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AT™TACHMENT D1

TECHNICAL EVALUATION AND RATIONALE OF CHANGE



l'EPo'O\QCo

PHILADELPHIA ELECTRIC COMPANY
ELECTRIC PRODUCTION DEPARTMENT
LIMERICK GENERATING STATION

January 28, 1985

Proin: G. M. Leitch
To: R. A. Mulford

Subject: LGS PORC Approved Changes to the ODCM

In accordance with LGS Technical Specifications Section
6.5.1.6 m, PORC has reviewed and approved the changes to the
ODCM listed below:

) The containment purge isolaticn setppint basis has
been modified to eliminate the reference to
10CFR20, in order to achieve consistency with Tech.
Specs. Section T3.3.2-2C. Tech Specs allows
containment isolation on high radiation to occur at
< 2.1 uCi/cc. The ODCM modification will not only
allow LGS flexibility in determining the
appropriate setpoint for isolation, but also
provide a necessary uCi/cc to uCi/sec conversion.

2. The determination of the VFi factor (release point
weighting factor) has been modified to weight the
release points on dose rate contribution rather
than an MPC weighted basis. Both methodologies
accomplish the same objective, however, the former
not only allows a more expedient determination of
VFi since the dose rate per uCi/cc is inherent in
Chemistry's computer based setpoint methodology,
but also provides a more even release point
weighting. (The latter methodology greatly
penalized the South Vent).




Mr. R. A. Mulford January 28, 1985

The methodology for determining the alarm setpoints
from the "previous month's data™ was changed to
have the alarm setpoints based on che "first
scheduled sample of the month®. This change more
accuratcely reflects Chemistry's program and the
Surveillance Tests which schedule the samples.

Setpoints have been determined for the Hot
Maintenance Shop. The “"worst case" assumptions
used in the determination result in setpoints which
are highly conservative. However, releases from
the Hot Maintenance Shop are anticipated to be
small by comparison and the need to consider this
release point in the VFi determination has been
eliminated.

Per Tech Spec Section 6.14.2-b, "these changes shall
become effective upon review and acceptance by the Engineer-
in-charge, Nuclear and Environmental Section®™. We request
you review the attached changes and submit your reply to LGS
as soon as possible in order that we provide these changes
to the NRC with the Semi-Annual Radioactive Effluent Release

Report. Please address any questions to G. W. Murphy, Ext.
2210. ‘Thank you.

E} . . M. Leitch //
Superintendent - LGS
U

GWM/nlp
Attachment

cc: J. Doering
P. J. Duca
J. B. Cotton
R. W. Dubiel
J. S. Wiley
File 14-1

e
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OFFSITE DOSE CALCULATION MANUAL

Revision 1

LIMERICK GENERATING STATION

UNITS 1 AND 2

PHILADELPHIA ELECTRIC COMPANY

Docket Nos., 50-352 & 50-353

PORC Approval:

Station pé?intendent

Nuclear and Environmental
Section Approval:

LGS Health Physics Representative: :) éZZ%__
Nuclear and Environmental :
Representative: i SURLLLMEC
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Purpose

The purpose of the Offsite Dose Calculation Manual is to
establish methodologies and procedures for calculating
doses to individuals in areas at and beyond the SITE
BOUNDARY due to radiocactive effluent from Limerick
Generating Station and establishing setpoints for
radiocactive effluent monitoring instrumentation. The
results of these calculations are required to determine
compliance with Appendix A to Operating License NPF-27,
“"Technical Specification and Bases for Limerick Generating
Station Units No. 1 and 2.

Liquid Pathway Dose Calculations

A. Surveillance Requirement 4.11.1.1.2 - Liquid Radwaste
Release Compliance with LOCFR20 Limits

Limerick Generating Station Units 1 and 2 have one
common discharge point for liquid releases under
normal circumstances. In the event of heat exchanger
leakage, additional release pathways are possible
through the plant service water system and the RHR
service water system. The following calculation
assures that the radwaste release limits are met.

The flow rate of liquid radwaste released from the
site to areas at and beyond the SITE BOUNDARY shall be
such that the concentration of radicactive material
after dilution shall be limited to the concentration
specified in 10 CFR 20.106(a) for radionuclides other
than the dissolved or entrained noble gases and the
concentration listed on Technical Specification Table
3.11.1.1-1 for all dissolved or entrained noble gases
as specified in Technical Spec1f1catlon 3.11.1.1,

Each tank of radiocactive waste is sampled prior to
release and is quantitatively analyzed for
identifiable gamma emitters as specified in Table
4.11-1 of the Technical Specification. From this
gamma isotopic analysis the maximum permissible
release flow rate is determined as follows:

Determine a Dilution Factor by:

Dilution Factor = E uCi/ml i
i

MPC1

uCi/ml i = the activity of each identified gamma
emitter in uCi/ml

' DATE: g/sr/t¥
HP:
ENGR: fal



MPCi = The MPC specified in 10 CFR 20, Appendix B,
Table II, Column 2 for radionuclides other
than dissolved or entrained noble gases or
the concentrations listed on Technical
Specification Table 3.11.1.1-1 for dissolved
or entrained noble gases. Any unidentified
concentration is assigned an MPC value of
1E-07 uCi/ml.

Determine the Maximum Permissible Release Rate with
this Dilution Factor by:

Release Rate (gpm) = __ e
B X Dilution Factor

A = The cooling tower blowdown volume which will
provide dilution. Maximum flow rate is
10,000 gpm.

B = margin of assurance which includes consideration
of the maximum error in the activity setpoint and
the maximum error in the flow setpoint and the
possibility of multiple release pathways.

Surveillance Requirement 4.11.1.2

The primary method of calculating dose contributions
from liquid effluents released to areas at or beyond
the SITE LOUNDARY will be by using a computer-based
calculatiornal program developed using the equations
and paramete s of R.G. 1.109, Rev. 1, October, 1977
(see bases No"e 4) for all organs and age groups. The
Ai values usec for this calculation are located in the
Appendix, Table 1,

Dose contributions “rom liquid effluents released to
areas at and beyond the SITE BOUNDARY shall be
calculated using the equation below. This dose
calculation uses as a minimum those appropriate
radionuclides listed in Table II.A.l. These
radionuclides account for virtually 100 percent of the
total body dose and bone dose from liquid effluents.

Dy =D RiZi[ai éxAtl (cid) Fi:]

where:

th’ = the cumulative dose commitment to the total
body or any organ, T , from liquid effluents
for the total time period :Em , in mrem
1=] tl



reported release points

the length of the lth time period over which
Cil and Fl are averaged for tne liquid release,
in hours.

the average concentration of radionuclide, i,
in undiluted liquid effluent during time period
t from any liquid release, (determined by the
effluent sampling analysis program, Technical
Specification Table 4.11.1.1-1), in uCi/ml.

the site related ingestion dose commitment
factor to the total body or organ, |, for

each radionuclide listed in Table ITI.A.l, in
mrem-ml per hr-uCi. See Site Specific Data.**

the near field average dilution factor for

Cil during any liquid efflue~* release.

Defined as the ratio of the maximum undiluted
liquid waste flow during release to the average
flow from the discharge structure to the
Schuylkill River.

Surveillance Requirement 4.11.1.3.1

Ptéjected dose contributions from liquid effluents shall be
calculated using the methodology described in Section II.B.

