Pilgrim Nuclear Power Station

Radioactive Effluent and
Waste Disposal Report
including
Meteorological Data

January 1 through June 30, 1988

Radiological Engineering Division

Date: September 1, 1988

i BOSTON

0

\33% 880820 =¥ EDISON
ENERGY FOR TOMORAROW



PILGRIM NUCLEAR POWER STATION
RADIOACTIVE EFFLUENT AND WASTE DISPOSAL REPORT
INCLUDING METEOROLOGICAL DATA
JANUARY 1 THROUGH JUNE 30, 1988

Prepared by:
B. J onne
Senior Radiological Environmenta) Engineer

Approved by:_%-'vy-—
C. £/ Bowman

Radiological Engineering Division Manager

s amme m———— | m—— G e o — e ——— gae s

Date of Submittal: August 30, 1988




——

T SRR R el W SRR W W W ———

-——

1A
18
1C
2A
28

e

4r-2

Introduction

Radioactive Effluent Data

Radioactive Waste Disposal Data
Meteorclogical Data

Off-5ite Dose Calculation Manual Revisions
References

Appendices

LIST OF TABLES

Supplemental Information

Gaseous Effluents - Summation of A1l Releases
G seous Effiuents - Elevated Release

Gaseous Effluents - Ground Leve! Release
Liquid Effluents - Summation of A1)l Release:
Liquid Effluents

Sol1d Waste and Irradiated Fue! Shipments

Distribution of Wind Directions and Speeds - 33 ft. Leve)
of 220 ft. Tower

Distribution of Wind Directions and Speeds - 220 ft. Leve)
of 220 ft. Tower

-



-—

—— — —

A=

A-2

A-3

LIST OF APPENDICES

Delta Temperature from the 220 Ft. Tower for January-
June, 198¢

Wind Direction at 33 Ft. Level from the 220 Ft. Tower for
January-June, 1988

Wind Direction at 220 Ft. Level from the 220 Ft. Tower
for January-June, 1988

Wind Speed at 33 Ft. Leve) from the 220 Ft. Yower for
January-June, 1988

Wind Speed at 220 Ft. Leve) from the 220 Ft. Tower for
January-June, 1988

Wind Rose Diagroems at the 33 Ft. Level of the 220 Ft.
Tower for January-June, 1988

Wind Rose Diagrams at the 220 Ft, Leve) of the 220 Ft.
Tower for January-June, 1988

Pilgrim Nuclear Power Station Offsite Dose Calculation
Manual, Revision 2

i

A-7

A-13

A-1§

A-25



—— — - — s | — —— e ra—— o | e— | — | mo—— — s— — — — -

——

EXECUTIVE SUMMARY
Pilgrim Nuclear Power Station
Radioaztive Effluent and Waste Disposal Report
January 1, 1988 to June 30, 1988

INTRCOUCTION

This report quantifies the radioactive gaseous, 11quid, and radwaste releases,
and summarizes the local meteorologica) data for the pericd from January 1,
1988 to June 30, 198E. This document has been prepared in accordance with the
requirements set fo.th in the Pilgrim Station Technical Specifications and
Regulatory Guide 1.2, 'uolsurln?. Evaluating, and Reporting Radioactivity 4n
Solid Mastes and Releases of Radioactive Materfals in Liquid and Gaseous
Effivents from Light Water Cooled Nuclear Power Plants (Rev. 1).*

Amendment No. 116 to PNPS Technical Specifications, Yssued May 13, 1988,
podified the repurting requirements for the Semi-Annual Radiocactive Effluent
Release and Waste Disposa) Report. The change allows for the submission of a
supplement to the March 1 Semi-Annual Report (reporting period for July
through December) which would Ynclude the dose assessments and the assoriated
meteorological dispersion data for the previous year. Accordingly, the
attached report does not contain the radiological fmpact on humans, the
atmospheric dispersion factors, nor the associated percent Technical
Specification 1imits in Tables 1A and 2A.

The quantity of radioactive material released from Pilgrim Station in this
report was determined from sample analyses of gaseous releases from the main
stack and the reactor bullding vent, and 11quic releases into the discharge
canal. The quantity and volume of radioactive waste which was disposed from
Pilgrim Station was determined from the data contained on the radwaste
shipp1n? documentation. The meteorological data wat ootained from the 2001t
seteorological tower located at Pilgrim Station.

GASEOUS EFFLUENTS

The gaseous radioactive releases from January ), 1988 to June 30, 1988 are
presented and quantified in Tables 1A, 1B, and 1C. Pilgrim Station wa+ shut
down during the entire reporting period; therefore, there were no releases
reported for radiocactive noble gases during the period. Releases from the
main stack and the reactor bullding vent for particulates totaled less than
0.0004 curfes, and for Tritium totalled less than 0.09 curles.

LIQUID EFFLUENTS

The Yiquid radir-ctive releases from Jcnunr‘ 1, 1988 to June 30, 1988 are
p esented and quantified In Tables 2A and 2B, Liquid effluents into the
discharge cana) resulted in a tota) release to the environment (Cape Cod Bay)
of less than 0.002 curfes of fission and activation products and less than 0.3
curfes of Tritium. Dissolved and entrained gases were not present since, as
stated previously, Pilgrim Station was shut down during the entire reporting
period. Gross l{phl radioactivity was not detected.

11
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SOLID WASTE

The solid radioactive waste that has been shipped offsite during the reporting
perfod 1s described and quantified in Table 3. Approximately 35 cubic meters
of solid waste was shipped offsite for burfal with a total activity of
approximately 17 curles (major nuclides: Co-60 and Cs-137). WMo irradiated
components were shipped offsite.

METEOROLOGICAL DATA

The meteorologica’ data joint frequency distributions are 1isted in Tadles
4A-) and 4A-2. Appendix A contains the temporal variations of delta
temperature, wind direction, and wind speed that were used to generate these
Joint frequency distributions. There were a number of instances where the
data in Appendix A was not continuous. The meteorological data recovery did
not meet the criteria of 90T established by the NRC in Regulatory Guide 1.23.
Corrective actions have been Initiated to prevent recurrence and improve data
recovery. Physical improvements to the 220 ft tower and meteorological
procedure revisions were completed by the end of the second quarter.
Implementation of improvements including a new power supply for the tower, a
1ink to the Boston Edison meteorologica nonitorlng program, and nev strip
chart recorders in the control room will continue throughout the year.
Increased data recovery associated with these improvements should become
apparent during the next reporting period.

Appendix B contains wind rose diagrams. The predominate wind direction was
from the southwest which occured with a frequency of approximately tvont{
percent during this period. The predominate wind speed range was 12 to 19
mph, which occurred thirty-six percent of the time during this period. The
predominate stability class was stabiity Class D which occurred about fifty
percent of the time during this period. These meteorological observations are
consistent with past observations for this period.

CONCLUSION

The Pilgrim Station Technical Specifications contain Vimiting conditions frr
cperations and operationa) objectives regarding radiological environmenta)
releases. None of the 1imiting ¢ vditions for operations or operational
objectives associated with 1iguic or gaseous effluents were exceeded during
this reporting perfod. This s based on the fact that the radiocactive
effluent releases for this reporting period are among the lowest of the
previous reporting periods. Conformance to these technical specification
design objectives assures that the releases of radioactive materials in
geseous and 1iquid effluents were kept as low as s reasonably achievable in
accordance with the Nuclear Regulatory Commission's regulatior 10CFRSO,
Appendix 1. Furthermore, compliance, with PNPS Technical Specifications
demonstrates compliance with the Environmenta) Protection Agency (EPA),
Federa) Environmental Regulation, 40CFR1IS0.10 subpart B.

fv



TRODUCT

This report 1s Yssued for the period January 1, to June 30, 1988 in
accordance with the Pil!rin Statfon Technica) Specifications and NRC
Regulatory Guide 1.21, ncnsurlnx. Evaluating and loportin? Radioactivity
in Sol11d Wastes and Releases of Radioactive Materials in Liquid and
Gaseous Effivents from Light Mater Cooled Nuclear Power Plants® (Rev 1).

Amendment No. 116 to PNPS Technica)l Sepcifications, fssued May 13, 1988,
modified the reporting requirements for the Semi-Annual Radioactive
Effivent Release and Waste Disposai Report. The change allows for the
submission of a supplement to the March 1 Semi-Annual Report (reporting
period for July through December) which would include the dose assessments
and the associated meterological dispersion data for the previous year.
Accordingly, the attached report does not contain the radiological impact
on humans, the atmospheric dispersion factors, nor ¢he associated percent
technical specification 1imits in Tables 1A and 2A.

Section 5 entitled "Offsite Dose Calculation Manua) Revisions® describes
the changes that were made in response to NRC questions (TAC #63012) and
Boston Ecison Company's internal technical review. The Pilgrim Nuclear

Power Station - Offsite Dose Calculation Manua), Revision 2 4s contained
in Appendix C.

The minimum detectable concentrat’on required by PNPS Technica)

Specifications for all environmenta) samples from January-June 1988 was
pet.

VIOAL NT DATA

Radioactive 11quid and gaseous releases for the period January 1 to June
30, 1968 15 given in Tables 1A, 1B, 1C, 2A, 2B, and supplementa)
Information section in the standard NRC Regulatory Guide 1.2) format
(Reference 1).

There were no unplanned or non-routine releases of radioactive efflyents
during this reporting period.

2.1 Qaseous Efflyents

Gaseous radioactivity 15 released from Piigrim Station to the
Atmosphere from the main stack and the reactor bullding exhaust
vent. These first and second quarter gaseous eTfluent releases for
1968 are summarized In Table 1A, A total of less than 0.004 curies
of particulates with half-lfves greater than 8 days was released at
AN average release rate of 2.30E-054Ci/sec. Mo alpha radioactivity
was detected on particulate filters during this reporting period. A
tota) of less than 0.09 curfes of Tritium was released at an average
release rate of 5. 56E-03.Ci/sec.

The main stack 15 an elevated release point with a height of
dpproximately 400 feet above mean sea level. The main stack s
located about 700 feet wast northwest of the reactor bullding. The
first and second quarter elevated releases for 1988 are shown in
Table 1B, Cobalt-60 was the only fsotope released with a tota)
activity of adout 2aCH,
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2.2

The reactor bullding exhaust vent 1s considered a ground leve!l
release point with a hefght of approximately 182 feet above mean se2
Tevel. The exhuast vent 1s located on the west corner of the reactor
building. The ground leve! releases for the first and second
quarters of 1988 are shown in Table )C. Approximately 0.3 mli of
Cobalt-60 and 0.04 mC! of Cesium-137 were released.

Liguig Effluents

Liquid radioactivity 1s released from Pilgrim Station to the Cape Co¢
Bay via the ¢irculating water discharge canal. These effluent
releases enter the Cape Cod Bay at the outfall of the canal which s
located about 1100 feet north from the reactor bullding.

The 11quid releases for the first and second quarters of 1988 are
summarized in Table 2A. A tota) of 2.57E«6 Viters of radiocactive
11quid waste (prior to dilution) contlinln? 2 oCY Cexcluding Tritium,

ases, and alpha) were discharged after dilution with a total of

JJ1E«DS 1iters of water. The 1iquid effluents were released at a
quarterly average concentration of 8.84E-06 ~Ci/m) during the first
and second quarters. A total of 0.3 curfes of Tritium was released.
No alpha radioactivity was detected during this rtportin? period.
Quarterly release estimates and principal radionuciides in the 1igquid
effluents are given in Table 28B.
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EFFLUENT AND WASTE DISPOSAL SEMIANNUAL REPORY
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TABLE 1A
EFFLUENT AND WASTE DISPOSAL SEMIANNUAL REPORT (1988,

GASEOUS EFFLUENTS - SUMMATION OF ALL RELEASES
January ~ June 1988

& Plant Shutdown lst & ind quarters 1988

LLD's for all isctopes listed as NDA

.

in Section B aredl x 10°14yed /m)
gection C are< ] x 10~1luci/ml

Percent of Technical Specification limit in Sections C.3 and D.3 to be
provided in the Dose Assessment supplement to the July-December Semi-

[ot Quarter ndCuarte: £ Tonl
o 1988 1988 Error, %
A Fusion and activation gases
1 Total release C * . N |
2 Average release rate for period wCi/nec » .
3. Percent of Technical Specification mit % - r—o__ﬂ
B. lodines
1. Total iodine-13] (o} DA VA a0 |
2. Average releass rate for period wCi/sec NDA RDA
3 Percent of Technical Specification Lmit . - -
C. Particulates
1. Perticulates with half-lives > 8 days Ci 3.828-4 | 1.11E-5 20 |
2 Average release rate for period uCi/sec 4, L7E-5 1,41E-6
3 Percent of Technical Specification Lmit T % - -
4 Gross alpha mdioactivity O |< 2.45E-7 NDA
D. Tritium
1. Tota) release G S 18E=2 | A 6152 A2 |
| 2 Average release raie for period uCi/sec 6.54E-3 | 4. SRE-]
3 Percent of Technical Specification limit . - -

Annual Report (see PNPO Technical Specificatiors Section 6.9.C.1 Amendment

Nusmber 116).

abe
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TABLE 1B
ZF7LUENT AND WASTE DISPOSAL SEMIANNUAL REPORT (1988 )
GASEOUS EFFLUENTS ~ ELEVATED RELEASC
January = June 1988

CONTINUOUS MODE BATCH MODE
| Nuchges Reieasec | una |15 tQuerter RraOuerer |  Ouwrwr | Quarner |
1. Fusion gases
krypton-8% (o] NA ¥A KA A
krypton-85m C KA KA T A
krypton-87 ()] NA _ NA NA KA
krypton 88 C NA RA KA NA
zenon-133 %) NA ) KA_ KA
genon-13% C NA L NA NA
zenon-135m C NA * KA _NA
zenon-138 C NA - NA NA
zenon-1311s JCL NA . A _NA
‘zenon-137 (o] N . _NA NA
zenon-133m 9 NA . NA KA
Total for period | Ci NA . NA NA
2 lodines
iodine 131 &) NDA NDA KA NA
jodine 123 O NDA _NDA NA KA
jodine 135 (&) NDA _NDA NA _NA
Total {or penod C NDA NDA NA NA
3 Particulates
\__strontium-89 o MDA | T A
strontium 90 ) NDA _NDA NA NA
cesium 134 G NDA DA BA_ A
cesium 137 G MDA DA XA N4
barium-lanthanum-140 Ci NDA NDA
chromium 51 C WA NDA _% '%
54 C NDA NDA NA NA
cobalt b8 2 NRA. T Y NA
tron -89 Ci NDA NDA LY N
coba)t 60 O 1.065-6 1.01E-6 | ma A
snc65% Ci NDA NDA & NA
girconium niobium 95 ¥ NDA NDA o A
cenum 14) &) NDA NDA KA A
cenum 144 Ci WD A FoA A JBA
ruthenium-103 C KDA MDA N B4
ruthenium 106 C NDA NDA N -V —

See footnote on page 6 e



TABLE 1C

EFFLUENT AND WASTE DISPOSAL SEMIANNUAL REPORT (1988
GASEOUS EFFLUENTS - GROUND LEVEL RELEASE

January - June 1988

- CONTINUOUS MODE BATCH MODE
Nuchde Relasec Unit Ll.ll Quarte Ouarter Querier |
1. F sinn gases
SEpAsASS C NA _BA _BA b
krypton-85m - NA NA KA NA
krypton87 T NA XA _NA T
krypton-88 Q KA KA KA NA
genon-133 0 NA NA KA BA
genon-135 ) NA NA NA N
zenon-135m O NA FA NA KA
zenon 138 & KA NA NA NA
Tota' for penod o1 NA NA | NA N ‘
2 lodines
—y
wodine- 131 [ XDA DA XA
jodine 133 G NDA NDA RA _KA
iedine 135 %) NDA NDA KA KA
1ol for period G 1 _Noa ] _NDA ,
8 Particulates
strontium -89 ~C NDA e
rtrontium 90 O NDA _KDA_ _NA
rosium 134 e,
cecium 137 o) &.228-% MDA
barium-lanthanum 140 (%) KA NDA NA RA
[ mangunee 8¢ S WDA M NA
endalt-58 O ND~ NDA Ne NA
tron-89 (&) NDA NDA KA NA
cobalt 60 O 3.09E-4 - -
muncé5 G NDA : NDA KA __LilA
girconium-niobium 95 G NDA _XDA A
cerium 141 O a1 xma N
ruther ium-103 G __NDA _NDA Ty
ruthenium 106 O NDA

JLD'S for all dsotopes listed as "NDA" in section (2) are less than
| 5 10-12uci/m] and in section (3) are less than 1 x 10-lluci/ml

-6-
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TABLE 2A
EFFLUENT AND WASTE DISPOSA| SEMIANNUAL REPORT (1988)

LIQUID EFFLUENTS - SUMMATION OF ALL RELEASES
January = June 1988

18t Quarter od Quarter En Tow
Unit 1988 1988 Eror, %
A Fusion and activation products
1. Total release (not including tntium G
noble gases, or alpha) 1.14E-2 |+ 9.74E-3 30
2 Avenage diluted concentration #Ci/ml
duning period 6.09E-6 1.16E-5
3 Percent of applcable Lmit *
"B Tritium
1. Total release Ci 2.088-1 | 9.085-2 w0
2 Average diluted concentration #Ci/ml
during perod 1.11E-4 1.08E-4
3 Percent of applcable Limit %
C Dusolved and entrained gases
1 Total release G - * . |
2 Average diuted concentration wCu/m) . .
duning period
3 Percent of applicadle Limit * - -
“D. C,om alpha radioactinity
[ 1 Tow release O 1 s | 4
E Volume of waste released (pror 2
to dilution) i
F. Volume of dilution water used 20
m!laod

® Plant shutdown lst and 2nd quarters 1988

LLD's for al) fsotopes listed as NDA in Section D are <&l x 10~7uci/m)

Percent of applicadble limit in Sections A.3 and B.J to be provided in the
Dose Assessment supplement to the July-December Semiannual Repurt (see PNFS
Technical Specifications Section 6.9.C.]1 Amendment Number 116).

o



TABLE 28
l EFFLUENT AND WASTE DISPOSAL SEMIANNUAL REPORT (1988
LIQUID EFFLUENTS
l January = June 1988
CONTINUOUS MODE BATCH MODE
l Nuchdes Releasec Unit Quarter Quarter Quarsr &Mgw-m
s.rontium-89 Ci NA NA NDA
' strontium-00 C NA A 3.45E<6 | 3.11E-6]
cesium 134 Ci NA KA 1.52E-5 1,54E~4
e.mm-l.’ ’ Cl NA N4 lo’Ot" 3.56:-3
| iodine 131 < 0 i Wa | o
[ cobalt 88 o M N MDA NDA
cobalt-60 (o] NA NA ‘no.!" !'!25-2
iron-58 G NA NA NDA NDA
' 2inc-6t G WA A “WDA NDA
ese 54 C NA NA 1.91E-5 &, L2E~6
l chromium-51 G NA NA NDA NDA
girconi™um.niobium- 95 o] A A MDA m_._‘
) ybdemn- |
| —Etet— o [ | w [o | w
banum-lanthanum-140 Ci NA NA NDA NDA_
l cerium-141 O XA A MDA KDA
otz 58 XA wedi L 2ME=4 1L 60E-4
iodine 133 Ci T T 2 NA
I cerium 144 S NA _RA RA _NA
silver 110m 8] NA NA A BA
' ron 85 G “NA NA NA KA
[ unidentified | - ™ NA ~S.248-3 | 2,353
' e ey e - A SRUSHESNISE
l genon 133 C N NA T —
zenon-13%5 G N KA - NDA
‘ LLD's for all dsotopes listed as NDA are as follows:
Sr-89 < 5 x 10-8yci/m) Fe-59 « 5 x 1077 yci/ml ZrNb-95 <€ § x 10-7 wei/e}

1-.3]1 <1 x 10~6yci/m) In-65 ¢ 5 x 10~7 wei/m) Mo%% Te99%m ¢ 5 x 10°7 wei/ml
Co-58 € § x 10~Tuct/u) Cr-51 <5 x 1007 wei/m) Bala 140 < 5 x 107 pei/m)

\ Ce 141 € 8§ x 10-7 uei/ul
R R s e L L e il -




3. RADIOACTIVE WASTE DISPOSAL DATA

Radioactive wastes which were disposed of during the period Janvary 1 to
June 320, 1988 are given in Table 3, 1n the standard NRC Regulatory Guide
1.2) format (Reference 2)..

The semiannual tota) quantity of radicactivity in curies and the tota)
volume in cubic meters for the following categories or waste types ar-
1isted in Tatle 3:

[ Spent resins, filter sludges, evaporator bottoms,

b Dry compressible waste, contaminated equipment, etc.;

c. Irradiated components, control rods, etc: and,

¢g. Other.

During January to June 1988, approximately 17 curfes of spent resins,
filter sludges, etc. with a total volume of about 35 cubic meters were
disposed of offsite from Piigrim Station. Dry compressible waste,
contaminated equipment, irradiated components or other miscellaneous
low-leve! waste were not disposed of offsite during this reporting period.

An estimate of the major radionuc)ides in the spent resing and filter
sludges shipped offsite 15 also 1isted in Tadle 3.

§ix shipments were made to Barnwel), South Carolina during January to June
1968, No irradiated fue) shipments were made during this period.




TABLE 3
EFFLUENT AND WASTE DISPOSAL SEMI-ANNUAL REPORT (1988)
SOLID WASTE AND IRRADIATED FUEL SHIPMENTS
JANUARY - JUNE 1988

SOLID WASTE SHIPPED OFF SITE FOR BURIAL OR DISPOSAL. (not irradiated fue))

TYPE OF WASTE UNIT 6 MONTH EST. TOTAL
Spent resins, filter sludges, E 34,308

evaporator bottoms, etc. Ci 16.625 N/A
Dry compressible waste, "’ 0.00

contaminated equipment, etc. Ci 0.00 N/A
Irradiated components, e’ 0.00

control rods, etc. Ci 0.00 N/A
Other (Describe) »! 0.00

miscellaneous low-leve) waste Ci 0.00 N/A

ESTIMATE OF MAJOR NUCLIDE COMPOSITION.

(by type of waste) -
Spent Resin, Filter Sludges,
Evaporator Bottoms, etc.

94

L

i —

D084

‘gfnna____..
4

100,00




Jable 3 (Continued)

SOLID WASTE DISPOSITION
g of Shipments Mode of Transportation Restination
6 Tractor « Traller Barnwell, South Carolina

IRRALIATED FUEL SHIPMEMTS (Disposition)
Number of Shipments Mode of Transportation Restination

None H/A




METEQROLOGICAL DATA

Meteorological data for the period January 1 to June 30, 1988 s
given 1n Tables 4A-) and 4A-2 n the standard joint frequency
distribution format as given in NRC Regulatory Guide 1.2]

(Reference 3). Appendix A contains delta temperature, wind speed ard
wind direction data; and, Appendix B contains wind rose diagrams

The predominate wind direction was from the southwest which occured
with a frequency of about twenty percent during this period. The
predominate wind speed range was 12 to 19 mph which occurred with a
frequency of thirty-six percent during this period. The predominate
stability class was stabiifty class D which occured about fifty
percent of the time during this period.

There were a number of Instances where the data presented in Appendix
A wis not continuous. Typically, data losses were due to less of
power, malfunction of the sensor(s) and/or ma'function of the chart
recorders. The net effect being that the data recovery for the
period of January-June 1988 was B5.7% on the 33 foot elevation and
95.7% on the 220 foot elevation of the 220 ft meteorologica) tower at
Pilgrim Station. Tharefore, the metecrological data recover)
criteria in NRC Regulatory Guide 1.23 of 901 was not met for the
January «June time 1) %.me.

Corrective actions have been taken to ifmprove data recovery. The
fmprovements that have been completed as of the second quarter
include

1) OQutfitted the 220 foot meteorological tower with new cables and
the Tower Systems instrument elevator,

2)  Replaced 220 foot meteorologica) tower guy wires and ground
connections; and,

3)  Revised a)) meteoro'ogical procedures Including Inspection,
saintenance and citibration procedures.

The Ymprovements that have beer Initiated but have not yet been
completed Include

1) Insta)) new electrica) power source to the 220 foot
meteorological tower Instruments with emergency backup power
capability,

Link the 220 foot meteorological tower to the Boston Edison
Company's computerized network for fossil stations
eeteorologica) monitoring program; and,

Instal] new data loggers and strip chart recorders for the 22C
foot meteorclogica) tower output In the contro! roos.

