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EXECUTIVE SUMMARY

Pilgrim Nuclear Power Station
Annual Dose Assessment To The General Public
J 3 9
nu r

Introduction

This report quantifies the dose impact to the general public from the operation of
Pilgrim Nuclear Power Station (PNPS) during the period of January 1 through

December 31, 1994. The information presented in this report is prepared under
Technical Specification 6.9.C.1.a as supplemental information to radioactive effluent
release data submitted on a semiannual basis in accordance with NRC Regulatory Guide
1.21.

This report contains an assessment of radiological impact on humans resulting from
releases of radioactivity in liquid and gaseous effluents and direct radiation
exposure, Doses from radioactive effluents to a maximum exposed hypothetical
individual were calculated for all major exposure pathways. In addition to maximum
individual doses, cumulative population doses and average individual doses were
calculated from the effluent release information. Direct radiation exposures as
measured with environmental thermoluminescent dosimeters (TLDs) were also assessed.

The maximum individual doses calculated were used to determine the percent of Technical
Specifications Timit or objective which the doses represented. Liquid Effluent
concentrations were also used to determine percent of Technical Specification
concentration limits. These percentage values are the final supplemental data
necessary to complete the two semiannual Radioactive Effluent and Waste Disposal
Reports prepared during the reporting period.

Radiological Impact on Humans

The release of radioactivity in liquid effluents from PNPS during 1994 resulted in a
total body dose of about 0.0002 mrem to the maximum-exposed hypothetical individual.
The maximum hypothetical dose to any organ from liquid effluents was about 0.0003 mrem.
The total body dose from liquid effluents to the entire population within 50 miles of
PNPS was about 0.001 person-rem. The average individual living within 50 miles of PNPS
received a total body dose of less than 0.0000003 mrem from liquid effluents released
during 1994.

The release of radioactivity in gaseous effluents from PNPS during 1994 resulted in a
total body dose to the maximum-exposed hypothetical individual of about 0.24 mrem from
radioactive particulates, iodines and tritium. The maximum hypothetical dose to any
organ from radioactive particulates, iodines and tritium was about 1.8 mrem. Noble
gases released in gaseous effluents resulted in a maximum total body dose of 1.0 mrem,
with a corresponding skin dose of 7.9 mrem. A1l of these maximum doses occurred to a
hypothetical individual located on property under Boston Edison’s (BECo) control. The
maximum, hypothetical total body dose from the release of radioactivity in gaseous
effluents was 1.2 mrem. The total body dose from gaseous effluents to the entire
population within 50 miles of PNPS was about 0.8 person-rem. The average individual
living within 50 miles of PNPS received a total body dose of less than 0.0002 mrem from
gaseous effluents released during 1994,
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Direct radiation exposure was evaluated to complete the assessment of radiological
impact on humans. A small number of TLDs on BECo property in close proximity to the
station indicated direct radiation exposure. However, the dose to a hypothetical
member of the public accessing such areas on BECo property during 1994 was estimated as
being about 1.5 mrem. There was no measurable increase during 1994 in direct radiation
measurements at the nearest resident to PNPS.

The collective total body dose to a maximum-exposed hypothetical individual from
liquids, gases, and direct exposure resulting from PNPS operations during 1994 was
calculated as being 2.7 mrem. This amount is about 0.8% of the typical dose of 300 to
400 mrem received each year by an average person from other sources of natural and man-
made radiation.

Percent of Technical Specifications

The maximum individual doses from radioactive effluents were compared to the applicable
Technical Specifications dose limits and objectives. A1l doses from liquid effluents
were less than 0.006% of their corresponding limit or objective. In addition, all
quarterly average concentrations of liquids released to Cape Cod Bay were also less
than 0.09% of the corresponding limits. Maximum doses resulting from releases of
particulates, iodines and tritium in gaseous effluents were less than 12% of
corresponding 10CFR50 objectives. Noble gas doses were less than 44% of the
corresponding 10CFR50 dose objectives.

Conclusion

None of the PNPS Technical Specifications limits and objectives associated with liquid
and gaseous effluents were exceeded during 1994. Compliance with these limits and
objectives ensured that the radiological impact from PNPS operations was kept as low as
is reasonably achievable, in accordance with 10CFR50 Appendix I. Furthermore,
conformance with PNPS Technical Specifications demonstrated compliance with the
Environmental Protection Agency’s regulations for environmental radiation under
40CFR190. Based on the dose assessment results for 1994, there was no significant
impact on the general public from Pilgrim Station’s operation.
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1.0

1.

1

MAXIMUM INDIVIDUAL DOSES

Doses to the maximum exposed individual resulting from radionuclides in effluents
released offsite were calculated using methods presented in the PNPS Offsite Dose
Calculation Manual (ODCM, Ref. 1), NRC Regulatory Guide 1.109 (Ref. ), NRC
Regulatory Guide 1.111 (Ref. 3) and the Pilgrim Station Unit I Appendix I
Evaluation (Ref. 4). Maximum individual doses are calculated separately for:

(1) Tiguid effluents; (2) particulates, iodines and tritium in gaseous effluents;
and, (3) noble gases in gaseous effluents. Maximum consumption and use factors
for various pathways from Table E-5 of the PNPS ODCM are used for calculating the
doses to the maximum-exposed individual.

Information related to liquid and gaseous effluent releases are summarized in two
semiannual Radioactive Effluent and Waste Disposal Reports (Ref. 5 and 6).

Copies - f this information are included in Appendix A of this report. These
effluent release data were used as input to computer programs to calculate the
resulting doses. The Yankee Atomic Electric Company "YODA"-series of computer
programs was used to compile the dose contributions to the various organs in each
age class from major exposure pathways (Ref. 7).

Doses From Liquid Effluent Releases

Liquid effluent release data presented in Tables 2A and 2B from the semiannual
effluent release reports were used as input to the Yankee Atomic "YODA" computer
programs to calculate radiation doses. The maximum individual doses resulting
from radionuclides released in liquid effluents are presented in Tables 1.1-1
through 1.1-5. These tables cover the individual calendar quarters and total
calendar year, respectively.

Tables 1.1-1 through 1.1-5 summarize the maximum total body and organ doses for
the adult, teen and child age classes resulting from the major liquid exposure
pathways. NRC Regulatory Guide 1.109 does not recognize the infant age class as
being exposed to the liquid effluent pathways. Therefore, doses for this age
class are not included in any of the tables.

Radioactivity released in liquid effluents from PNPS during 1994 resulted in a

maximum total body dose (teen age class) of 1.56E-04 mrem. The maximum organ
dose (child age class, bone) was 3.11E-04 mrem.
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Table 1.1-1

MAXIMUM INDIVIDUAL ORGAN DOSES BY EXPOSURE PATHWAY -- mrem
from Liquid Release Period: January-March 1994

