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1.0 INTRODUCTION

This Office 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 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 determi ation, 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 detectiom (LLD).
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2.0 LICUID EFFLUENTS

2.1

2.1.1

All liquid radwaste discharges from Perry Nuclear Power Plant will
be batch releases, that is, 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. 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-l.

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
{nto the tank. This procedures ensures that the water in the tank
vill 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. 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.

Determination of the Minimum Acceptable Dilution Factor
C
DF, = 2, : (2.1-1)
i MPC
i
Where:

DF_ = the minimum acceptable dilution factor determined
from analysis of the liquid effluent to be released;
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Ci = the concentration of radionuclide i in the batch to
be released, in uCi/ml;

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

DF = 10 DFO (2.1-2)
Where:

D¥ = the conservative dilution factor used by PNPP to
calculate the maximum release rate prior to release
in order to ensure coupliance with 10CFR20;

F = the minimum accertable ¢ilution 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
1iquid radwaste releases from PNPP.

NOTE: 1f 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.

r 2 W Determination of the Maximum Allowable Radwaste Tank Discharge
Flow Rate

0.8 mdf
f = DF (2.1-3)

fuax = the maximum allowable radwaste tank discharge flow
rate for the batch to be released, in gpm;

DF = the conservative dilution factor, as per equation
2.1"2;

mdf = the minimum dilution flow - supplied by the Service
Water system, i.e., the low flow alarm setpoint of
the Service Water Flow Transmitter P41-N443 =
30,000 gpm;
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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 volume discharge throttle valves (PCVFIS53 or
PCVF155).

Liquid Radwaste Discharge Radiation Monitor Alarm/Trip Set-
point

Mcnitor 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
radionvclides 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 = Zci E, (2.1-4)
1

Where:

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

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

E, = the detector efficiency of the monitor for radio-
nuclide 1 in cpm/(uCi/ml).

SP = 1,25 CR + BC (2.1-5)

Where:

SP = the Radwaste Discharge Radiation Monitor - ESW Dis-
charge (D17K606) alarm/trip setpoint, in cpm;

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 equaticn 2,1-4;
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1.25 = the engineering safety factor to prevent spurious
alarms. (The inverse of 0.8).

2.2 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 maximum permissible concentrations (MPC) as defined in Appen-
dix B, Table II, Column 2 of 10CFR20. Concentrations of radioac-
tivity i1 effluents prior to dilution will be determined. Concen=-
tration 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 rzlease. 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:

Ci 4
Cone, = (2.2-1)

i —Zar
Where:

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

C1 = 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;

mdf = the minimum dilution flow, as per equation 2.1-3,
in gpm.
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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 a
final 10CFR compliance check, i.e., the following equation
must be met:

Conci (2.2-2)
p <1

i HPCi
Where:

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

i

H:PC1 = the maximum peimissible concentration of radio-
nuclide 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
10CFR20.

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
Ccnc1 = i lrt (2.2-3)
Vai1

Where:

Conc. = the actual concentration of radionuclide 1 at the
unrestricted area for the release, in uCi/ml;

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

vdil = 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;

vlrt = the actual volume of the 1iquid radwaste tank dis-
charged for the batch, in gallons.
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The concentrations in the unrestricted area are compared to
the maximum permissible concentrations in Appendix B, Table
11, Column 2 of 10CFR20 in order to demonstrate final compli-
ance with 10CFR20, i.e., the following equation must be met:

2 (.Zorxc:l
- =1 (2.2-4)
i HPC1
Where:

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

MPC, = the maximum permissible concentration of radio-
nuclide i, from Appendix B, Table II, Column 2 of
10CFR20, in uCi/ml.

2.3 Compliance With 10CFRSO Appendix 1 - Liquid Effluent Dose

Doses resulting from liquid effluents will be calculated 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.

2:3:1 Dose Calculations

Radiation doses due to radiocactive 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.
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Radiation dose to members of the public for liquid radwaste
releases from PNPP will be calculated for the potable water,
aquatic food, and shoreline deposit pathways using the follow-
ing equation:

Potable Water:

U‘P Ti,
R‘ ’ = 110C . Q1 Daipj exp 0-\1 tp) (2.3-1)

2. Aquatic Foods:

U
- ap - L
Ryyp = 1100 - ii. Qy By, Dygpy &% (=X £ (2.32)
3. Sinreline Deposits:
U, ¥
R . = 110,000 °P
- ¥pF

[1 - exp (- Ay tb)]

3 Q1 Ti Daipj [exp (-\1 tp)]* (2.3-3)

Where:

R‘j = the dose to individuals of age group a to organ j
P from all the radionuclides in pathway p, in mrem;

B, = the equilibrium biaccumulation factor for radio-

» 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 i, 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, apd 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 £3/s;
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the dilution factor at the midpoint of exposure
(or the point of withdrawal of drinking water or
point of harvest of aquatic food), dimensionless;

the release of radionuclide i, in Ci;

the period of time for which the sediment orssoil is
exposed to the contaminated water, 1.31 x 10 h
(from RG 1.109);

the halflife of radionuclide i, in days;

the average transit time required for radionuclides
to reach the point of exposure, from Table 2.3-10;
for internal dose, t_ is the total time elapsed
between release of tge radionuclides and the inges-
tion of food or water, in h;

Ua = 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 2.3-11, in
h/yr, 1/hr, or kg/hr;

W = the shoreline width factor, 0.3 (from RG 1.109);

\1 = the Etdioactive decay constant of radionuclide i,
in h 7;

1100 = a factor to convert from (c1/yr)/(f3/s) to pCi/l;

110,000 = a factor to convert from (Ci/yr)/(f3/l) to
pCi/1 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
monthly. Calculations will be performed to determine the
maximum total body as well as the maximum organ dose to an
individual. These monthly dose calculations will be summed
for comparison with quarterly and annual limits. The monthly
results should be added to the doses cumulated from the other
months in the quarter of interest and in the year of interest.
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To assure compliance with the dose limits of 10CFR50 Appen-
dix I the following relationships should hold:

for the quarter:
Dose €= 1.5 mrem total body;
Dose €= 5 mrem any organ;
for the calendar year:
Dose &= 3 mrem total body;
Dose €= 10 mrem 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. This report will
include results of analyses of Lake Erie water and an analysis
of possible impacts through the drinking water pathway with
regards to the requirements of 4OCFR141,

Projection of Doses

Anticipated doses resulting from the release of liquid efflu~
ents will be projected monthly. If the projected dose, when
averaged over 31 days, exceeds 0.06 mrem to the total body or
0.2 mrem to any organ, the liquid radwaste system will be used
to process waste. The values for the projected impact corre-
spond to approximately one forty-eighth of the Appendix I
design objective. If continued at this rate for one year, the
projected impact would correspond to less than one-fourth of
*he Appendix I 'imit. The projected doses will be calculated
,-sing Equations 2.3-1 to 2.3-3.

The total source tera utilized for the most recent calculation
should be used for the projections 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 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 Radivac-
tive Effluent Release Reporting, a population dose is
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calculated for doses received from all radioactive liquid
effluent releases. This population dose is calculated using
average individual transit times and usage factors (as compared
to maximum exposed individual factors used for individual
doses). The population dose is 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

P gone

& GI Tract

3. Kidney
4. Liver
5. Lung

6. Thyroid

7. Total Body

8. Skin

Table 2.3-2

12

ODPCM
0

Age Groups used for Liquid Effluent Dose Calculations

1. 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

l. Water ingestion

r Shore exposure

3. Fish ingestion
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Bioaccumulation Factors (B, ) (pCi/kg per pCi/liter)
TF

Element

H

C

Na
) 4

Cr
Mn
Fe
Co
Ni
Cu
Zn
Br
Rb
Sr
Y

Zr
Nb
Mo
Tc
Ru
Rh
Te
3

Cs
Ba
La
Ce
Pr
Nd
W

Np

Fish

9.0E-01

4.6E
1.0E
1.0E
2.0E
4.0E
1.0E
5.0E
1.0E
5.0E
2.0E
4.2E
2.0E
3.0E
2.5E
3.3E
3.0E
1.0E
1.5E
1.0E
1.0E
4.0E
1.5E
2.0E
4.0E
2.5E
1.0E
2.5E
2.5E
1.2E
1.0E

03
02
05
02
02
02
01
02
01
03
02
03
01
01
00
04
01
01
01
0l
02
01
03
00
01
00
01
01
03
01

ODCM
13
0
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Table 2.3-5

Ingestion Dose Factors for Adult (mrem/pCi ingested)

NUCLILE BONE ILIVER T.AOQCY THYROIOD KIDNEY LUNG GI-LLl
NO DATA 1.056-07 1.0%€-07 1.056-07 1.05€-07 1.05€-07 1.05€-07
2.84E-06 S.68E-07 S5.48E-07 S5.6BE-NT 5.68E-07 5.685-07 S.68E-07
1.706-06 1.70E-06 1.706-06 1.70£-06 1.70€E-06 1.T0E- 1. 7OE 06

1.93E-04 .20F-05 T7.46E-06 NO DATaA NC DATA NO DATA 2. l?& 05
NO DATA NO CATA 2.60E-09 1.57€-09 5.86E-10 3.53€-09 6.69€-07
4,575-06 B8.72E-07 1.36€-06 NO OATA 1.40€-05

NO DATA 1.15C-07 2.04€E-08 NO NO OAYA 3.67€-06
2.756-06 1.90F=06 4.43€-07 NO 1.06E~06 1.09E-06
4,346-06 1.026-05 3.91E-06 NO DATA 2.85€-06 3.40E-05

- —————— —----—--------—---_-“---------------------—----------------—--

NO DATA 7.45¢-0T7 L1.67E-06 NO DATA NO DATA 1.51€E~05
NO DATA 2.14F-06 4.72C0-06 NO DATA NO DATA 4.02€-05
1.30E-C4 9.01E-06 4.36E-06 NO DATA NO DATA 1.88E-06

NI 65 5,286-07 6.866-08 3.13E-08 NO DATA NO DATA NO DATA 1.T4E~06
Cu 64 NO DATA 8.33E-08 3.91E-08 NO DATA 2.10E-07 NO DATA T.10€E-06
IN 65 4.84E-06 1.54E~- 05 6.96E-06 NO DATA 1.03€E-05 NO DATA 9.70E-06

IN 69 1.03€-08 1l.97€E~- 08 1.376-09 NO DATA 1.28€E-08 NO DATA 2.96E~09
BR 83 NO DATA NO DATA 4,02E-08 NO DATA NO DATA NO DATA 5.79€-08
BR 84 NO DATA NO DATA 5.21E-08 NO 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
RS 86 NO DATA 2.11E-05 G§.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 4,01E-08 2.82€E-08 NO DATA NO DATA NO DATA 2.33€-21
SR 89 3.08E~-04 NO DATA B8.84E~06 NO DATA NO DATA NO DATA 4.94E-05
SR 90 7.58€-03 NO DATA 1.86E-03 NO DATA NO DATA NO DATA 2.19€E-04
SR 91 S.6TE-C6 NO DATA 2.296-97 NO DATA NC DATA NO DATA 2.T0€-05
SR 92 2.156-06 NO DATA 9.30€E-08 NN DATA NO DATA NO DATA 4.26E-05
Y 9 9.62E-09 NO DATA 2.58E~10 NO DATA NG DATA NO DATA 1.02E-04

- —

Y 91 9.09€-11 NO DATA 3.526-12 NO DATA NO DATA NO DATA 2.67€E~10
Y 91 1.41E-07 NO DATA 3.77€-09 NO DATA NO DATA NO DATA T.T6E-05
Yy 92 8.45€E~10 2.47E-11 NO DATA NO DATA NO DATA 1.48E-05

[P —————————— i

¥ 9 2.68E-09 NO DATA 7.40E~11 NO DATA NO DATA NO DATA 8.50€-05
IR 95 3,046-08 9.75E-09 6.606-09 NO DATA 1.53E~08 NO DATA 3,09€-05
IR 97 1.686-09 3.39:-10 1.55€-10 NO DATA S.12E-10 NO DATA 1.05€-04

- [ ———————— it

NR 95 6.226-09 J.46E-09 1.86E-09 NO DATA 3.426-09 NO DATA 2.10€-05
MO 99 NO DATA 4.31E~06 B8.20E-0T7 NO DATA 9.76E-06 NO DATA 9.99E~06
TC 994 2.47E-10 6.98E-10 8.87E-09 NO DATA 1.06E-08 3.42€-10 4.13E-07

- R ————— it
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Table 2.3-5 (Cont.)
Ingestion Dose Factors for Adult (mrem/pCi ingested)
NUCL ICE BONE LIVER T.800Y THYROID KIDNEY LUNG GI-LLI

- S T o S A - - - - - - -

rciol 2.54E=10 3.66E-1C 3.59E-09 NO DATA 6.596-09 1.87€-10 1.10€E-21
ayl03 1.85E-07 NO 0ATA 7.976E-08 NO DATA 7.06E~C7 NO DATA 2.16E-05
RUL105 1.54E-08 NU CATA 6.03€-09 NO DATA 1.996-07 NO DATA 9. 625 06
RU106 2.75E-06 NO DATA 3.48€E-07 NO 0AT: S.31E~06 NO DATA 7!5 06
AGLLOM .60E°07 1.48E-07 @8.79E-08 NO DATA 2.91E-07 NO DATA 6.04E-05
TEL25M «69E~ 06 9.71E-07 3.57C-07 8.06F-07 1.09€E-05 NO DATA 1.07€-05
TEL2TM &6.TTE- 06 2.42C-06 8,25C-07 1.73E-06 2.756E-05 NO DATA 2.27€-05
TEL27 1.106-07 3.95E-08 2.38E-08 B8.156-08 &.48E-07 NO DATA 8.68E-06
TEL29M 1.15E-05 4.296-C6 1.R2€-06 3.95E-06 4.80E-05 NO DATA 5.79€-05%

TEL29 3.14E-08 1.186-08 7.63E-09 2.41E-08 1.326-07 NO DATA 2.37€-08
TEL3IM 1.73E-06 B8.465-07 7T.05€E-07 1.34E-06 8.57E-06 NO DATA 8.40E-95
TEL131 1.976-08 B8.23E-09 6. ZZE-OQ 1. 625-08 8.63E-08 NO DATA 2.79€-09
TEL32 2.526-06 1.63E-06 1.556-06 1.80€E~ 06 1.57E-05 NO DATA T.71€-05
1 130 7.56E-07 2.23E-06 B8,80E-07 1.89€-04 3.48E-06 NO DATA 1.92€E-06
I 131 4.16E-06 5.95E-06 3.41E-06 1.95€-C3 1.02E-05 NO DATA 1.57E-06

PR ————————— e

1 132 2.036-07 S.43E-07 1.906-07 1.90£-05 8.65E-07 NO DATA 1.02€-07
1 133 1.42E-06 2.476-06 7.53E-07 3.63E-04 4.31E-06 NO DATA 2.22€~-06
I 134 1.066-07 2.88E-07 1.03E-07 4.99€-06 &.S8E-07 NO DATA 2.51€-10
1 135 4.63E-07 1.16E-06 4.296-07 7.656-05 1.86E-06 NO DATA 1.31E-06
CS134 6.226-05 1.48E-04 1.21E-04 NO DATA 4.79£-05 1.59€-05 2.59E-06
€si3e 6.51E-06 2.57E-05 I.OSE~0$ NO DATA 1.43E-05 1.96E-06 2.92E-06

- -

cs137 7.97€E-05 1.09€-04 7. l‘E-OS NO DATA 3.706-05 1.23E-05 2.11E-06
csl3s $.52E-08 1.C9E-07 5.40€E-08 NO DATA 8.01E-08 T.91E-09 4.65E-13
BA139 9.70€E-08 6.91E-11 2.0#&*00 NO DATA 6.46E-11 3.92E-11 1.T72€-07

BAL4N 2.03C-05 2.55£-08 1.33€E- 06 HO DATA 8.676-09 1.44E-08 4.18E-05
BAlSL 4.7T1E=08 3.5%6€-11 1.59€-09 NO DATA 3.31E-11 2.02€-11 2.22€-17
BAl&2 2.136=-08 2.196-11 1.34E-09 NO DATA 1.856-11 1.24E-11 3.00E-26
LAL&O 2.500-09 1.2632-07 3.33C-10 NO DATaA NC DATA NO DATA 9.25€-05
LAL&2 1.28E-10 5.825=11 1.45€-11 NO DATA NC DATA NO DATA 4,25€-07
CElal 9.36E-09 &6.33E-09 7.1RE£-10 NO DATA 2.94E£-09 NO DATA 2.42€-05

-~

- - - -

CEL43 1.656~07 1.22F-06 1.356-10 NO DATA S.37TE~10 NO OATA 4,.56E-05
CElas 4.RBE-07 2.04:-07 2.62E-08 NO DATA 1.21E-07 NO DATA 1.65E-04
PR143 9.20€-09 3.69C-09 4.%E-10 NO DATA 2.13E-09 NO DATA 4.03E-05

- - [P —————————————— et

PR144 3.01E=11 1.25E=-11 1.53E~12 NO DATA 7.05€~-12 NO DATA 4.33€E-18
ND147 6.29E-09 T7.276-09 4.35E-10 NO DATA 4.25E-09 NO DATA 3.49€-05
w 187 1.03E-07 B8.61E-08 3.01E-08 NO DATA NO DATA NO DATA 2.82E-05

- STEppppspmpms—————— D S L L Gl

NP239 1.196-09 1.17C-10 &6.45€=11 NO DATA 3.65E~10 NO DATA 2.40E-05




Table 2.3-6

Ingestion Dose Factors for Teenager

(mrem/pCi ingested)

NUCL ICE BONE LIVER T.A00CY THRYROID
" 3 NO DATA 1.06E-07 1.06E-07 1.06C=-07
C 1s 4.06E-06 B8.12F-07 B,.12E-07 8.12F-07
NA 24 2.30€E~-06 2 20e-N¢ 2.3CE-06 2. 30£°06
P32 2.76E-04 l.TlC -05 1.07€-05 NO OATA

CR 51 NU DATA NO DATA 3.60E-09% 2.00E-09
MN 54 NO DATA 5. OOE 0o 1.17E-06 NO DATA

-

MN 56 NO DATA l.)ﬂ[ -07 2.81E-03 NO DATA
FE 55 3.78E-06 2.68F-06 6.,25E-07 NN pATA
FE 59 5.87€6-06 1.37€-05 5 29€E-0&6 NO DATA

co 58 NO DATA 9.72€-07 Z 24E-06 NU DATA
C0 60 NG DATA 2.81E-06 6.33E-06 NO DATA
NI 63 1.77€-04 1.25(-05 ©.00E-06 NO DATA
NI 65 T.49E-07 9.57E-08 4.36E-08 NO DATA
Cu 64 NO DATA 1.156-07 5.41€E-08 NO DATA
IN 65 5.76E-06 2.CO0E-C5 9.33E-06 NO DATA
IN 69 1.47€-08 2.80E-08 1.96E-09 NO DATA
AR 83 NO DATA NO DATA 5.74E-08 NO DATA
BR 84 NO DATA NO CATA 7.22E-08 NO DATA

KIDNEY LUNG Gl-LLT
1.06E-07 1.06E-07 1.06E-07
8.126-07 B.126-07 8.12F-07
2.30c-06 2.30€E-06 1 30E-06
NC DATA NO DATA 2 32E-05
T7.99t-10 S5.14£-09 6.05€-07
L. 76E-06 NO DATA 1.21€-05
2.00E-07 NO DATA 1 .04E-05
NC DATA 1.70E-06 1.16E-08
NO DATA 4.32C-06 3.24E~ OS

NO VATA NO DATaA 1.34€~ 05
NO DATA NO DATA 3.66E-05
NO DAYA NO DATA 1.99€-06
NO OATA NO DATA 5.19E-06
2.91E-07 NO DATA 8.92€-06
1.28E-05 NO DATA 8.47E-06
1.A3E-08 NO DATA S5.16E~08
NO DATA - NO DATA LY E-24
NO DATA NO DATA LT E-24

BR 85 NO DATA NC DATA 3.056~09 NO DATA
RB 86 NO DATA 2.78E-05 1.40E-05 NO DATA
RE 88 NO DATA 8.52E-08 4.54E-08 NO DATA

ke &9 NO DATA 5.50€-08 3.B89E-08 NO DATA
SR 87 4.40E-04 NO CATA 1.26€E-05 NO DATA
SR 90 8.30E-03 NO DATA 2.05E-03 NO DATA

SR 171 8.CTE-06 NO DATA 3.21E-07 NO 0ATA
SR 92 3.05€-06 NO DATA 1.30E-07 NO DATA
Y 90 1.37e-08 NO DATA 3.67€E~-10 NO DATA

Y 91m 1.29E-10 NO OATA 4.93E-12 NO DATA
r"s 2.01E-Q07 NO DATA 5.39€-09 NO DATA
¥ 92 1.21E-09 NO DATA 3.50E-11 NO DATA

-

Y 9 3.83E-C9 NO Oava 1.05C-10 NO DATA
IR 95 4.12E~08 1.30C-08 B8.9+E-09 NN DATA
IR 97 2.37E~09 4.09E-10 2. IAE 10 NO DaATA

48 95 8.226-09 4.56:-09 2.)15'09 NO DATA
MO 99 NO DATA 6.03E-06 L1.12F-06 NO DATA
TC 99 3.32E-10 7.265-10 1.206-08 NO DATA

-

NO DATA NO DATA LT E-24

NO DATA NO CATA 4.41E-06
NO DATA NO DATA 7.30€-15
NO DATA NO DATA 8.43E~17
NO DATA NO DATA 9.24E-05
NO DATA N DATA 2.33E~04
NO OATA NO DATA 3.66E-05
NO DATA NO DATA T.T7E-05
NO DATaA NO DATA 1.13E-04

NC DATA NO DATA 6.09E-09
NO DATA NO DATA B8.24E-05
NO DATA NO DATA 3.32€~-05

NO DATA NO DATA 1.17€~04
1.91€-08 NO DATA 3.00€~05
TL11E~-10 NO DATA 1.27€-04

-

4.42€E-09 NO DATA 1.956-05
1.386-05 NO DATA 1.08E~05
1.38E~08 5.14E-10 6.08€E-07

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

NUCLI3E DONG LIVER r.noey THYROID KIDNEY LUNG Gr-Lit

fcioul 3. OOE =10 $.12:-10 S5.01E-09 NO OATA 26E-09 3.126-10 B8.75€-17
lo3l 2.556-07 NOU DATA 1.09E-0T NO DATA 8 995‘07 NO DATA 2.13E-05
RULOS 2.18€E~ Oﬂ NO VATA l.kbE -09 NO DATA 2.75€~07 NO DATA 1.765-05
RUL0e 3.72€~ 06 NO DATA 4. 16«-07 Ni) DATA 7.56€E-06 NO DATA 1.88E-04
AGLIOM 2.0SE=07 1.94E-07 1.18E-07 NO DATA 3.706E~07 NO DATA 5.456-05
TEL1254 3.83E-06 1.38E-C% 5.126-07 1.076-06 NO DA'A NO DATA 1.13E-05
TE127TM 9.67E-06 3.436-06 L1.15€-06 2.30E-06 3. 9Zt-05 NO DATA 2.41E-05
fewzr 1.586~07 S5.60E-08 3.406-08 1.09€-07 6.40E-07 NO DATA 1.22€E-05
TEL29M 1.63E-05 6.056-06 2.58E-06 5.26€-06 6.R2E-05 NN DATA 6.126-05
TEL29 4.486-08 1.67F-08 1.076-08 3.20E-08 1.88E-07 NO DATA 2.45€E-07
TELIL™ 2.644E-06 _l.17€-06 9.76E-07 1.76E-06 1.226-05 NO DATA 9.39€-05
TEL3L 2.79€-08 " 1.156-08 8,726-09 2.15€-08 1.226-07 NO DATA 2.29€-09
TEL32 3.49€6-06 2.21F=06 2.08E-06 2.33E-06 2.126-05 NO DATA 7.00€~05
I 130 1.03€-06 2.98E-06 1.19E~06 2.43E-04 4.59€-06 NO DATA 2.29€-06
I 131 5.856-06 B8.13C-06 4.40E-06 2.39€-03 1.41E-05 NO DATA 1.62E-06
1 132 2.79E-07 7.306-07 2.62E-07 2.46E-05 1.156=06 NO DATA 3.18E-07
1 133 2.016-06 3.641E-06 1.04E-06 4.T76E~04 $.98E~-06 NO DATA 2.58E-06
I 134 1.46E=07 3.87E-07 1.39€-07 6.45E-08 6.10E-07 NO DATA 5.10€-09
I 135 6.106-07 1.57€-06 5.82E-07 1.01E-04 2.48E-06 NO DATA L. T4E~08
CS13s4 8.37E-05 L1.976-04 9.14E-05 NO OATA 6.26E-05 2.39C-05 2.45€-08
Csl3es 8.59E~-06 3.38E-0% 2.27E-05 NO DATA 1.84E~05 2.90E-06 2.T2E-06
CS137 1.12E-064 1.496-04 S5.19€-05 NO DATA $.07€E-0% 1.97€-05 2.12E-06
cs138 7.76E-08 1.49€-07 7T.45E-08 NO DATA 1.106-07 1.28€6-08 6.76E~11
BAL139 1.36E~ 07 9.78E-11 &4.0%-09 NO DATA 9.,226~11 6.T4E-11 1.24E-06
BAl40 2.84E~ Ob 3.48E-09 1.83E-06 NO DATA 1.186-08 2.34E-08 4.38E-05
BAl&L 6.T1E~0R S.01E~11 2.265-09 NO DATA 4.656~-11 3,63E~11 1.43E-13
nala2 2.99C-08 2.99€- ll JB4E=09 O DATA 2.53¢- ll 1. 9‘E°ll 9. IOE -20
LAL&O 3.43€-09 l.T71C~ 09 4,556~10 NO DATA NC OAVA NO Dl'h 9. lZE-OS
LAL&2 1.79€=10 7.956=11 1.98€-11 NO DATaA NO DATA NO DATA 2.42€6-06
Ctl‘l 1.336-08 8.88£-09 1. O2[°09 NO DATA 4.18E=09 NO DATA 2. 5«5-09
C[lb) 2.356-09 1.TIE=-06 L1.91€E~ lO NO DATA T.67E=10 NO DATA S.le-OS
CElas 6.96E-07 2.886-0T7 3.74E-08 NO DATA 1.726=07 NO DATA 1.75€6-04
PR14S 1.31E-08 S5.23(-09 &6.52E~-10 NOU DATA 3.N4E=09 NO DATA 4.31€E~05
Pal4s 4. 30E=11 1.768-11 2,18E-12 NO DATA 1.01E~L1 NO DATA L.T4E~14
NOL&T 9.38E-09 1.02F=08 6.11E-L0 NO DATA $.99E-09 NN DATA 3.68E-05
w 187 1.46E=07 1.196-07 4,.17€-08 NO DATA NO DATA NO DATA 3.22€-05
NP239 1.76E-09 1.66E-10 9.22F-11 NO OATA $.21E~10 NO DATA 2.67€-05



