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1.0 INTRODUCTION

This Offsite Dose Calculation Manual (ODCM) contains information
and methodologies to be used by the Perry Nuclear Power Plant
(PNPP), Unit 1, to ensure compliance with PNPP Radiological
Effluent Technical Specifications. The Technical Specifications
are written to satisfy 10CFR20, 10CFR50.36 and Appendix I, and
40CFR190 requirements.

Sections 2 and 3 of this manual deal with liquid and gaseous
radiological effluents, respectively. Each of these sections
contain alarm setpoint determination, radiation dose and dose rate
calculation methodologies, as well 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 and tables contained therein designate specific sample
types and locations currently used to satisfy the Technical Speci-
fication requirements for the REMP as well as sampling reporting
and detection capability limits. The sample types and locations
are subject to change based on the results of the annual land use
census,

The ODCM has been prepared, as generally as possible, in order to
minimize future revisions. However, any such changes will be
reviewed 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 Techni-
cal Specifications is contained in the appendices at the end of
this manual. Appendix A contains atmospheric dispersion and
deposition parameters, and Appendix B presents the methodology for
determining the lower limit of detection (LLD).
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2.0 LIQUID EFFLUENTS

2.1

& 1.

1

Batch Releases

A batch release is the discharge liquid radioactive waste of a
discrete volume. Batch releases from the liquid radwaste system
may occur from any of the following tanks: waste sample tank,
floor drain sample tank, chemical waste distillate tank, and
detergent drain tank. (See Figure 2.l1-1)., The maximum release
rate possible, due to pump capacity, is 200 gallons per minute from
all release tanks except the detergent drain tank, which has a
maximum release rate of 50 gallons per minute. All of the above
liquid radwaste releases go to the Emergency Service Water dis-
charge which is then released through the discharge canal after
mixing with Service Water effluent, and blowdown from Circulating
Water system if present,

The type and frequency of sampling and analysis required by the
PNPP Technical Specifications is given in 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., This procedures ensures that the water in the tank
wlll be mixed and will be representative of the activity in the
tank, The minimum recirculation performed is the equivalent of two
volumes of the tank contents.

Monitor Alarm Setpoint Determination

Monitor alarm setpoints will be determined in order to ensure
compliance with 10CFR20. The radioactive content of each
batch release will be determined prior to release in
accordance with Table 4.11.1.1.1-1 of the PNPP Technical
Specifications. Concentrations for tritium and other
non-gamma emitting isotopes will be those most recently
determined (previou; month/quarter). Initial source terms,
until monthly/quarterly analysis results become available, for
non-gamma emitting isotoptes listed in the Technical
Specifications will be those generated by the GALE code,
Revision 0 for PNPP (FSAR Table 11.2-13). This method will be
used to calculate the setpoint for the Radwaste Discharge
Radiation Monitor - ESW Discharge (D17K606) which provides
alarm and automatic termination of liquid effluent releases
from the site to unrestricted areas before concentrations
specified in 10CFR20, Appendix B, Table II, Column 2 for
radionuclides other than noble gases are exceeded.
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2.1.1.1 Determination of the Minimum Acceptable Dilution Factor

c
pF = 2 1 (2.1-1)
. i

MPCi
Where:

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

Ci = the concentration of radionuclide i in the batch to
be released, in uCi/ml;

; MPC1 = the limiting maximum permissible concentration of
radionuclide 1, from Appendix B, Table II, Column 2
of 10CFR20, in uCi/ml.

DF = 10 DFO (2.1-2)
Where:

DF = the conservative dilution factor used by PNPP to
calculate the maximum release rate prior to release
in order to ensure compliance with 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 radwaste releases from PNPP,

NOTE: If the concentration of a radionuclide is below the
lower limit 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 Allowable Radwaste Tank Discharge

Flow Rate
0.8 mdf
— DF (2.1-3)
Where:
fmax = the maximum allowable radwaste tank discharge flow

rate for the batch to be released, in gpm;
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DF = the conservative dilution factor, as per equation
2.1-2;

mdf = the minimum dilution flew - supplied by the Service
Water system, i.e., the low flow alarm setpoint of
the Service Water Flow Transmitter P41-N443 =
30,000 gpm;

0.8 = an engineering factor to prevent spurious alarms.

The liquid radwaste tank discharge flow should be maintained
at or below this f valve by proper regulation of the high

~volume or low voluBSxdischarge throttle valves (G50-F153 or

G50-F155).

Liquid Radwaste Discharge Radiation Monitor Alarm/Trip Set
point

Monitor alarm/trip setpoints are determined to ensure that the
concentration of radionuclides in the liquid effluent released
from PNPP to unrestricted areas does not exceed the limits
specified in 10CFR20, Appendix B, Table II, Column 2 for
radionuclides othgr than dissolved or entrained noble gases.
An MPC of 2 x 10 ~ uCi/ml has been established for noble gases
dissolved and entrained in liquid effluents.
CR = C1 E1

i

(2.1-4)

Where:

CR = the calculated monitor count rate above background,
in cpm;

C, = the concentration of radioauclide i in the batch to
be released, in uCi/ml;

E, = the detector efficiency of the nonitor for radio-
nuclide i in cpm/(uCi/ml).

SP = 1.25 CR + BG (2.1=5)
Where:

SP = the Radwaste Discharge Radiation Monitor - ESW Dis-
charge (D17K606) alarm/trip setpoint, in cpm;
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BG = the background count rate due to internal contami-
nation and radiation levels in the area of the
monitor;

CR = the monitor count rate, as per equation 2.1-4;

1.25 = the engineering safety factor to prevent spurious
alarms. (The inverse oi 0.8).

Compliance with 10CFR20 - Liquid Effluent Concentration

In order to show compliance with 10CFR20, the concentrations
of radionuclides in liquid effluents will be determined and
compared with the limiting maximum permissible concentrations
(MPC) as defined in Appendix B, Table II, Column 2 of 10CFR20,
Concentrations of radiocactivity in effluents prior to dilution
will be determined. Concentration in diluted effluent will be
calculated using these results prior to each batch release,
and following each batch release. PNPP has no continuous
releases,

Prerelease

The radioactivity content of each batch release will be
determined prior to release. PNPP will show compliance with
10CFR20 in the following manner:

The concentration of the various radionuclides in the batch
release prior to dilution is divided by the minimum dilution
flow to obtain the concentration at the unrestricted area.
This calculation is shown in the following equation:

C1 f

Conc1 = (2.2-1)
mdf

Where:

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

Ci = the concentration of radionuclide i in the batch to
be released, in uCi/ml;

f = the radwaste tank discharge flow rate for the batch to
be released, in gpm; this value equals f (Equation
2:.1=3) it fmax does not exceed system lfﬁftations;
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mdf = the minimum dilution flow, as 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 in order to give &
final 10CFR compliance check, i.e., the following equation
must be met:

Cone (2.2-2)
)3 1 =
i HPCi
Where:

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

HPCi = the limiting maximum permissible concentration of
radionuclide i, from Appendix B, Table II, Column 2
of 10CFR20, in uCi/ml.

Post Release

The actual radioactivity content of each batch release will be
determined following release to show final compliance with
i0CFR20.

The concentration of the various radionuclides in the batch
release prior to dilution is divided by the actual dilution to
obtain the concentration at the unrestricted area. This
calculation is shown in the following equation: ‘

c, Vv

Conc1 -« 1§ Irt (2.2-3)
Vana
Where:

Conc, = the actual concentration of radionuclide i at the
unrestricted area for the release, in uCi/ml;

C, = the concentration of radionuclide i in the batch
released, in uCi/ml;

Vd11 = the actual volume of dilution water during the
release (the sum of all dilution flows: Service
Water, Emergency Service Water, and cooling tower
blowdown), in gallons;
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vlrt = the actual volume of the liquid radwaste tank dis-
charged for the hatch, in gallons.

The concentrations in the unrestricted area are compared to
the maximum permissible concentrations in Appendix B, Table
IT, Column 2 of 10CFR20 in order to demonstrate final compli-
ance with 10CFR20, i.e., the following equation must be met:

Conc1
Z = 1 (2.2-4)
i MPC
i
Where:

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

HPCi = the limiting maximum permissible concentration of
radionuclide 1, from Appendix B, Table II, Column 2
of 10CFR20, in uCi/ml.

2.2 Continuous Releases

A continuous release is the discharge of fluid wastes of a
nondiscrete volume, i.e., from a volume or system that has an input
flow during the continuous release. Continuous radioactive
releases are not planned for PNPP although the potential does exist

for RHR heat exchanger leakage into the Emergency Service Water
system.

Potentially contaminated dicharges from the ESW are monitored by an
installed radiation monitoring system. This system consists of two
channels, one for monitoring downstream of equipment in Emergency
Service Water system Loop A and the other for Loop B. If radiation
is detected, the affected Emergency Service Water line can be
manually isolated. Whether to isolate or not is dependent upon
other conditions. The PNPP staff will take appropriate action to
limit release.

In the event that radioactivity is detected in the Emergency
Service Water system, water discharged will be sampled and analyzed
in accordance with PNPP Technical Specification Table 4.11.1.1.1~1.
To show compliance with 10CFR20, the sum of the concentrations of
radionuclide "1" 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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2.3 Compliance With 10CFR50 Appendix I - Liquid Effluent Dose

2.3.1

Doses resulting from liquid effluents will be calculated at least
monthly to show compliance with 10CFR50. A cumulative summation of
total body and organ doses for each calendar quarter and calendar
year will be maintained, as well as projected doses for the
remainder of the quarter and year.

Dose Calculations

Radiacion doses due to radioactive effluents from PNPP are
calculated based on three main dose pathways: potable water,
aquatic foods (namely fresh water fish ingestion), and expo-
sure to shoreline deposits. Irrigated food pathways, dis-
cussed in Regulatory Guide 1.109, will not be of concern at
PNPP as little or no water from Lake Erie is used for irriga-
tion in the nearby Ohio counties of Lake, Ashtabula, Cuyahoga

and Lorain.

Nursery businesses and other agricultural activ-

ities that require supplemental water generally rely on water
drawn from small ponds and streams.

Radiation dose to members of the public for liquid radwaste
releasrs from PNPP will be calculated for the potable water,
aquatic food, and shoreline depcsit pathways using the follow-
ing equation:

l.

Potable Water:

Ul
R . =1100 %P
a L m————

ip T

Aquatic Foods:

R, = 1100 2P

ajp WF

Shoreline Deposits:

R = 110,000

U w
ap

ajp F

MPF

}1: Q Dyypy & (=X £) (2.3

g Qi Bip Dlipj exp (-Ai tp) (2.3-2)

;Qx Ty Dyypy [P (g €)1* (2.3-3)

[1 - exp (-)\1 tb)]



OM12D: ODCM

Page : 10
Rev. : 1
Where:
Rujp = the dose to individuals of age group a to organ j

from all the radionuclides in pathway p, in mrem;

B, = the equilibrium biaccumulation factor for radio-

ip nuclide 1 in pathway p, expressed as the ratio of
the concentration in biota (in pCi/kg) to the
radionuclide concentration in water (in pCi/l),
from Table 2.3-4, in 1/kg;
Daipj = the dose factor, specific to a given age group a,

radionuclide 1, pathway p, and organ j, which 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, agd the areal radionuclide
concentration, in pCi/m“, from Tables 2.3-5
through 2.3-9;

F = the flow rate of the liquid effluent in ft3/l;

HP = the dilution factor at the midpoint of exposure
(or the point of withdrawal of drinking water or
point of harvest of aquatic food), from Table
2.3-10, dimensionless;

Qi = the release of radionuclide 1, in Ci;

t. = the period of time for which the sediment orsloil is
exposed to the contaminated water, 1.75 x lO h
(20 years);

T, = the halflife of radionuclide 1, 1. days;

t, = 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
between release of th radionuclides and the inges-
tion of food or water, in h;

U‘ = the usage factor that specifies the exposure time
P or intake rate for an individual of age group a
associated with pathway p, from Table 2.3-12, in
h/yr, 1/hr, or kg/hr;

W = the shoreline width factor, 0.3 (from Regulatory
Guide 1.109);
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)\1 = the g,dlonctiv. decay constant of radionuclide 1,
inh "3

1100 = a factor to convert from (Ci/yr)/(ftsll) to pCi/l;

110,000 = a factor to convert from (Ci/yr)/(ftaln) to
pCi/l and to account for the proportionality
constant used in the sediment radioactivity
model.

Cumulation of Doses

The dose contribution from liquid effluents will be calculated
at least monthly., Calculations will be performed to determine
the maximum total body as well as the maximum organ dose to an
individual, These dose calculations will be summed for
comparison with quarterly and annual limits. These results
should be added to the doses cumulated from the other months
in the quarter of interest and in the year of interest., To
assure compliance with the dose limits of 10CFR50 Appendix I
the following relationships shall hold:

for the quarter:
Dose <= 1.5 mrems total body;
Dose <= 5 nrems any organ;
for the calendar vear:
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 will be submitted to the NRC,
in accordance with 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 will be projected monthly when liquid radwaste treatment
systems are not being fully utilized. 1If the projected dose,
when averaged over 31 days, exceeds 0.06 mrem to the total
hody or 0.2 mrem to any organ, the liquid radwaste system will
be used to process waste. The values for the projected impact
correspond to approximately one forty-eighth of the Appendix I
design objective, If continued at this rate for one year, the




2'3.4

OM12D: ODCM
Page : 12
Rev., : 1

projected impact would correspond to less than one-fourth of
the Appendix I limit. The prcjected doses will be calculated
using Equations 2.3-1 to 2,3-3,

The doses calculated for the present mo.th will be used as the
projected doses unless information exists indicating that
actual releases could differ significantly in th2 next month,
In this case, the source term should be adjusted to reflect
this information and the justification for the adjustment
noted. This adjustment should account for any radwaste
equipment which was operated during the previous month that
could be out of service in the coming month,

Population Dose

As required by Regulatory Guide 1.21, for Semiannual Radioac~
tive Effluent Release Reporting, a population dose will be
calculated for doses received from all radioactive liquid
effluent releases. This population Jose will 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 population dose will
be calculated by dose pathway and organ, with pathway doses
being corrected for the fraction of the population assumed to
be in each age group (adult, 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

l. Adult (17 yrs. and older)
2., Teen (11 = 17 yrs,)
3. Child (1 = 11 yrs.)

4, Infant (0 = 1 yr,)

Table 2.3-3
Liquid Effluent Dose Pathways
1. Water Ingestion
2, Shore Exposure

3, Fresh Water Fish Ingestion
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Table 2,3-4

Bioaccumulation Factors (B") (pCi/kg per pCi/liter)

Element Fish

H 9.0E-01
C 4,6E 03
Na 1.0E 02
P 1.0E 05
Cr 2.0E 02
Mn 4.0E 02
Fe 1.0E 02
Co 5.0E 01
Ni 1.0E 02
Cu 5.0E 01
Zn 2.0E 03
Br 4.2E 02
Rb 2.0E 03
Sr 3.0E 01
Y 2,5E 01
2r 3.3E 00
Nb 3.0E 04
Mo 1.0E 01
Te 1.5E 01
Ru 1.0E 01
Rh 1.0E 01
Te 4.0E 02
I 1.5E 01
Cs 2.0E 03
Ba 4.0E 00
La 2.5E 01
Ce 1.0E 00
Pr 2.5E 01
Nd 2,.5E 01
W 1.2E 03

Np 1.0E 01

ODCM
14
1
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Table 2.3-5
Ingestion Dose Factors for Adult (mrem /'pCi ingested)
NUCLILE BONE LIVER T.AOCY THYROID  KIDNEY LUNG Gl-LLl

" 3 NO DATA 1.05€-07 1.05~07 1.05E~07 1.05€-07 1.05€-07 1.05€-07
C 14 2.84E~06 S5.6BE-07 S5.68E-07 S.6BE=NT 5.68E-07 5.6BE~-07 5.68E~07
NA 24 1.706=-06 1.70F~06 1.70E-06 1.70E-06 1.70E~06 1.70€E-06 1.T70E~-06
e 1.93€~04 1.20F=05 7.46E-06 NO DATA NC DATA NO DATA 2.17€~-05
CR 51 NO DATA NO CATA 2.60E~09 L1.57€~09 S5.86E-10 3.53E-09 6.69E-07
MN 54 NO UATA 4,576-06 B8.726-07 N0 DATA 1.36E-06 NO DATA l.40€E~05

-

MN Sé NO DATA 1.150-07 2.,04E-08 NO DATA 1.46E-07 NO DATA 3J.67€-06
ré 55 2.756-06 1.90F=06 4.43C-07 NO DATA NO DATA 1.06€-06 1.09E~-06
L 59 4,34E=-06 1.02€-05 3.91E-D6 NO DATaA NO DATA 2.85€6-06 3.40E~05
Co 58 NO DATA T.45~07 1.67E-06 NO DATA NO DATA NO DATA 1.51€E-05
CO 60 NO DATA 2.14F~-06 4,720-06 NO DATA NO DATA NO DATA 4.02E-05
NT 63 1.30E=C4 9,0lE~06 4,.36E-06 NO OATA NO DATA NO DATA 1.88€E-06
NI 65 5.28E~07 6.866-08 3.13E-08 NO DATaA NO DATA NO DATA 1.74E~06
CU 64 NO DATA 8.33E-08 3.,91E-08 NO DATA 2.10E-07 NO DATA T.10E-06
IN 65 4.84E-06 1.54E-05 6.9E~06 NO DATA 1.03E~05 NO DATA 9.70€E-06

IN 69 1.03€-08 1.797€-08 1,37€-09 NO DATA 1.28E-08 NO DATA 2.96€-09
BR 83 NO DATA NO DATA «.02E-08 NO DATA NO DATA NO DATA 5.79€-08
BR 84 NO DATA NO DATA 5.21E~08 WO DATA NO DATA NO DATA  4,09€E-13

BR 85 NO DATA NO DATA 2.14E-09 NO DATA NO DATA NO DATA LT E-24

RB 86 NO DATA 2.11€~05 9.83E~-06 NO DATA NO DATA NO DATA 4.16E-06
RB 88 NO DATA 6.056-08 3,21E~08 NO DATA NO DATA NO DATA 8.36E~19
R8 89 NO DATA 4,01€-08 2.82€-08 NO DATA NO DATA NO DATA 2.33€-21
SR 89 3.08E-04 NO DATA 8.84E~06 NO OATA NO DATA NO DATA 4.94E~05
SR 90 7.58€-03 NO DATA 1.86E-03 NO DATA NOC DATA NO DATA 2.19€E-04
SR 91 S.67E-06 NO DATA 2.29€-9T NO DATA NC DATA NO DATA 2.T0€E-0S
SR 92 2.15€-06 NO OATA 9.306-08 NN DATA NO DATA NO DATA 4.265-05
Y 90 9.62E-09 NO DATA 2.58E-10 NO DATA NO DATA NO OATA 1.02€-04
Y 91M 9.09E~11 NO DATA 3.52E~12 NO DATA NO DATA NO DATA 2.67€~10
r . 1.41E~-OT NO DATA 3.776-09 NO DATA NO DATA NO DATA T.T6E~05
Yy 92 8.45E~10 NO DATA 2.47TE-11 NO DATA NO DATA NO DATA 1.48€-05
Y ¢ 2.68E-09 NO DATA T.40E-11 NO DATA NO DaTa NO DATA 8.506-05
IR 95 3.064E-08 9.756-09 ©6.60E-09 NO DATA 1.53L~08 NO DATA 3.09€-05
IR 97 L.6BE-09 3.396~10 1.55€E-10 NO DATA S.12E-10 NO DATA 1.05€-04
NB 95 6.226-09 3.46E~09 1.B6E-09 NO DATA 3.426-09 NO DATA 2.10E-0%
MO 99 NO DATA 4.31E~06 B.20E-07 NO DATA 9.76E-06 NO DATA 9.99€-06
TC 99M  2.47E~10 6,98E~10 B8.89E-09 NO DATA 1.06E~08 3.42E~10 4.13E-07
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Table 2.3-5 (Cont.)
Ingestion Dose Factors for Adult (mrem/pCi ingested)

