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EXECUTIVE SUMMARY

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

January ) through December 31, 1991, The information presented in this report
fs prepared under Technical Specification 6.9.C.)0.a as supplemental
information to radioactive effluent release data submitted on a semiannual
basis in accordance with NRC Regulatory Guide 1.2).

This report contains an assessment of radiological impact on humans resulting
from releases of radioactivity in Yiquid and gaseous effluents and direct
radiation exposure. Doses from radioactive effluents to a maximum exposed
hypothetica! Yndividual 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 1imit or objective which the doses represented.
Liquid Effluent concentrations were also used to determine percent of
Technical Specification concentration 1imits. These percentage values are the
fina) supplementa)l data necessary to complete the two semiannual Radiocactive
Effluent and Waste Disposa) Reports prepared during the reporting period.

Radiological Impact on humans

ine release of radioactivity in liquid effluents from PhNPS during 18§,
resulted in a total body dose of about 0.002 mrem to the maximum-exposed
hypothetical individual. The maximum hypothetical dose to any organ from
1iquid effluents was about 0.003 mrem. The tota)l body dose from liquid
effluents to the entire population within 50 miles of PNPS was about 0.02
persor-rem, The average individual 1iving within 50 miles of PNPS received a
total vody dose of less than 0.000004 mrem from 1iquid effluents released
during 1991,

The release of radioactivity in gaseous effluents from PNPS during 1991
resulted in a total body dose to the maximum-exposed hypothetical individual
of about 0.2 mrem from radioactive particulates, fodines and tritium. The
maximum hypothetical dose to any organ from radioactive particulates, fodines
and tritium was about 2.6 mrem. Noble gases released in gaseous effluents
resulted «n a maximum total body dose of C.3 mrem, with a corresponding skin
dose of 1.2 mrem. A1 of these maximum doses occurred to a hypothetical
individua! located on property under Boston Edison's (BECo) control. The
maximum, hypothetical total body dose from the release of radioactivity in
gaseous effluents was 0.5 mrem. The total body dose from gaseous effluents to
the entire population within 50 miles of PNPS was about 1.6 person-rem. The
average individual living within 50 miles of PNPS received a total body dose
of less than 0.0004 mrem from gaseous effluents released during 1991,
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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 pro:iaitg to the station indicated direct radiation exposure. However,
the dose to a hypothetica)l member of the public accessing such areas on BECo
property during 199) was estimated as being less than 0.7 mrem. There was no
measurable increase during 199) in direct radiation measurements at the
nearest resident to PNPS,

The collective total body dose to a maximum-exposed hypothetica)l individual
from 1iquids, gases, and direct exposure resulting from PNPS operations during
1991 was calculated as being 1.2 mrem. This amount is about 0.4% 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 radicactive effluents were compared to the
applicable Technical Specifications dos» 1imits and objectives. Al Aoses
from 1iquid effluents were less than 0.2% of their corresponding 1imit or
obeective. In addition, a)! quarterly average concentrations of liquids
releused to Cape Cod Bay were also less than 0.2% of the corresponding
1imits. Maximum doses resulting from releases of particulates, lodines and
tritium in gasecus effluents were less than 18% of corresponding 10CFRS0
objectives. Noble gas doses were less than 7% of the corresponding 10CFRS0
dose objectives.

Conclusion

None of the PNPS Technical Specifications 1imits and objectives associated
with 1iquid and gaseous effluents were exceeded during 199), Compliance with
these Yimits and objectives ensured th.t the rad$olo?ical impact from PNPS
operations was kept as low as s reasonably achievable, in accordance with
10CFRSO 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 1991, there was no significant impact on the
general public from Pilgrim Station's operation.
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Maximum Individual Doses

Doses to the maximum exposed individual resulting from radionuc)ides
in effluents released offsite were calculated using methods presented
in the PNPS Offsite Dose Calculation Manual (Ref. 1), NRC Regulatory
Guide 1,109 (Ref. 2), NKC Regulatory Cuide 1.111 (Ref. 3) and the
Pilgrim Station Unit ] Appendix I Evaluvation (Ref. 4). Maximum
individual doses are calculated separately for: (1) liquid
effluents; (2) particulates, fodines and tritium in gaseous
efriuents; and, (3) noble gates 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 1igquid and gaseous effluent releases are
sumnarized in twe semiannual Radioactive Effiuent and Waste Disposa)
Reports (Ref. 5 and 6). Copies of this information are ingivoged in
Appendix A of this report, These effluent relcase data were used as
input to computer programs to calrulate the resulting doses. The
Yankee Atomic Electric Company "YODA"-series of computer programs was
used to compile the dose contributions to the various argans in each
age class from major exposure pathways (Ref. 7).

Roses From Liguid 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 radionuc)ides released in
1iquid effluents are presented in Tables 1.1-1 through 1.1-5. These
tables cover the individual calendar quarters and tota)l calendar
year, respectively.

Tables 1.1<1 through 1.1-5 summarize the maximum total body, skin and
organ doses for the adult, teen and child age classes resulting from
the major 1iquid 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 wge class are not
inciuded in any of the tables.

Radiocactivity released in ligquid effluents from PNPS during 199)
resulted in a maximum total body dose (teen age class) of 1.72£-03
mrem. The maximum organ dose (adult age class, gastrointestinal
tract/lower large intestine) was 3.0B8E-03 mrem,
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1.2

Roses From Gaseous Effluent Releases

Gaseous effluent release da‘a presented in Tables 1A, 1B and 1C from
the semiannua) effluent release reports were used as input to the
Yankee Atomic “YODA" computer programs to calculate radiation doses.
These data includz gaseous releases from the PNPS main stack, reactor
building vent and turbine building roof exhausters. Meteoorologica)
data obtained from the PNPS 220-foot meteorological tower during 199)
were also used as input to the Yankee Atomic Electric Company's
“AEOLUS" computer program (Ref. 8). This computer program calculated
the atmospheric dispersion and deposition factors used in the
"“YODA"~series of computer pro?rans to calculate maximum individua)l
doses. These various dispersion (X/Q) and deposition (D/Q) factors
are presented in Appendix B of this report.

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

Tables 1.2<) through 1.2-5 summarize the maximum total bedy, skin and
organ coses 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 tabies presents the information for the

maximum-exposed individual at the most restrictive site
boundary location, where only inhalation and ground deposition
exposure pathways are assumed to occur. Since this 1s a shoreline
location effectively controlled by Boston Edison 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 199)
resulted in a maximum tota! body dose (teen age class) of 2.39(-0!)
mrem. The maximum organ dose (chiid age class, thyroid) was 2.56E+00
mrem, Both of these doses occurred to hypothetical individuals at
the shoreline 100 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 1.74E-02 mrem (child age class at a location 820 meters
(0.5 miles) southeast of the Reactor Building yiela188 garden
vegetables), while the maximum organ dose was 1.17E400 mrem (infant
thyroid at a location 3970 meters (2.5 miles) west-southwest,
ylelding vegetables and cow and goat milk),
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Table 1.241

