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Abstract

This document has been developed in accordance with the commitment made by letter dated
August 21, 1984 (from D.C. Hintz to S.A. Varga). It 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
Power Station (KPS). J. Stewart Bland Consultants, Inc. of Maryland was contracted to develop
~ this document; however, rigorous review and final acceptance of this document has been

provided by KPS. Implementation of this document is the respon51b111ty of the current
owner/operator of KPS.
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KEWAUNEE POWER STATION
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
10CFR20.1302, 10CFR50, Appendix I, and 40CFR190.

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 10CFR50.36a and Appendix I for demonstrating radioactive
effluents are ALARA.

Rev. 11.
0-1 02/22/2007



Definitions
1. ACTION

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

2.  GASEOUS 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 primary
coolant system and providing for delay or holdup for the purpose of reducing the total
radioactivity released to the environment.

3. INSTRUMENTATION SURVEILLANCE

a. CHANNEL CHECK
b. CHANNEL FUNCTIONAL TEST
c. CHANNEL CALIBRATION
d. SOURCE CHECK
As defined in the Technical Specifications.

4. 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. :

5. OPERABLE-OPERABILITY

As defined in the Technical Specifications.

6. 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.

: Rev. 11
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7. RADIOLOGICAL ENVIRONMENTAL MONITORING MANUAL (REMM)

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

8. SITE BOUNDARY

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

9. 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.

10. VENTILATION EXHAUST TREATMENT SYSTEM

A VENTILATION EXHAUST TREATMENT SYSTEM is any system designed and
installed to reduce gaseous radioiodine or radioactive material in particulate form in effluents
by passing ventilation or vent exhaust gases through charcoal 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. 11
0-3 02/22/2007



1.0

Liquid Effluents

1.1

1.2

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, Sr-90 , and Fe-55
analyses. During periods of identified primary-to-secondary leakage (with
the secondary activity > 1.0E-05 nCi/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, Sr-90, and Fe-55 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.

Liquid Effluent Monitor Setpoint Determination

Per the requirements of Technical Specification 6.16.b.1.B and ODCM
Specification 3.1, alarm setpoints shall be established for the liquid effluent
monitoring instrumentation to ensure that the release concentration limits of
ODCM Specification 3.3.1 are met (i.e., the concentration of radioactive material
released in liquid effluents to unrestricted areas shall be limited to ten times the
concentrations specified in 10 CFR 20, Appendix B, Table 2, Column 2, for
radionuclides and 2.0E-04 puCi/ml for dissolved or entrained noble gases). The
following equation' must be satisfied to meet the liquid effluent restrictions:

CS10><C(F+f)

1.1
. (1.1)

' Adapted from NUREG-0133 to include the application of 10 times the Effluent Concentration (EC) of 10
CFR 20, Appendix B, Table 2, Column 2.

I-1
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where:

10xC

1.2.1

= ten times the effluent concentration limit of 10 CFR 20, Appendix B,
Table 2, Column 2, in uCi/ml. For dissolved and entrained noble gases
equals 2x10™ uCi/ml.

the setpoint, in pCi/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
ODCM Specification 3.3.1.

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

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.]

Liquid Effluent Monitors (Radwaste, Steam Generator Blowdown and

Service Water)

The setpoints for the liquid effluent monitors at the Kewaunee Power
Station are determined by the following equations:

- CWxY (C,xSEN,)

SP < c + bkg (1.2)
> —=L—XRR
10X EC,
where:
SP = alarm setpoint corresponding to the maximum allowable
release rate (cpm)
Ci = the concentration of radionuclide “i” in the liquid effluent
(1Ci), to include gamma emitters only
10x ECi = ten times the EC value corresponding to radionuclide *i”

from 10 CFR 20, Appendix B, Table 2, Column 2 (uCi/ml)

1-2
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1.2.2

SENi the sensitivity value to which the monitor is calibrated for
radionuclide “i” (cpm per WCi/ml). The default calibration
value from Table 1.1 may be used for gamma emitting

radionuclides in lieu of nuclide specific values.

CwW = the circulating water flow rate (dilution water flow) at the
time of release (gal/min)

RR = the liquid effluent release rate (gal/min)

bkg the background of the rhonitdr (cpm)

The radioactivity monitor setpoint equation (1.2) remains valid during
outages 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 criteria. At its lowest value, CW will equal RR and equation
(1.2) reverts to the following equation:

> (CixSEN)

SP< +bkg (1.3)

Ci
2, (10X ECi)

Conservative Default Values

Non-gamma emitting radionuclides (H-3, Fe-55, Sr-89/90) are not
detected by the effluent monitor and, therefore, are not directly included in
the above setpoint equation. These non-gamma radionuclides can,
however, contribute a sizable fraction of the total EC limit (refer to
Appendix C). The method specified below for establishing default
setpoints provides conservatism to account for these non-gamma emitters
and ensures that the setpoint meets the requirements of ODCM
Specification 3.1 including all radionuclides. Refer to Appendix C for
further discussion.

Conservative alarm setpoints have been determined 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 EC (EC,) value of 1.0E-06
nCi/ml (refer to Appendix C for justification),

where,

1-3
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1.3

EC=_2C 1.4
e = Z C (1.4)
(EC})
b) substitution of the lowest operational circulating water flow, in
.gal/min; and,
c) substitution of the highest effluent release rate, in gal/min,

d) substitution of the default monitor sensitivity.

The default setpoint equation is provided below:

ECex10XSENXCW
P< +
RR

S bkg (1.5)

Liquid Effluent Concentration Limits - 10 CFR 20

ODCM Specification 3.3.1 limits the concentration of radioactive material in
liquid effluents (after dilution in the Circulating Water System) to less than ten
times the concentrations as specified in 10 CFR 20, Appendix B, Table 2, 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 an alarm setpoint being
exceeded, an evaluation of compliance with the concentration limits of ODCM
Specification 3.3.1 may be performed using the following equation:

where:
> [(Ci+(10xEC))x (RR + CW)] <1 (1.6)
Ci = concentration of radionuclide “1” in the undiluted liquid
effluent (LCi/ml)
10 x ECi = ten times the EC value corresponding to radionuclide “i”
from 10 CFR 20, Appendix B, Table 2, Column 2 (uCi/ml)
= 2E-04 uCi/ml for dissolved or entrained noble gases
RR = the liquid effluent release rate (gal/min)
Cw = the circulating water flow rate (dilution water flow) at the

time of the release (gal/min)
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1.4

Liquid Effluent Dose Calculation - 10 CFR 50

ODCM Specification 3.3.2 limits the dose or dose commitment to members of the
public from radioactive materials in liquid effluents from the Kewaunee Power
Station to:
¢ during any calendar quarter;

< 1.5 mrem to total body

< 5.0 mrem to any oréan
. during any calendar year;

< 3.0 mrem to total body

< 10.0 mrem to any organ.
Per Surveillance Requirement 4.3.2, the following calculational methods may be

used for determining the dose or dose commitment due to the liquid radioactive
effluents from Kewaunee.

” 1.67TE-02x VOL
Do = X Cix Aio 1.7
W 2. (Cix Au) (1.7)
where:
D, = dose or dose commitment to organ “0”, including total body
(mrem)
Ao = site-related ingestion dose commitment factor to the total body or
any organ “o0” for radionuclide “1” (mrem/hr per uCi/ml) (Table
1.2)
G = average concentration of radionuclide “i”, in undiluted liquid
effluent representative of the volume VOL (uCi/ml)
VOL = volume of liquid effluent released (gal)
Cw = average circulating water discharge rate during release period
(gal/min)
1.67E-02 =

conversion factor (hr/min)

1-5
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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:

Aio = 1.14E + 05[(Uw + Dw )+ (Ur x BE:)|DF, (1)
where:

Ajo = composite dose parameter for the total body or critical organ “o” of
an adult for radionuclide *“i’, for the fish ingestion and water
consumption pathways (mrem/hr per pCi/ml)

1.14E+05 = conversion factor (pCi/uCi x ml/kg + hr/yr)

Uy = adult water consumption (730 kg/yr) -

Dy = dilution factor from the near field area within Y4 mile of the release
point to the nearest potable water intake for the adult water
consumption (842, unitless)

Ug = adult fish consumption (21 kg/yr)

BE; = 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 pre-selected

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

The radionuclides included in the periodic dose assessment per the requirements
of ODCM Specification 3.3.2 and Surveillance Requirement 4.3.2 are those as
identified by gamma spectral analysis of the liquid waste samples collected and
analyzed per Surveillance Requirement 4.3.1.1, Table 4.3.

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.

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 ODCM Specification 3.3.2. (Refer to
Appendix A for the derivation and justification for this simplified method.)

? Adapted from the Kewaunee Final Environmental Statement, Section V.
1-6
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1.5

Total Body

9.67E+03xVOL
Do = x» G 1.9
b oW > (1.9)
Maximum Organ
1.18E+04xVOL
Dmux = X Ci 1 ] O
oW > (1.10)
where:
G = average concentration of radionuclide *“i”, in undiluted liquid
effluent representative of the volume VOL (uCi/ml)
VOL = volume of liquid effluent released (gal)
Cw = average circulating water discharge rate during release period
(gal/min)
Dy = conservatively evaluated total body dose (mrem)
Diax = conservatively evaluated maximum organ dose (mrem)
9.67E+03 = product of the hour-to-minute conversion factor (hr/min) and the
conservative total body dose conversion factor (Cs-134, total body
-- 5.79E+05 mrem/hr per uCi/ml)
1.18E+04 = product of the hour-to-minute conversion factor (hr/min) and the

- conservative maximum organ dose conversion factor (Cs-134, liver
-- 7.09E+05 mrem/hr per pCi/ml)

Liquid Effluent Dose Projections

ODCM Specification 3.3.3 requires that the liquid radioactive 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

e 0.62 mrem to any organ.

The applicable liquid waste streams and processing systems are as delineated in
Figure 1.
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1.6

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

Di» = D(91+ d) | | (1.11)
Dmuxp = Dmax(gl - d) (1 12)
where:
Dby = the total body dose projection for current calendar quarter (mrem)
Dy = the total body dose to date for current calendar quarter as
determined by equation (1.7) or (1.9) (mrem)
Dinaxp = the maximum organ dose projection for current calendar quarter
(mrem)
Dinax = the maximum organ dose to date for current calendar quarter as
determined by equation (1.7) or (1.10) (mrem)
d = the number of days to date for current calendar quarter
91 = the number of days in a calendar quarter

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.
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1.7

It is for these type wastes that the NRC acknowledged in 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. It 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. Currently, only service water pretreatment (SWPT) facility lagoon
sludge and sewage treatment plant sludge have been approved for disposal by
land spreading.

Heating Boiler Blowdown Operation with Primary-to-Secondary Leak

During operation with a primary-to-secondary leak, the potential exists for
non-radioactive systems to become contaminated. One such system is the heating
system. Activity is transferred from the reactor coolant system into the secondary
main steam system through the leak and then into the heating system. Heating
boiler operation following operation with a primary-to-secondary leak will result
in the heating boiler becoming contaminated.

When the heating boiler is operated, it must be periodically blown down to
remove impurities, which collect in the system. This blowdown is normally
directed to the steam generator blowdown tank but can be diverted to the
circulating water discharge. Either way, the blowdown becomes a release path for
radioactivity to the environment. The heating boiler blowdown is sampled, using
current plant procedures, whenever the primary-to-secondary leakage exceeds
10 gallons per day and the gross gamma activity or tritium activity exceeds
1.0E-05 pCi/ml. The results of these samples allow for the activity being released
to the environment to be quantified. This is similar to the method used for the
turbine building sump release path. The radioactive effluent limits of 10 CFR-
Part 20, 40 CFR 190, and Technical Specifications can therefore be maintained.
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Table 1.1

Parameters for Liquid Alarm Setpoint Determinations

Parameter Actual Value | Default Value* | Units Comments
EC. calculated 1.0E-06%% uCi/ml |Calculate for each batch to be released
e measured N/A uCi/m "l."akfen from gamma spectral analysis of
liquid effluent
. . Taken from 10 CFR 20, Appendix B,
EC as determined N/A nCi/ml Table 2, Col. 2
Sensitivity (SEN)
R-18 as determined 1.0E+08 Radwaste effluent
R-19 as determined 1.0E+08 cpm per |Steam Generator blowdown
R-20 as determined 1.0E+08 uCi/ml |Service Water - component cooling
R-16 “as determined 9.8E+07 Service Water - Containment fan cooling
cw as determined 2.58E+05 gpm Cl_rculatlp g Water System default =
: winter, single CW pump
Release Rate (RR)
R-18 as determined 8.0E+01 Determined prior to release; release rate
can be adjusted for Technical
m Specification compliance
R-19 as determined 2.0E+02 &P Steam Generator A and B combined
R-20 as determined 5.0E+03 Service Water - component cooling
R-16 as determined 1.5E+03 Service Water - Containment fan cooling
Background (bkg) :
R-18 as determined 2.0E+03 cpm |Nominal values only; actual values may
.R-19 as determined 8.0E+01 be used in lieu of these reference values
R-20 as determined 6.0E+01
R-16 as determined 8.0E+01
Setpoint* (SP) .
R.18™" calculated 5.00E+05 + bkg cpm Default al‘arm setpoints; more
. conservative values may be used as deem
R-19 calculated 5.00E+05 + bkg ropriate and desirable for "
R20 calculated | 5.16E+04 + bk sppropriste and desiable for asuring
R-16 calculated 1.69E+05 + bkg maintaining releases ALARA.
Setpoint* (SP) with no Circulating Water System flow, CW=0
R-18 calculated 6.25E+04+ bkg For outages with no Circulating Water
R-19 calculated 2.50E+04 + bkg com System flow (CW=0) and a dilution flow
R-20 calculated 1.00E+03 + bkg p as provided by the Service Water system
R-16 calculated 3.26E+03 + bkg of 5,000 gpm total . ***
* Refer to Calculation # C10690 for the default setpoint calculation.
**  Refer to Appendix C for derivation
ok ok ok

SW flow is based on N-SW-02 Operating Parameters and Service Water Pump Flow Curves.
***% The default alarm setpoints for R-18 and R-19 are based upon the linear calibration range of those
radiation monitors in accordance with CAP 37265 and DCR 26981.
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Table 1.2
Site Related Ingestion Dose Commitment Factors
(mrem/hr per pCi/ml)

Nuclide Bone Liver T.Body Thyroid Kidney Lung GI-LLI
H-3 - 3.30E-1 3.30E-1 3.30E-1 3.30E-1 3.30E-1 3.30E-1
C-14 3.13E+4 6.26E+3 6.26E+3 6.26E+3 6.26E+3 6.26E+3 - 6.26E+3

Na-24 4.09E+2 4.09E+2 4.09E+2 4.09E+2 4.09E+2 4.09E+2 4.09E+2
P-32 1.39E+6 8.62E+4 5.36E+4 . - - 1.56E+5
Cr-51 - - 1.28E+0 7.63E-1 2.81E-1 1.69E+0 3.21E+2
Mn-54 - 4.38E+3 8.36E+2 - 1.30E+3 - 1.34E+4
Mn-56 - 1.10E+2 1.96E+1 - 1.40E+2 - 3.52E+3
Fe-55 6.61E+2 4 57E+2 1.06E+2 - - 2.55E+2 2.62E+2
Fe-59 1.04E+3 2.45E+3 9.40E+2 - - 6.85E+2 8.17E+3
Co-57 - 2.11E+1 3.51E+1 - - - 5.36E+2
Co-58 - 8.99E+1 2.02E+2 - - - 1.82E+3
Co-60 - 2.58E+2 5.70E+2 - - - 4 85E+3
Ni-63 3.13E+4  2.17E+3 1.05E+3 - - - 4.52E+2
Ni-65 1.27E+2 1.65E+1 7.52E+0 - - - 4.18E+2
Cu-64 - 1.01E+1 4.72E+0 - 2.53E+1 - 8.57E+2
Zn-65 2.32E+4 7.38E+4 3.33E+4 - 4 93E+4 - 4.65E+4
Zn-69 4.93E+1 9.43E+1 6.56E+0 - 6.13E+1 - 1.42E+1
Br-82 - - 2.27E+3 - - - 2.61E+3
Br-83 - - 4.05E+1 - - - 5.83E+1
Br-84 - - 5.24E+1 - - - 4.12E-4
Br-85 - - 2.15E+0 - - - -
Rb-86 - 1.01E+5 4.71E+4 - - - 1.99E+4
Rb-88 - 2.90E+2 1.54E+2 - - - 4.00E-9
Rb-89 - 1.92E+2 1.35E+2 - - - -
Sr-89 2.24E+4 - 6.44E+2 - - - 3.60E+3
Sr-90 5.52E+5 - 1.35E+5 - - - 1.59E+4
Sr-91 4.13E+2 - 1.67E+1 - - - 1.97E+3
Sr-92 1.57E+2 - 6.77E+0 - - - 3.10E+3
Y-90 5.85E-1 - 1.57E-2 - - - 6.21E+3
Y-91m 5.53E-3 - 2.14E-4 - - - 1.62E-2
Y-91 8.58E+0 - 2.29E-1 - - - 4.72E+3
Y-92 514E-2 - 1.50E-3 - - - 9.00E+2
Y-93 1.63E-1 - 4.50E-3 - - - 517E+3
Z2r-95 2.70E-1 8.67E-2 5.87E-2 - 1.36E-1 - 2.75E+2
Zr-97 1.49E-2 3.01E-3 1.38E-3 - 4 55E-3 - 9.34E+2
Nb-95 4 47E+2 2.49E+2 1.34E+2 - 2.46E+2 - 1.51E+6
Nb-97 3.75E+0 9.48E-1 3.46E-1 - 1.11E+0 - 3.50E+3
Mo-99 - 1.07E+2 2.04E+1 - 2.43E+2 - 2.49E+2

Tc-99m 9.11E-3 2.58E-2 3.28E-1 - 3.91E-1 1.26E-2 1.52E+1

Tc-101 9.37E-3 1.35E-2 1.32E-1 - 2.43E-1 6.90E-3 -

Ru-103 4.61E+0 - 1.99E+0 - 1.76E+1 - 5.39E+2

Ru-105 3.84E-1 - 1.52E-1 - 4.96E+0 - 2.35E+2

Ru-106 6.86E+1 - 8.68E+0 - 1.32E+2 - 4.44E+3

Rh-103m - - - - - - -

Rh-106 - - - - - - -
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Table 1.2
Site Related Ingestion Dose Commitment Factors
(mrem/hr per uCi/ml)
Nuclide Bone Liver T.Body Thyroid Kidney Lung GI-LLI
Ag-110m 1.04E+0 9.62E-1 5.71E-1 - 1.89E+0 - 3.92E+2
Sh-124 9.48E+0 1.79E-1 .  3.76E+0 2.30E-2 - 7.38E+0 2.69E+2
Sb-125 6.06E+0 6.77E-2 1.44E+0 6.16E-3 - 4.67E+0 6.67E+1
Te-125m 2.57E+3 9.31E+2 3.44E+2 7.73E+2 1.04E+4 - 1.03E+4
Te-127m 6.49E+3 2.32E+3 7.91E+2 1.66E+3 2.64E+4 - 2.18E+4
Te-127 1.05E+2 3.79E+1 2.28E+1 7.81E+1 4.29E+2 - 8.32E+3
Te-129m  1.10E+4 411E+3 1.74E+3 3.79E+3 4.60E+4 - 5.55E+4
Te-129 3.01E+1 1.13E+1 7.33E+0 2.31E+1 1.27E+2 - 2.27E+1
Te-131m 1.66E+3 8.11E+2 6.76E+2 1.28E+3 8.22E+3 - 8.05E+4
Te-131 1.89E+1 7.89E+0 5.96E+0 1.55E+1 8.27E+1 - 2.67E+0
Te-132 2.42E+3 1.56E+3 1.47E+43 1.73E+3 1.50E+4 - 7.39E+4
1-130 2.79E+1 8.23E+1 3.25E+1 6.97E+3 1.28E+2 - 7.08E+1
I-131 1.54E+2 2.20E+2 1.26E+2 7.20E+4 3.76E+2 - 5.79E+1
1-132 7.49E+0 2.00E+1 7.01E+0 7.01E+2 3.19E+1 - 3.76E+0
1-133 5.24E+1 9.11E+1 2.78E+1 1.34E+4 1.59E+2 - 8.19E+1
1-134 3.91E+0 1.06E+1 3.80E+0 1.84E+2 1.69E+1 - 9.26E-3
1-135 1.63E+1 4.28E+1 1.58E+1 2.82E+3 6.86E+1 - 4.83E+1
Cs-134 2.98E+5 7.09E+5 5.79E+5 - 2.29E+5 7.61E+4 1.24E+4
Cs-136 3.12E+4 1.23E+5 8.86E+4 - 6.85E+4 9.39E+3 1.40E+4
Cs-137 3.82E+5 5.22E+5 3.42E+5 - 1.77E45 5.89E+4 1.01E+4
Cs-138 2.64E+2 5.22E+2 2.59E+2 - 3.84E+2 3.79E+1 2.23E-3
Ba-139 1.02E+0 7.30E-4 3.00E-2 - 6.83E-4 4 14E-4 1.82E+40
Ba-140 2.15E+2 2.69E-1 1.41E+1 - 9.16E-2 1.54E-1 4.42E+2
Ba-141 4.98E-1 3.76E-4 1.68E-2 - 3.50E-4 2.13E-4 -
Ba-142 2.25E-1 2.31E-4 1.42E-2 - 1.95E-4 1.31E-4 -
La-140 1.52E-1 7.67E-2 2.03E-2 - - - 5.63E+3
La-142 7.79E-3 3.54E-3 8.82E-4 - - - 2.59E+1
Ce-141 3.17E-2 2.14E-2 2.43E-3 - 9.95E-3 - 8.19E+1
Ce-143 5.58E-3 4.13E+0 4.57E-4 - 1.82E-3 - 1.54E+2
Ce-144 1.65E+0 6.90E-1 8.87E-2 - 4.10E-1 - 5.58E+2
Pr-143 5.60E-1 2.25E-1 2.77E-2 - 1.30E-1 - 2.45E+3
Pr-144 1.83E-3 7.61E-4 9.31E-5 - 4.29E-4 - -
Nd-147 3.83E-1 4.42E-1 2.65E-2 - 2.59E-1 - 2.12E+3
W-187 2.96E+2 2.47E+2 8.65E+1 - - - 8.10E+4
Np-239 2.97E-2 2.92E-3 1.61E-3 - 9.10E-3 - 5.98E+2
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Table 1.3
Bioaccumulation Factors(BFi)
(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
Rh 1.0E+01
Ag 2.3E+00
Sb 1.0E+00
Te 4.0E+02

! 1.5E+01
Cs 2.0E+03
Ba - 4.0E+00
La 2.5E+01
Ce 1.0E+00
Pr 2.5E+01
Nd 2.5E+01
w 1.2E+03
Np 1.0E+01

* 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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Gaseous Effluents

2.1 Radiation Monitoring Instrumentation and Controls

The gaseous effluent monitoring instrumentation and controls 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:

2.1.1 Waste Gas Holdup System

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 sampling and analysis. The tanks are
discharged via the Auxiliary Building vent. R-13 and/or R-14 provide noble gas monitoring and
automatic isolation. : '

2.1.2 Condenser Evacuation System

The air ejector discharge is monitored by R-15. Releases from this system are normally via the
Auxiliary Building vent and are monitored by R-13 and/or R-14.

2.1.3 Containment Purge

Containment purge and ventilation is via the containment stack for the 36-inch RBV system but
via the auxiliary building stack for the 2-inch vent and mini-purge blower system. The stack
radiation monitoring system consists of:

® a noble gas activity monitor providing alarm and automatic termination of release
(R-12 and R-21),

® aniodine sampler, and

¢ a particulate sampler.

Effluent flow rates are determined empirically as a function of fan operation (fan curves).
¢ Sampler flow rates are determined by flow rate instrumentation.

2.1.4 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, 2-inch containment pressure relief purge/vent system, and Auxiliary Building general
area. All effluents pass through the R-13 and/or R-14 channels which contain:

® anoble gas monitor,
® aniodine sampler, and
® aparticulate sampler.
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The noble gas monitor provides auto isolation of any waste gas decay tank release and diverts
other releases through the special ventilation system. Effluent flow rates are determined by
installed flow measurement equipment or as a function of fan operation (fan curves). Sampler
flow rates are determined by flow rate instrumentation.

2.1.5 Containment Mini-Purge/Vent System

Slight pressure buildup in containment is a recurring event resulting from normal operation of
the plant. Prior to exceeding 2 psig in containment, this excess pressure is vented off. Air from
containment is routed to the Auxiliary Building ventilation system, via the post-LOCA hydrogen
recombiner piping and then out through the Auxiliary Building vent stack. The system is also
designed to allow a continuous supply of fresh air to be introduced into containment via a mini-
blower to purge gases. An alarm of the Auxiliary Building vent stack monitor (R-13 or R-14) or
the containment building airborne radioactivity monitors (R-11, R-12) provides automatic
isolation.

2.1.6  Steam Generator PORV Release With Primary-to-Secondary Leakage

IF the plant is operating with Steam Generator leakage from the primary side to the secondary,
THEN release of steam through the Steam Generator PORVs will constitute a radiological
release. There are no monitors on this release path, so accurate data collection is important. The
appropriate procedures provide directions for release permit preparations.

2.1.7 Non-routine Discharge Locations

Periodically, non-routine breaches are made in the Auxiliary and Containment buildings that
might allow the release of the atmosphere, which contains some levels of radioactivity. These
breaches include, but are not limited to, opening the Containment equipment hatch during
outages, holes cut in walls or ceilings to allow for moving equipment in or out of the
Radiologically Controlled Areas (RCAs). All efforts to maintain these areas at negative pressure
will be made. IF negative pressure cannot be maintained (i.e., more exhaust than supply fan
volume), THEN supply ventilation to the area must be secured. Criteria for determining if and
when a release occurs from these areas is provided in implementing procedures. As possible, the
effects of these possible releases shall be evaluated before hand. Any actual releases shall be
documented and included in the monthly, quarterly and annual reports as appropriate.

2.1.8 Miscellaneous Releases

IE the plant is experiencing primary-to-secondary leaks in the steam generators, THEN the
secondary steam side will become contaminated. Any release of steam will constitute an
effluent, gaseous release, which will need to be accounted for in the effluent release program.
Historically, if this condition had existed, the affects were considered to be minimal, and
therefore were NOT included in the ODCM. The potential sources are too numerous to
specifically call out here. However, in the event conditions arise that such releases occur, the
methods outlined in the ODCM for dose calculation of the releases will be applied, and the
results included in the annual effluent release report.

A gaseous radioactive waste flow diagram with the applicable, associated radiation monitoring
instrumentation and controls is presented as Figure 2.
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2.2

Gaseous Effluent Monitor Setpoint Determination

2.2.1 Containment and Auxiliary Building Vent Monitor

Per the requirements of ODCM Specification 3.2, 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 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:

FRACs = [4.72E + 02X /Qx VEx 3" (Cix Ki)]+ 500 2.1)
FRACsuan = [4.72E + 02X 3/Qx VF > (Cix(Li+1.1 Mi))]= 3000 (2.2)

where:

FRAC;, = fraction of the allowable release rate for the total body based on the
identified radionuclide concentrations and the release flow rate

FRAC, = fraction of the allowable release rate for skin based on the identified
radionuclide concentrations and the release flow rate

v/Q = annual average meteorological dispersion for direct exposure to noble gas
at the controlling site boundary location (sec/m3, from Table 2.3)

VF = ventilation system flow rate for the applicable release point and monitor
(ft3/min, from Table 2.3)

G = concentration of noble gas radionuclide “i” as determined by radioanalysis
of grab sample (uCi/cm?3)

K = total body dose conversion factor for noble gas radionuclide “i”
(mrem/yr per uCi/m3, from Table 2.1)

L; = beta skin dose conversion factor for noble gas radionuclide *i”
(mrem/yr per uCi/m3, from Table 2.1)

M; = gamma air dose conversion factor for noble gas radionuclide *“i”
(mrad/yr per uCi/m3, from Table 2.1)

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

4.72E+02 = conversion factor (cm?/ft® x min/sec)

500 = total body dose rate limit (mrem/yr)
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3000 = skin dose rate limit (mrem/yr)

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=[> (CixSEN:)+ FRAC|+ bkg 2.3)

where: |

SP = alarm setpoint corresponding to the maximum allowable release rate (cpm)
SEN; = the sensitivity value to which the monitor is calibrated for radionuclide “i”

(cpm per uCi/cm?), use the default value from Table 2.2 if radionuclide
- specific sensitivities are not available

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 determined by the default values presented
in Table 2.2. These values are based upon:

a) substitution of the maximum ventilation flow rate,

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

) application of 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 presented in Table 2.2.

* Adopted from ANSI N237-1976/ANS-18.1, Source Term Specifications, Table 6.
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2.3 Gaseous Effluent Instantaneous Dose Rate Calculations - 10 CFR 20

2.3.1 Site Boundary Dose Rate - Noble Gases.

ODCM Specification 3.4.1.a limits the dose rate at the site boundary due to noble gas
releases to < 500 mrem/yr to the total body, and < 3000 mrem/yr to the skin. Radiation
monitor alarm setpoints are established to ensure that these release limits are not
exceeded. In the event any gaseous 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:

D.

x/Q

M =

1.1 =

D= X/QxZ[Kixdij Qb
and
D, :X/sz[(uﬂ.lMi)inj | 2.5)

total body dose rate (mrem/yr)

skin dose rate (mrem/yr)

atmospheric dispersion for direct exposure to noble gas at the controlling site
boundary (sec/m3, from Table 2.3)

(1542
1

average release rate of radionuclide
(uCi/sec)

over the release period under evaluation

[13%2]
1

total body dose conversion factor for noble gas radionuclide
(mrem/yr per uCi/m?, from Table 2.1)

13211

beta skin dose conversion factor for noble gas radionuclide “i
(mrem/yr per pCi/m3, from Table 2.1)

(13421

gamma air dose conversion factor for noble gas radionuclide “i” (mrad/yr per
UCi/m3, from Table 2.1)

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

Actual meteorological conditions concurrent with the release period or the default, annual
average dispersion parameters as presented in Table 2.3 may be used for evaluating the
gaseous effluent dose rate.
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2.3.2 Site Boundary Dose Rate - Radioiodine and Particulates .