NUCL | UE

T‘bl. 203’7

(mrem/pCi ingested)

OM12D:
P ge @
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Ingestion Dose Factors for Child

BONF

C
NA

NO DATA
1.21E-05
5.80E-06

LIVER

2.03€-0
l.~22-06
5.80€-Co

f.R0ULY

2.0¥-07
2.42€-06
5.806E-06

THYRQOIO

2,03E-07
20“25‘0.
S.ﬂOE-Ob

KIDNEY

LUNG

oDCM
18
0

Gl=LLt

- -

2.N3e-07
2.42€-06
$.00L-06

2.03e-07
2.42E~08
$5.80€-06

2.03)E-07
2.428-06
$.00E-06

- - -

»
cr

R.25E-04
{0 DATA

3.06C0-05
NO CATA
l.O?t-O’

-

NC DATA
L.15€E-05
1.6)5-05

3. IQE‘O'
6.10E~06
206’5’05

3.1C86-05
8.90€-09
2.85c-06

40 DATA
4,964E-09

NO DATA
1.35€-09
3.00C-086

4.04E=-07
NC DATA
NO DATA

NO DATA
9.02C-09
NO DATA

ND DATA
3.456-06
T.T4E~06

2.28E-05
‘o'?i‘°1
8.98E-06

4.84E~05
l-l)!°°b
2.78E-05

- - - - -

NO DATA
NO DATA
5.38E~C4

1.80E~06
’029"06
2-..5-05

5.51F~06
L.56E-05
1.83E-05

NO DaATA
NO DATA
NO DATA

NO DATA
NO DATA
NO DATA

1.05€-05
2.93E-05
I.QQC-OC

- -

NI
cu
IN

-

IN
BR
BR

65
64
65

69
a3
84

2.226-06
NO DATA
1.37€~05

4.38&-08
NO DATA
NO DATA

2.09F=-07
2.45E-07
3.05E~05

6.33€-08
NO OATA
NO DATA

- -

- -

SR
SR

Y 9

Y
Y

- -

Y
IR
R

-

NB
MO

rc 99~

85
86
88

89
89
90

91
22
90

71
92

9
95
97

9"
99

NO DATA
NO DATA
NO DATA

NO DATA
1.326-03
1.70€-02

2.40€E-05
9.03E~06
4.11E-08

NO DATA

1.22e-07
1.48€-07
2.27C-05

5.85E-09
L.TLE-OT
1.986-07

9.126-09

N DATA
NGO DATA
NO OATA

-~

DATA
DATA
DATA

NO DATA

6.T0E-0% 4,126-05 NO DATA

1.90€E-07

1.17€-07
NU DATA
NO UATA

NO DATA
NO DATA
NO DATA

1.326-07

1.065-07
J.TTE~05
‘-)lf'o’

9.06€-07
3.626-07
1.10€-09

NO DATA

NO DATA
’o’l!’O’
2.30€~05

3.84E-08
NO DATA
NO DATA

-

NO DATA
NO DATA
NO DATA

NO DATA
NO DATA
NO DATA

NO
NO
NO

DATA
DATA
DATA

2.56E-05
1. 156-05
6.41E-06

3.99€-08
LT E-24
LT E-24

DATA
DaATA
DATA

NO
L
NO

LT E-24
4.317-006
9.32€-09

NO DATA
NO DATA
HO DATA

NGO DATA
NO DATA
NO DaTA

DATA
DATA
DATA

NO
NO
NO

1.02€-09
S.11€-05
,12’!-6‘

-

NO
NO

DATA
DATA
DATA

- - - - -

3.82¢~10
6.026~07
3.60€E~09

l.14C~-08
l.16E~07
6.99e-09

2.25€E-08
NO DATA
9.23€~10

NO DATA
NO DATA
NO OATA

NO UATA
2.53€C-08
L."LE~09

L3%E~1 1L
l.tlf-ﬂl
1.03E~10

3.13E~10
2.27€-08
9. 96E~10

DATA
DATA
DATA

NO
NO
NO

DATA
DATA
DATA

8. E-07 6,26E-09 NO DATA

1. JE~05
I LE=0

3.29€-006
3. 00€E-08

NO DATA
NO DATA

NO DaTA
NO DATA
NO DATA

NO DaTA
NO DATA
NO DATA

NO DATA
3.65E-08
1.6456-09

.o!’t‘ﬁq
1..6!-09
2.63E-08

NO DATA
NO DATA
NO DATA

$5.30€-05
L.T1E-O4
117604

NO DATA
N0 DATA
NO DATA

NO DATA
NO DATA
NO DATA

NO DATA
NO DATA
9.19€~10

T.48E-07
8.02€-05
l.OQ!-O‘

- -

1.70€-04
2.66E-0%
1.536<04

L.626-05
1.10E-05
1.0)E-06

-
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Ingestion Dose Factors for Child (mrem/pCi ingested)
NUCL [VE BONE LIVER r.800Y THYROID  KIDNEY LUNG Gl=LLt

- - -

fciol 1,ATE=09 1.126-09 1.42E-08 NO DATA L.91E=-08 5.920~10 3.56E~09
RULND3 T1.31E-07 NO DATA 2.81E-0T7 NO DATaA 1.84E-06 NN DATA 1.89€-05
ruLos 6.45E-08 NO UATA 2.34E-08 NO DATA 5.6TE-0T NO DATA 4.21E-05

- - - -

RULOSG 1.17€E-05 NO DATA 1.46E-06 NO DATA 1.58€-05 NO DATA 1.82€6-04
AGLLOM 5.39€-07 3,0664C-07 2.91E~07 NO DATA 6.78E-0T7 NO DATA 4.336-05
TEL25M 1.14E-05 3.096-06 1.52€-06 3.20E~06 NO DATA NO DATA 1.10£~-05

- - -

TEL2IN 2.89€-0%5 7.786-06 3.430-06 6.91C-06 B8.24E~05 NO DATA 2.34E-05
TEL27 & T1E=07 1.27F-07 1.01E=07 3,26E~07 1.34E~06 NO DATA 1.084E€-05
TEL29% 4.BTE=05 1.36E-0%5 T7.56E-06 1.5TE~05 1.43E~04 NN DATA 5.94€-05
Teize L.34E-07 3,.74E-08 3.18E-08 9.56E-08 13.92€~07 NO OATA 8.34E~-06
TELIINM T7.206-06 2.496-06 2.65E<06 S5.126-06 2,41E~05 NO DATA 1.01E~06
TELDL 8.30E-08 2.53E~08 2.4TE-08 6.35€-08 2.51E~07 NO DATA 4.36E-07
TELI2 L1.0LE=05 4.47E~06 5.40E-06 6.516~06 4.13E-05 NO DATA 4.50E~-05
I 130 2.926-06 5.906-06 3,04€-06 6.506~04 B.82E-06 NO DATA 2.76E~086
I 131 1.726-05 1.73C=05 9.83E-06 S5.72E-03 2.84E~05 NO 0ATA 1.54E-06
I 132 0.00C-07 1.476-06 6.76E-07 6.826-0% 2.256-06 NO DATA 1.73E-06
I $.926-06 T.326-06 2.77T€-06 1.36E-03 1,22€<05 NO DATA 2.95€-06
I 134 4.196-07 T.786-07 3.58E-07 1.776=05 1.19€~06 NO DATA S.166~07
I 135 L 756=06 3.1%E=06 1.496-06 2.796<04 &.83E-06 NO DATA  2.40E-06
CS513s 2.34E-04 3.R64L~04 B,10E-05 NO DATA 1.196-04 &,276-05 2.(TE~06
CS136 2.356-05 6.46E-05 4.10E-05 NO DATA 3.44E-0% S.13E-06 2.27E-08

-

cs1y7 3.276-04 D.136~04 4,62€-05 NO DATA 1.026~04 3.867E~-0% 1.96E-06
CS138  2.286-07 3.L76-07 2.01E-07 NO DATA  2,23€-07 2.40E~08 1.48E-07
BALIY  4.14E-07 2.21€-10 1,20€-08 NO DATA  1.93€-10 1.306-10 2.39€~05

RALGOD B.31E=0% T7.2080~08 &.8%E-06 NO DATA 2.37L-08  &,34E-08 4,21£-05
TAl4L 2.00C=07 1.120=10 &.51€-09 NO DATA 9.89E=11 6.58E~10 1.l14C~07
JALe2 B.740=08 6.296<11 &,83F-09 NO OATA S.09E~11  3.70C=11 1.14E-09

- - PR ———————— e ---

LAL&OD 1.01E=0R 3.536-09 L 17€-09 0 DATA NC DATA NO DATA 9.084E-09%
LAL&2 §,24E=10 1.67F-10 5.23C=11 NO DATA NO DATA NO DATA 3.ILE~0S
CElsl 3.97¢-08 1.98C=08 2.94C-09 NO DATA B.68E~07 NO DATA 2.47€-05
CEL&S 6.99C-09 3.796<06 S.49E-10 NO DATA 1.596<09 NO DATA 9.550-05
CElas 2,086-06 6.52(=07 1.1LE-OT NO CATA J.61E=07 NO DATA L. 7T0E=04
PRIA&Y $.93E-08 1.,180-08 1.99€-09 NO DATA 6.196~09 NO DATA 4, 264€-08
PRIAS 1.29€-10 3.976=11 6.69€~12 NO DATA 2.11E<11  NO DATA 8.59€-08
NOL&? 2.79€-0R 2.266-00 L.TSE~09 NO DATA 1.246-08 NO DATA 3.58€~0%
w oiar7 4.29€-07 2.547-07 1.14E=0T7 NO DATA NO DATA NO OATA 3.57€-05

HP239 §.25€09 D, T7E<10 2.65:~10 NO DATA 1.09€-09 NO DATA 2.796-0%
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Table 2.3-8

Ingestion Dose Factors for Infant (mrem/pCi ingested)

NUCLTUE BONG LIVER r.80uy THYRQID KIONEY LUNG GI-Lel

. - it e i

H 3 NO DAT 3.08F=07 3.08€-07 3.0AE-0T7 3,08€-07 3.086-07 3.08E-07
L L 2.376- .5 S5.C6E-06 $5.06(-06 S5.06E-06 5.06E-06 $.06F=06 S5.06C~06
NA 24 1.01E=0% 1.01C=05 1.01E-2% 1.01E-0% 1.01€-0% L.0lE-0% 1.01E-08
L4 2 L.706=03 1,UNE~04 &6,.576~05 NO UATA NO DATA NO DATA 2.Y0E-05
RSl NO DATA NO DATA l.elE~0B8 9,20€=09 2.01E-09 1.79€-08 4.11€-07
N 54 NO DATA 1,996-0% &.516-06 NO DATA 4.41E=06 NO DATA T.31C~06
MN 56 NU DATA B.I8E=07 1.41E-07 NU DATA 7.03£-07 NO DATA T.436-05
FE 55 1.396-05 8,785-06 2.4CE~06 NO DATA NO DATA 4.396-06 1.14E-06
FE 59 3.0BE<0%5 5,.382-03 2.126-0% NO CATA NO DATA 1.99€-05% 2.57€-0%

- - - -

Co 58 NO DATA 3.606~06 B.936-06 NO DATA NO DATA NO DATA 8.97C-06
€O &0 NO DATA 1., 086=-09 2.5%5E-05 NO DATA NC DATA NO DATA 2.57€-05
NE 6 6.34E-06 3,926-05 2.20E-05 NO DATA NO DATA NO CATA 1.95E~06

NI 6 4, TO0E~06 5.326-07 2.426-07 NO DATA NO DATA  NO DATA  4.056-05
WU b4 NO DATA 6.,096~07 2.82€~0T7 NO DATA 1.036~06 NO DATA 1.25€-05
IN 65 1.94E<05 6.31E~05 2.91E-0% NO DATA 3.066=05 NN DATA  S.33E-05

- - -

IN 69 9.336-08 1.086-07 1.256-08 NO DATA 6.98E~-C8 NO DATA 1.37F=05
uR 83 NGO DATA NO DATA 3.616-07 NO DATA  NO DATA  NO DATA LT E-24
CLEN L NO DATA NO DATA 3.826-07 NO DATA  NO DATA  NO DATA LT E-24
BR 8 NO DATA NO DATA 1.94E<08 NO DATA  NO DATA  NO DATA LY E-24
RB 86 MO DATA L.706-04 B8.400-05 NO DATA  NO DATA NO DATA  4.356-06
B8 84 NO DATA 4.986-07 2,73E-07 NO DATA  NO DATA  NO DATA 4.856-07

RE 89 NO DATA 2.86E-07 1.97E<2T NO DATA NO DATA NO DATA  9.T74E-08
SR 89 2.51E-03 NG DATA T1.206-05 NO DATA NO DATA NO DATA S.16E-05
SR 90 1.05€=02 NU DATA 4.71E-03 NO DATA NO DATA NO DATA 2.31€-04

o--oa—-.-------.-..------------o---.----.---------—----.-o----o--o-.-.-.-.-.

SR 91 5.00€6-05 NO 0ATA 1.816<06 NO DATA NO DATA NO DATA $.926-0%
st 92 1.92€-0% NO DOATA T.136-07 NO DATA NO DATA NO DATA  2.07€-04
Y 90 A.69€~-08 NOU DATA 2.336-09 NO DATA NO DATA NO DATA 1.20€~04

- - - ‘----.---o.--------.o-.-----.----‘--------------o---

¥ 9Im B.10E~1C NO DATA 2.766<11 NO DATA NO DATA NO DATA 2.706-06
Yy 91 1.13E-06 NO DATA 3.01€-08 NO OATA NO DATA NO DATA 8.10€-05
Yy %2 T.65E~09 NO DATA J.19€<10 NO DATA NO DATA NO DATA 1.4006E~04

.c-----.-o------.-...-.--.-o-‘----------o------..-.---.----..-.-.--.-o-.-o‘-

Y % 2.436-08 NC DATA 6.620~1L0 NO DATA NO DATA  NO DATA 1.92€-04
IR 9 2.066-07 $,02¢-08 3,56€-08 NO DATA S.41E~08 NO DATA 2.50F-05
R 97 1.48E~08 2.5%4C=09 1.16E-09 NO DATA 2.56E-09 NO DATA 1.626-04

- -

e 9% 4,206~08 1.7%-08 |1.006-08 NO DATA 1.7264~08 NO DATA 1.46E~05
~0 9 NO DATA V. 6CE=0% G.63E-06 NO DATA $.086-05 NO DATA 1.126-0%
1C 99%  1.92F-09 3.967-09 S5.106-08 NO NATA 4.266-08 2.07€-09 1.156~086

.--...-.----.-‘-..-.------.--o..--.-..-.-.----....----.-------..-o.---.--o..
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Ingestion Dose Factors for Infant (mrem/pCi ingested)

THYROID

NO DATA
NO DATA
NO OaTaA

NO DATA
NO DATA
T.84E£-06

1.69€-05
B.14E-0T7
3.84E-05

-

- -

----------------------------------o-—---------------------o-o--------------.

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

2.3.5-07
‘02“"05
l.b?!-O?

-

1.52F-05
1.48€-03
‘Q,QE-OZ

‘o"!’°~
3.51E=0)
4.15E-05

.o"‘-OQ
NO DATA
NO DATA

KIDNEY LUNG Gr-LiLt

3.40E-08 1.56E-09 &,.86E-07
3.08E~06 NO DATA 1.80€-05
1.006-06 NO DATA S.41€-05%
2.AS5E~-05 NO DATA 1.83F-06
1.046-06 NO DATA 3.77€-05
NO DATA NO DATA 1.11€-05
1.64E~04 NO DATA 2.36E~05
2.44E-06 NO DATA 2.106-05%
2.506-04 NO DATA $.97E~-05
7.07E-07 NO DATA 2.27T€E~05
4.21E-05 NO DATA 1.03E-04
4,50E-0T7 NO DATA T.11€-06
6.44E-05 NO DATA 3.81E~05
1.45E~05 NO DATA 2.83E-06
4.94€E-05% NO DATA 1.51€-06
3.76E-06 NO DATA 2.13E-06
2.14E-95 NO DATA 3.08€~06
1.996-06 NO DATA 1 .84E~06
B.0TE-06 NO DATA 2.626-06
1.81E-04 T.426-05 1.91E~06

$.38E-05

1.10E-05 2.05€-06

1.64E-04 6.64E~05
3.906-07 6.09€-08 1.25E-06
3.51E~10 3.54C~10 5.58E-05

NO DATA
NO DATA
NO DATA

NO DATA
NO DATA
ND DATA

NO
NO
NO

OATA
DATA
DATA

UATA
DATA

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

I.QIE-OC

D---.---.----.-.--.---o---o-----.--------------------------o----------o----.

NUCL I 0E BONE LIVER T.000vY

rciot 2.276-09 2.86€-09 2.83E-08
RUL0) L.48E~-06 NO UATA 4.95E-07
RUL0S 1.36E~07 NO DATA 4,.5%3€-08
RULOG 2.416-05 NO DATA 3.01E=006
AGLLIOM 9.96E-07 T7.27E-07 4.8lE-07
TEL25M 2.33E-05 T.79C-06 3.15E-06
TEL27M S5.85E6-05 1.94€-05 T7.08E-06
TEL27 1.006-06 3.35€-07 2,15£-07
TEL29M 1.00E-04 DI.63F=05 1.54E-05
TEL29 2.84E-07 9.796-08 6.63E-08
TELILM 1.52E-05 6.126-06 5.056-06
TEL3L 1.76E-07 6.50C~08 &.94E-08
TELD2 2.086-05 1.03E-05 9.61E-06
1 130 6.006-06 1.326-25 5.30€-06
113l 3.59E~0% 4.23E-05 1.A6E-0S
{132 1.66E=06 3.37€-06 1.20E-06
113 1.2%€-05 1.820-05 5.33E-06
I 134 8.69E-07 1.78E-06 &6.33E-07
1 .” ’.06!-0‘ 7.265‘06 2.64E-06
CS5134 3.776-04 7.03E-04 T.10€-05
CLl3s 4.59E-05 1.356~04 5.04E-0S5
csiy? §,226-04 6.11E-06 &,33E-05
cS138 4.81E~07 7.826-07 3.79E-07
B8A139 B8.81E=07 S.B4E-10 2.556-08
BAl4y 1.71E-04 1.71E~07 B.ALE-D6
PALGL 4,25€6-07 2.913-10 1.34£-08
BAL42 1.84E=07 1.53€~10 9.06E-09
LALGOD 2.11E-08 B.32(-09 2.14E-09
LALG2 1.106=09 &.,04F~10 9.6/F~L1
CElsl T.87€-08 &.,80E-08 5.6%50-09
CEL4) 1.48€6-08 9,826-06 1.12E-09
CEl44 2.78E-06 1.22€-06 1.67E-07
PRI&F B.13E-08 V.C4E-08 4,.03E-09
’.l~~ 2.7b['l0 l.OlE'lO l-,gﬁ"l
NDL&T $.51E=08 S.08E-08 3. ~BE-09
w 187 9.03¥E=07 6.2¥E-07 2..7E-O7
NP2YY LellE=~08 9.93k~10 5.61E~10

NO DATA

4.066-08 1.09E-07 4.20€-05
1.756=10 1. .77€~10 S5.19€-08
B.81E~11 9.26E~11 T.59€-07
NO DATA NO DATA 9.77TE-05%
NC DATA NO DATA 6.86F-05
1.48E=08 NO DATA 2.48E-0%
2.866-09 NO DATA $.73E-05
4.93E~0T NO DATA L. T1E=04
1.136~08 NO DATA 4,29€-05
3.84k~11 NO DATA 4.93-06
2.196~08 NO DATA }.60E-0%
NO DATA N DATA Y. 69E-05
1.986<09 NO DATA 2.87€~-05
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Table 2.3-9
External Dose Factors for Standing on Contaminated Ground
(mrem/h per pCi/m
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External Dose Factors for Standing on Contaminated Ground

Element

1-130

I-131

1-132

1-133

1-134

[-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-187

Np-239

(mrem/h per pCi/mz)

Total Body

.40E-08
.80E-09
.70E-08
.70€-09
.60E-08
.20€-08
.20E-08
.50E-08
.20E-09
.10E-08
.40€-09
.10E-09
.30€-09
.90E-09
.50E-08
.50€-08
.S0E-10
. 20E-09
.20E-10

.0CE-10
.00€-09
3.10E-09
9.50€-10

PO A B ot vt =t ) = D) -

- AW NN BN

.70E-08
.40€-09
.00E-08
.S0E-09
.90€-08
.40E-08
.40€-08
.70€E-08
.90E-09
.40E-08
.70€-09
.40E-09
.90E-09
.00E-09
.70£-08
.80E-08
.20€-10
2.50€-09
3.70€-10

2.30E-10
1.20E-09
3.60€-09
1.10€-09

— B PO D -

D ot et D BRI N B



Table 2.3-10

Transit Times Required for Nuclides to Reach the
Point of Exposure (tp)

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 0h 0h

*for population dose calculations

Table 2.3-11

Usage Factors (U‘p)
Maximum Exposed Average Exposed

Individual Individual*
Water ingestion (1/yr) Adult 730 370
Water ingestion (1/yr) Teen 510 26)
Water ingestion (1/yr) Child 510 260
Water ingestion (1/yr) Infant 330 -
Fresh water fish ingestion (kg/yr) Adult 21 6.9
Fresh water fish ingestion (kg/yr) Teen 16 5.2
Fresh water fish ingestion (kg/yr) Child 6.9 2.2
Fresh water fish ingestion (kg/yr) Infant - -
Shore exposure (h/yr) Adult 12 8.3
Shore exposure (h/yr) Teen 67 47
Shore exposure (h/yr) Child 14 9.5

Shore exposure (h/yr) Infant --

*for population dose calculations
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3.0 GASEOUS EFFLUENTS

3.1

There are four environmental release points for gaseous effluents
used for Unit 1 operation of Perry Nuclear Power Plant: Heater
Bay/Turbine Building Vent, Offgas Vent Pipe, Unit 1 and Unit 2
Vents. Radiological releases from each vent will be monitored by a
noble gas radiation monitor.

All gaseous effluent releases from PNPP will be continuous
releases. Containment/drywell purges and vents will be considered
periods of increased radiological release as they are vented
through the Unit 1 concurrent with normal, continuous releases.
All releases are considered to be long-term, i.e., greater than
500 hours per year, and ground level. Containment/drywell purge
and vent will be limited to 3000 hours per year during operational
conditions 1, 2, and 3 (power operation, startup, and hot
shutdown) .

Monitor Alarm Setpoint Determination

The following calculation methods provide a 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 (1D17K856)
2. Offgas Vent Pipe Radiation Monitor (1D17K836)

3. Ul Vent Radiation Monitor (ID17K786)

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 ? 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 setpoint (ASP) will be set at 10 percent of these
limits.

NOTE: The values of 7C 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 boundarv dose rate limits are not exceeded. Any
single ASP can be exceeded without the 10CFRZ0 limits
being exceeded. If any two monitors exceed the ASP or
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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.

3.1.1

NOTE:

3.102

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

Determine the gaseous source terms that are
representative of the "mix" of the gaseous effluent.
GCaseous source terms are the concentrations of the noble
gas radionuclides in the effluent as determined by
routine analysis of the various sources of gaseous
effluents. During the early period of operation, before
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.

