factor to convert (Ci/yr)/(ft*/sec) to pCi/liter and
account for the proportionality constant used in sediment
model

Therefore the dose to the whole body and each organ due to direct exposure to the shoreline

(mremlyr) is:

111970*

Uap* Mp*W

Direct dose due to Swimming:

*Q* T* Day* &% [1- 7| = 005735

The dose due to immersion in water (swimming) is taken from the HERMES computer code.
The original ODCM cal culation was based on some preliminary dilution assumptions which gave
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anear field prompt dilution factor for the multiport diffuser of 8. For single unit operation with
both service water and circulating water flow (412,000 gpm), avalue of 10 ismorerealistic. This
surface area of the plume is restricted to asmall area over the diffuser and does not touch the
shoreline approx. 1 mile away. Since the over al impact from swimming is small when
compared to the other exposure pathways, the original conservatism on dilution are kept here.

The dose from swimming is given by the following equation:

107107 2% ¥Q* DFn6 (mremiyr)
Where:

Up = 45 hrs/yr, usage factor for swimming for maximum age group
(teen) from HERMES.

Fa = 6.56*10" literslyr, estimated annual dilution effluent flow in multiport
diffuser

Qi = 1.0 Curieslyr, assumed release rate of nuclidei.

DFinm =  46*10° mrem-liters per hrs-pCi, dose factor for Co-60 for water

immersion taken from HERMES.
1.0*10% constant for pCi/Ci

Therefore the swimming dose for a 1 curie release of Co-60 is (mrem/yr):

1.0*10%* Up*%* Q * DFim=3.155%*10°7

a

As can be seen, the contribution of the swimming dose is only about one 30000ths of the total of the
RG 1.109 pathways, and can be ignored in the case of Co-60. Similarly, the boating dose as given in
HERMES istaken as half of the swimming dose, (and corrected for change in usage assumptions). The
resulting dose is found to be less than the swimming dose and can also therefore be discounted in this
case.

Total liquid Pathway dose:

The sum of the above liquid pathway doses can now be added to give the total maximum
individual dose to the critical organ (adult-GI-LL1I) for Co-60. Thisgives:

0.0103 + 0.0245 + 0.0573 = 0.0921 mrem/yr
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Since the internal doses given by the RG-1.109 methods actually are 50 yr dose commitments
resulting from one year exposure to the quantity of activity assumed to be released into the water,
and the direct dose represents the dose received for the period assumed to be exposed to the
pathway, and the activity release was taken as a unit quantity (i.e. Q = 1 Ci), the above total
liquid pathway dose can be stated as site specific committed dose factor in mrem/Ci released.

For Method | in the ODCM, the critical organ dose factor is seen to be 0.0921 mrem/Ci, as
shown above. The value reported on Table B.1-11 (9.22 E-08 mrem/lCi) was generated by a
computational routine which givesrise to the round-off difference between it and the above
example. The whole body site specific dose factor for the ODCM was calculated in the same
way treating the whole body as a separate organ.
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. GASEOUS PATHWAY S - SEABROOK SITE SPECIFIC DCF'S

The models used to assess doses resulting from gaseous effluents in the form of iodines, tritium, and
particulates are derived from Appendix C of Reg. Guide 1.109. For Seabrook, it is assumed that at the
off site location which exhibits minimum atmospheric dilution for plant releases the following exposure
pathways exist: inhalation, ground plane, ingestion of goats milk, meat, stored vegetables, and |eafy
vegetables.

The Method | dose and dose rate factors are derived by calculating the dose impact to all age group
individuals viathe site specific pathways for a unit activity release (1 curie per nuclide). For each
pathway, doses by nuclide are calculated for each of 7 organs (including the whole body) for each of the
4 age groups. The Method | dose factor for each nuclide is then selected by taking the highest factor for
any organ in any of the age groups for all exposure pathways combined. Thelist of dose factorsin the
ODCM then represents a combination of different limiting organs and age groups which, when used to
calculate the dose impact from amix of radionuclides released into the atmosphere, gives a conservative
dose since it combines the exposure to different organs and age groups as if they were for al the same
critical organ-age group.

As an example of how the gaseous particul ate dose factors are developed, the following calculation for
Mn-54 isshown. The critical organ/age group for Mn-54 was selected based on a full assessment of all
organ and age group combinations. For elevated releases from the plant vent stack to the maximum site
boundary (max. dose point due to meteorology), the critical organ and age group for Mn-54 was
determined to be the GI-LLI for the adult.

PART A: INHALATION DOSE CONTRIBUTION

The general equations for inhalation dosesin RG 1.109 are eq. C-3, and C-4 which together give:

X
3.17*10"* R.* [5} > Q*DFAja=Dj.8

Where for the case of Mn-54 releases, the variables above are defined as;

3.17%10* isthe number of pCi/Ci divided by the number of second per year

Ra := 8000 the breathing rate for age group a (adults) in m® /yr.

g 9 := 75*10" thelong term average depleted atmospheric dispersion factor, in
sec/m°, at the maximum exposure point off site (S.B.)

Q = 1 the release rate of nuclidei to the atmospherein Ci/yr
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DFAjjz :== 9.67* 10°  theinhalation dose factor for nuclidei (Mn-54), organ j (GI-LLI),
and age group a (adult) taken from RG 1.109, table E-7, in
mrem/pCi inhaled.

Therefore, the inhalation dose to the maximum potential off site individual is given as:

3.17*10"* R, * [ é }* Q,* DFA» = 0.00184 mrem/yr per Ci 10

PART B: GROUND PLANE DIRECT DOSE CONTRIBUTION

The general equations for ground plane external direct dose in RG 1.109 are equations C-1 and C-2
which together give the dose DG as:

o Aitth
8760*1.0*10°* §* { %}* >Q* e oFG, 1

Where for the case of Mn-54 releases, the variables in the above equation are defined as:

1.0*10™ is the number of pCi per Ci

0.7 the shielding factor provided by residentia structures
(dimensionless) for use in cal culation accumulated doses over
time. Note that for determination of dose rate factors (i.e.
instantaneous dose rates) the shielding factor is set equal to 1.0, or
in effect no credit for dose reduction is taken for determination of
doserates at pointsin time.

S

% 12:= 15*10® thelong term average relative deposition factor at the maximum
site boundary location, in 1/m?

Ai = 0.8105 isthe radiological decay constant for Mn-54 (nuclidei in this
case) in lyr.

tp = 15 isthetimein years over which accumulation is evaluated (approx.

midpoint of plant operating life)

DFG;:= 5.80* 10° external dose factor to the whole body, or any internal
organ j, for standing on contaminated ground from
Mn-54 (RG 1.109 Table E-6) in mrem/hr per pCi/m?

Q = 10 is the unit release quantity assumed for each nuclidei, in Ci/yr.
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8760 isthe number of hoursin ayear

Therefore, the contribution to the total dose made by exposure to the ground plane at the maximum off
site exposure location for Mn-54 isgiven as:

_ oAt
8760*1.0*10"* S-* [g} *Q, 1-elhy DFG;=0.65813  mrem per yr per Ci
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PART C: INGESTION DOSE CONTRIBUTION:

Asan initial step to determining the dose contribution from ingestion of milk, meat, stored vegetables,
and leafy vegetables, we must first calculate the radionuclide concentration in forage, produce, and leafy
vegetables resulting from atmospheric tranfers of the activity to the surface of the vegetation and onto
the soil for root uptake. For all radioiodines and particulate nuclides (except tritium and C-14), the
concentration of nuclidei in and on the vegetation at a point of interest can be calculated using R.G.
1.109 equations C-5 and C-6, which combined gives:

1.14*108*{2}*Qi*{r*1'e' '
Q Y * e P* A

PART C.1: Concentration in Produce (stored vegetables)

For the case of Mn-54 released in air emissions to the maximum site boundary, the concentration of Mn
in produce grown in the hypothetical garden at that |ocation can be calculated from the above equation
where the variables are defined as:

1.14*10° isthe number of pCi per Ci divided by the number of hoursin a
year (8760).

% =15%10%15 isthereative deposition factor, in 1/m?, at the maximum exposure point off site

(S.B))

Q =1 the release rate of nuclidei to the atmospherein Ci/yr

r = 02 fraction of deposited activity retained on crops, leafy vegetables,
or pasture grass (1.0 for iodines)

.= 0.00219 effective removal rate constant for Mn-54 from crops due to
decay and weathering, in hr-1

tp = 131400 soil exposure time to deposition, in (equal to 15 yrs, or mid plant
life)

Y, = 20 agricultural productivity (yield) for produce, in kg/m-2

By = 29%10? concentration factor for uptake of Mn-54 from soil by edible parts

of cropsin pCi/kg (wet weight) per pCi/kg dry soil
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A 9.25210° radioactive decay constant for Mn-54, in hrs-1

P = 240 effective surface density of soil, in kg/m?
th = 1440 crop holdup time after harvest and before ingestion, in hrs
te = 1440 crop exposure time to plume, in hrs

Therefore, the concentration of Mn-54 in stored vegetables produced at the location of maximum
deposition for aunit activity releaseis given as:

1.14* 108* |: % :|* Qi * |:r* -— + Biv*;i|* e—)li*th =67.37916 pC|/kg

PART C.2: Leafy Vegetable Concentration

For leafy vegetables, the above equation is repeated with the value for ty,, crop holdup time after harvest
is changed from 1440 hrsto 24 hrs, i.e.:

th = 24 crop holdup time after harvest, in hrs.

Therefore the concentration of Mn-54 in leafy vegetables at the maximum deposition point due to a unit
activity releaseis given as.

1.14% 10 D Liqx r*l'eh +B,* X * g h'th = 76,81117 pCi/kg
9 Q _

PART C.3.ac Animal Feed concentration (pasture): C,

Next, we can repeat the above calculation to determine the concentration of Mn-54 in pasture grass used
asanimal feed. Thiswill allow for the determination of dose contribution from milk and meat.

For pasture grass, all the above variables remain the same except for:

Y, = 070 for agricultural productivity of pasture grasses, kg/m?
te = 720 for grass exposure time to plume, hrs
th = 00 for holdup time after harvest
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Using these variables in the above equation gives the concentration in pasture grass as.
3 D 1_e_ * - * _/]‘* _ .
1.14*10°* 6 *QFIr*——+B,*—— |* %" =179.22718 pCi/kg

PART C.3.b: Anima Feed Concentration (stored feed): Cs

For stored feed that would be given to goats, or meat animals, the average concentration would be
calculated by changing the following variables in the above calculation to:

Yy, = 20 agricultural productivity for stored feed
te = 1440 feed crop exposure time to plumein hrs
th = 2160 feed crop holdup time after harvest, hrs

Putting these values back into the above equation gives the concentration in stored animal feed (goat and
meat animal) of Mn-54 for a unit activity release to the maximum exposure point.

114% 10| 2 [ro x|+ 17 " g +1€" "k - 6303719 pCilkg
ol _

PART C.3.c.: Concentration in Goat's Milk: Cn

The Mn-54 concentration in milk is dependent on the amount and contamination level of the feed
consumed by the animal. The radionuclide concentration in milk is estimated from RG 1.109 general
eguation C-10 as:

Fn* C,* Q-* /" 20 = conc. in milk, pCi/liter
where the variables are defined as:

Fn = 25%10* average fraction of animal's daily intake of Mn-54 which appears
in each liter of milk, in dayg/liter

Q = 60 amount of feed consumed by a goat per day, in kg/day (50 kg/d
for meat)
s = 20 average transport time of activity from feed into milk and to

receptor, in days.
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o= 222*10° decay constant of Mn-54, in days-1

In addition, the C, term for the concentration of anuclide in the animal's feed is given from RG 1.109
genera equation C-11 as:

Co=fp* " Co+ [I-f o] Gt f, ¥ - * c. 21

where the following equals.

fo = 05 fraction of the year that animals graze on pasture

fs = 10 fraction of daily feed that is pasture grass when the animal grazes
on pasture

Co = 179227 concentration of Mn-54 in pasture grass as calculated from above,
pCi/kg

Cs = 63037 concentration of Mn-54 in stored feed as calculated from above,
in pCi/kg

Therefore, the concentration in the total animal's feed is estimated to be:
Fo*f* Co+ [l * Gt £,* [1-FJ* C, =121.132 pCilkg 22

When this value of 121.132 is put back into the above general equation for nuclide concentration in
milk, we get:

[C, := 121132 pCikg ]
and

Fn* C,* Q.* " = 0.18123pCi/liter of Mn-54 in goats milk

PART C.3.d.: Concentration in Meat: Cs

Similar to milk, the concentration of the nuclide in animal meat is calculated. RG 1.109 general equation
C-12isgivenas:

C=FR*C,* Q" el 24

Here the variables are set as;

F = 80*10* fraction of animals daily intake of Mn-54 which appears in each
kg of flesh, in days/kg
Q- = 500 animal's daily feed intake, in kg/day
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ts

Cv

20.0 average time from slaughter to consumption, in days

121.132 concentration on Mn-54 in animal's feed, same as calcul ated
abovefor goat, in pCi/kg

Therefore, the concentration of Mn-54 in animal meat is calculated to be:

F*C,* Q.* e”"==4.63525pCi/kg in meat for Mn-54
PART D: DOSE FROM INGESTION OF FOODS PRODUCED AT MAXIMUM LOCATION

Now that we have calculated the concentration of Mn-54 in milk, meat, leafy vegetables, and stored
vegetables produced at alocation of maximum air deposition, the resulting dose to any organ j and age
group a can be calculated from the following general equation C-13 taken from RG 1.109:

Z DFlija* [ Uva*fg* Cv + Uma* Cm + UFa* Cf + ULa*fl* CL] 26

For Mn-54 set equal to i, we find that from the evaluation of all organsfor all age groups for
combination of all exposure pathways, the adults GI-LLI isthe critical age group/organ. Therefore, the
variables in the above dose equation can be defined as:

DFljja =  1.40*10° ingestion dose factor for adults'Gl-LLI for Mn-54, in mrem/pCi
ingested (RG 1.109, Table E-11)

Uva = 520.0 vegetable ingestion rates for adults, kg/yr

fq = 0.76 fraction of stored vegetables grown in the garden

f1 = 1.0 of leafy vegetables grown in the garden

Uma = 3100 milk ingestion rate for adults, liter/yr

Ura = 1100 meat ingestion rate for adults, kg/yr

ULa = 640 leafy vegetable ingestion rate for adults, kg/yr

Cv = 67.379 concentration of Mn-54 in stored vegetables, in pCi/kg (from
above)

Cm = 0181 concentration of Mn-54 in milk, in pCi/liter (from above)

C =  4.635 concentration of Mn-54 in meat, in pCi/kg (from above)
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CL = 76.811 concentration of Mn-54 in leafy vegetables, in pCi/kg (from
above)

The dose from the combination of ingestion pathways for this exampleis calculated by substituting the
above listed variables back into the ingestion dose equation:

DFlja* [Uwa* fg* Cy + Upa™ Con+ Uga™ Cr + Ua* f1* C] = 0.4495 27 mrem-/yr per Ci

By breaking the above dose equation down into the different pathways which combine to give the total
ingestion dose, we can see the individual dose contribution made by each exposure pathway.

Therefore, we have:

Dose for ingestion DFlija*Uya*fg *C, = 0.373
of stored vegetables

Dose for ingestion DFlija *Upa * Cy = 7.855% 10
of goat's milk

Dose for ingestion DFljja *Uga *Cs = 0.00714

of meat

Dose for ingestion DFljja*ULa*f1 *CL = 0.0688

of leafy vegetables

PART E: TOTAL DOSE FROM ALL EXPOSURE PATHWAYS

Thetotal dose from all exposure pathways assumed to be present at the maximum receptor location can
be found by simply adding the individual pathway doses calculated above. Since all the calculations
above assumed a unit activity release from the plant vent stack, the combined dose can be stated as dose
factor per unit activity released. Thisthen demonstrates the development of the Seabrook ODCM
Method | dose factors for gaseous release of particulates from the vent stack.

Inhalation dose (Part A) 0.00184 mrem/yr per Ci
Ground plane dose (Part B) 0.658 mrem/yr per Ci
Ingestion dose total (Part D) 0.449 mrem/yr per Ci
Total dose al pathways 1.11 mrem/yr per Ci

(critical organis GI-LLI
of an adult for Mn-54)
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App. B
PART 20 « STANDARDS FOR PROTECTION AGAINST RADIATION
Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Cal. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average
Atomic Radiocnuclide Class AL ALl Air Water Concentration
No. (uCi) (uCi) (pCi/m)) " (uCi/mi)  (pCi/ml) {(uCi/mi)
1 Hydrogen-3 Water, DAC includes skin »
absorption 8E+4 8E+4 2E-5 1€-7 1E-3 1E-2
Gas (KT or Tz)Submersionl: Use above values as HT and T, oxidize in air and in the body to HTC.
4 Beryllium-7 W, all compounds except 4E+4 2E+4 9E-6 3E-8 6E-4 6E-3
those given for Y
Y, oxides, halides, and
nitrates - 2E+4 8E-6 3E-8 - -
4 Beryllium-10 W, see 7Be 1E+3 2E+2 6E-8 2E-10 - -
LLI wall
7 (1£+3) - - - 2E-5 2E-4
Y, see 'Be - 1E+1 6E-9 2E-11 - -
6 Carbon-ll2 Monoxide - 1E+6 5€-4 2E-6 - -
Dioxide - BE+S 3E-4 9g~7 - -
Compounds 4E+5 4E+5 2€-4 6E-7 6E-3 6E-2
6 Carbon-14 Monoxide - 2E+6 7€-4 2E-6 - -
Dioxide - 2E+5 9E-5 3E-7 - -
Compounds 2E+3 2E+3 1E-6 3€-9 3E~5 3E-4
9 Fluorine-lﬁz D, fluorides of H, Li,
Na, X, Rb, Cs, and Fr SE+4 7E+4 3E-5 1E-7 - -
St wall
(5E+4) - - - 7E-4 7€-3
W, fluorides of Be, Mg,
Ca, Sr, Ba; Ra, A}, Ga,
In, T1, As, Sb, Bi, Fe,
Ru, Os, Co, Ni, Pd, Pt,
Cu, Ag, Au, In, Cd, Hg,
Se, Y, Ti, Ir, V, Nb,
Ta, Mn, Tc, and Re - 9E+4 4E-5 1E-7 - -
Y, lanthanum fluoride - 8E+4 3E-5 1E-7 - -
11 Sodium-22 D, all compounds AE+2 6E+2 3E-7 9E-10 6E-6 6E-5
11 Sodium-24 D, all compounds 4E+3 S5E+3 2E-6 7€-9 SE-5 SE-8
12 Magnesium-28 0, all compounds except
those given for W 7E+2 2E+3 7€-7 2E-9 9E-6 9€-5
W, oxides, hydroxides,
carbidés, halides, and
nitrates - 1E+3 5e-7 2E-9 - -
13 Aluminum-26 0, all compounds except
- those given for W 4E+2 6E+1 3€-8 9€-11 6E-6 6€~5
W, oxides, hydroxides,
carbides, halides, and
nitrates - 9E+1 4E-8 15-10 - -
14 Siticon-31 D, all compounds except
those given for W and Y 9E+3 3E+4 1E-5 4E-8 1E-4 1£-3
W, oxides, hydroxides,
carbides, and nitrates - 3E+4 1E-5 SE-8 - -
Y, aluminosilicate glass - 3E+4 1E-5 4E-8 - -
14 Silicon=-32 D, see 315i 2E+3 2E+2 1€-7 3E-10 - -
LLI wall
o (3E+3) - - - 4€-5 4E-4
W, see 315i - 1E+42 SE-8 2E-10 - R -
Y, see “7Si - S5E+0 2E-9 7E-12 - -
15 Phosphorus-32 D, all compounds except
phosphates given for W 6E+2 9E+2 4E-7 1£-9 9E-6 9E-5
W, phosphates of an’,
s, Mg, re, Bi?t,
and lanthanides - 4E+2 2E-7 SE-10 ~ -
15 Phosphorus-33 D, see ;gp 6E+3 8E+3 4E~6 1E-8 8E-5 B8E-4
W, see ““p - 3E+3 1E-6 4€-9 - -
B-2 ODCM Rev. 25
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App. B

App. B

PART 20 « STANDARDS FOR PROTECTION AGAINST RADIATION

Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. -2 Col. 3 Col. 1 Col. 2
Oral _Monthly
Ingestion Inhalation Average
Atomic Radionuclide Class ALl AL Air Water Concentration
No. (pCi) (pCi) (uCi/m1) (uCi/ml). (pCi/ml) - (uCi/ml1)
16 Sulfur-35 Vapor - 1E+4 6E-6 2E-8 - -
D, sulfides and sulfates
except those given for W 1E+4 2E+4 7E-6 2E-8 - -
LLI wall
(8E+3) - - - 1E-4 1E-3
W, elemental sulfur, 6E+3
sulfides of Sr, Ba, Ge,
Sn, Pb, As, Sb, Bi, Cu,
Ag, Au, In, Cd, Hg, W, and
Mo. Sulfates of Ca, Sr,
Ba, Ra, As, Sb, and Bi - 2E+3 9E-7 3E-9 - -
17 Chlorine-36 D, chlorides of H, Li,
Na, X, Rb, Cs, and Fr 2E+3 2E+3 1E-6 3€-9 2E-5 2E-4
W, chlorides of lantha-
nides, Be, Mg, Ca, Sr,
Ba, Ra, Al, Ga, In, T1, .
Ge, Sn, Pb, As, Sb, Bi,
Fe, Ru, Os, Co, Rh, Ir,
Ni, Pd, Pt, Cu, Ag, Au,
In, Cd, Hg, Sc, Y, Ti,
Ir, Hf, V, Nb, Ta, Cr,
Mo, W, Mn, Tc, and Re - 2E+2 1E-7 3E-10 - -
b thiorine-382 0, see 36¢i 2E+4 444 2-5 6E-8 - -
St. wall
36 (3E+4) - - - IE-4 3E-3
. W, see “°C1 - 5E+4 2E~5 6E-8 - -
17 Ch]orine-392 D, see 36C1 2E+4 SE+4 2€E-5 7e-8 - -
St. wall
16 (4E+4) - - - SE-4 SE-3
W, see 7°C1 - 6E+4 2E-5 8E-8 - -
18 Argon-37 Submersiont - - 1E+0 6E-3 - -
18 Argon-39 Submersionl - - 2E-4 8E-7 - -
18 Argon-41 Submersion1 - - 3E-6 1E-8 - -
19 Potassium-40 D, all compounds 3E+2 4E+2 2e-7 6E-10 AC-6 4E-5
19 Potassium-42 D, al} compounds SE+3 5E+3 2E-6 7E-9 6E-5 6E-4
19 Potassium~43 D, all compounds 6E+3 9E+3 4E-6 1€-8 9E-5 9E-4
19 Potassium-442 D, all compounds 2E+4 7E+4 3E-5 9e-8 - -
) St. wall
(4E+4) - - - SE-4 SE-3
19 Potassium-ASz D, all compounds 3E+4 1E+5 SE-S 28-7 - -
St. wall
(5E+4) - - - 7E-3 7E-3
20 Calcium-41 W, al) compounds 3E+3 4E+3 2E-6 - - -
Rone surf Bone surf
(AE+3) (4E+3) - 5E-9 6E-S 6E-4
20 Calcium-45 W, all compounds 2E+3 8E+2 4E-7 1£-9 26-5 26-4
20 Calcium-47 W, all compounds BE+2 9E+2 4E-7 1E-9 1E-5 1E-4
21 Scandium-43 Y, all compounds TE+3 2E+4 9€-6 3e-8 1€-4 1€-3
21 Scandium-44m Y, all compounds S5§+2 TE+2 3E-7 1E-9 7€-6 7€-5
21 Scandium-44 Y, all compounds 4E+3 1E+4 SE~6 2E-8 5E-5 SE-4
21 Scandium-46 Y, all compounds 9E+2 2E+42 1E-7 3€-10 1E-5 1€-4
21 Scandium-47 Y, all compounds 2643 3E+3 1E-6 4E-9 - -
LLI wall
(3E23) - - - 4E-5 4E-4
21 Scandium-48 Y, all compounds 8E+2 1E+3 6E-7 2€-9 1E-5 1E-4
21 Scandium—492 Y, all compounds 2E+4 5E+4 28-5 8E-8 3E6-4 3E-3
22 Titanium-34 D, al1 compounds except
those given for W and Y 3E+2 1E+1 SE-9 2E-11 4E-6 4E-5
W, oxides, hydroxides,
carbides, halides, and
nitrates - IE+1 1£-8 4E-11 - -
Y, SrTi0, - 6E+0 2£-9 8E-12 - -
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PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION

App. B

Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuclide Class ALI AL DA Air Water Congentrat]on
No. (pCi) “(pCi) (uCi/m1)  (pCi/mi) (uCi/m1)  (pCi/ml)
22 Titanium-45 D, see ::Ti 9E+3 IE+4 1E-5 3E-8 1E-4 1€-3
W, see MT'i - 4E+4 1E-5 SE-8 - -
Y, see Ti - 3E+4 1E~S 4£-8 - -
23 Vanadium~472 D, all compounds except
those given for W 3E+4 8E+4 3E-5 1E-7 - -
St. wall
(3E+4) - - - 4t-4 4E-3
W, oxides, hydroxides,
carbides, and halides - 1E+5 4E-5 1e-7 - -
23 Vanadium-48 D, see %V 6E+2 1E+3 5€-7 2E-9 9E-6 9E-5
W, see 'V - 6E+2 3t-7 9E-10 - -
23 vanadium-49 D, see ¥y TE+4 IE+4 16-5 - - -
LLI wall Bone surf
e (9E+4) (3E+4) - SE-8 1£-3 1€-2
W, see 'V - 2E+4 8E-6 2E-8 - -
24 Chromium-48 D, all compounds except
those given for W and Y 6E+3 1E+4 SE-6 2E-8 8E-5 8E-4
W, halides and nitrates - TE+3 3E-6 1€-8 - -
Y, oxides and hydroxides - TE+3 3E-6 1€-8 - -
24 Chromium-49° D, see Ascr IE+4 BE+4 8E-5 1E-7 4-4 4€-3
W, see ,.Cr - 1E+5 4E-5 1€-7 - -
Y, see " Cr - 9E+4 4€-~5 1€-7 - -
2 Chromium-51 D, see oCr 4+ SE+4 26-5 6E-8 SE-4 SE-3
W, see 48Cr - 2E+4 1E-5 3E-8 - -
Y, see " Cr - 2£+4 8t-6 3€-8 - -
25 Manganesé-Slz D, all compounds except
those given for W 2E+4 5E+4 2E-5 7e-8 3t-4 3E-3
W, oxides, hydroxides,
hatides, and nitrates - 6E+4 3E-5 8E-8 - -
25 Manganese-52s° D, see >lmn 3E+4 9E+4 4-5 16-7 - -
St. wall
51 (8E+4) - - - SE-4 5€-3
W, see Y "Mn - 1E+5 AE-5 1E-7 - -
25 Manganese-52 D, see 2l 7E+2 1643 SE-7 26-9 1E-5 1E-4
W, see ~ Mn - 9E+2 4g-7 1E-9 - -
25 Manganese-53 D, see 51Hn SE+4 1E+4 SE-6 - T7E-4 7€-3
Bone surf
51 - (2E+4) - 3t-8 - -
W, see “"Mn - 1£+4 5E-6 2E-8 - -
25 Manganese-54 D, see ;’}nn 2E43 9E+2 4E-7 1£-9 3E-5 3E-4
W, see ~Mn - BE+2 3E-7 1E-9 - -
25 Manganese-56 D, see olMn 5£+3 2644 6E-6 2-8 7E-5 76-4
W, see " Mn - 2E+4 9E-6 3e-8 - -
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PART 20 STANDARDSFOR PROTECTION AGAINST RADIATION

App. B

Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. Cotl. 1 Col. 2
Oral Monthly
. Ingestion Inhalation Average
Atomic Radionuclide Class AL Air Water Concentration
No. (pCi) (uCi) (uCi/m1)  (uCi/mt) (pCi/ml1) (pCi/ml)
26 Iron-52 D, all compounds except
those given for W 9E+2 3E+3 1E-6 4E-9 1E-5 1€-4
W, oxides, hydroxides,
and halides - 2E+3 1E-6 3E-9 - -
2 Iron-55 D, see :lre 9E+3 2643 8€-7 3E-9 1E-4 1€-3
W, see "“Fe - 4E+3 2E-6 6E-9 - -
2% Iron-59 D, see oFe 8E+2 3642 -7 SE-10 1E-5 1E-3
W, see ““Fe - SE+2 2€-7 7E-10 - -
26 Iron-60 D, see ggFe 3E+1 6E+0 3e-9 9€-12 4E-7 4E-6
W, see ““Fe - 2E+1 8E-9 3E-11 - -
27 Cobalt-55 W, all compounds except
those given for Y 1E+3 3E+3 1E-6 4E-9 2E-S 2E-4
Y, oxides, hydroxides,
halides, and nitrates - 3E+3 1E-6 4E-9 - -
2 Cobalt-56 W, see 2:Co SE+2 3E+2 1E-7 5E-10  6E-6 6E-5
Y, see “Co 4E+2 2E+2 BE-8 3e-10 - -
27 Cobalt-57 W, see 23Co BE+3 3643 1E-6 4E-9 6E<5 6E-4
Y, see o 4E+3 7E+2 3E-7 9%€-10 - -
27 Cobalt-58m W, see ggCn 6E+4 SE+4 4E-5 1E-7 8E-4 BE-3
Y, see ““Co - 6E+4 3E-S 9E-8 - -
27 Cobalt~58 ™ W, see ;oCo 2643 1E+3 SE-7 2-9 2-5 26-4
Y, see ““Co 1E43 TE+2 3E-7 1E-9 - -
27 Cobalt-60m? W, see 9o 1646 AE+6 2€6-3 6E-6 - -
St. wall
55 (1E+6) - - - 2E-2 2E-1
Y, see ““Co - 3E+6 1E-3 4E-6 - -
27 Cobalt-60 W, see 22Co SE+2 2642 76-8 E-10 36 3E-5
. Y, see ““Co 2E+2 3E+1 1E-8 SE-11 - -
27 Cobalt-617 W, see 23Co 2644 6E+4 3E-5 3¢-8 3E-4 36-3
Y, see ““Co 2E+4 6E+4 2E-5 8E-8 - -
27 Cobalt-62n? W, see “5co €4 2645 7E-5 2-7 - -
St. wall
55 " (SE+4) - - - 7E-4 7E-3
Y, see ~““Co - 2E+5 6E-5 2E-7 - -
28 Nickel-56 D, all compounds except
those given for W 1E+3 2E+3 8E-7 3E-9 2E-5 2E-4
W, oxides, hydroxides,
and carbides - 1E+3 SE-7 2E-9 - -
Vapor - 1E+3 SE-7 2E-9 - -
28 Nickel-57 D, see ggNi 2E+3 5E+3 2E-6 7€-9 2E-5 2E-4
W, see ~ Ni - 3E+3 1E-6 4£-9 - -
Vapor - 6E+3 3t-6 9E-9 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. Col. Col. 1 Col.
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuclide Class ALl L DA Air Water Concentration
No. (pCi) (uCi) (pCi/m1)  (pCi/m1)  (uCi/ml)  (pCi/ml)
28 Nickel-59 D, see 2oNi 2644 ag+3 26-6 5€-9 3E-4 3€-3
W, see " Ni - TE+3 3E-6 1t-8 - -
Vapor - 2E+3 8E-7 3t-9 - -
28 Nickel-63 D, see oNi 9E+3 2643 7E-7 26-9 1E-4 16-3
W, see “ Ni - 3E+3 1E-6 4E-9 - -
Vapor - 8E+2 3€-7 1E-9 - -
28 Nickel-65 D, see 2oNi 8E+3 26+4 1€-5 3E-8 1€-4 16-3
W, see “°Ni - 3E+4 1E-5 4E-8 - -
Vapor - 2E+4 7E-6 2€-8 - -
28 Nickel-66 9, see i aE+2 2643 76-7 29 - -
LLI wall
56 (5€+2) - - - 6E-6 6E-5
W, see “°Ni - 6E+2 3E-7 9E-10 - -
Vapor - 3E+3 1€-6 4E-9 - -
29 Copper-ﬁoz D, all compounds except
those given for W and Y 3E+4 9E+4 4E-5 1E-7 - -
St. wall
(3E+4) - - - 4E-3 4E-3
W, sulfides, halides,
and nitrates - 1E+5 SE-5 2E-7 - -
Y, oxides and hydroxides - 1E+5 4€-5 1E-7 - -
29 Copper-61 D, see Socu 16+4 3E+4 1E-5 4E-8 26-4 2€-3
W, see 50Cu - 4E+4 2€-5 6E-8 - -
Y,.see ~Cu - 4E+4 1€-5 SE-8 - -
29 Copper-64- D, see Socu 1644 3E+4 1E-5 4E-8 2E-4 -3
W, see 60Cu - 2E+4 1E-5 3E-8 - -
Y, see ~Cu - 2E+4 9E-6 3E-8 - -
29 Copper-67 D, see ggCu S5E+3 8E+3 3E-6 1E-8 6E-5 6E-4
W, see 60Cu - S5E+3 2E-6 7E-9 - -
Y, see " Cu - 5E+3 26-6 6E~-9 - -
30 Zinc-62 Y, all compounds 1E+3 3E+3 1E-6 4E-9 2E-5 2E-4
30 Zinc-63° Y, all compounds 2644 7E+4 3E-5 9E-8 - -
St. wall
(3E+4) - - - 3t-4 3E-3
30 Zinc-65 Y, al1 compounds 4E+2 3E+2 1€-7 4E-10 SE-6 5E-5
30 Zinc-69m Y, all compounds 4E+3 TE+3 3E-6 1E-8 6E-5 6E-4
30 Zinc-69% Y, all compounds 6E+4 1E+5 6E-5 26-7 8E-4 8E-3
30 Zinc-71m Y, all compounds 6E+3 2E+4 7E-6 2E-8 8E-5 8E-4
30 Zinc-72 Y, all compounds 1E+3 1E+3 SE-7 2E-9 1E-5 1E-4
31 GalIium-ﬁSz D, alt compounds except .
those given for W 5E+4 2E+5 7€-5 2€-7 - -
St. wall :
(6E+4) - - - 9E-4 9E-3
W, oxides, hydroxides,
carbides, halides, and
nitrates - 2€+45 8E-5 3E-7 - -
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App. B

PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION

Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. Col. Col. Col.
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuclide Class ALI LI Al Air Water Concentration
No. (uCi) (uCi) (pCi/mt) (uCi/mt)  (pCi/mi) (uCi/ml)
31 Gallium-66 D, see ggGa 1E+3 4E+3 1E-6 5€-9 1E-5 1E-4
W, see “Ga - 3E+3 1£-6 4E-9 - -
3 Galliun-67 D, see 53 7643 16+4 6E-6 2E-8 1E-4 1E-3
W, see 5%a - 1E+4 4E-6 1E-8 - -
31 Gallium-682 D, see o3Ga 2644 4E+4 2E-5 6E-8 26-4 26-3
W, see ~ Ga - SE+4 2€-5 7¢E-8 - -
31 Gallium-70° D, see 5%a SE+4 2645 7€-5 26-7 - -
st. wall
6 (TE+4) - - - 1E-3 16-2
W, see "Ga - 2E+5 8E-5 3E-7 - -
31 Gallium-72 D, see oGa 1643 4E+3 1E-6 5£-9 265 2E-4
W, see ““Ga - 3E+3 1E-6 4E-9 - -
n Gallium-73 0, see ooGa 5E+3 2E+4 6E-6 2E-8 7E-5 7E-4
W, see %5a - 2E+4 6E-6 2€-8 - -
32 Germanium-66 D, all compounds except
those given for W 2E+4 3E+4 1E-5 4E-8 3E-4 3E-3
W, oxides, sulfides,
and halides - 2E+4 8E-6 3E-8 - -
32 Germanium-672 D, see °5ge 3E+4 9E+4 4E-5 1€-7 - -
Sst. wall
- (AE+4) - - - 6€-4 6E-3
W, see Ge - 1E+5 4E-5 1€-7 - -
32 Germanium-68 -~ D, see SiGe SE+3 4E43 2E-6 SE-9 6E-5 6E-4
W, see " Ge - 1E+2 4E-8 1E-10 - -
32 Germanium-69 D, see gcGe 1E+4 2644 6E-6 2E-8 2E-4 26-3
W, see %6Ge - 8E+3 3-6 1E-8 - -
32 Germanium-71 D, see SGe 5E+5 4E+5 26-4 6E-7 7€-3 7€-2
W, see Ge - 4E+4 2E-5 6E-8 - -
32 Germanium-752 0, see 56Ge 4E+4 BE+4 3E-5 1E-7 - -
St. wall :
56 (TE+4) - - - 9E-4 9E-3
W, see o6ge - BE+4 4E-5 1€-7 - -
32 Germanium-77 D, see SSce 9E+3 16+4 4E-6 1£-8 1€-4 1E-3
W, see 55Ge : BE+3 | 2E-6 8E-9 - -
32 Germanium-787 0, see 56Ge 2E+4 26+4 9E-5 3€-8 - -
St. wall
66 (2E+4) - - - 3E-4 3E-3
W, see " Ge - 2E+4 9E-6 3E-8 - -
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App. B

PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION

Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
. Concentrations Sewers
Col. 1 Col, Col. Col. 1 Col.
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuclide Class ALI 0AC Air Water Concentration
No. (pCi) (pCi) (pCi/m1)  (pCi/m1) (pCi/m1) (pCi/ml)
33 Arsenic-692 W, all compounds 3E+4 1E+S SE-S 2E-7 - -
St. wall :
(4E+4) - - - 6E-4 6E-3
33 Arsenic-702 W, all compounds 1£+4 SE+4 2E-5 7€-8 2E-4 2E-3
33 Arsenic~71 W, all compounds 4E+3 5E+3 2€-6 6E-9 SE-5 SE-4
33 Arsenic-72 W, all compounds 9E+2 1E+3 6E-7 2E-9 1E-5 1E-4
33 Arsenic-73 W, all compounds 8E+3 2E+3 7€-7 2E-9 1E-4 1E-3
33 Arsenic-74 W, all compounds 1€+3 BE+2 3E-7 1E-9 2E-5 2E-4
33 Arsenic~76 W, all compounds 1E+3 1E+3 6E-7 2E-9 1E-5 1E-4
33 Arsenic-77 ¥, all compounds 4E+3 SE+3 2€-6 7€-9 - -
tLI wall
(5E+3) - - - 6€-5 6E-4
33 Arsenic-782 W, all compounds 8E+3 2E+4 9E-6 3E-8 1E-4 1€-3
34 Selenium—?()2 0, all compounds except
those given for W 2E+4 4E+4 2E-5 SE-8 1E-4 1E-3
W, oxides, hydroxides,
carbides, and
elemental Se 1E+4- 4AE+4 2€-5 6E-8 - -
34 selenium-73n? D, see J0se 6E+4 2645 6E-5 26-7 4g-4 4E-3
W, see " "Se 3E+4 1E+5 6E-5 2E-7 - -
EN) Selenium-73 D, see Jse 3843 1648 SE-6 - 2E-8 4E-5 4€-4
W, see '"Se - 2E+4 7E-6 2€-8 - -
3 Selenium-75 D, see 70se SE+2 7E+2 3E-7 1£-9 7E-6 7E-5
W, see "“Se - 6E+2 3E-7 8E-10 - -
3 Seleniun-79 D, see J0se 6E+2 8E+2 3E-7 1€-9 8E-6 8E-5
W, see ""Se - 6E+2 2e-7 8E-10 - -
3 Seleniun-Bla’ D, see 10Se . 4E+a TE+4 3E-5 9€-8 3E-4 3E-3
W, see ' Se 2E+4 7E+4 3E-5 1€-7 - -
3 seleniun-812 D, see "Use 6E+4 2645 9E-5 3E-7 - -
St. wall
70 (BE+4) - - - 1E-3 1E-2
W, see '“Se - 2E+5 1€-4 3E-7 - -
34 Seleniun-83% D, see 70se 4E+4 1E+5 SE-5 26-7 46-4 4E-3
W, see '“Se 3E+4 1E+5 SE-5 2€-7 - -
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App.B

PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION

Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1  Col. 2
Oral Monthty
Ingestion Inhalation Average
Atomic Radionuclide Class ALl AL DA Air Water Concentration
No. (uCi) (pCi) (uCi/m1)  (uCi/m}) - (uCi/m¥) (pCi/ml)
35 Bromine-74m2 D, bromides of H, Li,
Na, K, Rb, Cs, and Fr 1E+4 4E+4 2€-5 SE-8 - -
St. wall
(2E+8) - - - 3€-4 3E-3
W, bromides of lantha-
nides, Be, Mg, Ca, Sr,
Ba, Ra, Al, Ga, In, T,
Ge, Sn, Pb, As, Sb, Bi,
Fe, Ru, O0s, Co, Rh, Ir,
Ni, Pd, Pt, Cu, Ag, Au,
In, Cd, Hg, Sc, Y, Ti,
Ir, Hf, Vv, Nb, Ta, Mn,
Tc, and Re - A4E+4 2E-5 6E-8 - -
35 Bromine-742 D, see /My 26+4 7644 3E-5 1E-7 - -
St. wall
74m (4E+4) - - - 5E-4 5€-3
W, see Br - 8E+4 4E-S 1E-7 - -
35 Bromine-752 D, see /4Ty 3E+4 5E+4 2E-5 76-8 - -
: St. wall
74m (4E+4) - - - SE-4 5E-3
W, see Br - 5E+4 2€-5 7€E-8 - -
35 Bromine-76 D, see Jagr aE+3 SE+3 26-6 7€-9 SE-5 5E-4
W, see Br - 4E+3 2E-6 6E-9 - -
35 Bromine-77 D, see J4Tgr 2E+4 2E+4 1E-5 3E-8 2E-4 26-3
W, see ' "Mgp - 2E+4 8€-6 3E-8 - -
35 Bromine-80g. . D, see 74", 2E+4 26+4 7E-6 26-8 3E-4 3£-3
. W, see '"™Br - 1E+4 6E-6 2€E-8 - -
35 Bromine-80° D, see Mgy SE+4 2645 8E-5 3-7 - -
st. wall
74m (9E+4) - - - 1€-3 1€-2
W, see Br - 2E+5 9€-5 3€-7 - -
35 Bromine-82 D, see 7iMg, 3E+3 4E+3 2E-6 6E-9 4E-5 8E-4
W, see Br - 4E+3 2E-6 5E-9 - -
35 Bromine-83 D, see /Mgy SE+4 6E+4 3E-5 9E-8 - -
St. wall
74m (7E+4) - - - 9E-4 9€-3
W, see 'Mgp - 6E+4 3E-5 9E-8 - -
35 Bromine-84% , see "M, 2E+4 GE+4 26-5 8E-8 - -
st. wall
(3E+4) - - - 4E-4 4E-3
W, see /4%, - SE+4 3E-5 9E-8 - -
36 Krypton-742 Submersiont - - 3E-6 1€-8 - -
36 Krypton-76 Submersionl - - 9E-6 4€-8 - -
36 Krypton-772 Submersion} - - 4E-6 2E-8 - -
36 Krypton-79 Submersion1 - - 2€-5 . 7E-8 - -
3% Krypton-81 Submersion® - - 7E-4 3t-6 - -
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APP-B pART20 STANDARDS FOR PROTECTION AGAINST RADIATION App- B
Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
) Oral Monthly
K . X Ingestion Inhalation Average
Atomic Radionuclide Class ALl ALI DAC Air Water Concentration
No. (pCi) (pCi) (uCi/m1)  (uCi/m1)  (pCi/ml1}  (uCi/ml)
36 Krypton-BBm2 Submersion1 - - 1£-2 5E-5 - -
36 Krypton-85m Submersion1 - - 2E-5 1E-7 - -
36 Krypton-85 Submersion’ - - 1E-4 7€6-7 - -
36 Krypton-872 Submersion1 - - SE-6 2E-8 - -
36 Krypton-88 Submersion® - - 26-6 9E-9 - -
37 Rubid'ium-792 0, all compounds 4E+4 1E+5 5€-5 2E-7 - -
St. wall
(6E+4) - - - 8E-4 8g-3
37 Rubidium-81m2 D, all compounds 2645 3E45 1E-4 SE-7 - -
St. wall
(3E+5) - - - 4€-3 4g-2
37 Rubidium-81 D, all compounds 4E+4 S5E+4 2E-5 7€-8 SE-4 5E-3
37 Rubidium-82m D, all compounds 1E+4 2E+4 7€-6 2€-8 2E-4 2E-3
37 Rubidium-83 D, all compounds 6E+2 1E+3 ©AE-7 1E-9 9E-6 9E-5
37 Rubidium-84 D, all compounds SE+2 8E+2 3e-7 1£-9 7E-6 7€-5
37 Rubidium-86 D, all compounds 5E+2 B8E+2 3E-7 1E-9 7E-6 7€-5
37 Rubidium-87 D, all compounds 1E+3 2E+3 6E-7 2€-9 1€-5 1E-4
37 Rubidium-Bsz D, all compounds 2E+4 6E+4 3E-5 9E-8 - -
St. wall
(3E+4) - - - 4E-4 4E-3
37 Rubidium-892 D, all compounds . 4E+4 1E+5 6E-5 2E-7 - -
St. wall
(6E+4) - - - 9E-4 9E-3
38 Strontiun-aoz D, all soluble compounds
except SrTi0, 4E+3 1E+4 SE-8 2E-8 6E-5 6E-4
Y, all insoluble com-
pounds and SrTi0; T 1E+4 SE-6 2€-8 - -
38 strontium-812 D, see Sosr 3E+4 8E+4 3E-5 1E-7 *-4 3¢-3
Y, see =S¢ 2E+4 BE+4 3E-5 1€-7 - -
ET) Strontium-82 D, see sy 3E+2 aE+2 26-7 6E-10 - -
LLI wall
a0 (2E+2) - - - 3E-6 3E-5
Y, see -~ Sr 28+2 9E+1 4E-8 1E-10 - -
38 Strontium-83 D, see ggSr 3E+3 7843 3E-6 1E-8 3E-5 3E-4
Y, see - Sr 2E+3 4E+3 1E-6 5E-9 - -
kY Strontium-gsn” D, see SISt 2645 6E+5 3E-4 9€-7 3€-3 3E-2
Y, see " Sr - 8E+5 4E-4 1E-6 - -
38 Strontium-85 D, see ggSr 36+3 3643 1E-6 -9 4€-5 4g-4
Y, see " Sr - 2E+3 . 6E-7 2€-9 - -
33 Strontium-87m D, see Sosr SE+4 1645 5€-5 2€-7 6E-4 6E-3
Y, see ~ Sr 4E+4 2E+5 6E-5 2€-7 - -
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PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION

App.B

Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuclide Class ALl DA Air Water Concentration
No. (uei) (WCi) (Ci/ml) (uCi/m1)  (uCi/m1) (uCi/ml)
38 Strontium-89 D, see 80sr 6E+2 8E+2 4E-7 1€-9 - -
LLI wall
80 (6E+2) - - - 8E-6 8E-5
Y, see %0sp SE+2 1642 6E-8 26-10 - -
38 Stroatium-90 0, see 80sp 3641 26+1 8€-9 - - -
Bone surf Bone surf
80 (4E+1) (2E+1) - 3E-11  SE-7 5€-6
Y, see "~ Sr - 4E+0 2E-9 6E-12 - -
18 Strontium-91 D, see gosr 2643 6E+3 2E-6 8E-9 2€-5 264
Y, see ~Sr - 4E+3 1E-6 SE-9 - -
8 Strontium-92 D, see S0sr 3E+3 9E+3 4E-6 1€-8 aE-5 AE-4
Y, see “Sr - 7E+3 3E-6 9E~9 - -
39 Yttrium-eﬁmz _W, all compounds except
those given for Y 2E+4 6E+4 2€-5 8E-8 3E-4 3E-3
Y, oxides and hydroxides - SE+4 2E-5 8E-8 - -
19 Yttrium-86 W, see ggm 1643 3E+3 1E-6 5E-9 2€-5 2E-4
Y, see B6my - 3£+3 1E-6 SE-9 - -
39 Yttrium-87 W, see gemy 2643 3E+3 1E-6 SE-9 3E-5 3e-4
Y, see °°Py - 3E+3 1€-6 5£-9 - -
39 Yttrium-88 W, see Somy 1643 3E+2 16-7 3E-10 -5 -4
Y, see oMy - 2E+2 1€-7 3E-10 - -
39 Yttrium-90m- W, see pemy 8E+3 1644 5€-6 2-8 1E-4 1€-3
Y, see 2%y - 1E+4 5E-6 26-8 - -
39 Yttrium-90 W, see S6my 4E+2 7E+2 3E-7 9%-10 - -
; (LEI wall
5E+2) - - - 7E-6 76-5
Y, see 56my - 6E+2 3E-7 %€-10 - -
39 Yttrium-91n? W, see Somy 1645 2645 1€-4 3€-7 2€-3 262
Y, see S°fy - 2648 7E-5 26-7 - -
19 Yttrium-91 W, see B6my SE+2 2642 7€-8 2€-10 - -
. LLI wall
(6E+2) - - - 8E-6 BE-5
Y, see 56my - 1642 5E-8 %6-10 - -
39 Yttrium-92 W, see gg‘Y 3E+3 9E+3 4£E-6 1E-8 L4E-5 4E-4
Y, see "My - 8E+3 3E-6 1E-8 - -
39 Yttrium-93 W, see SEy 1E+3 3£+3 -6 4E-9 2%-5 2€-4
Y, see °% - 2643 1E-6 3E-9 - -
39 Yttrium-942 W, see 568y 2E+4 SE+4 3E-5 1€-7 - -
St. wall
(3E+4) - - - 3E-4 463
Y, see 6%y - 8E+4 3€-5 1E-7 - -
39 Yttrium-952 W, see 6%y pravy 2645 6E-5 26-7 - -
St. wall
(SE+4) - - - 7€-4 7€-3
Y, see S6Mmy : 145 6E-5 2€-7 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuclide Class ALL DAC Air Water Concentration
No. (uCi) (uCi) (uCi/mY)  (pCi/mi)  (pCi/ml)  (pCi/ml)
40 Zirconium-86 0, al7l compounds except
those given for W and Y 1E+3 - 4E+3 2E-6 6E-S 2E-5 2t-4
W, oxides, hydroxides,
halides, and nitrates - 3E+3 1E-6 4E-9 - -
Y, carbide - 2E+3 1E-6 3E-9 - -
40 Zirconium-88 D, see Sezr 4E+3 2642 9E-8 3E-10  SE-5 SE-4
W, see 86Zr - SE+2 2E-7 7E-10 - -
Y, see lIr - 3E+2 1E-7 4E-10 - -
40 Zirconiun-89 D, see So7r 2643 443 1E-6 5E-9 2%-5 26-4
W, see 862' - 2E+3 1E-6 3E-9 - -
Y, see “"1Ir - 2E+3 1E-6 3E-9 - -
a0 Zirconium-93 0, see %62p 1E+3 6E+0 36-9 - - -
Bone surf Bone surf
a5 (3E+3) (2E+1) - 2E-11 4€-5 4E-4
W, see “'Ir - 2E+1 1E-8 - - -
Bone surf
a6 - (6E+1) - 9E-11 - -
Y, see " Ir - 6E+1 2€-8 - - -
Bone surf
- (7€+1) - SE-11 - -
40 Zirconium-95 D, see %6zr 1643 1642 SE-8 - 2E-5 26-4
Bone surf
86 - (3E+2) - 4E-10 - -
W, see asZ' - 4E+2 2E-7 SE-10 - -
Y, see ~ 1Ir - 3E+2 1E-7 4E-10 - -
40 Zirconium-97 D, see gng 6E+2 2643 8E-7 3€-9 9E-6 9E-5
W, see ler - 1£+3 BE-7 2E-9 - -
Y, see " Ir - 1E+3 5¢-7 2E-9 - -
41 N\'obium-aa2 W, all compounds except
those given for Y SE+4 2E+5 9E-5 3e-7 - -
St. wall
(7E+4) - - - 1£-3 1E-2
Y, oxides and hydroxides - 2E+5 9E-5 3E-7 - -
a1 Niobium-89me W, see Sonn 16+4 4E+4 2E-5 6E-8 1E-4 1E-3
(66 min) Y, see T Nb - 4E+4 2E-5 5&-8 - -
41 Niobium-89 W, see g§Nb . SE+3 2E+4 8E-6 3t-8 7€-5 TE-4
(122 min) Y, see " Nb - 2E+4 6E-6 2E-8 - -
41 Niobium-90 W, see gng 1E+3 343 1E-6 4E-9 1E-5 1E-4
Y, see " Nb - 2E+3 1E-6 3E-9 - -
41 Niobium-93m W, see 88Nb 9E+3 2E+3 8E-7 3€-9 - -
LLI wall
88 (1E+4) - - - 2E-4 2E-3
Y, see Nb - 2E+2 7€-8 2E-10 - -
41 Niobium-94 W, sée gng 9E+2 2E+2 8e-8 3E-10 1E-5 1E-4
Y, see T Nb - 2E+1 6E-9 2€-11 - -
41 Niobium-~95m W, see ser 2£+3 3E+3 1E-6 4£-9 - -
LLI wall
a8 (2E+3) - - - 3E-5 3€-4
Y, see ~Nb - 2E+3 9E-7 3E-9 - -
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App. B

PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION

Table 1 Table 2 Table 3
Occupational Values -Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. Col. 1 Col
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuclide Class ALL ALI DAC Air Water Concentration
No. (uCi) (uCi) (uCi/mty  (uCi/ml)  (uCi/mt)  (uCi/ml)
41 Niobium-95 W, see SoND 2643 1643 5E-7 2€-9 3€-5 3E-4
Y, see SONb - 1E+3 5€-7 2E-9 - -
a1 Niobium-96 W, see Sonp 1E43 3E+3 16-6 4€-3 26-5 2E-4
Y, see ~ Nb - 2E+3 1E-6 3E-9 - -
a1 Niobium-972 W, see 8y 2E+4 BE+4 3E-5 16-7 3E-4 3E-3
Y. see SONp - 7E+4 3E-5 1E-7 - -
a Niobium-982 W, see SoNb 1644 SE+4 2E-5 8E-8 2E-4 2€-3
Y, see Nb - SE+4 2€-5 7€-8 - -
42 Molybdenum-90 D, all compounds except
those given for Y 4E+3 7E+3 3E-6 1E-8 3€E-5 3E-4
Y, oxides, hydroxides,
and MoS, 2643 5E+3 26-6 6E-9 - -
42 Molybdenum-93m D, see ggMo 9E+3 2E+4 7E-6 2E-8 6E-5 BE-4
Y, see “"Mo 4E+3 1€+4 6E-6 2E-8 - -
42 Molybdenus-93 D, see goMo 4E+3 SE+3 2-6 8E-9 5€-5 5E-4
Y, see “'Mo 2E+4 2E+2 8E-8 2E-10 - -
42 Molybdenum-99 D, see “OMo 2643 3E+3 1E-6 4€-9 - -
LLT wall
- (1€+3) - - - 2E-5 2E-4
Y, see “'Mo 1E+3 1643 6E-7 2€-9 - -
42 Molybdenum-1012 D, see 300 aE+4 1E+5 6E-5 2E-7 - -
St. wall
- (SE+4) - - - 7E-4 7€-3
el Y, see ~ Mo - 1€+5 BE-5 2E-7 - -
43 Technetium-93mz D, all compounds except
those given for W 7E+4 2E+5 6E-5 2E-7 1E-3 1E-2
W, oxides, hydroxides,
hatides, and nitrates - 3E+5 1E-4 4E-7 - -
a3 Technetium-93 D, see D3Py 3E+4 TE+4 3E-5 1E-7 4E-4 4€-3
W, see ~-™Mc - 1645 4E-5 1€-7 - -
a3 Technetiun-94n? D, see SinTc 2E+4 4E+4 2E-5 6E-8 3¢-4 3E-3
W, see PTc - 6E+4 2€-5 B8E-8 - -
4 Technetiun-4 D, see JanTc 9E+3 2644 8E-6 3E-8 16-4 1E-3
W, see ~"™c - 2644 1€-5 3E-8 - -
43 Technet ium-95m D, see gng: 4E+3 SE+3 2E-6 8E-9 5€-5 SE-4
W, see M - 2E+3 8E-7 3E-9 - -
43 Technetium-95 D, see JPTc 16+4 2E+4 9E-6 3E-8 1E-4 1€-3
W, see ~“™c - 2E+4 8€-6 3E-8 - -
43 Technetium-96n7 D, see ootTc 2645 3E+5 16-4 4E-7 26-3 2-2
W, see ““™Mc - 2E45 1E-4 3E-7 - -
43 Technetium-96 0, see gg"Tc 2E+3 3E+3 1€-6 5€-9 3E-5 3E-4
W, see "™c - 2E+3 9E-7 3E-9 - -
43 Technetium-97m D, see 2>®Tc 5€+3 7E+3 3E-6 - 6E-5 6E-4
st. wall .
- (7€+3) - 1E-8 - -
W, see I37c - 1E+3 5E-7 26-9 - -
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App. B

PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION

App. B

Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuclide Class AL A Air Water Concentration
No. (uci) (uCi) (uCi/m1)  (uCi/ml)  (pCi/ml)  (pCi/m))
43 Technetium-97 D, see ganic ag+4 SE+4 2E-% 7€-8 5€-4 5€-3
W, see "¢ - 6E+3 2-6 8€-9 - -
43 Technetium-98 D, see gg:Tc 1E+3 2E+3 7E-7 2E-9 1E-5 1E-4
W, see Tc - 3E+2 1E-7 4E-10 - -
a3 Technetium-99m D, see ganic BE+4 2E+5 6€-5 26-7 16-3 1€-2
W, see Mc - 2845 1€-4 3€-7 - -
a3 Technetium-99 D, see “>™rc ag+3 5E+3 2E-6 - 6E-5 6E-4
St. wall
33m - (6E+3) - 8E-9 - -
W, see Tc - TE+2 3E-7 9E-10 - -
43 Technetiue-101% D, see P3™1c 9E+4 3E+5 1E-4 5€-7 - -
St. watll
(1E+5) - - - 2€~3 2€-2
W, see P3¢ - 4E+5 2-4 SE-7 - -
a3 Technetium-1042 D, see 3¢ 2644 7E+4 3E-5 1E-7 - -
St. wall 3
(3€+4) - - - 4E-4 4E-
W, see P3¢ - SE+4 4E-5 1E-7 - -
44 Ruthenium-Sdz D, all compounds except
those given for W and Y 2E+4 4E+4 2E-5 6E-8 2E-4 2€-3
W, halides - 6E+4 3E-5 9€-8 - -
Y, oxides and hydroxides - 6E+4 2E-S 8E-8 - -
s Ruthenium-97 D, see JaRu BE+3 2E+4 8E-6 36-8 1E-4 1E-3
W, see 94Ru - 1E+4 5E-6 2E-8 - -
Y, see “ Ru - 1E+4 5E-6 2E-8 - -
a Ruthenium-103 D, see 24Ru 2643 2643 7E-7 26-9 3E-5 3E-4
W, see 94Ru - 1E+3 4E-7 1E-9 - -
Y, see " Ru - 6E+2 3E-7 9E-10 - -
44 Ruthenium-105 D, see S:Ru 5E+3 1E+4 6E-6 2E-8 7€-5 7E-4
W, see 94Ru - 1E+4 6E-6 2E-8 - -
Y, see " Ru - 1E+4 SE-6 2E-8 - -
a4 Ruthenium-106 D, see “*Ru 2642 8E+1 4-8 -0 - -
LLI wall
94 (2£+2) - - - 3E-6 3E-5
W, see 94Ru - 5€+1 2E-8 8E-11 - -
Y, see " Ru - 1E+1 5E-9 2E-11 - -
45 Rhodium-99m D, all compounds except
those given for W and Y 2E+4 6E+4 26-5 BE-8 2E-4 2E-3
W, halides - 8E+4 3E-5 1E-7 - -
Y, oxides and hydroxides - 7E+4 3E-5 9E-8 - -
as Rhodium-99 D, see gomRh 2643 3643 1E-6 4€-9 3E-5 3E-4
W, see gq Rh - 2E+3 9t-7 3E-9 - -
Y, see Rh - 2E+3 8E-7 3E-9 - -
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PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION

App.- B

Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. Col. 1 Col.
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuclide Class ALI AL DAC Air Water Concentration
No. (uCi) (uCi) (pCi/m1) (pCi/m1)  (pCi/ml) (pCi/ml)
45 Rhodium-100 D, see gg:ﬂh 2E+3 SE+3 2E-6 7E-9 2E-5 2€-4
W, see 99mRh - 4E+3 2E-6 6E-9 - -
Y, see Rh - 4£+3 2E-6 5E-9 - -
45 Rhodium~101m D, see gg:nn 6E+3 1E+4 5E-6 26-8 . 8E-5 8€-4
W, see 99mRh - 8E+3 4E-6 1E-8 - -
Y, see Rh - BE+3 3E-6 1£-8 - -
as Rhodium-101 D, see Jo"Rh 2643 5E+2 26-7 76-10 35 3E-4
W, see gngh - 8E+2 3E-7 1E-9 - -
Y, see Rh - 2E+42 6E-8 2E-10 - -
a5 Rhod um-102m D, see *™mh 1643 SE+2 2-7 7E-10 - -
LLI wall
99m (1E+3) - - - 2E-5 2E-4
W, see 9ngh - 4E+2 2E-7 5€-10 - -
Y, see Rh - 1E+2 SE-8 2E-10 - -
45 Rhodium-102 D, see gg:Rh 6E+2 9E+1 4E-8 1E-10 8E-6 8E-5
W, see 99mRh - 2E+2 7€-8 2E~10 - -
Y, see Rh - 6E+1 2e-8 8E-11 - -
a5 Rhodium-103n° D, see gonkh 4E+5 16+6 Se-4 . 26 6E-3 6E-2
W, see ggmkh - 1E+6 5e-4 2E-6 - -
Y, see Rh - 1£4+46 SE-4 2E-6 - -
45 Rhodium-105 D, see 9ngh 4£+3 1E+4 SE-6 2E-8 - -
LLI wall
99m {4E+3) - - - 5E-5 S5E-4
. W, see 99mRh - 6E+3 3E-6 9E-9 - -
Y, see Rh - 6E+3 2€-6 8E-9 - -
45 Rhodi un-106m D, see JomRh BE+3 3E+4 “1E-5 4€-8 1€-4 1E-3
W, see gngh - 4E+4 2E-5 5E-8 - -
Y, see Rh - AE+4 1E-5 S5E-8 - -
15 Rhodium-1072 D, see ¥%Mpn TE+4 26+5 16-4 3E-7 - -
St. wall
99m (9E+4) - - - 1€-3 1E-2
W, see ggmkh - 3E+S 1£-4 4E-7 - -
Y, see Rh - 3E+5 1E-4 3e-7 - -
46 Patladium-100 D, all compounds except
those given for W and Y 1E+3 1E+3 6E-7 2E-9 2€-5 2E-4
W, nitrates - 1E+3 5€~7 2E-9 - -
Y, oxides and hydroxides - 1E+3 6E-7 2€-9 - -
45 Palladiun-101 D, see 100pd 1644 344 1E-5 5€-8 2-4 2€-3
W, see IOUPd - 3E+4 1E-5 5E-8 - -
Y, see Pd - 3E+4 1£-5 4E-8 - -
as Palladium-103 D, see 100pq " 643 6E+3 A-6 9€-9 - -
LLI wall
100 (7€+3) - - - 1E-4 1E-3
W, see 1ooPd - 4E+3 2E-6 6E-9 - -
Y, see Vg - 4E+3 1E-6 5€-9 - -
a5 palladium-107 D, see 100pg 3E+4 2E+4 9E-6 - - -
LLI waltl Kidneys
100 (4E+4) (2E+4) - 3€-8 SE-4 SE-3
W, see 100Pd - 7E+3 3E-6 1£-8 - -
Y, see Pd - 4E+2 2E-17 6E-10 - -
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Table 1 Table 2 Tabte 3
QOccupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Cal. 2
Oral Monthty
Ingestion Inhalation Average
Atomic Radionuclide Class ALI ALl AC Air Water Concentration
No. (uCi) uCi) Ci/m)  (uCi/m1)  (pCi/m1)  (pCi/ml)
46 Palladium-109 D, see 100pd 26+3 6E+3 3E-6 9E-9 3E-5 3E-4
W, see 100pd - SE+3 2E-6 8E-9 - -
Y, see 100pq - SE+3 26 6E-9 - -
47 Silver-mzz D, all compounds except
those given for W and Y SE+4 2E+5 8E-5 2e-7 - -
St. wall
(BE+4) - - - 9E-4 9€-3
W, nitrates and sulfides - 2E+5 9E-S 3E-7 - -
Y, oxides and hydroxides - 2E+5 8E-5 3E-7 - -
47 Silver-103% D, see %ggAg ag+4 1E+5 4E-5 1E-7 SE-4 SE-3
W, see 102Ag - 1E+5 SE-5 2E-7 - -
Y, see Ag - 1E+5 SE-5 2e-7 - -
47 Silver-104m? D, see iggl\g 3644 9E+4 4E-5 1€-7 4E-4 4E-3
W, see ]00Ag - 1645 SE-5 2E-7 - -
Y, see Ag - 1E+5 SE-5 27 - -
a7 Sitver-1042 D, see 102ag 2E+4 TE+4 3E-5 1E-7 3€-4 3E-3
W, see mzAg - 1E+5 6E-5 2€-7 - -
Y, see Ag - 1E+5 6E-5 2e-7 - -
a7 Silver-105 D, see 102 3E+3 1€+3 4g-7 1€-9 4E-5 3E-4
W, see 102Ag - 2E+3 7€-7 2E-9 - -
Y, see 10239 - 2643 7€-7 2E-9 - -
47 Silver-106m D, see 102ag 8E+2 7E+2 3E-7 1€-9 1E-5 1E-4
W, see 102Ag - 9E+2 AE-7 1E-9 - -
Y, see ““Ag - 9E+2 4E-7 1E-9 - -
47 Silver-1062 D, see 10%g BE+4 2E+5 8E-5 3E-7 - -
St. wall
102 (6E+4) - - - o4 9E-3
W, see 102Ag - 2E+5 9E-5 3€-7 - -
Y, see Ag - 2E+5 8E-5 3t-7 - -
a7 Silver-108m D, see [02Ag 6E+2 2642 8E-8 3€-10  9E-6 9g-5
W, see 10°Ag - 3E+2 16-7 4-10 - -
Y, see Ag - 2E+1 1E-8 3e-11 - -
a7 Sitver-110m D, see iggkg 5E+2 1642 SE-8 26-10  6E-6 6E-5
W, see mZAg - 2E+2 8E-8 3E-10 - -
Y, see Ag - 9E+1 4E-8 1E-10 - -
47 Sitver-111 D, see 1025g 9E+2 2643 6E-7 - - -
LLI wall Liver
102 (1E+3) (2E+3) - 2E-9 28-S 2E-4
W, see 102ag - 9E+2 48-7 1E-9 - -
Y, see Ag - 9E+2 4E-7 1E-9 - -
47 Silver-112 D, see }ggAg 3£+3 8E+3 3E-6 1€-8 4E-5 4E-4
W, see mzAg - 1E+4 4E-6 1E-8 - -
Y. see 102y - 9E+3 4E-6 1E-8 - -
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App. B

Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuclide Class ALT DAC Air Water Concentration
Na. (pCi) (uCi) (uCi/m1) (uCi/mi)  (pCi/m1)  (pCi/ml)
47 Silver-1152 0, see 102 3644 SE+4 -5 1E-7 - -
St. wall
102 (3E+4) - - - 4E-4 4E-3
W, see 1ozAg - 9E+4 4E-5 1E-7 - -
Y, see Ag - 8E+4 3E-5 1E-7 - -
48 Cadmium-1042 D, all compounds except
those given for W and Y 2E+4 TE+4 3E-5 9E-8 3g-4 3E-3
W, sulfides, halides,
and nitrates - 1E+5 5E-5 2E-7 - -
Y, oxides and hydroxides - 1E+5 SE-5 2E-7 - -
a8 Cadmium-107 D, see 10icd 26+4 5E+4 26-5 8E-8 3€-4 3E-3
W, see 1MCd - 6E+4 2E-5 8E-8 - -
Y, see cd - SE+4 2E-5 7E-8 - -
a8 Cadmiun-109 D, see 0%q 3E+2 4E41 1€-8 - - -
Kidneys Kidneys
108 (4E+2) (5E+1) - 7E-11 6E-6 6€-5
W, see Cd - 1E+2 5g-8 - - -
Kidneys
104 - (1E+2) - 2E-10 - -
Y, see cd - 1E+2 SE-8 2E-10 - -
48 Cadmium-113m D, see 104¢4 2E+1 2E+0 1€-9 - - -
Kidneys Kidneys
(8E+1) (4E+0) - 5E-12 5E-7 SE-6
W, see 104.y - 8E+0 4E-9 - - -
Kidneys
- (1E+1) - 2E-11 - -
Y, see 10¢q - 1641 5E-9 26-11 - -
a8 Cadmium-113 D, see 0%cq 2E41 26+0 se-10 - - -
Kidneys Kidneys
(3E+1) (3E+0) - SE-12 4E-7 AE-6
W, see Vg - BE+0 3E-9 - - -
Kidneys
- (1E+1) - 2E-11 - -
¥, see %%cq - 1641 6E-9 -1 - -
a8 Cadmium-115m 0, see 1%cq 3642 SE+1 26-8 - 4E-6 ag-5
Kidneys
- (8E+1) - 1E-10 -
W, see 0%cq - 1E+2 SE-8 -0 - -
Y, see %% - 1E+2 6E-8 2-10 - -
a8 Cadmiun-115 D, see 1% 9E+2 1643 6E-7 2-9 - -
LLI wall
(1E+3) - - - 1E-5 1€-4
W, see 10%q - 1643 SE-7 2E-9 - -
v, see 1%%cq - 1643 6E-7 26-9 - -
. 104 - - - 6E-4
- . Cd 5£+3 1E+4 SE-6 2E-8 6E-5
48 Cadmium=-117m 3: ::: 10459 2 P JE-8 %6-8 2 -
Y. see 0%¢qy - 1E+4 6E-6 2E-8 - -
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49

