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1.0 PURPOSE AND SCOPE

The Offsite Dose Calculaticon Manual (ODCM) describes
the methodology and parameters used in the calculation
of offsite doses and dose rates due to radicactive
liquid ard gasecus effluents and in ths calculation of
ligquid ard gasecus effluent monitoring instrumentation
alarm/trip netgoints. The ODCM also contains a list
and descripticon of the specific sample locations for
the radioclegical environmental monitoring program.

Changes in the calculational methodolicgies or paramete.
ers will ke ‘ncorporated itte the CDCM and documented
in the Semi snnual Radicactive Effluent Release Report.
The QODCYM Jdces not replace any station implementing
procedures.
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2.0 LIQUID EFFLUENTS

2.1 Technical Specification 3.3.3.9

The radicactive liquid effluent monitoring instrumentae
tion channels shall be OPERABLE with their alarm/trip
setpoints set to ensure that the limits of Technical
Specificaticon 3.11.1.1 are not exceeilsd. The
alarm/trip setpoints of these channels shall be ad-
justed to the values determined in accordance with the

methodology and parameters in the ODCM.
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Thus, the exprecsion for determining the setpoint on
the liquid radwaste effluent line monitor becomes:

e < C(F + £) (uCi/ml)
(2.2)

e.2.1 Continuocus luent Monito
The radiation detection monitors associated with contie
nuous liquid effluent releases are (Ref. 9.6.1, 9.6.2): ¢
Meniter I1.D. Descripticn
BM=-RE=52 Steam Generator Blowde n
Discharge Monitor
LE-RE-59 Turbine Building Drain
Menitor

These effluent streams are not considered to be radi-
cactive unless radicactivity has been detected by the
asscciated effluent radiation monitor or by laboratoery
analysis. The jampling fregquency, minimum analysis
freguency, a.l type of analysis performed are as per

e ~-~al - - - aks! 1%%%
Technical Specification Table &.11-1.

The alarm/trip setpoints are determined through the use
of Egquation (2.2) methodology te ensure that the limits
of Technical Specification 3.11.1.1 are not exceeded at
the UNRESTRICTED AREA. The alert setpoints have been
administratively established below the alarm/trip set-
points,. thus providing an additional margii of safety.
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The alarm/trip setpoint calculations are based on the
minimum dilution flow rate (cooling tower blowdown,
S000 gpm), the maximum effluent stream flow rate, and
the actual isotopic analysis. Due to the possibility
of a simulatanecus release from more than one release
pathway, a portion of the total site release limit is
allocated t¢ each pathway. The determination and usage
of the allocation factor is discussed in Section 2.3.1.
In the event the alarm/trip setpoint is reached, the
radiation monitor setpoint (¢), will be reevaluated use-
ing the actual dilution flow rate (F), the actual ef-
£luent stream flow rate (f), and the actual isctopic
analysis. This evaluation will then be used to ensure
that Radiological Effluent Technical

Specification 3.11.1.1 limits were not exceeded,

2.2.2 Radicactive Liguid Batch Release Effluent

Meniteor

The two radiation meonitors which are associated with
the liguid effluent batch release systems are (Ref.
2.6.4, 2.6.5):

MONITOR I1.D. Description
HB-RE-18 Ligquid Radwaste Discharge
Monjitor
HF«RE=45 Secondary Ligquid Waste

System Moniter

The setpoint for these monitors iu determined according
te the methodology described by Equation (2.2) and is a

functicon of the dilution filow rate (F), the radicactive
effluent line flow rate (£f) and the tank ligquid ef-
flueant concentration, as determined by a pre-release

1s0topic analysis. Based on these factors, a setpoint
is calculated fer the appropriate meonitor to ensure

rtliat the limits of Technical Specificatien 3.11.1.1 are
not exceeded at the UNRESTRICTED AREA (Figure 5.2A).
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| 2.3 Determination of Liguid Effluent Moniter
Setpeints

The dependence of the setpoint (¢), on the radionuclide
distribution, yields, calibration, and monitor paramet-
ers, requires that several variables be considsred in
setpoint calculations. (Ref. 9.8.1)

The isotopic concentration of the release being conside
ered must be determined. This is cbtained from the sum
of the measured concentrations as determined by the
analysis required per Technical Specifications

Table 4.11-1:

~ ”~ >
CT' (i (uq)x) * % Cs Ct * Ct {(2.3)
. Where:
CT = the total concentration of radionuclides as
determined by the analysis 2f the waste

sample.
I(C.). = thy sum of the concentrations (cq) of each

measured gamma emitting nuclide cbserved by
gammas-ray spectroscopy ©f the waste sample.

:.' = the measured concentrations (:‘
itting niclides observed by gre
analysis.

) ©f alpha em=~
8s alpha

the measured concentrations of Sr-89 and Sr-90

in liguid waste as determined by analysis of
the guarterly composite sample.

~ 3 0 -

Ce the measured concentration of khe3 i
b ]
1

iguid waste.
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ct' = the measured concentration of Fe-55 in liguid

waste as determined by analysis of the gquar-
terly composite sample.

The cq term is included in the analysis of each batch;

terms for alpha, S5r-89, Sr-%0, Fe-55, and tritium are
included as appropriate,.

*Values for these concentratiocns will be based on
previous composite sample analyses as regquired by
Table 4.11-1 of Technical Specifications.

The measured radionuclide concent: ticns arec used to
calculate a Dilution Factor (td), irich is the ratic of

total dilutien flow rate to tank i1low rate required to
assure that the limiting concentrations of Tachnical
Specification 3.11.1.1 are met at the point of
discharge. This i{s referred to as the required Dilu-
tion Factor and i{s determined according to:

(€g),

(MPCq)l MPC MPC MPC MPC
Where:

Cq. Car G50 Gy Cr = measured concentrations as

defined in 2.3.1.1. Terms C., :‘, Cc., and ct
will be included in the calculation as
apprepriate.
MFC MPC MPS .. MPC,. MPC = are limizi concentra-
P e, Fop t are limisting A
ons of the appropriate radionuclides from
CFR 20, Appendix B, Table !I, Column 2. For
ssolved or entrained noble gases, the
ncentration chall be limited %o

(

O syt

O » O»

"

- .
x10 * uCi /ml total activity.
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For the case F, < 1, the monitor tank effluent concen-

tration reets the limits of Radiological Effluent Teche
nical Specification 3.11.1.1 without dilution and the
effluent may be released at any desired flow rate, If
rd > 1 then dilution is required to ensure compliance

with Technical Specification 3.11.1.1 concentration
limits., If simultanecus releases are occuring or are
anticipated, a modified dilution factor (tdn), must be

determined so that available dilution flow may be ap-
portioned among simultanecus discharge pathways.

!dn - !d ' *a (2.5)

Where:

E‘ = the allocation factor which will medify the
regquired dilution factor such that
gimultaneous liguid releases may be mace
without exceeding the limits of Technical Spe-
cification 3.31.1.1.

The most straighteforward determination of the allocae

tion factor is:

s
F_=u 3 s
a n (2.8)
awele
- the number of liguid discharge pataways for
which ?i > 1 and which are pilanned for

Simultanecus re.ease.
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Howe 'er, thir value for t‘ may be unnece:ssarily res-

trictive in that all veleaze pathways are apportisned
the same fraction ¢of the available dilution stream,
ragardless of the relative concentrations cof each of
the sources.

Since the radionuclide concentration of “he twe contie

nuous sources is less than that of the batch release

source, it i8 acceptable to allocate smaller portions .
of rthe dilution stream to the continuous releases and a

laryger vortion to the batch releases.

Therefore, r' is necessarily defined as a flexible

quantity with a defau't value of 1/n, however, the sum
of the allocation factors assigned to pathways for the
simultaneous release must be < 1,

“he calculated maximum permissible waste tanxk effluent
flow rate, (f ), is based on the modified dilutien

max ‘"’
factor, (!1r), and the effective dilution flow ate,
(F J. The effective dilution flow rate is giv.a by:
eff
r = ) r 2.7
eff = ! . (¢.7)
Where:
?. = the cooling tower blowdown flow rate and,or

bypass dilution flow.

A conaezrvative alue for F_ ig the minimum allowable

cocling tover blowdown of
default value.

C0Cgpm, which 1s used as a
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Having established the values of !dn and !oft' the cal~

culated maximum permissible waste tank flow rate can be
calculated by:

fm.x < aff p . .eLif (for tp . !.‘f) (2.8)

Where:

{p = the expected undiluted effluent flow rate.

Thus, the effluent flow rate is set at or below
Even though the value of £

max’

max MaY be larger than the

actual effluent pump capacity, (fp) i1t does represent

the upper limit to the effluent flow rate whereby the
requirements of Technical Specification 3.11.1.1 may
still be met, If F_, < 1, the effluent flow rate set-

point may be assigned any value since the waste tank
effluent concentration meets the limits of Technical
Specification 3.11.1.1 without dilution and the release
may be made without reqard to the sezpoints for other
re.ease pathways. or those discharge pathways
selected to be secured during the release under conside
eration, the flow rate setpoint should be set at as low
a value as practicable toc detect any inadvertent
re.ease.

The liguid radiation moniter setpoint may now be detere

mined based on the values of C.. and ¢ , which were
- max

specified to provide compliance with the limits of
Technical Specification J.11.1.1.

-4

P -~ 1
8 Menl

o

or vesponse i3 primarily to gamma radiation,
t The

1(‘9)1'
calcularted monitor setpoint concentraticon is determined
as follows

-
< 4

erefore, the actual setpeint is based on

.
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¢ =B +ALl(C), _uCi
i 9 ml
(«.9)

Where:

| ¢ = setpoint as previously defined (see Section

| 2.3)

| B = monitor background prior to release initiaticen
! (uCi/ml).

| NOT

| The monitor background is controlled
at an appropriately small fraction

‘ of the limiting MPC of gamma emite
ting radionuclides to ensure that

‘ adeguate monitor sensitivity is

' maintained.

A = Adjustme.t factor which will allow the set-
soint to be established in a practical manner
for converience and to prevent spurious
alarms,

\E i A . -y - - 4 — - -~ v -
1f A » L Calculate tThe monitor setpont and procesd with
-
the release.

-

- -
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If A < 1:No release may be made. This condition must
be flagged and the cperatoyr instructed to re-
evaluate rdn and r.zt (i.e., reduce effluent

flow rate or retuarn radwaste for
recrocessing).

NOTE

1£ ‘d < 1, the release may be

made without regard to availa-
ble dilution or simultaneous
releases, and the Adjustment
Factor may be calculated as
follows:

A'TL (2.11)

d

| | The methodology described above is used t. determine

| . satpoints for each of the radiation monitors assigned
an effluent monitering function. The limiting release

| cortentration can be increased by reducing the dise

\

\

charge flowerate and by increasing the cooling tower
blowdown flowerate.

-
.-

Liguid Effluent C.oncentration Measurements

L%
2.4.1 Technical Specification 3.11.1.1

The concentration of radicactive material released in
liquid effluents to UNRESTRICTED AREAS shall be limited

@ the concentrations specified in 1C CFR Part 29,
Appendix B, Table !1, Column 2 for radionuclides cother
than dissolved or entrained nodble gases. For dissolved
or entrained noble gases, the concentration shall be
limited o 2.0 E«04 uCi m]l total activicy.
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2.9.7 Liguid Effluant Concentration .ive. irements

Liquid batch releases are discharged as a discrete
voluma and each release is authorized based upen the
sample analysis and the dilution flow rate existing in
the discharge line at time of release. To assure re-
presentative sampling, each ligquid monitor tank is
isclated and thoroughly mixed by recirculation of tank
contents prior to sample collection. The methods for
mixing, sampling, and analyzing each batch are cutlined
in applicable plant procedures. The allowable release
rate limit is calculated for each batch based upon the
pre-release analysis, dilvtion flow-rate, and other
procedural conditions, prior to autherization fer
release. The radwaste liguid effluent discharge is
menitored prior to entering the dilution discharge line
and will automatically be terminated if the pre-
selected alarm/trip setp2int is exceeded. Concentra-
tions are determined primarily from the gamma isotopic,
He3, & gross alpha analyses of the ligquid batch sample.
For Sr-89, S¢+-90, & Fe«55, the measured concentration
from the previous composite analysis is used. Compoe
site samples are collected for erch batch release and
gquarterly analyses are performed in accerdance with

- A

Technical Speacification Table 4.11-1.

Doses from ligquids discharged as continuous releasaes
are calculated by utilizing the last measured values of
samples required in accordance with Technical Specifi-
cations Table 4.11-1.

2.5 Deose Due to Liguid Effluents
«.5.1 Tec nical Specification J3.11.1.2

The dose or dose commitment %o a MEMBER OF THE PUBL!C
from radicactive materials in ligquid effluents
released, to UNRESTRICTED AREAS shall be limited:

a. During any calendar gquarter t¢ less than or egual
to 1.5 mrem to the whole bedy and less than eor
equal to § mrem tc any organ, and

P Gring any calendar year to less than or equal to

-
.

A . . i
J mrex® to the total body and to less than or egqual
-
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2:5.3 e Maxim xposed Individual

The cumulative dose determination considers the dose
contributions from the maximum exposed individual's
consumption of fish and potable water, as appropriate.
Nermally, the adult is considered to be the maximum exe
posed individual. (Ref. 9.8.3, 9.8.4)

The Callaway Plant's ligquid effluents are discharged to
tlie Missouri River. As there ara no potable water ine
takes within 50 miles of the discharge point (Ref.
9.7.1, 9.6.6), this pathway does not require routine
evaluation. Therefore, the dose contcibution from fish
consumption is expected to account for more than 9%% of
the total manerem dose from discharges to the Missours
River Dose from recreational activities is expected
to contribute the additional %%, which is sonsidered to
be negligibie. (Ref. 9.6.7)

2.5.3 Calculation of Dose From Ligquid Effluents

2.5.3.1 Calculation of Dose Contributions

The dose contrikbutiocas for the total time pericd

lae

‘
i=2

are calculated at least once each 3] days and a cumula-
tive summation ¢f the toval body and individual organ
doses is naintained for each calendar gquarter. These
dose contributicns are calculated for all radicnuclides
identified in liguid effluents relsased to UNRESTRICTED
AREAS using the feolleowing axpression (Ref. 2.8.3)
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m
D‘ = 1 (AXt : At‘ cit tt] (2.12)
: t=1
Where:
Dt = the cumulative dose commitment to the total

body o any organ, t, from the ligquid ef-
fluents for the total period

m
tat,
t=]

'I. in miem,

" the length of the tth time pariod over which
Cxt and Fl are average: for all ligquid
releases, in hours.

(55
ot
"

:,l = the aveiage measured concentvation of

-
rndzanJ»..dc i, in undiluted liguid effluent
during time period at, frem any liguid
release, in (uCi/ml).

A, = the site related ingestion dose \itment

factor to the total bedy or any organ t for
each identified principal gamma aid Pela emilie
Ter ;.-:ed in Technical Specifications,
Table 4.11+]1, (in mrem 'hr) per (uCi/ml).
These ta-’;rx are given in Table 1, as derived
through the use of Equation (2.18).
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fi = the near field average dilution factor for cit
during any liguid effluent release,

z‘ = ‘HQK e
TY. 4 fmux’ b
Where:
tnax = maximum undiluted effluent flow rate during
the release
g .= average flow rate from the site discharge

.-
strucLure to unrestricted receiving waters (dilutieon flow)

89.77 = gsite specific applicable factor for the mixing
effect of the discharge structure. (Ref 9.5.1)

The term Cx‘ is the undilutad concentration of radicace

tive material in liguid waste at the common ralease
point determined in accordance with Technical Specifi-
cation 3.11.1.1, Table 4.11+1, "Radicactive Liquid
Waste Sampling and Analysis Program", All dilutien
factors beyond the sample point(s) are included in the

F‘ term,
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2.5.3.2 Dose Factor Related to Ligquid Effiuents

| Calsulating dose contributions via Equatioen (2.12)
regquires the use of a dose factor Ait for each nuclide,

i, which embodies the dose factors, pathway transfar
fectors (e.9., bicaccumulation factors), pathway u.sage
factors, and dilution factors for the points of pathway
origin. "The adult ratal body dose factor and the maxi-
mum adult orge . dose factor for each radionuclide is
used from Table E-1ll of Regulatory Cuide 1.109; thus,
Table 1 contains critical organ dese factors for
various organs. The dose factor is calculated accorde
ing to (Ref. 9.8.4):

A = ko(Uw/D\ (%.13)

it * Urlfx)Dt

i

. Where:

A = composite dose parameter for the total body or

eritical organ of an adult for nuclide, i, for
all appreopriate pathways, as (mrem hr) per

(uCi/ml).

ko - wnits cunversion facter, derived according to:
1.14808 = (lEQO6pC4L /uCi x 1EQImi /kg) ¢+ 8760 hr/yr.