Implementation of these ‘mprovements should result n Increased date
recovery for the future reporting periods
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DISTRIBUTION OF WIND DIRECTIONS
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The PNPS Offsite Dose Calculation Manual (ODCM) was revised during this
reporting period (See Appendix C). The revisions to the ODOM were
reviewed by the PNPS Operations Review Committee (ORC) on Au?ust 19, 1888
per ORC Meeting No. 85-87. These chtanges will become effective in
September of 1988.

The PNPS Semiannua) Rad‘oactive Effluent and Waste Disposal Report for
January 1 through June 30, 1987 was submitted to the NRC in September 1,
1987. Appendix D of this report contained revisfons to the ODCM updating
distances and directions to the TLD and air sampling locations. As part
of an ongoing review of licensee ODCMs, the NRC subcontracted with EGLG
Idaho, Inc. The PNPS ODCM Rev.l was reviewed in fts entirety as part of
their technical assistance contract rogram. A Safety Evaluation Report
and the results of the Technica) Evaluation Report (TAC #63012) were
transmitted to Boston Edison on October 28, 1987 (Reference 4). A number
of concerns were 1isted and a 6 month response was requested (Reference 5).

Attachment A 11sts the concerns fdentified 1n the NRC's contractor
evaluation report. The concerns have been numbered in the order in which
they appear in Section 4 of the Technica) Evaluation Report. The
torresponcing change or justification for not making the change s
described under each {tem.

In addition, a technica) review was performed on the ODCM by Boston Edison
Company (Reference 6). This internal review resulted in administrative
and technical changas. The major technical fmprovements made as a result
of the Internal technica) review are described in Attachment B. Major
improvements were wade in the sections dealing with calculation methods,
radiclogical environmenta) sampling and measurement locations, and
description of radwaste systems.
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Attachment A

rim Nuclear - " Many:)
Boston [qngn Cmnn!'; R“pgn“ to llli]ll! Blﬂll]“ﬂ!! Qm]“jgp mn;g ns

»
lgeniified in the NRC's Technical Evaluatinn Report (TAC #£3012)

The attached 1s a 11sting of the concerns 1isted in Section 4.0 of Supplement
1 to Appendix D of NRC letter to Ralph G. Bird from Richard H. Messman, dated

October 28, 1§87,

The associated changes to the PNPS ODOM or Justivication

for not making changes are 1isted following each itenm.

MRC Concern Ko. )

Response No. )

NRC Concern No. 2

Response No., 2

NRC Concern Mo. 3

In Section 4.1, 1t 45 uncertain {f the dose rate to the
child's thyrold 1s fdentified as the maximum organ dose
since the bases statement in Technical Specification
3.8.0 1dentified the Infant age group instead of the
child age group.

A proposed Technical Specification revision to Section
3.8.0 will be submitted following startup that wii)
provide clarification. The clarification will {ndicate
the current practice of considering all age groups in
the organ dose calculation for Yodines and particulates
with a half 1ife greater than B days, and Yritium. The
4ge group with the maximum estimated organ dose wil)
continue to be used to ensure dose rates froe gaseous
effluents are within PNPS Technica! Specifications.

In Section 3.1.3, the location of the envirunmenta)
release point for 11quid radwaste batch releases from
sources other than the 11quid radwaste treatment system
should be fdentified 1n the ODOM,

The following clarification has been added to Section
38,3

*All batch releases which are not processed through the
11quid radwaste treatment system are also discharged
through the outlet to the circulating water discharge
canal. These untreated 11quid effluent releases also

onto; the Cape Cod Bay at the outfal) of the discharge
canal.”

Figures 3.%, 3.2, and 3.3 contain diagrams showing the
radiation uanitor1n? systems. These radiation
monitoring system diagrams are 11legible and should be
replaced.
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Response No. 3

NRC Concern No. 4

Response No. 4

NRC Concern No. §

Response No. §

Attachment A (continued)

Figures for the radiation monitoring systems are not
required by NUREG-0133 or "Genera) Contents of the
Offsite Dose Calculation Manual,” Revision 1, fssued by
8 Branch Technical Position from the Radiological
Assessment Branch dated February B, 1379. Since the
information on the radiation monitoring systems
recommende? by the Branch Technical Position is
contained fn (he text of ODOM Section 3.2, Figures 3.1,
3.2, and 3.3 have been deleted. The Tocation of these
drawings have been listed in the text of ODOM Section
3.2 (1.e., Section 7.12 of the PNPS Updated FSAR).

In Section 4.A, the cption for determining the quantity

c.z in the concentra.'on equation by "estimates based on
rior experience” 1s not consistent with 1iquid sampling
able 4.8-1 of the technical specifications.

Section 4.A has been revised and renumbered as 4.1. The
definition of Cyy has been changed to be consistent with
11quid effluent sampling described 1n PNPS Technical
Specifications as follows:

*Cyt = Concentration of nuclide 1 n the Yiquio waste
discharge volume prior to an{ gilution as
determined b{ current fsotopic analysis for gamma
enitting nuclides and most recent results from
pure beta and alpha amitters, (uCi/cc).®

In the equations of Sections 4.8 and 4.C, the dilution
flow is represented by *F* and *My," and should be
replaced with the average condenser cooling flow for the
period to change the dilution flow to the lvorago flow
of the discharge canal during the reporting period.

The use of a mixing ratio value was maintained to allow
for aAditional dilution in seavater at a given location
of Interest. The value has been des'gnated *M)" and is
defined as follows:

*M) 1s the mixing vatio (reciprocal of dilution factor)
at location 1 of exposure or harvest of agquatic food,
from Table A-3 (dimensionless);”

In addition, the dilution flow (F) has been replaced
with the volumetric flow rate in !ltcrsl{r (V). The
definition of V specifies summing both the 1igquid
effisent and condenser cooling/dilution water volumes.
The revised units (1iter/yr) resulted iIn rhanging the
conversion constant to be dimensicnal'y consistent. The
change does not reduce the accuracy of the equation.
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NRC Cuncern Ko. 6

Response Ko. 6

NRC Concern Wo. 7

Response No. 7

NRC Concern No. 8

Response No. 8

NRC Concern No. §

Response No. 9

Attachment A (continued)

In Sections 4.0 through 4.L, 1t 1s not clear from the

equations that s .~ultrneous dose rate contributions from
:he1na1n stack ano .he reactor building vent are
ncluded.

The equations in Sections 4.D through 4.L have been
revised and now correspond to the equations in Sections
4.3.) and 4.3.2. The following clarification af
existing practices for summation of the two dose rate
contribitions has been added to Section 4.3:

"Summation of the doses from the equations below should
be performed for all significant pathways and all
release points from which significant radioactive
effluent releases have occurred (1.e., Main Steck and
Reactor Building Exhaust Vent).*

.n Sectfons 4.H through 4.L, the titles 1dentify
*Halogens, Particulates and others" instead of
“*fodine-131, fodine-133, tritium, and a)) radionuclides
in particulate form with half 11ves greater than 8 cays".

The titles in Sections 4.H through 4.L have been revised
an! now fall under the title in Section 4.3.2 uhich is:

"Gaseous Pathway Annual Dose Rates for lodine 13) and
133, Particulates with Half-Live Greater than 8 days,
and Tritium",

In Section 4.H, the equation for the annua) dose rate
from ground deposition contains &n "1* 4n the
denominator, whereas 1t should be Ay.

The equation in Sectfon 4.H has been revised and now
corresponds to equation 4.3.2.1. The missing lambda
symbol has been included into the equation for tne
annual dose rate from ground deposition.

In Sections &.)_through 4.L, the constants 1.2x107,
2.2x107, 5.5x107, and 1.1x10% are not defined.

The constancs in the equations in Secticns 4.) throu?h
4.L have been changed. These constants are defined in
Section 4.5.3 as follows:

"1.19€7 - 13 equal to 1.00E12 pCY’TY divided by 3.15E7
sec/yr and multiplied by 1.00E3 g/kg and by 0.5 g H-3 in
plant water per g K3 in atmospheric water from
Reference 23 (dimensionless) and by 0.75 g water per ¢
plant (dimensfonless) as calculated ‘n Reference )
equation C-§, (pCleyr-g/Cl-sec-*3);

L1
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ESC Concern No. 10

Response No. 10

KRC Concern No. 1

Response No. 1)

Attachment A (continued)

2.1BE7 - 15 equa) to 1.00E12 pCY/CY divided by 3.15E7
sec/yr and multiplied Ly 1.00E3 g/kg and by 0.1) ?
Carbonlg‘91|nt ss from References 24 and 25 divided by
0.16 g Carbon/m? of air, as calculated in Reference )
equation C-8, (pCi-yr-m3/Ci-sec-kg);

5.71E7 - 1s the conversion factor to correct for
activity units, time units, and elemental fores of
radiolodines, equal to the particulate nuclide
conversion factor 1.14E8 multiplied by an elementa)
‘odine fraction of 0.5 from Reference 26, (pCi-yr/Ci-hr);

1.14E8 - {5 the conversion factor to correct activity
units and timz units for particulate radionuclides,

equal to 1.00E12 pCi/CY multiplied by ) yr/8760 hr,
(pCleyr/Ci=hr);*

In Sectfon 4.L, the definition for the quantity Q
should not include the word "annual® since the air dose

or air dose rate is already being considered *for the
peried”.

The definition of 01 fn Section 4.L has been revised and
now appears in Section 4.3.3 as follows:

'O} = 15 the annual release rate of nuciide 1 1n gaseous
effluents, (Ci/yr);*

The use of the word "annual™ has been maintained for
clarity and dimensional consistency. For purposes of
performing calculations, all input and output values
(acti/ity, use factors, dose rates) are normalized to a
| year perfod to prevent inconsistencies In time
factors. Thus, the air dose rate and the quantity Q4
definitions are consistent in that they are both
expressed as an annual rate.

In Section 4.L, the time unit "hours™ has been omitted
from the definition for t,. :

The definition of ty in Section 4.L has been revised and
now appears in Sact'on 4.3.3 as follows:

. 3 = s *he time period that crops are exposed to
raci

o-nuc'ide deposition during the growing season, from
Table E-15 (hr);*

The time unit *(Lir)* 15 now Indicated In this definition.
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NRC Concern No. 12

Response No. 12

WRC Concern Ko. 13

Reponse No. 13

NRC Concern No. 14

Retponse No. 14

Attachment A (continued)

In Section 6.1, the setpoint for the 1iquid radwa.te
monitor 15 set to tne leve! determined from the
prerelease ,rab sample with no margin allowed. It s
not clear 4f plant operation 1s consistent with the ODCM
descriptic: .ince the monitor should be alarming
co?t1nuous\y during a release, thus preventing the
release.

Technical Specification 3.8.B.1.a allows for the
setpoint of the effluent monitor to be set to 2 more
conservative level to allow for the d'scharge of
radioactive 1iquid.

Pilgrim Station Procedure 7.9.2, *Liquid Radioactive
Waste Discharge®, ¢irects the chonistr‘ techniclian to
recalculate the munitor trip setpoint by utilizing form
CH = 11.A.2. This calculation uses detuctor efficiency
and background, actual data of the discharge in
question, and avatlable dflution flow to determine an
acceptable alarm setpoint that wil) allow the discharge
and at the same time ensure that 1t will not exceed
1CCFR20 1imits as prescribed in Section 3.8.A.) of
Technical Specificatiouns.

This lothodolog{ 4150 ensures that the monitor does not
fnadvertently alarm continuously because of the
conservative method used to determine the discharge flow
rate of the tank.

In Section 6.1.3, the documentation for estimating the
monitor's efficiency *based on prior release experience”
is not referenced.

The following sentence has been added to Section 6.)
Item 3 to provide clarification and additiona) detal) on
efficiency determination:

“PNPS Chemistry Procedure 7.3.38 entitled,
'Decermination of Conversion Factors for Liquid PRM's',
describes the method to determine the efficiency”.

In Section 6.2, Ytems 3) and 4) reference the aguation
of Section 4.0 and should reference the equations in
Sections 4.F and 4.G

Section 6.2 1tems 3) and 4) have been revised to
reference the correct equations. These sections now
reference Sections 4.3.1.3 und 4.3.1.4 for moble gas
femersion tota) body dose and noble gas Ymmersion skin
dose, respectively. These sections correspond to the
equations in Sections 4.F and 4.G.
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MRC Concern No. 15

Responie No. 15

MRC Concern No. 16

Response No. 16

NRC Concern Nc. 17

Response No. 17

Attachment A (continued)

A calculation should be Included in the ODCM to project
doses due to the release of radioact1v1t{ in Yiquid
effluents to satisfy the requirement of Technical
Specification 3.8.C.1

The equations used to project the monthly doses due to
releases of radioactivity 1n Yiquid effluents were given
in Section 4.E and are now referenced in Section 4.2,
These equations as well as all other dose rate equations
presented in the OOCM yield annual dose rate in mrem/yr
or mrad/yr. The final result of any equation(s) must te
scaled appropriately for the period of concern. Such
scaling 15 described at the Introduction of Sections 4.2
and 4.3, For example, the following statement occurs in
the introduction to Section 4.2:

*Modification of fina) results is necessary for
comparison to dose rate limits for periods different
than one year. For comparison to monthly 1imits and
quarterly 1imits, results would be scaled by 1/12 and
1/4, respectively. To determine the dose or dose
commitment for & desired perfiod, multiply the annua)
vose rate by the fraction of the year for the dose
period desired.”

For purpeses of projecting resulting dose estimates for
the subsequent month, the release rates and
concentrations are assumed to be equal to the previous
month's release. Such a position was previously agreed
upon in the RETS submittal and in assocliated meetings
with Nuclear Regulatory Commission staff,

A simplified diagram 11lustrating the solid waste
treatment system 1s not included in the ODOM.

A simplified diagram Y1lustrating the solid waste
treatment system 15 not Included in the ODOM because
Pilgrim Nuclear Power Station does not have a sclid
waste treatment system.

There 15 no separate section in the ODOM addressing the
tota) dose 1imits of Technica) Specification 7.5 with
methodology for calculating the total dose from the
11quid, gaseous, and direct radiation contritutions.

A new section has been added to Section 4.0, Section
4.4, entitled, "Tota) Dose 0 a Member of the ublic”,
which describes the methodology which was and is
currently being utilized for calculating the tota) dose
from the 11quid, gaseous, and direct radiation
contributions. In addition, 1t acddresses “he conditions
for when an assessment of the tota) dose must be
parformed.

5)



-
W SR R W RN WA R B W emeinn. Onmemn. weee—

-

NRC Concern No. 18

Response No. 18

NRC Concern No. 19

Response No. 19

NRC Concern No. 20

Response No. 20

Attachment A (continued)

The direction for Duxbury 1s MW of the plant site
Instead of "SSKW-SW" as indicated in Table 7-3.

The direction for the Duxbury sl-pling Tocation as wel)
4s 211 other sampling locations have baen reviewed and
revised. The corrected distances and directions were
obtained by physical verification ef exact positions of
sampling location on maps, followed by map ’onoration on
computer and computer scaling techniques. The distances
and directions were obtained from the "to scale”
digitized maps shown in Figures 7-1 through 7-5.

Figures 7.1 through 7.4 are 111egible and should be
replaced.

Figures 7.1 through 7.4 have been replaced. The new
digitized maps showing the radiological environmenta!
sampling and measurement locations appear as Figures 7.1
through 7-5.

Figure 8-1 should be modified to show the one-inch and
the two-inch discharge 1ines, tne release pathway to the
discharge canal, and the environmental release point for
11quid radwastes released without treatment.

Figure 8-1 has been replaced with the corresponding
figuro from the PNPS Technica) Specifications (Figure
4.8-1),

It was not considered reasonable to modify the
corresponding f!guro In PNPS Technical Specifications to
add this leve) of detal). Instead a description of the
one-inch fow flow 1ine and two fnch high flow 1ine was
added to Section 3.1.3 as follows:

"The header provides contro)led discharge through either
a lov flow discharge path or a high flow discharge

path. The h1?h flow path 12 normally used with a
varfable 11quid radvaste effluent flow from 1-200 pm.
The common discharge header extends frow both the low
and high flow-paths and 1« monitored for vradiation prior
to discharge”.

The release pathway to the discharge cana) and the
environmental release point for 1iquid radwaste releasec
without treatment were clarified in Section 3.1.3 as
described in Response No. <.
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KRC Concern No. 21

Rasponse Wo, 20

Attachment A (continued)

thuro 8-2 1n the OOCM shows the drywell effuents being
relezsed to the reactor building vent whereas Figure
4.8-2 in the Technica) Specifications shows these
effiuents being released to the main stack. The figures
should be correct and consistent.

Figure B-2 has been replaced with the corresponding

figure from the PNPS Technical Specifications (Figure
4.8-2), which 1s correct.
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Technica) Review Summary

The attached 1s a 1isting of the lagor technical improvements made to Pilgrim

Nuclear Power Station (PNPS) OOOM, Revisfon 2. This teshnical review was

gorfornod by the Boston Edison Company's Radiological tng1noor1ng Division.
his review was performed in July - August 1988 (See Reference 7).

Section 2 o Included 11aiting condizions for ope-ations and operationa)
objectives for radioactive effluents in the Technica!
Specification/ODCM Crossreference Table 2-1 of the PNPS OOOM to
be more consistent with the PNPS Technica) Specificacions.

Section 3 o Expanded the technical detall in the text of Section 3.0. for
effluent flow rates, mixed MPC definition, and effluent
radiation monitor descriptions.

Section 4 o  The use of subscripts and superscripts n the equations in
Section 4.0 have been revised. A protocal has been established
50 as to remove past inconsistencies and ambiquities, thereby
lvo1g:ng confusion in the application of the varfables and
equations.

* The grouping of constant parameters and variables in the
equations 1n Section 4.0 have been revised. The constants,
parameters and varfables used to calculate the concentration in
varfous environmental wedia have been consistently grouped
together. This will facilitate crlculation of these
concentrations as well as facilitate the calculation of dose
from measurement results of environmenta) media concentrations.

® Some new annual dose rate equations have been added. The
relatively n091121blo dose pathways which were analyzed in the
PNPS Appendix I Evaluation, were not included in the origina)
PNPS DOC{. These equations were added for completeness and
consistency.

* The usage factors for the various pathways were revieved for
applicable site specific data. Some of the uslvc factors were
revised to conform to the more site specific values 1n the PNPS
Unit 1 Appendix 1 Evaluation. 1In addition, other wsage factors
were incorporated to accomodate the dose pathways as mentioned
above.
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Seciion 7.0

Section B.0O

Attachment B (continued)

The values for the shore width factor and mixing ratios were
reviewed for site specific duta. Some of the shore width
factors and mixing ratius were revised to conform to the more
site specific values used in the PNPS Unit i Appendix 1
Evaluation. 1In addition other shore width factors and mixing
ratios were incorporated to accomodate the dose pathways as
mentioned above.

The equation for the ground leve! concentration wtilized in the
calculation of the inhalation annual dose rate has been divided
into two options. The first for gaseous and H-3 which ut!)izes
the undepleted (X/Q)c dispersion factor. The second is for
particulates with half-lives ?rcator than 8 days and 1-131 and
1-133, which uti11zed the depleted (X/Q)d dissersion factor.

The egquation for the concentration on stored feed and pasture
grass has been divided into twe options. The first, which 1s
used for both stored feed and pasture grass concentrations, is
specific for 1-13) and 1-133. The secord 1s specific for
particulates with half-1ives greater than 8 days.

Section 7.0 has been expanded to summarize the descriptiion of
the existing Radiologica) Environmental Monitoring Program. In
addition, the tables in Section 7.0 have all been reviewed and
revised to Indicate the current program and the .l18t1n?
sampling and measurement locations. A Technical Specification
change wil' be submitted in the future to address the
applicable ftems

Section 8.0 concerning Treated Gaseous Radwaste System was
expanded. The description of the Augmented Offgas System from
the PNPS Updated FSAR was incorporated.
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APPENDIX A

Meteorological Data from the 220 Ft. Tower for January - June 1988

A-1

A-2

A-3

A-4

A-5

Delta Temperature from the 220 Ft. Tower
January - June 1988

Wind Directior at the 33 Ft. Leve) from the 220 Ft. Tower
January - June 1988

Wind Direction at the 220 Ft. Leve! from the 220 Ft. Tower
January - June 1988

Nind Speed at the 33 Ft. Level from the "0 Ft. Tower
January - June 1988

Nind Speed at the 220 Ft. Leve! from the 220 Ft Tower
January - June 1988

A-)

A-2



APPENDIX A-)

Delta Temperature from the 220 Ft. Tower for January - June 1988
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APPEXNDIX A<
(continued)

Delta Temperature from the 220 Ft. Tower for January - June 1988
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APPENDTX A-)
(continued)

Delta Temperature from the 220 Ft. Tower for January - June 1988

March
e ‘ -
“— . ' | [ |
2. 00— - ' | )
.3,|_:3&‘¢":==:==h."‘=== ' L 4
' ! ' { T I
b0 i H
TN ' R 1 m o
l'. . TUE 8/81/88 | NEC S/02/88 | TWU S/83/8L | FRI 9/84/88 | SAT $/85/8¢
] | ! ! ] { T 1 ] |
6. ; ‘ ' b | .1 . 3§ | 1 1]
l.l?m . qa% | ! j. | : |
l-t.l~ — ‘ : =
"u. ! ! : ! 4 : :
e | L ' : ! . Ll L1
l: SUn B/85/88 | Won S/07/BE | TUE 8/08/88 |MED S/89/B8 |TWu 8/10/88 | FRI 9/11/88 | SRT 3/12/88
"-.[ ! : ' : . ' . 2 -
| 1 | | ; 1 |
60— : — :
{ \ ! | | 1 { —-— |
l I i " - ‘ ‘
N | - "':::2&.‘9-¢f"' N
-6. 04— : I | ! | 4
l|.‘. | J { | { | | | | | ! i ‘A
| SO 9/18/88 |MOn 8/14/8F | TUE /16786 | MED 3/16/88 | TWu 8/17/88 [FRI /10788 | $AT 3/19/8¢
TR
l N} ] . <[i { ; | |1 |
2.0 -~ : L *
N E
.'..‘ %% - 4 4
4.0 Ll ‘ - {
T} : L ikl | _— { | | . _ i
[Soh 9720/8v [Won 9/21/8% | TUE 9/20/88 |WED /23768 [Ty S/24/8% [FRI 9/25/88 | SAT 3/26/8¢
"
i 1
' ‘- . s ! ‘
? 'P"a" - - — " T AT
o T PR S,
franv-—ur.—us o Ui
. — I : -
<100 - . .

l |!J\ S/07/88 [ MON B/28/8F [ TUE 8/29/0 | WED  9/00/BF | THU B/31/08

dTZ DELTR TEMPERRTURE (DEG. F) 22@-33

A-3




APPENDIX A-)
(continued)

Delta Temperature from the 220 Ft. Tower for Janusry - June 1988

April

A/B1/08

— — — .
NIRE ¢ | TUE a/8s/ee | MEC PRI a/88/88
!

