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December 27, 1990

SUBJECT:
Revision 30

Offsite Dose Calculation Manual

The General Office Radiation Protec.ion staff is transmitting to

you this date,
Manual.

update your copy No. |

REMOVE THESE PAGTS

Revision 30 of the Offsite Dose Calculation
As this revision only affects Catawba Nuclear Station,
the approval of other station managers is not required.

Please

and discard the affected pages.

INSERT THESE ¢AGES

C=1 Rev. 12 C=1 Rev. 30

C=2 Rev. 12 C~2 Rev. 30

Figure C1.0-2 Rev. 4{1 of 2 Figure Cl1.0-2 Rev. 30 of 2

C-% Rev. 19 C=5 Rev. 30

C-11 Rev. 12 C=11 Rev. 30

C=12 Rev. 25 C-12 Rev. 30

C~12a Rev. 2§ C=12a Rev. 30

Pages C~14 Pages C-14

thiru Page C-22 Rev. 25 thru Page C-22 Rev. 30

C-23 Rev. 2% C-23 Rev. 130
NOTE: As this letter, with its attachments, contains "LOEP"
information, please insert this in front of the December 26, 1990
letter.
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Mary L. Birch

Radiation Protecticon Manager
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If you have any quest$ons congefﬁlng Revision 10,

Jim Stewart at (704) 373-5444.
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“James M. Stewart, Jr.
Scientist
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Approval Date: 12/17/9Q
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2{ Ham on, Manager

'”atahba Nuclear Station

please call
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c1,2 GASEQUS RADWASTE SYSTEMS

The gaseous waste dispcsal system for Catawba 1s designed with the capability
of processing the fission-product gases from contaminated reactor coolant
fluids resulting from operation. The system shown schematically in Fig. C1.0-2
is designed to allow for the ritention and subsequent decay of the gaseous
fission products generated from the reactor coolant system via the chemical and
volume control system and/or the boron recycle system in order to limit the
need for intentional discharge of high level radiocactive gases from the waste
gas holdup tanks. Sources of low-level radioactive gaseous discharge to the
environment include pericdic purging operations of the containment, the
suxiliary building ventilation system, the secondary system air ejector and
decaved WG Tanks. With respect to purging operations, the potential
contamiration is expected to arise from uncollectible reactor coolant leakage.
With raspect to the air ejector, the potential source of contamination will be
from leakage of the reactor coolant to the secondary system through defects in
steam generator tubes. The gaseous waste disposal system includes two waste
gas compressors, two catalytic hydrogen recombiners, SiX gas decay storage
tanks for use during normal power generation, and two gas decay storage tanks
for use during shutdown and startup operations, and for pressure relief

€1.2.1 Gas Collection System

The gas collection system combines the waste hydrogen and fission gases from
the volume control tanks and that from the boron recycle gas stripper
evaporator produced during normal operation with the gas collected during the
shutdown degasification (high percentage of nitrogen) and cycle it through the
catalytic recombiners converting all the hydrogen to water After the water
is removed, the resuiting gas stream is transferred from the recombiner into
the gas decay tanks, where the sccumulated activity may be contained From
the decay tanks the gas will flow back to the compressor suction to complete
the circuit.

&1.2.2 Containment and Auxiliary Building Ventilation

Nonrecyclable reacter coolant leakage occurring either inside the containment
or inside the suxiliary building will generate gaseous activity. Gases result-
ing from leakage inside the containment will be contained until the containment
air is released through the VQ or VP system. The containment atmosphere will
be discharged through a charcoal adsorber and a particulate filter prior to
release to the atmosphere,

Gases resulting from leakage inside the auxiliary building ar released, with-
out further decay, to the atmosphere via the auxiliary building ventilation
system. The ventilation exhaust from potentially contaminated arsas in the
auxiliary building is normally unfiltered. Illowever, on a radiation monitor

alarm, Lhe exhaust is passed through chavcoal adsorbers to reduge releases Lo
the atmosphere.

