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INTRODUCTION

This Semiannual Radicactive Effluent Release Report (SRERR),
covering the period of January 1 threcugh June 30, 1988, is
submitted in accordance with Section 6.9.1.7 of Appendix "A"
(Technical Specifications) to Perry Nuclear Power Plant
(PNPP) License No. NPF-58. 1It is designed to meet
requirements of Regulatory Guide 1.21, as applicable to the
PNPP Technical Specifications. Portions of the Technical
Specifications applicable tov this report, Sections 3,/4.3.7.9,
34.3.7.10, 3,4.11, 3/4.12, 6.13.2, 6.14.2, and 6.15.1, are
known as the Radiological Effluent Technical Specifications
(RETS) .

During quorters 1 ard 2 the plant produced 3,214,679 Megawat?
Hours Electric Gross, The reactor capacity averaged 60
percent while the reactor was critical a total of 30%% hours.

Liquid and gaseous radiocactive effluent releases to the
environment during this reporting period were sampled and
analyzed in accordance with the requirem2nts of the Technical
Specifications. All radiocactive effluent releases were
within the concentration and release limits specified in the
RETS.

Calculations and terms utilized in this report are those
outlined in the PNPP Offsite Dose Calculation Manual (ODCM).



RADIOLOGICAL IMPACT ON MAN

Sampling and analysis of liquid and gaseous effluents were
performed in accordance with the frequencies, types of
analysis, and Lower Limit of Detection (LLD) outlined in the
PNPP Unit 1 Technical! Specifications.

Radiocactive material was detected in some of the liquid and
gaseous effluent samples analyzed. Dose calculations, using
measured effluent flow and meteorological data, resulted in
dose to individuals at levels below 10CFR20 and 10CFRS50,
Appendix I limits. Direct tadiation resulting from plant
operation, as measured by environmental thermoluminescent
dosiieters located around the plant, did not contribute any
measurable dose to members of the public for the reporting
period and, as there are no other nearby fuel cycle sources,
40CFR190 limits were not exceeded.

Summaries of maximum individual and population doses
resulting from liquid and gaseous radicactive effluent
releases are given, in Regulatory Guide 1.21 format, in
Attachment 1.

Technical Specification 6.9.1.7 requires assessment of
radiation doses from radicactive liquid and gaseous effluent
to members of the public while onsite. These onsite doses
are assessed relative to offsite dose values, and are

adjusted for appropriate dilution, dispersion, and occupancy
factors.

ONSITE DOSE FOR LIQUID EFFLUENTS

The onsite liquid effluent pathway of concern for members of
the public is shore exposure while fishing along the Lake

Erie coast., Occupancy is assumed to be 50 hours per year and

the dilution factor for the point of exposure is 10.
Ratioing “his exposure pathway to doses calculated for
offzite locations yields the following onsite dose values.

Total Body Organ
Quarters 1 & 2 2.3 E-0d mcam 2.7 E- mrem (skin)
Quarter 1 1.0 E-04 mrenm 1.2 E«04 mrem (skin)
Quarter 2 1.3 E<04 mrem 1.5 E<-04 mrem (skin)



ONSITE DOSE FOR GASEOUS EFFLUENTS

Several cases are considered for onsite gaseous effluent
exposure to members of the public including traversing a
public rcad within the site boundary, shoreline fishing,
non-plant related training, car pooling, and job interviews.
The onsite activity with the highest dvuse potential, relative
to gaseous effluents, is shoreline fishing. Occupancy is
again assumed to be 60 hours per year. Accounting for this
and the difference between annual average disger:ion values
for the onsite point of concern, 6.6 E-05 s/m”, (a unity
occupancy factor is assumed for this calculation), the
following maximum onsite dose values are generated.

Tota. Bod Organ
1 E-01 mrem ‘ 01 mrem(thyroid)

Quarters 1 & 2 1. 4.9 E-
Quarter 1 1.1 E<03 mrem 3.6 E-03 mrem(thyroid)
Quarter 2 1.1 E-01 mrem 4.9 E~01 mrem(thyroid)

AVERAGE INDIVIDUAL TOTAL BODY DOSES

Average total body dose to individual members of the public
is determined for the population that lives within fifty
miles of the plant for gaseous effluents (2.42 E+06 persons)
and the population that receives drinking water from intakes
within fifty miles for liquid effluents (2.37 E+06 persons).
These doses are calculated using the total population dose
figures found in Attachment 1,

Gases Liquids
Quarters 1 & 2 9,9 E-05 mrem 3.3 E-05 mrem
Quarter 1 1.2 E-07 mrem 1.1 E-05 mrem

Quarter 2 9.9 E-05 mrem 2.2 E~05 mrem

Gaseous ond Air Dose calculations at the site boundary were
performed for two cases. Attachment 1 provides the
calculated maximum site boundary dose values for all sectors
including those sectors which are totally over water in which
no member of the public resides (These ate the W, WNW, NW,
NNW, N AND NNE SECTORS). Attachment 2 provides the
calculated maximum site boundary dose values for the land
based sectors in which members of the public reside,.



SUPPLEMENTAL INFORMATION

Regqulatory Limits

Technical Specifications 3/4.11.1 and 3/4.11.2 outline
requirements for release of radiocactive liquid and gaseous
effluents, respectively. Concentration of radiocactive
material in liquid effluents and dose or dose commitment
tresultant thereof are limited in unrestricted areas. Dose
and dose rate due c¢o radiocactive materials released in
gaseous effluents zre limited in areas at or beyond the site
boundary. Technical Specification limits are "isted in
Attachment 3.

Maximum Permissible Concentrations

The Maximum Permissibl~ Concentrations (MPCs) in liquids are
those outlined in Technical Specification 3.11.1.1 (10CFR20,
Appendix 8, Table II, Column 2, with the lower of the soluble
and insoluble MPC being used; for dissolved and entrained
noble gases, concentrations are limited to 2 E-04 JCi/ml).
PNPP Unit 1 Technical Specifications do not contain a
concentration requirement for gasrous releases, therefore,
MPCs are not used to calculate maximum release rates for
radicactive gaseous effluents.

Averacge Energy

Average enerqy requirements for radiocactive effluent mixtures
do not apply to PNPP Unit L Technical Specifications ot 0Off-
site Jose Calculation Manual.

Measurements and Approximations of Total Radicactivity

Analyses of specific radionuclides in effluent samples ar.
used with effluant path flow measurements to evaluate the
radicactive composition and concentration of effluents.

“w ] -



Batch Releases

Liquid effluent releases were considered continuous (t ., ¢
Emergency Service Water (ESW) Loops A and B) as well as batr
(Liquid Radwaste [LRW) discharges). Although the ESW ¢ ~tem
is ccnsidered to be a cointinuous release path when in
service, it is not run continuously.

All gaseous effluent releases from Perry Nuclear Power Plant
were considered continuous.

LIQUID RELEASES

Januacry 1 - March 31, 198¢

Batch Continuous
Number of Releases 78 25
Total Time of Releases (min) 1.4 E«04 2:8 loOS'
Minimum Time for a Release (min) 5.0 E+00 1.3 E+01
Average Time for a Release (min) 1.8 E+02 9.0 E+03
Maximum Time £or a Release (min) e.7 E+02 8.6 E+04
Average Effluent Stream Flow .3 E+08 c.4 E+08

During Pericds of Release (1l /min)

* « The total of ESW Loop A (1.2 E«05 min) and ESW Loop B
(1.0 E+05 ain)

April 1 -« June 30, 1988

Batch continuous
Number of Releases 47 43 a
Total Time of Releases (min) 8.5 E+03 1.7 E+05
Minimum Time for a Release (min) 2.0 E+07 3.7 E+01
Average Time for a Release (min) 1.8 E+02 4.0 E+03
Maximum Time for a Release (min) <.8 E+02 7.4 E«04
Avirage Effluent Stream Flow 2.4 E+08 2.2 E+08

During Periods of Release (l/min)

* - The total of ESW Loop A (4.0 E+04 min) and ESW Locp B
(1.3 E+05 min)



LIQUID EFFLUENTS

For the first quarter of 1988 there were 78 batch and 25
continuous releases, Batch release total waste volume for
the fir-t quarter was 7.3 E+06 liters; total continuous
relesses waste volume was 7.9 E+09 liters; total plant
disciarge during periods of release was 5.3 E+10 liters.

for the second quarter of 1988 there were 47 batch and 43
continuous releases. Batch release total waste volume for
the second quarter was 4.4 E+06 liters; total continuous
release weaste volume was 6.3 E+09 liters; total plant
discaxrge during periods of release was 3.8 E+10 liters.

Sumsaries of the radionuclidc total curie activities, average
diluted concentrations, and percentage of MPC (in Regulainrcy
Guide 1.21 format) are included in Attachment 4.

If a radionuclide was not detected, zero activity was used
for that isotope in dose calculations. A zero activity
indicates that the radionuclide was not present at a level
greater than the Lower Level of Detection (LLD) of the
instrumentation used. In all cases, these LLDs were less
than the levels required by Technical Specifications. The
following are typical LLDs.

Radionuclide LLD (wCi/ml)
Mn-54 2.4 E~08
Fe-39 5.8 £E-08
Co=-58 1.9 E-08
Co=80 3.4 E-08
in=%% 4.6 E-08
Mo=-939% e.1 E=-07
I-131 2.3 E-08
Cs~134 2.3 E-08
Cs~11317 2.6 E-08
Ce-141 3.2 E-08
Ce-144 1.3 E-07
Sr-89 3.0 E-08
Scr-90 3.7 £-08
Fe-55 5.7 E-09
H~3 4.6 E-08
Gross Alpha 6.0 E-08



Estimates of error associated with sample analysis, discharge
volume, and dilution volume follow. Analytical error terms
are based on split sample analysis results, the majority of
which are confirmatory measurements, the others are
inter-laboratory comparison results. Discharge and dilution
volume (flow rate instrumentation) error is assessed using
loop instrumentation accuracy terns.

Gamma Analysis 10%

H-3 Analysis 8%

Sr-89/90 Analysis 10%

Fe-55 Analysis 21%

Gross Alpha Analysis 4%

Service Water Volume 3l%
(Pilution)

Emergency Service Water 25
Volume (Discharge)

Liquid n..waste Volume 1%

e 10 =



GASEQUS EFFLUENTS

Summaries of the radionuclide total curie activities, average
release races (in Regulatory Guide 1.21 format) are included
in Attachment 5.

I1f a radionuclide was not detected, zero activity was used
for that isotope in dose calculations. A zero activity
indicates that the radionuclide was not present at a level
greater than the Lower Level of Detection (LLD) of the
instrumentation used. 1In all cases, these LLDs were less
than the levels required by Technical Specifications. The
following are typical LLDs.

Radionuclide LLD (wCi/ml)
Kr-87 1.7 E-08
Kr-88 2.3 E-08
Xe-1133 1.8 E-08
Xe-133m 5.3 E-08
Xe-135 6.4 E-09
Xe-138 1.0 E-07
Mn-54 2.7 E-13
Fe-5% 5.6 E-13
Co-58 3.2 E-13
Co=-60 4.5 E-13
Zn=56% 7.7 E-13
Mo-99 2.1 E-12
Cs~-134 2.1 E-12
Cs~137 3.1 E-13
Ce-141 3.2 E-13
Ce-144 1.5 £-12
I-131 2.8 £-13
I-133 4.9 E-13
5r-89 3.8 E-14
8c-90 6.8 B~-14
H=-3 3.0 g-10
Gross Alpha S.4 £-12

e I} =



Estimates of error associated with sample analysis, sample
flow rate, and effluent flow rate follow. Analyticel errox
terms are based on split sample analysis results, the
majority of whi-h are confirmatory measurements, the others
are interlaboretory comparison results. Flow rate
instrumentation error is assessed using locop instrumentation
accuracy terms.

Noble Gas Analysis 1%
Particulate Analysis 9%
lodine Analysis 12%
H-3 Analysis 8%
Sr-89,/90 Analysis 10%
Gross Alpha Analysis 4%
Sample Flow Rate 10%
Effluent Flow Rate 9%



SCLID WASTE

There were 22 solid radicactive waste shipments transported
from PNPP for the period covered by this report. 1In The 22
shipments, there were 14 dewatered liners and 11 solidified
liners. There was no irradiated fuel transported from site.
See Attachment 6 for volume and actavity values.

METEOROLOGICAL DATA

Cumulative joint frequency distribution (JFD) tables of wind

speed and direction for each stability class, as well as for

all stability classes combined, are given in Attachment 7 for
the semiannual period and for each annual guarter of the time
period covered by this report.

These JFD tables are the results obtained from the processing
of hourly averaje meteorological data collectea at the PNPP
site met tower. It should be noted that the 1-3 mph JFD
column includes wind speeds down to 0.1 mph and that hours of
0 wind speed appear only in the totals co?unns. The separate
tallies of periods of calm include wind speeds from 0.0 to
0.7 mph, Differential temperature (4T 60 - 10 meters) is
generally used for atmospheric stability classification.

ABNORMAL RELEASES

There were no abnormal liquid or gaseous effluent releases
during the reporting period.

- i} =



APPLICABLE TECHNICAL SPECIFICATION REQUIREMENTS

Per PNPP Technical Specifications, certain noncompliance
items, changes, and findings are reportable in the Semiannual
Radicactive Effluent Release Report.

Radicactive Liquid Effluent Monitoring Instrumentation
noncompliance (PNPP Technical Specification 3.3.7.9,
Action b.):

There were four cases in which liquid effluent
monitoring instrumentation was not restored to an
operable condition within the time period required
by Technical Specifications.

The Emergency Service Water-A Loop discharge
radiation monitor (1D17K604) was declared
inoperable on May 16, 1988. Work on the system
consisted of replacing carbon steel piping with
stainless steel piping to improve flow to the
monitor and inltalf a temporary shield to reduce
background radiation levels. The monitor was
declared operable on August 5, 1988,

The Emergency Service Water-8 Loop discharge
radiation monitor (1DL7K60S5) was declared
inoperable on May 8, 1988. Work on the system
consisted of replacing carbon steel piping with
stainless steel piping to improve flow to the

monitor. The system was declared operable on July
19, 1988,

The Service Water (0P41K4d44, flow monitor was
inoperable on November 7, 1987. Work on the system
consisted of replacing and calibrating the monitor.
The system was declared operable March 7, 1988.

The Emergency Service Water (1P45K272) flow monitor
was inoperable on November 7. 1987. Work on the
system consisted of replacing and calibrating the
monitor. The system was declared operable on Macch
6, 1988, On April 25, 1988 the system was declared
incperable due to a channel check failure. A new
calibration curve was developed and as of August
26, 1988 the system was declared operable,

-« 14 =



Radiocactive Gaseous Effluent Monitoring Instrumentation
noncompliance (PNPP Technical Specification 3.3.7.10,
Action b.):

There were no occurrences of inability to restore
inoperable radicactive gaseous effluent monitoring
instrumentation, listed in Technical Specification
Table 3.3.7.10-1, to the minimum channels operable
within the time period specified in the applicable
action note.

Liquid Holdup Tanks noncompliance (PNPP Technical
Specification 3.11.1.4, Action a.):

There were no outside temporary tanks containing
radicactive liquid on thes PNPP site durtng the
reporting period, therefore, the applicable Tech-
nical Specification limit was not exceeded.

Radiological Environmental Monitoring Program (REMP)
changes (PNPP Technical Specification 3.12.1,
Action c¢.):

For the reporting period, samples were obtained at
their respective locations as required by the spec-
ified collection frequencies.

The program underwent minor changes during the
reporting period. Milk sampling location 61 was
added so goat milk coull be sampled year round.
Milk sampling location 30 was reinstated. Water
sampling locations 59 and 60 were changed to make
easy access for personnel,

« I8 o



Land Use Census findings (PNPP Technical Specification
3.12.2, Actions a and b.):

The Land Use Census had two minor changes during
the reporting period. The first was occupancy of
the house at 3121 Center Road and the resident’s

garden in the § sector. The second was in the WsSW
sector in regards to the nearest garden, it changed
© 1.9 miles from 1.2 miles. See attachment 9.

Process Control Program (PCP) changes (PNPP Technical
Specification 6.13.2):

There were no changes made to the Process Controel
Program during the reporting period.

Offsite Dose Calculation Manual (ODCM) changes (PNPP
Technical Specification 6.14.2):

The Offsite Dose Calculation Manual was revised for
the third time and was effective February 24, 1988,
The scope of the revision was: Incorporation of
Temporary Change Notice(TCN)-2 through 8 to
tevision 2; Deletion of atmospheric dispersion and
deposition parameters for the nearest residence
with animal and garden locations because this
information is available in the Annual Enviromental
Operating Report; Incorporate Radiological
Environmental Sampling Program changes. Changes to
the third revision were made through TCN-1 and 2.
These changes were made to reflect Radiological
Environmental Monitoring Program changes.

See Attachment 8.

Page Change
80,87,88,89, REMP location changes and
90 additions.

Major Changes to Radicactive Waste Treatment Systems
(PNPP Tochnical Specification 6.15.1):

There were no major changes to radioactive waste
treatment systems during this SRERR period.

o -2 1



Attachment 1

Radiological Impact on Man (Dose Summaries)




Attachment 1 (Page 1 of 3)

Radiological xag%ct on Man (Dgic Summaries)
H

arters 1 &

SUMKARY (OF MAXIMUM INDIVIDUAL DOSES

IoUID i -ll 610‘4
!?;860‘ :! i B

' b8 ¢ oﬂa

APPLICABLE ESTINATED AGE  LOCATS

EFFLUENT  ORGAN BOSE ~ OROUF  BIST B
(MREN) (N) (0%

N X OF LINIY

IR AP ICQ#LC
hib L IT (MREM

Lieurp TOTAL RODY  3.40E-04 TEEN RECEPTOR 1 1.1E-02 3.0E+0C

LIauin THYROID

2,05€-05 CHILD  KECEPIOR 1 2.1E-00 1.0E+01

NOBLE GAS AIR DOSE i 70E400 294, N 1. 76401 108401
(GAMMA=-NRAL)
NOBLE GAS ain DOSE 2.396400 294, N 1.2640%  2.06401
(BETA-NRAD)
NOBLE GAS T.BODY 1,00E400 ALL 294, 2,00401 5.0L400
NOBLE GAS SKIN 2.296400 ALL 294, N 1.56401  1.5E401
10DINEL  THYROID 4.56E400 INFANT  294. N 3.0E401 1.5E+01
PARTICULATES
SUNNAKY OF POPULATION DOSES
um ll i i i ﬂ ‘38
EFFLUENT APPLICABLE ESTINATED
ORGAN POPULATION DOSE
(PERSON=KE M)
L1QUID TOTAL BODY 7.86-02
Bastovs e %'3i'3§
GASEOLS vuvntx% V26400



Attachment 1 (Continued - Page 2 of 3)

Radiologica! Impact on Man (Dose Summaries)
e :‘%'T_ﬁggtior 1

SUMNAKY OF MAXIMUN INDIVIDUAL DOSES

it 811

idows 3%
EFFLUENT T oRoan e ESDORE U GROUP  DIST BIK  wrELICAN : A
' hREE) B3%% rolakey * ﬁ ? T

R I R R R Bl R Rl

LIGuID TOTAL BODY  1.43E-04 TEEN RECEPTOR 1 4.BE-0s J.0E40.
LIGulp GI-TRALT S SBL-04 ADULT  KECEPTOK 1 L.6E-03 1.0E401

L I R T I I R U I R R . R I

NOBLE GAS AIR DOSE 2.26E-03 294, N . 3E-02 1.0k401
(GAMMA-RRAL

NOBLE GAS AIR DOSE 2.80E-03 254, N 1oAE-02  2.0E+01
(BETA-RRAD)

NOBLE GAS T.BODY 1.46E-07 ALL 294, N 2.96-02 S.0400

NOBLE GAS SKIN 3.77E-03 ALL %4, N Q+5E-02 1.5ke01

I0DINER THYROID J.177-02 CHILD 280, Nn¥ 2.36-01 1.5E+¢0)

PARTICULATES

‘UHHQRY OF 'OPULA7!0N DUSES

LIGUID €8 1 1 1-88 33124
.................. !ﬁ!!?!ﬁ......!!..-- 1008 314 ...
EFFLUENT AP;&%&A'L! . ‘T#HAY(&

N .
?‘ft‘oggurhosc

......................... R R T

b TOTAL BODY
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Attachment 1 (Continued - Page 3 cf 3)

Radiological Impact on Man (Dose Summaries)
E‘il: jinrtor

SUMMARY OF MAXIMUM I1ADIVIDUAL DUOSES

T HETL

24
roon VRN LT 8, A o
N N ;
W . 'gtﬁh (M) (TOWAKD) L&H!f (MREM)
Lievip TOTAL BODY  1.97E-04 TEEN RECEFTOR 1 6.6E-03 3.0u+00
LIovip THYROID 1.995-03 CHILD  RECEPTOR 1 2.06-02 1.0E401
NOELE OGS  AIR DO.(“n 1.70E+00 %4, N 176401 1, 0E401
N )
NOBLE GAS 2{: ‘ 2.39E400 294, N 1,26401 2. 0E401
TaA=NRAD)
NOBLE GAS T.BODY 1.00E400 ALL 294, N 2.0E401  S.0E+00
NOBLE GAS SKIN 2.29E400 ALL 294, N 1.0E401 1.5E+01
I0DINER THYROID A, SIE400 INFANT 254, N J.0E401  1.0EH0D
PARTICULATES

SUMMARY OF POPULATION DOSES

bagbols 88 4 1108 40N

EFFLUENT APPLTCARLE (iTlNA?(D
OkGAN '?:fkf& bO‘E
LIgull TOTAL BODY S.28-02

B i il

THYROID 128400




Attachment 2

Radiological Impact on Man (Land Based Sectors)




Attachment 2 (Page 1 of 1)
Radiological Impact on Man (Land Based Sectors)

Quarters 1 & 2

R SRR RS EE R S R RERR R TR ERE R R R

EFFLUENT .’;&:E:'Lt "'IQf"° l‘ggr l!lt.rg?‘ Poct ABLE i

(32(n> (TOMARD ) L&ni? (MREN
NOBLE GAS all bO%% . 3.07€-01 678, NE 316400 1.0E+01

MMA-NRAD)
NORLE GAS a R DOSE J.49E-01 1452, SSu 1.76400 2.0E+01
BETA-mRAD)
NOBLE GAS T.BODY 1.776-01 ALL 878, NE J.5€+400 S.0E+400
NOBLE uAS SKIN J.73E~01 ALL §78. NE 2.3E400 1.3E401
10DINES THYROID J.,40E400 INFANT 900, wsw 2.3E401  1.5E+01
FARTICULATES
Quarter 1
NOBLE GAS AIR DOSE i .04E-03 §78. NE 1.06-02 1.08+40}
(GAMMA-MRAD | _
NOBLE GAS A‘l DOSE . 46E-04 678, NE 3.26-03 2.0E401
TA=RRAD)
NOBLE GAS T.BODY S.BSE-04 ALL 872, NE 1,202 S.0E400
NOBLE GAS S3KIN 1.14E-03 ALL 678, ME 7.6E-03 1.3E+01
I0DINER THIROLD 4. 0BE-03 CHILD 900, wWiw 2. 76-02 1.5E+01
PARTICULATES
Quarter 2
WOBLE G/ S ALR DOSE 3.06E-01 678, NE JJ1E400 1.0k¢0)
2 nngo RAD)
NOBLE GAS ‘l SE J.4%E-01 1452, 85w 170400 2.0E401
TA=MRAD)

NOBLE GAS T.BODY 1.77€-01 ALL 478, NE J.SE+00 L.OEQO
NOBLE GAS SN J.74E-01 ALL §78. NE 2.3E400 1.3E¢01
I10DINES THYROID J.AQE+00 INFANT 900, wiw 2.3E401 1.5EM0

PARTICULATES



Attachment 3

Technical Specification Limits




Attachment 3 (Page 1 of 1)
Technical Spi:ification Limits

LIQUID EFFLUENTS:

« Concentration < 10CFR20O « release rate limit
ApYondxx,t. Table 11, TS 3.11.1.1
Column 2

@ ¢ 1.5 mrem total body @ gquarterly dose limit
< 5 mrem any organ per TS 3.11.1.2

@ ¢ 3 mrem total body * annual dose limit
€ 10 mrem any organ per TS 3.11.1.2

GASEQOUS EFFLUENTS:

Noble GCases

@ ¢ 500 mrem/yr total body < dose rate limit
< 3000 mrem/yr any organ petr TS 3.11.2.1
* < 5 mrad air gamma * guarterly air dose
< 10 mrad air beta Yimit per TS
3.11.2.2
* < 10 mrad air gamma « annual air dose
€ 20 mrad air beta limit per T8
3.11.2.2

I-131, 1-133, H-3, Particulates with Halflives >8 Days

* ¢ 1500 mrem/yr any organ * dose rate limit per
TS 3.11.2.1

@ < 7.5 mrem any organ e quarterly dose limit
per TS 3.11.2.3

© < 1% mrem any organ * annual dose limit
per T8 3.11.2.3

* - Dissolved or ent.ained noble gas concentration
is limited to ¢ 2 E~4 uCi/ml.






Attachment 4 (Page 1 of 2)
Liquid Effluents
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Attachment 4 (Continned - Page 2 of 2)
Liquid effluents

LIQUID EFFLUENTS

g . L e L T R R R R R R R R R - -
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Attachment 5 (Page 1 of 2)
Gaseous Effluents

SUARTER 1 { STARY DTE QiCIS] N0 DATE RE0IES
EFFLUENT AND WASTE DISPOSAL REPORY
GASEOQUE EFFLUENTE -~ SUMMATION OF ALL ReLLASES
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| : 1 i :
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e I e
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Attachment 5 (Continued -~ Page 2 of 2)
Gaseous Effluents ,

“SIOUC EFFLUENTS

QUARTER 1 | START DATE .lOlOlOl END DATE
UARIsR } :YQ&T DATE .048‘ END DATE
AUG, 2

REFARE L i  pa

CONTINUOUS MUt

Dl T T ————
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Attachment 6

Solid waste




Attachment 6 (Page 1 of 2)
Solid Waste

Solid Waste Shipped Offsite for Dispcsal During

Period from January 1 to June 30, 1988

WASTE STREAM:
Resins, Filters, & Evap. Bottoms

l:nto Cu, cw. Curtosd V Error
C [ Feet Meters Shippe i
i T 1270 !.YEEO! - g!‘
B 0 0 0 N/A
C 0 0 0 !fﬁ
ALL /wa “123.0 2.956+2 + a5%
WASTE STREAM:
Dry Active Waste
':lt. Cu. =" Curies $ Errot
Class Feet Meters Shipped (Ci
e -0 0 —‘82—' _H7TJ"
B 0 0 0 Yi/A
c 0 0 0 N/A
ALL 0 L 0 N/A
WASTE STREAM:
Irradiated Fuel
:.lto Cu. Cu. Curies \ Error
[ Feet Meters Shipped (C4)
i -7 0 B 7
B 0 0 0 N/A
C 0 0 0 N/A
ALL L 0 T NA
WASTE STREAM:
Other Waste
wWaste Cu. Cu. Curaes § Error
(11} Feet Meters Shipped (Ci)
'Q'r— . 4 +
B 0 g 0 N/A
C 0 0 N/A
ALL ) 0 B ﬂsf




Attachment & (Continued - Page 2 of 2)
Solid waste

Estimates of Major Radionuclides by Waste Type
W/ STE TYPE: Resins, Filters, & Evap. Bottoms

Waste Nuclide Percent
Class Name Abundance Curies
I3 Cr-51 45.293 1.02 E«2
Mn-54 22.462 5.05 E+)
Co-58 10.1351 2.33 E+)
Co-60 7.96% 1.79 Ee)
Fe-55% 6.831 1.54 B+
Fe-59 1.974 4.28 E+0
Pu-241 1.738 3.91 E«0
In-65 0.78¢6 1.77 E+0
Ag-110m 0.649 1.46 E+0
Ce-144 0.498 1.12 E+0
H-3 0.332 7.47 E~)
Ni-63 0.311 7.00 E~1
2r-95 0.299 6.73 E-)
Nb-95% 0.193 4.35 E-1
Cs~-1137 0.148 3.32 £-1
Sb-124 0.108 2.17 B=1
$b-125 0.075% 1.69 E-1
Co-5%7 0.033 7.47 E-2
Ce-141 0.009 2.1 E-2
Cs~134 0.006 1.44 E-2
Ni-59 0.006 1.26 E-2
$r-90 0.005 1.08 g-2
Tc-99 0.001 1.19 -3
Cc-14 0.000 9.80 £-4
Nb-94 0.000 2.60 E-4
1-129% 0.000 9.91 g-5
Pu-239-40 0.000 2.80 g7
Pu-2138 0.000 1.31 £
Cm-242 0.000 0.00 E«0
S$o0lid Waste Disposal Summary
No. of Mode of
Shipments Transportation Destination
22 Truck Barnwell
0 N/A Richland
0 N/A Beatty

¢ N/A Other
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Meteorological Data




Attachment 7 (Page 1 of 12)
Joint Prequency Distribution Tables - 1988: Quarters 1 & 2

HOURS AT EACH WIND 3’5&0 AND DIKECTION
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Attachment 7 (Jontinued - Page 2 of 12)

Joint Preqguency Distribution Tables - 1988: Quarters 1 & 2

[ EACH WIND l’g!' AND DIKECTION

i’ é2~lg' C{ig‘m' i '::::S‘otil::::ONID!ﬂlof LAFSEIDTSON

...............................................................

VI ERERD REN)
oxnf!’iou 13 47 8012 13408 19240 524 T01
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........ N

OB BRI NI OO € \'

-

'$§§i§§i'8g'éif§?'BLEE?T'°°'°3 """"""""""""""""
:00 5‘ ii ING DATA! 0

MOURE A1 EACH WIND SFEEL wWD LIKECTION
'flézb 9' RECORD « 88010101-00063024
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NIND SPEED(NPH)
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Attachment 7 (Continued - 'axo 3 of 12!
Joint Prequency Distribution Tables - 1988: Quarters 1 & 2

HOURS AT thtﬂ WIND SPEED AND DIRECTION

A 3923 33,“ A e —
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Attachment 7 (Continued - I 4 of 12)
Joint Prequency Distribution Tables - 1988: Quarters 1 & 2

MOURS AT EACH WIND SPEEL AND DIKECTION
P ez g ie:z llO;i*’t 88063024
t FEEDISFDN ‘l(C!lON:blklOP LAPSEIDTSON
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Attachment 7 (Continued - Page 5 of 12)
Joint Prequency Distribution Tables - 1988: Quarter 1

HOURS A1 EACH !‘zzl§=s§D AND DIKECTION
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Attachment 7 (Continued - Page 6 of 12)
Joint Frequency Distribution Tables - 1988: Quarter 1

§ AT EACH WIND SPEED AND LIKECTION
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Attachment 7 (Continued -~ Page 7 of 12)

Joint Frequency Distribution Tables -

1968: Quarter 1

§ A1 EACH WIND g'S(l AND DIKECTION
3

i‘ ‘2§§xnngiegtrtto:‘:::;§ Q‘RICT!ONIDIISOP LAPSEIDTSON
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WIND SPEED(NPM)
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Attachment 7 (Continued -~ Page 8 of 12)
int Prequency Distribution Tables - 1988: Quarter 1

RI0D ..°‘~£N VIND SPEED AND DIRECTION
i,tetﬁ‘gg'gtxi:zP(ti sr.xoi tillCtION:Dlltor LAPSEIDTSON
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WIND SPEED(NFN)
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Attachment 7 (Continu'd - Page 9 of 12)
Joint Prequency Distribution Tables - 1988: Quarter 2

NOURS A1 EACH WINL SPEED ANL DIKECTION
'Ié!l g’ l:gﬂ OIOC‘ ‘-..063020
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Attachment 7 (Continued - Page 10 of 12)
Joint Prequency Distribution Tables - 1988: Quarter 2

HOUKS AT EaCH WIND g:ssn ANU DIKECTION
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Attachment 7 (Continued - Page 11 of 12)
Joint Prequency Distribution Tables - 1988: Quarter 2

URS A1 EaCH U b SFEED AND LIRECTION
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Attachment 7 (Continued - Page 12 of 12) ‘
Joint Prequency Distribution Tables - 1988: Quarier 2

HOUKS AT EACH WInli SPEED AND DIRECTION
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Attachment 8

Offsite Dose Calculation Manual (ODCM) Changes
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OM12D: ODCM
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1.0 INTRODUCTION

This Offsite Mose Calculation Manual (ODCM) contains information and
methodologies to be used by the Perry Nuclear Pover Plant (PNPP),
Unit 1, to ensure coapliance vith PNPP Radiological Effluent
Technical Specifications. The Technical Specifications are vritten
to satisfy 10CFR20, 10CFR50.36 and Appendix I, and 4OCFR190
requirements.

Sections 2 and 3 of this manual deal vith liquid and gaseous
radiolegical effluents, respectively. Each of these sections
contain alarm setpoint determinatio~, radiation dose and dose rate
calculation methodologies, as vell as limits and requirements.
Section 4 covers uranium fuel cycle related radiation dose limits
including direct dose.

Also included in this manual, in Section 5, is information relating
to the Radiological Environmental Monitoring Program (REMP). The
figures ano tables contained therein designate specific sample types
and locations currently used to satisfy the Technical Specification
requirements for the REMP as vell as sampling reporting and
detection capability limits. The sample types and locations are
subject to change based on factors including the results of the
annual Land Use Census.

The ODCM has been prepared, as generally as possible, in order to
minimize future revisions. Hovever, any such changes vill be
revieved and approved as per the Administrative Control Section of
the PNPP Technical Specifications.

