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. 1.0 PREFACE

The Clinton Power Station OFFSITE DOSE CALCULATION MANUAL
(CPS-ODCM) provides the methodologies and parameters to be used by
Illinois Power Company (IPC) to assure compliance with the dose
limitations stated in the CPS Radiological Effluent Technical
Specifications (CPS RETS). The RETS show compliance with 10CFR20,
ioggﬁigoAppondix A (GDC60 and 64), 10CFR50 Appendix I, and

The CPS-ODCM was prepared based on guidance provided in NUREG-0133,
PREPARATION OF RADIOLOGICAL EFFLUENT TECHNICAL SPECIFICATIONS FOR
NUCLEAR POWER PLANTS (October 1978), and NUREG-0473, RADIOLOGICAL
EFFLUENT TECHNICAL SPECIFICATIONS FOR BOILING WATER REACTORS

(Draft 7" to Revision 3). This manual along with station
procedures will be used by CPS personnel to demonstrate compliance
with the CPS RETS.

Changel to the CPS-ODCM shall be provided in the SEMIANNUAL
RADIOACTIVE EFFLUENT RELEASE REPORT.

CLINTON-I l-1 Rev.1-11/85



. 2.0

CPS-0DCM

2.1

%

3.2,

2.3

1

LIQUID EFFLUENTS

Introduction

Liquid radwaste effluent released from CPS will meet 10CFR20
concentration limits at the point of discharge to the unrestricted
area shown in Figure 2.1-1. This design and operation objective
will be achieved at all times. Actual discharges of liquid
radwaste effluent will occur on a batch basis and the average
concentration at the ﬁoint of discharge will normally be only a
small percentage of the allowed limits. Reference Clinton FSAR
Section 11.5 for a description of radiation monitoring, sampling
and effluent control systems.

Cumulative quarterly dose contributions due to rad.ocactive
effluents released to the unrestricted area will be determiped once
every 31 days using NUREG-0133 and Regulatoyy Guide 1.10%
methodology and parameters.

Liquid Radwaste Discharge Process Radiation Monitoring (PRM) System

This monitoring subsystem measures liquid radwaste effluent
radioactivity prior to the effluent joining plant service water and
c¢irculating water dilution streams. A !Lgﬁ radicactivity signal
from this gamma scintillation detector iutomatically terminates the
liquid radwaste effluent release. The liquid radwaste effluent
flow, variable from 10-60 GPM or 50-300 GPM, combines with plant
service water flow (22,000 GPM minimum) and plant circulating water
flow (0-567,000 GPM) in the Seal Well prior to entering the 3.4
mile discharge flume to Lake Clinton.

Method of Representative Sampling

To obtain a representative sample of the liquid radwaste tank
to be discharged, the tank is recirculated a minimum of two
tank volumes at which time a sample is obtained for isotopic
analysis.

10CFR20 Release Rate Limits
The requirements pertaining to discharge of liquid radwaste

;!{}u:ug to the unrestricted area are specified in CPS RETS

CLINTON-1 2=1 Rev.1-11/85
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"The concentration of radioactive material released in liquid
effluents to UNRESTRICTED AREAS shall be limited to the
concentrations specified in 10CFR20, Appendix B, Table II,
Column 2 for non-noble gas radionuclides. For dissolved or
entrained noble gases, the concentration shall be limited to
2E-04 uCi/ml total activity."

To comply with the above requirements, setpoints will be calculated
to assure that Seal Well co.centrations do not exceed 10CFR20,
Appendix B, Table II, Column 2 values at any time.

2.3.1

CLINTON-I

Liquid Radwaste Discharge PRM Setpoints

To achieve CPS RETS 3.11.1.1, and for the Yurpose of ,

implementation of CPS RETS 3.3.7.11, the alarm/trip setpoint

for liquid effluent monitors and flow measurement devices are
set to assure that the following equation is satisfied:

CMPC = the effluent concentration limit
(CPS RETS 3.11.1.1) implementin
10CFR20 for the site, corrcsponging
to the specific mix of radionuclides
in the effluent stream being
considered, in Ci/ml

¢ = the setpoint, in Ci/ml, of the radioactivity
monitor measuring the radiocactivity
concentration in the effluent line prior to
dilution and subsequent release; the setpoint,
which is inversely proportional to the
volumetric flow of the effluent line and
proportional to the volumetric flow of the
dilution stream(s) plus the effluent stream,
represents a value, if exceeded, would result
in concentrations exceeding the limits of
10CFR20 in the unrestricted area

F = the dilution water flow setpoint as determined
at the Seal Well, in volume per unit time

£ = The flow setpoint as determined at the liquid

radwaste discharge PRM location, in volume per
unit time (same units as F)

2-2 Rev,1-11/85
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. The available dilution water flow (F) should be constant for a
given release, and the liquid radwaste tank discharge flow (f) and
monitor setpoint (c) are set to meet the condition of equation (1)

for a giv'n effluent concentration (CHPS). The method by which
i ecti

this is accomplished is illustrated

2.3.1.3.

ons 2.3.1.1 through

2:3.1.1 The isctopic concentration for a liquid radwaste tank to be
discharged is obtained from the sum of the measured
concentrations as determined by the analyses required in CPS
RETS Table 4.11-1:

tC

{ i

where

| CLINTON-I

- §C8+ iCa+ ;Cs+(CT+CF¢*CI). pCi/ml (2)

The sum of concentrations C_ of each
measured gamma emitter g ob8erved by gamma
spectroscopy of the waste sample, uCi/ml.

The sum of Concentrations C_, of a alpha emitters (a)
in liquid radwaste as measuPed in the MONTHLY
composite sample, uCi/ml.

The sum of concentrations C_ of Sr-89/Sr-90 in
liquid radwaste as observed in the QUARTERLY
composite sample, ,Ci/ml.

The measured concentrat .un of H-3 in liquid radwaste
as determined from analysis of the MONTHLY composite
sample, uCi/ml.

