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1.0 INTRODUCTION

This docuwment provides a concise description of the environmental
dose models and tecnniques used to calculate the offsite doses
resulting from the release of radioactive material from Com-
monwealth Edison's nuclear power plants. A flow chart of

these dose models and techniques is given in Figure 1.0-1.
Documentation for both airborne (Sections 2.1 and 3.0) and
aquatic pathways (Sections 2.2 and 4.0, are included.

The models consider two release modes: airborne and liquid.
Airborne releases are further subdivided into two subclasses:
(1) radioiodines, particulates, and other nonnobl» gas nuclides,
and (2) noble gases.

Radioiodines, Particulates, and Other Nuclides

In this model it is assumed that there is an adult
and infant living in each of 16 sectors around the
station. Infant exposure occurs through inhalation
and any actual milk pathway. Adult exposure derives
from inhalation, assumed leafy vegetuole and produce
pathways, and any actual milk and meat pathways.

Dnses to each of seven organs listed in Regulatory
Guide 1.109 (bone, liver, total body, thyroid, kidney,
lung, and GI-LLI) are computed from individual nuclide
corfributions in each of the sectors. Searching over
sector and organ, the largest organ dose is compar ed
to the 10 CFR 50, Appendix I design objectives. This
dose calculation is performed morthly for infants

and annually for adults. (The adult dose is computed
annually to confirm the premise that the infant is

the critical person. The adult will be substituted
for the infant in the monthly schedule if found to

be the critical person.) As necessary, the release
rates of these nuclides will be converted to dose
rates for comparison to the limicts of 10 CFR 20.

1.0-1
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Noble Gases

Exposure to the beta and garna radiations of the noble
gases will result in a whol: body and skin donse.

The maximum whole body and skin doses for each offsite
sector are determined from the individual nuclide con-
tributions and the maximum dose values are compar ed

to the 10 CFR 50, Appendix I design objectives. This
calculation is performed monthly. As necessary, thto
noble ga: release rate will be converted to dose rates
for comparison to the limits of 10 CFR 20.

For liquid releases it is assumed that liquid eirfluents discharged
into a river undergo mixing prior to consumption as either potable
water or fish by adults. For releases to Lake Michigan a finite
plume dilution factor is computed for the potable water path-

way and a hypothetical river model is created for the fish
pathway. Doses to the seven critical organs are determined

from individual nuclide contributions and the largest organ dose
is compared to the 10 CFR 50 design objectives. Compliance

with the 10 CFR 20 maximum permissible concentrations is done

on a batch-by-batch basis prior to discharge.

Compliance with the various regulatory limits for offsite
doses is demonstrated with the techniques of Section 5.0.

All site independent data used in the calculations are given
in Section 7.1. Site specific data are given in Section 7.2.

The models and techniques used to establish the alarm and

trip setpoints of the gaseous and liquid effluent monitors
are described in Section 8.0,

1.0-2
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2.0 OFFSITE DOSE LIMITS

2.1 AIRBORNE RELEASES

2.1.1 Noble Gases

2.1.1.1 10 CFR 50, Appendix I Design Objectives

2.1.1.1.1 Air Dose
The average air dose in unrestricted areas due to noble gases
released in gaseous effluents from each reactor shall be limited

to the following expressions:

2.1.1.1.1.1 Gamma Air Dose

2.1.1.1.1.1.1 Gamma Air Dose, Calendar Quarter

-8
‘ 17 % 10 Z[Si Ais + Vi Aiv + Gi Aig] < 5 mrad (3:%)
£

8

3.17 x 10~ Conversion Constant (years/second)

Converts seconds to years.

S, Gamma Dose Constant, (mrad/yr per
uCi/sec)

Stack Release

The gamma ray air dose constant for each
identified noble gas radionuclide released
from a stack (Tables 7.2-8 or 7.2-11). The
constant is evaluated for a finite plume using
the methods explained in Subsection 3.3.1.2.

Ais Accumulative Radionuclide (uCi)

Release, Stack Release

. The accumulative release of radionuclide
i from a stack. Releases shall be cumulative

2n1-1
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over the calendar quarter or year (four
consecutive quarters) as appropriate.

Gamma Dose Constant, (mrad/yr per
Vent Rcolease uCi/sec)

The gamma ray air dose constant for each
identified noble gas radionuclide released

from a vent (Tables 7.2-8 or 7.2-11). The plume
may be elevated part of the time as determined
by the criteria of Regulatory Guide 1.111
(Reference 6.4), part C.2.b. The ~onstant is
evaluated for a finite plume using the method
explained in Subsection 3.3.1.2.

Accumulative Radionuclide (uCi)
Release, Vent Release

The accumulative release of radionuclide i
from a vent. Releases shall be cumulative
over the calendar quarter or year (four
consecutive quarters) as appropriat=.

Gamma Dose Constant, (mrad/yr per
Ground Level Release uCi/sec)

The gamma ray air dose constant for each
identified noble gas radionuclide released

from a ground level release point (Tables 7.2-8
or 7.2-]1). The constant is evaluated for a
finite plume using the method explained in
Subsection 3.3.1.2.

Accumulative Radionuclide (uCi)
Release, Ground Level Release

The accumulative release of radionuclide
i from a ground level release point. Releases

2.1-2
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shall be cumulative over the calendar quarter
or year (four consecutive quarters)
as appropriate.

2.1.1.1.1.1.2 Gamma Air Dose, Calendar Year (Four Consecutive

Quarters)

i Y
3.17 x 10 [Si Ajg +V; Ay, + G Aig ] <€ 10 mrad
i

(2.2)

2.1.1.1.1.2 Beta Air Dose

2.1.1.1.1.2.1 Beta Air Dose, Calendar Quarter

- ' ' L)
.17 x 1078 ) 1, [(X/Q)s Ajg + /@), Ay, + (/)4 Aig]
i

<10 mrad
{2.3)
Uy Beta Air Dose Constant (mrad/yr per
uCi/m3)

The air dose factor due to bheta emissions

for each identified nohle gas radionuclide

{Table 7.1-13).
(X/Qls Relative Effluent (sec/m3)

Concentration, Stack Release

The highest calculated annual average re-
lative concentration in a given direction
at or beyond the restricted area boundary
for stack releases (Table 7.2-6 or Table 7.2-9).
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Accumulative Radionuclide (uCi)
Release from Stack,
Adjusted for Radiodecay

The accumulative release of radir Lide i
from a stack, adjusted to accc Jr radiodecay
in transit.