Ur = adult fish consumption factor, equal

| to 21kg/yr (Reg. Cuide 1.109, Table E-S)

ll‘x - Biocaccumulation facteor for nuclide, i, in fish
(Table 2). as (pCi/kg} per (pCi k).

D!l = Dose cunversion factor for nuclide, i, feor
adults in pre-selected organ, t, as (mrem/pCi)
(Ref. +31.4 and 9.16.5).

UU = receptor individual's water consumpticn by age

group as per Regulatory Cuide 1.109,
Table E+«5. For adults. Uw -

-

Okg/yr.
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2.5.4 umm Calcula
uent

The dose contribution for the total time pericd

]
tae,

t=]

is determined by calculation at least once per 3l days
and a cumulative summation of the total body and organ
doses is maintained for each calendar quarter. The
projected dose contribution from ligquid effluents for
which radionuclide concentrations are determined by
periodic ‘composite and grab sample analysis, may be ap-
proximated by using the last measured value. Dose con-
tributions are determined for all radicnuclides identi-
fied in liguid effluents released to UNRESTRICTED
AREAS. Nuclides which are not detected in the analyses
are reported as "less than" the nuclide's Minimum
Detectable Activity (MDA) and are not reported as being
present at the LLD level for that nuclide. The "less
than” values are not used in the reguired dose
calculations,

‘
o
L $ ]
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. TAMLE | (Continued)

INGLSTION DOSE COMMITMENT FACTOR Ay FOR ADULT AGE GROUP

| } : T Yotel | i | \ |
|ucligel Scne | Lives | fody | Thyresd | Kidoey | tung | 31 il |
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‘I‘A!Q% 2
BIOACCUMULATION FACTOR ( g) USED IN THE ABSENCE

F SITE-SP ATA®
C er L
BF,
Tlement Fish (Freshwater)

H 9.0 E - 01

| Be 2.0FE « 00

. c .6 E +« Q3

Na 1.0 E » 02

4 1.0EFE « 08

cr . 2.0 FE « Q2

Mn 4.0FE « 02

Fe 1.0E » Q2

Ce S.O0F + 0}

Ni 1.0E » 02

Cu S.0FE + Q1

an 2.0FE +» Q3

Br 4.2 E +» 02

Rb 2.0 E » Q3

. s. 3.0 E « Ol

4 .5 E + 0l

ar 3.3 E » OO0

Nb 3.0E +» 04

Mo 1.0E « Q1

¢ 3.3 L » 91

Ru 1.0 E » 01

Rh 1.0F « Q1

| e 2.0 E » Q2

Sb 1.0F = 00

Te 4. CFK + O

1.5F « 01

Cs 2.0FE » Q)

Ba 2.0 E « 00

La +.3 80

Ce 1.08 » OO0

Pr 2.5 F + 01

Nd e.53 B + 0}

| §4 3.3 E « QO

W s.¢ E+»0Q

Np 1.0 E - O}

(a) Values from Regulatory Cuide 1.109. Rev 1,

Table A-l and UE Safety Analysis Calculats 0
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2.6.1 ZTechnical Specification 3.31.1.3

The LIQUID RATYASTE TREATMENT SYSTEM Shall be OPERABLE
and appropriate portions of the system shall be used %o
reduce releases of radicactivty when the projected
doses due to the liguid effluent, to UNRESTRICTED
AREAS, would exceed C.06 mrem to the total body eor 0.2
mrem %O any organ in a Jl day peried.

2.6.2 QFERABILITY Of The LIQUID RADWASTE TREATMENT SYSTEM

The LIQUID RADWASTE TREATMENT SYSTEM is capable of
varying treatment, depending on waste type and product
desired. It is capable vf concentrating, gas stripe
ping, and distillation of liquid wastes through the use
of the evaporator system, The demineralization system
is capable of removing radicactive ions from sclutions
to be reused as makeup water., Filtratici is performed
on cartain liquid wastes and it may, in scome cases, be
the or\y regquired treatment prior to release. The sys-
tem has the ability to abscorb halides through the use
of charcoal filters prior to their release.

The design and operation reguirements of the LIQUID
RADWASTE TREATMENT SYSTEM provide assurance that
releases of radicactive materials in liguid effluents
will be kept "As Low As Reasonably Achievable" (ALARA).

The OPERABILITY of the LIQUID RADWASTE TREATMENT SYSTEM
ensures this system will be available for use when
ligquids reguire treatment prior t¢ their release %o the
envirens \nt, OPERABILITY is demonstrated through come
pliance w.th Technical Specifications 3. 11.1.1 and
9:33:3:3;

Projected doses due %¢ liquid releases to UNRESTRICTED
AREAS are determined each 31 days by dividing the cume
mulative annual total by the number of elapsed months.
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3.0 GASEOUS EFFLUENTS
| 3.1 Zechnical Specification 3.3.3.10

The radicactive gasecus etfluent monitoring instrumene
tation channels shall be OPERABLE with their Alarm/Trip
Setpoints set to ensure that the limits of Specifica-
tien 3.11.2.1 are nut exceeded. The Alarm/Trip Set-
points ¢f these channels shall be adjusted to the
values determined in accordance with the methedology

and smeters in the ODCM.
3.2 Technical Specification 3.11.2.1

The dose rate due to radicactive materialr released in
gaseous effluents from the site to areas at and beyund
the SITE BOUNDARY shall be limited to the follewing:

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

b. For ledine = 131 and 133 for tritium, and for all
. radionuclides in particulate form w.th half lives
greater than 8 days: Less than or egqual to 1500
mrem/yr. to any organ, from the inhalation pathway
only.

3.3 Casecus Effluent Monitors

Noble gas activity monitors are present on the containe
ment building ventilation system, plant unit ventilae-
tion system, and radwaste building ventilation system,

The alarm/trip (alarm & trip) setpoint Loy any gasecus
effluent radiation moniter is idetermined based on the

instantaneous ncble gas total bedy and skin dose rate

limits of Technical Specification 3.11.2.1, at the SIT
BOUNDARY location with the highest annual average X./Q

value, (Figure 5.1B)

Each monitor channel is provided with a two level sys-
tem which provides sequential alarms on increasing
radicactivity levels. These setpoints are designated
48 alert setpoints and alarm /trip setpoints. (Ref.
9.6.3)

]
|
wn

.
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3.3.2 Batch Relsase Caseous Monitors

The radiation monitors associated with batch release
gaseous effluents are (Ref. 9.6.9, 9.6.10, 9.6.11):

Menitor 1.D. Description
GT-RE-22 Containment Purge System
CT<RE-33
CHerE-10 Radwaate Building Vent

The Containment Purge System monitors continucusly
mcnitor the containment purge exhaust duct during purge
cperations for gasecus radiocactivity. The primary pure
pose ¢f these moniters is to isoclate the containment
purge system on high gasecus activity via the ESFAS.

The sample points are located cutitide the containment
between the containment isolation dampers and the cone
tainment purge filter adsorber unit.

The Radwaste Building Vent monitor was previcusly
described .n Section 3.3.1.

Setpoints for the batch gasecus effluent monitors are
calculated using the methodology described in Section
3-8,

A pre-release isotopic analysis is performed for each
batch release %o determine the identity and Qquantity of
the principal radicenuclides. The alarm/trip
setpoint(s) is adjusted accordingly to ensure that the
limits ¢cf Technical Specification J3.11.2.1 are net
excesded.

|
L
L]
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3.4 ous ue

The alarm/trip setpoint for gaseous effluent monitors
is determined based on the lesser of the total body
dose rate and skin dose rate, as calculated for the
SITE BOUNDARY.

3.4.1 9 o8 tpoint Caleul
To ensure that the limits of Technical Specification

3.11.2.1 are met, the alarm/trip setpoint based on the
total beody dose rate is calculated according to:

< v
stb < Dtbatb'srn (3.1)
Where:
stb = the alarm/trip setpoint based on the total
body dose raze (uCi/jcc).
::o = Technizal Specificatieon 3.11.2.1 limit of
SO0 mrem/yr, conservatively interpreted as a
continuous release over a one year period,
!‘ = the safety factor; a conservative facteor used
to compensate for statistical fluctuations and
arrers ¢f measurement. (For example, !' = 0.5
corresponds to a 100% variation.) Default
value is F_= 1.0,
s
r‘ = the allocation factor which will medify the

required dilution facter Juch that
simultanecus gaseous releases may be made
without exceeding the limits of Radiclogical
Effluent Technical Specificatien 3.11.2.1.
The defuault value is 1/n, whers n it the nume
per of pathways planned for release.

O
B

L
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Rtb = factor used to convert dose rate to the

effluent concentration as measured by the ef-
fluent meniter, in [uCi/cc) per (mrem/yr) to
the total bedy, determined according to:

Rep = € ¢ [(RR) T K@y (3.2)

Whevre:

. . )

C = monitor reading ©f a noble gas menitor core
responding to the sample radicnuclide concens-
trations for the batch to be released.
Concentrations are determined in accordance
with Technical Specificaticns Table 4.11-2,
The mixture of radiconuclides determined via
grab sampling of the effluent stream or source
is correlated to a calibration facter to

. determine monitor response. The meoniter
response is based on concentrations, not
release rate and is in units of (uCi/j/ce).

X/Q = the highest calculated annual average relat:‘e
soncentration for any area at or beyend the
SITE BOUNDARY in (sec,/m’). Refer to
Tables 9, 10, and 12.

K, = the total body dose factor due to gamma

emissions for each dJdentified noble gas
radionuclide, in (wrem/yr) per (uli/m').
(Table 3)

Q. = rate of release cf noble gas radionuclide,

i, in (uCi/sec).




CALLAWAY PLANT
’ QFFSITE DOSE CALCULATION
MANTIAL Rev. §

Qi is calculated as the product of the vene

tilation path design flow rate and the mease
ured activity of the effluent stream as deters
mined by grab sampling. Flow rates for the
ventilation pathways can be found in refe-
erences 9.6.21, 9.6.22, 9.6.23, and 9.6.24.

3.4.2 8hkin Dose Rate Setpoint Cealc n

To ensure that the limits of Techni.al Specification
3.11.2.1 are met, the alarm .rip setpoint based on the
skin dose rate is calculated according to:

o)
$ 8§ 8 a

F_ and F. Are as previously defined in Section J.4.1.1.

S_ = the alarm/trip setpeint based on the skin
dose rate,

D' - Technical Specification J.11.2.1 limit of
JCO00 mrem. yr, conservatively interpreted as a
Iontinuous release over a one year period

.
b
L

(3.3)
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R = factor used to convert dose rate to the

effluent concentration as measured by the ef-
fluent moniter, in (uCi/cc) per (mrem/yr) to
the skin, determined according to:

Ry ® €+ ((X7R) T (L + 1.2M,) Q)
i

Whare:

o

= the skin dose factor due to beta emissions for

each identified ncble gas radion . lide, in

(mrem,/yr) per (uCi m3)‘ (T

o

.4 = conversion factor: 1 mrad air dose =
i mrem skin dose.
M, = the air dose factor due to gamma emissions for
each identified neble gas radionuclide, in
] ) é ol 3 b
mrad/yr) per (uCi,/m™). (Table 3)

C, (X/Q) and Q. are as previcusly defined.

-

3.4.3 Caseous Effluent Monitors Setpeint
Letermination

The results of Equation (3.1) and Equation (3.3) are

compared. The setpoint 1s then selected as the lesser

3 e BT
Q :.". t"o vaiues.

(3.4)
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3.4.4 W

The gasecus effluent monitors setpoints are calculated
according to equations (3.1) and (3.2), as described in
Section 3.4. However, it should be noted that a batch
release will alter the flow rate characteristics at the
Unit Vent and therefore the concentration as sensed by
the moniter. For example, in the case of a minispurge,
the setpeoint for the Unit Vent meniier must be ree-
calculated to include both the continucus and batch
sources. .

3.5 Calculation of Dose From Casecus Effluents

Dose rate calcnlations are performed for bacocuu ef-
fluents t¢o ens .re compliance with Technical Specifica~
siom 3.13.2.3.

- i £ se Ra

The following methedology ia applicable to the location
(SITE BOUNDARY or beyond) characterized by the values
of the parameter (X/Q) which resu.ts in the maximum
total bedy or skin dose rate. In the event that the
analysis indicates a different location for the total
bedy and skin deose limitations, the location selected
for consideration i1s that which minimizes the allowable
release values., (Ref. 92.8.7)

The factors K;' Lx' and Nx relate the radionuclide aire
borne concentrations tTo various doase rates, assuming a
semi=infinite cloud model, and are tabulated in

Table 3.

3.5.1.1 Noble Cases

T

.
-

W ow el
«
@O

release rate limit for noble gases '8 determined
erding to the following general relationships (Ref.
-
)

4
o
’
.

- 4
- o =
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M1 = Alr dose factor due to gamma emissions for

each identified noble gas radicnuclide, in
(mrad/yr) per (uCi/m') (Table 3).

The release rate limit for leodine-l13] and-133, for trie
tium, and for all radicact:ve materials in particulate
farm with half lives greater than 8 days (s determined
a.cording %o (Ref. 9.8.8):

Do = I ?1[(XKQ)Q11 < 1800 mrem/y¢ i - 13+7)
i

Where:
D° = Dose rate to any critical organ, in (mrem yr).
P1 E Dose parsmeter for radionuclides other than

neble gases for the inhalation pathway for the

¢hild, based on the critical organ, in

(mrem yr) per (uCi/m'). (uable &)
Q.= The release rate of radionucliide, i, in

gaseous effluents, from all vent releases, in
(uCi sec), Qz is calculated as the product of

the ventilation path design flow rate and the
measured activity of the effluent stream as
determined by grab sampling., Flow rates ter
the ventilation pathways can be found in rufe
erences 9.6.31, 9.6.22, 9.6,.23, and 9.6.24

(XQ) is as pre.iously defined.

The dose parameter (’1) includes the internal dosimetry

'cdicnuclide. i, and the receptor's breathing rate
are functions of the receptor's age. Therefore
ild age group has been selected as the limiting
Sup.
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For the child exposure, separate values of Pi are tabus

lated in Table 4 for the inhalation pathway. These
values were calculated according to (Nef. 9.8.9):

Where:

D!'A1 =

Note:

P, = K' (BR) DFA
b i

Units conversion factor: luCi = 1EOQO6 pCi.

The breathing rate of the maximum exposed
child age group, 3700 m'/yr. (Regulavory
~1ide 1.109, Table E-8).

The maximum organ inhalation dose factor for

the child age group for the ith radionuclide,
in (mrem/pCi). The total body is considered
48 an organ in the selection of DrAl. (Ref.

9.11.5 and 2.16.5)

All radiciodines are assumed to be released in
elemental form, (Ref . 9.8.8)

(3.8)
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TABLE & (Cent'd.)
DOSE PARAMETER (’t) FOR RADIONUCLIDES OTHER THAN NOBLE GA’IS‘

Inhalation Pathway

(mrem=hr) per (uCi/m’)

| | I [ Total | | T | |
INuclidel Bone | Liver | Body | Thyreid | Kidney | Lung | G1-LiI |
| ¥o9lm [3.07E«1 | ND |1.84E+2 | ND | ND |3.81E3 |1.72E3 |
« ] Y91 J9.14E8 | ND |2.46E4 | ND | ND |2.63E6 |1 .84E5 |
| Y=92 [2.04E1 | ND |5.81E+Y | ND | ND 12.3984 [2.39%5 |
| Y*93 |1.86E2 | ND |S.11EQ0 | ND | ND |7.44E6 |3.89E5 |
| Zr+95 V1 9QES |&.18E6 |3.70Es | ND |2.96Es |2.23E6 |6.11E4 |
| 2r+97 |1.88E2 |2.72El |1.60E1 | ND |3.89E1 |1.'3ES [3.51E5 |
| Nb=9S5 |2.33E4 |9.18E3 |6.535E3 | ND |8.62E3 |6, 14ES |J.70E& |
| Mo+39 | ND 13.7282 |4.26E1 | ND |3.9282 |1.35E5 |1.237E5 |
| Te*99m|1.78E+3 |3.48E+3 |S5.77E<2 | ND |$.07E<2 19.5182 |&.81E3 |
. | Te+10118.10E-5 |8.51E-3 |1.08E-3 | ND |1.45E+3 |5.85E2 (1.¢3E1 |
| Ru=10312.79E3 | ND |1.07E3 | ND |7,03E3 |6.62E5 |&.&8E6 |
| Ru=105/1.53E0 | ND |15.55E-1 | ND |1.38E0 |1.%9E4 |9 .95E& |
| Ru=106/1.36E3 | ND |1.69E64 | ND |1.84E3 |1.4387 |&.29E8 |
[Ag=110m}1.69E4 |1.1&E4 |9.04E3 | ND |2:1286 $.48E6 |1.00E5 |
| C4=109| ND |5.«8E5 |2.59E& | ND |&.96ES |1.0%Eé |2.78Es |
| Sbei24]5.7404 |7.4082 2.00B4 |1.36E2 | ND |3.34E6 |1.64E5 |
| Sb+125|9 8<E& |7 .59E2 12.07F& |9.1081 | ND |2,3286 |4.0386 |
|Te=125m|6.73E3 12.33E) 19,1412 |1.92E3 | ND |4.77ES |3.38E¢ |
ITe+127m| Y. 4984 |8.335E3 13,028 |6.07E3 8,364 |1.48E6 |7.14Es |
|Te=127 |2.°7E0 19.51E~) |®.11E-1 |1.96E0 |7.07E0 |1 QOB& [5.82Es |
[Te+1239%9n|1.92E4 |o . 83E3 {3.04E3 |6.33E3 |5 0384 |1.7¢E6 |1.82E5 |
ITe*129 19.778+2 |3.508+2 12.380+2 |7.048=2 12.57E+1 |2.938) |2.558s |
[Te+131m|1.34E2 |5.92E) |$.07E1 |9.77E} j@. 0062 |2.06E5 |3.08ES |
{Te*131 12.178+2 |8.44E*3 |6.59E+3 |(1.70E~2 |5.88E-2 |2.05B3 |1.3383 |
{Te=132 |4.81E2 |2.7382 13.6382 13.1783 [1.77E03 |3.77E3 1.388% |
132330 18.18EY |1.84B4 [2.4eE) 11.85Es 2,458 | ND $.11E3
[I=131 |« . 81Es |6 .S81Es 13.73B6 |1.6387 [?. 8884 | ND {2.86E3 |
jI=132 2.12E3 |&5.0783 |1.88E3 |1.94L58 $.25E3 | ND 3.3083
12133 |1.8684 [2.03E4 |7.7Q0E3 |3.83Ee 3.36%4 | ND 5. 8L
i1+136 |1 17E3 |2.1eE3 [9.95E2 |5.07Es 3. 3043 \D 9.3382 |
[+133 - 92E3 8.7383 ,Q.;‘E} 7.92E3 I1.3e8s i e &.wel3 |
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| 3.5.2 Dose Due To Casedus Effluents
3.5.2.1 Technical Specification 3.11.2.2

The air dose due to noble gases released in gasecus ef-
fluents, tU areas at and beyond the SITE BOUNDARY shall
be limited to the following:

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

P. During any calendar year: Less than or egual to 10
mrad for gamma radiation and less than or egual %o
<0 mrad for beta radiation.