€1.2:3 Secondary Systems

Normally, condensate flow and steam generator blowdown will go parallel
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C3.2 GAS MONITORS

The following equation shall be used to calculate noble gas radiation monitor
setpoints based on Xe-133 (Historical data shows that Xe-133 is the predominant
isotope):

K(X[Q)Qi < 500 (see Section C2.2.1)

Qi = 4, 72E+02 Cif {see Section C2.2.2)

C.1 < 116/f
where:
Ci = the gross activity in undiluted effluent, in uCi/ml
f = the flow from the tank or building sources, in cfm
K = from Table 1.2-1 for Xe~133, 2.94E+2 mrem/yr per uCi/m’
X/Q = 3.1E-05, as defined in Section C.2.2.2

As stated in Section C2.2, the unit vent is the release point for the contain-
ment purge ventilg.ion system, the containment air release and addition system,
the condenser air ejector, and auxiliary building ventilation.

For releases from the containment purge ventilation system, a typical radiation
monitor setpoint may be calculated as follows:

Ci < 116/f = 6,59E-04 = |
where:

f = 150,000 cfm (auxiliary buildin ventilation! + 26,000 cfm (containment
R
purge) = 176,000 ctm

For release from the containment air release and addition system, the waste gas

decay tanks, the condenser air ejectors, and the auxiliary building

ventilation, a typical radiation monitor setpoint may be calculated as

follows:

C. < 116/f = 7 .73E-04 l

A

where:

f = 150,000 cfm (auxilisry building ventilation) l

G=1] Rev. 30
1/91
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4.0 Do ULATION
Cé4.1 FREQUENCY Or CALCULATIONS

Dose contributions to the maximum individual shall be calculated at least

every 31 days, gquarterly, semiannually, and annually (or as required by Tech=
nical Specifications) using th» methodology in the generic information sections.
This methodology shall also be used for any special reports. Dose calculations
that are required for individual pre-release calculations, and/or abnormal
rejeases shall not be calculated by using the simplified dose calculations.
Station dose projections for these types and others that are known to vary from
the station historical averages shall ce calculated by using the methodology in
the generic information section. STATION Dose projections may be performed
using simplified dose estimates.

Fuel cycle dose calculations shall be performed annually or as required by
special reports. Dose contributions shall be calculated using the methodology
in the appropriate generic information sections.

C4&.2 BOSE MODELS FOR MAXIMUM EXPOSED INDIVIDUAL
Cé.2.1 Liguid Effluents

For dose contributions from liquid radiocactive releases, dose calculations
based on operational source term data and NUREG-0133 guidance indicate that the
maximum exposed individual would be an adult who consumed fish caught in the
discharge canal and who drank water from the nearest "downstream' potable water
intake. The dose from Cs<-134 and Cs-137 has been caiculated to be 91% of that
individual's total bedy dose.

C4.2.2 Gaseocus Effluents
o e e Noble Cases
For dose contributions from axposure to heta and gamma radistion (rom noble

gases, it is assumed that the maximum exposed individual is an 2guit at a

controlling location in the unrestricted area where rhe total noble gas iose is

determined to be 2 maximum

s 2 2s Radioiodines, Farticulates, and Other Radionucl
T 1/2 » 8 days

ides

For dose contributions from radioiodines, particulates and other radionuclides;
it is assumed that the maximum exposed individual is a child or infant at a

cortroiling location in the unrestricted area where tle total inhelation, food
and ground plane pathway dose is determined to be a maximum based on operation<

vl cource term data, land use survevs, and NUREG-017 zuidance

=12 Rev. 20
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C4.3.2 Gaseous Effluents

Meteorological data is provided in Tables C4.0-1 and C4.0-C.
Cé4.3.2.1 Noble Gases

For dose estimates, simplified dose calculations based on the assumptions in
C4.2.2.1 and operational source term data are presented below. Updateu
operaticnal source term dara shall be used to revise these calculations as
necessary. These calculations further assume that the annual average
dispersion parameter is used and that Xenon-133 contributes ol1% of the gamma
air dose and 54% of the beta air dose.