’

Aig = Ajg X exp (= ) ug) (2.3a)
Aa -1
i Radio ecay (hr %)
Cons*
The radiological decay constant for
radionuclide i. See Tables 7.1-9 and
7.1-11.
R Downwind Range (m)
The distance downwind to the
point of interest. See Tables
7.2-6' 702-7' &nd 7.2-80
3600 Constant (sec/hr)
Converts hours to seconds
ug Average Wind Speed (m/sec)
The average wind speed for a stack
release. See Table 7.2-6.
Relative Effluent (sec/m3)

Concentration, Vent Release

The '.ighest calculated annual average relative
concentration in a given direction at or
beyond the restricted area boundary for

vent releaz2e. The partially elevated plume
model of Regulatory Guide 1.111, part C.2.b

2.1-4
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(Reference 6.4) is used when necessary. See
Subsection 3.2.2.3 and Table 7.2-6 or Table 7.2-9.

Accumulative Radionuclide (uCi)
Release from Vent, Adjusted
for Radiodecay

The accumulative release of radionuclide i
from a vent, adju=“ed for radiodecay in

transit.
r

Aiv = Aiv X exp (- xi R/3600 uv) (2.3b)

u Average Wind Speed (m/sec)

The average wind speed for a vent
release. See Table 7.2-6.

Relative Effluent (sec/m3)
Concentration, Ground Lev<l
Release

concentration in a given direction at or
beyond the restricted area boundary for ground
level releases. (See Table 7.2-6 or Table 7.2-9.)

Accumulative Radionuclide (uCi)
Release at Ground Level,
Adjusted for Radiodecay

The accumulative release of radionuclide i

from ground level, a:justed for radiodecay

in transit.
’

A, = Ai

ig X exp (- Aq R/3600 ug) (2.3c)

The highest calculated ann:al average relative
g

ug Averaage Wind Spe-~d (m/sec)

The average wind speed for a ground
level release. See Table 7.2-6.
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2.1.1.1.1.2.2 Beta Air Dose, Calendar year (Four Consecutive

Qvar ters 2

4 _8 r ’ r
3.17 x 10 21: L, [(x/ms Ajg + (X/Q), Af, + (X/Q), “19]

£ 20 mrad (2.4)
2.1.1.1.2 WwWhole Body Dose

The average dose to individuals in unrestricted areas due
to noble gases released in gaseous effluents from each reactor
shall be limited to the following expressions:

2.1.1.1.2.1 whole Body Dose, Calendar Quarter

_8 - - -
(0.7) (1.11) (3.17 x 1079 E[si Mg + ¥y Ay, + G, Aig]
i

< 2.5 mrem

(2.5)
0.7 Shielding and Occupancy Factor
The shielding and cccupancy factor for Dro-
tection against gamma radiation.
1.11 Conversion Constant (mrem/mrad)
Converts rads in air to rems in tissue.
s Gamma Whole Body Dose (mrad/yr per

Constant, Stack Release uCi/sec)

§i is the constant S, multiplied by the
shielding factor afforded by 5 cm of tissue;
use? to evaluate whole body dose. (See Sub-
section 3.3.1.2; also, see Tables 7.2-8

or 7.2-11.)

2.1-6
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Vi Gamma Whole Body Dose (mrad/yr per
‘ Constant, Vent Release uCi/sec)

The constant Vi multiplied by the shielding factor
afforded by 5 cm of tissue; used to evaluate
whole body dose. (See Subsection 3.3.1.2;
also, see Tables 7.2-8 or 7.2-11.)

Ei Gamma Whole Body Dose (mrad/yr per

Constant, Ground Level Release uCi/sec)

The constant Gi mult_plied by the shielding
factor afforded by 5 cm of tissue; used

to evaluate whole body dose. (See Subsec-

tion 3.3.1.2; also, see Tables 7.2-8 or 7.2-1l1,)

2.1.1.1.2.2 wWhole Body Dose, Calendar Year (Four Consecutive
Quarters)

-8 - - -
. (0.7) (1.11) (3.17 x 10 °) Z[si Aig +V, A+ G; Aig]

1

<5 mrem
(2.6)

2.1.1.1.3 Skin Dose
The average skin dose to individuals in unrestricted areas
due to noble gas released in gaseous effluents from each reactor

sh.1ll be limited to the follcwing expressions:

2.1.1.1.3.1 Skin Dose, Calendar Quarter

3.17 x 10°8 2[1.0 Ei ((x/o)s A;s + (x/Q),, A;v + (X/Q)g A;g) +
i

(0.7)(1.11)(8i Aig vV A, H Gy Aig)] < 7.5 mrem

(2.7)
&

2.1-7
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1.0 Shielding and Occupancy Factor

The shieldirng and occupancy factor for pro-
tection against beta radiation.

=]

uci/m3)
The skin dose factor due to beta emissions
for each identified noble gas radionuclide
(Table 7.1-13). Accounts for attenuation
of beta radiation during passage through
7 mg/cm2 of dead skin.

Beta Skin Dose Constant (mrem/yr per

2.1.1.1.3.2 Skin Dose, Calendar Year (Four Consecutive Quarters)

3.17 x 10'82[1.0 Ei ((X/Q)S A'is . (x/Q)v Ai'v + (x/Q)gA'ig)+
i

(0.7) (1.11)(S; A,  + V; A;, + Gy Aig)]f_ 15 mrem

2.1.1.2 10 CFR 20 Release Rate Limits

The maximum dose rate to individuals in unrestricted areas
due to noble gases released in gaseous effluents from the
site shall be limited to the following expressions:

2.1.1.2.1 whole Body Dose Rate

1.11 x :E: [§i Q¢ *+ Vi Q;y * Ei Qig] < 50U mrea/yr
i

(10 CFR 20.105 limit)

is Release Rate, Stack Release (uCi/sec)

The re e¢ase rate for radionuclide i due to
a stack release.