Table 1 Table 2 Table 3
Occupational Values Effiluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Cal. 3 Co}. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuclide Class ALI L DAC Air Water Concentration
No. (uci) (WCi) (uCi/m) (uCi/ml)  (uCi/m) (uCi/m)
48 Cadmiun-117 D, see 10acd SE+3 " 1E+4 SE-6 26-8 6E-5 6E-4
W, see 103Cd - 2E+4 7E-6 2€-8 - -
Y, see cd ~ 1€+4 6£-6 2E-8 - -
49 Indium-109 D, all compounds except
those given for W 2E+4 4E+4 2E-5 6E-8 3E-4 3E-3
W, oxides, hydroxides,
halides, and nitrates - 6E+4 3E-5 9E-8 - -
49 Indium-1102 D, see }ggln 2644 AE+4 2E-5 6E-8 2E-4 2€-3
(69.1 min) W, see 1091 - BE+4 2€-5 8E-8 - -
a9 Indium-110 D, see %&n 5E+3 2E+4 7E-6 26-8 7E-5 7E-4
(4.9 h) W, see 1091n - 2E+4 8E-6 3E-8 - -
49 Indium-111 D, see %ggln 4E+3 6E+3 3E-6 9€-9 6E-5 6E-4
W, see in - BE+3 3E-6 9E-9 - -
49 Indium-1122 D, see 100In 26+5 6E+5 3E-4 9E-7 26-3 2E-2
W, see In - 7E+5 3E-4 1E-6 - -
a9 Indium-113m? D, see 100In SE+4 1645 6E-5 2%-7 7E-4 7E-3
W, see In - 2E+5 8E-5 3e-7 - -
49 Indium-114m D, see 19%n 3E+2 6E+1 3-8 9-11 - -
LLI wall
109 (4E+2) - - - 5€-6 S5E-5
W, see 10%p - 1E+2 4E-8 -0 - -
49 Indium-115m D, see J00In 1E+4 4AE+4 2€-5 6E-8 26-4 2-3
W, see In - SE+4 2E-S 7¢-8 - -
49 Indium-115 D, see iggxn 4E+1 1E+0 66-10  26-12  5E-7 SE-6
W, see 1091 - SE+0 2€-9 8€-12 - -
49 Indiun-116m° D, see 10%1n 2E+4 8E+4 3E-5 1E-7 3E-4 -3
. W, see In - 1E+5 SE-5 2E-7 - -
Indium-117n? D, see }ggln 1E+4 3E+4 1E-5 SE-8 26-4 26-3
W, see In - 4E+4 2€-5 6E-8 - -
49 Indium-1172 D, see 20%5n 6E+4 2645 7€-5 26-7 8E-4 8E-3
W, see In - 2E+5 9E-5 3E-7 - -
49 Indium-119n7 D, see 109, 4E+4 1E+5 5E-5 26-7 - -
St. wall .
109 (5E+4) - - - 7E-4 7E-3
W, see In - 1E+§ 6E-5 2E-7 - -
50 Tin-110 D, all compounds except
those given for W 4E+3 1E+4 SE-6 2€-8 5e-5 SE-4
W, sulfides, oxides,
hydroxides, halides,
nitrates, and stannic
phosphate - 1£+4 5¢-6 2E-8 - -
50 Tin-1112 D, see %}gSn TE+4 2€+5 9E-5 3E-7 1€-3 1E-2
W, see Sn - 3E+5 1E-4 4E-7 - -
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Table 1 Table 2 Table 3
Occupational Values E£ffluent Reteases to
Concentrations Sewers
Col. 1 Col. 2 Cal. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuclide Class ALI ALl A Air Water Concentration
No. (uCi) {(uCi) (uCi/m1)  (pCi/mt)  (uCi/mi) (uCi/ml)
50 Tin-113 D, see 110, 2643 1€+3 SE-7 2E-9 - -
LLT wall
110 (26+3) - - - 3E-5 3€-4
W, see 110g, - 5E+2 2€-7 8€-10 - :
50 Tin-117m D, see 110sp 26+3 1643 5-7 - - -
LLI wall Bone surf
110 (2E+3) (2E+3) - 3E-9 3E-5 3E-4
W, see 10sq - 1E+3 6E-7 2E-9 - -
50 Tin-119m D, see 105, 3E+43 2E+43 16-6 3E-9 - -
: LLI wall
10 (4E+3) - - - 6E-5  6E-4
W, see Sn - 1E+3 4E-7 1E-9 - -
50 Tin-121n D, see 1105, 3E+3 9E+2 4E-7 iE-9 - -
LLI wall
110 (4E+3) - - - 5E-5 SE-4
W, see Sn - S5E+2 2E-7 8E-10 - -
50 Tin-121 D, see 105y 6E+3 26+4 6E-6 26-8 - -
LLI wall :
110 (6E+3) - - - 8E-5 gE-4
W, see 105, - 1E+4 5€-6 2E-8 - -
50 Tin-123n? D, see 110sn SE+4 1E+5 SE-5 2E-7 7E-4 7€-3
W, see Sn - 1E+5 6E-5 2E-7 - -
50 Tin-123 D, see 105, 5E+2 6E+2 3E-7 %-10 - -
LLT wall
- 110 (6E+2) - - - 9E-6 9E-5
W, see Sn - 2£+2 7€-8 2€-10 - -
50 Tin-125 D, see 1105 aE+2 9E+2 -7 1€-9 - -
LLI wall
110 (5E+2) - - - 6E-6 6E-5
W, see Sn - 4E+2 1E-7 SE-10 - -
50 Tin-126 0, see 1195 3E+2 6E+1 26-8 8E-11  4E-6 4E-5
W, see 1105y - 7€+1 3E-8 %-11 - -
50 Tin-127 D, see 1105 7643 244 8E-6 3-8 9E-5 9€-4
W, see 1105, - 2644 8E-6 3E-8 - -
50 Tin-1282 D, see>i}gSn 9E+3 3E+4 1E-5 a8 16-4 1€-3
W, see 1105, - 2E+4 1€-5 SE-8 - -
51 Antimony-1152 D, all compounds except
those given for W 8E+4 2E+5 16-4 3€-7 1€-3 1€-2
W, oxides, hydroxides,
halides, sulfides,
sulfates, and nitrates - 3E4+5 1€-4 4E-7 - -
51 Antimony-116m° D, see }iESb 2E+4 7E+4 3E-5 1E-7 3E-4 3€-3
W, see 1155y - 1E+5 6E-5 2€-7 . :
51 Antimony-116% D, see ‘15gp 7E+4 3E+5 1€-4 4E-7 - -
St. wall
115 (9E+4) - - - 1€-3 1€-2
W, see 115 : 3E+5 1E-4 SE-7 - -
51°  Antimony-117 D, see 135 7E+4 2645 9E-5 3E-7 9E-4 9€-3
W, see Sb - 3E+5 1E-4 4E-7 - -
B-19 ODCM Rev. 25
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Table 1 Tabie 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. Col. 1 Col
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuclide Class AL DA Air Water Concentration
No. (uCH) (WCi)  (uCi/ml) (uCi/m1)  (uCi/m1)  (uCi/ml)
51 Antinony-118n D, see 17o5b 6E+3 2E+4 BE-6 3-8 7E-5 7E-4
W, see Sb 5€+3 2E+4 9E-6 3E-8 - -
51 Antimony-119 D, see 71o5b 2644 SE+4 26-5 6E-8 2E-4 2-3
W, see 155p 2644 3E+4 1€-5 4E-8 - -
51 Antimony-120° D, see 119y 1645 4E+5 26-4 6E-7 - -
(16 min) St. wall
115 (2£+5) - - - 2E-3 26-2
W, see 15gp - SE+5 2-4 7€-7 - -
51 Antimony-120 D, see 1135 1643 26+3 9E-7 3E-9 1E-5 1E-4
(5.76 d) W, see Sb 9E+2 1E+3 5E-7 2E-9 - -
51 Antimony-122 D, see 5 BE+2 2€43 1E-6 3E-9 - -
LLT wall
115 (8E+2) - - - 1£-5 1E-4
W, see 119gp 742 1643 4E-7 2€-9 - .
51 Antimony-124m2 D, see }%QSb 3E+5 8E+5 4E-4 1E-6 3E-3 3E-2
W, see 11%5p 2E+5 6E+5 2€-4 8E-7 - -
51 Antimony-124 D, see 1155b 6E+2 9E+2 ag-7 1E-9 76-6 7E-5
W, see 1155p 5€+2 2642 1€-7 E-10 - -
51 Antimony-125 D, see 112b 2€+3 2E+3 1€-6 3E-9 3E-5 3E-4
W, see Sb - 5E+2 2E-7 7E-10 - -
51 Antimony-126m® D, see 113sp 5E+4 2E+45 8E-5 3€-7 - -
St. wall
T8 (7E+4) - - - 9E-4 9E-3
W, see 1195p - 2E+5 8E-5 3€-7 - :
51 Antimony-126 D, see 113sb 6E+2 1643 5E-7 2€-9 7E-6 7E-5
W, see 155p SE+2 5E+2 2-7 7E-10 - -
51 Antimony-127 D, see 155p 8E+2 2643 9E-7 3E-9 - -
LLE wall
15 (8E+2) - - - 1E-5 1E-4
W, see Sb 7E+2 9E+2 4E-7 1E-9 - -
51 Antimony-1282 D, see 115sp 8E+4 4E+5 2E-4 5E-7 - -
(10.4 min) St. wall
115 (1E+5) - - - 1E-3 1€-2
W, see 155p : 4E+5 2€-4 6E-7 - .
51 Antimony-128 D, see 113sh 1643 AE+3 266 6E-9 2€-5 2E-4
(9.01 h) W, see 119gp - 3E+3 1£-6 5E-9 - -
51 Antimony-129 D, see 1135 343 9E+3 4E-6 1€-8 4E-5 4E-4
W, see 1195p - 9E+3 4E-6 1E-8 - -
51 Antimony-1302 D, see s 2E+4 6E+4 3E-5 9E-8 3E-4 3E-3
W, see 1194 - 8E+4 3E-5 1€-7 - -
C a2 115
51 Antimony-131 D, see Sb 1E+4 2E+4 1E-5 - - -
Thyroid Thyroid
115 (2E+4) (AE+4) - 6E-8 2E-4 2E-3
W, see 9 - 2E+4 1E-5 - -
Thyroid
- (4E+4) - 6E-8 - -
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PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION

Table 1 Table 2 Table 3
Occupational Values Effiuent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. Col. Col. 2
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuclide Class ALI ALI DA Air water Concentration
No. (pCi) (pCi) (pCi/ml)  (pCi/ml) (uCi/m1) (pCi/ml)
52 Tellurium~116 D, ail compounds except
those given for W 8E+3 2E+4 9E-6 3E-8 1E-4 1e-3
W, oxides, hydroxides,
and nitrates - 3E+4 1E-5 4E-8 - -
52 Tellurium-121m D, see 1167e 5E+2 2642 8E-8 - - -
Bone surf Bone surf
116 (7E+2) (4E+2) - 5E-10 1E-5 1E-4
W, see Te - 4£+2 2E-7 6E-10 - -
52 Tellurium-121 D, see 1167 3643 4E+3 26-6 6E-9  4E-5 4€-4
W, see Te - 3E+3 1E-6 4E-9 - -
52 Tellurium-123m D, see l167e 6E+2 2E+2 9E-8 - - -
Bone surf Bone surf
116 (1E+3) (5E+2) - 8E-10 1E-5 1£-4
W, see Te - SE+2 2E-7 8E-10 - -
52 Tellurium-123 D, see ‘167e 5E42 242 BE-8 - - -
Bone surf  Bone surf
116 (1E+3) (5E+2) - 7E-10 2E-5 2E-4
W, see Te - 4E+2 2E-7 - - -
. Bone surf
- (1E+3) - 2E-9 - -
52 Tellurium-125m D, see 167¢ 1643 4E+2 2-7 - - -
Bone surf Bone surf
116 (1E+3)} (1E+3) - 1E-9 2E-5 2E-4
W, see Te - TE+2 3E-7 1E-9 - -
52 Tellurium-127m D, see 1167e 6E+2 3642 16-7 - 9E-6 9E-5
Bone surf
- (4E+2) - 6E-10 - -
W, see 1167¢ - 3E+2 1E-7 a-10 - -
: 116 : - - - 1E-3
Tellurium-127 D, see Te 7E+3 2E+4 9E-6 3€-8 1E-4
% W, see 167, - 2E+4 7E-6 2E-8 . -
. 116. - - - 7€-5
Tellurium-129m D, see ;7 Te SE+2 6E+2 3E-7 9E-10 7E-6
& W, see 1167¢ - 2E+2 167 ¥-10 - -
. 2 118. - - - 4E-3
Tellurium-129 D, see Te 3E+4 6E+4 3E-5 9€-8 4E-4
% W, see 1167e - TE+4 3E-5 1E-7 - -
52 Tellurive-13m D, see 2367e w2 A2 26-7 - - -
yroi yroi
(6E+2) (1E+3) - 2E-9 8E-6 8E-5
W, see M67e - 1E+2 2%-7 - - -
Thyroid
. - (9€+2) - 1E-9 - -
52 Teluriu131? 0, see 1Te 3643 SE+3 %6 - - -
Thyroid Thyroid
6 (6E+3) (1E+4) - 2E-8 8E-5 8E-4
W, see 1 Te - SE+3 2E-6 - - -
Thyroid
- (1E+4) - 2E-8 - -
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App PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION
Tabte 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation ) Average
Atomic Radionuclide Class LI ALI DA Air Water Concentration
No. (pCi) (uCi) (uCi/my) (uCi/m1)  (pCi/m1) (pCi/ml)
52 Tellurium-132 . D, see ‘167e 2642 2642 9E-8 - - -
Thyroid Thyreid
116 (7E+2) (8E+2) - 1€-9 9E-6 9E-5
W, see Te - 2E+2 9E-8 - - -
Thyroid
- (6E+2) - 9€-10 - -
52 Telluriun-133m D, see 1167e IEA 5E+3 26-6 - - -
Thyroid Thyroid
116 (6E+3) (1E+4) - 2E-8 9E-S 9E-4
W, see Te - SE+3 2E-6 - - -
Thyroid
- (1E+4) - 2E-8 - -
52 Tellurium-1332 D, see 11674 1E+4 2E+4 9E-6 - - -
Thyroid Thyroid
116 (36+4) (6E+4) - 8E-8 4E-4 4€-3
W, see 1167, - 2E+4 9%-6 - - -
Thyroid
- (6E+4) - 8g-8 - -
52 Tellurium-1342 0, see 1167e 2644 . 2E+4 1E-5 - - -
Thyroid Thyroid
6 (2E+4) (5E+4) - 7€-8 3E-4 3E-3
W, see I Te - 2E+4 1€-5 - - -
Thyroid
- (5E+4) - 7E-8 - -
53 Iodine-lZOm2 D, all compounds 1E+4 2E+4 9E-6 3E-8 - -
Thyroid
(1€+4) - - - 2E-4 2E-3
53 Iodine-1202 D, all compounds 4E+3 9E+3 aE-6 - - -
Thyroid Thyroid
(8E+3) (1E+4) - 2£-8 1€-4 1E-3
53 Todine-121 D, all compounds 1E+4 2E+4 8E-6 - - -
Thyroid Thyroid
(3E+4) (SE+4) - 7€-8 4€-4 4E-3
53 Iodine-123 D, all compounds 3E+3 6E+3 3E-6 - - -
Thyroid Thyroid
(1E+4) (2E+4) - 2E-8 1£-4 1€-3
53 fodine-124 D, all compounds SE+1 8E+1 3E-8 - - -
Thyroid Thyroid
(2E+2) (3E+2) - 4E-10 2£-6 2E-5
53 lodine-125 P, all compounds 4E+1 6E+1 3E-8 - - -
Thyroid Thyroid
(1E+2) (2£+2) - 3E-10 2E-6 2E-5
53 Iodine-126 D, all compounds 2E+1 4E+1 1E-8 - = -
Thyroid Thyroid
(7E+1) (1E+2) - 2E-10 1E-6 1E-5
53 Iodine-lZBz D, all compounds AE+4 1E+5 SE-5 2E-7 - -
St. wall
(6E+4) - - - 8E-4 8E-3
53 Todine-129 D, all compounds 5E+0 9E+0 4E-9 - - -
Thyroid Thyroid
(2E+1) (3E+1) - 4E-11 2E-7 2E-6
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App. B PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION App- B

Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
. Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Orat Monthly
Ingestion Inhalation Average
Atomic Radionuciide Class ALI AL DAC Air Water Concentration
No. (nuCi) (uCi) (uCi/m1)  (pCi/m1)  (uCi/ml)  (pCi/ml)
53 Iodine-130 D, all compounds 4E+2 TE+2 3E-7 - - -
Thyroid Thyroid
(1E+3) (2E+3) - 3E-9 2E-5 2E-4
53 Todine-131 ~ D, a1l compounds 3E+1 SE+1 2E-8 - - -
Thyroid Thyroid .
(9E+1) (2£+2) - 2€-10 1E-6 1E-5
53 Todine-132m2 D, all compounds 4E+3 8E+3 46 - - -
Thyroid Thyroid
(1E+4) (2E+4) - 3E-8 1E-4 1£-3
53 lodine-132 D, all compounds 4E+3 8E+3 3E-6 - - -
Thyroid Thyroid
(9E+3) (1E+4) - 2E-8 1E-4 1E-3
53 Iodine-133 D, all compounds 1E+2 3E+2 1E-7 - - -
Thyroid Thyroid
(5E+2) (9E+2) - 1E-9 7E-6 7E-5
53 Iodine-1342 D, all compounds 2E+4 56+4 2E-5 6E-8 - - :
Thyraid
{3E+4) - - - 4E-4 4E-3
53 Iodine-135 D, all compounds 8E+2 2E+3 7E-7 - - -
Thyroid Thyroid
(3€+3) (4E+3) - 6E-9 3E-5 3E-4
54 Xgnon-1202 Submersion1 - - 1E-5 4E-8 - -
54 Xenon-1212.  Submersion! - - 26-6 16-8 - -
54 Xenon-122 Submersiont - - 7E-5 3E-7 - -
54 Xenon-123 Submersion1 - - 6E~6 3E-8 - -
54 Xenon-125 Submersion? - - 26-5 7E-8 - -
54 Xenon-127 Submersion’ - - 1E-5 6E-8 - -
-~ 54 Xenon-129m Submersion’ - - 26-4 9E-7 - -
54 Xenon-131m Submersion! - - ag-4 2%-6 - -
54 Xenon-133m Submersion1 - - 1E-4 6E-7 - -
54 Xenon-133 Submersion1 - - 1E-4 SE-7 - -
54 Xenon-135m2 Submers'ion1 - - 9E-6 4E-8 - -
54 Xenon-135 Submersion1 - - 1E-§ 7¢€-8 - -
54 Xenon-1382 Submersion1 - - 4E-6 2E-8 - -
55 Cesium-1252 D, alt compounds SE+4 1E+5 6E-5 26-7 - -
St. wall
(9€+4) - - - 1E-3 1E-2
55 Cesium-127 D, all compounds 6E+4 9E+4 4E-5 1E-7 9E-4 9E-3
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PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION

App.B

Table 1 Tabie 2 Table 3
Occupational Values Effiuent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuclide Class ALl L DAC Air Water Concentration
No. (pCi) (pCi) (uCi/ml)  (pCi/m1)  (pCi/mi)  (uCi/mi)
55 Cesium-129 0, all compounds 2E+4 3E+4 1E-5 5E-8 3E-4 3E-3
S5 Cesium'1302 D, all compounds 6E+4 2E+5 8E-5 3E-7 - -
St. wall
(1E+5) - - - 1E-3 1E-2
55 Cesium-131 0, all compounds 2E+4 3E+4 1E-5 4E-8 3E-4 3E-3
S5 Cesium-132 0, all compounds 3E+3 4E+3 2€-6 6E-9 4E-5 4E-4
55 Cesium~134m D, all compounds 1E+5 1E+5 SE-5 2€-7 - -
. St. wall
(1E+5) - - - 2E-3 2E-2
S5 Cesium-134 D, all compounds 7€+1 1E+2 4E-8 2€-10 SE-7 SE-6
55 Cesium-135m2 D, all compounds 1E+5 2E+5 8E-5 3E-7 1€-3 1E-2
55 Cesium-135 D, all compounds 7E+2 1E+3 5€-7 2€-9 1€-5 1E-4
55 Cesium-136 D, all compounds 4E+2 TE+2 3E-7 9E-10 6E~6 6E-5
S5 Cesium-137 D, all compounds 1E+2 2E+2 6E-8 2E-10 1E-6 1E-5
55 Cesium-1382 D, all compounds 2E+4 6E+4 265 8E-8 - -
St. wall
(3E+4) - - - 4E-4 4E-3
56 Barium-126° D, all compounds BE+3 2E+4 6E-6 2E-8 8E-5 BE-4
56 Barium-128 0, all compounds SE+2 2E+3 7E-7 2E-9 TE-6 7E-5
56 Bariun-131n? 0, all compounds aE+s 1E+6 6E-4 2-6 - -
St. wall
(5E+5) - - - 7E-3 7€-2
56 Barium-131 D, all compounds 3E+3 8E+3 3E-6 1E-8 4€-5 4E-4
56 Barium-133m D, all compounds 2E+3 9E+3 4E-6 1E-8 - -
LLT wall
(3£+3) - - - 4E-5 4E-4
56 Barium-133 D, all compounds 2E+3 7E+2 3E-7 9E-10 2E-5 2E-4
56 Barium-135m D, all compounds 3E+3 1E+4 5E-6 2E-8 4E-5 4E-4
56 Barium-1392 D, all compounds 1E+4 3E+4 1E-5 4E-8 2E-4 2E-3
56 Barium-140 0, all compounds S5g+2 1E+3 6E-7 2E-9 - -
LL] wall
(6E+2) - - - 8E-6 8E-5
56 Barium-lAlZ D, all compounds 26+4 TE+4 3E-5 1E-7 3E-4 3E-3
56 Barium-1422 D, all compounds SE+4 1E+5 6E-5 2E-7 7E-4 7E-3
57 Lanthanum-lalz D, all compounds except
those given for W SE+4 1E+5 5€-5 28-7 6E-4 6E-3
W, oxides and hydroxides - 2E+5 7€-5 2E-7 - -
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App. B

- Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuclide Class ALl AL DAC Air Water Concentration
No. (uCi) (uCi) (uCi/ml) (pCi/my)  (pCi/ml1) (pCi/ml)
57 Lanthanun-132 D, see 13l 343 1644 4E-6 1€-8 4E-5 8E-4
W, see La - 1E+4 S5E-6 2E-8 - -~
57 Lanthanum-135 D, see }g}La 4E+4 1E+5 4E-3 1E-7 SE-4 SE-3
W, see 131 - 9E+4 4E-5 1E-7 - -
57 Lanthanum=137 D, see 13114 16+4 6E+1 3-8 - 2€-4 2€-3
Liver
131 - (FE+1) - 1E-10 - -
W, see La - 3E+2 1E-7 - - -
Liver
- (3€+2) - 4-10 - -
57 Lanthanum-138 D, see 13iia 9E+2 4640 1E-9 S€-12  1E-5 16-4
W, see 21, - 1643 6E-9 26-11 - -
57 Lanthanun-140 D, see 13ila 6E+2 1643 6E-7 2€-9 9-6 9€-5
W, see li, - 1E+3 SE-7 2E-9 - -
57 Lanthanum-141 D, see 13lla 4E+3. 9E+3 4E-6 1€-8 5E-5 5E-4
W, see 112 - 1E+4 SE-6 2€-8 - -
57 Lanthanun-1422 D, see }3la BE+3 2E+4 9E-6 3-8 1E-4 1£-3
W, see La - 3E+4 1E-5 SE-8 - -
57 Lanthanum-1432 D, see 1311a 4E+4 1645 aE-5 1€-7 - -
. St. wall
131 (4E+4) - - - SE-4 5€-3
W, see La - 9E+4 4E-S 1E-7 - -
58 Cerium-134 W, all compounds except .
- those given for Y SE+2 TE+2 3e-7 1E-9 - -
{LI wall .
(6E+2) - - - 8E-6 8E-5
Y, oxides, hydroxides,
and fluorides - TE+2 3e-7 9E-10 - -
58 Cerium-135 W, see %;:Ce 2E+3 4E+3 2E-6 S5E-9% 2E-5 2t-4
Y, see Ce - 4E+3 1E-6 SE-9 - -
58 Cerium-137m W, see 13%Ce 243 4E+3 2%-6 6E-9 - -
LLI wall
134 (2E+3) - - - 3E-5 3E-4
Y, see Ce - 4E+3 2E-6 SE-9 - -
58 Cerium-137 W, see 133ce SE+4 1645 6E-5 26-7 7E-4 7€-3
Y, see Ce - 1E+5 SE-5 2E-7 - -
58 Ceriun-139 W, see 13ice 5E+3 8E+2 3E-7 1€-9 7E-5 7E-4
Y, see Ce - TJE+2 3E-7 9E-10 - -
58 Cerium-141 W, see 13%e 2E+3 7642 3€-7 1E-9 - -
LLI wall
134 (26+3) - - - 3E-5 3E-4
Y, see Ce - 6E+2 2E-7 8£-10 - -
58 Cerium-143 W, see 3%ce 1643 2643 8E-7 3-9 - -
LLI wall i
138 (1E+3) - - - 2E-5 26-4
Y, see Ce - 2£+43 7€-7 2E-9 - -
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App. B

PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION

Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuclide Class ALl DAC Air Water Concentration
No. (pCi) {uCi) (uCi/ml)  (pCi/m}) (uCi/mi)  (pCi/ml)
58 Ceriun-144 W, see 13%ce 2E+2 3641 1E-8 s-11 - -
LLI wall
134 (3E+2) - - - 3E-6 3E-5
Y, see Ce - 1E+1 6E-9 2E-11 - -
59 Praseodymium-l:iﬁ2 W, all compounds except
those given for Y SE+4 2E+5 1E-4 3E-7 - -
St. wall
(7C+4) - - - 1E-3 1€-2
Y, oxides, hydroxides,
carbides, and fluorides - 2E+5 9E-5 3E-7 ~ -
59 Praseodyniun-137% W, see 13¢pr 4E+4 2645 6E-5 26-7 SE-4 5E-3
Y, see Pr - 1E+5 6E-5 2E-7 - -
59 Praseodymium-138m W, see }ggpr 1E+4 SE+4 2E-5 8E-8 -4 1E-3
: Y, see Pr - 4E+4 2€-5 6E-8 - -
59 Praseodymium-133 W, see }ggpr 4E+4 1E+5 5E-5 2E-7 6E-4 6E-3
Y, see op - 1E+5 5E-5 2E-7 - -
59 Praseodymium-lemzw, see %ggPr 8E+4 2E45 7E-5 2E-7 1e-3 1E-2
Y, see Pr - 1E+5 6E-5 2E-7 - -
59 Praseodymiun-142 W, see 3cPr 1643 2643 9E-7 36-9 1E-5 1E-4
, see Pr - 2E+3 8E-7 3e-9 - -
59 Praseodymium-143 W, see 13%pr 9E+2 8E+2 3E-7 1E-9 - -
LLI wall
136 {1£+3) - - - 2E-5 2E-4
Y, see Pr - TE+2 3E~7 9E-10 - -
59 praseodymium-1442 W, see 136pr 3E+4 1645 5E-5 2-7 - -
St. wall
136 (4E+4) - - - 6E-4 6E-3
Y, see Pr - 1E+5 5E-5 2E-7 - -
59 Praseodyniua-145 W, see 13cPr 3E+3 9E+3 46-6 1E-8 4E-5 4E-4
Y, see Pr - 8E+3 3E-6 1E-8 - -
59 praseodymium-1472 W, see 136pp SE+4 2E+5 8E-5 3E-7 - -
St. wall
136 (8E+4) - ~ - 1€-3 1E-2
Y, see Pr - 2E+5 8E-5 3E-7 - -
60 Neodymium-1352 W, all compounds except
those given for Y 1E+4 6E+4 2E-S 8E-8 2E-4 2E-3
Y, oxides, hydroxides,
carbides, and fluorides - S5E+4 2E-5 8E-8 - -
60 Neodymiun-138 W, see 13ehd 2843 BE+3 3E-5 9€-9 3€-5 3E-4
Y, see Nd - 5€+3 2E-6 7E-9 - -
60 Neadymiun-139m W, see 13cNd 543 2E+4 7E-6 2E-8 7E-5 7€-4
Y, see Nd - 1E+4 6E-6 2E-8 - -
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PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION

App. B

Tabie 1 Table 2 Table 3
Occupational Values Effluent Reteases to
Concentrations Sewers
gol. 1 Col. 2 Col. Col. 1  Col
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuclide Class ALl L DAC Air Water Concentration
No. (uei) (WCi)  (uCi/m1) (uCi/m)  (uCi/ml) (uCi/ml)
60 Neodymium-1397 W, see 13oNa 9E+4 3E+5 -4 SE-7 1€-3 1€-2
Y, see Nd - 3E+5 1E-4 4£-7 - -
60 Neodymium-141 W, see iggNd 2E+5 7E+5 3E-4 16-6 2€-3 26-2
Y, see Nd - 6E+5 3E-4 SE-7 - -
60 Neodymium-147 W, see 3fNg 1€+3 9€+2 4E-7 1€-9 - -
LI wall
136 (1E+3) - - - 26-5 26-4
Y, see Nd -~ - 8E+2 4E-7 1E-9 - -
60 Neodymium-1492 W, see 138 1E+4 36+4 1E-5 4€-8 1E-4 16-3
Y, see Nd - 2E+4 1E-5 3e-8 - -
60 Neodymium-1512 W, see 13oNd 7E+4 2645 8E-5 3E-7 9E-4 9€-3
Y. see 13Byg - 2E45 8E-5 3E-7 : -
61 Promethium-1412 W, all compounds except
those given for Y S5E+4 2E+5 8E-5 3E-7 - -
St. wall
(6E+4) - - - 8E-4 8E-3
Y, oxides, hydroxides,
carbides, and fluorides - 2E+5 7E-5 2E-7 - -
61 Promethium-143 W, see 1oiPm 5E+3 6E+2 26-7 8E-10  7E-5 7€-4
Y, see ~ " Pm - TE+2 3g-7 1E-9 - -
61 Promethium-144 - W, see %:%Pm 1E+3 16+2 5E-8 26-10  26-5 2€-4
- Y, see Pm - 1E+2 5E-8 2E-10 - -
61 Promethium-145 W, see 14lpm 1E+4 2642 76-8 - 1E-4 1E-3
Bone surf )
181 - (2€+2) - E-10 - -
Y, see 1#1py - 2+2 8E-8 E-10 - -
61 Promethium-146 W, see 1eiPm 2643 5E+1 2-8 7E-11 26-5 26-4
Y, see Pm - 4E+1 2E-8 6E-11 - -
61 Promethium-147 W, see 1lpm 4E+3 1642 5€-8 - - -
LLI wall Bone surf
141 (5E+3) (2E+2) - 3E-10 7€-5 7E-4
Y, see Pm - 1£+2 6E-8 2E-10 - -
61 Promethiun-148n W, see 121Pm 7E+2 342 1€-7 4-10  1E-5 1E-4
Y, see Pm - 3E+2 1E-7 5E-10 - -
61 Promethiun-148 W, see 14lpp aE+2 5E+2 2-7 8E-10 - -
LLI wall
11 (SE+2) - - - 766 7€-5
Y, see Hpy - 5E+2 26-7 7E-10 - - -
61 Promethium-149 W, see 1%lpm 1843 2643 8E-7 3€-9 - -
LLI wall
181 (1E+3) - - - 2E-5 2€-4
Y, see Hpp - 2643 8E-7 2€-9 - -
61 Promethium-150 W, see i:}Pm 5E+3 2E+4 8E-6 3E-8 7E-5 7E-4
Y, see Hpp - 26+4 7E-6 2€-8 - -
61 Promethiun-151 W, see 13iPm 2643 4E+3 16-6 SE-9 265 26-4
Y, see Pm - 3E+3 1€-6 4t-9 - -
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PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION

