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1.0 Introduction

1.1 Purpose

The Offsite Dose Calculation Manual (ODCM) provides the methods and
parameters used to calculate offsite doses due to routine radioactive
1iquid and gaseous effluent releases. This ODCM is a supporting
document of the Radiological Effluent Technical Specifications (RETS)
for the South Texas Project Electric Generating Station (STPEGS) and
meets the following fdentified needs:

a. Section 3.1 of the ODCM describes the methods approved lor
setting alarm points on liquid monitors to assure that the
concentrations of radioactive liquid effluents released to the
UNRESTRICTED AREA are limited to the concentration limits of 10CFR20,
Appendix B, Table II;

b. Section 3.3 of the ODCM describes the methods approved for
setting alarm polnts on gaseous monitors to assure that the
concentrations of radloactive noble gas effluents released to the
UNRESTRICTED AREA are limited to the concentration limits of 10CFR20,
Appendix B, Table 11}

¢. Section 4.1 to 4.4 of the ODCM describes the methods approved
for ealeulating doses and dose rates to the maximum exposed MEMBER OF
THE PUBLIC in the UNRESTRICTED AREA for comparison with the limits of
the Technical Speciflcations;

d. Sectlion 4.5 of the ODCM describes the methods approved for
ealeulating the total dose from the uranium fuel eycle to the maxiaue
exposed MEMBER OF THE PUBLIC for comparison with the limits of
4OCFR190;

e. Section 4.6 of the UDCM describes the method approved for
ealeulating doses to MEMBERS OF THE PUBLIC who may visit STPEGS or
travel within the site boundary;

f. Section 5.0 of the ODCM describes the Radiological
Environmental Monitoring Program (REMP) {ncluding the minimum sampling
program and sample locatliona,

This ODCM 1s constatent with "Radlologlcal Effluent Technleal
Specifications for PWR's (NUREG-0472 Draft)”; “Preparation of
Radiologleal Effluent Tachnlcal Specifications for Nuclear Pover
Plants (NUREG-013))%; “Caleulation of Annual Doses to Man From Routlae
Releases of Reactor Effluents for the Purpose of Evaluating Compliance
With 10CPR30, Appendix I (Regulatory Guide 1.109)%; and the radiation
monitoring system with Les offulte dose caleulation softvare tnstalled

at ATPEGH.
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This ODCM was prepared to reflect the actual equations used to meet
the regulatory requirements and hence changes to this document are
anticipated. Substantive changes to the methods contained in this
document are reviewed and approved by the Plant Operations Review
Committee (PORC) as required by Technical Specification 6.14 and
revisions are forwarded to the NRC with the Semiannual Radioactive
Effluent Release Report. However, the general methods presented
should accommodate operational flexibility without frequent or major
changes to this manual.

1.2 General Site Description

The South Texas Project Electric Generating Station (STPEGS) consists
of two pressurized water reactor units situated on a 19 square mile
site. The units are similar in design and are planned to operate
independently with a minimum of shared systems. Each unit has its own
liquid radioactive waste treatment system and its own ventilation
syetem, Each unit consists of a reactor containment building, an
attached fuel-haadling and storage building, an attached mechanical
electrical auxiliary building, and a detached turbine-generator
building.

The most notable common system is the cooling reservoir into which
liquid radiocactive effluents are discharged from both units. Also,
the systems which monitor radioactive releases for each unit report
their results to a common computer for the purposes of report
generation and offsite dose calculation.

The site is relatively remote with the nearest resident over two miles
from either unit and with the nearest community about four miles
distant. The closest site boundary is nearly a mile from either unit.

The terrain is coastal plain with farm land and range predominating.
The land rises slowly from sea level 10 miles south of the plaant to an
elevation of 45 feet about 10 miles to the north. The only
topographical relief consists of plant associated structures and
shallow gullies. The methods discussed in this document for
calculating offsite doses due to atmospheric releases were evaluated
against this relatively simple terrain.

Dose calculations for liquid effluent releases include considerations
for dilution and radioactive decay in the large cooling reservoir into
which releases from both units are made. These dose estimates are
based on offsite discharges from the reservoir to the Colorado River
and the Little Robbins Slcugh area as a consequence of initial
radiocactive effluent relesses into the reservoir.

1-2 Rev. 1



2.0 Summary of Release Points and Detector System

2.1 CGaseous Release Points (Reference 7, FSAR Section 11.3)
The sources of gaseous releases for each unit at STPEGS are:

1) Reactor Containment Building (RCB);

2) Mechanical-Electrical Auxiliary Building (MEAB);
3) Fuel-Handling Building (FHB);

4) Gaseous Waste Processing System (GWPS);

5) Turbine-Generator Building (TGB).

Only the first four sources contribute significantly to routine plant
atmospheric releases. The effluents from the first four sources are
routed to a common exhaust pipe located on the roof of each unit’s
MEAB. The effluent is monitored by three radiation detectors (noble
gas, particulate, and iodine) and then exhausted horizontslily at an
elevation of 29 meters and at a flow rate of 8370 cubic meters per
minute. Figure 2.1 summarizes the system which is installed at each
unit.

Radioactive gaseous effluents from each TGB originate primarily in the
condenser vacuum pumps. The exhaust from these pumps is monitored by
noble gas detectors. These systems are exhausted onto the northwest
area of each TGB roof with a flow rate of about 2 cubic meters per
minute. Figure 2.2 summarizes these systems.

Occasionally other atmospheric release points may be important such as
the main steam line atmospheric dumps and the gland steam condenser
vents. If releases occur due to unusual operating circumstances, an
estimate is wade of any unmonitored effluent releases prior to o“fsite
dose calculation. These release estimates are based on the mass of
secondary coolant lost and the nuclide concentrations in the seccondary
coolant.

2.2 Liquid Release Points (Reference 7, FSAR Section 11.2)

The sources of liquid radiocactive releases consist of equipment leaks
and drains, valve leak offs, pump seal leak offs, floor drains, etc.
from systems containiang reactor coolant in the RCB and MEAB plus
liquid effluents from processes such as the laundry, hot showers,
condensate polishing systems, boron recycle systems, etc..

Some of these systems are monitored for control of plant processes,
and all the radioactive liquid waste is eventually routed to the
liquid radwaste processing system of each unit for treatment and
release. Releases are by batch from each unit and are monitored prior
to entering the Circulating Water System via the Open Loop Auxiliary
Cooling Water System and hence the reservoir. The radioactive
effluent released from each unit”s liquid radwaste processing system

2=-1 Rev. 1



is continuously monitored using a scintillation detector mounted
off-line from the discharge pipe .

Potentially contaminated liquid effluents from floor drains and the
condensate polishing regeneration waste collection system in each TGB
could also be a source of radioactive waste. The floor drain system
effluents of each TGB are monitored continuously as are the condensate
polishing system effluents.

Provided no activity is detected in the floor drain system effluents,
they are combined with oily waste effluents and are discharged
directly into the reservoir. The condensate polishing regeneration
system normally discharges into a neutralization basin. If activity
is measured during routine sampling of the Total Dissolved Solids Tank
or if the system”s in-line monitor detects activity in the regenerate
waste effluent, the flow to the neutralization basin is isolated.

Flow would be diverted to the liquid radwaste processing system of the
appropriate unit.

Liquid radioactive releases from either unit leave STPEGS from the
reservoir to the Colorado River, the West Branch of the Colorado, or
to the Little Robbins Slough area. Under normal circumstances all
radioactive liquid effluents are treated and diluted into the 150,000
acre-foot (average fill height) reservoir prior to release from the
site. From time to time planned releases are made to the Colorado
River through the blowdown facilities provided. However, some
releases are uncontrollable such as flow from the hydraulic relief
wells surrounding the reservoir or flow over the spillway following
unusually heavy rains.