(2.8)

(2.9)
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Qi Release Rate, Vent Release (uCi/sec)
The release rate for radionuclide i due
to a vent release.

Qi Release Rate, Cround Level (uCi/sec)

g9
Release

The release rate for radionuclide i due
to a ground level release.

2.1.1.2.2 3kin Dose Rate

> [ L, ((x/Q)s 0fg + (W), 0f, + (Va), oig) +
i

1:ill % (si Qis + vi in + Gi Qig)]§_3000 mrem/yr

(10 CFR 20.10% limit)

’

Qis Release Rate, Stack Release, (uCi/sec)
Adjusted for Radiodecay

The release rate for radionuclide i from
a stack adjusted for radiodecay in transit.

Qis = Qis X exp (- Ai R/3600 us) (2.10a)

Release Rate, Vent Release, (uCi/sec)
Adjusted for Radiodecay

iv

The release rate for radionuclide i from a
vent, adjusted for radiodecay in transit.

’
in - in X exp (- Ai R/3600 uv) (2.10b)

Qig Release Rate, Ground Level, (uCi/sec)
Adjusted for Radiodecay

The release rate for iradionuclide i from
ground level, adjusted for radiodecay in
transit.

’

Qig = Qig X exp (- Ai R/3600 ug) (2.10c)

2.1-9



REVISTON 3
NOVEMBER 1981

2.1.2 Radioiodines, "Particulates", and Other (Nonnoble Gas)
Radionuclides

2.1.2.1 10 CFR 50, Appendix I Design Objectives

The average dose to an individual in the unrestricted area
from radioiodines, radiocactive materials in particulate
form, and radionuclides other than noble gases in gaseous
effluents released from each reactor with half-lives greater
than 8 days, shall be limited to the following expressions:

2.1.2.1.1 1Inhalation + Food Pathways Dose, Calendar Quarter

toutn, T '
S iy S 7 x 10 Ra DFAi. [(x/Q)s Ais + (x/Q)v Ai

ja v +
i
. t P P M
(X/Q)g Aig ] + 325 z : DFIija [Ua.fp Cy + U: ci -
i
v v, F .F
U, fy C; + U, C; ] <7.5 mren (2.11)
106 Conversion Conctant (pCi/uci)
Converts uCi to pCi.
3%5 Conversion Constant (yrs/day)
Converts days to years,
Ra Individual Air Intake Rate (m3/yr)
The air intake rate for individuals in group a.
See Tables 7.1-2 and 7.1-3.
t Deposition Time or Release (days)

Period

Length of time for deposition.

2.1-10
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Inhalation Dose Factor (mrem/oCi)

The inhalation dose commitment factor for
radionuclide i, organ j, and age group a.
See Table 7.1-1.

See Table 7.2-6 or Table 7.2-9,

See Table 7.?-6 or Table 7.2-9.

See Table 7.2-6 or Table 7.2-9.

Ingestion Dose Factor (mrem/pCi)

The ingestion dose commitment factor for
radionuclide i, organ j, and age group a.
See Table 7.1-1.

Foodstuff Consumption Rates (kg/yr, liters/yr,
kg/yr, kg/yr,
respectively)

The annual consumption rates (usages) of pro-
duce (nonleafy vegetables, fruits, and grain);
milk; leafy vegetables; and meat (flesh),
respectively, for individuals in age group a.
See Tables 7.1-2 and 7.1-3.

Produce, Leafy Vegetable Fractions

The respective fractions of the ingested
produce and leafy vegetables that are grown
in the garden of interest; dimensionless.
See Table 7.1-2.

Foodstuff Concentrations (pCi/kg, oCi/liter,
pCi/kg, oCi/kg,

respectively)

2.1-11
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Th» average concentrations of radionuclide i
in produce (nonleafy vegetables, fruits, and
grain); milk; leafy vegetables; and meat
(flesh), respectively. Cg and CY are cal-
culated from Equation 2.12 below.

Cy Concentration in Vegetation (pCi/kg)

The concentration of radionuclide i in vegetation.

C. = d. xr [1 AR i {Ei_ggﬂ exp (= A; t

i i i ey n * ff
v Ei
(2.12)
di Deposition Rate (pCi/mz- hr)
The deposition rate of radionuclide i onto
the ground.
d, = 106 [Ais (D/Q‘s * A4 (D/Q)v 4
1 —— .
24 x t
r r
A.
o 0/05]
(2:.13)
24 Conversion Constant (hr /day)

Converts days to hours,
(D/Q),  Relative Deposition (m~2)
Fuzctor, Stack Release

The calculated annual average
relative deposition factor in
a given direction at or beyond the
restricted area boundary for stack
releases, (See Subsection 3.2.3.3;
see Table 7.2-6 or Table 7.2-9 for

2.1-12
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produce and leafy vegetable pathways;
and see "able 7.2-7 or Table 7.2-10
for milk and meat pathways.)

-3

(D/Qv) Relative Deposition (m “)

Factor, Vent Release

The calculated annual average
relative deposition factor in a
given direction at or beyond the
restricted area boundary fer vent
releases, The partially elevated
plume model of Regulatory Guide
1.111, part C.2.b is used., (See
Subsection 3.2.3.3; see Table 7.2-6
or Table 7.2-9 for produce and
leafy vegetable pathways; and see
Table 7.2-7 or Table 7.2-10 for
milk and meat pathways.)

(D/Q)g Relative Deposition (m’z\
Factor, Ground Level
Release

The calculated annual average
relative deposition factor in

a given direction at or beyond
the restricted area boundary for
ground level releases. (See Sub-
section 3.2,3.3; see Table 7.2-6
or Table 7.2-9 for produce and
leafy vegetable pathways; and

see Table 7.2-7 or Table 7.2-10
for milk and meat pathways.

2.1-13
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Crop Retention Fraction

The fraction of deposited activity retained
on crops; dimensionless; see Tables
7.1-2 and 7.1-30

Effective Decay Constant (he™1)
The effective removal rate constant for
radionuclide i from crops.
AEi * N . A

\, Weathering Decay Constant (hr'l)

The removal constant for physical
loss by weathering. See Tables
7.1-2 and 7.1-3.