Supplemental information needed to support calculations, both in
this document and in the accompanying Radiological Effluent
Technical Specifications is contained in the appendices at the end
of this manual. Appendix A contains atmospheric dispersion ard
deposition parameters and Appendix B presents ih: methodology for
determining the lover limit of detection (LLD).
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LIQUID EFFLUENTS

Batch Releases

A batch release is the discharge liquid radioactive vaste of a
discrete volume. Batch releases from the liquid radvaste system may
occur from any of the folloving tanks: waste sample tank, floor
drain sample tank, chemical vaste distillate tank, and detergent
drain tank. (See Figure 2.1-1). The maximum release rate possible,
due to pump capacity, is 200 gallons per minute from all telease
tanns except the detergent drain tanks, vhich have a maximum release
rate of 50 gallons per minute. All of the above liquid radvaste
releases go to the Emergency Service Vater discharge vhich is then
released through the discharge tunnel after mixing vith Service
Vater effluent, and blovdown from Circulating Vatar system if
present.

The type and frequency of sampling and analysis required by the PNFP
Technical Specifications is given in T.S. Table 4.11.1.1.1-1. Prior
to sampling for analysis, each batch should be isolated, and
thoroughly mixed to assure representative sampling. For mixing, the
contents of the tank are recirculated by isolating the tank and
turning on equipment that takes suction from and discharges back
into the tank. Recycle lines are provided vith one or more mixing
eductors located near the bottom of the tanks to promote better
mixing as vell as reducing recirculation time. This ensures that
the vater in the tank vill be mixed and wvill be representative of
the activity in the tank. The minimum recirculation performed is
the equivalent of tvo volumes of the tank contents.

Monitor alarm setpoints vill be determined in order to ensure
compliance vith 10CFR20. The radiocactive content of each batch
release vill be determired prior to release in accordance vith Table
4.11,1.1.1-1 of the PNPP Technical Specifications. Concentrations
for tritium and other non-gamma emitting isotopes vill be those most
recently determined (previous month/quarter).

Monitor Alarm Setpoint Determination

The folloving methudology is used to calculate the setpoints
for the Radvaste Discharge Radiation Monitor - ESV Discharge
and Liquid Radvaste Adjustable High Flov Trip Unit to ensure
that liquid radvaste effluent releases from the site to unre-
stricted arcas are belov the concentrations specified in
10CFR20, Appendix B, Table II, Column 2 for radionuclides other
than noble gases. An MPC of 2.0E-4 uCi/al has been established
for dissolved and entrained noble gases. The Radvaste Dis-
charge Radiation Monitor - ESV Discharge provides alarm and
automatic termination of releases prior to exceeding these
limits.
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NOTE: Liquid radvaste discharge flov rate shall be verified
at least once per four hours, vhenever the flov rate
measuring device(s) is inoperable during actual
releases.

2.1.1.1 Determination of the Minimum Acceptable Dilution Factor
(2o1'1)

Vhere:

DF « the minimum acceptable dilution factor determined
from analysis of the liquid effluent to be released;

C‘ « the concentration of radionuclide "i" in the batch
to be released, ‘n wCi/ml;

NPC1 « the limiting maximum permissible concentration of
radionuclide "i", from Appendix B, Table II,
Column 2 of 10CFR20, in wCi/ml adn (2.0E-4 wCi/ml
for noble gases).

DF « 10 DFO (2.1-2)
Vhare:

DF « the conservative dilution factor used by PNPP to
calculate the maximum release rate prior to release
in order to ensure compliance vith 10CFR20;

DF_« the minimum acceptable dilution factor, as per
equation 2.1-1;

10 « a factor of ten less than 10CFR20 limits as specified
in Appendix B, Table II, Column 2; this factor
represents an order of magnitude of conservatism for
liquid radvaste releases from PNPP.

NOTE: If the concentration of a radionuclide is belov the
lover lisit of detection the radionuclide shall not
be included as a source term in the setpoint calcu-
lation.

2.1.1.2 Determination of the Maximum Allovable Radvaste Tank Discharge
flov Rate

f . iQ;%;li.!ﬂ!l (2.1-3)

max
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Vhere:

l..x « the maximum allovable radvaste tank discharge {lcw
rate for the batch to be released, in gpm;

DF « the conservative dilution factor, per equation
2-1‘2‘

pdf « the minimum dilution flov - supplied by the Service
Vater system, i.e., the lov flov slarm setpoint of
the Service Vater Flov Transmitter P41-N4d3 «
30,000 gpm;

0.64 « an engineering factor to prevent spurious alarms.
Liquid Radvaste Discharge Flov Monitor Alarm Setpoint

Monitor alarm setpoints are determined to ensure that the
concentration of radionuclides in the liquid radvaste effluent
released from PNPP to unrestricted ureas does not exceed the
limits specified in 10CFR20, Appendix B, Table II, Column 2 for
radionuclides other than dissolved or entrained noble gases.

An MPC of 2.0E-4 uCi/m] has been established for noble gases
dissolved and entrained in liquid effluents.

SPg = (1.25)(f_ ) (2.1-4)

act
Vhere:

S?t « Liquid Radvaste Adjustable High Flov Trip Unit
(GS0-KBOSA/B or G50-K926/7) alarm setpoint, in gpm;

fuct « the actual allovable radvaste tank discharge
flov rate for the batch to be released, not to
exceed the maximum allovable radvaste discharge
flov rate (f-“) as defined in equation 2.1-3;

1.25 « the engineering safety factor to prevent spurious
alares,

The liquid radvaste tank discharge flov should be maintained at
or belov this f value by proper regulation of the high
voluse or lov vBiine discharge throttle valves (G50-F153 or
G50-F159).
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Liquid Radvaste Discharge Radiation Monitor Alarm/Trip Setpoint

Monitor alarm/trip setpoints are determined to ensure that the
coricentration of radionuclides in the liquid radvaste effluent
released frow PNPP to unrestricted areas does not exceed the
limits specified in 10CFR20, Appendix B, Table II, Column 2 for
radionuclides other than dissolved or entra‘ned noble gases.

An MPC of 2.0E-4 uCi/m]l has been estadlished for noble gases
dissolved and entrained in liquid effluents.

Vhere:
Clc « the calculated monitor count rate above background,
in cpm;
c‘ « the concentration of radionuclide "i" in the batch
to be released, in wCi/ml;
!1 « the detector efficiency of the monitor for
radionuclide "i" in cpm/(uCi/ml).
OR
CRx - (R,)(Fx)t Ci (2.1-6)
Vhere:

CR = the cross-calibrated monitor count rate above
background, in cpm;

F_ « the cross-calibration factor used to ratio the
Liquid Radvaste Discharge Radiation Monitor actual
response to the Cs-137 calibrated response;

l. « the response of the Liquid Radvaste Discharge
Radiation Monitor to a Cs-137 calibrated standard,
in cpn/(uCi/ml).

"r « (1.25) (f ) (Cln) + BG (2.1-7)

lax/‘nct
Vhere:

3?, » the Radvaste Discharge Radiation Monitor - ESV Dis-
charge (OD17K0606) alarm/trip setpoint, in cpm;

BG = the background count rate due to internal contami-
nation and radiation levels in the area of the
monitor;



2.1.2

2.1.2.1

OM12D: ODCM
Page : 6
Rev. : 3

Cln « the monitor net count rate, either cxc or cnx. as
per equation 2.1-5 or 2.1-6;

1.25 = the engineering safety factor to prevent spurious
alarms;

f « an adjustment factor (to account for the difference

BaX  betveen an actual radvaste discharge flov rate to

f ¢ be used for the discharge and maximum allovable

i radvaste discharge flov rate) to allov operatioral
flexibility and to minimize spurious alarms;

Vhere:

t.ct « the actual radvaste discharge flov rate; this
value must alvays be less than or equal to
‘-ax‘

f..x « the maximum allovable radvaste discharge flov
rate, per equation 2.1-3.

Compliance with 10CFR20 - Liquid Effluent Concentration

In vrder to shov compliance with 10CFR20, the concentrations of
radionuclides in liquid effluents vill be determined and
compared vith the limiting maximum permissible concentrations
(MPC) as defined in Appendix B, Table II, Column 2 of 10CFR20
(2.0E-4 yCi/ml for entrained and dissolved noble gases).
Concentrations of radiocactivity in effluents prior to dilution
vill be determined. Concentration in diluted effluen: will be
calculated using these results prior to each batch release, and
folloving each batch release. PNPP has no continuous releases.

Concentration of radionuclides in Prerelease

The radioactivi' y content of each batch release vill be
determined prior to release. PNPP vill shov compliance with
10CFR20 in the folloving manner:

The concentration of the various radionuclides in batch
releases prior to dilution is divided by the minimum dilution
flov to obtain the concentration at the unrestricted area.
This calculation is shovn in the folloving equation:

(C‘)(!)
Couc1 - (2.2-1)
“wdf
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Vhere:

Conc‘ « the concentration of radionuclide "i" at the
unrestricted area, in uCi/el;

C‘ « the concentration of radionuclide "i{" in the batch to
be released, in uCi/ml;

f « the radvaste tank discharge flov rate for the batch to
be released, in gpm;

pif « the minimum dilution flov, per equation 2.1-3,
in gpm.

The projected radionuclide concentrations in the unrestricted
area are compared to the maximum permissible concentrations in
Appendix B, Table II, Column 2 of 10CFR20 (2.0E-4 wCi/ml for
dissolved and entrained noble gases) in order to give a final
10CFR20 compliance check, i.e., the folloving equation must be
met:

Conci (2.2-2)
I

i

A
—

Vhere:!

Conc1 « the concentration of radionuclide "i" at the

unrestricted area, in wCi/ml;

HPC‘ « the limiting maximum permissible concentration of
radionuclide "i", from Appendix B, Table II,
Column 2 of 10CFR20 (2.0E-4 uCi/ml for dissolved
and entrained noble gases), in uCi/ml.

Post Release

The actual radioactivity content of each batch release vill be
determined folloving release to shov final compliance vith
10CFR20.

The concentration of the various radionuclides in batch
releases prior to dilution is divided by the actual dilution to
obtain the concentration at the unrestricted area. This
calculation is shovn in the folloving equation:

(CHV,..)
okedd |

e (202-3)
1 Y4

Conc
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Vhere:

Conc1 « the actual concentration of radionuclide "i" at
the unrestricted area for the release, in wCi/ml;

C‘ « the concentration of radionuclide "i" in the batch
released, 'n uCi/ml;

Vdu « the actual volure of dilution vater during the
release (total plant discharge flov, including
Service Vater, [mergency Service Vater, and cooling
tover blovdown), in gallons;

Vln « the actual volume c<f the liquid radvaste tank dis-
charged for the batch, in gallons.

The concentrations in the unrestricted area are compared to the
maximum permissible ccncentrations in Appendix B, Table II,
Column 2 of 10CFR20 (2.0E-4 uCi/ml for dissolved and entrained
noble gases). In order to demonstrate final compliance with
10CFR20, the folloving equation must be met:

Conc1 (2.2-4)
—— 1
Z HFC, ¢
i
Vhere:

Conc1 = the concentration of radionuclide "i" at the
unrestricted area, in uCi/ml;

MPC, = the limiting maximum permissible concentration of
radionuclide "i{", from Appendiz B, Table II,
Column 2 of 10CFR20, in uCi/ml.

2.2 Continuous Releases

A continuous release is the discharge of fluid vastes of a non-
discrete volume, i.e., from a volume or system that has an input
flov during the continuous release. Continuous radicactive releases
are not planned for PNPP although the potential does exist for RHR
heat exchanger leakage into the Emergency Service Vater system.

Potentially contaminated dicharges fron the ESV are monitored by an
installed radiation monitoring system. This system consists of tvo
channels, one for monitoring dovnstream of equipment in Emergency
Service Vater System Loop A and the other for Emergency Service
Vater Loop B. Monitors are set to alarm at three times background
level. 1If radiation is detected, the affected Emergency Service
Vater line can be manually isolated. The decision of vhether to
isolate or not is dependent upon other conditions. The PNPP staff
vill take appropriate action to limit release.
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The Emergency Service Water discharged vill be sampled and analyzed
in accordance vith PNPP Technical Specification Table 4.11.1.1.1-1.
To shov compliance vith 10CFR20, the sum of the concentrations of
radionuclide "i" in unrestricted areas due to both continuous and

batch releases divided by that isotope’s MPC must again be less
than 1.
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Compliance Vith 10CFR50, Appendix I - Liquid Effluent Dose

Doses resulting from liquid effluents will be calculated at least
monthly to shov compliance with 10CFR50, Appendix I. A cumulative
sumuation of total body and organ doses for each calendar quarter
and calendar year vill be maintained. Additionally, doses due to
liquid releases are projected monthly.

Dose Calculations

Radiation doses due to liquid radicactive effluents from PNPP
are calculated based on three main dose pathvays: jpotable
vater, aquatic foods (namely fresh vater fish ingestion), and
exposure to shoreline deposits, Irrigated food pathvays, as
discussed in Regulatory Guide 1.109, vill not be of concern at
PNPP as little or no vater from Lake Erie is used for
irrigation in the nearby Ohio counties of Lake, Ashtabula,
Cuyahoga and Lorain. Nursery busiresses and other agricultural
activities that require supplemental vater generally rely on
vater dravn from small ponds and streams.

Radiation dose to members of the public for liquid radiocactive
releazes from PNPP vill be calculated for the potable vater,
aquatic food, and shoreline deposit pathvays using the
folloving equations:
Potable Vater:
Uag

Rajp « 1100 () (F) f ‘°1"°.1p3) exp (= A tp) (2.3-1)

2. Aquatic Foods:

U

Ryyp * 1100 (i;%%i? B (@) (B (Dyyp) exp (-M\tp)  (2.3-2)
3. Shoreline Deposits:
R.jp « 110,000 ;;i%%;;l ‘t (0‘)(1‘)(D.1pj) * (2.3-3)
lexp (-A tp)l * U1 - exp (-2 )]
Vhere:
lljp « the dose to individuals of age group "a" to organ

"§" from all the radionuclides {n pathvay "p",
in mrem;
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By, = the equilibrium biaccumulation factor for radio-

P nuclide { 1u pathvay p, expressed as the ratio of
the concentration in biota (in pCi/kg) to the
radionuclide concentration in vater (in pCi/l), from
Table 2.3-4, in 1/kg;

D.‘ §* the dose factor, specific to a given age group

P "a", radionuclide "i", pathvay "p", and organ "j",

vhich can be used to calculate the radiation dose
from an intake of a radionuclide, in mrem/pCi; or
from exposure to a given concentration of a radio-
nuclide in sediment, expressed as a ratio of the
dose rate, in mrem/h, a,d the areal radionuclide
concentration, in pCi/m“, from Tables 2.3-5
through 2.3-9;

F « the flov rate of the liquid effluent in (!S/It

Mp = the dilution factor at the midpoint of exposure (or
the point ot vithdraval of drinking vater or point of
harvest of aquatic food), from Table 2.3-10,
dimensionless;

O‘ « the release of radionuclide "i", in Ci;

ty = the period of time for vhich the sediment orsloil is
exposed to the contaminated vater, 1.75 x 10° h (20
years);

‘!‘i « the halflife of radionuclide "i", in days;

P " the average transit time required for radionuclides
to reach the point of exposure, from Table 2.3-11;
for internal dose, t, is the total time elapsed
betveen release of t‘o radionuclides and the
ingestion of food or vater, in h;

U!P « the usage factor that specifies the exposure time or
intake rate for an individual of age group a
associated vith pathvay "p", from Table 2.3-12, in
h/yr, 1/hr, or kg/hr;

V « the shoreline vidth factor, 0.3 (from Regulatory Guide
1.109);

x‘ « the 5,dlolctivo decay constant of radionuclide "i",

in h °y

1100 « a factor to convert from (C!/yr)/((t’/l) to pCi/l;
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110,000 « a factor to convert from (Ct/yr)/(ttalt) to
pCi/l and to account for the proportionality
constant used in the sediment redicactivity
model.

Cumulation of Doses

The dose contribution from liquid effluents vill be calculated
at least monthly. Calculations vill be performed to determine
the maximum total body as vel)l as the maximum organ dose to an
individual. These dose calculations vill be summed for
comparison vith quarterly and annual limits. These results
vill be summed vith the doses cumulated from the other months
in the quarter of interest and in the year of interest. To
assure compliance vith the dose limits of 10CFR50, Appendix I
the folloving relationships shali hold:

for the quarter:
Dose € 1.5 mrems total body;
Dose < 5 mrems any organ;
for the calendar year:
Dose < 3 mrems total body;
Dose € 10 mrems any organ.

The quarterly limits given above represent one-half of the
annual design objective. If these quarterly or annual limits
are exceeded, a special report vill be submitted to the NRC, in
accordance vith PNPP Technical Specifications, stating the
reason and corrective action to be taken.

Projection of Doses

Anticipated doses resulting from the release of liquid efflu-
ents vill be projected monthly. The doses calculated for the
present month vill be used as the projected doses unless
information exists indicating that actual releases could differ
significantly in the next month,

If the projected dose, vhen averaged over 31 days, exceeds 0.06
mrem to the total body or 0.2 mrem to any organ, the liquid
radveste system vill be used to process vaste. The values for
the projected dose impact levels correspond to approximately
one forty-eighth of the Appendix 1 design objective. If con-
tinued at this rate for one year, the projected impact would
correspond to less than one-fourth of the Appendix I limit,

The projected doses vill be calculated using Equations 2.3-1,
2.3-2, and 2.3-3,
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In this case, the source term vill be adjusted to reflect this
information and the justification for the adjustment noted.
This adjustment should account for any radvaste equipment vhich
vas operated during the previous month that could be out of
service in the coming month.

Population Dose

PNPP’'s Semiannual Radioactive Effluent Release Reports, as
required by Regulatory Guide 1.21, vill include total
population dose and average individual doses calculated for
radiocactive effluent releases. The total population dose and
average individual doses vill be calculated using average
individual transit times and usage factors, Table 2.3-12, (as
compared to maximum exposed individual factors used for
individual doses). The total population dose will be
calculated by dose pathvay and organ, vith pathvay doses being
corrected for the fraction of the population assumed to be in
each age group (acult, teen, child and infant: 0.71, 0.11,
0.18, 0.0 respectively}.
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Table 2.3-1

Organs used for Liquid Effluent Dose Calculations

1. Bone

2. GI Tract
3.  Kidney
4. Liver

5. Lung

6. Thyroid

7. Total Body
8. Skin

Table 2.3-2

Age Groups used for Liquid Effluent Dose Calculations

1. Adult (17 yvs. and older)
2. Teen (11 - 17 yrs)
3, Child (1 - 11 yrs)

4, Infant (0 - 1 yr)

Liquid Effluent Dose Pathvays

1. Vater Ingestion
2. Shore Exposure

3.  Fresh Vater Fish Ingestion
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Biocaccumulation Factors (l‘p) (pCi/kg per pCi/iiter)

Element

H

c

Na
P

Cr
Mn
Fe
Co
Ni
Cu
Zn
Br
Rb
Sr
Y

Zr
Nb
Mo
Te
Ru
Rh
Te
1

Cs
Ba
La
Ce
Pr
Nd
v

Np

Fish

9.0E-01
4.6E+03
1.0E+02
1.0E.05
200‘002
4.0E.02
1.0E+02
5.0E+01
1.0E.02
500‘001
2.0E.03
‘o2l0°2
2.0E+03
3.0E+01
205'001
3-3‘000
JnO'OO‘
laOE‘OI
1.5E+01
1.0E+01
1.0E+01
‘00!002
1.5E:01
2 00l¢°3
‘.0‘000
2.5E+01
1.0E+00
2.5E.01
205‘001
1.2E+03
1.0E+01

ODCM
16
3
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Table 2.3-5

Ingestion Dose Factors for Adult (mrem/pCi ingested)

NUCLILE AONE LIVER T.hDOY THYROID  KIDNEY LUNG Gl=LLl

M) MO DATA  1.0%6+07 1.05E~07 1.08£=07 1.05E-07 1.08£-07 1.08€-07
€ 16 2.040+06 S.60E-07 S.606-07 S.0RE=AT S.40E-0T S.60E-07 S.60E-07
LU L) 1.706=06 1.706=06 1.706-06 1.700<06 1.706-06 1.706-08 1.70£-04
r n 1.90E=04 1.200-0% 7.406-08 %O DATA  WC DATA  NO DATA  2.17E-0%
cn 81 NO DATA  NO CATA  2.60E~0% 1.59E=00 $.06£<10 D.9)(-00 4.00(-07
BN 5S4 NO DATA  4,576-06 0,726=07 MO DATA  1.)6E-06 WO DATA 1.406-05%
MN S6  NO DATA L 18207 2,006-00 WO DATA  1.446E=07 NO DATA D, 07E-08
FE 85  2.756-06 1.90F=08 4.43(=07 NO DATA MO OATA  1,06E-08 1.,096-08
FE S9 4. 04E-06 1.020+0% 3.9iE«06 NO DATA  NO DATA  2,050-06 ).oCE-0S
CO S8 NO DATA  7,48¢=07 1,670-06 NO DATA  NO DATA WO DATA LeS1E=0S
CO 60 WO DATA  2.14F=08 4,72(=06 MO DATA  NO DATA  NO DATA 4,02€-0%
LIS 3 ) Lo308=06 9,016=06 &,066-06 WO DATA WO DATA MO DATA  1.00E-0¢
NI 6% S.200-07 &.06E-00 ), 10E~08 MO DATA  NO DATA  NO DATA L T4E-04
CU 64  NO DATA  8,006-00 J.91E~00 WO DATA  2.106<07 WO DATA  T.106-06
IN 65 A 06E=06 1.54E-0% .9 E~04 WO DATA  1,D)E-05 WO DATA  9.70£-08

T L L L L L L L T Dl i SRR, --

In & LoOVE=O8 L. 97E-08 1.D76-09 NO DATA 1. 206<080 MO DATA  2.94E-09
SR 8) MO DATA  NO DATA  4,026-08 NO DATA  NO DATA  NO DATA 85,7908
Bh B4 NO DATA  NO DATA  $,216-00 MO DATA  NO DATA  NO DATA  4,0%E-1)

B e e i SRR RE R RSSO —

BR 05  NO DATA  NO OATA  2,14E-00% NO DATA  NO DATA MO DATA AT E-24

R 8% NO DATA 2.116-08 9,03E-06 WD DATA NO DATA NO DATA 410608
A8 80 NO DATA  #,03E=00 ), 218-00 ~O DATA  NO DATA  NO DATA  B.08E-19
RS 8 NO DATA 4. 01E«00  2.020-080 NO DATA NO DATA NO DATA 2.33E-2)
SROA D.00E~04 NO DATA  B.04E-06 MO DATA  NO DATA  N( DATA  4,94E-0%
LI 1 T.506-0) MO DATA 1.06E=07 MO DATA MO DATA  NO DATA  2.19E-04
$h o9 S.07E-046 NO DATA 2.096-971 MO DATA NO DATA NO DATA  2.70E-08
FLEN 2.150-06 NO DATA 9.00E6-00 NO DATA MO DATA ND DATA A 24808
Y 90 9.620-00 MO OATA  2.508-10 WO DATA MO DATA MO OATA  1.028-04

— - -—

Y OOIM 9.00E-11 MO DATA  3.526~12 WO DATA MO DATA  NO DATA  2.47k-10
Yy " LeALE=0 MO DATA 3, 77609 MO OATA  NO DATA WO DATA  T,.Téf-03
Y 92 B.ABE<10 WO DATA  2.4T0«L)1 WO OATA  NO DATA N0 OATA  L.40E-08
Y 90 2.00050% WO DATA  T.40f<lL MO DATA NG DATA MO DATA  B.5001-08
IR 9% D.OAE-08 9.750-0% 4.400-0% MO DATA 130000 NO DATA  3,008-08
nw LoARE=0% 3.09E<10 1.958-10 WO DATA  S.126-10 MO DATA  1.058-04
WO 95 B ZZE-0%  D.abE-0% L. 00E-0% WO DATA D, A2E-0% MO DATA  2,108-0%
MO 9% MO DATA A DLE-06 0. 208-07 MO DATA 9. T4E-04 WO DATA  9.991-04
TC 900 2. ATE<10 . 90E-10 0. 000-0% MO DATA 1. 00E-00 B.AZE-10 ALLDE-O7

e L L Lt L L L i AEssEIEssEsRsARERERTAeEe.
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Table 2.3-5 (Cont.)
Ingestion Dose Pactors for Adult (erem/pCi ingested)

aucL 108 BONE LIVER T.000v THIRDID  RIDNEY Luwe Gi=L0Lt

rciel l.;Ql-l..-'o.lPl. B.ONE-0% MO DATA 4. 99E-0% 1. A7C-1C LL10E-2)
AUIOD L 03E=07 NO DATA  T.976-00 WO DATE  T.06E~uY MO DATA  R.14E-08
L L 1.54E=00 WU CATA  6.00E~07 MO DATA L. 9%E-D7 MO DuTA  9,.478-04
RUIOE  2.758=08 O DATA D, 4BE-0T MO DATA  S.31E=06 WO DATA 1. THE-D4
ACLION L 008=07 L.o40E=07 4., 96-00 %O DATA  2.91E~07 WO OFTA  4,%4E-03
TEL2SM  2,.600=06 9, 716<07 D.590-07 0.04%+07 1,006-03 WNO DATA  1.07E-0%
TELZT™ . YTE=08 2.420-06 0.250=97 1. 7XE<06 2.756-0% WO DATA  2.27E-08
Tean Lo I0E=07 3.956-00 2.00E6-00 B, 15600 4. 40E-07 WO BATA  B.00E-04
TEL29ON L, 196=08 A.295-08 1. AZE=08 D 9506 4. 008-05 WO DATA  5.79¢-0%
TEI29 . L4E=00 1. 100=080 7.05E=0% 2.41E~00 L D2E<07 WO DATA  2.0TE-NN
TCIOIR b 70E«06 8.465+07 7.056-07 1. D4E-06 O.57E~06 WO DATA  B.40E-08
TEi LoSTE=080 0.20E-00 4.220-09 1.420-00 0.4DE-00 NO DATA  2.79E-00
TELDZ  2.57E<06 1.6)E=08 1.935E<06 1.00E-08 1.57E~05 NO OATA  T.71E-05
1100 T.S56E-07 2.23E-06 O.806-07 1.09E-04 D.ABE~06 NO DATA  1.93/-04
110 A L0E=08 S.95E-08 J.61E-06 1.95E-0) 1.026~0% MO DATA  1.57EF 04
1 192 2.00E=07 S$.4)E=0T |, 90607 1.906=03 0.450-07 WA DATA  1.02€-07
I 13 LoA2E=086 2.4TE=06 T,53E-07 D.00E-04 A 010~06 NO DATA  2.228-04
I 1) L1.08E=0T 2,08 =07 1.0)E=07 4, 99:-06 4. 58(~07T NO OATA  2.51E-I1C
1138 4. 40E-07 1. 18E=06 4. 200-07 7.05E-08 1.061-00 WO DATA  1,01E-0¢
€5106  $.226-05 1.40E«04 1. 216~04 WO DATA 4,791 -05 “,59(-05 2.59E-04
CSI%6  S.51E=06 2.5TE-0% 1.050-0% NO CATA  1.430<08 1.%E-00 2.9268-0¢
csiy TLOTE=-08 1.096-04 T,146-08 wO DATG  D.706-08 1.20E~085 2.11E-04
CHI0  5.5.t=08 1.C0E=07 S$,40F~00 WO DATA  0.01E=00 T,.91E-0% 4.058-1)
BALNY N, TOE=08 4. %1E-11 2.04E-09 MO DATA G 6bE=LL 3. 92E-11 L 728-07
4140 2.000=0% Z2.5%E-08 1.0 %6 WO DATA  B.6Te~0% 1. 4SE-00 4.100-08
BALAL A 70E=00 N, 550«01  1.9%E-0% O DATA  D.DLE-IL 2.028-11 R.22E-1Y
A2 2. 10E-00  2.19E=11 1.OAE=00 WO DATA  L.BSE=LL D 24E-10 Y.00E-24
LALAD  2.500=09 1.262-0% 4.050<10 w0 DATA WO DATA MO DATA  9,258-08
LALAZ  Lo20E=10 S, 02«11 1.48E=11 WO DATA NG DATA N0 DATA  4,258-07
SEIGOL  9.00E-0% 4 00E-00 T,.100-10 MO DATA  2.94E-0% MO DATA  2.020-0%
CEIAY  1o0SE=07 L 22F=08 1. 05E-10 NO OATA  S.OTE-10 MO DATA 4, 54808
Celad A RBE-0T 2.008=07 2.02€~00 WO DATA 1. 200-07 WO OATA  L.05E-04
PRIAD P 200-09 D.0%0-0% 4. 50E~10 wO DATA  2.120-9% NO DATA  4.0)E-0%
PRI DLOLE=IL  Ga?BE=L1 1.9 M-12 WO DATA  T.O%E-12  NO DATA  AL0DE-IE
WOIAT AL 29E-0%  TLYE-00 A 0010 MO DATA  ALTSE-0% WO DATA D, ANE-0S
N OIAT L ONF-0T 8. LE-00 D.0LE-0Y MO DATA WO DATA  NO DATA  2.02E-0%

NPZDY L LVESO% Lo ATC-00 A ASE-1L SO DATA  B.0SE-I0 N0 DATA l::;h”
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Ingestion Dose Pactors for Teenager (mrem/pCi ingested)

NUCLIDE BONE LivER T.800Y TEYROIO  KIDAEY LUNG Gl=LL!

D L SRR REER RS- - ..........“..I....-..........-..........

" ) NO DAY 1.006«07 1.00f~07 1.08L~07 L1N6E=07 1.00E=07 1.08E-07
L L) 4. 00E=00 JA2E-07  8.126-07 B.12F-07 8. 12607 B, 128-07 B.12F-07
AL 2.00E=06 2.00E-" 2.006-08 2.100-0¢ 2.508-046 2.00K~Ds 2.300-0¢

.............‘...................-.......‘..“..'..... T L L L L R

L 1 2.760-04 1.71C=08 1,0TE-08 WO DATA NO DATA WD DATA  2.)2E-0%
cr 8 NU DATA  ND DATa 3.00E=09 2.,006~00 T.9%:-10 $.14E-00 s.08C=0"
LR D NO DATA $.706=08 1. 17€-086 NN DATA 174008 NO DATA 101809

.--..o.-............o...o.-.-.-..-......'.-..o..-..-o....................-.

LU T NO DATA 1o900=07 Z2.ALE-D0 WO DATA 2.000=07 WO DATA 1.04E~0%
FE 5 3.70E06 2.00F=U86 4,256-07 WN LaTa NU DATA 170006 1.10E~00
fE 30 S. 01606 1.a7E=05 $,296-04 NO DATA  NO DATA A 326086 DL 24E-0D3
Lo % NO DATA  9.726<01 2.24E-04 MU DATA  NO PATA  ND DATa 1od4E-0S
CO o0 NO DATA 2.816+-06 4.3)E-086 NO DATA NO DATA NO DATA J.00E-0%
Nl &) 1.776=04 1.,25(=0% &.006~086 WO DATA WD DaATA NO DATA  1.99E-0¢
Nl 88 T.A0E=0T 9.57E=08 4,36E-080 NO DATa WO DATA  NOD DATA  S.19E-0s
CU &4 ND DATS 1.186=07 S.41E-00 WO DATA  2.91E-07 N0 DATA 0. 92E-0¢
I~ 8 $.70E=00 2.,C0E-035 9.3)E-08 WO DATA L.206-03 MO DATA B, ATE-D8
IN 0 LeATE=ON  2.806=00 L. 9E~0V NO DATA L+RYE=-00 NO DATA  S.14E-00
AR B)  NO DATA  NO DATA  5.74E=08 WO DATA NO DATA - NO DATA LY E=26

1L 1 NO DATH ND CATA T.226-00 WD DATA ND DATA ND DATA LY E-20

CLEN A) ND DATA NO DATA 3.056-0% N0 DATA ND DATA ND DATA LY E=24

R0 06 WO DATA . 2.976+0% 1,40[-08 NO DATA MO DATA  ND BATA A AMLEF-08
ah 00 NO DATH 0.520-00 A, 54E-00 WO DATA WD DiTA WD DATA T.30E-1%
KB A9 ND DATH $.506-00 J3.09E-00 ~O DAYA MO DATA  ND DATA B.ANE-LY
SR 87 A ADE~04 NO DATA 1.266+08 MO DATA WO DATA WO DATA 5. 24808
SR 90  B.006=0) NO DATA  2.05E+0) WO DATA WO DATA  NO DATA  2.0)0E-D4
U Y 0.076-06 MO DATA  J.21E-07 N0 DATA  NO DATA MO DATA D b4E-08
LR F} 3.086-06 MO DATA  1.J08~07 ~O DATA  ND DATA WO DATA 7,17 .-0%
Y % Lo ATE-08 MO DATA J.6% <10 WO DATA WO DATA WD DATA Lol DE~04
Y OALR L. 29E-10 MO DATA 4. 93E-12 WO DATA MO DATA  NO DATA  4.0%E-00
LR 1 2.00E=07 WO DATA  5.0% 0% D DATA N0 DATA MO DATA B 2AE-LS
Yy %2 1.216=00 MO DATA D, 850E~11 WO DATA NO DATA  NO DATA 3. 02E-0%

—-- CEREEERES SRR eSS -

Y 83 D.00E09 NO DATA 1. O5E-I0 WO PATA WO DATA WO DATA 1. ITE-O4
TH 95 ALLZE-O0  1,00C0-00 B, %E-0% WD LATA 1.916-00 WO DATA ), 006-08
TRORT RJITESDY A.e%E-10 R.IME-10 NO DaTA TolIE=10 WO DATA  1.2TE-04

CERESTREEREL S EEEEEE ... R e - ....-...O......0.9.............O.........