Exposure Saltwater Saltwater Shoreline Swimming/
Pathway Fish Shellfish Deposits Boating Total
Age-Class.  Adult
Bone 1.30E-05 3.23E-05 3.21E-06 8.09E-09 4 85E-05
Liver 1.19E-05 2.29E-05 3.21E-06 8 09E-09 3.80E-05
Kidney 1.61E-06 4 73E-07 3.21E-06 8 09E-09 5 30E-06
Lung 4 23E-06 1.08E-05 3.21E-06 8.09E-09 1.82E-05
GI-LLI 1.91E-05 6.12E-05 3.21E-06 8 09E-09 8.35E-05
Whole-Body | 561E-06 1.18E-05 3.21E-06 8.09E-09 2.06E-05
Thyroid 1.50E-07 6.66E-08 3.21E-06 8.09E-09 3.43E-06
| Age-Class: _Teen
Bone 1.35E-05 2 89E-05 1.79E-05 8.09E-09 6.03E-05
Liver 1.24E-05 2 13E-05 1.79E-05 8.09E-09 5.16E-05
Kidney 1.62E-06 4 11E-07 1.79E-05 8 09E-09 2 00E-05
Lung 5.10E-06 1.15E-05 1.79E-05 8.09E-09 3.45E-05
GI-LLI 1.36E-05 3.82E-05 1.79E-05 8.09E-09 6.97E-05
Whole-Body | 4.74E-06 1.03E-05 1.79E-05 8.09E-09 3.30E-05
Thyroid 1.16E-07 4 48E-08 1.79E-05 8.09E-09 1.81E-05
| Age-Class. __Child
Bone 1.72E-05 4 27E-05 3.75E-06 4 51E-09 6.36E-05
Liver 1.16E-05 2.37E-05 3.75E-06 4 51E-09 3.90E-05
Kidney 1.35E-06 3.96E-07 3.75E-06 4 51E-09 5.50E-06
Lung 4 43E-06 1.17E-05 3.75E-06 4 51E-09 1.98E-05
GI-LLI 4 93E-06 1.60E-05 3.75E-06 4 51E-09 2 46E-05
Whole-Body | 4 .58E-06 1.36E-05 3.75E-06 4 51E-09 2.19E-05
Thyroid 9 55E-08 4 29E-08 3.75E-06 4 51E-09 3.89E-06
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Table 1.1-2

MAXIMUM INDIVIDUAL ORGAN DOSES DUE TO LIQUID RELEASES -- mrem
from Liquid Release Period: April-June 1994

Exposure Saltwater Saltwater Shoreline Swimming/
Pathway Fish Shellfish Deposits Boating Total
 Age-Class:  Adult
Bone 1.26E-05 2.87E-05 3.06E-06 7.22E-09 4 43E-05
Liver 1.16E-05 1.82E-05 3.06E-06 7.22E-09 3.28E-05
Kidney 2.19E-06 6.37E-07 3.06E-06 7.22E-09 5.89E-06
Lung 3.60E-06 8.21E-06 3.06E-06 7.22E-09 1.48E-05
GI-LLI 1 54E-05 517E-05 3.06E-06 7.22E-09 7.01E-05
Whole-Body | 6 44E-06 1.11E-05 3.06E-06 7.22E-09 2.06E-05
Thyroid 2. 43E-07 1.07E-07 3.06E-06 7.22E-09 3.41E-086
 Age-Class:  Teen
Bone 1.29E-05 2.50E-05 1.71E-05 7.22E-09 5.50E-05
Liver 1.21E-05 1.69E-05 1.71E-05 7.22E-09 4 61E-05
Kidney 2.20E-06 5 53E-07 1.71E-05 7.22E-09 1.98E-05
Lung 4 29E-06 8.74E-06 1.71E-05 7.22E-09 3.01E-05
Gl-LLI 1.10E-08 3.23E-05 1.71E-05 7.22E-09 6.04E-05
Whole-Body | 4 95E-08 9. 40E-06 1.71E-05 7.22E-09 3.14E-05
Thyroid 1.87E-07 7.23E-08 1.71E-05 7.22E-09 1.73E-05
| Age-Class. __ Child
Bone 1.62E-05 3.55E-05 3.57E-06 4.03E-09 5.52E-05
Liver 1.12E-05 1.87E-05 3.57E-06 4 03E-09 3.34E-05
Kidney 1.87E-06 5 44E-07 3.57E-06 4 03E-09 5.99E-06
Lung 3.69E-06 8.85E-06 3.57E-06 4.03E-09 1.61E-05
GI-LLI 4 03E-06 1.35E-05 3.57E-06 4. 03E-09 2.11E-05
Whole-Body | 4.21E-06 1.19E-05 3.57E-06 4.03E-09 1.96E-05
Thyroid 1.54E-07 6.92E-08 3.57E-06 4. 03E-09 3.80E-06
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Table 1.1-3

MAXIMUM INDIVIDUAL ORGAN DOSES DUE TO LIQUID RELEASES -- mrem
from Liquid Release Period: July-September 1994

| Exposure Saltwater | Saltwater | Shoreline }%wnnlmnng ,
Pathway | Fish | Shellfish | Deposits | Boating | _Total

Ager(’,‘lass Adult

| Bone [ 350E-05 | BO0E-05 | 551E-06 | 107E-08 | _120E-04 |
Liver T 266E-05 | 159E-05 | 551E-06 | 107E-08 | 470E-05 |
| Kidney | 769E06 | 209E-06 | SS51E-06 | 1 07E-08 | 153E-05 |
| Lung | 400E-06 | 467E-06 | 551E-06 | 107E-08 | 1. 41E-05 |
Gl-LLI 1 58E-05 | 6.12E-05 | 551E-06 | 107E-08 | 825E-05 |
Whole-Body | 1.96E-05 | 240E-05 | 551E-06 | 107E-08 | 491E- 05 |
| Thyroid | 127E-07 | 561E-08 | 551E-06 | 107E-08 | S570E-06 |
| Age-Class: __Teen_ k I TR o . il | ]
| Bone [ 349E-05 | 652E-05 | 307E-05 [ 1.07E-08 1 1.30E-04 |
| Liver | 266E-05 | 146E-05 | 307E-05 | 1.07E-08 | 7 19E-05 |
Kidney [ 799E-06 | 189E-06 | 307E-05 | 107E-08 | 40BE-05 |
| Lung | 483E-06 | 497E-06 | 307E-05 | 1.07E-08 | 4.05E-05 |
| GI-LL | 112E-05 | 380E-05 | 307E-05 | 107E-08 | 799E-05 |
| Whole-Body | 127E-05 | 181E-05 | 307E-05 | 107E-08 | 6 15E-05 |
[ Thyroid | 975608 | 378E-08 | 307E-05 | 107E-08 | 3.09E-05 |
| Age-Class Child ) » e - .
Bone [ 407E-05 | B812E-05 | 644E-06 | 6.00E-09 | 1.28E-04 |
Liver | 242E-05 | 156E05 | 644E-06 | 6.00E-09 | 4 62E-05 |
| Kidney | B92E-06 | 190E-06 | 644E-06 | 6.00E-09 | 1 52E-05 |
| Lung | 400E-08 | 498E-06 | 644E-06 | 6O0E-09 | 154E-05 |
| GI-LLI | 408E-06 | 157E-05 | 644E-06 | 6 00E-09 | 262E-05
Whole-Body | 7.82E-06 | 198E-05 | 644E-06 | 6.00E-09 | _340E-05 |
Thyroid | 805608 | 362E-08 | 644E-06 | B.00E-09 | 656E-06
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Table 1.1-4

MAXIMUM INDIVIDUAL ORGAN DOSES DUE TO LIQUID RELEASES -- mrem
from Liquid Release Period: October-December 1994