To estimate expected concentration of the various
radionuclides (Cil) in the undiluted liquid effluent, the
duration of liquid release (4t), and the near field average
dilution factor (Fl), the expected plant operating status
shal! be reviewed. If no operational changes are expected
which would affect Cil,At, or F1 the same values as used
to evaluate Section II.B may be used.

If any operational changes are expected during the
following 31 days which could affect Cil, At or Fl, the
values used shall be based on plant history. During the
iritial stages of plant operation, the values for Cil,At,
and 7l as given in LGS FSAR Section 11.2 and EROL Section
5.2 may be used.

See Note 1 in Bases




TABLE II.A.1l

LIQUID EFFLUENT INGESTION DOSE FACTORS
(Decay Corrected)

Ai Dose Factor (mrem-ml per hr-uci)

Radionuclide Total Body Bone
Cs-137 3.42E+05 3.82E+05
Cs~134 5.79E+05 2.98E+05
P-32 5.11E+04 2.05E+05
Cs~136 8.42E+04 2.97E+04
Zn-65 3.32E+04 2.31E+04
Sr-90 1.35E+05 5.52E+05
H=-3 3.29E-01 *
Na-24 1.35E+02 1.35E+02
I-131 1.16E+02 1.40E+02
Co=-60 5.70E+02 *
I-133 1.23E+01 2.31E-01
Fe-55 1.06E+02 6.61E+02
Sr-89 6.36E+02 2.21E+04
Te-129m 1.70E+03 1.08E+04
Mn-54 8.34E+02 8.34E+02
Co-58 2.00E+02 *
Fe-59 9.26E+02 1.02E+03
Te-131lm 3.88E+02 9.53E+02
Ba-140 1.33E+01 2.03E+02
Te-132 1.21E+03 1.99E+03

NOTE: The listed dose factors are for radionuclides that may be
detected in liquid effluents and have significant dose
consequences. These factors are decayed for one day to
account for the time between effluent release and ingestion
of fish by the maximum exposed individual, an adult.

* There is no bone dose factor given in R.G. 1.109 for these
nuclides.



ITI. Gaseous Pathway Dose Calculations

The controling receptor locations for the gaseous pathway
dose calculations are based on a land-use census performed
in 1975 to 1976 which has been periodically updated. The
most recent update was in 1983.

A. Surveillance Requirement 4.11.2.1.1

The dose rate in areas at and beyond the SITE BOUNDARY
due to radiocactive materials released in gaseous
effluents shall be determined by the expressions
below:

" Noble Gases

The dose rate from radioactive noble gas releases
shall be determined by either of two methods. Method
(a), the Isotopic Analysis Method, utilizes the
results of noble gas analysis required by
specification 4.11.,2.1.1 and 4.11.2.1.2. Method (b),
the Gross Release Method, assumes that all noble gases
released are the most limiting nuclide-Kr-88 for total
body dose and Kr-87 for skin dose.

For normal operations, it is expected that method (a)

. will be used. However, if isotopic release data are
not available method (b) can be used. Method (a)
allows more operating flexibility by using data that

l more accurately reflect actuali releases.

a. Isotopic Analysis Method

' DTB = 2 i(Ki (X/Q)v Qiv)

. Ds = 2i[(Li + 1.1Mi) (X/Q)v]
where:

l The location is the site boundary, 790m NE from the
vents. This location results in the highest
calculated dose to an individual from noble gas

l releases.

DTB = total body dose rate, in mrem/yr.

Ds = skin dose, in mrem/yr.

Ki the total body dose factor due to gamma
emissions for each identified noble gas
radionuclide. Values are listed on

Table III.A.l1 and are taken from R.G. 1.109,

in mrem/yr per uCi/m3.



-

(X/Q)v 1.1E-05 sec/m3; the highest calculated
annual average relative concentration for any
area a* or beyond the SITE BOUNDARY for all

vent releases (NE boundary).

Qiv = the release rate of noble gas radionuclide,
i, in gaseous effluents from all vent
releases determined by isotopic analysis
averaged over one hour, in uCi/sec.

Li = the skin dose factor due to beta emissions
for each identified noble gas radionuclide.
Values are listed on Table III.A.l and are
taken from R.G. 1.109, in mrem/yr per uCi/m3.

Mi = the air dose factor due to gamma emissions
for each identified noble gas radionuclide.
Values are listed on Table III.A.l and are
taken from R.G. 1.109, in mrad/yr per uCi/m3.

1.3 = unit conversion, converts air dose to skin
dose, mrem/mrad.

b. Gross Release Method

DTB = K (X/Q)V Onv
Ds = (L + 1.1M) (X/Q) Onv
where:

The location is the site boundary, 790m NE from the
vents. This location results in the highest
calculated dose to an individual from noble gas
releases.

DTB = total body dcse rate, in mrem/yr.

Ds = gkin dose rate, in mrem yr.

K = 1,47E04 mrem/yr per uCi/m3; the total body
dose factor due to gamma emissions for Kr-88
(Reg. Guide 1.109, Table B~l).

(X/Q)v = 1.1E-05 sec/m3; the highest calculated
annual average relative concentration for
any area at or beyond the SITE BOUNDARY for
all vent releases (NE boundary).

(é)nvz the gross release rate of noble gases in

gaseous effluents from vent releases determined



by gross activity vent monitors averaged over
one hour, in uCi/sec.

L = 9,73E03 mrem/yr per Ci/m3; the skin dose
factor due to beta emissions for Kr-87 (Reg.
Guide 1.109, Table B-1).

M = 6.17E03 mrad/yr per uCi/m3; the air dose
factor due to gamma emissions for Kr-87
(Reg. Guide 1.109, Table B-1).

The primary method of calculating dose contribution
from Iodine-131, Iodine-133, tritium, and radioactive
material in particulate form, other than noble gases.
with half-lives greater than eight days will be by
using a computer-based calculational program devel ped
using the equations and parameters of R.G. 1.109, Rev.
1, October, 1977 (see bases Note 4) for all organs and
age groups.

If the computer mcdel is not available, the dose
contributions from lcdine-131, Iodine-~133, tritium,
and radioactive materials in particulate form, other
than noble gases, with half-lives greater than eight
days will be calculated using the equation below:

DT = (CP)Li Pi| Wv (in)]
where:

The location is the site boundary, 762m ESE from the
vents,

DT = dose rate to the thyroid, in mrem/yr.
CF = 1.02; the correction factor accounting for

the use of iodine-131 and iodine~133 in lieu
of all radionuclides released in gaseous

effluents,
P = 1.62E07 mrem/yr per uCi/m3; the inhalation
I-131 dose parameter for I-131 inhalation pathway.

The dose factor is based on the critical

individual organ, thyroid, and most restrictive

age group, child. All values are from Reg.
Guide 1.109 (Tables E-5 and E=9) ., **

P = 3.,85E06 mrem/yr per uCi/m3; the inhalation
I-133 dose parameter for I-133 inhalation pathway.
The dose factor is based on the critical

individual organ, thyroid, and most restrictive

age group, child. All values are from Reg.
Cuide 1.109 (Tables E-5 and E=9).**



Wy = 1.00E-05 sec/m3; the highest calculated
annual average relative concentration for any
area at or beyond the SITE BOUNDARY for all
vent releases (NE boundary).

Qiv = the release rate of iodine-131 and/or

iodine-133 in gaseous effluents from all
vent releases, determined by the effluent
sampling and analysis program (Technical
Specification Table 4.8.2) in

\ uCi/sec.

