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1.0 Introduction

The Off-site Dose Calculation Manual (ODCM) provides guidance for
making release rate and dose calculations for radiocactive Tiquid and
gaseous effluents from "rkansas Nuclear One-Units 1 and 2. The method-
ology is driwn from Nuheg C133, Rev. 0. Many of the numbers contained
within this manual were taken from NuReg 0133 and Reg. Guide 1.109.

These numbers and the calculational method may be changed as provided for
in the technical specification (for ex. use site-specific data or more
accurate calculational metholodogy found in Reg. Guide 1.109). Site-
specific numbers will be indicated as such.

A specification for a given item will have a different specification
number for each unit, therefore, in the ODCM references to technical
specifications will be mace to the specification subjects. The specifi-
cation subjects and numbers are presented below.

Specification Number

Subject ANG-1 ANO-2

Radicactive Gaseous Effluents - Instrumentation 5.1 3.3.3.9

Radiocactive Liquid Effluents - Instrumentation 3.5.6 3.3.3.10
Radioactive Liquid Effluents - Concentration 3:22.1 3.11.1.1
Radioactive Liquid Effluents - Dose 3.22.2 3.11.1.2
Radioactive Liquid Effluents - Waste Treatment 3.22.3 2. 50,03
Radicactive Gaseous Effiuents - Dose Rate 3.23.1 3.11.2.1
Radioactive Gaseous Effluents - Dose, Noble Gases 3.23.2 3.11.2.2
Radioactive Gaseous Effluents - Dose, Particulates 3.23.3 3:11.2.3
Radicactive Gaseous Effluents - Radwaste Treatment 3.23.4 3.11.2.4
Padiractive Gaseous Effluents - Gas Storage Tanks 3.2.3.5 3. 13.2.5
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2.0 Liquid Effluents

2.1 Radioactive Liquid Effluent Monitor Setpoint.

The Radioactive Liquid Effluent Instrumentation specification
requires that the radioactive 1iquid effluents he monitored with the
alarm/trip setpoints adjusted tc ensure that the limits of the radiocactive
liquid effluents concentration specification are not exceeded. These
concentrations ar> for the site. The alarm/trip setpoint on the liquid
effluent monitor 1s dependent upon the dilution water flowrate liguid
radwaste tank flowrate, the isotopic composition of the radiocactive
liquid to be discharged, a gross gamma count of the liquid to be discharged,
the background countrate of the monitor, and the efficiency of the
monitor. An adjustable setpoint will be used because of the variability
of these parameters. The setpoint will be calculated and set on the
monitor prior to the release of each batch of radiocactive liquid effluents.
The following methodology will be used for determining the setpoint.

1) A sample will be taken from the tank (batch) to be discharged. A
gross gamma and a gamma isotopic analysis will be perform2d utilizing
*this sample.

2) A dilution factor (DF) for the tank will be ralculated based upon the
results of the gamma isotopic analysis and tne Maximum Permissible
Concentration (MPC) of each detected radionucl.de.

The DF is calculated by using the foll-wing equation:

DF = I (Ci/MPCy)
1
where; DF = dijution factor
Ci = concentration of isotope i, (¢ Ci /ml).
MPCi; = maximum permissibie concentration of isotope i,

from 10 CFR 20, App. B, Table II, Column 2 (attached
as Table 2-1)..Ci/ml

3) The dilution water flowrate is based upon the number of ANO-1 circulating
water pumps in operation at the tine of release. Eacn circulating water
pump has an approximate flowrate of 191500 gpm.

4) The theoretical release rate,F,, of the tank (batch) can be expressed
in terms of the dilution water flowrate, such that for each volume ot
dilution water released you may combine a given volume of liquid rad-
waste. This may be expressed in terms of the dilution factors:

Fm = PMPNUM x 191500/DF

where; Fm = theoretical release rate.
PMPNUM = number of ANO-1 circulating water pumps
in operation.
DF = dilution factor calculated in Step Z.
191500 = approximate flowrate of 1 ANO-1 cir-

culating pump (gpm).
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In the above equation, F, approaches zero as DF increases. The actual
Flowrate, F.» will generally ge equal to Fy for high activity releases.
For lTow activity releases, Fy will become ?arger and may exceed the capacity

of the pump. In this case flowrate, Fj may be set equal to the maximum
flowrate of the pump.

5) The monitor setpoint is calculated by incorporating the detector
efficiency monitor reading prior to starting the release (i.e.,
background countrate), and a factor which is the amount of increase
in the release concentration needed to violate the radioactive
liguid concentration specification. The monitor setpoint can be
expressed as follows:

monitor setpoint (CPM).

monitor output countrate (CPM).

for the gross activity of the release.
This number is taken from a graph

of activity (uCi/ml ) vs. output
countrate for the monitor (CPM).

where; ML
K

won

Fw/Fa number of times the activity would need to
increase to violate the radioactive liquid

effluent-concentration specification.
B = background countratc “PM) prior to
starting the release.

NOTE: In general, the set points will be calculated assuming only one
radioactive liquid effluent release at any given time.



2.2 Liquid "Dose" Calculation

2.2.1 The "dose" or "dose commitment" to an individual in the unrestric’ :'
area from radioactive materials in liquid effluents released to unrestricte
areas shall be less than or equal to the limits specified in Radioactive
Liquid Effluents-Dose specification. The dose limits are on a per reactor
basis.

The dose contribution Tor each radicactive liquid release shall be
calculated for the total time period (length) of the release.

The dose comnitment for the whole body or organs for each release is
given by the following equation:

Dr = T[Ajr x at x Cy x F]
i

where, D = dose commitment to the whole body or
. organt , from the release (mrem).
Aj; = site related ingestion dose commitment

factor to the total body or organ, t ,

for each identified principal %?mm% and
- 3 : 3 : mrem m

beta emitting isotope i , | T ¥s

Calculational method is in Section 2.2.2.
st = length in time of the release (hours).

Ci = the concentration of isotope i , in
the undiluted radiocactive liquid effluent
( uCi/ml ).

F = the near field average dilution factor
for C; during any liquid effluent release.
This factor is calculated as:

. Radwaste flow rate (gallon/hr)

~ dilution water flow rate (gallon/hr) x K

where K , is used to account for any
dilution in the near field of the

plant (i.e. the discharge canal). For
ANO-1, the factor is 1 since it has a
once-through cooling system. A value
of 1 will be used for ANO-2 since the
unit 2 liquid radwaste effluents are
disch?rged via the same point as for
Unit 1.
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Equation 1 can be reduced by combining astand F to give the volume
of the release.

At x F = 2 radwaste flow rate
X dilution flow rate

At x radwaste flow rate is simply the volume of the waste that -
was released which can be designed as, v, (gallons).

Substituting the volume into equation 1 gives,

"!
T T - X
Dilution rlowrate =~ j

Where,

D: = dose commitment to be the whole body
or organ t from this release (mrem).

C; = Concentration of radionuclide i , in the
undiluted radioactive 1iquid effluent

(uCi/m )-

Aj, © ingestion dose commitment factor as
calculated in Section 2.2.2 (see table
3-7 to locatr tabulated values).

V' = volume of the undiluted radicactive

liquid released. (gallons)

dilution flow = fiowrate of water in the discharge
rate canal. This is conservatively

assumed to be the ANO-1 circulating
water flowrate (gallons/hours).

