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INTRODUCTION
1.1 Purpose

This manual provides the methodology to calculate radiation doses to
individuals in the vicinity of the James A. Fitzpatrick Nuclear Power
Plant. It also provides methodology for calculating effluent monitor
setpoints and allowable release rates to ensure compliance with the
Technical Specifications, Appendix B, of the New York Power Authority,
James A. Fitzpatrick Nuclear Power Plant, Docket No. 50-333, and 10CFR
Part 20 release criteria.

1.2 Methodologies and Parameters

The ODCM follows the methodology and models suggested by the "Guidance
Manual For Preparation of Radiological Effluent Technical Specifications
for Nuclear Power Plants" (NUREG-0133, Rev. 1, dated November, 1978) and
"calculation of Annual Doses to Man From Routine Releases of Reactor
Effluents for the Purpose of Evaluating Compliance with 10CFR PART 50,
Appendix I" (Regulatory Guide 1.109 Rev. 1 dated October, 1977).
Simplifying assumptions have been made and justified where applicable to
provide a more workable document for implementing the Technical
Specifications, Appendix B, requirements. Alternate calculational
methods to those presented here may be used provided the overall
methodology does not change or the results are not less conservative.
Additionally, as available, the most up-to-date revision of the
Regulatory Guide 1.109 dose conversion factors and site-specific
environmental transfer factors may be substitued for those currently
included and used in this document.
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2.0 GLOSSARY OF TERMS

BETA A beta particle (electron).

BETA Dose The dose component to skin dose due to beta-emitting
radionuclides in air.

o Cubic Centimeter.

Ci Curie. A unit of radioactivity equal to 3.7 x 1010
disintegrations per second. See also microcurie (uCi).

Cy Activity or concentration of a nuclide in the release source.
Units of ,Ci, ;Ci/cc, or [ Ci/ml.

CFR Code of Federal Regulations.

Dose A measure of the radiation energy deposited per unit mass (in
mrem or mrad), that the organ or the individual receives from
exposure to radioactive effluents dispersed in the environment.

Dose
Commitment The total dose delivered to the organ or total body over a
50-year period resulting from uptake of radioactive material.

Dose Factor Normally, a factor that converts the effect of ingesting or
inhaling radioactive material into the body, to dose to a

specific organ. Body elimination, radiocactive decay, and organ
uptake are some of the factors that determine a dose factor for a

given nuclide.

Dose A specific path that radioactive material physically travels

Pathway through in the environment prior to exposing an individual to its
emitted radiation. The contaminated forage/cow/milk pathway is a
dose pathway.

Dose Rate The dose received per unit time.

(D/Q) A long-term relative deposition coefficient. A factor with units
of l/n2 which describes the deposition of particulate matter
from a plume at a point downrange from the source. It can be
thought of as the part of the cloud that will fall out and ~
deposit over one sguare meter of ground.

GAMMA A gamma photon.

GAMMA Dose The dose component to skin or total body dose due to
gamma-emitting radionuclides in air.

- Qe
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Radioactive material deposited uniformly over the ground

emits radiation that produces an exposure pathway when an
individual is present in the area. It is assumed that an adult
receives the same exposure as an infant, regardless of the
physical height differences. Only the total body is considered
for the purpose of the ODOM.

Hydrogen=3, or Tritium. An isotope of hydrogen that is a
low-energy BETA emitter.

Radioiodines and particulates with half-lives greater than 8 days.

Lower limit of detection. The smallest concentration of
radioactive material in a sample that will yield a net count,
above systems background that will be detected with 95%
probability with only 5% probability of falsely concluding that a
blank observation represents a "real" signal.

Limiting Condition for Operation in Technical Specifications,
Appendix B.

Cubic meters.

Square meters.

Maximum Permissible Concentration.

For the purposes of the ODCM, a radioactive isotope. Nuclide (i)
signifies a specific nuclide, the ist, 2nd, 3rd, etc. one under
consideration. If nuclide (i) is I-131, then the M; (dose

factor) under consideration should be M1.;3;, for example.

For the purpose of the ODOM, either the bone, liver, thyroid,
kidney, lung, GI-LLI, skin, or the T. Body. T. Body (Total Body)
is considered an organ for consistency with the ODOM nomenclature.

Q4 (dotted) Denotes a release rate in Ci/sec for nuclide (i)

Denctes C; of nuclide (i) released over a specified time
interval.
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Receptor The individual receiving radiation exposure from effluent
releases at JAFNPP at a given location, or who ingests food
products contained with trace amounts of radioactive
materials. A receptor can receive doses from one or more
dose pathways.

Release A subsystem, tank, vent or stack where radioactive material

Source(s) can be released independently of other radicactive release
points.

Restricted An area within the s.te boundary to which access is

Area controlled by NYPA for purposes of protection of individuals

from exposure to radiation and radioactive materials.

Technical The JAFNPP Radioactive Effluent Technical

Specifications, Specifications.

Appendix B

uCi Microcuries. 1 Ci = 10® uCuries. The uCi is the standard
unit of radioactivity for all dose calculations in the JAFNPP
ODCM.

(X/Q) A long-term relative atmospheric dispersion coefficient. It

iescribes the physical dispersion characteristics of a
semi-infinite cloud of noble gases as the cloud travels
downwind from the release point.

(§7§)D A long-term depleted relative atmospheric dispersion
coefficient. It describes the physical dispersion
characteristics of a semi-infinite cloud of radioactive
iodines and particulates as the cloud travels down wind.
Since iodines and particulates settle (fallout of the cloud)
on the ground, the (X/Q)p represents what physically
remains of the cloud at a given location downrange from the
release point.

Unrestricted An unrestricted area shall be any area at or beyond the site
Area boundary access to which is not controlled by NYPA for
purposes of protection of individuals from exposure to
radiation and radioactive materials, or any area within the
site boundary used for residential quarters or for
industrial, commercial, institutional, and/or recreational
purposes. (Refer to Technical Specification Section 1.0,
Appendix B, for expanded definition).
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LIQUID EFFLUENT METHODOLOGY

3.1 Applicable Site Characteristics

The JAFNPP Final Safety Analysis Report contains the official
description of the site characteristics. The description that follows
is a brief summary for dose calculation purposes:

The James A, Fitzpatrick Nuclear Power Plant is located on the eastern
portion of the Nine Mile Point promontory on Lake Ontario in Oswego
County, NY. The site is approximately 7 miles northeast of the City of
Oswego. All radioactive liquid releases enter Lake Ontario where the
Circulating Water Discharge Tunnel terminates on the lake bottom
approximately 1400 ft. from the shoreline.

3.2 10CFR20 MPC Limits Determination of the Fraction (FL ) of Release
Limits

3.2.1 Requirements

In accordance with Technical Specification Section 2.2, Appendix
B, the concentration of liquid radioactive material released to
Unrestricted Areas (See Appendix G) shall not exceed the
concentrations specified in 10CFR20, Appendix B, Table II, Column
2z for radionuclides other than dissolved or entrained noble
gases. The concentration of radionuclides in liquid waste is
determined by sampling and analyses in accordance with Technical
Specifications Section 2.2, Appendix B.

In accordance with Technical Specification Section 2.2, Appendix
B, for dissolved or entrained noble gases, the concentration

shall be limited to 2 x 10~4 uci/ml.

el d Hethodologx

This section presents the calculational method to be used for
determining Fy, the fraction of 10CFR20 limits, of release
concentrations of liquid radioactive effluents.
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3.2.2.1 General Approach

This method addresses the calculation for a specific release
source. Administrative controls are applied to assure that the
summation of Fy values for each release source does not exceed
JAFNPP's 10CFR20 limit.

Normally, all potentially radioactive liquid effluents are
released to the unrestricted area through a single monitored
release path as indicated in Appendix F. However, the service
water system presents a potential release point for radioactive
liquid effluents. To assure the combined releases do not exceed
10CFR20 limits, the alarm setpoint, as determined in Section 3.3
is normally multiplied by 0.5.

The basic equation which determines the fraction Fp of the
10CFR20 MPC limits is:

f " -
PL = 1 ¢ “ L 3020 20 1-1
\
fz i=1 (HPC,i

Where:

L = The fraction of 10CFR20 MPC limits resulting from
the release source being discharged, dimensionless.

£, - The undiluted release rate in of the release
source as measured at the liquid effluent monitor
location, in gpm.

f; = The discharge structure exit flow in gpm.
(Summation of circulating water pump and service
water pump discharge flow).

Cy = The undiluted concentration of nuclide (i) in
uCi/ml from sample assay. When a radionuclide
concentration is below the lower limit of
detection (LLD) for the analysis, it is not
reported as being present in the sample.

(MPC) 4 = Maximum Permissible Concentration of nuclide (i)

from Appendix A, in uCi/ml.

Using the general approach, the fraction of the 10 CFR 20 MPC
limit may be determined by a nuclide-by-nuclide evaluation.
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3.2.2.2 simplified Approach

For purposes of simplifying the calculation, the value of 3 x
1078 uCi/ml (unidentified 10CFR20 MPC value) shculd be
substituted for (MPC); in equation 3.2.2.1-1 and the cumulative
concentration (Ceopal = sum of all identified radionuclide

concentrations) or the gross beta-gamma concentration should be
substituted for C;.

3.2.2.3 Approach Selection Criteria

As long as the diluted concentration (Cgiopa) X £1/f2) is

less than or equal to 3 x 10~8 uci/ml, the nuclide-by-nuclide
calculation is not required to demonstrate compliance with the 10
CFR 20 MPC limit.

3.2.3 Calculational Process

The following section provides a procedure for determining the

minimum required dilution factor (f,/f;) to ensure that
Fy = 1 during the actual release. With Fy = 1, the minimum

required dilution factor can be expressed as:

/ \ n
£, - X < 3.2.3-1
& 7y =1
1 min (MPC) §
\\ //

3.2.3.1 Obtain (C;), the undiluted assay value of nuclide (i),
in uCi/ml. 1If a gross activity determination (simplified
approach) is used, the cumulative concentration

(Ceotal) is used.

3.2.3.2 From Appendix A, Table L-1, obtain the corresponding
(MPC) for nuclide (i) in uCi/ml. The value of
3%x10~8 uCi/ml should be used for the gross activity
method.

3.2.3.3 Divide C; by (MPC);.

3.2.3.4 If the gross activity method is used, then
£ °

2 is given by CTot,1/3xlO'8.

1 min

1f determining the MPC fraction by the nuclide-by=-nuclide

evaluation, repeat steps 3.2.3.2 and 3.2.3.3 for each

nuclide and sum the totals.
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3.2.3.5 Enter the total activity (C) and the minimum required
dilution factor (f3/f))min on the liquid release
permit.

Determination of Setpoints for Radioactive Liquid Effluent
Monitors

3.3.1 Requirements

Technical Specification Section 2.l.a, Appendix B, requires that
the radioactive liquid effluent monitor be operable and set to
initiate an alarm and/or trip in the event that the limits of
Technical Specification Section 2.2, Appendix B, are approached.
The alarm and/or trip setpoints shall be determined and adjusted
by the methodology which follows. The setpoint values should be
applied above normal background levels.

The alarm setpoint for the liquid effluent radiation monitor is
derived from the concentration limit provided in 10CFR PART 20,
Appendix B, Table I1I, Column 2 applied at the unrestricted area
boundary where the discharge tunnel flows into Lake Ontario.

3.3.2 Methodology

The alarm setpoint does n t consider dilution, dispersion, or
decay of radioactive material beycnd the unrestricted area
boundary. That is, the alarm setpoint is based on a
concentration limit at the end of the discharge tunnel.

A sample of each batch of liquid radwaste is analyzed for I=-131
and other principal gamma emitters, or for total activity
concentration prior to release. The fraction Fy of 10CFR20 MPC
limits and the minimum required dilution factor to achieve

Fp, =1 is determined in accordance with the preceding section
for the activity to be released.

A conservative alarm and/or trip setpoint (uCi/ml) is determined
in accordance with the following equation:

§= .5x%x . — 3.3.2-1
g
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The alarm and/or trip setpoint above background
corresponding to the limiting concentration of
undiluted liquid effluent (uCi/ml)

Conservatism factor to account for releasss from
multiple points.

Total gamma isotopic or gross activity concentration
(uCi/ml) of sample as determined in the laboratory.

The fraction of 10CFR20 MPC limits for unrestriced
areas resulting from the release source being
discharged.

3.3.3 Calculational Process

The following section provides a procedure for determining a
liquid effluent monitor setpoint. Typical parameter values are
used for illustration.

3.3.3.1

3.3.3.2

3.3.3.3

3.3.3.4

Determine f), measured at the liquid effluent
monitor location. A typical value is 100 gpm.

Determine f, from pump curves and current plant
operating configuration. A typical value is
3.78 x 10° gpm.

Determine C from laboratory analysis of the liquid
effluent sample. For the purpose of this example,
assume a value of 3 x 1072 uCi/ml in a gross
beta-gamma activity analysis.

Determine the minimum required dilution factor
in accordance with equation 3.2.3~-1:

Lo

n
_— = T

For a gross activity determination, the unidentified

MPC of 3 x 102 uci/ml is used. Therefore .
£\ .
2 = 3x107° ¢ 3x1978 = 1000
fl min
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3.3.2:5 A typical value of the dilution factor from current
plant operating conditions is:

[3.78 x 105 gpm) : 100 gpm = 3780, which is

greater than 1000. Therefore the release can be made
at the current release rates and concentrations
maintained within the 10CFR20 limits.

3.3.2.6 Determine Fy, the fraction of 10CFR20 MPC limits
resulting from the release source being discharged at

a dilution factor of 3780, in accordance with equation
Js2e21%) 2

(€ . c
5 X i
R | i=l  (MPC)

2 i
= (100 : 3.78 x 10°) x (3 x 10™3 : 3 x 10°8)
= (2.65 x 10™4) x 1000
= ,265

3.3:2.7 The liquid effluent monitor setpoint, S§ in uCi/ml,
from equation 3.3.2.1-1 is:

=.5. [(3x1073) % (.265))
= 5.66 x 107 uCi/ml.
3.3.2.8 Appropriate calibration factors are applied to this
limiting concentration determined in step 3.3.2.7 to

determine an effluent monitor alarm potentiometer
setpoint.

- 10 =



JAMES A, FITZPATRICK NUCLEAR POWER PLANT

OFFSITE DOSE CALCULATION MANUAL (ODCM)

Dose Determination for Radioactive Liquid Effluents

3.4.1 Annual Dose Assessment - Radioactive Effluent Release
Report Submittal

3.4.1.1 Requirements

Technical Specificatica Section 7.3, Appendix B, requires an
annual Radioactive Effluent Release Report to be submitted that
includes an assessment of the radiation doses to the public due
to the radioactive liquid and gaseous effluents released from the
unit during the previous calendar year.

3.4.1.2 Methodology

This section provides the methodology to calculate the doses to
all age groups and organs from all radionuclides identified in
the liquid effluents.

The method is based on the methodology suggested by sections 4.3
and 4.3.1 of NUREG-0133, Rev. 1, November, 1978. The
site-related dose factors for all viable pathways are listed in
Appendix B, Tables L-2 and L-3. Table L-3 dose factors are
compiled by age groups, for all organs and radionuclides common
to a BWR environment.

The following equation provides for a dose calculation to the
total body or any organ for a given age group based on actual
release conditions during a specific time interval for
radioactive liquid releases:

Ajraty Q)
D = 30‘-1-2-1
it (DF)l
where:
DiT = Dose commitment in mrem received by organ 1 of age

group (to be specified) resulting from releases during
time interval At;.

- 11 -
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Ajt = The site-related dose commitment factor to the total
body or any organ 1 for each identified radionuclide
(i). The Ayt values listed in Appendix A, Tables
L-2 and L-3 are site specific, in mrem/hr per uCi/ml.
Dose commitment factors are compiled by age groups,
for all organs and radionuclides common to a BWR
environment.

Aty = The number of hours of liquid effluent release during
the calendar year.

Qi = The total quantity of nuclide (i) released during the
time period At;, in uCi.

(DF),

The total volume of dilution that occurred during the
calendar year period At; (i.e., the circulating
water flow multiplied by the time).

By entering the appropriate annual parameter values onto a form
gimilar to that shown in Table 3.4.2, total body or organ doses
may be calculated as outlined in Section 3.4.2.3.

In addition, more realistic assumptions may be made concerning
the dilution and ingestion of fish and potable water by

individuals who live and fish in the area.

3.4.2 Monthly Dose Assessment - Verification of Compliance with
10CFR50 Appendix 1 Limits

3.4.2.1 Requirements

Technical Specification Section 2.3, Appendix B, requires an
assessment to be performed at least once every month in any
quarter in which radioactive effluent is discharged, to verify
that radioactive liquid effluents do not result in a cumulative
dose in excess of 1.5 mrem to the total body and 5 mrem to any
organ in a calendar quarter.

- 12 =
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3:.8:2:3 Methodology

This section presents the calculational method to be used for the
10CFRS50 Appendix I compliance verification. The method is based

on the models suggested by Sections 4.3 and 4.3.1 of NUREG-0133,

Rev. 1, November, 1978.