Exposure Saltwater Saltwater Shoreline Swimming/
Pathway: Fish Shelifish Deposits Boating Total
| Age-Class:  Adult
Bone 1.16E-05 2.07E-05 2.18E-06 4 55E-09 3. 44E-05
Liver 1.22E-05 1.49E-05 2.18E-06 4 55E-09 2.92E-05
Kidney 3.05E-06 9.23E-07 2.18E-06 4 55E-09 6.16E-06
Lung 3.59E-06 6.81E-06 2.18E-06 4 55E-09 1.25E-05
GI-LLI 9.41E-06 3.11E-05 2. 18E-06 4 55E-09 4 27E-05
Whole-Body | 6.99E-06 7 64E-06 2.18E-06 4 55E-09 1.68E-05
Thyroid §.80E-07 2 57E-07 2.18E-06 4 55E-09 3.02E-06
| Age-Class: _Teen
Bone 1.21E-05 1.85E-05 1.21E-05 4 55E-09 4 27E-05
Liver 1.26E-05 1.38E-05 1.21E-05 4 55E-09 3.85E-05
Kidney 3.02E-06 7.80E-07 1.21E-05 4 55E-09 1.59E-05
Lung 4 13E-06 7.17E-06 1.21E-05 4 55E-09 2 34E-05
Gl-LLI 6.83£-06 1.96E-05 1.21E-05 4 55E-09 3.86E-05
Whole-Body | 4 .88E-06 6.29E-06 1.21E-05 4 55E-09 2.33E-05
Thyroid 4 46E-07 1.73E-07 1.21E-05 4 55E-09 1.28E-05
| Age-Class: Child
Bone 1.54E-05 2. 71E-05 2. 54E-06 2.53E-09 4 50E-05
Liver 1.17E-05 1.52E-05 2 54E-06 2 53E-09 2 94E-05
Kidney 2.60E-06 7.73E-07 2.54E-06 2. 53E-09 5.92E-06
Lun 3. 52E-06 7.25E-06 2 54E-08 2.53E-09 1.33E-05
GI-LLI 2.70E-06 8 33E-06 2.54E-06 2.53E-09 1.35E-05
Whole-Body | 3.54E-06 7 .83E-06 2.54E-06 2.53E-09 1.39E-05
Thyroid 3.68E-07 1.65E-07 2 54E-06 2.53E-09 3.08E-06
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MAXIMUM INDIVIDUAL ORGAN DOSES DUE TO LIQUID RELEASES -- mrem
from Liquid Release Period: January-December 1994

| Exposure | Saltwater Saltwater Shoreline Swimming
Pathway _ Fish | Shellfish | Deposits | Boating | Total

Age-Class Adult

| Bone 7 92E-05 176E-04 | 144E-05 | 307E-08 | 269E-04
[Liver | 653E-05 | 67BE-05 | 144E-05 | 307E-08 | 147E-04 |
 Kidney | 166E-05 | 46BE-06 | 144E-05 | 307E-08 | 358E-05
Lung | 151E-05 | 2.76E-05 | 144E-05 | 307E-08 | 572E-05 |
GI-LLI 5 67E-05 1.99E-04 144E-05 | 307E-08 | 2.70E-04
Whole-Body | 432E-05 | 6577E-05 | 144E-05 | 307E-08 | 115E-04
| Thyroid | 110E-06 | 488E-07 | 144E-05 | 3.07E 161E-05
ll | Age-Class: _Teen_ i . .
Bone 8.01E-05 148E-04 | BOGE-05 | 307E-08 | 30BE-04 |
| Liver | 681E-05 | 626E-05 BOBE-05 | 307E-08 | 211E-04
Kidney | 170E-05 | 415E-06 | BOBE-05 | 307E-08 | 101E-04 _
Lung | 1.79E-0° 293E-05 | BOGE-05 | 307E-08 | 1.27E-04
GI-LLI 4 05E-05 1.24E-04 8.06E-05 | 307E-08 | 245E-04
"Whole-Body | 297E-05 | 458E-05 | BO06E-05 | 3.0,E-0F 1 56E-04

w
o
~J
mim
O|C
(8 o)
(9]

D

). 28E

~J

| Thyroid | 847E-07 8.06E-05 1BE-05

‘ Age Class ) Child _ -
Bone 9 BBE-05 1 97E-04 1 68E-05 171E-08 3 10E-04
| Liver 6 25E-05 | 687E-05 | 168E-05 | 171E-08 | 1.48E-04
" Kidney 1 47E-05 13E-06 | 168E-05 | 171E-08 | 357E-05
Lung 1 52E-05 2 96E-05 | 16BE-05 | 171E-08 | 6.16E-05 |
"GI-LLI [ 1 50E-05 5 18E-05 | 168E-05 | 171E-08 | B826E-05
Whole-Body | 209E-05 | 540E-05 | 168E-05 | 171E-08 | 917E-05
Thyroid " 700E-07 | 314E-07 | 168E-05 | 1.71E-08 1 79E-05

rFage | 8 | o




1.2

Doses From Gaseous Effluent Releases

Gaseous effluent release data presented in Tables 1A, 1B, and 1C from the
semiannual effluent release reports were used as input to the Yankee Atomic
"YODA" computer pregrams to calculate radiation doses. These data include
gaseous releases from the PNPS main stack, reactor building vent, turbine
building roof exhausters, and tool decontamination facility. Meteorological data
obtained fium the PNPS 220-foot meteorological tower during 1994 were also used
as input to the Yankee Atomic Electric Company’s "AEOLUS" computer program (Ref.
8). This computer program caiculated the atmospheric dispersion and deposition
factors used in the "YODA"-series of computer programs to calculate maximum
individual doses. These various dispersion (X/Q) and deposition (D/Q) factors
are presented in Appendix B of this report.

The maximum individual doses resulting from radioactive particulates, iodines and
tritium released in gaseous effluents are presented in Tables 1.2-1 through 1.2-
5. These tables cover the individual calendar quarters and total calendar year,
respectively. Doses resulting from releases of noble gases are addressed
independently in the PNPS Technical Specifications. Therefore, none of these
tibles for maximum individual doses include any dose contributions from noble
gases. Iie presentation and analysis of doses resulting from noble gases are
addressed in Section 1.3 of this report.

Tables 1.2-1 through 1.2-5 summarize the maximum total body and organ doses for
the adult, teen, child and infant age classes resulting from the major gaseous
exposure pathways. These tables present the dose data according to specific
receptor location and the exposure pathways assumed to occur at that location.
For example, the second column of the tables presents the information for the
hypothetical maximum-exposed individual at the most restrictive site boundary
location, where only inhalation and ground deposition exposure pathways are
assumed to occur. Since this is a shoreline location effectively controlled by
Boston fdison Company, the other pathways of garden vegetable production, milk
production and meat production are assumed not to occur. Doses for other offsite
locations not under Boston Edison control, where other exposure pathways can and
do occur, are presented in subsequent columns of the tables, and represent the
potential maximum doses to individuals at these locations.

Radioactivity released in gaseous effluents from PNPS during 1994 resulted in a
maximum total body dose (teen age class) of 2.44E-01 mrem. The maximum organ
dose (child age class, thyroid) was 1.78E+00 mrem. Both of thece doses occurred
to hypothetical individuals at the shoreline 110 meters north-northeast of the
PNPS Reactor Building, an area effectively under Boston Edison Control. For the
more "realistic" individuals at offsite locations, the maximum total body dose
was 1.35E-02 mrem (child age class at a Tocation 820 meters [0.5 miles] southeast
of the Reactor Building yielding garden vegetables), while the maximum organ dose
was 2.75E-01 mrem (infant thyroid at a location 3970 meters [2.5 miles] west-
southwest, yielding vegetablies and cow and goat milk).
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Table 1.2-1

