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Abstract

This document has been developed in accordance with the Wisconsin Public Service Corporation
(WPSC) commitment made by letter dated August 21, 1984 (from D. C. Hintz to S. A. Varga).
1t provides the current methodologies and parameters to be used in the calculation of offsite
doses due to radioactive gaseous and liquid effluents and gaseous and liquid effluent monitoring
alarm/trip setpoints for the Kewaunee Nuclear Power Plant. To develop this document, WPSC
contracted the J. Stewart Bland Consultants, Inc. of Maryland; however, rigorous review and
final acceptance of this document has been provided by WPSC. - Implementation of this
document is the responsibility of WPSC.

December 18, 1984
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KEWAUNEE NUCLEAR POWER PLANT
OFFSITE DOSE CALCULATION MANUAL

Introduction

The Kewaunee Offsite Dose Calculation Manual (ODCM) describes the methodology and
parameters used in: 1) the calculation of radioactive liquid and gaseous effluent monitoring
instrumentation alarm/trip setpoints; and 2) the calculation of radioactive liquid and gaseous
concentrations, dose rates and cumulative quarterly and yearly doses. The methodology stated
in this manual is acceptable for use in demonstrating compliance with 10 CFR 20.106, 10 CFR
50, Appendix I and 40 CFR 190.

More conservative calculational methods and/or conditions (e.g., location and/or exposure
pathways) expected to yield higher computed doses than appropriate for the maximally exposed
person may be assumed in the dose evaluations.

The ODCM will be maintained at the station for use as a reference guide and training document
of accepted methodologies and calculations. Changes will be made to the ODCM calculational
methodologies and parameters as is deemed necessary to assure reasonable conservatism in
keeping with the principles of 10 CFR 50.36a and Appendix I for demonstrating radioactive
effluents are ALARA.

Definitions
1. ACTION

ACTION shall be that part of a specification which prescribes remedial measurc<
required under designated conditions.

2. GASEQUS RADWASTE TREATMENT SYSTEM
A GASEOUS RADWASTE TREATMENT SYSTEM is any system designed and
installed to reduce radioactive gaseous effluents by collecting off-gases from the primar.

coolant system and providing for delay or holdup for the purpose of reducing the tot.i
radioactivity released to the environment.

3. INSTRUMENTATION SURVEILLANCE
a. CHANNEL CHECK
b. CHANNEL FUNCTIONAL TEST

C. CHANNEL CALIBRATION

Rev. 5
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10.

d. SOURCE CHECK

As defined in the Technical Specifications.

MEMBER(S) OF THE PUBLIC

MEMBER(S) OF THE PUBLIC shall include all persons who are not occupationally
associated with the plant. This category does not include employees of the utility, its
contractors or vendors. Also excluded from this category are persons who enter the site
to service equipment or to make deliveries. This category does include persons who use
portions of the site for recreational, occupational or other purposes not associated with
the plant. :

OPERABLE-OPERABILITY

As defmed in the Technical Specifications.

PURGE - PURGING

PURGE or PURGING is the controlled process of discharging air or gas from a
confinement to maintain temperature, pressure, humidity, concentration or other
OPERATING condition, in such a manner that replacement air or gas is required to
purify the confinement.

RADIOLOGICAL ENVIRONMENTAL MONITORING MANUAL (REMM)

The REMM shall contain the current methodology and parameters used in the conduct
of the radiological environmental monitoring program.

SITE BOUNDARY

The SITE BOUNDARY shall be that line beyond which the land is neither owned. nor
leased, nor otherwise controlled by the licensee.

UNRESTRICTED AREA

An UNRESTRICTED AREA shall be any area at or beyond the SITE BOUNDARY
access to which is not controlled by the licensee for purposes of protection of individuals
from exposure to radiation and radioactive materials, or any area within the SITE
BOUNDARY used for residential quarters or for industrial, commercial, institutional.
and/or recreational purposes. '

VENTILATION EXHAUST TREATMENT SYSTEM
A VENTILATION EXHAUST TREATMENT SYSTEM is any system designed and

Rev. §
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installed to reduce gaseous radioiodine or radioactive material in particulate form in
effluents by passing ventilation or vent exhaust gases through charcoal absorbers and/or
HEPA filters for the purpose of removing iodines or particulates from the gaseous
exhaust stream prior to the release to the environment. Such a system is not considered
to have any effect on noble gas effluents. Engineered Safety Feature atmospheric
cleanup systems (i.e., Auxiliary Building special ventilation, Shield Building ventilation,
spent fuel pool ventilation) are not considered to be VENTILATION EXHAUST
TREATMENT SYSTEM components.

Rev. 5
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’ 1.0  Liquid Effluents

1.1

Radiation Monitoring Instrumentation and Controls

The liquid effluent monitoring instrumentation and controls installed at Kewaunee
for controlling and monitoring normal radioactive material releases in accordance
with 10 CFR 50, Appendix A, Criteria 60 and 64, are summarized as follows:

1) Alarm (and Automatic Termination) - R-18 provides this function on the
. liquid radwaste effluent line, R-19 on the Steam Generator blowdown.

2) Alarm (only) - R-20 and R-16 provide alarm functions for the Service
Water discharges.

3) Composite Samples - Samples are collected weekly from the steam
generator blowdown and analyzed by gamma spectroscopy. Samples are
collected weekly from the Turbine Building Sump and analyzed by gamma
spectroscopy. The weekly samples are composited for monthly tritium
and gross alpha analyses and for quarterly Sr-89 and 90 analyses. During
periods of identified primary-to-secondary leakage (with the secondary
activity > 1.0E-05 uCi/ml), grab samples from the Turbine Building
sump are collected daily and analyzed by gamma spectroscopy. These
samples are composited for monthly tritium and gross alpha analyses and
for quarterly Sr-89 and 90 analyses.

4) Liquid Tank Controls - All radioactive liquid tanks are located
inside the Auxiliary Building and contain the suitable confinement
systems and drains to prevent direct, unmonitored release to the
environment. A liquid radioactive waste flow diagram with the
applicable, associated radiation monitoring instrumentation and
controls is presented as Figure 1.

" 1.2 Liquid Effluent Monitor Setpoint Deteninination
ensure that the release concentration limits of Specification 3 7.3.1) are met
(i.e., the concentration of radioactive material released in qu1d effluents to
unrestricted areas shall be limited to the concentrations specified in 10 CFR 20.
Appendix B, Table II, Column 2, for radionuclides and 2. OE-04 uCi/ml for
- dissolved or entrained noble gases). The following equation! must be satisfied
. L Adapted from NUREG-0133

Rev. 5
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to meet the liquid effluent restrictions:

C (F+f)
f

c =

(.1

where:

C = the effluent concentration limit of Specification.3.3.1 (Technical
Specification 7.3.1) implementing the 10 CFR 20 MPC for the
site, in uCi/ml

c = the setpoint, in uCi/ml, of the radioactivity monitor measuring the
radioactivity concentration in the effluent line prior to dilution and
subsequent release; the setpoint, which is inversely proportional to
the volumetric flow of the effluent line and proportional to the
volumetric flow of the dilution stream plus the effluent stream,
represents a value which, if exceeded, would result in
concentrations exceeding the limits of 10 CFR 20 in the
unrestricted area

f = the flow rate at the radiation monitor location in volume per unit
time, but in the same units as F, below

F = the dilution . water flow rate as measured prior to the release point,
in volume per unit time

[Note that if no dilution is provided, ¢ < C. Also, note that when (F) is large
compared to (f), then (F + f) = F.]

1.2.1 Liquid Effluent Monitors (Radwaste, Steam Generator Blowdown and
Service Water). The setpoints for the liquid effluent monitors at the

Kewaunee Nuclear Power Plant are determimed by the following
equations:

) Rev. 5
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<MPCe x SEN x CW

SP< + bk
RR g
(1.2)
and
C.
MPC, = 2 Ci
Ci
MPC;,
(1.3)
where:
SP = alarm setpoint corresponding to the maximum allowable release
rate (cpm)
MPC, = an effective MPC value for the mixture of radionuclides in the
effluent stream (uCi/ml)
G = the concentration of radionuclide i in the liquid effluent (.Ci)
MPC, = the MPC value corresponding to radionuclide i from 10 CFR 0.
Appendix B, Table I, Column 2 (uCi/ml)
SEN = the sensitivity value to which the monitor is calibrated (cpm per
pCi/ml)
cw = the circulating water flow rate (dilution water flow) at the time o1
release (gal/min)
RR = the liquid effluent release rate (gal/min)
bkg = the background of the monitor (cpm)

The radioactivity monitor setpoint equation (1.2) remains valid during outagu-
when the circulating water dilution is at its lowest. Reduction of the waste stream
flow (RR) may be necessary during these periods to meet the discharge critena
At its lowest value, CW will equal RR and equation (1.2) reverts to the followiny
equation:

(1.4

Rev. 3
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1.3

SP = MPC, x SEN + bkg

1.2.2 Conservative Default Values. Conservative alarm setpoints may be
deterinined through the use of generic, default parameters. Table 1.1
summarizes all current default values in use for Kewaunee. They are
based upon the following:

a) substitution of the default effective MPC value of 1.0E-05 uCi/ml
(refer to Appendix C for justification);

b) substitutions of the lowest operational circulating water flow, in
gal/min; and,
C) substitutions of the highest effluent release rate, in gal/min.

Liquid Effluent Concentration Limits - 10 CFR 20

(Techmcal Specification 7. 3 1) limits the concentration of
radioactive material in liquid effluents (after dilution in the Circulating Water
System) to less than the concentrations as specified in 10 CFR 20, Appendix B,
Table II, Column 2 for radionuclides other than noble gases. Noble gases are
limited to a diluted concentration of 2E-04 uCi/ml. Release rates are controlled
and radiation monitor alarm setpoints are established to ensure that these
concentration limits are not exceeded. In the event any liquid release results in

evaluation of compliance with the
{Technical Specification 7.3.1) may be

concentration limits of S

perforined using the followmg equatio

Y [(C; + MPC;) x (RR +-CW)] < 1

where:
G = concentration of radionuclide i in the undiluted liquid effluent
(uCi/ml)
MPC;, = the MPC value corresponding to radionuclide i from 10 CFR 20.
Appendix B, Table II, Column 2 (uCi/ml)
= 2E04 pCi/ml for dissolved or entrained noble gases
RR = the liquid effluent release rate (gal/min)

Rev. 5
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1.4

\
. |
Cw = the circulating water flow rate (dilution water flow) at the time of i

the release (gal/min) ‘

Liquid Effluent Dose Calculation - 10 CFR 50

Specification (Technical Specification 7.3.2) limits the dose or dose
commitment to members of the public from radioactive materials in liquid
effluents from the Kewaunee Nuclear Power Plant to:

- during any calendar quarter;,
< 1.5 mrem to total body
< 5.0 mrem to any organ
- during any calendar year,
< 3.0 mrem to total body

< 10.0 mrem to any organ.

Per the surveillance requirements of § echnical Specification
8.3.2), the following calculational met y r determining the dose
or dose commitment due to the liquid radioactive effluents from Kewaunee.

1.67E-02 x VOL
DO = W X Z (Cl X Alo)
(1.9

where:

D, = dose or dose commitinent to organ o, including total body
(mrem)

A, = site-related ingestion dose commitment factor to the total
body or any organ o for radionuclide i (inrem/hr per
pCi/ml) (Table 1.2

G = average concentration of radionuclide i, m undiluted liquid
effluent representative of the volume VOL (uCi/ml)

VOL = volume of liquid effluent released (gal)

Rev. 5
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cw = average circulating water discharge rate during release
period (gal/min)

1.67E-02 = conversion factor (hr/min)
The site-related ingestion dose/dose commitment factors (A;,)) are presented in

Table 1:2 and have been derived in accordance with guidance of NUREG-0133
by the equation:

Ay, = 1.14E+05 [(U,, + D) + (Ug x BE))] DF,

(1.6)
where:

A, = composite dose parameter for the total body or critical
organ o of an adult for radionuclide i, for the fish ingestion
and water consuniption pathways (inrem/hr per xCi/ml)

1.14E4+05 = conversion factor (pCi/uCi x mi/kg + hr/yr)

U, = adult water consumption (730 kg/yr)

D, = dilution factor from the near field area within 1/4 mile of
the release point to the nearest potable water intake for the
adult water consuniption (84 unitless)

Ug = adult fish consumption (21 kg/yr)

BF; = bioaccumulation factor for radionuclide i in fish from Table
1.3 (pCi/kg per pCi/1)

DF; = dose conversion factor for nuclide i for adults in

1

preselected organ, o, from Table E-11 of Regulatory Guide
1.109, 1977 and NUREG 0172, 1977 (mrem/pCi)

The radionuclides included m the penodlc dose assessment per the requirements
echnical Specification 7/8.3.2) are those as identified
l1qu' waste samples collected and analyzed per
4 :{Technical Specification 8.3.1.1), Table

2 Adapted from the Kewaunee Final Environmental Statement, Section V.

Rev. )3
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Radionuclides requiring radiochemical analysis (e.g., Sr-89 and Sr-90) will be
added to the dose analysis at a frequency consistent with the required minimum
analysis frequency of Table 4.3 (8.3}.

In lieu of the individual radionuclide dose assessment as presented above, the
following simplified dose calculational equation may be used for demonstrating
compliance with the dose limits of Specification 3.3.2 (Technical Specification
7.3.2). (Refer to Appendix A for the derivation and justification for this
simplified method.)

Total Bod
9.67E+03 x VOL
Dtb = W X Z Ci
} (1.7)
Maximum Organ
| 1.18E+04 x VOL
Dmax = CW X E Cl
(1.8)
where:
C = average concentration of radionuclide i, m undiluted liquid
effluent representative of the volume VOL (xCi/ml)
VOL = volunie of liquid effluent released (gal)
cw = average circulating water discharge rate during release
period (gal/min)
Dy = conservatively evaluated total body dose (mrem)
Dpax = conservatively evaluated maximum organ dose (mrem)
9.67TE+03 = conversion factor (hr/min) and the conservative total body
dose conversion factor (Cs-134, total body -- 5.79E+05
mrem/hr per uCi/ml)
1.ISE+04 = conversion factor (hr/min) and the conservative maximum
~ organ dose conversion factor (Cs-134, liver -- 7.09E+05
mrem/hr per uCi/ml) :
Rev. 5
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1.5

Liquid Effluent Dose Projections

cification: 3.3.3 (Technical Specification 7.3.3) requires that the liquid
radxoactlve waste processing system be used to reduce the radioactive material
levels in the liquid waste prior to release when the quarterly projected doses
exceed:

- 0.18 mrem to the total body, or
- 0.62 mrem to any organ.

The applicable liquid waste streams and processing systems are as delineated in
Figure 1.

Dose projections are made at least once per 31 days by the following equations:

Dyp = Dy O1 + d)

(1.9
Dmaxp = Dpax O1 = d)
(1.1
where
Dip = the total body dose projection for current calendar quarter (mrem
Dy = the total body dose to date for current calendar quarter a»
determined by equation (1.5) or (1.7) (mrem)
Dinaxp = the maximum organ dose projection for current calendar quarter
(mrem)
Dpax = the maximum organ dose to date for current calendar quarter .-
determined by equation (1.5) or (1.8) (mrem)
d = the number of days to date for current calendar quarter
91 = _  the number of days in a calendar quarter
Rev. 5
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Onsite Disposal of Low-Level Radioactively Contaminated Waste Streams

During the normal operation of Kewaunee, the potential exists for in-plant process
streams which are not normally radioactive to become contaminated with very
low levels of radioactive materials. These waste streams are normally separated
from the radioactive streams. However, due mainly to infrequent, minor system
leaks, and anticipated operational occurrences, the potential exists for these
systems to become slightly contaminated. At Kewaunee, the secondary system
demineralizer resins, the service water pretreatment system sludges, the make-up
water system resins, and the sewage treatment plant sludges are waste streams
that have the potential to become contaminated at very low levels. During the
yearly testing of a batch of pre-treatment sludge, it was found that approximately
15,000 cubic feet of sludge had been contaminated with Cs-137 and Co-60.

The potential radiation doses to members of the public from these onsite disposal
methods are well below 1 mrem per year. This dose is in keeping with the
guidelines of the National Council on Radiation Protection (NCRP) in their
Report No. 91, in which the NCRP established a "negligible individual risk level”
at a dose rate of 1 mrem per year.

1t is for these type wastes that the NRC acknowledged m Information Notice No.
83-05 and 88-22 that the levels of radioactive material are so low that control and
disposal as a radwaste are not warranted. The potential risks to man are
negligible and the disposal costs as a radwaste are unwarranted and costly.

This waste material will be monitored and evaluated prior to disposal to ensure
its radioactive material content is negligible. 1t shall then be disposed of in a
normal conventional manner with records being maintained of all materials
disposed of using these methods.

Approvals for specific alternate disposal methods are listed in Appendix E.

Rev. 5
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‘

Figure 1
Liquid Radioactive Effluent Flow Diagram
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Table 1.1

Parameters for Liquid Alarin Setpoint Determinations

Actual Default
Parameter Value . Value Units Comments
MPC, calculated 1.0E-05* uCi/ml Calculate for each batch to be released
C, measured N/A pCi/ml Taken from gamma spectral analysis of
liquid effluent
MPC, as N/A pCi/ml Taken from 10 CFR 20, Appendix B. Table
. 18 ‘
determined Col. 2.
SEN R-18 as | 2.0E+6 cpm per Radwaste effluent
R-19 determined 2.0E+6 uCi/ml Steam Generator blowdown
R-20 7.0E+7 Service Water - component cooling
R-16 2.0E+6 Service Water - Containment fan cooling
cwW as 2.58E+05 gpm Circulatmg Water System default = winter,
determined single CW pump
RR R-18 as 8.0E+01 gpm Determined prior to release; release rate can
determined be adjusted for Technical Specification
‘ compliance
R-19 as 2.0E+02 Steam Generator A and B combined
R-20 determined 5.0E+03 Service Water - component cooling
R-16 1.5E+03 Service Water - Containment fan cooling
bkg R-18 as 2.0E+03 cpin Nominal values only; actual values may be
R-19 " determined 8.0E+01 used in lieu of these reference values
R-20 _ 6.0E+01
R-16 8.0E+01
SP R-18 calculated 6.45E+4 +bkg cpm Default alarm setpoints; more conservative
R-19 calculated 2.58E+4 +bkg values may be used as deem appropriate and
R-20 calculated 3.61E+4 +bkg desirable for assuring regulatory compliance
R-16 calculated 3.44E+3 +bkg _ and for maintaining releases ALARA.
SP (with no Circulating Water System flow, CW=0)
R-18 calculated 2.50E+3 +bkg cpm ‘ For outages with no Circulating Water
) ) System
R-19 calculated ~ 1.00E+3 +bkg flow (CW=0) and a dilution flow as
provided
R-20 - calculated 1.40E+3 +bkg , by the Service Water system of 10,000 gpm.
R-16 calculated ~  1.33E+2 +bkg total.