3.4.2.2.1 General Approach

The general approach used is almost identical to that described
in Section 3.4.1 for use in calculations for the annual
Radioactive Effluent Release Report. The only difference is that
the liquid effluent dose pathways considered are limited to the
ingestion of fish and potable water. As discussed in Appendix D,
these dose pathways are the only ones that need by considered for
verifying compliance with the requirements specified in Section
3.4.2.1 above.

The site-specific dose factors for the fresh water fish and
potable water pathways are provided in Appendix A, Table L-2.

For JAFNPP, the adult is the most limiting age group, but the
dose for child, and teenager may also be calculated by this
method using the appropriate dose factors from Appendix A, Table
L-3.

The following equation is used to determine a dose to the total
body or any organ for a given age group based on actual release
conditions during a specified time interval for radioactive
liquid releases. The equation is:

Ajt At] Qi)
3.4.2.1-1
D = —_—
At (DF);
where:
D+ = Dose commitment in mrem received by organ 1 of age

group (to be specified) from release time
interval At,.

- 13 -
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A+ = The composite duse factor for the fresh water fish
pathway and potable water pathway for nuclide (i)
for organ 1 of age group (to be specified). The
Aj; values listed in Appendix A, Table L-2 in
this manual have the units mrem-ml .

Ci~hr
At1 - The number of hours over which the release occurs.
Qi1 = The total quantity of nuclide (i) released during
the time period A¢] in Ci.
(DF);= The total volume of dilution that occurred during

the release time period t; (i.e., the
circulating water flow multiplied by the time).

3.4.2.2.2 Limited Analysis Approach

Based on the radionuclide distribution typical in radioactive
effluents at JAFNPP, the calculated dose to individuals are
dominated by the radionuclides, Cs-134, Cs-137, Zn-65, Mn-54 and
Co-60. These nuclides typically contribute over 95% of the total
body dose and over 95% of the liver dose, which is the critical
organ. Therefore, the dose commitment due to radioactivity in
liquid effluents may be reasonably evaluated by limiting the dose
calculational process to these radionuclides for the adult total
body and adult liver dose. To allow for any unexpected
varisbility in the radionuclide distribution a conservatism
factor of 0.9 is introduced into the equation. After calculating
the dose based on these 5 nuclides, the cumulative dose should
therefore be divided by 0.9. (Refer to Appendix D for a detailed
evaluation and explanation of this limited analysis approach;.

If the limited analysis approach is used, the calculation should
be limited to the adult total body dose and adult liver dose from
the fish and potable water pathways. Only the 5 previously
specified nuclides need be evaluated.

- 14 -
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3.4.2.2.3 Approach Selection Criteria

The limited analysis approach fully satisfies the requirements
specified in Section 3.4.2.1 and can thus be used at all times.
The more general approach may be used for more refined
calculations.

3.8:2:3 Calculational Method

The methodology that follows is a step-by-step breakdown to
calculate doses based on equation 3.4.2.1-1. 1If the limited
analysis approach is used, the calculation should be limited to
the adult total body dose and adult liver dose from the fish and
potable water pathways. Only the 5 previous specified
radionuclides need to be evaluated.

Note: Table 3.4.2 provides a convenient form for compiling the
dose accounting information.

3.4.2.3.1 Determine the time interval At) over which the
release took place.

3.4.2.3.2 Obtain (DF); for the time period At; for the

release source(s) of interest. DF; is the total
volume of dilution, (i.e., the circulating water flow

multiplied by the time.)

3.4.2.3.3 Obtain Q;; (uCi) for nuclide (i) for the time period
Cstl.

3.4.2.3.4 Obtain A;, from the appropriate Liquid Dose Factor
Table: Appendix A, Table L-2 for the fish and potable
water pathways; Appendix A, Table L-3 for all other
pathways.

3.4.2.3.5 Solve for Dose (i)

A
D, 0 U Sy
! (OF) |

- 15 =
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-

3.4.2.3.6 Repeat steps 3.4.2.3.3 through 3.4.2.3.5 for each
nuclide reported and each organ required. If the
limited analysis method is used, limit the
radionuclides to Co-60, Mn-54, Zn-65, Cs-134 and
Cs-137 and determine the adult total body dose and the
adult liver dose.

3.4.2.3.7 Sum the Dj values to obtain the total dose to
organ from the fish and potable water pathways. 1If
the limited analysis method is being used, divide the
cumulative dose by a conservatism factor of 0.9 to
account for any unexpected variability in radionuclide

distribution.

Dose Projections - Determination of Need to Operate Liguid
Radwaste Treatment System

3.5.1 Reguirements

Technical Specification Section 2.4, Appendix B, requires that
appropriate subsystems of the ligquid radwaste treatment system be
used to reduce radicactive material in untreated liguid effluents
when the projected monthly dose due to liguid releases %o
unrestricted areas, when averaged over 31 days, would exceed 0.06
mrem to the total boedy or 0.2 mrem to any organ. Doses are to be
projected at least once per month.

3.5.2 Calculational Methodoclogy

The method is based on total body dose and critical organ dose
(liver) as calculated in Section 3.4.2. The adul% is the
critical age group to be used for the dose projection.

The following calculational methodology is provided for
performing this dose projection.

3.5.2.1 Obtain the latest result of the monthly calculation of
the adult total body and adult liver dose (Secticn 3.4.2).

3.5.2.2 Divide this dose by the total number of curies released
from the plant during the month. This yields a dose per
curie conversion factor for the most recent calendar
mont h.

i Wl Revised 10/83
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3.5.2.3 Maintain a running total of the curies released during
the past 30 days. Add to this the curie content of the
current batch to be released. (31 day total)

3.5.2.4 Multiply the 31-day total from 3.5.2.3 by the dose per
curie conversion tactor calculated in 3.5.2.2. This
yields the 3l-day total dose projected for the release
of the current batch.

3.5.2.5 If the calculated dose is greater than .06 mrem to the

total body or 0.2 mrem to the liver, the appropriate
subsystems of the liquid radwaste system shall be used

to reduce the radicactivity levels prior to release.

- 17 =
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TABLE 3.4.2

. FISH PATHWAY
TIME/DATE START: TIME/DATE STOP: ti hours

TOTAL DILUTION VOLUME: mls
ORGAN: DOSE FACTOR TABLE #

AGE GROUP:

Nuclide (1) C; (pc1) Ajs Dose (1) mrem

Mn-=57

Co=-60

Zn=-65

Cs~-134

Limited Analysis

Cs=-137

Others:

mrem

. Tetal Dose =
. |
mrem

1f based on limited analysis¥ 0.9 |

- 17-A =
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GASEOUS EFFLUENT METHODOLOGY

4.1 Gaseous Waste Streams

James A, Fitzpatrick Nuclear Power Plant discharges gaseous effluents

through a stack, and discharges ventilation air from the Reactor
Building, Turbine Building, Radwaste Building, and Refuel Floor through
separately monitored vent release points. Norm:l gaseous effluent
streams, and effluent discharge points are tabulated in Table F-1.

(Appendix F).

For the purpose of estimating offsite radionuclide concentrationrs and
radiation doses, radionuclide concentrations are first measured in
gaseous effluents and ventilation air exhausted from the plant.
Technical Specifications Table 3.2-1, Appendix B, identifies the
specific radionuclides in gaseous discharges for which sampling and
analysis is done. When a radionuclide concentration .s below the LLD
for the analysis, it is not reported as being present in the sample.

4.2 Data Requirements for Gaseous Effluent Calculations

Dose calculations to demonstrate compliance with Technical
Specification Sections 3.2.a, 3.3.a and 3.4.a, Appendix B, are normally
performed using historical meteorological data and receptor location(s)
which yield calculated doses no lower than those received by real
receptor(s). Historical meterological data for use in peiforming dose
calculations are provided in Appendix C. Dose calculations to show
conformance with Technical Specifications, Appendix B, dose limits may
be performed using real metecrological data, real receptor locations,
and sector wind frequ-oncy distribution if desired.

Real meteorological data factors are calculated and used in dose
calculations for the annual Radiocactive Effluent Release Report.
Historical information and conservative receptor assumptions, are only
used for ease of Technical Specifications, Appendix B, Limiting
Condition of Operation (LCC) dose limit calculations. Any dose
calculations performed with real data should note the source of the
data in the Annual Report. Real meteorological data modelling should
be performed in accordance with Regulatory Guide 1-111, Rev. 1. JAFNPP
uses an elevated release model for stack discharges and ground level
release model for Reactor, Turbine, Radwaste and Refuel Floor vents.

- 18 =
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Those radionuclides that appear in the gaseous effluent dose factor
tables are representative of BWR isotopes that may be considered ir any
dose calculations.

4.3 Instantaneous Release Rate and Setpoint Determination

4.2,]1 Determining Instantaneous Noble Gas Release Rates

4.3.1.1 Requirements

Technical Specification Section 3.2.a.l, Appendix B, limits the
instantaneous dose rate from noble gases in airborne releases to less

than 500 mrem/yr = tctal body, and less than 3000 mrem/yr = skin.

The resul*s of the sampling and analysis program of Technical
Specification Table 3.2-1, Appendix B, are used to demonstrate
compliance with these limits.

4.3.1.2 Methodology

The instantaneous dose rates to the total body and skin from noble
gases are evaluated to determine gaseous effluent release rates and
alarm and/or trip setpoints.

The following calculational method is provided for determining the
instantaneous dose rates to the total body and skin from noble gases in
all airborne release paths from JAFNPP, However, for ease of
calculation and without unduly reducing the conservatism of the
calculatior, all releases may be treated as if discharged from two (2)
releare points; an elevated stack for condenser off-gas releases and a
ground-level vent for the combined discharge of the Reactor Building,
Turbine Building, Radwaste Building and Refuel Flocr vents. Appeniiix
F, Table F-l1 provides a summary of gaseous effluent release sources and
pathways for JAFNPP. Table E-6 provides a summary of the fraction of
each isotope to the total release for the two (2) release points;
elevated and ground.

The calculational methods are in accordance with Section 5.1 and 5.2 of
NUREG-0133, Rev. 1, November 1978.

- 19 =
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The equations for computing instantaneous dose rates are:

Total Body Dose Rate

n .
DRpg = .21 Ky . (X/Q) . Q4 4.3.1.2-1
i=

Skin Dose Rate

n —_—

DRggin = 5 (Lj ¢ 1.1 My] . (X/Q) . Q4 4.3.1.2-2

i=1

where

DRpp = Total body dose rate from noble gases in airborne
releases, in mrem/sec.

DRgx 1N = Skin dose rate from noble gases in airborne releases in
mrem/sec.

Kj = The total body dose factor due to gamma emissions for
each noble gas nuclide (i) reported in the release
source, in mrem-m3 /uCi-sec.

Lj = The skin dose factor due to beta emissions for each noble
gas nuclide (i) reported in the assay of the release
source in nren-m3/uCi-sec.

My = The air dose factor due to gamms emissions for each noble
gas nuclide (i) reported in the assay of the release
source. The constant 1.1 converts 'mrad' to 'mrem' since
the units of M; are in: [mtad-m3/uCi-sec]

(X/Q)vent = For ground level releases, the highest calculated annual

long term historic relative dispersion coefficient for
any of the 16 sectors, at or beyond the unrestricted area

boundary, in sec/m3

- 20 -
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(X/Q)stack = For elevated relezases, the highest calculated annual long
term historic relative dispersion coefficient for any of
the 16 sectors, at or beycnd the unrestricted area
boundary, in sec/m3.

Qi = The release rate of noble gas nuclide (i) from the
release source of interest, in uCi/sec.
4.3.1.2.1 Limited Analysis Approach - Instantaneous Noble Gas
R se “

The above methodology can be simplified to provide for a rapid
determination of cumulative noble gas release limits based on the
requirements specified in Section 4.3.1.1. Beginning with equation
4.3.1.2-1, the simplification proceeds as follows:

From an evaluation of past releases, an effective total body dose
factor {Kgg¢) can be derived. This dose factor is, in effect, a
weighted avarage total body dose factor (i.e., weighted by the
radionuclide distribution typical ci past operation). See Appendix 'E'
for 2 detailed explanation and evaluation of K,¢g¢. The value of

Kegf has been derived from the radiocactive noble gas effluents for

the years 1980, 1981, and 1982 for the plant. The value is:

Kegg = 7.68 x 103 [mrem-m3/uCi-sec] (Ground Level Releases)
Kegg = 1.41 x 1074 [mrem-m3/uCi-sec] (Elevated Releases)

Either of these values, as appropriate, may be used in coniunction with
the total nohle gas release rate (I Q) to verify that the
instanZzaneous dose rate is within the allowable limits. To compensate
for any unexpected variability in the radionuclide distribution a
conservatism factor of 0.8 is introduced into the calculation. The
simplified equation is

1 ‘03-102.1-1



L

»

JAMES A. FITZPATRICK NUCLEAR POWER ILANT

OFFSITE DOSE CALCULATION MANUAL (ODCM)

Where:

DRpp = Total body dose rate from noble gases in airborne
releases, in mrem/sec.

X/Q = For ground level or elevated releases, the highest
calculated annual long term historic relative
concentration for any of the 16 sectors, at or beyond
the unrestricted area boundary, in sec/m3.

Q = The total release rate of all noble gas nuclides from

the release source of interest, in uCi/sec.

A single cumulative (or gross) noble gas release rate limit for
elevated releases and ground level releases may be derived by
rearranging equation 4.3.1.2.1-1 as follows:

gis g KW 4.3.1.2.1-2
Keff x (X/0)

These limits may be determined by taking the highest calculated anrual
long term historic relative concentration, for elevated and ground
level releases, at any of the 16 land based sectors, at or beyond the
unrestricted area. From Appendix C, Table M-1l, these values are:

sec

= 3.8 x 10-8 (Elevated Releases)

x/Q stack n3
— = 1.8 x 10-7 L2 (Ground level Releases)
X/Q 3

vent m

Also, the dose limit of 500 mrem/yr = 1.585 x 10”5 mrem/sec may be

substituted for DRpg in eguation 4.3.1.2.1-2.

- 22 -
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In addition, from a review of gaseous effluent releases as reported in
the JAFNPP semi-annual Effluent Release Reports for the years 1980,
1981, and 1982, it was dete:mined that, on the average, approximately
908 of the annual total body dose from noble gases is due to elevated
releases. These data are presented in Appendix E. In accordance with
this, the release limit is split as foliows:

90% - Elevated Release
108 = Ground Level Release

Making these substitutions in equation 4.3.1.2.1-2 yields the following
cumulative (or gross) noble gas release rate limits:

Elevated Release Rate Limit = 2.1 x 10% uci/sec
Ground Level Release Rate Limit = 9.2 x 109 uCi/sec

As long as the noble gas release rates do not exceed these values (2.1
x 10% uci/sec for elevated releases, and 9.2 x 109 uci/sec for

ground level releases) no additional dose rate calculations are needed
to verify compliance with the instantaneous release rate limits of
Technical Specification Section 3.2.a.1, Appendix B.

4:3.1.2.2 General Approach - Total Body and Skin Nuclide-Specific
Instantanesus Release Rate Calculations

The methods described herein need only be used if the actual releases
exceed the values of:

Elevated Release = 2.1 x 106 uCi/sec
Ground Level Release = 9.2 x 104 uCi/sec

Total Body Dose Rate

n n

DRpp = T DRpgy = 1 Kj. (X/Q) Q4 4.3.1.2.2-1
i=1 i=]1

where :

DRrp « Dose rate to the total body due to gamma emissions from

noble gas nuclide (i), mrem/s=c.

. . Revised 10/83
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= Dose rate to the total body due to gamma
nuclide (i), mrem/sec.

emissions from

= The total body dose factor due to gamma emissions from
noble gas radionuclide (i), in mrem-m3/uCi-sec. (See

Table G-2, Appendix B’.

= Calculated annual longterm historic value of CHI/Q for
the most limiting land sector at the unrestricted area
boundary, in sec/m3. (See Table M-1, Appendix C).

3.8 x 1078 lec/m3

Ground Level Release X/Quent = 1.8 x 10~7 sec/m3

Qi

Release rate of the ith nuclide, in
uCi/sec.

Total Skin Dose Rate

"RgKIN

where:

DRgx 1N

n n
i=1 i=)

4.3.1.2,2=2

- Dose rate to skin due to beta and gamma radiation

from noble gas niclide (i) [mrem/sec].

= The £:in dose factor due to beta emissions from noble
gas nuclide (i), in mrem-m3/uCi-sec (See Table G-2,

Appendix B).

= The air dose factor due to gamma emissions from noble

gas nuclide (i), in mrad-m>/uCi-sec.
G-3, Appendix B).
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1.1 = Conversion factor for My from mrad to mrem.
X/Q = Calculated annual long term historic value of CHI/Q

(lCC/I3] for the most limiting land sector at the
unrestricted area boundary, in sec/m3. (See Table
M-1, Appendix C).

Qi = Release rate of the ith nuclide in uCi/sec.

The dose rate contribution of this release source shall be added to all
other simultaneous gaseous release sources, if any, to determine
overall total doss rate to the total body and skin from noble gas

effluents.

4.3.1.3 Calculational Process

The following outline provides a step-by-step explanation of how the
total body and skin dose rates are calculated on a nuclide-by-nuclide
basis to evaluate compliance with Technical Specification Section
3.2.a.1, Appendix B. This method is only used if the actual releases
exceed the value specified in ODCM Section 4.3.1.2.1.