App. B

Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuclide Class ALI L Air Water Concentration
No. (uCi) (uei) (uCi/m1) (uCi/m1)  (uCi/ml) (pCi/ml)
62 Samarium-141m2 W, all compounds 3E+4 1E+5 4E-5 1E-7 4E-4 4E-3
62 Samarium-1412 W, all compounds SE+4 2E+5 8E-5 2E-7 - -
St. wall
(6E+4) - - - 8£-4 8E-3
62 Samarium-1422 W, all compaounds 8E+3 3E+4 1E-5 4£-8 1E-4 1E-3
62 Samarium-145 W, all compounds 6E+3 5E+2 2E-7 7E-10 BE-5 8E-4
62 Samarium~-146 W, all compounds 1E+1 4E-2 1E-11 - - -
Bone surf Bone surt
{3E+1) (6E-2) - 9E-14 3e-7 3E-6
62 * Samarium-147 W, all compounds 2E+1 4E-2 2E-11 - - -
Bone surf Bone surf
(3E+1) (7E-2) - 1E-13 4E-7 4E-6
62 Samarium-151 W, all compounds 1E+4 1E+2 4E-8 - - -
LLT wall Bone surf
(1E+4) (2E+2) - 2E-10 2E-4 2€-3
62 Samarium-153 W, all compounds 2E+3 3£+43 1E-6 4E-9 - -
LLI wall
(2E+3) - - - 3E-5 3E-4
62 Samarium-lSS2 W, all compounds 6E+4 2E+5 9€-5 3E-7 - -
St. wall
i (BE+4) - - - 1€-3 1E-2
62 Samarium-156 W, all compounds SE+3 9E+3 4E-6 1E-8 7E-5 7E-4
63 Europium-145 W, all compounds 2E+3 2E+3 8E-7 3E-9 2E-5 2E-4
63 Europium-146 W, all compounds 1E+3 1E+3 SE-7 2E-9 1E-5 1€-4
63 Europium-147 W, all compounds 3E+3 2E+3 7E-7 2E-9 4€-5 4E-4
63 Europium-148 W, all compounds 1E+3 4E+2 1E-7 SE-10 1E-5 1t-4
63 Europium-149 W, all compounds 1E+4 3E+3 1€-6 4E-9 2E-4 2E-3
63 Europium-150 W, all compounds 3E+3 8E+3 4E-6 1€-8 4E-5 4E-3
(12.62 h)
63 Europium-150 W, all compounds 8E+2 2E+1 8E-9 3E-11 1E-5 1E-4
(3.2 y)
63 Europium-152m W, all compounds 3E+3 6E+3 3E-6 9€-9 4E-5 4E-4
63 Europium-152 W, all compounds BE+2 2E+1 1E-8 3E-11 1E-5 1E-4
63 Europium-154 W, all compounds 5E+2 2E+1 8E-9 3E-11 7€-6 7E-5
63 Europium-155 W, all compounds 4E+3 9E+1 4E-8 - 5E-5 5E-4
Bone surf
- (1€+2) - 2E-10 - -
63 Europium-156 W, all compounds 6E+2 5E+2 2E-7 6E~10 8E-6 8E-5
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Table 1 Table 2 Tabte 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Orat Monthly
Ingestion Inhalation Average
Atomic Radionuclide Class ALl Air Water Concentration
No. (uCi) (pCi) (uCi/m1)  (uCi/m1)  (uCi/mi) (pCi/ml)
63 Europium-157 W, all compounds 2E+3 SE+3 2E-6 7E-9 3E-5 3E-4
63 Europium-lSB2 W, all compounds 2E+4 6E+4 2E-5 8E-8 3E-4 3E-3
64 Gado]inium-1452 D, all compounds except
those given for W 5E+4 2E+5 6E-5 2€-7 - -
St. wall
(5E+4) - - - 6E-4 6E-3
. W, oxides, hydroxides,
and fluorides - 2E+5 7E-5 2€-7 - -
62 Gado}iniun-146 D, see 1a2Gd 1643 1642 SE-8 2-10 265 2-4
W, see Gd - 3E+2 1E-7 4E-10 - -
64 Gadolinium-147 - D, see 122Gd 2643 4E+3 2%-6 6€-9 3E-5 3E-4
W, see Gd - 4E+3 1E-6 SE-9 - -
64 Gadoliniun-148 D, see %4 1641 8E-3 k-2 - - -
Bone surf Bone surf
145, (2E+1) (2€-2) - 2E-14 3€-7 3E-6
W, see Gd - 3E-2 1€-11 - - -
Bone surf
- (6£-2) - 8E-14 - -
64 Gadolinium-149 D, see 1a26d IE+3 243 9E-7 3E-9 45 4€-2
W, see Gd - 2E+2 1E-6 3€-9 - -
64 Gadolinium-151 D, see “*5Gd 6E+3 4E+2 2%-7 - 9E-5 9E-4
Bone surf
- 145 - (6E+2) - 9€-10 - -
) W, see Gd - 1E+3 5¢-7 2€-9 - -
64 Gadolinium-152 D, see 5gq 241 1E-2 412 - - -
(Bone surf  Bone surf
3E+1) (2E-2) - 3e-14 4E-7 4E-6
W, see 1%5gq : 4-2 -1 - - -
Bone surf
- (8E-2) - 1E-13 - -
64 Gadolinium-153 D, see %74 5E+3 1E+2 6E-8 - 6€-5 6E-4
Bone surf
145 - (2E+2) - 3E-10 - -
W, see Gd - 6E+2 2E-7 8E-10 - -
S riume 145 .
64 Gadolinium-159 D, see 1456d 3E+3 8E+3 3E-6 1E-8 4E-5 4E-4
W, see Gd - 6E+3 2E-6 8E-9 - -
65 Terbium—1472 W, all compounds 9E+3 3E+4 1E-5 S5E-8 1E-4 1€-3
65 Terbium-149 W, all compounds SE+3 TE+2 3E-7 1E-9 7€-5 7€-4
65 Terbium-150 W, all compounds SE+3 2E+4 9E-6 3e-8 7€-5 TE-4
65 Terbium-151 W, all compounds 4E+3 9E+3 4E-6 1£-8 5E-5 SE-4
65 Terbium=-153 W, all compounds SE+3 7E+3 3E-6 1E-8 7€-5 TE-4
65 Terbium-154 W, all compounds 2643 4E+3 2E-6 6E-9 2E-5 2E-4
65 Terbium-155 W, all compounds 6E+3 8E+3 3E-6 1E-8 8E~5 8E-3
65 . Te:gi;m;}Sﬁm W, all compounds 2E+4 3E+4 1E-5 4E-8 2E-4 2E-3
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Tabte 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Caol. 1 Col. 2 Col. Col. Col.
Orat Monthly
Ingestion Inhalation Average
Atomic Radionuclide Class ALl AL OAi Air Water Concentration
No. (uCi) (pCi) (uCi/m1)  (pCi/ml)  (uCi/m1) (uCi/mi)
65 Terbium-156m W, all compounds TE+3 BE+3 3E-6 1E-8 1E-4 1E-3
(24.4 h)
65 Terbium=-156 W, all compounds 1E+3 1E+43 6E-7 2E-9 1E-5 1£-4
65 Terbium-157 W, all compounds SE+4 3E+2 1E-7 - - -
LLT wall Bone surf
(5E+4) (6E+2) - 8E-10 7E-4 7€-3
65 Jerbjum-158 W, all compounds 1E+3 2E+1 8E-9 3E-11 2E-5 2E-4
65 Terbium-160 W, all compounds BE+2 2E+2 9E-8 3E-10 1E-5 1E-4
65 Terbium-161 W, all compounds 2E+3 2E+3 7€~7 2E-9 - -
LLI wall
(2E+3) - - - 3E-5 3E-4
66 Dysprosium-155 W, all compounds 9E+3 3E+4 1E-5 4E-8 1E-4 1€-3
66 Dysprosium-157 W, all compounds 2E+4 6E+4 3E-5 9E-8 3E-4 3E-3
66 Dysprosium-159 W, all compounds 1E+4 2E+3 1E-6 3E-9 2E-4 2E-3
66 Dysprosium-165 W, all compounds 1E+4 SE+4 2€6-5 6E-8 2E-4 2E-3
66 Dysprosium-166 W, all compounds 6E+2 7E+2 3E-7 1E-9 - -
LLI wall
{8E+2) - - - 1E-5 1£-4
67 Holmi um- 1552 W, all compounds 4E+4 2E+5 6E-5 2E-7 6E-4 6E-3
67 Holmium—1572 W, all compounds 3E+5 1E+6 6E-4 2E-6 4E-3 4E-2
67 Holms un-1592 W, all compounds 2E+5 1E+6 4E-4 1E-6 3E-3 3E-2
67 Holmium-161 W, all compounds 1E+S 4E+5 ) 2E-4 6E-7 1E-3 1€-2
67 Holm'ium—162m2 W, all compounds 5E+4 3E+5 - 1E-4 4E-7 7E-4 7€-3
67 Ho]mium—lszz W, all compounds 5E+5 . 2E+6 1E-3 3E-6 - -
St. wall
(BE+5) - - - 1E-2 1e-1
67 Holmium-164m2 W, all compounds 1E+5 3E+5 1E-4 4E-7 1£-3 1E-2
67 Holmium-1642 W, all compounds 2E+5 6E+5 3E-4 9E-7 - -
St. wall
(2E+5) - - - 3E-3 3E-2
67 Holmium-166m W, all compounds 6E+2 TE+Q 3t-9 9€-12 9E-6 9E-5
67 Holmium-166 W, all compounds 9E+2 2E+3 7€-7 2E-9 - -
LLI watll
(9E+2) - - - 1E-5 1E-4
67 Holmium-167 W, all compounds 2E+4 6E+4 2E-5 8E-8 2E-4 2E-3
68 Erbium-161 W, all compounds 2E+4 6E+4 3E-5 9E-8 2E-4 2E-3
68 Erbium-165 W, all compounds 6E+4 2E+5 BE-5 3E-7 9E-4 9E-3
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Cancentrations Sewers
Col. 1 Col. 2 Col. Col. 1 Col.
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuciide Class ALI - ALT DA Air Water Concentration
No. (uCi) {(uCi) (uCi/m1}  (pCi/ml)  (uCi/m1) (pCi/ml)
68 Erbium-169 W, all compounds 3E+3 3E+3 1t-6 4E-9 - -
LLI wall
(4E+3) - - - 5E-5 SE-4
68 Erbium-171 W, all compounds 4E+3 1E+4 4E-6 1E-8 SE-5 SE-4
68 Erbium-172 W, all compounds 1E+3 1E+3 6E-7 2E-9 - -
LLI wall
(1E+3) - - - 2E-5 2E-4
69 Thulium-lﬁzz W, all compounds 7E+4 3E+5 1£-4 4E-7 -
St. wall
(7E+4) - - - 1E-3 1E-2
69 Thulium-166 W, all compounds 4E+3 1E+4 6E-6 2E-8 6E-5 6E-4
69 Thulium-167 W, all compounds 2E+3 2E+3 8E-7 3E-9 - -
LLI wall
(2E+3) - - - 3E-5 3E-4
69 Thulium-170 W, all compounds 8E+2 2£+2 9E-8 3E-10 - -
LLI wal¥
(1E+3) - - - 1E-5 1£-4
69 Thulium-171 W, alt compounds 1E+4 3E+2 1E-7 - - -
LLI wall Bone surf
(1E+4) (6E+2) - 8E-10 2E-4 2E-3
69 Thulium-172 W, all compounds TE+2 1E+3 SE-7 2E-9 - -
LLI wall
- (8E+2) - - - 1E-5 1E-4
69 Thulium-173 W, all compounds AE+3 1E+4 5E-6 2E-8 6E-5 6E-4
69 Thulium-1752 W, all compounds TE+4 3E+5 1E-4 4E-7 - -
St. wall
(9E+4) - - - 1E-3 1E-2
70 Ytterbium—lGZZ W, all compounds except
those given for Y 7€+4 3E+5 1E-4 4E-7 1E-3 1E-2
Y, oxides, hydroxides,
and fluorides - 3E+5 1E-4 4E-7 - -
70 Yiterbiun-166 W, see Joavb 143 2643 8E~7 3E-9 26-5 26-4
Y, see Yb - 2E+3 8E-7 3E-9 - -
70 Ytterbium-1672 W, see 162vy 3E+5 8E+5 3E-4 1E-6 4€-1 4-2
Y, see Yb - TE+S 3E-4 1E-6 - -
70 Ytterbium-169 W, see 10ovb 2643 8E+2 4-7 1E-9 2E-5 2-4
Y, see Yb - 7E+2 3E-7 1E-9 - -
70 Ytterbium-175 W, see 162yp 3643 4643 1E-6 5€-9 - -
LLE wall
162 (3E+3) - - - 4£-5 4E-4
Y, see Yb - 3E+3 1E-6 5€-9 - -
70 Yiterbium-1777 W, see 162yp 26+4 SE+4 26-5 7€-8 2-4 26-3
Y, see Yb - SE+4 2E-5 6E-8 - -
70 Viterbiun-1782 W, see 162y 1E+4 4E+4 26-5 6E-8 2E-4 26-3
. Y, see Yb - 4E+4 2E-5 5E-8 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuclide Class ALI AL D Air Water Concentration
No. (uCi) (Ci)  (uCi/ml) (uCi/m)  (pCi/ml)  (uCi/m1)
71 Lutetium-169 W, all compounds except
those given for Y 3E+3 4€+3 2E-6 6E-9 3E-5 3E-4
Y, oxides, hydroxides,
and fluorides - 4E+3 2E-6 6E-9 - -
n Lutetium-170 W, see %ggLu 1E+3 2E+3 9E-7 3E-9 2€-5 2E-4
Y, see Lu - 2E+3 8E-7 3E-9 - -
71 Lutetium-171 W, see 1631, 2643 2643 BE-7 3E-9 3E-5 3€-4
Y, see Lu - 2E+3 8E-7 3E-9 - -
n Lutetium-172 W, see 1oL 1643 1643 SE-7 2E-9 1€-5 1E-4
Y, see Lu - 1E+3 5€-7 2E-9 - -
71 Lutetium-173 W, see 189y 5E+3 3E+2 1E-7 - 7E-5 7E-4
Bone surf
169 - (5E+2) - 6E-10 - -
Y, see Lu - 3E+2 1€-7 4E-10 - -
71 Lutetium-174m W, see 6%y 2643 2642 1€-7 - - -
LLI wall Bane surf
169 (3E+3) (3E+2) - 5E-10  4E-5 4E-4
Y, see Lu - 2E+2 SE-8 3E-10 - -
n Lutetium-174 W, see 169y 5E+3 1€+2 5E-B - 7€-5 7E-4
Bone surf
169 - (2£+2) - €10 - -
Y, see 1691y - 2E+2 6E-8 26-10 - -
7 Lutetium-176n W, see oolu gE+3 3644 1€-5 3E-8 16-4 1€-3
Y, see. Lu - 2E+4 9E-6 3E-8 - -
n Lutetiun-176 W, see 159y 7E+2 5E+0 2E-9 - 1E-5 1E-4
. Bone surf
- (1E+1) - 2€-11 - -
v, see 8%y - BE+D 3E-9 -1 - -
71 Lutetium-177m W, see 189y 7642 16+2 5€-8 - 1€-5 1€-4
Bone surf
: - (1E+2) - 26-10 - -
v, see 189 - 8E+1 3€-8 -0 - -
71 Lutetium-177 W, see 169, 2643 2643 %-7 3E-9 - -
LLL wall
(3E+3) - - - 4E-5 4E-4
v, see 169y - 2643 9E-7 3E-9 - -
n Lutetiun-178n2 W, see 1674 SE+4 2E+5 8E-5 3E-7 - -
St. wall
(6E+4) - - - 8E-4 BE-3
v, see 169y - 2645 7E-5 2E-7 - -
7 Lutetium-1782 W, see 5oLy 4E+4 1E+5 5E-5 2€-7 - -
st. wall
(4E+4) - - - 6E-4 6E-3
v, see %y - 1€+5 5E-5 2E-7 - -
) 169 -6 - 9€-5 9E-4
7 Lutetium-179 W, see 1821y BE+3 2E+4 BE-6 3-8
v, see 163y - 2E+4 6E-6 3E-8 - -
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Table 1 Table 2 Table 3
Occupational Values Effiuent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuclide Class ALl 1 DA Air Water Concentration
No. (pCi) (Ci)  (uCi/mi) (uCi/mt)y  (uCi/ml)  (uCi/mi)
72 Hafnium-170 D, all compounds except
those given for W 3E+3 BE+3 2E-6 8€-9 4E-5 4E-4
W, oxides, hydroxides,
carbides, and nitrates - 5£+3 2E-6 6E-9 - -
72 Hafnium-172 5, see 170 1E+3 9E+0 4€-9 - 2€-5 26-4
Bone surf
170 - (2E+1) - €11 - -
W, see Hf - 4E+1 2E-8 - - -
Bone surf
- (6E+1) - 8e-11 - -
72 Hafniun-173 D, see 120Hf 5€+3 1644 5€-6 2-8 7E-5 7E-4
W, see Hf - 1E+4 5E-6 2t-8 - -
72 Hafnium-175 D, see 170f 343 9E+2 4E-7 - 4€-5 4E-4
Bone surf
170 - (1€+3) - 1€-9 - -
W, see Hf - 1E+3 SE-7 2E-9 - -
72 Hafnium-177a° D, see 1704f 2E+4 6E+4 2E-5 8€-8 3E-4 3E-3
W, see Hf - 9E+4 4E-5 1E-7 - -
72 Hafnium-178m 0, see 70yf 3642 1E+0 S€-10 - 3E-6 3E-5
Bone surf
170 - (2£+0) - €12 - -
W, see Hf - SE+0 2E-9 - - -
Bone surf
- (9€+0) - 111 - -
72 Hafnium-179m D, see 170 1E+3 3642 1€-7 - 1E<5 1E-4
Bone surf
- (6E+2) - 8€-10 - -
W, see 10k - 6E+2 3€-7 gE-10 - -
72 Hafnium-160m D, see 270ur 7E+3 26+4 9E-6 3E-8 1E-4 1€-3
W, see Hf - IE+4 1€-5 4E-8 - -
72 Hafnium-181 D, see 170¢ 1643 2642 7E-8 - 26-5 26-4
Bone surf
- (46+2) - - 6E-10 - -
W, see 170kt - AE+2 267 6E-10 - -
72 Hafnium-18202 D, see 1Tous AE+4 9E+4 4E-5 16-7 SE-4 5€-3
E W, see Hf - 1E+5 6E-5 2E-7 - -
72 Hafnium-182 0, see 0y 242 8E-1 €10 - - -
Bone surf Bone surf
170 (4E+2) (26+0) - 26-12 . SE-6 5E-5
W, see 1704 - 3€+0 1E-8 - - -
Bone surf
- (7E+0) - 1 - -
72 Hafnium-1832 179
afnium D, see 170Hf 2E+4 S5E+4 2-5 6E-8 3E-4 3E-3
W, see 70kt - 6E+4 26-5 8€-8 - -
72 Hafnium-184 D, see };gﬂf 2E+3 8E+3 3E-6 1£-8 3E-5 3E-4
W, see 170ys - 6E+3 3E-§ 9€-9 - -
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Table 1 Table 2 Table 3
Occupational Values gffluent Releases to
Concentrations Sewers
tol. 1 Col. Col. Col. 1 Col.
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuclide Class ALl L Air Water Concentration
“No. (uCi) (WCi) (uCi/a1)  (WCi/m1)  (uCi/m) (uCi/ml)
73 Tantalum-l722 W, all compounds except
those given for Y 4E+4 1E+5 5E-5 2e-7 SE-4 5E-3
Y, elemental Ta, oxides,
hydroxides, halides,
carbides, nitrates,
and nitrides - 1E+5 4E-5 1€-7 - -
73 Tantaium-173 W, see };gta 7£+42 2644 8E-6 3-8 9E-5 9E-4
Y, see Ta - 2E+4 7€-6 2E-8 - -
73 Tantalun-1742 W, see };gra 3E+4 1645 4€-5 1€-7 4E-4 4E-3
Y, see Ta - 9E+4 4E-5 1€-7 - -
7 Tantalun-175 W, see 17274 6E+3 26+4 7E-6 26-8 BE-5 8E-4
Y, see Ta - 1E+4 6E-6 2E-8 - -
73 Tantalum-176 W, sce i;gTa 3E43 1E+4 5E-6 2-8 5€-5 5E-4
Y, see Ta - 1E+4 SE-6 2E-8 - -
73 Tantalum-177 W, see };gTa 16+4 2E+4 8E-6 3E-8 264 26-3
Y, see %12 - 2644 7E-6 2E-8 - -
73 Tantalum-178 W, see 11212 2644 9E+4 4E-5 1€-7 2€-4 2€-3
Y, see Ta - 7E+4 3E-5 1€-7 - -
73 Tantalum-179 W, see };gra 2E+4 SE+3 2E-5 8E-9 3E-4 3g-3
Y, see Ta - 9E+2 4E-7 1E-9 - -
73 Tantalum-180m W, see };gra 26+4 7E+4 3E-5 9E-B 3€-4 3€-3
Y, see Ta - 6E+4 2€-5 8E-8 - -
. 7
73 Tantalum-180 W, see %72 a 1E+3 4E+2 2€-7 6E-10 2€E-5 2E-4
Y, see Ta - 2E+1 1E-8 3E-11 ~ -
73 Tantalun-182n° W, see 727, 2€+5 SE+5 2E-4 8E-7 - -
St. wall
(2E+5) - - - 3E-3 3£-2
Y, see 1721, - AE+S 2€-4 6E-7 - -
73 Tantalum-182 W, see 17215 8E+2 342 1E-7 SE-10  1E-5 1E-4
Y, see Ta - 1E+2 6E-8 2E-10 - -
73 Tantalum-183 W, see 1727, 9E+2 1E+43 5€-7 2€-9 - -
LLI wall
(1E+3) - - - 2E-5 2-2
Y, see 1721, - 1E+3 4€-7 16-9 - -
_ 17
73 Tantalum-184 W, see 17gTa 2E+43 SE+3 2E~6 8€-9 3E-S 3E-4
Y, see Y21, - 5E+3 266 7E-9 - -
2 R
73 Tantalur1ss? W, see 1127 E127) 7644 ¥-5  1E-7 464 4E-3
Y, see Y21, S 6E+4 3E-5 9E-8 - -
73 Tantalum-186% W, see 17214 SE+4 2645 1E-4 3-7 - -
St. wail
(TE+4) - - - 13 1E-2
Y, see 172Ta - 2E+5 9E-5 3E-7 - -
74 Tungsten-176 D, all compounds 1E+4 SE+4 2E-5 7e-8 16-4 1€-3
74 Tungsten-177 D, all compounds 2E+4 9E+4 4E-5 1E-7 IE-4 3E-3
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Atomic
No.

74
74
74
74

74
74

75

75

75

75

75

75

75

75

75

75

75

75

Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. Col. 1 Col. 2
Oral Monthly
. Ingestion Inhalation Average
Radionuclide Class ALl DA Air Water Concentration
(pCi) {(uCi) (pCi/m1)  (pCi/ml1) (pCi/ml) (uCi/ml)
Tungsten-178 D, all compounds 5€+3 2E+4 8E-6 3E-8 7E-5 7E-4
Tungsten-1792 D, all compounds SE+5 2E+6 TE-4 2E-6 7E-3 7€-2
Tungsten-181 0, all compounds 2E+4 3E+4 1E-5 SE-8 2E-4- 2E-3
Tungsten-185 D, all compounds 2E+3 7E+3 3E-6 9E-9 - -
LLI wall
(3E+3) - - - 4E-5 4E-4
Tungsten-187 D, all compounds 2E+3 9E+3 4E-6 1E-8 3E-5 3E-4
Tungsten-188 D, all compounds 4E+2 1E+3 5¢-7 2E-9 - -
LLI wall
(5E+2) - - - 7€-6 7€-5
Rhenium-1772 D, all compounds except
those given for W SE+4 3E+5 1E-4 4E-7 - -
St. wall
(1E+5) - - - 2E-3 2€-2
W, oxides, hydroxides,
and nitrates - 4E+5 1E-4 5E-7 - -
Rhenium-1782 D, see 177Re 7E+4 3E+5 1E-4 aE-7 - -
S5t. wall
177 (1E+5) - - - 1€-3 1E-2
W, see Re - 3E+5 1E-4 4E-7 - -
Rhenium-161 D, see 177Re 5€+3 9E+3 ag-6 1E-8 7€-5 7E-4
W, see Re - 9E+3 4E-6 1E-8 - -
Rheniun-182 D, see 77%e 7643 1E+4 SE-6 2E-8 9E-5 9E-4
(12.7 h) W, see Re - 2E+4 6E-6 2E-8 - -
Rhenium-162 D, see 177Re 1E+3 2643 166 3€-9 2-5 2E-4
(64.0 h) W, see Re - 2E+3 9e-7 3E-9 - -
Rheniun-184m D, see 127Re 2643 343 1E-6 4E-9 3E-5 3E-4
W, see Re - 4E+2 2E-7 6E-10 - -
Rheniun-184 D, see 177Re 2643 3E+3 1E-6 5E-9 3E-5 3E-4
W, see Re - 1E+3 6E-7 2E-9 - -
Rheniun-186m D, see 177Re 1643 2643 7€-7 - - -
St. wall St. wall
177 (2E+3) (2€+3) - 3E-9 2E-5 2E-4
W, see Re - . 2E+2 6E-8 2E-10 - -
Rhenium-186 D, see 17pe 2643 3E+3 16-6 4E-9 36-5 3E-4
W, see Re - 2E+3 7€-7 2E-9 - -
Rheniun-187 D, see 77Re 6E+5 BE+S 4E-4 - BE-3 8E-2
5t. wall
177 - (9E+5) - 1E-6 - -
W, see Re - 1E+5 4E-5 1E-7 - -
Rheniua-188n° D, see 11oRe 8E+4 16+5 6E-§ 267 1€-3 16-2
W, see Re - -1E+5 6E-5 2E-7 - -
Rheniun-188 D, see 1775 2643 3643 1E-6 4g-9 2-5 2-4
W, see Re - 3E+3 1E~6 4E-9 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
R Concentrations Sewers
Col. 1 Cal. 2 Col. 3 Cot. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuclide Class ALI LI Al Air Water Concentration
No. (uCi) (uCi) (uCi/m1)  (pCi/ml) (uCi/m1)  (pCi/m1)
75 Rheniun-189 D, see 177e 3£+3 SE+3 26-6 7E-9 4E-5 4€-4
W, see Re - 4E+3 2E-6 6E-9 - -
76 Osmium-lsuz D, all compounds except
those given for W and Y 1E+5 AE+5 2E-4 5E-7 1E-3 1E-2
W, halides and nitrates - SE+S 26-4 7E-7 - -
Y, oxides and hydroxides - 5E+5 2E-4 6E-7 - -
76 Osmium-1812 D, see %2305 16+4 4E+4 2E-5 6E-8 26-4 2€-3
W, see 18005 - SE+4 2E-5 6E-8 - ~
Y, see Os - 4E+4 2E-5 6E-8 - -
76 osmiun-182 0, see 19005 2643 6E+3 2E-6 8E-9 3E-5 3E-4
W, see 18005 - 4E+3 2E-6 6E-9 - -
Y, see 0s - 4E+43 2E-6 6E-9 - -
76 Osmium-185 0, see 1800 2643 5E42 2E-7 7E-10 365 3E-4
W, see 18005 - 8E+2 3E-7 1E-9 - -
Y, see Os - 8E+2 3E-7 1€-9 - -
76 Osmium-189m D, see 13005 BE+4 245 1E-4 3E-7 1€-3 1E-2
W, see 18005 - 2E+5 9E-5 3E-7 - -
Y, see 0s - 2E+5 7E-5 2E-7 - -
78 Osmium-191m D, see }ggOs 1E+4 3E+4 16-5 4E-8 2E-4 2E-3
W, see 18005 - 2E+4 8E-6 3E-8 - -
Y, see 0s - 2E+4 7E-6 2E-8 - -
76 Osmium-191 0+ see 18004 2E+3 2E+3 9€-7 3E-9 - -
. LLI wall
180 {3E+3) - - - 3E-5 3E-4
W, see 18005 - 2E+3 7E-7 2E-9 - ~
Y, see Os - 1E+3 6E-7 2€-9 - -
76 Osmium-193 D, see 180 2643 5E+3 26-6 6E-9 - -
LLI wall
180 (2E+3) - - - 2E-5 2E-4
W, see 18005 - 3E+3 1E-6 4E-9 - -
Y, see Os - 3E+3 1E-6 4E-9 .- -
76 Dsmium-194 b, see 8%; aE+2 4E+1 26-8 6E-11 - -
LLI wall
180 (6E+2) - - - 8E-6 8E-5
W, see 18005 - 6E+1 2E-8 8E-11 - -
Y, see 0s - 8E+0 3E-9 1E-11 - -
77 Iridium-lBZ2 D, all compounds except
those given for W and Y 4E+4 1E+5 6E-5 2E-7 - -
St. wall
(4E+4) - - - 6E-4 6€~3
W, halides, nitrates,
and metallic iridium - 2E+5 6E-5 2E-7 - -
Y, oxides and hydroxides - 1E+5 SE-5 2E-7 - -
77 Iridium-184 D, see igglr 8E+3 2E+4 1E-5 3E-8 1E-4 1€-3
W, see 182Ir - 3E+4 1E-5 GE-8 - -
Y, see ir - 3E+4 1E-5 4E-8 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuc)ide Class ALl L Air Water Concentration
No. (uei) (Ci)  (uCi/m) (uCi/ml)  (uCi/ml) (pCi/m1)
77 Iridiun-185 D, see Jo2Ir 5E+3 1644 SE-6 26-8 7E-5 7E-4
W see 1921 : 1E+4 5E-6 2E-8 - -
Y. see 182, - 1E+4 4€-5 1E-8 - -
7 Iridiun-186 0, see 1521y 2643 8E+3 3E-6 1€-8 3E-5 k-4
W, see IBZIr - BE+3 3E-6 9E-9 - -
Y, see 1821p - 6E+3 26-6 8E-9 - -
7 Iridiun-187 D, see igglr 1E+4 3E+4 1E-5 SE-8 1€-4 16:3
W, see 1BZI - 3E+4 1E-5 4E-8 - -
Y, see 182, - 3E+4 1E-5 4E-8 - -
77 Iridium-188 D, see 152 2843 5E+3 26 6E-9 3E-5 3E-4
W, see 182Ir - 4E+3 1E-6 5E-9 - -
Y, see Ir - 3E+3 1E-6 5E-9 - -
77 Iridium-189 D, see 1821y 5E+3 5E+3 2E-6 76-9 - -
LLT wall
182 (5E+3) - - - 7E-5 76-4
W, see 182Ir - AE+3 2E-6 5€-9 - -
Y, see Ir - 4E+3 1E-6 5E-~9 - -
77 Iridiun-190n° D, see 1oalr 2E+5 2645 8E-5 3E-7 26-3 2E-2
W, see 1321r - 2645 9E-5 3E-7 - -
Y, see Ir - 2E+5 8E-5 3E-7 - -
77 Iridium-190 D, see 1521y 1643 9E+2 4E-7 1€-9 1E-5 1E-4
W, see 182y - 1E+3 4E-7 1€-9 - -
Y, see 1821y - 9€+2 4E-7 1€-9 - -
77 Iridiun-192m D, see 122, 3E+3 9E+1 4E-8 1E-10  4E-5 3E-4
W, see 1821r - 2E+2 9E-8 k-0 - -
Y, see Ir - 2E+1 6E-9 2E~11 - -
77 Iridium-192 D, see 152y 9E+2 3E+2 1E-7 4E-10  1E-5 1E-4
W, see 182]r - 4E+2 2E-7 6E-10 - -
Y, see 82| - 2E+2 9E-8 -0 - -
7 Iridium-194n D, see 1921r 6E+2 9E+1 4€-8 1-10  9E-6 9E-5
W, see 182Ir - 2E+2 7€-8 2E-10 - -
Y, .ses 182]p - 1E+2 4E-8 €-10 - -
77 Iridium-194 D, see 1g§lr 1643 3E+3 1€-6 4E-9 1E-5 1E-4
W, see 1821r - 2E+3 9E-7 3E-9 - -
Y, see 1821p - 2643 8E-7  3E-9 - - .
77 Iridium-195m D, see 182, 8E+3 26+4 1E-5 3-8 1€-4 1€-3
W, see 1821r - 3E+4 1E-5 4£-8 - -
Y, see 182y - 2E+4 9E-6 3-8 - -
77 Iridium-195 D, see 1821, 1644 4E+4 2€-5 6E-8 2E-4 2E-3
W, see 1azlr - SE+4 2E-5 7E-8 - -
Y, see Ir - 4E+4 2E-5 6E-8 - -
78 Platinum-186 D, all compounds 1E+4 4E+4 2E-5 S5e-8 2E-4 2E-3
78 Platinum-188 D, all compounds 2E+3 2£+3 7€-7 2E-9 2E-5 2E-4
78 Platinum-189 b, all compounds 1E+4 3E+4 1E-5 4€-8 1E-4 1€-3
78 Platinum-191 D, all compounds 4E+3 BE+3 4E-6 1£-8 5E-5 SE-4
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Cal. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhajation Average
Atomic Radionuclide Class ALI AL Air Water  Concentration
No. (pei) (pCi) (pCi/ml) (pCi/ml) (uCi/m1) (pCi/ml)
78 PTatinum-193m B, a1 compounds 3E+3 6E+3 IE-8 BE-9 - =
LtI wall
(3E+4) - - - 4E-5 4E-4
78 Platinum-193 D, all compounds 4E+4 2E+4 1E-5 3E-8 - -
LLI watl
(5€+4) - - - 6E-4 6E-3
78 Platinum-195m D, al! compounds 2E+3 4E+3 2E-6 6E-9 - -
LLT wall
(2E+3) - - - 3E-5 3E-4
78 Platinum-197m2 D, all compounds 2E+4 4E+4 2E-5 6E-8 2E-4 2€E-3
78 Platinum-197 D, all compounds 3E+3 1E+4 4E-6 1E-8 4E-5 4E-4
78 Platinum-1992 D, a1 compounds SE+4 1E+5 6E-5 2E-7 7€-4 7E-3
78 Platinum-200 0, all compounds 1E+3 3E+3 1E-6 SE-9 2E-5 2E-4
79 Go1d-193 D, all compounds except
those given for W and Y SE+3 3E+4 1E-5 4E-8 1E-4 1E-3
W, halides and nitrates - 2E+4 9E-6 3E-8 - -
Y, oxides and hydroxides - 2E+4 8E-6 3E-8 - -
79 God-194 D, see JodAu 3E+3 8E+3 3E-6 1€-8 4E-5 AE-4
W, see jgiAu - SE+3 2€-6 8E-9 - -
Y, see Au - 5E+3 2E-6 7E-9 - -
79 Gold-195 D, see joiAu 5E+3 1E+4 5E-6 26-8 7€-5 7E-4
W, see-o3Au - 143 6E-7 2E-9 - -
Y, see Au - 4E+2 2E-7 6E~10 - -
79 Gold-198m D, see 12%au 1643 3643 1£-6 4E-9 1E-5 1E-4
W, see ;g3Au - 1€+3 SE-7 2E-9 - -
Y, see Au - 1E+3 S€-7 2E-9 - -
79 Gold-198 D, see 123au 1€+3 4E+3 2E-6 5E-9 2-5 2€-4
W, see 193Au - 2E+3 8E-7 3E-9 - -
Y, see Au - 2£+3 7e-7 2E-9 - -
79 Gold-199 D, see 193y 3E+3 9E+3 46-6 1E-8 - -
LLI wall B
193 (3£+3) - - - 4E-5 4E-4
W, see 193Au - 4E+3 2€-6 6E~9 - -
Y, see A - 4E+3 2E-6 SE-9 - -
79 Gold-200m D, see 133ay 1643 4643 16-6 SE-9 25 2%-4
W, see 193Au - 3E+3 1€-6 4E-9 - -
Y, see Au - 2€+4 1£-6 3g-9 - -
79 Gold-2002 D, see }ggnu 36+4 6E+4 3E-5 9-8 4E-4 4E-3
W, see 193Au - 8E+4 3E-S 1£-7 - -
Y, see Au - TE+4 3£-5 1E-7 - -
79 Gold-2012 D, see 2y TE+4 2645 9E-5 37 - -
St. wall
193 (9E+4) - - - 1€-3 1€-2
W, see 193Au - 2E+5 1E-4 3E-7 - -
Y, see Au - 2E+5 9E-5 3E-7 - -
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Table 1 Table 2 Table 3
Occupationat Values Effluent Releases to
. Concentrations Sewers
Col. 1 Cot. 2 Col. Col. 1 Col
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuclide Class 1 ALT DAC Air Water Concentration
No. (pCi) (pCi) (puCi/m1) (pCi/m1)  (pCi/m)) (pCi/ml)
80 Mercury-193m Vapor - 8E+3 4E-6 1E-8 - -
Organic D 4E+3 1E+4 5E-6 2E-8 6E-5 6E-4
D, suifates 3E+3 9E+3 4€-6 1€-8 4E-5 4E-4
W, oxides, hydroxides,
halides, nitrates,
sulfides - 8E+3 3E-6 1E-8 - -
80 Mercury-193 Vapor - IE+4 1E-5 AE-8 - -
Organic D 2E+4 6E+4 3E-5 9€-8 3E-4 3E-3
D, see 123Mg 2E+4 4E+4 2-5 6E-8 2€-4 2€-3
W, see Hg -~ 4E+4 2€-5 6E-8 - -
80 Mercury-194 Vapor - 3E+1 1E-8 4E-11 - -
Organic D 2E+1 3E+1 1E-8 4E-11 2€-7 2E-6
D, see }3§:Hg BE+2 - 4E+] 26-8 6E-11 1€-5 1E-4
W, s Hg - 1E+2 5E-8 2E-10 - -
80 Mercury-195m Vapor - 4E+3 2E-6 6E-9 - -
Organic D 3E+3 6E+3 3E-6 8€-9 4E-5 4E-4
D, see }ggzug 2643 5E+3 2%-6 -9 3E-5 3E-4
W, see - 4E+3 2E-6 5€-9 - -
80 Mercury-195 Vapor - 3E+4 1€-5 4E-8 - -
Organic D 2E+4 5E+4 2E-5 6E-8 2E-4 2E-3
B D, see 133Mg 1E+4 4E+4 1E-5 5€-8 2-4 2-3
W, see Hg - 3E+4 1E-5 5£-8 - -
-197 Vapor - 5E+3 2E-6 7€-9 - -
80 Mercumy T amic D a3 9E+3 4%-6  1E-8 56-5  SE-4
193m - - - 4E-4
D, see Hi 3E+3 TE+3 3E-6 1€-8 4E-5
W, see 193mH3 - SE+3 2%-6 7€-9 - -
80 Mercury-197 Vapor - BE+3 4€-6 1E-8 - -
¢ 4 Organic D TE+3 1E+4 6E-6 2E-8 9E-5 9t-4
D, see 133my 6E+3 1E+4 5E~6 2€-8 8E-5 8e-4
W ses 193m,,g . 9E+3 aE-6 1E-8 - -
2 - - 1E-7 - -
80 Mercury-199m' Vapor 8E+4 3E-5
Organic D GE+4 2E+5 7E-5 267 - -
St. wall
(1E+S) - - - 1€-3 1£-2
D, see 133m, BE+4 1E+5 6E-5 2-7 BE-4 8€-3
W, see 193“n - 26+5 7€-5 2E-7 - -
80 Mercury-203 Vapor - 8E+2 4E-7 1E-9 - -
Y Organic D 542 8E+2 3E-7 1€-9 7E-6 7E-5
D, see 193”Hg 2E+3 1643 5E-7 26-9 36-5 3E-4
W, see 193 - 1E+3 SE-7 2-9 - -
81 Thallium-194m? D, all compounds S5E+4 2E+5 6E-5 2E-7 - -
St. wall
(7€+4) - - - 1E-3 1E-2
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" Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Cal. 1 Col. 2 Col. 3 Col. 1 Col
Oral Monthly
. Ingestion Inhalation Average
Atomic Radionuclide Class ALI DAC Air Water Concentration
No. (pCi) (pCi) (uCi/m1) (pCi/m1)  (pCi/m1) (pCi/ml)
81 Tha]lium-1942 D, all compounds 3E+5 6E+5 2E-4 8E-7 - -
St. wall
(3E+5) - - - 4€-3 4E-2
81 Thallium-1952 D, al) compounds 6E+4 1E+5 5E-5 2E-7 9E-4 9€E-3
81 Thallium-197 D, all compounds TE+4 1E+5 5E-5 2E-7 1E-3 1E-2
81 Thal]ium-lBBmz D, all compounds 3E+4 SE+4 2E-5 BE-8 4E-4 4E-3
81 Thallium-198 D, all compounds 2E+4 3E+4 1E-5 5€-8 3E-4 3e-3
81 Thallium-199 D, ali compounds 6E+4 8E+4 4E-5 1E-7 9E-4 9€-3
81 Thallium-200 D, all compounds BE+3 1E+4 SE-6 2E-8 1E-4 1E-3
81 Thallium-201 D, all compounds 2E+4 2E+4 SE-6 3E-8 2E-4 2E-3
81 Thallium-202 D, all compounds AE+3 SE+3 2E-6 7€-9 SE-5 SE-4
81 Thallium-204 D, all compounds 2E+3 2E+3 9E-7 3E-9 2€-5 26-4
82 Lead-195m2 D, all compounds 6E+4 2£+5 8E-5 3e~7 BE-4 8E-3
82 Lead-198 D, all compounds 3E+4 6E+4 3E-5 9£-8 4E-4 4E-3
82 Lead-1992 D, all compounds 2E+4 7E+4 3E-5 1E-7 3E-4 3E-3
82 Lead-200 D, a)1 compounds 3E+3 6E+3 3E-6 9E-9 4E-5 4E-4
82 Lead-201 D, all compounds 7E+3 2E+4 8E-6 3E-8 1E-4 1E-3
82 Lead-202m D, all compounds 9E+3 3E+4 1£-5 4E-8 1E-4 1E-3
82 Lead-202 D, all compounds 1E+2 SE+1 2¢-8 7e-11 2E-6 2E-5
82 Lead-203 D, all compounds SE+3 9E+3 4E-6 1E-8 7€-5 7E-4
82 Lead-205 D, all compounds 4E+3 1E+3 6E-7 2E-9 5E-5 5E-4
82 Lead-209 D, all compounds 2E+4 6E+4 2E-5 8E-8 3E-4 3e-3
82 Lead-210 D, all compounds 6E-1 2E-1 1£-10 - - -
Bone surf Bone surf
(1E+0) (4E-1) - 6E-13 1€-8 1E-7
82 Lead—le2 D, all compounds 1E+4 6E+2 3e-7 9E-10 2t-4 2€-3
82 Lead-212 D, all compounds 8E+1 3E+1 1£-8 SE-11 - -
Bone surf
(1E+2) - - - 2t-6 2€-5
82 Lead—2142 D, all compounds 9E+3 8E+2 3€-7 1E-9 1E-4 1€-3
83 Bismuth-zoo2 D, nitrates 3E+4 8E+4 A£-5 1E-7 4€-4 4E-3
W, all other compounds - 1E+5 4g-5 1E-7 - -
83 8ismuth-2012 D, see 2000 1E+4 3+ 15 a€-8 26-4 2-3
W, see Bi - 4E+4 2€-5 5E-8 - -
83 Bismuth-2022 0. see 2008 16+4 AE+4 2€-5 6E-8 26-4 26-3
W, see Bi - 8E+4 3E-5 1E-7 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
tol. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuclide Class L A Air Water Concentration
No. (uCi) (Ci)  (u€i/ml) (pCi/m1)  (uCi/ml)  (uCi/ml)
83 Bismuth-203 D, see gggﬂi 2E+3 7E+3 3E-6 9E-9 3E-5 3E-4
W, see 200g; - 6E+3 3E-6 9E-9 - -
83 Bismuth-205 D, see gggai 1643 3£+3 1E-6 3€-9 2€-5 26-4
W, see Bi - 1E+3 SE-7 2E-9 - -
83 Bismuth-206 D, see 2008 6E+2 1E+3 6E-7 2E-9 9E-5 9E-5
W, see Bi - 9E+2 4E-7 1E-9 - -
83 8ismuth-207 D, see 2008i 1643 2£+3 7E-7 2€-9 1€-5 1€-4
W, see 200g; : 4E+2 1E-7 SE-10 - -
83 Bismuth-210m D, see 20%; 4E+1 5E+0 2%-9 - - -
Kidneys Kidneys
400 (6E+1) (6E+D) - 9-12  8E-7 8E-6
W, see 8i - 7E-1 3E-10 9E-13 - -
83 Bismuth-210 D, see 2%0g; 8E+2 2642 1€-7 - 1E-5 1E-4
Kidneys
200 - (4€+2) - 5€-10 - -
W, see Bi - 3£+1 1E-8 4£-11 - -
83 Bismuth-212° D, see 2008 SE+3 2E+2 1E-7 3-10  7E-5 7E-4
W, see Bi - 3E+2 1E-7 4E-10 - -
a3 Bismuth-213% D, see gggﬂi 7643 3E+2 1E-7 4E-10  1E-4 1E-3
W, see 200g; - 4E+2 1E-7 5E-10 - -
83 Bismuth-2142 D, see 200g; 26+4 BE+2 3E-7 1E-9 - -
St. wall
. 200 (2E+4) - - - 3¢-4 3E-3
W, see 200g; - 9E-2 ag-7 1E-9 - -
34 Polnnium-203z D, all compounds except
those given for W 3E+4 6E+4 3E-5 9E-8 3E-4 3E-3
W, oxides, hydroxides,
) and nitrates - 9E+4 4E-5 1E-7 - -
84 Polonium-2052 D, see gggPo 26+4 4E+4 2E-5 56-8 36-4 3E-3
. W, see Po - - 7E+4 3E-5 1E-7 - -
84 Polanium-207 D, see 203po 8E+3 3E+4 1E-5 3-8 16-4 1E-3
W, ses 293pg - 3E+4 1£-5 a-8 - -
84 Polonfum-210 D, see 203p0 3E+0 6E-1 3E-10 9E-13  4€-8 8E-7
W, see Po - 6E-1 3E-10 9E-13 - -
85 Astatine-2072 D, halides 6E+3 3E+3 1E-6 4E-9 8E-5 BE-4
W - 2E+3 9€-7 3E-9 - -
85 Astatine-211 D, halides 1E+2 BE+1 3-8 1:#-10 266 2E-5
W - 5E+1 2-8 . BE-11 - -
86 Radon-220 With daughters
removed - 2E+4 7E-6 2E-8 - -
With daughters
present - 2E+1 9E-9 3E-11 - -