NUCL L DE BONE LIVER T.800Y THYROID  XIDNEY LUNG Gl=LLI
rcioul 2.94E-10 3.66E~-1C 3. 595-09 NO DATA 6.59E-09 1.87€E-10 1.10€E-21
aUl03 1.85E-07 NO DATA  7.97€-08 NO DATA  7.06€E-07 NO DATA  2,.16E-05
RU10S 1.54E-08 NU CATA  6.08€E-09 Mo DATA  1.99E-07 NO DATA  9.42E-06
RUL06 2.75€6-06 NO DATA 3,48E-07 NO DATA S.31E-06 NO DATA 1.78E~-04
AGLIOM 1.60E=07 1.48€-07 B8.79E-08 NO DATA  2.91E-07 NO OATA 6.0&5-05
TE125M 2.68E-06 9.T71E-07 3.59C~ 07 8 06F=-07 1. 09&’05 NO DATA 1.07E-05
TEL2T™ 6.TTE-06 2.42C-06 8. 25c-07 l T3E-06 2. 1se-os NO DATA  2.27€-05
TEL27 1.106=-07 3,95€-08 2.38E-08 B.156-08 &4.48E-07 NO DATA B.68E-06
TEL29M L. 15E-05 4.29F-06 1.R2E-06 3.95E-06 &.B80E-05 NO DATA 5.79€-05
TEL29 3.14E=08 1.1BE=-08 7.65E-09 2.41E-N8 1.32E-07 NO DATA 2.37€-08
TEL3LIN 1.73E-06 B.46C-07 7.05€-07 1.34E-06 B.5TE-06 NO DATA  B.40E-05
TEL31 1.976-08 B8.23E-09 6.226-09 1.62E-08 8.63E-08 NO DATA 2.79E-09
TEL32 2.52E-06 1.63E~06 1,53E-06 L1.80E-06 1.57E-05 NO DATA T.T1E-05
1 130 7.56E=07 2.23-06 B8,B80E-07 1.89€-04 3.48E-06 NO DATA 1.92E-06
1 131 4.16E=-06 5.95E-06 3.4l1E-06 1.95€~03 1.02E~-05 NO DAjA 1.57T€E-06 .
I 132 2.03E-07 S5.43E-07 1.906-07 1.90E-05 B8.65E~07 NO DATA 1.02€-07
1 133 1.42E=06 2.4TE-06 T7.53E-07 3.63E-04 4&.31E-06 NO DATA 2.22€-06
I 134 1.06E~=07 2.88E-07 1.03F-07 4.99E-06 &.58E~-07 NO DATA 2.51€E-10
I i35 4.43E-0T7 1.16E=06 4,286-07 T.45E-05 1.86E-06 NO DATA 1.31E-06
CS134 6.22E-05 1.48E-04 1,.21E-04 NO DATA 4.79E=05 1.59€E-05 2.59€-06
CS136 6.51E-06 2.576-05 1.856-05 NO DATA 1 43E-05 1.96E-06 2.92E-06
csSi3? T.97E-05 1.09€-04 T7.14E-05 NO DATA 3 T0E~05 1.23E-05 2.11E-06
cSiL3s 5.52E=08 1.09E-07 S5.40E-08 NO DATA 8.01E-08 T.91E-09 &.65E-13
BA139 9.70E-08 6.91E-11 2.84E-09 NO DATA  6.46E-11 3.92E-11 1.72E-07
BAL4D 2.03C-0% 2.556-08 1.33E-06 WO DATA B.6TE=09 1.46E-08 4.18E-05
NAL4L  4.71E=08 13.56C-11 1.596-09 NO DATA  3.31E-11 2.02E-11 2.22€-17
AAL&2 2.13E-08 2.19€-11 1.34E-09 WO DATA 1.856=11 1.24E-11 13.00E-26
LAL4O  2.50£-09 1.26:2-09 34.33C-10 NO DATA NO DATA  NO DATA  9.25€-05
LAL42 1.2BE-10 5.826-11 1.456-11 NO DATA NC DATA  NO DATA  4,25€-07
CElsl 9.36E~09 &.33F-09 7.18CL-10 NO DATA 2.94E-09 NO DATA 2.42€E-05
CE1&3  1.65E-09 1.22F=06 1.356-10 NO OATA  S.37€-10 NO DATA  4.56E-05
CEl44  4.ABE-07 2.04:=07 2.626-08 NO DATA  1.21E-07 NO DATA  1.65E-04
PR143 9.20€-09 3. oqc-oq ©.56E-10 NO DATA  2.13E-09 NO DATA  &.03E-05
PRI44  3.0LE-11 1. 255 Ll 1.536-12 NO DATA  7.05€=-12 NO DATA  &.33E-18
ND1&47  6.29E=09 T.27E-09 4.35E-10 NO DATA  4.25E-09 NO DATA  3.49E-05
N 187 1.03E-07 B8.61E-08 3,01E-08 NO DATA NO DATA ND DATA 2.82€-05
NP239  1.19E=09 1.17C-10 6.45€-11 NO DATA  3.65E-10 NO DATA  2.40E-05
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Table 2.3-6

Ingestion Dose Factors for Teenager (mrem/pCi ingested)

NUCL I DE BONE LIVER T.800Y THYROID KIDNEY LUNG Gl=-LLt

" 3 NO DATA 1.06E~07 1.00E-07 1.060-C7 1.N6E~0T7 1.06E-07 1.06E-07
(S 4.06E-06 B8.126~07 B,12E-07 B8.12F-07 B.126-07 A.12E~-07 B.12F-07
NA 24 2.30€-06 2.20E-7¢ 2.3CE-06 2.30E~C6 2.30c-06 2.30€6-06 2.30E-06
IR 2.76C-04 1.71C-05 1.07€E-05 NO DATA NO DATA NO DATA 2.326-05
CrR 51 NU DATA NO DATA 3.60E~-09 2,00E~09 7.89t~-10 S5.14€-09 6.05€=-07
MN 54 NO DATA 5.70E~006 !.17E~-06 N0 DATA 1.76E-06 NO DATA 1.21E-05
MN 56 40 DATA 1.58C-07 2,RLE-08 NO DATA 2.00E-07 NO DATA 1.04E-05
FE 59 3.78E-06 2.0BF-06 6,256-07 N0 DATa NC DATA 1.70E=-06 1.16E-06
FE 59 S.87E~-06 1,37E~-C5 5.29€E-06 NO DATA NO DATA 4.32C-06 3.24E-05
co 58 NO DATA 9.72E-07 2.24E-06 NU DATA NO DaTA NO DATA 1.34€-05
CO 60 NO DATA 2.61E-06 6,33E-06 NO DATA NO DATA NO DATA 3.66E-05
NI 63 1.7T7E~04 1.25(-05 ©.00E-06 NOU DATA NO DATA NO DATA 1.99€-06
NI 65 T.49E=07 9.576-08 4.36E-08 NO DATA NO DATA NO DATA 5.19€-06
Cu 64 NO DATA 1.15E~07 5.41E-08 NO OATA 2.71E-07 NO DATA 8.92E-06
IN 65 5.76E-06 2.C0E-05 9.33E-06 NO DATA 1.28E~05 NO DATA B.47E-06
IN 69 l.47E-08 2.60E-08 [.96E-09 NO DATA L.RIE~-08 NO DATA 5.16E-08
Nk 83 NO DATA NO DATA 5.74E-08 NO DATA NO DATA - NO DATA LT E~24

BR 84 NO DATA NO CATA T7.22E-08 NO DATA NO DATA NO DATA LT E-24

BR 85 NO DATA NO DATA 3.056-79 NO DATA NO DATA NO DATA LT E-24
RB 86 NO DATA 2.78E~05 1.40€E-05 NO DATA NO DATA NO CATA 4.41E-06
RB 88 NO DATA B8.52E~08 4.54E-08 NO DATA NO DATA NO DATA T.30€E~15

- -

K8 89 NO DATA 5.50€E-08 3.89E-08 NO DATA NO DATA NO DATA B.43E~17
SR A2 4.40E-04 NO DATA 1.26C~-05 NO DATA NO DATA NO DATA 9.24E-05
SR 90 B8.30E-03 NO DATA 2.05E-03 NO DATA NO DATA NO DATA 2.33E-04
SR 71 8.07€-06 NO DATA 3.21E-07 N~NO DATA NO DATA NO DATA 3.66E-05
SR 92 3.056-06 NO DATA 1.30E-07 NO DATA NC DATA NO DATA T.7TTE~05
Y 90 L.376E~-08 NO DATA 3.6%E-10 NO DATA NO DATA NO DATA 1.13E-04
Y 91 1.29E-10 NO DATA ©,93E~-12 NO DATA NC DATA NO DATA 6.09E~09
L S 2.01E=OT NO DATA 5.39€-09 NO DATA NO DATA NO DATA B.24E-05
¥y 1.21E-09 NO DATA 3.50E~-11 NO DATA NO DATA NO DATA 3.32€-05

- -

Y 93 3.83E-09 NO OATa 1.05€E-10 NO DATA NO DATA N0 DATA 1.17E-04
IR 95 4.126-08 1.30C-08 B8,94E-09 NN DATA 1.91E-08 NO DATA 3.00€-05
TR 97 2.37€-09 4.69E-10 2,16E~10 NO DATA T.11E~10 NO DATA 1.27€-04

-

iH95 B.22E-09 4.5%63-09 2.%lE-09 NO DATA 4.42E-09 NO DATA 1.956-05
»0 99 NO DATA 6.030-06 1.15F-06 NO DATA 1.38E-05 NO DATA 1.08E-05
TC 99  3.32E-10 9.265-10 1.20E~08 NO DATA 1.38E-08 5.14E~10 6.08€E-07

-
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Table 2.3-6 (Cont.)

Ingestion Dose Factors for Teenager (mrem/pCi ingested)

NUCLIDE BONE LIVER r.800Y THYROID KIDNEY LUNG GI-LLI

- - [ —————————— N il

rciol 3.60E~-10 5.12:-10 S5.03E-09 HO DATA 7.26E-09 3.12€E-10 B.75E-17
U103 2.556-07 NU DATA 1.09€-07 NO 0ATA 8.99€-07 NO DATA 2.13E-05
RULOS 2.18E-08 NO UATA B.46E-09 NO DATA 2. 755 =07 NO DATA 1.765-05
RUL06 3.72E-06 NO OATA 4,94E-07 NN DATA 7.565-06 NO DATA 1.88E-04
AGLIOM 2.05E-07 1.94E-07 1.14E-07 NO DATA 3.70E-07 NO DATA 5.45E-05
TEL125 3.83E-06 1.386-06 5.126-07 1. 075'06 NO DATA NO DATA 1.13E~ 05

TE127TM 9.67E~-06 3.436-06 1l.15€E-06 2-305_06 3.92e-05 NO DATA 2.41E~ OS
rerar 1.58E~07 5.606-08 3.406-08 1.09€-07 6.40E-07 NO DATA 1.22E-05
TEL29M 1.63E-05 6.056-06 2.58E-06 5.26€-06 6. HZE-OS NO DATA 6.12E-05

TEL29 4.%8€E-08 1.67F-08 1.07€-08 3.20€E-08 1. 80&-07 NO DATA 2.45F=-07
TEL3LM 2.44E=06 1.170-06 9.76E-07 1.76E-06 1.22E-05 NO DATA 9.39€-05
TEL3L 2.796~08 1.156-08 B8.72E-09 2.156-08 1.22e-07 NO DATA 2.29E-09
TEL32 31,49€6-06 2.21F-06 2.06E-06 2.33€E-06 2.12E-05 NO DATA 7.00E-05
I 130 1.036-06 2.98E-06 1.196-06 2.43E-04 4.59E-06 NO DATA 2.29€E-06
I 131 5.85E-06 B8.13C-06 4.40E-06 2.39E-03 1.41E-05 NO DATA 1.62E-06
1 132 2.79E=-07 7,.306-07 2.62E-07 2.46E-05 1.15E-06 NO DATA 3.18E~-07
I 133 2.01E=06 3.41t=06 1.04E-06 4.T76E-04 5.98E-06 NO DATA 2.58E-06
I 134 1.46E=07 3.876-07 1.39E-07 6.456-06 6.10E=07 NO DATA 5.106-09
I 135 6.10E-07 1.57C-06 5.82E-0T7 1.01E~-04 2.48E-06 NO DATA L.T4E~-06
CSl34 B.37€~-05 1.976-04 9,14E-05 NO DATA 6.26E=-05 2.39€E-05 2.45€E-06
Csl3e B.59E-06 3.3BE-0% 2.27€E-05 NO DATA 1.84E-05 2.90E-06 2.T2E-06

- — - -

csi137 1.126-04 1.49€E-04 5.19E-05 NO DATA S.0TE-0S 1.97E-05 2.12€-06
cS138 T.76E-08 1.49€E-07 7T.45E-08 NO DATA 1.106-07 1.2BE-08 6.76E~11
BA139 1.39€-07 9,T7BE=11 4.05E-09 NO DATA 9.22E~11 6.T4E-11 1.24E-06
BAl4O 2.84E-05% 3.4RE-08 1.83E-06 NO DATA 1.186-08 2.34E-08 4.38E-05
Ralsl 6.7T1E-0f S.0LE-11 2.24E-09 NO DATA 4.65E=11 3.43E-11 1.43E-13
nNAl&2 2. 99( 08 2.99e~11 1. 865-09 N0 DATA 2 53t-11 1.99€-11 9.18E-20
LAL4O 3. hl‘-Oq 1.71C=09 4. 555 10 NO DATA NC DATA N0 DATA 9.82€-05
LAL&2 1.79€-10 7.95€-11 1.98€-11 NO DATa NO DATA NO DATA 2.42€-06
Ctlbl 1.336~-08 B8.88BE-09 1.02C-09 NO DATA 4.18E-09 NO DATA 2.54E-05

C(lbl 2.356-09 1.71E-06 1.91€-10 NO DATA T.6T7E~10 NO DATA 5.14E-05
CEles 6.96E-07 2.88E-07 3.74E-08 NO DATA 1.72E-07 NO DATA 1. 75€6-04
PR143 1.31E-08 S5.23(-09 6.52E-10 NOU DATA J.N4E-09 NO DATA 4.31E-05
P44 4.30E-11 1.76E-11 2.18E-12 NO DATA 1.0lE-11 NO DATA 4,T4E~14
NO147 9.38E-09 1.02F-08 6.11E~10 NO DATA 5.99E-09 NN DATA 3.68E-05
w 187 1.46E-07 1.19€- 01 4.176-08 NO DATA NO DATA NO DATA 3.22€E-05

NP239 1.T6E-09 1.66E- lO 9.22E~-11 NO DATA $.21E-10 NO DATA 2.6TE-05
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Table 2.3-7
Ingestion Dose Factors for Child (mrem/pCi ingested)
NUCLIDE BONF LIVER r.HOuY THYROID KIONEY LUNG GI-LL!

" 3 NO DATA 2.03E-07 2.0%~-07 2.03E-07 2.N3E-07 2.03E-07 2.03E-07
C Is 1.21E~05 2.42E~06 2.42E-06 2.42E~-06 2.42€-06 2.42E-N6 2.42E-06
NA 24 5.80E-0¢ S5.80€-C6 5.80E-06 S5.80E-06 5.80e-06 5.80E-06 S.B0E-06

-

.2 8.725E-06 3.060-0> 3.1CE-0% O DATA NO DaTA NO DATA 2.28E-05
cr 51 NO DATA NO CATA B.99E~-09 &.94E-09 1,.35€-09 9.02C~09 &.72€-07
PN 54 NO DATA L.OTE-05 2.85t-06 NO ULATA 3.00C-06 NO DATA 8.98E-06
MN 56 NO DATA 3.34C-07 7.54€£-08 NO DATA 4.04E-0T NO DATA 4.,B4E-05
FE 5% L.15€-05 6.106-06 1.897-06 NO DATA NC DATA 3.45€6-06 1.13E-06
FE 59 1.65€-0% 2.676-05 1.33€-05 NO DATA NO DATA T.T4E~06 2.78BE-05
CO 58 NO DATA 1.80E~-06 5.51F~06 NO DATA NO Dara NO DATA 1.05€-05
CO 60 NO DATA 5.29F=06 1.56E-05 NO DATA NO DATA NO DATA 2.93E-05
Nl 63 5.38E-C4 2.88F-05 1.B83E-05 NO DATA NO DATA NO DATA 1.94C-06
NI 65 2.22€E-06 2.09F-07 1.22€E-07 N0 DATA NO DATA NO DATA 2.56E-05
CU 64 NO DATA 2.45E-07 1.48E-07 NO DATA 9.92E~07 NO DATA 1.156-05
IN 65 l 375-05 3.05€E~-05 2.27C-05 NO DATA 2.30E~-05 NO DATA 6.41E-06
IN 69 6.18:-0! 6.,33E-08 5,85E-09 NO DATA 3.84E-08 NO DATA 3.99€-06
BR 83 NO DATA NO DATA L. 71E-07 NO DATA NO DATA NO DATA LY E=24

BR B4 NO DATA NO DATA 1.986~-07 NO DATA NO DATA NO DATA LT E-24

RR 85 NO DATA NO DATA 9.12E-09 NO DATA NO DATA NO DATA LT E-24

RE 86 NO DATA 6.T70E-05 4.12E-05 NO DATA NO DATA N0 DATA 4.31F=-06
RB 88 NO DATA 1. 9OE 07 1.326E-07 NO DATA NO DATA NO DATA 9.32€-09

RH 89 NO DATA 1. 175 07 1.04E-0T ~NO DATA NO DATA NO DATA 1.02€-09
SR 89 1.32€6-03 NU DATA 3J.77E-0S5 NO DATA NO DATA NO DATA 5.11E-05
SR 90 1.70€6-02 NO ULATA 4.31E-03 O DATA NO DaTA NO DATA 2.29€-04

SR 91 2.40E-05 NO DATA 9.06E-0T NN DATA NO DATA NO DATA 5.30€E-05
SR 92 9.03E~C6 NOU DATA 3.62E-07 NO DATA NO DATA NO DATA 1.7T1E-04
Y 90 4.11E-08 NO DATA 1.10E-09 NO DATA NO DATA NO DATA l.17E-04
Y QIH 3.826-1C NO DATA 1.37€-11 NO DATA NO DaTaA NN DATA T.4BE-O7
Y 91 6.02E-0T7 NO DATA 1.61F-08 NO DATA NO DATA NO DATA 8.02€-05
Y 92 3J.60E-09 NO DATA L.03E~10 NO DATA NO DATA NO DATA 1.04E-04
Y % 1.14C~08 NO DATA 3.13E~-10 NO DATA NO DATA NO DATA 1.70€-04
IR 95 1.16E-07 2.55C-08 2.27€-08 NO DATA 3.65E~-08 NO DATA 2.66E~05
IR 97 6. 99&-09 L.CLE=09 5.96E-10 NO DATA 1.456~09 NO DATA 1.53€-04
NB 95 2.25€E~- 08 B.76E-09 6.26E-09 NO DATA 8.23E-09 NO DATA 1.62€-05
M0 99 NO DATA 1.336-05 3.29€-06 NO DATA 2.84E~05 NO DATA 1.10E-05
TC 99 9.23€~10 1.8.E-09 3.00E-08 NO DATA 2.63E-08 9.19€E-10 1.,03E-06



Table 2.3-7 (Cont.)

