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INTRODUCTION

The Offsite Dose Calculation Manual provides the methodology and parameters
to be used in the calculation of oif-site doses due to radioactive liquid and
gaseous ¢ffluents to assure compliance with the dose limitations of the
Technical Specifications. These dose limitations assure that:

1) the concentration of radioactive liquid efflueuts from the site to the
unrestcicted area will be limited to .ue concentration levels of 10CFR20,
Appendix B, Table II;

2) the exposures to any inlividual from radioactive liquid effluents will
not result in doses greater than the design objectives of 10CFRS50,
Appendix I;

3) the dose rate at any time at the site boundary from radioactive gaseous
effluents will be limited to the annual dose limits of 10CFR20 for
unrestricted areas; and

4) the exposure to any individual from radioactive gaseous effluents
will not result in doses greater than the design objectives of 10CFRS0,
Appendix I.

The msthodology used to assure compliance with the dose limitations described
above shall also be used to prepare the radioactive liquid and gaseous effluent
reports required by the Technical Specifications. To assure compliance with
40CFR190 when twice the design objectives of 10CFRS0, Appendix I are exceeded,
the methodology and parameters to be used in calculating the off-site dose to
any individual resulting from the entire fuel cycle except mining and waste
management facilities are provided in this Manual.

The Manual also provides the methodology and parameters to be used in the
calculation of radioactive liquid and gaseous effluent monitoring instrumen-
tation alarm/trip setpoints to assure compliance with the concentration and
dose rate limitations of the Technical Specifications. Changes to the method-
ology and parameters used in this Manual shall be reviewed by a qualified re-
viewer(s) and approved by the Station Manager and the System Radwaste Engineer
prior to implementation and shall be audited by the Nuclear Safety Review
Board. Changes to this Manual shall be submitted to the Nuclear Regulatory
Commission in accordance with plant Technical Specifications.

Normally GASPAR and LADTAP are used for the calcul:iion of offsite doses but
this document also describes a mathod for the calculation of offsite doses
when GASPAR and/or LADTAP are not available.

This Manual does not replace any station implementing procedures.

ii1



1.0 RELEASE RATE CALCULATIONS

The release rate calculations presented in the following sections are site
release limits. Sites containing two or more units shall administratively
control releases to assure that the release rate calculations limit releases
as stated in the Technical Specifications. Administrative controls could
limit the number of releases occurring at one time and/or apportion the
releaserate betveen the units.

1.1 LIQUID EFFLUENTS

To comply with Technical Specifications and to assure that the concentration of
radioactive liquid effluents from the site to the unrestricted arez is limited
to the concentrations of 10CFR20, Appendix B, Table II, Column 2, the following
release rate calculation shall be performed:

- IR -
f<P¢ (03 __"i )
i=1 MPC,
i
where:
Ci = The roncentration of radionuclide, 'i', in undiluted liquid effluent,
in pCi/ml.

HPCi = the concentration of radionuclide, 'i', from 10CFR20, Appendix B, Table
IT, Column 2, in uCi/ml.

f = the undiluted effluent flow from the tank, in gpm.

iy
"

the dilution flow from the site discharge structure to unrestricted
area receiving waters, in gpm.

g = recirculation factor at equilibrium; this factor account. for the
fraction of discharged water reused by the station; this factor is
one for stations on rivers or lakes where discharged water cannot
be reused, and varies for sites where water is recirculated and is
specified in the appropriate Appendix.

18 GASEOUS EFFLUENTS

In order to comply with the Technical Specifications and to assure that the
dose rate, at any time, in the unrestricted area due to radicactive materials
released in gaseous effluents from the site is limited to <500 mrem/yr to the
total body and <3000 mrem/yr to the skin for the noble gases and is limited
to <1500 mrem/yr to any organ for all radioiodine and for all radioactive
materials in particulates form and radionuclides other than noble gases with
half lives greater than 8 days, the following release rate calculations shall
be performed. These calculations, when solved for 'f', i.e. fiowrate, are the
release rates for noble gases and for radioiodines, particulates and other
radionuclides with half-lives greater than 8 days. The most conservative of
release rates calculated shall control the release rate.
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Noble Gases

- Ki X [(i76)Qi] <500 mrem/yr, and

i

~
I(L +1.1 M) [(276)Q11 <3000 mrem/yr

1

where:

K.
i

@

<

~
~
o

ky

kg

The total body dose factor dus to gamma emissions for each identified
noble gas radionuclide, in mrem/yr per pCi/m® from Table 1.2-1.

The skin dose factor due to beta emissions for each identified noble
gas racdior iclide, in mrem/yr per uCi/m® from Table 1.2-1.

The air dose factor due to gamma emissions for each identified noble
gas radionuclide, in mrad/yr per uCi/m® from Table 1.2-1 (unit con-
version constant of 1.1 mrem/mrad converts air dose to skin dose).

The dose parameter for radionuclides other than noble gases for the
inhalation patlvay, in mrem/yr per pCi/m® from Table 1.2-2. The dose
factors are based on the critical individua’ organ and most restric-
tive age group (child or infant).

The release rate of radionuclides, 'i', in gaseous effluent from all
release points at the site, in pCi/sec.

The highest calculated annual average dispersion parameter for any
area at or beyond the unrestricted area boundary

The highest calculated annual average dispersion parameter for
estimating the dose to an individual at the controlling location.

kyC,f + kp = 4.72E+2 C §

the concentration of radionuciide, 'i', in undiluted gaseous effluent,
in pCi/ml.

the undiluted effluent flow, in cfm.

conversion factor, 2.83E+04 ml/ft3.

conversion factor, 6.0E+01 sec/min.