MAXIMUM INDIVIDUAL ORGAN DOSE AT RECEPTOR LOCATION =« (mrem)
From GCasecus Release
Perind: January ~ March 1991
Receptor: Bound Garden Fesident Cow Goat Meat Cow Meat
Direction: N SE ESE WEW 8 W
Distance: &0m 820m 800m 3970m I800m £770m
Pathivay*: DI [4) & Dl DIVCG DIVM DIVCM
Age Class* Adult
Bone 1:01E=«02 7,.45E«03 1.69E~04 4,.79E~04 2.87E~04 1.15E~-04
Liver 1.01E~01 5.1.iE«03 1,54E~03 5.80E~04 3.853E~04 1.74E~04
Kidney 1.02E~01 $5.2€6E~03 1.%6E~03 7.10E-04 3.67E~04 1.95E~04
Lung 1.03E-01 4.95E~03 1.57E~03 4.00E~04 3.37E~04 1.47E~04
GI-LLI 1.00E=01 $.53E«03 1,.53E~03 4.80E«04 3,62E~04 1.62E~04
Thyreid 6.38E~01 7.07E~02 9.16E«03 S5.BBE~02 6.32E~03 9.,17E-03
W Body 9.98E~02 6,20E~03 1,52E~03 5,53E-04 3.BBE~04 1.77E~0D4
gkin 7.13E-04 4.34E-05 4.44E~05 2.96E~06 3,19E-06 8.90E~07
Age Class: Teen
Bone 1.17E-02 9,91E-03 1.92E-04 7.25E~-04 3.73E~04 1.61E~-04
Liver 1.,02E<01 5.62E~03 1.56E~0) 7.B4E~04 3.72E~04 2.07E~04
Kidney 1.04E~01 S5.78E~0) 1,59E~03 1.01E~03 3.85E~04 2.40E~04
Lung 1.07E-01 5.51E~03 1.63E~03 4.77E-04 3.59E~04 1.63E~04
GI-LLI 1.,01E=01 6,11E~0Q3 1,54E~03 $.78BE~04 3.82E~04 1.BOE=04
Thyreid 7.84E~01 6,31E~02 1.12E~02 B.96E~02 5.48E-03 1,32E-02
W Body 1,01E=01 7.03E=03 1.54E~03 7.07E=04 4.18E~-04 2.04E~04
8kin 7.13E~04 4.34FE~05 4,44E-05 2,96E~06 3,19E~-06 8.90E~C7
Age Class: Child
Bone 1.24E~02 1.92E=02 2. 02E«04 1.54E~-03 7.15E-04 1.2BE~-04
Liver 9.07E~02 7.72E~03 1 39E~03 1,23E~03 S.07E«04 3,.05E~04
Kidney 9.27E-02 7.89L~03 1.41E~-03 1,58BE~03 5,.22E-04 J.55E-04
Lung 9.850E-02 7.54E~03 1.45E~03 6.99E~04 4,89E~04 2.29E-04
GI-LLI 8.86E~02 7,97E~03 1.36E~03 7.78E~04 5.04E~-04 2.42Z-04
Thyroid 8.97E~01 9.23E~02 1.28E~02 1.75E-0]1 B.01E~02 2.54E-02
W Beody 8.96E~02 1,02E~02 1.37E-03 1.,12E~-03 5.92E~04 3,04E~-04
8kin 7.13E-04 4.34E~05 4.44E~-085 2,.96E-06 3,19E-06 B8.90E~07
Age Class: Infant
Bone 6.90E~03 1.17E~04 1.2%E~04 ).69E-03 7.95E-06 2.13E=-04
Liver §.35E~02 7.68E~04 8,.28E~-04 1.B3E~03 4.BE6E~05 2,72E~04
Kidney 8,40E=02 7.74E~04 8,35E~04 2.04E-03 4.91E-05 3.01E~04
Lung 5,.74E=02 8.17E~04 8,B2E~04 5,63E~04 5.07E-05 9.99E-05
GI-~LLI 6§.10E=02 7.385E~04 7.93E~04 6,.23E-04 4.5%E~05 1,07E~04
Thyroid 7.,93E-01 1.04E~02 1,13E~02 4.]11E-0] B.43E~04 5.63E~02
W Body §,19E-02 7.46E-04 8.05E~-04 1.15E-03 4.6BE-05 1,78E~04
Skin 7.13E-04 4.34E~05 4.44E-05 2.96E~0€6 3.1%E~06 B.90E=07
*+ Pathway designations are as follows:

D = Depostion (Ground Plane) C = Cow Milk

I = Inhalation G = Goat Milk

V = Vegetable Garden M = Meat



MAXIMUM INDIVIDUAL CRGAN DOSE AT RECEPTOR LOCATION ==
From Gaseous Release
April = June 1991

Feriod:

Receplor!
Direction:

Disturce:
Pathway+:

Age Class!:

Bone
Liver
Kidney
Lung
Gl-LLI
Thyreid
W Body
8xin

hge Class!

Bone
Liver
Kidney
Lung
GI-LLI
Thyroid
W Body
8kin

Age Class!

Bone
Liver
Kidney
lung
GI-LLI
Thyroid
W Body
Skin

Age Class:

Bone
Liver
Kidney
Lung
GI-LLI
Thyreoid
W Body
Skin

* Pathway designations are as follows:
D = Depostion (Ground Plane)

Bound
NNE
100m
D1

Adult

6.34E-02
1,02E-01
1.04E+~01
1,10E€-01
1.02E«01
7.34E-01
1.00E-01
7.18E~02

Teen

6.43E~02
1.03E=01
1:.06E+~0]
1.1€6E-Q1
1.02E-01
9.08E~01
1.01E-01
7.18E~02

child

6.55E-02
$.87E-02
1.01E-01
1.09E-01
9.62E~02
1.04E+00
9.67E~02
7.18E=02

Infant

6.44E-02
8.40E-02
8.485E~02
9.19E~02
8,10E-02
9.51E~01
8,18E-02
7.18E-02

Table 1.2-2

Garden
SE
820m
piv

1.238E~03
2:.27E-03
2' 32!'03
?2.22E-03
2.36E~03
3.84E~02
2.23E-03
7.61E~04

1:.57E-03
2,46E-03
2:.49E-03
2.44E~03
2.52E-03
3.27E-02
2:.398~03
7.61E~04

2:,77E=03
3,15E-03
3,16E-03
3.04E~03
3.,05E-03
4.65E-02
3.06E~-03
7.61E~-04

6.82E~04
8.92E~04
&,97E~04
9.71E~04
B.61E~04
9.71E~03
8,70E~04
7.61E~04

I = Inhalation
V = Vegetable Garden

Cow Goat Resident

WEW
3I970m
pIVCG

4.0BE~04
7:37E-04
9.04E~«04
4,53E~04
8.51E~04
€.55E-02
€.13E-04
9.38E~05

42E~04

2E=03
+31E=023
«32E~04
+46E~04
+30E~01
«T12E=04
+J8E~0D

LIRS R S S

1,43E-0Q3
1,59E~03
2,02E-Q3
7.34E-04
8.14E~04
2.55E~01
1.17E~03
9,38E~05

2.19E-03
2.60E-03
2.79E~03
6.15E~04
€.68E~04
5.97E-01
1.41E-03
9.38BE-QS

ESE
800m
D1

7.79E-04
1.24E+~02
1,26E~03
W 32:'03
1.,23E-03
8.34E~03
1:.32E-03
E.86F~04

7.90E~-04
1.,28E-03
1.28E~03
1.39E-03
1.24E+03
1.03E~-02
1.,23E«93
#.B6E~04

8.03E~04
1.20E-03
1.22E-03
1.31E~03
1.17E~03
1,1BE~02
1.18E-03
8.86E~-04

7.91E-04
1.02E+~N3
1.03E-03
1,11E-03
9.90E~04
1.08E~02
$.99E~04
8.86E-04

=00

Meat
S
3800m
DIVM

1 ' 1‘5'04
2:14E-04
- J2E~04
1.91E~04
2.12E~04
9.15E-03
2.02E~04
4-91E~08

1,38E~7

2:23E=0a
2.40E~04
2.04E-04
2.16E~04
" B8E-03
~ s 09E~04
4.91E~0%

2-5"’:-04
2.88E-04
3,06E~04
2057:“‘04
2.62E~04
1.15E-02
2.73E-04
4.91E-08%

4.,61E~05
6.46E-08
6.54E~05
6.97E=05
6.03E~05
1,31E-03
6.16E-05
4.91E-08

= Cow Mil

(nrem)