Dy # 3.47E-10 [Qly, 144 (1.22)

D, = 1.03:09 [0]. 1.06)

-
) -

where:

J.47E-10 = (3.17E-8)(333) :R/Q), derived from equation presented in
Ssction 3.1:2.1,

1.03E-09 = (3.17E-08) (1050} (§Ta), derived from egquation presented in
Section 3.1.2.1.
X/Q = 3.1E-05 sec/m’, as defined in Section C2.2.2

(Qlye. 33 = the total Xenon-ild activity released in uCi

1,66 = factor derived from the assumption that #1% of the gamma air dos= is
contributed by Xe-1233,

1.85 = factor derived from the assumption that 54% of the beta air dose is

contributed by Xe-133

0
&
L
3
4

AW nadioicdines, Particulates, and Other Radionuclides with
T 1/2 8 davs
For dose estimates, simplified dose cu'culations based on the assumptions in
4.2.2.2 and operational source term a*.A are presented below Updated

. operational source term data shall be used to revise these calculations as

necessary. These calculations further assume that the annual averag?
dispersion/deposition parameters are used and that 81% cf the dose results

from H-3 ingested by the maximally exposed individual via the vegetable garden

pathway at the controiling location. The simplified dose estimate for
exposure to the thyroid of a child is
D= 1 28E<046w (), ., (.20}
where:
we= 1 0E-05 = X/Q for vegatable garden pathway, in sec/m’ from Table C4.0-1
for the conttoiling location (NE sector at 9.5 miles
I
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@y the total Tritium activity released in uCi.
1.28E-04 = (3.175-08)(8i {§76]\ with the appropriate substiturions for
child thyroid vegetable pathway factor, Rt [§TBI for H-3
See Section 3.1.2.12.

.22 = factor derived from the assumption that 82% of the total
inhalation, food and ground plane pathway dose to the naximally
exposed individual is contributed by H-3 via the vegetable garden
pathway.

Ca.4 FUEL CYCLE CALCULATIONS

As Aiscussed in Section 1.3.5, more than one nuclear power station site mav
contribute te the doses to be cousidered in accordance with «UCFRI90. The tuel
cycle dose assessments for Catawba Nuclear Station must include liguid and
gaseous dose contributions from McGuire Maciear Station, which 1is located
approximately thirty miles NNE of Latswba. For *his dose assessment, the

total body and maximum orgen derse contribucions to the maximu. axposed
individual from the combined Catawba and McGuire liquid and gase 'us releases
are estimated using the fallowing calculations:

;‘ r { \
Dup(T) = Dupllg) *+ Dypllo) + Dyglay) * Dypla.’

) (1 ) i j ) ({ ;
Dyo(T) = Dyglle) * Dyolic? * Dypl8y) * Dyol8.)

where:

D..(T) = Total estimated fuel cycle whole body dose commitment resulting

from the combined liquid and gaseous effluents of Tatawba and
McGuire di'ring the calendar year of interest, in mrem

= Total =stimated fuel cycle maximum organ dose commitment result=
ing from the combined liquid and gasecus effluents of Catawba
and McGuire during the calendar year of interest. in mrem.

Dy T)
(T)
MO

Ch. 4.1 Ligquid Effluents

Liquid pathway dose estimates are based on values and assumptions presented in
Sections B4.3.1. aid C4.3.1. Operational source terms shall be used to update
these simplified calculations as necessary.