1.2.2 Radioiodines, Particulates, and Others

~
z Pi [w Qi] < 1500 mrem/yr

i

where the terms are as defined above.
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Radionuclide

Total Body
Dose Factor

K

(-re-[yrgﬁer pCi/m*)

TABLE 1.2-1

(1 of 1)

DOSE FACTORS FOR NOBLE GASES AND DAUGHTERS*

Kr-83m

Kr-85m

Kr-85

Kr-87

Kr-88

Kr-89

Kr-90

Xe-131m

Xe-133m

Xe-133

Xe-135m

Xe-135

Xe-13)

Xe-138

Ar-41

*The listed dbsgnfbctgrs are for radionuclides that may be detected in gaseous effluents.
7.56 x 10 2,

*%7.56E-02 =

7.56E-02%%

1.

1

17E+03

61401
.92E+03
. TE+04
.66E+04
.S56E+04
.15E+01
.51E+02
.94E+02
. 12E+03
.B1E+03
L42E+03
.83E+03

.84E+03

Skin Dose Factor

E,
(nren/yr;pér yCi[gf)

4.

.46E+03
.34E+C3
.713E+03
.37E+03
.01E+04
.29E+03
. T6E+02
.94E+02
LUBE+02
.11E+02
.85E+03
L22E+04
13E+03

.69E+03

Gamma Air
Dose Factor

M.
(mrad/yr pér uCi/m3)

1

-93E+01
.23E+03
.12E+01
.17E+03
.52E+04
. 13E+04
.63E+04
.56E+02
.27E+02
.53E+02
.36E+03
.92E+03
.S51E+03
.L1E+03

.30E+03

Beta Air
Dose Factor

2,

B8BE+02

.97E+03
.95E+03
.03E+04
.93E+03
.06E+04
.83E+03
.11E+03
.4BE+03
.05E+03
.39E+02
.46E+03

.27E+04

75E+03

.28E+03

gggnd[y} per pCi/m*)



TARLE 1.2.-2
1 of 1)
DOSE PARAMETERS FOR RADIOIODINES AND RADIOACTIVE
PARTICULATE, GASEOUS EFFLUENTS*

P(1), DOSE PARAMETERS FOR RADIOIODINES AND RADIOACTIVE PARTICULATES IN GASEOUS EFFLUENTS

Pathway Pathway

Inhalation Inhalation

(mrem/yr oer (mrem/yr per
Radionuclide Ci/m?) Radionuclide Ci/m?)
H 3 1.125 E+03 RU 103 6.625 E+05
Alpha Act 1.100 E+08 RU 106 1.432 E+07
P 32 2.605 E+06 AG 110M 5.476 E+06
CR 51 1.698 E+04 CD 115M 2.920 E+05
MN 54 1.576 E+06 SN 123 3.550 E+06
FE 55 1.110 E+05 SN 126 1.120 E+07
FE 59 1.269 E+06 SB 124 3.240 E+06
CO 58 1.106 E+06 SB 125 2.320 E+06
CO 6& 7.067 E+06 TE 127M 1.408 E+06
NI 63 8.214 E+05 TE 129M 1.761 E+06
ZN 65 8.399 E+04 CS 134 1.014 E*D6
RB 86 1.983 E+05 CS 136 1.709 E+05
SR 89 2.157 E+06 CS 137 9.065 E+05
SR 90 1.010 E+08 BA 144 1.743 E+06
gk b 2.627 E+06 CE 141 5.439 E+05
ZR 95 2.231 E+06 CE 144 1.195 E+07
NB 95 6.142 E+05 I 131 1.624 E+07
MO 99 1.354 E+05 I 133 3.848 E+06

“ Table provided by: M. E. Wangler, RAB:NRR:NRC on 12/8/82



2.0 RADIATION MONITORING SETPOINTS

Effluent radiation monitor alaim/trip setpoints shall be determined using the
calculations presented in the following sections. The calculations define the
relationships between the measured effluent activity, the maximum allowable
effluent activity, the effluent flowrate, and the dilution available in the
restricted area (as defined for effluent releases in the Technical Specifica-
tions) which must be controlled toc assure that the instantaneous release rate
is not exceeded.

The setpoints shall be determired for those monitors listed in the appropriate
tables of the Technical Specifications.

2.1 LIQUID MONITORS

The fcllowing equation shall be used to calculate liquid ra’iation monitor
seLpoints:

F Eff < MPC

where:

MPC = the effluent concentration limit implementing 10CFR20 for the site, in
pui/ml.

C = the radioactivity concentration in puCi/ml, in the effluent line prior to
dilution and subsequent release, which may be the setpoint and, if so,
represents a value which, if exceeded, would result in concentrations
exceeding the limits of 10CFR20 in the unrestricted area.

t

the fiow measu-ed at the radiation monitor location in gpm.

F

the dilution water flow as measured prior to the release point in gpm.

(Note that if no dilution is provided, C < MPC. Also, note that when (F) is
large compared to (f), then F + £ = F.)

2.2 GAS MONITORS

The following equation shall be used to calculate noble gas radiation monitor
setpoints based on Xe-133:

~
K, (X/Q)Q; < 500
6i = 4.72E42 C £ (See Section 1.2.1)

where:
C = the gross activity in undiluted effluent, in pCi/ml.
f = the flow from the tank or building and varies for various release

sources, in cfm.



Kl = from Table 1.2-1 for Xe-133, 2.94E+2 mrem/yr per uCi/m3.

