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1.0 INTRODUCTION
This Offsite ‘ose Calculation Manual (ODCM) provides the information and
methodologies to be usea by Brunswick Steam Electric Plant (B3EP) to assure
compliance with certain portions of BSEP's operating technical specification.
These portions are those related to liquid and gaseous radiological effluents. They
are intended to show compliance with 10 CFR 29, 10 CFR 50.36a, and Appendix I of
10 CFR 50.

This ODCM is based on "Radiological Effluent Technical Spe=ifications for BWR's"
(NUREG-0473, Draft), "Preparation of Radiological Effluent Technical
Specifications for Nuclear Power Plants" (NUREG-0133), and guidance from the
United States Nuclear Regulatory Commission (NRC). Specific plant procedures
for implementation of this manual are provided =lsewhere. These procedures will
be utilized by the operating staff of BSEP to assure compliance with technical

specifications.

The ODCM has been prepared as generically as possible in order to minimize the
need for future revisions. However, some changes to the ODCM will be expe. ted in
the future. Any such changes will be properly reviewed and approved as indicated
in the Administrative Contro! Section, Specification 6.13.2 of the BSEP Technical
Specifications.
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2.0 LIQUID EFFLUENTS

2.1 MONITOR ALARM SETPOINT DETERMIN ATION

This procedure determines the monitor alarm setpoint that indicates if the conceniration
of radionuclides in the liquid effluent released from the site to unrestricted areas exceeds

the concentrations specified in 10CFR20, Appendix B, Table II, Column 2 for radionuclides
other than dissolved or entrained noble gases or exceeds a concentration of 2 x 10'4
#Ci/ml for dissolved or entrained noble gases,

2.1.1 Setpoint Based on Analysis of Liquid Prior to Discharge

The following method applies to liquid releases when determining the maximum accept-
able discharge flow rate prior to dilution and determining the associated high~high alarm
setpoint based on this flow rate for the Liquid Waste Effluent Monitor (D12RM-K604)

when an analysis of the activity of tne principal gamma emitters hes been made prior to
each batch release.

Z.1.1.1 Determine the maximum accepteble discharge flow rate prior to dilution:
a. Determine D (the minimum acceptable dilution factor):
C,
1 (2-1-1)
y : 21:““ i
C A | Radioactivity concentration of radionuclide "i" in the

liquid effluent prior to dilution (yCi/ml) from analysis of
the liquid effluent to be released.

MPC

i The liquid effluent radioactivity concentration limit for
radionuclide "i" (yCi/ml) from Table 2.1-1 or if not listed

in Table 2.1-1 from 10CFR20 Appendix B, Table II, Col-
umn 2.

2-1



N

b.

c.

2.1.1 .2

Determine f (the maximum acceptable cischarge flow rate prior to diluticn

(gpm)):

4 (2.1-2)
20

Dilution water flow rate (gpm)

(n-1) 150,000 (gpm)
where n = the number of operating circulating water
pumps

An engineering factor to prevent spurious alarms causcd
by deviations in the mixture of radionuclides which affect
the monitor respornse.

The liguid effluent discharge flow rate should be maintained at or below this

f value.

Determine the monitor high-high alarm setpoint above background.

Determine C.R. (the calculated monitor count rate above background (net

eps)).

C.RQ

C_E  (2.1-3)

The total radioactivity concentration of the radionuclides
(minus tritium and other radionuclides that do not emit
gamma or X-ray radiation) in the liquid effluent prior to
dilution (uCi/ml).

The detection efficiency for the mixture of radionurlides

in the liquid effluent prior to dilution (eps/uCi/ml) from
RC&T file 3324.




b.

c.

Determine HHSP (the monitor high-high alarm setpoint with background
(eps)).

HHSP 2 C.R. + Bkg. (2.1-4)

2 = An engineering factor to prevent spurious alarms caused
by deviations in the mixture of radionuclides which affect
the monitor response.

Bkg. The background count rate (cps) due to internal contami-

nation and the radiation levels in the area in which the

monitor is installed when the detector sample chamber is

]

filled with an uncontaminated fluid.
The monitor high-high alarm setpoint including background (eps), snall be
set at this HHSP value.



TABLE 2.1-!

MPC's FOR SELECTED RADIONUCLIDES

RADIONUCLIDE MPC{ (uCi/=ml)
A-3 3 E-3
Na-24 3 E-5
Cr-31 2 =3
Mn-54 1 E~4
Co-58 9 E-5
Fe-359 5 E=5
Co-60 3 E-3
Cu-64 2 E-4
Zn-6%a 6 E-5
Sr-89 3 E-6
Sr-90 3 E-7
Sr-91 S E-3
Zr-95 é E-5
Mo-99 4 E-5
I-131 S =7
I-132 8 E-6
I-133 1 E-6
Cs-134 9 E-6
I-134 2 E=5
I-135 4 E-6
Cs-137 2 E-S
La-141 3 E-6
Np—-239 1 E-4
Noble Cases 2 E-4
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2.2 Compliance with 10 CFR 20 (Liguids)

2.2:1 Batch Releases
ket ed Prerelease

The radioactivity content of each batch release will be determined prior to release
in accordance with Table 2.1-2 of Appendix A of the BSEP's Technical
Specifications. The BSEP will show compliance with 10 CFR 20 in the following
manner:

The concentration of the various radionuclides in the batch release, determined in

accordance with Table 2.1-2 of Appendix A of the BSEP Technical Specifications, is

multiplied by the ratio of the maximum release rate of the potential batch releas2

to the minimum dilution flow rate to obtain the concentration at the unrestricted

area. This calculation is shown in the following equation:
Ci R

Conci = s (2.

"~
o
'
—
~

where

Conc.1 =  concentration of radionuclide i at the unrestric
area, uCi/ml;

Ci = concentration of radionuclide i in the potential batch
release, uCi/ml;

R = release rate of the batch, gpm;

MDF = minimum dilution flow rate, gpm.

The projected concentration in the unrestricted area is compared to the
concentrations in Appendix B, Table Il of 10 CFR 20. These concentrations are
given in Table 2.1-1. Before a release may occur, Expression 2.2-2 must be met.

-~

o

O
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L, (Conc;/MPC) < | (2.2-2)
where

.VlPCi = maximum permissible concentration of radionuclide
i from Appendix B, Table Il of 10 CFR 20, uCi/ml

For the BSEP the liquid radwaste discharges go to the circulating water system.
Therefore, the minimum dilution flow rate (MDF) is a function of the number of
circulating water pumps operating and the number of service water pumps
operating. Each unit of the BSEP has 4 circulating water pumps and 5 service
water pumps. Each circulating water pump provides 150,000 gpm. Each service
water pump provides 7,500 gpm. For each unit, 2 service water pumps provide
water to the nuclear header with one operating and the other as a spare. For each
unit, 3 service water pumps provide water to the conventional header with 2
operating and the other as a spare. In the prerelease calculations, two circulating
water pumps and four service water pumps will be assumed operating. The
minimum dilution flow will be given by the following:

MDF

2 [150,000 + 2(7.500)] gpm

330,000 gpm.

Releases from the BSEP liquid radwaste system may occur from the waste sample
tank, floor drain sample tank, waste neutralizer tank and the detergent drain tank.
The maximum release rate is 200 gpm from all the release tanks except the
detergent drain tank. The release rate for this tank is 50 gpm.

1208 190
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e Ao 8 By Postrelease

The concentration of each radionuclide following release from a batch tank will be

calculated in the unrestricted area in the following manner:

The total activity of radionuclide i reieased i3 divided by the actual dilution flow to

obtain the concentration in the unrestricted area. This calculation is show: in the

following equation:
Concik
where

Concik

v

ADF

(202'3)

the concentration of radionuclide i at the unrestricted
area during release k, uCi/ml;

concentration of radionuclide i in the batch reiease during
release k, pCi/ml;

volume of liquid effluent released during release k, gal:

actual volume of dilution water during release period k,
gal;

To show compliance with 10 CFR 20, the following relationship must hold:

<
% (Conc, /MPC)) = 1 (2.2-4)

The actual dilution water during release k (ADFk) is calculated by the following

equation:

ADF, = (9.0 105 cW + 4.5x10

Q

5 sw) At (2.2-5)
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where

9.0x10° s lJ3x 105 gal/inin x 60 min/hr;
1.5'.105 = flow rate from a circulating water pump, gpm;
60 = conversion factor, min/hr;
CW = total number of circulating water pumps operating at the
BSEP;
5 3 . .
4.5x10 = 7.5x 10” gal/min x 60 min/hr;
i 5;(103 = flow rate from a service water pump, gpm;
SW = total nurnber of service water pumps onerating at the
BSEP;
A e =  duration of release k, hours.

It should be noted that the terms CW and SW in Equation 2.2-5 are the total of each
particular pump from both units operating during the release.

2.2.2 Continuous

Continuous releases of liquid effluents do not presently occur at the BSEP. If they
did occur the concentration of various radionuclides in the unrestricted area would
be calculated using Equation 2.2-3 with Cik’ the concentration of isotope i in the
continuous release. To show compliance with 10 CFR 20, the sum of the
concentration in the unrestricted area for both continuous and batch releases
divided by MPC must again Le less than 1.
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2.3 Compliance With 10 CFR 50

2:.3:.1 Cumulation of Doses

The dose contribution from the release of liquid effluents will be calculated once

per 31 days and a cumulative summation of the total body and organ doses will be

maintained for each calendar quarter. Since only batch releases occur at the BSEP

the equations in the following sections will pertain only to batch releases. The dose

contribution for all batch rzleases for the quarter will be calculated using the

following eguation:

D

r

where:

ir

At
i'p
ik Fx © (2.3-1)

18]
tA

A

k =i Ay %C

the cumulative dose commitment to the total body
or any organ r, from the liquid effluents for all releases,

mrem;

the leng:h of time of release k over which C ik and
F, are averaged for all liquid releases, hours;

the average concentration of radionuclide I, in
undiluted liquid effluent during release k
from any liquid rzlease, uCi/ml;

the site related ingestion dose commitment factor
to the total body or any organ r for each identified
principal gamma and beta emitter i, mrem-ml per
hr-uCi;

2=9



A = radiological decay constant for radionuclide i, hours 'l;

.693 .
)

el

(t,), = radiological half life of radionuclide i, hours;

Lal
"

average transport time to reach the point of exposure,
hours;

m
"

the near-field average dilution factor for Cik during
any liquid effluent release. Defined as the ratio of
the volume of undiluted liquid waste released to the
product of the dilution volume from the site discharge
structure to unrestricted receiving waters times !.

(1 is the site-specific applicable factor for the mixing
effect of the BSEP discharge structure as defined in
NUREG -0133.)

v
R S
ADFk
where "/k and f‘\l.)}'-'|'< are as defined in Equation 2.2-3.

The dose factor A;, Was calculated for an adult for each isotope using the following
equation:

5
Aip = L1sx10’(5BI +2IBF)DF,, (2.3-2)
where
L16x10° = 106%g x 10°ml x Ly |
G T $760hr #

5 = adult invertebrate consumption rate from Table E-5
of Regulatory Guice 1.109 Rev. 1, kg/yr;

A

1208 775
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Bli 2 biocaccumulation factor for radionuclide i in invertebrates
from Tabie A-1 of Regulatory Guide 1.109 Rev |, pCi/kg

per pCi/l;

21 = adult fish consumption rate from Table E-5 of
Regulatory Guide 1.109 Rev. 1, kg/yr;

BFi = bicaccumulation factor for radionuclide i in fish from Table
A-1 of Regulatory Guide 1.109 Rev. |, pCi/kg per
pCi/l;

DF. = dose conversion factor for radionuclide | for adults for

ir
a particular organ r from Table E-11 of Regulatory

Guide 1.109 Rev |, mrem/pCi.

A.” values for an adult at the BSEP are presented in Table 2.3-1. Table 2.3-2
presents the radiological decay constant for the various radionuclides of Table 2.3-

| along with an evaluation of the term exp [-Ai tp] with t_ equal to 24 hours.

p
The cumulative doses to the total body and all organs from all batch releases for a
quarter and for a calendar year are compared respectively to one half the design
objective doses and to the design objective doses. Expressions 2.3-3 through 2.3-6
should hold for the BSEP to show compliance with Technical Specifation !.1.3.1 of
Appendix A of the BSEP Terhnical Specifications. It should be noted that because
releases from the 2 units cannot be separated, limits are double from what they
would be for a single unit.

For the calendar quarter,

D

! 3 mrem total body (2.3-3)

In

D < 10 mrem any organ (2.3-4) -

R
o
)
(% &
¥
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For the calendar year,

D

4 6 mrem total body (2.3-5)

A

D, < 20 mrem any organ (2.3-6)

The quarterly limits given above represent one half the annual design objective of
Section II.A of Appendix | of 10 CFR 50. If any of the limits in Expressions 2.3-3
through 2.3-6 are exceeded a special report pursuant to Section IV.A of Appendix |
of 10 CFR 50 must be filed with the NRC.

2.3.2 Projection of Doses

Doses resu.ting from the release of liquid effluents will be projected once per
month. The doses will be projected using Equation 2.3-1 with Fk now based upon
the minimum dilution flow rate (MDF) as given in Equation 2.2-1 rather than ADF,.

Cik is based upon the projected releases for the remainder of the calendar quarter,
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NUCLINDE
n 95
R 97
NB 9%
o 99
IC 99M
1cinl
RULOSD
RULDS
RULOS
AGRILIORM
10125M
TL12TN
TEL127
TEL29K
16129
TELIIN
16131
TE132
1 130

1 131

P 132

I 133

1 114

1 135

CS144

CS116

CS137
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NTALYY9

NAL4D

NAlLAL

NONE
159 91
B.816-01
4.47¢ 02
0.008-01
1.208-192
1.33L-02
1.07F n2
B9 00
1.59F 03
1.56F 03
2.17E 02
S.48L 02
f.900 00
9. 3% 92
2540 00
140t N2
1.5%9¢ 00
2.048E 02
J.96F 01
2.18¢ 02
1.068 01
T.45%€ 01
5561 0D
2<32F 0}
6.840 03
T.16E 02
B.TTE 03
6.01TF 00
T.05E 00
1.640 N3
j.011 00

TABLE 2.3-1CCONT*D)

A" VALUES FOR THE ADULT FOR THE
RROASNTICK STEAN CLFCTYRIC PLANT
(MREFM/HR PER MICRO-CTI/FL)

LIVER
5.11F 0N
1.796-01
2.49t 02
1.28F 02
J.667-02
1.920-02
0.00€~-01
0.00F-01
n.00t-01
«+45F 03
1.96¢ 01
1.96F 02
3.20€ 00
J4TF 02
9.55E-01
6.05E 01
b66F-01
1.32¢ 02
1.17F 02
J.12€ 02
2.5 01
1.30F 02
1.51¢F 01
6.08F 01
L.63F 04
2.01F 03
1.20F 04
1.20F 01
5."9['0]
2.06F 00
2.80F-03

T.R0DY
J.46F 00
fal13E~-02
1.34F 02
2.43EF 01
§.66E-01
1.98E-01
4.¢08 01
151 00
2.01E G2
8.600 02
2.91€ 01
6681 01
1.93€ 00
L.4TFE 02
61901
S.71¢ 01
S.N3F-01
1.248 02
A.61F 01
1.79¢ 02
7.96t 00
J.950 01
540t 00
2.241 01
133 04
2.04E 03
T.051 03
5.94E (0O
2.30€-01
i.08F 02
l.ZQl-Ul

THYRIOND

D.00E-01
0.00e-01
0.00E-C1
0.00E-01
0.00E-01
0.00£~01
0.00(-01
0.00E-01
N.00e-01
0.""("0‘
6.52F 01!
140 02
6.60t 00
J.20E 02
1.95t 00
1.08E 02
1.310 00
1.46t 02
9.91E 03
1.02F 05
9.96¢ 02
1.90E 04
2.62C 02
§.01E 01
D.00E-01
0.00E-01
0.0“(‘.’0‘
0.00t-01
0.006-01
g.000-01
0.00E-01

FINDNFY
N.02F 0O
2.6R8-01
2e46F 02
2.89€ 02
5.56E-01
J.q6L-01
¢ 4T7L 02
lol"" 07z
3.06 03
2.85%E G
8.02¢ 02
.23t 03
J.60 01
1.89€ 03}
1.07t 01
6.94F 02
6.99¢ 00
1.270 €3
1.82¢ 02
5.35C 02
4.54L 01
2.26t 02
2.40L U1
9.75L 01
S5.27L 03
1571 91
4.07F 03
f.81L 00
%«23E-10)
1.02L-01
2.601L-03

LUNG
0.09€-01
0.00E-01
0.00F-01
0.00E-91
1.7196-02
9.81C-03
0.00E-01
0.006-01
Je.00L-0U1
0.00E-01
0.00E=01
0.00t-01
0.00E-01
0.00E~-01
0.00t-01
0.00E-01
0.00F=-01
0.CO0E-01
0.00%-01
0.00F=-01
0.00E~-01
0.G0F-01
0.0("““‘
0.0CE-01
1.75¢ 03
2.161 02
1.35¢ 03
B.T0F-01
J.ITE-0D
1.180 90
1«630-0)

GI-LL]Y
1.62¢ 04
S.%1t 04
1.51E 06
2.96L 02
2.17¢ 01
STTE-14
1.25E 04
S5.44L 01
1.03¢ 05
5«91L 05
1.66E 02
1.84¢ 03
1.03L 02
4.69c 0}
1.926 CO
6.80E 03
2.26E-01
6.24t 03
1.01E 02
8.23 U1
5«35t €0
1.16F 02
1.32E-0?
6.07C (1
2.85F 02
J.200 02
32k B2
5.12E-05
.37 01
J.i0E 03
1.8CE-09
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1.728 00
1.5710 00
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J.430 N0
6.08E-01
1.7T9F 02
5.7T9F 00
1L.90€-02
J.96F 00
9.166 90
J.53E-12

6.66E 00
2.76LE 02

TANLE 2.3-1CCLONTTD)
FOR TH

ﬁ" VALUFS FOR THE Anutt
NROMSHICK STEAP FLECTRYC PLANT
(IRENZHPR PER NICRO-CTZYL)
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0.00E~-01
¢ 00t-01
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0.00€6~-01

0.60E-01
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LUNG
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"'0’)"“!
0.00E-01
0.000-01
0.00[-0!
0.00E=-01
0.00E-01
0.00F~01
0.000-01
0.00C-01
0.006-01

0.00E-01
2.15E 02

~I~Lk 1
2.43%~-11
HY.33L U4
2.601L 02
B.H6F 03
1671 C4
6.06F 04
254 04
2e ' ‘t -09
2.20L 04
251 U}
T«.l1L 02

1.97E-01
7.84E 03
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b

69
Br-83
Br-84
Br-85

n-6
Rb-86

H-3
C-14
F-18
Na-24
P-32
Cr=51
Mn-54
Mn-56
Fe-55
Fe-59
Co-58
Co-60
Ni-63
Ni-65
Cu-64
Zn-
Rb-88
Rb-89
Sr-89
Sr-90
Sr-91!
Sr-92
Y-90
Y-91Im
Y-91
Y-92
Y-93
Ba-142
La-140
La-142
Ce-14]
Ce-143
Ce-l44

* Note: All values less than |E-25 are reported as 0.

2-16
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3.0 GASEOUS EFFLUENTS

3.1 MONITOR ALARM SETPOINT DETERMINATION

This procedure determines the monitor alarm setpoint that indicates if the dose rate in
tne unrestricted areas due to noble gas radionuclides in the gaseous effluent released from
the site exceeds 500 mrem/year to the whole body or exceeds 3000 mrem/year to the skin.

If two simultoneous gaseous relesses out of one vent ocecurs, calculate the setpoint for
each type of release and us2 the lowest setpoint obtained.

3.1.1 Setpoint Based on Conservative Radionuclide Mix (Ground and Mixed Mode Peleases)

The following method applies to gaseous releases via the Unit 1 & 2 Turbine Building
Vents and via the Unit 1 & 2 Reactor Building Vents wher. determining the high alarm
setpoint for the Turbine Building Vent Gas Monitors (1 & 2 VA-AQH-3215) and Reactor
Building Vent Gas Monitors (1 & 2 CAC-AQH-1264).

3.1.1.1 Determine the "mix" (noble gas radionuclide composition) of the gaseous
effluent:
a. Determine the gaseous source terms that are representative of the "mix" of

the gaseous effluent. Gaseous source terms are the ncble gas activities in
the effluent.

Gaseous source terms can be obtained from:
Table 3.1-1; Turbine Building Vent Release
Table 3.1-1; Reactor Building Vent Release

b. Determine Si (the fraction of the total noble gas radicactivity in the gaseous
effluent comprised by noble gas radionuclide "i") for each individual noble
gas racicnuelide in the gaseous ef{luent.
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. N . (3.1-1)
i
T .
{
A = The radioactivity of noble gas radionuclide "i" in the
gaseous effluent from Table 3.1-1; Turbine Building Vent
Release, Table 3.1-1; Reactor Building Vent Release, or
from analysis of gaseous effluent.
3.1.1.2 Determine Qt (the maximum acceptable total release rate of all noble ges
radionuclides in the gaseous cffluent ( Ci/sec)) based upon the whole body exposure
limit.
Q, = - (3.1-2)
X/Q) Z S, ‘
i
(m)tb = The highest calculated annual averasge relative concent-
ration of effluents released via the Ventiiatiorn Turbine
Building Vent for any area at or beyond the site bouncary
for all sectors (sec/ms) from Table A-1, Appendix A.
- 7.60 E-6 sec/m°
(m)rb = The highest calculated annual average relative concent-
ration of effluents released via the Reactor Building Vent
for any area at or beyond the site boundary for all sectors
(sec/m3) from Table A-T7, Appendix A..
= 1.72 E-7 see/m®
NOTE: Use the X/Q that applies to the monitor for which the alarm
setpoint is being calculated.
Ki = The total whole body dose factor due to gamma

emissions from noble gas radionuclide b
(mrem/year/ pCi/m 3 trom Table 3.1-2.



o4

3.1.1.3 Determine Qt based upon the skin exposure limit.

Q . _3000 (3.1-3)
» (X7Q) E(Li +LIM)S,
|
Li + 1.1 "“i = The total skin dose factor due to emissions from noble gas
radionuclide "i" (mrem/year/ uCi/ma) from Table 3.1-2.
3.1.1.4 Determine Ct (the maximum acceptable total radioactivity concentration of

all noble gas radionuclides in the gaseous effluent (uCi/sec/efm)).

e & AN (3.1-4)
t . il

NOTE: Use the lower of the Qt values obtained in Sections 3.1.1.2 and
3.1.1.3.
f = The maximum acceptable effluent flow rate at the point

of release (cfm) based on design flow rates.

= 15,000 efm (Turbine Building Vent)
= 172,800 efm (Reactor Builéing Vent)
3.1.1.5 Deterinine the monitor high alarm setpoint above baclground:
a. Determine C.R. (the calculated monitor count rate above background

attributed to the noble gas radionuclides (net cpm)).

an i RS (3.1-5)
m
Em = The detection efficiency of the monitor for the "mix" of

noble gas radionuclides in the gaseous effluent
(n/Ci/sec/efm cpm) from RC&T file 3324.
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b. Determine HSP (the monitor high alarm setpoint with background (epm)).

HSP = Tm C.R. + Bkg. (3.1-6)

Tm = Fraction of the radioactivity from the site that may be
released via the monitored pathway to ensure that the
site boundary limit is not exceeded during simultaneous
releases from several pathways.

= 0.10 for the Unit 1 Turbine Building Vent Gas Monitor
(1 VA-AQH-3215).

= 0.10 for the Unit 2 Turbine Buiiding Vent Gas Monitor
(2 VA-AQH-3215).

= 0.20 for the Unit 1 Reactor Building Vent Gas Monitor
(1 CAC-AQH-1264).

0.20 for the Unit 2 Reactor Building Vent Gas Monitor
(2 CAC-AQH-1264).

Bkg. = The background count rate (epm) due to internal con-
tamination and the radiation levels in the area in which
the monitor is installed when the detector sample cham-
be+ is filled with an uncontaminated fluid.

c. The monitor high alarm setpoint including background (epm), shall be set at

or below the HSP value determined above.

3.1.2 Setpoint Based on Conservative Radionuclide Mix (Long Term Elevated Release)

The following method applies to gaseous releases via the Stack when determining the
high-high alarm setpoint for the Stack Monitor (D12-RM-K600 A & B) during contin-
uous release via the Stack.
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3.1.2.1 Determine the "mix" (noble gases and composition) of the gaseous effluent:

a. Determine the gaseous sourse terms that are representative of the "mix" of
the gaseous effluent. Gaseous source terms are the noble gases radionuclide
activity concentrations in the effluent.

b. Determine Si (the fraction of the total radioactivity in the gaseous effluent
comprised by noble gas radionuclide "i") for each individual noble gas radio-
nuclide in the gaseous effluent.

‘.\‘ d

S1 = 1 (3.1‘ n)

; A.
an
-

Ai E The radiocactivity of noble gas radionuclide "i" in the
gaseous effluent from the stack Table 3.1-1 or from
analysis of the gaseous efflu:nt being released.

3.1.2.2 Determine Qt (the maximum acceptable total release rate of all noble gas
radicnuelides in the gaseous effluent ( pCi/sec)) based upon the whole body exposure
limit.

Q 2 500 (3.1-8)

v V. S.
ik
i

Vi = The constant for noble gas radionuclide "i" accounting for
the gamma radiation from the elevated finite plume
(mrem/year/ uCi/sec) from Table 3.1-2.

3:l:2.3 Determine Qt based upon the skin exposure limit.
Q o 3000
t J e
L.(X/ +1.1 B,) S,
( l(\.,Q)S i) S

L




L ()'{/-Q)'*l.l B, = The total skin dose coustant for long term releases
(greater “han 300 hours/year) due to emissions {rom noble
gas radionuclide "i" (mrem/year/uCi/sec) from Table
3.1-2.

3.1.2.4 Determine Ct (the total maximum acceptable radioactivity concentration of
noble gas radionuclides in the gaseous effluent ( yCi/sec/efm)).

c - 2 (3.1-10)
t 1

NOTE: Use the lowest of the Qt values obtained in Sections 3.1.3.2 and
3.1.3.3.
f = The maximum acceptable effluent flow rate at the point

of release (cfm) based on design flow rates.
= 86,000 efm (Stack)
o9 Determine the monitor high-high alarm setpoint above background:

Determine CR (the calculated monitor count rate above background attri-
buted to the noble gas radionuclides (net cps)).

Ct
CR = . (3.1-11)
m
Em = The detection efficiency of the monitor for the "mix" of
noble gas radionuclides in the gaseous effluent
(uCi/sec/efmeeps) from RC&T file 3324.
b. Determine HHSP (the monitor high-high alarm setpoint with background
(eps)).
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HHSP Tm CR + Bkg. (3.1-12)

T - Fraction of the radicactivity from the site that may be
released via the monitored pathway to ensure that the
site boundary limit is not exceeced during simultaneous
reieases from several pathways.

s 0.40 for the Stack Monitor (D12-RM-K600 A&B).

Bkg. H The background count rate (cps) due to internal ccatami-
nation and the radiation levels in the area in which the
monitor is installed when the detector sample chamber is
filled with an uncontaminated fluid.

c. The monitor high-high alarm setpoint including background (cps), shall be
set at or below the HHSP value determined above.

N
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3.1.3 Condenser Air Ejector Monitor Alarm Setpoint Determination

This procedure determines the alarm setpoint for the Condenser Air Ejector Monitor that
will provide reasonable assurance that the total body exposure to an incividual at the
exclusion area boundary will not exceed a fraction of the limits of 10CFR100 in the event
of an inadvertent release via the condenser air ejector,

3.1.3.1

b.

1.

The following method applies to gaseous releases via the Unit 1 and 2,
Condenser Air Ejectors when determining the high-high alarm setpoint for the
Condenser Offgas Radiation Moniters (D12-RM-K601 A&B).

Determine C_ (the total radioactivity concentration of the noble gases) in
the condenser air ejector gas (uCi’sec/efm).

cm

Q

Qt
T (3.1-13)

The total release rate ( uCi/see) for the noble gas radio-
nuclides (based on NUREG 0133).

5.85 E+6 Ci/sec

The main condenser air inleakage rate plus the radiolytic
gas flow rate.

122 sefm

Determine the monitor high-high alarm setpoint above background.

Determine M.R. (the calculated monitor response attributed to the noble ges
radionuclides (mR/hr)).

M'R.

Cm

T (301-14)

m

The detection efficiency of the monitor for the "mix" of
noble gas radionuclides in the gaseous stream
(uCi/seec/mR/hr+eim) from RC&T file 3324.

3-8
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The monitor high-high alarm setpoint (mR/hr) should be set at or below the
M.R. value determined above.
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GASEOUS SOURCE TERMS!