(or 12 working (or 1.0
level months) working
Jevel)
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Table 1 Jabie 2 Table 3
Occupational Values Effluent Releases to
. Concentrations Sewers
€ol. 1 Col. 2 Col. 3 Col. Col.
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuclide Class ALI ALl DA Air Water Concentration
No. (pCi) (pCi) (pCi/m1) (pCi/m1)  (uCi/mi) (uCi/ml1)
86 Radon-222 With daughters
removed - 1E+4 4E-6 1E-8 - -
With daughters
present - 1E+2 3E-8 1E-10 - -
(or 4 working (or 0.33
level months) working
level)
87 Francium-2222 0, 211 compounds 2F+3 5E+2 2E-7 6E-10 3E-5 3E-4
87 Francium-2232 D, all compounds 6E+2 8E+2 3E-7 1E-9 8E-6 BE-5
88 Radium=-223 W, all compounds SE+0 7E-1 3E-10 9E-13 - -
Bone surf
(9E+0) - - - 1E-7 1E-6
88 Radium-224 W, all compounds BE+0 2€+0 7E-10 2E-12 - -
Bone surf
(2E+1) - - - 2E-7 2E-6
88 Radium-225 W, all compounds 8E+0 7e-1 3E-10 9£-13 - -
Bone surf
(2E+1) - - - 2E-7 2E-6
88 Radium-226 W, all compounds 2E+0 BE-1 3E-10 9E-13 - -
Sone surf
(5E+0) - - - 6E-8 6E-7
88 Radium-2272 W, all compounds 2E+4 1E+4 6E-6 - - -
Bone surf Bone surf
(2E+4) (2E+4) - 3-8 3E-4 3t-3
a8 Radium-228 W, all compounds 2E+0 1E+0 S5E-10 2E-12 - -
Bone surf
(4E+0) - - - 6E-8 6E-7
89 Actinium-224 D, all compounds except
those given for W and Y 2E+3 3E+1 1E-8 - - -
LLI wall Bone surf
(2E+3) (4E+1) - 5E-11 3E-5 3E-4
W, halides and nitrates - SE+1 2E-8 7E-11 - -
Y, oxides and hydroxides - 5E+1 2E-8 6E-11 - -
89 Actinjum-225 D, see 22%c 541 36-1 1E-10 - - -
LLI wall Bone surf .
224 (5E+1) (5€-1) - 7E-13 7E-7 7E-6
W, see 224R¢ - 6E-1 3E-10 9E-13 - -
Y, see Ac - 6E-1 3E-10 9E-13 - -
89 Actinium-226 D, see 22%c 1E+2 3E+0 1E-9 - - -
LLI wall Bone surf
224 (1E+2) (4E+0) - SE-12 2E-6 2E-5
W, see 5 Ac - 5£+0 2E-9 7E-12 - -
Y, see Ac - SE+0 2E-9 6E-~12 - -
89 Actinium-227 D, see 22%c 2€-1 4E-4 2€-13 - - -
Bone surf Bone surf
224 (4E-1) (8E-4) - 1E-15 SE-9 5€-8
W, see Ac - 2E-3 7€-13 - - -
Bone surf
224 - (3€-3) - 4E-15 - -
Y, see Ac - 4€-3 2E-12 6E-15 - -
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App.B

Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Qral Menthly
Ingestion Inhailation Average
Atomic Radionuclide Class ALI ALT DA Air Water Concentration
No. (uCi) (uCi) (pCi/m1) (uCi/ml) (uCi/m1) (pCi/ml)
89 Actinium-228 D, see 22%%¢ 2E+3 9E+0 4E-9 - 3E-5 3E-4
Bone surf
- (2€+1) - 2€-11 - -
W, see 2%%c - 4E41 2%-8 - - -
Bone surf
224 - (6E+1) - 8E-11 - -
Y, see Ac - 4E+]1 2E-8 6E-11 - -
90 Thorium-zzsz W, all compounds except
those given for Y SE+3 2E+2 6E-8 2E-10 - -
St. waltl
(5E+3) - - - 7€-5 7E-4
Y, oxides and hydroxides - 1E+2 bE-8 2E-10 - -
30 Thorium-227 W, see 2261 1E+2 3E-1 1E-10  SE-13°  26-6 2€-5
Y, see Th - 3E-1 1E~10 5E-13 - -
90 Thoriun-228 W, see 225pp 6E+0 1€-2 €12 - - - .
Bone surf Bone surf
226 (1E+1) (2€-2) - 3E-14 2€6-7 2E-6
Y, see Th - 2E-2 7E-12 2€-14 - -
90 Thorum-229 W, see 2267h 6E-1 9E-4 413 - - -
Bone surf Bone surf
226 (1£+0) (2E-3) - 3E-15 2E-8 2E-7
Y, see Th - 2E-3 1E-12 - - -
Bone surf
- (3E-3) - 4E-15 - -
90 Thorfum-230 W, see 225 4640 6E-3 €12 - - -
8one surf Bone surf
226 (9E+0) (2€-2) - 2E-14 1€-7 1E-6
Y, see Th - 2€E-2 6E-12 - - -
Bone surf
- (2E-2) - 3E-14 - -
90 Thorium-231 W, see ggﬁrn 4E+3 6E+3 3E-6 SE-9 SE-5 SE-4
Y, see 2261 - BE+3 3E-6 9E-9 - -
90 Thorium-232 W, see 226y 7E-1 1€-3 5€-13 - - -
' Bone surf Bone surf
226 (2E+0) (3€-3) - 4E-15 3E-8 3E-7
Y, see Th - 3E-3 1E-12 - - -
Bone surf
- (4E-3) - 6E-15 - -
90 Thorium-234 W, see 226 3E+2 2E+2 SE-8 k-0 - -
LLI wall
226 (4E+2) - - - SE-6 SE-5
Y, see Th - 2E+2 6E-8 2E-10 - -
91 Protactinipm-ZZ?z W, all compounds except
those given for Y 4£+3 1E+2 SE-8 2E-10 SE-5 5€-4
Y, oxides and hydroxides - 1E+2 4g-8 1£-10 - -
91 Protactinium-228 W, see 22/pa 1643 1641 5€-9 - 2€-5 26-4
Bone surf
226 - (2€+1) - 3E-11 - -
Y, see Pa - 1E+1 SE-9 2E-11 - -
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuclide Class ALl L A Air Water Concentration
No. (pCi) (pCi) (pCi/m1)  (pCi/m1)  (pCi/m¥) (uCi/m1)
9 Protactinium-230 W, see 22/pa 6E+2 SE+0 2€-9 712 - -
Bone surf
227 (9E+2) - - - 1E-5 1t-4
Y, see Pa - 4E+0 1E-9 5€-12 - -
91 Protactinium-231 W, see 22pa 2E-1 26-3 66-13 - - -
Bone surf Bone surf
226 (5E-1) (4E-3) - 6E-15 6E-9 6E-8
Y, see Pa - 4E-3 2E-12 - - -
Bone surf
- (6E-3) - 8E-15 - -
91 Protactinium-232 W, see 22/pa 1643 2641 9€-3 - 2E-5 26-4
Bone surf
227 - (6E+1) - 8E-11 - -
Y, see Pa - 6E+1 2E-8 - - -
Bone surf
- (76+1) - 1E-10 - -
91 Protactinium-233 W, see 227pa 1E+3 7E+2 3%-7 1€-9 - -
LLI wall
227 (2E+3) - - - 2E-5 2€-4
Y, see Pa - 6E+2 28-7 8E-10 - -
91 Protactinium-234 W, see gg;Pa 2E+3 8E+3 -6 1E-8 3E-5 36-4
Y, see Pa - TE+3 3E-6 9E-9 - -
92 Uranium-230 D, UFg, UDsF5, UDa(NO3)y  4E+0 4E-1 2E-10 - - -
Bone surf . Bone surf
. (6E+0) (6E-1) - 8E-13 8E-8 8€-7
W, U0y, UF,, UC1, - 4E-1 1E-10 5£-13 - -
Y, U0y, U305 - . 3E-1 1E-10 4E-13 - -
92 Uranium-231 B, see 230y 5E+3 3E+3 3E-6 1€-8 - -
LLI wall
230 (4E+3) - - - 6E-5 6E-4
W, see "30U - 6E+3 2E-6 8E-9 - -
Y, see “7°U - S5E+3 2E-6 6E-9 - -
92 Uranium-232 9, see 230y 2640 2E-1 9E-11 - - -
8one surf Bone surf
230 (4E+Q) (4E-1) - 6E-13 6E-8 6E-7
W, see 2300 - 4E-1 2E-10 S5E-13 - -
Y, see U - 8E-3 3€-12 1E-14 - -
92 Uranium-233 D, see 230y 1€+1 1640 SE-10 - - -
Bone surf  Bone surf
230 (2E+1) (2€+0) - 3€-12 3E-7 3e-6
w.wezmu - 7€-1 3E-10 1E-12 - -
Y, U - 4E-2 26-11 5E-14 - -
92 Uranium-2343 D, see 230y 1641 1E+0 s€-10 - - -
Bone surf Bone surf
210 (2E+1) (2£+0) - 3E-12 3E-7 3E-6
W, see ;5. U - 7E-1 3E-10 1E-12 - -
Y, see 230 - 8€-2 26-11  SE-14 - -
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PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION

App. B

Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col.. 2 Col. 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuclide Class ALl AL A Air Water Concentration
No. (pCi) (uCi) (pCi/m1)  (pCi/ml) (pCi/m1)  (uCi/mi)
92 Uranium-235° D, see 20y 1€+1 1640 6E-10 - - -
Bone surf  Bone surf
230 (2E+1) (2£+0) - 3E~-12 3g-7 3E-6
W, see 230U - 8€-1 3E-10 1E-12 - -
Y, see U - 4E-2 2E-11 6E-14 - -
92 Uranium-23§ D, see 239y 1641 1640 se-10 - - -
Bone surf  Bone surf
230 (2E+1) (2E+0) - 3E-12 3E-7 3E-6
W, see 230U - 8E-1 3E-10 1E-12 - -
Y, see u - 4E-2 2E-11 6E-14 - -
92 Uraniun-237 D, see 230y 26+3 3643 1E-6 4€-9 - -
LLI wall
230 (28+3) - - - 3E-5 3E-4
W, see S30U - 2643 7E-7 2E-9 - -
Y, see U - 2E+3 HE-7 2E-9 - -
92 Uranium-2383 D, see 230y 1E+1 16+0 6E-10 - - -
Bone surf  Bone surf
230, (2E+1) (2€+0) - 3E-12 3E-7 3E-6
W, see 230U - 8E-1 3E-10 1E-12 - -
Y, see u - 4E-2 2E-11 6E-14 - -
92 Uraniun-2392 D, see 230 7E+4 2645 8E-5 3E-7 9E-4 9€-3
W, see 230U - 2E+5 7E-5 2E-7 - -
Y, see u - 2E+5 6E-5 2E-7 - -
92 Uranium-240 D, see 530 1E+3 8E+3 2E-6 5E-9 2E-5 2E-4
W, see 230U - 3E+3 1E-6 4€-9 - -
o Y, see MU - 2E+3 1E-6 3E-9 - -
92 Uranium-natural® D, see 230y 1641 1E40 SE-10 - - -
Bone surf Bone surf
230 (26+1) (2E+0) - 3E-12 37 3E-6
W, see 230U - 8E-1 3E-10 9E-13 - -
Y, see U - SE-2 2E-11 9E-14 - -
93 Neptunium-2322 W, all compounds 1E+5 2E+3 7E-7 - 2E-3 2E-2
Bone surf
- (5E+2) - 6E-9 - -
93 Neptunium-233z W, all compounds 8E+5 3E+6 1E-3 3E-6 1E-2 1€-1
93 Neptunium-234 W, all compounds 2E+3 3E+3 1E-6 4E-9 3E-5 3E-4
93 Neptunium-235 W, all compounds 2E+4 8E+2 3E-7 - - -
LLI wall Bone surf
(2E+4) (1£+3) - 2E-9 3E-4 3E-3
93 Neptunium-236 W, all compounds 3E+0 2E-2 9E-12 - - -
(1.15E+5 y) Bone surf Bone surf
(6E+0) (5E-2) - 8E-14 9€-8 9E-7
93 Neptunium-236m W, all compounds 3E+3 3E+1 1E-8 - - -
(22.5 h) 8one surf Bone surf
- (4E+3) (7E+1) - 1E-10 5E-5 S5E-4
93 Neptunium-237 W, all compounds SE-1. 4E-3 2E-12 - - -
Bone surf Bone surf .
(1E+0) (1E-2) - 1E-14 2E-8 2€-7
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Table 1 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Cal. 1 Col. 2 Col. Col.
Orat - Monthly
Ingestion Inhalation Average
Atomic Radionuclide Class ALl AL DA Air Water Concentration
No. (uCi) (uCi) (pCi/ml) (uCi/mi)  (pCi/ml) (pCi/ml)
93 Neptunium-238 W, all compounds 1E+3 6E+1 3E-8 - 2E-5 2E-4
Bone surf
- (2£+2) - 2€E-10 -
93 Neptunium-239 ¥, all compounds 2E+3 2E+3 QE-7 3E-9 -
LLI wall
(2E+3) - - - 2E-5 2E-4
93 Neptunium‘2402 W, all compounds 2E+4 BE+4 3E-5 1E-7 3e-4 3E-3
94 Plutonium-234 W, all compounds
except Pul, 8E+3 2E+2 9E-8 3E-10 1E-4 1E-3
Y, Pul, - 2E+2 8E-8 3E-10 -
94 Plutoniun-2352 W, see 230pu 9E+5 3E+6 1€-3 4E-6 1E-2 1E-1
Y, see Pu - 3E+6 1E-3, 3E-6 - -
9 Plutonium-236 W, see 2%y 2640 26-2 8E-12 - -
. Bone surf Bone surf
234 (AE+0) (4E-2) - 5E-14 6E-8 6€E-7
Y, see Pu - 4E-2 2€-11 6E-14 - -
9 Plutonium-237 W, see 23aPu 16+4 3643 166 5€-9 2-4 2-3
Y, see Pu - 3E+3 1E-6 4E-9 - -
94 Plutonium-238 W, see 23%py 9E-1 76-3 €12 - -
Bone surf Bone surf
234 (2e+0) (1E-2) - 2E-14 2€-8 2E-7
Y, see Pu - 2E-2 8E-12 2€-14 - -
94 Plutonium-239 W, see 2%y 8E-1 6E-3 ¥-12 - -
Bone surf Bone surf
238 (1E+0) (1E-2) - 2E-14 2E-8 26-7
Y, see Pu - 2E~2 7E-12 - - -
Bone surf
- (2E-2) - 2E-14 -
94 Plutonium-240 W, see 2%y 8E-1 6E-3 312 - -
Bone surf Bone surf ) .
234 (1E+0) (1E-2) - 2E-14 2€-8 2€-7
Y, see Pu - 2E-2 7€-12 - - -
Bone surf
- (2€-2) - 2E-14 -
94 Plutonium-241 W, see 2%y 4E+1 3£-1 1€-16 - -
Bone surf Bone surf
234 (7E+1) (6E-1) - 8E-13 1E-6 1€-5
Y, see Pu - 8E-1 3E-10 - - -
Bone surf
- (1£+0) - 1E-12 -
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PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION

Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1- Col. 2
Oral Monthly
Ingestion Inhalation Average
Atomic. Radionuclide Class Air Water Concentration
No. (uCi) (uCi) (pCi/mi) (pCi/m1)  (pCi/ml) (pCi/ml)
34 Plutonium-242 W, see Z4py 8E-1 76-3 *k-12 - - -
Bone surf Bone surf
234 (1E+0) (1E-2) - 2E-14 2E-8 2E-7
Y, see Pu - 2€-2 7E-12 - - -
Bone surf
- (2€-2) - 2E-14 - -
9 Plutonium-243 W, see Z34Pu 2644 4E+4 2%-5 56-8 26-4 26-3
Y, see Pu - 4E+4 2E-5 5E-8 - -
94 Plutonium-284 W, see 23%py 8E-1 7E-3 *¥12 - - -
Bone surf Bone surf
234 (2E+0) (1E-2) - 2E-14 2€-8 2E-7
Y, see Pu - 2€-2 TE-12 - - -
Bone surf
- (2£-2) - 2E-14 - -
9 Plutoniun-245 W, see S34Pu 2643 543 26 6E-9 3E-5 36-4
Y, see Pu - 4E+3 2E-6 6E-9 - -
9% Plutonium-246 W, see 23%py 4E42 3E+2 1€-7 -0 - -
LLI wall
234 (4E+2) - - - 6E-6 6E-5
Y, see Pu - 3E+2 1E-7 4€-10 - -
95 Americium-237z W, all compounds 8E+4 3E+5 1E-4 4E-7 1£-3 1E-2
95 Americium—Z!Bz W, all compounds 4E+4 3E+3 1E-6 - SE-4 SE-3
Bone surf
- (6E+3) - 9E-9 - -
95 Ameri¢ium-239 W, all compounds SE+3 1E+4 SE-6 2E-8 7E-5 7E-4
95 Americium-240 W, all compounds 2E+3 3E+3 1€-6 4E-9 3E-5 3E-4
95 Americium-241 W, all compounds 8E~1 6E-3 3E-12 - - -
Bone surf Bone surf
(1€+0) (1€-2) - 2€-14 2E-8 28-7
95 Americium-242m W, all compounds 8E-1 6E-3 3E-12 - - -
Bone surf Bone surf
(1E+0) (1E-2) - 2E-14 26-8 26-7
95 Americium-242 W, all compounds 4E+3 BE+1 4E-8 - SE-S SE-4
8one surf
- (9E+1) - 1E-10 - -
95 Americium-243 W, all compounds 8E-1 6E-3 3E-12 - - -
Bone surf Bone surf
(1€+0) (1€-2) - 2E-14 26-8 2E-7
95 Americium-244m2 W, all compounds 6E+4 4E+3 2E-6 - - -
St. wall Bone surf
(8E+4) (7E+3) - 1€-8 1E-3 1E-2
95 Americium-244 W, all compounds 3E+3 2E+2 8E-8 - 4E-5 4E~-4
Bone surf
- (3E+2) - 4E-10 - -
95 Americium-245 W, all compounds 3E+4 B8E+4 3E-5 1€-7 4AE-4 4€-3
B-47 ODCM Rev. 25



58 FR 67657

App.B
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuclide Class ALl AL A Air Water Concentration
No. (uCi) (pCi) (pCi/mt) (uCi/mt)  (pCi/m1) (uCi/ml)
95 Americium-246m2 W, all compounds S5E+4 2E+45 8E-5 3E-7 - -
St. wall
(6E+4) - - - 8E-4 8E-3
95 Americium-2462 W, all compounds 3E+4 1E+5 4€-5 1E-7 4E-4 4E-3
96 Curium-238 W, all compounds 2E+4 1E+3 5€-7 2E-9 2E-4 2E-3
96 Curium-240 W, all compounds BE+1 6E-1 2E-10 - - -
Bone surf Bone surf
(8E+1) (6E-1) - 9E-13 1E-6 1E-5
96 Curium-241 W, all compounds 1E+3 3E+1 1E-8 - 2E-5 2E-4
Bone surf
- (4E+1) - 5e-11 - -
96 Curium-242 W, all compounds 3E+1 3E-1 1€-10 - - -
Bone surf Bone surf
(5E+1) (3E-1) - 4g-13 7E-7 7E-6
96 Curium-243 W, all compounds 1£+0 9g-~3 4E-12 - - -
Bone surf Bone surf
(2E+0) (2E-2) - 2E-14 3E-8 3e-7
96 Curium-244 W, all compounds 1E+0 1E-2 5E-12 - - -
Bone surf Bone surf
(3E+0) (26-2) - 3E-14 3E-8 3E-7
96 Curium-24% W, all compounds 7E-1 6E-3 3E-12 - - -
Bone surf Bone surf
= (1E+0) (1E-2) - 2E-14 2E-8 2E-7
96 Curium-246 W, all compounds 7€-1 6E-13 3E-12 - - -
Bone surf Bone surf
(1E+0) (1E-2) - 2E-14 2E-8 2€-7
96 Curium-247 W, all compounds 8E-1" 6E-3 3E-12 - - -
Bone surf Bone surf
(1€+0) (1E-2) - 2E-14 2£-8 2€-7
96 Curium-248 W, all compounds 2E-1 2€-3 7€-13 - - -
Bone surf Bone surf
(4E-1) (3E-3) - 4E-15 5E€-9 SE-8
96 Curium-2492 W, all compounds SE+4 2E+4 7E-6 - 7E-4 7€-3
Bone surf
- (3E+4) - ) 4E-8 - -
96 Curium=-250 W, all compounds 4£-2 3e-4 1E-13 - - -
8one surf Bone surf
. (6E-2) (5E-4) - 8E-16 9E-10 9E-9
97 Berkelium-245 W, all compounds 2E+3 1E+3 SE-7 2E-9 3E-5 3E-4
97 Berkelium-246 W, all compounds 3E+3 3E+3 1E-6 4E-9 4E-5 4E-4
97 Berkelium-247 W, all compounds 5E-1 4E-3 2€-12 - - -
Bone surf  Bone surf
(1E+0) (9€-3) - 1E-14 2E-8 2E-7
87 Berkelium-249 W, all compounds 2E+2 2E+0 7E-10 - - -
Bone surf Bone surf
(5E+2) (4E+0) - 5E-12 6E~6 6E-5
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PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION

Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col. 1 Col
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuclide Class ALI AL Air Water Concentration
No. (uCi) (uCi) (uCi/m1)  (pCi/m1)  (pCi/ml) (pCi/m))
97 Berkelium-250 W, all compounds 9E+3 3E+2 1E-7 - 1E-4 1E-3
Bone surf
- (7e+2) - 1E-9 - -
a8 . Californium'2442 W, all compounds except
those given for Y 3E+4 6E+2 2€-7 8E-10 - -
St. wall
(3E+4) - - - 4E-4 4£-3
Y, oxides and hydroxides - 6E+2 2E-7 8E-10 - -
98 Californium-246 W, see g::Cf 4E+2 9E+0 4E-9 1E-11 SE-6 SE~S
Y, see cf - 9E+0 4E-9 1E-11 - -
98 Californium-248 W, see 2*4ct BE+0 6E-2 k1 - - -
Bone surf Bone surf
244 (2E+1) (1E-1) - 2E-13 2E-7 2E-6
Y, see Cf - 1€-1 4E-11 1E-13 - -
98 Californium-249 W, see 2*%cr SE-1 4€-3 %6-12 - - -
Bone surf Bone surf
284 (1E+0) (9€E-3) - 1E-14 2£-8 2E-7
Y, see cf - 1£-2 4£-12 - - -
Bone surf
- (1€-2) - 2E-14 - -
98 Californium-250 W, see 2*¢cf 1E+0 9€-3 -1z - - -
Bone surf Bone surf
244 (2E+0) (26-2) - 3E-14 3E-8 3E-7
Y, see cr - 3E-2 1E-11 4E-14 - -
98 .Californium-251 W, see Z¥cf 5E-1 4E-3 %k-12 - - -
Bone surf Bone surf
244 (1E+0) (9E-3) - 1E-14 2t-8 2E-7
Y, see cf - 1E-2 4E-12 - - -
Bone surf
- (1E-2) - 2E-14 - -
93 Californium-252 W, see 2¥ct 2640 26-2 gE-12 - - -
Bone surf Bone surf
244 (5€+0) (4E-2) - 5E-14 7E-8 7E-7
Y, see cf - 3E-2 1E-11 5E-14 - -
98 Californium-253 W, see 2%t 2E+2 2640 8E-10  3E-12 - -
Bone surf
284 (4E+2) - - - SE-6 5E-5
Y, see cf - 2E+0 7€-10 2£-12 - -
98 Californium-254 W, see ZHicf 2640 26-2 9E-12  3E-14  3E-8 3E-7
Y, see ct - 2E-2 7€-12 2€-14 - -
99 Einsteinium-250 W, all compounds 4E+4 SE+2 28-7 - 6E-4 6E-3
’ Bone surf
- (1E+3) - 2€-9 - -
99 Einsteinium-251 W, all compounds TE+3 9E+2 AE-7 - 1E-4 1£-3
Bone surf
- (1£+3) - 2E-9 - -
99 W, all compounds 2E+2 1E+0 6E-10 2E-12 2E-6 2E-5

Einsteinium-253
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Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Cot. 1 Col. 2 Col. 3 Col. 1 Col
Oral Monthly
Ingestion Inhalation Average
Atomic- Radionuctide Class ALl AL A Air Water Concentration
No. (uci) (uCi) (uCi/m1)  (uCi/m))  (uCi/m1)  (u€i/ml)
a9 Einsteinium-254m W, all compounds 3e+2 1E+1 4E-9 1E-11 - -
LLT wall
(3E+2) - - - 4E-6 4E-5
99 Einsteinium-254 W, all compounds 8E+0 7E-2 3E-11 - - -
Bone surf Bone surf
(2E+1) (1E~1) - 2E-13 2E-7 2E-6
100 Fermium-252 W, all compounds SE+2 1E+1 SE-9 2E-11 6E-6 6E-5
100 Fermium-253 W, all compounds 1E+3 1E+1 4E-9 1E-11 1E-5 1E-4
100 Fermium-254 W, all compounds 3E+3 9E+1 4E-8 1E-10 4E-5 4E-4
100 Fermium-255 W, all compounds 5E+2 2E+1 9E-9 3E-11 7E-6 7E-5
100 Fermium-257 W, all compounds 2E+1 2E-1 7€-11 - - -
Bone surf Bone surf
(4E+1) (2E-1) - 3E-13 5e-7 5€-6
101 Mendelevium-257 W, all compounds 7E+3 8E+1 4E-8 - 1E-4 1E-3
Bone surf
- (9E+1) - 1E-10 - -
101 Mendelevium-258 W, all compounds 3E+1 2E-1 1E-10 - - -
Bone surf  Bone surf
(5E+1) (3E-1) - 5€-13 6E-7 6E-6
- Any single radionuclide not listed
above with decay mode other than
alpha emission or spontaneous fis-
sion and with radioactive half- 1
life less than 2 hours - - Submersion™ - 2E+2 1E-7 1E-9 - -
- Any single radionuclide not listed
above with decay mode other than
alpha emission or spontaneous fis-
sion and with radioactive half-
life greater than 2 hours - 2E-1 1E-10 1E-12 1E-8 1E-7
- Any single radionuclide not listed
above that decays by alpha emission
or spontaneous fission, or any mix-
ture for which either the identity
or the concentration of any radio-
nuclide in the mixture is not
- 4E-4 2E-13 1E-15 2E-9 2E-8

known
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APP-B pART20 STANDARDS FOR PROTECTION AGAINST RADIATION App- B

FOOTNOTES:

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

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

3For soluble mixtures of U-238, U-234, and U-235 in air, chemical toxicity may be the limiting factor (see

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

SA = 3.6E-7 curies/gram U U-depleted
SA = [0.4 + 0.38 (enrichment) + 0.0034 (enrichment)2] €-6 , enrichment > 0.72

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

NOTE:

1. If the identity of each radionuclide in a mixture is known but the concentration of one or more of the

radionuclides in the mixture is not known, the DAC for the mixture shall be the most restrictive DAC of any
radionuclide in the mixture.

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

Table 1 Table 2 Table 3.
Occupational Values Effluent Releases to
Concentrations Sewers

58 FR 67657

) Col. 1 Col. 2 Col. 3 Col. 1 Col. 2
. Oral Monthly

Ingestion Inhalation Average
ALl DAC Air Water Concentration

Radionuclide (uCi) (uCi) (pCi/m1) (pCi/m1) (uCi/ml)  (uCi/ml)

If it is known that Ac-227-D and Cm-250-W are
not present

If, in addition, it is known that Ac-227-W.Y,
_Th-229-W,Y, Th-230-W, Th-232-W,Y, Pa-231-W,Y,
Np-237-W, Pu-239-W, Pu-240-W, Pu-242-W, Am~241-W,
Am-242m-W, Am-243-W, Cm-245-W, Cm-246-W, Cm-247-W,
Cm-248-W, Bk-247-W, Cf-249-W, and Cf-251-W

are not present

If, in addition, it is known that Sm-146-W,
Sm-147-W, Gd-148-0,W, Gd-152-0D,W, Th-228-W,Y,
Th-230-Y, U-232-Y, U-233-Y, U-234-Y, U-235-Y,
U-236-Y, U-238-Y, Np-236-W, Pu-236-W.Y,
Pu-238-W,Y, Pu-239-Y, Pu-240-Y, Pu-242-Y,
Pu-244-W,Y, Cm-243~-W, Cm-244-W, (f-248-W,
Cf-249-Y, Cf-250-W,Y, €f-251-Y, Cf-252-W,Y,
and Cf-254-W,Y are not present

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

- 7e-4 3E-13. - - -

- 7E-3 3E-12 - - -

- 7€-2 3E-11 - - -

- 7E-1 3E-10 - - -
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App.B :
PART 20 STANDARDS FOR PROTECTION AGAINST RADIATION
Table 1 Table 2 Table 3
Occupational Values Effluent Releases to
Concentrations Sewers
Col. 1 Col. 2 Cot. 3 Col. 1 Col. 2
Oral i Monthly
Ingestion Inhalation Average
ALl ALl UAC Air Water Concentration
Radionuclide (pCi) (pCi) (uCi/m1)  (uCi/mi) (pCi/mi)  (pCi/m1)

If, in addition, it is known that Si-32-Y,
Ti-44-Y, Fe-60-D, Sr-90-Y, Zr-93-D,
Cd-113m-D, Cd-112-0, In-115-D,W, La-138-D,
Lu-176-W, Hf-178m-D W, Hf-182-D,W, Bi-210m-D,
Ra-224-W, Ra-228-W, Ac-226-D,W,Y, Pa-230-W,Y,
U-233-D,W, U-234-D,W, U-235-D.W, U-236-D,W,
U-238-D,W, Pu-241-Y, Bk-249-W, Cf-253-W,Y,
and Es-253-W are not present - 7E+0 3E-9 - - -
If it is known that Ac-227-D,W,Y, Th-229-W,Y,
Th-232-W,Y, Pa-231-W,Y, Cm-248-W, and
Cm-250-W are not present - 1£-14 - -

If, in addition, it is known that Sm-146-W,
Gd-148-D,W, Gd-152-D, Th-228-W,Y, Th-230-W,Y,
U-232-Y, U-233-Y, U-234-Y, U-235-Y, U-236-Y, -
U-238-Y, U-Nat-Y, Np-236-W, Np-237-W, Pu-236-W,Y,
Pu-238-W,Y, Pu-239-W,Y, Pu-240-W,Y, Pu-242-W,Y,
Pu-244-W,Y, Am-241-W, Am-242m-W, Am-243-W,
Cm-243-W, Cm-244-W, Cm-245-W, Cm-246-W,

Cm-247-W, 8k-247-W, Cf-249-W,Y, Cf-250-W,Y,
Cf-251-W,Y, Cf-252-W,Y, and Cf-254-W.Y

are not present ’ - - - 1E-13 - -
1f, in addition, it is known that Sm-147-W,
Gd-152-W, Pb-210-D, Bi-210m-W, Po-210-D,W,
Ra-223-W, Ra-225-W, Ra-226-W, Ac-225-D,W,Y,
Th-227-W,Y, U-230-0,W,Y, U-232-D,W, U-Nat-W,
Pu-241-W, Cm-240-W, Cm-242-W, Cf-248-W,Y,
Es-254-W, Fm-257-W, and Md-258-W are not
present -

- €12 - -

If, in addition it is known that Fe-60,
Sr-90, Cd-113m, Cd-113, In-115, 1-129,
Cs-134, Sm-145, Sm-147, d-148, Gd-152,
Hg-194 (organic), Bi-210m, Ra-223, Ra-224,
Ra-225, Ac-225, Th-228, Th-230, U-233, U-234,
U-235, U-236, U-238, U-Nat, Cm-242, Cf-248,
Es-254, Fm-257, and Md-258 are not present

3. If a mixture of radionuclides consists of uranium and its daughters in ore dust (10 um AMAD particle
distribution assumed) prior to chemica) separation of the uranium from the ore, the following values may be
used for the DAC of the mixture: 6E-11 pCi of gross alpha activity from uranium-238, uranium-234, thorium-230,
and radium-226 per milliliter of air; 3E-11 pCi of natural uranium per milliliter of air; or 45 micrograms of

natural uranium per cubic meter of air.

If the identity and concentration of each radionuclide in a mixture are known, the limiting values should be
derived as follows: determine, for each radionuciide in the mixture, the ratio between the concentration
present in the mixture and the concentration otherwise established in Appendix B for the specific radionuclide
when not in 3 mixture. The sum of such ratios for all of the radionuclides in the mixture may not exceed "1"

(i.e., "unity").

If radionuciides "A," "8, and "C" are present in concentrations CA' CB' and CC' and if the

Example:
respectively, then the concentrations shall be limited so that the

applicable DACs are DACA, DACB, and DACC,
foilowing relationship exists:

T T
DACA DI\CB DACC
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1.0 INTRODUCTION

Software testing as described in Reference {1l] has been conducted for the
Seabrook Station versiom of the Canberra Effluent Management System (EMS). The
results and conclusions are presented in this report.
1.1 Background

Canberra Industries Inc. developed the EMS software to assist nuclear power
plant persomnel track effluent emissions and perform assoclated dose
calculatipns. Nﬁrth Atlantic Energy Service Corporation purchased a Seabrook-
specific version the Canberra EMS software which must meet specific requirements
and incorporate site-specific information provided in the Offsite Dose
Calculation Manual (ODCM) [2]. Software testing was conducted to provide
assurances that the Sesbrook EMS program produces results which are consistent
with current ODCM assumptions and methods. All executions of the EMS program
were performed at Seabrook Station on the target software. All executions of
oDCM Method II were conducted at Yankee Atomic Electrlic Company in Boltonm, -
Massachusetts.
1.2 Acceptance Criteris

The operability of the EMS software will be accepted.if (i) information
contained in the EMS data files is consistent with the ODCM, (ii)} test results
from the EMS program are consistent with results from ODCM methods, (iii)
Technical Specifications requirements are met by the EMS software, and (iv) the
EMS software meets design specifications.

Final user (Seabrook) acceptance is contingent on Séabrook approval of

verification testing results and criteria established by user needs.




2.0 SUMMARY OF OBSERVATIONS
The EMS software testing included (i) identifying appropriate
meteorological set up data, (ii) review of dose and dose rate conversion factor

development, (iil) assessments for liquid releases, and (iv) assessments for

gaseous releases. ODCM Method I was used fnitially to confirm dose results from -

the EMS program, However, the simplified nature of ODCM Method I made it
difficult to change the values of various parameters or obtain meaningful
compafisons (other than "bottom line™ comparisoms). The moreladaptable obcy
method, Meﬁmd II, was fhen used to confirm EMS doses. Observations made- during
the soffﬁare testing are summarized below. |
2.1 EMS Dose and Dose Rate Conversion Factors

The EMS software uses precalculated conversion factors which are contained
_in a data file. The dose conversion factors for both liquid and gaseous effluent
releases were developed for four age groups (adult, teen, child and infant), and

for specific organs (bomne, liver,f.otal body, kidney, lung, GI tract and skin).

The liquid release dose conversion factors in the EMS program are the summation

of the components for water recreation and ingestion of aquatic. foods. The
gaseous release dose conversion factors are exposure pathway-specific (e.g.,
inhalation, ground piane, milk ingestion, etc.).

ADose conversion factors are provided in the EMS program for all exposuré
pathways addressed in the ODCM. The development of all dose comversion factors
in the EMS propram followed the pathway-specific equations in the Effluvent
Manapgement Svstem Technical Reference Manual [3]. The EMS comversion factors for
s.everal'radionuclides were examined to determined that the develoﬁmeﬁt process

was consistent to the Technmical Reference Manual and the ODCM.




72.1.1 Liquid Release Dose Conversion Factors:®

Although the individual components for the ingestion of aquatic foods were
found to be consistent with the ODCM, a discrepancy was discovered in the water
recreation component. The mixing ratio.for shoreline activity used in the
development of the EMS dose factors is équal to 0.025. While this Qalué is
inconsistent with ODCM Method I (which employs a mixing ratio of 0.1), it is
consistent with ODCM Method II. It is identified as a discrepancy because it is
unclear which set of ODCM assumptions {(those for Method I or those for Method II)
the EMS prbgram is expected to adopt. |
2.1.2 Gaseous Release Dose Conversion Factors

The EMS program uses dose conversion factors from Regulatory Guide 1.109
for assessment of noble gas releases. The dose factors in the EMS pProgram were
verified against and found to be consistent with Table B-1 of Regulatory Guide
1.109 [4].

The development methods for the other gaseous dose factors (i.e., for
inhalation, ground plane, milk ingestion, meat ingestion, gnd ingegtion of
vegetables) were reviewed again;t aﬁplicable equations in the Technical Reference
Manual and information in the ODCM. It is noted that the dose factors for
ingestion of milk and meat are based on the fraction of year that animals are
allowed to graze on pasture land (Fp) equal to 1.0. This is not consistent with
the ODCM which calls for the use of an Fp value equal to 0.5.

The dose conversion factors in the EMS program for gaseous releases
incorporate a shielding factor (SF) equal to 1.0. The EMS program is designed
%ith a way of changing the value of SF (via use of the Options Table), but the
factor is applied uniformly to both doses and dose rates. In contrast, the ODCM

calls for the use of different values for SF in the calculations for doses and




. dose rates.
2.2 Liquid Release Testing

Dose estimates from the EMS program for hypothetical liéuid effluent
discharges (containi_ng single nﬁclide and radionuclide mixtures) are nearly
identical to results from ODCM Method II when input data are based on the same
nixing ratio wvalue, indicating that the calculation method wused in the EMS
program Is consistent with the ODCM. Additionally, the EMS routine(s)
responsi'blg for liquid effluent concentrations comparisons to MPC values and
moniter set point determinations was observed te be operating prope_riy.