$:3.1.3.1 The X/Q value = sec/m3 and is the most
limiting sector at the inrestricted area.

$:3:1:3:3 Enter the release rate in ;23/nin of the release source
and convert it to cc/sec;

= ( )ft3 . 2.8317 x 10‘ cc . min
min fr3 60 sec
= cc/sec volume release rate

4.3.1.3.3 Determine Q; for nuclide (i) by obtaining the uCi/cc
assay value of the release source and multiplying it by
the release rate computed in the previous steps.

Qi = _( JuCi . { )ec
cc sec

- 25 =
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4.3.1.3.6

4.3:1.3.7

4.3.1.3.8

4.3.1.3.9

4.3.1.3.10
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Qi = uCi/sec for nuclide (i)

To evaluate the total body dose rate obtain the K; value
for nuclide (i) from Appendix B Table G-2.

Solve for DRpgj:

— 3 .

DRTBi ki « ARIQY & Qi mrem=-m . sec . uCi
uCi=-yr m3

DRygy = Total body dose from nuclide (i) for the

specified release source in mrem/yr.

secC

To evaluate the skin dose rate obtain the Lj and Mj
values from Appendix B Table G-2 for nuclide (i).

Solve for DRggIN it

DRggrn i = (L + 1.1 Mj) . (X/Q) . Q4

DRgxIN i = Skin dose from nuclide (i) for the
specified release source, in mrem/yr.

Repeat steps 4.3.1.3.1 through 4.3.1.3.7 for each noble
gas nuclide (i) reported in the assay of the release
source,

The dose rate to the total body from radiocactive noble gas
gamma radiation from the specified release source is

po

DRpg = ¥ DRrp i
i=]

The dose rate to the skin due to noble gas radiation from
the specified release source is

n
DRgxIN = L DRgyIN i
i=1

- 26 =
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The dose rate contribution of this release source shall ke added to all
other gaseous release sources that are in progress at the time of
interest.

Technical Specification Section 3.2.a.1, Appendix B, requires the
following:
DRpg < 500 mrem/yr (1.585 x 105 mrem/sec)

DRgg N < 3000 mrem/yr (9.513 x 10°5 mrem/sec)

Where:

DRrp = The sum of the total body dose rate contributions
(mrem/sec) from all noble gas nuclides from all
concurrent releases.

DRgk 1% = The sum of skin dose rate contributions (mrem/sec)
from all noble gas nuclides from all concurrent
releases.

4.3.2 Setpoint Determination

4.3:3.1 Requi rements

To comply with Technical Specification Section 3.1, Appendix B, the
alam/trip setpoints are established to ensure that the noble gas
releases do not exceed the appropriate cumulative (or gross) noble gas
release rate limit specified in ODOM Section 4.3.1.2.1.

$,3.2:2 Met hodology

This section describes the methodology for determing alarm/trip set
points for the stack and vent gaseous release pathways. To allow for
multiple sourcee of releases from different or common release points,
the allowable operating setpoints will be administratively controlled
to allocate a percentage of the total allowable release to each of the
release sources. The cumulative noble gas release rate limit for a
stack (elevated) release (2.1 x 10® uCi/sec) is based on allocating
90% of the total body dose limit to the stack release point. The
individual release rate limits for the four other gaseous release
points (assumed to be ground level releases), are based upon an
allocated4percentaqe of the cumulative ground level release rate limit
(9.2 x 10% uCi/sec).

= 3} = Revised 10/83
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The method that follows establishes a procedure for determining
setpoints.

4.3.2.2.1 Determine the maximum volume release rate potential for
the release source under consideration.

4.3.2.2.2 Based upon that release rate [ft3/min or other units of
vol/time) determine the equivalent activity concentration
in [uCi/cc) that would produce a release of:

2.1 x 10® ucCi/sec = Elevated Release
9.2 x 109 uCi/sec - Ground Level Release

4.3.2.2.3 Referring to the calibration curve [uCi/cc vs. CPM] for
the release source's gaseous effluent monitor, determine
the CPM value (C) corresponding to the value of activity
concentration determined in step 4.3.2.2.2.

4.3.2.2.4 For an elevated release the setpoint is equal to the CPM
value, (or corresponding potentiometer setting), as
follows:

SP = (C) CMM 4.3.2.2-1

$:5:2:4:3 For a ground level release, (C) corresponds to 1008 of the
ground level release rate limit assuming no vther ground
level release sources at the time. To obtain an
operational setpoint value 5P, take (C) in (CPM) and
multiply it by the allocated fraction for the individual

ground release point.

f raction
allocated for
SP = (C) CPM . a particular
ground release

4.3.2.2-2

The total body dose !s more limiting than the calculated skin dose.
(See Appendix 'E' for a detailed evaluation.) Therefore, the skirn dose
rate calculations are not required if the simplified dose rate
calculation is used (i.e., using Kye¢ to determine release rate

limits).

- Revised
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The calculational processes of section (4.3.1.2) are to be used if the
actual releases of ncble gases exceed the predetermined limits of 2.1 x
106 uCi/sec for elevated releases or 9.2 x 109 uCi/sec for ground

level releases.

Under these conditions, a nuclide~by-nuclide evaluation is required to
evaluate compliance with the dos2 rate limits of Technical
Specification Section 3.2.a.l, Appendix B.

4.3.3 Determining the Radioiodine and 8 Day Particulate Insiantaneous
Release Rates

4.3.3.1 Requirements

Technical Specification Section 3.2.a.2, Appendix B, limits the
instantaneous dose rate from radiciodines ard particulates with
half-lives greater than 8 days to 1,500 mrem/yxr to any organ.

4.3:3.2 Hathodolggx

The fellowing calculational method is provided for determining the dose
rate from radiciodines and particulates. It is based on NUKEG-0133,
Rev. 1, November, 1978; Sections 5.2.1, and 5.2.1.1 through 5.2.1.3.

Based on an analysis of doses to all organs from all atmospheric
release pathways and age groups (EDS Nuclear RG109 Computer Analysis,
EDS Version 2, Rev. 0) the infant was determined to be the cont:iolling
age group for the contaminated forage,cow/milk pathway. There is no
controlling age group for the ground plane deposition pathway. The
child is the controlling age group for the inhalation pathway. These
three pathways are the only ones that need be considered for
instantaneous reieases. The long-temm (X70) Depleted and (D/9) values
are based on historical meteorological data. Dose factors for nuclides
listed in Appendix B, Table G~4 will be used.

Inhalation Pathway

n -
DRiggpp = - Pj . (X/Q)p . Q4 4.3.3.2-1
T i=1 T

Ground Plane Deposition Pathwey

=)

DR1gsDP = L Py . (D/Q) . Q4 4.3.3.2-2
T i=] T
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Contaminated Forage/Cow/Milk Pathway

n
DRyggpp; = *

i=1

P; . (D/Q) . Q4 4.3.3.2-3

Total Dose Rate From I1&8DP

DR , = 1
4

where:

Qi

DR1ggDP 1

DR1

(X/7Q)p

(079)

DRIGBDPT 4.3.3.2-4

The orcan of interest for the age grouvp of
interest.

All the applicable pathways.

Release rate of nuclide (i), [uCi/sec].

Dose rate to the organ 1 for the age group
of interest from iodines and 8 day
particulates via the pathway of interest in
[mrewm,/»r].

Total dose rate to organ 1 from all
applicable pathways for the age group of
interest in [mrem/yr]j.

The long-term depicted and B-Day decayed
CH1/Q value based on historical
meteorological data (See Table M-1,
Appendix C) [in sec/m3)

The long-term relative deposition value
based on histnrical data [in m‘2], (See
Table M-1, Appendix C).

The dose factor for applicable
environmental pathway in [units vary with
pathway). (Se# Tables G-4 through G-6,

Appendix B) B
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Limited Analysis Approach

From an evaluation of the radioactive release and
environmental pathways, the contaminated forage/cow/milk
pathway has been identified as the most limiting pathway
with infant's thyroid being the most critical organ. This
pathway contributes, on the average, greater than 85% of
the total dose received by the infant's thyroid and the
radioiodines contribute essentially all of this dose.
Therefore, it is possible to demonstrate compliance with
the release rate limit of Technical Specification Section
3.2.a.2, Appendix B, for radioiodines and particulates by
only evaluating the infant's thyroid dose for the release
of radioiodines via the contaminated forage/cow/milk
pathway. A conservatism factor of 0.8 is applied to the
equation. If this limited analysis approach is used, the
dose calculations for other radiocactive particulate matter
and other pathways need not be performed. Only the
calculation for radioiodines from the contaminated
forage/cow/milk pathway need be performed to demonstrate
compliance with the Technical Specification, Appendix B,
dose rate limit.

The limiting iodine release rate is then determined by the
following relationships:

’ DRThyroid
Qr = x 0.8 $:3.3:2:1%1

(D/Q) Pj(Thyroid)

DRThyroid = Dose rate to the infant's thyroid from the

Pj (Thyroid)

contaminated forage/cow/milk pathway set equal
to the Technical Specification Section
3.2.a.2, Appendix B, limit of 1,500 mrem/year,
or 4.78 x 10~° mrem/sec.

= The instantaneous duse factor for nuclide i
for the irfant's thyroid for the contaminated
forage/cow/milk pathway.
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D7Q = The reiitive deposition value for a specific
location where the receptor is located, in
m 2, (See Table M-1, Appendix C).

Q1 = Limiting iodine release rate, in uCi/sec.

0.8 = A conservatism factor of 0.8 for a typical
radioisotope distribution and dose
contribution.

4.3.3.2.2 Approach Selection Criteria

Only the limited analysis /pproach need be used for verifying
compliance with release rate limits for radioiodines and eight
day particulates.

4.4 Dose Determination for Radioactive Gaseous Effluents

4.4.1 Annual Dose Assessment - Radioactive Effluent Release Report
Submittal

4.4.1.1 Requirements

Technical Specification Section 7.3, Appendix B, requires an annual
Radioactive Effluent Release Report to be submitted that includes an
assessment of the radiation doses to the public due to the radioactive
liquid and gaseous effluents released from the unit during the previous
calendar year.

4.4.1.2 Methodology

The section provides the methodology to calculate the doses to all age
groups and organs from all radionuclides identified in the gaseous
effluents.

The method is based on the methodology suggested by sections 5.3 and
§.3.1 of NUREG-0133, Rev. 1, November, 1978. The site-related dose
factors for all viable pathways are listed in Appendix B, Tables G-l
through G-8. Dose factors are compiled by age groups, for all organs
and radionuclides common to a BWR environment.

The following equations provide for a dose calculation to the total

body or any organ for a given age group based on actual release rates
during a specific time interval for radioactive gaseous release sources:
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d.8.1:2.1 Annual Dose Due to Noble Gases

n

Dcm.-ur = Z Hi X (X/Q) X Ql 4-‘.1-2.1-1
i=1

Where:

Dgamma-Air = The gamma air dose from radioactive noble gases, in
mrad.

My = The gamma air dose factor for radioactive noble gas
nuclide 'i', in mrad-m3/uCi-sec. (See Table G-3,
Appendix B).

(X/Q) = The long-term atmospheric dispersion factor for ground
level or elevated releases (annual average) for the
year of interes:. Actual meteorological data ard
sector wind frequency distributions will be used to
determine annual X/Q for the year of interest.

Q4 = The number of uCi of nuclide 'i' released during the
year of interest.

n

Dpeta-Air = L Ny x (X/Q) x Q; 4.4.1.2.2-2

i=1

Where:

Dpeta-Air = PBeta air dose from radioactive noble gases [in mrad].

Ny = The beta air dose factor for radioactive noble gas
nuclide (i) in mrad-m3/uCi-sec. (See Table G-3,
Appendix B).

(X/Q) = The long-term atmospheric dispersion factor for ground
level or elevated releases (annual average) for the
year of interest. Actual meteorological data and
sector wind frequency distributions will be used to
determine annual X/Q for the year of interest.

Qi = The number of uCi of nuclide 'i' released during the

year of interest.
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4.4.1.2.2 Ann Dose Due to dioiodines and 8-D

Inh. on Pathways

n
DRiggpp., = I Ry - (X/Qp-Qj

i=1 T
Ground Plane Deposition Pathway

n

DRrggpp, = I

Ri +(D/Q) - Qj
i=]1 :

F e/Cow/Milk Pathwa

n
PRrg8DP, -151 Ry + (D/Q) + Q4

Contaminated Forage/Goats Milk Pathway

n
DRrggpp, * AZIRLI'(D/Q)° Qi
1:

Contaminated Forage/Meats

n
DRrggpp, = I Ry *(0/Q)- Q4

i=1
Stored Fruits and Vegetables

n

DRyggpp, = iflai:"D/Q)' Qi

Fresh Fruits and Yegetables

Ry * (D/Q) * Qj

—_—

DRuaopI
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where:
1 = The organ of interest for the age group of interest.
z = All the applicable pathways.

DR1ggDP = Dose rate to the organ 1 for the age group of interest
from iodines and 8 day particulates via the pathway of
interest in [mrem/yr].

DR = Total dose rate to organ T from all applicable pathways
for the age group of interest in [mrem/yr].

Q = The number of uCi of nuclide 'i' released during the
year of interest.

Ry ¢ = The dose factor for nuclide (i) for organt for the
pathway specified [units vary with pathway]. (See Table
G-8, Appendix B)

(376) = A long-term relative deposition value for elevated and
ground level releases. » factor with units of m=2
which describes the deposition of particulate matter
from a plume at a point downrange from the source.
Actual meteorological data and sector wind frequency
distribution will be used to determine annual average
D/Q for the year of interest.

(;75)0 = A long-term depleted and B-day decayed relative
concentration value for elevated and ground level
release. It describes the physical dispersion
characteristics of a semi-infinite cloud travels
downrange. Since iodines and particulates settle out
(fallout of the cloud) on the ground, the (X/Q)p
represents what physically remains of the cloud at a
given location downrange from the release point. Actual
meteorological data and sector wind frequencuy
distributions will be used to determine annual average
(X/Q)p for the year of interestd. Total body and
organ doses will be calculated for pathway and age group
on an annual basis using the above described methodology.
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Meteorological Data (X/Q, X/Qp, D/Q) will be
determined from actual meteorological data and sector
wind frequency distributions for the year of
interest. Release rates (uCi/year) will be based on
total activity released through elevated and ground
level (total of all vent pathways) as reported in the
semi-annual effluent report.

4.4.2 Monthly Dose Assessment - Verification of Compliance with 10 CFR
50, Appendix I

4.4.2.1 Determining the Gamma Air Dose for Radioactive Noble Gas
Release Source(s)

S.8.8:1:1 Requirement

Technical Specification Section 3.3.a.2, Appendix B, limits the yearly
dose due to noble gases in the gaseous effluert to less than 10 mrem to
the whole body from gamma. This is equivalent to a yearly air dose
limit of less than 10 mrad.

$.8:.2:1:2 Hethodnlogx

The following calculation method is provided for determining the noble
gas gamma air dose and is based on Section 5.3.1 of NUREG-0133, Rev. 1,
November 1978. The dose calculation is independent of any age group.
The equation may be used for Technical Specification, Appendix B, dose
calculations, the dose calculation for the annual report, or for
projecting dose. provided that the appropriate value of (X/Q) is used.
The equation for gamma air dose is:

DGamma-Air . My ¢ (X/Q) . Q4 4.4.2.1.2-1

= The gamma air dose from radioactive noble
gases in mrad.




(X79)

(a)
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= The gamma air dose factor for radiocactive noble gas
nuclide 'i', in mrad-m3/uCi-sec (See Table G-3 in
Appendix 'A')

= The long teim atmosp!~' ic dispersion factor for ground

level or elevated re! 2.ses (worst case) in sec/m3.
(See Appendix C, Table M-1l.)

= The number of uCi of nuclide 'i' released (or
projected) during the dose calculation exposure
period. (e.g., month, quarter, or year).

Limited Analysis Approach

The following limited analysis approach is used to establish
monthly release objectives (uC:/month) that will ensure compliance
with the 10 CFR 50, Appendix I, yearly whole body gamma dose limit
of 10 mrem.

From an evaluation of past releases, a single effective gamma air
dose factor (Mggg¢) has been derived, which is representative of
the radionuclide abundances and corresponding dose contributions
typical of past operation. (See Appendix C for a detailed
explanation and evaluation of Mgy¢). The value of Mgeg¢ has

been derived from the radioactive noble gas effluents for the
years 1980, 1981. and 1982. The value is

Megg = B8.17 x 10°° mrad-m3/uCi-sec (GROUND PELEASE)

Megg = 1.37 x 1074 mrad-m3/uCi-sec (ELEVATED RELEAS:)

The effective gamma air dose factor may be used in conjunction
with the total noble gas release (; Q;) to simplify the dose
evaluation and to verify that tne curulative gamma air dose is
within the equivalence of the limits of Technical Specification
3.3.a.2. To compensate for any unexpected variability in the
radionuclide distribution, a conservatism factcr of 0.8 is
introduced into the calculation. The simplified equation is

(Heff). (§75)

DGamma-Air 2 0.8 1

Qi
1 4.4.2.1.2-2

)
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For purposes of calculations, the appropriate meteorological
dispersion (X/Q) should be used.