3.5.2.1.1 Noble Cases

The air dose at =he SITE BOUNDARY due to noble gases
| released from the site is ca.culated according to the
following methodoleogy (Ref. 9.8.10):

.

. During any calendar gquarter. for gamma radiation:
Dg = 3.17 E-08 1% le {((X/Q) Qx s (X 3) q‘)j <$ mrad (3.9)

i

During any calendar quarter, for beta radiation:

0
"
(e
e

]

k E-c8 T (N, ((X7R) Q * (X/q) g} £ 10 mrad  (D.10)

:

During any calendar year, for gamma radiation:

.
P

D_ = 3.17 E-.080 % M, ((XR :z ¢ (X3 qk“ s 10 mrad (3

-

During any calendar year, for beta radiation:

t
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Alr dose from gamma radiation due to noble
gases released in gaseous effluent,

Air dose from beta rediation due to noble
gases released in giaseous effluents.

The relative concentration 'or areas at or
beyond the SITE BOUNDARY fo shorteterm
releases (egual to or less t¥an 500 hrs year).
Refer to Tables 9, 10, 11, »d 13.

The average release of noble gas radionu-

clides, i, in gasecus effluents from all vent
releases for shorteterm releases (egual to or
iess than 500 hrs year), in (uCi). Releases
are cumulative over the calendar gquarter or
YEAY A8 ApDropriate

he air dose factor due Tt beta emissions for

each identified noble gas radionuclide, 4. in
(mrad,/yr) per (Ci/m'). (Table 1))

The average release of noble gas radionue

lides, 1., in gasecus effluents from 2ll vent
releases for longe-term releases (greater than
SO0 hrs year), in (vCi). Releases are cumulas
tive over the calendar Juarter or year, as
Appropriate.

The highest calculated annual average relativ
cancentratiaon for aresas at or beyond the

SITE BOUNDARY for longe=term releases

(greater than 500 hre yr). Refer %o Tables

LI

9. 10, and 13.
= The inverse of the number of seconds per year.

- s " -
T
SSSs9ft 3.9 . 4:8)

(e

pProvicus.y defined. (Refer e
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3.5.2.2 Teghnical Specification 3.11.2.3

The dose to a MEMBER OF THE PUBLIC from lodine~l13l and
133, tritsium, and all radionuclides in particulate form
with halfelives greater than 8 days in gasecus ef-
fluents released, to areas at anc beyond the SITE BCUNe-
DARY shall be limited %o the following (Ref. 9.8.10):

A During any calendar Quarter: Less than or
equal to 7.5 mrem to any organ and,

b, Suring any calendar year: Less than or egqual
to .5 mrem to any organ.

3.5.2.2.1. Radicnuclides Other Than Noble Cases

The dose to a MEMBER OF THE PUBLIC from lodine-131 and
133, tritaum, and all radionuclides in particulate form
with halfelives greater than 8 days in gaseous ef-
fluents released, to areas at and beyond the SITE BOUNe
DARY., is calculated according to the following
exprassions:

During any calendar gquarter:

:1 = J.1TE-CB I Rx W ;1 * W qzj < 7.5 mrem (3.13)
i

Puring any calendar year:

D1 m 3J.17E-08 I '1 [ W :x . W qz; € 15 mrem (3.18)

wWhere:

L&)
i

“08¢ to a MEMBER OF THE PUBLIC from

'

radicnuclides other than ncble gases
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| Q‘ = The releases of radiocicdines, radicactive

materials in particulate form, and radiconue
clides other than noble gases, i, in gasecus
effluents, for all vent releases for longe-term
releases (greater than 5C0 hres,/yr), in {uCi).
Releases are cumulative cver the calendar
QUAZTEr Or YeAr AS appropriate.

| q, = The releases of radiciodires, radicactive
i

materials in particulate form and radionue
clides other than noble gases, i, in gaseous
effluents far all vent releases f.r shorteterm
releases (egual %o or less than 500 hra/yr),
in (uCi). Releases are cumulative over the
CAlendar QuUarter oOr YyeaAr as appropriae,

R = The dose factor for erch identified
radionucl.de, &, in m'(mrem/yr) per (uCi/sec)
or (mrem /yr) per (uCi/m'). (Table §)

W= The dispersion parameter for estimating the
dose %9 an individual at the controlling locae
. tion for longeterm releases (greater than 500
hes/yr):

We (X/Q) for the inhalation and tritium pathways,
in(sec m'),

wes (570) for the food and ground plane

pathways, .nimeters ?).
Refer to Tables %, 10, and 12.

. 4% »
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(D/q) = the relative deposition of the effluent at or
beyond the SITE BOUNDARY, considering deple~
tion of the plume during transport, for short
term releases (less than or egual te

500 hras/yr), in (meters'!).

Note: For the direction sectors with existing pathways
within 5 miles from the site, the appropriate l‘ vailues

are used. If no real pathway exists within § miles
from the center of the building complex, the cowemilk
l‘ velue 18 used, and it is assumed that this pathway

exists at the 4.5 %0 5.0 mile distance in the limitinge
case sectay. If the l‘ for an existing pathway within

S miles is less than a cowemilk lx at 4.5 %o 5.0 miles.
then the value of the cowemilk l‘ at 4.5 to 5.0 miles
is used. (Rev, 9.8.10.)

Although the annual average relative concentration

(X Q) and the average relative deposition rate (D Q)
Are generally ssnsidered to be at the approximate
recepter location in lieu of the SITE BOUNDARY for
there calsoviaticons, it 48 acceptable to consider the
ingestion, inhalation, and ground plane pathways to
coexist at the location of the nearest residence with
the highest value of (XQ). (Ref. 9.8.10) The Total
Body doase fyom ground plane deposition is auded te the
dose for each individual organ. (Ref, 9.11.3)

o« 46 «
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TAMLE §
PATHWAY DOSE FACTORS (I‘) FOR RADIONUCLIDES UTHER THAN NOBLE GAsts®

Inhalation Pathway
(mrem=hr) per (uCi/m')

{ T T T Total | | ] 1 |
INuglide| Bone | Liver | Body | Thyrois | Kidney | lLung | GI-LLi |

| He3 | ND 134383 (1.1383 11,1383 {3.3363 J1.3383 ji.3383 |
| Bas? |B.47EZ |1NeE) T |9.25E2 | N0 | ND |6 . 4884 |2.5503 |
| Cold [3.59B4 |6.73E) |6.73E3 |6.7TIE3  |6.73E) |6.73E) |6.73B3 |
| Nas24 |[1.01Es |1.8lE& |1.61E& 11.61E4 |1.618« |1.81E4 |1.81E& |
| P32 |2.60E¢ |).1SE5S |9.88E4 | WD \D | ND |.3386 |
| Cre31 | ND | ND {1.54E2 |8.55BY |2.43EL |1.70B& |1.08E) |
| Mn<34 | ND |&. 2984 19.51E3 | ND |1.00B4 |1.582¢ [2.39E& |
| ¥:+56 | ND |1.66EQ [3.128+1 | 4D [1.67E0 J1.31E4 1.238% |
| C=37 | ND |9.0382 |1.0E3 | ND | ND |$. 0785 1.3384 |
| T:o55 |e. 7686 ([2.53E6 |7.72E) | WD | ND |1, 1068 |2.8783 |
| Fo 39 |2.0784 13.34E6 |1.678& | ND | XD i1.2706 |2.078% |
| CossV | N (L.77E3  13.1683 | WD | ND [1. 1106 |3.&&B6 |
| Co=80 | ND 11.318& |2.38Es | ND | N [T.0706 |9.2686 |
| Ni+63 |8 2185 |& . 83Es {2,808 | ND [ ND 13.7585 |4.338) |
[ Ni*83 [2.9980 (2.98E+] |i1.8sE+1 | ND | ND {8, 1803 18.4006 |
| Custé | ND {1,99E0 11.0700 | ND [6. 0380 |9.5083 |3.e7E& |
| Zne83 |6 2686 [1.13E5 7046 | N TO1SEN |9 93RS 1636 |
| Sn6% |6 0L« |9 . 06E+«2 [8.92E-3 | N 15, 05E-2 |1 .428) 11.028& |
| BeeB2 | W | N . 1083 | ND | NO | ND | NP !
| Br-d43 | ND | ND [&.76E2 | ND | ND | ND | 9 |
| Bre8a | ND | ND i5.4802 | ND | NO | ND | @ I
| Be=d3 | N | ND 12.531 | W@ | ND | NP | 0 !
| R | \D 1.98L3 [1.1e88 | XD { N | ND (.83 |
| Rb-88 | NU 13.0083 [3.6eE2 | ND | ND | N (1.738) |
| Rp8% | XD 3.4382 |3.50B3 | ND \D | NP [1.8980 |
| Sr+8% 13 9985 | ND 11.7386 | W ! XD e, 1888 1.4788%

| $£+90 [1.01E8 | XD [6. 9k | NP | ND |1 887 |3.385 |
| Sr-®1 11.3302 | NB |« . 3920 | N | N 15,338 1.7eE8

| $e+93 13.3181 | N (3.358~1 | N N 3.6086 |3.4285

| Y90 [e.118%3 | = 1,182 | ND | ND |2.628% |2.8885 |
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TAMLE S (Cont'd.)
PATHWAY DOSE FACTORS (R) FOR RADIONVCLIDES OTHER THAN NOBLE Gases®

Inhalation Pathway

(srem-hr) per (uCi/a')

| | T T jetal | | | 1 |
INuclide| Bone | Liver | Body | Thyroid | Kidney | ‘tung | SI-LLI |
| Ye0la |3.87E~1 | N {1.828+2 | ND | ND |3.8183 |1.7383 |
| Y=951 |9.14E5 | ND |2.4486 | ND - | NB 13,8386 | 1.8485 |
| ¥Y+92 |2.0¢E1 | ND |$.818+1 | ND | NO 13,3906 |2.39E5 |
| Y-93 [1.88E2 | ND {$.1180 | ND | ND |7 . &8E6  |3.89E5 |
| 2r+9% |1.90L8 &, 18Es |3.%C684 | ND |5.968¢ 12.3386 |6 116 |
| Se+97 |1.88E2 3. 7381 {1.60B1 | ND 13.890) (1.1385 |3.51E3 |
[ Nb=95 2,334 |9 .18E) [6.5583 | ND |8.62E3 1€, 1488 |3.70B4 |
| Mo=99 | ND 131.7383 |6.2681 | ND 13.9202 11,3585 |1.27E% |
| Te+99m|1.78E-3 |3.48E-3 [53.772+2 | ND |5.070+2 19,5182 |4.0183 |
. | Teo10118.10C-5 |8 .31E+3 |[1.088-3 | N 11.95E+3 |5.8582 [1.4%R1 |

| Ru=103]23.79€3 | ND [1.0783 | N |7 O3E3 |6.6285 |&.o8Es |
| Ru=1085/1.%380 | ND |$.558-1 | N [1.36E0 |1.5906 [9.935Ré |
| Ru~106|1.3¢ES | ND [1.89E& | ND {10685 J1.4387 [&6.2988 |
[Ag=110m|1. 6924 1.1eB4 |9 .16E) | WD 3. 1384 |5 .«886 |1.0085 |

Cd~10%] ND |S.«8E3 |3.9%86 | N [ .9¢E5 11.058¢ |2.708¢ |

| §b124158.7484 [7.40K2 2.008& j1.2e82 | NO |3.34E8 |1.84E5 |
| Sbe123]9.84E4 17.3982 123.0788 |9.108) | NP 2. 3386 [4.0386 |
Te+1250|6.7383 12.3303 19,1422 11.92B) | ND (. 7705 13.30k4 |
[Te~127ml2. 4984 5. 3302 13.0283 [4.0723 |6.360¢ 1.48E8 |7 1B |
[Te«137 12.7720 (9.51E+1 |6.11E+1 |1.96E0 [T 0720 11.000% |35.02E46 |

[Te+13%a!1. 9206 16 8553 [3.0<8) |6.330) |$.0386 [1.768¢ 1.0285 |
[Te129 |9.776+3 3. 508-3 (2.300-2 |7.040+3 13,570« 12,9303 3.558s |
ITesi3lm|) 382 15.9200 {5.076% |9.7700 . 0083 130483 [3.0083
{Tos131 12.170+3 |8 . al+) [6.590+3 [1.70E+3 |5.808-2 12.088) 1.3 |
iTe+132 (6.0102 12.7382 12.6303 13,1763 (L7783 |3 7788 1i.5e88
11=130 (8. 38E2 [1.eeks 8. «ef3 |1,.05E8 13.¢386 | XD $.1183 |
Pi+131 (& . 818s 6. 810 13.738& 11.63%7 T.MEs | W s 883 |
1+133 13,1383 (s.07R) 1.88E3 11,908 ¢330 | N 13.3083 |
i+133 .00 12.03 T.T0R3 13.83%4 13.388 | N 5. «8L3
=13 1. 1783 s. 1883 9.9382 5.07Eé 3, 3083 ND 19,3583
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TABLE 3 (Cont d.)
PATHWAY DOSE FACTORS (R ) FOR RADIONUCLIDES OTHER THAN NOBLE CAsks®

Inhalation Pathway

(arem~hr) per (uCi/a')

| T T T Total | 1 | ] .
INgsliidel Bone | L —nody | Thyreoid | Kidney | Lung | Si-Lls |

(1133 1=.9303 18.7303 |e.ueBl [7.902E5  [1.36B6 | ND [ ek}
iICas136 |6 5165 1. 01E6  |2.25E5 | ND o 3.00RS 1.21E5 |3.35D)
[Co=136 J& 518« 11.%0%5 J1.%628 | ND |9 5586 |1 .45E6 6 18E3
{Co=137 (%0765 |&.35B%Y |).3885 | NO 7303 [1.0685 |3.e28) |
(Cas138 [6.2383 |8.4082 |5.5582 | W +oE2 |8.8181 |2.70B2 |