X/Q = the highest calculated annual average dispersion parameter for
any area at or beyond the unrestricted area boundary for long term
releases.

ro
i
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. 3.0 DOSE CALCULATIONS
3.1 DOSE MODELS FOR MAXIMUM EXPOSED INDIVIDUAL

. 1.4 Liquid Effluents

Of the possible exposure pathways in the aquatic environment, only two
contribute significantly to the total dose; these pathways are ingestion of
potable water and aquatic foods. The dose contributions, from these path-
ways, for measured quantities of radioactive materials identified in 'iquid
effluents released to unrestricted areas shall be calculated for the maxi-
mum exposed individual in each age group using:

=3 [A, Ity C,F,l
Be =2 lAye 285 Cin By

where:

gt = the cumulative dose commitment to the total body or any organ,
T, for an individual of age group, a, from the liquid effluent
m
for the total time period I Atz. in mrem.
2=1

At ,= the length of the 2th time period over which C., and F, are
2 i i 2 2
° averaged for all liquid releases, in hours.

. o~ the average concentration of radiu.uclide, 'i', in undiluted liquid
effluent during time period At.2 from any liquid release, in
MCi/ml.

F, = the near field average dilution factor for C P) during any liquid

s effluent release where: i
= _fo__
Py *F+77
where:

0 = recirculation factor at equilibrium; this factor accounts for the frac-
tion of discharged water reused by the station. This factor is one
for stations on rivers or lakes where “ischarged water cannot be reused
and vari~~ for sites where water is recirculated. It is specified in the
appropriace Appendix.

f = liquid radwastz flow, in gpm.
F = dilution flow, in gpm.
8 ® the site related ingestion dose commitment factor for an individual
' of age group, a, to the total body or any organ, 't', for each identi-
‘ fied principal gamma and beta emitter, mrem/hr per uCi/ml.
Aait = 1.14F+05 (an/Dw + UafBFi)DFait

3~1



where:

1.14E5 = 10%pCi/pCi x 10°ml/kg + 8760 hr/yr.

an = Water consumption by age group, £/yr.
infant 330
child 510
teen 51C
adult 730

Dw = Dilution factor from the near field area to the potable
water intake.

Uaf = fish consumpcion by age group, kg/yr.

infant --
child 6.9
teen 16
adult 21

BF. = Bioaccumulation factor for radionuclide, 'i', in fish, pCi/kg
per pCi/1l, from Table 3.1-1.

DFait = Dose conversion factor for radionuclide, 'i', by age group in pre-
selected organ, t, in mrem/pCi, from Tables 3.1-2, 3.1-3, 3.1-4, and
3.1-5, respectively.

Using the above information, Aa't values for the adult have been calculated
for each site. This informatidd is --ovided in the Table "X" 5.0-4 where "X"
is the appendix for the site in question.

. T i Gaseous Effluents

The dose coutributions from measured quantities of radioactive materials
identified in gaseous effluent released to unrestricted areas shall be cal-
culated for the maximum exposed individual using the following equations:
3. 1.2.1 Noble Gases

For gamma radiation:

~
DY = 3.17 E-aiilui [(X/Q) Qil

For beta radiation:

=3.17E-8 I N, [(X7Q) Q]

DB i=1
where:
3.17E-08 = The inverse of the number of seconds in a year.
M. = The air dose factor due to gamma emissions for each identified

” noble gas radionuclide, in mrad/yr per uCi/m*® from Table 1.2-1.

=2



N. = The air dose factor due to beta emissions fo; each identified
noble gas radionuclide, in mrad/yr per wCi/m*® from Table 1.2-1.

X/Q = The highest calculated annual average relative concentration for any
area at or beyond the unrestricted area boundary.

Q. = The release of noble gas radionuclides, 'i', in gaseous effluents,
in uCi.

3.1.2.2 Radioiodines, Particulates, and Others

These calculations apply to all radioiodines, radioactive materials in partic-
ulate form and radionuclides other than noble gases with half-lives greater
than 8 days:

~
D=3.17 E-82 Ri [in]
i

where:

3.17E-08 = The inverse of the number of seconds in a year.

~

Qi = The release of radiciodines, radioactive materials in particulate form
and radionuclides other than noble gases in gaseous effluents, 'i',
in pCi. Releases shall be cumulative over the calendar quarter or year
as appropriate.

W = The annual average dispersion or deposition parameter for estimating the
dose to an individual at the controlling location.

W

"

(X/Q) for the inhalation pathway, in sec/m3.

2

W = (D/Q) for the food and ground plane pathways, in meters 2.

R. = The dose factor for each identified radionuclide, 'i', in m* (mrem/yr) per
uCi/sec or mrem/yr per uCi/m3, for each pathway. (Tables 3.1-12 » 3.1-30)

where:

Inhalation Pathway Factor, Ri (X/Q]

Ri [X/Q) = K'(BR), (DFA,)  (mrem/yr per uCi/m®)

where:
K' = a constant of unit conversion, 10% pCi/uCi.
(BR)a = the breathing rate of the receptor of age group (a), in m®/yr.

The breathing rates (BR) for the various age groups are tabulated below, as
: ; ol
given in Regulatory Guide 1.109.



Age Group (a) Breathing Rate (m®/yr)

Infant 1400
Child 3700
Teen 8000
Adult 8000

(DFAi). = the maximum organ inhalation dose factor the receptor of age group
(a) for the ith radionuclide, in mrem/pCi. The total body is con-
sidered as an organ in the selection of (DFA
3.1-7, 3.1-8, and 3.1-9.