Equation 2 will be used to check the release against the radioactive liquid
effluent dose technical specificatio s unless a more accurate method is
used (i.e. from Reg. Guide 1.109).

2.2.2 Dose Commitment Factor Aj;.

The equation for calculating dose contributions requires a dose
commitment factor,A;. , for each isotope, i . This factor embodies
exposure from the consumption of fish. invertebrates and potable water
where appropriate. The adult male is used as the maximum exposed
individual. This factor can be expressed by:

(3) Ajr = Ko( Uyw/Dy + UpBF3 + UjBI;)0F;

where; Aj. = composite dose parameter for the total
body or critical organ of an adult for
isotope i, for all appropriate pathways.

(mrem/hr per uCi/ml)
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BF

DOFp

units congersion factor;
1.14 x 10% = 106 pci/uci x 103 ml/1it
divided by 8,760 hr/yr.

average adult water consumption (assumed)
730 Kg/yr.

adult fish consumption (assumed) 21 Kg/yr.

adult invertebrate consumption (for salt-
water sites only), 0 Kg/yr since
ANO is not a saltwater site.

bioaccumulation factor for isotope, i, in
fish (pCi/kg per pCi/l).

These values are taken from Reg. Guide
1.109 Table A-1.

biocaccumuiation factor for invertebrates
(salt water sites only)

dose conversion factor for nuclide, i ,
for adults in organ, t , mrem/pCi inhaled,
from Table E-11 of Reg. Guide 1.109.

J4ilution factor from the near field area
within one quarter mile of the release
point to the potable water intake for
adult water consumption.

The site is on Lake Dardanelle on the
Arkansas River. There is no potable
water intake in "= Dardanelle or in
the near vicinity aownstream of the
Dardarelle dam, therefore

the term Uy/0y will be deleted.

Substituting the appropriate factors into the above equation yields;

Afr

Ajq

rJ
1

or

1.14 x 105 x 21 BF; x DFj

2.39 x 10® x BFj x DFy



NP LR S DED v w—

L L
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Actinium (89)
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Concantrations in Alr and Water Above Natural Backgrovnd — Continued

Smoant (alevae number

Somine (1,

Cadryiom («%)

Coliiam (T0)

Ca'itorniom (75

Coruagn 18)

Serium (%4)

Cosium 159)

hlorine (17])

Chiomium (24)

(Soe tootnotes on page 2015 )

lsotope '
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PART 20« STANDARDS FOR PROTECTION AGAINST RADIATION
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Cencentrations in Alr and Water Above Naoturol Background - Continued

Elamaent (stomic number)

Line (30)

Lirconium (40)

Any single rogdionuctide
not listed ohave wih
dacay toode other than
sipha emission or
spontansous Necien
and with rodicathve
holf tite less then 2
hours.

Any single rodionuclide

decoy mode other than
alpha emission or
spontadacus flaslen
and with radicaclive
hall tifs greaier than 3
hours

Any single radienuclide
< ot lisrad ohove, which
decoys by alpho emis.
slon or spoentansous
faslon

{See foolauiey on paye 209%)

Isolope

A e e

Toble t Table 1

Cel 1 i | Col 1 Column 2
A Waoler A Wale

(;.(‘.i/mlﬂ(pui/ml)(‘.Cl/ml] (yCi/nl)
1107 3«10 4ax10"* 1 <10 "
ex10" s«10° 2-10" 2-10"°
4«10’ 2-10" 1«10 " r<w'
Ixt0’ 2x10" 1x10" 6>10"*
7 %10 * s <107 2x10 "’ 2-10°?
9-10" $x1w0 3«10 7 2-%0"*
1«10 7 2x10? 4axi0"’ 8 <10
I« ? 2>10" V«10* & 10 *
1«10’ z2~10"? 4a-10" 610"
310" 2-10" 1210 * 6 =10 "
Ve 7 5«10 * 41" 2«1
9«to* $ .10 3«10 " 2-10"°
Y10 3x10"*
3=10" 910 ° V=10 " 3-10°
s=10" 4.0’ 310 y-10*

¥ iaitde £ Breatabie (1)

sy avpated LU viboe s gINen aiE for - iabanes slon Wb
o S0 amaspbigsond kit o Tronied oof g bosr e atot bal

» These radon concenlrations are appropri-
win for protectinn from radon-222 comblued
with ity short-lved deughlers Alternntively,
the value 1 Talite | may be repluced by one-
third (%) “wuidtng level” (A “working
Yevel” is deflned as any combination of short-
Hved radon-223 danghiteos, potonium-218,
lend 214, blamuih-214 snd polonivm 214, In
oue IMer of wir. without regard to the degree
of equilibrium, that will reault In the ulti-
mate emisson of 13 & 10 MeV uf sipha
particle energy ) The Table 1l value may be
repinced by one thirtieth (144) of & "working
level  The thmit on tadon 222 concentrations
10 resiricied arens may be based on an Au-
nuAl Average

{4 Por soluble mixtures of T-238, U 234
and U-236 1o alr chemical toxicity may be the
Mniking “actor 1f the percont by weight (en-
sichmeni) of U-3236 1s less Lhan 8. the ron-
centration value for s 40 hour workweek,
Table 1. 18 02 milligrams ursulum per cuble
pieter of alr average. For any enrichiment,
the product of the avernge concentration and
time of expoaure during & 40 hour workweek
shall not exceed 8510 ° BA Cl-hr/ml, where
HA s the apecific activity ortho uranjum in-
haled The concentiration value for Table 1T is
0007 milligrama wranium per cublc meter of
alr The specific sctivity for natural uranium
e 877 x 10" curles per gram U ‘The specific
sctivity for other mistures of U-238, U-238
and U-234, I nol Ruown, shinll be

BA 30 %107 curles/gram v
SA (044038 E 00034 EY) 10

whete E 1s the percentage by weight of 1-238,
expressed as pearcent

1 dept od
¥oen

s Anwnded VT TR 200N
o Aspended 39 FR 20 Teatbate e
designated A0 F R RTURELE )
o Agmcuded 4 )G SuTod
| Amicnded Sh AR 29 a
{ Aspvaded G0 T R2S 16 4, redespnated
My AW Sadol

POUR ORIGINA.

NOILYIQVH LSNIVOVY NOILD310Hd HO4 SAHVANVY.LS * 02 LHVd

z sarqey

9

Le Ul S,0dW -

J33eM pue U4



e e ol

3.0 Gaseous Efrluents

3.1 Gaseous Monitor Setpoints

3.1.0 This section applies to the following gaseous radiation monitors.

ANO-1] :

RE 7400 Unit vents (reactor building purge, fuel handling
area, and radwaste area ventilation
systems)

RE 4830* Waste gas holdup system monitor

ANO-2

2RE 8233 Containment pt~ge

2RE 8540 Fuel handling area ventilation system

ZRE 8542 Radwaste area ventilation system

2RE 7828 Auxiliary building extension ventilation system

2RE 2429 waste gas holdup system monitor

*The determination of the setpoints for the above monitors will be
based upon an arbitrarily set fraction of the maximum permissible con-
centration (MPC), at the site “oundary, of noble gas activity (Xe-133
equivalent released from ilic above release points. Other factors
considered in the setpoint calculations include; background contrate
for each monitor, radwaste flowrate, Xe-133 equivalent monitor efficiency,
atmospheric dilution factor and the number and type of ventilation systems
in operation.

