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1.0 INTRODUCTION

The purpose of this manual is to provide the information and methodologies to
be used by the Washington Public Power Supply System to satisfy the
requirements of 10 CFR 20.106, 40 CFR Part 190, 10 CFR 50.36a, and Appendix I
to‘10 CFR Part 50.

2.0 LIQUID EFFLUENT DOSE CALCULATION

The U.S. Nuclear Regulatory Commission’s computer program LADTAP II can be
used for dose analysis for liquid radioactive effluents from WNP-2 into
surface waters. The analyses estimate radiation dose to individuals,
population groups, and biota from ingestion (aquatic foods, water, and
terrestrial irrigated foods) and external exposure (shoreline, swimming, and
boating) pathways. The calculated doses provide for determining compliance
with Appendix I to 10 CFR Part 50.

2.1 Introduction

Liquid radwaste released from WNP-2 will meet 10 CFR 20 1imits at the point of
discharge to the Columbia River. Actual discharges of 1iquid radwaste
effluents will only occur on a Batch Basis, and the average concentration at
the point of discharge will be only a small percentage of the allowed limits.
A simplified block diagram of the 1iquid waste management system and effluent
pathways is contained in Figure 2-1. Solid radioactive wastes are disposed of
by way of an approved disposal site. A simplified block diagram of the solid
radwaste system is described in Figure 2-2.

The cumulative quarterly dose contributions due to radioactive 1iquid
effluents released to the unrestricted areas will be determined once every 31
+ days using the LADTAP II computer code.
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The dose contributions will be calculated for all radionuclides identified in
the released effluent based on guidelines provided by NUREG-0133.

The methods for calculating the doses are discussed in.Section 2.4 of this
manual.

2.2 Radwaste lLiquid Effluent Radiation Monitoring System

This monitoring subsystem measures the radioactivity in the Tiquid effluent
prior to its entering the cooling tower blowdown line.

A1l radwaste effluent passes through a four-inch line which has an off-line
sodium iodide radiation monitor. The radwaste effluent flow, variable from 0
to 190 gpm, combines with the 36-inch cooling water blowdown line, variable
from 0 to 7500 gpm and is discharged to the Columbia River with a total flow
based on MPC; total, and cooling water flushing needs.

The radiation monitor is located on the 437’ level of the Radwaste Building
and has a minimum sensitivity of 10°® uCi/cc for Cs-137. The radiation

indicator has seven decades of range.

2.3 10 CFR.20 Release Rate Limits

The requirements pertaining to discharge of radwaste liquid effluents to- the
unrestricted area are specified in Requirement for Operability 6.2.1.1
(3.11.1.1):

"The concentration of radioactive material released from the site
to unrestricted areas shall be Timited to the concentrations
specified in 10 CFR 20, Appendix B, Table II, Column 2 for
radionuclides other than noble gases, and 2 x 10 uCi/ml total
activiFy concentration for all dissolved or entrained noble
gases."
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In order to comply with the requirements stated above, limits will be set to
assure that blowdown line concentrations do not exceed 10 CFR 20, Appendix B,
Table II, Column 2 at any time.

2.3.1 Pre-Release Calculation

The activity of the radionuclide mixture and the liquid effluent discharge
rate will be determined in accordance with Supply System procedures. The
effluent concentration is determined by the following equation:

Conc, = Ci x fw (1)
where:
Conc; = Concentration of radionuclide i iﬁ the effluent at point of
discharge - uCi/mil.
C, = Concentration of radionuclide i in the batch to be released
- puCi/mil.
fw = Discharge flow rate from sample tank to the blowdown line -
variable from 0 to 190 gpm.
fb = Blowdown flow rate - variable from 0 to 7500 gpm.
ft = Total discharge (ft = fb + fw) flow rate - variable from 0

to 7690 gpm.

The calculated concentration in the blowdown 1ine must be less than the
concentrations listed in 10 CFR 20, Appendix B. Before releasing the batch to
the environment, the following equation must hold:



where:

Cong; =

MPC,
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m

i=1
The concentration of radionuclide i in the effluent at the
point of discharge into the river.

Maximum permissible concentration of nuclide i as listed in
10 CFR 20, Appendix B, Table II.

Total number of radionuclides in the batch.

2.3.2 Post-Release Calculation

The concentration of each radionuclide in the unrestricted area, following the

batch release, will be calculated as follows:

The average activity of radionuclide i during the time period of the release

is divided by
concentration

where:

Conc,, =

the Plant Discharge Flow/Tank Discharge Flow ratio yielding the
at the point of discharge:

C, x fw

ft )

Conc , =

The concentration of radionuclide i in the effluent at the
point of discharge during the release period k - (uCi/ml1).

The concentration of radionuclide i in the batch during the
release period k - (uCi/ml).

Discharge flow rate from sample tank to the blowdown line
- variable from 0 to 190 gpm.

Y (Conc,/MPC)) <1 (2) I
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fb = Blowdown flow rate - variable from 0 to 7500 gpm.

fi:::> = Total discharge (ft = fb + fw) flow rate - variable from 0
to 7690 gpm.

To assure compliance with 10 CFR 20, the following relationships must hold:
. m
¥ (Conc, /MPC)) <1 (4)
fa1

where the terms are as defined in Equation (2).

2.3.3 Continuous Release

Continuous release of Tiquid radwaste effluent is not planned for WNP-2.
However, should it occur, the concentrations of various radionuclides in the
unrestricted area would be calculated according to Equation (3) and Equa-
tion (4). To show compliance with 10 CFR 20, the two equations must again
hold.

2.4 10 CFR 50, Appendix I, Release Rate Limits

Periodic Test and Inspection 6.2.1.2.1 (4.11.1.2) requires that the cumulative
dose contributions be determined in accordance with the ODCM at least once per
31 days. Requirement for Operability 6.2.1.2 (3.11.1.2) specifies that the
dose to a member of the public from radioactive material in 1iquid effluents
released to the unrestricted area shall be limited to:

<1.5 mrem/Calendar Quarter - Total Body
and
<5.0 mrem/Calendar Quarter - Any Organ.
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The cumulative dose for the calendar year shall be limited to:

<3 mrem - Total Body
and
<10 mrem - Any Organ.

The maximum exposed individual is assumed to be an adult whose exposure
pathways include potable water and fish consumption. The choice of an adult
as the maximum exposed individual is based on the highest fish and water
consumption rates shown by that age group and the fact that most of the dose
from the liquid effluent comes from these two pathways.

The dose contribution will be calculated for all radionuclides identified in
the Tiquid effluent released to the unrestricted area, using the following
equation:

Dr = (A, S At.C,F,) ‘ (5)
i 1=1
where:

Dr = The cumulative dose commitment to the total body or organ,
7, from liquid effluents for the total time period ¥ At,,
in mrem. o

at, = The Tength of the £th time period over which C, and F, are
averaged for all liquid releases, in hours.

m = The number of releases for the time period under

consideration.

Cie = The average concentration of radionuclide i in undiluted

liquid effluent during time period at, from any liquid
release, in puCi/ml.
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A, = The site-related ingestion dose commitment factor to the
total body or any organ 7 for each identified principle
gamma and beta emitter listed in Table 2-2, in mrem/hr per
pCi/ml-. :

F, = The near field average dilution factor for C, during any

liquid waste release. This is defined as the ratio of the maximum undiluted |
liquid waste flow during release to the product of the average flow from the
site discharge structure to unrestricted receiving waters times 500.

While the actual discharge structure exit flow is variable from 0 to 17.1 cfs
(0 to 7690 gpm), a maximum flow value of 2.0 cfs will be used for dose
calculation purposes in accordance with the NUREG-0133 requirement that the
product of the average blowdown flow to the receiving water body, in cfs and
the applicable factor (500), is 1000 cfs or less.

- Liquid Radioactive Waste Flow - fw ) (6)
! Discharge Structure Exit Flow x 500  ft x 500

L]

The term A, | the ingestion dose factors for the total body and critical

organs, are tabulated in Table 2-2. It embodies the dose factor, fish
bioaccumulation factor, pathway usage factor, and the dilution factor for the
plant diffuser pipe to the Richland potable water intake. The following
equation was used to calculate the ingestion dose factors:

where: | A, =K, (U/D, + U BF,) DF, (7)

A, = The composite dose parameter for total body or critical
organ of an adult for nuclide i (in mrem/hr per uCi/ml).



BFi

AMENDMENT NO. 18
APRIL 1995

A conversion factor:
1.14E405 = (10° pCi/uCi) x (10° m1/1iter)/8760 hr/yr.

730 liter/yr - which is the annual water consumption by

the maximum adult (Table E-4 of Regulatory Guide 1.109,
Revision 1).

Bioaccumulation factor for radionuclide i in fish - (pCi/Kg
per pCi/liter) (Table A-1 of Regulatory Guide 1.109, |
Revision 1 and NUREG/CR-4013).

7a
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DF4 = Adult ingestion dose conversion factor for nuclide i - Total
body or critical organ, 7, in (mrem/pCi) (Table E-11 of
Regulatory Guide 1.109, Revision 1 and NUREG/CR-4013).

D,, = DiTution factor from near field area (within one-quarter
mile of the release point) to the Richland potable water
intake - 100.

Ue = Adult fish consumption, 21 kg/yr (Table E-5 of Regulatory

Guide 1.109, Revision 1).

The values of BF; and DF; are listed in Table 2-1. Dilution assuhptions,

calculations, and LADTAP II input parameters are provided in Radiological
Health Calculation Log 92-2.

The quarterly limits mentioned before represent one-half of the annual design
objective of Section II.A of 10 CFR 50, Appendix I. If any of the limits
(either that of the calendar quarter or calendar year) are exceeded, a special
report pursuant to Section IV.A of 10 CFR 50, Appendix I, shall be filed with
the NRC.

2.4.1 Projection of Doses

The projected doses due to releases of WNP-2 radwaste liquid effluents will be
calculated for each batch, using Equation (5) or LADTAP II. If the sum of the
accumulated dose to date for the month and the projected dose for the
remainder of the month exceeds the Requirement for Operability 6.2.1.3
(3.11.1.3) limits, then the liquid radwaste treatment system shall be used.
This is to ensure compliance with Requirement for Operability 6.2.1.3
(3.11.1.3). This Requirement for Operability states that the liquid radwaste
treatment system shall be maintained and the appropriate subsystem shall be
used if the radioactive materials in liquid waste, prior to their discharge,
when the dose, due to 1iquid effluent release to unrestricted areas when
averaged over the month would exceed 0.06 mrem to total body or 0.2 mrem to
any organ. .
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2.5 Radwaste Liquid Effluent Dilution Ratio and Alarm Setpoints Calculations

2.5.1 Introduction

The dilution alarm ratio and setpoints of the sample liquid effluent monitor
are established to ensure that the limits of 10 CFR 20, Appendix B, Table II,
Column 2, are not exceeded in the effluent at the discharge point (i.e.,
compliance with Requirement for Operability 6.2.1.1 (3.11.1.1), as discussed
in section 2.3.1 of this manual).

The alarm (HI) and the alarm/trip (HI-HI) setpoints for the liquid radwaste
effluent monitor are calculated from the results of the radiochemical analysis
of the effluent sample. The setpoints will be set into the radwaste monitor
Just prior to the release of each batch of radioactive liquid.

2.5,2 Methodology for Determining the Maximum Permissible Concentration (MPC)
Fraction

Radwaste liquid effluents can only be discharged to the environment through
the four-inch radwaste 1ine. The maximum radwaste discharge flow rate is

190 gpm. Prior to discharge, the tank is isolated and recirculated for at
least thirty minutes, and a representative sample is taken from the tank. An
isotopic analysis of the batch will be made to determine the sum of the MPC
fraction (MPC;) based on 10 CFR 20 1imits. From the sample analysis and the

MPC values in 10 CFR 20, the MPC, is determined using the following equation.

m C,
MPC, = —
(=L W (8)
where:
MPC, = Total fraction of the Maximum Permissible Concentrations
(MPCs) in the 1iquid effluent waste sample.
(o8 = The concentration of each measured radionuclide i observed
by the radiochemical analysis of the liquid waste samplie
(uCi/m1).
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MPC,; = The Timiting concentrations of the appropriate radionuclide
i from 10 CFR 20, Appendix B, Table II, Column 2. For
dissolved or entrained noble gases, the concentration shall
be 1imited to 2.0E-04 uCi/ml total activity.

m = The total number of measured radionuclides in the liquid
batch to be released.

If the MPC; is less than or equal to 0.8, the Tiquid batch may be released at
any radwaste discharge or blowdown rate. If the MPC, exceeds 0.8, then a

dilution factor (Fd) must be determined. The liquid effluent radiation
monitor responds proportionally to radioactivity concentrations in the
undiluted waste stream. Its setpoint must be determined for diluted releases.

2.5.3 Methodology for the Determination of -Minimum Dilution Factor l

The measured radionuclide concentrations are used to calculate the dilution
factor (Fd), which is the ratio of the total discharge flow rates (RW + CBD)
to the radwaste tank effluent flow rate (RW) that is required to assure that
the Timiting concentrations of Requirement for Operability 6.2.1.1 (3.11.1.1)
are met at the point of discharge.

The minimum dilution factor (Fd) is determined according to: |
m C.
d = — | xFs (9)
i=1 MPC, ‘
where:
Fd = The minimum dilution factor required for compliance with

10 CFR 20, Appendix B, Table II, Column 2.

G = The concentration of each radionuclide i observed by
radiochemical analysis of the liquid waste sample (uCi/ml).

10
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The 1imiting concentration of the appropriate radionuclide i
from 10 CFR 20, Appendix B, Table II, Column 2. Fo}
dissolved or entrained noble gases, the concentration shall
be 1imited to 2.0E-04 uCi/ml total activity.

The safety factor; a conservative factor used to compensate
for statistical fluctuations and errors in measurements.

For example, a safety factor (Fs) of 1.5 corresponds to a
fifty (50) percent (%) variation. The safety factor is 1.5.

The total number of measured radionuclides i in the liquid
batch to be released.