01-¢t

TURBINE BLDG VENT REACTOR BLDG VENT STACK

RADIONUCLIDE Ay (C1/yr) 3, A (Ct/yr) 5y Ay (Ct/yr) Sy
Kr-83m . - * - 3. 0E+4 2.86E-2
Kr-85m 6.8E+1 2,026~ 2 6.0ED 1.73E-2 5.BE+4 5.52E~2
Kr-85 ] - * - 2. 0E+2 1.90E-4
Kr-87 1.3E42 3.87E-2 6.0E0 1.73E-2 1. 7E45 1.62E~1
Kr-88 2.3E42 6.85E-2 6.0E0 1. 73E-2 1.9E45 1.81E-1
Kr-89 * - * - 2.0E43 1.90E-)
Xe=131m . - J - 1.6E42 1.52E~4
Xe-13Im * - * - 3.0E4) 2.86E-)
Xe-133 2.5E42 7. 44E=2 1.3E+42 3.75E~1 B.6E+4 8.19€-2
Xe-115n 6.5E42 1.93e~1 9.2E+1 2.65E-1 1.4E4) 7.05€-3
Xe-135 6. JE42 1.88E~1 6.8E+] 1.96E~1 2. 3E+5 2.12e-~1
Xe-137 . - 4 - 6.8E+3 6. 4BE-)
Xe-138 1.4E43 4.17E~1 1.4E+1 4.0)E-2 2. TE4S 2.57€~1
Ar-41 g - 2.5E+1 7.20E-2 *
Total 3.36E+3 J.47E42 1.05E46

*(1.0E-1

1. Source terms are based upon GALE code and not actual releases.
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TABLE 3.1-2

DOSE FACTORS AND CONSTANTS

TOTAL WHOLE BODY TOTAL SKIN TOTAL BODY TOTAL SKIN
RADIONUCLIDE DOSE FACTOR DOSE FACTOR DOSE CONSTANT FOR DOSE CON TANT FOR
(Ki) (Li 4.4 Mi) LONG TERM RELEASES LONG TERM RELEASES
(mfem/yr/uCilm3) (mtem/yrln(‘.ilmj) (vi) (Li(x"Q)s Al Bi)
(imrem/yr/uCi/sec) (c wem.!yr/uCi/sec)
Kr-83m 7.56 E-2 2.12 E+l i.66 -9 1.54 E-7
Kr-85m 1.17 E+3 2.81 E+3 9.18 E-5 2.14 E-&
Kr-85 1.61 E+l 1.36 E+3 1.36 E-6 6.12 E-5
Kr-87 5.92E+3 1.65 E+4 .17 E-4 1.12E-3
Kr-88 1.47 E+4 1.91 E+b 1.08 E-3 1.89 E-3
Kr-89 1.66 E+&4 2.91 E+b 6.55 E-4 1.53 E-3
Xe-131m 215 E! 6.48 £+2 " 217 E-5 5.84 E-5
Xe-133m 2.51 E+2 1.35 E+3 .64 E-5 7.30 E-5
Xe-133 2.94 Es2 6.94 E+2 1.72E-5 4.28 E-5
Xe-135m J.I2E+3 441 Ee3 2.17 E-4 393 E-4
Xe-135 1.81 E+3 3.97 E+3 147 C-4 3.25 E-4
Xe-13/7 1.42 E+3 1.39 £+t 5.6 E-4 6.30 E-4
Xe-138 8.83 E+3 143 Evl 6.61 E-4 1.27 E-3
Ar-4l 8.84 43 1.29 Eqb 7.86 E-8 1.42 E-3
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3.2 Compliance V. ith !0 CFR 20 (Caseous)

3.3:1 Noble Gases

The gaseous effluent monitors setpoints are utilized to show compliance with [0
CFR 27 for noble gases. However, because they are based upon a conservative mix
of radionuclides, the possibility exists that the setpoints could be exceeded and yet
10 CFR 20 limits may actually be met. Therefore, the following methodology has
been provided in the event that if the alarm trip setpoints are exceeded a
determination may be made as to whether the actual releases have exceeded 10
CFR 20.

The dose rate in unrestricted areas resulting from noble gas effluents is lim.ted to

300 mrem/yr to the total body and 3000 mrem/yr to the skin. Based upon NUREG-
0133, the following are used to show compliance with 10 CFR 20:

I [1% «K; (XTQ), qv] < 500 mrem/yr (3.2-1)

51[[‘-i (X7, + x.xei]qs - (L« LM (XTQ),, qv] <3000 mrem/yr

(302-2)

the total body dose factor due to gamma emissions
for noble gas radionuclide i, mrem/yr per uCi/m3 3

the skin dose factor due to beta emissions for noble
gas radionuclide i, mrem/yr per uCi/m3 $

the air Jose factor due to gamma emissions for noble
gas radionu~"ide i, mrad/yr per uCi/mz:




V. = the constant for each identified noble gas radionuclide
i accounting for the gamma radiation from the elevated
finite plume, mrem/yr per uCi/sec;

B. = the constant for long-term releases (greater than 500
hrs/yr) for each identified noble gas radionuclide i
accounting for the gamma radiation from the elevated
finite plume in mrad/yr per uCi/sec;

i.: = the ratio of the tissuc to air absorption coefficients

over the energy range of the photon of interest, mrem/mrad.

qs = the rzlease rate of noble gas radionuclide i in gaseous
effluents from free-standing stack, uCi/sec;

in = the release rate of noble gas radionuclide i in gaseous
effiuents from all vent releases, uCi/sec.

At the Brunswick Steam Electric Plant (BSEP) gaseous releases may occur from:

1. the turbine building vent
2. the reactor building
3. the stack

Releases from the turbine building are ground level. The source of these releases
are steam leakage thrcugh valve stems, pump seals, and flanged connections.
Releases from the reactor building are considered mixed mode in nature and the
sources are also leakage through the valve stems, pump seals, and flanged
connections. Releases from the stack are considered elevated. Their sources are
the main condenser's steam jet air ejectors, exhaust from the radwaste buiiding
ventilation system, mechanical vaccuum pump exhausts during startup and gland
seal off-gases.

Noble gas releases may occur from all three points. To show compliance with 10
CFR 20, Expressions 3.2-1 and 3.2-2 are now in terms of the actual release points
for the BSEP.
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For the total body dose

v - .S XTI, G N _, :

- Vi % K [X b S (X'Qstb Q ] < 500 mrem/yr
. rb tb

(3.2-3)

For the skin dose

SL[L'[ (X7Q§s + l.lBi] q S'i [Li - I.IMJ [(X7Q5rb Q‘rb - <x‘7Q)tb Ql ]g_ 3000 mrem/yr

s tb
(3.2-4)
where

Ql = release rate of radionuclide i from the stack, uCi/sec;

release rate of radionuclide i from the two reactor buildings,

woR

rb :
uCi/sec;
q = release rate of radionuclide i from the two turbine buildings,
tb .
uCi/sec;
xR )s= annual average relative concentration for releases
from the stack, sec/ m> :
(X?Qirb= annual average relative concentration for releases
from the reactor buildings, sec/m> ;
(X,’Qitb= annual average relative concentration for releases

from the turbine buildings, sec/m>.

All other terms remain the same as those defined previously.
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The determination of controlling location for implementation of 10 CFR 20 for
noble gases is a function of the radionuclide mix, isotopic release rate and the

meteorology.
The incorporation of these variables into Expressions 3.2-3 and 3.2-4 result in the
foilowing expressions for the controlling location for the BSEP. This location is the

ENE site boundary.

For the total body

. 8 - % -
< + . . + &4,
v Qis 3 K (7.2x 10 Q‘rb 4.2x 10 qtb) <500 mrem/yr

(3.2-5)

For the skin

.

-9 . N \ =8 :
; 63x10”° L . 11B) Q - :.l[(x.i oM (72x10d Q.

rd
S

6

4.2x 107 Q1 )] <3000 mrem/yr (3.2-6)

-~
\* g

—_—

The radionuclide mix was based upon source terms calculated using the NRC GALE
code. They were calculated based upon the present operating mode of the BSEP.
They are presented in Table 3.2-1 as a function of release point. It should be noted
however that the releases in Table 3.2-1 do not reflect the actual BSEP release
data to date. The releases to date have been substantially less. This table was
used as a calculational tool to determine the controlling location.

The X/Q values utilized in the equations for implementation of 10 CFR 20 are
based upon the maximum long-term annual average X/Q in the unrestricted area.
Table 3.2-2 presents the distances from the reactor and turbine buildings to the
nearest unrestricted area for each of the 16 sectors as well as to the nearest
residence, vegetable garden, cow, goat, and beef animal. Table 3.2-3 presents the
distances and directions from the stack to the same site boundaries of Table 3.2-2.
Note that only distance has changed in relation to Table 3.2-2.

3-15
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Long-term annya; average (X7Q) values for the stack, reactor building, and turbine
building rejease points from the BSEP to the sPecial locations in Table 3.2.2 are
presented in Appendix A. A description of thejr derivation is also provided in this
Appendix. m values at the limiting site boundary for releases from the turbine
building, reactor buildings, and Stack were obtained from Tables A-1, A-7, and A-13
respectively of the Appendix.

Since mixed mode and elevated releases occur from the BSEpP their maximum m
value may not decrease with distance (i.e., the site boundary may not have the
highest )TQ values), Therefore, long-term annual average X/Q values were
Calculated at the mic-coint of the |@ standard distances as given in Table A-4 of
the Appendix A. The highest two or three X7Q values for each rejease point at a

radionuclide mijx to determine the controlling location. A particular combination
of release point mix and meteorology dominates in the determination of the con-
trolling location, For the BSEP, it is the stack and the controlling location js at the
ENE site boundary,

Values for Kj, l.i and Mi' which were ysed in the determination of the controliing
location and which are to be used by the BSEP in Expressiom3.2-5 and 3.2-6 to show
compliance with g CFR 20, are Presented in Tabje 3.2-4. These values originate
from NUREG-0472 Revision 0 and Were taken from Table B-1 of NRC Regulatory
Guide 1,109 Revision |, The values have been multiplied by 108 to convert
microcuries to Picocuries for yse in Expressions 3.2.5 and 3,2.¢6.

Equations 3.2-7 and 3.2-8. They were Caiculated at the site boundary of each of

the 16 sectors using the NRC code RABFIN. Values of Vi and :‘,i for each of the |¢
sectors are pPresented in Appendix B,

P

1208 110
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1

K3

i

“

£ A El

- st ik i Ha "l (3.2-7)
r . u.

d ki j

the results of numerical integration over the plume
spatial distribution of the airborne activity as defined
by the meteorological condition of wind speed (uj)
and atmospheric stability class k for a particular wind
direction;

a numerical cor. tant representing unit conversions,

260 mrad(radians) (m3) (transformation) 16 sectors
sec (Mev) (Ci) 27 radians

-6 Ci 7 sec
10 “Ti—-(B.ljxlo ‘;r—)
2.1x10“ mrad (m3) (transformation)/yr(Mev) (uCi)s

the distance from the release point to the receptor
i>cation, meters;

the mean wind speed assigned to the jth wind speed
class, meters/sec;

the joint frequency of occurrence of the jth wind speed
class and kth stability class (dimensionless);

the number of photons of energy corresponding to
the Ith energy group emitted per transformation of
the ith radionuclide, number/transformation;

the energy assigned to the Ith energy group, Mev;

the energy abscrption coefficient in air for photen
energy E, meters™ .
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The Vi factor is computed with conversion from air dose to tissue depth dose, thus;

v o+ X sygstikhita Bl ePrla o9
! fd ikl u
where:

Hr = the tissue energy absorption coefficient for photons
of energy E,, cmzlgm;

T d s the tissue density thickness taken to represent the
total body dose (5 gm/cmz);

1.1 2 the ratio of the tissue to air absorption coefficients
over the energy range of photons of interest, mrem/mrad.

3.2.2 Radioiodine and Particulates
) The dose rate in unrestricted areas resulting from the release of radiciodines and

particulates with half lives greater than 8 days is limited to 1500 mrem/yr to any
organ. Based upon NUREG-0133 the following is used to show compliance with 10
CFR 20:

/W ? ! [ R 9.1)
(Wy Qg v, Q,) < 1500 mrem/yr (3.2-2)

t4
o

where

P. = dose parameter for radioiodines and particulates with
half lives greater than 8 days based upon the critical
organ and the ~ost restrictive age group:

= mrem/yr per uCi/rn3 for inhalation pathways and for
tritiums;

= mrem/yr per uCi/sec per m™2 for food and ground

plane pathways;
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. Q s = the reiease rate of radionuclide i, in gaseous effluents

from free-standing stack, uCi/sec;

Q iv = the release rate of radionuclide i in gaseous effluents

from all vent releases, uCi/sec:

w = the highest calculated annual average dispersion parameter
for estimating the cose to an individual at the controlling
location due to all vent releases;

W, = sec/m3 for the inhalation pathway;
W, = meters™2 for the food and ground plane
pathways;
W = the highest calculated annual average dispersion parameter

for estimating the dose to an individual at the controlling
location due to stack releases;

W= sec:/m3 for the inhalation pathway;

G
S

meters™? for the food and ground plane
pathways.

Radioiodine and particulates may be released from the stack, reactor buildings and
the turdine buildings of the BSEP. To show compliance with 10 CFR 20, Expression
3.2-9 is now modified to incorporate the various release points for the BSEP:

T, P (W Q - Wy Qo+ W Q ) <1500 mrem/yr (3.2-10)
s rd td
where
Ws = the annual average dispersic >arameter for the stack;
--j 3-19
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"'"rb = the annual average dispersion parameter for the
reactor buildings:

w b = annual average dispersion parameter for the turbine buildings;

Ql = release of radionuclide i from the two reactor buildings, uCi/sec;
rb

q = release of radionuclice i from the two turbine buildings, uCi/sec;
tb

release of radionuclide i from the stack, pCi/sec.

L

All other terms are the same as those defined previously.

In the calculation to show compliance with 10 CFR 20 only the inhalation, ground

plane, cow milk, and goat milk pathways are considered for the BSEP. In deter-

mining the dose at a particular location, W is a function of pathway. For the food

and ground plane pathways W is in terms of D/Q (i.e., deposition). If the inhalation

pathway is considered, W is in terms of X/Q. Incorporation of the various
) pathways into Expression3.2-10 results in the following:

5 P (%7, q + Ty § -+ (XWy qtb] 5 B+ B

[(ms Qi + (D7Q5b Qi + (D/Q5tb q b]51500 mrem/vr (3.2-11)
s rb t
where

P. = dose parameter for radionuclide | for the inhalation
pathway, mrem/yr per uCi/secB;

P. = dose parameter for radionuclide i for the grounc plane
pathway, mrem/yr per uCi/sec per m'z;

P = dose parameter for radionuclide i for either the cow milk

or goat milk pathway, mrem/yr per uCi/sec per m'z;

3=20




(X7Q rb

annual average relative concentration for

releases ‘rom the reactor buildings, sec/ m3;

(X«’thb = annual average relative concentration for
releases from the turbine buildings, sec/m3 ;

(ms = annual average relative concentration for
3

releases from the stack, sec/m~;

(D?Qirb = annuai average deposition for releases from the
reactor buildings, m'zz

(D755tb = annual average deposition for releases from the
turbine buildings, m'z;

(57575 = annual average deposition for relezses from the

stack, m'z.

In the case of tritium the W parameter for the food pathway (cow or goat milk), is
based upon X/Q. Since tritium is a weak beta emitter, the ground plane
contribution is zero for tritium. Therefore, the left-hand side of Expression 3.2-

can be written as the following: k

For tritium

DT = (PT + PT ) [(X/st QT + (x;Q)rb QT + (X7Q;tb QT . ]
I M s rb tb
(3.2-12)
where
6T = dose rate due to tritium releases, mrem/yr;

1208 121
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dose parameter for tritium for the inhalation pathway,

mrem/yr per qu/mB;

PT = dose parameter for tritium for the milk pathway, mrem/vr
per pCi/mB;

QT = release rate of tritium from the stack, uCi/sec;
s

QT = release rate of tritium from the two reactor buildings, uCi/sec;
rb

QT = release rate of tritium from the two turbine buildings,
®» uCi/sec.

Since Pi for tritium equals 647 and P, equals 2380, Equation 3.2-12 reduces

to: : "
- : 3 - : . -
(302-13)
) To show compliance with 10 CFR 20, Expressions 3.2-11 and 3.2-13 are evaluated

first at the limiting site boundary. It should be noted that the sum of the dose
rates from radioiodines and particulates and from tritium must be summed and
their combined dose rate less than 1500 mrem/yr to show compliance with 10 CFR
20. If the 1500 mrem/yr limit is exceeded at the limiting site boundary when all
pathways are considered present at the site boundary but the inhalation pathway
contributes less than 1500 mrem/yr, then Zxpressions3.2-11 and 3.2-13 are evaluated
at the limiting real pathway location. ]

The limiting site boundary location is 0.91 miles NE. Expression 3.2-11 becomes:

For radioiodines and particulates:

-8 - -6
I, P (33x10 Q + L7x10 Q + L9x10

; ) +
| s rb \'tb
s P ] 0-? A n=? A -3 A :
~1 (Pl 2 : ) ( '3x l Ql + 3o3x .0 Q - l.zx io Q )Slsco mrem/vr
i 1 i v

(3.2-14)

o S
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For the BSEP the limiting real pathway location is the cow milk pathway 0.79 miles
SSE. At this location Expression 3.2-11 becomes:

3 g - .
$ P {1.0x10° Qo + 68x10 +« 70x10° Q .
i M ls qn: %b)
x =i 2 <0 2 =8 2
E: (P. P )(56x10 Qi + 6.0x10 Qi + l.4x10 Ql ) €1500 mrem/yr
. 'S M s s )

(3.2-15)

For tritium at the limiting site boundary Equation 3.2-13 becomes:

For tritium:

D 3.0 x 10°

(3.3x 10°8 d% . l7x107

T s rb

. 6 -
QT + 1.9x10 QT

(3-2'16)

At the umiting real pathway location Equation 3.2-13 becomes:

For tritium:

5 8

Qr ¢ &Sxxvs Qr « 7.0x10°° Cr

s rb

3.0x10° (1.0x10°

T

The determination of controlling location for implementation of 10 CFR 20 for
radioicdines and particulates is a function of the same two parameters as for noble
gases plus a third, actual receptor pathway location. The incorporation of these
parameters into Expression 3.2-11 results in the respective expressions at the
controlling locations. The radionuclide mix was again based upon the source rarms
calculated using the GALE code. The mix and the source terms are presciited in
Table 3.2-1 as a function of release peint.

In the determination of the controlling site boundary location the highest two or
three site boundary D/Q values for each release point were utilized in conjunction
with the radionuclide mix and the release rate for each release point. At the BSEP
the combination of meteorology and release rate which dominates comes from the
stack.

1208 °
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In the determination of actual receptor controlling location, the highest two or
three D/Q values from each release point to the pathway locations of Table 3.2-2
are utilized in conjunction with the radionuclide mix and release rate for each
release point. For the BSEP the controlling location is the cow milk pathway 2.79
miles SSE of the reactor building and turbine buildings.

Values for Pi were calculated for an infant for various radionuclides for the in-
halation, ground plane, cow milk, and goat milk pathways using the methodology of
NUREG-0133. The Pi values are presented in Table 3.2-5. The values of Pi reflert,
for each radionuclide, the maximum Pi value for any organ for each individual
pathway  exposure. Because the goat milk pa*thway is not present at the BSEP,
the cow milk pathway Pi values were utilizea in the determination of the various
controlling locations. For the case of an infant being present at the site boundary
or at the real pathway location, the ground plane pathway is not considered as a
reasonable exposure pathway for the infant (i.e., PG = 0). However, P.‘ values are
presented in Table 3.2-5 for completeness. Appendix C presents the %ethodology
) which was utilized in calculating the P.l values.

Annual averagem values at the special locations for the stack. reactor building,
and the turbine building release points, respectively, which were utilized in
Expressions 3.2-14 through 3.2-17 were obtained from the tables presented in
Appendix A. The X/Q values in Expressions 3.2-14 through 3.2-17 were also
obtained from the tables presented in of Appendix A. D/Q values at the limiting
site boundary location and the limiting real pathway location for releases from the
turbine bduildings, the reactor buildings, and the stack were obtained from Tables A-
3, A-9, and A-135 respectively of Appendix A. X/Q values at these same locations
for these same release points were obtained from Tables A-1, A-7, and A-13 of
Appendix A. A description of the derivation of the X/Q anc D/Q values is srovided
in Appendix A.




Isotope

Kr-83m
Kr-85m
Kr-85
Kr-87
Kr-88
Kr-89
Xe-131lm
Xe-133m
Xe-133
Xe-135m
Xe-135
Xe-137
Xe-i38
Ar-4]

) I-131

[-133
Cr-51
Mn-54
Fe-59
Co-58
Co-60
Zn=-65
Sr-89
Sr-90
Zr-95
Sb-124
Cs-134
Cs-136
Cs-137
Ba-140
Ce-14]
C-14
H-3

TABLE 3.2-1

Releases from Brunswick Steam Electric Plant’
(Ci/yr per unit)

Turbine Building
{Ground Level)

0
6.8El
0
1.3E2
2.3E2
C
0
0
2.5E2
6.5E2
6.3E2

1.4E3

- - - - - - -
COO 000000000000 WONNW
U )

O = OV W W= N RN ON A O N e
mmmmmmmmr;nrnmmmmmmm
EANNTITONRAN WD NNN

Reactor Building Stack
(Mixed Mode) (Elevated)
0 3.0Es
6.0 5.8E%
0 2.0E2
6.0 l.7E5
6.0 1.9E5
0 2.9E3
0 1.6E2
0 3.0E3
1.3E2 3.8E¢
9.2El 7.5E3
6.3E! 2.3E5
C 7.9E3
1.4El 2.7E5
2.5El 0
3.4E-1 3.l
1.4 2.1El
6.JE-4 2.0E-3
6.0E-6 3.0E-2
8.0E-4 1.5E-
1.2E-3 4.5E-3
2.0E-2 9.0E-2
4.0E-3 1.5E-3
1.8E-4 L.5E-4
1.0E-5 3.0E-4
8.0E-4 5.0E-5
4.0E-% 5.0E-5
8.0E-3 4.5E-3
6.0E-4 L.5E-4
1.1E-2 9.0E-3
¢.0E-4 l.1E-4
2.0E-4 2.6E-3
0 9.3
3.0El 0

* Calculations based upon GALE code and not actual releases
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TABLE 3.2-2

Distance to Controlling Locations as Measured from the
Brunswick Plant Center 'ii)

Site Milk Milk Meat Nearest Nearest
Sector Boundary Cow Goat Animal Resident Garden
NNE 0.64 - - 1.10 0.91 1.39
NE 0.91 - - - 2.24 .
ENE 0.67 - - - - -
E 0.68 - - - 0.94 -
ESE 0.68 - - - - -
SE 0.67 - - 0.79 0.82 0.94
SSE 0.74 0.79 - 0.80 0.79 -
S 1.G4 - - - 1.48 1.57
SSW 0.96 - - - l.us L.66
SW 0.89 - - 1.70 0.89 1.04
Wsw 0.74 - - - 1.00 1.0
w 0.69 - - 1.08 0.87 0.87
WNW 0.64 - - - 0.79 0.§1
NW 0.70 - - - 0.80 5.00
NNW 0.64 . - - 0.85 0.97
N 0.64 - - - 0.88 0.85
1208
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TABLE 3.2-3

Distance To Site Boundaries Based Upon Brunswick Plant Center
And Directions From The Stack

Based on Center of

Brunswick Plant

Site Boundary

Direction Distance (Mi)
NNE 0.64
NE G.91
ENE 0.67
E 0.68
ESE 0.68
SE 0.67
SSE 0.74
S 1.04
SSW 0.26
SW 0.39
WSwW 0.74
w 0.69
WNW 0.64
NW 0.70
NNW 0.64
N 0.64

From Stack to Site Boundaries

of Table 3.2-2

Direction Distance (Mi)
NNE 0.74
NE 0.97
ENE 0.69
E 0.66
ESE J.61
SE 0.57
SSE 0.55
S 0.92
SSW 0.87
SwW 0.84
WSwW 0.75
L% 0.73
WNW 0.72
NW 0.81
NNW 0.76
N G.76

3=27
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TABLE 3.2-4
DOSE FACTORS FOR NOBLE GASES AND DAUGHTERS*

A

)
§

A !t

Total Body Gamma Alr Beta Afr

Dose Factor Skin Dose Factor Dose Factor Dose Factor
Radionuclide (mremjysiper pCi/m?) (mrem/yr ;lr wCi/m?) (mrad[y?lper uCi/m3) (mraq?}r per pCi/m?)
Kr-83m 7.56E-02** --- 1.936401 2.88E+02
Fr-85m 1.17€403 1.46E402 1.23E403 1.97€+03
Yr-85 1.61E401) 1.34E403 1.726401 1.95€+03
tr-87 5.520103 9.73E+03 6.17E403 1.03E+04
rr-88 1.47E+404 2.37€403 1.52E+04 2.93E+403
Kr-89 1.66E404 1.01E+04 1.73E+04 1.96E104
Kr-90 1.56E+04 7.29£+03 1.63E+04 7.83E+03
Xe-131m 9.15E401 4.76£402 1.56E402 1.11E+03
Xe-133m 2.51E402 9.94£+02 3.27E+02 1.48E£+03
Xe-133 2.54€E402 3.06E+02 3.53E402 1.05£+:03
Xe-135m 3.12E403 7.11E402 3.36E+03 7.396+402
Xe-135 1.81£+403 1.86£403 1.92£+03 2.46E403
Ye-137 1.421403 1.22E404 1.51€403 1.276+04
Xe-138 3.83£103 4.130+03 9.21€+03 4.75E+03
Ar-4] 6.84E+03 2.69€+01 9.30E+03 3.28E+03

“*The listed dose factors are for radionuclides that may be detected in

**].56E-02 =

7.56 x 1077,

gasecous effluents.



TABLE 3.2-5

Pi VALUES FOR AN INFANT FOR THE

BRUNSWICK STEAM ELECTRIC PLANT#

Isctope Inhalation Cround Plane Cow Milk Goat Milk
H-3 6.47E2 0 2.38E3 4.86E3
P-32 2.03E6 0 1.60ElLl 1.93E11
Cr-51 1.28E4% 6.67E6 4.79E6 5.65E5
Mn-54 1.00k6 1.09E9 3.89E7 4.68E6
re-59 1.02E6 3.92E8 3.93E8 5.11Eé6
Co-58 7.77E5 5.29L¢ 6.06E7 7.28E6
Co-60 4.51E6 4.40E9 2.10E8 <.3287
Zn-65 6.47E5 6.89E8 1.90E10 2.29E9
Rb-86 1.90ES 1.28E7 2.22E10 2.67E9
Sr-89 2.03Eé6 3.16L4 1.27E10 2.66E10
Sr-90 4.09E7 . 1.21E11 2.55E11l
Y-9! 2.45E6 1.57E6 5.26E6 6.32E5
Zr-95 1.75E6 3.43ES 8.28E5 9.95E4
NB-95 4.79E5 1.95E8 2.06ES8 2.48E7
Ru-103 3.32E3 1.55E8 1.G5E5 1.27E4%
) Ru-106  1.16E7 2.99E8 1.44E6 1.73E5
Ag-110m 3.67Eé6 3. 14E9 | .46El0 1.75E9
Te-127m 1.31E6 1.18E5 1.04E9 1.24E8
Te-129m 1.68E6 2.86E7 1.40E9 1.68ES8
Cs-134 7.03E>5 2.81E9 6.79E10 2.04E11
Cs-136 1.35E5 - 13ES8 5.76E9 1.73E10
Cs-137 6.12E5 1.15E9 6.02E10 1.81El!
Ba-140 l.60E6 2.94E7 2.%1E8 2.89E7
Ce-14] 5.17E5 1.98E7 1.37E7 1.65E6
Ce-l44 9.84E6 5.84E7 1.33E8 1.60E7
I-131 1.48E7 2.46E7 1.06E12 1.27E12
[-132 1.€9ES5 1.78E6 1.39E2 1.64E2
[-133 3.56E6 3.54E6 9.30E9 1.18E10
[-135 6.96E5 3.67E6 2.27E7 2.68E7
# Units are mrem/yr per uCi/m3 foE H-3 and the inhalation pathway

and mrem/yr per pCi/sec per m™“ Zor the food and ground plane pathways.
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3.3 Compliance With 10 CFR 50 (Gaseous)

3.3.1 Nob! - Gases 5
3.3.1.1 Cumulation of Doses

Section II.B.1 of Appendix | of 10 CFR 50 limits the releases of gaseous effluents
from each reactor such that the estimated annual gamma air dose is limited to 10
millirad and the beta air dose is limited to 20 millirad. Based upon NUREG-0133,
the air dose in the unrestricted area due to noble gases released in gaseous
effluents can be determined by the following expressions:

During any calendar guarter, for gamma radiation:

-8 _ ~I
3.17 x 10 21 [‘“1 [Ix7Q1, Q, =+ (X7, qiv] - ‘biqisJ <5 mr(a;d3 )

During any calendar quarter, for beta radiation:

3'17"108:'1 Ni [(x?inin + EX/qivq.w + zx;stQis (;hssqis] <10 mrad,
(303’2)

During any calendar year, for gamma radiation:

317 x10°%, [Mi [(‘TQ'Sx Q, + X739 qvqiv] + BQ, + by, s] <10 mrad,
(3.3’3)

During any calendar year, for beta radiation:

3.17 x 1!2'82l Ni [(x?QFVQiV + \’x7q$vqiv + CX/G)SQiS - IX/qfsqis]_ZO mrad
(3.3-4)

=

3-30 L EREL



where:

<
"

(X7q)

~

The air dose factor due to gamma emi~". ns for each
identified noble gas radionuclide i, mrad/yr per uCi/ m3 :

the air dose factor due to beta emissions for each
identified noble gas radionuclide i, mrad/yr per uCi/m3 ;

the annual average relative concentration for areas
at or beyond the unrestricted area boundary for long-
term vent releases (greater than 500 hrs/year). sec’m’ $

the relative concentration for areas at or beyond the
unrestricted area boundary for short-term vent releases
(equal to or less than 500 hrs/year), sec/m3;

the annual average relative concentration for areas
at or beyond the unrestricted area boundary for long-
term free standing stack releases (greater than 500
hrs/year), sec/m3 :

the relative concentration for areas at or beyond the
unrestricted area boundary for short-term free standing
stack releases (equal to or less than 500 hrs/year),

sec/m3;

the average release of noble gas radionuclide i in gaseous
effluents for short-term stack releases (equal to or
less than 500 hrs/year),uCi;

the average release of noble gas radionuclide | in gaseous
effluents for short-term vent releases {equal to or less
than 500 hrs/year), uCi; ] 208 51

3=-31



Qis z the average release of noble gas radionuclide i in gaseous

effluents for long-term free standing stack releases
(greater than 500 hrs/year), uCi;

in = the average release of noble gas radionuclide 1 in gaseous
effluents for long-term vent releases (greater than

500 hrs/yr), pCi;

B. = the constant for long-term releases (greater than 500

hrs/yr) for each identified noble gas radionuclide i accounting

for the gamma radiation from the elevated finite plume,

mrad/yr per uCi/sec;

b. 3 the constant for short-term releases (equal to or less
than 500 hrs/yr) for each identified noble gas radionuclide
i accounting for the gamma radiation from the elevated
finite plume, mrad/yr per uCi/sec;

3.17 x 1078

the inverse of the number of seconds in a year.