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

A
g s ° (3.1-1)

y A
i

Where:

S1 = the fraction of the total for radionuclide 1
in the effluent;

Ai = 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) ZKi Sy
i
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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 1 (includes the attenuation
of S5g/cm” of tisgue) from Table 3.1-1, in
(mrem/yr) /(uCi/m™);

§ = the fraction of the total for radionuclide 1, as
per Section 3.1.1;

X/Q = the highest annual average relative dispergéon fgctot
for areas at the site boundary = 6.53 x 10 = s/m
(from Appendix A, NE direction at the site
boundary) ;

NOTE: The dispersion parameters used in these
calculations are the highest calculated
site boundary 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.
3.1.3 Determination of the Maximum Acceptable Total Activity Release
Rate of Noble Gas Radionuclides in GCaseous Effluent Based on
Skin Dose Rate Limit

3000 (3.1-3)
Qs = (X/Q) 2‘(1-1 + 1.1 Hi) Sy
i

Where:

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

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

M., = the gamma air dose factor for a uniform semizinfinite
cloud of radionuclide i, in (mrad/yr)/(uCi/m’);
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Si = the fraction of the total for radionuclide i, as per
Section 3.1.1;

X/Q = the highest annual average telatigg disgetsion factor,
as per equatior 3.1-2 = 6.53 x 10 ~ s/m";

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

3000 = the skin dose rate limit, in mrem/yr.
(Li + 1.1 Hi) values are shown in Table 3.1-1.

Determination of the Maximum Acceptable Total Radiocactivity
Concentration of all Noble Gas Radionuclides in the Gaseous
Effluent

2.12 x 107> Q,
(3.1-4)

f
Where:
C = the maximum acceptable total radioactivity concen-

tration of all noble gas radionuclides in the
effluent, in uCi/cc;

f = the actual flow at the point of telegse from the
respective flow rate recorders, in £ /min;

NOTE: When actual flow rates are not available, the
following design flow assumptions will be used:

Vent Flow Rate ftalmin

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

Q_ = the smaller of Q and Q , calculated in equationms
3.1-2 and 3.1-3, respectively, in uCi/s;
2.12 x 10“3 = the conversign factor to convert
(uCi/s)/(ft”/min.) to uCi/cc.
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3.1.3 Determination of the Maximum Acceptable Monitor Count Rate

Above Background Attributed to Noble Gas Radionuclides
CRc = 0.8 (Ct) (Em) (3.1-5)

Where:

CR = the calculated monitor count rate above background
attributed to noble gas radionuclides, in net cpm;

|

|

Ct = the maximum acceptable radioactivity concentrationm, |
as per equation 3.1-4, in uCi/cc;

|

Em = the detector efficiency of the monitor for the "mix"
of noble gas radionuclides in the effluent, in

cpm/ (uCi/cc)

= 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.
3.1.5.1 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.
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3.1.5.2 Determination of the Monitor Alert Setpoint
ASP = 0.10 CRc + BG (3.1-7)

Where:

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

BC = 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 Whole Body Total Skin Dose Factor
Dose Factor (L.+1.1M.) 3

Radionuclide (Ki)(mrem/yr/;4Ci/m ) (mtem}yt/’péi/m )
Kr=83m 7.56E-02 2.12E+01
Kr-85m 1.17E+03 2.81E+03
Kr-85 1.61E+01 1.36E+03
Kc-87 5.92E+03 1.65E+04
Kr-88 1.47E+04 1.91E+04
Kr-89 1.66E+04 2.91E+04
Xe-131m 9.15+01 6.48E+02
Xe-133m 2.51E+02 1.35E+03
Xe-133 2.94E+02 6.94E+02
Xe-135m 3.12E+403 4.41E+403
Xe-135 1.81E+03 3.97E+03
Xe-137 1.42E+03 1.39E+04
Xe-138 8.83E403 1.43E+04

" Ar-41 8.84E+03 1.29E+04
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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 with the highest relative dispersion factor
(X/Q) for the period of release. (See Appendix A for
elaboration.)

\
\
Compliance With 10CFR20 - Gaseous Effluent Dose Rate

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 PNFP Technical
Specifications.

Radionuclides, Particulates, and Other Radionuclides

The dose rate in unrestricted areas resulting from the release
of iodine-131, iodine-133, tritium, and all radionuclides in
particulate form 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 of
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), 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 locationms.
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Dose Rate Calculations

The following is the equation used to calculate the dose rate
resultant from the release of radioactive materials in gasecus
effluents to areas at or beyond the site boundary for the
purpose of showi?g compliance with 10CFR20.

= * *
Dyyp = 3+15 % 10 (X/Q or D/Q) 2“.1”

Where:

* Qi (3.2-1)

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

DFaij = 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 (equatioms 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_!/m , or relative deposi-
tion (D/Q), in m °, at the receptor distance
(see Appendix A);

3.15 % 101 = the conversion factor to convert (mrem *
uCi)/(Ci * s) to mrem/yr;

Q - the release rate of isotope i, in uCi/s
= 472 Cif
Where:

C1 = the concentration of radionuclide i in the gaseous
effluent, in uCi/cc;

f = tge gaseous effluent flow rate during the release, in
£° /ming

472 = the conversion factor (cc/f3 )/ (s/min).

The following relationships are used to derive the dose
factors (DF81 ) for noble gases, tritiuam, radioiodines and
particulates Aged in equation 3.2-1.
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Total Body Dose Factors from Exposure to a Semi-Inifinite
Plume
:

= 2=
DFi SF Xi DFBi (3.2-2)

Where:

T
DF. = the total body factor due to immersion in a
semi-infigite cloud of radionuclide i, in
(mrem * m™)/(Ci * s8);

DFB1 = the total body gamma dosc factor for a semi-
infinite cloud of radionuclide i which

includes the attenuation of 5gf{cm” of tissue

from Table 3.2-4, in (mrem * m”)/(pCi * yr);

SF = the attenuation factor that accounts for the
dose reduction due to the shielding provided by
residential structures, dimensionless: maximum
exposed individual = 0.7, populatior dose 0.5
(RG 1.109);

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

S
- Y -
DFi Xi (1.1 SF DF1 + DFSi) (3.2-3)

Where:

S
DF = the skin dose factor due to immersion in semi~-
infinite cloud of radionuclide i, (mrem * m )/
(C1 * 8);

DF7 = the gamma air dose factor for a uniform semi-
infinite cloud of rgdionuclide i, from Table

3.2-4, in (mrad * m”)/(pCi * yr);

DFSi = the beta skin dose factor for a semi-infinite
cloud of radiocnuclide i (includes attenuation
by the outer ”deadg layer of skin), from Table
3.2-4 in (mrem * m”)/(pCi * yr);

SF = 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
(RG 1.109);

x1 = the annual avetsge concentration of radionuclide
i in air (pCi/m”), for a ungt release rate
(Ci/gr) and a unit X/Q (s/m”), in (pCi/m”)/(Ci/yr)
(s/m”);

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

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

¢ [
DFij = 8760 c1 DFc1j sF (3.2-4)
Where:

G

DF. . = the dose factor for radionuclide i1 to organ
- j resulring from exposure to radionuclides
deposited. onto the ground surface, in
(mrem * m")/Ci;

G
C1 = the ground plane concentration (pCi/mz) of
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radionuclide i for a unit release rate (Ci/yg
and a uni& D/Q, relatiye gound deposition (m 7),
in (pCi/m™)/(Ci/yr)(m 7);

DFG1 = the open field ground plane dose conversion
I factor for organ j from t,diouuclide i, from
Table 3.2-5, in (mrem * m")/(pCi * hr);

SF = 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
(RG 1.109);

8760 = the number of hours in a year.

d. Dose Factors from Inhalation of Radionuclides in Air

A
DFaij = DFA:ij Ra Xi (3.2-5)
Where:
A
DFa = the dose factor for radionuclide i to organ

1] j of an individual in age ggoup a due
to inhalation, in (mrem * m™)/(Ci * s8);

DFAaij = the inhalation dose factor for radionuclide
i, organ j, and age group a (the value for
skin is assumed to be 0), from Tables 3.2-6

through 3.2-9, in mrem/pCi;

R = the annual air intake for indiviguals in age
group a, from Table 3.2-14, in m™/yr;

Xi = the annual average concentration of radionuclide

1 in air (pCi/m”), for a un&t release ta&e
(Ci/yr) and.a unit X/Q (s/m”), in (pCi/m”)/
(Ci/yr)(s/m™).
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Dose Factors from the Ingestion of Atmospherically
Released Radionuclides in Food

D ¥ Fr L L M M v v
DFaij = DFIaij (Ua Ci + U.fLC1 + Ua Ci + Ua fv C1 ] (3.2-6)
Where:
D
Draij = the dose factor for radionuclide i to organ

i of an individual in age group a from the

ingestion of meat, leafy vegetables, milk,
and produce (non-leafy vigetables, fruits,
and grains) in (mrem * m")/Ci, or in the
cases of H-3 and C-14 in (mrem * m”)/(Ci * s);

ok NN

ci' Ci’ Ci' Ci

= 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,
relasive ground-level concengiation
(s/m”), in (pCi/kg) (Ci/gr)(m ™)

or (pCilng/(CUyr)(SIn ) or (pCifl)/
(Ci/yr)(m °) or (pCi/1)(Ci/yr)(s/m” );

DFI = the ingestion dose factor for radionuclide

aij

i, organ j, and age group a, from Tables

3.2-10 through 3.2-13, in mrem/pCi;

fL' v

f. = 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 (RG 1.109);

F L M v
La’ Ua’ ua' Ua

= the annual intake (usage) of meat,

leafy vegetables, milk, and produce
respectively, for individuals in
age group a, from Table 3.2-15, in
kg/yr or 1/yr.
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Table 3.2-1

Organ used for Gaseous Effluent Dose Calculations

) Bone

2. GI Tract

3. Kidney
4, Liver
5. Lung
6. Thyroid

7. Total Body

8. Skin

Table 3.2-2

Age Croups Used for Gaseous Effluent Dose Calculations

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

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

Gaseous Effluent Dose Pathways

Plume
y Ground Shine

3. Vegetables

4, Meat
- Cows
6. GCoats

F 4t Inhalation
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Table 3.2-4

Dose Factors for Exposure to a Semi-Infinite
Cloud of Noble Gases

*

Nuclide gggi 2!&** Qggi*
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-131m 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
Xe-135m 7.11E-04 3.30E-03 3.12E-03
Xe-135 1.86E-03 1.92E-01 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 * 03

pCi * yr

*% mrad * n3

pCi * yr
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Table 3.2-5 (Cont.)

External Dose Factors for Standing on Contaminated
Ground

(mrem/hr per pCi/mz)

Element Total Body Skin
1-130 1.40€E-08 1.70€-08
[-131 2.80E-09 3.40€-09
1-132 1.70£-08 2.00€E-08
1-133 3.70E-09 4.50E-09
1-134 1.60E-08 1.90E-08
I-135 1.20€-08 1.40€-08
Cs-134 1.20€-08 1.40€-08
Cs-136 1.50€-08 1.70€-08
Cs-137 4.20E-09 4.90€-09
Cs-128 2.10E-08 2.40€-08
Ba-13% 2.40E-09 2.70E-09
Ba-140 2.10E-09 2.40E-09
Ba-141 4.30€-09 4.90E-09
Ba-142 7.90E-09 9.00€-09
La-140 1.50E-08 1.70E-08
La-142 1.50E-08 -1.80E-08
Ce-141 5.50€-10 6.20€-10
Ce-143 2.20€-09 2.50€-09
Ce-144 3.20€-10 3.70E-10
Pr-143 0.0 0.0
Pr-144 2.00E-10 2.30€-10
Nd-147 1.00E-09 1.20€-09
* o W-187 3.10€-09 3.60€-09
- Np-229 9.50€-1C 1.10€-09



Table 3.2-6

Inhalation Dose Factors for Adult (mrem/pCi inhaled)

NUCLICE BONE LIVER
H 3 NO DATA 1.58£-07
C 1s 2.27€-06 4.26E-07
NA 24 1.28E-06 1.28C-06
|k 1.65E-04 9.564C-006
CR S1 NO DATA NO DATA
MN 54 NO DATA 4.95€6-006
MN 56 NO DATA 1.556~10
FE 55 3.07€-06 2.12C-06
FE 59 1. 475 -06 3Y.6472-00
CO 58 NO OATA 1.986~-07
CO 60 NC DATA 1.44E-06
Nl 63 5.40E-05 3.93E-06
ND 65 1.926-10 2.82C-11
CuU 64 NO DATA 1.83€-10
IN 65 4.05€E- 06 1.29€-05
IN 69 4.23€E- 12 8.14C~12
B8R 83 NO DATA NO DATA
BR 84 NO DATA NG OATA
BR 85 NO DATA NO DATA
RE 86 NO DATA 1.696~05
RO 88 NO DATA 4 .B4E-08
R8 89 NO DATA 3.20E-98
SR 89 3.80E-05 NO DATA
SR 90 1.24E-02 NO DATA
SR 921 7.74E-05 NO DATA
SR 92 B8.43E~-10 NO OATA
Y 90 2.61E-07 NO DATA
Y 91M 3.26E-11 NO DJATA
Y % 5.78E~05 NO DATA
Yy 92 1.29€-09 NO DATA
Yy 9 1.18E-08 NO DATA
IR 95 1.34E-05 &,.3CE-QC6
IR 97 l 21€-08 2.45C-09
NB 95 l T6E-06 9.77¢-07
M0 99 NO DATA 1.51£-08
FC 99M 1.29E~-17 13,64E-13

T.AQCY THYROID KIDNEY LUNG GI-LLl

1.58F-07 1.58€-27 1.586-07 1.58E-07 1.58E-07
4, 26E-0T7 4.26E-0T7 4.26E-07 &.26E-07 4.26E-07
1.286-06 1.28E-06 1.28E-06 1.28BE-06 1.28E-06

6.26E-06 NO DATA NC DATA N0 DATA 1.08E-05
1.256-08 7.44E-09 2.R5E-09 1.80E-06 &.156-07
7.87E-07 NO DaATA 1.236-06 1.75E-04 9.67E-06
2.29E-11 NO DATa 1.63E~10 1.18E-06 2.53E-06
4,93E-07 NOU DATA NO DaTA 9.01E-06 7.54E-07
1.32E-06 NO DATA NO DATA 1.27€E-04 2.35E-05

2.59E-07 NO CaTa NC OATA 1.16E-04 1.33E-05
1.85E-06 NO DATA NO DATA T.46E-04 3.56E-05
1.8lE-06 NO DATA NO DATA 2.23E-05 1.6TE-06
l.14F=1L1 NO DATA NO GATA 7.00E-07 1.54E-06
T.69E-1L1 NO DATA S.T8E~10 B.4BE-OT 6.12E-06
5.82E-06 NO DATA 8.626-06 1.08E-04 6.6BE-06

5.65E~-13 NO DATA 5.27E~12 1.156-07 2.04E-09
3.01E-08 NO DATA NO DATA NO DATA 2.90€-08
3.91E-08 NO DATA NO DATA NO DATA  2.05E-13

1.60E-09 NO DATA NO DATA NO DATA - LT E-24 -
T.37E-06 NO DATA NG DATA NO DATA 2.09E-06
2.41E-08 NO DATA NO DATA NO DATA 4.18E~19

2.12e-08 NO DATA NC DATA NO DATA 1.16€-21
1.09E-06 NO DATA NO DATA 1.75€E-04 4.37€-05
7.62E-04 NO DATA NC DATA 1.20€-03 9.02E-05

3.13E-10 NO DATA NO DATA 4.56E-06 2.39€-05
3.64E-11 NO DATA NO DATA 2.06E-06 5.38E-06
7T.01E-09 NO DATA NO DATA 2.126-05 6.32E-05

1.276~12 NO DATA NO DATA 2.40E-07 1.66E~-10
1.556-06 NO DATA NO DATA 2.13E-06 &.BlE-0QS
3.77E-11 NO DATA NO DATA 1.96€-06 9.19E-06

3.26E~10 NO DATA NO DATA 6.06E-06 5.2TE~-05
2.91€-06 NO DATA 6.776-06 2.21E-04 1.88E-05
1.136-09 NO DATA 3.TIE=09 9.84E-06 6.54E-05

P ——————— b

5.26E-07 NO DATA 9.67€-07 6.31E-05 1.30E-05
2.87E-09 NO DATA 3.64E-08 1.14E-05 3.10€E-05
4.63E~ lZ NO DaTa 5. SZE -12 9.55E-08 5.20E-07

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

NUCL IOk BONE LIVER T.800v THYROID KIDONEY LUNG GI-LLI
rciot .225-15 7.52E-15 T.38E-14 NO DATA 1.35€E=13 4.99€-08 [.36E-21
-RUL03 1.91E-07 NO DATA 8.23E-08 NO DATA 7.296-07 6.31€-05 1.38E-05
RUL0S 9.88E-11 NC 0arTa 3.89E-11 NO DATA 1.27€~-10 1.37€-06 6.02€E-06
RU106 8.04E-06 NO DATA 1.0JE-06 NO DATA 1.67€E~-05 1.17E-03 1.14E-04%
AGLLIOM 1.35E-06 1.256-06 7.43C-07 NO DATA 2.46E~-06 S5.79€-04 3.7BE-05
TEL125M &.27E-07 1.9BE-07 5.84E-08% 1.31E- 07 1.556-06 3.92C6-05 B8.83E-06
TEL27™ 1.58E-06 7.215-07 1.96E-07 6.!15-07 $.726-06 1.20€-04 !.87E-05
TEL27 1.756-10 8.035-11 3.87€E-11 1.326-10 6.37E~10 B8.16E-07 T.17€-06
lElZQ" 1.22E-06 S.84E-07 1.98E-07 4.30E-07 4.57E-06 1.45E-04 4. 796~ 05

75129 6.22E-12 2.99E-12 1.55€E-12 4.876-12 2.34E-11 2.42€-07 1. 6E~ 00
TEL3LM B.74E=09 5.456-09 3.63F-09 6.88E-09 3.86E-08 1.826-05 6.95E-05
TEL31 1.39E=-12 7.44E=13 4.49€-13 1.17E-12 S5.46E-12 1.74E-07 2.30€-09

- ———

[ —————— e - -

TEL32 3.256-08 2.69E-08 2.02E-08 2.37E-08 1.82E-07 3.60€-05 6.37E-05
1 130 5.726-07 1.686-06 6.606-07 1.42E-04 2.61E-06 NO DATA 9.61€E-07
I i3l 3,156-06 4.4T7E-06 2.56E-06 1.49€-03 7T.66E-06 NO DATA 7.85€E-07

- - -

I 132 1.456=07 4.07C=-0T7 1.45E-07 1.43E-05 6.48E-07 NO DATA 5.08€E-08
I 133 1.086-06 1.856-06 5.65E-07 2.69E-04 3,23E~06 NO DATA 1.11E-06
I 134 8.056-08 2.16E-07 7.69E-08 3.T3E-06 3.44E-07 NO DATA 1.26€-10

I 135 3.356-07 B.73E-07 3.21E-07 5.60E-C5 1.39E-06 NO DATA 6.54E-07
CS13s 4.66E-05 1.06E-04 9.10E-05 NO DATA 3.596-05 1.22€E-05 1.30€E-06
CSl3e 4.886-06 1.83E-05 1.38E-05 NO DATA 1.07E~05 1.50E~-06 1.46E-06

PR ————— AR Atk P ————————

<s137 5.986-05 T.76E-05 S5.356-05 NO DATA 2.78E-05 9.40£-06 1.05€-06
cs13s8 4.14E-08 7.76E-08 4.05E-08 NO DATA 6.00E-08 6.07E-09 2.33E-13
BAL3S 1.176-10 8.32E-14 3.42E-12 NO DATA 7.78E-14 &.706-07 1.12£-07
BAL40 4.BB8E-06 &.13F-09 3.21E-07 NO DATA 2.096-19 1.59€-04 2.73F-0S
nalal 1.256-11 9.41E-15 4,20E~-13 NO OATA B.7SE~15 2.426-07 1.45E-17
RALG2 3.296-12 3.386-15 2.07E-13 NO DATA 2.86E-15 1.49€E-07 1.96E-26

[ ————— e -

LAL4O 4.30E-C8 2.176-08 5.73C-09 NU DATA NO DATA 1.70E-05 5.73€-05
LALls2 8.54E-11 3.88E-11 9.6%E-12 NO DATA NC DaTa T.91E-07 2.64E-07
CElsl 2.49€-06 1.692-06 1.91E-07 NO CATA 7.83E-07 4.52€-05 1.50€-05

-----—---------------------‘------------------—---—-—---

CEl&3 2.33E-08 1.726-08 1.91E£-09 NO DATA 7.40€-09 9.97E-06 2.83E-05
CEl4S 4.29€-04 1.79€-04 2.30E-05 NO DATA 1.06E-04 9.72E-04 1.02E-04
PR143 1.176-06 4.G69E~07 S.80E-08 NN DATA 2.70€-07 l S1E-05 2.50€-05
PR144 3.76E-12 1.565-12 1.91E-13 NO DATA 8.RLE-L] l 27F=-07 2.69E-18
NO1l4&7 6.59E-07 T.626-07 4.56E-08 NO DATA 6.656-67 2.T6€-05 2.16€-05
W 187 1.066-09 8.85:-10 3.10E-10 NO DATA NQ DATA 3.63E-06 1.94E-05

- —— - - - - -

NP239 2.B76-08 2.826-09 1.5SE-09 NO DATA 8.756-09 4.706-06 1.49€-05




Table 3.2-7

OM12D: ODCM
Page : 45
Rev. : 0

Inhalation Dose Factors for Teenager (mrem/pCi inhaled)

NUCLICE BONC LIVER T .800CY THYROID KIDNEY LUNC GI-tLL!

H 3 NO DATA 1.596-07 1.59€-07 1.596-07 1.59€-07 1.59E-07 1.59€-07
5 N 3.25%C-06 6.C9€-07 6.09€-07 6.09€-07 6.09E-07 6.09€E-07 6.09E~07
A 24 1.72E=-06 1.722-06 1. 726-06 1.72E-086 1.72€-06 1. 726-06 1.T2E-06
P 32 2.36E-06 1.37¢-0> B8.95€-06 NO DATA NC DATA NO DATA 1.16F-05
CR 51 NO OATA NO DATA 1.69F=08 9.37€-09 1. R4c=N9 2.62E-06 3. T75E-07
MN 54 NO CATA 6.37F-06 1.,05-06 NO DATA 1.596-06 2.48E-04 B.35E-C6
MN 56 NO DATA 2.12é=10 3.15€E-11 NU DATA 2.264E~-10 1.90E-06 7.18E-08
FE S5 4.18E=-06 2.98E-06 6.93E-07 NO DATA NO DATA 1.55€6-05 T7.99E-07
FE %7 1.79€-06 4.82¢-06 1.79€-06 NO DATA NO DATA 1.916-04 2. 236 -05
co 52 NO DATA 2.596-07 3.476-07 NO DATA NO DATA 1.68E-04 1.195 -05
CU &0 NO DATA 1.8%6E-06 2.48E-06 NO DATA NO DATA 1.09€-03 3.24E-05
Nl 63 7.256-05 S5.43E-06 2.47E-06 NO DATA NO DATA 3.84E-05 1.77E-06
NI 65 2.73E-10 3.u6f-11 1.59€E-11 NO DATA NO DATA 1.1TE-06 &.59E-~06
CuU 64 NO DATA 2.54E-10 1.06E-1C NO DATA 8.01E-10 1.37€-06 7T.6BE-06
IN 65 L. GZE 06 1.07€-05 T7.80E-06 NO DATA 1.08E-05 l SSE-04 S5.83E-06
IN 69 6. 04E 12 1.15Ff-11 8.07€E-13 NO DATA 7.53E~-12 l 98E~-07 3.56E-08
AR B3 NO DATA NO DATA 4.30C-08 NO DATA NO DATA NO DATA LY E-24

BR 84 NO DATA NU OATA 5.415-08 NO DATA NO DATA NO DATA LY E-24

BR 85 NO DATA NO DATA 2.29E-09 NO DATA NC DATA NO DATA LY E-24

28 86 NO CATA 2.38-05 1.05€6-05 NO DATA NO DATA NO DATA 2.21E-06
RS9 83 NO DATA 6.826-08 3.40E-08 NO DATA NO DATA NO DATA 3.65E~15
R8 89 NO DATA 4.405-08 2.91E-08 NO DATA NO DATA NO DATA 4£.228~-17
SR 89 §.43E-05 NQ DATA 1.56E-06 NO DATA NC DATA 3.026-04 4&.64E-05
SR 90 l 356-02 NO DATA 8.356-04 NO DATA NO DATA 2.06E-03 9.56E-05
SR 91 l.lOE-Oa NO CATA 4.39E-10 NO 0ATA NC DATA 7.59€-06 3.24E-05
SR 92 1.196-C9 NO CATA 5.08C~11 NO DATA NO DATA 3.43E-06 1.49€E-0°%
Y 90 3.735 -07 NO DATA l. OOE-OG NO DATA NO DATA 3.66E-05 6.99E-05
Y 91~ ﬁ.b!E 11 NO DATA 1.77€~- 11 NO DATA NO DATA 4 .,00E-0? 3,77€-09
Yy 91 8.26E-05 NO DATA 2.21E-06 NO DATA NO DATA 3.6TE-04 S5.11E-05
Y 92 1.84E-09 NU DATA 5.36E~11 NO DATA NO DATA 3.356-06 2,06E~05
Y 93 1.69€-08 NO DATA 4.65E-10 NOC DATA NO DATA 1.064E-05 T.24E-05
IR 95 1.826-05 S5.73F-06 3.94E-06 NO DATA 8.426~06 3.36E-04 1.86E-05
R I7 1.72E-08 3.40£-09 1.STE-09 NO DATA §.156-09 1.62°-05 T7T.8BE-05
NB 95 2.32C=-06 1.29€-06 T.08E-07 NU DATA 1.256-06 9.39€E-05 1.21€E-05
M0 99 WO DATA 2.11E-08 4.03E-07 NO CATA 5. 146-08 1.92E-C5 3.36E-05
TC 998 L.T3E=13 &.B3E-L1) 06.24E- lz NO DATA 7.20E=12 1.44E-07 T.66E-07

-

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

NUCLIDE BONE LIVER T.800Y THYROID KIDNEY LUNG GI-LLl

Tciol T.40E-15 1.0%-14 1.03E-13 NO
RUL03 2.63E-07 NO CATA 1.12F=07 NO
W05 L.40E-10 NU 0QATA 5.6426~11 NO
RULOS 1.23E-05 NO DATA 1.55E-06 NO
AGLIOM 1.73E-06 1.64C-006 9.99E-07 NO
TEL25* 6.106-07 2.B0E-07 8.34E-08 1.