\
III.B Surveillance Requirement 4.11.2.2

L

The air dose in areas at and beyond the SITE BOUNDARY due
to noble gases released in gaseous effluents shall be
determined by the expressions below.

The dose rate from radiocactive noble gas r~leases shall be
determined by either of two methods. Method (a), the
Isotopic Analysis Method, utilizes the results of noble gas
analysis required by specification 4.11.2.1.1 and
4.11.2.1.2, Method (b), the Gross Release Method, assumes
that all noble gases released are the most limiting nuclide
- Kr-88 for total body dose and Kr-87 for skin dose.

For normal operations, it is expected that method (a) will
be used. However, if isotopic release data are not
available method (b) can be used. Method (a) allows more
operating flexibility by using data that more accurately
reflects actual releases.

See Note 2 in Bases

1. for gamma radiation
a) Isotopic Analysis Method
D bt = 3.175-085@1(X/Q)v in-]
where:
The location is the SITE BOUNDARY, 762m ESE from the

vents. This location results in the highest
calculated gamma air dose from noble gas releases.



where:
D ¥ = gamma air dose, in mrad.
3.17E-08= years per second.

Mi = the air dose factor due to gamma emissions
for each identified noble gas radionuclide.
Values are listed on Table III.A.l and are
taken from R.G. 1.109 in mrad/yr per uCi/m3.

(X/Q)v = 1.1E-05 sec/m3; the highest calculated
average relative concentration from vent
releases for any area at or beyond the SITE
BOUNDARY.

Qiv the release of noble gas radionuclides, i,
in gaseous effluents from all vents as
determined by isotopic analysis, in uC..
Releases shall be cumulative over the

calendar quarter or year, as appropriate.

b. Gross Release Method

D ¥ = 3.17E-08 EM (X/Q)v Qv]

where:

The location is the SITE BOUNDARY 790m NE from the
vents. This location results in the highest
calculated gamma air dose from noble gas releases.

D B = gamma air dose, in mrad.
3.17F-08= years per second.

M = 1,52E04 mrad/yr per uCi/m3; the air dose
factor due to gamma emissions for Kr-88
(Reg. Guide 1.109, Table B-1l).

(X/Q)v = 1,1E-05 sec/m3; the highest calculated
annual average relative concentration
from vent releases for any area at or
beyond the SITE BOUNDARY.

Qv < the gross release of noble gas radio-
nuclides in gaseous effluents from all
vents, determined by gross activity vent
monitors, in uCi. Releases shall be
cumulative over the calendar quarter or
year as appropriate.



for beta radiation

a. Isotopic Analysis

D& = 3,17E-08 EXEH (X/Q)v in]
where:

The location is the SITE BOUNDARY 790m NE from the
vents. This location is the highest calculated gamma
air dose from noble gas releases.

3.17E-08 = years per second.

Ni = the air dose factor due to beta emissions
for each identified n~ble gas radionuclide.
Values are listed on Table III.A.l and are
taken from Reg. Guide 1.109, in mrad/yr
per uCi/m3,

(X/Q)v = 1.1E-05 sec/m3; the highest calculated
annual average relative concentration from
vent releases for any area at or beyond the
SITE BOUNDARY.

Qiv = the release of noble gas radionuclide,
i, in gaseous effluents from all vents
as determined by isotopic analysis, in uCi.
Releases shall be cumulative over the
calendar quarter or year, as appropriate.

b. Gross Release Method
D p E 3.173-09[»: (X/Q)v Qv]
where:

The location is the SITE BOUNDARY 790m NE from the
vents. This location results in the highest
calculated gamma air dose from noble gas releases.

OB = beta air dose, in mrad.
3.17E~08 = years per second.

N = 1,03E04 mrad/yr per uCi/m3; the air dose
factor due to beta emissions for Kr-87 (Reg.
Guide 1.109, Table B-1).

(X/Q)v = 1,1E-05 sec/m3; the highest calculated
annual average relative concentration from
vent releases for any area at or beyond the
SITE BOUNDARY.



Qv = the gross release of noble gas radionuclides
in gaseocus effluents from all vents
determined by gross activity vent monitors,
in uCi. Releases shall be cumulative over
the calendar quarter or year, as appropriate.

III.C Surveillance Requirement 4.11.2.3

The primary method of calculating dose to an individual
from Iodine-131, Todine-133, tritium, and radiocactive
materials in particulate form, other than noble gases, with
half-lives greater than eight days in gaseous effluents
relvased to areas at and beyond the SITE BOUNDARY, will be
by using a computer-based calculational program developed
using the equations and parameters of R.G. 1.109, Rev. 1,
October, 1977 (see based Note 4) for all organs and age
groups.

If the computer model is not available, the following
expression will be used:

D = 3.178-08 (CF) (0.5) = [Ri (wV\oiv]
I

where:

Location is the critical pathway dairy 1770m ESE from
vents.

D = critical organ dose, thyroid, from all pathways,
in mrem.

3.17E-08 = years per second.
CF = 1.00; the correction factor accounting for the

use of Iodine-131 and Iodine-133 in lieu of all
radionuclides released in gaseous effluents.

0.5 = fraction of iodine releases which are
nonelemental.
R = (9.51E41l1)/m2 (mrem/yr) per (uCi/sec); the dose

I-131 factor for Iodine-131. The dose factor is based
on the critical individual organ, thryoid, and
most restrictive aje group, infant., See Site
Specific Data.**

R = (B8.13E409)/m2 (mrem/yr) per uCi/sec; the dose
I-133 factor for Iodine-133. The dose factor is based
on the critical individual organ, thyroid, and
most restrictive age group, infant. See Site
Specific Data.**

Wv

(1.82E-09)/m2 (D/Q) for the food



I11.D

pathway for vent releases.

Qiv = the release of Iodine-13]1 and/or lodine-133
determined by the effluent sampling and analysis
program (Technical Specification Table 4.11.2.1.2-1)
in uCi. Releases shall be cuimulative over :he
calendar quarter or year, as appropriate.

Surve.llance Requirement 4.11.2.5.1

The projected doses from releases of gaseous effluents to
areas at and beyond the SITE BOUNDARY shall be calculated
in accordance with the following sections cf this manual:

a. gamma air dose - III.B.l
b. beta air dose - III.B.2

c. organ dose - 11X.C

The projected dose calculation shall be based on expected
releases from plant operation. The normal release pathways
result in the maximum releases from the plant. Any
alternative release patiiways result in lower releases and
therefore lower doses.

To estimate the expected releases of noble gases and
radioiodines in guseous effluents, the expected plant
operating status shall be reviewed. If no operational
changes are expected which would affect the magnitude or
type of releases the same values used to evaluate Sections
ITI.B.1, III.B.2 and III.C may ©e used.

If any operational changes are expected during the
following 31 days which could affect the magnitude or type
of releases, the values used shall be based on plan’
history. ©During the initial stages of plant operaticn the
values for releases expected as given in LCS FSAR Section
11.3 may be vsed.