.)_. See Tables 3.1-6,
1%a

Inhalation dose factors (DFA ) for the various age groups are given in
Tables 3.1-6, 3.1-7, 3.1-8, 4nd 3.1-9 (taken from Regulatory Guide 1.109
(Rev.1)).

Ground Plane Pathway Factor, R? [D/Q]

Rf [D/Q] = K'K"(SF)DFGi[(l-e-Ait)/Ai] (m® - mre 'yr per pCi/sec)

where:
K' = a constant of unit conversion, 10% pCi/uCi.
K" = a constant of unit conversion, 8760 hr/year.
Ai = the decay constant for the ith radionuclide, sec !.
t = the exposure time, 4.73 x 10% sec (15 years).
DFG. = the ground plane dose conversion factor for the ith radionuclide (mrem/hr
“  per pCi/m?).
SF = the shielding factor (dimensionless), 0.7 (Regulatory Guide 1.109 (Rev. 1)).

Ground plane dose conversion factors, DFG, are found in Table 3.:-10.

Grass-Cow-Milk Pathway Factor, RE [D/Q]

-“A.t
Q.(U ) .2 (1-f £ )e i h|] =A.t
(M & u F"ap pP's p's iz
Ry (D/Q] = K" E| s——x— | F(r)(DFL,) T ! ¥ o
i W P s
-
(m® + mrem/yr per uCi/sec)

where:

K' = a constant of unit conversion, 10%® pCi/uCi.

QF = the cow's consumption rate, in kg/day (wet weight), (Regulatory

Guide 1.109 (Rev. 1)). (Milk cow = 50, Beef Cattle = 50, Goats = 6).

3-4



Uap = the receptor's milk consumption rate for age (a), in liters/yr.
a (liters/yr) - Infant 330
- Child 330
- Teen 400
- Adult 310 (Regulatory Guide 1.109 (Rev. 1))
Y = the agrxcultural productivity by unit area of pasture feed grass,
P in kg/m?, 0.7.
Ys = the agricultural productivity by unit area of stored feed, in
kg/m?, 2.0.
F. = the stable element transfer coefficients, in days/liter, Table 3 1-11.
r = fraction of deposited activity retained on cow's feed grass, r = 1
for radioiodine and r = 0.2 for particulates (Regulatory Guide 1.109).
(DFL.) = the maximum organ ingestion dose factor for the ith radionuclide
for the receptor in age group 'a', in mrem/pCi. See Tables 3.1-2,
3.1-3, 3.1-4, and 3.1-5.
Ai = the decay constant for the ith radionuclide, in sec !.
Aw = the decay constant for te-oval _of activity on leaf and plant surfaces
by weathering, 5.73 x 10 7 sec ! (corresponding to a 14 day half-life).
tf = the transport time from pasture to cow, to milk, to receptor, in sec,
1.73 x 10° (2 days).
th = the transport time from pasture, to harve - ., tc cow, tc milk, to re-
ceptor, in sec, 7.78 x 10® (90 days).
fp = fractiou of the year that the cow is on pasture ‘d:mensic.‘'ess), 1.0.
fs = fraction of the cow feed that is pasture grass while the cow is on
pasture (dimensionless), 1.0.
E = an adjustment fraction which accounts for the fraction of radionu-

clides in elemental form vhich contribute dose for this pathway,
E = 0.5 for radioiodine, £ = 1.0 for all others.

The concentration of tritium in milk is based_.on the airborne concentration
rather than the deposition. Therefore, the Ri is based on [x/Q]:

c - ' " : 3
Ri[X/Q] = K'K FmQFUap(DFLi)a [0.75(0.5/H)] (mrem/yr per uCi/m°)
where:

K'" = a constant of unit conversion, 103 gm/kg.

H

absolute humidity of the atmosphere, 8 gm/m*®, (Regulatory Guide 1.109)



0.75

the fraction of total feed that is water.

0.5 the ratio of the specific activity of the feed grass water to the atmos-

pheric water.

Grass-Cow-Meat Pathway Factor, R? [D/Q]

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

¢ “A.t
(1 fp;.)e i’h - Aitf

M - QF(Ua ) f fs
R; [0/Q] = K'| ;2| Fo(n)orL), | B2, + 7
i w p s
(m® + mrem/yr per uCi/sec)
where:

£ = the stable element transfer coefficients, in days/kg, Table 3.1.'1.

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

ap (k8/yr) - Infant 0
P - Child 41
- Teen 65
- Adult 110 Taken from Regulatcry Gride 1.109 (Rev. 1).
tf = the transport time from pasture to receptor, in sec.
th = the transport time from crop field to receptor, in sec.

The concentration of tricium in meat is baseduon its airborne concentration
rather than the deposition. Therefore, the Ri is based on [x/Q]:

H L] ™" 4
Ri(X/Q] = K'K FfQFUaP(DFLi)a [0.75(0.5/H)] (mrem/yr per uCi/m3)
where all terms are defined above.

Vegetatior Pathway Factor, R?[D/Q]

The integrated conc.ntration in vegetation consumed by man follows the expres-
sion developed in the derivation of the milk factor. Man is considered to
consume twe iypes of vegetatio~ (fresh and stored) that differs only in the
time pe: 'od between harvest and consumption, therefore:

=A.t =A.t
v e (r) L 15 o ih
Ri[D/Q] =K TOLF A (DFLi)a UafLe + bafge
v 1 w
(m® - arem/yr per pCi/sec)
where:

K' = a constant of unit conversion, 10% pCi/uCi.

3-6



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

uf = (kg/hr) - Infant 0
- Child 26
- Teen 42
- Adult 64

»“n

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

- Child 520
Teen €30
- Adult 520

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

f = the fraction of the annual intake of stored veget.iisn grown locally.