-

TEL2TM 2.25€-06 1.02C-06 2.73E-07 5.
Tewar 2.51E~10 1l.14F-10 S.S2C-11 1.
TEL29% 1.T74€E-06 8.23C-07 2.81€-07 5.
TEL29 8.87E~12 4.226-12 2.20E-12 .
FTEL31l™ 1.23E-08 7.51C-09 5.03E-09 9.
TEL3L Le97E-12 1.04C-12 6.30-17 1.
TEL132 4.50E-08 3.03E-08 2.74E-08 3.
I 130 T.80E~07 2.24C~-06 B.96E-07 1.
I 131 4.43E-06 &6.14E-06 3.30E-06 1.

1 132 1.99€-07 S5.47€-07 1.97e-07 1.
I 133 1.52E-06 2.56€E~06 7.78E-07 1.
I 134 1.11E~-07 2.90E-07 1.05C-07 4.
{135 6.625-07 1.18E-06 4,38E-07 7.
CSl3s 6.28E~05 1.41E-04 6.86E-05 NO
Cs136 6.44E-06 2.42E-05 1. TIE-OS NO

cs137 8.38E-05 1.06E-04 3.895-0) NO
csi3s 5.82E-08 1.07€-07 S5.58€-08 NO
BAl39 1.67€-10 1.18E-13 4.87€-12 NO

-

Bal40 6.84E-06 AB,.38F-09 &.40E-07 NO
salsl 1.78E~11 1.326-14 5.93E-13 NO
BAl42 4.62E~12 4.63E-15 2.84E-13 NO
LAl4an 9.99€-08 2.95C-08 7.82C-09 NO
LAL&?2 1.20€-10 S.31E-11 1.32E-11 NO
CElsl 3.556-06 2.37C-06 2.71E-07 NO
CEls) 3.326-08 2.426-08 2.T0€E-02 NO
CElas 6.11E~-04 2.53E-04 3.28E-05 NO
Pal4] 1.6TE~06 6.64E-07 8.28C-08 NO
PR1GS S.37€-12 2.20E-12 2.726-13 NO
NDL&7 9.83E~07 1.07€~06 6.41E-08 NO
W 187 1.50E-09 1.225-09 4.29€-10 NO

-

NP239 4.23E-08 3.99€-09 2.21E-09 NO

DaTA 1.90E~13 B.34E-08 1.09E-16
DATA 9.29€-07 9.79E-05 1.36€E-05
DaATA L. 76E-10 2.27€-06 1.13€-05

DATA 2.38E-05 2.01E-03 1.20€-04
DaATA J.13E-06 B.44E-04 3.41€E-05
TSE-OT NO DATA 6.70E-05 9.38E-06
48E-07 B.17E~06 2.07E-04 1.99E-0S
TIE-10 9.10E~10 1.406-06 1.01€-0%5
12E-07 6. 49& 06 2. §7E 04 $5.06€E-05
48E-12 3. 125 11 #.IZE =07 2.02€-07
06E~09 5.49E-08 2.97E-05 T.76E-05
5SE-12 T.72€-12 2.92E-07 1.89€-09

B e AP ——

O7E-08 2.44E-07 5.61E-05 5.79€-05
86E-04 3.44E-06 N0 DATA l.14E~06
83E-03 1.05E-05 NO DATA 8.11F-07
89€E-05 B8.65E-07 NO DATA 1.59€~07
65E-04 4.49E-06 NO DATA 1.29€E~-06
V4E~ Oe 4.586-07 NO DATA 2.55€E-09
T6€~ OS 1.86E-08 NO DATA 8.469E-0Q7
DATA 4.69€E-05 1.83E-05 1.22€6-06
OATA 1.38E~05 2.22€-06 1.36E-06
DATA 3.80E~05 1.51E-05 1.06E-06
0aTA 8.28E-08 9,.84E-09 3.38E-11
DATA 1.11E~13 B.08E-07 B8.06E-07
DATA 2.85E-09 2.54E-04 2.86E-05
DATA 1.23E~16 4.11E-07 9.33E~14
oara 3.92€~ IS 2.39€-07 5.99€-20

UATA NO OAYA 2.68E-05% 6.09E-05
DATA NO DATA 1.27E-06 1.50C-06
DATA 1.11E~06 7.67E-05 1.58E-CS
para 1.08E~-08 1.63E-05 J.19€E-05
DATA 1.51E-06 1.67E-03 1.08E~-04
NaTa 3.86E-07 b6.04E-05 2.6TE~-0S
DATA 1.266-12 2.19E-07 2.94E~14
DATA 6.29E-07 &.65E6-295 2.28F-05
paATA NO DATA $.92E-06 2.21E-05

- -

DATA 1.256-08 A.11E-06 1.65E-0%
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Table 3.2-8
Inhalaticon Dose Factors for Child (mrem/pCi inhaled)
NUCL I DE BONE LIVER T.A00Y THYROID  KIONEY LUNG Gl-LLl

M 3 NO DATA 3.04C-07 3.04E =07 3.04£-07 3.064E~-07 3.064E-07 3.04E-07
£ - 18 9.70€-06 1.62E~-06 1.926-06 L.B2E-06 1.826-06 1.82E-06 1.82E-06
NA 24 4.35E-06 4.350-06 4. 3)E ~06 &.3%-006 4.35E-C6 &4,35E-06 4,35E-06

P 3 T.04E~-04 V.09:-05 2. b?(-Ob NO DATA NC DATA N DATA l.14E-05
CrR 51 NO DATA NO 0ATA 4. 17€-08 2.3LF-NB BH.57E-29 &.59E-06 2.93€-07
MN 94 NO DATA 1.165-05 2.57F-06 NU DATA 2.71E-06 4.26E-04 6.195-006
MN 56 NU DATA 4.48E-10 B.43E-11 NO DATA 4.52E-10 3.55C-06 3.33C-05
FE 535 1.28€E-05 6.00E-06 2.10E-26 NO DATA NO DATA 3.00€-05 7.75€~-97
FE 59 $5.99C=06 9.C4E-06 &.51L-06 NO DATA NO DATA 3.43C-06 1.91E~05
CO 58 NO DATA 4.79:-07 B8.55E-0T NO DATA NO DATA 2.99€-04 9.29E-06
CO &0 NO DATA 3.55E-06 b.12E-06 NO DaTa NO DATA 1.916-03 2.60E~-05
NI 63 2.226-04 1.25E-05 7T.56E-06 NO DATA NO DATA T.43E~-05 1.71E-06
Wl 65 0;005'10 T.99E~-11 4.44E~11 NO DaATA NQO DATA 2.216-06 2.27€-05
CU 64 NO DATA 5.39€-10 2.90C~-10 NO DATA 1.63E-09 2.59E-96 9.92E-06
IN 65 1.156~05 3.06E-05 1.90£-05 NO DATA 1. 935-05 2.89€E~ 04 §.41E~ 06

IN 67 1.81E-11 2.61E-11 2.41E~-12 NO DATA I.SCE Il 3.84¢- 07 2.75€~ 06
KR 83 NO DATA NO DATA 1.,28E-07 NO DATA NG DATA NO DATA LT E-24
UR 84 NO DATA NU DATA 1.48E~-Q07 NO ULATA NO DATA NO DaTA LY E-24

R 85 NO DATA NO DATA 6.84E-09 ND DATA NO DATA NO DATA LY E-24

RO A6 NO DATA 5.360-05 3,09E-05 NC LATA NC CATA MO DATA 2.16E-06
RE 88 NO DATA 1.526-07 9.90E-08 NG DATA NO DATA NO CATA 4.66E~09
RE 89 NO DaATA 9.335-08 7.85E~08 NO DATA NO DaTA NO DATA 5.11€-10
SR 89 1.62E-04 NO 0ATA 4.66E-06 NO DATA NO DATA 5.83€-04 4.52E-05
SR 90 2.73E-02 NU DATA L.74E~-03 NO DATA NC DATA 3.99€-03 9.28E-05
SP 91 3.28E-08 NO CATA 1.24F=09 KO CATA NO DATA 1.44E-05 &4.70F-0S
SR 92 3.54E-09 NO DaTa 1.42E-10 NO DATA NO DATA 6.49C-06 b6.55E-05
Y 90 1. llE 06 NO DATA 2.99€-08 NO DATA NG DATA 7.07E-05 7.2¢E-05
Y 9i* 1. )75 10 NG DarTa 4.93E-12 NO DATA NO DATA T.60F=-07 &.84E~-07
Y 9 2.4TE-04 NO DATA 6.59E-06 NO DuTa NO DATA T.10€6-04 4&.97E-05
Yy 92 $5.50E-09 NO DATA 1. 575 10 NO O TA NO DATA 6.46E~C6 b6.466E-0S
¥ 5.064E-08 NO DaTA l.!ut-OO NO DATA NO DATA 2.01E-05 1.05E-04
IR 95 5. 13E-05 1.13E-05 1.00E-05 NOU DATA 1.516=0% 6.036-04 1.65€-05
IR 97 5.07€-08 7T.34C-09 4.326-09 NO DA'A 1.056-08 3.06E-05 9.49E-05

N8 9> 6.35€6-06 2.48E-06 1,.776-06 NN DA A 2.336-06 1.66F-04 1.00E~-0S
n0 99 NO DATA &.66E-08 1.15€-08 NO D41 1.C6E-07 J.66E-05 IV.42€-05
TC 99» &4,.81E~13 9.61C0-13 1.56E-11 NO DATA 1.37E-11  2.57€-CT 1.30€-06

-

- -
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Table 3.2-8 (Cont.)
Inhalation Dose Factors for Child (mrem/pCi inhaled)

NUCL 1DE ouwe LIVER T.000Y THYRULID  KIONEY LUNG GI-LLI
1C101 ..lQC 16 2.30f-1a 2.91E€=13 NO vATA  3.72€-13 1. SHE-07 4.41F-09
RUL03  T7.556-07 NN DATA  2.90F-07 NO DATA  1.706-06 1.79€-04 1.21E-CS
RULOS  ©.13E-10 NU DATA  1.5J€-10 NO CATA  3.63E-10 4.30E-06 2.69€-05
RUI06  3.682-05 NU DATA  4.576-06 NO DATA  4.97€-05 3.87€-03 1.16€-06
AGLIOM 4.56E-06 3.08E-06 2.4TE-D06 MO DATA  5.74L-06 1.486-03 2.71E-05
TEL25M 1.82E-06 6.295-07 2.47€- 01 $.202-07 NG DATA | 29E-04 9.13E-06
TE127M 6.726-06 2.31E-06 B.1uE-G7 1.64E-06 1.72E-05 i 00E-04 1.93E-05
TEL27 T.496-10 2.37C-10 1.65E-10 S5.30€-10 1.91€-09 2.71E-06 1.52€-05
TEL27% S.196-C6 1.855-06 B.226-07 1.T1E-06 1.36E-05 4.76E-06 &, 915 05
TE129 2.64FE-11 9.456~12 6.440-12 1.936-11 6.94L~11 7.93£-07 6.095-00
TE131F 3.63E-08 1.606-08 1.37E-08 2.64E-08 1.08€-07 S5.56E-05 8.32E-05
rex:t 5.876-12 2.286-12 1.78C-12 4.59t-12 1. 59£ -11 $.556-07 3.60€-07
rEtsz 1.306-07 7.36E-08 7.126-08 B8.58E-08 4. 19&-01 1.026-04 3.72E-05
[ 130 2.21E-06 4.435-06 2.28E-06 4.99E-04 6.61E-06 NO DATA  1.38E-06
{ 131 1.306-05 1.306-05 7.37€-06 4.39E-03 2.13E-05 NO DATA  7.68€-07
{ 132 S5.726-07 1.106-06 S5.076-07 S5.23E-05 1.69€-06 NO DATA  8.65E-07
I 133 4.48C-06 5.490-06 2.08E-06 1.04E-03 9.13E-06 NO DATA  1.48€-06
{f 136 3.17€-07 S. a«= -0T 2.67E-07 1.37€-05 B8.92E=07 NO DATA  2.58E-07
1 135 1.33E-06 2. le -06 1.126-06 2.140-04 3.62E-06 NO OATA  1.20£-C6
CS134 1.76E-04 2.74C-04 6.07E-05 WNO DATA  8.93E-05 3.27E-05 1.04E-06
CS136  1.76E-05 4. ozc -05 3.14E-05 NN DATA  2.58E-05 3.93E-06 1.13E-06
CS137 2.45E-04 2. 23[ -04 3.47E-05 NO DATA  7.63E-05 2.81E-05 9.78E-07
€S138 1.71€-07 2.276-07 1.506-07 NO DATA  1.68€-07 1.84E-08 7.29€-08
RAL39 4.98E-10 2.66F=-13 1.45E-11 NO DATA 2.33E-13 1.56E-06 1.56E-05
GAL40  2.006-05 1.756-08 1.17€-06 NO DATA  5.71E-09 4.7T1E-04 2.75€-05
BALGel  5.29L-11 2.75C-16 1.72F-12 NO DATA  2.56E-14 7.89E-07 T.44E-08
Bals2 1. 356 1 % 13c 15 7.54E-13 NO CATA  T7.37E=15 4.44€-07 7.41E-10
LAlsO 1. 7~E -07 6. oss -08 2.04E-08 NO DATA NO DATA  4,94E-05 6.10E-03
LA142 3.50E-10 1.11E-10 3.49€-11 NO DATA NO DATA  2.356-06 2.05€-05
CEl4l 1.06E-05 5.286-06 1.83E-07 NO DATA  2.31E-06 1.476-04 1.53E-05
CE143 9.89€-08 5.376-08 7.77E-09 NO DATA  2.26E- -08 3.126-05 3.44E-05
CEles  1.836-03 $.726-04 9.T77€-05 NO OATA  3.17€-0% 3.23€-03 1.05€-04
PR143  4.99C-06 1.506-06 2.47€E-07 NO DaTa  B8.11e-07 1.17€-06 2.63E-05
PRI4G 1.61E-11 4.996-12 8.10E-13 NO DATA  2.64E- 12 4.23E-0T7 5.326-08
ND147  2.920-06 2.366-06 1.84E-07 NO DATA  1.)0€-06 8.876-05 2.22F-05
w 187 & ~xt -09 2.616-09 1.17F-09 NO DATA  NC DATA  1.11€-05 2. 46E-05
NP239 1. 2o£ 07 9.04€-09 6.356-09 NO OATA  2.63E-08 1.57E-0% 1.7T3E-05
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Table 3.2-9

Inhalation Dese Factors for Infant (mrem/pCi inhaled)

NUCLIDE BUNE llVER T.30CY THYROIO KIDNEY LUNG GI-LLt

L] 3 NO DATA 4.62E~- 07 4.62E-07 4. L2F-07 &.626-07 4.62E-07 4.62E-07
¢ 14 1.89E=05 3.79€-06 3.79€E-06 5.79€~06 3.T79€E-06 3.T9E-06 3.T9E-06
NA 264 7.5E=06 T7.54C-06 T.54E-06 T7.54E-06 T.54E-06 1 ShE ~06 T.54E-06

5.53E-0% NO DATA NC DATA NO DATA 1.15€-05
CrR 51 NO DATA NO DATA 6.376-08 4.11E-08 9.45€-09 9.17€-06 2.55€-07
3.56C-06 NO DATA 3.56E-06 T.14E-04 S5.04E-06
MN 56 NO DATA 1.10f-09 1.53E-10 NO DATA 7.86E-10 8.95€E-06 5.12€6-05
FE 55 1.41E-05 8.39t-06 2.385-06 NO DATA NO DATA 6.21E-05 T.82E-07
FE 57 9.69E-06 1.685-05 &6.776-06 NO DATA NO DATA 7.25€-04 1.77€-05

CO 58 NU DATA B.71E-07 1.30€-06 NO OATA NO DATA 5.55E-04 T.95E-06
CO 60 NO DATA 5.736-06 8.41E-06 NO DATA NO DATA 3.226-03 2.28E-05
NI 63 2.42E-04 l 46E-05 B8.29E-06 NO DATA NO DaTa 1.49€-04 1.T3E-06

Nl 65 1.TLE-09 2 03C~-10 8.79E~11 NO DATA NO DATA 5.80E~06 3.58E-05
CU 64 NO DATA 1.346-09 S5.53E-10 NO DATA 2.84E-09 6.564E-06 1.07E-05
IN 65 1. JGE -05 4.476-05 2.226-05 NO DATA 2.326-05 4.62E-04 3,.87E-05
IN 69 3. BSE -11 6.91E-11 S.13E-12 NO DATA 2.87E-11 1.05E-06 9.44E-06
BR 83 NO DATA NO CATA 2.T2E-QT NO DATA NG DATA NO DATA LT E-24
BR 84 NO DATA NO DATA 2.86E-Q7 NO DATA NG DATA NO DATA LT E-24
BR 85 NO DATA NO DATA 1.46E-08 NO DATA NO DATA NO DATA LY €-24
RB 86 NO DATA 1.36C-04 6.306E-05 NO CATA NO DATA NO DATA 2.17€-08
/0 88 NO DATA 3.986-07 2.03E-07 NO DATA NO DATA NO DATA 2.42€-07

- - —

R8 89 NO DATA 2.296-07 1.47E-07 NO DATA NO DATA NO DATA 4.8T7E-08
SR 89 2.84E-04 NO DATA 8.15C-06 NO 0ATA NO DATA 1.45€6-03 &,.5T7€E-0S5
SR 90 2.92E-02 NO DATA 1.85E-03 NO DATA NO DATA 8.03E-03 9.36E~ 05

- S D S G W A A e S - -

SR 91 6.83E-08 NO DATA 2.47€E-09 NO DATA NO DATA 3.76E-05 5.24E~ 05
SR 92 7.50€E-09 NO DATA 2.79€E-10 NO DATA NO DATA 1.70E-05 1.00E-04
Y %0 2.35€-06 NO DATA 6.30E-08 NO DATA NO DATA 1.92E-04 T.43E-05

[ —————— it - S R DR A - - -

Y 91 2.91E-10 NO DATA 9.90€-12 NO DATA NO DATA 1.996~06 1.68E-06
Yy 91 4.20E-04 NO DATA 1.12E-05 NO DATA NO DATA 1.75€-03 $.02E-05
Y 92 1.17E-08 NO DATA 3.296-10 NO DATA NO DATA 1.75€-05 9.04E-05

—

Yy 9 1.07E~-CT NO DATA 2.91€-09 NO DATA NO DATA S.46E-0% 1.19E-04
LR 95 8.24E-05 1.996-05 1.456-05 NO DATA 2.226-05 1.25€-03 1.5SE-05
IR 97 1.07€-07 1.83E-08 8. 365-09 NU DATA 1.856-08 7.88E-0% 1.00E-04
NB 75 1.126-05 4.59€-06 2. 10&—06 NO DATA 3.476-06 3.42E-04 9.05E-06
M0 79 NO DATA 1.18:-07 2.31E-08 NO DATA 1.A9E=07 9.63E-05 3.48E-05
IC 994 9.98E~-13 2.04E-12 2.66E-11 NO DATA 2.226-11 S.79E-0T7 1.45E-06

- -
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NHUCLILE BONE LIVER T.80DY THYROID  KIONEY LUNG GI-LL!
Tc1ol 4.656~14 S5.98E~14 5.80E-13 NO DATA 6.99E~-13 &.1TE-QT7 &.03E-07
RUL03 1.44E-06 NO DATA 4.85€E-07 NO DATA 3.0¥E~06 I.94E-04 1.15E-0S5
RU10S B.T74E-10 NO DATA 2.93E-10 NO DATA 6.42E-10 1.12€-05 3. bbe 05
RUL06 6.20E-05 NO DATA 7.77€-06 NO DATA T.61E-05 8.26E-03 1. l1E oa
AGL1OM 7,13€6-06 5.16C-06 3.57€E-06 NO DaTA 7.80E-06 2.62E-03 2.36E-C5
TEL25m 3. Aot—oo 1.426-06 &.T0E-07 1.16E-06 NO DATA 3. 19E 04 9. 2ZE 06
TE12TM Ll.19€E- OS 4.93E-06 1.486-06 3.48BE-06 2.6RE-05 9. )15 04 1. 955 OS
TEL27 1.59€-09 6.8l1E-10 3.476-10 1.32E~09 3.4TE-09 7T.39E-06 1.T4E-05
TEL29» l ClE-05 4. JSE-Ob 1.59€-06 3. QIE 06 2 27€-05 1.20E-03 4.93E-05
TEL29 5.635 11 2.6aE~ll 1.34E-11 4. 825 -11 l 2%E=-10 2.14E-06 1.88E-05
TEL3LM 7.626-08 3.93E~-08 2.59€-08 6.38E-08 1.89E-07 1.42E-04 B.51E-05
Tewsl 1.26E=11 S.87E=12 3.5TE-12 1.13E-11 2.85E~-11 1.47E-06 5.87E-06
TEL32 2.66E-07 1.69E-0T7 1.26E-07 1.99€-07 7.39€-07 2.43€E-04 3.15€~05
1 130 4,54E-06 9.,71E-06 3.98E-06 1.14E-03 1.09E-05 NO DATA 1.426-06
I 131 2.71€-05 3.176-05 1.40E-05 1.06E-02 3.70€-05 NO DATA T.56E-07
1 132 1.21E-06 2.53E-06 B8.99E-07 1.21E-04 2.H2E-06 NO DATA 1.36E-06
1 133 9.46E-06 1.37E-05 &.00E-06 2.54E-03 1.60€-05 NO DATA 1.54E-06
I 134 6.58E-07 1.34E-06 &.756-07 3.1BE-05 ).49E-06 NO DATA 9.21€-07
I 135 2.76E-06 S5.43E-06 1.99E-06 4.97E-04 6.05E-06 NO DATA 1.31E-06
CS13¢ 2.83E-04 S.026-064 5.326E-05 NO DATA 1.366E-04 5.69E-05 9.53E-07
CS136 3.45E-05 9.61E-05 3. 785-05 NO DATA 4.03E~05 B.40E-N6 1.02E-06
csi37 3.92E-04 4&.37F-04 3. 255-05 NO DATA 1.23E~04 5.09E-05 9.53E-07
CsS138 3.6LE=07 5.58C-07 2.84E-07 NO DATA 2.93E-07 4.67E-08 6.26F-07
BAL39 1.06E-09 T.03E-13 3.07E-11 NO DATA 4.723E~13 4.25E-06 3.64E-05
BAL&O 4.00E-05 &.00C-08 2.07E-06 NO DATA 9.59€-09 1.l14E-03 2.74E-05
BAlal 1.126-10 T7.70C-14 3,.55E~12 NO DATA 4.64E~-16 2.12E-06 3.39F-06
KAl42 2.846=11 2.365-14 1.40E-12 NO DATA 1.366-14 1.11E-06 4.95€6-07
LAL&O 3.61E=07 1.43:-07 3.68E-08 NO DATA NO DaTA 1.20E-04 6.06E-05
LAL42 7.36E~10 2.69E-10 6.46E-11 NO DATA NO DATA $.87E-06 &4,.25E-05
CElal 1.786-05 1.196-05 1.42E-06 NO DATA 3.756e-06 3.69E-04 1.54E-05
CEl&3 2.99€-07 1.386-07 1.5AE-08 NO DATA 4,036-08 B.30E-05 3.55E-05
CElss 2.286-03 B.056-04 1.26E-04 NO DATA 3.84E~04 T.03E~03 1.06E-04
PR1G] 1.006-05 3.74E-06 4.97E-07 NO DATA 1.41E-06 3.09€-04 2.66E-05
PR1G4 3.6426-11 1.326-11 1.72E-12 NO DATA 4.80E=12 1.15E-06 3.06E-06
NOD1&7 5,67E=-06 S.811-06 3I.STE-OT NO DATA 2.256-06 2.30€-04 2.23E-05
w 187 9.26E-09 6.44E-09 2.23E-09 NO DATA NQ DATA 2.83E-05 2.54E-05
NP239 2.65€E-07 2.37C-08 1.34€E-08 NO DATA 4.73E-08 4.256E-05 1.78BE-QS
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Table 3.2-10
Ingestion Dose Factor for Adult (mrem/pCi ingested)