Cow Maat
W

8770m
DIVCM

$.12E~08
1.66E~04
2.05E-04
1.10E-04
i.33E-04
1,.88E-02
1.41E~04
2:.48E~-0%

1.34E~04
2.13E-04%
¢.77E-04
10212'04
1,46E-04
2.68E~02
1.67E=04
2.48BE~05

2.87E~04
3,20E~04
4.15E-04
1.,59E~04
1.,76E~04
5.14E~02
2.46E~04
2.4BRE~05

3,70E-04
4.44E-04
4.95E-04
8.31E~05
9.34E-05
1.15E-0]
2.34E~-04
2.48E-05

X

= Goat Milk

= Meat
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Table 1.2-3

MAXIMUM INDIVIDUAL ORGAN DOSE AT RECEPTOR LOCATION =« (mrem)
From Gaseous Release
Period: July =~ September 1991
Receptor: Bound Garden Resident Cow Coat Meat Cow Meat
Pirection: NNE SE CE WEW 8 W
Distance: 100m 620m 790m 2970m I800m 5770m
Pathway+*: DI p1v D1 pIvVes DIVM DIVCM
Age Class: Adult
Bone 2:02E=C2 J3,52E~0) 2.06E~04 5.BO0E~04 5.13E~04 1,86E-04
Liver 3,64E-02 1,01E~03 4.02E~04 1.72E~04 B.20E~0% 6.73E~06
Kidney 3.69E~02 1.02E~03 4,.07E«04 2.10E~04 8.99E~05 7.68E~08
Lung 5.51E~02 1.20E~03 6.09E~-04 1.35E~04 B.B2E~05 6.2BE~0S
GI~LLI 4.03E~02 1.55E=03 4.4%E~04 2.22E~04 1.859E~«04 8.86E~0%
Thyroid 1.959E«01 S5.45E~0) 1.82E=03 1.65E~02 3.25E-03 4.08E=02
W Body J,63E~02 1.22E~03 4.00E~04 1.81E~04 1.13E~04 7.31E~05
Bkin 1.66E=02 1.5)E=04 1.62E~04 1.16E-05 1.33E~085 4.51E~06
Age Class: Teen
Bone 2.19E~02 5,11E~03 2.25E~04 9,.19E~04 7.24E~04 2.76E~04
Liver 3,68E~02 1.11E~0) 4.06E~04 2.J0E=-04 6.53E~05 8.06E~08
Kidney 3.75E~02 1,12E~03 4.14E~04 2.96E~04 9.31E~05 9.61E~05%
Lung 6.8B3E~02 1.42E~03 7.57E«04 1.66E~04 1.03E~-04 7. 39E~0H
GI-~LLI 4.07E-02 1.70E~03 4.50E~-04 2.65E-04 1.65E~04 9.78E~0%
Thyroid 1.,96E~01 S5,43E~03 2.25E-03 2.52E~02 2.82E-03 5.92E-02
W Body J3.65E~02 1.38E~03 4.03E~04 2.34E~04 1.2BE~04 B.6LE~DH
Ekin 1,66E-02 1.53E~04 1.62E~04 1.16E-05 1.33E~06 4.515-06
Age Class: Child
Bone 2.36E~02 1.14E~-02 2 .44E-04 2,12E-03 1.59E~0% 6.21E-04%
Liver 3.43E-02 1.47E-02 3.76E~04 3.57E~04 1.12E«04 1.,)8F~04
Kidney 3.49E~02 1.49E~03 3.B3E~04 4.57E~04 1.2CE~04 1.41E-04
lung 6.205-02 1.75E~03 6.B4AE~04 2.24E~04 1.20E~-04 9.53E~05
GI~LLI 3.56E~02 1,90E=0) 3.%1E~04 2.98E~-04 1.84E~04 1\,.11lE-~04
Thyroid 2.31E~0)1 7.61E=03 2,.66E-03 4,94E~02 4.17E~03 1.14E-D2Z
W Body 3,41E-02 2.03E~03 J3.74E~04 J.83E~04 1,.97E~04 |.33E-04
Skin 1.66E~02 1,5)E~04 1.62E~04 1.16E-05 1,33E~05 4.518~06
Age Class: Infant
Bone 1,98E~02 1,90E-04 2.02E~04 1.90E~03 1,.69E-0Q0% 2,.88E-04
Liver 2.60E~02 2,62E~04 2.79E~04 S5.31E~04 2.11E~08 1.18F~04&
Kidney 2.62E-02 2.64E-04 2.80E~04 5,.93E~04 2.15KE~085 1.31FK-04¢
Lung $5.14E~0% 5,28E~04 5.61E~04 1,B5E-04 4.24L-05 4,94E-08
GI-~LLI 2,60E-02 2.62E~04 2.78BE=-04 2.16E~04 1.98BE~05 4,69E«0%
Thyroid 2.08E-0]1 2,24E~C3 2.38BE-0) 1.16E~01 5,04E~04 2.852E~02
W Body 2.57TE=02 2.58E~04 2.74E~04 3 .77E~04 1.99E-05 7,94E~00
Skin 1,66E~02 1.53E~04 1.,62E~04 1.16E+05 1.33E~0% 4.51E~06
* Pathway designations are as follows:

D = Depostion (Ground Plane) C = Cow Milk

I = Inhalation G = Goat Milx

V = Vegetable Garden M = Meat
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NAXIMUM INDIVIDUAL ORGAN DOSE AT RECEPTOR LOCATION =«
From Gaseous Relaase
October = December 1961

Period:

Receptor!
Direction:
Distance:
Pathway+;

Age Class:

Borie
Liver
Fidney
Lung
GI~LL1
Thyroid
W Bedy
8kin

Age Clasni

Bone
Liver
Kidney
Lung
Cl1-113
Thyreid
W Body
kin

Age Class:

Bone
Liver
Kidney
Ly
GI~LLI
Thyreoid
W Body
Skin

Age Class:

Bone
Liver
Kidney
Luny
GI-1i1
Thyroid
W Bady
8kin

t* Pathvay designations are as follows:
D = Depostion (Ground Plane)

Bound
N

80m
Pl

Adult

6.99E-02
2.35E~02
<. 40E=02
4.,46E-02
2.61E-02
3.93E~01
2.1%5E-02
1.04E-0)