IBa+139 |1.84GE0 |9 .84E-4 15.237E-2
[Bas1aQ |7 .40B4 |4, 48L) |&. 3382
(3

1 638+6 [5.7703 |5.77E&
|

Baclal APE-1 (10984 |6 3681 |
|
l

|$ |
S -1LB1 11.76B% [1.938% |
3.678+3 12.7283 |3.73%2 |
2 B |

13 |

i
[88-142 15.008+2 13.020-8 |2.79C+) - 12.918+5 11,6603 |2.7400
(ha=1e0 |6.oaB2 12.2582 |7.8524 ND | N $3BS |2.2e88
|Las143 [1.3080 (4. .31Es1 11.390) | @ | SO 18.7083 |7.39Bs |
ICaslol 12,9286 11,9586 J2.900) | W |8.55E3 |3 eeBS |5 .seBs |
(Coslad |3 6882 149982 |2.87E) | N 18. 3681 [1.1585 (1.278%
|Caslod [6.7706 12.7286 136188 | ND 11784 [1.2087 (3.0908 |
|Preled 1.8506 |5.55E3 193482 | N I3.008) [e.3383 (9.738% |
{Pretas |5.96E+2 11.050+2 12.008+3 | ND 197783 |1.3783 (19782 |
INd+147 |1.0886 (8.7383 (e M1E2 | %D 6. 9183 132885 (8.310e |
IRE-101 13,7006 [1.0038% 113886 | WO 130586 1.0k #.82Es !
IN<I87  [2.83B1 (9.e6B0 |e.3310 | W | OND le l1ES 19 L0Ee |
INp=239 & 8682 13 %WE1 123381 | W 19,7381 |3 M1Ee 18800 |

(4) The chilad age group: Table E+9 Reg. OBuide 1. 109, Rev. 1, 1977, and B
Safety Analysis Caleculation 88+007+00+F

s &9 »
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PATHWAY DOSE FACTORS kl‘) FOR RADIONUCLIDES OTHER THAN NOBLE GAsgs®

Ground Plane Pathway

(M mrem/yr) per (uCi/sec)

Nuglide Total Body Sk
Nasle 1.0987 1.9
Cre8) « 85E6 5.51x6
Mnede 1. 399 1.0159
Mneid . 2JES . 1.07Ee
Fe«$9 2. 13E8 3.2008
Co-58 3.79L8 P *
Co-80 2.15810 2.53E10
Ni=83 3.97L8 Y. 4588
Cusbé 6.0ES 6. 8853
Zne8$ T ATER §. 59E%

. Sre83 «. 87E3 Y. 0883
Brebdé 2.0 +. 3613
Rbes ! 8,996 1,0387
Eheds 33188 3.7884
Rp-49 1.2388 1. «8L%
Sr-89 3. .188% . 51k
Sre9} o, 158 2.318
$r-92 .18 § 633
Y-90 . <9 .15
Yeiln 1.0083 1.14L5
Y81 1.07Ee 1.21E8
Ye92 1. 80L% 3. 1«L}
Y+9) 1.03L8 s 51E5
2r+98 .. «5L8 T A
ir+¥? 2 9ele 1. wels
Npeds 1.3°L8 1.61E%
Mo-89 3 98ie O B A
Toedip I 818 3. 1183
il . Jule <.o8ke
Ru+103 1.08E% 1.3¢ES
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PATHWAY DO%E FACTORS (Rx) FOR RADIONUCLIDES OTHER THAN NOBLE GASEs®

LATION

Ground Plane Pathway

vl

(M* mrem/yr) per (uCi/sec)

Nuclide Total Body Skin
Pr-l4é 1.84E3 2.11E3
Nd-147 8.41E6 1.01E7
wel87 <.30L0 . 7%E®
\p-+239 11 71E6 1.98E6

(a) Data from Reg. Guide

1

&

109, Appendix

E.
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MEAT PATHWAY

(m* mrem/yr) per (uCi/sec)

| | | | Total | I I |
INuclide| Bone | Liver | Body | Thyroid | Kidney | Lung | GI-LLI
| Y«9im | 0 | ND | 0 ! ND | ND | ND | 0

| Y=91 |1.8086 | ND |]4.83E« | ND | ND | ND |2.40E8
| Y=92 | 0 | ND | Q, | ND | ND .| ND. | 0

| ¥Y=93 | 0 | ND l 0 | ND | ND | ND |1.53E?
| 2¢-95 |2.66E6 |5.85ES 1$.2185 | ND |8.38ES ! ND |6.11E8
| 2r+97 |3.20E-5 |&4.63E<6 |2.73E-6 | ND |6.635E<6 | ND |7.02E-1
| Nb+9S5 |3.09E6 |1.20Eé |8.61ES | ND |1.13E6 | ND |2.23E9
| Mo=99 | ND |1.18ES [2.84E4 | ND |2.46E5 | ND |9.51E4
| Tc=9%m| ) | 0 | 0 | ND | 0 | 0 | 0

| Te=101] 0 | 0 | 0 | ND | 0 | 0 | 0

| Ru=103]1.55E8 | ND |S.96E7 | ND |3.90E8 | ND |%.01E9
| Ru=105] 0 | ND | 0 { ND | 0 | ND | 0

| Ru=106|6.44E9 | ND [5.34E8 | ND |5.99E9 ND 1 9.90E10
|Ag=110m|8.40E6 |5.67E6 |4 53E6 | ND |1.086E7 ND |16.75E8
|Cd=109 | ND |1.90E6 I1§.83E6 | ND |1.70E6 ND |6.18E6
|Sb=1234 |2.92E7 |3.79ES |1,02E7 |6.45E4 | ND |1.62E7 |1.83E8
|8b-125 |2.85E7 |2.20ES |5.97E6 |2.064E4 | ND |1.59E7 |®.80E7
[Te=125m|5.59¥8 |1.354E8 |7.59E7 |1.60E8 | ND | ND |5.49E8
|Te=127m|1.77E9 |&.78ES8 |2.11E8 |&.24ES8 |S.0%E9 | ND | 1.44E9
|Te=127 [&4.11E<10|1.11E-1 0 |2.85E~10 |1.17E-9 | ND |1.61E~8
[Te=139%9m|1.79E9 |&.99ER 2.77E8 |5.76E8 |5.2569 | ND |3.18E9
|Te=129 | © | 0 | 0 | 0 | 0 | N | 0
ITe=)31m|7.00E2 |2.42E2 la.S8E2 4.98E2 |2.34E3 | ND |9.82E3
| Te=131 | 0 | 0 0 ‘ 0 | 0 | ND . 0
1Ta=132 |2.09E6 |9.26ES |1.12E6 |1.35Eé |8.60E6 | ND 19.33E6
|1+130 |3.04E+5 |6.13E«6 |3.16E<6 |6.76L- |9.17E«6 | ND |2.87E«6
1131 eas’ 1.8887 1. «8E5 5. 3CE9 2:7387 | XD 11,6820
j1=132 | 0 0 | 0 J 0 | | ND Q
[1«133 16.16E~]! [7.81E~] o.88E-1 |1.&4152 [1.27E0Q ND 3.07E«])
[1«134 | 0 | Q | 0 | | 0 N b

o 84
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TABLE 5 (Cont'd.)

PATHWAY DOSE FAUTORS (ki) FOR RADIONUCLIDLS OTHER THAN NOBLE Gasgs?

MEAT PATHWAY

(m* mrem/yr) per (uCi/sec)

| | | | Total | I
[Nuclide| Bone | Liver | Body | Thyroid | Kidney

foe

Lung | GI-LLI |

[I-135 0 0
ND |«.89E8

l l ND
| |-

| ND |2.36E7 -

| . &

i |

|
68E8 |
31E6 |
|

I

- .-

canbd
.81E7
. 33E9

- . &
1w lu=

[
{Cs=136 |
|
|

e ]
e
-
a
1
a

-
O
m
o

{Ca=137
[Cs=138

ND .16E8
ND 0

. 30E8
0

e s
s
w
™
-~
— 0 W
w
a-
m
~4
LD e

{Ba=139
Ba~140

| 0 | ND 0
l
Ba-141 i
l
|

| | |

|2.56E6 | ND |1.25E4 |2.29E4
| e | ND I 0 | 0
l 1 l
l ' '

e
ro
™
-~

__,_ >
o

(=3 =
m
&

[a=142 0 0 | ND 0 0
. |La=140 |5.69E-2 |1.99Lk-2 6.70E-3 | ND ND ND 5.54E2
La=142 | 0 ‘ 0 ( 0 [ ND | ND | ND } 0 |
[Ce~161 |2.22E4 |1.11E4 1.6483 | ND “.835E3 | ND 1.38E7
|Ce-143 13.17E-2 |1.72E1 2.49E~) ND 7.21E~3 | ND 2.52E2
Ce~144 |2.32E6 |7.26E3 |1.34ES | ND 4. 04ES | ND 1.89E8 |
Pre143 |3.35E4 |1.0CES 1.68E3 ND 3 .64E3 ND 3.61E7
Preldd 0 I 0 ] ) | ND | 0 | ND 0 ‘
Ndele7 |1.17E6 |9.350E3 {7.35E2 | ND 5.21E3 | ND 1.50E7
He-181 j&.76E6 |1.73E7 |12.15E6 | ND 3,32E6 | ND 6.%0E9
W-187 3.35E-2 |1.98E-2 8§.91E-3 | ND ND | ND |2.79E0 |
Np=239 [5.20E-1 J02E+2 |2.12E+2 ND 8.72E-2 | ND 2. 2383 |
1) The child age group; data from Reg. Guide 1,109, Appendix E, and UE

Safety Analysis Calculation 88-002+00-F




CALLAWAY PLANT
OFFSITE DOSE CALCULATION
MANUAL Rev. 5

TABLE 5 (Cont'd.)

PATHWAY DOSE FACTORS (Ri) FOR RADIONUCLIDES OTHER THAN NOBLE GAsEs®

Grass-Cow-Milk Pathway

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

| | | | Total | | I | I

INuciide| Bone | Liver | Body | Thyroid | Kidney | Lung | GI-LL! |

| H-3 | ND 11.57E3 [1.57E3 |1.S7E3 J1.57E3 |1.57E3 |1.57E3 |

| Be<7? |7.30E3 |1.37E& [8.19E3 | ND |1.25E4 | ND 17,1288 |

| C=14 |1.1929 |2.39ES8 |2.39E8 |2.39E8 |2.39E8 |2.39E8 |2.39E8 |

| Na-24 |8.89E6 |8.89Ee |8.89E6 |8.89E6 |3.89E6 |8.89E6 |8.89E6 |

| P=32 |7.77E10 |3.64E9 |3.00E9 | NP | ND | ND |2.1389 |

| Ce=51 | ND | ND |1.03ES |5.65E& [1.56E4 |1.04E5 |5.40E6 |

| Ma=54 | ND |2.10F7 |5.89E6 | ND |S.88E6 | ND |1.76E7 |

| Mn<56 | ND |1.29E<2 |2.90E-3 | ND |1.56E<2 | ND |1.86E0 |

| Fe«35 |1.12E8 |5.93E7 |1.84E7 | ND [ ¥D |3,38E7 |1.10E7

| Fe+39 |1.20E8 |1.94E8 |9.69E7 | ND | ND |$.6687 |2.02E8

| Co«57 | ND | 3.84E8 |7.76E6 | ND | ND | ND |3.15E7

| Co<58 | ND {1.21E7 13.71E7? | ND | ND | ND |7.07E7

I Co«60 | ND |6 32E?7 |1.27E8 | ND {  ND | ND |2.39E8

| Ni<63 |2.96E10 |1.59E9 |[1.01E9 | ND | ND | ND |1.07E8

| Ni«6S |1.686E0 |1.56E-1 |9.01E-2 | ND | ND | ND j1.91E1 |

| Cu<64& | ND | 7.46E64 16.51 | ND |1.80E5 | ND [3,50E6

| Zn+63 |&.13E9 1.10E10 [5.85E9 | ND |6.94E9 | ND |1.93E9

| Zn-69 | 0 | 0 | 0 | ND | 0 ND j1.123E+9

| Br-82 | ND | ND |[1.15E8 | ND | ND | ND | ND |

| Br+83 | ND | ND | XD | ND | ND I ND | ND |

| Br+84 | \D \D 5D ND { ND w ND | ND |

| Br-85 | ND ND | ND | ND | ND | ND | ND

| Rbe-86 | ND |8.80E9 |5.41E9 | ND | ND | ND |5.68E8
Rbe88 | ND | 0 | 0 | ND | ND | NB | 9 |

| Rb=89 | ND | 0 | 0 | ND | ND | ND | 0

| Sr-89 |A.62E9 | ND |1.89E8 | ND | ND | ND |2.56E8

| Sr=90 |1.12E11 \D 2.83E10 | ND | ND ND |1.51E9

| Sr+91 |1.30E5 | ND |¢.92E3 | ND | ND ND |2.83E3

| $£+92 |<.1880 | ND |8.735E<2 | ND ND | 8D |&.13E1

| ¥Y+90 |3.22E2 | ND $.02E0 | ND | ND ND |9.17ES
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TABLE 5 (Cont'd.)

PATHWAY DOSS FACTORS (Ri) FOR RADIONUCLIDES OTHER THAN NOBLE GAsgs®

Grass-Cow-Milk Pathway

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

l | I | Total | l | I
INuclide| Bone | tiver | B8odv | Thyroid | Kidney | tung | GI-LLI |
| Y«91m | O | ND | 0 | ND | ND | ND | © |
| Ye91 |[3.90E&4 | ND [1.04E3 | ND | ND j ND |5.20E6 |
| Y92 |2.57.4 | ND |7.24E+6 | ND | ND | ND |7.31E0 |
| ¥-93 |1.08E0 | ND |2.90E-2 | ND | ND | ND |1.57E6 |
| 2¢-95 |3.83E3 |8.42BE2 |7.30E2 | ND [1.21E3 | ND 8.79E5 |
| 297 |1.92E0 |2.77E-1 |1.64E-1 | ND |3.98E-1 | ND |&.2086 |
| Nb-95 |3.18E85 [1.24E5 [8.84E4 | ND [1.16E3 | ND |2.29E8 |
[ Mo+99 | ND |8.14E7 |2.01E7? | ND [1.74E8 | ND |6.73E7
| Te-99m|1.32E1 [2.59E1 |&.29E2 | ND |3.76E2 |1.32E1 |1.&7E& |
1"" | Te-101] © | 0 | ¢ | ND | 0 | 0 | 0 l
| Ru-103|4.28E2 | ND |1.63583 | ND |1.0884 | ND |1.11E5 |
| Ru~105|3.82E-3 | ND {1.39E-3 | ND |3.36E-2 | ND |2.49E0 |
| Ru~106|9.24E4 | ND |1.15E4 | ND |1.25E5 | ND | 1.44E6 |
|Ag=110m|2.09E8 |1.41E8 [1.13E8 | ND [2.63E8 | ND |1.68E10 |
|Cd+109 | ND |3.86E8 |1.7985 | ND |3.45E6 | ND |1.25E7
{Sb=124 |1.08E8 |1.41E6 |3.81E7 |2.40E5 | ND |6.0387 |6.79E8 |
|Sbe135 |$3.70E7 |&.71E3 |1.83E7 |8.06E& | ND |4.83E7 |2.08E8
|Te=125m|7.38E7 |.).00E7 |9.84E6 |2.07E7 | ND | ND |7.1287 |
|Te-127m|2.78E8 |5.60E7 |2.47E7 |&4.97E7 [S5.93E8 | ND |1.68E8 |
|Te-127 |3.05E3 |[8.22E2 |&.54E3 |2.11E3 |8.67E3 | ND {1.19E8 |
|Te+129m|2.71E8 7.5767 4. 2187 |8.74E7 I7.96E8 | ND |3.31L8
[Te=129 | 0 l 0 | 0 1 Q |2.90E-9 | ND |6.17E~8
Te-131m|1.60E6 |5.353ES |5.89E5 |1.14E6 |$.35E6 | ND |2.34E7
|Tes131 | O | 0 | 0 | 0 | 0 | ND | o |
|Te=132 |1.0287 |&.52B6 |S.46E6 |6.38E6 |&4.20E7 | ND |«.S5E7 |
[1=130 |1,73E6 |3.49E6 (1.80E6 |3.84E8 |5.2266 | ND |1.63E6 |
|T=131 [|1.30E9 |1.31E9 |7 .43E8 |&.33E11 [2.15E9 | ND |1.17E8 |
{1-132 |6.02E~1 |1.11E0Q |5.08E-1 |5.13E1 |1.,69E0 | ND {1.30E0 |
{1133 |1,74E7 |2.13E7 (8.13E6 |3.99E9 |3.58E7 | ND |8.06E6 !
[I=136 | 0 l 0 | 0 | 0 | U | ND | 0 |
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TABLE 5 (Cont'd.)