The measured concentration of Fe-55 in liquid
radwaste as observed in the QUARTERLY composite
sample, uCi/ml,

The measured concentration of I-131 in the liquid
radwaste sample, uCi/ml

2=3 Rev.1-11/85
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2.3.1.2

where

2.3.1.3

CLINTON-I

The measured radionuclide ¢oncentrations are used to
calculated a DILUTION FACTOR (DF) which is the ratio of
total dilution flow rate to liquid radwaste tank effluent
flow rate required to assure that the limiting
concentrations of 10CFR20, Aﬂpendix B, Table II, Column 2
are met at the point of discharge to the unrestricted area.

DF = SF .- °4 ., dimensionless . (3)
Clgpe; !
o C C C C C C
SF [E E +2 a +{ s_ . T + Fe + 1 ]
g 8 .lﬂ :a sm :s HE c‘l‘ W :Fe VI ll:I
C1 = The measured concentrations C_, C_, C_, C,,
CF‘, Cp as defined in cquacio& (2%, uei/mI.

HPC1 = The limiting concentration of the
corresponding radionuclide MPC_, MPC_, MPC_,
MPC,, MPCp  and MPC, from 10CFR20, Afpendi? B,
TabIe 11, 8olumn 2,"uCi/ml. For dissolved or
entrained noble gases, the concentration shall
be limited to 2E-04 uCi/ml total activity.

S = The conservative SAFETY FACTOR normally
agplicd to compensate for statistical
fluctvetions vl m2asurement errors,
dimensionless.

The maximum permissible liquid radwaste tank effluent flow
rate prior to dilution, f,, is calculated based on a fixed
fraction of the minimum délution flow rate, Fd:

fas Fg o fq s Fy | Fyonfy (4)
19)3 OF

where
'd - 0.9 (Minimum Dilution Water Flow Rate), volume/time

DF = The DILUTION FACTOR calculated by equation (1),
dimensionless

Equation (4) is valid only for DF 21; for DF <1, the liguid
radwaste tank effluent concentration meets the limits o

10CFR20 without dilution and therefore f,6 may assume any
value. ¢

2=k Rev.1~-11/85
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. 2.3.1.4

2.3.1.3

CLINTON-I

The dilution flow rate setpoint for minimum dilution

flow rate, F, and the liquid radwaste tank effluent flow rate
setpoint for maximum liquid radwaste tank effluent flow rate,
f, are calculated as follows:

?-Fd-0.9 (M#gnimum Dilution Water Flowrate), volume/time (5)

£f=0.9(f,)=0.9 (Calculated Maximum Radwaste Tank Effluent (6)
flowrac.), volume/time

Accordingly, the radwaste dischargc is automacicalli
terminated if the dilution water flow rate falls below the
assumed flow rate of 90 percent of the actual dilution flow
or if the liquid radwaste tank effluent flow rate exceeds 90
percent of the calculated maximum flow rate.

The liquid radwaste discliarge PRM setpoint may now be
specified based on the values of (C., (Eq.2), F(Eq.5) anli
f(Eq.6) which were determined to ét&vide compliance with the
limits of 10CFR20, Appendix B, Table II, Column 2. The
monitor response is primarily a gamma response and the actual
setpoint is therefore based on i (Eq.<). The monitor
setpoint, CPM, which correspond $0 the particular setpoint
concentration, CE. is determined based on monitor calibration
data or operatiotial data which correlates monitor response to
sample analyses associated with the actual liquid radwaste to
discharged. The second method is considered valid only if the
integrity of laboratory methods of determination are proven
more accurate than the monitor data.

The set point concentration, Cy, is obtained by the following
equation:

£

G = fd4 ¢, «i/ml (7
r:iz

where

f_ = The actual or maximum expected liquid radwaste
effluent flow rate, volume/time

The other terms are as defined previously. If (£,/f )21, the
value obtained for is used to determine the moﬂitﬂr
setpoint above backg¥Yound, CPM, from either of the two
methous described above., In the case where (f./f_ ) <l, no
release may be made and the alternatives prcs.ﬂtca in
gsections 2.3.1.3 and 2.3.1.4 should be re-evaluated.

[ ]
'
wn
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. The utgoint concentration is conservative, even if £, is
attainable, since the calculated flow rate contains the

SAFETY FACTOR, dilution flow rate and liquid radwaste tank
effluent flow rate margins.

2.3.1.6 To prevent spuriocus alarms, revise the plant service
water effluent PRM setpoint to coincide with the
setpoint concentration, C,, calculated by equation
(7). This setpoint is valid only during periods of
actual liquid radwaste discharges.

CLINTON-1 2.6 Rev.l-11/85
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2.3.2.1

2.3.2.2

CLINTON-1I

Plant Service Water Effluent PRM Setpoints

Plant service water effluent continuously re.eases to the
Seal Well where it mixes with circulating water effluent (if
present) prior to entering Lake Clinton via the 3.4 mile
discharge flume. The plant service water effluent is not
considered a radioactive discharge pathway unless liquid
radwaste discharges are in progress or any service water
cooling load heat exchanger has been detected as failed. To
ensure that the Klant service water contains no
radicactivity, the following actions will be taken: (a) grab
sampling will be performed weekly and (b) the PRM setpoint
should be established at three (3) times background. In no
case shall the PRM setpoint exceed the correlgonding MPC for
the most limiting radionuclide (normally I-131) before
applying the safety and dilution factors.

In the event radioactivity is detected in the plant service
water, daily grab sampling will be performed. The

grab samples will be analyzed for those radionuclides and at
the corresponding Lower Limit of Detection (LLD) specified in
CPS-RETS Table 4.11-1.A. The discharge through this pathway
shall be assumed to cease when the measured radioactivity is
below the more liriting LLD. PRM setpoints will then be
determined following tﬁc methodology presented in section
2.3.1 as follows:

Perform section 2.3.1,2, solving equation (3) for DF using
the appropriate values in the concentration term from the
grab sample analysis. If DF <1, then perform section 2.3.1.5
to determine the PRM setpoint,

I1f DF »1, a modified dilution factor, DF_, must be determined
so that available dilution flows mg{ be prortioncd among
simultaneous discharge pathways. e modified dilution
factor is defined as:

DF = DF (8)
Fa
where F, is an administrative allocation factor which may be
annignné any value between 0 and 1 under the condition that

:

n Faln £1 (9)

and where n = the number of liquid discharge pathways for
which DF >1 and which are planned for simultaneous release,
For simplicity, F, may be assigned the value 1l/n. Calculate
f. in equation (4% by substituting the value of DF_ for DF
atd Yar orm the calculation specified in sections 2.3.1.4 and
2.3.1.5 to determine flow rate and PRM setpoints.