Teen

T.43E=03
2 * 345"02
2.885E~02
$,98E-02
¢.66E-02
5.08E~01
2.19E~02
1 . 04!-03

Child

8 .a$£°‘0a
2.11E~02
2,29E~02
§.23E~03
2.11E~02
6.24E~01
1.98E-02
1+04E~03

Infant

8.03E~02
2.38E=02
1 . ‘05“02
4.22E-023
1.20E-C2
5.696~01
1.19E-02
100‘:-03

Garden
SE
gzom
pIv

4,19E-03
1.08E-03
1.12E-0)
1.258-03
1,82E-~03
2.531=02
1.35E-03
4, ’2;‘05

5.95E~4)
1.15E-02
1,22E-03
1,53E-02
1.92E«03
2.38E~02
1.858-0)
A.B2E~05

1.30E-02
1,56E-03
1.64K-02
1.85E-03
2 06E~03
2.43E-02
2.35E-02
4.82E-08

1.04E-04
2.04E~04
2.108-04
- 523"0‘
1.R5E~04
7+18E~03
1.84E-04
4.B2E~05%

1 = Inhalation
V = Vegetable Garden

Table 1.2-4

Resident Cow Goat

ESE
800m
D1

1.18E=04
3,78E~04
J.96E-04
G6.80E~04
4.25E~04
5.77E-03
2:59E~04
5.23E~09%

1.39E=04
J.8BE~04
4. 1‘!'0‘
$.06E~04
4.33E-04
7.44E~03
3.65E~04
5.23E~08

1.59E«04
J,82E~04
J.T79E~04
7.96E-04
3,52E~04
9.13E«03
3.33E~04
S.23E~05

1.19E-04
2.36E~04
2.42E~04
6.44E-04
2.14E-04
8.,32E~03
2,13E~04
$.23E~05

1

WEW
970m
pPIVCG

1.57E-04
0.20E~08%
1,13E-04
4. 53!'05
7.61E-08
1:24E=02
7.22E=0%
2.1BE~06

20“£'°‘
1.20E~04
1.74E~04
5.66E~08
$.08E«05
2.085E~02
9. 74E-05
2.18E-06

5.64E~04
1.94E~04
2.76E-04
7.87E-058
1,01E~04
4.03E-02
1.63E-04
2.18E~06

5.92E~-04
3.54E-04
4.05E-04
6.23E=0%
7.6BE~-05
§.44E-02
1.98E-04
2.18E~06

TN

Meat
&
3B00m
DIVM

2.74E~04
6,%1E~08
8. 16E~08
6.73E~0%
1.08E=04
$. OOE'OJ
B.42E~0S
8.16E-006

J.76E~04
7:15E~05
8.3%E~0S
7:978-08
1.09E-04
4.38E~03
9. 4BE~03
EA 16!‘06

§.00E-04
9. 38E-08
1.07E~04
9.40E~08
1.10E-04
6,44E~03
1.39E~04
8.1€E-06

1.19E~-08
1,63E~08
1,.69E~05
3.,30E-08%
1.38E~08
8.30E~04
1.40E-08
8.1€6E~06

(myrem)

Cow Meat

¥
$770m
DIVCN

3.,9)E-08
1.93E-05
2.10E-08
$.16E~06
1.70E~08
2.41E-03
7.60E=07

5.78E~05%
2.09E-08
2,01E~05
1.09E~0%
1086&'05
2.850E=03
1,84E~05
P, 60E~07

1,28E~04
3.27E-08
4.685E~08
1.37E~08
1.91E-08
6.76E~02
3.01E-08
7.60E=07

7.86E-0%
£.32E-08%
6.13E-08
7.43E-06
B,B6E~06
1.851E-02
2.71E~0%
7.60E-07

« Cow Milk
= Goat Milk

= Meat
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MAXIMUM INDIVIDUAL ORGAN DUSE AT RECEPTOR LOCATION ==
From Gaseous Release
January =

Period:

Receptor:

Llrectieont

Distance:
Pathway*:

Age Class:

Bone
Liver
Kidney
Lung
GI-LLI
Thyroid
W Bedy
8kin

Age Class:

Bone
Liver
Kidney
ang
GI-LLY
Tuyroid
W Body
Skin

Age Cligs:

Bone
Liver
Kidney
Lung
GI-LLI
Thyreoid
W Body
Skin

Age Class:

Bone
Liver
Kidney
lu ng
GI-LLI
Thyroid
W Body
Skin

* Pathway designations are as follows:
D = Depostion (Ground Plane)

Bound
NNE
100m
Dl

Adult

8.40E-02
2.40E~01
2.45E~01
2.81E-~01
2.45E~0]
1.77E+00
2.36E~01
7.47E=02

Teen

E.90E~02
e«A3E~Q1
2+ 50E=~01
J.13E=01
2.47E-01
2.20E+00
2'3’E'°1
7.47E-02

Child

9.31E~02
2:24E~01
2.30E~01
4.83E=01
2.,20E~01
2.56E+00
2.19E-01
7:47E-02

Infant

8.14E-02
1.89E-01
1,60E-01
2+12E~01
1.52E-0)
4.31E+00
1.54E-0)
7.47E-02

Table 1.2-5

December

Garden
SE
B20m
DIV

1,82E~02
§.90E-03
1.01E-02
1,00E~02
1.16E-02
1,29E-01
1,11E-02
1.44E~03

2.09E-02
1.08KE~02
1.11E+-02
1.13E~02
1.27E~02
1019!‘0‘
1#2‘5*0:
1.44¥-03

4,33E~02
1.44E~02
1.46E~02
1.46E-02
1.54E-02
1.,71E~01
1.74E-02
1.44E-03

1.45E-03
¢.51E~03
e.53E~-03
3,18E=03
2-‘3:’03
3,02E~0Q2
2:+44E-02
1.44E~03

I = Inhalation
V = Vegetable Garden

12

1991

Regid 1t Covw Goat Meat

LsE
800m
DI

1.62E-02
4.05E«03
4,12E-03
4.65E-02
4.12E-03
2.65E~02
4.00E-02
1,56E~03

1,69E-03
4.10E~03
4-212'03
$«AE-D3
4.15E«03
3,28E-02
4.03E-03
1.56E~03

1,75E-03
3.B0E-03
3.8%E-03
4,66E~03
3,74E~02
30828‘02
J.74E-02
1.56E-03

1,5BE-02
2.80E-02
2.82E-03
.56E-03
¢.70E-03
3.44E-02
2.72F=03
1.56E-03

WEW
3970m
DIVCe

1.78E«03
1.63E-03
1.99E-03
1.13E-03
1.45%E~02
1. 67E~01
1,81E«03
7.72E~086

+73E~03
2.21E=03
2.B4E-D3
1.36E~03
1.73E=03
2.04E~01
1.92E-03
7.72E=08

6.21E~03
3.46E~-03
4,41E~03
1:.93E-~03
2020E-03
‘t’?E’Ol
3:,03E~03
7.72E-085

6,59E-03
§,28E~03
8.78E~02
1.87E~03
1.74E-03
1.17E+00
3,23E~03
7.72E~05

200

s
3800m
DIVM

i:14E-03
T.39E-04
7.94E~04
7.02E-04
B.585E~04
2,47E~02
8,01E~04
7.76E~08

1.54E~03
T.73E~04
1, 26E~04

+B6TE~04
‘-875"04
2.14E€~02
B.50E-04
T.76E+08

3.21E~03
1.03E~03
1.09E«03
8.8BE~04
1.,06E~03
3‘1‘5-02
1.21E=03
7.76E~05

B.67TE~0$
1-56E‘04
1.5%E-04
2,02E-04
1-‘55'06
3.60E-023
1.48E~04
7:76E-08

{mrem)

Cow Maeat
W

£770m
DIVCM

4.5BE~0Q4
4.61E~04
5.37E~04
3:6‘2'04
4.46E-04
3.48E~-02
4.46E-04
2:51E~0%

6.68E=04
5.64E-04
6.BAE~04
4.14E~04
4.92E«04
4.98E~02
5,22E-04
2:81E~08

1.45E=03
8.37E-04
1,02E«03
5.61E~04
6:15E-04
9.87E-02
7.84E~04
2.51E~05

9.74E~04
9.13E-04
1.,02E-012
2,66E~04
2.8lE~04
2.12E-01
S.45E-04
2.51E~08

= Cow Milk
= Goat Milk

= Mgat



1.3

Doses from Noble Gas Releases

Noble gas release data presented in Tables 1A, 18 and 1C from the
semiannua) effluent release reports were used as input to the Yankee
Atomic “YODA™ computer programs to calculate radiation doses. Doses
resulting from noble gas releases were calculated using 1991
meteorological data, as described in Section 1.2 of this report. The
varfous dispersion (X/Q) factors calculates with the “AEOLUS"
computer program and used to estimate doses 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 individua) calendar quarters and total calendar year.