Ingestion Dose Factors for Child (mrem/pCi ingested)

NUCL [VE BONE LIVER

-

1.07€~-09
T.31€-07
°n~5£‘°a

1.12e-09
NU DATA
NO DATA

T.000Y THYROID

1.42E~08 NO OATA
2.8lE-O07 NO DaTA
2.34E~-08 NO DATA

KIDNEY LUNG

5.92C~-10
N0 DATA

l.9lE‘08
l.0§E~06
5.67€-07

[ SN |

3.56E~09
1.89€E-05
4.21E-05

B L T ik L S ——

l.17€-05
5.39€-07
1.14E-05

NO DATA
30@‘0("01
3.09€-06

AGLLIOM
TEL25M

NO DATA
NO DATA
3.20E-06

lo~b6’06
2.91E-07
1.52€~06

1.58€-05
6.78E~CT
NO DATA

1.82€6~04
4.33E~-05

- -

TEL2T7M
TEL27
TEL29%

T.78E-06
1.27¢-07
1.36E-05

2.89€E-05
4.71€-07
«.87€E-05

-

3.74E-08
2.49E~-06
2.53E~08

TEL29
TEL3IM
TEL3L

l.34E-07
7.20€-06
8.30E-08

6.91€C~-06
3.26E-07
1.57€-05

3.43E-06
1.01E-07
T.56E-06

T.56E-08
5.126~06
6.35€-08

3.18€-08
2.65E-06
20"5‘0’

B.24E-05
l. 365'06
1.43E~04

3.926~-07 NO DATA
2.41E~05 NO DATA
2.51E~-07 NO DATa

5.96“05

- -

B8.34E-06
1.01€E~0¢
6-365‘07

- -

4.4T7E-00
5.90E-06
1.73C-05

1.01€-05
2.92E-06
1.72€~05

TEL32
130
131

7.32E-06
T.786-07

133
134

50925-06
4.19€-07

3.1%€-08
3.84(0~04
6.46E~05

I 135
CS13s
CSl3s

1.756-06
2.3‘&’0‘
20355'05

6.51E-06
6.50E~04
5.726-03

5.40E-06
3.04€-06
9.83E-06

4.15E-05
8.82E~06
2.84E~05

NO
NOD

DATA
DATA
DATA

4.50E-05
2.76€E-06
1.54E-06

6.82E-05
1.36E~03
L. 79€~05

b.T6E-07
2.T7E-06
3.58E-07

1.49E-06 2.T9E~04
8.10E-05 ND DATA
4.10E-05 NO DATA

2.25€E-06
1.22E-05

1.19€-06 NO

10136-06
2.95€-06
S.16E~-07

N0
‘.276-05
5.13€E-06

4.83E-06
1.19€-04
3.44E-05

2.40€-06
2.07€-0%
2.2T€E=-06

3.27E-C4
2.28E-07
4.14€-07

Jo13E~04
3.17€-07
2.21€~-10

cS137
Csi3s
BA139

PAL4O
TAl4l
JAl&Y

B.31E-05
2.00C-07
8.74C-08

7.28(C~08
l.12C~10
6.29€-11

NO DATA
NO DATA
NO

4.62E-05
2-015‘07
1.20€-08

NO
NO
NO

DATA
DATA
DATA

“«.BU5E-06
6.51E-09
4.88F-09

1.026~06 3.6TE-05
2.23E-07 2.40€E-08
1.936~10 1.30E-10

2.,37.-08
9.,69-11
5.09E-11

4.34E-08
6.58E~10
}.70C~11

1.96E-06
1.46E-07
2.39E-05

5.2‘!'05
l.14C=-07
1.14E~09

- -

3.53E-09
l.67F=10
1.98£-08

LAL&O
LAL&2
CElal

1.01€-08
S.74E~]10
3.97€~08

NO
NO
NO

DATA
DATA
DATA

L. 17€-09
5:23€-11
2.94£-09

DATA
DATA
DATA

NC DATA
NO DATA
8.68E-09

NO
NO
NO

B -

CEl4s
CElas
PR14Y

6.99C-09
2.08E-06
§.93€-08

3.79€E=-06
6.52C-07
l.18C-08

NO
NO
NO

DATA
CATA
DATA

5.4%~-10
l.11€E-07
1.9%€-09

1.59€-09 NO
3.61E~07 NO
6.39€-09 NO

9.84E-05
3.31€-05
2.47€E-05

9.55€-05
L. T0E~04
4.24E-05

- -

PR14&
NOL&T
w 187

1.29€-10
2.79E-0R
4.29€-07

¥.99%€~11
?.265-08
2.547-07

NO DATA
NO DATA
NU DATA

6.5'75-[2
1. 75€-09
L.14E-07

2.11E~11
1.24E-08

NO DATA NO

-

HP239 5.2%-09 3.77%-10

2.65~10 N0 DATA

1.09€-09 NO DATA

B.59€~-08
3.58E-05
3.57€-05

2.719€-05
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Table 2.3-8

Ingestion Dose Factors for Infant (mrem/pCi ingested)

NUCLTUE BONE LIVER T.80uY
H 3 NO DATA 3.08F-07 3.08€E-07
¢ 1Is 2.376-05 5.06F-06 S5.00(~06
NA 24 1.01E~05 1.01L-05 1.01E-25

v 2 1.70€-03 1.,00c=04 6.59€-05
cR NO DATA NO DATA l.LE-OB
N 54 NO DATA 1.996-05 4.51€-06

MN 56 NU DATA B.18E~07 L1.41E-07
FE 5% 1.396-05 B8.785-06 2.4CE-06
FE 59 3.08E-05 5.38Z-0> 2.12€-05

CC 58 NO DATA 3.60E-06 B8,93E-06
CO &0 NO DATA 1.086~05 2.5%E-05
NI 63 6.34E-04 3.926-05 2.20€-05
NI 6> 4.70€-06 5.325-07 2.42:-07
“U 64 NO DATA 6.09€-07 2.82€-07
IN 65 1.94E-05 6.31E-05 2. 9!5’03

IN 69 7.336-08 1.08€-07 1. ZSE-OO
BR 83 NO DATA NO DATA 3.63E-07
BR B4 NO DATA NO DATA 3.82€-07

BR 8% NO DATA NO DATA 1.94€-08
KA 86 NO DATA L. 70E-04 B8,40€-05
KB 88 NO DATA 4.98E-07 2. 735'0?
RE 89 NO DATA 2,86E-07 l.Q?E =27
SR 89 2.51E-03 NOU DATA T.27€-05
SR 90 1.85¢-02 NU OAIA 4.TIE-O]

SR 91 5.00€E-C5 NO OAYA 1.81E-06
SR 92 1.92C~05 NO DATaA 7.13€-07
Y 90 R.69E~08 NOU DATA 2.33€E-09

- -

Y 9lm B,10E~-1C NO DATA 2.76E~11
Yy 91 1.13E-06 NO DATA 3.01€-08
¥y 92 T.65E~09 NO DATA 2.15€-10

Y 93 2.43E-08 NO DATA 6.62C~-10
IR 95 2.06E-0T 5.02E-08 3.56€-08
IR 97 1. bOE 00 2.54C-09 1. le-09

N8 95 4. ZOE 08 1.73E-08 1.00€~ 00
~0 99 NO DaTA Y.6CE-05 GL.63E-06
TC 99 1.926-09 3.96E-09 5.10€E-08

-

THYRQI0 KI1ONEY LUNG GI-LLI

- -

3.086=-07 3.08C~07 3.0B8E-07 3.0BE-0Q7
S.06E~06 5.06E-06 5.06F-06 5.06CL~-06
1.01E-05 1.01€E-0% 1.0lE-05% 1.0lE~ 05

NO VATA NO DATA NO DATA 2.30E~ OS
7.20E-09 2.01E-09 1.79€-08 &4.11E-07
NO DATA 4.41E-D6 NO DATA T.31C- 06

NU DATA 7.03E~07 NO DATA T.43E~- OS
NGO DATA NO DATA 4.39E-06 1.14E-06
NO CATA NO DATA 1.59€-05 2.57€E-05
NO DATA NO DATA NO DATA 8.97C-06
NO DATA NC DATA NO DATA 2.57E-05
NO DATA NO DATA NO CATA 1.95€E~06

P ———— ettt il

NO DATA NO DATA NO DATA 4.05E-05
NO DATA 1.03E-06 NO DATA 1.25€-05
NO DATA 3.06E~05 NN DATA 5.33E-05

...................... -

NO DATA 6.98E-C8 NO DATA 1.37F=05
NO 0ATA NO DATA NO DATA LT E-264
NO DATA NO DATA NO DATA LY E-24

NO DATA NO DATA NO DATA LY E-24
NO DATA NO DATA NO DATA 4.35€E-06
NO DATA ND DATA NO DATA 4.85€-07

NO UATA NO DATA NO DATA 9.74E-08
NO DATA NC DATA NO DATA 5.16E~05
NO OA!A NO DATA NO DATA 2.31E-04
NO OATA NO DATA NO DATA 5.92E-05
NO DATa NO DATA NO DATA 2.07€-04
NO DATA NO DATA NO DATA 1.20E-04

-

NO DATA NO DATA  NO DATA  2.70€-06
NO DATA NO DATA  NO DATA  8.10€-05
NO DATA NO DATA  NO DATA  1.46E-04
NO DATA NO DATA  NO DATA  1.92€-04
NO DATA  S.41€-08 NO DATA  2.50F-05
NO DATA  2.56E-09 NO DATA  1.62€-04
NO DATA  1.24t=08 NO DATA  1.46E-05
NO DATA  5.086-05 NO DATA  1.12E-0%5
NO DATA  4,26£-08 2.07€-09 1.15€-06

-
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Table 2.3-8 (Cont.)
Ingestion Dose Factors for Infant (mrem/pCi ingested)
NUCL [ DE BONE LIVER T.000Y THYROID  KIDNEY LUNG Gl-LLI

e A ——
-

rciol 2.27E=09 2.86E-09 2.B3E-08 NO DATA 3.40E-08 1.56E-09 4&.B6E-07
RULO3 1.486~06 NO ULATA 4.95€E-0T7 O DATA 3.08E-06 NO DATA 1.80E-05
RULOS 1.36E-07 NO DATA 4.58€E-08 40 DaTa 1.00E-06 NN DATA 5. GlE GS

RULO6 2.41€E~-05 NO DATA 3.01E-06 NO DATA 2.R5E-05 NO DATA l. OSF-OQ
AGLLOM 9.96E~0T T.27E-0T7 4.BLE-07 N7 DATA 1.04E~06 NO DATA 3.7T7€~-05
TEL25M 2.33E-05 T7.79C-06 3.15E-06 7.84E-06 NO DATA NO DATA 1.11E-05

R ————————————— ettt b i

TE127M S5.85E-05 1.94E=0% 7,060 U& . S9E-05 1.44E-04 NO [ATA 2.36E-05
TEL27 1.00E-06 3.35E=07 2.15E-07 B.145=-07 2.44E-06 NO DATA 2.10€-05
TE129M 1.00E-04 3,43F=05 1.54E-05 3.84E-05 2.50E-04 NO DATA 5.97€E-05
TEL29 2.B4E-0T 9.79€-08 6.63E-08 2.38E-07 7.07€-07 NO DATA 2.27€E-CS
TEL3LIM 1.52E-05 6.12E~06 5.05E-06 1.24E-05 4.21E-05 NO DATA 1.03E-04
TEL3L 1.T6E=07 6.506~08 4.94E~08 1.5T7E-07 &.50E-07 NO DATA T.11E~06

TEL32 2.0BE~05 1.03E-05 9.61E-06 1.52F-05 6.44E-05 NO DATA 3.81E-0%
I 130 6.006-06 1.32E=95 5,30E-06 1.48E-03 1.45E-05 NO DATA 2.83E~06
1 131 3.59E~-05 4.23E-05 1.R6E-05 1.39F-02 4.94E-05 NO DATA 1.51E=-06

PR pp—————— R R R ettt

(132 1.66E=06 3.37€-06 1.206-06 1.58E-04 3.76E-06 NO DATA 2.T7T3E-06
1 133 1.256-05 1.82C-05 5.33€-06 3.31E-03 2.14E-05 NO DATA 3.08E-06
I 134 8.69E=07 1.78E-06 &6.33E-07 4,15E-05 1.99E-06 NO DATA 1l .34E~06

I 135 3.64E-06 7.24C-06 2.64E-06 6.49E-04 B.0TE-06 NO DATA 2.62E-06
CS134 3,776-04 7.03c~-04 T.10E-05 NO DATA 1.81E-04 T7.42€E-05 1,91£-06
€S13s 4.59E~05 1.35E-04 5.04E- OS NO DATA 5.38E-05 1.10E-05 2.05E-06

- — -

cs137? 5.22E-04 6.11E-04 6.!35-05 NO DATA 1.64E-04 6.64E-05 1.91E-06
csi13s8 4.B8l1E~07 T.82E-07 3.79E-0T7 NO DATA 3.90€-07 6.09E~-08 1.25€E-06
8A139 B8.8l1E-07 S5.B4E-10 2.556-08 NO DATA 3.51E~10 3.54C-10 5.58E-05

S ————————— R R el e

aalsuy L.7TIE~04 1.71E-07 B8,AlE-06 NO DATA 4,06E~08 1.05€E-07 4.20€-05
PALGL 4,25€=07 2.915-10 1.34E-08 NO DATA 1.75€=10 1.77E-10 5.19€E-06
BAL42 1.84E-0T7 1. S)t 10 9,06E-09 NO DATA B.81E~-11 9,26E-11 7.59E-07
LAL4O 2.11E-08 8.\ZL 09 2.14E-09 NO DATA NO DATA NO DATA 9.77E-05
LALG2 1.10E=09 &.06E-10 9,6/E~L1 NO DATA NC DATA NO DAT2 6.86F-05
Cblel 7.87€6-08 4.80%-08 5.65£-09 NO DATA 1.48E-08 NO DATA 2.48E-05

e SRS RS BEEETESERe RSN RERCreet SREEPER ARl SOt RS reSNS R ReteeREReERes

CEl&3 1.48E=-08 9.82€-06 1.12E-09 NO DATA 2.96E-09 NO DATA 5.73E~05
CEL&4 2.98E-06 1.22C-06 1,.6TE-O0T7 NO DATA 4.93€-0T NO DATA 1.7T1E=-04
PRIGS B.13E-08 3.04L-08 4,03E~09 NO DATA 1.136-08 NO DATA 4.29€-05
PR14s 2.74L=-10 1.06E-10 1.38E~11 NO DATA 3.84k-11 NN DATA 4.93E-06
ND1&T 5.93E-08 5.G86-08 3.48E-09 NO DATA 2.196-08 NO DATA 3.60E-05
w 187 9.03E~-07 «28E=07 2.1TE-OT NO DATA NO DATA NO DATA 3.69E~05

NP233 l.11E-08 9.93E-10 5.61E~10 NO DATA 1.986~-09 NO DATA 2.87€-05
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Table 2.3-9

External Dose Factors for Standing on Contaminated Ground

2

(mrem/h per pCi/m
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Table 2.3-9 (Cont.)

External Dose Factors for Standingfon Contaminated Cround

(mrem/h per pCi/mz)

Element Total Body Skin
1-130 1.40E-08 1.70€-08
1-131 2.80€E-09 3.40€-09
1-132 1.70E-08 2.00E-08
1-133 3.70E-09 4.50E-09
i-134 1.60E-08 1.90E-08
1-135 1.20€-08 1.40£-08
Cs-134 1.20€E-08 1.40E-08
Cs-136 1.50E-08 1.70E-08
Cs-137 4.20E-09 4.90€-09
Cs-138 2.10E-08 2.40E-08
Ba-139 2.40E-09 2.70€-09
Ba-140 2.10E-09 2.40€-09
Ba-141 4.30E-09 4.90E-09
Ba-142 7.90E-09 9.00€-09
La-140 1.50E-08 1.70€-08
La-142 1.50E-08 1.80E-08
Ce-141 5.50E-10 6.20E-10
Ce-143 2.20E-09 2.50E-09
Ce-144 3.20E-10 3.70E-10
Pr-143 0.0 0.0
Pr-144 2.00E-10 2.30E-10
Nd-147 1.00E-09 1.20€-09
W-187 3.10F 09 3.60E-09
Np-239 9.50€-10 1.10E-09
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Table 2.3-10
Liquid Radwaste Dilution Factors (HP)

Maximum Individual Dilution Factors

M
Pathway Location _3
Potable Water Ingestion 3.9 mile WSW of site 31.5
Fresh Water Fish Ingestion Near Discharge Structure 10.9
Shoreline Exposure 0.7 mile ENE of Site 14.5
Population Dose Dilution Factors

M
Pathway Location __p
Potable Water Ingestion Population Weighted Average 3146
Fresh Water Fish Ingestion Near Discharge Structure 10.9
Shoreline Exposure 7.7 mile WSW of site 162 i

Table 2.3-11

Transit Times Required for Nuclides to Reach the

Point of Exposure (té)

Maximum Exposed

Average Exposed

Individual Individual#*
Eventual transit time for water ingestion 12 h 24 h
Eventual transit time for fish ingestion 24 h 168 h
Eventual transit time for shore exposure 0 h 0 h

*for population dose calculations
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Monitor Alarm Setpoint Determination

The following calculation methods provide & means of determining
the high alarm setpoint (HSP) and the alert setpoint (ASP) to
ensure compliance with 10CFR20 dose rate limits to areas at or
beyond the site boundary for the noble gas channels of the
following monitors:

1. Heater Bay/Turbine Building Vent Radiaton Monitor (ID17K856)
2, Off-Gas Vent Pipe Radiation Monitor (1D17K836)

3. Ul Vent Radiation Monitor (1D17K786)

4. U2 Vent Radiation Monitor (2D17K786).

The Unit 2 Vent Radiation Monitor is included in the operation of
Unit 1 methodology because the second train of the Unit 1 Annulus
Exhaust and the Control Complex and Intermediate Building
ventilations are exhausted through the Unit 2 Vent,

The High Alarm Setpoint (HSP) for each release point radiation
monitor will be set at 70 percent of the 10CFR20 dose rate limits
and the alert serpoint (ASP) will be set at 1(C percent of these
limits,

NOTE: The values of 70 percent for the HSP and 10 percent for
the ASP are set as fractions of the total activity that
may be released via the monitored pathways to ensure that
the site boundary dose rate limits are not exceeded. Any
single ASP can be exceeded without the 10CFR20 limits
being exceeded. 1If ary two monitors exceed the ASP or
any one exceeds the HSP it is possible that the limits
have been exceeded.

This procedure determines the monitor alarm setpoints that indicate
if the dose rate beyond the site boundary due to noble gas
radionuclides in gaseous effluent released from the site exceeds
500 mrem/year to the whole body or 3000 mrem/year to the skin,

Determination of the '"Mix" (Noble Gas Radionuclide
Composition) of the Gaseous Effluent

a. Determine the gaseous source terms that are
representative of the "mix" of the gaseous effluent,
Gaseous source terms are the concentrations of the ncble
gas radionuclides in the effluent as determined by
routine analysis of the various sources of gaseous
effluents, During the early period of operation, before
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a sufficient operational effluent source term data base
has been obtained, source terms will be those generated
by the GALE code, Revision 0 for PNPP (FSAR Tables 11.3-9
and 11.3-10).

Determine the fraction of the total radioactivity in the
gaseous effluent for each noble gas radicnuclide in the
gaseous effluent.

S = (3. l-l)

S, = the fraction of the total for radionuclide 1
in the effluent;

A1 = the activity of radionuclide i in the gaseous
effluent.

If the activity of a noble gas radionuclide is below the
lower limit of detection the noble gas radionuclide shall
not be 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
Whole Body Dose Rate Limit

500 (3.1-2)
Q, = (X/Q) Z K, 'S,
i

Where:

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

K, = the total body dose factor for a semi-infinite
cloud of radionuclide i (includes the attenuation
of 5g/cm” of tisgue) from Table 3,1-1, in
(mrem/yr)/(uCi’/m”);

S, = the fraction of the total for radionuclide 1, as
per Section 3.1.1;
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X/Q = the highest annual average relative disperg&on fgctor
/m

NOTE:

for areas at the site boundary = 5.8 x 10 ~ s
(from Appendix A, NE direction at the site
boundary) ;

The dispersion parameters used in these calcu-
lations are the highest calculated site boun-
dary values for any of the land-based sectors.
At PNPP the site boundary locations in the
following sectors are over water only: N, NNE,
NNW, NW, W, WNW.

500 = the whole body dose rate limit, in mrem/yr.

Determination of the Maximum Acceptable Total Activity Release
Rate of Noble Gas Radionuclides in Caseous Effluent Based on

Skin Dose

Where:

X/Q =

l'l -

Rate Limit

3000 (3.1-3)
Q = @/Q)T @, + I.TH) 5
i

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

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

the gamma air dose factor for a uniform semisinfinite
cloud of radionuclide i, in (mrad/yr)/(uCi/m”);

the fraction of the total for radionuclide i, as per
Section 3.1.1;

the highest annual average relatigg disgersion factor,
as per Equation 3.1-2 = 5.8 x 10 ~ s/m”;

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

3000 = the skin dose rate limit, in mrem/yr.

(Li +

1.1 Mi) values are shown in Table 3.1-1.
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Determination of the Maximum Acceptable Total Radioactivity
Concentration of all Noble Gas Radionuclides in the Gaseous
Eff luent

2.12 x 1073 Q,

C = (3. 1‘4)
f

Where:

C_ = the maxirum acceptable total radiocactivity concen-
tration «f all noble gas radionuclides in the
effluent, in uCi/cc;

f = the uctual flow at the point of releage from the
respective flow rate recorders, in ft”/min;

WOTE: When actual flow rates are not available, the
following design flow assumptions will be used:
Vent . Flow Rate ft3/min
- Heater Bay/Turbine Building 360,000 (summer)
198,000 (winter)
- Offgas 16,700
- Unit 1 124,500

Unit 2 (Control Complex and
Intermediate Building Ventilations) 42,400

Qt = the smaller of Qb and Q_, calculated in Equations
3.1-2 and 3.1-3, rcepec!ively. in uCi/s;

12 8 10-3 = the convoraign factor to convert
(uCi/s) (ft”/min) to uCi/cc.