Because of the large capacity of the reservoir, the radionuclide
concentrations in these releases (planned or unplanned) are expected
to be a small fraction of the concentration limits listed in the
Technical Specifications. The nuclide concentrations in waters
released from the reservoir are estimated based on releases to the
reservoir and radioactive decay. A routine monitoring program for the
reservoir and relief well discharges is used as the basis for
confirming estimates of radionuclide concentratioms released to the
offsite environment.

2.3 Detector System and Instrument Responses

Three types of detectors are used in association with effluent
monitors. All are sensitive to gamma rays; however, some are
primarily sensitive to beta radiations. Those sensitive primarily to
beta include the air particulate and noble gas detectors. Those
sensitive primarily to gamma include the iodine air channel detectors
and the liquid release monitors.



The noble gas (normal range) detectors consist of plastic
scintillators which respond primarily to beta particles. The response
of these detectors is a function of beta energy as can be seen from
Figure 2.3. These detectors are calibrated in uCi/ml for a gas with
beta emission spectra similar to C1-36.

The air particulate detectors also consist of plastic scintillators
which respond primarily to beta decay from particulates deposited on a
filter paper. These detectors are calibrated in uCi/ml relative to
C1-36 betas with an overall response similar to that shown in Figure
2.4,

The iodine air channel detectors are NaI(T1l) scintillators in
conjunction with a single channel analyzer adjusted to monitor the 364
KeV gamma of I-131. Althcugh sensitive to all gammas, the iodine
detector is sized and the single channel analyzer is adjusted to
minimize response to interfering radiation. The detectors are
calibrated in uCi/ml of I-131 based on a Ba-133 calibration source.

The liquid effluent detectors are Nal(Tl) scintillators which are
sized (1.5 by 1 inch) to be sensitive to a broad range of gamma
emitters. These detectors are calibrated in uCi/ml relative to Cs-137
but have general gamma detection ability similar to that shown in
Figure 2.5 .
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X 107

uCi / ml

Figure 2.3 Energy Response Curve for the RD-52 Offline Beta
Cetector Operating at 760 mm Hg and 25° C
(Assuming one beta per disintegration)
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Figure 2.4 RD-56 Particulate Detector Energy Response to Betas

(assuming one beta per disintegration)
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Detector energy response to gamma radiations for the

R

Figure 2.5

-53 offline gamma detector

"~

Gamma Photon Energy (MeV)

(Copied from G. A. Technologies report EL-3509.)
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3.0 Alarm Setpoint Adjustments

3.1 Liquid Effluents

3.1.1 NRC Regulatory Requirements

NRC regulatory requirements for radioactive liquid effluents,
Specification 3.3.3.9 of the Radiological Effluent Technical
Specifications, requires that the concentration of radioactive
material released at any time from the South Texas Project Electric
Generating Station (STPEGS) to unrestricted areas be limited to the
Maximum Permissible Concentrations (MPCs) in water. The MPCs are as
indicated in 10CFR20, Appendix B, Table II, column 2 for nuclides
other than dissolved or entrained noble gases. Noble gas
concentrations must be limited to 2.0E-04 uCi/ml.

3.1.2 Interpretation

Liquid effluent releases from STPEGS are diluted by a 7000 acre
reservoir. Plant releases are all routed into the cooling reservoir
where substantial dilution and radiocactive decay may occur before
ultimate release from the site. The reservoir lies totally within the
confines of the site and the use of its water is restricted to plant
operation. No recreation including hunting and fishing is permitted
on the reservoir. Liquid effluents diluted into the cooling reservoir
may be released during:

a) scheduled blowdown operations to the Colorado River,

b) passive hydraulic relief well flow,

¢) dilution into the shallow ground water aquifer, or

d) passive spillway releases following unusually heavy rains.
The blowdown releases will be planned; however, the other releases are
not controlled by the operations staff. To assure that the provisionms
of Technical Specification 3.3.3.9 are satisfied, the concentrations
of radionuclides in the reservoir shall be maintained at levels less
than the release limits of 10CFR20, Appendix B, Table II, Column 2.

3.1.3 Implementation

Concentrations of radionuclides in the cooling reservoir will be
controlled such that the sum of the ratios of the MPCs, MPCeff,
remains less than unity as indicated in Equation 3.1 below:

MPC ee” Ccl + C2 +ioest Ci £ Bq- 31
“ MECL MPC2 MPC,
where Cl, €2,..., C, are the measured nuclide concentrations of a

representative sample of effluent (uCi/ml);

3-1



MPC1, MPC2,..., MPCi are the associated maximum permissible
concentrations of those nuclides which
contribute at least 90% to the total dose.

Consequently any releases from the reservoir to the offsite

environment will meet the requirements of Technical Specification
3.3.3.9.

In order to assure that the concentration of radionuclides in the
reservoir never exceeds an effective concentration of one MPC, the
dilution afforded by the circulating coolant and auxiliary cooling
water flows must be estimated. The dilution of liquid radwaste
discharges into the circulating coolant from each unit is calculated
as indicated below:

A= [ Fr *Ar + Fc * Ac] / [ Fec + Fr | Eq. 3.2
where:

Fr = flow rate of rad waste, gal/min

Fc = flow rate of circulating coolant and the open loop
auxiliary cooling water, normally 9ES gal/min (9E5 is
1/2 the norma! ‘irculating coolant flow of each unit
since liquid .. waste is discharged into only one of
two 138" 1lines.

Ar = fraction of MPC 'n rad waste flow, unitless factor

Ac fraction of MPC fn circulating water before addition of
the rz. waste stream, unitless factor

A = fraction of an MPC in the circulating water as it
reenters the reservoir; A < 1.0,

The very large dilution factors afforded by the circulating coolant
will not be routinely used to allow high concentrations of liquid
radioactive waste to be discharged from the plant. Uader no
circumstances will activity be discharged to the reservoir such that
the effective MPC of the diluted waste stream exceeds one as described
by Eq. 3.2.

In order to calculate the alarm/trip point for these monitors, one of
two calculational methods may be chosen. The easiest method is to
assume that all the activity present is due to the most prevalent
nuclide in the waste stream to which the detector is sensitive. The
setpoint may then be calculated from the calibration curve for the
concentration limit cited above in 10CFR20. Table 3.1 contains a
listing of such alarm points for nuclides identified in the FSAR,
based upon the calibration curve in Figure 2.5.

3—2 ReV- 1



If no single nuclide predominates in the waste stream, then a more
accurate method for setting the liquid monitor alarm/trip levels is
necessary to account for all the nuclides present and their relative
concentrations as nominally measured prior to release. The alarm/trip
level can be estimated from these relative concentrations and the
calibration curve of Figure 2.5 for an effective concentration of one
MPC in water.

The first step toward setting the alarm point by this alternate method
is to measure the actual nuclide concentrations in the effluent
(liquid or gaseous releases). Next the fraction of an MPC to which
this concentration corresponds must be estimated using Equation 3.1 as
below:

MPC_ .= Cl + €2 et G
. MPC1 MPC2 MPC,

Next the response of the detector to the nuclide must be estimated as
indicated below:

response = E1 * C1 + E2 * C2 + .., + Ei * C1 Eq. 3.3
where CE, B8y seve; C1 are the measured nuclide concentrations
(uCi/ml) for each nuclide,
El, E2, ...., Ei are the detector responses for each of the
"i" nuclides (cpm per uCi/aml).