2.3 Gaseous Release Testing

The agreement between estimates for total body ciose rates, skin dose rates,
and air {gamma and beta) doses due to emission of noble gases from the ODCM
methods and the EMS 'program is excellent, indicating that the EMS calculation
method is consistent with the ODCM.

There 1Is also excellent agreement between inhalation doses from the EMS
program and ODCM Method II indicating that, for the inhalation pathway‘,l the
calculational method and assumptions in the EMS program are consistent with those
in the ODCM. The evaluation of the dose estima.t:es via inhalation pathway
included both long and short release durations for an elevated (mixed mode) and
a ground level release point. The excellent agreement between the EMS and ODCH
Method II als-_,o confirms fhat the release duratien adjustment term, t™*, is
applied properly in the EMS program. However, an incorrect receptor location was
reported on the EMS printout in the tests (D-2¢ and D-2d) in which. the Plant Vent
‘:;as chéhged to be recognized as a ground level release ﬁoint. |

Also noted during testing was that the E‘.E[S- routine(s) responsif:le for

calculating effluent concentration-to-MPC ratios and radionuclide release rates




-

appears to be operating properly for gaseous'releases.

The EMS program incorporates the assumption that the fraction of elemental
iodine is equal to 1.0 {consistent with NUREG-0133 [5]). in contrast, the
fraction of elemental iodine is assumed equal te 0.5 in the ODCM methods
(consistent with Regulatory Guide 1.109). Consequently, the EMS progran:ﬁrdduces
dose estimates due to radioledine that are at least a factor of two greater than
doses from the ODCH methods. This difference Increases to about a factoxr of 4
when the current §alues for Fp and SF asgumed in the EMS program and ODCH methods
are used in the dose calculations. The different assumptions for elemental
iodine fractions should not present a problem because each program is based on
NRC guidance: the EMS is based on NUREG-0133, the ODCM methods are based on
Regulatory Guide 1.109. The EMS program takes the more conservative approach for
determining doses from radiciodine.

Making appropriate adjustments for Fp, SF, and the fraction of elemental
iodine (when radioiodine input was used) and comparing results for organ doses
due to I131, H3, Cob60 and Csl37 revealed that the caiculatibnal methods used in
the EMS program are consistent with the ODCM for all exposure pathways (i.e.,
ground plane, inhalation, milk ingestion, méat ingestion, and wvegetables
ingestion).

Technical Specification 3.11.2.1 and the ODCM require the calculation of
organ dose rates due to effluent discharges of 1131, 1133, H3 and particulates
with a half-life greater than 8 days. However, in all test cases involving these
types of muclides, organ dose rate information did not appear on Page 4 of the
éMS printout. Instead, the message "No calculations performed - check Sample &
Receptors” appeared. The EMS set up data aﬁd input were reviewed with no

apparent error identified. Since the test cases included Cs137, Co60, I131, and




-H3, the missing dose rate information was uriexpected. It is noted that organ .
dose rate information was provided on Page 4 of the EMS printout during a

demonstration of the EMS program prior to testing.




3.0 TEST CONCLUSIONS
Although the dose conversion factors are based on information which is not
completely consistent with the assumptions in the ODCM, the calculational methods
used to determine doses from liquid and gaseous effluent discharges are
consistent with the ODCM methods.
Other conclusions are:
1. As stated in Section 2.1.1, the development of the EMS liquid effluent
dose factors is consistent with ODCHM Method II, but not with Method I due
to ﬁhe mixing ratio value. If the EMS program is intended to be a hybrid
method, the dose factors are consistent with the ODCM and are acceptable.
On the other hand, if the EMS program is intended to provide automated
ODCM Method I calculations, then the dose factor should be recalculated
using a mixing ratio for shoreline activity equal to 0.1.
2. 8Since the EMS program is not designed to support the use of two
shielding factors (one for dose rates and one for doses), use of a
shielding factor equal to 1.0 1s acceptable with the understanding that,
although the dose rates produced by the EMS program will be consistent
with the ODCM, the doses frém the EMS program will be based on a more
conservative assumption than ﬁoses from the ODCM methods.
3. Under the normal ODCM assumption for elemental iodine, the results from
the EMS program will be atzleast a factor of two preater than results from
the OCODCM methods. The different assumptions regarding the elemental
iodine fraction do not present a problem because each program is based on
NRC guidance: the EMS program is based on NUREG-0133, and the ODCM is
based on Regulatory Guide 1.109. ©f the two methods, the EMS program

takes the more conservative approach toward estimating doses from




radiocicdine in gaseous effluent.

4, The radiation monitor set point determination wmethod for liquid
releases produces a set point value that is consistent the ODCM set point
method. |

5. The EMS routine that is responsible for comparison of liquid effluent
concentrations and MPC values is operating properly.

6. The release duration adjustment term, t™, is used consistently to the

ODCM.




4,0 SUMMARY OF DTSCREPANCIES

Discrepancy

Area of Impact

Potential Soclution(s)

Mixing ratio for
shoreline activity
used in EMS
program.

Doses associated with
liquid effluent
discharges.

Clarify whether the EMS
program is expected to
follow ODCH assumptions
for Method I or Method II.
If determined to follow
Method I, recalculate dose
factors for ligquid
releases.

EMS dose factors
based on Fp value
which is not
consistent with
ODCHM.

Doses due to ingestion of
wilk and meat.

Recalculate EMS dose
factors for milk and meat
ingestion pathways to
incorporate Fp value
consistent with the ODCM.

Accept added conservatism
in EMS in calculations of
doses via milk and meat
ingestion pathways.

Shielding factor
(SF) applied
uniformly to dose
rates and doses in
EMS program,

Doses associated with
gaseous effluent
discharges.

Accept use of SF = 1.0 and
the added conservatism for
doses.

Modify EMS software to
accommodate use of two
values for SF (one for
dose rates and one for
doses). '

Incorrect receptor
location
identified on EMS
printout for
ground level
release point.

Potential assignment of
doses to the wrong
receptor.

Discuss with Canberra.

Assumed fraction
of elemental
iodine used in EMS
program differs

from ODCM methods.

Dose estimates due to
iodine in gaseous
effluents.

Accept added conservatism
in doses due to iodine.

Modify EMS software to use
fraction for elemental
fodine that is consistent
with ODCM.




Discrepancy

Area of Impact

Petential Solution(s)

Missing organ dose
rate information
on EMS printout
for effluent
discharges
containing T131,
1133, H3, and
particulates.

Technical Specification
required dose rate not
calculated.

Discuss with Canberra.

10
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Attachment 2

2. Resolution of EMS Software Test Report Discrepancies

The following discrepancy resolutions apply to the findings contained in the
"Effluent Management System Test Report for Seabrook Station, May 1994" as noted on
pages 9 and 10 (see Attachment #1 of Appendix C of the ODCM). With the positive
resolution of the discrepancies identified in the EMS dose code, use of EMS as a
computerized alternative approach (designated as Method IA in the ODCM) to determine
compliance with the radioactive effluent dose and dose rate limits is acceptable
since the results are comparable with the currently approved dose methods.

Discrepanecy:

Mixing ratio for shoreline activity used in EMS Program not equal to the value used
in the ODCM Method I (Mp ~ 1.0).

Resolution:

The mixing ratio for the shoreline activity pathway in the EMS is consistent with
the ODCM Method II approved value of 0.025, and therefore does provide for a
calculated dose that is within the parameters already approved in the ODCM. The use
of the EMS code (ODCM Method IA) for calculating liquid doses is acceptable for
determining compliance with the dose limits of the Technical Specifications without
the need to modify the assumption used for the shoreline mixing ratio.

Discrepancy:

EMS dose factors based on Fp (fraction of year animals are on pasture) wvalue which
is not consistent with ODCM.

Resolution:

- ODCM Method I assumes that the pasture season in the North East is 6 months long

each year (Fp + 0.5). Method II allows for the pasture fraction to be set equal to
0.0 for the first and fourth quarters which equates the non-growing period of the
year. The second and third quarters correspond to the growing season where the
pasture fraction is assumed to be 1.0. The EMS software assumes an Fp value of 1.0
for animal grazing (meat and milk pathways} for all conditions. This is a
moderately conservative approach compared to Method I and the off grazing season
conditions modeled in Method II. It is equal to the grazing season assumptions of
Method II as applied in the second and third quarters, As a result, the added
conservatism in the EMS calculations for doses via milk and meat pathways are within
acceptable margins and guidance provided in NRC NUREG-0133 for demonstrating
compliance with Technical Specification dose limits., No changes to the EMS software

are necessary.

Discrepancy:
Shielding factors (SF) applied uniformly to dose rates and doses in the EMS program.




Attachment 2

2. Resolution of EMS_Software Test Report Discrepancies (Continued) .

Resolution:

The EMS program for gaseous releases incorporates a shielding factor (SF) eéual to
1.0 for both dose rate and total dose determinations. In contrast, both Method I
and II use a SF value of 1.0 instantaneous dose rate calculations, but a value of
0.7 for integrated doses based on assumptions in NRC Reg. Guide 1.109. The use of a
SF equal to 1.0 for the external ground plane exposure pathway for both dose rate
and total dose is a moderately comservative assumption that is within the bounds
already assumed in the ODCM dose modeling. As a result, no modification to the EMS
code as an acceptable approach (Method IA) for demonstrating compliance with
Technical Specification dose/dose rate limits is required for SF.

Discrepagcx:'

Incorrect receptor location identified on EMS printout for ground level release
point.

Resolution:

Incorrect name is identified on report with no impact on dose or dose rate
calculations which were verified te be correct.

Discrepancy:

Assumed fraction of elemental iodine used in EMS program differs from ODCM Methods I .
and II. :

Resolution:

For ODCM Methods I and II, the fraction of elemental iodine assumed for gaseous
releases in 0.5 based on the guidance in NRC Reg. Guide 1.109. The EMS code assumes
an elemental iodine fraction of 1.0 based on the guidance in NUREG-0133.
Consequently, the EMS program (Method IA) will produce a moderately conservative
estimate of dose impact (factor of 2} for iodine radiocnuclides if present in the
release estimations when compared to existing approved methods. As a result, no
modification to the EMS code is necessary for use in the ODCM for determining
compliance with Technical Specification dose limits.

Discrepancy:

Missing organ dose rate information on EMS primtout for effluent discharges
containing I-131, I-133, H-3, and particulates.

Resolution:

This required information is easily obtainable from the permit closure process with
flashing indication if any dose or dose rate limits are exceeded,
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Software Requirements Specification ] RS-8448-04 '

1.  Scope

~ This document establishes the software requirements for the Effluent Management System (EMS)
software to be installed at North Atlantic Energy Services Corporation's Seabrook Station.

2. Applicable Documents

2.1 - The following two documents are included as part of this SRS, and this SRS
refers to specific sections of them: '

2.1.1  "Southern Nuclear Operating Company Effluent Managenient System
Operator's Manual” {07-0544), Version 1, January 1993,

% 214.2  *Southern Nuclear Operating Company Effluent Management System
' Technical Reference Manual” (07-0545}), Version 2, January 1983.

Note: The above documents contain material (including screens and report
formats) imported from final manuais for other EMS packages. Utiiity and
piant names shown on screens and reports in these manuals are not
significant, since they are determined by database data that will be
customized to fit the Seabrook Station's usage.

2.2 The following documaent is a reference source for calculation methods of the EMS
software. This SRS may refer to specific sections.

2.21 “Seabrock Staticn Offsite Dose Calculation Manual," Revision 12,
January 1993,

3. Interfaces

3.1 Hardware

The EMS software shall run on the foliowing CPU model: DEC Microvax 3100, Model 80.

3.2 Software

The software shall be written under VMS version 5.4-2 or later, using INGRES version 6.4
or later. It shall be written in VAX/FORTRAN or VAX-DCL. Utility programs provided by
INGRES that are instalied on the hardware configuration may be used if applicable.

fore !
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3.3

34

EMS -

SRS -

SNC -

5.

Human

The user may be expected to have received operator training from the system manager,
Canberra/NDS, or the plant training department prior to using any part of the EMS
software. Knowledge of INGRES or VMS shall not be assumed. The menus of operations
are intended to be self-explanatory, but an Operator's Manual shall be developed.

The user may be expected to have enough knowledge of USNRC-regulated nuciear power
plant effluent management to provide accurate and appropriate inputs, and to determine
the validity of the software's resuilts.

Packaging

A distribution kit will be produced for the customer. Any removable medium supported by
the aperating hardware delivered to the Seabrook Station is an acceptable distribution

- medium,

Definitions

Effluent Management System. Soitware for determining effluent monitor setpoints,
tracking activity releases and dose impacts of individual releases, and generating semi-
annual release reports. :

Software Requirements Specification.

Southern Nuclear Operating Company

Principal Changes from Existing Package

The foliowing paragréphs summarize the principal changes to the existing software that are
required for the Seabrook Station system, and are intended only as introductory material.
Specifics of the required Seabrook Station EMS functionality are presented in the following

sections.

5.1 The EMS software will be developed by customizing the generic EMS package.

In general, the most important changes from previous versions are as follows:

5.1.1  Mecdification to Gaseous Permit Processing to allow scaling of nuclides
for Plant Vent Spike release point.

5.1.2 Maodification of noble gas dose rate and dose calculation methods to use
a third set of X/Q vaiues.

5
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5.1.3

5.1.4

5.1.5

5.1.9

Modification of noble gas dose rate and dose calculation methods to
multiply X/Q and D/Q values by a factor depending on the release
duration. :

Modification to setpoint calculations to calculate setpoints for low gamma
concentration releases, '

Modification of Permit Processing to automatically correct the expected
waste flow if it is greater than the calculated maximum waste flow.

Modification of Liquid Permit Processing to determine dilution flow rate
based on the number of pumps operating.

Modification of the permit reports to include Month-to-Date Cumulative
Doses and Alert Setpoints,

Modification of Post-Relsase Permit Processing to update the monitor
response.

Addition of data to database to support and controt the above operations,
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6.

6.1

EMS Furictionaiity

Database Mzintenance Transactions

The functionality of the EMS Database Maintenance transactions shall be dascribed in
section 2 of the EMS Operator's Manual (Reference 2.1.1), with the following revisions:

6.1.1

6.1.2

6.1.3

6.1.4

On the Release Point Setpoint transaction [EM-DM-RP (Form 2)], and the
Discharge Point Setpoint transaction [EM-DM-DP (Form 2)], the foliowing
parameter shall be added to the list of those which can be entered, stored, and
which appear on the printed report for these transactions: '

SCAL_NUC: For a gaseous releasse, a flag to denote that this release point will
have nuclide concentrations scaled so that the total concentration matches a
value entered by the user.

On the Release Point Setpoint transaction [EM-DM-RP (Form 2)] and the
Discharge Point Setpoint transaction [EM-DM-DP (Form 2)], the following
parameter shall be added to the list of those which can be entered, stored, and
which appear on the printed report for these transactions:

DILOOKUP: For a liquid release, a flag to denote that permits for this release
point will have a selection screen appear for the user to select the proper dilution
flow for the release based on the humber of pumps operating.

On the Release Point Setpoint transaction [EM-DM-RP (Form 2)}, and the
Discharge Point Setpoint transaction [EM-DM-DP (Form 2)}, the following
parameter shall be added to the list of those which can be entered, stored, and
which appear on the printed report for these transactions:

DEF_NUC: For a liquid or géseous release, this parameter will contain the defauft
nuclide that will be used in setpoint calculations for low gamma concentration
releases. This parameter is used in conjunction with the DEF_CONC parameter.

On the Release Point Setpoint transaction [EM-DM-RP (Form 2)], and the
Discharge Point Setpoint transaction [EM-DM-DP (Form 2)], the foliowing
parameter shall be added to the list of those which can be entered, stored, and
which appear on the printed report for these transactions:

- DEF_CONC: For a liquid or gaseous release, this parameter will contain the

default concentration that will be used in setpoint calcuiations for low gamma
concentration releases. This parameter is used in conjunction with the DEF_NUC
parameter.

Rl
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6.1.5

6.1.7

On the Release Point Setpoint transaction [EM-DM-RP (Form 2)], and the
Discharge Point Setpoint transaction [EM-DM-DP (Form 2)], the following
parameter shall be added to the list of those which can be entered, stored, and
which appear on the printed report for these transactions:

DEF_TYPE: For a liquid or gaseous release, this parameter will contain the
default nuclide type that will be used in setpoint calculations for low gamma
concentration releases. This parameter is used in conjunction with the DEF_NUC
and DEF_CONC paramseters. (Note: For a gaseous release, the defauit nuclide

‘type shall determine which monitor setpoint should use the defauit nuclide and
_cancentration.)

On the Release Point Setpoint transaction [EM-DM-RP {Form 2)], and the
Discharge Point Setpoint transaction [EM-DM-DP (Form 2)], the following
parameter shall be added to the list of those which can be entered, stored, and
which appear on the printed report for these transactions:

ALRT_SET: Fora liquid or gaseous release, this paramster wiil contain the
muitiplier to be used in the caiculation of Alert Alarm Setpoints for permit reports.

On the Releass Point transaction [EM-DM-RP (Form 1)], the meaning of the
Response Option will change. When set to Y™, this aption will denote the display
of a Monitor Response window during the Post-Release Permit Processing, rather
than during the Pre-Release Permit Processing. The Response Option
parameter, itself, will remain unchanged for this transaction, but the response
entered shouid include the monitor background values.

On the Dilution Streams transaction [EM-DM-DS], the following pararneters will be
romoved: the numbaer of axtra dilution flow rates and the four dilution flow rates.

These parameters will be replaced with two column fields. One column will
contain the dilution fiow rate, while another will contain the pump configuration
description (such as "Jockey Pump” or "57). In this transaction, the dilution flow
rate for particular pump configuration can be added.

On the Meteorological Data transaction [EM-DM-ME (Form 1}], several menu
options will added to the list of MET DATA TABLES. These additional menu items-
are as follows:

X/Q - Noble Gases (Gamma)

"a" Factor - D/Q-Partfiodines

"a" Factor - Noble Gases

"a" Factor - X/Q-Part/lodines

"a" Factor - Gamma Noble Gases

L Ped
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€.1.10

6.1.11

Note:

Note:

On'the Meteorological Data transaction [EM-DM-ME (Form 1)], the
following menu items will be used to store short-term (1 hour) D/Q and
X/Q values.

D/Q - Partics/Radioiodines
X/Q- Partics/Radioiodines
X/Q - Decayed Nobie Gases
X/Q - Noble Gases (Gamma)

This specification iter only denotes a change in the meaning for the
values on this transaction and requires no further changes to the
softwara.

On the Meteorclogical Data transaction {EM-DM-ME (Ferm 1)], the X/Q,
D/Q, and "a” Factor values are defined for various elevations, distances,
and directions from the plant vent or stack. This combination with the
"mode of release” parameter on the Release Point transaction [EM-DM:-
RP (Form 1)], and the receptor definition on the Gas Receptors
transaction {EM-DM-GR], allow the X/Q, D/Q, and "a" factors to be
different for each receptor and/or release point.

This specification item is enly for clarification and no additional code
changes need 1o ba made {o this transaction.
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6.2

Editing Values through INGRES QBF

In addition to the interactive forms-based EMS Database Maintenance transactions,

" certain flags and values must be edited through INGRES QBF on the database tabies

which contain data not accessibie through the forms-based transactions.

6.2.1° Some columns of the Quarterly Dilution Volume table (QDVOL), which has no
other use in the Seabrook Station version of EMS, will be used for recording
monthly dilution volume for use in semi-annual reports. Once per month, an
authorized user will use QBF to append a record to the QDVOL table as follows:

‘sampleid  (sample ID) 0 [not used]

dvdate (dilution volume date) The first day of the month to which the
volume applies {ime not required).

tvol (total volume) Dilutionh votume for tha month, in user
units.

aflow {average fiowrate) 0 [not used]

o e YO
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6.3

Liquid Pre-Release Processing

6.3.1

User Interface and Functionality

Liquid Pre-Release Processing functionality for the EMS software shalil be as
described in section 3 of the EMS Operator's Manual {(Reference 2.1.1), with the
following revisions: .

6.3.1.1

8.3.1.2

On the Liguid Permit Definition Screen (Screen 3.04):

Upon entering the permit definition screen, if the DILOOKUP parameter is
set to "Y" for the release point associated with the current permit being
processed, the Dlution Flow Rate parameter will default to zero.

if 2 user uses the "Tab" or "Return” key to exit the Dilution Flow Rate
parameter on the Permit Definition Screen and the Dilution Flow Rate
parametsr has a value of zero, a selection screen with two columns of
data will appear. One coiumn will contain the pump configuration
description, while the other wiil contain the dilution flow rate for each
associated pump configuration,

Upon salection of the Dilution Flow Rate, the selection screen wiil
disappear and the selected dilution fiow rate will appear in the Dilution
Flow Rate parameter on the Permit Definition Screen. The cursor will
then automatically advance to the Dilution Volume Parameter.

On the Liguid Permit Definition Screen (Screen 3.04):

When a "Fill” (F14) or a "Save" {F10) without a "Fill" is executed, if the
DILOOKUP parameter is set to "Y" for the release point associated with
the cumrent permit being processed and the Dilution Flow Rate parameter
is set to zero, a selection screen, as described above will appear.

Once a selection of the Dilution Flow Rate is compiete, the selection
screen will disappear and the "Fill" operation will continue. Upon
completion, the selected dilution flow rate wiil appear in the Dilution Flow
Rate parameter on the Permit Definition Screen.

if the Dilution Flow Rate parameter on the Permit Definition Screen is not
set to zero and the DILOOKUP parameter is set to "Y", the fill will
proceed as normal without the dilution flow rate selection screen
appearing.

. fage- \\
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6.3.2

6.3.1.3

6.3.1.4

6.3.1.5

Prior to entering the Liquid Permit Approval Screen (Screen 3.09):

If it is determined that the computed maximum waste flow is less than the
anticipated waste fiow, the anticipated waste flow will be.changed to have
the vaiue of the computed maximum waste flow. If the anticipated waste
flow is modified, setpoint, dose, and dose rate values will be recaiculated
based on the new value.

For releases with low or zero gamma emitter concentrations that result in
a pre-diluted MPC ratio less than 10%, a defauit concentration will be
used for setpoint calculations, This default concentration will not be used

_for updating curie, dose rates, or dose totals.

The default nuciide will be attained from the DEF_NUC parameter. The
detfault concentration for this nuclide will be attained from the
DEF_CONC parameter. The default type for this nuclide should be
attained from the DEF_TYPE parameter.

The Monitor Response Screens for Release Points and Discharge Points
{Screen 3.08) will no longer appear while processing a Pre-Release
Permit when the Response Opticn is set to "Y" on the Reieass Point
transaction [EM-DM-RP (Form 1)].

Associated Reports

Liquid Pre-Release Permit Reports'shatl be as described in section 3 (pages 3-53
through 3-58) of the EMS Operator's Manual {Reference 2.1.1), with the following
revisions;

6.3.2.1

8.3.2.2

6.3.2.3

On the Pre-Release Permit Report (3.01), the Cumuiative Month-to-Date
Doses will appear on the page with the repori category of Cumulative
Maximum individual Dose for Contrelling Age Group at Controliing
Location. The Month-to-Date dose values will contain the summation of
the doses for all "Open” and "Closed” permits including the permit for
which the report is being generated. Thase dose values will appear
immediately below the "This Release” row of doses.

On the Pre-Release Permit Report {3.01). an Alert Alarm Setpoint wili
appear below the Max Monitor Setpoint Value. The Alert Alarm Setpoint
will be calculated by using the multiplying the release point setpoint value
by a multipiier specified with the ALRT_SET parameter mentioned above.

On the Liquid Special Report (3.02), an Alert Alarm Setpoint will appear

below the Release Point and Discharge Point Setpoint values in the
Radiation Monitor(s) portion of the report.

N W\Q
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6.3.3

€.3.2.4 On the Pre-Reiease Permit Report (3.01), the calculation of setpoint data
for additional dilution flow rates {(under Pre-Release Calculations) will use
dilution fiow rate values from the Dilution Streams transaction [EM-DM-
D8] for a specific dilution stream. Up to four dilution fiow rates which are
larger than the dilution flow rate parameter entered on the Liquid Permit
Definition Screen (3.06) will be used.

Under!ying' Calculations

The calcutations performed by the EMS software for Ligquid Pre-Release Permits
shall produce the same results as those described in Chapter 2 (sections 2.1-2.6)
of the EMS Technical Reference Manual (Reference 2.1.2), with no revisions.

1o P08 \3
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6.4

Liquid Post-Release Processing

6.4.1

User Interface and Functionality

Liquid Post-Release Processing functionality for the EMS software shall be as

described in section 3 of the EMS Operator’s Manual (Reference 2.1.1}, with the
following revisions:

6.4.1.1

6.4.1.2

6.4.1.3

On the Liquid Permit Definition Screen (Screen 3.13):

If the DILOOKUP parameter is set to "Y" for the release point and a user
uses the "Tab" or "Return” key to exit the Dilution Flow Rate parameter-
on the Permit Definition Screen and the Dilution Fiow Rate parameter has
a vaiue of zero, a selection screen with two columns of data will appear.
One column will contain the pump configuration description, while the
other will contain the dilution flow rate for sach associated pump
configuration.

Upon selection of the Dilution Flow Rate, the selection screen will
disappear and the selected diiution flow rate will appear in the Dilution
Fiow Rate parameter on the Permit Definition Screen. The cursor will
then automatically advance to the Dilution Volume Parameter.

On the Lquid Permit Definition Screen {Screen 3.13):

When a "FHI" (F14) or a "Save" (F10) without a "Fill" is executed, if the
DILOOKUP parameter is set to "Y” for the release point associated with
the current permit being processed and the Dilution Fiow Rate parameter
is set to zero, a selection screen, as described above will appear.

Once a selection of the Dilution Flow Rate is complete, the selection
screen will disappear and the "Fill" operation will continue. Upon
compietion, the selected dilution flow rate will appsar in the Dilution Flow
Rate parameter on the Permit Definition Screen.

If the Dilution Flow Rate parameter on the Permit Definition Screen is not
set to zero and the DILOOCKUP parameter is set to "Y", the fill will
proceed as normal without the dilution fiow rate selection screen
appearing.

(Item removed since actual waste flow is known at time of post release
processing.)
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6.4.1.4 The Monitor Response Screens for Release Points and Discharge Points
{Screen 3.08) will appear while processing a Post-Release Permit when
the Response Option is set to "Y" on the Release Point transaction {EM-
DM-RP (Form 1}]. These screens will appear following the Nuclide
Concentration Screen (Screen 3.15). The monitor response vaiues
entered should inciude the monitor background values.

6.4.2 Associated Reports.

6.4.3

Liquid Post-Release Parmit Report shall be as described in section 3 (pages 3-59
through 3-62 of the EMS Operator's Manual {Reference 2.1.1), with the following

_revisions:

6.4.2.1 On the Post-Release Permit Report (3.03), the Cumulative Month-to-Date
Doses will appear on the page with the report category of Cumulative
Maximum Individual Dose for Controiling Age Group at Controlling
Location.” The Month-to-Date dose values will contain the summation of
the doses for all "Open” and "Closed" permits including the permit for
which the reponr is being gonerated. These dose values will appear
immediately below the "This Release" row of doses.

Underlying Calculations

The calculations performed by the EMS software for Liquid Post-Release Permits
shall produce the same results as those described in Chapter 2 (section 2.7) of
the EMS Technical Reference Manuat {(Reference 2.1.2), with no ravisicns.

-12-
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6.5

6.6

Liquid Permit Editing

6.5.1

6.5.2

6.5.3

User Interface and Functionality.

Functionality for editing liquid permits through the EMS software shall be as
described In section 3 of the EMS Operator’s Manual (Reference 2.1.1}, with the
following revisions: .

The appearance and functionality of the liquid permit definition screen and the
menitor response screen shall be modified as described for the Pre-Release stage

-in sections 6.3.1 and 6.4.1 above.

Associated Reports

The psermit report format and contents for edited open ahd closed liguid permits
shali be as specified above for criginal permit reports, in sections 6.3.2 and 6.4.2,
respectively.

Underlying Calculations

The calculation methods for editing open and closed liquid permits shall be as
specified above for original calculations, in sections 6.3.3 and 6.4.3, respectively.

Liquid Permit Deletion

- Functionality for deleting lfiquid permits through the EMS software shall be described

section 3 or the EMS operator's Manual (Referance 2.1.1).

-13-
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6.7 Gaseous Pre-Release Processing

6.7.1

User interface and Functionality

Gaseous Pre-Release Processing functionality for the EMS software shall be as
described in section 4 of the EMS Operator's Manual (Reference 2.1.1), with the
following revisions: '

6.7.1.1

8.7.1.2

6.7.1.3

6.7.1.4

6.7.1.5

On the Gaseous Permit Definition Screen {Screen 4.05):
The Initial Pressure and Final Pressure parameters shalt be deleted.
On the Gaseous Nuclide Concentration Screen (Screen 4.06):

If the SCAL_NUC parameter is set to "Y", when exiting the Concentration
Screen by hitting "Process” (Do), the user will be prompted for the total
nuclide concentration of permit. The concentrations are then "scaled”
and then stored internally. As a result, the concentrations displayed on
the screen will remain unchanged. {See the Underlying Calcuiations
section for Pre-Release Permit Processing for an explanation of the
"scaling” of concentrations.)

NOTE: "This method requires the VAX_GSP (F12} file transfer has
occurred bringing the representative nuclide concentration values to the
screen prior to "Save” of data.

For releases with low or zero gamma emitter concentrations that result in
a pre-diluted MPC ratio less than 10%, a default concentration will be
used for setpoint calculations. This dafault concentration will not be used
for updating curie, dose rates, or dose totals.

The defauit nuclide will be attained from the DEF_NUC parameter. The
default concentration for this nuclide will be attained from the
DEF_CONC parameter.” The default type for the default nuclide should
be attained from the DEF_TYFPE parameter.

The Monitor Response Screens for Release Points and Discharge Points
(Screen 4.08) will no ionger appear while processing a Pre-Release
Permit when the Response Option is set to "Y" on the Release Point
transaction [EM-DM-RP (Form 1)}

Prior to entering the Gaseous Permit Approval Screen {Screen 4.09):

If it is determined that the computed maximum waste flow is less than the
anticipated waste fiow, the anticipated waste flow will be changed to have
the value of the computed maximum waste flow. I the anticipated waste
flow is modified, setpoint, dose, and dose rate values will be recalculated
based on the new value.

-14- WW
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6.7.2 Associated Reports

6.7.3

Gaseous Pre-Release Permit Reports shall be as described in section 4 (pages 4-

49 through 4-58) of the EMS Operator's Manual (Reference 2.1.1), with the
following revisions:

6.7.2.1

6.7.2.2

6.7.2.3

6.7.24

6.7.2.5

On the Pre-Release Permit Report (4.01), the Cumulative Month-to-Date
Doses will appear on the pages with the report category of Cumulative
Dose at Site Boundary and Cumulative Maximum individual Dose for
Controliing Age Group at Controlling Location. The Month-to-Date dose
values will contain the summation of the doses for all "Open® and
"Closed" permits including the permit for which the report is being
generated. These dose values will appear immediately below the "This
Release” row of doses.

On the Pre-Release Permit Report (4.01), the "scaled” noble gas
concentrations shall appear on the Isctopic identification page of the
report if the SCAL_NUC parameter is set to "Y" for the release point
where the release is being made.

On the Pre-Release Parmit Report (4.01), the Noble Gas Alert Alarm
Setpoint will appear below the Max Monitor Setpoint values. The Alert
Alarm Setpoint will be caicuiated by multiplying the noble gas monitor
setpoint value by a multiplier specified with the ALRT_SET parameter
mentioned above.

On the Gaseous Special Report (4.02), the Noble Gas Alert Alarm
Setpoint will appear below the Release Point and Discharge Point
Setpoint values in the Radiation Monitor(s) portion of the report. It will be
caleulated as mentioned above.

On the Pre-Release Permit Report (4.01), the Initial and Final Pressure
parameters will be removed from the Pre-Release Data sectaon of page
one of the report.

Underlying Calculations

The calcuiations performed by the EMS software for Gaseous Pre-Release
Permits shali produce the same results as those described in Chapter 3.(section
3.1-3.6) of the EMS Technical Reference Manual (Reference 2.1.2), with the
foliowing revisions and clarifications:

-15- Mﬁ\g
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6.7.3.1 Dose Calculations wilt appear in the site specific technicat reference
manual as follows:

+ For Noble Gas Total Body Dose Rate (for vents or stacks < 80 msters):

Dy = shf. X/Qg + 876074 Fo * Z (K * QR;,)
where
Dy = the total body dose rate due to gamma emissions by noble
gas releases from vent v (mrem/yr)
shf = shielding factor {(dimensionless)
QR;, = release rate of noble gas radionuclides, i, in gaseous
effluents from vent or stack v ( pCi/sec).
Fa = occupancy factor defined for the receptor at the given
location (dimensioniess)
K = total body dose factor due to gamma emissions for noble
gas radicnuclde | (mremvyr per ,uCnlm )
X/Qg = highest value of the noble gas 1-hour X/Q for gamma
radiation for vent or stack v at the site boundary, (seclm )
8760"3= adjustment factor used to convert the 1-hour X/Q value to
an average 1 year X/Q value (dimensioniess)
where
8760 = number of hours in a year
-a = "a" factor for gamma nobie gas X/Q

« For Noble Gas Totat Body Dose {for vents or stacks < 80 meters):

Dtb =

where

Dﬁ) =

shfs Fg * Z (Kj * QR;y) » X/Qq - 12

(5.256 » 105 / dur)

total body dose from gaseous effiuents (mrem)

5.256 + 105 = number of minutes in a year

dur =

duration of the release (minutes)

T foge \q
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where

adjustment factor to convent the 1-hour X/Q vailue to the .
short term X/Q value for the release {dimensionless)

duration of release (hours)

]

"a" factor for gamma noble gas X/Q

* For Noble Gas Skin Dose Rate (for vents or stacks < 80 meters):

Dg = shiFqoe QR < [(L; * X/Q - 8760D) 4 (1.11M « X/Qg - 8760°3)]

where
Dy

xXQ

* For Noble Gas Skin Dose {for vents or stacks < 80 meters):

n

skin dose rate from gaseous effiuents (mrem/yr)

hlghest vajue of the noble gas 1-hour X/Q for vent or stack
v at the site boundary (sec!m )

air dose factor due to gamma em:ssmns for noble gas
radionuclide i (mrad/yr per pCi/m )

conversion factor from mrad to mrem .

skin dose factor due to beta emlssmns for noble gas
radionuclide | (mrem/yr per pCllm )

"a" factor for noble gas X/Q

shfs Fo * Z QRyy * [(L; * X/Q = £P) + (1.11M; - X/Qg - )]

(5.256 + 105 / dur)

total skin dose from gaseous effiuents (mrem)
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» For Noble Gas Air Dose due to gamma radiation (for vents or stacks < 80

meters):
D, = (817+108)-XQ -t3-Fy T M+ Q
where
D}, = total gamma air dose from gaseous effluents {mrad)

3.17 - 10°8 = inverse of number of seconds in a year

Q;s = release of noble gas radionuclides, i, in gaseous effluents
from vent or stack v (¢ Ci)

in = QRiV =dur+ 60
where

60 = number of seconds in a minute

+ For Noble Gas Air Dose due to beta radiation {for vents or stacks <

80 meters):

Dg = (3147- 10'8):- XQ-tP.F T N-Q

where |

D g = lotalbeta air dose from gaseous effluents {mrad)

N; = air dose factor due to beta emussnons for noble gas

radionuclide i (mrad/yr per ,uCtlm }

= For Critical Organ Dose Rate—Inhalation Pathway and all Pathways
for H-3, C-14 (for vants or stacks < 80 meters):

"

DR X/Qq + 8760C + T Py o + QRyy

ra

where

DR,, = dose rate for age group a and organ 1 from iodines and
particutates with half lives greater than 8 days in gaseous
effluents (mrem/yr}

= dose factor for each radionuclide i, pathway p,organ T,

Pipra
P and age group a (mrem/yr per pCl/m )
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X/Q, = highest value of the rad:omdmelpamculate 1-hour X/Q for
vant or stack v at the site boundary (sec/m )

c = "a" factor for Radioiodine/Particulate X/Q

Note: It is assumed Plp‘l’ a Will not contain long term X/Q or D/Q
values.

= For Critical Organ Dose Rate--Ground and Food Pathways (for vents
or stacks < 80 meters):

-d,

DR,, = DMQ-87607"+2 anra QR;,

where

D/Q = highest value of the 1-hour depos:tlon tactor at the
distance of the site boundary {1lm )

d = "a" factor for D/Q

Rlpta = dose factor for each radionuclide i, pathway p, organ ,
and age group a (m2 « mremyr per uCi/sac)

Note: ltis assumed Hlpra will not contain long term X/Q or D/Q

values.