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

CRc = (.8 (Ct) (Em) (3,1=5)
Where:

CR_ = the calculated monitor count rate above background
attributed to noble gas radionuclides, in net cpm;
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Ct = the maximum acceptable radioactivity concentration,
as per Equation 3.1-4, in uCi/cec;

E = the detector efficiency of the monitor for the "mix"
of noble gas radionuclides in the effluent, in
epm/ (uCi/ce)

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

0.8 = an engineering safety factor.
Determination of the Monitor High Alarm Setpoint
HSP = 0.70 CRc + BG (3.1-6)
Where:

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

BG = the background count rate due to internal contamina-
tion and radiation levels in the area in which the
monitor is installed when the monitor chamber is
filled with uncontaminated air, in cpm;

CR_ = the calculated monitor net count rate, as 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
pathways,

Determination of the Monitor Alert Setpoint
ASP = 0,10 CRc + BG (3.1=7)
Where:

ASP = the alert setpoint (including background),
in cpm;
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BG = the background count rate due to internal con-
tamination and radiation levels in the area in
which the monitor is installed when the monitor
chamber is filled with uncontaminated air;

CR = the calculated monitor net count rate, as 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 pathways.
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Table 3.1-1
Whole Bodv and Skin Dose Factors
Total wWhole Body Total Skin Dose Factor
Dose Factor (L.+1.1M.) B

Radionuclide (Ki)(mrem/yt/‘xC1/m ) (mtem}yt/ p&l/n )
Kr=83m 7.56E-02 2.12E+401
Kr-85m 1.17E+03 2.81E+03
Kr-85 1.61E+01 1.36E+03
Kr~87 5.92E+03 1.65E+04
Kr-88 1.47E+04 1.91E+04
Kr-89 1.66E+04 2.91E+04
Xe=131im 9.15E+01 6.48E+02
Xe=133m 2.51E+402 1.35E+403
Xe-=133 2.94E+02 6.94E+02
Xe=135m 3.12E+03 4.41E+03
Xe-135 1.81E+03 3.97E+03
Xe-137 1.42E+03 1.39E+04
Xe-138 8.83E+03 1.43E+04

 Ar-41 8.84E+03 1.29E+04
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3.2 Compliance With 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 show compliance with 10CFR20, The limits of 10CFR20 are
conservatively applied on an instantaneous basis at the controlling
location,

Noble Gases

The dose rate in unrestricted areas resulting from noble gas
effluents is limited to 500 mrem/yr to the total body and

3000 mrem/yr to the skin. Only the external dose pathway will
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) with the highest relative
dispersion factor (X/Q) for the period of release. (See
Appendix A for elaboration on atmospheric dispersion).

The alarm setpoint determinations discussed in the previous
section should ensure compliance with these dose rate limits,
However, if any one high alarm or two or more alert alarms

occur, the dose rates in unrestricted areas resulting from the
release of noble gas radionuclides from all vents will 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 radionuciides in
particulate form with half-lives greater than eight days is
limited to 1500 mrem/yr to any organ by PNPP Technical
Specifications. The calculation of dose rate from these
radionuclides will be performed weekly based on results or
analyses obtained persuant to those Technical Specificatons.
The controlling location for this limit is a function of the
noble gas controlling location, i.e,, the location of the
highest relative deposition (D/Q) for the period of release
(See Appendix A for elaboration on atmospheric deposition),
as well as the actual receptor pathway. The receptor pathway
locations will be reviewed once per vear following the
performance of the Land Use Census to include consideration of
residences in each sectur, and garden and farm animal
locations,
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Dose Rate Calculations

The following is the equation used to calculate the dose rate

resultant from the release of radicactive materials in gaseous

effluents to areas at or beyond the site boundarvy for the

purpose of lhovifg compliance with t?CFlZO.
D

Patgp "

D = 3.15 x 10" * (X/Q or D/Q) * (3.2-1)

ajp

Where:

D.j = the organ j dose rate as a function of age group
P a and pathway p, in mrem/yr;

= the dose factor for organ type j, age group a,

P pathway p for isotope i (see Tables 3.2-1 through
3.2-3); units and equations used (equations 3,2-2
through 3.2-~6) are provided later in this sec~
tion;

X/Q or D/Q = the normal or depletgd relative dispersion
factor (X/Q), in_g/m”, or relative deposi-
tion (D/Q), in m °, at the receptor distance
(see Appendix A);

.15 » lOl = the conversion factor to convert (mrem *
uCi)/(Ci * s) to mrem/yr;

0, = the release rate of isotope 1, in uCi/s

i

= 472 Cif

Where:

Ct = the concentration of radionuclide 1 in the
gaseous effluent, in uCi/ec;

f = the gaseous cfSlucnt flow rate during the
release, in ft”/min;

472 = the conversion factor (cc/ftJ)/(l/mln).
The following relationships are used to derive the dose

factors (DF { ) for noble gases, tritium, radioiodines and
particulutc. é!.d in equation 3,2~l,
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a. Total Body Dose Factors from Exposure to a Semi-Inifinite
Plume

T
D?1 - 3' Xi DPli (3.2-2)

Where:

T
DF, = the total body factor due to immersion in a
oout-infisito cloud of radionuclide 1, in
(mrem * m”)/(CL * 8);

Drl1 = the total body gamma dose factor for a semi~
infinite cloud of radionuclide { which
includes the attenuation of "5°' of tissue
from Table 3.2-4, in (mrem * m”)/(pCi * yr);

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

x‘ = the annual avergge concentration of radionuclide
i in air (pCi/m”), for a unit release rate
(Ci/yr) and.a unit X/Q (s/m”), in (pCi/m”)/
(Ci/yr)(s/m”).
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Skin Dose Factors for Exposure to a Semi-Infinite Plume

) Y
oF, = X, (1.1 8, oF) + ors,) (3.2-3)

¥
Where:

s
DF, = the skin dose factor due to immersion in ’ semi~
infinite cloud of radionuclide {1, (mrem * m”)/
(CL * 8);

DI’{- the gamma air dose factor for a uniform semi~
infinite cloud of r,dtonucltdo i, from Table
3.2«4, in (mrad * m")/(pCL * yr);

Drl‘ = the beta skin dose factor for a semi~infinite
cloud of radionuclide { (includes attenuation
by the outer "dnnd; layer of skin), from Table
3.2«4 in (mrem * m”)/(pCL * yr);

l, = the attenuation factor that accounts for the dose
reduction due to the shielding provided by resi-
dential structures, dimensionless: maximum
exposed individual = 0.7, population dose = 0.5
(Regulatory Guide 1.109);

x1 = the annual avergge concentration of radionuclide
i in air (pCi/m”), for a unit release rage
(Ctlg;) and a unit X/Q (s/m”), in (pCi/m”)/(C1/yr)
(s/m”);

1.1 = the air dose to tissue dose equivalent conver=
sion factor, in mrem/mrad,

Dose Factors from External Irradiation from Radionuclides
Deposited onto the Ground Surface

G G
nrtj = 8760 c‘ D'OU l' (3.2=4)
Where:
G
D!‘j * the dose factor for radionuclide { to organ

J resulting from exposure to radionuclides
dopoulto‘zonte the ground surface, in
(mrem * m")/Ci}

G
C‘ = the ground plane concentration (’Ctlnz) of
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radionuclide 1 for a unit release rate (Ci/yr

and a unig D/Q, relatiye gound deposition (m ),

in (pCi/m®)/(Ci/ye)(m “);

nrctj = the open field ground plane dose conversion
factor for organ § from r,dtoaucltda i, from
Table 3.2+5, in (mrem * m“)/(pCi * hr);

8' = the attenuation factor that accounts for the
dose reduction due to the shielding provided by
residential structures, dimensionless: maximum
exposed individual = 0,7, population dose = 0.5
(Regulatory Guide 1.109);

8760 = the number of hours in a year,

Dose Factors from Inhalation of Radionuclides in Air

A
DP.‘, . D!A.‘, l. x‘ (3.2-5)
Where:
A
DP.‘j = the dose factor for radionuclide { to organ
§ of an individual in age ggoup a due
to inhalation, in (mrem * m”)/(CL * -3
| == equivalent to (mrem/yr)(yr/Ci)(m”/s)];
Dl'A.u = the inhalation dose factor for radionuclide

1, organ J, and age group a (the value for
scin is assumed to be 0), from Tables 13.2+6
tirough 3.2«9, in mrem/pCi;

R = the arnual air intake for tnd!v!‘ualo in age
group a, from Table 3.2<14, in m"/yr;

= the aniwal avergge concentration of radionuclide
L in ar (pCi/m
(Ci/yr and
(Ci/yr) (n/m

1 s for a unit release rate

a unit X/Q (s/m”), in (pCi/m”)/

%,
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Dose Factors from the Ingestion of Atmospherically
Released Radionuclides in Food

D F F L L M M v \'
D’aij - ”".13 (u. ct + U.ch1 + U‘ c1 + U. fv C1 ] (3.2-6)
Where:
D

DF 1 = the dose factor for radionuclide 1 to organ
J of an individual in age group a from the
ingestion of meat, leafy vegetables, milk,
and produce (non-leafy v,gotabloo. fruits,
and grains) in (mrem * m“)/Ci, or in the
cases of H=3 and C<14 in (mrem * m”)/(Ci * 8);

F L M V

Ct. C‘. Ci. C1 = the concentrations of radionuclide
i in meat, leafy vegetables, milk,
and produce, respectively (pCi/kg
or pCi/1) for a unit release rate
(Ci/yr) and a unit D[g. relative
ground deposition (m "), or in
cases of H-3 and C~14, a unit X/Q,
rolcsivo ground-level conconsiattoa
(8/m”), in (pCi/kg)(Ct/gr)(n )
or (pCi/kx}/(Ci/yr)(S/- /) or (pCiél)/
(Ci/yr)(m ) or (pCi/1)(Ci/yr)(8/m”/);

1y = the ingestion dose factor for radionuclide
i, organ j, and age group a, from Tables
3.2-10 through 3.2<13, in mrem/pCi;

DF1
a

‘L' fy = the respective fractions of the ingestion
rates of leafy vegetables and produce that
are produced in the garden of interest,
1.0 and 0.76 respectively (Regulatory
Guide 1.109);

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

Organ used for Caseous Effluent Dose Calculations

1.
2.
3.
4.
L

6.

Bone

GI Tract
Kidney
Liver

Lung
Thyroid
Total Body

Skin

Table 3.2-2

Age Croups Used for Gaseous Effluent Dose Calculations

l.
2,
3.

4.

Adult (17 yr and older)

Teen (11-17 yr)

Child (1-11 yr)

Infant (0=1 yr)
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Table 3.2-3

Gaseous Effluent Dose Pathways

Plume

Ground Shine

Vegetables

Meat
Cows
Goats

Inhalation
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Table 3.2-4
Dose Factors for Exposure to a Semi-Infinite
Cloud of Noble Gases
Nuclide DFSI* 2!4** DFB.*
kr=83m — 1.93E-05 7.56E-08
Kr-85m 1.46E-03 1.23E-03 1.17E-03
Kr-85 1.34E-03 1.72E-05 1.61E-05
Kr-87 9.73E-03 6.17E-03 5.92E-03
Kr-88 2,37E-03 1.52E-02 1.47E-02
Kr-89 1.01E~02 1.73E-02 1.66E-02
Kr-90 7.29E-03 1.63E-02 1.56E-02
Xe~131lm 4,76E-04 1.56E-04 9.15E-05
Xe~133m 9,94E-04 3.27E-04 2.51E-04
Xe~-133 3.06E-04 3.53E-04 2,94E-04
¥e~135m 7.11E-04 3.36E-03 3.12E-03
Ye~135 1.86E-03 1.92E-03 1.81E-03
Xe-137 1.22E-02 1.51E-03 1.42E-03
Xe~-138 4.13E-03 9.21E-03 8.83E-03
Ar-41 2.69E-03 9.30E-03 8.84E-03
* mrem * m3
pCi * yr

3
*k mrad * m

pCi * yr
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External Dose Factors for Standinglon Contaminated
Ground

3

(mrem/hr per pCi/m

Skin

Total Bod
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Table 3.2-5 (Cont.)

External Dose Factors fer Standing on Contaminated

Ground

(mrem/hr per pCi/m

1-130
[-131
1-132
1-133
1-134
1-135
Cs-134
Cs-136
Cs-137
Cs-138
Ba-139
Ba-140
Ba-141
Ba-142
La-140
La-142
Ce-141
Ce-143
Ce-144
Pr-143
Pr-144
Nd-147
W-1567
Np-219
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Inhalation Dose Factors for Adult (mrem/pCi inhaled)

NUCL IDE DONE LIVER T.AQCY THYRO!I

H 3 NO OA'A 1.586-07 1.58F-07 1.58E~C
C 1s 2.27€-06 4.26E-07 4,26E-O07 4,26E~0
NA 24 L. 2.5‘06 1.28C-06 1.,28E-06 1.28E-0
L. ¥4 l.o’:-o# 9.64L-06 6.26E-06 NO DATA
CR 51 NO DATA NO UATA L.25E~08 7.44E-0
MN 54 NO DATA 4.,95C~-06 T7.A7E-07 NO DATA
MN 56 NO DATA 1+55F=10 2.29€E-11 NO DATa
FE 55 3.0OTC-06 2.120-086 4,73E-0T7 NO DATA
FE 59 1.47€-06 3.47E-06 1.32E~06 NO DATA

0 KIONEY

T 1.58€E-07
T 4.26E-07
6 1. 205'06

NC DATA

9 2.R5E-09

1.23E-06

l.63E~10
NO DATA
NO DATA

LUNG GI=LLI

- - -

1.58E~07 1.58€-07
4.26E-0T 4,26E-07
1.28€E~06 1.28E-06

- -

NO DATA 1.08E-05
1.80E~06 4.15€E-07
L.756-04 9.67€E-06

- - - - -

1.18E~06 2.53E-06
9.01E~06 7.54E~07
1.27€~04 2.35E-05

- - - -

Co 58 NO DATA 1.98F-07 2,59€E~07 NO CATA
CO &0 NO DATA 1.44E-06 1.8%E-06 NU DATA
Nl 63 5.40€-05 3.73E-06 1.81E~06 NO DATA

NC DATA
NO DATA
NO DATA

l.le-Oh l.!!t-OS
T.46E~04 31.56E~05
2.23E-05 1.67E-06

-

Nl 65 1.926~10 2.02C~11 1.14F=11 NO DATA
CU 64 NO DATA L.83E=10 T.,696=L1 NO DATA
IN 65 4.056-06 1.29€-05 ».82E-06 NO DATA
IN 69 4 23E-12 B.14C~12 5.6%9E~13 NO DATA
4R 83 NO DATA NO DATA 3,01€~08 NO DATA
BR 84 NO DATA NO DATA 3.91E-08 NO DATA
8r 85 NO DATA NO DATA 1.606-09 NO DATA
RE 86 NU DATA 1.69€-05 7T.37€-06 NO DATA
RD 88 NO DATA 4,B4E-08 2,41E-08 NO DATA

RE 89 NO DATA 3,20E-08 2,126-08 NO DATA
SR 89 3.,80E~05 NO DATA 1.096-06 NO DATA
SR 90 1+24E~02 NG DATA T.626-04 NQ DATA

NO DATA
5.78E~10
B8.62E~06

5.27€~12
NO DATA
NO DATA

7.00€E~07 1.54E~006
B.4BE~07 6.12E-06
1.086-04 6,68E~06

1.15€6-07 2.04E-09
NO DATA  2.90E-08
NO DATA  2.05E~13

NO OATA
NO DATA
ND OAIA

NO OAYA
NO DATA
NC DATA

NO DATA LT E-24
NO DATA  2.08E-06
NO DATA  4,.18E-19

NO DATA 1.16€6-21
1. 756~04 4.37€-05
1.20€-03 9.02E-05

............. - -

SR 91 T.T4E~09 NO DATA 3.13E~10 NO DATA
SR 92 B.43E-10 NO OATA J.64E-11 MO DATA
Y 90 2.61E-07 NO DATA 7.01E-09 NO DATA

Y 91M 3.26E-11 NO DATA 1.27€6=12 NO DATA
Y 9 5.78€~05 NO DATA 1.55€-06 NO DATA
Yy 92 1.29€-09 NO DATA JTTE-LL  NO DATA

-

NO DATA
NO DATA
NO DATA

4.56E-06 2.39€-05
2.06E~06 S5.38E-06
2.12F=05 6.32€E-05

- - -

NO DATA
NO DATA
NO DATA

Y 9 L«.18E~08 NQ DATA 3.26E-10 NO DATA NO DATA

IR 95 1.34E-0% 4.30E-06 2.,91€~06 NO DATA
IR 97 1+21F=08 2.45C=09 1.13€~09 NO DATA

2.40€-07 1.66E~10
2.136-04 4,B1E-05
1.966-06 9.19E-06

6.06€E~06 5.27€E-05

6.,7TTE~06 2.21E~-04 1.88E~05
J.TIE-D9 9.84E~06 6.54E-05

........... - -

NB 95 1.76E=06 9.77L~07 5,26€~07 NO DATA
%0 99 NO DATA 1.51E~08 2,8TE-09 NO DATA
e 99%  1.29€~11) l 64E~13 4,63E~12 NO DATA

9.6TE=07 6.31€~05 1.30E-05
3.64E~08
9.526~12 9.55€-08 5.20E-07

- -

l.14E~05 3.10E~05
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Table 3.2-6 (Cont.)
Inhalation Dose Factors for Adult (mrem/pCi inhaled)
NUCLIOE BONE LIVER T.n00v THYROID KIONEY LUNG GI-LLT

frciol 5.226-15 7.526-15 71.38E-14 NO DATA 1.35€E=13 4.99€-08 l.)bE-;l
LRULOS L.71E=0T NO DATA 8.236-08 NOD DATA 7.29E~07 6.31€E-05 1.38E-05
RULOS 9.886~11 NG DATA 3.89€-11 NO DATA L27E~10 1.37€6-06 6.02€-06
QuUlos 8.064E-06 NO DATA L.0IE-06 NO DATA 1e6TE=09 1.17E-03 L1 14E=-04
AGLINM 1 ,35E-06 1.25%-06 T.43C-07 NOU OATA 2.46E~-06 5.79€-04 3.7BE-05
TEL25M 4.27TE~OT7 1.986-07 5,84E-08 1.31€-07 1.55¢-06 3.926-05 B8.83E-06
TEL2TM  1,58E=06 7.215<07 1.96E-07 4.11E-07 5.726-06 1.20€-04 1.87E~05
TEL27 1.75€=10 B8.035=11 3,87E=11 L.32€6~10 6.37€~10 B.14E-07 T.17€-06
TEL29% 1,22E=06 S.54E=07 1.98E-07 &.30E=-0T7 &,57€~06 1.456-04 4.79E-05
TeEL29 6.22E=12 2.996-12 1.5%€=12 4.8TE~12 2,34E~11 2.42€-07 1.96E-08
TELJIM B, 74E=09 5.45%E=09 3.63F-09 6.88FE-09 3.86E~08 1.82€-05 6.956-05
TEL3L 1e39E=12 7.44E=13 4,49€=13 L L7E=12 S5.46E~12 1.74€E-07 2.30€-09
TELY2 1.256-08 2.69€~08 2,026-08 2.37E-08 1.82E-07 3.60€~05 6.37€E-05
I 130 $.726=-07 1.68E6=06 6,606~07 1.42E~04 2.61E-06 NO CATA 9.61€-07
I 131 3.15€-06 &.4TE-06 2.56E~06 1.49€-03 T.66E-06 NO DATA T.85€E-07
I 132 145E=07 &,0TC=07 1.45E~07 1.43E~05 6.40E-07 NO DATA 5.086-08
I 133 1.08E=06 1.85E-06 5.65E~0T7 2.,69E~04 3.23E~06 NO OATA L+11E~06
I 134 B.056=08 2.16E-07 7.69€-08 3.73E~06 3.44E~07 NO DATA 1.26€~10
I 135 3.356-07 B.736<07 3,21€6-07 5.606-05 1.39€~06 NO DATA 6.56€-07
CS13e 4,66E=05 1,06E~04 9,10€E-05 NO DATA 3.59€E-05 1.22€~05 1.30E-06
Cslle + B8BE~06 1.BIE-05 1,38E-05 NO DATA L.OTE~05 1.50E-06 1.46E-06
LSt S5.98E~-09 T.76E-0% 5.35€-05 NO DATA 2.78E~-05 9,406<06 1.05€-06
Cs5138 4 L4E=08 T7.76C~08 &.05E~08 NO DATA 6.00E~08 6,076~09 2.33E~13
BAL39 1o17E=10 B.326-14 3,42E~12 NO DATA T.T8E=14 4.706~07 1.12E-07

- -

KAL40 4,B8E~06 b6.13F=09 3,21E-07 NO DATA 2.09€=19 1,59¢-04 2.73F-05
nalel 1.25€=i1 9.61E«15 4,20€~13 NO DATA B.75E=15 2,426-07 1.45E~17
RAL&2 3.29€=12 3.38E=15% 2.07€=13 NO DATA 2.86E~15 1.49€~0T7 1.96E-26

- - -

LAL&OD 4,306=C8 2.176-08 5.73C=07 NU DATA NO DATA 1.70€~05 S5.73E-05
LALe?2 B.564E=11 3.BBE=11 9.6%€=12 NO DATA NO DATA T.91E=07 2.64E-07
CElsl 2.49€6=06 1.,696=06 1.91E~07 NO DATA T.83E-0T7 4,526-05 1.50E~0%

- S SEESNeE S eEERTEE RS sERESSeSEERE RS SR ---—--

CElel 2.336-0R 1. 72608 1.916-09 NO DATA T.606=09 92.97€-06 2.836-05
CEL4s 4.29C=04 1.796~04 2,306-05 NO DATA 1.06E=04 9,726-04 1.02€-04
VR14S 1ol 7€=06 4,09C~07 5,8%26-08 NN DATA 2.70€6-07 3.51€E-05 2.50€-05

- - etttk bl b o

PRL1GA 3.T6E=12 1.56%=12 1.,91€~13 NO DATA B.ALE=~LY 1.27F=07 2.69E-18
NODL4&T 6.597 07 T.620-07 4,9%6E-08 NO DATA 4.45E=0T7 2.76E~05 2.160-05
w187 1.066-09 B.8% =10 3. 10E~10 NO DATA NO DATA 3.63E-06 1 .94E~05

.-¢-.-----------...------.-...--...---.--.....o.---o-.--..-..--...----....-.