The dilution which is required to ensure compliance with Requirement for
Operability 6.2.1.1 (3.11.1.1) concentration 1imits will be set such that
discharge rates are:

and follows

or

where:

Fd

RW

CBD

that:

Fd ¢ RW +CBD (10)
RW
C8D
RW ¢ — 10
* Faa (10a)
CBD > RW(Fd-1) (10b)

The minimum dilution factor from Equation (9).

The discharge flow rate from the liquid radwaste tank to the
blowdown 1ine - variable from 0 to 190 gpm.

The cooling tower blowdown flow rate - variable from 0 to
7500 gpm.
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2.5.4 Methodology for the Determination of Liquid Effluent Monitor Setpoints

Liquid effluents must meet the restrictions at the point of discharge to
the river of 1 MPC or less after dilution. Therefore, the Liquid
Effluent Monitor setpoint must be determined such that it will terminate
a discharge at less than or equal to that point. The dilution factor
must satisfy Equation (10).

Setpoint < C,, [Eﬁgﬁa_ﬁﬂ]

(11)

Where:

’ Setpoint = the radwaste effluent monitor setpoint in pCi/mi.
Cy is the maximum permissible diluted concentration, in uCi/ml,
at the point of release that is in compliance with 10CFR20
Appendix B Table II column 2.
The Liquid Effluent Monitor measures the undiluted effluent,
therefore the term

CBD + RW
RW

is used to correct for dilution.
CBD = the rate of dilution blowdown to the river in gpm.
RW = the rate of discharge from radwaste to the dilution blowdown
Tine in gpm
The MPC fraction of the batch to be discharged, MPC, is defined in
Equation (8).

12




AMENDMENT NO. 21
JUNE 1995

Since the final concentration must be less than or equal to one MPC:

Cu [MPC E

(11a)

Substituting into Equation (11):

. 1 = CBD + RW
Setpoint ¢|—— —_—
P MPC,] E: ] [ RW ]

1=l

(11b)

The Liquid Effluent Monitor reads out in counts per second (cps),
therefore, it is necessary to convert the setpoint from uCi/ml to cps.

S < [MPC] [E (c) <E)] [CB"_R;R.”!] - BKG

(11c)

Where:

Symy = the trip setpoint in cps
E; = the monitor efficiency for nuclide i, in cps/uCi/ml
BKG = the monitor background in cps.

At low activity levels, the monitor demonstrates a normal instrument
variation. In order to prevent spurious alarms and trips resulting from
this variation, the setpoint can be calculated using a 1.0 MPC,
representative mixture when the MPC, of the batch is less than 1.0 MPC,.
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The effluent monitor also has a high alarm setpoint that will be set to
alarm if the batch contents exceed the concentration expected for the
current discharge. This will warn the operator that the batch release
is not proceeding as anticipated by the prerelease calculation,
discharge should be stopped and the alarm cause investigated. The Hi
a]arm setpoint is determined to be at the monitor response for the
current batch release multiplied by 1.25 to allow for normal variation
in the monitor response. When the MPC, of the batch is less than 1.0
MPC,, the high setpoint will be the greater of either the calculated
setpoint, or 80% of the setpoint determined from a 1.0 MPC, mixture.

S,y < BKG +1.25% (C) (E)
i=1

(12)

Where:
Sy is the monitor Hi setpoint in cps.
1.25 is a factor to account for normal variation in the monitor
reading. It results in a maximum of a 25% greater than expected
count rate before the alarm occurs.

Sy < BKG + (0.8 * One-MPC) (12a)

Where one-MPC is the count rate corresponding to a 1.0 MPC,
representative mixture.

A1l other terms defined in Equation 12.
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2.7 Methods for Calculating Doses to Man From Liquid Effluent Pathways

Dose models presented in NRC Regulatory Guide 1.109, Revision 1, as
incorporated in the LADTAP II computer code, will be used for offsite dose
calculation. The details of the computer code, and user instruction, are
included in NUREG/CR-4013, "LADTAP II - Technical Reference and User Guide."

2.7.1 Radiation Doses

Radiation doses from potable water, aquatic food, shoreline deposit, and
irrigated food pathways will be calculated by using the following equations:

a. Potable Water

U_M
Ry = 1100 e Z0p,exp(-At,) (13)
b. Aquatic Foods
u M
R,; = 1100 = ? 21 Q8,0,.exp(-At,) (14)
c. Shoreline Deposits

U, MW z
i

R, = 110,000 QTD,,; [exp (-At)) (1 -exp(-\t,)] (15)

13
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d. Irrigated foods

For all radionuclides except tritium:

veg e 1 - exp(- gt £BLI1 - exp(At,)]
o = U ap Z. d; exp(-\t,)D,; l_ T + o

animal r[1 - exp(-Agt,)]
+U ap 2 FiaDy |E1FdieXp(">‘ith) Y =
! ) VR
B, [1-exp(-\t,)]
I P\ > ciAwQAW (16)
For tritium:
yve anima]

Repi pg CVDODI +U ap ﬂm (C QF + CAWQAW) (17)
where:

B = The equilibrium bioaccumulation factor for nuclide i in
pathway p, expressed as the ratio of the concentration in
biota (in pCi/kg) to the radionuclide concentration in water
(in pCi/liter), in liters/kg.

B, = The concentration factor for uptake of radionuclide i from
soil by edible parts of crops, in pCi/kg (wet weight) per
pCi/kg dry soil.

Ciaw = The concentration of radionuclide i in water consumed by
animals, in pCi/liter..

Gy = The concentration of radionuclide i in vegetation, in

pCi/kg.

14
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The dose factor specific to a given age group a,
radionuclide i, pathway p, and organ j, which can be used to
calculate the radiation dose from an intake of a
radionuclide, in mrem/pCi, or from exposure to a given
concentration of a radionuclide in sediment, expressed as a
ratio of the dose rate (in mrem/hr) and the area
radionuclide concentration (in pCi/m?).

(=]
1

aipj

d; = The deposition rate of nuclide i in pCi/m? per hour.

F = The flow rate of the liquid effluent, variable from 0 to 2.0
cfs, for dose calculation purposes.

f = The fraction of the year crops are irrigated, dimensionless.

Fia = The stable element transfer coefficient that relates the
daily intake rate by an animal to the concentration in an
edible portion of animal product, in pCi/liter (milk) per
pCi/day or pCi/kg (animal product) per pCi/day.

M = The mixing ratio (reciprocal of the dilution factor) at the
” point of exposure (or the point of withdrawal of drinking

water or point of harvest of aquatic food), dimensionless.

P = The effective "surface density" for soil, in kg (dry
s0il)/m? (Table E-15, Regulatory Guide 1.109, Revision 1).

Qaw = The consumption rate of contaminated water by an animal, in
Titers/day.

Q- o= The consumption rate of contaminated feed or forage by an
animal, in kg/day (wet weight).

Q = The release rate of nuclide i in Ci/yr.

15
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The fraction of deposited activity retained on crops,
dimensionless (Table E-15, Regulatory Guide 1.109,
Revision 1).

The total annual dose to organ j of individuals of age group
a from all of the nuclides i in pathway p, in mrem/yr.

The period of time for which sediment or soil is exposed to
the contaminated water, in hours (Table E-15, Regulatory
Guide 1.109, Revision 1).

The time period that crops are exposed to contamination
during the growing season, in hours (Table E-15, Regulatory
Guide 1.109, Revision 1).

A holdup time that represents the time interval between
harvest and consumption of the food, in hours (Table E-15,
Regulatory Guide 1.109, Revision 1).

The radioactive half 1ife of nuclide i in days.

The average transit time required for nuclides to reach the
point of exposure. For internal dose, t, is the total time
elapsed between release of the nuclides and ingestion of
food or water, in hours (Table E-15, Regulatory Guide 1.109,
Revision 1).

A usage factor that specifies the exposure time or intake
rate for an individual of age group’'a associated with
pathway p, in hr/yr, L/yr, or kg/yr (Table E-5, Regulatory
Guide 1.109, Revision 1).

The shoreline width factor, dimensionless (Table A-2,
Regulatory Guide 1.109, Revision 1),

16
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Y, = The agricultural productivity (yield), in kg (wet weight)/m?
(Table E-15, Regulatory Guide 1.109, Revision 1).

Ag = The effective removal rate constant for radionucltide i from
crops, in hr', where Az = X\ + A, ) is the radioactive
decay constant, and )\, is the removal rate constant for
physical loss by weathering (Regulatory Guide 1.109,
Revision 1, Table B-15).

Y = The radioactive decay constant of nuclide i in hr™.
1100 = The factor to convert from (Ci/yr)/(ft%/sec) to pCi/liter.
110,000 = The factor to convert from (Ci/yr)/(ft%/sec) to pCi/liter

and to account for the proportionality constant used in the
sediment radioactivity model.

These equations yield the dose rates to various organs of individuals from the
exposure pathways mentioned above.

2.7.2 Plant Parameters

UNP-2 is a river shoreline site with a variable effluent discharge flow rate
0 to 7690 gpm. The population center nearest WNP-2 is the city of Richland,
where drinking water withdrawal takes place. The applicable dilution factor
is 50,000, using average river flow. The time required for released liquids
to reach Richland, approximately 12 miles downstream, is estimated at 4.0
hours. Richland is the "realistic case" location, and doses calculated for
the Richland location are typically applicable to the population as a whole.
Individual and population doses based on Richland parameters are calculated
for all exposure pathways.

Only the population downstream of the WNP-2 site is affected by the liquid
effluents released. There is no significant commercial fish harvest in the
50-mile radius region around WNP-2. Sportfish harvest is estimated at
14,000 kg/year.

17
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For irrigated foods exposure pathways, it can be assumed that production
within the 50-mile radius region around WNP-2 is sufficient to satisfy
consumption requirements.

Other relevant parameters relating to the irrigated foods pathways are defined
as follows:
Irrigation Rate Annual Yield Growing Period

Food Type (1iter/m%*/mo) (kg/m?) (Days)
Vegetation 150 5.0 . - 70
Leafy Vegetation 200 1.5 70
Feed for Milk Cows 200 1.3 30
Feed for Beef Cattle 160 2.0 130

Source terms are measured based on sampled effluent.

Table 2-3 summarizes the LADTAP II input parameters. Documentation and/or
calculations of these parameters are discussed in detail in PPM 16.12.1, and
Radiological Health Calculation Log 92-2.

2.8 Compliance with Technical Specification 3.11.1.4

2.8.1 Maximum Allowable Liquid Radwaste Activity in Temporary Radwaste
Hold-Up Tanks

The use of temporary 1iquid radwaste hold-up tanks is planned for WNP-2.
Technical Specification 3.11.1.4 states the quantity of radioactive material
contained in any outside temporary tanks shall be limited to the limits
calculated in the ODCM such that a complete release of the tank contents would
not result in a concentration at the nearest offsite potable water supply that
would exceed the limits specified in 10 CFR Part 20 Appendix B, Table II.

18
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Equation (18) will be used to calculate the curie 1imit for a temporary
radwaste hold-up tank. The total tank concentration will be limited to less
than or equal to ten (<10) curies, excluding tritium and dissolved or
entrained gases.

Surveillance requirement 4.11.1.4, states that the quantity of radioactive
material in the hold-up tanks shall be determined to be within the 1imit by
analyzing a representative sample of the tank’s contents at least once per 7
days when radioactive materials are being added to the tank.

kd
Ap = —4
fi (18)
i MPC e*
where:
A; = Total allowed activity in tank (curies).
A = Activity of radioisotope i (curies).
MPC, = Maximum permissible concentration of radionuclide i
(10 CFR 20, Appendix B, Table II, Column 2).
A = Decay .constant (years™) radioisotope i.
t = Transit time of ground water from WNP-2 to WNP-1 well (WNP-2
FSAR Section 2.4) = 67 years.
fi = Fraction of radioisotope fi = Eﬁi
i = Index for all radioisotopes in tank except tritium and noble
gases.
Kq = Dispersion constant based on hydrological parameters,

(2.4E+05 Ci per puCi/cc.)
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@ The total allowed activity (A;) is based on limiting WNP-1 well water to less
than 1 MPC; of the entire 1liquid content of the tank spilled to ground and
then migrated via ground water to the WNP-1 well. The WNP-1 well is the
location of maximum concentration since it is the nearest source of ground
water and conditions are such that no spill of 1liquid should reach surface
water. The 70-85 foot depth of the water table and the low ambient moisture
of the soil requires a rather large volume of spillage for the liquid to even
reach the water table in less than several hundred years. However, allowed
tank activity (A;) is conservatively based on all liquid radwaste in the tank

instantaneously reaching the water table.

The hydrological analysis performed for the WNP-2 FSAR (Section 2.4) deter-
mined that the transit time through the ground water from WNP-2 to the WNP-1
well is 67 years for Strontium and 660 years for Cesium. These two radio-
nuclides are representative of the radionuclides found in Tiquid radwaste.
Strontium is a moderate sorber and Cesium strongly sorbs to soil particles.
This calculation conservatively treats all radionuclides as moderate sorbers

G with a transit time of 67 years.

The concentration of each radionuclide in the well (CW;,) is simply the con-
centration in the tank (CT;) adjusted for radioactive decay during transit
(e*) and divided by the minimum -concentration reduction factor (CRF i)

Limiting well concentration to 1 MPC yields:

s O ) g CTe™ (19)
MPC, CRF ;, MPC, {From Section 2.4 of WNP-2 FSAR)

_ (4 m L)% (a, a, a,)'?