MAXIMUM INDIVIDUAL ORGAN DOSE AT RECEPTOR LOCATION -- mrem
From Gaseous Release Period: January-March 1994
_r Receptor [ Bfmhdary [ Cow/Goat Garden Cow/Meat Resident ’ Meat
Direction | N | WSW | SE | W | ESE | S
| Distance: | 80 m | 3970m | 820m | 5770m | 800 m | 3800 m
| Pathway®. | DI |DIVEG DIV |DIVeM  |Di | DiVvM |
I
| Age-Class _Adult et L ke J
| Bone | 3.06E-03 13 373E-04 | 461E-03 ;_g_g@gos T 1.56E-04 1 2.73E-04
| Liver | 325602 | 1.75E-04 3 200E-03 | 286E-05 | 103E-03 | 1.23E-04 j
|Kidney | 332E-02 | 199E-04 | 211E-03 | 318E-05 | 104E-03 | 1.26E-04 |
| Lung | _3.87E-02 " | 1.24E-04_ | 209E-03_ | _240E-05 | 1.20E-03 | 122E-04 |
| GI-LLI | 3366 02 | 193E-04 I 282E-03 | 327E-05 | 1.06E-03 | 167E-04 ]
| Thyroid | 195E-01 | 1.38E-02 b 2.14E-02 | 161E-03 4 551E-03 | 1.85E-03 |
| W-Body ,3 20E-02 | 160E-04 | 216E-03 | 272E-05 | 1.01E-03 | 1.27E-04 |
" Age-Class Teen i A bt i e A i o e
| Bone | 3736-03 | 6.15E-04 | 6.092E-03 7.16E-05 1.74E-04 | 4.02E-04
[Liver | 331E-02 | 237E-04 | 231E-03 | 3456-05 | 104E-03 | 131E-04
| Kidney T 330E-02 | 279E-04 | 232E-03 | 30BE-05 1.07E-03 | 1.33E-04 |
| Lung ‘ 4;745927  1.50E-04 | 238BE- 91_I 272E-05 | 1.33E-03 | 1 33ggg_v4
| GI-LLI | 3.40E-02 }__}‘2»»‘3_1_#5-794_. 300E-03 | 362E-05 | 1.07E- 03 | 1.76E-04 3
{mjum ;,(_4__5,ng1_ | 211E-02 | 196E-02 | 232E- 03“_+ 6.90E-03 | 162E-03
(W-Body | 323E-02 | 202E-04 | 243E-03 | 315E-05 | 102E-03 | 137E-04 |
| Age-Class: __ Child - o . o . 4
| Bone | & 56E 037_*_ 148E-03 [ 163E-02 iy _176_9_§_Q§_4 1.97E-04 | 9.38E-04 i
| Liver | 2956-02 | 371E-04 | 3.17E-03 |_S11E-05 | ~ 9.38E-N4 11 78E-04 |
| Kidney |3 03E-02 433E-04 | 316E-03 | SBOE-05 | 9 ?.92.&4.,.1,7_9?;99 ]
| Lung | 3 88E-02 | _216E-04 | 316E-03 f 372E-05 | 1.19E-03 | 1.76E-04 |
| GI-LLI W 293E-02 | 2.76E-04 1 366E-03 | 4.37E-05 | 932604 | 2 06E-04 %
| Thyroid i 203E-01 | 416E-02_ | 288E-02 | 4 47E-03 | _821E-03 i_..2 39E-03 .
| W-Body 289E-02 | 320E-04 | 350E-03 | 4.76E-05 | 9.20E-04 | 1.96E-04 |
| Age Class: Infant , - :
| Bone ? 3 68E-03 | 71 44E-03 | 103E-04 | B98E-05 | 173E-04 | 6.04E-06 7
| Liver | 181E-02 | 535E-04 | 358E-04 | 4fé_j§_ gs__* __f__gp_{f«gg,; 1.95E-05
| Kidney | 182E-02 | 545E-04 | 361E-04 | 528E-05 | 6.04E-04 | 197E-05 Wl
| Lung _ | 2 66E-02 [ 1.78E-04 | 500E-04 ] 1 73E-05 | 8.36E-04 | _2.75E-05 _
| GI-LLI | _173E-02 | 2.06E-04 | ,3 48E-04 | 185E-05 | 578E-04 | _186E-05 |
| Thyroid | 281E-01 | 9.73E-02 | 4 .38E- 03 | ©90E-03 * 72_',95 03 | 287E-04 |
|W-Body | 173E-02 | 334E-04 | 346E-04 | 307E-05 | 579E-04 | 187E-05

* Pathway
D

v

designations are as follows

= Deposition (Ground Plane) C = Cow Milk
= Inhalation G = Goat Milk
= Vegetable Garden M = Meat
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Table 1.2-2

MAXIMUM INDIVIDUAL ORGAN DOSE AT RECEPTOR LOCATION -- mrem
April-June 1994

From Gaseous Release Period:

Receptor: Boundary Cow/Goat Garden Cow/Meat | Resident Meat
Direction: NNE WSW SE W ESE S
Distance 100 m 3970 m 820 m 5770 m 800 m 3800 m
Pathway*: DI DIVCG DIV DIVCM DI DIVM
| Age-Class. _ Adult
Bone 8 62E-03 1.71E-04 1.27E-03 6.95E-05 9.54E-05 2.27E-04
Liver 5 84E-02 1.22E-04 1.83E-03 4 15E-05 6.27E-04 1.23E-04
Kidney 5 98E-02 1.42E-04 1.87E-03 4 72E-05 6 41E-04 1.27E-04
Lung 6.35E-02 8 45E-05 1.83E-03 3.22E-05 6.78E-04 1.18E-04
Gl-LLI 5 89E-02 1.17E-04 2.02E-03 4 48E-05 6.32E-04 1.54E-04
Thyroid 4 13E-01 1.05E-02 1.68E-02 2 91E-03 4 19E-03 2 48E-03
W-Body 5 72E-02 1.11E-04 1.83E-03 4 01E-05 6.15E-04 1.29E-04
 Age-Class.  Teen
Bone 9 47E-03 2.77E-04 1.88E-03 1.05E-04 1.04E-04 3.24E-04
Liver 5.94E-02 1.66E-04 2.02E-03 5.13E-05 6.37E-04 1.30E-04
Kidney 6.14E-02 2. 00E-04 2. 06E-03 6.05E-05 6.57E-04 1.23E-04
Lung 6 B4E-02 1.02E-04 2.05E-03 3.64E-05 7.28E-04 1.28E-04
Gl-LLI 5.94E-02 1.40E-04 2.22E-02 4 95E-05 6 37E-04 1.61E-04
Thyroid 5.23E-01 1.60E-02 1.60E-02 4.21E-03 5.29E-03 2.17E-03
W-Body 5 78E-02 1.40E-04 2.03E-03 4 62F-05 6.20E-04 1.38E-04
| Age-Class: __ Chiid
Bone 1.05E-02 6.51E-04 4.33E-03 2 40E-04 1.15E-04 7.28E-04
Liver 5.36E-02 261E-04 2.76E-03 7 68E-05 5.75E-04 1.76E-04
Kidney 5.53E-02 3.10E-04 2.79E-03 9.03E-05 5.92E-04 1.78E-04
Lung 6.11E-02 1.486E-04 2. 76E-03 4 95E-05 6.51E-04 1.68E-04
GI-LLI 5 22E-02 1.74E-04 2.86E-03 5 G0E-05 5 €1E-04 1.90E-04
Thyroid 6.29E-01 3.15E-02 2.31E-02 8.11E-03 6.36E-03 3.21E-03
W-Body 521E-02 2 19E-04 2.83E-03 7.10E-05 5.60E-04 1.97E-04
| Age-Class: __infant
Bone 9 51E-03 6.70E-04 7.96E-05 1.33E-04 1.04E-04 9 01E-06
Liver 3.46E-02 3 84E-04 3 20E-04 8 36E-05 3.72E-04 2 19E-05
Kidney 3.50E-02 3.97E-04 3.23E-04 8.92E-05 3.76E-04 2 22E-05
Lung 4 15E-02 1.21E-04 3.83E-04 2.36E-05 4 42E-04 2. 86E-05
GI-LLI 3 26E-02 1.35E-04 3.02E-04 2.58E-05 3.52E-04 2.05E-05
Thyroid 5.64E-01 7.37E-02 511E-03 1.80E-02 5.70E-03 4 14E-04
_ W-Body 329E-02 | 230E-04 3 05E-04 4 83E-05 3.56E-04 2.08E-05

* Pathway designations are as follows:

D = Deposition (Ground Plane) C = Cow Milk

| = Inhalation
V = Vegetable Garden

G = Goat Milk
M = Meat
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Table 1.2-3

MAXIMUM INDIVIDUAL ORGAN DOSE AT RECEPTOR LOCATION -- mrem
From Gaseous Release Period: July-September 1994