-
"

L the average time between harvest of leafy vegetation and its consumption,
in seconds, 8.6 x 10* (1 day).

lad
"

the average time between harvest of stored vegetation and its consumption,
in seconds, 5.18 x 10% (60 days).

Y = the vegetation area density, 2.0 kg/m?.

and all other factors are previously defined.

The concentration of tritium in vegetation is basee on the airborne concentra-
ticu rather than the deposition. Therefore, the R1 is based on [X/Q]:

v - A " L US - 3
Ri[X/Q] = K'K UafL + afg (DFLi)a [0.75(0.5/H)] (mrem/vr per uCi/m*).

All terms defined previously.

3:1.3 Direct Radiation

Direct radiation is that radiation from confined sources and does not include
any external component from radioactive effluents. The point kernel method

has been used to calculate offsite dose rates from radioactive materials stored
in the refueling water storage tanks, reactor makeup water storage tanks, and
{emporary on-site radwaste storage tanks. Dose calculations using this method
performed for Duke Nuclear Stations indicate direct radiation doses are much
less than 0.01 mrem/yr. and, therefore, makes a negligible ~ontribution to
individual dose. Direct radiation duses will not be calculated routinely.

33 SIMPLIFIED DOSE PROJECTIONS

To estimate the cumulative dose contributions to the maximum exposed individ-
ual for 31 day dese projection calculations, the calculations presented in
Section 3.1 can be simplified. The simplified calculations would be for an
individual in the critical population using only data for the critical pathway
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and critic:l radionuclide(s). Critical pe ulations, critical pathways, and
critical radionu.lides have been determined for each Duke Nuclear Station from
the dose calculs ions performed to evaluate compliance with Appendix I to 10CFR50.

Simplified 31-day dose projection calculations are presented in the sec*ion on
site specific information.

3.3 FUEL CYCLE CALCULATIONS

In accordance with the requirements of 40CFR190, the annual dose commitment

to any member of the general public shall be calculated to assure that doses
are limited to 25 millirems to the total body or any organ with the exception
of the thyroid which is limited to 75 millirems. In accordance with the
requirements of the Technical Specifications, the annual dose commitment shall
also be calculated any time that one of the quarterly dose limits of the
Technical Specifications is exceeded; these annual dose commitments may not
just be calculated for the calendar year.

The "Uranium fuel cycle" is defined in 40CFR Part 190.02(b) as:

"Uranium fuel cycle means the operations of milling or uranium ore,
chemical conversion of uranium, isotopic enrichment of uranium, fab-
rication of uranium fuel, generation of electricity by a light-water-
cocled nuclear power plant using uranium fuel, and reprocessing of
spent uranium ifuel, to the extent t.at these directly support the pro-
duction of electrical power for public use utilizing nuclear energy,
but excludes miniug operations, operations at waste disposal sites,
transportation of any radioactive material in support of these opera-
tions, and the reuse of recovered non-uranium special nuclear and
by-product materials from the cycle."

Based on this definition of the fuel cycle and the information ia 10CFRS1
Table S-3 and WASH-1248, the radiological impact of the following operations
has been assessed for Nuke Nuclear Stations:

3.3.1 Milling

No mi1iling operations occur within fifty miles of any Duke Nuclear Station.
The increment of dose from milling operations to any individual within fifty
miles of any Duke Nuclear Station is negligible.

338 Conversion

No uranium hexafluoride production occurs within fifty miles of any Duke
Nuclear Station. The increment of dose from UFg production to any individual
within fifty miles of any Duke Nuclear Station is negligible.

< P A Enrichment

No uranium enrichment operations occur within fifty miles of any Duke Nuclear

Station. The increment of dose from enrichment operations to any individual
within fifty miles of any Duke Nuclear Station is negligible.
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3.3.4 Fuel Fabrication

No fuel fabrication operations occur within fifty miles of any Duke Nuclear
Stacion. The increment of dose from fabrication operations to any individual
within fifty miles of any Duke Nuclear Station is negligible.

3:3.% Nuclear Power Production

The production of electricity for public use using light-water-cooled nuclear
powexr stations results in increments of dose to individuals within fifty miles
of any station due to liquid and gaseous effluent releases and direct radiation
or skyshine. The increments of dose resulting from liquid and gaseous effluent
releases will be calculated using the methodology presented in Sections 3.1.1
and 3.1.2. The dose from direct radiation, skyshine, and radiation from the
station storage facilities has been estimated using conservative assumptions
(see Section 3.1.3), the estimates of this dose will be presented in the
gection on site specific information.

In certain situations more t:an one nuclear power station site may contri-
bute to the doses to be considered in making fuel cycle dose ass>;sments in
accordance with 40CFR190. Situations involving more than one station will
be presented in the section or site specific information.

3.3.6 Fuel Repiocessing

No fuel reprocessing operations occur within fifty miles of any Duke Nuclear
Station. The increment of dose from reprocessing operations to any individual
within fifty miles of any Duke Nuclear Station is negligible.

To summarize, only dose increments from nuclear power production operations

(Section 3.3.5) need be considered in calculations to demonstrate compliance
with the requirements of 40CFR190
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BIOACCUMULATION FACTORS T(G BE USED IN THE ABSEXC} OF SITE-SPECIFI.