' * Refer to Appendix C for derivation
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Table 1.2

A;, Site Related Ingestion Dose Commitment Factors
(mrem/hr per pCi/ml)

Nuclide Bone Liver T.Body Thyroid
H-3 - 3.30E-1 3.30E-1 3.30E-1
C-14 J13E+4 6.26E+3 6.26E+3 6.26E +3
Na-24 409E +2 3.09E+2 409E +2 409E +2
P-32 1.39E+6 8.62E+4 S36E +4 -
Cr-51 - - 1.28E+0 7.63E-1
Mn-54 438E+3 8.36E +2

Mn-56 - 1.10E+2 1.96E+1

Fe-55 6.61E +2 45TE+2 1.06E+2 -
Fe-59 1.04E+3 245E+3 9.40E +2

Co-57 - 2.11E+1 351E+1 -
Co-58 - 8.99E +1 2.02E+2 -
Co-60 - 2.58E+2 S70E+2 -
Ni-63 3.13E+4 2.17E+3 1.0SE+3 -
Ni-65 127E+2 1.65E+1 7.52E+0 -
Cu-64 - 1.01E+1 4.72E+0 -
Zn-65 232E+4 738E+4 333E+4 -
Zn-69 493E+1 9.43E+1 6.56E +0 -
Br-82 - - 227TE+3 -
Br-83 - - 405E+1 -
Br-84 - - S24E+1 -
Br-85 - - 2.15E+0 -
Rb-86 - 1.01E+S5 4.T1E+4 -
Rb-88 290E+2 1.54E +2 -
Rb-89 - 192E+2 1.35E+2 -
Sr-89 224E+4 - 6.44E +2

Sr-90 SS52E+5 - 1.35E+5 -
Sr-91 4.13E+2 - 167E+1 -
Sr-92 1.57TE+2 - 6.77E+0 -
Y-90 5.85E-1 - 1.57E-2 -
Y-91m 5.53E-3 - 2.14E-4

Y-91 8.58E+0 - 2.29E-1 -
Y-92 5.14E-2 - 1.50E-3 -
Y-93 1.63E-1 - 4.50E-3 -
Zr-95 2.70E-1 8.67E-2 S.87E-2 -
Zr-97 1.49E-2 3.01E-3 1.38E-3 -
Nb-95 447E+2 249E +2 1.34E+2 -
Nb-97 3.75E+0 9.48E-1 3.46E-1 -
Mo-99 - 1.OTE+2 2.04E+1 -
Tc-99m 9.11E-3 2.58E-2 3.28E-1 -
Tc-101 9.37E-3 1.35E-2 1.32E-1 -

15

Kidney

3.30E-1
6.26E+3
$.09E+2

2.81E-1

1.30E+3
1.40E +2

253E+1

493E+4
6.13E+1

1.36E-1
4.55E-3

246E+2
1.11E+0
243E+2
3.91E-1
2.43E-1

Lung

GI-LLt

3.30E-1
6.26E+3
4.09E +2

1.69E +0

2.55E+2
6.85E+2

1.26E-2
6.90E-3

3.30E-1

6.26E+3
309E+2
1.56E+5
321E+2

1.34E+4
352E+3
2.62E+2
8.17TE+3
S36E+2

1.82E+3
485E+3
4.52E+2
418E+2
8.57TE+2

465E+4
1.42E+1
2.61E+3
S83E+1
4.12E-4

1.99E+4
4.00E-9

3.60E+3

1.59E+4
197E+3
3.10E+3
6.21E+3
1.62E-2

472E+3
9.00E+2
S.1TE+3
275E+2
934E+2

1.51E+6
3.50E+3
249E +2
1.52E+1
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Nuclide

Ru-103
Ru-105
Ru-106
Rh-103m
Rh-106

Ag-110m
Sb-124
Sb-125

Te-125m

. Te-127Tm

Te-127
Te-129m
Te-129
Te-131m
Te-131

Te-132
I-130
[-131
[-132
I-133

I-134
I-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

Table 1.2 (Continued)

A;, Site Related Ingestion Dose Commitment Factors
(mrem/hr per uCi/ml)

Bone

461E+0
3.84E-1
6.86E+1

1.04E+0
948E +0
6.06E+0
25TE+3
6.49E +3

1.05E+2
1.10E+4
30lE+1
1.66E+3
1.89E+1

242E+3
2.79E +1
1.54E +2
749E+0
5.24E+1

391E+0
1.63E+1
298E+5
3.12E+4
382E+5

264E+2

.LOZE+0

2.1SE+2
4.98E-1
2.25E-1

1.52E-1
7.79E-3
3.17E-2
5.58E-3
1.65E+0

5.60E-1
1.83E-3
3.83E-1
296E +2
2.97E-2

Liver

9.62E-1
1.79E-1
6.77E-2
931E+2
2.32E+3

379E+1
4.11E+3
1.L1I3E+1
8.11E+2
7.89E+0

1.56E+3
823E+1
220E+2
200E+1
9.11E+1

1.06E+1
428E+1
7.09E+5
1.23E+5
S22E+5

S.22E+2
1.30E-4
2.69E-1
3.76E-4
2.31E-4

7.67E-2
3.54E-3
2.14E-2
4.13E+0
6.90E-1

2.25E-1

761E-4 -

4.42E-1
24TE+2
2.92E-3

T.Body

Thyroid

1.99E+0
1.52E-1
8.68E+0

5.71E-1

3.76E+0
1.44E+0
344E +2
791E+2

2.28E+1
1.74E+3
733E+0
6.76E+2
S.96E +0

147E+3
3.25E+1
1.26E+2
7.01E+0
2.78E+1

3.80E+0
1.58E+1
5T9E+5
8.86E+4
342E+5

2.59E+2
3.00E-2
1.41E+1
1.68E-2
1.42E-2

2.03E-2
8.82E-4
243E-3
4.57TE-4
8.87E-2

2.77E-2
9.31E-5
2.65E-2
8.65E+1

'1.61E-3

2.30E-2
6.16E-3
773E+2
1.66E+3

781E+1
3.79E +3
231E+1
1.28E+3
1.55E+1

1.73E+3
697TE+3
T20E+4
T01E+2
1.34E+4

1.84E+2
2.82E+3

16

Kidney

1.76E+1
496E+0
1.32E+2

1.89E +0

1.04E+4
2.64E+4

4,29E +2
4.60E +4
1.27E+2
8.22E+3
827TE+1

1.50E+4
1.28E+2
3.76E+2
3.19E+1
1.59E+2

1.69E +1
6.86E+1
2.29E+5
6.85E+4
1.77TE+5

3.84E+2
6.83E-4
9.16E-2
3.50E-4
1.95E-4

9.95E-3
1.82E-3
4.10E-1

1.30E-1
4.29E-4
2.59E-1

9.10E-3

Lung

GI-LLI

7T61E+4
9.39E+3
S5.89E +4

3.79E+1
4.14E-4
1.54E-1
2.13E-4
131E-4

S39E+2
235E+2
4 4E +3

392E+2

2.69E+2
66TE+1
1.03E+4
2.18E+4

8.32E+3
555E+4
227E+1
8.05E+4
267E+0

739E+4
7.08E+1
S.T9E+1
3.76E+0
S8.19E+1

9.26E-3

483E +1
1.24E +4
140E+4
101E+4

2.23E-3
1.82E+0
442E+2

S63E+3
2.59E+1
8.19E+1
1.54E+2
3.58E+2

245E+3
212E+3

8.10E+4
S98E +2
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Table 1.3

Biocaccumulation Factors(BF})
(pCi/kg per pCi/liter)*
Element Freshwater Fish

H 9.0E-01
C 4.6E+03
Na _ 1.0E+02
P ' 3.0E+03
Cr 2.0E+02
Mn 4.0E+02
Fe 1.0E+02
Co ' 5.0E+01
Ni 1.0E+02
Cu 5.0E+01
Zn : 2.0E+03
Br 4 2E+02
Rb 2.0E+03
Sr 3.0E+01
Y , 2.5E+01
Zr 3.3E+00
Nb 3.0E+04
Mo 1.0E+01
Tc 1.5E+01
Ru 1.0E+01
Rb 1.0E+01
Ag 2.3E+00
Sb 1.0E+00
Te 4.0E+02
I 1.5E+01
Cs 2.0E+03
Ba ' 4.0E+00
La 2.5E+01I
Ce 1.0E+00
Pr 2.5E+01
Nd 2.5E+01
A\ 1.2E+03
Np 1.0E+01

Values in this Table are taken from Regulatory Guide 1.109 except for phosphorus
which is adapted from NUREG/CR-1336 and silver and antimony which are taken
from UCRL 50564, Rev. 1, October 1972.
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‘ 2.0 Gaseous Effluents

2.1

2.2

Radiation Monitoring Instrumentation and Controls

The gaseous effluent monitoring instrumentation and controls at Kewaunee for
controlling and monitorimg normal radioactive material releases in accordance
with 10 CFR 50, Appendix A, Criteria 60 and 64, are summarized as follows:

1) Waste Gas Holdup Systein - The vent header gases are collected by the
waste gas holdup system. Gases may be recycled to provide cover gas for
the CVCS hold-up tanks or held in the waste gas tanks for decay prior to
release. Waste gas decay tanks are batch released after sainpling and
analysis. The tanks are discharged via the Auxiliary Building vent. R-13
and/or R-14 provide noble gas monitoring and automatic isolation.

2) Condenser Evacuation System - The air ejector discharge is monitored by

R-15. Releases from this system are via the Auxiliary Building vent and
are monitored by R-13 and/or R-14.

3) Containment Purge - Containment purge and ventilation is via' the
containment stack. The stack radiation monitorimg system consists of: a)
a noble gas activity monitor providing alarm and automatic termination of
release (R-12 and R-21); b) an iodine sampler; and c) a particulate
sampler. Effluent flow rates are determined empirically as a function of
a fan operation (fan curves). Sampler flow rates are determined by flow
rate instrumentation.

4) Auxiliary Building Vent - The Auxiliary Building vent receives discharges
from the waste gas holdup system, condenser evacuation system, fuel

storage area ventilation, Auxiliary Building radwaste processing area
ventilation, and Auxiliary Building general area. All effluents pass
through: a) a noble gas monitor - (R-13 and/or R-14; b) an iodine sampler
(R-13A); and c) a particulate sampler (R-13A). The noble gas monitor
(R-13 and/or R-14) provides auto isolation of any waste gas decay tank
releases and diverts other releases through the special ventilation system.
Effluent flow rates are determined by imstalled flow measurement
equipment or as a function of fan operation (fan curves). Sampler flow
rates are determined by flow rate instruinentation.

A gaseous radioactive waste flow diagram with the applicable, associated
radiation monitoring instrumentation and controls is presented as Figure 2.

Gaseous Effluent Monitor Setpoint Determination

xiliary Building Vent Monitor. Per the requirements
_ {Technical Specification 7.2), alarm setpoints shall be
established for the gaseous effluent monitoring instrumentation to ensure
that the release rate of noble gases does not exceed corresponding dose
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FRAC

rate at the site boundary of 500 mrem/year to the total body or 3000
mrem/year to the skin. Based on a grab sample analysis of the applicable
release (i.e., grab sample of the Containment vent or Auxiliary Building
vent), the radiation monitoring alarm setpoints may be established by the
following calculational method:

FRAC

where:

FRAC

X/Q

M‘i

1.1
4.72E+02
500

3000

= [4.72E+02 x X/Q x VF x Y} (C; x K))] + 500

2.1

= [4.72E+02 x X/Q x VF x ¥ (C; x (L; + 1.1 M)} + 3000

(2.2)
fraction of the allowable release rate based on the identified
radionuclide concentrations and the release flow rate

annual average meteorological dispersion to the controlling
site boundary location (sec/m3)

ventilation system flow rate for the applicable release point

and monitor (ft°/min)

concentration of noble gas radlomlchde 1 as determined by
radioanalysis of grab sample (p.Cl/cm )

total body dose conversxon factor for noble gas radionuclide
i (mrem/yr per xCi/m>, from Table 2.1)

beta skin dose conversxon factor for noble gas radionuclide
i (mrem/yr per p,Cl/ m fromn Table

gamma air dose conversion factor for noble gas
radionuclide i1 (mrad/yr per p,Cl/ m?, from Table 2.1

mrem skin dose per mrad gamma air dose (mrem/mrad)
conversion factor (cm3’/1”t3 X min/sec)
total body dose rate limit (mrem/yr)

skin dose rate limit (mrem/yr)
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. Based on the more limiting FRAC (i.e., higher value) as determined above, the
alarm setpoint for the Containment and Auxiliary Building vent monitors at
Kewaunee may be calculated:

SP=[) C;xSEN + FRAC] + bkg

(2.3)
where:
SP = alarm setpoint corresponding to the maximum allowable
release rate (cpm)
SEN = monitor sensitivity (cpin per uCi/cin’)
bkg = background of the monitor (cpm)

2.2.2 Conservative Default Values. A conservative alarm setpoint can be
established, in lieu of the individual radionuclide evaluation based on the
grab sample analysis, to eliminate the potential of periodically having to
adjust the setpoint to reflect minor changes in radionuclide distribution and
variations in release flow rate. The alarm setpoint may be conservatively

based upon:

- the maximum ventilation flow rate;

- a radionuclide distribution® comprised of 95% Xe-133, 2%
Xe-135, 1% Xe-133m, 1% Kr-88 and 1% Kr-85; and

- an administrative multiplier of 0.5 to conservatively assure that any
simultaneous releases do not exceed the maximum allowable
release rate.

For this radionuclide distribution, the alarm setpoint based on the total
body dose rate is more restrictive than the corresponding setpoint based
on the skin dose rate. The resulting conservative, default setpoints are

2.3 Gaseous Effluent Instantaneous Dose Rate Calgulatign; - 10 CFR 20

2.3.1 Site Boundary Dose Rate - Noble Gases. Sp» .a (Technical
Specification 7.4.1.a) limits the dose rate a  due to noble
gas_releases to < 500 mrem/yr to the total body, and < 3000 mrem/yr
to the skin. Radiation wnonitor alarm setpoints are established to ensure
that these release limits are not exceeded. In the event any gaseous

: 3Adopted from ANSI N237-1976/ANS-18.1, Source Term Specifications, Table 6.
. Rev. 5
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1.1

Actual meteorological conditions concurrent with the release period or the defau It

releases from the station results in the alarm setpoints being exceeded, an
evaluation of the unrestricted area dose rate resulting from the release may
be performed using the following equations:

Dtb = X/QXE (Ki in)

and (2.4)
= XIQx Y (L; + 1.LIM) x Q)

(2.5)

= total body dose rate (mrem/yr)
= skin dose rate (mrem/yr)
= atmospheric dispersion to the controlling site boundary (sec/m?)

= average release rate of radionuclide i over the release period under
evaluation (uCi/sec)

= total body dose converswn factor fi
(mrem/yr per uCi/m3, from Table 2

noble gas radionuclide 1

= beta skin dose conversion factor fi
(mrem/yr per uCi/m>, from Table 2.

noble gas radionuclide !

= gamma air dose converswn factor for noble gas radionuclide 1
(mrad/yr per uCi/m>, from Table

= mrem skin dose per mrad gamma air dose (mrem/mrad)

evaluating the gaseous effluent dose rate.

2.3.2

Mwu@m«;ﬂumm Specification
echnical Specification 7.4.1.b) limits the dose rate to <150
mrem/yr to- any organ for I-131, I-133, tritium and particulates with
half-lives greater than 8 days. To demonstrate compliance with this limit.

an evaluation is performed at a frequency no greater than that

‘corresponding to the sampling and analysis time period for continuous

releases (e.g., nominally once per 7 days) and for batch releases on the
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2.4

time period over which any batch release is to occur. The following
equation may be used for the dose rate evaluation:

=XQxY ®xQ)

(2.6)
where:
Do = average organ dose rate over the sampling time period (mrem/yr)
XQ = atmospheric dispersion to the controlling site boundary for the
inhalation pathway (sec/m )
R, = dose parameter for radionuclide i, (mrem/yr per pCi/m3) for the
child inhalation pathway from Table 2.8
Qi = average release rate over the appropriate sampling period and

analysis frequency for radionuclide i, I-131, I-133, tritium or other
radionuclide in particulate form with half-life greater than 8 days
(uCi/sec)

By substituting 1500 mrem/yr for D o solving for Q, an allowable release rate for
I-131 can be determined Based on the annual average meteorological dispersion

(inhalation pathway, child thyrmd -- R, = 1.62E+07 mrem/yr per pCi/m?) the
allowable release rate for I-131 is 12.8 uCi/sec. An added conservatism factor
of 0.25 has been included in this calculation to account for any potential dose
contribution from other radioactive particulate material. For a 7 day period
which is the nominal sampling and analysis frequency for I-131, the cumulative
allowable release is 3.9 Ci. Therefore, as long as the I-131 releases in any 7 day
period do not exceed 3.9 Ci, no additioual analyses are needed to verify
compliance with the | eclinical Specification 7.4.1.b) limits
on allowable release rate.

2.4.1 Unre le G
Specification 7 4.2) requu'es a penodlc assessment of releases of noble
gases to evaluate compliance with the quarterly dose limits of (<5 mrad.
gamma-air and <10 mrad, beta-air) and the calendar year limits (<10
mrad, gamma-air and <20 mrad, beta-air). The following equations may
be used to calculate the gamma-air and beta-air doses:
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where:

XQ

Q

3.17E-08

Dy

=3.17E-08 x X/Q x Y M; x Q)

and Q2.7

Dg = 3.17TE-08 x X/Q x ), (N; x Q)

(2.8)

air dose due to gamma emissions for noble gas
radionuclides (mrad)

~ air dose due to beta emissions for noble gas radionuclides

(mrad)

atmosphenc dispersion to the controlling site boundary
(sec/m )

cumulative release of noble gas radionuclide i over the
period of interest (4Ci)

air dose factor due to gamma em1s51ons from noble gas

air dose factor due to beta em1ss10ns from noble gas
radionuclide i (mrad/yr per uCi/m3, Table

conversion factor (yr/sec) .

In lieu of the individual noble gas radionuclide dose assessment as presented

above, the following simplified dose calculational eq
verifying compliance with the dose limits of
Specification 7.4.2). (Refer to Appendix B for the

be used for

tification for

this simplified method.)
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l 3.17E-08

Dy=—T5—O—-XX/QXMeffXEQi
and 2.9)
3.17E-08 '
DB=WXX/QXNeffXEQi
. (2.10)
where:
My = 5.3E+02 effective gamma-air dose factor (mrad/yr per pCi/m3)
Negg = 1.1IE+03 effective beta-air dose factor (mrad/yr per uCi/m?)
050 = conservatism factor

Actual meteorological conditions concurrent with the release penod or the default,
annual average dispersion parameters as presented in Table 2.2
the evaluation of the gamma-air and beta-air doses.

. 2.4.2 Unrestricted Area Dose - Radioiodine and Particulates. Per the
requirements of § echnical Specification 7.4.3), a

periodic assessment shall be performed to evaluate compliance with the
quarterly dose limit (<7.5 mrem) and calendar year limit (<15 mrem)
to any organ. The following equation may be used to evaluate the
maximum organ dose due to releases of I-131, I-133, tritium and
particulates with half-lives greater than 8 days:

Dyop = 3.17E-08 x W x SF, x }° (R; x Q)

aop

2.1
where: -

Dyp = . dose or dose commitment for age group a to organ o, including the
total body, via pathway p froin I-131, I-133, tritium and
radionuclides in particulate form with half-life greater than eight
days (mrem)
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1)

2)

atmospheric dispersion parameter to the controlling location(s) as
identified in Table 2.3

XQ = atmospheric dispersion for inhalation pathway and
H-3 dose contribution via other pathways (sec/m?)

D/IQ = atmospheric deposition for vegetatlon milk and
ground plane exposure pathways (Vm? )

dose factor for radionuclide i, (mrem/yr per uCi/m®) or
(m mrem/yr per qu/sec) from Table 24through2 15 for each

descrlbed in NUREG 0133.

cumulative release over the period of interest for radionuclide i --
I-131 or radioactive material in particulate form with halflife
greater than 8 days (uCi).

seasonal correction factor to account for the fraction of the period
that the applicable exposure pathway does exist.

For milk and vegetation exposure pathways:

# of months in the period that grazi
total # of months in period

= 0.5 for annual calculations

For inhalation and ground plane exposure pathways: = 1.0

In lieu of the individual radionuclide (I-131 and particulates) dose assessment as

presented above, the following simplified dose calculational
for verifying compliance with the dose limits of $§

Specification 7.4.3}.
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2.5

max = 3-17E-08 x W x SF, x Ri_j33 x Y, Q
| (2.12)
where:
Doax = maximum organ dose (mrem)
Ryjap = I-131 dose parameter for the thyroid for the identified controlling

pathway

= 1.05E+12, infant therld dose parameter with the grass-cow-milk
pathway controlling (m? - mrem/yr per uCi/sec)

The ground plane exposure and inhalation pathways need not be considered when
the above simplified calculational method is used because of the overall negligible
contribution of these pathways to the total thyroid dose. It is recognized that for
some particulate radionuclides (e.g. Co-60 and Cs-137), the ground plane
exposure pathway may represent a higher dose contribution than either the
vegetation or grass-cow-milk pathway. However, use of the I-131 thyroid dose
parameter for all radionuclides will maximize the organ dose calculation,
especially considering that no other radionuclide has a higher dose parameter for
any organ via any pathway than I-131 for the thyroid via the grass-cow-milk
pathway.

The location of exposure pathways and the maximum organ dose calculation may
be based on the available pathways in the surrounding environment of Kewaunee
as identified by the annual land-use censu (Technical
Specification 7.7.2). Otherwise, the dose will be evaluated based on the
predetermined controlling pathways as identified in Table

{Technical Specification 7.4.4) requires that the Ventilation
Exhaust Treatment System be used to reduce radioactive material levels prior to
discharge when projected doses exceed one-half the annual design objective ratc
in any calendar quarter, i.e., exceeding:

- 0.62 mrad/quarter, gamma air;
- 1.25 mrad/quarter, beta air; or
- 0.94 mrem/quarter, maximum organ.

The applicable gaseous release sources and processing systems are as delineated

in Figure 2.
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Dose projections are performed at least once per 31 days by the following
equations:

Dyp=D,yx(9l—2-d)

(2.13)
DBP = Dg x 91 +d)
(2.14)
Daxp = Dpmax X O1 + d)
(2.15)
where
Dvp = gamma air dosé projection for current calendar quarter (mrad)
U, = gamma air dose.to date for current calendar quarter as determined
by equation (2.7) or (2.9) (mrad)
' Dg, = beta air dose projection for current calendar quarter (mrad)
Dg = betaair dose to date for current calendar quarter as determined by
equation (2.8) or (2.10) (mrad)
Daxp = maximum organ dose projection for current calendar quarter (mrem)
Doax = | maximum organ dose to date for current calendar quarter as
determined by equation (2.11) or (2.12) (mrem)
d = number of days to date in current calendar quarter
91 = number of days in a calendar quarter
2.6 ironm iation i FR 19
For the purpose of implementing $ {RETS Technical Specification

7.6) on the EPA environmental radiation protection standard and Technical
9.3.b on reporting requirements, dose calculations may be
pe orined using the above equations with the substitution of average or actual
ineteorological parameters for the period of interest and actual applicable pathways.

Any exposure attributable to on-site sources will be evaluated based on the results
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of the environmental monitoring program (TLD measurements) or by calculational
methods.  NUREG-0543 describes acceptable methods for demonstrating
compliance with 40 CFR Part 190 when radioactive effluents exceed the Appendix
I portion of the specifications.
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Table 2.1

Dose Factors for Noble Gases

Total Body | Gamma Air Beta Air
Dose Factor Skin Dose Factor Dose Factor Dose Factor
Ki Li Mi Ni
Radionuclide (mrem/yr per 4uCi/m3) (mrem/yr per uCi/md)  (mrad/yr per uCi/m®) (mrad/yr per uCi/m°)
Kr-83m 13- S— 1.93E+01  2.88E+02
Kr-85m 1.17E+03 1.46E+03 1.23E+03 1.97E+03
Kr-85 _ 1.61E+01 1.34E+03 1.72E+01 1.95E+03
Kr-87 5.92E+03 9.73E+03 6.17E+03 1.03E+04
Kr-88 1.47TE+04 2.37E+03 1.52E+04 2.93E+03
Kr-89 ' 1.66E+04 1.01E+04 _ 1.73E+04 1.06E +04
Kr-90 1.56E+04 7.29E+03 1.63E+04 7.83E+03
Xe-131m 9.15E+01 4.76E+02 1.56E+02 1.1IE+0}
Xe-133m 2.51E+02 9.94E+02 3.27E+02 1.48E -0
Xe-133 2.94E+02 3.06E+02 3.53E+02 1.OSE~i¢
Xe-135m 3.12E+03 7.11E+02 3.36E+03 7.39E -1
Xe-135 . 1.81E+03 1.86E+03 1.92E+03 2.46E -3¢
Xe-137 - L42E+03 1.22E+04 _ 1.51E+03 1.27E 3
Xe-138 8.83E+03 4.13E+03 _ 9.21E+03 4.75E -
Ar-41 ' 8.84E+03 2.69E+0;3 9.30E+03 3.28E -
Rev. 5
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Parameter

X/Q
VF

@]

=

-

Z

SEN*
R-12
R-21
R-13

R-14

|

| bkg
R-12

R-21

R-13

R-14

Sp
R-12
R-21
R-13
R-14

*Conservatively based on Xe-133 sensitivity

Actual Value
calculated

fan curves

measured

nuclide specific
nuclide specific
nuclide specific

as determined

as determined

calculated
calculated
calculated
calculated

Table

Paramneters for Gaseous Alarm Setpoint Determinations

Default Value
3.6E-06

33,000
54,000

N/A
N/A
N/A
N/A

1.0E+06
2.0E+07
2.0E+07
2.0E+07

4.0E+02

" 4.0E+01

6.0E+02
9.0E+02

9.60E+03 (+bkg)
1.92E+05 (+bkg)
1.17E+05 (+bkg)
1.17E+05 (+bkg)

Units
sec/in’

cfm
cfm

uCi/cm3

mrem/yr per uCi/in
mrem/yr per ;;Ci/m3
mrad/yr per ;&Ci/m3

cpin per uCi/cm?

cpm

cpm

32

Comments

Licensing techaical specification value

Containment - normal plus purge modes
Auxiliary Building - normal operation

Containment
Containment
Auxiliary Building
Auxiliary Building

Nominal values only; actual values may be
used in lieu of these reference values.