ODCM Specification 3.4.1.b limits the dose rate to < 1500 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 time period over which any
batch release is to occur. The following equation may be used for the dose rate

evaluation:
Dozx/sz[RiinJ (2.6)

where:

Do = average organ dose rate over the sampling time period (mrem/yr)

v/Q = atmospheric dispersion to the controlling site boundary for the inhalation
pathway (sec/m?, from Table 2.3)

R; = dose parameter for radionuclide *“i”, (mrem/yr per uCi/m3) for the child
inhalation pathway from Table 2.6

Qa = 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 Do solving forQi, an allowable release rate for 1-131
can be determined. Based on the annual average meteorological dispersion (see Table
2.3) and the most limiting potential pathway, age group and organ (inhalation pathway,
child thyroid — R; = 1.62E+07 mrem/yr per nCi/m3) the allowable release rate for I-131 is
6.43 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 [-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 additional analyses are needed to verify
compliance with the ODCM Specification 3.4.1.b limits on allowable release rate.
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2.4

Gaseous Effluent Dose Calculations - 10 CFR 50

2.4.1 Unrestricted Area Ddse - Noble Gases

ODCM Specification 3.4.2 requires a periodic 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:

N;

3.17E-08

D, =3.17E-08x¢/Qx > (Mix Q) (2.7)
and
Ds= 3..17E -08xx/Qx > (Nix Qi) (2.8)

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

atmospheric dispersion to the controlling site boundary (sec/m3, from
Table 2.3)

“ kAl

cumulative release of noble gas radionuclide
(MCi)

over the period of interest

“ 29

air dose factor due to gamma emissions from noble gas radionuclide
(mrad/yr per uCi/m3 from Table 2.1)

(15841

air dose factor due to beta emissions from noble gas radionuclide “i
(mrad/yr per nuCi/m3, Table 2.1)

conversion factor (yr/sec)

In lieu of the individual noble gas radionuclide dose assessment as presented above, the
following simplified dose calculational equation may be used for verifying compliance with the
dose limits of ODCM Specification 3.4.2. (Refer to Appendix B for the derivation and
justification for this simplified method.)

3.17E - 08

D, ='OT><X/Q><Meff><ZQi (2.9)
and
=3 ISEOOSX W/QX Nerrx " Qi (2.10)

2-7 REV. 11
02/22/2007



where:

Mes = 5.3E+02 effective gamma-air dose factor (mrad/yr per pCi/m3)
Ner = 1.IE+03 effective beta-air dose factor (mrad/yr per pCi/m3)
0.50 = conservatism factor

Actual meteorological conditions concurrent with the release period or the default, annual
average dispersion parameters as presented in Table 2.3, may be used for the evaluation
of the gamma-air and beta-air doses.

2.4.2 Unrestricted Area Dose - Radioiodine and Particulates

Per the requirements of ODCM Specification 3.4.3, 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:

Diop =3.17E = 08X W xSFp x > (Rix Qi) 2.11)

where:

€699 IPRE)

D.p = dose or dose commitment for age group “a” to organ “o0”, including the total

body, via pathway “p” from I-131, 1-133, tritium and radionuclides in
particulate form with half-life greater than eight days (mrem)

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

¥/Q = atmospheric dispersion for inhalation pathway and H-3 dose contribution via
other pathways (sec/m3)

D/Q

atmospheric deposition for vegetation, milk and ground plane exposure

pathways (1/m?)

R; = dose factor for radionuclide “i”, (mrem/yr per pCi/m3) or (m? - mrem/yr per
pCi/sec) from Table 2.4 through 2.15 for each age group “a” and the
applicable pathway “p” as identified in Table 2.3. Values for R; were derived
in accordance with the methods described in NUREG-0133.

Qi = cumulative release over the period of interest for radionuclide “i” -- I-131 or

radioactive material in particulate form with half-life greater than 8 days

(nCi).
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SF, = seasonal correction factor to account for the fraction of the period that the
applicable exposure pathway does exist.

1) For milk and vegetation exposure pathways:

# of months in the period that grazing occurs

total # of months in period

= 0.5 for annual calculations
2) For inhalation and ground plane exposuré_ pathways: = 1.0
In lieu of the individual radionuclide (I-131 and particulates) dose assessment as presented

above, the following simplified dose calculational equation may be used for verifying
compliance with the dose limits of ODCM Specification 3.4.3.

Do =3.17E = 08X W XSFpx Ri- 131X )_ Qi (2.12)
where: |
Dmax = maximum organ dose (mrem)
Rz = I-131 dose parameter for the thyroid for the identified controlling pathway

1.05E+12, infant thyroid 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 census, see REMM Specification 2.2.2. Otherwise, the
dose will be evaluated based on the predetermined controlling pathways as identified in
Table 2.3.
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2.5 Gaseous Effluent Dose Projection

ODCM Specification 3.4.4 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 rate 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.

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

Dmaxp =

Dmax

91

Dyp =Dy x(91+d) ' (2.13)
Do =Dpx(91+d) , (2.14)
Dmuxp = Dmux X (91 - d) ‘ (215)

gamma air dose projection for current calendar quarter (mrad)

gamma air dose to date for current calendar quarter as determined by equation (2.7)
or (2.9) (mrad)

beta air dose projection for current calendar quarter (mrad)

beta air dose to date for current calendar quarter as determined by equation (2.8) or
(2.10) (mrad)
maximum organ dose projection for current calendar quarter (mrem)

maximum organ dose to date for current calendar quarter as determined by equation
(2.11) or (2.12) (mrem)

number of days to date in current calendar quarter

number of days in a calendar quarter
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2.6 Environmental Radiation Protection Standards 40 CFR 190

For the purpose of implementing ODCM Specification 3.5 on the EPA environmental radiation
protection standard and Technical Specification 6.9.b.2 on reporting requirements, dose calculations
may be performed using the above equations with the substitution of average or actual meteorological
parameters for the period of interest and actual applicable pathways. Any exposure attributable to on-
site sources will be evaluated based on the results 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.

2.7 Incineration of Radioactively Contaminated Oil.

During plant operation, radioactively contaminated oils are generated from various pieces of equipment
operating in the plant. The largest source of contaminated oil is the reactor coolant pump lubricating oil,
which is periodically changed for preventive maintenance reasons. 10 CFR Part 20 allows licensees to
incinerate radioactively contaminated oils on site provided that the total radioactive effluents from the
facility conform to the requirements of 10 CFR Part 50, Appendix L.

Radioactively contaminated oil, which is designated for incineration, will be collected in
containers, which are uniquely serialized such that the contents can be identified and tracked.
Each container will be sampled and analyzed for radioactivity. The isotopic concentrations will
be recorded for each container.

The heating boiler will be utilized to incinerate the radioactively contaminated oil collected on
site. A gaseous radwaste effluent dose calculation, as prescribed in Section 2.3 of the ODCM,
will be performed to insure that the limits established by ODCM Specifications 3.4.1, 3.4.2 and
3.4.3 are not exceeded. Release of the activity is assumed to occur at the time the contaminated
oil is transferred into the heating boiler fuel oil storage tank and will be accounted for using
established plant procedures. This will be valid for an assumed release from the fuel oil storage
tank vent, fill piping, or from the boiler exhaust stack. See Figure 3 for a description of the
heating boiler fuel oil system.

2.8 Total Dose

The purpose of this section is to describe the method used to calculate the cumulative dose
contributions from liquid and gaseous effluents in accordance with KPS Technical Specifications
for total dose. This method can also be used to demonstrate compliance with the Environmental
Protection Agency (EPA) 40CFR190, “Environmental Standards for the Uranium Fuel Cycle”.

Compliance with the KPS Technical Specification dose objectives for the maximum individual
demonstrates compliance with the EPA limits to any member of the public, since the design dose
objectives from 10CFR50, Appendix I are much lower than the 40CFR190 dose limits to the
general public. With the calculated doses from the releases of radioactive materials in liquid or
gaseous effluents exceeding twice the limits outlined in ODCM Specifications 3.3.2, 3.4.2, and
3.4.3, a special analysis shall be performed. The purpose of this analysis is to demonstrate if the
total dose to any member of the public (real individual) from all uranium fuel cycle sources
(including direct radiation contributions from the reactor unit, from outside storage areas and
from all real pathways) is limited to less than or equal to 25 mrem per year to the total body or
any organ, except the thyroid, which is limited to 75 mrem per year.

2-11 . REV. 11
02/22/2007



If required, the total dose to a member of the public will be calculated for all significant effluent
release points for all real pathways including direct radiation. ‘Effluent releases from Point
Beach Nuclear Plant must also be considered due to its proximity. Calculations will be based on
the equations in Sections 1.4, 2.4.1, and 2.4.2, with the exception that usage factors and other site
specific parameters may be modified using more realistic assumptions, where appropriate.

The direct radiation component from the facility can be determined using environmental TLD
results. These results will be corrected for natural background and for actual occupancy time of
any areas accessible to the general public at the location of maximum direct radiation. It is
recognized that by including the results from the environmental TLDs into the sum of total dose
comiponent, the direct radiation dose may be overestimated. The TLD measurements may
include the exposure from noble gases, ground plane deposition, and shoreline deposition, which
have already been included in the summation of the significant dose pathways to the general
public. However, this conservative method can be used, if required, as well as any other method
for estimating the direct radiation dose from contained radioactive sources within the facility.
The methodology used to incorporate the direct radiation component into total dose estimates
will be outlined whenever total doses are reported.

Therefore, the total dose will be determined based on the most realistic site specific data and
parameters to assess the real dose to any member of the public.
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Table 2.1

Dose Factors for Noble Gases

Total Body Skin Dose Gamma Air Beta Air
Dose Factor Factor Dose Factor Dose Factor
K; L; M; N;
Radionuclide (mrem/yn; (mren.lly l; (mrad/yr (mrad/yr
per uCi/m>) per pCi/m’) per pCi/m’) per uCi/m?)
Kr-83m 756E-02 | - 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+0] 1.95E+03
Kr-87 5.92E+03 9.73E+03 6.17E+03 1.03E+04
Kr-88 1.47E+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 1.11E+03
Xe-133m 2.51E+02 9.94E+02 3.27E+02 1.48E+03
Xe-133 2.94E+02 3.06E+02 3.53E+02 1.05E+03
Xe-135m 3.12E+03 7.11E+02 3.36E+03 7.39E+02
Xe-135 1.81E+03 1.86E+03 1.92E+03 2.46E+03
Xe-137 1.42E+03 1.22E+04 1.51E+03 1.27E+04
Xe-138 8.83E+03 4.13E+03 9.21E+03 4.75E+03
Ar-41 8.84E+03 2.69E+03 9.30E+03 3.28E+03
2-14

REV. 11
02/22/2007



Table 2.2
Parameters for Gaseous Alarm Setpoint Determinations

Parameter

Default

Actual Value Units Comments
Value*
e calculated 3.6E-06 sec/m’ Licensing technical specification
value
Containment -normal plus purge
VF fan curves 33,000 cfm modes
54,000 Auxiliary Building - normal
' operation
G measured N/A uCi/m’
K; nucl.ld'e N/A mrem(yr %’er Values from Table 2.1
specific uCi/m
L nuclide N/A MreM/Yr Per |y s from Table 2.1
specific pnCi/m
M; nuclide N/A MICM/YT PET I/ s from Table 2.1
specific uCi/m
Sensitivity**
e 2306407 Containment
RO1 as determined 2.32E+07 cpm per [Containment
R-13 2.32E+07 p,Ci/cm3 Auxiliary Building
R-14 2.32E+07 . [Auxiliary Building
background (bkg)
R-12 4.0E+02 .
Nominal values only; actual
R-21 . 4.0E+01 L
as determined cpm values may be used in lieu of
R-13 6.0E+02 these reference values
R-14 9.0E+02 '

Setpoint® (SP) Default alarm setpoints; more
R-12 calculated |[2.2E+05 + bkg conservative values may be used
R-21 calculated |[2.2E+0S5 + bkg com as deemed appropriate and
R-13 calculated |1.3E+05 + bkg P desirable for ensuring regulatory
R-14 calculated {1.3E+05 + bkg compliance and for maintaining

releases ALARA.

* Refer to Calculation # C10690 for the default setpoint calculation.
** Conservatively based on Xe-133 sensitivity
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Table 2.3
Controlling Locations, Pathways and
Atmospheric Dispersion for Dose Calculations
Atmospheric Dispersion
ODCM WQ D/Q
Specification Location Pathway(s) (sec/m3) (1/m2)
site boundary noble gases
34.1a (1300 m, N) direct exposure 3.6E-06 N/A
site boundary . .
34.1b (1300 m, N) inhalation 3.6E-06 N/A
site boundary gamma-air
34.2 (1300 m, N) beta-air 3.6E-06 N/A
residence/dair inhalation,
3.4.3 siden Y| vegetation, milk and 5.6E-07 5.6E-09
(1 mile W)
ground plane
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Table 2.4

Ri Inhalation Pathway Dose Factors - ADULT
(mrem/yr per uCi/m®)

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body
H-3 - 1.26E+3 1.26E+3 1.26E+3 1.26E+3 1.26E+3 1.26E+3
C-14 1.82E+4 3.41E+3 3.41E+3 341E+3 341E+3 341E+3 3.41E+3
Na-24 1.02E+4 1.02E+4 1.02E+4 1.02E+4 1.02E+4 1.02E+4 1.02E+4
P-32 1.32E+6 7.71E+4 - - - 8.64E+4 5.01E+4
Cr-51 - - 5.95E+1 2.28E+1 1.44E+4  3.32E+3  1.00E+2
Mn-54 - 3.96E+4 - 984E+3 1.40E+6 7.74E+4 6.30E+3
Mn-56 - 1.24E+0 - 1.30E+0 9.44E+3 2.02E+4 1.83E-1
Fe-55 2.46E+4  1.70E+4 - - 7.21E+4  6.03E+3  3.94E+3
Fe-59 1.18E+4 2.78E+4 - - 1.02E+6 1.88E+5 1.06E+4
Co-57 - 6.92E+2 - - 3.70E+5 3.14E+4 B6.71E+2
Co-58 - 1.58E+3 - - 928E+5 1.06E+5 2.07E+3
Co-60 - 1.15E+4 - - 597E+6 2.85E+5 1.48E+4
Ni-63 4.32E+5 3.14E+4 - - 1.78E+5 1.34E+4  1.45E+4
Ni-65 1.54E+0 2.10E-1 - - 5.60E+3  1.23E+4 9.12E-2
Cu-64 - 1.46E+0 - 462E+0 6.78E+3 4.90E+4 6.15E-1
Zn-65 3.24E+4  1.03E+5 - 6.90E+4 8.64E+5 5.34E+4 4.66E+4
Zn-69 3.38E-2 6.51E-2 - 4.22E-2 9.20E+2 1.63E+1 4.52E-3
Br-82 - - - - - 1.04E+4 1.35E+4
Br-83 - - - - - 2.32E+2 2.41E+2
Br-84 - - - - - 1.64E-3 3.13E+2
Br-85 - - - - - - 1.28E+1
Rb-86 - 1.35E+5 - - - 1.66E+4 5.90E+4
Rb-88 - 3.87E+2 - - - 3.34E-9 1.93E+2
Rb-89 - 2.56E+2 - - - - 1.70E+2
Sr-89 3.04E+5 - - - 1.40E+6 = 3.50E+5 8.72E+3
Sr-90 9.92E+7 - - - 9.60E+6  7.22E+5 6.10E+6
Sr-91 6.19E+1 - - - 3.65E+4 1.91E+5 2.50E+0
Sr-92 6.74E+0 - - - 1.65E+4 4.30E+4 2.91E-1
Y-90 2.09E+3 - - - 1.70E+5 5.06E+5 5.61E+1
Y-91m 2.61E-1 - - - 1.92E+3 1.33E+0 1.02E-2
Y-91 4.62E+5 - - - 1.70E+6 3.85E+5 1.24E+4
Y-92 1.03E+1 - - - 1.57E+4  7.35E+4 3.02E-1
Y-93 9.44E+1 - - - 485E+4 4.22E+5 2.61E+0
Zr-95 1.07E+5  3.44E+4 - 542E+4 1.77E+6 1.50E+5 2.33E+4
Zr-97 9.68E+1 1.96E+1 - 2.97E+1 7.87E+4 523E+5 9.04E+0
Nb-95 1.41E+4  7.82E+3 - 7.74E+3 5.05E+5 1.04E+5 4.21E+3
Nb-97° 2.22E-1 5.62E-2 - 6.54E-2 2.40E+3 2.42E+2 2.05E-2
Mo-99 - 1.21E+2 - 291E+2 9.12E+4 2.48E+5 2.30E+1
Tc-99m 1.03E-3 2.91E-3 - 4.42E-2 7.64E+2 4.16E+3 3.70E-2
Tc-101 4.18E-5 6.02E-5 - 1.08E-3 3.99E+2 - 5.90E-4
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Table 2.4

R;Inhalation Pathway Dose Factors - ADULT
(mrem/yr per uCi/m®)

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body
Ru-103 1.53E+3 - - 583E+3 5.05E+5 1.10E+5 6.58E+2
Ru-105 7.90E-1 - - 1.02E+0 1.10E+4 4.82E+4 3.11E-1
Ru-106 6.91E+4 - - 1.34E+5 9.36E+6 9.12E+5 B8.72E+3
Rh-103m - - - - - - -
Rh-106 - - - - - - -
Ag-110m  1.08E+4  1.00E+4 - 1.97E+4 463E+6 3.02E+5 5.94E+3
Sb-124 3.12E+4  5.89E+2  7.55E+1 - 248E+6 4.06E+5 1.24E+4
Sb-125 534E+4 595E+2  5.40E+1 - 1.74E+6 1.01E+5 1.26E+4
Te-125m  3.42E+3  1.58E+3 1.05E+3 1.24E+4 3.14E+5 7.06E+4 4.67E+2
Te-127m 1.26E+4 5.77E+3 3.29E+3 4.58E+4 9.60E+5 1.50E+5 1.57E+3
Te-127 1.40E+0 6.42E-1 1.06E+0 5.10E+0 6.51E+3 5.74E+4 3.10E-1
Te-129m  9.76E+3 4.67E+3 3.44E+3 3.66E+4 1.16E+6 3.83E+5 1.58E+3
Te-129 4,98E-2 2.39E-2 3.90E-2 1.87E-1 1.94E+3 1.57E+2 1.24E-2
Te-131m  6.99E+1 4.36E+1 5.50E+1 3.09E+2 - 1.46E+5 556E+5 2.90E+1
Te-131 1.11E-2 5.95E-3 9.36E-3 4.37E-2 1.39E+3  1.84E+1 3.59E-3
Te-132 260E+2 2.15E+2 1.90E+2 146E+3 2.88E+5 5.10E+5 1.62E+2
1-130 458E+3 1.34E+4 1.14E+6 2.09E+4 - 7.69E+3 5.28E+3
1-131 252E+4 3.58E+4 1.19E+7 6.13E+4 - '6.28E+3 2.05E+4
1-132 1.16E+3  3.26E+3  1.14E+5 5.18E+3 - 4.06E+2 1.16E+3
1-133 8.64E+3 148E+4 2.15E+6 2.58E+4 - 8.88E+3 4.52E+3
1-134 6.44E+2 1.73E+3 2.98E+4 2.75E+3 - 1.01E+0  6.15E+2
1-135 268E+3 6.98E+3 4.48E+5 1.11E+4 - 525E+3 257E+3
Cs-134 3.73E+5 8.48E+5 - 2.87E+5 9.76E+4 1.04E+4  7.28E+5
Cs-136 3.90E+4  1.46E+5 - 8.56E+4 1.20E+4 1.17E+4 1.10E+5
Cs-137 478E+5 6.21E+5 - 2.22E+5 7.52E+4 8.40E+3 4.28E+5
Cs-138 3.31E+2 6.21E+2 - 480E+2 4.86E+1 1.86E-3 3.24E+2
Ba-139 9.36E-1 6.66E-4 - 6.22E-4 3.76E+3  B8.96E+2 2.74E-2
Ba-140 3.90E+4  4.90E+1 - 1.67E+1 1.27E+6 2.18E+5 2.57E+3
Ba-141 1.00E-1 7.53E-5 - 7.00E-5 1.94E+3 1.16E-7 3.36E-3
Ba-142 2.63E-2 2.70E-5 - 2.29E-5 1.19E+3 - 1.66E-3
La-140 3.44E+2 1.74E+2 - - 1.36E+5 4.58E+5 4.58E+1
La-142 6.83E-1 3.10E-1 - - 6.33E+3 2.11E+3 7.72E-2
Ce-141 1.99E+4 1.35E+4 - 6.26E+3 3.62E+5 1.20E+5 1.53E+3
Ce-143 1.86E+2 1.38E+2 - 6.08E+1 7.98E+4 2.26E+5 1.53E+1
Ce-144 3.43E+6 1.43E+6 - 848E+5 7.78E+6 8.16E+5 1.84E+5
Pr-143 9.36E+3  3.75E+3 - 216E+3 281E+5 2.00E+5 4.64E+2
Pr-144 3.01E-2 1.25E-2 - 7.05E-3 1.02E+3 2.15E-8 1.53E-3
Nd-147 527E+3 6.10E+3 - 3.56E+3 221E+5 1.73E+5 3.65E+2
W-187 8.48E+0  7.08E+0 - - 2.90E+4 1.55E+5 2.48E+0
Np-239 2.30E+2 2.26E+1 - 7.00E+1 3.76E+4  119E+5 1.24E+1
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Table 2.5

RiInhalation Pathway Dose Factors - TEEN
(mrem/yr per uCi/m®

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body
H-3 - 1.27E+3 1.27E+3 1.27E+3 1.27E+43 1.27E+3 1.27E+3
C-14 260E+4 4.87E+3 4.87E+3 4.87E+3 4.87E+3 4.87E+3 4.87E+3
Na-24 1.38E+4 1.38E+4 1.38E+4 1.38E+4 1.38E+4 1.38E+4 1.38E+4
P-32 1.89E+6 1.10E+5 - - - 9.28E+4 7.16E+4
Cr-51 - - 7.50E+1 3.07E+1 2.10E+4  3.00E+3 1.35E4+2
Mn-54 - 5.11E+4 - 1.27E+4 1.98E+6 6.68E+4 8.40E+3
Mn-56 - 1.70E+0 - 1.79E+0 1.52E+4 574E+4  2.52E-1
Fe-55 3.34E+4 2.38E+4 - - 1.24E+5 6.39E+3 5.54E+3
Fe-59 1.59E+4 3.70E+4 - - 1.53E+6 1.78E+5 1.43E+4
Co-57 - 6.92E+2 - - 586E+5 3.14E+4 9.20E+2
Co-58 - 2.07E+3 - - 1.34E+6 9.52E+4 2.78E+3
Co-60 - 1.51E+4 - - 8.72E+6 2.59E+5 1.98E+4
Ni-63 5.80E+5 4.34E+4 - - 3.07E+5 1.42E+4 1.98E+4
Ni-65 2.18E+0 2.93E-1 - - 9.36E+3 3.67E+4 1.27E-1
Cu-64 - 2.03E+0 - 6.41E+0 1.11E+4 6.14E+4  8.48E-1
Zn-65 3.86E+4  1.34E+5 - 8.64E+4 124E+6 4.66E+4 6.24E+4
Zn-69 4.83E-2 9.20E-2 - 6.02E-2 1.58E+3 2.85E+2  6.46E-3
Br-82 - - - - - - 1.82E+4
Br-83 - - - - - - 3.44E+2
Br-84 - - - - - - 4.33E+2
Br-85 - - - - - - 1.83E+1
Rb-86 - 1.90E+5 - - - 1.77E+4  8.40E+4
Rb-88 - © 5.46E+2 - - - 2.92E-5 2.72E+2
Rb-89 - 3.52E+2 - - - 3.38E-7 2.33E+2
Sr-89 4.34E+5 - - - 242E+6 3.71E+5 1.25E+4
Sr-90 1.08E+8 - - - 1.65E+7 7.65E+5 6.68E+6
Sr-91 8.80E+1 - - - 6.07E+4 2.59E+5 3.51E+0
Sr-92 9.52E+0 - - - 2.74E+4  119E+5 - 4.06E-1
Y-90 2.98E+3 - - - 293E+5 559E+5 8.00E+1
Y-91m 3.70E-1 - - - 3.20E+3  3.02E+1 1.42E-2
Y-91 6.61E+5 - - - 2.94E+6 4.09E+5 1.77E+4
Y-92 1.47E+1 - - - 2.68E+4 165E+5  4.29E-1
Y-93 1.35E+2 - - - 8.32E+4 579Ex+5  3.72E+0
Zr-95 1.46E+5 4.58E+4 - 6.74E+4 2.69E+6 1.49E+5 3.15E+4
Zr-97 1.38E+2 2.72E+1 - 4.12E+1 1.30E+5 6.30E+5 1.26E+1
Nb-95 -1.86E+4  1.03E+4 - 1.00E+4 751E+5 9.68E+4  5.66E+3
Nb-97 3.14E-1 7.78E-2 - 9.12E-2 3.93E+3 2.17E+3 2.84E-2
Mo-99 - 1.69E+2 - 411E+2 1.54E+5 2.69E+5 3.22E+1
Tec-99m 1.38E-3 3.86E-3 - 5.76E-2 1.15E+3 6.13E+3  4.99E-2
Tc-101 5.92E-5 8.40E-5 - 1.52E-3 6.67E+2  8.72E-7 8.24E-4
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Table 2.5
RiInhalation Pathway Dose Factors - TEEN
(mrem/yr per pCi/m®)

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body
Ru-103 2.10E+3 - - 743E+3 7.83E+5 1.09E+5 8.96E+2
Ru-105 1.12E+0 - - 1.41E+0 1.82E+4 9.04E+4  4.34E-1
Ru-106  9.84E+4 - - 1.90E+5 1.61E+7 9.60E+5 1.24E+4
Rh-103m - - - - - - -
Rh-106 - - - - - - -
Ag-110m  1.38E+4 1.31E+4 - 2.50E+4 6.75E+6 2.73E+5  7.99E+3
Sb-124 4.30E+4 7.94E+2  9.76E+1 - 3.85E+6 3.98E+5 1.68E+4
Sb-125 7.38E+4  8.08E+2  7.04E+1 - 2.74E+6  9.92E+4 1.72E+4
Te-125m 4.88E+3 2.24E+3  1.40E+3 - 5.36E+5 7.50E+4  6.67E+2
Te-127m  1.80E+4 8.16E+3. 4.38E+3 6.54E+4 1.66E+6 1.59E+5 2.18E+3
Te-127 2.01E+0  9.12E-1 1.42E+0 7.28E+0 1.12E+4 8.08E+4  4.42E-1
Te-129m 1.39E+4 6.58E+3 4.58E+3 5.19E+4 1.98E+6 4.05E+5 2.25E+3
Te-129 7.10E-2 3.38E-2 5.18E-2  2.66E-1 3.30E+3 1.62E+3 1.76E-2
Te-131m  9.84E+1  6.01E+1  7.25E+1 4.39E+2 238E+5 6.21E+5 4.02E+1
Te-131 1.58E-2 8.32E-3 1.24E-2 6.18E-2  2.34E+3  1.51E+1 5.04E-3
Te-132 3.60E+2 2.90E+2 246E+2 1.95E+3 4.49E+5 4.63E+5 2.19E+2
1-130 6.24E+3 1.79E+4 149E+6 2.75E+4 - 9.12E+3  7.17E+3
1-131 3.54E+4 4.91E+4 146E+7 8.40E+4 - 6.49E+3 2.64E+4
1-132 1.59E+3 4.38E+3 1.51E+5 6.92E+3 - 1.27E+3  1.58E+3
1-133 1.22E+4 2.05E+4 2.92E+6 3.59E+4 - 1.03E+4  6.22E+3
-134 8.88E+2 2.32E+3 3.95E+4  3.66E+3 - 2.04E+1  8.40E+2
1-135 3.70E+3  9.44E+3 6.21E+5 1.49E+4 - 6.95E+3  3.49E+3
Cs-134 5.02E+5 1.13E+6 - 3.75E+5 1.46E+5 9.76E+3  5.49E+5
Cs-136 5.15E+4  1.94E+5 - 1.10E+5 1.78E+4 1.09E+4 1.37E+5
Cs-137 6.70E+5 8.48E+5 - 3.04E+5 1.21E+5 848E+3 3.11E+5
Cs-138 4 66E+2 8.56E+2 - 6.62E+2  7.87E+1 2.70E-1 4.46E+2
Ba-139 1.34E+0  Q9.44E-4 - 8.88E-4 6.46E+3 6.45E+3  3.90E-2
Ba-140 5.47E+4  6.70E+1 - 2.28E+1 2.03E+6 2.29E+5 3.52E+3
Ba-141 1.42E-1 1.06E-4 - 9.84E-5 3:20E+3  7.46E-4 4.74E-3
Ba-142 3.70E-2 3.70E-5 - 3.14E-5 1.91E+3 - 2.27E-3
La-140 4.79E+2  2.36E+2 - - 2.14E+5 4.87E+5 6.26E+1
La-142 9.60E-1 4.25E-1 - - 1.02E+4  1.20E+4  1.06E-1
Ce-141 2.84E+4 1.90E+4 - 8.88E+3 6.14E+5 1.26E+5 2.17E+3
Ce-143 2.66E+2 1.94E+2 - 8.64E+1  1.30E+5 2.55E+5 2.16E+1
Ce-144  4.89E+6 2.02E+6 - 1.21E+6  1.34E+7 8.64E+5 2.62E+5
Pr-143 1.34E+4 5.31E+3 - 3.09E+3 4.83E+5 2.14E+5 6.62E+2
Pr-144 4.30E-2 1.76E-2 - 1.01E-2 1.75E+3 2.35E-4 2.18E-3
Nd-147  7.86E+3  8.56E+3 - 5.02E+3 3.72E+5 1.82E+5 5.13E+2
W-187 1.20E+1  9.76E+0 - - 4.74E+4 1.77E+5 3.43E+0
Np-239  3.38E+2  3.19E+1 - 1.00E+2 6.49E+4 1.32E+5 1.77E+1
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Table 2.6