Solving equation 4.4.2.1.2-2 for Q; yields the following:

n D
X Qi- —
i=1 (Megg) x (X/Q)

Technical Specifications Section 3.3.a, Appendix B, states that
the doses must be evaluated once per month. The yearly dose limit
is 10 mrads, which corresponds to a monthly allotment of 0.83
mrads. If the .83 mrads is substituted for Dgeama-aiy in

equation 4.4.2.1.2-3, a cumulative noble gas monthly release
objective can be calculated for elevited and ground level
releases, As described in Section 4.3, 90% of the dose will be
allocated to elevated releases and 10% to ground level releases in
accordance with release source temms for the year 1980, 1981, and
1982 (Appendix E). Thus, X/Q values of 1.8 x 107 sec/m3 for l
ground level releases and 3.8 x 10~8 gec/m3 for elevated

releases can be used, along with the corresponding Mg¢s values,

to calculate the following cumulative noble gas monthly release
objectives:

Gamma=Air x (.8) 4.4.2.1.2-3

Q (ground level release) = 4.5 x 102 uCi/month

Q (elevated release) = 1.1 x 1011 uci/montn

As long as this value ie not exceeded in any month, no additional
calculations are needed to verify compliance with the quarterly

noble gas release limits of Technical Specification Section
3.3.a.1, Appendix B.

(b) gggzpach Selection Criteria

The gamma air dose is more limiting than the beta air dose.
Therefore, the beta air dose determmined in accordance with Section
4.4.2.2 need not be calculated if the Mg¢e¢ dose factor is used

to determine the gamma air dose (i.e., the limited analysis
approach). See Append.x 'E' for a detailed evaluation and

explanation.
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4.4.2.2 Determining the Beta Air Dose for Radiocactive Noble Gas
Release Sources

The beta air dose calculations of Section 4.4.2.2 need only be
performed if the radionuclide specific dgse analysis is
performed. The radionuclide specific dose analysis is
performed if the monthly release objectives of Section 4.4.2.2
are exceeded and for calculations in the annual Radiological
Effluent Release Report.

d:8:2.2:3 Requirement

Technical Specification 3.3.a.2, Appendix B, limits the yearly dose due
to noble gases in the gaseous effluents to less than 20 mrads to the
skin from beta.

The beta air dose need not be evaluated if the more conservative and
limiting noble gas gamma air dose is evaluated by the use of the

effective gamma air dose factor (Mggg) in accordance with Section
4.4.2.1. However, if the nuclide specific dose calculation is used to

evaluate compliance with the gamma air dose limits (Section 4.4.2.1),
then the beta air dose should also be evaluated on a nuclide specific
basis using the methodology presented below.

S8 2223 Methodology

The following calculational method is provided for determining the beta
air dose and is based on Section 5.3.1 of NUREG-0133, Rev. 1, Noverber

1978. The dose calculation is independent of any age group. The
equation may be used for dose calculations for annual Radiological

Effluent Release Reports, or for projecting dose, provided that the
appropriate value of (X/Q) is used.

The equation for beta air dose is

n

DBeta-Air = ¢ Nj-(X/Q)+Q4 4.5-1
i=1

where,

Dgeta-Air = Beta air dose from radiocactive noble gases in [mrad].

- 39 -



JAMES A, FITZPATRICK NUCLEAR POWER PLANT

OFFSITE DOSE CALCULATION MANUAL (ODCM)

Ny = The beta air dose factor for radioactive noble gas
nuclide 'i' in mrad-m3/uCi-sec (3ee Table G-3 in
Appendix A).

(X/Q) = The long term atmospheric dispersion factor for
ground level or elevated releases, in sec/m3,
(See Appendix C.)

Q4 = The number of uCi of nuclide 'i' released (or
projected) during the dose ~alculation exposure
period.

4.4.2.3 Determining the Radiciodine and B Day Particulate Dose to any
Organ from Cumulative Releases

4.4.2.3.1 Requirement

Technical Specification 3.4.a.1, Appendix B, limits the dose to the
total body or any organ resulting from the release of radioiodines and
particulates with nalf-lives greater than 8 days to less than 7.5
mrem/quarter.

$:8:2:3:3 Hethodologx

The following calculational method is provided for determining the
critical organ dcse due to releases of radioiodines and particulates.
It is based on Section 5.3.1 of NUREG-0133, Rev. 1, November 1978. The
equation can be used “or any age group provided that the appropriate
dose factors are used and the total dose reflects only those pathways
that are applicable to the age group. The symbol (X/Q)p represents a

depleted (X/Q) which is different from the Noble Gas (X/Q) in that

(§76)D takes into account the loss of iodines, 8 day particulates and
tritium from the plume as the semi-infinite cloud travels over a gien
distance. The dispersion factor, (D/Q), represents the rate of fallout
from the cloud that affects a square meter of ground at various
distances from the site. The total dose to &= organ can then be
determined by summing the pathways that apply to the receptor in the
sector. The equations are:
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Inhalation Pathway

n
(Dyggpp)r™ (3.17 x 1078) £ Ry . (X/Qp . Q4 4.4.2.3.2-1
Inhalation i=1
Ground Plane Pathway
n
(Drggpp)- = (3.17 x 1078) I Ry . (D/Q) . Q4 §.4.2.3.2-2
i=1

Contaminated Forage/Cow/Milk Pathway

n
(Dl§spp)" (3.17 x 1079 ,:‘ Ri.. (D/Q) . Q4 4.4.2.3.2-3
L
Total Dose
n
D = I Dyeop 4.4.2.3.2-4
T z=1 T
where
1 = The organ of interest in a specified age group.
z = All the applicable pathways for the age group of
interest.
Digspp = Dose in mrem to the crgan 1 of a specified age group
’ from radioiodines and 8 day particulates due to a
particular pathway.
Dt = Total dose in mrem to the organ T of a specified age
group from gaseous iodine and particulate effluents.
3.17x10°8 = The inverse of the number of seconds per year in

[yeare/sec]
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= The dose factor for nuclide (i) for pathway z to
organ T of the specified age group. The

units are either, mrem -m3 for pathways
yr =uCi

using (X/Q)p or mrem -m? -sec for pathways
yr =uCi

using (D/Q). (See Tables G-5 thru G-8,
Appendix B)

(X/Q)p = The depleted (X/Q) value for a specific location

(D/7Q)

Q4

(a)

where the receptor is located. The units are
[ sec/m3]. (See Table M-2 or M-3, Appendix B)

= The deposition value for a specific location where
the receptor is located. The units are [m'zj.
(See Table M-2 or M-3, Appendix B)

= The number of micro-curies of nuclide (i) released
(or projected) during the dose calculation exposure

period.

Limited Analysis Apprcach

As discussed in Section 4.3.3 above, the contaminated
forage/cow/milk pathway has been identified as the most limiting
pathway with the infant's thyroid being the most critical organ
and age group. This pathway contributes, on average, over B85% of
the total dose received by infant's thyroid and the radioiodines
contribute essentially all of this dose. Therefore, it is
possible tc demonstrate compliance with the dose limit of
Technical Specification 3.4.a.l, Appendix B, for radioiodines and
particulates by only evaluating the infant's thyroid dose due to
the release of radioiodines via the contaminated forage/cow/milk
pathway.

The calculational method to be used includes a conservatism factor
of 0.8 which assures that the calculated dose is always greater
than or equal to the actual dose despite possible atypical
dietributions of radionuclides in the gasecur effluent,The
simplified dose equation redvces to:

Z Rj; * Q4] /0.8 4:8,2,3.2+5

-8 (/0
T = » P %
D [3.17 x 10 (D/Q) {odinas
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(b) Approach Selection Criteria

The limited analysis may be used in all cases to demonstrate
compliance with the dose limit of Technical Specification 3.4.2.1,
Appendix B, (7.5 mrem/qtr) for radioiodines and particulates.

However, for the dose assessment included in the annual
Radiocactive Effluent Release Report, doses will be evaluated for
all designated age groups and organs via all designated pathways
from radioiodines and particulates measured in the gaseous
effluents according to sampling and analyses required by Technical
Specification.

4.5 Dose Proiection - Determination of Need to Operate Offgas Radwaste

4.5.1 chgirement

Technical Specification Section 3.6.a, Appendix B, requires that the

of fgas radwaste treatment system be used to reduce radioactive material
in waste prior to discharge when the projected dose due to gaseous
effluents would exceed 0.2 mrad for gamma radiation and 0.4 mrad for
beta radiation in a 31 day period.

4.5.2 Methodology

The following calculation method is provided for determining the
projected doses.

PO = 91 . D . X 4.5.2-1
Y -= Y

X
PO, = _3_1 . Dy . X 4.5.2-2

where:

PDY = Projected air dose due to nuble gas gamma radiation during the
current quarter (mrad)

PD = Projected air dose due to noble gas beta radiation during the
current quarter (mrad)

9l = Number of days in a quarter .
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X = Number of days to date during current quarter

D = Air dose due to noble gas gamma radiation during the quarter
Y to date (mrad)

D = Air dose due to noble gas bdeta radiation during the

quarter-_o~date (mrad)

A formal dcse projection would be based on the latest results of the
monthly calculations of the gamma air dose (Section 4.4.2.1) and the
beta air dose, if performed (Section 4.4.2.2). The doses calculated
would be divided by the number of days that the plant was operational
during that month. The per-day doses (gamma and beta) would be
multipiied by the number of days the plant is projected to be
operational during the coming month. The product it the projected dose
for the coming month. Its value may need tc be adjusted to account for
any changes in operating conditions that could significantly alter the
actual releases, such as failed fuel.

4.5.2.1 Limited Analysis Approach and Selection Criteria

A simpler approach, a linear extrapolation of the most recent three-
month's dose for the coming month, could be used as long as the limits
of Technical Specification Section 3.6.a, Appendix B, are rot reached.
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40 CFR 190 DOSE EVALUATION

Technical Specification Section 5.1.a, Appendix B, requires that the
annual (calendar year) dose or dose commitment to any member of the
public from uranium fuel cycle sources be limited to £ 25 mrem to the
total body or any organ (except the thyroid which is limited to < 75
mrem). The following approach should be used to demonstrate compliance
with these dose limits.

- | Evaluation Bases

pose evaluation to demonstrate compliance with the 40 CFR 190 dose
limits need caly be performed if the quarterly doses calcuiated in
Sections 3.4, 4.4 and 4.6 exceed twice the dose limits of Technical
Specifications Sections 2.3.a, 3.3.a and 3.4.a, Appendix B,
respectively, i.e., quarterly doses exceeding 3 mrem to the total body
(liguid releases), 10 mrem to any organ (liquid releases), 10 mrads
equivalent gamma air dose, 20 mrads equivalent beta air dose, or 15
mrem to the thyroid or any organ from radioiodines and particulates
(atmospheric releases). The dose evaluation includes dose
contributions to a maximally exposec real individual from the calander
quarter in which the guarterly limits were exceeded in addition to
plant offsite dose contributions during the balance of the current
calendar year.

For purposes of the evaluation, if required, it may be: assumed that the
dose commitment to the maximally exposed real individual from other
uranium fuel cycle sources is negligible. However, dose contributions
from other nuclear fuel cycle facil,ties at the same site or within a
radius of 8 km must be considered.

9.2 Doses From Liquid Releases

For the evaluation of doses to real individuals from liquid releases,
the same calculational method as employed in Section 3.4 will be used.
However, more realistic assumptions will be any current field data or
updated estimates may be used, if available, concerning the dilution
and ingestion of fish and potable water by individuals who live and
fish in the area. Also, the results of the Radiological Environmental
Monitoring program will be included in determining more ref ined
sstimates of doses to real individuals by providing data on actual
measured levels of plant-related radionuclides in the environment.
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S$.3 Doses From Atmospheric Releases

For the evaluation of doses to real indivicuals from the atmospheric
releases, the same calculational methods as employed in Section 4.4
will be used. In Section 4.4, the total body dose factor (K;) should
be substituted for the gamma air dose factor (M;) to determine the
total body dose. Otherwise the same calculational sequence applies.
However, any current field data or updated estimates may be used, if
available, concerning the actual location of real individuals, the
meteorological conditions, and the consumption of food (e.g., milk,
meat and vegetation). Data obtained from the latest land use census
(Technical Specifications Section 6.2, Appendix B) should be used to
determine locaticns for evaluating doses. Also, the results of the
Radiological Environmental Monitoring program will be included in
determining more refined dose estimates to real individuals by
providing data on actual measured levels of radioactivity and radiation
at locations of interest.

5.4 Doses from Direct Radiation

Because 40 CFR 190 recuirements inciude consideration of t!e offsite
dose contribution from direct radiation, an estimate must be provided
12 the evaluation. Direct radiation dose contrilution from turbine
shine aud from cutdoor facilities containing radiocactive material, if
applicable, may be estimated by shielding calculations or from the
results of the environmental monitoring program for direct radiation.
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TABLE l-1

Maximum Permissible Concentrations in Water in Unrestricted Areas

‘-cude‘ MPC(;Ci/ml) Nucltde‘ MPC(uCi/ml) Nuclide‘ . MPC(uCi/ml)
H-3 3 E-3 Y-90 2 E-5 Te-129 g E-4
Na-24 3 E-S Y-%1m 3 E-3 Te-131m - &4 F=5
P-32 z E-5 Y-91 3 E-5 Te-131 None
Cr-51 2 E-3 Y-92 6 E-5 Te-132 2 E-5
Mn- 54 1 E-4 Y-92 3 E-5 1-130 3 E-6
Mn-56 1 E-4 Zr-95 6 E-5 1-131 3 E-7
Fe-55 8 E-4 Zr-97 2 E-5 1-132 8 E-6
Fe-59 S E-5 Nb-95 1 E-4 1-133 1 E-6
Co-57 4 E-L Nb-97 $ E-4 1-134 2 E-5
Co-58 9 E-5 Mo-99 4 E-5 1-135 4 E-6
Co-60 3 E-5 TC-99m 3 E-3 Cs-134 9 E-6
Ni-65 1 E-4 Tec-101 None Cs-136 6 E-5
Cu-64 2 E-4 Ru-103 8 E-5 Cs-137 2 E-5
Zn-65 1 E-4 Ru-105 1 E-4 Cs-138 None
Zn-69 2 E-2 Ru-106 1 E-5 Ba-139 None
Br-82 4 E-5 Ag-110m 3 E-5 Ba-140 2 E-5
Br-83 3 F-6 Sn-113 8 E-5 Ba-141 None
Br-84 None? In-113o 1 E-3 Ba-142 None
Br-85 None Sb-122 3 E-5 La-140 2 E-5
Rb-86 2 E-5 Sb-124 2 E-5S La-142 None
Rb-88 None §b-125 1 E-4 Ce-141 9 E-5
Rb-89 None Te-125M 1 E-4 Ce-143 4 E-5
‘r-ﬂ 3 E-C Te-127m 5 E-5 Ce-144 1 E-5
r-90 3 E-7 Te-127 2 E-4 Pr-144 None
Sr-91 5 E-5 Te-12% 2 E-5 w-187 6 E-5
Sr-92 6 E-5 Np-239 1 E-4

(1) 1f a nuclide
conservative

(2) None-(As per
listed above

4s not listed, refer to 10 CFR 20, Appendix B, and use the most
{nsoluble/soluble MPC where they are given in Table 11, Column 2.

10 CFR 20, Appendix B)'No MPC limit for any single radionuclide rot
vith decay mode other than apha emission or spontaneous fission and

vith radioactive half-life less than 2 hours"
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CNVIRONMINTAL PATHWAY-DOSE CPUVIRSION FACTORS FOR LIGUID DISCHARGES
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cont.
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C.RTE=32
Q.
L
Qe
Co
Ce
6, 057=01
Ce
Ze
Ce
Ce
fe

..
8, 727-03
%.
Ce
O
fNe
0.
Ce
O«
r'
Ce
Ce
Ce
o.
Je
L
0.
0.

oy OF 1 CC/SEC #1TW Ll

ERS1ON FACTORS FOR LIGUI) DISCHARGES
AGD GrOUP

0.
0.
. Y4T-02
2.
’.
e
%
0.

’.
9.950-03
0.
9. 09€-23
2487040
G
e
0.
0.
e
%
Ge
4. J1E01
%
G
Je

e
6.085-21
S.496-02
Ce
%e
O
0.
Ce
4, 6721
0.
Ce
Ce
Co

e

Ve
6.620-03
0.
Oe
Ce
Ce
Ve
Do
'D
0.
Ce
c.
n'
°.
Ge
Qe
%
0.

03738129,

- CHILD

e EEEee SR

TOTAL 800V

Je
;.
635 =02
e
Je
’.
:.
Ce
J.
7.3 -23

.
5. 937 =33
206101
Ce
,.
:'
a.
Je
Je

'
3.69201
e
-
Ge
e
6. 68734
87 -2
Q.
Je
Ce
Qe
Ve
4. 3%-01
O
Ce
e

2.

e
$.72°-3)
0.
0.
Je
e
Ce
0.
0.
Oe
L
Je
Ce
s
Je
0.
Je

ADDITIOWAL DI, UTION



TABLE L-3

(cont.) 83734729,
CMVIAONMINTAL PATHWAY-DOSE CONVERSION FACTIRS FOR LIQUID DISCMARGLS .