CRF . (20)
min 2v
where:
L = Migration distance = 1 mile.
= Volume of tank.
| Q o @, @ = Dispersion constants.
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Combining Equations (19) and (20) yields:

=5 CT, 2V e™ (21)
(47 1) (a a, @) HPC,

Substituting A; for CT; V and reorganizing terms yields:

3/2 1/2
(4 mL) (o, o, a,) -5 A, (22)

2 MPCe "M

Making the following substitutions

_ (47 L)%2 (e, o, o12)1/2 (23)

K
d 2

X 10°° Ci/uCi =2.4 x 105 Ci per p—L
cC

yields:

or

2 MPCe ** (24)

2.8.2 Maximum Allowable Liquid Radwaste in Tanks That Are Not Surrounded by
Liners, Dikes, or Walls

Although permanent outside liquid radwaste tanks which are not surrounded by
lTiners, dikes, or walls are not planned for WNP-2, Equation (18) will be used
should such tanks become necessary in the future.
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2.9 Liquid Process Monitors and Alarm Setpoints Calculations

As mentioned in Section 2.2 of this manual, all Tiquid radwaste effluent is
discharged through a four-inch line that is monitored by an off-line sodium
iodide radiation monitor. This monitor is Tocated on the 437’ level of the
Radwaste Building. A1l WNP-2 radwaste 1iquid effluent is discharged to the
Columbia River through the 36-inch Cooling Water Blowdown line. In addition
to the Tiquid effluent discharge monitor there are three 1liquid streams that
are normally nonradioactive but have a finite possibility of having

radioactive material injected into them. These liquid streams are:

. Standby Service Water (SW)
. Turbine Building Service Water (TSW)
. Turbine Building Sump Water (FD)

To prevent any discharges of radioactive liquid from these streams, radiation

monitoring systems have been installed to detect any increase above the normal
background concentration of radioactive material.

Alarm/setpoints are established to prevent any release of radioactive material
in concentrations greater than 10 CFR 20 limits. The maximum radiation
detector setpoint calculation for the three systems is based on the MPC

concentration of Cs-137 which is 2.0E-05 pCi/ml. The following equation is
used to calculate the maximum setpoint:

Setpoint max. = [(2.0E-05 uCi/ml1) (CF)] (25)
(in cpm or cps)

where:
2.0?-05 #Ci/ml = MPC limit for Cs-137

CF = Monitor calibration factor - in cpm/uCi/ml or cps/uCi/ml
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2.9.1 Standby Service Water (SW) Monitor

The Standby Service Water Monitors (SW) are located on the 522’ level of the
Reactor Building.

The meter is located in the main control room on panel P-604.

The flow rate through the monitor is variable, from zero (0) to two (2) gpm
with a normal flow of 1.0-1.5 gpm.

To ensure 10 CFR 20 1imits are never exceeded, the alarm setpoint shall be
established at 80% or less of the maximum setpoint plus background.

If the setpoint is exceeded, an alarm will activate in the main control room.
The control room operator can then terminate the discharge and mitigate any

uncontrolled release of radioactive material.

2.9.2 Turbine Building Service Water (TSW) Monitor

This monitor is located on the 441’ level of the Turbine Building. The
readout meter and recorder is located in the main control panel BD-RAD-24.

The flow rate through that monitor is variable, from zero (0) to five (5) gpm
with a normal flow of 1-2 gpm.

To ensure 10 CFR 20 limits are never exceeded, the alarm setpoint shall be
established at 80% or less of the maximum setpoint plus background.

If the setpoint is exceeded, an alarm will activate in the main control room.

The control room operator can then terminate the discharge and mitigate any
uncontrolled release of radioactive material.
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2.9.3 Turbine Building Sumps Water (FD) Monitor

There are three detectors to measure the activity of each of the three
nonradioactive sumps. The monitors are located on the 441’ level of the
Turbine Building. The readout meters and recorder are located in the Radwaste
Control Room Panel BD-RAD-41. The alarm/setpoint for these detectors is
established by design at 80% of the 10CFR Part 20, Appendix B, Table II value
for Cs-137. In the event the setpoint is exceeded, the sump discharge will be
automatically diverted to the Radwaste system for processing.

Turbine building sumps, T1, T2, and T3 are normally routed to the 1liquid
radwaste system. Effluent from these turbine building sumps may be routed to
the storm water system if analyses indicate no detectable radioactivity is
present. Other inputs to the storm waste system, in addition to rain water,
include water treatment filter backwashes, Service Building and Emergency
Diesel Generator Building floor drains, HVAC aié wash units, and condensed
steam from plant steam leaks that collect on rooftops during cool weather.
The storm water system terminates in an unlined depression or pond located
1500 feet northeast of the plant. Releases to the storm drain pond are
sampled as part of the Radiological Environmental Monitoring Program. Based
on past experience, it is expected that there will be some accumulation of low
levels of radioactive materials, particularly tritium, in the pond.
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Nuclide

H-3
Na-24
P-32
Cr-51
Mn:54
Mn-56
Fe-55
Fe-59
Co-58
Co-60
Ni-65
Cu-64
Zn-65
Zn-69m
As-76
Br-82
Br-83
Br-84
Rb-89
Sr-89
Sr-90
Sr-91
Sr-92
Y-90
Y-91m
Y-91
Y-92

FISH BIOACCUMULATION FACTORS (BF;)"

Table 2-1 (contd.)

Table 2-1
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AND ADULT INGESTION DOSE CONVERSION FACTORS (DF.)*?

Dose Conversion Factor (DF;)

Fish
Bioaccumulation Total GI
Factor (BF.) Body Bone Thyroid Liver Tract

(pCi/kg per
pCi/liter)

9.0E-01
1.0E+02
1.0E+05
2.0E+02
4.0E+02
4.0E+02
1.0E+02
1.0E+02
5.0E+01
5.0E+01
1.0E+02
5.0E+01
2.0E+03
2.
1
4
4
4
2
3
3
3
3
2
2
2
2

0E+03

.0E+02
.2E+02
.2E+02
.2E+02
.0E+03
.0E+01
.0E+01
.0E+01
.0E+01
.5E+01]
.5E+01
.5E+01
.5E+01

Nwwmnomwoomm-bm-hw\lww.a»—aw.umoom\:v—-m

.0E-08
.7E-06
.5E-06
.7E-09
.7E-07
.0E-08
.4E-07
.9E-06
.7E-06
.7E-06
.1E-08
.9E-08
.0E-06
.7E-08
.8E-06
.3E-06
.0OE-08
.2E-08
.8E-08
.8E-06
.8E-04
.3E-07
.3E-08
.6E-10
.5E-12
.8E-09
.5E-11

00 = W W N

(mRem per pCi Ingested)

—(3)
1.7E-06
1.9E-04
—(3)
—3)
—(3)
2.8E-06
4.3E-06

—(3)

—(3)
5.3E-07
—(3)
4.8E-06
1.7E-07
—(3)
—(3)
—(3)
—(3)
—Q)
3.1E-04
8.7E-03
5.7E-06
.2E-06
.7E-09
.1E-11
L4E-07
.5E-10
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6.0E-08
1.7E-06
—(3)
1.6E-09
—(3)
—(3)
—(3)
—(3)
—(3)
—3)
—(3)
—(3)
—(3)
—(3)
—(3)
—(3)
—(3)
—(3)
—(3)
—(3)
—(3)
—(3)
—(3)
—(3)
—(3)
—(3)
—(3)

6.0E-08
1.7E-06

H\INH-&NNAN-b-ml’\)-bl\)to\li—‘bi—‘wi—‘wi—‘ml\)b—‘m

.0E-08
.7E-06
.2E-05
.7E-07
.4E-05
.7E-06
.1E-06
.4E-05
.5E-05
.0E-05
.7E-06
.1E-06
.7E-06

.5E-05
.4E-05
.6E-06
.8E-08
.1E-13
.3E-21
.9E-05
.2E-04
.7E-05
.3E-05
.0E-04
.7E-10
.8E-05
.5E-05



Nuclide

Y-93
Zr-95
Nb-95
ir-97
Nb-97
Mo-99
Tc-99m
Tc-101
Ru-103
Ru-105
Rh-105
Ru-106
Ag-110m
Sb-124
Sb-125
Sb-126
Sb-127
Te-127
Te-129m
Te-129
Te-131m
Te-131
Te-132
1-131
1-132
I-133
I-134
I-135
Cs-134
Cs-136
Cs-~137

Fish
Bioaccumulation Total
Factor (BF.)

Table 2-1 (contd.)
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Dose Conversion Factor (DF;)

Body

Bone

Thyroid

Liver

GI

Tract

(pCi/kg per
pCi/liter)

2.5E+01
3.3E+00
3.0E+04
3.3E+00
3.0E+04
1.0E+01
1.5E+01
1.5E401
1.0E+01
1.0E+01
1.0E+01
1.0E+01
2.3E+00
1.0E+00
1.0E+00
1.
1
4
4
4
4
4
4
1
1
1
1
1
2
2
2

0E+00

.0E+00
.0E+02
.0E+02
.0E+02
.0E+02
.0E+02
.0E+02
.5E+01
.5E+01
.5E+01
.5E+01
.5E+01
.0E+03
.0E+03
.0E+03

N = B = W 0N N =N WO DD 00WUTIO0 00 W00 00 D e Oy~

.4E-11
.6E-09
.9E-09
.6E-10
.8E-12
.2E-07
.9E-09
.6E-09
.0E-08
.1E-09
.8E-08
.5E-07
.8E-08
.1E-06
.3E-07
.2E-07
.9E-08
.4E-08
.8E-06
.7E-09
.1E-07
.2E-09
.5E-06
.4E-06
.9E-07
.5E-07
.0E-07
.3E-07
.2E-04
.9E-05
.1E-05

(mRem per pCi Ingested)
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—(3)
—(3)
—(3)
—(3)

—(3),

—(3)
—(3)
—3)
—(3)
—(3)
—(3)
—(3)

=N = DD OTOY 000 DS RN O
n
m
1
o
e

—(3)
9.8E-09
3.5E-09
3.4E-10
1.36-11
4.3E-06
7.0E-10
3.7E-10
—(3)
—(3)
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Nuclide

Cs-138
Ba-139
Ba-140
La-140
La-141
La-142
Ce-141
Ce-143
Ce-144
Pr-143
Nd-147
Hf-179m
Hf-181
W-185
W-187
Np-239

Table 2-1 (contd.)
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Dose Conversion Factor (DF;)

Fish
Bioaccumulation Total GI
Factor (BF;) Body Bone Thyroid Liver Tract
(pCi/kg per (mRem per pCi Ingested)
pCi/liter)
2.0E+03 5.4E-08 5.5E-08 ___ (3) 1.1E-07  4.7E-13
4.0E+00 2.86-09 9.7e-08 ___ (3) 6.9E-11 1.7E-07
4,0E+00 1.36-06 2.0E-05 ___ (3) 2.6E-08  4.2E-05
2.5E+01 3.3E-10 2.5E-09 ___ (3) 1.3E-09  9.3E-05
2.5E401 1.6E-11  3.2E-10 ___ (3) 9.9E-11 1.2E-05
2.5E+01 1.5E-11 1.3e-10 ___ (3) 5.8E-11  4.3E-07
1.0E+00 7.2E-10  9.4E-09 ___ (3) 6.3E-09  2.4E-05
1.0E+00 1.4E-10 1.7eE-09 ___(3) 1.2E-06  4.6E-05
1.0E+00 2.6E-08 4.9E-07 ___ (3) 2.0E-07 1.7E-04
2.5E+01 4.6E-10 9.2E-09 ___ (3) 3.7E-09  4.0E-05
2.5E+01 4.4E-10  6.2E-09 ____ (3) 7.3E-09  3.5E-05
3.3E+00 4.86-06 ___(3) ___(3) ___(3) 4.1E-05
3.3E+00 4.3E-06 ___(3) __ (3) ___(3) 4.1E-05
1.2E+03 1.4E-08  4.1E-07 ___ (3) 1.4E-07 1.6E-05
1.2E+03 3.0E-08 1.0E-07 ___ (3) 8.6E-08  2.8E-05
1.0E+01 6.5E-11 1.2E-09 ____(3) 1.2E-10  2.4E-05

“INRC NUREG/CR-4013.
12INRC NUREG/CR-4013.

“INo data listed in NUREG/CR-4013.
(Use total body dose conversion factor as an approximation.)
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Table 2-2

INGESTION DOSE FACTORS (A;) FOR TOTAL BODY AND CRITICAL ORGAN
(in mrem/hr per uCi/ml)

Liquid Effluent

Total GI
Nuclide Body Bone Thyroid *_Liver Tract
H-3 1.8E-01 *k 1.86-01 1.8E-01 1.8E-01
Na-24 4.1E402 4.1E+02 4.1E+02 4.1E+02 4.1E+02
P-32 1.8E+06  4.6E+07 ek 2.9E+06  5.3E+06
Cr-51 1.3E+00 *k 7.7E-01 *k 3.2E+02
Mn-54 8.3E+02 * *k 4.4E403  1.3E+04
Mn-56 1.9E+01 *k *k 1.6E+02  3.6E+03
Fe-55 1.1E+02  6.7E+02 *k 4,6E+02  2.6E+02
Fe-59 9.4E+02  1.0E+03 *k 2.4E+03  8.2E+03
Co-58 2.1E+02 *k *k 9.0E+01  1.8E+03
Co-60 5.7E+02 *k *% 2.5E+02  4.8E+03
Ni-65 7.5E400  1.3E+02 *k 1.7E+01  4.1E+02
Cu-64 4,7E+00 ok ok 1.0E+01  8.6E+02
IZn-65 3.4E404  2.3E+04 *k 7.2E404  4.7E+04
Zn-69m 1.8E402  8.1E+02 *k 2.0E403  1.2E+05
As-76 1.2E+03 *k *k *k 1.1E+04
Br-82 2.3E+03 *k *% ok 2.6E+03
Br-83 4.0E+01 *k *k *% 5.8E+01
Br-84 5.2E+401 *k *k *k 4.1E-04
Rb-89 1.3E+02 *k *k 1.9E+02  1.1E-11
Sr-89 6.4E+02  2.3E+04 *k *k 3.6E+03
Sr-90 1.3E+04  6.3E+05 *k *k 1.6E+04
Sr-91 1.7E401  4.1E+02 *x ok 2.0E+03
Sr-92 6.8E+00 1.6E+02 *% *% 3.1E+03
Y-90 1.6E-02  5.9E-01 *k X 6.1E+03
Y-91m 2.1E-04 5,5E-03 *% *k 1.6E-02
Y-91 2.3E-01  8.5E+00 k% *k 4,.7E+03
Y-92 1.5E-03  5.2E-02 i *k 9.1E+02
Y-93 4,5E-03  1.6E-01 *% *k 5.2E+03
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Table 2-2 (contd.)