“w B.220-09 4.5e1=0% 2.51E-0% N0 DATA A A20-0% MO DATA L 95F-08
O 9% WO DATA  6.0MC-04 “L1dEs08 WO DATA  L.OBE=D% NO DATRE  L.OBL-0%
FC POR A AZE=10 S.260<10 (L0000 WO DATA  L.OBE=D4 B LAE-10 &, 00007

.....".-................‘........--........‘.‘......."......‘...“....”“
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Ingestion Dose Factors for Teenager (mrem/pCi ingested)

wuCLIDE BONE Liver T.800Y THYRODID  RIDNEY LU Cr=Lnl

e, L L L L e L P L L L T T Ll

el D.O0E=i0 S.128-10 9.00E-00 MO DATA  9.24E-0% DLAZE-10 B TNE-LY
WWI0)  2.95E-0T wU DATA 1.09E=07 WO DATA  B,99(-0T MO DATA  2.10E-08
AUIOS  2.106=0A MO DATA B, A0F-0% N0 DATA  2,756-07 WO DATA 1. .Tef-08
RULOS D.028-08 WO DATA 4. 94E=0T WO CATA  7.56E-04 MO DATA 1a00E-04
AGLION 2,096<07 1,94E=07 1.106=07 %O DATA ). T0£-07 WO DATA  S.450-08
TEI25% D 03E=08 1.08¢=06 $.120-07 1.07€-06 WO DATA MO DATA  1.10E-08
TEL2TR  9.076=08 D.430-06 1.15E-08 Y.D0E<06 V. 92:-05 NO OATA 201805
re12y 1.S0E=0T $.0CE=00 J.40E~00 1.,09F«0) &.406~07 WO DaATA  1.220-05
TEL2OR 1. 60E=08 #.08F=08 2.906-00 S.206-0¢ 4. A2€-03 NN DaATA e 12608
TEL29 A BC=00 L. 07F<08 1.0 =00 D.206-00 1.00E-07 WD DATA  2.4%E-07
TELDL®  2.60E=08 _1.170<06 9. T6E-07 1. T0E-0¢ Lo226-05 WO DATA  9.)9(-0%
TELY 279600 "L 1SE-00 8. 726-0% 2.15E-00 1.226-07 WO DATA  2.RVE-00
TEIDZ  D.40E<06 2.21F<06 2,00(-06 2.30E-04 2.126-0% WNO DATA 7.00£~08
11 1.00E=06 2.906-06 1. 19608 2.40E<04 A, 500-06 NO DATA  2.290-08
I S. 05608 B.100-08 4. 406=08 2.99E=0) L. ALE=O0F NO DATA  1.620-04
1102 2.79E=07 T,306-07 2.626-07 2.40E-0% 1. 15£-06 NO DATA  D.lRE-OY
[ 133 2.00E=06 V.418=08 1.00E-08 4, T0E=04 S.906-00 WO DATA  2.508-04
LIS L) Loo0E=07 3.076-07 1, SE-OT B.456-06 6.106=07 &) DATA  S.)0E-00
[ 1% 6. 106=C7 1 STE-08 S.026=07 1.,0iE=04 2.40E~04 MO DATA 1. TAE-08
CSids J.OTE=0% L 9TE-04 9, 1408 MO OATA 6. 20E-0% 2.09E-05 2.456-04
CS106  B.59E=08 D.301-0% 2.276-08% N0 DATA  1.04E=0% 2.908-04 2.728-04
CS13T L. 120606 {.49E-04 S.196-08 MO DATA  S,0TE-08 1.976-08 2.12€-04
CSI08 T, TaE=00 1.49E-07 T,456<08 WO OATA  1,106=07 1. 206-00 4.74E-11
BALIY L. D9E=07 9, THE~1L  A.O5E-0% MO DATA  S.22E-11 A.TAE-LL L.RAE-D4
BAIAD  2.04E«05 N aRE=00 L. 00E<06 MO DATA L iBE-O8  Z.0AE-00 A D0E-0%
AAI&L S TIE=0R S.00C=11 2.246-0% N0 DATA A, 45E=11  DeadE«ll L.60E-1)
BALAZ  2.99C=00 2.99E-11 L 00E=0% %O DATA 2. 83kcll B W%ESLL N00E-20
LALAD  D.ARE-D% L TIC=0% 4.55E-10 NO DATA  NC DATA WD DATA 9.026~08
LAl Lo79E=10 T.90E=01 A, 90E=11 WO DATA WD DATA MO DATA  2.428-0s
teiv) LoI0E=00 0.006-09 1,020+0% WO DATA 4. L0E~UY WO DATA  2.54F-0%
CELAS  2.05E<0% 1. T0E=06 L. 9iE~10 WO DATA  T.4TE-10 MO DATA S.14E-08
CELOS  .9F=07 2.00E-07 D.74E=08 WO DATA L. 720~07 WO DATA 178604
RN LoL1E=08 S.20(-0% o.526+10 w0 DATA  D.M4E-0% WO DATA  4.01E-0%
PRIAE A 00E=11 L. TeEell 2 UI0E-12 WO Dad  LLOLE=LL  NO DATA A TeE-Ls
NOIAT . 000=0% 1.020-08 G 1LE=10 WO DATA  5.990-0% NN DATA  D.abE-08
UL A FohbE=0T 1. 19007 4. 176<00 W0 DATA WO DATA WD DATA D 220-0%

SRS SRR R R R REE RS- -— e —

NPZDY L THE0% L. 66F-10 9. 228-11 WO DATA  S.210-10 WO DATA  Z.07E-0%
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Table 2.3-7
Ingestion Dose Pactors for Child (mrem/pCi ingested)

NUCL I DK BONE LIVER T.h0uY THYADID  KIDNE. Lust (AN |

M) ND DATA  2.00E-07 2.0VE-07 2.031«01 1.,0)E~07 2,03(~07 2.0)E-07
C 16 121608 2.026-08 2,420-06 2.420+08 R2.020-08 2.428-00 2.420~0%
NA 26 S.000-08 S.000-06 S.00E-08 S.00E-04 S.00L~08 S.006-04 S.00E-0¢
P02 0. 25E-04 3. 00C-03 DL IBE~0% 40 DATA N0 DATA  NOD DATA  2.20(-0%
CR S1 WO DATA  NO CATA  B.90F~09 4. % (=00 1.0%E~0% 9,.020=00 4 .72¢-07
LR 1 NO DaATa 1.076=0% 2.055+-06 WO DATA 3.00(~Ds WO DATA B.90E-00
mN S O DATA  J.DAE=07 T.54C=080 NO DATA 4. C4E=0T NO DATA &, 04E-08
FE 5 LolSE=0% 0. 10E=086 L. 09C~08 NO DATA NC DaTA JoASE~08 1.1DE-D0
FE 5 Lo0%E=0% 2.676-0% 1.04C~0% N0 DATa ND DATA ToT4E-00 2.70E-0%
o % NO DATA 1.006-06 S5.%51E~06 NOD DATA NO DATA NO DATA 1.086~0%
CO 60 NO DATA  9.29F«06 1.56E~08 WO DATA  NO DATA  NOD _ATA 2,9)E-08
N1 8) S OBE-C4  2.00F~0% 1 .0JE~08 NO DATa NO DATA N0 DATA Lo940-00
N1 8% 2.226-08 2.00F<07 1L 226-07 MO DAIa  NO DATA  ND DATA  2,.54F-05
CU 64 NO DATA  2.456~07 | A0E=OT NO DATA  $.,92%-07 NO DATA 1. 15E~08
IN 8% LuDTE=0% D uSE=0% 2.27C~0% NOD DATA  2.00E~-05 NO DATA 4. 01E-0
N 80 A DBE-00 6.23E-08 S.R5E-09% NO DATA J.04E-00 ND DATA 3.99E-00
B B3 MO DATA MO DATA L TIE~OY MO DATA WO DATA  NO DATA LT E=2s

BR B4 NO DATA  NO DATA 1o905-0T WO DATA  AD DATA  ND DATA LY E-24

AR 05  NO DATA  NO DATA  9,120-09 MO DATA  NQ DATA MO DATA LT E-24

«b 06 ND OATA 4. T0E~08 4. 126~0% NO DATA  ND DATA  NO DATA A, )1F-08
LI 1 NO DATA 1.906-07 1 02€-07 WO DATA NO DaATA ND DATA .321-00
LI} w0 DaATH 107607 L.04E~0TY NO DATA N0 DATa ND DATA 1.02€~00
AL L) 1.326-0) wU DATH J.TTE-08 NO DATA N0 DATA ND DATA $.11E~0%
L LI 1) 1.708-02 W0 24T 4. 31E-0) WO DaATA NO DaATa N0 DaATa 229000
SR 81 2.40E-0% NO DATA 9, “F<0Y NN DATA  NO DATA  ND DATA  5.)0f-08
SR 92 S.0)E-06 NO DATA ), .~DY MO DATA  ND DATA  ND DAYA 1 TIE-Os
Y % A LLE-00 N DATA 110609 ND DaATa N DATA ND DATA Lol TE-00
YORLE DL 0ZE-10 NO DATA  LuDYE-LL NO DATA NO DATA WO DATA T ARE-DY
Y O8! A.02E-07 MO DATA L 61F-08 WO DATA  ND DATA WD DATA  B.028-08
Y OO82  D.e0E~0% NO DATA  L.O04E-ID WO DATA  NO DATA  NO DATA 1 .ONE-DA
Y O8)  LIAL-00 MO DATA  DLIDME~10 w0 DATA MO DATA  NO DATL  1.TOE-OM
IR 85 L 1eE=07 2.956-00 2.27E~00 NO DATA  D3.45E~00 »0 DATA  2.04E-0%
ER 87 . 9%E-0% L CLE-O% 5. %E~10 NO DATA L ASE~0% WO DATA 1, 9)(0-0s
MBS 2L2%E-00 DL THEO% . 20E-00% NO DATA  B.2DE-0% ND DATA  L.62f8-0%
HD 9% WO DATA L DNES08 D 2904 MO DATA  2.04E-0% ND DATA  L.10E-DY
TE 99% S 20E-10 101E~0% D.00E-08 WO DATA  Z2.40E~08 9, 19E-10 1.0)E~0¢

Rl R R e
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Table 2.3-7 (Cont.)

Ingestion Dose Factors for Child (mrem/pCi ingested)

NUCLTOE S0ONE LIVER T.000v THYRDID  KIONEY LUNG LIRS

.......".o................o.o--..-..........C...n-..“.”.........n-...-“

FCI01  1.0TE=08 1.126=0% 1.425~00 O OATa  L.91L~00 §5.92(-10 s T E-1)
BUI0S T 01E=07 WU DATA  2.01E-07 NO DATA  L.04E-06 WO DATA  1.0%E-08
BULDS  #.45E-08 WO OATA  2.94E~08 WO DATA  S.47€-07 &0 DATA A21E-08
RULES  1.17€=085 NO DATA 1. 46E-04 WO DATA L, S0E-0% WO DATA  1.028-04
AGLION $.30E=07 3.04(=07 2.91E-07 N0 DATA  &.70E-07 NO DATA  4.D)E-08
TEL2SH 1. 14E=0% 3.00E=08 1.526~06 D.206=04 NO CAYA MO DATA  1.10F-03
TELZIN 2. 096=08 T.70008 D.40E~06 6.91E6-06 0. 24E-0% NO DATA  2.04E-0%
TEL2T AL TLE=0T 1.27F«07 1. 01007 3.206=07 1. 04E~06 ™0 DATA  1.04E-0%
TEL29% 4. 0TE=08 1.36F=08 T.56E~08 1. S7E-03 1.40E=04 NN DATA  5.94F-0%
TEI29  1.04E=07 D, 74E«00 3. 106-00 9.50E=08 ). 926-07 MO DATA  B.)4E-08
TEIDIN 7,206-08 2.649E<08 2.656-06 S.125=06 2.416-05 WO DATA  1,01E-04
TEIDL  0.00E=08 2.50E-00 2.47E-08 4.)56-00 2.51E-07 MO DATA A D4E-07
TELIIZ  1.01E=08 A, 4TE=08 S.406-086 #.51F-08 4,15E~0% WO DATA  4,50(-08
1 130  2.928-08% S.908<08 J.046-04 4.50F~04 0.026-04 WO DATA  2.TeE-0¢
1 1.726=0% 1.730=05 9. 03E-08 S.720-0) 2.04E(-08 WO DATA  1.54E-0¢
1 132 0.006=07 1.,47E~06 @.76E~07 &.020=0% 2.256-04 WD DAT4  1.7IE~D4
1 I3Y  $.726<086 T.326-06 2.776<06 1.06E=0) 1,226~0% WO OATA  2,95E-0¢
I A0 & 19607 T.70E=07 3.50E-07 1. 7%E~03% 1.196-04 NO DATA  S.14E-07
1 ADS L 78E=08 D.15E-08 1.4%E~06 2.790-04 4. 00E-06 WO DATA  2.40f-0¢
CHI04  2.06E=04 3. 04«04 B,100-0% WO CATA 1 196<04 4, 276-08 2.07E-0¢
8106  2.D5E=0% 6.400-0% &, 10E~08 WO DATA 3. 44E~0% S.10E-06 2.27E-08
CSINT  3.276-04 D, 13006 4. 026-05 WNO Latd  1,026-06 D.ATE-D5 1.96E-0¢
CSAO0  2.206-07 D, 176<07 2.01E~07 WG DATA  2.20E-07 2.400-00 1.08E-07
BALDY A LAE=0T Z2.21E<10 1.200-08 NSO DATA 1. 9)E-10 1.00E-10 2.09E-0%
RALAD B 51E=0% T 20E-00 4 05608 wO DATA 2 3Tc~00 A DAE-00 4. 218-0%
SAIAL  2.00C=07 Lo l&l=10 #.51E~09 w0 DATA  0,0% =11 & .30E~10 l.léE-0?
BALAZ B T40=00 & 29811 4. 006-0% wO OATA  S.0%E-11 3. 700-11 1.14E-09
LALs 10LE=0F  3.836+0% 1. 1%~0% w0 DATA  NO DATA WO DATA 9, 44E-08
LAL&Z  S.06E=10 L 0TF-10 S.20E«i1l MO DATA N0 DATA MO DATA D, D1E-0S
CEINL B OTE=00 1. 90008 2.9E-0% w0 DATA  B.600~D% N0 DATA  2.476-0%
CEL&S S, 9%[~0% 3. 796~04 S.4%E«10 WO DATA  1,9%E-0% MO DATA  H,.550-0%
CEIOG  2.008-08 6.52:+07 1 1LE~DY WO DZrAh  Duoli=07 MO DATA 1. 70E-04
PRIAY  D.90E=08 1. 100080 195609 WO GATA . V9E-0% N0 DATA 4. 24E-08
PRIAG  J.290<00 N 90l S 4%E-12 N0 DATA  2.LLE=IL MO OATA K. 5%E-00
NDIAY 209900 2.206-00 L. Y5600 WO DATA L2400 WO DAYA $.50E-0%
W OABT AL 29E-0T 2.94T«07 L I6E-OT WU DATA  ND DATA  NO DATA  D.NTE-DS

.-

NP2 S.25E-00 B TT6<10 2.05-10 N0 DATA  1.0%(-0% WO DATA 2. TE-0)
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Table 2..-8
Ingestion Dose Pactors for Infant (wrem/pCi ingested)

wucL Tt BONE LIVER T.e00 THYRQID  RIDNEY LUNG GI=LLt

W) ND DATA  D.08F<07  H.08E-07 D.ORE-0T 3.08(~0T ),08f-07 ).08E-07
& 16 2, 076+08 $.Cef-08 9.000-08 $.08E-Ds S5.00t-08 S.00F-08 5.08(-04
WA 24 1.01E+08 1.0.C=0% 1.0LE-DS 1.01L~08 1.01E-0% 1.01E-0) 1.016-0%

.O........................-.......‘.............I..‘....-.......Q.........-.

r N 170600 1.00E=04 &, 9909 WD LATA  ND DATA WO DATA 2.008-08
ce s ND DATA  ND DaATA LooLE=D0  9,206=09 2.01€=00 |,.70[~080 4,11E-07
LI 1) NO DATa 199 =0 &, 51606 NO DaATA A A1E~D8 ND DATa ThIE=08

..-.-oto-o...............-......O.‘.-...-.........'.9....-.-.o....‘..‘......

LU 1 NU DATA B.10E-07 L .6LE=DY Sy DANA T.00~0T NO DATA T.60F-08
re s Lo ORE=08 0.% 08 2.40E-08 NO DATA NO DATA A 0008 1 14008
FE 99 J.008-0% 8,..08+03 2,12E6-0% NO CATA NO DaATa 1.996-0% 2.57E~0%
(AT} NO DATA J.406-06 0.90E-08 NO DATA ND DATA NL “ATA 0.910=0s
L0 &0 NO DATA L.08E=0% 2.95E~0% ND DaATa NC DATR L1l Ta 2.976-0%
LA ] ) S ICE-04 D .926+0% J.20E~08% WD DATA ND DATA Nl CaTa 1.956-08
NI 8% L. T06-0% 5.026-07 2.426-07 MO LATA WO DATA WD DATA  4,05E-08
U 66 NO DATA  4.00E=AT7 2.026-0T7 N0 DATA  1,03E=06 &0 DATA  1.256-0%
IN S Lo9AE=0% 8.31E=0% 2.91E-03% WO LATA $.066-0% NN DATA $.33%E-05
IN 69 9.00E<00 1.eBE-07 1. 256-00 WO DATA &, 90E=08 N0 DATL  1,.3TF-08
GLIN B NO DATA  ND DATA D.60E-0T WO DATA  NO ODATA  NO DATA AT E=24

1 NOD DATA  NO DATA J.02E-07 WO DATA  NO DATA  NO DATA AT E-24

#R 8y M0 DATA  ND DATA Lo94E=08 WO DATA  NO DATA  ND DATA LY E-24

L 1Y HD DATA 1o70F=04  B.40E~0% WO DATA NO DAY NO DATA 5600
“b NC DATA S 0E-0T  2.73(-07 WD DATA ND DATA NO PATS T R 180
RE 09 ND DATA  2.86E«07 1.9%E=2. WNO DATA WO DATA MO DATA  S.T4E-00
LA L) 2.516-03 N0 DA'a 1.206«0% N0 DATA NO DATA ND DAY S.10E-08
L LR 1) L03E~C2 NO DATA 4. T1E-0) w0 DATa ND DATA ND CATA 201604
LI B » O0E~05 NO DaTa 1.01E=04 NO DATA N0 DaTA NO DAYA $.92F-08
LI} 1+920=0% WNO DATa T.106-07 NO BATA N0 DATA NO DATA 2.076~04
Yy %0 B.0%E-00 NU DATa 2.05E6-0% NO DATA MO DATa NO DATA 1.20¢~04
Y 9L 8. 10E-1C WO DATA  2.TeE-11 WO DATA MO DATA WD DATA  2.TOE-04
Yy " LolDE~08 NO DATA 3.01E~080 O DATA O DATA WO DATA  0.106-0)
Yy 2 T.058-09 MO DATA  2.156<10 MO DATA WO DATA WO DATA L. AGE-D4
PR S R L R .......”..‘...'..........C...-......m
Y O9)  R.AMESON ND DATA  A.02E-10 MO DATA  NOD DATA WD DATA 1. 92E-04
IR 9% 2.08E-07 S,020-08 J.%E-08 NO DATA  S.ALE~O0 WO DATA  2.30f-08
v v LoSBE=D0 2 502=0% L 10E~0% WO DAY 2.500-0%  NO DaAYE Lob28-04
¥ % S, 20600 L. YNE-08 1.00:~08 WO DAY Lo241=08 NO DATA LobbE~0Y
MO 9% WO DATA V. ACE-D% 4. 0)E-D4 WO DATA  S.00E-05 MO DATA  L1.I2E-0%
TC 995 L 92E<0% 3.966-0% S,.106~00 N0 DATA &, 24f-08 2.078-0% 1.15%E-0¢

PR —————————————————————EET T e L Ll b
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Table 2.3-8 (Cont.)
Ingestion Dose Pactors for Infant (» am/pCi ingested)

NUCLIDE  BONE LIVER  T.000Y  THYROID  KIONEY LunG G-ttt
JEAOL R 2TE0% 2.04E-0% 2.0)E-00 WO DATA D, A0E-08 1. 3E-00 4.04t-07
RUIOY  L.4BE=08 WO DATA &, 95E-07 %0 DATA  J,00E=06 NO DATA  1.80(-0%
RUIOS  1.00E=07 MO DATA  4.50E-00 WO DaTa  1,00E=06 NN DATA  5.41E-0%
AUIOE  T.41E-0% NO DATA  3.01E-08 WO DATA  Z.MSE-0% MO DATA  1.0)E-04
AGLION N.98E< 07 1,276«07 4. BiE=07 %0 DATA  1.04E=06 WO DaTa 3, 77608
TEI2S%  2.00E=u%  7,.790«06 D.15E~06 7.040-06 MO DATA WO DATA  1,11€.0%
TELZTM 2. 05E-08 1.94F<0% T.086<06 L. 4%E<03 1. 04E=04 WO DATA  2.348-0%
TEL2Y 1. 00F=08 D.356-07 2,186<07 0,i46-07 2.44(=06 WO DATA  2,10£-08
TELZI%  1.00E=06 3.40F08 1. 94E-08 . 04E-08 2,.506-04 NO DATA  $.97¢-08
TEL2Y  2.04E-07 9. 790-00 &.6)E-00 2.00E-07 T.076-07 MO DATA  2.27E-08
TEIILP  L.52E-0% 6.120-06 S.05E-06 1.24E=0% 4,.216-0% WNO DATA  1,03(~04
TEIDL L TOE=07 4.900=00 4. 94E=00 1.976=07 4, 306=07 WNO DATA  T,11E-08
TEIDZ  2.08E-0% 1.0)E<0% 9.616~08 1.92F=08 @.44E=08 NO DATA ). 01E-08
[ 130 6.006=06 1,)26=95 §$,.)06-06 1.40E=0) 1.43E-08 WO DATA  2.0)E-04
PAML D S9E=0% 4. 23E-08 1. MeE-0% 1.090-02 4. 94E-08 WO DATA  1.%1E-08
[ 132 L.60E=08 D, 07E-08 1,206+04 1.98E=04 D.74E=06 WD DATA  2.7)E-04
113D 125608 1.020-05 $,306=06 3. )1E=0) 2.14E-25 WO DATA  3.08E-0
I ID6  B.0%E=07 L. T8E=06 #.00E-07 &, 15«08 1,99E6~06 WO DATA  1.04F-08
LR L R L R S L L L L B L R L L
I A8 D 04E=06 T,24E-08 2.640-06 4.49E=04 0,076-06 MO DATA  2.020-0
CS106  D.TTE-0% 7,008<04 T.106-08 WO DATA 1. 01E=04 7,420-0% 1.91E-08
CSIDE 4 89008 1. 05E-04 $.04E-0% WO DATA  S,00E=0% 1.10E-0% 2.05(-04
CHLNT S, 220<04 . 11E=06 4, 00605 NO DATA  L.64E-04 4. 44808 1.91F-08
CSIM0 & BLE=0T T.020-07 J.790-07 MO DATA 3. 90E-07 4.006=08 1.25E-04
BAIY ML RLESOT S.04E-10 2.350-08 WO DATA D, B1E-10 3. 4F-10 3.508-08
BALAY  LLTHE=04 1. T1E=07 B, A1E-06 MO DATA  4.06E<08 1.08607 4,200-0%
PALAL A, 25607 2.902-10 1. D0E~08 MO DATA  1.78E«10 1 776=10 $.1%E-0s
BALAZ L BAE=0T L5610 9,00E-00 NO DATA B 00E=11 9. 28E-1)  7.90E-00
L2160 B LIE=00 B.02E-00 2. 14E-0% WO DATA WO DATA WO DATA  9,.77E-0%
POIAE  BAOE-0% 4.06E<10 S, 07F-L) ND DATA NG DATA WO DATA  4.04E-0%
CUINL T RTE-DN 4. 00«00 5.450-0% WO DATA L. 40E~00 WO DATA  2.400-0%
CEIAD  LooBE=08 9.820-06 1. 12009 w0 DATA  2.866=0% WO DATA  5,7)E-0%
CRIAG  2.90E=00 1. 220-08 1.67E-07 w0 DATA  4,93(~01 WO DATA 1, TiE=0s
PRIAY  BLIDESO8 V. 0AE-08 4. 00600 WO DATA  1.1DE-08 WO DATA  4.296-0%
PRIGA  2.74C-10 L.OME=10 1. 00E=L1 WO DATA 3. Aak=ll MO DaTa  4.9)E-04
NOIAT  5.53E=00 S.G0E=08 D 40E-0% NO DATA  2,196-0% MO DATA  ).40(-0%
W L8T  9.00L-07 6. 208-07 2.1TE-0T N0 DATA WD DATA MO DATA  N.4%E-08

B AR AR R ARR R R R TR R R AR SRR SRR RS R TR RS RR R RS RRRE R R e-

NEZOY LG LLE=O0 9. 90E~10 S.01E-10 WO DATA L. V0E-0% WO DATA  2.07E-08
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Table 2.3-9

External Dose Pactors for Standing on Contaminated Ground
(nrea’/h per 'Cl/lz)
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Table 2.3-10
Liquid Effluent Dilution Factors (NP)
Maximum Individual Dilution Factors
M
Pathvay Location _:
Potable Vater Ingestion 3.9 mile WSV of site 31.5
Fresh Vater Fish Ingestion Near Discharge Structure 10.9
Shoreline Exposure 0.7 mile ENE of Site 14.5
Population Dose Dilution Factors®
M
Pathvay Location .
Potable Vater Ingestion Population Weighted Average 316
Fresh Vater Fish Ingestion Near Discharge Structure 10.9
sinoreline Exposure 7.7 mile VSV of site 162
Table 2.3-1,

Transit Times Required for Nuclides to Reach the
Point o!ﬁlkgpsuregijpj

Maximum Exposed Average Exposed

Individual Individual+
Eventual transit time for vater ingestion 12 h 24 h
Eventual transit time for fish ingestion 26 h 168 h
Eventual transit time for shore exposure 0h 0Oh

*for total population and average individual dose calculations



Vater
Vater
Vater
Vater
Fresh
Fresh
Fresh
Fresh
Shore
Shore
Shore

Shore

Table 2.3-12

Usage Factors (9.,1

ingestion (1/yr) Adult

ingestion (1/yr) Teen

ingestion (1/yr) Child

ingestion (1/yr) Infant

vater fish ingestion (kg/yr) Adult
vater fish ingestion (kg/yr) Teen
vater fish ingestion (kg/yr) Child
vater fish ingestion (kg/yr) Infant
exposure (h/yr) Adult

exposure (h/yr) Teen

exposure (h/yr) Child

exposure (h/yr) Infant

Maximum Exposed
Individual

OM12D: ODCM
Page : 28
Rev. ¢ 3

Average Exposed
Individual*

730
510
510
330

21

16
6.9

12
67

14

370
260
260

6.9
3.2
2.2

8.3
47

9.5

*for total population and average individual dose calculations
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3.0 GASEOUS EFFLUENTS

There are four environmental release points for gaseous effluents
used for Unit 1 operation of the Perry Nuclear Pover Plant: Heater
Bay/Turbine Building Vent, Offgas Vent Pipe, Unit 1 Vent, and Unit 2
Vents. (See Figure 3.0-1). The Unit 1 and Unit 2 Vents are located
on the top of the Inteimediate Building, Elevation 753'9". The
Heater Bay/Turbine Building Vent is located on the top of the Heater
Bay Builidng, Elevation 722'0". The Offgas Vent Pipe is located on
the top of the Offgas Building, Elevation 72370", Site ground level
elevation is 620'0". Radiological releases from each vent are
monitored by a noble gas radiation monitor.

All gaseous effluent releases from PNPP vill be continuous releases.
Containment/dryvell purges and vents vill be considered periods of
increased radiological release as they are veated through the Unit 1
Vent concurrent vith normal, continuous releases. All releases are
considered to be long-term, i.e., greater than 500 hours per year,
and ground level.
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OFFGAS VENT PIPE
(19,000 cfm)
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Figure 3.0-1
GASEOUS EFFLUENT SYSTEM
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3.1 Monitor Alarm Setpoint Determination

The folloving calculation methods provide a means of determining the
high alare setpoint (HSP) and the alert setpoint (ASF) to ensure
compliance vith 10CFR20 Jose rate limits to areas at or beyond the
site boundary for the folloving noble gas monitors:

1. Heater Bay/Turbine Building Vent radiaton monitor (1D17KO0B56)
2. Offgas Vent Pipe radiation monitor (1D17K0O836)

3. Unit 1 Vent radiation meniter (1D17K0786)

4. Unit 2 Vent radiation monitor (2D17K0786).

The Unit 2 Vent Radiation Monitor is inclided for the operation of
Unit ) of the Perry Nuclear Pover Plant because the second train of
the Unit ) Annulus Exhaust and the Control Complex and Intermediate
Building ventilations are exhausted through the Uni* 2 Vent.

The High Alarm Setpoint (HSP) for each release point radiation
ponitor vill be set at 70 percent of the 10CFR20 dose rate limits
and the Alert Setpoint (ASP) will be set at 10 percent of these
limits,

This procedure determines the monitor alarm setpoints that indicate
if the dose rate beyond the site boundary due to noble gas radio-
nuclides in gaseous effluent released from the site exceeds 500
mrer/year to the total body or 3000 mrem/year to the skin.

NOTE: The values of 70 percent for the RSP and 10 percent for
the ASP are set as fractions of the total sctivity that
may be released via the monitored pathvays to snsure that
the site boundary dose rate limits are not exceeded. Any
single ASP can be exceeded vithout the 10CFR20 limits
being exceeded. Upon receipt of an alert alerm a sample
from the alareing effluent path vill be obtained and
analyzed., If tve or more monitors exceed the ASP, or any
one monitor exceeds the BSP, it is possible that the
limits have been exceeded. In this case all four effluent
paths vill be sampled and analyzed. Appropriate action
:111 be token to limit gaseous releases to belov 10CFR20

imits.

NOTE: If an HSP or tvo or sore ASP's continue to be exceeded,
verification shall be made at least once per & hours via
the gaseous effluent radiation wonitors that plant
releases are belov Technical Specification 3.11.2.1 dose
rate limits, and sampling and analysis shall be performed
on the four gaseous effluent release points at least once
per 12 hours.
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Determination of the "Mix"™ (Noble Gas Radionuclide Composition)
of the Gaseous Effluent

The gaseous source terms that are representative of the
"pix" of the gaseous effluent are determined. Gaseous
source terms are the concentrations of the noble gas
radionuclides in the effluvent as determined by analysis of
the various sources of gaseous effluents. During the
early period of plant operation, before a sufficient
operatioral effluent source term daia base has been
obtained, source terms vill be those generated by the GALE
code, Revision O for PNPP (FSAR Tables 11.3-9 and
11.3-10).

Determination of the fraction of the total radicactivity
in the gaseous effluent for each noble gas radionuclide in
the gaseous effluent, )

. (3.1-1)

Vhere:

s‘ « the fraction of the total for radionuclide "i"
in te effluent;
Ai « the activity of radionuclide "i" in the gaseous
effluent,

I1f the activity of a noble gas radionuclide is belov the
lover limit of detection the noble gas redionuclide is not
included as a source term in this setpoint calcvulation.

Determination of the Maximum Acceptable Total Activity Release

Rate of Noble Sas Radionuclides in Gaceous Effluent Based on
Total Body Dose Rate Limit

00 (3.1-2)
-
0, = (WQ) f (CRIEN

Vhere:

Q * the maximum acceptable total activity release rate
of all noble gas radionuclides in the effluent (for
total body exposure), in uCi/s;

K‘ « the total body dose factor for a semi-infinite

cloud o!zrodtonueltdc *i" (includes the attenuation
of S./sn of tissue) from Table 3.1-1, in (mrem/yr)/
(uCi/m™);
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s‘ « the fraction of the total for radionuclide "i", as
per equation 3.1.1;

X/Q » the highest annual average relative dispersion
factor for areas at the site boundary « 5.8 x 10
s/n” (from Appendix A, NE direction at the site
boundary)i

NOTE: The dispersion parameters (x/Q) used in these
calculations are the highest calculated site
bounds -y values for any of the land-based
sectors only. At PNPP the site boundary
locations ir the folloving sectors are totally
over vater: N, NNE, NNV, NV, ¥V, WNV,

500 « the total body dose rate limit, in mrem/yr.
Determination of the Maximum Acceptable Total Activity Release
Rate of Noble Gas Radionuclides in Gaseous Effluent Based on
Skin Dose Rate Limit

- 3000 (3.1-3)
o « VO TUL « TITH) 5
i

Q_ « the maximum acceptable total activity release rate
of all noble gas radionuclides in the effluent (for
skin exposure), in wCi’/s;

{* the beta skin dose factor for a semi-infinite cloud
of radionuclide "i" (includes attenuation by thc3
outer “dead” layer of skin), in (mrem/yr)/(uCi/m™):

L the gamma air dose factor for a uniform toni-t,!tntlc
cloud of redionuclide "i", in (mread/yr)/(uCi/m™);

§, » the fraction of the total for radionuclide "i", per
Equation 3.1.1,

X/Q =« the highest onnua}‘nvorgco relative dispersion
factor « 5.8 x 107" a/0", per Equation 3.1.2

1.11 « the air dose to tissue dose equivalent conversion
factor, in mrem/mrad;

3000 « the skin dose rate limit, in Jres/yr.

(L‘ « 1,11 l‘) values are shovn in Table 3.1-1.
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3.1.4 Determination of the Maximum Acceptable Total Radioactivity
Concentration of all Noble Gas Radionuclides in the Gaseous
Effluent

(2.12 x 10"%)(0,)
c‘ - (,t“‘)
T

Vhere:
C, * the maximum acceptable total radioactivity
concentration of all noble gas radionuclides in the
effluent, in wCi/cey

f « the flov rate for the release point tson the

respective flov rate recorders, in ft"/min;
NOTE: Design flov rate may be used in lieu of

sctual flov rate. These design flov r' (e
values incorporate a 10X flov rate
inaccuracy correction.