PATHYAY = SWINNING s AGL GRCU® -~ CHILD

mucLIDE ORgE AN Do0oSsS*® FACTYOR CWMRCM/HR PR UCI/nL)
BONE Livem THYRIID KIDNEY Luwe eI-LL1 Xiw TOTAL 80)Y

'
WNeomel Y. e LB LD 0. Ce 2. 0.
Co==in LY [ 1Y te Q. 0. 0. e '
Fom=lp e, 0. 0. 0. 0. 0. 0. Je
WA ==24 178701 1785901 LeTALD1 1.782¢01 LaTRT D1 1.782¢01 Je 178243}
Pee=32 fe Ce. O 9. Ce fe C. Qe
ce-=9i 1e19%C=01 119°=01 1ei9C-01 1.19C~01 1e19€=21 11%-01 J. 1.195=C1)
L EE1] 343700 J.0¥ «00 J.430400 343700 S.030+00 3.43(32 Je 3.430+00
LU Q0. % 0. 3 L Y 0. % Te
FL~~55 [ 0. Ce 0. Oe 0. [ Je
FL==%9 Set27e00 $.327+00 $.227 204 S.02C <00 S.020LC S.02000¢C 7. 5.22C0)
co--57 Qe L 0. Qe De 0. Je 0.
CO-~9%3 4.110+00 411000 e,117+00 S 11E+00 G 11F (T 4,11703 e Q.1170°
CO-=62 1.057+01 1.09€ 31 1080401 108201 1.03€401 1.05C0+C1 Ce 105201
LIS 3} 0. e 0. 0. 0 Ce 0. 0.
Wl-=6% Ce Ce 0. 0. e 0. Ce .
Cu==64 0. 2. [ 0. 0. Oe 0. %
IN-=565 2.%170¢ 2.51C20 2.51C+00 2.51C+00 29510 eCT 2.517+00 le 251 20
IN==69 0. - Ce 0. 0. Oe e Je
| LRSS 0. % 0. 0. 0. Ce Ceo 2.
[LESd B 0. e .o 0. 0. D. e Je
[ LES L) . Ce Oe 0. 0. Q. - Ce
.l--CS % Te C. Oe 0. C. Je Je
np-~86 0. e 0. 0. e e 0. Ce
LLERT L} 0. e 0. fe Oe e Cs .
RE~-~09 105702 1.05~-322 1.090=-02 1.2%2=22 1.050-C2 1.0%-02 s levSi-32
KR-§3n 3. . fe 0. 0. Ny e Je
Sh-~83 0. 9. e 0. Ce - Je J.
Sh-=9%0 1.250-03 1.23-03 1.23(-03 1.23~0) 1.23~02 123 =03 0. Le23:-03
L LESS M 0. e 0. % C. 0. e e
SR==92 0. 0. e [ 5 0. Ce Je Y.
LEEEa M 0. 2« C. Ce O« 0. Je e

0. O« 0. O ? 0. L Ce e

0. Je 0. Ce 0. C. 2. e

Je O Je e fe Do Jde Je

0. O« O« . 0. Ce Je Je
Ih==95 3.037 000 3.4537 %0 Jeadrego 3.43 00 3.43 <00 3.430«00 e S.0Y 00
IR==97 0. Ce e 0. 0. Ce 0. Te
LLESS Je Je O .. 0. 0. Je le
N --97 0. 0. s 2o Ce Ce e Te
O ~=99 S.00-01 S.007-0 S.Mr-01 S.ARC-01 S.480-01 S.6a87-01 0. S.48.-21
TC--9 8. 2. t. 0. 0. Ce e '
TC-93n o. e O« e G Ce 0. Je
YCc-101 L e fe L Ce 0. 2. 0.
RU-133 0. e 0. de 0. 0. Qe 0.
RU=-105 Qe 0. 0. . 0. C. e 0.
RU=-106 % 0. 0. 0. 0. -5 % Qe
RM103™ LD 0. 0. 0. 0. Ce 0. 2.
AGL10™ 1.127+01 1127021 1412701 1.120+01 1.120+01 1.120+01 0. 1e122001
as-110 [ 0. 0. 0. 0. 9. Q. 0.
s8-122 o t. L B .. L Ce C. 0.
SR=124 8.225000 .22 00 8.220+00 8.220+00 0.227CC B.221¢00 0. $.22032
$8-12% .. 0. e o. 0. Oe 0. Oe
TE125» e. 0. 0. % 0. 0. G Je
Tri2mm 0. S e 0. 0. 0. 0. 0.
'.t‘"' 0. O L. 2. L 0. e Ve

SASCD ON 1 UCIZSEC RELCASE RATP OF [ACH ISOTOPL 1N DISCHMARGE FLOW OF 1 CC/SIC WI1Tw MO ADDITIONAL DILUTION

Ref. EDS © Computer Code g; 109 Version 2, Rev. 0, Date June 11, 1982



TABLE L-3
cont. 83704729,

CNYIROMAI NTAL PATHUWAY-DOSE CONVERSION FACTORS FOR LIQUD) DISCHARGCS .

PATHMAY - SWIRAING ’ AGT GROUP - CHILD
wsucLiIDE ORG AN pos¢*t FAaCTONR (RREWMIMP PR UCIANL)Y

P.".--..‘--.--.---......-.----.-..---.--.-..---.--.---..-.‘--.--.--.----.--..-------.-—--‘.

BONT LIvER TWYROID KIONEY LUNG SI-LLT SKim TOTAL BO)Y

'
miawm 0. e 0. 0. 0. Ce 0. 0.
TE~-129 de 3. 0. % 0. Ce e O«
Tein 1.787+00 1.78C0C 178020 1782400 1.787 L0 1.780+0C %e 178750
TE~-i3 Te % 0. %, % fe %e Oe
=132 e Q. O 0. 0. Ce 0. de
f==129 0. Qe O 0. 0« e Je Je
§==130 e e Ce 0. O e 0. Y.
1=~-131 0. L Ce Qe 0. O« Je s
1==132 0. . t. 0. C. e Qe de
f==13) 210030 219729 2.19700 2.19C+0 2.19Ce00 219050 Je 24192030
l"‘ ,‘ .o ’. LY 0- .. Ce Ce e
I==135 0. Oe Te . Co 0. Ce [ e
CS~13% 662020 6.627+20 6.620000 6527000 6620000 6627400 e 6.52:22
‘3’335 Je e C. % Qe 0. Je e
E13% L e 0. 2. 0. Ce Je Je
w~-135% 0. e e 0. Ce Ce Ce Je
LISR AL e Ge % 0. 0. Ce e Je
wE-133 . Je e e. C. C. 0. Je
RE131m 0. e 0. 0. 0. Ce e 2
CsS~13 0. 0. Oe %% e. 0. Je Ce
CS~-137 2.200000 24200400 2.200+00 24202 400 2.207400 2.2%0+00 Je 2.2807+¢0)
CS~13» Ge ‘e Ce Ce % Ce Ce Je
BALIY™ 0. e - Ce e Oe Ce ‘e
BAL36N 3. Je % Ce 0. Ce 0. e
RA-13 L Je 0. 0. De 0. 0. 0.
BA-180 1e12Fe00 lel 2000 1412€20 112030 1120 0C 112200 e lea2:003
BA-1M) 2.9712-21 2.97 =21 2.°7c(-C) 2.972-01 2.97¢-C2 2.971 =01 . 2.972=21
BA=162 0. O« Je . e Lo e Ge
LA=1AT Oe Je 0. 0. 0. Qe Ce Ce
LA=142 e e ) e LB 0. Ce O
CL~141 9. % 2. Ce . Oe Je de
Cr=14% e e D Je 4 Te Lo e e
Cr=100 1.952-21 1.965-01 1.%67-01 1.9€2~-C1 1.967-21 1.967-21 Ge 1.96° =21
PR-14) 0. Qe 0. Ce 0o r. e Je
PR-140 0. e Oe Ce Ce Lo e Y
PR LAAN e Je Je 0. Ce Le 0. Je
wO~140 0. % % 0. Ce 0. 0. Je
NI)=147 0. 2. L 0. Do e Oe e
..'l" 0. 0. 0. e O e e Je
ne-239 S.080-21 S.40:-01 S.e81-01 S.407-01 S.e00-C1 S.ai-01 Je S.e8.-31
=239 C. 0. Ce 8. o Ce e J.
U==23% 0. Qe 0. 6. 0. C. 0. e
Pa=231 2. 0. 0. LY G Ce 0. Je
.C—l?? Q. T de 0. 2. 0. 0. ve
Tu=227 9. Ce 0. . 0. 0. 0. de
RA=223 Je % -0 0. L 0. Ce e
T™H-231 L) 0. 0. 0. 0. Ce O Qe
FR-223 0. L 0. 0. 0. 0. Se e
AT-219 0. 0. 0. . G 0. 0. e
AN-219 .. L LD LD e e [ 5 O
."1" .. 0. 0. c. e 0. 0. o.
Po-21% % e LD 0. 0. 0. 0. 0.
PR-211 0. L) 0. 0. 0. C. 0. %
si-211 LD L 0. LD 0. 0. 0. Je
,0-211 % e | B 0. 0. 0. 2. 3.
fi-207 0. % .. . . 0. 0. Se

SASCD OW 1 UCT/SEC RILLASE ®ATE OF CACH 1S0TOPC IN DISCWARGE FLOw OF 3 CC/ZSTC wiTw MO ADDITIONAL DILUTION

Ref. EDS © Computer Code RG 109 Version 2, Rev. 0, Date June 11, 1982



'I

wucLior

In-=3%
Ie-=97
LLEES b
TR A
NO=~=9%
TC-=99
1C=-99Im
Tc~-101

" Mu~-103
ay~10%
RU-106
LLAR L
ASLIOm
a6-110
sM-122
S$8-124
$8-125
129
veiam
Te-127

SASED OW 1 UCI/ZSEC RELCASC RATE OF [A

PATHNAY = BOATING

SONC

.
3.032+0)
.
2.550-01
To3%0+02
..

'.
Le0AF<01
3.
B.847000
2.262401
..
2.

.
S.80 00

2.250-02
0.

Q.
2465733
Y.
G
0.
9.
[
O«
Ce
Fa367e30
0.
0.
e
118090
c.
0.
0.
0.
e.
0.

Q.
2.011e01
LD

.
I TRAA 843 )
0.
0.
..
.

orR s AN post FACTYOR

Livin THYROID KIDNEY
0. - 0.
e 0. L)
CQ c. a.
3.030401 3.830+0) 3.8X «0)
% [ ) 0.
2.5% =01 2.9%%-0C1 2.9% 01
Y36 e82 TeMLeD0 Ve36Le00
,. .. .'
De 0. 0.
1.08£+01 1.080+01 1.08E +01
e 0. 0.
B.80000 8.840+00 B.047+00
24267 01 2.260+2) 2.260 01
‘. ‘. .'
p. .. ..
ie . 0.
S.407 00 S.4C07+00 S.00C 00
e % 0.
°l 3. .o
e Ge 0.
Q. 0. 0.
Ce Ce 0.
Je Ce 0.
e Ce %
226702 2.267-22 2426502
.. ;. c.
e = Te 0.
2.652-03 2.65-0Y 2.652-0)
0. Ce 0.
Oe Ce 0.
e 0. Te
e 0. O
0. 0. 0.
e 9. Ce
" '. :.
T.36"¢30 Te¥re®0 7.3%"200
Je Ce Je
Ce Ce Co
e Ce .
1.18E020 118700 1.1R000
0. Ce L0
0. Ce 0.
e Ce 0.
e 0. Ce
de L 0.
L 0. 0
0. L B 0.
2.01C001 2.417+01 2.010 01
0. L 0.
LD o 0.
TS AL TS 177001 1771 01}
0. .. 0.
0. 0. Ce
Ce 0. 0.
b LD Ce

Ref. E0s © Computer Code

TABLE L-3
cont.

(RRCM/Wr PR UCI/NLY

LUNG

De
LD
0.
3.83 201
0.
2.956-01
Ta36F L0
0.

0.
1.087 «C1
0.
R.B4730
226701
0.
0.
0.
S.40000
0.
g.
0.
De
0.
L

0.
2.260-02
C.
Ce
2-65"*0‘
0.
S

118027
Ce
0.
%
LD
0.
L

0.
2e01C+0)
0.

0.
177001
..
",
0.
.

61-LL

[
3.A3E+01
0.
2.5%%7 =01
Tedoredd
.
Je
1.080+01
°O
[ L LIRS
226001
r.
e.

t.
S.40700
Oe
Ce
Ce
L
O«
%
C.
2426702
Ce

e

24652-0)
Oe
le
Ce
Ceo

To362000

108000

2.417801
1.77C+01
Qe

‘.
0o

C.
-e
Oe
Q.
-e
‘e
°.
0.
0.
n.
:.
o.
.
0

O«
-

-.
2.
0.
Qe
d.
C.
Ce
e
Ce
Ce
e
0.
9.
J.
N
0.
‘.
e
0.

I
Je

fie

0.
0.
°.
°.
Ce
0.
L
9-
C.
°o
e.
0.

-
i

CNVIRNONRINTAL "ATHYAY-DOS® COYVERSION FACTORS FO4 LTQUID DISCMARGES

AGE GRQUP -~ CHILD

e eSS E R .-

SKinN TOTAL 8207

’.
:'
Je
J.A30eC0
%
25%C-21
Tedbioo
e
J.
1.087+7)
,.
B.840 407
24267001
:.

o‘
Se03c+d
,.
Je
J-
e
ve
).

2028202
Je

ve
2.65I-03
Je
e
-

T.367+0)

1.187)°
Je
Je
de
a.
e
00
Js
2.012021
°.
,.
1772001
:.
e
Je
s

Cw 1SOTOPE IN DISCHARGE FLOW OF 1 CCPSEC MITM NO ADDITIONAL DILUTIIN

RG 109 Version 2, Rev. 0, Date June 11, 1982



"

WUCLIDE

TEi129m
=129
TLL1m
yE-i31
"w-i132
'..‘j’
i==1%
f==13
t==132
1-=-133
f==13s
I==13%
CS~-134
cS-13%
RELISm
BL~-13%
L ISBRL
RE-133
RE131m
cs5~13s
cs-137
cS-13s
BALY™™
BALew
BA-139
L TR L
BA-i0)
Ba=142
LA=102
La=-1s82
Cr=isl
CE~183
Cr=148
PR=1AD
PR- A
PRIAAN
ND=-144
Ny =107
y--107
ue-23%
Pu-239
U==235%
PaA-231
aAC-227
Tw-227
"A-223
T™-231
Fe-22)
AT-219
Kn-219
8r1-21%
PO-~215
PR-211
=211
P0-211
TL-207

SASED ON 1 WUCT/SEC RELEASE RATC oF CACw

Ref. !:DS@Conput.er Code p; 109 Version 2, Rev. 0, Date June 11, 1982

THVIRONMINTAL ®PATHWAY-

PATHWAY ~ BOATING

0.
3.0300
Oe
.
-
3.
0.
0.
AT Te00
e.
LD
1.420401
..
0.
e.
Te
3.
L
.
LS 2 R
0.
0.
.
0.
24017900
6.0%¢6-01
O
.
e
0.
0.
22701
0.
0.
O«
0.
0.
3.
1.18C00C
0.
2.
e
e
e
e
2.
0.
0.
LI
0.
L0
0.
-
0.
0.

0.
3.8 3«00
Ce
0.
e
O
Ce
2
A, T1Ze00
O«
°.
142701
’.
e
fe
ve
0.
e
Je
4.91C04+20
2.

Te

e

201000
6.387 =01
°-:
De
Ce

e

Je
Qoili-ﬂl
' 5

e

e

,.

0.

%
1180432
Qe

0.

e

e

Ce

c.

0.

[

0.

O«

Ce

e

-

Lo

e

e

TABLE L-3
(cont.)

0.

O«
3.835 00
O«
0.
0.
0.
0.

e
4. T1020
Ce

0.
1e020 01
0.
Q.
0.
LD
0.
0.
Ce
4.917+00
0.
0.
Ce
O
2.41E400
6. 38C-C1
0.
Ce
Lo
0.
Oe
6,220-01
0.
°.
G
C.
Je
LY
1.1RC*00
0.
0.
-0
Ce
0.
0.
0.
0.
C.
0.
,.
C.
0.
L D)
.
0.

.
3.8 «08
0.
9.
Se
.l
0.
6.
4. T1Te0C
0.
6.
1a827 001
0.
0.
0.
2.
0.
Oe
0.
4,915 08
"
fe
Ce
0.
2.012 %00
6. 382-01
LD
e

Ce
Ce
4,220-01
%e
0.
o.
L
Ge

0.
1.180+00
-
Ce
O
6.
0.
-
0.
0.
..
.
0.

rFracron

CRRCW/NR PER UCEZRLY

emsmssesAREsEEEhsssssmenEmmE .-

.
S.TLE0C
0.

0.
1.02re01
0.
0.
0.
e
e
0.
0.
491700
0.
Ceo
C.
0.
2.010+00
[ T% IR
0.
0.
[ B
0.

'.
4.220-01

e
1.187 «0C
0.
0.
0.
0.
0.
0.
0.
0.
Ce.
LD
..
0.
0.
e
-
..