2-8 Rev.1-11/85
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‘l. 2:.3.3

2.3.4

2.4

CLINTON-I

Shutdown Service Water (SX) Effluent PRM Setpoints

Shutdown Service Water, when initiated, is a potential
continuous radioactive discharge pathway to the Ultimate Heat
Sink (UHS). The SX effluent is not considered a radioactive
discharge pathway unless any SX coolirs load heat exchanger
has been detected as failed. To ensure that SX contains no
radioactivit{. the following actions will be taken: (a) grab
lampling will be performed weekly and (b) the PRM setpoint
should be established at three (3) times background. In no
case shall the PRM setpoint exceed the corrosgonding MPC for
the most limiting radionuclide (normally I-131) before
applying the safety and dilution factors.

In the event radioactivity is detected in the SX system,
daily sampling will be performed. The grab samples will be
analyzed for those radionuclides and at the correspondin
Lower Limit of Detection (LLD) specified in CPS-RETS Table
4,11-1,A., The discharge through this pathway shall be
assumed to cease when the measuvred radioactivity is below the
more limiting LLD. PRM setpoints will then be determined
following the mcthodology presented in sections 2.3.2.1 and
2.3.2.2 or section 2.3.1.

Fuel Pool Heat Exchanger Service Water Effluent PRM Setpoint

The Fuel Pool Heat Exchanger Service Water effluent is
considered a potential radiocactive discharge pathway when
Shutdown Service Water (SX) replaces Comgonent Cooling Water
(CC) as the heat sink for the fuel pool heat exchangers. To
ensure that CC contains no radiocactivity, the following
actions will be taken: (a) grab oampling will be performed
weekly and (b) the PRM setpoint should be established at
three (3) times background. In no case shall the PRM
setpoint exceed the corres ondini MPC for the most limiting
radionuclide (normally 1-131) before applying the safety and
dilution factors.

In the event radiocactivity is detected in the CC system,
daily CC grab sampling will be performed. The grab samples
will be analvzed for those radionuclides and at the
correspondir ; Lower Limit of Detection (LLD) specified in
CPS-RETS Table 4.11-1,A, The discharge through this pathway
shall be assumed to cease when the measured radioactivity is
below the more limtting LLD. The analysis data will then be
used to determine the SX PRM setpoints (based on batch
release of CC activity) following the mcthodoloty presented
in sections 2.3.2.1 and 2.3.2.2 or section 2.3.1,

10CFR50, Appendix I Release Rate Limits

CPS RETS 3.11.1.2 requires that the cumulative dose
contributions to an individual from radioactive material in
liquid effluents released to the unrestricted area be
determined at least once per 31 days., The applicable dose

limits are:
2+9 Rev.1-11/85
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where

CLINTON-I

and

1.5 mrem/calendar quarter - TOTAL BODY
5.0 mrem/calendar quarter - ANY ORGAN
3 mrem/calendar year - TOTAL BODY

10 mrem/calendar year - ANY ORGAN

The dose contribution to the maximum exposed individual from
all radionuclides identified in liquid effluents released to
the unrcstrbctod area is calculated as follows:

DJ The cumulative calendar quarter or yearly dose to |
un{ organ j from liquid effluent for the total
release period, mrem

ity The length of the lth releas: time period over which
C11 and Fl are averaged for liquid releases, hours

€1 The average concentration of nuclide i in undiluted
liquid effluent durint release period aty for any
liquid release, uCi/m

Fy The near field average dilution factor for C
during any liquid effluent release, dimcnltoﬁ{ess.
Defined as the ratio of the average undiluted liquid
radwaste flow during the release to the product of
the average flow from the discharge structure to
unrestricted receiving water and &

(11)

Z The applicable dilution factor for Lake Clinton,
dimensionless
1.0

Atj The composite ingestion dose commitment factor for
the total body or critical organ of an adult for
radionuclide i, mrem/hr per uCi/ml
IO(E + Ufli'i)bli (12)

where

Ky A units conversion factor, 1,l4E+03
pCi-ml-yr/uCi-liter-hr

2-10 Rev.1-11/85
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. Uw = Annual water consumption by the maximum adult, 0
liter/yr
D, = Dilution factor from the near field area to the

nearest potable water intake, 1.0

Ug = Adult fish consumption rate, 21 kg/yr (Table E-5 of
Regulatory Guide 1.109)

nri = Biocaccumulation factor for radionuclide i in fish,
pCi/kz R:r Ci/liter (Table 2.4-2 taken from Table
A-1 o gulatory-Guide 1.109)

Dri = Adult ingestion dose conversion factor for
radionuclide i, total body or critical organ,
mrem/pCi (Table 2.4-3 taken from Table E-ll of
Regulatory Guide 1.109)

ngl' 2.4-1 contains values for Aij as calculated by equation
(12).

The quarterly limits referenced at the beginning of this
section represent one-half of the annual design objective of
Section II.A of 10CFRS50, Appendix I. If either the calendar
quarter or calendar year limits are exceeded, a special

‘ report pursuant to Section IV.A of 10CFRS50, Appendix I shall
be filed with the NRC.

2.5 Compliance With CPS RETS 3.11.1.3/3.11.1.4

The projected doses due to releases of liquid radwaste
effluents will be calculated for each batch using equation
(10), If the sum of the accumulated dose to date for the
month and the projected dose for the remainder of the month
exceeds CPS RETS 3.11.1.3 limits, then the liquid radwaste
treatment system shall be used. This is to ensure compliance
with the OPERABILITY requirement of CPS RETS 3.11.1.3; Figure
2.5«1 shows the asxro riate gortionl of the liquid radwaste
treatment system which will be used.