Release Path Flov Rate (cfm)

Heater Bay/Turbine Buildiig Vent 400,000 (summer)
220,000 (vinter)

- Offgas Vent Pipe 19,000
- Unit 1 Vent 140,000
- Unit 2 Vent 47,000

Q. » the ssaller of Q_ and Q_, calculated in equations

' 3.1-2 and 3.1-3.bronpoc'tvoly. in wCi/s;

2.12 x 10'3 . th‘ conversion factor to convert (uCi/s)

ft“/min) to wCi/cc.
3.1.5 Determination of the Maximum Accepteble Monitor Count Rate
Above Background Attributed to Noble Gas Radionuclides
Clc « (0.8) (C‘) (l.) (3.1-5)
Vhere:

CR, = the calculated monitor count rate above background
attributed to noble gas radionuclides in cpm;
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Ct « the maximum acceptable radioactivity concentration,
per equation 3.1-4, in wCi/ec;

E_ . the detector efficiency of the monitor for the "mix"
of noble gas radionuclides in the effluent, in
cpa/(uCi/ee);

« the total uCi/cec concentration divided into the net
monitor count rate taken at the time the sample vas
taken; during the early period of operation, before a
sufficient operational effluent source term data base
has been obtained, the value vill be calculated using
wonitor calibration data;

0.8 « an engineering safety factor.
Determination of the Monitor High Alarm Setpoint
HSP « (0.70)(CR.) + BG (3.1-6)
Vhere:

HSP « the high alarm setpoint (including background), in
cpm;

BG  the background count rate due to internal
contamination and radiation levels in the area in
vhich the monitor is installed vhen the monitor
chamber is filled vith uncontaminated air, in cpm;

CR_« the calculated monitor net count rate, per
equation 3.1-5, in cpm;

0.70 « the fraction of the maximum acceptable activity
that may be released from the vent to ensure that
the site boundary dose rate limits are not
exceeded during concurrent releases from several
pathvays.

Determination of the Monitor Alert Setpoint
ASP « (0.10)(Clc) +« BG (3.1-7)
Vhere:

ASP « the alert setpoint (including background),
in cpm;

BG « the background count rate due to internal
contamination and radiation levels in the area
in vhich the monitor is installed vhen the
ponitor chamber is filled vith uncontaminated
air, in cpm;
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CR « the calculated monitor net count rate, per
equation 3.1-5, in cpm;

0.10 « the fraction of the maximum acceptable
sctivity that may be released from the vent to
ensure that the site boundary dose rate limits
are not exceeded during concurrent releases

from several pathvays.
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Table 3.1-1

Total t

Total Body Total Skin Dose Factor

Dose Factor «1.11 M B
Radionuclide (K‘)(lronlytlucllu ) ‘/yr/uCt’l )
Kr-83m 7.56E-02 2.14E.01
Kr-85m 1.17E+03 2.82E.03
Kr-85 1.61E.01 1.36E.03
Kr-87 5.92E.02 1.66E.04
Kr-88 1.47E+04 1.92E.04
Kr-89 1.66E04 2.93E.04
Xe-131m 9.15E.01 6.49E.02
Xe-133m 2.518.02 1.36E.03
Xe-133 2.94E.02 6.97E.02
Xe-135m 3.12E.03 4. &4EL0D
Xe-135 1.B1E.03 3.9%E.03
Xe-137 1.42E.03 1.39E.04
Xe-138 B.B3E.03 1.44E404
Ar-4l 8.84E.03 1.30E.04
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Compliance Vith 10CFR20 - Gaseous Effluent Dose Rate

Dose rates resulting from the release of noble gases, radioiodines,
tritium, and radionuclides in particulate form must be calculated to
shov compliance vith 10CFR20. The limits of 10CFR20 are
conservatively applied for the release period at the controlling
location.

Noble Gases

The dose rate in unrestricted areas resuiting from noble gas
effluents is limited, by PNPP Technical Specifications, to 500
mrem/yr to the totsl body and 3000 mrem/yr to the skin. Only
the extarnal dose pathvay vill be considered for noble gases.
Because all gaseous effluent releases from PNPP are considered
ground level, the controlling location for these dose rate
limits is the site boundary location (see Figure 3.2-1) vith
the highest relative dispersion factor (x/Q). (See Appendix A
for elaboration on atmospheric dispersion.)

The alarm setpoint determinations discussed in the previous
section should ensure compliance vith these dose rate limits.
Rovever, if any one high alarm or tvo or more alert alarms
occur, the dose rates in unrestricted areas resulting from the
release of noble gas radionuclides from all vents vill be
calculated. The calculations vill be based on the results of
analyses obtained pursuant to the PNPP Technical
Specifications.

Radionuclides, Particulates, and Other Radionuclides

The dose rate in unrestricted areas resulting from the release
of fodine-111, fodine-133, tritium, and all radionuclides in
particulate form vith half-lives greater than eight days is
limited, by PNPP Technical Specifications, to 1500 mrem/yr to
any organ. The calculation of dose rate from these radio-
nuclides vill be performed veekly based on results of analyses
obtained persuant to those Technical Specificatons. The
controlling location for this limit is the location of the
highest relative deposition (D/Q) for the period of release as
vell as the actual receptor pathvay. The receptor pathvay
locations vill be revieved once per year folloving the
performance of the lLand Use Census to include consideration of
nearest residences, garden, and fare animal locations i{n each
sector.
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Determination of the "Mix" (Noble Gas Radionuclide Composition)
of the Gaseous Effluent

a.

The gaseous source terms that are representative of the
"mix" of the gaseous effluent are determinud. Gaseous
source terms are the concentrations of the noble gas
radionuclides in the effluent as determined by analysis of
the various sources of gaseous effluents. During the
early period of plant operation, before a sufficient
operational effluent source term data base has been
obtained, source terms vill be those generated by the GALE
code, Revision O for PNPP (FSAR Tables 11.3.9 and
11.3-10).

Determination of the fraction of the total radicactivity

in the gaseous effluent for each noble gas radionuclide in
the gaseous effluent, '

31 - (301‘1)

Vhere:

S‘ « the fraction of the total for radionuclide "{i"
in the effluent;

A1 « the activity of radionuclide "i" in the gaseous
effluent,

If the activity of a noble gas radionuclide is belov the
lover limit of detection the noble gas radionuclide is rot
included as a source term in this setpoint calculation,

Determination of the Maximum Acceptable Total Activity Release
Rate of Noble Gas Radionuclides in Gaseous Effluent Based on
Total Body Dose Rate Limit

300 (3.1-2)

Vhere:

0b « the maximum acceptable total activity release rate
of all noble gas radionuclides in the effluent (for
total body exposure), in wCi/s;

‘1 « the total body dose factor for a semi-infinite
cloud of radionuclide "i* (includes the attenuvation
of 53/S| of tissue) from Table 3.1-1, in (mrema/yr)/
(uCi/m™);
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the fraction of the total for radionuclide "i", as
per equation 3.1.1;

X/Q = the highest annual average relative dispersion -6

NOTE:

(lt’bt for areas at the site boundary « 5.8 x 10
s/n” (from Appendix A, NE direction at the site
boundary);

The dispersion parameters (X/Q) used in these
calculations are the highest calculated site
boundary values for any of the land-based
sectors only. At PNPP the site boundary

loc. {ons in the folloving sectors are totally
over vater: N, NNE, NNV, NV, ¥V, VNV,

SO0 « the total body dose rate limit, in mrem/yr.

Determinat

fon of the Maximum Acceptable Total Activity Release

Rate of Noble Gas Radionuclides in Gaseous Effluent Based on

Skin Dose

Vhere:

0 =

X/Q =
‘O‘l -

3000 «
(L‘ « 1

Rate Lirit

3000 (3.1-3)
Qg = TR (L‘ « LA K (5:3
i

the maximum acceptable totsal activity release rate
of all noble gas radionuclides in the effluent (for
skin exposure), in wCi/s;

the beta skin dose factor for a semi-infinite cloud
of radionuclide "i" (includes attenuation by thcs
outer "dead" layer of skin), in (mrem/yr)/(uCi/m™);

the gamma air dose factor for a uniforms ooﬂt-t,!lnitc
cloud of radionuclide "i", in (mrad/yr)/(uCi/m™);

the fraction of the total for radionuclide "i{", per
Equation 3.1.1;

the highest cnnuol‘nvcr,go relative dispersion

factor « 5.8 x 107" s/n”, per Equatior 3.1.2

the air dose to tissue dose equivalent conversion
factor, in mrem/mrad;

the skin dose rate limit, in wsrem/yr.

A1 l‘) values are shovn in Table 3.1-1.
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3.1.4 Determination of the Maximum Acceptable Total Radioactivity
Concentration of all Noble Gas Radionuclides in the Gaseous

Effluent
(2.12 x 107)(0,)
c‘ - (’J-C)
f
Vhere:

c‘ « the maximum acceptable total radioactivity
concentration of all noble gas radionuclides in the
effluent, in uCi/cey

f « the flov rate for the release point tson the
respective flov rate recorders, in ft"/min;

NOTE: Design flov rate may be used in lieu of
actual flov rate. These design flov r. ¢
values incorporate a 10X flov "ate
inaccuracy correction.

Release Fath Flov Rate (cfm)

Heater Bay/Turbine Building Vent 400,000 (summer)
220,000 (vinter)

- Offgas Vent Pipe 19,000
- Unit 1 Vent 140,000
-« Unit 2 Vent 47,000

Q, = the smaller of Q. and Q_, calculated in equations

' 3,122 and 3.1-3, "respeclively, in wCi/s;

2.12 x 10" - th’ conversion factor to convert (uCi/s)
ft“/min) to wCi/cc.

3.1.5 Determination of the Maximum Acceptable Monitor Count Rate
Above Background Attributed to Noble Gas Radionuclides

Clt « (0.8) (C‘) (t.) (3.1-%)
Vhere:

CRc « the calculated monitor count rate above background
attributed to noble gas radionuclides, in cpm;
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C‘ « the maximum acceptable radioactivity concentration,
per equation 3.1-4, in wCi/ccy

l. « the detector efficiency of the monitor for the "mix"
of noble gas radionuclides in the effluent, in
cpa/(uCi/ee)y

« the total uCi/cc concentration divided into the net
monitor count rate taken at the time the sample vas
taken; during the early period of operation, before a
sufficient operational effluent source term data base
has been obtained, the value vill be caleulated using
monitor calibration data;

0.8 « an engineering safety factor.
Determination of the Monitor High Alarm Setpoint
HSP » (0.70)(Cl‘) « BG (3.1-6)
Vhere:

HSP « the high alarm setpoint (including background), in
epm;

BG = the background count rate due to internal
contumination and radiation levels in the area in
vhich the monitor is installed vhen the monitor
chanber is filled vith uncontaminated air, in cpm;

CR_ « the calculated monitor net count rate, per
equation 3.1-5, in cpm;

0.70 « the fraction of the maximum acceptable activity
that may be released from the vent to ensure that
the site boundary dose rate limits are not
exceeded during concurrent releases from several
pathvays.

Determination of the Monitor Alert Setpoint
ASP « (0.10)(Cl‘) +« b (3.1.7)
Vhere:

ASP « the alert setpoint (including background),
in cpmy

BG « the background count rate due to internal
contamination and radiation levels in the area
in vhich the monitor is installed vhen the
sonitor chamber is filled vith uncontarinated
air, in cpm;
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Cle « the calculates monitor net count rate, per
equation 3.1-5, in cpm;

0.10 « the fraction of the maximum acceptable
activity that may be released from the vent to
ensure that the site boundary dose rate limits
are not exceeded during concurrent releases
from several pathvays.
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Total Body Total Skin Tose Factor

Dose Factor (L,+1.11 N )’
Radionuclide (K‘)(lro-/yrluCtln o‘/yt1061’- )
Kr-83n 7.56E-02 2.148.01
Kr-85m 1.17E+03 2.828.03
Kr-85 1.61E.01 1.36E.03
Kr-87 5.92E.0) 1.66E.04
Kr-88 1.47E04 1.92E+04
Kr-89 1.661404 2.93E.04
Xe-131m 9.15E.01 6.\9E.02
Xe-113m 2.518.0¢ 1.36E.03
Xe-133 2.948.02 6.9/E+02
Xe-135m 3.12E.03 4. 44EL0)
Xe-135 1.810.03 3.95E.01
Xe-13? 1.42E.02 1. 39E.N4
Xe-138 8.B1E.03 1. 44E404
Ar-4l 8.84E.0) 1.30E+04
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Compliance Vith 10CFR20 - Gaseous Effluent Dose Rate

Dose rates resulting from the release of noble gases, radioiodines,
tritium, and radionuclides in particulate form must be calculated to
shov compliance vith 10CFR20. The limits of 10CFR20 are
conseivatively applied for the release period at the controlling
location.

Noble Gases

The dose rate in unrestricted areas resulting from noble gas
effluents i¢ limited, by PNiP Technical Specifications, to 500
mrem/yr to the total body and 3000 mrem/yr to the skin. Only
the external dose pathvay vill be considered for noble gases.
Because a)l gaseous effluent releases from PNPP are considered
ground level, the controlling location for these dose rate
limits is the site boundary location (see Figure 3.2-1) vith
the highest relative dispersion factor (x/Q). (See Appendix A
for elaboration on atmospheric dispersion.)

The alarm setpoint determinations dissussed in the previous
section should ensure compliance with thes¢ dose rate limits.
Hovever, if any one high alarm or tvo or more alert alarms
occur, the dose rates in unrestricted arean rvesulting from the
release of noble gas radionuclides from all vents vill be
calculated. The calculations will be based on the results of
analyses obtained pursuant to the PNPP Technical
Specifications.

Radionuclides, Particulates, and Other Radionuclides

The dose rate in unrestricted areas resulting from the release
of iodine-131, iodine-133, tritium, and all radionuclides in
particulate form vith half-lives greater than eight days is
limited, by PNPP Technical Specifications, to 1500 mrew/yr to
any organ. The caiculation of dose rete from these radio-
nuclidas vill be performed veekly based on results of analyses
obtained persuant to those Technical Specificatons. The
controlling location for this limit is the location of the
highest r¢lative deposition (D/Q) for the period of release as
vel. s the actual receptor pathvay. The receptor pathvay
locitions vill be revieved once per year folloving the

per .rmance of the Land Use Cersus to include consideration cf
nearest residences, garden, and farm animal locations in each
sector.
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Dose Rate Calculations

The folloving is the equation used to calculate the dose rate
resultant from the release of radicactive materials in gaseou:
effluents to areas at or beyond the site boundary for the
purpose of shoving compliance vith PNPP Technical Specification
as related to !0CFR20.

1
Dajp = (3.15 x 10%) (x/Q or ©/Q) I (Druijp) (0‘) (3.2-1)

Vhere:
D.j = the organ "j" dose rate as a function of age group
P wa" and pathvay "p", in mrem/yr;

DF.Sjp « the dose factor for organ type "j", age group
"a", pathvay "p" for isotope "i" (see Tables
3,.2-1 through 3.2-3); units and equations used
(rquations 3.2-2 through 3.2-6) are provided
lzter in this section;

X/Q or D/Q « the normal or d-plot!d relative dispersion
factor (x/O)2 in s/m”, or relative deposition
(D/3), in m™“, at the receptor distance
(see Appendix A);

3.15 x 101 = the + .version factor to convert (mrem *
uCi  (Ci * s) to mrem/yr;

Qi « the annual average release rate of isotope "i", in
uCi’s

B (672)(C1)(£)
Vhere:

c1 = the concentration of radionuclide "{" in
the gaseous effluent, in wCi/cc;

f = the gaseous otslucnt flov rate during the
release, in ft"/min;

4i2 = the conversion factor (cc/tt3)/(3/n1n).
The folloving relationships are used to derive the dose factors

(DF ) for noble gases, tritium, radioiodir :s and
pnr'léalatcs used in equation 3.2-1.
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a. Total Body Dose Factors from Exposure to a Semi-Inifinite
Plume :
T
DF‘ - (s,) (x‘) fD?l‘) (3.2-2)
Vhere:

T
DP‘ « the total body factor due to immersion in a
ocnl-inttsito cloud of radionuclide "i", in
(mrem * m”)/(Ci * 8);

orn‘ « the total body gamma dose factor for a
semi-‘nfinite cloud of radionuclide "i" which
includes the attenuation of 5g/cm® of slslue
from Table 3.2-4, in mrem/yr per pCi/m™;

Sr « the attenuation factor that accounts for the
dose reduction due to the shielding provided by
residential structures, optional, dimensionless:
maximum exposed individual « 0.7, population
dose 0.5 (Regulatory Guide 1.109);

L the annual average concentration of radionuclide
"i{" in air (pCi/m”), for a !ntt release Slt!
(Ci/yr) and.a unit X/Q (s¢/m”), in (pCi/m”)/
(Ci/yr)(s/m™).

b. Skin Dose Factors for Exposure to a Semi-Infinite Plume
S Y
DF, = (x,) [(1.11) (S.) (DF,) « (DFS,)] (3.2-3)
i i F i i
Vhere:
)

DF, = the skin doze factor due to immersion in a
scni-infigtto cloud of radionuclide "i", in
(mrem * m”)/ (Ci * §);
Y
nri « the gamma air dose factor f~r a uniform semi-
infinite cloud of radionuclidc "{", from Table
3.2-4, In mrad/yr per pCi/m™;

ors‘ « t « Jeta rkin dose factor for a semi-infinite
c.uoud of radionuclide "i" (includes
attenuation by the outer “"dead" layer of
lkin)s from Table 3.2-4 in mrem/yr per

pCi/m™;
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the attenuation factor that accounts for the
dose reduction due to the shielding provided by
residential structures, optional, dimensionless:
maximum exposed individual « 0.7, population
dose =« 0.5 (Regulatory fuide 1.109);

the annual »veiagg cuncentration of radionuclide
"{" in air (pCi/m ), for a !ntt release rate
(Ci/yri and a unit xio (s/m”), in

(pCi/m” )/ Ci/yr)(s/m™);

« the air dose to tissue dose equivalent
conversion factor, in mrem/mrad.

Dose Factors from External Irradiation from Radionuclides

Deposited

G
DF‘J - (8

Vhere:
G
Dl"‘j

G

C‘-

DFGj

Sp =

8760

onto the Ground Surface
G
760) (C*) (DFG‘J) (S,) (3.2-4)

« the dose factor for radionuclide "i" to organ
"§" resulting from exposure to radionuclides
deposited, onto the ground surface, in
(mrem * m“)/Ci;

the ground plane concentrationr (pCi/mz) of

radionuclide "{" for a unit release rate (Ci/yr)

and a unii D/Q, rolatiyc gound ceposition (m™°),

in (pCi/m®)/(Ci/yr)(m “);

§® the open field ground plane dose conversion
factor for organ "j" from radionuclide, "i",
from Table 3.2-5, in mrem/yr per pCi/m";

the attenuation factor that accounts for the
dose reduction due to the shielding provided bv
residential structures, optional, dimensionless:
maximum exposed individual « 0.7, population
dose « 0.5 (Regulatory Guide 1.109),

« the number of hours in a year.

Dose Factors from Inhalation of Radionuclides in Air

A

DF'“j - (D?A.‘j) (l.) “1’ (3.2-5)
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Vhere:
A
DF“ « the dose factor for radionuclide “i{" to organ

3 "§" of an individual in age,group "a" due
to inhalation, in (mrem * m”)/(C{ * a;
[ -= equivalent to (mrem/yr)(yr/Ci)(m™/s)];

DFA Th the inhalation dose factor for radionuclide
. "{", organ "j", and age group "a" (the value
for skin is assumed to be 0), from
Tables 3.2-6 through 3.2-9, in mrem/pCi;

R_ = the annucl air intake for Sndlvtdusls in age
group "a" from Table 3.2-14, in m"/yr;

Xy = the annual averagq concentration of radionuclide
"{" in air (pCi/m”), for a gnit release gate
(Ci/yr) andla unit X/Q (s/m”), in (pCi/m™)/
(Ci/yr)(s/m™).

Dose Factors from the Ingestion of Atmospherically
Released Radionuclides in Food

D Py L L L
DF g5 = DFI  y [CU) (C0) « (UD(E)(C) o (U)H(E)
v v
(U ) (£,)(C)) (3.2-6)

Vhere:

D

DF 4y

« the dose factor for radionuclide "i" to organ
“§* of an individual in age group "a" from
the ingestion of meat, leafy vegetables,
milk, and produce (non-leafy vog,tnblcn.
fruits, and grains) in (mrem * m")/Ci, or in
the cases of H-3 and C-14 in (mrem * m" )/

(Ci * 8)y

F L W V

C‘. C‘. C‘. C‘ « the concentrations of radionuclice
"i" in meat. leafy vegetables, milk,
and produce, respectively (pCi/kg
or pCi/l) for a unit release rate
(Ci/yr) and a unit D/Q. relative
ground deposition (m™“), or in
cases of H-3 and C-14, a unit x/Q,
rclaslvo ground-level concentiution
(s/m”), in (pCi/kl)(C!/!r)(l' )
or (pCi/kg)/(Ci/yi)(s/m”) or
(pCl/l)/(Cl/yr)(-';) or
(pCi/1)(yr/Ci)(s/m"/);
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Dl‘I.ij « the ingestion dose factor for radionuclide
"{", organ "§", and age group "a", from
Tables 3.2-10 throvgh 3.2-13, in mrem/pCi;

« the respective fractions of th. ingestion
cates of leafy vegetables and produce that
are produced in the garden of interest,
1.0 and 0.76 respectively (Regulatory
Guide 1.109);

tL' ‘v

F L M V
U.. U.. F.. U‘ « the annual intake (usage) of meat,
leafy vegetables, milk, and produce
respectively, for individunls in
ate group "a", from Table 3.2-14, in
kg yr or 1l/yr.
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Table 3.2-1

Organ used for Gaseous Effluent Dose Calculations

1. Bone

2. GI Tract
3.  Kidney
4. Liver

5. Lung

6. Thyroid

p Total Body
8. Skin

Table 3.2-2

Age Groups Used for Gaseous Effluent Dose Calculations

1. Adult (17 yr and older)
o Teen (11-17 yr)
3. Child (1-11 yr)

4, Infant (0-1 yr)
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Table 3.2-3

Gaseous Effluent Dose Pathvays

1.
2.

Plume
Ground Shine
Vegetables
Meat

Cov Milk
Goat Milk

Inhalation

CDCM
45
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Dose Factors for Exposure to a Semi-Infinite
Cloud os Noble Gases

Total lody'
Nuclide Gamma Dose

Factor (DFE,)

Kr-83m
Kr-85m
Kr-85
Kr-87
Kr-88
Kr-89
Kr-90
Xe-131m
Xe-133m
Xe-133
Xe-135m
Xe-135
Xe-137
Xe-138
Ar-4l

7.56E-08
1.17E-C3
1.61E-05
5.92E-03
1.47E-02
1.66E-02
1.56E-02
9.15E-05
2.51E-04
+94E-04
+12E-03
+81E-03
+42E-03
.83E-03
B4E-03

00 00 w= = W N

* mrem/yr per pCi/n3

** mrad/yr per pCi/m

Beta Skin'
Dose Factor

(DFS,)

1.46E-03
1.34E-03
9.73E-03
2.37E-03
1.01E-02
7.29E-03
4.76E-04
9.94E-04
3.06E-04
7.11E-04
1.86E-03
1.22E-02
4.13E-03
2.69E-03

Gamma Airw**
Dose Factor

_(OF)

1.93E-05
1.23E-03
1.72E-05
6.17E-03
1.52E-02
1.73E-02
1. 63E-02
1.56E-04
3.27E-04
3 . 53!'0‘
3.36E-03
1.92E-03
lole'OB
9.21E-03
9.30E-03
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Table 3.2-5
Pactors for Standi

Extarnal Dose
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Table 3.2-6
Inhalation Dose Pactors for Adult (mrem/pCi inhaled;

~NUCLIDE SONE LIVER T.hOCY THYRDID  KIDNEY LUNG GI=LLl

prpap——— s L T R L R Rl bl R R

W) ND DATA 1.S00=07 1. S0F=07 1.S8E=CT 1 S0E-0T 1.SRE-OT 1.58E-07
€ 16 2.270-06 4.266-07 4.200-07 &, 20E=07 4. 26E-07 4. 26E-07 &.26E-07
NA 26 L.206-06 1.200-06 1.200:06 1.206~06 1. 206-06 1.20E-06 1.206-08
" n 1.68E=06 9.04E-06 $.26E-06 MO DATA  NC DATA WO DATA  1,00E-05
CR S1  NO DATA  NO UATA  1.25E-00 7,44E=0% 2.85E-0% 1.006-08 &,15E-07
MN S4  NO DATA A, 95E-06 T.87E-OT WO DaATA 1o2)E~06 1.T5E-04 9,.4T7E-08
MN 56 WU DATA 1.956=10 2,29 <11 NO DATA 1o63E~10 1. 10E-08 2.%9)E-06
FE 55 D.OTE=06 2.120~086 &.7VE-07 ~O DATA  NO DATA  9.01E~06 7,54E-07
FE 3¢ L1.6TE=06 V. 478=00 1.326-086 NO DAT4  NO DATA L.27€-04 2.)5E~08
CO 58 NO DaATa 1.98E-07 2,39E~07 NO CATA  NC DATA Lo lbE~04 1.))E~05
CO 60 NO DATA 1.446-06 1.05E-06 NO DATA  NO DATA ToabE~04 V.56E-03
NI )  S.406-C5 3.93E-06 L. 01E-06 NO DATA  NO DATA  2,20E-05 1.47E-0e
LA ) 1.926=10 2.02C=11 1. 14F=L1 NO DATA  NO DATA  T,008~07 1.54E-08
CU 64 NO DATA LoB0JE=L10  T.69F~L1L NO DATA S.TRE~I0  B.40E-0T $.12E~04
IN 6%  4,056-086 1.296-0% ».026-06 NO DATA 0.626-06 1.00E-04 6.60E-08
IN 69 &.2)E-12 0.140=12 S5.65E~13 MO DATA  S.27E-12 1.15E-07 2.04E-09
SR 83 MO DATA  NO DATA  J,0LE=00 W~O DATA  NO DATA  NO DATA  2,90E-08
BR 84 WO DATA  NO OATA  D.91E~08 NO DATA  NO DATA  NO DATY  2,05E-1)
SR 85 NO DATA  NO DATA  1,80E~09 NO DATA  NO DATA  NO DATA - LT E-24

RE 86 NO DATA 1.69E=08 T.)7E-06 NO DATA  NO DATA  NO DATA  2.08E-U6
RE 88 NO OATA 4. B4E~D8 2.41E~00 NO DATA NO DATA  ND DATA  4,10E-19
R8 09  NO DATA 3.206-080 2,126~08 WNO DATA  NO DATA  NO DATA  L.16E-21
L L 3. %0E~05 NO DaTa 1,096~06 MO DATA  NO DATA Lo TSE-04  &,376-05
st 90 Ly €=02 NO DATA T.62E~U4 NO DATA  NC DATA 1.20E-03 9.026-05
$h 9| T.T4E-09 NO DATA J.13E~10 NO DATA NO DATA 4 ,06E-08 2.39E-05
SR 92 B.4)E-10 NO OATA Dob0E~11 WO DATA  NO OATA  2.08E-06 S5.)8E-08
Y 90  2.61E-07 NO DATA  7.,01E-09 NO DATA  NO DATA  2.126-0% &.)2F-05
Y OIm D.26E~11 MO DATA L1«278=12 WO OATA  NO DATA  2.40E-07 L.64E-10
Yy 9 $.70E~05 MO DATA 1.556-06 NO DATA  NO DATA  2.1DE<04 A 01E-08
Yy w2 1429609 N0 DATH PTTE~11 MO DATA  NO DATA Fo94E-08 9,19E~04
A ) ) LeLBE~08 MO DATA D.26E-10 MO DATA  ND DATA  4.046~08 S.27E-0%
iR 9 FoIAE-03 4,3CE~06 2.91E-C4 NO DATA S.TTE=O6 2.21E-04 1.00E-0%
(LI ) 120608 2,435C=0% 1.136-09% NO DATA J.TLE=0% 9. 04E-06 4.54E-05
NE 95 1.76E=06 9. 776<07 S,260-07 MO DATA  9.0TE~0T 4.316~0% 1.30E-0%
M0 9% NOD DATA 1.516-00 2,076~0% NO DATA DobAE~08 1. 14E-08 N, 10E-0%
TC 90 B 29E=10 . 04E=1) A 00E-12 MO DATA  S.5/E~12 9.95E-00 S.20E8-07
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Inhalation Dose FPactors for Adult (mrem/pCi inhaled)

NUCLIDE BONE LIVER 1.800v  THYROID  KIDWEY LUNG Gl-LLl
1ciol $.226-1% T.526-1% 7.38f-l4 WO DATA 1.9%6=10 &, 996-08 [.)6E-21

JAUL0) 1.91E=07 NO DATA  5.24£-08 WO DATA  7,.296-07 &.31E-0% 1.)0E-05
AULDS  9.08E-11 NC DATA  D.89%E-1) ND DATA 127610 1.076-06 6,02€-06

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

RUI0E  B.04E-06 WO DATA 1.076=06 WO DATA  1.07E-C3 1178203 L.14E-O4
AGIION 1.38E=06 1.258-08 T.44C-07 NO DATA  Z2.46E=06 5.78i-04 3. 78E-05
TEL2S% 4. 2TE-OT 1.98E-07 3.84(-08 1,31€=07 1.95E=06 3,926-0% 0.03E-00
TE12TR  1,58E-06 T,210-07 1.%E-07 4 11E=07 $.726-06 1.206-0¢ 1.0T7E-0S
TE127 1. 75610 8.00%=11 D, 076~11 1.)2E~10 6. 3TE~10 B.14E-07 T.1TE-08
TEL29% 1.226-08 S.04E-07 L. %0E-0? 4. 30E=07 &.STE-06 1.45E-04 4,.79E-0%

TEI29  6.228-12 2.990-12 1.%%-12 A 07612 2.94E=11 2.42E-07 1.94E-CH
TELILN B, T4E=D9 S.45E-09 D.e)F-09 . 08E=09 3.08E-08 1.02£-0% $.956-0%
JELDL 1.396=12 T.44E=1) 4.49€-13 1.17€-12 $.46E-12 1. T4E-0T 2.D0E-09

...-..--....-ou-.‘c.-...-..-...-.... ..”..o..-.---'...---.“.....-~ -

TELN2 3.256-~0U8 2.69E-08 2,02€-08 2.076-00 1.02E~07 D,.40£-0% 4. 37E-05
1 130  S.726-07 1.68E-06 6.006~07 1.426-04 2.,61E-06 WO DATA .61€-07
1 131 B.15E=06 4.4TE-06 2.56E~06 1.49E-0) T.06E-06 WO DATA  T.05E-07
i 1.6SE=0T &,07E=07 1.45E-07 1.4)E-03 $.48E-07T NO DATA  5.08E-00
1 133 1.08E=06 1.05E-086 5.638-07 2.09E~04 ).2)E-06 WO DATA  L.11E-06
I 136 B.056-080 2.16E~07 T.696-08 3.70E=06 D, A4E-0T NO DATA  1.20E~10

.- ———-——

1 138 3.356=07 0.73E-07 D, 21E-07 S.608-0% 1.996~06 WO DATA  6,.50E-07
CS106  4.06E=05 1.,08E=0¢ 9,10E~05 NO DATA 3.59E-0% 1.226-0% 1.30E~08
CS136  4.006-06 1.8)E-05 1.)BE~08 NO DATA L.OTE=D3 1,506-06 1.40E~00

TSI3T  5.90E=08 T.74E-08 $.)SE=03 MO DATA  2.78E-03 9,40E-04 1.03£-08
CS138  4.16E-08 7.76E-08 4.086~00 WO DATA  6.00€-00 4.076-09 2.33E-13
4139 1 1T6-10 8.326=16 D3.426=12 WO DATA  T.T8E-14 4,70£-07 1.12€-07
NALSD  4.88E-08 #.13F=09 A, ILE-OT7 NO ODATA  2.08£-09 1.3%-00 2.13F-0%
iel  1.256-11 9.41€=13 4.206=13 MO DATA  8.78E-1% 2.40E-07 1.48E=17
Rile2  3.29E-12 D.08E=1% 2,078-1) MO OATA  2.88E-13 1.498-07 1.96€-26

---..................o..-.-....-..‘ ...Q..--........-.............“...-.....

LALAD 4, N0E-CH 2.1T7E-00 $.7)E=-00 MO DATA MO DATA 1.70€6-0% $.7)E-05
LALAZ  BSAE-LL D.0BE-LL .45 =12 NO DATA WO DATA T.91E=0T 2.64E-07
CELsI 2.496-06 L.0%i-06 L.010-07 NO DATA  T.0)E=0T 4,528-0% 1.508~0%

T e L L L L .....-.-....o.—.-..-..-.—.....-.-......— .-

CEL4D  2.0DE-0N 1. T2E-08 1.91E=0% WO DATA  T.60E-0% 9. 97E-06 2.0)E-08
CEL&G 4, 290<04 1 T9E-04 2.006-0% MO DATA  1.08L-04 9.726-04 1.028-04
PRIAD L ITE=08 4.09E-07 §5.008-00 WO OATA  2.,706-07 D.51E~0% 2.50E-0%

-.“-.o.-m..........--....Q.-...“.......'Q........l...“.......-.u........

PRI1AA D TeE=12 1.58f=12 1.00E-1) WO OATA  B.RLE=L) 1. 2%E=0T 2.49E-10
NOIAT  $.59E<07 T.626-07 4,500 NO DATA  &,4850-07 2.74£-03 2.14C-0%
AN 1.06E=0% 8.85¢=10 D.10E=10 WO DATA MO DATA  3.40E-06 1.94E-0%

.-....-............,.m........--.... -........'-...“..“..-.‘.................