** See Note 3 in Bases




TABLE III.A.l

DOSE FACTORS FOR EXPOSURE TO A SEMI-INFINITE CLOUD OF NOBLE GASES

Nuclide B-air*(Ni) B-Skin**(Li) K-Air*(Mi) %Body** (Ki)
Kr-83m 2.88E-04 St 1.93E-05 7.56E-08
Kr=f5m 1.97E-03 1.46E-03 1.23E-03 1.17E-03
Kr-85 1.95E-03 1.34E-03 1.72E-05 1.61E-05
Kr-87 1.03E-02 9.73E-03 6.17E-03 5.92E-03
Kr-88 2.93E-03 2.37E-03 1.52E-02 1.47E-02
Kr-89 1.06E-02 1.01E-02 1.73E-02 1.66E-02
Kr-90 7.83E-03 7.29E-03 1.63E-02 1.56E-02
Xe-131lm 1.11E-03 4.76E-04 1.56E-04 9.15E-05
Xe-=133m 1.48E-03 9.94E-04 3.27E-04 2.51E-04
Xe-133 1.05E-03 3.06E-04 3.53E-04 2.94E-04
Xe-135m 7.39E-04 7.11E-04 3.36E-03 3.12E-03
Xe-135 2.46E-03 1.86E-03 1.92E-03 1.81E-03
Xe-137 1.27E-02 1.22E-02 1.51E-03 1.42E-03
Xe-138 4.75E-03 4.13E-03 9.21E-03 8.83E-03
Ar-41] 3.28E-03 2.69E-03 9.30E=-03 8.84E-03
*mrad-m3
pCi-yr
**mrem-m3
1-yr

REFERENCE: Regulatory Guide 1.109, Revision 1, October 1977



A.

Iv. TOTAL DOSE

Surveillance Requirement 4.11.4.1

If the doses as calculated by the equations in this
manual do not exceed the limits given in Technical
Specifications 3.11.1.2.a, 3.11.2.b, 3.11l.2.a,
3.11.2.2.b, 3.11.2.3.a, or 3.11.2.3.b by more than two
times, the conditions of Technical Specification
3.11.4.2 have been met.

Surveillance Requirement 4.11.4.2

If the doses as calculated by the equations in this
manual exceed the limits given in 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 by more than two
times, the maximum dose or dose commitment to a real
individual shall be determined utilizing the
methodology provided in Regulatory Guide 1.109,
"Calculation of Annual Doses to Man from Routine
Releases of Reacto¢ Effluents for the Purpose of
Evaluating Compliance with 10 CFR Part 50, Appendix
I", Revision 1, October 1977. Any deviations from the
methodology provided in Regulatory Guide 1.109 shall
be documented in the Special Report to be prepared in
accordance with Technical Specification 3.11.4.1.

The cumulative dose contribution from direct radiation
from the two reactors at the site and from radwaste
storage shall be determined by the following methods:

Cumulative dose contribution from direct
radiation =

Total dose at the site of interest (as evaluated
by TLD measurement) -

Mean of background dose (as evaluated by TLD's at
background sites) -

Effluent contribution to dose (as evaluated
above).

The method provided in the second paragraph above is
used only to evaluate the contribution from direct
radiation dose. The direct radiation dose is then
added to the dose or dose commitment determined in
accordance with the methods in the first paragraph
above to determine total dose from all pathways.

This evaluation is in accordance with ANSI/ANS 6.6.1-
1579 Section 7. The error using this method is
estimated to be approximately 8%.



VII.A

Unique Reporting Requirement (6.9.1.12) - Dose Calculat:ons
for the Radicactive Effluent Release Report

The assessment of radiation doses for the radiation dose
assessment report shall be performed utilizing the
methodology provided in Regulatory Guide 1.109,
"Calculation of Annual Doses to Man from Routine Releases
of Reactor Effluents for the Purpose of Evaluating
Compliance with 10 CFR Part 50, Appendix I", Revision 1,
October 1977. Any deviations from the methodology provided
in Regulatory Guide 1.109 shall be documented in the
radiation dose assessment report.

The meteorological conditions concurrent with the time of
release of radiocactive materials (as determined by sampling
frequency of measurement) or approximate methods shall be
used as input to the dose model.

The Radioactive Effluent Release Report shall be submitted
within 60 days after January 1 »f each year.

Surveillance Requirement 4.12.1

The radiological environmental monitoring samples shall be
collected pursuant to Table VI.A.l from the locations shown
on Figures VI.A.l1, VI.A.2 and VI.A.3 and shall be analyzed
pursuant to the requirements of Table 3.12-1 of the LGS
Technical Specifications.

Surveillance Requirement 4.12.3

Pursuant to Section 4.12.3 of the LGS Technical
Specifications, the laboratory performing the radiological
environmental analyses shall participate in an
interlaboratory comparison program which has been approved
by the NRC. This program is the Environmental Protection
Agency's (EPA's) Envirormental Laboratory Intercomparison
Studies (cross check) Program. Our participation code is
CJ. Participation includes all of the determinations
(sample medium-radionuclide combination) that are offered
by the EPA and that are also included in the monitoring
program. The results of the analysis of these (cross
check) samples will be included in the Annual Radiological
Environmental Operating Report.



TABLE VI ALY

RADIOLOGICAL ENVIRONMNENTAL NONITORING PROGRAN

IZXFoSURE
PATRUAY NUNBER OF SANPLES AND STATION STATION DISTANCE
IXD/7OR SANPLE SAMPLE STATIOY NANE cope SECTYOR (nILes) COMMENTS
* Pizect 40 LOCATIONS (a) TLD sites were chosen in sccordance
Rediation (a) IMHIR RING LOCATIONS with Limerick Generasting Station's
1) Evergreen £ Sanatoga Road 3631 " 0.6 Technical Specifications Teble 3.12-7,
2) Sanatoga Road s NNE 0.6 Item 1. The innerx ring and outex
3) Possus Nollow Road 581 NE 0.5 ring stations cover all sectors.
§) LGS Training Center 751 ENE 0.5
5) Xean Road 1083 4 0.5 The contrel and special intarest
6) LGS Information Centex 11851 £se 0.5 stations provide information on
7) Longview Road, SE Sector 1881 se 0.6 population centexrs and other special
Site Boundary interest locations.
8) Longview Road, S3SE Sectorx 1652 sSsE 0.6
Site Boundary
9) Railzoad Track Aleong 1881 s 0.3
Longview Road
10) Impounding BSasin, SSN 2181 sSsu 0.5
Sectox Site Boundary
11) Transmission Tower., SN 2382 ™ 0.5
Sectox Site Boundary
12) NSW Sector, Site Boundary 1581 U Y 0.8
13) Neteorclogical Tower 2 Site 2653 o 0.N
18) NNW Sectoxr Site Boundarxy 29s1 MMM 0.5
15) MM Sectoxr Site Boundarxy s N 0.6
16) Neteorxological Tower 1| Site iss2 NNMW 0.6
OUTER RING LOCATIONS
1) Ringing Roc) Substation srt L 8.2
2) Laughing Hatexrs GSC e NNE 5.1
3) Neiffer Rosd sc1 NE 8.6
%) Pheasant Road, Game Farms 7 ENE 8.2
Site
S) Transmisszion Corrider, 1o 4 3.9
6) Trappe Substation 1073 ESE 5.5
7) Yaughn Substation 130 sSE 4.3
i 8) Pikeland Substation 1671 sse ..
9) Showden Substation 1901 s 3.6 y
10) Sheeder Substation 20rY SsSu 5.2
11) Portex's Nill Substation 2401 s 3.9
12) Transmission Corxrider, 2501 HSH 4.0
Hoffecker and Keim Streets
13) Transmission Corrider, 2802 o 3.8
W, Cedarville Road
18) Prince Street 291 WNN 8.9
15) Poplar Substation 31p2 Nu 3.9
16) Yaruell Road IsEs MNW 8.6
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Pazticulataes
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Drinking

Sodimant From
Shozraline

Ingastion

nilk c4)