The fraction of an MPC allocated to each monitor will ue dependent
upon plant conditions, and the amount of activity that is expected to be
released via each release point. The fraction assigned to each monitor
may be variec, however, the sum of all of the fractions of an MPC assigned
shall be less than or equal to 1 MPC. When the setpoint on one monitor
is changed, the setpoint on &t least one other monitor will be changed
accordirglv, Determining setpointis in this manner will allow the
flexibility needead to maintain plant operation.

The fact that one monitor alarms would not necessarily mean the
gaseous effluents are being released at such a rate that the one MPC
limit is being violated. The alarm would indicate that more material
is being released than the fraction of an MPC assigned to the alarmed
monitor. An analysis of that material being released via all of the
monitors and the release rate at those monitors would have to be done
to ensure that the MPC limit is not being violated.

» These monitors provide an automatic isolation for .he waste gas holdup
systems and are not final effluent point monitors. The discharge from
RE-4830 is monitored by RE-7400.

461 016
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The initial fractions of one MPC aliocated to the release points is

given below.

ANO-1

ANO-2 Radwaste area

ANO-2 Fuel handl.ng area
ANO-2 Auxiliary building extension 0%
ANO-2 Containment purge

The allocations may be changed as indicated above.

50%
30%
19%

0%

The containment purge and the auxiliary building extension ventilation
systems are not operat=d continuously, therefore, they will not be routinely
allocated a fraction of an MPC to be released.

The setpoints to be used during a batch type of release (i.e. reactor
building purge, release from the waste gas hold up system or any other
non-routine release) will be calculated for each release before it occurs.

3141 The basic methodology for determini j a monitor setpoint starts by
determining the allowable cor~zntration at the monitor.

Cg

(x/q)y

"

1 x 1076+

ro

Cg=CyxFx (x9Q)y x 1 x 107
Whe 2;

Xe-133 equivalent concentration at
the site boundary ( uCi/ml ). This
is based upon the arbitrary fraction
of IMPC assigned to this monitor.
(MPC values from Table 2-2 Column I).

Xe-133 equivalent concentration at
the monitor ( wCi/ml 3.

the flowrate of radioactive gaseous
effluent at the release point being
considered ( ml/sec).

atmospheric d1sperg1on facfor. We
will use 2.8 x 1070 sec/m3 for
this variable until it is replaced
by data from the previous year.
(Found in the ANO-2 FSAR on page
2.3-30).

conversion factor ( m>/ml )

Lo
o~
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Solvina for Cg gives;

Cp
F x72), 1 x10°
(usually F and Cy only will be varied)

Cy =

The setpoint for each monitor 1is;
S=CyxK+B
Where;
S = monitor setpoint (counts/sec)
Xe-133 equivalent count at the

monitor ( uCi/ml ) (dzfined
above).

o
"
i

K = conversion factor determined from
response curve of monitor (counts/
sec vs. uCi/ml }

B = background count rate at the
monitor (counts/ser.).

3.2 Airborne Release Rates - Implementation of 10 CFR 0.

The section provides the calculational methodology to implement the
Rad.oactive Gaseous Effluents - Dose Rate specifications. It should be
noted that these specifications are site related not unit related.

As stated in the technical specificaticns, the instentenevus dose
rate in unrestricted areas due to radiocactive materials in gaseous
effluents from the site shall be limited to;

a) The dose rate limit for noble gases shall be
to the total body, and
to the skin, and

b) The dose rate limit for all radioiodines and for
all radiocactive materials in particulate form
and radionuclides other than noble gases with
half lives greater than 8 days shall be
to any organ.
3.2.1 Noble Gas Release Rate.
The release rate for noble gases can be calculated from;

1) DR = 10% x ; [Ki X (m)v X Qi] < 500 mrem/yr to the total body

2)  pre10°x

b
i

DR=dose rate for ‘ime and organ in question
(mrem/yr)

- 461 018

[(Ly + 1.1M;) x (-,:.q_)\- x Q;] < 3000 mrem/yr to the skin
Where;




Conversion factors, pCi/uCi.

—

(=]
[=3
"

Q; = Release rate of isotope, i, (uCi/sec ).
The release rate of radionuclides, i,
in gaseous effluent from all vent
releases, inuCi/sec.
(;7E)v = 2.8 x 10°6 sec/m3 for all vent releases.

M; = The air dose factor due to gamma
emissions for each identified noble -
as radionuclide, inmrad/yr per uCi/m
?unit conversion constant of 1.1 mrem/mrad
convserts air dose to skin dose).
(see Table 3-1)

K; = The total body dose factor due to
gamma emissions for each identified .
% noble gas radionuclide, in mrem/yr per pCi/m”
(see Table 3-1)

Ly = The skin dose factor due to beta
emissions for each identified noble
gas radionuclide, in mrem/yr per uCi/m~ .
(< e Table 3-1)
In equation 1), (x/q)y is constant and K. is constant for a given

rudioisotope, and their product will be constant for a given isotope. The
equation simplifies to:

3) DR < [ x X x Qi( 500 mrem/yr to the total body
=t <
where; XK; = (37q)y Xx ki X 10° , and all other

variables are defined above.

In equation 2) (x/q)y is constant and (L; + 1.1M;) is constant for
any given radioisotope, and therefore, their product is constant. Equation 2
simplifies to:

4) DR = LM; x Q; < 3000 mrem/yr to the skin.
where; IM; = 106 x G79)y x (Ly + 1.1M3)

See table 3-1 to locate tabulated values.

3.2.2 Radioiodine and Particulate Release Rate.

The release rate for radioiodines, radioactive materials in particulate
form and radionuclides other than noble gases with half lives > 8 days
may be calculated from:
/4 119
3-4 4o v/



5) DR, = Pi x WxQ < 1500 mrem/yr to any crgan

Where;

DR,

"

Dose rate to organ T for the
time period in question.
(mrem/yr )

P; = The dose parameter for radionuclides
other than noble gases for th% inhalation
pathway, in mrem/yr per uCi/m
and for food and ground plane pathways,
in m< (mrem/yr per uCi/sec).

The dose factors are based on the critical
individual organ and most restrictive
age group (infant).

P; is determined in equations 6, 7, and 8.

Q; = The release rate of radionuclides, 1,
in gaseous effluent from all vent
releases, in uCi/sec

W = The dispersion parameter for estimating
the dose to an individual due to all
vent releases:

= 2.6 x 10° , for the inhalation pathway.

1-4xl0'§neters ‘2, for the food and
ground plane pathways.

"

Equation 5 considers the infant as the most restrictive age group. The
organs that will be considered are the skin, bone, liver, total body, thyroid,
kidney, lung and GI-LLI. There are three major pathways that may contribute
to the doserate to the above items. The pathways considered will be inhalation,
ground plane and food. The food pathway for the infant is considered to
be from milk only. Al" three pathways will contribute to the whole body
dose, while the skin w. 11 be affected by only the ground plane pathway,
and the other organs will be affected by only the inhalation and food path-
ways.

The dispersion factor for the inhalation pathway will be (y/q)y .
while (d/q)y will be used for the ground plane and food paékways.