PATHWAY DOSE FACTORS (Ri) FOR RADIONUCLIDES OTHER THAN NOBLE GASEs®

Grass+~Cow-Milk Pathway

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

| | | | Total | | | [ I
INuclide! Bone | Liver ! Body | Thyroid | Kidnev | Lung | GI-LLI |

|I=135 |5.40E6 |9.72E4 |4.60E4 [8.61E6 |1.49E5 | ND |7.40E4 |
[Cs=+13« |2.20E10 |3.723E10 |[|7.84E% | ND [1.15E10 |<.13E9 |2.00E8 |
|Cs+136 |..01E% |2.37E9 j1.7989 | ND |1.48E9~ |2.20E6 |9.74E7 |
[Cs+137 |3.22E10 {3.09E10 |&.S6E9 | ND |1.01E10 |3.42E9 |1.93E8 |
[Cs-138 | 0 | 0 | 0 | ND | 0 | | 0 |
|Ba~139 |1.89E-7 | 0 |5.48E-9 | ND | 0 i 0 [1.09E-5 |
|Ba-140 |1.17E8 |1.03ES |6.84E6 | ND [3.34E6 |6.12E4 |5.93E7 |
[Ba-141 | 0 I 0 | 0 | ND | 0 | 0 | 0 !
|Ba-1s2 | 0 I 0 | 0 | ND | 0 | 0 | 0 !
‘ |La~140 |1.95E1 |6.80E0 [2:29E0 | ND | ND | ND |1.90ES |
|La=l42 | 0 l 0 i 0 | ND | ND | ND |2.90E-6 |
[Ce-141 |2.19E4 |1.09E& |1.62E3 | ND |4.78E3 | ND |1.36E7
|Ce=143 |1.87E2 |1.02ES |1.47E1 | ND |4.26E1 | ND |1.49E6 |
[Ce=144 |1.62E6 |5.09ES |8.66E4 | ND |2.82E5 | ND [1.33E8 |
{Pr-143 |7.1982 [2.16E2 |3.37EL | ND [1.1762 | ND |7.75E5 |
|Pr=14é& | 0 ! 0 i 0 | ND i 0 | ND | 0 |
INd=147 |&.45E2 |3.61E2 |2.79E1 | ND |1.9862 | ND |S.71ES
(Hf-181 |6.44E2 |2.35E3 [2.90E2 | ND |«.75E2 | ND |8,65E5 |
{W-187 |2.91E4 |1.73E4 (7.7383 | NOD | ND | ND |2.42E6 |
(Np=239 |1.73E1 1.23E0 |8.68E«1 | ND {3.87E0 | ND 9. 14E4

a) The child age group; data from Reg. Guide 1,109, Appendix E and UE
Safety Analysis Calculation 88-002-00-F,
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TABLE 5 (Contu.)

FACTORS (Rx) FOK RADIONUCLIDES OTHER THAN NOBLE GASEs °

Grass-Goat-'lilk Pachway

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

| I | Total | | I | I
[Nuclide| Bone | Liver | Body | Thvroid | Kidney | Lung | GI-LLI |
H-3 | ND |3.20E3 [3.20E3 |3.20E3 |3.20E3 |3.20E3 |3.20E3
C«1% |1.19E9 |{(2.39E8 |e.29E8 |2.39E8 |2.39E8 |2.39E8 |2.39E8 |
Na-24 |1.07E6 |1.07Eé |1.07E6 |1.07ES [1.07E6 |1.07E6 |1.C7E6 |
P+32 |9.33E10 |4.37E9 |3.60E9 | ND | ND | ND |2.58E9 |
Cr+51 | ND | ND |1.23E4 |6.78E3 |1.87E3 |1.25E4 |6.48ES |
Mn<54 | ND |2.52E6 |6.70E5 | ND |7.06ES | ND |2.11E6 |
Mn-36 | ND |1.54E=3 |3.49E<4 | ND |1.87E<3 | ND |2.2&4E-1]
Fa-55 |1.45E6 |7.71ES |2.39ES | ND | ND |4.36E5 |1.43ES
Fe-39 |1.56E6 |[2.53Eé |1.26E6 | ND | ND }7.33ES |2.63E6 |
Co=58 | ND |1.45E8 |«.45E6 | ND | ND | ND |8.<3E6 |
Co=60 | ND |5.18E6 |1.83E7 | ND | ND | ND i2.87E87
Ni=63 |3.36E9 |1.90E8 |1.21E8 | ND | ND | ND |1.28E7
Ni=63 |1.99E~-1 11.87E~-2 |1.09E-2 | ND | ND | ND |2.29E0
Cu=64 | ND |8.31E3 !$S.02E3 | ND |2.01E6& | ND | 3.90ES
Zn=65 |&.96E8 |1.32E9 [8.22E8 | ND |8.33E8 | NOD 12.32E8
Zn=69 | 0 | 0 | 0 | ND | 0 | ND |1.35E-10]
Rr<83 | ND | ND | ND | ND | ND | ND | ND |
Br+84 | ND | ND | ND | ND | ND | ND | ND |
Br+85 | ND | ND | ND | ND | ND | ND | ND |
Rbe86 | ND 11.06E9 |6.50E8 | ND | NO | ND |6.80E7
Rb+88 | XD 0 | 0 | ND \D | ND w 0
Rb-89 | ND { Q I 0 | ND | ND | ND | 0
Sr-89 |1.3%E10 | ND |3.97E8 | ND | ND | ND |§5.38E8
Sr=90 |2.35E11 | ND |3.95E10 | ND | ND | ND 13.16E9
Sr+9] |2.74E5 | ND |1.038&4 | ND | ND | ND 6.0&4ES
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TABLE 3 (Couitd.

PATHWAY DOSE FACTORS \Ri) FOR RADIONUCLIDES OTHER THAN NOBLE GASES °

Grass-Goat-Milk Pathway

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

|~ | | Totd: | | |
INuclide| Bone Bodv | Thyreoid | idney |

I |
Lung | GI-LLI |

| 8r-92 |&
| Y=90 |3
| Y*91m |

| Y=91 |4
| |

Y-92 |3

| ¥-93
| 2r-93
| 2r=97
|

|

Nb-93
Mo=99

1
|
|
|
|

.

|Ag=110m| 2,
Te-113m|8.
|Te=127m| 2.
|Te=127 |3.66

|Te<129m|3

[Ta=+129

{Te=131m| 1.

{Te+131 |

|- amn |4
.v."l“- | &

[I=130 12

S8EQ

.87E1

.84E-1
.O3ED

0

2582
\89E=7

.48E-3
.Q0E1
.96E-2
.06E~
42E8

. 13E1

0

.98E2
BB6E-4
. 38E3

. 3587
. 18E#®
.96E6
7.85E1

OSES

ND
ND
ND
ND
ND

ND
ND
ND
ND
ND

ND
ND
ND
ND
ND

ND

1 \.‘SEO'
V97E8
+33E2

l
{
[
|
|

|
I
I
|
I

.

ND
ND
ND

ND
ND
ND
ND
ND

ND
ND
ND
ND
ND

.38E0
0
ND
ND
ND

ND
ND
ND
ND
ND

ND
ND
ND
ND

8.
1.
|

6.
8.

l
|
I
l
|

68E1
10ES
0
24E-5
17E-1

.89E3
.QSES
.04E3
7587
.08Eé

J7E3

0

(3384
,99E~1
,72ES

Q1E9
.3&E8
|2.02E7
J&3E4
9787

|7 .&0E-9
,B9E8

0

| S .&48E8
.98ES
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TABLE 5 (Contd.)
PATHWAY DCSE FACTORS (Ri) FOR RADIONUCLIDES OTHER THAN NOBLE GASES‘

Grass-Goat-Milk Pathway

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

l I | | Total | I | l |
|Nuclide| Bone | Liver | Body | Thyvroid | Kidney | Lung | GI-LLI |

|I-131 |1.56E9 |1.57&9 |8.94E8 |5.20E11 |2.58E9 | ND |1.40E8 |
]1-132 |7.22E-1 |1.33EQ |6.10E-1 |o6.13E1 |2a.03E0 | ND |1.56E0 |
|1-133 |2409E7 |2.58E?7 |9.76E6 |&.79E9 |«.30E7 | ND |1.04E7 | .
|I-134 | 0 | 0 | 0 | 0 | 0 | ND | 0 |
|I-135 |6.48E4 |1.17ES |S.5284 |1.03E7 |1.79E5 | ND |8.88E4 |
|Cs=134 |6.79E:0 |1.11E11 |2.35E10 | ND |3.45E10 |1.2410 |6.01E8 |
|Cs-136 |3.03E9 |8.32E9 |S.38E9 | ND |4.43E9 |6.61E8 |2.92E8 |
|Cs=137 |9.67E10 |9.26E10 |1.37E10 | ND |3.02E10 |1.09E10 |5.80E8
[Cs=138 | 0 | 0 | 0 | ND | 0 [ 0 | 0
|Ba=139 [2.27E-8 | 0 | 0 | ND | 0 l 0 {1.31E-6 |
|Ba-140 |1.41E7 |1.23Eé |8.20E5 | ND |4, 01E3 |7.34E3 |7.12E6 |
|Ba~-141 | 0 | 0 | 0 . ND | 0 | 0 | 0
|Ba-142 | 0 I Q [ 0 | ND | 0 l 0 | 0
|La=140 |2.34E0 |8.17E-1 |]2.735E-1 | ND | ND | ND |2.28E6 |
|La=142 | 0 I 0 | 0 | ND | ND | ND |3.49E-7
|Ca~141 |2.62E3 |1.31E3 |1.94E2 | ND |S.74E2 | ND |1.63E6
|Ce~143 |2.25E1 |1.23E6 |1.77E0 | ND |S.12E0 | ND |1.79E3
|[Ce«144 |1.93ES |6.11E& |1.04E4 | ND {3.3864 | ND |1.59E7
[Pr+143 |8.82E1 |2.59E1l |4.28E0 | ND |1.40E1 | ND |9.30E4 |
|Pr=144 | 0 i 0 | 0 | ND | 0 | ND | 0
INd~14? |5.34E1 |&.33E1 |3,35E0 | ND |2.37E1 | ND |6.85E4
|We187 |3.49E3 |Z2.07E3 |9.27E2 | ND | ND | ND |2.90E5
|Np=239 |2.06E0 |1.48E-1 |1.04E-1 | ND |4.28E<1 | ND |1.10E4

(a) The child age group; data from Reg. Guide !.109, Appendix E.
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TABLE 5 (Contd.)

PATHWAY DOSE FACTORS kRi) FOR RADIONUCLIDES OTHER THAN NOBLE GASEs®

Vegetation Pathway

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

| | | Total | | { {
INuclide| Bone | Liver | Body | %hyroid | Kidney | Lung | GI-LZl |
H-3 | ND |4.01E3 |4.01E> |&.01E3 |4.01E3 |&4.01E3 [&.01E3 |
Bes7 |3.38E3 |5.7¢ES |3.70E5 | ND |35.64E53 | ND |3.21E7 |
C-14 |&.89E8 |1.78ES |1.78E8 |1.78ES8 |1.78E8 |1.78E8 |1.78E8 |
Ma-24 |3.7SES |3.75ES |3.28E5 |3.75ES |3.7SES |3.75ES |3.7%88 |
P=32 |3.37E9 |1.57E8 |1.30E8 | ND | ND | ND |9.30E7 |
Cr-51 | ND | ND [1.17E5 |6.S50E4 |1.78E6 |1.19ES |6.21E6 |
Mn-54 | ND |6.65E8 |1.77E8 | ND |1.86E8 | ND |5.38E8 |
Mn-36 | ND |1.88E1 |&.24EQ0 | ND |2.27E1 | ND |2.7283 |
Fe-55 |8.01E8 |&.25E8 |1.32E8 | ND | ND |2.40E8 |7.8.E7
Fe-39 [3.97E8 |6.43E8 |3.20E8 | ND | ND |1.86E8 |6.69E8 |
Co+57 | ND 2.98L7 |6.04E7 | ND | ND | ND (2.45E8
Co«58 | ND |6 .44E7 [1.97E8 | ND | ND | ND |3, 76E8
Co=60 | ND |3.78ES {1.12E9 | ND | ND | ND |2.10E9
NEo83 139150 2118 11,3689 | ND | ND | ND |1.42E8
Ni-83 |1.08E2 19.89E0 5.77E0 | ND | ND | ND |1.21E3
Cu=864 | ND [1.10E4 |6.64E3 | ND |2.66E4 | ND |S.16ES
Zn-63 |8.13E8 2. 1659 |1.3589 | ND [1.3669 | ND |3.80E8
Zn+69 |1.09E-3 |1.57E=5 |1.45E<6 | ND |9.52E«6 | ND |9, 11E+& |
3c-82 | ND | ND |2.04E6 | ND | ND | ND | ND !
Br«83 | ND | ND |5:.37E0 | ND | ND | ND | 0
8r+84 | ND ND | 0 | ND | ND ND f 0
By«85 | ND |  ND | 0 | ND i ND | ND | 0
Rb<886 | ND [&.58E8 |2.82E8 | ND | ND | ND |2.9<E7
Rb+88 | N\D | 0 | 0 | ND | N | ND | 0 |
| Rbe89 | ND | 0 ! 0 | ND | ND | ND ! 0 |
| Sr-89 |3.59E10 | ND 1.03E9 | ND | ND ND {|1.39E9
Sr-90 |1.24E12 | ND |3.15E11 | ND | ND | ND |1.67E10 |
Sr-91 |5.24E3 sD [1.98E4 | ND | ND | ND {1.16E8
Sr+92 .7.28E2 | ND 2.9281 | ND | ND | SD |1.38E4 |
Y«90 |2.31Es | ND 6.1862 | ND ND | XD |6 .5°E7
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TABLE 5 ..ontd.)
PATHWAY DOSE FACTORS (Rt) FOR XKADIONUCLIDES OTHER THAN NOBLE GASES™

Vegetation Pathway

(m® mrem/yr) per (uCi/sec)

| ] [ | Total | I l ' ‘
INuciide| Bone | Liver | Body ! Thyrsid | Kidney | Lung | GI-LL! |

| ¥Y=91m |8.87E«9 | ND {3.23E-10] ND | ND | ND |1.74E«8 |
| Y+91 [1.86E7 | ND [«.99E5 | ND | ND | ND |2.48E9 |
« | ¥+$2 |3.58E0 | ND {4.53E<2 | ND | ND | ND |&. 5884 |
| Y+93 |3.01E2 | ND {8,25E0 | ND | AL | ND |4 48E6 |
| 2r+95 |3.86E6 |8.43ES 7.85E5 | ND 11,216 | WD |8.84E8 |
| 2r-97 |5.70E2 |8.24E1 |4.86EY | ND |1.1882 | ND |1.2887 |
i Nbe95 |4.10ES |1.59ES [1.14E5 ' ND [1.50ES | ND |2.95E8 |
| Mo=99 | ND |7.71E6 |1.91E6 | ND |1.65E7 | ND |6.38E6 |
| Te=99ml&. 7160 [|9.24E0 11.85382 | ND |1.34E2 |4.69EC |S5.26E3 |
‘II’ | Te-101] O | 0 | 0 | ND | © | o | 0 |
| Rus10311.54E7 | ND |$.90E6 | ND |3.87E7 | ND 3.9788 |
| Ru=105(/9.16E1 | ND |3.3261 | ND |8.0582 | ND |S. 9886 |
| Ru=108|7.<5E8 | ND 19.3067 | ND |1.01E9 | ND 11.16E10 |
|Ag=110m}3.2287 (2.1787 |1.74E7 | ND |4.0587 | ND [2.3889 |
|Cd=109 | ND |2.645E8 |1.1387 | ND [2.1888 | ND |7.94E8 |
Sbe124 |3.352E8 |4.38E6  |1,23E8 |7.76E3 | ND |1.95E8 |2.20E9 |
|Sb=125 |4.99E8 |3.83E6 |1.05E8 [&4.828% | ND 12,7868 11.19E9 |
[Te<125m|3.51E8 |9.30E? |&.67E7 |5.84E7 | ND | ND 13,3888 |
|Te=127m|1.3269 |3.36E8 |1.37E8 |3.16E8 |3.7769 | ND 11,0782 |
|Te<127 |1.0084 [2.89E3 |2.14E3 [6.91E3 |2.84E& | ND |3,90E5 |
|Te+129m|8. 3868 [2.34 |1.30E8 |2.70E8 (2.48E9 | ND |1.0289 |
|Te*129 |1.18E<«3 |3.23E~4 |2.73E«& |B.28E<4 |3.39E-3 | ND |7,208+2 |
|Te=13im|1.54E6 |5.233E5 |5.68ES |1.10E6 |5.16E6 | ND |2.168.
{Te=131 1 © | 0 | 0 | 0 | 0 | ND | 0 |
[Te=132 |6.98E6 |3.09E6 |3.73E6 |4.50E6 [2.87E7 | ND 13. 1187 |
[1-130 |6, 16ES |1,24E8 |8.38ES |1.37ES8 [1.86E6 | ND |$.79ES |
|1+131 |1.<3E8 |1.4<E8 |8.17E? J4.7SEI0 |2.36E8 | ND 11,2887 |
{I+1323 |8.38E1 |1.%8E2 |7.33El |7.31E3 |2.41E2 | ND |1.86E2 |
[1+133 |3.36E6 |&.40E6 |1.87E6 |8, 1BE8 [7.34E8 | ND 11,7786
[T=13& |1.35E«4 |2.88E~6 |1.32E<4 |8.82E+3 |e.<Q0E+4 | ND 1,914 |
|T«135 (6.6284 |1.13ES |5.33E4 |9.97E6 [L1.OES | ND |8, 58E& |
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TABLE 5 (Contd.)