—
|

SN 410 a:_Tu;n C/11/88 | TUE 412788 | THU 4714708 | 4/18/8¢ A716/8k

B ponemamymp————
!
|

- ————— e ———— e 4 — :
.l!uh a/17/708 ' .de a/21/08 i'ﬁi A/22708

- -r

-

| ™ |

)

e

| -

|

NED /27708 l’n. A/720/08 [TR1 4/2%/00




APPENDIX ALY
(continued)
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Wing Direction at 23 Ft. Level from the 220 Ft. Tower for January - June 1988
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Wind Direction at 33 Ft. Level from the 220 Ft. Tower for January « June 1988
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Wing Direction at 220 Ft. Level from the 220 Ft. Tower for January - June 1588

Apri)
L 11
¥ i i
88 | -
13T -
144 4 .
”"
.. e §
FRI 4/01/88 | SRT 4/82/8%
“: e f | 1 | 1 |
” i 1 | T
14e — — - . % ’
" - ' : .
' | ! 1 | | 1 e ——
SUN  4/03/BE | WON 4704788 | TUE  A/05/86 | MED 4706788 | TWU Q/l?(.l PRI 4700708 | SAT < /B9/88
60 p—r - -
L)
[ 3T |
1.
7 - -
l " ! | } !
ZAB/00 | THU 4/14/788 | PRI 4/15/80 | AT 4716’88
se - ' S :
4 L) ‘
' 1
31 . '
: i '
v T A 1 7 :
” ' : -
: : ' ( T 1 | |
SUN  A/17708 [ MO A 0B/BE  TUE AZ1908 [ WED a/288 ITHU Q720708 [ PRI A/20/08% | SRT a/23/8%
m 3 . . . 4 —T
- | "W I O
e - - 4% §f ’ i
' 144 - -
‘ T ! H 1 |
J R N - i
. : ! [ ! ! 1 l l T 4
BUN  A/Ra/BE [ MO A/2S/BE [ TUE A/Re/80 [ WMED A/RT/00 | THU AZZ0/00 [ PRI 4/25/08 | SRT a/30 88

rZ 2zese2@ FT WIND DIRECTION (DEG)

A-16




APPENDIX A-3
(continued)

May

Wing Direction at 220 Ft. Level from the 220 Ft. Tower for January - June 1988
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i Wingd Direction at 220 Ft. Leve) from the 220 Ft. Tower for January « June 1988
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Wind Speed at 33 Ft. Leve) from the 220 Ft. Tower for January - June 1988
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Wind Speed at 33 Ft. Leve) from the 220 Ft. Tower for Janvary - June 1988
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‘ Wind Speed at 33 Ft. Leve! from the 220 Ft. Tower for January - June 1988
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Level from the 220 Ft. Tower for Januvary « June 1988
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Level from the 220 Ft. Tower for January = June 1988
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Ning Speed at 220 Ft. Leve) from the 220 Ft. Tower for January - June 1988
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Wing Speed at 220 Ft. Leve) from the 220 Ft. Tower for January - June 1988
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Wind Speed at 220 Ft. Leve) from the 220 Ft. Tower for January - June 1988
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F
Wind Speed at 220 Ft. Leve) from the 220 Ft. Tower for January = June 1988
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APPENDIX B

NIND ROSE DIAGRAMS
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APPENDIX B-)
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Kind Rose Diagrams at the 33 Ft. Leve) of the 220 Ft. Tower
for January - June 1988
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for January - June 1988
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Wind Rose Diagrams at the 33 Ft. Level of the 220 Ft. Tower
for January - June 1988
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Wing Rose Diagrams at the 33 Ft. Leve) of the 220 Ft. Tower
for January - June 1988
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Wind Rose Diagrams at the 33 Ft. Leve)! of the 220 Ft. Tower
for Januvary - June 1988
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Kind Rose Dfagrams at the 33 Ft. Leve! of the 220 Ft. Tower
for Janvary - June 1988
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for Januvary - June 1988

First Quarter 1988
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Kind Rose Diagrams at the 33 Ft. Leve! of the 220 Ft. Tower
{ for January - June 1988
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Wing Rose Diagrams at the 33 Ft. Leve) of the 220 Ft. Tower
for Jrnuary - June 1988
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APPENDIX B-2

| Wing Rose Diagrams at the 220 Ft. Leve) of the 220 Ft. Tower
for January - June 1988 .
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Wind Rose Diagrams at the 220 Ft. Leve) of the 220 Ft. Tower
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for January - June '988
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Wind Rose Diagrams at the 220 Ft. Leve! of the 220 Ft. Tower
for Janvary - June 1988
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APPENDIX B-2
(continued)

Wind Rose Diagrams at the 220 Ft. Leve)! of the 220 Ft. Tower
for Januvary - June 1988
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APPENDIX B-2
(continued)

f Kind Rose Diagrams at the 220 Ft. Leve) of the 22C Ft. Tower

for sanvary - June 1988
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APPENDIX B-2
(continyed)

. Kind Rose Diagrams at the 220 Ft. Level of the 220 Ft. Tower
: for January « June 1988
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APPENDIX B-2
(continued)

Kind Rose Diagrams at the 220 Ft. Level of the 220 Ft. Tower
for Janvary = June 1988

Second Quarier 1988
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APPENDIX B-2
(zontinyed)

Wing Rose Diagrams at the 220 Ft. Leve) of the 220 Ft. Tower
for January « June 1988
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lpxrnd F:‘p“
The purpose of the Offsite Dose Calculation Manual (ODCM) is:

2. to fdentify the applicable effluent release 1imits defined by the
Pilgrim Nuclear Power Station - Unit #) (PNPS-1) Tichnica)
Specifications; anc,

b. to fdentify the equipment, methods, equations, and data used to
verify compliance with these offsite ralease 1imits.

This manua) contains the current methodology, parameters, data, anc
information used 1n the calculation of offsite doses due to radiocactive
gaseous anc liquid effluents, in the calculation of gaseous and ligquig
effluent monitor alarm/trip setpoints, and in the conduct of the
ragiological environmental monitoring program.
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2.0 Liriting Congitions for Qoeration and Operationa) Objectives

Table 2.1 presents a summary of the Limiting Ccndition for Operation
contained in PNPS Technical Specification Sections 3.8.A, 3.8.C, 3.8.D,
and 3.8.F and also the Operationa) Objectives contained in PNPS
Technica) Specifications Sections 7.2, 7.3, 7.4, and 7.5.

This table s intended to serve as a summary of the contents of the PNPS
Technica) Specifications and does not, in ftself, establish 1imits. The
Technical Specifications should be consulted for exact worcing and
specifics.

P T B
S— Geews  GERSR NSRS WEEER TR SRR WESER WEEEDS O GEEERTS Wemn —



T — S— S— W— W— w— A —————“m‘“‘ﬂ-"‘:———-—

.., 2. L 'S
TABLE 2-1

PNPS_TECHNICAL SPECIFICATIONS/OFFSITE DOSE CALCULATION MANUAL CROSS-REFERENCE
FOR _LIMITING CONDITIONS FOR OPERATION AND OPERATIONAL OBJECTIVES

Limiting Technical Applicable

Conditions Specifications 0D Limits and Exposure
for Operation ___Section Section(s) Objectives _Period Required Action
Liquid Efflgent 3.8.A 4. 10CFR20, App. B Instantaneous Restore concentration to
Concentration Table II Column 2 within limits

and 2x10-% uCi/ml
for dissolved noble

gases
Liquid Radwaste 3.8.C 4.2 0.06 mrem W.B. Projected for Operate Liguid Waste
Treatment 0.2 mrem Organ 31 days Treatment System
Gaseous Efflyents 3.8.0 4.3.1.3 500 mrem/yr H.8. Instantaneous Restore release rates to
w  Dose Rate from noble gases within specifivations
i 4.3.1.4 3700 mrem/yr skin
from Noble Gases
4.3.2 1500 mrem/>r Organ

from particulates w
Ty > 8d., I-131, 133

and tritiom
Operational
Dbjectives
Dose-Liquids 7.2 , 4.2 1.5 mrem N.B. Calendar Quarter 30 day report if
5 mrem Organ exceeded
Dose-Liquids 7.2 4.2 3 mrem M.B. Calendar Year 30 day report if
10 mrem Organ exceeded
Dose-Noble Gases 7.3 4.3.1.1 5 mrad gamma Calendar Quarter 30 day report if
4.3.1.2 10 mrad beta exceeded
Dose-Noble Gases 7.3 4.3.1.1 10 mrad gamma Calendar Year 30 day report if
4.3.1.2 20 mrad beta exceeded
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TABLE 2-1 (continied)

-

PNPS_TECHNICAL_SPECIFICATIONS/OFFSTTE DOSE_CALCULATION MANUAL CROSS-REFERENCE
FOR _LIMITING CONDITIONS FOR OPERATION AND OPERATIONAL OBJECTIVES

Technical
Operational Specifications 0D
_Objectives ___Section Section?s)
Dose 1-131, 113
Particulates, H-3 7.4 4.3.2
Dose 1-131, 113
Particulates, H-3 7.4 4.3.2
Tota! Dose 7.5 4.2, 4.3.1,
4.31.2, 4.4

NOTE: MW.B. means whole body or total body.

Applicable
Liaits and
Objectives

7.5 mrem Organ

15 mrem Organ

25 mrem W.B.
25 wmrem Organ
7S mrem Thyroid

Exposure
Period

Czlendar Quarter

Calendar Year

Calendar Year

Required Action

30 day report if
exceeded

30 day report if
exceeded

Report If 2 times
specifications in

T.2:. 7.3, or 7.8
exceeded. Restore dose
*o public to within the
applicalbe E7A limit(s)
or obtain a varlance.

e, e B
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3.1 Racioactive Effluent Release Point bescription (Reference 10)

30

3.1.2

Main Stack Gas Release

The processed gases from the unit are routed to the main
stack for dilution and elevated release to the atmosphers
(see Figure 8-2). The main stack is continuously monitored
by a radiation monitor (see Section 3.2.1).

Dilution afr fnput to the stack s provided to reduce the
hydrogen in the air ejector off-gases to a concentration of
less than 4 percent by volume. Dilution air is supplied by
one of two fans located in the filter building at the base of
the main stack, The siack is designed such that prompt
mixing of all gas inlet streams occurs in the base to provide
prompt dilution of hydrogen and to allow location of sample
points as near to the base as possible.

The main stack 1s a pipe with a top elevation of about 400
feet mean sea level (MSL). The main stack is supported by
the filter building. The filter building is a reinforced
concrete structure which houses the dilution fan (16,680 ¢cfm
each fan), off-gas filters, and heaters. The main stack is
located about 700 feet west northwest of the reactor building.

Reactor Building Exhaust Vent Release

Air from areas containing potential sources of radioactive
contamination such as the reactor bullding, radwaste bullding
basement, and turbine building basement are discharged
through the reactor building exhaust vent (see Figure B-2).
Normal airflow is routed from lesser to pro?rossive1y greater
areas of radiocactive contamination potential prior to final
exhaust. The reactor building exhaust vent is continuously
monitored by a radiation monitor (see Section 3.2.2).

The operating floor ventilation is normally supplied with
40,000 cfm of filtered and tempered outside air which enters
the reactor builoing through louvers in the east wall, Air
fs exhausted from the operating floor through ducts located
in the roof truss area and the south wall, adjacent to the
floor (54,000 cfm per fan). Additiona) exhaust ducts are
located above the water level in the fuel poo', steam
dryer/seperator storage pool, and the raactor cavity.
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Two contaminated area exhaust fans (25,000 cfm per fan), each
rated at design capacity, are located in the reactor
building. The fans dischar?e to the main exhaust plenum at
the base of the reactor building. An additional smaller
exhaust fan (5,000 cfm), located in the reactor building,
exhausts only from the control rod drive maintenance shop and
discharges to the main exhaust plenum. Constant volume
control is maintained by inlet vanes which are automatically
positioned.

The reactor building exhaust vent is a square plenum
extending from the top of the west corner of the reactor
building. The exhaust plenum releases to the atmosphere at
an elevation of 182 feet MSL.

Ligquid Radiation Waste Effluent Release

The 11quid radwaste discharge header receives discharge from
the chemical radwaste monitor tank pumps, the clean radwaste
treated water transfer pumps, and the miscellaneous waste
Jrain tank pump (see Figure 8-1). The header provides
cratrolled discharge through efther a low flow discharge path
or & high flow discharge path. The high flow path is
normally used with a varfable 11quid radwaste effluent flow
from 1-200 gpm. The common discharge header extends from
beth the low and high flow-paths and is monitored for
radiation prior to discharge (see Section 3.2.3),

The monitor trips the Gischarge pumps, closes the flow
control valves, and provides an alarm on high radiation. The
1iquid radwaste effluent s finally discharged through an
outlet diffuser to the circulating water discharge canal.
Liquid effluent releases enter the Cape Cod Bay at the
outfall of the discharge canal which is located about 1100
feet north from the center of the reactor bullding.

In addition, batch releases from sources other than the
radwaste tanks are permitted provided at least two
independent samples are analyzed in accordance with PNPS
Technical Specifications section 4.8.A.1, an {ndependent
verification of the release rate calculations s performed,
and an independent verification cf the discharge valving s
performed. Concentrations released to unrestricted areas
must be limited to the values specified in YOCFR20.

A1) batch releases which are not processed through the 1iquid
radwaste treatment system are also discharged through an
ovtlet to the circulating water discharge canal., Thee
untreated 1iquid effluent releases also erter the Cape Cod
Bay at the outfall of the discharge canal.
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3.2 Radioactive Effiuent Monitoring System Description (References 8, §,

3.2

and 10)

Main Stack Gas Monitoring System

The main stack gas monitoring system consists of two
fndividual channels (see Section 7.12 of Reference 10) to
monitor the release of noble gases. Each channe) consists of
a gamma-sensitive scintillation detector and a seven decade
logarithmic count rate monitor that includes & power supply
anc a meter. Both channels are recorded on a two-pen
recorder located in the main control room. Both channels are
connected to the 24 volt DC power bus and to the AC Radiation
Protection System via a transfer switch to the emergency
diese) generators.

Each monitor has two upscale alarms and one downscale alarm.
Exceeding a setpoint inftiates an alarm in the main contro)
room, but no control action is provided. The unscale alarms
indicate high radiation (see Section 6-2c for gaseous effluent
monitor setpoint), and the downscale alarm indicates
ifnstrument trouble.

To monitor noble gases in the gaseous effluent from tie main
stack, a sample 1s drawn through an {sokinetic probe which is
located in the stream to assure representative sanpl1n?. The
sample passes through a particulate filter and charcoa
cartridge. The filtered gas then flows to two shielded
chambers where the radiation leve! of the noble gases is
measured by two scintillation detectors, one located in each
shielded chamber,

The system also provides for sampling of particulates and
fodines by the use of a filter and charcoal cartridge located
upstream of the gas being monitored 1n the shielded

chambers. The filter and cartridge are routinely analyzed ir
& chemistry laboratory in accordance with PNPS Technica)
Specification.

Each Individual channel includes a bullt-in check source and
a purge line to purge the stack gas from the sampling
chamber. Both the purge valve and the check source are
operated from the main contro) room. Each channel 1s
calibrated by laboratory anaiysis of a grab sample in the
offgas line. Alarm trip circuits can be tested using a test
source.
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The channe) has an upscale trip to indicate high radiation
level and a downscale trip to indicate instrument trouble.
The upscale trip alarms in the main control room (see Section
6.1 for 1iquid effluent monitor setpoints), trips the monitor
tank pumps, and terminates the discharge. The downscale trip
alarms in the main contro) room. The waste discharge valve
fs the isolation contro)l device for the 1iquid radwaste
effluent stream and 1t s automatically closed when the alarm
fs tripped. There are two waste discharge valves, one is
situated on a two inch 1ine and the other 1s situated on a
one inch 1ine. Both valves are located prior to the
radiation waste effluent monitor and prior to the discharge
canal. The valves are air operated valves. The waste
d1schar?o valves are: AOD7216A and SV7216A, which are on 1he
2 inch line;, and AD7216B and SV72168, on the 1 inch line.

The power source is the 24 volt DC power bus.

Alarm trip circuits can be tested using test signals. The
channe) ¥s calibrated by laboratory analysis of a grab sample
from the 1iquid radwaste system,
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TABLE 3-1

RADIATION EFFLUENT MONITOR DATA

N Effluyent Monitors

Stack Gas | Reactor Bldg. Vent G
tem Channel 1 Channel 2 |  Channel A_ Channel B |  Liquid Effluvent et
Manufacturer GE GE GE GE GE
Mode] Number 194X900G9  194X900G1 ! 194X900G11  194X900G11 194X900G9
b—

Serial Number 6,343,901 PPA 6,550,P%6,343 6,550,733 6,550,789 6,342,995 PPA
6,342 _790 PRM 907 6,342,788 PRM

Scale cps cps cps cps cps
Range 10-' - 105 10! - 106 10-" - 106 10-! - 106 10-1 - 106
Power 24V, DC 2av, DC 24v, DC 24V, DC 24v, DC
Location Panel 710 Pane! C910 Panel C910  Panel (910 Panel C910
Installation Date 8/20/M 8/20/M 8/20/m 8/20/m 93n
Survelllance Test

a. Dally Channel Check Channel Check Channel Check

b. Monthly Source Check Source Check

c. Quarterly Channel Functional Test Channel Functional Test Channel Functional Test
Calibration

a. Quarterly Check Source Check Source Check Source

b. 18 months

Known radiation source

Known radiation source

Known radiation source
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TABLE_3-1

L
A, oo Moas

RADIATION EFFLUENT MONITOR DATA (continued)

A

____Efflyent Monitors

1tem

Stack Gas

Alarm Set Points
a. Hi Alarm
b. Hi HI Alarm

see Section 6.0

Channel 1 Channel 2 _

Reactor Bldg. Vent
Channel A Channel B

see Section 6.0

~

Liquid Efflyent

see Section 6.0

Isolation Control
Device

Haste Discha.ge Valve
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3.3 Measurement Method During Release (References 5, 7, and 10)

3.3.)

3.3.2

$:3.3

Gaseous Effluent

The gaseous effluent radiation level is continuously
monitored as 1t is being vented to the atmosphere. Periodic
samples are collected from the reactor building vent and the
main stack. The particulate filters, charcoal cartridges,
as samples, and condensed water samples are analyzed for
sotopic fdentification and quantification, in accordance
with the PNPS Technica) Specific~tions.

Liquid Effluent

Prior to the release of any 1iquid waste, 8 sampie of the
release 15 collected and analyzed for ?ross beta and gross
gamma activity, and tho specific activity of each release is
determined by isotopic analysis. The waste discharge tank is
recirculated at least 60 minutes prior to the collection of 2
sample. The release of any 1iquid waste is controlled on a
mixed maximum permissble concentration (MPC) basis, where the
sum of the ratios between the isotopic concentration and the
MPC s less than one. The specified waste discharge flow
rate must be at least 10% less than the maximum waste
discharge flow rate which shall not exceed 200 gpm. The
discharge of the liquid effluent is made from the 1iquid
radwaste discharge header.

Limitations
a. Gaseous Efflyent

1) PNPS Technica) Specifications for gaseous release
values.

b. Liquid Effluent

1) PNPS Technica) Specifications for 1iquid release
values.

2) 1f one pump s used to discharge the 1iquid waste and
fails, the release 1s immediately discontinued.

3) If the discharge flow rate recorder falls, the release

fs immediately discontinued.

e 12
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1cplation thod

This section presents the calculationa) specifics required to demonstrate
compliance with each of the Technica) Specifications for limiting
concitions for operation and operationa! objectives identified in Section
2 of this document.

The equations in this section are based on the equations and
calculationa) methods described in Reference 1, unless otherwise
specified. These equations have, in some cases, been presented in a
slightly differer’ form in an effort to simplify their use. The
subscripts us/ ' are "a" for age group, *4" for organ, "{i* for
racionuciide, “p" for pathway and 1" for location. Capital letters have
been used on the dose/dose rate, use ..c., concentration, and dose
conversion factor abbreviations to ¢-s1ynate pathways. *A" {s for
aguatic foods, “S" for shoreline depc .ts, "N" for swimming, *Y" fcr
yachting/boating, “N" for noble gas, “G" for ground plane deposition, "B
for breathing/inhalation, *L" for leafy vegetation, "R* for root
crops/non-leafy vegetation, *M" for milk, and “C* for meat.

The descriptions of constants, varfables, and parameters in this section
are 2lso based on those described in Reference 1, unless otherwise
specifiad. The descriptions have, in some cases, been modified to
describe the constant, varfable, and parameter specific application in
the corresponding equation. In addition, some of the constants and
variables values have been revised to include more site specific values,
to include more technically correct 1nfor$at1on. or to provide uniformity
(e.g., Ay values always presented in hr=!). Values for parameters which
only have a single value will appear along with the definition. For
those parameters which can take on different values for different
conditions, the appropriate value wil) appear in the referenced tables.
A1l numerical contants have been derived from the indicated base
conversion factors and are represented in sclientific notation to the
third significant digit.

4.1 Concentrations of Liquid Efflyents

The following equation shall be used to determine the discharge flow
rate such that concentrations of radioactive effluents released to
unrestricted areas do not exceed the concentration 1imits specified
tn 10CFRZO Appendix B, Table 11, Column 2: ' ;

DFR = OW /T ( Cyt / MPCy )

i
where:

DFR « Maximum discharge release rate of 1iquid effluent,
(gal/min).
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Chn e Flow rate of dilution water, (gal/min).

Cyi = Concentration of nuclide 1 4n the 1iquid waste
discharge volume prior to any dilution as determined
by current isotopic analysis for ’anal emmitting
nuclides and most recent results from pure beta
and alpha emitters, (uCi/cc).

MPCy » Maximum Permissible Concentration of wach nuclide
from 10CFR20 Appendix B, Table II, Column 2, (uwCi/cc).

4.2 Llguid Effiyents Dose Assessment Methodology

The following equations shall be used to estimate the annual dose
rates due to release of radiocactive 1iguid effluents. A input
parameters (1.e. activity and volume) must be normalized to a 1 year
release period. Modification of final results is necessary for
comparison to dose rate 1imits for perfods different thar one year.
For comparison to monthly 1imits and quarterly limits, results would
be scaled by 1/12 and 1/4, respectively. To determine the dose or
dose commitment for a desired period, multiply the annual dose rate
by the fraction of the year for the dose period desired.

Pathways assuming internal deposition of radionuciides (i.e.,
ingestion) involve the use of a 50-year committed dose conversion
factor. This entire prospective dose will be assigned to the
individual for the year of intake (Reference 1). For pathways
fnvolving externa) radiation to the tota) bedy (1.e., shoreline
activity, swimming, boating), the dose to all other organs {s
assumed equa) to that for the tota) body (Reference 1, Appendix E).

Summation of the dose rates from the equations below should be
performed for all significant pathways.

4.2.7 Liquid Pathways Annual Dose Rates

4.2.1.1 Aguatic Food Ingestion (Fish, Shellfish) |

where:
CAjp = OHy) Byp @ - MY,
Cm1-LwUIM(@)fxdl

Above ;quations derived from Reference | equations 2
and A3,

-

oM |
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4.2.1.2 ihorcline Ceposits (Discharge Canal and Recreationa)
res)

05.51 - US.j N]:‘ CSn 05513

where:

CS41 = 2.85 CWyy (1-¢ .Xiﬁ
i

CHn e same as indicated in equation 4.2.1.)
Above equation derived from Ref. 1 equations
A-4 through A-7,

4.2.1.3 Swimming (White Horse Beach)
DHay) = URy) ).; CH{) DFKyy

where:
CN,, e« same as indicated in equation 4.2.0.

Above equations derived from Reference 14 equation
4) on page 15)

4.2.1.4 Yachting/Boating (Cape Cod Bay) i
OY,q1 = 0.50 Ury, {- Ny ) DFHy,
where:

CN,1 « same as indicated in equation 4.2.1.)

Above equations derived from Reference 14 eguation
41 on page 15)

4.2.2 Definitions:

Bip s the equilibrium bloaccumulation factor for
rag1onuciido f, Yn aquatic foods pathway p, expressed as the
concentration in blota (pCi/kg), divided by the concentration
in water (pCi/11ter) from Table A-1, (1iters/kg);

CAyn 15 the concentration of radionulcide {1 in pathway p of
aqracic foods, (pCi/kg),

€54y s the effective surface conc!ntrction of radionuc)ide |
in sediments at location 1, (pCi/mé);
- 18 >

——
-———-ﬂ-——-——-—“-———
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Ofj) 15 the concentration of radionuclide § 1n seawater at
ocation 1, (pCi/liter); .