Effective Crop Exposure Time (hr)

The effective crop exposure time. See Tables
7.1-2 and 7.1-30

th Harvest to Consumption Time (hr)

The time between harvest and consumption.
See Tables 7.1-2 and 7.1-3.

ff Seasonal Growing Factor
A factor which accounts for seasonal growth of
vegetation. See Tables 7.1-2 and 7.1-3.

y, Productivity Yield (kg/mz)

The agricultural productivity yield. See

2.1-14
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Milk Concentration (pCi/liter)

The concentration of radionuclide i in milk.

is calculated from the following equation
(after Regulatory Guide 1.109 [Reference 6.5]):

£
C? = Fy Cj We exp (= Aty

F Milk Fraction (days/liter)

The average fraction of the animal's daily
intake of radionuclide i which appears in
each liter of milk. See Table 7.1-4.

Ci Feed Concentration (pCi/kg!

The average concentration of radio-
nuclide i in animal feed.

For milk and meat pathways, the following
expression is to be used (after Regulatory
Guide 1.109, [Reference 6.5]):

f

= g - S 11 S

g Pasture Grass Fraction

The fraction of daily feed that is
pasture grass when the animal grazes
on the pasture. See Tables 7.1-2

and 7.1-3.

2.1-15
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C? Pasture Grass (pCi/kqg)
Concentration

The concentration of radionuclide i

is pasture grass (calculated using
Equation 2.12 for ¢4 with tf = 1; other
parameters, including ff for use in
Equation 2.15, are given in Tables 7.1-2
and 7.1-3).

C? Stored Feed (pCi/kg)
Concentration

The concentration of radionuclide i
in stored feed (calculated using
Equation 2.12 for Ci with ff = 1;
other parameters, including ff for
use in Equation 2.15, are given in
Tables 7.1-2 and 7.1-3.

wf Feed Consuuption (kg/day)
The amount of feed consumed by the
animal each day. See Tables 7.1-2

and 7.1-3,
tM Milk Transport Time (hr)
The average time from the production
of milk to its consumption. See
Tables 7.1-2 and 7.1-3.
Meat Concentration (pCi/kg)

The concentration of radionuclide i in meat.

P £ )
Ci = Fp Cj Wg exp (- A g, (2.16)

2.1-16
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Fp Meat Fraction (days/kg)
The fraction of the animal's daily
intake of radionuclide i which appears
in each kilogram of flesh. See
Table 7.1-4.
ts Slaughter to Consumption Time (hr)

The time from slaughter consumntion,

2.1.2.1.2 1Inhalation + Food Pathways Dose, Calendar Year

(Four Consecutive Quarters)

-8 6 Z ' ' '
3.17 x 107% x 108 . Q) oEay,, [’-’"Q‘s Ajg + (X AL, (X/Q)Aig] .
i

- B
9 P P M .M \'/ \'} F .F
365 . DFIija [Ua fp Ci + Ua Ci + Ua fv Ci. + Ua Ci] :15 mrem

(2.17)

2.1.2.2 10 CFR 20 Release Rate Limit

The maximum dose rate to an organ of an adult from all radio-
nuclides, radioactive materials in particulate form, and radio-
nuclides other than noble gases with half-lives greater than

€ days shall be limited to the values given by the equations
which follow. For purposes of demonstrating compliance with
the Technical Specifications, the dose to the adult from the
inhalation pathway shall be considered limiting.

2 . 1-17
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. 10° Raz DFA; 44 [(\(/Q)s Q;s + (), Q;v + ()(/Q)g Q;g] +
i

Kzi: DFIij

M

M
a Ua Ci < 1500 mrem/yr

(2.18)

K Seasonal Adjustment Factor

K is a seasonal adjustment factor to account

for nongrazing. For purposes of demonstrating
technical compliance for the inhalation pathway,
K = 0 throughout the year.

gt Milk Concentration (nCi,/liter)

The concentration of radionuclide i in milk.

M £
Ci = Fy C; We exp (-Ai ty (2.19)

. Cf Feed Concentration (pCi/kqg)

The concentration of radionuclide i in feed.

£ _ - ».
Ci = di B s [i exp | AEl teJ

el =kl (2.20)
Yy in
(Note that this assumes feed to be 100%
pasture grass.)
di Deposition Rate (pCi/m2 x hr)
6 oy ' \
di = 3600 x 10" x [Qis (D/Q)s + in (D/Q,v +
L}

. 2.1-18
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See Table 7.2~7 or Table 7.2-10 for
milk pathway.

See Table 7.2-7 or Table 7.2-10 for
milk pathway.

See Table 7.2-7 or Table 7.2-10 for
milk pathway.

2.1-19
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Symbols Used In Section 2.1

NAME

Gamma Dose Constant, Stack Release
Accumulative Radionuclide Release
Stack Release

Gamma Dose Constant, Vent Release
Accumulative Radionuclide Release,
Vent Release

Gamma Dose Constant, Ground

Level Release

Accumulative Radionuclide Release,
Ground Level Release

Beta Dose Constant

Relative Effluent Concentration,
Stack Release

Accumulative Radionuclide Release
from Stack, kdjusted for Radiodecay
Relative Effluent Concentration,
Vent Release

Accumulative Radionuclide Release
from Vent, Adjusted for Radiodecay
Relative Effluent Concentration,
Ground Level Release

Accumulative Radionuclide Release
from Ground Level, Adjusted for
Radiodecay

Downwind Range

Average Wind Speed, Stack, Vent, or
Ground Level Release

Gamma Whole Body Dose Constant
Stack Release

Gamma Whole Body Dose Constant,
Vent Release

Gamma Whole Body Dose Constant,
Ground Level Release

Beta Skin Dose Constant

2.1-20
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(mrad/yr

(uCi)
(mrad/yr

(uCi)
(mrad/yr

(uCi)
(mrad/yr

(sec/m3)
(uCi)
(sec/m3)
(uCi)
(sec/m3)
(uCi)
(m)
(m/sec)
(mrad/yr
(mrad/yr

(mrad/yr
(mrem/yr

UNIT

per

per

per

per

per

per

per
per

uCi/sec)

uCi/sec)

uCi/sec)

uCi/m3)

uCi/sec)
uCi/sec)

uCi/sec)
uCi /m3)
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(D/Q)
(D/Q)