Th.c;;. of temporary liquid radwaste hold-up tanks may occur
‘: .

To comply with CPS RETS 3.11.1.4, the amount of li?uid
radwaste stored in such tanks shall be limited to 10 curies,
excluding tritium and dissolved or entrained noble gases. In
lieu of the 10 curie limit, the methodology presented in
Appendix B of NUREG-0133 (BWR-RATAFR code) will be used to
establish the curie limit.
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TABLE 2.4-1
ADULT INGESTION DOSE COMMITMENT FACTORS - Ay [
(mrem/hr per uCi/ml)

ISOTOPE BONE LIVER T.BODY THYROID KIDNEY _LUNG GI-LLI
H=3 NO DATA 2.26E-01 2.26E-01 2.26E-01 2.26E-01 2.26E-01 2,26E-0l
C~14 J.12E+04* 6,24E+03 6,24E+03  6,24E+03  6,24E+03 6.24E+03  6,24E+03

NA=-24 4.06E+02 4.06E+02 4,06E+02 4.06E+02 4,06E+02 4.06E+02 4.06E+02
P=32 4.6LE+07 2.87E+06 1.78E+06 NO DATA NO DATA NO DATA 5.19E+06

CR=51 NO DATA NO DATA 1.27E+00 7.60E-01 2.80E-01l 1.68E+00 3,20E+02

MN-54 NO DATA 4.37E+03  B.34E+02 NO DATA 1.30E+03 NO DATA 1.34E+04

MN=56 NO DATA 1.10E+02 1.95E+01 NO DATA 1. 40E+02 NO DATA 3.51E+03

FE-55 6.57E+02 4.54E+02 1.06E+02 NO DATA NO DATA 2.53E+02 2.60E+02

FE-59 1.04E+03  2,44E+03  9.34E+02  NO DATA NO DATA 6.81E+02 8.13E+03

Co-58 NO DATA 8.90E+01 2,.00E+02 NO DATA NO DATA NO DATA 1.80E+03

CO=-60 NO DATA 2.56E+02 5.64E+02 NO DATA NO DATA NO DATA 4.80E+C)

NI-63 J.LIE+04  2.15E+03 1.04E+03 NO DATA NO DATA NO DATA 4.49E+02

NI=-65 L.26E+02  L.64E+0] 7.48E+00  NO DATA NO DATA NO DATA 4.16E+02

CU=-64 NO DATA 9.95E+01 4.67E+00 NO DATA 2.51E+01 NO DATA 8.48E+02

ZN-65 2.31E+04  7.36E+04  3.33E+04 NO DATA 4.92E+04 NO DATA 4. 6LE+04

IN-69 4.92E+01 9.42E+01 6.55E+00 NO DATA 6.12E+01 NO DATA l.41E+01

BR-83 NO DATA NO DATA 4.03E+01L  NO DATA NO DATA NO DATA S.8lE+01

BR-84 NO DATA NO DATA 5.23E+01 NO DATA NO DATA NO DATA 4.10E-04

BR-85 NO DATA NO DATA 2.15E+00 NO DATA NO DATA NO DATA LT E«|5#*

RB-86 NO DATA 1.OLE+05 4.70E+04 NO DATA NO DATA NO DATA L.99E+04

RB-88 NO DAT2 2.89E+02 1.53JE+02 NO DATA NO DATA NO DATA 4.00E-09

RB~-89 NO DATA 1.92E+02 1.35E+02  NO DATA NO DATA NO DATA l.11E=11

SR-89 2.21E+04 NO DATA 6.34E+02  NO DATA NO DATA NO DATA 3. 54E+03

$R-90 5.43E+05 NO DATA 1.33E+05 NO DATA NO DATA NO DATA 1.57E+04

SR-91 4.06E+02 NO DATA 1.64E+01  NO DATA NO DATA NO DATA 1.99E+03

SR-92 1.54E+02 NO DATA 6.67E+00 NO DATA NO DATA NO DATA J.05E+03
Y-90 ".75E<0L NO DATA 1.54E-02 NO DATA NO DATA NO DATA 6.10E+03
1-9%im 5.43E<03 NO DATA 2.10E<04 NO DATA NO DATA NO DATA 1.60E-02
Y-91 8.42E+00 NO DATA 2.25E<01  NO DATA NO DATA NO DATA 4.64E+0)
1-92 5.05E<02 NO DATA 1.,48E~03 NO DATA NO DATA NO DATA 8.84E+02
Y-93 L.60E-O01L NO DATA 4,42E-03  NO DATA NO DATA NO DATA 5.08E+03

ZR-95 2.40E<01 7.69E~02 5.20E-02 NO DATA 1.21E<01 NO DATA 2,44E+02

LR-97 1.328<02 2.67E-03 1.22E-03 NO DATA 4.04E~03 NO DATA 8.28E+02

NB=95 4. 46E+02  2.48E+02 1.33E+02 NO DATA 2,45E+02 NO DATA 1.51E+06

MO-99 NO DATA L.OJE+02 1.96E+01 NO DATA 2.33E+02 NO DATA 2.19E+02

TC-9% 8.86E-03 2.50E-02 3,19E-<01 NO DATA J.80E-01 1,2JE<02 |.48E-0]

TC~101 9.11E-03 1,J1E«02 1.29E-01 NO DATA 2.J6E<01 6.70E~03 - 3.94E~14

RU=10] 4.42E+00 NO DATA 1. 90E+00 NO DATA 1.69E+01  NO DATA 5.18E+02
RU-105 J.68E-01 NO DATA 1.45E="1  NO DATA 4.76E+00 NO DATA 2.25E+02

RU=106 6.57E+01 NO DATA 8.3.6+00 NO DATA L.27E+02 NO DATA 4,25E+03

AG=110m NO DATA NO DATA NO DATA NO DATA NO DATA NO DATA NO DATA

TE=11% 2.57TE+03  9.28E+02 3.4)E«02 7.70E«02 |.04E«04 NO DATA 1.22E+04
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TABLE 2.4-1 (continued)