Total GI
Nuclide Body Bone Thyroid Liver Tract
Zr-95 5.3E-02  2.5E-01 o 7.9E-02  2.5E+02
Nb-95 1.4E+02  4.5E+02 ok 2.56402  1.5E+06
" 7r-97 1.3E-03  1.4E-02 *ok 2.7E-03  8.8E+02
Nb-97 3.56-01  3.7E+00 > 9.3E-01  3.5E+03
Mo-99 2.0E+01 o *ok 1.1E402  2.5E+02
Tc-99m 3.3E-01  9.2E-03 e 2.6E-02  1.5E+01
Tc-101 1.3E-01  9.2E-03 dok 1.4E-02  4.0E-14
Ru-103 2.0E+00  4.7E+00 sk o 5.5E+02
Ru-105 1.5€-01  3.7E-01 *ok *ox 2.3E402
Rh-105 1.4E+00  3.0E+00 *ok 2.2E400  3.5E+02
Ru-106 8.7E+00  6.9E+01 , ** wok 4.5E+03
Ag-110m  5.6E-01  1.0E-00 ok 9.5E-01  3.8E+02
Sb-124 3.6E+00 9.0E+00 2.2E-02 1.7E-01  2.6E+02
Sb-125 1.4E+00 5.8E+00 5.8E-03  6.5E-02  6.5E+01
Sb-126 1.4E400 3.9E+00  2.3E-02  7.4E-02  3.0E+02
Sb-127 3.26-01 8.4E-01 1.0E-02 1.8E-02  1.9E+02
Te-127 2.3E+401  1.1E+02  7.9E+01  3.8E+01  8.3E+03
Te-129m  1.7E+03  1.2E+04  3.8E+03  4.1E+03  5.6E+04
Te-129 7.4E+00  3.0E+01  2.3E+01  1.2E+01  2.3E+01
Te-131m  6.8E+02  1.6E+03  1.3E+03  8.2E+02  8.1E+04
Te-131 5.9E+00 1.9E+01  1.5E+01  7.9E+00  2.7E+00
Te-132 1.4E+03  2.4E+03  1.7E+03  1.5E+03  7.4E-04
1-131 1.36402  1.5E+02  7.4E+04  2.2E+02  5.9E+01
1-132 7.0E400  7.4E+00  7.0E+02  2.0E+01  3.7E+00
1-133 2.8E401  5.1E+01  1.3F+04  9.2E+01  8.1E+0l
1-134 3.7E+00  4.0E+00  1.8FE+02 1.1E+01  9.2E-03
1-135 1.6E+01  1.6E+01  2.8E+03  4.4E+01  4.8F+01
Cs-134 5.8E+05  3.0E+05 ok 7.2E405  1.3E+04
Cs-136 9.1E+04  3.1E+04 o 1.3E+05  1.4E+04
Cs-137 3.4E+05  3.8F+05 ok 5.3E405  1.0E+04
Cs-138 2.6E+02  2.6E+02 ok 5.3E+402  2.3E-03
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Nuclide

Ba-139
Ba-140
La-140
La-141
La-142
Ce-141
Ce-143
Ce-144
Pr-143
Nd-147
Hf-179m
Hf-181
W-185
W-187
Np-239

Table 2-2 (contd.)
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**No Ingestion Dose Factor (DF;) is listed in NUREG/CR-4013.
factor value will be used as an approximation.)

Total GI
Body Bone Thyroid Liver Tract
2.9E-02 1.0E-00 ol 7.2E-04  1.8E+00
1.4E4+01  2.1E+02 *%* 2.7E-01  4.4E+02
2.0E-02  1.5E-01 ¥k 7.9E-02  5.6E+03
9.7E-04  1.9E-02 *k 6.0E-03  7.3E+02
9.1E-04  7.9E-03 *k 3.5E-03  2.6E+01
2.3E-03  3.0E-02 *k 2.0E-02  7.7E+01
4,5E-04 5.5E-03 *% 3.9E+00  1.5E+02
8.4E-02  1.6E+00 *% 6.5E-01  5.5E+02
2.86-02 5.6E-01 *k 2.3E-01  2.4E+03
2.7E-02  3.8E-01 ¥k 4.4E-01  2.1E+03
4,2E401 *ok *k *% 3.6E+02
3.8E+01 *k *% *k 3.6E+02
4.0E+01  1.2E+03 *k 4.0E+02  4.6E+04
8.6E+01  2.9E+02 *k 2.5E402  8.1E+04
1.6E-03  3.0E-02 *k 3.0E-03  6.0E+02
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”~

INPUT PARAMETERS USED TO CALCULATE MAXIMUM INDIVIDUAL DOSE

FROM LTQUID EFFLUENTS

Drinking Water

River Dilution:
River Transit Time:
Usage Factors:

Boating and Aquatic Food

River Dilution:
Transit Time:

Usage Factors: (Aquatic Food)

(Boating)

Recreation

River Dilution:
Shoreline Width Factor:
Usage Factors:

Irrigated Foodstuffs
River Dilution:
River Transit Time:

Food Delivery Time:
Usage Factors:

Adult

Teenager

Child
Monthly Irrigation Rate:
Annual Yield:
Annual Growing Period:

Annual 50-Mile Production:

50,000

4 hours

Adult = 730 1/yr Teenager =

Child = 510 1/yr Infant =

500

2 hours

Adult = 21 kg/yr Teenager =

Child = 6.9 kg/yr Infant =

Adult = 100 hr/yr Teenager =

Child = 85 hr/yr Infant =

20,000

0.2

Shoreline Activities: Adult =
Teenager =
Child =
Infant =

Swimming: Adult =
Teenager =
Child =

50,000

4 hours

Vegetables Milk Meat

14 days 48 hours 20 days

520 kg/yr 310 1/yr 110 kg/yr

630 kg/yr 400 1/yr 65 kg/yr

520 kg/¥r 330 1/yr 41 kg/yr

180 1/m 200 1/m* 160 1/m?

5.0 kg/m? 1.3 1/m®> 2.0 kg/m?

70 days 30 days 130 days

3.5E+09 kg 2.8E+08 L  2.3E+07 kg
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510 1/yr
330 1/yr

16 kg/yr
0

100 hr/yr
0

90 hr/yr
500 hr/yr
105 hr/yr
0

18 hr/yr
100 hr/yr
21 hr/yr

Leafy

Vegetables
24 hours

64 kg/yr
42 kg/yr
26 kg/yr
200 1/m?
1.5 kg/m?
70 days
1.9E406 kg
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3.0 GASEOUS EFFLUENTS DOSE CALCULATIONS

The U.S. Nuclear Regulatory Commission’s computer program GASPAR II can be
used to perform environmental dose analyses for releases of radioactive efflu-
ents from WNP-2 into the atmosphere. The analyses estimate radiation dose to
individuals and population groups from inhalation, ingestion (terrestrial
foods), and external exposure (ground and plume) pathways. The calculated
doses provide information for determining compliance with Appendix I of 10 CFR
Part 50. This computer code has the subroutine "PARTS" which can be used for
calculating dose factors. '

The NRC computer program GASPAR II supplements the ODCM in monthly, quarterly
and annual dose equivalent determinations from gaseous effluents. The method
which is normally employed to calculate the annual dose to the maximally
exposed organ sums the dose to the maximally exposed organ for each quarter.
As a result, the maximum annual organ dose may not represent the maximum dose
'to any one particular organ for that particular year. Actual specific organ
doses will be less than or equal to this calculated value.

Both the '0DCM equations and the NRC GASPAR II computer program for estimating
the highest dose to any organ for a particular age group provides conservatism
in calculating maximum organ doses. This conservatism is recognized and is
intentional.

3.1 Introduction

WNP-2 gaseous effluents are released on a continuous basis; in addition, batch
releases also occur when containment and mechanical vacuum pump purges are
performed and when the off-gas treatment system operates in the charcoal
bypass mode. The gaseous effluents released from WNP-2 will meet Requirement
for Operability at the site boundary.
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Figure 3-1 delineates the WNP-2 Site boundary, which for dose calculation pur-
poses, is considered circular with a radius of 1.2 miles. There are several
low occupancy unrestricted locations within the site boundary. These loca-
tions, with the exception of the WNP-2 visitor center, are not continuously
controlled by the Supply System. The locations are:

1. Wye burial site - normally controlled by DOE.

2. DOE train - two railroad lines pass through the site
(approximately 3 miles of 1ine). According to DOE, the train
makes one round trip a day, through the site at an average speed
of 20 mph, 5 days a week, 52 weeks/year.

3. BPA Ashe Substation - occupied 2080 hours/year. These people are

not normally controlled by the Supply System but are involved in
activities directly in support of WNP-2.
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WNP-2 - Supply System Visitor Center - assumed occupied 8 hrs/yr
by non-Supply System individuals.

5. WNP-1 - occupied 2080 hrs/yr. This location is controlled by the
Supply System. However, activities are not in direct support of
WNP-2.

6. WNP-4 - occupied 2080 hrs/yr. This location is controlled by the
Supply System. However, activities are not in direct support of
WNP-2.

A11 other locations listed in Figure 3-1 support WNP-2 activities and are
controlled by the Supply System. Figure 3-2 provides a simplified block d
diagram of the gaseous radwaste system for the reactor, turbine and radwaste
buildings. Figure 3-3 provides a simplified block diagram for the off-gas
treatment system.

Air doses and doses to individuals at these locations were calculated based on
the NRC GALE code design base mixture, location specific estimated occupancy,
and X/Qs from X0QDOQ. (Note: Desert Sigmas were used in calculating X/Q and
D/Q values, and are listed in Table 3-10 and 3-11). These doses are listed in
Tables 3-16 and 3-17 along with the doses to the maximum exposgd individual.

The most likely exposed member of the public is considered to be residing in
Taylor Flats (4.2 miles ESE of WNP-2). This is the closest residential area
with the highest X/Q and D/Q values.

The Auxiliary Boiler supplies heating steam to the Reactor, Radwaste, Turbine
and Service buildings when Seal Steam Evaporator B is not in operation. The
Auxiliary Boiler and associated heating steam system vents to the atmosphere
and provides a possible unmonitored source of radioactive effluent when in
operation. Samples have shown 2.0 E+06 picocuries per Titer of tritium
activity to be present within the Auxiliary Boiler system. Using NRC
Regulatory Guide 1.109 methodology with FSAR Low Population Zone (LPZ) X/Q
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values and assuming one gallon per minute (1 gpm) makeup flowrate for 180 days
plus a one time complete boil-off of the total water inventory, the dose
contribution from tritium would be.less than one tenth of a millirem per year
(<0.1 mrem/yr). Figure 3-4 provides a simplified diagram for the Auxiliary
Boiler.

3.2 Gaseous Effluent Radiation Monitoring System

3.2.1 Main Plant Release Point

The Main Plant Release is instrument monitored for gaseous radioactivity prior
to discharge to the environment via the main plant vent release point.
Particulates and iodine activity are accumulated in filters which will be
changed and analyzed as per Periodic Test and Inspection 6.2.2.1.2
(4.11.2.1.2) and Table 6.2.2.1.2-1 (4.11-2). The effluent is supplied from:
the gland seal
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exhauster, mechanical vacuum pumps, treated off gas, standby gas treatment,
and exhaust air from the entire reactor building’s ventilation.

Two 100-percent capacity vanaxial fans supply 80,000 CFM ventilation air. One
is normally operating, the other is in standby. The radiation monitors are
located on the ventilation exhaust plenum.

Eff]uent monitoring consists of a gamma spectroscopy system which provides an
isotopic analysis of the Elevated Release effluents. The low range
(PRM-RE-1A) is a high efficiency, cryogenically cooled, high purity germanium
detector located inside the duct at elevation 611’ to monitor low level normal
operation radioactivity. Low range response is approximately 8.0 x 10° cps/
uCi/cc. PRM-RE-1A has a gross gamma Log Count Rate Meter range of 10 to 10°
cps, located on Radwaste Building elevation 525’ in PRM-CP-1, and is recorded
on PRM-RR-3 on BD-RAD-24 in the Main Control Room. Power is from battery-
backed, retiable 120 VAC buses. This monitor has no control function but
annunciates in the Main Control Room. The alarm will initiate proper action
as defined in the WNP-2 plant procedures.

3.2.2 Radwaste Building Ventilation Exhaust Monitor

The radwaste building ventilation exhaust monitoring system monitors the
radioactivity in the exhaust air prior to discharge. Radioactivity can
originate from: radwaste tank vents, laboratory hoods, and various cubicles
housing 1iquid process treatment equipment and systems.

The radwaste building exhaust system has three 50-percent capacity exhaust
filter units of 42,000 cfm capacity. Each exhaust unit has a medium-
efficiency prefilter, a high efficiency particulate air filter (HEPA) and two
centrifugal fans. Total exhaust flow will vary as the combined exhaust unit
maintains a radwaste building differential pressure of -0.25 inches H,0 to the
environment.

Particulate and iodine air sample filters are changed weekly for laboratory

SCN 96-029
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analysis. After the particulate and iodine filters, the air sample streams
are combined in a manifold prior to being monitored by a beta scintillator.

The beta scintillators, on the 487’ level are mounted in lead shielded
chambers. The low range beta scintillator has an approximate response of

80 cpm/pCi/cc to Kr-85, and 50 cpm/pCi/cc to Xe-133 and a meter range of

10 - 107 cpm. The intermediate range has a response from 102 - 10° uCi/cc
Xe-133 equivalent, and reads in panel meter units (PMU) with a meter range of
10° - 10° PMU. The readouts and recorder are located in the main control room
panel BD-RAD-24. Power is provided from 125 VDC divisional buses. This
monitor has no control functions but annunciates in the main control room.
The alarm will initiate proper action as defined in the WNP-2 piant
procedures.

3.2.3 Turbine Building Ventilation Exhaust Monitor

This monitoring system detects fission and the actijvation products from the
turbine building air which may be present due to leaks from the turbine and
other primary components in the building.

The turbine building main exhaust system consists of four roof-mounted cen-
trifugal fans which draw air frgm a central exhaust plenum. Three fans
operate, with one in standby to provide a flow of 360,000 cfm during summer
months, and two fans operafe with two in standby to provide a flow of
240,000 cfm during winter months.

A representative sample is extracted from the exhaust vent and passed through
a particulate and charcoal filter. The air sample then passes to a beta

scintillator.