CONTROL AXD SPECIAL INTERESTY
LOCATICKS

Sireh Substation (contrel)
Pottstoun Landing rield
Reaad Roasd

KEinyg Road

Spring City Substation .
Linfield Substation

Zllis Woods Road

Ltincoln Substation

S LOCATIONS

1
L 3
3
%)
5)

1
1)
LB
1)
1
1)

N)
"

Keen Rosd

L3S Information Centex
Longview Rosd

King Road

2301 Market Streest,
rhiladelphia, PA (contrel)

) 3. watezborne (o) 9 LOCATIONS

timazick Intake (contzel)
Linfiald 3cidge .
LGS Information Centet
South Sector Farm NMear Site
Phoanizville Nater Wocks
Pottstox: Watexr Authority
(control)

Philadelphia Suburban Water
Company

Citizens Home Water Company
¥Yincent Dam Pool Areas

6 LOCATIONS

N
1
»
%)

Control Station

sm
écH
.
13¢c1
1501
17
2001
3101

1881

13¢c1
1388

2881
1682
113%
1881
1517
8r3

15r8

16c2
16CH

1
1 )
1089
ism

D e -
K

e ew

LI T T T

. e 4 VWA D -
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(b)) Thesze stations provide for coverage
of thae highast annual ground lavel
p/%, and a oontrel locstien. Radio~
fodine caxtridges which have bean
tastad for pexforzance by tha
sanufacturer sra used at all timas

A1l surface and dcinking stations have
continuous samplexs.

Milk sasplas ace taken from raveral
farme surrounding LGS, These farms
include thosze with the highast dose
potential from which sanples aras
routinaly available, as well as =
control station. The locations of the
farms i3 not listed hexein due to &
longstanding sgreesent with the farsars
involved., In return for beaing sllowed
to sample and snalyzea the milk, PECo has
asgread not to divulge the location of
tha facas, -




Fizh (o}

Feoeod Produste
122

niddle of ¥incant Peel 14cs
Upatroam te Pigeon Creak

Upstanm of 1G9, Kels Street 1y
Sridge te Manoveax Street
Pcidge (contrel)

108 Informztion Ceantex

{e) Twe species of zecrationslly fapoxtant
fish, sunfish end Brewn bullhesd, will
be sanpled 14 avallabdle,

Feod productis are te o vanplesr w»

2=t of the LGS Technical Specifi-
cation “cogram only 1f wilk senpling

is not perto.nad, The silk pathusy.
which zesults in 8 higher maninun dose
te humsns than tha vagetation pethuay,
is monitored at location nesr the site,
and i» & batterx indicatex thanm vageta-
tation sanples. In sddition, ne crops
grown in the vieinity of 103 ace frrigated
with water in whieh liquid plant wastes
heve been dischazged,
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VII. Effluent Radiation Monitor Setpoint Calculations

A. Liquid Effluents

l'

where:

Ct

M
4.4

Radwaste Discharge Line Radiation Monitor -
Monitor alarm setpoints will be determined in
order to assure compliance with 10CFR20. The
setpoints will indicate if the concentration of
radionuclides in the liquid effluent at the site
boundary is approaching the concentrations
specified in 10CFR20, Appendix B, Table II,
Column 2 for radionuclides other than dissolved
or entrained noble gases. The setpoints will |
also assure that a concentrations listed on

Technical Specification Table 3.11.1.1-1 for

dissolved or entrained noble gases is not

exceeded. The following method applies to liquid

releases from the plant via the cooling tower

blowdown line when determining the high-high

alarm setpoint for the Liquid Radwaste Effluent

Monitcr during all operational conditions. When

the high~-high alarm setpoint is reached or

exceeded, the releases will be automatically

terminated.

a. The setpoint for the Liquid Radwaste
Effluent monitor will be calculated as
follows:

1) Determine Ct

ct = _2 ciD___ (Fi)
55 (Ci/MPCT)

concentration at the liquid radwaste discharge line
monitor (prior to dilution to assure 10CFR20.106
limits are not exceeded; uCi/cc

total concentration of liquid effluent discharge
prior to dilution with cooling tower blowdown;
uCi/cc

margin of safety factor including F uncertainty,
to assure that the high-high alarm will terminate
the discharge before 10CFR20 limits are exceeded.

sum of the ratio of the isotopic concentrations
divided by their respective MPC.

22




Fi

e.qg.

2)

where:

C.R.

2'

dilution factor due to blowdown from the coocling
tower; calculated by dividing the total flow
(cooling tower blowdown plus radwaste discharge
flow) by the radwaste discharge flow.

Ratio of MPC-weighted releases in the liquid
radwaste effluent monitor flow path divided
by the tcotal MPC-weighted liquid releases;

Ci
:E release of flow path of interest
MPCi

C1
:E all release flow paths
MPCi

Determine C.R.

the calculated monitor count rate above
background attributable to the radionuclides; CPS

the detection efficiency of the monitor;
uCi/cc/cps.

3) The monitor high-high alarm setpoint
above background should be set at the
C.R. value.

b. The monitor high-high alarm setpoint will be
calculated monthly. The calculation will be
based on isotopes detected in the liquid
radwaste sample tanks during the previous
month., If there were no isotopes detected
during the previous month then the annual
average concentrations (EROL Table 3.5-3) of
those isotopes listed in Table II.A.l will
be used to determine the setpoint.

If the calculated setpoint is less than the
existing monitor setpoint, the setpoint will
be reduced to the new value. If the
calculated setpoint is greater than the
existing monitor setpoint, the setpoint may
remain at the lower value or increased to
the new value.

Plant Service Water Monitor - Monitor alarm
setpoint will be determined in order to be able

23



where:

ol B

to identify and rectify any potential problem due
to excessive leakage of heat exchangers. This
setpoint results in concentrations at the site
boundary far below 10CFR20, Appendix B, Table II
limits, The service water side of the fuel pool
heat exchangers is kept at higher pressure than
the shell side to prevent potential radioactive
contamination of the service water.

a. The setpoint for the Plant Service Water
monitor will be calculated as follows:

1) Determine C.R.s

C.R.s = Z (CRb)

= the calculated monitor setpoint count rate
attributable to system leakage plus background;
CPM

multiplier to establish monitor setpoint
count rate above background count rate

= monitor count rate attributable to background
radiation; CPM

D. The monitor high alarm setpoint will be
calculated monthly. The calculation will be
based on the background count rate during
the previous month. If the calculated
setpoint is less than the existing monitor
setpoint, the setpoint will be reduced to
the new value. If the calculated setpoint
is greater than the existing setpoint, the
setpoint may remain at the lower value or
increased at the new value.

RHR Service Water Monitor - Monitor alarm
setpoints will be determined in order to be able
to identify and rectify any potential problem due
to excessive leakage of heat exchangers. This
setpoint results in concentrations at the site
boundary far below l10CFR20, Appendix B, Table II
limits. The following method applies to liquid
releases from the plant to the spray pond when
determining the high-high alarm setpoint for the
RHR Service Water Monitor during all operational
conditions. When the high-high alarm setpoint is
reached or exceeded, the releases will be
automatically terminated.

2%



a. The setpoint for the RHR Service Water
monitor will be calculated as follows:

1) Determine C.R.

C.R.s = Z x C.R.b

where:

C.R.s = the calculated monitor count rate above background
attributable to system leakage plus background; CPM

Z = multiplier to establish monitor setpoint count
rate above background count rate.