(D/Q)g

NAME

Release Rate, Stack Release
Release Rate, Vent Release
Release Rate, Ground Level Release

Release Rate from Stack,
Adjusted for Radiodecay

Release Rate from Vent,
Adjusted for Radiodecay

Release Rate at Ground Level,
Adj:sted for Radiodecay
Individual Air Intake Rate
Inhalation Dose Factor
Ingestion Dose Factor
Deposition Time

Produce Consumption Rate

Miik Consumption Rate

Leafy Vegetable Consumption Rate
Meat Consumption Rate

Produce Fraction

Leafy Vegetable Fraction
Produce Concentration

Milk Concentration

Leafy Vegetable Concentration
Meat Concentration

Deposition Rate

Vegetation Concentration

Relative Deposition Factor, Stack
Release

Relative Deposition Factor, Vent
Release

Relative Deposition Factor, Ground
Level Release

2.1-21
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UNIT

(uCi/sec)
(LCi/sec)
(uCi/sec)

(uCi/sec)
(uCi/sec)

(uCi/sec)
(m?/yr)
(mrem/pCi)
(mrem/pCi)
(day)

(kg/yr)
(liters/yr)
(kg/yr)
(kg/yr)

(pCi/kg)
(pCi/liter)
(PCi/kg)
(PCi/kg)
(pCi/m?.hr)

(pCi/kg)
(m~2)
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NAME

Crop Retention Fraction
Effective Decay Constant
Radiological Decay Constant

Weathering Decay Constant

Effective Crop Exposure Time
Harvest to Consumption Time
Productivity Yield

Milk Fraction

Feed Concentration

Seasonal Growing Factor
Pasture Grass Fraction
Pasture Grass Concentration
Stored Feed Concentration

Feed Consumption

Milk Transport Time

Meat Fraction

Slaughter to Consumption Time
Seasonal Adjustment Factor
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UNIT

(he™1)
(he™ 1)
(ht-l)
(hr)
(hr)

2
(kg/m")

(days/liter)
(pCi/kg)

(pCi/kg)
(pCi/kg)
(kg/day)
(hr)

(day/kg)
(hr)



2.1.4 Constants Used In Section 2.1

NUMERICAL VALUE

2.17 x 107
0.7

1.0

1.11
10
24
365

3600

8

NAME

Conversion

Gamma Radiation Shielding
and Occupancy Factor

Beta Radiation Shielding
and Occupancy Factor

Conversion
Conversion
Conversion
Conversion
Conversion

Constant

Constant
Constant
Constant
Constant
Constant

2.1-23
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UNIT

(years/second)

(mrem/mrad)
(pCi/uCi)
(hr /day)
(day/yr)
(sec/hr)
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2.2 RADICACTIVITY IN LIQUID RELEASES

2sdsd 10 CFR 50, Appendix I Design Objectives

The dose contributions from measured quantities of radioactive
materials identified in liquid effluents released to unre-
stricted areas from each reactor shall be calculated using the

following expression:

wW..W
D. = (1.1 x 10~° x 8760) [U M E A. DFI..
J Fw 1

i

ZE: A. DFI, B. exp (- A, tf)}
1 ija 1 1

i

Cumulative dose (mrem)

he cumulative dose or dose commitment to

the total body or an organ j due to an adult

consuming water and fish,

1.5 mrem to the whole body

in a calendar quarter, {2.23)

5.0 mrem to any organ in a calendar

quarter,

3.0 mrem to the whole body in any four

consecucive quarters, and

10.0 mrem to any organ in any four

consecutive quarters.
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U, U Usage Factor (liters/hr,
kg/hr)
Averace consumption rate of vater or fish.
l/Mw, l/Mf Additional Dilution Factor
Additional dilution factor prior to withdrawal
of potable water or fish. See Table 7.2-1.
v Average Flow Rate (£t3/sec)
Average flow of receiving body of water. See
Ff Near-Field Flow Rate (ft3/sec)
Near-ficld flow of receiving body of water.
See Table 7.2-1.
Ai Total Radionuclide Release (uCi)
Total release of radionuclide i during period
of release.
DFIija Ingestion Dose Factor (mrem/pCi)
The ingestion dose commitment factor for each
identified gamma and beta emitter i, organ j,
and age grop a. See Table 7.1-1.
Ai Decay Constant (he 1)
Radiological decay constant of ith radionuclide.
See Table 7.1-11.
tw, tf Elapsed Time (hr)

Average elapsed time between release and consump-
tion of potable water or fish. See Table 7.2-1.

2.2-2
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Bioaccumulation Factor (liters/kg)

Bioaccumulation factor. See Table 7.1-12,.

3

1.1 x 10~ factor to convert from ( Ci/yr)/(ft)/sec) to

pCi/liters

8760 = number of hours per year

10 CFR 20 Maximum Permissible Concentrations in the

Unrestricted Area

The concentration of nonnoble gas radioactive material released
from the site to unrestricted areas (Cl) shall be limited to the
concentrations specified in 10 CFR 20, Appendix B, Table II,
Column 2 (MPCi;. The concentrations of dissolved or entrained

noble gases shall be limited to the concentrations specified in

Table 7.1-10. The sum of the fractional limits ( z:4Ci B MPCij)
i

must not exceed 1.0 for each release.

The concentration of each radionuclide in the unrestricted
area is calculated as follows:

Fr

+ F

L

and the combination of CE, Fr, and Fd must meet the condition

that:

r Ct

F 1
100 X ————— x — ~ 100%
FG + Fr . MPLL

Concentration in the Unrestricted (uCi/ml)

Area

The concentration of radionuclide i at the

restricted/unrestricted area boundary.
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Concentration in the Discharge Tank (uCi/ml)

The concentration of radionuclide i in the
(radwaste discharge or other similar) tank.

Fr Flow Rate, Radwaste Discharge (ft3/sec)

The flow rate of radwaste from the discharge
tank to the initial dilution stream.