NUCL ILE BONE I.LIVER r.ROCY THYROID  KIDNEY LUNG GI-LL!
M 3 NO DATA  1.0SE-O07 1.0%E-07 1.05€=07 1.05€-07 1.05€-07 1.05€-07
C 14 2.84E-06 5.68E-07 $.68E-07 S.68E-0T7 S5.68E-07 S5.686-07 S.68€-07
NA 24 1.706-06 1.706-06 1.70€-06 1.70E-06 1.70€E~06 1.T70E-06 L1.70E-06
P 32 1.936-04 1.20F-05 7.46E-06 NO DATA NC DATA  NO DATA  2.17€-05
CR SI NO DATA NO CATA  2.60E-09 1.57E-09 S5.86E-10 3.53E-09 6.69€-07
MN S4 NO DATA 4.576-06 B8.72E-07 NN DATA  1.36E-06 NO DATA  1.40€-05
MN S6 NO DATA  1.150-07 2.04E-08 NO DATA  1.46E-07 NO DATA  3,67E-06
FE 55 2.756-06 1.90F=06 4.43C-07 NO DATA NO DATA  1.06E-06 1.09E-06
FE 59 4,34E-06 1.026-05 3.91E-06 NO DATA  NO DATA  2.B856-06 3.40€-05
€O S8 NO DATA  7.456-07 1.67E-06 NO DATA  NO DATA  NO DATA  1.51€E-05
CO 60 NO DATA  2.14E-06 4.72E-06 NO DATA  NO DATA  NO DATA  4.02E-05
NI 63 1.30E-C4 9.0lE-06 4.36E-06 NO DATA  NO DATA  NO DATA  1.88E-06
NI 65 5.286-07 6.866-08 3,136-08 NO DATA  NO DATA  NO DATA  1.T4E-06
CU 64 NO DATA B8.33£-08 3.91E-08 NO DATA  2.10E-07 N0 DATA  7.10E-06
IN 65 4.84E-06 1.54£-05 ©6.96E-06 NO DATA 1.03E-05 NO DATA 9.70€-06
IN 69 1.036-08 1.376-08 1.376-09 NO DATA  1.28E-08 NO DATA  2.96E-09
BR 83 NO DATA NO DATA  4,.026-08 NO DATA NO DATA  NO DATA  5.79E-08
BR 84 NO DATA NO DATA  5,.216-08 NO DATA NO DATA  NO DATA  4.09E-13
BR 85 NO DATA NO DATA  2.14E-09 NO DATA  NO DATA  NO DATA LT E-24
RS 86 NO DATA 2.11€-05 9.83E-06 NO DATA  NO DATA  NO DATA  4.16E-06
R8 88 NO DATA 6.056-08 3.21E-08 NO DATA  NO DATA  NO DATA  B8.36E-19
RB 89 NO DATA 4.0lE-08 2.82E-08 NO DATA  NO DATA  NO DATA  2.33E-21
SR 89 3.08E-04 NO DATA  B8.84E-0.L .u DATA  NO DATA  NO DATA  4.94E-05
SR 90 T7.586-03 NO DATA  1.86E-03 NO DATA  NO DATA  NO DATA  2.19E-04
SR 91 S.67E~-06 NO DATA 2.296-97 NO DATA NC DATA NO DATA 2.T0E-0S
SR 92 2.156-06 NO DATA  9,.306-08 N0 DATA  NO DATA  NO DATA  4.26E-05
Y 90 9.62E-09 NO DATA  2.53E-10 NO DATA  NO DATA  NO DATA  1.02E-04
Y 91M 9.09E-11 NO DATA  3.52E-12 NO DATA NO DATA  NO DATA  2.67E-10
Y 91 1.41E-07 NO DATA  3,776-09 NO DATA NO DATA  NO DATA  T.76E-05
Y 92 B.456-10 NO DATA  2.47E-11 NO DATA  NO DATA  NO DATA  1.48€-05
Y 93 2.68E-09 NO DATA  7.40F-11 NO DATA NO DATA  NO DATA  8,.50E-05
IR 95 3.04E-08 9.756-09 6.460E-09 NO DATA  1.53E-08 NO DATA  3.09€E-05
IR 97 1.686-09 3.392-10 1.55E-10 NO DATA 5.12E-10 NO DATA 1.05€-04
NB 95 6.22E~09 3.46E-09 1.86E~09 NO DATA 3.42E-09 NO DATA 2.10€-05
MO 99 NO DATA  4.316-06 B8.206-07 NO DATA  9.76E-06 NO DATA  9.99E-06
TC 99 2.47E-10 6.985-10 B8.89E-09 NO DATA  1.06E-08 3.42E-10 4.13E-07

-~
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Table 3.2-10 (Cont.)
Ingestion Dose Factor for Adult (mrem/pCi ingested)
|

NUCL I OE BONE LIVER T.800Y THYROID KIDNEY LUNG Gl-LLl
TCL1Ol  2.54E-10 3.66E-10 3.59€-09 uo DATA  6.59E-09 1.876-10 1.10€E-21
aul03  1.856-07 NO ODATA  7.97€-08 NO DATA  7.06E-07 NO DATA  2.16E-05
RUL0Y 1 S4E-08 NU DATA  6.08€E-09 NO DATA  1.99€-07 NO DATA  9.42E-06
RU106 z 756-06 NO DATA  3,48E-07 NC DATA  5.31E-06 NO DATA l TBE-04
AGIIOM 1.60E-07 1.48€-07 0.795-03 NO DATA  2.91€E-07 NO DATA  6.04E-05
tElZSH 2. 65( -06 9.71E-07 3.59C-07 B8.065-07 1.09€-05 NO DATA  1.07E-05
TElz1n .77E -06 2.42C-06 8.25C-07 1.73E-06 2.75E-05 NO DATA 2.27E-05
TE127 1.106-07 3.95€-08 2.38E-08 B.15E-08 4.48E-07 NO DATA  B8.68E-06
TEL29M 1.156-05 &4.295-06 1. nzs-oo 3.956-06 4.80E~05 NO DATA  5.79€E-05
TE129 3.14E-08 1.18E-08 7.635-09 2.41E-08 1.326-07 NO DATA 2.37€E-08
TEI3IM 1.73E-06 B8.46C5-07 7.05€-07 1.34E-06 B8.57€-06 NO DATA 8.40E-05
TEL31 1.97€-08 !.236 -09 €.22E-09 1.62E-08 8.63E-08 NO DATA 2.79E-C9
TEL32 2.52E-06 l 63E-06 1.53E-06 L1.80E-06 1.57E-05 NO DATA T.T1E-05
1 130 7.56E-07 2.23E-06 B.80E-07 1.89C~04 3.48E-06 NO DATA 1.92E-06
1 131 4.16E-06 S5.95E-06 3.41E-06 1.95€-03 1. OZE-OS NO DATA 1.57€E-06
1 132 2.03E-07 5.43E-07 1.906-07 1.9CE-05 8. bSE -07 NO DATA 1.02€-07
133 1.42E-06 2.47E-06 7.53E-07 3.63E-04 4.31£-06 NO DATA 2.22E-06
I 134 1.06E-07 2.88E-07 1.03E-07 4.99€-06 4.58E-07 NO DATA 2.51€-10
1 135 4.43E-07 1.16E~06 4.28E-07 T7.65E-05 1.86E-06 NO DATA 1.31E-06
CS134 6.22€-05 1.48E-04 1.21€E-04 NO DATA 4.T9E-05 1.59€~-05 2.59E-06
csSl3é 6.51E-06 2.57€E-05 1. OSE-OS NO DATA 1.436-05 1.96E-06 2.92E-06
cs137 T.97E-05 1.09€-04 7. le-OS NO DATA 3,706-05 1.23E-05 2.11E-06
csl13s 5.52E-08 1.09E-07 S5.40€-08 NO DATA 8.01E~-08 7T.91E-09 &.65E-13
B8A139 9.70E~-08 6.91E~11 Z.CAE—O9 NO DATA 6.46E-11 3.92E-11 1.72E-07
BAL4D 2.03C-05 2.55E£-08 1.355-06 NO DATA B.6TE-09 1.46E-08 4.18E-05
BAl41  4.71E-08 3.56E-11 1 S9E-09 NO DATA  3.31E-11 2.02€-11 2.22€-17
BAl42 2.13E-08 2.19€E-11 3«&-09 NO OATA l. SSE 11 1.24E-11 3.00E-26
LAL4D  2.50C-09 1.263Z-09 3. 35: -10 NO OATA NO OArA NO DATA  9.25€E-05
LALS2 1.286~-10 5.825-11 1.45E-11 NO DATA NC DATA NO DATA 4.25€-07
.El«l 9.36E~09 6.33F-09 7.18C-10 NO DATA  2.94£-09 NO DATA  2.42E-05
.Elh} 1.65€-09 1.22F-06 1.356-10 NO OATA  5.37E-10 NO DATA  4.56E-05
CEl4s  4.RBE-07 2.045-07 2.62E-08 NO DATA  1.21€-07 NO DATZ  L1.65E-04
PR143 9.20€-09 3.69C-09 4.56E-10 no DATA 2.13E-09 NO DATA  4,03E-05
PRI4%4  3.01E-11 1.256-11 1.53E-12 NO DATA  7.05€-12 NO DATA  4.33E-18
NO147 6.296-09 7.276-09 4&.35E-10 NO DATA  4.25€-09 NO DATA  3.49€-05
w197 I.OSE 07 B8.61E-08 3.0lE-08 NO DATA NC DATA NO DATA 2.82E-05
NP239 l.lQE -09 1.17C~10 6.45E-11 NO DATA 3.65E-10 NO DATA 2.40E~-05




Table 3.2-11

Ingestion Dose Factors for Teenager

OM12D: ODCM
Page : 53
Rev., : O

(mrem/pCi ingested)

NUCL 1 CE BONE LIVER T.800v THYROIO  KIDNEY LUNG GI-LL!
M 3 NO DATA  1.06F=-07 1.00E-07 1.06C=C7 1.N6E=07 1.06E-07 1.06E-07
C 16 %.06E-06 B8.120-07 B8.126-07 B8.126-07 B8.126-07 BR.126-07 8.12F-07
VA 24 2.30E-06 2.30£-76 2.3CE-06 2.)0E-06 2.30E-06 2.30€-06 2.30£-06
v o32 z.7oc 04 1.71C-05 L1.07E-05 NO DATA NO DATA  NO DATA  2,32E-05
CR SL NU DATA NO DATA  3.60€-09 2.006-09 7.39t=10 S.14E-09 6.05€-07
N 56 NO DATA  5.70€-0o 1.176-06 NN DATA  1.76E-06 NO DATA  1.21€-0%
MN 56 NO DATA  1.58C-07 2.RL1E-08 NO DATA  2.006-07 NO DATA  1:34E-05
FE 55  3.78E-06 2.GBF-06 6.256-07 NN DATA  NC DATA  1.76E-06 1.16E-06
FE 59  S.B7E-06 1.376-05 S5.29¢- 06 NO DATA  NO DATA  4.326-06 3.24E- -03
CO 58 NO DATA  9.72€-07 z.z«e—oo NU DATA  NO DATA  NO DATA  1.34€=0%
CO 60 NO DATA  2.B1E-06 6.33E-06 NO DATA NO DATA  NO DATA  3.66E-0S
Ml 63  1.T7TE-04 1.250-05 ©.006-06 NO DATA NO DATA  NO DATA  1.99€-06
NI 65  T.49E-07 9.57E-08 4.36E-08 NO DATA NO DATA  NO DATA  S5.19E-06
CU 664 NO DATA  1.15E-07 5.41E-08 NO DATA  2.91E-07 NO DATA  8.92E-06
IN 65  5.76E-06 2.COC-05 9.33E-06 NO DATA  1.28E-05 NO DATA  B.47E-06
IN 69 1.47E-08 2.50E-08 1.96E-09 NO DATA 1. nis-oa NO DATA  5.16£-08
N2 83 NO DATA NO DATA  5.74E-08 NO DATA  NO DATA - NO DATA LT E-24

BR 84 NO DATA NO CATA  7.22E-08 NO OATA  NO DATA  NO DATA LT E-24

BR 85 NO DATA NO (CATA  3,056-09 NO DATA NO DATA  NO DATA LT E-24

RE 86 NO DATA  2.78E-05 1.406-05 NO DATA NO DATA  NO CATA  4.41E-06
RE 88 NO DATA B8.52E-08 4.54E-08 NO DATA NO DATA  NO DATA 7, Joe -1s
R8 B9 NO DATA 5.50£-08 3.89E-08 NO DATA  NO DATA  NO DATA 8. A3E-17
SR 87 4.40E-04 NO DATA  1.26C-05 NO DATA NO DATA  NO DATA  5.24E-0S5
SR 90 B.30E-03 NO DATA  2.05E-03 NO DATA NO DATA  NO DATA  2.33E-04
SR 71 B8.CTE-06 NO DATA  3.21E-07 NO DATA  NO OATA  NO DATA  3.66E-05
SR 92  3.056-06 NO DATA  1.30E-07 NO DATA NO DATA  NO DATA  T.77€-05
Y 90 1.376-08 NO DATA  3.67E-10 NO DATA NO DATA  NO DATA  1.13E-04
Y 9i® 1.29C-10 NO DATA  4,936-12 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 CATA  3,506-11 NO DATA NO DATA  NO DATA  3.32€-0%
Y 93 3.83E-09 WNO DATA  1.056-10 NO DATA  NO DATA  NO DATA  1.17E-04
IR 95 4.12E-08 1.30C-C3 B8.94E-09 NN DATA  1.91E-08 NO DATA  3.00€-05
7R 97  2.37E-09 4.69E-10 2.18E-10 NO DATA  7.11E-10 NO DATA  1.27€-04
4B 95  B.226-09 4.563-09 2.%1E-09 NO DATA  4.42E-09 NO DATA  1.95€-05
MO 99 NO DATA  6.03C=06 1.135E-06 NO DATA  1.38E-05 NO DATA  1.08E-05
TC 99 3.326-10 9.265-10 1.20E-08 NO OATA  1.38E-08 5.14E-10 ¢.08€-07
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Table 3.2-11 (Cont.)

Ingestion Dose Factor for Teenager (mrem/pCi ingested)

NUCLIOE BONE LIVER f.800Y THYROIOD KIONEY LUNG Gi-LL!

- - - - - - O U 5D P S O S D S S DA 4 R e D O 408

'C! 3.60E6-10 $.125-10 S.03E-09 NO DATA 0.266-09 3.12E-10 B8,.75E-17
QUlOJ 2.55E-07 NU DATA 1.096-07 NO OATA 8.,996~07 NO DATA 2.13€E-05
RUL0S 2.18E-08 NO ULATA B.46E-09 NO DATA 2.756-07 NO DATA 1.765-05

RUL06 3.72E~06 NO DATA 4.94E-0T7 NN DATA 7.56E-06 NO DATA 1.88E-06
AGLIOM 2.05E=-07 1.94E-07 1.13€E-07 NO DATA 1.70E-07 NO DATA S.45E~-05
TE125% 3.83E-06 1.38£-06 6,12€-07 1.07E-06 NO DATA NO DATA 1.13€-05

TEL27TM 9.67E-06 3,43E-06 1.15E-06 2.30E-06 3.92:t-05 NO DATA 2.41€-05
feL2y 1.58E=-07 5.60E-08 3.40€-08 1.096-07 6.40E-07 NO DATA 1.22€-05
TEL29M 1.63E-05 6.056-06 2.58E-06 5,26E-06 6.R2E-05 NN DATA 6.12E- 05

TEL29 4.48E-08 1.67F-08 1.07E-08 3.20€-08 1.88E-07 NO DATA 2.45E~ 07
TEL3LI™ 2.44E-06 1.17€-06 9.76E-07 1.766E-06 1.22E-05 NO DATA 9.39€-05
TEL3L 2.796-08 1.156-08 8.72E-09 2.15E-08 1.22e-07 NO DATA 2.29€-09

TEL32 3.49€-06 2.21F-06 2.08E-06 2.33E-06 2.126-05 NO DATA 7.00€E-05
I 130 1.036-06 2.986-06 1.196-06 2.43E-04 4.59€-06 NO DATA 2.29€-06
1 131 $.85E-06 B.13C-06 &.40E-06 2.39E- -03 1.41E-05 NO DATA 1.62E-06

PEpRpp—a——————— A ittt - ——

1 132 2.79E-0T 7.30E-07 2.62E-07 2.46E- -05 1.15E-06 NO DATA 3.18E-07
[ 133 2.01E=-06 3J.4lE=-06 1.04E-06 4.76E-04 5.98E-06 NO DATA 2.58E-06
[ 134 1.46E-07 3.B87€-07 1.39€E-07 6.45E-06 6.10E-07 NO DATA 5.10E-09

I 135 5.10E-07 1.576-06 5.826-07 1.01E-04 2.48E-06 NO DATA 1.74E~06
CSl3s £.37E-05 1.976-04 9.14E-05 NO DATA 6.26E~05 2.39€E-05 2.45E-06
CsS136 8.59E-06 3.386-05 2.27E-05 NO DATA 1.84E-05 2.90E-24 2.T728-06

- - - - - - - - ———————

cs137? 1. 12E-04 1.496-04 S.17E-05 NO DATA $.07E-05 1.97€-25 2.12€-06
csi3s 7.76E-08 1.49€-07 7T.44E-08 NO DATA 1.106-07 1.28E-08 6.76E~11
8!139 1.396-07 9.7BE~11 4.75%-09 NO DATA 9.22E-11 6.T4E-11 1.24E-06

- A S S A S D S O - JREpp———————— 2 ittt

BAIQO 2.84E-05% 3.4R8E-08 1.83E-06 NO DATA 1.186-08 2.34E-08 4.38E-05
BAlGL 6.71E-08 S.01E-11 2.2¢E-09 NO DATA 4,65E~-11 3.43E-11 1.63E-13
NAl42 2.99C-08 2.99€-11 1. 8&5-09 NO DATA 2.53e-11 1.99€-11 9.18€-20

- - - S G WS W W MBS w MM

LAL&O 3.485-09 1.71C-09 6.555 -10 NO DATA NC DATA NO DATA 9.32€6-05
LAL&Z 1.79€-10 7.95€-11 1.986-11 NO DATA NG DATA NO DATA 2.42€E-06
celsl 1.336-08 B8.886-09 1,02c-09 NO DATA 4.18E-09 NO DATA 2.54€-05
CCl43 2.356-09 1.71E-06 1.91E-10 NO DATA 7 6TE~10 NO DATA S.14E£-05
CEl4e 6.966-07 2.88E-07 3.74E-08 NO DATA 1.726-07 NO DATA 1.75€6-06
PR143 1.31E-08 S5.23C-09 6.52€-10 NU DATA 3.N4E-09 NO DATA 4.31E-05

----.‘-----------------------------_-------------------..---------------------

P2l4s 4,30E-11 1.76E-11 2.18E-12 NO DATA 1.01E-11 NO DATA 4.T4E~-14
NOl&? 9.386-09 1.026-08 6.11E-10 NO DATA 5.79E-09 N0 DATA 3.68E-05
w 187 1.46E-07 1.19€-07 4.17€-08 NO DATA NO OAYA NO DATA 3,22E-05

PR ——— A kit - -

MP239 1.76E-09 1.66E-10 9.22E-11 NO DATA 5. ZIE -10 NO DATA 2.67E-05




Table 3.2-12

Ingestion Dose Factors for Child (mrem/pCi ingested)

NHCLIJE BONE LIVER T.uouy THYROI0 KI1DNEY LUNG Gl-LL!
" l NO DATA 2.036 -07 2.0%E-07 2.03E-07 2.03E~07 2.03€E-07 2.03E-07
c 1s 1.21E-05 2.42E=06 2.642E-06 2.42E-06 2.42E-06 2.42E-06 2.42€-06
NA 26 5.806-06 S.806-06 5.80E-06 5.806-06 S5.00&-06 S5.80E-06 S5.80E-06

- P A5 S S D PR D S B D D W WS B @ R S

» 8.25€6-04 3.86C-05 3.1CE-05 O OaTA NO DaTa NO DATA 2.28E-05
CR 51 NO DATA NO CATA 8.90E-09 4.94C-09 1.356-09 9.02€-09 &4.72€-07
MN 54 NO DATA 1.076~05 2.856-06 NO UDATA 3.00C~- 06 NO DATA 8.98E-06

MN S6 NC DATA 3.34C=07 T7.540-08 NO DATA 4.04E~ 07 NO DATA 4.84€-05
FE 55 1.15€E-05 6.106-06 1.897-06 NO DATA NC DaTA 3.45€-06 1.13E-06
FE 59 1.6%56-05 2.676-05 1.33€-05 NO 0ATA NG DATA T.74E-06 2.7BE-05
Co 58 NO DATA 1.806-06 35.51F-06 NO DATA NO DaTA NO 0ATA 1.05€-05
CO &0 NO DATA 5.29€=-06 1.56E-05 NO DATA NO DATA NO DATA 2.93E-05
Nl 63 $.38E~C4 2.88F-05 1.83E-N5 NO DATA NO DATA NO DATA 1.94C~06

[ ——————— R A it b

-

NI 65 2.226-06 2.09F-07 1.22E-07 N0 DATA NO DATA NO DATA 2.56E-05
CU 64 NO DATA 2.45€6-07 1.48E-07 NO DATA 5.92E-07 NO DATA 1.15€-05
IN 65 1.37€-05 3.056-0> 2.27C-05 NO DATA 2.30E-05 NO DATA 6.41E-06

IN 69 4.38E-08 6.33E-08 5.85E-09 NO DATA 3.84€-08 NO DATA 3.99€-06
BR 83 NO DATA NO DATA L.TLE-OT NO DATA NO DATA NO DATA LT E-24
BR 84 NO DATA NO DATA 1.986-07 NO DATA NO DATA NO DATA LT E-24

b D S S A 5 S A D S AR 4 e B 4 A S 4D € R P SR SR SN 5 R S S SR IR S 4B SRR P ES SR P M I L B I I ISR e .

AR 85 NO DATA NO DATA 9.126-09 NO DATA NQ DATA NO DATA LT E-26

RE 86 NO DATA 6.70E~05 &.12E-05 NO DATA NO DATA N0 DATA 4.31F-06
RB 88 NO DATA 1.906-07 1.326-07 NO DATA NO DATA NO DATA 9.32€-09
RB 89 NO DATA 1.176-07 1.04E-07 NO DATA N0 DATA NOC DATA 1.02€~09
SR 87 1.32E-03 NU DATA 3.TTE-0S NO DATA NO DaTA NO DATA 5.11€-05
SR 90 1.7T0E~-02 NO UATA 4.31E-03 ~O DATA NO DaTaA NO DATA 2.29E-04

.----‘—---—-----------‘-----—---‘----—---------‘-------------------------‘-.

SR 91 2.40€E-05 NO DATA 9.06E-0T7 NO DATA NC DATA NO DATA 5.30€E-05
SR 92 9.03E-C6 NO DATA 3.62E-0T7 NO DATA NO DATA NO DATA 1.71E=04
Y 90 4.11E-08 NO DATA 1.106-09 NO DaTA NO DATA NO DATA 1.17E-04

- 5 A 5 D S S S O S e T A > S N e A WM W S ——

Y 91M 3.826-1C NO DATA 1.376-11 NO DATA NO DaTaA N0 DATA T.48E-07
Y 91 6.,02E-0T7 NO DATA 1.61F-08 NO DATA NO DATA NO DATA 8.02€-05
Y 92 3.60E-09 NO 0ATA 1.03E-10 NO DATA NO DATA NO DATA 1.04E-04

- - -

Y 9 1.14C-08 NO DATA 3.13E-10 NO DATA NO DATA NO DATA 1.70€~04
IR 95 1.16E-CT 2.55C-08 2.27C-08 NO DATA 3.656E-08 NO DATA 2.66E-05
IR 97 6.99E~09 1.ClE-09 5.96E-10 NO DATA 1.6456-09 NO DATA 1.53€E-06
N8B 95 2.256-08 B.T6E-09 6.26E-09 NO DATA 8.23E-09 NO DATA 1.626-05
MO 99 NO DATA 1.336-05 3,29€-06 NO DATaA 2.84E-05 NO DATA 1.10€-05
TC 99™ 9,23g~-10 1.8lE-09 3.00E-08 NO DATA 2.63E-08 9.19€-10 1.03E-06

[ R ————————————— e e




Table 3.2-12 (Cont.)

oDCM
56
0

OM12D:
Page
Rev.