The beta scintillators are mounted in Tead shielded chambers. The low range

“beta scintillator has an approximate response of 80 cpm/pCi/cc to Kr-85, and

50 cpm/pCi/cc to Xe-133 and a meter range of 10 - 107 cpm. The intermediate
range has a response from 102 -_10° uCi/cc Xe-133 equivalent, and reads in
panel meter units (PMU) with a meter range of 10° - 10° PMU. The monitors are

on the 525’ level of the radwaste building and the readouts and the recorder
are located in the main control room panel BD-RAD-24. Power is provided from
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the 125 VDC divisional buses. This monitor has no control functions but
annunciates in the main control room. The alarm will initiate proper action
as defined in the WNP-2 plant procedures.

3.3 10 CFR 20 Release Rate Limits

Limits for release of gaseous effluents from the site to.areas at and beyond
the site boundary are stated in Requirement for Operability 6.2.2.1
(3.11.2.1). The dose rate at these areas due to radioactive materials
released in gaseous effluents from the site shall be limited to the following
values:

(a) "The dose rate 1imit for noble gases shall be <500 mrem/yr to the
total body and <3000 mrem/yr to the skin."

(b)  "The dose rate Timit for all radioiodines and for all radio-
active materials in particulate form and radionuclides other
than noble gases with half-lives greater than eight days shall
be <1500 mrem/yr to any organ."

3.3.1 Noble Gases

In order to comply with Requirement for Operability 6.2.2.1, (3.11.2.1) the
following equations must hold:

Whole body:

S Ki (%), 4, + (T, )] <500 mren/yr (1)
Skin:
2w+ 1) (F), 4, + X7, 4,)] < 3000 arem/yr (2)
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3.3.2 Radioiodines and Particulates

Part "b" of Requirement for Operability 6.2.2.1 (3.11.2.1) requires that the
release rate limit for all radioiodines and radioactive materials in
particulate form and radionuciides other than noble gases must meet the
following relationship:

Any organ:

5 P, Wy G, + W, 0] <1500 mrem/yr (3)

The terms used in Equations (1) through (3) are defined as follows:

n

The total body dose factor due to gamma emissions for each
identified noble gas radionuclide i (mrem/yr per pCi/m®).

The skin dose factor due to beta emissions for each
identified noble gas radionuclide i (mrem/yr per pCi/m*).

The air dose factor due to gamma emissions for each

identified noble gas radionuclide in mrad/yr per uCi/m®
(unit conversion constant of 1.1 mrem/mrad converts air dose .
to skin dose).

The dose parameter for all radionuclides other than noble
gases for the inhalation pathway, (mrem/yr per uCi/m®) and
for food and ground plane pathways, m?(mrem/yr per puCi/sec).
The dose factors are based on the critical individual organ
and the most restrictive age group.

The release rate of radionuclide i in gaseous effluent from

mixed mode release. The main plant release point is a
partially elevated mixed mode release (uCi/sec).
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Y

The release rate of radionuclide i in gaseous effluent from
all ground level releases (uCi/sec).

(sec/m®). For partially elevated mixed mode releases from
the main plant vent release point. The highest calculated
partially elevated annual average relative concentration for
any area at and beyond the site boundary.

(sec/m*). For all Turbine Building and Radwaste releases.
The highest calculated ground level annual average relative
concentration for any area at and beyond the site boundary.

The highest calculated annual average dispersion parameter
for estimating the dose to an individual at the controlling
location due to all ground level releases.

W = (sec/m®). For the inhalation pathway. The
location is at and beyond the site boundary in
the sector of maximum concentration.

W = mZ2. For ground plane pathways. The location
is at and beyond the site boundary in the sector
of maximum concentration.

The highest calculated annual average dispersion parameter

for estimating the dose to an individual at the controlling
Tocation due to partially elevated releases:

Wy = sec/m®>. For inhalation pathway. The location
is at and beyond the site boundary in the sector
of maximum concentration.
W = m2. For ground plane pathways. The location j

is at and beyond the site boundary in the sector
of maximum concentration.
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The factors, L; and M;, relate the radionuclide airborne concentrations to |
various dose rates assuming a semi-infinite cloud. These factors are Tisted

in Table B-1 of Regulatory Guide 1.109, Revision 1, and in Table 3-1 of this
manual.

The values used in the equations for the implementation of Requirement for
Operability 6.2.2.1 (3.11.2.1) are based upon the maximum long-term annual
average X/Q at and beyond the site boundary. Table 3-2 provides typical
locations based on the current Land Use Census with pathways for use in dose
determinations. Table 3-3 provides these typical locations with long term X/Q
and D/Q values which may be used if current annual averages are not available.

The X/Q and D/Q values 1isted in Tables 3-10 and 3-11 reflecting correctly
acquired meteorological data, January 1, 1984 - January 1, 1990 may be
utilized in GASPAR II Computer runs.

e

3.3.2.1 Dose Parameter for Radionuclide i (P;)

The dose parameters used in Equation (3) are based on:

1. Inhalation and ground plane. (Note: Food pathway is not applicable to
WNP-2 since no food is grown at or near the restricted area boundary.)

2. The annual average continuous release meteorology at the site boundary.
3. The critical organ for each radionuclide (thyroid for radioiodine).

4, The most restrictive age group.
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Calculation of Pg (Inhalation): The following equation will be used to

calculate Pg (Inhalation).

Pg (Inhalation) = KA(BR) DFA, (mrem/yr per uCi/m®) (5)
where:
KA = A constant of conversion, 10° pCi/uCi.
BR = The breathing rate of the child age group, 3700 m®/yr.
DFA; = The critical organ inhalation dose factor for the child age

group for the ith radionuclide in mrem/pCi. The total body
is considered as an organ in the selection of DFA,.

The inhalation dose factor for DFA; for the child age group is listed in
Table E-9 of Regulatory Guide 1.109, Revision 1, and Table 3-4 of this manual.
Resolving the units yields:

Pg = (Inhalation) = (3.7 x 10°) (DFA) (mrem/yr per uCi/m®) (6)

The Pg (Inhalation) values for the child age group are tabulated in Table 3-4

of this manual.

3.4 10 CFR 50 Release Rate Limits

The requirements pertaining to 10 CFR 50 release rate limits are specified in
Requirement for Operability 6.2.2.2 (3.11.2.2) and 6.2.2.3 (3.11.2.3).

Requirement for Operability 6.2.2.2 (3.11.2.2) deals with the air dose from
noble gases and requires that the air dose at and beyond the site boundary due
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Q to noble gases released in gaseous effluents shall be Timited to the
following: .

(a) "During any calendar quarter, to <5 mrad for gamma radiation
and to <10 mrad for beta radiation."

(b)  "During any calendar year, to <10 mrad for gamma radiation
and <20 mrad for beta radiation."

Requirement for Operability 6.2.2.3 (3.11.2.3) deals with radioiodines,
tritium, and radioactive materials in particulate form, and requires that the
dose to an individual from radioiodines, tritium and radioactive materials in

particulate form with half-lives greater than eight days in gaseous effluents
released to unrestricted areas shall be limited to the following:

(a)  "During any calendar quarter, to <7.5 mrem."
(b)  "During any calendar year, to <15 mrem."

3.4.1 Noble Gases (Requirement for Operability 6.2.2.2 (3.11.2.2))

The air dose at and beyond the site boundary due to noble gases released in
the gaseous effluent will be determined by using the following-equations.

a. During any calendar quarter, for gamma radiation:

3.17 x 1075 [M (70,9, + (Va)G, * (7D, + (X/3),,] <5 mrad ~ (8)

During any calendar quarter, for beta radiation:

307 x 1075 (%700, + (Wa) g, + (K70),0,, + (X/a)q.| <10 mrad  (9)
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0 b. During any calendar year, for gamma radiation:

37 x 1005 4 [(R7Q) 0, + (¥/2) G + (K7 + (X/0) 18] €10 mrad (10)

During any calendar year, for beta radiation:

3.7 x 10° 5 N [(70),0, + (/)G + (/D8 + (4/),G0) €20 mrad (1)

where:

(%70,

(X/Q)c

® .

The air dose factor due to gamma emissions for each
identified noble gas radionuclide, in mrad/yr per uCi/m’
(M. values are listed in Table 3-1).

The air dose factor due to beta emissions for each
identified noble gas radionuclide, in mrad/yr per pCi/m°
(N; values are listed in Table 3-1).

For ground level release points. The highest calculated
annual average relative concentration for area at and beyond
the site area boundary for long-term releases (greater than
500 hr/yr). (Sec/m®)

For ground level release points. The relative concentration

for areas at and beyond the site area boundary for
short-term releases (equal to or less than 500 hr/yr).
(Sec/m®)

For partially elevated release points. The highest
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calculated annual average relative concentration for areas
at and beyond the site boundary for long-term releases
(greater than 500 hr/yr). (Sec/m’)

For partially elevated release points. The relative
concentration for areas at and beyond the site boundary for
short-term releases (equal to or less than 500 hr/yr).
(Sec/m®)

The average release of noble gas radionuclides in gaseous
effluents, i, for short-term releases (equal to or less than
500 hr/yr) from the main plant release point, in uCi.
Releases shall be cumulative over the calendar quarter or
year, as appropriate.

The average release of noble gas radionuclides in gaseous
effluents, i, for short-term releases (equal to or less than
500 hr/yr) from Radwaste and Turbine Building, in uCi.
Releases shall be cumulative over the calendar quarter or
year, as appropriate.

The average release of noble gas radionuclides in gaseous
releases, i, for long-term releases (greater than 500 hr/yr)
from the main plant release point, in uCi. Release shall be
cumulative over the calendar quarter or year, as
appropriate.

The average release of noble gas radionuclides in gaseous
effluents, i, for long-term releases (greater than

500 hr/yr) from Radwaste and Turbine Building, in uCi.
Releases shall be cumulative over the calendar quarter or
year, as appropriate.

The inverse of the number of seconds in a year.
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3.4.2 Radioiodines, Tritium and Particulates Requirement for Operability
6.2.2.3 (3.11.2.3)

The following equation calculates the dose to an individual from radioiodines,
tritium, and radioactive material in particulate form with half-lives greater
than eight days in gaseous effluents released to the unrestricted areas:

a. During any calendar quarter:

3.17 x 10'*’2i R [ Wi + W *+ W, Q5 + Wy, ] <7.5 mrem (12)
b. During any calendar year:

3.17 x 10'82i R [ Wolim * Wiy + W,Q, + WG, | $15 mrem (13)

where:

Qims Qi The releases of radionuclides, radioactive materials in
particulate form, and radionuclides other than noble gases
in gaseous effluents, i, for long-term releases greater than
500 hr/yr, in uCi. Releases shall be cumulative over the
calendar quarter or year, as appropriate (m is for mixed

mode releases, g is for ground level releases).

Qims i The releases of radionuclides, radioactive materials in
particulate form, and radionuclides other than noble gases
in gaseous effluents, i, for short-term releases equal to or
less than 500 hr/yr, in pCi. Releases shall be cumulative
over the calendar quarter or year as appropriate (m is for

mixed mode releases, g is for ground level releases).

W, W

5 The dispersion parameter for estimating the dose to an
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individual at the controlling location for long-term
(greater than 500 hr.) releases (m is for mixed mode
releases, g is for ground level releases).

W, = (X70Q),, for the inhalation pathway, in sec/m’.

W

(D/Q), for the food and ground plane pathways in
meters2.

The dispersion parameter for estimating the dose to an
individual at the controlling location for short-term (less
than 500 hr.) releases (m is for mixed mode releases, g is
for ground level releases).

W, = (X7q),, for the inhalation pathway, in sec/m’.
W, = ('576)o for the food and ground plane pathways

in meters?.
The inverse of the number of seconds in a year.

The dose factor for each identified radionuclide, i, in
m?(mrem/yr per uCi/sec) or mrem/yr per uCi/m°.
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3.4.2.1 Dose Parameter for Radionuclide i (R;)

The R, values used in Equations (12) and (13} of this section are calculated
separately for each of the following potential exposure pathways: |

Inhalation

Ground plane contamination
Grass-cow/goat-milk pathway
Grass-cow-meat pathway
Vegetation pathway

Monthly dose assessments for WNP-2 gaseous effluent will be done for all age

groups

Calculation of R% (Inhalation Pathway Factor)

where:

KI

(BR),

R (Inhalation) =K’ (BR), (DFA), (mrem/yr per uCi/m?) (14)

The inhalation pathway factor (mrem/yr per uCi/m’).
A constant of unit conversion, 10° pCi/uCi.
The breathing rate of the receptor of age group (a) in

meter®/yr. (Infant = 1400, child = 3,700, teen = 8,000,
adult = 8,000. From P.32 NUREG-0133).
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The maximum organ inhalation dose factor for receptor of age
group a for the ith radionuclide (mrem/pCi). The total body
is considered as an organ in the selection of (DFA;),.

(DFA;), values are listed in Tables E-7 through E-10 of
Regulatory Guide 1.109 manual, Revision 1 and NUREG/CR-4013.
Values of Rg are listed in Table 3-5.

Calculation of R? (Ground Plane Pathway Factor)

R?(Ground Plane) = KAK® (SF) (DFG;) (1~e™)/X (m? x mrem/yr per uCi/sec) (15)

where:

Q The values of

Ground plane pathway factor (m? x mrem/yr per uCi/sec).
A conversion constant of (10° pCi/uCi).

A conversion constant - (8760 hr/yr).

The decay constant for the ith radionuclide (sec).
Exposure time, 6.31 x 10° sec (20 years).

The ground plane dose conversion factor for the ith
radionuclide, as listed in Table E-6 of Regulatory
Guide 1.109, Revision 1 and NUREG/CR-4013 (mrem/hr per
pCi/m?).

Shielding Factor (dimensionless)--0.7 if building is

present, as suggested in Table E-15 of Regulatory
Guide 1.109, Revision 1.