ADULT INGESTION DOSE COMMITMENT FACTORS - Aij

(mrem/hr per uCi/ml)

LSOTOPE BONE LIVER T,BODY THYRO LD KIDNEY LUNG GI-LLI
TE-127m  6.47E+03  2.31E+03  7.89E+02 1.65E+03 2.6JE+04 NO DATA  2.17E+04
TE=127  1.05E402 3.77E+01  2,28E+01 7.79E+0l 4,28E+02 NO DATA  8,30E+03
TE~129m 1.10E+04 4.10E+03 1.74E+03 3.78E+03 4.59E+04  NO DATA 5.54E+04
TE-129 3.00E+01 1.13E+01 7.31E«00 2.30E+0l 1.26E+02 NO DATA 2,.26E+01
TE~13im 1,65E+03 3.09E+02 6.74E+02 1.28E+03 B8.19E+03 NO DATA 8.03E+04
TE~131 1.88E+01  7.87E+00 5.95E+00 1.55E+0L 8.25E+01 NO DATA  2.67E+00
TE-132 2,41E+03 1.56E+03  1.46E+03 1,72E+03 1.50E+04 NO DATA 7.37E+04
I-130 2.71E+01  7.99E+01 3,15E+01 6.78E+03 1.25E+02 NO DATA 6.88E+01L
I-131 1.49E+02 2.13E+02 1,22E+02 6.99E+04 3.56E+02 NO DATA 5.63E+01
I-132 7.28E+00 1.95E+01 6.81E+00 6.81E+02 3.(0E+0L NO DATA 1.66E+Q0
1-133 5.09E+01 8.85E+01 2.70E+0l 1.JOE+04 1.54E+02 NO DATA 7.96E+01
=134 3.80E+00 1.03E+0L 3.69E+00 1,79E+02 1,64E+0l NO DATA 9.00E~03
I-135 1.59E+01 4, 16E+0] 1.53E+01  2.74E+03 6.67E+0l NO DATA 4.70E+0]
C$-134  2.97E+05 7.07E+05 5.78E+05 NO DATA  2,29E+05  7.60E+04  1.26E+04
CS~136 J.11E+04 1.23E+05 8.B4E+04 NO DATA 6.84E+04 9.37E+03 1.40E+04
C8~137 J.B1E+05 S5.21E+05 3.41E+05 NO DATA 1.77E+05  5.88E+04 1.01E+04
CS~138 2.64E+02 5,21E+02 2.58E+02 NO DATA 3.83E+02 3.78E+01 2.22E-03
BA-139 9.27E+01 6.60E-04 2,72E-02 NO DATA 6.18E-04 1,40E-01 4.00E+02
BA~140 1.94E+02  2.44E-01 1.27E+0L  NO DATA 8.29E-02 1.40E-01 4.0CE+02
BA-141 4,50E<01 3.40E-04 1.52E-02 NO DATA J.16E-04  1.93E-04 2.12F~10
BA-142 2.04E-01 2,09E-04 1.2BE-02 NO DATA 1.77E<04 1.18E~04 2,89E-19
LA=140  1.49E<01 7,53E<02 1.99E-02 NO DATA  NO DATA  NO DATA  5.53E+03
LA=-142 7.65E-03  3.4BE~03 8.66E~04 NO DATA NO DATA NO DATA 2.54E+01
CE=141  2.24E<02 1.51E<02 1,72E-03 NO DATA  7.03E-03 NO DATA  5.78E+0l
CE-143  3.94E<03 2.92E+00 3.23E~04 NO DATA  1.28E-03 NO DATA  1.09E+02
CE=l44  1.17E+00 4.88E-01 6.26E-02 NO DATA  2.89E-OL NO DATA  3.94E+02
PR=14] $.50E-01 2.20E-01 2,72E-02 NO DATA 1.27E<01  NO DATA 2.41E+0)
PR=144  1.80E<03 7.47E-04 9.14E=05 NO DATA  4.21E-04 NO DATA  2.59E-~10
ND=147  3.76E<01 4.34E<01 2.60E~02 NO DATA  2.54E-01 NO DATA  2.08E+0)
W=187  2.95E+02 2.47E+02 8.63E+0L NO DATA  NO DATA  NO DATA  8,09E+04
NP=239  2,84E-02 2.80E-0) 1,54E-0) NO DATA  8.72E-03  NO DATA  5.74E+02
.
IR I s
** Less than 10
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TABLE 2.4-2

BIOACCUMULATION FACTORS -BF

(pCi/kg per pCi/liter)

FRESHWATER
ELEMENT FISH
H .0E-01
# L6E+03
NA L,0E+02
P L,0E+05
CR LOE+02
MN OE+02
FE LOE+02
co LO0E+01
NI LOE+02
cu LO0E+01
ZN LOE+03
BR .2E+02

LOE+03
LOE+01
LSE+01

L JE+00
NE+04
LO0E+01
SE+01
LOE+01

LOE+O1L
LOE+02
,SE+01
LOE+03
,0E+00

LSE+01
LOE+00
SE+01
.SE+01
,2E+03

o t\Nb—-'.\.—{wauuwtdubrimo—‘mwmwo—u—abo

"UE+01
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ADULT INGESTION DOSE FACTORS -DF
(mrem/pCi ingested)