F Flow Rate, Initial Dilution Stream (ft3/sec)

The flow rate of the initial dilution stream
which carries the radionuclides to the un-
restricted area boundary (e.g., the blow-
down from cooling tower or lake or the
circulating cooling water flow).

MPC. Maximum Permissible Concentration (uCi/ml)

The maximum permissible concentration of nuclide i
(or unknown nuclide) in water in the unrestricter?

area (see Table 7.1-10; or 10 CFR 20, Appendix B,

Table II, Column 2 including Note 3.c).

2.2.3 10 CFR 20 Maximum Permissible Concentrations at the

Nearest Surface Water Supply

The guantity of radionuclides, excluding tritium and dissolved
or entrained noble gases, in outdoor tanks without overflow
pipes connected to other storage tanks shall be limited to
ensure that in the case of an overflow, the annual average con-
centration of radioactivity in the potable water of tiie nearest
surface water supply is less than the 10 CFR 20, Appendix B,
Table II, Column 2 limits.

The annua’l average concentration of each radionuclide in the potable
water of the nearest surface water cupply is calculated as follows:

Ft t

W w o]
T Mo exp (- Ai X to) X 8960 (2.29)

2.2-4
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Concentration in Water Supply (1Ci/ml)

The annual average concentration of
radionuclide i in the surface water
supply due to tank overflow.

Concentration in Tank (uCi/ml)

The concentration of radionuclide i
in the outdoor tank of interest.

Maximum Flow Rate from Tank (ft3/sec)

The maximum rate of overflow from the
outdoor tank of interest (usually equal
to the maximum tank feed rate). See
Table 7.2-1.

Flow Rate, Receiving Body of Water (ft3/sec)

The minimum flow rate (frem the most
recent 10 year record) of the receiving
body of water during overflow conditions.
See Table 7.2-1.

Additional Dilution Factor

Additional dilution factor of overflowed
water prior to use as potable water.

Elapsed Time (hr)

The total time between overflow release
and consumption of water, equal to the
transit time, discharge point to intake,
plus the process time at the water
treatment plant. See Table 7.2-1.
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t Release Time (hr)

The total period of the ovarflow
conditions, assumed to be no greater
than one work shift of 8 hours.

Hence the maximum quantity of radionuclide i (Ag, curie)

in each tank of interest, excluding tritium and the dissolved
or entrained noble gases, which satisfies the limiting
ccndition:

>
' (2.30)
i MFC; -
is:
t W t
:z: ! exp (- % x t¥) < 4 o' T v (2.33)
i MPC. i o' - t w
i F M
(o]
AY  Tank Radioactivity (Ci)

The quantity of radionuclide i in the
tank of interest.

Tank Volume (gal)

The volume of each tank without overflow
pipes connected to other storage tanks.
See Table 7.2-1.

Equation 2.31 may also be written in terms of the con-
centration of radiconuclide i in the tank of interest.

, 4 w t
:E: Cy exp (- A x th < Fo + F 1100 (2.32)
i MPC - Ft w
MO
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Derivation of Equation 2.31

Since, by Equation 2.30,
w
2. <1
i MPC,

where C? is given by Equation 2.29 and Cf in Equation 2.29

is given by:

AF X 106

ot . N it (2.33)
. vt x 3785 m)/gal
then:
w t
Z & =§ Cy Ft o t,/8760 exp (- *.t%) <1
i MPCi MPCi Fw + Ft
o (2.34)
t MY Z A
- F (] X 10 exp (- Aitg) <1
F: + Ft vt 8760 3785 i
(2.35)
w =
o1 . Mo Z A exp (- A" <1
4 Fg + Ft vt 1 MPCi
(2.36)
Equation 2.36 on rearrangement gives:
t w t
Z A exp (- M, t7) <4 e * ¥ vt (2.37)
i MPC, t w
i F MO



2.2.4 Symbols Used In Section 2.2

SYMBOL

Dy

o, uf
W

1/n"’,1/uf.1/uo

r

>
et 0

<

NAME
Cumulative Dose
Usage Factor
Additional Dilution Factor
Average Flow Rate

Near-Field Flow Rate
Total Radionuclide Release

Ingestion Dose Factor
Decay Constant

Elapsed Time
Bioaccumulation Factor

Concentration at Unre-
stricted Area

Concentration in Discharge
ank

Flow Rate, Radwaste
Discharge

Flow Rate, Initial
Dilution Stream
Maximum Permissible
Concentration
Concentration in Water
Supply

Maximum Tank Overflow Rate

Minimum Flow Rate, Receiving

Body of Water
Release Time

Tank Radioactivity

Tank Volume

2.2-8
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UNIT
(mrem)

(liters/hr, kg/hr)

(ft3/sec)

(ft3/sec)
(uCi)

(mrem/pCi)

(he™1)

(hr)
(liters/kg)

(uCi/ml)

(vCi/ml)
(ft3/sec)
(ft3/sec)
(pCi/ml)

(uCi/ml)
(£t 3 /sec)

(ft3/sec)
(hr)

(Ci)
(gal)
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2.2.5 Constants Used In Section 2.2

NUMERICAL VALUE NAME UNIT
1.1 x 10 3 Conversion Factor (pCi/liter)/ Eyci/yr)/(ft3/secq
8760 Conversion Factor (hrs/yr)
106 Conve:sion Constant (pCi/ucCi)

20 2"9
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2.3 ENVIRONMENTAL STANDARDS FOR THE URANIUM FUEL CYCLE

In accordance with the requirements of 40 CFR 190 (Reference
6.12), the annual dose commitment to an; member of the public
in the general environment (i.e., the unrestricted area) from
all uranium fuel cycle sources, except those specifically
excluded by the regulation, is limited to 25 millirems to the
whole body, 25 millirems to any orgjan but the thyroid, and

75 millirems to the thyroid. On the basis of results pro-
jected by the NRC for all multi-unit sites presently committed,
the conservative nature of the design dose calculations as
opposed to the applicability of these standards to exposures
actually received, and the operational flexibility available
to sites with multiple units, it is concluded that the standards
can be readily achieved at all CECo sites by demonstrating
compliance with 10 CFR 50 Appendix I objectives.