Ingestion Dose Factors for Child (mrem/pCi ingested)

NUCL IDE BONE LIVER
1.07€-09
T.31€-07
6.45E-08

1.126-09
NU DATA
NO DATA

rciol
RULO3
rUL0S

1.17E-05 NO DATA
5.39E-07 3.64C-07
1.14€E-05 3 09E~06

RULO6
AGLLOM
TEL25M

7 T78€-06
1.276-07
‘0365’05

TEL2TM
TE127
TEL29M

2.89€-05
4,T1E-07
4.375'05

1.34E-07 3.74E-08
7.20E-06 2.49E-06
8.306-08 2.53E-08

TEL29
TEL3IN
TEL3L

&.47E-00
5.905’06
l 73C-05

1.01E-05
2.92E-06
1.72E-05
8.00C~-07
133 5.92€6-06 T7.32E-006
I 134 4,19€-07 T.78E-07
3 135 1.756-06 3.15E-0¢
CS134 2.34-04 3.84C-04
cS136 2.35€6-05 6.46E~ os
CcsS137 3,27E-04 3.13E~ 06
cSi3s 2.28E-07 3.17e-07
BAl139 4.14E-07 2.21E-10
RAL40

2Alsal

JAl42

TELd2
[ 130
131

132 l 4T7E-06

1
I
I

8.31€-05
20006‘07
8.74L-08

7.28E-08
‘olZ:'lO
6.,29€-11

3,53E-09
1.67F~10
1.98(~-08

1.01€-08
«74E-10
3.97£-08

LAL<O
LALl&2

3.795’06
6.52C-07
1.182~-08

6.99€-09
2.08E-06
3.93€-08

CElss
CEles
PR143

PR144 1.29€-10 3.79%E~11
NDL147 2.79E-0R 2.26€E-08
W 187 4.29E-07 2.545-07

- —————

HP239 5.2%€-09 3.77%-10

T oooy THYROIO

1.42E-08
2.8lE-C7
2.34E-08

NO
NO
NO

l.46E-06
2.91€-07
1.52€-06

NC
NO
3.20E-06

6.91C~-06
3.26E-07
1.57€E-0S

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

9.56E-08
2.656-06 5.12€-06
2.47E-08 6.35E-08
5.40E-06 6.51E~06
3.0464€-06 6.50E-04
9.83E-06 S. 125 03

3.18€-08

6. OZE°OS
l.36E-03
1.779€-05
1.49-06 2.79E-04
8.10E-05 NO DATA
4.10E-05 NO DATA

6.76E-07
2.T7E-06
3.58E-07

4.62E-05 NO DATA
2.01E-07 NO DATA
l 20E-08 NO DAIA

KIONEY LUNG GI-LLt
3.56E-09
1.89€-05

4.21E- OS

1.91e-08
1.84E~C6 .,
S.67€E-07

1.82€~ 06
4.33E-05
1.10F=05

1.58€E-05
6.78E-0Q7
NO DATA

2.34E-05
1.34E-06 1.84E-05
‘o‘li'O‘ N0 5.965'05
ND DATA  B8.34E-06
2.41€E-05 NO DATA 1.01E~-04
2.51E-07 NO DATaA 4.36E-07
4.156-05 NO 4.50€E-05
8.826-06 NO 2.76E-06
2. OGE-OS NO 1.54E-06

g. 2#5'05

3.92€-07

1.73E-06

2.’5"06
1.19€-06 S.16E-07
4.836-06 NO DATA 2.40€-06
1.196-064 4.27E-05 2.07E-06
3.44E-05 S.13E-056 2.27E-06
1.026=C4% 3.67€-05 1.96E-06
2.236-07 2.40E-08 1.46E-07
1.93E-10 1.30E-10 2.39E-05

NC
NO
NO

4-815-06
6.5lE-09

A0
NO
NO

1.17€-09
95.23C-11
2.94€-09
NO DATA
NO CATA
NO DATA

-

5.492-10
1.11€-07
10955'09
6.49€-12 NO DATA
1.75€E=09 NO DATA
1.14E-07 NU DATA

2.65c-10 NO DATA

4,.34E-08 4.21£-05
6.586~-10 1.14E-07
3.70C-11 1.14E-09

2.37:-08
9.69&-11

NC DATA
NO DATA
B8.68E~ 00 2.4TE-05
9.55€£-05
3.61E~07 1.70E-04
6.319E-99 DATA 4.24E-05
2.11E~11 NO DATA 8.59€-08
1.246-08 NO DATA 3.58€-05
NO DaTA NO DATA 3.57€-05

NO DATA 2.79€E-05

.59~ 00

1.09e-09




Table 3.2-13

Ingestion Dose Factors for Infant (mrem/pCi ingested)

NUCL TUE BONE
NO DATA
2.37€-05

NO DATA

NU DATA
1.39€-05

NO DATA
NO DATA

9.335 -08
NO DATA
NO DATA

NO DATA
NO DATA
NO DATA

N DATA
2.51€-03

5.00€~05
1.92C-09%
8. 69E -08

8. lOE ic
l.13E-06
T.65€-09

LIVER

3.08F=-07
5.CLE-00
1.01C-05

1.00E-04
NO DATA
1.99€-05

8.18E£-07
8.78E~06
5.385-05

3.60E-06
1.08E-05
3.92€-05

5.326-07
6.09e-07
6.31E-05

1.68€-07
NO DATA
NO DATA

NO DATA
1.70C-04
4.98€-07
2.86E-07
NG DATA

T.80uY

3.00€-07
$5.06C-06
1.01E-D5

6.596-05
l.«1E-08
4.51€~ 06

l.61lE~ OI
2.4CE-06
2.126-05

8.93E-06
2.55E-05
2.20€-05

2.42E-07
2.82€-07
2.91E-05

1.25€-08
3.63E-07
3.82€-07

1-945‘05
8.40E-05
2.73E-07

1.97€-27
7.29€-05

THYR0IL0 KIDNEY

LUNG Gi-LLt

- -

3.008c-07
5.065-06 5.06E-06
1.01€-05

N0 DATA
2.01€-09
4.41E-06

NO DATA
7.20€-09

7.93€-07
DATA

el

6.98E-08
NO DATA
NO DATA

3.08€E-07
$5.06C-06
L. OIE -05

3.00E-07
5.06F-06
1.01E-05

2. IOE -05%
4.11E-07
7.31C-06

NO DATA
1.79€-08
NO CATA

NO DATA
4.39E~-06

1.59€-05 2.57€-05

8.97C-06
2.57€-05
1-955‘06

DATA
DATA
CATA

4.05€E-05
1.25€-05
$.33E-05

1.37F-05
LT E-26
LT E~24

NO DATA
NO DATA
NO DATA

NU DATA
NO BATA
NO DATA

NO DATA
NO DATA
NO DATA

NO UDATA
NO DATA

LT E-24
4.35E-Cé
4.85€-07

P —————————————— R A ettt et

9.74E-08
5.16E-05
Z.llE-O#

NO DATA
NO DATA
NO DATA

-

NO DATA
NO DATA
NO DATA

NO DATA
NO DATA
NO DATA

NO DATA $5.92€-05
NO DATA 2.07€E-04
NO l 20€~04
2.705 -06
8.10€E~-05
1.46E-04

NO DAT2 NO DATA 1.92€-04
5.41E-08 NO DATA 2.50F-05
2.56E-09 NO DATA 1.62€E-04
DATA 1.24£-08 NO DATA 1.46E-05
DATA $5.08E-05 NO DATA 1.126-05
DATA 4. th-Ol 2.07€-09 1. lSE 00

2.43E-08
2.06E-07
1.48€-08

3.56€-08
1.16E-09

5.02€-08
2.54C-09
4.20€E-08 1.02E-08

NO DATA Y.4CE-05 bL.6IE-O6
99  1.926-09 3.965-09 5.10€E-08

-

1.73E-08
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Table 3.2-13 (Cont.)
Ingestion Dose Factors for Infant

NUCL I DE BONE LIVER T.000Y THYROID  KIONEY Lunc ct -LLt
fC101  2.27€E=-09 2.46€-09 2.83E-08 NO DATA  3.40€-08 l.SbE 09 &.B6E-07
RULO3  L.48E-06 NO DATA .95E-0T7 ~O DATA  3.08E-06 NO OATA  1.BOE-0S
aul0s 1.36E-07 NO DATA  4.53E-08 WO Dara 1 DOE-06 NN DATA  S5.41E-05
RULOS  2.41E-05 NO DATA  3.01E-06 NN DATA 2 R8SE-05 NO DATA  1.83F-06
AGLIOM 9.96E-07 7.27E-07 4.BLE-07 NN DATA  1.04E-06 NO DATA 3.77€-05
TEL25M 2.33E- os 7.79C-06 3.15E-06 7.84E-06 NO DATA NO OA!A 1.11E-05
TELI27TM 5.85E- OS 1.94E-05 7T1.086-06 1.69E-05 1.44E-04 NO DATA 2.36E-05
TEL127 1.006-06 3.35E-0T7 2.15E-07 A.14E-07 2.44E-06 NO DATA 2.10€-05
TE129M 1.00E-064 3.43E-05 1.54E-05 3. s«E -05 2.506-04 NO DATA  5.97E-05
TEL129 2.84E-07 9.796-08 6.63E-08 2. 3a£ -07 7.CTE-GT NO DATA  2.27E-05
TEL3IM 1.52E-05 6.12E-06 5.056-06 1.24E-05 &.21E-05 NO DATA 1.03E-04
TEL131 1. 765 07 6.50C-08 4.94E-08 1. DTE ~07 4.S0E-07 NO DATA T.11E-06
TEL32 2. OOE -05 1.03F-05 9.61E-06 1. SZF -05 6.44E-05 NO DATA 3.81E-05
f 130 6.00E-06 1.32:-95 5.30E-06 1.48E-03 1.45E-05 NO DATA 2.83E-06
[ 131 3.59E-05 &.23E-05 1.R6E-0S 1.396-02 4.94E-05 NO DATA 1. 516 -06
[ 132 1.66E-06 3.376-06 1.20£-06 1.5BE-04 3.76£-06 NO DATA 2 735-06
I 133 1.256-05 1.82C-05 5.33E-06 3.316=03 2.14E=25 NO DATA 3.08E-06
[ 134 B8.69E-0T 1.78E-06 6. 335-07 4.156-05 1.996-06 NO DATA  1.B4E-06
I 135  3.64E-06 T7.24C-06 2. 64£-06 6.49E-04 B.0TE-06 NO DATA  2.62E-06
CS134 3,776-04 71.03E-04 T7.10E-05 NO DATA 1.81E-04 T.42E-05 1.91E-06
csS136 4.59E-05 1.35€6-04 S.04E-0S5 NO LATA 5.386~-05 1.10E-05 2.05E-06
cs137 §,22E-04 6.11E-04 4,33E-05 NO DATA 1.64E-04 6.64E-05 1.91E-06
csi3s 4.81E-07 7.82E-07 3.T7T9E-07 NO DaATA 3.90E~-07 6.09€E-08 1.25E-06
BA139 8.81E-07 S5.84E-10 2.556-08 NO DATA 3.51€-10 3.54C~- lO 5.58E~05
8A140 1.71€-04 1.71E-07 B8.AlE-06 NO DATA  4.06E-08 1. 055—07 4,20€-05
RAlGL 4.256-07 2.912-10 1.34E-08 NO DATA 1.75€=10 1.77E-10 5.19E-06
BAlG2 l. !ﬁE -07 1.53E-10 9. 065-09 NO DATA 8. BlE 11 9.26E-11 T.59€-07
LAL4O Z.IIE -08 B8.32:¢-09 2.1«5-09 NO DATA NO oata NO DATA  9.77E-05
LAL142 1.10€-09 4.04E-10 9,6/E-11 NO DATA NC DATA  NO DATA 6.86F-05
CEl4l 7.87€-08 4.80%5-08 5.65€-09 NO 0ATA  1.48E-0% NO DATA 2.48E-05
CELl43 1.48E-08 9.820-06 1.12€-09 NO DATA  2.86£-09 NO DATA 5.73E-05
CEles 2.98E-06 1.22€-06 1.67C-07 NO DATA  4.93E-0T NO DATA 1.7T1E-04
PRI143 B.13E-08 13.04E-08 &, OJE-OQ NO DATA 1.13E-08 NO DATA 4,29€-05
PR144 2.74C-10 1.06E-10 1.38E- 11 NG DATA  3.A4E=11 NN DATA  4.93E-06
NOL1&T §.53E-08 S5.GB8E-08 3.40E-09 NO DATA 2.196-08 NO DATA 3.60E-05
w 187 9.03E-07 6.28e-07 2.17E-07 NO DATA NO DATA N DATA 3. 695 OS
NP237 1.11E-08 9.93E-10 5.61F-10 VO DATA  1.98E-09 NO DATA are os
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Table 3.2-14

Annual Usage Factors for the Maximum Exposed Individual

Pathway Infant Child Teen Adult
Fruits, vegetables &
grain (kg/yr)* - 520 630 520
Leafy vegetables
(kg/yr) - 26 42 64
Milk (1 /yr) 330 330 400 310
Meat & poultry
(kg/yr) - 41 65 110
Inhalation (m°/yr) 1400 1700 8000 8000

*Consists of the following (on a mass basis): 22% fruit, 547 vegtables
(including leafy vegetables), and 247 grain.

Table 3.2-15

Annual Usage Factors for the Average Individual Calculations

Pathway Child Teen Adult
Fruits, vegetables, &
grain (kg/yr)* 200 240 190
Milk (1/yr) 170 200 110
Meat & poultry
(kg/yr) 37 59 95
Inhalation (m3/yr) 3700 8000 8000

*Consists of the following (on a mass basis): 22% fruit, 547% vegetables
(including leafy vegetables), and 247 grain.
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3.3 Compliance With 10CFRS0 Appendix I - Caseous 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.

3.3.1 Noble Gases

Section II.B.1 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:
DY & 5 wmrad,
air

b. For beta radiation, during any calendar quarter:
p® <10 wrad,
air

s For gamma radiation, during any calendar year:
D7 € 10 mrad,
air

d. For beta radiation, during any calendar year:

o . #5i0 sead.
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Radioiodines, Particulates, and Other Radionuclides

Section 11.C of Appendix I of 10CFRS0 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 Technical Specifications limit the dose resultant from the
release of iodine -131, iodine -133, tritium, and all radionuclides
in particulate form with half-lives greater than eight days to the
following:

b.

During any calendar quarter: dose to any organ¢=:7.5 mrem
and,

During any calendar year: dose to any orsani=:15 mrem.

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,

jodine -133, tritium and radionuclides in particulate form
with half-lives greater than eight days are the found in
Section 3.2.3. The dose rate obtained is integrated over the
appropriate surveillance or sampling time period.
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a. Gamma Air Dose from Noble Gas Releases
o =3.15 x 10! % x/q * T.a, DF, (3.3-1)
air - 1 ii '
Where:
DY = the annual gamma air dose due to noble gas

alr adionuclides, in mrad/yr;

Y

DF. = the gamma air dose factor for a uniform semi-

infinite cloud of rsdionuclide 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 = 10l = the conversion factor to convert
(mrad * uCi)/(Ci * s) to mrad/yr.

b. Beta Air dose from Noble Gas Releases

air

Where:

pB =315 x 10" *x/0* Lo, nrf
1

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

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

Qi = the release rate of radionuclide i, in uCi/s;
X/Q = the normal relative dispersion factor, in a/n3;

3.15 = 101 = the conversion factor to convert

(mrad * uCi)/(Ci * s) to mrad/yr.

Cumulation of Doses

The dose contribution from gaseous effluents will be
calculated monthly. Calculations will be performed to
determine the maximum air dose as well as the maximum organ
doss to an individual. These monthly dose calculations will
be summed for comparison with quarterly and annual limits.
The monthly results should be added to the doses cumulated
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from other months in the quarter of interest and in the year
of interest. To assure compliance with 10CFRS0 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 Specificationms.

Projection of Doses

Dose. resulting from the release of gaseous effluents will be
projected monthly. 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 31-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.

3.4 Population Dose

As required by Regulatory Guide 1.21, for Semiannual Radioactive
Effluent Release Reporting, a population dose is calculated for the
doses received resultant of all gaseous effluent releases. The
population dose is 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‘%lgner similar to that
used for individuals except that Regulatory Guide 1.109 Revision 1
assumptions for average individuals are used rather than for
maximum exposed individuals and they are averaged over all age
groups after weighting by the fraction of population in each age

group.
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GCamma and Beta Air Dose Factors for Semi-Infinite Plume

Nuclide

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

)

mrad * m
Ci*s

7.80+1
4,03+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).

Additionally, the Technical Specifications require that when the
calculated doses associated with the effluent releases exceed twice
the limit of Specificatioms 3.1l.1.2.a, 3.11.1.2.b, 3.11.2.2.a,
3,11.2.2.b, 3.11.2.3.a, or 3.11.2.3.b, calculations shall be mad:
including the direct radiation component to determine whether the
limits of Specification 3.11.4 have been exceeded, i.e., that the
dose or dose commitment to a real individual from all uranium fuel
cycle sources is limited to 25 mrem to the total body or any organ
(except the thyroid, which is limited to 75 mrem) over 12 consecu=-
tive months. If such is the case, the licensee shall prepare and
submit a special report to the Commission within 30 days and limit
subsequent release to prevent reoccurrence of exceeding the above
limits.

This special report is to include an analysis which demonstrates
that radiation exposure to all real individuals from all uranium
fuel cycle sources (including all liquid and gaseous effluent
pathways and direct radiation) are less than the standards in 40CFR
Part 190, Environmental Radiation Protection Standards for Nuclear
Power Operations. If analysis indicates that releases resulting in
doses that exceed the 40CFR190 standard could have occurred, then a
variance from the Commission to permit such releases will be
requested or if possible, action will be taken to reduce subsequent
releases. This report shall contain:

1. A determination of which fuel cycle facilities or operations,
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.

3. A determination of the total annual dese 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.
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4. A determination of the dose resulting from direct radiation
from the plant and storage facilities.

The total body and organ doses resulting from liquid effluents from
the PNPP 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 neutroms, the 016 (n.p)N16
reaction, is of interest in Bwnalgecause 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.
All radwaste will be stored in the radwaste storage area which is
part of the total building complex. All radwaste storage areas
have outside walls that are & feet thick and they too are designed
for an outside radiation zone of 0.5 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
frgg the surface of buildings was calculated to be 2.2 x

107" mrem/yr.

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 MONITORINGC PROGRAM

5.1

5.2

Monitoring Program

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.

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
t'.e 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 resulting from the station operation. The
initial radioclogical 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 malfunction, every reasonable effort shall be
made to complete corrective action prior to the end of the next
sampling period. All deviations from the sampling schedule shall
be documented in the annual report.

Land Use Census Program

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

1f a land use census identifies a location(s) that yields a
calculated dose or dose commitment (via the same exposure pathway)
20% greater than at the location from which samples are currently
being obtained the new location(s) will be added to the
radiological envircnmental monitoring program within 30 days. The
sampling location(s), excluding the control station locationm,
having the lowest calculated dose or dose commitment(s), via the
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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.

5.3 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 Radiolegical Environmental Operating
Report.

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



Table 5.1-1
PNPP ladiolqg}cal Environmental Monitoring Program

Analysis
Sample Media Locations* Sampling Frequency Type Frequency

Airborre (a)
radioiodine '° e 3, &, 5,6, 35 Continuous sampler operation Radioiodine Weekly following
and ) with collection weekly or as 1-131 canister change
particulates required by dust loading, Particulaten(d) Weekly following
loading, whichever is more Gross Beta filter change
frequent

Gamma Isotopice Composite, by
location
quarterly

Direct Radiatiou(c) At each airborne Continuous sampling, one TLD Quarterly
(3 TLDs/location) monitoring location exchanged quarterly
1 through 24, 35, Continuous sampling, one TLD Annually
41, 42, 43 exchanged annually
Continuous sampling, one TLD Quarterly or
exchanged quarterly or under emergency
under emergency situations situvations

(f)

Waterborn b) 28, 34, 36, 37 Composite

surface (b) location, quarterly
drinking Gross Beta Monthly =

H-3 Composite, by

Camma Isotopic Monthly

Sed iment iro-(C) 25, 26, 27, 32 Semiannually -- Spring and Gamma Isotopic Semiannuallyo
shoreline Fall as weather permits

See footnotes at end of table.




Table 5.1-1 (Cont.)
PNPP Radiological Fnvironmental Monitoring Program

Analysis
Sample Media Locations* Sampling Frequency Type Frequency
lngcsttg? 29, 30, 31, 33 Monthly when animals are not I-lBl(‘). Monthly
Milk on pasture Gamma ()
Isotopic
29, 30, 31, 33 Semimonthly when snimals are 1-131@ Semimonthly
on pasture Gamma (b)
Isotopic
Fish(c) 5 22 Semiannually -- Spring and Gamma Semiannually
Fall as weather permits Isotopic
(edible
portion)
Food Products ) 38, 39, 40 Annually, at the time of 1@, Annually
harvest, broad leaf vegetation, Gamma (b)
and fruits Isotopic
Sila;e(c) 29, 30, 31, 33 Annually, location determined by Gamma Isotopic  Annually
annual milk - animal and
garden census
FTE
(a) Sampling begins at least six months prior to PNPP operation, including one pasture season. <@ =
(b) Sampling begins at least one year prior to PNPP operation. ) i
(¢) Sampling begins at least two years prior to PNPP operation. -
(d) Particulate sample filters will be analyzed for gross beta 24 hours or more after sampling to allow for radem o
and thoron daughter decay. Q,O
(e) Camma isotopic analysis means the identification and quantification of gamma-emitting radionuclides that may be
attributable to the effluents from the facility. If gross beta activity in air or water is greater than ten
times the mean of control samples for any medium, gamma isotopic analysis will be performed on the individual
samples.
(f) Composite samples will be collected with equipment that is capable of collecting an aliquot at time intervals

that are very short (e.g., hourly) relative to the compositing period (e.g., monthly).



Reporting Levels for Radioactivity Concentrations in Environmental Samples

Table 5.1-2

WATER ATRBORNE PARTICULATE FISH MILK FOOD PRODUCTS

ANALYSIS (pCi/L) OR GASES (pCi/m’) (pCi/kg, wet) (pCi/L) (pCi/kg, wet)

g3V 2 x 10°

Mn-54 1 x 10° 3 x 10"

Fe-59 4 x 10° 1 x 10°

Co-58 1 x 103 . ¥ 10‘

Co-60 3 x 10° ' 230"

Zn-65 3 x 102 2 x 104

Zr-Nb-95 4 x 10°

1-131 2 0.9 1 x 10° 3 1 x 10

Cs-134 30 10 2 x 10° 60 1 x 10

Cs-137 50 20 70 2 x 10

2 2 Eel

Ba-lLa-140 2 x 10 3 x 10 < 09 —
. m
W

(1) For drinking water samples. The value giver is the 40CFR part 141 value. o

1L
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Table 5.1-3

Detection Capabilities for Environmental Sa Analysis and
Lower Limit of Detection ZLLD;II'

AIRBORNE PARTI TE FISH MILK FOOD PRODUCTS SEDIMENT
ANALYSTS OR CASES (pCi/m”) (pCi/kg, wet) (pCi/L) (pCi/kg, wet) (pCi/kg, dry)

Cross Beta 1 x 1072

H-3

Mn-54
Fe-59
Co-58, 60
Zn-65
Zr-95
I-131
Cs-134
Cs-137
Ba-140

La-149




Table 5.1-3 (Cont.)
Table Notations

rhis 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 Radio-
logical Envirommental 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.

blequlred detection capabilities for thermoluminescent dosimeters used
for environmental measurements shall be in accordance with the recom-
mendstions of Regulatory Guide 4.13, except for specification regarding
energy dependence. Correction factors shall be provided for energy
ranges not meeting the energy dependence specification.

“The methodology for determining the LLD is contained in Appendix B.
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Table 5.1-4
Sample Locations and Media for the Radiological Environmental Monitoring Program
Perry Nuclear Power Plant
ocation Description Distance Direction Media (1)
No. (Miles)
1 Redbird (Haines Road, Morth of West Chapel Road) 3.4 ENE APT ,AI,TLD,PR,
On pole 3303609; first pole south of first driveway on left SO
2 Site boundary; Tree Line 0.7 E TLD,SO
Ash tree 1000 feet NNU of second trarsmission tower from road
3 HMeteorological tower 1.0 SE APT,AI,TLD
On fence surrounding the equipment shelter
4 Site Boundary 0.7 3 APT,AI,TLD,SO
On pole #W79/ SPGCS5-30; inside auxiliary road gate of Parmly Road
S Site Boundary, Quincy Substation 0.6 Sh APT,AI,TLD
On pole #L1283/9300, east side of substation
6 Concord Service Center (Control) 11.0 SSW APT,AI,TLD,PR,
Auburn Road south of Rt. 90; on inside rear fence next to gate SO
7 Site Boundary; Lockwood Road Bus turnar ad 0.6 NE TLD
On tree on right, 100 feet past the furnaround
8 Site Boundary; Tree Line 0.8 ENE TLD
1000 feet W of location #2 on tree near rusted manure spreader
| Site Boundary; Transmission Line Tower 0.7 ESE 1.0
Third tower from Antioch Road toward the plant
10 Site Boundary; Southsoutheast Corner Security Fence 0.8 SSE TLD
On, pole at turn in the fence
11 Site Boundary; Transmission Line Tower . 0.6 ssSw * TLD
On tower at SW corner of Center and Parmly Roads . rog
12  Site Bonndery; Transmission Line Tower 0.6 wsw TLD,PR,SO s =
Access road f-om N side of Parmly just W of location 5 L g
13 Madison-on-the-Lake 4.7 ENF TLD
At end of Whitewood Drive, N of Chapel Road, ’ °o¥s
1M side of turmaround on pole #835803 £2
14 BRubbard Road (South of North Ridge Road) 4.9 E TLD,SO
On pole #28974 on W side of road, S side of McMackin Creek
1S Madison Substation (Eagle Street) $.1 FSE TID

Pirst pole next to substation near railroad tracks




Table 5.1-4 (Cont.)

Sample Locations and Media for the Radiological Environmental Monitoring Program

Perry Nuclear Power Plant

Location Description Distance Divection Media (1)
2 @ (Miles)

16 Dayron Road (North of Interstate 90) 5.0 SE TLD

On pole #572203 on left afrcr dirt driveway which is just

after the sharp left on Dayton after crossing 1-90
1?7 Chadwick Road (Cul de Sac South of Interstate 90) $.2 SSE TLD

On pole #276222/1182011; last pole on left
18 Blair Road 5.0 S TLD,SO

On pole on left just after road makes 90 degree left curve

from south to east heading toward Grand River Bridge
19 lLane Road and South Ridge Road 5.3 SSW TLD

On pole #PCS648, 100 feert norcth of intersection
20 Nursery Road at Route 2 Overpass o W SW TLD,SO

On pole #828976 across from entrance to Route 2
21 Hardy Road at Painesville Township Park 5.3 VsSW TLD

On pole #378345, east of park entrance
22 Painesville 6.9 SW TI.D

On S side of Main Street across from Evergreen Cemetery

entr.nce, on tree 60 feet west of pole FfDBPG296
23  Fairport Harhor (High Street and New Street) 7.9 usw TLD

On pole on street side of substation
24 St. Clair Avenue Substation (Control) 15.1 SW TLD

In mentor; on rear fence corner near railroad tracks
25 PNPP Discharge 0.6 NNV SFD,FSH
26 Offshore at Redbird, vicinity of Ohio Water Service Company Intake 4.2 ENE SED = g:g
27 oOffshore, vicinity of Fairport Harbor Water Supply System Intake 7.9 WsW SED k¥~
28 Ashtsbula (Control), CEI Generating Station Intake 22.0 ENE WTR o
29 Milk Farm 1.4 ESE MLK i
30 HMilk Ferm 2.3 SSW MLK o ~wOo
31 Milk Farm . 1.4 ESE MLK “‘5
32 Mentor-on-the=Lake (Control) 15.8 WSW SED,FSH
3 Broskglen Farm (Comtrol) 10,2 S MLK
34 PNPP Intake 0.7 NW WTR
35 Site Boundary, Center of Sector, follow Tree Line around 0.6 E APT,AI,TLD



Table 5.1-4 (Cont.)