TABLE 3.1-1%

(1

of 1)

DATA

ELEMENT

H
Na
Cr
Mn
Fe
Co
Ni
Cu
Zn
Br
Rb
Sr

Y
Zr

& o
Mo
Tc
Ru
Rh
Te

I
Cs
Ba
La
Ce
Pr
Nd

W
Np

* Table taken from Regulatory Guide 1.

pCi/kg per pCi/liter)

FRESHWATER
FISH INVERTEBRATE
9.0E-01 9.0E-01
1.0E-02 2.0E 02
2.0E 02 2.0E 03
4.0E 02 9.0E 04
1.0E 02 3.2E 03
5.0E 01 2.0E 02
1.88 02 1.0E 02
5.0E 01 4.0E 02
2.0E 03 1.0E 04
4.2E 02 3.3E 02
2.0E 03 1.0E 05
3.0E 01 1.0E 02
2.5E 01 1.0E 03
3.3E 00 6.7E 00
3.0E 04 1.0E 02
1.0E 01 1.0E 01
1.5E 01 5.0E 00
1.0E 01 3.0r 02
1.0E 01 3.0E 02
4.0E 02 6.1E 03
1.5E 01 5.0E 00
2.0E 03 1.0E 03
4.0E 00 2.0E 02
2.5E 01 1.0E 03
1.0E 00 1.0E 03
2.5E 01 1.0E 03
2.5E 01 1.0E 03
1.2E 03 1.0E 01
1.0E 01 4.0E 02
109 (Rev.1)
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TABLE 3.1-2%

(1 of 3)

INGESTION DOSE FACTORS FOR Al . TS

(MREM PER F:I INGESTED)

NUCLIDE BONE LIVER T.BODY THYROID KIDNEY LUNG GI-LLI

H 3 NO DATA 1.05E-07 1.05E-07 1.05E-07 1.05E-07 1.05E-07 1.0S5E-07
NA 24 1.70E-06 1.70E-06 1.70E-06 1.70E-06 1.70E-06 1.70E-06 1.70E-06
CR 51 NO DATA NO DATA 2.66E-09 1.59E-09 5.86E-10 3.53E-09 6.69E-07
MN 54 NO DATA 4.57E-06 8.72E-07 NO DATA 1.36E-06 NO DATA 1.40E-05
MN 56 NO DATA 1.15E-07 2.04E-08 NO DATA 1.46E-07 NO DATA 3.67E-06
FE 55 2.75E-06 1.90E-06 4.43E-07 NO DATA NO DATA 1.06E-06 1.09E-06
FE 59 4.34E-06 1.02E-05 3.91E-06 NO DATA NO DATA 2.85E-06 3.40E-05
CO 58 NO DAia 7.45E-07 1.67E-06 NO DATA NO DATA NO DATA 1.51E-05
CO 60 NO DATA 2.14E-06 4.72E-06 NO DATA NO DATA NO DATA  4.02E-05
NI 63 1.30E-04 9.01E-06 4.36E-06 NO DATA NO DATA NO DATA 1.88E-06
NI 65 5.28E-07 6.86E-08 3.13E-08 NO DATA NO DATA NO DATA 1.74E-06
CU 64 NO DATA 8.33E-08 3.91E-08 NO DATA 2.10E-07 NO DATA 7.10E-06
ZN 65 4.B4E-06 1.54E-05 6.96E-06 NO DATA 1.03E-05 NO DATA 9.70E-06
ZN 69 1.03E-08 1.97E-08 1.37E-09 NO DATA 1.28E-08 NO DATA 2.96E-09
BR 83 NO DATA NO DATA 4.02E-08 NO DATA NO DATA NO DATA 5.79E-08
BR 84 NO DATA NO DATA 5.21E-08 NO DATA NO DATA NO DATA 4.09E-i3
BR 85 NO DATA NO DATA 2.14E-09 NO DATA NO DATA NO DATA LT E-24

RB 86 NO DATA 2.11E-05 9.83E-06 NO DATA NO DATA NO DATA 4.16E-06
RB 88 NO DATA 6.05E-08 3.21E-08 NO DATA NO DATA NO DATA 8.36E-19
RB 89 NO DATA 4.01E-08 2.82E-08 NO DATA NO DATA NO DATA 2.33E-21
SR 89 3.08E-04 NO DATA 8.84E-06 NO DATA NO DATA NO DATA  4.94E-05
SR 90 7.58E-G3 NO DATA 1.86E-03 NO DATA NO DATA NO DATA 2.19E-04
SR 91 5.67E-06 NO DATA 2.29E-07 NO DATA NO DATA NO DATA 2.70E-05
SR 92 2.15E-06 NO DATA 9.30E-08 NO DATA NO DATA NO DATA  &4.26E-05
Y 90 9.62E-09 NO DATA 2.58E-10 NO DATA NO DATA NO DATA 1.02E-04
Y 91M 9.09E-11 NO DATA 3.52E-12 NO DATA NO DATA NO DATA 2.67E-10
Y 91 1.41E-07 NO DATA 3.77E-09 NO DATA NO DATA NO DATA 7.76E-05
Y 92 8.45E-10 NO DATA 2.47E-11 NO DATA NO DATA NO DATA 1.48E-05
Y 93 2.68E-09 NO DATA 7.40E-11 NO DATA NO DATA NO DATA 8.50E-05
ZR 95 3.04E-08 9.75E-09 6.60E-09 NO DATA 1.53E-08 NO DATA  3.09E-05
ZR 97 1.68E-09 3.39E-10 1.55E-10 NO DaTA 5.12E-10 NO DATA 1.05E-04

*Table taken from Regulatory Guide 1.109 (Rev. 1)
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TABLE 3.1-2
(2 of 3)
INGESTION DOSE FACTORS FOR ADULTS
. (MREM PER PCI INGESTED)