C.R.b = monitor count rate attributable to background
radiation; CPM

E = the detection efficiency of the monitor;

uCi/cc/CPM.

3) The monitor high-high alarm setpoint
above background should be set at the
C.R. value.

b. The monitor high-high alarm setpoint will be
calculated monthly. The calculation will be
based on the background count rate during
the previous month. If the calculated
setpoint is less than the existing monitor
setpoint, the setpoint will be reduced to
the new value. If the calculated setpoint
is greater than the existing monitor
setpoint, the setpoint may remain at the
lower value or increased to the new value.

B. Gaseous Effluents

1. North and South Stack Vent Radiation Monitors =~
Monitor alarm setpoints will be determined in
order to assure compliance with 10CFR20. The
setpoints will indicate if the dose rate at or
beyond the site boundary due to radionuclides in
the gaseous effluent released from the site is
approaching 500 mrem/yr to the whole body and
3000 mrem/yr to the skin from noble gases, or
1500 mrem/yr to the thyroid from I-131 and I-133
(inhalation pathway only). The alarm setpoint
for the gaseous effluent radiation monitors will
be calculated as follows:

a. North and South Stack Vent Noble Gas Channel

1) Determine Ct

25



Ct = 2.12E-03 Qt

F

where:

ct = the concentration at the vent noble gas radiation
monitor which indicates that the 10CFR20 dose
rate limit at the site boundary has been reached;
uCi/cc

2.12E-03 = unit conversion factor to convert
uCi/sec/CFM to uCi/cc.

Qt = the total release rate of all noble gas radio-
nuclides in the gaseous effluent (uCi/sec) based
on the lower of either the whole body exposure
limit (S500mrem/yr) or the skin exposure
(3000mrem/yr) Qt will be calculated as shown
in Attachment 1.

F = anticipated maximum vent flow rate; CFM

2) Determine the noble gas channel
. alarm setpoint (Sn)
Sn = VFi Ct
where:
VFi = fractional contribution to site boundary

dose rate from the release point of interest;
i.e. noble gas dose rate contribution

from North Vent divided by the total

noble gas dose rate contributica from

the North and South Vents.

Normally the VFi values will be
determined on a monthly basis but
may be performed more often in
response to plant conditions.

26



where:

Ct

2.12E-03

Qt

where:

VFi

b. North and South Stack Vent Iodine Channel
1) Determine Ct

Ct = 2,12E-03 Qt
' F

= the concentration at the vent iodine radiation
monitor which indicates that the 10CFR20 dose
rate limit at the site boundary has been reached;
uCis/ce.

= unit converstion factor to convert
uCi/sec/CFM to uCi/cc.

= the total release rate of radioiodines in the
gaseous effluents (uCi/sec) Qt will be
calculated as shown in Attachment 1.

= maximum antcipated vent flow; CFM.

2) Determine the iodine channel alarm
setpoint (Si)

Si = VFi Ct

= fractional contribution to site boundary
dose rate from the release point of
interest; i.e. iodine dose rate
contribution from North Vent divided by
total iodine dose rate contribution from
the North and South Vents.

Normally, the VFi values will be determined on a
monthly basis but may be performed more often in
response to plant conditions.

The monitor alarm setpoints will be calculated
monthly. These routine calculations will be
based on isotopic analysis of the first scheduled
sample of the month. The monitor alarm setpoint
calculations may be performed more often in
response to plant conditions. If there were no
isotopes detected in the sample then isotopic
concentrations calculated from the expected
annual average noble gas and iodine-131 and 133
isotopic release rates (EROL Table 3.5-6) will be
used to determine the setpoint. If any
calculated setpoint is less than the existing
monitor setpoint, the setpoint will be reduced to
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the new value. If the calculated setpoint is
greater than the existing value, the setpoint may
remain at the lower value or increased to the new
value.

Due to the fact that I-131 and I-133 comprise
98.5% of the total dose based on expected annual
average releases (LGS FSAR Table 11.3-1) and
particulates contribute a minor fraction of the
total dose, a particulate channel setpoint will
not be calculated for purposes of the ODCM.

3. Containment Purge Isolation

a. Monitor alarm setpoints will be determined
for the North Stack Vent Wide Range Gas
Monitor to initiate closure of the
containment purge supply and exhaust lines
in the event that high radiocactivity
releases are detected. The setpoint will be
determined to alarm and isolate containment
at the minimum release rate from the North
Vent which corresponds to a value less than
or equal to 2.1 uCi/cc. The total effluent
high alarm setpoint for the Wide Range Gas
Monitor will be calculated as follows:

1) Determine Si

Si = Ci x F (min.) x 472

where:
Si = containment purge isolation setpoint (uCi/sec)
Ci = a value < 2.1 uCi/cc determined

by the plant staff.

F(min) = minimum anticipated vent flow
rate during purge

472 = units conversion factor to convert
uCi/cc per CFM to uCi/sec

4. Containment Purge During Routine Operations

a. Monitor alarm setpoints will be determined
for the North Stack Vent Wide Range Gas
Monitor to indicate to Control Room
personnel that unanticipated high
radiocactivity releases are detected. The
setpoint will be determined to alarm in the
event that 10CFR20 dose rates at the site
boundary are approached or exceeded. The
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| total effluent alert alarm setpoint for the
| Wide Range Gas Monitor will be calculated as
l follows:

| 1) Determine Sn

I Sn = VFiQt

| where:

| Sn = Containment purge 10CFR20 alert alarm limit (uCi/sec)

Qt

[ the total release rate of all noble

| gas radionuclides in the gaseous

| effluent (uCi/sec) based on the

| lower of either the whole body

| exposure limit (500 mrem/yr) or

| the skin exposure limit (3000 mrem/yr)

| VFi = fractional contribution to site boundary
dose rate from the release point of interest
i.e. noble gas dose rate contribution from

| the north vent divided by total noble gas
dose rate contribution from the North and
South Vents

Normally the VFi values will be determined
on a monthly basis but may be perfcrmed more
often in response to plant conditicns.

b) Prior to containment purge and venting, the
monitor setpoint will be recalculated. The
calculations will bé based on the noble
gases detected by isotopic analysis of the
containment atmosphere. If the calculated
setpoint is less than the exisiting monitor
setpoing, the setpoint will be reduced to
the new value. If the calculated setpoint
is greater than the existing value, the
setpoint may remain at the lower value or
increased to the new value.

5. Hot Maintenance Shop Setpoint Determination

a. The Hot Maintenance Shop Particulate and
Iodine setpoints are based on a worst case
isotope assumption. Although the
application of the worst case isotope
results in a highly conservative setpoint,
releases from the Hot Maintenance Shop are
expected to be small by comparison. In
addition, a sufficient margin of safety
factor is built in to the calculation, to

DATE: /as/eS
HP:

29 ENGR : S




preclude the application of a VFi for the
release point,

R The iodine high alarm setpoint is set
to alarm in the event that 10CFR20 dose
rates at the site boundary are
approached or exceeded. The
incchodology is as follows:

g = . 1500 mR/hr
t (1.0E-05 sec/m3)(7000CFM) (472)(1.62E07 mRem/yr
uCi/m3

where:

Ct = the concentration at the iodine monitor which
indicates that the 10CFR cose rate limit at
the site boundary has been reached, 2.8E-06 uCi/cc

1500mR/yr= 10CFR20 dose rate limit for iodine,
tritium and particulates with half lives greater
than 8 days.