Default alarm setpoints; more conservative
values may be used as deemed appropriate
and desirable for ensuring regulatory
compliance and for maintaining releases
ALARA.

Rev. S
02/15/93



(Technical)
Specification

(7.4.1.2)

.4.1.b)

4.2)

Atmospheric Dispersion for Dose Calculations

Location Pathway(s)
site boundary noble gases

(1300 m, N) direct exposure

site boundary inhalation

(1300 m, N)
site boundary gamma-air
(1300 m, N) beta-air

residence/dairy  vegetation, milk and

(1 mile W) ground plane

33

Atmospheric Dispersion

X/Q
m

3.6E-06

3.6E-06

3.6E-06

5.6E-07

D/
(1/m*)

N/A

N/A

N/A

5.6E-09

Rev. §
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Nuclide

H-3
C-14
Na-24
P-32
Cr-51

Mn-54
Mn-56
Fe-55
Fe-59
Co-57

Co-58
Co-60
Ni-63
Ni-65
Cu-64

Zn-65
Zn-69
Br-82
Br-83
Br-84

Br-85
Rb-86
Rb-88
Rb-89
Sr-89

Sr-90
Sr-91
Sr-92
Y-90
Y-91m

Y-91
Y-92
Y-93 -
Zr-95
Zr-97

Nb-95
Nb-97
Mo-99
Tc-99m
Tc-101

Bone

1.82E+4
1.02E +4
1.32E+6

2.46E +4
1.18E +4

432E+5
1.54E+0

3.24E+4
338E-2

3.04E+5

9.92E +7
6.19E+1
6.74E+0
209E+3
261E-1

462E+5
1.03E+1
9.4E+1
1.07E+5
9.68E +1

141E+4
2.22E-1

1.03E-3
4.18E-5

Table 2.4

R; Inhalafion Pathway Dose Factors - ADULT
(mrem/yr per p.Ci/m3)

Liver

1.26E+3
3.41E+3
1.02E+4
7.71E+4

396E+4
1.24E+0
1.70E +4

2.78E+4

6.92E+2

1.58E+3
1.15E+4
3.14E+4
2.10E-1

1.46E+0

1.03E+5
6.51E-2

1.35E+5
387TE+2
2.56E+2

3.4E+4
1.96E +1

782E+3
5.62E-2
1.21E+2
291E-3
6.02E-5

Thyroid
1.26E+3

3.41E+3
1.02E+4

S95E+1

Kidney

1.26E+3
341E+3
1.02E+4
2.28E+1

9.84E+3
130E+0

462E+0

6.90E +4
422E-2

S42E+4
297TE+1

TT4E+3

6.54E-2
291E+2
442E-2
1.08E-3

34

Lung

1.26E+3
3.41E+3
1.02E+4

1.44E +4

1.40E+6
9.4E+3
721E+4
1.02E+6
3.70E+5

9.28E+5
S9TE+6
1.78E+5
5.60E+3
6.78E+3

8.64E +5
920E+2

140E+6

9.60E +6
3.65E+4
1.65E+4
1.70E +5
1.92E+3

1.70E +6

1.57TE+4
485E+4
1.77E+6
787E+4

SO5E+5
240E+3
9.12E +4
TH64E +2
3.99E +2

GI-LLI

1.26E+3
341E+3
1.02E+4
8.64E +4
332E+3

7174E+4

2.02E+4

6.03E+3
1.88E+5
3.14E+4

1.06E+5
285E+5
1.34E+4
1.23E+4
490E+4

S.34E+4
1.63E+1
1.04E+4
232E+2
1.64E-3

1.66E +4
3.34E-9

3.50E+5

7.22E+5
191E+5
430E+4
5.06E+5
1.33E+0

385E+5
7.35E+4
422E+5
1.50E+5
S.23E+5

1.04E+5
242E+2
248E+5
4.16E+3

T.Body

1.26E+3
341E+3
1.02E+4
S.01E+4
1.00E +2

6.30E+3
1.83E-1

394E+3
1.06E+4
6.71E+2

207E+3
1.48E+4
1.45E+4

‘9.12E-2

6.15E-1

466E+4
452E-3

135E+4
241E+2
3.13E+2

1.28E+1
SS90E+4
193E+2
1.70E +2
8.72E+3

6.10E+6
2.50E+0
291E-1
S61E+1
1.02E-2

1.24E+4
3.02E-1
261E+0

2.33E+4

9.04E+0

421E+3
2.05E-2
230E+1
3.70E-2
5.90E-4

Rev. 5
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Nuclide

Ru-103
Ru-105
Ru-106
Rh-103m
Rh-106

Ag-110m
Sb-124
Sb-125
Te-125m
Te-127m

Te-127
Te-129m
Te-129
Te-131m
Te-131

Te-132
1-130
I-131
I-132
1-133

I-134
1-135
Cs-134
Cs-136
Cs-137

Cs-138
Ba-139
Ba-140
Ba-141
Ba-142

La-140
La-142
Ce-141
Ce-143
Ce-144

Pr-143
Pr-144
Nd-147
W-187
Np-239

Bone

1.53E+3
7.90E-1
691E +4

1.08E+4
3.12E+4
5.34E+4
342E+3
1.26E+4

140E+0
9.76E +3
498E-2
6.99E+1
1.11E-2

2.60E+2
4.58E+3
2.52E+4
1.16E+3
8.64E+3

6.44E+2
2.68E+3
3.73E+5S
3.90E+4
4.78E+5

331E+2
9.36E-1
390E+4
1.00E-1

"2.63E-2

344E+2
6.83E-1

1.99E +4
1.86E+2
343E+6

9.36E+3
3.01E-2

527E+3
8.48E+0
230E+2

Table 2.4 (Continued)

R, Inhalation Pathway Dose Factors - ADULT

Liver_

1.00E+4
S89E+2
S95E+2
1.58E+3
STTE+3

6.42E-1
467E+3
2.39E-2
436E+1
5.95E-3

2.15E+2
1.34E+4
3.58E+4
3.26E +3
148E +4

1.73E+3
6.98E+3
848E+5
146E+5
6.21E+5S

621E+2
6.60E-4
490E+1
7.53E-5
2.70E-5

1.74E +2
3.10E-1

1.35E+4
138E+2
143E+6

375E+3
1.25E-2

6.10E+3
7.08E+0
226E+1

(mrem/yr per p.Ci/ms) »

Thyroid

7155E+1
S40E+1
1.05E+3

329E+3

1.06E+0
3.M4E+3
3.90E-2
S.50E+1
9.36E-3

190E+2
1.14E+6
1.19E+7
1.14E+5S
2.15E+6

298E+4
448E+5

Kidney

5.83E+3
1.02E+0
1.34E+5

197E +4

1.24E +4
458E+4

5.10E+0
3.66E+4
1.87E-1
3.09E+2
437E-2

146E+3
209E+4
6.13E+4
5.18E+3
2.58E+4

2.75E+3
1.11E+4
287E+5
8.56E+4
2QRE+S5

480E+2
6.22F-4
1.67E+1
7.00E-5
2.29E-5

6.26E+3
6.08E +1
848E+5

2.16E+3
7.05E-3
3.56E+3

T.00E +1

35

Lung

S.05E+5
1.10E+4
9.36E+6

463E+6
248E+6
1.74E+6
3.14E+5S
9.60E +5

6.51E+3
1.16E+6
1.94E+3
1.46E+5
1.39E+3

2.88E+5

9.76E +4
1.20E +4
7.52E+4

4 86E+1
3.76E+3
1.27E+6
194E +3
1.19E+3

1.36E+5
6.33E+3
3.62E+5
798E +4
7.78E+6

281E+5
1.02E+3
221E+5
290E+4
3.76E +4

GI-LLI T.Body
1.10E+5 6.58E+2
482E+4 3.11E-1
9.12E+5 8.72E+3
3.02E+5 S94E+3
406E +5 124E+4
1.01E+5 1.26E+4
7.06E +4 467E+2
1.50E+5 1.5TE+3
S.74E +4 3.10E-1
383E+5 1.58E+3
1.57TE+2 1.24E-2
5.56E+5 290E+1
1L.84E+1 3.59E-3
5.10E+5 1.62E+2
7.69E+3 5.28E+3
6.28E+3 205E+4
406E+2 1.16E+3
8.88E +3 452E+3
1.01E+0 6.15E+2
525E+3 2.57TE+3.
1.04E+4 728E+5
1.17E+4 1.10E+5
840E+3 428E+5
1.86E-3 324E+2
8.96E+2 2.74E-2
2.18E+5 257E+3
1.16E-7 3.36E-3

- 1.66E-3
458E+5 458E+1
211E+3 7.72E-2
1.20E+5 1.53E+3
2.26E +5 1.53E+1
8.16E+5 1.84E+5
200E+5 464E+2
2.15E-8 1.53E-3
1.73E+5 365E+2
1.55E+5 248E+0
LI9E+5 124E+1

Rev. §
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Nuclide

H-3
C-14
Na-24
P-32
Cr-51

Mn-54
Mn-56
Fe-55
Fe-59
Co-57 -

Co-58
Co-60
Ni-63
Ni-65
Cu-64

Zn-65
Zn-69
Br-82
Br-83
Br-84

Br-85
Rb-86
Rb-88
Rb-89
Sr-89

Sr-90
Sr-91
Sr-92
Y-9%0
Y-91m

Y-91
Y-92
Y-93
Zr-95
Zr-97

Nb-95
Nb-97
Mo-99
Tc-99m
Tc-101

Bone

2.60E +4
1.38E+4
1.89E +6

334E+4
1.59E +4

5.80E+5
2.18E+0

386E+4
483E-2

Table 2.5

R, Inhalation Pathway Dose Factors - TEEN

Liver

1.27E+3
487E+3
138E +4
1.10E+S

S.11E+4
1.70E+0
238E+4
3. 70E+4
6.92E+2

207E+3
1.51E+4
434E+4
2.93E-1

2.03E+0

1.34E+5
9.20E-2

1.90E+5
S546E +2
3.52E+2

4 58E+4
272E+1

1.03E+4
TT8E-2
L69E +2
3.86E-3
8.40E-5

(mrem/yr per pCi/m3)

Thyroid
1.27E+3

487E+3
1.38E+4

7.50E +1

Kidney

1.27E+3
487E+3
1.38E+4

3.07E+1

1.27E+4
1.79E +0

641E+0

8.64E+4
6.02E-2

6.74E +4
412E+1

1.00E+4
9.12E-2
411E+2
5.76E-2
1.52E-3

36

Lung

1.27E+3
487E+3
1.38E+4

2.10E+4

198E+6

1.52E+4
1.24E+5
1.53E+6
S.86E+5

1.34E+6
8.72E+6
3.07E+5
9.36E+3

. 1L11E+4

1.24E+6
1.58E +3

242E+6

1.65E+7
6.07E+4
2.74E+4
293E+5
320E+3

294E+6

2.68E+4
8.32E+4
2.69E+6
1.30E+5

751E+5
393E+3
1.54E+5
1.15SE+3
6.6TE +2

1.77E+4
2.92E-S
338E-7
371E+5

765E+5
2.59E+35
1.19E+5
S5.59E+5
302E+1

4.09E+5

1.65E+5
S.79E+5
149E+5
6.30E+5

968E+4
217E+3
2.69E+5
6.13E+3
8.72E-7

T.Body

1.27E+3
487E+3
1.38E+4
7.16E+4

" 1.35SE+2

8.40E+3
2.52E-1

5.54E+3
1.43E+4
9.20E+2

278E+3
198E +4
1.98E +4
1.27E-1
8.48E-1

6.24E+4
6.46E-3

1.82E+4
344E +2
433E+2

183E+1
840E+4
2T2E+2
233E+2
1.25E+4

6.68E +6
351E+0
4.06E-1
8.00E +1
1.42E-2

1.77E+4
429E-1

372E+0
3.15E+4
1.26E+1

5.66E + 3
2.84E-2
3.22E+1
499E-2
8.24E-4

Rev. >
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Nuclide

Ru-103
Ru-105
Ru-106
Rh-103m
Rh-106

Ag-110m

Sb-124

- Sb-125
Te-125m

Te-127m

Te-127
Te-129m
Te-129
Te-131m
Te-131

Te-132
1-130
I-131

[V S

[-13
I-13

I-134
I-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

Bone

2.10E+3
1.12E+0
984E+4

138E+4
430E+4
7.38E+4
488E +3

. 1.80E+4

2.01E+0
1.39E +4
71.16E-2
984E +1
1.58E-2

3.60E+2
6.24E+3
3.54E+4
1.59E+3
1.22E+4

8.88E +2
3 70E+3
S.02E +5
5.15E+4
6.70E+5

4.66E+2
1.34E+0
S4TE+4
1.42E-1
3.70E-2

4T9E +2
9.60E-1

2.84E+4
2.66E+2
489E+6

1.34E+4
430E-2

786E +3
120E+1
338E+2

Table 2.5 (Continued)

R, Inhalation Pathway Dose Factors - ’I'EEN.

Liver

1.31E+4
T94E +2
8.08E +2
224E+3
8.16E+3

9.12E-1
6.58E+3
3.38E-2
6.01E+1
8.32E-3

290E+2
1.79E+4
491E+4
438E+3
205E+4

232E+3

9.44E +3
1.13E+6
194E+5
848E+5

8.56E+2
9.44E-4
6.70E+1
1.06E-4
3.70E-5

236E+2
4.25E-1

190E +4
194E +2
202E+6

531E+3
1:76E-2

8.56E+3
9.76E +0

3.19E+1

(mrem/yr per uCi/m>)

Thyroid

9.76E+1
7TO04E +1
1.40E+3
438E+3

1.42E+0

458E+3 -

5.18E-2
725E+1
1.24E-2

246E+2
149E+6
146E +7
1.51E+5
292E+6

395E+4
6.21E+5

Kidney

743E+3
1.41E+0
1.90E +5

250E +4

6.54E+4

7.28E+0
5.19E+4
2.66E-1
439E +2
6.18E-2

195E+3
2.75E+4
S840E+4
6.92E+3
3.59E+4

3.66E +3
1.49E+4
375E+5
1.10E+5
3.04E+5

6.62E+2

8.88E-4
228E+1
9.84E-5
3.14E-5

8.88E+3
864E+1
1.21E+6

3.09E+3
1.01E-2
S02E+3

1.00E+2

37

Lung

783E+5
1.82E+4
1.61E+7

6.75E+6
3.85E+6
274E+6
5.36E+5
1.66E +6

1.12E+4
1.98E+6
330E+3
238E+5
234E+3

449E+5

1.46E+5
1.78E+4
121E+5

787E+1
6.46E+3
2.03E+6
329E+3
191E+3

2.14E+5
1.02E+4
6.14E+5
130E+S5S
134E+7

483E+5
1.75E+3
3.72E+5
474E +4
6.49E+4

2 713E+5
398E+35
9.92E+4
750E+4
1.59E+5

8.08E +4
405E+5
1.62E+3
6.21E+5
151E+1

4.63E+5
9.12E+3
6.49E+3
1.27E+3
1.03E+4

204E+1
6.95E+3
9.76E +3
1.09E+4
848E+3

2.70E-1
645E+3
229E+5

" 746E-4

487E+5
120E+4
1.26E+5
2.55E+5
8.64E+5

2.14E+5

235E4

1.82E+5
1.77E+5
1.32E+5

T.Body

8.96E +2
4.34E-1
1.24E+4

799E +3
1.68E+4
1.72ZE+4
6.67E +2
2.18E+3

442E-1
225E+3
1.76E-2
402E+1
5.04E-3

2.19E+2
T117E+3
264E+4
1.58E+3
6.22E+3

840E +2
349E+3
S49E +5
137E+5
311E+5

446E+2
3.90E-2
3.52E+3
4,74E-3
227E-3

6.26E+1
1.06E-1

217E+3
2.16E+1
262E+5

6.62E +2
2.18E-3

SA3E+2
343E+0
1.77E+1
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Nuclide

H-3
C-14
Na-24
P-32
Cr-51

Mn-54
Mn-56
Fe-55
Fe-59
Co-57

Co-58
Co-60
Ni-63
Ni-65
Cu-64

Zn-65
Zn-69
Br-82
Br-83
Br-84

Br-85
Rb-86
Rb-88
Rb-89
Sr-89

Sr-90
Sr-91
Sr-92
Y-9%0
Y-91m

Y91
Y-92
Y-93
Zr-95
2197

Nb-95
Nb-97
Mo-99
Tc-99m
Te-101

Bone

3.59E+4
161E+4
2.60E+6

474E+4
207E+4

821E+5
299E+0

4.26E +4
6.70E-2

Liver

1.12E+3
6.73E+3
161E+4
1.14E+5

429E +4
1.66E +0
252E+4
3.34E+4
9.03E+2

1.77TE+3
1.31E+4
463E+4
2.96E-1

1.99E +0

L1BE+S5
9.66E-2

198E+5
5.62E+2
345E+2

4.18E+4
2.72E+1

9.18E+3
7.70E-2
1.72E+2
3.48E-3
8.51E-5

Table 2.6

(mrem/yr per p.Ci/m3)

Thyroid

1.12E+3
6.73E+3
1.61E+4

8.55E+1

Kidney

1.1I2E+3
6.73E+3
161E+4

243E+1

1.00E+4
1.67E+0

6.03E+0

7.14E +4
5.85E-2

596E+4
3.89E+1

8.62E+3
8.55E-2
3.92E+2
5.07E-2
1.45E-3

38

Lung
1.12E+3
6.73E+3
161E+4
1.70E +4

1.58E+6

" 1.31E+4

1.11E+5
127E+6
S.OTE+5

1.11E+6
7O07TE +6
2.75E+5
8.18E+3
9.58E+3

995E+35
1.42E+3

2.16E+6

148E+7
533E+4
240E+4
2.62E+5
281E+3

2.63E+6
2.39E+4
7.44E+4
2.23E+6

 LI3E+5

6.14E+5
342E+3
135E+5
9.51E+2
S85E+2

R, Inhalation Pathway Dose Factors - CHILD

GI-LLI

1.12E+3
6.73E+3
161E+4
4.22E+4
1.08E+3

229E+4
1.23E+5
287TE+3
707E+4
1.32E+4

3.44E+4
9.62E+4
633E+3
840E+4
3.67E+4

1.63E+4
1.02E+4

799E +3
1.72E+1
1.89E+0
167E+5S

343E+5
1.74E +5
242E+5
268E+5
1.72E+3

184E+5
2.39E+5
3.8E+5
6.11E+4
351E+S

3.70E +4
2.78E+4
127E+5
481E+3
163E+1

T.Body

1.12E+3
6.73E+3
1.61E+4
9.88E+4
1.54E+2

9.51E+3
3.12E-1

TITE+3
1.67E+4
1.07E+3

3.16E+3
2.26E+4
2.80E +4
1.64E-1

1.07E+0

703E+4
8.92E-3

2.09E+4
4.74E+2
5.48E +2

2.53E+1
1.14E+5
3.66E+2
290E+2
1.72E +4

6.44E +6
4.59E +0
5.25E-1
1.11E+2
1.84E-2

244E +4
5.81E-1

5.11E+0
3. 70E+4
1.60E +1

6.55E+3
3.60E-2
426E+1
5.77E-2
1.08E-3
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Nuclide

Ru-103
Ru-105
Ru-106
Rh-103m
Rh-106

Ag-110m
Sb-124
Sb-125
Te-125m
Te-127m

Te-127
Te-129m
Te-129
Te-131m
Te-131

Te-132 .
I-130
[-131
[-132
[-133

I-134
I-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

Bone

2.79E +3
1.53E+0
1.36E+5

169E+4 .