NP239 2.B7€-08 2,R26-09 1.55€-09 NO OATA B.156-09 4,T06-06 1.49€-05



Table 3.2-7

Inhalation Dose Factors for Teenager (mrem/pCi inhaled)

NUCL I CE BONC Liver r.sony THYROIO  KIDNEY LUNG GI=LLI

--.----------.-..----.---.--.----o...--O--‘-----¢-‘------------.--.Q-Q-.---.

M 3 NO DATA 1.59E=07 1.59E~07 1.59€-07 1.596=07 1.59€-07 1.59€-07
[ 3.25%C-06 6.C96=07 &6,09€-07 5.096=07 &.09€=07 6.,096-07 6. 09€-07
A 26 1. ?26-06 1.720-06 1.726-06 1.72€~06 1. 72&-00 1.72€6-06 1. .T2€~ 06
L P 2. 106-06 1.370=0% A,99F-06 NO DATA NC DAli NO UDATA Lelb6F~ 05
CrR 51 NO DATA NO UATA 1. 6IE-08 9.376-09 V. R46E~N9 2.62E-06 3.75€-07
MN 54 NO CATA 6.,376=06 1.0%€-06 NO DATA 1.59E-06 2.48E-04 B8,.35€-00

- - e e bl bttt

*N 56 NO DATA 2.126=10  3.15€E~11 NU DATA 2.2646~10 1.906-06 7.18E~-06
FE 55 4. 1BE=086 2.98t-06 6,93E-07 NO DATA NO DATA 1.55€6-0% T.99E-07
FE 59 1.79E=06 4. oze-fs 1. 796-06 NO DATA NO DATA 1.91E-0% 2.23E~-05

e papepe——————— T L L L L bk ik et P L b L bl Bl ettt

CO 5¢ NO CATA 2.5‘5'07 3.4TE-0T NO DATA NO DATA 1.686-04 1.19€-05
CU 60 NO DATA 1.896-C6 2,48E<06 NO DATA NO DATA 1.096-03 3.24E-0%5
NI 63 7.256-0% 5.436-06 2.47€-06 NO DATA NO DATA 3.84E-05 1.77€E-00

-

Nl 65 2.736-10 3.ubf=1l 1.%9E-11 NO DATA NO DATA 1.17€E-06 4.59€-06
Cu 64 NO DATA 2.54€=10 1.06E=10 NO DATA 8.01E~10 1.37€-06 T7T.68E6-06
IN 65 4. B26-06 1.07E=05% T7.80E-06 NO DATA 1.08E=0% 1.55E~04 5.83E-06

IN 69 6.04E=12 1.15F=11 @.07€~13 NO DATA T.536-12 1.98€6-07 3.56€-08
AR B3 NO DATA NO DATA 4,30C~08 NO DATA NO DATA NO DATA LY E-24
UR B4 NO DATA NU DATA 5.41E~08 NO DATA NO DATA NO DATA LY E=24

AR 85 NO DATA NO DATA 2.29€-09 NO DATA NO DATA NO DATA LY E-24
28 86 NO DATA 2.386-05 1,05€E-05 NO DATA NO DATA NO DATA  2.21E-06
RA 88 NO DATA 6.,826-08 3.406-08 NO DATA NO DATA NO DATA 3.65E~15

- - ---------------.------‘---...----‘--------.------‘----

RR 89 NO DATA 4,40E=0B 2.91E-08 NO DATA NO DATA NO DATA 4.226~17
SR 89 5.43E=05 NU DATA L.56E=N6 NO DATA NC DATA 3.02€=06 &.64E~05
SR 99 1.35€6-02 NO Olll B8.356-04 NO DATA NO DATA 2.06E=03 9.56E-05
SR 91 1.106-08 NO OATA 4.396<10 NO DATA NO DATA T.59€-06 D.24£-05
se 92 1.19€-C9 NO OATA 5.0RC=11 NO DATA NO DATA 3.43E-06 1.49€-05
Y 9% 3. 736-07 NO DATA 1.006-08 NO OATA NO DATA 3.66E-0% 6.99F-05
Y 91 &.63E-11 NO DATA 1.,77€=12 NO DATA NO DATA 4.006~07 3,77€-09
Y 9l 8.26E~0% NO DATA 2.21€~06 NO DATA NO DATA 3.6TE~04 S.11E-0%
Y 1.84E<09 NU DATA S5.36E=11 NO DATA NO DATA 3.356-06 2,06E-05

- o g

Y 93 1.69€-08 NO DATA 4.65€-10 NO DATA NO DATA 1.064F-05 7T,.24E~05
IR 9% 1.826-05 5.736-06 3,.94E-06 NO DATA B.426-06 3, 36E-04 |.B86F-05
R L. 726-08 3.406<09 1.57€~09 NO DATA 5.,156=09 1.,62€-05 7.88E~05
N 9% 2.320-06 1.296-06 1.08E-07 NOU DATA 1.296-06 9,39E=05 1.21€-05
O 99 O ODATA 2.11€~08 4,03E-09 NO CATA S.1646-08 1.92€~05 Y.)6E6-05
1C 998 L 73E=1) 4.AXE=1) b6.,266-12 NO DATA 1.206~12 1.44E~07 T.66€-07

...-----o-.--.---.—‘--ooocoo------.-.----oo...-..‘..---.-----------.--.--...
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Table 3.2-7 (Cont.)

Inhalation Dose Factors for Teenager (mrem/pCi inhaled)

NUCLIOE BONE LIVER T.A00Y THYROID KIONEY LUNG Gi-LLl
fciol T.40E~15 1.0%E~14 1.03E-13 NO DATA 1.90€=13 B.34E-08 |.09E~16
nulo3 2.63E-07 NO CATA 1.12F=07 NO ULATA 9.29€-07 9.79E-05 1.36E-05
wios 1.40E~10 NOU OATA 5.42E-11 NO DATA Lo76E~10 2.27€E-06 1.13E-05

- R L L L T T I T T T I TN TSI I S,

RULOs 1.236~05 NO DATA 1.55€-06 NO DATA 2.38E-05 2.01E-03 1.20€E-04
AGLIOM L1.73E~06 1.64C0-06 9.996~0T7 NO DATA 3.13E-06 B.44E~04 3.41E~05
TELZH™  6.10€-07 2.BOE-07 B.34E-08 1.75E~07 NO DATA 6.70E~05 9.38C-06
TEL2TM  2,25€-06 1.02C0-06 2.73E-07 S5.48E~07 B.17E~06 2.07€-04 1.99€E-0%
rewar 2.9[!-!0 1ol4F=10 5.52C-11 1.7T7€E-10 9.10E~10 1.406-06 1.01E-05
FTEL29M | T4E~ l.‘SE-OI 2. llE'O' 5.726~07 6.49-06 2. §7!°0Q 5.06E~05
TEL29 B.BTE~12 4.22¢~ l2 2. 20! 12 0.48E-12 3.32€-~11 Q-IIE'O7 2.02€-07
TELILM 1,23E~08 7.51C=09 5.036-09 9,06E~09 5.49€-08 2.97€-05 7T.76E-05
TEL3L La97E=12 1.04C=12 6,30€-13 1.55€~12 7T.726-12 2.92€-07 1.89E-09
TELd2 4.50E~08 V.0)E-08 2.74E-08 3.07E~-08 2.44E~07 5.61E-05 5.79€-05
I 130 T.B0E~0T7 2.24C-06 B.96E-07 1.86E-04 3.44E~06 NO DATA L. 14E~06
I 131 4e43E~06 6.14E-06 3.306-06 1.83E-03 1.056-05 NO DATA 8.11F-07
1 132 Le99E~07 S5.47€~07 1.97€E-07 1.89E~05 B.656-07 NO DATA 1.59€~07
I 133 L.52E=06 2.26€-06 T.78E-07 3.,65€-04 4,496~06 NO DATA 1.29€-06
I 134 Lol1E~OT 2.90E-07 1.,05C-07 4.,94E~06 4.58E~07 NO DATA 2.55€E-09
I 135 4.626-07 1.18E-06 4.36E-0T7 7.76E-05 1.86E~06 NO DATA 8.69E-07
CS13s 6.28E~05 1.41E-04 6.86E-05 NO DATA 4.69E-05 1.83E-05 1.22€-06
CSLie 6.44E~08 2.&2:-05 L.7TIE~0% NO DATA 1.38E-05 2.22€6=06 1.36E~06

- -

cs137 B8.38E-05 1. 006-06 3.89E-05 NO DATA 3.80E-05 1.51E~05 1.06E-06
cs138 5.82E~08 1.076-07 5.58E-08 NO DATA 8.28E-08 9.84E-09 3.30€-11
BAL39 L.6TE=10 1.18E~13 4,87E-12 NO DATA l.11F=13 B.08E~O0T B.06E~07

-

Hals0 6.84E~06 B ,38F~09 &.40E~0T7 NO DATA 2.85€6-09 2.54E-04 2,B6E-05
salsl Le7BE~LL 1.32E~16 S5.93E<13 NO DATA 1o238=14  4,1LE~O7 9.33E-14
ullbz b b62E~ l? 4.63E-15% 2. th =13 NO DATA 3.92E~15 2.)9€-07 S5.99€-20
lAlbO 9 996-00 2.95C~00 7. l?(-OQ NO LATA NO DATaA 2.68€-0% 6,.59€-05%
LAL&2 1420€=10 S 31E='1 1.32E~11 NO DATA NO DATA 1.276-06 1.50C=06
CElal 3,55E<06 2.37C~06 2.T1E~0T7 NU DATA l+11E~06 7.67€-05 |1.5A€-05

- -

CEL4) 3.326-08 2.42€-00 2.70€E~09 NO OATA 1.08E-08 1.63E~05 J.19€-0%
CElas 6.11E~06 2.53E-06 3,28€~05 NO DATA 1.516~04 1.,676-03 1.08E~04
Pal4) Leb6TE=06 b6,64E-07 8.20C6-08 NO DATA 3.86E~07 6.04E~05 2.67€~-05

----- R

Valas S.ITE~12 2.20f-12 2,72€6~13 N0 DATA 1o26E=<12 2.196-77 2.94E-14
NOL&? 9.83E~07 1.076~06 6,41E-08 NO DATA 6.29€-07 4,65E-25 2.208F-05
W 187 1.50€-09 1.22%+09 4.296~10 NO DATA NO DATA 5.92€-06 2.21€-0%

- -

NP2139 4.23E~08  3.99€-09 2.21E<09 NU DATA 1.25%~08 AR.11E=-06 1.65€-0%
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Table 3.2-8
Inhalation Dose Factors for Child (mrem/pCi

NUCL [ VE BONE LIVER T.A0DY THYROID  KIDNEY LUNG Gl=-LLI
M3  NO DATA  3.04CL=07 3,04E-07 3.04€=07 3.04(=07 3.04E=07 3.04E-07
C 14 9.706-06 1.B2E~06 1.826-06 L.L2E-06 1.B26-06 1,.826~06 1.82E-06
NA 26 4,356-06 4,35.-06 4,35=06 &,3%~06 &4.35€-0C6 &4,356-06 &.356-06
P 32  T.04E~04 3Y.096-05 2.67C-05 NO DATA NO DATA N0 DATA  1,14E-05
CR 51 NO DATA  NO DATA &4, 1TE-08 2.31F-08 K.57€-99 4.59€-06 2.93C-07
MN 54 N0 DATA  1.16E-05 2.57€6-06 NU DATA  2.T1E=06 &4.26E-064 6.19F-06
MN 56  NU DATA  4,4BE=10 B,43E~11 NO DATA  &.52E-10 3.55C-06 3.33C-05
FE 55  1.28E~05% 6.006-06 2.10E-06 NO NDATA  NU DATA  3,00E-05 7.756-07
FE 57 5,59(=06 9.0C4E=06 4&,.510-06 NO DATA  NO DATA  3.43C-06 1|,91E-05
CO 98 NU UATA  4,798=-07 B8.556-07 NO DATA  NO DATA  2.99E-04 9.29€E-06
CO 60 NO DATA  3.556=06 6,126-06 NO DATA NO DATA  1.91E-03 2.60E-05
NI &3 2.226~04 1.256-05 T7.56E~06 NO DATA NO DATA T.43E-05 1.T1E~06
4l 65  B.0BE=10 7.996-11 4.44E-L1 NN DATA NU DATA  2.21E-06 2.276-0S
CU 66 NO DATA  5,396=10 2.90C=10 NO DATA  1.63E~09 2.596-06 9,926-06
IN 6% 1.15€-0%5 3,06E~05 1.90C=05 NO DATA  1.936-05 2.69E~04 4&,41E~06
IN 69 1.81E~L1 2.61E~11 2.41€~12 NO DATA L.58E-11 3.B4E-0T7 2.75€-06
KR 83 NU DATA NO DATA L.28E-0T7 NO DATA NO DATA NO DATA LT E=-24
BR B84 NO DATA NU DATA 1.48E~Q7 NO VATA NO DATA NO DATA LT E~24
g2 85 ND DATA  NO DATA  6,.84E-09 NO DATA  NO DATA  NO DATA LT E=24
“n A6 NO DATA  5,36C-0% 3,096-0% NO DATA  NO DATA  NO DATA  2.16E-06
RP 88 NO OATA  1.52E-07 9,90£-08 NO DATA NO DATA  NO DATA  4,.66E-09
RE 89 NO DATA  9,.336<08 7.83E-0R NO DATA  NO DATA  NO DATA  S5,11€-10
§9 89 1.62E-04 NO DATA  4,66E-086 NO DATA NO DATA  5,83C-04 4,526~05
SR 90 2.7T3E-02 NU DATA 1.74E~03 NO DATA NC DATA 3.99E-03 9.28€~05
-
sP 91 3.28E-08 NO CATA 1.24F=09 KO DATA NO DATA 1.44E-08 &,70r-05
SR 92 3.%4E~09 NO DATA  1.42E~10 NO DATA  NO DATA  6.49C-06 6.556-05
Y 9 1.11E~06 NO DATA 2.99E~08 NO DATA NO DATA T.076-05 7T.24E-05%
Y 91 L1.3TE~10 NO DATA  &.98E=12 NO DATA  HO DATA  T.60F-07 4,64E~07
Y 91  2.476-04 NO DATA  6.,59€E-06 NO DATA  NO DATA  T7.10€=04 4,97€=0%
Y 92 5.50€-09 NO DATA  1.5TE=LO NO DATA NO DATA  &6.46E=C6 6.46E-05
Y S5.04E-08 NO DATA L+ JUE=09 NO DATA NO OATA 2.01E<05 1.05€E~04
IR 95  5,186=0% 1.136=0% 1.,006~05% NO DATA  1.61E=0% 6.036-04 1.65€-05
n 91 G5.01C=08 T.340«09 &,326-09 NO VATA 1.056=08 3,06E~05 9,49E~05
NB 9%  b6.15E<06 2.48E-06 L. T76-06 NN DATA  2,33E<06 1.66E=04 1.,00€-05
MO 99  NO OATA  4,86E=06 1.1%E=08 NO DATY [ .C6E=0T 3,66E-05 V.42€-05
TC 99¢ 4. B1E=13 9,41C=13 1.%E~L1 NO OATA L ATE=LL  2.57€=C7 1.30F-08

- -
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Inhalation Dose Factors for Child (mrem/pCi inhaled)

NUCLIDE BUNE LIVER T.a00v THYROID KIONEY LUNG Gl=LL!

Tcuol 2.19C-16 2.30F-14% 2.915-13 NO ULATA 3.M2E-13  L.5RE~-0T 4,.41F-09
RULOD} T.556-07 N0 DATA 2.90€6-07 NO DATA 1.706-06 1.79€-04 1.21E-CS
RULOS 4.13E-10 NU DATA 1.92QE~10 NO DATA J.63E~10 4.30E-06 2.69E-05
RUI06 3.68E-0% NU DATA 4. 57T6-06 NO DATA 4.97€~0% 3.87€-03 1.16€-04
AGLIOM 4,56E~06 3.08E-006 2.476-006 NO DATA 5.74L=06 1.48F-03 2.71E-05
TEL25M 1 .B2E~06 G6.29F~07 2.4TE-O07 5.205-07 NG DATA 1.29€-04 9.13E-06
TEL27TM 6.726-06 2.31E~00 B.1uE-O7 1.64F=06 1.72E-05 4.000~04 1.93E~05
TEL27 T.49€E=10 2.57C-10 1.65%E=10 5.306~10 1.91€-09 2.71E~06 1.52€~05
TEL29% S.196=C6 1,8%E=06 B.226-07 1.71€~06 1.36E~05 4.T6E-04 4,91E~-05
TEL29 2.64F=11 9.45E=12 6,44C0-12 1.936-11 6.94L~11 7.936-07 6.89E-06
TEL3LM  Y.63E-08 1.606~08 1,376-08 2.64E-08 1.,086-07 S5.56E-095 B8.32€-05
retsl 5.BTE=12 2.28E~12 1.78C~12 4.59E~12 1.99C~11 5.556-07 3.60E-07

rers2 1.306~07 7.366-08 7.126-08 B8.58E-08 4.79E-07 1.02€6-04 3.72€-05
[ 130 2.216-06 4,435-06 2.28E~-06 4.99E-04 6.61E~06 NO DATA 1.38E~06
I 131 1.306=05 1.,30F=05% 7T,.37€-06 4.396~03 2.13E-05 NO DATA T.68€E-07
I 132 5.72E-07 1.106~06 S5.,076-07 5.23E~05 1.69€-06 NO DATA 8.65E6~07
I 133 4,48C=06 5.490-06 2.08E-06 1.04E-N03 9.13E~06 NO DATA 1.48E-06
I 134 JLLTE=07 5.845-07 2.69E-07 1.37€-05 B8.92E-07 NO DATA 2.58E-07

- -

I 135 133E=06 2.36E-06 1,120-06 2.140C~04 J.626-06 NO DATA 1.20€~06
Cs1)34 L T6E=04 2.74(~04 &.07TE~05 ~NO DATA B.93E~09 3.27E-05 1.04E-08
CS113s 1 76E=05 6.620~0% J.14E~05 NN DATA 2.58E~05% 3.93E-06 1.13E-06
cs1a? 2.45C-06 2.230-064 1.47F<0% NO DATA T.63C=0% 2.81E<0% 9.7R€-07
cslLas 1«71E=07 2.276E-07 1.50E=07 NO DATA 1.686=07 1.84F~08 7T.,29E-08
AaLd9 4.98E=10 2.66F~13 1.,4% =11 NO DATA 2.33E~-13 1.56E~06 1.56E~05
DAL4O 2.006-0% 1.75¢-08 1.17C-06 NO DATA S.TIE=09 &.T7T1E~-04 2.75€6-0%
BALGL $.290=11 2.75C~14 1,72F~12 NO DATA 2.56E~14 T.89E=07 T.64€-08
Bala? Lo356=11 .73C=15 T1.5%E=13 NO GATA T.OTE~1S &4.44E=0T T.41E-10

.------—‘-----------.----.-------o.-------------.----------o-.-.c..u------..