For the BSEP all releases are considered long term. The incorporation of the stack,
reactor building and turbine building release points into Expressions 3.3-1 through
3.3-4 results in the following expressions for two units to show compliance with 10
CFR 50:

During any calendar quarter or year-

Gamma Radiation

+ Qi ) + (X7Q;tb Q. + Q. )]¢

bl rb2 bl b2

3.17,:1o‘szi[mi [(X7Q5rb Q.

B, Q; ] <10 mrad (per quarter) or 20 mrad (per year) (3.3-5)
s
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Beta Radiation

3.17 x 1078 I, N [("x,’éSrb (Qi - Q

) - (x,’Qi,b Q +Q )«
rbl rb2 . . X

tbl tb2

(Xk‘)s Q ]sZO mrad (per quarter) or 40 mrad (per vear) (3.3-6)
s

where:
X 757”3 = annual average relative concentration for3
releases from the reactor building, sec/m~;
674 76’tb = annual average relative concentration for3
releases from the turbine building, sec/m™~;
(X?@)s = annual average relative concentration for
3
releases from the stack, sec/m~;
Qi ' Q z release of radionuclide i from reactor
e buildings | and 2, respectively, uCi;
Q 1+ Q = release of radionuclide i from turbine buildings
b w2 1 and 2, respectively, uCi;
Qi = release of radionuc.ide i from the stack,
s

HCh
At the BSEP the limiting location for noble gases is 0.67 miles ENE. Substitution

of the appropriate X/Q values into Expressions 3.3-5 and 3.3-6 results in the
following:
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During any calendar quarter or year-

Gamma Radiation

1.17x10° 3§ [\I.[?.Zx 100 @ +Q ).s2x10%@Q - Q )} 8, Q
i ) ‘ebl rh2 ‘tbl b2

< 10 mrad (per quarter) or 20 mrad (per year) (3.3-7)

Beta Radiation

3.17x 108 s N, [7.2x 10”

1

¥ Q. +Q )+ bk2x 107 (Q + Q. ) .

‘rbl rb2 “bl th2

6.3 x 1070 Q ] < 20 mrad (per quarter) or 40 mrad (per year)
s
(3.3-8)

The determination of the controlling locations for implementation of 10 CFR 50 1s
a function of parameters such as radionuclide mix, isotopic release and

meteorology.

The incorpcration of these parameters into Expressions 3.3-1 through 3.3-4 resuited
in the expressions for the contrciling locations as presented in Expressions 3,3-7 and
".3-8. The radionuclide mix was based upon source terms calculated using the NRC
GALE Code and is presented in Table 3.2-1 as a function of release point.

The two or three highest site boundary X7Q values for each release point were
utilized in conjunction with the radionuclide mix and release for each release point
to determine the controlling site boundary location. Since miv~d mode and
elevated releases occur irom the BSEP and their maximum X/Q values may not
decrease with distance (i.e., the site boundary may not have the mghestm
values); X/Q values were calculated at the midpoint of 10 standard distance
intervals out to a distance nf 5 miles. The two or three highest X/Q values for
those distances, greater than the sit. boundary, were also considered in conjunction

with the radionuclide mix and releases to determine the controlling location.
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In the determination of the controlling Iz cation, annual average X/Q values are
utilized. These values are presented in tables in Appendix A. X/Q values at the
limiting site boundary location for releases from the turbine buildings, meactor
buildings, and stack were obtained from Tables A-1, A-7, and A-13 respectively of
A description of the derivation of the X/Q values is also presented in Appendix A.

A particular combination of release point mix and meteorology dominates in the
determination of the controlling location. For the BSEP, the controiling release
point is the stack.

Values for Mi and Ni’ which were used in the determination of the controlling
location and which are to be used by the BSEP in Expressions 3.3-7 and 3.3-8 to show
compliance with 10 CFR 50 were presented in Table 3.2-4. These values criginate
from NUREG-0472 Revision 0 and were taken from Table B-1 of NRC Regulatory
Guide 1.109 Revision 1. The values have been multiplied by 106 to convert from
picocuries to microcuries.

The following relationship should hold for the BSEP to show compliance with
Radiological Effluent Technical Specification 1.2.3.1.

For the calendar quarter

Dy < 10 mrad (3.3-9)

In

DB 20 mrad (3.3-10)

For the calendar year

D 20 mrad (3.3-11)

IN

Y

40 mrad (3.3-12)
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where

Dy s the air dose from gamma raciation. mrad; .
DB = the air dose from beta radiation, mrad.

The quarterly limits given above represent one-half the annual design objective of
Section II.B.1 of Appendix 1 of 10 CFR 50. If any of the limits of Expressions 3,3-9
through 3.3-12 are exceeded a special report pursuant to Section IV.A of Appendix |
of 10 CFR 50 must be filed with the NRC.

3%i.2 Projection of Doses

Doses resuiting from the release of gaseous effluents will be projected monthly.
The doses will be projected using Expressions 3.3-7 and 3.3-8 1s appropriate.

3.3.2 Radioiodine and Particulates

3.3.2:1 Cumulation of Doses

Section II.C of Appendix I of 10 CFR 50 Limits the release of racioiodines anc
radioactive material in particulate form from each reactor such that estimated
dose or dose commitment to an individual in an unrestricted area from all pathways
of exposure is not in excess of 15 mrem to any organ. Based upon NUREG-0133,
the dose to an organ of an individual from radiciodines and particulates, with half-
lives greater than 8 days in gaseous effluents released to unrestricted areas, can e
determined by the following expression:

During any calendar quarter o year-

-8 , , N
37 x 10°, R, (W, Q + WG + W.Q,

v * %liv) < 7.5 mrem (per quarter) or

15 mrem (per calendar vear)

(3.3-13)
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where:

1S

iv

s

v

“I

“v

"

release of radionuclide | for long-term free standing
stack releases (greater than 500 hrs/yr), uCi;

release of radionuclide | for long-term vent releases (greater
than 500 hrs/yr), uCi;

release of radionuclide i for short-term free standing stack
releases (equal to or less than 500 hrs/vr), uCi;

release of radionuclide i for short-term vent releases (equal

to or less than 500 hrs/vr), uCi;

dispersion parameter for estimating dose to an individ-
ual at the controlling location for long-term free
standing stack releases (greater than 50C hrs/vr);
sec/m3 for the inhalation pathway and tritium;
meters™2 for the food and ground plane pathway;

the dispersion parameter for estimating the dose to
an individual at the controlling location for long-term
vent releases (greater than 500 hrs/yr);

se;/m3 for the inhalation pathway and tritium;
meters'2 for the food and ground plane pathway;
dispersion parameter for estimating the dose to an

incdividual at the controlling location for short-term
stack releases (equal to or less than 500 hrs/vr);

1208 '3/
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= sec/m> for the inhalation pathway and tritium:
= meters'2 for the food and ground plane pathwa'y;
w = the dispersion parameter for estimating the dose to
an individual at-the controlling location for short-term
vent releases (equal to or less than 500 hrs/yr);

B sec/m3 for the inhalation pathway and tritium;

meters'2 for the food and ground plane pathway;

217 % 10'8 = the inverse of the number of seconds in a vear;
R. 2 the dose factor for each identified radionuclide i,

of the organ of interest, mrem/yr per uCi/sec per

m~2 or mrem/yr per uCl/mB.

Radioiodines ancd particulates may be released from the stack, reactor buildings,
and turbine buildings of the BSEP. At the BSEP all releases are consicered long
term in duration. Therefore, incorporating the various release points into Expression
2.3-13 results in the following expression to show compliance with 10 CFR 50, for a
particular organ:

. -8 " -
oi¥ % 10 2 R. [“ Q + W (Q - Q ) + W (Q - Q )]
PLLe Ny T ey ez W Thpyp w2
< 15.0 mrem (per quarter) or 30 mrem (per year) (3.3-1%)
where:
L 2 dispersion parameter for releases from

the stack;
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dispersion parameter for releases from

rb
the reactor building;
w th s dispersion parameter for releases from
the turbine building;
Qi s release of radionuclide i from the stack,
) KCi;
Qi , Qi = release of radionuclide i from reactor buildings
rol rb2 | and 2, respectively,uCi;
QK = release of radionuclide i from turbine buildirgs
tbl  "tb2

| and 2, respectively, uCi;

In determining the dose at a particular location, W, as in Section 3.2.2, is a function
of the pathway. For the food and ground plane pathway W is in terms of D/Q. If
the inhalation pathway is considered, W is in terms of X/Q. Incorporation of the
various pathways into Expression 3.3-14 results in the following:

o3 e

G M v s rbl rb2
+ DRy, © =+ )]‘ R, [< XIQs Q; + Xy
tbl tb2 I S
Q  +Q )+ Xy Q )]]
rbl rb2 tbl tb2
<15 mrem (per quarter) or 30 mrem (per year) (3.3-15)
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where:

(D7,

(7,

(o)

dose factor for an organ for radionuclice i for the
ground plane exposur~ pathway, mrem/yr per uCi/sec
per m™;

dose factor for an organ for radionuclide i for either
the cow milk or goat milk pathway, mrem/yr per
pCi/sec per m'z;

dose factor for an organ for radionculice i for the

-2
vegetable pathway, mrem/yr per uCi/sec per m

dose factor for an organ for radionuclide i for the meat
pathway, mrem/yr per uCi/ sec per m'z;

dose factor for an organ for radionuclice i for the
inhalation pathway, mrem/yr per y.Ci/mB.

Annual average depesition for releases from the

reactor buildings, m™2;

annual average deposition for releases from the

turbine buildings, m-%;

annual average deposition for releases from the
stack, m'z.

As discussed in Section 3.2.2, for tritium the parameter W for the food pathway is

based uponn X/Q. The ground plane pathway is not appropriate for tritium.

Therefore, the left hand portion of Expression 3.3-15 may be modified for purposes
of implementation of 40 CFR 190 as:

q ~
SV

()
-
o
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For tritium:

DTx3.17x10 (R.r - RT - RT

+ Ry) | IX7TQ) «» (X7Q).,. © -
. T, [ Qg Qrs ‘ Qrbﬁrm

M B

. w ' (3.3-16)
where:
D.r = dose resulting from tritium, mrem;
Ry s dose factor for an organ for tritium for the milk pathway,
- mrem/ yr per uCi/secB;
R.r * dose factor for an organ for tritium for the vegetable pathway,
¥ mrem/yr per uCi/ms;
RT z dose factor for an organ for tritium for the beef pathway,
) B mrem/vr per uCi/m3;
RT = dose factor for an organ for tritium for the inhalation
! pathway, mrem/yr per ;‘cCi/m3
QT s release of tritium from the stack, uCi;
s
Q.r ’QT 2 release of tritium from reactor buildings | and 2 respectively,
rbl rb2 :
kCli;
QT 'QT = release of tritium from turbine buildings | and 2
tbl  “tb2

respectively', uCi.

Equation 3.3-16 is used to show compliance with 40 CFR 190.

1208 41
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To show compliance with

10 CFR 50, Expression 3,3.15 is evaluated at the

controlling pathway jocation. At the BSEP the centrolling location is a milk cow

0.79 miles in the SSE sector. Expression 3.3-

15 becomes:

.17x10°% 10
;

)

[s.u x 10°
LY

[(Ric _—

) «+

6.0x 10719 Q,
b2

- Q
rbl r

Q. )] . R.
fen2 y s

70x10% (Q  +Q )]]
tb1 th2

[:.o x 1078 Q, + 68x 108 (@

Oi
s

-

1.4 x 10‘8 (Qi
thl

1

rbl rb2

< 15 mrem (per quarter) or 30 mrem (per year)
(3.3-17)

For tritium, for implementation of 40 CFR 190, Equation 3.3-16 reduces to:

-3
Dy =3.17x 10 (RTM . R.rl)

) -

6.8 x 1073 (Qr
r 2

+ Q
bl Trb

[1.0 x 1078 Qr »
S

|

-6
70x106©@. .+ 0O )]
Ttbl T:‘az

{

|

(3.3-18)

The determination of a controlling location
radioiodines and particulates is a function of:

for implementation of 10 CFR 50 for

(1) radionuclide mix and isotopic release
(2) meteorology

(3)  exposure pathway

(&) receptor's age.

1-4
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The incorporation of these parameters into Expressior, 3.3-14 results in the
respective equations at the controlling location.

In the determination of the controlling location, the radionuclide mix of
radiciodines and particulates was based upon the source terms calculated using the
GALE Code. This mix was presented in Table 3.2-1 as a function of release point.

In the determination of the controlling location, all of the exposure pathways, as
presented in Table 3.2-2, were evaluated. These include cow miik, goat milk, beef
and vegetable ingestion and inhalation and ground plane exposure. An infant was
assumed to be present at all milk pathway locations. A child was assumed to be
present at all vegetable garden and beef animal locations. The ground plane
exposure pathway was only considered to be present where an infant was not

present. Naturally, inhalation was present everywhere an individual was present.

For the determination of the controlling location, the highest D/Q values for each
release point and release mode for the vegetable garden, cow milk, and goat milk
pathways were selected. The thyr < dose was calculated at each of these

) locations using the radioruciide mix and releases of Table 3.2-1. Based upon these
calculations, it was determined that the controiling receptor pathway is the cow
milk/infant pathway. The ground plane exposure pathway is not appropriate for an
infant. However, the Ri value for the ground plane pathway was not omitted from
Expression 3.3-16 in the event that a land use census should indicate that a child, a
teen, or an adult is the critical receptor at the controlling location. At the BSEP
the controlling release point and mix is the stack.

Tables 3.3-1 through 3.3-19 present Ri values for the total body, Gl-tract, bone,
liver, kidney, thyrcid, and lung organs .for the ground plane, inhalation, cow milk,
goat milk, vegetable, and meat ingestion pathways for the infant, chiid, teen, and
adult age groups as appropriat2 to the pathways. These values were calculated
using the methodology described in NUREG-0133 using a grazing period of 8
months. A discussion of their caiculation is presented in Appendix C.
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In the determination of the controlling Jocation annual average D/Q and X/Q values
are utilized. D/Q values at the limiting real pathway location for releases from the
turbine buildings, reactor buildings :nd the stack were obtained from Tables A-3,
A-9, and A-l5 respectively of Appendix A. X/Q values at the same location for
these same release points were obtained from Tables A-l, A-7, and A-13 of
Appendix A. A description of the derivation of the various X /Q and D/Q values is
presented in Appendix A.

Long-term D/Q values for the stack, reactor buildings, and the turbine buildings are
provided for the midp. nts of the following distar ces:

0.0-0.5 mi., 0.5-1.0 mi., 1.0-1.5 mi., 1.5-2.0 mi., 2.0-2.5 mi., 2.5-3.0 mi.,
3.0- 3.5 ming 3-5‘“.0 mi., “oO‘“oj mio' ar’d “n"joo mi.

These values appear in tables in Appendix A. Thev may be utilized if an additional
special location arises different from those presented in the special locations of
Table 302-20

The following relationships should hold for the BSEP to show compliance with BSEP
Radiological Effluent Technical Specification 1.2.4.1

For the calendar quarter:

D, < !5mrem (3.3-19)

For the calendar year:

D, < 30mrem (3.3-20)

where:

D, = the dose to any organ r from radiodines and particulates,
mrem.

1208
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The quarterly limits given above represent one-half the annual cesign objective of
Section [IC of Appendix [ of 10 CFR 50. If any of the limits of Expressions 3.3-19 or
3.3-20 are exceeded, a special report pursuant to Section IV.A of Appendix [of 10
CFR 50 must be f'led with the NRC.

3.3.2.2 Projection of Doses

Doses resulting from release of radioiodines and particulates will be projected
monthly. The doses will be projected using Expression 3.3-17,
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1 i P 1,342 05 8 2,798 99 1 3,218 09 ¢ UaJdO0S=J)1 3 J,002=)1 3 D, 00E=31 § .M A=D1 & 0.005=01 %
B b IR —— - - - - - .- - ——
AT L T 2,502 I% 3 1,172 29 % 1,14%% 04 5 3,/71E 05 3 §,.822 05 ¢ U.J0E=D1 ¢ 0,U0r=01 JOS=0]
-———— - ————— - ————— - —————————— - - - - ———— - ——————————
3w b 3,198 04 ¢ 4,772 03 3 1,402 05 8 1,798 s § 7,70% 04 ¢ U, J0B=)] t U,)05=01 § 0.005=01
R e e T —— - D L T ———— * - >
1193 P 2,04E 0% 3 2,538 M3 8 4,742 % 3§ .092=01 1 1,312 07 ¢ NI ¢ I,.3%8=N ¢ I, ME=01 §
- —— e e e e b T pep—— - B — . ———— - ———
2175 3 2448E N1 3 1,292 1M 8 1,¥18 N4 3 N, Ms=NI 3.7/5% N5 ¢ G.,0)e=01 § U,J0==0]1 % J,008=1 3§

)

- ————— - — - —— - — -

Al P 5,238 %6 § 4,23%

- DR

1

131

- -

) 1,132

- ————

N ¥ i,

.
-
.
. .

BE O/ 2.0%5 07 3 U, JE=)]

v

W ———————————— - ———————— - —————

=01 3 0,27%=01 3}

- —————— ] - — - A —————————— ] ———— - ——— - - - ——————— - —————————
=121 ? 5,128 D7 3 1,435 )0 ¢ S,02E 03 8 1,305 03 ¢ 2,945 N 3 1,23F 18 3 N.00Z=Nl § O, NE=N] §
- ———— - —————————— " ————— - - W ———————————— - - ——— W ———————
TEI2:8 5 ALTIE N1 & 1,505 N9 3 2,938 03 3 1,118 N9 § 1,248 N0 § |,92E N3 § 2.0 = § 2. 9C=N] %
———————— i ————————— " ————————— . —————————— W ————— - ——— -~ - - - e ——————————
12 $ 5.81E D7 ¢ J.04E D7 3 3,0/8 OT 3 1,158 08 8 1,932 0 ¢ 3,/3E 17§ J,Me=D § N.NE1 3
—-———————————————— - —— —— - - —-————— - T - - - - -
: 532  2.215 I 3 2.8% DM 8 S.AIZ2 N 8 1,498 92 8 2.37= N2 § 5,218 03 5 D). M==D] § V.ME=1 3
- ——————— " ——————- - - - - W —————— - ————— - ——
133 14128 D75 8 3.3NE 9% 3 2.11E 79 8 3,575 N6 1 6.4 76 3 5,37E 793 1 2. M%< § N M= &
- —— - - —— . - W ——————————— - ——— . ————— - —
[ 135 § 3712 M 1 1,202 M 3 4,752 N4 § 1,768 D85 ¢ 1,79 25 3 7.7 N6 ¢ ). 002=01 3 0.002=01 3
p— - T ————————— -> - > - - ————— - ————— . ——————— - ——
.31 34 T 5,335 07 % 1,395 23 % 4,542 02 ¢ 1,038 10 ¢ 3,495 N0 § 0,0)E=N1 § 1,145 99 3 N, ME=N 3
- - - W ——————— W ———— - W - - - o —————————
31 55 t 1,198 )3 ¢ 1,83E ) 128 07 3 1,4%8E 03 3 9,215 N7 3 0,78=01 § 1,245 07 ¢ A, 0E=N] 3
-——————— . —————— - ——— - - B —————————— " —————————— - —— - - - -
~S127 ? .96 N9 3 1,752 23 § 4,932 29 ¢ 9,078 (00 3 3,728 N0 § N, Me=N] § 1,728 NV 3 0.NE=I1 3
P p— - - - - ————— - P - - - -
igNl14) P S.40E 9% ¢ 2,848 ¥ % 238 N3 2 1.A1% N8 3 S, 47E N 3 2. M= § 4,228 %2 3 N, MNME=N 3
- ———— - - - - - - ——— - - - -
<2l E 1,708 M S A, T3 F 1,908 08 F LadiE 08 § 5,002 ' 3 L YEeOl ¢ VY™ £ 0NN 3
- ———— o — . . " - - -
22144 3 1078 29 3 1,088 10 ¢ 3,192 OF 8 1,325 07 3 1,893 74 ¢ Q. 00E=)1 &t D,70:=01 § . 1NE=S) 3
- > - - - - - - - - W - T —— -
w4 VYALUZES L. J- S NF MREMYR PER ICIN=Cl/awe3 EOR [UHALATION AUD TRITIUM, AUD [ UNMITS nF

»
-
2t AICHO=C]

lh~
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Yiew
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TAZLE 3.3=3

AATHIAY = VEGET

K VALUES FOR THE

SHUNSAICK STEAM SLECTRIC PLANT#

AG= JrDUP =JUALS TE:2N

WeLiIng Fe30DY S1=TRACT JONE LIVER KIONEY MYROID LUNG SKIN
-———— ———— - —— > - - —— - - - - -
4 L] $ 2.41E O3 & 2.41F D3 8 ,008=01 ¢ 2.81E N3 ¢ 2.618 N3 ¢ 2,51E 23 ¢ 2.61E 7% 1 2,618 N3 3
- - - - - - - - — > - -
2 32 t AE0E DT 8 1,472 03 3 1,752 09 3 1,096 08 ¢ 0.00E=71 ¢ 0,7E=1 & I,ME=N] ¢ N,ME=NI
———————— - ————— - - - > - - . - -
o2 81 $ AGHIE D4 3 1.03E 91 ¢ N,008=01 ¢ 0.00E=01 § 1,348 Na ¢ 3,398 04 ¢ 3,722 N4 § N,NE=D] ¢
- —— - * - - - - * - R d
' 24 t 3,198 OF § 9,002 D3 § D,005=01 3 1,432 08 ¢ 1325 98 3 0,00E=N1 3 2,005=)1 § D,M0E=I 1
- - > - - - - > - - - - - ———
s 59 i 1.A0E I8 3 9,735 28 3 1,772 08 8 4.14F 08 & 0,002=91 3 C,00E=D1 3 1,30Z 03 & 0,7E=01 3
- - - — - - - - * - - —-—— -
N 53 $ 9,108 17 ¢ B,45E 03 3 D,00E=01 § 4.25E N7 3 0.,00E=01 : 0.0UVE=21 3 ).005=01 3 0,00E-01 3
—— - - - - - - -, - - ————— - ——
<0 A) P S,975 93 1 3.22E Y9 ¢ N,ME=N1 ¢ 2,47E 23 3 0.7ME=N1 § 0.Me=71 § 2.7==01 § 0,C72=91
—-———— - —— - - .- - - - - - - —— - - —
IN 0% ? S.08BE N3 ¢ 1.49438 N3 5 5,39 N3 & 1,38E 29 & 1048 M9 3 N, ME=T 3 2, ML 3 9,07%2=D 3
———————— - —-— - - - - - - ——— - - ————————— - ———————
43 3% 3 1,37 A3 § A.09E A1 3 V.NE=01 3 2,768 33 ¢ S.0722=01 3 2,ME= 3 7.75=01 3 N.ME= 3§
- ————— - - —— — - - - - ——————— - — - ——————
S 3v¥ $ AJIRE N3 § 1,315 99 3 1,825 10 ¢ 2,7ME=2 3 23.ME= 3 0,7E=71 3§ 2.7MME«" § 0,ME=N1 3
- T —— - - - - - — - ———————
3% &) t 2,08 (| § 2,.33E 10 3 3,325 11 ¢ D.,0NE=01 3 0.,NE=D1 3 0,70=2=21 3 T 0=2=01 ¢ I, N==01 3
—————— - - - - - —— - —
¢ 7 $ 2.NAE N8 3 3,188 Vs 8 1,535 % 3 N.ME=I § 0, 00E=U1 3 0,00E=21 § U,002=01 5 1,00z=01 3§
- ——— - ————————— . —————————— - - - — - —— - ——
2 ws t 3,888 N8 3 1,235 02 3 1.A7E N6 3 5,388 05 § 7,358 05 5 U.098=01 § J,002=01 3 C.00E<DI 3
- —— - ——— - - ———— . - - - ———————————————————
in 3 A,17E 94 § 4,435 %5 3 1,378 05 § 1,N8E NS ¢ 1,722 N5 3 N,NME= 5§ V. M==21 § 2.7=01
- ———— - ———— - - — - - > - - -
$td1 73 § 2,40 NB 3 B,565 I3 ¢ 5,732 03§ 2.ME=N1 § 2,392 07 § 0, ME=D § 2,7MME=7 ¢ N,T02=01 3
[ —————— P A il - - - ————— - ————————
s t 3,935 A7 3 1,508 110 3 3,122 N3 § D,MME<01 § 6,922 28 1 D0.9NE=11 & D, ME=N § 2,792=21 3
[ —— S ——— i - - - ——— - —— - -
G110 i Y,395 05 § 4,34E UV & 1.832 07 ¢ 1,542 07 3 2,93 07 8 U, 0U8=01 §% J,u02=21 § 0,008=J1 3
- ——— - - - —— - - P - - ——— W ———— O - ———— - —— -
TEID/ 3 W, A48 D7 8 1.73E 07 3 T.935 08 ¢ 2.81E U3 ¢ 3,22% 09 ¢ 1.89E 08 ¢ J,002=0!' § 0,002=01 3
- ——————— ] ——— - - * om—- P - - B - - —
JElde $ S.795 0T 3 1,515 9v ¢ 4,295 083 ¢ 1,525 08 3 1,792 Q9 3 1,345 24 ¢ 9),7MM3=01 & C,NME=D1 &
- —— - - - > - - — - —
[ 151 $ B, TIZ 1 8 2,138 21 3 1,535 O 8 1,072 08 & 1,358 02 3 3.142 10 1§ 2,7M2="1 ¢ N.NME=N] 3§
- - - - - - .- - - - ——_————
[ 132 $ 4,72E N1 8 5,725 D21 % 5.025 01 ¢ 1,316 02 ¢ 2.075 02 ¢t 4,432 13 ¢ 2.MESI ¢ N.N0E=01 3}
—-———— - —— - - - - - - - —-——— - - - W —————————
i 133 § 1.01E D8 ¢ 2,515 2% 5 1,992 05 § 3,328 9% ¢ 5,433 08 § 4,54k 0% 3 U, U0E=0l 3 0,902=01 3
- - - —— W ————— " ————————— T ——————— ——— - —————— - —
[ i35 t A.49E D4 8 1,042 05 % 3,952 U4 1 9,428 04 § 1,492 0% ¢ AD4E 24 ¢ D, 002=01 3 D,008«01 3
- - - - - d - - —-—— - P - ———
el 34 t T.9A2 09 ¢ 2.02E N3 § 4,905 09 3 1,925 10 8 5,142 29 ¢ 0,00E2=01 ¢ 1,972 00 3 0,00E=01 3
——— - - - .- - - ——— B - —————————— —————————— - ————
<3125 3 1,138 N3 ¢ 1,358 07 ¢ 4,238 07 1.88E 03 5 9,145 N/ § U, JOE=01 § 1,44C Q07 ¢ ©,005=J1 3
— - W ————— . ————— - - - - - o ——— ——
<3147 § 4. v0E D9V 3 2,002 09 % 1,098 10 3 1.41E 10 3 4,74% 09 ¢ U.00E=)1 ¢ 1,468 C? § 0,002=01 13
- - - - —————— - —— - - B ————————— - P - -
3A14) $ 3.45F 08 3 2,128 04 ¢ 1,332 03 ¢ 1,499 05 ¢ 3,/2% 04 ¢t 0, 0=01 ¢ 1,142 25 ¢ C.00E=I1 3
———————————— - ———— - - - e g > B - —————— - ——— " ——————————
3lal § 2,023 I3 ¥ L9295 U3 % L idie B fed@k > 3 A,1)02 )4 § UL 2 l=ii Je Vismdl § Q. Ulum=Ul 3§
——— - - - - A —— B ——————————

-

.
$ 5.04E 01 ¥ 2,0
-

N0'i=01 & 0,0E=D1 3

o ——— "

-
U J0E=01 ¢ O,
-

2141 $ 2. TIE OA & 1,218 1D €07 ¢ 1.2 07 3
- - - - - - *
! VALUES [} UIITS OF EWYR P8R HICR0=Cl, <3 FOR [HMALATION AN TRITIUY, AJD 10 UHITS
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)