R; Inhalation Pathway Dose Factors - CHILD
(mrem/yr per pCi/m®)

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body
H-3 - 1.12E+3 1.12E+3  1.12E+3 1.12E+3 1.12E+3  1.12E+3
C-14 3.59E+4 6.73E+3 6.73E+3 6.73E+3 6.73E+3 6.73E+3  6.73E+3
Na-24 1.61E+4 1.61E+4 1.61E+4 1.61E+4 1.61E+4 1.61E+4 1.61E+4
P-32 2.60E+6  1.14E+5 - - - 4.22E+4  9.88E+4
Cr-51 - - 8.55E+1  2.43E+1 1.70E+4 1.08E+3 1.54E+2
Mn-54 - 4.29E+4 - 1.00E+4 158E+6 2.29E+4 9.51E+3
Mn-56 - 1.66E+0 - 1.67E+0 1.31E+4 = 1.23E+5  3.12E-1
Fe-55 4.74E+4 2.52E+4 - - 111E+5 2.87E+3 7.77E+3
Fe-59 2.07E+4  3.34E+4 - - 1.27E+6 7.07E+4 1.67E+4
Co-57 - 9.03E+2 - - "5.07E+5 1.32E+4  1.07E+3
Co-58 - 1.77E+3 - - 1.11E+6  3.44E+4  3.16E+3
Co-60 - 1.31E+4 - - 7.07E+6 9.62E+4 2.26E+4
Ni-63 8.21E+5 4.63E+4 - - 2.75E+5 6.33E+3 2.80E+4
Ni-65 2.99E+0 2.96E-1 - - 8.18E+3 8.40E+4 1.64E-1
Cu-64 - 1.99E+0 - 6.03E+0 9.58E4+3 3.67E+4  1.07E+0
Zn-65 426E+4 1.13E+5 - 7.14E+4 9.95E+5 1.63E+4 7.03E+4
Zn-69 6.70E-2 9.66E-2 - 5.85E-2 1.42E+3 1.02E+4  8.92E-3
Br-82 - - - - - - 2.09E+4
Br-83 - - - - - - 4.74E+2
Br-84 - - - - - - 5.48E+2
Br-85 - - - - - - 2.53E+1
Rb-86 - 1.98E+5 - - - 7.99E+3 1.14E+5
Rb-88 - 5.62E+2 - - - 1.72E+1 3.66E+2
Rb-89 - 3.45E+2 - - - 1.89E+0 2.90E+2
Sr-89 599E+5 - - - 216E+6 1.67E+5 . 1.72E+4
Sr-90 1.01E+8 - - - 1.48E+7 3.43E+5 6.44E+6
Sr-91 1.21E+2 - - - 5.33E+4  1.74E+5 4.59E+0
Sr-92 1.31E+1 - - - 2.40E+4 242E+5  5.25E-1
Y-90 4.11E+3 - - - 262E+5 2.68E+5 1.11E+2
Y-91m 5.07E-1 - - - 281E+3 1.72E+3 1.84E-2
Y-91 9.14E+5 - - - 263E+6 1.84E+5 2.44E+4
Y-92 2.04E+1 - - - 2.39E+4 2.39E+5 581E-1
Y-93 1.86E+2 - - - 7.44E+4 3.89E+5 5.11E+0
Z2r-95 1.90E+5 4.18E+4 - 5.96E+4 2.23E+6 6.11E+4 3.70E+4
Zr-97 1.88E+2 2.72E+1 - 3.89E+1 1.13E+5 3.51E+5 1.60E+1
Nb-95 2.35E+4 9.18E+3 - 8.62E+3 6.14E+5 3.70E+4 6.55E+3
Nb-97 4.29E-1 7.70E-2 - 8.55E-2 3.42E+3 2.78E+4  3.60E-2
Mo-99 - 1.72E+2 - 3.92E+2 1.35E+5 1.27E+5 4.26E+1

Tc-99m 1.78E-3  3.48E-3 - 5.07E-2 9.51E+2 4.81E+3 5.77E-2

Tc-101 8.10E-5 8.51E-5 - 1.45E-3 5.85E+2  1.63E+1 1.08E-3
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Table 2.6

R; Inhalation Pathway Dose Factors - CHILD
(mrem/yr per uCi/m®

T.Body

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI
Ru-103 2.79E+3 - - 7.03E+3  6.62E+5 4.48E+4 1.07E+3
Ru-105 =~ 1.53E+0 - - 1.34E+0 1.59E+4 9.95E+4  5.55E-1
Ru-106 1.36E+5 - - 1.84E+5 1.43E+7 4.29E+5 1.69E+4
Rh-103m - - - - - - -
Rh-106 - - - - - - -
Ag-110m  1.69E+4  1.14E+4 - 2.12E+4 5.48E+6 1.00E+5 9.14E+3
Sb-124 5.74E+4  7.40E+2 1.26E+2 - 3.24E+6 1.64E+5 2.00E+4
Sb-125 9.84E+4 7.59E+2 9.10E+1 - 2.32E+6 4.03E+4 2.07E+4
Te-125m  6.73E+3  2.33E+3  1.92E+3 - 477E+5 3.38E+4 9.14E+2
Te-127m 2.49E+4 8.55E+3 6.07E+3 6.36E+4 1.48E+6 7.14E+4  3.02E+3
Te-127 2.77E+0  9.51E-1 1.96E+0 7.07E+0 1.00E+4 5.62E+4 6.11E-1
Te-129m 1.92E+4 6.85E+3 6.33E+3 5.03E+4 1.76E+6 1.82E+5 3.04E+3
Te-129 9.77E-2 3.50E-2 7.14E-2 2.57E-1 2.93E+3 2.55E+4  2.38E-2
Te-131m  1.34E+2  5.92E+1 9.77E+1 4.00E+2 2.06E+5 3.08E+5 5.07E+1
Te-131 2.17E-2 8.44E-3 1.70E-2 5.88E-2 2.05E+3  1.33E+3 6.59E-3
Te-132 481E+2 2.72E+2 3.17E+2 1.77E+3 3.77E+5 1.38E+5 2.63E+2
1-130 8.18E+3 1.64E+4 185E+6 2.45E+4 - 511E+3 8.44E+3
1-131 481E+4 4.81E+4 1.62E+7 7.88E+4 - 2.84E+3 2.73E+4
1-132 2.12E+3 4.07E+3 1.94E+5 6.25E+3 - 3.20E+3  1.88E+3
1-133 1.66E+4 2.03E+4 3.85E+6 3.38E+4 - 5.48E+3 7.70E+3
1-134 1.17E+3 2.16E+3 5.07E+4  3.30E+3 - 9.55E+2 9.95E+2
1-135 492E+3 8.73E+3 7.92E+5 1.34E+4 - 4.44E+3 4.14E+3
Cs-134 6.51E+5 1.01E+6 - 3.30E+5 1.21E+5 3.85E+3 2.25E+5
Cs-136 6.51E+4 1.71E+5 - 9.55E+4 1.45E+4 4.18E+3 1.16E+5
Cs-137 9.07E+5 8.25E+5 - 2.82E+5 1.04E+5 3.62E+3 1.28E+5
Cs-138 6.33E+2 8.40E+2 - 6.22E+2  6.81E+1 2.70E+2 5.55E+2
Ba-139 1.84E+0 9.84E-4 - 8.62E-4 577E+3 5.77E+4 5.37E-2
Ba-140 7.40E+4  6.48E+1 - 2.11E4+1 1.74E+6  1.02E+5 4.33E+3
Ba-141 1.96E-1 1.09E-4 - 947E-5 292E+3 2.75E+2  6.36E-3
Ba-142 5.00E-2 3.60E-5 - 2.91E-5 1.64E+3 2.74E+0 2.79E-3
La-140 6.44E+2 2.25E+2 - .- 1.83E+5 2.26E+5 7.55E+1
La-142 1.30E+0 4.11E-1 - - 8.70E+3  7.59E+4 1.28E-1
Ce-141 3.92E+4 1.95E+4 - 8.55E+3 544E+5 5.66E+4 2.90E+3
Ce-143 3.66E+2 1.99E+2 - 8.36E+1 1.15E+5 1.27E+5 2.87E+1
Ce-144 6.77E+6  2.12E+6 - 1.17E+6 1.20E+7 3.89E+5 3.61E+5
Pr-143 1.85E+4  5.55E+3 - 3.00E+3 4.33E+5 9.73E+4 9.14E+2
Pr-144 5.96E-2 1.85E-2 - 9.77E-3 1.57E+3 1.97E+2  3.00E-3
Nd-147 1.08E+4 8.73E+3 - 481E+3 3.28E+5 8.21E+4 6.81E+2
wW-187 1.63E+1 9.66E+0 - - 411E+4 9.10E+4  4.33E+0
Np-239 4.66E+2  3.34E+1 - 9.73E+1 581E+4 6.40E+4 2.35E+1
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Table 2.7

R; Inhalation Pathway Dose Factors - INFANT
(mrem/yr per pCi/m®)

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body
H-3 - 6.47E+2 6.47E+2 6.47E+2° 6.47E+2 6.47E+2 6.47E+2
C-14 2.65E+4 531E+3 531E+3 531E+3 531E+3 5.31E+3 5.31E+3
Na-24 1.06E+4 1.06E+4 1.06E+4 1.06E+4 1.06E+4 1.06E+4 1.06E+4
P-32 2.03E+6 1.12E+5 - - - 1.61E+4 7.74E+4
Cr-51 - - 5.75E+1 1.32E+1 1.28E+4 3.57E+2 8.95E+1
Mn-54 - 2.53E+4 - 498E+3  1.00E+6 7.06E+3 4.98E+3
Mn-56 - 1.54E+0 - 1.10E+0 1.25E+4 7.17E+4  2.21E-1
Fe-55 1.97E+4 1.17E+4 - - 8.69E+4 1.09E+3 3.33E+3
Fe-59 1.36E+4 2.35E+4 - - 1.02E+6 2.48E+4 9.48E+3
Co-57 - 6.51E+2 - - 3.79E+5 4.86E+3 6.41E+2
Co-58 - 1.22E+3 - - 7.77E+5 1.11E+4 1.82E+3
Co-60 - 8.02E+3 - - 4 51E+46 3.19E+4 1.18E+4
Ni-63 3.39E+5 2.04E+4 - - 2.09E+5 2.42E+3 1.16E+4
Ni-65 2.39E+0 2.84E-1 - - 8.12E+3 5.01E+4 1.23E-1
Cu-64 - 1.88E+0 - 3.98E+0 9.30E+3  1.50E+4  7.74E-1
Zn-65 1.93E+4 6.26E+4 - 3.25E+4 6.47E+5 5.14E+4 3.11E+4
Zn-69 5.39E-2 9.67E-2 - 4.02E-2 = 1.47E+3 1.32E+4  7.18E-3
Br-82 - - - - - - 1.33E+4
Br-83 - - - - - - 3.81E+2
Br-84 - - - - - - 4.00E+2
Br-85 - - - - - - 2.04E+1
Rb-86 - 1.90E+5 - - - 3.04E+3 8.82E+4
Rb-88 - 5.57E+2 - - - 3.39E+2 2.87E+2
Rb-89 - 3.21E+2 - - - 6.82E+1 2.06E+2
Sr-89 3.98E+5 - - - 2.03E+6 6.40E+4 1.14E+4
Sr-90 4.09E+7 - - - 1.12E+7 1.31E+5 2.59E+6
Sr-91 9.56E+1 - - - 5.26E+4 7.34E+4  3.46E+0
Sr-92 1.05E+1 - - - 2.38E+4 1.40E+5 3.91E-1
Y-90 3.29E+3 - - - 2.69E+5 1.04E+5 8.82E+1
Y-91m 4.07E-1 - - - 2.79E+3 2.35E+3 1.39E-2
Y-91 5.88E+5 - - - 2.45E+6 7.03E+4 1.57E+4

Y-92 1.64E+1 - - - 2.45E+4 127E+5  461E-1
Y-93 1.50E+2 - - - 7.64E+4 1.67E+5 4.07E+0
Zr-95 1.15E+5 2.79E+4 - 3.11E+4 175E+6 2.17E+4 2.03E+4
Zr-97 1.50E+2 2.56E+1 - 2.59E+1 1.10E+5 1.40E+5 1.17E+1
Nb-95 1.57E+4 6.43E+3 - 4.72E+3 4.79E+5 1.27E+4 3.78E+3
Nb-97 3.42E-1 7.29E-2 - 5.70E-2 3.32E+3 2.69E+4 2.63E-2
Mo-99 - 1.65E+2 - 2.65E+2 1.35E+5 4.87E+4  3.23E+1
Tc-99m 1.40E-3 2.88E-3 - 3.11E-2 8.11E+2 2.03E+3 3.72E-2
Tc-101 6.51E-5 8.23E-5 - 9.79E-4 5.84E+2 844E+2 8.12E-4
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Table 2.7

Ri Inhalation Pathway Dose Factors - INFANT
(mrem/yr per pCi/m?®)

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body
Ru-103 2.02E+3 - - 424E+3 552E+5 1.61E+4 6.79E+2
Ru-105 1.22E+0 - - 8.99E-1 1.57E+4  4.84E+4 4.10E-1
Ru-106 8.68E+4 - - 1.07E+5 1.16E+7 1.64E+5 1.09E+4
Rh-103m - - - - - - -
Rh-106 - - - - - - -
Ag-110m  9.98E+3  7.22E+3 - 1.09E+4 3.67E+6 3.30E+4 5.00E+3
Sb-124 3.79E+4 5.56E+2 1.01E+2 - 2.65E+6 591E+4 1.20E+4
Sb-125 517E+4 4.77E+2  6.23E+1 - 1.64E+6 1.47E+4  1.09E+4
Te-125m 4.76E+3 1.99E+3  1.62E+3 - 447E+5 1.29E+4  6.58E+2
Te-127m 1.67E+4 6.90E+3 4.87E+3 3.75BE+4 1.31E+6 2.73E+4 2.07E+3
Te-127 2.23E+0  9.53E-1 1.85E+0 4.86E+0 1.03E+4 2.44E+4 4.89E-1
Te-129m 1.41E+4 6.09E+3 547E+3 3.18E+4 1.68E+6 6.90E+4 2.23E+3
Te-129 7.88E-2 3.47E-2 6.75E-2 1.75E-1 3.00E+3 2.63E+4 1.88E-2
Te-131m  1.07E+2  5.50E+1 8.93E+1 265E+2 1.99E+5 1.19E+5 3.63E+1
Te-131 1.74E-2 8.22E-3 1.58E-2 3.99E-2 2.06E+3 8.22E+3 5.00E-3
Te-132 3.72E+2 2.37E+2 2.79E+2 1.03E+3 3.40E+5 4.41E+4 1.76E+2
1-130 6.36E+3 1.39E+4 1.60E+6 1.53E+4 - 1.99E+3 5.57E+3
1-131 3.79E+4  4.44E+4 1.48E+7 5.18E+4 - 1.06E+3  1.96E+4
1-132 1.69E+3 3.54E+3 1.69E+5 3.95E43 - 1.90E+3  1.26E+3
-133 1.32E+4 1.92E+4 3.56E+6 2.24E+4 - 2.16E+3 5.60E+3
1-134 9.21E+2 1.88E+3 4.45E+4 2.09E+3 - 1.29E+3 6.65E+2
1-135 3.86E+3 7.60E+3 6.96E+5 8.47E+3 - 1.83E+3 2.77E+3
Cs-134 3.96E+5 7.03E+5 - 1.90E+5 7.97E+4 1.33E+3 7.45E+4
Cs-136 483E+4 1.35E+5 - 564E+4 1.18E+4 1.43E+3 5.29E+4
Cs-137 549E+5 6.12E+5 - 1.72E+5 7.13E+4 1.33E+3 4.55E+4
Cs-138 5.05E+2 7.81E+2 - 4.10E+2  6.54E+1 8.76E+2  3.98E+2
Ba-139 1.48E+0 9.84E-4 - 5.92E-4 595E+3 5.10E+4 4.30E-2
Ba-140 5.60E+4 5.60E+1 - 1.34E+1 1.60E+6 3.84E+4 2.90E+3
Ba-141 1.57E-1 1.08E-4 - 6.50E-5 2.97E+3 4.75E+3 4.97E-3
Ba-142 3.98E-2 3.30E-5 - 1.90E-5 1.55E+3 6.93E+2 1.96E-3
La-140 5.05E+2 2.00E+2 - - 1.68E+5 8.48E+4 5.15E+1
La-142 1.03E+0 3.77E-1 - - 8.22E+3 5.95E+4 9.04E-2
Ce-141 2.77E+4 1.67E+4 - 5.25E+3 5.17E+45 2.16E+4  1.99E+3
Ce-143 2.93E+2 1.93E+2 - 5.64E+1 1.16E+5 4.97E+4 2.21E+1
Ce-144 3.19E+6 1.21E+6 - 5.38E+5 9.84E+6 1.48E+5 1.76E+5
Pr-143 1.40E+4 5.24E+3 - 1.97E+3 4.33E+5 3.72E+4  6.99E+2
Pr-144 4.79E-2 1.85E-2 - 6.72E-3 1.61E+3  4.28E+3 2.41E-3
Nd-147 7.94E+3 8.13E+3 - 3.15E+3  3.22E4+5 3.12E+4 5.00E+2
W-187 1.30E+1 9.02E+0 - - 3.96E+4 3.56E+4 3.12E+0
Np-239 3.71E+2  3.32E+1 - 6.62E+1 595E+4 2.49E+4  1.88E+1
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Table 2.8

R; Vegetation Pathway Dose Factors - ADULT
(mrem/yr per uCi/m?) for H-3 and C-14 (m2 x mrem/yr uCi/sec) for others

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body
H-3 - 2.26E+3 2.26E+3 2.26E+3 2.26E+3 2.26E+3 2.26E+3
C-14 897E+5 1.79E+5 1.79E+5 1.79E+5 1.79E+5 1.79E+5 1.79E+5
Na-24 2.76E+5 2.76E+5 2.76E+5 2.76E+5 276E+5 2.76E+5 2.76E+5
P-32 1.40E+9 8.73E+7 - - - 1.58E+8 5.42E+7
Cr-51 - - 2.79E+4 1.03E+4 6.19E+4 1.17E+7 4.66E+4

Mn-54 - 3.11E+8 - 9.27E+7 - 9.54E+8 5.94E+7

Mn-56 - 1.61E+1 - 2.04E+1 - 5.13E+2 2.85E+0
Fe-55 2.09E+8 1.45E+8 - - 8.06E+7 8.29E+7 3.37E+7
Fe-59 1.27E+8 2.99E+8 - - 8.35E+7 9.96E+8 1.14E+8
Co-57 - 117E+7 - - - 297E+8 1.95E+7
Co-58 - 3.09E+7 - - - 6.26E+8  6.92E+7

Co-60 - 1.67E+8 - - - 3.14E+9  3.69E+8
Ni-63 1.04E+10 7.21E+8 - - - 1.50E+8 3.49E+8
Ni-65 6.15E+1 7.99E+0 - - - 2.03E+2 3.65E+0
Cu-64 - 9.27E+3 - 2.34E+4 - 7.90E+5 4.35E+3
Zn-65 3.17E+8 1.01E+9 - 6.75E+8 - 6.36E+8 4.56E+8
Zn-69 8.75E-6 1.67E-5 - 1.09E-5 - 2.51E-6 1.16E-6
Br-82 - - - - - 1.73E+6 1.51E+6
Br-83 - - - - - 463E+0 3.21E+0
Br-84 - - - - - - -
Br-85 - - - - - - -
Rb-86 - 2.19E+8 - - - 4.32E+7 1.02E+8
Rb-88 - - - - - - -
Rb-89 - - - - - - -
Sr-89 9.96E+9 - - - - 1.60E+9 2.86E+8
Sr-90 6.05E+11 - - - - 1.75E+10 1.48E+11
Sr-91 3.20E+5 - - - - 1.52E+6  1.29E+4
Sr-92 4.27E+2 - - - - 8.46E+3  1.85E+1
Y-90 1.33E+4 - - - - 1.41E+8 3.56E+2

Y-91m 5.83E-9 - - - - 1.71E-8 -
Y-91 5.13E+6 - - - - 2.82E+9 1.37E+5
Y-92 9.01E-1 - - - - 1.58E+4  2.63E-2
Y-93 1.74E+2 - - - - 552E+6  4.80E+0
Zr-95 1.19E+6 3.81E+5 - 5.97E+5 - 1.21E+9 2.58E+5
2r-97 3.33E+2 6.73E+1 - 1.02E+2 - 2.08E+7 3.08E+1
Nb-95 1.42E+5 7.91E+4 - 7.81E+4 - 4.80E+8 4.25E+4
Nb-97 2.90E-6 7.34E-7 - 8.56E-7 - 2.71E-3 2.68E-7

Mo-99 - 6.25E+6 - 1.41E+7 - 1.45E+7 1.19E+6

Tc-99m 3.06E+0 8.66E+0 - 1.32E+2 4.24E+0 5.12E+3 1.10E+2

Tc-101 - - - - - - -
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Table 2.8

R; Vegetation Pathway Dose Factors - ADULT
(mrem/yr per pCi/m®) for H-3 and C-14 (m2 x mrem/yr uCi/sec) for others

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body
Ru-103  4.80E+6 - - 1.83E+7 - 5.61E+8 2.07E+6
Ru-105  5.39E+1 - - 6.96E+2 - 3.30E+4  2.13E+1
Ru-106 1.93E+8 - - 3.72E+8 - 1.25E+10 2.44E+7
Rh-103m - - - - - - -
Rh-106 - - - - - - -
Ag-110m  1.06E+7 9.76E+6 - 1.92E+7 - 3.98E+9 5.80E+6
Sb-124 1.04E+8 1.96E+6 2.52E+5 - 8.08E+7 2.95E+9 411E+7
Sb-125 1.36E+8 1.52E+6  1.39E+5 - 1.05E+8 1.50E+9 3.25E+7
Te-125m 9.66E+7 3.50E+7 2.90E+7 - 3.93E+8 - 3.86E+8 1.29E+7
Te-127m  3.49E+8 1.25E+8 8.92E+7 1.42E+9 - 1.17E+9  4.26E+7
Te-127 576E+3 2.07E+3 4.27E+3 2.35E+4 - 454E+5  1.25E+3
Te-129m  2.55E+8 9.50E+7 8.75E+7 1.06E+9 - 1.28E+9  4.03E+7
Te-129 6.65E-4 2.50E-4 5.10E-4 2.79E-3 - 5.02E-4 1.62E-4
Te-131m  9.12E+5 4.46E+5 7.06E+5 4.52E+6 - 4 43E+7  3.72E+5
Te-131 - - - - - - -
Te-132 429E+6 2.77E+6 3.06E+6 2.67E+7 - 1.31E+8 2.60E+6
1-130 3.96E+5 1.17E+6  9.90E+7 1.82E+6 - 1.01E+6  4.61E+5
1-131 8.09E+7 1.16E+8 3.79E+10 1.98E+8 - 3.05E+7 6.63E+7
1-132 574E+1  1.54E+2 538E+3 2.45E+2 - 2.89E+1  5.38E+1
1-133 212E+6 3.69E+6 5.42E+8 6.44E+6 - 3.31E+6  1.12E+6
I-134 1.06E-4 2.88E-4 5.00E-3 4.59E-4 - 2.51E-7 1.03E-4
1-135 4.08E+4 1.07E+5 7.04E+6 1.71E+5 - 1.21E+5 3.94E+4
Cs-134 466E+3 1.11E+10 - 3.59E+9  1.19E+9 1.94E+8 9.07E+9
Cs-136 420E+7 1.66E+8 - 9.24E+7 1.27E+7 1.89E+7 1.19E+8
Cs-137 6.36E+9  8.70E+9 - 2.95E+9 9.81E+8 1.68E+8 5.70E+9
Cs-138 - - - - - - -
Ba-139 2.95E-2 2.10E-5 - 1.96E-5 1.19E-5 5.23E-2 8.64E-4
Ba-140 1.29E+8  1.62E+5 - 5.49E+4 925E+4 2.65E+8 8.43E+6
Ba-141 - - - - - - -
Ba-142 - - - - - - -
La-140 1.97E+3  9.92E+2 - - - 7.28E+7  2.62E+2
La-142 1.40E-4 6.35E-5 - - - 4.64E-1 1.58E-5
Ce-141 1.96E+5  1.33E+5 - 6.17E+4 - 5.08E+8 1.51E+4
Ce-143 1.00E+3  7.42E+5 - 3.26E+2 - 277E+7  8.21E+1
Ce-144  3.29E+7 1.38E+7 - 8.16E+6 - 1.11E+10 1.77E+6
Pr-143 6.34E+4  2.54E+4 - 1.47E+4 - 2.78E+8 = 3.14E+3
Pr-144 - - - - - - -
Nd-147  3.34E+4  3.86E+4 - 2.25E+4 - 1.85E+8 2.31E+3
W-187 3.82E+4  3.19E+4 - - - 1.05E+7 1.12E+4
Np-239 1.42E+3 = 1.40E+2 - 4 37E+2 - 2.87E+7  7.72E+1
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Table 2.9

R; Vegetation Pathway Dose Factors - TEEN
(mrem/yr per uCi/m?) for H-3 and C-14 (m2 x mrem/yr uCi/sec) for others

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body
-H-3 - - 2.59E+3 259E+3 2.59E+3 2.59E+3 2.59E+3 2.59E+3
C-14 1.45E+6 291E+5 291E+5 291E+5 291E+5 291E+5 291E+5
Na-24 2.45E+5 2.45E+5 2.45E+5 2.45E+5 245E+5 2.45E+5 2.45E+5
P-32 1.61E+9 9.96E+7 - - - 1.35E+8  6.23E+7
Cr-51 - - 3.44E+4 1.36E+4 8.85E+4 1.04E+7 6.20E+4
Mn-54 - 4 .52E+8 - 1.35E+8 - 9.27E+8 8.97E+7
Mn-56 - 1.45E+1 - 1.83E+1 - 9.54E+2 2.58E+0
Fe-55 3.25E+8 2.31E+8 - - 1.46E+8 9.98E+7 5.38E+7
Fe-59 1.81E+8  4.22E+8 - - 1.33E+8 9.98E+8 1.63E+8
Co-57 - 1.79E+7 - - - 3.34E+8  3.00E+7
Co-58 - 4 .38E+7 - - - 6.04E+8 1.01E+8
Co-60 - 2.49E+8 - - - 3.24E+9 5.60E+8
Ni-63 1.61E+10 1.13E+9 - - - 1.81E+8 5.45E+8

- Ni-65 5.73E+1 7.32E+0 - - - 3.97E+2  3.33E+0
Cu-64 - 8.40E+3 - 2.12E+4 - 6.51E+5  3.95E+3
Zn-65 4.24E+8 1.47E+9 - 9.41E+8 - 6.23E+8 6.86E+8
Zn-69 8.19E-6  1.56E-5 - 1.02E-5 - 2.88E-5 1.09E-6
Br-82 - - - - - - 1.33E+6
Br-83 - - - - - - 3.01E+0
Br-84 - - - - - - -
Br-85 - - - - - - -
Rb-86 - 2.73E+8 - - - 4.05E+7 1.28E+8
Rb-88 - - - - - - -
Rb-89 - - - - - - -
Sr-89 1.51E+10 - - - - 1.80E+9 4.33E+8
Sr-90 7.51E+11 - - - - 2.11E+10 1.85E+11
Sr-91 2.99E+5 - - - - ' 1.36E+6 1.19E+4
Sr-92 3.97E+2 - - - - 1.01E+4  1.69E+1
Y-90 1.24E+4 - - - - 1.02E+8  3.34E+2
Y-91m 5.43E-9 - - - - 2.56E-7 -
Y-91 7.87E+6 - - - - 3.23E+9 2.11E+5
Y-92 8.47E-1 - - - - 2.32E+4 2.45E-2
Y-93 1.63E+2 - - - - 498E+6 4.47E+0
Zr-95 1.74E+6  5.49E+5 - 8.07E+5 - 1.27E+9  3.78E+5
Zr-97 3.09E+2 6.11E+1 - 9.26E+1 - 1.65E+7 2.81E+1
Nb-95 1.92E+5 1.06E+5 - 1.03E+5 - 4.55E+8 5.86E+4
Nb-97 2.69E-6 6.67E-7 - 7.80E-7 - 1.59E-2 - 2.44E-7
Mo-99 - 5.74E+6 - 1.31E+7 - 1.03E+7 1.09E+6

Tc-99m 2.70E+0  7.54E+0 - 1.12E+2 4.19E+0 4.95E+3 9.77E+1
Tec-101 - - - - - - -
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Table 2.9

R; Vegetation Pathway Dose Factors - TEEN
(mrem/yr per puCi/m®) for H-3 and C-14 (m2 x mrem/yr uCi/sec) for others