1.0E-05 sec/m3 = annual average depleted Chi/Q

7000 CFM = maximum vent flow rate

472 = conversion factor to convert uCi/sec
per CFM to uCi/cc

1.62E07 mrem/yr = inhalation dose factor, I - 131 for
u517m§ child, per Reg. Guide 1.109

2. Determine the Hot Maintenance Shep high
alarm setpoint for iodine as follows:

Si = 0.01(2.8E-06 uCi/cc)
where:

Si = Hot Maintenance Shop Iodine high alarm
setpoint; 2.8E-08 uCi/cc

.01 = Margin of Safety Factor to encompass
possible contribution from all other
release points.

3. The particulate high alarm setpoint is
set to alarm in the event that 10CFR20
dose rates at the site boundary are
approached or exceeded. The
methodology is as follows:
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Sp = .01(2.8E-06 uCi/cc)
6.1

where:

Sp = Hot Maintenance Shop Particulate high alarm setpoint;

4.59E-09 uCi/cc

.01 = Margin of Safety Factor to encompass possible
contribution from all other release points

2.8E-06 uCi/cc = The concentration at the iodine
monitor which indicates that
10CFR20 dose rate limits at the
site boundary have been reached.

6.1 = ratio of the adult inhalation dose factor for
Sr-90 x breathing rate for adult to the child
inhalation dose factor for I-131 x breathing
rate for child. This ratio may be modified
by plant personnel if the isotopes available
for release are identified and a new ratio
based on dose weighted averages is established

3]
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ATTACHMENT 1

Qt Calculations

Qt(whcle body = 500

where:

Qt

(X/Q)v

Ki

Si

L]

(X/Q)v KiS1

the total release rate of all noble gas
radionuclides in the gase .- effluent;
uCi/sec.

1.1E-05 sec/m3; the highest calculated
annual average relative concentration for an
area at or beyond th« site boundary for all
vent releases (NE boundary).

whole body gamma dose factcrs due to noble
gases listed on Table III.A.l1 (from Reg.
Guide 1.109, Table B-1l).

the fraction of the total radiocactivity in the
gaseous effluent comprised by noble gas
radionuclide "i".

Q(t(skin))= 3000

(X/Q)v

Li

Mi

Si

(Y’Q)vﬁﬂm + 1.1M1)s'i]'

1.1E-05 sec/m3; the highest calculated
annual average relative concentration for an
area at or beyond the site boundary for all
vent releases (NE boundary).

beta skin dose factor due to noble gases,
listed on Table III.A.l (from Reg. Guide 1.109,
Table B-1l).

air dose factor due to noble gases,
listed on Table III.A.1 (from Reg.
Guide 1.109, Table B-1l).

the fraction of the total radioactivity in the
gaseous effluent comprised by noble gas
radionuclide "i".

Qt (thyroid)= 1500

(X/Q)d Eﬁiu
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where:

Qt

(Xx/Q)d

Pi

Ai

the total release rate of radioiodines
in the gaseous effluent; uCi/sec.

1.0E-0S5 sec/m3; the highest calculated
annual average depleted concentration for an
area at or beyond the site boundary for all
vent releases (NE boundary).

inhalation dose factor for child thyroid for
radioiodines mrem-m3/uCi-yr; 1.62EQ07
for I-131 and 3.85E06 for I-133

the fraction of the total radioactivity in the

gaseous effluent (iodine channel) comprised by
radionuclide "i".
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VII. BASES
Site Specific Data
Note 1: Liquid dose factors, A , for section III.A were
1
developed using the following site specific data.
The liquid pathways involved are drinking water
and fish., The maximum exposed individual is an
adult.
Ai.-[= (Uw/Dw + UF x BFi) KO x DFi
Uw = 730 liters per year; maximum adult usage of
drinking water (Reg. Guide 1.109, Table 3-5).
Dw = 85; average annual dilution at Phoenixville Water
Authority intake.
UF = 21 kg per year; maximum adult usage of fish (Reg.
Guide 1.109, Table E-5).
BFi = bicaccumulation factor for nuclide, i, in fresh-
water fish. Reg. Guide 1.109, Table A-1l, except
P-32 which uses a value of 3.0E03 pCi/kg per
pCi/liter.
KO = 1.14E05 1E06pCi/uCi (1E03 ml/Kg)8760 hr/yr
units conversion factor.
DFi = dose conversion factor for nuclide, i, for adults
in total body or bone, as applicable. Reg. Guide
1.109, Table E-11, except P-32 bone which uses a
value of 3.0E-05 mrem/pCi ingested.
The data for D was taken from data published in Limerick
Generating Station Units 1 and 2 Environmental Report
Operating License Stage, Volume 3. All other data except
P-32 BF and DFi were u »d as given in Reg. Guide 1.109,
Revision 1, October 197 . A P-32 BFi value was taken from
Kahn, B. and K. S. Turgeon, "The Biocaccumulation Factor for
Phosphorus-32 in Edible Fish Tissue", NUREG-CR-1336, March,
1980. A P-32 DF value was taken from Limits for Intakes of
Radionuclides by Workers, International Commission on
Radiological Protection ICRP Publication 30, Supplement to
Part 1, 1979.
Note 2: To develop constant P(I-131) for Section III.A, the
following data were used:
P(I-131) = K' (BR) (DFA)
K' = 10E06 pCi/uCi; unit conversion factor
34



BR = 3700 m3/yr; child's inhalation rate.
DFA = 4.39E-03 mrem/pCi; the thyroid inhalation
I-131 dose factor for I-131 in the child.

The pathway is the inhalation pathway for a child.

All values are

taken from Regulatory Guide 1.109, Revision 1, October 1977.

Note 3: To develop constant R for section III.C, the following

site specific data were used:

RGi (D/Q) = K'QF X Eb...g) (Fm)(r) (DFLi)a fggl-fsw.)itf
14 Yp

A
R . l1E06pCi/uCi unit conversion factor
QF = 6Kg/day; goat's consumption rate

H

Uap

M

9.48E-06 for I-133.

Aw

]

330 1/yr: yearly milk consumption by an infant

(9.97E-07)/sec decay constant for I-131;

(5.73E-07)/sec decay constant for removal

of activity in leaf and plant surfaces.

Fm = 6.0E-02 day/liter, the stable element

transfer coefficient for I-131.

r = 1.0 fraction of deposited radioiodine retained

in goat's feed grass.

DFLi= 1.39E-02mrem/pCi - the thyroid ingestion dose
factor for I-131 in the infant; 3.31E-03 mrem/

pCi for I-133.

fp = 0.75; the fraction of the year the goat is on

pasture (average of all farms).

fs = 0.0; the fraction of goat feed that is stored
feed while the goat is on pasture (average of all
farms).
Yp = 0.7 Kg/m2 - the agricultural productivity of
pasture feed grass.
t B 2 days - the transport time from pasture to goat,
£ to milk, to receptor.

The pathway is the grass-goat milk ingestion pathway.
These data were derived from data published in Limerick
Generating Station Units 1 and 2 Environmental Report

Operating Stage, Volume 3. All other data were used as
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given in Reg. Guide 1.109, Revision 1, October 1977.
Similar data were used to develop the constant R for I-133.

Note 4: The methodology described herein will be implemented
via computer codes. These codes have been verified as
documented in:

1. G.A. Technologies, RM-21A Computational Models,
Document No. E-115-1241, June 1984.

2. G. A. Technologies, Meteorological Monitoring,
Display and Reporting System/RM-21A, Document No.
0375-9032, January, 1984.