2.3.1 Sources of Radiation and Radioactivity

2.3.1.1 Uranium Fuel Cycle - Definition

The uranium fuel cycle is defined in 40 CFR 190 (Reference
6.12) to include:

a. operationeg of milling of uranium ore,

b. chemical conversion of uranium,

c. isotopic enrichment of uranium,

d. fabrication of uranium fuel,

e. generation of electricity by a nuclear power plant
asing uranium fuel, and

f. -eprocessing of spent uranium fuel.

Specifically excluded are:

a. mining operations,
b. operations at waste disposal sites,

c. transportation of radioactive material, and

2.3-1
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d. the use of recovered nonuranium special nuclear
or by-product materials from the cycle.

2.3.1.2 Radiological Impact of Uranium ¥uel Cycle Operation

Environmental Radiation Protection Standards, 40 CFR 190, require
that the radiation dose resulting from all omerations of the
scanium fuel cycle (except the specific exclusions noted) bhe
considered in determining compliance. Therefore, each of the
operations will be 4discussed and the radiological impact in

the Commonwealth Edison Company (CECo) servicas area wil® be
considered.

2.3.1.2.1 Milling

Reference 6.13 (Page 4), Reference 6.14 (S~ction 2.4), and
Reference 6.15 (Page IV F-29) indicate that the maximum indi-
vidual doses due to milling will be less than 10 CFR 20 limits.
Therefore, the dose contribution to any person living in this
service area due to milling operations, all more than 100
kilometer: iistant, 1s expected to be negligible compared

to 40 CFR 190 limits,.

2.3.1.2.2 Conversion

Referr \ce 6.14 (Section 3.4) and Reference 6.15 (Page IV F-40
and Table IV F-10) indicate that the maximum individual doses
due to UF6 conversion will be less than 10 CFR 20 limits,
Therefore, the dose contribution to any person living in this
service area due to UF6 conversion operations, all more than
100 kilometers distant, is expected to be negligible compared
to 40 CFR 190 limits.

2.3.1.2.3 Enrichment

Reference 6.14 (Section 4.4) and Reference 6.15 (Page IV F-51)
indicate that the maximum individual doses due to uranium

2.3~2
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enrichment will be less than 10 CFR 20 limits. Therefore,
the dose contribution to any person living in this service
area due to uranium enrichment operations, all more than 100
kilometers distant, is expected to be negligible compared

to 40 CFR 190 limits.

2.3.1.2.4 Fabrication

Reference 6.14 (Section 5.4) and Reference 6.15 (Page IV F-03)
indicate that the maximum individual doses due to fuel element
fabrication will be less than 10 CFR 20 limits. Therefore,
the dose contribution to any person living in this service
area due to fuel fabrication operations, all more than 100
kilometers distant, is expected to be negligible compared

to 40 CFR 190 limits,

2.3.1.2.5 Generation of Electricity

The generation of electricity, using a nuclear power plant,
results in radioactivity released in caseous and liquid effluents,
The radiological impact of these requires assessment (using

the methodology of Sections 2.1 and 2.2 of this report) and
comparison with 40 CFR 190 limits.

Also, boiling water reactors (BWR's) contain radiosctive nitro-
gen-16 (N-16) in their steamlines and turbines in sufficient
enough quantities to result in measurable offsite doses.

The magnitude of this so-called skyshine dose must also be
considered in determining 40 CFR 190 compliance. Offsite

doses due to other contained sources in the nuclear power

plant are negligible compared to those due to effluents and
N-16 skyshine.

Measurements of the radiation environment due to N-16 have
been made at the Dresden Station (Reference 6.19). An empirical
fit to the measured data is given in Equation 2.38:

D(R,P) = SF OF (2.28 x 10°2) P exp (-0.007 R) (2.38)

2.3-3
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D(R,P) Dose Due to N-16 (mrem)
Skyshine

The gamma dose due to BWR N-16
skyshine.

SF Shielding Factor

The shielding factor for protection
against gamma radiation.
SF = 0.7 for a home.

OF Occupancy Factor
The at-hom2 occupancy factor:
For fisherman 0.95

For all others 1.0

5

2.28 x 10~ Constant (mrem/MWe-hr)
A constant to fit the equation to measured
data.

P Electric Power Generated (MWe=hi)

The total electric energy generated in the
time period of interest,

0.007 Constant (m-l)

A constant to fit the equation to
measured data.

R Distance (m)

Distance from the turbine to the dose point
of interest.

2.3-4
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This equation will be used at all CECo BWR's up to a distance
of 1100 meters. Beyond that distance the fit (and data) are
considered unreliable and, further, the dose at this range is,
at most, 0.1 mrem/yr for CECo Stations.

In certain situations, more than one nuclear power plant site
may contribute to a radiological dose to be considered in making
40 CFR 1920 dose assessment. At present (July 1979), the nuclear
power stations in CECo's service area are sufficiently distant
from one another that the radiological dose, if not negligible
compared to 40 CFR 190 limits, is due to only one site. Hence,
adding dose components from several stations is not required.

However, within CECo's service area the following future additive
combination is considered. At some point within the triangle

formed by the La Salle, Dresden, and Braidwood Stations, an
additive dose from airborne releases may be postulated. However,
the distances are such (La Salle to Dresden, 39 kilometers; Dresden
to Braidwood, 1€ kilometers; Braidwood to La Salle, 37 kilometers)
that at any intermediate point postulated, the station-combined
dose is less than that maximum calculated for an individual station.
Therefore, the combined effect of airborne releases will not be
considered further.

Such is not the case for future releases of radioactivity intn
the aquatic environment, where, if more than one facility uses
the same receiving body of water, the station-combined dose must
be considered. Dresden and (the future) La Salle County Stations
discharge their liquid waste into the Illinois River and (the
future) Braidwood Station discharges into the Kankakee River
which flows into the Illinois at Dresden. Quad Cities and (the
future) Carroll County Stations use the Mississippi River and
(the future) Byron Station uses the Rock River which flows into
the Mississippi at Moline, Illinois, downstream of Quad Cities.
For these two situations the combined impact from upstream liquid
waste discharges must be considered at each downstream location.