4. 717000

"
e

‘.
1.42701
0.
e
o.
‘.
Ce
fe
c.
4.917«00
t.
Ce
e
%e
201000
(TR I}
C.
e
C.
Oe
fe
4, 22001
0.
0.
Ce
0.
o.
Ce
1.10Ce00C
Ce
0.
e
0.
Ce
0.
c.

Ce
O.
0.
0.
Je

L4

2.
0.
a.
0.
Je
0.
0.
9.
°.
o.
n.
Ce
Oe
Q.
0.
).
n.
Ce
e
3.
e
ie
de
J.
Te
g.
J.
’.
Je

-
ve

DOSE COMVERSION FACTORS FOR LIQUIDD DISCHARGLS

Ghour

SKiN

- CHILD

TOTAL ADDY
L.

Je
3.83 «00
%
Ue
e
O
le
QT17 000
e
2.
1.827+01
J.
Je
Je
Je
‘e
e
e
.90+
Je
I
Je
Je
24007037
6. 30001
Je
Je
e
Oe
e
4, 22:.-01
Je
Qe
e
Je

-
.

e
1e1809¢2,
J.
C.
Ge
Je
0.
e
0.
3.
:.
).
;‘
Js
0.
J.
de

e

1S0TOPC 1N DISCMARGE FLOW OF 1 CC/SLC 41TW NO ADDITIONAL DILUTION



TABLE L-3

‘ (cont.)

TRONMENTAL PATHUAY-DOSE CONVIRSION FACTORS FCP LIQUID DISCHARGES

SATHYAY = POTABL" WATLR ASl GROUP <« INFANT
NUCLIDE OR G AN DostE FAaCTYToOnR (MErm/ue PER YCIZNLD
RINE LIVIR THYRY D KIDNEY LING SI-LLt SKIN TOTAL 82

Hewe=} O Co e Ce % fe Je Je
C===14 % 2. Ce e Ce C. e Je
Fe==18 Oe Qe Oe 0. O Pe e Qe
Nh-=24 [ Y Qe 0. O e Oe e Se
P==32 % Je Ge 0. 0. " e %
CR==51 %% Y . Q. e Oe e ve
LUEE 1) . Ge 0. 0. L ‘e Oe
LU T 0« Ve Oe De Ce Mo Oe Jde
FE-=5S Ce 3. Oe 0. 0. Ce e %o
FE-=-59 O« Ce O Ce. e Qe Je Je
€CO0=--37 0. De 0. 0. Ta O 0. Je
co-~-58 e Ce Lo Q0. Co 0. Ce Je
CO-=-6L 0. Je 0. 0. Lo 2. G Je
Ni=-=6) 0 Je ' 1Y 0. 0. Ce ve e
Nl=-=65 %« LY 0. 0. e Ne Be Je
Cu==64 %. LY 0. 0. 0. Ce Ceo de
IN==65 Qe e 0. 0. . Ne (e O
IN==67 fe 0 G 2. . Ce Ce Je
en--42 % e N T Ce [ % *s L Oe
P & BR--8% [ Qe O« Qe 0. L -s i
W LLESS L 0. Ce Ce 0. e. Ce 0. Je
Bt -=R% 0. Oe 0. L 0. 0. Ce e
LLESS 1 Ce Je % Ce Ce C. e ‘e
.n".. 0. Oe Ce 0. 0. Te e e
.""’ Oe Te l‘- f- Ge Ce Je ,.
LLEL B L Je Oe Ce 0. 0. 0. O Je
SR--873 0. Je Q. Ce e L Je Je
SR-=9_ Je [N O Ce Ce Ce e Ce
SRe=9) f. Co Cs e % Ce ™ 2.
SR=-92 | Je Ce 2. 0. Qe 0. Je
Vo9 O Je Ce e 0. Ce Te “e
Y-=91n 0. kD 0. Je . Te e Qe
Y===9]1 LS Qe Ce Qe D« 0. le e
Veo==92 Je ve .. 0. Ce 0. . e
Veo==93 e Le Je Je 0. Qe e e
""’s Ce Te Pe Ce ce 0. De Te
l."’, ’. e Ceo Ce e Ce Ce e
NB-=95 Oe . Ge ’q %. Ce ve Je
LEESS 2 2. 0. e T 0. e e e
NO=-=99 2. Yo O e Qe Ce 2. e
1C~=9 Cs - Ce Ce Ce 0. . Ce
YC=-99™ e 2. Do C. 0. 0. Ce e
TCc-121 O« Ce Je Qe 0. Ce . Je
RU-133 Je 2. Ce L 5 0. 0. oo Je
RU-105 Ge J. 0. 3. 0. 0. Te Je
RU=-106 le Ce O 0. C. Q. Ce 2.
vi LLRWR L Ve Je 0. % - Ge Co 0.
AGI10m Je O Ce. 0. Ce Ce %e Je
A5=-113 2. Ce O ‘B 0. e Je Je
s8-122 p 0. Ce 0. 0. 0. 0. e
$8-120 2. Oe G e 0. 0. [ e
$8-125 0. de C. Ce 0. C. [ P
TE125% 0. 0. [ . 0. 0. 0. Je
TE12Tm C. 0. Ce 0. 0. Ce 2. ve
Tr=127 0. Q. Ce 0. ®s - 0. e.

BASED ON | UCIZSEC RELCASE RATE OF CACH 1SOTOPE IN DISCHARGE FLOW OF 1 CC/SEC WITM NG ADDITIONAL DICJTION

- Ref. EDS@Computer Code RG 109 Version 2, Rev. 0, Date June 11, 1982



NMCLIDE

TEL29m
TE-129
TC131™
TE-131
YE~-132
I-=-129
I==-1%
f==131
I==132
1--133
I==13%
1--135
CS~134
€S~-13%
RE 135
R =-135
LIS AL
RE~133
REL3L™
.. CS=~1%
. CS~-137
CS-138
BALYT™
LIRR L
B8a-139
LILES L
BA-14])
BA-1462
LA=1402
LA=142
CE~101
CE~14)
Cr=14s
PR-143
PR-140
PRIAAN
ND=-1644
ND 147
y-~-187
NP =239
PU-239
U-=-235
PA-231
AC=227
TH=227
. RA-223%
T™-231
FR=22)
AT=-219
LLEF2S )
#r-215%
PO-215
,R-211
Bi-211
PO-211
TL-207

SASE) ON 1 UCI/SEC RELEASE RATE 9F CACH YSOTOPE IN DIS

Ref. EDS © Computer Code g 109 Version 2, Rev. 0, Date June 11, 1982

-

IMYIRONRONTAL PATHRAY-D

SATHMAY - POTABLF WATER

SONE

2.
Ce
,.
%
e
3.

%
Ge
LD
D«
0.
2.
0.
0.
Ce.
Y.

e

0.
Je
0.
e
Ce
0.
LD
e
Qe
,.
,.
e
e
0.
0.
0.
.
.
0.
O
0.
0.
,-
0.
Je
%
%
Te
0.
0.
.
L
0.
De
de
Je
..

.’
e
%
O
e
fe
Ce
Ne
Qe
J.
e
Oe
Je
0.
Te
’.
Je
e
Ce

Be

e
’.
Je
T
Te
Je
:.
S
Tw

L
Ce
Je
Te
..
3e
e
0.
e
e
Je
Qe
Q.
"
Qe
0.
.
Ce
e
O
b 1
Oe

Ye

Je
0.
0.
Oe

TABLE L-3

(cont.)

oo St
THYRO LD
e 0.
0. %
C. C.
L Ce
e '.
e 3.
O 0.
:. :.
G T
Ce 0.
Qe 0.
°. °.
O e
.. '.
0. 0.
0‘ °.
Ce 0.
e L
[T 0.
0. de
0. L )
.. ‘.
0. ‘Ce
Ge e
0' o.
’. n.
Se e
c. ’.
Te 0.
°. '.
. Lo
?. ’.
te e
‘. t'.
e Te
c. ”.
Ge e
Qe T
e Ce
Je Ce
[ '
Ce e
c. °.
.. r.
°. J.
o. '.
e Ce
Ce %
[ Ge.
a. ..
°. '.
Ce O«
0. Q.
Ce LH
0o Ce
.. ..

A-33

FaCTYTONR

(MREMIMR PFR UCL/ML)

0S¢ COVYERSION FACTORS FOR LIGUID DISCHMARGES

AGT

e
O
Je
%
e
e
Ue
0.
%
e
Je
Te
Qe
‘e
0.
Je
Je
L
O«
%.
Je
0.
e
Je
s
e
-

Ce
0.
Te
L
Oe
Lo
0.

-
PR

0.
‘e

e

Q.
2.
9.

Je
0.
Je

2.

’.
a.
e
de
0.
Je
Je

- IWFanT

TOTAL 400V

CHARGE FLOW OF 1 CC/SCC WITE NO ADDITIONAL

OILVTION



TABLE L-3
(cont.)

TMYIRINNENTAL PATHWAY-DOS. CONVERSION FACTORS FOR LIQUID DISCHARGES

PATAMAY = FRISH MATER 7ISw ACT GROUP ~ INTaNT

NucLIDE 0O"G AN 00SE FAaCTOR (AREm/HR PER UCT/NL)

RONE LIVTR THYRIID CIONEY LUNG &i-LLl SKiIn TOTAL BOOY

LEE LD | e Qe 0. % 0. LY 0. 3.
Co==1s 0. e e 0. e e 0. 0e
Foue]lh 3. e Je 0. 0. 0. O L.
NA==24 D Qe Ce . 0. 0. S be
Pe==32 “e Ce Ne 0. 0. Ne Ce e
cR-=5) 0. Je Ce 0. L Ce %e 0.
LLUEELY 2. % Ceo 0. 0. Ce Oe G
LLEES T Qe Te ['H Oe O Ce Te ve
FL==5% 3. . 0. 0. 0. Te 0. Je
FE-=53 0. G Ce Qe 0. feo Ce 0.
CO-=5%7 Ce te 0. LY 0e Ce e Ce
CRe=8e 2. e Ce 0. Qe Ce .® Ce
CoO=-=6_ Je ve G 0. 0. 0. 0. Ce
Nl ==43 2. Je Ce Ce 0. 0. ve e
Ni==65 Je Te 0. C. c. Ce 0. Ue
Cu==50 0. Q- 0. B L Ce C. Je
IN==45% 0. e 0. Ce % Oe Je Jde
IN==59 G Ne 0. - 0. 0. . Ge 2.
[ LS B e Te 0. 0. 0. Ce G O
BR=-=43 D) Je O O« 0. Qe e Je
LLESE L] %. e 0. 0. 0. 0. . Ve
LLESS 1 e e 0. 0. 0. Ce Ce Je
RP -=36 . Je 0. 2. 0. . C. Je
LLESS L) Je Je 0. 0. 0. Oe 0. 3
LLESS L e e Lo O 0. [ e Qe
(LR D L Y. Je 8. 0. 0. 0. ie Je
L LR B e T [ 0. L Pe e 3.
SR==9_ e - e Ce 0. 0. Je e
SR--3] 2. %o Te 0. e Ce e Ce
Sh-=92 e Je 2. L Qe 0. 0. Je
Veeoedl Je Ve 0. C. e e O De
Ye=3]n Ce Ce O Ce e e de %e

Je e Ce e 0 Qe ce ve

Je Je Ce O C. Ce Q. Je

ie e Je Be e % Oe Je

b e Ce Do 0. 0. O Je

Ce 5 Ce 0. LY Ce Ce e

0. Je Ce 0 - O Q. . Je

e e e %. 0. 0. 0. Te

2. Ceo Ce 0. - 0. 0. O

Ge e Je e 0. ['5 0« 2.

Ce Je Ce 0. e 'Y Te .

C. Do Ce 0. 0. Ce 0. e

Te 2. Ce 2. 0. | B 0. 2.

. Ceo 0. 0. °‘ - v 2

e . Se 0. 0. 0. 0. Je

Je Je 0. 3. 0. 0. Y. 0.
AGL1Iw . Ce C. 0. 0. 0. 0. 2.
aG-11¢ 3. Te 0. 0. 0. Ce Je Je
$k=-122 %. 0. e 0. 0. Oe ' Ve
SA-12e 0. Ce Ce 0. Do %« De Je
Sh=-12% 0. e 0. .. 0. 0. 0. Je
YEI25m e Je Ce . LB C. 0. [0
TE12™w™ 0. e 0. Ce 0. O 0. 3.
Te-127 de Te G. % De e Ce 3.

BASTD ON 1| UCIZSEC RELCASC RATE OF CACW T1SOTOPC IN DISCHARGE FLOW OF 1 CC/SEC WITW NO ADDITIONAL DILUTIOV

Ref. EDS © Computer Code RG 109 Version 2, Rev. 0. Date June 11, 1982
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WUCLIDE

Tri29m
TE-129
TC131m
TE=-13L
TE-13%2
I==i29
I==13%0
1--13
1-=132
I==13)
[==134
I==135%
CS-134
CS=-1145%
RE 1Y%
RE =135
XEL33m
RE-133
LIS
C€S-136
ce-1y7
CS-138
BALY™™
BAL36N
BA-139
BA~18)
BA-.6]
BA~142
LA=16
LA=162
Cr-181
CE~143
CL~144
PR=-14Y
PR-140
PRIAAN
ND=160
ND-1a7
w-=157
e -239
PU-239
U==23%
Pe-231
AC-227
TH-227
=223
TH=231
FR-22)
AT=219
fN-219
81-715
PO-21%
PB-211
#1-211
PO-211
=23

PATHUAY - FROSH WATER FISH

THYROID

BONE

LB
0.
Je
0.
e
LD
2.
0.
2.
Ce
Jde
0.
%.
..
°.
..
..
,-
e
LY
0.
L
3.
S
Ce
T«
e
°.
e
q.
Ne
Q.
0.
°.
0.
0.
,.
G.
[
.
e
Ce

Ce

Ce
0.
Je
,.
0.
!.
0.
9.
L
%
3.
C.

e.
L
e
O«
.
O«
Ce
Ce
Ce
Je
e
O
e
,.
.
e
Je
Je
e
Ce
’.
0
Je
Yo
Ge
e
Je
e
Oe

0.
Ce
0.
c.
Ce.
Ce
0.
e
0.
0.
o.
De
0.
..
C.
,.
0.
G‘

Te

L)
e
Cu
fe
O
Ce
O
e
0.
Ce
0.
0.
(.

TABLE L-3

(cont.)

Dos¢t

FaCTYToOoOnR
KIDwEY
De Ce.
.. ..
.. ..
0. .
0. e
0. Q.
.. ..
0. 0.
0. Ce
0. 0.
0. 0.
0. 0.
.. °.
0. 0.
.. .'
c' °.
L 0.
Q. [
‘. ..
L LB
°. °.
LB
O 0.
°l °.
a. Q.
Q. C.
o. '.
°. '.
e 0.
e 0.
Jde Co
.. 0.
’. o.
Oe 0.
O L
°. °.
L fe
" °.
0 Ce
0. 0.
0. 0.
9. 0.
e 0.
LD 0.
9. 0.
0. c.
-5 C.
0. 0.
'. °.
0. 0.
[ 0.
2. 0.
0. 0.
0. 0.
Do 0.
0. 0.

84S0 ON 1 UCI/SCC RCLEASE RATE OF EACW 1S0TOPE In DISCHMARGE

Ref. EDS © computer Code

RG 109 Version 2,

Rev.

(MRER/HR PER UCT/RL)

B e e i

LUNG

el-LL]

°.
0.
Ce
0.
0.
°.
0.
Ge
Ce
L
3.
Se
t.
0.
L
o.
0
e
Ce
0.
Ce
Ce
0.
0.
L
c.
o.
c.
'o
0.
2.
o.
c.
Ce
Ce
Oe
L
o'
e
°.
..
Ce.
O«
G
e
cl
G
O«
0.
0.
0.
0.
0.
O
0.
LD

AGT

CNVIRONMENTAL PATHWAY-DOSE CONVERSION FACTORS FOR LIQUID DISCHARGES

SKIN

0.
%
le
T
Je
e
s
ve
Qe
Je
Ne
'
Ce
Je

s
N

0.
Q.
:.
0.
°.
:.
Je
e
Je
°-
Qe
:.
n'
:.
a.
0.
o-

e

e

Je
Oe
de
.
e.
0.
;.
:.
T«
J.
O
e
o'
0o
e.
°.
0.
0.
e

SROWP

- INFANT

TOTAL BODY

J.
de
Ce
~
).
9.

Oe

Je
Je
'
Je
Je
Q.
e
Ce
0.
5
e
3.
P
Je
Je
0.
e
2.
9.
ie
0.
Ce
Je
e
Je
M
J.
de
e
e
0.
%
Je
Ve
Je
Ce
Te
0.
3.
Je
.
e

-
.

.’.
o.
o

FLOV OF 3 CC/SCC WITN MO ADDITIONAL

0,

Date June 11,

1982

DILUTION



WUCLIDE

MHewwe]
Ce==14
Fe==1A
A --24
Peen32
cr=-=9%1
LLEEL ]
LLUEES 14
FL=-=%"
FL==%9
€0-~57
CO~-~5A
CN==60
Nl==6)
N ==5%
CU==54
IN==65
IN==5"
RR-=9%2
LLES B )
CLERL L]
Rleans
RE~=NC
e -=85
LLESS )
LIPS L]
SR--p9
SR-~99
Sh-=91
SR-=92
Yo==9
TY==21n
VYoo=)l
Y-=-92
Ye==93
IR-=ay
IR==37
NR=~=9%
LLEES 24
RO ~=99
TC==93
TC-99n
TC~131
T Ry-123
RU-125%
RU=~136
LUBRRL
ASLLO™
AG=110
s8-122
SB-12¢
$8-125
TEL125%
TE12™m
Te-127

TABLE L-3

(cont.)