NP2IY  2.9TE-08 2.0260<0% 1.35E-0% MO DATA  B.7SE~09 A, T0F-04 1.4%E-0%
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Table 3.2-7
Inhalation Dose FPactors for Teenager (mrem/pCi inhaled)

SUCLICE sONE Liven T.800Y THYRDID  KIDNEY LUNG G-l

M) NO DATA 1oSOE=07 1,996-07 1 59E-07 1.59F~07 1,59E~07 1.39E-07
£ 1 3.25C~00 G.CUE-07 4,09 =0T #.0%-07 &.09E<07 &.09E~07 4,09E-07
NA 26 1.726=06 1.720-06 1.726-06 1 726-06 1.72€-06 1.728<06 1.72E6~06
N | 2.060E-04 1. DTc=0> B,956-06 NO DATA  NC DATA  NO DATA Le16F-0%
e sl NO DATA MO LATA Lab9F =00 9, 37E-09 D .04E=N9 2.420-086 D,.75E-07
LI L NO DATA  &.07F<08 |, 05E=06 NO DATA  1.99E-06 2.40E~04 B.)5E-0¢
N 56  ND DATA  2.126%10 D 1SE-1]1 WU DATA  2.24E-10 1,90E~06 T.10f-08
FL 5 G 1BE=08 2.986-0C #.9)E-0T NO DATA  ND OATa L.95E=08 T7,99¢-07
FE 1.996=06 4.02¢=06 1.79E~06 WO DATA  NO DATA Lo91E-06  2.23E-0%
CO S MO DATA  2.59F=07 3,47E-07 NO DATA  NO DATA LebBE=~O4  1.19F-05
CU 60 NO DATA 1.076=06 2.48E~06 NO DATA  NO DATA 1.096-0) 3.24E-0%
NI &2 T.256-05 $.40E-06 2,47E~06 NO DATA  NO DATA BuOAE~DS 1.TTE-08
Nl &5 2.73E-10  3.ubF=11 1.59E~11 WO OATA  NO DATA Lo ITE~O8 &.59E-0¢
CU 64 NO DATA  2.%4E=10 1.00E~10 NO DATA  B.01E~10 1.3%E-06 T,.60(-04
IN 65 C.826-06 1.07E=05 TY,.00E~06 ND ODaTa 1.00E~0% 1.9%5E-04 S5.0)E-00
IN 69 6.04E=12 1.15F=11 B.0TE~1) NO DATA ToS3E=12 1.90E-07 D.56E-08
AR 83 NO DATA  NO DATa 4. 30C~080 WO DATA  NOD DATA WO DATA LY E-24

LI L) NO DATA KU DATa S.ALE-00 MO DATA  NO DATA  ND DATA LY E-24

BR 85 NO DATA  NO DATA 2.29E~09 ND DATA  NO DATA  NO DATA LY E-24

L NO DATA  2.38E~05 1.05E~05 NO DATA  NC DATA KO DATA  2,21E-08
L 1 ] NO DATA 4. 026-08 ). 40E~08 ND DATA WO DATA  NO DATA 3.65E~15
LI A NO DATA  4.40F=N8 2,.91E~08 NO DATA  NO DATA  NO DATA  4.228~17
LI L 5.4)E~0C5% NO DATA L.36E~06 NO DATA  NC DATA D.026-04 A.04E-08
LI b 1.35E-02 MO DATA B.056~04 NO DATA  NQ DATA 2.06E~03 9.5¢E-05%
sh 9] 1+10E=08 O CATA 43910 KD DATA  NO DATA To99E~06 D.24E-0%
LI T Lo 19E=C9 NO DATA $.08C~11 W~NO DATA  NO DATA D.AJE~06 1.49E-05
Y %0 $.10E-07 MO DATA 1.00E~08 NO DATA M0 DATA 3.64E-05 4.99F-08
Y %I 4.60E-11 NO DATA LeT7TE~1L MO DATA  NOD DATA  A,00E-07 D, 77E-09
Yy . B.24E-05 NO DATA 2.206-06 MO DATA  ND DATA D.ATE~04 BS.11E~0%
Yy % LaBAE-09 NO DATA $.06E~11 MO DATA MO DATA D D5E-04 2,08E-0%

SRS SRR ESSt NSNS S ISArSRSERRIATE R SERASE SSS SIS Se s ISR sTEessRRessssTaasgeee

Y 90 L0000 NO DATA 4. 05E-10 WO DATA MO DATA  1.04E-38 7.248-0%
L} LoB2E<05  S.730-06 3,9 E~064 WO DATA  §.420-04 ):Ib!-.‘ LeBoE-0%
R YT L TZES00 D.ADE-0Y 1 STE-OY MO DATA  S.0%E-0% L. 620-0% T.008-0%
NB 95 2. O2E-06 L.29E-06  T.00E-0T MO DATA 1 25606 9. 09E-03 lolll:;;
MO 9% MO DATA  2.1LE-00 4. 0400~0% MO DATA  S.148-080 1.920<03 V. 046-0%
TE O0R  LaTRE=1) AudDE=1) 0 24812 MO DATA  T,206-12 1. 6AE=OT T.086+07

e e e A ———
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Table 3.2-7 (Cont.)
Inhalation Dose Factors for Teenager (mrem/pCi inhaled)

wuCLIOE BONE LIvER T.h00Y THYRODID  KIDNEY LuUNG CI=LLt

R b R R L L R L .........................».......,....-..
1ci01 Toa0E~18 1.05E=16 1,0)E-1) wO DATA  1.90E<1) 0.040-00 1.09E~1¢

RUIOY  2.436~07 WO CaATA 1o12%=07 WO DATA  9,206~07 9.79E-0% 1.04E-05
AI0S  L.A0E~10 WO OATA  S.42E~11 NO OATA 1 76E~10 2.276-06 1.1DE-08

RUIOS  1.2)E~03 NO DATA L1.93E~038 NO DATA  2.08E-0% 2.01E-0) 1.20F-04

AGLIOR B TDE-08 L.64C~00 9.996-07 MO DATA 3, 13E-06 B.44F-04 H.41E-03
TELZ9%  G.10E-07 2.80E-07 B.D4E-08 1.75E~07 WO OATS  4.70E-05 9,.30E-08
TEL2Tm  2.25€-06 1.020-06 2.7)E<07 S.48E~07 0.176~06 2.076-04 1.99£-0%
FEI2YT  2.506-10 1. 14F=10 $.520=11 1.77E~10 9.10F~10 1.40F~086 1.01E~0%
TELZON  L.T4E~08 0.20E-07 2.01E~07 S.72E-07 4. A0E-08 2.,47E-04 35.06E-0%
TELI29  O.BTE=-12 4 22612 2.206-12 O ARE-12 D.32E~11 4.120-07 2,.028-07
TELDLP L. 23E-00 7.51C~090 S.03E-09 9,00E~09 S.49E-00 2.97€~05 T.74E-08
TEIDL ReWTE=12  1.04C=12 6.306=10 1. 55E~12 7T.726~12 2.92E~07 1.09E-09
TELI2Z  4.S0E=08 Y.03E-08 2.74E~00 D.OTE~O8 2.44E~07 S,.616-0% S.79E-08
1 130 T.80E=07 2.20E~06 0.96E-07 1. 80E-04 D, 44E~06 NO DATA  1.14E-08
P I3L Au4DE-06 6. 14E-06 D.D0E~06 1.0)E-D) 1.056~05 NO OATA  0.11F-07
1 12 LaOVE=OT  S.ATE=O07 1 97E-07 1.096-05 0.056-07 NO DATA  |.59E-07
133 LoS2E-06 2.50E<00 T.70E-07 3.056-04 4,49E<06 NO DATA  1,29E-08
I 13 FolLE=OT  2.90E~07 1.05E6~07 4.94E-06 4,.50E6~07 ND DATA  2,.55E-09
I L3S G 02E-07 1.180=06 4, 06E~07 T.76E-08 1.06E-06 NO DATA  8.89E-07
CS106 S 2B8E=05 1.4LE-06 &.00E~0% NO DATA 4, 69E-05 1.0)E-085 1,226-06
CS1%6 G, 0ME-D6 2.420-03 1.716~0% WO DATA  1.30E~-05 2.226-06 1.36E-08
...‘......-...........-...-.-....-...‘..'.....'.-.,.“..--......“.-.....“
CS13Y M D0E-05 1.06E=04 D.09E~05 WO DATA D, 006-08 1.51E-03 1.04f-08
Cside S5.02E-08 1.OTE~OY S.50E-00 WO DATA  0.206-00 9,.04E-09 3,.38E-11

BALDY LeOTE~10 1. 10E~L1D A 87E~12 NO DATA Fol1E=13  0.00E-07 8.08E-07

e A ——

BALAD 4. BAE-06 B, 00F-09 A AOFE-07 NO DATA  2.05E6-0% 2,.54E-04 2.046E~0)
Balsl LaPBE~LL  1.82€~146 5.93E«1) NO DATA Fo2DE~14 A 11607 9.336-14
BALAZ 402612 4.0DE=15 2.04F<1) MO DATA B 926~13 2.99€-07 $.99§-20
LALAD  S.99E-08 2.950-00 7.020~09 MO UATA  NO DATA  2.406-0% 4.09E-0%
LALAZ  1.200+10 S.O01E=11 102011 w0 DATA %O OATA |, 27E~06 1.350C~0s
CEis J.95E-08 2.37C~06 2.71E~07 WO DATA  1.116-08 T,47E-08% 1.30(-0%
CEIAD Do 2E-00 2.420-00 2.700-09 WO DATA 1. 00E=00 1.40E-0% ).19(-0%
CEIAG G L1E=04 2.53E-04 D 20003 MO DATA  1,851E<04 1.876+0) :.080<04
PRI LabTE=08 . 04E-07 B.200~00 NO DATA D, 04007 4, 040-08 2.0676~0%
PRIAG  S.OTE-12 2.206«12 2.726<1) NO DATa Lo20E=12  2.19E-07 2.948-14
NOIAT Q. 00E<07 1 OTE=0b .ALE~O8 N0 DATA  #.206-07 4. 456+05 2.20¢-0%
v i FoS0E-0% 1.220-09 A4, 29€~10 MO DATA WO DATA  3,920-06 2.216-0%

i AR —

FP2O%  ALZVE-08 D 99090 2.2(E~0% WO DATA L. 25E-00 A, 11608 1.650-0%
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Table 3.2-8
Inhalation Dose Pactors for Child (mrem/pCi inhaled)

“UCLIDE PONE LIVER T.800Y THYROID  KIDNEY LUNG Cl=L11

M3 NO DATA  J.0AL=07 D, 04E~0T 3.04€~07 DV.04E«07 J.04F-07 1,04E-07
[ L) V.706=06 1. 82606 L. N2E~086 L R2E-00 1o02€~06 1.07E~06 L. 02E6~08
A " .c”‘.‘. ‘.":'N .o”.'.. A, 05608 ‘o""f. Qo""'. ‘0“!'.‘
> T.OME~D4 V. COE-D% 2.67C+~05 NO DaTa ND DATA N0 DATA LelAE~DS
cr sl NO DATA MO DATA A ITE~OB  2.017=NR 8.576-09 4,.59E-08 2.9)3C-07
LU T O DATA LolbE=05 2.%7F-00 MU DATA 2.T1E-08 4. 20E-04 4.19F-Ds
BN S6 NU DATA & 6BE«10 8.43E-11 NO DATA  A,52E-10 D.550-08 .3)C-0%
Fe 55 Lo20E-0% &.00E-00 2.10E~086 NO DATA NU DATA J.O00E~0% Y.75¢-07
FE %9 $.99(~06 V. LAE-D0 4.510~06 NO DAT NO DATA J.ANL-04 L. 91E~0%

I D )

CO 58 MO DATA 4, T796«0T7 B.55E-07 NO DATA  NO DATA  2.99[~04 9,.205-08
CO 60 WNO DATA D.55E-06 H.126-06 NO DATA  ND D278 1.91F-0) 2.006~0%
NIl 6) 2.22E-06 L. 25E-0% V.56E-06 NO DATA  ND DATa TAXE=DS 1.T1E-08
Nl oS o.bou-xo Te99E=11 & 66«11 WO DATA  NU DATA  2.21E<06 2.276-0%
CU o6 NO DATA  S.39E~10 2.90C~10 NO DATA Le6JE~09 2.59E-086 9.926-08
IN 45 Fo1SE~05 D.06E~05 1.906~08% NO DaTaA Lo93E=0% 2.69E-04 4. 41E~D¢
IN Y LeBlE~il 2.01E=11 2.41C0~12 NO OATA LoSBE=11 D 04E~0T7 2.78E-0¢
BR B) NO DATA MO DATA Lo28E=07 MO DATA  NO DATA KD DATA LY E=~24

UR 84 NO DATA  NU DATA LoSBE-OT NO DATA  NO DATA  NO DATA LY E-24

(L0 ) NO DATA ND DATA G.04E-09 ND DATA NO DATA KO DAYA LY E~24

kD A% NO DATA $.360-05 D.09E«05 NO DATA  NO DATA  NO DATA  2.18E-08
RE B8 NO DATA LoSZ2E-0T 9.90£-08 NO OATA  NO OATA  wND DAT: 4 00E-09
(L L) NOD DATA . 035-080  7,.05E-08 NO DATA NO DATA NO DATA $.11€~10
LN L} 1.62€6-04 NO DATA . 00E~08 ND DATA NO DaATA S.0VE~04 4,.526~0%
TR T) 2.70E-02 NU DATA Lo74E«0) NO DATA NC DATA 3.99C~0) 9.206~05
s 9 3.206-08 NO CaATa L 24E-09 MO DATA  NO DATa 1. AGE~D8 4,70F-0%
e 92 J.o4E~0% NO DATA LoA2E~10 MO DATA  NO DATA  4.49C~06 4.355E-0%
Y % 1o116-06 MO DATA  2.99F-00 NO DATA  NO DATA T.076-085 T.2+6-0%
Y %P LJITE-10 NO DATA 4 %0E=12 MO DATA  NO DATA  T.00F-0T 4&.84E-07
Y " 2.0TE-04 NO DATA .39 <04 MO DATA MO DATA  T,.10E-04 4,.97E8-0%
Yy 92 $.506-09 WO DATA Fo37E~10 %O DATA  NO DATA  S.44E-08 S.00E-0%
rW. $.04E-080 WO DATA Lo0E~0% NO DATA  NO DATA  Z2.01E-05 1.0%E~0s
L)) S 13E=0% 1.1DE=D8% 1.00E~0% NU DATA  1.816~0% &.0)F~04 L.0%C~-0%
TR 3 S.07C=00 T H4E-09% 4.328-09 MO DATA 1.056=00 3.00E~08% 9,.49(-0%
TR G 380-08 Z2.40E-06 L. TTE-O6 NO DATA  2.00E-06 L 04FE<04 1,00F-0%
RO 99 MO DATA 4, 806E-00 1 15E-00 MO DATA L C4E=0T7 D 04E~0% YV, 420-0%
TC 997 A 01E=1) 9.40C0«1) 1.54E~11 NOD DATA LedTE=LL  2.%76<C7 1.)08-08
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Table 3.2-8 (Cont.)
Inhalation Dose Factors for Child (mrem/pCi inhaled)

~UCLIDE sUNE LIVER T.400v THYADID  kIDwEY LUNG Gl=LLt

TCI01  2.19C=14 2.006-16 2.91E«1) NO UATA Ju926=1) L ORE=DT A 41E-00
RULO)  7,.95E~07 WO DATH 2.90F=07 NO DATA 170606 1.79E-04 1. 21E-CS
AULOS &, 1DE-10 WU DATA LedQE=10 w0 DATA J.3E~10 AL30E-06 2.69E-05
RUIOS J.6BE=0% WU DATA A, 5TFE-06 NO DATA 4, 97E-05 D.BT7E-03 1.16E-04
ACLIO* 4,56E-06 3.0BE=06 2.47E=06 WNO DATA  $.74L=0C 1. ABE-0) 2.71E-05
TEL2SN L B2E=06 6.295-07 Q2.47E-0T7 $.208-07 NC DATA 1.29E-04 9.1,E-00
TEI2TM 6.726-06 2.)1E-0e B, 1uE=0T7 1.64E-086 1.,726~05 A.00[-04 1.9)F-05
TeL2y ToA9E=10 2.37C=10 1.65E=10 S.30E~10 1.91€~D9 2.71E~06 1.9526-0%
TELI27%  S.19E~Ch  1.056<06 B.226~07 1. T1E=06 1,%0E~08 4. T74E-04 4,91E-05
TE129  Z.04E=11 9,485E=12 6,44C=12 1.93E=11 &.%L=11 T.93E-07 6.09E-06
TELILr  3.63E=C0 1.60E=08 1,3TE~08 2.84E-080 |.08E-07 S,.56E-0% 0.)2F-05
Teisl S.87C=12 2.206~12 1.78C~12 4.59%=12 1,99C-11 S.55E-07 D.60E-07
TeEL1N2 1.J0E=07 7.36E-08 7,126-08 O.58E-080 4.79E-D7 1.026-04 D.T2E-05
1 130  2.21E<06 4,435<06 2.2ME~06 A.99E-04 6.01E~06 WO DATA  1.)08E-06
113 L1.30E~08% 1.30E=05 T.37E~06 4 39E-03 2.13E~0% NO DATA  T.60E-07
I 132 S.T2E-07 1,106-06 S.0/E-07 S5.23E-0% 1.696~06 NO DATA  B8,85E-07
I 133 &.4B(«06 $.490-06 2.08E-06 1.04E€=0) 9,13E~06 NO DATA  1.40E-08
I 136 D.LTE-OY S.045-07 2,49E-07 1.37E-05 0.926-67 NO DATA  2.%8E-07
I 135 1oYJE=06 2.96E-006 1.12E-08 2.140-04 D.626-06 ND DATA 1.206-06
€134 LeT8E~06 2.74C~04 &.07E~05 o0 DATA  8.9)E-DS% D.27E~0% 1.04E-08
Cs1 v LoT6E=0% 4.62C-0% D.16E~05 NN DATA  2.358E-0% D3.93E  1.13E-0¢
CS137 2. 45E-04 2.230-04 D), 47F=05 NO DATA  7.463E-0% 2.81E-05 9.78(-07
Csian 175E=07 2.276-07 |.%0E~07 NO DATA L1.68E~0T7 1.04E-08 T.29E-08
RALDY  4.90E~10 2.66F~1) 1.45%E~11 NO OATA  2.33E~13 1.56E~06 1.56E-0%
BAL40  2.006=0% 1.75C=08 1.17€-06 MO OATA  S.71E~09 4,716-04 2.75E-0%
BAlsl S.290=11 2.95C=14 1. T2F«12 NO DATA  2.56E~14 T.090(-07 T,44E-08
LR T LodSE=L1  M.73C~18 T.5(~1) NO CATA ToOTE=1S A A4E~0T T.41E-10
LALAD 1. 74E=07 #,08E<00 2.04£~08 W~O DATA WO DATA  4,94E<05 4.108-03
LAIAZ  3.50E=10 1.11E=10 J.49E=L1 WO DATA  NO DATA  2,)5F~04 2.05E-0%
CELsL 1,006=0% $.2006-06 T.0)E~07 NO DATA  2.016-06 1.4T7E-04 1.5)E-0%
CELA) 9. 090<00 $.376~00 T,776-00 MO DATA  2.246-08 D, 12E-05 ). 44fE-05
CELOA - 1. 0DE=0) S.72(=04 9.77=08 ~O DATA 3. 1TE~04 3.2)3(~0) 1.05E-04
PRIAD 4. 99(=06 1.506~086 2.478~07 NO DATA  8.11~07 1. QTE-O4 2.63E-0%
PRIAG PoblE=1l 4,99«12 0.10E=~1) O DATA  2.64E=12 4.2)E-07 5.320-00
NDIAT  2.926=06 2.00E~04 1. 84F-07 NO DATA 1.906~06 B.07E~08 2.22F-08
WOIBT A, 61E-09 2,61€-09 1. 17F=0% N0 DATA N0 DATA  1.11€-08 2.46E-0%

NP2 L 24E-07 9,04%<0% 4. 35E-00 WO OATA  2.00E-00 L STE-08 1.7)E-0%
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Inhalation Dose Pactors for Infant (mrem/pCi inhaled)

NUCL IDE BONE LIVER T.s00Y THYROID  KIDNEY LUNG Cr=LLt

] 3 NO DATA 4. C2E-07 4, 026-07 4, L2F=07 4,020-07 4.02E-07 &.628-07
C 14 L1o89E=05 3.790~06 J.79E-08 D.79E=06 D.79(-06 DH.T79(-06 D.79(-0¢
NA 24 T.94E=00 7.54C=06 7.540<06 7,54E-06 TP.54E~08 T7.54E-06 T.54E-08
L T 1.436=0) 8.006=0% 5.3JE-05 NO DATA  NO DATA  NO DATA  1,156-05
CR S1  NO DATA WO DATA  #.37E-00 4, 11E~08 9,458-0% 9.17E-06 2.55E-07
KN S4  NO DATA 1.016-05 J).56C~00 NO DATA 3.56E-06 T.14E-04 S,.04E-0¢
KN 56 NO DATA 1.10F=09 1.S8E~10 NO DATA T.06E~10 B.95E-06 S5.126-0%
FE 55 Le41E=0% 0.)9:=08 2.)0E~086 WO DATA  NO DATA  6,21E-05% 7,02£~07
FE $Y  9.69E=06 1.60E-05 #.77€~06 NO DATA SO DATA  T,.25€-04 1.77€-0%
CO S8 NU DATA  B.71E=07 1,30E=06 NO DATA  NO DATA  S.55E-04 T.956-04
CO 80 NO DATA  S,7)E=06 B.41E-06 WO DATA  NO DATA  D,.226-0) 2.206-05
Wi 6)  2.426-06 1.46E~05 B.29E~06 WO OATA  NO DATA  1.49E-04 1.73E-08
Nl o5 LoT1IE=09 2.03C=10 @.79E~11 NO DATA  NO DATA  S.80E-06 3,58E-05
CU 64  ND DATA L1.34E=09 $.53E~10 NO DATA  2,04E~09 &.64E-06 1.07E-05
IN S LoJIE-05 4. 4TE-D0S 2,22€-05 MO DATA 2.02€-0% 4. B2E-04 D.0TE-0S
IN 69 D.05E=11 G 91E=11 S.1)E=12 NO DATA  2.87E=11 [1.05E-04 9.44E~D8
BR 83 NO DATA  NO DATA  2.72E~0T NO DATA  NO DATA  NO DATA LT E-24

BR 84 NO OATA  NO DATA  2,06E-OT ND DATA  NO DATA MO DATA LY E-24

BR 85 NO DATA  NO DATA 1. 46E~08 NO DATA  NO DATA  NO DATA LY E-24

A8 06  NO DATA 1.360=04 4.J0E~05 NO DATA  NO DATA  NO DATA  2.17€-06
R0 88 NO DATA  3.98E~07 2,03%5-07 NO DATA  NO DATA WO DATA  2.42E-07
RS 09  NO DATA  2.29E=0T 1.4TE~07 MO DATA  NO DATA  NO DATA  4,.876-00
SR 89 2.04E~04 NO DATA 8.15C-06 NO DATA  NO DATA  1.4S5E-0) 4. 57E6-05
SR 90 2.92802 NU DATA 1.856=03 NO DATA  NO DATA  B.0)E-0) 9.38E-05
LR ]! $.0)0E=-00 NO DATA 2.4TE-09 NO DATA NO DATA 3.76E-05 S.24(-05%
P LI H T.506=09 NO OATA  2,79E~10 WO DATA  NO DATA  1.706~05 (.00F~04
Y 90 2.)56-06 MO DATA  4.)0E~08 N0 DATA  NO DATA  1.92E-04 T.43E-05
Y O9LP 2.906-10 WO DATA  9,90E6~12 NO DATA  NO DATA  1.99E-08 1.60E-08
Y %1 A.206-04 NO DATA 1.126-0% MO DATA  NO DATA  1.75E-0) S$.02f-0%
Yy %2 L.1TE=00 MO DATA 3.29E-10 w0 DATA MO DATA  1.73E-05 9.04E-0%
Y %) 1.07E~07 MO DATA  2.91€-09% WO DATA MO DATA  S.40F-0% 1.19E-04
R 9% BL24E-05 L 99E-0%  1.ASE-LS NO DATA 2.22€+0%  1.256-0) 1.9%E-0%
LI A 1.0TE=07 1. 03E-08 0.00E~00 WO DATA Lo0SE-08 T.00E-0% 1.00E-04
LU 112608 A, 39E~06 2,.706~04 NO DATA DoATE«D6 D A2E-00 9,.05E-08
HO M9 NO DATA L 18E~0T 2.01E~0U0 MO DATA LoROE-07  9.463E-0% D, 40E-0%
TC 99m S 90E<1) 2.04E-12 2.64E~11 MO DATA 2o220-01 SL.TNE0Y  L.ABE-O8
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Table 3.2-9 (Cont.)
Inhalation Dose Pactors for Infant (mrem/pCi inhaled)

nucLIce BONE LIVER T.000v THYROID  KIONEY LUNG Gl-LLd

1ciel 4. 05E=14 S.N0E=14 S.00E-13 NO DATA  &.99E~1) 4. 17E-07 4.0)E-O7
wio Lo64F=08 NO DATA A, 05E-07 NO DATA D.03E=06 D .04[-04 115609
RUIOS  B.74E-.0 NO DATA  2,93E-10 WO DATS  6.426-10 1.120-05 D.46E-03
RUI06  6.206-05 WU DATA T.776-06 WO DATA  T.61E-0% 0.24F-0) 1.L17E~04
AGIIO% 7,'3E-06 S$.16E-06 D.576-06 NO DATA  T.00E-06 2.62€8-0) 2,.)6E-0%
TEL25% D.A0E=06 1.426-06 &.TOE~OT 1.16E~06 NO DATA D, 19E-04 9.226-0¢
TEL27M  1.1SE=0% &, 9)E=06 1.60E~06 V. 4B8E-06 2.6RE~05 9. OTE-04 1.9%E-05
TEL27 1.59C=09 6.916=10 3.4% =10 1.D2E~09 D.ATE-O09 T,)96-06 1,.74E-05
TEL29% 1.CLE-0S &.38C=06 1.5%7€~04 V.91€-06 2.27E-035 1.306-0) 4.9)E~05
TEL29 $.00E=11 2,48E<11 1 06E-11 4, 826~11 1.25E~10 2.146-06 1.08E£-05
TELDLM  T,62E~08 3,.93E~08 2.59E6-080 6.38E-080 1.096-07 1.420-04 OB.51€-05
TELDL Lo24B=11 S,87E=12 3.85TE-12 L 13E-11 2.05E~11 1.47E-06 S5.87E~06
TELIN2 2.66E-07 1,69E=07 1,26E<07 1.99E~07 T.396-07 2.43E-04 ),15£-0%
1 130 4 54E=08 9,916-06 D.98E~06 L 14E~03 1,09E-05 WD DATA 1.42E~06
I 13 2.706-05 3.176-05 1.40€~05 1.06E~02 D.70€-05 WO DATA  7,.356E-07
1 1o21E=06 2.5)E-06 B.99E~07 1.21€-04 2.M26-06 NO DATA 1.)6E-08
1 133 9.46E=06 1.37E-05 4,006~06 2.54€~0) 1.,606-05 NO DATA L54E~06
I 134 .58E-07 1.34E-06 &, TSE-0T B, 10E-08% 1.49E-06 NO OATA  9,.21E-07
I 135 2.766-06 S.43E-06 L. 99E~06 4.97E-04 4,056~06 NO DATA 1.31E6~08
CS134 2,8)E-04 $.026-04 S5.326-05 NO DaATA 1o36E~04 S,69E-05 9,53E-07
Cs1de D.ASE-05 9,01E~0% D.T0E-05 NO DATA  4.0)E~05 B.40E-N6 1.02F~06
cs1y? 3.92E-04 4. 37F-04 D.25E-05 NO DATA 1.236~04 5,096-0% 9.53€-07
cside 3.61C-07 S.58C=07 2.804E-0T MO DATA  2,9)E~07 4. 676~08 6.26F-07
BALYS L1.00E~09 T,0)E=13 D.07TE«L1 MO DATA  4.23E~1) 4,25E-06 D.64E-05
BALAD 4,00E=0% 4,00C~08 2.,076=006 NO DATA  9.590=0% 1,I4E-0) 2.74E-05
rAlsl Lol2610 T7.700=14 B,35E~12 WO DATA  4,84E~14 2,126-06 ).)9E-0Ds
LERE R 2.04E=11  2.30%-14 1.40E~12 NO DAYA Led8E~14 1.11E-08 4,.93%E-07
LAL4D 3.01E=07 1.43e=07 B.00E-08 NO OATA  NO DATA  1,206-04 4,08E~05
LALN2 TIE=10 2,09 <10 #.4sf=l1 WO DATA MO DATA  5.07E-04 4,250-0%
CElsl Le0E=05 1.190-0% 1.426-06 MO DATA BoT3E~06 DuaVE-04 1.54E~0%
CELs) 2.09E=07 1 V0E=07 L,SAE~08 MO DATA  4,0)E-08 0.)0E~0% ).356-05
cELas 2.006<00 0.086=04 1, 20E-04 MO DATA D B4E~04 T,.03E-0) 1.068-04
PRIA) 1.006=0% V. T4E-06 &, 97-07 ~NO DATA LA E~08 D.0%~04 2.40E-08
PRI&A .426=11 1 2601 L Y2E-12 WU DATA 4, ROE~12 L.I5E-06 ).00E-08
NDLA? $.676=06 S.801F<06 I, 5TE~OT NO DATA  2.25E-04 2,308-04 2.2)E-0%
v 0.20E+09 $,440=09 2.2)E-09 MO DATA WO DATA  2.00E-07 2.94E-0%

Bt L L el L e b b bl A

NP239  2.65E-07 2.3TE<080 L. VAE-O8 MO DATA A VIE-08 4, 250-0% 1.THE-CS
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Table 3.2-10
-1 gestion Dose Pactor for Adult (mrem/pCj ingasted)

NUCLTLE 8OXE LIVER T.ADCY THYROIO  KIDKEY LUNG Gl=LL!