The equations for the pathways to an infant are.
6) P; = 1.4 x 10° x DFA; for inhalation
7
7) Py = 8.76 x 109 x DFG x (l_e-kx3.17x10 )/xj for ground plane

3. 7 5
8) Pj = 2.4 x 1010 xr x Fy x DFL; x (e *4x1.73x10 i * 5.73 x 107) for food

where;
DFA; = maximum organ inhalation dose factor
for radionuclide, . ( mrem/pCi ).
DFG; = ground plane dose conversion factor >
for radionuclide, i , (mrem/hr per pCi/m“)
(see Table 3-1)
. Aj = decay constant for radionuclide, i (sec™1y

r = fraction of deposited activity retained
on cows' feed grass (=1 for radioiodines,
and .2 for pasticulates).

F; = stable element transfer coefficient
(day/liter) (from Reg. Guide 1.109
Table E-7).

DFL; = organ ingestion dose factor for radio-
nuclide, i .{ mrem/pCi)

1.4 x 10% = Conversion facter, 106 pCi/uCi x 1400 m°/yr
(assume infant breathing rate)

8.76 x 109 = conversion factor, 109 pCi/uCi x 8760 hr/yr
10
2.4 x 10

conversion factor,(1m? pCi per yr day uCi)

Since (x/q)y and (d/q)y (and therefore W) are assumed to
be constant in eyuation 5, equation 5 may be reduced to

S) DR = ¢ PN, x Qi < 1500 mrem/yr to any organ.

where Pw. P: : x/a). + =y« Pi
i = i inhalation X (x/d)y Pi ground plain (d/q), x Pip .

¢ . X q
and is determined for each organ.

See Table 3-1 to locate tabulated values of pw;

—
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5.3 Dose Due to Noble Gases

The air deose in unrestricted areas due tc noble gases released in

gazeous effluents shall be less than or equal to 5 mrad for gamma radiation
and 10 mrad for beta radiation for any calendar quarter for each unit. The
general objective of less than or equal to 10 mrad of gamme radiatior ~d
20 mrad of beta radiation for a calendar year per unit (2.5 mrad and cad
respectively per quarter) should be used for planning releases.

The air dose in unrestricted area due to noble gases released in

gaseous effluents should be 'stermined by the following expressions:

During any calenda. quarter, for gamma radiation:

B
1

3.17 x 10

[Ml[(;‘—/.Q‘) a'l * ()_,Tq—J El ]J= D mrad

During any calendar quarter, for beta radiation:

B ' _‘-v A
17 x 10 8; Ny [G/Q Qg + (/7Y 45 3 = p mrad

i
where:

Mi

Ni

The air dose factor due to gamma
emissions for each ident.fied noble
gas radionuclide, in mrad/yr per uCi/m”

The air dose factcr due to beta
emissions for euch identified noble gas
radionuclide, in mrad/yr per uCi/m®

0 sec/m” For vent releases.
The highest calculated annual average
relative concentration for area at or
beyond the unrestricted area boundary
for long term releases (greater than
500 hrs/year).

2.8 x 107% sec/m®  For vent releases.
The relative cor-entration for areas at or
beyond the unrestricted area boundary fo-
short term releases (equal to or less than
500 hrs/year).

The average release of roble gas radio-
nuclides in gaseous effluents, i, for

long term releases (greater than 500 hrs/yr)
from all vents, in .Ci . Releases shall be
cumulative over the calendar quarter or year
as appropriate.

The average release of noble gas radio-
nuclides in gaseous effluents, i, for
short term releases (equal to or less than
500 hrs/year) from all vents, in .Ci
Releases shall be cumulative over the
calendar quarter or year as appropriate.
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D = The "dose" for the type of
radiation and time frame
in question.

3.17 x 1078 = The inverse cf the number of seconds
per year.

The above equations have been simplified from the equations found
in NuReg 0133 Rev. 0, because we have no free-standing stacks. We will
simplify the equation further by saying that there are no long term
releases. We will take weekly samples from the unit vents (continuous release
points) and use a release period of 168 hours per samrle (i.e. consider items
as short term releases). Individual samples will be taken for each batch
release.

Equation "1") has been reduced to;
D < 3.17 x 1078 MX; g4
and equation "2") has been reduced to;

" D <317 x1078 oK, q

Where: M; = M3 x (X/Q) x 100 pCi/uCi
NX; = Nj x (x/q) x 10° pCi/uCi (see table 3-1)
i = has been previously defined.

3.4 Dose Due to Radioiodine;, and Particulates in Gaseous Effluents
3.4.1 Dose Equation-Particulates, etc.

The dose to an individual from radioiodines, radioactive materials
in particulate form and radionuclides other than noble gases,

with half lives greater than 8 days in gaseous effluents released
to unrestricted areas shall be as specified in the technical
specifications. (Radioactive Gaseous Effluents-Dose Particulates)
This section will provide the calculational methodology for
verification that the limits are not exceeded.
-8 " . v e
D,< 3.17 x 10 i Ry [w, Q¢ * Wgljg * WQ; ¢ wqi]

where:

=4
i

Dose to the whole body or any organ.

<

The releases of radionuclides, radioactive
materials in particulate form and radio-
nuclides other than noble gases in gaseous
effluents, i, for long term releases greater
than 500 hrs/yr., inuCi . Releases

shall be cumulative over the calendar
gquarter or year as appropriate.
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A7 x 107

n

(e3]

The dispersion parameter for estimating the
dose to an individual at the controlling
location for lonQ term releases (greater
than 500 hrs/yr.):

¥ o= x/Q for the inhalation pathway, in
o sec/m”
W = (D/Q) for the food and ground plane

pathways in meters~¢.

The dispersion parameter for estimating the
dose to an individual at the controlling
T-cation for short term releases (equal to
or less than 500 hrs/yr.):

w = 2.8 x 1070 for tge inhalation pathway in
sec/m
1.4 x 1078 for the Sood and ground plane

pathway in meters

i

W

The inverse of the number of seconds
in a year.

The dose factor for organ r , for each
identified radionuclide, i, in m<(mrem/yr)
per u(. -ec or mrem/yr per uCi/m°
calcul..ion method in section 3.4.2.

A dispersion parameter of 2.8x10 ®sec/m,as per ANO Unit II, F.S.A.R.,
Section 2.3.4.4., Page 2.3-30) will be used for "w" for the inhalation

pathway.

a)

b)

The rezsons for using this value are as follows:

The majority of our releases are going to be in the 8-24
hour range (these being waste gas decay ta. ks and reactor
building purges.)

The majority of the gaseous activity released from the site
will be released from the waste gas decay tanks and reactor
building purges, within the time frame of 8 to 24 hours.

A dispersion parameter of 1.4 x 10'8 meters=Z will be used for the food
This assumes a deposition velocity of 5 x 10-3
meters/sec; as obtained from the ANO-2 F.S.A.R., Page 11.3-15.

on ground plane path .ys.

The quantity W.Q. (that is the values for long term releases) is
dropped because we will not consider long term releases. (see Section 3.3)

There are no free standing stacks at ANO, therefore, we will delete
the terms pertaining to stacks.

The previous equation reduces to:

- '8 - '
+19 % 10 z Rki q;

1

where RW; = R; x Wi for nuclide i, for organ , (see Table 3-1 to
locate the tabulated values).

3-9
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3.4.2 Calculation o7 Ry (or RW;)

3.4.2.0 Introduction:

This part of the ODCM deals with the computation of pathway dose
factors (Rj). These factors are for isotopes found in gaseous releases
(the isotopes being in particulate form, r Jgioiodine and tritium). Each
potential pathway for the isotope to ente” ~an is expressed in the form
of an equation. These equations are then «ummed together so the total
dose contribution for each isotope can be obtained.