? are listed in Table 3-5 of this manual.
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Calculation of RE (Grass-Cow/Goat-Milk Pathway Factor)

R? (Grass-Cow/Goat-Milk Factor) =

Y

w

- ~At,
K’ ___._EF(U“;) F,.(r) (DFL;), [f;f' , Uff)e ]e"-" (16)

(m? x mrem/yr per uCi/sec)

where:
K’ = A constant of unit conversion, 10° pCi/uCi.
Qe = The cow/goat consumption rate, in kg/day (wet weight).
Ugp = The receptor’s milk consumption rate for age a, in
liters/yr.
Yo = The agricultural productivity by unit area of pasture feed
grass, in kg/m’.
Y, = The agricultural productivity by unit area of stored feed,
in kg/m?.
Frn = The stable element transfer coefficients, in days/liter.
r = Fraction of deposited activity retained on feed grass.
(DFL;), = The maximum organ ingestion dose factor for the ith
radionuclide for the receptor in age group a, in mrem/pCi
(Tables E-11 to E-14 of Regulatory Guide 1.109, Revision 1
and NUREG/CR-4013).
N = The decay constant for the ith radionuclide, in sec™.
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The decay constant for removal of activity on leaf and plant
surfaces by weathering, 5.73 x 107 sec™ (corresponding to a
14-day half-life).

The transport time from pasture to animal, to milk, to
receptor, in sec.

The transport time from pasture, to harvest, to animal, to
milk, to receptor, in sec.

Fraction of the year that the cow/goat is on pasture
(dimensionless).

Fraction of the cow/goat feed that is pasture grass while
the cow is on pasture (dimensionless).

NOTE: For radioiodines, multiply Rg value by 0.5 to account
for the fraction of elemental iodine available for
deposition.

The input parameters used for calculating Rg are listed in Table 3-6. The
individual- pathway dose parameters for‘Rg are tabulated in Tables 3-5a through

3-5d.

For Tritium:

In calculating Rg pertaining to tritium in milk, the airborne concentration
rather than the deposition will be used:

R$ (Grass-Cow/Goat-Milk Factor)

where:

f

K*K °F,Q:,, (DFL;), [0.75(0.5/H)] (mrem/yr per uCi/m°) (17)

A constant unit conversion, 10° pCi/uCi.
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K¢ = A constant of unit conversion, 10° gm/kg.
H = Absolute humidity of the atmosphere, in gm/m>.
0.75 = The fraction of total feed that is water.
0.5 = The ratio of the specific activity of the feed grass water
to the atmospheric water.
Calculation of R? (Grass-Cow-Meat Pathway Factor)
R? (Grass-Cow-Meat Factor) =
- =A%
K/ %:(Uy) F,(r) (DFL,) I-fpf' » U f)e g At (18)
W A Y,
(m® x mrem/yr per uCi/sec)
where:
K’ = A constant unit conversion, 10%Ci/uCi.
F, = The stable element transfer coefficients, in days/kg.
U, = The receptor’s meat consumption rate for age a, in kg/yr.
t, = The transport time from pasture to receptor, in sec.
t = The transport time from crop field to receptor, in sec.

A1l other parameters are as defined in Equation 16.

NOTE: For radioiodines, multiply R? value by 0.5 to account
for the fraction of elemental iodine available for
deposition.

The input parameters used for calculation R? (18) are listed in Table 3-7.

The individual pathway dose parameters for R? are tabulated in Tables 3-5a ‘
through 3-5d.
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For Tritium:

In calculating the R¥ for tritium in meat, the airborne concentration is used
rather than the deposition rate. The following equation is used to calculate

the R¥ values for tritium:

R¥ (Grass-Cow-Meat Pathway) =

KAK® [ FQ,, (DFL), ][ 0.75(0.5/H) ] (mrem/yr per pCi/m) (19)

Where the terms are as defined in Equations (16) through (18), R? values for
tritium pertaining to the infant age group is zero since there is no meat

consumption by this age group.

Calculation of R¥ (Vegetation Pathway Factor)

R¥ (Vegetation Pathway Factor) =

K/ |: Y_(_X(_’;)T_) (D]:Li)ujl [U:fLe My YSF e A ] (20)

(m? x mrem/yr per pCi/sec)

where:
K = A constant of unit conversion, 10°pCi/uCi.
Ut = The consumption rate of fresh leafy vegetation by the
receptor in age group a, in kg/yr.
Ui = The cons&mption rate of stored vegetation by the receptor in

age group a, in kg/yr.
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fL = The fraction of the annual intake of fresh leafy vegetation
grown locally.

f, = The fraction of the annual intake of stored vegetation grown
locally.

t, = The average time between harvest of leafy vegetation and its
consumption, in seconds.

t;, = The average time between harvest of stored vegetation and

its consumption, in seconds.

Y, = The vegetation area density, in kg/m?.

NOTE: For radioiodines, multiply R¥ value by 0.5 to account
for the fraction of elemental iodine available for
deposition.

AT1 other items are as defined in Equations (16) through (18).
The input parameters for calculation Rv are listed in Table 3-8. The

individual pathway dose parameters for RV are tabulated in Tables 3-5a through
3-5d.

For Tritjum:

In calculating the R¥ for tritium, the concentration of tritium in vegetation
is based on airborne concentration rather than the deposition rate. The
following equation is used to calculate R¥ for tritium:

R¥‘(Vegetation Pathway Factor) =

KAK® [ (UM, + UZF,) (DFL;),1[0.75(0.5/H)] (mrem/yr per uCi/m®)  (21)
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Where all terms have been defined above and in Equations (16) through (18),
the R¥ value for tritium is zero for the infant age group due to zero
vegetation consumption rate by that age group. The input parameters needed
for solving Equations (20) and (21) are listed in Table 3-8.

3.4.3 Annual Doses At Special Locations

The Radioactive Effluent Release Report submitted within 60 days after

January 1 of each year shall include an assessment of the radiation doses from
radioactive gaseous effluents to "Members of the Public," due to their
activities inside the site boundary during the report period.

Annual doses within the site boundary have been determined for several
Tocations using the NRC GASPARII computer code and source term data from

Table 11.3-7 of the FSAR. These values are listed in Tables 3-16 and 3-17.

Of the locations listed within the site boundary, only two, the DOE Train and
WNP-2 Visitor Center are considered as being occupied by a "Member of the
Public." Annual doses to the maximum exposed "Member of the Public" shall be
determined for an individual at the WNP-2 Visitor Center based on occupancy of
8 hours per year due to it being the higher of the two locations.

3.5 Compliance with Requirement for Operability 6.2.2.4 (3.11.2.4)

Requirement for Operability 6.2.2.4 (3.11.2.4) states:

"The GASEOUS RADWASTE TREATMENT SYSTEM shall be in operation

in either the normal or charcoal bypass mode. The charcoal bypass
mode shall not be used unless the offgas post-treatment radiation

monitor is OPERABLE as specified in Table 6.1.2.1-1 (3.3.7.11-1)."

"RELEVANT CONDITIONS: Whenever the main condenser steam jet air
ejector (evacuation) system is in operation."”

Prior to placing the gaseous radwaste treatment system in the charcoal bypass
mode, the alarm setpoints on the main plant vent release monitor shall be set
to account for the increased percentages of short-lived noble gases. Noble

gas percentages shall be based either on actual measured values or on primary
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coolant design base noble gas concentration percentages adjusted for 30-minute
decay. Table 3-15 1ists the percentage values for 30-minute decay.

3.5.1 Projection of Doses

The projected doses due to WNP-2 gaseous effluent releases will be determined
at least once per 31 days as stated in Requirement for Operability 6.2.2.5
(3.11.2.5). The projected dose when averaged over 31 days is not to exceed
0.3 mrem to any organ in a 31 day period to areas at and beyond the site
boundary. Dose projection values will be determined by using a previous 31

day "GasparII Output" (NRC Computer Code) for the site boundary and/or an area I

beyond the site boundary. Based on operating data, the projected dose should
be adjusted accordingly to compensate for those anticipated changes in
operations and/or source term values.

3.6 Calculation of Gaseous Effluent Monitor Alarm Setpoints

3.6.1 Introduction

The following procedure is used to ensure that the dose rate in the
unrestricted areas due to noble gases in the WNP-2 gaseous effluent do not
exceed 500 ‘mrem/yr to the whole body or 3000 mrem/yr to the skin. The initial
setpoints determination was calculated using a conservative radionuclide mix
obtained from the WNP-2 GALE code. While the-plant is operating and
sufficient measurable process fission gases are in the effluent, then the
actual radionuclide mix will be used to calculate the alarm setpoint.

3.6.2 Setpoint Determination for all Gaseous Release Paths

The setpoints for gaseous effluent are based on instantaneous noble gas dose
rates. Sampling and analysis of radioiodines and radionuclides in particulate
form will be performed in accordance with Requirement for Operability to
ensure compliance with 10 CFR 20 and 10 CFR 50 Appendix I limits. The three
release points will be partitioned such that their sum does not exceed 100
percent of the limit. Originally, the setpoints will be set at 40 percent for
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the Reactor Building, 40 percent for the Tunbine Building and 20 percent for
the Radwaste Building. These percentages could vary at the plant discretion,
should the operational conditions warrant such change. However, the combined
releases due to variations in the setpoints will not result in doses which
exceed the Timit stated in Requirement for Operability. Both skin dose and
whole body setpoints will be calculated and the lower Timit will be used.

3.6.2.1 Setpoints Calculations Based on Whole Body Dose Limits

The fraction (m) of the total gaseous radioactivity in each gaseous effluent

release path j for each noble gas radionuclide i will be determined by using
the following equation:

M.
M, = — (dimensionless) (22)
My
where:
M; = The measured individual concentration of radionuclide i in
the gaseous effluent release path j‘(uCi/cc).
My = The measured total concentration of all noble gases

identified in the gaseous effluent release path j (uCi/cc).

Based on Requirement for Operability 6.2.2.1 (3.11.2.1), the maximum
acceptable release rate of all noble gases in the gaseous effluent release
path j is calculated by using the following equation:

F. 500

X 3 (K) ()

O = (uCi/sec)

(23)
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The maximum acceptable release rate (uCi/sec) of all noble
gases in the gaseous effluent release path j (uCi/cc).

Fraction of total dose allocated to release path j.

Whole body dose rate limit of 500 mrem/yr as specified in
Requirement for Operability 6.2.2.1.a (3.11.2.1.a).

Maximum normalized diffusion coefficient of effluent release
path j at and beyond the site boundary (§ec/mf). Turbine
Building and Radwaste Building values are based on average
annual ground level values. Main plant vent release values
are for mixed mode and may be either short term or average
annual value dependent upon type of release.

The total whole body dose factor due to gamma emission from
noble gas nuclide i (mrem/yr per uCi/m’) (as listed in
Table B-1 of Regulatory Guide 1.109, Revision 1).

As defined, in Equation (22).
Total number of radionuclides in the gaseous effluent.

Different release pathways.

The total maximum acceptable concentration (Cy;) of noble gas radionuclides
in the gaseous effluent release path j (uCi/cc) will be calculated by using
the following equation:

Cy; ='Eﬂ (#Ci/cc) (24)
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Cy = The total allowed concentration of all noble gas
radionuclides in the gaseous effluent release path j
(uCi/cc).

Q; = The maximum acceptable release rate (uCi/sec) of all noble

gases in the gaseous effluent release path j.

R, = The effluent release rate (cc/sec) at the point of release.

To determine the maximum acceptable concentration (C;) of noble gas radio-
nuclide i in the gaseous effluent for each individual noble gas in the gaseous
effluent (pCi/cc), the following equation will be used:

0 C; = mCy (uCi/cc) (25)

where:

m; and Cy, are as defined in Equations (22) and (24) respectively, the
gaseous effluent monitor alarm setpoint will then be calculated as

follows:
C.R.J. =.Z1 C,E;(cpm) (26)
where:
C.R.J = Count rate above background (cpm) for gaseous release

path j. i

|

|

C; = The maximum acceptable concentration of noble gas nuclide i
‘ in the gaseous effluent release path j uCi/cc.

|
\
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E; = Detection efficiency of the gaseous effluent monitor j for
noble gas i (cpm/uCi/cc).

3.6.2.2 Setpoints Calculations Based on Skin Dose Limits

The method for calculating the setpoints to ensure compliance with the skin
dose limits specified in Requirement for Operability 6.2.2.1.a (3.11.2.1.a) is
similar to the one described for whole body dose limits (Section 3.6.2.1 of
this manual), except Equation (27) will be used instead of Equation (23) for
determining maximum acceptable release rate (Qy) .

F. 3000 )
QTJ = m ’ (uC1/sec) (27)
(%/Q) T (L + 1.14) (x;)
where:
Qr, = The maximum acceptable release rate of all noble gases in
the gaseous effluent release path j in uCi/sec.
X/Q = The maximum annual normalized diffusion coefficient for
release path j at and beyond the site boundary (sec/m’).
F; = Fraction of total allowed dose.
L; = The skin dose factor due to beta emission for each
identified noble gas radionuclide i in mrem/yr per pCi/m’
(L; values are listed in Table 3-1).
M; = The air dose factor due to gamma emissions for each

|
identified noble gas radionuclide, in mrad/yr per pCi/m® lMi
values are listed in Table 3-1). J
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A conversion factor to convert dose in mrad to dose
equivalent in mrem.

Skin dose rate limit of 3000 mrem/yr as specified in
Requirement for Operability 6.2.2.1 (3.11.2.1).
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Table 3-1

DOSE_FACTORS_FOR _NOBLE GASES AND DAUGHTERS*

Total Body Gamma Air Beta Air
. Dose Factor Skin Dose Factor Dose Factor Dose Factor
Radionuclide K; L; M; N
(mrem/yr per nCi/m3) (mrem/yr per .Ci/m3) (mrad/yr per .Ci/m3) (mrad/yr per ,Ci/m3)

Kr-85m 1.17E403** 1.46E+03 1.23E+03 1.97E+03
Kr-85 1.61E+01 1.34E+03 1.72E+01 1.95E+03
Kr-87 5.92E+03 9.73E+03 6.17E+03 1.03E+04
Kr-88 1.47E+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 3.27E402 1.48E+03
Xe-133 2.94E+02 3.06E+02 3.53E402 1.05E+03
Xe-135m 3.12E+403 7.11E+402 3.36E403 7.39E+02
Xe-135 1.81E+03 1.86E+403 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

*The listed dose factors are for radionuclides that may be detected in gaseous effluents.