TABLE 2.4-3

i

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

H 3 NO DATA 1.05E-07 1.05E-07 1.05E-07 1.05E-07 1.05E-07 1.05E=-07
c 14 2.84E-06* 5.68BE-07 5.68E-07 5.68E-07 5.68E-07 5.68E-07 5.68E-07
NA 24 1.70E-06 1.79E-06 1.70E-06 1.70E-06 1.70E-06 1.70E~06 1.70E-06
P 32 1.93E-04 1.20E-05 7.46E-06 NO DATA NO DATA NO DATA 2.17E-05
CR 51 NO DATA NO DATA 2.66E-09 1.59E-09 5.86E-10 3.53E-09 6.69E-07
MN 54 NO DATA 4,57E-06 8.72E-07 NO DATA 1.36E-06 NO DATA L .40E=-05
MN 56 NO DATA 1.15E-07  2.04E-08 NO DATA 1.46E-07 NO DATA 3.67E-06
FE 55 2.75E-06 1.90E-06 4,43E-07 NO DATA NO DATA 1.06E-06 1.09E-06
FE 59 4,34E-06 1.02E-05 3.91E-06 NO DATA NO DATA 2.85E-06  3.40E-05
Co 58 NO DATA 7.45E-07 1.67E-06 NO DATA NO DATA NO DATA 1.51E-05
Co 60 NO DATA 2.14E-06 4.72E-06 NO DATA NO DATA NO DATA 4,02E-05
NI 63 1.30E-04 9.01E-06 4,36E-06  NO DATA NO DATA NO DATA 1.88E-06
NI 65 5.28E-07 6.86E-08 3.13E-08 NO DATA NO DATA NO DATA 1. 74E-06
CU 64 NO DATA 8.33E-08 3.91E-08 NO DATA 2.10E-Q7 NO DATA 7.10E-06
ZN 65 4.84E-06 1.54E-05 6.96E-06 NO DATA 1.03E~05 NO DATA 9.70E~06
IN 69 1.03E<08 1.97E-08 1.37E-09 NO DATA 1.28E-08 NO DATA 2.96E~09
BR 83 NO DATA NO DATA 4.02E-08 NO DATA NO DATA NO DATA 5.79E-08
BR 84 NO DATA NO DATA 5.21E-08 NO DATA NO DATA NO DATA 4,09E-13
BR 85 NO DATA NO DATA 2.14E-09 NO DATA NO DATA NO DATA LT E=24%»
RB 86 NO DATA 2.11E<05 9.83E-06 NO DATA NO DATA NO DATA 4.16E-06
RB 88 NO DATA 6.056-08 3.21E~08 NO DATA NO DATA NO DATA 8.36E~19
RB 89 NO DATA 4.01E-08 2.82E-08 NO DATA NO DATA NO DATA 2.33E-21
SR 89 J.08E-04 NO DATA 8.84E-~06 NO DATA NO DATA NO DATA 4.94E-05
SR 90 7.58E-03 NO DATA 1.,86E-03 NO DATA NO DATA NO DATA 2.19E-04
SR 91 5.,67E~05 NO DATA 2.29E-07 NO DATA NO DATA NO DATA 2.70E-05
SR 92 2.15E-06 NO DATA 9.30E-08 NO DATA NO DATA NO DATA 4.26E-05
Y 9 9.62E-09 NO DATA 2.58E~10 NU DATA NO DATA NO DATA 1.02E-04
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TABLE 2.4-3 (continued)

ADULT INGESTION DOSE FACTORS - DF

(mrem/pCi ingested) i

NUCLIDE BONE LIVER T.BODY THYROLID K IDNEY LUNG GI-LLI
Y 9lm 9.09E-11 NO DATA 3.52E-12 NO DATA NO DATa2 NO DATA 2.67E=-10
Y 91 1.41E-07 NO DATA 3.77E-09 NO DATA NO DATA NO DATA 7.76E=05
Y 92 8.45E-10 NO DATA 2.47E-11 NO DATA NO DATA NO DATA 1.48E-05
Y 9 2.68E-09 NO DATA 7.40E-11 NO DATA NO DATA NO DATA 8.50E-05
ZR 95 3.04E-08 9.75E-09 6.60E-09 NO DATA 1.53E-08 NO DATA 3.09E-05
ZR 97 1.68E-09 3.39E-10 1.55E-10 NO DATA 5.12E-10 NO DATA 1.05E-04
NB 95 6.22E-09  3.46E-09 1.86E-09 NO DATA 3.42E-09 NO DATA 2.10E-05
MO 99 NO DATA 4.31E-06 B8.20E-07 NO DATA 9.76E-06 NO DATA 9.99E-06
TC 99m 2.,47E-10 6.98E~10 8.89E-09 NO DATA 1.06E-08 3.,42E-10 4.13E=07
TCl01 2.54E-10 3.66E~10 3.59E-09 NO DATA 6.59E-09 1.87E~10 1.10E-21
RULO3 1.85E<07 NO DATA 7.97E-08 NO DATA 7.06E-07 NO DATA 2.16E~05
RULOS 1.54E-08 NO DATA 6.08E-09 NO DATA 1.99E-07 NO DATA 9.42E-06
RULOG 2.75E-06 NO DATA J.48E-07 NO DATA 5.31E<06 NO DATA 1.78E=-04
AGI 1Om 1.60E-07 1.48E-07 8.79E-08 NO DATA 2,91F=07 NO DATA 6.04E-05
TEL25m 2,68E-06 9.71E-07 3.59E-07 8.06E-07 1.09E-05 NO DATA 1.07E=05
TEl27m 6.77E-05 2,42E-06 8,25E-07 1.73E-06 2.75E-05 NO DATA 2.27E-08
TEL2? 1.10E<07 3.95E-08 2.3)8E-08 8.15E-08 4.48E-07 NO DATA 8.68E-06
TE129m 1.15E<05 4.29E-05 1.82E-05 J.95E-06 4,B80E-05 NO DATA 5.79E-05
TE129 3. 14E-08 1.18E<08 7.65E-09 2.41E-08 1.32E<07 NO DATA 2.37E-08
TEl)Im 1.73E-06 8.46E-07 7.05E-Q7 1.34E~06 B8.57E-06 NO DATA 8.40E-05
TEL3I 1.97e-08 8,23E-09 6.22E-09 1.,62E<08 B.63E-08 NO DATA 2.79E-09
TELI2 2.52E-06 1.63E=06 1.53E-06 1.80E=06 1.57E<-05 NO DATA 7.71E-0S
I 130 7.56E<07 2.23E-06 8.80E-0Q7 1.89E=04  3.48BE-~06  NO DATA 1.92E-06
I 131 4,16E-06 5.95E-06 3.41E-06 1.95E-03 1.02E-05 NO DATA 1.57E-06
I 132 2.03E<07 5.43E-07 1.90E-07 1.90E-05 8.65E<07 NO DATA 1.02E-07
I 13 1.,42E-06 2,.47E-05 7.53E-07 J.63E-04 &4.31E-06 NO DATA 2.22E-06
I 134 1.06E«07 2.88E-~07 1,03E-07 4,99E-06 4.58E-07 NO DATA 2.51E-10
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ADULT INGESTION DOSE FACTORS - DF