PATHNAY = LAKE SHORCLIND DEROSITS

BONC

J.
L
O«
Je
1.
’.
°.
de
°.
,‘
3.
.
0.
e
Je
J.
3-
e
.’
LB
’.
e
Je
3.
e
9.
Ce
..

Je

a.
b
0.
J.
Je
0.
O
3.
0.
0.

0.
D
2.
e
Ce
0.
0.
2.
0.
0.
2.
’.
2.
’.
LD

0.
e
e
..
e
0.
o.
0.
Je
%
O
Oe

Ge
e
”.
e
%e
Je
Ce
O«
Je
Qe
°.
0.
%%
e
0.
.
e
LE
Je
..

DoSE
THYROL1D [ 34:L 14}
a' ..
0. .
0. 0.
0. C.
Qe 0.
Ce LN
0. 0.
.. ..
c. ’.
,. ..
°. ..
0. 0.
:. ..
| B 0.
O 0.
0. 0.
°. ‘.
Ce 0.
0. 0.
Ce 0.
0. 0.
.. ..
0. 9.
a. °.
n. '.
a. °.
°. °.
L 0.
[ e
Ce 0.
,. ‘.
0. 0.
:. ..
Je O
Ce 0.
Oe Ce
o‘ °.
Te e
0. Oe
G 0.
Q. 0.
a. ..
L LD
0. [
.. "
.. ..
0. 0.
0. 0.
% e
e L
0. 8.
0. Ce
C. LD
O« 0.

FacTon

LUNG

0.
0.
0.
0.
0.
0.
C.
8.
0.
0.
0.
'.
Ge.
0.
0.
0.
0.
0.
0.
e
0.

CMREM/WR PER UCT/NL)Y

SI-LL1

0.
0.
0.
0.
0.
O
Oe
o.
0.
[
Qe
0.
O
Oe
C.
Ce
0.
e
t.
0.
Ge
o.
’.
o.
Ce
'.
G
2.
Ceo
LD
:'
0.
0.
Ce
..
0.
0.
0.
Ce
Ce
0.
o.
..
0.
o'
0.
C.
'.
Ce
Ce
0.
o'
0.
0.

CMYIRONMENTAL "ATHUAY-DOSE CONVFRSION FACTORS FoOR LTQUID JISCHARGES

L1

de
’.

;'

’.

Je

Je

°.
o.

O
o.

°.

Je
Ce
.

Ve
0.
Ce
0.

0.
e
Q.
0.
e
5.
Q.
Je
e
Ce
0.
’.
O
Je
O
:‘
n‘
(e
e
O«
Ce
0.
'
O«
a.
.
QI
0.
0.
0.
0.
°‘
.
O«

B3/0a729.

- INFaNT

TOTAL 800VF

0.
Qe
Je

: 1

J.
-
e
Ge
0.
Je
Js
Je
e
e
Oe
0.
Je
0.
Qe
Je
e
e
Js
Je
Je
e
2.
Je
e
Je
Je
Je
Je
Je
e
Te
Je
Je
G
e
2.
C.
0.
0.
0.
0.
O
e
Je
Je
Je
%

Ve

‘BASEY O 1 UCI/ZSEC RELEASE RATE OF CACH 1SOTOPE IW DISCMARGE FLOW OF 1 CC/SEC WITH NO ADDITIONAL

DILUTION



MUCLIDE

TE129%
YE=-129
TE1m
TE-131
Te-13%2
1==129
I==-13
f==131
1-=1%2
1==13)
[==134
I==135
CS~134
CS-135
NELISH
wE=-135
REL1II™
RE=133
widn
csS-136
cs-137
€sS~-138
BALYT™
BALIS™
RA-139
BA=1A]
PA-18]
BA-LN2
LA=16C
LA=-142
CL=181
Co=143
CE=140
PR-143
PR-A0
PRLAAN
ND-144
L LS E R
Me=1n7
=239
PU-239
U==235%
sa-231
AC-227
Th=227
RA-223
=231
FR-22%
AT=213
"N-219
al-21s
*0-215
re-211
ar-211
Po-211
Tw-237

TABLE

(cont.)

SATAWAY - LAKT SHORCLIWE DEPOSITS

BONE

0.
0.
G
LD
%e
3.
Qe
de

-
e

L
0.
0«
"
e
0.
G
de
e
Je
e
0.
0.
%
’.
%.
.
ce
..
e
O«
0.
Ne
Q.
-
"
J.
0.
3.
O
Oe
0.
e
..
g‘
a.
fe
’.
Je
0.
de
0.
..
e
2.
0.

;.
Ce
c.
O
b I
0.
’.
Ce
J.
Ce
%
Ce

-
..

0.
e
O«
Je
Os
Je
0.
O«
%«
Ce
Je
%
Je
Te
Ge
J.
le

-
.

.).
°'

N
.

Je
Je
%%
Ce
a.
Ce
O«
Ce
O«
0.
0.
O
e
0.
0.
Q.
0.
e
%
e
d.
0.

DO SE
THYROID
Q. 0.
LD f.
Ce 0.
De Q.
0. LB
% 0.
'. ..
Ce 0.
0. L
.. ’.
Te Qe
'. c.
o. °.
Lo 0.
°. ..
°. o.
°. o.
Qe Ce
0. B 0.
Ge 0.
c. °.
e 0.
L 0.
00 ‘.
°. o.
O Lo
Je Ce
e Oe
Ce e
0. De
e O«
‘. °.
0. 0.
e. °.
a. ,’
e Ce
G. r'
.. °.
Ce O
Q. Ce
0. 0.
e. '.
0. 0.
e c.
[ 0.
.. o‘
0. LB
.. ..
.. ’.
o. °.
D 0.
0. Ce
‘. '.
0. 0«
0. 0.
0. LD

KIDNEY

FACTOR

LUNG

0.
0.
[ B
0.
e
0.
0.
",
0.
0.
%
,'
0.
o.
0.
0.
LB
-
e
L
o.
0.
0.
0.
Co
0.
0.
O«
Je
0.
e
O

Oe
De
0.
Oe
°C
C.
O.
O
0.
0.
0.
‘.
0.
..
0.
0.
’.
0.
Ce
0.
0.
0.
0.

SASTD ON 1 UCI/SEC RELEAST RATE OF EACH 1S0TCPE IN DISCHMARGE

Ref. EDS @ Computer Code

RG 109 Version 2, Rev. 0, Date June 11, 1982

(MR M/WR PER UCT/NL)

SI-LLl

0.
0.
0.
C.
2.
o.
0.
o.
0.
°.
0.
°.
0.
..
0.
C.
Ce
o.
Ce
e.
C.
Ce
Ce
0.
0.
C.
t.
Ce
C.
0.
C.
c'

-
e

Ce
Ce
Oe
Ce
0.
Te
Ce
Ce
L
Ce
0.
0.

%

0.
0.
2.
Ce
0.
LD
0.
0.
0.
0.

CNVIRONSNENTAL PATHWAY-DOSE CONVCASION FACTORS FOR LIQUID DISCHARGES
AT

Qe

%
0.
0.
0.
a.
Ce
.
J.
Je
°o
o.
o.
"
"

De

a.
0.
Ce
°.
,.
Q.
Je
..
J.
Oe
o.
JI
Oe
Ge
Ce
3.
o.
%e
8.

Je

Ce
Ce
%
Ce
°¢
Ce
Je
e
”
0.
Ce
’.
°.
:.
0.
o.
..

- INFANT

TOTAL 800Y

°.
Je
'.
a.
e
0.
Q.
J.
b.
’.
Ce
Je
Ce
’.'
0.
0.
Je
g.
Je
Je
e
).
a.
,.
ve
:.
Je
Ce
c.
J.
2.
Je
e
;.
Je
e
Se
n.
0.
e
de
a.
Je
Os
.
J.
Ce
Je
Je
Je
J.
Je
Qe
0.

FLOW OF ] CC/SEC WITH WO ADDETIONAL

DILUTION



-

NuCcLIDE

Hem=el
Ce==]14
Fem=13
NA--24
Pewe32
ce--51
LLEERT}
My ==56
FE-=55
FL--%59
Co-~57
Co-=5%
Co==30
Nl--53
NI==65
CUu~=64
§~°-55
IN-~69
r--82
CLETR ]
BR-=84
BR-=AS5
LE RS 1
RB~=AR
LLESS L
(L EER L
SR--89
SR==3)
Sh--9y
SR-=92
Ye==90
[EER I
Ye-=9]
Yommi2
Yoena)
IR-=35
IR-=97
Ng-=-95
NB=-=97
no--99
TC=-~99
TC-99%
Tc-101
fU-123
RU-10%
RU=-13%
LUIBR L
AGL11INw
AG-110
$b~-122
S8-124
$8-125
TE125%
TE12T™

_ve-120

PATHWAY =« SWUINRING

LLL13

e
L
0.
1.70742)
Qe
1.197-01
34437900
0.
Je
Se0202°
0.
SallFed0
105701
3.
0.
0.
24517 %00
Je
Q.
0.
e
.
J.
0.
185222
ve
0.
1.237=C3
Je
Qe
Lo
0.
%
Ce
O.
3.430000
3.
e
2.
S.487-01
Q.
0.
O
e
Q.
9.
Je
112002
2.
0.
N.22C0400
Qe
J.
0.
O«

TABLE L-3
(cont.)

ORGC AN 0o0SE

Cr et e s eSS e Eees e SR RS Ee e S el AR e Cee S AeEsaeE TEsSssteRsssesesasesecsss cassee

LIvER

Je
Ce

0.
1.782+01
Ce
1e1%-01
303 +02
Oe

Je

5.020 %0
o.
S.l1Ce00
105601
n.

0.

.
2.51Ee00
’.

e

e

Je

ve

£
‘0’55‘32
Ge

Je

12 =03
0.

Te

’.

Je

e

e

e
3.03000
Je

Ce

e
S.480-01
Ce

0.

0.

e

J.

0.

0. =
1120301
Q.

0.

8.2 +C0
Je

0.

O

O

THYROID

L.5Y
1.78E+C1
Ge
1.19€-01
3e.43C00
O«
0.
5.02C000
°.
4.117+00
1,05€+01
%
0.
Je
2.51€+00
Te
Ve
Ce
0.

e
0.
1.95-02
O

2
1.23-03
r.
Ce
Q.
Qe
Ce
Je
O
3.430+02
Ce
Q.
Ce
S.M8E-01
0.
0.
9.
[
Ce
0.
0.
1.12€0+01
Ce
LD
8.227+0C
0.
0.
.
0.

FAaCTON
KIDNEY

0.
1.780 01
0.
1.19£-01
S.430+00
0.
'.
S.32¢ 00
Oe
4.112+00
1«05C+01
Ce
De

0.
2.51C 00
Ce
Ce
S.
0.
0.
O

0.
1.052-02
0.
0.
1.23£-03
Oe

3.432002

G
Je
S.AAC-01
0.
Oe
0.
%
C.
0.
9.
1.12€+01
:.

0.
8.220400
8.
e.
O
0.

(RREM/WR PER UCL/INL)

LUNG

1.787 <01
%.
1.196-01
3«03 00
(Y

Ce
S.020+00
Ce.
Q11730
105701}
Ce
Ce
0.
2.51€0¢C

1.05€-32
L

Oe
123€-02
Te

Ce
Se
0.
Ce
Ce
.

s..S' L2
Ce
Ce

0.
’o..f'ﬂl
0.
0.
Ce
0.
0.
0.
0.
112001
0.
LD
B.221900
3.
0.
0.
0.

CI=LLl

Ce
Pe
C.
178501
Oe
1.190-01)
3,83 +00
Ce
c'
Se02€e0C
c.
4.11700
1.05701
Ce
Oe
e
2.510«00
..

Ce

e
1e23E=C3
c.
e
'.
0.
Ce

Ce
3.43702
Ce
Qe

‘il
S. 08001
Ce
‘.
0.
o.
c.
2.
"
112€01
Ce
Ce
0.220%00
c.
Oe
0.
O

ASC

Je

0.
Je
e
e
0.

INVIRONA“NTAL PATHWAY-DOSC COVVERSION FACTORS FO° (IQUID DISCHARGTS

&ROUP

SKIN

83758729,

= Inant

TOTAL BOJY

Jde
°o
Je
178201
c.
119701
Ja030e02
0.

2.512%).
e
Ja
Je
Ja
Je
Je

..
le 35%-82
9.
:I.
le23 =0}
‘U.
;.
./.
:'

»
S

Je
Je
3437090
e
te
e
S.68°-01
e
Ve
Je
Je
O.
3.
0.
1412021
Oe
Je
.22 %00
Y
T
Je

ve

BASED ON 1 UCI/ZSEC MELEASE RATE OF CACWH ISOTOPE IN DISCHMARGE FLOM OF 1 CC/SEC WITH MO ADDITIONAL DILUTION

Ref. EDS@Computet Code RG 109 Version 2, Rev. 0, Date June 11, 1982
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‘

sUCLIDE

YEL29%
TE=12%
TEism
Te-131
TE~-132
I==129
I==13
1==131
1==132
f==13%
T==13e
I==135
CS=13¢
€sS~13%
RE 135
RE=13%
BELYIN
¥-133
LU R L
cs=136
€s-137
€S~-138
[ TR AL
LIPS Ll
8a-139
BA-140
BA-1s]
Ba-142
LA=-16C
LA=142
Cr-141
CE-143
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APPENDIX B = CASEOUS DOSE CMLCULATED DATA



JAMES A. FITZPATRICK NUCLEAR POWER PLANT

OFFSITE DOSE CALCULATION MANUAL (ODCM)

APPENDIX B

GASEOUS DOSE CALCULATION DATA

TABLE TITLE PAGE
G-1 Unrestricted Area MPC's B-1
G-2 Noble Gas Data Transfer Factors (Kj, Lj) B-2
G-3 Air Dose Transfer Factors (Mj, Nj) B-3
G-4 Ground Plane Deposition Environmental

Pathway Dose Conversion Factors (Pj) =

Instantaneous B-4
G-5 Inhalation Environmental Pathway

Dose Conversion Factors (P;) =

Instantaneous B-6
G-6 Cows Milk (Contaminated Forage)

Environmental Pathway Dose
Conversion Factors (Pj) =

Instantaneous B-8
G=7 Limited Analysis Approach =

Gaseous Discharge Environmental

Pathway Dose Conversion Factors (Ry) B-10
G-8 Environmental Pathway Dose Conversion

Factors (R;) for All Pathways B-24



TABLE G-1

. Maximum Permissible Cencentrations in Afr ir Unrestricted Areas
Iuclide‘ MPC uCi/cc Nuclide‘ MPC pCi/cc
Ar-41 4 E-B Y-91 1 E-9-
" Kr=83z 3 E-B 2r-95 1l E-9
Kr-85n 1l E-7 Nb-85 3 E-9
Kr-85 3 E-7 Ru-103 3 E-9
Kr-87 2 E-B Ru-106 2 E-10
Kr-88 2 E-B Ag-110m 3 E-10
Kr-89 3 E-8 Sn-113 2 E-S
Kr-90 3 E-B In-113m 2 E-7
Xe-131lm 4 E-? Sn-123 1 E-10
Xe~133n 3 E-7 Sn-126 1l E-10
Xe-133 3 E-7 Sb-124 7 E-10
Xe-135m 3 E-B Sb-125 9 E-10
Xe-135 1 E-7 Te-125m 4L E-9
Xe-137 3 E-8 Te-127m 1l E-9
Xe-138 3 E-8B Te-12% 1 E-9
R-3 2 E-7 1-130 l E-10
P-32 2 E-9 1-131 1 E-10
Cr-51 8 E-B 1-132 3 E-9
Mn-54 1l E-9 I-133 4 E-10
Fe-59 2 E-9 1-134 6 E-S
Co-57 6 E-S 1-135 1l E-9
' Co-58 2 E-9 Cs-134 4 E-10
Co-60 3 E-10 Cs-136 6 E-9
Zn-65 2 E-9 Cs-137 5 E-10
Rb-86 2 E-9 Ba-140 1l E-9
Sr-89 3 E-10 La-140 4 E-S
Sr-90 3 E-11 Ce-141 S E-9
Rb-88 3 E-8 Ce-144 2 E-10

(1) 1f a nuclide is not listed, refer to 10 CFR 20, Appendix B, and
use the most conservative insoluble’/soluble MPC where they are
given in Table 1I, Column 1.

Ref. 10CFR Part 20, Appendix B, Table II, Column 1.