DAaip 15 the total annual dose rate from ingestion of aquatic
foo2s to organ §, of individuals of age group a, from pathway
p, (mrem/yr);

orcgg is the open field ground plane dose conversion factor
for Brgan g. from radionuclide 1, from Table E-6,
(mrem-m¢/pCi=hr);

DF1 1; fs the ingestion 50-year committed dose conversion
fccgo for oreun 3, of individuals in age group a, from
racionuclice 1, from Table E-11 through E-14 (mrem/pCi
ingestad);

oru,z s the submersion dose conversion factor in water, for
orgah J, of Individuals in age group a, from radionuclide 1,
from Table A-2, (mrem-liter/pCi-hr);

DS,;1 fs the tota) annual dose from exposure received during
shoFeline activities rate to organ J, of individuals of age
group a, at location 1, (mrem/yr);

DN.?\ s the total annual dose rate from exposure recelved
durfng swimming, to organ J, of individuals of age g.oup 2,
at location 1, (mrem/vr);

DY,?1 s the tota) annual dose rate from exposure recelved
during yachting/boating, to organ §, of Individuals in age
group a, at location 1, (mrem/yr);

M) 1s the mixing ratio (reciprocal of dilution factor) at
location 1 of exposure or harvest of aquatic food, from Table
A-3, (dimensionless);

O’ s the annua) release rate of radionuc)ide 1 In 1iquic
effluents, (Ci/yr);

tp 15 the period of time for which sediment 15 exposed to
radionuc)ides in seawater, Including bulldup, (hr, assumed to
be 1.31E5 hr « 15y);

th 15 the time between exposure of aguatic foods to
radionuclides in sea water and their consumption by an
individual, from Table A-3, (hr);

t) 15 the transit “ime required for radionuc!ides to reach
location 1, (hr, assumed to be 0.0 hr from the 11q.1d waste
tank to the discharge cama));

UA.? fs the use factor of agquatic .oods from pathway p, by
Individuals in age group a, from Table E-5 for maximum
individual, Table E<4 for average individual, (kg/yr);

- ‘ -
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USa) ¥s the use factor (amount of time) an individual in age
roup a, engages in shoreline activities at location 1, from
atle E-5 for maximum individual, Table E-4 for average

individual, (hr/yr);

UWg) is the use factor (amount of time) an individual in age
?'Oup a, engages in svlnmln? at location 1, from Table E-5
or/noxinum fndividual, Table E-4 for average individual,
(hr/yr),

UYa) is the use factor (amount of time) an individual in age
group a, engages in yachting/boating at location 1, from

able -5 for maximum individua), Table E-4 for average
individual, (hr/yr);

V is the tota) annua) discharge rate of 1iquid effluent «
condensor cooling/dilution water, (1iters/yr);

W) is the shoreline width factor for location 1, from Table
A-3, (dimensionless);

Y 1* the radioactive decay constant of radionuclide 1§,
(hret);

0.50 s a scaling factor for yachting/boating assuming that
doses received while on the surface of the water are 1/2 of
doses veceived while immersed in water from Reference 14,
(dimensionless);

2.89 s the factor to convert for transfer of nuclides from
water to sediment, equal to 100 1iters/mé=day from Refercnce
16 multiplied by ) day/24 hr and by In 2 (to convert
reciprocal ¢ to halfl;fo). as calcuated in Reference )
equation A-5, (1iter/mé-hr);

1.00£12 s the factor to convert from CY to pCi, (pCi/CH);

4.3 Gaseoys Efflyents Dose Assessment Methodology

The following equations shall be used to estimate the annual dose
rates due to release of radioactive gaseous effluents. A1l input
parameters (fe, activity and volume) must be normalized to » 1 year
release period. Modification of final results 15 necessary for
comparison to dose rate 1imits for perfods different than one year.
For comparison to monthly 1imits and quarterly limits, results would
be scaled by 1/12 and 1/4, respectively. To determine the dose or
dose commitment for a desired period multiply the annua. dose rate
by the fraction of the year for the dose period desired.

- 17 -
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Pathways assuming internal deposition of radionuclides (i.e.,
fnhalation, ingestion) involve the use of a 50-year committed dose
conversion factor. This entire prospective dose will be assigned to
the ingivigual for the year of intake (Reference 1). For pathways
fnvolving external radiation to the tota) body (1.e., noble gas
tota! body dose, ground plane deposition), the dose to all other
organs 1s assumed equal to that for the tota) body (Reference 1,
Appendix E).
Summation of the doses rates from the equations below should be
performed for al) significant pathways and al) release points from
which significant radicactive effluent releases have occurred (1.e.,
Main Stack and Reactor Building Exhaust Vent).
4.3.1 Gaseous Pathways Annua) Dose Rates from Noble Gases

4.3.1.0 Gamma Alr Dose

DN, = %Ch DFN{,y

where:

Ciy » 31764 ‘6L) Q4
i

Above equations derived from Ref. 1 equations 6, 7,
B-1, B-2, B-4, and B-5, as wel) as References 3 ang
4,
4.3.1.2 Beta Alr Dose
DNy » Z Cyg DFNyg
i

where:

Co= 3.17E4 (é)c Q4

Above equations derived from Ref. 1 equations 7, B-4,
and B-5.
4.3.1.3 Tota) Body Dose

ON7g » § ;Cu DFN{TE

where:
Cyp = Same as Indicated in equation 4.3.1.),

Above equations derived from Ref. ) equations 8, 10,
.". .’2\ ."q "S. .‘6. .hd .-" .‘ '.\‘ .$
References l‘c.hd 4,
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4.3.1.4 Skin Dose
DN = gcw DFNi5 « 1.11 § DN,

where:

Cia, DN, « same as indicated above In equations
4.3.1.2 and 4.3.1.1, respectively.

Above equations derived from Ref. 1 equations 6, 7.
§, 11, B-), B-2, B-4, B-7, and B-9, as we)) as
References 3 and 4,

4 3.2 Gaseous Pathways Annua) Dose Rates from Iodine 131 and 133,

Particulates with a Half-1ife Greater than @ Days, and
Tritium,

PNPS Technical Specifications do not consider doses from C-14
and 1-135 for compliance. Mowever, equations for these
radionuclides are Included In this section for completeness.
4.3.2.1 Ground Plane Deposition

DGJ - S §C61 DFGM

where:

CGy » 1.00£12 (D} Q4 .2 =A%
Q i
Above equations derived from Ref. ) equations 12,
C-1, and C-2.
4.3.2.2 Breathing/Inhalation

DB‘j L] U.‘ ;C'i DFB.lj

where:
CBy » 3.1764 ‘3) 04 for H-3, C-14
Qle
CBy « 3.17¢4 (z) Q4 for particulates with
Qlg Ty >8d and 1-131, 1.133,
and 1-135,

Above equations derived from Ref. 1 equations 13,
C°3. .nd c-‘ .‘ 9
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4.3.2.3 Leafy Vegetation Ingestion
DL.’ - UL. f\ ECLI DF!.13

where:

CL‘ = leafy vegetation concentration as
calculated below.

Above equation derived from Ref. 1 equations 14
and C-13.

where:

CHy, CLy, CPy, CRy « 1.18E7 Q4 Ié)'" for H - 3
4

CHy, CLy, CPy, CR{ » 2.18E7 p 0g(8) for C - 14
C

CHy, CLy, CPy, CRy =« 5.7 (8)0‘ .

rp(l-e “Aiite )
+*
Yy )\EI

Biy (1 ¢ =Mty : for 1-131,
' ¢ -ALY, 1-133. and

I
l
I
l P Ay 1138
I
I
I
I

CHi, CLy, CPy, C2¢ I.uu(g) Qf »

rp (1 «¢ -)l‘f.)
: +

Yy A EY

By (1= =ALy
Rk for particulates
Py with Ty> B days

Above equations derived from Ref. | equations C-5
through C-9.
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4.3.2.4 Root Crop Non-Leafy Vegetation Ingestion

4.3.2.5

4.3.2.6

DR,, B UR‘ 'rg Cni DFI.{J

where:

CRy = root crop concentration as calculated
in 4.3.2.3.

Above equations derived from Ref. 1 equations 14
and C-13.

Milk Ingestion
W‘J - UM. ; DH DF1.13

where:

My = Fim CFy Qr ¢ =M1 Y

CFy » fpfsCPy o (CH (1=Tp)) o CHyifp(1-fg)

CPy,Chy = concentration in pasture grass and
harvested/stored feed as calculated iIn
equation 4.3.2.3.

Above equations derived fream Ref. 1 equations 14,

c.‘o' C‘1‘o .nd C-13

Meat Ingestion

DC.; - UC‘:; CC1 Drxaij
where!

CCy » Fyg CFy Qr o Aty

CFy » concentraiiz~ in forage as calculated in
equation 4.3.2.5

Above equations derived from Ref. ) equations 14,
C-12, and C-13

-2 -
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Definiticons

Bjy - is the concentration factor for uptake of radionuclide
§, from soil in the edible portions of crops, in pCi/kg (wet
veight) per pCi/kg dry soil, from Table E-1, (kg/kg);

C1 - 1s tho effective semi-infinits cloud concentration of
, gas , for the purpose of calculating “eta alr dose,
1 m

Cyy = 1s the effective finite cloud concentration of noble
gas 1 for the purpose of calculating gamma air dose, (pCi/m?);

CB; - is the ?FOUhd lc;o\ airborne concentration of
radionuclide (pCi/m?)

Cca17 is the concentration of radionuclide 1 Yn meat,
kg,

CF, - {5 the concentration of radioniclide Y on forage,
tpCizkg);

- s shc ground plane concentration of radionucliide |,
1 hrimé-yr),

CHy = Is the concentration of radionuclide 1 on
harvested/s*nred feed, (pCi/kg);

Cﬂi « is the concentration of radionuclide { in milk,
Ci/1iter),

CLi - 15 the concentration of radionuciide | in leafy
vegetables, (pCi/kg);

CPy ~ s the concentration of radionuclide 1 on pasture
grass, (pCi/kg);

CRy = 15 Jue J.acentration of radionuclide | in root
crops/non-leafy vegetadble:, (pCi/kg);

2 - 45 the total annual dose rate from breathing/
inhilation to organ §, of an {ndividual in age group a,
(mrem/yr);

DCayq = 15 the tota) annual dose rate from ingestion of meat
te grgan 3. of an individual in age group a, (mrem/yr);

DFB ‘a « {5 the inhalation S50-year committed dose conversion
facto for or?an §, of individuals in age group a, from
radionuciide ¥, from Tables E-7 through E-10, (mrem/pli);

DFGiy =~ 1; the oper field ground plane dose conversion facter
fo' 3 , from radionuciide 1, from Table E-6, (mrem
-me/pt hr)

2.
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DFla44 = s the ingestion 50-year committed dose conversion
factof for °'$." 3, for individuals in age group a3, from
radionuclide 1, organ §, from Table E-11 through E-14,
(mrem/pCi);

D'N}s - §s the beta skin dose conversion faztor for a
semi-infinite cloud of noble gas 1, which Includes the
attenuation Py the outer “dead" layer of skin, from Table
B-1, (mrem-m/pCl-yr);

Drn1r, - 15 the total body dose conversion factor for &
semi-infinite cloud of noble gas 1, which Includes the
attenvation of 5 g/emé of tissue, from Table B-1,
(mrem-m?/pCleyr);

DFNjs~- s the beta alr dose conversion factor from 2
semi-infinite cloud of noble gas 1, from Table B-1,
(mrad-m?/pCleyr);

DFN,, - is the gamma air dose conversion factor from a
seri-infinite cloud of noble gas §, from Table B-1,
(mrad-m3/pCi-yr);

DGy - is the tota! annua) dose rate to organ J from direct
oleosurc to the contaminated ground plane from all
radionuclides, (mrem/yr),;

DLgy - ¥s the tota) annual dose rate from ingestion of leafy
vegitables to the organ §, of an iIndividual in age group 2,
(mrem/yr);

Dﬂ,q - 13 the total annual dose rate from ingestion of milk
to the organ 3, of an individual in age group 3, (mrem/yr),

DN; « 15 the tota) annyua) skin dose rate due to fmmersion in
a finite cloud of noble gases, (mrem/yr),

DNI' « §8 he AV ee: ou..i LOGy dOse rate due to Immersion in
8 finite cloud of noble gases, (mrem/yr);

DNy~ 15 the annua) beta ir dose rate to a semi-infinite
cloud of nobdle gaser (rrad/yr);

DNy = s the annual gamma afr dose rate due to a finite cloud
of noble gases, (mragd/yr);

DRay = 1 the tota) annva! dose rate from ingestion of root
crof or non<leafy vegetables to the organ §, of ar individua!
in age group a, (mrem/yr);

(Jz)- f5 the deposition rate considering depletion
Q) at the v!coptor location in question, from Table
)

s I8 -

5" ’ (M'
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f1 - s the fraction of the ingestion rate of & leafy
vegetable that 1s produced in the garden of interest,
(dimensionless; assumed to be 1.0);

fo - 15 the fraction of the year the animals graze on
pesturc. (dimension’»ss: assumed to be 1.0);

fr - 15 the fraction of root crops/non-leafy vcgotcbin that
are produced in the garden of interest, (dimensionless;
assumed to be 0.76);

fg - 1s the fraction of daily feed that s pasture grass when
:ha anima) grazes on pasture, (dimensioniess; assumed to be
0

Fyr = 15 the average fraction of the animal's dally intake of
radionuciide Y which appears in each kilogram of meat, from
Table E-1, (days/kg);

Fim = 15 the average fraction of the animal's dally intake of
radionuc)ide | which appears in each liter of milk, from
Table E-) for cows, Table £-2 for goats, (days/liter);

H - §s the absolute humidity of !ho atmosphere from Reference
15, (g/m3; assumed to be 5.6 g/m?);

p -~ s the fractiona! equilibrium ratio, (dimensionless;
assumed to be 1.0 for c o tinuous release);

P~ is the effective s!rfocc density for dry soil, (kg/n?;
assumed to be 240 k~  €);

Qf - is the amount of feed consumed by the animal per day
from Table E-3, (kg/day);

0’ « 15 the annua) release ra*s nf radionuciide 1 in gaseous
effluents (Ci/yr),

r; - is the fraction of deposited radiniodine retained on
crops, (dimensionless; assumed to be 1.0 from References
17.20);

e -~ 18 the fraction of deposited particulates retained on
crops, (dimensionless; assumed to be 0.2 from References 2°
and 22),

S « 15 the attenvation facte t accounts for the dose
redu.tion due to shielding provided by residentia) structures
from Table E<15, (dimensionless);

tp - is the time period over which the radionuciide buildup
fs evaluated, (hr; assumet to be 1. JVES hr e 15 yr);
.z‘-
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te - 15 the time period that crops are exposed to
;Adionuc1\dc deposition during the growing teason, from Table
=15, (hr);

tr - is the average transport time of the activity from the
feed 1nto the milk and to the receptor from Table E-15, (hr);

th - 1s the holdup time that represents the time inter)
between harvest and consumption of the focd, from Table E-15,
(hr),;

tg - 1s the average time for radioruc)ides to pass from feed
tﬁrough meat to the consuming individua., (hr; assumed to de
480 hr « 20 Jays);

UB, - 15 the annual brolthin, rate, for Individuals In the
age group a, from Table E-§ for maximum individual, Tabdle E-4
for average individua), (m3/yr);

UCy = 15 the annual iIntake of meat, for incividuals in age
group 8, from Table E-5 for maximur individual, Table E-4 for
average individual, (kg/yr);

ULy = 15 the a=~ual intake of leafy veyetables, for
1n31vidua1s in the age group a, from Tadbie E-5 for maximum
individual), Table E-a for average individual, (kg/yr),

UM, - 1s the annual intake of milk, for Individuals in the
age group a, from Table E-5 for maximum individual, Table E-4
for average individual, (1iter/yr);

URy = s the annual intake of root crops/non-leafy
vegetables, for individuais in the age group a, from Table
E-5 for maximum individual, Table £-4 for average individual,
(kg/yr),

Yy - }s the agricultura) proguctivity., oo, Tiom Table E-15,
(kg/mé, wet weight),

(!) « i3 the appropriate value of undepleted atmospher!-

Qic dispersion factor used to estimate ground leve)
airborne concentration of gaseous, (1.e., non-
particulate) radionuclides, from Table 5.1, (sec/m?);

(8) = 15 the appropriate value of the average gaseous

Q/g ©ispersion factor corrected for depletion of
particgiatcs and radiolodines, from Table 5-1,
(sec/m?);

(;) « 13 the appropriate value of gamma atmospheric

dispersion factor used to estimate ground leve!
gamma dose rate from an elevated or ground leve!
plume as calculat!d in References 3 and 4, fro»
Table 8-, (sec/m?),
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Ay - 1: the radioactive decay constant of radionuciide 1,
(hr =');

xg’ - 15 the effectiye removal rate constant for radionuclide
1 from crops, in hr=l, where Ay ® Ay * Ay, Ay 15 the
radioactive decay consta t, and Xy is the removal rate

c:m ;nt for physical loss by weataering Ay = 0.0021 hr-!,
(hr=1);

1.1 « 15 the average ratio of the tissue to alr energy
absorption coefficients, (mrem/mrad);

3.1754 15 equal to 1.00E12pCY/CY divided by 3.15E7 sec/yr,
'~2iayr/Ci-Sec)

1.19€7 « 45 equal to 1.00612 pCi/CY divided b‘ 3.15E7 sec/yr
and multipliec by V.00E3 g/kg and by 0.5 g H-3 in plant water
par g K-3 in atmospheric water from Reference 23
(dimensionless) and by 0.75 ¢ water per ¢ plant
(gimersfonless), as calculated in Reference ) equation C-9,
(pCleyr-g/Clesec~kg);

2.18E7 - 15 eque) to 1.00E12 pCY/CY diviced by 3.15E7 sec/yr
and aultipled by 1.00E3 g/kg and b{ 0.11 g Carbon/g plant
mass from References 24 and 25 divided by 0.16 g Carbon/m? of
alr, as cglculated In Reference ) equation C-8,
(pCieyrem?/Clesec~kg):

§.71E7 - 1s the conversion factor to correct for activity,
time units, and elementa! forms of radioiodines, equa) to the
particulate rac'onuclide conversion factor 1.14E8 myltip)ied
by an (Tementa) fodine fraction of 0.5 from Reference 26,
(pCiayr/Clehr);

1.14E8 - 15 the conversion factor to correct activity units
and time units for particulate radionuc)ides, equal te
1.00E12 pCH/CY multipiied by 1 yr/8760 hr, (pfiecvr/fichr);

1.00E12 « 15 the conversion factor to correct for activity
units, (pCi/CY);

e 26 -
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4.4 Tota) Dose to a Mrmber of the Public

The purncse of this section 1s to describe the method used to calculate
the cumulative dose contributions from 1iquid and gaseous effluents in
accordance with PNPS Technica) Specifications for total dose. This
method .an also be used to demonstrate compliance with the Environmenta)
Protection Agency (EPA) 40CFRIS0, “Environmenta) Standards for the
Uranfum Fuel Cycle”.

Compliance w'th the PNPS Technical Specifications dose abacctlvcs for the
miximum incividual demonstrates compliance with the EPA 1imits to any
merber of the public, since the design dose objectives from 10CFRSD
Appendix 1 are much lower than the 40CFR1S0 dose 1imits to the genera!)
public. With the operational objectives in PNPS Technical Spezifications
sections 7.2.A, 7.3.A and 7.4.A being exceedad by a factor nf two, @
special analysis must be performed. The purpose of this special analasis
fs to demonstrate {f the tota! dose to any member of the public (rea)
incividual) from all ~ranium fuel cycle sources (including a)l rea)
pathways and direct racdiation) s limited to less than on equal to 2%
mrem per year to the total body or any organ except for the thyroid which
fs 1imited to 75 mrem per year.

1f requirec, the tota) dose to & member of the public will be calculated
for all significant effivent release points for all ref ::thvazs
incluging cirect radiation. Only effluent releases from PNPS (Pilgrim
Station) need to be considered since no other nuclear fue! cycle '
facilities exist within a 50 mile radius. The calculations wil) be bases |
on the equations contained in this section, with the exception that the -
vsage Tactors and other site specific parameters will be modified using

more realistic assumptions, where appropriate.

The direct radfation component from the facility can be determined by
using environmental TLD results. These results will be corrected for
natura!l blclf'OJﬁd and for actual occupancy time of the recreationa!
areas accessible to the general public at the location of maximum direct
reciation. 1t s recognized that by Including the results from the
environmenta) TLOs into the sum of tota) dose component, the direct
reciation dose may be overestimated. The TLD measurements myy include
the exposure from noble gases, ground plane deposition, and shoreline
depositicr, which have already been included in the summation of the
sigrificant dose pathways to the general public. HMowever, this
conservative method can be used, 11 required, as well as any other method
for estimating the direct radiation dosc from contained radioactive
sources within the facility.

—— — W— W— G— — W R R W W W w—

Therefore, the tota) dose will be determined based on the most realistic

site specific gata and parameters to assess the rea) dose to any member

f of the genera! public. |
|
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5.0 Recentor Locations, Mydrology, And Meteorology

The purpose of this section 15 to fdentify those receptor locations which
represent critical pathway locations 2 “ the methods used to estimate
gilution and dispersion factors for these locations.

For the dose calculations from Yiquid effluents, the maximum individual
fs assumed to: 1) ingest fish and she)lfish from the discharge canal, 2)
receive direct radfation from shoreline deposits at both the discharge
canal and PNPS shoreline recreationa) area, and 3) receive externa)
radiation while swimming at White Morse Beach as well as while boating on
the Cape Cod Bay. The doses are calculated for the various age groups
(1.e., Infant, child, teenager and adult), as well as for the various
organs, (1.e., bone, Viver, th{ro1d. kidney, lung, gestrointestinal
tract/lower large intestine, skin, anc total body). The maximum tota)
body and organ doses are selected from the totals of the various age |
group anc organ doses calculated as described above.

For 1iquic effivent pathways, Table A-3 1ists the conservative values for ,
}ho m::1h; ratio and shore width factor for the various aquatic receptor |
ocatic.s.

For the dose calculations for gaseous effluents, the maximum individua)
fs assumed to reside at the receptor location that provides the highest
gose from the dose contributions from all gaseous release points where
significant releases have occurred. The locations selected in Table 5-)
are the s'te boundary, a garden at the site boundary, and the nearest
milk animal at the Plimoth Plantation. The dose calculations are
performed for each release point and totalled for the following dose
pathways; 1) noble nas immersion, 2) ground plane deposition, 3)
fnhalation, and 4) ingestions of leafy vegetable, root crops/non-leafy \
vegetables, milk, and meat. The doses are 2150 calculated for the
various age ;voups and for the various organs as described for 1iquid
effluents. The maximum tota) body, skin, and orgar doses are selected
from the totals of the various age group and organ doses calculated as
describec above.

In orcder to estimate atmospheric dispersion and deposition factors for
each of these locations, a computer coce supplied by the Yankee Atormic
Electric Company was used. The code, AEOLUS (Reference 3), was used to
calculate quarterly average velues of dispersion and deposition factors.

Meteorologica) data for a three year perfod, Janvary 1, 1977 ¢o December
31, 1979, were used for these analyses. The most conservative quarterly
average values of ground leve) ovor|?0 atmospheric dispersion factor
hefore depletion (X/Q)c, ground level average atmospheric dispersion
factor after depletion (X/Q)g, average gamma dilution factor (x/Q), and
average deposition rate (D/7) for the three year period were chosen for
each of the critica) receptor locations.

.28 -
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The techrigue used to estimate ground leve! gamma doses from an elevated
or ground leve) plume 1s based on the sector average finite cloud mode)
of Regulatory Guide 1.105 (Reference 1). The equation has been
rearranged into a form similar to the standard semi-infinite cloud
equation theredby allowing the use of a “gamma Ch1/Q" which Includes the
effects of plume dimensions, gamma energy mix, atmospheric and geometric
attenvation, etc. (See Reference 3 and 4 for a detalled discussion.)

For gasecus effluent pathways, Table 5-1 1ists the critical locations for
receptors and conservative atmospheric dispersion factors for each
atmospheric recaptor location.




Critical Receptor Locations and Atmospheric Dispersion Factors

Technical Specification Section

3.8.D Gaseous [fflyent Dose Rate

Site Boundary(!)
Nearest Garden(?)

Nearest MIlk Animal(d)

)
2)

N
2)

n
2)

3.8.F Gaseous (ffluent Treatment

Site Boundary'!)
7.3 Dose - Noble Gases
Site Boundary(!)
7.4 Dose - lodine-131,
Todine-133, Radioactive
Materials In Particulate
form, and Tritiom

Site Boundary(!)
Nearest Garden(2)

Nearest Milk Animal(3)

i)
2)

1))
2)

n
2)

n
2)

N
2)

lalc

(sec/m))

7.40E-06
4 _69%-07

7.40E-06
4.696-07

4.29¢-07
3.73€-08

7.40€-06
4.69-07

7.40E-06
4.69E-07

7.40E-06
4.69%-07

7.40€-06
4.69%-07

4.29-07
3.73-08

Table 5-1

Atmospheric Dispersion Factor
Reactor Building Vent

1)

2) Main Stack

(0],

(sec/md)

7.04E-06
4.69€-07

7.04£-06
4.69E-07

4.21E-07
3.70€-08

N/A
N/A

N/A
N/A

7.04E-06
4.69€-07

7.04E-06
4.69%€-07

4.2¢-07
3.70F-08

la),

(sec/m))

4_69E-06
1.68F-06

4_69%E-06
1.68E-06

1.70€-07
3.22¢-08

4.69€-06
1.68E-06

4.696-06
1.68E-06

N/A
N/A

N/A
N/A

N/A
N/A

5.22€-08
2.92€-09

5.22€-08
2.92e-09

7.93€-10
2.46E-10

N/A
N/A

N/A
N/A

5.22¢-08
2.92¢e-07

5.22¢-08
2.92€-09

7.93E-10
2.46E-10



X

Technical Specification Section (0)(
(sec/md)

7.5 Total Dose

Site Boundary(!) 1) 7.406-06

2) 4.69%-07

Nearest Garden(2) 1) 7.40F-06

2) 4.69%-07

NOTES:
(n

2)

3

Nearest MITk Antmal(3) 1) 4 20r.07
2) 3.73%-08

Table S5-1 (Continued)
Critical Receptor Locations and Atmospheric Dispersion Factors

Atmospheric Dispersion Factor
1) Reactor Building Vent

Z2) Main Stack

(o,

(sec/m?)