LALGO 1 T4E=07 6.086-08 2.04E-08 NO DATA NO DATA 4,94C~-05 6.10E-05
LAL&2 3.50E=10 L. .L1C=10 3,4%E=1L1 NO DATA NO DATA 2.356-06 2.05E-05%
CELlal 1.06E<0% $.206-06 T1.83E<07 NO DATA 2.01E-06 1.47E-04 L1.53E~05

CEL&] 9.,89€-08 5,37¢-08 7.77E-09 NO DATA 2.266~08 3,12E-05 D.44E-05
CElas 183603 $.72¢-04 9.776-05 NO DATA 3.176=06 3,23C-03 1.05C~04
PRIG) 4,996=06 1.906-06 2.4TE-0T7 NO DATA B.11E=07 1.17E~04 2.6)E-05
PR14& l.61E=11 6,99€=12 A.10E~13 NO DATA 2.66E~12 &.23E-0T S5,.32E-08
NUL&T 2.920-086 2.)6E~06 1.B84F=0T NO DATA 1.306=06 B.87E-05 2.22F-05
w187 4, 4lE=~09 2.61E-09 L1.17F=09 NO DATA NC DATA 1oL1E=05 2,46E~05

[ —————————————— A e bl

NP 239 1.266~07 9,04%-09 6.35E-09 NO DATA 2.63E~08 L.5TE~05 1.T3E~05









8.50€-05
3.09€-05
DATA .05€~-04

DATA 2.10E-05
) DATA 9.99E-06
3.42E-10
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Table 3.2-10 (Cont.)
Ingestion Dose Factor for Adult (mrem/pCi ingested)

NUCLIOE BONE LIVER T.800Y THYROID KIDNEY LUNG GI-LLl
fClOl 2.54C=10 3.66E-1C 3.59E-09 NO DATA 6.59€E-09 1.87€-10 1.10€E-21
aulo3 1.856~-07 NO ULATA 7.976-08 NO DATA T.06E-07 NO DATA 2.16E-05
RUL10S 1.54E-08 NU CATA  6.08E-07 NO DATA  1.99E-07 NO DATA  9.42€-06
RUL06 2.75€-06 NO DATA 3.48E-0T7 NOC DATA 5.31E-06 NO DATA 1.78E~04
AGLIOM 1.606-07 1.48€E-07 B8.79E-08 NO DATA 2.91€-07 NO DATA 6.04E~-05
TEL25M 2.69E~-06 9.T1E-07 3.59C-07 B8.06F-07 1.09€-05 NO DATA 1.076-05
TE127M 6.TTE-06 2.42C~06 B.25C~-07 1.73E-06 2.756-05 NO DATA 2.2TE-05
TEL27 1.106-07 3.956-08 2.38E-08 B8.15E-08 &.4BE-O07 NO DATA 8.68E-06
TEL29M 1.15E=-05 4.295-06 1.R2E-06 3.95E-06 &.BO0E-05 NO DATA 5.79€E-05
TEL29 3.14E-08 1.1BE-08 T.65E~09 2.41E-08 1.32E-07 NO DATA 2.37€E-08
TEL3IM 1.73E-06 B.465-0T7 7.05€-07 1.3%E-06 B.57E-06 NO DATA 8.40E~05
TEL31 1.97€-08 B8.23E-09 6.22E-09 1.62E-08 B8.62€E-08 NO DATA 2.79E-09
TEL32 2.52E~06 1.63E-06 1,53E-06 1.80E-06 1.57E~05 NO DATA T.T1E-05
1 130 7.56E=-07 2.23E-06 B.B0E-07 1.89E-04 3.48E-06 NO DATA 1.92€E-06
% L 4.16E-06 5.95E-06 3.41E-06 1.95€-03 1.02E-05 NO DATA 1.57E-06
I 132 2.03E-07 5.43E-07 1.90E-07 1.90E-05 B8.65E-07 NO DATA 1.02€-07
I 133 1.42E-06 2.47E-06 T.53E-07 3.63E-04 4.31E-06 NO DATA 2.22E-06
I 134 1.06E-07 2.BBE-0T7 1.03E-07 4.99€-06 4.S58E-0T7 NO DATA 2.51€E~10
I 135 4.,63E-07 1.166-06 4,.2BE-07 T.65E-05 1.B6E-C6 NO DATA 1.31€-06
CS134 6.226-05 1.48E-04 1.21E-04 NO DATA 4.79E=05 1.59€E-05 2.59E-06
»Sllb 6.)lE 06 2.57E-05 1. BSE-OS NO DATA 1.43€E-05 1.96E-06 2.92E-06
CSllT 7 975 05 1.09E-04 7. 165-05 NO DATA 3.70E-05 1.23E-05 2.11E-06
csl3s 5.52E-08 1.09E-07 S5.40E-08 NO DATA 8.01E-08 T.91E-09 &.65E-13
BAL39 9.70E~-08 6.91E-11 2.84E-09 NO DATA 6.46E~-11 3.92E-11 1.72E-07
BAL4D 2.03C-05 2.55€-08 1.33E-06 WO DATA B.6TE-09 1.46E-08 4&.18E-05
NAl4l 4.71E~08 31.56C-11 1.59E-09 NO DATA 3.31E~-11 2.02E~-11 2.22€E-17
AAL&2 2 13E=-08 2.19€-11 1.34E-09 WO DATA 1.856~11 1. ZhE 11 3.00€E-26
LAL4D  2.500-09 1.265-07 3.33C-10 NO DAT&  NO DATA ~o DATA  9.25€E-05
LAL42 1.2BE-10 5.825-11 1.45F6-11 NO DATA  NC DATA  NO DATA  4.25€6-07
CEL4l  9.36E-09 6.33E-09 7.18C-10 NO DATA  2.94E-09 NO OArA 2.42€-05
CE143  1.65€-09 1.22F-06 1.356-10 NO DATA  5.37E-10 NO 0ATA 4. S6E-05
CEl44 4. ABE=07 2.04:-07 2.62E-08 NO DATA  1.21E-07 NO DATA  1.65E-04
PR143 9.20€-09 3.690-09 4.56E-10 NO DATA  2.13E-09 NO DATA  4.03E-05
PR144 3.01E~11 1.25E=11 1.53E-12 NO DATA T.05€~-12 NO DATA 4.33E~-18
NDL147 6.29E=09 T7.276-09 4.35E-10 NO DATA 4.25€E-09 NO DATA 3.49E-05
W 197 1.03E-07 B8.61E-08 3.0lE-08 NO DATA NC DATA ND DATA 2.82€E-05
NP239 1.19€-09 1.17C~-10 &6.45E~-11 NO DATA 3.65E=10 NO DATA 2.40E-05
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Table 3.2-11
Ingestion Dose Factors for Teenager (mrem/pCi ingested)

NUCL I DE BONE LIVER T.800Y THYROID KIDNEY LUNG GI-LL!
M 3 NO DATA  1,06F=07 1,00E=07 1.060-C7 1.N6E=-0T 1.06E~07 1.06E-07
C 16 4.06E-06 B.12F=07 B.12E-07 B8.12F-07 B.126-07 AB.12E-07 B8.12F-07
NA 24  2.30E-06 2.20E-N6 2.3CE~06 2.30E-06 2.30E-06 2.30E-06 2.30E-06
P 32 2.76C-04 1.71C-05 1.07E-05 NO DATA NO DATA NO DATA  2.32E-05
CR S1  NU DATA NO NDATA  3.60E-07 2.00E-09 7.89t-10 S5.14E-09 6.05€-07
MN S4 N0 DATA  S5.706-06 1.176-06 N0 DATA 1.76E-06 NO DATA 1.21£-05
MN 56 WO DATA  1,58C-07 2.RlE-08 NO DATA  2,006-0T7 NO DATA  1.04E-0S
FE 59 3.78E-06 2.08F=-06 6.256-07 NN DATAa  NQ DATA  L.7N0E-06 1.16E-06
FE 59  S5S.BT7E-06 1.376~05 5.296-06 NO DATA  NO DATA  &4,32C-06 3.24E-05
CO 58 NO DATA  9.T72E-07 2.24E-06 NU DATA  NO LDATA  NO DATA  1.34E-0S
CU 60 NO DATA  2.B1E-06 6.33E-06 NO DATA NO DATA NO DATA  3,.66E-05
NI 63  1.TTE=04 1.25(-05 &,006-06 NO DATA NO DATA NO DATA  1.99E-06
NI 65  T.49E~01 9.57E-08 4.36E-08 NO DATA NO DATA  NO DATA 5.19E-06
CU 64 NO DATA  1.15E6-07 5.41E-08 NO DATA  2,91E-0T7 NO DATA 8.92E-06
IN 65 5.76E=06 2.CO0E~05 9.33E-06 NO DATA  1.28E-05 NO DATA B.47E-06
IN 69  1.47E-08 2.60E-08 1.96E-09 NO DATA  1.R3E-08 NO DATA S.16E-08
N? 83 NO DATA NO DATA  5.74E-08 NO DATA  NO DATA - NO DATA LT E-24
BR 84 NO DATA N0 CATA  7.22€-08 NO OATA NO DATA NO DATA LT E-24
BR 85 NO DATA NO DATA  3,056-09 NO DATA NO DATA NO DATA LT E=24
RB 86 NO DATA  2.98E-05 1.426-05 NO DATA NO QATA NO CATA  4.41E-06
RB 88 NO DATA 8.S52E~08 4.54E-08 NO DATA NO DATA  NO DATA  T.30£-15
KB 89 NO DATA S.S506E-08 3.89E-08 NO DATA NO DATA NO DATA  B.43E-17
SR B7  4.40E-04 NO DATA  1.26C-05 NO DATA NO DATA NO DATA  5.24E-05
SR 90 B.30E-03 NC DATA  2.05E-03 NO DATA NO DATA NN DATA  2.33E-04
SR 91 B.CTE~-06 NO DATA  3,21E-07 NO DATA NO DATA NO DATA  3.66E-05
SR 92  3,056-06 MNO DATA  1.306-0T7 NO DATA NO DATA NO DATA  T.77E-05
Y 90 1.376~08 NO DATA  3.67E-10 NO DATA NO DATA NO DATA  1.13E-04
Y 91™ 1.29E-10 NO DATA  4,93E-12 NO DATA NC DATA NO DATA  6.09E-09
Y 91 2.01E=07 NO DATA  5.396-09 NO DATA NO DATA NO DATA  B8.24E-05
Y 92 1.21E-09 NO DATA 3.50E-11 NO DATA NO DATA NO DATA 3.32€-05
Y 93  3.83E-09 NO DATA  1,056-10 NO DATA  NO DATA NN DATA 1.17E-04
IR 95 4.12E-08 1.30C-08 B8,94E-09 NO DATA  1.91€E-C8 NO DATA  3.00E-05
TR 97  2.37€E-09 &4.69F-10 2.16E-10 NO DATA  T7.11E-10 NO DATA 1.27€-04
4B 95  BL22E-09 4.563-09 2.%1E-09 NO DATA  4.42E-09 NO DATA 1.956-05
MO 99 N0 DATA  6.03C0-06 1.1>F-06 NO DATA  1.38E-05 NO DATA 1.08E-05
TC 99M  3.32E-10 9.265-10 1.20E-08 NO DATA  1.3BE-08 5.14E-10 6.08€-07

-
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Ingestion Dose Factor for Teenager (mrem/pCi ingested)

NUCL 1 DE BONE LIVER r.800Y THYROID  KIONEY LUNG GI-LLI
fC101  3.60€-10 $.125=10 5.03E-09 MO DATA  9.26€-09 3.12€-10 B8.75€-17
QU103  2.55€-07 NU DATA  1.,096-07 NO DATA  B8,996-07 NO DATA  2.13E-05
RUL0S  2.18E-08 NO UATA  B.45E-07 NO DATA  2.756-07 NO DATA  1.76£-05
RUL06  3.926-06 NO DATA  4.94E-0T7 NO DATA  7.56E-06 NO DATA  1.88E-04
AGLIOM 2.05E=07 1.94E-07 1.13E-07 NO DATA  3.70E-07 NO DATA  5.45E-05
TEIZ5M 3.8E-06 1.386-06 5. 126-07 1.076-06 NO DATA  NO DATA  1.13E-05
TF127TM  9.67€E- 05  3.436-06 1.15€-06 2.30E-06 3.92t-05 NO DATA  2.41€-05
[€127 1.58E=07 5.60E-08 3.40E-C8 1.09€-07 6.40E-07 NO DATA  1,22E-05
TE.29M 1.63E-05 6.056-06 2.58E-06 5.266-06 6.A2€-05 NO DATA  6.12€-05
TEL29 4.4BE-08 1.67F-08 1.076-08 3.20E- -08 1.88£-07 NO DATA  2.456-07
YEL3L™ 2.44E-06 1.17€-06 9.76E-07 1.76E-06 1.226-05 NO DATA  9.39E-05
TEL3L  2.796-08 1.156-08 B.726-09 2.156-08 1.22€-07 NO DATA  2.29€-09
TEL32  3.49E-06 2.21F-06 2.06€-06 2.33E-06 2.12E-05 NO DATA  7.00E-05
I 130 1.03E-06 2.986-06 1.196-06 2.43E-04 4&.59€-06 NO DATA  2.29E-06
[ 131 5.85E-06 8.13C-06 &.40E-06 2.39€-03 1.41E-05 NO DATA  1.62€E-06
1 132 2.79€-07 7.306-07 2.626- 37 2.46E-05 1.156-06 NO DATA  3.18E-07
[ 133  2.01E=06 3.4lE-06 1.04E-06 4.76E-04 5.98E-06 NO DATA  2.58E-06
[ 134 1.46E=07 3.876-07 1.396-07 6.456-06 6.10E-07 NO DATA  5.10E-09
| 135 6.10E=07 1.57C-06 5.82€-07 1.01E-04 2.48E-06 NO DATA  1.74E-06
CS134 8.37€-05 1.976-06 9,14E-05 NO DATA  6.26E-05 2.39€-05 2.45€-06
CS136 B.59E=-06 3.386-0% 2.27E-05 NO DATA  1.84E-05 2.90E-06 2.T2E-06
CS137 1.126-04 1.49€-04 5.19€-05 NO DATA  S5.07€-05 1.97€-05 2.12€-06
CS138 7.76E-08 1.49€-07 7.456-08 NO DATA  1.10E-07 1.28E-08 6.76E-11
BA139  1.39E-07 9.7BE-11 4.05E-09 NO DATA  9.22E-11 6.T4E-11 1.24E-06
BAL4D  2.84E=05 3.4BE-08 1.83E-06 WNO OATA  1.18E-08 2,34E-08 4.38E-05
BALGl 6.71E-08 5.01E-11 2.24€-09 NO DATA  4.656-11 3.43€-11 1.43E-13
DAl42  2.99C-08 2.99E-11 1.84E-09 O DATA  2.53c-11 1.99E-11 9. 186-20
LAL40  3.485-09 1.71C-09 &.55E-10 NO DATA  NC DATA  NO "DATA  9.82€-05
LAl42 L.79€-10 7.95€=11 1.98E-11 NO CATA  NO DATA  NO DATA  2.42€-06
Celel  1.33E-08 8.88E-09 1.026-07 NO DATA  4.1BE=09 NO DATA  2.54E-05
CC143  2.35€-09 1.716-06 1.916-10 NO DATA  7.67E-10 ND DATA  5.14€-05
CFlee  6.966-07 2.88E-07 3.74E-08 NO DATA  1.726-07 NO DATA  1.75€-04
PRI43  1.31E-08 5.230-09 6.526-10 NU DATA 3.04€-09 NO DATA  4.31E-05
PR14s  4.30E-11 1.T6E-11 2.18E-12 NO DATA 1.0lE-11 NO DATA  4.74E-14
NOl147 9.38E-09 1.02F-08 6.11E-10 NO DATA  5.99E-09 NN DATA  3.68E-05
w 187 1.46E-07 1.19€-07 4.176-08 NO DATA  NO DATA  NO DATA  3.22E-05
NP239  1.76E-09 1.66E-10 9.22E-11 NO DATA  S5.21E-10 NO DATA  2.67E-05
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Table 3.2-12
Ingestion Dose Fuctors for Child (mrem/pCi ingested)

VHCLIJE BONE LIVER T.BOUY THYROID  KIDNEY LUNG GI-LLt
i" 3 NO DATA 2.03E-07 2.03-07 2.03E-07 2.N3E-07 2.03E-07 2.03E-07
€ 1% 1.21E-05 2.42E-06 2.42E-06 2.42€6~06 2.42E~06 2.42E-06 2.42E-06
NA 24 5.80£-06 5.806-06 S5.8NE-06 S.B0E-06 S5.80E-06 5.80€-06 5.B80E-06
PF. N 8.25€E-04 3.,86C-0% 3.1CE-0% O DATA NO DATA NO DATA 2.28BE-05
CR 51 NO DATA ~0 LATA  B.97E-09 4.94E=N9 1.356-09 9.02€-09 &4,.T2E-07
MN 54  NO DATA WOTE-05 2.85t-06 NO DATA  3.00C-06 NO DATA  8.98E- oe
MN 56  NO DATA  3.34C-07 7.54£-08 NO DATA  4.04E-07 NO DATA  4,.B4E- os
FE 5% 1.15E=05 6.106-06 1.897°-06 NU DATA NC DATA  3.456-06 1.13E~06
FE 39 1.6%€-05 2.676-05% 1.350-05 NO DATA NO DATA T.74E-06 2. 785-\5
CO 58 NO DATA 1.80E-06 35.51F-06 NO DATA NO DATA NO DATA 1.05€E~ 05
CO 60 NO DATA 5.29F-06 1.56E-05 NO DATA NO DATA NO DATA 2.93E~-05
NI 63 S. SGE C4 2.B88F-05 1.B3E-NS NO DATA NO DATA NO DATA 1.94C-06
NI 65 2. 22t 06 2.09F-07 1.22E-07 N0 DATA NO DATA NO DATA  2.56E-05
CU 64 NU DATA  2.45E-0T7 1.48E-07 NO DATA  $5.92E-07 NO CATA 1.15€E-05
IN 65 1.37E-05 3.05E-05 2.27C-05 NO DATA 2.30E-05 NO DATA b6.61E~ 06
IN 69 4.388-08 6.33E-08 S5.85E-09 NO DATA 3.84E-08 NO DATA 3.99€~ 06
BR 83 NO DATA NO DATA 1.71E-07 NO OATA NO DATA NO DATA LT E-24
BR 84 NO DATA NO DATA  1.986-07 NO DATA NO oArA NO DATA LT E-24
AR 8% NO OATA NO DATA 9.12E~-09 NO DATA NO DATA NO DATA LT E-24
RE 86 NO DATA 6.70E-05 &.12E-05 NO DATA NO DATA NN DATA 4.31F-06
RB 88 NO DATA 1.90€~ 07 1.326-07 NO DATA NO DATA NO DATA 9.32€-09
RB 89 NO DATA 1.17€~ 07 1.04E~C7 NO DATA NO DATA NO DATA 1.02E-09
SR 89 1,326-03 NU DATA  3.77E-05 NO DATA  NO DATA NO UATA  S.11E-05
SR 90  1,.70E- 02 MO UATA  4.31E-03 KD DATA  NO DATA  NO DATA 2. 295-0«
SR 91 z.eos-os NO DATA  9.06E-07 NN DATA  NO DATA NO DATA 5. 305 os
SR 92 9.03E-C6 NO DATA 3.62E-07 NO DATA NO DATA NO DATA 1.T1E~D4
Y 90 4.11€E-08 NO DATA  1.106-09 NO DATA NO DATA NO DATA  l.l17E- oa
Y 91¥ 3.82E-1C NO DATA 1.37€-11 NO DATA NO DaTA N0 DATA T.48E- 07
Y 91 6.02E-07 NO DATA 1.61F-08 NO DATA NO DATA N DATA 8.02€E-05
Y 92  3.60E- ov NO DATA  1.03E-10 NO DATA  NO DATA  NO DATA  1.04E-04
Y 93 l.l4C- 08 NO DATA 3.13E-10 NO DATA NO DATA NO DATA 1.70E-04
IR 95 1.16E-07 2.55€-08 2.27E-08 NO DATA 3.65E~-08 NO DATA 2.66E-05
IR 97 6.99E-09 1. ClE 09 5.96E-10 NO DATA L.45t~-09 NO DATA 1.53€~-04
NB 95  2.25E-08 8. 765 =09 6.26E-N9 NO DATA  B.23E-09 NO DATA 1.62€-05
MO 99 NO DATA  1.33E-05 3.296-06 NO DATA  2,84E-05 NO DATA 1.10E-05
TC 99 9.23E~-10 1.81E~09 3.00E-08 NO DATA 2463E-08 9.19E-10 1.03E~ 06

-
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Table 3,2-12 (Cont.)
Ingestion Dose Factors for Child (mrem/pCi ingested)