Noble gases released In gaseous effluents from PNPS dur1n? 1991
resulted in a maximum total body dose of 3.07E~01 mrem. The maximum
skin dose was 1.21E400 mrem. Both of these doses occurred to a
hypothetical individual at the shoreline 100 meters (0.1 miles)
north-northeast of the PNPS Reactor Bullding, an area 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.

13
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Table 1.3-1

Maximum Doses From Noble Gas Releases During 199)

Gamma Beta Whole
Alr Dose Air Dose Body Dose Skin Dose
Release
—etriod L (location) Shecation) Shocationd L (LoCation .
January 3.14E-02 mrad 8.6BE-02 mrad 2.09E-02 mrem 8.08E-02 mrem
through
March (0.1 mi. E) (0.1 mi. N) (0.1 m, £) (0.1 mi., N)
Apri) 1.24E-0) mrad 4.12€-0) mrad 8.32E-02 mrem 4.450-01 mrem
through
June (0.1 mi. NND) (0.1 mi. NNE) (0.1 mi. NNE) (0.1 mi. NNE)
July 3.27€~01 mrad 2.47E-01 mrad 2.19€<01 mrem 4.17E-01 mrem
through
September | (0.3 mi, SSE) (0.1 mi. NNE) (0.3 mi, SSE) (0.1 mi. NNE)
October 7.78E-02 mrad 5.376-0) mrad 5.14E-02 mrem 4 66E-01 mrem
through
December (0.1 mi. N) (0.1 mi. N) (0.1 mi, N) (0.1 mi, N)
January 4.60E-01 mrad 1.13E+00 mrad 3.076<07 mrem 1.2YE+00 mrem
through
December (0.1 mi. NNE) (0.1 m. N) (0.1 mi. NNE) (0.1 mi. NNE)

14
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2.1

Doses from Liguid Efflvent Releases

Population tota) body doses (person-rem) resulting from releases of
radionuc!ides in Viguid effluents are presented in Table 2.1-1,
This table includes the doses for the four calendar quarters and
entire year resulting from the varfous 1iquid exposure pathways.
The corrospondin? average individual tota) pvody doses (mrem) are
presented in Table 2.1-2.

Radioactivity released in Yiguid effluents fron PNPS during 1991
resulted in a population total body dose of 1.52E-02 person-rex.
The corresponding average individual total body dose was 3.63E-06
mrem,

17
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Population Doses From Gaseous Effluent Releases During 1991

able 2.2-1

! :

Population Tota! Body Dose (person-rem)

Exposure Pathway 1st QTR 2nd QTR 3rd QTR 4th QTR Annual

Noble Gas 9.29€-02 2.65€-0) 1.25€+00  1.44£-01 1.56E+00
Ground Deposition 1.82E-04 2.92E-03 6.04E-04 4, 356-04 4.17E-03
Inhalation 1.04€-02 5.386-03  2.90£-03 1.938-03  2.37E~ti2
Vegetables 9.616-04  6.29E-04 3.46E-04 1.79E-04 2.46E-03
Milk 7.92€-04 7.647.4 3.21E-04 1.83E-04 2.31€-03
Meat 3.54E-05  2.5B8E-05 1.216-0v; 5.26E-06 §.25€-05
Total 1.05E-01 2.75E-01 1.25€+00 1.47E-01 1.59E+00

Table 2.2-2

Average Individual

Doses From Gaseous Effluent Releases During 1991

Average Individual Total Body Dose (mrem)

Exposure Pathway Ist QTR 2nd QIR 3rd QTR 4th QTR Annual

Noble Gas 2.22E-05 6.34E-05 2.99E-04 3.44E-05 3.73E-04
Ground Deposition 4 .35E-08 6.99€-07 1.44E-07 1.04E-07 9.98E-07
Inhalation 2.49E-06 1.29E-06 6.94E-07 4.62E-07 5.67E-06
Vegetables 2.30€-07 1.50E~07 8.28E-08 4.28E-08 9.89E-07
Milk 1.89E-07 1.83E-07 7.68E-08 4.38E-08 5.53E-07
Meat 8.47E-09 6.17€-09 2.89E-09 1.26€E-09 2.21E-08
Total 2.52E-05 6.57E-05 3.00E-04 3,.51E-05 3.81E-04

20



3.0

Qff.ite Direct Radiation Measurements

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

Thermolyminescent dosimeters (TLDs) are located at 79 sites beyond
the boundary of the PNPS resir.cted/protected area. A number of
these TIDs are actually located on Boston Edison property in close
proximity to the station proper. The TLDs are collected on a
quarterly basis and used to calculate the direct radiation exposure
(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
guarter 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), particuiate materials deposited on the ground, cosmic rays
from ovter space and from natural-occurring radioactivity in the soi)
and air. Typically, the exposure from cosmic rays and other natural
radioactivity components .s about 40 - 70 mrem/yr. As calculated in
Sections 1.2 and 1.3 of this report, the doses from PNF> effluent
emission are below 1 mrem/yr and would not be discernible above the
natura! 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 raterial is enclosed in the process Tines
and not released into the envivonment, the direct radiation exposure
and sky shine from this contained source accounts for the majority of
the direct radiation dose, espectally in close proximity to the
station. Other sources of direct radiation exposure include
radiation emitted from contained radiocactive sources or radwaste at
the facility. Despite these sources of direct r.diation exposure at
PNPS, increases in exposure from direct radiation are typically not
observable above background radiation levels at locations beyond
Scston Edison controlled property.

The average exposure values presented in Table 3.0-2 appear to
indicate an elevation in direct radiation exposure in TLD Zone 1,
those TLDs within 2 miles of PNPS. However, these differences are
not statistically significant due to the nigh variability of exposure
values in the various zones. Most of this apparent elevaticn is due
to increases in exposure levels measured at the TLD locations on
Boston Ed'son property in close proximity to the station proper. For
example, the annual exposure at TLD location OA, located at the
Overlook Area near the PNPS I&S Building, was 208 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 exposure.

21



3.0

QOffsite Direct Radistion Measurements (continued)

Although the annual exposure at TLD location OA was 147 mR/yr over
the average Zone 4 exposure rate, this area is not continuously
occupied by members of tne general public. When adjusted for sush
occupancy, a hypothetical member of the public who was at this
location for 40 hours per year would only receive an incremental dose
of 0.7 wrem over natural background radiation levels. At the nearest
residence BOO meters (0.5 miles) southeast of the PNPS Reactor
Building, the arnual exposure was 61.7 ¢ 4.0 mR, which compares quite
wid 1 to the Zone 4 annual average of 61.4 ¢ 8.7 mR,

Although some of the TLDs in close proximity to PNES indicate
increases in exposure levels from direct radietion, such increases
are localized to areas under Boston Edison control. For members of
the general public accessing Boston Edison controlled (e.g.,
Shorefront Recreation Area, I&S Building, Parking Lots, etc.), such
increases in dose from direct radiation exposure z-e estimated as
being less than 1 mrem/yr.

22
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4.0

4.