There are four age groups for which these factors are to be
considered: adult, teenager, child and infant. The infant and child
are the least tolerant to radiation. Thus, they also possess the most
restrictive limits as to how much radioactive gas can be released
per unit time. Therefore, only these two age groups will be cal-
culated, since it becomes apparent that if the limits for these
two age groups are met, then the limits for the less restrictive
teemager and adult groups must have been satisfied also.

In developing the Ri values, separate expressions are written gor
eq;h of th% potentiig pathways. These expressions are denoted by r.'[D/Q]
R [x/Q), RY[D/Q], Rj[D/Q] and RY([D/Q], where the
superscripts G, I, C, M and V refer to ground plane, inhalation, cow's
milk, meat and vegetation, respectively. The 'argument' notation,

( ). indicates the appropriate dispersion parameter, W, to be applied
with the R; factor. In the case of tritium, the dispersion parameter,
W, is always taken as (370Q) . The R; values ire listed in tabular
form at the end of the ODCM.

Each of the five pathways mentioned in the above paragraph will, at
this time, be considered and reduced to as simple an expression as possible.

I
3.4.2.1. Inhalation Pathway Factor, R;[x/Q]

R}[X/Q] - [K'(BR)g (DFA;)a (mrem/yr per uCi/mS)] x/Q
where;
x/Q

= 2.8 E-6 sec/m3
K' = a constant of unit conversion, 10° pCi/uCi.
Combining temms: x/Q x K' = (2.8E6)(10%) = 2.8
1
Ri[x/Q] = 2.8(BR),(DFA;),
(BR)a = tne oreatning rate of the receptor of age group (a) in

mslyr

(DFA;), - the maximum organ inhalation dose factor for the receptor
of age group (&) for the ith radionuc!*“2, inmrem/pCi.
The total body is considered as an organ in the selection
of (DFAJ')a .

The breathing rates (BR). for the various age groups are tabulated
beiow, as given in Table E-5 of the Regulatory Guide 1.109.

3-10



Inhalation dose factors ( DFA.).
in Tables E-7 through E-10 of Reguiafory Guide 1.109. (See Table 3-1)

Age Group (a) Breathing Rato ( p3/¥T)

Infant 1400
Child %700
Teen 8000
Adult 8000

for the various age groups are given

5.4.2.2. Ground Plane Pathway Factor, & [p/q

RE(D/Q] = [K'K"(SF)DFGi[(1-e°kit)/>i](mzmrem/yr per uCi/sec)Y5E-3%/G

Wher .

a constant of unit conversion, 109 pCi/fli. .

K'

a constant of unit conversion, 8760 hr/yr.

the decay constant for the ith radionuclide, sec'].

>
"

the exposure time, 4.73 x 108 sec (15 years).

(ad
"

DFG; = the ground plare dose conversion factor for the ith
radionuclide (mrem/hr per pCi/m® ).

5e-3 = sec/m disposition factor.

the shielding factor (dimensionless).

173}
-1
"

2.8E-6(sec/m°)

i~
S

)
"

A shielding factor of 0.7 is suggested in Table E-15 of
Regulatory Guide 1.109. A tabulation ¢f DFG; values
is presented in Table E-6 of Regulatory Guige 1.109.

Combining terms, the above equation can be expressed in
the following manner:

-334.73E8

G
Ri[D/Q]) = ([6.13E9 DFG;[(1-e - )/x;) x 5E-3 x 2.8E-6

where: 6.13 E9 = K' x K" x 0.7

NOTE: This equation is the same for all age grouds
Combining terms: 6.13 x 167 x 5 x 1073 x 2.8 x 106 =

RZ[D/Q] = 85.8 DFG;[(1-e =i 4-73E8 ) /549

WL My L
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3.4.2.3. Grass-Cow-Milk Pathway Factor, RI[D/Q]

. S P 4
QU (Usp) £ £ (1-£ £'e "i™h Y ]
C , _F ‘-ap s Ly ) P°s + P T
R; [D/Q] ’[K ; o Fp(z) (DFLj) [Yp Je "if

i*w

Yg
SE-3xy/Q (mzxmrem/yr per uCi/sec)

The quantity f fs= 1 by definition (until site specific
data is availag]e via land census), and so everything
within the inner brackets reduces to[1/4,1, or [1/0.7]
or [1.43] |, (see below).

oK' x Qe x (Ugp)® [1.43] = 2.36E10
. The equation can be written:

REID/Ql ~ [(2.36E10)(Fm) (r) (DpLih_r_e-Ail.nss)]

(3 + 5.73E-7) x/Q x SE-3
Where:
x/a = 2.8E-6 sec/m>
K' = a constant of unit conversion, 108 pCi/uCi .
QF = the cow's consumpt rate, in kg/day
wet weight.
Uap = the receptor's milk ccnsumption rate for
age (a), in liters/yr.
Yp = the agricultural oroductivity unit area
of pasture feed grass, in k3/m¢.
Y. = the agricultural produc%ivity by unit area
) of stored feed, in kg/mé.
Fm = the stable element transfer coefficients,
in days/liter.
T = fraction of deposited activity retained on
cow's feed grass.
(DFLj), = the maximum organ ingestion dose factor
for the ith radionuclide for the receptor
in age group (a), in mrem/pCi.
i; = the dec?y constant for theithradionuclide,
in sec”
iw = the decay constant for removal of activity on
leaf and p}ant surfaces by weathering,
5.73 x 10~7 sec-! (corresponding to a 14 day
half-life).
te = the transport time from pasture to cow, to
milk, to receptor, in sec.
AL 1 §i o B
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SE-3

the transport time from pasture, to harvest,
to cow, to nilk, to receptor, in sec.

fraction of the year that the cow is on
pasture (dimensionless).

fraction of the cow feed that i. pasture
grass while the cow is on pasture (dimensiinless).

m/sec disposition fac.or.

Combining terms: (2.36E10)(2.8F-6)(5E-3) = 330

-Xj1.73ES,

RS [D/q) = —(330) (Fm) () (DFLi), (e

(A; + 5.73E-7)

SPECIAL NOTE: The above equation is applicable in the case that the milk

animal is a goat.

Milk cattle are considered to be fed from two potential
s.Jrces, pasture grass and stored feeds. Following the
development in Regulatory Guide 1.103, the values of

f, and fg will be considered unity, in lieu of site
sBecific information provided in the annual land census
»eport by the licensee.

Tabulated be.ow are the appropriate parameter values and their
re€crence to Regulatorv Guice 1.109. In the case that the
milk animal is a goat, rather than a cow, refer to Regulatory
Guide 1.109 for the appropriate parameter values.

