NUREG-0017
Rev. 1

Calculation of

Releases of Radioactive Materials
in Gaseous and Liquid Effluents
from Pressurized Water Reactors

PWR-GALE Code

Manuscript Completed: March 1985
Date Published: April 1985

T. Chandrasekaran, J. Y. Lee, C. A. Willis
Division of Systems Integration
Office of Nuclear Reactor Regulation

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

aR "EGU(‘
1

o

& 0,
o 3
& o
< (=3
P 2
- z
3 G

%, &

*» «©
Fpan¥






NRC FORM 335 U.S. NUCLEAR REGULATORY COMMISSION

{2-84}
3201 3200 BIBLIOGRAPHIC DATA SHEET

SEE INSTRUCTICNS ON THE REVERSE.

1. REPORT NUMBER (Assigned by TIDC, add Vol No . if any)

NUREG-0017, Rev. 1

2. TITLE AND SUBTITLE

Calculation of Releases of Radioactive Materials in
Gaseous and Liquid Effluents From Pressurized Water
Reactors (PWR-GALE Code)

3. LEAVE BLANK

5. AUTHOR(S)

T. Chandrasekaran, J.Y. Lee, C.A. Willis

4 DATE REPORT COMPLETED

MONTH l YEAR

March 1985
6. DATE REPORT ISSUED

MONTH I YEAR

April 1985

7. PERFORMING ORGANIZATION NAME AND MAILING ADDRESS (Include Zip Code/)

Division of Systems Integration
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, DC 20555

8. PROJECT/TASK/WORK UNIT NUMBER

9. FIN OR GRANT NUMBER

10. SPONSORING ORGANIZATION NAME AND MAILING ADDRESS (Include Zip Code)

Same as 7. above

11a. TYPE OF REPORT

b. PERIOD COVERED {/nclusive dates)

12. SUPPLEMENTARY NOTES

13. ABSTRACT (200 words or ‘ess)

This report revises the original issuance of NUREG-0017, "Calculation of Releases of
Radioactive Materials in Gaseous and Liquid Effluents From Pressurized Water Reactors
(PWR-GALE Code)" (April 1976), to incorporate more recent operating data now available

as well as the results of a number of in-plant measurement programs at operating
pressurized water reactors. The PWR-GALE Code is a computerized mathematical model for
calculating the releases of radioactive material in gaseous and liquid effluents

(i.e., the gaseous and liquid source terms). The U.S.

Nuclear Regulatory Commission

uses the PWR-GALE Code to determine conformance with the requirements of Appendix I to

10 CFR Part 50.

14 DOCUMENT ANALYSIS — a. KEYWORDS/OESCRIPTORS

Radioactive Effluent
Radioactive Waste
Radioactive Materials

b. IDENTIFIERS/OPEN-ENDED TERMS

*U.S. GOVERNMENT PRINTING OFFICE: 1985-461-721:20097

15, AVAILABILITY
STATEMENT

Unlimited

16. SECURITY CLASSIFICATION

{This page}

Unclassified

{This report]

Unclassified

17. NUMBER OF PAGES

18 PRICE







ABSTRACT

This report revises the original issuance of NUREG-0017, "Calculation
of Releases of Radioactive Materials in Gaseous and Liquid Effluents from
Pressurized Water Reactors (PWR-GALE-Code)" (April 1976), to incorporate
more recent operating data now available as well as the results of a number
of in-plant measurement programs at operating pressurized water reactors.
The PWR-GALE Code is a computerized mathematical model for calculating the
releases of radioactive material in gaseous and liquid effluents (i.e., the
gaseous and liquid source terms). The U.S. Nuclear Regulatory Commission
uses the PWR-GALE Code to determine conformance with the requirements of
Appendix I to 10 CFR Part 50.
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EXECUTIVE SUMMARY

The average quantity of radioactive material released to the environment
from a nuclear power reactor during normal operation including anticipated
operational occurrences is called the "source term,"* since it is the source or
initial number used in calculating the environmental impact of radioactive
releases. The PWR-GALE (Pressurized Water Reactor - Gaseous and Liquid
Effluents) Code is a computerized mathematical model for calculating the
releases of radioactive material in gaseous and liquid effluents (i.e., the
gaseous and liquid source terms) from pressurized water reactors. The calcu-
lations are based on data generated from operating reactors, field and labo-
ratory tests, and plant-specific design considerations incorporated to reduce
the quantity of radioactive materials that may be released to the environment
during normal operation, including anticipated operational occurrences.

The U.S. Nuclear Regulatory Commission uses the PWR-GALE Code to determine
conformance with the requirements of Appendix I to 10 CFR Part 50. The first
issue of this NUREG report was published in April 1976. In order to use the
best available data for improving the calculational models used by the Com-
mission staff to determine conformance with Appendix I to 10 CFR Part 50,
Revision 1 is being issued to update NUREG-0017. This revision incorporates
more recent operation data now available and also incorporates -the results of
a number of in-plant measurement programs at operating pressurized water
reactors.

Chapter 1 of this report gives a step-by-step procedure for using the
PWR-GALE Code along with a description of the parameters which have been built
into the Code for use with all PWR source term calculations. These parameters,
which apply generically to all PWR's, have been incorporated into the Code to
eliminate the need for their entry on input data cards. Other parameters are
required to be entered on input cards used by the Code. Explanations of the
data require, along with acceptable means for calculating such data, are given
for each input data card.

Descriptions of the principal parameters used in source term calculations
and explanations of the bases for each parameter are given in Chapter 2. The
parameters have been derived from reactor operating experience where data were
available. Where operating data were inconclusive or not available, informa-
tion was drawn from laboratory and field tests and from engineering judgment.
The bases for the source term parameters explain the reasons for choosing the
numerical values listed. A list of references used in developing the parame-
ters is also included. The source term parameters used are believed to provide
a realistic assessment of reactor and radwaste system operation.

* "Source term" as discussed in this report differs from "accident source
term," which deals with potential releases resulting from nuclear reactor

accidents.
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Chapter 3 contains sample input data together with an explanation of the
input to orient the user in making the required entries. Also included is a
listing of the input data for a sample problem, a discussion of the nuclear
data library used, and a FORTRAN Tlisting of the PWR-GALE Code.

Chapter 4 lists the information needed to generate source terms for
PWR's. The information is proved by the applicant and is consistent with the
contents of the Safety Analysis Report (ER) of the proposed PWR. This
information constitutes the basic data required in calculating the releases of
radioactive material in liquid and gaseous effluents.
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CHAPTER 1, PWR-GALE CODE

1.1 INTRODUCTION

In promulgating Appendix 1 to 10 CFR Part 50, the U. S. Nuclear
Regulatory Commission indicated its desire to use the best available
data for improving the calculational models used by the Commission Staff
to determine conformance with the requirements of the regulation. The
first issue of this NUREG Report was published in April 1976. Revision
1 is being issued to update NUREG-0017 by incorporating more recent
operating data now available and also by incorporating the results of a
number of in-plant measurement programs at operating pressurized water
reactors (PWR's).

The PWR-GALE (Pressurized Water Reactor - Gaseous and Liquid Effluents)
Code is a computerized mathematical model for calculating the releases
of radioactive material in gaseous and liquid effluents from pressurized
water reactors. The calculations are based on data generated
from operating reactors, field and laboratory tests, and plant-specific
design considerations incorporated to reduce the quantity of radioactive
materials that may be released to the environment during normal operation,
including anticipated operational occurrences.

The average quantity of radioactive material released to the environ-
ment from a nuclear power reactor during normal operation is called the
“source term" since it is the source or initial number used in calculating
the environmental impact of radioactive releases. The calculations
performed by the PWR-GALE Code are based on (1) American Nuclear Society
(ANS) 18.1 Working Group recommendations (Ref. 1) for adjustment factors,
(2) the release and transport mechanisms that result in the appearance of
radioactive material in liquid and gaseous waste streams, (3) plant-specific
design features used to reduce the quantities of radioactive materials
ultimately released to the environment, and (4) information received on
the operation of nuclear power plants.

In a PWR, primary coolant water circulates through the reactor core
where it removes the heat from the fuel elements. In the steam generators,
heat from the pressurized primary coolant water is transferred to the
secondary coolant water to form steam. The steam expands through the
turbine and is then condensed and returned to the steam generators. The
primary coolant water flows back to the reactor core. The principal
mechanisms that affect the concentrations of radioactive materials in
the primary coolant are: (1) fission product leakage to the coolant
from defects in the fuel cladding and fission product generation in tramp
uranium, (2) corrosion products activated in the core, (3) radioactivity
removed in the reactor coolant treatment systems, and (4) activity
removed because of primary coolant leakage. These mechanisms are described
briefly in the following paragraphs.
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The primary coolant is continuously purified by passing a side
stream through filters and demineralizers in the reactor coolant treatment
systems (RCTS). It is necessary to maintain the purity of the primary
coolant to prevent fouling of heat transfer surfaces and to keep releases
to the environment as low as is reasonably achievable. Chemicals are
added to the primary coolant to inhibit corrosion and/or improve fuel
economy. Lithium hydroxide is added for pH control to reduce corrosion.

Water decomposes into oxygen and hydrogen as a result of radiolysis.
The control of oxygen concentration in the primary coolant is important
for corrosion control. Hydrogen, added to the primary coolant as dissolved
free hydrogen, tends to force the net reaction toward the recombination
of hydrogen and oxygen to water at an overall rate sufficient to maintain
low primary coolant oxygen concentrations.

Boron is added to the primary coolant as a neutron absorber (shim
control). As the fuel cycle progresses, boron is removed from the
primary coolant through the RCTS loop (shim bleed). The shim bleed is
processed through an evaporator, and the boron in the evaporator bottoms
is either reused or packaged as solid waste. The evaporator distillate
may be recycled to the reactor coolant system as makeup water or discharged
to the environment.

Radioactive gases stripped from the primary coolant by degassification
are normally collected in pressurized storage tanks and held for radioactive
decay prior to recycle or release to the environment. Alternative
treatment methods include charcoal delay systems and cryogenic distillation.

Because of leakage through valve stems and pump shaft seals, some
coolant escapes into the containment and the auxiliary buildings. A
portion of the leakage evaporates, thus contributing to the gaseous
source term, and a fraction remains as liquid, becoming part of the
1iquid source term. The relative amount of leakage entering the gaseous
and liquid phases is dependent upon the temperature and pressure at the
point where the leakage occurs. Most of the noble gases enter the gas
phase, whereas iodine partitions into both phases.

Leakage of primary coolant into the secondary coolant in the steam
generator is the only source of radiocactivity in the secondary coolant
system. Water or steam leakage from the secondary system provides
significant inputs to the liquid and gaseous radwaste treatment systems.
Steam leakage may be significant to the gaseous source term since the
radioactivity released remains in the gas phase.

In a recirculating U-tube steam generator, the nonvolatile radionuclides
leaking from the primary coolant concentrate in the liquid phase in the
steam generator. The degree of concentration is controlled by the steam
generator blowdown rate and condensate demineralizer flow rate.

Since there is no liquid reservoir in a once-through steam generator,
the primary coolant leakage boils to steam when it enters the secondary
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side of the steam generator. Secondary coolant purity is maintained by

a condensate demineralizer system and there is no steam generator bhlowdown.
The concentration of radioactivity in the secondary coolant is controlled
by the condensate demineralizer flow rate.

Sources of radioactive wastes from the secondary system are the
offgases from the turbine condenser, vent gases from the turbine gland
seal, liquid and vent gases from the steam generator blowdown, and liquid
and gaseous leaks into the turbine building. Liquid wastes also originate
from the chemical regeneration of condensate demineralizers in feedwater/
condensate systems.

In this chapter, a step-by-step procedure for using the PWR-GALE
Code is given along with a description of the parameters which have been
built into the Code for use with all PWR source term calculations. These
parameters, which apply generically to all PWR's, have been incorporated
into the Code to eliminate the need for their entry on input data cards.
Other parameters are required to be entered on input data cards used by
the Code. Explanations of the data required, along with acceptable
means for calculating such data, are given for each input data card.
Chapter 2 gives the principal source term parameters developed for use
with the PWR-GALE Code and explains the bases for each parameter.
Chapter 3 contains a sample data input sheet and a Fortran IV listing of
the PWR-GALE Code. Chapter 4 1ists the information needed to generate
source terms that an applicant is required to submit with the application.

1.2 DEFINITIONS
The following definitions apply to terms used in this report:

Activation Gases: The gases (including oxygen, nitrogen, and argon)
that become radiocactive as a result of irradiation in the core.

Anticipated Operational Occurrences: Unplanned releases of radioactive
materiais from miscellaneous actions such as equipment failure, operator
error, administrative error, that are not of consequence to be considered
an accident,

Chemical Waste Steam: Normally liquids that contain relatively high
concentrations of decontaminants, regenerants, or chemical compounds
other than detergents. These liquids originate primarily from resin
regenerant and laboratory wastes.

Clean Waste System: Normally tritiated, nonaerated, low-conductivity
1iquids consisting primarily of liquid waste collected from equipment
leaks and drains and certain valve and pump seal leakoffs, These liquids
originate from systems containing primary coolant and are normally

reused as primary coolant makeup water,
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Decontamination Factor (DF): The ratio of the initial amount of a
nuclide in a stream (specified in terms of concentration or activity of
radioactive materials) to the final amount of that nuclide in a stream
following treatment by a given process.

Detergent Waste Stream: Liquids that contain detergent, soaps, or
similar organic materials. These liquids consist principally of laundry,
personnel shower, and equipment decontamination wastes that normally

have a low radioactivity content.

Dirty Waste Stream (Floor Drains): Normally nontritiated, aerated,
high-conductivity, non-primary-coolant quality liquids collected from
building sumps and floor and sample station drains. These liquids are
not readily amenable for reuse as primary coolant makeup water.

Effective Full Power Days: The number of days a plant would have to
operate 100% Ticensed power to produce the integrated thermal power
output during a calendar year, i.e.,

b
. P.T.
. _ Integrated Thermal Power _ i i'i
Effective Full Power Days = TTeensed Power Level =7
total
where
Pi is the ith power level, in MWt;
Ptota] is the licensed power level, in MWt; and
Ti is the time of operation at power level Pi’ in days.

Fission Product: A nuclide produced either by fission or by subsequent
radioactive decay or neutron activation of the nuclides formed in the
fission process.

Gaseous Effluent Stream: Processed gaseous wastes containing radioactive
materials resulting from the operation of a nuclear power reactor.

Liquid Effluent Stream: Processed 1iquid wastes containing radioactive
materials resulting from the operation of a nuclear power reactor.

Partition Coefficient (PC): The ratio of the concentration of a nuclide
in the gas phase to the concentration of a nuclide in the liquid phase
when the liquid and gas are at equilibrium.

Partition Factor (PF): The ratio of the quantity of a nuclide in the
gas phase to the total quantity in both the liquid and gas phases when
the liquid and gas are at equilibrium.
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Plant Capacity Factor: The ratio of the average net power to the rated
power capacity.

Primary Coolant: The fluid circulated through the reactor to remove
heat. The primary coolant activity is considered to be constant over a
range of power levels, coolant and cleanup flows, and coolant volumes.
Radionuclide concentrations given in this NUREG are based on a recent
compilation of available operating data. Therefore, the concentration
values in NUREG-0017, Rev. 1 differ from the ANSI N237 values (Ref. 1).
Provisions are made in the PWR-GALE Code, in accordance with the
recommendations of the standard, for adjusting coolant concentrations
should the plant be designed to parameters that are outside the ranges
considered in the standard. The radionuclide concentrations used are
considered to be representative of measured values based on the available
operating data. The radionuclides are divided into the following
categories:

1. Noble gases

2. Halogens (Br, I)

3. Cs, Rb

4, Water activation products
5. Tritium

6. Other nuclides (as listed in Tables 2-2 and 2-3 of Chapter 2
of this document)

Radioactive Halogens: The isotopes of fluorine, chlorine, bromine, and
iodine. The radicactive isotopes of jodine are the key isotopes considered
in dose calculations.

Radioactive Noble Gases: The radioactive isotopes of helium, neon,
argon, krypton, xenon, and radon, which are characterized by their
chemical inactivity. The radioactive isotopes of krypton and xenon are
the key elements considered in dose calculations.

Radioactive Release Rate: The average quantity of radioactive material
released to the environment from a nuclear power reactor during normal
operation, including anticipated operational occurrences.

Secondary Coolant: The coolant converted to steam by the primary coolant

in a heat exchanger (steam generator) to power the turbine. The radionuclide
concentrations in the secondary coolant are obtained as discussed above

in the definition of primary coolant.
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Source Term: The calculated average quantity of radiocactive material
released to the environment from a nuclear power reactor during normal
operation, including anticipated operational occurrences. The source
term is the isotopic distribution of radioactive materials used in
evaluating the impact of radioactive releases on the environment.

Steam Generator Blowdown: Liquid removed from a steam generator in
order to maintain proper water chemistry.

Tramp Uranium: The uranium present on the cladding of a fuel rod.

Turbine Building Floor Drains: Liquids of high conductivity and Tow-

level radioactivity primarily resulting from secondary system leakage,
steam trap drains, sampling system drainage, and maintenance and waste
drains.

1.3 GASEOUS SOURCE TERMS

The following sources are considered in calculating the releases of
radioactive materials (noble gases, radioactive particulates, carbon-14,
tritium, argon-41, and iodine) in gaseous effluents from normal operation,
including anticipated operational occurrences:

1. Waste gas processing system;

2. Steam generator blowdown system;
3. Condenser air ejector exhaust;
4, Containment purge exhaust;

5. Ventilation exhaust air from the auxiliary, and turbine
buildings, and the spent fuel pool area; and

6. Steam leakage from the secondary system.,

The releases of radioactive materials in gaseous effluents from the
fo]]owjgg sources are calculated to be less than 1 Ci/yr of noble gases
and 10 * Ci/yr of iodine-131. Therefore, the following releases are

considered negligible:

1. Steam releases due to steam dumps to the atmosphere and Tow-
power physics testing and

2. Ventilation air from buildings not covered in 5. above.

The calculational model considers inputs to the waste gas processing
system from both continuous stripping of the primary coolznt during
normal operation and from degassing the primary coolant for two cold
shutdowns per year. For plants equipped with steam geznerator blowdown
systems, the model considers iodine present in gases leaving the system
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vent, The PWR-GALE Code calculates the release rates of noble gases and
iodine to building atmospheres based on coolant leakage rates to buildings.
Radioiodine releases are related to the iodine-131 coolant concentrations
for the PWR being evaluated. Particulate release rates are based on
measurements at operating PWR's.

Chapter 2 provides iodine and particulate decontamination factors
for removal equipment and parameters for calculating holdup times for
noble gases and for calculating tritium, argon-41 and carbon-14 releases.

1.4 LIQUID SOURCE TERMS

The following sources are considered in calculating the release of
radioactive materials in liquid effluents from normal operation, including
anticipated operational occurrences:

1. Processed water generated from the boron recovery system to
maintain plant water balance or for tritium control;

2. Processed liquid waste discharged from the dirty waste or
miscellaneous waste systems;

3. Processed liquid waste discharged from the steam generator
blowdown treatment system;

4, Processed liquid waste discharged from the chemical waste
and condensate demineralizer regeneration system;

5. Liquid waste discharged from the turbine building floor
drain sumps; and

6. Detergent waste.

The radioactivity input to the liquid radwaste treatment system is
based on the flow rates of the liquid waste streams and their radioactivity
levels expressed as a fraction of the primary coolant activity (PCA). The
PCA is based on the recommendations of the American National Standard
(ANST N237) Source Term Specification (Ref. 1), with the changes as noted
in Section 1.2 under the Primary Coolant definition.

Radionuclide removal by the liquid radwaste treatment system is
based on the following parameters:

1. Decay during collection and processing and

2. Removal by the proposed treatment systems, e.g., filtration,
ion exchange, evaporation, reverse osmosis, and plateout.

For PWR's using a deep-bed condensate demineralizer, the inventory

of radionuclides collected on the demineralizer resins is calculated
by considering the flow rate of condensate at main steam activity that
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is processed through the demineralizers and radionuclide removal using
the decontamination factors given in Chapter 2. The activity on the
condensate demineralizer resins will also include the steam generator
blowdown activity if the blowdown is recycled to the condensate demin-
eralizers. The radioactivity content of the demineralizer regenerant
solution is obtained by considering that all the radioactivity is removed
from the resins at the interval dictated by the regeneration frequency.

Methods for calculating collection and processing times and the
decontamination factors for radwaste treatment equipment are given in
this chapter. The liquid radioactive source terms are adjusted to
compensate for equipment downtime and anticipated operational occurrences.

For plants using an onsite laundry, a standard detergent waste
source term, adjusted for the treatment provided, is added to the adjusted
source term.

1.5 INSTRUCTIONS FOR COMPLETING PWR-GALE CODE INPUT DATA CARDS

1.5.1 PARAMETERS INCLUDED IN THE PWR-GALE CODE

The parameters listed below are built into the PWR-GALE Code since
they are generally applicable to all PWR source term calculations and
do not require entry on input data cards.

1.5.1.1 The Plant Capacity Factor

0.80 (292 effective full power days per year).

1.5.1.2 Radionuclide Concentrations in the Primary Coolant, Secondary
Coolant, and Main Steam

See Section 2.2.3 of Chapter 2 of this document.

1.5.1.3 Radioiodine Releases from Building Ventilation Systems
Prior to Treatment

See Table 1-1. For a discussion of the normalization techniques
see Section 2.2.4.

1.5.1.4 Radioactive Particulate Releases from Building Ventilation
Systems Prior to Treatment

See Table 1-2.

1.5.1.5 Noble Gas Releases from Building Ventilation Systems

Noble Gas Releases from the containment building are based on a
leakage rate of 3%/day of primary coolant noble gas inventory. Releases
from the auxiliary building are based on 160 1b/day primary coolant
leakage. Releases from the turbine building are based on 1700 1b/hr
steam leakage.
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TABLE 1-11"

RADIOIODINE RELEASES FROM BUILDING VENTILATION
SYSTEMS PRIOR TO TREATMENT

(Ci/yr/uCi/g)
Containment Auxiliary Turbine
Building Building** Building ***
Annual Normalized* lodine
Release Rate
Power Operation 8.0 x 107411 0.72" 3.8 x 10°
Refueling/Maintenance 0,32%* 2.59 4,2 x 102

Outages

+*

**

* kk

tt

The values in this table come from Tables 2-13 through 2-16.

The normalized release rate, during different modes of operation,
represents the effective leak rate for radioiodine. It is the
combination of the reactor water leakage rate into the building and
the partitioning of the radioiodine between the water phase in the
leakage and the gas phase where it is measured. For the turbine
building the effective leak rate must consider the carryover for
radioiodine from water to steam in the steam generator.

To obtain the actual iodine release from these buildings in Ci/yr,
multiply the normalized release by the iodine coolant concentration
in uCi/g.

To obtain the actual iodine release from the turbine building in
Ci/yr, multiply the normalized release by the secondary coolant
concentration in pCi/g and by the partition coefficient (NS) from
Table 2-6.

Includes contribution from the fuel pool area.

This release rate is expressed in %/day of leakage of primary
coolant inventory of iodine and represents the effective leak
rate for radioiodine. It is the combination of the reactor water
leakage rate into the buildings, and the partitioning of the
radioiodine between the water phase in the leakage and the gas
phase where it is measured. In order to obtain the releases in
curies/year during power operations from the containment building
of a particular PWR, the normalized leak rates in Table 1-1, are
multiplied in the PWR-GALE Code by the iodine concentration in the
reactor coolant for that particular PWR, and then this leak rate
is considered along with the containment purging method for that
particular PWR.
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TABLE 1-2

RADIOACTIVE PARTICULATE RELEASES FROM BUILDING VENTILATION SYSTEMS
PRIOR TO TREATMENT*

(Ci/yr)/Unit
Auxiliary Fuel Pool Waste Gas

Nuclide Containment Building Area System
Cr-51 9.2(-3)" C3.2(-4) 1.8(-4) 1.4(-5)
Mn-54 5.3(-3) 7.8(-5) 3.0(-4) 2.1(-6)
Co-57 8.2(-4) NA NA NA

Co-58 2.5(-2) 1.9(-3) 1(-2) 8.7(-6)
Co-60 2.6(-3) 5.1(-4) 8.2(-3) 1.4(-5)
Fe-59 2.7(-3) 5.0(-5) NA 1.8(-6)
Sr-89 1.3(-2) 7.5(-4) 2.1(-3) 4.4(-5)
Sr-90 5.2(-3) 2.9(-4) 8.0(-4) 1.7(-5)
Zr-95 NA 1.0(-3) 3.6(-6) 4,8(-6)
Nb-95 1.8(-3) 3.0(-5) 2.4(-3) 3.7(-6)
Ru-103 1.6(-3) 2.3(-5) 3.8(-5) 3.2(-6)
Ru-106 NA 6.0(-6) 6.9(-5) 2.7(-6)
Sb-125 NA 3.9(-6) 5.7(-5) NA

Cs-134 2.5(-3) 5.4(-4) 1.7(-3) 3.3(-5)
Cs-136 3.2(-3) 4.8(-5) NA 5.3(-6)
Cs-137 5.5(-3) 7.2(-4) 2.7(-3) 7.7(-5)
Ba-140 NA 4,0(-4) NA 2.3(-5)
Ce-141 1.3(-3) 2.6(-5) 4.,4(-7) 2.2(-6)

NA - No release observed from this source. Release assumed to be less
than 1.0% of total.

t 9.2(-3) = 9.2 x 1073,

* The values in this table come from Tables 2-17 through 2-21.



1.5.1.6 Containment Building Purge Frequency

Two purges at cold shutdown per year plus a continuous purge specified
by the applicant in his containment design.