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body
Ru-103 6.87E+6 - - 2.42E+7 - - 5.74E+8 2.94E+6
Ru-105 5.00E+1 - - 6.31E+2 - 4.04E+4  1.94E+1
Ru-106 3.09E+8 - - 5.97E+8 - 1.48E+10 3.90E+7
Rh-103m - - - - - - -
Rh-106 - - - - - - -
Ag-110m  1.52E+7  1.44E+7 - 2.74E+7 - 4.04E+9 8.74E+6
Sb-124  155E+8 2.85E+6 3.51E+5 - 1.35E+8 3.11E+9 6.03E+7
Sb-125 2.14E+8 2.34E+6  2.04E+5 - 1.88E+8 1.66E+9 5.00E+7
Te-125m 1.48E+8 5.34E+7 4.14E+7 - - 4.37E+8  1.98E+7
Te-127m 551E+8 1.96E+8 1.31E+8 2.24E+9 - 1.37E+9 6.56E+7
Te-127 543E+3 192E+3 3.74E+3 2.20E+4 - 419E+5 1.17E+3
Te-129m 3.67E+8 1.36E+8 1.18E+8 1.54E+9 - 1.38E+9 5.81E+7
Te-129 6.22E-4 2.32E-4 4.45E-4 2.61E-3 - 3.40E-3 1.51E-4
Te-131m  8.44E+5 4.05E+5 6.09E+5 4.22E+6 - 3.25E+7  3.38E+5
Te-131 - - - - - - -
Te-132 3.90E+6 247E+6 2.60E+6 2.37E+7 - 7.82E+7 2.32E+6
1-130 3.54E+5 1.02E+6 8.35E+7 1.58E+6 - 7.87E+5 4.09E+5
1-131 7.70E+7 1.08E+8 3.14E+10 1.85E+8 - 2.13E+7 5.79E+7
1-132 5.18E+1 1.36E+2 4.57E+3 2.14E+2 - 591E+1  4.87E+1
1-133 1.97E+6 3.34E+6 4.66E+8 5.86E+6 - 2.53E+6 1.02E+6
I-134 9.59E-5 2.54E-4 4.24E-3 4.01E-4 - 3.35E-6 9.13E-5
1-135 3.68E+4 9.48E+4 6.10E+6 1.50E+5 - 1.05E+5 3.52E+4
Cs-134 7.09E+9 1.67E+10 - 530E+9 2.02E+9 2.08E+8 7.74E+9
Cs-136 4.29E+7 1.69E+8 - 9.19E+7 1.45E+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 2.77E-2 1.95E-5 - 1.84E-5 1.34E-5 2.47E-1 8.08E-4
Ba-140 1.38E+8  1.69E4+5. - 5.75E+4 1.14E+5 2.13E+8 8.91E+6
Ba-141 - - - - - - -
Ba-142 - - - - - - -
La-140 1.80E+3 8.84E+2 - - - 5.08E+7 2.35E+2
La-142 1.28E-4 5.69E-5 - - - 1.73E+0 1.42E-5
Ce-141 2.82E+5 1.88E+5 - 8.86E+4 - 5.38E+8 2.16E+4
Ce-143 9.37E+2 6.82E+5 - 3.06E+2 - 2.05E+7  7.62E+1
Ce-144 5.27E+7 2.18E+7 - 1.30E+7 - 1.33E+10 2.83E+6
Pr-143 7.12E+4  2.84E+4 - 1.65E+4 - 2.34E+8  3.55E+3
Pr-144 - - - - - - -
Nd-147 3.63E+4 3.94E+4 - 2.32E+4 - 1.42E+8 2.36E+3
W-187 3.55E+4 2.90E+4 - - - 7.84E+6 1.02E+4
Np-239 1.38E+3  1.30E+2 - 4.09E+2 - 210E+7  7.24E+1
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Table 2.10

R; Vegetation Pathway Dose Factors - CHILD
(mrem/yr per uCi/m3) for H-3 and C-14 (m2? x mrem/yr uCi/sec) for others

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body
H-3 - 4.01E+3 ' 4.01E+3 4.01E+3 4.01E+3 4.01E+3 4.01E+3
C-14 3.50E+6 7.01E+5 7.01E+5 7.01E+5 7.01E+5 7.01E+5 7.01E+5
Na-24 3.83E+5 3.83E+5 3.83E+5 3.83E+5 3.83E+5 3.83E+5 3.83E+5
P-32 3.37E+9  1.58E+8 - - - 9.30E+7 1.30E+8
Cr-51 - - 6.54E+4 1.79E+4 1.19E+5 6.25E+6 1.18E+5
Mn-54 - 6.61E+8 - 1.85E+8 - 555E+8 1.76E+8
Mn-56 - 1.90E+1 - 2.29E+1 - 2.75E+3  4.28E+0
Fe-55 8.00E+8 4.24E+8 - - 2.40E+8 7.86E+7 1.31E+8
Fe-59 4.01E+8  6.49E+8 - - 1.88E+8 6.76E+8 3.23E+8
Co-57 - 2.99E+7 - - - 2.45E+8 6.04E+7
Co-58 - "6.47E+7 - - - 3.77E+8  1.98E+8
Co-60 - 3.78E+8 - - - 2.10E+9  1.12E+9
Ni-63 3.95E+10 2.11E+9 - - - 1.42E+8 1.34E+9
Ni-65 1.05E+2 9.89E+0 - - - 1.21E+3 5.77E+0
Cu-64 - 1.11E+4 - 2.68E+4 - 5.20E+5 6.69E+3
Zn-65 8.12E+8 2.16E+9 - 1.36E+9 - 3.80E+8  1.35E+9
Zn-69 1.51E-5 2.18E-5 - 1.32E-5 - 1.38E-3 2.02E-6
Br-82 - - - - - - 2.04E+6
Br-83 - - - - - - 5.55E+0
Br-84 - - - - - - -
Br-85 - - - - - - -
Rb-86 - 4.52E+8 - - - 291E+7 2.78E+8
Rb-88 - - - - - - -
Rb-89 - - - - - - -
Sr-89 3.59E+10 - - - - 1.39E+9  1.03E+9
Sr-90 1.24E+12 - - - - 1.67E+10 3.15E+11
Sr-91 5.50E+5 - - - - 1.21E+6 2.08E+4
Sr-92 7.28E+2 - - - - 1.38E+4 2.92E+1
Y-90 2.30E+4 - - - - 6.56E+7 6.17E+2
Y-91m 9.94E-9 - - - - 1.95E-5 -
Y-91 1.87E+7 - - - - 2.49E4+9 5.01E+5
Y-92 1.56E+0 - - - - 451E+4  4.46E-2
Y-93 3.01E+2 - - - - 4.48E+6  8.25E+0
Zr-95 3.90E+6  8.58E+5 - 1.23E+6 - 8.95E+8 7.64E+5
Zr-97 564E+2 8.15E+1 - 1.17E42 - 1.23E+7 4.81E+1
Nb-95 410E+5 1.59E+5 - 1.50E+5 - 2.95E+8 1.14E+5
Nb-97 4.90E-6 8.85E-7 - 9.82E-7 - 2.73E-1 413E-7
Mo-99 - 7.83E+6 - 1.67E+7 - 6.48E+6  1.94E+6
Tc-99m 4.65E+0 9.12E+0 - 1.33E+2 4.63E+0 5.19E+3 1.51E+2
Tc-101 - - - - - - -
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Table 2.10

R; Vegetation Pathway Dose Factors - CHILD
(mrem/yr per uCi/m®) for H-3 and C-14 (m2 x mrem/yr uCi/sec) for others

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body
Ru-103 1.55E+7 - - 3.89E+7 - 3.99E+8 5.94E+6
Ru-105 9.17E+1 - - 8.06E+2 - 5.98E+4  3.33E+1
Ru-106 7.45E+8 - - 1.01E+9 - 1.16E+10 9.30E+7
Rh-103m - - - - - - -
Rh-106 - - - - - - -
Ag-110m  3.22E+7 2.17E+7 - 4.05E+7 - 2.58E+9 1.74E+7
Sb-124 3.52E+8 4.57E+6 7.78E+5 - 1.96E+8 2.20E+9 1.23E+8
Sb-125 499E+8 3.85E+6 4.62E+5 - 2.78E+8 1.19E+9 1.05E+8
Te-125m  3.51E+8  9.50E+7  9.84E+7 - - 3.38E+8  4.67E+7
Te-127m  1.32E+9 3.56E+8 3.16E+8 3.77E+9 - 1.07E+9 1.57E+8
Te-127 1.00E+4 2.70E+3 6.93E+3 2.85E+4 - 391E+5 2.15E+3
Te-129m  8.54E+8 2.39E+8 2.75E+8 2.51E+9 - 1.04E+9 1.33E+8
Te-129 1.15E-3 3.22E-4 8.22E-4 3.37E-3 - 717E-2 2.74E-4
Te-131m  1.54E+6 5.33E+5 1.10E+6 5.16E+6 - 2.16E+7 5.68E+5
Te-131 - - - - - - -
Te-132 6.98E+6 3.09E+6 4.50E+6 2.87E+7 - 3.11E+7 3.73E+6
1-130 6.21E+5 1.26E+6 1.38E+8 1.88E+6 - 5.87E+5 6.47E+5
1-131 1.43E+8 1.44E+8 4.76E+10 2.36E+8 - 1.28E+7 8.18E+7
1-132 9.20E+1 1.68E+2 7.84E+3 259E+2 - 1.99E+2 7.77E+1
1-133 3.59E+6 4.44E+6 8.25E+8 7.40E+6 - 1.79E+6  1.68E+6
-134 1.70E-4 3.16E-4 7.28E-3 4.84E-4 - 2.10E-4 1.46E-4
1-135 6.54E+4 1.18E+5 1.04E+7 1.81E+45 - 8.98E+4 557E+4
Cs-134  1.60E+10 263E+10 - 8.14E+9 2.92E+9 1.42E+8 554E+9
Cs-136  8.06E+7 2.22E+8 - 1.18E+8 1.76E+7 7.79E+6 1.43E+8
Cs-137 2.39E+10 2.29E+10 - 7.46E+9 < 2.68E+9 1.43E+8 3.38E+9
Cs-138 - - - - - - -
Ba-139 5.11E-2 2.73E-5 - 2.38E-5 1.61E-5 2.95E+0 1.48E-3
Ba-140 2.77E+8 2.43E+45 - 7.90E+4 1.45E+5 1.40E+8 1.62E+7
Ba-141 - - - - - - -
Ba-142 - - - - - - -
La-140 3.23E+3 1.13E+3 - - - 3.15E+7  3.81E+2
La-142 2.32E-4 7.40E-5 - - - 1.47E+1 2.32E-5
Ce-141 6.35E+5  3.26E+5 - 1.43E+5 - 4.07E+8 4.84E+4
Ce-143 1.73E+3  9.36E+5 - 3.93E+2 - 1.37E+7 1.36E+2
Ce-144 1.27E+8  3.98E+7 - 2.21E+7 - 1.04E+10 6.78E+6
Pr-143 1.48E+5 4.46E+4 - 241E+4 - 1.60E+8 7.37E+3
Pr-144 - - - - - - -
Nd-147 7.16E+4  5.80E+4 - 3.18E+4 - 9.18E+7  4.49E+3
W-187 6.47E+4  3.83E+4 - - - 5.38E+6 1.72E+4
Np-239 2.55E+3 1.83E+2 - 5.30E+2 - 1.36E+7 1.29E+2
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R; Grass-Cow-Milk Pathway Dose Factors - ADULT

Table 2.11

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

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body
H-3 - 7.63E+2 7.63E+2 7.63E+2 7.63E+2 7.63E+2 7.63E+2
C-14 3.63E+5 7.26E+4 7.26E+4 7.26E+4 7.26E+4 7.26E+4 7.26E+4
Na-24 254E+6 254E+6 254E+6 254E+6 254E+6 2.54E+6 2.54E+6
P-32 1.71E+10 1.06E+9 - - - 1.92E+9 6.60E+8
Cr-51 - - " 1.71E+4 6.30E+3 3.80E+4 7.20E+6 2.86E+4
Mn-54 - 8.40E+6 - 2.50E+6 - 2.57E+7  1.60E+6
Mn-56 - 4.23E-3 - 5.38E-3 - 1.35E-1 7.51E-4
Fe-55 251E+7 1.73E+7 - - 9.67E+6 9.95E+6 4.04E4+6
Fe-59 2.98E+7  7.00E+7 - - 1.95E+7 233E+8 2.68E+7
Co-57 - 1.28E+6 - - - 3.25E+7 2.13E+6
Co-58 - 4.72E+6 - - - 9.57E+7 1.06E+7
Co-60 - 1.64E+7 - - - 3.08E+8 3.62E+7
Ni-63 6.73E+9 4.66E+8 - - - 9.73E+7 2.26E+8
Ni-65 3.70E-1 4.81E-2 - - - 1.22E+0 2.19E-2
Cu-64 - 2.41E+4 - 6.08E+4 - 2.05E+6 1.13E+4
Zn-65 1.37E+9  4.36E+9 - 2.92E+9 - 2.75E+9  1.97E+9
Zn-69 - - - - - - -
Br-82 - - - - - 3.72E+7  3.25E+7
Br-83 - - - - - 1.49E-1 1.03E-1
Br-84 - - - - - - -
Br-85 - - - - - - -
Rb-86 - 2.59E+9 - - - 5.11E+8 1.21E+9
Rb-88 - - - - - - -
Rb-89 - - - - - - -
Sr-89 1.45E+9 - - - - 2.33E+8 4.16E+7
Sr-90 4.68E+10 - - - - 1.35E+9 1.15E+10
Sr-91 3.13E+4 - - - - 1.49E+5 1.27E+3
Sr-92 4.89E-1 - - - - 9.68E+0 2.11E-2
Y-90 7.07E+1 - - - - 7.50E+5 1.90E+0
Y-91m - - - - - - -
Y-91 8.60E+3 - - - - 473E4+6  2.30E+2
Y-92 5.42E-5 - - - - 9.49E-1 1.58E-6
Y-93 2.33E-1 - - - - 7.39E+3 6.43E-3
Zr-95 9.46E+2  3.03E+2 - 4.76E+2 - 9.62E+5 2.05E+2
2r-97 4.26E-1 8.59E-2 - 1.30E-1 - 2.66E+4  3.93E-2
Nb-95 8.25E+4 4.59E+4 - 4. 54E+4 - 2.79E+8 2.47E+4
Nb-97 - - - - - 5.47E-9 -
Mo-99 - 2.52E+7 - 5.72E+7 - 5.85E+7 4.80E+6
Tc-99m 3.25E+0 9.19E+0 - 1.40E+2 4.50E+0 544E+3 1.17E+2
Tc-101 - - - - - - -
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Table 2.11

R; Grass-Cow-Milk Pathway Dose Factors - ADULT
(mrem/yr per pCi/m?) for H-3 and C-14 (m2 x mrem/yr pCi/sec) for others

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body
Ru-103 1.02E+3 - - 3.89E+3 - 1.19E+5 4.39E+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
Rh-103m - - - - - - -
Rh-106 - - - - - - -
Ag-110m  583E+7 5.39E+7 - 1.06E+8 - 2.20E+10 3.20E+7
Sb-124 257E+7 4.86E+5 6.24E+4 - 2.00E+7 7.31E+8 1.02E+7
Sb-125 2.04E+7 2.28E+5 2.08E+4 - 1.58E+7 2.25E+8 4.86E+6
Te-125m 1.63E+7 5.90E+6 4.90E+6 6.63E+7 - 6.50E+7 2.18E+6
Te-127m  4.58E+7 1.64E+7 1.17E+7 1.86E+8 - 1.54E+8 5.58E+6
Te-127 6.72E+2 2.41E+2 4.98E+2 2.74E+3 - 5.30E+4 1.45E+2
Te-129m  6.04E+7 2.25E+7 2.08E+7 2.52E+8 - 3.04E+8 9.57E+6
Te-129 - - - - - - -
Te-131tm  3.61E+5 1.77E+5 2.80E+5 1.79E+6 - 1.75E+7  1.47E+45
Te-131 - - - - - - -
Te-132 2.39E+6 1.55E+6 1.71E+6  1.49E+7 - 7.32E+7 1.45E+6
1-130 426E+5 1.26E+6 1.07E+8 1.96E+6 - 1.08E+6  4.96E+5
1-131 296E+8 4.24E+8 1.39E+11 7.27E+8 - 1.12E+8 2.43E+8
1-132 1.64E-1 4.37E-1 1.53E+1 6.97E-1 - 8.22E-2 1.53E-1
1-133 3.97E+6 6.90E+6 1.01E+9 1.20E+7 - 6.20E+6 2.10E+6
1-134 - - - - - - -
1-135 1.38E+4 3.63E+4 2.40E+6 5.83E+4 - 410E+4 1.34E+4
Cs-134 5.65E+9 1.34E+10 - 435E+9 1.44E+9 235E+8 1.10E+10
Cs-136 2.61E+8 1.03E+9 - 5.74E+8 7.87E+7 1.17E+8 7.42E+8
Cs-137 7.38E+9 1.01E+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 3.38E+4 1.15E+4 193E+4 554E+7 1.76E+6
Ba-141 - - - - - - -
Ba-142 - - - - - - -
La-140 4.49E+0 2.26E+0 - - - 1.66E+5 5.97E-1
La-142 - - - - - 3.03E-8 -
Ce-141 4.84E+3 3.27E+3 - 1.52E+3 - 1.25E+7 3.71E+2
Ce-143 4.19E+1 3.09E+4 - 1.36E+1 - 1.16E+6  3.42E+0
Ce-144 3.58E+5 1.50E+5 - 8.87E+4 - 1.21E+8  1.92E+4
Pr-143 1.59E+2 6.37E+1 - 3.68E+1 - 6.96E+5 7.88E+0
Pr-144 - - - - - - -
Nd-147 9.42E+1 1.09E+2 - 6.37E+1 - 5.23E+5 6.52E+0
W-187 6.56E+3 5.48E+3 - - - 1.80E+6 1.92E+3
Np-239 3.66E+0 3.60E-1 - 1.12E+0 - 7.39E+4 1.98E-1
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R; Grass-Cow-Milk Pa

Table 2.12

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

Nuclide Bone Liver Thyroid Kidney Lung- GI-LLI T.Body
H-3 - 9.94E+2 9.94E+2 9.94E+2 9.94E+2 9.94E+2 9.94E+2
C-14 6.70E+5 1.34E+5 1.34E+5 1.34E+5 1.34E+5 1.34E+5 1.34E+5
Na-24 4.44E+6 4.44E+6 4.44E+6 4.44E+6 4.44E+6 4.44E+6  4.44E+6
P-32 3.15E+10 1.95E+9 - ' - - ~ 2.65E+9 1.22E+9
Cr-51 - - 2.78E+4 110E+4 7.13E+4 8.40E+6 5.00E+4
Mn-54 - 1.40E+7 - “417E+6 - 2.87E+7 2.78E+6
Mn-56 - 7.51E-3 - 9.50E-3 - 4.94E-1 1.33E-3
Fe-55 4.45E+7 3.16E+7 - - 2.00E+7 1.37E+7 7.36E+6
Fe-59 520E+7 1.21E+8 - - 3.82E+7 2.87E+8 4.68E+7
Co-57 - 2.25E+6 - - - 419E+7 3.76E+6
Co-58 - 7.95E+6 - - - 1.10E+8 1.83E+7
Co-60 - 2.78E+7 - - - 3.62E+8 6.26E+7
Ni-63 1.18E+10 8.35E+8 - - - 1.33E+8 4.01E+8
Ni-65 6.78E-1 8.66E-2 - - - 4.70E+0 3.94E-2
Cu-64 - 4.29E+4 - 1.09E+5 - 3.33E+6  2.02E+4
Zn-65 211E+9  7.31E+9 - 4.68E+9 - 3.10E+9 3.41E+9
Zn-69 - - - - - - -
Br-82 - - - - - - 5.64E+7
Br-83 - - - - - - 1.91E-1
Br-84 - - - - - - -
Br-85 - - - - - - -
Rb-86 - 4.73E+9 - - - 7.00E+8 2.22E+9
Rb-88 - - - - - - -
Rb-89 - - - - - - -
Sr-89 2.67E+9 - - - - 3.18E+8  7.66E+7
Sr-90 6.61E+10 - - - - 1.86E+9 1.63E+10
Sr-91 5.75E+4 - - - - 261E+5 2.29E+3
Sr-92 8.95E-1 - - - - 2.28E+1 3.81E-2
Y-90 1.30E+2 - - - - 1.07E+6  3.50E+0
Y-91m - - - - - - -
Y-91 1.58E+4 - - - - 6.48E+6 4.24E+2
Y-92 1.00E-4 - - - - 2.75E+0 2.90E-6
Y-93 4.30E-1 - - - - 1.31E+4 1.18E-2
Zr-95 1.65E+3  5.22E+2 - 7.67E+2 - 1.20E+6 3.59E+2
Zr-97 7.75E-1 1.53E-1 - 2.32E-1 - 4.15E+4 7.06E-2
Nb-95 1.41E+5 7.80E+4 - 7.57E+4 - 3.34E+8 4.30E+4
Nb-97 - - - - - 6.34E-8 -
Mo-99 - 4.56E+7 - 1.04E+8 - 8.16E+7 8.69E+6
Tc-99m 564E+0 1.57E+1 - 2.34E+2 8.73E+0 1.03E+4 2.04E+2
Te-101 - - - - - - -
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Table 2.12

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

Thyroid

Nuclide Bone Liver Kidney Lung GI-LLI T.Body
Ru-103 1.81E+3 - - 6.40E+3 - 1.52E+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 - 1.80E+6  4.73E+3
Rh-103m - - - - - - -
Rh-106 - - - - - - . -
Ag-110m  9.63E+7 9.11E+7 - 1.74E+8 - 2.56E+10 5.54E+7
Sb-124 459E+7 8.46E+5 1.04E+5 - 4.01E+7 9.25E+8 1.79E+7
Sb-125  3.65E+7 3.99E+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  8.44E+7 2.99E+7 2.01E+7  3.42E+8 - 2.10E+8 . 1.00E+7
Te-127 1.24E+3 4.41E+2 8.59E+2 5.04E+3 - 9.61E+4. 2.68E+2
Te-129m 111E+8 4.10E+7 3.57E+7 4.62E+8 - 415E+8 1.75E+7
Te-129 - - - 1.67E-9 - 2.18E-9 -
Te-131m  6.57E+5 3.15E+5 4.74E+5 3.29E+6 - 2.53E+7 2.63E+5
Te-131 - - - - - - -
Te-132 4.28E+6 2.71E+6 2.86E+6 2.60E+7 - 8.58E+7 2.55E+6
1-130 749E+5 217E+6 1.77E+8 3.34E+6 - 1.67E+6  8.66E+5
1-131 5.38E+8 7.53E+8 2.20E+11 1.30E+9 - 1.49E+8 4.04E+8
1-132 2.90E-1 7.59E-1 2.56E+1 1.20E+0 - 3.31E-1 2.72E-1
1-133 7.24E+6 1.23E+7 1.72E+9 2.15E+7 - 9.30E+6  3.75E+6
1-134 - - - - - - -
1-135 247E+4 6.35E+4 4.08E+6 1.00E+5 7.03E+4 2.35E+4
Cs-134 9.81E+9 2.31E+10 - 7.34E+9 2.80E+9 2.87E+8 1.07E+10
Cs-136 4.45E+8 1.75E+9 - 953E+8 1.50E+8 1.41E+8 1.18E+9
Cs-137  1.34E+10 1.78E+10 - 6.06E+9 2.35E+9 2.53E+8 6.20E+9
Cs-138 - - - - - - -
Ba-139 8.69E-8 - - - - 7.75E-7 2.53E-9
Ba-140 4.85E+7 5.95E+4 - 2.02E+4 4.00E+4 7.49E+7 3.13E+6
Ba-141 - - - - - - -
Ba-142 - - - - - - -
La-140 8.06E+0  3.96E+0 - - - 2.27E+5 1.05E+0
La-142 - - - - - 2.23E-7 -
Ce-141 8.87E+3  5.92E+3 - 2.79E+3 - 1.69E+7 6.81E+2
Ce-143 7.69E+1 5.60E+4 - - 2.51E+1 - 1.68E+6  6.25E+0
Ce-144 6.58E+5 2.72E+5 - 1.63E+5 - 1.66E+8 3.54E+4
Pr-143 2.92E+2 1.17E+2 - 6.77E+1 - 9.61E+5  1.45E+1
Pr-144 - - - - - - -
Nd-147 1.81E+2 1.97E+2 - 1.16E+2 - 7.11E+5 1.18E+1
Ww-187 1.20E+4 9.78E+3 - - - 2.65E+6 3.43E+3
Np-239 6.99E+0 6.59E-1 - 2.07E+0 - 1.06E+5  3.66E-1
2-34

REV. 11
02/22/2007



Table 2.13

R; Grass-Cow-Milk Pathway Dose Factors - CHILD
(mrem/yr per pCi/m®) for H-3 and C-14 (m2 x mrem/yr uCi/sec) for others

Nuclide Bone Liver - Thyroid Kidney Lung GI-LLI T.Body
H-3 - 1.57E+3 1.57E+3 157E+3 - 1.57E+3 1.57E+3 1.57E+3
C-14 1.65E+6 3.29E+5 3.29E+5 3.29E+5 3.29E+5 3.29E+5 3.29E+5
Na-24 9.23E+6 9.23E+6 9.23E+6 9.23E+6 9.23E+6 9.23E+6 9.23E+6
pP-32 7.77E+10 3.64E+9 - - - 2.15E+9  3.00E+9
Cr-51 - - 566E+4 155E+4 1.03E+5 5.41E+6 1.02E+5
Mn-54 - 2.09E+7 - 5.87E+6 - 1.76E+7  5.58E+6
Mn-56 - 1.31E-2 - 1.58E-2 - 1.90E+0 2.95E-3.
Fe-55 1.12E+8 5.93E+7 - - 3.35E+7 1.10E+7 1.84E+7
Fe-59 1.20E+8 1.95E+8 - - 565E+7 2.03E+8 9.71E+7
Co-57 - 3.84E+6 - - - 3.14E4+7 7.77E+6
Co-58 - 1.21E+7 - - - 7.08E+7  3.72E+7
Co-60 - 4.32E+7 - - - 2.39E+8 1.27E+8
Ni-63 2.96E+10 1.59E+9 - - - 1.07E+8 1.01E+9
Ni-65 1.66E+0 1.56E-1 - - - 1.91E+1 9.11E-2
Cu-64 - 7.55E+4 - 1.82E+5 - 3.54E+6 4.56E+4
Zn-65 4.13E+9 1.10E+10 - 6.94E+9 - 1.93E+9 6.85E+9
Zn-69 - - - - - 2.14E-9 -
Br-82 - - - - - - 1.15E+8
Br-83 - - - - - - 4.69E-1
Br-84 - - - - - - -
Br-85 - - - - - - -
Rb-86 - 8.77E+9 - - - 5.64E+8 5.39E+9
Rb-88 - - - - - - -
Rb-89 - - - - - - -
Sr-89 6.62E+9 - - - - 2.56E+8 1.89E+8
Sr-90 1.12E+11 - - - - 1.51E+9 2.83E+10
Sr-91 1.41E+5 - - - - 3.12E+5 5.33E+3
Sr-92 2.19E+0 - - - - 4.14E+1 8.76E-2
Y-90 3.22E+2 - - - - 9.15E+5 8.61E+0
Y-91m - - - - - - -
Y-91 3.91E+4 - - - - 521E+6  1.04E+3
Y-92 2.46E-4 - - - - 7.10E+0 7.03E-6
Y-93 1.06E+0 - - - - 1.57E+4 2.90E-2
Zr-95 3.84E+3 8.45E+2 - 1.21E+3 - 8.81E+5 7.52E+2
2r-97 1.89E+0 2.72E-1 - 3.91E-1 - 4.13E+4 1.61E-1
Nb-95 3.18E+5  1.24E+5 - 1.16E+5 - 2.29E+8 8.84E+4
Nb-97 - - - - - 1.45E-6 -
Mo-99 - 8.29E+7 - 1.77E+8 - 6.86E+7 2.05E+7
Tc-99m 1.29E+1 2.54E+1 - 3.68E+2 1.29E+1 1.44E+4  4.20E+2
Tc-101 - - - - - - -
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Table 2.13

R: Grass-Cow-Milk Pathway Dose Factors - CHILD
(mrem/yr per uCi/m®) for H-3 and C-14 (m2 x mrem/yr uCi/sec) for others

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body
Ru-103 4.29E+3 - - 1.08E+4 - 1.11E+5 1.65E+3
Ru-105 3.82E-3 - - 3.36E-2 - 2.49E+0 1.39E-3
Ru-106 9.24E+4 - - 1.25E+5 - 1.44E+6 1.15E+4
Rh-103m - - - - - - -
Rh-106 - - - - - - -
Ag-110m 2.09E+8 1.41E+8 - 2.63E+8 - 1.68E+10 1.13E+8
Sbh-124 1.09E+8 141E+8 2.40E+5 - 6.03E+7 6.79E+8 3.81E+7
Sb-125 8.70E+7 1.41E+6 8.06E+4 - 485E+7 2.08E+8 1.82E+7
Te-125m  7.38E+7 2.00E+7 2.07E+7 - - 7.12E+7  9.84E+6
Te-127m 2.08E+8 560E+7 4.97E+7 5.93E+8 - 1.68E+8 247E+7
Te-127 3.06E+3 8.25E+2 2.12E+3 8.71E+3 - 1.20E+5 6.56E+2
Te-129m 2.72E+8 7.61E+7 8.78E+7 8.00E+8 - 3.32E+8  4.23E+7
Te-129 - - - 2.87E-9 - 6.12E-8 -
Te-131m  1.60E+6 553E+5 1.14E+6 5.35E+6 - 2.24E+7 5.89E+5
Te-131 - - - - - - -
Te-132 1.02E+7 4.52E+6 6.58E+6 4.20E+7 - 455E+7 5.46E+6
1-130 1.75E+6 3.54E+6 3.90E+8 5.29E+6 - 1.66E+6  1.82E+6
1-131 1.30E+9 1.31E+9 4.34E+11 2.15E+9 - 1.17E+8 7.46E+8
1-132 6.86E-1 1.26E+0  5.85E+1 1.93E+0 - 1.48E+0  5.80E-1
1-133 1.76E+7 2.18E+7 4.04E+9  3.63E+7 - 8.77E+6  8.23E+6
1-134 - - - - - - -
1-135 584E+4 1.05E+5 9.30E+6 1.61E+5 - 8.00E+4 4.97E+4
Cs-134  2.26E+10 3.71E+10 - 1.15E+10 4.13E+9 2.00E+8 7.83E+9
Cs-136 1.00E+9 2.76E+9 - 1.47E+9 219E+8 9.70E+7 1.79E+9
Cs-137  3.22E+10 3.09E+10 - 1.01E+10 3.62E+9 1.93E+8 4.55E+9
Cs-138 - - ' - - - - -
Ba-139 2.14E-7 - - - - 1.23E-5 6.19E-9
Ba-140 1.17E+8 1.03E+5 - 3.34E+4 6.12E+4 5.94E+7 6.84E+6
Ba-141 - - - - - - -
Ba-142 - - - - - - -
La-140 1.93E+1 6.74E+0 - - - 1.88E+5 2.27E+0
La-142 - - - - - 2.51E-6 -
Ce-141 2.19E+4  1.09E+4 - 4.78E+3 - 1.36E+7 1.62E+3
Ce-143 1.89E+2  1.02E+5 - 4.29E+1 - 1.50E+6  1.48E+1
Ce-144 1.62E+6 5.09E+5 - 2.82E+5 - 1.33E+8 8.66E+4
Pr-143 7.23E+2 2.17E+2 - 1.17E+2 - 7.80E+5  3.59E+1
Pr-144 - - - - - - -
Nd-147 445E+2 3.60E+2 - 1.98E42 - 5.71E+5  2.79E+1
wW-187 291E+4 1.72E+4 - - - 2.42E+6  7.73E+3
Np-239 1.72E+1 1.23E+0 - 3.57E+0 - 9.14E+4  8.68E-1
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R; Grass-Cow-Milk Pathway Dose Factors - INFANT