Parameter
r (dimensionless)

Fn (days/liter)
Uap (liters/yr)-Infant

-Child
-Teen
-Adult

(DFL3 ) almpem/pCi)

Yp tks/mgeT -

Yy (kg/m= )
(seconds)
(seconds)
(kg/day)

Value RG. 1.109

|
0.2 for particulates

Each stable element

330

330

400

310

Each radionuclide E-11
0.7

2.0 R

1.73 x 10° (2 days)

7.78 x 106 (90 days)

50

0 for radiociodine

[ I B )
VN N O == = ok

o
'

o

£

o ohyormMm

LI
() vl ol wd

mmmmmnrpmmmmmm

The concentration of tritium in milk is based on the airborne
concentration rather than the deposition. Therefore, the Ri

is based on [x/Q]

R?(x/?] - (K.Kn- FmQFUap(DFLi)a [0.75(0.5/H)] (mrem/yr per uCi/w?,]x/a

461 028
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where:

K'" =
H =

0.75 =

. Combining

.
-

3.

x/a = 2.8E-6 sec/m>

a constant on unit conversion, 103 gm/kg.
absolute humidity of the atmosphere, in gm/m3.
the fraction of total feed that is water.

the ratio of the specific activity of the feed

grass water to the atmospheric water. Other parameters
and values are given above.3 The value of H may be
considered as & grams/meter”, in lieu of <ite specific
information (as per NuReg 0133, 5.3.1.3., 2ge 34,
Paragraph 1).

terms x/Q (K' x K" x U, x (0.75(0.5/8)) = 4.5E4)

ap
RE[X/Q] = (4.5E4) (Fy) (DFLy) 4

4.2.4. Grass-Cow-Meat Pathway Factor, RY[D/Q]

The integrated concentration in meat follows in a similar
manner to the development for the milk pathway, therefore:

W fof, . (1-ff e Mith Y
& /) Lo e Do) ey @rnp, (Bs ¢ DR e ] o™it
) P

: ® Aus \S
i W
SE-3 x x/Q (mz.mrem/yr per uCi/sec)

where:
5E-3 = m/sec deposition factor.

Fg = the stable element transfer coefficients,
in days/kg.

Uap = the receptor's meat consumption rate for
age (a), in kg/yr.

t¢ = the transport time from pasture to receptor,
in sec.

th = the transport time from crop field to
receptor, in sec.

x/a = 2.8E-6 sec/m3.

Tabulated below are the appropriate parameter values and
their reference to Regulatory Guide 1.109:
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Parameter Value RG 1.10¢
r (dimensionless) 1.0 for radioiodine E-15
0.2 for particulates E-15
F (days/kg) Each stable element E-1
Uy (kg/yr? - Infant 0 E-5
v - Child 41 £-5
- Teen 65 E-5
( - A?ult 110 - 13 E-SE -
DF em/pCi Each radionuclide -11 to E-
y;‘ kg/ m~$ L 0.7 E-15
Ye (kg/m ) 2.0 E-15
t¢ (seconds) 1.73 x 10° (20 days) £-15
th (seconds) 7.78 x 108 (90 days) E-15
Qp(kg/day) 50 E-3

The above equation can be reduced and rearranged
to th: following after inverting the appropriate
values:

e-1il.73E6

Wo/q =2 L e XS
1

Equation 3.

4
equation 3.4.2.3., and for the same reasons.

(5E-3)(2.36E10) = 330

A . 3¢1:73E
(330 (F,) (r) (DFL,) (e™ 11+ 7556y

(%105.;E- )

Combining terms: (0./0)

M
R, (D/Q] =

The concentration tritium in meat based on its
airborne concentration rather than the deposition.
Therefore, the pY is based on [x/Q] :

Ri[x/Q) = [k'kF Qe (OFLy),

per uC1/m3)]x/Q

[0.75(0.5/H) ] (mrem/yT

where all terms are defined above and in Section 3.4.2

of this manual.

The equation for tritium contribution via the meat
pathway is reduced to the following expression.

M . where:
R{[x/Q] = 4.5E4 x Fg¢ x (DFL;),

a.584 = x K" x Upp x (0.75(0.5/8) /Q

3-15

.2.4. was reduced in the same manner as was

¥



3.4.2.5. Vegetation Pathway Factor, R¥[D/Q]

The integrated concentration in vegetation consumed by
man follows the expression developed in the derivation
of the milk factor. Man is considered to consume

two types of vegetation (fresh and stored) that differ

only in the time period between harvest and consumption,

therefore:

R{[0/Q) = [k

)

' L -3, t -A:t
5 ey (OFLia [Ugfy e il Ufge 1M )

x 5E-3 x x/Q (mz.mrem/yr per uCi/sec)

i =

S5E-3 =

2.8E-6 sec/m3.

a constant of unit conversion, 10° pCi/uCi.

the consumption rate of fresh leafy
vegetation by the receptor in age
group (a), in kg/yr.

the consumption rate of stored
vegetation by the receptor in
age group (a), in kg/yr.

the fraction of the annual intake of
fresh leafy vegetation grown locally.

the fraction of the annual intake of
stored vegetation grown locally.

the average time between harvest of
leafy vegetation and its consumption,
in seconds.

the average time between harvest of
stored vegetation and its consumption,
in seconds.

the vegetation areal density, in kg/mz.

deposition factor (m/sec).

and all other factors are defined in
Section 3.4.2.3. of this manual.

Tabulated below are the appropriate parameter

values and their reference to Regulatory
Guide 1.1009.
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Parameter
r (dimensionless)

(DFLj ) 5 (mrem/pCi
Uk(kg/yr)

Us (kg/yr)

fL (dimensionless)
fq (dimensionless)
t] (seconds)

ty (seconds)

Yy (kg/m?)

Infant
Cnild
Teen
Adult
Infant
Child
Teen
Adult

Value

1.0 for radioiodines
0.2 for particulates
Each radionuclide

0

26

42

64

0

520

630

520

site specific (default
site specific (default

8.6 x 104 (1 day)
5.18 x 106 (60 days)
2.0

)
L >]
—
—
3

1
— —

E-11

(=)
Y
'

—_—

FaN

L O )
mmmmmmmm'

mmmmmr;nmmrr mim

=
=

1.0)
0.76) Ref. 6, Page 28)

Rearranging the above equation and maintaining appropriate values:

\' -1 -%i5.18E6
R; [D/Q] = (3ES(r)(DFLi)a[26e A18.GE4 4o -Ais-1 ]] X x/Q x SE-3

(A4 + 5.73E-7)

Combining terms: (5E5)(5E-3)( /Q) = 7E-3

RY(D/Q] = (7E-3) (r) (DFL;)a [(26e~}i86E4 | 395¢-7i5.18E6))

(A4 * 5.73E-7)

The concentration of tritium in vegetation is based on the airborne

concentration ratner than the deposition.

Therefore, the RV is based on [x/Q]:

1

where all terms have been defined above and in Section 3.4.2.3. of this

manual.

This equation reduces to the following after inserting the appropriate value:

Ri[x/Q] = 7.42E4 x (DFL;),

|
|

V PR L S : . =
Ri[x/Q] = <} KU e + Upfg) (OFLy), (0.75(9.5/H)] (mrem/yr per uCi/ij) x x/Q
1
|

where: 7.42E4 = 6(9 x K'" x [U;frf \’ifg ] x [0.75(0.518)]))( x/Q ‘
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Calculation for the Infant

A value of zero is assigned to the U, parameter in the gr ss-cowzpeat
pathway for the infant. A zero value is also assigned to the Uz and Uz
parameters in the grass-cow-vegetation pathway. The reason for this

is that it is assumed that there is zerc consumption via the meat and
vegetation pathways for an infant. Therefore:

R; = Ri[x/Q] + Ry[D/Q) + R§([D/Q]

after substituting the expanded expressions for the various pathways
considered here, the expression becomes:

Ry = [(3920) (DFA,)a] + (85.8) (DFG;) ([1-e7*14-7388 /550,

(330) (F) (r) (DFLj)a (e~*il-73ES)
' G; * 5.73E-7)
Wher=: 3920 = 2.8 (BR), for an infant.