The instrument response to the nuclide mix in either cpm or uCi/ml
(Cs~137 equivalent) may be estimated by multiplying the appropriate
value, Ei, from Table 3.3 by 2ach of the corresponding radionuclide
concentrations, C,, and then summing the results over all the
nuclides, 1. (i.e. use Equation 3.3)

In order to estimate the instrument response to a one MPC effective
concentration, the calculated instrument response must be divided by
the effective MPC factor calculated in Equation 3.1 above.

The values in Table 3.3 were estimated using gamma emission spectra
and the response of the RD-53 detector as follows:

First the detector efficiency was estimated for the nuclide as:

E = detected cpm = Efl * nl + Ef2 * n2 4+...+ Efi * ni Eq. 3.4
uCi/ml of nuclide

where Efl = the gamma 1 detection efficiency (cpm/uCi/ml) as
described in the appropriate calibration curve,

3~3



nl = the frequency of gamma 1 emission per decay of the

nuclide,
E = detected cpm = the response of the detector to the given
uCi/ml of nuclide nuclide.

The relative efficiency factor, Re, then may be calculated from this
efficiency (Equation 3.4 above) as follows:

Re = E / cpm of reference nuclide Eq. 3.5
uCi/ml of reference nuclide
where cpm of reference nuclide is taken from the
uCi/ml of reference nuclide calibration curve.

Values for E and Re are listed in Table 3.3 for selected nuclides.

3.2 Example Alarm Point Calculation for Liquid Effluents

In order to calculate the alarm set point for a particular liquid
release, the relative concentration of each nuclide must be known.

The count rate and the uCi/ml response of the liquid effluent detector
may then be estimated by following the calculational technique
described in the previous section.

The following example is solved for a mixture of five (5)
nuclides as an example of this method.

Nuclides Measured Concentrations MPC
(uCi/ml) (uCi/ml)
H 3 3.5E-06 3E-03
I 131 2.2E-07 3E-07
I 133 3.4E-07 1E-06
Cs 134 2.0E-08 9E-06
Cr 51 5.0E-09 2E-03

The first step is to calculate the effective MPC using Equation 3.1 as
shown below:

MPC_ . = 3.5E-06 + 2.2E-07 + 3.4E-07 + 2.0E-08 + 5.0E-09
" 3.0E-03  3.0E-07 1.0E-06 9.0E-06 7.0E-03

MPC = 1.08 effective MPCs.
eff



The second step is to calculate the response of the detector for each
nuclide present in the mixture at the measured concentration using
Equation 3.3.

Nuclide estimated cpm indicated response

H 3 0 0

I 131 2.2E-07 * 1.94E08 = 43 2.2E-07 * 1,58 = 3.5E-07
I 133 3.4E-07 * 1.67E08 = 57 3.4E-07 * 1.36 = 4,6E-07
Cs 134 2.0E-08 * 3,14E08 = 6.43 2.0E-08 * 2.55 = 5.1£-08
Cr 51 5.0E-09 * 2.01EQ07 = 0.1 5.0E-09 * ,163 = 8.2E-10
Total 106 8.6E-07

The last step is to calculate the detector response for a one MPC
concentration by dividing the estimated response by the effective MPC.

alarm set point = 106 (cpm) / 1.08 = 99 (cpm/MPC)
or
alarm set point = 8,6E-07 (uCi/ml Cs 137) / 1.08 = 8.0E-07 (uCi/ml per

MPC)

|
\
l
If the model RD-53 1liqrid effluent monitor were set to alarm at ‘
8.0E~07 uCi/ml, the effective MPC of the radwaste would not exceed one
during the release. 1If the flow of circulating coolant would permit,
the alarm set point could be raised above 1 MPC by a dilution factor

. calculated in Equation 3.2 (the reciprocal of "A" or 1/A).

3.3 Gaseous Effluents

3.3.1 NRC Regulatory Requirements

NRC regulatory requirements for radioactive gaseous effluent channels,
Radiological Effluent Technical Specification 3.3.3.10, requires that
the limits of Specification 3..1.2.1 not be exceeded. This
specification requires that the dose rates at the site boundary and
beyond from noble gases be kept less than or equal to 500 mrem/year
total body and 3000 mrem/year to the skin. Furthermore, dose rates
due to I-131, I-133, H-3, and all radionuclides in particulate form
with half-lives greater than 8 days shall be less than or equal to
1500 mrem/year to any organ.

3.3.2 1Interpretation

In order to assure that this limit is not exceeded the NRC (in section
5.1.1 of NUREG-0133) allows the alarm set point for the MEAB/RCB
common exhaust to be calculated such that the nearest offsite receptor
would not be exposed to noble gas concentrations greater than those of
10CFR20, Appendix B, Table II, Column 1. The same general method is
used to calculate these alarm levels as was described previously for
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liquid releases.

3.3.3 Implementztion

The nearest site boundary is about a mile from either unit, hence a
factor to relate the stack release to the conceantration at the site
boundary ‘s necessary. Table 2.3-27 of the FSAR contains a list of
the annual average X/Q values at the site boundary in each of 16
sectors. The highest value listed is 1.1E-06 (sec/cubic meter) in the
NNW sector. This value for X/Q is used to provide estimates of
dilution for the purpose of setting alarm points.

The next step is to choose whether to control emissions based upon the
most prevalent radioactive gas present in the effluent or upon the
actual mixture of gases. When the noble gas effluent is dominated by
a single nuclide, the alarm point may be set based on the detector
response to that single nuclide. Table 3.2 contains a listing of the
RD-52 noble gas detector”s response to a stack concentration
corresponding to a 1 MPC concentration at the site boundary for
several noble gases. If no single nuclide dominates, then release
alarm set points should be based on the actual estimated mix.

This alternate method for estimating the alarm set point is based on
the normal mix of noble gases expected to be emitted during a
particular release period. The offsite noble gas conceantration
corresponding to the maximum permissible concentration (MPC) as
described in 10CFR20 must be calculated. The stack concentrations for
each nuclide are then estimated using the previously mentioned X/Q
value along with the maximum stack flow rate of 8400 (cubic meters per
minute).

From this step on, the methodology for calculating the alarm set point
for a particular detector is identical to that described by Equations
3.1, 3.3, 3.4, and 3.5 of the previous section. It should be noted,
however, that the routine airborne release detectors employ beta
rather than gamma detectors. Therefore, the effective efficiencies
are based on the number and energy of beta emissions per radioactive
decay rather than on gamma emissions as is the case for the 1iquid
release detectors.

Although Technical Specification 3.11.2.1 requires periodic
confirmation that the offsite concentrations calculated for
particulates, tritium, and iodine do not exceed an effective
concentration of 1 MPC, no monitor alarm set points are necessary.
NUREG-0133 acknowledges that for practical reasons such alarm set
points could not be set unambiguously. Only the noble gas detector
system is set to alarm at a particular stack concentration.
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Although the above method is suitable for the common MEAB/RCB exhaust
system, two other monitored atmospheric exhausts are not addressed.
The TCB roof vent for the condenser vacuum pumps has its alarm set
point dictated by plant safety considerations rather than offsite dose
criteria. The flow through this vent is only 2 (cubic meters /
minute) and hence would not contribute significantly to the offsite
dose unless the concentration of noble gas was exceedingly high.
Higher in fact than levels HL&P would permit to be exhausted onto the
working deck of the turbine building. The set point for this detector
is adjusted to assure the safety of plant personnel in conformance
with plant operating procedures. Any releases from this vent will be
included in monthly offsite dose calculations and will be reported in
conformance with Regulatory Guide 1.21.