........-..-.o...‘.....I.....-...-...........d-........n-..-....O..........- -

o) MO DATA 1.0SE=07 1.05E~07 1.0%€-07 1.086~07 1.056-07 1.08E-07
C 16 2.064E=06 S.68E<07 S$.68E-07 S.68E-NT S.68E-07 S.08E-07 $.60E-07
NA 24 1.706=06 1.706=06 1.706~06 1,706~04 1.706-06 1.70€-06 1.70E-08
rn 1.91E=06 1.206=0% 7.406<06 %O DATA  NC OATA WO DATA  2.17£-0%
cn 51 NO OATA 8O CATA  2.60E~09 1.59E-09 $.86E<«10 D.8)E-09 4.69¢-07
AN S4 N0 DATA  4,576<06 B.726-07 NO OATA  1.D6E~06 WO DATA L.40E-05
KN S6  NOD DATA 1.150-07 2,04E-08 NO DATA 1.,46E~07 NO DATA J.6TE-08
re 3 2.756-06 1.90F=06 4.43L~07 NO DATA  NO DATA  1.06E-08 1.096~08
FE 39 4. 04E<06 1.026-0% J.91E~06 NO DATA  NO DATA 2.85€-06 D.40E-0%

CO S8 NO DATA  T7.435¢-07 1.676-06 WO DATA  ND DATA WO DATA L.51E-05
CO 60 NO DATA  2.14F=06 4.72(~06 NO DATA  NO DATA MO DATA  4,026-0%
LA 3 ) 1.306=C4 9,0LE-08 &.36E~06 NO DATA WO DATA  NO DATA 1.80E~06

NI 6%  $.20E-07 &.86E-08 3.1)E~08 NO DATA  NO DATA  NO DATA 1.T4E-06
CU 64 NO DATA  8.33E-08 ).91E~08 WO DATA  2.106-07 NO DATA T.10E~06
IN 65  4.04E-06 1.548-0% &.9E~06 NO DATA  1.03E-05 NO DATA 9.70E6~06

IN &9 1.006~08 1.97E-08 1.DYE~09 NO DATA 1. 206~08 NO DATA  2,.96E-09
SR 8) NO DATA  NO DATA  4,026-080 WNO DATA MO DATA  NO DATA $.79E-08
BR 84 NO DATA  ND DATA $,216~08 NO CATA  NO DATA  NO DATA  4,09E-1)
BR 85 NO DATA  NO DATA 2.14E<09 NO DATA  NO DATA  NO DATA LY E-24

RS 86 NO DATA  2,116-05 9,83E~06 N0 DATA MO DATA  NO DATA 4, 14E-08
RO 88 NO DATA  #.03E<08 ).21E~00 NO DATA  NO DATA  NO DATA  B.36E-19

e L L b bl bl it bl i

RS 89 NO DATA  &,01E=08 " 2.82E~08 NO DATA  NO DATA KO DATA  2.33E-21
SR 89  D.08E<04 ND DATA  B.04E~06 NO DATA MO DATA  NO DATA A, 94E-08
SR 90  T.58E-0) NO DATA  1,06E~03 MO OATA WO DATA  NO DATA  2,19E-04
SR 91 S.6TE-06 NO DATA  2,206~07 MO DATA MO DATA WO DATA  2.70E-0%
ar 92 2.156-06 NO DATA 9.)06~08 NO DATA MO DATA NO DAYA 4. 26E-05
Y 90 9.626-09 WO DAta  2.586-10 MO DATA MO DATA  NO DATA  1.,02€-04
Y OSIM 9.09E-11 MO DATA  3.526-12 WO DATA MO DATA WO DATA  2.47E-10
Y 91 L ALE=07 NO DATA  3.776~09 MO DATA MO DATA  NO DATA  T7,.74E-05
Y 92  0.ASE-10 MO DATA  2.4TE«LL NG DATA MO DATA MO DATA 1. 40E-03
Y 90 2.60E-0% NO DATA  T7.40Ff«11 WO DATA  NO DATA MO DATA  0,506-08
IR 95 J.04E~00 9.756-09 4.00E-09 WO DATA 1. 53E~00 MO DATA  D,09E-058
IR 9T 1.00E<07 D.09E<10 1.95E-10 WO DATA  S,126~10 NO DATA  1.08E-04
N 95 G 22609 3.A0E<09 L.044~09 MO DATA 3, A2E~0% NO LATA  2,108-0%
MO 99 NO DATA 4. 31E-0D6 B.206~07 MO DATA  9,.74E~06 NO DATA  9.99E-08
1C 99M 2. 4TE=10 6.90E<10 B.09E~09 MO ODATA  1.06E~00 3. 42E~10 4.13E-07

BRSNS RN RN SE RSN R TR SSsRs eSS RER R RERS ...
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Ingestion Dose Factor for Adult (srem/pCi ingested)

NUCLIDE BONE LIVER T.000Y THYROID KIDNEY LUNG Gl=L0LI

1ciol 2.54E-10 D.66E~10 D.59E~09 ND DATA $.99E~09 1.07E-10 1.10E-2)
ayiod 1.85E=07 NO DATA T.976-08 NO DaATaA T.06E~07 NO DATA 2.16E6-05
RUIOS 1.564E~080 NU DATA $.00E~0% NO DATA L«99E-07 NO QATA V. 4026-08
RULDS 2.756~06 NO DATA J.A0E-OT WO DATA $.01E6~06 NO DATA 1. TRE~O4
AGLION  L.60E=0T 1.4BE=DT 0.79E€~08 NO DATA 2.91€-07 NO DATA  6,.04E-05
TEL25M  2.68E=06 9, 71€-07 D.89€~07 A.06%-07 1.096~05 WO OATA  1.07E-0S5
TEL2TM G TYE=06 2.420-06 B.2%E~07 1.73E~06 2.73E~05 NO DATA  2,27E-05
TE127 1. 106=07 3,95E«08 " 2.00E-00 B.15E-08 &, 48E~07 NO DATA  0.68E-08
TEL29% L 18E«08 &.29F6-06 1.A2E6<08 D.95E~06 &.00E~05 NO DATA  5.79(-05
TEL29 J.IAF=08 1 18E=08 T.63€-09 2.41E~080 1.D26~07 NO DATA  2.37E-00
TEIMIN  L.73E«06 B.465-07 T.05E~0T 1.34E~06 O.57€-06 NO DATA B.40E~05
TELY] LeOTE-08 B,20E-09 $.226-09 1.62E-00 B.63E~08 NO DATA  2.79E-09
TELN2 2.526+06 1.63E=06 1.93E~06 L.00E~06 1.STE~O5 NO OATA  T.T1E-0F
1 130 T.56E~07 2.23E~06 B.B0E~0T 1.0890~04 D.40E~06 NO DATA 1.92€6-06
1 1 A 16E=06 $.95E-06 B.41E~06 L.95E~0) 1,.02E~0% NO DAlA 1.57€-0¢
113 2.00E~0T S.4JE~0Y L. 90E~07 1.90E~05 O0.035E-0T NO OATA 1.026-07
119 JoA2E=06 2.07E-06 T.S)E~OT 3.63E~04 4. D1E~06 NO DATA  2.228-0¢
1 1 1.06E=07 2.08E-07 1.03E=-0T 4.99E-086 4,.58E~07 NO OATA  2.51E-10
1 138 AOIE-0T L 16E~06 4. 20E-07 T.45E-05 1.08E-06 ND DATA 1.31E=06
CS1d4 $.22€6-05 1. 6BE~04 1.21E~04 ND DATA A.T9E~05  1.99E-085 2.59E-0¢
Cside G.51E~06 2.57E-05 (.05E~0% WO DATA LoaddE~05 1.9%E~06 2.926-04
cs1y? TVTE-D5 1.09E-04 T,14E~05 NO DATA D .T06~05 1.,2)E~08 2.11E-08
cside $.526-00 1.09E~07 S.40E6~08 NO DAY B.01E~08 TV.91E-09 4.8%5E-1)
BAL)Y V.T0E=08 6.91E=11 Q2.04E~09 WD DATA S.48E~11  D.92E-11 1.728-07
BA( 40 2,03C~0% 2.5%5E-080 1.)JE~08 NO DATA B.6TE~D9 1.48E~00 A.10E-05
LTSRN} A TIE=O8 V.%6C~11 1.59E~09 NOD DATA 3.M1E=11 2.02E~11 2.228-17
LLRLT 210608 2.19E~11 1.)4E~09 WO DaATa LeBSE=11  1.24E~11 Y.008-2s
LALAD 2450009 1.262+0% 4.3)C~10 WO OATa NO DATA NO DATA P.25€-08
LALS2 Le28E~10 S.028=11 1.458~11 WO DATA NC DATA NO DATA  A,25E-07
CELe F00E~0% 4. 00E-09% T.18C~10 NO DATA 2.90E~0% NO OATA 2.428-0%
Cliv) LobSE~0% 1.22F=06 1,05E~10 NO DATA $.37E~10 NO DATA 4.56E-0%
CELan AMBE-OT 2.04E~07 2,02E-00 NO DATA 1421607 NO OATA LobSE-04
PRIA) V. 20E-09 D.090-09 4.56f~10 NO DATA 210809 MO DATA 4.0)E-08
LAY JLOLE=11  1o25E~11 1.50E~12 MO OATA T.056=12 WO DATA 403~ 10
NDINY S 2%E~00 T.2TE-0% A NNE-10 WD DATA &.2%E-09 NO DATA J.A0E-0%
v i LeOJE-DY D.01E~00 ). 01E~08 NO DATA  NO DATA ND DATA  2,028~0%

NP2)Y Bol9E=09 1.07C=10 @, A%E-11 NO DATA  D,45E~10 WO DATA  2,40E-05%
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Table 3.2-11
Ingestion Dose Pactors for Teenager (mrem/pCi ingested)

NUCL IDE BONE LIVER r.800Y THYRDID  KIDNEY LUNG Gl=LLt

" 3 NO DATA 1.066=07 1.00E=07 1.06L~07 1.N0E=0T 1.,06E~07 1.0¢E~07
[ 4. 00E-06 B.12F=07 B.126-07 B.12F-07 O8.126~07 B.128-07 8.12F-07
yA 24 2.306-06 2.30E="6 2.3CE-04 2.30[<06 2.30t~06 2.)0E-0 2.30C-08
e N 2.76C-04 1.71C~0% 1.,076=03 ™0 DATA  NO DATA WO DATA 2.32E-0%
(4 38} NU DATA  NOD DATA D.60E-09 2.006~09 7.8%=10 S$.14L-00 4,05(~07
LB ) NO DATA $.706=08 1.17E~06 NN DATA 1.76C-06 NO DATA 1.21€~0%
LU 1 ND DATA 1.58C-07 2.MLE~D8 NO DATA 2.00E-07 WD DATA 1. 04E~0S
FE 5y D.18E-06 2.L8F-06 &,25E-07 NN DATA NU DATA LT0E=06 L.18E-00
FE %9 S.0T6-06 1.a7E=05 $,296-06 KD ODATA  NO DATA &, 37E-0¢ J.24E~05
co se NO DATA  9.726-07 2,24E-06 WU DATA  NO DATA  ND DATA L.34E~0S
CU 60 NO DATA 2.616-06 6.))E-06 NO DATA  NO DATA  ND DATA J.66E-05
Nl &) Le77E=04 1.25(~0%5 @.00E~06 WO DATA MO DATA  NO DATA 1.996~08
Nl &5 T.496-07 9.57E~08 4.36E-08 NO DATA  NO DATA  NO DATA  S.19E-0¢
CU &4 NO DATA 1 ISE=OT S.41E~U8 NO OATA  2,901E~07 NO DATA  §.92E6-0¢
In 65 $.76E~06 2.COE~05 9.33E~06 NO DATA 1.286-0% NO DATA  B.4TE-D8
IN &9 Lo4TE-08 2.806-080 1.96E~09 NO DATA 1.83E-08 NO DATA  S.16E-00
At 8 ND DATA NO DATA S.746~080 NO DATA NO DATA © ND DATA LY E-24

BR 84 NO DATA  NO CATA 7.226-08 WO DATA  NO DATA  NO DATA LT E=24

sr 85 NO DATA ND DATA 3.056:09 NO DATA NO DATA ND DAYA LY E-24

RE 86 ND DATA 2.98E-0% 1.406~05 NO CATA  NO PATA  NO CATA A ALE-D8
R 8 NO DATA 8.526-08 &,54E-00 NO DATA N0 DATA  NOD DATA T.30E~1%
K8 A9 NO DATA $.506-00 J.09E~08 NO DATA ND DATA  NO DATA  B.4)0E-17
LN & 4, 40E~04 NO DATA 1.26E~05 NO DATA NO DATA WD DATA 5. 24E-0%
$h 90 B.30E~03 ND OATA  2.05E-0) NO DATA NO DATA  NO DATA  2.0)3E~0s
L LR B 0.CTE~06 NOD DATA 3.21E-07 NO DATA NO OATA MDD DATA 3.64E~0D3
sho92 J.05E-06 NO DATA 1.30E-07 NO DATA NO DATA MO DATA T.776~05
Y % Lo3TE~08 NO DATA J.0%E~10 MO DATA NO DATA MO DATA 1.136~04
Y O9L® 1.29E~10 NO DATA 4. 936~12 NO DATA MO DATA NO DATA $.0%E-~0
Y 2.01E-07 WO DATA  $5,396-09 WO DATA MO DATA  NO DATA  8.24E-0%
Yy w2 1.216-09 MO DATA  3.350E~11 WO OATA MO DATA MO DATA DD2E-05

T ————— A A btk

Y 93 D.00E-09 MO DATA  1,088<10 MO DATA WO DATA MO DATA  L.1TE-04
I 95 4, 126-00 100008 B.94E-09 WO DATA 1.916=080 N0 DATA  ),008-0%
IR 9T Z.0TE-00 4,09E<10 2,168-10 MO DATA  T.LIE=I0 NO DATA  1.276-04
ELIR L 0.220-09 4.561+00 2.510~09 MO OATA  4,420-0% NO DATA  1.98F-03
MO 99 8O DATA  4,0)C«08 1. 13F=06 MO DATA L.006~0% WO DATA  1.08(-05
TC 99 B NZE-10 9.208-10 1.206-00 WO OATA 1.30E~00 S.14E-10 &.00E-07

s e- .““--...................l-.........-......-............O..OO.........



OM12D: ODCK
Page : 60
Rev. ¢ 3

Table 3.2-11 (Cont.)
Ingestion Dose Pactor for Teenager (mrem/pCi ingested)

NUCLIDE BONE LIVER 1.A00Y THYROID  KIDNEY LUNG Cr=LL!

ciel D.606-10 $.12f=10 9.0)E-09 MO DATA  9.206-09 D, 126-10 0.756-17
RUIO)  2.5%E=07 WU DATA  1,09E=0T WO DATA  B.99E~07 WO DATA  2.1)6-05
RUIOS  2.10E-0A MO UATA  §.40E~09 N0 DATA  2,75E-07 WO DATA 1.765~05
LI $.926-06 NO OATA &, 94E~0T NO DATA  T.54E~06 ND DATA  L.00E-04
AGLION 2.0%6~07 1,94E=07 1.10E=07 N0 DATA  D.70E~07 WO DATA  $.45E-05
TEL25%  3.80E-06 1.38é=06 S.126-07 L.OTE~06 WNO DATA WO DATA  1.13E-05

e e L Ll it - ———---——

TEI2TR  9,676<06 D.43E-06 L. 15E-06 2.00E-08 V.92£-05 NO DATA  2.41E-05
reL2y LoS8E=0T $.00E-08 D, 40E~08 1.096=07 &.40E~07 NO DATA  1,228-05
TELZOX  1.63E=0% .086-06 2.50E=06 S.20E~06 G, A2E~0% NN DATA  4.126-0%

TEL29  4.6BE<08 3.676-00 1.07E~08 D.206-00 1.80E-07 WO DATA  2.458-07
TELDI® 2.464E=06 1. 17C-06 9,.76E-07 1.76€-06 1.226-03 WO DATA  9.39E-05
TELNL 2.796-00 L. 1SE~08 O,.726-09 2.156-080 1.,226-07 WO DATA  2.29(-09
TELN2 D.49E-086 2.21F=08 2.0806-06 2.33E~06 2.126-0% WO DATA  7,008-05
I 1% 1,03E=06 2.906-06 1.196-06 2.43E-04 4.596-04 NO DATA  2.29E-04
I S.05E=06 B.19C~06 4.40E=06 2.09E~0) 1.41€-05 WNO DATA  1.620-0¢
1 132 2.79E<07 7.306«07 2.626~07 2.46E-05 1.156-04 NO DAY JABE-OY
1 133 2.,01E=086 V.41t=06 L.00E~08 4. TOE~04 S.90E-06 NO DAY.  2.50E-08
I 136 LoE=07 3.07E=07 1.09E~0T 6.45E~06 6.10E~07T NO DATA  5,106-09
I 135  .106=07 1.S87E-06 S5.02F=07 1.01E-04 2.48E-06 NO DATA 1. T4E~DS
CSide B.376-05 1.9TE-04 9,14E=05 NO DATA  &.26E-29 2.)9E-05 2.4356-08
CS106  B.39E-06 D.JBE-05 2.27E-0% WO DATA LB4E~0% 2.90E~06 2.728-04
csiy L1o12E=06 1, 49E-04 S.19E~0% NO DATA  S.0TE~0% 1, 976-05 2.12€-04
CS138  7.76E~-00 1.49C-07 T.45E-00 WO DATA Lo10E=0T 1.28E~00 &$.74E-11
BALdY 1.39E=07 9.T8E=11 4.056<09 NO DATA 9, 226~11 6. .T4E=11 1.24E~08
BALAD  2.04E-05 D.4RE-08 1.03E~06 NO QATA Lo1BE=08  2.94E-00 4,30(-0%
LR ) $.716=00 S.01C=11 2,24E-09 MO DATA 4, 45E=11 D, 43611 1.43E~1)
LERE 2.99C-00 2.99E=11 L. 04E~00 O DATA  2.90k«ll 1.9%E«11 9.010E-20
LALsD BoABE-D9 1. T1C-0% A4, 35E~10 MO DATA  NC DATA  NO DATA  9,020-0%
LALSN2 LoT79E=10 T.95E=11 1.90E=11 NO DATA WO DATA  NO DATA  2,428-04
Ceisl LeDDE=08 0.00E-09 1,026~09 WO DATA A, 10E~09 NO DATA  2.54F-05
CEL)  2.056+-09 1.716-06 L, 91E=10 MO OATA  T.4TE~10 MO DATA  5.14E-05
CPIAe  A.90E=07 2.00E~07 D.7E~08 WO DATA 1472607 SO “ATA  1.T75E-04
PRI Lod1E=00  $.2)0=09 4.526-10 MU DATA D NAE~0% WO DATA  4.01E-08
....‘.‘-.....-...................-.‘.....'.................'.-.............
PRIAG A, D0E«11  1.T4E~11 2.10E-12 WNO DATA LeOLE=11 NO DATA A TAE-14
NDIAT  9.00E<0% 1,026-08 4. 11E-10 WO DATA  5.99(-0% NN DATA  D.60E-03
v iy LodbE=0T 1, 19C0-07 A 1T7E~08 WO DATA WO DATA WO DATA  D.228-0%

T T Lk e b

NPZDY L TME-0% L. 06E-10 9.22E<11 WO DATA  5.21E~10 WO DATA  2.0T6-0%
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Table 3.2-12
Ingestion Dose Pactors for Child (mrem/pCi ingested)

NUCLIDE BONE LIVER UL L% THYROID  RIDNEY LUNG Cr=LL!

o)  NO DATA 2.0)6-07 2.0VE-07 2.03(=07 2.73E~00 2.03E~07 2.03E-07
€ Is 1o216-08 2.026-086 2,420-086 2.426-00 2.42E-06 2.42E-06 2.420-00
NA 2 $.00E~06 S.806-06 S.006-06 S.00L=08 S.00L~N6 S.006~08 S.006-00
LI 1 D.25E~04 J.0065-05 D.1CE=05 40 DATA N0 DATA  NO DATA  2.20E-05
(438 1 NO DATA MO CATA  B.90%E-09 4.9 [(+00 1.05E-0% 9.02(~09 4&4,72¢-07
LR NO DATa 1.076-0% 2.0%:-06 NO DATA 3.000L~N6 WO DATA  B.90E-04
AN S NO DaTa DoIAL-0T  V.54(-08 NO DATA Q.CAE=DT NO DATA &, 04F-D8
FE % LolSE=08% S.10E-06 1.097-086 WD DATA NC DATA J.A%6-086 1 1D0E-08
FE 39 Lo63E=0% 2.076-0% 1.350(~0% NO DaATa NO DATA ToT4E~06 2.706-0%
CO %8 ND DATA 1.006-06 5.51E-04 WO DATA  NO DATA  NO DATA 1.0%€~0)%
CO 0 NO DaTa $.29F-06 1.56E~0% NO DATA  ND DATA  NO DATA  2.9)E-0%
N1 o8 SI0E~CA  2.08F=0% 1.03E=05 NO DATA  NO DATA  NO DATA  L.94C-08
Nl &8 2.226-06 2.09F«07 1.226-07 N0 DATA NO DATA MO DATA  2.%6E-0%
CU 64  NO DaTaA FoASE-OT L. 40E~OT ND DATA $.926-07 NO DATA L.15€~0%
IN &% LeDTE~0% D, u8E~0> 2.27(-0% WO DATA 200605 NN DATA  4.01E-08
IN 69 4, D38E-00 4.20E-00 S.R5E~09 NO DATa J.04E-080 NO DATA D, 99E-0s
(10N B} NO DATA NO DATA LoTLE-OY NO DATA NO DATA ND DATA LY E-24

[T 1) NO DATA  ND DATA Lo986~0T MO DATA  NO DATA  NO DATA LY E-24

AR 85 NO DATA  NO DATA  9,12E<09 NO DaTa NO DATA  NO DATA LT E~2»

L1 1 NO DATA S.T06~0% A,126~0% WO DATA NO DATA NO DATA 4. 31504
RS 80 NO DATA 149007 1.026~07 NO DATA  NO DATA  NO DATA  9.328-09
25 09 NO DATA Lo lTE=07 1. 04E=0T NO DATA  NO DATA  ND DATA 1.026~09
L L) 1432603 NU DATA J.776-05 NO DATA NO DATA  NO DATA S, 11E~DS
st %0 1.706-02 WO UATA C.J1E-D) WO OaATa ND Data ND DATa 229604
LI B 2.A0E-05 MO DATA  9.08E-0T NN DATA NO DATA  NO DATA  S5.)306-0%
LR} 9.03E-C6 ND DATA 3.62E-07 MO DATA NO DATA  ND DATA 1oT1E~D4
Y %  4.11E-00 NO OATA 1.106-09 NO DATA NO DATA MO DATA Lo 1TE~04
Y %K D.028~10 MO DATA Led%E=11 MO DATA MO DATA NN DATA T.40E-07
Y M $.028-07 WO DATA Leb1F=00 MO DATA MO DATA N0 DATA  8,.028-0%
Yy W2 J.40E~0% MO DATA 1404E-.0 MO DATA  NO DATA  NO DATA L.0AE~D4
Yy " Lo1AC=00 MO DATA J1ME~10 MO DATA MO DaATA  NO DATA 1.708-04
mwy LolOE=0T 2.956-00 2.276~00 MO DATA B.05E-00 NO DATA  R.00E-05
iw S.VVE-0%  L.CLE~0% '5.%E-10 N0 DATA LobSE=0% WO DATA  1.90E-06
ND %S To25F-00 B 74009 4.200D% MO DATa B.20E-0% NO DATA 1.028~0%
"0 9% NO DATA 1o 30E=0% J.2%-06 WO DATA T.04E-08 NO DATA 1.108-0%
FC 0% 9. 206~10 1. 016-0% D.00F-00 MO DATA  2.03E~00 9.19E~10 1.,00E+08

i AR S —
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Table 3.2-12 (Cont.)
Ingestion Dose Factors for Child (mrem/pCi ingested)

NUCLIDE BONE LIVER T.000v THYRDID  KIDNEY LUNG Cl=LLt

rciol LeBTE=O9 1. 126-09 1. 42E~080 ~O Oata LoVIE~O8  $.920-10 D.%¢E-09
LT3 ) T.DLE~07 WU DaATA 2.81E-07 NO DaATa 1.04E=06 NN DATA 1.09E-0%
rVI0S S.ASE-08 ND QATA 20408 MO DATA S.0TE-0T NO DATA 4.216-0%
RULOG 1o1TE=0S NO DATA LetoE~O8 NO DATA L%0E~0% NO DATA LeB2E~0s
AGLION  5.)9E-07 3.04(~07 2.91E~07 WO DATA 4. 70E-07 ND ODATA  4.3)3E~08
TEL2SM L 14E~08 D.09E~06 1.526-~06 ).206~06 NO DATA ND DATA 1.0i0F-0%
TELXTM  2.09E-05 7.78E6-06 3.450~06 #.91E-06 0.24E-0% NO OATA 2.06E-0%
TEL12Y A TLE=OT 1 27F=07  L.QLE-OT D.26E<07 1.)4E=06 NN DATA LeBAE~D3
FTELZO™ 4 07E-03 1.36E-05 7.50E-06 1. .5TE~0% 11,4304 NN DATA S.94E-08
TeL2e LoDAE=OT D 74E«00 3.106-00 9,56E-00 3.926-07 wO DATA B.34E~08
TELDIN V. 20E-06 2.4%E-06 2.656=06 S$.126<086 2.41E-08% NO DATA 1.01E~D4
VELNL B.00E=08 2.50E~00 2.4TE-080 6.356-08 2.51E-07 NO DATA  4,.36E-07
TEL)2 LeOLE=0S 4 4TE-00 S.40E~00 4. 51E-086 4. 156<0% NO DATA  4,.80E-0%
1 13 2.926-06 S.90E-06 J.04E-06 4.50(<04 O.026~06 NO DATA 2.T6E~08
1 1 LoT2E=05  1.730<0% 9. 04E<06 S.726-0) 2.04E-0% NO DATA L.54E-08
1 1 B.00C=07 1.4TE-06 #.76E~07 &.02E-0% 2.256-06 N0 DATA 1.736-08
I S.926-06 T.326-06 2.T7E-06 1 D6E<0) 1.226-0% NO DATA  2,.95E-04
I 1 CL9E-0T T TRESOT  D.S0E-0T L.TVE-03 1.196-06 MO DATA  S.16E~07
I 13§ Lu75E~06 3.1%E~0s LoSBE-06 2.79E~04 A.0)0E~086 WO DATA 2.00E~04
CSids 2.IME-04 3. 04004 B.106-0% NO DATA Lol9E=D4 4,27E~05 2.07E~08
Cside 205605 8.40E-0% 4, 106-0% NO DATA BoAAE~05 S.1DE-08 2.27E-04
(438 3 J.2VE~04  3.10E~06 4, 620-0% NO DATA LeO2E~04 3. 0TE~05 1.%E~08
csiie 2.206-07 J.UTE~OT 2.01E~07 NO DATA 2236407 2.A0E-08 L .6iE-0T
BALDY 4 14E-07 2.21€~10 1.206~08 N0 DATA 1a93E~10 1.308~10 2.39E-05
LIILY] B.01E=08% T 20E6-00 4. 056-086 w0 DATA 23708 A D4E-00 A 21E-0%
2141 2.00€-07 1.121+10 #.51E~09 ~O DATA V6% =11 4.90E~10 L.laC-0Y
LLALY B.T40=00 4. 2911 4. 00F-0% %0 DATA $.09E~11 3. 70C=11 L.16E-09
LAL&O LaOLE=OF  3.93E+0% L. 1709 40 DATA NC DATA NO DATA V. 00E-08
(WALY S24E-10 A, TESIO S.20E-l1l MO OATA WO DATA NO DATA J.31E-08
CEls) BaOTEo Y 1 'BC=00 2.9L+00% MO DATA 8 40E<0% MO DATA  2.476-0%
CELAL G 900-0% D 7VE«04 S.4% 10 MO DATA  1.596<0% AD DATA  $.35(-0%
CElas 2.00E-06 4.5.6-07 B, 1IE~0T MO DATA Dublt=07 MO DATA L. 700-04
PRIAY BaDE=00 1. 100-00 1.956-0% NO DATA S.A%-0% NO DATA (VLI L 1)
PRIAN Le29E=10 Y 9% =11 0. A% <12 %O DATA  Z2.116«11 N0 DATA .5%-00
NDLAY 2oTOE0R  2.26E+00 L 736-0% w0 DATA 1o24E+00 MO DATA 1.50E-08
v i CL2VE0T  2.940<01 1. 16E-07 NU DATA  ND DATA  NO DATA J.57E~08

NPZDS  S.R5E-00 D.TTE-10  2i45k-10 NN DATA  |,09(-0% ND DATA  2.79E-08
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Table 3.2-13
Ingestion Dose Factors for Infant (mrem/pCi ingested)

wuCL UL BONE LIvER T.80u0y THYRQID  KIONEY UNG Cl=LLd

» 3  NO ODATA  D.08F-07 H.00E~0T DJ.ORE~DY ), 08(~07 )H.O00E-07 )H.00E~OY
[ L) 2.076-05 S.CLE-06 S.06C~08 S.08E~08 9S.06L~06 5.00F-04 5.06(-0¢
NA 26 1.016-08 1.01C-08 1.01E=2% 1.01C=0% 1. C1E~0% (1.01E~0 1.01E~05
r n 1.7060) 1.00E-06 4.5%9€(~0% WO VATA ND DATA N0 DATA 2.%0k+05
[T Y ND DATA  ND DATA Lob1E=D0  2.206-09 2.01E-0% |,.790-00 4.11E-07
N 54 ~NO DaATa 1 Y9E=05 4. 51E-08 NO DaATa 4. 41E~06 N0 DATA T.01E-0s
LU 1 NU DATA P.10E=07 L.ALE-DT wU DATA T.0VE-01 NO DATA T.03F-08
re ss 1.09E=0% $.%0E-086 2.4CE-086 NO DATA  NO DATA 4, 09E-06 1.14E~00
FE 859 D.006-0% $.405+03 2.12€-05 NO CATA  NO DATA 1 59%E-05 2.57E-0%
CO %80 NO DATA  D.LO0E=086 B.93E-D6 NO DATA  NO DATA  NO DATA B, 970-06
CO 40 NO DATA 1.086=0% 2,.95E~0% NO UATA  NC DATA  ND DATA  2.576-0%
NE 8) S IME-04 D.926-0% 2,206-0% NO DATA NO Dalta NO BATA 1.95E6~08
".....................-.............-....‘........‘.....-...........-.....-
Nl & C.T0E-06 S.O2E-07 2.42€-C7 NO DATA  NO DATA  ND DATA  4,05E-0%
U s NO DATA  G.09E~DT 2.82E<0T NO DATA 1.006-06 NO DATA  1.256-0%
‘~ (1) l-“l‘ﬂ’ 0-0“'0’ 8.'["0’ NO DATA ‘o‘.".’ LU “" S.))E~0S
IN &9 D.336-00 1.08E-07 1.,256<00 WO DATA  &.90E-CO0 N0 DATA  1.,37F-08
w8 NO DATA  ND DATA J.6)E-07 NO DATA  NO DATA MO OATA LT E-24

1D NO DATA  NO DATA ++02E-07 NO DATA NO DATA  NOD DATA LT E-24

CLEN B NO DATA  NOD DATA Lo94E=08 NO DATA  NO DATA KO DATA LY E-24

KR B HO DATA 170004 B.40E~0% NO DATA  NO DATA  ND DATA  A.)5E-06
“3 0 NO DATA &, 906-07 2.73E-07 NO DATA  NO DATA  NOD DATA  4,.05F-07
LI L) NO DATA 2.06E-07 L1.97E-97 NO DATA NO DATA NO DATA . 746-08
LN L) 2.516-0) NG OATA Y.206<03% NO DATA NC DATA ND DATA S.16E~0%
$R 90 1035602 NO DATA 4. 701E-03 NO DATA NO DATA  NO DATA  2.31E~04
LR T 5.006~08 NO OATA L.0LE=06 NO DATA NO DATA  NO DATA  5.92E-0%
L LI }H 1.920-0% NO DATA T.136-07 NOD DATA NO DATA MO DATA 2.0TE~04
Y 0 R.09E~00 NO DATA 2:.056-09% NO DATA MO DATA NO DATA 1.208-04
Y O %x A ITE-IC NO DaTa 2.7608«11 MO DATA MO DAVA MO DATA 2.706-04
Y 9 1106-046 NO DATA 3.018~00 MO DATA WO DATA  NO DATA  0,108-0%
Yy "2 Toh3E-0% MO DATA  2.15E-10 5O DATA  NO DATA MO DATA  1.40E-04
¥ FoADE~00 MO DATA S 02E~10 MO DATA  NO DATA WO DATA  1.921-04
I 2.00E+07 S.,020-00 D.5%5E-00 MO DATA  S.414-00 WO DATA  2.%50F-0%
oo LoOBE~00  2.540+0% 1.168-0% MO DATA  2.540~0% MO DATA  1.0201-04
“w e A 20800 L. TVMESOD 100000 MO DATA To740=00 MO DATA L 64f-0%
O 9% MO ODATA Vo0CE=DS  G.0)E~08 MO DATA  S.00E~05 NO OATA  1.128-0%
TE 99%  L.92E-0% .9 E-0% S5.106~00 MO DATA Q26000 2.07E-0% 1. 158-04
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Table 3.2-13 (Cont.)
Ingestion Dose Factors for Infant

- WUCL I DE sONE LIvER 1.000v TMYROID  KIONEY LUNG Gl=LL!

1C10L  2.276=09 2.066-09 2.8)0E-00 NO DATA D, 4DE=00 1.54E-09 &.008-07
RUIOY 1. 40E=06 ND DATA &, 95E-07 O DATA D.08E=06 NO DATA  1.00E-0%
LI 1.36E=07 WO DATA  4,50E-00 MO DaT4 1.00E=06 NN DATA  S.41E-0%
RUIOE  2.41E-0% NOU DATA  3.01E=06 WO DATA  2.85E-0% NO DATA  1.8)F-04
AGLION 9/98E=07 7.27E<07 4. RIE-0T VO DATA 1.046=06 NO DATA  D,77(-08
TEI25% 2.00E=0% T.79C=06 D.15E-08 T,.04C-06 NO DATA MO DATA  1.11E-05
TELZYM S, 08E=0% 1.94F<0% 7,006-08 1.09E-03 1.44E<04 WO DATA  2.)6E-0%
TE127 1.006=06 9.)05E=07 2.156=07 B.14E=07 2,44E~06 WO DATA  2.10€-0%
TEL2OM 1.00E=08 3.40E=08 1.546-0% D, 04E-0% 2.508-04 WO DATA  5.976-03
TEL2Y  2.04E=07 9,796-00 #.6)E-00 2.00E<07 T.076-07 NO DATA  2.27E-08
TELIL® 1.52E-0% &.12€-06 S5.05E<06 1.246-0% 4. 21E~05 WO DATA  1.03E-04
TELDL LoTOE=07 6.50C~08 A.94E=08 1.576-07 4.S50E-07 WO DATS  T.11E-08

TEI3Z  2.08E-0% 1.CHE-05 9.616-06 1.32F~05 6.44E-05 NO DATA  D.01E-0S
I 130  6.00E~06 1.)26-9% $,)06=08 1.48E~0) 1.45E-05 WO DATA  2,0)E-0¢
1 D.59E-0% 4.23E-05 L. MeE~0% 1.D9E~D2 4.94E-0% NO DATA  1.51E-06
L1 Lob6E=08 D.DTE-08 1.206-06 1.98E=04 D.74E~06 NO DATA  2.7)E~0C4
I 13) L1.25E=08 1.020-0%5 $.336-06 D JIE~0) 2.14E~25 NO DATA  D.08E-06
I 1306  0.09E=07 1.T8E-06 #.)3E-07 4, 15E~03% 1. 99E-04 NO DATA  1.04E-0¢
I 138 D.OAE~08 T,.24C0<06 2.64E~06 S.A0E-04 A, 076~06 NO DATA  2,620-08
Cilde J.TTE-04 T7.038-04 T.10E~0% MO DATA LoB1E=04  T.420-05 1.91E-08
CS106  4.89E<08 1.)%E=04 S5.04E-0% NO DATA  S.30E~0% 1.10E-0% 2.0%5E-04
CSIIT  S.220-04 6. 1LE-04 4, )JE~05 NO DATA  1.64£<04 &.04E~08 L1.91E-08
CS108 4 R1E=07 7Y,.020-07 J.79E-01 NO DATA D.0E~0T 4.09E-00 1.256-08
8419 0. 01E-07 S.04E=10 2.956-00 NO DATA D). 51E+10 D.54E~10 9.50E(-0%
.....-.....‘.....................”............-.-....ﬂ.-“..-’..-.“.....“
Balsy LeT1E=04 1 T1E=07 B, ALE~08 WO DATA 4. 061~00 1.0%E-07 4.208-0)
Palsl S25E-0T7 290810 L INESOD  ND DATA 1756=10 1. 776=-10 B5.1%-0¢
BAlS2 1oBAE=0T7 1.806=10 9,06E-00 WO DATA  B.01E=-11 9.26E-11 T.50%6-07
LALAD  2.11E-00 0.320-0% 2.140-09 NO DATA w0 DATA  ND DATA  9.776-0%
LAl2 L1o10E=0% 4, 00E«10 9.07C«11 MO DATA  NC DATA  NO DATA 4. 84F-038
clis ToRTE-00 4. 008-00 5.050~0% WO DATA LoABE=ON MO DATA  2.400-0%
CEis) LoARE=00  9.020-06 1 12009 N0 DATA  2.90E-0% NO DATA  5,7)E-0%
CEIAG  2.90E<06 1.220-08 L 0TE~0T7 MO DATA A, 9)(-0T MO DATA  L.T1E-04
PRIAD B IDE-00  V.CAE-08 A, 0)E-DY MWD DATA  1.1DE~0D8 WO DATA  4,.290E-0%
PRIAG  2.74C=10 1.00E=10 1.DME-LL MO DATA D ALh=Ll WO DATA  4,9)E-08
NDIAY S.OME=00 S.0GRE-08 D .ARE~0% NO DATA  2,19E<00 w0 DATA ). 600-0%
W IBT . DME=0T .20k-07 2.0TESOT NO DATA WO DATA  ND DATA  B.eVE-08

T I T T T T T T T Y ™ e e Il S R L L b b L b L L Al

LIS 2 L Lo llE=00 9. 90E«10 S.401E-10 O DATA L. 90E~0% MO VATA  2.07E-0%
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Table 3.2-14
Annual Usage Factors for the Maximum Exposed Individual
Pathvay Infant Child Teen Adult
Pruits, vegetables &
grain (kg/yr)* - 520 630 520
Leafy vegetables
(kg/yr) -- 26 42 64
Milk (1/yr) 330 330 400 310
Meat & poultry
(kg/yr) - 41 65 110
Inhalation (m°/yr) 1400 3700 8000 8000

*Consists of the folloving (on a mass basis): 22% fruit, 54% vegtables
(including leafy vegetables), and 24X grain.