574E+4
984E +4
6.73E+3
249E +4

2.77E+0
1.92E+4
9.77E-2
1.34E+2
2.17E-2

481E +2
8.18E+3
481E+4
212E+3
1.66E+4

1.17E+3
492E +3
6.51E+5
6.51E+4
9.07E+S

633E+2
1.84E+0
740E +4
1.96E-1
5.00E-2

6.44E+2
1.30E+0
392E+4
3.66E+2
6.TTE+6

185E +4
5.96E-2

1.08E+4
1.63E+1
4.66E +2

Table 2.6 (Continued)

R, Inhalation Pathway Dose Factors - CHILD

Liver

1.14E+4
T4E+2
1.59E+2

233E+3

8.55E+3

9.51E-1
6.85E+3
3.50E-2
S92E+1
8.44E-3

272E+2
1.64E+4
481E+4
407E+3
2.03E+4

2.16E+3
8.73E+3
101E+6
1.71E+5
8.25E+5

8.40E+2
9.84E-4
6.48E+1
1.09E-4
3.60E-5

2.25E+2
4.11E-1

195E+4
1.9E +2
2.12E+6

5.55E+3
1.85E-2

8.73E+3
9.66E+0
334E+1

(mrem/yr per pCi/m3)

Thyroid

1.26E+2
9.10E+1
1.92E+3
6.07E+3

1.96E +0
6.33E+3
7.14E-2
9.77E+1
1.70E-2

3.17E+2
1.85E+6
1.62E+7
1.94E+5
3.85E+6

5.07E+4
T92E+5

Kidney

703E+3
134E+0
1.84E+5

2.12E+4

6.36E +4

707E+0
S.03E+4
2.57E-1
400E+2
5.88E-2

1.77E+3
245E+4
7.88E +4
6.25E+3
338E+4

330E+3
134E+4
330E+5
955E+4
282E+5

6.22E+2
8.62E-4

211E+1

947E-5
291E-5

8.55E+3
836E+1
1.17E+6

3.00E+3
9.77E-3

481E+3

9.73E+1

39

Lung

6.62E+5
1.59E +4
143E+7

1.21E+5
1.45E+4
1.04E+5

681E+1
STTE+3
1.74E +6
292E+3
1.64E+3

183E+5

8.70E+3.

S4E+5
1.15E+5
120E +7

433E+5
1.57E+3
328E+5
411E+4
581E+4

1.00E+5

"1.64E+5

403E+4
338E+4
7.14E+4

5.62E+4
1.82E+5
2.55E+4
3.08E+5
1.33E+3

138E+5
S.11E+3
284E+3
320E+3
S48E+3

9.55E+2
444E+3
385E+3
4.18E+3
362E+3

270E+2
STTE+4
1.02E+5
275E+2
274E+0

226E+5
7.59E +4
5.66E +4
127E+5
38E+5

9.73E+4
197E+2
8.21E+4
9.10E+4
640E+4

1.07E+3
5.55E-1
1.69E +4

9.14E+3
2.00E+4
207E+4
9.14E+2
3.02E+3

6.11E-1
3.04E+3
2.38E-2
SO07E+1
6.59E-3

263E+2
8.4E+3
2.73E+4
1.88E+3
770E+3

99SE+2
414E+3
225E+5
1.16E+35
1.28E+5

5.55E+2
537E-2
433E+3
6.36E-3
2.79E-3

155E+1
1.29E-1

290E+3
287TE+1
361E+5

9.14E+2
3.00E-3

681E+2
433E+0
235E+1
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Nuclide

H-3
C-14
Na-24
P-32
Cr-51

Mn-54
Mn-56
Fe-55
Fe-59
Co-57

Co-58
Co-60
Ni-63
Ni-65
Cu-64

Zn-65
Zn-69
Br-82
Br-83
Br-84

Br-85
Rb-86
Rb-88
Rb-89
Sr-89

Sr-90
Sr-91
Sr-92
Y-90
Y-91m

Y-91
Y-92
Y-93
Zr-95
Zr-97

Nb-95
Nb-97
Mo-99
Tc-99m
Tc-101

Bone

2.65E+4
1.06E + 4
2.03E+6

197E+4
1.36E+4

339E+5
239E+0

193E+4
5.39E-2

398E+5

409E+7
9.56E +1
1.05E+1
320E+3

*4.07E-1

588E+5
1.64dE+1
1.50E+2
L1SE+5
1.50E+2

1S5TE+4
342E-1

140E-3
6.51E-5

Table 2.7

R, Inhalation Pathway Dose Factors - INFANT

Liver

647E +2
531E+3
1.06E+4
1L.12E+5

253E+4
1.54E +0
1.17E+4
235E+4
6.51E+2

1.22E+3
8.02E+3
2.04E+4
2.84E-1

1.88E +0

6.26E+4
9.67E-2

1.90E +5
5.5TE+2
321E+2

2.79E +4
2.56E+1

6.43E+3
7.29E-2
1.65E+2
2.88E-3
8.23E-5

(mrem/yr per p.Ci/m3)

Thyroid

6.47E+2
531E+3
1.06E+4

575E+1

Kidney

6.47TE+2
531E+3
1.06E + 4

1.32E+1

4.98E+3
1.10E+0

398E+0

3.25E+4
4.02E-2

3.11E+4
2.59E +1

472E+3
5.70E-2
2.65E+2
3.11E-2
9.79E-4

Lung

6.47TE +2
5S31E+3
1.06E+4

1.28E+4

1.00E+6
1.25E +4
8.69E +4
1.02E+6
379E +5

77TE+5
451E+6
2.09E+5
8.12E+3
9.30E+3

647E+5
147E+3

203E+6

IL.12E+7
5.26E+4
238E+4
2.69E+5
2.79E+3

245E+6
245E +4
7.64E+4
1.75SE+6
1.10E+5

4 T9E +5
332E+3
1.35E+5
8.11E+2
5.84E+2

GI-LLI

6.47E +2
531E+3
1.06E+4
1.61E+4
3.57TE+2

7.06E+3
T17E+4
1.09E+3
248E+4
4 86E +3

1.11E+4
3.19E+4
242E+3
501E+4
1.50E+4

5.14E+4
1.32E+4

3.04E+3
3.39E+2
6.82E+1
6.40E +4

1.31E+5
734E +4
140E+5
1.04E+5
235E+3

T03E+4
127E+5S
1.67TE+5
217E+4
1.40E+5

127E+4
2.69E+4
487E+4
203E+3
S.4M4E+2

T.Body

6.47TE +2
531E+3
1.06E +4
7T 74E +4
895E+1

498E+3
2.21E-1

333E+3
948E+3
6.41E+2

1.82E+3
1.18E +4
1.L16E+4
1.23E-1
7.74E-1

3.11E+4
7.18E-3

133E+4
381E+2.
400E+2

204E+1
882E+4
287E+2
2.06E+2
1.14E+4

2.59E+6
346E+0
3.91E-1
882E+1
1.39E-2

1.57E+4
461E-1

407TE+0
2.03E+4
1.17TE+1

3.78E+3
2.63E-2
3.23E+1
3.72E-2
8.12E-4
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Nuclide

Ru-103
Ru-105
Ru-106
Rh-103m
Rh-106

Ag-110m
Sb-124
Sb-125
Te-125m
Te-127m

Te-127
Te-129m
Te-129

Te-131m-

Te-131

Te-132
1-130
I-131
I-132
I-133

I-134
I-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
Ww-187
Np-239

Bone

2.02E+3
1.22E+0
8.68E+4

998E+3
3.79E+4
5.17TE+4
4.76E+3
167E+4

2.23E+0
141E+4
7.88E-2
1.07E+2
1.74E-2

3.2E+2
6.36E+3
3.79E +4
1.69E+3
132E+4

9.21E+2
386E+3
396E+5
483E+4
549E+5

" 5.05E+2

148E +0
5.60E+4
1.57E-1
398E-2

5.05E +2
1.03E+0
2.7TE+4
293E+2
3.19E+6

1.40E +4
4.79E-2

794E+3
130E+1
3.71E+2

Table 2.7 (Continued)

R, Inhalation Pathway Dose Factors - INFANT

Liver

7.22E+3
S556E+2
4.7TE+2
1.9E+3
6.90E+3

9.53E-1
6.09E+3
3.47E-2
5.50E+1
8.22E-3

237E+2
1.39E +4
4.44E +4
3.54E+3
1.92E+4

1.88E+3
7.60E +3
7.03E+5
135E+5
6.12E+5

781E+2
9.84E-4
5.60E+1
1.08E-4
330E-5

200E+2
3.77E-1

1.67E+4
1.93E+2
121E+6

5.24E+3
1:85E-2

8.13E+3
9.02E+0
332E+1

(mrem/yr per uCi/m3)

Thyroid

1.01E+2
6.23E+1
1.62E+3
487E+3

1.85E+0
S4TE+3
6.75E-2
893E+1
1.58E-2

2.79E+2
1.60E+6
148E+7
1.69E+5
3.56E+6

445E+4
6.96E +5

Kidney

424E+3
8.99E-1
107E+5

1.09E+4

3.75E+4

486E+0
3.18E+4
1.75E-1
2.65E+2
3.99E-2

1.03E+3
1.53E +4
S5S.18E+4
395E+3
224E +4

209E+3
8.47E+3
1.90E +5
5.64E +4
1.72E+5

4.10E+2
5.92E-4
1.34E+1
6.50E-5

190E-5 -

5.25E+3
S64E+1
538E+5

1.97E+3
6.72E-3
3.15E+3

6.62E+1

41

Lung

5.52E+5
1.57E+4
1.16E+7

367E+6
2.65E+6
1.64dE+6
44TE+5
1.31E+6

1.03E +4
1.68E+6
3.00E+3
1.9E +5

- 206E+3

3.40E+5

197E +4
1.18E+4
T.13E +4

6.54E+1
595E+3
1.60E+6
297E+3

L5SE+3

1.68E+5
822E+3
S.17E+5
1.16E+5
984E +6

433E+5
161E+3
322E+5
396E+4
S9SE +4

GI-LLI T.Body

161E+4 6.79E +2
484E +4 4.10E-1

1.64E+5 1.09E+4
3.30E+4 5.00E+3
591E+4 1.20E+4
147E+4 1.09E+4
1.29E+4 6.58E+2
2.73E+4 207E+3
2.4E+4 4 89E-1

6.90E+4 223E+3
2.63E+4 1.88E-2

1.19E+5 363E+1
S822E+3 5.00E-3

441E+4  176E+2
1.9E+3 5.5TE+3
1.06E+3 196E +4
1.90E+3 1.26E +3
2.16E+3 5.60E+3
1.29E+3 6.65E+2
1.83E+3 27TE+3
133E+3 7.45E+4
143E+3 5.29E+4
133E+3 4.55E+4
8.76E+2 398E+2
5.10E+4 430E-2

3.84E+4 290E+3
475E+3 497E-3

6.93E+2 1.96E-3

848E+4 S15E+1
595E +4 9.04E-2

2.16E+4 199E+3
497E+4 221E+1
148E+5 1.76E+5
3.72E+4 6.99E +2
4.28E+3 241E-3

3.12E+4 5.00E+2
3.56E+4 3.12E+0
249E+4 1.88E+1
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Table 2.8

R; Vegetation Pathway Dose Factors - ADULT

(mrem/yr per xCi/m?) for H-3 and C-14 (m?® x mrem/yr per uCi/sec) for others

Nuclide

H-3
C-14
Na-24
P-32
Cr-51

Mn-54 .
Mn-56
Fe-55
Fe-59
Co-57

Co-58
Co-60
Ni-63
Ni-65
Cu-64

'Zn-65

Zn-69
Br-82
Br-83
Br-84

Br-85
Rb-86
Rb-88
Rb-89
Sr-89

Sr-90
Sr-91
Sr-92
Y-90
Y-91m

Y-91
Y-92
Y-93
Zr-95
Zr-97

Nb-95
Nb-97
Mo-99
Tc-99m
Tc-101

Bone

897TE+5
2.76E+5
1.40E+9

2.09E+8
127E+8

1.04E+10
6.15E+1

3.17E+8
8.75E-6

9.96E +9

6.05SE +11
3.20E+5
427E+2
1.33E+4
5.83E-9

S.BE+6
9.01E-1

1.74E+2
1.19E+6
333E+2

142E+5
2.90E-6

3.06E+0

Liver

2.26E+3
1.79E +5
2.76E+5
8BE+7

3.11E+8
161E+1
145E+8
2.99E +8
117E +7

3.09E+7
1.67E+8
721E+8
7T9E +0
927E+3

1.01E+9
1.67E-5

2.19E+8

Thyroid

226E+3
L79E+5
T 76E+5

2.79E +4

Kidney

2.26E+3
1.79E+5
2.76E+5

1.03E+4

927TE+7
204E+1

S9TE+5
1.02E+2

781E+4
8.56E-7

141E+7
132E+2

42

Lung

2.26E+3
1.79E+5
2.76E+5

6.19E +4

8.06E+7
835E+7

424E+0

GI-LL1

2.26E+3
1.79E+5
2.76E+5
1.58E+8
L1TE+7

954E +8
S513E+2
8.29E+7
996E +8
297E+8

6.26E+8
3.14E+9
1.50E+8
2.03E+2
790E+5

6.36E+8
2.51E-6

1.73E+6
463E+0

432E+7

1.60E+9

1.75E+10
1.52E+6
8.46E+3

~141E+8

1L71E-8

2.82E+9
1.58E+4
552E+6
1.21E+9
2.08E+7

480E+8
2.71E-3

145E+7

5.12E+3

T.Body

2.26E+3
1.79E+3
276E+5
S42E+7
466E+4

S94E+7
285E+0
337E+7
1.14E+8
195E+7

6.92E+7
3.69E +8
349E+8
3.65E+0
435E+3

4.56E +8
1.16E-6

1.51E+6
321E+0

1.02E +8

2.86E +8

148E+11
1.29E+4
185E +1
3.56E+2

137E+5S
2.63E-2

480E+0
2.58E+5
308E+1

425E+4
2.68E-7

1.19E+6
1.10E+2
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Table 2.8 (Continued)

R; Vegetation Pathway Dose Factors - ADULT

(mrem/yr per uCi/m3) for H-3 and C-14(m2 x mrem/yr per uCi/sec) for others

Nuclide

Ru-103
Ru-105
Ru-106
Rh-103m
Rh-106

Ag-110m
Sb-124
Sb-125
Te-125m
Te-127m

Te-127
Te-129m
Te-129
Te-131m
Te-131

Te-132
I-130
I-131
I-132
I-133

I-134
I-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

Bone

480E+6
5.39E+1
1.93E+8

1.06E+7
1.04E +8
1.36E+8
9.66E+7
3.49E+8

5.76E+3
2.55E+8
6.65E-4

9.12E+5

429E+6
396E+5
8.09E+7
ST4E+1
2.12E+6

1.06E-4

408E+4
4.66E+9
4.20E+7
6.36E+9

2.95E-2
1.29E+8

197E+3
1.40E4

1.96E +5
1.00E+3
3.20E+7

634E+4
334E+4

382E+4
1.42E+3

Liver

. 9.76E+6

1.96E+6
1.52E+6
3.50E+7
1.25E+8

207E+3
9.50E+7
2.50E-4

446E+5

2TTE+6
1.1TE+6
1.16E +8
1.54E+2
3.69E+6

2.88E-4
1.07E+5S
1.11E+10
1.66E+8
8.70E+9

2.10E-5
1.62E+5

992E+2
6.35E-5

133E+5
T42E+5
1.38E+7

254E+4
386E+4

3.19E+4
140E+2

Thyroid

2.52E+5
1.39E+5
290E+7
8.92E+7

427E+3
8.7SE+7
5.10E-4

7.06E+5

3.06E+6
9.90E+7
3.79E+10
538E+3
5.42E+8

5.00E-3
T04E+6

Kidney

1.83E+7
6.96E +2
3.72E+8

192E+7

393E+8
142E+9

235E+4
1.06E +9
2.79E-3

4.52E+6

267TE+7
1.82E+6
1.98E+8
245E+2
6.44E+6

4.59E-4
1.71E+5

3.59E+9

924E+7
295E+9

1.96E-5
5.49E +4

6.17E+4
3.26E+2
8.16E+6
147E+4
2.25E+4

437E+2

43

Lung

" 8.08E+7
1.05E+8

1.19E+9
127E+7
981E+8

1.19E-5
9.25E+4

GI-LLI

S.61E+8
330E+4
125E+10

398E+9
295E+9
1.50E+9
3.86E+8
1.17E+9

454E+5
1.28E+9
5.02E-4

443E+7

1.31E+8
1.01E+6
3.05E+7
2.89E+1
331E+6

2.51E-7

1.21E+5
1.94E+8
1.89E+7
1.68E+8

5.23E-2
2.65E+8

7.28E+7
464E-1
5.08E+8
2TTE+7
1.11E+10

2.78E+8
1.85E+8

1.0SE+7
2.8TE+7

T.Body

207E+6
2.13E+1
2M4E+7

5.80E+6
4.11E+7
325E+7
1.29E+7
426E+7

1.25E+3
403E+7
1.62E-4

3.72E+5

2.60E+6
461E+5
6.63E+7
538E+1
1.12E+6

1.03E-4

394E+4
9.07E +9
1.19E+8
S.70E+9

8.64E-4
B43E+6

2.62E+2
1.58E-5

1.51E+4
821E+1
1.77E+6

3.14E+3
231E+3

1.12E+4
772E+1
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Table 2.9

R, Vegetation Pathway Dose Factors - TEEN

(mrem/yr per uCi/m3) for H-3 and C-14(m? x mrem/yr per uCi/sec) for others

Nuclide

H-3
C-14
Na-24
P-32
Cr-51

Mn-54
Mn-56
Fe-35
Fe-59
Co-57

Co-58
Co-60
Ni-63
Ni-65
Cu-64

Zn-65
Zn-69
Br-82
Br-83
Br-84

Br-85
Rb-86
Rb-88
Rb-89
Sr-89

Sr-90
Sr-91
Sr-92
Y-90
Y-91m

Y-91
Y-92
Y-93.
Zr95
Zr-97

Nb-95
Nb-97
Mo-99
Tc-99m
Tc-101

Bone

145E+6
245E+5
1.61E+9

3.25E +8
181E+8

1.61E+10
5.73E+1

424E+8
8.19E-6

151E+10

751E+11
29E+5
397TE+2
1.24dE+4
5.43E-9

78TE+6
847E-1

1.63E+2
1.74E+6
3.09E+2

19NE+5
2.69E-6

270E+0

Liver -

2.59E+3
291E+5
245E+5
9.96E +7

452E+8
145E+1
231E+8
422E +8

1.79E+7

438E+7
249E+8
1.13E+9
732E+0
8.40E+3

147E+9
1.56E-5

273E+8

Thyroid

2.59E +3
291E+5
245E+5

344E+4

Kidney

2.59E+3
291E+5
245E+5

1.36E+4

1.35E+8
183E+1

2.12E+4

941E+8
1.02E-5

8.0TE+5S
9.26E+1
LO3E+5

7.80E-7
131E+7

1L.1I2E+2 .

Lung

2.59E+3
291E+5
245E+5

"8.85E+4

146E+8
1.33E+8

4.19E+0

GI-LLI

2.59E+3
291E+5
245E+5
135E+8
104E+7

9.27E+8

"9.54E+2

9.98E+7
9.98E+8
334E+8

6.04E+8
324E+9
181E+8
397E+2
6.51E+5

6.23E+8
2.88E-5

4.05E+7

1.80E+9

2.11E+10
1.36E+6
101E+4
102E+8
2.56E-7

323E+9
232E+4
498E+6
1.27E+9
165E+7

455E+8
1.59E-2

1.03E+7
495E+3

T.Body

2.59E +3
291E+3
245E+35
6.23E+7
6.20E+4

897E+7
2.58E+0
5.38E+7
1.63E+8
3.00E+7

1.01E+8
5.60E +8
545E+8
333E+0
395E+3

6.86E+8
1.09E-6

133E+6
3.01E+0

1.28E+8 .