1.5.1.7 Primary System Volumes Degassed per Year

Two coolant volumes per year for cold shutdowns plus volumes degassed
due to continuous stripping.

1.5.1.8 Steam Generator Partition Coefficient (PC)

Once-through PC
Iodine 1.0
Nonvolatiles 1.0

Recirculation U-Tube

Iodine 0.01
Nonvolatiles 0.005

1.5.1.9 Radioiodine Releases from the Main Condenser Air Ejector
Exhaust Prior to Treatment

The normalized release rate of radioiodine from the main condenser
air ejector exhaust prior to treatment is 1.7 x 103 Ci/yr/uCi/g. The
normalized release rate represents the effective release rate for radio-
iodine. It is the combination of the steam flow to the main condenser,
the partitioning of radioiodine between the main condenser and the air
ejector exhaust where it is measured, and the partition coefficient for
radioiodine from water to steam in the steam generator. To obtain the
actual iodine release from the main condenser air ejector exhaust in
Ci/yr, multiply the normalized release by the secondary coolant concen-
tration in uCi/g and by the iodine partition coefficient (NS) from
Table 2-6.

1.5.1.10 Containment Internal Cleanup System

For systems using an internal cleanup system, the PWR-GALE Code
calculates the iodine concentration in the containment atmosphere based
on 16 hours of system operation prior to purging, an iodine removal
efficiency for the charcoal adsorbers corresponding to Table 1-5, a
particulate DF of 100 for HEPA filters and an internal mixing efficiency
of 70%.

1.5.1.11 Detergent Wastes

The radionuclides listed in Table 2-27 of Chapter 2 are assumed to
be released unless treatment is provided or Taundry is not processed on
site.



1.5.1.12 Tritium Releases

The tritium releases through the combined liquid and vapor pathways
are 0.4 Ci/yr per MWt. The quantity of tritium released through the
liquid pathway is based on the calculated volume of liquid released,
excluding secondary system wastes, with a primary coolant tritium
concentration of 1.0 uCi/ml up to a maximum of 0.9 of the total quantity
of tritium calculated to be available for release. It is assumed that
the remainder of the tritium produced is released as a gas from building
ventilation exhaust systems.

1.5.1.13 Argon-41 Releases

The annual quantity of argon-41 released from a pressurized water
reactor is 34 Ci/yr. The argon-41 is released to the environment via
the containment vent when the containment is vented or purged.

1.5.1.14 Carbon-14 Releases

The annual quantity of carbon-14 released is 7.3 Ci/yr, of which the
releases from the containment, auxiliary building and waste gas system
are 1.6, 4.5 and 1.2 Ci/yr, respectively.

1.5.1.15 Decontamination Factors for Condensate Demineralizer

Demineralizer Anion Cs, Rb Other Nuclides
Deep Bed 10 2 10
Powdex 10 2 10

Note: For a system using filter/demineralizers (Powdex), a zero
is entered for a regeneration frequency as explained later
in Section 1.5.2.10.

1.5.1.16 Primary Coolant Purification System Demineralizers

Demineralizer Anion Cs, Rb Other Nuclides
Mixed Bed 100 2 50
Cation 1 10 10

1.5.1.17 Releases of Radioactive Material in Liquid Waste from the
Turbine Building Floor Drain System

7200 gal/day at main steam activity.

1.5.1.18 Regeneration of Condensate Demineralizers

Flow rates and concentrations of radiocactive materials routed to
the liquid radwaste treatment system from the chemical regeneration of
the condensate demineralizers are based on the following parameters:
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1. Liquid flow to the demineralizer is based on the radioactivity
of the main steam and the fraction of radioactivity which does
not bypass the condensate demineralizer if there is pumped
forward flow. The steam generator blowdown radioactivity is
added to the condensate radiocactivity if the blowdown is
processed through the condensate demineralizer.

2. A1l radionuclides removed from the secondary coolant by the
demineralizer resins are removed from the resins during chemical
regeneration. The radioactivity in the regenerant wastes is
adjusted for radionuclide decay during demineralizer operation.

1.5.1.19 Adjustment to Liquid Radwaste Source Terms for Anticipated
Operational Occurrences

1. The calculated source term is increased by 0.16 Ci/yr per
reactor using the same isotopic distribution as for the
calculated source term to account for anticipated occurrences
such as operator errors resulting in unplanned releases.

2. Evaporators are assumed to be unavailable for two consecutive
days per week for maintenance. If a two-day holdup capacity or
an alternate evaporator is available, no adjustment is needed.
If less than a two-day capacity is available, the waste excess
is assumed to be handled as follows:

a. Clean or Dirty Waste - Processed through an alternative
system (if available) using a discharge fraction consistent
with the Tower purity system.

b. Chemical Waste - Discharged to the environment to the
extent holdup capacity or an alternative evaporator is
not available.

1.5.2 PARAMETERS REQUIRED FOR THE PWR-GALE CODE

Complete the cards designated in the sections below by "(SAR/ER)"
from information given in the Safety Analysis and Environmental Reports.
Complete the remaining cards (i.e., those not designated below as " (SAR/ER)"
cards), using the principal source term parameters specified below and
discussed in Chapter 2 of this document.

1.5.2.1 Card 1: Name of Reactor (SAR/ER)

Enter in spaces 33-60 the name of the reactor.
Enter in spaces 78-80 the type of reactor, i.e., PWR.

1.5.2.2 Card 2: Thermal Power Level (SAR/ER)

Enter in spaces 73-80 the maximum thermal power level (in MuWt)
evaluated for safety considerations in the Safety Analysis Report.



1.5.2.3 Card 3: Mass of Coolant in Primary System (SAR/ER)
3

Enter in spaces 73-80 the mass of coolant (in 107 1b) in the primary

system at operating temperature and pressure.

1.5.2.4 Card 4: Primary System Letdown Rate (SAR/ER)

Enter in spaces 73-80 the average letdown rate (gal/min) from the
primary system to the purification demineralizers.

1.5.2.5 Card 5: Letdown Cation Demineralizer Flow Rate (SAR/ER)

Enter in spaces 73-80 the annual average flow rate (gal/min) through
the cation demineralizers for the control of cesium in the primary coolant.
The average flow rate is determined by multiplying the average letdown
rate (value entered on Card 4) by the fraction of time the cation demin-
eralizers are in service to obtain the average cation demineralizer flow
rate.

1.5.2.6 Card 6: Number of Steam Generators (SAR/ER)

Enter in spaces 73-80 the number of steam generators.

1.5.2.7 Card 7: Total Steam Flow (SAR/ER)

Enter in spaces 73-80 the total steam flow (in 106 1b/hr) for all
steam generators.

1.5.2.8 Card 8: Mass of Liquid in Each Steam Generator (SAR/ER)
3

Enter in spaces 73-80 the mass of liquid (in 10” 1b) in each steam

generator.

1.5.2.9 Card 9: Steam Generator Blowdown Rate and Blowdown Treatment
Method (SAR/ER)

Enter in spaces 37-44 the steam generator blowdown rate as given in
the applicants SAR or ER.

Enter total blowdown rate in thousands of 1b/hr in spaces 37-44,
For a once-through steam generator, leave spaces 37-44 blank.

Describe the Blowdown Treatment Method as follows:

1. Enter 0 in space 80 if the blowdown is recycled to the condensate
system after treatment in the blowdown system whether or not
there are condensate demineralizers.

2. Enter 1 in space 80 if the steam generator blowdown is recycled
directly to condensate system demineralizers without prior
treatment in the blowdown system.



3. Enter 2 in space 80 if the steam generator blowdown is not
recycled to the condensate system.

If the plant has once-through steam generators, leave space 80 blank.

1.5.2.10 Card 10: Condensate Demineralizer Regeneration Time

For deep-bed condensate demineralizers which do not use ultrasonic
resin cleaner, use a 1.2-day regeneration frequency. Multiply the
frequency by the number of demineralizers and enter the calculated
number of days in spaces 73-80; for deep-bed condensate demineralizers
which use ultrasonic resin cleaning, use an 8-day regeneration frequency.
For filter/demineralizers (Powdex) or if condensate demineralizers are
not used, enter zeros in spaces 73-80.

1.5.2.11 Card 11: Fraction of Feedwater Through Condensate Demineralizer

(SAR/ER)

Enter in spaces 73-80 the fraction of feedwater to the steam generator
processed through the condensate demineralizers. If condensate demineralizers
are not used, enter 0.0 in spaces 73-80.

1.5.2.12 Cards 12-29: Liquid Radwaste Treatment System Input Parameters

Six liquid radwaste inlet streams are considered in the PWR-GALE Code:
1. Shim Bleed, Cards 12-14.

2. Equipment Drain Waste, Cards 15-17.

3. Clean Waste, Cards 18-20.

4, Dirty Waste, Cards 21-23.

5. Blowdown Waste, Cards 24-26.

6. Regenerant Wastes, Cards 27-29.

Three input data cards are used to define the major parameters for
each of the six waste streams. Essentially the same information is needed
on the three input data cards used for each of the six waste streams. The
instructions given in this section are applicable to all six waste streams
with the following exception: The inlet waste activity is not entered
for Cards 12, 24, and 27 for the shim bleed, blowdown wastes, or regenerant
wastes since that activity for these wastes is calculated by the PWR-GALE
Code.

Cards 12-14 are used only for the shim bleed stream. For reactor
designs that combine the shim bleed with other reactor grade wastes prior
to processing, the other wastes are entered as equipment drain wastes on
Cards 15-17.



The entries required on the first card (12, 15, 18, 21, 24, and 27)
for each of the six waste streams, respectively, considered in the PWR-GALE
Code are outlined below and described in more detail in Section 1.5.2.15.1.

1. Enter in spaces 17-39 the name of the waste stream (Card 24
spaces 17-44),

2. Enter in spaces 42-49 the flow rate (in gal/day) of the inlet
stream (except on Cards 24 and 27).

3. Enter in spaces 57-61 the activity of the inlet stream
expressed as a fraction of primary coolant activity (PCA)
(except on Cards 12, 24 and 27).

The second card (13, 16, 19, 22, 25, and 28) for each waste stream
contains the overall system decontamination factors for the three categories
of radionuclides, as follows:

1. Enter in spaces 21-28 the DF for iodine.

2. Enter in spaces 34-41 the DF for cesium and rubidium.

3. Enter in spaces 47-54 the DF for other nuclides.

The following entries are required on the third card (14, 17, 20,
23, 26, and 29) for each waste stream:

1. Enter in spaces 28-33 waste collection time (in days) prior
to processing.

2. Enter in spaces 48-53 waste processing and discharge times
(in days).

3. Enter in spaces 72-77 the average fraction of wastes to be
discharged after processing.

Cards 24-26 are for waste inputs due to steam generator blowdown.
1. Card 24
a. For recirculating U-tube steam generator systems, enter
the fraction of the blowdown stream processed in spaces
73-80. The PWR-GALE Code will calculate releases based
on steam generator blowdown wastes.

b. For once-through steam generator systems, leave spaces
73-80 blank.

2. Card 25
a. I[f the steam generator blowdown is not recycled to the

condensate system, enter blowdown system DF's as explained
for Card 13.
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b. If the steam generator blowdown is recycled directly to
the condensate system demineralizers without prior treatment
in the blowdown system, enter DF of 1.0 for iodine in
spaces 21-28, DF of 1.0 for cesium and rubidium in spaces
34-41, and DF of 1.0 for other nuclides in spaces 47-54,

C. If the steam generator blowdown is recycled to the condensate
system demineralizers after treatment in the blowdown system,
enter blowdown system DF's as explained for Card 13.

3. Card 26
Complete Card 26 as explained for Card 14.
Cards 27-29 are for waste inputs due to regenerant wastes.

1. Card 27

a. For recirculating U-tube steam generator systems that do
not utilize condensate demineralizers in the secondary
system, leave spaces 73-80 blank.

b. For once-through steam generator systems and for recirculating
U-tube steam generator systems that utilize condensate
demineralizers in the secondary system, enter the regenera-
tion solution waste flow (gal/day) in spaces 73-80. The
inlet waste activity is not needed since the activity is
calculated by the PWR-GALE Code.

2. Cards 28 and 29

Complete Cards 28 and 29 as explained for Cards 13 and 14.

The following sections explain in more detail the use of the parameters
in this report and the information given in the SAR/ER to make the data
entries on Cards 12-92 1isted above.

1.5.2.12.1 Liquid Waste Flow Rates and Activities (Cards 12, 15, 18, 21,
24 and 27)

Filow rates and activity are calculated, using the waste volumes and
activities given in Table 1-3. To the input flow rates given in the table,
add expected flows and activities more specific to the plant design as
given in the SAR/ER. With the exception of the shim bleed, the individual
streams are combined based on the radwaste treatment system described
in the SAR/ER.

Waste streams processed with the shim bleed are entered as equipment
drain wastes on Cards 15-17. Input activities are based on the weighted
average activity of the composite stream entering the waste collection



TABLE 1-3

PWR LIQUID WASTES

EXPECTED DAILY AVERAGE INPUT FLOW RATE (in Gal/day)

Type of treatment of blowdown recycled to secondary

system (U-tube steam generator plants) or type of
treatment of condensate (once-through steam

8L-1

generator plants) Plant with
blowdown treat-
Deep-bed cond. ment. Product
Deep-bed cond. demineralizers not recycled to
demineralizers without condenser or FRACTION OF
with ultrasonic ultrasonic Filter- secondary coolant  PRIMARY COOLANT
SOURCE resin cleaner resin cleaner demineralizer system ACTIVITY (PCA)
REACTOR CONTAINMENT
a. Primary coolant pump seal 20 20 20 20 0.1
leakage
b. Primary coolant leakage, 10 10 10 10 1.67*
miscellaneous sources
¢. Primary coolant equipment 500 500 500 500 0.001
drains
PRIMARY COOLANT SYSTEMS
(OUTSIDE OF CONTAINMENT)
a. Primary coolant system 80 80 80 80 1.0
equipment drains
b. Spent fuel pit liner drains 700 700 700 700 0.001
¢. Primary coolant sampling 200 200 200 200 0.05
system drains
d. Auxiliary building floor 200 200 200 200 0.1

drains



3. SECONDARY COOLANT SYSTEMS

d.

6i-1

Secondary coolant sampling
system drains

Condensate demineralizer
rinse and transfer
solutions

Condensate demineralizer
regenerant solutions

Ultrasonic resin cleaner
solutions

Condensate filter-
demineralizer backwash

Steam generator blowdown

Turbine building floor
drains

4. DETERGENT AND DECONTAMINATION

SYSTEMS

On-site Taundry facility
Hot showers
Hand wash sink drains

Equipment and area
decontamination

TOTALS

TABLE 1-3 (Continued)

1400 1400 1400 1400 1074
-8
3000 12000 - - 10
850 3400 - - Calculated in
GALE Code
15000 - - - 1078
- - 8100 - 2 x 10_6
- - - Plant dependent** Plant dependent**
7200 7200 7200 7200 Calculated in
GALE Code
300 300 300 300 See Table 2-26
Negligible Negligible Negligible Negligible -
200 200 200 200 See Table 2-26
40 40 40 40 See Table 2-26
29,700 26,300 19,000 10,000

* About 40 percent of the leakage flashes, resulting in PCA fraction of the leakage greater than 1.0.
** Input parameter.



tanks. For example, if the inlet streams A, B, and C enter the dirty
waste collector tank at average rates and PCA as listed below,

Stream A 1,000 gal/day at 0.01PCA
Stream B 2,000 gal/day at 0.1PCA
Stream C 500 gal/day at 1.0PCA

the composite A, B, C activity would be calculated as follows:

(1,000 gal/day)(0.01PCA) + (2,000 gal/day)(0.1PCA) + (500 ga]/day)(].OPCAl= 0.2PCA
(1,000 gal/day + 2,000 gal/day + 500 gal/day) .

The entries on Card 21 for this example would then be: spaces 17-33,
“Dirty Waste"; spaces 42-49, 3500.; spaces 57-61, "0.2".

The input flow rates and activities are entered in units of gal/day
and fractions of PCA, respectively.

1.5.2.12.2 Decontamination Factors for Equipment Used in the Liquid
Radwaste Treatment System (Cards 13, 16, 19, 22, 25, and 28)

The decontamination factors (DF's) given in this document are used
in the PWR-GALE Code. The DF's represent the expected equipment performance
averaged over the life of the plant, including downtime. The following
factors should be considered in calculating the overall decontamination
factors for the various systems:

1. DF's are categorized by one of the following types of radionuclides:
a. Halogens
b. Cs, Rb
c. Other Nuclides

Note: A DF of 1 is assumed by the PWR-GALE Code for tritium. Noble gases
and water activation products, e.g., N-16, are not considered in
the Tiquid code.

2. The system DF for each inlet stream is the product of the
individual equipment DF's in each of the subsystems.

3. Equipment that is used optionally (as required) and not
included in the normal flow scheme should not be considered
in calculating the overall system DF.

Table 1-4 shows the decontamination factors to be used for PWR
systems.
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TABLE 1-4
DECONTAMINATION FACTORS FOR PWR LIQUID WASTE TREATMENT SYSTEMS

TREATMENT SYSTEM DECONTAMINATION FACTOR
Demineralizer Anion Cs, Rb Other Nuclides
Mixed Bed

Primary coolant letdown (CVCS) 100 2 50
Radwaste (HTOH™) 102(10)*  2(10) 102(10)
Evaporator condensate polishing 5 1 10
Boron recycle 10 2 10
Steam generator blowdown 102(10) 10(10) 102(10)
Cation bed (any system) 1(1) 10(10) 10(10)
Anion bed (any system) 102(10) 1(1) 1(1)
Powdex (any system) 10(10) 2(10) 10(10)

A11 Nuclides

Evaporators Except lodine lodine
Miscellaneous radwaste 103 102
Boric acid recovery 103 102

Reverse Osmosis A11 Nuclides
Laundry wastes 30
Other Tiquid wastes 10

Filters DF of 1 for all nuclides

* For demineralizers in series, the DF for the second demineralizer is
given in parentheses.
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The following example illustrates the calculation of the decontamination
factor for a dirty waste treatment system: Assume that dirty wastes are
collected; processed through a filter, an evaporator, and a mixed-bed
polishing demineralizer; and collected for sampling. If required to meet
discharge criteria, the contents of the waste sample (test) tank are
processed through a mixed-bed demineralizer for additional radionuclide
removal. This example may be summarized graphically as:

Demineralizer 2

Dirty waste — Filter — Evaporator — Demineralizer 1 — Waste sample
collector tank tank

Extracting from Table 1-4 gives the following values for the example:

Demineralizer Demineralizer

Filter Evaporator 1 2 Product
Todine 1 102 5 1 5 x 102
Cs, Rb 1 103 1 1 103
Other Nuclides 1 103 10 ] 104

These values are obtained as follows:

° A DF of 1.0 is applied to all nuclides for the filter.

. A DF of 102 for iodine and 103 for Cs, Rb, and other nuclides

is applied for the radwaste evaporator.

[ A DF of 5 is applied for iodine, a DF of 1 for Cs, Rb and a
DF of 10 for the evaporator condensate polishing demineralizer.

° A DF of 1 is applied to the second demineralizer since this
demineralizer's used is optional, and it is not used for
normal operations.

) The product of the DF's is obtained by multiplication of the
first four columns for each nuclide.

Thus on Card 22, the following would be entered: 1in spaces 21-28,
"500.0"; in spaces 34-41, "1000.0"; and in spaces 47-54, "10000.0".

1.5.2.12.3 Collection Time for Liquid Wastes (Cards 14, 17, 20, 23, 26,
and 29 -- Spaces 29-33)

Collection time prior to processing is based on the input flow

calculated above. Where redundant tanks are provided, assume the collection
tank to be filled to 80% design capacity. If only one tank is provided,
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assume the tank to be filled to 40% design capacity. For example, if
flow from a 1,000-gal/day floor drain is collected in two 20,000-gallon
tanks prior to processing, collection time would be calculated as follows:

. . _ (0.8)(20,000 gal) _
Collection time (TC) = (1,000 gaT/day) - 16 days

Then, for example, "16.0" should be entered in spaces 29-33 on Card 23,

1.5.2.12.4 Processing and Discharge Time (Cards 14, 17, 20, 23, 26,
and 29 -- Spaces 48-53)

Decay during processing and discharge of liquid wastes is shown
graphically as follows:

R
0

Tank A — B Rb — Tank C — RC — Discharge Canal

where
A is the capacity of initial tank in flow scheme, in gal;

B is the limiting process based on equipment flow capacity,
dimensionless;

C 1is the capacity of final tank in flow scheme prior to discharge,
in gal;

Rb is the equipment flow capacity of Process B, in gal/day;
R is the flow capacity of Tank C discharge pump, in gali/day; and
R is the rate of flow of additional waste inputs to Tank C, in

gal/day.

T_, the process time credited for decay, is calculated as follows, in days:

for redundant tanks, or Tp = 0§4A for a singie tank

b b

_ 0.8A
Tp = R

Td, the discharge time (50% credited for decay), is calculated as follows,

in days:

Td = Oé8c for redundant tanks, or Td = Oé4c for a single tank.

c c
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After performing the above two calculations, calculate whetner
credit may be taken for decay during discharge by determining whether

0.8C > Tp(Rb + Ro) for redundant tanks, or
0.4C > Tp(Rb + RO) for a single tank.
If so, then

Decay = Tp + 0.5Td

where "Decay" is the new processing and discharge time to be entered in
spaces 48-53 of the third card for each input stream (Cards 14, 17, 20,
23, 26, and 29).

If, however, 0.8C (or 0.4C, as appropriate) < Tp(Rb + RO), Tp is used

for the holdup time during processing, since Tank C may be discharged before
Tank A has been completely processed. In this case, the Tp value should be
entered in spaces 48-53 of the third card.

For example, for the following input waste stream:

FLOOR DRAINS
1,000 GAL/DAY

l

i }
FLOOR DRAIN FLOOR DRAIN ?AEOT(E;’ZE/E[;\'JYWASTE
TANK A TANK B
20,000 GAL 20,000 GAL
J
WASTE
SAMPLE
r TANK A
YT 40,000 GAL
_ | DEMIN. WASTE !
100 GAL/ EVAPORATOR
MIN 15 GAL/MIN
WASTE
1 ANk
40,000 GAL N
DISCHARGE
PUMP 10 GAL/
MIN.
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Decay time during processing and discharge is calculated as follows:

0.8)(20,000 gal

Process Time (Tp) = gal/min mndayT - 0.7 day
i i _ (0.8) (40,000 gal) _
Discharge Time (Ty) = 7g-gai/min) (1440 min/day) - 2-2 days

Then, checking for decay credit, 0.8C/(Rb + Ro) = 1.45 days, which
is greater than Tp; therefore, credit is taken for (Tp + 0.5Td) or 1.8 days

for processing and discharge. The input in spaces 48-53 to the Code is
1.8 days for processing and discharge time.

1.5.2.12.5 Fraction of Wastes Discharged (Cards 14, 17, 20, 23, 26,
and 29 -- Spaces 72-77)

The percent of the wastes discharged after processing may vary
between 10% and 100%, except as noted below, based on the capability of
the system to process liquid waste during equipment downtime, waste volume
surges, tritium control requirements, and tank surge capacity. A minimum
value of 10% discharge for the liquid radioactive waste treatment system
is used when the system is designed for maximum waste recycle, when the
system capacity is sufficient to process wastes for reuse during equipment
downtime and anticipated operational occurrences, and when a discharge
route is provided. For steam generator blowdown treatment systems, less
than 10% discharge should be considered on a case-by-base basis, depending
on system capacity.

The PWR-GALE Code calculates the release of radioactive materials in
1iquid waste from the following systems after processing. The quantity
released is shown on the printout.

1. Boron Recovery System - Combined releases from both shim bleed
and equipment drains.

2. Miscellaneous Liquid Waste System - Combined releases from
both clean and dirty waste subsystems.

3. Secondary Waste System - Releases from steam generator blowdown
system, regenerant wastes from demineralizer regenerations, or
both according to the plant design.

4, Turbine Building Floor Drain System - Releases of Tliquid from
the turbine building floor drain system are calculated assuming
no treatment prior to release. Straight decay time of 6 hours
is built into the code.

5. Detergent Waste System - Combined releases from laundry
operations, equipment decontamination solutions, and personnel
decontamination showers.
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1.5.2.13 Card 30: Letdown System

1. Enter 0 in space 80 if there is not continuous gas stripping
of the full letdown flow. (This sets Y = 0.0.)

2. Enter 1 in space 80 if there is continuous degassification
of the full letdown flow to the gaseous radwaste system via
a gas stripper. (This sets Y = 1.0.)

3. Enter 2 in space 80 if there is continuous purging of the
volume control tank. (This sets Y = 0,25.)

The total amount of fission gases routed to the gaseous radwaste
system from several systems in the plant (e.g., volume control tank,
shim bleed gas stripper, equipment drain tanks, cover gas) is calculated
in the PWR-GALE Code. (For definition of "Y", see Tables 2-4 & 2-5.)

1.5.2.14 Cards 31-33: Holdup Time for Fission Gases Stripped from
Primary Coolant

The holdup time for gases stripped from the primary coolant is hand
calculated because of the multiplicity of holdup system designs. The
calculations are based on the following parameters:

1. Pressurized Storage Tanks

a. One storage tank is held in reserve for back-to-back
shutdowns, one tank is in the process of filling, and the
remainder are used for storage. The PWR-GALE Code will
calculate the effective holdup time for filling and add
it to the holdup time for storage.

b. Calculations are based on the waste gas input flow rate to
the pressurized storage tanks, and a storage tank pressure
70% of the design value.