TASL: 3.3=-4

#AlR4AY = VEGET

= >p 1 &
sclalc PL

i

AiT=

AGs JuuP = ALS CHILD
el lls Fe.30NY Jl=THACT HIIE LIVER KIONEY THYkOI) 1.UMNG SKIN
- C—— - - A - — - - - B - ——
3 § .04 I3 % 4,945 U3 ¢ ),02s=01 ¢ 4,045 03 3 4,047 03 ¢ 3,04E 03 ¢t 4,045 03 ¢ 4,04E 03 ¢
- —— - - - - > - - ——— - > - -
w32 P 1,426 U3 8 1,018 93 ¢ 3.975 092 3 1,725 €3 3 9,208=01 8 C,J00E=01 1 ).00s=01 § L,002=01
- - — - —— - - - - - [ —————
il 51 $ LJIAE 7% 3 8,152 04 t 0.00:=01 § 2,2008=01 ¢ 1,765 04 ¢ 5,44k V4 ¢ P18 2% ¢ 0,008=01
- ——— - —— — - - - - - - ————— - - -— -
st 54 $ 1.73E 03 § 5,448 3 ¢ N,))E=N] § 5,49 02 3 1,825 N3 & N,OE=)1 3 2,N0%=N1 § 2,NE=01 &
- ———— - - - —— - - - - - —-— - —— —
=3 5V $ 2,175 93 § 5,428 23 & 3.937 03 ¢ 5.3%9E 03 ¢ 0.708«01 ¢ O,00E«D1 3 1,345 23 1 0,N2E-01 3
- - - - A —————— - - ——— - - *
Y 93 $ 1.82E N3 1§ 3,445 03 ¢ D.003=01 § 4,27E 07 & 2.9092=01 3 Q,ME=DI 3 2,002="1 3 7.7==1
— o ———— - —— - —————— . - —————— ——————————— - ——————— - —— - ———
s 40 $1JIIE I 3 2,048 79 3 2, NE=01 § 3,73E 04 3 0,005=01 § 0,ME=T & I,072=91 1 N,7E=D 1
-———-—- - - - - - - - —— - - ———— -
Zi 4% $t 1.I0E 70 § 4,812 03 ¢ 1.038 00 § 2,748 29 ¢ 1,732 29 3 N, ME=I 3 2, ME=N 3 N ME=NI
—-———— - - ——— - - - - —  —————————— - ———— - -
2 43 $ 2,415 04 ¢ 2,945 O 3 Q,U33=01 § A,55EF 02 3 0,7MME=01 3 O, ME=I1 3 N ONE=N] § N,NIE=N] 1
- - - - - - - - - W ——————— - -
AR 39 P 1,032 9 5 1,40% 09 ¢ 3,825 19 § 0,003=01 & 0.0N3=01 3 C,N0E=N1 § 2,00E=01 ¢ 0.7E=01 3
——— .- - - —————— Y ————— > - - - ————— - ———— -
w o ¥ § 3,498 11 8 1.845 10 ¢ 1.362 12 8 D.0NE=)1 & D,202=21 3 0,108« &t 2,M0==D 3 0.N0E=D1 3
—-———————— - - - —— - - ——— - —————— - - —
Yol P AJ49S D% ¢ 2,443 29 1 1,832 07 3 2,70E=01 § 0, M3=01 3 0,)02=01 § 2,70:=01 ¢ 2.008=01 3
————— g - - - - —— » - o ———————————— T ———— —————
0 v t 1,845 I% ¢ 2,015 0% 3 2.M02 05 3 3,352 05 ¢ 1,292 04 3 Q,00E=)1 ¢ D,00=2=91 3 D.)0z=01 3%
- - - - —————— - - - g [ ———————
R $ 14122 )5 8 2912 03 8 4,942 05 8 1,578 0% ¢ 1,438 9% 5 0.008=)1 ¢ J,N05=)1 § 0,708=D1 1
- ————————————————— - -——— - - “‘---——-—-—Q----‘---—‘
(wl?23 I DGIBE NB 3 34748 N3 8 1,322 OF 3 J,00E=ul § 3.348 7 ¢ U, E=01 § U, 0E=0] 3 ), 0I5=01 3
- ———— - ——— - - - - o~ - > - - —————— - - -
179 § 2.3%E N 8 Ll tl= 10 3 7,922 0% ¢ 2,008=0! 3 1,022 09 ¢ C.00F=)1 ¢ 2,)0:==01 3 U, )N=Z=J1 %
-———————— - - - —————— - - . - Iy ——— - -
ASIT0% 8 .87 07 ¢ 2,735 09 1 3,455 OF 3 2,348 0/ ¢ 4,358 N1 1 0.,ME=T § 2.7M2= & 2. ME=I| 1
- ————— - ————— - —— * - ——— - - - - -
PSI27 % 3 2,268 03 1 1,538 09 & 1,903 09 & 5,125 U8 & 5,423 09 ¢ 4,538 da 8 2.003=01 & N,008=21 ¢
- —— - R W ————— - - ———— B —————————— - ————— - -
TEI2V 0 3 1,588 03 § 1,225 )9 8 9,935 03 3 2,795 08 ¢ 2,938 09 ¢ 3,228 M4 3 ),005=21 & C.0)E=01 3
- ————— - —— - - Ad - - ——— - P - >
] § S 18K N7 ¢ 1,255 M7 8 1,432 03 1 1,848 O3 ¢ 2,355 08 1 4,75E 10 3 0.,005=01 3 0,008=01 1
—-———————— - ——— - - - ——— - - - ——— - —— -
I 132 § (I R3E D1 1 1,432 22 8 H.9205 OF ¢ 1,942 02 ¢ 2,512 22 ¢ 7,50€ 33 3 1,008=01 ¢ o 2Ju=0D] 3
—————————— - —— - - - —————— - - - —  ——————— - -
I 133 $ 1,478 0% ¢ 1,732 28 ¢ 3,572 05 3 4.425 06 & 7,358 96 ¢ B,21E 29 § 0.005=01 ¢ 0.27:=01 ¢
- ——— - ————————— - —— - - N ———— - —— - - ————
I 135 § 5,945 N4 .8 8,922 M4 5 A.392 N4 3 1072 2% 3 1,098 95 ¢ 1,24k 97 3 0,00==01 § U,D0JE=01 3
- ——————— . - - - - —— . ———— - —— - - —-—
8513 § 9,405 I 5 1,235 N3 5 1,542 10 3 2.8A% 10 3 7,932 09 ¢ Q.UE=01 3 2,848 09 8 Q.NE=01 3§
-—————————— - —— - - ——— - - - - - - ————— - ———
~Si 30 t 1,338 Ng 8 [LJ72 76 5 3,048 07 3 2,215 93 ¢ 1,13E ©3 ¢ U, E=01 3 1,./4: 07 3 J.DIE=D1 3
- - - - - - - B - -——— - —
oS1317 T 2.S2E 09V % 1.595 08 8 2,495 10 ¢ 2,39 10 § 1,738 19 ¢ O 0E=1 § 2,308 O+ & 0,0E=01 3
————————— - - - - > - > - - ——— .-
sAl4) 3 1,91 )1 % 1,492 22 ¢ 2,793 03 ¢ 2.128 05 ¢ 7,3/ 724 ¢ 0,006=01 3 1448 05 3 2.,N)==01 3
- - L —— - - B - - - (PR —— e e
-zt $ A TR M ¥ Juvte Y5 9,825 U 3 3L, B ¥ 1,882 08 1 g Vreul 8 O izeul 8 Dariz=dt 8
—-———————— . —————— - - - W —-———— - - o —————————— T ——_— - ———
o=l 44 T A, 498 0% 3 9,945 09 1 1,225 03 ¢ 3.31E O/ 3 2,112 AT ¢ D,ME=I1 § 2,M=2=91 3 N.NeE=N1 3
- — - > - - - - - —— - -
wd VALJES I UMITS OF IRE W/YR PERR (1SH0=CI/'\*x3 FOR [MAALATION AMD TRITIVM, AND IN UINITS OF
1redaigsd/id PE< “ICHG= /52 For ALL OTHLAS
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TA3L: 3.3=3 N VALUSS FOX THE 3qUN3SHICS STZAM ELECTRIC PLA'T#

YATHiAr = 4
AGE JH'WP =
T

oL 1DE i I=TaACT BONE LIVEx K1 WEY THYROID LUiG S<IN

PRt - - P S - * R S
1 3 § 3,27 N2 3 3,218 M2 8 2.M5=0] 1 3,272 M2 % 3,212 2 ¢ 3.,27E N2 ¢ 3.2ig 72 ¢ 3218 2 ¥
- ———————— - - - —— . - - - - - ———— »>
r 32 t 1JIBE N3 8 3.43E %3 1 3,752 07 8 1,.39€ 78 & 2.Me=21 & 2,7E=71 & 2. ME=01 3 Je DDE=DI §
- - - - - - > ----.-0---------.o--------.—.--------.....-------0
oif 51 t 4.27E N3 8 1.N8E 7% 3 D.ME=D1 1 N.M0E=01 8 V428 N2 ¢ 2,558 02 ¢ 3,572 23 ¢ J,0NE=01 3§
- — - —— - — - - - ————————— - — - - — >
il 94 t 1NBE M8 1 1.T1E 31 1 2.M75=N1 ¢ 5,51E Uo 8 1,452 06 ¢ U, N0E=01 ¢ J.¢ t 0,005=01
> - — - - ——— - - ——————- - —— -
= 3v § 1 33E N3 § 1,252 07 % 1,878 04 & 3./4E 08 § U,U3=0) 3 U,QUE=01 & 1,045 OB ¢ Q,006=01 3
- - - - - - - - - - - -
() 34 2,435 D1 1 2,208 03 3 2.,002=U1 % 1,038 O/ & 0,005=1 3 Q,20E=D1 ¢ JeN)s=I]l § ), ,0JE=DI1 3§
- —-——— - ————————— . —-—— - - —————— - - -
=) 49 t 1.03E 08 & 2,798 03 3 D.00E=01 § 4,558 07 3 N.ME=N1 3 V,7E=71 § 2.7%E=71 3 N.MME=N1
- - - - - ——— - - - - B - ————— - —
Z4 89 t 3.38F N2 3 4,939F 08 8 2,478 04 8 T.91E N8 3 3,298 N8 1 9,7ME § 2.ME=1 § I,7ME=01 &
————————— T ————— - . - ———— » - - - - ——————————
“8 35 $ 1,428 039 ¢t 6,000 07 1 Q. U0E=01 ¢ 3,04E s 3 0,203=01 § Q. )NE=D1 & J.9002=01 1 0,00E=01 3
————— - - - - . - - - - -
35 MY $ 3,235 948 & 2,925 O7 & 1,322 03 8 0.008=01 3 0.00%Z=)1 & 0,208=21 3 2,702=01 3 I,00E=01 ¥
- —————— " — - e - ——— - > - B - ——
32 99 $ 2,028 39 § 2.335 25 8 3,228 02 8 0,00E=01 ¢ 0,)08=D1 3 0,U0E=01 ¢ J,002=01 1 JJNIE=D) 3
- - - - —— - - - - o ——— —
{ I t 1.90E D4 ¢ 2,71E 09 % 5,752 05 1 2,008=01 ¢ 0,20%=01 ¢ 0,00E=ul 3 U,00E=01 3 2.7MME=01
-———— - — - —— - - - ———— - - P —— - - ———
¢ 93 $ 2,438 05 3 1,148 0V % 1,128 08 § 3,998 05 & 5.645 05 ¢ C.O0E=01 § D,10E=D] 3 2,0%E-01 ¢
- - - - , - > - PO —— e ————
2 =3 $ 4,125 05 § 4,453 29 % 1,345 0o 3 7,555 05 ¢ 7,532 05 1 0,006« 3 J,208=01 & 0,7%E=01 3
-———————— . —-————— - - - ——————— - - - - —————————— . —————————
13 § 2,128 07 % 1,338 27 % 5,323 01 3 Q. UUE=U) 8 2,412 08 & Q. 00E="] 3 3,00E=01 3 J,00E=01 3
- ——— - - - W —————————— - - - >
HEREY P 2. 19E UM ¢ 1,125 11 8 1,738 U7 3 D.,00%=01 § 3,335 7% & 0,00E=01 & 1,702="1 3 2,002=01 ¢
- - . ——————— - - — - P - - —-——— - -
AGIID! 3 2,348 20 8 1,415 09 8 4,272 08 ¢ 3,955 0% § 1,742 28 ¢ 0.)0E=)1 & ),70==71 & N,0%E=01 3
———— - - > * - - , - - - —————————
FS127% 3 1,008 2% 3 2,748 09 § 3,225 N3 § 2,945 08 ¢ 3,342 00 1 2,10E 78 ¢ ), N0E=I)I 3 0,7MME=)1 3
- ——_—— " ———— - - - - [P ———————p— A
FEI29" 8 1LITE M3 ¢ 3.7/35 02 ¢ 1,408 03 § 2.7/42 03 3 3,002 70 ¢t 2,54E 22 ¢ ), 008=01. 3 2.228=01 %
- - - - - - - - - —— B ————————
I +3) $ R ITE N6 § 2.%%E D5 8 [.048 U5 8 1,212 07 3 1,735 Q7 ¢ 3,308 J? ¢ 2,008« 1 O,008=01 3
- —— - —————— - - ———— - - —— B - ——— R ——
I 133 $ 1.591S=D] § 4,455=01 § 2.533=01 § 4,995=01 § 3,695=01 § 7,29E 01 t 0,008=01 s J,02E=71 ¢
-———————— . —-———— - - * - - - . ————— - - -
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- - - - - - -~ - - -

Si2 3y $ 5,248 N7 § 2,932 N3 5 1,332 0 3 0.095=01 8 0,M==N1 3 0,7E=T1 & 2,NMz=N1 ¢ I,70%=21 §
———————— - ———— - - A —-——————— - - - ———— - - —
SH »2 3 LoB%E 179 3 1,848 99 3 5,472 119 3 2.0%=1 3 N.M0=2=1 § A.7E=21 3 2.M==01 ¢ 0,00:5=01 3
- — - - - - —— - A ——————————— -, - —_———— - —

Y 7 3 1.04E N1 1 3.37/E N5 % 5.138 N2 ¢ 2.0%=01 § 0,205=01 § 0,00E=21 3§ 2.,008«C! s 2,00£=01 3
- - - - —————— —— - - - - - —————————
25 ¥3 ? 1.46E N1 § S.98E T2 3 5,745 01 3 2,185 01 ¢ 3,392 01 ¢ O,00E=J1 & Q0,00E:«01 3 0,008«01 3
—-——— - - —-— - - - - - - - - —-—
8 ¥5 $ 1.7/8E I3 8 2,018 N7 3 5,942 03 ¢ 3,31E 03 ¢ 2,278 03 3 V.U0E=Q0) 3 J0,30E-01 3 C.008=01 3
- - ————————— " —————————— - ————— - ——— - ————— - B —————————
U103 $ 3,188 D1 3 #,358% 03 ¢t 7,332 01 3 0.008=01 3 2,202 02 3 0.,00E=01 3 2,202=ul & 2.,00E8=01 ¢
- - - - - - - - > - - -

2J 104 $ 1.Y2E 02 3 UoslE 28 3 1,322 03 3 0,908=C1 8 2.93E 903 3 0,00E=01 3 0,00=«01 ¢ C,00E=D1 3
).—---..-..0---— - — -  — - - - - -
AGIIDY 8 2,458 Q28 ¢ 1,048 U9 1 4,452 05 3 4,125 05 1 8,113 05 3 J.U0E=J] 1 D,002=01 3 0.00E=01 3
> - - —— - - —— - W - >

TEI27 § 4,92 05 3 1,34 27 % 3,252 05 % 1,45E 08 ¢ 1,545 07 3 1,33€ 7% ¢t 1).00%=01 &8 0,07C=01 3
—— .- - - ————— A ——— P - - - -
TE129  § 7.63E 25 8 2,342 01 % 4,695 08 3 1. 75E 268 3 1,992 07 ¢ 1.%1E 2% 3 0,0202=01 3 0,005=01 3
————— P - —— - - - - — - -, - -
I 131 t 1,718 73 § Y, 735 N7 3 2,332 N3 ¢ 3,332 18 ¢ S.712 N3 ¢ 1,076 11 § Q.00:=01 & 0,002=01
- - - - - - - - - - - -
[ 132 I 1.235=0] ¢ A, 515=02 ¢ |,325=01 3 3,52Z=01 ¢ 5,51Z=01 3 1,235 Q1 s Q0,00E=01 § 0.,2%E=N1 3
- - - - - - - - - - -
. i 133 t 1.582 704 3§ 4,958 04 3 3,175 0A § 3,515 04 s 9,512 08 ¢ H,10E 03 ¢ 2, NNS=N1 3§ N.MME=D 3§
- - - - - - - - - - -
I 135 $ 1.ABE N4 ¢ 2,322 24 ¢ 1,125 D4 3 2.74E 24 3 4,TIE 774 § 1.,74E 7% & J.M==7 § 2. 202=91 3
- - — - - —— - - - - - - -

SSi3a § 2,018 11 8 4,318 N2 3 1,032 17 3 2.,46E 19 % 1.9712 N9 3§ N,99C=01 3 2.65E 05 § N, NME=D 3
—-——— - - - ——— - - - —— —————————— - —— - ———
wsi3S $ 1,42 N9 § 2.248 03 ¢ 4,995 03 1§ 1,776 O ¢ 1.12€ 972 ¢ 0.7E="1 3 1,528 23 ¢ 2,78« 3§
- - - - - - - - > - - -

2131 $ 1278 10 % 3.74E N3 ¢ 1,412 10 3 1,932 10 ¢ 5,558 092 3 0.,00E=91 § 2.,13C 29 ¢ 0,00E=-01 3
- - - -—— - ————— W ———— - ———— - - - -

14140 $ 1,358 N5 ¢ 4,238 04 ¢ 2,045 0% ¢ 2.58E 23 & B3,713E 92 ¢ 0.N0E=01 3 [,4%5 "3 1 N,7NE=D] 3
- - - - - - - - - B - —————— - ———
=14l $ 2.962 U1 8 w,ud= 1 b 3,495 02 8 2,358 02 ¢ 1 108 U2 8 Usxim=UL 3 O.)5=U1 § O,0)i=)1 %
- - - - - - - * - - -—— -
22144 ? 1.34E 03 5 3.715E 0% ¢ 2.353E 04 3 1,035 04 ¢ 5,395 N3 3 0.,2E=D1 ¢ O,N02=21 3 2,00E=01 3
- - - - - * — - * —— -

#) VALJES [0 UMITS OF “RE4/YQ PER AIZR0=CI/4w=3 FOR INHALATION AND TaITIU4, AD IW JNITS OF
twnld="1HZ /YR PER 4ICRO=CI/SEC FOR ALL NOTHERS
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TAZLE 3.3=13 R VALJES 5ni) THE RUISHICK STEA ZLECTRIC PLANT»
DATHNAY = SOATMILK
AG= JxMUP EJUALS TEEN
Welius T« 300Y Gl=TRACT HOME LIVEK L1ONZY THYROLID LUiG SKIN
-———— - - - —— - - - - — - —
4 3 2,048 03 ¢ 2,082 23 % J,008=0) ¢ 2.04E 03 5 2,042 03 ¢ 2,04E 23 ¢ 2,08 03 ¢ 2.04€ 03 3
- - - > - - - ———— -——— - - -
- S 3 v.002 09 8 2.,99E OV 3 2.442 12 1 1,33C 99 ¢ Q,00%=01 § U.00E=J! & 0,008=01 & 0,00E=O01 ¢
—-—— - - - B —— — - * - * ——— -
ot 51 $ 3.53E 23 3 8,108 95 5 C.00%=01 3 Q,008«01 & T,v3% 02 ¢ 2,92 ¢3 ¢ 5,188 03 3 0,00:=01
- - - - > - * - - - - - - - - —
G 54 § 2,038 95 ¢ 2,198 25 § D.N08=D] & 1,028 08 3 3.05E 25 ¢ GC,I0E=01 s 0.,00z«01 3 J,00E=01
- - - - —— - - - - - -
=€ 59 ¢t 3.83E N5 § 2,225 N4 ¢ 4,038 05 ¢ 9,40E 05 & 0.00E=D1 ¢ 0.,008=)1 & 2,94 C5 3 0,00==01 1
- - - - - - -, - - - - -
on 54 $ 1,308 % 3 7.80E 75 8§ 0.,008=01 § 5.4%5E 05 t 0,008=01 § J,002=21 ¢ 0.702=01 t 0,00E=01 §
-—— - - 0-,-.-—----‘----—a----.----“--“Q —-——— - * —— -
N %) § ALBBE N3 & 2,59 O § N.008=01 & 2,078 26 ¢ 2,)08=21 & 0, U0E=71 & 0.,NCE=01 ¢ 2,00E=N1 3
- - - - - - —————— - - —— - W - -
Z4 45 $ 2,348 23 % 2,908 03 3 1,778 03 3 S.13E 08 ¢ 13,9238 08 & C,2ME=D1 3 2,2MELL1 ¥ N,NE=D] ¢
—-———— - - - - - — . - . —————— - -
35 34 § 1,488 24 3 5,245 07 ¢ J.003=01 t 3,542 08 &% 0,00%=21 ¢ 0,22%=21 ¢ 2,00==01 3 O,V0E=Q1 3§
- ————— " ————— - - - — - —— - - — - —— - ———————————
31t 39 t Y.95E N7 8 4,012 73 8 3,373 N7 3 N,70E=C1 3 D,ME=N1 8 0,203=71 ¢ 2.703=01 ¢ Q,07E=01 1
—-———————— - - - - - ————-— - - - ——————
54 ¢ $ 2.27E 17 8 2.83E N9 8 9,138 10 § 2.00E="1 3 2.ME=N1 § 0,00E=01 ¢ J,002=01 ¢ 0.2%E=0! &
- ————— - —— - —— - - - - - - - -————————————————————
Y /1 § 3.026 M ¢ 4.625 N5 3 1,135 93 3 2.0%eN1 ¢ 0,0JE=21 & 0,U0E=01 % J.008=01 ¢ 0,00E=01 3
—-———— - - - - - ————————— - - -
28 93 $ 2,542 ] § 8,878 04 ¢ 1,138 02 ¢ 3.725 O § S,47E 21 1 0, ME=I1 3 2,7M2=7 § 2.,7ME=71 1
- —— - W ——————— —————————— T —-——— -, - —-———— - - W ———————————
%03 1 2,008 03 8 2,4NE 7 % 1,012 04 3 3,826 03 3 5,438 23 1 0,7ME=01 3 M7 3 0,ME=I 3
—————— - - ——— - - -~ - - - —————— - -
J123 § S.98E A 3 1.09E 94 ¢ 1,392 02 3 2,0E=2 1 4,692 22 & 2.ME=21 § 1,727 § 0,0==00 8
- - —— - - - - - > - B ——————————
W5 $ 3.501E 02 8 1,342 05 ¢ 2,798 03 & 0,978=01 3 5,345 93 ¢t O, U0E=)! ¢t J,N02=01 & 0.70:=01 3
-———————— - - - - - - — - —————— o ————————
ABhIJ " 8 2,245 08 % 1,YA5 09 ¢ 7,375 04 8 9,975 04 3 1,335 07 ¢ 0.,U28=01 ¢t 0,N0£=21 & 0,008=01 3
- —— - - - - g S - - — - ————
TEIZIN  § 3.38TE 75 8 1,858 N7 ¢ T.452 98 ¢ 2.4%E 05 ¢ 3,022 Q7 ¢ 1,77 C8 ¢ 2.10:2«01 § J.,20E=D| 3
————————— " —————— " ———— - ———— - - - - - - -
TE129% 8 1,342 24 ¢ 3,225 01 § 2.532 09 ¢ 3.19E 08 ¢ 3,592 N7 & 2.77E 7% 3 2.72="1 1 2,09E=01
—-———— - - - - . ——————— - - A ————————— . —————— - — -
I 13 $ 3.18E 23 8 1,178 03 8 4,225 N3 3 S,91E N3 § 1,728 W ¢ 1,738 11 ¢ 2,MME=N] § N,ME=D1 3
- - —— - —— - - - - - - ——— ——————————
1 132 $ 2,198 § 2,9%Z=01 § 2.23E=N1 § S, 115=01 § ¥,492Z=01 § 2.75E 7 § 1,0L=21 ¢ N,792=91 1§
—-————— - - ———— - - - - - ——————— - —— . —————-—————
1 132 $ 2.99E V8 § 7.438 N5 ¢ S.,7942 N5 1 7.81E 26 % 1,128 N7 ¢ 1,37C %7 3 D.7E=2 3 0.,7E=91 1}
- —— - - - - - - - - - -
1135 § 1,9NE N4 ¢ S,863E N2 § l,vvs N4 § 5,136 N4 3 2,172 24 § 3,370 7 3 N.Mc=21 & 2.7E=01
- - - - * > - —— - ——————— - -
°S13 T Fo99E 10 ¢ 5,295 N3 3 1,322 10 3 4,232 10 3 1.34E 10 % 0.92=91 & 5,13E 29 § 2,7%E=01 3
[ ———— e A ————— - - —— - - ——————————
<3123% $ 2.255 N9 § 2,598 03 § 3,575 03 ¢ 3.34E 07 5 1,822 N9 ¢ N,N0E=" 3§ 2,372 73 1 2.ME=D
—————————— . —————— - - A —-——— - - - - - - S
°S51237 t 1108 1) ¢t 4,358 93 § 2.55% 10 3 3,81 10 8 1,138 17 53 N,2E=D § 3,512 97 1 N,NE=N] ¢
- —— - —————— - - - - - - - -
iA14) t 2,398 05 § 8,728 N4 3 3,712 04 % 4,558 03 ¢ 1,548 23 ¢ 0D,00E=01 ¢ 2,26 03 1 0.092=01 3
> - - - — - - - - - - B - ———
JE141 § S UEE N 2 3% U5 B 9,408 U2 8 4,208 92 5 2UNE 22 8 O,7)8=01 T chsie=ill v UsPieell 8
- - - » - A ———— > - - - ———— - .
2% A4 $ 2,535 03 8 1.I9E O7 ¢ 4,747 04 ¢ 1.,94E 04 3 1,118 24 3 0,708=01 & J,00E=D1 ¢ J,202=01 ¢
- - - — - - > — - - -
wit VALUES [ UMITS OF SHEW/ZYH 2SR MICR0=CI/Z4w=3 FOR INHALATION AMD TuiTIUM, A'D IM UNITS OF

{we2=tqE (/Y PER HMICx0=C1/S2C
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TAZLE 3.2«14 R VALJES =04 THE SwUNSIICL STEAMN ELECTAIC PLANT»
DATAAAY = SOATHILK
AG SHNJP SJUALS CHILD
el e T «BOOY Jl=THAST B ANE LIVER KIDNEY THYROLID LUNG SKIN
- - - — * - - - - - -—— - - > - -
- 3 $ 3.23E A3 1 3.232 213 8 Y.MS=0) 3 3,238 03 3 3,238 93 ¢ 3,238 03 ¢ 3,232 "3 v 3,238 03 4
- - - - — - ——— - - - A
2 132 B 2.35E N9 8 1,098 MW & 5,112 1D 3 2,3% 272 & Bu7E8=" § 0. ME=S1 & 2,.Me=NI § 2,%7€=1 1}
g - - > - - - - -
-H 5l $ 1.80E N3 ¢t 3.,23E 75 § 2.002=01 § N,70E=21 1 1,128 23 ¢ 4,11E 23 ¢ 71,508 02 3 U, N0E=Q1 ¥
- - - > - - - , - - - - - -
1" 54 t A,07E 08 3 1,23 7% ¢ 0.005=01 & 1,538 06 & 4,292 05 & 0.,00E«D) 3 D,NN2«21 § 0,00E=-01 §
- > - > - - - - - - - - - -
=E 99 3 7.32E 05 ¢t 1.57E 09 ¢ 9,348 09 ¢ 1,515 04 3 0.0%=N1 & D,00E=)] % 4,38E 0% i 0,002=01
- - - - - —— ———— - - - - - - -
= 84 : 2.48E 04 § §,N8E N4 3 D,005=01 ¢ 3,452 05 ¢ 0,00E=D1 3 J,0E=01 3 I, ME=N1 § N,NME=D] §
—-————————— . ———————— - - - > - - B - ————————
o0 50 § O.44E N% 3 1,738 31 &t 0,ME=01 3 3,21E D8 ¢t 0,008=01 ¢ 0,7ME= 3§ N.MME=D 3§ N,ME=01 1
- PRS- - - - - - - [ ———
2t 49 t S,748 N3 ¢ 1.62E 03 t 3,472 N3 ¢ 9,24E 08 t 5,428 25 t 0.,708=71 ¢ 2.ME=21 3 N.7NE<D 3
—-——————— - - - - - - - - -
8 35 t 4.N04E 73 1 4,22 7 §t N,ME= 3 6,87E N4 1 2,ME=T1 & D.ONE=T1 § 2,M0E=01 § 2.ME=01
- ——— - - - - > - - - - - -
38 39 $ 2,358 N8 § 3,235 N3 § 8,342 O 1 I.NNE=D] 3 N.NIEN1 § 0,ME=N 8 2.M0:2=01 1 7,701 3
- - - - - - - —-———————————— - —
SH ¥ t 3,935 10 § 2,008 N9 8 1,552 11 § Q.NE=N1 § 0,MME=N1 § D,7ME=N1 § 2.70E=N1 1 2,ME=2] 3
- ———————— - - — - - - - - — - — . . ®
I 3 TLASE N 3 3.T1E 25 ¢ 2,772 023 8 D.008=01 3 0,2)02=01 ¢ Q,00E=01 ¢ 0.00%2=01 ¢ J,00E=Q| 3
- - - - - — - - - - -
24 75 I 5,388 OF 8 8,235 N4 § 2,742 02 3 4,028 01 ¢ 8,.52% 01 3 Q,U0E=0! 3 U,005=01 3 Q0,002=01 %
————— - - ——————— - - - - - ———————— —————— - -
‘U8 3 § A.37E N3 1 1,538 07 8 2,295 04 & 2.91E N3 8§ B.,31E N3 § NINE=N] § D, MENT § 2,ME=T1 §
- - - - ——— - - - - ———— - -
103 § 1,198 02 ¢ 7,992 23 8 3,092 02 ¢ J,008=01 3 7,778 02 % 0.,00E=71 3 2,005=01 3 0,205=01 3
- - - - - - - - ——— -
QRJIus t 3.590F 02 § 1,075 U5 § 8,998 03 ¢ 2,008=01 ¢ 9,272 03 § 2,J0E=)1 § 2,002=01 ¢ J,072=01 3
———— G ——— - - - - - o ——— - - - ——
AGTIY" 8 3.83E 09 8 1,232 29 § 1,673 07 3 1,M032 37 ¢ 2,72 27 ¢ 0,7€=01 ¢ Y, )02=01 § Q,00E=21 1
- ———— - - —— - - - > - - -
TEI27M % 2,188 05 1 1,498 07 ¢ 1,842 O7 ¢ 4,93E 06 ¢ 5,288 07 ¢ 4,40FE 05 ¢ U.00:5=01 3 O,00E-01
- - - - - - P — - - - - - - —————
P2I29% ¢ 3.28FE 08 8 2.54% 01 % 2,122 07 & 5,915 96 ¢ 6,212 07 ¢ 5,82E 05 ¢ 2,00%=0! 3 0,0%e=01 3
- — - - - - - > W ————— - -
[ 131 t SUSE N8 § Q,ITE O7 8 1,022 09 ¢ 1,038 NO ¢ 1,498 N9 3 3,415 11 ¢ D,002=01 § 0,7E=01 3
, - ,—-— - - - - - - RS
I 122 $ 4,578=)1 ¢ 1,19 20 ¢ 5,82%=01 § 1,012 00 ¢ 1,558 00 ¢ 4,71E C1 1 2,002=01 § 2,792=91 3
- - - - - - - - ————
I 133 $ 5,885 04 § T.,00E N5 ¢ 1,418 07 & 1,748 07 3 2,902 O/ 3 3,23t 272 1 9,907 V¢ NME=01 1
- - - - - - - - - - - -
I 143 t 4,01E D4 t 5.,47€ D4 § 4,725 04 § 3,498 04 § 1,308 05 1 7,328 76 & 2.NNE=7 § N.I==T &
- — - - - - - - - - - —————————
<S124 § 1,438 10 8 3.97E N3 ¢ 4,143 17 ¢ 9,808 10 ¢ 2.112 10 8 0,ME=T 1 1,562 ¥ 3 N, MNZ=01 &
- - — - W — - - . —————— - -
<5125 ? 3.41E 09 & 1,755 US 3 1,922 09 § 3,278 09 & 2.81E 09 ¢ O,00E=J!l & 4,195 O § 0,002=01 ¢
- —————— - - - * > - - ———
SS137 $ 3.72E 09 § 3.70E I8 1 5,172 10 8 5,915 10 ¢ 1,937 10 § Q.,00E=J1 ¢ 6,935 09 3 0,00E=01 1§
- - - - - - - W - - - -
41130 $ 5,235 0o § 4,342 0% ¢ 4,992 05 ¢ 1,495€ V3 ¢ 2,538 03 3 Q.U0E=~0l s 4,83k 03 ¢ 0,00E=-01
- - - - - - PR —————
<elal T lobiE T2 8 wodle M8 8 1,945 wd 1 7,398 92 § 3,352 42 ¢ Uotie=dl ! ugnaze=dl § U.0e=u1 8
> - p——" - — - ————————— - - - —————————
oE1 44 $ 5.24E 02 8 »,5352 09 % 1,116 05 3 3,665 04 ¢ 2,032 04 3 0,00E=01 3§ ),00E=01 3 L« DOE=D1 3
& P~ &> e O - - L p—— * —— -
®¢ VALUES I[N UNITS OF HMREM/YR PSR 4ICHn=Cl/'wel FNR [NHALATION AJD TRITIJUM, AD 1N UNITS OF
(e ded1Z A/YH PER AICKD=CI/SEC FOR ALL OTHEKRS
- ”()(,'z l]"
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U