4.33E+8

1.85E +11
1.19E +4
1.69E+1
334E+2

2.11E+53
2.45E-2

447TE +0
3.78E+53
281E+1

S.86E +4
2.ME-7

1.09E+6
977E +1
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Table 2.9 (Continued)

. ‘ R; Vegetation Pathway Dose Factors - TEEN

(mrem/yr per uCi/ m?) for H-3 and C- 14(m2 x mrem/yr per uCi/sec) for others
Nuclide Boue Liver Thyroid Kidney Lung GI-LLI T.Body
Ru-103 6.87TE+6 . - 242E+7 - 574E+8  294E+6
Ru-105 SO00E+1 . . 6.31E+2 - 404E+4  194E+1
Ru-106 3.09E+8 - - S9TE +8 . 148E+10 390E+7
Rh-103m - - - - - . .
Rh-106 - . - - .
Ag-110m 1.52E+7 1L4M4E+7 - 274E+7 - 4.04E+9 8.714E+6
Sb-124 1.55E +8 285E+6 351E+5 - 1.35E+8 3.11E+9 6.03E+7
Sb-125 214E+8 234E+6 2.04E+5 - 1.88E+8 1.66E+9 SO00E+7
Te-125m 1.48E+8 534E+7 414E+7 - - 437E+8 198E +7
Te-127m S51E+8 1.96E +8 1.31E+8 224E+9 - 1.37E+9 6.56E+7
Te-127 543E+3 192E+3 .3.74E +3 220E+4 - 419E+5 1.17E+3
Te-129m 367E+8 1.36E+8 1.18E+8 1.54E+9 - 1.38E+9 S81E+7
Te-129 6.22E-4 2.32E4 445E-4 2.61E-3 - 3.40E-3 1.51E-4
Te-131m 8.44E+5 405E+5 6.09E+5 422E+6 - 325E+7 338E+5
Te-131 - - - - - - -
Te-132 390E+6 247E+6 2.60E+6 237E+7 - 7.82E+7 232E+6
I-130 3.54E+5 1.02E+6 835E+7 1.58E+6 - 787E+35 409E+5
I-131 TT0E+7 1.08E+8 3.14E+10 1.85E+8 - 213E+7 S.9E+7
I-132 5.18E+1 1.36E+2 457E+3 2.14E+2 - 591E+1 487E +1
I-133 197E+6 334E+6 4.66E+8 5.86E+6 - 253E+6 1.02E+6
I-134 9.59E-5 2.54E-4 424E-3 401E-4 - 3.35E-6 9.13E-5
I-135 3.68E+4 9.48E +4 6.10E+6 L50E+35 - 1.0SE+5 3.52E+4
Cs-134 7.09E+9 167E+10 - 5.30E+9 202E+9 208E+8 7.74E +9
Cs-136 429E+7 1.69E+8 - 9.19E+7 145E+7 1.36E+7 1.13E+8
Cs-137 1.01E+10 1.35E+10 - 459E+9 1.78E+9 1.92E+8 4.69E+9
Cs-138 - - - - - - -
Ba-139 2T7E-2 1.95E-§ - 1.84E-5 1.34E-5 247E-1 8.08E-4
Ba-140 1.38E+8 1.69E +5 - 5.75E+4 1L14E+5 2.13E+8 891E+6
Ba-141 - - - - - . -
Ba-142 ’ - - - - - -
La-140 180E+3  8.84E+2 . - - SOS8E+7  235E+2
La-142 1.28E-4 5.69E-5 - . - 1.73E+0  142E-S
Ce-141 2.82E+5 1.88E+5 - 8.86E +4 - 538E+8 2.16E +4
Ce-143 9.37E+2 6.82E+5 . 3.06E+2 - 205E+7 7.62E+1
Ce-144 527E+7 2.18E+7 - 1.30E+7 - 133E+10 283E+6
Pr-143 T12E+4 2.84E+4 - - 165E+4 - 234E+8 3.55E+3
Pr-144 . . . - . - -
Nd-147 363E+4  394E+4 - 2.32E+4 . 142E+8  236E+3
W-187 355E+4  290E+4 - - - 784E+6  1.02E+4
Np-239 138E+3  130E+2 - 4.09E+2 . 210E+7  724E+1
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Table 2.10

R, Vegetation Pathway Dose Factors - CHILD

(mrem/yr per pCi/m3) for H-3 and C-14(m? x mrem/yr per uCi/sec) for others

Nuclide

H-3
C-14
Na-24
P-32
Cr-51

Mn-54
Mn-56
Fe-55
Fe-59
Co-57 -

Co-58
Co-60
Ni-63
Ni-65
Cu-64

Zn-65
Zn-69
Br-82
Br-83
Br-84

Br-85
Rb-86
Rb-88
Rb-89
Sr-89

Sr-90
Sr-91
Sr-92
Y-90
Y-91m

Y91
Y-92
Y-93
Zr-95
Zr97

Nb-95
Nb-97
Mo-99
Tc-99m
Tec-101

Bone

3.50E+6
3.83E+5
337E+9

8.00E+8
401E+8

395E+10
1.0SE+2

8.12E+8
1.51E-5

3.59E+10

1.24E +12

S.50E+5
7.28E+2
2.30E+4
9.94E-9

1.87E+7
1.56E +0
301E+2
3.90E+6
5.64E+2

4.10E+5
4.90E-6

4.65E+0

Liver

4.01E+3
701E+5
383E+S
1.58E +8

6.61E+8
1.90E+1
424E +8
6.49E+8
2.9E+7

647TE+7
3.78E+8
2.11E+9
9.89E+0
1.11E+4

2.16E+9
2.18E-5

452E+8

8.58E+5
8.15E+1

1.59E+5
8.85E-7

783E+6
9.12E+0

Thyroid

401E+3
701E+5
383E+5

6.54E+4

Kidney

401E+3
701E+5
3.83E+5

1.79E +4

1.85E+8
2.29E+1

1.23E+6
L1TE+2
1.50E+5
9.82E-7

1.67TE+7
133E+2

46

Lung
401E+3
701E+5
383E+5

1.19E+5

2.40E +8
1.88E+8

463E+0

GI-LLI

401E+3
701E+5
383E+5
930E+7
6.25E+6

5.55E+8
2.7SE+3
7.86E+7
6.76E+8
245E+8

3.77TE+8
2.10E+9
142E+8
1.21E+3
520E+S

3.80E+8
1.38E-3

291E+7

1.39E+9

1.67E+10
121E+6
1.38E+4
6.56E+7
1.95E-5

2.49E+9
451E+4
448E+6
89SE+8
1.23E+7

295E+8
2.73E-1

6.48E+6
5.19E+3

T.Body

4.01E+3
701E+5
383E+3
1.30E+8

- 118E+3

1.76E+8
428E+0
1.31E+8
323E+8
6.04E+7

1.98E +8
1.12E+9
134E+9
STTE+0
6.69E+3

1.35E+9
2.02E-6

204E+6
5.55E+0

2.78E+38

1.03E+9

3.15E+11
2.08E+4
292E+1
6.17TE+2

501E+53
4 46E-2

8.25E+0
7.64E +3
481E+1

1.14E+5
4.13E-7

1.94E +6
151E+2
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Table 2:10 (Continued)

R, Vegetation Pathway Dose Factors - CHILD"

(mrem/yr per uCi/m3) for H-3 and C-14(m? x mrem/yr per uCi/sec) for others

Nuclide

Ru-103
Ru-105
Ru-106
Rh-103m
Rh-106

Ag-110m
Sb-124

. Sb-125

Te-125m
Te-127m

Te-127
Te-129m
Te-129
Te-131m
Te-131

Te-132
1-130
I-131
I-132
I-133

I-134
I-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

Bone

1.55E+7
9.17E+1
745E+8

322E+7
3.52E+8
499E +8
351E+8

132E+9

LOCE+4
8.54E +8
1.15E-3

154E+6

6.98E +6
6.21E+5
143E+8
9.20E+1
3.599E+6

1.70E-4
6.54E +4
1.60E + 10
8.06E+7
239E+10

5.11E-2
2TTE+8

3.23E+3
232E-4

635E+5
1.73E+3
1.27E+8

148E+5
7.16E+4

6.47TE+4
2.55E+3

Liver

217TE+7
45TE+6
3.85E+6
950E+7
3.56E+8

2.70E+3
239E+8
3.22E-4

533E+5

3.09E+6
1.26E+6
1.44E +8
1.69E+2
44E+6

3.16E-4
1.18E+5
263E+10
222E+8
2.29E+10

2.73E-5
243E+5

1.13E+3
7.40E-5

326E+5
936E+5
398E+7

4.46E +4
5.80E+4
383E+4
1.83E+2

Thyroid

7.78E+5
462E+5
984E +7
3.16E+8

6.93E+3

275E+8

8.22E-4
L10E+6

450E+6
1.38E+8
4.76E+10
784E+3
8.25E+8

7.28E-3
1.04E+7

Kidney

389E+7
8.06E +2
1.01E+9

4.05E+7

3.77E+9

285E+4
251E+9
3.37E-3

S5.16E+6

287TE+7
1.88E+6
236E+8
2.59E+2
740E+6

484E-4

181E+5
8.14E+9
1.18E+8
746E+9

2.38E-5
T9E+4

143E+5
393E+2
221E+7
2.41E+4
3.18E+4

530E+2

47

Lung

196E +8
2.78E+8

GI-LLI

3.9E+8
5.98E+4
1.16E+10

2.58E+9
2.20E+9
1.19E+9
3.38E+8
1.07E+9

391E+5
1.04E+9
7.17E-2

2.16E+7

311E+7
S8TE+5
1.28E+7
1.99E+2
1.79E+6

2.10E4

8.98E+4
1.42E+8
7.79E+6
1.43E+8

295E+0

1.40E+8

3.15E+7
147E+1
407E +8
1.37TE+7
1.04E+10

1.60E+8

9.18E+7

538E+6
1.36E+7

T.Body

594E+6
333E+1
930E+7

1.74E+7
1.23E+8
1.05E+8
467TE+7
1.57E+8

2.15E+3
133E+8
2.74E-4

S.68E+5

3.73E+6
6.4TE+S
8.18E+7
TITE+1
1.68E+6

1.46E-4

SSTE+4
5.54E+9
143E +8
338E+9

148E-3
1L62E+7

381E+2
232E-5

484E+4
1.36E+2
6.78E+6

737E+3
449E+3

1.72E+4
1.29E+2
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R; Grass-Cow-Milk Pathway

Table 2.11

ose Factors - ADULT

(mrem/yr per uCi/m°) for H-3 and C-14(m* x mrem/yr per uCi/sec) for others

Nuclide

H-3
C-14
Na-24
P-32
Cr-51

Mn-54
Mn-56
Fe-55
Fe-59
Co-57

Co-58
Co-60
Ni-63
Ni-65
Cu-64

Zn-65
Zn-69
Br-82
Br-83
Br-84

Br-85
Rb-86
Rb-88
Rb-89
Sr-89

Sr-90
Sr-91
Sr-92
Y-90
Y-91m

Y-91
Y-92
Y-93
Zr-95
Zr-97

Nb-95
Nb-97
Mo-99
Tc-99m
Tc-101

Bone

363E+5
2.54E+6
1.71IE+10

251E+7
298E+7

6.73E+9
3.70E-1

1.37E +9

1.45E+9

468E+ 10
3.13E+4
4.89E-1
TJO07TE+1

8.60E+3
5.42E-5
233E-1
9.46E +2
4.26E-1

8.25E+4

325E+0

Liver

7.63E+2
7.26E+4
2.54E+6
1.06E+9

8.40E+6
423E-3

1L.73E+7
TO00E+7
1.28E+6

472E+6
1.64E+7
4.66E+8
481E-2

241E+4

4.36E+9

2.59E+9

3.03E+2
8.59E-2.

4.59E+4

252E+7
9.19E+0

Thyroid

7.63E+2
7.26E +4
2.54E+6

1.71E+4

Kidney

T63E+2
726E+4
254E+6
6.30E+3

2.50E+6
5.38E-3

6.08E +4
2NE+9

476E+2
1.30E-1

4.54E +4

5. T2E+7
140E+2

48

Lung

7.63E+2
7.26E+4
2.54E+6

380E+4

9.67TE+6
195E+7

4.50E+0

GI-LLI T.Body
7.63E+2 7.63E+2
7.26E+4 726E+4
2.54E+6 254E+6
1.92E+9 6.60E +8
720E+6 286E+4
257TE+7 160E+6
1.35E-1 7.51E-4
995E+6 4.04E+6
233E+8 2.68E+7
325E+7 2.13E+6
9.5TE+7 1.06E + 7
3.08E+8 3.62E+7
9.73E+7 2.26E+8
1.22E+0 2.19E-2
2.05E+6 1.13E+4
2.75E+9 197E+9
3.72E+7 325E+7
1.49E-1 1.03E-1
S.11E+8 1.21E+9
233E+8 4.16E+7
1.35E+9 1.15E+10
149E+5 127E+3
9.68E +0 2.11E-2
7.50E+5 1.90E +0
4.73E+6 230E+2
9.49E-1 1.58E-6
739E+3 6.43E-3
962E+5 2.05E+2
2.66E+4 3.93E-2
2.79E+8 247E+4
547E9 -
S.85E+7 480E+6
S44E+3 1.17E+2
Rev. 5
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Table 2,11 (Continued)

‘ R, Grass-Cow-Milk Pathway Dose Factors - ADULT

(mrem/yr per uCi/m3) for H-3 and C-14 (m2 x mrem/yr per uCi/sec) for others
Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body
Ru-103 1.02E+3 . - 3.89E+3 - 1.1I9E+5  439E+2
Ru-105 8.57E-4 . - 1.11E-2 - 5.24E-1 3.38E-4
Ru-106 2.04E+4 - . 3.94E+4 - 1.32E+6  2.58E+3
Rhb-103m . . - - . . .
Rh-106 - - - - . . -
Ag-110m  583E+7 _ 539E+7 - 1.06E +8 . 220E+10 3.20E+7
Sb-124 257TE+7  486E+5  624E+4 - 200E+7  731E+8  102E+7
Sb-125 204E+7  228E+5  208E+4 - 1.58E+7  225E+8  486E+6
Te-125m  163E+7  590E+6  490E+6  6.63E+7 - 650E+7  2.18E+6
Te-127m  458E+7  164E+7  117E+7  186E+8 - 154E+8  5.58E+6
Te-127 6.72E+2  241E+2  498E+2  274E+3 - S30E+4  14SE+2
Te-129m  604E+7  225E+7  2.08E+7  252E+8 . 304E+8  95TE+6
Te-129 - . - - - . .
Te-131m 361E+5 1.77E+5 2.80E+5 1.79E+6 - 1.75E+7 147E+5
Te-131 - - - - - - -
Te-132 . 239E+6 155E+6  L71E+6  149E+7 - 732E+7  145E+6
1130 426E+5 126E+6  107E+8  196E+6 - 108E+6  4.96E+5
I-131 296E+8  424E+8  139E+11 727E+8 - 1.12E+8  243E+8
I-132 1.64E-1 437E-1 153E+1  6.97E-1 . 8.22E-2 1.53E-1
1-133 397TE+6  690E+6  101E+9  120E+7 - 620E+6  2.10E+6
I-134 - - - - - - -
I-135 1.39E +4 3.63E+4 240E+6 5.83E+4 - 410E+4 134E+4
Cs-134 5.65E+9 134E+10 - 435E+9 1.44E+9 235E+8 1.10E+10
Cs-136 261E+8 1.03E+9 - ST4E+8 787E+7 1.17E+8 742E+8
Cs-137 7.38E+9 1.0O1E+10 - 343E+9 1.14E+9 195E+8 6.61E+9
Cs-138 . . - . - - -
Ba-139 4.70E-8 - - - _ - 8.34E-8 1.38E-9
Ba-140 2.69E+7 338E+4 1.15E +4 193E+4 5.54E+7 1.76E+6
Ba-141 . - . - - - .
Ba-142 - - - - - - -
La-140 449E+0 2.26E+0 - - - 1.66E+5 597E-1
La-142 - - - - - - 3.03E-8 -
Ce-141 484E+3 327E+3 - 1.52E+3 - 1.25E+7 37TME+2
Ce-143 419E+1 3.09E+4 - 136E+1 - 1.16E+6 342E+0
Ce-144 3.58E+5 1.50E+5 - 8.87E+4 - 1.21E+8 1.92E+4
Pr-143 1.59E+2 637E+1 - 368E+1 - 6.96E+5 7.88E+0
Pr-144 - - - - - - -
Nd-147 942E+1 1.09E +2 - 6.3TE+1 - 523E+5 6.52E+0
W-187 6.56E+3 548E+3 - - ' - 1.80E+6 1.92E+3
Np-239 3.66E+0 3.60E-1 : - 1.12E+0 - 739E+4 1.98E-1
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Table 2.12

R, Grass-Cow-Milk Pathway Dose Factors - TEEN

(mrem/yr per uCi/m3) for H-3 and C-14 (m? x mrem/yr per uCi/sec) for others

Nuclide

H-3
C-14
Na-24
P-32
Cr-51

Mn-54
Mn-56
Fe-55
Fe-59
Co-57

Co-58
Co-60
Ni-63
Ni-65
Cu-64

Zn-65
Zn-69
Br-82
Br-83
Br-84

Br-85
Rb-86
Rb-88
Rb-89
Sr-89

Sr-90
Sr-91
Sr-92
Y-90
Y-91m

Y91
Y-92
Y-93
Zr-95
Zr-97

Nb-95
Nb-97
Mo-99
Tc-99m
Tc-101

Bone

6.70E+5
444E +6
3.15E+10

445E+7
520E+7

1.18E+10
6.78E-1

2.11E+9

267E+9

6.61E +10
S.7SE+4
8.95E-1

130E+2

1.58E+4
1.00E-4
430E-1
165E+3
7.75E-1

141E+5

S.64E+0

Liver

9.94E +2
1.34E+5
44E+6
1.95E+9

1.40E+7
7.51E-3

3.16E+7
1.21E+8
2.25E+6

795E+6
2.78E+7
83SE+8
8.66E-2

429E+4

731E+9

4.73E+9

Thyroid

994E+2
1.34E+5
44E+6

2.78E+4

Kidney

994E+2
134E+5
444E+6
1.10E +4

417E+6
9.50E-3

50

Lung

994E +2
1.34E+5
444E +6

713E+4

2.00E+7
382E+7

GI-LLI T.Body
994E +2 994E +2
134E+5 1.34E+5
444E+6 44E+6
2.65E+9 1.22E+9
S840E+6 S.00E+4
287E+7 2.78E+6
494E-1 1.33E-3
137E+7 736E+6
287E+8 468E+7
4.19E+7 3.76E+6
1.10E+8 1.83E+7
362E+8 6.26E+7
1.33E+8 4.01E+8
4.70E+0 3.94E-2
333E+6 202E+4
3.10E+9 341E+9
- 564E+7
- 191E-1
7.00E+8 22E+9
3.18E+8 7.66E+7
1.86E+9 1.63E+10
261lE+5 229E+3
228E+1 381E-2
1.07E+6 3.50E+0
6.48E+6 424E+2
2.75E+0 2.90E-6
1.31E+4 1.18E-2
1.20E+6 3.59E+2
4.15E+4 7.06E-2
334E+8 430E+4
634E-8 -
8.16E+7 8.69E +6
103E+4 2.04E+2
Rev. §
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Table 2:12 (Continued)

‘ R Grass-Cow-Milk Pathway Dose Factors - TEEN
(mrem/yr per xCi/ m3) for H-3 and C-14 (m2 x mrem/yr per uCi/sec) for others

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body
Ru-103 1.81E+3 - - 6.40E+3 - 152E+5  7.75E+2
Ru-105 1.57E-3 - - 1.97E-2 - 1.26E+0  6.08E-4
Ru-106 3.75E+4 . - 7.23E+4 . 180E+6  4.73E+3
Rhb-103m . . - - - . .
Rh-106 . . . . . .
Ag-110m  963E+7  9.11E+7 - 1.74E+8 . 2.56E+10  5.54E+7
Sb-124 459E+7 846E+5 1.04E+5 - 401E+7 . 925E+8 1.79E+7
Sb-125 365E+7 399E+5 3.49E+4 - 3.21E+7 2.84E+8 8.54E+6
Te-125m 3.00E+7 1.08E+7 8.39E+6 - - 8.86E+7 4.02E+6
Te-127m 844E+7 299E+7 201E+7 342E+8 - 2.10E+8 1.00E+7
Te-127 1.24dE+3 441E+2 8.59E+2 5.04E+3 - 961E+4 2.68E+2
Te-129m  1.11E+8  410E+7  3.57E+7  462E+8 - 415E+8  1.75E+7
Te-129 - - - 1.67E-9 - 2.18E-9 -
Te-131m 6.5TE+5 3.15E+5 474E+5 329E+6 - 253E+7 2.63E+5
Te-131 - - - - - _ - - -
Te-132 428E+6 271E+6 2.86E+6 2.60E+7 - 858E+7 255E+6
1-130 TAE+5 217E+6 1.77TE+8 334E+6 - 1.67E+6 8.66E +5
I-131 5.38E+8 7.53E+8 220E+11 130E+9 - 1.49E+8 404E +8
1-132 29E-1 7.59E-1 2.56E+1 1.20E+0 - 331E-1 2.72E-1

‘ 1-133 724E +6 1.23E+7 1.72E+9 2.15E+7 - 9.30E+6 3.75E+6
I-134 - - - - - - -
I-135 247E+4 6.35E+4 408E+6 1.00E+5 7.03E+4 235E+4
Cs-134 9.81E+9 231E+10 - 734E+9 2.80E+9 287E+8 1.07E+ 10
Cs-136 445E +8 1.75SE+9 - 9.53E+8 1.50E+8 141E+8 1.18E+9
Cs-137 1.34E+10 1.78E+10 - 6.06E +9 235E+9 2.53E+8 6.20E+9
Cs138 - - - - - - -
Ba-139 8.69E-8 - - - - 1.75E-7 2.53E-9
Ba-140 485E+7 S9SE+4 - 202E+4 = 400E+4 T49E+7 3.13E+6
Ba-141 - . - - - . -
Ba-142 - - - - . - -
La-140 V 8.06E+0 396E +0 - ' - - . 22TE+S 1.05E+0
La-142 . R . ; . 2.23E-7 .
Ce-141 887E+3  S592E+3 - 2.79E+3 - 1L69E+7  681E+2
Ce-143 769E+1  SG0E+4 . 251E+1 . 1.68E+6  6.25E+0
Ce-144 6.58E+5  272E+5 . 1.63E+5 - 1L66E+8  3354E+4
Pr-143 292E+2  11TE+2 - 6.7TE+1 - 961E+S  145E+1
Pr-144 - - - - - . .
Nd-147 181E+2 T97TE+2 - 1.16E +2 - 7.11E+5 1.18E+1
W-187 1.20E+4 9.78E+3 = = - - - 2.65E+6 343E+3
Np-239 6.9E +0 6.59E-1 - 2.07E+0 - 1.06E+5 3.66E-1

‘ : Rev. 3
: 51 02/15/93



Table 2.13

R, Grass-Cow-Milk Pathway Dose Factors - CHILD

(mrem/yr per uCi/m3) for H-3 and C-14 (m2 x mrem/yr per uCi/sec) for others

Nuclide

H-3
C-14
Na-24
P-32
Cr-51

Mn-54
Mn-56
Fe-55
Fe-59
Co-57

Co-58
Co-60
Ni-63
Ni-65
Cu-64

Zn-65
Zn-69
Br-82
Br-83
Br-84

Br-85
Rb-86
Rb-88
Rb-89
Sr-89

Sr-90
Sr-91
Sr-92
Y-90
Y-91m

Y-91
Y-92
Y-93
Zr-95
Zr-97

Nb-95
Nb-97
Mo-99
Tc-99m

© Tec-101

Bone

1.65E+6
9.23E+6
177E+10

1.12E+8
1.20E+8

296E+10
1.66E+0

4.13E+9

6.62E+9

1.12E+11
141E+5
2.19E+0
3.2E+2

391E +4
246E-4

1.06E+0
384E+3
1.89E+0

3.18E+5

129E+1

Liver

157E+3
3.29E+5
9.23E+6
3.64E+9

2.09E+7
1.31E-2

5.93E+7
1.95E+8
3.84E+6

1.21E+7
432E+7
1.59E+9
1.56E-1

7.55E+4

1.10E+10

8.45E+2
2.72E-1

1.24E+5
829E+7
2.54E+1

Thyroid

1.57TE+3
329E+5
9.23E+6

5.66E +4

Kidney

1.57TE+3
329E+5
9.23E+6
1.55E+4

587TE+6
1.58E-2

1.82E+5

6.94E +9

121E+3
391E-1

1.16E+5

1.77E+8
368E+2

52

Lung

1.57E+3
3.29E+5§
9.23E+6

LO3E+5

335E+7
5.65E+7

1.29E+1

GI-LLI

1.57E+3
329E+5
9.23E+6
2.15E+9
S541E+6

1.76E+7
1.90E +0
1.10E+7
2.03E+8
3.14E+7

7.08E+7
239E+8
1.07E+8
191E+1
3.54E+6

1.93E+9

2.14E-9

564E+8

2.56E+8

1.51E+9
3.12E+5
414E+1

-9.15E+5

521E+6
7.10E+0
1.57E+4
881E+5
413E+4

2.29E +8
145E-6

686E+7

1.4E +4

T.Body

1.57TE+3
329E+5
9.23E+6
3.00E+9
1.02E+5

5.58E+6
2.95E-3

1.84E +7
9.711E+7
TITE+6

3NRE+7
1.27E+8
1.01E+9
9.11E-2

4.56E+4

6.85E+9

1.15SE+8
4.69E-1

5.39E+9

1.89E +8

2.83E+10
533E+3
8.76E-2
861E+0

1.04E +3
7.03E-6
2.90E-2
752E+2
1.61E-1

8.84E +4

2.05E+7
420E+2
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Table 2:13 (Continued)