**7 56E-02 = 7.56 x 1072,

The values listed above were taken from Table B-1 of NRC Regulatory Guide 1.109, Revision 1. The values

were multiplied by 10° to convert picocuries™ to microcuries™.
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AMENDMENT NO. 15
OCTOBER 1993

Table 3-2
a DISTANCES (MILES) TO TYPICAL CONTROLLING LOCATIONS
AS_MEASURED FROM CENTER OF WNP-2 CONTAINMENT BUILDING*

Location Distance  Sector Dose Pathways
(miles)

Site Boundary 1.2 SE Air dose measurement
One 4.2 ESE Ground, vegetables, and inhalation
Two 6.4 SE Ground, meat, and inhalation
Three 4.5 ESE Ground, vegetables, and inhalation
Four 4.1 ENE Ground, vegetables, and inhalation
Five 4.3 NE Ground and inhalation
Six 7.2 ESE Ground, Cow milk, and inhalation

0 ’(fT_yp;‘ca1 locations and pathways are based on the current Land Use Census
LuC).
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Table 3-3

WNP-2 LONG-TERM AVERAGE DISPERSION (X/Q)
AND DEPOSITION (D/Q) VALUES FOR TYPICAL LOCATIONS

X/Q X/Q
X/Q 2.3 Days 8.0 Days
: No D$cay Decay Decay
Location Sector Distance Point of Release No Depletion No Depletion Depleted D{Q
(miles) (sec/m>) (sec/m”) (sec/m’) (m=)
Site Boundary SE 1.2 Reactor Bldg. 2.7E-07 2.7E-07 2.6E-07 2.0E-09
Turbine Bldg. 1.4E-05 1.3E-05 1.2E-05 1.2E-08
Radwaste Bldg. 1.4E-05 1.3E-05 1.2E-05 1.2E-08
One ESE 4.2 Reactor Bldg. 1.5E-06 1.5E-06 1.2E-06 6.0E-10
Turbine Bldg. 1.1E-06 1.0E-06 8.1E-07 6.0E-10
Radwaste Bldg. 1.1E-06 1.0E-06 8.1E-07 6.0E-10
Two SE 6.4 Reactor Bldg. 3.7E-07 3.5E-07 3.4E-07 3.2E-10
Turbine Bldg. 7.2E-07 6.8E-07 5.1E-07 2.6E-10
Radwaste Bldg. 7.2E-07 6.8E-07 5.1E-07 2.6E-10
Three ESE 4.5 Reactor Bldg. 1.6E-06 1.5E-06 1.3E-06 5.1E-10
Turbine Bldg. 1.0E-06 9.8E-07 7.7€-07 5.1E-10
Radwaste Bldg. 1.0E-06 9.8E-07 7.7E-07 5.1E-10
Four ENE 4.1 Reactor Bldg. 9.8E-07 9.3E-07 7.7E-07 3.8E-10
Turbine Bldg. 6.9E-07 6.5E-07 5.2E-07 3.7E-10
Radwaste Bldg. 6.9E-07 6.5E-07 5.2E-07 3.7E-10
Five NE 4.3 Reactor Bldg. 6.8E-08 6.6E-08 6.6E-08 1.3E-10
Turbine Bldg. 6.7E-07 6.3E-07 5.0E-07 3.7E-10
Radwaste Bidg. 6.7E-07 6.3E-07 5.0E-07 3.7E-10
Six ESE 7.2 Reactor Bldg. 7.9E-07 7.1E-07 5.9E-07 1.9E-10
Turbine Bldg. 5.2E-07 4,7E-07 3.6E-07 1.9E-10
Radwaste Bldg. 5.2E-07 4.7E-07 3.6E-07 1.9E-10
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Table 3-4
DOSE RATE PARAMETERS

AMENDMENT NO. 9
JANUARY 1992

IMPLEMENTATION OF 10 CFR 20, AIRBORNE RELEASES

Child Dose Factor*

DFA, DFG;
. mrem/hr
Nuclide A(sec) mrem/pCi pCi/m

H-3 1.8E-09 1.7E-07 0.0
Na-24 - 1.3E-05 4.4E-06 2.9E-08
Cr-51 2.9E-07 4.6E-06 2.6E-10
Mn-54 2.6E-08 4.3E-04 6.8E-09
Mn-56 7.5E-05 3.3E-05 1.3E-08
Fe-55 8.5E-09 3.0E-05 0.0
Fe-59 1.8E-07 3.4E-04 .9.4E-09
Co-58 1.1E-07 3.0E-04 8.2E-09
Co-60 4.2E-09 1.9E-03 2.0E-08
Cu-64 1.5E-05 9.9E-06 1.7E-09
In-65 3.3E-08 2.7E-04 4.6E-09
Zn-69m 1.4E-05 2.7E-05 3.4E-09
As-76 7.3E-06 1.9E-05 1.7E-07
Br-82 5.5E-06 5.7E-06 2.2E-08
Sr-89 1.5E-07 5.8E-04 6.5E-13
Sr-90 7.9E-10 1.0E-02 2.6E-12%%
Zr-95 1.2E-07 6.0E-04 5.8E-09
Nb-95 2.3E-07 1.7E-04 6.0E-09
Lr-97 1.1E-05 9.5E-05 6.4E-09
Nb-97 1.6E-04 7.5E-06 5.4E-09
Mo-99 2.9E-06 3.7E-05 2.2E-09
Tc-99m 3.2E-05 1.3E-06 1.1E-09
Ru-106 2.2E-08 3.9E-03 1.8E-09
Ag-110m 3.2E-08 1.5E-03 2.1E-08
Sb-124 1.3E-07 8.8E-04 1.5E-08
Sb-125 7.9E-09 6.3E-04 3.5E-09
Sb-126 6.5E-07 2.9E-04 1.0E-08
Sb-127 2.1E-06 6.2E-05 6.6E-09
Te-127 2.1E-05 1.5E-05 1.1E-11
Te-131m 6.4E-06 8.3E-05 9.9E-09
I-131 1.0E-06 4.4E-03 3.4E-09
1-132 8.4E-05 5.2E-05 2.0E-08
I-133 9.2E-06 1.0€-03 4.5E-09
I-135 2.9E-05 2.1E-04 1.4E-08
Cs-134 1.1E-08 2.7E-04 1.4E-08
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Inhalation

mrem(¥r
pCi/m

-—-\:wv—-»-wmm»-r\:wmn--b-—-mmewNN\:-—-Hw\xHH»—-HHHB—-m

.3E+02
.6E+04
.7E+04
.6E+06
.2E+05
.1E+05
.3E+06
.1E+06
.0E+06
.7E+04
.0E+06
.0E+05
.0E+04
.1E+04
.2E+06
.7E+07
.2E+06
.3E+05
.5E+05
.8E+04
.4E+05
.8E+03
.4E+07
.6E+06
.3E+06
.3E+06
.1E+06
.3E+05
.6E+04
.1E+05
.6E+07
.9E+05
.7E+06
.8E+05
.0E+06



Nuclide

Cs-137
Cs-138
Ba-140
La-140
Ce-141
Ce-144
Nd-147
Hf-179m
- Hf-181
W-185
Np-239

Table 3-4

DOSE RATE PARAMETERS

AMENDMENT NO. 9
JANUARY 1992

IMPLEMENTATION OF 10 CFR 20, AIRBORNE RELEASES

G * Maximum Organ

A(sect)

7.3E-10
3.6E-04
6.3E-07
4.8E-06
2.4E-07
2.8E-08
7.2E-07
3.7E-02
1.8E-07
1.1E-07
3.4E-06

Child Dose Factor*

DFA, DFG;
mrem/hr
mrem/pCi pCi/m
2.5E-04 4.9E-09
2.3E-07 2.4E-08
4,7E-04 2.4E-09
6.1E-05 1.7E-08
1.5E-04 6.2E-10
3.2E-03 3.7E-10
8.9E-05 1.2E-09
2.0E-05 NO DATA
6.0E-05 1.2E-08

1.9E-04 0.0
1.7E-05 9.5E-10

p!
b

Inhalation

mrem(xr
£Ci/m

Y N N N W= NN =~ 00 W

.3E+05
.5E+02
.7E+06
.3E+05
.6E+05
.2E+07
.3E+05
.4E+04
.2E+05
.0E+05
.4E+04

**No data is listed for Sr-90 in Table E-6 of Regulatory Guide 1.109,
Revision 1. Y-90 values were used for dose conversion factor Sr-90.
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AMENDMENT NO. 18

APRIL 1995
Table 3-5a
DOSE PARAMETERS FOR 10 CFR 50 EVALUATIONS, AIRBORNE RELEASES
AGE GROUP: ADULT ORGAN OF REFERENCE: MAXIMUM ORGAN
R(I), INDIVIDUAL PATHWAY DOSE PARAMETERS FOR RADIONUCLIDES OTHER THAN NOBLE GASES

Radionuclide Inhalation Ground Plane Cow Miltk Goat Milk Animal Meat Vegetables

(mrem/yr (M**mrem/yr (M**mrem/yr (M**mrem/yr (M**mrem/yr (M**mrem/yr

per uCi/M®) per uCi/sec) per uCi/sec) per uCi/sec) per uCi/sec) per uCi/sec
H 3 7.2E402 0.0E-01 5.8E+02 1.2E+03 2.4E+02 1.6E403
NA 24 1.0E+04 1.2E407 1.2E+06 2.2E+05 7.2E-04 1.1E+05
CR 51 1.4E+04 4.7E+06 3.3E+06 5.9E+05 8.2E+05 2.3E+07
MN 54 1.4E+06 1.4E+09 1.4E+07 2.1E406 1.5E+07 9.4E+08
MN 56 2.0E+04 9.0E+05 6.2E-02 1.1E-02 0.0E~01 2.0E+02
FE 55 7.2E404 0.0E-01 1.4E407 2.2E+406 1.6E+08 1.9E+08
FE 59 1.0E+06 2.7E+08 1.1E+08 2.0E+07 9.8E+08 1.5E+09
CO 58 9.3E+05 3.8E+08 4.7E+07 7.6E+06 1.8E+08 8.0E+08
CO 60 6.0E+06 2.3E+10 1.7E+08 2.5E+07 8.0E+08 2.9E+09
CU 64 4,.9E+04 6.1E+05 1.0E+06 1.7E405 1.1E-05 3.3E+05
ZN 65 8.6E+05 7.5E+08 2.7E+09 4.0E+08 7.0E+08 1.3E+09
ZN 69H 1.4E+05 1.3E+406 1.36+07 2.4E+06 1.2E-03 1.4E+06
AS 76 1.5€E+05 3.8E+06 2.1E+07 3.8E+06 2.9E401 8.0E+06
BR 82 1.4E+04 2.1E+07 1.9E+407 3.4E+06 7.0E+02 7.7E+405 f
SR 89 1.4E+06 2.2E+404 6.9E+08 2.0E+09 1.4E+08 1.5E+10
SR 90 2.9E+07 6.7E+06 3.4E+10 8.3E+10 8.9E+09 7.4E+11
IR 95 1.8E+06 2.5E+08 4.6E+05 7.6E+04 9.2E+408 1.6E+09
NB 95 5.1E+405 1.4E+408 1.3E+08 2.2E+07 3.6E409 8.4E+08
IR 97 5.2E+05 3.0E406 1.4E+04 2.4E+03 6.4E-01 8.8E406
NB 97 2.4E403 1.8E+05 1.6E~09 2.9E~10 0.0E-0} 8.1E-04
MO 99 2.5E405 4.0E+06 2.9E+07 5.2E+06 1.2E+05 9.3E+06
TC 99M 4,2E+03 1.8E+05 2.8E+03 5.0E+02 3.6E-18 2.2E403
RU106 9.4E+06 4.2E+08 7.3E+05 1.1E+05 1.0E+11 1.2E+10
AG110M 4.6E+06 3.5E+09 1.2E+10 1.8E+09 1.4E+09 4.4E+09
SB124 2.5E+06 6.0E+08 3.5E+08 5.8E+07 2.7E+08 4.0E409
SB125 1.7€406 2.4E+09 1.3E+08 1.8E+07 1.2E+08 1.4E+09
SB126 7.7E+05 8.4E+07 2.2E+08 4.0E+07 . 7.6E+07 1.6E+09
SB127 3.0E+05 1.7E+07 5.2E+07 9.3E+06 1.9E+06 1
TE127 5.7E+04 3.0E+03 2.6E+04 4.7€+03 8.4E-09 2
TE131K 5.6E+05 8.0E+06 8.9E+06 1.6E+06 1.1E+04 2
1131 1.2E+07 8.6E+06 3.4E+10 6.1E+10 1.2E409 4
I 132 1.1E+05 6.2E+05 3.9E+00 6.9E+00 0.0E-01 1
I 133 2.2E+06 1.2E+06 2.5E408 4.5E+08 2.4E+01 1
I 135 4.5E+05 1.3E+06 5.5E+05 9.8E+05 1.76-15 1
CS134 8.5E+05 6.9E+09 7.4E+09 2.7E+10 8.6E+08 1
CS136 1.5E+05 1,5€408 5.0E+08 2.2E409 2.3E407 4
CS137 6.2E+05 1.3E+10 6.0E+09 2.1E+10 7.1E+08 8.6E+09
CS138 6.2E+02 3.6E+05 1.0E-23 4.6E~23 0.0E-00 3.0E-11
BA140 1.3E+06 2.1E+07 2.7E+07 4.8E+06 2.8E+07 7.3E408
LA140 4.6E+05 1.9E+07 8.4E+04 1.5E+04 7.0E+02 3.3E+07
CE14} 3.6E+05 1.4E+07 5.8E+06 1.0E+06 1.76407 9.3E+08
CEl44 7.8E+06 7.0E+07 6.4E+07 9.6E+06 2.6E+08 1.1E+10
ND147 2.2E+05 8.5E+06 2.5E+05 4.6E+04 1.9E+07 5.1E+08
HF178M 1.6E+05 0.0E-01 0.0E-01 0.0E~01 0.0E~01 0.0E-01
HF181 4.8E+05 2.1E+08 5.5E+05 9.3E+04 1.2E+10 1.8E+09
W 185 4.5E405 1.8E+04 2.4E+07 3.9E+06 1.9E+07 8.4E+08
NP239 1.2E+405 1.7E+06 3.7E+04 6.7E+03 2.6E+03 1.6E+07