PATEWAY DOSE FACTORS (Ri) FOR RADIONUCLIDES OTHER THAN NOBLE GAsts®

Vegetation Pathway

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

-

| | | | Total | | | | I
|Nuclide| Bone | Liver | Body | Thyroid | Kidney | Lung | GI-LLI |

|[Cs=134 |1.60E10 |2.63E10 |5.585E9 | ND |8.1%5E9 |2.93E9 |1.42E8 |
iCs=13¢ |8.1TE7 [2.25E8 [1.5E8 | ND |1.20E8 |1.78%7 |7.90E6 |
|Cs=137 |2.39E10 |2.29E10 |3.38E9 | ND |7.46E9 |2.68E9 |1.43E8 |
|Cs=138 | 0 | 0 | 0 | ND | 0 | 0 | Q |
|Ba~139 |4.80E-2 |2.56E-3 |1.39E-3 | ND |2.24E=5 |1.51E-5 |2.77E0 |
|Ba=140 |2.77E8 |2.42ES 11.62E7 | ND |7.89E4 |1.43E5 11.40E8 |
|Ba=141 | 0 { 0 | 0 | ND | 0 | 0 | 0 |
|Ba=142 | 0 | 0 | 0 | ND | 0 | 0 | 0 |
La=140 |3.25E3 |1.1&E3 {3.8382 | ND | ND | ND |3.1787
|La=142 |2.30E<& |7.98E-5 |2.50E<35 | ND | ND | ND |1.58E1
[Ce=<141 |6.56E5 |3.27ES |&.86E¢ | ND |1.43E5 | ND |« .Q8ES
|[Ca=143 |1.72E3 |9.31ES |1.3582 | ND (3.91E2 | ND |1.36E7 |
Caieléé |1.27E8 |3.98E7 |e,.78E6 | ND {2.21E7 | ND |1.04E10 |
|Pr=143 |1.46E5 |4&.38E4 |7.35E3 | ND |2.37E4 | ND |1.58E8 |
|Pre144 | 0 1 0 | 0 | ND l 0 | ND | 0
INd=147 |7,.17BE&4 |5.81E4 |&,350E3 | ND |3.198« | ND |9.20E7 |
[Hf-181 |&.90ES |1.79E6 (2.21E5 | ND |3.62E5 | ND |6.59E8
IW=187 |6.47E% |3.83E4 11,7286 | ND | ND | ND |5.38E6 |
INp=239 |2 SSE3 |1.83E2 [1.2982 | ND |$.30E2 | ND 1.36E7

{a) The child age group; data from Reg. Guide 1,109, Appendix £, and UE

Safety Analvsis Calculation 88.002+00-F

. By
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TABLE 5 NOTES

The vallas presented in Table 5 were calculated ace
cording to tl) methodology and guidance provided i
NUR"G 0133, Rev. 0 (1978).

Specific parameters utilized are:

Parameter Jalue Reference

SF * Py Ref. 9.11.2
£ 1.0 Ref. 9.8.2
£ 1.0 Ref. 9.8.2
s

H 8.0 g/m? Ref, 9.8.2
£, 1.0 Ref. 9.8.5
L

£ 9,76 Ref. 9.8.5

wi
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The cumulative critical organ doses for a monthly,
quarterly or annual evaluation aiLe based on the calcu-
lated dose con“ribution from each specified time periocd
occurring during the reporting period.

3.6 GCaseous Radwaste Treatment System

3.6.1 Technical Specification 3.11.2.4

The VENTILATION EXHAUST TREATMENT SYSTEM and the WASTE
GAS HOLDUP SYSTEM shall be OPERABLE and appropriate
pottions of these systems shall Le used to reduce
relvases ¢of radiocactivity when the projected doses in
31 days due to gasecus effluent releases, from each
unit, to areas at and beyond the SITE BOUNDARY wsuilid
exceed: X

a. 0.2 mrad to air from gamma radiation, or
b. 0.4 mrad to air from beta radiation, or
¢. 0.3 mrem to any organ of an Individual

3.6.2 Description of the Casecus Radiwaste Treatment
System

The gaseous radwaste treatment system and the ventila-
tion exhaust system are available for use whenever
gasecus effluents regquire treatment prior to being
released te the environment. The gasecus radwaste
or the reten

treatment system is designed to allow tion
of all gasecus fission products to be discharged from
the reactor coclant system. The retention system cone
sists of eight (8) waste gas decay tanks, six (86) for
use during normal operations and two (2) for use during
shutdown c¢onditions., These systams will provide rease
snable assurance that the releases <f radiocactive
materials in gaseous effluents will be kept ALARA
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3.6.3 OPERABILITY of the Casecus Radwaste Treatment
System

The OPERABILITY of the gaseous radwaste treatment sys-
tem e.usures this system will be available for use when
gages require treatment prior to their release to the
environmant. OPERABILITY is demonstrated through come
pliance with Technical Specifications 3.11.2.1,
Sidavd:a, A4 J:1%3.8:3-

Projected doses (gamma air, beta air, and organ dose)
due to gaseous effluents at or beyond the SITE BOUNDARY
are determined each 31 days by dividing the cumulative
annual total by the number of elapsed months.
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4.0 DOSE AND DOSE COMMITMENT FROM URANIUM FUEL
CYCLE SOURCES

4.1 Technical Specification 3.11.4

The annual (calendar year) dose or dose comm: tment to
any MEMBER OF THE PUBLIC due to releases of radicactive
ity and to radiation from uranium fuel cycle sources
shall be limited to less than or egual to 25 mrem to
the total body or any organ, except the thyroid, which
shall be limited to less *“han or equal to 75 mrem.

4.2 Calculation of Dose and Dose Commitment from Ura-
nium Fuel Cvecle Sources

'

The annual dose ¢r dose commitment to a MEMBER OF THE
PUBLIC for Uranium Fuel Cycle Sources is determined as:

a) Dose to the total body and internal organs due
€0 gamma ray exposure from submersion in a
cloud of radicactive ncble gases, ground plaro
exposure, and direct radiation from the Unit
and ocutside storage tanks;

b) Dose to the skin due to beta radiation from
submersicn in a cloud of radiocactive noble
gases, and ground plane exposure;

inhalation and ingestion
d) Organ dose due to inhalation and ingestion of
radicactive material.

{t is assumed that total body dose from sources of
jamma radiation irradiates internal body oc:gans at tie

same numerical rate. (Ref. 9.12.%5)

The dose from gasecus effluents is considered to ba the
summation of the dose at the individual's residence and
the dose to the individi al from activities within the

.-
SITE BTN A S
- wellw AN L
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Since the doses via liguid releases are very conserva-
ively evaluated, there is reascnable assurance that no
real individual will receive a significant dose from
radicactive ligquid release pathways. Therefeore, only
doses to individuals via airborne pathways and doses
resulting from direct radiation are considered in
determining compliance tc 40 CFR 190. (Ref. 9.12.3)

[t should be noted that there are no other Uranium Fuel
Cycle Sources within 3km of the Callaway Plant.
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4.2.1 Identification of the MEMBER OF THE PUBLIC

The MEMBER OF THE PUBLIC is considered tc be a real in-
dividual, including all persons not occupationally as-
sociated with the Callaway Plant, but who may use por-
ticns of the plant site for recreational or other pure
poses not associated with the plant. (Ref. 9.4 and
9.8.11.) Accordingly, it is necessary to characterize
this individual with respect to his utilization of
areas both /ithin and at or beyond the SITE BOUNDARY
and identify, as far as possible, major assumptions
which could be reevaluated if necessary tc demoustrate
continued compliance with 40 CFR 190 through the use of
mora realistic assumptions. (Ref. 9.12.3 and 9.12.4)

The evaluation ot Total Dose from the Uranium Fuel Cy-
¢le should conside.s the dose to two Critical Receptors:
a) The Nearest Resident, and b) The Critical Receptor
within the SITE BOUNDARY.

4.2.2 Total Dose to the Nea,est Resident

The dose to the Nearest Resident is due to plume expo-
sure from noble gases, ground plane exposure, and ine-
halation and ingestion pathways. It is conservatively
assumed that each ingestion pathway (meat, milk, and
vegetation) exists at the location of the Nearest
Resident.

It is assumed that direct radiation dose from operation
of the Unit and outside storage tanks, and dose from
gaseous effluents due to activities within the SITE
BOUNDARY, is negligible for the Nearest Resident. The
total Dose from the Uranium Fuel Cycle to the Nearest
Rasident is calculated using the methodology discussed
in Section 3, using concurrent metecrlogical data for
the location of the Nearest Resident with the highest
vaius of X/Q.

The location of the Nearest Resident in each meteorloge
ical sector is detsrmined from the Annual Land Use Cene
sun conducted in accordance with the Regquirements of
Technical Specification 23.12.2.
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| @.2.3 Total Dose to the Critical Receptor Within
| the SITE BOUNDARY

The Union Electric Company has entered intoe an
agraenent with the State of Missouri Department of Cone-
servation for management of the residual lands sur-
reyoding the Callaway Plant, including some areas
within =he SITE BOUNDARY. Under the terms of this
agreemaone, certain areas have been ocpened to the public
for low intensity recreational uses (hunting, hiking,
gightsecing, etc.) but recreaticnal use is excluded in
2, trea immediately surrounding the plant site (Refer
to Figure 4.1). Much of the residual lands within ®he
SITE BOUNDARY are leased to area farmers by the Depa.t-
ment ¢f Conservation to provide income to support
management and development costs., Activities conducted
under these leases are primarily comprised of farming
(animal feed), grazing, and forestry. (Ref 9.7.2,
9.7.4, 9.14, 9.14.1).

Based on the utilization of areas within the SITE BOUN-

| DARY, it is reasonable to assume that the critical

| receptor within the SITE BOUNDARY is a farmer, and that

. | his dose from activities within the SITE BOUNDARY is

| due to exposure incurred while conducting his farming

| activities. The current tenant has estimated that h
spends approximately 1100 hours per year working in
«his area (Ref 9.5.8). Ocsupancy of areas within the
SITE BOUNDARY is assumed to be averaged over a period
of one Yyear.

Any reevaluation of assumptions should include a reeve
aluation of the cccupancy period at the locations of
real exposure (e.¢g. a real individual would not
simultanecusly exist at each peint of maximum
exposure)



CALLAWAY PLANT
OFFSITE NOSE CALCULATION
MANUAL Rev. §

| 4.2.3.1 Total Dose to the Farmer from Casecus Ef-
| fluents

The Total Dose to the farmer from gasecus effluents is
calculated using the methodology discussed in Secticn
3, utilizing concurrent meteorlogical data at the
farmer's residence and historical meteorlogical data
from Table 10 for activities within the SITE BOUNDARY.
These dispersion parameters were calculated by assuming
that the farmer s time is equally distributed over the
areas farmed within the SITE BOUNDARY.

The residence of the current tenant is lccated at a
distance of 2380 meters in the SE sector. No meat or
milk animals or vegetable gardens were identified by
the 1987 Land Use Census for this location, therafore,
the gasecus effluents dose at the farme:r's residenca is
due to plume exposure from Noble Cases and the ground
plane and inhalation pathways.

It is assumed that food ingestion pathways do not exist
within the SITE BOUNDARY, therefcore the gasecus ef-
fluents dose within the SITE BOCUNDARY is due to plume
exposure from Noble Cases and the ground plane and ine-
halation pathways.

4.2.3.2 Total Dose from Direct Radiation

4.2.3.2.1 Direct Radiation Dose from Qutside Storage
Tanks

The Refueling Water Storage Tank (RWST) has the highest
potential for receiving significant amounts of radicace
tive materials, and constitutes the only potentially
significant source of direct radiation dose from ocute
side storage tanks to a MEMBER OF THE PUBLIC. (Ref.
9.6,17, 9.6.18, 9.6.19, and 9.6.20.)

Direct radiation dose from the RWST to a MEMBER OF THE
PUBLIC 13 determined at the nearest point of the Cwner
Coritrelled Area fence which is not obscured by signifi-
cant plant structures. This has been determined to be
450 meters from the RWST.
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The RWST is a right circular cylinder approximately 12
meters in diameter, 14 meters in height with a capacity
of approximately 1,514,000 liters. (Ref. 9.6.20.) The
walls are of type 304 stainless steel and have an
average thickness of .87 cm. (Ref. 9.16.1.)

The direct radiation dose from the RWST is calculated
based on the tank's average isotopic content and the
parameters discussed above, considering buildup and ate
tenuation within the volume source. Appropriate metho-
dology for calculating the dose rate from a volume
source is given in TID«7004, "Reactor 3hielding Design
Manual" (Ref. 9.19). The computer program ISOSHLD
(Ref. 9.20, 9.21, 9.22) will normally be utilized %o
perform this calculation.

4.2.3.2.2 Direct Radiation Dose from the Reactor

The maximum direct radiation dose from the Unit to a
MEMBER OF THE PUBLIC has been determined %o be 7E-2
mrads/calendar year, based on a point socurce of primary
coclant N-18 in the steam generators. This source term
was then projected onto the inside surface of the cone
tainment dome, taking credit for shielding provided by
the containment dome and for distance attenuaticn. Neo
sredit was allowed for shielcing by other structures or
components., The number of gammas per second was geners
ated and then converted %o a dose rate at the given
distance by use of ANSI/ANS-6.6.1, "Calculation and
Measurement of Direct and Scattered Camma Radiation
from LWR Nuclear Power Plant 1979", which considers ate
tenuation and buildup in air. The final value is based
on one unit operating at 100% Power. The distance was
determined to be 367 meters, which is approximately the
closest point of the boundary of the Cwner Controlled
Area fence which is not obscurred by significant plant
structures. (Ref. 9.16.4)

The maximum direct radiation dose from the Unit to a
MEMBER OF THE PUBLIC due %o activities within the S!T
BOUNDARY is thus approximately 9E«] mrads per year, ase
suming a maximum occupancy of 1100 hours per vyear.
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5.0 QLOG NV IRONMENT MON RI
5.1 ' ££ £t Tec al Spec catio

*

The radioclogical environmental menitoring program shall
be conducted as specified in Technical Specification
Table 3.12-1.

5.2 e8crs adiologic vironmenta
n sgram

The Radiological Enviormental Monitoring Program is ine
tended to act as a background data base for precpera-
tion and to supplement the radioclogical effluent
release monitoring progranm during plant operation.
Radiation exposure to the public from the various spe-
cific pathways and direct radiation can be adequately
evaluated by this program.

Some deviations from the sampling fregquency may be
necessary due to seasconal unavailability, hazardous
conditions, or other legitimate bases. Efforts are
made =0 obtain all reguired samples within time frame
outliines., Any deviation(s) in sampling fregquency or
location is documented in the Annual Radiological Ene
vironmental Coerating Report.

The Envircnmental samples are collected and analyzed at
the frequency outlined in Table 6. Reporting levels
and lower limits of detection (LLD) are given in Tables
-

7 and 8.

Alrborne, waterbore, and ingestion samples collected
under the monitoving program are analyzed by an inde-
pendent, thirdeparty |aborutory. This laboratory is
required to participate in the Environmental Preotection
Agency's (EPA;) Envivonmental Radicactivity Laborasery
intercompariscen Studies (Crosscheck) Frogram or an
equivalent program. Participation includes all of the
determinations (sample medium « pradionuclide combinae
tion) that are cffered by the EFA and that are also ine
cluded in She monitering program.
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5.3 Performancs Testing of Environmental Thermolus-
minescence Dosimeters

Thermoluminescence Detectors (TLD's) used in the En-
vironmental Monitoring Program are tested for accuracy
and precision to demonstrate compliance with Regulatory
Cuide 4.13. (Ref. 9.18).