1

Percent of .echnical Specifications Limits/Objectives

The PNPS Technical Specifications contain dose and concentration
1imits for radioactive effluents. In addition, operational
ob?ectives ara2 also specified which, {f met, ensure that radiocactive
releases are maintained as low as is reasonably achievable. The
percentages of the PNPS Technical Specifications were determined from
the doses calculated in Sectinn !, the 1iquid concentrations 1isted
in the 1991 semiannua)l Efflue.c Release and Waste Disposal Reports,
:n? ?he Technica: Specifications 1imits/objectives 1isted in Tables
1-1 and 4.2-1,

The percent of applicable limits 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 liguid or gaseous
effluent release pathways.

i ffluen

Liquid effluents concentration limits and dose objectives from FNPS
Technical Specifications are shown in Table 4.1-1. The quarterly
average concentrations from the 1991 semiannual Radiocactive Effluent
and Waste Disposal reports were used to calculate the percent
concentration 1imits. The maximum quarterly and annual whole body
and organ doses from Tables 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 ligquid
releases during 1991 were a very small percentage of the
corresponding limits and objectives.

24



Table 3.0-1
AVERAGE TLD EXPOSURES BY DISTANCE ZONE DURING 1991

Average Exposure ¢« Standard Deviation (mR/period)

R ——————————————————— e R

Zone 1* lone 2 lone 3 lone 4
Okm« 3 km 3km <~ 8 km B km -~ 15 km > 15 km
Period Avg StD Avg StD Avg StD Avg StD
Qtr-1 17.7 ¢ 1.) 14.4 &+ 2.5 13.8 &+ 1.6 15.0 ¢ 1.9
Otr-2 16.8 &+ 3.2 14.9 &+ 2.6 14.5 + 2.1 16.2 ¢+ 3.2
Qtr-3 15.2 & 4.1 16.2 ¢ 2.7 14.8 ¢+ 1.9 15.6 ¢ 1.6
Qtr-4 19.6 ¢ 12.1 14.5 4+ 2.7 14.0 ¢ 1.6 14.6 + 1.8
Year 71.8 &+ 30.0 59.1 «+ 10.4 $7.8 -3 1.8 61.4 + 8.7

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

Lo



Table 4.1-1

Percent of Technical Specifications Limits/Objectives
for Liguid Effluent Releases During 1991

Objective:

Fission and Activation Product Concentration Limit (MPCy)
PNPS Technical Specification 3.8.A0

10CFR20 Appendix B, Table II, Column 2 Value

Period
Ist Quarter
2nd Quarter
3rd Quarter
4th Quarter

Period
15t Quarter
2nd Quarter
3rd Quarter
4th Quarter

Period
i1st Quarter
2nd Quarter
3rd Quarter
4th Quarter

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

Value (pCi/ml)

- -

1.69E-09
4.03E-09
9.93E-09
1.16E-09

Tritium Average Conrentration Limit
PNPS Technical Specification 3.8.A.1
3.0E-03 uCi/ml

Value (uCi/ml)

-

4 .B5E-07
2.21E-08
3.18E-06
7.32E-07

Value (uCi/m))

-

3.11E-11
NDA

3.89E~10

5.27E-09

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

.alue (mrem)
9.56E-05
2.44E-04
1.62E-03
1.76E<05

Fraction of Limit

) 16E-02%
1.716-02%
4.B1E-02%
4.02e-03%

- - - e

Fraction of Limit
1.62E-02%
7.35E-04%
1.06E-01%
2.484E-02%

- —— - - - - .

Dissolved and Entrained Gases Average Concentration Limit
PNPS Technical Specification 3.8.A.1
2.0E-04 uCi/ml

Fraction of Limit

- -

1.55£-05%

-

1.95E-04%
2.063E-03%

- - - - - - - -

Fraction of Limit
6.37E-03%
1.63E-02%
1.08E-01%
1.17E-03%

——————— - —_ - -, - - - - - - 7 - -~ - - - " - -
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Table 4.2-1

Percent of Technical Specifications Limits/Objectives
for Gaseous Effluent Releases During 199)

A. Annual Dose Rate Limit - Noble Gases
PNPS Technical Specification 3.8.0.1.a
Limit: 500 mrem/yr Total Body Dose

Period Value (mrem/yr) Fraction 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) Fraction of Limit

- —— -~ - - -

W — - - T~ - . - - - - - - - - - -

C. Annual Dose Rate Limit - Particulates, lodines and Tritium
PNPS Technical Specification 3.8.0.1.b
Limit: 1500 mrem/yr Organ Dose

Period Value (mrem/yr) Fraction of Limit

—— e -~ -

. - " - - - - - - - - - -

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

Period Value (mrad) Fraction of Limit
1st Quarter 3.14E-02 6.28E-01%
2nd Quarter 1.24E-01 2.50E+00%
3rd Quarter 3.27E-0) 6.54E+00%
4th Quarter 7.7BE-02 1.56E+00%

R e T el T N ———

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) Fraction of Limit
Annual 4.60E-0) 4.60E+00%
28




Table 4.2-1 (continued)

Percent of Technical Specifications Limits/Objectives
for Gaseous Effluent Releases During 199)

F. Quarterly Dose Objective - Noble Gas Beta Air Dose

PNPS Technical Specification 7.3.A.1
Objective: 10 mrad Beta Alr Dose

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

- . -

Value (mrad)
8.68E-02
4.12E-01
2.47E-01
5.376E-01

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

- -

- - - e A - . - - -

Value (mrad)

Fraction of Limit
8.68E-01%
4.120-00%
2.47E+00%
5.37E+00%

Fraction of Limit

-

M. Quarterly Dose Objective - Particulates, Iodinms and Tritium
PNPS Technical Specification 7.4.A.1
Objective: 7.5 mrem Organ Dose

-

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

Value (mrem)
B8.97E-01
1.04E+00
2.31E-01
6.24E-0)

Fraction of Limit
1.20E+01%
1.39€+01%
3.08E+00%
8.32E+00%

I. Annua!l Dose Objective - Particulates, lodines and Tritium
PNPS Technical Specification 7.4.A.2
Objective: 15 mrem Organ Dose

Period Value (mrem) Fraction of Limit
Annual 2.56E+00 ) E+01%
29
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Facility _PFilgrim Nuclear Power Station

b.
6.

EEFLUENT AND WASTE DISPOSAL SEMIANNUAL REPORT

Supplemental Information (199))
January ~ June 1991

Licensee __ DPR-35

Regulatory Limits

a. Fission and activation gases:
for skin at site boundary.

b,c. Jodines, particulates with
half-1ives >B days, tritium:

d. Liquid effluents: 0.06 mrem/month for total body

500 mrem/yr total body and 3000 mrem/yr

1500 mrem/yr to any organ at site boundary.

and

0.20 mrem/month for any organ (without

radwaste treatment).
Maximum Permissible Concentration

Fission and activation gases:
lIodines:

Particulates, half-1ives »8 days:
Liquid effluents:

amow

10 CFR 20 Appendix B Table 11

10 CFR 20 Appendix B Table 11

10 CFR 20 Appendix B Table 11
2E-4 uCi/ml for entrained noble gases,

10 CFR 20 Appendix B Table 11 values

for all other radionuclides.

Average Energy Not applicable

Methods used to determine radionuclide composition in effluents
a. Fission and activation gases:
b. lodines.

¢. Particulates:

d.

tiquid effluents: Sr-89, and Sr-90.