SHICK

=CTRIC

v LANT»

PATIAY = GOATHIL
AGs JnOUP =z2JALS IHNFANT
ivele IR i e 20VY 21=TRACT Bl LIVER KIDMEY THYROID Luic SKIn
- - > - - - > - - - - - -
<4 3 $ 4,908 D3 8 4,9%C 03 ¢ D,0==N] ¢ 4,90E 03 ¢ 4,908 03 s 4,90E 23 ¢ 4,708 23 ¢ 4,929 23 ¢
PEp— - P —— ooad on acaesecredP seaneceeand - RSN SpRp— - -
2 32 P A UBE N9 5 1,70 2V ¢t 1,295 11 8 1,80E 99 ¢ 0,005« § 0,00E=01 § 2,20==01 § 0.,NE=01
- — - - > - - - - - -
oy 5 8 1,178 D4 8 3,428 N5 3 2.008=«0) § D.008=01 1 1,915 N3 1 T.,45E 23 ¢t 1.40¢ N4 § N . NE=D] 3
- — - - - - L Y— - L pa—— -
T § 5,498 05 ¢t 1,048 08 ¢ N,005=0! ¢ 2,842 0% ¢ 8,32 05 3 JNE=01 3 2,Mz=01 3 0,.0E=01 1
- . -~ - - - - - - - T - -
25 t 1,208 00 % 1,45E O% ¢ 1.74E 06 ¢ 3,04E U5 ¢ 0,005« 3 0.00E=N] § 9,98 05 1 0.N0E=01 ¢
- - - > - - >, - - -
o 53 P 4,315 06 8 4,315 03 ¢ J.00%=0]1 8 1,735 08 3 0.00%=0]1 & Q.208=)1 § J,002=01 8 0.7E=01
—————— - —— - - - -— - - - ————— ——— - -
0 80 ; SE J7 ¢ 1,992 07 ¢ 0.002=01 ¢t 5.55E 08 ¢ U.U0%=D1 § O,Q0E=0! § 2,002Z=01 ¢ J,00E=01 %
————————— . —-— - - - - - - - - - — -
IN 55 3 To38E 08 3 1,252 DV 8 4,A9C 03 3 1,00E 09 3 T.T4E 02 3 0,038=)1 § 2,00E=01 & J,00E=0! 3
—-————— - —— - - > - - - —-— B - ————
R P 3.,23E 93 24C 07 3 D,028=01 3 1,678 99 3 0.,N08=01 3 0.008=71 § I, N02=01 t 0,00E=01
- - - - - - - - - - - —— - -
39 sy P 4.55% 8 1 J.25E 09 1 1,592 17 ¢ D,00Z2=01 3 0.,002=2) ¢ C.,MNE=)! & 2,002=)1 3 2,29E=21 3
————— - —————— - ——— - - - W —————————— - ————_————— . —————— ———
37 2 § 4,308 110 8§ 2,115 )90 ¢ 1,692 11 ¢ 0.002= 3 0,00E=D1 38 0,008=)1 & 2,002=01 s G.20E=01 ¢
-——————————— -- - - - - - —————— - - -
! vl P 1,398 T2 8 J.76E M8 § 5,238 23 1 2.ME= ¢ 0.,ME=T § 2, ME=N1 § N,ME=T § N.NE=0 3
———————— . —————————— " ——————————— —— - ————— - . - ——————— - ————————
TH ¥3 3,315 7 3 8,90 N4 1 4,392 02 ¢ 1,195 02 8 1,232 N2 & 0.Mz="1 & N,7ME=01 § 2.07E=N] 3
-————————— " —-—— - - - - —————— - - W ——————————————————————
s #9 8 1,028 N4 3 1,438 N7 3 4,272 N4 3 1,752 24 & 1,232 N4 § N NE=T § N,002=01 8 0.00E=01 ¢
——— - - - ————— - - ——— - - - A - —————— - ——
24133 8 2.00vE T2 3 T89E N3 8 4,252 N2 § 2.002=01 § 1,392 23 1 0.7E=N1 §t 2,7z« 3§ N.NM==2 3}
- ————— W - - - - - - —— - ——————
«J17% § 1778 N3 8 1,012 N5 8 1,418 N4 § NOE=D1 8 1.,5/2 N4 31 0.70E=I1 § N,M:i="1 § N, NME=D] %
3 -—————————————— - ——— - ——— - - - - - —————————— - ———— ——
AGLHIN: 3 1,438 N7 4 1,12E O 8 2,732 07 3 2.14E N7 & 3,948 N7 3 eME=T1 ¢ N,MNE=N] § TN.MS=N1
- * — - - - - > - - R r—" -
TEI1274 % 4,918 % ¢ 1,808 NT ¢ 3.72E 97 ¢ 1,238 07 3 9,182 N7 3 1,738 27 § 2. MMNE=" ¢t 0,7E=0] 3
- - ——— " ———————_——— - - - - - - ———————— - - -
fS1272% 3 5,992 N0 8 2998 D7 8 4,345 27 8 1,47E 97 3 1,072 N3 ¢ 1,81E N7 8 N, 0NE<N] § N.NE=N] 3
—-——-— - - - - - — - - - ——————— —————— - ——
I 131 $ 1,118 N9 3 8,798 NT ¢ 2,148 N7 ¢ 2,522 02 § 2.94E 09 § S,238 11 2 ),00==01 3 ),00%=«01 3
-——————— — - —-————— - —— - - - ———————- - — -
I 132 $ 3,208«0 3 1,838 20 ¢ 1,09 020 8 2.32E 00 ¢ 2.575 00 ¢ 1,09€ 02 1 0,002=01 1 0,228=01 ¢
- ———— . ——————— - ——— -] - ——— -~~~ - - - P gp— -
I 133 3 1,27E 27 8 7,318 25 8 2,972 07 ¢ 4,225 07 ¢ $5,09¢ 07 ¢ 7.,9%E 09 s 0:005=01 3 2,005<01 3
- ——— ————— . ——————————— - - - - - A ——————————— " ——————-————
1 133 P 7,00 D04 8 7,082 04 8 .85 04 ¢ 1,958 05 ¢ 2,178 05 § 1,138 07 ¢ U,008=01 &t J,00E=21 3
- —————— - - - - - - - - - - -
>S134 § 1.28E 10 § 3,398 O3 % 49,54 10 ¢ 1,258 1l ¢ 3,215 10 & JE=)] § |,31F 10 3 2,00E=01 3
- - - - — - - - - - P - -
val3s § A.11E 00 3 1.,87E O 8 3,752 09 ¢ 1,10 10 3 4,395 29 § 0Q,0E«Q0! 1 AR,948 08 & 0,00E=01 3
—-——— > - - - — - - — - ———————— T ———— - —————
eS13¢/ $ 3,178 07 § I.A1E 93 ¢ 2,892 190 8 1,158 11 3 3,105.10 ¢ 0.295=91 3 1,252 10 1 0,7ME=0] 3
-~ - - - - - - - - —————————
iAL 4D $§ U808 75 ¢ 4,53E 04 1 1,345 07 ¢ 1,848 04 3 4,332 N3 ¢ 0,008« % 1,138 Da 3 0,0E=N1 3
————————— T ——— - - - - T ——— " ————— - ——
czld) 8 2.,24K )2 3§ Y.,M82 ;1 8 .13 03 ¢ 1,91 O3 3 H.4383% 02 ¢ Q. 0E«)] 5§ 0. 028«] § J,0)8=)1 3%
—— - - —— - - - - - - ——————————
cE1l 44 $ 9,392 N3 3 O,581E D5 3 1,57E 05 3 A UAE 04 § 2,772 24 ¢t C,I0E=D1 § 1),N0==01 § 0,NZ=01 3
- - - - - - - - B - ————
®y VALUES [Y UMITS iFf RELZYR PER AI1CR0=CI/twx3 FOR IMMALATION AMD TRITIUY, AMD IM UNMITS OF

iwwldalqge/Y PEX

>

CRU=C1/5cC

FOX ALL

OTA4EARS

3-60

1208

-

)

>

POOR ORIGINAL

U



TAlLE

JOJ" 5

H VALJES FOR

THE

3nUSHICK

TEAHN

SLECTRIC PLANT»

JATHAAY = | IHAL
ACE inJ? CL4UALS ADULT
iJellls [.2800Y S1=THACT J0NE LIVER LIJNEY THYROID LuuG SKIN
- ——— - - - - — - - - - ——
4 3 B 1.25E O3 § 1,298 03 3 0,008«01 § 1,25 23 3 1,252 13 8 1,249E D3 ¢ 1.,2% 02 ¢ 1,248 23 ¢
- - - - - - - W -
2 32 P SJUUE 04 3 8,535 94 3 1,328 0% 3 7.70S 04 3 N,0N5=D1 § 0,00E=)1 § D,00%«01 & Q,DME=D) 3
- - - - - W —-—— - — - - -
o 31 T J.9VE O! 8 3.32E 03 3 0,008«01 8 O.,00E«01 3 2,235 01 8 S,24E 01 ¢ 1,44E N4 3 N, NE=0]
- “+ - - - - - , - - —
i oS54 $ 5,208 N3 3§ T.712E N4 3 D, DNE=N] 8 2,985 %4 § 9,932 N3 ¢ N.MNME=I1 § 1,402 %6 t 2.MME=D1
- - - - ——— - ——— - - -—— - - -
FE Sv } 1,058 04 8 1,892 09 % 1,172 04 8 2,77 04 & O,0U0==01 ¢ O,UC=01 ¢ 1,018 06 ¢ Q0,00E=D1 3
- - - > - - - W ——— *
CO 53 $ 2.07TE 02 ¢ 1.0%92 95 ¢ D.,00%5«01 § 1,53E 03 % 0,00==01 % Q,20E=01 3 9,27 05 s Q,00E=0! ¢
- —-———— - - P - - - * - - - B - —
o 89 $f 1,488 V4 § 2.848 N8 § N0,725=01 3§ 1,15 N4 1 D.,0:z=71 § D.NE=T1 §t 53.726z2 26 ¢ N, 7==71
- - - b — - -——— - - - - - -—
N 63 $ A,88E T4 8 3,22 D1 1 3,248 N4 1 1,N3E 75 & B.,4YE 24 t 2.ME=N1 § 1,632 75 ¢ U,008=01 3
- - - —— - - - - — —————————
13 495 $ S.UYE T4 3 1,848 N4 3 N . Mz=01 1 1,352 95 § 0.,7MM=01 § 2.00E=01 § J.205=21 3 0,0%=01 3
- - - - o ——— - - - - - ———— - - .
IH 39 ? 3.TIE N3 3 3,495 N8 § 3.N42 N5 § N, NME=I] § N,M=2=71 § D.NE=N] § 1,49 28 3 D, ME=D] 3
- - - - - - - - - - - - —————————
3R 29 P B8.0%5 N8 5 T2 NS ¢ d.vls A 32 2.N2=01 § 2,ME=T1 § D, MME=D § 2,598 26 & G.7%=21
- - —— ———— - - - > — - - - - - —
¢ ~l P 1,245 N4 1 3,846 05 § 4,628 25 § 0.725=2 ¢ C.N0E=% & 0, ME= ¢ 1,708 76 ¢ D,7E=21
—-———— - ————— - ——— . ——————— - —— - - —— - - ——————
2R 95 8 2,32E N4 & 1,805 05 8 1,0/ 05 ¢ 3.44" 04 ¢ S,4%12 04 3 Q,008=D1 3 1,778 08 : 0.0%E=N] 3}
- - - - - - - - —————————— —
48 935 $ 4,208 D3 3 1,048 05 5 1,415 04 ¢ T.BOE 03 3 T.728 N3 ¢t Q. NE=)1 §t 53,7°7E 75 3 2,7MME=N1 1
- ——— - - - - - -— > - B ———— ————
tJ123 P 9,378 22 8 1,12 5 8 1,838 03 3 0.00E=01 1 8,328 N3 3 0.ME=I & 5,042 75 ¢ N, NR=N1
- - - - - - - - ——— B ———————————
\) ¢J10% § 3,71 D3 8 9,115 23 § 5,008 04 5 D,002«0] 8 1,338 N5 ¢t 0,MME=T] § 2,388 %26 1 D.,7E=I1
- > - - - - - - - - ——— . - *
AS11 Yt 3 5,968 N3 3 3,N25 A5 ¢ 1,032 D4 3 9,908 03 ¢ 1,972 N4 ¢ J,.NE=21 ¢ 4,453 0A & 0,202=0"' 3}
- - - - —— - - - - W ———————————— - - *
TEV271 3 1,578 D3 ¢ 1,498 09 1 1,24 04 1 5,798 03 3 4,575 N4 ¢ 3,236 03 1 7,59 2% § N, 0E=-Y %
- - - - ——— - - - - > - - - - -
TZ2129% 3 1.53E 23 1 3,338 25 3 2,752 03 1 4,575 N3 3 3,858 N4 ¢ 3,24E N2 ¢ 1. 168 N6 ¢ D, ME= §
- - - -~ - - ———————— - - - - - -
i 131 § 2,088 D4 ¢ 5,278 23 1 2,528 04 § 3,578 04 § 8,125 04 ¢t 1,128 0T ¢ 0.,20E8=U1 : N.NME=D 3
- - > - - - ———— - - - - —————————
1 132 P 1082 23 8 4,048 22 5 1,158 03 ¢ 2,252 03 % 5,13 03 1 1,142 95 § N, ME=N1 § O,N%E=01 3%
- W —————— - - ——— - - ————————
! 133 § 4.51E N3 8 G.87E N3 ¢ 3,838 03 ¢ 1,435 24 ¢ 2,532 04 3 2,15 7% &t 2,7z=01 3 N.0NE=NI| 1
- - B - - - - - - - - -
£ 135 § 2.345 N3 ¢ 5,248 N3 1 2.535 03 t A,07E 03 3 1,112 D4 ¢ 4,47/ 05 ¢ 0,N02=01 3 0,7E=N1 3
- - - - - - - > - - * ——— >
2S134 8 1.2/E 25 ¢ 1,045 D& ¢ 3,728 03 ¢ 3,47 05 3 2.8/2 95 ¢ Q. )E=D1 8 2,/38 04 § 0,7E=1
-—— - > - - - - - - -
<3134 ? 1LI0E 05 3 1,17 04 3 3,902 04 3 1,452 05 ¢ 8,555 U4 3 0,00E=1 ¢ 1,205 04 3 9,008=01 3
- - - - - - + - p— +
cot3t $? 4,278 05 ¢ 3, 39E 03 ¢ A, 749 05 3 5.,20F 05 ¢ 2,222 25 ¢ 0,00%=01 % 1,515 04 ¢ C,0N%=01 3}
-  — > - - — - - - -
34140 § 2,592 03 8 2,148 00 8 3,992 08 3 4,908 21 5 1,87% 01 8 O,02E=1 3 1,275 05 § 0.008=)1
- - > > - - - —— - ——— - ———— "
<:141 § 1.%3% M3 8 1,27 V9 8 levwrs N8 3 1,392 4 3 B,292 13 % iaie=d1 § 5.9%12 U0 § U.UJ)%=Jl 3
- - - - - B L L T —
2148 3 1.34E 7% 8 G I8 75 ¢ 3,435 05 ¢ 1,43 08 ¢ 5,472 05 ¢ 0,00E=01 ¢ 7,74E 26 % Q.008=01 13
- - - - - - - -
#% VALUZS IN UNITS OF HREZYR P AIC0=Cl/tw=3 FOR [NAALATION A4D MUITIJM, AND IN UIITS OF

Sen2=4QZ \/YY PER AICAO=CI/53EC Flr ALL OT'ZRS
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*A3LZ 3, 3«17 A VALUES FOH [Hs 20UISHICK STEAM EL=CTHIC PLANT®
Al daAY = [ BHAL
AGE Jm)JP SIIUALS TE=N
ASLINE T.u0DY l=TRACT 3')iZ LIV=R LIJONEY T4vYKO 10 LJNG SKIN

- ———— - - - - -—————— - - - L p— >
i 3 3 1 27E N3 4 1,278 D3 4 D.M=E=01 ¢ 1,278 03 8 1,278 03 ¢ 1,276 23 ¢ 1,2T 23 ¢t 1,27E 03 ¢
> - - -— - > - - * - - - ———

R .33 t JJ15E J4 % 9,275 04 8 1,3VE UA 8 1,098 05 3 C,005=0! 3 U,JIE=OI1 & J,00%=01 3 QO.N0E=D] 1§
- - - - - - > — - - - >

ed 31 $ 1,358 02 8 3.00E 93 3 J,20¢=01 ¢ 0.,202=ul & 3,0/Z 01 8 T.49E 01 & 2,09E 04 § Q,0%E=01 3
- - - - - > - * - [ . LI p———
1'f 54 $ 3,39 N3 8 0.672 M 3 NNE=D1 § 5,102 N4 ¢ 1,275 %24 3 0,7e=71 & 1,98 N5 1 7. M= 3§
- - - - > - - - - -

~E 59 T 1.43E D4 3 1,738 95 3 1,592 04 3 3,498 04 5 2,00%=01 3 N,ME=I1 & 1,83E 26 1 2,ME=N1
-——  ———— - - - - - - - - -
<) 53 $ 2.77E 03 3 O.51E 24 3 9,908=01 8 2,072 03 § 0.,008=N"1 & 2,ME=D| & 1,34E 26 ¢ N,M==21
- - - - ——— - - - > - - ——— - - -
30 A9 t 1 9NE 04 3 2,592 05 3 J,002=01 3 1,512 04 ¢ 0,00%=uU1 § U 03E=21 ¢ 3,712 05 & 0.00E=01 &
- - - - - - - - PR P ———
2 A5 t S.23E D4 3 4.99F U4 3 3,536 U4 3 1,33 09 & H,63% 04 ¢ O,00E=D1 & 1,242 24 3 0,078=01 3
- W - - - - — - T —-— - -
13 96 P GJIVE 04 8 1 T7TE 048 § D.,098=01 § 1,905 05 ¢ 0,005=01 ¢ 0,00E=01 & 2,7ME=01 & 0,008=01 3
- ” - W ————— - - - - W ——————— - -
SH ov $ 1.2BE A2 3 3.71E N5 & 4,345 05 3 2,202=01 § 0.005=01 ¢ U,)02=01 & 2,417 04 3 J,078=01 3
- - - - - - - ———— — - —————
ESTE 2° $ S.87E %8 3 7.545 05 8 1,033 03 3 0,008=01 3 0,00Z=00 3 I, 0E=I1 % 1,952 C7 1 Q.NJE=NI 3
[ ——————————————— s R - - - - - ——— - ——
( I $ 1 7/E D4 % $,03E 25 3 4,505 05 3 Y,008=01 3 0,003=01 3 0,J0E=Jl 3 2,232 05 3 0,00%=01 3
-———————— - - - - > - - — - ——
7R 99 ¢ 3,185 N4 3 1,495 D5 8 1,435 05 ¢ 4.53FE 04 3 A, 732 04 3 2,7Me=01 § 2,632 %0 § 2,7E=71 3
- - - - - - * - ———— . ——————— —
793 § S.A6E N3 3 I ATE D4 t 1,352 04 3 1,038 D4 ¢ 9,99E 13 ¢ N, ME=T & 7,87 25 & 2.798=-01 3
- ———— - - - - - - - - o —— - ——
tJi1d3 § 3,952 N2 8 1,096 05 ¢ 2,175 03 8 Q.,0%8=01 3 7,428 23 3 2.MME=N1 & [.,328 7% &t 2,708« 3
- W ————— - - - - - > —— - - - ——— -
D) RUtus ¢ 1,248 04 3 Y595 05 1 ¥,333 04 & D,008=01 ¥ 1,953 05 & C.2E=01 & 1.31F 37 1 2,0%=01 &
——— - - - > - - - - —— - ——
ASI10. 3 T.9BE 03 8 2,728 23 3 1,332 04 3 1,312 04 ¢ 2,303 04 3 0,00E=N1 & 5,743 8 3 1,0%=01 &
- - - - - - P ——— - - - - —— - - - ————
PRI37!Y 0§ 2,182 N3 1 1.5V N5 8 1,372 04 ¢t 3,158 N3 8 6,535 N4 ¢ 4,33E 23 & 1,482 7 ¢ 0.798=01 &
———— - - - - - - - . - -
TEI2YY 3 2,285 23 3 4,045 O 3 1,372 04 3 5,572 03 ¢ 5,182 04 ¢ 4,57 23 ¢ .97 28 ¢ 2,008=21 3§
- —————— - —— - —— - - - - W —————— T ——— -
I 131 § 2.545 04 ¢t 3,435 23 ¢t 3,545 04 3 4,905 04 3 8,293 04 3 1,458 27 ¢ 2,00%=01 3 0.008=)1 13
————— - - - - ” - - - - - - -
1 132 t 1.57E 93 8 1,2/ 23 8 1,52 03 ¢ 4,372 03 ¢ 6,912 N3 ¢ 1,51C 95 ¢ 2.M2=01 & 0,008=01 #
- - - - - - — - ————————
: 133 t S.21E A3 ¢ 1.N3E N4 ¢ 1,216 04 3 2,755 24 § 2,592 04 § 2,72E 74 & J.,203=01 ¢ C,0%2=01 ¢
- - - - - - -

I 135 $ 3.,489F N3 ¢ S5.94E N3 ¢ 2,675 03 ¢ 2.43E 03 3 1,492 04 3 5,208 25 ¢ J.00:2=01 3 0.00E=01 1
- - - - - - - - - > - ——— - ———————
<51 33 $ S.48E N5 ¢ Y./5E 23 8 85,222 0% % 1,132 08 ¢ 3,758 5 &t U0XE=I1 ¢ 1,442 05 ¢ J,006=01 %
- - * - - > - - * - - -— S
el 3s $ 1.376 99 ¢ 1,09 )4 ¢ 5,148 04 3 1,932 05 ¢ 1,10E 08 ¢ D,NE=)] § 1,775 24 § 0.00E=D1
- * - - - —— - - - .- - - - ——
2S131 $ 3.11E N5 ¢ 3,47E 23 & 5,892 05 ¢ 3,472 05 ¢ 3,042 75 3 0, 0E=01 & 1,212 25 3 J.005=01 %
- - - - - - - W ————— - - -
3Al1 49 § 3.51E N3 1 2,238 N5 3§ 5,458 04 ¢ A,59E 01 ¢ 2,23E N 3 2, ME=I 3 2,732 76 3 M. 7%=
- —————— N —————— - - - - - - —— - - W ——————————— -
.21l § 2,098 D3 8 1,295 9 § 2,242 04 ¢t 1,393 24 ¢ 3,373 22 ¢ 2, MES ¢ 5,138 9% 1 2, MELT 8
- - - ————— - - - - - - ——————————
<E1 a3 § 2.525 I5 % B.53F J5 1 %.34% 04 ¢ 2,02Z 08 3 1,218 09 § 0,00e=v0) ¥ 1,338 27 ¢ Q.,00%=01 3
———— - - - - - - — - — * -

#¢ VALUZS [0 uNl 1E HASHZYR PSR LICAIN=Cl/zvwwd FOR INHALATION AND TRITIUY, AJUD I4 URITS OF
ten2e=APEN/Y? PER " ICHU=CI/SES FOR ALL OTIERS

=

0 POOR GRIGINAL

]208 ‘b;




3.3=1

- -
TASLS

PATHIAY = ['IHAL

A

K VALUES Frw

L0 ImQUP 2 WALS CHILD
WSL1J8 i« 800DY Gl=T2ACT anis LIVER L1JEY TIYROID 40 s<iIn
-—— - - - - - - & - ——— - - -
4 3 P 14128 23 ¢ 1,128 N3 3 D,NNE=01 1.12E C3 ¢ 1,128 03 3 1,12E 23 ¢ 1,122 03 ¢ 1,122 23
- - - > - P - b - - -
2 32 § V. 34k D4 5 4,215 N4 ¢ 2,50k 1148 05 8 0, 002=721 & 0,)0E=)1 ¢ )., 002=01 § 2.0E=N1 &
- - - - - - o - -
R 51 3 1,548 22 ¢ 1,038 23 &t 0,795=0] JeVOE=I1 § 2,432 01 ¢ 8,538 21 2 1,108 N4 § N,NE=N 3
- - - - - - - - - - -———
" 94 t? 7.50E 03 8 2,278 U4 ¢ Q,00=2=0I A28 04 3 1.002 04 % D,00E=D1 t 1,572 2% 3 0,ME=1 3
- - - - - > - - - - - - -
g 59 T JeSTE D4 8 7,085 N4 3 2.07€ 04 § 3.34%Z 04 § N,703=01 1 0,008=01 % 1,275 04 3 0, ME=01 3
- - - - - — - - - - — - -
>t 33 $ 3,188 N3 § 3.43E D4 ¢ J.NE=D] 1772 03 8 0,005=D1 § ),002=01 3 1,105 04 3 2,.005=01
- > - - - - * - *
20 8D ? 2.26E N4 3 4,515 D4 3 J,992=01 § 1,315 04 5 U,0J2=D1 § U,00E=2! ¢ 1,048= 05 & 0.,002=01 3
- ——— - - - - - ——— P - — - *
21 65 8 7,028 24 % (.83E 04 § 4,292 04 % 1,138 05 ¢ 7,138 U4 3 U,0U08=01 ¢ 9,98Z 05 ¢t O0,00E=0)
- - ——— - - - - - - - B ——————— —
«8 3§ t 1,14 N5 ¢ 71,945 )3 & N,07%=01 ¢ 1,985 25 § 2.8« § N,IE=T § 2,00z=N1 ¢t N,NME=N] 3
* > - - - —— -
3it 39 P 1,725 D4 8 1,678 05 § 3,992 09 1 2.0%2=D1 3 0.0J3=J1 3 0,00E=J1 & 2,158 086 ¢ 0,00E=J1 3%
—————— - - - ——— ———— - - - - —— T - —— - .
38 4D ? 5,432 05 ¢ 3,435 )5 ¢t 1,015 JooE=01 3 Q,U0S=01 & Q. 00E=J1 3 1,478 U7 § U, 0UE=ND1 3
-———— . ————————————— - - - - —— - - W ———————— - -
Y i $? 2,438 N4 3 1,.34F 5 8 9,132 NN 8 N, MZeN] 8§ N,NVENT § 2,522 2 & V. NE=NT 8
————— . - - - - - - - - -
L t 3.09E N4 § 5,1NE 7 ¢ |.93E 4,17 D4 3 H.,958 N4 § N,M% =1 § 2,232 %4 & 9.%9%E=I1
—-———— - - - - - - - —— - ————— - - -
H #3 § 0,548 "3 ¢t 3,672 N4 t 2.35= 2. 108 N3 ¢ 8,818 .0 8§ CaMNME=NI ¢ 5,132 05 3 0,0%E=01 3
-———— - - - - B ——————— - - - - -— - - ———
&103 $ 1,078 93 ¢ 4,475 04 8 2,798 J.008=01 3 7,023 03 3 0,0NE=)1 § 45,812 05 &t D,7E=)] 3
- - - - - - — W ————— - - - -
1J175 $ 1,008 N4 ¢ 4,29 5 ¢ 1,392 N8 § 2.0« § 1,342 25 8§ D.0E=20 ¢ 1,238 2 ¢ 2.MNE=D 3
3---- - - P p— - Pp— ——- - - P AP pRpp— N
ASHED } 7,132 73 3 1.7 25 ¢ 1,832 04 ¢ 1,185 24 5 2.122 N4 § N, Me=7] ¢ §,47= 20 & N.MN==D1 3}
- - - - - » - - ¢ ——- - -
21278 ¢ 3,018 73 ¢ 7,13E 04 ¢ 2,43% .53 03 8 5,352 D4 t 5,09 23 1 1,428 08 t (3, VNE=D)
- B - - - - - * - *
TEI29Y % 3,048 N3 ¢ 1,818 N ¢ 1,923 5.84% 03 § 5,02% 24 ¢ 6,328 23 ¢ 1,748 04 1 D,2)E=D1 3%
- - — - - - - W ——— - - - - — -
[ 131 § 2,722 24 ¢ 2.34E 23 3 4,308 1,802 U4 ¢ T,J7E 24 ¢ 1,%92% O ¢ 2,002=D1 § 2.,09%=01 3
- - - -~ - - - - - —————— - — - —
I 132 $ 1,378 73 1 2,296 271 ¢ 2,118 4068 N3 3 6,242 03 & 1,73 )5 ¢ 2,003=01 § 0,008-01 1
—-————————————————— - - - - ———————— - ——
I 133 t J.58E N3 ¢ S,47E 723 3 | ,.6%: 2oN3E N4 § 2,372 D4 § 3,34 05 3 2,00:-01 § 0,004« %
- - - - - - - - - - - -
I 1235 ! 4,148 23 ¢ 4,435 03 s 4,912 d,722 03 ¢ 1,338 N4 3 1,91E N8 ¢t D.NE=Q]1 ¢ N,N==N1 3}
- - - - - - ———— - - -—— - - > - *
SS133 § 2.24E 25 1 3,34E 23 & 5,50 05 1.012 29 ¢ 3,392 95 3 N.,E=N § 1,212 28 § 2,002« 3
—-———— - - - ————————_————————— - ——— > - - - - -
<S13% t 1.1AE 25 ¢ 4,17€ 03 ¢t 4,59 N4 o /1IE N5 5§ 2,532 Y § 0,2E=T1 § 1,485 84 3 N NE=I
- - - - - - - - ————— —————————— - —————————
-3137 ? 1.2BE 03 ¢ 3,818 23 8 9,052 03 8 3,248 25 § 2.322 05 ¢ UJNIE=)T 38 1,025 25 ¢ 0.9NE=01 3
—-— - - - - - - - - - - -
44140 ? 4,328 U3 1 1,025 035 ¢ 1,392 04 % 5,475 01 ¢ 2,118 01 ¢ D,MME=) ¢ 1,742 06 ¢ D,008=01 3
- - - - - - - - - - —————————— -
Secd W3 $ 2,798 33 § 5,958 )2t V2 N ¢ 1,088 D4 3 L5308 T3 8 Q.S 1 5,338 05 ¢ ). E) 8
- - > »* ad - - - B —
<2144 T 3.81E N5 3 3,338 N8 ¢ 6,742 058 3 2,11E 90 3 1,172 N6 ¢ 1. ME=D § 1,192 27 ¢ 2.97%=I 3
- - —— - - - - - - - * —
o8 VALUES INMN UNITS OF #REWYit PEik “ICi0=Cl/' w23 FORI ITNHALATION AND TRITIUL, AW IN UNITS 0F
o= S4/7YR PER (CIN=CI/5EC 203 ALL NTH:E3S
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K VYALJES FOR THE IMUNSHICL STEAM gLEC

s [
ASZ JalJdP ZAJALS INFANT
-~ Webklus T300Y JI=TuAlT 304E LIVEK AIDNE TAIRNID LUNG SKIN
- ————— - —— - - -— - - - [ PGRRS—— S————— 4