C. If the calculated holdup time exceeds 90 days, assume the
remaining gases are released after 90 days.

The holdup time (Th) and fill time (Tf) are calculated as follows:

PV
Te=v
T = Pan-Z!
h F
where
n is the number of tanks;
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equat

where

n-2 1is the correction to subtract the tank being filled and the
tank held in reserve;

P is the storage pressure, in atmospheres (dimensionless in this
particular calculation);

Tf is the time required to fill one tank, in days;

Th is the holdup time, in days;

) is the volume of each tank, in ft3 (STP); and

F is the waste gas flow rate to pressurized storage tanks. This

flow rate should be supplied by the applicant for the specific
type of waste gas system design. In the absence of specific
data supplied by the applicant, we will use the data given in
Section 2.2.12.1, in which the average value for the PWR's
listed in Table 2-24 is 170 ft3 /day (STP) per reactor for PWR's
without recombiners; and for PWR's with recombiners, the average
value for the PWR's listed in Table 2-25 is 30 ft3/day (STP) per
reactor.
Enter on Card 31 the holdup time, in days, for Xe in spaces 73-80.
Enter on Card 32 the holdup time, in days, for Kr in spaces 73-80.
Enter on Card 33 the fill time, in days, in spaces 73-80.

2. Charcoal Delay Systems

Charcoal delay system holdup times are based on the following
ion:

T = 0.011 MK/F

F is the system flow rate, in ft3/m1n; (see 1.5.2.14.1.c, above)
K is the dynamic adsorption coefficient, in cm3/g;
M is the mass of charcoal adsorber, in thousands of pounds; and

T is the holdup time, in days.

The dynamic absorption coefficient, K, for Xe and Kr and based on
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the system design noted below.

DYNAMIC ABSORPTION COEFFICIENT, K (cm?[g)

Operating 77°F Operating 77°F Operating 77°F Operating 0°F
Dew Point 45°F Dew Point QO°F Dew Point -40° Dew Point -20°

Kr 18.5 25 70 105
Xe 330.0 440 1160 2410

Enter on Card 31 the holdup time, in days, for Xe in spaces 73-80.
Enter on Card 32 the holdup time, in days, for Kr in spaces 73-80.
Leave Card 33 blank.

3. Cover Gas Recycle System

For this system or other systems designed to hold gases indefinitely,
the calculations are based on a 90-day holdup time.

Enter on Card 31 the holdup time (90 days) for Xe in spaces 73-80.
Enter on Card 32 the holdup time (90 days) for Kr in spaces 73-80.
Enter on Card 33 the fill time (O days) in spaces 73-80.

1.5.2.15 Card 34: Waste Gas System Particulate Releases

Card 34 identifies the treatment provided for particulate removal
from the waste gas system effluent.

1. If ventilation exhaust air is treated through HEPA filters which
satisfy the guidelines of Regulatory Guide 1.140 (Ref. 2), enter
a removal efficiency of 99. for particulates in spaces 39-41.

2. If no treatment is provided for the ventilation exhaust air to
remove particulates or if the HEPA filters do not satisfy the
guidelines of Regulatory Guide 1.140 (Ref. 2), enter 0.0 in
spaces 39-41,

1.5.2.16 Cards 35 and 36: Fuel Handling and Auxiliary Buildings Releases

Cards 35 and 36 indicate the fractions of airborne iodine and radio-
active particulates released from the fuel handling and auxiliary buildings,
respectively.
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TABLE 1-5

ASSIGNED REMOVAL EFFICIENCIES FOR CHARCOAL ADSORBERS
FOR RADIOIODINE REMOVAL

.. . b
a Removal Efficiencies
Activated Carbon™ Bed Depth for Radioiodine %

2 inches. Air filtration system designed to 90.
operate inside reactor containment

2 inches. Air filtration system designed to 70.
operate outside the reactor containment and
relative humidity is controlled at 70%

4 inches. Air filtration system designed to 90.
operate outside the reactor containment and
relative humidity is controlled at 70%

6 inches. Air filtration system designed to 99,
operate outside the reactor containment and
relative humidity is controlled to 70%

a Multiple beds, e.g., two 2-inch beds in series, should be treated as a
single bed of aggregate depth of 4 inches.

b The removal efficiencies assigned to HEPA filters for particulate
removal and charcoal adsorbers for radioiodine removal are based on the
design, testing, and maintenance criteria recommended in Regulatory
Guide 1.140, "Design, Testing and Maintenance Criteria for Normal
Ventilation Exhaust System Air Filtration and Adsorption Units of
Light-Water-Cooled Nuclear Power Plants" (Ref. 2).
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1. If ventilation exhaust air is treated through charcoal adsorbers
which satisfy the guidelines of Regulatory Guide 1.140 (Ref. 2),
enter the appropriate removal efficiency in spaces 47-49 for
radioiodine corresponding to the depth of charcoal as indicated
in Table 1-5,

2. If ventilation exhaust air is treated through HEPA filters which
satisfy the guidelines of Regulatory Guide 1.140 (Ref. 2), enter
a removal efficiency of 99. for particulates in spaces 56-58.

3. If no treatment is provided for the ventilation exhaust air to
remove radioiodine, enter 0.0 in spaces 47-49; if no treatment
is provided to remove particulates, enter 0.0 in spaces 56-58.

1.5.2.17 Card 37: Containment Free Volume (SAR/ER)

6

Enter the containment volume (in 10 ft3) in spaces 73-80.

1.5.2.18 Card 38: Containment Internal Cleanup System (SAR/ER)

1. If the containment internal cleanup system uses charcoal adsorbers
which satisfy the guidelines of Regulatory Guide 1.140 (Ref. 2),
enter the appropriate removal efficiency in spaces 47-49 for
radioiodine corresponding to the depth of charcoal as indicated
in Table 1-5.

2. If the containment internal cleanup system uses HEPA filters which
satisfy the guidelines of Regulatory Guide 1.140 (Ref. 2), enter
a removal efficiency of 99. for particulates in spaces 56-58,

3. If there is no containment internal cleanup system, enter 0.0 in
spaces 47-49 and in spaces 56-58.

3

4. Enter the flow rate (in 10 ft3/m1n) through the internal cleanup

system in spaces 73-80.

The airborne concentration calculations are based on the following
parameters:

a. A primary coolant leakage rate corresponding to the normalized
release rate given in Table 1-1.

b. A continuous normal ventilation flow rate as specified by the
applicant.

c. Operation of the cleanup system for 16 hours prior to purging.

d. A DF for the charcoal adsorber corresponding to the values in
Table 1-5, a DF of 100 for the HEPA filters, and a mixing efficiency
of 70%. The mixing efficiency is an effective removal efficiency
which takes into account the effects of incomplete mixing in the
containment,
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e.

1.5.2.19

Continuous leakage of primary coolant during the operation of
the internal cleanup system.

Card 39: Containment Building lodine Releases - During Large

Volume Purge System Operation

Card 39 indicates the fraction of airborne iodine and radioactive
particulates released during purging of the containment building with the
large volume containment purge system.

Note:

].

1.5.2.20

Treatment referred to below does not include the internal
recirculation system.

If ventilation exhaust air is treated through charcoal adsorbers
which satisfy the guidelines of Regulatory Guide 1.140 (Ref. 2),
enter the appropriate removal efficiency in spaces 47-49 for
radioiodine corresponding to the depth of charcoal as indicated
in Table 1-5,

If ventilation exhaust air is treated through HEPA filters which
satisfy the guidelines of Regulatory Guide 1.140 (Ref. 2), enter
a removal efficiency of 99. for particulates in spaces 56-58.

If no treatment is provided for the ventilation exhaust air to
remove radioiodine, enter 0.0 in spaces 47-49; if no ireatment
is provided to remove particulates, enter 0.0 in spaces 56-58.

Enter the number of purges per year during power operations in
spaces 78-80. (Note: The 2 purges at shutdown are stored in
the PWR GALE Code and need not be entered on card 39.)

Card 40: Containment Building Iodine Releases - Low Volume
Purge During Power Operation

Card 40 indicates the fraction of airborne iodine in the containment
atmosphere that is released during the low volume purge of the containment
building while the reactor is at power.

Note:

].

Treatment referred to below does not include the internal
recirculation system.

If ventilation exhaust air is treated through charcoal adsorbers
which satisfy the guidelines of Regulatory Guide 1.140 (Ref. 2),
enter the appropriate removal efficiency in spaces 47-49 for
radioiodine corresponding to the depth of charcoal as indicated
in Table 1-5.

If ventilation exhaust air is treated through HEPA filters which
satisfy the guidelines of Regulatory Guide 1.140 (Ref. 2), enter
a removal efficiency of 99. for particulates in spaces 56-58.

If no treatment is provided for the ventilation exhaust air to
remove radioiodine, enter 0.0 in spaces 47-49; if no treatment
is provided to remove particulates, enter 0.0 in spaces 56-58.



4.

1.5.2.21

].

2.

1.5.2.22

].

2.

1.5.2.23
].

2'

Enter the continuous containment purge rate (ft3/m1n) in spaces
73-80.

Card 41: Steam Generator Blowdown Tank Vent

Enter 0.0 in spaces 73-80 if the gases from the blowdown flash
tank are vented through a condenser prior to release.

Enter 0.0 in spaces 73-80 if the blowdown flash tank is vented
to the main condenser air ejector.

Enter 0.0 in spaces 73-80 for a once-through steam generator
system.

For older plants which still use flash tanks which vent directly
to the atmosphere an iodine partition factor of 0.05 is used.

Card 42: Percentage of lodine Removed by the Condenser Air

Ejector Offgas Treatment System

If, prior to release, the offgases from the condenser air ejector

are processed through charcoal adsorbers which satisfy the guidelines
of Regulatory Guide 1.140 (Ref. 2), enter the removal efficiency

in spaces 73-80 for radioiodine corresponding to the depth of
charcoal as indicated in Table 1-5.

If the offgases are released from the condenser air ejector
without treatment, enter 0.0 in spaces 73-80.

Card 43: Detergent Wastes

If the plant does not have an onsite laundry, enter 0.0 in spaces
73-80.

If the plant has an onsite laundry and detergent wastes are
released without treatment, enter 1.0 in spaces 73-80.

If detergent wastes are treated prior to discharge, enter the
fraction of radionuclides remaining after treatment (1/DF) in
spaces 73-80. The parameters in Chapter 2 of this document
should be used in determining the DF for the treatment applied
to detergent wastes.
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CHAPTER 2. PRINCIPAL PARAMETERS USED IN PWR SOURCE TERM
CALCULATIONS AND THEIR BASES

2.1 INTRODUCTION

The principal parameters used in source term calculations have been
compiled to standardize the calculation of radioactive source terms.

The following sections describe parameters used in the evaluation
of radwaste treatment systems. The parameters have been derived from
reactor operating experience where data were available. Where operating
data were inconclusive or not available, information was drawn from
laboratory and field tests and from engineering judgment. The bases for
the source term parameters explain the reasons for choosing the numerical
values listed. A 1ist of references used in developing the parameters is
also included.

The parameters in the PWR-GALE Code will be updated periodically and
published in revisions to this NUREG as additional operating data become
available. The source term parameters used are believed to provide a
realistic assessment of reactor and radwaste system operation.

2.2 PRINCIPAL PARAMETERS AND THEIR BASES

2.2.1 THERMAL POWER LEVEL
2.2.1.1 Parameter

The maximum thermal power level (MWt) evaluated for safety considera-
tions in the Safety Analysis Report.

2.2.1.2 Bases

The power level used in the source term PWR-GALE Code is the maximum
power level evaluated for safety considerations in the Safety Analysis
Report. Using this value, the evaluation of the radwaste management systems
need not be repeated when the applicant applies for a stretch power license
at a later date. Past experience indicates that most utilities request
approval to operate at maximum power soon after reaching commercial
operation.

2.2.2 PLANT CAPACITY FACTOR
2.2.2.,1 Parameter

A plant capacity factor of 80% is used, i.e., 292 effective full
power days.
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2.2.2.2 Bases

The source term calculations are based on a plant capacity factor of
80% averaged over the 30-year operating life of the plant, i.e., the plant
operates at 100% power 80% of the time. The plant capacity factors
experienced at PWR's are listed in Table 2-1 for the period 1972 through
1977.

The average plant capacity factors shown in Table 2-1 indicate
that the 80% factor assumed is higher than the average factors experienced.
However, it is expected that the major maintenance problems and extended
refueling outages that have contributed to the Tower plant capacity factors
will be overcome and that the plants will achieve the 80% capacity factor
when averaged over 30 years of operation.

2.2.3 RADIONUCLIDE CONCENTRATIONS IN THE PRIMARY AND SECONDARY COOLANT
2.2.3.1 Parameter

As used in the PWR-GALE Code, Tables 2-2 and 2-3 1list the expected
radionuclide concentrations in the reactor coolant and steam for PWR's with
design parameters within the ranges listed in Tables 2-4 and 2-5. Should
any design parameter be outside the range in Tables 2-4 and 2-5, the PWR-
GALE Code adjusts the concentrations in Tables 2-2 and 2-3, using the
factors in Tables 2-6, 2-7, and 2-8. Figures 2-1 and 2-2 show the graphical
relationship of the design parameters.

2.2.3.2 Bases

The radionuclide concentrations, adjustment factors, and procedure
for effecting adjustments are based on the values and methods in American
National Standard ANSI N237, Source Term Specification, (Ref. 1) but have
been updated based on a recent compilation of available operating data
concerning primary coolant concentrations, steam generator tube leakage,
and secondary side radionuclide behavior. Therefore, the concentration
values in NUREG-0017, Rev. 1 differ from the ANSI N237 values.

The values in Tables 2-2 and 2-3 provide a set of typical radionuclide
concentrations in the primary and secondary systems for reactor designs
within the parameters specified in Tables 2-4 and 2-5. The values in
Tables 2-2 and 2-3 are those determined to be representative of radio-
nuclide concentrations in a PWR over its lifetime based on the currently
available data and models. The secondary coolant concentrations given in
Tables 2-2 and 2-3 are calculated by using the reference parameters given
in Table 2-6 and the equations given in Tables 2-7 and 2-8. It is
recognized that some systems will have design parameters that are outside
the ranges specified in Tables 2-4 and 2-5. For that reason, a means of
adjusting the concentrations to the actual design parameters has been
provided in Tables 2-6 through 2-8. The adjustment factors in Table 2-6
through 2-8 are based on the following expression;
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TABLE 2-1
PLANT CAPACITY FACTORS AT OPERATING PWR's®

Date of
b Commer‘cia]C

FACILITY Operation 1972 1973 1974 1975 1976 1977
Haddam Neck 1/68 86 ad g9 84 81 82
San Onofre 1 1/68 72 60 83d 85 66 62
R. E. Ginna 7/70 58 81 50 73 52 83
Point Beach 1 12/70 69 67 76 70 78 85
H. B. Robinson 2 3/71 78 65 81 71 82d 74
Palisades 12/71 61 40° d 46° 50 78
Point Beach 2 10/72 72 77 88 86 82
Turkey Point 3 12/72 55 61d 76 75 78
Surry 1 12/72 51f 50 60 67 78
Maine Yankee 12/72 17 54d 59 91e 77
Surry 2 5/73 40 76 51 65
Oconee 1 7/73 54 71 54d 54
Indian Point 2 8/73 51 68 31 73
Turkey Point 4 9/73 71 68 64 62
Fort Calhoun 9/73 61e 54 57 76
Prairie Island 1 12/73 36 83 73 83
Zion 1 12/73 499 68 55 58
Kewaunee 6/74 75 75 77
Three Mile Island 1 9/74 79 63 79d
Oconee 2 9/74 68 58 53
Zion 2 9/74 68 54 71
Oconee 3 12/74 69 64 71
Arkansas 1 12/74 69 54 73
Prairie Island 2 12/74 73 69 87
Rancho Seco 4/75 28° 75
Calvert Cliffs 1 5/75 88 65f
Cook 1 8/75 75 54
Millstone 2 12/75 68 63
Trojan 5/76 71
Indian Point 3 8/76 72
Beaver Valley 1 10/76 44
St. Lucie 1 12/76 78
AVERAGE Al 64 69 72 69 74

From monthly Operating Units Status Reports.

Indian Point 1 and Yankee Rowe are not included since they are small reactors
[< 700 MW(t)].

Plant capacity factors listed are for the first full year of commercial
operation. Therefore, this Tist does not include the foliowing plants
which began commercial operation in 1977 and 1978: Calvert Cliffs 2,
Cook 2, Crystal River 3, Davis Besse 1, Farley 1, Salem 1, North Anna 1,
and Three Mile Island 2.

Not included due to extended outage for refueling/amintenance.
Not included due to extended maintenance/repair to the secondary system.
Not included due to extended operation at reudced power.

« -+ ® A

Not included due to extended maintenance outage to repair generator.
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TABLE 2-2

NUMERICAL VALUES - CONCENTRATIONS IN PRINCIPAL FLUID STREAMS
OF THE REFERENCE PWR WITH U-TUBE STEAM GENERATORS

(uCi/q)
Secondary Coolant*

Isotope Reactor Coolant** Water*** Steamii_
Noble Gases
Kr-85m 1.6(-1)T17 3.4(-8)
Kr-85 4.3(-1) 8.9(-8)
Kr-87 1.5(-1) 3.0(-8)
Kr-88 2.8(-1) 5.9(-8)
Xe-131m 7.3(-1) 1.5(-7)
Xe-133m 7.0(-2) 1.5(-8)
Xe-133 2.6(0) 5.4(-7)
Xe-135m 1.3(-1) 2.7(-8)
Xe-135 8.5(-1) 1.8(-7)
Xe-137 3.4(-2) 7.1(-9)
Xe-138 1.2(-1) 2.5(-8)
Halogens
Br-84 1.6(-2) 7.5(-8) 7.5(-10)
I[-131 4,5(-2) 1.8(-6) 1.8(-8)
[-132 2.1(-1) 3.1(-6) 3.1(-8)
[-133 1.4(-1) 4.8(-6) 4.8(-8)
I-134 3.4(-1) 2.4(-6) 2.4(-8)
1-135 2.6(-1) 6.6(-6) 6.6(-8)
Cs, Rb
Rb-88 1.9(-1) 5.3(-7) 2.6(-9)
Cs-134 7.1(-3) 3.3(-7) 1.7(-9)
Cs-136 8.7(-4) 4.0(-8) 2.6(-10)
Cs-137 9.4(-3) 4.4(-7) 2.2(-9)
Water Activation Products
N-16 4.0(+1) 1.0(-6) 1.0(-7)
Tritium
H-3 1.0(0) 1.0(-3) 1.0(-3)
Other Nuclides
Na-24 4.7(-2) 1.5(-6) 7.5(-9)
Cr-51 3.1(-3) 1.3(-7) 6.3(-10)
Mn-54 1.6(-3) 6.5(-8) 3.3(-10)
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TABLE 2-2 (continued)

Secondary Coolant*

Isotope Reactor Coolant** Water*x* SteamTT

Fe-55 1.2(-3) 4.9(-8) 2.5(-10)
Fe-59 3.0(-4) 1.2(-8) 6.1(-11)
Co-58 4.6(-3) 1.9(-7) 9.4(-10)
Co-60 5.3(-4) 2.2(-8) 1.1(-10)
Zn-65 5.1(-4) 2.1(-8) 1.0(-10)
Sr-89 1.4(-4) 5.7(-9) 2.9(-11)
Sr-90 1.2(-5) 4.9(-10) 2.5(-12)
Sr-91 9.6(-4) 2.8(-8) 1.4(-10)
Y-9Tm 4.6(-4) 3.2(-9) 1.6(-11)
Y-91 5.2(-6) 2.1(-10) 1.1(-12)
Y-93 4,2(-3) 1.2(-7) 6.1(-10)
Zr-95 3.9(-4) 1.6(-8) 7.9(-11)
Nb-95 2.8(-4) 1.1(-8) 5.7(-11)
Mo-99 6.4(-3) 2.5(-7) 1.2(-9)

Tc-99m 4.7(-3) 1.1(-7) 5.7(-10)
Ru-103 7.5(-3) 3.1(-7) 1.6(-9)

Ru-106 9.0(-2) 3.7(-6) 1.8(-8)

Ag-110m 1.3(-3) 5.3(-8) 2.7(-10)
Te-129m 1.9(-4) 7.8(-9) 3.9(-11)
Te-129 2.4(-2) 2.2(-7) 1.1(-9)

Te-131m 1.5(-3) 5.4(-8) 2.7(-10)
Te-131 7.7(-3) 2.9(-8) 1.5(-10)
Te-132 1.7(-3) 6.6(-8) 3.3(-10)
Ba-140 1.3(-2) 5.2(-7) 2.6(-9)

La-140 2.5(-2) 9.3(-7) 4.6(-9)

Ce-141 1.5(-4) 6.1(-9) 3.1(-11)
Ce-143 2.8(-3) 1.0(-7) 5.1(-10)
Ce-144 3.9(-3) 1.6(-7) 8.2(-10)
W-187 2.5(-3) 8.7(-8) 4.4(-10)
Np-239 2.2(-3) 8.4(-8) 4,2(-10)

*  Based on a primary-to-secondary leak of 75 1b/day.

** The concentrations given are for reactor coolant entering the Tetdown
1ine. These concentrations are obtained from Tables 2-9 and 2-10,
N-16 and H-3 concentrations are obtained from Reference 1.

*** The concentrations given are for water in a steam generator.

tt The concentrations given are for steam leaving a steam generator.

+11 1.6(=1) = 1.6 x 107,
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TABLE 2-3

NUMERICAL VALUES - CONCENTRATIONS IN PRINCIPAL FLUID STREAMS

OF THE REFERENCE PWR WITH ONCE-THROUGH STEAM GENERATORS

Isotoge
Noble Gases

Kr-85m
Kr-85
Kr-87
Kr-88
Xe-131m
Xe-133m
Xe-133
Xe-135m
Xe-135
Xe-137
Xe-138

Halogens

Br-84
1-131
1-132
I-133
1-134
I-135

Cs, Rb

Rb-88

Cs-134
Cs-136
Cs-137

(nCi/g)

Reactor Coolant*
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Water Activation Products

N-16
Tritium
H-3

Other Nuclides

Na-24
Cr-51
Mn-54
Fe-55
Fe-59
Co-58
Co-60

4.0(+1)

1.0(0)
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TABLE 2-3 (continued)

Isotope Reactor Coolant* Secondary Coolant**
Zn-65 5.1(-4) 1.1(-9)
Sr-89 1.4(-4) 3.1(-10)
Sr-90 1.2(-5) 2.7(-11)
Sr-91 9.6(-4) 2.1(-9)
Y-9Im 4.6(-4) 9.7(-10)
Y-91 5.2(-6) 1.2(-11)
Y-93 4,2(-3) 9.3(-9)
Ir-95 3.9(-4) 8.7(-10)
Nb-95 2.8(-4) 6.2(-10)
Mo-99 6.4(-3) 1.4(-8)
Tc-99m 4.7(-3) 1.0(-8)
Ru-103 7.5(-3) 1.7(-8)
Ru-106 9.0(-2) 2.0(-7)
Ag-110m 1.3(-3) 2.9(-9)
Te-129m 1.9(-4) 4,2(-10)
Te-129 2.4(-2) 5.1(-8)
Te-131m 1.5(-3) 3.3(-9)
Te-131 7.7(-3) 1.5(-8)
Te-132 1.7(-3) 3.8(-9)
Ba-140 1.3(-2) 2.9(-8)
La-140 2.5(-2) 5.6(-8)
Ce-141 1.5(-4) 3.3(-10)
Ce-143 2.8(-3) 6.2(-9)
Ce-144 3.9(-3) 8.7(-9)
W-187 2.5(-3) 5.6(-9)
Np-239 2.2(-3) 4.9(-9)

* The concentrations given are reactor coolant entering the letdown line.
These concentrations are obtained from Tables 2-9 and 2-10. N-16 and
H-3 concentrations are obtained from Reference 1.

** Based on primary-to-secondary leakage of 75 1b/day. The concentrations
given are for steam leaving a steam generator.
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TABLE 2-4

PARAMETERS USED TO DESCRIBE THE REFERENCE PRESSURIZED WATER

REACTOR WITH U-TUBE STEAM GENERATORS

Nominal Range
Parameter Symbol Units Value Maximum Minimum

Thermal Power P MWt 3,400 3,800 3,000

Steam flow rate FS 1b/hr 1.5(7) 1.7(7) 1.3(7)

Weight of water in reactor coolant WP 1b 5.5(5) 6.0(5) 5.0(5)
system

Weight of water in all steam WS 1b 4.5(5) 5.0(5) 4.0(5)
generators

Reactor coolant letdown flow FD 1b/hr 3.7(4) 4,2(4) 3.2(4)
(purification)

Reactor coolant letdown flow (yearly FB 1b/hr 500 1,000 250
average for boron control)

Steam generator blowdown flow (total) FBD 1b/hr 75,000 100,000 50,000

Fraction of radioactivity in blowdown NBD -- 1.0% 1.0 0.9
stream that is not returned to the
secondary coolant system

Flow through the purification system FA 1b/hr 3,700 7,500 0.0
cation demineralizer

Ratio of condensate demineralizer flow NC - 0.0%* 0.01 0.0
rate to the total steam flow rate

Ratio of the total amount of noble Y -- 0.0 0.01 0.0

gases routed to gaseous radwaste
from the purification system to the
total amount of noble gases routed
from the primary coolant system to
the purification system (not in-
cluding the boron recovery system)

* This value is based on a nominal case of blowdown through blowdown demineralizers

back to the main condenser (no condensate demineralizers).

down demineralizer DF's in Section 2.2.18.