203—5
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The dose contribution of nuclear power plants in other service
areas need not be considered in CECo's 40 CFR 190 assessment.

The Duane Arnold Station is about 135 kilometers from Quad Cities;
the Clinton Station is about 125 kilometers from Braidwood and

La Salle; and the Bailly Station is about 100 kilometers from
Dresden.

2.3.1.2.6 Reprocessing

Reference 6.15 (Table IV E-12 indicates that maximum individual
doses due to fuel reprocessing will be less than 10 CFR 20 limits.
Therefore, the dose contribution to any person living in this
service area due to fuel reprocessing operations, all more than
100 kilometers distant, is expected to be negligible compared to
40 CFR 190 limits.

2.3.1.2.7 Waste Disposal Sites

The radiation dose associated with the burial of low level radio-
active radwaste need not be considered in determining compliance
with 40 CFR 190 as this source is specifically excluded by the

law. Inasmuch as the licensed burial facility at Sheffield,
Illinois, is near CE{>'s service area, at least a comment regarding
it as a potential sou.ce is warranted.

The radiological impact of burial sites is discussed briefly

in Chapter 1V, Section H, Part 3.1.2.1 of Reference 6.15 (Page

IV H-28 ff). No significant movement of radiocactivity into the
general environment is expected, though some tritium has been
found in groundwater near the Sheffield facility. However, no
significant Aose contribution to a person livina in the vicinity
of CECo's nuclear power plants is expected. (The Quad Cities
Station is about 60 kilometers from Sheffield; Byron and La falle
are each about 90 kilometers from Sheffield.)
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2.3.1.2.8 Transportation

The radiation dose associated with the “ranspor: of low level
radioactive waste and spent fuel is also excluded from consid-
eration by the requiremenis of 40 CFR 190. This subject has
been reviewed in References 6.16 and 6.17, and summarized again

in Reference 6.15 (Chapter IV, Section G). The expected dose asso-

_ ey : -3 ’
ciated with transportation is 3.4 x 10 mrem/person/reactor /year.

2.3.1.2.9 Storage of Spent Fuel in Offsite Facilities

The radiation doses associated with releases of radiocactivity

by independent spent fuel storage facilities (ISFSF) should a.iso
be considered in determining compliance with 40 CFR 190. One
ISFSF is being operated within CECo's service area; that is,
General Eleccric Company's Morris Operations Plant at Morris,
Illinois, adjacent to CECo's Dresden Station. Minute quantities
of Kr-85 and other radioactive particulates ave released in air-
borne effluents. A dose assessment was performed using typical
release data provided by tiie General Electric Company and the
Offsite Dose Calculation Manual (ODCM) environmental dose assess-
ment models for Dresden. (The effluent is released through a
300-foot vent stack; hence the similarity between the two facilities.
However, no adjustments wer> made for differences in site boundary
ranges or ranges to dairies. These differences are not expected

to affect the conclusion from the dose assessment.)

The estimated annual airborne releases from the GE Morris Oper-
ation plant are 6 x 10% uCi of tritium, <55 x 10° 1Ci of Kr-85,

3 uCi of Co-60, and 1 uCi of Cs-=137. The maximum whole body

dose from these radionuclides is 4 x 10_4 mrem/yr. So long as this
plant remains a spent fuel storage facility and does not reprocess
the fuel the dose contribution to any person living in its vicinity
will be negligible and not considered further in the Dresden 40

CFR 190 analysis.
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. 2.3.1.2.10 Long-Term Storage of High Level Radiocactive Wastes

The dose associated with the long-term storage of high level

radioactive wastes is excluded from consideration as far as 4C
CFR 190 is concerned. The radiological impact is discussed in
Reference 6.15 (Chapter IV, Section H, Part 3.2) and should be

negligikle in the CECo service area.
2.3.1.3 Summary

The magnitude of radiological dose due to various operations
of the uranium fuel cycle and its impact in the Commonwealth
Edison Company service area has been reviewed with respect to
the regquirements of 40 CFR 190. The only dose components

requiring consideration are those due to:

radioactivity in nuclear power plant liquid and

gaseous effluents, and

the direct radiation due N-16 in BWR steam piping,

turbines, and associated equipment.

2.3.2 Numerical Models

2.3.2.1 Airborne Releases and Direct Radiation

2.3.2.1.1 Whole Body Dose

The maximum whole body (WB) dose from airborne releases and
direct radiation will be determined by adding, for each sector,
the dose contributions, if applicable, from all (1) noble
gases; (2) airborne radioiodines, "particulates", and other
nonnoble gas radionuclides with half-lives greater than 8

days; (3) direct radiation from BWR turbine N-16 skyshine

as computed at the nearest actual residence in each sector
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(Table 7.2-4); and at Dresden only, the contribution from
(4) noble gases, and (5) airborne "particulates" from the
Morris Operations plant if spent fuel is reprocessed.

At Zion, sectors whose site boundary is over Lake Michigan
will not be considered in the 40 CFR 190 analysis.

At Dresden and Quad Cities, Equations 2.39 and 2.40, respectively,
will be used to compute the direct radiation dost in sectors

whose restricted area boundary is over water. This dose,

which accounts for possible fishing activities in the vicinity,
will then be added to the nearest residence dose computed

with Equation 2.38 using an at-home occupancy factor of 0.95
rather than the usual 1.0. An occupancy factor of 0.05 is used
for fishermen (0.025 at each of two locations at Quad Cities)

and a boat shielding factor of 1.0.

At Dresden:

3
D(R,P) = (1.0)(0.05) 2.28 x 1073 :E: P; exp (-0.007 x R;)
i=1
(2.39)
Rl = 488 m
R2' R3 = 610 m
P, Electric power generated (Mde-hr)
by each unit in the year
At Quad Cities:
D(R,P) = (1.0)(0.025) 2.28 x 10™° p [exp (-0.007 R)) +
exp (-0.007 Rz)] (2.40)
R, = 100 m
Rz = 400 m
P Electric power generated (MWe~-hr)

by the station

2.3~9
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Tabie 2.3-1 shows the methodology for determining the maximum
whole body dose from airborne releases and direct radiation.
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