The other potential release is through the main atmospheric steam
dumps which may release activity contained in the secondary coolant
following turbine trips at greater than 50% power. These events are
not frequent and the radiation monitoring system is not capable of
accurately measuring this type of release since flow velocities would
not be known in advance of the incident. The Semiannual Effluent
Release Report will contain estimates for such releases based on the
measured nuclide concentrations in the secondary coolant and the
estimated mass of coolant vented. For example:

release of nuclide "i" = Flowrate * Time * Concentration
where Flowrate = estimated steam vent rate, lbs/sec;
Time = duration of release, sec;
Concentration = concentration of nuclide "i",uCi/1lbs.
3.4 Example Alarm Point Calculation for Atmospheric Effluents
The following example is solved for a mixture of two noble gases
monitored by the routine release gas detector. This method is

appropriate for any number and combination of noble gas nuclides
monitored by the RD-52.

Typical gas mixture: 507 Kr 85 and 50% Xe 133

X/Q: 1.1E~06 (sec per cubic meter)
Stack flow rate: 8400 (cubic meters per minute) or

140 (cubic meters per second)
MPC’s: 3E-07 (uCi/ml) for Kr 85

3E-07 (uCi/ml) for Xe 133
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Two steps are necessary to calculate the alarm set point for this
detector. The first step is to estimate the concentration at the
stack which would result in an offsite concentration equal to tie MPC
limit for this mixture of gases.

The offsite MPC limit is calculated beginning with Equation 3.1 where
the solution, HPCeff, is set to one, 1.

l = Cl + c2
3E-07 3E-07

Since Cl = C2 for a 50:50 mixture, one simply substitutes
and solves the equation as indicated below.

1= 2*cC or C = 1.58-07 uCi/ml
E-0

Next the dilution from the stack to the site boundary must be
estimated.

if X/Q = 1.1E-06 (sec/m3)
and X = 1.56-07 (uCi/ml) for each nuclide at the site boundary,
- Q = 1.5E-07 = 1.36E05 (uCi/s) at the stack for
1.1E-06 * 1E-06 each nuclide.

Since the nominal flow rate is 140 m3 per second, the average stack
concentration for each nuclide would be

Kr 85 1.36E05 uCi/sec . = 9.6E-04 uCi/ml
140 (m /sec) * 1E6 (ml/m™)

Xe 133 1,36E05 uCi/sec i = 9.6E-04 uCi/ml
140 (m /sec) * 1E6 (ml/m™)

The second step is to estimate the RD-52 response to this mixture of
nuclides assuming the detector is calibrated in uCi/ml of Kr 85. By
substituting appropriate factors from Table 3.4 and the stack
concentration of 9.6E-04 uCi/ml for each nuclide into Equatiom 3.3,
one can calculate the detector alarm set point corresponding to one
MPC offsite for this gas mixture.

indicated = 0,998 * 9 6E-04 uCi/ml + 0.369 * 9.6E~04 uCi/ml
response

indicated response = 1.3E-03 (uCi/ml Kr 85)
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If the RD-52 alarm set point were chosen for this alarm point, the
offsite concentrations might closely approach Technical Specification
linits before an alarm occurred. Therefore, plant procedures will
specify what fraction of this limit will be used by each unit at

STPEGS.
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Table 3.1:
Nuclide MPC
Concentration
(uCi/ml)

Ce-51
Mn-54
Fe-59
Co~-58
Co-60
Rb-86
Zr-95
Nb-95
Mo-99
Te~9%m
Te-129%m
1-130
Ba-130
La-130
1-131
Te~131lm
Te-132
1-133
Cs~134
1-135
Cs-136
Cs-137

Ce-144

*Note:

E-03
E-04
E~05
E-04
E-05
E-05
E-05
E-04
E-04
E-03
E-05
E-06
E-05
E-05
E-07
E-05
E-05
E-06
E-06
E-06
E-06
E-05

o000

- -

OO0 00

OO0 O0Q00

oo

. . . s . . s =

NOPOL-WAWLWNNWWIAN OV -~
0000

o o

1.0E-05

-
Limiting
Count Rate

(cpm)

4.0E+04
1.3E+04
7.6E403
1.8E+04
1.2E+04
7.4E+02
7.7E403
1.3E+04
3.3E+04
7.5E+05
2.0E+02
1.5E+03
1.2E+03
5.9E+03
5.8E+01
1. 4E+04
5.3E403
1.7E+02
2.8E403
6.0E+02
3.8E403
2.5E+03

1.8E+02

*

Indicated
Response
(uCi/ml Cs-137)

3.3E-04
1.1E-04
6.2E-05
1.5E-04
9.8E-05
6.0E-06
6.3E-05
1.1E-04
2.6E-04
6.1E-03
1.6E-06
1.2E-05
9.5E-06
4.8E-06
4.7E-07
1.2E~04
4.4E-05
1.4E-06
2.3E-05
4,.9E-06
3.1E-05
2.0E-05

1.4E-06

Liquid Release Detector, RD-53, Set Point Calculation

Values generated by multiplying the MPC by the approplate factor from

Table 3.3.
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Table 3.2: Noble Cas Detector, RD-52, Response to Single Nuclide

Nuclide MPC Stack Limiting Indicated

Concentration Concentration Count Rate Response

(uCi/ml) (uCi/ml) (cpm) (uCi/ml Kr-85)

Kr-85m 1.0E-07 6.5E-04 3.7E4+04 5.2E-04
Kr-85 3.0E-07 2.0E-03 1.4E+05 2.0E-03
Kr-87 2,.0E-08 1.3E-04 1.1E+04 1.6E-04
Kr-88 2.0£-08 1.3E-04 9.4E+03 1.3E-04
Xe-133 3.0E~-07 2.0E-03 5.4E+04 7.3E-04
Xe-135 1.0E-07 6.5E-04 4.9+04 7.0E-04
Xe-138 3.0E-08 2.0E-04 1.7E+04 2.5E-04

Note: Stack Concentration= MPC * 6,.5E+03 given that X/Q=1.1E-06 (se /ns)
and the vent flow = 140 (m /see);

Limiting Count Rate= Stack Concentration * E (from Table 3.4);

Indicated Response = Stack Concentration * Re (from Table 3.4).

3-11 Re"nl



Table 3.3: Liquid Release Detector, RD-53, Response to 1 uCi/ml of Each
Nuclide

Indicated Detector
Response (Re)
uCi/ml Cs-137
uCi/ml nuclide

Nuclide Count Rate
Response (E)

cpm
uCi/ml

2.01E+07
1.30E+08
1.27E+08
1.82E+08
2.40E+08
1.05E+07
1.29E+08
1.29E+08
1.63E+08
1.25E+08
6.73E+06
5.06E+08
5.83E+07
2.97E+08
1.94E+08
2.37E+08
1.78E+08
1.67E+08
3.14E+408
1.51E+08
4.24E+08
1.23E+08
1.76E+07

1.63E-01
1.06E+00
1.03E+00
1.48E+00
1.95E+00
8.55E-02
1.05E+00
1.05E+00
1.32E+00
1.02E+00
5.47E-02
4.11E+00
4.74E-01
2.41E+00
1.58E+00
1.93E+00
1.45E+00
1.36E+00
2.55E+00
1.22E+00
3.45E+00
9.98E-01
1.43E-01

Note: These values (E and Re) were calculated using the methods of part 3.1
as shown in Eq.s 3.4, 3.5, and 3.6.