4 3 3 A.40E 02 8 8,855 02 ¢ J.)0)E=0) 3 5,485 02 % 5,465 U2 8 6,49F 22 1 5.4A% 02 ¢ A,4%€ 02 ¢

—-—————————————————— . ————— . —— - ————— - —

s 32 § 7,732 74 8 1.5 24 ¢ 2,032 U8 1 1,128 25 ¢ D,0)E=0] 1 D,708=1 & N, ME=01 § 2.7E=D) §

- -— > - - - - - PR R —— A - -
4 91 $ 3,238 N1 3 3.84E 22 3 0.005=0] % J.U0E=Q! ¢t 1,323 91 ¢ S,75E Y & 1,205 74 1 N.ME=01 §
- - - - - L T — p— > - - Ed
1 94 3 4,938 23 1 1,058 13 & 2,00801 % 2,538 N4 § 4,035 N3 1 0,978 8 4, 23E 25 ¢ 0.Me=0] 3§
- ——— - - ——— - - R - - - o ——— - —
FE 5 I J.40E N3 3 2,37 N4 ¢ 1,352 04 3 2,35E 04 1 D,00%=01 3 LU,00E=01 & 1,31E 05 & Q.008=01 3
- - - - - - - o ————————— - > — -
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4.0 RADICLOGICAL ENVIRONMENTAL MONITORING PROGRAM

Table 4.0-1 contains the sample point description, sampling and collection fre-
quency, analysis, and analysis frequency for various exposure pathways in the
vicinity of the BSEP for the :adiological monitoring program. Figures 4.0-la and
4.0-1b show the location of the various sampling points.
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TASGLE 4.0-1

-

RADIOLOGICAL ENVRONVENTAL MONITORING PROGRAM

Exposure Pathway
and/or Sample

Sample
Point

© Sample oint Description, Sampling and

Distance. and Direction Collection Frequency

Analysis
Frequency

anyshs‘.’

1. Airborne
Particulate a~!
Radioiodine

2. Direct
Radiation

Informat on Center
1.0 mi. wSw

Projected Maximum Annual Con-
centration Point
0.6 mi. NE

CP & L Substation on Con- Continuous Operating

struction Access Road Sampler with Sample

1.0 mi. § Collection at least
weekly

Southport Substation
2.3 mi. SSW

Wilmington, N.C. ()
16 mi. N (Control Station)

Information Center
1.0 mi. WSW

Projected Maximum Annual Cor
centration Point
0.6 mi. NE

'CP & L Substation on Con- Continuous mea-

struction Access Road swwement with read
1.0 mi. § out at least once per
month. (TLD's)

Southport Substation
2.3 mi. SW

Wilmingtcn, N.C.

16 mi. N (Control Sulk.ni(d

Weekly,
Quarterly
Composite

Monthly

Gross beta.“"

131
Gamma Scan
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T4 2 0 31 (Contimed)

- RANMOLOGICAL FNVIROMIEN 'AL MONITORING PROGRAM

Exposure Pathway Sample Sample toint Description, Sampling and Analysis (a)
and/or Sample Point Distanc + and Direction Celection Frequency Frequency Analysis
3. Waterborne 6 Intake Canal (Control Station)'S?  Composite sample Monthly Gamma Scan,
a. Surlace Water with sample roll'ﬂlon H-3
at least monthly
7 Discharge Canal at Stilling Pond
4.9 mi. SSW
b. Ground Water 8 Highway-87 west side of Discharge Grab Sample Moi.thly Gamma Scan,
Canal H-3
1.0 mi. WSW
9 Highway 211 west sid: of D)'s-
charge Canal
1.5 mi. WSW
c. Drinking not required'®’
Water
d. Shoreline 10 Caswell Beach at Discharge Pipe Semi-Annually Semi- Annually Gamma Scan
Sedunent 5.1 mi. SSW
4. Ingestion
a. Milk i Stevens Farm At least o... per Each Sample Gamma Scan,
0.79 mi. SSE 15 days when animals i-13
are on pasture; at
least once per 31 days
at other times
12 Johnson Farm (Control Sulion)(c,
14.5 mi. NNW
™o
—
o

v

L
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TABL: 4. 1 (Continued)

RADIOI OGICAL ENVIZONMENT/ L MONITORING PROGRAM

Exposure Pathway Sample Sample Pd'nt Description, Sampling and Analysis (a)
and/or Sample Point Distance and Direction Collection Frequency Frequency Analysis'®
b. Fish 7 Discharge anal (Location varies Semi-Annual Fach Sample Gamuna Scan

within Can Jd) oa Edible
Portions
1) fish
2) Shelltish
(Sheimp, crabs,
oysters, etc.)
14 Atlantic Ocean; Betwecr. Little
River and Mansonboro Inle? (No
further out than 3 miles) (Control Station)

c. Food products 15 One location within 3 miles Annual at Harvest Each Sample 131,

leafy vegetables of site in the sector with the Time Gamma Scan

highest deposition rate bascc on
the latest information or his-
torical data. (Location may vary)

16 One location greater than 3 miles
from Plant site with the least (c)
deposition rate. (Control Stition)

{a) The LLD for each analysis is specilied in Table 2.6-1 i Appendix AT of the Radwlogical Effiuent Technical Specification

(b)

(c)
(d)
(e)

for the Brunswick Steam Electric Plant.

Particulate samples will be analyzed for gross Leta rediation 24 howrs following filter change.

each sample when gross beta activity is 10 times the mean of control station.

Control Station - These stations are presumed to be outside the influence of plant effluents.
Composite samples shall be collected by collecting an aliquot at intervals not exceeding 2 hours.
Collection of drinking water samples are not required since bracxish water is not used in reservoirs.

| *rform gamma scan on



FIGURE NO. 4.0 - 1a

LOCATION OF RADIOLOGICAL ENVIFONMENTAL MONITORING STATIONS



=y
b

S ..__
(’c' =1
- ’
R
<At

TS S—
.
=y
ol

o OAR

-
=
—_
|
€3
-
x>
P

FIGURE HO. &4.Q-1b

~ LOCATION OF RADIOLOGICAL
ENVIRONMENTAL MONITORING STATIO?

&

ERUNSW!CK COUNTY

‘.
NORTH CAROLINA

— -

NOETH CARDUNA STATE HIGHWAY COMMSSION
PLANNING AND RESEARON DEPARTMENT
- ———

U S OPARaNT OF VAN SO LA
MOTLAL " atwaAr AL, TN YO



APPENDIX A
METEOROLOGICAL DISPERSION FACTOR COMPUTATIONS

Caroiina Power & Light Company (CP&L) engaged the services of Dames and
Moore to assess the transport and dispersion of the effluent in the atmosphere as
outlined in Preparation of Radiological Effluent Technical Specifications for
Nuclear Power Plants, NUREG-0133 (USNRC, 1978). The methodology for this
assessment was based on guidelines presented in Regulatory Guide (RG) l.1l1l,

Revision 1 (USNRC, 1977). The results of the assessment were to provide the
relative depositions flux and relative concentrations (undepleted and depleted)
based on numerical models acceptable for use in Appendix I evaluations.

Regulatory Guide 1.l1! presented three acceptable diffusion models for use in
estimating deposition flux and concentrations. These are: (1) particle-in-cell model
(a variable trajectory modei based on the gradient-transport theory). (2) puff-
advection model (a variable trajectory model based on the statistical approach to
diffusion), and (3) the constant mean wind direction model referred to here as the
straight-line trajectory Gaussian diffusion model (the most widely used model based
on a statistical approach). It was resolved that for operational efficiency, the
straight-line described in XOQDOQ Program for the Meteorological Evaluation of
Routine Effluent Releases at Nuclear Power Stations (Draft), NUREG-0324

(USNRC, September 1977) would be used for generating tr : recuired analyses of
Appendix I. To provide a more realistic accounting of the variability of wind
around the plant site, terrain/ recirculation correction factors (TCF) were to be
determined from a combined puff-advection/straight-line scheme for a one-year
meteorological data base.

Dames and Moore was provided a one-year record of meteorological data from the
on-site meteorological program at the Brunswick Steam Electric Plant. This data
consisted of all collected parameters at both the 11.46 meter and 104.55 meter
tower levels for the year 1977. The description of the model used and the results
of the computations are presented in Reference l. The following tables



from Reference | provide the basis for the meteorological dilution factor
development of the Technical Specificaiions for Appendix | and were the source of
the X/Q and D/Q values utilized to show complianc2 with 10 CFR 20 and 10 CFR 50
for noble gases and radioiodines and particulates.

Tables A-1 through A-6 Relative undepleted concentration, rela-
tive depleted concentration and relative
deposition flux estimates for ground level
release for both standard distances and
special locations.

Tables A-7 throgh A-12 Relative undepleted concentration, rela-
tive depleted concentration and relative
deposition flux estimates for mixed mode
release for both standard distances and
special locations.

Tables A-13 through A-18 Relative undepleted concentration, rela-
tive depleted concentration and relative
deposition flux estimates for elevated
release for both standard distances and
special locations.

It should be noted that the values of X/Q, depleted X/Q, and D/Q for the stack
releases to the special locations take into consideration the offset of the stack
from the plant center. This is not true for the X/Q, depleted X/Q and D/Q values
at the standard distances. These values are based upon the distance from the stack
to the point of interest. These values should be good except for the close-in
distances.

Future Operational Computations

The NRC "XOQDOQ" Program (Revision 1) was obtained and installed on the CP&L
comptuer system. For routine meteorological dispersion evaluations, the
"XOQDOQ" Program will ve run with the appropriate physical plant data,
appropriate ri:eteorological information for the standard dist~~ces and special
locations of interest without a terrain/recirculation factor. The input to
"XOQDOQ" for ground |2vel releases are presented in Table A-19 and for elevated
releases in Table A-20. The resulting computations will have applied the TCF's to
produce a final atmospheric diffusion estimate for the sitz.

1208 '72
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In general, it is concluded that the straight-line model is as reasonable a projection

.of concentrations as the puff-advection model. By inclusion of the terrain

correction factors developed by a combination of the puff-advection/straight-line
scheme with the results of the XOQDOQ Program, ready evaluation of on-site

meteorological data may be made.



Reference

Chandler, Martin W. and George Hoopes, Revised Radiological Effiuent*Technical
Specifications: Gaseous Effluent Dilution Factors, Prepared for Carclina
Power & Light Company, Brunswick Facility, Dames and Moore, January !8,
1979.
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Table A4
x/Q Values At The Standard Distances For Releases From The Turbine Buildings

CANUL INA POWER AMND LIGHT COMPANY -~ BRUNSWICK
RELEASE TYPET ANNUAL
RELEASE MODE:! GROUND LEVEL
VARIABLE: HELAVIVE COMCENTRATYION (SEC./CUBIC METER)
CALCULATION POINTS: STANDARD
MODEL ¢

STRALIGHT L INE
APPLICATION OF TERRAIN COPHRECYION FACTORS!
HUMAE R OF

(ANNXOO9)

OBSERVATIONS: AATA

AF 10 DESIGH

SECT
NNE 0.
NE 0.
ENE 0.
€ 0.
ESE 0.
St 0.
SSE 0.
S 0.
S55% 0.
Sw 0.
wow O.o
w 0.
whw 0.
W 0.
Huw "
2] 0.
HUMHER
HUMNBE R
HuM £F
HiMINE R

olst 25

o400
1.5€-05
2.0E~-05
2.1£-05
2.9€-05
J.2E-05
2.JE-05
L.4E-DS
2.7E-05
1.9€-05
1.86-05
1.5€-05
1.36-05
1.0€-05
T.1E-06
B8.9t-06

9.2e-06

« 15
1.21

2.3)E-06
2.9€E-06
3.2E-06
3.9%-056
S.26-06
J.4uF-06
T.5€=-0%
J.BE-06
2.8BE-06
2.5FE-06
I.8r~06
1.5€-06
1.26-06
9.76-07
1.)E-06

l.4E6-06

VALID OBSERVATIONS

INVAL ID OBSERVATJOUNS

CALMS LOWEWN
CALMS UPPER

LEVEL =
LEVEL =

BASE DISYANCE IN

1.25
2.01

9.4E-07
1.36E-06
1.2E-06
1.5€-06
2.2E-06
1.66-06
J.lE-06
l.6E-06
1.26-06
1. 1E-06
T.5€~-07
6.9€-07
6.0L-07
J.5E~-07
S.hE=-07

S.1£-07

LU )

MILES 7/

S.9e-07
T.3E-07
6.56£-07
9.1€-07
1.0f-06
T.9¢=-07
1.8E-06
9.8E-07
B.0E-07
6.6t-07
J.BE-07
J.IE-07
2.8e-07
2.0E-07
2.7€-07
JIE-07

B67H
P

125

0

YES

KILOMETERS

2.25
.62

J.5€-07
4.5E-07
4.BE-07
6.6E-07
6.5¢-07
4.BE-07
1.26-06
1.26-07
4.96-07
4.9E-07
2.86-07
2.2E~-07
1.66~07
1.66-07
l.76-07

2.1€E~-07

2.75
bob2

2.4E~-07
J.4E-07
J.6t-07
4.4E-017
4,4E-07
3. 3E-07
T.7e-07
Lo9E-0T7
2.9€-01
2.86-07
1.86-07
1.5E~07
1.3E-07
1.2E~-07
1.JE-07

'ob( ‘07

3.25
S.23

1.96-07
2.7e-017
2.9E-017
J.5E-07
J.6E~07
2.,4E~07
S.1E-07
J.lE~07
2.3E-07
2,2€-07
1.5€~-07
l.1E-07
B.6E-08
71.86£-08
1.1e-07

1.3E-07

3.75
6.0)

1.5€-07
2.0E-07
2.1E-07
2.8E-07
2.96-07
2.26-07
3.9e-07
.96 -07
2.26-07
1.7€~07
1.26-07
G.6E-08
T.26-08
6.6E-08
9.3E-08

1.1E-07

“.25
6.84

1.26-07
1.7e-07
l.86E-07
2.2E-07
2.4E-017
1.8E-07
J.2e-07
2.20~07
1.3E-07
l1.4E-07
9.5L~-08
H,1€-08
S.4E-08
4.6E-08
6.6E-08

8.1€-08

~. ,5
T.64

9.06-08
1.46-07
1 .4€-07
1.9¢-07
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Table A5
Depleted X/Q Values At The Standard Distances For Releases From The Turbine Buildings

CAROL IHNA POWER AND LIGHT COMPANY - BRUNSWICK

RELEASE TYPE® ANNUAL

RELEASE MODE: GROUND LEVTL

VARIABLE: RELATIVE DEPLETED CONCENTRATION (SEC./CURIC METER)
CALCULATION POINTIS: STANDAKRD

MODEL T STHATGHT | INE ANMXOQ9)

APPLICATION OF (FRRAIN CORRECTION FACTONS: YES

NUHMHEPR OF OWSERVATIONS: AAKIR '

BASE DISTANCE IN MILES 7/ KILOMLTERS
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ENE 0. 2.0L=05 2.9F-06 1.0E-06 S.5E=07 3. 9E-07 2.80-07 2.2E-07 1.6E~-07 1.3E-07 1.0E-07
- € 0. 2eTE=05 3.4F=06 1.3E~06 T.6E~07 S.¥E=07 3.SE=07 2,6E~07 2.2E-07 V. 6E=-0T7 1.4E-07
tL ESE C. J.0E=0S 4.6E~-06 1, 9E-G6 B TE=07 S, =07 I.SE-07 2,807 2,36-07 1 JE~07 V. 4E-07
SE 0. 2.2€-05 3.1E-06 1.IE~06 6.6E-07 3.9E~07 2.6E-07 1.9€-07 1.6E-07 1,3C-07 1.26~07
SStE 0. G.2E-05 6.AF~06 2.76-06 1.5E-06 9.9E-07 6.,1E-07 4, 06-07 J.0E~-0T7 2.4E-07 l1.9t-07
) 0. 2.5€-05 3.5FE-06 1.30-06 B ME-07 S.9C=07 3.YE-07 2,9t~07 2.2E~-07 1.6E~07 ), 4E~-07
SSW Ve 1.9E-05 2.5€-06 1.0E-06 6.6E-07 4.06-07 2.3E-07 1.BE-07 \.6E~07 1.0E~07 B.3E-08
Sw 0. 1.7E-05 2.4E-06 9,BE-07 S.SE-07 J.9€-07 2.3E~07 V1, TE-O7 1.3E~07 ).1E~07 9,.0t~08
wWSwW .0. JobE~0S 1.5E~-06 6.4E-07 3,26-07 2,2c-07 1.6E-07 1,0€E-07 9.,2E~08 7,0E~08 S.9e-08
W 0. 1.2E-05 Y.IE=06 S.9% -0 2.7E-07 1.BE-07 1.1€-07 B,3E-08 7,2€-08 6.1E~08 3.8E-08
Whe 0. 9.9E-06 1.1E-06 “ CE-CT 2.4E-07 1.3E-07 L 0E-07 6.6E-08 S.5€-08 4,1E~08 3.3E-08
;:3 HW 0. 6.7E-06 B,7E-07 3,007 1.8BE~07 1.3E~07 9.4€ 08 6,.1L-08 S.1E-08 I.SE-08 J.0E-08
ﬁi{ NHW 0, B.5€-06 1.1E-06 4, 76-07 2.2~07 1.3t-07 L 1E-07 H,3E-08 7,.7E-08 S.0E-08 3,9€-08
4 N 0. B.6E-G6 1o E-06 4,40-07 2.8E-07 1.7€-07 1.2t~07 1, 06~-07 B.26-08 6,1E-08 S,.1E-08
~d
ity HUMBER OF VvALIU OBS<ERVATIONS = Holn
HUMBER OF TNVALID OBSERVATIONS = 82
HUMHER OF CALMS LOWER LEVEL = 125

HUMHER OF CALMS UPPER LEVEL = 0
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Carolina Power and Light Company - Brunswick

Release Type: Annual

Release Mode:

Variable:

Calculational Points:
Model: Straight Line
App' cation of Terrain Factor:

Elevated

Rel. Concentration

Special

Number of Observations:

Affected

SW

WSw

WNW

NW

NNW

ROZ1

LU

8678
Site

Boundary
1.3 x 1078
3.3 x 10°%
6.3 x 1077
3.0 x 107
5.9 x 1077
5.7 x 107
5.9 x 1077
6.3 x 107
8.7 x 1077
1.6 x 1078
9.0 x 1077
9.7 x 1077
4.8 x 1072
7.0 x 1072
4.2 x 107
4.8 x 1077

Yes

Accounting For Stack Center Offset

.0

-

Table A-13

Dairy

) 2.2
) 7.5
x 1078 1.0
; 1.8
“ 1.4

Meat

x 1078

X/Q Values At The Special Locations For Releases From The Stack

Resident

1.9 x 107

4.1 x 10

4.9

8.0
1.0
9.1
1.4

1.6

7.8

6.0

6.8

8
8

1077

10
10
10

10

1078

10”7

10°?

1077

10-9

Garden

2.4 x 10

\A
.
-~

9.4

1.4

1.7

—. -
~N -

64

7.0

6.8

8

1077

10

108

8
1078

1078
10
10

r
1677

102
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Table A-14
Depleted X/Q Values At The Special Locations For Releases From The Stack

Carolina Power and Light Company - Brunswick
Release Type: Annual

Release Mode: Elevated

Variable: Rel. Depleted Concentrations
Calculational Points: Special

Model:  Straight Line

Application of Terrain Factor: Yes

Number of Observations: 8678

Accounting Foi Stack Center Offset

Affected Site

~Sector Boundary Dairy Meat Resident Garden
NNE 1.2 x 1078 " 2.1 x 1078 1.7 x 1078 2.3 x 108
NE 3.2 x 1078 - " 0.0 x 10 :

ENE 6.2 x 107 : ; . :

E 3.0 x 1077 - . 4.9 x 1077 .

ESE 5.8 x 1072 : - ) )

SE 5.7 x 1077 y 7.4 x 1072 7.9 x 1077 9.3 x 1077
SSE 5.8 x 1077 " 9.9 x 1077 9.9 x 107 9.9 x 1077 :

S 6.2 x 1072 - : 9.0 x 1077 9.3 x 1077
SSW 8.5 x 1077 : : 1.3 x 1078 1.3 x 1077
SW 1.5 x 1078 - 1.8 x 1078 1.6 x 1078 1.7 x 1078
WSW 8.9 x 1077 g - 1.2 x 1078 1.2 x 1078
w i 9.6 x 1077 - 1.4 x 1078 1.2 x 1078 1.2 x 108
waw T 4.6 x 1077 . : 5.9 x 1077 6.0 x 107
NW - 6.9 x 1077 - - 7.7 x 107 6.7 x 107
NNW o 4.1 x 1077 . - 5.8 x 1077 6.6 x 1077
N 4.7 x 10-9 . : 6.5 x 1079 6.3 x 1077
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TABLE A-19

BRUNSWICK PLANT SITE INFORMATIO# TO BE USED
FOR GROUND LEVEL CALCULATIONS WITH NRC "0QDOQ" PROGRAM

Value to be Used

Card Type Columns Description ' in X0QDOQ
1 1 Print Input Data 1
38 Calculate Annual X/Qs for Points of Interest 1
39 Calculate Annual X/Q Averages for Site Radial Segments 1
41 Print Out Set Distance X/Qs and D/Qs 1
55 Calculate Annual D/Q Averages for the Set Radial Segmento 1
56 Allow Depleted X/Qs (If Decays (1), (2), or (3) 18 Negative) 1
58 Calculate Annual D/Qs for Points of Interest 1
T 2 1-80 Title Card N/A
no
W)
' 3 1-5 Nunber of Wind Velocity Categories 7
6-10 Number of Stability Categories 7
11-15 Number of Distances within Terrain Data for Each Sector 1
16-20 Total Number of Hours in Joint Wind Frequency Distribution (1)
21-25 Increment in % for whica Flotted Results are to b. Printed 5
25-30 Number of Titles of Receptor Types
31-35 Number of Release Exit Locations 1
4 1-5 leight of the Measured Wind 11
- 6-20 Half-Life (days) Used in the X/Q Calculations 101.00
2.26
-8.00
— 5 S N/A N/A ’ —
N ’
— 6 1-80 Joint Wind Frequency Distribution (1

Qo



TABLE A-19 (éBﬁEinued)

Value to be Used

Card Type Columns Description in X0QDOQ
7 1-5 Wind Velocity Units Correction 200.
6-175 Maximum Wind Speed in Each Wind Class (m/eec) 0.75
3.50
7.50
12.50
18.50
25.00
26.00
8 1-80 Distance in Meters at Which Terrain Heights are Given All Are 100
9 1-80 Terrain Helghte (In Meters, Above Plant Grade) Correspond All Are O
to Distances 'n Card Type 8
o 10 1-25 Number of Receptor Locations for a Particular Receptor Type Site Boundary = 16
s Dairy = 1
= Meat = 5
Residence = 14
Carden = 11
11 1-16 Title of Receptor Type for Receptor Locations Site Goundary
Dairy
ifeat
Resddence
Garden
12 .1-80 Receptor Direction and Distance (See Table 1)
13 1-80 Title for Release Point Whose Characteristice are Described (1)
on Card Type 14
~e R . )
14 g;i 1-5 Vent Average Velocity (m/sec) 1.0
6-10 Vent Inside Diameter (m) 1.0
11-15 Height oi Vent Release Point (m) 0.000
) 16-20 Helpat of the Vent's Bullding (m) ) 56.9
. 21-25 Minimum Croas-Sectional Area for the Vent's Building (m") ‘ 2120.0
26-30 Wind Helght Used for Vent Elevated Release 11.

31-35 Vent lleat Emlsslion Rate (cal/sec) 0.
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TABLE A-19 (continued)’

Value to be Used

Card Type Columms Description in X0QDOQ
15 1 Identification for Release Point A
2-5 Intermittent Releascs 0
6-10 Number of Intermittent Releases Per Year for this Release Point 0
0

11-15 Average Number of Houre Per Intermittent Release

(1 Appropriate Data to be Supplied
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Card Type

TABLE A-20

BRUNSWICK PLANT SITE INFORMATION TO BE USED
FOR ELEVATED RELEASE CALCULATIONS WITH NRC "X0QDOQ" PROGRAM

Colums Drescription
1 Print Input Data
4 Release to be Elevated 100% of the Time
38 Calculate Annual X/Qs for Points of Interest
39 Calculate Annual X/Q Averages for Sit: Radial Segments
41 Print Out Set Distance X/Qs and D/Qs
55 Calculate Annual D/Q Averages for the Set Radial Segments
56 Allow Depleted X/Qs (If Decays (1), (2), or (3) 1s Negative) -
58 Calculate Annual D/Qs for Points of Interest
1-80 Title Card
1-5 Number of Wind Velocity Categorles
6-10 Number of Stablility Categories
11-15 Number of Distances Within Terrain Data for Each Sector
16-20 Total Number of Hours in Joint Wind Frequency Distribution
21-25 ~ Increment in % for which Plotted Results are to be Printed
26-30 Number of Titles of Receptor Types
31-35 Number of Release Exit Locations
1-5 Height of the Mcasured Wind
6-20 Half-Life (days) Used in the X/Q Calculations
N/A N/A

1-80 Joint Wind Frequency Distribution

Value to be Used
in X0QDOQ
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TABLE A-20 (continued)

Value to be Used

Card Type Columns Description in X0QDOQ
7 1-5 Wind Velocity Units Correction 200.
6-75 Maximum Wind Speed in Each Wind Class (m/sec) 0.75
3.50
. 7.50
12.50
18.50
15,00
26,00
8 1-80 Distance in Meters at which Terrain Heighis ave Clven ALl Are 100
9 1-80 Terrain Heights (In Meters, Above Plant Crade) Corresponding All Are O
to Distances in Card Type 8
10 1-25 Number of Receptor Locations for a Particular Receptor Type Site Boundary = 16
Dairy = 1
. Meat = 5
i Residence = 14
9 GCarden = 11
11 1-16 Title of Receptor Type for Receptor Locations . Site Boundary
Dairy
Meat
Residence
Garden
12 1-80 Receptor Direction &nd Distance (See Table 1)
13 1-80 Title for Release Point Whose Characteristice are Described (1)
s on Card Type 14
N : .
< 14 1-5 Vent Average Velocity (m/sec) 4.66
oo 6-10 Vent Inside Diameter (m) : 3.58
11-15 Height of Vent Release Foint (m) 100.9
g 16-20 Height of Vent's Bullding () ) 0.0
J 21-25 Minimum Cross-Sectiona'® Area for the Vent's Building (m") 0.0
26-30 Wind leight Used for Vent Flevated Release 104.0

4
31-35 Vent Heat Emlsslon Rate (cal/sec) 0.
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TABLE A-20 (continued)

Card Type Columns Description
15 Identification for Release Point
2-5 Intermittent Releases
6-10 NHumber of Intermittent Releases Per Year for this Release Point
11-15 Average Number of Hours Per Intermittent Release
(1)

g0¢

O »

Appropriate Data to be Supplied

Value to be Used
in X0QDOQ

ooc o>



APPENDIX B

Calculation of Vi and Bi Values for the Elevated Plume

Values of Vi and Bi were calculated for the elevated plume release from the
Brunswick stack using the NRC computer program RABFIN. This program was used
to determine the controlling location based upon the releases of Table 3.2-1. In
addition it was used to develop the Vi and Bi values for the varinus noble gas
radionuclides at the site boundary at each of the 16 sectors. Table B-1 presents the
V, and B, values for the ENE sector which is the controlling location for noble gases
for showing compliance with 10 CFR 20 and 10 CFR 50. Table B-2 presents the
joint frequency distribution for the ENE sector. Tables B-3 through B-32 present
the Vi and Bi values and the joint frequency distribution for the remaining sectors.
The inputs which were utilized in the RABFIN code are presented below.