7.04E-06
4.69¢-07

7.04E-06
4._695-07

4207
3.70€-08

(o

(sec/m?)

4.69E-06
1.68E-06

4_69€-06
1.68E-06

1.70€-07
3.22¢-08

B T T e T R —— ¥ L — g} = L |

0
0
(1/m?)

5.22¢-08
2.92€-09

5.22¢-08
2.92¢-09

7.93E-10
2.46E-10

"Site Boundary” means the location at or heyond the boundary of the re:iricted area with

the highest calculated dispersion and/or deposition factor.

"Nearest Garder® 1s considered to be the same as the site boundary due to the abundance

of smal’ gardens near Plilgrim Station.

“Nearest M1k Animai® 15 presently considered to be at the Plimoth Plantation, 2.2 ».«les

west of Pilgrim Station.

—
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Liquid Efflyent Monitor

The set point for the 1iguid effluent & monitor (see Sectinn 3.2.3)
fs estadblished as follows:

L

2)

3)

4)

Prior to a 1iquid batch release, the waste discharge tank 1s
recirculated for at least 60 minutes and a sample s taken.

The Tiquid effluent sample 1s analyzed (see Section 3.3) to
determine the concentrations of each detectable isotepe in
wCi/ce. (See Appendix B Yor the definitions of lower limit
of detection.}

The offic\ch{ (in counts/sec per uCi/cc) of the 1iquid
gischarge monitor 15 calculated based on prior release
experience. PNPS Chemistry Procedure 7.3.38 entitled
“Determination of Conversion Factors for Liquid PRM's"
describes the method to determine the efficiency.

The setpoint for the Yiguid effluent & monitor 13 calculated
as follows:

5 (E - Q) o .9
where.

Sy o Liquid monitor setpoint for steady-state, equilibrium
discharge (counts/sec).

E o Efficiency of Yiguid discharge meaitor in counts/sec per
wCi/cec for the mixture of isotopes observed in the grad
sample.

G o Tota) specific gamma activity of the grad sample.

Bg « Measured background count rate of the monitor with no
sample present (counts/sec).

The setpoint wil) ensure that the concentration of liguid
effluents discharged does not increase above the value for
which the maximum permissible discharge flow rate was
established (see Section 4.1 of this manual).
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6.2 Gaseous Effluent Monitors

The only components of the station's gaseous effluent and discharge
which 45 continuously monitored are the noble gases. The method of
dutorminin? the Main Stack Gas Monitor (see Section 3.2.1) and
Reactor Building Exhaust Vent monitor (see Section 3.2.2) Wi ang
Ki-Hi alarms s as follows:

1) At the time a gas grab sample 1s taken at the discharge
point, the gross monitor rcaain? is recorded (in counts/sec).

2) The results of the 1sotopic analyses on this sample in terms
of uCi/ce of each 1sotope detected are used a!ong with
estimates of gaseous discharge flow rate (SCFM) to determine
the current release rate of each detected fsotope in uCi/sec.

3) These calculated release rates (uCi/sec) are used along with
the equations given In Section 4.3.1.3 and 4.3.1.4 of this
manual to calculate the maximum offsite dose rate due to
noble gases.

4) The ratio of this calculated dose rate to the PNPS Technica)
Specifications instantaneous dose rate limit (500 mrem/yr for
the total body and 3000 mrem/yr for the skin, or some
fraction thereof) is used to scale the observed monitor
reacding at the time at which the grad sample was obtained as

follows:

SG - (Cs - 'g) D:"Pﬁ - 'g
PRcare

where:!

Sg = gasecus monitor setpoint corresponding to SO0 mrem/yr to
the total body or 3000 mrem/yr to the skin, whichever is
more limiting (in counts/sec)

By = measured background count rate at the sampler with no
sample present (in counts/sec)

Cs = observed monitor reading at the time of the grad sample
(in counts/sec)

DRLimit = the applicable dose rate 1imit 500 mram/yr for the tota)
body o; 3000 mrem/yr for the skin or some fraction
thereo

-33.
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ORcaig o the calculated dose rate for the maximum Individua)
from the metho)s of Section 4.3.1.3 and 4.3.1.4 of this
manua) using the release rates determined from the grad
sample, mrem/yr

The resiiting setpoint will be valid until the next grad sample is taken
from the release point.

This method will be used to estadblish the Hi-Hi alarm at S00 mrem/yr to
the tutal body or 3000 mrem/yr to the skin, whichever 1s more restrictive.

Since two release points exist for noble gas effluents, the set points
miy be varied to allow greater release rates from one point than the
other, provided the total 1imit {5 below 500 mrem/yr for the tota! body
or 3000 mrem/yr for the skin, whichever 1s more restrictive.

The Hi-Ki alarm setpoint for the gaseous monitors will be based on the
equation iIn this section. The MY alarm setpoint may be set at or below,
but in no case adove, the HWi-Hi alarm setpoint.

Eagiological Environmental Sampling and Measurement Locaiions

Sampling and measurement locations have been established for Pligrim
Station c0nsidor1n? meteorology, population distribution, hydro\og{. and
fand use characteristics of the Plymouth area. The sampling locations
are oivided Into two classes: {ndicator and contro). Indicator
locations are those which are expected to show effects from PNPS
operations, 1f any exist. These locations were selected primarily on the
basis of where the highest predicted environmental concentrations were |

calculated to occur. While .~¢ iIndicator locations are !{bltllly within
a few miles of the plent, the contro) stations are generally located so
a5 to be outside the influence of Pilgrim Station. They provide a basis
on which to evaluate fluctuations at indicator locations relative to ‘
natural background radiation, matura) radicactivity, and fallout fre-
prior nuclear weapons tests.

The environments? sampling media collected in the vicinity of Pilgrim
Steviv Imglule oo Jarticulate filters, charcoa) cartridges, seawater,
shellfish, Irish moss, American lobster, fishes, sediment, milk,
cranberries, vegetation, and beef forage. The media, sample designation
location, description, distance, and direction for Indicator ¢ ¥ contro!
samples are listed in Tables 7-2 and 7-5. These sampling locations are
also displayed on the maps shown in Figures 7«1, 7.2, 7-3, and 7-5. The
freguency of collection and types of radicactivity analysis are described
in the PNPS Technica) Specifications and in Table 7<), The maximum lower
1imits of detection (LLD) for the analytica) measurements are specified
in the PNPS Technical Specifications and Table 7-6 (see Appendix B for
the definitions of the lower limit of detection).
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The environmenta) TLD location designations, distance, and direction from
the reactor are 1isted in Table 7-3. The radiation measurement locations
for the environmenta) TLDs are shown in Figures 7-2, 7-3, and 7-5. The
frouuonc{ and type of racdiation measurement 15 described in PNPS

Technical Specifications and in Tadle 7-1,

The pressurized fon chamber measurement locations, distance, and
girection from the reactor are 1isted in Table 7-4. These radiation
measurement locations for the surveys performed on lcocal beaches are
shown on Figure 7-3. The frequency and type of radiation measurement is
gescribed in PNPS Technica) Specifications and in Table 7-1.

The atmospheric end land-based samples are collectes by Boston Edison
personnel trom the Electrical !ng1noor1ng and Station Operation
Department's Environmental Laboratory. The aquatic samples are collected
by the Division of Marine Fisheries - Pilgrim Station Project personne).
The direct raciation measurements and soil radioactivity measurements are
concucted by Yankee Atomic Electric Co. - Radiologica) {ngino0r1n Group
and Environmental Laboratory personnel. The radiocactivity analysis of
samples and the processing of the environmental TLDs §s performed by
Yankee's Environmenta) Latoratory personne).

The Bostor Edison staff reviews the racdicactivity analysis results from
Yankee Atomic Electric Company. Reporting levels for radioactivity
concentrations in environmental samples are 1isted 1n PNPS Technica)
Specifications. If the radiocactivity concentrations are above the
revorting levels, the NRC 1s notified in ur\tin? vithin 30 days. A
determination of the cummulative dose contribution for the current year
will be performed for radioactivity which 15 detected that is
attributadle to PNPS operation. Depending upon the circumstances, a
special study may also be completed.

If radioactivity levels in the environment become elevated as a result of
the station's operation, an investigation {s performed, and corrective
actions are recommended to reduce the amount of radiocactivity to as far
below the lega) 1imits as is reasonably achievable.

The radiolopice) enviro.nyra ' sampling and measurement locations are
reviewe? annually, and modified {f necessary. A garden and milk anima)
census 13 performed every year to fdentify changes in the use of the
environment in the vicinity of the station to permit modification of the
savpling and measurement locations,

«35.
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[xposure Pathway

or Sample/Measurement
B i
ATRBORNE

Particulates

Radiolodines

DIRFCT RADIATION
fnvironmental TLD

Pressurized lon
Chamher

Soll

AR E 7.1

PILGRIN NUCLEAR POMER STATION
OPERATIONAL RADITLOGICAL ENVIRONMINTAL MONITORING PROGRAM

____locations

See Table 7-2

See Table 7-2

See Table 7-°

Plymouth Beac
Priscalla/whi e Morse
Beach and Duxtury Beach?

See Table 7-2

Sampling, Measurement
and/or Collection

Frequency

Continuous sampling with
particulate filter
collection weekly

Continuows sampling with
charcoal cartridge
tollection weekly

Quarlerly
Annually

3 Years

e —— o ~—— —— B — — SRy T e——— Y

Type and Frequency
of Analysis or
Heasurement

Gross beta radioactivity
24 hours after weekly
fiiter (Mm'

Quarterly composite (hy
location) for gamma isotopic?

Analyze weekly for 1131

Gamma exposure gquarter!y?

Gamma exposure survey?

Gamma 1sotopic and exposure
rate
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Fxposure Pathway
or Sample/Measurement

ool -

imodk F 70

PILERIM NUCLEAR POMER STATION
OPERATIONAL RADIO!OGICAL ENVIRONMENTAL MONTTORTNG PROGRAM

Type Locations
AQUATIC
Seawater Disckarge Camal
Bartliett Pond

Powder Point Controld

Shellfich (clams,
myssels or quahogs
as available)

Discharge Canal Outfalil
Manomet Point
Plymouth Marbor

Duxbury Bay Control?
Green Harbor Control?
Powder Point (ontrol?

Lobster

Vicinity of D <charge

Point or Plym. _th Harbor
Offshore Contrr)d

Fishes
Point

Vicinity of L charge

0ffshore Controtd

Irish Moss (Algae)

Discharge Canal Outfall
Manomet Point
Ellisville

Brant Rock Control?

Sampling, Measurement
and/or Collection
Frequency

Continuous Composite
Weekly grab sample
Weekly grab sample

Quarterly (at approrimately
3 month intervals)

Four times per season

once per season

Quarterly (when particular
srecies avallable) for
Groups I and 11, in sezson
for Groups III and IV

Annually for each group’

Quarterly (at approx.
J-month intervals)

- — - - -—ay St |rina.

Type and Frequency
of Analysis or
Meacurement

Gamma 1sotopic? monthly,

and ¢ ite for H-3 analysis

quarterly

Gamma isotopic?.b

Gamma isotopicZ on edible

portions

Gamma Ysotopic? on
edible portions®

Gamma 1sotopic?

—
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PILGRIM NUCLEAR *OMER_STATION
OPERATIONAL RADIOLOGICAL ENVIRONMENTAL MONTTORING PROGRAM

or Sample/Measurement

Type

locations

Sediment

TERRESTRIAL

MilTk

Cranherries

Tuberous and Gree".

Leafy Vegetabl-,

foraqe

Rocky Point

Plymouth Harbor
Plymouth Beach
Manomet Point
Duxbury Bay Control?
Green Harbor Control?d
Powder Point Control?

Plymouth County Farm ®
when available
Whitman Farm Contro:?

Manomet Point Boq®
Bartlett Rd. Bog
Pine <* Rog Control?

Plymouth County Farm®
Bridgewater Farm Control?

Plymouth County ru-l
Whitman Farm Control?

Sampling, Measurement
and/or Colle tion

Frequency

Semiannually

Semimonthly during periods
when animals are on
pasture, otherwise monthly

At time of harvest

At time of harvest

annually

S Geeees weems e S e ey e ] [ el

Type and Frequency
of Analysis or
Me2surement

Gamma 1sotopic?. 3.7

Gamma homitz. radioliodine
analysis all samples

Gamma |sotop|c2. on e«dible
portions

Gamma 1sotopic? on edible
portions

Gamma 1sotopic?
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TABLE 7<) (Continued)

NQOTES
If gross beta radicactivity 15 greater than 10 times the contro) value,
gamma fsotopic will be performed on the afr sample.
Gamma fsotopic means the fdentification and quantification of gamma-
enitting racionuciides that may be attributable to the effluents from the
facility.
If integrated gamma activity (less K-40) 1s greater than 10 times the
cont;ol value (less K-20), strontium-90 analysis will be performed on the
sample.
Indicates control location.

Fish analyses will be performed on a minimum of 2 sub-samples, consisting
of approximately 400 grams each from each of the following groups:

1. Botfom Orfented I1. Near Bottom II1. Anadromous IV. Coastal
Ristripution Migragory

Kinter Flounder Tautog AMewife Bluefish

Yellowtail Flounder Cunner Rainbow Smelt Atlantic Merring
Atlantic Cod Striped Bass Atlantic Menhaden
Pollock Atlantic Mackere)
Makes

Mussel samples from four locations (immediate vicinity of discharge
outfall, Manomet Point, Plymouth Marbor, and Green Warbor in Marshfield)
will be analyzed quarterly as follows:

One kilciram wet weight of musse' bodies, 1ncludin? flurg witnin
shells will be collected. Bodies will be reduced in column by
grying at about 100°C. Sample will be compacted and analyzed by
Ge(11) gamma spectrometry or alternate technique, 1f necessary, to
achieve a sensitivity of § pCi/kg for Cs-134, Cs-137. Co-60, {a-es.
and 2r-95; and 15 pCi/kg for Ce-144. Sensitivity values are to be
cetermined in accordance with a §51 confidence level on k,, and »
S0% confidence leve) on kp (See WASL-300 for definitiors).

The mussel shell sample from one location will be analyzed each quarter.
One adcitiona) mussel shel) sample will be analyzed semiannyally.
Unscrubbed shells *o be analyzed will be dried, processed, and analyzed
similarly to the musse) bodies.

W R RS —
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TAELE 71 (Continuen)
NOTES

Because of the smal) volune reduction in pre-processing of shells,
sensitivities attained w' i, be less than that for musse! bodies. The
equipment and counting times to be employed for analyses of shells wil)
be the same or comparable to that employed for musse) bodies so that the
recuction in sensitivities (relative to those for musse) bodies) will be
strictly 1imited to the effects of pourer zoonutry related to lower
sample volume reduction. She)l samples not scheduled for analysis will
be reserved (unscrubbed) for possible later analysis,

If radiocesium (Cs-134 and Cs-137) activity exceeds 200 pCiIk' (wet) in
mussel bodies, these samples will be analyzed by radiochemica
separation, electrodeposition, and alpha spectroscopy for radioisotopes
of plutonium, with a sensitivity of 0.4 pCi/kg.

Sediment samples from four locations (Manomet Point, Rocky Point,
Plymouth Karbor, and head of Duxbury Bay) will be analyzed once per year
(preferably early summer) as follows:

Cores will be taken to depth: of 30-cm, minimum depth wherever
sediment conditions permit by a hand-coring sampling device. 1f
seciment concitions do not permit 30-cm deep cores, the deepest
cores achievable with a hanj-coring device will be taken. 1In Any
case, core depths will not be less than ld-cm. Core samples will be
sectioned into 2-cm increments, and surface and alternate increments
analyzed, other reserved. Sedirent sample volumes (determined by
core ciameter and/or number of individual cores taken from any
single location) and counting technique will be sufficient to
achieve sensitivities of 50 pC1/u8 dry sediment for Cs-134, Cs-137,
Co-€0, In-65, and 2r-95 and 150 pCi/kg for Ce-144. In any case,
Individua) core diameters will not be less than 2 Ynches.

The top 2-cm section from each core will be analyzed for Py 1sotopes
(Pu-238, Pu-235, 240) using radiochemica) separations,
electrodeposition, and alpha spectroscopy with target sensitivity of
25 pCi/kg dry sediment. Two additoina) core s)ices {cr year
(mig-depth slice from two core samples) will be simi arly analyzed.

These locations may be altered in accordance with results of surveys
giscussed in paragraphs 8.1.A-3 and B.1.A-4 of the Technica)
Specifications.

Minimum sensitivities for gamma exposure/exposure rate Beasurements are
as follows:

Gamma exposure quarterly - 2 uR/hr average quarterly exposure rate.
Camma cxposure rate survey - | UR/hr exposure rate.

-40-
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Sampling Losct1oh Distence and
Offsite Stations
East Weymouth Control (EW) 24 Miles NW
Plymouth Center (PC) &) Miles W
Manomet Substation (MS) 2.3 Miles SSE .
Cleft Roch (CR) 0.86 Miles SSw i
Onsite Stations
E. Rocky Wil) Road (ER) 0.65 Miles SE
N. Rocky Kil) Road (WR) 0.43 Miles NNKW
Overlook Area (04) 0.09 Miles K
Property Line (PL) 0.32 Miles Nw !
Pedestrian Bridge (PE) 0.3 Miles N ;
fast Breakmater (EB) 0.33 Miles ESE 'i
Warehouse (WS) 0.11 Miles SSE |

."-
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Karehouse* (WS)

Station I* (D)

Property Line* (PL)

Station F* (F)

Station D* (D)

Parking Arga® (P8)

Pedestrain Brigge® (PB)

Plymouth Metrologica) Tower (PMT)
. Overlook Area* (O8)

Station A* (M)

Station G* (O

N, Rocky K111 Road* (wR)

Station B* (B)

East Breakwater® (EB)

Station L* (L)

Station C* (D)

Hall's Bog* (MB)

Tratning Center (T0)

Contractor Parking Lot (CT)

Security Wouse Shore (PO))

Fence Shore (PO2)

Fenc., Left Screenhouse (POI)

Fence, Right Screenhouse (PO4)

Fence, Water Tank (POS)

MINESCENT DOSIMETER .

PNPS-ODCM
Rev. 2, 7/18/88

600 Feet SSE
1600 Feet WNHW
1700 Feet WK
1400 Feet NN
1700 Feet NNW
1200 Feet NNK
100 Feet N
1400 Feet WNW
500 Feet W
1300 Feet WSHW
1700 Feet W
2400 Feet WNW
1300 Feet §
1800 Feet ESE
1400 Feet ESE
1700 Feet ESE
2000 Feet SE
520 Feet WSn
1100 Feet SE
720 Feet NNw
440 Feet MW
330 Feet WN
220 Feet N
260 Feet MNE

* Ingicates TLD locations reguired Dy PNPS Technica) Specifications

- &2 -
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Fence, Culvert (POS)

Fence, Intake (POY)

Fence, New Agministration Blog. (POB)
Fence, TCF Sice of Triangle Area (POS)
Fence, Intake Sige TCF (PIO)

Gate, Warehouse to 1CF 1 ®1))

Fernce, Warehouse Contrac.or Gate (P12)

Fence, Contractor Gate & Parking Lot (P13)

Fence, Butler 31dg. (P14)

Fence, Unit #5 (P1S)

Fence, Switchyard and Main Cate (P16)
Fence, Shorefront ang Main Gate (P17)
18C, Agninistration Blog. (PID)
Compliance Area, Agmin. Blgg. (P1§)
Agmin, Bleg. (P2O)
walkway, Agmin, Blgg. & Turd. Blog. (P2))
QA/QC Area, Agmin. Bleg. (P22)

MG Area, Agmin, Blog. (P2D)

01¢ 2amin. Blog., 2™ 1), (P2O)

Firgt AVE Tradder (P25)

Dosimetry Window,

- 43 «
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280 Feet NE
400 Feet ENE
300 Feet €
450 Feet €
740 Feet ESE
620 Feet ESE
660 Feet SE
740 Feet SSE
750 Feet §
720 Feet §
S60 Feet SW
350 "t W
2y et S
280 Feet §
220 Feet SE
160 Feet SE
450 Feet SE
400 Feet 3S5C
150 Feet W
250 Feet WNK

PNPS-0DCM
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— —

PNPS-00CM
Rev. 2, 7/18/88
JABLE 2.3 (Continusd)
RIM ML H
Rasimeter Lozatipn Ristance and Direction from Reactor
A a {

On BICO Property

Creenwoos Wouse (GM) 0.57 Miles SE

East Rocky MiN) Re.* (ER) 0.65 Miles SE
Emerson Roas* (Ev) 1.1 Miles SSE
White Worse Road* (ww) 1.3 Miles SSE

Right of Wiy (Rw) 1.7 Miles §
Statien K* (K) 1.4 Wiles $SE
Statien J* () 1.3 Miles §
'(eﬂson Atcess Roas® (AR) 0.92 Miles §
Statien £* (D) 1.2 Miles §
Maromet Roac (M) 0.98 Mile, §

Cleft Roch* (CR) 0.86 Miles §
Micromave Tower® (MT) 0.58 Miles SSW
Station W* (M) 0.57 Milgs SW

Dirt Roas (0®) 0.9¢ Miles Sw
Goodwin Property (GN) 1.4 Miles Sw

QIf B{Co Property

Emerson Re. & Prisci)la Re. (EF) 1.1 Miles SE

Toylor Ave. & Thomas (TT) 1.5 Miles St

Taylor Ave. & Pearle (TP) 1.9 Miles 8¢

Rt. 34 & Bartlett Road (BB 2.0 Miles S5t
Va'lley Road (V) 1.6 Midles SSK

* Ingicates YLD locations reguired by PNPS Technica) Specifications
.“.
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JARE 2-3 (Continyed)
BIM N, {8 STA]
NYIRONMENTAL R YT COZIMETER (TAD) LOCATIONS
Rasimeser Location (Designatign) Ristance and Direction from Reactor
2. Exglusion Area to About 2 Miles (comtinued)
Qff_2ECo Property (continyed)
Yarkee Village (YV) 1.4 Miles WSk
Recreationa) Poo!) (RC) 1.3 Miles WSW
John Gavley Residence (J0) 1.1 Miles W
Bayshore (BS) 1.3 Miles W
Bayshore Drive* (BD) 0.8) Miles WNW
Warren Ave. B Clifford (WD) 2.0 Miles W

3. 2Miles t0 About § Milgs

Manomet Point® (MP) 2.3 Miles SE
Beachwood Road (Bw) 2.5 Miley SE
Manomet Elementary® (Mf) 2.0 Miles S
Manomet Substation® (M3) 2.3 Miles SSE
Manomet Beach® (MB) 3.4 Miles SSE
Ear) Roas (M) 3.0 Mires $S¢
Rl 3A & Wyannis Road (WR) €8 Miles SSE
Beaverdam Road (BR) 3.5 Miles §
Pines Estates (PT) 2.7 Miles 35K
Long Pond Re. & Clark Read (LP) 5.7 Miles [Sw
College Pong® (CP) 4.8 Miles SW
Rt. 3 Overpas ) 3.0 Miles SN
Russel! Mi1) Boag (Rw) 3.0 Miles WSK
Long Pond & Dres Road (LD) 4.5 Miles WSW
S. Plymouth Substation® (SP) 2.8 Miles W

* Ingicates TLL Yocations reguiresd by PNFS Technica) Specifications

.‘s.
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T (AT
viN BMS UMINEC FN (R _(TLD) LOCATIONS
Rosimeter Location (Designation) Ristance and Direction from Reactor
3. 2Miles to About § Miles (continued)

Willgale Road (WD) 3.0 Miles W

Deep Water (Dw) 5.3 Miles W

Piymouth Center® (PC) 4.1 Miles W
l Memoria) Mal) (mw) 4.7 Miles WNK

4. r r Yhan

‘ Rt. 38 & E104sville Road (EL) 7.2 Miles SSE

Division of Marine Fisheries (DMF) 4 Miles .SE
[ Cedarville Substation® (CS) 10 Miles S
l Bourne Road (BD) 8.4 Miles SSW

Upper College Pond Road (UC) 7.4 Miles SW
[ Main Street & Meadow, Carver (M) 11 Miles WK

Sherman Afrport® (SA) 8.4 Miles WiW
| Sacred Weart School (SH) B.1 Miles W
[ North Plymouth® (NP) 5.8 Miles WNW