Table 3.4: Noble Gas Detector, RD-52, Response to 1 uCi/ml of Each Nuclide

Nuclide

Kr-85m
Kr-85
Kr-87
Kr-88
Xe-133
Xe~135
Xe-138

Note:

Count Rate

Response (E)

(cpm)
(uCi/ml)

5.64E4+07
6.99E+07
8.53E+07
7.13E+07
2.58E+07
7.53E+07
8.70E+07

Indicated

Response (Re)
(uCi/ml nuclide)

(uCi/ml Kr 85)

8.06E-01
9.98E-01
1.22E+00
1.02E+00
3.6%E-01
1.08E+00
1.24E400

These values (E and Re) were calculated using the methods of part 3.1

as shown in Eq.s 3.3, 3.4, and 3.5.
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4.0 Offsite Dose Calculations

4.1 Liquid Releases

4.1.1 NRC Regulatory Requirements

Specification 3.11.1.2 of the Radiological Effluent Technical
Specifications requires that cumulative dose contribution estimates be
calculated once every 31 days. The cumulative dose contributions
should consider the dose or dose commitment to a MEMBER OF THE PUBLIC
from radionuclides in liquid effluent releases. Such releases are
limited to ensurc that projected doses from each unit are:

a. less than or equal to 1.5 mrems to the total body and less
than or equal to 5 mrems to any organ during any calendar
quarter, and;

b. less than or equal to 3 mrems to the total body and less
than or equal to 10 mrems to any organ during any
calendar year.

If the above dose guides are not met, a report must be filed to the
NRC Region IV office as required by LOCFRS50, Appendix I.

4.1.2 Implementation of Technical Specification 3.11.1.2

In order to satisfy the requirements of Technical Specification
3.11.1.2, the individuals who suffer the maximum total body and organ
doses due to liquid effluent releases are identified. The appropriate
total body and organ doses, Dose(}), are calculated once a month for
fish ingestion and shoreline exposure for each potentially exposed
individual (Little Robbins area, Colorado River, and Matagorda
Bay/Gulf). These doses are summed for both pathways at each location
and compared with the limits of Technical Specification 3.11.1.2.

Dose(j) =1L £ Q(1) * R(adule,i,d) (mrem) Eq. 4.1
path { pathway

where Qi and R(a,i{,j) are described in Table 4.2 and where the values
for R(adult,i,j) are taken from Table 4.7.

4.2 Liquid Exposure Dose Model

4.2.1 Pathways for Radionuclide Ingestion by Man

Radionuclides which have been released from either unit mix with the
water of the reservoir. These nuclides are expected to be further
diluted into the Colorado River with blowdown operations or releases
via the spillway overflow (following unusually heavy rains). Water
containing trace amounts of radionuclides may diffuse through the
bottom of the reservolr and become mixed with shallow ground water.
Hydraullec relief wells about the reservoir perimeter may include in
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their discharge some of this diluted radionuclide bearing water.
These discharges enter the Colorado River, the West Branch Colorado
River, and Little Robbins Slough (composed of both branches of Little
Robbins Slough; sometimes called West Little Robbins Slough and East
Fork Little Robbins Slough). These streams discharge into either
Matagorda Bay or the Gulf of Mexico.

4.2.1.1 Colorado River Environment . The Colorado River is used
primarily for sport fishing and occasionally for barge traffic. No
municipal water supplies lie downstream from the plant discharge
structure and none are likely to be developed because of the high salt
content of the river in this area. A few water use permits allow
irrigation of crop land with water taken downstream from the plant,
but these permits are seldo~ (if ever) exercised.

STPEGS possesses Environmental Protection Agency and Texas Department
of Water Resources permits which allow the plant to discharge cooling
reservoir water only if the river flow exceeds 800 cfs. The average
flow rate of the Colorado is about 600 cfs which means blowdown can
only occur in rainy periods when river flow is higher than 800 cfs
(about 40% of the time). Because such planned discharges and any
unplanned spillway releases are likely to occur only during rainy
periods, no irrigation is likely with water bearing plant released
radionuclides even 1f the other water use permits were active.
Therefore, no individual or population dose estimates are made on the
basis of irrigation with surface water containing radionuclides
originating from STPEGS reservoir releases.

The only credible pathway available for internal exposure is the
consumption of sea trout, red drum, flounder, catfish, crabs, and
shrimp known to be taken from the river by sports fishermen.

Since two small communities are built on the river, one near the
discharge facility (Selkirk Island) and the other about seven miles
downstream (Matagorda), external exposure is also possible due to
shoreline deposits. A number of recreational cabins and trailers also
line the east shore of the river south of Matagorda to the Gulf of
Mexico (see Figures 4.1 and 4.2).

4.2.1.2 Little Robbins Slough Environment . Little Robbins
Slough drains through a marsh accessible to local land owners only.
Fresh water fish may be taken from ponds in this area for sport.
However, the annual take is normally small and limited to a few
families. Also, some cattle graze in areas where water from Little
Robbins Slough might be ingested, and the meat from such animals might
be eaten by the land owner or others in the local community. No firm
data regarding average annual consumption are available.

4.2.1.3 Matagorda Bay and the Gulf of Mexico . The Colorado
River, West Branch Colorado, Little Robbins Slough, and the East Fork
Little Robbins Slough all discharge into either Matagorda Bay or the
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Gulf of Mexico as shown in Figure 4.1. Because these bodies of water
are connected by natural and manmade channels and the resulting
circulation patterns are unknown, no mixing models are available to
predict concentrations. Therefore, the nuclid: concentrations in
those saltwater areas are conservatively estimated to be 1/10 the
Colorado River concentration.

Internal dose from nuclides reaching Matagorda Bay or the Gulf of
Mexico 1s due to the consumption of sea trout, red drum, and flounder
by sports fishermen and crabs, shrimp, and oys.ers taken both
commercially and by sportsmen.

Since the town of Palaclos is built on the shores of Matagorda Bay and
a public beach exists on the Gulf of Mexico near the discharge of the
Colorado River, external exposure due to shoreline deposits is
possible.

4.2.2 Model for Reservoir Related Radionuclide Decay and Release
Offsite

A generally conservative calculation of the offsite dose is
accomplished using offsite liquid effluent releases estimated
according to the method described in this section.

Table 4.1 lists fractions as calculated by this method for each
radionuclide anticipated to be released to the reservoir. These
fractions represent the portion of a particular liquid effluent
release from the plant which will eventually leave the site. These
fractions are different for each release route from the reservoir and
consist of the product of the variable "Floss” and one of or more of
the variables "fc, fwe, flrs, and felrs" as described below.

4.2.2.1 Development of Annual Average Liquid Offsite Release
Estimates Based on Releases to the Reservoir .

Assumptions:

1. The reservoir is always well mixed.

2. Nuclides released to the reservoir decay for 14 days before
becoming available for transport out of the reservoir (transport time
to the blowdown structure with both units at full power).

3. Releases to the reservoir approximate a continuous release.

4. This model assumes that blowdown from the reservoir is also a
continuous activity. Since blowdown activity should never release
more than a few percent of the reservoir at ome time, this assumption
should generally lead to consevative release estimates.
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10.
11.
12,

NOTE:

The reservoir volume is fixed at 150,000 AF.

The seepage rate is 5700 AF/y to the shallow aquifer.

The evaporation rate is 38,592 AF/y.

The blowdown rate is 13,425 AF/y to the Colorado River.
Relief well flow to the Colorado River is 1000 AF/y.
Relief well flow to the W. Colorado River is 210 AF/y.
Relief well flow to the Little Roibins Slough is 1200 AF/y.
Relief well flow to E. Fork Little Robbins Slough is 1500
AF/y.

Data for items 9, 10, 11, and 12 are from the STP FSAR,
Rev. 37, Figure 2.4.13-20 and Table 2.4.13-6.

4.2,.2.2 Liquid Offsite Effluent Release Estimates for

Nonvolitile Radionuclides (Evaporation of Tritium
and Water omitted) .