« For Critical Organ Dose-inhalation Pathway and all Pathways for H-3,
C-14 (for vents or stacks < 80 meters):

Dyg = (317+108)-XQ+tC+F e Pipra * Qv

whore

D, = dose for age group a and organ 7 from iodines and
particuiates with half lives greater than B days in gaseous
effluents (mrem)

Note: Itis assumed Plpra will not contain long term X/Q or D/Q
values.
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+ For Critical Organ Dose-Ground and Food Pathways (for vents or
stacks < 80 meters):

Dra = (317-108) D@19 Fy- 2Ripa Qyy

Note: It is assumed R,

a Will not contain long term X/Q or D/Q
values. :

ipT

6.7.3.2 On the Nuclide Concentration Screen (Screen 4.06), nuclide
concentrations will be "scaled” if the SCAL_NUC parameter is set
properly for a Release Point. This "scaling” is described as follows:

Cinew =t/ 5)* Ci
whare
"Cinew = concentration (after "scaling”) of nuclide,
s = sum of all nuclide concantrations on the Nucisde
Concentration Screen.
t = total nuclide concentration enterad by the user
G = concentration (before "scaling”) of nuclide;
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6.8 Gaseous Post-Release Processing

6.8.1

6.8.2

User Interface and Functionality

- Gaseous Post-Release Processing functionality for the EMS software shall be as

described in section 4 of the EMS Operator s Manual (Reference 2.1.1}, with the
following revisions:

6.8.1.1

6.8.1.2

6.8.1.3

6.8.1.4

On the Gaseous Permit Definition Screen (Screen 4.14):
The Initial Pressure and Final Pressure parameters shall be deleted.
On the Gaseous Nuclide Concentration Screen (Screen 4.15):

i the SCAL_NUC parameter is set to "Y", when exiting the
Concentration Screen by hitting "Process” (Do), the user wili bs prompted
for the total nuclide concentration of permit. The value entered for the
total nuclide concentration while opening the permit shall be displayed as
a default value which can be modified, Once the value is
entered/accepted the concentrations are then "scaled” and then stored
internaily. As a result, the concentrations displayed on the screen will
remain unchanged. {See the Underlying Calculations section for Post-
Release Permit Processmg for an explanation of the "scaling” of
concentrations.)

NOTE: This method req‘uires the VAX_GSP (F12) file transfer has
occurred bringing the representative nuclide concentration values to the
scraen prior to "Save” of data.

The Monitor Response Screens for Release Points and Discharge Points
{Scresn 4.08) will appear while processing a Post-Reiease Permit when
the Response Option is set to "Y" on the Release Point transaction [EM-
DM-RP (Form 1}]. These screens will appear following the Nuclide
Concentration Screen {Screen 4.15). The monitor response values
should include the monitor background vaiues.

(Item removed since actual waste flow is known at time of post release

processing.)

Associated Reports

Gaseous Posi-Release Permit Reports shall be as described in section 4 (pages
4-58 through 4-63) of the EMS Operator's Manual (Reference 2.1.1}, with the
following revisions:

21 fope 3Y




Software Requirements Speclfication RS-8448-04

6.8.3

6.8.2.1

6.8.2.2

6.8.2.3

On the Post-Release Permit Report (4.03), the Cumuiative Month-to-Date

Doses will appear on the pages with the report category of Cumulative

Dose at Site Boundary and Cumulative Maximum Individual Dose for
Controlling Age Group at Controlling Location. The Month-to-Date dose’
values will contain the summation of the doses for all "Open” and

"Closed” permits including the permit for which the report is being

generated. These dose values will appear immediately below the "This

Release" row of doses.

On the Post-Release Permit Report (4.03), the "scaled” nobie gas
concentrations shall appear on the isotopic Identification page of the
report if the SCAL_NUC parameter is set to "Y" for the release point
where the releass is being made.

On the Post-Release Permit Report (4.03), the Initial and Final Pressure
parameters will be removed from the Pre-Release Data section of page
one of the report.

Underlying Calculations

The calculations performed by the EMS software for Gaseous Post-Release
Permits shall produce the same results as thoss described in Chapter 3 {section
3.7) of the EMS Technical Reference Manual {Reference 2.1.2), with the following
revisions and clarifications:

6.8.3.1

Dose Calculations will appear in the site specific technical reference
manual as follows:

» For Noble Gas Total Body Dose Rate (for vents or stacks < 80
meters):

Dy = shi-XQq 876078+ Fy - 2 (K * QRy)

where

Dt = the total body dose rate due to gamma smissions by noble
gas releases from vent v (mremvyr}

shf = shielding factor (dimensioniess)

QR;, = release rate of noble gas radionuciides, i, in gaseous
effluents from vent or stack v { uCi/sec).

Fo = occupancy factor defined for the receptor at the given
location {(dimensioniess)

K = total body dose factor due to gamma emissions for noble

gas radionuclide | (mrem/yr per pCilm ]

WQS
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XIQg = highest value of the noble gas 1-hour X/Q for gamma
: radiation for vent or stack v at the site boundary, (sec/ms)

8760'a= adjustment factor used to convert the 1-hour X/Q value to
an average 1 year X/Q value {dimensionless})

‘where

8760

number of hours in a year

i
]

"a" tactor for gamma noble gas X/Q

« For Noble Gas Total Body Dose (for vents or stacks < 80 meters):

shf» Fg + % (Kj » QR;,) » X/Qg + 2

Dﬂ) =
(5.256 + 105 / dun)

where

Dy, = total body dose from gaseous effiuents (mrem)

5.256 » 105 = number of minutes in a year

dur = duration of the release {minutes) .

t8 = adjustment factor to convert the 1-hour X/Q value to the
short term X/Q value for the release (dimensionless)

e
n

duration of release {hours)

]
|

"a" factor for gamma noble gas X/Q

- For Noble Gas Skin Dose Rate (for vents or stacks < 80 meters):

Dg = shf-Fo+Z QR « [(Ly - X/Q -+ 8760) + (1.11M; - X/Qg * 8760°3)]

where
Dg = skin dose rate from gaseous effluents (mrem/yr}
X/Q = highest value of the noble gas 1-hour X/Q for vent or stack

v at the site boundary (sec/m3)

o o 2
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M, = air dose factor due to gamma emissions for hoble gas
radionuclide | (mrad/yr per pCi/mS)

1.11 = conversion factor from mrad to mrem

L = skin dose factor due to beta emissions for noble gas
radionuclide i (mrem/yr per ,uCi/ms)

b = "a" factor for noble gas X/Q

» For Noble Gas Skin Dose (for vents or stacks < 80 meters):

shf Fg *Z QRy, * [(Ly * XQ < t0) + (111 - XQg - t3)]

Dy =
(5.256 « 10° / dur)
whera
Dy = total skin dose from gaseous effluents (mrem) .
» For Noble Gas Air Dose due to gamma radiation {for vents or stacks < 80
meters): : , o
‘D, = (3.17-10'3)->uog-ra-Fo-zMi~in
whera
DP = total gamma air dose from gaseous effluents (mrad)

317108 = i'nverse'of number of seconds in a year

Q = release of noble gas radionuctides, i, in gaseous effluents
from vent or stack v (uCi)

in = QHiV » dur» 860

where

60 = number of seconds in a minute

a
-
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For Noble Gas Air Dose due to beta radiation (for vents or stacks <
80 meters):

(317108 Q- tP - F - N, -y

Dg =

where

D B = total beta air dose from gaseous effluents (mrad)

N; = air dose factor due to beta emissions for noble gas

radionuclide i (mrad/yr per pCirm3)

For Critical Organ Dose Rate--inhalation Pathway and all Pathways
for H-3, C-14 (for vents or stacks < 80 meters):

' . €. " . .

DRy = X/Q,*87607™"+Z Pnpra QR;,

whera

DR,, = dose rate for age group a and organ 1 from iodines and
panticulates with half lives greater than 8 days in gaseous
effluents (mrem/yr)

Pipra = dose factor for each radionuclids i, pathway p, organ 1,
and age group a (mremvyr per ,uCi/ma)

X/Q, = highest value of the radioiodine/particuiatg 1-hour X/Q for
vent or stack v at the site boundary (seclm‘?‘)

¢ = "a" factor for Radiolodine/Particulate X/Q

Note: It is assumed Pipra will not contain long term X/Q or D/Q

values.

For Critical Organ Dose Rate--Ground and Food Pathways (for vents
or stacks < B0 meters):

DRy = D/Q-87609- 2Ry, QR

where

D/Q = highest valus of the 1-hour deposition factor at the
distance of the site boundary (1/m*<)

d =

= "a" factor for D/Q
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Ripra = dose factor for each radionuclide |, pathway p, organ 1,
2 .
and age group a (m< * mrem/yr per uCi/sec)

Note: It is assumed R;

ipra will not contain long term X/Q or D/Q
values, :

- For Critical Organ Dose;lnhalation Pathway and all Pathways for H-3,
C-14 (for vents or stacks < 80 meters):

= . -8 . «4Co . . e ).
Dyg = (B17-107)« XQ -t -F L Plpra Qy
where
D;a = dose for age group a and organ 7 from iodines and
particulates with half lives greater than 8 days in gaseous
effiuents (mram)
Note: It is assumed Pipra will not contain long term X/Q or D/Q

values.

+ For Critical Organ Dose-Ground and Food Pathways (fdr vents or

stacks < 80 meters):
- -8 3 L ] L] '-d L J . . L] N
D;a = (317-107)+-D/Q-t-Fy+ I Hlpra Qiv
Note: 1t is assumed Ripra will not contain long term X/Q or D/Q

vaiues.

6.8.3.2 On the Nuclide Concentration Screen (Screen 4.‘[5), nuclide
concentrations will be "scaled” if the SCAL_NUC parameter is set
properly for a Release Point. This "scaling” is described as follows:

Cinew={/8)* G

whers
Cinew = concentration {after "scaling”) of nuciide;
s = sum of al nuciide concentrations on the Nuclide
Concentration Screen.
t = total nuclide concentration entered by the user
G = concentration (before "scaling”) of nuclide;

qu
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6.9

6.10

Gaseous Permit Editing

6.9.1

6.9.2

6.9.3

User Interface and Functionality

Functidnality for editing gaseous permits through the EMS software shall be
described in section 4 of the EMS Operator's Manual (Reference 2.1.1), with the
following revisions: .

The appearance and functionality of the gaseous permit definition screen, the
monitor response screen, and nuclide concentration shall be modified as
described for the Pre- and Post-Release stages in sections 6.7.1 and 6.8.1 above.

Associated Reports
The permit report format and contents for adited open and closed gaseous
permits shall be as specified above for original permit reports, in sections 6.7.2
and 6.8.2, raspectively.

Underlying Calculations

The caiculation methods for editing open and ciosed gaseous permits shall be
specified for original calcuiations, in sections 6.7.3 and 6.8.3, respectively.

Gaseous Permit Deletion

Functionality for deleting gaseous permits through the EMS software shail be described
section 4 or the EMS operator's Manual (Reference 2.1.1),

fo4e 30
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6.11 Semi-Annual Reporting

6.11.1 User Interface and Functionality
Semi-Annual Reporting functionality for the EMS software shall be as described in
section § of the EMS Operator's Manual {(Reference 2.1.1), with the following
revisions:

6.11.1.1 On Report 5.01 {Gaseous Summation of All Releases):

« Compute sach value on lins A 3 of the report by taking

100 + Dag / Olyg

the greater of
100 » D,/ Qlp

where
Dag = the gamma air dose in the applicable quahe; at the site
boundary receptor due to noble gas emissions (mrem)
Dgn = the beta air dose In the applicable quarter at the site

boundary due to noble gas emissions (mrem})
Qlag = the quarterly l_i'mit on Dag (mrem) [usually 5]
Qlgp = the quarterly limit on Dgy, (mrem) [usually 10}
A note wili bs made at the bottom of the report stating whether the beta
air dose and its associated limit or gamma air dose and its associated
iimit were used for the Percent of Apphcable Limit of Fission and

Activation Products..

+ The values on linas B.3, C.3, and D.3 will be the equivalent. They will be
calculated as follows:

the greatest (over T) of { 100+ (Z Di,T} ! QLrp
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6.11.1.2

the dose to organ T of the controlling receptor, in the
applicable quarter, due to gaseocus emissions of
radionuclide i {(mrem)

&
"_‘ .
I

The summation is over all non-noble gas radicnuclides with
half-lives greater than 8 days, including radiciodines,
particuiates, and ttiﬁum.

QL,.p = the quarterly limit on the controlling receptor organ dose
due to gaseous effluents {mrem} [usuaily 7.5]

On Report 5.02 (Liquid Summation of All Releases):

For each quarter q in the report, calcuiate the reportable dilution volume
(DV,q, in liters) for the portion of the quarter that is within the report
dates. ltis the sum of the reportable monthly dilution volumes {(DV ) in
user units for all the months in the quarter that are within the report dates:

DV,

rq = 28.31685 « sd_Ivolf - DV

“The vaiues Dvrm are from the column tvol of the QDVOL table. The

value DV, Is included in the report on line F, and Is used in the
caleulations below.” "sd_Ivolf” shouid be the user unit conversion factor to
convert from user units to 7>, 28.31685 is a unit conversion factor from
#° to liters.

For each space on a line titled "AVERAGE DILUTED CONCENTRATION
DURING PERIOD", the average concentration {Cq, in gCi/mi) for the
raspective quarter is computed as follows (where i ranges over only the
nuclides in the category):

Cq=Z Cigq=Z [Actiq/ (1000 - DV,

q rq)}

where

Actiq = total activity of nuclide i released during the portion of the
quarter g that is within the period {yCi)

Dqu = reportable dilution fiow for the portion of quarter g that is
within the report period (liters), as calculated above.

Compute each vaiue on line A.3 and B.3 of the report by taking

100 - Ditl QLR

the greater of
g [ 100 + Dy, / QL
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where

Dy =

Dlo =

QL

QL

the liguid total body dose in the applicable quarter at the
site boundary receptor (mrem)

the liquid maximum organ dose in the applicable quarter at
the site boundary {mrem)

the quarterly limit on Dy (mrem) [usually 1.5]

the quarterly limit on Dy, (mrem) [usually 5]

A note will be made at the bottomn of the report stating whether the liquid
total body dose and its associated limit or maximum organ dose and its
associated limit were used for the Percent of Applicable Limit.

» Compute each value on line C.3 of the report as follows:

P

where

O
Il

Ldg =
6.11.2 EMS Trend Plots

=100+ Cq/ Lyg

sum of noble gas concentrations

Percentage applicable to a given quarter for dissolved and
entrained gases

Liquid dissolved gas limit (uCi/mi) [usually 2.0E-04]

Trend Plotting functicnality for the EMS software shall be described in section 5 of
the EMS Operator's Manual (Reference 2.1.1) with no revisions.

6.12 End-of-the-Year Data Archiving

6.12.1 User Interface and Functionality

End-of-the-Year Data Archiving functionality for the EMS software shall be
described in section 6 of the EMS Opsrator's Manual (Reference 2.1.1) with no

revisions.
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CHAPTER 1

INTRODUCTION

The Effluent Management System (EMS) Software implements the

requirements for determining limits and doses for the xroutine liquid
and gaseous releases from nuclear power plants. The calculations
and methodology are based on those described in U.
Regulatory Commission Regulatory Guide 1.109 and references
described therein. These eguations reduce to those described in

NUREG~-0133 by proper selection of parameters.

S. Nuclear

This manual describes the calculations used in the LRW/GRW program
fer handling liquid and gaseous releases and preparing the semi-
annual report, and the equations used in the DFP option for

calculating the relevant dose factors.

This manual describes the new 10CFR2Z0 (1992) as well as old 10CFR20Q

requirements.

For a nuclear power plant, the Off-Site Dose Calculation Manual
(ODCM) describes the methods used at that plant for complying with
the effluent release portions of the technical specifications and
the reguirements of 10CFR20 and Appendix I of 10CFR50.

The concentration and dese limits that are réquired to be met’ are:

o For radioactive liguid effluents, the concentrations

released to areas beyond the site boundary are limited to:

MPC values given in old 10CFR20, Appendix B, Table II.
. - OR - . '
ECL values given in new 10CFR20, Appendix B, Table 2.

where ECL valueé are effluent concentration limit values.

o For radicactive liguid efflyents, the maximum dose to any
member of the public will be less than the limits glven in

10CFR50, Appendix I.

o For gaseous effluents, the old 10CFR20 requires that the
dose rate at any location beyond the site houndary will be
limited to the annual dose limits given in the Technical
Specifications and corresponding to the concentrations in
Appendix B of the old 10CFR20. The o0ld 10CFRZ0 approach
for gaseous effluents has been accepted by the NRC for use
under the new 10CFR20.

1;1_ - PFHO
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o For gaseous effluents, the maximum dose to =ny'membe* of
the public will be less than the 11m1t= given in lOCFRSO
Appendix I. '

© The maximum dose to any member of the publlc will not.

exceed the limits given in 40CFR190.

The eguations emploved for calculatlng the dose and dose factors are
_taken from NUREG-01331 and Regulatory Guide 1.109.

For a particular nuclear plant, the ODCM describes the physical
configuration of release sources and release points for routine and
non-routine ligquid and gaseous effluents, the monitor setpeoint
calculaticns, dose, and dose rate calculaticns. '

.1.1 SETPOINT CALCULATIONS

Calculations are made for the radiation monitors to determine the
alarm/trip setpoint so that 10CFR20 compliance is met. For the old
10CFR20 compliance, liguid calculations use the maximum permissible
concentrations f£rom 10CFR20 App. B, Table 2, column 2, and the more
conservative value (smaller) of the soluble and insoluble wvalues
while gas calculations use dose rate equations and limits from
NUREG-0133. To comply with the new 10CFR20 regquirements, the
effluent concentration limits are used for liguid setpoint
calculations. For gaseous setpoint calculations under the new
10CFR20, the NRC is still allowing the use of dose rate eguations
and limits from NUREG- 0133..

In the terminoldgy of EMS, individual sources of radiation, such as

storage tanks, the. containment building, etc., are defined as
“"release points." Several release points may lead to the same

wdischarge point."

Setpoint calculations produce monitor limiting values in activity
units (gCi/ml or pCi/fcc). These are then converted to user units,
e.g. counts per minute (cpm). For gaseocus releases, setpoint can be
reported as rglease rates (§Ci/sec). The reporting units for each
monitor can be defined separately. ‘ -

EMS allows setpoints to be set for both the release points and the
discharge points. In the case that the release point and the
discharge point are the same, or use the same physical monitor, the
same discharge setpoint value is repbrted for both. This use of the
same discharge setpoint value can be disabled.

Payi
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EMS has a "nuclide specific® option. In this option only the

nuclides listed in the monitor slopé table are used in the setpoint

calculations.

1.2 RELEASE PROCESSING

For batch releases, the processing of releases consists of sampling
the tank or volume of air, analyzing the radionuclide content, then
using the radionuclide concentrations and estimated release flows,
volumes, etc. and calculating the doses and setpoints, comparing to
the 10CFR20 limits, and comparing to the 10CFR50 limits. If the
limits are not exceeded, the pre-release permit is signed off and
the release can occur., After the release, post-release Processing
performs the same calculations (except the setpoints are not needed)
and the database is updated with the actual values for the release.

For continuous releases, many installations prefer not to generate
an actual pre-release permit, but for the sake of analogous
operation, pre-release calculations must still be made in EMS.
After review, the post-release calculations are made to update the

database.

EMS does not allow more that one open release at a time for a single
release point. However, multiple releases may be open for one
discharge point. Also, for discharge points, the setpoint is
calculated by summing over all open relezses for the time period
involved. An alternative approach if a new permit must be opened
before the actual irnformation for the previous permit are available
is to go ahead and close the release using the pre-release values
and then edit this closed release later when the actual information

becomes available.

1.3 COMPOSITE NUCLIDES

The standard radionuclide analysis, with high-resoclution germanium
detectors, guantifies the gamma—emitting radionuclides. Pure beta
emitters, nuclides that decay by ﬁ-capture, and alpha emitters are
handled with other detection mechanisms. These are usually not
tracked individually by sample, but .as a composite of many samples
over a month or guarter period. The concentraticons of the composite
nuclides are combined with the concentrations of the individual
nuclides determined from gamma analysis for each sample.

1-3 o PS5 Y2
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For liquid releases, the composite nuclides are generzlly E-3,
Fe-55, Sr-89, Sr-90, and gross alphz. For gaseous releases, Fe-5%
is generally not included.

In EMS, these are contained in an editable file designated by the
composite ID number. Each release point definition specifies which
composite ID is used with the release point. These can be the
composite nuclides, or any other nuclides desired.

Composite samples produced by taking portions of the samples from

individual releases are analyzed after the releases are over. Since

these generally do not vary much from one period to the next, it is

common to use the most recent values. However, EMS provides the -
option of updating the composite values for the proper time period

and recalculating the activity and dose.values in the database.

The EMS composite’ update process processes only those nuclides
listed in the .Composite ID for-the release point. For each nuclide,
the curies and doses Dbased on the previous value are subtracted
from the cumulative totals and the curies and doses based on the
correct value are added into the cumulative totals-

For the setﬁing of flag§ to control opticons in the EMS code, see the
NAESCO Seabrook Station EMS COperator’s Manual 07-05BS9.

b3 u3
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CHAPTER 2

LIQUID RELEASE CALCULATIONS

2.1 LIQUID PRE-RELEASE PERMIT

A ligquid pre—releése permit is generated with a progfam that uses
the nuclide activities to determine the radiation monitor setpoint
{for 10CFRZ0 compliance) and the potential doses for 10CFR50

compliance.

Continuous releases are treated similarly.

2.2 10CFR20 COMPLIANCE

10CFR20 compliance calculations are broken down into two paths. The

first path calculates compliance with the old 10CFR20 in which the
calculations are based on Maximum Permissible Concentrations. The
second path complies with the new 10CFRZ0 and is Effluent

Concentration Limits based.
10CFR20 requires that the sum of concentrations divided by MPC (ecld
10CFRZ20) or ECI. {(new 10CFR20) wvalues must not eyceed unity for MPCs
or 10 for ECLs: )
NEW 10CFR20
§$ =2, C,/ECL, = 10

i i i

OLD 10CFR20
=%, C./MPC, £ 1 OR |
bR i 1l

for concentrations C; released from the site. MPC; is the maximum
permissible concentration from the old 10CFR20, Appendix B, Table
II, Column 2, for nuclide i and ECL; is the effluent concentration
limit from the new 1QCFRZ0, Appendix B, Table 2, Column 2, for

nuclide i.
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If the summation is greater than the 1limit,

required. The required dilution factor is:

If the 10CFR20 option is OLD:

then dilution is

<
Z. MPC, .
D _ i i
3 £ *R
red . T max
where
Dreq = Total . required dilution factor
- Cy = Concentration of nuclide .i in pCi/mL
MPCi = Maximgm permissible concentration of nuclide i in
jCi/mi
£ = Release point setpoint safety factor {usually equal to.
0.5} from the release point definitiom.
Ryax = The maximim MPC ratio from the release point setpoint

definition.

If the 10CFR20 option is NEW:

C,
i
\ ECL,
b . i=g i
L ]
reqdrsg £*R
€y
.Z ECL,
D _ i=ng i
f R
redrng max
D . = D
req req,g <+ Dreg,ng
where ' ;
Dreq,g = Required dilution factor fer
Dreq,ng = Required dilution factor for
ECLi =

pCi/mL

Effluent concentration limit of nuclide i in

gamma-emitteis_

nen~gamma-emitters
faHs
alim evze.




and the sums extend over gamma-emitters {g) and non-gaming-emitters
(ng), respectively. o :

G are excluded from the ' sum.

Any nuclides with MPCi <
s 0 are excluded from the sum.

Any nuclides with ECL;

flow is the minimum dilution stream flow that

The available dilution
corrected for other

can be ensured for the period of the release,
releases in process and any -activity in the dilution stream, and

reduced by a safety factor.
F_vail = Fany (£g/200) @ - Z ci/xxgi) p

where
Concentration (pCi/mi) for nuclide i for the dilution

i
stream sample
XXX; = MPC; oxr ECL;
£ = Flow safety factor, in percent
Font = Anticipated dilution flow rate for the release

The anticipated dilution factor is then

= +
Dant { Fwaste falloc Favail)/Fwaste

where

F = waste flow anticipated for this release
waste

F ,.= available dilution flow
avail

alloc= fraction of available dilution stream flow zllocated to
- this release ; '

o C 94l
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Dissolved and Entrszined Gases

Tc implement 10CFRZ0, it is also reguired that the total
concentration of dissolved and entrained gases in liquid effluents

‘be less than a specified value {(normally, 2 E-04 pCi/mL under OLD .

10CFR20, or 1 E~04 yCi/ml under NEW 10CFR20)}, EMS stores this limit
in the Activity Limits transaction, checks this limit for each
liquid permit, and indicates on the permit approval screen whether
or not it is exceeded. To include dissoclved ncble gases in the Dreg
calculation, the database must also contain the same limiting wvalue,
as the liquid MPC or ECL for each noble gas nuclide.

2.3 MAXIMUM WASTE FLOW

The maximum waste f£low calculation is based on the setting of the
SET _OPT option in the WFLOW M class of options in the Release Point
Setpeoint definitien. This option can take on feour values: NONE,
NWAS (no waste), CALC or DOSE. For liquid releases, NOME, NWAS, and

CALC are allowed.

For liguid releases,

Wmax = the minimum of meax and Rcwmax

where

Waay = Maximum permissible waste flow rate for this release

Rymax = Release point maximum waste flow rate, as set in the
release point definition
If the SET_OPT option.= NONE:

Reymax — waste flow rate for the sample, Fuaste

I£f the required dilution factor, Dreq (section 2.2) for the
sample is greater than 1, Roymax Pecomes:

Favail * falisc

Roymax =
Droq = 1.0

If the SET _OFT option = CALC

F + F

* £ waste

avail alloc

Rovmax: =

2-4 | | | Pai{7
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_ng Dreq
follows:

- 2.5 SETPOINT CALCULATIONS .

If the SET_COFT option = NWAS

Favaii * falloc

Towmax

Dreq

2.4 MINIMUM DILUTION FLOW RATE

> 1, the minimum dilution flow rate is determined as

"If the SET_OPT option is NWAS:

Fuaste * Preq

min dfiow = - - =
i
(£¢ ( 100) [1- z ]

XXX,
i

falloc *

where XXX; is MPC; under QLD 10CFR20, and is ECL; under NEW
10CFR20.

If the SET _CPT option is other than NWAS:

Fuaste * (Preq - 1.0)

min dflow = , < ]
i . i

£ (£, 7/ 2000 » [ 1 - Zé =] |

’ XXX ’

alioc °*

Otherwise:

min_dflew = 0.0

Setpeoints are calculated for individual release points, and for the
discharge point that may conmbine several release points.

A setpoint adjustmeﬁt-factor, Sadj is determined from the value of

Dreq:

s Py LB
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> 1 or the dilution factor option is W, and the setpoint

If Dqu .
equation is set te STD:

Sadj = Pant / Dreq

If the dilution facter option is Y, and 0 < Dreq £ 1.0 or if the

dilution factor option is Y, and the setpoint equation is set to
NO DIL, then no credit is taken for dilution, and the setpoint

adjustment factor is:

Sadj = 1/Dreq

If neither of these conditions is true, Sadj = 0.
further tests are made based on the settirng

After the above tests,
These may change Sadj as

of the setpoint eguation opticn, SETP_EQN.

foliows:
If the SETP_EQW is set to DILUT, and Fuaste ° 0, then:
Fant * Fwaste
Sadj = :
Fuaste
If the SETP_EQN is set to STD, and the SET_OPT option is set to “

NWAS, and F ..+ > O, then:

faiioc * Favail

D

Fraste reg

Otherwise, if the SETP_EQN option is set to STD, and the SET_OPT
option 1s set to other than NWAS, and Foaste ~ 0, then:

(fa130¢ * Fayaii) * Fraste

S , =
ad
3 F . D

waste reg

Otherwise, if the SETP_EQN opticn is set to LOW_ACT, and the SET OPT

option is set to NWAS, and F ... . > 0, then:
(falloc * Favail)
Preq,ng
Fwaste

Sadg = : _

s ‘ L
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Otherwise, if the SETP_EQN option is set to LOW_ACT, and the SET OPT

option is set to other than NWAS, and Fwaste > 0, then:

(falloc * Favail) + Fwaste
D

req,ng

E|wa5‘t:e

Sady =

Dreq, g

Qtherwise, Sadj is unchanged.

The setpoint adjustment factor is further tested against. a limiting
value (8343 lim_which is set using the.Release Point transaction in

"patabase Maintenance).

If Sadj > sadj,lim then Sadj = sadj,lim

All of this leads to the maximum setpoint value, Sp.., based on the

gamma-emitting radicnuclide mix:

Spax (HC/ML) =S ;. T C; | _

where the sum extends over all gamma-emitting nuclides {(nuc¢lides of
type other than 0) in which their concentrations are greater than 0.

In user units {(¢cpm or other as set in the Flow Mornitor Parameters
transaction in Database Maintenance), the maximum setpoint is:

= 8 -
Smax (cpm) adj(Rmon B+ 3B
where '
B = monitor background (cpm)
Ron = monitor response {(cpm)

= offset + slope * I C; + quad + (Z Ci}2 + B

where offset, slope, and quad are the coefficients in a guadratic
fit to the monitor response to nuclide activity. '

2-17 : P9 Sc
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EMS provides an option to calculate nuclide specific résponses S0
that Ry,, is the sum of responses for each nuclide, rather than the
sum of the nuclide concentrations, as shown azbove. In the nuclide-

specific case,

) 2
: = tf + .
R on % lo seti s}opei° Ci + quadi {Ci) 1 +B

where the sum extends over all nuclides which have response factors
stored in the database for the monitor of interest.

Recommended Setpoint

The setpoint recommended for actual usée is based on a comparison of
the maximum setpoint calculated as above, to setpeints based on
expected response time a tolerance factor (to allow for variations
in monitor response during release) and to default values determined
by the user. The user can restrict which setpoint value is usually
reported by what values are used when setting these tolerance
factors and default setpoint wvalues.

The default setpoint in user units (e.g. cpm) can be defined with or
without background included. If the cunitnopt parameter (defined in
the release point and discharge point tables) egquals 0, the default
value does not include background; 'and the current background is
added to the default value to get the reported default setpoint.
Otherwise, the current backgréund is not added to the default value.

Setpeint in HCi/ml

Note: In this version of the software, the repoxrted setpoint is the
user units setpoint. The setpoint calculations using the original
concentrations (fCi/ml) is still being -done by the software and
stored in the sampledata table. To get reperted setpoints in pCi/mil,
the monitor slope should be set to 1.0 in the Release Point
transaction of Database Maintenance and the UNITS parameter for the
monitor should be set to PCi/ml in the Rctivity Monitors
transaction. If the Isotopic specific response opticn is turned on
for the release point, then this individual nuclide slopes in the
Monitor Slopes can be used to map the response from the nuclide to
that of a monitor calibration source (é.g. Cs equivalent

response)

oDCM. Tex 22




- A candidate setpoint is calculated based on the expected response:

where

setpcint tolerance factor (can be set for the
tol . .
. release point using QBF)

= 2 if not specified by the user

Now compare the Sg., value to the default table value Sg.¢:

If Seyp < Smax

and if

o .
Sexp< Sdef anc Sdef Smax

. . . then use Sdef Case 1
S Otherwise use sexp' Case 2,5

If Sexp 2 Smax nse Stmax - Case 3

Case 4

If Smax 0' use Sdef

Case 4 occurs if no activity is detectable in the - sample (Sadj = 0}.

2-9 . P3 52
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Case 1 - . Case 2 Case 3 _ Case 4
Sexp™" Sdes """
Smax™""" Smax™"" o Smax™m :  Sgax™""
Sexp™™ ™" . : Sexp™="~
Stef™" " Sgef™ " Sges™ """ Sdef™"""
Sexp™™™"
0 -——- 0 ~-—- 0 --—- 0 - 0 ----
Use Sdef ' Use Sexp Use Smax Use Sg4qf Use Sexp

Schematic of Liguid Setpoint Cases

Recommended Setpoint in User Units {(e.gq. cpm)

The candidate setpoint based on expected monitor response is
calculated as follows: )

’ = f . . -
Sexp(CPm) Jtol (Rmon B) + thqi B

where

fpro1 = Pbackgrouhd tolerance factor (set usiﬁg.QBF on the
‘ _releasept table) ‘ :

If the default setpoint value inclades background:

10 ‘ Pq 53
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If the default setpoint value does not include background:

Brp = B

where B is the monitor background count rate and Brp is used below.

If Sexp {cpm) < S, (cpm)
and if
Sexp (CPM) < Sger (cpm) + B, and

Sdef (cpm).+ Brp s Spax (cpmj.'

then use Sdef ?cpm) + Erp Case 1
Otherwise, use Sexp {¢pm) Case 2, 5
If Sexp (cpm] > S (?Pm)
use Sp_.. (cpm) Case 3 -
+ B ’ Case 4.

If Smax (Cpm) = 0, use Sdef rp

NOTE: Sp,, is due to concentration only (i.e., excludes background)

for Case 4

Setpoint for Discharge Point

For the discharge point, the total MPC/ECL fraction is:

(ZC,/MPC,Y * F + (Z C,/MPC,y » F
i i'o ) i i

F 4+ F
)
OR

( £ Ci/ECLi)o . Fo + ( Z Ci/ECLi? s F

2'-11. _ P 54
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where

(T C;/MPC; ),=total MPC fraction for existing concurrent
releases for this discharge point excluding
this additicnal release.

z Ci/MPCi = total MPC fraction for the new releése

(Z Ci/ECLi )Omtotal ECL fraction for exlsting concurrent
releases for this discharge point excluding
this additional release.

Z C;/ECL; =  total ECL fraction for the new release

F_ = ‘discharge point waste flow excluding new the
release point waste flow to be added.

F = " projected waste flow for the new release point
to be added

identical to those presented above for the release points with the

The radiation monitor for'the discharge roint has setpoint'equations .
following exceptions: ‘
1. " The LOW._ACT setpoint equation option is not. supported.

2. For the nuclide-specific response, the concentratlons are
modzfled as in:

c? =y IF/(F+E )
Rypmanl T (offset + slope, C:P + quad, (cgpyz ] +demono
where
Cgp = the aischarge point isotoﬁe concentration f£rem this
release point :
deﬁbn = the discharge monitor response in user units
dpmono- the discharge monitor response before the current

release is added incliuding the background

2-12 _ | P955
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For non-isotope specific response:

demon = [ offset + slope » cdp 4+ quad -'(Cdp)z 1+ demono

where CP = [ £ C;] [F/(F+F,)]

Setpoints in HCi/sec

Setpoints in units of jCi/sec can be obtained by setting the UNITS
parameter for the monitor to "pCi/s"™ or “pCi/sec" (Case sensitive,
1st 5 characters must match) in the Activity Monitors transaction
and setting the moniter slope to 1.0 as in the pCi/ml setpoint
calculation. The user units sSetpoint, as calculated above for the
seétpoint in pCi/ml units, will be multiplied by the correspending
effluent f£low rate (release point or discharge point) £for the
monitor to get a reported setpoint in pCi/sec.

2.6 DOSE CALCULATIONS FOR LIQUID RELEASES

The EMS software calculates and stores the dose for each receptor,
for _.each nuclide, and for each organ. The dose is the total over
all pathways which apply to that recepter. A receptor is defined by
receptor ID, age group (lnfant child, teen, or adult), sector, and

distance from the plant.

The equation used in the liquid permit processing to calculate the
dose received by receptor r from a released nuclide i is:

D, = B, Z At C, F
iTx 1Tr g 1s sr
where: o
The sum extends over all time pericds.

Dyrr = the cumulative dose or dose commitment to the total
body or an organ T by nuclide i for receptor r from
the liquid effluents for the total time period of the
release, in mrem. i

Birr = site—related‘ingestion dose or dose commitment factor
for receptor r to the total body or organ 1 for
radionuclide i, in mrem/hr per HCi/ml. R .. is

available as an editable table, but can be
recalculated with different parameters and pathways
with the Dose Factor Processing (DFP} option. The

2-13 : PA506
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equations used are presented in Chaptef 4 of this

manual.

+

over which the concentration

At_. = length of time period s,
for all liguid releases, in

and F value are averaged,
hours.

Cijs = the average concentration of radionuclide i in
undiluted liquid effluent during time period At_ from
any liquid release, in pCi/ml.

the near field average dilution factor for receptor T

) =
sr
during any liquid effluent release.
Fw
F =
sSx Denom

of Denom depends upon several variables and nested if

The value
The derivation of the Denom value is shown in the logic

statements.
and equaticons shown below.

2-14 ‘ , {33 S"
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. If the STREAM FLO option in the OPTIONS Table is set to ¥, then
Denom = Fgppo ¢ (Ug /60) ¢ (1/Rg.)

else (river stream flow is not used)

If the denom typ optioen from the Options Table is 1, {dose

from a dilution stream) then

Denom = (Ug/60) * (1/R_4,)

Else if denom typ is 2, ({(dilution flow includes waste flow)

then
Denom = Fgyy * {(Ug/60) * (L/Rps.)

else (denom typ is not 1 or 2)

if the QV_OFT option in the OPTIONS table is set to ON,
(dilution flow is from the (QDVOL table) then

. ' Denom = (F, + Fyo1) * (Ug/60) + (1/Rpsy) )
_ . | else (the normal standard calculation)
Denom = (F, + Fg3q) ° -{Uf/GO) ° (1/Rpgq)
end of if on QV_OPT option )
end of if on denom typ option

end of if on stream flo option

If Denom is greater than 0.0 then
If DPenom > 1000. and option to limit the denominator is Y,

then
Denom = 1000.
end of if denom is too large

end of if denom is greater than 0.0
. . Denom = Denom / (Uf/GO)
OO vevrz



Where:

River stream flow past the site in user liguid flow
rate units. The value used during permit processing
is the value cobtzined from the STATICNDATA table.
The .value is entered intoc the STATICNDATA table using
the QBF utility. If the value is to be changed
often, it would be possible to write a command
procedure which get the valué from the user and write
it into the table.

strm™

flow rate of undiluted waste effluent in user liguid
flow rate units.