Batch Releases

High-purity Ge gamma spectroscopy for
all gamma emitters, radiochemistry
analysis for H-3, Fe-55 (liquids only),

a. Liquid Quarter
. . -&nd

1.  Number of batch releases: 24 28
2. Total time period for batch releases (minutes): 1.34E43 | 1.14E+3
3. Maximum time period for a batch release (minutes):|_1.35€+2 | 2.45€+2
4. Average time period for batch releases (minutes): | _S5.58E+1 | 4.07E+1
5. Minimum time period for a batch releuse (minutes):| 1.00E+1 | 2.00F«]
6. Average stream flow during periods of release of |,

effluent into a flowing stream (l1iter/min): 1. 17E«6 | 6.64F+5

Gaseous: Not applicable
Abnormal Releases

a. Liquid:
b. Gaseous:

None
Nong
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TABLE 1A

EEFLUENT AND WASTE DISPOSAL SE oY (1991)

QASEQUS EFFLUENTS SUMMAT) ‘
January - June 1991
l Quarter Quarter Est. Total
Unit 15t 2nd frror, %

A. Fission and activation gases
1. Jotal release i 3.38E402 4.831+02 22%
LWWM_JJMI 6.136401
3. Percent of Tech. Spec. limit b > .
B. Iodines
1. Total iodine-131 (4] 1.286-02 | 1.328-02 20%
2. Average release rate for period | wCi/sec] 1.626-03 § 1.67E-03
3. Percent of Tech. Spec. limit K, - -
C. Particulates
1. Particul, with half-lives>8 days!  Ci 6.46E-04 9.97£-04 213
LW%%M.LM
3. Percent of Yech. Spec. 1imi
4. Gross alpha radiocactivity Ci 3.48E-07 3.75€6-07
D. Tritium
1. Total release Ci 1,32E401 4.29E+00 20%
¢.Average release rate for period L uCi/secl 1.676+00 | 2.44£-0)
J. Percent of Tech. Spec. limit | % ‘s .

Note: for Table lA:

» Percent of Technical Specification Limit Values in Section A.3 through D
are to be provided in the annual supplemental dose assessment report to be
fssued prior to April 1, 1992.

1. NDA is no detectable activity.

2. LLD for gross alpha 1isted as NDA 1s 1E-11 uCi/ml.

A-2
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TABLE 2B

Janvary - June 1991

CONTINUOUS MODE BATCH MODE
|__Nuclides Released | _Unit | OQvarter | Ouarter | OQuarter | Ouarter |
No Continuous Mode Ist and
Releases during period
1. Fission and Activation Products
Na-24 % | 5.56E-05 NDA
Cr-51 Ci NDA | 1.8%E-04
Mn-54 Ci 1.096-04 | 1.626-04
- Ci 2. 12E-04 6.85E.-04
Fe-59 Ci NDA 1.77E-05_
Co-58 Ci 1.85E-05 2. 13E-08
Co-60 Ci 7.07E-04 1.42E-03
in-65 Ci NDA 1.83E-05
Sr-89 ¢l 1.05E-08 1.20E-08
Sr-90 Ci 7.07E-06 | -
Lr/Nb-8% Ci NDA 4,00E-05
- ()] NDA 1.78£-05_
Ru-103 ct NDA 9.95E-06
1-13] Ci 1.55E-08 2.90E-06
Cs-134 (%) 1.926-05 | 2.14E-Q7
Cs-137 Ci 1.52E-03 3.82E-04
Ba/la-140 Ci 4.39E-07 | 7.79E-06
Ce-14] Ci NDA 1.44E-05
Ce/Pr-144 Ci NDA 3.74E-05
Jotal for period Ci 2.67E-3 3.05€-3
2. Dissolved and Entrained Noble Gases
Xe-133 Ci 6.80E-07 KDA
Xe-135 Ci 4 B4E-05 NDA
Total for period Ci 4.91E-05 NDA

Notes for Table 2B:

)
8.

NDA is no detectable activity.

LLDs for nuclides listed as NDA are as follows:

Sr-89

I-131
Xe-133, 135
All Others

SE-8 uCi/ml
1E-6 wCi/ml
16-5 uCi/m
5E-7 uCi/ml

F-6




EEFLUENT AND WASTE DISPOSAL SEMIANNUAL REPORT

Suppiemental Informatior (1991)
July - December 199

Facility Pilgrim Nuclear Power Station =~ Licensee _DPR-35

1. Regulatory Limits

a. Fission and activation gases: 500 mrem/yr total body and 3000 mrem/yr
for skiy at site boundary.
b,c. lodines, particulates with
half-lives »8 days, tritium: 1500 mrem/yr to any organ &t site boundary.
d. Liquid effluents: 0.06 mrem/month for total body and

0.20 mrem/month for any organ (without
radwaste treatment).

2. Maximum Permisc<ible Concentration

a. Fission and activation gases: 10 CFR 20 Appendix B Table II

b. Jodines: 10 CFR 20 Appendix B Table II

c. Particulates, half-lives >8 days: 10 CFR 20 Appendix B Table 11

d. Liguid effluents: 2F-4 uCi/ml for entrained noble gases,
10 CFR 20 Appendix B Table II values
fo- all other radionuclides.

Average Energy Not applicable

4. Methods used to determine radionuclide composition in effluents

a. Fission and activation gases: High-purity Ge gamna spectroscopy for
b. lodines: all gamma emitters; radiochemistry

¢c. Particulates: analysis for H-3, Fe-55 (liquids only),
d. Liquid effluents: Sr-89, and Sr-90.

5. Bat:h Releases

a. Liquid Quarter
~ard_ Aih
1. Number of batch releases: 58 14
2. Total time period for batch releases (minutes): ;}.94:513,1 B.65E+2
3. Maximum time period for a batch release (minutes):|_1.656+2 | 9.00F+)
4. Average time period for batch releases (minutes): L 1 6. 18E+1
5. Minimum time period for a batch release (minutes):| 2.50E+) +
6. Average stream flow during perfods of release of
effluent intc a flowing stream (liter/minj: 7.33E+48 | 1.08E+9

b. Gasecus: Not applicable
6. Abnormal Releases
3. Ligquid: None

b. Gaseocus: None

A-7
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TABLE 1B

EFELUENT AND WASTE DISPOSAL SEMIANNUAL REPORT (1991)
GASEQUS £

31y - December 1991

CONTINUOUS MODE BATCH MODE
{_Nuclides Released | Unit | Quarier
3rd 4th No Batch Mode Releases
During Period
1. Fission gases
Kr-85m C 6. 71601 1 1.59E+0) N/A N/A
Kr-87 [ 1.66E402 3E400 N/A N/A
Kr- C 1756402 ] f+00 N/A N/A
Xe-133 Ci 2.79€+01 [ 2.60E+01 1 _ N/A N/A
Xe-135 Ci 2.21E+02 1 6.99£+00 N/A N/A
— T T . i 9.69E+01 | 2.768E+Q1 | _ N/A N/A
—Xe=138 Ci 4.04%+02 | 1.05£+02 N/A N/A
. Jotal for period Ci 1 166403 | 1. 97E+02 N/A N/A
2. lodines
g 1-13) Ci 3.02E-03 | 7.31E-03 N/A N/A
1-133 Ci 1.296-02 | 4.19E-02 N/A N/A
Jotal for period Ci 2.09E-02 4.92E-02 N/A N/A_
3. Particulates
. Mn-54 Ci NDA 3.156-06 N/ N/A
Co-58 Ci NDA 1.12E-06 N/A N/A
Co-60 Ci NDA 6.21E-06 N/A N/A
Sr-89 Ci 5.136-04 [ 4. 56E-04 N/A N/A
Sr-90 i 2.76E-06 | 3.27E-06 N/A N/A
Cs-134 Ci NDA NDA N/A N/A
Cs-137 Ci NDA NDA N/A N/A
Ba/la-140 Ci 9.45£.-04 1.05£-03 N/A N/A
Ce-14] NDA 1. 00F-06 N/A N/A
Total for period Ci 1.46E-03 | 1.52£-03 | N/A N/A
4. Tritium
| H-3 | ¢ 1 2. 006-01 | 1.126-01 |  N/A N/A