1.0E-2 = Fpas per table C-1 in NuReg 1.109 (for tritium).

3.0BE-7 = ( DFL;y )afor tritium as per Table E-14 in NuReg 1.109.
A1l other terms as defined previously. The tritium factor is cal-
culated as follows:

Ri[x/Q] + RE[x/Q] = (2 8(BR), (DFAj)y) * (4.5E4)(F ) ([RL;)g

Substituting values the equation becomes:

Ri = [2.8(1400)(4.62E-7)] + [4.5E4(1.0E-2)(3.08E-7)] = 1.95E-3
Calculations for the Child

A1l five pathways are applicable for the child, therefore, the summation
for each isotcpe is:

Ry = Rl x/Q) + S[o/q) « RS[0/Q) + Ri[p/Q) + RY(D/Q), or
R, = ((10360) (DFA;),) + (85.8DFG, [ (1-e~*i%-73E8)/357) «
((330)(Fm)(r)(DFLi)a(e-kil.7SES) N

(xi + 5.7E-7)

((330)(Ff)(r)(oFLi)a(e-lil.73£e) )
(r, + 5.7E-7)

((7E-3) (x) (OFL;), [(26e7"38-6F4 * 395¢*15-18E6)7)

; 461
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where:
10360 = (2.8)(8&!)a = (2.8)(3700)
The tritium factor for the child is calculated as follows:

Ry = RI (/@) + B [x/q) + RY(0/Q) + RY[3/Q) or
Ri = [2.8(BR)4(DFAj)41+ [4.SE4(Fp) (DFLj)a] + [4.SE4(Fg)(DFLy), ] +
[7.42E4 (DFL;), ]

Substituting values:

Ry = [2.8(3700) (3.04E-7:) + [4.SE4(1.0E-2)(3.04E-7)] + {4.5E4(1.2E-2)(3.04E-7)] +
[7.42E473.04E-7))

Ry = 2.6E-2
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Va ble

BF1

DFA4

NFA
DFA4
DFA4
UFA
DFA;
DFA;
DFA
DFA;
DFA4
DFA4
DFA
DFA;
DFA

DFG

Record #

62
63
64
65
66
67
68
61

31
32
33
34
35
36
37
46
47
48
49
50
51
52
21

Table 3-1

Contents of ODCM Record File

Elements ~  Description
16-100 Adult bone dose factor, liquid release
16-100 Adult liver dese factor, ligquid release
16-100 Adult t-tal body dose factor, liquid release
16-100 Adult “nyroid dose factor, liquid reicase
16-100 Adult kidney dose factor, liquid release
16-100 Adult lung dose factor. liquid release
16-100 Adult GI-LLI dose factor, liquid release
16-100 Bio-accummulation factors for freshwater
fish (Reg Guide 1.109 Table A-1)
16-100 Infant inhalation dose factor for bones
16-100 Infant inhalation dose factor for liver
16-100 Infant inhalation dose fa:tor for total b~iy
15-100 Infant inhalation dose factor for thyroid
16-100 Infant inhalation dose factor for kidneys
16-100 Infant inhalation dose factor for lungs
16-100 Infant inhalation dose factor for GI-LLI
16-100 Child inhalation dose factor for bone
16-100 Child inhalation dose factor for liver
16~-100 Child inhalation dose factor for total body
16-100 Child inhalation dose factor for thyroid
16-100 Child inhalation dose factor for kidney
16-100 Child inhalation dose factor for lung
16-100 Child inhalation dose factor for GI-LLI
16-100 Skin external dose factor for standing on

contaminated ground. (R.G. 1.109 Table E-9)
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Variable Record # Elements Description
DFG; 22 16-100 Total body external dose factor for standing

on contaminated ground (R.G. 1.109 Table E-9)
DFL; 24 16-100 Infant ingestion dose factor for bone
DFL4 25 16-100 Infant ingestion dose factor for liver
DFLj 26 16-100 Infant ingestion dose factor for total body
DFL; 27 16-100 Infant ingestion dose factor for thyroid
DFL; 2° 16-100 Infant ingestion dose factor for kidney
DFLj 29 16-100 Infant ingestion cdose factor for lung
DFL; 30 16-100 Infant ingestion dose factor for GI-LLI
DFL; 39 16-100 Child ingestion dose factor for bone
DFL4 » 40 16-100 Child ingestion dose factor for liver
DFL; 4] 16-100 Child ingestion dose factor for total body
DFLy 42 16-70U Child ingestion dose factor for thyroid
DFL; 43 16-100 Child ingestion dose factor for kidney
DFL; 44 16-100 Child ingestion dose factor for lung
DFL; 45 16-100 Child ingestion dose factor for GI-LLI
Fg 53 16-100 Stable element transfer data-meat

(R.G. 1.109, Table E-1!
Fan 23 16-100 ‘table ele~ nt transfer data-cow

(R.G. 1.109, Table E-1)
HL4 38 1-100 Radioisotope halflife in seconds
Ks 21 1-15 Gamma body dose factor (R.G. 1.109, Table B-1)
LM; 5 1-1% Skin dose factors-gas release,

(L +1.1M ) x( X/ ) x 108

L; values from Reg. Guide 1.109
M, 23 1-15 Gamma air dose factors-gas release

(R.G. 1.109, Table B-1)
MX; 6 1-15 M; x (x79)for gas release
N; 24 1-15 Beta air dose factor-gas release

(R.6. 1.109, Table B-1)
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Variable

.’m\'i

PWi
PWi
Pwi
Ph'i
Pl\'i
Pl\'i
Pwi

Rwi
RW §

R
RW;
RW
RW;
RW4
RW
RW

XK

Record #

7
4

13

14
15
16
17
18
19
20

Elements

1-15
16-100

16-100

16-100
16-100
16-100
16-100
16-100
16-100
16-100

16-10u

16-100
16-100
16-100
16-100
16-100
16-10

16-100

1-15

Description

Ny x (:/9)

Infant unshielded skin dose factor-gas
release, IP; x W for the ground plane,
inhalation, and food pathways

Infant unshielded total bouy doses factor-
gas release

Infant bone dose factors-gas release
Infant liver dose factor-gas release
Infant thyroid dose factor-gas release
Infant kidney dose factor-gas release
Infant lung dose factor-gas release
Infant GI-LLI dose factor-gas release

Infant shielded skin dose factors-gas
release (ground plane)

Invant shielded total body dose factor-
gas release

Child bone dose factor-gas release
Child liver dose factor-gas released
Child thyroid dose factor-gas release
Child kidney dose factor-gas release
Child lung dose factor-gas release
Child GI-LLI dose factor-gas release