Receptor: Boundary Cow/Goat | Garden Cow/Meat | Resident Meat
Direction: NE WSW SE W ESE S
Distance 110 m 3970 m 820 m 5770 m 800 m 3800 m
Pathway*: | DI DIVCG DIV DIVCM DI DIVM
| Age-Class. __ Adult
Bone 3.25E-03 7.17E-05 4 73E-04 1.50E-05 2.79E-05 6.56E-05
Liver 1.49E-01 2.96E-04 3.41E-03 7.15E-05 1.16E-03 3.66E-04
Kidney 1.51E-01 3 21E-04 3.45E-03 7.60E-05 1.17E-03 3.71E-04
Lung 1.55E-01 2 47E-04 3.42E-03 6.38E-05 1.20E-03 3.59E-04
Gl-LLI 1.50E-01 2 67E-04 3.50E-03 6.79E-05 1.16E-03 3.73E-04
Thyroid 5 97E-01 1.34E-02 1.54E-02 2.32E-03 4 42E-03 2.86E-03
W-Body 1.48E-01 2.74E-04 3.40E-03 6. 80E-05 1.15E-03 3.62E-04
| Age-Class. Teen
Bone 4 12E-03 1.20E-04 6 v2E-04 2.32E-05 3. 42E-05 9.14E-05
Liver 1.51E-01 3.79E-04 3.77E-03 8. 32E-05 1.17E-03 3 87E-04
Kidney 1.53E-01 4 21E-04 3.81E-03 9.06E-05 1.19E-03 3.91E-04
Lung 1.61E-01 2.96E-04 3.80E-03 7.07E-05 1.25E-03 3.83E-04
GI-LLI 1.51E-01 3.18E-04 3.85E-03 7.49E-05 1.17E-03 3.93E-04
Thyroid 7.34E-01 2.04E-02 1.51E-02 3.34E-C3 542E-03 2.58E-03
W-Body 1.49E-01 3.34E-04 3.76E-03 7.65E-05 1.16E-03 3 83E-04
| Age-Class. _ Chiid
Bone 5.20E-03 2 B4E-04 1.59E-03 5.34E-05 4 21E-05 2.05E-04
Liver 1.34E-01 5 78E-04 5 19E-03 1.21E-04 1.04E-03 5.29E-04
Kidney 1.36E-01 6.40E-04 5.23E-03 1.32E-04 1.06E-03 5.32E-04
Lung 1.42E-01 4 32E-04 5.20E-03 9. 92E-05 1.10E-03 5.20E-04
GI-LLI 1.32E-01 4 48E-04 5.22E-03 1.02E-04 1.03E-03 5.25E-04
Thyroid 8.55E-01 3.99E-02 2.15E-02 6.42E-03 6.30E-03 3 76E-03
W-Body 1.32E-01 5.02E-04 521E-03 1.10E-04 1.03E-03 5.24E-04
_Age-Class:  Infant
Bone 4 24E-03 4 00E-04 3.00E-05 5.38E-05 3.51E-05 6.10E-06
Liver 7.87E-02 6.84E-04 5.10E-04 9.14E-05 6.13E-04 5.16E-05
Kidney 7.92E-02 7.00E-04 5.13E-04 9 .60E-05 6.17E-04 5.20E-05
Lung 8. 64E-02 3.51E-04 5 56E-04 4 38E-05 6.69E-04 5 57E-05
GI-LLI 7.63E-02 3.61E-04 4 95E-04 4 51E-05 5.95E-04 4 98E-05
Thyroid 7.42E-01 9.30E-02 4 54E-03 1.41E-02 5.45E-03 5.31E-04
W-Body 7.67E-02 4 75E-04 4 97E-04 6.22E-C5 5.99E-04 5.02E-05

* Pathway designations are as follows:

D = Deposition (Ground Plane) C = Cow Milk
G = Goat Milk

| = Inhalation
V = Vegetable Garden

M = Meat
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Table 1.2-4

MAXIMUM INDIVIDUAL ORGAN DOSE AT RECEPTOR LOCATION -- mrem
From Gaseous Release Period: October-December 1994

Receptor: Boundary Cow/Goat Garden Cow/Meat Resident Meat
Direction: NE WSW SE w ESE S
Distance: 110m 3970 m 820 m 5770 m 800 m 3800 m
Pathway* DI DIVCG DIv DIVCM DI DIvM

| Age-Class: __ Adult
Bone 1.23E-03 4 90E-05 1.48E-03 8.14E-06 2.47E-05 6 47E-05
Liver 3 89E-02 5 48E-08 1 47E-03 9.27E-06 5 63E-C4 8 60E-05
Kidney 3.91E-02 5.93E-05 1.47E-03 9 97E-06 5.65E-04 8 69E-05
Lung 4 23E-02 4 79E-05 1.49E-03 8.38E-06 6.08E-04 8.63I:-05
Gl-LLI 3.96E-02 5.73E-05 1.71E-03 9 96E-06 5.73E-04 9 65E-05
Thyroid 7.63E-02 2.13E-03 3.72E-03 3.12E-04 1.08E-03 4 78E-04
W-Body 3.88E-02 5.26E-05 1.50E-03 8. 99E-06 561E-04 8. 70E-05
Age-Class.  Teen
Bone 1.55E-03 8.10E-05 2.24E-03 1.26E-05 2.89E-05 9. 53E-05
Liver 3 92E-02 6.92E-05 1.63E-03 1.08E-05 5 68E-04 9.11E-05
Kidney 3.95E-02 7.68E-05 1.63E-03 1.19E-05 5 70E-04 9.18E-05
Lung 4 50E-02 5.74E-05 1.67E-03 9.34E-06 6.45E-04 9.25E-05
Gl-LLI 3 99E-02 6.85E-0% 1.89E-03 1.10E-05 5.77E-04 1.02E-04
Thyroid 8.83E-02 3.24E-03 3 68E-03 4 50E-04 1.24E-03 4 35E-04
W-Body 3. 91E-02 6.44E-05 1.68E-03 1.02E-05 5 65E-04 9.27E-05

| Age-Class: __ Child

| Bone 1.95€E-03 1.95E-04 5.28E-03 2.99E-05 3 43E-05 2.23E-04
Liver 3 48E-02 1.05E-04 2.24E-03 1.57E-05 5.04E-04 1.25E-04
Kidney 3.50E-02 1.16E-04 2 24E-03 1.74E-05 5.07E-04 1.25E-04
Lung 3.99E-02 8.37E-05 2.27E-03 1.30E-05 5.72E-04 1.25E-04
Gl-LLI 3.50E-02 9. 22E-05 2 43E-03 1.43E-05 5.06E-04 1.32E-04
Thyroid 9 64E-02 6.37E-03 5.27E-03 8.68E-04 1.35E-03 6.35E-04
W-Body 3 46E-02 9 86E-05 2.37E-03 1.50E-05 5.02E-04 1.29E-04

| Age-Class._ Infant
Bone 1.49E-03 1.92E-04 2 23E-05 1.61E-05 2 82E-05 1.34E-06
Liver 2 03E-02 1.18E-04 2. 21E-04 1.19E-05 2.98E-04 1.18E-05
Kidney 2.04E-02 1.23E-04 2.22E-04 1.28E-05 2 98E-04 1.19E-05
Lung | 251E-02 6.77E-05 2 68E-04 5 79E-06 3.61E-04 142E-05
Gl-LLI 2 02E-02 7.21E-05 2.20E-04 6.12E-06 2.96E-04 1.16E-05
Thyroid 7.70E-02 1.48E-02 7.99E-04 1.91E-03 1.08E-03 8 71E-05
W-Body 2 02E-02 9.09E-05 2.19E-04 8.43E-06 2.95E-04 1.16E-05

* Pathway designations are as follows:
D = Deposition (Ground Plane) C = Cow Milk
| = Inhalation
V = Vegetable Garden

G = Goat Milk
M = Meat
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3.3

Doses from Noble Gas Releases

Noble gas release data presented in Tables 1A, 1B, and 1C from the semiannual
effluent release reports were used as ‘nput to the Yankee Atomic "YODA" computer
programs to calculate radiation doses. Decses resulting from noble gas releases
were calculated using 1994 meteorologica. data, as described in Section 1.2 of
this report. The various dispersion (X/Q) factors calculated with the "AEOLUS"
computer program and used to estimate dose: from noble gases are presented in
Appendix B of this report.