Tadle 3.2-15 b
Annual Usage Factors for the Average Individual

Pathvay Child Teen Adult
Fruits, vegetavles, &
grain (kg/yr)* 200 240 190
Milk ()/yr) 170 200 110
Meat & poultry
(kg/yr) 3 59 95
Inhalation (m°/yr) 3700 8000 8000

* Consists of the folloving (on a mays basis): 22X fruit, 54X vegetables
(including leafy vegetables), and 24X grain.

**For total population and average individual dose calculations.
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Compliance Vith 10CFR50 Appendix I - Gaseous Effluent Dose

Doses resulting from the release of noble gases, radioiodines,
tritium and radionuclides in particulate form must be calculated to
shov compliance vith Appendix 1 of 10CFR50. The calculations wvill
be performed at least monthly for all gaseous effluents.

Noble Gases

Section II1.B.1 of Appendix I of 10CFRS0 limits the releases of
gaseous efiluents from each reactor to unrestricted areas such
that the estimated annual gamma air dose is limited to 10
millirads and the beta air dose is limited to 20 millirads.
The external dose pathvay only vill be considered for noble
gases. The controlling location for the above stated dose
limits is the site boundary location vith the highest relative
dispersion factor (x/Q) for the period of release.

PNPP Technical Specifications limit the dose resulting from the
relesse of noble gas radionuclides in gaseous effluents to the
folloving:

a. For gamma radiation, during any calendar quarter:

D < 5 mrads,

air
b. For beta radiation, during any calendar quarter:

Dair € 10 arads,

e, For gamma radiation, during any calendar year:
D.‘r € 10 mrads,

d. For beta radiation, during any ralenda year:
D € 20 mrads.

air
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Radioiodines, Particulates, and Other Radionuclides

Section 11.C of Appendix I of 10CFRSC limits the release of
radioiodines and radioactive materials in particulate form from
each reactor such that estimated dose or dose commitment to an
individual in an unrestricted area from all pathvays of
exposure is not in excess of 15 mrem to any organ. The
controlling location for this organ dose limit is the location
of the highest relative deposition (D/Q) for the period of
release, as vell as the actual receptor pathvay. Receptor
pathvay locations vill be revieved once per year folloving the
performance of the Land Use Census to include consideration of
nearest residences, garden, and farm animal locations in each
sector.

PNPP Technical Specifications limit the dose resultant from the
release of jodine-131, jodine-113, tritium, and all
radionuclides in particulate form vith half-lives greater than
eight days to the folloving:

a. During any calendar quarter:
Dose to Any Organ € 7.5 mrems
b. During any calendar year:
Dose to Any Nrgan € 15 mrems.
Dose Calculations

The folloving calculations are used to determine gamma and beta
air dor s resultant from noble gas release to areas at or
beyond the site boundary for purpose of shoving compliance vith
10CFRS0, Appendix I. The equations used to calculate organ
doses resultant from the release of iodine-131, jodine-133,
tritium, and radionuclides in particulate form vith half-lives
greater than eight days are those found in Section 3.2.3. The
dose rate obtained is integrated over the appropriate
surveillance or sampling time period.
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a. Gamma Air Dose from Noble Gas Releases
Y Y
l y -
Vhere:
Y
Dcir « the annual gamma air dose due to noble gas
radionuclides, in mrad/yr;
Y

Dl‘ « the gamma air dose factor for a uniform semi-
infinite cloud of rodtonusltdo *"i*, from Table
3.3-1, in mrad/s per Ci/m";

0‘ « the release rate of radionuclide "i%, in uCi/s;

X/Q = the normal relative dispersion factor, in 1/33;

3.5 » 101 « the conversion factor to convert
(mrad * uCi)/(Ci * s) to mrad/yr.

b. Beta Air dose from Noble Gas Releases

g g
1
D.“ = (3,15 x 10%) (x/Q) f (0‘) (DF‘)
Vhere:
e
b“r = the annual beta air dose due to noble gas

radionuclides, in mrad/yr;

8
DF, = the beta air dose factor for a uniform semi-
infinite cloud of radtonuslldo "{", from Table
3.3-1, in mrad/s per Ci/m™;

0‘ = the release rate of radionuclide "i", in wCi/s;
X/Q = the normal relative dispersion factor, in t/-’;

3.13 = 10‘ « the conversion factor to convert
(mrad * uCi)/(Ci{ * s) to mrad/yr.

3.3.4 Cumulation of Doses

The dose contribution from gaseous effluents vill be calculated
at least monthly. Calculations vill be performed to determine
the mxisue air dose as vell as the maximum organ dose to an
individual. These dose calculations vill be summed for
comparison vith quarterly and annual limits. To assure
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compliance vith 10CFR50, Appendix I, the dose limits for air
dose and organ dose are those found in Sections 3.3.1 and
3.3.2, respectively. The quarterly limits specified in those
sections represent one half of the annual design objectives.
1f these limits are exceeded, a special report will be
submitted to the NRC in accordance vith PNPP Technical
Specifications.

Projection of Doses

Anticipated doses resuliing from the release of gaseous
effluents vill be projected monthly. The doses calculated for
the present month vill be used as the projected doses unless
information exists indicating that actual releases could differ
significently in the next month. In this case the source term
vill be adjusted to reflect this information and the justifica-
tion for the adjustment noted.

If the sum of the projected doses for the 31-day period exceeds
0.3 mrem to any organ, appropriate portions of the ventilation
exhaust treatment system vill be operated to reduce releases.
The values for the prujected dose impact levels correspond to
about one forty-eighth of the Appendix I limits. If continued
for a year, these values vould correspond to less than
one-fourth of the Appendix I limits.

Population Dose

PNPP's Semiannual Radicactive Effluent Release Reports, as required
by Regulatory Guide 1.21, wvill include total population dose and
average individual doses calculated for all radiocactive gaseous
effluent releases. The total population dose and average individual
dose vill be computed, taking into account geographical population
distribution and pathvay(s) using the equations in Section 3.2.
Hovever, the dose factors, DF , differ; total population and
average individual doses are tillulltod in a manner simiiar to that
used for maximum individuals except that Regulatory Guide 1.109,
Revision 1 assumptions for average individuals are used rather than
for maximum exposed individuals and they are averaged over all age
groups after veighting by the fraction of population in each age
group.
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Figure 3.3-1
Gamma and Beta Air Dose Factors for Semi-Infinite Plume

(mrad/s per Ctlus)

Gamma Air Beta Alr
Dose Factor Dose :nctor
Y

Nuclide (oFy) g
‘t"l z-’502 ‘00‘02
Kr-83m 6.12-1 9.1340
Kl’-.’l 3-’0’1 ‘c 2“‘
Kr-85 5.45-1 6.18+1
Kr-87 1.9642 3.2742
Kr-88 4.8242 9.29.1
Kl’-“ 50‘.02 !- ’602
Kr-90 5.1442 2.4842
Xe-131lm 4,950 3.534
Xe-133m 1.0441 4.69:1
Xe-133 1.1241 3.3341
Xe-135m 1,072 2.3441
Xe-135 6.09+1 7.80+1
Xe-137 4,791 4.0342
Xe-138 2.9242 1.5142
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4.0 TOTAL LOSE

4.1 Compliance Vith 40CFR190 - Uranium Fuel Cycle Dose

Annual dose contributions from liquid and gaseous effluent releases,
as discussed in Sections 2.3.2 and 3.3.4, are summed to evaluate
compliance vith the 40CFR190 annual limit of 25 mrem total body or
any organ (except the thyroid, vhich is 75 mrem).

PNPP does not intend to exceed 4OCFR190 limits during normal
operation. Hovever, if such a situation should occur, viel tions
vould be handed as per Technical Specification 3/4,11.4%. vhich
requires the folloving:

Vith the calculated doses from the release of radioactive materials
in liquid or gaseous effluents exceeding tvice the limits of
Specification 3.11.1.2a., 3.11.1.2b., 3.11.2.2a., 3.11.2.2b.,
3.11.2.3a. or 3.11.2.3b., calculations shall be made including
direct radiation contributions from the reactor units and from
outside storage tanks to determine vhether the above limits of
Specification 3.11.4 have been exceeded. If such is the case,
prepare and submit to the Commission vithin 30 days, pursuant to
Specification 6.9.2, a Special Report that defines the corrective
action to be taken to reduce subsequent releases to prevent
recurrence of exceeding the above limits and includes the schedule
fcr achieving conformance vith the above limits. This Special
Report, as defined in 10CFR20.405¢c, shall include an analysis that
estimates the radiation exposure (dose) to a MEMBER OF THE PUBLIC
from uraniue fuel cycle sources, including all effluent pathvays and
direct radiation, for the calendar year that includes the release(s)
covered by this report. It shall also describe levels of radiation
and concentratiosn of radioactive material involved, and the cause
of the exposure levels or concentrations. 1f the estimated Jose(s)
exceeds the above limits, and if the release condition resulting in
violation of 40CFR190 has not alredy been corrected, the Special
Report shall include a request for a variance in accordance vith the
provisions of 40CFR190. Submittal of the report is considered a
timely request, and a variance is granted until staff action on the
request is complete.

This Special Report shall contain:

1. A determination of vhich fuel cycle facilities or operations,
in addition to the nuclear pover reactor unit(s) at the site,
contribute to the annual dose to the maximum exposed
individual. MNuclear fuel facilities over five miles from PNFP
need not be considered in this determination.

2. A determination of the maximum exposed i dividual.
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3. A determination of the total annual dose to this person from
all existing pathvays and sources of radioactive effluents and
direct radiation using the methodologies described in this
ODCM. Vhere additional information on pathvays and nuclides is
needed, the best available information vill be used and
documented.

4, A determination of the dose resulting from direct radiation
from the plant and storage facilities.

The total body and organ doses resulting from liquid effluents from
the PNPP vill be summed vith the doses resulting from gaseous
releases of noble gases, radioiodines, tritium, and particulates
vith half-lines greater than eight days vhen any of the dose limits
outlined in Sections 2.3.2, 3.3.1 or 3.3.2 are exceeded by a factor
of tvo. The doses from the PNPP vill be summed vith the dose to the
maximum exposed individual contributed from other operations of the
uranium fuel cycle.
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4.2 Direct Radiation Dose From PNPP

Potential direct radiation dose to individuals outside PNPP vill
arise from (a) skyshine and direct dose from the turbines, (b)
direct dose from the external surfaces of buildings, and (c, direct
dose from stored radvaste.

Coolant activation by bigh energy neutrons, the 016 (n.y)le
reaction, is of interest in boiling va'sr reactors, like PNPP,
because it can result in turbine skysnine and direct dose. The N-16
present in the steam of a direct cycle BVR is carried vith the stean
into the turbine moisture separators, and associated equipment.
Although N-16 has a 7.13 second half-life, its gamma emission can
present a radiation dose problem to the site boundary as a result of
the high energy gamma scatter from structures and the atmosphere.

All external valls of buildings at PNPP have been designed to
attenuate radiation sources from vithin the plant to maximum of
0.5 mrem/h outside, vith an expected radiation dose not to exceed
0.25 mrem/h.

Prcjected direct radiation dose assessment for normal operations vas
performed, based on BOX load factor and 100X occupancy, for the
closest site boundary location (VSV sector). Direct dose from
turbine skyshine vas calculated to be 1.3 mrem/yr and direct dose
from the surface of buildings vas calculated to be 2.2 E-3 mren/yr.

Direct radiation doses at PNPP vill be measured by self-contained
dosimeters encircling the site located in the general area of the
site boundary. These self-contained dosimeters vill be of the
thermoluminescent variety (TLDs) vith analyses performed quarterly
and annually.
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4.3 Dose to Members of the Public Vhile Onsite

PNPP Technical Specification 6.9.1.7 requires "assessment of the
radistion doses from radioactive 1iquid and gaseous effluents to
members of the public due to their activities inside the site
boundary”. This assessment is included in semiannual Radloactive
Effluent Release Reporting.

A member of the public is defined in Technical Specifications to
include anyone who is not occupationally associated vith the plant,
{.e., not a utility employee, contractor or vendor. Alse excluded
from this category is any person vho enters the site to service
equipment or make deliveries.

Maximum dose to member of the public vhile onsite is conservatively
assessed relative to offsite dose values. The assessment
methodology incorporates use of appropriate dilution, dispersion,
and occupancy factors for onsite activities.

The only liquid effluent dose pathvay atfecting members of the
public while onsite {s shore exposure. Fishing on the Lake Erie
shoreline is the assumed activity for this exposure. Onsite dose
assessment is made via ratio to the maximum calculated offsite shore
exposure dose incorporating adjustments for occupancy factor and
liquid effluent dilution.

Several cases are considered for gaseous effluent dose assessment 10
member of the public while onsite {ncluding: traversing a public
road vithin the site boundary, lakeshore fishing, non-PNPP related
training sessions at the Training and Education Center, car pooling
to the Primary Access Control Point (PACP) parking lot, and job
applicant intervievs. This evaluation is made using "relatize x/Q"
(atmospheric dispersion) values. "Relative Xx/Q" values are the
product of the highest annual average X/Q for the point of concern,
and occupancy factor for the case. An adjustment factor is derived
by ratioing this highest onsite "relative X/Q" to the highest site
boundary "relative x/Q". (A unity occupancy far*or is used in the
determination of the highest site boundary "relative x/Q").
Conservative onsite dose determination is made by applying the
vrelative X/Q" adjustment factor for the highest potential onsite
:ono activity to the highest calculated gaseous effluent offsite
ose.
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RADIOLOGICAL ENVIAONMENTAL MONITORING PROGRAM

Monitoring Program

Environmental samples shall be collected and analyzed according to
Table 5.1-1 at locations shown in Figures J.1-1 and 5.1-2. Table
$.1-4 describes sample locations, associated media, and approximate
distances and directions from the site. Analytical techniques used
shall ensure that the detection capabilities in Table 5.1-3 are
achieved.

Ground vater sampling vill not be conducted as part of PNPP’'s REMP
because this source is not tapped for drinking or irrigation
purposes in the area of the plant and the hydraulic gradient is not
suitable for useful groundvater contamination. The position of the
plant and the underdrain system vith respect to the hydraulic
gradient is such that any leakage or overflov from the underdrain
system vill flov north tovards Lake Erie. Local domestic vells
outside the exclusion area boundary are up-gradient from the plant.
As part of the REMP, samples vill be routinely collected from the
closest potable vater intakes on Lake Erie.

The results of the radiological environmental monitoring program are
intended to supplement the results of the radiological effluent
monitoring by verifying that the measurable concentrations of
radicactive materials and levels of radiation are not higher than
expected on the basis of the effluent measurements and modeling of
the environmental exposure pathvays. Thus, the specified
environmental monitoring program provides measurements of radiation
and of radicactive materials in those exposure pathvays and for
those radionuclides vhich lead to the highest potential radiation
exposures of individuals resulting from the station operation. The
initial radiological environmental monitoring program should be
conducted for the first three years of commercial operation;
folloving this period, program changes may be proposed based on
operational experience.

Deviations are permitted from the required sampling schedule if
specimens are unobtainable due to hazardous conditions, seasonal
unavailability, malfunction of automatic sampling equipment and
other legitimate reasons. If specimens are unobtainable due to
sanpling equipment malfunction, every reasonable effort shall be
made to complete corrective action prior to the end of the next
sampling period. All deviations from the sampling schedule shall be
documented in the annual report.
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5.2 Land Use Census Program

A Lard Use Census vill be conducted annually to identify, vithin a
distance of 8 km (5 miles), the location in each .. the
meteorological sgctors of the neargst residgnce, the nearest
vegetable garden greater than 50m“ (500 ft“) producing broad leaf
vegetation and the nearest milk-producing animal in each of the 22
1/2° meteorological sectors vithin a distance of five miles.

1f a Land Use Census identifies a location(s) that yields a
calculated dose or dose commitment (via the same erposure pathvay)
20% greater than at the location from vhich samples are currently
being obtained the nev location(s) vill be added to the radiological
environmental monitoring program within 30 days. The sampling
location(s), excluding the control station location, having the
lovest calculated dose or dose commitment(s), via the same exposure
pathvay, may be deleted from this monitoring program after October
3] of the year in vhich this Land Use Census vas conducted. Aay
location from vhich milk can no longer be obtained may be dropped
fror the surveillance program after notifying the NRC in writing
that they are no longer obtainable at that location.

The Land Use Census shall be conducted during the groving season at
least once per 12 months using that information that will provide
the best results, such as by a door-to-door survey, aerial survey,
general observations, or by consulting local agriculture
authorities. The results of the Land Use Census shall be included
in the Annual Radiological Environmental Operating Report.
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5.3 Inter Laboratory Comparison Program

The laboratories of the licensee and/or licensee’'s contractors vhich
perform analyses shall participate in the Environmental Protection

, Agency's (EPA) Environmental Radioactivity Laboratory Intercom-
parisons Studies (Crosscheck) Program or equivalent program. This
participation shall include all of the determinations (sample
pedium-radionuclide combinations) that are offered by EPA and that
also are included in the monitoring program. The results of
analysis of these crosscheck samples shall be included in the Annual
Radiological Environmental Operating Report.

. Broad leaf vegetation sampling of at least three different
types of vegetation may be performed at the site boundary in
each of tvo different sectors vith the highest predicted D/Qs
in lieu of the garden census. Specifications for broad leaf
vegetation sampling in Table 5.1-1 shall be folloved, including
analysis of control samples.

1f the results of a determination in the EPA cresscheck program (or
equivalent program) are outside the specified control limits, the
laboratory shall investigate the cause of the problem and take steps
to correct it., The results of this investigation and corrective
action shall be included in the Annual Radiological Environmental
Operating Report.



PNPP Radiological Envirommental Monitoring Program

Table 5.1-1

Analysis
Sample Media Locations* Sampling Frequency Type Frequency
Alrborne
radioiodine 1, 3,46,5,6,7, 35 Continuous sampler operation Radioiodine Veekly followving
and vith collection weekly or as I-131 canister change
particulates required by dust loading, Particulates Veekly following
loading, wvhichever is more Gross Beta(a) filter change
frequent
Camma Composite, by
Isotpic(h) location
quarterly
Direct Radiation 1 through 24, 35, 3% Continuous sampling, ome TLD Gamma Dose Quarterly
(3 TiDs/location) 41, 42, 43, 45, exchanged quarterly
53, 54, 55, 56, 58 Continuous sampling, one TLD Gamma Dose Annually
exchanged annually
Continuous sampling, ome TLD Gamma Dose Quarterly or
exchanged gquarterly or under emergency
under emergen~y situations situations
Vaterborne Composite(c) a3 Composite, by
surface 28, M, 59, 60 location,quarterly
ocinking(d) 36 Gross Beta Monthly
Gasma Isotopic Monthly
Sediment from 25, 26, 27, 32 Semiannually -- Spring and Gamma Isotopic Semiannually
shoreline Fall as weather permits
so0i1(®) 1, Z, &, 6, 12, 14, Quarterly Ganma Tsotopic Ouarterly

18, 20

S¢-89/%

See footnotes at end of table.
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PNPP Radiological Envirommental Monitoring Program

Table 5.1-1 (Cont.)

Analysis
Sample Media Locations* Sampling Frequency Type Frequency
tngestisg
| wmilk 29, %0, 31, &7 Monthly when animals are not -1, Monthly o
! 51, 52, 57, 61 o pusture Camne ALl
Isotopic
Semimonthly vhen animals are I-131, Semimonthly
on pasture Caamma
Isotopic
Fish 25, 32 Semianrually - Spring and “amma Semiannual ly
Fall as weather permits Isotepic
(edible
portion)
Food Products
(-] Human Consump! ion 38, 39, &9, S0 Annually I-1n, Annualy
1 Lamma
Isotopic
Animal Consumption 29, 3, &7, 51, Anmually, location determined by 1-131, Annually
52, 57 annual milk animal and Gamma Isotopic Q
garden census =
™
’,“lv.puu.. 6, 7, 15, 86, 48 tonthly during groving sesten 1131, Monthly during
Gamma Isotopic growing season
Precipitation'®’ 1, &, 6, 7, 12, 15 Monthly Gamma isotopic, Monthly
Gross Beta,
Tritium

i ARy
1 aley
'azIKo

Sampling locations were selected on the basis of lecal ecology, meteorology, physical charactizations of the region,

and demographic and land use features of the site vicinity.
guidelines (Appendix I to 10CFRS0, Regulatory Cuides 4.1, 4.2, and 4.8), population distribution (from envirommental

Other factors considered were applicable regulatory

£
08
K200

report), ease of access to sampling stations, security, future program integrity (e.g., not placing TiD’'s near areas
under construction or vhere the potential fer vandalism is high, and the NRC Radiological Assessment Branch Techmical
Position on radiological environmental monitoring as revised in Revision 1, November 1979 (reference 1). In addition,
certain locations vhere PNPP operations are unlikely to affect levels of radiation or radicactivit; vere selected as

conirol locatioms.



Footmotes to Table 5.1-1 (Comt.)

(a)
(b)

(c)
(d)

(e)
(f)

Particulate sample filters will be analyzed for gross beta 24 hours or more after sampling to allov for radon and
thoron daughter decay.

Gamma isotopic snalysis seans the identification and quantification of gamma-emitting radionuclides that may be
attributable to the effluents from the facility. If gross beta activity in air or water is greater than ten
times the mean of control sasples for any sedium, gamma isotopic amalysis will be performed on the individual
samples.

Composite samples will be collected vith equipment that is capable of collecting an aliquot at time intervals
that are very short (e.g., hourly) relative to the compositing period (e.g., monthly).

Biveekly (2 week period) I-131 amalysis om each composite is to be performed vhen the dose calculated from the
consumpt ion of water is greater than | mrem/year (using 0DCM methodology for maximum organ and age group).

Not Technical Specification required sample andium.

Vhen wilk sampling is not performed, samples of three kinds of broad leaf “egetation grown nearest each of

the two different offsite locations of highest predicted annual average ground level D/Q and one sample of each
of similar broad leaf vegetation growm 15 to 30 km distant in the least prevalent wind direction shail be
performed .

oAy
t afey
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Reporting Levels for Radicactivity Concentrations in Environmental Samples

Table 5.1-2

VATER ATRBORNE PARTICULATE FISH MILK POOD PRODUCTS
ANALYSTS (pCi’l) OR GASES (pCi/m’) (pCi/kg, wet) (pCi/1) (pCi/kg, wet)
B3 2 x 10°®
n-54 1x10° 3«10
Fe-59 4 x 107 1 x 10°
Co-58 1x10° 3 x 10
Co-60 1 x10° 1 x 10
n-65 1x10° 2 x 10*
Zr-W5-95 4 x 10°
1-1n 2 x 10° 9x10" 3 x 10° 1 x 10
Cs-13% 1 x 10! 1 x 10" 1x10° 6 x 10! 1x10°
Cs-137 s x 10' 2 x 10! 2 x10° 7 x 10! 2 x 10°
Ba-La-140 2 x 10° 3 x 107

(a) For drinking vater samples. The value given is the 4OCFRI4] value.

] .
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Table 5.1-3

Detection Capabilities for Environmental Sample Analysis and @) (®)

Lover Limit of Detection (LLD)

o e ATRBORNE PARTICULATE FISH wILK FOOD PRODUCTS SEDTMENT
ANALYSIS (pCisl) OR GASES (pCi/m ) (pCi‘kg, wet) (pCi/1) (pCi/kg. wet) (pCi/kg, dry)
Gross Beta & x 10° 1 x 1072

B3 2x w""

Mo 54 1.3 x 10} 1.3 x 107

Fe-59 1 x 10! 2.6 x 10°

Co-58, 60 1.5 = 10! 1.3 x 107

2065 1% 10! 2.6 x 10°

Nb-95 3 x 10

2c-95 1.5 x 10!

m 1 x 107 7 %10 1 x 10° 6 x 10!

Cs-1% 1.5 x 10! S x 107 132100 15x100 ex1of 1.5 x 10°
Cs-137 1.8 x 10" 6% 10 1.5 x 107 1.8x10'  6x10 1.8 x 107
Ba-140 6 x 10! 6 x 10!

La-140 1.5 x 10! 1.5 x 10!

t ARy
1 afey
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Table 5.1-3 (Cont.)
Table Notations

'I-.hd detection capabilities for thermoluminescent dosimeters used for environmental seasurements shall
be in accordance vith the recommendations of Regulatory Guide 4.13, except for specification regarding energy
dependence. Correction factors shall be provided for energy ranges not meeting the emergy dependence specification.

Brhe methodology for determining the LLD is contained in Appendix B.

“This list does not mean that only these nuclides are to be considered. Other peaks that are identifiable,
together vith those of the above nuclides, shall also be analyzed and reported in the Annual Radiological
Environmental Operating Report pursuant to Specification 6.9.1.6. For these radiomuclides in Technical
Specification Table 4.12-1 which are not detected, the typical LiDs for the measurement system will be
separately reported in the annual report.

‘If no drinking vater pathway exists, a value of 3 x IO] pCi/]l may be used.

®1¢ no drinking vater pathway exists, a value of 1.5 x 10" pCi/1 may be used.

t ARy
: aley
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11

Table 5.1-4

Sampling Locations and Media for Environmental Monitoring

Perry Nuclear Power Plant

Distance 1
Description (Wiles)  Direction Media''

Re 35, ¢ (Haines Road, North of Vest Chapel Road) 3.4 ENE APT, AI, TLD,
On pole 330%609; first pole south of first drivevay of left S0

Site Boundary; Tree line 0.7 E TWD, SO
Ash tree 1000 feet MW of second transmission tower from road

‘wreorological Tower 1.0 SE APT, AI, TLD,
On fence surrounding the equipment shelter

On pole WW79/SPGS5-30; inside auxiliary road gate of Parmly Road 0.7 S APT, AI, TID,

S0

%ire Boundarv. Quincy Substaion 0.6 w APT, AI, TLD
On pole $L1283/9300, east side cf substation

Jsncord Service Center (Control) 11.0 SSv APT, AI, TLD,
Msburn Road south of Rt. 90; on inside rear femce next to gate PR, SO, VL

Site Poundary; lLockwood Road Bus turnaround, on the right, 100 feet 0.6 NE APT, AI, TLD,
par* the  urnaround on tree with vhite dot. PR

Site Moundary; Tree Line, behind mursery off Antioch Road 0.8 E W

3ire Goundary; Transmission Line Tower 0.7 ESE TLD
Third tower from Antiech Road toward the plant

South-southeast Corner Security Fence 0.8 SSE TWD
On pole at turn in the fence

Transmission Line Tower 0.6 Ss¥ TWD
On tower at SV cormer of Center and Parmly Roads

Site Boundary; Transmission Line Tower 0.6 VN TD, PR, SO

Access road from N side of Parmly just ¥V of location #5

PR,

1 orARy
1 alwny
‘Az INo
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Table 5.1-4 (Cont.)
Sampling Loc+tions and Media for Envirommental Monitoring
Perry Nuclear Power Plant

Location
No.

Description

(Miles)

—

Distance
Direction

13

14
15

16

17

Madison-on-the_Lake
At end of Vhitevood Drive, N of Chapel Road,
W side of turnaround on pole $815803
Hubbard Road (South of North Ridge Road)
On pole $28974 on V side of road, S side of McMackin Creek
Madison Substation (Eagle Street)
On utility pole inside substation fence
Dayton Road (North of Interstate 90)
On pol2 #572203 on left after dirt driveway vhich is just
after the sharp left on Dayton
Chadvick Road (Cul de Sac South of Interstate 90)
On pole #276222/1182011; last pole on left
Blair Road
Cn pole on left just after road makes 30 degree left curve
down hill heading towards river
Lane Road and South Ridge Road
On pole BPCS648, 100 feet north of intersection
Nursery Road at Route 2 Overpass
On pole $828976 acruss from entrance *o Route 2
Hardy Road at Painesville Towmship Park
On pole #378345, east of park entrance
Painesville
On S side of Main Street across from Evergreen Cemetery
on tree vith vhite dot 60 feet west of pole BOBPC29%

4.7

4.9
5.1

5.0

5.2
5.0

5.3
5.3
5.1

6.9

" @

TD

TD, SO

EE8E EE B8
E 8
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Table 5.1-4 (Cont.)

!l_ilauu- and Media for Environmental Monitoring
Perry Nuclear Pover Plant

Location Distance 1 :

No. Description (Miles) Direction Wedia'
23 Falrport Harbor (High Street and Nev Street) 7.9 sV D
. On pole on rear substation facing street
24 St. Clair Ave. Substation (Comtrel) 15.1 v D

In Mentor; on rear fence cormer near rallroad tracks
b o] PNPP Discharge 0.6 N SED, FSH
26  Offshore at Redbird, vicinity of Ohioc Vater Service Compary Intake 4.2 ENE
27 Of fshore, vicinity of Pairport Barbor Vater Supply Systes Intake 7.9 vsv SED
28 Ashtabula (Control), CEI Generating Station Intake 22.0 ENE VIR
2 Milk Farm, Vaites residence, Antioch Road, Perry 1.3 ESE MK, FS
30 Milk Pars, Manley residence, North Ridge Road, Perry 2.3 Ssv MK, PS '1’"
n Midk Farm, Boffer residence, Antioch Road, Perry 1.4 ESE MK, PS l
32 Mentor -on-the-Lake (Comtrol) 15.8 sy FSH, SED
13 Deleved
34 PNPP Intake 0.7 Ny VTR
b »] Site Boundary; merth of transmission line, next to transformer, 0.6 E APT, AI, TID,

follov tree line VL, R
36 Painesville Vater Supply Intake 3.9 vsv VIR, TLD
37 Deleted
38 Seith Farm, 2861 Antioch Road, 1.1 E PD -

0.5 miles from North Ridge Road 2
b Goldings Farm Stand 1.8 ssv P R -

3515 North Ridge Road - . -

-
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Table 5.1-4 (Comt.)

Sampling locations and Media for Envirommental Monitoring

Perry Nuclear Powver Plant

Locat ion Distance 1
No. Description (Wiles)  Direction  Media'l
&0 Deleted
41 Clark Road 23 w TLD
One-half mile from Center Road, on pole No. 56199,
south side of road
42 Parmiy Road 0.8 s D
One-half mile from Center Road., located on utility pole
No. 582923 near southwest cormer of plant fence
4 Parmly Road 1.0 3 1 71)
Approximately 0.6 miles from Center Road next to stream,
tree vith vhite dot 50 feet from road, left of stream
o Parmly Road 1.0 SSE VL
&5 Clark Road 0.9 S5 TLD
Approximately 0.2 miles from Center Road on Pole No.
561960, south side of road
45 Deleted
a7 Milk Farm, Zoldak residence, Widdle Ridge Road, Madison 6.5 E MLE, FS
4R Antioch Road 1.1 ENE VL
49 Garden, 4385 Lockwood Road 0.8 NE PD
>0 Garden, 13271 Radcliffe Road 10.9 S PD 1
51 Rettger Farm, 13861 Painesville-Varren Road 9.2 S MLE, FS
52 Milk Farm, Pollack residence, Vood Rd. 4.5 SE MK, FS
53 Neff Perkins, Co., southeast fence corner 0.5 sV TD
54 Hale Bd. School, pole No. 395910, Z2nd from corner on Lee 4.6 W TD i
55 Perry School District Offices - On pine in tree line by
baseball diamond 2.5 S T
56 Madison High School, Ist clump of pine trees from library 4.0 ESE TW
57 Butler Residence, 6244 N. Ridge Road 8.5 E WK, FS e
58 On tree in W corner of Losely Nursery off Antioch Koad, 0.8 ENE D b =
approximately 100 yards north of location #8 & i
59 Lake shoreline at the north end of Creen Road 4.0 ENE VTR
60 Lake shoreline at the retired boat launch area in 1.0 sy VTR wis
Perry Park §
61 W 1k Farm, Keller residence, Devey Road, Madison 7.4 SE mx, Fs | 1€
(1) Al Air Todine X - Milk S - Seil
APT . Air Particulate PD - Produce TLD - Ambient Camma Dose Rate
F. - Feed/Silage PR = Precipitation VL. = Vegetation
= « Pish SED - Sediment VTR - Uater
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Appendix A

Ataospheric Dispersion and Deposition Parameters
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The atmospheric dispersion and deposition parameters used to calculate
gaseous effluent doses vill be calculated using the folloving equations.
Dose calculations vill be performed using hourly meteorological and
effluent data. All atmospheric releases at PNPP are considered to be
ground-level relezses.

a. Constant Mean Vind Direction Relative Dispersion Factor

e o 10 O (A-1)
(0) (x) (o)

Vhere:
X «he relative dispersion factor at ground level, in s/m3;
‘l'f « the terrain correction facto-, from FSAR Table 2.3-26,
dimensionless;
U = the vind speed (measured at 10m), in m/s;
X = the distance of calculation, in m;
2.032 = (2/m) ® divided by the vidth in radians of a 22.5°
sector
2
2 Hc ¥ %
o « the lesser of o , or (e ,) (3 )
n
Vhere:
Hc = the building height (44.8m);
o, = the vertical dispersion coefficient, per Regulatory
Guide 1,111, in m.
b. Depleted Relative Dispersion Factor
X/Qd B (X/O)(DPLj) (A-2)

Vhere:

x/od = the depleted relative dispersion fsctor (for airborne
halogens and particulates), in s/m";
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DPLj = the ground depletion factor for the "j"th distance,
interpolated from Table A-1, dimensionless;

X/Q = the relative dispercion factor, per equation A-1l.