Table 2.14

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

Nuclide Bone Liver Thyroid Kidney Lung GI-LLI T.Body
H-3 - 2.38E+3 2.38E+3 2.38E+3 2.38E+3 238BE+3 2.38E+3
C-14 3.23E+6 6.89E+5 6.89E+5 6.89E+5 6.89E+5 6.89E+5 6.89E+5
Na-24 1.61E+7 1.61E+7 161E+7 161E+7 161E+7 161E+7 1.61E+7
P-32 1.60E+11  9.42E+9 - - - 217E+9 6.21E+9
Cr-51 - - 1.05E+5 2.30E+4 2.05E+5 4.71E+6 1.61E+5
Mn-54 - 3.89E+7 - 8.63E+6 - 1.43E+7 8.83E+6
Mn-56 .- 3.21E-2 - 2.76E-2 - 291E+0  5.53E-3
Fe-55 1.35E+8 8.72E+7 - - 427E+7 111E+7 2.33E+7
Fe-59 2.25E+8 3.93E+8 - - 1.16E+8 1.88E+8 1.55E+8
Co-57 - 8.95E+6 - - - 3.05E+7  1.46E+7
Co-58 - 2.43E+7 - - - 6.05E+7 6.06E+7
Co-60 - 8.81E+7 - - - 2.10E+8 2.08E+8
Ni-63 3.49E+10 2.16E+9 - - - 1.07E+8 1.21E+9
Ni-65 3.51E+0  3.97E-1 - - - 3.02E+1 1.81E-1
Cu-64 - " 1.88E+5 - 3.17E+5 - 3.85E+6  8.69E+4
Zn-65 5.55E+9 1.90E+10 - 9.23E+9 - 1.61E+10 8.78E+9
Zn-69 - - - - - 7.36E-9 -
Br-82 - - - - - - 1.94E+8
Br-83 - - - - - - 9.95E-1
Br-84 - - - - - - -
Br-85 - - - - - - -
Rb-86 - 2.22E+10 - - - 5.69E+8 1.10E+10
Rb-88 - - - - - - -
Rb-89 - - - - - - -
Sr-89 1.26E+10 - - - - 259E+8 3.61E+8
Sr-90 1.22E+11 - - - - 1.52E+9 3.10E+10
Sr-91 2.94E+5 - - - - 3.48E+5 1.06E+4
Sr-92 4.65E+0 - - - - 5.01E+1 1.73E-1
Y-90 6.80E+2 - - - - 9.39E+5 1.82E+1
Y-91m - - - - - - -
Y-91 7.33E+4 - - - - 5.26E+6  1.95E+3
Y-92 5.22E-4 - - - - 9.97E+0 1.47E-5
Y-93 2.25E+0 - - - - 1.78E+4  6.13E-2
Zr-95 6.83E+3 1.66E+3 - 1.79E+3 - 8.28E+5 1.18E+3
Zr-97 3.99E+0 6.85E-1 - 6.91E-1 - 437E+4  3.13E-1
Nb-95 593E+5 2.44E+5 - 1.75E+5 - 2.06E+8 1.41E+5
Nb-97 - - - - - 3.70E-6 -
Mo-99 - 2.12E+8 - 3.17E+8 - 6.98E+7 4.13E+7
Tc-99m 2.69E+1 5.55E+1 - 597E+2 2.90E+1 1.61E+4  7.15E+2
Te-101 - - - - - - -
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Table 2.14
R; Grass-Cow-Milk Pathway Dose Factors - INFANT
(mrem/yr per pCi/m®) for H-3 and C-14 (m2 x mrem/yr 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 2.91E+3
Ru-105 - 8.06E-3 - - 5.92E-2 - 3.21E+0 2.71E-3
Ru-106 1.90E+5 - - 2.25E+5 - 1.44E+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 1.87E+5 - 9.38E+7 1.99E+8 3.07E+7
Te-125m  1.51E+8 5.04E+7 5.07E+7 - - 7.18E+7  2.04E+7
Te-127m 4.21E+8 ~ 1.40E+8 1.22E+8 1.04E+9 - 1.70E+8 5.10E+7
Te-127 6.50E+3 2.18E+3 5.29E+3 1.59E+4 - 1.36E+5  1.40E+3
Te-129m 559E+8 1.92E+8 2.15E+8 1.40E+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 - 2.29E+7 1.12E+6
Te-131 - - - - - - -
Te-132 210E+7 1.04E+7 154E+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  3.18E+6
1-131 2.72E+9 3.21E+9 1.06E+12 3.75E+9 - 1.15E+8 1.41E+9
1-132 1.42E+0 2.89E+0 1.35E+2 3.22E+0 - 2.34E+0 1.03E+0
1-133 3.72E+7 541E+7 9.84E+9 6.36E+7 - 9.16E+6  1.58E+7
I-134 - - 1.01E-9 - - : - - ’
1-135 1.21E+5 2.41E+5 2.16E+7 2.69E+5 - 8.74E+4 8.80E+4
Cs-134  3.65E+10 6.80E+10 - 1.75E+10 7.18E+2 1.85E+8 6.87E+9
Cs-136 1.96E+9 5.77E+9 - 2.30E+9 4.70E+8 8.76E+7 2.15E+9
Cs-137 5.15E+10 6.02E+10 - 1.62E+10 6.55E+9 1.88E+8 4.27E+9
Cs-138 - - - - - - -
Ba-139 4 55E-7 - - - - 2.88E-5 1.32E-8
Ba-140 241E+8 241E+5 - 573E+4 1.48E+5 5.92E+7 1.24E+7
Ba-141 - - - - - - -
Ba-142 - - - - - : - -
La-140 4.03E+1 1.59E+1 - - - 1.87E+5 4.09E+0
La-142 - - - oo - 5.21E-6 -
Ce-141 4.33E+4 2.64E+4 - 8.15E+3 - 1.37E+7  3.11E+3
Ce-143 4.00E+2 2.65E+5 - 7.72E+1 - 1.55E+6  3.02E+1
Ce-144 2.33E+6  9.52E+5 - 3.85E+5 - 1.33E+8 1.30E+5
Pr-143 1.49E+3 ° 5.59E+2 - 2.08E+2 - 7.89E+5 7.41E+1
Pr-144 - - - - - - -
Nd-147 8.82E+2 9.06E+2 - 3.49E+2 - 5.74E4+5  5.55E+1
w-187 6.12E+4  4.26E+4 - - - 2.50E+6 1.47E+4
Np-239 3.64E+1 3.25E+0 - 6.49E+0 - 9.40E+4  1.84E+0
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Table 2.15

R; Ground Plane Pathway Dose Factors
(m? x mrem/yr per uCi/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 9.05E+5
Fe-55 -
Fe-59 2.75E+8
Co-57 4.37E+8
Co-58 3.82E+8
Co-60 2.16E+10
Ni-63 -
Ni-65 2.97E45
Cu-64 6.09E+5
Zn-65 7.45E+8
Zn-69 -
Br-82 4 57E+7
Br-83 4.89E+3
Br-84 2.03E+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 7.77E+5
Y-90 4.48E+3
Y-91m 1.01E+5
Y-91 1.08E+6
Y-92 1.80E+5
Y-93 1.85E+5
Zr-95 2.48E+8
Z2r-97 2.94E+6
Nb-95 1.36E+8
Nb-97 2.28E+6
Mo-99 4.05E+6
Tc-99m 1.83E+5
Te-101 2.04E+4
Ru-103 1.09E+8
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Table 2.15

R; Ground Plane Pathway Dose Factors
(m? x mrem/yr per uCi/sec)

Nuclide Any Organ
Ru-105 6.36E+5
Ru-106 421E+8
Rh-103m -
Rh-106 -
Ag-110m 3.47E+9
Sb-124 2.87E+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 2.60E+4
Te-131m 8.03E+6
Te-131 2.93E+4
Te-132 4.22E+6
1-130 5.53E+6
1-131 1.72E+7
1-132 1.24E+6
1-133 - 247E+6
I-134 4 49E+5
1-135 2.56E+6
Cs-134 6.75E+9
Cs-136 1.49E+8
Cs-137 1.04E+10
Cs-138 3.59E+5
Ba-139 1.06E+5
Ba-140 2.05E+7
Ba-141 4.18E+4
Ba-142 4.49E+4
La-140 1.91E+7
La-142 7.36E+5
Ce-141 1.36E+7
Ce-143 2.32E+6
Ce-144 6.95E+7
Pr-143 -
Pr-144 1.83E+3
Nd-147 8.40E+6
W-187 2.36E+6
Np-239 1.71E+46
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3/4 RADIOLOGICAL EFFLUENT SPECIFICATIONS AND SURVEILLANCE REQUIREMENTS

3/4.0 APPLICABILITY AND SURVEILLANCE REQUIREMENTS

SPECIFICATIONS

3.0.1

3.0.2

3.03

Compliance with the specifications contained in the succeeding text is required during the
conditions specified therein; except that upon failure to meet the specifications, the associated
ACTION requirements shall be met. ‘

Noncompliance with a Specification shall exist when its requirements and associated ACTION
requirements are not met within the specified time intervals. If the Specification is restored prior
to expiration of the specified time intervals, completion of the Action requirements is not
required.

When a Specification is not met, except as provided in the associated ACTION requirements,
reporting as directed in the ACTION requirement will be initiated.

SURVEILLANCE REQUIREMENTS

4.0.1

4.0.2

4.0.3

Surveillance Requirements shall be met during the conditions specified for individual
Specifications unless otherwise stated in an individual Surveillance Requirement.

Each . Surveillance Requirement shall be performed.within the specified time interval with a
maximum allowable extension not to exceed 25% of the surveillance interval.

Failure to perform a Surveillance Requirement within the specified time interval shall constitute
a failure to meet the OPERABILITY requirements for a Specification. Exceptions to these
requirements are stated in the individual Specification. Surveillance Requirements do not have
to be performed on inoperable equipment.
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3/4.1 RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION

SPECIFICATIONS

3.1 The radioactive liquid effluent monitoring instrumentation channels shown in Table
3.1 shall be OPERABLE with their alarm/trip setpoints set to ensure that the limits of
ODCM Specification 3.3.1 are not exceeded. The alarm/trip setpoints of these
channels shall be determined in accordance with the methodology in Section 1.0 of
the OFF-SITE DOSE CALCULATION MANUAL (ODCM).

APPLICABILITY

During release via the monitored pathway.

ACTION

a. With aradioactive liquid effluent monitoring instrumentation channel alarm/trip
setpoint less conservative than required by the above specification, without delay
suspend the release of radioactive liquid effluents monitored by the affected
channel, or declare the channel inoperable, or change the setpoint so it is
acceptably conservative. Non-compliance with, or a delay in initiation of this
action item requires the initiation of a CAP AND an explanation of the incident
included in the next Radioactive Effluent Release Report.

b. With less than the minimum number of radioactive liquid effluent monitoring
instrumentation channels OPERABLE, take the ACTION shown in Table 3.1.
Exert best efforts to return the instruments to OPERABLE status within 30 days
and, if unsuccessful, explain in the next Radioactive Effluent Release Report why
the inoperability was not corrected in a timely manner.

SURVEILLANCE REQUIREMENTS

4.1 Each radioactive liquid effluent monitoring instrumentation channel shall be
demonstrated OPERABLE by performance of the CHANNEL CHECK, SOURCE
CHECK, CHANNEL CALIBRATION and CHANNEL FUNCTIONAL TEST
operations at the frequencies shown in Table 4.1.

BASIS

Radioactive Liquid Effluent Monitoring Instrumentation - The radioactive liquid effluent
instrumentation is provided to monitor and control, as applicable, the releases of radioactive
materials in liquid effluents during actual or potential releases of liquid effluents. The alarm/trip
setpoints for these instruments shall be calculated and adjusted in accordance with the
methodology and parameters in the ODCM to ensure that the alarm/trip will occur prior to
exceeding ten (10) times the values of 10 CFR Part 20, Appendix B, Table 2, Column 2. The
operability and use of this instrumentation is consistent with the appropriate requirements of
General Design Criteria 60, 63 and 64 of Appendix A to 10 CFR Part 50.
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3/4.2 RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION

SPECIFICATIONS

32

The radioactive gaseous effluent monitoring instrumentation channels shown in
Table 3.2 shall be OPERABLE with their alarm/trip setpoints set to ensure that
the limits of ODCM Specitication 3.4.1 are not exceeded. The alarm/trip
setpoints of these channels shall be determined in accordance with the
methodology in section 2.0 of the ODCM.

APPLICABILITY

ACTION

As shown in Table 3.2.

With a radioactive gaseous effluent monitoring instrumentation channel alarm/trip
setpoint less conservative than required by the above Specification, without delay
suspend the release of radioactive gaseous effluents monitored by the affected
channel, or declare the channel inoperable, or change the setpoint so it is
acceptably conservative. Non-compliance with, or a delay in initiation of this
action item requires the initiation of a CAP AND an explanation of the incident
included in the next Radioactive Effluent Release Report.

With less than the minimum number of radioactive gaseous effluent monitoring
instrumentation channels OPERABLE, take the ACTION shown in Table 3.2.
Exert best efforts to return the instruments to OPERABLE status within 30 days
and, if unsuccessful, explain in the next Radioactive Effluent Release Report why
the inoperability was not corrected in a timely manner.

SURVEILLANCE REQUIREMENTS

BASIS

4.2

Each radioactive gaseous effluent monitoring instrumentation channel shall be
demonstrated OPERABLE by performance of the CHANNEL CHECK,
SOURCE CHECK, CHANNEL CALIBRATION and CHANNEL
FUNCTIONAL TEST operations at the frequencies shown in Table 4.2.

Radioactive Gaseous Effluent Monitoring Instrumentation - The radioactive gaseous

effluent instrumentation is provided to monitor and control, as applicable, the releases of
radioactive materials in gaseous effluents during actual or potential releases of gaseous
effluents. The alarm/trip will occur prior to exceeding the dose rate limits of ODCM
Specification 3.4.1. The operability and use of this instrumentation is consistent with the

appropriate requirements of General Design Criteria 60, 63 and 64 of Appendix A to 10
CFR Part 50.
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3/4.3 LIQUID EFFLUENTS
CONCENTRATION

. SPECIFICATIONS

3.3.1  The concentration of radioactive material released in liquid effluents to
UNRESTRICTED AREAS shall be limited to ten times the concentrations specified in
10 CFR Part 20, Appendix B, Table 2, Column 2 for radionuclides other than dissolved
or entrained noble gases. For dissolved or entrained noble gases, the concentration shall
be limited to 2 x 10 pCi/ml total activity.

APPLICABILITY
During release via the monitored pathway.
ACTION
a. With the concentration of radioactive material released in liquid effluents to

UNRESTRICTED AREAS exceeding the above limits, without delay restore the
concentration to within the above limits. Non-compliance with, or a delay in initiation of
this action item requires the initiation of a CAP AND an explanation of the incident
included in the next Radioactive Effluent Release Report.

SURVEILLANCE REQUIREMENTS

BASIS

4.3.1.1 Radioactive liquid wastes shall be sampled and analyzed according to the
sampling and analysis program of Table 4.3.

4.3.1.2 The results of the radioactivity analyses shall be used in accordance with the
methodology and parameters in the ODCM to assure that the concentrations at
the point of release are maintained within the limits of ODCM
Specification 3.3.1.

Concentration - This specification is provided to ensure that the concentration of radioactive
materials released in liquid waste effluents to UNRESTRICTED AREAS will be less than ten
times the concentration levels specified in 10 CFR Part 20, Appendix B, Table 2, Column 2. This
limitation provides additional assurance that the levels of radioactive materials in bodies of water
in UNRESTRICTED AREAS will result in exposures within (1) the Section IL.A design
objectives of Appendix I, 10 CFR Part 50, to a MEMBER OF THE PUBLIC and (2) the limits of
10 CFR Part 20.1301 to the population. The concentration limit for dissolved or entrained noble
gases is based upon the assumption that Xe-135 is the controlling radioisotope and its
concentration limit in air (submersion) was converted to an equivalent concentration in water
using the methods described in International Commission on Radiological Protection (ICRP)
Publication 2.

The required detection capabilities for radioactive materials in liquid waste samples are tabulated
in terms of the lower limits of detection (LLDs). Detailed discussion of the LLD, and other
detection limits can be found in HASL Procedures Manual, HASL-300 (revised annually), Currie,
L.A., “Limits for Qualitative Detection and Quantitative Determination - Application to
Radiochemistry,” Anal. Chem. 40, 586-93 (1968), and Hartwell, J.K., “Detection Limits for
Radioanalytical Counting Techniques,” Atlantic Richfield Hanford Company Report
ARH-SA-215 (June 1975).
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DOSE

SPECIFICATIONS

3.3.2 The dose or dose commitment to a MEMBER OF THE PUBLIC from radioactive
materials in liquid effluents released to UNRESTRICTED AREAS shall be limited:

a. During any calendar quarter to less than or equal to 1.5 mrem to the total body
and to less than or equal to 5 mrem to any organ, and

b. During any calendar year to less than or equal to 3 mrem to the total body and to
less than or equal to 10 mrem to any organ.

APPLICABILITY

At all times.

ACTION

a. With the calculated dose from the release of radioactive materials in liquid effluents
exceeding any of the above limits, in lieu of a Licensee Event Report, prepare and submit
to the Commission within 30 days, pursuant to Technical Specification (TS) 6.9.b.3, a
Special Report that identifies the cause(s) for exceeding the limit(s) and defines the
corrective actions that have been taken to reduce the release and the proposed corrective
actions to be taken to assure that subsequent releases will be in compliance with the
above limits.

SURVEILLANCE REQUIREMENTS

BASIS

4.3.2 Cumulative dose contributions from liquid effluents for the current calendar quarter and
the current calendar year shall be determined in accordance with the methodology and
parameters in the ODCM once per 31 days.

Dose - This specification is provided to implement the requirements of Sections ILA, III.A and
IV.A of Appendix I, 10 CFR 50. The Limiting Condition for Operation implements the guides
set forth in Section IL.A of Appendix I. The ACTION statements provide the required operating
flexibility and at the same time implement the guides set forth in Section IV.A of Appendix I to
assure that the releases of radioactive material in liquid effluents to UNRESTRICTED AREAS
will be kept “as low as is reasonably achievable.” The dose calculation methodology and
parameters in the ODCM implement the requirements in Section L. A of Appendix I that
conformance with the guides of Appendix I be shown by calculational procedures based on
models and data, such that the actual exposure of a MEMBER OF THE PUBLIC through

appropriate pathways is unlikely to be substantially underestimated. The equations specified in

the ODCM for calculating the doses due to the actual release rates of radioactive materials in
liquid effluents are consistent with the methodology provided in Regulatory Guide 1.109,
“Calculation of Annual Doses to Man from Routine Releases of Reactor Effluents for the Purpose
of Evaluating Compliance with 10 CFR Part 50, Appendix I,” Revision 1, October 1977 and
Regulatory Guide 1.113, "Estimating Aquatic Dispersion of Effluents from Accidental and
Routine Reactor Releases for the Purpose of Implementing Appendix 1," April 1977.
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LIQUID RADWASTE TREATMENT SYSTEM

SPECIFICATIONS

3.3.3 The liquid radwaste treatment system as described in the ODCM shall be used to
reduce the radioactive materials in liquid wastes prior to their discharge when the
projected doses, due to the liquid effluent, to UNRESTRICTED AREAS would
exceed 0.18 mrem to the total body or 0.62 mrem to any organ in a calendar

quarter.
APPLICABILITY
At all times.
ACTION
a. With radioactive liquid waste being discharged without treatment and in excess of

the above limits, in lieu of a Licensee Event Report, prepare and submit to the
Commission within 30 days pursuant to TS 6.9.b.3, a Special Report that includes
the following information:

1. Explanation of why liquid radwaste was being discharged without
treatment, identification of any inoperable equipment or subsystems, and
the reason for the inoperability,

2. Action(s) taken to restore the inoperable equipment to OPERABLE status,
and
3. Summary description of action(s) taken to prevent a recurrence.

SURVEILLANCE REQUIREMENTS

4.3.3 Doses due to liquid releases from the unit to UNRESTRICTED AREAS
shall be projected once per 31 days in accordance with the methodology
and parameters in the ODCM.

BASIS

Liquid Radwaste Treatment System - The requirement that the appropriate portions of
this system be used, when specified, provides assurance that the releases of radioactive
materials in liquid effluents will be kept “as low as is reasonably achievable.” This
specification implements the requirements of 10 CFR Part 50.36a, General Design
Criterion 60 of Appendix A to 10 CFR Part 50 and the design objective given in Section
IL.D of Appendix I to 10 CFR Part 50. The specified limits governing the use of
appropriate portions of the liquid radwaste treatment system were specified as a suitable
fraction of the dose design objectives set forth in Section II.A of Appendix I, 10 CFR Part
50, for liquid effluents.
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3/4.4 GASEOUS EFFLUENTS

DOSE RATE

SPECIFICATIONS

3.4.1 The dose rate due to radioactive materials released in gaseous effluents from the
site to areas at and beyond the SITE BOUNDARY shall be limited to the
following:

a. “ For noble gases: Less than or equal to 500 mrem/yr to the total body and
less than or equal to 3000 mrem/yr to the skin, and

b. For iodine-131, iodine-133, tritium, and for all radionuclides in particulate
form with half lives greater than 8 days: Less than or equal to 1500
mrem/yr to any organ.

APPLICABILITY
At all times.

ACTION

a. With the dose rate(s) exceeding the above limits, without delay restore the release
rate to within the above limit(s). Non-compliance with, or a delay in initiation of
this action item requires the initiation of a CAP AND an explanation of the
incident included in the next Radioactive Effluent Release Report.

SURVEILLANCE REQUIREMENTS

4.4.1.1 The dose rate due to noble gases in gaseous effluents shall be determined to be
within the above limits in accordance with the methodology and parameters in the
ODCM.

4.4.1.2 The dose rate due to iodine-131, iodine-133, tritium, and all radionuclides in
particulate form with half lives greater than 8 days in gaseous effluents shall be
determined to be within the above limits in accordance with the methodology and
parameters in the ODCM by obtaining representative samples and performing
analyses in accordance with the sampling and analysis program specified in
Table 4.4.
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BASIS

Dose Rate - This specification is provided to ensure that the dose rates at any time to a
MEMBER OF THE PUBLIC at or beyond the SITE BOUNDARY are less than or equal
to 500 mrem/yr to the total body and less than or equal to 3000 mrem/yr to the skin. This
also restricts releases, at all times, for the corresponding thyroid dose rate above
background to a child via the inhalation pathway to less than or equal to 1500 mrem/yr.
These dose rate limits provide additional assurance that radioactive material discharged
in gaseous effluents will be maintained ALARA, and coupled with the requirements of
ODCM Specification 3.4.2, ensure that the exposures of MEMBERS OF THE PUBLIC
in an UNRESTRICTED AREA, either within or outside the SITE BOUNDARY, will not
exceed the annual average concentrations specified in Appendix B, Table 2, Column 1 of
10 CFR 20. For MEMBERS OF THE PUBLIC who may at times be within the SITE
BOUNDARY, the occupancy of that MEMBER OF THE PUBLIC will usually be
sufficiently low to compensate for any increase in the atmospheric diffusion factor above
that for the SITE BOUNDARY.

The required detection capabilities for radioactive materials in gaseous waste samples are
tabulated in terms of the lower limits of detection (LLDs). Detailed discussion of the
LLD, and other detection limits can be found in HASL Procedures Manual, HASL-300
(revised annually), Currie, L.A., “Limits for Qualitative Detection and Quantitative
Determination - Application to Radiochemistry,” Anal. Chem. 40, 586-93 (1968), and
Hartwell, J.K., “Detection Limits for Radioanalytical Counting Techniques,” Atlantic
Richfield Hanford Company Report ARH-SA-215 (June 1975).
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DOSE

- NOBLE GASES

SPECIFICATIONS

3.4.2 The air dose due to noble gases released in gaseous effluents, to areas at and beyond the
SITE BOUNDARY shall be limited to the following:

a. During any calendar quarter: Less than or equal to 5 mrad for gamma radiation
and less than or equal to 10 mrad for beta radiation and,

b. During any calendar year: Less than or equal to 10 mrad for gamma radiation
and less than or equal to 20 mrad for beta radiation.

APPLICABILITY
At all times.
ACTION
a. With the calculated air dose from radioactive noble gases in gaseous effluents exceeding

any of the above limits, in lieu of a Licensee Event Report, prepare and submit to the
Commission within 30 days, pursuant to TS 6.9.b.3, a Special Report that identifies the
cause(s) for exceeding the limit(s) and defines the corrective actions that have been taken
to reduce the releases and the proposed corrective actions to be taken to assure that
subsequent releases will be in compliance with the above limits.

SURVEILLANCE REQUIREMENTS

BASIS

4.42 Cumulative dose contributions for the current calendar quarter and current
calendar year for noble gases shall be determined in accordance with the
methodology and parameters in the ODCM once per 31 days.

Dose - Noble Gases - This specification is provided to implement the requirements of Sections
IL.B, III.A and IV.A of Appendix I, 10 CFR Part 50. The Limiting Condition for Operation
implements the guides set forth in Section II.B of Appendix I. The ACTION statements provide
the required operating flexibility and at the same time implement the guides set forth in Section
IV.A of Appendix I to assure that the releases of radioactive material in gaseous effluents to
UNRESTRICTED AREAS will be kept “as low as is reasonably achievable.” The Surveillance
Requirements implement the requirements in Section 1II. A of Appendix I that conformance with
the guides of Appendix I be shown by calculational procedures based on models and data such
that the actual exposure of a MEMBER OF THE PUBLIC through appropriate pathways is
unlikely to be substantially underestimated. The dose calculation methodology and parameters
established in the ODCM for calculating the doses due to the actual release rates of radioactive
noble gases in gaseous effluents are consistent with the methodology provided in Regulatory
Guide 1.109, “Calculation of Annual Doses to Man from Routine Releases of Reactor Effluents
for the Purpose of Evaluating Compliance with 10 CFR Part 50, Appendix I,” Revision 1,
October 1977 and Regulatory Guide 1.111, “Methods for Estimating Atmospheric Transport and
Dispersion of Gaseous Effluents in Routine Releases from Light-Water Cooled Reactors,”
Revision 1, July 1977. The ODCM equations provided for determining the air doses at and
beyond the SITE BOUNDARY are based upon the historical average atmospheric conditions.
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DOSE - IODINE-131, IODINE-133, TRITIUM AND RADIONUCLIDES IN
PARTICULATE FORM

SPECIFICATIONS

3.4.3 The dose to a MEMBER OF THE PUBLIC from iodine-131, iodine-133, tritium,
and all radionuclides in particulate form with half-lives greater than 8 days in
gaseous effluents released to areas at and beyond the SITE BOUNDARY shall be
limited to the following:

a. During any calendar quarter: Less than or equal to 7.5 mrem to any organ
b. ia)nt?r’ing any calendar year: Less than or equal to 15 mrem to any organ.
APPLICABILITY
At all times.
ACTION
a. With the calculated dose from the release of iodine-131, iodine-133, tritium, and

radionuclides in particulate form with half lives greater than 8 days, in gaseous
effluents exceeding any of the above limits, in lieu of a Licensee Event Report,
prepare and submit to the Commission within 30 days, pursuant to TS 6.9.b.3, a
Special Report that identifies the cause(s) for exceeding the limit and defines the
corrective actions that have been taken to reduce the releases and the proposed
corrective actions to be taken to assure that subsequent releases will be in
compliance with the above limits.

SURVEILLANCE REQUIREMENTS

4.4.3 Cumulative dose contributions for the current calendar quarter and current
calendar year for iodine-131, iodine-133, tritium, and radionuclides in particulate
form with half lives greater than 8 days shall be determined in accordance with
the methodology and parameters in the ODCM once per 31 days.

BASIS

Dose - Iodine-131, Iodine-133, Tritium, and Radionuclides in Particulate Form -
This specification is provided to implement the requirements of Sections II.C, III.A and
IV.A of Appendix I, 10 CFR Part 50. The Limiting Conditions for Operation are the
guides set forth in Section I1.C of Appendix I. The ACTION statements provide the
required operating flexibility and at the same time implement the guides set forth in
Section IV.A of Appendix I to assure that the releases of radioactive materials in gaseous
effluents to UNRESTRICTED AREAS will be kept “as low as is reasonably achievable.”
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The ODCM calculational methods specified in the Surveillance Requirements implement
the requirements in Section IH.A of Appendix I that conformance with the guides of
Appendix I be shown by calculational procedures based on models and data, such that the
actual exposure of a MEMBER OF THE PUBLIC through appropriate pathways is
unlikely to be substantially underestimated. The ODCM calculational methodology and
parameters for calculating the doses due to the actual release rates of the subject materials
are consistent with the methodology provided in Regulatory Guide 1.109, “Calculation of
Annual Doses to man from Routine Releases of Reactor Effluents for the Purpose of
Evaluating Compliance with 10 CFR Part 50, Appendix I,” Revision 1, October 1977 and
Regulatory Guide 1.111, “Methods for Estimating Atmospheric Transport and Dispersion
of Gaseous Effluents in Routine Releases from Light-Water-Cooled Reactors,” Revision
1, July 1977. These equations also provide for determining the actual doses based upon
the historical average atmospheric conditions. The release rate specifications for iodine-
131, iodine-133, tritium, and radionuclides in particulate form with half-lives greater than
8 days are dependent upon the existing radionuclide pathways to man, in areas at and
beyond the SITE BOUNDARY. The pathways that were examined in the development
of these calculations were: 1) individual inhalation of airborne radionuclides, 2)
deposition of radionuclides onto green leafy vegetation with subsequent consumption by
man, 3) deposition onto grassy areas where milk animals and meat producing animals
graze with consumption of the milk and meat by man, and 4) deposition on the ground
with subsequent exposure of man.
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GASEOUS RADWASTE TREATMENT SYSTEM

SPECIFICATIONS

3.4.4 The GASEOUS RADWASTE TREATMENT SYSTEM and the VENTILATION

EXHAUST TREATMENT SYSTEM shall be used to reduce radioactive
materials in gaseous waste prior to their discharge when the projected gaseous
effluent air doses due to gaseous effluent releases to areas at and beyond the SITE
BOUNDARY would exceed 0.62 mrad for gamma radiation and 1.25 mrad for
beta radiation in a calendar quarter. The VENTILATION EXHAUST
TREATMENT SYSTEM shall be used to reduce radioactive materials in gaseous
waste prior to their discharge when the projected doses due to gaseous effluent
releases, to areas at and beyond the SITE BOUNDARY would exceed 0.94 mrem
to any organ in a calendar quarter.