Sample Locations and Media for the Radiological Environmental Monitoring Program

Perry Nuclear Power Plant

lLocation

Description Distance
(Miles)

Direction

-~
-
e =

Media

36
37

38
39

&0
&l

42

a3

my

Painesville Water Supply Intake . K
4.1

Ohio Water

Service Company, Lake Erie East, Madison; at end

Road in Redbird
Fara at site boundary, o>ff Antioch Road

Antioch Roa
Clark Road
One-ha
on tre
Parmly Road
Approx
utilic
Parmly Road
"Approx
crossi
locate

1.1

GColdings, 3515 North Ridge Road 1.8
3.3

1.1

d

1f mile from Center Road. Located ten feet from road
e,

imately one-half mile from Center Road located on
y pole 582923 near southwest corner of plant fence,

0.8
miately 0.6 miles from Center Road. Approach stream

ng under Parmly Road. Approximately 50 ft, from road
d on tree.

HsW
FHNE

SSW

SW

SSwW

SSE

WTR
WTR of Creen

FP
FP
FP
TLD

TLD

TLD

APT =
Al =
TLD =
SFD =
WTR
FSH
MLK
FP

SO

PR

Air particulate

Alr iodine

Acbient gemxma dose rate
Sedirent

WHater

Fish

Hilk

Food Products

So1l

Precipitation

ADY
: afeg
*AZ1RO
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Figure 5.1-1

Radiological Enviromnmental Monitoring Program Sampling Locations within 5 miles of PNPP
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Figure 5.1-2

Radiological Environmental Monitoring Program Sampling Locations Greater than 5 Miles from PNPP
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Appendix A

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 hourly based on 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)

(u) (x) (o)
Where:
X/Q = the relative dispersion factor at ground level, in 5/13;

Tf = the terrain correction factor, dimensionless;

u = the wind speed, in m/s;
x = the distance of calculation, in m;

2.032 = (2/“);i divided by the width in radians of a 22.5°

sector
2
: B % L1
o= the lesser of oz + or g *3
% »

Where:
ﬂc = the building height, in m;

¢. = the vertical dispersion coefficient, in m.
z



C.
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Depleted Relative Dispersion Factor

XIQd - (X/Q)(DPLJ) (A-2)

Where:

x/Qd = the depleted relative dispersion fsct-r (for airborne
halogens and particulates), in s/m”;

DPLj = the ground depletion factor for the jth distance, 'nter-
polated from Table A-l, dimensionless;

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

Ground chonition

(DEPj)(Tf)
D/Q =
0.3927 x

Where:

(A-3)

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

= the ground deposition factor for the jth distance,

DEPj
interpolated from Table A-1, inm ;

T. = terrain correction factor, dimensionless;

f
x = Lhe jth distance, in m;

0.3927 = radians per 22" sector




Deplet ‘on Factors (DPL,)

3

Depositior Factors (DEPj

Table A-l

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
All 0.970 0.936 0.900 0.860 0.832 0.770 0.714 0.590 0,517 0.440
)(-l) All 1.25FE-4 B.0E-5 5.4E-5 3.2E-5 2.6E-5 1.5E-5 9.9E-6 4.5F-6 3.0E-6 2 .0E-6

a3y
: a8eyq
+dz1no
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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 sight
boundary for sectors overland shall be used for radiocactive gaseous
effluent monitor setpoint calculations. The dispersion model used was
X0QD0OQ, with PNPP FSAR site-specific terrain adjustment factors
included. Dispersion values are based on the three FSAR years of
meteorological data, 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

. hne

SECTOR DISTANCE X/Q D/G
(MILES) (SEC. /CUB. METER) (PER SG. METER)
N 0. 18 S. B43E-05 1. 6346E-07
NNE 0.25 1. BOBE-0S5 7. SSSE-08
NE 0. 42 &. S30E-06 3. 291£-08
ENE 0. 67 2. 023E-06 1. 633E-08
E 0. &9 2. 177E-06 1. 6246E-08
ESE 0.70 1. 425E-06 1. 028E-08
SE 0. 84 1. 277E-06 8. 144E-09
SSE 0. 90 1. 95BE-06 1. 205E-08
S 0. 88 2. 325e-06 1. 370E-08
SSW 0. 90 1. 112E-06 S. 215E-09
SW 0. 65 2. S9BE-06 1. 291E-08
WSW 0. Sé6 4 L22E-06 1. 447e-08
w 0. 27 3. 273E-05 S. 301E-08
WNW 0.18 6. BSFE-0S B. 424E-08
NW 0.17 7. 902E-05 1. 283E-07
NNW 0.17 6. 151E-05 1. 220E-07
Table A-3
Atmospheric Dispersion and Deposition Parameters at the
Nearest Residences for PNPP Unit 1
SECTOR DISTANCE X/G D/G
(MILES) (SEC. /CUB. METER) (PER SQG. METER)

S 0.79 2. 754E-06 1. 649E-08
SSW Q. 61 2. 042E-06 Q. 976E-09
SwW 1. 22 9. BS9E-07 4. 415E-09
WSW i. 04 1. 031E-06 2. 943E-09
NE 0. 63 3. S37E-06 1. 735E-08
ENE Q.79 1. S60E-06 1. 234E-08
E 1. 10 7. 163E-C7 4. 98B7E-09
ESE . 19 4. S44E-Q7 3. 0L2E-09
SE 1.19 4. 042E-07 2. 438BE-Q%9
SSE 0 85 2. 130E-06 1. 321E-08




SECTOR

NNE
NE
ENE

ESE
SE
SSE

SGW
SW
WSW

WNW
MW
NINW

SECTOR

NNE
NE
ENE

ESE
SE
SSE

SsW
SW
WSW

WNW
N
NNW

BN = e A s = =)D

0.2
(MILES)

. O0SE-0S5
. 63SE-03
. 091E-05
. 293E-05
. 4SFE-0S
. BFE-06
. 157E-0S
. 964E-05
. 342E-0S
. 145E-05
. 612E-05
. 404E-05
.411E-05
. 461E-05
. 907E-05
.B811E-0S5

0.7

(MILES)

. 444E-06
. 641E-06
. 982E-06
. BR2E-06
. 111E-06
. 433E-06
. 6BFE-06
. B92E-06
. 341E-06
. 6S3E-06
. 316E-06
. 23BE~-06
. 602E-06
. 316E-06
. 99SE-06
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Table A-4
Atmospheric Dispersion (X/Q) as a Function of Distance
3
(s/m™)
0.3 0.4 0.5 0.6
(MILES) (MILES) (MILES) (MILES)
2. S18E-05 1. S74E-05 1. 097E-0S5 B. 265E-0é
1. 35SE-05 8. 634E-06 &. 0F1E-06 4. 628E-06
1. 099E-05 7. 073E-06 5. 007E-0& 3. 793E-06
&. 949E-06 4. SO4E-06 3. 192E-06 2. 410E-06
7. B24E-06 5. 044E-06 3. S64E-06 2. 690E-06
5. 327E-06 3. 443E-06 2. 433E-06 1. B30E-06&
&. 226E-06 4. 033E-04 2. 8S&E-06 2. 1S3E-06
1. 0S4E-05 &. B44E-06 4. BLO0E-06 3. 676E-06
1. 244E-05 8. 011E-0Q6 5. 654E-06 4. 262E-06
&, 111E-06 3. 955E-06 2 BOOE-0& 2. 110E-06
8. SESE-06 5. S43E-06 3. 921E-04& 2. 956E-06
1. 244E-05 7. 857E-06 5. 498E-0&6 4. 144E-06
2. 692E-05 1. 657E-0S 1. 142E-0S5 8. S37E-06
2. &689E-05 1. &39E-0S5 1. 119E-05 8. 2646E-06
2. 920E-05 1. 790E-05 1. 228E-05 9. 112E-06
2. 383E-05 1. 464E-05 1. O04E-0S 7. 482E-06
0.8 0.9 1.0 1.1
(MILES) (MILES) (MILZS) (MILES)
S5 231E-06 4. 420E-06 3. B1&4E-06 2. 042E-06
2 945E-06 2. 494E-06 2. 141E-06 1. 283E-06
2 4D4E-06 2. 032E-06 1. 73BE-06 1. 03BE-06
1. S34E-06 1. 279E-06 1. OBBE-06 &. 461E-07
1. 711E-06 1. 426E-06 1. 213E-06 7. 206E-07
1. 160E-0& 9. 651E-07 8. 199E-07 4. B64E-07
1. 34BE-06 1. 13BE-06 9. 470E-07 4. SF0E-07
2. 345E-06 1. 952E-06 1. 6SBE-06 5. 722E-07
2. 7G7E-0& 2. 256E-06 1. 921E-0& 7. 3BOE-0Q7
1. 339E-06 1. 116E-06 9. SOSE-07 S. 231E-07
1. B77E-0& 1. S6BE-06 1. 237E-06 &.371E-07
2. 42BE-06 2. 209E-06 1. BF7E-06 9. S70E-07
5 342E-06 4. S27E-06 3. 923E-06 2. 106E-06
5 0BOE-06 4. 316E-06 3. 75SE-04 2. 142E-06
5 4L39E-06 4. 7BSE-06 4 1S56E-06 2. 367E-06
4. &L44E-06 3. 93BE-06 3. 417E-06 1. 945E-06

MO WM = WA =)= )W

. 756E-06




SECTOR

NNE
NE
ENE

ESE
SE
SSE

SSW
SW
WSW

WNW
NW
NNW

SECTOR

NNE
NE
ENE

ESE
SE
SSE

SSW
SW
WSW

WNW
NW
Nidbe

i,
(MILES)

BOFE-06
131E-06
. 123E-07
. 6S6E~-07
. 307e-07
2S3E--07
. 013E-07
. 003E-07
. 462E-07
. SBE-07
. SB88E-07
. 441E-07
. B71E-06
. 09E-06
. 107E-06
. 730E-06

e BN o o I I s S R s S R R

1.7
(MILES)

. 116E-06
B40E-07
. 469€E-07
29E-07
. 712E-07
. 493E-07
. 351E-07
. 931E-07
. B13E-07
. 707E-07
. 31BE-07
. 120E-07
. 16BE-0Q6
. 206E-06
. 324E-06
. 083E-0Cé

e e OWUNWNNNWWOe -

Table A-4 (Cont.)
Atmospheric Dispersion (X/Q) as a Function of Distance

(s/m’)

1.3
(MILES)

L1BE-06
. 00BE-06
. 107E-07
. 00SE-07
. SB1E-07
. 760E-07
. 547e-07
. 422E-07
. 722E-07
. 0SBE-07
. 95SE-07
. S21E-07
. 678E-06
. 71BE-06
. B93E-06
. SS3E-06

e BN DWDLDUOG D -

1.8
(MILES)

. 031E-06
. 321E-07
. 030E-07
. 0S3E-07
. 403E-07
28SE-07
. 154E-07
. 6B6E-0Q7
. 49BE~-07
. 484E-07
. 047E-07
. 718e-07
.0B1E-06
. 119E-06
. 227E-06
CNSE-06

e e AQNGRNRNNWWOOo -

1.4
(MILES)

. 460E-06
0SEeE~-07
. 268E-07
. 470E-07
. §B84E-0Q7
. 355E-07
. 165E-07
. 945E-07
. 113E-07
. 627E-07
. 433E-07
. 761E-07
. 51BE-06
. 95BE-06
. 715E-06
. 406E-06

e AUV WOWWSE PO~

1.9
(MILES)

. S73E-07
. BS2E-07
&48E-07
. B13E-07
. 136E-07
. 104E-07
. 984E-07
. 473E-07
. 225e~-07
. 290E-07
.B11E-07
. 36BE-07
. 00SE-06
. 042E-06
. 182E-06
. 345E-07

V=== BNV~ NWN OO
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1.5
(MILES)

. 327E-06
. 203E-07
. 567E-07
. 024E-07
. 487E-07
. 018E-07
. BA&LE-07
. S49€-07
. 60SE-07
. 267E-07
. 998E-07
. 123E-07
. 3B2E-06
. 422E-06
. S64E-06
. 282E-06

e e = CPWWHPUWNWEHOCD-

2.0
(MILES)

. 920E-07
. 439E-07
. 313€E-07
. 603E-07
. S02E-07
. 946E-07
. B3SE-07
. 2B7E-07
. 98SE-07
. 120E-07
. 60SE-Q7
. 060E-Q7
. 377E-07
. 740E-07
. 067E-06
. 727€-07

M= VOV HBNNNN==NND»ND

1.6
(MILES)

. 214E-06
. 482E-07
. 977E-07
6S0E-07
. 070E-07
. 7139607
. S80E-07
. 216E-07
. 179E-07
. 966E-07
. 6326-0C7
. S85e~-07
. 267E-06
. 307E-06
. 436E-06
. 176E-06

e NN AONN D WO N~

2.1
(MILES)

. 341E-07
. 074E-07
. 6S2E-07
. 419e-07
. 451E-07
. 807E-07
. 703e-07
. 460E-07
. 387E-07
. 40BE-07
. 423E-07
. BS4E-07
. 3S7E-06
. 329E-06
. O00E-06
. 177E-07

O v s pa (N A) = e e e = DN WD



SECTOR

NNE
NE
ENE

ESE
SE
SSE

SSW
SW
WSW

WNW
NW
NNW

SECTOR

NNE
NE
ENE

. ESE
SE
SSE

SSW
SW
WSW

|

WNW
NW

l NNUW

2.2

(MILES)

N0 (NP = = )AL AN

. B2SE~-07
. 7S0E-07
. 413E-07

25S5e-07

. 288E-07
. 683E-07
. S87E-07
. 360E-Q7
. 294E-07
. 313E-07
. 262E-07
. 479E-07
. 27SE-06
. 250E-06
. 402E-07
. 6B6E-07

2.7

(MILES)

MNIOIHL= OO O= ==L

. 915E-07
. 956E-07
. S38E-07
. 6S7E-07
. 6B1E-07
. 23&6E-07
. 165E-07
. 984E-08
. S36E-08
. 68SE-08B

673E-07

. 102E-07
. 693E-07
. S64BE-07
. 177e-07

B8SY9E-07

Table A-4 (Cont.)
Atmospheric Dispersion (X/Q) as a Function of Distance

(s/m3)

2.3

(MILES)

N@Oe =)= DLW AN

. 362E-07
. 4SRE-07

200E-07

. 109E-07
. 137€-07
. S74E-07
. 484E-07
. 272E-07
. 211E-07
. 229E-07
. 118E-07

144E-07

. 201E-06
. 179E-06
. 865E-07
. 245E-07

2.8

(MILES)

NP VDWW 000 ===

. 629E-07
. 378E-07
. 409€-07
. S71E-07
. $92E-07
. 170E-07
. 103E-07
. 452E-08
. 034E-08
. 176E-08
. SB6E-07
. B97E-07
. 234E-07

125E-07

.B41E-07
. S84E-07

2.4

(MILES)

08 (D w= sa B s 0t pa b s e ) = () B D

. 945E-07
. $199E-07
. 008E-07
. 979E-07
. 00SE-07
. 476E-07
. 391E-07
. 192E-07
. 136E-07
. 153E-07
. 989E-07
. B43E-07
. 134E-06
. 116E-06
. 3B0E-07
. B47E-Q7

2.9

(MILES)

WO DML 0D+ =W

. 367E-07
. 216E-07
. 290E-07
. 491E-07
. 9L YE~Q7
. 110E-07
. 046E-07
. 965E-08B
. S75E-08
. 712E-08
. S06E~-07
. 709€-C7

e12E-07

. 717E-07
. 933E-07
. 331E-07
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2.5

(MILES)

O8 S 0= e B b bt pa b e e e e ) L) O

. S6BE-07
. 963E-07
. B36E-07
. B&1E-07
. BB&E-07
. 3B7E-07
. 30EE-~07
. 121E-07
. 069E-07
. 085E~07
. B73E-07
. 972E-07
. 074E-06
. 0SBE-06
. 941E-07
. 4B6E~-07

3.0

(MILES)

VODOWHDODO~ = =NW®

. 12SE-07
. 066E-07
. 181E-07
. 41BE-07
. 436E-07
. 0SSE-07
. 939E-08
. S20E-08
. 15SE-08
. 2846E-08
. 433E-07
. S37E-07

423€-07

. 341E-07
. 24BE-0Q7
. Q97E-07

2.6

(MILES)

[ B S O S I

. 228E-07
. 791E-07
. 680E-07
. 7S6E-07
. 779E-07
. 308E-07
. @33E-07
. 0S7E-07
. 009E~-07
. 024E-07
. 76BE-Q7
. 327E-07
. 019E-06
. O0SE-06
. S43E-07
. 1S9E-07

3.1

(MILES)

HBOCMDNN=NNDOO==NN A

. 902E-07
. 928E-07
. OBOE-07
. 3S0E-07
. 36BE-07
. 127E-08
. 461E-08
. 111E-08
. 769E-08
. B94E-08
. 366E-07
. 781E-07
. SB9E-07
. 991E-07
. S29E-07
. BB2E-07



SECTOR

NNE
NE
ENE

ESE
SE
SSE

SSW
SW
WSW

WNW
NW
NNW

SECTOR

NNE
NE
ENE

ESE
SE
SSE

SSW
SW
WEW

Wi
NW
NIl

3.2

(MILES)

DPOOMNN = NNNOMe s ) D

. 69SE-07
. BOOE-07
. 988E-07
. 2866BE-07
. 30SE-07
. 702E-08
. 021E-08B
. 733E-08
. 412E-08
. S32E-08
. 304E-07
. 660E-07
. 275E-07
. 628E-07
. 263E-07
. 6B2E-07

3.7

(MILES)

WONOCRN=O NN === W

. BSRE-0Q7
. 2B6E-07
. 615E-07
. 039E-07
. 0S2E-07
. 007E-0B
. 262E-08
. 226E-08
. 985E-08
. OBSE-0B
. 0S&E-07
. 172E-07
. O03E~-07
. 150E-07
. 181E-07
. BLRE-Q7

Table A-4 (Cont.)
Atmospheric Dispersion (X/Q) as a Function of Distance

Cal)
33

(MILES)

PO NSINDO- =)

. S03E-07
. 682E-07
. 902E-07
. 230E-07

244E-07

. 310E-08
. 615-08
. 3ESE-08
. 0B3E-08
. 198E-08
. 247E-07
. 54BE-07
. 984E-07
. 290E-07
. 01SE-07
. 496E-07

3.8

(MILES)

Qoo VUL O0=NW

. 723E-07
. 203E-07
. S9SE-07
. 984E-C8
. 011E-07
. 733E-08
. 978E-08
. 983E-08
. 79SE-08
. BS2E~-08
. 01SE-07
. 092E-07
. 793E-07
. 907E-07
. 003E~-07
. 736E-07

3.4

(MILES)

PUONDPRN=DPONDON-==Np

. 325E~-07
. S72E-07
. B22E-07
. 177E-07
. 192E-07
. 947E-CE
. 238BE-08
. 062E-08
. 778E-08
. B89E-08
. 194E-07
. 444E-07
. 713E-07
. 975E-07
. 78SE-07
. 223E-07

3.9

(MILES)

LeskCrNDNISTCVLULEGPOCGPOO=NW

. S94E-07
. 125E-07
. 498E-07
. 60BE-OB
. 731E-08
. 478E-08
. 713E-Q08
. 756E-08B
. S40E-08
. 633E-08B
. 779E-08
. 018E-07
. £00E-07
. 679E-07
. B37E-07
.611E-07._3 A4E-Q7
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3. 9

(MILES)

PDUNOCN=OCOONN-==H

15S8E-07
470E-07
748E-07
. 127E-07
. 142E-07
. 60BE-08
. BBLE-08B
. 761E-08
. 492E-08
. S99E-08
. 144E-07
. 344E-07
. 458E-07
. 679E-07
. S68BE-07
. 160E-07

4.0

(MILES)

PO 0OV OO~-NW

. 4743E-07
. 0S1E-07
. 445E-07
. 255e-08
. 374E-08
. 238E-08
. 465E-08
. S543E-08
. 33eE-08
. 428E-08
. 8246E~-08
. 94BE-07
. 416E-07
. 464E-07
. 680E-07

3.6
(MILES)

. 004E-07
. 376E-07
. 680E-07
. 0B2E-07
. 096E-07
. 299€E~-C8B
. 565E-08
. 48SE-08
. 232E-08
. 335e-08
. 099E-07
. 256E-07
. @25e-07
. 408E-07
. 369E-07
. 011E-07

BAONDPON = OO0 NN == )

4.1
(MILES)

. 0SSE-07
. BO2E-07
. 395E-07
. 924E-08
. 03BE-C8
. 013E-08
. 665E-08
. 343E-08
. 148E-08
. 235e-08
. 094E-08
. 614E-07
. 932E-07
. B70E-07
. S32E-07
. Q735E-07

WeasrbpWLUr» 00U 0D »=-=0WL



SECTOR

NNE
NE
ENE

ESE
SE
SSE

SSW
SW
WSW

WNW
NW
NNW

SECTOR

NNE
NE
ENE

ESE
SE
SSE

SSw
SW
WS

WNW
NW
NNW

4.2
(MILES)

. 958E-07
. 742E-07
. 348E-07
. 612E-08
23E-08
. BO2E-0B
. 46SE-08
. 154E-08
. 969E-08B
. 0S4E-08B
. 782E-08
. S60E-07
. BOFE-07
. 721E-07
. 392E-07
. 980E-07

WA BWADODGONNDD-=N

4.7
(MILES)

. S44E-0Q7
. 491E-07
. 150E-07
. 300E-08
. 393E~-08
. 912E-08
. 626E-08
. 363E-08
. 216E-08
. 290E-08
. 466E-08B
. 335E-07
. 285E-07
. 0B6E-07
. 796E-07
. S74E-07

NMWDPBL=JDBDEPDLDLaNN»=N

Table A-4 (Cont.)
Atmospheric Dispersion (X/Q) as a Function of Distance

(s/m)

4.3
(MILES)

. B&6E-07
. 686E-Q7
. 304E-07
. 319E-08
. 425E-08
. 603E-08
278E-08
. 977E-08
. BO1E-08B
. BB3E-08
. 488E-08
. 510E-07
. &F2E-07
. SBOE-07
. 260E-07
. B90E-07

NDAW=DHAEDPNNTND = =N

4.8
(MILES)

. 473E-07
. 448E-07
. 11&6E-07
. 078E-08
. 168BE-08
. 762E-08
. 4B4E-08B
. 230E-08
. OB9E-0OB
. 161E-08B
. 243e-08
. 297E-07
. 196E-07
. 977E-07
. 694E-07
. S04E-07

NWWW=NDDA2HEDLDAENSN==-N

4. 4
(MILES)

. 779E-07
. 633E-07
. 262E-07
. 042E-08
. 144E-08€
. 415E-08
. 100E-08
810E-08
. 642E-08
. 722E-08
.211E-08
. 463E-07
. S82E-07
. 447E-07
. 134E-07
. 804E-07

NEPWHDEDPUADD =N

4.9
(MILES)

. 406E-07
. 40BE-07
. 0B4E-0Q7
. B6BE-0B
. 955e-08
. 619E-08
. 350E-08
. 103E-08
. 968E-08
. 03B8E-08
. 031E-08
. 261E-07
. 111E-07
. B73E-07
. S97E-07
. 438E-07

NWRW=NBLUEBDOC =N
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4.5
(MILES)

. 696E-07
. S83E-07
. 222e-07
. 779E-08
. B7EE-08
234E-08
932E-08
. 652E~-0B
. 491E-08
. 568E-08
. 947E-08
. 418E-07
. 477e-07
. 319E-07
. 01SE-07
. 723E-07

NPPWRNBLEBANN==N

5.0
(MILES)

. 342E-07
. 369E-07
. 053E-07
. 66BE-08B
. 7S3E-08
. 484E-08
. 222E-08
. 983E-08
. BS4E~-08
. 921E-08
B830E-08
. 226E-07
. 029E-07
. 774E-07
. S04E-C7
. 375e-07

NLWRWCLWLWWHEAHPO==N

4 6

(MILES)

NQAWSNBBAAMAONN==N

618E-07

. S36E-07
. 185E-07
. S34E-C8

&30E-08

. 071E-08

774E-08

. S04E-08
. 351E-08
. 426E-08
. 701E~-08
. 376E-07
. 3B0E-07
. 200E-07
. 903E-07
. 647E-07



SECTOR

NNE
NE
ENE

ESE
SE
SSE

SSW
SW
WSW

WNW
NW
NNW

SECTOR

NNE
NE
ENE

ESE
SE
SSE

SSW
SW
WSW

WNW
Niv
NNW

Table A-5
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Atmospheric Deposition (D/Q) as a Function of Distance