Kingston Substation® (KS) 10 Miles WNW
l Stangish Shores* 5%) 6.5 Miles NW

Church & West Street (Cw) 10 Miles Nw
’ East Weymouth® (EwW) 24 Miles NW
' riag Ceesar Roag (k0 8.1 Midles NNW

Langing Road (LR) 10 Miles NNw |

® Ingdicates TLD locations required by PNPS Technica) Specifications

. &6 -
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M N A 3
[ UR
4 100 Ristance and Direction from Reactor
Khite Worse Beach 2.1 Miles SE
(Near Willtop Ave)
White Morssy Beach 1.5 Miles SE
l (In Back of Ful)l Sail Bar)
Plymouth Beath 4.4 Miles WK
(Outer Beach)
l Plymouth Beach 3.5 Miles WNW
(Inrer Beacth)
l Plymouth Beach 2.2 Miles W
(Behing Bert's Restaurant)
l Duxtu'{ Beach 7 Miles NNK
Contro
l .
l
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TERRESTRIAL
Cranberriss
Manomet Pt. Bog® (MR) 2.4 Miles SE
Bartlett Rd. Bog* (BY) 2.7 Miles SSE
Pine St. Bog Control® (PS) 16 Miles WNW
forage
Plymauth County Farm* (CF) 35 Miles W
Davis Farm (DF) 3.1 Mides S
Khitman Fare Control® (WF) 20  Miles WNW
L ARLY
Plymouth County Farm®* (CF) 3.5 Miles W
. Whitman Farm Control® (WF) 20  Miles WNW
Seawater
Discharge Canal® (DI1S) 0.13 Miles N
Bartlett Pong* (B9) 1.7 Miles SE
Powder Point Contro)® (PP) 7.9 Miles NNW
‘a» fan
Plymouth County Fare® (CF) 3.5 Miles W
Bricgewater Fare Cont.* (BF) 20 Miles W
Whipple Mouse (%) 1.8 Miles SW
Alden Roag (aF) 0.77 Miles SE
Malmgren Residence (ML) 1.0 Miles St
Jenking Residence {JG) 1.2 Miles VSK
Moon Residence (M3) 2.0 Miles WSK

* Ingicates sampling locations reguired by PNPS Technica) Specifications
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Eishes

D\;chargo Canal* (DIS)
Cataumet Control (CA)

Priest Cove Control (PO)
Jones River Contro) (JR)
Buzzards Bay Contro) (BE)
Vineyard Sound Control (MV)
Atlantic Ocean Contro) (AD)
N. River<-Kanover Contro) (NR)
Nantucket Sound Contro) (NS)
Cape Cod Bay Contro) (CC-Bay)
Provincetowr Control (PT)

lrish Moss

Discharge Cana) (DIS)
Manomet Point (mP)
EVYisville (EL)

Brant Rock Control (RK)

AoRster

Discharge Car. . * (DIS)
Plymouth Marbor® (Ply-N)
Duxbury Bay Contro) (Dur-Bay)
Duxbury Beach Control (Dun-B)

s.=\m‘-,x

Rocky Point* (RP)

Plymouth Warbor® (Ply-M)
Plymouth Beach® (PL3)

Manomet Point® (MP)

Duxtury Bay Control® (Dux-Bay)
Green Marbor Control* (GW)

Shellfish

Discharge Canal* (DIS)
Plymouth Mardor® (Ply-¥)
Manomet Point® (MP)

Duabury Bay Control® (Dux-Bay)
Green Marpor Control* (GW)

PNPS-0DCM

Rev. 2, 7/15/88
bg X
Ristance and Direction from Reactor

0.2) Miles N

20 Miles SSW
30 Miles SW
7.8 Miles MWW
25 Miles SSH
40  Miles LS
30 Miles £
15 Miles NNW
30 Miles SSE
5 Miles ESE
20 Miles NI
0.2) Miles N
2.2 Miles ESC
7.9 Miles SSE
10 Miles NNW
0.2) Miles N
4.0 Miles WNW
7.1 Miles NAW
5.8 Miles NNW
0.2) Miles N
3.0 Wiles K
2.5 Miles K
2.5 Wiles £5C
B.7 Miles NN
10 Miles NN
0.2) Miles N
2.8 Miles W
3.0 midles £51
7.8 Miles NNW
$.5 Miles NNW

* Ingicates sampling locations required by PNPS Technica) Specifications
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Hater
(pCi/ivg)

5
30
15
30
15
!
15. 18
5

TABLE 7-6

MAXTMUM VALUES FOR THE (OWFR LIMITS OF DETFECTION (L1D)a

Arborne Particulate

or Ga
(pCi/im™)

1 x 102

7 x 102
1 % 104

anow

Met Solids itk Food Products
(pCifkg, wet) (pCiskq) ipLifeg, wet)
130
260
130
260
1 60d
130 5 60
159
TABLE _WOTATION

Refer to Appendix B for LLD definition.
LLD for surface water,

If no drinking water pathway exists  a value of 3000 pCi/1 may be wsed.

LID for lealy vegetables.

Dry Solids
(pCilkg, dry)




c
. -l
~
R\l lni.. s,
-— e O S . f
- 5
g > o J
.)in( - = -
— = -3 '
H - 25 w .
d 9
S
» -~
™
-
-
-
-
R
e
- ./

e 15 IEm o®m 3 ¥ P Y



NNW N

St
APERTURE
CARD

Also Available On
ol . Aperture Card

S
=+« RPN - OMONENA Tl
l SYMBOL KEY: LT L B LR

Q 1t |

Z2101|1023%0-0C2

L e —————




d

Als0 Available On
Aperture Card

5
APERTLRE
CARD

22100230~ 03

~

BOSTON EDISON COMPANY

T
of

PLGRY NUCLEIR POVER SHMOY
P

|




@K"
wemw ’. L
-d./ ! /
“=
/. |
JA
\ ¢
TR /
A
e
\
\
\
% \
Sl
APERTURE
CARD
Also Available On cen

’\“‘.'»"‘"f i t\f\1

NW

LRI10MLC230~-0H

Sw

o84,

$SE

[
\’*
Figure 7.4

AND  AQUATC

WPNG  LDCATONS




SYMBOL KEY:

s
'
e ordQd o

. - \
L ' -
51
APERTLRE
CARD
1 Figure 7.4

tlabic (N ' y |

P e Card BOSTON Qmmm,
PLGRY POVIR |

ENVIFONMENTAL SAMPUNG AND |

| VEASUREMENT COPTROL LOCATIONS

eRIGCIHO2%0~-085

58,




S eemm ——

— -

PNPS-0DCM
Rev. 2, 7/15/¢88

.0 [Lescripticn of the Racwaste Systems

g€

Liguic Radwaste System

Liguic wastes from Pilgrim Station originates from a variety of
sources which have a considerably disparity in chemica! and
racio-chemical compesition and concentration (see section 9.2 of
keference 10). Normally these wastes are collected and treated
separately. The ligquid wastes fall into the following categories:

1) High Purity
2) Low Purity
3) Detergent

High purity clean wastes may have high or low solids content and
generally ha.e low conductivity, and variable radioactivity. They
come from equipment drain sumps, from “trasonic resin cleaner
(URT) operation, and from the backwash eand resin transfer water
used to change out the conuensate demineralizers. Liquid wastes
collected in the tusbine building equipment drains may sometimes be
fncluced with the high-purity waste stream; more frequently, they
are returned directly to the main condenser hotwell. Reuse of
processed high-purity waste is highly desirable.

Low purity chemical wastes have moderate conductivity and solids
content. They come from building floor sumps and are generally
high-purity wastes which have been contaminated by dirt, oll, etc.
Khen processed, this stream may or may not be reused depending on
the water balance in the plant and the quality of the product.

Oetergent wastes, are low radicactivity concentration wastes that
have the potential to contain detergents. This waste 1s generated
from washiing and decontamination of the equipment, the plant, and
personnel. This detergent waste which 1s collected in the
Miscellaneous Waste Tank 1s not treatable. The waste 1° -agged
through strainers, prior to dischar?e *hrough the radwaste
discharge heacer and into the circulating water discharge canal.

A schematic of the gost beneficial system as determined in Ref. 2
fs shown in Figure B-1. 1In the system, the Migh Purity waste is
collected in one of two 15,000-981 clean waste tanks, and processed
through mixed bed fon exchangers. The processed 1iquid {s
collected in one of four 18,000 ga) treated water holdup tanks. It
fs revsed to the greatest extent possible.
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Treated Gaseous Radwaste System

The Afr Ejector and Augmented Offgas System (see Section 9.4 of
Reference 10) includes the subsystems that process and/or dispose
of the gases from the main condenser air ejectors, the startup
mechanica® vacuum pump, and the gland seal condensers. Al such
gases from the unit are routed to the main stack for dilution and
elevated relvase to the atmosphere. Discharges from the air
ejector, the charcoal vault, and the stack are continuously:
monitored by radiation monitors.

Gases routed to the main stack include alr ejectur «nd gland sea)
offgases, and pases from the Standby Gas Treatment System (SGTS).
Dilution afr input to the stack 1s supglied by one of two fans
located in the filter building at the base of the main stack. The
stack is designed such that prompt mixing of ail gas inlet streams
occurs in the base to allow location of sample points as near the
base as possible.

The Augmented Offgas System uses a high temperature catalytic
recombiner to recombine radiolytizally dissoctuted hydrogen and
oxygen from the Afr Ejector Syste.. Noncondensible radicactive
offgas s continuously removed from the main condenser by the air
ejector during plant operation. The air oioctor offgas normally
contains activation gases, principally N-16, 0-1%9, and N-13. The
N-16 and 0-15 have short half-lives and quickly decay. The 10 min
half-11fe N-13 s present in smal) amounts which 1s further reduces
by decay. The air ejector offgas also contains Sr-90, Ba-140, and
Cs-137. After hydrogen/oxygen recombination and chilling to strip
the condensibles to reduce the volume, the remaining
norcondensibles, principally the kryptons, xenons, and air, are
delayed in a 30 minute holdup system before reaching the adsorptior
bed. Radioactive particulate daugthers of the noble gases are
retained on the HEPA filters and on the charcoal. The charcoa)
adsorption bec, operating in a constant temperature vault,
selectively adsorbs and delays the xenons and kryptons from the
bulk carrier gas, principally atr. This delay on the charcoa!)
permits the xenons and kryptons to decay in place. The ofiyas
discharged to the environs via the main stack. The activity of the
gas leaving the Offgas Treatment System is continuously monitoresd
as described in 3.2.1. This system results tm a reduction of the
offgas activity (Curfes) released by factor of approximately 185
relative to a 30 minute holdup system.

The gost-bengficial system as determined in Reference 2 for
handling gaseous waste in Pilgrim I 15 shown in Figure 8-2.
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FRI SHATER
LN BIs%  INVERTERRATE
" $.0(- 9.00.0
( 4.6 03 . D
h: 1.0 02 2.00 02
4 1.00 0% 2.0 o4
4 2.0 92 2.0t 02
L 4.0 02 9.00 4
Fi 1.08 02 3.2 03
e s.of 0 2.0 02
LN 1.0f 02 1.0 02
(4% 5.0 0 4.0t 02
L) 2.0f 03 1.0 o
B 4.2t 02 3.3t o2
RE 2.0 05 1.0f 03
& 3.0t O 1.0t 02
Y 2.8t O 1.0t 03
b 3.3 00 6.7¢ 00
LH 3.00 04 1.0 02
" .00 0 1.0t O
" 1.8 O $.00 00
R 1.0¢ 0 3.00 0:
L 1.0t O 3.0t 02
L1 4002 6.1 03
! .80 5.0 00
(41 2.0 O .00 0
B 4.0 00 2.0 02
LA 2.5 0 1.0 03
41 .00 00 1.0¢ 03
PR 2.8 0 1.0 02
N 2.8 0 1.00 03
¥ 1.2t 02 1.00 O
N .00 O 4.0 02

_
Yolues fr Tatle ALY are taker from

A<l

SALTWATER

IM‘IIT“M"

Lisx
9.0i-0
1.8 03
6.70-02
2.90 o
4.0t 07
5.50 02
3ot 0
1.0t 02
1.0¢ 02
6.7f 02
2.0t 03
1.80-02
8.3 00
2.0f 00
.5t O
2.0¢ 02
3.00 o
1.0f 00
.00 O
.06 0
.00 O
1.0t O
1.0 O
4.0 O
.0t 00
280
.0t 0
251 O
2.0 00
oo
.o 0

9.3.00

1.4(

1.9

3.0t
2.0
a0
2.0¢
1.0¢
2.50
W
5.0¢
3.
1.7%
2.0
1.0t
8.0t
1.0t
1.0¢
5.0t
1.0
2.0t
1.0
5.00
2.8
1.0t
1.0
6.0¢
1.0
1.0t
3.00
1.00

03
0
0¢
03
02
(]
e
02
03

0
00
)
0
03
0
0¢
0
0\
03
03
02
0
0
02
0}
02
03
03
0
0

Reference | mless otherwise Indiceted
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TABLE A-2

DOSE_FACTORS FOR IMMERSION IN WATER*
(mRem/hr per pCi/liter) ()

Nucide Skin Total Body (b) Nuclide
%-3(0) 0 0 Ir-95
N-13 2.6E-6 1.96-6 Nb-95
c-14(C) 3.8F-6 0 Mo-99
Na-22 4.8E-6 4.0f-€ Ru-103
Na-24 9.36-6 7.86-6 Ru-106
Cr-51 6.4(-8 5.2(-8 Te-132
Mn-54 1.86-6 1.56-6 1-129
Fe-55(d) 3.66-10 6.4(-1 1-131
Fe-59 2.66-6 2.2¢-6 1-132
Co-%8 2.36-6 1.86-6 1-133
Co-60 5.46-6 4.66-6 1-135
Ni-63 0 0 Cs-134
Cu-64 5.2€-7 3.76-7 Cs-137
In-65 1.26-6 1.16-6 Ba-140
Sr-89(d) 5.46-7 4.6£-9 La-140
Sr-90(¢) 1.56-7 < AE-10 Ce-141
y-90td) 9. 6£-7 1.308 Ce-144
SreY-90)(d)(e) 1.16-6 1.36-8 Pr-144

(CesPr-144)(F)

(a)
(L))
(c)
()
(e)
(f)

The same factors appiy to adult, teemager, and child.

Total body factors also apply to other intermal organs.

Not including penetration of oxide into skin.

Includes bremsstrahlung.

Use these factors for Sr-90 wniess Y-90 concentration is given separately.

Use these factors for Ce-144 unless Pr-144 concentration is given separately.

Data presentad in this table are from Reference 14.
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IMEN R 1D EFFLUENTS

Parameter

sMFLQ]

M fs the mixing ratio at locatien )
of exposure or harvest of aquatic
foods**

th fs the period of time between
exposure of aquatic foods to
radionuc)ides water and their
consumption

W) is the shoreline ':1dth factor for
location 1 *¢

** From Reference <.

Yalues

0.2 (Aquatic foods,
Discharge Canal)

0.5 (Shore'ine,
Pilgrim Station
Recreational Area)?

1.0 (Shoreline,
Discharge Canal)

0.03 (Swimming, White
Horse Beach)

0.03 (Boating, Cape
Cod Bay)

24 hr for maximum
individua)l

168 hr for average
individual, sport
fish doses

240 hr for average
individual, commercia)l
fish doses

0.5 (Recreationa)
Area)
0.1 (Discharge Canal)

Data presented in this tz*'e are from Reference ) unless otherwise notec.

& Swimming fs prohibited at Pilgrim station Recreational Area.
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PNPS-0DCM
! Rev. 2, 7/15/88

! G TALEE-1 .
i DOSE FACTOSS FOP EXPOSURE TO A SEMI-INFINITE CLOUD OF NOBLE GASES
' G E;;L;:P§9r§2_>r B'ﬁklf,(erfi-)r t-:sr-torwl 3 I-gody (DFN 183
Kr-£3m 2.86F-04 - 1.93£-05 7.56E-08
| kr-esn  1.s76-03 1.46£-03 1.237-03 1.176-03
Kr-85 1.95£-03 1.34£-03 1.72E-05 1.61E-05
l Kr-87 1.03E-02 §.73£-03 6.17£-03 5.92£-03
l Kr-88 2.93£-03 2.376-03 1.52£-02 1.47€-02
Kr-89 1.06£-02 1.01£-02 1.73£-02 1.66E-02
l Kr-80 7.83£-03 7.28E-03 1.63E-02 1.56E-02
Xe-131m  1,11E-03 4.76€-04 1.56E-04 9.15£-05
Xe-133m  1.48£-03 §.94E-04 3.27€-04 2.51£-04
Xe-133 1.05£-03 3.06E-04 3.53E-04 2.94£-04
l Xe-135m  7.39E-04 7.11€-04 3.36£-03 3.12€-03
'xe-135 2.46£-03 ).BEE-03 1.92£-03 1.81E-03
Xe-137 1.27€-02 1.22£-02 1.51£-03 1.42€-03
'Xc-138 4.75£-03 4.13£-03 9.21E-03 8.83£-03
Ar-4) 3.28£-03 2.65£-03 9.30£-03 8.84E-03

* Data presented in this table are from Peforence 1.




TABLL E-)

! Y NT TRANST The
\
L r,(c-) ',

lergrt [$e) Pk (g/0) Meet (¢/vg)

* 4.8 00 1.0L-02 1.20.02

4 .50 00 1,2(.02 3.1§-02

ne §.20.02 4.08-02 3.0(-02

3 1.0E 00 2.50-02 4.60-02

tr 2.50.0¢ 2.20-03 2.4(-03

e 2.91-02 2.56.04 8.0f-0¢

fe 6.6£.04 1.2(-03 4.0t-02

¢ 9. 4{-03 1.0(-03 1,302

h 1.96-02 6.70-02 5.30.02

Cv 1.20-0) 1.40-02 8.0(-03

1 4.0{-0 3.91.02 3.00-02

ke 1.3-0) 3.0i-02 30602

sr 1.76-02 8.0£-04 6.0t-04

Y 2.6£.03 1.0£-05 46502

2r 1.7E-04 §.0i-0¢ 3.48-02

N 9 4£.02 2.86-0 2.80-0) |
e 1.2(-0) 7,803 8.0(-02 |
¢ 2.8(.0 2.86-02 4.0(-0 |
Ry $.00-02 1.00-0¢ 4.0(-0" \
Rr 1.3t 0 1.0(-02 1.56-03

As 1.80.01 §.0(-02 1.26-02 |
Te 1.3¢ 0¢ 1.06-03 7.76-02 |
] 2.0f-0 6.0f-03 2.91-03

(s Y.0t-02 1.26-02 4.0f.03

Be §.0f-02 4.08-0¢ 3.26.03 : |
Le 2.80.03 §.00.0¢ 2.00-0¢ ‘
Ce 2.88.03 Y.0f-0¢ 1.20-03

Pr 2.56.03 §.0f-0¢ 4.70-03 |
e 2.40.02 §.0f-0¢ 3,303 |
¥ 1.8(-02 §.07.04 1.3-03

A 2.50.03 5.01 %% 2.00-04

—
Date presented in this tatle {s from Refer:+cs )



PNPS-0DCM
Rev. 2, 7/15/88

NUZLIDE TRANSFER EMABAP TTERS_FOR COAT'S MILK®
Element ' Fm (days/)iter)
~ 1.70€-01
« 1.00E-01
P 2.50E-0i
fe 1.30E-04
Cu 1.30E-02
Sr 1.40E-02
1 6.00E-02
Cs 3.00E-01
TABLE E-3
ANIMAL CONSUMPTION RATES®
Feed gi Forage HSQ:r
Animal) (kg/dey [wet weightl) :
Milk Cow 50 60
Beef Cattle 50 50
Goats é | 8

* Data presented in these tables are from Reference ).



PNPS-0DCM
Rev. 2, 7/15/8¢

JAPLE £-4
RECOMMENDED USE FACTORS YO BE APPLIED
EQR THE AVFRAGE INDIVIDUAL ¢
Bathway Infant Child Ieen Adult
Fruits, vegetables, & - 200 240 180
grain (kg/yr)
Mitk (Jryr) 330 170 200 10
Meat & poultry - 37 59 8s
(kg/yr)
Fish (kg/yr) - 2.2 5.2 6.9
Seafood - 0.33 0.75 1.0
(kg’/yr)
Drinking water 330 260 260 370
(f/yr)
Shoreline recreation **
(hr/yr)
Discharge Canal - 9.5 47 8.3
Pilgrim Station
Recreational Area - 9.5 47 8.3
Swimming -« White Korse - 25 52 52
Beach ** (hr/yr)
Boating - Cape Cod - 29 52 52
Bay ** (hr/yr)
Inhalation 1400 3700 8000 8000
(m3/yr)

A Usage factors for the average individua) are used to determine the annua)

dose to the total body and thyroid of an average individua) and the annua)
integrated dose to the population within a 50 mile radius.

* Data presented in this table are from Reference 1, unless otherw!se
indicated.

** From Reference 2.
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PNPS-0DCH
Rev. 2, 7/15/¢¢

| inofp st FAETERS 10 8¢ AppLIED
| A S e
Pathway 1nfant chilg Teen Adult ‘
' Fruits, vegetables & - 520 630 529
grain (kg/yr)
' Leafy vegetadb'es - 26 42 64 ‘
(kg/yr) ‘
I Milk (f/yr) 330 330 400 310
Meat & poultry - 4) 65 110
I (kg/yr)
Fish (fresh or salt) - €.5 16 2! ,
(kg/yr)
l» Shellfigh ¢ - 3 £ 9
(kg/yr)
l Drinking water 330 510 510 730
(I1yr)
l Shoreline recreation **
(hr/yr)
Discharge Cana! - 14 67 12
' Pilgrim Station
Recreationa) Area - 14 67 12
Swimming - White Morse - 29 52 82
' Beach ** (hr/yr)
Boat*ni - Cape Cod - 25 52 §2
l Bay ** (hr/yr) ‘
|
Inha;it1on 1400 3700 8000 8000
' (m3/yr)
* Data presented in this table are from Reference ), unless otherwise
' indicates.
l ** From Reference 2.