Uf/ﬂ)= Flow rate units converéion factor for liquid
releases/60. Ug converts from user units to CFM so

tbiS»factor converts to CFS.

flow rate of the dilutien flow in user liguid flow
rate units. o

i

Rpj ® mixing ratio = fractionm of the release that reaches
the receptor. Separate mixing ratios are stored for
each pathway for each receptor.

A mixing ratio of zerc for a pathway receptor
indicates that the pathway is not present for the
receptor. The first non-zero value is used in the
dose calculation. ’

The different mixing ratios for the pathways are
incorporated into the composite A; factors calculated
by the dose factor processing (DFP) program.

gvol ~ Flow rate from user entered quarterly dilution flow
rate. These values are from the AFLOW column of the

ODVOL table for the release.

F

If stream flow option is being used and the average river stream
flow is known at the time the liquid release is processed, then the
command procedure which runs the liguid permit processing could be
modified to ask for the stream flow value and put it into the
stationdata table before the permit is processed. If the average
river stream flow is not known at the time the liguid release is
processed, then some other provision must be made for correcting
the cumulative dose totals in the CUMDOSE table so that it is based
on the correct stream flow wvalue. If the average stream flow for
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. the menth is used, then each liguid release point entry in the

CUMDOSE table for the month could be multiplied by the ratic of the
actual stream flow for the month divided by the defaunlt value
contained in the STATIONDATA table. Caution: Since there is no
record stored in the database of what stream flow value was used to
calculate the dose values, the user must verify that no correction
is applied more than -once to each dose value.

2.7 31 DAY PROJECTED DOSE CALCULATIONS

The 31 Day Projected Dose values appear on the Standard and Special
Fermit Reports. The Projected Dose values are calculated as

follows:

D =(D; * P) + Dy;

T
.where:

pT =the 31 Day Projected Pose by organ 7, by reactor unit
D =the total dose in mrem by organ 7, by reactor unit for
the guarter containing the release start date from all
closed and open releases when an answer of "Y" is
specified for the "Update Totals"™ field on the release
point definition screen.:

p =the Projection Factor which is the result of 31 divided
by the number of days from start of the quarter
contalining the release start date £o the end of the
release. The guarterly and annual proijection values on
the standard pre-release report use a projection factor
with 92 days oxr 365 days instead of 31 days in the
numerator and do not include the additiocnal anticipated

dose term.

=Additional Anticipated Dose for liquid releases by organ

aTt
T and quarter of release by reactor unit.

NOTE: The 31 day dose projections on the Approval/Results screen is
the site total for all units.

2.8 POST~RELEASE PROCESSING

After the release is made, actuzl qoncentrations are used to check
10CFR20 -1imits, and the actual dilution flow and waste flow are used
instead of the anticipated dilution flow and waste flow.

2-17
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For batch releases, the duration is determined from the start and
end dates and times, and is used with the volume input to calculate
the release rate. '

Dose calculations are the same as for the pre-release, but with
actual release flow rates and release duration.

Set?oint calculations are not performed at the post-release stage.
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GASEQOUS RELEASE CALCULATIONS

The "annual average X/Q" method 1s used, in which fixed X/Q and D/Q
values are used for each receptor for all dose calcunlations,
regardless of actual wind direction and speed prevailing during a

Doses are calculated for each receptor location and

given release.
The

age group specified in the Gas Receptors transaction.
controlling individual is the age group and location which receives

the maximum organ dose.

3.1 GAS PRE-RELEASE PERMIT

The pre-release permit is produced by a program that uses user-
entered estimates of flow rates and release times to calculate doses
and activities. The dose rate from the potential release is added
to the maximum dose rate occurring for all other releases during the
duration of this release for 10CFR20 compliance. The noble gas or
air doses and the organ doses are checked against the corresponding

limits for 10CFR50 compliance.

|

3.2 RADIONUCLIDE ACTIVITIES AND COMPOSITE VALUES

The radionuclide results are read from one set of composite activity
database records, and from three spectrum analysis result files, and
saved in an activity array. If a nuclide appéars in more than one
spectrum, only the last value read for that nuclide is used. 1In
case of duplication, the one not desired should be edited ocut of the

nuclide list. The samples are read in the following order:

3-1 ' Pf) L
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. Composite Records
. Particulate File
Radioiodine File
. Noble Gas File

W R R

. A )
The activity {Qi) and the activity release rate (Q4) are calculated

for each nuclide i.

Activity Released

For the plant stack and turbine building vent:
Qi = C; * V, * 28316.85 » Uy 176

(1Ci) =(pCi/ml) (cubic feet) (ml/cubic feet)

V., = vent release volume in user units (usually FTB)

C: = concentration in pCi/ml

3
Up the flow-rate units conversion factor which converts . “
from user units to CFM

i

Note: The Cj value also includes the scaled noble gas nuclides for
a release (if any exists).

The activity release rate in pCi/sec is
-
Qi = C.‘i. . Vf + 28316.85 = UF/GU

For containment purge:

e
it

1 1

Qs

C; * pump release rate (CEFM) ¢ 28316.85 e« Up/60

[ ]
Qi * duration of release (min) -+ 60

I

3.3 10CFR20 COMPLIANCE

The maximum dose rate during the release is determined by summing
together the dose rates for this release, with all concurrent
releases in the database for the time of the release. '

L "
L
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The datzbase contains zll releases for which both pre- and post-
release reports have been made (the post-release program enters the
data into the cumulative totals). Pre-releases that have not been
completed, and which occur during the release under consideration,
are also added into the maximum dose rate to account for releases
not yvet added to the cumulative totals.

The three dose rates (wheole body, skin, organ) are compared to the
old 10CFR20 limits (cld and new 10CFR20 are described below)} as

defined in the Dose Limits transaction in Database Maintenance.

The dose rate at or beyond the site boundary due to gaseous
effluents from the site is limited to:

{a) Release rate limit for noble gases:

[——— ' )
ZiKi shf Zv [ (X/Q)vr in} < 500 mRem/yr - falloc'fs

OR

£
falloc s
Elevated Stack =z 80m

TshEZ [ V. Q 1< 500 mRem/y1
v i “ir tiv

Ei shf (Li + l.lMi) Zv [ (X/Q)vr in} < 3000 mRem/yr - failoc'fs

OR

—— a
+ 1. . .
Zv shf Zi[(Li (X/Qir 1 lBir) in] < 3000 mRem/yr falloc fS
Elevated Stack z B80m

where the terms are defined below,

{b) Release rate limit for all radionuclides and radiocactive
materials in particulzate form, with half lives greater than 8
days: )

Zi Ep EV [fp Pip Wmv Qi ] < 1500 mRem/yr - falloc.fs

where:

33 - P9l
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index over all radionuclides

index over all vents or stacks for the unit

index over all pathways
index for receptor locations

the total body dose facter due to gamma emissions for
noble gas radicnuclide i, in mrem/yr per pCi/m3.

the skin dose factor due to beta emissions for noble
gas radionuclide i, in mrem/yr per pCi/m”.

the elevated plume gamma total body dose factor for
nuclide i at receptor location r, in mrem/yr per

jci/sec, ‘

the air dose factor due to gamma emissjons for noble
gas radionuclide i, in mrad/yr per pCi/m>.

the elevated plume gamma skin dose factor for nuclide
i at receptor locztion r, in mrad/yr per iCi/sec. -

mrad to mrem conversion factor in mrem/mrad

the dose factor for the critical organ for nuclides
other than noble gases for the inhalation pathway (in
units of mrem/yr per pCi/ms} and for ground plane and
food pathways (in units of m° (mrem/yr per pCi/sec)).
The most restrictive age group is used.

factor to select which pathways are included in the
calculation. Factor = 1 to include a pathway, 0 to

exclude.

(X/Q)y for tzitium and the inhalation pathway and =
(D/Q) py for otherx nuclides and pathways.

{(X/Q),r = the highest value of the annual average atmospheric

dispersion factor at the site boundary, for all
sectors, in sec/ma.

(X/Q) gy = the highest value of the annual average atmospheric

dispersion factor at the distance of the site
boundary, for all sectors, in sec/m~. '
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(D/Q) g, = the highest value of the annual average deposition
factor at the distance of the site boundary, for all

sectors, in m 2.

Q;, = the average release rate of nuclide i in-gaseous
effluent from release point v, in HMCi/sec. Noble
gases may be averaged over a period ¢f 1 hour, and any
other nuclides may be averaged over a period of 1

week.
. v
500 = site dose rate limit for whole body in mrem/year.
3000 = site dose rate limit for .skin in mrem/year
1500 = site dose rate limit for any crgan in mrem/year
shf = noble gas dose shielding factor
fa110c= fraction of the dose limit allocated to this release

point

.. f, = safety factor for the release point’

3.4 SETPOINT DETERMINATION

i Setpoints are determined from Dose Rate Limits set forth inm the
; Technical Specifications and stored in the Dose Limits Table.

i
]
:
i
i
i
;
e
.

The ratio of dose rate limit to dose rate for a single release point
is given below for these three cases: '

Noble Gases

nratio = Tg = lesser of the raties

(total body dose rate limit/total body dose rate) and
{skin dose rate limit/skin dose rate)

= for a vent release, lesser of

500 mrem/yr

shf Z.K » Q, * (X/Q)
X iV mv
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and

3000 mrem/yr

shf T (L, + 1.1M,) « é. s (X/Q)
3 A v mv

= for an Elevated Stack 2 BOm, lesser of

500 mrem/yx

shf T v, « Q.
ixr I
and

3000 mrem/yr

shf T [ L, » (X/Q) + 1.1B, ] = Q,
. . i r I oy 3

Radioiodines and Particulates

In these cases, the ratio is obtained by summing over the
appropriate nuclide indices:

1500 mrem/yx
rpratio = : - = maximum organ dose rate

L ]
ZPi‘Q-'W

When the sum is over nuclides and the inhalation, ground plane and
cow’s milk pathways are all turned on.

3.4a SETPOINTS

Setpoints are determined for radiation monitors on individual
release points, and alsoc for radiation monitors at the discharge
points that may combine the effluent from several release points.

Calculations for theé monitor response are made for noble gases,
radiciodines, and particulates. :

For a release point, the expected monitor response to a given
miclide concentration is: :

Roon = Monitor response (cpm) # B

offset + [slope ¢ £ C;] + [quad » ( Z Ci)2] + B

= f3 e
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where offset, slope, and quad are the ceoefficients in =z gquadratic
fit to the monitor response to nuclide activity, and B is the

monitor kackground.

EMS provides an option to calculate nuclide specific responses so
that Rp., is determined from the respconse for each nuclide, rather
than the sum of the nuclide concentrations, as shown above. In that

case,

Rmon = 3 ( Offseti + [S].Opei - Ci] + [quadi - ( Ci)2]) + B

‘The expected response for discharge points is based on the sum of

the expected response for releases already in progress plus the
expected response due to release point being censidered.

dp dp. 2
= + + . +
demon de onoz [9ff85ti slopgi Ci quadi . (Ci YT}

where.
d
cP = ¢ e (F__ /E)
i i rp  dp
Cy = concentration for the release peint

(5 L&
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r = flow rzte for the release point : ;

Ip

de = flow rate for the discharge point

demon = discharge point monitor response for the release in
progress

demon0= the dischérge monitor response before the current

release is added including the background

and cffsety, slope; and quad; are the gqguadratic response
coefficients of the discharge point monitor. '

Non-isctope specific response:

Rggn = offset + slope *» ( Z Cg? ) + quad * (2 Cgp )2 + demon
o

All other eguations are the same as for the individual release
point, but use the discharge point monitor response and the
discharge peoint allocation factor and safety factors.

EMS allows for setpoint calculations based on the standard or
Thus, each release point will have associated with

response method.
This can be set in the

it, a setpoint eguaticn: STD or RESP,
Release Point {Setpoint) transaction of Database Maintenance.

If the release point setpoint equation = STD

The limiting setpoint for the monitor {in pCi/ml)} is given by:

s = £

max s falloc » ratio * SUM

The limiting setpoint'for the monitor {(in user units, e.g., cpm) is

given by:

sumax =£g * f3110c * ratio * (Ry,, - B) + B

P (=9
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where

cffset

slope

noble gas offset factor
radiciodine cffset factor
3. particulate offset factor

Il
N B

I
[

noble gas slope factor
radioiodine slope factor
3. particulate slope factor

38

¢quad = 1. ncble gas guadratic factor
2. radioiodine quadratic factor
3. particulate guadratic factor
£q = safety facter for the release point
fi1loe = do§e rate allocation factor for the release point
ratio = 1. nratio for ncoble gases
2. rpratio for radicicdines
3. rpratio for particulates
SUM = 1. I noble gas concentiations, for noble gases
2. Z radiociodine concentrations, for radioiodines
3. T particulate concentrations, for particulates
Ruon = 1. noble gas monitor response
2. radiciodine monitor response
3. particulate monitor response
B =1. observed background response for the noble gas
menitor )
2. observed background response for the radiociodine
monitor
3. observed background response for the particulate
monitor
NOTE :Separate calculations are made fcr noble gases,

radicdiodine, and particulates

The limiting setpoint for gasecus releases is determined separately
for noble gases, radieiodines, and particulates for each release
point and discharge point. '

5 1O
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If the release point setpoint ecquation = RESP

The reported'setpoint for the monitor (in pCi/ml) now becomes:

S =[mrtol * (SUM = B)] + (mrtolb * B)

max

The limiting setpoint for the monitor {in user units, e.g., cpm) now

becomes:

SUnas

where .

mrtol

SUM

.mrtolb

Rnon

il

x = [mrtol * (Rmon - B)] + (mrtolb * B)

1. monitor response tolerance factor {noble

gas}

2. monitor response
{radiciodine)

3. monitor response
{particulate)

as-&efined above

as defined above

1. monitor tolerance
{nchle gas)

2, moniter tolerance
(radioiodine)

3. monitor tolerance
{particulate}

as defined above

3.4b REPORTED SETPOINTS

tolerance faqtor

tolerance factor

background factor
background factor

background factor

The setpoint reported on the pre—releése'reports are in user defined

units.

If the release point setpoint equation is STD,

then the

maximum setpoint is compared with the response and default

setpoints.

NOTE :The response setpoint as defined in this section is not
" necessarily the same as the maximum setpoint based on the

RESP setpoint equation,
is defined below.

Sresponse

3-10

as defined in the previous section.
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The reported setpoint is as follows:

1. Reported = S; . 5onse

1f Sresponse < Smax < Sdefault
OR

if Sgefault < Sresponse < Smax
2. Reported = S__.
if Sresponse Z Smax
3. Reported = Sjafault
if sresponse < Sgefault < Smax
where
Smax = as defined in the previous section
r mrtol ¢ SUM [pCi/ml]
Sresponse = !
L [mrtol » (Rmon - B)] + (mrtolb = B) [User
’ : Units]
S4efault normal setpoint defined for the release point in

units of [pCi/mi] and {User Units].

NWOTE : Separate cheéks are made for each setpoint in [§Ci/ml] and

{User Units] for the noble gas, radioiodine, and particulate
menitors. '

Setpoints in pgCi/sec

Setpoints in units of pCi/sec can be obtained by setting the UNITS.

parameter for the monitor to "HCi/s" or "uCi/sec" (Case sensitive,
lst 5 characters must match) in the Activity Monitors transaction
and setting the monitor slope to 1.0 as in the pCi/ml setpoint
calculation. The user units setpoint, as calculated above for the
setpoint in pCi/ml units, will be‘multiplied by the corresponding

effluent flow rate (release point or discharge point} for the
monitor to get a reported setpoint in uCi/sec. :
3-11
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3.5 MAXIMUM WASTE FLOW ' | | .

The maximum waste flow calculation is based on what the WFLOW M
option (release point setpoint calculation option) is set te. This
cption can take on one of three values: NONE, DOSE, and CALC,
Gaseous release point setpoint WFLOW M can be set to either NONE or

DOSE.
For gaseous releases,
Wmax = the minimum of R, and R__ ...

where

= Release peint maximum waste flow rate as stored
in the release point definition

Rmnax

If WFLOW_M option = NONE

R = waste flow rate for the sample, V¢

Ccwmax

If WFLOW_M option = DOSE

. f£; * nratio = Vg - ' ﬁ
Roymax = _ _

F

wsfac
where
£ = ‘Bafety factor for the release point
nratic = nratio.as described in gection 3.4
Vf ‘= Waste flow rate for the release (sample)
Fusfac Waste flow rate DOSE setpoint safety factoer

3.6 DOSE RATE AND CUMULATIVE DOSE CALCULATIONS

Neble Gas Dose and Dose Rate Calculations

The dose rate and dose contribution due to noble gases in gaseous
effluents are calculated using the following expressions:

L)
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For Noble Gas

For Noble Gas ARir Dose due to gamma radization (for vents or stacks < 80
meters) : A
2= ‘. -8 - . -a . - -
DY = (3,17 107 X/Qg t fO z Mi in
For Noble Gas Alr Dose due to beta radiation {for vents or stacks < 80
meters) : ‘
Dg = (3.17 » 21078 e x/0 « ™ ¢ £, - TNy v Qg

For Noble Gas Total Body Dose Rate (for vents or stacks < 80 meters):

D, = shf » X/Qg * 876073 o £ ¢ I (K; * OR;.)

Total Body Dose (for vents or stacks < 80 meters):

shf ¢ £, ¢ Z (K; ¢ OR;y) * x/Qg o 72

Diyp = 3 S
{5.256 « 10° / dur)

For Noble Gas Skin Dose Rate {for vents or stacks < 80 meters):

Dg = Shf + £, ¢ T Ry, ({Ly * X/Q *+ 87607°) + (1.11M; « %/Qg
« 876079)) -

For Noble Gas Skin Dose {(for vents or stacks < 80 meters):

Shf o £, ¢ T QRg, * [(Ly * X/Q ¢ £+ (1.11M; . x/Q e

£73)]

Dgk = 5
{5.256 » 10° / dur}
where

Dﬁ = total beta air dose from gaseous effluents (mrad)
Dy = total gamma air dose from gaseocus effluents (mrad)
D, = the total body dose rate due to gamma emissions by noble '

gas releases from vent v (mrem/yx)
Dip = total body dose from gaseous effluents (mrem)
D; = skin dose rate from gaseous effluents (mrem/yx)
Dex = skin dose from gaseous effluents {mrem)
1.11 = conversion factor from mrad to mrem

3-13
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3.17 =

5.256

1078 inverse of number of seconds in a yeax

1

» 10° = number of minutes in a year

8760"%= adjustment factor used to convert the l-hour X/¢ value

8760

1

t—a

dur =.

OR; v

shf =

X/Q=

to an average 1 year X/Q value. {dimensicnless)
= number of hours in a year
"a" factor for gamma noble gas X/Q

"a% factor for nohle gas X/Q

adjustment factor to convert the l—hoﬁr X/Q value to the
short term X/Q value for the release {(dimensionless)

duration of release (hours)

duration of the release {(minutes)

occupancy factor defined for the receptor at the given

location (dimensionless)

total body dose factor due to gamma _emissions for noble
gas radionuclide i (mrem/yr per puCi/m”)

skin dose factor due to beta emissions for noble gas
radionuclide i (mrem/yr per pCi/m3)

air dose factor due to gamma emissions for noble gas
radionuclide i ‘(mrad/yr per pCi/ms)

air dose factor due to beta emissions for noble gas
radionuclide i (mrad/yr per pCi/m;)

1078 = inverse of number of seconds in a year

release of noble gas radionuclides, i1, in gaseous
effluents from vent or stack v (HCi)

= release rate of noble gas radicnuclides, i, in gaseous
effluents from vent or stack v { pCi/sec).

shielding factor (dimensionless)

highest value of the noble gas l-hour X/Q for vent or
stack v at the site bouindary (sec/m"}

¢®
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®,

®)d

x/Qg = highest value of the noble gas l-hour X/Q for gamma
radlatlon for vent or stack v at the site boundary,
{sec/m )

Organ Dose Calculations

For Critical Organ Dose Rate--Inhalation Pathway and all Pathways for H-
3, C-14 {for vents or stacks < 80 meters):

= ] -c -
DRy, = X/Qp * 87607C ¢« T Ry .. s QR

For Critical Organ Dose Rate--Ground and Food Pathways {for vents or
stacks < B0 meters):

= L -d . - .
DR;, = D/Q e 8760 zalpra QR

For Critical Organ Dose-Inhalation Pathway and all Pathways for H-3, C-
14 (for wvents or stacks < 80 meters):

Drg= (3.17 107%) . X/Q, ¢ t7% s £, o 2 Pipra * Qv

For Critical Organ Dose~-Ground and Food Pathways (for vents or stacks <
80 metexrs}):

- . -8 -. . -d , - . l
= (3.17 » 107%) «Dp/o -t fo * T Ripra * Qv

Dra

where

DRy o dose rate for age group a and organ T £from iodines and

particulates with half lives greater than 8 days in
gaseous effluents {mrem/yr}

Dy, = dose for age group a and organ T from iodines and
particulates with half lives greater than B8 days in
gaseous effluents (mrem)

¢ = "a" factor for Radioiodine/Particulate X/Q

d = "a" factor for D/Q

D/Q = highest value of the l-hour deposztlon factor at the
distance of the site boundary (1/m?)

Pipra = decse factor for each radionuclide :’.r3 pathway p, organ

T, and age group a (mrem/yr per HNCi/m~)
Ripra = dose factor for each radionuclide i, pathway p, organ

7, and age group a (m? « mrem/yr per uCi/sec)
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X/Q, = highest value of the radioiodine/féiticulate l-hour X/Q
for vent or stack v zt the site boundary (sec/m)

Note: It is assumed Pipra will not contain long term X/Q or D/Q
values. '

The maximum exposed individual is determined by the maximum dose

received by any organ. The summation extends over all applicable

nuclides and pathways.

3.7 RESOLVING DOUBLE-COUNTING OF DOSE AND ACTIVITY

Gaseous release points fall into three categories for double~
counting of dose and activity. One, a release point will not have
activity sampled twice. Two, a release point can have activity that
is sampled again downstream and would be double-counted if no
corrections were applied. Three, a release point can have samples
containing activity already sampled once upstream which would be
double-counted if no corrections were applied. The last two
categories can be called the "CAUSE" release point and the "EFFECT"

release point, respectively. ‘ _ “

To avoid double-counting dese and activity, only the "EFFECT"
release point will have its activity and concentrations corrected as
follows. Corrected activity is calculated as follows:

where:

A. .4 =the corrected "EFFECT" release point activity for
nuclide i which defaults to zero if its wvalue is less
than zero.

A,y =the initial "EFFECT" release point activity for nuclide
5 .
A_; =the "CAUSE" release poin% activity for nuclide i

Corrected concentrations are calculated as follows:

/v « 35.315

celi T Weei
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where:
Ccei =the corrected "EFFECT“ release point concentrations for
nuclide i ’
V., =the waste volume for the YEFFECT"™ release point

35.315 =conversion factor from Ci/ft> to HCi/ml (Ci/£t3 o
££3/1728 in3 o in3/16.387 cmd)

3.8 31 DAY PROJECTED DOSE CALCULATIONS

The 31 Day Projected Dose values appear on the Standard and Special
Permit Reports. The Prodjected Dose values are calculated as

follows:

P =(DT * p} + Da-r

pI
where:

pT =the 31 Day Projected Dosé,by organ T, by reactor unit
Dy =the total dose in mrem by organ 7, by reactor unit for
the guarter containing the release start date from all

closed and open releases when an answer of "Y" is
specified for the "Update Totals™ field on the release

point definition screen.

=the Projection Factor which is the result of 31 divided
by the number of days from the start of the guarter to
the end of the release. The gquarterly and annual
projection values on the standard pre-release report use
a projection factor with 92 days or 365 days instead of
31 days in the numerator and do not include the

additional. anticipated dose term.

D, =Additional Anticipated Dose for gaseous releases by
organ T and guarter of release, by reactor unit.

£

NQTE: The 31 day dose projections on the Approval/Results screeén is
the site total for all units.
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3.9 GAS POST-RELEASE PROCESSING ' .

After a pre-release permit has been approved, the post-release

program is run to:
o Enter actual release start and stop times, flow rates, etc.
© Check 10CFR20 limits

o Check 10CFR50 limits

o Add the dose and activity data into the cumulative totals.

Compliance with 10CFR20 limits is checked in the same way as
-described for the pre-release program.

Dose rates are calculated and compared to 10CFR20 limits. Monitor
setpoints are not calculated at the post release stage.

%
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CHAPTER 4

LIQUID DOSE FACTOR EQUATIONS

The DFP option is used to calculate the liquid dose factors
described previously. Dose factors are calculated separately for
each nuclide, oxgan, and age group. The age group, applied to a
specific receptor’s dose calculations, is part of the receptor

specification.

For a particular receptor, the total dose factor (R;;,} is a sum
over each pathway p with its specific mixing ratio:

1 ;
A, = ZR_. A,
iTr *—E—“-“—— mx,r,p 1T'I,p
mix,r
where
Aif,r,p =the dodse factor for nuclide i, organ T, receptor age

group r, and pathway p -
Ruix,r,p = mixing ratio for the pathway

mixing ratio for the receptor, which is the first
non-zerq value of %mix,r,p encountered during the
calculation '

Bmix,r ©

The user specifies which pathways are included by setting the mixing
ratios for the pathways desired to the correct non-zero value. If
the receptor mixing ratio for a given pathway is zero, that term is

not included in the sum.
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The DFP opticon of EMS uses a more expanded form for liguid dose
factors than is given in NUREG-0133. These equations are tzken from
R.G, 1.109, and account for nuclide decay as well as shoreline
doses. If desired, parameters may be selected to reduce the

‘calculations to match NUREG-0133 exactly.

Four different forms of equations are used for the dose factors.

4.1 POTABLE WATER
The dose factor for potable water is:

kO L {Ur'P' /dW) b Ni .'DFiT,I . e(—AitP)

Ai't,r,p =
where

Air,r,p =dose parameter for organ T, for the récéptor age
group r, for nuclide i, due to exposure pathway p,
in mrem/hr per pCi/mi :

k, = units conversion factor, = 1.142E5 = 1E6(pCi/pCi) »
1000 (mi/Kg)/ 8760 hr/yr -

Ur,p = usage factor for pathway p and age group T

dw = additional dilution factor for potable water

Ny = fraction of the radionuclide activity released to
the water discharge path that reaches a specific
receptor.

DFiT,r = ingestion dose conversion factor for nuclide i for
receptor age group r in organ T, in mrem/pCi (Tables
E-7 to E-11 of R.G. 1,108}

A; = decay constant for nuclide i

tP = average transit time in seconds

4,2 AQUATIC FOODS PATHWAYS

The liquid dose factor is ' .
_ Big,r,p= % * Up,p* BFy , + Ny « DFjp o = exp(-Azt) ..

4-2 ' | P2 &)
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where

BFi,p

= bicaccumulation facter for pathway p and nuclide i
{from Reg. Guide 1.109,

Table A-1}). Other variables

are as defined on the previcus page,.

4.3 SHORELINE RECREATION PATHWAY

The pathway-specific dose facters for shoreline deposition are given

by: -

L,
iT,,P

where

tea -

DFGiT =

=k ®W_ W
5 5

-1.t
1-e 1b -1t
. U e i sd DFG,
i £,r,p ' 1 it
) i

shoreline width factor
ceonversion factor = kg * kg ® mtv /3600
k " = water to sediment transfer coefficient

C
in L/kg hr

mtv = Mass density of sediment in kg/mZ, 40
kg/n@ .

3600 = Seconds per hour units conversion
factor

length ¢of time sediment is exposed to

contaminated water, 4.716E8 sec
transit time to deposit activity on shoreline

the dose conversion factor for standing on
ground contaminated with nuclide i, in mrem/hr

per pCi/m

4-3

82
O@M vesz



4.4 IRRIGATED VEGETABLE PATEWAY

5
A, = 1.14 « 10 .+ U CF, - DF,
it,r,p f,r,p iv iT, r

where:

1,14 « 105-= a units conversion factor
CF = +the concentration factor for radionuclide i in

iv
irrigated vegetables, as applicable to the
vieinity of the plant site (pCi/kg)/{(pCi/L).

Calculation of the Concentration Factor’

The calculation of the concentration factor for radionuclide i in
irrigated vegetables, CF;, as used in the equation for A;.,, is
calculated as follows for all radiconuclides other than Tritium:

CFjy = Nj * M« L,

M = the additional dilution factor from the near
field of the discharge structure to the point
of irrigation water usage.

I = the average irrigation rate during the g:owiﬁg
season (L/mh}. ° '

T = the fraction of irrigation-deposited activity
retained on the edible portions of leafy
vegetables. There are separate values

available for radiciodines and particulates.

Y = the agricultural produciivity of irrigated
leafy vegetablés (kg/mz)-

e | Py 83
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£ = the fracticon of the year that vegetables are
irrigated, o
Bj, = the crop to soil concentration factor"

applicable to radionuclide i. (pCi/kg
vegetables)/{pCi/kg soil}.

P = the effective surface density of soil (kg/mz).
Ay = the decay constant for radiocnuclide i (h’l).
Agg = the effective removal rate for activity.

deposited on crop leaves (h™1}, calculated as
AEi = Ai + Aw ’

‘A, = the rate ccnstant for removal of activity from
plant leaves by weathering (h™). :

t = the period of leafy vegetable exposure during
the growing season (h). :

= the period of long-term buildup of activity in

ty, =
scil (h).
ty, = the time bétween harvest of vegetable and

human consumption {(h).

Ly = the water content of leafy vegetable edible

parts (L/kqg}.

4.5 REDUCTION TO NUREG-0133 EQUATIONS

NUREG-0133 does not have shoreline deposit eguations, which can be
eliminated by setting the Water Recreatiom Mixing Ratio to zero in
the Liquid Receptor Transaction definition under EMS.

For the other eguations, reduction teo NUREG-0133 is obtained by
setting: . .

N, = 1 (this can be set in the definition of Fraction of
Activity Reaching Receptor in DEP) :

average transit time t_ = 0 (this can be set in the
definition of Dose Calculation Parameters in DFP)

P3 84
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CHAFTER 5

GAS DOSE FACTOR CALCULATIONS |

The DFP option is used to calculate the gas dose factors described
previously. Dose factors are calculated separately for each
nuclide, organ, and age group. The age group, applied to a specific
receptor’s dose calculations, is part of the receptor specification.

The same gas dose factors are used for both the site boundary dose
rate calculations and for the maximum individual contrelling
location dose calculation. .

The dose factor for each particulate or igdine nuclide i (or
tritium} is given-belew. It is a function of pathway, organ, and
age group. The pathways considered are:

1. Inhalation

2. Ground

3. Milk (Cow or Goat)

4. Meat

5. Vegetable

5.1 INHALATION PATHWAY

Pira = K/ (BR}, (DFA;.), (mrem/yr per pCi/ﬁ@ )

K’ = 1E6 pCi/uci I




(BR), = breathing rate for age group a, in cubic m/yr

(DFA; ;) 5 = inhalation dose factor for organ T, for age group
a, for nuclide i, in mrem/pCi

5.2 GROUND PLANE PATHWAY

K/K" (SF) DFG;, [(1 - e”41%)/4; 1

o
it

ita

{m? -mrem/yr pef gCi/sec)
where

K’ .= 1E6 pCi/pCi

K" = 8760 hr/yr

A; = decay constant for nuclide i, in sec™d

t = exposure time (sec) = 4.73EB (15 years)

DFG; = ground plane conversion factor for nuclide i, organ T §
{The same DFG; ; factors apply to all age groups. The
facters labelled total body in the database are |
applied to ail other ocrgans) ' |

SF = shielding factozr J

5.3 MILK PATHWAY ' |

Rypa = Kf (DFLy,), e 4i%f op Py Uap ° ‘ |
;
. . |
r {(l-e (Ai+kw)te) {1 - e Aitb)' :
fpfs : + B
v, Uy AD P Ay |
I



. r (1-e” B3 ATy 1 - e ity

+ (1-f fs)ngith .
P Y (A, 4+ A) p A,
s i w 1

=)

(w2 - mrem/yr per JCi/sec)

where
K = 1E6 pCi/ucCi
Qp = feed consumption rate by the milk animal (cow or éoat}
(Kg/day)
Uap = age group a milk consumption (cow or goat)
Yp = agricultural productivity by unit area of pasture feed
grass, in Kg/sg. m .
Y, = agricultural preductivity by unit area of stored feed,
in Kg/sg. m
. Fg = stable element transfer coefficient for nuclide i, .
from feed to milk, in days/liter .
By, = factor for uptake of radionuclides from soil by crops
r= fraction of deposited activity retained on animal feed

grass {(cow or miik),. Separate values are used for

radiciodines than all other particulates.

(DFL4), = ingestion dose factor for organ T, for nuclide i, for

receptor in age group a, in mrem/pCi
A; = decay constant for nuclide i

decay constant for removal of activity on leaf and
rlant surfaces by weathering; in sec”

= transport time from pasture to cow or goat to milk to
receptor,  in sec. :

transport time from pasture to harvest to cow or goat

t, =
h
to milk to receptor, in sec.
. t, = seasonal crop exposure time, in sec.
fo = fraction of year that animal is on pasture .

> ~ PA 8T
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£, = fraction of animal feed that is pasture grass while ‘

animal is on pasture

Carbon-14 in Milk

Rira = K'K" Fyy Op Uy (DFLig), B (0.11/0.16) e Hits

(mz-mrem/yr per HCi/sec)
where
Knf = ‘1E3 gm/Kg
Pe = fractional equilibrium ratio
0.11 = fraction of total plant mass that is natural carben

0.16 = concentration of natural carbon in the atmosphere
(g/m3) C ' ‘ .

and all other parameters as defined above

Only Qp and Uap depend on cow or goat.

Tritium in Miik

Riga = K'K" Fpy Qp Uap (DFLi)y * (0.75) (0.5/8) e i £

(m?—mrem/yr per pCi/sec)

where

K" = 1E3 gm/Kg - |

: : |
H = absolute humidity, gm/cubic meter ' ’
0.75 = fraction of tectal feed that is water |

0.5 = ratio of specific activity of feed grass water to the ‘

atmospheric water ;
" defined above . !

and all other parameters as

e p3 86 |
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Only Qp and Uap‘depend on cow or goat.

5.4 MEAT PATHWAY

-t '
K (DFLjq)a © "17E Qp Fgy Vap

Rita =
T {1-e'(li+Aw}te} o 1—e-Aitb
fpfs - : +-Biv
YP (1i+ /\w) . <] jli
-1t r { l-ef(Ai+Aw)te ) 1—e—Aitb
+ {1-f fs)e i™h - + B'v
P s Y (A4 A1) * p A,
s i w i

where )

stable element transfer ccefficient for nuclide i,
from feed to meat, in days/Kg '

U = receptor’s meat  consumption (Kg/yr).

ap
tp = transport time from crop field to receptor, in sec
tg = transport time from pasture to receptor, in sec

and all other factors are as deécribed for the cow-
milk pathway

Carbon-14 in Meat

(DFLi;), Pg (0:11/0.16) e *its

Ryra = K'KYS Fei O Ugp

it
(mz—mrem/yr-per pCi/sec)

where all terms are as defined zbhove.
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Tritium in Meat

Ryra = K'K" Fgy Qp Uy (DFLjp), (0L75; (0.5/H) e'A%tf
(mé-mrem/yr per HCi/sec)

where all terms are as defined above,

5.5 VEGETABLE PATHWAY

R. = K' (DFL, ) o e Mty K
ita it a a L
r (1-e ATt 5. (1-e *1i%p)
iv
. +
.Yv (Ai+ Awr P Ai
+ U bl e_Aits . : .
a ‘g -
r (1—e_(ii+iw)te) B, (i-ehkitb)
R
+
Y (Ai+ Aw) P Ai

(m°mrem/yr per pCi/sec)
wilere

ol = consumption rate of fresh leafy vegetation for age

a
group &, in Kg/yzr

Ug = cansumption rate of stored vegetaticn for age group &,
in Kg/yr :

f;, = fracticn of annual intake of leafy vegetation grown
locally

fg = fraction of annual intake of stored vegetation grown

locally . i

5;§ _ . Pfjc}(}
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= average time between harvest of lezfy vegetation and .

tL
consumpticn, in sec.

ty = average time between harvest of stored vegetation and
consumption, in- sec.

tp = long term sediment exposure time, in sec.

to = seasonal crop exposure time, in sec.

Y, = vegetation areal density, in Kg/m2

Y = stored vegetation areal density, in KG/m?
p = effective soil surface density
B;, = soil to vegetatiaﬁ transfer factor for nuclide i

21l cther factors are as defined above.

Carbon-14 in Vegetables

= n L 5 -Azt
Rizg = K'K"™ (U7 + U3) (DFL;g), P (0.11/0.16) e™4itf

(m?-mrem/yr per fCi/sec)

where all variables are as defined earlier,.

Tritium in Vegetables

Ry, = K'E" (Uk+ US) (DFL,.), + (0.75) (0.5/8) e Aits |
(m2-mrem/yr per pCi/sec)

where all variables are as defined earlier.

5.6 REDUCTION TC KUREG-0133 EQUATIONS

Inhalation and ground plané pathways are the same in R.G. 1.109 and
NUREG~0133. For the other pathways {(milk, meat, and vegetable},
these equations reduce tc the NUREG-0133 values by setting:

v - ®
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!

t 9.999E13

e

tg =0 (in tritium equations only)

There are no C-14 equations in NUREG~0133, which can be cbtained by

setting p, = 0.
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