APPLICABILITY
At all times.
ACTION
a. With gaseous waste being discharged without treatment and in excess of the

above limits, in lieu of a Licensee Event Report, prepare and submit to the
Commission within 30 days, pursuant to TS 6.9.b.3, a Special Report that
includes the following information:

1. Explanation of why gaseous radwaste was being discharged without
treatment, identification of any inoperable equipment or subsystems, and
the reason for the inoperability,

2. Actiori(s) taken to restore the inoperable equipment to OPERABLE status,
and
3. Summary description of action(s) taken to prevent a recurrence.

SURVEILLANCE REQUIREMENTS

4.4.4 Doses due to gaseous releases from areas at and beyond the SITE BOUNDARY

shall be projected once per 31 days in accordance with the methodology and
parameters in the ODCM.
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BASIS

Gaseous Radwaste Treatment System - The requirement that the appropriate portions
of these systems be used, when specified, provides reasonable assurance that the releases
of radioactive materials in gaseous effluents will be kept “as low as is reasonably
achievable.”

This specification implements the requirements of 10 CFR 50.36a, General Design
Criterion 60 of Appendix A to 10 CFR Part 50, and the design objectives given in Section
ILLD of Appendix I to 10 CFR Part 50. The specified limits governing the use of
appropriate portions of the systems were specified as a suitable fraction of the dose
design objectives set forth in Sections 1I.B and II.C of Appendix I, 10 CFR Part 50, for
gaseous effluents. '
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3/4.5 TOTAL DOSE

SPECIFICATIONS

3.5 The annual (calendar year) dose or dose commitment to any MEMBER OF THE
PUBLIC due to releases of radioactivity and to radiation from uranium fuel cycle
sources shall be limited to less than or equal to 25 mrem to the total body or any
organ, except the thyroid, which shall be limited to less than or equal to 75 mrem.

APPLICABILITY

ACTION

At all times.

With the calculated doses from the release of radioactive materials in liquid or
gaseous effluents exceeding twice the limits of ODCM Specification 3.3.2.a,
3.3.2.b,3.4.2.a,3.4.2.b, 3.4.3.a, or 3.4.3.b, calculations should be made including
direct radiation contributions from the reactor unit to determine whether the above
limits have been exceeded. If such is the case in lieu of a Licensee Event Report,
prepare and submit to the Commission within 30 days, pursuant to TS 6.9.b.3, a
special report that defines the corrective action to be taken to reduce subsequent
releases to prevent recurrence of exceeding the above limits and includes the
schedule for achieving conformance with the above limits. This special report as
defined in 10 CFR 20.2203, shall include an analysis that estimates the radiation
exposure (dose) to a MEMBER OF THE PUBLIC from uranium fuel cycle
sources, including all effluent pathways and direct radiation, for the calendar year
that includes the release(s) covered by this report. It shall also describe levels of
radiation and concentrations of radioactive material involved, and the cause of the
exposure levels or concentrations. If the estimated dose(s) exceeds the above
limits, and if the release condition resulting in violation of 40 CFR Part 190 has
not already been corrected, the special report shall include a request for a variance
in accordance with the provisions of 40 CFR Part 190. Submittal of the report is
considered a timely request, and a variance is granted until staff action on the
request is complete.

SURVEILLANCE REQUIREMENTS

45.1

452

Cumulative dose contributions from liquid and gaseous effluents shall be
determined in accordance with Surveillance Requirements 4.3.2, 4.4.2, and 4.4.3
in accordance with the methodology and parameters in the ODCM.

Cumulative dose contributions from direct radiation from the reactor unit shall be
determined in accordance with the methodology and parameters in the ODCM.
This requirement is applicable only under conditions set forth in ODCM
Specification 3.5.a.
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BASIS

Total Dose - This specification is provided to meet the dose limitations of 40 CFR Part
190 that have been incorporated into 10 CFR Part 20 by 46 FR 18525. The specification
requires the preparation and submittal of a Special Report whenever the calculated doses
from plant generated radioactive effluents and direct radiation exceed 25 mrem to the
total body or any organ, except the thyroid, which shall be limited to less than or equal to
75 mrem. It is highly unlikely that the resultant dose to a MEMBER OF THE PUBLIC
will exceed the dose limits of 40 CFR Part 190 if the reactor remains within twice the
dose design objectives of Appendix I, and if direct radiation doses from the reactor are
kept small. The Special Report will describe a course of action that should result in the
limitation of the annual dose to a MEMBER OF THE PUBLIC to within the 40 CFR Part
190 limits. For the purposes of the Special Report, it may be assumed that the dose
commitment to the MEMBER OF THE PUBLIC from other uranium fuel cycle sources
is negligible. If the dose to any MEMBER OF THE PUBLIC is estimated to exceed the
requirements of 40 CFR Part 190, the Special Report with a request for a variance
(provided the release conditions resulting in violation of 40 CFR Part 190 have not
already been corrected), in accordance with the provisions of 40 CFR 190.11 and 10 CFR
20.2203, 1s considered to be a timely request and fulfills the requirements of 40 CFR Part
190 until NRC staff action is completed. The variance only relates to the limits of 40
CFR Part 190, and does not apply in any way to the other requirements for dose
limitation of 10 CFR Part 20, as addressed in ODCM Specifications 3.3.1 and 3.4.1. An
individual is not considered a MEMBER OF THE PUBLIC during any period in which
he/she is engaged in carrying out any operation that is part of the nuclear fuel cycle.
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3/4.6 REPORTING REQUIREMENTS

3/4.6.1 Radioactive Effluent Release Report

The Radioactive Effluent Release Report shall include the following:

a.

A summary of the quantities of radioactive liquid and gaseous effluents and solid
waste released from the unit following the format of Regulatory Guide 1.21,
“Measuring, Evaluating, and Reporting Radioactivity in Solid Wastes and
Releases of Radioactive Materials in Liquid and Gaseous Effluents from Light-
Water-Cooled Nuclear Power Plants,” Revision 1, June 1974.

An annual summary of hourly meteorological data collected over the previous
year. This annual summary may be either in the form of an hour-by-hour listing
on magnetic tape of wind speed, wind direction, atmospheric stability, and
precipitation (if measured), or in the form of joint frequency distributions of wind
speed, wind direction, and atmospheric stability*. This same report shall include
an assessment of the radiation doses due to the radioactive liquid and gaseous
effluents released from the unit during the previous calendar year. The
assumptions used in making these assessment, i.e., specific activity, exposure
time and location shall be included in these reports. The assessment of radiation
doses shall be performed based on the calculational guidance, as presented in the
ODCM.

An assessment of radiation doses to the likely most exposed MEMBER OF THE
PUBLIC from reactor releases and other nearby uranium fuel cycle sources,
including doses from primary effluent pathways and direct radiation, the previous
calendar year to show conformance with 40 CFR Part 190, Environmental
Radiation Protection Standards for Nuclear Power Operation.

A list and description of unplanned releases from the site to UNRESTRICTED
AREAS of radioactive materials in gaseous and liquid effluents made during the

reporting period.

Any changes made during the reporting period to the ODCM.

* In lieu of submission with the annual Radioactive Effluent Release Report, the licensee has 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
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 (Component cooling, R-20)
1 3
b. Service Water System Effluent Line (Containment fan cooling, '
R-16) 1 3

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 Surveillance
Requirement 4.3.1.1 and

b. At least two technically qualified members of the Facility Staff independently verify
the release rate calculations and discharge line valving;

Otherwise, suspend release of radioactive 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/ml:

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-05 uCi/ml)

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 detection of 1.0E-6 uCi/ml. (Note: Failure to complete
sampling and analysis prior to 12 hours after the monitor is declared O.0.S. is a violation
of this specification).
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TABLE 3.2
RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION
' (Page 1 of 2)

Minimum
Instrument Channels Applicability Action
Operable
1. Noble Gas Activity Monitor
a. R-13 or R-14
- Waste Gas Holdup System
(auto-isolation)
- Auxiliary Building Ventilation
System 1 *
- Containment Purge 2” line 4
(auto-isolation) 5
b. R-12 or R-21 6
- Containment purge 36” duct 1 *
(auto-isolation) 6
c. R-15 1 *
- Condenser Evacuation System 5
2. Radioiodine & Particulate Samplers
a. Containment Building Vent (R-21)
b. Auxiliary Building Vent (R-13 or 1 * 7
R-14) 1 * 7
3. Sampler Flow Rate Measuring Devices
a. Containment Building Vent Sampler
(R-21)
b. Auxiliary Building Vent Sampler 1 * 8
(R-13 or R-14) o1 * 8
* At all times
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TABLE 3.2

RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION

(Page 2 of 2)

TABLE NOTATIONS

Action 4 -

Action S -

Action 6 -

Action 7 -

Action 8 -

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 initiating 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
continue 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 Minimum
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 in Table 4.4.

With the number of channels OPERABLE less than required by the Minimum
Channels OPERABLE requirement, effluent releases via this pathway may
continue provided the flow rate is estimated at least once per 4 hours.
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TABLE 4.0
FREQUENCY NOTATION
Notation Frequency’
S Once per shift
St Once per 12 hours
D Once per 24 hours
W Once per 7 days
M 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
NA Not applicable

3> A maximum extension not to exceed 25% of the surveillance interval.
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TABLE 4.1
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 D M R
Line (R-19)
Gross Beta or Gamma Radioactivity Monitors
Providing Alarm But Not Providing Automatic
Termination of Release
a. Service Water System Effluent Line D M R Q
(Component cooling, R-20)
b. Service Water System Effluent Line D M R Q
(Containment fan cooling, R-16)
3-21 REV. 11

02/22/2007



TABLE 4.2

RADIOACTIVE GASEOUS EFFLUENT MONITORING
INSTRUMENTATION SURVEILLANCE REQUIREMENTS

Channel Modes In Which
Channel | - Source Channel Functional Surveillance
Instrument Check Check | Calibration Test Required
1. Noble Gas Activity Monitor
a. R-130orR-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 orR-21
Containment purge 36" duct D PR R Q *
(auto-isolation)
c. R-15
Condenser Evacuation System b M R Q *
2. Radioiodine Particulate Samplers
a. Containment Building vent W NA NA NA *
(R-21)
b. Auxiliary Building vent (R-13 \ NA NA NA *
or R-14)
3. Sampler Flow Rate Measuring
Devices
a. Containment Building vent D NA R Q %
sampler (R-21)
b. Auxiliary Building vent sampler D NA R Q %
(R-13 or R-14)
At all times other than when the line is valved out and tagged.
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RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM

TABLE 4.3

Page 1 of 2
Minimum Lower Limit of
Sampling Analysis Type of Activity Detection (LLD)?
Liquid Release Type Frequency Frequency Analysis (uCi/ml)
Batch Waste Release PR PR Principal Gamma 1x10°
Tanks® Each Batch Each Batch | Emitters®
I-131 1x10°
PR M H-3 1x10°
Each Batch | Composite’ | Gross Alpha 5x107
PR Q Sr-89, Sr-90 5x10°®
Each Batch Composite’ | Fe-55 1x10°®
Continuous Releases® w w Principal Gamma
(SG Blowdown) Grab Sample | Grab Sample |.Emitters® 5x107
(TB Sump®)
I-131 1x10°¢
w M H-3 1x10”
Grab Sample | Composite’ | Gross Alpha 5x107
w Q Sr-89, Sr-90 5x10°%
Grab Sample | Composite’ | Fe-55 1x10°®
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TABLE 4.3

RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM
Page2of 2

Table Notations

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:

sk
LD = 4.66*s,

- 1Dt
E*V*2.22x106*Y*exp( )
Where:

¢ LLD is the a priori lower limit of detection as defined above, as LCi per unit mass or volume,

* s, is the standard deviation of the background counting rate or of the counting rate of a blank sample as
appropriate, as counts per minute,

¢ Eis the counting efficiency, as counts per disintegration,

¢ Vs the sample size in units of mass or volume,

e 222 x 10%is the number of disintegrations per minute per microcurie,

* Y is the fractional radiochemical yield, when applicable,

e Ais 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.
e 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 volume. 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, Mo-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 Effluent Release
Report pursuant to TS 6.9.b.2.

A composite sample is one in which the quantity of liquid sampled is proportional to the quantity of liquid
waste discharged and in which the method of sampling employed 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 a 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.

3-24 REV. 11
02/22/2007



RADIOACTIVE GASEOUS WASTE SAMPLING AND ANALYSIS PROGRAM

TABLE 4.4

Page 1 of 2
Lower Limit of
Minimum Detection
Sampling Analysis Type of Activity (LLD)*
Gaseous Release Type Frequency | Frequency Analysis (uCi/ml)
A. Waste Gas Storage PR PR Principal Gamma 1x10™
Tank Each Tank | Each Tank | Emitters®
Grab
Sample
B. Containment PURGE PR PR Principal Gamma 1x10™
Each Each Purge | Emitters®
PURGE
Grab
Sample
C. Auxiliary Building and M M Principal Gamma
Containment Building Grab Emitters” 1x10™
Vent Sample
w I-131 3x10™"?
Continuous® | Charcoal
Sample
w Principal Gamma 1x10™"
Continuous® | Particulate | Emitter”
Sample (I-131, others)
M Gross Alpha 1x10™"
Continuous® | Composite
Particulate
Sample
Q SR-89, SR-90 1x10™"
Continuous® | Composite
Patriculate
Sample
1x10°
Noble Gas | Noble Gases
Continuous® Monitor Gross Beta or Gamma
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TABLE 4.4
RADIOACTIVE GASEOUS WASTE SAMPLING AND ANALYSIS PROGRAM
Page 2 of 2

I. Table Notations

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:

4.66*s,

LLD=
E*V*222x10°*Y *exp®'"”

Where:

e LD is the a priort lower limit of detection as defined above, as [LCi per unit mass or volume,

® 5 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,

e 222 x 10%is the number of disintegrations per minute per microcurie,
* Y is the fractional radiochemical yield, when applicable,

¢ A is the radioactive decay constant for the particular radionuclide, and

e 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-135, and Xe-138 for gaseous
emissions and Mn-54, Fe-59, Co-58, Co-60, Zn-65, M0-99, 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 in the Radioactive Effluent Release Report
pursuant to TS 6.9.b.2.

The ratio of the sample flow rate to the sampled flow stream flow rate shail be known (based on
sampler and ventilation system flow measuring devices or periodic flow estimates) for the time
period covered by each dose or dose rate calculation made in accordance with ODCM
Specifications 3.4.1, 3.4.2, and 3.4.3.
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Technical Basis for Effective Dose Factors -
Liquid Effluent Releases

To verify that the current approach to determining environmental doses using a simplified
method has remained consistent since the previous analysis (performed using effluent data from
1981-1983), a similar evaluation was performed using the liquid effluent release data from 2000-
2002. From the effluent data, the dose contribution of the radionuclide mixture can be obtained
to provide a simplified method of determining compliance with the dose limits of ODCM
Specification 3.3.2. For the radionuclide distribution of effluents from the Kewaunee Power
Station, 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 mostly a function of the Cs-
134 and Fe-55 releases. The radionuclides, Fe-55, Co-58, Co-60, Sr-90, and Cs-137 contribute
essentially all of the calculated total body dose. The results of this evaluation are presented in
Table A-1. The individual nuclide doses used in the dose comparisons of Table A-1 were
calculated using the total curies released via batch and continuous releases as reported in the
Annual Radioactive Effluent Release Report, weighted by the appropriate dose factors.

Tritium is not included in the limited analysis dose assessment for liquid releases, because the
potential dose resulting from normal reactor releases is negligible. From 2000-2002, the
maximum tritium release from the Kewaunee Nuclear Plant to Lake Michigan was 270 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 0.07% 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.

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 prov1des for a dose calculatlonal
method that is simplified while also being conservative.

While not present in the 2000-2002 liquid effluent releases, it still remains conservative to use
the Cs-134 dose conversion factor (7.09E+05 mrem/hr per uCi/ml, liver) to evaluate the
maximum organ dose. 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 2000, using this
simplified conservative method (CW value of 2.00E+05 gpm) would overestimate the maximum
organ dose as reported in the Annual Radioactive Effluent Release Report by a factor of 234; for
2001, the conservatism is a factor of 109; and for 2002, a factor of 730. This comparison is
shown in Table A-2.
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For the total body calculation, the Cs-134 dose factor (5.79E+05 mrem/hr per [LCi/ml, total body)
is again used since it is higher than the identified dominant nuclides. For 2000, using this
simplified conservative dose calculational method would overestimate the total body dose by a
factor of 253; for 2001, the conservatism is a factor of 105; and for 2002, a factor of 601.

For evaluating compliance with the dose limits of ODCM Specification 3.3.2 the following
simplified equations may be used:

Total Body
sz1'67E_02XVOL><Acs-xs4,TBXZCi AD
Ccw
where:
Dy = dose to the total body (mrem)
Acsizate = 5.79E+05, total body ingestion dose conversion factor for Cs-134 (mrem/hr per
nCi/ml)
VOL = volume of liquid effluent released (gal)
xG; = total concentration of all radionuclides (ULCi/ml)
Cw = 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: '

Dy = 9.67E+03x%x VOLXZG (A2)
Cw
Maximum Organ
1.67TE-02x VOL s 134,
Do = 67E — 02X VOL X Acs - 134 LXZCi (A3)
Cw

where:
Diax = maximum organ dose (mrem)
Acsizar. = T7.09E+05, liver ingestion dose conversion factor for Cs-134 (mrem/hr per

pCi/ml)
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Substituting the value for Acs-134 Liver the equation simplifies to:

Dmax -

1'18E+04XVOL><ZG

A4

oW (A.4)

Only the total body dose need be evaluated by this simplified method since it represents the more
limiting (compared with the maximum organ dose) for demonstrating compliance with ODCM
Specification 3.3.2.
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Table A-1
Adult Dose Contributions
Fish and Drinking Water Pathways

2000 2001 2002
Radio- |Release |TB GI-LLI |Liver Release |[TB GI-LLI | Liver Release |TB GI-LLI |Liver
nuclide | (Ci) Dose Dose Dose (Ci) Dose Dose Dose (Ci) Dose Dose Dose
Frac. Frac. Frac. Frac. Frac. Frac. Frac. Frac. Frac.
Fe-55 4,81E- 4.85E- 3.69E-
00 0.03 0.02 0.10 02 0.04 0.03 0.13 02 0.19 0.02 0.84
Co-58 | 8.07E- " 4.09E- “ 4.94E-
03 0.01 0.03 03 0.01 0.02 03 0.05 0.02 0.02
Fe-59 2.77E- e % w 2.44E- * « x 1.65E- «
04 04 04 0.01 0.02
Co-60 1 4TIE- 1500 [ooa [oo1  [*3'F loo2 |oos |oo1 |2YE |oos |002 |003
03 03 03
Br-82 4.94E- * « 1.44E- e e * « N «
04 0.01 04 N/D
Sr-90 2.25E- « 2.50E- « 9.76E- *
04 0.18 0.01 04 0.25 0.01 05 0.63
Nb-95 | 3.41E- " " 2.39E- e " 2.45E-
04 0.89 04 0.86 04 o 0.91 V
Cs-137 | 3.70E- 2.74E- 3.04E- «
04 0.75 0.01 0.88 04 0.68 0.01 0.85 06 0.05 0.08
* Less than 0.01 >
N/D = not detected
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Table A-2

Adult Liver and Total Body Dose Assessment

Dose Via the Simplified Method Versus the Actual Calculated Dose

2000 2001 2002
Simplified Liver Dose (mRem)* 1.16E+00 9.87E-01 7.88E-01
Actual Liver Dose (mRem)** 4 97E-03 9.02E-03 1.08E-03
Simplified divided by Actual 234 109 730
Simplified Total Body Dose
(mRem) * : 9.53E-01 8.09E-01 6.46E-01
Actual Total Body Dose (mRem)
*ok 3.77E-03 7.73E-03 1.07E-03
Simplified divided by Actual 253 105 601
* Assuming 2.00E+05 gpm circulating water flow
** From the Annual Radioactive Effluent Release Report
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APPENDIX B

Technical Basis 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., instead of having to perform individual radionuclide dose analyses only
a single multiplication (K, Megr Or Negr) 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.

Determination of Effective Dose Factors

Effective dose transfer factors are calculated by the following equations:

Kerr = > (Kixfi) ' _ (B.1)
where:
Keig = 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+1IM)er =Y [(Li+ 1. 1Mi)xfi] (B.2)
where:
(L+ 1.1 M)es = the effective skin dose factor due to beta and gamma emissions from all noble
gases released
(Li+ 1.1 M;) = the skin dose factor due to beta and gamma emissions from each noble gas
radionuclide “1” released
Mt = »_ (Mixfi) (B.3)
where:
M = the effective air dose factor due to gamma emissions from all noble gases released
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(13421
1

M; = the air dose factor due to gamma emissions from each noble gas radionuclide

released
Nerr = > (Nixfi) (B.4)
where:
Nesg = 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 “9”
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 2000, 2001 and 2002, the total noble gas
releases have been limited to 2.54E-04 Ci for 2000, 1.37E-01 Ci for 2001, and 1.91E-02 Ci for
2002. Therefore, in order to provide a reasonable 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.

Application

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 ODCM Specification 3.4.2, the following
simplified equations may be used:

3.17E-08
= X /QX Mesr X i B.5
1= QXM ) Q (B.5)
A7E -
Ds :MXX/QX NetrX D" Qi (B.6)
0.50
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)
w/Q = atmospheric dispersion to the controlling site boundary (sec/m3)
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Megt = 5.3E+02, effective gamma-air dose factor (mrad/yr per pCi/m?)

Netr = 1.1E+03, effective beta-air dose factor (mrad/yr per uCi/m?3)

Y Q; = cumulative release for all noblé gas radionuclides (LCi)

3.17E-08 = conversion factor (yr/sec)

0.50 = conservatism factor to account for the variability in the effluent data

Combining the constants, the dose calculational equations simplify to:

D, =3.5E-05x3/Qx > Q (B.7)
and
D =7.0E-05x3/Q%x Y Qi | (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 computer
malfunction where a detailed dose assessment may be unavailable. Dose assessments using the
detailed, radionuclide dependent calculation are performed at least annually for preparation of
the 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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Table B-1

Effective Dose Factors - Noble Gases

Total Body Effective Skin Effective
Dose Factor Dose Factor
| (o (L+1.1 M)egs
Radionuclide |f; (mrem/yr per uCi/m3) (mrem/yr per uCi/mS)
Noble Gases - Total Body and Skin
Kr-85 0.01 -- 1.4E+01
Kr-88 0.01 1.5E+02 1.9E+02
Xe-133m 0.01 2.5E+00 1.4E+01
Xe-133 0.9 3.0E+02 6.6E+02
Xe-135 0.02 3.6E+01 7.9E+01
TOTAL 4.8E+02 9.6E+02
Noble Gases - Air
Gamma Air Effective Beta Air Effective
Dose Factor Dose Factor
Megr Netr
Radionuclide |f; (mrad/yr per uCi/ms) (mrad/yr per pCi/m3)
Kr-85 0.01 -- 2.0E+01
Kr-88 0.01 1.5E+02 2.9E+01
Xe-133m 0.01 3.3E+00 1.5E+01
Xe-133 0.95 3.4E+02 1.0E+03
Xe-135 0.02 3.8E+01 4.9E+01
TOTAL 5.3E+02 1.1E+03
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APPENDIX C
EVALUATION OF CONSERVATIVE, DEFAULT EFFECTIVE EC VALUE
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Appendix C

Evaluation of Conservative, Default Effective EC Value
for Liquid Effluents

In accordance with the requirements of ODCM Specification 3.1 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 10 times the value of 10 CFR 20,
Appendix B, Table 2, Column 2 for all radionuclides other than noble gases and a value
of 2X10™ uCi/ml for noble gases. The determination of allowable radionuclide concentration and
corresponding alarm setpoint is a function of the individual radionuclide distribution and
corresponding EC 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 EC. value for this distribution.

The effective EC value for a radionuclide distribution can be calculated by the equation:

ZCi

EC. = & (C.1
ECi
where:
EC. = an effective EC value for a mixture of radionuclide (uCi/ml)
G = concentration of radionuclide “i” in the mixture
EC; = the 10 CFR 20, Appendix B, Table 2, Column 2 EC value for radionuclide “i”

(uCi/ml)

Based on the above equation and the radionuclide distribution in the effluents for past years from
Kewaunee, an EC, value can be determined. Effluent release data from 2000-2002 was used to
generate the results presented in Table C-1. The most limiting effective EC (for gamma emitting
radionuclides) was for the calendar year 2001, with a calculated value of 5.98E-06 uCi/ml. For
conservatism in establishing the alarm setpoints, a default effective EC value of 1.0E-06 pnCi/ml
was selected. The overall conservatism of this value is reaffirmed for future releases considering
that 1.0E-06 puCi/ml is as or more restrictive than the individual EC values for the principal
fission and activation products of Co-58, Co-60 and Cs-137. Overall, use of this effective EC
value provides a factor of six (6) conservatism based on the 2000-2002 radionuclide distribution
for gamma emitters.
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Being a non-gamma emitter, tritium is not detected by the effluent monitor. While tritium
accounts for nearly all of the activity, it is not a significant contributor when determining the
alarm setpoint for release rate evaluations. Examining releases over the years 2000-2002, the
average, diluted H-3 contribution to its limiting concentration (i.e., fraction of concentration
limit - 10 x EC) in liquid effluents was 0.004%. This contribution is not expected to change
significantly over time, since the concentration of H-3 in effluents can be expected to remain
fairly consistent in effluent releases regardless of fuel conditions, activation product releases, and
waste processing.

Based on relative abundances, other non-gamma emitting radionuclides (Fe-55 and Sr-89/90)
contributed up to 30% of the concentration limit (30% for CY 2001). It is reasonable to assume
- that the abundances of these non-gammas will remain the same relative to other fission and/or
activation products under varying conditions. Therefore, under conditions of elevated effluent
radionuclide levels, the gamma-emitting radionuclides can be expected to be the main
contributors to limiting conditions on liquid effluent concentrations, as established in Technical
Specification 6.16.b.1.B and ODCM Specifications 3.3.1. Note that including the non-gammas
(excluding trittum) in the evaluation results in a higher effective EC value.

Therefore, under conditions of elevated effluent levels, the main contributor to the limiting
conditions of the liquid effluent concentration would be the gamma-emitting radionuclides. The
factor of six (6) conservatism in the effective EC determination (discussed above) provides
adequate consideration for the contribution from non-gamma emitting radionuclides, and
provides a conservative basis for establishing an alarm setpoint consistent with the requirements
of Technical Specification 6.16.b.1.B and ODCM Specifications 3.3.1.
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Table C-1
Calculation of Effective EC (EC,)

E 2000 2001 2002
. + EC : : :

Nuclide i (uCi/ml) ' Release : . .. Release . ,  Release .