Energy dependence is tested at several eneyrgies between
30ke" and 3MeV corresponding to the approximate ener-
gies of the precominant Noble Gases (80, 160, 200 keV),
Ca=137 (662 keV), Co=80 (1225 keV), and at least one
energy less than 80 keV. Other testing is performed
relative to either Cs«137 or Co=60,
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BADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

MU R OF KEPRESENTATIVE SAMPLLS
AND SAMF.L LOCATIONS

B O roul e ORI LeT g statron erther
with twe or sore dusimciers or wilh one
st rument Tor seasus iog and recordiag

dose rete contimouns ty, plavd as Tollows:

A comer vimg of s

area of the SITL GiusDARY .

o SLALIORs, Oone 10
caih setesrologics’ “rer 1o the gencral

SAMFL ING AND
COLLECT 10N FREQUENCY

AL least once per 92 days

IYPL AND §REQUENCY
OF ABALYSES

GCamme Dose

Statson
Conder wecrer Sige Bescriplion lxgnza

i A B3 Miles Last of ey O and CC Juncrion, Cailawvay 1.9 . IW9° N
tleciric Coup. ULility Pole No. 18892

Y " County Road %8, 0.9 Mitles South of My O, Callavay 0.9 ®i. @ 17° ant
flectric Coup. Utiliny Pole No. 28151

a8 County Moad 448, 1.5 Miles South of ey O, Flant 0.4 mi. @ 85% N
Security Area S gn Post

o rrimary Meteorologicatl lower 1.3 mi. @ 78° INL

o County Koad S48, Callaway tleciric Coop Utility 1.7 @i. & 98° ¢
role No. 089%9. EKeform Wildiife Manageaent Parking
Ares

S Light Pole Near tast Plast Security fence O.&% mi. @ 14° £5¢

“1 located in the "v™ o1 the abandoned Reilroad spuv, 0.7 mi. @ 137° Sk
oorthwest of slwdge agoon

“eh County Road §5%9, 1.3 Miles North of ey 9%, Calisway 0.9 mi. ® 163° SSe
tiectric Coup. ULrlity 7ote No. 3%086

o County 459, 2.6 Mites Norih of Wey 94, Calttavay 1.3 mi. @ 181° S
flectric up. Uity Pole No. 35097

37 County Koad 459, U. 9 Mites South of Hwy CC, Cal'avay 0.7 ®i. @ 202° Ssw
fleciric Coonp. BLiliny Pole No. 35007

43 County Koad 459, 0.7 Mites South of Mwy CC, “allavay 0.5 mi. @ 23¢° Sw
Liectric Coup BLility Pote No. 3973

i Highweay CC, 1.0 Miles South of County Road 459, 1.7 mi. @ 2571% wsw

Callavay Liectric Coup. ULility Pole No. 18769

- 16~
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TABLE & [(Contimeed)
RADIOLOGICAL ENYIRONMENTAL MON® TORING FROCKAM

Station
ode weCier Site Description tocagion

e, ~ County Road 428, 1.2 Miles West of ey CC, Catiavay 2.0 mi.  @2711°w
tlectric Coop. Utility Pole No. 180609

[N v County Road 428, 0.1 Miles West of vy CC, Callavay 1o @i, ® 290° wNw
ftitectiric Coop. Utility Pole No. 18580

G.1 Mites West of Mwy CC on Gravel kead 0.8 Miles L3 omi. @ 308° W
Sowth By O, Callavay lilectric Coup. Wiility Pole
Ne. 18559

North-tast side of My CC and County Road W46 me @ 333° NNw
tntersectson Callavay Lleciric Coop.
Urrtity Pote No. BN

Suier ring of sisteen stalions, ore
cach siecrologic: sector an the o~
S-bm range Trom the site. .

A County Foad 1%%, 0.8 Mile. South of County Read 132, 2 mi.®I°n
Callavay Llectric Coop. Utitity Pole No. 19137

County Road 1%%, 1.9 miles north of iy 0, Callasvay L0 mi @ 23° NNt
tlectric Coup. Wirliry Pole No. 1900

Mighway B, 6 & Miies North of ey &, Callaway B mi. @ 87° Nt
flectric Coup. Utility Pule No. 12830

Highway B, 0.4 Mitles South of ey 0, Callaway mi @ 63° N
flectric Coup. Britity Pote No. 12952

County Road 80%3, 0.3 Mites fast of ey D, Kingdom mi. @ 89° ¢
Ielephone Company Frle Ko, 3 X 12

Somth-Last Side of NHwy 9% and ey D intersection ai @ 121° £S5k
Callavay tieciric Coup. Uttty Pole No. 11960

City of Portland, Callavay Llectric Coop. ULilivy mi. @ 139° st
Pole Na. 12012 .

Higlaway 9%, 1.8 Miles fast of County Koad 459 mi. @ 157° ssk
Coltaway Electric Coop. Utiliwy Pole No. 12132

Nervih-West Side of ey 9% and County Road §%9 mi. @ 183° S
Jusscteon, Callavay tilectric Coop. Uity Pule
No . 06 I
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TABLE o (Congiaued )
HADIOL OGICAL ENVIRONMENTAL MONT IO ING PROGRAMN

Statron
Cande e jer Sige Pescriplion Locagion
3o - Wost Side of Couwnty Road GA7 at the Junction 4.6 mi. @ 208° SSw
with ety Koead 563, Xingoua Teiephone Company
Pole Mo, 2%
ar 1 County Road &7, 2.6 Miles North of County Road 463, & & mi. @ 233° sw
Callavay Llectric Coop. Utility Pole No. 06126
3 - Mighway YV, 0.6 Mides West of County Road W47, 5.4 mi. @ 251° wsw
Catiavay [lectric Coup. ULility Pole No. 27031
&1 ~ Hagway AD, 7. 8 Mites tast of ey C, Callavay b8 mi. @219
flectiric Coup. witility Pule No. 18239
a r Rorth-fast Side of County Kead 112 and Wwy O W2 mi. @ 296 unw
bunction Catlavay Lleciric Coop. Uiilily Pole
Ne. 06126
[t ™ County Boad 112, 0.7 Mites tast of County Koad 101 S8 mi. @ 315%5° N
Caltavay tleciric Coup. Uritity Pole No. 17%16
i » County Road 133, 1. % Mutles South of ey W 4.8 mi. @ 337° Nnw

Caliavay Liciciric Coop. ULility Pole No. 4108

Loghl Statrams Lo be placed i pecial
snterest areas s h as popuilation
contes s, amarby sesidences, scheols,
annd sm 1 or 7 aseas Lo serve as control

218t rons

33 N Coty of Hams Prasrie, South-last of the Mwy C I.hmi. @ 2013°w
ad Ny AD Pt o

3] . City of Sobame, Caliaway tlectric Coop. Ueiliny I.% mi,. @ 218° Sw
Fole Boe. G009

2 t lows of Amedicus, Cllavay tleciric Coop. Utiliry 2.0 mi. @ 82° ¢
role No. 111%9

21 ' lown of Biuifton, Callavay tleciric Coop. Grilivy 9.6 mi. @ 16° £SE
Fole No. 11496

1 ' City of foledo, Catiavay tlectric Coop. Writiny 5.8 mi. @ W% nnw
Fole No. 17484

23 L} City of Yucastan, Catlavay tiectric Coup. Uriliry 6.8 mi. @ 16° Wni

Fole Bo J6i0

- ’._
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RADIOLOGCTCAL I NY I RONMENTAL SOKITORING PROGRAM
Statron
Code sSecror Site Description Lecation
" “ City of Portiand, Caliavay flecuric Coop. ULiliry 4.8 mi. @ 139° S¢
Fole Mo, 12112
20 ‘ City of Readsville, Callaway flectric Coop. Uritity &.8 mi. @ 47° Nt
Pole No. 12830
in v Norih-fast Side of ey C and County Road 408 97 mi @ 293°

(P-Contint) Jrars L on
“w Q
{Q-Contrai)

Samples from five locations

Iheoe sampies from close to the
three ST BOUNDARY jocations,

in different secters, of the
baghest calcuwlated annual average
ground level D/G.

A 1
() " County Road W48,
53 A

- ,l’-

Higliway Z, 0.8 Mites Esst of Business 5S4, Callavay
flectiric Coop. UWrility Pole No.

21504

Coat inmuous operat .ons of
sampler with sample
cecllection as regu: res
by dust loading,

but st least once

per | days.

Promury Meteorological Tower

.0 Miles South of Wy O

0.3 Miles fast of ey O and By (C Junction

1.0 mi. @ 312° N

Radioiodine Canister;

Analyse at least once
per | days for 1-13).

Particulate Sampile;

Analyre for gross beta
radioactivity > 2%
houwrs following fllter
change. FPerform
ISOLOpic analysis

on those samples

for which 1he Jross
Ders activity s >3O
Limes twe yearly

wearn: of control
samples. Perform
YaAmma i SOLOpiC
analysis?

On Composite samples
{by location) at least
once per 92 days.

Tl omi. @ 78° im

O.F mi @ 24° NN

1.9mi_ @ 3%
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TABLE & (Conginuved)
HADIOLOGICAL [NV IRONMENTAL MON) TORING PROGRAM

Statron
Code Sector Site Description Location
C N 1.0 river mile dowastream of discharge, north bank S.1 mi. @ 13%° S¢
. ingestion

@. Miilk Lamples Trom milbhing animals Semimonthly when Gamma isotopic® and 1131
0 three location within animals are on analysis sesimonthily when
“ bk destance having Lhe pasture, monthly at animals are on pasture;
highest dose potential¥, wther Limes. wonthly at other Limes.

11 there are mew . then one

Lample from mitking anisasls

i vach of three areas

betwoen % 16 8 ke distant

where doses are (alcwizted

1o by greater than | sres "

per year

o 1o & tack of itk animals which satisly these reqirements, the s ik pattway IS current ly
ot anciuded as & part of the Callavay FPlant Kadiological tnvironsental Monitoring Program.
Should the Annual Land Use Census identify the existence of mitking animals in locations which
sat.sfly these requirements, then the program will be revised o inciude this pathvay.

b, tish One sampie of each Sample 10 season, or Camma (soropic anaiysis®
Commercially and semiannylaiiy +f they on edible portions.
recrestional ly tmportant sre nutl seassonsl .
wpeCies i vicinily of
plamt discharge area.

SLEL1on
Code Secyor Site Duscription Locagion

C 8 1.0 siver mile downstream of discharge, north bacs S.1 mi. & 135° St
One sample of Lame LPECIes In Sreas Dot =
inflivonced by plant discharge .

A " B.6 river miies uwpstream of discharge, worth bank W9 wi. @ 154° 55k
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TABLL € (Continued)
RADIOLOGICAL ENVIHONMENTAL MON: TORING PROGRAM

Station

Code sector

One sample of each
principal Cclass of
products from any acea
that s srragated by
water an whach lLiguid
plant wastes have boen
d:scharged .

Site Description

AL Lime of harvest (h)
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Location

Camms 1sctopic anslysis?
on edible purLion.

“ there are no areas (rrigated by water in which Liquid plant vastes have been discharged
within %0 river miles downstream of the discharge point, this sample type 5 net currently

it luded as part of the Callavay Plant Fadiological faviromment |5 Monitoring Program. Should
future 1rrigatson water sntakes be const*ructed within 10 river miles dovastrean of the
discharge point, then the program wiil! pe revised Lo inciude this sample type. (Ref. 9.7.6 and

$.1r.n

Sampies of three

diftferent hinds of

broad leal vegastation
Yrown Pnearvit each of wwe
different uffsite locat ions
of highest predicted annuas i
average ground-leve ) B/Q

tf milk sampling 15 not

Monthily when available

performed

Htaton

Code Sector Site Description
v " Bechkar's farm
vi " Meehan's fTarm

One sampie of ca. h of
similar broad losr
vegelation grow: 15 1o
O km distant in the
teant prevalent wind
Grrection (+F Bk
sampiing 15 not

Monthily when available

performed )
Station
Code »ecior Site Description
v3 i Beaziey's ftam

-8~

Gasma isotopic? and 1-131
analysis

Lecagion
1.6 mi. @ 344° NNW
1.8 mi. @ 35%6° N

GCamma I1sotopic?
analysis.

Location
1.0 mi. @ 227° suw
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1ABLE 6 (Continued)
TABLE NGIATION

Deviations are permitted foom the roguired samspla g scheduie f specimens are uwnobilainable due 1o hazardous
conditions, seasonal wnavailabit. gy, malfunction o astomat ic sampling eguipsent, ontd othey leqitimate reasons.
1 specimens are unoblainable due 1o sampling equipi L salfunctions, every effort shall be vade 1o complete
COMTOCLIvEe aCaom prior Lo the end of e nest sampring peried,  All deviations from the sampling schedael shall
be documcnted an the Annusl Hadiological Invironmenta: Operating Report. It 18 recognised that, at tiees, Lt may
ol e possible of practical 1o continue 1o obtain samples of the med.a of choice at the mosi desired locat ion orF
[T T the e anstmmes, suitable altermative media and locations say be chosen for the particular pathway in
question and appropriate subsiitntions made within 30 days n the Radiotlogical [ovironmsental Monitoring Program.
tdent ify the cause of the waavatlabilsty of samples for that pathway and dentify e new location{s) for
obtaininyg replscescnt samples 0 he nest Sems -Annuasl Radioactive Effluent Release Keport and also include n the
report & revited figuregs) and tab'e fTor the GICM seflecting the new location(s).

One of more insiruments, sech as a prescerized con chamber, Tor scasering and recording dose rate Coni nuously
may be used o place of , wr a0 addit 100 16, integrating dosimeters s tor the purpose of this table, a
thermolumanescont dosimeter (1LD) s consadercd 1o be one phowpler; two or more ghosphors in a pachker are
considered as two or more dosimeLernrs . film bhadges shall not be wsed as dosimeters for meassuring direct

radiat von, The KO stations o5 ot an absolute mueber he mumbes of direct radial 1on RODILOT I SLations may be
rodiced according Lo guographical (s talions, €. 9., at an ocean site, Some sectors will be over water 5o that
the mumber of dosimeters say be rediced accordingiy. The freguency of analys:s or readost for 1D systems will
depond wpor (b charscternistics of the specific system used and showid be selected Lo oblain optisus dose
information with minimal fading.

he purpose of thas sampl‘e 13 1o oblain Dackground saformat ion. I 4t 45 not pracrical 1o establish control
locations o0 accordance with the distance and wind derection criteria, other sites that provide valsd bachground
data may bhe substitated.

Camma ssotopic analysis on detaned as the adentsfication and quantificat1on of gasma-emitting radionuc i ides that
may be a1t (butab's 10 the efflvents from the Tacility.

he "upstresa” semple shall bhe taben at & distan ¢ beyond significaict influence of the discharge. The
“downstrean” sampie whall be taker in an area beyond, bDut near the Bix<ing Zone.

I this progeam, constant velume Cample aliguots are collected at time intervals that are short (e.9., monthiy).

The dose shall be calculated for th ma- mum organ and age group, using the sethodology and parameters n the
O ™

1T harvest oconrs more than once a year, sampling shall be performed during each discrete harvest. If harvest

UL Cunt ipsously . sampilaing shall be msonthily Attention shatl be paid o including samples of tuberous and
ruct food prodiscts.

-B3-
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ALy

FIPFORTING LIVILS TOR HADIOACTIVEITY CONCINIRATIONS IN ENVIRONMENTAL SAMPLES

Feporting levels

| |
i Water Asrburne Farticowiate fash Mtk tood Froduct |
|Asalysis (i a/1) or Gases (pCi/m!)} (pCi/hg), wet (pCa/i) (pCi/kyg, wer) ]
| |
i H-3 20, s & ]
| |
| M-k ¥, s 36 ) ]
| |
| 1e-%9 (T o, L1 |
! | ;
] Co-9%8 1_46um) 30, ) ] |
| |
| Co- 60 $Os W, 000 |
i |
| Lo~ -9 LT ]
| |
| =15 2 e.9 3 o0 |
| |
| Cs-134 40 0 1,000 60 1,000 ]
| |
| Cu~ .3/ 0 S0 2,000 in 2,000 i
| |
| Ba-1a-15%0 Jin) o Jugee. ]
- for dresok g water sampies or surface water sampies a value of 30, 000 pCr/l 18 wsed.

-—e

| fortil actavity, parent plus dawghter actLsvaitly.

L B




Heta

M

e sy

g N0

Lo N LY
Lo -Wh-9%

-1

{ 1345

{ 137
Ba-1 a- 140
for wrtace water
foral M Lavily.,

wWalan
ipla/1)

MMy @

prarent

Lamples
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AL B

MAKIMUM VALUES TOR ML LOMEE LIMIIS OF DETLCTION (LID)". .,

|

Astbhwrine Pacstirulare fish Milhk tood Produwect Led iment i
or GCases (plLi/m?) (pCi/kyg), wor (/1) (i kg, wetr) (pCi/hgy, dry) ]
- |

3 ] ]
|

|

|

0 |

|

J60 |

|

130 |

i

|

|

or L 6 ]
|

oYy 130 15 (21 150 i
|

s 150 8 B4 180 |
!

| 5 etind |

a value of 000 pUr/ 1 4% wied

davghter actaivity

-8~
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TABLE 8 (CONTINUE
“L‘E*%“jﬁ"u@_“a NOTATION

(a) The LLD is defined for purposes of compliance
with the Radiociogical Effluent Technical Spe-
cifications as the smallest concentration of
radicactive material in a sample that will
yield a net ccunt, above system background,
that will be detected with 95X probability
with S¥% probability of falsely concluding that
a blank observation represents a "real"
signal.

For a particular measurement system (which may
include radiochemical separation):

LLD = 4.66 8

E " V' 2.22 'Y ' exp (=)\t)

‘ Where:

LLD = The lower limit of detection as defined
above (as picocurie per unit mass or
volume).

Sb = The standard deviation of the background

counting rate or of the counting rate o¢ a
blank sample as appropriate (as counts per

minute).

E = The counting efficiency (as counts per
disintegration).

Vo= The sample size (in units of mass or
volume).

2.22 = The number of d'. - integrations per minute
per picrcurie

Y = he fractional radicchemical yield (whe
applicable).