Y = loss rate due to seepage and blowdown

191

25 AF/y per 150,000 AF = 0.1275 per year

3.49E-04 per day

ir = loss rate due to radioactive decay

fc

0.693 / (nuclide half-life in days)

fraction of loss reaching the Colorado River
(1000 AF/y + 13,245 AF/y) per 19,125 AF/y = 0.754

fwe = fraction of loss reaciing the W. Branch Colorado

- 21

flrs =

felrs

Floss =

Al -

Qe, Que,

0 AF/y per 19,125 AF/y = 0.011

fraction of loss reaching the Little Robbins Slough
1200 AF/y per 19,125 AF/y = 0.063

fraction of loss reaching the E. Fork of Little Robbins Slough
1500 AF/y per 19,125 AF/y = 0.078

fraction of activity which eventually leaves STPEGS following
release to the reservoir
Y * EXP[-Yr*l4)
i + ir

activity discharged to the reservoir by nuclide in a given
release (C1)

Qlrs, Qelrs = releases at each discharge point from STPEGS by
nuclide (less 14 days of decay, Ci)

Colorado River: Qe = AL * fc * Floss
W. Branch Colorado: Qwe = AL * fue * Floss
Little Robbins Slough: Qlrs = AL * flrs * Floss

E. Fork

Little Robbins Slough: Qelrs = AL * felrs * Floss
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4.2.2.3 Tritium Offsite Releases in Liquid Effluents

(Evaporative Losses Included) .

Y = 57,717 AF/y per 150,000 AF = 0.385 per year
1.05E-03 per day

Yr = 0.693 / 4506 days = 1.54E-04 per day

fe = (1000 AF/y + 13,425 AF/y) per 57,717 AF/y = 0.2499
fwe = 210 AF/y per 57,717 AF/y = 0.0036

flrs = 1200 AF/y per 57,717 AF/y = 0.0208

felrs - {500 AF/y per 57,717 AF/y = 0.0260

Floss = 1.056~03 / (1.05E-03 + 1.54E~04) = 0.872

Al = tritium activity released to the reservoir

Qe, Qwe, etc. = calculated as previously described

4.2.3 Offsite Doses from Liquid Effluents

Liquid pathway doses are calculated using the total integrated nuclide
releases (Qec, Qwe, etc.). These releases are diluted into the annual
average flow of the receiving body of water. Resulting doses will
generally over estimate the true offsite values since the activity
would normally leave STPEGS over several years and hence would be
diluted by substantially more than one year’s flow volume once
offsite. For example, 50% of the activity contained in the reservoir
is released approximately every 5.4 years (evaporation excluded),
hence no more than 12% of a very long lived nuclide would leave the
site via liquid pathways in any one year. Nevertheless, the projected
dose for each release is estimated based upon the assumption that all
the activity destined to leave the reservolir does so in the current
year. These doses are summed to calculate the month’s contribution to
the committed dose to the MEMBER OF THE PUBLIC suffering the greatest
dose due to liquid releases. This individual’s dose is determined by
the consumption of fish and marine invertebrates plus shoreline
exposure along the Colorado River, Matagorda Bay/Gulf of Mexico, or
the Little Robbins Slough as calculated below

4.2.3.1 Fish Ingestion Pathway . The pathway dose factors for
an individual who {ngests saltwater fish, crabs, and shrimp from the
Colorado River, Matagorda Bay/Culf, or freshwater fish from the Little
Robbins area are calcilated using Equation 4.1 where the parameter
descriptions are in Table 4.2 and the parameter values are as listed
in Table 4.3, The resulting pathway dose factors are tabulated in
Table 4.7,
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4.2.2.3 Tritium Offsite Releases in Liquid Effluents
(Evaporative Losses Included) .

Y = 57,717 AF/y per 150,000 AF = 0.385 per year
1.05E-03 per day

Yr = 0.693 / 4506 days = 1.54E-04 per day

fe = (1000 AF/y + 13,425 AF/y) per 57,717 AF/y = 0.2499
fwe = 210 AF/y per 57,717 AF/y = 0.0036

flrs = 1200 AF/y per 57,717 AF/y = 0.0208

felrs = 1500 AF/y per 57,717 AF/y = 0.0260

Floss = 1,05-03 / (1.05E~03 + 1.54E~04) = 0.872

Al = tritium activity released to the reservoir

Qe, Qwe, etc. = calculated as previously described

4.2.3 Offsite Doses from Liquid Effluents

Liquid pathway doses are calculated using the total integrated nuclide
releases (Qe, Qwe, etc.). These releases are diluted into the annual
average flow of the receiving body of water. Resulting doses will
generally over estimate the true offsite values since the activity
would normally leave STPEGS over several years and hence would be
diluted by substantially more than one year’s flow volume once
offsite. For exaaple, 50X of the activity contained in the reservoir
is released approximately every 5.4 years (evaporation excluded),
hence no more than 12% of a very long lived nuclide would leave the
site via liquid pathways in any one year. Nevertheless, the projected
dose for each release 1s estimated based upon the assumption that all
the activity destined to leave the reservoir does so in the current
year. These doses are summed to calculate the month”s contribution to
the committed dose to the MEMBER THE PUBLIC suffering the greatest
dose due to liquid releases. Th! Individual”s dose is determined by
the consumption of fish and marinc lnvertebrates plus shoreline
exposure along the Colorado River, Matagorda Bay/Gulf of Mexico, or
the Little Robbins Slough as calculated below.

4.2.3.1 Fish Ingestion Pathway . The pathway dose factors for
an individual who ingests saltwater fish, crahs, and shrimp from the
Colorado River, Matagorda Bay/Gulf, or freshwater fish from the Little
Robbins area are calculated using Equation 4.1 where the parameter
descriptions are in Table 4.2 and the parameter values are as listed
in Table 4.3. The resulting pathway dose factors are tabulated i{n
Table 4.7,
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R(a,i,j)= 1100 * U *L N(1)*B(1i) * D(a,i,j) * Exp [-Y(1)*T] Eq. 4.2
pathway M*F i (mrem/Ci)

4.2.3.2 Shoreline Deposition Pathway . Individuals who live in
the area could be exposed to accumulations of contaminated silt
deposited along the Colorado River bank, along Little Robbins Slough,
or o1 the beaches of Matagorda Bay and the Gulf of M:xico. The
pathway dose factors from these potential shoreline deposits are
calculated using Equation 4.3 with the parameters described in Table
4.2 and with values as listed in Table 4.3. The resulting pathway
dose factors are compiled in Table 4.7.

Ria,1.)) = 110,000 * Ub*W * § N(i) * T(i) * D(a,i,j) Eq. 4.3
shore exposure M*F i

* Exp[-Y(i)*T] * (1 - Exp[-Y(i)*Tb]) (arem/Ci)




4.3 GCaseous Releases

4.3.1 NRC Regulatory Requirements

Technical Specification 3.11.2.1 of the Radiological Effluent
Techaical Specifications requires that the instantaneous dose rate in
unrestricted areas due to radioactive materials released in gaseous
effluents from the site be limited to the following values:

a. The dose rate limit for noble gases must be less than
500 mrem/yr to the total body and less than 3000 mrem/yr
to the skin, and

b. The dose rate limit for all radionuclides other than
noble gases with half lives greater than 8 days be
less than 1500 mrem/yr to any organ.

These requirements stem from the STPEGS commitment to meet the minimum
radiological protection limits of 10CFR20.