: ()  C//EC; | Frac. L (CH : C/EC; | Frac. L (C) . C/EC; ! Frac.
Na-24 { 5.00E-05 | 1.03E-03 | 2.06E+01 | 4.89E-03 | 2.18E-04 | 4.35E+00 ; 1.27E-03 | 0.00E+00 : 0.00E+00 | 0.00E+00
Cr-51 ! 5.00E-04 | 1.44E-03 i 2.89E+00 | 6.85E-04 | 8.26E-04 i 1.65E+00 : 4.83E-04 | 0.00E+00 : 0.00E+00 : 0.00E+00
Mn-54 | 3.00E-05 | 1.49E-04 {4.97E+00 | 1.18E-03 | 3.30E-04 i 1.10E+01 } 3.22E-03 | 6.41E-05 | 2.14E+00 | 9.83E-04
Fe-55 { 1.00E-04 | 4.81E-02 :4.81E+02 | 1.14E-01 : 4.85E-02 :4.85E+02: 1.42E-01 : 3.69E-02 :3.69E+02 : 1.70E-0l
Co-57 : 6.00E-05 | 0.00E+00 | 0.00E+00 : 0.00E+00 | 2.42E-05 | 4.03E-01 : 1.18E-04 | 0.00E+00 : 0.00E+00 : 0.00E+00
Co-58 { 2.00E-05 | 8.07E-03 ! 4.04E+02 | 9.59E-02 | 4.09E-03 | 2.05E+02 ; 5.99E-02 ; 4.94E-03 i 2.47E+02" 1.14E-0l
Fe-59 ! 1.00E-05 | 2.77E-04 i 2.77E+01 : 6.57E-03 | 2.44E-04 :2.44E+01 : 7.14E-03 | 1.65E-04 : 1.65E+01 | 7.61E-03
Co-60. : 3.00E-06 | 4.71E-03 | 1.57E+03 | 3.73E-01 ;4.31E-03 | 1.44E+03 : 4.21E-01 | 2.07E-03 | 6.89E+02 | 3.17E-0l
Br-82 : 4.00E-05 | 4.94E-04 : 1.23E+01 | 2.93E-03 : 1.44E-04 : 3.59E+00 : 1.05E-03 : 0.00E+00 : 0.00E+00 : 0.00E+00
Sr-89 : 8.00E-06 | 3.42E-04 : 4.27E+01 | 1.01E-02 | 2.59E-04 i 3.24E+01 | 9.48E-03 | S.98E-04 :7.48E+01 | 3.44E-02
Sr-90 : S.00E-07 | 2.25E-04 | 4.50E+02 | 1.07E-01 : 2.50E-04 S5.00E+02 : 1.46E-01 | 9.76E-05 ; 1.95E+02 ; 8.98E-02
Zr-95 ! 2.00E-05 | 1.16E-04 : 5.79E+00 : 1.38E-03 : 7.18E-05 : 3.59E+00 : 1.05E-03 : 5.24E-05 : 2.62E+00 : 1.20E-03
Nb-95 : 3.00E-05 | 3.41E-04 | 1.14E+01 | 2.70E-03 | 2.39E-04 | 7.95E+00 | 2.33E-03 | 2.45E-04 | 8.17E+00 | 3.76E-03
Ag-110m : 6.00E-06 | 2.85E-03 ' 4.74E+02 : 1.13E-01 : 1.63E-03 i 2.72E+02 | 7.97E-02 : 2.86E-03 : 4.76E+02 : 2.19E-0l
Sn-113 { 3.00E-05 | 9.65E-05 | 3.22E+00 | 7.64E-04 | 5.08E-05 | 1.69E+00 | 4.95E-04 | 7.06E-05 :2.35E+00 | 1.08E-03
Sb-124 : 7.00E-06 : 5.61E-04 | 8.01E+01 ; 1.90E-02 | 1.81E-04 :2.59E+01 ; 7.59E-03 : 4.34E-05 ' 6.20E+00 : 2.85E-03
Sb-125 | 3.00E-05 | 4.86E-03 | 1.62E+02 : 3.85E-02 | 1.02E-03 i 3.41E+01 | 9.99E-03 | 2.46E-03 : 8.18E+01 | 3.76E-02
1-132 . 1.00E-04 | 0.00E+00 ; 0.00E+00 ; 0.00E+00 ; 7.75E-08 | 7.75E-04 | 2.27E-07 | 0.00E+00 : 0.00E+00 ; 0.00E+00
1-133 | 7.00E-06 : 6.16E-04 : 8.80E+01 | 2.09E-02 : 6.32E-04 | 9.03E+01 : 2.65E-02 : 0.00E+00 : 0.00E+00 : 0.00E+00
I-135 { 3.00E-05 | 0.00E+00 | 0.00E+00 | 0.00E+00 : 4.61E-05 i 1.54E+00 : 4.50E-04 : 0.00E+00 | 0.00E+00 | 0.00E+00
Cs-137 { 1.00E-06 | 3.70E-04 : 3.70E+02 | 8.78E-02 | 2.74E-04 | 2.74E+02 | 8.02E-02 | 3.04E-06 : 3.04E+00 | 1.40E-03

| Total | 7.46E-02 | 4.21E+03 i 1.00E+00 : 6.34E-02 : 3.42E+03 | 1.00E+00 | 5.06E-02 | 2.17E+03 | 1.00E+00
Non-Gamma Fraction ' : 1 0.23 : : 1 0.30 : ! 1 0.29
Gamma Fraction : 0 0.77 1 0.70 1 0.71
EC, (uCi/ml, total) | 1.77E-05 | 1.86E-05 | 2.33E-05
EC,. (uCi/ml, gammas) | 8.03E-06 | 5.98E-06 | 8.44E-06
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Site Maps
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Appendix D

Site Maps

Plant drawing A-408, “Radiological Survey Site Map” depicts the site area by illustrating the site
boundary and the restricted areas. Plant drawing A-449, “Plan of Plant Area, Fence, Lighting,
and CCTV Support Structure” shows the layout of the site buildings. Members of the public are
restricted from access to all areas of the Owner Controlled Area (OCA).

Figure D-1 presents the locations and elevations of radioactive effluent release points at the
plant. The plant drawings referenced above are not included as part of the ODCM but can be
found in the plant drawing system.
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On-site Disposal of Low-Level Radioactively
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Appendix E consists of hard copies of the following reference documents:

DESCRIPTION DATE ‘DOCKET NUMBER
Operating License DPR-43
Kewaunee Nuclear Power Plant October 17, 1991 NRC-91-148
Disposal of Low Level Radioactive 50-305
Material
{| Proposed Disposal of Low Level
Radioactive Waste Sludge Onsite at the ~June 17, 1992 K92-119
Kewaunee Nuclear Power Plant (TAC No. 50-305
M75047)
Safety Evaluation For An Amendment To
An Approved 10 CFR 20.302 Application September 14, 1994 K-94-195
For The Kewaunee Nuclear Plant (TAC 50-305
No. M89719)
Alternate Disposal Of Contaminated
Sewage Treatment Plant Sludge In November 13, 1995 K-95-172
Accordance With 10 CFR 20.2002 (TAC 50-305
No. M93844)
Onsite Disposal Of Contaminated Sludge K-97-64
Pursuant To 10 CFR 20.2002 (TAC No. April 9, 1997 50-305
M97411)
' Adapted from N
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T WPST (414) 233.3538

TELECORIER 141 A, 433-5544

NReC 9I-148

EAGYLINK B2D57993

‘WISCONSIN PUBLIC SERVICE CDNPORATIDN

2008 A0re Azars € 50 Bax 15002 # Grees E;Iv W Bad07 5002

KM Barlow, MGE 1N Morrison D2 AT Roege D2

‘N'E Boys;, WPL. I R Mueller D2 C A Schrock KNP
Larry Miglsen, ANFL D S Nalcpka KNP C S Smoker KNP

D R Berg. KNP’ L A Nuthals D2 (NSRAC) C R Steinhardt D2

D A Bollom' GG <R P Pulec DZ> 1§ Wallace KNP

R E Drahein KNP 7 8 Richmond D2 K H Weinhauer KNP
KH Evers D2 D JRistau D2 S F-Womiak D2
M L Marchi KNP ‘D J Ropson KNP

D7 Brecen. f(M, QA Vault KNP

D L Masarik KNP

U. $.:Nuclear, Regulatory Commission

TI Wean AP

Ocrober 17, 1991

ATTN: Document Control Desk o L
Washington; D.C. 20555: )
Gentlemen: T

.vDoc'ket 50-305

<Operatmg License DPR-43:

Kewaunce Nuclear Power-Plant.

Disposal.of Low Level Radioactive Material

References: ) Letter fromK.H.Evers to Document Control Desk dated September 12, 1989

2) Letter from M. Davxs to K.H.Evers daled f-ebruary 13, 1990
3) ‘Letter from L Sndhaxon (WDNR) to.M: Vandenbusch dated June 13, 1991

in- reference 1, pursuant.to the regulation.of’ WWxswnsm Public Service
‘Corporation (WPSC) requested -authorization for the alternative disposal of very-low- level
radicactive maténals ifrom’ the Kewaunee Nuclear Power Plant. In reference 2, .the-US \JRC.
identified additional. questions that reeded to-be addresséd. in order to complete their: review.

mmghment l pmwdes BUF response to:the questions.

‘»’PSC‘ réquested the State ‘of Wisconsin . Depariment of Natural Resources (WDNR) 10 reviéw.
the, dmsposal opnons tor the scrvxce ‘waler pretreatment lagoon sludges. In reference 3, the
WDNR completed a-review of the: mostzappropnate on site disposal methods for the slightly
comaminatcd service waler. prctreatmem “lagoon sludges The two proposed methods:that the
WDNR evﬂuated included i in=sity capping- of the sludgg in-the wastewater treatment fagoon. and
on site iandsprcadmo In Aftachment 1, Appendxx A, WPSC evaluated the on'site’ andspreadmo
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Document Control Desk
Qctober 17, 1991
Page'2

application- whicli is our preferred disposal method. WPSC does not intéad to utilize the in-situ
capping of the sludge in the lagoon at this time. However, in the letter the WDNR agreed that
either-disposal method ‘was acceptable provided:

-if the material is to be.left in the lagoon, it would be capped in accordance with Wisconsin
State statutes.

- if the.on site Iand;r;_prcading option is utilized, the material would be spread by either
disking into the soil or by spiking into the ground.
WPSC will -abide’ by the WDNR landspreading requirements which include locational and
performance standards. Should there be any additional questions please feel free:to contact a
member:of my staff:

Sincérely, -

C. A, Schrock- v
‘Manager - Nuclear Engineering

DIM/jms
'Attéch,

e~ US NRC - Region 1L o
M Patrick Castleman, US NRC LIC\DJM\N492
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ATTACHMENT |
“To

 Letter from K. H. Evers (WPSC) to Document Control Desk (NRC)

Daed

October 17, 1991~

E-5 REV. 11
02/22/2007



Document Control Desk
October 17, 1991
Attachment 1, Page 1

References 1) Letter from K. H; Evers to Document Control Desk dated September
I, 1989,

WRC Question #1
‘On page 4 of your submittal, the average input to the Sewage Tréatment
System is approximately 11,000 gallons per day. In-thé Final Environmental
Statement, this system is:to. be operated below.its design. capacity of 9,000
gallons per day. Discuss this devidtion from the design capacity, and provide

information to justify the higher output for this system.

WPSC Response "=
‘The original Sewage Treatment System -installed-at the:Kéwaunee Nuclear
Power Plant (KNPP) was replaced in 1986 ‘with a higher capacity system. The
original system was-designed. for-an.onsite work force of ‘around 150 people.
It was a limited ca_pac‘i'ty aerobic treatment systém which included the onsite
lagoon for additional retention. Because of this limited capacity and more
stringent conditions on system effluent to Lake Mig:_hi’gan-, an aegrobic di'gest;:r
_system was installed, which has a higher capacity, and uses current

technology.

The.estimated input volume to the:Sewage Treatment System used in the
‘Scpteniber' 12; 198‘9'applicati(5n was. 11,000 gallons: per day. This value was.
‘based on, past-operating data. The ji'n_crgasaff_njnﬂuent from the original design
basis included in lh&Fi’na.[."Evn'_v_irqnmen‘Lél Statement is due mainly to an
increase in the number of- individuals and fajcilvi__l_j_es_.:(_e. g., training and
simulator building) located onsite. Design changes to the system were

required to accommodate:these new’ facilities.
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Document. Control Desk.
October 17, 1991
Attachment 1, Page 2

The CUHEHLVQlUIﬂSS'Qf sewage sludge were used as the basis for the potential
dose analysis-and corresponding radionuclide concentration limits. This
increase has rio significanteffect on the dose modeling. (Refer to the response
to: NRC Question #2, below.)

NRC Question #2
‘ Pr’,O'\?idc':j.infOrfnaﬁbns-'regarding ‘How the disposal plan assures that'the annual

dose to any exposed mdmdual w;ll "b.e_ kept below 1 mrem per year.

WPSC Response-
The dose pathway modei{ngf used for determining the radioactive mateial
concénlraiiqh'?limi;s was-based on NRC modeling, ‘The compuler code
IMPACTS-BRC was used as the. basis for calculating the potential doses ‘from
the alternative disposal méthods. 'I’hxs modeling includes reasonable

conservitive exposure. patﬁway_»-s‘.cena:ibs for the various disposal methods.

Administrative controls will :be established to ensure that thelacfual..dispo\séi of
any slightly contaminated materials’from KNPP.aré within the bounds of thie
evaluation. Samples from each of the waste streams will ‘bé collected and
analyzed by gamma spectroscopy prior to reléase for disposal, A »s'j's'té'm .
lowet limit of detection (LLD) of SE-07 uCifmi for the principal gamina
é?ﬁitfihg‘mdidnnciidas will be required. This LLD ‘ensufes the identification of
any-contaminated matérials ‘at a fraction of the allowable. concéntration limits

for the alternative disposal.

The tesults of these analyses. will be used to ensure that any detectable levels.
of radioactive material are within the limits for alternative disposal. “Any

‘miaterials with’levels-of radioactive' material-above the concentration limits
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Document Control Desk

.. October 17, 1991
" . Auachment 1, Page 3

- {and of piam origin) will be u'eatﬁd as a radioactive waste and appmpnately

_ controlied.

“Records will be maintained to ensure that the cumulative disposal of any
' con(ammated matenals are mmnmncd within the bounds of the evaluauon In
: addmon to a comparison Qr»phc mdmdual radionuclide concentration hmng», a- -
- record of the total amount of radicactive material dispased of will be
mamtamed Cumulatwe tocals wﬂl be maintained to ensure that the total

f acnvuy does not exceed the quanuty assumed in thc denvauon of the hmxts

C In developmg the concentratxon limits presented in Table | of. rex‘ereme l
was assumed the mtal annua] deszgn basis volume of 27,000- fr3 would be
contammated at the derived hmzt ’I’he dose commitment from sach '
radionuclide was individually evaluated as if it were the only radioactive
matenal pres.ent To determine if-a mixture of radmnuchdes meets the hmu
the. sum»of—the—fracnons rule should be appiled (1 e, the sum of each
mdlonuclxdc 5 concentr’tnon dmded by its limiting concentration must be- Iess

. _tha_n one).

K v_The conccmrauon l1mus of Table iof reference 1 also have an xmphed tolal acuvuy
' concemrauon hrmt by zhc total esnmated wastc volumc of 27 000 ft3 These tO(al
| ;act_mty limits : are presented in Table A of _tm_sb ge_sponse, for each mdxonuqlxde, ‘
in'-diViduallv' For a mixture of radionuclides, a total annual c:iiv'ity" imit-may be -
: determmed by normahzmg the concemrmons 50 that the sum- ofwhe fractions for the
mxxtun. cquals one- (1) ThtSL resultant adjustcd concmtrauona may bc multxphed b)
' lhe 27 000 ft3 waste volume to determme the correspondmg tot a,l asnwty limit- of the -

: xmxlure
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Document Control Desk
October 17, 1991
Attachment 1, Page 4

A Disposal Log will be maintained on a éalcndar y@: brasisv for all diSpdsmﬁ of
any very-low-level radioactive materials. The log will contain as a m_inimum
the following information: o o
. Disposal lbcation
- Deécription of wasle
- Shipment/disposal date
- Waste volume -
~ - Radionuclide conccntrauons (gamma ermtters)
Year—to'dale rad;onuchde acnvazy

Year-t&date waste volume

| In":—«.‘ddition to. the above Disposal Log, a récord file 'wiﬁ b’é‘ k’cpt for eaé;};"
~individual d:sposal This file will cont:am as a mmxmum. the follcwmg
o mformanon ‘ o ' S S
. Waste 1dennﬁcanon
. Sample gamma spectroscopy resuiis o |

. Idenuﬁed mdlonuchde concentratmns and tolal actxvniy

i :'NRC Questmn #3 _

| ‘ Rewse Appenduc B, Secnon A of your submmal ”Radlauon Exposure Dunng
: Transpon by addmg the cumulauve dose to the exposed populanon per ‘
| reactor year for both zhe transponatmn worker and the general pubitc

| (oniookers 1lonv route) '

o WPSC Response ‘

The potenual exposure to the general pubhc (onIookers along ruute) 13

thxs modehnc is: based on an mtegrauon of the sourcc strength an. assumed
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Document Control Desk
October 17, 1991
Attachment 1, Page 5

population density along route and vehicular speed. For a conservative
evaluation of the potential exposure to the general public ‘f’rom the transport of |
‘the KNPP waste, a.population density of 610 personsfmx was.assumed. This
value is ccmservauve for the KNPP site area where the average population
density is-less than 53 perspns:/m_x?.i A:nfz;nquz;t:dls,tance of 45 miles was
assumed. The IMPACTS-BRC modeling assumes five (5) tons of material are
transported per shipment: For:the assumed KN?Pwaste volume, thi§
‘shipment weight- rr?énslat&'s’ into @ total.of 1 67;’~shipments ‘per.year, With a
vehicular speed of 20 miles per-hour, the resultant total population exposure
time is-375 person-hours peryear At the concentration limits-established for
the alternative disposal, théfip‘o_tem;al ‘onlooker doses during transport will be
less than 0.01 pe'rSOn*rem;per' year. For the mgﬁeling;of_»-.the;;expos‘ur,e to: the
transport worker, the. IMPACTS-BRC mod'qli_]as‘sumes» two *'dri‘,vers per vehicle.
A‘s’_"»p’riesenﬁti:d in-the September. 12, 1989 submittal, the maximum dose to the
'd'r"i?er’ is'less than 1. m‘rem'per’year”(k:':O"OO@i'rem!'yr) Therefore, the total

collective dose to the transport: workers will: ‘e twice the individual dose, i.e.,

less than 0.002:person-rem. Includmg ‘the: popu]atwn dose of <0 01 person-
tem Ape.r. year,’ the total .cqllectayrg,- d"oss_:tovbot«h th«:_-;t«raﬁnspert wor}kers and. the

' POPﬂ‘iatioﬁ‘;i's"."ff':s’s*than‘G.-02”-;§¢rsdnf-r‘é‘rnlj(0;002«géfsténfrem +.0.01 person-rem;
< 0.02 person-rem):

For the disposal of the existing 15,000 1% of contaminated studges, the
population dos¢ due to the transportation-of the waste is calculated to be
0:0002.person-rem.. The estimated collective exposire [0 the fransport worker
i5.0.00007 person-rem. ‘The; tofal collective dose duc to transport of the waste

is 0.00027 person-rem:
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Document Control Desk
October 17, 1991
Attachment 1, Page 6

Additional ‘Potential Disposal Method »
The Wisconsin I)épartment’ of ‘Natural Resources has requested Wisconsin
Public Service to examine: the feasibility of land application of the lagoon
sludges in lieu of disposal in the Kewaunee County Landfill. Land épplicatio'r‘x
is.?alé;o ‘an-option for the disposal of the: sewage sludges. Therefore, WPS'
requests that the option for onsite -disposal at:the KNPP site by land application
be.included-in the altisrﬁativeidigpé‘sm.'methods which was determined to be

acceptable in‘our September 12, 1989 submiital,

‘Thé potential pathways of exposure-as evaluated in the September 12, 1989
s@bn\{ttai--‘céhsematiﬁely bound:any-additional pathways of exposure that would
result from onsite land spreading-of the waste. Attachment A to this response
provides-an-overview of the land.spreading. disposal method. Also, the

| pathways of exposure applicable t0'the onsite land application are evaluated;
and a comparison-to the controlling pathways and radionuclide concentrations
as présenited:in the September 12,1989 submittal are discussed. From a
modeling standpoint; the two-exposure scenarios , “Radiation Exposure During
Transport” and "Radiation Exposure to-Landfill Operator,” appropriately
characterize:any potential exposure:to workers involyed with the land
spreading of the waste. The other post-disposal exposure scenarios, “Intruder
Scenario”, "Intruder Well”, and "Exposed Waste Scenario,” as described in
NUREG/CR-3585 (and as discussed in Appendix C of the submittal)
reasonably bound any: potential exposures from cither ground waste migration
or post:release: from the Kewaunee.site: In no case is there a higher potential
for exposure ‘ftc}mj-}‘;’m:d. agpii?:atidri than-the -pathways and. potential: exposures.
'th'at:were'usedz-fcjt;’ihe:’de‘ﬁyaticn' of the limits for alfernative dispdéa‘}.
Theréfote, no revisions are needed. to the radionuclide concentration limits
proposed in the Septerber 12, 1989’ submittal to include the option for
dxsposal by onsite faﬂﬁ-i‘spreadingl,.éf‘ the-waste.
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Document Control Desk
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Attachment 1, Page 7

Table A
Radionuclide Quantity Limits
for Alternative Disposal
. lemng ,
e Limiting “Annual
- Nuclide - - |  Concentration Quzmmy
e o (uCi/ml) - {C)
- H-3 9.65E-04 0.7382
G-14 | 4.55E-05 - 0.0348 ||
G5 3.13E-04 02394 |
- Mn-54 | 1.14E-05 0.0087 )
~ Fe-55 - 100E-02 7.6500
- Fe-59 | 7.90E-06 - 0.0060
~ Co-58 1.16E-05 0.0089 ||
- Co-60 | 3.74E-06 - .0.0029
Ni-63 |  1.00E-02 - 7.6500°
Sr-90 | 3.45E-03 263934
Zr95 | 6.28E-06 7 0.0048 |
Nb-95 1.23E-05 - 0.0094 1
‘Mo-99 6.73E-05 - 0.0515
- Te99 | 2.70E-04 - 0.2066
b 1290 2.50E-06 00019
o I3l 2.68E-05 00205 )
S Cse134 6.16E-06 00047 0
Cs-137 - CLTLEOS. 00131y
" Ba-l40 | . 5.52E-05 -0.0422 1
© La-140 C4.17E-06 - 0.0032 f
Transummcs'» , T I
TRU (T‘/z > 5 yrs) 8.91E05 - 0.0682 |-
' " Pu-241 2.85E-03. S 2.1803 4 .
Crn~”42 1.00E- 02:’ : ,7 ssoo o
ASSumcs annuaj quant:ty af R\EPP wastes 15 217, E)()O f23 or.
7. 65'88 mis :
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Document Control Desk
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Attachment 1, Page 8

Appendix A
Evaluation of Onsite Land Application for

Alternative Disposal of Very-Low-Level Contaminated Materials

Overview

. Land spreading of lagoon: sludges onsite-at the Kewaunce Nuclear Power Plant jh’a_s been
recommended -by__peréonnel from the Wisconsin Department of Natural Résources (DNR) s’
a desirable alternative-to the use of the Kewaunee. County Landfill for disposal: This method
of disposal is also a recommended practice for disposing of sewage tréatment:facility .Slﬁdges,
Therefore, WPS requests that this disposal method be included in the ‘options- available for
the alternative disposal of very-low-level radioactively contaminated- materials: from KNPP.
Description of Disposal Method

* The disposal of KNPP sludges will be performed by berieficial 1énd. application to a dedicated
disposal area located onsite-at the Kewaunée Nucledr Powér Plant, Typical methods of land
spreading will be employed. KNPP sludges will be'loaded onto appropriate véhicles (eis.,
‘t;mker truck, sludga, >preadcr ete. } and apphed to:the dedicated d:sposal area. The:dedicated -

‘Onsite disposal of water treatment and: sewage sludges are allowed by EPA und State of
‘Wisconsin Department of ‘Natural Resources with the criteria-and limits. for. land spreading
being. specified by the potentialuse of the land. ‘The WO lfanc'ly,us.e;c_rit‘cﬁa, ;,:m._li}_' Agfi’cui'iqral
land that covers any lands upon which food crops are grown or animals are grazed for;
human :ccmsu‘rr'iplicﬁ,--and' 2y Non-Agricultu rﬁl;,land}iha;{covers lands- which'do not_represent
ingestion pathways toman, To be COn';sé'rVative; the Ag’ﬁchlmm} Land (»»’_yp”p‘li,cati:on._li:'m,itstoﬁf
studge contaminants. will ‘be applied to the KNPP wastes even: th_bugh tﬁc.‘=les's .restﬁ_ct:ive’pr_ns
‘Agricultural Land Application sludge-contamination }i_ﬁiits"';atc-‘ii}bwgdl_-, Thé._r_‘c:férje, no more:
than 50 metric tons ”ofﬁ‘:-;mdge :g{ér'héctarci;uiillﬁbé applied o :the",:dédif:iﬂed L.d,i’s’pit}"sai".é.ite; This

Timiit will éisure that any land application will fot exceed: the bounds 6f thé dose analysis as
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Decument Control Desk
October 17, 1991
Attachment 1, Page 9

performed previously: In addition, other limitations as applied to land application by the
State of Wisconsin Department of Natural Resources wili be followed (e.g., control of

runoff/erosion, proximity to wells/residences/surface water, etc.).

Applicable Pathways of Exposure

The pathways of exposure applicable for land-spreading are not appreciably different from
the ?éthways evaluated. for thedisposal mcthod‘:-".f:}ai 'rt}iévK&&vauhee"Govh;y- Landfill or the
Green Bay Metropolitan SeWer’z_;’gei..Distﬁét facilities, The inajor exposurepéthways‘ are.

discussed helow:

Direct Exposure to Workers

Any potential exposures to workers involved in the removal, transport and land
spreading of the sludges:are reasonably bound by:the evaluation of the
.eipb'sure to the transport worker in the September 12, 1989 submittal, The
transport ‘worker-has beén assumed to.be-exposed for 460 hours per year at
‘one (1) meter from unshielded waste. For the land spreading of these wastes,
it'is estimated that the total exposure time-for the ireﬁ’toval:ahd disposal of the
Jlagoon sludges will require fio longer than @ ihree ‘week period per year (i.e.,
120 hours).

The potential exposure:to a worker onsite after‘land spreading, has been
estimated at no more that 100 hours per year. ‘Such an individual would be
involved.in land maintenance activities, such as plowing.and mowing. As
modeled in the- September 12, 1989 submial, an exposure of 2000 hours per
year to'the landfill:operator has been assumed. ' For this exposure; the KNPP
materials are mixed.with other landfill waste: a 1:13 mixing of KNPP-
materials-to-other ‘waste is assumed. This mixing is-not significantly different

from the type of mixing that will occut in-the figld. with the sludges being

E-14 REV. 11
02/22/2007



Document Control Desk
October 17,-1991
Attachment 1, Page 10

plowed into the: soil to.a depth of-six (6) inches. With a land spreading of 50
metric tons per hectare per year, a mixing ratio of 1:30 will be achieved.

" Therefore, the resultant dose to the exposed worker would. be léss than the |
mrem per. year dose 1o-the transport worker as evaluated in the September 12,
1989 submittal.

Post Disposal Exposure- Intruder Scenario

The IMPACTS-BRC m'odel’-, as‘applied to the disposal of the KNPP waste, assumes &
loss of institutional controls 10 jears after closure of the site (See Appendix B of the
Sép[émbcf '1:23 1989 submittal). An individual is assumed to reside in a house built
on the disposal aréa. “This. individnal receiVes-ahdifféct:e)_cposurel(ffpm the uncovered
waste), an inhalation exposure {(from resuspension), and an ingestion exposure (from
growing Y -of ‘his food crops). Eor modeéling purposes, it is assumed that the waste is

mixed at'a ratio of 1:13 with other soils during the resident’s construction process.

The onsite land application of KNEP waste will be limited by the Agricultural Land
Application sludge concentrations-even though the less restrictive Non-Agricultural
Land Application shidge concentrations are-applicable since a "dedicated land
disposal” sitc will be-used (i-c., no-crops will be grown on the disposal site).
Therefore, provided.the KNPP waste does not exceed the Non=Agricultural maximum
sii;{_ig‘qrCOncentrat_i;bns,ffOr heavy metal or. organic chemicals; 'ur_\l_i’mited‘,,gppii‘ca‘tiqh?b‘f ‘
'\_va_steitofthc{c_is;di‘qgted land ﬁi_spoSal» site is allbwcd., Howevér, 10 -bq:cjonseryativc;-.th;:
land application of KNPPwastes will be limited to 5‘metric tons-per. hectare per’year.
The intrudériscénario as eviluatediin the September 12, 1989 submittal 'consér\'/'z{l.i‘viél Y

. bounds this exposure pathway for the on-site land spreading
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Post Disposal - Intruder Well

Thé intruder well. pathway for onsite land disposal is essentially the same as the

- mtruder well par,hway as evaluated by the IMPACTS- BRC model It is conservatively :
. E assumed that the well is located at Lhe edge of me dlsposai sxte As mcrdeled locatmof :

B NUREG/CR 3585 Volume 2)

, The potentzal dose tor me mtmder well scenario for the land spreadmg d;sposa; wouidj 'f
E be less than 0 001 mrem per year. The modehng as presented in the September 12 |
- 1989 submma! reasonably bounds any hypothetxcal well water exposure pa{hway
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. UNITED STATES . T .
NUCLEAR REGULATORY COMM'SS‘ON' N Qi g e lF
: ‘VQSH'NGTON D.C 20888

A . June 17, 1992
Dockat No. 50-305

Mr. C. A. Schrock
. Manager - Nuclear Englneering
: H]SCOnSIﬂ Public. Serv1ce
Corporation -
_ P. 0. Box 13002 ’
© Green Bay,'HisConsin _54337-9302

’ Dear Mr Schrock

SUBJECT PROPOSEO DIS?OSAL GF LON LEVEL RADIOACTI?E WASTE SLUSGE ONSITE AT
- THE KEWAUNEE NUCLEAR POWER PLANT(TAC NO. M75047) -

L By TGtters dated September 12, 1989, and Cctober 17, 1891, you submitted a

- request pursuant to 10 CFR 20.302 for the disposal of waste sludge pnsite at
the Kewaunee Nuclear Power Plant. We. have completed our review.of the request »

and find your prucedures, mr::]uémg dacumented commxtments to bp acceptable

This apprcva1 is granted provided that the enclosed safety evaluntlon is
" permanently lncorporated into your Offsite Dose Calculation Manual (ODCM) as’
. an. Appendix, and that future mad1fzcat10ns of these comm1tments are’ reportzd
to the NRC, . . . LT S

Issuance of tha% saFefy eva)uaticn comp]etes a1] effort on TAC No. M7§047..‘

,Al!en G. Hansen,-ProjectrHanagér
Project Directorate: I11-3: = :
‘Division of Reactor Projects ITI/IV/VY
Office of Nuclear Reactor Regulation”

S1ncereiy,

" Enclosure:
- As.stated.