BONE LIVER r pooy THYROID s|o~tv LUNG GI-tLLl
1.076-09 1.12E-09 1.42E-08 NO DATA  1.91E-08 S5.92C-10 3.56E=-09
7.31€-07 NU DATA  2.BlE-07 NO DATA  1.84E-06 NN DATA  1.89E-05
6.456-08 NO DATA  2.34E-08 NO DATA S5.67€E-07 NO DATA  4.21E-05
1.176-05 NO DATA  1.46E-06 NO DATA  1.SBE-05 NO DATA  1.82€-04
5.39€-07 3.64C-07 2.91E-07 NO DATA  6.78E-CT NO DATA  4.33€-05
1.146-05 3.09E-06 1.52E-0% 3.20E-06 NO DATA  NO DATA 1.10F-05
2.896-05 7.78E-06 3.430-06 6.916-06 B8.24E-05 NO DATA  2.34E-05
4,7T1E=0T7 1.275=07 1.01E-07 3.26E-07 1.34E-06 N0 DATA  1.84E-05
4.8T€E-05 l.soe 05 T7.56E-06 1.57E=05 1.43E-04 NN DATA  5.94E-05
1.34E-07 3 T4E-08 3.18E-08 9.56E-08 3.92E-07 NO DATA  B8.34E-06
7.206-06 2.49E-06 2.65E-06 S5.12E~06 2.41E-05 NO DATA 1.01E-04
8.306-08 z 53E-08 2.47€E-08 o 355 08 2.5lE-07 NO DATA  4.36E-07
1.01E-05 4.475 06 5.40€-06 6.515 06 4.156-05 NO DATA 4 50E-05
2.92E-06 5.90E-06 3.04E-06 6.50E-04 B.82E-06 NO DATA  2.T76E-06
1.72E~ 05 1.73€-05 9.B3E-06 S5.72€E- 03 2.84E-05 NO DATA 1.54E~-06
8.00C- 01 1.476-06 6.76E-07 6.82E- os 2.25€6-06 N0 DATA  1.73E-06
5.92E-06 T.32E-06 2.77E-06 1.36E-03 1.22E-05 NO DATA  2.95E-06
& 19£ -07 T.7BE-0T 3.58E-07 1.796-05 1.19E-06 NO DATA  S5.16E-07
1.155 -06 3.15E-06 1.496-06 2.79E-04 4.B83E-06 NO DATA 2.40E-06
2.34E-04 3.84C-04 8,10E-05 NO DATA 1.19€E-04 4,27E-05 2.07E-06
2.356-05 6.46E-05 &.10E-05 NO DATA  3.44E-05 S.13E-06 2.27E-06
3.27€-04 3.13E-04 4,.6°E-0S NO DATA  1,026-04% 3.67€E-05 1.96E-06
2.28E-07 3.17€-07 2.01E-OT7 NO DATA  2,23E-07 2.40E-08 1.46E-07
4.14E-07 2.21E-10 1.20E-08 NO DATA 1. 93t 0 1. 305-10 2.39€-05
R.31E=-05 7.286-08 4.85E-06 NO DATA 2.37t-08 4.34E-08 4,21E-05
2.006-07 1.125-10 6.51E-09 NO DATA  9.69E-11 6.58E-10 1.14E-07
B8.740~08 6.296-11 4.83E-09 NO DATA  5.09E-11 3.70C-11 1.14E-09
1.01E-08 3,.536-09 1.176-09 40 DATA  NC DATA NO DATA  9,.B84E-05
5.24E-10 1.67F=10 5.23C-11 NO DATA N0 DATA  NO OATA  3.31€-05
3.97E-08 1.98C-08 2.94C-09 NO DATA  B8.68E-07 NO DATA  2.47€-05
6.99C-09 3.796-06 5.49E-10 NO DATA  1.59E-09 NO DATA  5.5S5E-05
2.086-06..6.526-07 1.11E-07 NO DATA  3.61t-07 NO DATA  1.T70E-04
3.936-08 1.18C-08 1.9%5E-09 NO DATA  6.39E-09 ND DATA  &.24E-05
1.29€-10 3.976-11 6.496-12 NO DATA  2.11E-11 N0 DATA  8.59€-08
2.79E-08 2.266-08 1.756-09 NO DATA  1.24E-08 NO DATA  3.58€E-05
4.29E-07 2.54F-0T 1.14E-07 NU DATA NO DATA NO DATA  3,57€-05
5.25%=09 3.776=10 2.65t-10 NO DATA 1.096-09 NO DATA  2.79E-05

nNY ‘39
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Table 3.2-13
Ingestion Dose Factors for Infant (mrem/pCi ingested)
WUCL T UE BONE LIVER T.80uY THYROID  KIONEY LUNG GI-LLl
H 3 NO DATA  3.08F-07 3.00€-07 3.0R€-07 3,08C-07 3.08E-07 3.08E-07
L 14 2.37€-05 5.0G6E-06 S5.06C-06 5.06E-06 5.06t-06 5.06F-06 5.06C-06
NA 24 1.01lE~05 1.01C-05 1.01€-95 1.01£~05 1.01€-05 1.0lE=0% 1.01E=-0S
P32 1.706-03 1.008-04 6.59€-05 WO DATA N0 DATA  NO DATA  2.30E-05
CR Sl NO DATA NO DATA 1.41E-08 7.20€-09 2.ClE-09 1.79€-08 &.l11E-07
N 54 NO DATA  1.99E-05 4.51€E-06 NO DATA  4.41E-D05 NO CATA  T7.31C-06

MN 56 NO DATA  B.1BE-07 1.41E-07 NU DATA  7.03E-07 NO DATA  7.43€-05
FE 55 1.396-05 B.98E-06 2.4CE-06 NN DATA NO DATA  4.39E-06 1l.14E-06
FE 59  3.0BE-05 5.383-05 2.12E-05 NO CATA KO DATA  1.59€-05 2.57€-95S
CO S8 NO DATA  3.L0E-06 B.93E-06 NO DATA  NO DATA  NO DATA  8.97C-06
CO 60 NO DATA 1.086-05 2.55E-05 NO DATA NC DATA N0 DATA 2.57E-05
NI 63  6.34E-04 3.926-05 2.206-05 =0 DATA  NO DATA  NO CATA  1.95E-06
NI 63  4.70E-06 5.326-07 2.426-07 NO DATA NO DATA  NO DATA  4,0SE-0S
CU &4  NO DATA  6,09€-07 2.826-07 NO DATA  1.03E=-06 NN DATA  1.25€-0%5
IN 65 1.94E~05 6,31E-05 2.91E-05 NO UDATA  3,06E-05 NN DATA  S.33E-0S
IN 69 9.336-08 1.068E-07 1.25E-08 NO DATA 6.98E~-C8 NO DATA 1.37F-05
R 83 NN DATA NO DATA  3.63E-07 NO DATA  NO DATA NO DATA LT E-24
BR 84 NO DATA NO DATA  3.82E-0T7 NO DATA NO DATA  NO DATA LT E-24
BR 85 NO DATA NO DATA  1.94E-08 NO DATA NO DATA NO DATA LT E-24
RB B6 NO DATA 1.706-04 B8.40E-05 NO DATA  NO DATA NO DATA  4.35E-06
AB 88 NO DATA  &.9BE-07 2.73E-07 NOD DATA NO DATA NO DATA  4.85€-07
RC 89 NO DATA  2.U86E-0T7 1.97€E-27 NO UATA NO DATA  NO DATA 9.74E-08
SR 89 2,.51E-03 NG DATA  7.20(E-05 NO DATA  NO DATA  NO DATA  S5.16E-0S
SR 90 1.056-02 NO DATA  &,71E-03 NO DATA NO DATA NO DATA  2.31E-04
SR 91 5.00€-05 XNO DATA 1.81€-06 NO DATA NO DATA NO DATA  5.92E-05
SR 92 1.92C-05 NO DATA 7.136-07 NO DATA NO DATA NO DATA 2.07E-04
Y 90 B.69E-08 NU DATA  2.336-09 NO DATA NO DATA NO DATA  1.20E-04
Y 9lM B.I0E-IC NO DATA  2,.76F-11 NO DATA NO DATA NO DATA 2.70E-06
Y 91 1.136-06 NO DATA  3.01E-08 NO DATA NO DATA NO DATA 8,.10E-05
Y 92 T.65E-09 NO DATA  2.15€-10 NO DATA NO DATA NO DATA  1.46E-04
Y 93 2.43E-08 NO DATA  6.62C-10 NO DATA NO DATA NO DATA 1.92E-04
IR 95 2.06E-07 %.02E-08 3.56E-08 NO DATA S5.41E-ND8 NO DATA  2.50F-05
IR 97 1.48E-08 2.54C-09 1.16E-09 NO DATA  2.56E-09 NO DATA 1.62€E-04
V8 95 4.20E-08 1.73E-08 1.02E-08 NO DATA  1.24t-08 NO DATA  1.46E-05
40 99 NO DATA 3.4CE-05 G.63E-06 NO DATA 5.08E-05 NO DATA 1.12E-05
TC 99% 1.92€-09 3.965-09 5.10E-08 NN DATA  4.26t-08 2.07E-09 1.15E-06

-
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Table 3.2-13 (Cont.)
Ingestion Dose Factors for Infart

NUCL 1 DE BONE LIVER T.000Y THYRC'D  KIDNEY LUNG Gl Ll
1C101  2.27E-09 2.86E-09 2.B3E-0E NO DATA  3,.40£-08 I.SbE 09 A.Gee -07
RUL03  1.4B8E-06 NO DATA  4.95E-07 0 DATA  3.08E-06 NO DATA  1.BOE-05
RUL0S  L.36E- 07 NO DATA  4.58E-08 ~O DAT4  1.00E-06 N0 DATA  5.41E-05
RULO6  2.41E- os NO DATA  3.01£-06 N0 DATA  2.85E-05 NO DATA  1.83F-04
AGLLIOM 9:96E-0T 7.276-07 4.BLE-D7 ~NO DATA  1.04E-06 NO DATA  3,77€-0S
TE125M 2.33E-05 7.79C-06 3.13E-06 T7.84E-06 NO DATA  NO DATA 1 11E-05
TEL27TM  5.B5E=05 1.94E-05 7.086-06 1.6976-05 1.44E-04 NO DATA 2.36E 05
TEL127 1.00E-06 3.35E=-0T 2.15E-07 B8.14E-0T7 2.44E-06 NO DATA  2.10€-05
TE129M 1.00E-04 3.43F-05 1.54E-05 3.B4E-05 2.50E-04 NO DATA s 97€-05
TEL29  2.B4E-07 9.79€-08 6.63E-08 2.3B8E-07 7.07€-07 NO DATA 2 27E-05
TEL3IM 1.92E-05 6.12E-06 5.056-06 1.24E-05 4.21E-05 NO DATA  1.03E-04
TEI31  1.76E-0T7 6.50C- oa 4.94E-08 1.57€-07 4.50E-07 NO DATA  T7.11E-06
TE132 2.08E-05 1.03E- 05 9.61E-06 1.52F-05 6.44E-05 NO DATA  3.81E-05
[ 130 6.006-06 1.326-05 5.306-06 1.48E-03 1.45E-05 NO DATA  2.83E-06
1 131 3.59E- os 4.23E-05 1.R6E~05 1.39F-02 4.94E-05 NO DATA 1.51€-06
1 132  1.66E= oo 3.376-06 1.20E-06 1.58E-04 3.T6E-06 NO DATA  2.T3E-06
{ 133 1.25€E=05 1.82C-05 S.33€-06 3.31E-03 2.14E-25 NO DATA  3.08E-06
I 134 8.69E-07 1.7BE-06 6.33E-07 4.15E-05 1.99E-06 NO DATA  1.B4E-06
[ 135  3.64E-06 7.24C-06 2.64E-06 6.49E-04 B8.0TE-06 NO DATA  2.62£-06
CS134 3.776-04 7.03:-04 7.10E-05 NO CATA  1.81E-04 T7.42E-05 1.91E-06
CS136 4.59E-05 1.356-06 5.04E-05 NO DATA  5.38E-05 1.10E-05 2.05E-06
CS137 5.22E=04 6.11E-04 4,13E-05 NO DATA  1.64E-04 6.64E-05 1.91E-06
CS138 4.BLE-0T7 7T.B2E-O7 3.79E-07 NO DATA  3.908-07 6.09E-08 1.25E-06
BA139 B.B81E-07 5.B4E-10 2.55E-08 NO DATA 3. 515 10 3.56E 10 5. ss:-os
8A140 1.71E-04 1.71E-07 B.AlE-06 NO DATA 4. 06E-08 1.05E-07 4.20€- 0s
PAL4L  4.256-07 2.91Z-10 1.34E-08 N0 DATA  1./SE-10 1.77E-10 5.19€E-06
BA142  1.84E-07 1.53E-10 9.06E-09 NO DATA  B.81E-11 9.26E-11 T.59E-07
LAL40 2.11E-08 B.7228-09 2.14E-09 NO DATA NO DATA  NO DATA  9.77E-05
LA142 1.10E-09 4.04E=10 9.6/E-L1 NO DATA NC DATA  NO DATA  6.86F-05
CEl&l T, are 08 4.B05-08 S5.656-09 NO DATA  1.48E-07 NO DATA 2. «a‘-os
CE143 1. “BE-08 9.820-06 1.126-09 NO DATA  2.86£-09 NO DATA 5. 735 05
CEl44  2.9BE=-06 1.22€-06 1.67E-0T NO DATA  4.93E-0T7 NO DATA 1.T1E-04
PRI43  B.13E-08 3.C4E-08 4., ose-oq NO DATA  1.13g-08 wo DATA  4.29E-05
PRI4&  2.74C-10 1.06E-10 l.!BE-ll NO DATA  3.R4k-11 N0 DATA  4.93E-06
ND147  S5.53E-08 5.GBE-08 3.406-09 NO DATA  2.19E-08 NO DATA  3.60E-05
w 187 9. o;t -07 28e-07 2 L7E-OT N0O DATA NO DATA  NO DATA  3,69E- os
NP233 L. llE 08 9.93E-10 s.ble 10 NO DATA  1.98E-C9 NO DATA  2,.87€- os
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Annual Usage Factors for the Maximum Exposed Tndividual

Pathway Infant Child Teen Adult
Fruits, vegetables &
grain (kg/yr)* - 520 530 520
Leafy vegetables
(kg/yr) - 26 42 64
Milk (1 /yr) 330 330 400 310
Meat & pdultry
(kg/yr) - 41 65 110
Inhalaticn (m3/yr) 1400 3700 8000 8000
*Consists of the following (on a mass basis): 22% fruit, 54% vegtables

(including leafy vegetables), and 24%Z grain,

Table 3.2-15

Annual Usage Factors for the Average Individual Calculations

Pathway Child
Fruits, vegetables, &
grain (kg/yr)* 200
Milk (1/yr) 170
Meat & poultry
(kg/yr) 37
Inhalation (mslyr) 3700

*Consists of the following (on a mass basis):

Teen Adult
240 190
200 110
59 95

8000 8000

(including leafy vegetables), and 2% grain.

22% fruit, 547 vegetables
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3.3 Compliance With 10CFR50 Appendix I - Gaseous Effluent Dose

Doses resulting from the release of noble gases, radioiodines,
tritium and radionuclides in particulate form must be calcualted to
show compliance with Appendix I of 10CFR50. The calculations will
be performed monthly for all gaseous effluents,

3231 Noble Gases

Section II.B.l1 of Appendix I of 10CFR50 limits the releases of
gaseous effluents 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 pathway only will be considered for noble
gases. The controlling location for the above stated dose
limits is the site boundary location with the highest relative
dispersion factor (X/Q) for the period of release.

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

a. For gamma radiation, during any calendar quarter:

D < 5 mrads,
air

b. For beta radiation, during any calendar quarter:

D < 10 mrads,
air

¢ For gamma radiation, during any calendar year:

D < 10 mrads,
air

d. For beta radiation, during any calendar year:

D < 20 mrads.
air
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Radioiodines, Particulates, and Other Radionuclides

Section II.C of Appendix I of 10CFR50 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 pathways of
exposure is not in excess of 15 mrem to any organ. The
controlling location for this organ dose limit is a function
of the noble gas controlling location, i.e., the location of
the highest relative deposition (D/Q) for the period of
release, as well as the actual receptor pathway. The receptor
pathway locations will be reviewed once per year following the
performance of the Land Use Census to include consideration of
residences in each sector, and garden and farm animal
locations,

PNPP Techn-cal Specifications limit the dose resultant from
the releasc¢ of iodine-131, iodine-133, tritium, and all
radionuclides in particulate form with half-lives greater than
eight days to the following:

During any calendar quarter: dose to any organ < 7.5 mrems
and,

During any calendar year: dose to any organ< |5 mrems.

Dose Calculations

The following calculations are used to calculate gamma and
beta air doses resultant from noble gas releases to areas at
or beyond the site boundary for purpose of showing compliance
with 10CFR50 Appendix I. The equations used to calculate
organ doses resultant from the release of iodine-131,
iodine-~133, tritium and radionuclides in particulate form with
half-lives greater than eight days are the found in

Section 2.2.3. 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
" S ! .
of = 3.15x 10" * x/q * Zi:qi o/ (3.3-1)

Where:

62; = the annual gamma air dose due to noble gas
radionuclides, in mrad/yr;

ol

g " the gamma air dose factor for a uniform semi-
infinite cloud of radionuclidc i, from Table
3.3-1, in (mrad * m™)/(Ci * s);

Q1 = the release rate of radionuclide i, in uCi/s;

X/Q = the normal relative dispersion factor, in s/m3:

3,15 x 10l = the conversion factor to convert
(mrad * uCi)/(Ci * s) to mrad/yr.

b. Beta Air dose from Noble Gas Releases
- 1 - *
ngr 3.15 x 10" * x/Q Ziqi oriﬁ
Where:

Dézr = the annual beta air dose due to noble gas
radionuclides, in mrad/yr;

Dféz- the beta air dose factor for a uniform semi-
infinite cloud of rgdionuclide i, from Table
3.3-1, in (mrad * m”)/(Ci * 8);

Q1 = the release rate of radionuclide i, in uCi/s;
X/Q = the normal relative dispersion factor, in s/m3;

3.15 x 101 = the conversion factor to convert
(mrad * uCi)/(Ci * 8) to mrad/yr,

334 Cumulation of Doses

The dose contribution from gaseous effluents will be
calculated at least monthly, Calculations will be performed
to determine the maximum air dose as well as the maximum organ
dose to an individual. These dose calculations will be summed
for comparison with quarterly and annual limits. Monthly
results should be added to the doses cumulated from other
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months in the quarter of interest and in the year of interest,
To assure compliance with 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, If these limits are exceeded, a special report
will be submitted to the NRC in accordance with PNPP Technical
Specifications,

Projection of Doses

Doses resulting from the release of gaseous effluents will be
projected monthly when ventilation exhaust treatment systems
are not being fully utilized. The doses calculated for the
present month will be used as the projected doses unless
information exists indicating that actual releases could
differ significantly in the next month. In this case the
source term should be adjusted to reflect this information and
the justifcation for the adjustment noted. If the sum of the
projected doses for the 3l-day period exceeds 0.3 mrem to any
organ, appropriate portions of the ventilation exhaust
treatment system will be operated to reduce releases. The
values for the projected impact correspond to about one
forty-eighth of the Appendix I limits., If continued for a
year, these values would correspond to less than one-fourth of
the Appendix I limits,

Population Dose

As required by Regulatory Guide 1.21, for Semiannual Radioactive
Effluent Release Reporting, a population dose will be calculated
for the doses received resultant of all gaseous effluent releases,
The population dose will be computed, taking into account
geographically population distribution and pathway using the
equations in Section 3.2. However, the dose factors, DF. ’
differ. The population dose factors are calculated in a &igncr
similar to that used for individuals except that Regulatory Guide
1,109 Revision | assumptions for average individuals are used
rather than for maximum exposed individuals and they are averaged
over all age groups after weighting by the fraction of population
in each age group.




Figure 3.3-1

Gamma and Beta Air Dose Factors for Semi-Infinite Plume

[mrad * n3)

\ Ci *s

Nuclide 2!1
Ar-41 +95+2 1.04+2
Kr-83m 12-1 9.13
Kr-85m 3.90+1 6.24+]
Kr-85 5.45~1 6.18+1
Kr-87 1.96+2 3.27+2
Kr-88 4.82+2 9.29+1
Kr-£9 5.48+2 3.36+2
Kr-90 5.14+2 2.48+2
Xe-=131m 4,95 3.53+1
Xe~133m 1.04+1 4,69+1
Xe-133 1.12+1 3.33+1
Xe=135m 1.07+2 2.34+]
Xe~135 6.09+1 7.80+1
Xe-137 4,.79+1 4.03+2
Xe~-138 2.92+2 1.51+2
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4.0 TOTAL DOSE

4,1

Compliance With 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 with the 40CFR190 annual limit of 25 mrem total
body or any organ (except the thyroid which is 75 mrem).

PNPP does not intend to exceed 40 CFR190 limits during normal
operation. However, if such a situation should occur, violations
would be handed as per Terhnical Specification 3/4.11.4a. which
require the following:

With the calculated doses from the release of radioactive materials
in liquid or gaseous effluents exceeding twice the limits of
Specification 3.11.1.2s., 3.11.1.20,., 3.11.2.28., 3.11.2.20.,
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 whether the above limits of
Specification 3.11.4 have been exceeded. If such is the case,
prepare and submit to the Commission within 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
for achieving conformance with the above limits. This Special
Report, as defined in 10 CFR 20.405c, shall include an analysis
that estimates the radiation exposure (dose) to a MEMBER OF THE
PUBLIC from uranium fuel cycle sources, including all effluent
pathways and direct radiation, for the calendar year that includes
the release(s) covered by this report. It shall also describe
levels of radiation and concentratiosn of radicactive material
involved, and the cause of the exposure levels or concentrations.
If the estimated dose(s) exceeds the above limits, and if the
release condition resulting in violation of 40 CFR Part 190 has not
alredy been corrected, the Special Report shall include a request
for a variance in accordance with the provisions of 40 CFR Part
190, Submittal of the report is considered a timely request, and a
variance is granted until staff action on the request is complete.