** This value is based on a nominal case of no condensate demineralizers.
U-tube steam generator PWR with full flow condensate demineralizers, a value of
NC = 1.0 is used by the PWR-GALE Code.
condensate demineralizers and pumped forward feedwater heater drains, the value

For a U-tube steam generator PWR with

for NC used by the PWR-GALE Code is 0.2 for iodine, and 0.1 for Cs, Rb and

other nuclides as discussed on page

2-20,

2-8

For a

Value taken from blow-
Value for cesium and rubidium is 0.9.



TABLE 2-5

PARAMETERS USED TO DESCRIBE THE REFERENCE PRESSURIZED WATER
REACTOR WITH ONCE-THROUGH STEAM GENERATORS

Nominal Range
Parameter Symbol Units Value Maximum Minimum

Thermal Power P MWt 3,400 3,800 3,000

Steam flow rate FS 1b/hr 1.5(7) 1.7(7) 1.3(7)

Weight of water in reactor coolant WP 1b 5.5(5) 6.0(5) 5.0(5)
system

Weight of water in all steam WS 1b 1.0(5) * *
generators

Reactor coolant letdown flow FD 1b/hr 3.7(4) 4,2(4) 3.2(4)
(purification)

Reactor coolant letdown flow (yearly FB 1b/hr 500 1,000 250
average for boron control)

Flow through the purification system FA 1b/hr 3,700 7,500 0.0
cation demineralizer

Ratio of condensate demineralizer NC -- 0.65%* 0.75 0.55
fiow rate to the total steam flow
rate

Ratio of the total amount of noble Y -- 0.0 0.01 0.0

gases routed to gaseous radwaste
from the purification system to the
total amount routed from the
primary coolant system to the
purification system (not including
the boron recovery system)

* The secondary coolant inventory is not of importance in a once-through steam
generator plant because decay is not an important removal mechanism for most
of the isotopes.

** For a PWR that is within the range indicated above, i.e., a PWR with pumped
forward feedwater heater drains, the value for NC used by the PWR-GALE Code is
0.2 for iodine and 0.1 for Cs, Rb and other nuclides, as discussed on page 2-20.
For a PWR that has full flow condensate demineralizer, a value of NC = 1.0 is
used by the PWR-GALE Code.

2-9



TABLE 2-6

VALUES USED IN DETERMINING ADJUSTMENT FACTORS FOR

PRESSURIZED WATER REACTORS

Element Class

Water
Noble Activation Other
Symbol Description Gases Halogens Cs, Rb  Products H-3 Nuclides
NA Fraction of material 0.0 0.0 0.9 0.0 0.0 0.9*
removed in passing
through the cation
demineralizer
NB Fraction of material 0.0 0.99 0.5 0.0 0.0 0.98
removed in passing
through the purification
demineralizer
R Removal rate :1reactor 0.0009 0.067 0.037 0.0 falakel 0.066
coolant (Hr " )**
NS Ratio of concentration in
steam to that in water
in the steam generator
U-tube steam generator 1 0.01 0.005 tt 1.0 0.005
Once-through steam t 1.0 1.0 1.0 1.0 1.0
generator
NX Fraction of activity 0.0 0.9 0.5 0.0 0.0 0.9
removed in passing
through the condensate
demineralizers
r Removal rate -,secondary
coolant (Hr ")ttt
U-tube steam generator t 0.17 0.15 Tt **% 0,17
Once-through steam t 27 7.5 Tt **x 14
generator
FL Primary-to-secondary 75 75 75 75 75 75

leakage (1b/day)

*  These represent effective removal terms and include mechanisms such as plateout.
Plateout would be applicable to nuclides such as Mo and corrosion products.



TABLE 2-6 (continued)

** These values of R apply to the reference PWR's whose parameters are given in
Tables 2-4 and 2-5 and have been used in developing Tables 2-7 and 2-8. For
PWR's not included in Tables 2-4 and 2-5, the appropriate value for R may be
determined by the following equations.

R = FB + (EB - FB)Y for noble gases

_ (FD)(NB) + (1 - NB)(FB + (FA)(NA))
WP

for halogens, Cs, Rb, and other nuclides

*** The concentration of tritium is a function of (1) the inventory of tritiated
liquids in the plant, (2) the rate of production of tritium due to activation in
the reactor coolant as well as releases from the fuel, and (3) the extent to which
tritiated water is recycled or discharged from the plant. The tritium concen-
trations given in Tables 2-2 and 2-3 are representative of PWR's with a moderate
amount of tritium recycle and can be used to calculate source terms in accordance
with Regulatory Guide 1.112, "Calculations of Releases of Radioactive Materials in
Gaseous and Liquid Effluents from Light-Water-Cooled Power Reactors."

t Noble gases are rapidly transported out of the water in the steam generator and
swept out of the vessel in the steam; therefore, the concentration in the water
is negligible and the concentration in the steam is approximately equal to the
ratio of the release rate to the steam generator and the steam flow rate. These
noble gases are removed from the system at the main condenser.

t+ Water activation products exhibit varying chemical and physical properties in
reactor coolants that are not well defined. Most are not effectively removed by
the demineralizers, but their concentrations are controlled by decay.

ttt These values of r apply to the reference PWR's whose parameters are given in
Tables 2-4 and 2-5 and have been used in developing Tables 2-7 and 2-8. For PWR's
not included in Tables 2-4 and 2-5, the appropriate value for r may be determined
by the following equation:

r = (FBD) (NBD) + &gS)(FS)(NC)(NX) for halogens, Cs, Rb, and other nuclides
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TABLE 2-7
ADJUSTMENT FACTORS FOR PWR's WITH U-TUBE STEAM GENERATORS

Adjustment Factors

Secondary Coolant

Element Class Reactor Water (f)* Water Steam
7
162P  0.0009 + A** 1.5 x 10
Noble gases P Rt - —Fs T
Ha Todens 162P 0.067 + A 4.5 x 10° 0.17 +2 ) 4.5 x 10° 0.17 + 2
9 WP R+ WS r+ A WS r+ A
o Rb 162 0.037 + A 4.5 x 10° 0.15 + A ; 4.5 x 10° 0.15 +2 .
} WP R+ A WS r+x WS r+A
4.5 x 10° 4.5 x 10°
Water activation 1.0 —4——ﬁ§——— —4——ﬁ§———
products
Tr\*it'ium * k% *kk *k%
Other nuclides 162P 0.066 + A 4.5 x 10° 0.17 + ] 4.5 x 10° 0.17 + A ]
WP R + A WS r+ A WS r+

* f is the reactor water adjustment factor and is used in the secondary coolant adjustment factors.
** ) is the isotopic decay constant (hr']).

*** The concentration of tritium is a function of (1) the inventory of tritiated liquids in the plant,
(2) the rate of production of tritium due to activation in the reactor coolant as well as releases
from the fuel, and (3) the extent to which tritiated water is recycled or discharged from the plant.
The tritium concentrations given in Tables 2-2 and 2-3 are representative of PWR's with a moderate
gmoznt of tritium recycle and can be used to calculate source terms in accordance with Regulatory

uide 1.112.



TABLE 2-8

ADJUSTMENT FACTORS FOR PWR's WITH ONCE-THROUGH STEAM GENERATORS

Nuclide

Adjustment Factors

Reactor Water (f)*

Noble gases

Halogens

Cs, Rb

Water activation

products

Tritium

Other nuclides

162P 0.0009 + A

WP R+ 2

162P 0.067 + A

WP R+ 2

162P 0,037 + A

WP R+ A

*%

162P 0,066 + A

WP R +4

Secondary Coolant

1.5 x 107

FS f

5
107 ,27 + A
(——)

wo ) f

5
10° 7.5 + A
( )

WS r+a f

1.0 x 10°

WS

* %k

10°

w ) f

=

* f is the reactor water adjustment factor and is used in the secondary
coolant adjustment factors.

** The concentration of tritium is a function of (1) the inventory of
tritiated liquids in the plant, (2) the rate of production of tritium
due to activation in the reactor coolant as well as releases from the
fuel, and (3) the extent to which tritiated water is recycled or

discharged from the plant.

The tritium concentrations given in

Tables 2-2 and 2-3 are representative of PWR's with a moderate amount
of tritium recycle and can be used to calculate source terms in

accordance with the Regulatory Guide 1.112.
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¢ = w(x + R)K

where

C is the specific activity (in uCi/g)

K is a conversion factor, 454 g/1b

R is the removal rate of the isotope from the system due to

demineralization, leakage, etc. (hr'1).

secondary coolant R = r).

(If considering

S is the rate of release to and/or production of the isotope

in the system (in uCi/hr)

W is the fluid weight (in 1b), and

is the decay constant (hr™l).

The following sample calculations illustrate the method by which the
PWR-GALE Code will adjust the radionuclide concentrations in Tables 2-2 and
2-3. As indicated in Tables 2-7 and 2-8, adjustment factors will be
calculated for noble gases, halogens, Cs, Rb, and other nuclides.

As an example, the sample case parameters shown below compare with

the range of values in Table 2-4 as follows.

Parameter (U-tube steam generator PWR) Value Range
Thermal power level, MWt 3800 3000 - 3800
Steam flow rate, 1b/hr 17 x 10° 13 x 10% - 17 x 10°
Mass of reactor coolant, 1b 5.5 x 105 5.0 x 105 - 6.0 x 105
Water weight in all steam generators, 1b 4.4 x 105 4,0 x 105 - 5.0 x 105
Reactor coolant letdown, 1b/hr 4.9 x 104 3.2 x 104 - 4,2 x 104
Cation demineralizer flow, 1b/hr 4.9 x 103 0 -7.5x 103
Shim bleed rate - yearly average, 1b/hr 650 250 - 1000
Steam generator blowdown flow, 1b/hr 60,000 50,000 - 100,000
Fraction of blowdown activity not 0.99 0.9 - 1.0

returned to secondary system
Cation demineralizer flow, 1b/hr 4900 0.0 - 7500
Condensate demineralizer flow fraction 0.0 0.0 - 0.01

Y (see definition in Table 2-4 and
page 1-26)



Since in this example the parameter for reactor coolant letdown
rate (4.9 x 10" 1b/hr) is outside the range specified in Table 2-4
(3.2 - 4.2 x 10* 1b/hr), and the sample case employs continuous purging
of the volume control tank, the primary coolant activity is recalculated
using the actual design value for all parameters employing the methods
described below.

1. Noble Gases (Xe-133 is used as an example)

Using the equation for noble gases in Table 2-7, the adjustment
factor, f, is calculated as follows:

_162P 0.0009 + X
f= WP R + A (1)

where the terms in the equations are defined in Tables 2-4 and 2-6.

In calculating f, the variable R is calculated first by using the
equation given in Table 2-6 for noble gases

FB + (FD - FB)(Y) (2)

R = 3

where the terms of the equation are as defined in Tables 2-4 and 2-6.

Use the sample case parameters given above and the noble gas parameters
given in Table 2-6 and substitute in Equation (2) above.

4

R = 650 + (4.9 x 10" - 250) x 0.25 _ 0.023
5.5 x 10
Use the value of R in Equation (1) above.
¢ . 162 x 3800 0.0009 + 5.5 x 107> _ ¢
- 5 -3
5.5 x 10 0,023 + 5.5 x 10

The adjusted Xe-133 primary coolant concentration

(adjustment factor) x (standard Xe-133 concentration)

0.25 x 2.6 uCi/g = 0.65 uCi/g

2. Halogens (I-131 is used as an example)

Using the equation for halogens in Table 2-7, the adjustment
factor, f, is calculated as follows:



_162P 0.067 + A
f= WP R + A (3)

where the terms in the equations are defined in Tables 2-4 and 2-6.

In calculating f, the variable R is calculated first by using the
equation given in Table 2-6.

(FD)(NB) + (1 - NB)(FB + (FA)(NA)) (4)

R= wP

where the terms in the equation are as defined in Tables 2-4 and 2-6.

Use the sample case parameters given above and the halogen parameters
given in Table 2-6 and substitute in Equation (4) above.

(4.9 x 10% x 0.99) + (1 - 0.99)(650 + (4900)(0.0))

£ = (0,088
5.5 x 10

R =

Use the value of R in Equation (3) above.

-3
_ 162(3800) 0.067 + 3.6 x 10 ~ _ 0.86

5.5 x 10°  (0.088 + 3.6 x 1073

f

The adjusted I-131 concentration

]

(adjustment factor) x (standard I-131 concentration)

0.86 x 0.045 uCi/g = 0.039 uCi/g

3. Cs, Rb (Cs-137 is used as an example)

Using the equation for Cs and Rb in Table 2-7, the adjustment
factor, f, is calculated as follows:

_162P 0,037 + A
f= WP R + & (5)

where the terms in the equation are as defined in Tables 2-4 and 2-6.

In calculating f, the variable R is calculated first by using
Equation (4) above. The Cs and Rb parameters given in Table 2-6 and the
sample case parameters given in Table 2-9 are used in the equation.

4

r - (4.9 x 10" x 0.5) + (0.5)(650 + (4900)(0.9)) _

05
5.5 x 105




Use the value of R in Equation (5) above.

_ 162(3800) 0.037 + 2.6 x 10™°

5 £ = 0.83
5.5 x 10° 0.05 + 2.6 x 10

f

The adjusted Cs-137 concentration

(adjustment factor) x (standard Cs-137 concentration)

0.83 x 9.4 x 1073

i}

uCi/g = 7.8 x 1073 uci/g

4. Other Nuclides (Te-132 is used as an example)

Using the equation for other nuclides in Table 2-7, the adjustment
factor, f, is calculated as follows:

162P  0.066 + X
f= WP R + A (6)

where the terms in the equation are as defined in Tables 2-4 and 2-6.

In calculating f, the variable R is calculated first by using Equation
(4) above. The parameters for other nuclides given in Table 2-6 and the
sample case parameters given in Table 2-9 are used in the equation.

(4.9 x 10%) (0.98) + (1 - 0.98)(650 + (4900)(0.9))

3 = 0.087
5.5 x 10

R =

Use the value of R in equation (6) above.

_ 162 (3800)  (0.066 + 8.9 x 107°)

4 L = 0.87
5.5 x 10 0.087 + 8.9 x 10

f

The adjusted concentration of Te-132

(adjustment factor) x (standard Te-132 concentration)
3

0.87 x 1.7 x 1075 uCi/g = 1.5 x 1073 uCi/g

A similar method is used in the PWR-GALE Code to adjust secondary
coolant concentrations for reactors with parameters outside the ranges
specified in Tables 2-4 and 2-5.

The radionuclide primary coolant concentrations in Tables 2-2 and
2-3 are based on data submitted by utilities with operating PWR's (Ref. 3).
The data are also based on measurements taken by the NRC at Ft. Calhoun
(Ref. 4), Zion 1 and 2 (Ref. 5), Turkey Point 3 and 4 (Ref. 6), Rancho
Seco (Ref. 43), and Prairie Island 1 and 2 (Ref. 42); by EPRI (Ref. 7) at
Three Mile Island 1 and Calvert C1iffs; and by measurements at various
other PWR's (Ref. 8, 9, and 39).



These data are summarized in Table 2-9 and Table 2-10 indicating the
average value of the nuclide concentration for each plant, the years over
which the data was obtained, and the total number of years of data for
each nuclide.

The secondary coolant concentrations are based on the primary coolant
concentrations as obtained above, on 75 1b/day primary-to-secondary leakage
in the steam generators, on appropriate steam generator carryover factors,
on the appropriate main steam flow, steam generator blowdown flow and
fraction of a blowdown flow returned to the secondary coolant, as defined
in the plant design, and on the fraction of the nuclides in the main steam
which return to the steam generators.

The secondary coolant concentrations are based on 75 1b/day primary-
to-secondary leakage. The primary-to-secondary leakage rate experience
for 79 years of experience at operating PWR's is given in Table 2-11.

The average primary-to-secondary leakage rate in Table 2-11 is 75 1b/day.
Westinghouse estimates that the data in Table 2-11 are accurate within
+ 25% (Ref. 8, 39).

For plants using recirculating U-tube steam generators, carryover
due to mechanical entrainment is based on 0.5% moisture in the steam.
Table 2-12 provides measured values for moisture carryover at five
operating PWR's that use recirculating U-tube steam generators. Based
on data from Turkey Point 3 and 4 (Ref. 6) a value of 1% iodine carryover
with the steam is used in our evaluations. For once-through steam
generators, it is assumed that 100% of both nonvolatile and volatile
species is carried over with the steam since this type of steam generator
has no liquid reservoir and 100% of the feed is converted to steam.

For PWR's that use condensate demineralizers in the secondary system,
the nominal value of the ratio of the condensate demineralizer flow
rate to the total steam flow rate is 0.65. This indicates that the
nominal case is a design which utilizes a pumped forward model, that is,
one in which the reactor steam flow is split with 65% flowing to the low
pressure turbines and the main condenser, and 35% pumped forward to the
feedwater. The fraction pumped forward to the feedwater does not undergo
any treatment in the condensate demineralizers. We have determined that
the iodine, Cs, Rb, and "Other Nuclides" of Table 2-2 and Table 2-3
preferentially go with the "pumped forward" fraction. The reason for
this is that these nuclides show a tendency to go with the condensed
steam in the moisture separator-reheater drains and with the extraction
steam lines from the high pressure turbines to the feedwater system.
Based on data provided in Ref. 6, 7, 12 and 13 for Turkey Point, Point
Beach and Brunswick, the percentages used in the PWR-GALE Code for the
amount of activity which is pumped forward and which bypasses the
condensate demineralizers is 80% for iodine and 90% for Cs, Rb, and
"Other Nuclides" of Table 2-2 and Table 2-3. Since the remainder of
the nuclides listed in Tables 2-2 and 2-3 are not removed in the condensate
demineralizers, we have not considered the magnitude of bypass for those
nuclides.
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TABLE 2-9
SUMMARY OF I-131 AND I-133 PRIMARY COOLANT CONCENTRATIONS IN PWR'S*

(pCi/g)

H.B. Robinson 2 Arkansas 1 D.C. Cook 1 Trojan Palisades Point Beach 1/2 R.E. Ginna
Isotope (1973-1978)** (1976) (1976-1978) (1977-1978) {1972-1976) (1972-1979) (1971-1978)
1-131 3.1E-03 7.3E-03 7.86-03 1.3E-02 1.2E-02 7.7E-02 2.2E-01
1-133 1.2E-02 *kok 1.8E-02 1.5E-02 1.6E-02 3.6E-01 6.9E-01

Fort Calhoun 1 Zion 1/2 Turkey Point 3/4 Three Mile Island 1 Calvert Cliffs 1 Beaver Valley 1
Isotope (1976-1977) (1975-1978) (1974-1978) (1975-1977) (1976) (1977-1978)
I-131 1.8E-01 2.3E-02 2.1E-02 2.1E-02 3.6E-02 1.8E-03
1-133 1.6E-01 6.9E-02 6.9E-02 *kk *kk 5.3E-03

Indian Point 2/3 Kewaunee Prairie Island 1/2 Surry 1/2 J.M. Farley 1 Yankee Rowe Rancho Seco
Isotope (1975-1978) (1975-1978) (1975-1981) (1973-1975) (1978) (1975) (1978)
[-13 2.5E-02 5.3E-03 8.1E-03 2.1E-02 5.4E-04 4,9€E-03 1.3E-02
I-133 5.1E-02 1.3E-02 1.0E-02 3.2E-02 1.9E-03 2.4E-02 4.7E-02

* Data in this table are based on [-131 and I-133 primary coolant concentrations in Ref. 3 through 9, 42 and 43, and
have been adjusted to the NSS parameters listed in Table 2-4 of this report. These adjustments were made using the
individual plant parameters and the nominal plant parameters (Table 2-4) and adjusting the actual coolant
concentration using the equations in Table 2-7 of this report.

** Data in this table were gathered during the indicated inclusive dates. It does not necessarily imply that
data were available during each of the years covered by the period, nor does it mean that the number of
data points should be the same for each radionuclide.

*** No value reported.
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TABLE 2-10
SUMMARY OF RADIONUCLIDE PRIMARY COOLANT CONCENTRATIONS IN PWR'S*

(uCi/qg)
H.B. Robinson 2 Arkansas 1 D.C. Cook 1 Trojan Palisades Point Beach 1/2 R.E. Ginna

Isotope (1973-1978) ** (1976) (1976-1978) {1977-1978) (1972-1976) (1972-1979) (1971-1978)
Kr-85m 1.8E-02 8.0E-03 3.4E-02 2.2E-02 4,0E-01 2.2E-01 2.4E-01
Kr-85 *kx 5.2E-03 Fokk 3.5E+00 8.3E-04 2.9E-02 *k
Kr-87 1.7E-02 6.7E-03 4,7E-02 4,.2E-02 4,6E-01 1.1E-01 3.8E-01
Kr-88 2.3E-02 1.3E-02 5.7E-02 4,0E-02 7.5E-01 3.0E-01 6.3E-01
Xe=131m *kk Kk *kk *kk 4,4E+00 9.4E-01 *hk
Xe-133m 1.6E-03 3.3E-03 1.5E-02 2.7E-03 1.9E-01 6.5E-02 *xk
Xe-133 2.3E-01 2.1E-01 5.8E-01 5.7E-01 4,9E+00 2.8E+00 6.0E+00
Xe-135m 2.1E-02 * Kk Fkk *kk 1.0E-02 1.4E-01 1.5E-01
Xe-135 7.8E-02 2.7E-02 1.9E-01 1.2E-01 1.1E+00 1.1E+00 2.2E+00
Xe_] 37 *Kh*%k * %k *k*k *kk * %%k Yk *k * %%k
Xe-138 * Kk * Kk ok 6.7E-02 2.2E-03 1.7E-01 hallaled
Br_84 %k kk *hk * %k *kk *kk *%k%k *kk
I-132 1.5E-02 *Hk *kk 1.9E-02 7.1E-03 3.6E-01 7.3E-01
1-134 3.2E-02 * Kk 2.4E-02 2.2E-02 1.0E-02 6.2 E-01 1.2E+00
1-135 1.9E-02 *kk 2.0E-02 1.7E-02 9,2E-03 5.7E-01 6.6E-01
Rb-88 Kk *kk *kk 3.5E-02 2.6E-02 1.7E-01 3.7E-01
Cs-134 1.9E-03 5.6E-04 2.7E-03 6.0E-04 1.7E-04 1.4E-02 1.1E-02
Cs-136 3.1E-04 *kx 5.2E-03 7.2E-04 4,6E-05 2.2E-03 *kk
Cs-137 2.3E-03 1.5E-03 4,9E-03 1.3E-03 2.6E-04 1.1E-02 3.1E-02
N_] 6 * kK *kk s gk *k %k *hk *kx *hk
H-3 *kk 6.3E-02 2.1E-0 *hk 7.5E-02 5.0E-01 6.7E-01
Na-24 1.3E-01 8.7E-02 1.2E-02 1.3E-02 5.6E-03 7.6E-02 ek
Cr-51 3.5E-04 3.2E-03 *kk *kKk 9.1E-03 * %k 1.1E-04
Mn-54 3.4E-04 7.6E-04 8.3E-03 9.7E-04 1.1E-04 2.8E-03 2.5E-05
Fe-55 kK Tk *kk *kk *kk *kk Kk
Fe-59 1.4E-05 1.6E-03 *xk *kKk 1.6E-04 Hokk 2.6E-05
Co-58 1.3E-03 7.0E-03 1.4E-02 2.2E-03 3.4E-03 9,6E-03 7.6E-04
Co-60 3.5E-04 6.4E-04 4,5E-03 3.4E-05 1.1E-04 2.3E-04 1.6E-04
In-65 1.7E-05 *dk *xk *kk 7.0E-05 *kk ol
Sr-89 2.3E-05 *kk *kk *kx *kk 2.4E-04 *kk

Sr-90 5.2E-06 *k *kk *kk 1.1E-04 *xk i
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SUMMARY OF RADIONUCLIDE PRIMARY COOLANT CONCENTRATIONS IN PWR'S*

TABLE 2-10 {(continued)

(uCi/q)
H.B. Robinson 2 Arkansas 1 D.C. Cook 1 Trojan Palisades Point Beach 1/2 R.E. Ginna

Isotope (1973-1978) ** (1976) (1976-1978) (1977-1978) (1972-1976) {1972-1979) (1971-1978)
Sr-91 4,9E-04 *hk ok *kk 1.1E-04 *kk *hx
Y_ 9] m *kk k%K *kk *kk * kK *kx * k%
Y_ 9“ * k% *kk %k Kk ok k Fkk %ok ok % % %
Y_ 93 * k*k * %k %k *% % * %%k *k%k Yok ok Jdkk
Zr-95 1.3E-05 3.4E-04 4 ,5E-03 *kk 1.0E-04 *k% 1.5£-03
Nb-95 1.3E-05 3.1E-04 2.4E-03 *kk 7.6E-05 3.6E-04 8.1E-05
Mo-99 *kk 7.2E-05 *kx *Hk 5.7E-04 3.8E-02 4.1E-04
Tc-99m *kk *kk ko *kk 7.3E-04 2.5E-02 *kk
Ru_] 03 *k* * %k Fdk ke *kk *%kx *k %k ] .ZE_03
Ru_] 06 * %%k * %Kk *ve Kk *dkk *kk *dk % de %k
Aq_] ]Om xkKk * ki *kk * k% * %%k 8.8E_03 * %%k
Te_’l 29m *kk *kk *kk Y dek *kx *kk *k¥k
Le_] 29 * %%k * %%k ok Kk *%kk *k*k * k% % %k
Te_] 3] m * %%k ek *kk *kk * k% * k% * k%
Te_] 3] Jdkk * ke k *hk Yk k sk Kk *kk %k k
Te-132 *xk 1.3E-03 *okk *hk 6.6E-05 8.8E-03 *hk
Ba-140 2.0E-04 *kk *k *kk 6.2E-06 1.6E-01 5.9E-05
La-140 9.2E-05 *kk *kok *okk 3.0E-05 5.2E-01 *kk
Ce_] 4] * %k *k%k kX *k%k Je vk * %k %k Yk k
Ce-143 *kk *kk *kk *dk *hk *dk *kk
Ce-144 2.6E-04 1.4E-03 *kk *kk *kk 4,5E-02 *kk
W-187 3.4E-04 *hk *hk *kk 5.8E-04 *kk *kk
Np-239 *kk *kk *kk *kk kK *kk 2.0E-03
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SUMMARY OF RADIONUCLIDE PRIMARY COOLANT CONCENTRATIONS IN PWR'S*