R, Grass-Cow-Milk Pathway Dose Factors - CHILD

(mrem/yr per uCi/m3) for H-3 and C-14 (m? x mrem/yr per uCi/sec) for others

Nuclide

Ru-103
Ru-105
Ru-106
Rh-103m
Rh-106

Ag-110m
Sb-124
Sb-125
Te-125m
Te-127m

Te-127
Te-129m
Te-129
Te-131m
Te-131

Te-132
1-130
I-131
I-132
I-133

I-134
I-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

Bone

4.29E+3
3.82E-3
924E +4

209E +8
1.09E+8
8.70E+7
738E+7
208E+8

3.06E+3
2.72E+8

1.60E+6

1.02E+7
1.7SE+6
1.30E+9
6.86E-1

1.76E+7

5.84E+4
226E+10
1.00E+9
3.22E+10

2.14E-7
1.17E+8

193E+1

2.19E+4
1.89E+2
1.62E+6

7.23E+2
445E+2

291E+4
1.72E+1

Liver

141E+8
141E+8
141E+6
200E+7
S.60E+7

8.25E+2
761E+7

5.53E+5

452E+6
3.54E+6
1.31E+9
1.26E+0
2.18E+7

1.05E+5
3.71IE+10
2.76E+9
3.09E+10

1.03E+5

6.74E +0

1.09E+4
1.02E+5
5.09E+5

21TE+2
3.60E+2
1.72E+4
1.23E+0

Thyroid

240E+5
8.06E +4
207E+7
497E+7

2.12E+3
8.78E+7

1.14E+6

6.58E+6
390E+8
434E+11
S8S5E+1
404E+9

9.30E+6

Kidney

1.08E +4
3.36E-2
1.25E+5

2.63E+8

593E+8

871E+3
8.00E+8
2.87E-9

535E+6

420E+7
S529E+6
2.15E+9
193E+0
3.63E+7

161E+5

" LISE+10

147E+9
1.01E+10

3.34E+4

4.78E+3
429E+1
2.82E+5
1.17TE+2
198E+2

3.57TE+0

53

Lung

" 6.03E+7

485E+7

4.13E+9
2.19E+8
3.62E+9

GI-LLI T.Body_
1.11E+5 1.65E+3
249E+0 1.39E-3
1.4E+6 1.15E +4
1.68E+10 1.13E+8
6.79E +8 381E+7
2.08E+8 1.82E+7
712E+7 9.84E +6
1.68E+8 247E+7
1.20E+5 6.56E+2
3.32E+8 423E+7"
6.12E-8 -
224E+7 S.89E+5
455E+7 546E+6
1.66E+6 1.82E+6
1.17E+8 7.46E +8
148E+0 5.80E-1
8.7TE+6 8.23E+6
8.00E+4 497E+4
2.00E+8 7.83E+9
970E+7 1.79E+9
1.93E+8 4.55E+9
1.23E-5 6.19E-9
594E+7 6.84E+6
188E+5 227E+0
2.51E-6 -
1.36E+7 1.62E +3
1.50E+6 148E+1
1.33E+8 8.66E +4
780E+5 3.59E+1
S.T1E+5 2.79E+1
242E+6 713E+3
9.14E+4 8.68E-1
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Table 2.14

R, Grass-Cow-Milk Pathway Dose Factors - INFANT

(mrem/yr per pCi/m3) for H-3 and C-14 (m? x mrem/yr per uCi/sec) for others

Nuclide

H-3
C-14
Na-24
P-32
Cr-51

Mn-54
Mn-56
Fe-55
Fe-59
Co-57

Co-58
Co-60
Ni-63
Ni-65
Cu-64

Zn-65
Zn-69
Br-82
Br-83
Br-84

Br-85
Rb-86
Rb-88
Rb-89
Sr-89

Sr-90
Sr-91
Sr-92
Y-90
Y-91m

Y-91
Y-92
Y-93
Zr-95°
Zr-97

Nb-95
Nb-97
Mo-99
Tc-99m
Tec-101

Bone

3.23E+6
1.61E+7
1.60E+11

1.35E+8

225E+8

349E+10
351E+0

5.55E+9

1.26E+10

1.22E+11
294E+5
465E+0
6.80E+2

733E+4
5.22E4

2.25E+0
6.83E+3
39E+0

S93E+5

269E+1

Liver

2.38E+3
6.89E+5
1.61E+7
942E +9

3.89E+7
3.21E-2

8.72E+7
393E+8

895E+6 -

243E+7
881E+7
2.16E+9
3.97E-1

1.88E+5

1.90E+ 10

222E+10

Thyroid

238E+3
6.89E+5
161E+7

1.0SE+5

Kidney

238E+3
6.89E+5
1.61E+7
230E+4

8.63E+6
2.76E-2

1.79E+3
6.91E-1

1.7SE+5

3.17TE+8

59TE+2 .

54

Lung

238E+3
6.89E +5
1.61E+7

-2.05E+5

427E+7
1.16E+8

GLLLL

238E+3
6.89E+5
1.61E+7
2.17E+9
4.71E+6

143E+7

291E+0

1.11E+7
1.88E +8
3.05E+7

6.05SE+7
2.10E+8
1.07E+8
3.02E+1
385E+6

1.61E+10
7.36E-9

5.69E+8

2.59E.+ 8

1.52E+9
348E+5
SOIE+1
9.39E+5

526E+6
997E+(0
1.78E+4
8.28E+5
437E+4

2.06E+8
3.70E-6

6.98E+7
1.61E+4

T.Body

238E+3
6.89E +5-
161E+7
6.21E+9
1.61E+5

8.83E+6
5.53E-3

233E+7
1.55E+8
146E+7

6.06E+7
2.08E+8
1.21E+9
1.81E-1

8.69E +4

8.78E+9

1.94E +8
9.95E-1

L.I0E+10

361E+8

3.10E+10
1.06E +4
1.73E-1
1.82E+1

1.95E+3
147E-5
6.13E-2
1.18E+3
3.13E-1

141E+5

4.13E+7
7.15E+2
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R Grass-Cow-Milk Pathway Dose Factors - INFANT

(mrem/yr per uCi/m3) for H-3 and C-14 (m2 x mrem/yr per uCi/sec) for others

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body
Ru-103 8.69E +3 - - 1.81E+4 - 1.06E+5 291E+3
Ru-105 8.06E-3 - - 5.92E-2 - 321E+0 2.71E-3
Ru-106 1.90E+5 - - 2.25E+5 - 1.4E+6 2.38E+4
Rh-103m - - - - - - -
Rh-106 - - - - - - -
Ag-110m 3.86E+8 2.82E+8 - 4.03E +8 - 1.46E+10 1.86E +8
Sb-124 2.09E+8 3.08E+6 5.56E+5 - 1.31E+8 6.46E + 8 6.49E +7
Sb-125 1.49E+8 1.45E+6 187E+5 - 9.38E+7 1.99E+8 3.07E+7
Te-125m 1.51E+8 5.04E+7 SO0TE+17 - - 7.18E+7 204E+7
Te-127m 421E+8 1.40E+8 1.22E+8 1.04E+9 - 1.70E +8 S.10E+7
Te-127 6.50E+3 2.18E+3 529E+3 1.59E+4 - 1.36E+5 1.40E+3
Te-129m S59E +8 1.92E +8 2.15E+8 140E +9 - 3.34E+8 8.62E+7
Te-129 2.08E-9 - 1.75E-9 5.18E-9 - 1.66E-7 -
Te-131m 3.38E+6 1.36E+6 2.76E+6 9.35E+6 - 229E+7 1.L12E+6
Te-131 - - - - - - -
Te-132 2.10E+7 1.04E+7 1.54E +7 6.51E+7 - 3.85E+7 9.72E+6
1-130 3.60E+6 7.92E+6 8.88E+8 8.70E+6 - 1.70E+6 318E+6
I-131 2T2E+9 3.21E+9 105E+12 3.75E+9 - 1.15E+8 1.41E+9
1-132 1.42E+0 2.89E+0 135E+2 3.22E+0 - 234E+0 1.03E+0
1-133 3RE+7 S41E+7 9.84E+9 6.36E+7 - 9.16E+6 158E+7
1-134 - B 1.01E-9 - - - -
1-135 1.21E+5 241E+5 2.16E+7 2.69E+5 - 8.74E+4 8.80E+4
Cs-134 365E+10 6.80E+10 - 1.75E+10 7.18E+9 1.85E+8 6.87E+9
Cs-136 1.96E+9 57TE+9 - 230E+9 4770E+8 8.76E+7 2.15E+9
Cs-137 SA15SE+10  6.02E+10 - 1.62E+10 6.55E+9 1.88E+8 427E+9
Cs-138 - - - - - - -
Ba-139 4.55E-7 - - s - 2.88E-5 1.32E-8
Ba-140 241E+8 241E+5 - 5.73E+4 1.48E+5 5.92E+7 124E+7
Ba-141 - - - - - - -
Ba-142 . - - - - - - -
La-140 403E+1 1.59E+1 - - - 1.87E+5 4.09E+0
La-142 - - - - - 521E-6 -
Ce-141 433E+4 2.64E+4 - 8.15E+3 - 1.37E+7 3.11E+3
Ce-143 4.00E+2 265E+5 - 7.72E+1 - 1.55E+6 302E+1
Ce-14 233E+6 9.52E+5 - 385E+5 - 1.33E+8 1.30E+5
Pr-143 1.49E +3 5.59E+2 - - 208E+2 - 7.89E+5 741E+1
Pr-144 - - - - - - -
Nd-147 8.82E+2 9.06E +2 - 349E+2 - 5. 74E+5 555E+1
W-187 6.12E+4 426E+4 - - - 2.50E+6 147E+4
Np-239 364E+1 3.25E+0 - 6.49E+0 - 940E+4 1.84E+0
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Table 2.15

R, Grougd Plane Pathway Dose Factors
(m*“ x mrem/yr per pCi/sec)

Nuclide Any Organ
H-3 -
C-14 -
Na-24 1.21E+7
P-32 -
Cr-51 4.68E+6
Mn-54 1.34E+9
Mn-56 9.05SE+5
Fe-35 -
Fe-59 2.75E+8
Co-57 437E+8
Co-58 3.82E+8
Co-60 2.16E+10
Ni-63 -
Ni-635 297TE+5
Cu-64 6.09E+5
Zn-65 745E+8
Zn-69 . -
Br-82 457TE+7
Br-83 4.89E+3
Br-84 203E+5
Br-85 -
Rb-86 8.98E+6
Rb-88 3.29E+4
Rb-89 1.21E+5
Sr-89 2.16E+4
Sr-90 -
Sr-91 2.19E+6
Sr-92 . 1TTE+5
Y-90 448E+3
Y-91m LOIE+5 -
Y-91 1.08E+6 -
Y-92 1.80E+5
Y-93 1.85E+5
Zr-95 248E+8
Zr-97 - 294E+6
Nb-95 1.36E+8
Nb-97 228E+6
. Mo-99 405E+6
Tc-99m 1.83E+5
Te-101 2.04E +4
Ru-103 1.09E+8
Ru-105 6.36E+5
Ru-106 421E+8
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Table 2,15 (Continued)
R, Ground Plane Pathway Dose Factors

(m? x mrem/yr per uCi/sec)

Nuclide Any Organ
Rh-103m -
Rh-106 -
Ag-110m 347E+9
Sb-124 287E+9
Sb-125 6.49E+9
Te-125m 1.55E+6
Te-127m 9.17E +4
-Te-127 3.00E+3
Te-129m 2.00E+7
Te-129 260E+4
Te-131m 8.03E+6
Te-131 293E+4
Te-132 422E+6
1-130 5.53E+6
I-131 1.72E+7
1-132 1.24E+6
1-133 24TE+6
I-134 449E+5
I-135 2.56E+6
Cs-134 6.7SE+9
Cs-136 1.49E +8
Cs-137 1.04E+10
Cs-138 3.59E+5
Ba-139 1.06E+5
Ba-140 205E+7
Ba-141 4.18E+4
Ba-142 " 449E+4
La-140 191E+7
La-142 " 1.36E+5
Ce-141 1.36E+7
Ce-143 - 232E+6
Ce-144 695E+7
Pr-143 -
Pr-144 1.83E+3
Nd-147 _8.40E+6
w-187 - 236E+6
Np-239 1.71E+6
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.~ RADIOLOGICAL ENVIRONMENTAL MONITORING

SThe methodology and parameters used to estimate the potential annual dose to a member
of the public shall be indicated in this report. _
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5The methodology and parameters used to estimate the potential annual dose to a member
of the public shall be indicated in this report.
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7Sampling of leaf vegetation may be performed at the site boundary in each of two different
direction sectors with the highest predicted D/Qs in lieu of the garden cenmsus. Specifications
for broad leaf vegetation sampling in Table 3.3 (7. 3) item 4c, shall be followed, including
analysis of control samples.
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included in the Annual Radiological
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8 In lieu of submission with the second half year Radioactive Effluent Release Report, the
licensee Las the option of retaining this summary of required meteorological data on site in a file
that shall be provided to the NRC upon request.
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TABLE 3.1 (7.1) :

RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION

Minimum
Instrument Channels Action
Operable
1. Gross Radioactivity Monitors Providing Alarm and Automatic Termination of Release
a. Liquid Radwaste Effluent Line (R-18) 1 1
b. Steam Generator Blowdown Effluent Line (R-19) 1 2
2. Gross Beta or Gamma Radioactivity Monitors Providing Alarm But Not Providing
Automatic Termination of Release
a. Service Water System Effluent Line 1 3
(Component cooling, R-20)
b. Service Water System Effluent Line 1 3
(Containment fan cooling, R-16)

ACTION 1 -  With the number of channels OPERABLE less than required by the Minimum Channels OPERABLE
requirement, effluent releases may continue provided that prior to initiating a release:

a. At least two independent samples are analyzed in accordance with Speciflcation 4.3.1.1
(8.3.1.1), and

b. At least two technically qualified meinbers of the Facility Staff independently verify the release
rate calculations and discharge line valving;

Otherwise, suspend release of mdioacﬁve effluents via this pathway.

ACTION 2 - With the number of channels OPERABLE less than required by the Minimum Channels OPERABLE
requirement, effluent releases via this pathway may continue provided grab samples are analyzed for
gross radioactivity (beta or gamma) at a lower limit of detection of 1.0E-6 uCi/mi:

a. At least once per week with no indication of primary-to-secondary leakage; or
b. At least once per 24 hours with identified primary-to-secondary leakage (with secondary side
activity > 1.0E-0S uCi/mi)

ACTION 3 - With the number of channels OPERABLE less than required by the Minimum Channels OPERABLE

requirement, effluent releases via this pathway may continue provided that, at least once per 12 hours.
grab samples are collected and analyzed for gross radioactivity (beta or gamma) at a lower limit of
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TABLE 3.2 (7.2)
RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION
' (PAGE 1 OF 2) :
Minimum
Channels
Instrument ‘ Operable Applicability Action
1. Noble Gas Activity Monitor
a. R-13orR-14 1 : *
- Waste Gas Holdup Systein ' 4
| {auto-isolation) '
|
| - Auxiliary Building Ventilation Systein : 5
| - Containment Purge 2" line | 6
(auto-isolation) '
‘ b. R-12 or R-21 1 *
| - Containment purge 36" duct 6
{auto-isolation)
c. R-15 1 * 5
- Condenser Evacuation System
. 2. Radioiodine & Particulate Samplers
| a. Containment Buildiag vent (R-21) 1 * 7
b. Auxiliary Building vent (R-13A) 1 * 7
3. Sampler flow rate measuring devices
a. Containment Building vent sampler 1 * 8
b. Auxiliary Building vent sampler 1 * 8

*At all times
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TABLE 3.2 (7.2)
RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION
(PAGE 2 OF 2)

ACTION 4 -

ACTION § -

ACTION 6 -

ACTION 7 -

ACTION 8 -

TABLE NOTATIONS
With the number of channels OPERABLE less than required by the Minimum Channels
OPERABLE requirement, the contents of the tank(s) may be released to the environment
provided that prior to initiatimg the release:

a. At least two independent samples of the tank’s contents are analyzed, and

b. At least two technically qualified members of the Facility Staff independently
verify the release rate calculations and discharge valve lineup;

Otherwise, suspend release of radioactive effluents via this pathway.
With the number of channels OPERABLE less than required by the Minimum Channels

OPERABLE requirement, effluent releases via this pathway may contmue provided grab
samples are taken at least once per 12 hours and these samples are analyzed for gross

activity within 24 hours.

With the number of channels OPERABLE less than required by the Minimuin Channels
OPERABLE requirement, immediately suspend PURGING of radioactive effluents via
this pathway.

With the number of channels OPERABLE less than required by the Minimum Channels
OPERABLE requirement, effluent releases via the affected pathway may continue
provided samples are continuously collected with auxiliary sampling equipment as
required i Table 8.4.

With the number of channels OPERABLE less than required by the Minimum Channels
OPERABLE requirement, effluent releases via this pathway may contimue provided the
flow rate is estimated at lesst once per 4 hours.
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TABLE 3.3 (73)

RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

PAGE 1 OF 2
Exposure Pathway Number of Representative Samples and Sample Sampling and
And/Or Sample Locations?® Collection Frequency Type and Frequency of Analysis
1. Direct TLD, § bulbs/packet, Quarterly Gamma dose; quarterly
Radiation® S Inner Ring locations
6 Outer Ring locations
1 Control location
1 Population center
1 Special interest location
1 Nearby resident
2. Airborne
Radioiodine and | 3 samples close to the site boundary in highest Continuous sampler
Particulates average X/Q operation
lodine; semi-monthly | lodine; semi-monthly
1 sample from the closest community having the | Particulates; weekly Particulates; gross beta analys:s
highest X/Q or more frequenty if | following filter change.d
required by dust Gamma isotopic of composite '+
. loading. location) quarterly.®
1 sample from a coantrol location
3.  Waterborne
a. Surfacef 1 Upstream sample Monthly grab sample | Gamma isotopic® analysis m. ru
1 Downstream sample Composite of grab samples ! -
tritiuru analysis quarterly.
b. Ground 1-2 location likely to be affected Quarterly grab Gamma isotopic® and trinum
sample analysis quarterly.
¢. Drinking 1-3 samples of nearest water supply ‘ Monthly gross beta and gamma
Monthly grab sample | isotopic® analysis. Quarter!. - -
analysis of the composite t
' monthly grab samples.
d. Sediment 1 sample from downstream area with potential : |
from for recreational value Semi-annual grab Gamma isotopic® analys:s: l
shoreline sample semiannually. '

89
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TABLE 3.3 (7.3)
RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

PAGE 2 OF 2
4. Ingestion

a. Milk Samples from milking animals in 3 locations Semi-monthly when Gamma isotopic® and [-13| analysis

within 5 km having the highest dose potential. animals are on semi-monthly when animals are on
pasture. Monthly pasmred. Monthly otherwise.

1 alternate location otherwise.
1 control location ‘

b. Fish 3 random samplings of commercially and 3 umes per year ' Gamma isotopic® on edible portions.
recreationally important species in the vicinity of
the discharge.

"c. Food Samples of leaf vegetables grown nearest each Annually when Gamma isotopic® and 1-131

Products of two different offsite locations within § miles available Analysis.
- | of the plant if milk sampling is not performed.

Table Notations

2Specific parameters of distance and direction sector from the centerline of the reactor, and additional descriptions where pertinent, are
provided for in Tables 1.1 and 1.2 and Figures 2.1 and 2.2 of the Radiological Environmental Monitoring Manual (REMM) for each and
every sample location. Deéviations from the required sampling schedule will occur if specimens are unobtainable due to hazardous
conditions, seasonal unavaiiability, malfunction of automatic sampling equipment and other legitimate reasons. If specimens are
unobtainable due to sampling equipment malfunction, reasonable efforts shall be made to complete corrective actions prior to the end of
the next sampling poriod. All deviations from the sampling schedule shall be documented in the Annual Radiological Environmental
Monitoring Report. It is recognized that, at times, it may not be possible or practicable to continue to obtain samples of the media of
choice at the most desired location or time. In these instances suitable alternative media and locations may be chosen for the particular
pathway in question and appropriate substitutions made within 30 days in the REMM. The cause of the unavailability of samples for that
pathway and the new location(s) for obtaining replacement samples will be identified in the Annual Radiological Environmental Monitoring

Report.

YFor the purposes of this table, a thermoluminescent dosimeter (TLD) is considered to be one phosphor; two or more phosphors in a
packet are considered as two or more dosimeters. The NRC guidance of 40 stations is not an absolute number. The number of direct
radiation monitoring stations has been reduced according to geographical limitations; e.g., Lake Michigan.

The frequency of analysns or readout for TLD systems depends upon the characteristics of the specific system used and selection is made
to obtain optimum dose information with minimal fading.

“The purpose of this sample is to obtain background information. If it is not practical to establish control locations in accordance with the
distance and wind direction criteria, other sites that provide valid background data may be substituted.

dAirborne particulate sample filters shall be analyzed for gross beta radicactivity 24 hours or more after sampling to allow for radon and
thoron daughter decay. [f gross beta activity in air particulate samples is greater than ten times the yearly mean of control samples.
gamma isotopic analysis shall be performed on the individual samples.