NUCLIDE BONE LIVER T.BODY THYROID KIDNEY LUNG GI-ILLI

NB 95 6.22E-09 3.46E-09 1.86E-09 NO DATA 3.42E-09 NO DATA 2.10E-05
MO 99 NO DATA 4.31E-06  8.20E-07 NO DATA 9.76E-06 NO DATA 9.99E-06
TC 99M 2.47E-10 6.98E-10 8.89E-09 NO DATA 1.06E-08 3.42E-i0 &.13E-07
TC 101  2.54E-10 3.66E-10 3.59E-09 NO DATA 6.59E-09 1.87E-10 1.10E-21
RU 103 1.85E-07 NO LATA 7.97E-02 NO DATA 7.06E-CT NO DATA 2.16E-05
RU 105 1.54E-08 NO NATA 6.08E-09 NO DATA 1.99E-07 NO DATA 9.42E-06
RU 106 2.75E-06 NO DATA 3.48E-07 NO DATA 5.31E-06 NO DATA 1.78E-04
AG 110M 1.00E-07 1.48E-07 8.79E-08 NO DATA 2.91E-07 NO DATA  6.04E-05
TE 125M 2.68E-C- 9.71E-07 3.59E-07 8.06E-07 1.09E-05 NO DATA 1.07E-05
TE 127M 6.77E-06 2.42E-06 8.25E-07 1.73E-06 2.75E-06 NO DATA 2.27E-05
TE 127 1.10E-07 3.95E-G8 2.38E-08 8.15E-08 4.48E-07 NO DATA 8.682-06
TE 1294 1.15E-05 4.29E-06 1.82E-06 3.95E-06 4.80E-05 NO DATA 5.79E-05
TE 129 3.14E-08 1.18E-08 7.65E-09 2.41E-08 1.32E-07 NO DATA 2.37E-08
TE 131M 1.73E-06 8.46E-07 7.05E-07 1.34E-06 8.57E-06 NO DATA  8.40E-05
TE 131 1.97E-08 8.23E-09 6.22E-09 1.62E-08 8.635-08 NO DATA 2.79E-09
TE 132 2.52E-06 1.63E-06 1.53E-06 1.80E-06 1.57E-05 NO DATA 7.71E-05
I 130 7.56E-07 2.23E-06 8.B0E-07 1.89E-04 3.48E-06 NO DATA 1.92E-06
‘ [ 131 4.16E-06 5.95E-06 3.41E-06 1.95E-03 1.02E-05 NO DATA 1.57E-06
132 2.03E-07 5.43E-07 1.90E-07 1.90E-05 8.55E-07 NO DATA 1.02E-77
133 1.42E-06  47E-06 7.53E-07 3.63E-04 &4.31E-06 NO DATA 2.22E-ué
134 1.06E-07 2.88E-07 1.03E-07 4.99E-06 4.58E-07 NO DATA 2.51E-10

I 135 4.43E-07 1.16E-06 4.28E-07 7.65E-05 1.86E-06 NO DATA  1.31E-0.
CS 134 6.22E-05 1.48E-04 1.21E-04 NO DATA 4.79E-05 1.59E-05 2.59E-06
Cs 136 6.51E-06 2.5/E-05 1.85E-05 NO DATA 1.43E-05 1.96E-06 2.92E-06
CS 137 7.97E-05 1.09E-04 7.14E-05 NO DATA 3.70E-05 1.23E-05 2.11E-0€
CS 138 5.52E-08 1.09E-07 5.40E-08 NO DATA 8.01E-08 7.91E-09 4.65E-13
BA 139 9.70E-08 6.91E-11 2.84E-09 NO DATA 6.46E-11 3.92E-11 1.72E-07
BA 140 2.03E-05 2.55E-08 1.33E-06 NO DATA 8.67E-09 1.46E-08 4.18E-05
BA 141 4.71E-08 3.56E-11 1.59E-09 NO DATA 3.31E-11 2.02E-11 2.22E-17
BA 142 2.13E-08 2.19E-11 1.34E-09 NO DATA 1.85E-11 1.24E-11 3.00E-26
LA 140 2.50E-09 1.26E-09 3.33E-10 NO DATA NO DATA NO DATA 9.25E-05
LA 142 1.28E-10 5.82E-11 1.45E-11 NO DATA NO DATA NO DATA  &.25E-07
CE 141 9.36E-09 6 2.42E-05

.33E-09 7.18E-10 NO DATA  2.94E-09 NO DATA

. TABLE 3.1-2
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TABIE 3.1-2
3 of 3)
INGEZ™ ;N DOSE FACTORS FOR ADULTS

(MREM PER ¥CI INGESTED)

NUCLIDE BONE LIVER T.BODY THYROID  KIDNEY LUNG GI-LLI

CE 143 1.65E-09 1.22E-06 1.35E-10 NO DATA 5.37E-10 NO DATA 4.56E-05
CE 144 4.88E-07 2.04E-07 2.€2E-08 NO DATA 1.21E-07 NO DATA 1.65E-04
PR 143 9.20E-09 3.69E-09 4.56E-10 NO DATA 2.13E-09 NO DATA 4.03E-05
PR 144 3.01E-11 1.25E-11 1.53E-12 NO DATA 7.05E-12 NO DATA 4.33E-18
ND 147 6.29E-09 7.27E-09 4.35E-10 NO DATA 4.2.°-09 NO DATA 3.49E-05
W 187 1.C3E-07 8.61E-08 3.01E-08 NO DATA NO DATA NO DATA  2.82E-05
NP 239 1.19E~09 1.17E-10 6.45E-11 NO DATA 3.65E-10 NO DATA  2.40E-05