L. Height of Stack -  100.9(m)
2. Stack Diameter -  3.6(m)

. L Exit Velocity - 5.0 m/sec
5, Wind Height - 104.6 (m)

1208 '77



TABLE B-Il

DOSE PARAMETERS FOR FINITE ELEVATED PLUMES
ENE SITE BOUNDARY

Vi B,
Total Body Gamma Air
( mrem/zr) ( mrad/vr )
Noble Gas Radionuclides . uCi/sec uCi/sec
Kr-83m 1.66E-09 1 .40E-07
Kr-85m 9.18E-05 1.36E-04
Kr-85 1.36E-06 2.06E-06
Kr-87 4,17E-08 6.27E-04
Kr-88 1.08E-03 1.62E-03
Kr-89 6.55E-06 9.84E-04
Xe-13lm 2.17E-C5 3.41E-05
Xe-133m 1.64E-05 2.66E-05
Xe-133 1.72E-05 2.67E-05
Xe-135m 2.17E-04 3.29E-04
Xe-135 1.47E-04 2.21E-04
Xe-137 5.64E-05 8.52E-05
Xe-138 6.61E-04 9.93E-04
Xe-139 2.03E-05 3.05E-05
Ar-4] 7 .86E-04 1.18L-03

* The listed dose parameters are for radionuclides

that may be detected in gaseous effluents.



TABLE B-2

Joint Frequency Distribution for ENE Sector (%)
Period 1-1-77 through 12-31-77
Brunswick Steam Electric Plant

MAXIMUM WIND SPEED (m/sec)

Stability Total 1.50 3.00 5.00 7.50 10.00 12.50
1 0.00 0.00 0.00 0.00 0.00 0.00 .00
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3 0.17 0.00 0.01 0.0l 0.07 0.03 0.05
- 3.30 0.02 0.17 0.6l 1.21 0.83 C.46
5 4.81 0.02 0.18 0.81 1.63 1,39 L.78
6 1.14 0.05 0.20 0.28 0.27 0.14 0.20
7 0.46 0.0l 0.12 0.15 0.09 0.09 0.00

Total 9.88 .10 0.68 1.86 3.27 2.48 1.49

Entrapment .00 0.00 0.00 0.00 0.00 0.00

Ground Velocity .23 0.70 1.26 1.93 sl 3.48

o o ©o O

Elevated Velocity 74 2.21 3.93 6.14 8.59 11.05

AVERAGE WIND SPEED (m/sec)

Mean Ground Elevated Combined

Arithmetic 0.00 6.75 6.75

Harmonic 0.00 5.27 Y. 87
1208
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DOSE PARAMETERS FOR FINITE ELEVATED PLUMES
N SITE BOUNDARY

Noble Gas Radionuclides

Kr-83m
Kr-85m
Kr-85
Kr-87
Kr-88
Kr-89
Xe-131m
Xe-133m
Xe-133
Xe-135m
Xe-135
Xe-137
Xe-138
Xe-139
Ar-41

* The listed dose parameters are for radionuclides

TABLE B-3

V.
i

Total Body

(mrem/xr )
uCi/sec

W O W NN = 00 00— NN &

.98E-10
.57E-05
.76E-07
.06E-04
.41E-04
.89E-04
.09E-05
. 26E-06
.69E-06
.O4E-04
.32E-05
.4OE-05
.26E-04
.87E-06
.89E-04

that may be detected in gaseous effluents.

B-4

Gamma Air

<mrad/zr
uCi/sec

B.
i

\a»—&'ur—-—»—-—.—&“\gu—a\t—-

. l1E-07
.79E-05
.02E-06
. 10E-04
. 11E-04
.34E-04
.72E-05
.35E-05
.36E-05
. 57E-04
. 10E-04
.63E-05
.89E-04
.03E-05
.84E-04

———

nro

‘\,f\"\

e W L



TABLE B-4
Joint Frequency Distribution for N Sector (%)

Period 1-1-77 through 12-31-77
Brunswick Steam Electric Plant

MAXIMUM WIND SPEED (m/sec)

Stability Total 1.50 3.00 5.00 7.50 10.00 12.50
1 0.00 0.00 0.00 0.00 n.00 0.00 0.00
2 0.0l 0.00 0.00 0.00 0.01 0.00 0.00
3 C.1l1 0.00 0.00 0.0l 0.07 0.03 0.00
4 1.79 0.0l 0.16 0.70 0.65 0.18 0.09
5 2.00 0.00 0.15 0.46 0.65 0.29 0.45
6 0.68 0.02 0.06 0.29 0.12 0.07 0.12
7 0.15 0.02 0.10 0.0l 0.00 0.01 c.ol
Total .74 0.05 0.47 1.47 1.50 0.58 0.67
Entraprent 0.00 0.00 0.00 0.00 0.00 0.00
Ground Velocity 0.23 0.79 1.24 1.93 2:71 3.48
Elevated Velocity 0.74% 2.21 3.93 6.14 8.59 11.05

AVERAGE WIND SPEED (m/sec)

Mean Ground Elevated Combined
Arithmetic 0.00 6.00 6.00
Harmonic 0.00 4,6l 4.61

1208
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Noble Gas Radionuclides

Kr-82m
Kr-§5m
Kr-85
Kr-87
Kr-88
Kr-89
Xe-131m
Xe-133m
Xe-133
Xe-135m
Xe-135
Xe-137
Xe-138
Xe-139

Ar-41

* The listed dose parameters are for radionuclides
that may be detected in gaseous effluents

TABLE B-5

NNE SITE BOUNDARY

v,
1

Total Body
( mrem/vr

u Ci/sec

DOSE PARAMETERS FOR FINITE ELEVATED PLUMES

B.
i

Gamma Air

(

mrad/yr
uCi/sec

)

1.78E-09
7.77E-05
1.13E-06
3.45E-04
8.91E-04
5.42E-04
1.89E-05
1.42E-05
1.52E-05
1.80E-04
1.23E-04
4,70E-05
5.47E-084
1.68E-0°

6.49E-04

.33E-07
. 15E-04
.71E-06
. 19E-04
.34E-03
. 15E-04
.00E-05
.36E-05
.40E-05
.73E-06
.86E-04
.11E-05
. 22E-04
.52E-05
.74E-04

1208
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TABLE B-6

Joint Frequency Distribution for the NNE Sector (%)
Period 1-1-77 through 12-31-77
Brunswick Steam Electric Plant

MAXIMUM WIND SPEED (m/sec)

Stability Total 1.50 3.00 5.00 7.50 10.00 12.50
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2 0.07 0.00 0.00 0.0l 0.05 0.0l 0.00

3 0.45 0.00 0.00 0.03 0.25 0.15 0.02

“ 4.51 0.01 0.16 0.56 1.79 1.38 0.61

5 2.90 0.00 0.17 0.21 0.88 0.78 0.86

6 0.65 0.02 0.12 0.22 0.09 0.07 0.13
) 7 0.45 0.05 0.14 0.08 0.07 0.10 2.01
Total 9.03 0.08 0.59 l.11 3.13 2.49 1.63
Entrapment 0.00 0.00 0.00 0.00 0.00 0.00
Ground Velocity 0.23 0.70 1.24 1.93 2.71 3.48
Elevated Velocity 0.74 2.21 3.93 6.14 8.59 11.05

AVERAGE WIND SPEED (m/sec)

Mean around Elevated Combined
Arithmr tiz 0.00 7.13 7.13
Harmonic 0.00 5.63 5.63

\

i
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TABLE B-7

DOSE PARAMETERS FOR FINITE ELEVATED PLUMES
NE SITE BOUNDARY

v, B,

Total Body Gamma Air

e emle) (st

Noble Gas Radionuclides uCi/sec uCi/sec
Kr-83m 2.87E-29 8.70E-07
Kr-85m 9.33E-05 1.39E-04
Kr-85 1.21E-06 1.99E-06
Kr-87 3.99E-04 6.00E-04
K.--88 1.03E-03 1.54E-03
Kr-89 6.05E-04 9.10E-04
Xe-131m 2.37E-05 3.85E-05
Xe-133m 1.79E-05 3.05E-05
Xe-133 1.96E-05 3.15E-05
Xe-135m . 2.09E-04 3.18E-04
Xe-135 1.46E-04 2.20E-04
Xe-137 5.25E-05 7.94E-05
Xe-138 6.34E-04 9.52E-04
Xe-139 1.48E-05 2.23E-05

Ar-41 7 47E-04 1.12E-03

* The listed dose parameters are for radionuclides
that may be detected in gaseous effluents.

B-8



Jaint Frequency Distribution for NE Sector (%)

TABLE B-8

Period !-1-77 through 12-31-77

Brunswick Steam Electric Plant

MAXIMUM WIND SPEED (m/sec)

Stability Total 1.50 3.00 5.00 7.50 10.00 12.50
1 0.02 0.00 0.00 0.00 0.0l 0.00 0.0l
2 0.21 0.00 0.00 0.00 0.05 0.10 0.06
3 1.13 0.00 0.00 0.03 .28 0.50 0.32
4 7.30 0.0l 0.15 0.63 2.50 2.51 1.50
5 315 0.03 0.09 0.30 .2 1.99 .33
6 1.0 0.0l 0.06 0.32 0.33 0.24 0.08
7 0.41 0.0l 0.12 0.10 0.13 0.03 0.02

Total 15.26 0.06 0.42 1.38 4.51 5.37 3.52

Entrapment 0.00 0.00 0.00 0.00 0.00 0.00

Ground Velocity 0.23 .70 1.24 1.93 2.71 3.48

Elevated Velocity 0.74 2.21 3.93 6.14 8.59 11.05

AVERAGE WIND SPEED (m/sec)

Mean Ground Elevated Combined

Arithmetic 0.00 % 4 TsBl

Harmonic 0.00 6.63 6.63

1208

~nN7




TABLE B-9

DOSE PARAMETERS FOR FINITE ELEVATED PLUMES

Noble Gas Radionuclides

Kr-83m
Kr-85m
Kr-85
Kr-87
Kr-38
Kr-89
Xe-13Im
Xe-133m
Xe-133
Xe-135m
Xe-135
Xe-137
Xe-138
Xe-139
Ar-4]

* The listed dose parameters w.re for radionuclides

E SITE BOIM DARY

V.
i
Total Body

(mrem/xr )
uCi/sec

9.63E-10
.94E-05
.93E-07
.73E-04
.17E-04
.02E-04
.39E-05
.05E-05
.09E-05
.38E-04
.59E-05
.37E-05
.32E-04
.08E-05
. 18E-04

WM o= WD = e = e NN 00 W,

that ray be detected in gaseous effluents.

B-10

B.
i

Gamma Air
mrad/yr )

(

uCi/sec

N o= = N = = N - & = 00N

.31E-08
.82E-05
.35E-0Oe
.11E-0t
.08E-03
.Q4E-Q4
.17E-05
.70E-05
.69E-05
.10E-04
JL4E-04
.10E-05
.49E-04
.62E-05
.77E-04



Joint Frequenc,
Period 1-1-77 through 12-31-77
Brunswick Steam Electric Plant

TAE'E B-10

_¢* wtion for E Sector (%)

MAXIMUM WIND °-EED (m/sec)

Stability T¢.al 1.50 2.00 3.00 7.50 10.00 12.50
1 0.0l 0.00 0.00 0.00 0.00 0.01 0.00
2 0.03 0.00 0.00 0.00 0.01 0.0l 0.0l
3 0.09 0.00 0.00 0.03 0.02 0.01 0.03
4 1.42 0.0l 0.15 0.55 0.32 0.23 0.16
5 2.07 0.03 0.10 0.62 0.74 0.50 0.08
6 1.08 0.02 0.14 0.30 0.38 0.15 0.09
7 0.64 0.03 0.13 0.24 0.10 0.08 0.06
Total 5.34 0.09 0.52 1.74 1.57 0.99 G.43
Entrapment 0.00 0.00 0.00 0.00 0.00 0.00
Ground Velocity 0.23 0.70 1.24 1.93 2.71 3.48
Elevated Velocity 0.74 2. 41 3.93 6.14 8.59 11.05
AVERAGE WIND SPEED (m/sec)
Mean Ground Elevated Combined
Arithmetic 0.00 5.80 5.80
Harmonic 0.00 4.41 4.kl

B-11



TABLE B-11

DOSE PARAMETERS FOR FINITE ELEVATED PLUMES

Noble Gas Radionuclides

Kr-83m
Kr-85m
Kr-85
Kr-87
Kr-88
Kr-89
Xe-131m
Xe-133m
Xe-133
Xe-135m
Xe-135
Xe-137
Xe-138
Xe-139
Ar-41

# The listed dose parameters are for radionuclides

ESE SITE BOUNDARY

¥,
i

Total Body

(mrem/xr )
uCi/sec

1.08E-09
5.51E-05
8.12E-07
2.51E-04
6.42E-04
4.30E-04
1.31E-05
9.91E-06
1.04E-05
1.34E-04
8.81E-05
3.792-05
3.99E-04
1.70E-05
4.73E-04

that may be detected in gaseous effluents.

B-12

B.
i

Gamma Air

(

mrad/yr )
uCi/sec

\JN\AMHN'—'—NG\\DU’—N'—

.89E-07
. 18E-05
.23E-06
.78E-0&
.63E-04
.46E-C4
.07E-05
.62E-05
.63E-05
.04E-04
.32E-04
.73E-05
.99E-04
.J5E-05
.09E-04

1208 2
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TABLE B-12

Joint Frequency Distribution for ESE Sector (%)
Period 1-1-77 through 12-31-77
Brunswick Steam Electric Plant

MAXIMUM WIND SPEED (m/sec)

Stability Total 1.50 3.00 5.00 7.50 10.00 12.50
l 0.06 0.00 0.00 0.0l 0.00 0.05 0.00
2 0.15 0.00 0.00 0.0l 0.03 0.06 0.05
3 0.31 0.00 0.00 0.02 0.13 0.03 0.13
4 1.71 0.00 0.07 0.31 0.58 0.46 0.29
5 2.02 0.01 0.08 0.31 0.52 0.80 0.30
6 0.85 0.03 0.06 0.17 0.18 0.36 0.05
7 0.46 0.01 0.07 0.12 0.07 0.07 0.12

Total 5.56 0.05 0.28 0.95 1.51 1.83 0.%4

Entrapment 0.00 0.00 0.00 0.00 0.00 0.00

Ground Velocity 0.23 0.70 1.24 1.93 2.71 3.48

Elevated Velocity 0.74 2.21 393 6.14 8.59 11.05

AVERAGE WIND SPEED (m/sec)

Mean Ground Elevated Combined

Arithmetic 0.00 7«13 7.15

Harmonic 0.00 5.67 5.67

1208 o
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TABLE B-13

DOSE PARAMETERS FOR FINITE ELEVATED PLUMES

Noble Gas Radionuclides

Kr-83m
Kr-85m
Kr-85
Kr-87
Kr-88
Kr-89
Xe-131lm
Xe-133m
Xe-133
Xe-135m
Xe-135
Xe-137
Xe-138
Xe-139
Ar-41

* The listed dose parameters are for radionuclides

SE SITE BOUNDARY

V.
i

Total Body

( mrem/yr )
uCi/sec

1.36E-09
6.C1E-05
8.80E-07
2.72E-04
6.95E-06
4.68E-04
1.45E-05
1.10E-05
1.16E-05
1.46E G+
9.58E-05
4.14E-05
4.33E-04
1.87E-05
5.12E-04

th-* may be detected in gaseous effluents.

B-14

B.
i

Gamma Air

(

\

mrad/vr )

uCi/sec

\CNO\C\'—'N'—"—N\‘”#-—-M\&

.68E-07
.93E-05
.33E-06
. 10E-04
.04E-03
.04E-04
.31E-05
.82E-05
.83E-05
.22E-04
JLLE-O4
.26E-05
. 50E-04
.31E-05
.68E-04



TABLE B-14
Joint Frequency Distribution for SE Sector (%)

Period 1-1-77 through 12-31-77
Brunswick Steam Electric Plant

MAXIMUM WIND SPEED (m/sec)

Stability Total 1.50  3.00 500 750 1000  12.50
l 0.11  0.00 0.00 0.00 0.00 0.06  0.05
2 0.31  0.00 0.00 0.01 0.1 0.15 0.0l
3 0.53  0.00 0.00 0.1 0.18 0.18  0.03
4 l.es  0.02 0.08 025 0.51 0.4l 0.17
5 .46  0.01 0.09 0.31 0.50 0.46  0.09
5 0.89  0.02 0.05 0.02 0.30 0.4  0.06
7 0.63 0.01 0.13 0.09 0.1& 0.2l 0.0
Total 5.37  0.06 0.35 0.82 1.77 1.9l 0.46
Entrapment 0.00 0.00 0.00 0.00 0.00  0.00
Ground Velocity 0.23 0.70 l.2¢  1.93  2.71 3.48
Elevated Velocity 0.76 2.21  3.93 6.1 8.5  11.05

AVERAGE WIND SPEED (m/sec)

Mean Ground Elevated Combined
Arithmetic 0.00 6.78 6.78
Harmonic 0.00 5.37 5.37
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TABLE B-15

DOSE PARAMETERS FOR FINITE ELEVATED PLUMES

Noble Gas Radionuclides

Kr-83m
Kr-85m
Kr-85
Kr-87
Kr-88
Kr-89
Xe-131m
Xe-133m
Xe-133
Xe-135m
Xe-135
Xe-137
Xe-138
Xe-139
Ar-4]

* The listed dose parameters are for radionuclides

SSE SITE BOUNDARY'

%
Total Body
( mrem/vr )

. uCi/sec

.31E-09
.46E-05
.35E-07
.96E-04
.58E-04
.11E-04
. 54E-05
.17E-05
.22E-05
.58E-04
.03E-04
.32E-05
.70E-04
.17E-Q5
.58E-04

WM N & F = o = = = N NN e

that may be detected in gaseous effluents.

3-16

Gamma Air

mrad/yr \
uCi/sec /

(

B.
i

D = N = = N N = o= 0N

7.
3.
8.

.51E-07
.59E-05
LL5E-06
JU5E-04
.14E-03
.69E-04
.43E-05
.91E-05
.91E-05
.39E- 4
. SOE-04
.83E-05

06E-04
26E-05
37E-04

120
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TABLE B-16

Joint Frequency Distribution for SSE Sector (%)

Period 1-1-77 through 12-31-77

Brunswick Steam Electric Plant

MAXIMUM WIND SPEED (m/sec)

Stability Total 1.50 3.00 3.00 7.50 10.00 12.50
1 0.02 0.00 0.00 0.00 0.0l 0.0l 0.00
2 0.13 0.00 0.00 0.02 0.02 0.09 0.00
3 0.49 0.00 0.00 0.14 0.24 0.09 0.02
- 2.35 0.05 0.16 0.32 0.80 0.70 0.32
5 1.40 0.00 0.08 0.23 0.46 0.58 0.05
6 0.84 0.02 0.05 0.13 0.18 0.31 0.15
7 0.32 0.03 0.02 0.05 0.07 0.13 0.02
Total 5.55 0.10 0.31 0.89 1.78 1.91 0.56
Entrapment 0.00 0.00 0.00 0.00 0.00 0.00
Ground Velocity 0.23 0.70 1.24 1.93 2.71 3.48
Elevated Velocity 0.74 2.21 3.93 6.14 8.59 11.05
AVERAGE WIND SPEED (m/sec)
Mean Ground Elevated Combined
Arithmetic 0.00 6.81 6.81
Harmonic 0.00 5.21 5.21
1208 215
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TABLE B-17

DOSE PARAMETERS FOR FINITE ELEVATED PLUMES

Noble Gas Radionuclides

Kr-83m
Kr-85m
Kr-85
Kr-87
Kr-88
Kr-89
Xe-131m
Xe-133m
Xe-133
Xe-135m
Xe-135
Xe-137
Xe-138
Xe-139
Ar-41

* The listed dose parameters are for radionulides
that may be detected in gaseous effluents.

S SITE BOUNDARY

V.
i

Total Body

(

mrem/yr )
uCi/sec

WY N N 00N -~ W e

l

.30E-10
.54E-05
.22E-07
.S4E-04
. 18E-04
.00E-04
.70E-06
.58E-06
.01E-06
.4OE-05
.66E-05
.64E-05

2 . QZE-O“
4.28E-06
2 . 935'0“

p-18

B;

Gamma Air

( mrad/vr )

uCi/sec

1.84E-07
5.26E-05
7.88E-07
2.32E-04
6.27E-04
3.00E-06
1.39E-05
1.09E-05
1.11E-05
1.12E-04
8.51E-05
2.48E-05
3.63E-04
6.43E-06
4.4L0E-04
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TABLE B-18

Joint Frequency Distribution for S Sector (%)
Period 1-1-77 through 12-31-77

Brunswic k Steam Electric Plant

MAXIMUM WIND SPEED (m/sec)

Stability Total 1.50 3.00 3.00 7.50 10.00 12.50
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 0.03 0.00 0.00 0.00 0.03 0.00 0.00
3 C.16 0.00 0.00 0.02 0.1% 0.00 0.00
B 1.74 0.01 0.13 0.28 0.55 0.54 0.23
5 1.32 0.03 0.08 0.25 0.45 0.46 0.05
6 0.93 0.02 0.08 0.7 0.24 0.33 0.09
7 0.37 0.05 c.03 0.05 0.12 0.07 0.05

Total 4.55 0.11 0.32 0.77 1.53 1.40 0.42

Entrapment 0.0C 0.00 0.00 0.00 0.00 0.00

Ground Velocity 0.23 0.70 1.24 1.93 2.71 3.48

Elevated Velocity 0.74 2.21 3.93 6.14 8.59 11.05

AVERAGE WIND SPEED (m/sec)

Mean Ground Elevated Combined

Arithmetic 0.00 6.57 6.57

Harmonic 0.00 4.84 4.84

1208 17
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TABLE B-15

DOSE PARAMETERS FOR FINITE ELEVATED PLUMES

Noble Gas Radionuclides

Kr-83m
Kr-85m
Kr-85
Kr-87
Kr-88
Kr-89
Xe-13lm
Xe-133m
Xe-133
Xe-135m
Xe-135
Xe-137
Xe-138
Xe-139
Ar-41

SSW SITE BOUNDARY

Yi

Total Body

<mrem/xr )
uCi/sec

.09E-09
.68E-05
.80E-07
.07E-0¢4
.39E-04
.98E-04
. 14E-05
.63E-06
.22E-06
.06E-04
.4LE-05
.52E-05
. 28E-04
.80E-06
.89E-04

WO W NN = D00 = NN

+ The listed dose parameters are for radionuclides

that may be detected in gaseous effluents.

B=-20

Gamma Air

(

uCi/sec

B.
i

mrad/vr
———

u.—-cu-—-——-———cwuv—a\'\l

. 15E-07
.95E-05
.03E-06
.11E-04
.09E-04
.4BE-04
.82E-05
.43E-05
.46E-05
.61E-04
. 12E-08
.81E-05
«92E-04
.02E-05
.84E-04
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TABLE B-20

Joint Frequency Distribution for SSW Sector (%)
Period 1-1-77 through 12-31-77

Brunswick Steam Electric Plant

MAXIMUM WIND SPEED (m/sec)

Stability Total 1.50 3.00 3.00 7.50 10.00 12.50
l 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3 0.19 0.00 0.00 0.07 0.05 0.06 0.01
4 2.47 0.0l 0.03 0.53 0.99 0.62 0.29
5 1.88 0.0l 0.15 0.37 0.56 0.74 0.05
6 1.12 0.0l 0.12 0.14 0.28 0.55 0.02
7 0.51 0.0l 0.03 0.10 0.22 0.13 0.02
Total 6.17 0.04 0.33 1.21 2.10 2.10 0.39
Entrapment 0.00 0.00 0.00 0.00 0.00 0.00
Ground Velocity : 0.23 0.70 1.24 1.93 2.71 3.48
Elevated Velocity 0.74% 2.21 393 6.14 8.59 11.05

AVERAGE WIND SPEED (m/sec)

Mean Ground Elevated Combined
Arithmetic 0.00 6.61 6.61
Harmonic 0.00 5.44 5.44

1208 217
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TABLE B-21
DOSE PARAMETERS FOR FINITE ELEVATED PLUMES

SW SITE BOUNDARY

Vi Bi

Total Body Gamma Air

(mrem/xr ) ( mrad/yr’
Noble Gas Radionuclides . uCi/sec uCi/sec )
Kr-83m 1.35E-09 3.69E-07
Kr-85m 5.24E-05 7.79E-05
Kr-85 7.60E-07 1.15E-06
Kr-87 2.29E-04 3.45E-04
Kr-88 6.04E-04 9.06E-04
Kr-89 3.21E-04 4.82E-04
Xe-131m 1.30E-05 2.08E-05
Xe-133m 9.83E-06 | .64E-05
Xe-133 1.05E-05 1.67E-05
Xe-135m 1.15E-04 1.75E-04
Xe-135 8.33E-05 1.25E-04
Xe-137 2.69E-05 4.07E-05
Xe-138 3.63E-04 J.45E-04
Xe-139 7.09E-06 1.07E-05
Ar-41 4.33E-04 6.50E-04

*« The listed dose parameters are for radionuclides
that may be detected in gaseous effluents.




Joint Frequency Distribution for SW Sector (%)

TABLE B-22

Period 1-1-77 through 12-31-77

Brunswick Steam Electric Plant

MAXIMUM WIND SPEED (m/sec)

Stability Total 1.50 3.00 3.00 7.50 10.00 12.50
l 0.0l 0.00 0.00 0.00 0.00 0.0l 0.00
2 0.10 0.00 0.00 0.02 0.07 0.01 0.00
3 0.53 0.00 0.02 0.10 0.30 0.09 0.02
“ 2.32 0.0l 0.1% 0.50 0.98 0.52 0.17
5 1.71 0.02 0.09 0.39 0.40 0.68 0.13
) 6 0.88 0.05 0.05 0.20 0.46 0.12 0.0C
7 0.56 0.00 0.07 0.15 0.22 0.! 0.00
Total 6.11 0.08 0.37 1.36 2.43 1.55 0.32
Entrapment 0.00 0.00 0.00 0.00 0.00 0.00
Ground Velocity 0.23 0.70 1.24 1.93 2.71 3.48
Elevated Velocity 0.74 2.21 3.93 6.14 8.59 11.05
AVERAGE W1.<D SPEED (m/sec)
Mean Ground Elevated Combined
Arithmetic 0.00 6.22 6.22
Harmonic 0.00 4.98 4,98

3 {
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TABLE B-23
DOSE PARAMETERS FOR FINITE ELEVATED PLUMES

WSW SITE BOUNDARY'

v, B,

Total Body Gamma Air

(mrem/zr { mrad/yr )
Noble Gas Radionuclides uCi/sec) uCi/sec
Kr-83m 1.41E-09 3.28E-07
Kr-85m 5.94E-05 8.83E-05
Kr-85 R.66E-07 1.31E-06
Kr-87 2.63E-04 3.97E-04
Kr-88 6.87E-04 1.03E-03
Kr-89 3.90E-04 5.87E-04
Xe-13Im 1.45E-05 2.32E-05
Xe-133m l.10E-05 1.83E-05
Xe-133 1.17E-05 1.85E-05
Xe-125m 1.35E-04 2.05E-04
Xe-135 9.46E-05 1.42E-04
Xe-137 3.32E-05 5.03E-05
Xe-138 4.18E-04 6.27E-04
Xe-139 9.43E-06 1.42E-05
Ar-4] 4.97E-04 7.45E-0%

* The listed dose parameters are for radionuclides
that may be detected in gaseous effluents.
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TABLE B-24

Joint Frequency Distribution for WSW Sector (%)
Period 1-1-77 through 12-31-77

Brunswick Steam Electric Plant

MAXIMUM WIND SPEED (n./sec)

Stability Total 1.50 3.00 3.00 7.50 10.00 12.50
l 0.02 0.00 0.00 0.00 0.02 0.00 0.00
2 0.18 0.00 0.0l 0.00 0.14 0.00 0.03
3 0.36 0.00 0.0!1 0.15 0.15 0.05 0.00
4 2.64 0.00 0.15 0.54 1.12 0.75 0.08
5 1.73 0.02 0.09 0.37 | 0.84 0.39 0.02
6 0.87 0.02 0.08 0.25 0.37 0.14 0.0l
7 0.36 0.03 0.03 0.13 0.17 0.00 0.00

Total 6.16 0.07 0.37 1.44 2.81 1.33 0.14

Entrapment 0.00 0.00 0.00 0.00 G.00 0.00

Ground Velocity 0.23 0.70 1.26 1.93 2.71 3.48

Elevated Velocity 0.74 2.21 3.93 6.14 8.59 11.05

AVERAGE WIND SPEED (m/sec)

Mean Ground Elevated Combined

Arithmetic 0.00 5.97 5.97

Harmonic 0.00 4.91 4.91

a "7
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TABLE B-25

DOSE PARAMETERS FOR FINITE ELEVATED PLUMES

Noble Gas Radionuclides

Kr-83m
Kr-85m
Kr-85
Kr-87
Kr-88
Kr-89
Xe-13lm
Xe-133m
Xe-133
Xe-135m
Xe-135
Xe-137
Xe-138
Xe-139
Ar-4]

* The listed dose parameters are for radionuclides
that may be detected in gaseous effluents.