TABLE 2-10 (continued)

(uCi/g)
Fort Turkey Indian Yankee Calvert Three Mile Prairie Rancho
Calhoun 1 Zion 1/2 Point 3/4 Pt 2/3 Rowe Cliffs 1 Island 1 Istand 1/2 Seco
Isotope  (1976-1977) (1975-1978) (1974-1978)  (1975-1978) (1975) (1976) (1975-1977) (1981) (1979)
Kr-85m 1.9E-01 *kk 7.8£-02 3.4E-02 5.7E-03 *kok *kk 4,.9£-04 5.5E-02
Kr-85 3.4E-02 Kk *kk *okk *kk *kk *kk 3.3E-04 2.2E-01
Kr-87 1.9E-01 *kk 9.0E-02 *kk 7.6E-03 *kk *kk 1.1E-03 5.9E-02
Kr-88 3.2E-01 *kk 1.3E-01 7.3E-02 1.9E-02 *kk * Kk 1.1E-03 9.9E-02
Xe-131m 6.8E-02 *hk 1.2E-03 *dkk *kk *hk *hk 4,2E-05 3.5E-03
Xe-133m 1.6E-01 *kk 9.1E-03 * ¥k *kk *kk *kk 7.2E-05 4 .5E-02
Xe-133 6.7E+00 *kk 8.8E-01 8.3E-01 2.1E-01 *kk * kK 2.2E-03 1.5E+00
Xe-135m 9,5E-02 *kk 1.7E-01 1.0E-01 *kk *kk *kk 1.4E-03 6.0E-01
Xe-135 9.3E-01 *kk 5.1E-01 1.9E-01 3.0E-02 *hk *kk 3.6E-03 4 .6E-01
Xe_] 37 *k% *kk 3.4E_02 * %%k ok k *kKk *kk sk ***1—
Xe-138 1.8E-01 *kk 7.6E-02 *kk *xk kkx *kk 2.9E-03 1.7E-01
Br-84 *kx *okk 1.1E-02 *kk *kk *kk *kk 1.0E-03 5.5E-02
I-132 7.1E-02 9.6E-02 9.3E-02 Kk 1.8E-02 *kk *kk 5.1E-03 5.3E-02
1-134 3.8E-02 1.3E-01 1.5E-01 *kk *kk kK *kk 9.0E-03 8.3t-02
1-135 7.4E-02 1.1E-01 8.6E-02 *kk *kk *kk *kk 5.8E-03 6.0E-02
Rb-88 5.0E-01 2.3E-01 1.0E-01 *hk *kk kkk *okok 5.7E-03 1.5E-01
Cs-134 1.8E-02 9.4E-03 1.8E-03 1.9E-02 *hk *kk *kk 2.2E-05 7.7E-03
Cs-136 1.7E-03 1.2E-03 1.1E-04 *kk *kk *kk *kKk 3.2E-06 1.9E-04
Cs-137 2.0E-02 1.2E-02 3.1E-03 2.4E-02 *kk ok *kok 6.7E-05 9.4E-03
N_] 6 sk k * k% * %k *k%k % ke ke kkk *kk * %k Kk *kk
H-3 1.3E-01 1.5E-01 *kk dedkok *okk 4.4E-02 1.2E-01 2.9E-01 2.5E-01
Na-24 8.8E-03 1.0E-01 1.0E-02 3.6E-03 *kok *kk *kk 9.0E-03 1.4E-02
Cr-51 1.5E-02 2.1E-03 3.4E-04 *ekk 1.7E-03 *kK *kk 3.0E-05 6.4E-03
Mn-54 4.4E-03 2.2E-03 3.9E-05 1.5E-02 1.1E-04 *kk *kk 1.0E-05 6.8E-04
Fe-55 6.5E-04 1.6E-04 *kk *kk *kk Kk *kk 2.1E-05 9.1E-03
Fe-59 5.2E-04 6.2E-04 2.3E-04 *kk 6.9E-04 *h% *kk 1.5E-06 5.2E-04
Co-58 1.4E-02 4.6E-03 6.7E-04 3.6E-03 5.8E-04 Kk *kk 8.0E-05 2.4E-02
Co-60 1.0E-03 7.8E-04 1.2E-04 3.1E-03 4.7E-04 *kk balkall 1.6E-05 9.2E-04
Zn-65 2.6E-03 2.4E-03 1.6E-05 *kk * ok *kk *dk 1.7E-06 2.2E-05
Sr-89 6.8E-04 7.7E-05 6.8E-07 *okk *kk *kk kK 6.6E-06 *hk
Sr-90 4,2E-06 3.4E-06 1.6E-06 *okek *okk *kk *kk 5.4E-08 *Fhk
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TABLE 2-10 (continued)

SUMMARY OF RADIONUCLIDE PRIMARY COOLANT CONCENTRATIONS IN PWR'S*

(uCi/g)
Fort Turkey Indian Yankee Calvert Three Mile Prairie Rancho
Calhoun 1 Zion 1/2 Point 3/4 Pt 2/3 Rowe Cliffs 1 Island 1 Island 1/2 Seco

Isotope (1976-1977)  (1975-1978) (1974-1978)  (1975-1978) (1975) (1976) (1975-1977) {1981) (1979)
Sr-91 hdall 3.8E-03 3.7e-04 kK% ke *kk *kk 3.3E-05 7.2E-04
Y_ g]m *k¥*k 8.7E_04 *kk *kk *kk *kk * k% 5.0E_05 * Kk
Y-91 5.0E-06 4 .4E-06 *hk k% *kk *ekk *kk 4 ,3E-07 1.8E-05
Y-93 *hx 7.9E-03 2.2E-03 *kk *dk *ekk *kk 2.1E-04 2.6E-03
Zr-95 1.5E-03 4,2E-04 4 ,5E-05 *hek 2.8E-04 *kk *kk 4,6E-06 2.9E-04
Nb-95 1.3E-03 2.2E-04 3.8E-05 *hk 2.4E-04 *kk ke 3.9e-06 4,6E-04
Mo-99 5.7E-03 3.5e-03 8.1E-04 edek 5.0E-03 *kk *okk 1.3E-04 1.7E-03
Tc~-99m 4 1E-04 *kk 2.7E-06 *kk 4,9E-03 *kk badabed *kk *kk
Ru-103 5.4£-02 1.8E-04 2.1E-05 *kk *kk *ekk *kk 6.7e-07 7.0E-05
Ru_] 06 *kk 9.0E"02 * dek *kk dkk %k ke * k% *k %k *kk
Ag-110m 2.2E-04 3.1E-03 1.1E-05 *kk *kek *kk *kk 3.7E-06 9.7E-05
Te-12%M 2.1E-04 3.8E-04 1.9E-04 *kk *kk *hk ek 2.0E-06 *hk
Te_] 29 *kk s dek 2.4E_02 *kk dek ok *kk *Kkk * k¥ *kk
Te_] 3'|m * k% 2.]E_03 3.7E_04 * kK *kk dkk *dkk * k% *kk
Te-131 *kk Fodkek 7.9E-03 *kk *hk *kk *hk * ki 7.4E-03
Te-132 *okk 1.8E-04 4,0E-05 Tk *kk *kk Rk 1.2E-06 3.1E-05
Ba-140 1.1E-03 1.0E-03 1.1E-04 *kk *kk *hk *kk 1.9E-05 2.5E-04
La-140 4,2E-04 1.8E-03 1.3E-04 *hk *kk *kk dekk 1.4E-05 1.1E-04
Ce-141 4,3t-04 1.1E-04 1.7E-05 falaled *kk *kk *kk *xk 4,6E-05
Ce-143 8.2E-03 4.6E-04 4,9€-05 *kk *ekk *kk *kek 1.9£-05 b
Ce-144 *kk 1.4E-04 1.2E-05 *hk 2.6E-05 *kk dekk 5.4E-06 4,.6E-04
W-187 1.4E-02 3.1E-03 3.0E-04 *okk *hk *kk *okk 1.1E-04 2.9E-03
Np-239 1.2E-02 9.3E-04 1.0E-04 *ekek *kk *kk Fekk 3.7E-06 7.6E-04

*  See Footnote of Table 2-9.
**  See Footnote of Table 2-9.
***k See Footnote of Table 2-9,

+ Data unreliable.



TABLE 2-11

MONTHLY AVERAGE* PRIMARY/SECONDARY LEAKAGE (REF. 8, 39)

(gal/day at 70°F; density = 8.3 Tb/gal)

1970
Plant J F M A M J J A S 0 N D
San Onofre 4 4 9 11 8 14  S**
Connecticut 10 S 0 20 10 20 O
Yankee
R. E. Ginna 0 0 0 0 0
Point Beach 1
1971
Plant J F M A M J J A S 0 N D
San Onofre 0 0 0 0 0 0 0 0 0 0
Connecticut 0 30 15 10 20 20 15 40 40 40
Yankee
R. E. Ginna 0 0 0 0 0 0 0 0
H. B. Robinson S S 50 55 20
Point Beach 1 0 0 10 90 100 3 30 20 20 20 20
1972
Plant J F M A M J J A S 0 N D
San Onofre S 0 0 0 0 0 22 10 30 31
Connecticut 40 40 40 40 40 S 0 0 0 0
Yankee
R. E. Ginna 0 0 0 S 0 S 0 0
H. B. Robinson 60 60 60 60 0 0 0 0
Point Beach 1 40 50 55 bH5 55 K55 K5 K5 H55 § S S
Point Beach 2 0 0 0
Surry 1 0
Turkey Point 3 0

* Leakage values listed begin with the first year of commercial operation.
** Shutdown not included in average.

NA - Not Available.
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TABLE 2-11 (continued)
MONTHLY AVERAGE* PRIMARY/SECONDARY LEAKAGE

(gal/day at 70°F; density = 8.3 1b/gal)

1973

Plant J F M A M J J A S 0 N D
San Onofre 0 0 0 0 0 S
Connecticut 0 0 0 0 10 S S S 0

Yankee
R. E. Ginna 0 0 0 0 0 0 0 0 0 0 0 0
H. B. Robinson 6 6 6 S 0 0 1 1 1 1 7 5
Point Beach 1 S S 0 0 0 0 0 0 0 0 0 0
Point Beach 2 0 0 0 0 0 0 0 0 0 0 0 0
Surry 1 0 0 0 0 0 0 0 0 0 0 0 0
Turkey Point 3 0 0 0 0 0 0 0 0 0 0 0 0
Surry 2 0 0 0 0 0 0 0 0
Turkey Point 4 0 0 0 0
1974

Plant J F M A M J J A S 0 N D
San Onofre 44 60 60 0 2 2
Connecticut 0 0 0 S 0 0 0 0 0

Yankee

R. E. Ginna S S S 0 0 0 0 0 0 0 0 0
H. B. Robinson 2 2 10 112 98 NA 19 2 1 1 1 1 1
Point Beach 1 0 0 0 S 0 0 0 0 0 0 0 0
Point Beach 2 0 0 0 0 0 0 0 0 0 0 S S
Surry 1 S S 0 0 0 115 55 115 115 4 S S
Turkey Point 3 0 0 0 0 0 0 0 NA  NA S S S
Surry 2 0 0 0 0 S 38 0 0 0 S S S
Turkey Point 4 S 0 0 0 0 0 22 0 0 0 0
Zion 1 S S S 0 0 S S 0 0 0 0
Zion 2 0 0 0 0
Indian Point 2 0 0 0 0
Prairie Island 1 0 0 0 0 0 0
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TABLE 2-11 (continued)
MONTHLY AVERAGE* PRIMARY/SECONDARY LEAKAGE

(gal/day at 70°F; density = 8.3 1b/gal)

1975

Plant J F M A M J J A S 0 N D
San Onofre 2 2 2 2 3 5 0 0 0 0 0 0
Connecticut 0 0 0 0 0 S 0 0 0 0 0 0

Yankee

R. E. Ginna 0 0 3 S 0 0 0 0 0 0 0 0
H. B. Robinson 2 1 1 1 3 1 5 3 2 0 0 S 7
Point Beach 1 0 61 S 0 1 2 2 2 1 2 S S
Point Beach 2 0 0 0 0 0 0 0 1 0 0 0 0
Surry 1 S 0 0 0 0 0 0 126 S S 26
Turkey Point 3 0 0 0 0 0 0 0 0 0 0 S S
Surry 2 0 0 0 0 S 0 0 0 0 0 0 0
Turkey Point 4 0 0 0 S S S 7 20 79 O 0 50
Zion 1 0 0 S 0 0 S 0 0 S 0 0 0
Zion 2 0 S 0 0 0 0 0 S 0 0 0
Indian Point 2 0 102 S 0 0 0 0 0 0 S 0 0
Prairie Island 1 0 0 0 0 0 0 0 0 0 0
Prairie Island 2 0 0 0 0 0 0 0 0 0 0 0 0
Cook 1 0 0 0 0
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TABLE 2-11 (continued)
MONTHLY AVERAGE* PRIMARY/SECONDARY LEAKAGE

(gal/day at 70°F; density = 8.3 1b/gal)

1976

Plant J F M A M J J A S 0 N D
San Onofre 0 0 0 0 0 0 46 O 0 S S S
Connecticut 0 0 0 0 S S 0 0 0 S 0 0

Yankee

R. E. Ginna 0 S S 14 0 0 0 S 0 S 0 0
H. B. Robinson 2 2 1 1 1 2 1 2 2 2 6 S S
Point Beach 2 32 200 5 29 10 12 13 21 23 25 25 25
Surry 1 0 0 28 8 NA 19 39 14 33 1 S S
Turkey Point 3 12 6 14 0 11 19 0 12 1 S S S
Surry 2 9% 31 10 O S 0 0 0 6 S S 200
Turkey Point 4 62 0 0 S S S 0 0 80 42 S 0
Zion 1 0 0 S S S S 0 0 0 S 0 0
Zion 2 S S 0 S S 0 0 0 0 S 0 0
Indian Point 2 0 0 0 S S S S S S 139 S S
Prairie Island 1 0 0 S S 0 0 0 0 0 0 0 0
Prairie Island 2 S 0 0 0 0 0 0 0 0 S S S
Cook 1 0 0 0 S S 0 0 0 0 0 0 0
Trojan 0 S S S 0 S S 0
Indian Point 3 0 S 0 0 0
Point Beach 1 0 0 3 3 3 2 3 3 3 S S 0
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TABLE 2-11 (continued)

MONTHLY AVERAGE* PRIMARY/SECONDARY LEAKAGE

(gal/day at 70°F; density = 8.3 1b/gal)

1977

Plant J F M A M J J A S 0 N D
San Onofre S S S 0 0 1 2 2 S 0 2 1
Connecticut 0 0 0 0 0 0 0 0 0 S S 0
R. E. Ginna 0 0 0 S S 0 0 0 0 0 0 0
H. B. Robinson 2 1 1 0 1 1 0 0 1 0 6 41 52
Point Beach 1 4 5 3 6 3 5 5 5 4 S 8 7
Point Beach 2 25 35 33 S 0 0 0 0 0 0 0 0
Surry 1 S 77 144 53 O 0 0 26 58 58 21 0
Turkey Point 3 0 0 0 0 0 0 0 28 72 72 56 S
Surry 2 548 360 S 0 NA 18 10 8 4 0 14 0
Turkey Point 4 23 29 7 9 7 S S 0 0 4 0 0
Zion 1 0 0 0 0 0 0 0 0 S S S 0
Zion 2 S S S 0 0 0 0 0 0 0 0 0
Indian Point 2 0 0 0 S 0 0 S 0 0 0 0 0
Prairie Island 1 0 0 0 S 0 0 0 0 0 0 0 0
Prairie Island 2 0 0 0 0 0 0 0 0 0 1 S S
Cook 1 S S 0 0 0 0 0 0 0 0 0 0
Trojan 0 0 0 0 S S 0 0 0 0 0 0
Indian Point 3 0 0 0 0 0 0 0 0 0 S S S
Beaver Valley 1 0 0 S 0 0 S S 0 0
Salem 1 0 0 0 S S 0
Farley 1 0
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TABLE 2-11 (continued)

MONTHLY AVERAGE* PRIMARY/SECONDARY LEAKAGE
(gal/day at 70°F; density = 8.3 1b/gal)

1978
Plant J F M A M J Average,* gal/day
San Onofre 1 1 1 S 1 1 4.6
Connecticut 0 0 0 0 0 0 .7
Yankee
R. E. Ginna 4 0 0 S S 0 0.27
H. B. Robinson 2 441 S S 18 88 190 21
Point Beach 1 20 7 7 7 120 7 15
Point Beach 2 0 0 0 S 0 0 7.9
Surry 1 0 0 0 0 S S 22
Turkey Point 3 S 0 0 0 0 0 5.5
Surry 2 0 46 278 0 0 0 32.
Turkey Point 4 36 193 0 0 0 0 17.
Zion 1 0 0 0 0 0 0 0
Zion 2 0 S S S S 0 0
Indian Point 2 0 S S S S 0 7.8
Prairie Island 1 0 0 0 S 0 0 0
Prairie Island 2 0 0 0 0 0 0 0.03
Cook 1 0 0 0 S S S 0
Trojan 2 2 2 S S S 0.38
Indian Point 3 0 0 0 0 0 S 0
Beaver Valley 1 0 0 0 0 S S 0
Salem 1 0 0 0 S S S 0
Farley 1 0 0 0 0 0 0 0
Operation Weighted Average 9

* Average daily value for each reactor is obtained by the sum of the total
monthly leakage rates divided by the total number of days in operation.
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TABLE 2-12
MOISTURE CARRYOVERS IN RECIRCULATING U-TUBE

STEAM GENERATORS*

Facility Percent Carryovers
Palisades 0.08
Kansai 0.05
Point Beach 0.2
Turkey Point 3 0.6
Turkey Point 4 1.6
Average 0.5

* Measurement based on Na concentration.
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The category "Other Nuclides" includes Mo, Y, and Tc which are generally
present in colloidal suspensions or as "crud." Although the actual

removal mechanism for Y, Mo, and Tc is expected to be plateout or filtration,
the quantitative effect of removal is expected to be commensurate with the
removal of ionic impurities by ion exchange (within the accuracy of the
calculations) and consequently plateout of these nuclides is included in

the parameters for ion exchange.

2.2.4 TODINE RELEASES FROM BUILDING VENTILATION SYSTEMS
2.2.4.1 Parameter

The iodine releases from building ventilation systems prior to treat-
ment are calculated by the PWR-GALE Code using the data in Tables 1-1,
Tables 2-2 through 2-8 and 2-13 through 2-16.

2.2.4.2 Bases

The iodine-131 releases from building ventilation systems are based
on measurements made at a number of operating reactors. The measurements
were made during routine plant operation and during plant shutdowns. Work
on identifying sources of radioiodine at PWR's has been conducted by
C. Pelletier, et al. (Ref. 7) for the Electric Power Research Institute
(EPRI), at three operating PWR's; Ginna, Calvert Cliffs 1, and Three Mile
Island 1. Measurements have also been made by EG&G Idaho, Inc., Allied
Chemical Corp., Idaho National Engineering Laboratory, for the U. S. Nuclear
Regulatory Commission at Fort Calhoun (Ref. 4), Zion 1 and 2 (Ref. 5),
Turkey Point 3 and 4 (Ref. 6), Prairie Island (Ref.42), and Rancho Seco
(Ref. 43).

These measurements indicate that iodine-131 building vent releases
are directly related to the reactor coolant iodine-131 concentration. As
a result, the releases of iodine are expressed as "normalized" releases,
that is, the absolute measured release rate in Ci/yr is divided by the
reactor coolant concentration in uCi/g to give a "normalized" release
rate of iodine-131 in Ci/yr/uCi/g as shown in the following equation:

RNJZA—
RW
where
RN = normalized release rate of iodine-131, Ci/yr/uCi/g
RA = absolute (measured) iodine-131 release rate, Ci/yr

CRN = measured reactor water iodine-131 concentration, uCi/g
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TABLE 2-13

ANNUAL TODINE NORMALIZED RELEASES
FROM CONTAINMENT VENTILATION SYSTEMSt

NORMAL OPERATION LEAK RATE*

Normalized Release/Unit
Data Source 10'3 %/day

Ft. Calhoun (Ref. 4) 0.0014
Three Mile Island 1 (Ref. 7) 2.5
Turkey Point 3/4 (Ref. 6) 0.9
Main Yankee (Ref. 16) 0.1
Ginna (Ref. 19) 0.064
Yankee Rowe (Ref. 14, 16) 1
Prairie Island 1/2 (Ref. 42) 0
2

Rancho Seco (Ref., 43)

.005

Average 0.80
RELEASE FOR EXTENDED OUTAGES**

Normalized Release/Unit

Data Source (Ci/yr/uCi/g)
Three Mile Island 1 (Ref. 7) 0.44
Calvert Cliffs 1 (Ref. 7) 0.19
Average 0.32

* The normalized release rate, expressed in %/day of leakage of primary
coolant inventory of iodine, represents the effective leak rate for
radioiodine. It is the combination of the reactor water leakage rate
into the buildings, and the partitioning of the radioiodine between
the water phase in the leakage and the gas phase where it is measured.

** The normalized release rate, expressed in Ci/yr/uCi/g, represents the
effective leak rate for radioiodine. It is the combination of the
reactor water jodine leakage rate into the buildings, and the partitioning
of the radioiodine between the water phase in the leakage and the gas
phase where it is measured.

1311 data. The normalized release

1331.

t These results were obtained using

rates are applicable to both 1311 and
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TABLE 2-14

ANNUAL TODINE NORMALIZED RELEASES*
FROM AUXILIARY BUILDING VENTILATION SYSTEMSt

NORMAL OPERATION

Normalized Release/Unit
Data Source (Ci/yr/uCi/g)

Zion 1/2 (Ref. 5) 1.0
Fort Calhoun (Ref. 4) 0.12
Ginna (Ref. 7) 0.032
Calvert Cliffs 1 (Ref. 7) 0.57
Three Mile Island 1 (Ref. 7) 0.034
Turkey Point 3/4 (Ref. 6) 1.85

0.

0.

Prairie Island 1/2 (Ref. 42) 013
Rancho Seco (Ref. 43) 97

Average 0.68

SHUTDOWN
Normalized Release/Unit
Data Source (Ci/yr/uCi/g)

Ginna (Ref. 7) 0.08
Calvert Cliffs 1 (Ref. 7) 0.016
Three Mile Istand 1 (Ref. 7) 0.14
Turkey Point 3/4 (Ref. 6) 6.8
Rancho Seco (Ref. 43) 1.14

Average 2.50

* The normalized release rate, expressed in Ci/yr/uCi/g during different
modes of operation, represents the effective leak rate for radioiodine.
It is the combination of the reactor water iodine leakage rate into the
buildings and the partitioning of the radioiodine between the water
phase in the leakage and the gas phase where it is measured.

1311 data. The normalized release

133I

t These results were obtained using

rates are applicable to both 1311 and
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TABLE 2-1
ANNUAL IODINE NORMALI

5
ZED RELEASES*

FROM REFUELING AREA VENTILATION SYSTEMS%

NORMAL OPERATION

Normalized Release/Unit

Data Source _(Ci/yr/uCi/g)

Ginna (Ref. 7) 0.008

Calvert Cliffs 1 (Ref. 7) 0.049

Three Mile Island 1 (Ref. 7) 0.0012

Turkey Point 3 (Ref. 6) 0.16

Prairie Island 1/2 (Ref. 42) 0.019

Rancho Seco (Ref. 43) 0.01
Average 0.038

SHUTDOWN

Normalized Release/Unit

Data Source (Cifyr/mCi/q)
Ginna (Ref. 7) 0.014
Calvert Cliffs 1 (Ref. 7) 0.039
Three Mile Island 1 (Ref. 7) 0.06
Turkey Point 3 (Ref. 6) 0.05
Rancho Seco (Ref. 43) 0.30
Average 0.093

* The normalized release rate, expressed in Ci/yr/uCi/g during different
modes of operation, represents the effective leak rate for radioiodine.
It is the combination of the reactor water iodine leakage rate into the
building, and the partitioning of the radioiodine between the water
phase in the Teakage and the gas phase where it is measured.

t These results were obtained using 1311 data. The normalized release

131 133

rates are applicable to both I and I.
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TABLE 2-16%

ANNUAL TODINE NORMALIZED RELEASES**
FROM TURBINE BUILDING VENTILATION SYSTEMS+

NORMAL OPERATION

Normalized Release/Unit

Data Source (Ci/yr/uCi/qg)
Monticello 3.1 x 103
Oyster Creek 6.0 x 103
Vermont Yankee 0.35 x 103
Pilgrim 8.5 x 103
Browns Ferry 1.3 x 103
References 3, 5 of Ref. 15 3.3 x 103

3
Average 3.8 x 10

EXTENDED SHUTDOWN

Normalized Release/Unit

Data Source (Ci/yr/uCi/qg)
Monticello 1.7 x 10°
Oyster Creek 3.5 x 102
Vermont Yankee 0.63 x 102
Browns Ferry 1.3 x 102
References 3, 5 of Ref. 15 1.4 x 10°

Average 4,2 x 102

* The data in this table are taken from Table 2-8, NUREG-0016, Revision 1,
January 1979 (Ref. 15).