0.2
(MILES)

. 432E-07
. 0S2E-07
. 031E-07
084E-07
. 124E-07
. 390E-C8B
. 8S3E-08
. 312E-07
. 4459E-07
. 725E-08
. 160E-08
. 160E-08
. 173E-08
. 974E-08
. 00BE-07
. 94SE-08

it ol B B R R B Nl ol ol ol o

0.7
(MILES)

004E-08B
. 473E-08
. 442E-08
. S20E-08
. 573E-08
. 034E-08
. 099E-08B
837E-08
. 028E-08
. 014E-09
. 142E-08
. 002E-08B
. 144E-08B
. 763E-09
.411E-08
. 392E-08

el * B 4 3 B 8 B e S |8 ]

(m'z)

0.3
(MILES)

. 772E-08
.711E-08
. S96E-08
. B94E-03

100E-08
. 012E-08
. 263E-08
. 124£-08
. B&SE-08B
. 108E-08
. 430E-08
. BB7E-08
. 437E-08
. 786E-08
. 471E-08
. 399€E-08

VOUOWAPULUNND_DB>PUOOON

0.8
(MILES)

. 600E-08
. 176E-08
. 152E-08
. 213E-08
. 255e-08
. 25S8E-C?
. 775E-09
. 466E-08B
. 619E-08
. 397E-09
. 119E-09
. O01E-09
133E-09
. 793E-09
. 126E-08
. 111E-08

»qumoounmmnnmwn

0.4
(MILES)

. 960E-08
. 445E-08
. $72E-08
762E-08
. 893E-08
. S60E-08
. 721E-08
. S446E-08
. 019E-08
. 984€E-08
. B27E-08
. 481E-08
. 832E-08
. 416E-08
. 491E-08
. 446E-08

WWNRNRNN=OAPUNOWWW S

0.9
(MILES)

. 310E-08
. 627E-Q%
. 434E-09
. 936E-09
. 028E-08B
. 763E-09
. 187E-09
. 201E-08
. 326E-08
. 239E-09
. 46BE-09
. SS52E-09
. 480E-09
. 3B3E-09
. 222E-09
. 102E-09

VOO NCNU= =0~ 000

0.5
(MILES)

. 470E-08
. SS0E-08
. 49€E-08
. 631E-08
. 723E-08B
. 791E-08
. 903E-08
. 180E~-0B
. 511E-08
. 368E-08
. 97€8E-08
. 73SE-08
. 961E-08
. 690E-08
. 442E-08
. 410E-08

R st e QW= =NV W

1.0
(MILES)

. 095E-08
. 047E-09
. BBSE-09
. 30SE-09
. S94E-0%
. 6S3E-0?
. 007E-0%
. 004E-08
. 10BE-08B
. 379E-0%
. 242E-0°9
. 477E-09
. 252E-09
. JJSE-O9
. 708E-09
. 607E-09

NN HE= =0 DONND -

0.6
(MILES)

. SB0E-08
. B96E-08
. BSBE-08
. 957E-08
. 025E-08
. 332E-08
. 414E-08
. 365E-08
. 611E-08
. 032E-08
. 471E-08
. 291E-08
. 473E-08
. 257E-08
. B14E-08
. 793E-08

B S o8 B U6 B 8 B 8 |

3.3
(MILES)

. 6B6E-09
. 701E-09
. 607E-09
. BS2E-09
. 021E-09
. 302E-0%
. BO7E-09
. 412E-09
. 185E-09
. 36BE~-09
. 917E-09
. 694E-09
. 247E-09
. 933E-09
. 23BE-09
. 183E-09

PHANUNLNNNPIPOUNLDODEDBON



SECTOR

NNE
NE
ENE

ESE
St
SSE

SSW
SW
WSW

WNW
NW
NNW

SECTOR

NNE
NE
ENE

ESE
SE
SSE

SSW
SW
WEW

WNW
NW
NNW

Table A-5

Atmospheric Deposition (D/Q) as

1.2
(MILES)

. B99E-09
. 0S0E-09
FLEE-09
160E-09
. 325E-09
845E-09
. 418E-09
. 939E-09
. 60SE-09
. 040E-09
. 513E-09
. 321E-09
. 797E-09
. S27E-09
. 6S1E-09
. 603E-09

WWNNRNRNNWNRNN S HWS S

1.7
(MILES)

. 6B6E-09
. 221E-09
. 176E-09
. 292E-09
. 372E-09
. S60E-09
. 326E-09
. 612E-09
. 977E-09
. 119E-09
. 378E-09
. 273E-09
. S34E-09
. 3B6E-09
. 002E~-09
. R7LE-Q9

e ) e e e b s e e e DD DR R)

(MILES)

WONRNNN=LORNURWWRW S

(m™2)
1.3

269E-09
S29E-09
45S8E-09
642E-C?
769E-09
479e-09
108E-09

. S61E-09
. 142E-09
. 778E-09
. 190E-09
. 023E-09
. 437e-09
. 202E-09
. 182E-09
. 140E-09

1.8

(MILES)

P b ph e e A e b b e s D) e )N

. 432E-09
. 010E-09
. 970E-09

07SE-09

. 147€-09
. 412E-09
. 201E-09

459E-09

. 79CE-09
. 013E-09
. 24BE-09
. 152E-09
. 38BE-09
. 254E-09
. 812E-09
. 789E-09

(Cont.)
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a Function of Distance

1.4

" (MILES)

. 797E-0%
. 106E-09
. 044€E-09
. 206E-09
. 3L TE~0ON
. 1B2E-Q%
. BSSE-0%9
. 254E-09
. 76SE-09
. 565e-09
. 928E-09
. 780E-0%9
. 145E-09
. 93BE-09
. B00E-09
. 764E-09

WA= === NUWULDOW

W
(MILES)

. 213E-09
. B30E-09
. 793E-09
. BBBE-09
. 954E-09
. 2B5E-0%9
. 093E-09
. 32BE-09
. 629E-09
. 216E-10
. 135E-09
. 049E-09
. 264E-07
. 142E-09
. 649E-09
. 62BE-09

Dl B e S 6 |

1.5 1.6
(MILES)  (MILES)
3. 335E-09 2. 984E-09
2. 7S7E-09 2. 467E-09
2 7026-09 2. 418E-09
2. 845E-09 2. S46E-09
2. 94SE-09 2. 635E-09
1. 937E-09 1. 733E-09
1. 646E-09 1. 473E-09
2. 001E-09 1. 790E-09
2. 454E-09 2. 196E-09
1. 389E-09 1. 243E-09
1. 711E-09 1. S31E-09
1. SBOE-09 1. 414E-09
1. 904E-09 1. 704E-09
1. 720E-09 1. S3IPE-09
2. 4B6E-09 2. 224E-09
2. 453E-09 2. 195E-09

2.0 2.1
(MILES)  (MILES)
2. 023E-09 1. 858E-09
1. 673E-09 1. S36E-09
1. 639E-09 1. 36BE-09
1. 726E-09 1. S8SE-09
1. 786E-09 1. 491E-09
1. 175E-09 1. 079E-09
9. 989E-10 9. 172E-10
1. 214E-09 7. 663E-10
1. 489E-09 &. 8346E-10
8. 426E-10 5. 526E-10
1. 038E-09 9. S31E-10
©. S87E-10 1. 360E-09
1. 155E-09 1. 639E-09
1. 044E-09 1. 394E-09
1. SOBE-09 1. 385E-09
1. 488E-09 1. 367E-09



SECTOR

NNE
NE
ENE

ESE
SE
SSE

SSW
S
WSW

WNIW
NW
NNW

SECTOR

NNE
NE
ENE

ESE
SE
SSE

SSW
Sk
WS

WNW
NW
NNW

My

(MILES)

e S o o B ¥ 0 SN R s B i

. 712E-09
. 416E-09
. 261E-09
. 461E-09
. 374E-09
. 944E-10
. 454E-10
. 063E-10
. 301E-10
. 093E-10
. 785E-10
. 254E-09
. S11E-09
. 28SE-0%
. 276E-09
. 260E-09

2.7

(MILES)

OO~ O0CWALrLPEOCO~0 D0~

. 193E-09
. B7&E-10
. 797E-10
. 019E-09
. S8EBE-10
. 937e-10
. B98BE~-10
. 927E-10
. 396E~10
. 5S2E-10
. 129E-10
. 748BE-10
. 0S4E-09
. 963E-10
. 903E-10
. 787E-10

Table A-5 (Cont.)
Atmospheric Deposition (D/Q) as a Function of Distance

(m.2

2.3

)

(MILES)

el T 4 o I SO I 0 S Y 5 B

. SB4E-C9
. 309E-09
. 1646E-09
. 3S1E-09
. 271E-09

198E-10

.819E-10
. S33E~-10
. B2BE-10
.711E-10
. 126E-10
. 160E-09
. 39BE-09
. 188E-09
. 180E-0%
. 165E-09

2.8

(MILES)

MOV WLEHLUOCODOMDO -

. 120E-09
. 261E-10
. 250E-10
. 5S7E-10
. 991E-10
. S0SE-10
. S30E-10
. 6202-10
. 122E-10
. 332E-10
. 747E-10
. 203E~-10
. BB4E-10
. 40SE-10
. 34%9E-10
. 240E-10

2.4

(MILES)

L N I S I 0 S 0 5 e

470E-09

. 21SE-09

082E-09
254E-09

. 180E-09
. S35E-10
. @56E-10
. 062E-10
. 408E-10
. 371E-10
. S40E-10
. Q76E-09
. 297E-09
. 103E-09
. 095E-09
. 0B1E-Q9

2.9

(MILES)

NNNINOUWUWANC DD N D~

. 0S3E-09
. 703E-10
. 793E-10
. 982E-10

450E-10

. 114E-10
. 197€-10

342E-10

. B74E-10
. 131E-10
. 401E-10
. 709E-10
. 289E-10
. B99E-10
. B46E~-10
. 743E-10
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2.5

(MILES)

Dl N B S BT B0 S B S e

346BE-09
131E-0°9

. 007E-09
. 167E-09

OSEE~-09

. 942E-10

752E-10

. 641E-10
. 033E-10
. 06BE-10
. 017e-10
. 002E-09
. 207E-09
. 024E-09
. 019E-09
. 00&E-09

3.0

(MILES)

NNNONONWAEPONDND-C

. 913E-10
. 195E~-10
. 301E-10
. 45E~-10
. 957E-10
. 797E~-10
. B94E~-10
. 0B9E~10
. 64BE-10
. 949€E-10
. OB6E-1C
. 259E-10
. 747E-10
. 43BE-10
. 36BE-10
. 292E-10

2.6

(MILES)

00000 WU -~

. 277E-09
. 0S6E-09
. 404E-10
. 0BFE-0?
. 02SE-09
. 416E-10

304E-10

. 267E-10
. 699€E-10
. 798E-10
. 9S1E~-10
. 3S0E-10
. 127E-09
. S81E-10
. 517E-10
. 393E-10

3.1

(MILES)

CNNNULANLRLWAEDNNDOND

. 353E-10
. 732E-10
. B8BE-10
. 980E-10
. S07E~-10
. 938E-10
. 618E-10
. BSBE-10
. 442E-10
. 7B2E-10
. 798E-10
. 640E-10
. 767E-10
. B9SE-10
. 604E-10
. BBOE-10
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-2
(m ™)

NNE
NE
ENE

ESE
SE
SSE

SSW
SW
WEW

WiNW
NW
NNW

NNE
NE
ENE

ESE
SE
SSE

SSW
SW
WGW

WNW
N
NNW

3.2

(MILES)

CNNNOANWWLEANNDEND

. B40E-10
. 30BE-10
. 910E-10
. S542E-10
. 09&6E-10
. 667E-10
. J68E~10
. 64&6E-10
. 293E~10
. 629E-10
. S3SE-10
. 31E~10
. 341E-10
. 462E-10
. 187E-10
. 903E-10

3.7

(MILES)

PO HALUNNDNLQWOMO OGN

. B27€E-10
. 644E-10
. 02BE-10
. B2SE~-10
. 480E-10
. 604E-10
. 371E-10
. B1&4E-10
. 512E-10
. 021E~-10
. S02E-10
. 117E-10
. 670E-10
. 763E-10

SS1E-10

. 022E~10

33 .

(MILES)

CONOCULANLOWAEALOONCOD

. J69E-10
. 919E-10
. 164E-10
. 141E-10
. 718E-10
. 419€E-10
. 132E~-10
. 452E-10
. 0BOE-10
. 489€E-10
. 294E-10
. 047E-10
. 9S0E-10
. 065E-10
. BOSE-10
. 1S56E-10

3.8

(MILES)

PUUUWW=RNNWWLOMOLM AOD

. S09E-10
. 382E-10
. 794E-10
. SS4E-10
. 225e-10
. 437E-10
. 214E~-10
. 685E-10
. 395e-10
. 936E-10
. 34CE-10
. 926E-10
. 4046E-10
. 495E-10
. 293E-10
. 788E-10

3.4

(MILES)

oL APNNOWAPOCOUDLN

. 9346E-10
. 561E~-10
. B435E-10
. 771E-10
. 370E-10
. 190E-10Q
. 918E-10
. 273E-10
. 920E-10
. 361E-10
. Q72€E-10
. 7B6E-10
. S91E-10
. 699E-10
. 453E-10
. B3BE-10

3.9

(MILES)

POV LW=RNNLW»POD_DOD

. 214E-10
. 137E-10
. 976E-10
. S02E-10
. 988E-10
. 2B1E-10
. 06BE-10
. S63E-10
. 287E-10
. B4BE-10
. 1B6E-10
. 747E-10
. 160E-10
. 245E-10
. 0S2E-10
. S71E-10

3.9

(MILES)

VO PLUWNNLULWLRLOCOCVOEN

. 934E-10
. 229E-10
. 549E-10
. 42BE-10
. 048E-10
. 97686-10

720E-10

. 108E-10
. 772E-10
. 241E-10
. B&SE-10
. 944E-10
. 257e-10
. 360E-10
. 126E-10
. 542E-10

4.0

(MILES)

PLUOPLLWNRNNLOLPOLEDW

. 939E-10
. 910E-10
. 373E~10
. 067E~10
. 767E-10
. 13%9€~10
. 932E~-10
. 449€~-10
. 185E-10
. 764E-10
. 047E-10
. 581E-10
. 932€e-10
. 013E~-10
. B2BE-10
. 36BE-10

3.6

(MILES)

DOCNARWNNNWLOO UGN

. 170E-10
. 927E-10
. 280E-10
. 1376~
. 795E-10
. 785E-10
. 940E-10
. WO7E~10
. 63BE-10
. 133E~-10

&78E-10

. 324E-10
. 954E-10

052E-10

. B29E~-10
. 274E-10

4.1

(HILES)

WALWWNN=“NNNWALABG

. 165E-10
. 270E-10
. 1B84E-10
. B47E-10
. 560E~10
. O0CE-10
. 9S0E-10
. 343E-10

0?1E-10

. 690E-10
. 915E-10
. 9376-10
. 939€E-10
. 730E-10
. K19FE-10
. T99E~10
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SE
SSE

SSW
SW
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SECTOR

NNE
NE
ENE

ESE
SE
SSE

SSW
SW
WEW

WNW
N4
NNW

4.2
(MILES)

. 947E-10
. 0BFE-10
. 007E~-10
. 642E-10
. 367E-10
.B73E~-10
. 442€-10
. 244E-10
. 002E-10
. 61BE~-10
. 792E-10
.B13E-10
. 389E-10
. S72E-10
. 424E-10
. 639E-10

WesLQLOUMNMN=MNONNNLLERLRLD

4.7
(MILES)

. 042E-10
. 342E-10
. 274E-10
. 793E-10
. S69€E-10
. 347E-10
. Y96E-10
. B34E~10
. 636E-10
. 323E-10
. 281E-10
. 29BE~10
. 769E-10
S19E-10
615E-10
. 973£-10

NWONRRN === OL0W0WaS
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4.3
(MILES)

)

. 742E~-10
. 920E-10
.841E-10
. 450E-10
. 187E-10
. 754E-10
. 341E-10
. 131E-10
. 91%9E~-10
. 9S2E-10
. 676E-10
. 696E-10
. 249E-10
425E-10
~41E-10
. 48BE-10

WAWWNN==RNNND WL

4 B
(MILES)

. B92E-10
217e-10
153E-10
6S2E-10
4346E-10
260E-10
. 921E-10
. 766E-10
. 975€~-10
.273E-10
. 196E-10
. 213E-10
b466E-1C
810E-10
480E-10
B63E-10

A T el AR A R R AR

4. 4
(MILES)

SS0E-10
. 762E-10
&B6E-10
. 270E-10
. 017E-10
. 642E-10
. 244E-10
. 0&64E-10
. B42E-10
. 48%9E-10
. S68E-10
. S87E-10
. 117€-10
. 2B&E-10
. 06%9E-10
. 347E-10

WAPWDWNRN==NNNSBIWW S

4.9
(MILES)

. 749E-10
100E~-10
. 037E-10
. 319E-10
311E-10
. 178E-10
.B851E~-10
. 70iE-10
. 918E-10
227e-10
. 116E-10
. 132E-10
. S69E-10
. 70BE-10
. 353E~-10
758E-10

A N e AN ARAR AN
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4.5
(MILES)

. 369E-10
. 612E-10
S39E-10
100E-10
. BS7E-10
. 937e-10
. 157E-10
. 982E-10
. 76BE~-10
. 429E-10
. 866E-10
. 484E-10
. 993E-10
. 138€~-10
. 907E-10
. 214E-10

WWONRNN === WW S

S.0
(MILES?

. 615E~-10
989E-10
. 929E-10
393E-10
. 192E~10
. 100E-10
. 785E-10
. 680E-iU
. 863E~10
. 183E-10
. O40E~-10
. 05¢E-10
. 477E-10
.611E-10
. 233e-10
. 659E-1C

NWONNUURNe =m0 W

4.6

(MILES)

WWLONRNN== =D OWOLWW s

. 202E-10
. 474E-10
. 404E-10
. 943E-10
. 710E-10
. 440E-10
. 074E-10
. 906E-10
. 701E-10
. 375E-10
. 371E-10
. 389E-10
. 879E-10
. 034E-10
. 7S8E-10
. 091E-10
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The lower limit of detection (LLD) is the smallest concentration of
radiocactive 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 scintillaticn, or other
analyses where a background count determined by a serarate measurement
with no sample (or blank sample) is subtracted from che gross sample
count to obtain a net count due to sample activity:

'
) 4 ) \
ssf * + ©® ) (3-1)
t t
LLD = . b
(C) (E) (V) (Yc) exp (=% AT)
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 effi/ iency;

= the background c:unt rate in units of transformations
per unit time;

b

tb = the counting tire of background;
t8 = the counting time of the sample;
V = the sample size, in units of mass or volume;

Yc = the fractional radiochemical sample collecticn or concen-
tration yield (when applicable);

At = for plant effluents, the elapsed time between the midpoint
of szmple collection arnd time of counting; for environ-
mental samples, the elapsed time betweer sample collection
‘or end % the sample collection periocd) and time of
counting;

\ = the radicactive decay comstant for the radionuclide in
questicn.
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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):

L, exp (0.693 At/tg)
YC)(E)(C)(V){YC)(YY )

LLD = (B-2)

Where:

LLD = the lower limit of detection, in uCi or pCi per unit
mass ¢r 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;

tB = the half-1ife 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);

YY = the yield of the gamma ray in question;

At = for plant 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 periocd) and the
time of counting;
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LD = the detection limit
; 21\%
SRS RS R N ¢ MU RIS S ) (8-2a)
-— -— ¥
2n 2n

Where:

B. = 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;

B. = the number of counts in the n background channels above
the peak;

k = an abscissa of the normal distribution corresponding to
confidence level,

= 1,645 at a confidence level of 95%;

I = 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;

N = the number of channels in the photopeak of interest;

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

6. = the standard deviation of I.

Typical values of E, V, Y, and Ot shall be used in the calculation.

In calculating the LLD for a radionuclide determined by gamma-ray
spectrometry, the backgrcund shall include tie 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, 4,11-2 and 4.12-1 of the Radiological Effluent Technical
Specifications for the Perry Nuclear Power Plant will be achieved under
routine conditions. Occasionally, background fluctuationms, unavoidably
emal] sample sizes, th: presence of interfering nuclides, or other
uncontrollable circumstances may render these LLDs unachievable. 1In
such cases, the coantributing factors will be identified and described in

..the -Annual Radiological Environmental Operating Report or the Semiannual
Radiocactive Effluent Release Report.



1.

i0.

OM12D: ODCM
Page : 99
Rev., : 0

REFERENCES
Title 10, "Energy," Chapter 1, Code of Federal Regulations; Part

20, U.S. Government Printing Office, Washingtom, D.C. 20402,
January 1, 1984,

Title 10, "Energy," Chapter 1, Code of Federal Regulations; Part
50; U.S. Government Printing Office, Washingtom, D.C. 20402,
January 1, 1984.

Title 40, "Protection of Environment," Chapter 1, Ccde of Federal
Regulations, Part 190, Federal Register, Vol. 42, Washingtom, D.C.
20402, January 13, 1977.

U.S. Nuclear Regulatory Commission, "Preparation of Radiological
Effluent Technical Specifications for Nuclear Power Plants," USNRC
NUREG-0133, Washington, D.C. 20555, October, 1981.

U.S. Nuclear Regulatory Commission, "Draft Radiological Effluent
Technical Specifications for PWR's," USNRC NUREG-0473, Revision 2,
Washington, D.C. 20555, February, 1980.

Regulatory Guide 1.21, "Measuring, Evaluating, and Reporting
Radioactivity in Solid Wastes and Releases of Radiocactive Materials
in Liquid and Gaseous Effluents from Light-Water-Cooled Nuclear
Power Plants," Revision 1, U.S. Nuclear Regulatory Commission,
Washington, D.C. 20555, June 1974.

Regulatory Guide 1.109, "Calculation of Annual Doses to Man from
Routine Releases of Reactor Effluents for the Purpose of Evaluating
Compliance with 10 CFR Part 50, Appendix 1," Revision 0, U.S.
Nuclear Regulatory Commission, Washington, D.C. 20555, March, 1976.

Regulatory Guide 1.109, "Calculation of Annual Doses to Man from
Routine Releases of Reactor Effluents for the Purpose of Evaluating
Compliance with 10 CFR Part 50, Appendix 1," Revision 1, U.S.
Nuclear Regulatory Commission, Washingtom, D.C. 20555, October
1977.

Regulatory Guide 1.111, "Methods for Estimating Atmospheric
Transport and Dispersion of Gaseous Effluents in Routine Releases
from Light-Water-Cocled Reactors,” Revision 1, U.S. Nuclear
Regulatory Commission, Washington, D.C. 20555, July 1977.

Regulatory Guide 1.113, "Estimating Aquatic Dispersion of Effluents
from Accidental and Routine Reactor Releases for the Purpose of
Implementing Appendix I,” Revision 1, U.S. Nuclear Regulatory
Commission, Washington, D.C. 20555, April 1977.



OM12D: ODCM
Page : 100 - LAST
Rev, ¢t 0

REFERENCES (Cont.)

Regulatory Guide 4.15, "Quality Assurance for Radiological
Monitoring Programs (Normal Operation) - Effluent Streams and the
Environment," U.S. Nuclear Regulatory Commission, Washington, D.C.
20555, February, 1979.

U.S. Nuclear Regulatory Commission, "Branch Technical Position,"
Revision 1, Washington, D.C. 20555, November, 1979.

Perry Nuclear Power Plant, Unit 1 and 2, "Final Safety Analysis
Report," Amendment 14, The Cleveland Electric Illuminating Company,
Perry, Ohio 44081, August, 1984,

Perry Nuclear Power Plant, Units 1 and 2, "Environmental Report,
Operating License Stage," Supplement 3, The Cleveland Electric
Illuminating Company, Perry, Ohio 44081, November, 1981.

Perry Nuclear Power Plant, Units 1 and 2, "Radiological
Environmental Monitoring Program Manual," The Cleveland Electric
I1luminating Company, Perry, Ohio 44081, February, 1985.

"Midas User's Manual, for the Cleveland Electric Illuminating
Company, Perry Nuclear Power Plant," Pickard, Lowe and Garrick,
Washington, D.C. 20036, July, 1983,

DW/ODCM1/A-H/gn




PO BOX 5000 - CLEVELAND, OHIO 44101 - TELEPHONE (216) 622-9800 - ILLUMINATING BLDG - 55 PUBLIC SQUARE

75

ng The Best Location in the Nation

MURRAY R. EDELMAN
VICE PRESIDENT

NUCLEAR
February 28, 1985
PY-CEL/NRR-0196 L
Mr. B. J. Youngblood, Chief
Licensing Branch No. 1
Division of Licensing
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555
Perry Nuclear Power Plant
Docket Nos. 50-440; 50-441
Offsite Dose Calculation Manual
Dear Mr. Youngblood:
In accordance with your request, Cleveland Electric Illuminating Company is
submitting the attached copy of the Perry Nuclear Power Plant Offsite Dose
Calculation Manual, Rev. 1.
We look forward to working with the NRC Staff during the review of the Offsile
Dose Calculation Manual. Please call if you have any questions.
Very truly yours,
Murray R. Edelman
Vice President
Nuclear Group
MRE:njc
Attachment

ce: Jay Silberg, Esq.
John Stefano (2)
J. Grobe
S. Brown