Technical Specification 3.11.2.2 of the Radiological Effluent
Technical Specifications also requires that the air dose in areas at
or beyond the site boundary due to noble gases released in gaseous
effluents shall be limited to the following:

a. during any calendar quarter, to less than or equal to 5
mrads for gamma radiation and 10 mrads for beta radiation,
and

b. during any calendar year, to less than or equal to 10 mrads
for gamma radiation and 20 mrads for beta radiatioa.

Technical Specification 3.11.2.3 further limits the dose tc a MEMBER
OF THE PUBLIC from I-131, I-133, tritium, and radionuclides in
particulate form with half lives greater than 8 days in gaseous
effluents released to areas at ~r beyond the site boundary as follows:

a. during any calendar quarter to less than or equal to
7.5 mrems to any organ; and

b. during any calendar year to less than or equal to 15 mrems to
any organ.

These last two reqrirements stem from HL&P"s commitment to operate
STPEGS within the guidelines described in 10CFR50, Appendix I for
maintaining doses to the public as low as reasonably achievable.



4.3.2 Implementation of Technical Specification 3.11.2.1

4.3.2.1 Noble Gases . All gaseous effluent r leases from STPEGS
are assumed to be ground level due to the proximity of each unit”’s
vent to the roof. For the purpose of demonstrating that offsite dose
rates have not exceeded the dose rate limits of this Technical
Specification, the atmospheric dispersion factor, X/Q, may be assumed
to be 1.1E-06 sec/meter cubed. This represents the highest annual
average X/Q at the site boundary and occurs in the NNW sector.

The hourly average dose rate to the whole body due to noble gas
releases may be estimated using Equation 4.8.

The hourly average dose rate to the skin due to noble gas releases may
be estimated using Equation 4.9 of this section provided the shielding
factor, Sf, equals 1.0 for the purpose of determining compliance with
Technical Specification 3.11.2.1.

4.3.2.2 Todine and Particulates . The hourly average dose rate
to the critical organ, j, in the critical age group, a, due to
particulate releases may be estimated as follows:

Dose rate(a,j) = X/Q * ZR(a,i,j) * Qi) +

i inhalation Eq. 4.4
D/Q * I I ( R(a,i,]i) ) * Qi) (mrem/hr)
i path pathway
where Q(i) = release rate o£3nuclide 4" (Ct/hr), »
X/Q = 1.1E-06 (sec ém j
D/Q = 9.4E-09 (1 /m"),

R(a,i,j) = pathway dose factors from Table 4.7 (mrem—m3/Ci-sec).
pathway

The highest organ dose so calculated may be used for demonstrating
compliance with Technical Specification 3.11.2.1.

4.3.3 Implementation of Technical Specification 3.11.2.2

NUREG-0133 allows HLSP to use the highest calculated annual average

X/Q for STPEGS to calculate doses for comparison with the

quarterly and annual dose limits. However, NUREG-0133 requires the

use of the highest 500 hour average X/Q for doses due to short term
releases. HL&P normally has available hourly average X/Q values for each
sector plus time dated release information. When possible, these hourly
X/Q values coupled with hourly release data are used in place of composite
release data and historical average X/Qs.
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Nevertheless, the historical dispersion values to be used for manual
calculations are: annual average releases = 1.1E-06 and 500 hour or
shorter releases = 4E-06 seconds per cubic meter.

4.3.3.1 Noble Gases . The noble gas releases averaged over a
calendar quarter or a calendar year result in a dose to air at the
site boundary as calculated using Equations 4.10 for gamma radiation
and Equation 4.12 for beta radiation.

4.3.4 Implementation of Technical Specification 3.11.2.3

4.3.4.1 1lodines and Particulates . The dose to a MEMBER OF THE
PUBLIC stationed at or beyond the site boundary due to radioiodine and
particulate releases is estimated using Equation 4.13 and the
appropriate pathway dose factor from Table 4.7.

4.4 Gaseous Duse Models and Dose Formulas

4.4.1 Dispersion Calculation Methods

If current meteorological data are used to estimate dispersion, X/Q,
in place of the historical values, calculations for routine releases
use the sector-average version of the equations for atmospheric
relative concentration. These calculations are made in accordance
with the methodology in NRC Regulatory Guide 1.111 and are all based
on ground level releases.

4.4.1.1 X/Q Calculation . The sector average X/Q for a given
hour is calculated using:

X/Q = 2.03 (sec/ms) Eq. 4.5
Un * Dxqc * Smn

where Smn = | szz+ ( Hconzl 2%pi ) ]1/2

or Sman = sz * (3)1/2; which ever is less;

and Hcon = building height (meters),
sz = vertical dispersion coefficient (meters),
Smn = dispersion coefficient with building wake factor included
(meters),
Dxqc = down wind distance to the receptor (meters),
Umn = hourly average wind speed (meters/second),

1/2

2.03 = (2 / pi) divided by the sector width in radians.
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4.4.1.2 Depleted X/Q Calculation . X/Q values are used in
conjunction with tritium and noble gases released. However, the
downwind concentrations for particulates and radioiodines will be
affected by ground deposition. X/Q values used for calculating
inhalation doses from particulates and radioiodines must be modified
by the ground depletion factors of Table 4.4 (from Figure 2 of NRC
Regulatory Guide 1.111).

(X/Q) = (X/Q) * (ground depletion factor) (sec/m3) Eq. 4.6
depl

4.4.1.3 Ground Deposition . Ground deposition is calculated
using the deposition factors of Table 4.4 (also from Regulatory Cuide
1.111, Figures 6 to 9).

(D/Q) = (deposition factor) (l/mz) Eq. 4.7
Dxqc * 0.3927

where 0.3927 = radians in one sector or (2 * pi) / 16 ,
Dxqc = down wind distance (meters).

Deposition ca’culated by multiplying this term, D/Q, by the release

rate, Q, will yield value~ independent of atmospheric stability as
indicated in NRC Regulatory Guide 1.111.

4.4.2 Submersion Dose From Noble Gases

The methods used to estimate doses due to noble gases are those of
Regulatory Guide 1.109. The whole body and skin doses from submersion
in a cloud of noble gas may be calculated by multiplying the
appropriate dose factor for the plume pathway from Table 4.7 by the
dispersion, X/Q. An equivalent calculation can be accomplished using
the formulas described in the following three subsections:

4.4.2.1 Wholebody Dose

"D = 0.114 * X/Q * I( Qi * Dfi ) (rem/hr) Eq. 4.8
gamma i gamma

where 0.114 = converaion factor from (mrem-ns)/(pCL-yt) to

(rem-m” ) /(uCi-hr) 3
X/Q = from Equation 4.5 (sec/m”)
Qi = isotope "i" release rate (uCi/sec)
Dfi gamma dose to tissue conversion factor for nuclide
gamma "i7 from Table B-1 of Regulatory Guide 1.109
(mrem-m~ / pCi-yr).
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4.4.2.2 Skin Dose from Noble Gases . Skin dose is calculated
based on both the beta emissions and gammas coming from the noble gas
cloud surrounding the receptor.

D =1.11 *s *p +D (rem) Eq. 4.9
skin f gamma(air) beta(skin)
where D = 0.114 * X/Q * £Qi * Dfi (rad) Eq. 4.10
gamma(air) i gamma(air)
and D = 0.114 * X/Q * Qi * Dfi (rem) Eq. 4.11
beta(skin) i beta(skin)
] = ghielding factor = .7
f
Dfi = beta dose to tissue conversion,factor from Table B-1,

beta(skin) Regulatory Guide 1.109 (mrem-m” / pCi-yr),

Dfi = gamma dose to air conversion factor, from Table B-1,
gamma(air) Regulatory Guide 1.109 (mrad-m~ / pCi-yr),
1.11 = ratio of the mass storping powers for electrons in air

to tissue.