The maximum individual doses resulting from radioactive noble gases released in
gaseous effluents are presented in Table 1.3-1 according to specific receptor
location. This table includes all noble gas doses for the individual calendar
quarters and total calendar year.

Noble gases released in gaseous effluents from PNPS during 1994 resulted in a
maximum total body dose of 1.03E+00 mrem. The maximum skin dose was

7.91E400 miem. Both of these doses occurred to a hypothetical individual. The
maximum total body dose occurred at the shoreline 100 meters (0.1 miles) north-
northeast of the PNPS Reactor Building. The maximum skin dose occurred at the
shoreline 110 meters (0.05 miles) northeast of the PNPS Reactor Building. Both
of these areas are effectively under Boston Edison control. Doses to more
"realistic" individuals at offsite locations would be lower than the doses for
these hypothetical site boundary individuals.
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Table 1.3-]

Maximum Doses From Noble Gas Releases During 1994

Gamma Beta Whole

Air Dose Air Dose 3ody Dose Skin Dose
Release
Period o (Location) | _ (Location) | _ (location) | _ (lLocation)

January . 56E-01 mrac 2 00 mrac 3.72E-01 mrem 2.47E+00 mrem
through
March .14 ENE) b . 1 mi. | (0.1 mi. NE)

Apt .32E-01 : 0 2.2 mrem .53E+00 mrem
through
June (0.1 m 0.1 mi. ) J 11. NN? ) 3. NN[ )

July 3.74£-0] 2.67 00 mradg g )] mrem L. 8 ) mrem
througt
Septembey ).1 mi ).1 mi. NE 0.3 mi. NNE) (0.1 mi. NE)

Octobey ].30E-01 86 l 3,71 mrem . 01 mrem
through

UDecember

January 1.55E400 mre 3.62E+00 mr: ].03E- mrem
?f ro .‘t”‘
Decembey ).1 mi, 0. NE ) 0. ni. NNE)
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POPULATION AND AVERAGE INDIVIDUAL DOSES

PNPS Technical Specifications do not contain any Timits or operational objectives
related to population doses. However, NRC Regulatory Guide 1.21 (Ref. 9)
recommends calculation of population and average individual doses to the total
body as part of the overall assessment of radiological impact on man.

lotal body doses to the entire population within 50 miles of Pilgrim Station
resulting from radionuclides in effluents released offsite were calculated using
the population distribution listed in Table 2.0-1. The values presented in this
table are based on 1980 census data.

These cumulative population doses were also calculated using methods presented in
the PNPS ODCM, NRC Regulatory Guide 1.109, NRC Regulatory Guide 1.111 and the
Pilgrim Station Unit 1 Appendix I Evaluation. Population doses were calculated
separately for: (1) liquid effluents; and, (2) gaseous effluents. Unlike the
fechnical Specification addressing doses to maximum exposed individuals resulting
from the three types of releases addressed in Section 1 of this report,
population doses for gaseous effluents combine the dose contributions from noble
gases along with those from radioactive particulates, iodines and tritium. Also,
in the case of population doses, average consumption and use factors for various
pathways from Table E-4 of the PNPS ODCM are assumed, rather than the maximum use
factors assumed for the maximum exposed individual.

Information related to Tiquid and gaseous effluent releases were obtained from
the two semiannual Radioactive Effluent and Waste Disposal Reports (Ref. 5 and
6) These effluent release data were used as input to computer programs to
calculate the resulting total body doses. The Yankee Atomic Electric Company

. A"-series of computer programs was used to compile the dose contributions to

F
the total body in each age class from major exposure pathways (Ref. 7)
. )

YOD
In addition to population total body doses, doses to an average individual in the
population were calculated. These average total body doses were estimated by
dividing the total population dose (person-rem) by the total population of 4.18
million people within 50 miles of PNPS.

N
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TABLE 2.0-1

POPULATION DISTRIBUTION BY DISTANCE AND DIRECTION

Distance Interval from Pilgrim Station - miles

SECTOR 0-1 1-2 2-3 3-4 4-5 5-10 10-20 20-30 30-40 40-50 0-50
N 0 0 0 0 0 0 0 0 0 3.09E4 3.09E4
NNE 0 0 0 0 0 0 0 0 0 0 0
NE 0 0 0 0 0 0 0 0 0 e 0
ENE 0 o 0 0 0 0 5.30E2 3.48E3 0 0 4 01E3
E 0 0 0 0 0 0 0 3.29E3 3.41E2 0 3.63E3
ESE 0 0 1.50E1 0 0 0 0 5.8863 1.31E4 ¢ 1.90E4
SE 5.70E2 1.76E2 4.76E2 0 0 0 1.24E3 4.02E4 5.91E3 0 4.86E4
SSE 1.90E1 2.10E2 5.30E2 2.03E3 8.19E2 1.39E3 1.32E4 1.95E4 0 7.12E2 3.84E4
S 0 3.90E1 2.08E2 5.30E1 2.20E1 2.39E3 1.66E4 2.52E4 7.80E3 7.12E2 5.30E4
SSW 1.90E1 0 2.30E1 0 0 9.98E2 1.58E4 7.80E3  3.16E2 3.59E2 2.53E4
SW 0 3.90E1 1.23E2 6.50E1 3.49E2 4.97E2 1.28E4 1.42E5 4.64E4 4.65E4 2.49E5
WSW 0 7.70E1 2.36E2 3.00E0 2.17E2 2.52E3 1.18E4 5.04E4 1.37E5 1.85E5 3.87E5
- 5.80E1 9.50E1 4.75E2 1.25E3 4.52E3 9.56E3 1.76E4 6.05E4  1.42E5 3.78E5 6.14E5
WNW 1.17€2 0 0 0 7.11E2 1.03E4 2.83E4 1.65E5 1.13E5 1.08E5 4.25E5
NW 1.90E1 0 0 0 8.00E0 5.65E3 3.96E4 2.07E5 8.21E5 6.36E5 1.71E6
NNW 0 0 0 0 1.30E1 1.55E3 2.66E4 2.83E4  1.04E5 4.14E5 5.74E5
TOTAL 8.02E2 6.36E2 2.09E3 3.40E3 6.66E3 3.49E4 1.84ES5 7.59E5 1.39E6 1.80E6 4.18E6

* Population distribution data based on 1980 Census Data
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Doses From Liquid Effluent Releases

Population total body doses (person-rem) resulting from releases of radionuclides
in 1iquid effluents are presented in Table 2.1-1. This table includes the doses

for the four calendar quarters and entire year resulting from the various liquid

exposure pathways. The corresponding average individual total body doses (mrem)

are presented in Table 2.1-2.

Radioactivity released in liquid effluents from PNPS during 1994 resulted in a
population total body dose of 1.40E-03 person-rem. The corresponding average

individual total body dose was 3.36E-07 mrem.