:
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Tacic €=
PAsE | OF )

INMALATION DOSE FACTORS FNR ADULTS *
(MRgw™ FEx w01 INMALED)

LTV O S [ Jab 14 LIvEr T.ROCY TuyYRQlID KIDNEY LUNG GI=LLI

-_—-- ..-...-....J...............Q.“ B REREEE SRR R REREER RS RE SRS EE B Em-———-—
® 4 NO DaTa FoS8C=0T  L1,98F=07 Go90E=%T7 1 900-07 1.90E-07 |.%06-27
. s Qe270=C6 A 28E~-07 4,20E-07 4, 26k-0T 4,205-07 4.20E-07 @&,20E-07
A 26 Lo28E=C6 1.20E-08 1.206~086 Lo20E<0C6 L.20E~086 1.20E=-C6 1.205~08
LA T Jo08E=Ca  d.04E-00 #.26E-08 NO DATA NC DATA N DATA 1.006~0%
n s NO DATA  ND PATA 1o29E=-00  T.4aE=09 2,05E-09 1.00E~Ch &4,15F-07
LU T NG DAY &.95€6-006 T,875<07 ND DATA 1236086 1.75E~04 9,.076-08

B e e ———

“N Se AL DATa 1.956=10 2.2%E~11 NO DaTa 1o83E~10 1.10E~08 2.9)E-08
FE 59 Lea7808 9,47E<00 1432606 NO DaTa NO DaTa 1.277=04  2.,9%E6-0%

co % N0 Oata Lo90F=00 2,89E-07 NO CaTaA NC DATA Lelo®=04 1.33E-0%
¢ o0 NG LAt 1.44E=08 1 05E-08 NO DaATa NC DaTa ToaoE=04 V,.56E-0%
vl &) $.40c=CS D MNJE~C8 1.01E-08 NO DaATa NO DaATA 2.20E~0% 1.875-08
o 8 1o926-10 24020=11 1416F<l |l NO DATa NC CATA T«O0E~0T 1.54E~00
Ly s O Cata 1e8JE~10 T.0% =11 NO DAY S.THE~I0 B.40E-07 8.12E-08
InN &5 S, 0%E=08 1.29E-0% 5,028-086 NO DATA B.626086 1.00E=Ca H.00E-Ns
N 89 S.20E-12 B.1aC=12 S.85E~1) WO DAt So27E-12 1.1%E6-07 2.04E-09
40 8) NG DATA 0 Cata J.O0LE=28 NO DATa NO CATA N0 OATa 2.908-00
L NO CATA NC CATA J.916-080 MO DaTa NC DATA ND DATA 2.0%8~1)
or 8 NO QAT NO DATA L.00E-09 NO QAT NC DATH NO DATA LY E=24

e N NU DaTa 1463085 7,376-08 NO QAT NO DATA hD DATA 2.006-08
w0 " NO DATa A BAE=08 2.81E+28 NO DATA ND DATA NC DATA AJl0E-10
s 0 NO OATa 3.2CE=78  2.,126-08 WO DaTa ND DATA 52 DAYe Lelng=2)
LI D.OCE~0% NO CATa 1.096=%8 NO QAT NC DATA 175604 4,376-0%
LI Le24E+02 NC CaATa T.02E-06 NO DATH NC DATA 1.206-0) 9,028-0%

e i

st 9 T T4E=0% NO CATA J.13E~10 WO DaATa NO DaATa A.56E-08 2.39E-0%
L LI B.03E=i0 NO QATA JobaE=ll WO DaATa ND DATA 2.006-00 9.00E-08
Y % 2.01E=07 NO QAT T0LE=C9 NO DATA < NO DATA 'oll"O’ 402805
D e R
YO O0In 2611 nO 24l 1.478-12 NO DATH NC DATA 24007  L.00E-10
Y s $.70E-C% NO DaTa 1.956-06 %O DATa ND DATA 210606 A 0(E-DS
Yy % Vo2%E-0% MO DA $.77E~11 ND DaATA NC DATA Lo9eE-08 9,19E-08

l FE 55 J.00E=Ce 2.,120=08 &.7VE-07 MO DaTa NO DATA 9.CLE-D8  V.954E-07

* Dats presented in this table 1s from Reference )
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TABLE €-7, CONT'D
PASE 2 OF )

INSALAYION DOSC FACTORS #On apuLts *
(“REw PER PCY INsALED)

NUCL Tk BONE LIVER 1,800 THYROID  KIDNFY LunG Cl-L11
Yy 9 1.10E~0CF WO DatTa D.26E-10 ND DATA  NC DATA  o,00E-08 $.2%-0%
Ik 95 LeDOE=D5 4. 3CE-06 2.916<08 WO DAT4 S TTE=D6 2.21F-04 J.80E<0%
L ) 1e216-08  2.450-09 1,136-09 WO DATA BoVIE=DY 9.046-06 6,54F-0%
......-........‘...‘....““.....“ ..““.-.-“.....o...o.“....--.o.--.....
NE 95 PoTeE=06 9.77:-07 $,.266-07 WO DiTa V.0TE-OT 4.31E-05 1.308-0%
®C 9% NC CATA 1o51e=08 2,076<09 WO Data BoodE=08 1 16E=CS 3,106-0%
TC 9% 1.29E=1)  D.06E=1) 4, 00E-12 WO DaTa $.526-12 9.9%E-00 8.206-07
€10} 5.220-15 V.526-1% 7.34f-14 WD DATA BadSE=1) 4. 99(-00 [.347-2)
«RUI0) 1.91E-CY wNC DAt 0.25E~08 WD DaTA To29E-07 #.016-08 1.90f-0%
RUICS 9.00E-11 NC DaAla 3.890-11 ND DATa Ba?TE-10 1976086 #.028-0¢
Ruloe B.00E<Ct WO DATA 1.C-06 wN DaTa lob'('ﬁ; 1a176-0) l:ltl'ot
ACILI™™  1.35E<C6 1.256-06 7,430-07 WU DATA 2.66E-06 S.79E-0¢ 3,70,-0%
TEIZ25% Q27607 1.90E-07 §,04E-08 Fo3IE=07  1.98:=06 D.92E-0% 0.83f-0s
TEL27TF 1 50E=06 7.210-07 1.90E«0Y 4.11E=07 S.T26-06 1.206-04 1.07E-05
TE12? PaT50-10 0.005«01  3.076=)1 1.926-10 6.376-10 B.14E=0Y T.17E-00
TEI29%  1.226-086 S.040-07 1,95E-07 4,.308-07 C3TE-08  L.ASE-04 4,790
TE129 G 22E=12 2.990%12 1.95E<12 4012 2.34fe11 Z.02E-CT  1.985-00
TELRII® B 74E=00 $.456<09 3,837=00 6.00f-09 DoBOE~00 1,82E-05 6.95(-0%
TE131 Pad3OE=02 ToaaE=1) 409023 1,17%=12 S.486~12 1oT4E-0T 2.306-00
16132 Bo25E<08 2,090-00 2,020+080 2.37600 1.028-07 D.00E~0% 4,37 .08
} 138 S.726=07 1.eBi-0c 0,0CE<07 1,42E6-04 2.015<04 ND DATA  9.81f-07
I 13 BolSE-086 4.4TE=0c 2.560~086 1.49E6=03 T.06E~06 NC DATa TotSE-C?
1 1 Pa&NE=CY  4,070=07 J.45E=07 1,406-08 6.40E<07 WO DaTa $.00¢-08
1 1)) LeCBI=Co 1. 05506 5,650-07 2.69«04 3.206<00 NC DATA iellE-08
I 1ie B.05F-00 2.08F07 7,996<00 D, DE~06 D.a4f-D7 KD DATA bo26E-10
I 138 BodSE-CY 0.706<07 D,210-07 $.006-0% 1.995-06 WO DATA & .5¢0LE-D?
CSide “.660<C5 1.086-06 9,10E-08 WD DaTa BoSOE-CS  1.220-0% 1.306-08
CSide C.BRE-CE  1.04L-05 1,00E-08% NO DATA LoOTE=DS  1.30E-08 1.48f-0s
Cs1y? S.90E<05 V. Tef~0% S.35L-08 K32 OATA  2,70(-0% V.40F-086 1.05¢-0¢
CS1) QoLAE=0F Y. 70E<08 «.05E~C8 WO DATA  $,006~00 6.07F-09 2.00E-1)
Balde FalYE«10 B.02E-14 D.420=12 WU DATA ToTRE=14 & T0E-07 102607

R R ————— A

* Date preserted in this tadble is from Reference 1
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TABLL E-7, CONT'D
PASE 3 OUF )

INMALATION DCSE FACTORS POR ADULTS *
(®REm LR 80| [YNALED)

SUCLILE BONE LIvin r.8uCY THYRDID  &IONEY LUNG Cl=LL!

mAlad Q. NBE-Ce 0.13F=00 1,21E-07 WO DATA 2.09E-N9 1.99F=N4 2,.73F«08
nhls) LL2SE=11 9.416<1% &,2CE«1) WO DATA B.T5E=1S 2.42E-07 1.4%E-1?
LT IR D 29E=12 D.JRE-1% 2,07E<13 WO ODATA 2.%E=-1% 1. A9E-0T7 1.98E<2¢
Lhle 4 3CE=CB  2.176~00 S.73E-07 NU DATA  NO DATA 1.706~0% S.7)6-0%
LAls? B.54E~11 S.00E~11 9.,6% <12 ~NO DaTa NC DATa T.91E=07 2.84F-07
CElal Q.49E-0¢  1.869:i-06 1.,91(-07 D CaTa ToBIE-CT &4.926-0% 1.90E-0%
MY S D3E-CA | 726-08 1.91E=09 NO DATH T.00E=09 9.97E-06 2.8)6-0%
SEles 29006 179608 2,308-0% WD DATa LeOBE~084 9,.72E~04 1.028+04
LLILY! Lol TE=Ce 4,090 S, M%-N8 NN DaATa 2.70¢=07 3.S51E<0% 2,.50F-0%
PRI&s BoTeE~12 1.5%6%<12 1.91€-1) ~O CaTa C.PIE~1Y L1 27601 2.09E-10
YClw? 6. 59607 TV,02€«07 4.565-08 NO DaATa SnSE=NT  2.76E-05 2.16C-0%
W 107 . 1.08E~09 0.8%:=12 J3,10E~10 ND DaATa NC DATA Jo03E~086 1.94E-0%

.....o..-......-...............o............o..-...-..-...-.0-...-0.........

NP2)S 2.BTE-08  2.A26-09 |.85E-09 NO DaTA B.T5E=09 4, 70F«08 1.49E-0%

* Datz presented in this table is from Reference |
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TABLE E-0
PASE 1 OF )

INMALATION DOSE FACTORS FOP TEENAGER™
(MRE™ PER PL| INWALED)

'
l SUCLICE 8O~ Livie T.800Y THYRDIL KIDNEY LUNC Cl=t11}
" 3 MO DAY LaSOFaCT 21,8907 1.99E=07 1.59F«07 1,996=07 1.%0f-C7
[ D.256=06 6.CO(=D7 #,09 =07 #.09«C7 &.09(«D7 $.09E=07 ®.0%~C
A 24 FoT2E=06 1.720-06 1.726-06 1.728<086 1.726=06 J.72E=086 1.726-0¢
A 2.36F=04 1.32.+0> 0.9%:=086 ND DATA NC DATR MO DAY ledof=0S
e 5 NO Data ND CATa Lob9F=08 9.37E-00 3.04i=N0 2,.82E~0¢ J,75E-07
l (LR NO CaTa 6.3% <08 |,05F«086 ND DaAYA 1.99E~06 2.40E-06 B.9%8-C¢
"N S5 NO DAY 2.02e=10  BLISE~I1 NU DATA  2,24E~10 1.90F=C6 T.18E-08
FE %5 S 1BE=C8 2.90i-00 #.93E=27 WD DAY N0 Lava L.95E~-0% Y,.99(-01
l FE %9 1.995-06 4.02i-06 1.796-06 WO DATA WO DATA L, 91F-04 2.23(=C5
(418 1 NC DaTa 2.99E2CY  D.ATE-DY ND DATa ND DATA LabBE=-D4 1,10F-05
CL of NO CaTa Lo89E=Co  2.405<06 WD DaATA wC DATA J.09E=03 D.24E-0%
l LAY To25E=C5 S5,4)E-06 2.476-06 NO DATA NI DATA DoBAE~DS 1,708
LA 3 2.736-10 3.ubfel]  1.59E~11 WO DAY NO DATA 1o17E-06 4.59E-08
Cu &4 NO DAY 2454110 J.06E-10 WD DATA B.01E~10 1uD%=06 T.005-08
IN 0 QB2E~C6 1.0YE=-C5 7.800<086 NO DATa FoOBE-DY  1.950-04 S.0)¢-0s
' IN &9 G.06FE=12 1.15F«11 B.C%=1) WO Bava ToS3E~12 J.90E=«0T1 3,.858F-00
w8 NO DaTA NC Data 4. 300-C8 WD DAY NC DATA NO DATA LY E-24
ue 8s NC QAT KL DAta S.4LE-08 MO DATA  NC DAYA  ND DATA LY E-24
' AR 8> NO DATA  NOD CATa 2.290+-09 WO DATA  ND DATA ND DATa LY E=24
LA 17 ND DiTa 2.530+05 1.C5E-05 WD DaTa NE DAY ND DaAYa 2.216+08
LA T | LI TR G.B028-080 D.00E-D8 WND DavTe NC DAY NO DaTa D.e5E~15%
l RE RY NC DATS 4.aCi=00 2.91E~08 N0 DAY &C DaATA ND DATa 42281
LN L) S.43E-CS NO CATa J.5¢k=D8 NO DATA NC DatTa D.C2E~04 4, 04F-08%
LI 35802 NO DAY 8.056~04 NC DAY NC Data 2.086E-C) 9,.588-0%
3f 9 J.108=08 WD CATS 409010 WO LaTA NO Data To99E-08 T.241-0%
L 1.196«C9% NO CATA $.08E~11 WD DAYA ND DAYa APLE L - UL L))
Y % 3.73E«07 NOD DAY 1.006-080 NO DATA  ND DAY DoobE~0% #.991-0)
Y 9% A.6)E-1) NC BMYA 1.77E~12 WD DA ND DATa 4,00F-CY B.77%-09
Yy 9 B.26E+35 ND DATA 2.216-086 N0 DATa WD DaATa BoATE-04 S.)1E-0%
Yy & LaDAE-CS NO DAY S.36E~11 NO OATa MO DATA DoDSE-08 2.08E-0%

i A

* Data presented in this table is from Reference |




TASLE E~8, CONT'D
PACE 2 OF )

INRALATIOY DOSE FACTORS FCR TEFNAGER *
(wRE™ PLR PLL [WHALED)

|
|

wiLice BCNE LIvER 1.A00Y THYROID  KIDNEY LUNG Cl=LL1 |

.................................-..............-......-...“...........‘..

. 1.69E-00 %D CATA 4. 83E~10 NO Dava NC DaTa 1.048<08% 7,24E-0%

LR 3 182608 5.738-086 ),9E-086 N0 DA B.42E6-06 D.DeE~D4 |,.00E-08

LB 2 ] 172608 ) 40E=C9 |,576-09 WNO DaATA S 16«09 1,02€-0% Y,00£-0%

.................................-..........-.........‘.“.“....“.....“.

N9 2.320-06  1.25E-26 Y.00E-0T WO DATA 125606 9,.39E-CS 1.21E-0%

[ w99 0 Data 2.11E-08 &,006-07% NO CaTa S.LAE=08 1.92E~C5 V. D008

10 99 Lel)E-)) G R3FE-1) e 24E~12 NO DATA T.206~12 LoAGE=DTY TobbE-07 ‘

oy T.40E=1% L. 0%E~16 1.0JE~13 NO DATa LeO0E~LY  0.048-00 |1.,09E-18

HUiod 2.636-07 ND Cava 1+128<07 NC DATA Q2907 w.Y9E~0% 1.)eE-08

wios 1e00E=1C NV DATA $.428~11 NO DATA 1o76E~10 2.276-08 1.1)E-05

P T T T T R P T R R R R R D Rl L L R L R S L b L

Wwile 1423E=CS5 NC QATA 135606 NO DATA 2.306-0% 2.,01€-0) 1.206-04

AGLLIO™  1.73E-06 1.64C<08 9.99% <07 ND OATA JalDE~08 B 00E~04 D 01E-0H

TEL29™ 8.i0E=07 2.8CE~07 0.34E-00 1 .75E-07 NO OATA  $.70E-C3 9.)0E-00

TELI2Tm  2.29E~-C6 1.C2C0+00 2.73E-07 S.4RE-07 B.176~06 2.076-04 1.99(-0%

TeE127 2.S1E=10  1ulefFe)0 $.820«11 1.77E~10 Q.10E~10 1.40F-06 1.01E-CH

| TEL29% 1, 74E~086 B, 36«07 2.01E-07 S.72E-07 6.49E~06 2.47E-04 9,08E-0%
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BN OS6 ND DATA 1L 180-0T  2.048-00 MO DATA  |.40E-0Y WO DATA  3.478-04
FE S5 2.786<Co 1,90F=08 4, 43E~07 NO D4T4  NC DATA  1.00E~08 1,008-04
FE 39 A, 04E<Co  1.C20-05 D.916<08 O DATA WO DATA  2,096<06 J.008-0%
.....'......’....................-'.........“..-. - - _—--ee
{ CC S8 MO OATA  7.48:-07 1.07¢-08 O DATA  ND DATA WO DATA  1.S1E-0%
: CC 80 WD DATA  2,04F=N8 4, 720~06 WO DAYA  NO DATA WO OATA  4.028-0%
. AREE 3 ) Lo30E~C4 9.01E~00 &,30E-06 N0 DATH NC DATa NO DATA Lo00E~00
Rl L .'..‘...o-..........“.......m—'......-..“MOO
NT 8> S.206-07 0.06F<00 ), 106-00 wO DAT4 WO DATA  NO DATA V. 74E-04
CU 84 NC DATA  B.00E-00 D 00E-00 WO DATA  2,106-07 N0 DATA  Y.108-08
IN 85 A 04E-08  L1.34E-0% 0. %FE-08 NO DaTa 1. 0ME-08 WD DATA  9.706-04
IN 0% L.0ME=00 1 97600 1. 076-00 NO DATA 1. 206-00 NO DATA  2.948-00
: Be ) SO DATA  NO DATA 4. 020-08 ND DATA  ND DATA  ND DATA  5,.706-00
| BR B4 NC DATA  ND DATA S, 206-00 NC DATA WO DATA  NOD DATA  4.09E-1)
L ..O-...O-.....‘.....“....-.— R b Y .....-o.”--..“..m.m“
BF 05 NO DATA WO OATA  2,14E~00 ND DATA  ANO DATA MO DATA LY Fe24
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R e I R S —— ‘.........O.....““..“...“._“.‘M.
RS 0% MO CATA 4. 0LE-08 2.020-00 SO DATA  NO DATA N0 24T4  2.3)E-21
SRR D.ORE-C4 NO DATA  B.04E-06 WO DATA  NO DATA MO DATA  4,.94F-0%
SR 90 TLSRE-0) MO DATA  Bo0efe0) WO DATA N0 DATA  ND DATA  2.19E-04
S8 00 S.ATE-08 MO DATA  2.29-97 N0 CATA  MC DATA WO DATA  2.708-0%
SO 82 2415606 NO DATA 9.00E-00 MO DAT4 C NC DATA PATA 4 248-08
Y80 S.02E-09 NC DATA  2.506-10 WO DATA NG DATA DATA  1.028-04
YRR S.00E-11 ND DATA  3.N2E-12 MO CATA  NO DATA WO DATA  2.47E-10
Yy . LetlE=07 N0 DaTa D.YTE~DY WD QAT N0 DaTa NO DATa ToTak-08
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oh a3 B.RESCY D00 L.00E-00 WO DATA  D,426-0% WO Data 2.108-08
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Rt L pp— o-.“..oo.o.-..o.ooo...m..-...o.o.o..o..- ETsee e .-
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ALI08  R.TSE-00 ND DATA  B.4NE-0T WO DATA  8.316-08 MO Dala 170804
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TEI25% 2.09E-00 @.708-07 3.890-07 0.06%-07 1.00(-65 WO Cats 1.078-08
.......-..o-......oo-.....un...- .-“......“...-.m-.m...-.““.o...
TEIZI® G.TTE-06 2.420-08 0.23E-0T 1.TME-D6 2.73£-085 WO DAt 2.276-08
TEIZT O BIOE-CT B.9SE-08  2.006-00 B.15E-08 €.406-07 MO Dava IS
TELZ® L.LSE-05 4.206-00 1.026-06 D.930-06 4.006-05 WO Data $.790-0%
...ooq....o.....o..-....-.....-..- b A — - R )
TELZS . 14F-08 1. 10E<30 7.038-09 2,41608 1,926-07 WO DATa 2,300
JEIMS 1.TDE-00  0.481-07 7.086-07 1.D4E=06 0.37%-06 WO Dava B.400-08
TEIME 197600 0.208-00 0.226-09 1.026-00 0.436-00 w0 DATA  2.79¢-Cs
b b L L R p——" A il Ll T — .b.....-.-..-.-...“.....Q-...“.”OOOOO.
TEIR2 252808 1.0dEe08 1.906-05 1.0CE-08 1.376-03 WO Date T.016-08
P oINS TASRESCY 220600 0.00E-07 1.096-04 D.aBEc04 MO DATA 1.926-06
PIME AL1GESD6 5.95E-06 3.416-06 1.956-0) 1.026-0% WO D414 1.976-08
d 132 2.0ME-0Y 5.43607 1,906-07 1.90(+03 0.654-07 WO Oate 1.028-07
d 13 BoA2E-08 2.470<08 T.83E-07 3.0)E<04 4.31606 WO OATa 2.226-08
P IO Ba0ME=01 2.000-07 1,00E-07 4.996-08 4.806-07 WO Oats 2.816-10
.-..‘.......-..............'.-...- .“.“.“.....-.’.“.......-.....“..'..
T IS A aD6-00 L.leis08 4.20(-07 TooSE-C5  B.00E=08 WD DaTa Led1E-08
€134 GL22E-C5  D.aBE=06 1.21E04 WD DATA  4.79:-08 1.995-08 299608
CS106  .51E~08 2.976-05 ), 080-0% WO DATA  1.4ME-0% 1. %aE-08 2.928-08
sy TAOTE=08  1.000-06 7,146-085 WO DaTa DuT0E=08  1.20E-08 2.1)k-0¢
CSide S.520-00 1.00(-07 5.40E~00 WO DaATa B.0LE=D0 V. 91800 4,0%8-1)
BA1D%  9.70E-CP .91E-11 2.04E-0% WO DaTa GobbE=11 D.92E~1) R Y2800
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BA149 2.030<C%  2.550+00 1.)iE<08 WO DaTa B.67c~09 1.40F-00 4, 100-0%
LESLY S TLE=DR N 580=11 1.59E<09 ~D DATa Ju3LE~LL 2.026-11 2.22¢-17
LIRL T 2 0DE=00 2. 19E-11 1. 3409 40 Data BaBSE=1]l  Ro24E=L1 Y.008+2¢
.....................-........................-...............“...“.......
LalsD 2.500=09  1.26:+09% 5.3i0-10 WO DaATa NC DATA NO DATA 25808
LAls? Lo20E-10 S.028«11 J.e8f«l]l NO DaATa N DATa NO PATA L 2180
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.......O.......'.................".......'..“......“......“..“.“.‘“..
PR as DoOIE=11  1.258=11 1.946~12 ~NOD DATa T.0%6~12 WO DAY A 30610
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N S ND DATA  S.90Ei-Ce 1. 17E<08& NN DATH 14700«08 WD DATR l1e218=0%
"N 56 ND DATA 10«07 Q2.016«00 ND DATA  2.00f«CY WO DATa 104E-08
bE 5> J.T8E~086 2.00F«08 @.25E<07 NN DATa NC DATA 1.70F=086 1.106~00
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L R R Rt R R R A Sl R R A
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[ 1) ND DAY 11807 S.41E-00 WD DAY 200807 WO DAY 0.928+-0¢
In 0 S$.70E-0¢ 2.C05«CS 9.%)-08 WO AT L2065 WO DAY B.67F=0¢
N 89 LoOTE~C0 2.006-08 1.9 E~09 N0 DAYA 1.%%-08 ND DAY S.16t-00
re ) NO BaTa ND DAY $.74E<00 WD PiTa NC DATa ND DATA LY E-2¢4

BE Be N DAY N CATA T.22°-08 NOD DAY wC Data NO DAt LY E=2s
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“E Bt ND DATA 2, . "TeDS  L.AOE-DS ND DAYA  ND DATA MO EBATA A tEsDe
LN ) NC Data B.520-0R 4.54E-00 WD DAY NC DATa ND DATa T.906+1%
8 NS NC AT S.500-08 J.09E-00 NO DATa ND Data NC DAY L LS LEN R
L LI R A A0E-04 ND DAY 1.200-05 D DAY ND DAY NO DATA .20k DS
LLIR J4 P.I0E-0) WC QAT 2.0%5E<07 WD BaAYa NO DaTa N DATA 200000
L LN} 0.CTE~08 WD DAY 3.216-07 w0 DaMa ND DAY ND BATa I Y14
L LR ) J.05E~0¢6 WO DAYA 1.30E~0Y NOD DAY NC DAYA NO DAY Y. Y0E-0%
Y J.3TE~C8 WD DAYa B.OME~10 MWD DAYTA AN DATA D DATa B ADE=Ds
Y ORI L2900 ND DATA A 93E-12 ND DATA  NC DATA  ND DATA . 00EenS
Y " 2.01E~CY N0 DATA DeIW-09 WD DATA  NO DATA  ND DATA DL 2AE-DS
Yy w2 1e216-C% »0 CATa D.OCE~11 WD DAYA KD DAYA MDD DATa I 19 AT

e e R
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R i e e T T T
8 0.220-09 4.50i«090 2. 51009 NC DATA  4.426-0% WO DATA 1.95¢F-08
B0 9% ND CATa .00 =06 1. 13F=08 ND DATa LeVBE~CS NO DATA  1.00(-0%
TC 09% 3 N2E~10 9.20%~10 1. 206<00 NO CATa LadBE=D0  S.14E~10 a.00E-07
R e A S —— - -
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QULCE D T2E-08 NO DATA 4. 9eE=0T SO DATA  T.9E-06 NO DATA  1.80E-04
ACLIO®  2,C8E=07 1. 94E-07 1. 10E-00 O DATA  3,.706<-07 WO DATA  $,43(-0%
vELZ®  D.BDE-C6  1.D0E-00 B.12€-07 L.OTE-06 WO DATA  NO DATA 1.106-08
TRI2T Q. 07E-08 D, 4DE=08 L 15E~08 2.00008 9.92¢~0% WO DATA  2.818-0%
g2 FoSOE=OY S,0CE-C0 3. aCE~00 1.0 =07 #.406-07 WO DATE  1.228-0%
TELZO™  1o0DE=CS  0.CHE-06 2.50E-08 S.20f=08 & .M2E~09 NN DATA  #,126-0%
TEL2S A, 00E=C8 . 07F=08 |, COE=00 D 208~00 1.90k~07 WO DATA  2.485.07
TEIDI®  2.00E=00 1 170-00 9,.788-07 1. 76E-00 1.226~0% MO DATA  9,.)09f-0)
TELN 2uTOE-08  LLISE=Ld B T2E-00 2.1%E-00 1.226~07 WO DaATa 2.2%0-00
R e A SR — - -
Tein B.AOE-08 2.21F<08 2.000-08 2.00E-08 2.120+0% WO DATA  T7,008-08
I 1y FoDJE-08  2.986+08 1. 19E-08 2.401E-04 A, 59000 NO DATA  2.296-04
I in S.O5E-00 0,100 =%8 A A0E-08 2.09E-0) L.4LE-03 NO DATA Lab28-08
a2 2.TRE-00 VL B0ESCT  2.02E-07  2.40f<05 1.1%E-06 WO DATA D, 10E-OY
IBRE2) 2.01E-08  Voalt=08 1.0MF-08 . T0E-04 S.906-08 WO DATA  2.906<08
1 1) LoORE=CT % "TESDT LLD0ES0T 4 ASE-00 G.10E-DT MO DATA  $,108-09
I IS B 10607 . S7E-06 S.026~07 1,01E~04 2.406=06 N0 DATA  |.748-04
CSids BoITE=28 L 9TE-04 9,.10E~08 MO OATA 0. 20E-0% 2.09E-08 2.4%6-0¢
CS108  0.99E~08 D, 40E-05 2.27E-0% WO DATA LoBAE=0%  2.%06-08 2.728-~0s
R e e T T
CSIDT R 12E=04  1A0E=04 S,1%-03% NO LATA  S,07E+0% 1.97€-08 2.12¢~04
CSI00 V. TaE=C0 L A%E=0T T, 45E-00 N0 0ATA 1 10607 1. 208-00 &.70E-1)
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L L .........................'-...........‘...”....
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'o‘.".. 40008
BaddE=11  LeadE-1)
BaO8E=11 0, 0108-20