TABLE 2.4-3 (continued)

(mrem/pCi ingested) i
NUCLIDE BONE LIVER T.BODY THYROID K IDNEY LUNG GI-LLI
I 135 4.43E-07 . 16E=-06 4.28E-07 7.65E-05 1.86E~06 NO DATA 1.31E=06
CS134 6,22E-05 1.48E-04 1.21E=04 NO DATA 4,.79E-05 1.59E-05 2.59E-06
CS136 6,.51E~06 2.57E-05 1.85E-05 NO DATA 1.43E-05 1.96E=-06 2.92E-06
cS137 7.97E-05 1.09E=04 7.14E=-05 NO DATA 3.70E~05 1.23E-05 2.11E-06
cs138 5.52E-08 1.09E~07 5.40E-08 NO DATA 8.01E-08 7.91E-0% 4,65~13
BALJ9 9.70E-08 6.91E~11 2.85E-09 NO DATA 6.46E-11 3.92E-~11 1.72E-07
BA14O 2.03E-05 2.55E-08 1.33E-06 NO DATA 8.67E-09 1.46E-08 4,18E~05
BAl4L 4,71E<08 3.56E=11 1.59E-09 _ NO DATA 3.31E-11 2.02E=11 2.22E=1?
BAl42 2.13E-08 2.19E~11 1.34E-0Q9 NO DATA l.85E~11 1.24E=11 3.00E-26
LAL4O 2.50E-09 1.26E-09 3.33E~10 NO DATA NO DATA NO DATA 9,.25E-08
LAL42 1.28E-10 5.82E-11 1.45E=11  NO DATA NO DATA  NO DATA 4.25E=07
CEl4l 9.36E-09 6.33E-09 7.18E~10 NO DATA 2.94E-09 NO DATA 2,.42E-05
CEl43 1.65E~09 1.22E-06 1.35E-10 NO DATA 5.37E=10 NO DATA 4.56E-05
CEl&44 4 ,88E-07 2.04E-07 2,.62E-08 NO DATA 1.21E=0Q7 NO DATA 1.65E=04
PR143 9.20E-09 3.69E-09 4.56E-10 NO DATA 2.13E-09 NO DATA 4,03E-05
PRI14&4 3J.01E~11 1.25E~11 1.53E~12 NO DATA 7.05E=12 NO DATA 4,33E~18
NDL47 6.29E-09 7.27E=09 4,35E-10 NO DATA 4,25E-09 NO DATA J.49E-05
W 187 1.03E=0Q7 8.61E-08 3.01E-08 NO DATA NO DATA NO DATA 2,82E-05
NP239 1.19E=-09 1.17E-10 6.45E~11 NO DATA 3.65E~10 NO DATA 2.40E-05
* 2.84 X 10796
*%* Less than 10'2‘
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‘ FIGURE 2.5-1

LIQUID RADWASTE TREATMENT SYSTEM
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. 2.6 Doses From Liquid Effluent Pathwavs

Methods for calculating radiation doses from potable water,
aquatic food, shoreline deposits and irrigated food pathways
are presented in Appendix A of Regulatory Guide 1.109.
Equations (13) through (17) describe how doses from these
pathways will be calculated.

Potable Water

2 MU _ T =
Rapj 1100 "Pap {QiDaipjexp( Aitp), mrem/yr (13)

Aquatic Foods

. el § =k |
Rapj 1100 “ap'p %QiBipDaipjexp( itp), mrem/yr (14)

Shoreline Deposits

U MW .
R = 110,00 : ol "
apy = 39,000 ap ol 10T Dugpylenpl-Ayny)]

(1 - exp(-*itb)], mrem/yr (15)

Irrigated Foods (excluding tritium)

‘ Uvegy

Rapy = Yap *

aipj

[%[1 -lexp(- £ife)]) + £:B, (1 - exp(=A;ty)]

| . Mnsat

TV EL Fity
animal §
- Uap iFiADaipj Qpd exp(-*,t,)
r(l - exp(-XEite)] + fIBiv[l - exp(-kitb)]
Ty *Ei Fi'y
+ CiAwQAw , mrem/yr
Tritium (irrigated foods)
- yvesl
Rapj Uap CivDaipj (17)
animal
+ Uap ZDaiijiA(cinF+ciAwQAw)' mrem/yr
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where

ip

CLINTON-I

aipj "

The equilibrium bioaccumulation factor for nuclide
i in pathway p, expressed as the ratio of the
concentration in biota, pCi/kg, to the nuclide
concentration in water, pCi/liter, liter/kg

The concentration factor for uptake of
radionuclide i from soil by edible parts of crops,
pCi/kg (wet) per pCi/kg (dry soil)

The concentration of radionuclide i in water
consumed by animals, pCi/liter

The concentration of radionuclide i in vegetation
species v, pCi/kg

The dose factor specific to a given age group a,
radionuclide i, pathway p and organ j. Used to
calculate the dose from an intake of a
radionuclide, mrem/pCi, or from exposure to a
given concentration of a radionuclide in sediment,
mrem/hr per pCi/m?2.