Again, it should be noted that the calculated dose for the entire year is less

than the sum of the individual four quarters. This difference is due to the
calculational methods and equations used to calculate dose from liquid effluents,
as recommended by the NRC in Regulatory Guide 1.109 (Reference 2). A more

detailed description of the difference can be found on Page 6, in the discussion
of maximum individual doses from liquid effluent releases.
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Table 2.1-1

Population Doses From Liquid Effluent Releases During 1994

Exposure Pathway

Fish
Shellfish
Swimming

Shoreline

Population Total Body Dose (person-rem)

1st Qtr

2nd Qtr

3rd Qtr  4th Qtr

9.57E-05
1.29E-04
8.09E-08
3.56E-05

1.05E-04
1.19E-04
7.23E-08
3.25E-05

Annual

2.95E-04 1.09E-04
2.40E-04 8.08E-05
1.08E-07 4.55E-08
5.00E-05 2.09E-05

6.67E-04
5.96E-04
3.07E-07
1.40E-04

Average Individual

Exposure Pathway

Fish
Shellfish
Swimming

Shoreline

2.60E-04

2.56E-04

5.85E-04 2.10E-04

Table 2.1-2

Doses From Liquid Effluent Releases During 1994

Average Individual Total Body Dose (mrem)

1st Qtr

2.29E-08
3.08E-08
1.93E-11
8.50E-09

2nd Qtr

2.51E-08
2.84E-08
1.73k-11
7.77E-09

3rd Qtr  4th Qtr

Annual

7.04E-08 2.60E-08
5.75E-08 1.93E-08
2.57€-11 1.09E-11
1.20E-08 4.99E-09

1.59E-07
1.43E-07
7 -11
3.35E-08

6.22E-08

6.12E-08
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2.8

Doses From Gaseous Effluent Releases

Population total body doses (person-rem) resulting from releases of radionuclides
in gaseous effluents are presented in Table 2.2-1. This table includes the doses
for the four calendar quarters and entire year resulting from the various gaseous
expncure nathways. The corresponding average :ndividual total body doses (mrem)
are presented in Table 2.2-2.

Radioactivity released in gaseous effluents from PNPS during 1994 resulted in a

population total body dose of 8.02E-01 person-rem. The corresponding average
individual total body dose was 1.92E-04 mrem.
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Table 2.2-1

Population Doses From Gaseous Effluent Releases During 1994

Population Total Body Dose (person-rem)

Exposure Pathway 1st Qty 2nd Qtr 3rd Qtr 4th Qtr Annual

Noble Ga: ].98E-01 1.96E-01 1.35E-01 .15E-01 7.85E-01

~No

Ground Deposition 1.91E-04 3.58E-04 1.60E-04 3.77E-05 7.19E-04

Inhalation 2.74E-03 3.01E-03 6.25E-03 2.25E-03 1.40E-02
\ Vegetables 2.59E-04 2.50E-04 5.456E-04 1.57E-04 1.16E-03
Milk 1.92E-04 2.16E-04 3.74E-04 B8.55E-05 8.20E-04
Meat 9.49E-06 B8.69E-06 2.06E-05 5.52E-06 4.21E-05

fotal 2.01E-01 1.99E-01 1.42E-01 .17E-01 8.02E-01

~N

Table 2.2-2

Average Individual Doses From Gaseous Effluent Releases During 1994

Average Individual Total Body Dose (mrem)

Exposure Pathway 1st Qtr 2nd Qty 3rd Qtr 4th Qty Annual

Noble Ga 4.74E-05 4.69E-05 3.23E-05 5.15E-05 1.88E-04
Ground Deg tior 4 .57E-08 8.56E-0¢ 83E-08 9.01tE-09 1.72E-07
Inhalatior 6.55E-( 20E-07 1.49E-06 5.38E-07 3.35E-0¢
Vegetabl¢ 6.19E-08 5.98E-08 OE-07 3.75E-08 2.77E-07
Milk 4 .59E-08 5.16E-08 B8.94E-08 2.04E-08 1.96E-07
Meat 2.27E-09 2.08E-09 4.93E-09 1.32E-09 1.01E-08

|
fotal 4.82E-05 4.78BE-05 3.40E-05 5.21t-05 1.92E-04
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QFFSITE DIRECT RADIATION MEASUREMENTS

PNPS Technical Specifications do not contain any 1imits or operational objective:
related specifically to offsite radiation exposure. However, NRC Regulatory
Guide 1.21 (Ref. 9) recommends calculation of direct radiation exposure as part
of the overall assessment of radiological impact on man.

Thermoluminescent dosimeters (TLDs) are located at 82 sites beyond the boundary
of the PNPS restricted/protected area. A number of these TLDs are actually
located on Boston Edison property in clese proximity to the station proper. The
[LDs are collected on a quarterly basis and used to calculate the direct
radiation exposure in milliRoentgen (mR) over the exposure period. These TLDs
are grouped into four zones of increasing distances from the station. Average
exposure values for each of these zones were calculated for each calendar quarter
and the total year. The average exposure values (mR) for the four zones are
presented in Table 3.0-1.

In addition to responding to direct radiation exposure, TLDs will also record
radiation resulting from noble gases (plume and immersion exposure), particulate
materials deposited on the ground, cosmic rays from outer space, and from
naturally-occurring radioactivity in the soil and air. Typicaily, the exposure
from cosmic rays and other natural radioactivity components is about 40 70
mrem/yr. As calculated in Sections 1.2 and 1.3 of this report, the direct
radiation component of doses from PNPS effluent emissions are below 1 mrem/yr and
would not be discernible above the natural radiation exposure levels.

The major source of direct radiation exposure from PNPS results from high energy
nitrogen-16 gamma rays emitted from the turbine building. Although this material
is enclosed in the process lines and not released into the environment, the
direct radiation exposure and sky shine from this contained source accounts for
the majority of the direct radiation dose, especially in close proximity to the
station. Other sources of direct radiation exposure include radiation emitted
from contained radioactive sources or radwaste at the facility. Despite these
ources of direct radiation exposure at PNPS, increases in exposure from direct
radiation are typically not observable above background radiation levels at
locations beyond Boston Edison controlled property.
The average exposure values presented in Table 3.0-1 appear to indicate an
elevation in direct radiation exposure in TLD Zone !, those TLDs within 2 miles
of PNPS. Most of this apparent elevation is due to increases in exposure levels
measured at the TLD locations on Boston Edison property in close proximity to the
tation proper For example, the annual exposure at TLD location OA, located at
the Overlook Area near the PNPS I&S Building, was 377 mR for the entire year
This location is immediately adjacent to the station proper and overlooks the
turbine building, therefore receiving the highest direct radiation and sky shine

posure

Although the annual exposure at TLD location OA was 318 mR/yr over the average
Zone 4 exposure rate, this area is not continuously occupied by members of the
general public When adjusted for such occupancy, a hypothetical member of the
who was at t ocation for 40 hours per year would only receive an
incremental dose of 1.5 mrem over natural background radiation levels. At the
nearest residence 800 meters (0.5 miles) southeast of the PNPS Reactor Building,
the annual exposure was 63.8 + 5.3 mR, which compares quite well to the Zone 4

annual average of 59.2 + 7.5 mR

—

.
'U -
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3.0

OFFSITE DIRECT RADIATION MEASUREMENTS (continued)

Although some of the TLDs in close proximity to PNPS indicate increases in
exposure levels from direct radiation, such increases are localized to areas
under Boston Edison control. For members of the general public accessing Boston
Edison controlled areas (e.g., Shorefront Recreation Area, I&S Building, Parking
Lots, etc.), such increases in dose from direct radiation exposure are estimated
as being less than 2 mrem/yr.
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Table 3.0-1
AVERAGE TLD EXPOSURES BY DISTANCE ZONE DURING 1994

Average Exposure + Standard Deviation (mR/period)

lone 1% lone 2 Zone 3 Zone 4

0 km - 3 km 3 km - 8 km 8 km - 15 km > 15 km
Period Avg StD Avg StD Avg StD Avg StD
Qtr-1 20.7 + 17.0 13.7 & 2.7 13.4 + 1.7 13.6 + 1.1
Qtr-2 21.3 + 17.7 13.8 + 2.6 13.3 + 1.8 14.2 + 1.6
Qtr-3 21.4 + 12.0 16.7 4 2.8 15.3 + 1.9 16.2 + 1.9
Otr-4 19.7 + 9.0 14.9 + 2.5 14.5 + 1.8 15.2 + 1.9
Year 83.1 + 57.0 58.3 + 10.9 56.5 + 7.6 59.2 + 1.5

* Zone 1 extends from the restricted/protected area boundary outward to
3 kilometers (2 miles).
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4.0

4.