** The normalized release rate, expressed in Ci/yr/uCi/g during different
modes of operation represents the effective leak rate for radioiodine.
It is a function of iodine leak rate via steam and the partition
coefficient for radioiodine from reactor water to steam in the reactor

vessel.
t These results were obtained using 1311 data. The normalized release
rates are applicable to both 1311 and 1331.
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The normalized reactor water release rate, expressed in Ci/yr/uCi/g
represents an effective leak rate for reactor water containing iodine.
It is the combination of the water leakage rate into the building and
the effect of iodine partitioning between the water phase in the systems
leakage and the vapor phase in the building atmosphere.

For the turbine building, the secondary coolant iodine releases
are directly related to the secondary coolant iodine-131 concentration.
Therefore, for the turbine building, the normalized iodine release, RN,
is determined using the following expression:

R

RNzt‘Rw—i\Tc
where
RN = qorma]ized re]ease rate of secondary coolant water containing
iodine-131, Ci/yr/uCi/g
RA = absolute (measured) iodine-131 release rate, Ci/yr
CRw = measured secondary coolant iodine-131 concentration, uCi/g
PC = measured iodine partition coefficient from secondary coolant

water to steam.

The normalized release rate is used to estimate the release from PWR's
since this expression for release rate is least variable with time for a
given mode of operation. For this reason, it is useful in the determination
of releases from PWR's,

Data on normalized release rates from the three reactors used in
the EPRI study and the five reactors used in the NRC sponsored study are
given for normal operation and shutdown periods in Tables 2-13 through
2-15, for the containment building, auxiliary building and refueling
area, respectively. Also given in Table 2-13 is the normalized value of
the iodine release data discussed in NUREG-0017, April 1976 (Ref. 14).
For Table 2-16, it was considered that since the basic design and operation
of PWR and BWR power generation equipment which is housed in the turbine
building is essentially identical, the turbine building Teakage rates
from PWR's and BWR's should be similar. Therefore, for the PWR turbine
building normalized iodine release rate, the values for BWR's given in
Table 2-15 of NUREG-0016, Revision 1 (Ref. 15) have been used and
reproduced here as Table 2-16 of this report.

The data in Tables 2-14 through 2-16 are expressed as total
normalized releases during power operation of 300 days an< the total
normalized releases during shutdowns of 65 days. Since the reactors
used in the EPRI study and the NRC study experienced several intermittent
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shutdowns of short duration during the power operation measurement period,
the iodine releases during these short duration outages are included
under power operation.

Since the releases from the containment building are dependent on
the method of containment purging (see Section 2.2.9, Containment Purging
Frequency), the releases in Table 2-13 are expressed in terms of a leak
rate (in %/day of primary coolant inventory). In addition, the release
from the containment building during extended outages is expressed as
a total normalized release as discussed above for other buildings.

In order to obtain the releases in curies/year from the auxiliary
building and the refueling area of a particular PWR, the normalized release
data in Tables 2-14 and 2-15, respectively, are multiplied in the PWR-

GALE Code by the iodine concentrations in the reactor coolant for that
particular PWR using the following expression:

R = R

PWR{ x C

N PWR1

where

R . = calculated annual release rate for particular PWR for iodine
PWRi - - :
isotope i, Ci/yr

RN = normalized annual release rate of iodine from Tables 2-14
and 2-15, Ci/yr/uCi/g

CPwRi = calculated reactor water concentration for particular
PWUR for iodine isotope i, nuCi/g

To obtain the release in curies/year from the turbine building of

a particular PWR, the normalized release data in Table 2-16 are multiplied
in the PWR-GALE Code by the iodine concentration in the secondary coolant

water and the iodine partition coefficient from the water to steam in the
steam generator for that particular PWR using the following expression:

Rowri = Ry X SCpyri * Plpyp
where
Rouns: = calculated annual release rate for particular PWR for iodine
PWRi ; . .
isotope i, Ci/yr
RN = normalized annual release rate of iodine from Table 2-16,
Ci/yr/uCi/g

2-39



SCPWRi = calculated secondary coolant concentration for particular
PWR for iodine isotope i, uCi/g

PCPWR = partition coefficient from the secondary coolant water to
steam for the particular PWR (see Table 2-6)

In order to obtain the releases in curies/year from the containment building
of a particular PWR, the normalized leak rates in Table 2-13, are multplied
in the PWR-GALE Code by the iodine concentration in the reactor coolant

for that particular PWR, and then this leak rate is considered along with
the containment purging method for that particular PWR,

To obtain the releases during shutdown, multiply the normalized
release rates for the shutdown period by the same reactor coolant
concentration as for power operations. Use of this reactor coolant
concentration is acceptable since the normalization technique based the
shutdown normalized release rate on the reactor coolant concentrations
prior to shutdown.

Iodine released from PWR building ventilation systems appear in one
of the following chemical forms: particulate, elemental, hypoiodious
acid (HOI) and organic. Based on data in References 4, 5, 6, 7, 42 and
43, the fraction of the iodine appearing in each of the chemical forms
for each building ventilation system is given below:

FRACTION OF IODINE APPEARING IN EACH CHEMICAL FORM
FROM PWR BUILDING VENTILATION SYSTEMS

Containment Auxiliary Turbine Fuel Handling
Particulate 0.09 0.04 * 0.01
Elemental 0.21 0.21 0.78 0.17
HOI 0.21 0.22 * 0.57
Organic 0.49 0.53 * 0.25

* No data on breakdown of other species.

2.2.5 RADIQACTIVE PARTICULATES RELEASED IN GASEOQUS EFFLUENTS
2.2.5.1 Parameter

Use the radioactive particulate release rates in gaseous effluents
given in Table 2-17.
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TABLE 2-17

PARTICULATE RELEASE RATE FOR GASEOUS EFFLUENTS*

(Ci/yr)/unit
Auxiliary Fuel Pool Waste Gas

Nuclide Containment Building Area System
Cr-51 9.2(-3) 3.2(-4) 1.8(-4) 1.4(-5)
Mn-54 5.3(-3) 7.8(-5) 3.0(-4) 2.1(-6)
Co-57 8.2(-4) NA NA NA

Co-58 2.5(-2) 1.9(-3) 2.1(-2) 8.7(-6)
Co-60 2.6(-3) 5.1(-4) 8.2(-3) 1.4(-5)
Fe-59 2.7(-3) 5.0(-5) NA 1.8(-6)
Sr-89** 1.3(-2) 7.5(-4) 2.1(-3) 4.4(-5)
Sr-90** 5.2(-3) 2.9(-4) 8.0(-4) 1.7(-5)
Zr-95 NA 1.0(-3) 3.6(-6) 4.8(-6)
Nb-95 1.8(-3) 3.0(-5) 2.4(-3) 3.7(-6)
Ru-103 1.6(-3) 2.3(-5) 3.8(-5) 3.2(-6)
Ru-106 NA 6.0(-6) 6.9(-5) 2.7(-6)
Sb-125 NA 3.9(-6) 5.7(-5) NA

Cs-134 2.5(-3) 5.4(-4) 1.7(-3) 3.3(-5)
Cs-136 3.2(-3) 4,8(-5) NA 5.3(-6)
Cs-137 5.5(-3) 7.2(-4) 2.7(-3) 7.7(-5)
Ba-140 NA 4.0(-4) NA 2.3(-5)
Ce-141 1.3(-3) 2.6(-5) 4.4(-7) 2.2(-6)

* Particulate release rates are prior to filtration.

NA - No release observed from this source. Release assumed to be less
than 1% of total.

** Data not available from Ref. 4, 5, 6 or 7, therefore Sr-89 and Sr-90
data were extracted from Semi-annual Effiuent Release Reports. Release

from each area above calculated by use of percent released from each
area from Ref. 4, 5, 6 and 7 data.
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2.2.5.2 Bases

Tables 2-18 through 2-21 list measured particulate releases at 12
operating reactors (Ref. 4, 5, 6, 7, 42, and 43). The average annual
release rates for each nuclide released from four sources within the
plant have been calculated based on the data in Tables 2-18 through 2-21.
The measurements shown in Tables 2-18 through 2-21 were taken upstream of
HEPA filters on streams on which HEPA filters are located. Based on the
data in Tables 2-18 through 2-21, 63% of the releases came from the
containment, 5% from the auxiliary building, 31% from the fuel pool
area, and less than 1% from the waste gas processing system.

2.2.6 NOBLE GAS RELEASES FROM BUILDING VENTILATION SYSTEMS
2.2.6.1 Parameter

The noble gas releases from building ventilation systems are based
on a daily leak rate of 3% of the noble gas inventory in the primary
coolant released to the containment atmosphere; on a 160 1b/day primary
coolant leak to the auxiliary building; and on a 1700 1b/hr steam leak
rate in the turbine building.

2.2.6,2 Bases

The containment building leakage rate is derived from xenon-133
measurements in the containment atmosphere at Ginna and Maine Yankee
(Ref. 17). The xenon-133 concentrations in the containment atmospheres
at steady state were approximately 5 x 1073 uCi/cc for Main Yankee and
7 x 10°% uCi/cc for Ginna. The containment volumes at these facilities
are approximately 1.8 x 10° ft3 for Maine Yankee and 1 x 10° ft3 for
Ginna. Based on these values, the total microcuries of xenon-133 in
the containment building atmosphere are

Maine Yankee

(5 x 1073 uCi/cc) (1.8 x 10° £t3)(2.83 x 10% ccrftd) = 2.5 x 108 LCi Xe-133

Ginna

6 .3 4

(7 x 1073 ucizee) (1 x 108 £t3y(2.83 x 10% ce/ft®) = 2.0 x 108 uci Xe-133

Based on the half-1ife of xenon-133 (5.3d) and the assumption of a
constant leakage rate to containment, the daily leakage rate of xenon-133
to the containment for the two plants is

Main Yankee

2.5 x 108 uCi
(5.3 day/0.693

7= 3.3 x 107 uCi/day Xe-133 leakage
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TABLE 2-18

MEASURED RELEASES UPSTREAM OF HEPA FILTERS - CONTAINMENT

(Cifyr)
Turkey Prairie
Three Mile Point Calvert Island Rancho

Island 1 Fort Calhoun Zion 1 & 2 3& 4 Cliffs 1 Ginna 1 &2 Seco Average
Nuclide (Ref. 7) (Ref. 4) (Ref. 5) (Ref. 6) {Ref. 7)  (Ref. 7) (Ref. 42)  (Ref. 43) (Ci/yr)/unit
Cr-51 5.5(-2) ND ND ND NA NA NA NA 9.2(-3)
Mn-54 2.1(-2) 1.4(-8) 3.9(-6) NA NA NA NA NA 5.3(-3)
Co-57 4,9(-3) ND ND ND NA NA NA NA 8.2(-4)
Co-58 2.2(-1) 5.6(-8) 1.5(-5) 3.2(-6) NA NA 6.6(-8) 2.5(-3) 2.5(-2)
Co-60 2.3(-2) 3.8(-8) 1.2(-5) 3.0(-5) NA NA 1.4(-7) 3.3(-4) 2.6(-3)
Fe-59 1.6(-2) ND ND ND NA NA NA NA 2.7(-3)
Zr-95 NA NA NA NA NA NA NA NA NA
Nb-95 1.1(-2) ND ND ND NA NA NA NA 1.8(-3)
Ru-103 9.5(-3) ND ND ND NA NA NA NA 1.6(-3)
Ru-106 NA NA NA NA NA NA NA NA NA
Sb-125 NA NA NA NA NA NA NA NA NA
Cs-134 2.1(-2) 3.2(-6) 2.3(-4) 7.7(-5) NA NA 3.2(-8) 1.5(-3) 2.5(-3)
Cs-136 1.9(-2) ND ND ND NA NA NA NA 3.2(-3)
Cs-137 4.4(-2) 4,1(-6) 3.2(-4) 1.9(-4) NA NA 6.6(-8) 5.0(-3) 5.5(-3)
Ba-140 NA NA NA NA NA NA NA NA NA
Ce-147 8.0(-3) ND ND ND NA NA NA NA 1.3(-3)
ND = Not detected. For averaging purposes, a value of zero was assumed.
NA = Not analyzed (or no measurement taken); plants not included in averaging.
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TABLE 2-19

MEASURED RELEASES UPSTREAM OF HEPA FILTERS - AUXILIARY BUILDING

(Ci/yr)
Turkey Prairie
Three Mile Point Calvert Island Rancho

Island 1 Fort Calhoun Zion 1 & 2 344 Cliffs 1 Ginna 18&2 Seco Average
Nuc lide (Ref. 7) (Ref. 4) (Ref. 5) {Ref. 6) (Ref. 7) (Ref. 7) (Ref. 42)  (Ref. 43) (Ci/yr)/unit
Cr-57 1.4(-3) ND NA ND NA 1.9(-4) NA NA 3.2(-4)
Mn-54 1.1(-4) NA NA 6.3(-5) 3.0(-4) 6.7(-5) 2.7(-6) NA 7.8(-5)
Co-57 NA NA NA NA NA NA NA NA NA
Co-58 1.1(-3) 2.0(-3) NA 1.1(-3) 4,8(-4) 6.3(-4) 4.0(-5) 1.2(-2) 1.9(-3)
Co-60 2.0(-4) 2.7(-4) NA 6.0(-4) 2.0(-3) 7.7(-4) 4.5(-5) 7.3(-4) 5.1(-4)
Fe-59 2.3(-4) ND ND ND NA 1.9(-5) NA NA 5.0(-5)
Zr-95 2.7(-4) ND ND ND 7.9(-3) 4.1(-5) 5.7(-6) NA 1.0(-3)
Nb-95 1.4(-4) ND ND ND NA 6.0(-5) 1.0(-5) NA 3.0(-5)
Ru-103 9.1(-5) ND NA ND NA 6.9(-5) 2.7(-6) NA 2.3(-5)
Ru-106 NA ND NA ND NA 2.4(-5) NA NA 6.0(-6)
Sb-125 NA NA NA NA NA NA 7.7(-6) NA 3.9(-6)
Cs-134 8.0(-5) 1.6(-3) NA 7.9(-4) 2.0(-3) 3.4(-4) 1.5(-6) 5.2(-5) 5.4(-4)
Cs-136 NA ND NA ND NA 1.9(-4) NA NA 4,8(-5)
Cs-137 2.0(-4) 1.8(-3) NA 1.4(-3) 1.9(-3) 1.1(-3) 9.4(-6) 8.0(-5) 7.2(-4)
Ba-140 NA ND ND ND NA 1.6(-3) NA NA 4,0(-4)
Ce-141 1.5(-4) ND NA ND NA 2.8(-5) 1.5(-6) NA 2.6(-5)
ND = Not detected. For averaging purposes, a value of zero was assumed.

NA

Not analyzed (or no measurement taken); plants not included in averaging.

Measurements were made downstream of the auxiliary building HEPA filter. Due to uncertainty in the DF's of the

HEPA filter, the data is not considered.
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TABLE 2-20

MEASURED RELEASES UPSTREAM OF HEPA FILTERS - FUEL POOL AREA

(Ci/yr)/unit
Turkey Prairie
Three Mile Point Calvert Island Rancho
Island 1 Fort Calhoun Zion 1 & 2 J3&4 Cliffs 1 & 2 Ginna 18&2 Seco

Nuclide {Ref. 7) _(Ref. 4) {Ref. 5) (Ref. 6) (Ref. 7) (Ref. 7) (Ref. 42)  (Ref. 43) Average
Cr-51 1.8(-4) NA NA NA NA NA NA NA 1.8(-4)
Mn-54 1.0(-5) NA NA NA 1.2(-3) NA 2.6(-6) NA 2.4(-4)
Co-57 NA NA NA NA NA NA NA NA NA
Co-58 8.5(-5) NA NA NA 1.1(-2) NA 8.8(-6) 6.7(-5) 1.8(-3)
Co-60 4,4(-5) NA NA NA 5.0(-3) NA 6.9(-6) 7.6(-6) 8.4(-3)
Fe-59 NA NA NA NA NA NA NA NA NA
Zr-95 NA NA NA NA NA NA 7.2(-6) NA 3.6(-6)
Nb-95 3.0(-5) NA NA NA 9.5(-3) NA 1.7(-5) NA 1.9(-3)
Ru-103 9.8(-5) NA NA NA NA NA 1.7(-5) NA 3.8(-5)
Ru-106 6.9(-5) NA NA NA NA NA NA NA 6.9(-5)
Sb-125 1.7(-4) NA NA NA NA NA ND NA 5.7(-5)
Cs-134 9.0(-6) NA NA NA 2.2(-3) NA 9.8(-7) 9.6(-7) 3.7(-4)
Cs-136 NA NA NA NA NA NA NA NA NA
Cs-137 2.4(-5) NA NA NA 5.6(-3) NA 4,1(-6) 7.4(-7) 9.4(-4)
Ba-140 NA NA NA NA NA NA NA NA NA
Ce-141 NA NA NA NA NA NA 8.8(-7) NA 4.4(-7)
ND = Not detected. For averaging purposes, a value of zero was assumed.

NA

Not analyzed (or no measurement taken); plants not included in averaging.
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TABLE 2-21
MEASURED RELEASES UPSTREAM OF HEPA FILTERS - WASTE GAS SYSTEM

(Ci/yr)
Turkey Prairie
Three Mile Point Calvert Island Rancho

Istand 1 Fort Calhoun Zion 1 & 2 3&4 Cliffs 1 Ginna 1&2 Seco Average
Nuclide (Ref. 7) (Ref. 4) (Ref. 5) {Ref. 6) (Ref. 7} (Ref. 7) (Ref. 42)  (Ref. 43) (Ci/yr)/unit
Cr-51 8.4(-5) ND ND ND NA NA NA NA 1.4(-5)
Mn-54 1.1(-5) ND 4,0(-6) ND NA NA NA 8.4(-9) 2.1(-6)
Co-57 NA NA NA NA NA NA NA NA NA
Co-58 4.5(-5) 3.8(-6) 1.1(-5) 8.8(-7) NA NA NA 5.1(-8) 8.7(-6)
Co-60 8.0(-5) NA 3.2(-6) 2.9(-7) NA NA NA 5.9(-8) 1.4(-5)
Fe-59 7.2(-6) 1.8(-6) 1.9(-6) ND NA NA NA NA 1.8(-6)
Zr-95 1.9(-5) ND ND NA NA NA NA NA 4.8(-6)
Nb-95 2.2(-5) ND ND ND NA NA NA NA 3.7(-6)
Ru-103 1.9(-5) ND ND ND NA NA NA NA 3.2(-6)
Ru-106 1.6(-5) ND ND ND NA NA NA NA 2.7(-6)
Sb-125 NA NA NA NA NA NA NA NA NA
Cs-134 1.2(-4) 1.2(-6) 1.1(-4) 3.8(-8) NA NA NA 1.1(-8) 3.3(-5)
Cs-136 3.2(-5) ND ND ND NA NA NA NA 5.3(-6)
Cs-137 3.5(-4) NA 1.1(-4) 8.8(-8) NA NA NA 2.6(-8) 7.7(-5)
Ba-140 1.4(-4) ND ND ND NA NA NA NA 2.3(-5)
Ce-141 1.3(-5) ND ND ND NA NA NA NA 2.2(-6)
ND = Not detected. For averaging purposes, a value of zero was assumed.

NA

Not analyzed (or no measurement taken); plants not included in averaging.



Ginna

2 x 108 ¢
(5.3 day/0.693)

= 2.6 x 10" ,Ci/day Xe-133 Teakage

Based on the xenon-133 concentration during power operation (Ref. 29)
and the masses of primary coolant of the two plants, the fraction of the
xenon-133 inventory in the containment released per day is

Maine Yankee

3.3 x 10’ uCi/day
(107 uCi/cc x 28,300 cc/ft3 x 11,000 ft

3) = 0.01/day = 1%/day

Ginna

7 ..
. 2.6 x 10" uCi/day -+ = 0.005/day - 0.5%/day
(307 wCi/cc x 28,300 x 6,234 ft°)

Reference 16 also contains data for the xenon-133 concentration in
the containment atmosphere and the primary coolant at Yankee Rowe for
the periods August-October 1971, December 1971 - January 1972 and
August-November 1973. These periods encompass several shutdowns and
a wide variety of operating conditions, and during these periods the
xenon concentration in the containment and in the primary coolant varied
by two orders of magnitude. The percent of xenon-133 inventory in the
coolant released to the containment atmosphere varied from approximately
0.05%/day to 0.5%/day. Also from Ref. 43, this percent was determined
to be 10.4 for Rancho Seco.

On the basis of these data, we consider that 3%/day of the noble
gas inventory in the primary coolant is released to the containment
atmosphere.

In the auxiliary building, the source term calculation is based
on an assumed primary coolant leakage rate of 160 1b/day (20 gal/day).
In the absence of available data, this value is based on engineering
judgment and is consistent with values proposed in Environmental Reports.

T The reactor coolant concentrations for Xe-133 are measured values
during 12/73 - 6/74 for Main Yankee and September and October of 1971
for Ginna (Ref. 16).
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In the turbine building, it is assumed that steam will leak to the
turbine building atmosphere at a rate of 1700 1b/hr. The leakage is
considered to be from many sources, each too small to be detected
individually, but which, taken collectively, total 1700 1b/hr. The most
significant leakage pathway is considered to be leakage through valve
stem packings.

2.2.7 STEAM GENERATOR BLOWDOWN FLASH TANK VENT
2.2.7.1 Parameter

1. Pressurized water reactors, with U-tube steam generators, that
are currently under design, either direct their blowdown through
a heat exchanger to cool the blowdown or, if a flash tank is
used, vent the flash tank to a flash tank vent condenser or
the main condenser. For these plants, iodine releases by this
path are negligible and a partition factor of zero is used for
the steam generator blowdown flash tank vent.

2. For older piants which still utilize flash tanks which vent
directly to the atmosphere an iodine partition factor of 0.05
is used.

2.2.7.2 Bases

Approximately one-third of the blowdown stream flashes to steam in
the flash tank, provided there is a heat balance between steam generator
operating conditions (550°F, 1000 psia) and the blowdown flash tank
conditions (240°F, sat.). Although the iodine species in the blowdown
stream will be predominantly nonvolatile (volatile species are degassed
in the steam generator), significant iodine removal will occur because
of entrainment by the flashing steam. A steam quality of 85% is considered
in the evaluation. For currently designed PWR's which have provisions
to prevent flashing (cooling blowdown below 212°F) or to condense the
steam Teaving the flash tank, the entrainment losses will be negligible,
i.e., a partition factor of zero.

2.2.8 10DINE RELEASES FROM MAIN CONDENSER AIR EJECTOR EXHAUST
2.2.8.1 Parameter

The iodine releases from the main condenser air ejector exhaust
prior to treatment are calculated by the PWR-GALE Code using the data
in Tables 2-2 through 2-8, and in Table 2-22.
2.2.8.2 Bases

The iodine releases from the main condenser air ejector exhaust are
based on secondary side measurements made by EPRI at Point Beach 2, (Ref.

7), by EG&G Idaho, Inc., for the NRC, at Turkey Point 3 and 4 (Ref. 6),
and by Westinghouse at Point Beach 1 (Ref. 12) and Haddam Neck (Ref. 38).
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TABLE 2-22

ANNUAL IODINE NORMALIZED RELEASES
FROM MAIN CONDENSER AIR EJECTOR EXHAUST*

Normalized Release

Data Source (Ci/yr/uCi/g)
Turkey Point 3/4 (Ref. 6) 3.5 (+3)
Point Peach 1/2 (Ref. 7, 12) 6.1 (+2)
Haddam Neck (Ref. 38) 3.0 (+1)
Average 1.7 (+3)

* The normalized release rate represents the effective release rate for
radioiodine. It is the combination of the steam flow to the main
condenser, the partitioning of radioiodine between the main condenser
and the air ejector exhaust where it is measured and the partition
coefficient for radioiodine from water to steam in the steam generator.
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In a manner similar to the discussion of normalized releases for
building ventilation releases in Section 2.2.4, the main condenser air
ejector exhaust iodine releases are directly related to the secondary
coolant iodine-131 concentration. Therefore, for the air ejector
exhaust, the normalized iodine release, RN, is determined using the
following expression:

R
_ A
Ry = Tay X PC
where
RN = normalized effective release rate of iodine-131, Ci/yr/uCi/g

RA = measured (absolute) iodine~131 release rate, Ci/yr

CRN = measured secondary coolant iodine-131 concentration, uCi/g

O
(ep]
1}

measured iodine partition coefficient from secondary coolant
water to steam in the steam generator.

Data on normalized release rates from the main condenser air ejector
exhaust are given in Table 2-22. To obtain the release in curies/year
from the air ejector exhaust of a particular PWR, the normaiized release
data in Table 2-22 are multiplied in the PWR-GALE Code by the iodine
concentration in the secondary coolant water and the iodine partition
coefficient from the water to steam for that particular PWR using the
following expression:

Rpwri = Ry % Cpuri X PCpyr

where

R . = calculated annual release for particular PWR for iodine
PWR1 : : .
isotope i, Ci/yr

RN = normalized annual release rate of iodine from Table 2-22,
Ci/yr/uCi/g

CPWRi = calculated secondary coolant concentration for particular
PWR for iodine isotope i, uCi/g

PCPWR = lodine partition coefficient from water to steam in the
steam generator for the particular PWR (see Table 2-6)
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As discussed in references 6 and 7, most of the iodine in the
secondary system is not available for release to the main condenser air
ejector exhaust due to iodine bypassing the condenser hotwell in the
moisture separator/reheater drains and extraction steam, and possibly
due to iodine plating out in the moisture separator/reheater, turbine
and main condenser. As a result, the iodine release from the main
condenser air ejector exhaust is small compared to the building ventilation
releases.