Ch.4.1.1 McGuire's Liquid Contributions

Based on operational nistory, the Catawba fuel cycle maximum exposed individual
whole body dose resulting from McGuire liquid effluent releases 4
estimated using the simplified dose calculation given below:

'R |

wB L'11

D .1 )= (7,66E#05) ( F, ) ( T, ) (C +$0.59 C
“WB ‘m l ‘e ‘s=136 7 MCs-137

]
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. where:
(BBE+05 = 1. l4E+ (U + U I L 1.30-)
7 .686E+05 1. 14E+05 ( Law af X BFi : Draxt {
where:
1.14E+0S = { 1,.0E+06 pCi/uCi x 1.0E+03 mli/kg ) ; * 8760 hr/yr )
an = 730 L/yr, Adult water consumption
U.f = 21 kg/yr, Adult fish consumption
Bfi = 2.07E+03, Bioaccumulation factor for Cesium (Table 3.1-1)
DFait = 1.21E-04, Adult total body ingestion dose factor for
Cs=134 (Table 3.1-2)
1.30 = Factor derived from the assuuption that 77% of the dose is derived
from Cs=-134 and Cs~137 or 100% / 77% = 1.30
where:
Fl = f /F
where:
. f = McGuire's liquid radwaste flow, in gpm
F .© 1. 97E+06 gpm, the average flow past Lake Wylie Dam
where:
T, = 8760 hours, the time period of time ovar which Bt l e " o R L e 1 P
L . Cs-134 5-137
Ft are averaged.
Cﬂs’:jg = The average concentration of Cs~134 in McGuire's undiluted
L i effluent, in uCi/ml, during the calendar year of interest.
Cn__ya; = The avarage concentration of Cs-137 in McGuire's undiluted
Q=13 : ol : :
effluent, in uCi/ml, during the calendar year of interses
0.59 = The ratio of the adult total body ingestion dose factors for Cs-134
and Cs-137 or 7.14E-05 7/ 1.21E-04 = 0.59
Based on operational history, the Catawba fuel cycle maximum exposed individual
caximum organ dose (Adult-GI-LLI) resulting from McGuire's liquid effluent
releasas (D, (1 }) is sstimated nsing the simplified dose calculation given
i iy m
below:
{1.) = 1.92E+ (F 0 T, ) XC
DﬂO‘lm 1.92E+06) by ( Ty ) NB - Qi)
. where:
1.92E+06 = ( 1.145+03) ( U # U x BF.) (DF Lr Tt
aw af i 11t
C=16 Rev. 30




where:
1.14E+05 = ( 1. 0E+06 pCi/uCi x 1 .OE+03 mi/kg ) / ( 8760 hr/yr )
taw = 730 t/yr, adult water consumption

Uaf = 21 kg/vyr, adult fish consumption
BF1 = 31.COE+04, Diocaccumulation factor fnr Nb (Table 3.1-1)

DFait = 2,10E-05, adult GI-LLI ingestion dose iactor for
Nb-9S (Table 3.1-2)

1.27 = Factor derived from the assumption that 79% of the adult GI-LLI
dose is from Nb-95 or 100% 79% = 1.27

where

where:
f = McOuire's liquid radwaste flow, in gpm

F= 1.97E+406 gpm, the average flow past Lake Wylie Dam

where:
T, = 8760 hours, the time period of time over which ch-ﬂ‘ and F! are
averaged . H
MVb sc ® The average concentration of Nb+95 in McGuire's undiluted
' effluent, in uCi/ml, during the calendar rear of interest
Ch.4.1.2 Catawba s Liguid Contribution

Based on cperational history, the Catawba fuel cycle maximum exposed individual
whole body dose resulting from Catawba's liquid effluent releases (D . (1 is
estimated using the simplified dose caiculation given below

D..(1 ) = ( 6.3BE+05 o e T e T e + 0.59 Ca x49
“WB' ‘¢ 'l ‘1 Cs=134 Cs=13
where:
#,38E+05 = |, 14E+05 ' D +#U _ xBF,. ) ( DF ) (- 1.10
W W af i ait




. wtere:

v JUES0E = ( 1 . OE+06 pCi/uCi x | . CE*0Y ml/kg { A760 hr/yr
v = 730 t/yr, Aduilt water consumption

D = 37.7, dilution facter from the near field area to the nearest

. potable water intake (Rock Hill wWater Intake)