©ccow/enclasure: ¢
~ See next page

- fNRc LETTER msmxsm‘xom

T A Hanson &‘vfG&E) : . : I P: Gwsier D2 : . S CA Schl}ock m

© D Loock (WPL) : © M L'Mafchi KNP © . CR Steinhardt D2
© Lurry Nielsen (ANEC) D L Masarik KNP* i TJ Webb KNP
' L Belant (NSRAC) © 7 R P Pulec D2 (2) 4 SFWomiak D2
L DABollomGé . . . -DJRistau DQ i L 0oQA Vau{t KN‘P -
. K'HEversKNE & . . AJ Ruege 132 :
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Wiscansin Public Service Corpurabida

L e

David Baker. Esquire

FDIEJ wndd Lardner
Vo Rax 23830

Qr]anﬁa; Fioride 32082

Glen ¥unesh, Chairman

Town of Lariton

Reute 1

Kewaunge, Wisconsin 54216

; Harold Retkelbery, Chairman

Kewauv&e Tounty Board

Kewaunée County Courthouse

Kewgunes, §1;cpna}n 84716

Chatrman

“Pehlic Sarvice iowm%sa;an o; Nisasnsin
Hi11 Fariss State Office Buil ding
Madison, Wisconsin 53702

t*orrey General
114 East, Statéd fapxt&?
Madison,. Wisconsin 5370

1.8 Heel w* ﬂegulaiaw Conmission
Resident ﬂaﬁﬁﬁiﬂrs Offica:

Route #1, Hox 499 o
Kewaunas, Wisconsii 54216“

fo egional &dm1a7;£rator = Reg.nn 1L
U.5. Niglear ﬂggulatary Commission
799 Rogsevelt .Road. . ..
Glen tiiyﬁ, Ttineis 60137

e, Rﬁﬁeri.%;.tu1len

Chigf Engineer

Wiseonsin Public Service Comm:ssaﬁn
PO BexTE34
Madison, Wisconsin
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_ UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, 0.0, 358

SAFETY FVALUATION BY THE OFFICE OF NUCLEAR PFACTOR REGULATION
RELATING TO_ONSEIE_DISPOSSL OF LOW-LEVEL RADIOACTIVELY

CONTAMINATED WASTE SIUDGE

AT"TﬁirKE%AHNEE”NGC5EQQ'?€H R _PLANT

3[5Eﬁh5§ﬁ PUBLIC, SERVIT IfE &%RPﬁ ATION

CWISCORSTN_POWER AND 11GHT COMPANY
" HADISON.CAS AND ’.aECTRIi COMPANY

DOCKET HO. 30-303

0 _ggg_lmwmﬁh'_;

In referdnce ],
pursuan:' t,c; el t

hawaunee F1nal *rv%ronmeﬂta1 %a%t%m@nt (Ftb} ia»&d Defpwbur i?”” ﬁ|t}m&dl
: sr§a1 £rbm rhe ]1£Lh5€9, fraw e Sééﬁv of Wistonsin, “ad from the

£ the Vicensed material
",Bﬁz,reunSi,‘baﬁﬁd-@a
sed material., The.
'4eu-zﬁ the request CQ%ta‘&; i
Ce-tum 137 and Cobali a4

<1 g5 £antamx ut‘
xncmaautavtiv absor

‘tokals raunéhéc]idf'invenlirj QF 0. 17 wfx of
In its submittal, ‘thi Yicensed addressed spacific information requested in
accordance with 16 CFR20.302{3) 5 p;mm»u a detailed des (:mg:«?mn of the
ixfﬁﬁ ad matt*aa§ thar&ugh]g an31uzsd and. e¢aiu3tej !h? 1&?ﬁ%ﬁxt:ﬁn pertsnen&

Durang he narma? nperat}ﬁn of ‘Kewaunes, the po?cﬁtial exists for in-plant
; have, nc? a rma]ly Fad’ﬁa ivé 1o Becoms ceﬂﬁam\nated
¥ Thusn waste stroams are
_ However, dus mainly te
ftn ?ﬂakb. -ane 3nt1”:pa cé spevatisnal eccurrences, the
far Lh?se=‘ystems to, becope <1acﬁf1; contaminated. At
gondary iystem demineralizer resing, lhe seroite wited pre=
Fludgés, the’ maka-‘s water system resins, and ihe sewage
3 : “arglwaste stredws that have. he potential ta became
rontamrnafnd at ve:v ?Gw TE¢ﬁ§S
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atment sludge, Tt was fouhd

During the yearly testing of a batch p -t¥
s fudge ’¢ad teen contaminated with

that approximately 15,000 tubic feet F
£5-137 afd "Lo-60.

.3;9 PROFOSED OISROSAL METHOD

WPAC plans to dispnse of tyu 15,000 cubic feet of contaminated sludge ansite
“pursuant to 10 CFR £8 202, The sludge is currenily contained in an onsite
lagoon at the KHPP s ge tresatment farility. The dizpgsal of tha. sludge wili
be By &asd avp1a£at;aﬁ to an area tocated onsite at KWNPP, as Shﬂnn in

‘r]aure 1: 'The ared will bé perisdically plowed to a Hepth of 6 inches.

'Taa1e 1 tists the przﬁﬁmwal nuc) ides. ‘tdentified in the. sludge. Thﬂ activity. .
“is basad on ‘medsurements mads in 1989, The radianue] ide halF-Tives, whieh are
“déminated by 30-year (s~ 137, meet the staff’s 10°CFR 200302 quidelines,

ference 5}‘-wh*ah applyto radionuelides with halfo1lives léss than 35

Table 1
Hue] Ve Total Actdvity (noiy
£0-690 .07
Carla? 0.094
0.170

24,00 BADIOLOGTEAL IMPACTS

;The 11ca&s;e has: evitiated the faé1ﬁw1nj petentil evvafure pathw%va ta,
fﬁémbera of" 1@& geaeral publbic from the ?3d10n&€31d:2 in thevsiudge: (1) .
maxterna$ 2xXposure Catised by groundshine from the disposal site; {2y ‘internal
expesuwe from 1¢ha§axlon of re-suspanded Pad!ﬁfulliﬁéh -afd (31 1nterna3
‘expasure fron ingésting ground water. ThHa sta¥¥ has revagwad ‘the. Yicensed s
jca1CLiat1ona1 methads and assumptions and Finds Fhat. they are; can51sLnnt With-
“HRL: Ragulatory Guidé. 1.109, “Calculation of fnsual Deses: 1o Man Friah Pouxlne'.
Releases 6f Reactor Ef‘luents far the Purpose of Ewa]&atlng Lamplxance With 10
}CFR Part S0, Apgend1x I," Revision 1, Octoher 1977, The ‘staff finds the

- sessment meth&delney QCCEQt&bbé

fTabTe 2 11523 the doses L&]Cu?ptad by thé %zaanj' '"ﬂ? ‘the maxinally aXposed
gt e

Ll 't jear “as’ w»i] as

;s'bogquent yBAYE, For & n} repe 1§1ve d}ﬁgﬁﬁaiﬁ, the T

. ithe NRC'when a-particular disposal would excsed the’ fi1lowi -
ﬁcond1t1onf- {1).the annual ﬁss{aﬁa] must be lasy than a total dctivity

' (2) the whnla bedy dose te the. h;pathathal naxsma;]y axpasnd ind,

et .than 0.1 FTEmfy&cT and (3 the disposat-must be it the same sité

jeseribad 1n F1gure L.
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IABLE 2 ,

Cikate Bady Dase L*em;sgrmd By
CMaxinally Expnsad ;ﬁd¥¥3hJal

Fathway ipremivear)

Croundshing 0,034,

Inhalation o ' o808

Groundwater Ingestion 2,007

TOTAL 0095
Asoshown-in Table 2; the annusi dose i3 expected to-be on .ithe order of
0.1 mrem or 183 Such s dase is i sm31? action of thel300 mram raceivad.
annualily tt-y'“ﬁters of the qurg] plie ‘from sources of natura) background

ragiatiore.
dizpusal of Yicenied mater
,vaiﬁatan of haw -sach

The gu&duiinﬁs HELI iv the HRD staff fcr nns1tw
are presented. in Table 3, asang w*ih ther Jtaff’
guideling: haa been. satisfiad..

Tha lieensee's procedures and commiimenis as dncu*Pﬁt%ﬁ in th submstzai ‘are
aacegtab‘e, pwuv1ded that they arg parnanently inc Grper~__

Ticenses’s OFfsits Dose Caleulation Manual {ODCH). Az
future siedifications be vepories to HRD in accordance: w1tﬂ the’ 5pp Frable
chiange protuocs].

Based on the:abgvg f}g§én§s,ftha tgff f*ﬂds the 31CPﬁa$a prﬂpﬁ@aE to

E-21 REV. 11
02/22/2007



TABLE -3

20.302 GuideVine
for Onsite Daeaosa1

1. The radioactive material should
be disposed of in a'mamher that 14
is untikely that the material would
be recycled. ' '

2. Doses to the total body and. any
body orgsan of & maxavaii; axposed -
individual {a member of the rnnerai
public or a non- Gccupatlana§1*ﬁ
pxposed worker} from the probable”
pathways-of sxposure tu the: éaspuﬁed
matvria] should be less than
mr(’_ﬂh{yfa!

3. Doses to . the total body and aﬁj‘
pody. organ, of an 1ma§verfent
intruder from the prohable pathway

of ‘exposiire should be Tesgs than

5 arem/year,

4., Doses ‘to the total body and any
bady organ ¢f an individial from
assumed recyeling of tha disposed
materﬂai at the twwe the:¢isposal’
site §s ra1&a<eé from regulatory
cantral From ail likaly- pathways of
exposure should be less than. 1 mrem:

dispoied material,

"4 Even § F'

‘contrdl,

Staff's Evaluation

1. Due to:.the nature of . the
recycting to the
general public is ‘not considered

Tikely,

2. Yﬁ}s qu1de§1re 15 addressed in

YabYe 2.

3, Hecauyse the materisl will ba
Tand-spread, the. staff considers the
ﬁ&x1u$}§¥ \Xﬂsqéd individual
scenarin too al;c adﬁrﬁgs thi
intriuder scemario:

~ra1yc]1nq were ‘Lo occur
after refease from regulatory

the dose tolthe maximally
axp@sed:mEmﬁef 6F “the puﬁ11r 9% noi
vxgacted Lo excsed 1aremdyear,

‘higed on the Pxpasure ccenamns

considered in this analw:n
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(1) KPS letter from K. H. Dvers to NRC Bocument Control Dask, Septembar 12,
ey . : bt ) :

{2)  Memorandum From L. J. Cunsingham, DREP, fo J. K. Hannos, “Requezt? Foy
Additional Iﬂfamatwn ® Oecember 11, 1989,

(3} BRC letter from M. J. Davis to K. H. Evers. of WPSC dited February 13, 1950.

() WPSC Tetter from K. H. Evevs to NRC Oscument Contral Degk, Octobew 17,
71991, - '

(5)  better From L. Sr:dharon of tha Stata. of Hxsconsan Department, 6f Maturai
?e;sultﬁs LK, nnénnévsch nf ﬁﬁ\ﬁ, dated: Mdune 13, 1991,

18) a.A?...Branagan Jr and F s Ennqp% ’*I;’!uposa’é of (mtammatpd
Phuiu ‘ic}cwty & rmd;mr wmpaszm an Head H: PH sics Cccnsﬂera“i-ons in
%cunta’nmatmmmwmnsmmnq, Knoxwille, TH, Féwuaw 1985
{CONF-B60203).. ' ' o

Principal Contributor: 0. Minns

Date: ing 17, 1992
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Figure -l

Kewaunme Huclear Power Plant Site frea Map
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UNITED STATES
NUCLEAR REGULATORY COMM;SSION

"WASHINGTON, D.C. 25650001

September 14, 1994
Mr. C. A. Schrock ) '
Hanager - Nuclear Engineering -

Wisconsin Public Service Corporation

Post OFfice Bax 19002

Green Bay, W1 54307-5002

SUBJECT: SAFETY EVALUATION FOR AN’ kMENBHENF T0 AN APPROYED: 10 CFR- 20,302
A??LICATIGN FOR THE- KEHAUNiE NUCLEAR PLAHT {TAC #HD. HSQ?IQ}

‘Cear Mr. Schrock:.

By !etter ﬁated June 23, 2994 a5 supplemented June. 29 1994 you requéested
approval 10 use another onsite area for the; dtsposai of cnntamlnated waste
studge -in addition to the: Jocation approved by the’ RC on June. 17, 1952,  The
staff has comp1eted Ats.review of your request and finds that- your proposal
méets the radislogical boundary ‘conditions -approved in the.Jtne’17, 1592,
Safety Evaiuatton, ‘and is therefore acceptab]e‘ The staFE also Fands that
yolr proposal fis in accordance with 10 CFR '20.2002 which replaced 20.302 on

January 1, 199 R

This approval is granted provided that the enclosed Safety Evaluation ‘is
permanently zncnrporated into your Offsita Dose’ Calculation Manual (0DCM) as
an Appendix, and that future. modtfications of these camnitments are. reported-
to*the NRC,

Sincerely,

Aol [ 7

Richard 3. Laufer, Act1ng Prcsert %anager
Project Directorate 1113

Division of Reactor Projects 11171V
Office of NucTear- Reactor Regulation

Docket Mo, 50-305

Enclosure:
Safety. Evaluatian

ceC wfanc osure:
sed npxt page’

_TAHmm{v!Q&h} 'KAMD@ N L;SSannuKNP
; itz (WPL ML Manedi T CR Steinhardt D2
D L Mugorik TNP CAStumlkyKNP
3N Mnrrison Dt T 1 Webb ENP
L A Nuthals (NSRAC) S F Woznisk D2
RP Pulec D2 () QA Vault KNP
€ A Sclwock DY o
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Wisconsin Public Service Corporation

ce:

Foley & Lardrier

Attention: M. ‘Bragley 0. Jackson
‘One Soath P:nckney Striget

P. 0. Box 1497

Had1sﬂn ‘Wisconsin 53701-14397

£ha1rman
.Town of Carlton

Kewau e Hiscunsln 54216

‘Mr. Hara!d Recke]bnrg, Chairman
Kewaunee Caunty Board:

Kewaunee County £ourthouse
_Kewauneg! Misconsin, 54216

Lhairman

Public Service: Ceam1551an ‘of
Wisconsin

H111 Farms: State OFfice’ Building
Hadwxon, Hisggnsin 53762

Attorney Gengral
‘114 East, State Capitol
Madison, Wisconsin 53702

Y. 5 Nuclﬁar Regu]atany ‘Commission
Resident Inspeatﬂrs Office

Route: il -Box’ 999

Keﬂaunee ‘Wisconsin 54216

Regienal Admtnwstratnr - Regwon III
U, S..MNuclear Regulatory Commission
‘801 Warrenville Road:

Lisle, T1Vinois: 50533*4531

Wr Robert $. Cullen

'Chlef Engineer -

‘§]1° Service Commission
4

Hédzécn msesasm 53707
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 2848w

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION

'RELATING TO ONSITE DISPOSAL OF LOW-LEVEL RADIOACTIVELY
CONTAMINATED WASTE SLUDGE
L NUCLEAR POWER PLANT
NISCONSIN PUBLIC SERVICE CORPORATION
WISCONSTN PONER AND LIGHT COMPANY
MADISON A3 AND ELECTRIC COMPANY.
DOCKET- MO, 50-305

1.0 [NIRODUCT[ON

By JYetter dated June 23, 1994, and as supp]emented an June 29, 1984, Wisconsin
Public Service Corporatmn {the Hcansae) vequested approva] to use anothér
onsite area for the disposal of contaminated waste sludge in addition to the
location appruved by the NRC on. June 17, 1992.

2.0 EVALUATION

A Saféty Evaluatlon {5€) dated June. 17, 1992, appraved the 11:&nsea 5; request
pursuant to 10 .CER-20.302 for the disposal of 15,000 cubic feet of .
contaminaled- waste studge by land application 4t ihe!Kewaunee Huc1ear Power.
Plant (KNPP) it a.specific onsite location. The- SE imposed. the following.
boundary-conditions:

1. The annial disposal must be less than'a total activity of 0,2'mCi.

‘2. The whole body dose to the hypothetical maximally exposéd individyal
must be. less than 0.1 mrem/year.

3., The:disposal must be the §:mé3site

The sitg designated in the SE was an- unuseé area adjacent-to the: onsite 1agoon
At the KNP seuage treatment . facﬂity.. in"1993, apprnximate]y 500 cubic f‘eet
of::the orlganai 15,000 cubic feet of contaminated sludge was spread on- that.
Yotation. “The. Jgensee has now proposed:to dispose of the: remaining
contahinated sludge. at? another. onsite location rorthwest uf: the plant’ {see
Attacmeat) The: Ticensas has committad that the new enswbga] TOéat%af: Wil
meat a1 the rad1o!ogxca1 boundary conditions contained in the SE for’ the
IO_CFR 20.302" app!icatinn approved on June 17, 1992. Add}tional?y, the
ticénsee has- ‘stated "that this additional dispasal site will meet al}
applicable His nsin Department of Natural Resources {WONR)- application
vequirements: (: . :sludge applicationrate and frequency. of spreading’ rate}
in-addition to WONR Vandspreading requirements regarding location’ and
parformance standards that were required at the original: dlspusa1 slte.
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3.0 €D NQLQ JoN

The staff finds the licensee’s proposal to dispose of the.low-level
radwaatwe waste sludge in the additional onsite location to be mth’ln the
‘radiological boundary conditions approved in the June 17, 1992, SE.and is

therefore ‘acceptable. The staff also finds that your- propusa3 is in
-ictcordance with 10 CFR 20.2002 whmh replaced '20.302 on Janaary 1, 1994,

,As stated in the NRC’s June 17, 1992, approval of the licensee's 10 CFR 20. 3&2-
applicatfcn, the Jicenses 1is requ:red 1o pemanenﬂy lncor‘porate this- )
modification into the Offsite Dase Calculatian Mapual as an: Appendix, and that
future modification of this commitment beireported to the NRC.
i’ri’nc“i.s')alifEcntribumr: S. Klementowicy

Date: S?D}'—énbeg 14,1994

Attachment: KNPP Site Area Map
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UNITED STATES RN I SR
NUCLEAR REGULATORY COMMISSION Ked |1-R0~7%

W&SHWG"ON 0.C. 208850001

GaB RE
)L\,e»!“ O,

4

Kovesber 13, 1995

#r. M. L. Marchi

Managir - Nuclear Business Group
Wisconsin Public Service Corporation
Post Office Box 15002

Green Bay, 1 5430?»9002

SUBJECT: ALTERNATE :DISPOSAL OF CONTAMINATED SEMAGE TREATHMENT PLANT SLUDGE IN
- ACCORDANCE WITH 10 CFR 20.2002. (TAC HO. HI3844)

Dear Hr. Marchi:

By letter dated October-17; 1995, as supp!enented on November 3, 1995 you
requested approval for- the onsite disposal of contaminated sewage’ treatnent
sludge ‘in accordance with 10 CFR .20.2002. This requast was similar to'a
pravious’ di:posx] request that wa%. apprnvad by the KAC. on Juna l? 1992.

The staff has completed its review: oF ‘your request and finds that your
proposa] meets the radfb]OQic11 ‘boundary conditions approved 4n-the June 17,
1992, Safety Evaluation,. and 1s therefore acceplable.

This-approval is: grantea provided that the enclosed safety eva?uation is
permanently incorporated dnto.you.0ffsite. Pose Calculation Hanual {0DCH) as™ au
Appendix, -and that fﬂtﬁ?& nbdificatibﬁs of these caduitnents are’ reporte& to

‘the NRﬁ.
RN AN

Richard Js Lau¥£r, Project Hanager
Project Divectorate 111-3
Division of: Reactor Prajects 11171V
,Office of Huclear Reactor Regulation

$1 nc_eré.li'y-,

Dptketjﬂqgish;jéga
EricTosure: Safety Evaluation

cci Ses next page.

T A Hmson (MGaE) K H Evérs KNP ¢ Smoker KNP

(ML Mureti D2 r:mmmm
B o A Schrck KNP éi.bqazm;;&kikﬁ;'gcj:&smy
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Hr ‘M. L. Marchi
‘uiscanzin Public Service Corporatich

ol

Foley & Lardner

Attention:  HMr. Bradley D. Jackson
One .South Pinckney Street

P. . Box 1497

Hadisan Hiscansin 537011497

‘Chatrian

Town of Carlton.

‘Route 1 s
‘Kewaunea Histansin 5#?16

‘Mr. Harold Reckelberg, Chairman -
Kewaunee County Board

3Keuaunee ‘County Courthouse
=Kawannea, H}sten51n 54216

{hatrman

jFublic Service: Commission of
Hisconsin

‘H111 Farms State Office. Bui?ding
Madison, Hisconsin 53702

:Attorney ‘Beneral
‘114.-East; State Capitol
[Hadisun, Hiscons1n 53702

.-Huclear Regulatory Commission
Resident Inspectors Office:

/Houte. #}, Box 993"
Kewaunee, Wisconsin 54216

.Regiana? Administrator - Region 110
Y. §. Nuclear Regulatory Commission
-801" Warrenville Road

Lis]a, I1linuis 60532~ 4531

Mr: Robert*s-'ﬁullen

ﬁChief -Enginesr

Hisconsin Public Service Commission
I IR 1 I Box 7854

»Had!acn Hisconsin 53707
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UNITED STATES
NUCLEAR REGULATORY GOMMISSION

WASHINGTON, D.0. 205885000

WISCONSIN PUB A ATION

DOCKET ‘0. '§0-305.

v Sy Jetter dated. Ogtober 17 1995 ‘as..supplemented won. Novesber- 3 1595, L
‘Wisconsin Public Sérvice Cnrparation (the Yicensea) raquastmi 'a' prava] ‘For the
onsite disposal of contaminated sewage sludge simitar.to a- previnus d1s;zr)sa}
request that was approved by the NRC on June 17,71982.

2.0 BACKGROUND

In a letter dated September 12; 1989, the Ticenseée -reguested. authorizztian For
the alternate ‘disposal -of very~10v—1eve] radivactive material.’ Ina Safety
Evaluation (SE) dated June.17, 1992, the NRC approved ‘the licensee’s request:
pursuant to 10 CFR 20,302 (ﬁev 10. CFﬂ 20,2002) for the: disposaT of 15,000
cibic feet of contaminated waste. sludge by Jand app?inatton at the. Keﬂaunee

Nuclear- Power Plant (XHP?) 1ocation. The. SE impn&ed the. fol?owlng boundary’
conditions:
L. The annual disﬁnsa1imust.be»less?thahi§~t0t&1_actikitﬁ df?o.z-mﬁi.

2. The whole bodydose ‘to the hyputhetﬁcﬂ Haximally g¥posed’ indivmua}
must, be less than 0.1 mrm}yaar

7¥.. The disposal must be at 'the same site.

The Ticensee: completed the disposal of the tontaminated ‘waste. s!udge discussed
in ‘the SE dated June 17, 1992, The 1icensee 1s now requesting aythorization
to-dispose of- addftfonal ‘contaminated wasta sludge within the’ boundary
conditaons of the prev1ous!y approved dlsposa]

The Hcansee has proposed t d‘ispose af approximte'ty 6000 ganons {800 cnbic
feat) of sewage sludge 511 r.to the mateérial ap id - for disposal 4n the SE
dated June 17, 1892, . The, rmcipaﬂ radienuc!ides fdeéntified in the waste
s]udge and thezr activity based on measurwents in May 1995 “are: Co<58,
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-2 =

0.0009 mCi; Co-60, 0.0008 =C1; and Cr-51, 0.0006 =1, The tola) combined
activity’ is.0.0023 ati. This activity. is well below the boundary valuz of
0.2 mCi. Additionally, Cr-51 with 1% short half-1ife (27.7 day) will have
undergone: significant decay from its initfal: value of 0. 0006 wli.

The Ticensee has committed that tha new disposal will meet all the
radiological boundary conditions, on a cumulative basis, contained in the SE
for ‘the:10° CFRI20.302 application approvad.on June. 17, 1992, Additionally,
the Vicensee has stated that all applicable permits: fur this disposal have
been obtained from the Wisconsin Department of MNatural Resources.

4.0 CONCLUSION

The staff finds the licensee's proposal to: dispose .of: the low=Teve) -
radioactive waste sludge pursuant to.10- CFR:20.2002," on the Ticensee’s site
{see’ Attachment), is within the radiological’ ‘boundary. conditfons approved in.
the June 17, 1992, SER and'i's therefore- acceptable._

The Yicensee is required to pemnanﬂy 1ncorpnr;te this: modification into the
Offsite Dose-Calculation Manual as’ an‘Appendix, ~and to ensure’ that future
modifications of these commitments ara’ reported ‘to ‘the NRC.

Frim:ipa] Contributor: . §. K emerztmﬁcz

Date: vaembﬁ'r. 13, 18485

Attachment: KNP Site Area Map

E-33 REV. 11
02/22/2007



E-34

REV. 11
02/22/2007



f“«?’)z'ﬁ;%f
UNITED STATES /&?C "f'/l/“/ 7 ?

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20885-0001

Mr.ooM. L Marchi

Manager - Huclear Business Group
Wisconsin:-Public Service Corporation
Post Office Hox 19002

Green Bay,_Hi bd’OY—QGOE

'S_UB&ECT,; ONSITE DISPOSAL OF CONTAMINATED SLUDGE PURSUANT TO 107CFR.20.2002
(TﬂC -HG. M974L1)

Dear We, ‘Marchi:

,By 1etter dated Decembar 10, 1996, you raqunstud that the U; S MNued edr
Regulatory Commission {NREY raview the, applicabiiity of 2. 10 CFR 20203 fnow
120.2002) application appreveﬁ on-June 17, 1992, for additional disposals of a
sim11ar nature

The staff ha‘~ commeted 1ts review of your request and agrees with your
determmatmn that the 10°CFR 20,203 application for onsite disposal of: sTudge
contamindted with Ticensed radicactive material, which was approved on
June.17, 1892, ‘contains ‘bounding conditions that are applicable for additional

ons1te dlsposals 0? a similar nature: A copy of the Safety Eva¥uatlon i5
ehclosdd.

Sincerely,
Richard 4. Laufer, Progect Manager
iject Directorate 111-3
Division of Reactor- PmJécts 111y
Office of Nuclear Reactor Regu1at10n
Docket No..50-305
Enclosure: - Safety. Evaluation

cc:' See next page

mmscwmmmmﬂv

'TAH.MNG.&E;
;MWSatz(WPL)
Hp ey i

cssmmp
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Mr, M, L. Barchi .
Wisconsin Public Service Corporation Kewaunee Huclear Power Plant -

fulol

Foley & Lardner
Attention: Mr. Bradley 0. Jackson
Dne South Pinckney Street

P. 0. Box 1487 .

Madisen, Wisconmsin 53701~1497

“Chairman
Town of Carlton
Foute 1
Kewaunes, Wisconsin 54216

Hr Hirsld Reckelberg, Chairman , : )

Kewaunee County Board . L .
Kewaunse County Courthouse ) = : o
Kewaunsze, Wisconsin 54216

Lha1rm&n , ' S
Wisconsin Public Service Commisswon o R SIPPIPE

610 N. Whitney Way LT T
Madison, Wisconsin 53705-2729 o L

Attarney Genera?
114 East, State Lapitol
Madison, Wiscensin 53702

U 8. Ruelear Regulatory Commission
Resident Inspectors UFFxcp ’
‘Route #1, Box 993

" Kewalniee, Wiscopsin 54216

Regional Administrator - Region I[Il
-y, 5. Ructear Regulatory Commission
B01 Warrenville Road’

Lis!e. linois 60532-4531

M) Robert 5. Cullen

Chief Engineer:

- HWisconsin Public Service Conm1ss1on . Tl
610 N, Whitney way : I

»Hadwsan Wisconsin -53705- 2829 e el
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UNITED STATES -
NUCLEAR REGULATORY BBMMESSIDN
WASHINGTON, D.G, 255000

SAFETY EVALUATION BY THE OFFICE OF NJCLEAR REACTOR REGULATION
RELATING TO ONSITE_DISPOSAL.OF CONTAMINATED SLUDGE
AT _THE KEWAUNEE HUCLEAR PONER PLANT:
WESCONSIN PUBLIC SERVICE CORPORATION
WISCOMSIN POWER AND L1GHT. COMPANY
"MADISON.GAS AND ELECTRIC COMPANY

ET.HO. 50:305

1.0 INTRODUCTLON

By Tetter dated December 10,.1996, WisConsin Public Sérvice Corporation {me
Vicenzee) requested. that the 1,8, Nuclear Regu‘iatwy Commission [NRC) review
its determination that HRC approval, pursuaiit to 10 CFR-20.2002, for the
onsite disposal of contiminated sludge:at the Xewauned Nuclear Pewer Plant
{(KNPP) is nol reguired, pmmded suth ::ﬁs;msa]s are conducted within the
timits and bounding conditions. approved by the NRC i1 1:5 Jupe’ 37 1992,
Safety Eva?uatmn (SE}.

2.0  BACKGROUKD

In a letter dited September 12, 1989, the T.;iiy:ensee requested althorization for

the alternate disposal of siudge contamma ed’with licensed radicactive:”

material. 1In an SE 'dated June) 17, 1992, the NRC.approved the licensee’s

request’ pursuant to 10 -CFR 20,302 (new 10 CFR: '20:2002) ‘for the disposal of

. 15,000 cubte feet of contaminated waste: s'ludge by land application at the KNPP
Mcatmn The SE imposed imundary canditwns 8. fuﬂows.

1. The annual disposal. mist be 1ess thai a total activ;ty of 0.2 nlit

2.. The whole. body dose: 10; the hypothet‘lca1 amdmal’ly expasad mdimdua]
must be 39.,5 than 0. 1 mrem/year* And

3. The. daspasal must be at the. same-$ite.

The.SE also stated that for LAY repemtwe dlaposals, ‘the: Hcensm must
reag;ﬂ y. td the NAC when a particular disposal would exceed ‘the boundary
cenditions,

3.0 FVALUATION

The Ticensee has datemmed that. HRﬁ appmva’i for future onsite dispas:ﬂs of
siudge contaminated with licensed radicactive material is not required
provided the dxsposa]s comply with ‘thé 1imits and ‘conditions ‘of ‘the 5 issued
on June. 17, 1992.. The Yicensee has-alse déveloped a-. sludge sampl ng.,and
anawsas procedum that tmplements the gmdanm mntamed 30 NRt Iafcmatmn
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Hotice B8-22, S;aemhcally, the 1icensee’s procedura Will require the
analysis of sludge samples using-a detection system.design and operating
characteristics that yield a Jower Timit.of detection for Co-58, Co-80, _
£5-134, and Cs~137 consistent with measurem@nts of en»tronmﬂnt&] sam@Ins Tha
§1gen599 has provided a sitey ap (attached) that specifies the accaptable
ansite dtspesa] .areas. for the cortaminated sludge.

4.0 CONCLUSION

The staff agreesuwith the»»‘lacnn EEE determmatwn ‘that additignal ensite
disposals of contaminate GQL, which are conducted within the bounding
Pimits and conditions co ned in the June 17, 1992, SE. dnd within ‘the araas
spps.f1¢d in the attached site map, do. nn& require sch1f1c NRC approval.

The Vicensge-‘should permanently incorpgrate this Safety Evaluatien into the.
Offsite Dose Calculation Manua1 as an’ Appéndtx S

?r}ﬂhfaﬁ} Camtributur. S,aKthmentawicz
Date: April 9, 1997°
Attachment:. gugt? Site: Map:
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