The deposition rate of radicnuclide i from
irrigation water, pCi/m? per hour

The flow rate of the liquid effluent, ft3/sec

The fraction of the year crops are irrigated,
dimensionless

The stable element transfer coefficient that
relates the daily intake rate by an animal to the
concentration in an edible portion of animal
product, pCi/liter (milk) per pCi/day or pCi/kg
(animal product) per pCi/day

The mixing ratio (reciprocal of the dilution
factor) at the point of exposure (or the point of
withdrawal of drinking water or point of harvest
of aquatic food), dimensionless

The effective "surface density" for soil, kg (dry
soil)/m? (Table E-1, Regulatory Cuide 1.109)

The consumption rate of contaminated water by an
animal, liters/day

The consumption rate of contaminated feed or
forage by an animal, kg/day (wet weight)
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The release rate of nuclide i, Ci/yr

The fraction of deposited activity retained on
crops, dimensionless (Table E-15, Regulatory Guide
1.109)

The total annual dose to organ j of individuals of
age group (a) from all of the radiocnuclides in
pathway p, mrem/yr

The period of time for which sediment or soil is
exposed to contaminated water, hours (Table E-15,
Regulatory Guide 1.109)

The time period that crops are exposed to
contamination during the growing season, hours
(Table E-15, Regulatory Guide 1.109)

A holdup time that represents the time interval
between harvest and consumption of the food, hour
(Table E-15, Regulatory Guide 1.109)

The radioactive half-life of nuclide i, days

The average transit time required for nuclides to
reach the point of exposure. For internal dose,

t_ is the total time elapsed between release of
tRe nuclides and ingestion of food or water, hours
(Table E-15, Regulatory Guide 1.109)

A usage factor that specifies the exposure time or
intake rate for an individual of age group (a)
associated with pathway p, hr/yr, 1l/yr, or kg/yr
(Table E-5, Regulatory Guide 1.109)

The shoreline width factor, dimensionless (Table
A-2, Regulatory Guide 1.109)

The agricultural productivity (yield), kg (wet
weight)/m? (Table E-15, Regulatory Guide 1.109)

The effective removal rate constant for, .
radionuclide i from crops, l/hr, where “E.=". +
is the radioactive decay constant, aﬁd £ is

Agr A g
¥he'removal rate constant for physical loss b¥

weathering (Regulatory Guide 1.109, Table B-13)

The radiocactive decay constant of nuclide i, he~!

The factor to convert from (Ci/yr)/(ft3/sec) to
pCi/liter
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TABLE 2.6-1

. INPUT PARAMETERS FOR CALCULATING Rapj

Potable Water

The potable water pathway does not exist; therefore all usage factors
are zero and the calculation of Ronj (Potable Water) using equation (13)
is not performed. PJ

Aquatic Food

Parameter Value Reference*
Uap (kg/yr) - Infant 0 Table E-5
- Child 6.9 Table E-5
- Teen 16 Table E-5
- Adult 21 Table E-5
Mp (dimensionless) 1.0 CPS Site Specific
. it PN Table 3.5-6 Table E-14
- Child Table 3.5-7 Table E-13
- Teen Table 3.5-8 Table E-12
- Adult Table 3.5-9 Table E-11
Bip (pCi/kg per pCi/liter) Table 2.4-2 Table A-1
tp (hour) 24 Page 1.109-12

Shoreline Deposits

Parameter Value Reference*
Uap (hr/yr) - Infant 0 Table E-5
- Child 14 Table E-5
- Teen 67 Table E-5
- Adult 12 Table E-5
®
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TABLE 2.6-1 (continued)
. INPUT PARAMETERS FCR CALCULATING Rapj
Shoreline Deposits
Parameter Value Reference*

Mp (dimensionless) 1.0 CPS Site Specific
W (dimensionless) 0.3 gage 1.109-15
Daipj (mrem/hrlper pCi/m?)

- Infant Table 3.5-5 Table E-6

- Child Table 3.5-5 Table E-6

- Teen Table 3.5-5 Table E-6

- Adult Table 3.5-5 Table E-6
tp (hour) 24 Page 1.109-12

Irrigated Foods

‘ The irrigated food pathway does not exist; therefore all usage factors

are zero and the calculation of R
(16) and (17) is not performed.

apj

(Irrigated Foods) using equations

* of Regulatory Guide 1.109 unless otherwise indicated
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GASEOUS EFFLUENTS

3.1

Introduction

Gaseous effluents from CPS are released on both a
batch and continuous basis. Gaseous effluents are
normally discharged on a long term basis. High volume
continuous containment purge and mechanical vacuum
pump discharge may be condisered short term releases.

There are two gaseous effluent release points to the
environment: the Common Station HVAC Stack and the
Standby Gas Treatment System (SGTS) Stack. The height
of these stacks is such that all gaseous 2ffluents are
treated as mixed-mode releases (reference Table
7.2-4). The SGTS is an Engineered Safety Feature
filter system utilized fol%owing an accident to reduce
iodine and particulate activity in gases leaking from
the primary containment and which are potentially
present in the secondary containment. The Common
Station HVAC Stack ("HVAC Stack") receives process and
ventilation exhaust from the following inputs:

1) Continuous Containment Purge (CCP)
2) Containment Building Ventilation

3) Turbine Building Ventilation

4) Radwaste Building Ventilation

5) Auxiliary Building Ventilation

6) Fuel Building Ventilation

7) Auxiliary Building Refrigerant Purge

8) Laboratory Ventilation System

9) Counting/Equipment Decon Rooms
Ventilation

10) Steam Packing Exhauster

11) Mechanical Vacuum Pump

12) Drywell Purge

The effluent exiting the SGTS stack is monitored a©
the SGTS stack and the combined inputs to the HVAC
stack are monitored at the HVAC stack. All inputs to
the HVAC Stack, with the exception of input numbers 7
through 10, can be monitored prior to entering the
stack.

Figure 3.1-1 delineates the CP3 site boundary for
implementation of the gaseous effluent CPS RETS.
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Gaseous Effluent Release Point Monitoring

3.2.1

J.2.8

HVAC Stack Process Radiation Monitoring (PRM)
Systen

The HVAC Stack inputs are monitored for
radioactivity prior to discharge to the
environment by the HVAC Stack PRM. The PRM
detector configuration provides effluent
monitoring using seven (7) channels as
follows:

1) Beta scintillator for particulates

2) Alpha surface barrier detector to
account for the radon/thoron
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