The gamma dose to air is calculated here as an Intermediate step in
calculating the total dose to skin from noble gases. However, this
gamma dose to air value, D gamma(air) from Equation 4.10 may be used
to demonstrate compliance with the first part of Technical
Specification 3.11.2.2.

4.4.2.3 Beta Dose to Air from Noble Gases . Beta dose to air at
the site boundary is a required dose calculation in Technical
Specification 3.11.2.2 and is calculated as indicated below:

D = 0.114 * X/Q *Z Qi * Dfi (rad) Eq. 4.12
beta(air) i beta(air)
where Dfi = beta dose to air conversion factor from

beta(air) Table Bzl, Regulatory Guide 1.109
(mrad-m™ / pCi-yr),

0.114 = conversion, factor from (mrem-m3 /pCi-yr) to
(mrem-m~ /uCi-hr),

X/Q from Equation 4.5 (sec/uB),

Qi = isotope "i" release rate (uCi/sec).
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4.4.3 Dose Due to Inhaled and Deposited Particles

The dose delivered to the individual with the highest potential
exposure due to airborne radioactive particles is calculated in
accordance with NRC Regulatory Guide 1.109. The dose by ingestion
pathways is the product of the ground deposition, D/Q, from Equation
4.7 and the pathway dose factor for the appropriate organ and nuclide
from Table 4.7 as follows:

Dose = (D/Q) *I Q * Ri (mrem) Eq. 4.13
(pathway) |
where Qi = integrated release of Eucltde 5T {EL),
D/Q = ground deposition (1/m"),

R(a,i,]j) = age, nuslide, and organ specific dose factor
(mrem-m~ /Ci).

The ground deposition is calculated at the site boundary in each of
the 16 wind direction sectors. However, since some cattle may graze
on site outside the exclusion area, the meat pathway doses are
calculated at the exclusion area fence or the reservoir embankment
whichever is further from the units.

For the inhalation pathway, the depleted X/Q from Equation 4.6 is
substituted for D/Q in Equation 4.13.

The exposure pathway dependent dose factors, R(a,i,j), are from Table
4.7 which was generated using a code similar to NRC”s GASPAR routine
as described in NUREG-0597. These dose factors were calculated for
the pathways, organs, and age groups below:

Pathways Organs Age Groups
inhalation total body infant
meat ingestion G.I. tract child
milk ingestion bone teen
vegetation ingestion liver adulr
ground shine kidney

thyroid
lung
skin

&>
I
—
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4.4.3.1 1Inhalation Pathway Factors . The inhalation pathway
dose factors of Table 4.7 were calculated using the methods and
default parameter values as described in Regulatory Guide 1.109.
Table 4.5 and 4.6 list the default values used in these calculations.
The following equation was used to generate the inhalation pathway
dose factors of Table 4.7:

R(a,i,j) = K * Br * DFAi (mrem—m3 /Ci-sec) Eq. 4.14
inhalation

where K = 3.17E404 = conversion factor from (pCi/sec) to (Ci/yr),
Br = appropriate breathing rate from Table 4.6 (m3 /yr),

DFAL = organ dose factor as described in Table 4.5 (mrem/pCi).

4,4.3.2 Meat Ingestion Pathway Factor . The pathway factors for

particulate radionuclides deposited on grass and feed crops leading to

ingestion by man via beef harvested near STPEGS may be estimated in a
manner very similar to that described in NUREG-0133:

R(a,1,J) = K * Qf *Uap * F * R * Df1 * [ Fp * Fs + (1 - Fp * Fs) *
meat Yi * Yu Yp Ys

EXP(-Yi*Th)] * EXP(-Yi*Tf) (mrem—mZ/Ci) Eq. 4.15

where the appropriate parameters are described in Table 4.5 and have
nominal values as listed in Table 4.6.

These pathway dose factors, R(a,i,j), are listed for each nuclide,
each organ, and age group in Table 4.7. The dose due to this pathway
is calculated as in Equation 4.13.

4.4.3.3 Milk Ingestion Pathway Factor . The milk ingestion
pathway factors of Table 4.7 may be approximated using the methodology
of NUREG-0133 as described above in Equation 4.15 substituting values
appropriate for milk consumption for those used for meat. The
appropriate parameter values for milk are listed in Table 4.6. As for
the meat pathway described above, the dose is calculated using
Equation 4. .3 and the ground deposition.
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4.4.3.4 Vegetation Ingestion Pathway Factor . The pathway
factor for nuclide ingestion with vegetation may be estimated as
follows:

R(a,i,1) = K *R * Df1l * [Uap * F1 * EXP(-Yi*T1) + Uaps *
vegetation Yv * (Yi + Yw)
Fg * EXP(-Yi*Th)) (mrem-mz /ci) Eq. 4.16

The parameters are as described in Table 4.5 and have the values
listed in Table 4.6. The d.se due to this pathway is calculated based
on ground deposition using tquation 4.13 as are the other deposition
pathway factors.

4.4.3.5 Ground Shine Pathway Factor . The ground plane pathway
factor is estimated as follows:

R(a,i,]) = K ®* K" * §f * Df1 * (1 - EXP(-Yi*T)) Bq. 4.17
ground Yi

(mtem-m2 /ci)

The factors are as described in Table 4.5 and have the values listed
in Table 4.6. These pathway dose factors, R(a,i,j), are listed for
each nuclide and for the most restrictive organ and age group in Table
4.7. The annual dose due to this pathway is estimated as in Equation
4,13,



4.4.4 Tritium Exposure Pathways

Tritium ingestion pathways for atmospheric releases are based on the
alrborne concentrations rather than the deposition. Furthermore, the
uptake by plants and animals {s governed in large part by the absolute
humidity, the water content of feed, and other factors unique to this
nuclide. Consequertly, the pathway specific dose factors for tritium
may be estimated separately from particulates and iodines in a manner
similar to the following:

4.4.4.1 Meat Ingestion Pathway Factor

RI =K *K" % F % Qf * Uap * DfL * 0.75 * 0.5/H Eq..4.18
meat (arem-m™ /Ci)

4.4.4.2 Milk Ingestion Pathway Factor . The milk ingestion
pathway dose factors for tritium may be calculated using the same
formula listed above for meat and the appropriate parameter values
from Table 4.6.

4.4.4.3 Vegetation Ingestion Pathway Factor

Ri = K * K"" * (Uap * F1 + Uaps * Fg) * DfL * 0.75 * 0.5/H Eq..4.19

vegetation (arem-m™/Ci)
where K"” = 1E03 g/kg, conversion constant,
H =13 g/cublc meter, absnlute humidity,
0.75= fraction of total feed that is water,
0.5 = ratio of the tritium concentration in feed
grass water to the atmospheric water,
and all other parameters are as described in Tables 4.5

and 4.6.

The annual dose due to tritium in each pathway is calculated as:

Dose = X/Q *Q * R(a, ) (mrem) Eq. 4.20
(tritium) pathways
where Q = release rate for tritium alone (Ci).
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4.5 Technical Specification 3.11.4 Dose Calculations

If the annual dose or dose commitment to a MEMBER OF THE PUBLIC due to
releases of liquid or gaseous effluents exceeds twice the limits of
Technical Specifications 3.11.1.2.a, 3.11.1.2.b, 3.11.2.2.a,
3.11.2.2.b, 3.11.2.3.a, or 3.11.2.3.b, Specification 3.11.4 requires
that the total dose from the uranfium fuel cycle be calculated. Since
no mining, milling, conversion, enrichment, fuel fabrication, fuel
reprocessing or waste disposal activities exist within 50 miles of
STPEGS, only direct radiation from plant structures need be
considered.

Direct radiation from the