2.2.9 CONTAINMENT PURGE FREQUENCY
2.2.9.1 Parameter

For those plants equipped with small diameter purge lines (diameter
of about 8 inches or less), releases are based on continuous ventilation
during power operation and on 2 purges per year at cold shutdown with
the large containment purge lines. The continuous ventilation rate used
in the evaluation is based on the applicant's design.

For older plants (those under review for operating licenses or those
for which the construction permit SER was issued prior to July 1, 1975)
not equipped with small diameter purge lines, releases are based on 2
purges per year at cold shutdown and 22 purges per year during power
operation. The 22 purges consider the effect of use of large containment
purge lines and of separate vent lines, if any. If, for a specific plant,
there is filtration on the large purge lines but not on the vent lines,
an additional GALE Code run will be made to account for the effect of
the vent.

Operating experience and special design features (for example, little
or no air operated equipment in the containment) to reduce the frequency
of containment purging will be considered on a case-by-case basis.

2.2.9.2 Bases

It is assumed that the containment building is purged twice a year
for refueling and maintenance. The two purges are considered for cold
shutdowns for annual fuel loading and planned maintenance. In addition,
experience at operating reactors (Table 2-23) has indicated a need to
purge or vent the containment frequently during full power operation and
hot standby to control the containment pressure, temperature, humidity,
and airborne activity levels (Ref. 17). For the above reasons, new plant
designs are to include the capability to purge the containment continuously
through small-diameter purge lines (about 8 inches in diameter) and only
use the large containment purge lines at cold shutdowns and refueling
outages (Ref. 18). On this basis, source term calculations for new
plants should consider a continuous ventilation rate based on the
applicant's containment design, along with the two cold shutdown purges
per year with the large containment purge lines, unless special provisions
are made to eliminate or reduce the need for continuous ventilation flow.
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TABLE 2-23
PWR CONTAINMENT PURGING AND VENTING EXPERIENCE (REF. 17)

Yankee Rowe

Purge and vent only after cooldown following shutdown

Reasons: Routinely pressurize containment for leak detection system
checks and bring activity down
Duration: 2 to 6 hours

Maine Yankee

Purge once per quarter
Reason: Bring activity down
Duration: 2 to 3 days each quarter

Indian Point 2

Vent 2 times each day

Reason: Pressure balance control

Duration: Approximately 1 to 2 hours

Purge once every 2 weeks (duration not stated)

Three Mile Island 1

Purge approximately once per week during operation, always purge
prior to shutdown

Reason: Improve temperature and humidity conditions

Duration: Approximately 48 hours

Connecticut Yankee

Purge - Cannot purge during operation, only during shutdown
Reason: Primarily to remove activity
Duration: 1 to 2 days

San Onofre 1

Purge each cooldown approximately 4 times per year, no purging
during power operation
Purge for at least 24 hours, ventilate during entire shutdown period

Oconee 1
Continuous purge from startup through 7/1/74
Purged twice since 7/1/74, once on 7/8/74 for several days and again

on 8/22/74 for 1 to 2 days
Reason: Reduction of gaseous activity for maintenance, etc.
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TABLE 2-23 (continued)

PWR CONTAINMENT PURGING AND VENTING EXPERIENCE (REF, 17)

Oconee 2

Continuous purge since startup, lowest purge rate approximately

20,000 ft3/min
Reason: Reduction of gaseous activity for maintenance, etc.

Robinson 2

Purge approximately 20 times per year for 2 minutes each purge for
testing of purge valves. In addition, purge approximately 10
times per year for an average of 100 hours each purge for
personnel comfort reasons.

Vent about 75 times per year for about four hours each. Venting
occurs to control containment pressure and to bring containment
pressure to zero gauge prior to purging as noted above.

Turkey Point 3

For period 1/1/74 to 7/1/74

Total purges 14

Total time 502 hours*
Maximum duration (1 purge) 253 hours
Minimum duration (1 purge) 3 hours

Infrequent purges or vents of 10 minutes for pressure control.

Turkey Point 4

For period 1/1/74 to 7/1/74

Total purges 5

Total time 984 hours*
Maximum time (1 purge) 742 hours
Minimum time (1 purge) 5 hours

Surry 1 and 2

Containment operates at negative pressure. Discharge from vacuum
pumps through filters to stack. During cold shutdown, there
is continuous purging of containment.

Prairie Island

Frequency: Once per week for about 8 hours
Reason: To relieve pressure buildup due to instrument air leakage
to containment
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TABLE 2-23 (continued)
PWR CONTAINMENT PURGING AND VENTING EXPERIENCE (REF. 17)

Kewaunee
Frequency: 5 times in 60 days usually for less than 1 hour, longer
if for personnel entry.
Reason: Pressure control. During the 60-day period, purging
occurred for personnel entry.
Point Beach

Continuous venting through a monitoring line at about 10 ft3/min
flow. Gas filtered on way to stack.

Palidades
One per week for about 10 minutes duration (planned upon resumption
of power operation)
Reason: To control pressure buildups

Zion

Venting for pressure buildup about twice per week depending on
outside temperature. Ranges from twice per day to once every
two weeks.

Purges to control environment range from once per day to once every
two weeks.

Duration: 3/4 hour on venting; 3-4 hours on purging.

Fort Calhoun**

For periods from 1/1/76 to 6/31/76 and 5/5/77 to 12/31/77.
Average of 65 purges per year with an average duration of about
20 hours.

Millstone 2*%*

For period from 7/1/75 through 12/31/77.
About 45 purges per year with an average duration of about 9 hours.

* Generally, long purges occur during plant outages while at cold
shutdown conditions.

** Data for these plants was obtained from the Semi-annual Release Reports
for the plants for the period indicated.
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For older plants (those under review for operating licenses or those
for which the construction permit SER was issued prior to July 1, 1975)
(Ref. 18) not equipped with small diameter purge lines, frequent periodic
purges or vents will be used to control the above parameters (Ref. 18).
A frequency of 22 purges per year during power operation is considered
representative of plant operating experience for the combined effects of
purging and venting.

2.2.10 CONTAINMENT INTERNAL CLEANUP SYSTEM -
2.2.10.1 Parameter

Assume the internal cleanup system will operate for 16 hours prior
to purging, that it provides a DF for radioiodine removal on charcoal
adsorbers corresponding to the values in Table 1-5, and a DF of 100 for
particulate removal on HEPA filters and that there is a containment air
mixing efficiency of 70%.

2.2.10.2 Bases

Internal cleanup systems may be used to reduce airborne iodine
concentrations in the containment air prior to purging. Such systems
normally recirculate containment air through HEPA filters and charcoal
adsorbers to effect iodine and particulare removal. For source term
calculations, it is assumed that the cleanup systems are operated for 16
hours prior to purging. It is considered that charcoal adsorbers provide
a DF for iodine corresponding to the values in Table 1-5, that HEPA filters
provide a DF of 100 for particulates, and that the containment air mixing
efficiency is 70%. The system operation time of 16 hours considers
that two shifts will elapse following a decision to enter the containment.
The time period of two shifts is a reasonable amount of time for pre-entry
preparations.

A 70% mixing efficiency, based on data from the Ginna Station
containment building atmosphere test conducted in 1971 (Ref. 19), is used
in evaluations. Data from Reference 19 are

Parameter Symbol Value
Length of test run T 6 hours
Initial iodine activity A0 1.2 x 10_8 uCi/cc
Final iodine activity A 1.2 x 10'9 uCi/cc
Containment volume ) 106 ft3
Internal recirculation F 6.1 x 105 ft3/hr

system flow rate

2-55



The efficiency of iodine removal, E, can be estimated from

A
o _ FET
x - e ()

Substituting Ginna data into the equation

-8
1X 02 = exp [(6.1 x 10°)(E)(6)/(10%)]
1 x 10
10 = exp (3.7E), therefore E = 0.63.

The iodine removal efficiency E is a function of filter efficiency, Ea’

and mixing efficiency, Em.

E = EaEm = 0,63

In calculating Em we used the assumed DF of 10 for charcoal derived from
Table 1-5, (90% removal). Using Ea equal to 0.9, Em is calculated to be 70%.

Em = E/Ea = 0.63/0.9 = 0.7
2.2.117 RADIOIODINE REMOVAL EFFICIENCIES FOR CHARCOAL ADSORBERS AND
PARTICULATE REMOVAL EFFICIENCIES FOR HEPA FILTERS
2.2.11.1 Parameter
Use a removal efficiency of 99% for particulate removal by HEPA
filtration. For charcoal adsorbers, which satisfy the guideline of
Reg. Guide 1.140 (Rev. 2), removal efficiencies for all forms of

radioiodine are as follows:

Removal Efficiencies
Activated Carbon Bed Deptha For Radioiodine(%)

2 inches. Air filtration system designed 90
to operate inside primary containment.

2 inches. Air filtration system designed 70
to operate outside the primary containment
and relative humidity is controlled to 70%.

a Multiple beds, e.g., two 2-inch beds in series, should be treated as
single bed of aggregate depth of 4 inches.
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Removal Efficiencies
Activated Carbon Bed Depth® For Radioiodine(%)

4 inches. Air filtration system designed 90
to operate outside the primary containment
and relative humidity is controlied to 70%.

6 inches. Air filtration system designed 99
to operate outside the primary containment
and relative humidity is controlled to 70%.

2.2.11.2 Bases

The removal efficiencies assigned to HEPA filters for particulate
removal and charcoal adsorbers for radioiodine removal are based on the
design, testing and maintenance criteria recommended in Regulatory Guide
1.140, "Design, Testing and Maintenance Criteria for Normal Ventilation
Exhaust System Air Filtration and Adsorption Units of Light-Water-Cooled
Nuclear Power Plants" (Ref. 2).

2.2.12 WASTE GAS SYSTEM INPUT FLOW TO PRESSURIZED STORAGE TANKS
2.2,12.1 Parameter

The input flow rate to the pressurized storage tanks is variable
depending on the system design as can be seen from Table 2-24 and 2-25.
Therefore each applicant should supply the value of F, the waste gas
system input flow to the pressurized storage tanks. If detailed design
information is not available, the data given in Tables 2-24 and 2-25
may be used. These data show that the average waste gas input flow is
170 ft3/day (STP) per reactor for PWR's without recombiners and 30 ft3/day
(STP) per reactor for PWR's with recombiners.

2.2.12.2 Bases

As can be seen from Tables 2-24 and 2-25 there is variation among
PWR system designs for the waste gas system input flow.

A review of the waste gas processing systems proposed for a number
of PWR's as given in the respective PSAR's and FSAR's has yielded the
design flow rates shown in Tables 2-24 and 2-25. Table 2-24 indicates
that for reactors designed without recombiners to treat the gas prior to
holdup in pressurized storage tanks, the average expected flow is approxi-
mately 170 ft3/day (STP) per reactor. Table 2-25 indicates that for
reactors designed with recombiners to remove hydrogen prior to holdup in
pressurized storage tanks, the average expected flow is approximately
30 ft3/day (STP) per reactor.
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TABLE 2-24

WASTE GAS SYSTEM INPUT FLOW TO PRESSURIZED STORAGE TANKS
FOR PWR's WITHOUT RECOMBINERS

Net Flow per Reactor

Reactor ft3/day (STP)
San Onofre 2/3 57
Waterford 3 171
Pilgrim 2 69
St. Lucie 1/2 139
Millstone 2 49
Arkansas 1/2 68
Byron 1/2 173
Sequoyah 1/2 173
Marble Hil1l 1/2 173
Diablo Canyon 1/2 343
Trojan 225
Oconee 1/2/3 180
Davis Besse 1 144
Bellefonte 1/2 163

Average Net Flow for PWR's 3
without recombiners = 170 ft~/day (STP) per reactor
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TABLE 2-25

WASTE GAS SYSTEM INPUT FLOW TO PRESSURIZED STORAGE TANKS
FOR PWR's WITH RECOMBINERS

Net Flow per Reactor

Reactor ft3/day (STP)
WPPSS 1 96
Farley 1/2 3
McGuire 1/2 18

Average Net Flow for PWR's

_ 3
with recombiners = 30 ft”/day (STP) per reactor

* Net flow rate is determined downstream of any recombiner (which is
assumed 100% effective in removing hydrogen).
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2.2.13 HOLDUP TIMES FOR CHARCOAL DELAY SYSTEMS
2.2.13.1 Parameter

T = 0.011 MK/F

where
T is the holdup time, in days; and
K is the dynamic adsorption coefficient, in cm3/g, (see chart
below);
M is the mass of charcoal adsorber, in ]03 1bs;
F is the system flow rate, in ft3/min;

0.011 is the factor to convert from (103 1b. cm3/g)/(ft3/min) to days.
Dynamic adsorption coefficients, K, (in cm3/g) are as follows:

Operating 77°F Operating 77°F Operating 77°F Operating O0°F
Dew Point 45°F Dew Point 0°F Dew Point -40°F Dew Point -20°F

Kr 18.5 25 70 105
Xe 330 440 1160 2410

2.2.13.2 Bases

Charcoal delay systems are evaluated using the above equation and
dynamic adsorption coefficients. T = MK/F is a standard equation for the
calculation of delay times in charcoal adsorption systems (Ref. 20). The
dynamic adsorption coefficients (K values) for Xe and Kr are dependent
on operating temperature and moisture content (Ref. 21 and 22) in the
charcoal, as indicated by the values in the above parameter. The K
values represent a composite of data from operating reactor charcoal
delay systems (Ref. 23 and 24) and reports concerning charcoal adsorption
systems (Ref. 20-22, 24-27).

The factors influencing the selection of K values are:

1. Operational data from KRB (Ref. 23) and from KWL (Ref. 24), and
from Vermont Yankee (Ref. 28).
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2. The effect of temperature on the dynamic adsorption coefficients,
indicated in Figure 2-3 (Ref. 21).

3. The effect of moisture on the dynamic adsorption coefficients,
shown in Figure 2-4. The affinity of charcoal for moisture,
shown in Figure 2-5.

4, The variation in K values between researchers and between the
types of charcoal used in these systems (Refs. 21 and 27).
Because of the variation in K values based on different types
of charcoal and the data reported, average values taken from
KRB and KWL data shown in Figure 2-3 are used.

The coefficient 0.011 adjusts the units and was calculated as follows:

M(10° 1bs) K(cmS/g) (454 g/1b) 3.53 x 107° ft3/cm)
F(ft3/min)(1440 min/day)

T(days) =

_ MK
T = 0.011 F

2.2.14 LIQUID WASTE INPUTS
2.2.14.1 Parameter

The flow rates listed in Table 2-26 are used as inputs to the liquid
radwaste treatment system. Flows that cannot be standardized are added
to those listed in Table 2-26 to fit an individual application, e.g.,
shim bleed and equipment leaks to the reactor coolant drain tank.
Disposition of liquid streams to the appropriate collection tanks is
based on the applicant's proposed method of processing.

2.2.14.2 Bases

The flow rates used represent average values for a plant operating
at steady-state conditions. The values are derived from values proposed
by the ANS 55.6 Working Group in proposed American National Standard,
"Liquid Radioactive Waste Processing System for Light Water Reactor
Plants," (Ref. 29) from operating and design data, and from information
furnished by applicants in response to source term questions. Data from
Zion (Ref. 5) indicate that the values for fraction of primary coolant
activity given in Table 2-26 provide reasonable estimates of plant
operating experience.

2.2.15 DETERGENT WASTE
2.2.15.1 Parameters

For plants with an onsite laundry, use the radionuclide distribution
given in Table 2-27 for untreated detergent wastes. The quantities shown
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TABLE 2-26
PWR LIQUID WASTES

EXPECTED DAILY AVERAGE INPUT FLOW RATE (in Gal/day)

Type of treatment of blowdown recycled to secondary
system (U-tube steam generator plants) or type of
treatment of condensate (once-through steam

69-2

generator plants) Plant with
blowdown treat-
Deep-bed cond. ment. Product
Deep-bed cond. demineralizers not recycled to
demineralizers without condenser or FRACTION OF
with ultrasonic ultrasonic Filter- secondary coolant  PRIMARY COOLANT
SOURCE resin cleaner resin cleaner demineralizer system ACTIVITY (PCA) -
REACTOR CONTAINMENT
a. Primary coolant pump seal 20 20 20 20 0.1
leakage
b. Primary coolant leakage, 10 10 10 10 1.67*
miscellaneous sources
c. Primary coolant equipment 500 500 500 500 0.001
PRIMARY COOLANT SYSTEMS
(OUTSIDE OF CONTAINMENT)
a. Primary coolant system 80 80 80 80 1.0
equipment drains
b. Spent fuel pit liner drains 700 700 700 700 0.001
¢. Primary coolant sampling 200 200 200 200 0.05
system drains
d. Auxiliary building floor 200 200 200 200 0.1

drains



99-¢

TABLE 2-26 (Continued)

SECONDARY COOLANT SYSTEMS

a. Secondary coolant sampling 1400 1400 1400 1400 10'4
system drains

b. Condensate demineralizer 3000 12000 - - 1078
rinse and transfer
solutions

c. Condensate demineralizer 850 3400 - - Calculated in
regenerant solutions GALE Code

d. Ultrasonic resin cleaner 15000 - - - ]0'6
solutions

e. Condensate filter- - - 8100 - 2 x 10'6
demineralizer backwash

f. Steam generator blowdown - - - Plant dependentH Plant dependentTT

g. Turbine building floor 7200 7200 7200 7200 Calculated in
drains GALE Code

DETERGENT AND DECONTAMINATION

SYSTEMS

a. On-site laundry facility 300 300 300 300 *k

b. Hot showers Negligible Negligible Negligible Negligible -

c. Hand wash sink drains 200 200 200 200 **

d. Equipment and area 40 40 40 40 *k
decontamination

TOTALS 29,700 26,300 19,000 10,000

** GALE Code uses release data given

tt Input parameter

*

in Table 2-27 to calculate releases from this source.

About 40% of the leakage flashes, resulting in PCA fraction of the leakage greater than 1.0.



TABLE 2-27

CALCULATED ANNUAL RELEASE OF RADIOACTIVE MATERIALS
IN UNTREATED DETERGENT WASTE

Nuclide Ci/yr/reactor
P-32 .8(-4)
Cr-51 .7(-3)
Mn-54 .8(-3)
Fe-55 .2(-3)
Fe-59 .2(-3)
Co-58 7.9(-3)
Co-60 1.4(-2)
Ni-63 1.7(-3)
Sr-89 8.8(-5)
Sr-90 1.3(-5)
Y-91 8.4(-5)
Zr-95 1.1(-3)
Nb-95 1.9(-3)
Mo-99 6(-5)
Ru-103 2.9(-4)
Ru-106 8.9(-3)
Ag-110m 1.2(-3)
Sb-124 4.3(-4)
[-131 1.6(-3)
Cs-134 1.1(-2)
Cs-136 3.7(-4)
Cs-137 1.6(-2)
Ba-140 9.1(-4)
Ce-141 2.3(-4)
Ce-144 3.9(-3)
TOTAL 0.09 Ci
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in Table 2-27 should be added to the adjusted liquid source term.
Detergent waste releases should be reduced, using appropriate decontami-
nation factors from this report if treatment is provided.

2.2.15.2 Bases

In the evaluation of liquid radwaste treatment systems, it is assumed
that detergent wastes (laundry and personnel drains) will have the radio-
nuclide distribution given in Table 2-27. The radionuclide distribution
is based on measurements at four nuclear power plants, which are given
in Table 2-28.

2.2.16 CHEMICAL WASTES FROM REGENERATION OF CONDENSATE DEMINERALIZERS
2.2.16.1 Parameter
1. Liquid flows to demineralizer at main steam activity.

2. A1l nuclides removed from the secondary coolant by the
demineralizers are removed from the resins during regeneration.

3. Use a regeneration cycle of 1.2 days times the number of
demineralizers for deep bed condensate system without ultrasonic
resin cleaner (URC); for systems using URC, use a regeneration
cycle of 8 days times the number of demineralizers,

2.2.16.2 Bases

Operating data (Ref. 30, 31) from Arkansas Nuclear One-Unit 1 indicate
that one condensate demineralizer (without URC) is chemically regenerated
every 1.2 days. The 8-day period for systems using URC is from Reference 29.

A1l material exchanged or filtered out by the resins between
regenerations is contained in the regenerant waste streams, therefore,
each regeneration will have approximately the same effectiveness (i.e.,
each regeneration removes all material collected since the previous
regeneration, leaving a constant quantity of material on the resins after
regeneration). Regeneration cycles are normally controlled by particulate
buildup on resin beds, resulting in high pressure drops across the bed.

2.2.17 TRITIUM RELEASES
2.2.17.1 Parameter

The tritium releases through the combined liquid and vapor pathways
are 0.4 Ci/yr per MWt. The quantity of tritium released through the
1iquid pathway is based on the calculated volume of liquid released,
excluding secondary system wastes, with a primary coolant tritium
concentration of 1.0 uCi/ml up to a maximum of 90% of the total quantity
of tritium calculated to be available for release. It is assumed that
the remainder of the tritium produced is released as a gas from building
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TABLE 2-28

RADIONUCLIDE DISTRIBUTION OF DETERGENT WASTE
(millicuries/month)

Oyster
Creek Ginna Zion*

(1971-1973) (1972-1973) (1977)
Nuclide (Ref. 41) (Ref. 8) (Ref. 5)
pP-32 1.5(-2) NA NA
Cr-51 2.3(-1) NA 9.4(-1)
Mn-54 1.3 1.2(-1) 1.6(-1)
Fe-55 3.5(-1) NA 1.9
Fe-59 2.9(-1) NA 2.6(-1)
Co-58 3.5(-1) 4.1(-1) 2.4
Co-60 3.8 9(-1) 9.8(-1)
Ni-63 NA NA 3.5(-1)
Sr-89 2.1(-2) NA 7(-3)
Sr-90 2.5(-3) NA 7.6(-4)
Y-91 NA NA 1.4(-2)
Zr-95 8.3(-2) 1.6(-1) 1.4(-1)
Nb-95 1.6(-1) 2(-1) 2.7(-1)
Mo-99 NA 5(-3) NA
Ru-103 1.3(-2) 3.2(-2) 5.2(-2)
Ru-106 NA 7.4(-1) NA
Ag-110m NA 1(-1) NA
Sb-124 6.1(-2) NA 4.7(-2)
1-131 4,3(-1) 5.5(-2) 1.7(-1)
Cs-134 1.7(-1) 1.4 1.5
Cs-136 NA NA 6.2(-2)
Cs-137 2.9(-1) 2.5 2.1
Ba-140 7.6(-2) NA NA
Ce-141 3.3(-2) 5(-3) NA
Ce-144 7.3(-2) 5.8(-1) NA
TOTAL 7.7 7.2 11.4

Note: NA = radionuclides were not analyzed.

* For two units.
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Fort
Calhoun
(1977)

(Ref. 4)

NA
NA
1.9(-2)
1.6{-1)

NA
1.5(-1)
3(-2
7.1(-2)
1.4(-3)
NA
NA
NA
NA
NA
NA
NA
NA
NA
1.7(-2)
1.4
NA
1.7
NA
NA
NA
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ventilation exhaust systems. About eighty percent of the tritium in the
gaseous effluents is released from the auxiliary building ventilation
system, including the refueling area, and the remaining 20% of the tritium
in gaseous effluents is released from the containment building ventilation
system.

2.2.17.2 Bases

The release rate of 0.4 Ci/yr/MWt is based on a review of the tritium
release rates at a number of PWR's and on data from specific measurements
of tritium inventory and tritium releases at the Ginna plant (Ref. 8).

The measurements at Ginna were made during the first two core cycles
during which the reactor operated 605 effective full power days. The
observed tritium buildup during this period was 1410 Ci. For the same
period, 910,000 MWd of thermal power were generated. Using these data,
considering an 80% plant capacity factor and considering tritium decay,
the annual average tritium release is

ST (0-8)(365 days/yr) e 0-893(1)/12:3  g.43 ci/yr per Mt

Table 2-29 gives the reported liquid and gaseous tritium releases
for 1972-1978 for thirty-five operating PWR's that use zircaloy clad fuel
and started commercial operation before 1978. Table 2-29 shows these
data expressed as the average release rate from the plants as a function
of the number of years of operation of each plant. The tritium release
rate from a PWR should reach a steady state value after a few years as
a result of leakages from the plant. Table 2-30 illustrates the fact
that the tritium release rate is approaching a steady state value of
approximately 0.4 Ci/yr/MWt which is the value obtained from the Ginna
measurements. At steady state, the release rate from a plant is approxi-
mately equal to the amount entering the primary coolant since only about
5% per year of the plant tritium inventory will decay. Based on the data
from Ginna and the data in Table 2-30 we will use a release rate of 0.4
Ci/yr/MWt, which considers both liquid and vapor pathways.

The amount of tritium released via the liquid pathway is calculated
from the volume of ~rimary coolant that is released in the nonrecyclable
waste streams for the boron recovery, clean waste, and dirty waste systems.
The concentration of tritium in wastes originating from primary coolant
is assumed to be 1 uCi/ml, consistent with the N237 source term. Tritium
in liquid that leaks into, or is used as makeup to, the secondary system
is considered to be released in liquid effluents through the turbine
building floor drain discharge. The parameters for primary coolant
activity prior to processing are used to calculate the tritium concentration
in the waste streams.