LAlar BoaREc08 1 700-0% 4,956«10 wD DaTa NC DaATa
Lalsg La?8E10  7.988«11) 1o98E~11 N0 Data NC QAT
Ceisg Lo3DE=O8 B.008-0% 1.026~0% WD DaATa A 10E-00

CEION  2uDSE-08  J.Tii=C6 1, 906=10 WO DATa TobTi=i0
Chles oSLE=CT  2.00600 3. 0aE-00 WO DATA  1,.026-00
PRiey LedIE=0F  S.200=09 ,8520-10 WU DATA  3.M4f-00
PRiss SoBCES1] BaTeFeLl 2.108-12 MO DATA  1,01E-11
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L ...-....--.O..Q............’-...0“..’.“...“0.-.
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e i P ————
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I~ 8 Lo DTE=RS D w8803 2.270-C8 NO DATA  2.%06-0% NN DATA  4.61E-00
IN 6% A 00E-00  4.230-00 5,0%E-09 NO DATa J.0AL-00 WD DATA 3.99¢-00
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s 89 ND DATa 1o176-07 L.04F=07 O DaTa w0 DATA WO DATA  1,.02€<09
LA B 1o326-0) NU CaTa BLTTE-OS MO DATA  NO DATA  ND DATA S 11Ee0S
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Yy . $.026+0Y NO DaATa Leb1F=00 N0 DATA SO DATA  NO CATA  9,028-0%
Yy W D.40E=CY N0 QaTa LeOsE=10 MO DATA  NO BT &0 DATA ). 04F=04

et i e A ——————




TabLE E~13, CONTYD

PALE 2 OF )
IPSESTION DOSE FacTORS FOR CmiLo"
(BRE" PEC w1 INCESTED)
NUCLICE 80t Livin T.000v THYRDID  mIONEY LUNG Gl=LL1
...-.—....o.-.o...0.......-”C.......Q.....m..-.........”.........Q....
Yy s Lolal=f8 N0 pata JoAM-10 WO DATA  NO DATA WD DATa 1.706-04
L Folol -0 2.9%8-08 2,27 00 NO DATa BoaSi=08 MO DATA  2.888-0%
ivn G 90008 L.CIE~DY 3.9 E-10 WO Dava 1oASL-0% WD DaYa JaS)E~0u
......-.....o..-....-..“..I-....n..-........Q..‘-.-.....“...”.........
NE 95 2.250<00 0.70E-00  4.208+09 WO Dava 20609 ND DATA  .e26e0%
®C 8% N0 DAMa FodVE=05  3,296<046 WO Dava 2.045-08 WO DATA ), 10808
TE 00"  0,2)6-10 J.018-09 D.O0E~08 WO DATA  2.43i-00 CAN-I0 1.03E-0e
JEI0L  BBTE-00 N 126400 L.A2E-08 MO DATA  1.910-08 $.920-1¢ 3. 8sr-ce
fyioy To316<0Y NC Data 2.016-07 WO DAY LoBaE=08 N0 DATA [ LI E-1
RYIDS S.A8E=28 ND DAl 2046080 WD DaATS $.07E-07 N0 DATA 4. 206-08
............'........“..--“...~.-“....“-......- -
LI 117605 N0 DAY Ledof=Ds wC DAt 1.90E<0% WO DATA 1o02E+04
ACLIC™  S.00E<0Y 3,04l =07 290007 w0 DaTA G TRE-CT MO DATA  a,)DE-D8
TEL2S™ Q. 04k-°8 3,00f-08 1.52E-08 D.20(~086 WO DATA ND DAt 1.108-08
.-........-...............“.'....‘..............“””.‘.‘...’...’“..-....
TEL2T™  2.096-0% Y.%00-08 DutsE=08 S.91E-086 2.24E-0% WO LAY 204808
e 0 QuTLE=CY 1,277.07 1.01L~0? Do24E-07 1. 94E=D8 WN DATA LobaE-Ds
TELZ9™ & 076-0% J.08f-0% TeSol=06 1.97<08 1.406-04 WO DAt LI L1 B
10129 Lo dAE=0T  3.%0«080 3.100-008 $e56E-00  D.926-07 WD DATa L IS I T
TELDMI™ 7.206<08 2.4%i<0s 2005608 S,128+08 2.410-0% NO CaTa 1.008~04
TE1 0. 30E-00  2.5)-00 2.47E-00 G.35E-00 2.51F-07 WO DAYa LIS LIS
Te1 2 1:01E=0% 4,470 B5.406-08 C.51F=08 4,15%E-0% WD DaTa 4. 50608
I 13e 2.920-06 5.90(-0D0 D.00E<D6 #.500-04 $.026-08 WD DATA  2.Vef-08
LR R} 1oT20-0% 1. 70«08 9.03E-0¢ $.720-0) 2.04(+0% WD DaTa Lo%4i-0s
' « 102 0.000=0% 1,aTE«06 0.70807 4.028-0% 2.2%6+06 NN DAY b.73E-0¢
1 BN R ) $.920-06 T.326-08 2.776-0s FaBoE=0)  1.228-0% WO DATA  2.985¢-0¢
L B 1 ColOE=0Y P 70607 B.50E-0T ], T70Fens 199008 N0 DAY S.lek-0
I 1 FoT58-06 D.158-08 J.49E-04 BoTEC0A A 0DE-08 WD DATA 2.40E-00
£l T D0E=08 D 040+04 8,106+0% NO BATa  BoIWE-Da 4 278408 2.07E-08
8106 205605 4.400+0% &, 106-0% N0 Dava Botdk=0d S.106-080 2.2V-0¢
..................‘...““” - _-——-w “...“’-.-“...-.“...-..
ts1n D.2TE04 D104 . 02E-0% WO DaMa 1.02¢=Cs DudTE-DS 1 9eE-0¢
l CS1e 220607 DLITE-0Y 2.01E-07 WO Dava 223007 2.400-00 J.abf-0?
i BaLdY S 10E=CY  2.20E-10 1.206~08 WO DaTa Fa®3e=10 1.008-10 “,90i-0%

* Data presented in this table is from Reference )
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TasiLt E~1), CONI'D
PASE D OF )

INGESTIOY DCSE FACTORS FOR Cweio *
(WAE® BIN OCT INGESTED)

SelL, € BONE LIvER r.800Y THYRDID  KIDNEY LuNe Cl=LLI

L R R
Palel Q.. VE=CS  T.200-%0 4.05E-28 %O DATa 207608 4. 04E-00 4,21E-0%
Thls) 2.000+CY 1412:%10 @.51E-00 N0 DaATa Q.09E=11  G.90E-10 L.l4E-07
ELEL Y 0,740+ G.29E=11 4, 00F-09 NO UATA S.C0E=11  3.70C~11 1.1eE-09
Laisg LeO1E=OF  3,936<00 1.17-09 0 DATa NC QAT NO DATA 9, 04c-08
Laie? $.06E-10  1o07F10 5.23%<11 NC Data NP DATA NO DATA d.31E~CS
CEls) 2,97 =CR 1 00008 2.9:E-09 NO DaATA B.60E-09 WO DATA  2.47E-0%
4 ILY! G.950-C8 3,796-08 S.49i-10 ND CAT 1.996«N9 NO DATA $.550-0%
CElas 2.00E-C0 0.%20-07 1. 11E-07 WO CaTA Joble=0Y &0 DATA L T0E~04
PRle) J.0XE-00  1.102-00 1,95E-09 NO DAMA . V=00 ND DATA 4. 24E-08
PRI Le29E6=10 %.9%E=11 #.4%-12 NO DATa 2.11E=11 ND DATA 0.99% -0
NELW? 279000 2.20E-00 1. 75600 NN DaTa 1o24E=C80 NO DATA J.50E-08
. 87 Q29607 2.947<07 1.16E-07 wU DATa NC DaTa ND DATE  D,.97E-nS

AV $.25€-CT D77 10  2.45t-10 NN DaTa 1.096=7N% NO DATA 2.79E6-08

* Data presented in this tadle is from Reference 1




TABLE E-14
PALE ) OF )

INCFSTIUY DOSE FACTORS FOR INFANY
(®REm PER PLY INGESTED)

NUCLILE 0ONE LIvER T.e00y THYROID  KJONEY LUNG Cl=L11

.....o.............'.............................-....-.....“0.0...........
" 3 MO DATA  D.08F-0T  J.0BE-DT D.URF-DT  3,00(=07 D.00E-0? J.00E-01
OO Ie 2.076-05  5,.0LE-0c $.00l~00 S.08f-P¢ S,00t=06 $.00F-00 $.08l~0¢
NA 24 FoCLE=DS  1.CIC=03 '.0LE=DS 1.010=03% 1.016=0% 1.01E=05 1.01E=CY |
Y 1.70E=03  1.C08=04 @.99(=08 WND pATa NC DATA NO DATA  2.00E-05
e s NO DATA  ND Data LoMTE=CB  9.200=09 2,016«09 J.79(«00 4,11(=07
LA T SO Data Fo99E-05 4.816-06 NO DATA  4,41E-0D86 WD CATH TodiE=0s
N S NC DATa B.185-07  J.Q1F=07 NU DATA  7.00E<07 8O DAT4  T,40F<0%
e s Lo38E=05  0.9%00-0c 2.4CE-06 WO DATA  ND DATA  &.99E-08 lelat=0s
FFE 5% D.00E~0% S.s85«05 2,120-05 NO CATA WO DATA 1.99E-08% 2,.57¢-0%
bl e S e —— ..-...........“.Q"..”.““.“........0
CO S0 wNO DT D.606~0¢  B.90E-D6 NO DATA  ND DATA WO DATA  8.97(=0¢
CC 60  NO DA 1.08E=05 2.950<0% WO LATA  NC DATA NN DATA  2.876-0%
NE 63 G.00E-06 D 92¢=0%  2,276-0% NOD DATA WO DATA WD CATA 1.95F«Ce
LA 3 . T0E-06 S.326-07 2,42¢-07 WO LATA  NO DATA  ND DATA  4,.08F-0%
' v b NO Data 6.086-C7 2.02E-07 NO DatTA 1.000=06 w0 DATA 1.256~0%
IN 85 Fo94E=05 #.018-05 2.916-05 WNO LATA B.OGE~DS WD DATA  S,.33E-08

-

IN 6% S.306-00 1.00E=07 1.25F<00 WO DATA  6.906<C8 NN DATA  ),376-0%
PR B3 N DATA WD DATA  D.ME-DT WO DATA WD DATA WO DATA LT Ee24
I BF B ND DATA  ND DATA 02007 WO DATA NG DATA  ND DATA LT Ee24
CLEN Y NO DAY ND DATa LeV4E=00F NU DaTa NC DATA SO DaTa LY E-24
KPP B N DATR FoT0I04 0.400+05 WO DATA  NO DATA WO DATA  4,.388-0¢
<k B NO DATA 90607 2.7)E-07 WD DAt ND DAY ND DATA LT LA
! RE 05 MO DATA  2.86E-07  J,076-37 ND UATA  NC DATA WO DATA  9.74f-08
SR 0% 2.506-C) WL DATA  7,206-05 NO DATA  ND DATA WD DATA  S.18f-0%
| L LI 9 1.0%E+-02 w0 DAte 4. T0E-0) NO QaYa NC DATa ND DAY 2.0)18-04
SE 9 5.00E<CS NO DATA ). 01E=06 WD DATA N0 DATA WO DATA  $.92(-0%
5% 92 1.020-05 NO DATA  T,.10E-DT ND DATA WD DATA WO DATA  2.07E-04
Y W B.69E-08 WO DATA  2,356-09 SO DATA WO DATA WO DATA 1o20E~04
Y O %lx B I0E-1C ND DATA  2.78F-1) WD DATA  NO DATA  NO DATA  2.706-0¢
| Y 91 1.00E-06 NO DATA  3.01E-C0 WO DATA WO DATA MO DATA  9.106-0%
Y92 TueSE-09 ND DATA 2,15(-10 WO DATA WD DATA WO DATA  1.46f-Dé

" i i A ——— i i N Tl

-

* Data presented in this tadle is fron Reference 1




| TABLE E=1a, CONT'D
PALE 2 OF Y

INGESTION VOSE FACTORS FOR TNTaNT *
(WREm PFR PC] INCESTED)

I H | BONE LIVER Y.000Y TMYRDID  KIDNEY LUNG Gl=Lil
i Y O 9)  2.4)E~C8 NC CATA  6.02F-10 ND DATA  NO DATA WD DATA  1.928-04

IR 9% 2,00E<C7 9,020-08 3.56E<C8 WO DATA  S,416-08 WO DATA  2.80F-0%

IR 97 L. ABE-08 2.540=09 1. 10f=09 NC DATA  2.56E~09 WO DATA  1,028-04
I YO 85 4 206-08 1. YVE<08 1.COF<08 WO DATA L, P4k=08 WO DATA L. e6f-08
' MC 99 ND DATA Y, ACE-0% 6.0)E-086 NO DATA  S.00E-0% NO DATA  L.12E-0%
TC 995 1.926=09 3,965-09 $,106=28 WD DATA 4, 266-00 2.076-09 1.1%8-08
TCI0L  2.27E-09 2.066-09 2.006<08 NO DATA 3. 406-08 1.56E-09 4.80E-07
RULDY  L.40E=08 NO UATA  4,956<07 NO DATA  3.00E=06 WO DATA  1.00E-0%
AUICS L 00E=0T WO DATA &, 586=08 NO DaTa  |.00E=06 NN DATA  $,.41E-0%
' QUIOE  2.415-0% NO DATA  3,006<06 NC DATA  2,.M56=0% NO DATA  1.00F-04
AGLION 9,98E=07 7,276«07 4, 0iE-07 N0 DATA  1.04E<06 WNO DATA  3,77(-0%
TEI25%  2.306=0% 7.790«086 D.15f-08 7.04C€-08 WNC DaTA WO D°TA  1,116-0%

- - -

: TEI2Tm S, B5E-05 1. 94F=05 7V,00E-08 1.09E-05 1.64F-04 N0 DATA  2.00E-0%
i O L1oO0E=086 3 38E=07 2,186-07 B.14F=N7 2,44¢~00 N0 DATA  2,10€-0%
TEL29%  1.COE-08 D, 45808  1.94E~08 D.04F~08 2.9506~04 WD DATA  5.97E-0%
' Tee 2.00E-07 9. 79E-08 6.0)E-080 2.00E-07 TY.CTE-O0T WO CATA  2.27E-08
TELDL®  Do52E-0% 6.120-086 S.05E-08 1.24E-0% 4. 216-0% WNO DATA 1.03E-Ca
’ Ty 1oToE=07 4.%50E-00 4, 9%4E=00 1.576=07 &,30E-07 WO DATA T.11E-08
Tern 2,00E-0% 1.00E=-05 9, 616-08 1. 52F=05 G 00E-08 NO DATA D .01E-0%
' 1 130 S.00E~08 1.328+=95 S,.0%E-08 1. 60E=0) 1.48E-0% NO DATA  2.0)3E-0s
i I 1 D.OOE-0% 4,20E~05  J.Mef-0% 1.39E-02 4.%E~0% WD DATA 181600
(BB I Le00E=00 D )7E-00 1. 20E~Co 1 S0CE-06 D .74E~06 WO DATA  2.7)E-04
! L1y Lo2%E-05 1.02E<08 8.03E-08 D, J1E~0) 2.14E-25 WO DATA N.0RE-08

36 B.0%E=07 L. 70E=N6 . )3E-07 4, 15E=N8 1.99E-06 NO DATA 1. =0
. SRR R SRR R R TR ER R RS R R RSN RRR SRR R RRRRR AR R RS . S
I 1y DoAAE~08 T 24E-08 2.64E-08 40004 B, 0TE-04 MO DATA  2.028-00
CSide DoTTE~04 T,00Ei-04 T.10E~08% WO OATa LaBlE=06 T 402008 1.91E~ve
CS136 & 59E-08 1. 05606 S.04F 0% WO DATA  S,.00E~0% 1.10E-0% 2.0%E-0¢
Csiyy $.22€-04 S, 11E-D4 4, ))E-08 NO DATa LabAE=04  4.0NE-D%  1.91E-08
csi1n C.01E=0Y T,020-07 D190 NO DATA B.SOE~0T  4.00E-00 1.25E-0¢
BA109 B 01E-0T S.04E-10 2,95E-00 NO DaTa JoS1E=10 D S4LE~1C  9,.50E-08

* Data presented in this table is from Reference 1
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Taoll E=l4, CONT'D
FALE D OF 3

INGLSTIOY UPSE FacToRS FO8 Iweant®
(WREw wER 201 INCESYED)

Wil it BONE LIVER T.ACLY TeYRQID KIDNFY LUNG Cletn

BhlsL 1oY1E~06 1. Y1E=0Y B, M18<08& NO DOTa 4. 00E-00 1,050 4,208-0%
Fals) O 2500 2.901-10 L Dat=0D0 ND DATA Lo¥8E«1C 1.7 0Fe)C 5,19 =00
rAla? FoRaE=CY 1,836~ 10 9.00E<09 WO CavTa Ro0lE=11  9.26E~11 Y.8980-0
Lhle? 2.00000 B N20«08 2,14E-09 ND DATA NC DAYA  ND DAt .70 -0
LALS2 110808 &4,068-10 9Q,0'F=1] NI DATa NC DatTa NO DaTa . 0eF0
(lis) ToETE-CF 4, 80%«08 S5.05[+09 WO DAT2 LetBt 08 KD DAY 2.00E-0%
CElsd | &BE=C8 9. 82000 1 12E6~09% N0 CaTa 2.%:-C% NO DA 8. 13E-08
CElas Q.98E 08 122008 J.07E-0T ND DAYA  4,93(=07 ND DATa | P 3 LS
Phles EolBE=CF Y, LaLe00 &,03)E-09 WD DATA Fol3E=N0 NO DATR &, 298-0%
AR 2760010 1.08E-10 1.00E-11 NO LAY Johar=11l N° DAY &.9)E-0s
Nl L7 S.93E=CF  S.0Rie08  3.40E-090 ND CaATa 2,19 =00 NO DAYA | Y 181
. I8 .73 0=C0Y &.3¢c=%7 2.17%<0Y NN DaNa NO DaTa ND DAY Seb9i-0%

ALPA L PollE=CF 9,93:-10 S.01Ff=10 NC vaTa 19809 N0 DT 2407008

* Data presented in this table is from Reference 1I.
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Rev. 2, 7/15/88
TARLS £o18

is the attenvation factor that
accounts for the shielding
provided by residentia) structures

fs the time period that crops
are exposured to contamination
during growing season

1) for forage ingested by animals

11) for crops ingested by man

fs the average transport t.me of
activity from the feed into the
milk and to the receptor

Time Celay between harvest of
vegetation or crops and
ingestion

1) for forage ingested by
animals

11) for crops ingested by man

Yalues

0.7 (maximum individual)
0.5 Caverage indiv.)

1.0 (noble gas-gamma
instantaneous dose)

720 hrs (30 days, for
for pasture grass)
1440 hr (60 days for
stored feed)**

1440 hrs (60 days)

48 hr (2 days, maximum
individua)

$6 hr ( 4 days, average
individial)

Tero (for pasture grass)
2160 hr (90 days for
stored feed)

24 hr () day, for leafy
vegetables & max.
ingividual)

(445 hr (60 cays, for

kroluco & max,
ndividua))

336 hr ()4 days,

for avcr.*o

indivigual)

* A)) data presented from this tadble are from Reference ), unless othervise
incicates.

¢ From Reference 2.
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Al) data presented from this table are from Reference 1, unless otherwise

indicatec.

PNPS-00CH

Rev. 2, 7/18/88

IAILL.£=;5
RECOMMENDED VALUES FOR GASEQUS 'FELUENTS®
Yalues

Agricultural .roduct1v1t{ by unit
ared (measured in wet weight)

1)  for forage ingested by animals  0.42 kg/m? (for
|stu;, ,ross)"
2.5 kg/ for
stored feed)**

14) for crops ingested by man 2.0 kg/m?

** From Reference 2.
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DEFINITION OF LOWER LIMIT OF DETECTION




PNPS-0DCM
Rev. 2, 7/18/88

APPENDIX B
Refinition of Lower Limit of Detection

h. The LLD s defined for purposes of these .”c"".ﬂﬂ. 1 the m".“
concentration of radioactive material in a sample that will yleld a net
count (above system background) that wil) be detectad with probabiiity
with only 5% probadiiity of falsely concluding that a blank observation
represents & “rea)” sigmal,

For a gross activity measurement system (which may Include radiochenica)l
separation):

LLD o 4665y

Eax V2200100 Y o2t
Nhere:

LLD 15 the “a priiri” lower Yimit nf detection as defined above (as
microcuries per Lalt mass or volume),

:R is the standard deviation of the background counting rate or of
¢

counting rate of Tank MM\O as lPD"OM’“" (as counts per
pinute) defined as

B is the average background count rate (as counts per minute),
T 15 the tota! time of the background (in minutes),

£ Ys the counting efficiency (as counts per disintegration),
V is the sample sf2e (1n units of mass or volume),

2.22 x 105 15 the number of disintegrations per minute per
microcurie,

Y is the fractiona) radiochemical yleld C(when applicadle),

Xls the radioactive decay constant for the particular
racdionuc)ige, and

t for plant effluents 15 the elapsed time Detween the migpoint of
' sample collection and time of counting.

Typical values of £, V, Y, and t should e used In the calculation.

8-




10CFRS0. 36a(a)(2),
PNPS TS Section 6.9.C.1,
£ Reg. Guide 1.2

BOSTON EDISON
Pigrim Nucleat Power Station
Rocky Mill Road
Plymouth, Massachusetts 02360

Ralph G. Bird BECo 88-128
Senor Vice Presigent — Nuclear
U. S. Nuclear Regulatory Commission August 31, 1988

Document Control Desk
Washington, DC 20885

License DPR-35
Docket 50-293

SEMI-ANNUAL RADIOACTIVE EFFLJENT AND
RASTE DISPOSAL REPORT FOR THF PERIOD
JANUARY ) THROUCH JUNE 30,

1988

In accordance with the requirements of 10CFRSO.Mea(a)(2), Pilgrim Nurlear

Power Stacion Technical Specification Section 6.9.C.7, and Regulatory Guide
1.2), the Boston Edison Company submits the Semi-Annual Radiocactive Effluent
and Naste Nisposal Report for the period of Janvary 1 through June 30, 1988.

ﬁ
o Forend
R. G. Bird
RPH/Jcp/2415

Attachments

€c: Mr, D. McDonald, Project Manager
Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission
Mail Station P1-13?
Washington, DC 20855

U. S. Ruclear Regulatory Commission
Region 1

475 Allendale Road

King of Pryussia, PA 15407

Senior NRC Resident Inspector
Pilgrim Nuclear Power Station