‘ L“, 21 kg/yr, Adult fish consumption
BF‘ = 2.00E403, Biocaccumuletion factor for .esium (Table 3 1-1)
DF.‘t = | 21E~%%. Adult total body ingestion dose factor for

Cy- 34 (Table 3.1+2)

1,10 = Factor derived from the assumption that 21% of the dose s derived

from Cs+1J4 and Ca~137 or 100% 1% = 10
and where
F! s ( £){90) F+f)
where:
f = Catawbe's liquid radwaste flow, in gpm ls
‘ o = Recirculation factor at equilibrium, 1.027 (See section C2.2.1)

F = Catawba's dilution [low, in gpm

and where:
T' = A7A, hours, tne time perviod of time over which u«s 114 * '.’ 137 and
" L
F’ are & mraged
ﬁﬁg 194 * The average concentration of Cs-134 in Catawba s undiluted

affluent., in uCi/mi, during the calendar vear of interast

~

Crg-117 # The average .oncentration of Cs+117 (n Catawba s undiluted
o e effluent, in uCi/ml, during the calendar year of interest

0.59 = The 2tio of the adult total body ingestion dose factors for Cs~134
anvy  4+137 or 7 14E-05 |.2'E-06 = 0.59

ggsed on aperat onal histery, the Catawba fuel cvels maximum exposed nuividual
maximum organ dose (Adult, GI-LLI) resulting from Crtawba's liquid effluent
releases ﬁTU 1 J) is estimated using the simplifiew dose calculation given
below: !

‘ Oynll,) ® ( 2.068406 ) (Fy) (T,) (g Lgs? |
|




. where:

o D4E+06 = ( 1.14+05 ) (! I x BF ) (DF ' (1.38)
iw “ at A ait
where:
|- IGE+05 = ( | OE+06 pCi/uCi x 1.0E+03 ml/kg B760 hr/yr

v = 730 t/yr, Adult water consumption

iw
D, ® 37.7, Dilution factor from the near field area to potable water
intake.
w.f ¢l kg/yr, Adult fish consumption
BF, = 3.00E+04, Biosccumulation factor for Nicbium (Table 3 .-
OF, o ® 2 10E+03, Adult GI-LLI ingestin #)se factor for Nb-d5
(Table 3.1+2)

*+ _tY

| 35 = Factor derived from the assumption that 74% of adult GI-LLI dose
is from Nb-95 o1 100% 74% = 1,35

f = Catawba's liquid radwaste flow, in gpm
o0 = Recirculation factor at equilibrium, 1.02;

F = Catawba's dilution flow, in gpm

where
f: = R760 hours, the time period of time over which “;! , and F, are
averaged

Tﬂb 48 = The average concentration of Nb-95 in Catawba s undiluted

‘ effluent, in uCi/ml, during the calendar year of interest
Ch.b4.2 Gaseous Effluents
Alrborne offluent pathway dose #sfimates are bhased on the vaiue ind assump-
tions presented in Sections B&.J. 2. and C&4 .. 2 Operttional source term data

shall b8 used to update these calculations as necessary

‘.10 Rev 10



Ch.%.2.1 McGuire s Gasecus Contribution

Based on operational history, the Catawba fuel cycle maximum exposed individual
whole body dose resulting from McGuire's gaseous effluent releases 'Dwﬂ(‘m)' is
estimated using the simplificd dose calculation given below:

= ( 9. 32E-08 ) (8.) ( 1.43 )

Dyp' 8y’ Uxe-133 ' %

where:
we | 50E-07 = t§7a) for the plume immersion factor pathway factor, in

sec/m’ which corresponds to a location 5 miles S8W of the
McGuire site (See table B&.0-1)

Q

= The total Xe-i33 activity released from McGuire during the
Xe-133 ]
calendar vear of interest, in uCi{

9 3ZE-06 = ( 3. 17E-O8 ) | K. [X/Q] ), with appropriate substitutions for
whole body exposire in a semi-infinite cloud of Xe-134, See
Section 1.2.1.