*Gamma isotopic analysis means the identification and quantification of gamma-emitting radionuclides that may be attributable to the
effluents from the facility.

The upstream sample” shall be taken at a distance beyond significant influence of the discharge. The downsu-eam sample shall be
taken in an area near the mixing zone. -
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TABLE 3.4 (7.4)
REPORTING LEVELS FOR RADIOACTIVITY CONCENTRATIONS

IN ENVIRONMENTAL SAMPLES

REPORTING LEVELS
Airborne
Particulate or Food Products
Water Gases (pCi/m?) Fish Milk (pCi/kg, wet)
Analysis (pCiN) (pCi/kg, wet) (pCi/N)

H-3 20,000
Mn-54 1,000 30,000
Fe-59 400 10,000 |
Co-58 1,000 30,000
Co-60 300 10,000
Zr-Nb-95 400
I-131 2 0.9 3 100
Cs-134 30 10 1,000 60 1,000
Cs-137 50 20 2,000 } 70 2,000
Ba-La-140 200 300
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TABLE 4.0 (8.0)
FREQUENCY NOTATION

Notation Frequency!
S OInce per shift
St Once per 12 hours
D Once per 24 hours
Once per 7 days
Once per 31 days
Q Once per 92 days
SA Once per 184 days
R Once per refueling cycle, not to exceed 18 months
P Prior to each reactor startup if not done previous week
PR Completed prior to each release
N.A. Not applicable

! A maximum extension not to exceed 25% of the surveillance interval.
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TABLE 4.1 8.1)
RADIOACTIVE LIQUID EFFLUENT MONITORING
INSTRUMENTATION SURVEILLANCE REQUIREMENTS

Channel
Channel Source Channel Functional
Instrument Check Check Calibration Test

Gross Radioactivity Monitors Providing Alarm and Automatic
Termination of Release
a. Liquid Radwaste Effluent Line (R-18) D PR R Q
b. Steam Generator Blowdown Effluent Line (R-19) D M R Q
Gross Beta or Gamma Radioactivity Monitors Provi&ing
Alarm But Not Providing Automatic Termination of Release
a, Service Water System Effluent Line (Component cooling,

R-20) . D M R Q
b. Service Water System Effluent Line

(Containment fan cooling, R-16) D M R Q
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TABLE 4.2 8.2)
RADIOACTIVE GASEOUS EFFLUENT MONITORING

INSTRUMENTATION SURVEILLANCE REQUIREMENTS

Modes
Channel In Which
Channel Source Channel Functional Surveillance
Instrument Check Check Calibration Test Required
1. Noble Gas Activity Monitor
a. R-13orR-14
Waste Gas Holdup System PR PR R Q .
(auto-isolation)
Auxiliary Building Ventilation D M R Q *
System
Containment Purge 2" line D M ‘R Q *
(auto-isolation)
b. R-12 or R-21
Containment purge 36" duct D PR R Q *
(auto-isolation)
c. R-1§
Condenser Evacuation System D M R Q *
2. Radioiodine Particulate Samplers
a. Containment Building vent (R-
21) w N.A. N.A. N.A. = _
|
b. Auxiliary Building vent (R-13A) i
w N.A. N.A. N.A. .
3. Sampler Flow Rate Measuring
Devices
a. Containment Building vent D N.A. R Q .
sampler !
b. Auxiliary Building vent sampler D N.A. R Q . :
*At all imes other than when the line is valved out and tagged.
Rev. 5
94 02/15/93




TABLE 4.3 8.3

RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM

Page 1 of 2 .
Lower Limit of
Minimum Analysis Detection
Sampling Frequency Frequency Type of Activity (LLD)*
Liquid Release Type Analysis uCvml)
A. Batch Waste Release Tanks® PR PR Principal Gamma 1x10°%
Each Batch Each Batch Emitters®
I-131 1x10°
PR M H-3 1x10°3
Each Batch Composited Gross Alpha 5x10°7
PR Q Sr-89, Sr-90 5x10°8
Each Batch Composite? Fe-55 1x10°6
B. Continuous Rejeases® w w
(SG Blowdown) Grab Sample Grab Sample Principal Gamma 5x1077
(TB Sumpf) : ' Emitters®
I-131 1x10'
w M H-3 1x10°%
Grab Sample Composit:ef Gross Alpha 5x1077
w Q Sr-89, Sr-90 sx108
Grab Sample Compositef Fe-55 1x10
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TABLE 4.3 (83)
RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM

‘ : Page 2 of 2
Table Notations

2 The LLD is defined, for purposes of these specifications, as the smallest concentration of radioactive material in a sample that will
yield a net count, above system background, that will be detected with 95% probability with only 5% probability of falsely
concluding that a blank observation.represents a "real” signal.

For a particular measurement system, which may include radiochemical separation:

LLD = 4.66 s,
E*V*222X10°%Y * exp (-AAY)

Where:
LLD is the a priori lower limit of detection as defined above, as uCi per unit mass or volume,

%, is the standard deviation of the background counting rate or of the counting rate of a blank sample as sppropriate, as counts per
minute,

E is the counting efficiency, as counts per disintegration,

V is the suuple.size in units of mass or volume,

2.22 x 10% is the number of disintegrations per minute per microcurie,

Y is the fractional radiochemical yield, when applicable,

\ is the radioactive decay constant for the particular radionuclide, and

‘ At for plant effiuents is the elapsed time between the midpoint of sample collection and time of counting.
Typical values of E, V, Y and At should be used in the calculation.

It should be recognized that the LLD is defined as an a priori (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.

A batch release is the discharge of liquid wastes of a discrete voluine. Prior to sampling for analysis, each batch shall be located,
and then thoroughly mixed to ensure representative sampling.

¢ The principal gamma emitters for which the LLD specification applies exclusively are the following radionuclides: Mn-54, Fe-59,
Co-58, Co-60, Zn-65, M0-99, Cs-134, Cs-137, Ce-141, and Ce-144. This list does not mean that only these nuclides are to be
considered. Other gamma peaks that are identifiable, together with those of the above nuclides, shall also be analyzed and
reported in the Radioactive Effiuent Release Report pursuant to TS 6.9.3.b.

A composite sample is one in which the quantity of liquid sampled is proportional to the .qmnﬁty of liquid waste discharged and in-
which the method of sampling amployed results in a specimen that is representative of the liquids released.

A continuous release is the discharge of liquid wastes of a nondiscrete volume, e.g., from a volume of a system that has an input
flow during the continuous release.

As 2 minimum, the monthly and quarterly composite samples shall be comprised of weekly grab samples.

£ During periods of identified primary-to-secondary leakage (with the secondary activity > 1.0E-05 uCi/ml), grab samples are
collected daily and analyzed by gamma spectroscopy.
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TABLE 4.4 8.9

RADIOACTIVE GASEOUS WASTE SAMPLING AND ANALYSIS PROGRAM

Page 1 of 2
Lower Limit of
Minimum Analysis Detection
Sampling Frequency Frequency Type of Activity (LLD)?
Gaseous Release Type Analysis (uCi/ml)
A. Waste Gas Storage Tank PR PR Principal Gamma 1x10
Each Tank Each Tank Emitters®
Grab Sample
B. Containment PURGE PR PR _ Principal Gamma 1x104
Each PURGE Each Purge Emitters®
Grab Sample
C. Auxiliary Building and M M Principal Gamma 1x10
Containment Building Vent Grab Sample Emitters®
Continuous® w I-131 3x10°12
Charcoal
Sample
Continuous® w Principal Gamma 1x10°!
Particulate Emitter?
Sample (1-131, others)
Continuous® M Gross Alpha 1x101
Composite
Particulate
Sample
Continuous® Q SR-89, SR-90 1x1ott
Composite
Particulate
Sample
Continuous® Noble Gas Noble Gases 1x10°¢
Monitor Gross Beta or Gamma
Rev. 5
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TABLE 4.4 (8.9)
RADIOACTIVE GASEOQUS WASTE SAMPLING AND ANALYSIS PROGRAM
Page 2 OF 2

Table Notations

2 The LLD is defined, for purposes of these specifications, as the smallest concentration of radioactive
material in a sample that will yield a net count, above system background, that will be detected with 95%
probability with only 5% probability of falsely concluding that a blank observation represents a "real”
signal. ;

For a particular measurement system, which may include radiochemical separation:

LID = 4.66 sy
E*V*2.22X10%*Y *exp (-A\A)

Where:
LLD is the a priori lower limit of detection as defined above, as uCi per unit mass or volume,

Sy is the standard deviation of the background counting rate or of the counting rate of a blank sample as
appropriate, as counts per minute,

E is the counting efficiency, as counts per disintegration,.

V is the sample size m units of mass or volume,

2.22 x 10% is the number of disintegrations per minute per micrbcurie,

Y is the fractional radiochemical yield, when ;pplicable,

\ is the radioactive decay constant for the particular radionuclide, and

At for plant effluents is the elapsed time between the midpoint of sample collection and time of counting.
Typical values of E, V, Y and At should be used in the calculation.

It should be recognized that the LLD is defined as an a priori (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. : :

The principal gamma emitters for which the LLD specification applies exclusively are the following
radionuclides: Kr-87, Kr-88, Xe-133, Xe-133m, Xe-13S, and Xe-138 for gaseous emissions and Mn-54,
Fe-59, Co-58, Co-60, Zn-65, Mo-99, Cs-134, Cs-137, Ce-141, and Ce-144 for particulate emissions.
This list does not mean that only these nuclides are to be considered. Other gamma peaks that are
identifiable, together with those of the above nuclides, shall also be analyzed and reported m the
Radioactive Effluent Release Report pursuant to TS 6.9.3.b.

 The ratio of the sample fiow rate to the sampled flow stream fiow rate shall be known (based on sampler
and ventilation systein flow measuring devices or periodic flow estimates) for the time period covered by
each dose or dose rate calculation made m accordance with Specifications 3.4.1, 3.4.2, and 3.4.3 (7.4.1,
7.4.2 and 7.4.3). ’
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‘ TABLE 4.5 (8.5 ,
DETECTION CAPABILITIES FOR ENVIRONMENTAL SAMPLE ANALYSIS?
LOWER LIMIT OF DETECTION (LLD)P¢
Page 1 of 2
Water Airborne Fish Milk Food Sediment

Analysis (pCv/1) | Particulate | (pCi/kg, | (pCi/l) | Products (pCi/kg,
or Gases wet) (pCi/kg, dry)
(pCi/m3) wet) .
0.01
130
260
130
0.07 1 60
0.05 130 15 60 150
0.06 150 18 80 180
15
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TABLE 4.5 (8.5)
DETECTION CAPABILITIES FOR ENVIRONMENTAL SAMPLE ANALYSIS?
LOWER LIMIT OF DETECTION (LLD)"¢
Page 2 of 2

Table Notations

? This list does not wnean that only these nuclides are to be considered. Other peaks that are identifiable,
together with those of the above nuclides, shall also be analyzed and reported in the Annual
Radiological Environmental Monitoring Report, pursuant to TS 6.9.3.a.

®  Required detection capabilities for thernoluminescent dosimeters used for environmental measurements
are given in RG 4.13.

¢ The LLD is defined, for purposes of these specifications, as the smallest concentration of radioactive
material in a sample that will yield a net count, above system background, that will be detected with
95% probability with only 5% probablllty of falsely concluding that a blank observation represents a

"real" signal.
For a particular measurement system, which may include radiochemical separation:

LID = 4.6g§b
E*V *222*Y *exp (-AAY)

Where:

LLD is the a priori lower limit of detection as defined above, as picocuries per unit mass or volume,
Sy, is the standard deviation of the background counting rate or of the counting rate of a blank sample as
appropriate, as counts per minute,

E is the counting efficiency, as counts per disintegration,

V is the sample size in units of mass or volume,

2.22 is the number of disintegrations per minute per microcurie,

Y is the fractional radiochemical yield, when applicable,

X is the radioactive decay constant for the particular radionuclide, and

At for environmental samples is the elapsed time between sample collecuon, or end of the sample
collection period, and time of counting.

Typical values of E, V, Y and At shonld be used in the calculation.

It should be recognized that the LLD is defined as an a priori (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. Analyses shall be performed in such a manner that the stated LLDs will be achieved
under routine conditions. Occasionally background fluctations, unavoidable small sample sizes, the
presence of interfering nuclides, or other uncontrollable circumstances may render these LLDs
unachievable. In such cases, the contributing factors shall be identified and described in the Annual
Radiological Environmental Monitoring Report, pursuant to TS 6.9.3.a.

LLD for drinking water_samples. If no drinking water pathway exists, the LLD of gamma isotopic
analysis may be used.
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‘ APPENDIX A

TECHNICAL BASIS FOR EFFECTIVE DOSE FACTORS -

LIQUID RADIOACTIVE EFFLUENTS
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APPENDKX A

Technical Basis for Effective Dose Factors -
Liquid Effluent Releases

The radioactive liquid effluents for the fuel cycle years 1983, 1982 and 1981 were evaluated to
determine the dose contribution of the radionuclide distribution. This analysis was performed
to evaluate the use of a limited dose analysis for determining environmental doses prov1d1ng a
simplified method of determining compliance with the dose limits of Specific v
¢Technical Specification 7.3. 2). For the radionuclide distribution of effluents from the Kewaunee
Nuclear Power Plant, the controlling organ is either the GI-LLI or the liver. The calculated
GI-LLI dose is almost exclusively dictated by the Nb-95 releases; the liver dose is wnostly a
function of the Cs-134 and Cs-137 releases. The radionuclides, Co-58, Co-60, Sr-90, Cs-134
and Cs-137 contribute essentially all of the calculated total body dose. The results of this
evaluation are presented in Table A-1.

For purposes of simplifying the details of the dose calculational process, it is conservative to
identify a controlling, dose significant radionuclide and limit the calculational process to the use
of the dose conversion factor for this nuclide. Multiplication of the total release (i.e.,
cumulative activity for all radionuclides) by this dose conversion factor provides for a dose
calculational method that is simplified while also being conservative.

For the evaluation of the maximum organ dose, it is conservative to use the Cs-134 dose
conversion factor (7.09E+05 mrem/hr per uCi/ml, liver). Only the reactor-generated
radionuclide Nb-95 has a higher dose conversion factor (1.51E+06 mrem/hr per uCi/ml,
GI-LLI). However, since Nb-95 releases are typically less than 5% of the total releases, it is
conservative to use the Cs-134 factor. By this approach, the maximum organ dose will be
routinely overestimated. For 1983, using this . simplified conservative method would
overestimate the maximum organ dose by a factor of 85; for 1982, the conservatism is a factor
of 35; and for 1981, a factor of 21. ‘

For the total body calculation, the Cs-134 dose factor (5.79E+05 mrem/hr per uCi/ml, total
body) is the highest among the identified dominant nuclides. For 1981, using this simplified
conservative dose calculational method would overestimate the total body dose by a factor of 26;
for 1982, the conservatism is a factor of 50; and for 1983, a factor of 34.
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‘ For evaluating compliance with the dose limits of Specificati

echnical Specification

7.3.2) the following simplified equations may be used:

Total Body
1.67E-02 x VOL
Dy, = W X Acs-134,7B X Y, Cj
. (A.1)
where:
Dy, = dose to the total body (mrem)
Acs.134TB = 5.79E+085, total body ingestion dose conversion factor for Cs-134
(mrem/hr per uCi/ml)
VOL = volume of liquid effluent released (gal)
rcC, = total concentration of all radionuclides (uCi/ml)
‘ Ccw = average circulating water discharge rate during release period
(gal/min)
1.67E-02 = conversion factor (hr/min)

- Substituting the value for the Cs-134 total body dose conversion factor, the equation

simplifies to:
9.67E+03 x VOL
Dtb = W X Z Ci
(A.2)
Maximum Organ
1.67E-02 x VOL x Ac -134.L
Do = . s s x Y C
(A.3)
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where:

D

max inaximum organ dose (mrem)

Acg13a.L = 7.09E+05, liver ingestion dose conversion factor for Cs-134
(inrem/hr per xCi/ml)
Substituting the value for Acg 134 1 iver» the equation simplifies to:

1.18E+04 x VOL
Dpax = W X Z G .

(A9)

Only the total body dose need be evaluated by this simplified method since it represents
the more limiting ared with the maximum organ dose) for demonstrating
compliance with § Technical Specification 7.3.2).

Tritium is not included in the limited analysis dose assessment for liquid releases.
because the potential dose resulting from normal reactor releases is negligible. The
average annual tritium release from the Kewaunee Nuclear Plant to Lake Michigan is
approximately 300 curies. The calculated total body dose from such a release is
1.36E-02 mrem/yr via the fish ingestion and drinking water pathways. This amounts to
0.45% of the design objective dose of 3 mrem/yr. Furthermore, the release of tritium
is-a function of operating time and power level and is essentially unrelated to radwaste
system operation.
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1983-84 Fucl Cycle

Appendix A

Table A-1

Adult Dose Contributions
Fish and Drinking Water Pathways

1982-83 Fuel Cycle

1981-82 Fuel Cycle

Radio-
Nuclide

Co-58
Co-60
Ag-110m
Sb-124
Sb-125
Nb-95
Cs-137
Cs-134
Total

Release
(€

5.91E-01
1.29E-01
8.41E-02
9.46E-02
4.60E-02
3.91E-02
3.24E-02
1.06E-02

1.03E+00

*Less than 0.01

N/D = not detected

TB

Dose

Frac.

0.01

0.64
0.35

GI-LLI
Dose
Frac.

0.02
0.01

»*
»*

-

0.96
0.01

-

Liver

-

-

0.69
0.31

6.53E-01

Rclease
(€

2.27E-01
2.36E-01
1.57E-01
3.78E-03
" 8.06E-03
3.67E-04
2.08E-02
4.52E-04

A-5

TB GI-LL1  Liver Rclease
Dose Frac. Dose Dose €
Frac, Frac.
0.01 0.18 * 8.51E-01
10.02 0.49 0.01 © 3.66E01
* * * 2.06E-02
* * * 2.88E-02
* * * 2.07E-02
* 0.24 * N/D
0.94 0.09 0.96 . 5.53E-02
0.03 * 0.03 1.93E-02
1.36E+00
Rev. §
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TB
Dose
Frac.

0.01
0.01

-
»

»*

0.62
0.37

GI-LL1
Dose
Frac.

0.37

0.43

0.14
0.06

Liver
Dose
Frac.

0.68
0.32




APPENDIX B

TECHNICAL BASIS FOR EFFECTIVE DOSE FACTORS -

GASEOUS RADIOACTIVE EFFLUENTS
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APPENDIX B

Technical Bases for Effective Dose Factors -
Gaseous Radioactive Effluents

Overview

The evaluation of doses due to releases of radioactive material to the atmosphere can be
simplified by the use of effective dose transfer factors instead of using dose factors which are
radionuclide specific. These effective factors, which can be based on typical radionuclide
distributions of releases, can be applied to the total radioactivity released to approximate the dose
in the environment (i.e., mstead of having to perform individual radionuclide dose analyses only
a single multiplication (K ¢, Mg Or N gp) times the total quantity of radioactive material
released would be needed). This approach provides a reasonable estimate of the actual dose
while eliminating the need for a detailed calculational technique.

Effective dose transfer factors are calculated by the following equations:

Kegr = 3, &K;xf)
(B.1)
where:
K = the effective total body dose factor due to gamma emissions from
all noble gases released
K, = the total body dose factor due to gamma emissions from each
noble gas radionuclide i released
f; = the fractional abundance of noble gas radionuclide i relative to the
total noble gas activity
(L + 1.1 M)eff = Z ((1'..l + 1.1 Ml) X fl)
(B.2)
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where:

L + L.1 M) = the effective skin dose factor due to beta and
gamma emissions from all noble gases released

L; + L1 M) = the skin dose factor due to beta and gamina
emissions from each noble gas radionuclide 1
released

Mg =Y M;xf)

(B.3)
where:
Mg = the effective air dose factor due to gamma emissions from all
noble gases released
M, = the air dose factor due to gamma emissions from each noble gas
radionuclide i released
Negr = Z N; x £)
(B.4)
where:
Negg = the effective air dose factor due to beta emissions from all noble
gases released '
N, = the air dose factor due to beta emissions from each noble gas

radionuclide i released

Normally, it would be expected that past radioactive effluent data would be used for the
determination of the effective dose factors. However, the noble gas releases from Kewaunee
have been maintained to such negligible quantities that the inherent variability in the data makes
any meaningful evaluations difficult. For the years of 1981, 1982 and 1983, the total noble gas
releases have been limited to 6 Ci for 1981, 56 Ci for 1982, and 167 Ci for 1983. Therefore,
in order to provide a reasouable basis for the derivation of the effective noble gas dose factors,
the primary coolant source term from ANSI N237-1976/ANS-18.1, "Source Term
Specifications,” has been used as representing a typical distribution. The effective dose factors
as derived are presented in Table B-1.

Rev. §
B-3 02/15/93



Apphication

To provide an additional degree of conservatism, a factor of 0.50 is introduced into the dose
calculational process when the effective dose transfer factor is used. This conservatism provides
additional assurance that the evaluation of doses by the use of a single effective factor will not
significantly underestimate any actual doses in the environment.