NOTE: The Y-80 ground plane dose factor was used for Sr-80.
The PARTS subroutine of GASPAR Il was used to produce this table.

|
1

.2E+08

.0E+05

.0E+07

JAE+10

.1E403

L1E+08

LAE+06

.0E+10

.6E+08

67



RERATT PRI

il "y




AMENDMENT NO. 18

APRIL 1995
Table 3-5b
DOSE PARAMETERS FOR 10 CFR 50 EVALUATIONS, AIRBORNE RELEASES
AGE GROUP: TEEN ORGAN OF REFERENCE: MAXIMUM ORGAN
R(I), INDIVIDUAL PATHWAY DOSE PARAMETERS FOR RADIONUCLIDES OTHER THAN NOBLE GASES
Radionuclide Inhalation Ground Plane Cow Milk Goat Milk Animal Meat Vegetab]es
(mrem/yr (M*mrem/yr (M**mrem/yr (M**mrem/yr (M**mrem/yr (M**mrem/yr
per uCi/M®) per uCi/sec) per pCi/sec) per uCi/sec) per uCi/sec) per uCi/sec
H 3 7.3E+02 0.0E-01 7.5E+02 1.5E+03 1.5E+02 1.9E+03
NA 24 1.4E+04 1.2E+407 2.1E+06 3.9E+05 5.8E-04 1.0E+05
CR 51 2.1E+04 4.7E+06 3.9E+06 6.8E405 4.4E+05 2.5E407
MN 54 2.0E+06 1.4E+09 1.6E+07 2.3E+06 7.8E406 9.6E+08
MN 56 5.7E+04 9.0E+05 2.3E-01 4.1E~02 0.0E-00 3.7E402
FE 55 1.2E+405 '0.0E-01 2.4E+07 3.8E+06 1.3E408 3.0E+08
FE 59 1.5E+06 2.7E+08 1.3E+08 2.5€E+07 5.5€+08 1.7E+09
CO 58 1.3E+06 3.8E+08 5.3E407 ~ B.7E+406 9.4E+07 8.3E+08
Co 60 8.7E+06 2.3E+10 2.1E+08 3.0E+07 4.3E408 3.1E+09
CU 64 6.1E+04 6.1E+05 1.6E+06 2.7E+05 8.0E-06 2.7E+05
ZN 65 1.2E+06 7.5E+08 4,.5E+09 6.7E+08 5.4E+08 2.0E+09
ZN 69M 1.7E+05 1.3E+406 2.1E+07 3.8E+06 9.1E-04 1.1E+06
AS 76 1.5E+05 3.8E406 2.7E+07 4.9E+06 1.7E+01 5.3E406
BR 82 1.8E+04 2.1E+07 2.8E+07 5.1E+06 4.9E402 6.1€E+05
SR 89 2.4E+06 2.2E+04 1.3E+09 3.7E+09 1.2E+408 2.4E+10
SR 90 3.3E+07 6.7E+06 5.1E+10 1.3E+11 6.2E+09 1.0E+12
IR 95 2.7E+06 2.5E+408 5.8E405 9.5E+04 5.3E+08 1.8E+09
NB 95 7.5€405 1.4E+08 1.6E+408 2.7E+07 2.0E+09 9.1E+08
IR 97 6.3E+05 3.0E+06 2.1E404 3.8E+03 4.6E-01 7.0E406
NB 97 3.9E+03 1.8E+05 1.9E-08 3.3E-09 0.0E-01 4.8E-03
MO 99 2.7E+05 4.0E+06 5.1E+07 9.2E+06 9.4E+04 1.1E+07
TC 994 6.1E403 1.8E+05 5.3E403 9.5E+02 3.26-18 2.1E+03
RU106 1.6£+07 4.2E+08 9.9E+05 1.5E+05 6.2E+10 1.5€+10
AG110M 6.8E+06 3.5E+09 1.4E+10 2.1E+09 7.6E408 4.6E+09
SB124 3.8E+06 6.0E+08 4.5€+08 7.3E+07 1.6E+08 4.6E+09
SB8125 2.7E+06 2.4E409 1.6E+08 2.3E+07 6.8E+07 1.6E+09
SB126 1.2E+06 8.4E+07 2.8E+08 5.1E+07 4.5E407 1.8E+09
SB127 3.2E+05 1.7E+07 6.9E407 1.2E+07 1.2E+406 1.2E+08
TE127 8.1E+04 3.0E+03 4.8E+04 8.6E+03 7.0E-09 1.8E+05
TEI31IM 6.2E+05 8.0E+06 1.3E+07 2.3E+06 7.4E+03 1.5E+07
I 131 1.5E+07 8.6E+06 5.4E+10 9.7E+10 9.0E+08 6.1E+10
I 132 1.5E+05 6.2E+05 6.4E+00 1.2E+01 0.0E-00 9.3E402
1133 2.9E+06 1.2E+406 4.2E408 7.5€+08 1.8E+01 9.6E+07
1135 6.2E+05 1.3E+06 9.3E405 1.7E+406 1.3E-15 1.2E+06
CS134 1.1E+06 6.9E+09 1.3E+10 4.6E+10 6.8E+08 1.6E+10
CS136 1.9E+05 1.5E+08 8.4E+08 3.8E+09 1.8E+07 7.0E408
CS137 8.5E+05 1.3E+10 1.1E+10 3.8E+10 5.7E+08 1.4E+10
CS138 8.6E+02 3.6E+05 1.8E-23 8.1E~23 0.0E-00 2.7e-11
BA140 2.0E+06 2.1E+07 3.6E+07 6.4E+06 1.8E+07 8.8E+08
LA140 4.9E+405 1.9E+07 1.1E+05 2.1E+04 4.4E+02 2.4E407
CEl141 6.1E+05 1.4E+07 7 .9E+06 1.4E+06 1.0E407 1.1E+09
CE144 1.3E+07 7.0E+07 8.8E+07 1.3E+07 1.6E+08 1.3E+10
ND147 3.7E405 8.5E+06 3.5E+05 6.2E+404 1.2E+07 6.1E+08
HF179M4 7.1E+04 0.0E-01 0.0E-01 0.0E-01 0.0£-01} 0.0E-01
HF181 © 4.8E+05 2.1E+08 7.1E405 1.2E405 7.0E+08 2.1E+09
W 185 7.7E+05 1.8E+04 3.3E+407 5.4E406" 1.2E+07 1.0E+09
NP239 1.3E+05 1.7E+406 5.3E+04 9.6E+03 1.7E403 1.4E+07

NOTE: The Y-90 ground plane dose factor was used for Sr-90.
The PARTS subroutine of GASPAR II was used to produce this table.
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Table 3-5¢

DOSE PARAMETERS FOR 10 CFR 50 EVALUATIONS, AIRBORNE RELEASES
ORGAN OF REFERENCE:

AGE GROUP: CHILD

AMENDMENT NO. 18
APRIL 1995

MAXIMUM ORGAN

R(I), INDIVIDUAL PATHWAY DOSE PARAMETERS FOR RADIONUCLIDES OTHER THAN NOBLE GASES

Radionuclide Inhalation Ground Plane Cow Milk
(mrem/yr (M**mrem/yr (M**mrem/yr
per uCi/M®) per uCi/sec) per uCi/sec)

H 3 6.4E+02 0.0E-01 1.2E+03

NA 24 1.6E+04 1.2E+07 4.5€406

CR 51 1.7€+04 4.7E+06 2.5E+06

MN 54 1.6E406 1.4E+09 1.1E+07

MN 56 1.2E+05 9.0E+05 8.8E-01

FE 55 1.1E+05 0.0E-01 6.1E+07

FE 59 1.3E406 2.7E+08 9.5E+07

Co 58 1.1E+06 3.8E+08 3.4E+07

€O 60 7.1E406 2.3E+10 1.4E+08

CU 64 3.7E+04 6.1E+05 1.7E+06

ZN 65 1.0E+06 7 .5E+08 6.8E+09

ZN 69M 1.0E+405 1.3E+06 2.2E+07

AS 76 7.0E404 3.8E+06 2.2E+07

BR 82 2.1E+04 2.1E+07 5.8E+07

SR 89 2.2E+06 2.2E+04 3.1E+09

SR 90 3.8E+07 6.7E+06 1.0E+11

ZR 95 2.2E+06 2.5E+08 4,.2E+05

NB 95 6.1E+05 1.4E+08 1.1E+08

ZR 97 3.5E+05 3.0E+06 2.1E+04

NB 97 2.8E+04 1.8E+405 4.,2E~07

MO 99 1.3E+05 4.0E+06 8.7€407

TC 994 4.8E+03 1.8E+05 7.4E403

RU106 1.4E+07 4.2E+408 7.9E405

AG110M 5.5E+06 3.5E+09 9.4E+09

SB124 3.2E+06 6.0E+08 3.3E+08

SB125 2.3E+06 2.4E+09 1.2E408

SB126 1.1E+06 8.4E+07 2.2E+08

S8127 2.3E+05 1.7€+07 5.5E+407

TE127 5.6E+04 3.0E+03 5.9E+04

TE131M 3.1E+05 8.0E+06 1.1E+407

1131 1.6E+07 8.6E+06 1.1E+11

1132 1.9E+05 6.2E405 1.5€+01

I 133 3.8E+06 1.2E+06 9.9E+08

I 135 7.9E+05 1.3E+06 2.1E+06

CS134 1.0E406 6.9E+09 2.0E+10

CS136 1.7E+405 1.5E+08 1.3E+09

CS137 9.1E+05 1.3E+10 1.9E+10

€S138 8.4E+02 3.6E+05 3.2E-23

BA140 1.7E+06 2.1E+07 5.6E+07

LA140 2.3E+05 1.9E+07 9,5€404

CE14} 5.4E+05 1.4E+07 6.3E+06

CE144 1.2E+407 7.0E+07 7.0E+07

ND147 3.3E+05 8.5E+06 2.8E+05

HF179M 7.4E+04 0.0E-01 0.0E-01

HF181 2.2E+05 2.1E+08 5.9€405

W 185 6.9E+05 1.8E+04 2.7€+07

NP239 6.4E+04 1.7E406 4,6E+04

NOTE: The Y-90 ground plane dose factor was used for Sr-90,
The PARTS subroutine of GASPAR II was used to produce this table.
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Goat Milk
(M**mrem/yr
per uCi/sec)

2.4E+03
8.0E+05
4.4E+05
.7E+06
.6E-01
.GE+06
LJE+07
.6E+06
.0E+07
.9E+05
.0E+09
.0E+06
.0E+06
.0E+07
.2E+09
.6E+11
.0E+04
.8E+07
.8E+03
.6E-08
.6E+07
.3E+03
L2E405
.AE+09
5.4E+07
1.7E+07
4.0E+07
1.0E407
1.1E+04
2.1E+06
1.9E+11
2.7E+01
1.8E409
3.8E406
7.5E+10
6.0E+09
6.8E+10
1.4E-22
1.0€407
1.7E+404
1.1E+06
1.1E407
5.0E+04
0.0E-01
9.9E+04
4,3E406
8.3E+03

Animal Meat
(K**mrem/yr
per uCi/sec)

1.8E402
9.2e-04
2.2E+05
4.3E406
0.0E-00
2.5E+08
3.0E+08
4.7E+07
2.2E+08
6.5E-06
6.2E+08
.2E~04
L1E+01
.6E402
.3E+08
.8E+09
.0E+08
.0E+09
.5E-01
.0E-01
.2E+05
.4E-18
.8E+10
.8E+08
.8E+07
.BE+07
.7E407
.2E+05
.76-09
.0E+03
L4E+09
.0E-00
.3E+01
.3E-15
.3E+08
1E+07
L9E+08
.0E-00
.1E+07
.8E+02
L4AE+06
L0E+08
.4E+06
.0E=-01
.4E+09
.3E+06
.1E+03
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Veg
{(M**mrem/yr
per uCi/sec

2
1
1
6

1
7
1
5
2
2
3
9
3
9
6
2
1
6.
5
8
1
2
1
3
3
1
1
9
1
9.
1
1
1
1

2
2
2
3
1
1
9.
1
4
0
1
8
1

etables

.9E+03
.GE+05
.6E+07
.9E+08
. 1E+03
.6E+08
.2E+09
.3E+08
.1E409
.2E+05
.0E+09
.0E+05
.3E+06
.5E+05
.0E+10
JAE+12
.3E409
2E+08
L2E+06
.2E-02
.6E+07
.2E+03
L2E+10
.0E+09
.3E+09
.2E+09
LAE409
.2E+07
.7E+05
9E+06
.2E+11
.6E+03
.7E+08
.1E406
.6E+10
1E+09
.5E+10
.6E~-11
JAE+09
.GE+07
0E+08
L1E+10
.8E+08
.0E-01
.8E+09
.3E+08
.0E+07




AGE GROUP:
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Radionuclide

H 3
NA 24
CR 51
MN 54
MN 56
FE 55
FE 59
Co 58
Co 60
CU 64
ZN 65
ZN 69M
AS 76
BR 82
SR 89
SR 90
ZR 95
NB 95
ZR 97
NB 97
MO 99
TC 99M
RU106
AG110M
§B124
$B125
SB126
$B8127
TE127
TE131M
I 131
1132
1133
I 135
CS134
CS136
CS137
Cs138
BA140
LA140
CE142
CE144
ND147
HF179M
HF181
W 185
NP239

Inhalation
(mrem/yr
per uCi/M®)

3.7E+02
1.1E+04
1.3E+04
1.0E+06
7.2E+404
8.7€E+04
1.0E+06
7 .8E+05
4.5€+06
1.5E+404
6.5€+05
4,1E+04
2.7E404
1.3E+04
2.0E+06
1.6E+07
1.8E+06
4.8E+05
1.4E+05
2.7€+04
1.3E+05
2.0E+03
1.2E+07
3.7E+06
2.6E406
1.6E+06
9.6E405
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