SF = 0.7 = External radiatjon shielding factor for individuals

1.43 = The factor derived from the conservative assumption (based on
historical data) that 70% of the whole body dose to the maximally
exposed individual is contributed by Xe-132,

Based on operational history, the Catawba fuel cycle maximum exposed individual
maximum organ dose (Adult-G1-LL1) resulting from McGuire's gaseous effluent
releases (Dﬂot'm)) is estimated using the simplified dose calculation given
below:

= ( 7.2%E-08) { w )

r)A‘io"‘rﬂl

where:
w= 1 58-07 = X/Q for the food and ground plane pathway, in sec/m’, for
a location 5 miles SSW of the McOuire site (Table B& . 0-1)

Q"_3 - The total H-3 activity released from McGuire during the
calendar vear of interest, in uCi.
G
7.23E-08 w ( 3.17E-08 [ X/Q) with appropriate substitutions for

v

X/Q] for

3

the adult-vegetable gardenp pathway, R

5

4
s i’
PF=3, See Section 3.1.2.2

=20 Rev. 270
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1,04 = The factor derived from the conservative assumption (based on
historical data) that 96% of the total inhalation, food and ground
plane pathway dose to the maximally exposed individual is contri-
buted by H+3 via the vegetable pathway.

Ca.4.2.2 Catawba's Gaseous Contribution

Based on operational history, the Catawba fuel cycle maximum exposed individual
whole body dose resulting (rom Catawba's gaseous effluent releases (Dw.\gc)) is
estimated using the simplified dose calculation given below:

‘c) = ( 9.326<06 ) (w ) (Q ) (8,) ( 1.72 )

Xe-133 F

Dw'(
where:

w = 3 0E-08, l§73) ar the plume immersion factor pathway factor in
sec/m . .ich corresponds to a location 0.5 miles NE of the
Catawba site (see Table C4.0-1)

Qx._133 #= The total Xe~123 activity released from Catawba during the
calendar vear of interest, in uCi.
9, 32E-06 = (3,17E-08) (K.{§76)i. with appropriate substitutions for whola
body exposure in a semi-infinite cloud of Xe-123. See Section
1.2.1.

§. = 0.7 = External radiation shielding facter for individuals.

F

1.72 = The factor derived from the conse vative assumption (based on
historical data) that 58% of the whole body dose to the maximally
exposed individual! is contributed by Xe-123,

Based on design basis operation, the Catawba fuel cycle maximum exposed
individual maximum organ dose (Adult-GI-LL!) resulting from Catawba's gaseous
effluent releases :D*O\g\'\ {s estimated using the simplified dose calculation
given below: ) v

DﬂO('r‘ m ( 7. 23«08 ) { w ) QH'? % -1.0% .3

where:
1]

we®= 3 0E-05 = X/Q for the food and ground plane pathway in sec/m
location 0.5 miles NE of the Catawba site (see Table

for a

C&a.0<1),
UH-) = The total H+3 activity released from Catawba during the
calendar year of interast, in uCi
x' o —
7.23E-05 = { 3.17E-08 ) ( RL{X,Q] ) with appropriate substitutions for

V

the adult-vegetable garden pathway factor, Ri[X/Ql for H=3.

b |

See Section 3.1.2.2

C-21 Rev. 20
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cs 0 Radiological Environmental Monitoring

The Radiological Environmental Monitoring Program shall be conducted in

sccordance with Technical Specification, Section 3/4 12

The monitoring program locations and analyses are givea in Tables €5 . 0-1
through C5.0+3 and Figure C5 . 0-1

The laboratory performing the radiological environmental analyses shall parti-
¢cipate in an interlaboratory comparison program which has been approved by the
NRC. This program is the Environmental Protection Agency's (EPA's)
Environmental Radioactivity Laboratory Intercomparison Studies (crosscheck)
Program, our participation code is CP

The dates of the land-use census that was used to jdentify the controlling
receptor locations was 06/01/90 - 07/31/90
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