‘
i
o

]
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o= The radiocactive decay constant it.r the pare
ticular radionuclide and,

At = the elapsed time between sample collection
(or end of the smaple collection period)
and time of counting (for environmental
samples, not plant effluent samples).

Typical values of E, V, Y and 4t shall be used in the
calculations.

It should be recognized that the LLD is defined as a a
priori (before the fact) limit representing the capa-
Pility of a measurement system and not as an a
posteriori (after <-e fact) limit for a particular
measurement. Analyses ara performed in such a manner
that the stated LLDs are achieved under routine
conditions. Occassionally background fluctuations,
unavoidable small sample sizes, the presence of intere
fering nuclicass, or other uncentrollable circumstances
may render these LLDs unachievabdle. In such cases, the
contributing factors shall be idantified and describad
in the Annual Radioleogical Rnvircnmental Operating
Report.

(k) This list does not mean that only these nue-
clides are to be considered. Other peaks that
are identifiable, together with those of the
above nuclides, shall alsco be anlayzed and
reported in the Annual Radiological Environe
mental Operating Pepcre.

(¢) Rejuired detection capabilities for thermolue-
minescent dosimeters used for envircnmental
measurements shall be in accordance with the
reccommendations of Regulatery Cuide 4.13,
Revision 1., July 1977 (Refer to Section 5.3)
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Calculations utilizing the PUFF model were performed

for 22 standard distances %o obtain the desired dispere

sion parameters. Dispersion parameters at the SITE

BOUNDARY and at special receptor locations were esti-

:a:t? by logarithmic interpolation according to (Ref.
6.314):

XaX (49
4
Where: . 4
B = in (xz;xl)»zn (dzfdl).

Ry xz = Atmospheric concentrations at distances d1 and

-
dz, respectively, from the source (in

3
Ci/m" ).

The distances dl and dz were selected such that

d, ‘d<d2.

6.1.3 Shert Term Dispersicn Estimates

Alrborne releases are classified as short term if they
are less than or egual to 500 houres Auring a calendar
year and not more than 15C lours in any qQuarter. Short
ters dispersion estimates are determined by multiplyin
the appropriate long term dispersion estimate Dy a gqore
rection factor (Ref. 92.9.1 and 9.17.4):

.
3
e

.

(8.2)
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Where:
T, = The total number of hours of the short term
release.
T. = The total number of hours in the data collece

tion periocd from which the long term diffusion
estimate was determined (Refer to Section
6.1).

Values of the slope factar (8), are presented in TABLE
11.

Shoit term dispersion estimates are applicable to short
term releases which are not sufficiently random in both
time of day and duration (e.9 ., the short te:m release
periods are not dependent scolely on atmospheric condi-
tions or time of day) %0 be repvesented by the annual
average dispersion conditions. (Ref. 9.8.12.)

§.1.3.1 The Determinaticn ¢f the Slope Factor (8).

The general appreoach employed by subroutine PURGCE of
XOQ00Q (Ref. 9.17.4) was utilized to produce values of
the slope of the (X/Q) curves (Slope Tactor (3)) for
otk the Radwaste Building Vent and the Unit Vent,
However, instead of using approximation procedures to
produce the 15 precentile (X w) values, the 15 percen-
tile (X.Q) value for each relcise and at each location
was determined by rvanking all! the lehour (X.Q)1 values
for that release and at the location in descending
order. The (X Q)1 vaiue which cor.esponded to the 15
percentile of all the calculated (X/Q) values within a
SECTOr wWas extracted for use in the intermittent
release (X/Q) calcsulation.

-
-
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The intermittent release (X, Q) curve was constructed
using the calculated l-hour 1S percentile (X/9), and

its corresponding annual average (X/Q).. A graphic re-~

presentation, of how the computational procedure works
is illustrated by Figure 4.8 of reference 2.17.4. The
straight lire connecting theae points renresents (X/Q)1

values for intermittent :eleases, ranging in duration
fvom one (1) hour to 8780 hours. The s.ope (8) of the
Surve is expressed as:

bl 54 L O, S ;...L'.‘:._J‘J.J.
8 = Y
iog (Ta. T,)
- -
or
«(icg (X)), = 299 (X.Q).)
S =

(6.3)

(6.4)
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:!.;! &
SHORT TERM LISPERSION PARAMETEIRS (a) (¢)
Slope Factor(s)
Location (b) Sector Distance Unit Vent Radwaste
(maters) Building
Vent
Site Boundary s 1300 -, 320 «,. 320
Nearest Cow NW $CS81) ., 26) -, 268
Nearest Joat NW 5083 . 263 .. 268
Nearest Meat NNW 2736 -. 2862 -. 268
Animal
Nearest Vegetable MNNW <848 - 2064 -, 268
Carden
. Nearest Residence NNw 2868 -.264 -. 268

(a) Reference 9.5.4
() Dats from 1987 Land Use Census
(e¢) Recirculation Facter = 1.0
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7.0 - o L m

Routine Radicactive Effluen® Release Reports covering
the operation of the unit during the previous & menths
of cperation are submitted within 60 days a.ter January
1 and July 1 of each year. The pericd of the first
report begins with the date of initial criticalivy.

The Radicactive Effluent Release Rypurts include a sume
mary of the quantities of radicactive liquid and
gasecus effluents and solid waste released from the
unit as cutlined in kegulatory Cuide 1.21, "Measuring,
Evaluating., and Reporting Radicantivity in Solid Wastes
and Releases of Radicactive Materials in Liquid and
Sasecus Effluents frdm LighteWater-Cooled Nuclear Power
Flants," Revision 1, June 1374, with data summarized on
a quarterly basis following the format of Appendix B
therecf. For solid wastes, the format for Table J in
Appendix B is supplemented with three additional
categories: class of solid waste (as defined by 10 CFR
Part 61), type of czontainer (e.g.. LSA, Type A, Type B,
Large Quantity), and SOLIDIFICATION agent or absorbent
(0.9., cement, urea formaldehyde).

The Radicactive Effluent Release Report to be submitted
within 60 days after January 1 of each year includes an
annual summary of hourly metecrological data collected
gver tha previous year which may be either in the form
of an hourebye-hour listing on magnetic tape of wind
speed, wind direction, atmospheric stability. and pree
cipitation, or in the form of joint fregquency distribue
tions of wind speed wind direction, and atmospheric
stability.* This same report inciudes an assessmant of
the radiation doses due %o the radicactive liguid and
gasaous effluents relessed from the unit or station
during the previous calendar year. This same report
al52 incliudes, the agessment 2f the radiation doses
from radioactive liguid and gasecus effluents to MEM-
BERS OF THE PUBLIC due %o their activities inside the

ITE BOUNDARY during the report period. All assump-
tions used in making these assessments. L. .e., specific
ACTIVITY, exposire time and location, is inciluded in
these repeorts. Acceptable methods for calculating the
dose contributicons from liguid and gasedus effiluents
are given in Regulatery Suide 1,109, and the CODCM,
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The Radicactive Effluent Release Report te be submitted
60 days after January 1 of each year also includes, as
required by Technical Specification 3.11.4., an assess-
ment of radition doses to the likely most exposed MEM-
BER OF THE PUBLIC from Reactor releases and other
nearby uranium fuel cycle sources, including doses from
primary effluent pathways and direct radiation, for the
previous calender year to show conformance with 4C CFR
Part 190, "Environmental Radiation "rotection Standards
for Nuclear Power Operation”.

The Radicactive Effluent Release Reports include a liat
and description of unplanned releases from the site %o
UNRESTRICTED AREAS of radicactive materials in gasecus
and liquid effluents made during the reporting peried.

The Radicactive Effluent Release Reports include any
shanges made during the reporting pericd to the PROCESS
CONTROL PROCRAM and to the ODCM, pursuant to Specificae
tion 6.1) and 6.14, respectively. as well as any major
change to Ligquid, Casecus, or Solid Radwaste Treatment
System, pursuant %o Specification 6.15. It alse ine
civudes & listing of new locations for dose calesulations
and or environmental monitoring identified by the Land
Use Census pursuant to Specificatien 3.12.2.

The Radicactive Effluent Release Reports alseo include
the following information: An explanation as to why
the inoperabiiity of Liquid or gasecus effluent monie
LOrINng instrumentation was not cerrected within the
time specified in Specification 3.3.3.10 or 3.3.3.11.
respectively;: and description of the events leading to
Liguid holdup tanks or gas storage tanks exceeding the
dimits of Specification J.311.3.4 or 3.31.3.5.
respectively.

*in lieu of submission, the Unien Electric Company hae
the sption of retaining this summary of reguired
metecrological data on site in a file that shall be
provided to the NRC upen reguest.

(Ref.". &)
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8.0 e _NETHSCOLOGY

The CLCM provides the mathematical relationships used
to implement the Radioclogical Effluent Technical
Specifications.

For routine effluent release and dose assessment, come
puter codes are utiiized to implement the ODCM
methodologies., These codes have LDeen evaluated by a
qualified independent reviever to ensure that they proe
duce results consistent with the methodologies pre-
sented in the ODCM. (Ref. 9.5.5)
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Title 10, "Energy". Chapter 1, Code of Federal
Regulaticons, Part 20; U.S5. Covernment Printing
Osfice, Washingten, D.C. 20402.

Title 10, "Energy", Chapter 1, Code of Federal
Regulations, Fart 50, Appendix I; UV.8. Ceverne
ment Printing Office, Washingten, D.C. 20402

Title 40, "Preotection of Environment", Chapter

1., Code of Federasl Regulations, Part 190; U.8§.

2gv8;nnont Printing Office, Washingten, D.C.
02,

¥.§. Nuclear Regulatery Commission, "Technical
Specifications Callaway Plant, Unit NO. 17,
NUREC+-1088 (Rev. 1), October 1984

communications

Letter NEO-54, D.W. Capene =2 S$.E. Miltene
perger, dated January 5, 198); Union Electric
Company correspondence.

Letter BLUE 1285, "Callawvay Annual Average X, Q
and D/Q Values™, J. H. Smith (Bechtel Power
Corperation), te D. W, Capene (Union Electric
Co.)., dated February 27, 1984.

(Reference Deleted)

Letter BLUE 1232, "Callaway Annual Average X Q
Values and "$" Values™, J. H. Smith (Bechtel
Power Corperation) %o D. W, Capene (Union
Elecetric Co.), dated February 9. 1984,

Letser SLUE 1338, "Comparison 2f Callavay
Flant Offsite Dose Calculations for Routine
Effluenta”, J.H. Smith (Bechtel Fower Corporae
tien) to D.W. Capone (VUnion Electric Sompany).
dated March 22, 1984,

Private Communication, H.C. Lindeman & B.T.
Ho.derness, August 6, 1988
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Letter, N. C. Slaten %o A, C. Passvater,
"Commercial Use of Lz ds Inside the Callaway
Plant Site Boundary", dated August 25, 1987,
(VENE Safety Analysis Calculation 87-080-001)

Letter, N. G. Slaten %o C. C. Sraham, "Farming
Meteorlogical Farameter, Restricted Area’,
dated December l4, 1987,

Unien Electric Company Callaway Plant, Unit 1,
Final Safety Analysis Report.

Section 11.5.2.2.3.1
Section 11.5.2.2.3.4 . .

Section 11.
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Section 11.%9.2.3.2.3
Section 11.9.2.3.2.2

Section 2.3.8

(Reference Deleted)
Section 2.3.5.2.1.23
(Reference Deleted)
(Reference JTeleted)

Secticon 9.2.5

-



o

@ W w9 @ w9 W W Y w» =

[ 2]

o o & o &> o o >

-~

a1
a8
a3

-

.-

-

.48

L

CALLAWAY PLANT
" QFFSITE DOSE CALCULATION
MANUVAL Rev.. §

Section 9.2.7.2.1

Section 6.3.2.23

Table 11.1+6

Tab' v 9. 4+6

Tahle ' 48

Table 9. .4-11

Table 7 .4-12

(Reference Deleted)
bie 2.3-40

Union Electric Company Callaway Plant Environe
mental Report, Cperating License Stage.

Table 23.1-19
fection 2.1.2.3
(Fefearence Do .eted)
Section 2.1.3.3.4
Feferance De.eted)
Section $.2.4.1
Sable 2.1-.9

§. Nuclear Reguiatery Commissicon
Frepavation of Radiclogical Effluent Technie
al Specification Tor Nuciear Pover Plants”
SNRC NURESC-Q113, Washingten, 2.8, 209853, Qg-

Fages AA=]l th., ugh Ak.)




CALLAWAY PLANT
OFFSTTE DOSE CALCULATION

. MANUAT, Rev. §

9. 8.3 Sectivn 4.3

9.8.4 Section 4.3.1

9.8.5 Section §.3.1.58

9.8.6 Secticn 5.1.1

9.8.7 Section 5.1.2

9.8.8 Section 5.2.1

9.8.9 Saction $.2.1.1

9.8.10 Section $.3.1 .

9.8.11 Section 3.8

9.¢ 12 Section 3.3

9.9 U.S. Nuclear Regulatory Commission, "XOgDOQ,
regram For the Meterclogical Evaluation Of
Routine Effluent Releases At Nuclear Power
tations", USNRC NUREG-0324, Wash.ngton, D.C.
20855.

9.9.1 Pages 19-20 Subroutire PURGE

9.10 Regulatory GCuide 1.111, "Methods For Estinate
ing Atmospheric *"awspc t And Dispersioa of
Caseocus Effiluents In Routine Releases From
uzqh'-”a’er-uoo.ed Reactors"”, Revision 1, U.S
Nucleas Regulatory Commission, Washinaton,
.G 20988, Iuly, 1977,

9.10.1 section ¢.1.b

.0 2 reference Deleted)

®.10.3 Figures 7 through 10

9.10.4 (Reference Deleted)

9.10.5 Section ¢.4

A
" AWe




CALLAWAY PLANT
OFESITE DNSE CALCVULATION
MANUAL Rev. &

9.11 Regulatory GCuide 1.109, "Calculation of Annual
Doses t~ Man From Routine Releases Of Reactor
Effluents For the Purpose Of Evaluating Com-
pliance With 10 CFR Part SO, Appendix 1",
Revision 1, U.S. Nuclear Regulatory Commise
sion, Washington, D.C. 20555, October 1977.

®:13.1 Appendix C, Section 3.a
9.11.2 Appendix E, Table E-.l5
2.11.3 Appendix Section 1

0

o
Appendix E, Table E-l1
E,

+
| 9.33:8 Appendix " Table E-9
9.12 U.$. Nuclear Regulatory Commission, "Methods
for Cemonstrating LWR Compliance with the EPA
Uranium Fuel Cycle Standard (40 CFR Part
190)", USNRC NUREG-0543, washington, D.C.
20585, January 1980.

. ?2.12.1 Section I, Page 2
-

9.12.2 Section 1V, Page 8

¢.12.3 Section I Page 9

2.12. 4 Section 1II, Page o

943, 9 Sectien 111, Page 8

9.13 (Reference Deleted,

.14 Management Agreement for the Publi¢c Use of
Lands, Union Electric Company and the State of
Missouii Department of Conservation, December
. PP
- - - v ve

9 9. 4 E.‘(:“..b.’l %

tn

(Reference Deleted)

-




o W

O

16
.16.1
.16.2

.16.3

.16.8

17

»
=

&

CALLAWAY PLANT
OFFSITE DOSE CALCULATION
MANUAL Rev. 5

Miscellanecus References

Drawing Number M-109-0007-06, Revision S.
HPCI 87-01, "Determination of Annual Average
Dispersion Parameters at the Owier Controlled
Area Fence", January 28, 1987,

HPCI 8702, "1986 Land Use Census and Disper-
sion P~-ameters”, January 28, 1987.

UE Saz.-7 Analysis Calculation 87-001-00.

UE Safety Analysis Calculation 88-002-00-F.
U.S. Nuclear Reculatory Commission, "XOQDON:
Computer Program for the Meterological Evalua-
tion of Routine Effluent Releases at Nuclear
Power Statiors", USNRC NUREG/CR=2929, Septem-
ber, 1982, Washingteon, D.C. 20858,

(Reference Delted)

(Reference Deleted)

(Reference Delated)

ection 4, "Subroutine PURGE", pages 27 and
8.

[ S

Regulatory Cuide 4.13, "Performance, Testing,

and procedural specifications for Thermolumine
iscence Dosimetry: Environmental Applications

"{Revision 1), July 1977; USNRC,

Washington, D.C. 2088S

a

gn Manual”,

TID=7004, "Reactor Shialding De
Rockwell, Theodore, ed; March 1




ro
P

o
(8]

CALLAWAY PLANT
OFFSITE DOSE CALCULATION

MANUAL Rev. S

BNWL-236, Supplement 1, "ISOSHLD=II: Code
Revision to include calculation of Dose Rate
from Shielded Bremsotrahlung Scurces”,
Simmons, C.L., et al; March 1967.

BENWL-236, Supplement 2, "A Revised Photon Pro-
bability Library for use with ISOSHLD-III",
Mansius, C.A.; April 1969.