Notes for Table 1B:

1. NDA is no detectable activity.

2. LLDs for nuclioes listed as NDA are as follows:

Fission gases:

Iodines;

Particulates:

1E-4 uCi/ml
1E-12 WCi/mI
16-11 wCi/m)

A-9
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TABLE 1

July = December 1991
CONTINUOUS MODE

LEASE

BATCH MODE

| _Nuclides Released | Unit [ Qua
3rd

1. Fission gases

[ Quarter [ OQuarter
4th No Batch Mode Releases
During Period

Kr-85m Ci KDA —_NDA “N/A N/A
Kr-87 Ci I NDA NDA N/A N/A
- Ci NDA NDA N/A N/A
Xe-133 i 2.556-01 | 1.82E+00 N/A N/A
Xe-135 i 1.05E+01 [ 2.80E+0] N A N/A
o Xe-135m ci _ NDA 5, 14E+00 N/A N/A
e X8=138 - Ci NDA_ NDA N/A N/A
___JTotal for period i “1.0BE+01 | 3.50E+01 N/A N/A
2. lodines
A 2.1 Ci "4 B4E-04 | 1.66£-03 N/A N/A
1-133 i 3.63F-03 | 1.526-02 N/A N/A
| Total for period i 4. 0BE-03 | 1.68E-02 |  N/A NA
3. Particulates
Co-60 Ci 2.14£-05 NDA $ N/A N/A
Sr-89 [ 1.05E-03 | 5.73E-04 N/A N/A
Sr-90 Ci 2.80E-06 | 2.97£-06 N/A N/A
Cs-134 Ci NDA NDA N/A N/A
C5-137 Ci NDA NDA N/A N/A
 Ba/la-140 ci 3.566-04 | 2. 01E-03 | N/A N/A
__Total for period Ci 1.43E-03 | 2 .5BE-03 N/A N/A
4. Tritium
| H-3 Cf 1 1.816400 | 2.16E+00 | N/A | N/A |

Notes for Table 1C:

1. NDA is no detectable activity.

- LLDs for nuclides listed as NDA are as follows:

Fission gases:
Iodines:
Particulates:

1E-4 uCi/m
1£-12 uCi/m)
1E-11 WCi/m)



TABLE 2A

EEELULEI‘AMQ,hASIL.QISE%SALMSEHIAHHMAL_RLEQRI_Ll22l1
: ATION OF ALL RELEASES
July - December 1991
Quarter Quarter Est. Total
Unit 3rd 4th frror, %
A. Fission and activation products
1. Tota) release (not including N l
_tritium, nobie gases, or alpha) | Ci 2.720-02 | 1.09€-03 1 &%
2. Average diluted concentration
. guring periog /ml) 9.93E-09 | 1.16£-09
3. Percent of applicable limit Y - -
B. Tritium
1. Total reigase Ci ] 87" 0] €B86E-01 ] 9.4% |
2. Average diluted concentration
. guring period egtCimiy 3. 18E-00 7.328-07
|3. Percent of applicable limit S . .
C. Dissolved and entrained gases
1. Total release ¢l 1.078-03 | 4.94E-03 16%
2. Average diluted concentration
.. during period uCi/mlf 3.89%-10 | 5.27E-09
3. Percent of applicable limit " n .
D. Gross alpha radiocactivity
|1. Total release 1 C1 1 DA 1 __NDA | 34% |
E. Volume of waste released | l |
__(prior to dilution) [1iters! 2.16E+06 2.23E+05 5.7%
F. Volume of dilution water used ‘ Tﬂ l
. . Yuring period _ [liters! 2.74£+09 9.37E+08 10%

Notes for Table 2A:

. Percent of Technical Specification Limit Values in Section A.3 through C.3
are to be provided in the unnual supplemental dose assessment report to be
fssued prior to April 1, 1992,

1. NDA is no vetectable activity.

2. LLD for gross alpha listed as NDA is 1E-7 uCi/ml.

A-11



TABLE 28
EFFLUENT AND WASTE DISPOSAL SEMIANNUAL REPQRY (199Q)

July - December 1991

CONTINUOUS MOUE BATCH MODE
| _Muclides Released | Unit | Ouarter | OQuarter | Ouarter | Ovarter |
No Continuous Mode 3rd 4th

Releases During Period

1. Fission and Activation Products

Cr=51 4 N/A _MA._I. §.24E-04 | 2.42E-04_
Mn-54 Ci N/A 1 176-03 | 2.22E-05
fe-5% L1 N/A NIA 5.746-04 | 5.328-05
Fe-59 Ci N/A T N/A 4.77E-05 NDA
Co-58 Ci N/A N/A 4.51E-04 NDA_
Co-60 Ci N/A N/A 7.53E-03 | 1.89E-04_
In-65 (i N/A N/A NDA NDA
Sr-89 1 | N/A N/A NDA NDA
Sr-90 Ci N/A N/A §.32E-05 | -
Y-92 C N/A N/A NDA 2.49E-04
2r/Nb-95 i N/A N/A 1.04E-04 NDA
. Mo-99/Tc¢-99m C N/A N/A 1.94E-04 | 7.66E-05
Ry-103 Ci N/A N/A "3, B1E-08 NDA
=131 Ci N/A N/A 4.08E-07 | NDA
Cs-134 Ci N/A N/A 7.636-04 | NUA
Cs-137 Ci N/A N/A 1,50E-02 | 9.94E-05
Ba/la-140 Ci N/A N/A 1.07E-04 | 1,12E-04
Ce-141 Ci N/A N/A 5, 79E-05 NDA
Ce/Pr-134 & N/A N/A 2.17£-04 NDA
Np-239 Ci N/A N/A 2.47E-04 | 4. 24E-05
—_Total for period i N/A N/A 2.12E-02 1 1.09E-03
2. Dissolved and Entrained Noble Gases
Xe-133 i N/A V7A 2.60E-04 | B8.46E-04
Xe-135 Ci N/A A | 8.076-04 | 4.09E-03
___Total for period i N/A N/A 1.076-03 | 4.94£-03

Notes for Table 28:
1. NDA is no detectable activity.
2. LLDs for nuclides T1isted as NDA are as follows:
Sr-89 568 wCi/ml
I-.31 1E-6 uCi/ml

Xe-133, 138 1E-5 uCi/m)
All Others 5E-7 uCi/ml



APPENDIX B

Atmospheric Dispersion and Deposition Factors
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APPENDIX B

Atmospheric Dispersion and Deposition Factors

Undepleted X/Q Factors for Reactor Buiiding Vent
Depleted X/Q Factors for Reactor Building Vent
Gamma X/Q Factors for Reactor Building Vent
Deposition D/Q Factors for Reactor Building Vent
Undepleted X/Q Factors for Main Stack

Depleted X/Q Factors for Main Stack

Gamma X/Q Factors for Main Stack

Deposition D/() Factors for Main Stack
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Gamma X/0 Factors for Reactor Building Vent




Table B-3

Gamma X/Q Factors for Reactur Building Vent
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' Table B-8
l Deposition D/Q Factors for Main Stack
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