For evaluating compliance with the dose limits of Sj {Technical Specification

Dy = 2EB x xQ x M x ¥
(B.5)
DV%S(;OSxX/QxNeﬁxZ Q;
.(B-6)
where:
Dy = air dose due to gamma emissions for the cumulative release of all
noble gases (mrad)
Dg = air dose due to beta emissions for the cumulative release of all
noble gases (mrad)
X/Q = atmospheric dispersion to the controlling site boundary (sec/ m)
% = 5.3E+02, effective gamma-air dose factor (mrad/yr per uCv/ m
Nt = 1.1E+03, effective beta-air dose factor (mrad/yr per xCi/m>)
T Qi = cumnulative release for all noble gas radionuclides (yCi).
3.17E-08 = conversion factor (yr/sec)
0.50 = - conservatism factor to account for the variability in the effluent
data ' ~
Rev. 5
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Combining the constants, the dose calculational equations simplify to:

Dy = 3.5E-05 x X/IQx ¥ Q
and ®.7)
Dg = 7.0E-05 x X/Qx ¥ Q

(B.8)

- The effective dose factors are used on a very limited basis for the purpose of facilitating the

timely assessment of radioactive effluent releases, particularly during periods of cownputer
malfunction where a detailed dose assessment may be unavailable. Dose assessments using the
detailed, radionuclide dependent calculation are performed at least every six months for
preparation of the Semi-Annual Radioactive Effluent Reports. Comparisons can be performed
at this time to assure that the use of the effective dose factors does not substantially
underestimate actual doses. ‘
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APPENDIX B

Table B-1

Effective Dose Factors - Noble Gases

Noble Gases - Total Body and Skin

Radionuclide fi
Kr-85 ‘ 0.01
Kr-88 0.01
Xe-133m 0.01
Xe-133 0.95
Xe-135 0.02
TOTAL

Noble Gases - Air

Radionuclide fi
Kr-85 0.01
Kr-88 0.01
Xe-133m 0.01
Xe-133 0.95
Xe-135 0.02
TOTAL

Total Body Effective
Dose Factor

1.5E+02
2.5E+00
3.0E+02
3.6E+01

4.8E+02

Gamma Air Effective
Dose Factor

Mgt
mra r

1.5E+02

3.3E+00

3.4E+02
3.8E+01

5.3E+02

B-6

Ci/m'

Skin Effective
Dose Factor
(L+1.1 M)y

mrem/yr per uCi/m

1.4E+01
1.9E+02
1.4E+01
6.6E+02
7.9E+01

9.6E+02

Beta Air Effective

Dose Factor
N

eff
(mrad/yr per gCi/mf)

2.0E+01
2.9E+01
1.5E+01
1.0E+03
4.9E+01

1.1E+03
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APPENDIX C

EVALUATION OF CONSERVATIVE, DEFAULT MPC VALUE
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. Appendix C

Evaluation of Conservative, Default MPC Value
for Liquid Effluents

In accordance with the requirements of Specification 3.1 (Technical Specification 7.1) the
radioactive liquid effluent monitors shall be operable with alarm setpoints established to ensure
that the concentration of radioactive material at the discharge point does not exceed the MPC
value of 10 CFR 20, Appendix B, Table I, Column 2. The determination of allowable
radionuclide concentration and corresponding alarm setpoint is a function of the individual
radionuclide distribution and corresponding MPC values.

‘In order to limit the need for routinely having to reestablish the alarm setpoints as a function of
changing radionuclide distributions, a default alarm setpoint can be established. This default
setpoint can be conservatively based on an evaluation of the radionuclide distribution of the
liquid effluents from Kewaunee and the effective MPC value for this distribution.

The effective MPC value for a radionuclide distribution can be calculated by the equation:

) [

MPC;
(C.1)
where
MPC, = an effective MPC value for a mixture of radionuclide (uCi/ml)
G = concentration of radionuclide i in the mixture |
MPC; = the 10 CFR 20, Appendix B, Table O, Column 2 MPC value for

radionuclide i (xCi/ml)

Based on the above equation and the radionuclide distribution in the effluents for past years from
Kewaunee, an effective MPC value can be determined. Results are presented m Table C-1.
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Based on the annual radionuclide distributions, the most limiting effective MPC was for the
calendar year 1983, with a calculated value of 3.8E-05 nCi/ml. For conservatism in establishing
the alarm setpoints, a default effective MPC value of 1.0E-05 xCi/ml was selected. The overall
conservatism of this value is reaffirmed for future releases considering that 1.0E-05 uCi/ml is
more restrictive than the individual MPC values for the principal fission and activation products
of Co-58, Co-60 and Cs-137 and is only slightly higher than the 9.0E-06 xCi/ml MPC value for
Cs-134.

In 1992, Table C-1 was updated to include data from 1984 through 1991. The default effective
MPC value of 1.0E-05 nCi/ml previously established was reaffirmed as being a conservative
value. Note that the 1984 through 1991 data includes more nuclides than previous years data.
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Appendix C

Table C-1
Calculation of Effective MPC

Activity Released (Ci)

Nuclide MPC 1976 - 1982 1983
Ci/ml 1981 avg. _ _
Sr-89 3E-06 1.0E-03 3E05 2E-04
Sr-90 3E07 2.5E04 SE0S 1.2E-04
Nb-95 1E-04 5.4E-03 2.4E-03 2.5E-03
©1-131 3E07 1.9E-02 - 3E-05
I-133 1E-06 7.4E-04 - 2E-05
Cs-134 9E-06 - 7.4E-02 1.1E02 9.1E-04
Cs-136 6E-05 5.2E04 - -
Cs-137 2E-05 5.7E-02 4.7E02 2.1E02
Cs-138 - 1.2E-04 - -~
Ba-140 2E-05 4.5E04 - 6E-06
Mn-54 1E-04 4.5E02 9E-03 3.6E-03
Co-57 4E-04 3.IE04 1.7E04 1.8E-04
Co-58 9E-05 5.5E01 8.IE-01 2.1E01
Co-60 3E-05 1.6E-01 3.7E01 2.0E-0!
Sb-124 2E05  3.4E-02 3E-02 3.8E-03
Sb-125 1E-04 3.4E02 1.8E-02 8.4E-03
Cr-51 ' 2E-03 4.6E-02 4 1E-02 2.8E-03
Ag-110m 3E-05 4.3E-02  1.5E01 7.2E-02
Na-24 3E-05 ‘ 9.7E-03 1E05 8.3E-04
Fe-59 ' SE-0S 6.1E-03 4.4E-03 -
Sn-113 8E-05 6.1E-04 - 1E04 8E-05
Zr95 6E-05 2.2E-03 8E-04 4E-04
Total 1.09 1.46 0.53
_ %Ci 9.2E+04 3.2E+04 1.4E+04
MPC, (xCifs) 1.2E-05 4.6E-05 3.8E-05
Rev. 5
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Table C-1 (con’t) - Calculation of Effective MPC

Activity Released (Ci)

Nuclide MPC
(uCi/mi) 1984 1985 1986 1987 1988
Na-24 3.0E-05 .42E-03 6.90E-03 5.85E-04 6.16E-04 3.08E-04
Cr-51 2.0E-03 2.57E-03 2.94E-02 4.08E-03 2.02E-02 8.36E-03
Mn-54 | .OE-04 6.06E-03 8.53E-03 1.94E-03 3.37E-03 4.87E-03
Fe-55 8.0E-04 7.45E-03 5.24E-02 1.21E01 7.23E-02
Mn-56 1.0E-04 8.38E-05
Co-57 4.0E-04 9.47E-04 2.19E-04 1.01E-04 8.03E-05 3.55E-04
Co-58 9.0E-05 5.78E-01 2.69E-01 1.92E-01 1 .86E-01 2.68E-01
Fe-59 5.0E-05 3.62E-04 3.36E-03 1.03E-03 5.02E-03 1.94E-03
Co-60 3.0E-05 1.03E-01 1.41E-01 - 6.32E-02 4.62E-02 6.22E-02
Ni-63 3.0E-05 2.24E-02
Sr-89 3.0E-06 2.05E-03 1.40E-04 4.61E-05 6.77E-05
$r-90 3.0E-07 2.59E-04 3.48E-05 1.54E-05 3.79E-06
Nb-95 1.0E-04 1.23E-03 1.83E-02 2.20E-03 5.32E-03 1.36E-03
Zc-95 6.0E-05 7.30E-04 1.05E-02 6.89E-04 2.36E-03 9.53E-04
Nb-97 1.0E-04 3.91E-02
Ze-97 2.0E-05 3.55E-04
Mo-99 4.0E-05
Ru-103 8.0E-05
Ag-110m 3.0E-05 8.33E-02 1.82E-02 2.97E-02 8.43E-02 2.32E-02
Sn-113 8.0E-05 1.77E-03 3.85E-03 1.27E-03 1.43E-03 7.88E-04
Sn-117m 3.0E-06
$b-122 3.0E-05 1.91E-04 4.48E-04
Sb-124 2.0E-05 9.51E-02 3.95E-02 2.74E-02 2.92E-02 1.52E-02
Sb-125 1.0E-04 4.73E02 3.07E-02 1.83E-02 2.25E02 1.15E-02
1131 3.0E-07 4.44E-05 3.04E-04 1.31E-04 1.33E-03
1132 8.0E-06 3.44E-05 1.88E-04
1-133 1.0E-06 4.12E-05 3.64E-05 5.76E-04 2.62E-04
Cs-134 9.0E-06 1.31E-02 5.62E-03 6.51E-04 2.06E-04 1.75E-03
1134 2.0E-08 1.40E-03
135 4.0E-06 4.31E04 2.60E-05
Cs-136 6.0E-05 1.92E-04
Cs-137 2.0E-05 2.04E-02 2.24E-02 3.63E-03 2.97E-03 7.91E-03
Cs-138 3.0E-06 8.01E-04 4
Ce-139 3.0E06 3.28E-07
Ba-140 2.0E-05
La-140 2.0E-05 7.32E-05 4.07E-05 2.09E-04 2.63E-05
Ce-144 1.0E-0S 9.01E-06
. W-187 6.0E-05
Totaj(éic)tivity 1.01E+00 6.28E-01 4.23E-01 5.33E-01 4.83E-01
'( MPCe 4.39E-05 4.19E-05 5.24E-05 5.37E-05 3.94E-05
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Table C-1 (con’t) - Calculation of Effective MPC

Activity Released (Ci)

Nuciide MPC
(uCi/ml) 1989 1990 1991
Na-24 3.0E-05 5.12E-05 1.53E-05 3.58E-05
Cr-51 2.0E-03 9.59E-04 2.02E-02 1.38E-02
Mn-54 1 OE-04 5.75E-03 2.85E-03 2.34E-03
Fe-55 8.0E-04 1.S4E-01 1.53E-02 4.07E-02
Mn-56 1 .OE-04
Co-57 4.0E-04 6.67E-04 4.16E-05 1.97E-04
Co-58 9.0E-05 4.58E-01 8.79E-02 1 01E-01
Fe-59 5.0E-05 4.18E-03 3.0SE-03 3.68E-03
Co-60 3.0E-05 9.12E-02 3.36E-02 3.45E-02
Ni-63 3.0E-05
Se-89 3.0E-06 2.12E-06
$t-90 3.0E-07
Nb-95 1.0E-04 1.43E-02 5.73E-03 4.87E-03
Zc-95 6.0E-05 1.00E-02 3.97E-03 3.07E-03
Nb-97 | OE-04
Zc-97 2.0E-05 3.98E-04 1.17E-04 6.21E-05
‘Mo-99 4.0E-05 3.16E-07
Ru-103 8.0E-05 6.95E-06
Ag-110m 3.0E-05 6.12E-02 1.92E-02 1.31E02
Sn-113 8.0E-05 4.38E-03 2.36E-03 1.93E-03
Sa-117m 3.0E-06 7.21E-05
Sb-122 3.0E-05 5.69E-02 1.53E-05 1.48E04
Sb-124 2.0E-05 1.22E-02 1.90E-03 2.10E-03
$b-125 1.0E-04 9.04E-03 - 2.47E-03 2.61E-03
131 3.0E-07 1.45E-03
1-132 8.0E-06
1-133 1.0E-06
Cs-134 9.0E-06 7.47E-03 6.92E-04 1.49E-04
1134 2.0E-05
1-135 4.0E-06
Cs-136 6.0E-05
Cs-137 2.0E-05 6.25E-03 8.02E-04 1.95E-04
Cs-138 3.0E-06
Ce-139 3.0E-06
Ba-140 2.0E-05
La-140 - 2.0E-05 2.49E-04
Co-144 1.0E-05
W-187 6.0E-05 9.02E-04 6.87E-04 1.83E-04
Toul Activity 9.00E-01 2.01E-01 2.25E01
( %f;/cr:l ) 4.62E-05 6.16E-05 7.06E-05
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Appendix D
Site Maps

Plant drawimg A-408, "Radiological Survey Site Map" depicts the site area by illustrating the
sitt boundary and the restricted areas. e area within the site boun but outside the
restricted area is considered the onsite unrestricted area. Plant drawing A-449, "Plan of Plant
Area, Fence, Lighting, and CCTV Support Structure" shows the layout of the site buildings.
Much of the land located within the unrestricted area is used for recreational or agricultural
urposes. The pier, at the liquid discharge of the plant, is often occupied by fishermen.
cupancy factors for this location is estimated to be five fishermen por day. The pier is open
to the public fromm 4 AM to 11 PM. Admittance hours are posted. The school forest is most
often visited by the Kewaunee County school system for educational purposes. It is estimated
that 250 students visit this area per year.

Figure D-1 presents the locations and elevations of radioactive effluent release points at the
lant. The plant drawings referenced above are not included as part of the ODCM but can be
ound in the plant drawing system. '
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APPENDIX E
Onsite Disposal of Low-Level Radioactively
Contaminated Waste Streams
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Docket No. 56-305

K C.{Q-HQ‘

UNITED STATES D
NUCLEAR REGULATORY COMMISSION *— L <d

WASHMINGTON. O C 20858
-3 93
cune 17, 1992

Mr. C. A. Schrock
Manager - Nuclear Engineering
Wisconsin Public Service

Corporation
P. 0. Box 19002

Green Bay, Wisconsin §4037-9002

Dear Mr. Schrock:

SUBJECT: PROPOSED DISPOSAL OF LOW LEVEL RADIOACTIVE WASTE SLUDGE ONSITE AT
THE KEWAUNEE NUCLEAR POWER PLANT (TAC NO. M75047)

By letters dated September 12, 1983, and October 17, 1991, you submitted a
request pursuant to 10 CFR 20.302 for the disposal of waste sludge onsite at
the Kewaunee Nuclear Power Plant. We have completed our review of the reguest
and find your procedures, including documented commitments, to be acceptable.

This approval is granted provided that the enclosed safety evaluation is
permanently incorporated into your Offsite Dose Calculation Manual (OOCM) as
an Appendix, and that future modifications of these commitments are reported

to the NRC.

Issuance of this safety evaluation completes all effort on TAC No. M7S047.

Enclosure:
As stated

cc w/enclosure:
Seq next page

Sincerely,

Allen G. Hansen, Project Manager
Project Directorate I11-3

Division of Reactor Projects I11/IV/V
Office of Nuclear Reactor Regulation

T A Haosoa (MC&E) ] P Giesler D2 CAMD‘Z
1 D Loock (WPL) M L Marchi KNP Clwmm
LarryNidsn(A.NFC) D L Masarik T ] Webb
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Mr. C. A. Schrock _
Wisconsin Public Service Corporation

cc:

David Baker, Esguire
Foley and Lardner

P.0. Box 2193

Orlando, Florida 32082

Glen Kunesh, Chairman

Town of Carlton

Route 1

Kewaunee, Wisconsin 54216

Mr. Harold Reckelberg, Chairman
Kewaunee County Board

Kewaunee County Courthouse
Kewaunee, Wisconsin 54216

Chairman

Public Service Commission of Wisconsin

Hill Farms State Office Building
Madison, Wisconsin §3702

Attorney General
114 £ast, State Capitol
Madison, Wisconsin $3702

U.S. Nuclear Regulatory Commission
Resident Inspectors Office

Route #1, Box 999

Kewaunee, Wisconsin 54216

Regional Administrator - Region III
U.S. Nuclear Regulatory Commission
799 Roosevelt Road

Glen €11yn, [1linois 60137

Mr. Robert S. Cullen

Chief Engineer

Wisconsin Public Service Commission
P.0. Box 7854

Madison, Wisconsin $§3707

Kewaunee Nuclear Power Plant
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SAFETY EVALUATION BY THE QFFICE OF NUCLEAR REACTOR REGULATION

RELATING TO ONSITE D[SPQOSAL OF LOW-LEVEL RADIQACTIVELY
CONTAMINATED WASTE SLUQGE
AT THE KEWAUNEE NUCLEAR POWER PLANT

W[SCONSIN PUBLIC SERVICE CORPQRATION

W]SCONSIN POWER AND LIGHT COMPANY
MADISON GAS ANQ ELECTRIC CQMPANY

0OCKET NQ. $0-30%

1.0 INTRODUCTION

In reference 1, Wisconsin Public Service Corporation (WPSC) requested approval
pursuant to Section 20.302 of Title 10 of the Code of Federal Regulations
(CFR) for the disposal of licensed material not previously considered in the
Kewaunee Final Environmental Statement (FES) dated December 1972. Additional
related material from the licensee, from the State of Wwisconsin, and from the
staff are contained in references 2 through S.

The WPSC request contains a detailed description of the licensed material
(i.e., contaminated sludge) subject to this 10 CFR 20.302 request, based on
radicactivity absorbed from liquid discharges of licensed material. The
15,000 cubic feet of contaminated sludge identified in the request contains 3
total radionuclide inventory of 0.17 mCi of Cesium-137 and Cobalt-60.

In its submittal, the licensee addres:ed specific information requested in
accordance with 10 CFR 20.302(a), provided a detailed description of the

licensed material, thoroughly analvzed and evaluated the information pertire-:

to the effects on the environment ~f the proposed disposal of licensed
material, and committed to follow specific procedures to minimize the risk :&°

unexpected exposures.

2.0 DESCRIPTION QF WASTE

Ouring the normal operation of Kewaunee, the potential exists for in-plant
process streams which are not normally radioactive to become contaminated
with very low levels of radioactive materials. These waste streams are
normally separated from the radioactive streams. However, due mainly to
infrequent, minor svitem leaks, and anticipated operational occurrences, the
potential exists for these systems to become slightly contaminated. At
Kewaunee, the secondary system demineralizer resins, the service water pre-
treatment system sludges, the make-up water system resins, and the sewage
treatment plant sludges are waste streams that have the potential to become

contaminated at very low levels.
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Ouring the yearly testing of a batch of pre-treatment sludge, it was faund
that approximately 15,000 cubic feet of sludge had been contaminated with

Cs-137 and Co-60.

3.0 PRQPQSED O[SPOSAL METHOOD

WPSC plans to dispose of the 15,000 cubic feet of contaminated sludge onsite
pursuant to 10 CFR 20.302. The sludge is currently contained in an onsite
-Yagoon at the KNPP sewage treatment facility. The disposal of the sludge will
be by land application to an area located cnsite at KNPP, as shown 1n

Figure 1. The area will be periodically plowed to a depth of 6 inches.

Table 1 lists the principal nuclides identified in the sludge. The activity
is based on measurements made in 1989. The radionuclide half-lives, which are
dominated by 30-year Cs-137, meet the staff’s 10 CFR 20.302 guidelines
(reference 6), which apply to radionuclides with half-lives Tess than 38

years.

Table 1
Nuglide Total Activi mC i
Co-60 0.076
Cs-137 0.094

4.0 RADIQLOGICAL [MPACTS

The licensee has evaluated the following potential exposure pathways to
members of the general public from the radionuclides in the sludge: (1)
external exposure caused by groundshine from the disposal site; (2) internal
exposure from inhalation of re-suspended radionuclides; and (3) internal
exposure fram ingesting ground water. The staff has reviewed the licensee's
calculational methods and assumptions and finds that they are consistent with
NRC Regulatory Guide 1.109, "Calculation of Annual Doses to Man from Routine
Releases of Reactor Effluents for the Purpose of Evaluating Compliance with =°
CFR Part S0, Appendix [," Revision 1, October 1977. The staff finds the

assessment methodology acceptable.

Table 2 lists the doses calculated by the licensee for the maximally exposed
member of the public based on a total activity of 0.170 mCi disposed of in tn2
current year, as well as the cumylative impact of similar dfsposals during
subsequent years. For any repetitive disposals, the licensee must reapply t2
the NRC when a particular disposal would exceed the following boundary
conditions: (1) the annual disposal must be Jess than a total activity of 0.2
mCi: (2) the whole body dose to the hypothetical maximally exposed individual
must be less than 0.1 mrem/year; and (3) the disposal must be at the same site

~as described in Figure 1.
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TABLE 2

whole Body Dose Received by
Maximally Exposed Individual

Pathway (mrem/ve3ar)
Groundshine ' 0.034
[nhalation 0.008
Groundwater. [ngestion 0.007
TOTAL .08

As shown in Table 2, the annual dose is expected to be on the order of
0.1 mrem or less. Such a dose is a small fraction of the 300 mrem received
annually by members of the general public from sources of natural background

radiation.

The guidelines used by the NRC staff for onsite disposal of licensed material
are presented in Table 3, along with the staff’s evaluation of how each
guideline has been satisfied.

The licensee’s procedures and commitments as documented in the submittal are
acceptable, provided that they are permanently incorporated into the
licensee’s Offsite Dose Calculation Manual (QOCM) as an Appendix, and that
future modifications be reported to NRC ir accordance with the applicable ODCM

change protocol.

Based on the above findings, the staff finds the licensee’s proposal to
dispose of the low level radioactive waste sludge onsite in the manner
described in the WPSC letter dated September 12, 1989, to be acceptable. The
State of Wisconsin has also approved these procedures (reference S).
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20.302 Guideline
for Qngit i

1. The radicactive material should
be disposed of in a manner that it
is unlikely that the material would
be recycled.

2. Doses to the total body and any
body organ of a maximally exposed
individual (a member of the general
public or a non-occupationally
exposed worker) from the probable
pathways of exposure to the disposed
material should be less than

1 mrem/year.

3. Doses to the total body and any
body organ of an inadvertent
intruder from the probable pathways
of exposure should be less than

S mrem/year.

4. Doses to the total body and any
body organ of an individual from
assumed recycling of the disposed
material at the time the disposal
site is released from regulatory
control from all likely pathways of
exposure should be less than 1 mrem,

staff’'s Evaluation

1. Oue to the nature of the
disposed material, recycling to the
general public is not considered
Tikely.

2. This guideline is addressed in
Table 2.

3. Because the material will De
land-spread, the staff considers the
maximally exposed individual
scenario to also address the
intruder scenario.

4. Even if recycling were to occur
after release from regulatory
control, the dose to the maximally
exposed member of the public is not
expected to exceed 1 mrem/year,
hased on the exposure scenarios

considered in this analysis.
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