Surveillance Requirement 4.11.1.2 Liguid Pathway Dose
Calculations

The equations for calculating the doses due to the actual release
rates of radicactive materials in liquid effluents were developed
from the methodology provided in Regulatory Guide 1.109,
"Calculation of Annual Doses to Man from Routine Releases of
Reactor Effluents for the Purpose of Evaluating Compliance with
10CFRPart 50, Appendix I", Revision 1, October 1977 and NUREG-
0133 "Preparation of Radiological Effluent Technical
Specifications for Nuclear Power Plants". October 1978.

Surveillance Requirement 4.11.2.1.1 and 4.11.2.1.2 - Dose Noble
Gases

The equations for calculating the doses due to the actual release
rates of radioactive noble gases in gaseous effluents were
developed from the methodology provided in Regulatcry Guide
1.109, "Calculaticn of Annual Doses to Man from Routine Releases
of Reactor Effluents for the Purpose of Evaluating Compliance
with 10 CFR Part 50, Appendix I", Revision 1, October 1977,
NUREG-0133 "Preparation of Radiological Effluent Technical
Specifications for Nuclear Power Plants", October 1978, and
Regulatory Guide 1.111, "Methods for Estimating Atmospheric
Transport and Dispersion of Gaseous Effluents in Routine Releases
from Light-Water-Ccoled Reactors,” Revision 1, July 1977 with
site specific dispersion curves and disperion methodology. The
specified equations provide for determining the air doses in
areas at and beyond the SITE BOUNDARY based upon the historical
average atmospheric conditions.

The dose due to noble gas release as calculated by the Gross
Release Method is much more conservative than the dose calculated
by the Isotopic Analysis Method. Assuming the release rates
given in Limerick Generating Station Units 1 and 2 Environmental
Report gpgrating License Stage, Volume 3, the values calculated
by the Gross Release Method for total body dose rate and skin
dose rate are 4.8 times and 3.25 times, respectively, the values
calculated by the Isotopic Analysis Method.




For the Gross Release Method, Kr-87 and Kr-88 are used for the
limiting skin and total body dose factors respectively, due to
half life considerations. Kr-89, the nuclide with the highest
dose factors per Regulatory Guide 1.109 Table B-1 has a half-life
of 3.2 minutes while the half-lives of Kr-87 and Kr-88 are 76
minutes and 2.8 hours respectively. Therefore, by the time that
gaseous effluents have been transported offsite, Kr-89 will have
decayed enough so that Kr-87 and Kr-88 are effectively the most
limiting nuclides.

The model Technical Specification LCO for all radionuclides and
radicactive materials in particulate form and radionuclides other
than noble gases requires that the instantaneous dose rate be
less than the equivalent of 1500 mrem per year. For the purpose
of calculating this instantaneous dose rate, thyroid dose from
iodine-131 and iodine-133 through the inhalation pathway will be
used. Since the expected annual releases presented in LGS FSAR
Table 11.3-1 indicate that iodine-131 and iodine-133 releases
have the major dose impact this approach is appropriate. The
value calculated is multiplied by 1.02 to account for the thyroid
dose from all other nuclides. This allows for expedited analysis
and calculation of compliance with the LCO.

Surveillance Reguirement 4.11.2.2 and 4.11.2.3 - Dose Noble Gases

The equations for calculating the doses due to the actual release
rates of radiocactive noble gases in gaseous effluents were
developed from the methodology provided in Regulatory Guide
1.109, "Calculation of Annual Doses to Man from Routine Releases
of Reactor Effluents for the Purpose of Evaluating Compliance
with 10 CFR Part 50, Appendix I", Revision 1, October 1977,
NUREG-0133 "Preparation of Radiological Effluent Technical
Specifications for Nuclear Power Plants", October 1978, and
Regulatory Guide 1.111, "Methods for Estimating Atmospheric
Transport and Dispersion of Gaseous Effluents in Routine Releases
from Light-Water-Cooled Reactors", Revision 1. July 1977 with
site specific dispersion curves and dispersion methodology. The
specified equations provide for determining the air doses in
areas at and beyond the SITE BOUNDARY based upon the historical
average atmospheric conditions.

The dose due to noble gas releases as calculated by the Gross
Release Method is much more conservative than the dose calculated
by the Isotopic Analysis Method. Assuming the release rates
given in Limerick Generating Station Units 2 and 3 Environmental
Report Operating License Stage, Volume 3, the values calculated
by the Gross Release Method for total body dose rate and skin
dose rate are 4.8 times and 3.7 times, respectively, the values
calculated by the Isotopic Analysis Method.

Dose, Iodine- 31, Tritium, and Radiocactive Material in
Particulate Form
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The equations for calculating the doses due to the actual release
rates of radioiodines, radiocactive material in particulate form,
and radionuclides other than noble gases with half-lives greater
than 8 days were developed using the methodology provided in
Regulatory Guide 1.109, "Calculation of Annual Doses to Man from
Routine Releases of Reactor Effluents for the Purpose of
Evaluating Compliance with 10 CFR Part 50, Appendix I", Revision
1, October 1977, NUREG-0133, "Preparation of Radiological
Effluent Technical Specifications for Nuclear Power Plants”,
October 1978, and Regulatory Guide 1.111, "Methods for Estimating
Atmospheric Transport and Dispersion of Gaseous Effluents in
Routine Releases from Light-Water-Cooled Reactors", Revision 1,
July 1977 with site specific dispersion curves and dispersion
methodology. These equations provide for determining the actual
doses based upon the historical average atmospheric conditions.

Compliance with the 10 CFR 50 limits for radioiodines,
radiocactive materials in particulate form and radionuclides other
than noble gases with half lives greater than eight days is to be
determined by calculating the thyroid dose from iodine-131 and
iodine~-133 releases. Since the iodine-131 and iodine-133 dose
accounts for 99.97 percent of the total dose to the thyroid, the
value calculated is not increased.
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ATTACHMENT D3

Review and approval of Attachment D1 and ODCM,
Revision 1 by the Engineer-in-Charge, Nuclear and
Environmental Section and PORC have provided the
determination that these changes do not reduce the
accuracy and reliability of dose calculations or
setpoints.



ATTACHMENT D4

m

Documentation of Engineer-in-Charge, Nuclear and
Environmental Section and PORC Approval




MECHANICAL EMNGINEERING DIVISION
N2-1 - 2301 Market Street

FROM: R. A. Mulford FEB 29 1985
T0: G. M. Leitch
SUBJECT: LGS PORC Approved Changes to the

Offsite Dose Calculation Manua! (ODCM)

REFERENCE : Letter from G. M. Leltch to R, A, Mulford
cdated 1/28/85

FILE: GOVT 1-1 (NRC)

As requested in the reference letter, we have reviewed the
changes to 0DCM. These changes are approved provided that the
revisions' noted on the attached pages are incorporated. These
revisions have been agreed to in discussions with G. W. Murphy.

Please note that supporting Information and documentation should
be supplied to the NRC with the ODCM changes In accordance with Tech
Spec Section 6.14.2. Please address any questions to G. B. Rambold,
841-6379.

GBR/mIb/02208503

Copy to: A, R, Diederich/A, ). Marie w/0 attachments
J. W. Ballantine/G. B. Rombcld vi//o attachments
R. W, Dubiel/G. W, Murphy w/0 attachments
J. S. Wiley w/0 attachments o
NES Chron w/0 attachments
DAC (NG-8)