¢. Ground Deposition

(DtPJ)(Tt)

D/Q = (A-3)
(0.3927) (x)

Vhere:

D/Q = the relative dcposigion per unit area (for halogens and
particulates), in m °;

DEP. « the ground deposition factor for gqe "j"th distance,
interpolated from Table A-1, inm °;

T, = terrain correction factor, from FSAR Table 2.3-26,
dimensionless;

X = the "j"th distance, in m;

0.3927 = radians per 22.5° sector



Table A-1

Atmospheric Depletion and Deposition Factors

Pasquill
Stability
Class 200 500 1,000 2,000

Distance (meters)

3,000 6,000 10,000 30,690 50,000 80,000

Depletion Factors mj) All 0.970 0.936 0.90 0.860

Depositio. Factors (nuj)(-") All 1.256-4 B.0E5 S.4E-5 3.2E-5

0.832 0.770 0.714 0.590 0.517 0.440

2.6E-5 1.5E-5

9.98-6 4.5e-6 3.0E-6 2.0E-6

1 ARy
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The folloving tables contain annual average atmospheric dispersion and
deposition parameters for long-term releases at PNPP. Long-term releases
are those that occur greater than 500 hours per year. The highest annual
average relative concentration (x/Q) value at the site boundary for
sectors over land shall be used for radioactive gaseous effluent monitor
setpoint calculations. The dispersion model used vas X0QDOQ, with PNPP
PSAR site-specific terrain adjustment factors included. Dispersion
value. ire based on seven years of meteorological data (May 1, 1972
through April 30, 1974 and September 1, 1977 through August 31, 1982),
ground-level releases, sector spread for purge calculations, and tvelve
vind speed classes.
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Table A-2
Site Boundary Atmospheric Dispcrsion (X/Q) and Deposition
Parameters (D/Q) for PNPP Unit 1

SECTOR DISTANCE x/0 D/a
(MILES) (BEC. /CUB. METER) (PER S0 METER)

N 0 18 3 7€-0% 1. 6E~07
NNE 0.2 1. BE-OS 7. 9E-0B
NE 0 42 S BE-D6 3 1E-08
ENE 0 &7 2 1E-06 1. 6E-0B
£ 0 &7 2 R€E-06 1. BE-OB
ESE 0 &7 1. 6E-06 1. 3E-08
SE 0. 7% 1. 4E~06 1. 1E-08
gsst 0 &2 2 RE-06 1. 4E-0B
S 0 81 2 7€e-06 1. 6E-08
SSwW 0 80 1 J3E-06 é BE-OY
Sw 0 &% 2. 3E-06 1 1E-0B
WSW 0 %6 4 26-06 1 SE-OB
- 0 27 2 SE-03 4 6E-OB
WNW 0 18 S 9E-09% 8 4E-0B
Nw 017 & 6E-OS 1. 1E-07
NNW 0 17 S SE-O3 1 2€-07



SECTOR

NNE

NE
ENE
ESE
€SE
&S

Ew
WSW
WNW

NW
NN'W

SECTOR

NIWE

NE
ENE
ESE

SEE

sW
WSW

Wi

NN

0.2
(MILES)

. 904E-03
635E-05
839E~-03

. JR7E~0S

- JLIE-0D

. ORSE~03
113E-0%

. BY4E~-0S

el S Y

2B3E~-0%
142E-05
449E~-0S
- 191E~-03
. 1B4E~Q®
6469E-0D
9O08E~03
S82E-0%

2B DPN--Nn

0.7
(MILES)

138BE~-06
622E-06
662E-06
. 937E-06
. 991E-08
. S01E-08
. 6ATE~D6
TYSE-O8

J27E-D6
646E-06
. O3JE~06
. SRT7E~0s
- 110E-06
. 4J4E~08
. TO&AE~D6
. AJVE-0s

VOO NNW NN U>»

Table A-3

0.3
(MILES)

. 4S3E~-0S
J60E-0S
- 760E~-06
. 129E-06
- JGE-06
- S6LE-06
C61E~06
022€E-05

P UONNIOI=N

. @27E~-03
. O79E~06
. 66IE~-06
. 111E-03
OBIE~OS
298E~0%
423E-0%
264E-03

NN Y-

0.8
(MILES)

F6BE-06
. 947E~08
- 163%5E~06
. 9BBE~06
. S1JE-D6
. R19E-06
. JJ4E-08
- RO66E-06

. 697E-06
- JISE~06
. B64E~O6
- IBOE-VS
. 1J%E~06
. J7BE~06
. GAJE-06
- JBBE-06

FY P Y L ' T T Y

Atmospheric Dispersion (X/Q) as a Punction of

0.4

" (MILES)

. S2SE-03
- 640E-0&
. ®93E-06
. 636E-06
. 760E-06

602E~-D6
. 9IASE-06
- 6A7E~06

. 932E~-06
. 9235E~06
. 92BE~Q&
. 0J1E~-06
231E-CS
401E~03
. 4BRE-0S
J90E~0S

e amNAUN PULUALMID-

0.9
(MILES)

. @0JE~06
.4B1E-D6
. B1%E~06
- JRJE~D6
. JAJE~06
- Q10E~06
. 10BE~-0é
. BB3E~06

ettt . K

. RATE~D6
. 114E~06
JP1E-O6
O0RE~06
. 304E~-06
. 719E-06
. 941E-06
720E-06

VOUUN==N
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Distance (l/la)

o"
(MILES)

. OS7E~-0%
. OBRE~0Dé
. A60E-08
293E~-0¢
- JETE~08
947Z-0&
78BE-06
. 71BE-06

- 615E-06
. 777E-06
. 479E-06
F34E-06
BJJE~04
S73E-06
O1%E-053
SQ1E-06

V=~ QDB2UNG BUNNLLID -

1.0
(MILES)

6J6E-06
132E-06
S32E-0&
129E-06
- 141E-06
. S71E-07
. 40QE-07
. 6C12-06

- W

. 911E-06
. ABSE~OD7
. 1BBE~0é
. T19E-06

034E-06
. @ISE~-06
. AQBE-04
. @J0E~-D&

GLWW™ =g

0.6
(MILES)

. 91BE~06
612E~06
JIBIE-06
AS0E~06
- 83BE-06
- 916E-08
100E~06
S60E~0é&

WN=NNWAN

. @IBE-D6
OS7E-0é
622E-06
733E-06
606E~-D6
. O93E~-06
S21E~06
OB3E-06

NNNCUYUNN S

1.1
(MILES)

. 949E~-06
. @7BE~06
. 69E~-07
710E~07
76BE~07
OBOE~0O7
A34E~-07
S24E-07

. J40E~-07
R23JE-07
667E~-D7
671E-07
. 6J0E~06
. BASL ~06
. 992E-06
. BIVE-06

meemDUUN GAUOD -~



SECTOR 1.2
(MILES)
N 1. 729E-06
NNE 1. 12BE-06
NE 8. 150E-07
ENE 9. B878E-07
E S 917E-07
ESE 4 427E-07
SE 3 BY1E~07
S$SE 4 BRYE-07
€ 6 424£-07
8SW 4 574E-07
W 4 974E-07
WS 7. 648BE~07
W 1. 442E-06
WHiW 1. 644E-06
N 1. 733€E-06
N 1 637E-06
SECTOR 1.7
(MILES)
N 1. 074E-06
NNE & US7E~O7
NE 4 DILE-O7
ENE 3 A71E~O7
E 3. 487€-07
ESE 2. 890€-07
SE - 2 268E-07
BEE 2 827e-07
¥ 3 780E-07
ESW R TOEE-07
sw Q. 96dE-07
WEW & 4A29E-07
W § C37E-07
Wil 1. 038E~06
N ! OSSE-06
NN 1. G2BE-D4

Table A-3 (Cont.)
Atmospheric Dispersion (X/Q) as & Function of Distance (l/l )

AULLO -

e S W T

4= QDA NNLEG NNBDLUIGO

1.9
(MILES)

. S49E-06
. O0LE~D6
. @4JE~O07

‘20%€-07
. @0E~-07
- 919E-07
. 436E-07
. R67E-07

6B4E-07
. OS4E-07
. 417€-07
. B14E~-07
. @F9FE~C6
. 479E-06
. 963E~-06
471E~-06

1.8
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Appendix B

Lover Limit of Detection
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The lover limit of detection (LLD) is the smallest concentration of
radioactive material in a sample that vill be detected vith a 95 percent
probability with a 5 percent probability of falsely concluding that a
blank observation represents a "real" signal.

For a measurement system (vhich may include radiochemical separation)
based on gross beta, gross alpha, liquid scintillation, or other analyses
vhere a background count determined by a separate measurement vith no
sample (or blank sample) is subtracted from the gross sample count to
obtain a net count due to sample activity:

r ¥
1.3 [ b ., b ] (B-1)
LLD « s ‘b

©TEVI(Y,) exp (X 60

Vhere:

LLD « the "apriori" lover limit of detection, as defined
above;

C = the conversion factor of transformations per unit time per
uCi or pCi;

E = the detector efficiency;

r, = the background count rate in units of transformations
per unit time;

ty = *he counting time of background;

ty * the counting time of the sample;

V « the sample size, in units of mass or volume;

Yc « the fract =al radiochemical sample collection or
concentry _on yield (vhen applicable);

&t « for plant effluents, the elapsed time betveen the midpoint
of sample collection and time of counting; for
environmental samples, (he elapsed time betveen sample
collection (or end of the sample collection period) and
time of counting;

A « the radiosctive decay constant for the radionuclide in
question,
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For the purpose of routine analyses, count times for both the sample(s)
and background(s) are equal. This satisfies the given Technical
Specification lover limit of detection definition, as the numerator of
equation B-1 simplifies to 4.66 S _, vhere S_ is the standard deviation of
the background count rate or the count rate of a blank sample as
appropriate.

The LLD is defined as an "apriori" (before the fact) limit representing
the capability of a measurement system and not as an "a posteriori”
(after the fact) liait for a particular measurement.

For gamma ray spectroscopy analyses (Canberra Spectran - F Version 2):

LD exp (0.695 ot/t %)
LLD « (B-2)
©E OO (T

Vhere:

LLD « the lover limit of detection, in wCi or pCi per unit
mass or volume;

C = the conversion factor of transformations per unit time
per uCi or pCi;

E « the detector efficiency for the energy in question;

~
"

the data collection (counting) time of sample;

t £« the half-life of the radionuclide in quustion;

<
"

the sample size, in units of mass or volume;

Y = the fractional radiochemical, sample collection, or con-
centration yield (vhen applicable);

Yy = the yield of the gamma ray in question;

&t « for plant effluents the elapsed time betveen midpoint
of sample collection and time of counting; for
environmental samples, the elapsed time betveen sample
collection (or end of the sample collection period) and
the time of counting;

LD « the detection limit

2 N N )
e kY o« 2k Tn (1« !;) (l1 . .2) « 1 % (B-2a)
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the number of counts in "n" background channels belov the
peak due to Compton scattering, etc., determined at the
same time a photopeak is measured;

the number of counts in the "n" background channels above
the peak;

an abscissa of the normal distribution corresponding to
confidence level,

1.645 at a confidence level of 95%;

the measured value of interference in the photopeak of
interest due to environmental background, detector
contamination, etc., determined by a separate measurement
vith no sample;

the number of channels in the photopeak of interest;

the number of background channels on each side of the
photopeak of interest;

the standard deviation of I.

of E, V, Y, and At shall be used in the calculation.

In calculating the LLD for a radionuclide determined by gamma-ray
spectrometry, the background shall include the typical contributions of
other radionuclides normally present in the samples (e.g., potassium-40
in milk samples).

Analyses shall

be performed in such a manner that the LLD's listed in

T.bl.. ‘01101'1'1‘1, ‘01102-1-2'1. .nd ‘012-1’1 O( ‘h. I‘d‘QlO"c.l
Effluent Technical Specifications for the Perry Nuclear Pover Plant wvill
be achieved under routine conditions. Occasionally, background
fluctuations, unavoidably small sample sizes, the presence of interfering
nuclides, or other uncontrollable circumstances may render these LLDs

unachievable.

In such cases, the contributing factors vill be identified

and described in the Annual Radiological Environmental Operating Report
or the Semiannual Radiosctive Effluent Release Report.
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THE PERRY NUCLEAR POVER PLANT
LAND USE SURVEY
1988
I. INTRODUCTION

The Perry Nuclear Pover Plant is a twin unit BVR plant vith a capacity to
generate 1205 MVe Net per unit. The ma'n condenser circulating vater is

cooled by a closed-loop natural draft cooling tover system. The plant is
located on Lake Erie, on approximately 1100 acres about thirty-five miles
northeast of Cleveland, Ohio.

The Unit 1 reactor has accumulated 5799.2 GVHr of operating capacity as of
June 30th of this year. The construction of Unit 2 is on indefinite hold.

All nuclear facilities have the potential of releasing radiocactive material to
the environment. To assess the impact of this release, it is important to
understand site-specific parameters vithin the communities around the plant.
Some of these parameters include residents themselves and food products. The
people vho live, vork, and farm vithin a community have a great influence on
hov the land is used.

The purpose of the land use survey is to determine the use of land vithin the
vicinity of the plant and to identify any changes. The information obtained
in this survey can be used in future dose pathvay assessments.

This survey vas conducted in accordance with 10 CFR 50 Appendix I, "Domestic
Licensing of Production and Utilization Facilities", and the PNPP Technical
Specifications, Section 12, "Radiological Environmental Monitoring Program".

II. METHODOLOGY

The procedure for conducting the Land Use Survey is PNPP REMP Instructions
0017, "Land Use Survey For Residence, Gardens and Milk-Producing Animals”
Revision 0. The 1988 survey vas conducted from June 3rd to June léth.

The land vse survey vas conducted by traveling over major roads vithin the
five mile radius of the plant. In residential areas (i.e., sub-divisions,
small communities, and trailer parks), roads vere selected at random for the
survey.

The nearest resident and the nearest garden vere determined by visual
inspection. A map vith 16 equal sectors (22.5 degrees per sector) was used to
determine the nearest resident and nearest garden by sector.

Dairy covs, milking goats, and non-dairy animals vere identified by 'isual
roadside inspection, previous years Land Use information and information
obtained from local residents.



Agricultural grovers vere identified by commercial roadside signs. A visual
inspection of the area as vell as the description on the roadside
advartisement vas used to determine the nature of the product grovn on the
property. This report includes a section covering general observations of the
area during the survey.

III. RESULTS AND DISCUSSION

This survey reports the findings of tho nearest resident and nearest garden by
sector, as vell as dairy animals and non-dairy animals vithin the five mile
radius of the plant. The survey included agricultural grovers vithin the five
mile vicinity of the plant. Figure 1 is a map shoving these locations by
symbols.

The surveillance of dairy animals, non-dairy animals that consume vegetation,
and agricultural grovers vill allov close monitoring of the food-chain
pathvay.

The dispersion and deposition values used in this report are taken from
Appendix A of the PNPP Offsite Dose Calculation Manual (0DCM). ese values
represent the sever year annual average based on the seven year onsite
meteorological data base. (REF. 1)

1. Nearest Resident

The nearest residents are shown in Table 1 vhich includes direction, address
and distance, dispersion value (X/Q) and map locator for easy reference to
Figure 1.

The resident at 3121 Center Road vas identified as having the most restrictive
dispersion value (X/Q) as a function of distance vith respect to other
sectors.

The historical trend of the nearest rasidents, by sector, since 1984, shovs
that only the residents in the South sector and the Northeast sector have
changed.

2. Nearest Garcen

The nearest gardens are shovn i{n Table 2 vhich includes direction, addrecss and
distance, deposition value (D/Q) and map locator for easy reference to
Figure 1.

The nearest garden vith the highest deposition value as a function of distance
vith respect to other sectors vas 3121 Center Rd. Last year the garden at
3119 Paraly Road had the highest D/0 value. The residence at 3121 vas vacant
last year and did not have a garden.



The historical reviev of PNPP Land Use Surveys since 1984 shovs that several
gardens have changed over this period. The owners of these gardens have
occasionally chosen not to grov a garden during a particular year for personal
reasons or the property has been vacant.

3. Dairy Animals

Dairy animals vere confirmed from las. ,ear’s annual land use survey and a
search vas made vithin the five mile radius of the plant to identify nev
locations.

The dairy animals are listed in Table 3 by direction, location, deposition
(D/Q) value, number/type of animals, map locator, and comments.

The iocation at 3291 Parmly Rd., N. Perry vas identified as having the highest
deposition value as a function of distance vith respect to other sectors.

This location has been contacted for participation in the PNPP Radiological
Environmental Monitoring Program for milk sampling on several occasions. The
ovners at this residence declined to participate. (Table 3)

The locations at map locator 23, 24, and 28 have been the most consistent in
the past fev years in supplying milk samples.

A nev location in the SE sector, 7.4 miles from the plant on 5888 Devey Road
in Madison vas added to the milk sampling program this year.

4., Non-Dairy Animals

Non-Dairy Animals, such as rabbits, cattle and pigs, are animals that consume
vegetation (including pasture grass) as their main staple diet and can be
consumed Ly man. The major food chain pathvay is the air-to-pasture
grass-to-animal-to-man.

Table 4 shovs these animals by direction, location, deposition value,
number/type of animal and ..p locator. This table is updated every year to
reflect nev locations, as vell as locations that no longer (ave their
livestock. The number of animals and type of animals change from year-to-year
as owvners purchase and sull their livestock.

A total of 24 locutions vere identified in the 1988 Land Use Survey. This is
the same number of locations that vere identified in the 1987 Land Use Survey.

5. Agricultural Grovers
Agricultural grovers ars commercial businesses that grov crops or planis.
These businesses are ideatifie! oy roadside signs vithin the five mile
vicinity of the plant. Tue tvo major pathvays are: 1) air-to-crop-te-man and
2) air-to-soil-to-crop-to-man.

The identificaion of agricultural grovers vithin the vicinity of PNPP will
help in determining hov the land is being used in the area.

o i
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LAND USE SURVEY
1988
REFERENCES

PERRY NUCIL.EAR POVER PLANT OPERATIONS MANUAL, OM12D, OFFSITE DOSE
CALCU. \TION MANUAL, APPENDIX A: ATMOS{ IERIC DISPES!E E MSITION

' ¢ '
KASSER, HELENE L., PERRY NUCLEAR POVER PLANT LAND-USE 3%{57 FOR 1986,
NUS-4739, PREPARED
ILLUMINATING COMPANY, NOVEMBER 1986.
VEBB, J., (IZMORANDUM "E" - $0/2366, FROM J. VEBB TO L.0. BECK:

IADIOWECAL ENVIRONMENTAL MONITORING PROGI.AMi KX% gnrrus. THE

VEBB, J., PERRY NUCLEAR POVER PLANT LAND-USE SURVEY FOR 1987

RAINES & COMPANY INCORPORATED, CROSS DIRECTORY FOR LAKE AND GEAUGA
COUNTIES




TABLE 1
NEAREST RESIDENT BY SECTCR
AND DISPERSION (X‘Q) VALUE

Nearest Rcsident (1) X/Q Value Map
Direction (Distance/Address) (Sec/m?) Locator

S 0.9 miles/3121 Center Road 2.25 E~6 1
NE 0.8 miles/4384 Lockvood Road 2.17 E-6 2
SSE 0.9 miles/3117 Parmly Road 1.89 E-6 3
ENE 1.0 milus/4602 Lockvonod Road 1.13 E-6 “
SSV 0.9 miles/ 3850 Clark Road i.11 E-6 S
VsV 1.1 miles/3462 Parnly Road 8.67 E-7 )
E 1.2 miles/2684 Antioch Road 5.92 E-7 7
SV 1.2 miles/ 3440 Clark Road 4.98 E-7
ESE 1.2 miles/2774 Antioch Road 4.44 E-7 9
SE 1.2 miles/4495 Nerth Ridge Road 3.89 E-7 10

(1) The folloving sectors extend over vater: WV, VNV, NV, NNV, N, axd NNE.

(2) All residents are located in the North Perry Township.




TABLE 2

NEAREST GARDEN BY SECTOR
AND DEPOSITION (D/Q) VALUE

(1)(2)

Nearest Resident D/Q Value Map

Direction Distance/Addr ~(Per m’') = Locator

) 0.9 miles/312]1 Center Road 1.31 E-8 11
NE 0.8 miles/4384 Lockvood Road 1.09 E-8 12
SSE 0.9 miles/3119 Parmly Road 1.23 E-8 13
ENE 1.2 miles/4650 Lockvood Road 4.11 E-9 14
S5V 1.5 miles/3513 North Ridge Road 1.48 E-9 15
VsV 1.9 ailes/Corner of Blackmore 2.31 E-9 16
and Clark Roads (3)
E 1.1 miles/2674 Antioch Road 5.29 E-9 17
sV 1.2 miles/3440 Clark Road 2.24 E-9 18
ESE 1.3 miles/2846 Antioch Road 2.97 E-9 19
SE 1.2 miles/4521 North Ridge Road 2.90 E-9 20
(4)

(1) The folloving sectors extend over vater: WV, WNW, NV, NNV, N, anj NNE.

(2) All gardens are located in the North Perry Tovnship.

(3) Cultivated corn field on south side of Clark Road; no address of owvner of
this field vas available.

(4) This property belongs to Golding’'s Farm on 3515 North Ridge Road. The
property extends north from North Ridge Road and turns vest to Perry Park
Road. This property is used for growing produce and fruits for public
consumption,



Direction

Location
(Distance/Address)

1.0 miles/
3291 Parmly Road
North Perry

1.3 miles/
Antioch Road
North Pe:ry

1.4 miles/
2897 Antioch Road
Notrth Perry

2.3 miles/
3202 Nocrth Ridge Road
North Perry

3.6 miles/
5230 South Ridge Road
Perry

4.5 miles/
4566 Vood Road
Madison

TABLE 3

MILK ANIMAL BY SECTOR

AND NEPOSITION (D/Q) VALUE

D/Q Value Number /Type Map
(Per »?) of Animals Locator
1.02 E-8 1 Goat 21
2.97 E-9 19 Geats 22
2.62 E-9 8 Goats 23
7.24 E-10 30 Goats 24
4.24 E-1O 4 Dairy Cowvs 25
2.58 E-10 2 Dairy Covs 26

Comments
Resident declined to participate
in milk-sampling program.

Vaites residence (milk samples).

Hofer residence (milk sample:- ).

Manley residence (milk samples).

Resident declined to participate

in silk-sampling program.

Pollack residence (milk samples).



Direction

Location
(Distance/Address)

4.1 miles/
4676 Elberta Road
Perry

6.5 ciless (V)
MiAdle Ridge Road
Madison

4.6 miles/
3548 River Road
Madison

8.5 ailes (V)
North Ridge Road
Geneva

7.4 siles (V)
S88Z Dewvey Road
Madison

D/Q value
(Per a’)

2.39 E- 10

2.07 E-10

1.94 E-10

1.35 E-10

1.07 E-10

Numbez /Typ Map
of Animals Locator
2 Goats 27
15 Goats 28
1 Dairy Cow 29
10 Goats 30
14 Goats 100

Comments

Zoldak residence (milk samples).

Butler residence (milk samples).

Keller residence (milk sasples).

New location

(1) This location is not on aap in Figure 1.



Direction

Location

(Distance/Address)

1.3 miles/
2821 Antioch Road
North Perry

2.0 miles/
2620 Townline Road
North Periry

1.8 miles/
3590 Center Road
Perry

2.1 miles/
2541 Townline Road
Madison

2.1 miles/
2447 Towniine Road
Madison

2.0 miles/
3608 Call Road
Perry

TABLE 4
NON-DAIRY ANIMALS

BY SECTOR AND DEPOSITION (D/Q)

D/Q Value Nuaber /Type
(Per m*) of Animals
2.97 E-9 3 Cattle
4 Pigs
1.88 E-9 3 Cows
1.77 E-9 1 Bull
2 Steer
1.57 E-9 1 Goat
1 Cow
350 Rabbirts
1.57 E-9 1 Geoat
1.7°4 E-9 10 Cat le
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Lecator

31

33

35



Direction

Location
(Distance/Address)

2.6 miles/
3234 McMackin Road
Madison

2.2 miles/
3340 Blackmore Road
North Perry

3.7 miles/
6008 North Ridge Road
Green Farm, Madison

3.1 miles/
3941 Townline Road
Perry

2.8 miles/
4686 Davis Road
Perry

3.7 miles/
5320 South Ridge Road
Perry

4.6 miles/
6401 Middle Ridge
Voodworth Farm, Madison

4.0 miles/
3587 Dayton Road
Madison

4.5 miles/
5960 Middle Ridge
Madison

D/Q Value
(Per m?)

8.90 E-10

7.82 E-10

5.78 E-10

5.53 E-10

4.71 E-10

4.04 E-10

3.91 E-10

3.76 E-10

3.04 E-10

o Bl -

Number /Type
of Animals

18 Carttle

6 Cattle

8 Cattle

8 Cattle

6 Cowvs

55 Cattle

4 Dairy Cows

49 Cattle

2 Cattle

13 Cattle

41

42

43

45



Direction

Location

(Distance/Address)

4.4 ales/
4260 Vood Road
Madison

4.5 miles/
4566 Vood Road
Madison

4.6 miles/
4145 Daytom Road
Madison

4.1 miles/
4676 Elberta Road
Perry

4.6 miles/
5278 River Road
Madison

4.6 miles/
3588 River Road
Perry

4.8 miles/
5551 River Road
Madison

4.7 miles/
3920 River Road
Perry

D/Q Value
(Per %)

2.69 E-10

2.58 E-10

2.48 E-10

2.39 E-10

1.94 E-10

1.94 E-10

1.80 E-10

1.61 E-10

- 12 -

Number/Type
of Animals

2 Covs

4 Cattle
1 Dairy Cow

12 Cattle
? Goats

15 Cattle
14 Cattle
1 Dairy Cow

6 Cattle

30 Cattle

Locator

47

49

51

52

53



Location D/Q Value
Direction (Distance/Address) (Per »%)
Ssv 4.9 miles/ 1.31 E-10
3082 South Ridge Road
Perry
NOTE: The nusber of livestock may vary from time

Number /Type
of Animals

8 Cattle

Locator

to time due to sale or slaughter.

-
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Losely Nursery

Rutiand Farm
Tvins Creek Farm
Roe Mer Nurseries

Secor Nursery

Rainbov Farms
Antioch Farm

Ridge Manor Nurseries
Inc. (Reigert Farm)

Green Faim

Ridge Manor Nurseries
Inc. (Reigert Farm)

Great Lakes tvergreens
(Dayton Farm #1)

Address

Lockwood Road
Antioch Road

Baines Road
Haines Road
Green Road

North Ridge Road

Townline Road
Antioch Road

North Ridge hkoad

North Ridge Road

ubbard Road

Dayton Road

TABLE 5

AGRICULTURAL GROVERS

VITHIN VICINITY OF PNPP

City
North Perry

Madison
Madison
Madison

Perry

Perry
North Perry

Madiczon

Madison

Madison

Sector/Distance

NE/0.9 miles
E/1.0 miles

ENE/3.1 miles
ENE/3.2 miles
E/31.6 miles

ESE/1.8 miles

ENE/1.9 ailes
ESE/1.4 miies

E/2.9 miles

E/3.7 miles

ENE/S.0 miles

ESE/4.0 miles

14 -

D/q Map
(Per m*) Type of Grower Locator
8.91 E-9 Nursery 55
9.06 E-9
7.84 2-10 Stravberry Field 5€
7.41 E-10 Stravberry Field 57
6.07 E-10 Nursery 58
1.69 E-9 Nursery/ 59

Stravbercry Field

1.86 E-9 Stravberry Field 60
2.62 E9 Produce 61
8.91 E-10 Nursery 62
5.78 E-10 Straw/Hay/Rye 63
3.34 E-10 Nursery 64
3.76 E-10  Nursery 65




0/Q Hap

Name Address City Sector/Distance (Per m*) Type of Grower Locator
Kingvood Nurseries Burns Road Madison E/4.]1 miles 4.81 E-10 Nursery 66
Voodvorth Farm Middle Ridge Road Madison E/4.6 miles 3.91 E-10 Produce 67
Great Lakes Evergreen Middle Ridge Road Madison ESE/1.7 miles 4.32 E-10 Nursery 68
{(Hejduk Farm)

Sunleaf Nursery Middle Ridge Road Madison ESE/3.0 miles 6.91 E-10 Nursery 69

Lake County Nursery Middle Ridge Road Hadison ESE/3.4 miles 5.03 E-10 Nursery 70

(Kohanke Farm)

D. L. Cravford Middle Ridge lod“) Madison ESE/2.6 miles 8.89 E-10 Nursery 7

Nursery Inc.

J. Turkenburg Middle Ridge Road Madison ESE/2.7 miles 8.32 E-10 Nursery 72

Nurseries

Heans Nursery Middle Ridge Road Madison ESE/2.7 miles 8.32 E-10 Nursery 73

Dugan Nurseries North Ridge Road Perry SSE/1.3 miles 2.61 E-9 Nursery 74
Kanchester Road $/1.7 miles 1.95 E-9

Turkenburg Nurseries Vood Road Madison SE/4.1 miles 3.05 E- 10 Nursery 75

The Cottage Gardens Middle Ridge Road Perry SE/1.7 miles 1.58 E-9 Nursery 76

D. E. Stallards/ Middle Ridge Road Perry SE/1.9 miles 1.21 E9 Nursery 1”7

Daughter Nursery

Brookside Fruit Farm Middle Ridge Road Perry $/71.7 miles 1.95 E-9 Fruits 78

Landscape Industries Green Road Porry 5/2.4 miles 5.33 E-10 Nursery 79



D/Q Map

—— Addrecs City Sector/Distance (Per »’) Type of Grower Locator

Lake County Nursery Narrovs/South Ridge Perry SSE/3.4 miles 3.34 E-10 Nursery 80

Roads

South Ridge Road SSE/3.5 wmiles 3.17 E-10

Turnkey/South Ridge SSE/3.6 miles 3.02 E-10

Roads
Villovbend Nursery Davis Road Perry SSE/2.6 miles 5.37 E-10  Nursery 81
Garnett Faim South Ridge Foad Madison SE/4.0 miles 3.51 E-10 Produce 82
Klyn Nurseries South Ridge Road Madison SSV/4.8 miles 1.35 E-10 Nursery 83
Herman Losely/Sons Shepard Road Perry SSN/3.8 miles 2.06 E-10 Nursery B4
Nurseries
Perry Lake Nursery Shepard/Lane Roads Perry 55§/4.3 miles 1.65 E-10  Nursery 85
Great Lakes Evergreen Maine/Lane Roads Perry SS¥/3.9 miles 1.97 E-10  Nursery 86

North Ridge Road SSN/1.7 miles 1.19 E-9
Norris Gacrden Ceater North Ridge Road Perry S¥/2.8 miles 5.12 E-10  Nursery 87
Vest Occhard Fruit North Ridge Road Perry SN/2.7 miles 5.46 E-10  Fruits 88
Market Perry Park/Clark SN/1.6 miles 1.36 E-9 Produce

Roads
Gilson Gardens North Ridge Road Perty SN/2.5 miles 6.25 E-10 MNursery 89
Blackacre Farm North Ridge Road Perry S¥/2.3% miles 7.24 E-10 Produce 9%
Martin's Nursery North Ridge Road Perry S5¥/1.9 miles 9.81 £2-10 Nursery 91
Golding Farm North Ridge Road North Perry S5W/1.7 miles 1.19 E-9 Fouits 92

Perry Park Road S¥/1.5 miles 1.52 E9 Produce



b/Q Map

Name Address City Sector/Distance  (Per m’) Type of Grower Locator

Lake County Nurserv North Ridge Road North Perry SS¥/1.5 miles 1.48 E-9 Nursery 9
IXJQ County Nursery Narrovs Road Perry SSN/2.4 miles 4.65 E-10 Nursery 9%
ne.

Frank Square Nursery Narrovs Road Perry S5V/2.9 miles 3.33 E-10 Nursery 95
Beardslee Nursery Blackmore Road Perry S¥/2.2 miles 7.82 E-10 Nursery 96
Penn-Ohio Gardens Park Avenue Painesville S53/5.0 wmiles 1.26 E-10 MNursery 97
Ralph T. Norman Park Avenue Painesville SSU/5.0 miles 1.26 E-10 Nursery 98
Nursery

Lester T. Square Farm Blase-Nemeth {oad Painesville S¥/4.0 miles 2.71 E-10 Produce 9
(1) D. L. Cravford Nursery on both N & S sides of road.
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THE CLEVELAND ELECTRIC ILLUMINATING COMPANY

PO BOX 97 @ PERRY OMIO 44087 @ TELEPHONE (218) 2593737 @ ADORESS-1C CENTER ROAD

Serving The Best Location in the Nation
PERRY NUCLEAR POWER PLANT

Al Kaplan

VICE PRESOENT
NUCLEAR GROR#

August 30, 1988
PY-CE1/NRR-0906 L

Us 8. Nuclear Regulatory Commission
Document Control Desk
Washington, D.C. 20555

Perry Nuclear Power Plant
Docket No. 50-440
Semiannual Radioactive
Effluent Release Report

Gentlemen:

We are hereby submitting the Semiannual Radioactive Effluent
Release Report for the Perry Nuclear Power Plant, Unit 1, for
the perlod of January | through June 30, 1988, This report
meets the requirements of the Regulatory Guide 1.21, as
applicable to the Perry Technical Specification, Section
6.9.1.7. All effluent releaves were within the concentration
and release limits specified in the Radiological Effluent
Technical Specifications.

If you have any questions, please feel free to call.

Very truly yours,

P ege)

Al Kaplan
Vice President
Nuclear Group

AK:nje

ce: T. Colburn
K. Connaughton

USNRC, Region III //fp’A(