This Special Report shall contain:

1. A determination of which fuel cycle facilities or operationms,
in addition to the nuclear power reactor unit(s) at the site,
contribute to the annual dose to the maximum exposed individu-
al. Nuclear fuel facilities over five miles from PNPP need
not be considered in this determination.

2. A determination of the maximum exposed individual.
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A determination of the total annual cdose to this person from
all existing pathways and sources of radioactive effluents and
direct radiation using the methodologies described in this
ODCM. Where additional information on pathways and nuclides
is needed, the best available information will be used and
documented.

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

.ne total body and organ doses resulting from liquid effluents from
the PNPP will be summed with the doses resulting from gaseous
releases of noble gases, radioiodines, and particulates. These
doses will be based upon releases from the PNPP during the past

3 quarters and from the quarter in which twice the specification
was exceeded. The doses from the PNPP will be summed with the
doses to the maximum exposed individual contributed from other
operations of the uranium fuel cycle.

Direct Radiation Dose From PNPP

Potential direct radiation dose to individuals outside PNPP will
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 radwaste.

Coolant activation by high energy neutrons, the 016 (n,p)N16
reaction, is of interest in BNRslgecause it can result in turbine
skyshine and direct dose. The N = present in the steam of a direct
cycle BWR is carried with the steam into the turbine moisture
separators, and associated equipment of the secondary cycle.
Although N°~ 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 walls of buildings at PNPP have been designed to
attenuate radiation sources from within the plant to maximum of
0.5 mrem/h outside, with an expected radiation dose of 0.25 mrem/h.

Direct radiation dose analyses for normal operations, were
performed based on 80% load factor and 100% occupancy at the
closest site boundary location NSW sector. Direct dose from
turbine skyshine was calculated to be 1.3 mrem/yr and direct dose
frog the surface of buildings was calculated to be 2.2 x

10 ° mrem/yr.
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Direct radiation doses at PNPP will be measured by self-contained
dosimeters encircling the site located in the general area of the
site boundary. These self-contained dosimeters will be of the

thermoluminescent variety {(TLDs) with analyses performed quarterly
and annually,
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5.0 RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

5.1

S'2

Monitoring Prog;am

Environmental samples shall be collected and analyzed according to
Table 5.1-1 at locations shown in Figures 5.1-1 and 5.1-2. Table
5.1-4 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.

Cround water sampling will 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 groundwater contamination. The position of the
plant and the underdrain system with respect to the hydraulic
gradient is such that any leakage or overflow from the underdrain
system will flow north towards Lake Erie. Local domestic wells
outside the exclusion area boundary are up-gradient from the
plant. As part of the REMP, samples will be routinely collected
from the closest potable water 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
radioactive materials and levels of radiation are not higher than
expected on the basis of the effluent measurements and modeling of
the environmental exposure pathways. Thus, the specified
environmental monitoring program provides measurements of radiation
and of radioactive materials in those exposure pathways and for
those radionuclides which lead to the highest potential radiation
exposures of individuals res-lting from the station operation. The
initial radiological environmental monitoring program should be
conducted for the first three years of commercial operation;
following 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
sampling equipment malfunctior, 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.

Land Use Census Program

A land use census will be conducted annually to identify the
location of the nearest residence, the nearest vegetable garden
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greater than 500 square feet, and the nearest milk-producing animal
in each of the 22%° meteorological sectors within a distance of
five miles.

If a land use census identifies a location(s) that yields a
calculated dose or dose commitment (via the same exposure pathway)
207% greater than at the location from which samples are currently
being obtained the new location(s) will be added to the
radiological environmental monitoring program within 30 days. The
sampling location(s), excluding the control station location,
having the lowest calculated dose or dose commitment(s), via the
same exposure pathway, may be deleted from this monitoring program
after October 31 of the year in which this land use census was
conducted. Any location from which milk can no longer be obtained
may be dropped from 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 growing season at
least once per calendar year 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 census shall be included in
the Annual Radiological Environmental Operating Report.

Inter Laboratory Comparison Program

The laboratories of the licensee and/or licensee's contractors
which perform analyses shall participate in the Environmental
Protection Agency's (EPA's) Environmental Radioactivity Laboratory
Intercomparisons Studies (Crosscheck) Program or equivalent
program. This participation shall include all of the
determinations (sample medium-radionuclide combination) 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 Envirormental Operating
Report.

If the results of a determinaticn in the EPA crosscheck program (or
equivalent program) are outside the specifi»d 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.



Table 5.1-1
PNPP Radiological Environmental Monitoring Program

Analysis
Sample Media Locations* Sampling Frequency Type Frequency
Airborne (a)
radioiodine 1s 35 8y 55 6, 38 Continuous sampler operation Radioiodine Weekly following
and b) with collection weekly or as 1-131 canister change
particulates required by dust loading, Patticulates(d) Weekly following
loading, whichever is more Gross Beta filter change
frequent
Gamma Isotopice Composite, by
location
quarterly
Direct Radiation(c) At each airborne Continuous sampling, one TLD Gamma Dose Quarterly
(3 TLDs/location) monitoring location exchanged quarterly
1 through 24, 35, Continuous sampling, one TLD Gamma Dose Annually
41, 42, 43, 45 exchanged annually
Continuous sampling, one TLD Gamma Dose Quarterly or
exchanged quarterly or under emergency
under emergency situations situations
Haterborntb) 28, 34, 36, 37 Composite(f) H-3 Composite, by
surface (b) location, quarterly
drinking Gross Beta Monthly
Gamma Isotopic  Monthly
Sediment fron(C) o 26, 27, 32 Semiannually -- Spring and Gamma Isotopic  Semiannually
shoreline Fall as weather permits
® U O
(I 4
See footnotes at end of table. 8 -
o

I
St

WOQ0



Table 5.1-1 (Cont.)
PNPP Radiological Environmental HonitoringLProgiam

Analysis
Sample Media Locations* Sampling Frequency Type Frequency
lngest{g? 29, 30, 31, 33, 46 Monthly when animals are not 1—131(3). Monthly
Milk on pasture Gamma (b)
Isotopic
29, 30, 31, 33, 46 Semimonthly when animals are 1-131(8), Semimonthly
on pasture Gamma (b)
Isotopic
Fish(c) 25, 32 Semiannually -- Spring and Gamma Semiannually
Fall as weather permits Isotopic
(edible
portion)
Food Products(c) 38, 39, 40, 44 Annually, at the time of 1-131(8), Annually
harvest, broad leaf vegetation, Gamma (b)
and fruits Isotopic
Silage(c) 29, 30, 31, 33 Annually, location determined by Gamma Isotopic  Annually

annual milk - animal and
garden census

Sampling locations were selected on the basis of local
ecology, meteorology, physical charactizations ol the region, and demographic and land use features of the site
vicinity. Other factors considered were applicable regulatory guidelines (Appendix I to 10CFR50, Regulatory Guides
4.1, 4.2, and 4.8), population distribution (from environme.tal report), ease of access to sampling stations,
security, future program integrity (e.g., not placing TLD's near areas under construction or where the potential
for vandalism is high, and the NRC Radiological Assessment Branch Technical Position on radiological environmental
monitoring as revised in Revision 1, November 1979 (reference 1). 1In addition, certain locations were PNPP
operations are unlikely to affect levels of radiation or radioactivity were selected as control locations
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Footnotes to Table 5.1-1 (Cont.)

(a)
(b)
(c)
(d)

(e)

(f)

Sampling begins at least six months prior to PNPP operation, inciuding one pasture season.

Sampling begins at 'east one year prior to PNPP operation.

Sampling begins at least two years prior to PNPP operation.

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

Gamma isotopic analysis means the identification and quantification of gamma-emitting radionuclides that may be
attributeble to the effluents from the facility. 1If gress beta activity in air or water is greater than ten
times the mean cof control samples for any medium, gam:a isotopic analysis will be performed on the individual
samples.

Composite samples will be collected with equipment *hat is capable of collecting an aliquot at time intervals
that are very short (e.g., hourly) relative to the compositing period (e.g., monthly).
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Table 5.1-2

Reporting Levels for Radioactivity Concentrations in Environmental Samples

WATER ATRBORNE PARTICULATE FISH MILK FOOD PRODUCTS
ANALYSIS (pCi/L) OR GASES (pCi/m™) (pCi/kg, wet) (pCi/L) (pCi/kg, wet)
g-3(1 2 x 10°

Mn-54 1 x 10° 3 x 10°

Fe-59 4 x 10° 1 x 10°

Co-58 1 x 107 3 x 10%

Co-60 3 x 10° 1 x 10%

Zn-65 3 x 10 2 x 10*

2r-Nb-95 4 x 10°

1-131 2 0.9 1 x 10° 3 1 x 107

Cs-134 30 10 2 x 10° 60 1 x10°

Cs-137 50 20 70 2 x 10°

Ba-La-140 2 x 10° 3 x 10°

(1) For drinking water

samples. The value given is the 40CFR part 141 value.
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Table 5.1-3

Detection Capabilities for Environmental Sample Analysis and
Lower Limit of Detection (LLD)

WATER AIRBORNE PARTICULATE FISH MILK FOOD PRODUCTS SEDTMENT
ANALYSIS (pCi/L) OR GASES (pCi/m”) (pCi/kg, wet) (pCi/L) (pCi/kg, wet) (pCi/kg, dry)
o
Gross Beta 4 1 x 10
H-3 2000
Mn-54 15 130
Fe-59 30 260
Co-58, 60 15 130
Zn-65 30
Zr-95 15
1-131 1 7x 1072 1 60 150
Cs-134 15 $ %10 130 15 60 180
Cs-137 18 6 x 1072 150 18 80
Ba-140 60 60
La-140 15 15
A2
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Table 5.1-3 (Cont.)

Table Notations

AThis list does not mean that only these nuclides are to be considered. Other peaks that are identifiable,
together with those of the above nuclides, shall also be analyzed and reported in the Annual Radiological
Environmental Operating Report pursuant to Specification 6.9.1.10. For these radionuclides in Table 4.12-1

which are not detected, the typical LLDs for the measurement system will be separately reported in the
annual report.

Required detection capabilities for thermoluminescent dosimeters used for environmental measurements shall
be in accordance with the recommendations of Regulatory Guide 4.13, except for specification regarding energy

dependence. Correction factors shall be provided for energy ranges not meeting the energy dependence speci-
fication.

“The methodology for determining the LLD is contained in Appendix B.
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Atmospheric Dispersion and Deposition Parameters
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The atmospheric dispersion and deposition parameters used to calculate
gaseous effluent doses will be calculated using the following equations.
Dose calculations will be performed using hourly meteorological and
effluent data. All atmospheric releases at PNPP are considered to be
ground-level releases,

a. Constant Mean Wind Direction Relative Dispersion Factor

2.032 Tf
X/Q = (A-1)

(w) x) @)
Where:
X/Q = the relative dispersion fac or at ground level, in s/n3;
Tf = the terrain correction factor, from FSAR Table 2.3-26,
dimensionless;
u = the wind speed (measured at 10m), in m/s;
x = the distance of calculation, in m;

2,032 = (2/1()5 divided by the width in radians of a 22.5°

sector
2
: He ' b
= the lesser of ([T + or (. * 3
z 7T z

Where:
Hc = the building height (44.8m);

0 = the vertical dispersion coefficient, per Regulatory
?  Guide 1.111, in m,

b. Depleted Relative Dispersion Factor

X/Q, = (X/Q)(DPLJ) (A-2)

Where:

X/Qd = the depleted relative dispersion fgctor (for airborne
halogens and particulates), in s/m”;
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DPL, = the ground depletion factor for the jth distance, inter-
3 polated from Table A-1, dimensionless;

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

Ce Ground Deposition

(DEP,) (T,)
D/Q = it
0.3927 x

Where:

D/Q = the relative deposis}on per unit area (for halogens and
particulates), inm “;

DEPj = the ground deposition factor for EYe jth distance,
interpolated from Table A~1, inm "}

'I‘f = terrain correction factor, from FSAR Table 2.3-26,
dimensionless;

x = the jth distance, in m;

0.3927 = radians per 22%° sector




Table A-1]

Atmospheric Depletion and Deposition Factors

Pasquill Distance (meters)
Stability
Class 200 500 1,000 2,000 3,000 6,000 10,000 30,000 50,000 80,000

Depletion Factors (DPLJ) All 0.970 0.936 0.900 0.8¢0 0.832 0.770 0.714 0.590 0.517 0.440

Deposition Factors (DEP )(m-l) All | 1.25E-4 8.0E-5 3.2E-5 2.6E-5 1.5E-5 9.9E-6 4.5E-6 3.0E-6 2.0E-6

i
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The following 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 gire
boundary for sectors overland shall be used for radioactive gaseous
effluent monitor setpoint calculations. The dispersion model used was
X0QD0Q, with PNPP FSAR site-specific terrain adjustment factors
included. Dispersion values are based on the seven years of
meteorological data (May 1, 1972 to April 30, 1974 and September 1, 1977
to August 31, 1982), ground-level releases, sector spread for purge
calculations, and twelve wind speed classes.
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Table A-2
Site Boundary Atmospheric Dispersion and Deposition Parameters
for PNPP Unit 1

SECTOR DISTANCE X/Q n/G
(MILES) (SEC. /CUB. METER) (PER SG. METER)
N 0 18 S5 7€-05 1 6E-07
NNE 0 25 1 BE-0S 7 9E-08
NE 0 42 S BE-06 3 1E-08
ENE 0 &7 2 1E-06 1. 6E-0B
3 0 &7 2. 2E-06 1 BE-0OB
ESE 0. 67 1. 6E-06 1. 3E-08
SE 0.79 1. 4E-06 1 1E-08
SSE 0. 82 2 2E-06 1 4E-08B
-] 0. 81 2 7E-06 1. 6E-08B
SS 0 80 1. J3E-O0é& & BE-09
SW 0. 65 2 3E-06 1 1E-08B
WSW 0 S6 4 2E-06 1 SE-08
W 0 27 2 SE~-0S 4 LE-0B
WNW 0 18 S 9E-0S 8 4E-08
NW 0 17 & LE-0S 1. 1E-07
NNW 0 17 S 9E-09 1. E~-07
|
Table A-3

Atmospheric Dispersion and Deposition Parameters at the
Nearest Residences for PNPP Unit 1

SECTOR DISTANCE X/Q D/G
(MILES) (SEC. /CUB. METER) (PER SQ METER)
NE o 8 2 2E-06 1 1E-08
ENE 1.0 1. 1E-0é& 8 2E-09
E 1.8 S. 9€-07 4 LE-09
ESE 1.2 4 4g-07 3. 4E-09
SE 1 2 3. 9e-07 2 9E-0%
€SE Q.9 1. 9E-0n 1. 2E~-08
- 0.9 2 2E-06 1 JE-OB
SSW 1 0 9. %€-07 4 7E-09
SW 1 2 S OE-O07 2 2E-09
WSW 1-3 8 7e-07 e 7E-09
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Atmospheric Dispersion (X/Q) as a Function of Distance
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Atmospheric Dispersion (X/Q) as a Function
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Atmospheric Dispersion (X/Q) as a Function of Distance
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Atmospheric Dispersion (X/Q) as a Function of Distance
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. 978E-08
. Q0OBE-08
. 284E-08

795E-08
429E-08
813E-08
105E-08
2646E~-08

737E-08
309E-08

. 945E-08

B64E~-08
870E-08
784E-08
B34E-08
225E~-08

08

(MILES)

et ' Bl

“~-ONNNDO ~

S60E-0P
237€-08
oesE-0O®f
193E-08
J23E-08
90SE-0%
0S1E-OB
496E-08

997€-08
810E-0%
120E-09
993E~-09
F66E-09
788E-09
F49E~-09
O7%E-08B

0.4

 (MILES)

GWRNRNNURN S

PUWALLWS

B834E-08
834E-08
372e-08

. 698E-08
. 103€-08
. 071E-08

2%58E-08B
6&37E-08

9S51E-08
111E-08
S18E~-08
4466E-08B
470E-08
413%5€-08
0BSE-0OB
334E-08

0.9

(MILES)

L L L

DOV~

277E-08
013e-08
907E-09
76BE-09

. 084E-08

112E-09
603E-09
22%E-08

308E-08
S77E-0%9
651E-09
513E-09
S24E~-0S
J379€E-09
148E-09
807E~-09

NN el WNNNODRURNDW

0.5

(MILES)

383E-08€
6B82E-08
359E-08
S87E-08
870E-08
149E-08
279€E-08
244E-08

443E-08
477E-08
761E-08
725E-08
728E-08B
689E-08
158E-08
332E-08

1.0

(MILES)

N> ODND~—-

N>R AOG L -

0&BE~08
465E~-09
4435E-09
164E-09
0SBE-09
781E-09
192€E-09
024E-08

0S3E-08
662E-09
SS9E-09
A444E-0Q9
433€E-09
332E-0°9
811E-09
J41E-09

Atmospheric Deposition (D/Q) as a Function of Distance

0.6

(MILES)

(ST Y ] R v et R) »e s »a N)

(

DWwaeasaararao

AUWNNNNN S

S146E-08
995E-08
755E-08
924E-08
135E-08
S9BE-08
695E-08
413E-08

S76E-08
099E-08
310E-08
2B83E-08
285E-08
2956E-08
605E-08

. 73%9E-08

5. 3
MILES)

3435E-09
P45E-09
3S50E-0°
770E-09
292E-09
F61E-09
361E-09
480E-0%

128E-0%
S21E-09
998E-0%
&7BE~0Q9
B832E-09
932E-09
743E-09
Q47E~-0%




SECTOR

N
NNE
NE
ENE
E
ESE
SE
SSE

S
ssu
Su
wSu
W
WhtY
NW
NN

SECTOR

2]
NNE
NE
ENE

E
ESE
SE
L3 1

S

SEW
SW
WSl
W
Wi
NW
NHW

==

P R e e e e e e

1.2

(MILES)

777€E-09
260E~-09
747€E-09
109E-09
SSPE-09
413E-09
EF6E~-09
Y9BE-09

396E-09
172E-09
238E-0%
307E-0%
440E-09
923%E-09
226E-09

Table A-5 (Cont.)

(m~%)

1.3
(MILES)
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Atmospheric Deposition (D/Q) as a Function
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Table A-5 (Cont.)
Atmospheric Deposition (D/Q) as a Function
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Table A-5 (Cont.)
Atmospheric Deposition (D/Q) as a Function of Distance
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(MILES)
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147E-10
4135e-10
479E~-10
S98E~10
223%E-10
719E-10

. 209E~-10
799E~-10
. O39E-10
. @99E~10
403E-10
457E~-10
351E-10
292E-10
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937E-10
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324E-10
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941E~-10
S1%5E-10
0%2E-10
72%9E~-10
762E-10
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614E-10
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Table A-5 (Cont.)
Atmospheric Deposition (D/Q) as a Function
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The lower limit of detection (LLD) is the smallest concentration of
radicactive material in a sample that will be detected with a 95 percent
probability with a 5 percent probability of falsely concluding that a
blank observation represents a "real" signal.

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

Y
r r
3.3 ® + ® (B-1)
t t
LLD = - b
(C) (E) (V) (Yc) exp (-XAG
Where:

LLD = the "apriori" lower limit of detection, as defined
above;

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

E = the detector efficiency;

B the background count rate in units of transformations
per unit time;

e the counting time of background;

t8 = the counting time of the sample;

V = the sample size, in units of mass or volume;
Y = the fractional radiochemical sample collection or concen=-
€ tration yield (when applicable);

ZX: = for plant effluents, the elapsed time between the midpoint
of sample collection and time of counting; for environ-
mental samples, the elapsed time between sample collection
(or end of the sample collection period) and time of
counting;

)\- the radioactive decay constant for the radionuclide in
question,
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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) limit for a particular measurement,

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

Ly exp (0.693At/t5)
OB O T Ty

LLD =

Where:

LLD = the lower limit of detection, in uCi 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;
t = the data collection (counting) time of sample;

tﬁ = the half-life of the radionuclide in question;

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

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

the yleld of the gamma ray in question;

Zﬁ; = for plent effluents the elapsed time between midpoint
of sample collection and time of counting; for environ-
mental samples, the elapsed time between sample collec~
tion (or end of the sample collection period) and the
time of counting;

the detection limit

5 2\ %
kS + 2 5;(’1‘”2)‘1’0-1

the number of counts in n background channels below the
peak due to Compton scattering, etc., determined at the
same time a photopeak is measured;




q; -

Typical values

in calculating
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the number of counts in the n background channels abo e
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
with 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 t shall be used in the calculation.

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

Tables 4.11.1.1.1-1, 4.11.2.1.2=1, and 4.12.1-1 of the Radiological
Effluent Technical Specifications for the Perry Nuclear Power Plant will
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 will
be identified and described in the Annual Radiological Environmental
Operating Report or the Semiannual Radiocactive Effluent Release Report.
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