JAMES A. FITZPATRICK NUCLEAR POWER PLANT
‘ OFFSITE DOSE CALCULATION MANUAL (ODCM)
TABLE G-2

TRANSFER FACTORS FOR MAXIMUM DOSE TO A
PERSON OFFSITE DUE TO RADIOACTIVE NOBLE GASES

Dose Transfer Factors

GAMMA BETA GAMMA + BETA
l(i I'i (L + 1.1 M)i
mrem mrem mrem
Radionuclide uCi sec/m3 uCi sec/m3 uCi sec/m3

Kr-83m 2.4E-9 - 6.7E~-7
Kr=85m 3.7E-% 4.6E-5 8.9E-5
Kr-85 5.1E-7 4.2E-5 4.3E-5
Kr-87 1.9E~4 3.1E-4 5.3E~4
Kr-88 4.7E-4 7.5E=-5 6.0E-4
. Kr-89 5.3E-4 3.2E-4 9.3E-4
Kr=-90 4.9E-4 2.3E-4 8.0E-4
Xe=131lm 2.9E-6 1.5E-5 2.0E-5
Xe~=133m 8.0E-6 3.1E-5 4.2E-5
Xe-133 9.3E-6 9,7E-6 2.2E-5
Xe~-135m 9,9E-5 2.3E-5 1.4E-4
Xe-135 5.7E=5 5.9E-5 1.3E-4
Xe=-137 4.5E-5 3.9E-4 4.4E-4
Xe-138 2.8E~4 1.3E-4 4.5E-4
Ar-41 2.BE-4 8.5E-5 4.0E-4

Ref: Regulatory Guide 1.109, Revision 1, Table B-l.



TABLE G-3

TRANSFER FACTORS FOR MAXIMUM OFFSITE AIR DOSE

Air Dose Transfer Factors

GAMMA BETA
" »y
mrad mrad
Radionuclide uCi lec/m3 uCi sec/m3

Kr-83m 6.1E~7 9.1E-6
Kr-85m 3.9E-5 6.2E-5
Kr-85 5.4E-7 6.2E-5
Kr-87 2.0E~4 3.3E-4
Kr-88 4.8E-4 9,3E-5
Kr-89 5.5E-4 3.4E-4
Kr-90 5.2E~-4 2.5E-4
Xe-131m 4.9E-6 3.5E-5
Xe=133m 1.0E-5 4,.7E-5
Xe-133 1.1E-5 3.3E-5
Xe=-135m 1.1E-4 2.3E-5
Xe-135 6.1E-5 7.8E-5
Xe-137 4.8E-5 4,.0E-4
Xe-138 2.9E-4 1.5E-4
Ar-41 2.9E-4 1.0E-4

Ref: Regulatory Guide 1.109, Revision 1, Table B-1l.
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LATA LT AL N
¥ TABLE G-5
(cont.)
ENVIQONNENTAL PATHWAY-DOSE CONY RSTION FACTORS PCI) FOR GASEOUS DISCHMARGE
PATHUAY - INMALATION Instantaneous AGE GROUP - INFANT + Children
+ Teenager + Adult
NUCLIDE 0ORG AN on s FACTORS (MRFR/YR PER UCI/Z/CURETER)
RONT LIVFR THYRYID KIONEY LUNG GI-LLY SXIN foTaL 8O0V

Co119™ 0. Oe Do 0. De Ne Oe De
SN-123 Pe LA Je Ne Ce 0. N n.
SN-126 De De Ne fe Je Ne Oe Ve
SA=-12e 3.73E 00 Se565 02 1.01€+02 e 2.65F «06 S«9E<00 O« 1205 00
sS8-12% Oe Te % O Ne Ce De Oe
TEL25M b Ce Je Ne Ne Te De Oe
TEL2TW L e Oe . Oe Ce De 0.
TEL29W . De Ne Ne Co MNe Jeo Ne
I=-130 Te Oe T Ne Do Ne Te De
I--131 3795 «04 S .43E 00 le8RFa07 Se«1R7 +008 0. 1.06F 03 Oe 14965 «06
[-~-13%2 Te T e Ne De Pe O« Je
I==-133 1e31E 404 190 +04 352706 2220400 e 218€+03 Ne S555C«03
[=~134 0. Ne O e Ne Ne Te Oe
I=-=-13%5 F.97€-07 RebAE-NT Oe 2.57° =07 1.01£=-07 2.17E-09 Be 7209
CS~-13s 3.95F 05 T.33€+"S De 1.2 €S T .97F +08 133603 Oe ToASE0n
cCS=135 Je Te De Te Oe De O e
C5~-136 LI L L 135705 Oe SehAE DN 1.1RE«00 143603 Te S5«29F 200
cS=13%7 S«83F 05 6l 2605 Te 1725 205 T«13F 00 1.335+0) L 4.557 «0n
CS~-138 1.0)F 02 155632 Te ReiSF o1 1.30F «01 1.74F 02 e T.90E+01
XE-133 Je Je Ce Ue Ne Ce Ne Je
NE~-135 Yo O Oe L Ce T Ne Je
XF135m T Te Te e Ce e Te Je
RELVIN e Te Oe Oe e Ce e Oe
XE133m e De Te Ne Te Ce O« de
XE-138 LIS De e Je Oe Ce Oe S I
LA=1%0 Te Ne Oe T Oe Pe Je Je
BALYTW Je De ve De Te De Ne Je
KF=137 Te Te Ne Ne Ce Ne Oe Oe
AA 135N De Je e Ve Ce e Do Je
HA=14) S«h0F 204 96901 e 1345001 1.50E+06 JuRTEQS Qe 2.90E+0)
Cr=168] 2.7TIF eNQ 15T 200 e Se250 ¢03 Se17F+05 2.16E+04 Je 1.99C 03
Cr=140 0. e Je Te Te MNe e LY
P'-l.‘ Je P Te Je e Ue Ce Je

Y ND-LWY T« Te Te e De Te Je

AASFD ON 1 UCI/SEC RFLFASE RATF NF “ACH [SOTOFE IN AND A VWALUF OF 1, FOR X/Qs D PLETFD X/70 AND RELATIVE D"PISITION

Ref. EDS@Computer Code RG 109 Version 2, Rev. 0, Date June 11, 1982
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TABLE G-6
M S
ENVIRINMENTAL PATHUAY-DOSE CONVERSION FACTORS PLI)Y FOR SASEOUS DISCHARGE
PATHWAY - COWS MILK C(CONTAMINATED FORPAGE) Instantaneous AGE GROUP - INFANT + Children
+ Teenager + Adult
NUCLIDE 06 AN D 7"SE FACTORS (SQ.METER=-MREM/YR PER UCI/ZSEC)
AONE LIVER THYRDID KIDNEY LUNG 6I-LLI SKIN TOTAL BODY

Hew=e} Je hoI5F o2 6. JSFe(2 6. 357002 6.35F 02 635002 Qe 6e 3SE02
N=-==13 Ne e Te Ne Ce De De O
C===18 1517 Ut 3«88E+)5 3.0AF 05 Yo 446405 38405 3846405 O 3.84E405
Pe==32 Te Je De Oe De e Ve Oe
..".l Ve - Je ". oo 0. "‘0 0.
CR==51 Je Ja 4. 70E+00 10308 9.14F <04 2.10E06 Je T1.205 00
LLEE-1 Te 1L.567 *17 Ue 3. 45E «06 O SeT2f¢06 Je 3.53 «06
FE~=-59 F.62F 07 L«6RE <08 e Te 4. 9T7E07 8.0 07 Oe 6e62E07
co~-~-57 ). 0. De Oe Oe Oe Oe Oe
CN=-=SAK Ce 1.01507 O Te Ne 251E+07 Je 2.52E%07
CN==64 Je 3.497 07 Oe Ne Oe A. 31607 e B.25E«07
ll--s& 0. Te Ce O Ce De Oe Je
IN==55 2.5)F «CY R.56F*09 Ce 4.15 09 De 7«23«09 Oe 3.95E+09
KR=-~AS De Ve Oe Ne Oe Oe O« 0.
LR L De Pe Ow Ne 0. Do Ne Je
..‘”“ 0. fle Je ".o o. De Ge 0.
KR~=817 Je Je Ce Te Ge Oe Jo 0.
KR ~~AR Oe e Ce Je De Oe Je Ve
ARH~-=46 Te Ne De L e O« Oe Oe
KR~--A9 Oe Oe De De Oe De De Je
LLESE B De U Y Ne Ne O« Ne Oe Oe
AR--A"T Do 4.24F =05 e Ne Oe 2.85E-07 Oe 1.6R5-05
RA-~-AN Q. Te Ne Ne Ce Oe 0. Je
SR==/9 SeISE#09 LU Fe Ne Ge 1.10E+08 De L<S4E+08
SR==9( S.41F 10 e Ve Je Oe be J)E<0B Qe 9.20€E+09
Ye==9) 2.53E 03 Ce Je e De J.A9E 06 Oe Ge7TE+01
Veo==9) fe T e e Ne Oe 0 De 0.
IR==95 ToohEelN 24REE %04 Ne 207 *04 Ne 2.3c+07 0. 1.66E+34
NB == 15 Ue le Je Je De Oe Ne O
LLES b1 Je ie ve Mo e al De Jeo
RU~-103 Ue e Te Ce Je Je Je Je
NU-IJS T e Te e Ne Ne Do Je

¢ AGLILON Ne Te Ne Me Ce Oe Oe Te

BASED ON 1 UCIZSEC RIFLFASE RATZ OF EACH ISOTIPE IN AND A VALUE OF 1, FOR X/7Qs DPLETED X700 AND RELATIVE D-POSITION

Ref. BDS@Computer Code . 109 Version 2, Rev. 0, Date June 11, 1982



LALET AT
TABLE_G-6
? (cont.)
ENVIRONNENTAL PATHMWAY-DOST COWVERSION FACTORS PCI) FOR GASLOUS DISCHARGE .
PATHNAY - CONS MILK (CONTAMINATED FORAGE) Instantaneous AGE GROUP -~ INFANT + Children
+ Teenager + Adult
NUCLIDE 0 26 AN DOSCF FACTYTORS CSO.METFR-MRER/YR PER UCI/ZSEC)
AONE LIVER THYSNID KIONEY LUNG eI-LLI SKIN TOTAL 80DY

Co115m Be Oe Te De Oe Pe Oe Oe
SN-123 Je Je Ce Je Ne Oe De Oe
SN=-126 Yo Je Te Ne Oe Oe O« Oe
A=-124 A.R0E-DT 1.308 +06 2+ 345005 Oe Se51Fe07 2.T1E+08 Je 2« 736407
SA-125 Je Je Je De Ue e Je Je
TE125M Te "o le Y Ce Ve De De
TE12™w T Je Oe Je Ne Oe De Ne
TEL129m 0. e Ne Yo Oe L Je de
[--130 Oe Je Ce Je Oe Ca Oe Oe
I==-13%1 6.6TZ 08 T.36E+CH 2,587 +11 9.18E+C8 0. 2.81E+07 Oe J.06E+08
{~-=132 De e e Ceo 0. Ce Oe Je
I=-=-133 9.N2E+06 Le31E+07 2433709 1.55C =07 T 2. 226406 0. 3.85E«06
I=--13¢ e Te Oe Je De O. 0. Oe
1-=-135 1.847 00 1+58E ¢ Ne 4. 76E-01 1.%1F-01 6. 05F-03 Je 8.726-02
CS=134 1.7 10 ? «6RE #4110 Ne 6.90E+09 2.83F+09 T.28E+07 0. 2.T1E D9
CS-135 Jeo Je Ne Oe Ve Ve Oe Te
CS-1% F.33E 408 2+T6F «09 Ne 110 «09 2425F +08 4.190+07 Oe 1.03E09
csS=-1y7 2.09F+10 2.43 <10 Oe 6.53 «09 2.64F 209 T«60E«07 O 1. 72629
CS‘I’“ Ne Ne Je Ne 0. e Ne Ja
Xc-13% Je Te De Ne De Ne 0. Je
XE~-135 Te t Je (L De 0e Ne O Je
XE135M e Je (e Ue Oe Oe Ve Je
NEL31INM Ne Je Je Te Ce Ne O« Oe
L TR RAL Ne Ne Ce Je Je Oe Oe Je
.t-l‘. Co e Me e 0. (e Ce 1.
LA-140 Ne Je Ce ™ O 0. Oe O«
RALXT™ Oe e Oe e De L Je Oe
XE-113%7 Je Je Ce T MNe De Te O
a‘l“\' e Je Je Te Ce Oe Ce Oe
BA-140 1.156+08 le15SEer3 Oe 2735 +04 T.065+00 2.91E+07 e 593516
cr-141 1.13F 05 G IR 20N 0O 24150 «06 fe 3.61E%07 T R.22E+0)
CE=140 Te Ve e Ne De Ne De \')o

. PR-143 Je T Je Je Ne Oe Oe Te
“D'l.' T« Je Ne Te Ne 0. Ne o.

BASTD ON 1 UCT/ZSEC YZLTASE RATE OF “ACA [SOTOPE IN AND A VALUL OF 1. FOR X/Q, DEPLETED X/Q AND RELATIVE DEPOSITYION

Ref. EDS@Computer Code RG 109 Version 2, Rev. 0, Date June 11, 1982
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TABLE G-8
(cont.)

A3 G657)2.
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BASED ON 1| UCIZSEC RFLFASE RATE OF FACH ISOTOPE IN AND A VALUE OF 1.°'FOR X/Qs DIPLETED x/7a

Ref. EDS © computer Code rG 109 Version 2, Rev. 0, Date June 11, 1982
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AASED ON 1 UCI/SEC

NOTE - THE UNITS FOR C---14 AND H---3 ARE

TABLE G-8
(cont.)

PAT4WAY - STORED FRUITS AND VFGETABLES
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Ref. EDS@Computer Code RG 109 Version 2, Rev. 0, Date June 11, 1982

Oe
De
O.
Oe
Ne
e
D.
le
Ce
Ve
O«
Do
Je
O
e
b
De
Te
Je
Je

-
-

De
Ne
Oe

Pe

0.
e
Oe
O.
Oe
Oe
0.
Oe

ICLFASE RATF OF EACH 1SOTNPE IN AND A VALUE OF 1. FOR X/7Q, DIPLETED n/0

83705702,

ENVIRONMENTAL PATHUAY-DOSE CONVERSION FACTORS RCI) FOR GASEOUS DISCHARGE

AGE GROUP -~ ADULT

(SQ.METER-MREN/YR PER UCIFSEC)

- -

SKIN TOTAL BOOY
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TABLE G-8
(cont.)
CNVIRON®ENTAL PATHUAY-DOSF CONYFRSTION FACYORS RCI) FOR GASEOUS DISCHARGE
PATHUAY = FRESH FRUITS AND VEGF TARLFS AGE GROUP -~ ADULT
NUCLID® ORGAN 00 SE FACTORS (SQ.MFTFR-MREM/YR PFR UCI/SEC)
RONE LIVTR THYPOID KIDNEY LUNY GI=-LL1 SKIN TOTAL 809Y
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CS-I‘S Ce Te Je Je Ne Ce O« Je
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CS=idA Te g s T Te Ne *a Te Te
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KF1i5m Lo e Te e Te % De Te
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HALI5m Je Te e i Te De Je Te
HA-18J 1727 3% L3558 le 4.37C +0n T36F o0 hehAr oCR e 6. TOE#IS
CF =181 T.03F+)8 L A AV Je 2217 208 e 182108 O JeM1E<DS
CV-ICQ Y. ‘e - Je e e Je Te
LLESED | e . Te “e " Le e Jeo

* "U‘!" e - T - e i’ Mo Je

GASEND ON 1 UCI/ZSCC I-LOASE RATEC OF FACH [SOTNFE IN AND A VALUC 9% 1. fOR X/0y DEPLETED X779 AND RELATIVE DEPOSITION
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(cont.)
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TABLE G-8
(cont.)

83705702,

ENVIRONMENTAL PATHUAY-NOSE CONVERSION FACTORS RCI) FOR GASEOUS DISCHARGE

PATHWAY -~ STORED FRUITS AND VEGETABLES
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BASFD ON 1| UCIZSFEC RELEASE RATE OF EACH 150T0PF IN AND A VALUFE OF 1. FOP X /Qy DPLETYED x/0
Version 2, Rev. 0, Date June 11, 1982

Ref . EDS@Conputer Code RG 109

NOTE - THE UNITS FOR C---14 AND H---3 ARE

(MREM/YR PER UCI/CU.METER)

AGE GROUP - CHILD

(SQ.METER-~MREN/YR PER UCI/SEC)

- -

SKIN TOTAL AOOV

1.99€+03
0.
6.90€+08

2.69C+08
0.
1eT72E 0%
1.08E409
Te
1.585+09
Je
Je
Oe
Je
Je
Te
0.
0.
7. 18E-06
Je
8.76E+08
2.31E+11
T« 3S5E08
0.
B8.4TF 05
Je
Ne
Je
0.’
Je
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AASED ON 1 UCL/STC
ref. EDS © computer Code RG 109

TABLE G-8
(cont.)

PATANAY -~ FRESH FRUITS AND VFGETAALES
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Version 2, Rev. 0, Date June 11, 19821

NOTE - THE UNITS FOR C---14 AND H---3 ARE (MREM/YR PER UCI/CU.METER)

RELFASE RATE NF FACH [SOTO®E TN AND A VALUE OF 1« FOP X/Qy DTPLETED %/9

83/05/702.

ENVIRONMENTAL PATHMAY-DOSE CONVFRSION FACTORS RCI) FOR GASEOUS DISCHARGE

AGT GROUP - CHILD

(SO.METER-MREM/YR PER UCI/SEC)

- - - -
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