TABLE 3.1-2
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TABLE 3.1-3*
(1 of 3)
INGESTION DOSE FACTORS FOR TEENAG:R

(MREM PER PCI INGESTED)

NUCLIDE BONE LIVER T.BODY THYROID KIDNEY LUNG GI-LLI
E-- 3 NO DATA 1.06E-07 1.06E-07 1.06E-07 1.06E-07 1.06E-07 1.06E-07
NA 24 2.30E-06 2.30E-06 2.30E-06 2.30E-06 2.30E-06 2.30E-06 2.30E-06
CR 51 NO DATA NO DATA 3.60E-09 2.00E-09 7.89E-10 5.14E-09 6.05E-07
MN 54 NO DATA 5.90E-06 1.17E-06 NO DATA 1.76E-06 NO DATA 1.21E-05
MN 56 NO DATA 1.58E-07 2.81E-08 NO DATA 2.00E-07 NO DATA 1.04E-05
FE 55 3.78E-06 2.68E-06 6.25E-07 NO DATA NO DATA 1.70E-06 1.16E-06
FE 59 5.87E-06 1.37E-05 5.29E-06 NO DATA NO DATA 4.32E-06 3.24E-05
CO 58 NO DATA 9.72E-07 2.2.E-06 NO DATA NO DATA NO DATA 1.34E-05
CO 60 NO DATA 2.81E-06 6.33E-06 NG DATA NO DATA NO DATA 3.66E-05
NI 63 1.77E-04 1.25E-05 6.00E-06 NO DATA NO DATA NO DATA 1.99E-06
NI 65 7.49E-07 9.57E-08 4.36E-08 NO DATA NO DATA NO DATA 5.19E-07
CU 64 NO DATA 1.15E-07 5.41E-08 NO DATA 2.91E-07 NO DATA 8.92E-06
ZN 65 5.76E-06 2.00E-05 9.33E-06 NO DATA 1.28E~-05 NO DATA 8.47E-06
ZN 69 1.47E-08 2.80E-08 1.96E-09 NO DATA 1.83E-08 NO DATA 5.16E-08
BR 83 NO DATA NO DATA 5.74E-08 NO DATA NO DATA NO DATA LT E-24

BR 84 NO DATA NO DATA 7.22E-08 NO DATA NO DATA NO DATA LT E-24

BR 85 NO DATA NO DATA 3.05E-09 NO DATA NO DATA NO DATA LT E-24

RB 86 NO DATA 2.98E-05 1.40E-05 NO DATA NO DATA NO DATA 4.41E-06
RB 88 NO DATA 8.52E-08 4.54E-08 NO DATA NO DATA NO DATA 7.30E-15
RB 89 NO DATA 5.50E-08 3.89E-08 NO DATA NO DATA NO DATA 8.43E-17
SR 89 4.40E-04 NO DATA 1.26E-05 NO DATA NO DATA NO DATA 5.24E-05
SR 90 8.30E-03 NO DATA 2.0SE-03 NO DATA NO DATA NO DATA 2.33E-04
SR 91 8.07E-06 NO DATA 3.21E-07 NO DATA NO DATA NO DATA 3.66E-05
SR 92 3.05E-06 NO DATA 1.30E-07 NO DATA NO DATA NO DATA 7.77E-05
Y 90 1.37E-98 NO DATA 3.69E~-10 NO DATA NO DATA NO DATA 1.13E-04
Y 91M 1.29E-10 NO DATa 4.93E-12 NO DATA NO DATA NO DATA 6.09E-09
Y 9 2.01E-07 NO DATA 5.39E-09 NO DATA NO [AT: NO DATA  8.24E-05
Y 92 1.21E-09 NO DATA 3.50E-11 NO DATA NO DATA NO DATA 3.32E-05
*Taken from Regulatory Guide 1.109 (Rev. 1)
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TABLE 3.1-3
(2 of 3)
INGESTION DOSE FACTORS FOR TEENAGER
(MREM PER PCI INGESTED)

NUCLIDE BONE LIVER T.BODY THYROID KIDNEY LUNG GI-LLT
Y 93 3.83E-09 NO DATA 1.0S5E-10 NO DATA NO DATA NO DATA 1.17E-04
ZR 95 4.12E-08 1.30E-C~ 8.94E-09 NO DATA 1.91E-08 NO DATA 3.00E-05
ZR 97 2.37E-09 4.69E-10 2.16E-10 NO DATA 7.11E-10 NO DATA 1.27E-04
NB 95 8.22E-09 4.56E-09 2.51E-09 NC DATA 4.42E-09 NO DATA 1.95E-05
MC 99 NO DATA 6.03E-06 1.15E-06 NO DATA 1.38E-05 NO DATA 1.08E-05
TC 99M 3.32E-10 9.26E-10 1.20E-08 NO DATA 1.38E-08 5.14E-10 6.08E-07
TC 101 3.60E-10 5.12E-10 5.03E-09 NO DATA 9.26E-09 3.12E-10 8.75E-18
RU 103 2.55E-07 NO DATA 1.09E-07 NO DATA 8.99E-07 NO DATA 2.13E-05
RU 105 2.1B8E-08 NO DATA 8.46E-09 NO DATA 2.75E-07 NO DATA 1.76E-05
RU 106 3.92£-06 NO DATA  4.94E-07 NO DATA 7.56E-06 NO DATA 1.88E-04
AG 110M 2.0SE-07 1.94E-07 1.18E-07 NO DATA 3.70E-07 NO DATA 5.45E-05
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