Child shielded total b .“v dose factor-
gas release

Ki x G7g) x 10%otal body dose rate
factor-gas release



apCM RECORD &

AR -l 2. 47SE-02 ZRE=-97 &. 9Z0E-B2
KR=-S2M 2 1A7VE-87 NE-34 3 aoE-21
KR-25M 3. 2TEE-83 HE~-2% 1. £14E o4
KR-2% 4. SGSE-0% M-8 0 9RBE-01
KR=27 1. eSsE-A2 MO-25 Q. Z4ZE-02
KR-2& 4. 118E-802 TC~99M < ;225-0
ER-85 4 E42E-22 FlU=-1aZ 1. 271E 80
KR=-a0 + JESE-02 FlL-108 > T’:"ZE a0
HE=121M o SEeZE-94 HE=-110M Z. SA10E 91
KE~-1221 Y. Q22E~-D4 Ch=-1G5 0, AaGE~-21
YE=-132 S 2IZZE-04 CO~112M 0 AooE-01
HE=12THM 8. 7IcE-G2 SN-11Z 9. ARnE-al1
XE-135 5. QEZE-GZ SB-122 9, AARE-D4
YE=4Z7 %, 9TEE-AZ SE-124 @, AgoE~-01
HWE-132 2. 4VZE~-02 SE-12% G aaoE-91
M- 2 aoaE-a1 SE-127 0. DOnE~-G1
BE-Y 2 ADRE-01 TE-132 S B443E-0C
C-14 a aoaE-91 I-134 2. OSTE-91
HA-Z4 2 TTeE-81 1-122 2. 8SE~-T2
F-22 Q. aaoE-al 1=133 &, Q12E-GZ
K ~45 8, aaaE-r 1-1z4 1 @7ZE-82
CE-S1 5. S20E-0z 1-425 S ovhE-az
MH-54 1. Z0DE ©1 tZ=-4124 2. SE0E 01
MH=-5E& 2. 14SE-92 CE=-13¢ 1 =90QE an
FE-5% Q. QaE-a1 =127 1. 852E 01
FE-S2 % 216E 90 CsS-12¢ S, S19E-AC
Co-S6 0 anE-31 ER~1Z2 e ZTOE-02
=57 o ConE-a1 ER=140 = Z42E-01
co-5g 4 4£5E a0 LA=-148 4 2elE-94
Co=-a & S3Z2E 01 CE=133 0 G0 E-~idl
HI-<2 Q. GaaE-D1 CE-144 & TOZE-8l
HI-ES 7. D1SE-DZ EUu-152 O ahaE-al
CuU-£4 1. ITOE-8Z W=-127 S ATSE-82
ZH-E% T.ASZE on HG-20Z g aanE-G1
SE~THS G OoaE-al FE~214 £ DRRE-G1
ER-S4 4 T2eE-aZ ElI-Z14 g 0aaE-ol
rRE-S2 7. S59E-04 PR-Z2¢ 0. OmAag -Gl
EE-22 2 91E-B2Z TH=ZZ2 O GaRE-91
SRE-28% a oaoeE-o1 U=-225 0 AnoE-G1
SE=-29 2. SRATE-94 NP-225 1. S25E-22
SRE=30 9. 0CaE-a1 HAAEAAAR A aanE-al
SkR=-21 S 1S5E-22 EEEEEEE . DanE-al
SR-52 1. 726E-82 COCeCLE 0, aaaE-n1
w-e* 09, ADaE-a1 LOpDDED @, BOnE-ng
Y= 1. ASZE-049 EEEEEEE Q. QHaE-01
Y-21M 2. Z21E~-Q3 FFEFFFF B anaE-31
R 2 s | 1, ZOSE-0Z GGGLGG5 0, DE0E-01
R G ZE9E-QT HHHANHM O BaaE-ol
Y=z 4 TA4TE-QZ ITIII1] 0 GaaE-Gl
eR=-9% 2. SRZE 2o JIyiinx O AGnE-al

XKi{ - elements 1+15, tot«l body dose farctor - g:

= Ki x (x/q) x 10% (sec/yr per vu”i/mrem) nn !GENAI.
PWi - elements 16100, infant unshieided skin dose fan.tor - ga

= IP; x W (mrem sec/yr uCi)

461 038 :



ODCM RECORD #

. G18E-02

S44E-05
ETEE-02
SOSE-QZ

. G2SE-G2

Z45E-02

KR-25 1S€E~-22
[ 1 DEZE-B2
XE-131M S1ZE-02
TO0E-02
#E-1323 S44E-0Z
ZZ4E-a2

c11ZE-B2

SRLIE-BZ
HE=-1Z2& SSZTE-QZ

U S Ol oOR RUL R R R RN N WO I NN T

| AORE-63

| BE-7 QOBE-01
L C-14 12EE 69
| NA-24 3 ]
Fzz S $G3ZE 91
| o 1% aoaE-n1
CR-51 SEnE-a2
: MN=-S4 12TE o1
| MN-SE S1SE-02
| FE-=< 26SE~-01
| FE-=a 422E 99
| =5 BiGE -0
r CO=-S7 HARE -1
Co-5& S44E G0
' CO=-E0 10%E o1
! HI-&2 TIOE 91
J NI-£5 AZEE-O
! Cl=-£4 ZESE-Q2
| ZN-ES Z4€E 02
| SE~-PS BOOE-01
| EF -4 TZE-GZ
| FE-S& AESE-GO

)

)

ZR=a7
ME~34
NE-35
MO=-30
MO-2%
TC=-25M
RU=-1627
FU=16E
AG-11aM
CO-41x9
Ch-11ZM
SH-11Z=
Sg-122
SB~-124
SB=12%
SE-127
TE-4122
=132
1-3132
I=133
I-424
I-13%

'S-174

(]

LGB R
|
[
1
LAY

=327
128
-3 323
iH—-140
LA-140
CE-123
CE-144
Ell=1%52
W=127
HG~Z82
FE-214
Bl-214
FR-22e
TH=-22=

l '_ _‘»"-I:’

HF-2259

HEREEAAA
EECEEEE
0
geedlaisle
LEEEEEE
FFFFFFF
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I i
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FE~-Z2 A OE —5

SE-83 A2RE~O1

SR-83 144E o
| SR-20 472E Oz
| SR~31 42EE-a2
| SR-92 SS4E-02
| Y22 GaRE-Q1
| =30 ZETE-04
| Y-S1m BASE-0Z
| V9% SETE-D2
| Y-92 SOVE-Q3
| Y~93 4Z1E-0Z

D e e

ZP=9%5

HHHHHMIH
ITIIIII

.......

LMj - elements 115, skin dose factors - gas release
= (Lj + 1.1 Mj) x (x/q) x 10® (mrem/uCi per yr/sec)

PWj - elements 16+100, infant unshielded total body dose factor - gas release
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= IPj x W (mrem sec/yr uCi)
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M x(x/q) for gas release
infaint bone dose factor, gas release
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4.0 Environmental Sampling Stations - Radiological

Environmental samples will be collected as specified in the
technical specifications. The approximate locations of the sample
sites are shown on figures 4-la, and 4-1b.

Table 4-1 lists its approximate distances and directions of the
sample stations from the plant.
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Table 4-]

Location of Permanent Sample Stations

Approximate Direction and

Permanent Sample Station Distance From Plant
1 92 degrees-0.5 miles
2 235 degrees-0.5 miles
3 4 degrees-0.4 miles
4 171 degrees-0.4 mijes

. 5 298 degrees-8.5 miles
6 109 degrees-6.8 miles
7 209 degrees-19.3 miles
8 180 degrees-0.1 miles
10 90 degrees-1.0 miles
N 240 degrees-0.5 miles
13 95 degrees-2.0 miles
14 65 degrees-5.8 miles
19 99 degrees-5.0 miles
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