1

(. F P i MIT TIVES

The PNPS Technical Specifications contain dose and concentration lTimits for
radioactive effluents. In addition, operational objectives are also specified
which, if met, ensure that radioactive releases are maintained as low as is
reascnably achievable. The percentages of the PNPS Technical Specifications were
determined from the doses calculated in Section 1, the lTiquid concentrations
listed in the 1994 semiannual Effluent Release and Waste Disposal Reports, and
the Technical Specifications limits/objectives listed in Tables 4.1-1 and 4.2-1.

The percent of applicable Timits are provided as a supplement to the information
provided in the two semiannual Radioactive Effluent and Waste Disposal Reports.
The format for the percent applicable limits is modified from that prescribed in
Regulatory Guide 1.21 (Ref. 9) to accommodate the Radioactive Effluents Technical
Specifications (RETS) which became effective March 1, 1986. The percentages have
been grouped according to whether the releases were via liquid or gaseous
effluent pathways.

Liquid Effluent Releases

Liquid effluents concentration limits and dose objectives from PNPS Technical
Specifications are shown in Table 4.1-1. The quarterly average concentrations
from the 1994 semiannual Radioactive Effluent and Waste Disposal reports were
used to calculate the percent concentration limits. The maximum quarterly and
annual whole body and organ doses from Tables 1.1-1 through 1.1-5 were used to
calculate the corresponding percentages shown in Table 4.1-1. The resulting
concentrations and doses from Pilgrim Station’s liquid releases during 1994 were
a very small percentage of the corresponding limits and objectives.
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Table 4.1-1

Percent of Technical Specifications Limits/Objectives
for Liquid Effluent Releases During 1994

A.

Dissolved and Entrained Gases Average Concentration Limit

Quarterly Total Body Dose Objective

PNPS Technical Specification 3.8.A.1

Limit:

Period
Ist Quarter
Z2nd Quarter
3rd Quarter
4th Quarter

Value (uCi/ml)
4.97E-10
3.70E-10
9.24E-10
5.17E-10

Tritium Average Concentration Limit

PNPS Technical Specification 3.8.A.1

Limit:

1st Quarter
2nd Quarter
3rd Quarter
4th Quarter

1.0E-03 uCi/m)

Value (uCi/ml)
1.42E-07
1.92€-07
7.67E-08
8.07E-07

PNPS Technical Specification 3.8.A.1

Limit:

Period
1st Quarter
2nd Quarter
3rd Quarter
4th Quarter

2.0E-04 uCi/m

Value (uCi/ml)

PNPS Technical Specification 7.2.A.1
1.5 mrem Total Body Dose

Objective:

Ist Quarter
Znd Quarter
3rd Quarter
4th Quarter

Value (mrem)
3.30E-05
3.15E-05
6.16E-05
2.33E-05
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Fission and Activation Product Effluent Concentration Limit

10CFR20 Appendix B, Table II, Column 2 Value

Percentage of Limit
1.65E-02%
1.67E-02%
4.82E-02%
2.87E-02%

Percentage of Limit
1.42E-02%
1.92E-02%
7.67E-03%
8.07E-02%

Percentage of Limit

Percentage of Limit
2.20E-03%
2.10E-03%
4.10E-03%
1.56E-03%



Table 4.1-1 (continued)

Percent of Technical Specifications Limits/Objectives
for Liquid Effluent Releases During 1994

E. Annual Total Body Dose Objective
PNPS Technical Specification 7.2.A.2
Objective: 3 mrem Total Body Dose

Period Value (mrem) Percentage of Limit

F. Quarterly Organ Dose Objective
PNPS Technical Specification 7.2.A.1
Objective: 5 mrem Organ Dose

Period Value (mrem) Percentage of Limit
Ist Quarter 8.35E-05 1.67E-03%
2nd Quarter 7.02E-05 1.40E-03%
3rd Quarter 1.31E-04 2.62E-03%
4th Quarter 4.51E-05 9.01E-04%

G. Annual Organ Dose Objective
PNPS Technical Specification 7.2.A.2
Objective: 10 mrem Organ Dose

Period Value (mrem) Percentage of Limit
Annual 3.11E-04 3.11E-03%
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4.2

Gaseous Effluent Releases

Organ dose limits and objectives for the maximum individual from radioactive
iodines, particulates, and tritium from PNPS Technical Specifications are shown
in Table 4.2-1. The maximum quarterly and annual organ doses from Tables 1.2-1
through 1.2-5 were used to calculate the percentages shown in Table 4.2-1. The
resulting organ doses from Pilgrim Station’s gaseous releases during 1994 were a
small percentage of the corresponding limits and objectives.

Dose 1imits and objectives for exposures arising from noble gases are also
presented in Table 4.2-1. The maximum quarterly air doses and annual whole body
and skin doses listed in Table 1.3-1 were used to calculate the percentage vaiues
shown in Table 4.2-1. A1l doses resulting from noble gas exposure were a small
percentage of the applicable Timits and objectives.
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Table 4.2-1

Percent of Technical Specifications Limits/Objectives
for Gaseous Effluent Releases During 1994

A. Annual Dose Rate Limit - Noble Gases
PNPS Technical Specification 3.8.D.1.a
Limit: 500 mrem/yr Total Body Dose

Period Value (mrem/yr) Percentage of Limit

B. Annual Dose Rate Limit - Noble Gases
PNPS Technical Specification 3.8.D.1.a
Limit: 3000 mrem/yr Skin Dose

Period Value (mrem/yr) Percentage of Limit

C. Annual Dose Rate Limit - Particulates, lodines, & Tritium
PNPS Technical Specification 3.8.D.1.b
Limit: 1500 mrem/yr Organ Dose

Period Value (mrem/yr) Percentage of Limit

D. Quarterly Dose Objective - Noble Gas Gamma Air Dose
PNPS Technical Specification 7.3.A.1
Objective: 5 mrad Gamma Air Dose

Period Value (mrad) Percentage of Limit
Ist Quarter 5.56E-01 1.11E401%
2nd Quarter 3.32E-01 6.64E+00%
3rd Quarter 3.74E-01 7.48E+00%
4th Quarter 1.30E-01 2.60E+00%

E. Annual Dose Objective - Noble Gas Gamma Air Dose
PNPS Technical Specification 7.3.A.2
Objective: 10 mrad Gamma Air Dose

Period Value (mrad) Percentage of Limit

Annual 1.55E+00 1.55E+401%
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Table 4.2-1 (continued)

Percent of Technical Specifications Limits/Objectives
for Gaseous Effluent Releases During 1994

Quarterly Dose Objective Noble Gas Beta Air Dose
PNPS Technical Specification 7.3.A.1
Objective: 10 mrad Beta Air Dose

Period Value (mrad) Percentage of Limit

1st Quarter .62E400 2.62E+01%
2nd Quarter 1.69E400 1.69E+01%
3rd Quarter 2.67E+00 2.67E401%
4th Quarter .86E-01 5.86E+00%

Annual Dose Objective Noble Gas Beta Air Dose
PNPS Technical Specification 7.3.A.2
Objective: 20 mrad Beta Air Dose

Period Value (mrad) Percentage of Limit

Annual 8.62E+00 .31E401%

Quarterly Dose Objective Particulates, lodines, & Tritium
PNPS Technical Specification 7.4.A.1
Objective: 7.5 mrem Organ Dose

Period Value (mrem) Percentage of Limit

Ist Quarter L93E-01 3.91E+00%
2nd Quarter 5.