W SITE BOUNDARY

i

Total Body

mrem/vr
—————a—

\ uCi/sec

.36E-09
.29E-05
«33E-07
.81E-04
.49E-04
.82E-04
.52E-05
.15E-05
.21E-05
.38E-04
1.01E-Q4
3.16E-05
4.642E-04
8.! .E-06
5.33E-04

— ke e e WON N O N -
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B;

GCamma Air
/ mrad/yr

\HCI/SCC

2.97E-07
9.34E-05
l.41E-06
4,23E-04
1.12E-03
5.73E-04
2.42E-05
1.90E-05
1.91E-05
2.09E-04
1.52E-0u
4.77E-05
6.64E-04
1.23E-05
8.00E-04

,.,
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TABLE B-26

Joint Frequency Distribution for W Sector (%)
Period 1-1-77 through 12-31-77
Brunswick Steam Electric Plant

MAXIMUM WIND SPEED (m/sec)

Stability Total 1.50 3.00 500 7.0  10.00  12.50
! 0.05  0.00 0.00 0.00 0.25 0.00 0.00

2 0.10  0.00 0.00 0.00 0.i00 0.00 0.00

3 0.37 0.00 0.05 0.! 0.12  0.02 0.00

- 1.95  0.02 0.10 C.47  1.07 0.29 0.00

5 2.00 0.01 0.14 0.53 1.07 0.22 0.03

6 0.85  0.07 0.10 0.29 0.36 0.0l 0.02

B 7 0.37 0.06 0.08 0.18 0.05 0.00 0.00
Total 5.69  0.16 0.47 1.65 2.82 0.5 0.05
Entrapment 0.00 0.00 0.00 0.00 0.00 000
Ground Velocity 0.23 0.70 1.24 1.93 2.71 3.48
Elevated Velocity 0.7¢ 2.2l  3.93 6.l14 8.59  11.05

AVERAGE WIND SPEED (m/sec)

Mean Ground Elevated Combined
Arithmetic 0.00 5.30 5.30
Harmonic 0.00 4.13 4,13
. "G IO
5, 1208 Z-
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TABLE B-27

DOSE PARAMETERS FOR FINITE ELEVATED PLUMES

Noble Gas Radionuclides

Kr-83m
Kr-85m
Kr-85
Kr-87
Kr-88
Kr-89
Xe-131m
Xe-133m
Xe-133
Xe-135m
Xe-135
Xe-137
Xe-138
Xe-139
Ar-41

* The listed dose parameters are for radionuclides
that may be detected in gaseous effluents.

WNW SITE BOUNDARY"

V.
i

Total Body
( mrem/yr

pCi/sec

B,

Gamma Air

(mrad/vr

uCi/sec

)

9.35E-10
4.30E-05
6.%1E-07
1.92E-04
5.18E-04
2.41E-04
1.04E-05
7.92E-06
8.31E-06
9.15E-05
6.91E-05
1.93E-05
3.01E-04
4.51E-06
3.65E-04

B-28

2.26E-07
6.39E-05
9.71E-07
2.89E-04
7.77E-04
3.62E-04
1.66E-05
1.31E-05
1.31E-05
1.39E-04
1.04E-C4
2.92E-05
&.53E-04
6.77E-06
5.48E-04



TABLE B-28

Joint Frequency Distribution for WNW Sector (%)
Period 1-1-77 through 12-31-77

Brunswick Steam Electric Plant

MAXIMUM WIND SPEED (m/sec)

Stability Total 1.50 3.00 3.00 7.50 10.00 12.50
1 0.0l 0.00 0.00 0.01 0.00 0.00 0.00

2 0.09 0.00 0.00 0.08 0.0l 0.00 0.00

3 0.24 0.00 0.05 0.17 0.02 0.00 0.00

4 1.03 0.0l 0.10 0.45 0.45 0.02 0.00

5 1.19 0.03 0.14 0.37 0.50 0.13 0.02

6 0.63 0.05 0.12 0.28 0.17 0.01 0.00
3 7 0.19 0.03 0.03 0.07 0.06 0.00 0.00
Total 3.38 0.12 0.44 1.43 1.21 0.16 0.02
Entrapment 0.00 0.00 0.00 0.00 0.00 0.00
Ground Velocity 0.23 0.70 1.2¢ 1.93 2.71 3.48
Elevated Velocity 0.74 2.21 3.9 6.14 8.59 11.05

AVERAGE WIND SPEED {m/sec)

Mean Ground Elevated Combined
Arithmet ¢ 0.00 4,65 4,65
Harmonic 0.00 3.58 3.358
A o I
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TABLE B-29
DOSE PARAMETERS FOR FINITE ELEVATED PLUMES

NW SITE BOUNDARY"

Vi Bi

Total Body Camma Air

(mrem/vr ) <mrad/vr>
Noble Gas Radionuclides uCi/sec kCi/sec
Kr-83m 9.87E-10 2.60E-07
Kr-85m 4. 14E-05 6.14E-05
Kr-85 6.09E-07 9.23E-07
Kr-87 1.80E-0%& 2.72E-04
Kr-88 4.92E-04 7.38E-04
Kr-89 2.11E-04 3.17E-04
Xe-13lm 1.02E-05 1.63E-05
Xe-133m 7.73E-06 1.28E-05
Xe-133 8.20E-06 1.30E-05
Xe-135m 8.45E-05 1.28E-04
Xe-135 6.62E-05 9.95E-05
Xe-137 1.65E-05 2.49E-05
Xe-138 2.83E-04 4.25E-04
Xe-139 3.74E-06 5.61E-06
Ar-4] 3.43E-04 5.15E-04

* The listed dose parameters are for radionuclides

that may be detected in gaseous effluents.
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TABLE B-30
Joint Frequency Distribution for NW Sector (%)
Period 1-1-77 through 12-31-77

Brunswick Steam Electric Plant

MAXIMUM WIND SPEED (m/sec)

Stability Total 1.50 3.00 3.00 7.50 10.00 12.50
l 0.0l 0.00 0.00 0.01 0.00 0.00 0.00
2 0.i2 0.00 0.0l 0.08 0.03 0.00 0.00
3 0.24 0.00 0.02 0.17 0.05 0.00 .00
- 1.14 0.01 0.16 0.54 0.33 0.09 0.01
5 1.08 0.02 0.12 0.40 0.28 0.10 0.16
6 0.57 0.05 0.17 0.17 0.16 0.01 0.01
7 0.35 0.03 0.07 0.12 0.13 0.00 0.00
Total 3.51 0.11 0.55 1.49 0.98 0.20 0.18
Entrapment 0.00 0.00 0.00 0.00 0.00 0.00
Ground Velocity 0.23 0.70 1.24 1.93 b 3.48
Elevated Velocity 0.74 2.2} 3.93 6.14 8.59 11.05

AVERAGE WIND SPEED (m/sec)

Mean Ground Elevated Combined
Arithmetic 0.00 4,81 4,81
Harmonic 0.00 3.59 3.59
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TABLE B-31

DOSE PARAMETERS FOR FINITE ELEVATED PLUMES

Noble Gas Radionuclides

Kr-83m
Kr-85m
Kr-85
Kr-87
Kr-88
Kr-89
Xe-13Im
Xe-133m
Xe-133
Xe-135m
Xe-135
Xe-137
Xe-138
Xe-139
Ar-4]

NNW SITE BOUNDARY "

V.
1

Total Body

(mrem/zr )

uCi/sec

6.84E-10
3.67E-05
5.51E-07
1.65E-04
4.46E-04
2.09E-04
8.75E-06
6.63E-06
6.91E-06
7.85E-05
5.91E-05
1.63E-05
2.59E-04
4.89E-06
3.14E-04

* The listed dose parameters are for radionuclides

that may be detected in gaseous effiuents.

B-32

B.
1

Gamma Air

(mrad/vr

uCi/sec

)

1.03E-07
5.44E-05
8.35E-07
2.48E-04
6.70E-04
3.14E-04
1.38E-05
1.08E-05
1.08E-05
1.19E-04
8.89E-05
2.54E-05
3.89E-04
7.34E-06
4.72E-04
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TABLE B-32

Joint Frequency Distribution for NNW Sector (%)
Period 1-1-77 through 12-31-77

Brunswick Steam Electric Piant

MAXIMUM WIND SPEED (m/sec)

Stability Total 1.50 3.00 5.00 7.50 10.00 12.50
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 0.02 0.00 0.00 0.0l 0.01 0.00 0.00
3 0.12 0.00 0.00 0.06 0.06 0.00 0.00
A 1.00 0.01 0.14 0.36 0.37 0.09 0.03
5 1.17 0.02 0.12 0.27 0.7J 0.12 0.39
) 6 0.82 0.02 0.13 0.23 0.17 0.03 0.24
7 0.3% 0.05 0.10 0.14 0.00 0.05 0.00
Total 3.47 0.10 0.49 1.07 0.86 0.29 "
Entrapment 0.00 0.00 0.00 0.60 0.00 0.00
Ground Velocity 0.23 0.70 1.24 1.93 2.71 3.48
Elevated Velocity 0.74 2.21 3.93 6.14 8.59 11.05
AVERAGE WIND SPEED (m/sec)
Mean Ground Elevated Combined
Arithmetic 0.00 5.89 5.89
Harmonic 0.00 4.02 4.02
- e A7
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APPENDIX C

DOSE PARAMETERS FOR RADIOIODINES, PARTICULATES AND TRITIU'M

This appendix contains the methodology which was used to calculate the dose
parameters for radioiodines, particulates, and tritium to show compliance with 10 CFR
20 and Appendix | of 10 CFR 50 for gaseous effluents. These dose paramezers, Pi and
R., were calculated using the methodology outlined in NUREG-0133 along with
Regulatory Guide 1.109 Revision 1. The following sections provide the specific
methodology which was utilized in calculating the Pi and Ri vaiuves for the various
exposure pathways.

C.l Calculation of P.

The parameter, Pi. containec in the radioiodine and particulates portion of Section 3.2,
includes pathway transport parameters of the ith radionuclide, the receptor's usage of
the pathway media and the dosimetry of the exposure. Pathway usage rates and the
interna! dosimetry are functions of the receptor's age; however, the youngest age
group, the infant, will always receive the maximum dose under the exposure conditions
for Technical Specification 1.2.2.1(b). For the infant exposure, separate values of P,
may be calculated for the inhalation pathway which is combined with a W parameter
based on (X/Q), and the food (milk) and ground pathway which is combined with a W
parameter normally based on (D/Q), except for tritium. The following sections provide
in detail the methodology which was used in calculating the P.l values for inclusion into
this ODCM.

C.l.l Inhalation Pathwav

Pil = K'YBR) DFA; (C.1-1)
where:

P. z dose parameter for radionuclide i for the inhalation nathway,

mrem/yr per uCi/m 3;
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BR

DFr‘\i

a constant of unit conversion:
. 108 pCi/uCi;

the breathing rate of the infant age group, m3/yr:

z the maximum organ inhalation dose factor for the infant age

group for radionuclide i, mrem/pCi.

The age group consider~d is the infant group. The infant's breathing rate is taken as
1400 m3/yr from Table E-5 of Regulatory Guide 1.109 Revision 1. The inhalation dose

factors for the infant, DFAi, are presented in Table E-!0 of Regulatory Guide 1.109 in

units of mrem/pCi. The total body is considered as an organ in the selection of DFAi.

The incorporation of breathing rate of an infant and the unit conversion factor results

in the followirg:

C.1.2

where:

Kl

K"

>

i 1.6x10° DFA, (C.1-2)

Ground Plane Pathwav

Ait
)/,\.l (C.1-3)

K'K"DFGi (1-e

= dese parameter for radionuclide i for the ground plane pathway,

mrem/yr per uCi/sec per m'z:

- a constant of unit conversion:
B 108 pCi/uCis

B a constant of unit conversion:
- 8760 hr/vyr;

- the radiological decay constant for radionuclide i, sec'I:

1208 2357
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C.1.3

where:

K

DFGi

mechanism

P

'S

M

Milk

the expcsure period;

3.15x107 sec (1 vear);

the ground plane dose conversion factor for radicnuclide i,
mrem/hr per pCi/mz.

The deposition rate onto the ground plane results in a ground plane concentration that
is assumed to persist over a year with radiological decay the only operating removal
for each radionuclide. The ground plane dose conversion factors for
radionuclide i, DFGi, are presented in Table E-6 of Regulatory Guide 1.109 Revision 1.

Resolution of the units vields:

-A

™
8.76x10° DFG, (1-e DA (C.1-4)

Kr QU )V | -At
Y F(,\ f)‘ y— DFL e ' ! (C.1-5)
p i w

dose parameter for radionuclide i for the cow milk or goat milk

pathway, mrem/yr per uCi/sec per m™%;

a constant of unit conversion:
108 pCi/uci

the cow's or goat's consumption rate of feed, kg/dav (wet weight):
the infant's milk consumption rate, liters/yr:

the agricultural productivity by unit area, kg/mz;




———
Wt

Fm z the stable element transfer coefficient, pCi/liter per pCi/day;

r s fraction of deposited activity retained on cow's or goat's feed
grass;

DFI.i = the maximum organ ingestion dose factor for radionuclide i,
mrem/pCi;

'\i z the radiological decay constant for r..dionuclide i, sec'l $

- 2 the decay constant for removal of activity on leaf and plant

surfaces by weathering, sec'l;
= 5.73x10°7 sec”! (corresponding to a 14 day half-time);

L
l

¢ 2 the transport time from pasture to cow or goat to milk to infant,

sec.

A fraction of the airborne deposition is captured by the ground plant vegetation cover.
The captured material is removed from the vegetation (grass) by both radiological
decay and weathering processes.

Various parameters which were utilized to determine the P.l values for the cow and
goat milk pathways are provided in Table C-1. Table E-1 of Regulatory Guide 1.109
Revision | provides the stable element transfer coefficients, Fm, and Table E-14 of
the same regulatory guide provides the ingestion dose factors, DFL,, for the infant's
organs. The organ with the maximum value of DFL, was used in the determination of
Pi for ... pathway. The incorporation of the various constants of Table C-l inty
Equation C.1-5 results in the following:

For cow's milk for radioiodines and particulates:

0 At
P, 2.4x10 "i—i—jﬂ'ie i'f (*..1-6)
1208 5




For the goat milk pathway for radioicdines and particulates:

rF il
P - 2.8x109A 2 DFL, e it (C.1-7)
& .

1 w .

For tritium, the concentration of tritium in milk is based on its airborne concentration
rather than the deposition rate.

PTM s K'K'"FmQF'JapDFLT 0.75(0.5/H) (C.1-8)
where:
PT z dose parameter for tritium for the cow milk and goat milk
M -
pathways, mrem/yr per uCi/m~;
R» z a constant of unit conversion;
= 10° gm/kg;
H s absolute humidity of the atmosphere, gm/m 3;
0.75 = the fraction of .otal feed that is water;
0.3 = the ratio of the specific activity of the feed grass water to the
atmospheric water;
DFLT s maximum organ ingestion dose factor for tritium, mrem/pCi.
C.2 Calculation of R.

The radioiodine and particulate Technical Specification 2.3.1.2 is applicable to the
location in the unrestricted area where the combination of existing pathways and
receptor age grecups indicates the maximum potential exposu-e occurs. The inhalation
and ground plane exposure pathways shall be considered to exist at all locations. The
grass-goat-milk, the grass-cow-milk, grass-cow-meat, and vegetation pathways are
considered based on their existence at the various locations. Ri values have been

calculated for the adult, teen, child, and infant age groups for the ground
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plane, cow milk, goat milk, vegetable and beef ingestion pathwavs. The methodology

which was utilized to caiculate these values is presented below,

-~
ol Inhalation Pathway
Ril z K' (BR)a (DFAi)a (C.2-1)
where:
Ril 2 dose factor for each identigied radionuclide | of the organ of
interest, mrem/yr per uCi/m~;
K' = a constant of unit conversion;
= 10%pCi/ucCi:
(BR)a = breathing rate of the receptor ci age group a, m3/yr:
N (DFAi)a z organ inhalation dose factor for radionuclide i for the receptor of

age group a, mrem/pCi.

The breathing rates (BR ’a for the various age groups are tabulated below, as given in
Table E-5 of the Regulatory Gu.de 1.109 Revision 1.

Age Group (a) Breathing Rate (m 3/3)
Irfant 1400
Child 3700
Teen 8000
Adult 8000

Inhalation dose factors (DF‘Ai)a for the various age groups are given in Tables E-7
through E-10 of Regulatory Guide 1.109 Revision 1.

-

~d
d
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| A Ground Plane Pathway

ohil
N I, KK"(SF)DFG, (l-e YA, (C.2-2)
G ' *
where:
R.l = dose factor for the ground plane pathway for each identified
G radionuclide i for the organ of interest, mrem 'yr per uCi/sec per
m-z;
K' = a constant of unit conversion;
. 10® pCi/uCi;
K" = a constant of unit conversion;
- 8760 hr/year;
'\i z the radiological decay constant for radionuclide i, sec'l;
t z the exposure time, sec;
= l¢.73x108 sec (15 years);
DFGi s the ground plane dose conversion factor for radionuclide i3
mrem/hr per pCi/mz;
SP = the shielding factor (dimensionless);

-
"

factor to account for fractional deposition of rac:onuclide i.

For radionuclides other than iodine, the factor Ii is equal to one. For radioiodines, the
value of li may vary. however, a value of 1.0 was used in calculating the R values in
Table 3.3-2.
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A shielding factor of 0.7 is suggested in Table E-15 of Regulatory Guide 1.109 Revision
l. A tabulation of DFG.l values is presented in Table E-6 of Regulatory Guide i.109

Revision 1.
C.2.3 Grass-Cow or Goat-Milk Pathway
okt
PR ¢ ib
“A:t E'e B. (l-e )
; if r(l-e =i ") + “iv
Ry, = K Qp Uy Py (DFL), e [fpfs[ S r ] .
: P E. 1
i
ad.
ol £ i'b
(1t 1 )[£l=e /\Ei w T By (l-e “Aith
p's Y, AE PA, (C.2-3)
i
where:
Ri = dose factor for the cow milk or goat milk pathway, for each
M identified radionuclide i for the organ of interest, mrem/yr per
uCi/sec per m'z;
K' 2 a constant of unit conv~-sion;
. 10® pCi/uCi;
QF s the cow's or goat's feed consumption rate, kg/day (wet weight);
Uap = the receptor's milk consumption rate for age group a, liters/yr;
Yp = the agricultural productivity by unit area of pasture feed grass,
kg/mz;
YS s the agricultural productivity by unit area of stored feed, kg/mz;
Fm = the stable element transfer coeificients, pCi/liter per pCi/day;
r x fraction of deposited activity retained on cow's feed grass;
(DFL.')a = the organ ingestion dose factor for radionuclide i for the receptor

in age group a, mrem/pCi;

1208
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the radiological decay constant for radionuclide i, sec'l:

the decay constant for removal of activity on leaf and plant

surfaces by weathering, sec'l;

5.73x10"7 sec”! (corresponding to a 14 day half-life);

the transport time from feed to cow or goat to milk, to receptor,

secC;

the transport time from harvest, to cow or goat, to consumption,

sec:
period of time that sediment is exposed to gaseous effluents sec;

concentration factor for uptake of radionuclide i from the soil by
the edible parts of crops, pCi/Kg (wet weight) per pCi/Kg (dry
soil);

effective surface density for soil, Kg (dry soil)/mz;

fraction of the year that the cow ~=r goat is on pasture;

fraction of the cow feed that is pasture grass while the cow ic on

pasture;

period of pasture grass and crop exposutr~ during the growing

season, sec;

factor to account for fractional deposition of radionuclide i.

C-9



For radionuclides other than iodine, the factor Ii is equal to one. For radioiodines, the
value of l.l may vary. However, a value of 1.0 was used in calculating the R values
Tables 3.3-9 through 3.3-16. .

Milkk cattle and goats are considered to be fed from two potential sources, pasture
grass and stored feeds. Following the development in Regulatory Guide 1.109 Revision
1, the value of fs was considered unity in lieu of site-specific information. The value

of fp was 0.667 based upon an 8-month grazing period.

Table C-1 contains the appropriate parameter values and their source in Regulatory
Guide 1.109 Revision .

The concentration of tritium in milk is based on the airbcrne concentration rather than

the deposition. Therefore, the R, is based on X/Q

RT“ = K'K"'FmQFUap(DFLi)a 0.75(0.5/H) (C.2-4)
where:

RT = dose factor for the cow or goat milk pathway for tritium for the

M . e

organ of interest, mrem/yr per uCi/m~;
K™ z a constant of unit conversion;
= 10° gm/kg;

H - absolute humidity of the atmosphere, gm/m3;
075 = the fraction of total feed that is water;
0.5 s the ratio of the specific activity of the feed grass water to the

atmospheric water.

and other parame* rs and values are given above. A value of H of 8 grams,’meter’, was

used in lieu of site- pecific information.

O
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C.2.4 Grass-Cow-Meat Pathway

The integrated concentration in meat follows in a similar manner to the development

for the milk pathway, therefore:

3.1
“Ag t b
-A.t E.'e B. (l-e )
B , , i's [r(l-e ~i7) 4+ “iv E
R'x = l.l K QF "‘ap Fm (DFLi)a e [fpst Y_x BX
i
“Ap Ty B (l-e- b At
“_“)[r(l.e i% B ’]E ih]
p's A ,\Ei PA, (C.2-5)
where:
R.1 s dose factor for the meat ingestion pathway for radionuclide i for
B any organ of interest, mrem/yr per uCi/sec per m'z;
Ff 2 the stable element transfer coefficients, pCi/Kg per pCi/day;
Uap 2 the receptor's meat consumption rate for age group a, <g/yr;
ts = the transport time from slaughter to consumption, sec;
4 z the transport time from harvest to animal consumption, sec;
te z period of pasture grass and crop exposure during the growing
season, sec;
I. = factor to account for fractional deposition of radionuclide i.

For radionuclides other than iodine, the factor l.l is equal to one. For radioiodines, the
value of li may vary. However, a value of 1.0 was used in calculating the R values in
Tables 3.3-6 through 3.3-8.

™o
e
oo
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All other terms remain the same as defined in Equation C.2-3, Table C-2 contains the

values which were used in calculating Ri for the meat pathway

The concentration of tritium in meat is based on its airborne concentration rather than

the deposition. Therefore, the R, is based on X/Q.

R

TB K'K'"!"'fQF.Uap(DFLi)a 0.75(0.5/H) (C.2-6)

where:

dose factor for the meat ingestion pathway for tritium for any

organ of interest, mrem/yr per uCi/m3.
All other terms are defined in Equatior ..2-4 and C.2-5, above.

e 2, Vegetation Pathway

The integrated concentration in vegetation consumed by man follows the expression
developed in the derivation of the milk factor. Man is considered to consume two
types of vegetation (fresh and stored) that differ conly in the time period between

harvest and consumption, therefore:

=\t
“Ae t ib
R. = I K'(DFL,) [u“f e L ['(L"—E—‘—e)— P - - A ]
ly i 1'a a’l Yv AEi PA
-A.t
“A-t ib
a'g YvAE, eh (C.2-7)
where:
R'x = dose factor for vegetable pathway ‘or radionuclide i for the organ
X of interest, mrem/yr per uCi/sec per m"2;
K' = a constant of unit conversion;

= 10°pCi/uCi;



uk

w

"

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

the consumption rate of stored vegetation by the :ceptdr in age
group a, kg/yr;

the fraction of the annual intake of fresh leafy vegetation grown
iocally;

the fraction of the annual intake of stored vegetation grown

locally;

the average time between harvest of leafy vegetation and its

consumption, sec;

the average time between harvest of stored vegetation and its

consumption, sec;
the vegetation areal density, kg/mz;
period of leafy vegetable exposure during growing season, sec;

factor to account for fractional deposition of radionuclide i.

For radionuclides other than iodine, the factor Ii is equal to one. For radioiodines, the

value of Ii may vary. However, a value of 1.0 was used in Tables 3.3-3 through 3.3-5.

All other factors were defined above.

Table C-3 presents the appropriate parameter values and their source in Regulatory
Guide 1.109 Revision 1.
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In lieu of site-specific data default values for fL and fg’ 1.0 and 0.76, respectively,
were used in the calculation of Ri' These values were obtained from Table E-15 of

Regulatory Guide 1.109 Revision 1. .

The concentration of tritium in vegetation is based on the airborne concentration
rather than the deposition. Therefore, the Ri is based on X/Q:

- 1 m L S
Rp, = KK [ohe, - ult JoFL), o0750.5/m) (€.2-8)
where:
RT = dose factor for the vegetable pathway for tritium for any organ of
\

interest, mrem/yr per uCi/mJ.

All other terms remain the same as those in Equations C.2-4 and C.2-7.
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Parameters For Cow and Goat Milk Pathways

Parameter

Qr (kg/day)

Yp (kg/mz)
t (seconds)

r

(DFLi)a (mrem/pCi)

e (pCi/day per pCi/liter)

ty {seconds)

Y, (kg/m®)
2
Yp (kg/m™)

t (seconds)

Uap (liters/yr)

te (seconds)
B, (pCi/Kg (wet weight)

per pCi/Kg (dry soil))
P ‘Kg (dry soil/m?)

e L

TABLE C-Il

Value

50 (cow)
6 (goat)

0.7
5
1.73 x 107 (2 davs)

1.0 (radioiodines)
0.2 (particulates)

Each radionuclide

Each stable element

4.73 x 108 (15 yr)

2.0
0.7

7.78 x 16° (90 days)
330 infant
330 child

400 teen
310 adult

2.59 x 10® (pasture)
5.1

Each stable element

240

Reference (Reg. Guide 1.109 Rev. |

8 x 10° (stored feed)

Table E-
Table E-

3
3
Table E-15
Table E-15

Table E-15
Tzble E-15

Tables E-1i tc E-14

Table E-1 (cow)
Table E-2 (goat)

Table E-15

Table E-15
Table E-15

Table E-15

Table E-5
Table F-5
Table -5
Table Z-5

Table E-15

Table E-1

Table E-15

1208



Parameter

Fy (pCi/Kg per pCi/day)

L’ap (Kg/yr)

(DFLi)a (mrem/pCi)
Yp (kg/’mz)
Y, (kg/m®)
) Ty (seconds)
tg (seconds)
t (seconds)

te (seconds)

W (kg/day)

B,y (pCi/Kg (wet weight)
per pCi/Kg (dry soil))

P (Kg (dry soil)/mz)

TABLE C-2

Parameters For The Meat Pathway

Value

1.0 (radioiodines)
0.2 (particulates)

Each stable element

0 infant
4] child
65 teern:
110 adult

Each radionuclide
0.7
2 - O
8
4,73 x 10° (15 yr)
1.73 x 10° (20 days)
6
7.78 x 10° (90 days)

lO6 (pasture)
106 (stored feed)

2:39 %
5.18 %

50

Each stable element

240

»

Reference (Reg. Guide 1.109 Rev. 1)

Table
Table

E-15
E-15

Table

Table
Table
Table
Table

mr'nmm
W An o\

Tables E-11 to E-l4
Table E-15
Table E-15
Table E-15
Table E-15
Table

Table

Table

Table

Table



.
-
¥

Parameter

r (dimensionless)

(DFLi)a (mrem/Ci)
Ula' (kg/yr) Infant
- Child
- Teen
- Adult

Uz (kg/yr) - Infant
- Child
- Teen
- Adult

t (seconds)

t (seconds)

Y, (kg/m?)

t (seconds)

e

t (seconds)

P(Kg(dry soil)/m?)

B, (pCi/Kg(wet weight)
per pCi/kg (dry soil))

TABLE C-3

Value
1.0 (radioiodines)
0.2 (particulates)
Each radionuclide
0
26
42
64
0
520
630
520
4
8.6 x 10" (1 day)
5.18 x 10% (60 days)
2.0
6
5.1% x 107 (60 days)
8
4.73 x 107 (15 yr)

240

Each stable element

Parameters for the Vegetable Pathway .

Reference (Reg. Guide 1.10S Rev.l

Table E-1
Table E-1
Tables E-11 to E-l4
Table E-5
Tacle E-5
Table E-5
Table E-5
Table E-5
Table E-5
Table E-5
Table E-5
Table E-15
Table E-15
Table E-15
Table E-15
Table E-15

Table E-15

Table E-1
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APPENDIX D
LOWER LIMIT OF DETECTABILITY

The lower limit of detectability (LLD) is the smallest concentration of a radicactive
material in an unknown sample that will be detected with a 95% probability with a 5%
probability of falsely concluding that a blank observation represents a "real" signal.
The minimum detectable activity (MDA) is the smallest indicated activity in an
unknown sample that can be said to be greater than background with a 5% probability
that a true activity of zero will be falsely recorded 15 a detectable activity. To
ensure that the LI.D is detected 95% of the tim* it is present requires that activities
down to the MDA level be recorded as present in the sample. Both LLD and MDA are
given by the following equations:

(LD = 4.66 9b
TEV 2.22 Y expl-At) (D.1-1)
MOA s =—wy 2.532'33Y02xp7-11t Ry (D.1-2)
. where
o =  (N*
B standard deviation of background (cpm)

N = background count rate (cpm)
ty = time background counted for (min)
E = counting efficiency
\ = volume or mass of sample

2.22 z conversion factor (dpm/pCi)

e , Y z fractional radiochemical yield
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radioactive decay constant of ith nuclide (sec'l)

T

. elapsed time between sample collection and counting (sec)

In calculating the LLD and MDA for a radionuclide determined by gamma ray
spectroscopy, the background shall include the typical contributions of other radio-
nuclides normally present ir: the sample (e.g., potassium-40 in milk samples). Analysis
shall be performed in such a marner that the LLD's listed in Tables 2.1-2, 2.2-2, and
2.6-1 of Ref. 1, will be achieved under routine conditions. Occasionally background
fluctuations, unavoidably small sample sizes, the presence ot interfering nuclides, or
other uncontrollable circumstances may render these LLD's unachievable. In such
cases, the contributing factors will be identified and described in the Annual
Radiological Environmental Opurating Report. In addition, Table 6.9-2 in Section
6.9.2.a(6) of Ref. | gives the reporting levels for radioactivity concentrations in
environmental samples.

The methodology preseited in Ref. 2 and Ref. 3 to determine LLD and MDA may be
used in lieu of Equations D.l-1 and D.1-2.
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