Data in Table 2-31 indicate that tritium released in liquid effluents
can make up a large fraction of the total tritium produced. Therefore we
have considered that the tritium calculated to be released in liquid
effluents is up to a maximum ¢f 90% of the total quantity of tritium
calculated to be available for release.
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TABLE 2-29

TRITIUM RELEASE DATA FROM OPERATING PWR's WITH ZIRCALOY-CLAD FUELS*

Nuclear Thermal Output

per unit
Power 6
per unit  Startup 107 MWDt

Reactor Name MWt Date 1972 1973 1974 1975 1976 1977
R. E. Ginna 1520 1969 0.32 0.45 0.28 0.40 0.29 0.46
H. B. Robinson 2200 1970 0.62 0,51 0.39 0.57 0.66 0.59
Point Beach 1/2 1518 1970/72 0.42 0,77 0.43 0.87 0.9 0.93
Palisades 2530 1971 0.24 0,27 0,02 0,37 0.40 0,72
Maine Yankee 2440 1972 0.48 0.61 0.81 0.69
Indian Point 2/3 2758 1973/76 0.48 0.69 0,56 1.46
Surry 1/2 2441 1972/73 0.80 1.21 1.05 1.27
Turkey Point 3/4 2200 1972/73 1.08 1.16 1.12 1.13
Oconee 1/2/3 2568 1973/74/74 0.51 1.95 1.65 1.67
Zion 1/2 3250 1973/73 1.37  1.29 1.53
Fort Calhoun 1420 1973 0.28 0.30 0.39
Prairie Island 1/2 1650 1973/74 0.94 0.8 1.03
Kewaunee 1650 1974 0.45 0.45 0.46
Three Mile Island 1 2535 1974 0.73 0.58 0.73
Rancho Seco 2772 1974 0.17 0.29 0.75
Arkansas 1 2568 1974 0.64 0.50 0.68
Calvert Cliffs 1/2 2700 1974776 0.58 0.84 1.24
Cook 1 3250 1975 0.90 0,64
Millistone 2 2560 1975 0.63 0.59
Trojan 3411 1975 0.31 0.88
St. Lucie 1 2560 1976 0.73
Beaver Valley 1 2652 1976 0.42
Salem 1 3338 1976 0.28

* Data from semiannual reports of reactors listed.
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TABLE 2-29 (continued)

TRITIUM RELEASE DATA FROM OPERATING PWR's WITH ZIRCALOY-CLAD FUELS*

Power Tritium Released (Ci/Yr) Per Site
per unit  Startup Gaseous

Reactor Name MWt Date 1972 1973 1974 1975 1976 1977
R. E. Ginna 1520 1969 0.01 1.1 0.36 5.8 23.6 50
H. B. Robinson 2200 1970 1.0 4,0 52.0 193 158 61
Point Beach 1/2 1518 1970/72 8.0 25.0 43.0 177 395 194
Palisades 2530 1971 5.0 0.3 *% *ok *k 2.2
Maine Yankee 2440 1972 7.5 4.7 3.7 2.1
Indian Point 2/3 2758 1973/76 20,0 24,5 23,7 12.4
Surry 1/2 2441 1972/73 60.0 32 372 879
Turkey Point 3/4 2200 1972/73 9.2 3.5 5.2 3.9
Oconee 1/2/3 2568 1973/74/74 0.75 1600 502 62.6
Zion 1/2 3250 1973/73 *k *k *%
Fort Calhoun 1420 1973 2.4 2.5 3.0
Prairie Island 1/2 1650 1973774 10.1 33.1 88
Kewaunee 1650 1974 37.3  0.70 3.75
Three Mile Island 1 2535 1974 40.3 717 129
Rancho Seco 2772 1974 7.73 9.1 20.7
Arkansas 1 2568 1974 0.52 6.7 190
Calvert Cliffs 1/2 2700 1974/76 1.23 4 117
Cook 1 3250 1975 0.11 0.20
Millstone 2 2560 1975 21.3 47
Trojan 3411 1975 1.5 2.9
St. Lucie 1 2560 1976 320
Beaver Valley 1 2652 1976 213
Salem 1 3338 1976 51

* Data from semiannual reports of reactors listed.

** No reported data.
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TABLE 2-29 (continued)

TRITIUM RELEASE DATA FROM OPERATING PWR's WITH ZIRCALOY-CLAD FUELS*

Power Tritium Released (Ci/Yr) Per Site
per unit  Startup Liquid

Reactor Name MWt Date 1972 1973 1974 1975 1976 1977
R. E. Ginna 1520 1969 120 286 195 261 242 119
H. B. Robinson 2200 1970 410 431 475 624 980 685
Point Beach 1/2 1518 1970/72 560 556 832 886 694 1000
Palisades 2530 1971 210 185 8.3 41.3 9.6 56
Maine Yankee 2440 1972 219 177 368 153
Indian Point 2/3 2758 1973/76 48 366 332 37N
Surry 1/2 2441 1972/73 246 442 782 408
Turkey Point 3/4 2200 1972/73 580 793 M 924
Oconee 1/2/3 2568 1973/74/74 124 3550T 2192T 1918T
Zion 1/2 3250 1973/73 39.4° 1.1 727
Fort Calhoun 1420 1973 111 122 157
Prairie Island 1/2 1650 1973/74 763 1925 1349
Kewaunee 1650 1974 277 213 295
Three Mile Island 1 2535 1974 463 189TT 192 ++
Rancho Seco 2772 1974 132 0.0 0.09
Arkansas 1 2568 1974 460 212 245
Calvert Cliffs 1/2 2700 1974776 263 274 575
Cook 1 3250 1975 192 285
Millstone 2 2560 1975 277 211
Trojan 3411 1975 36 311
St. Lucie 1 2560 1976 242
Beaver Valley 1 2652 1976 108
Salem 1 3338 1976 296

* Data from semiannual reports of reactors listed.

from Unit 1 during the last 6 months.

No radioactive liquid wastes were discharged from Unit 2 during the entire
year. Note: For 1975, there were no radioactive liquid wastes discharged

Tt Rancho Seco is designed to be a zero or very low liquid release plant.
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TABLE 2-29 (continued)

TRITIUM RELEASE DATA FROM OPERATING PWR's WITH ZIRCALOY-CLAD FUELS*

Power Total Tritium Released Per Unit
per unit  Startup (Ci/yr.-Mwt at 80% capactiy)

Reactor Name MWt Date 1972 1974 1975 1976 1977
R. E. Ginna 1520 1969 0.11 0.19 0.19 0.27 0.11
H. B. Robinson 2200 1970 0.19 0.25 0.42 0.50 0.37
Point Beach 1/2 1518 1970/72 0.39 0.22 0.36 0.35 0.37
Palisades 2530 1971 0.26 0,20 - - 0.02
Maine Yankee 2440 1972 0.09 0.13 0.07
Indian Point 2/3 2758 1973/76 0.17 0.19 0.08
Surry 1/2 2447 1972/73 0.11 0.32 0.30
Turkey Point 3/4 2200 1972/73 0.20 0.20 0.24
Oconee 1/2/3 2568 1973/74/74 0.79 0.48 0.35
Zion 1/2 3250 1973773 - - -
Fort Calhoun 1420 1973 0.12 0.12 0.12
Prairie Island 1/2 1650 1973/74 0.24 0.66 0.41
Kewaunee 1650 1974 0.20 0.14 0.19
Three Mile Island 1 2535 1974 0.20 0.46 0.13
Rancho Seco 2772 1974 0.24 0.01 0.01
Arkansas 1 2568 1974 0.21 0.13 0.19
Calvert Cliffs 1/2 2700 1974/76 0.13 0.1 0.16
Cook 1 3250 1975 0.06 0.13
Millstone 2 2560 1975 0.14 0.13
Trojan 3411 1975 0.04 0.10
St. Lucie 1 2560 1976 0.22
Beaver Valley 1 2652 1976 0.22
Salem 1 3338 1976 0.36

* Data from semiannual reports of reactors listed.
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TABLE 2-30

TRITIUM RELEASE RATE FROM OPERATING PWR's

AS A FUNCTION OF NUMBER OF YEARS OF OPERATION

Ginna

Robinson

Pt. Beach 1/2
Maine Yankee
Indian Pt. 2/3
Surry 1/2
Turkey Pt. 3/4
Oconee 1/2/3
Ft. Cathoun
Prairie Is. 1/2
Kewaunee

TMI 1

Arkansas 1
Calvert Cliffs 1/2
Cook

Millstone
Trojan

St. Lucie
Beaver Valiey
Salem

Average

(Ci/yr.-MWt per unit at 80% capacity)

1 2 3 4 5 6 7
0.11 0.19 0.20 0.19 0.27 0.11 0.17
0.19 0.25 0.39 0.42 0.50 0.37 -
0.39 0.22 0.59 0.36 0.35 0.37 0.51
0.14 0.09 0.13 0.07 0.18 - -
0.04 0.17 0.19 0.08 -

0.11 0.1 0.32 0.30 -
0.16 0.20 0.20 0.24 0.20
0.07 0.77 0.48 0.35 0.19
0.12 0.12 0.12 0.13 -
0.24 0.66 0.41 0.25

0.20 0.14 0.19 0.20 -
0.20 0.46 0.13 0.17 -
0.21 0.13 0.19 - -
0.13 0.11 0.16 - -
0.06 0.13 0.31 - -
0.14 0.13 - - -
0.04 0.10 - - -
0.22 - - - -
0.22 0.51 - - -
0.36 0.41 - - -
0.16 0.29 0.30 0.25 0.26 0.31 0.40
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TRITIUM RELEASE DATA FROM OPERATING PWR's

TABLE 2-31

PERCENT OF TOTAL TRITIUM RELEASED IN LIQUID EFFLUENTS

Reactor 1972
R. E. Ginna 100.0
H. B. Robinson 99.8
Point Beach 1/2 98.6
Palisades 97.7

Maine Yankee
Indian Point 2/3
Surry 1/2

Turkey Point 3/4
Oconee 1/3

Zion 1/2

Fort Calhoun
Prairie Island 1/2
Kewaunee

Three Mile Island 1
Rancho Seco
Arkansas 1

Calvert Cliffs 1/2
Cook 1

Millstone 2

Trojan

St. Lucie 1

Beaver Valley 1
Salem 1

Weighted Average* 99.2

* Average weighted by nuclear thermal output per unit.

** No reported data.

1973 1974 1975
99.6 99.8 97.8
99.1 90.1 76.4
95.7 95.1 83.3
99.8 %k * %
96.7 97.4
70.6 93.7
80.4 93.2
98.4 99.6
99.4 68.9
* %
97.9
98.7
88.1
92.0
94.5
99.9
99.5
98.0 91.1 89.5

1976

91.1
86.1
63.7

%k
99.0
93.3
67.8
99.3
81.4

*k
98.0
98.3
99.7
20.9

0.0tt
96.9
87.0

100.0
92.9
96.0

83.5

1977

70.4
91.8
83.8
96.2
98.6
96.8
31.7
99.6
96.8

*k
98.1
93.9
98.7
59.8
0.4317
56.3
83.1

100.0
81.8
99.1
43.1
33.6
85.3

78.5

t1+ Rancho Seco is designed to be a zero or very low liquid release plant.
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The difference between the tritium calculated to be available for
release from the primary coolant and the tritium calculated to be released
in liquid effluents is considered to be released as a vapor through
building ventilation exhaust systems. Based on measurements taken in
1975 through 1977 at Ginna, Calvert Cliffs and Three Mile Island (Ref. 7)
and in 1976 and 1977 at Zion 1/2 (Ref. 5), and in 1977 at Turkey Point
(Ref. 6), in 1978-79 at Rancho Seco (Ref .43), and in 1980-1981 at Prairie
Island 1/2 (Ref. 42), Table 2-32 provides the distribution of tritium
released from various sources within the plant. Based on data in Table
2-32, approximately 32% of tritium in gaseous effluents is released
from the auxiliary building, 50% from the refueling area, and 18% from
the containment. Since the refueling area in a PWR generally vents to
the same release point as the auxiliary building, we have included these
two releases together in our parameter.

2.2.18 DECONTAMINATION FACTORS FOR DEMINERALIZERS

2.2.,18.1 Parameter

Other
Anion Cs, Rb Nuclides

Mixed bed purification 100 2 50
system (LiBO3)
Boron recycle system 10 2 10
Evaporator condensate (H+OH') 5 1 10
Radwaste (HT OH") 102(10)  2(10) 102(10)
Steam Generator Blowdown 102(10) 10(10) ]02(10)
Cation bed (H+) (any system) 1(1) 10(10) 10(10)
Anion bed (OH™) (any system) 102(10) 1(1) 1(1)
Powdex (any system) 10(10) 2(10) 10(10)

Note: For two demineralizers in series, the DF for the second
demineralizer is given in parentheses.

The following operating conditions were considered for the evaluation
of demineralizer performance:

1. The DF is dependent upon the inlet radioactivity and ion
concentrations and bed volume ion exchange capacity. For
demineralizer performance within the same range of controlled
operating conditions, the DF increases with inlet radioactivity
concentration and decreases with bed volume throughout.
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TABLE 2-32*

DISTRIBUTION OF TRITIUM RELEASE IN GASEOQUS EFFLUENTS

Source of Gaseous Tritium Release (% of Total)

Auxiliary Refueling Containment

Plant Building Area Building
Ginna (Ref. 7) 31 69 NM
Calvert Cliffs 1 (Ref. 7) 38 46 16
Three Mile Is. 1 (Ref. 7) 5 43 52
Zion 1/2 (Ref. 5) 79 WA 21
Turkey Point 3/4 (Ref. 6) 75 17 8
Rancho Seco (Ref. 43) 92 WA 8

Prairie Island 1/2 (Ref. 43) 7.2 91.8 1.0
Average 32 50 18

NM - Not measured.
WA - Release from refueling area combined with auxiliary building release.
* The following method is used to determine the 3H release in this table.
Containment Building operation average % of total release
(16 + 52 + 21 + 8+8 + 1)% = (6) = 17.7% = 18%
Then the Refueling Area for Ginna is reduced by
18%, i.e., (69-18)% = 51%

Now the operation average % of the total release for the Refueling
Area is

(51 + 46 + 43 + 17 + 91.8)% + (5) = 50%

Then use (79-50)% = 29% and (92-50)% = 42% into Zion and Rancho Seco
auxiliary building's data, respectively, to calculate the operational
average of Auxiliary Building release which is equal to

(31 + 38 +5+ 29+ 75+ 42+ 7.2)%: (7) = 32%
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2. When two demineralizers are used in series, the first demin-
eralizer will have a higher DF than the second. However, the
data in Reference 32 indicate that Cs and Rb will be more
strongly exchanged in the second demineralizer in series than
the first as the concentration of preferentially exchanged
competing nuclides is reduced.

3. As indicated in Reference 32, compounds of Y, Mo, and Tc form
colloidal particles that tend to plate out on solid surfaces.
Mechanisms such as plateout on the relatively large surface
areas provided by demineralizer resin beds result in removal
of these nuclides to the degree stated above. An analysis
of effluent release data indicates that these nuclides, although
present in the primary coolant, are not found in the effluent
streams.

2.2.18.2 Bases

The decontamination factors (DF's) for purification, radwaste, and
evaporator condensate demineralizers are based on (1) source term
measurements made at Fort Calhoun, Zion, Turkey Point, Prairie Island,
and Rancho Seco stations by In-Plant Source Term Measurement Program
(Refs. 4, 5, 6, 42, and 43); (2) the findings of a generic review in the
nuclear industry by the Oak Ridge National Laboratory (ORNL) (Ref. 32);
and (3) measurements taken at Three Mile Island 1 (Ref. 40). The DF's
for the remaining demineralizers are based on ORNL findings.

The ORNL generic review contains operating and theoretical data
which provides a basis for the numerical values assigned. The ORNL data
were projected to obtain a performance value expected over an extended
period of operation. It is considered that attempts to extend the service
life of the resin will reduce the DF's below those expected under
controlled operating conditions.

Average DF's for Ft. Calhoun, Zion, Turkey Point, Rancho Seco, and
Prairie Island stations were obtained by dividing the average inlet

radionuclide concentration of samples by that of the average outlet
concentrating for each nuclide.

Based on the data in References 4, 5, 6, 32, 42, and 43, the DF
used for the parameter was that considered to be representative of the
data.

2.2.19 DECONTAMINATION FACTORS FOR EVAPORATORS

2.2.19.1 Parameter
Decontamination Factors

A1l Nuclides

Except lodine Iodine
Miscellaneous radwaste evaporators 103 102
Boric acid evaporators 103 102
Separate evaporator for detergent wastes 102 102
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2.2.19.2 Bases

The decontamination factors for evaporators are based on: (1) source
term measurements made at Fort Calhoun, Zion, Turkey Point, Prairie Island,
and Rancho Seco stations by In-Plant Source Term Measurement Program
(Ref. 4, 5, 6, 42, and 43) and (2) the findings of a generic review in
the nuclear industry by the Oak Ridge National Laboratory (Ref. 33).

Average DF's for Zion, Ft. Calhoun, Turkey Point, Rancho Seco, and
Prairie Island, were obtained by dividing the average inlet radioactivity
of samples by the average outlet radioactivity of samples for each
radionuclide.

Based on the data given in References 4, 5, 6, 33, 42, and 43, the
DF used for the parameter was that considered to be the most representative
of the data.

2.2.20 DECONTAMINATION FACTORS FOR LIQUID RADWASTE FILTERS
2.2.20.1 Parameter

A DF of 1 for liquid radwaste filters is assigned for all radionuclides.
2.2.20.2 Bases

Reference 34 contains findings of a generic review by ORNL of liquid
radwaste filters used in the nuclear industry. Due to various filter
types and filter media employed, reported values of decontamination factors
vary widely, with no discernible trend. The principal conclusion reached
in the ORNL report is that no credit should be assigned to liquid radwaste
filters (DF of 1) until a larger data base is obtained.

Additional data from Ft. Calhoun (Ref. 4), Zion 1/2 (Ref. 5) and
Turkey Point 3/4 (Ref. 6), Rancho Seco (Ref. 43), and Prairie Island 1/2
(Ref. 42) indicate that decontamination factors in liquid radwaste
filters vary widely from less than 1 to greater than 50 (with a mean value
of 1.3). Therefore a DF of 1 for liquid radwaste filters is used.

2.2.21 DECONTAMINATION FACTORS FOR REVERSE OSMOSIS
2.2.21.1 Parameter

Overall DF of 30 for laundry wastes and DF of 10 for other liquid
radwastes.

2.2.21.2 Bases

Reverse osmosis processes are generally run as semibatch processes.
The concentrated stream rejected by the membrane is recycled until a
desired fraction of the batch is processed through the membrane. The
ratio of the volume processed through the membrane to the inlet batch
volume is the percent recovery. The DF normally specified for the
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process is the ratio of nuclide concentrations in the concentrated liquor
stream to the concentrations in the effluent stream. This ratio is
termed as the membrane DF (DF_). For source term calculations, the
system DF (DF_) should be use@ The system DF is the ratio of the
nuclide concentrations in the feed stream to those in the effluent
stream. The relationship between the system DF and the membrane DF is
nonlinear and is a function of the percent recovery. This relationship
can be expressed as follows:

F
1 - (1 - F)V/PFg

where
DFm is the membrane DF;
DFS is the system DF; and

F  is the ratio of effluent volume to inlet volume (fractional
recovery).

Tables 2-33 through 2-36 give membrane DF's derived from operating
data at Point Beach, Ginna and Robinson (Ref. 35) and laboratory data on
simulated radwaste liquids (Ref. 36). These data indicate that the
overall membrane DF is approximately 100. The percent recovery for
liquid radwaste processes using reverse osmosis is expected to be
approximately 95%, i.e., 5% concentrated liquor. Using these values
in the above equation, the system DF is approximately 30.

DF_ = 0.95 = 30

S 3. (1 - 0.95)1/100

The data used were derived mainly from tests on laundry wastes.
The DF for other plant wastes, e.g., floor drain wastes, is expected
to be lower because of the higher concentrations of iodine and cesium
isotopes. As indicated by the data in Tables 2-33, 2-35 and 2-36, the
membrane DF for these isotopes is lower than the average membrane DF
used in the evaluation for laundry waste.

2.2,22 GUIDELINES FOR CALCULATING LIQUID WASTE HOLDUP TIMES

The holdup times to permit radioactive decay applied to the input
waste streams are calculated using the following parameters:

1. The collection time should be calculated for an 80% volume

change in the tank, based on the liquid waste flow rates from
the inlet sources.

2-81



TABLE 2-33
REVERSE OSMOSIS DECONTAMINATION FACTORS, GINNA STATION

2-82

Concentrate

Activity Product Activity
Nuclide §]C1/cm3l (uCi/cmB) Membrane DF
Ce-144 2.68 (-4) 2.2 (-7) 1200
Co-58 8.55 (-5) <3.4 (-8) 2500
Ru-103 5.83 (-5) <5.5 (-8) 1100
Cs-137 4,09 (-4) 6.6 (-6) 60
Cs-134 2.02 (-4) 3.2 (-6) 60
Nb-95 5.35 (-5) <5.3 (-8) 1000
Zr-95 2.36(-5) <3.7 (-8) 640
Mn-54 8.82 (-5) <3.4 (-8) 2600
Co-60 9.62 (-4) 8.1 (-8) 12,000
Total isotopic 2.15(-3) 9.8 (-6) 219
Gross beta 1.63 (-3) 1.86 (-5) 88
TOTAL 3.78(-3) 2.84(-5)

Average 133



TABLE 2-34

REVERSE OSMOSIS DECONTAMINATION FACTORS, POINT BEACH

Concentrate
Activity Product Activity
Date Time (uCi/ml) (uCi/ml) Membrane DF
6/14/71 0840 1.1 (-5) 6.8 (-7) 16
1225 6.3 (-5) 4.2 (-7) 150
1350 6.8 (-5) 3.2 (-7) 213
6/15/71 1030 2.7 (-4) 3.1 (-6) 87
1315 1.0 (-4) 1.7 (-6) 59
1440 1.3 (-4) 1.1 (-7) 1200
1510 1.6 (-4) 1.1 (-7) 1500
1530 1.8 (-4) 5.7 (-7) 316
TOTAL 9.8 (-4) 7.0 (-6)
Average 140
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TABLE 2-35

REVERSE OSMOSIS DECONTAMINATION FACTORS,
H. B. ROBINSON NO, 2 STATION

264 29 14

382 --- 20

436 --- 39

107 229 26

76 490 96

94 131 11

Average 227 220 34
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TABLE 2-36

EXPECTED REVERSE OSMOSIS DECONTAMINATION FACTORS
FOR SPECIFIC NUCLIDES

Concentrate
Activity Product Activity
Nuclide (uCi/ml) (uCi/ml) Membrane DF
Co-60 2.5 (-4) 5 (-7) 500
Mo-99 3.8 (-2) 1 (-3) 40
I-131, 132, 1.2 (-1) 4 (-3) 30
133, 134, 135
Cs-134, 137 4.3 (-2 2 (-4 200
TOTAL 2 (-1) 5 (-3)
AVERAGE 40
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The process time is the total time liquid remains in the
system for processing, based on the flow rate through the
limiting process step.

The discharge time is one-half the time required to empty
the final liquid waste sample (test) tank to the environment.
This value is based on the maximum rate of the discharge
pumps and the nominal tank volume.

The calculated values in 1. and the total of 2. and 3. are used as
inputs to the computer PWR-GALE Code.

2.2.23 ADJUSTMENT TO LIQUID RADWASTE SOURCE TERMS FOR ANTICIPATED

2.2.23.1

1.

OPERATIONAL OCCURRENCES

Parameter

Increase the calculated source term by 0.16 Ci/yr per reactor
using the same isotopic distribution as for the calculated
source term to account for anticipated operational occurrences
such as operator errors that result in unplanned releases.

Assume evaporators to be unavailable for two consecutive days
per week for maintenance. If a 2-day hold-up capacity exists
in the system (including surge tanks) or an alternative
evaporator is available, no adjustment is needed. If less
than a 2-day capacity is available, assume the waste excess
is handled as follows:

a. High-purity or low-purity waste - Processed through an
alternative system (if available) using a discharge
fraction consistent with the lower purity system.

b. Chemical Waste - Discharged to the environment to the
extent holdup capacity or an alternative evaporator
is available.

The following methods should be used for calculating holdup
times and effective system DF:

a. Holdup Capacity - If two or more holdup tanks are
available, assume one tank is full (80% capacity) with
the remaining tanks empty at the start of the two-day
outage. If there is only one holdup tank, assume that
it is 40% full at the start of the two-day outage with
a usable capacity of 80%.

b. Effective System DF - Should the reserve storage capacity
be inadequate for waste holdup over a two-day evaporator
outage, and should an alternate evaporator be unavailable
to process the wastes from the out-of-service evaporator,
the subsystem DF should be adjusted to show the effect
of the evaporator outage.
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For example, a DF of 105* was calculated for a radwaste demineralizer
and radwaste evaporator in series. If an adjustment were required for
the evaporator being out-of-service two days/week, with only one day
holdup tank capacity, then the effective system DF can be calculated
as follows:

1. For 6 days (7 - 2 + 1) out of 7 the system DF would be 105.

2. For the remaining one day, the system DF would be 102 (only
the demineralizer DF is considered). The effective DF is:

oF = [()(107°) + (107917 = 7.0 x 107

2.2.23.2 Bases

Reactor operating data over an 8 year period, January 1970 through
December 1977, representing 154 reactor years of operation, were evaluated
to determine the frequency and extent of unplanned liquid releases. During
the period evaluated, 62 unplanned 1iquid releases occurred; 23 due to
operator errors, 26 due to component failures, 5 due to inadequate
procedures or failure to follow procedures, and the remaining 8 due to
miscellaneous causes such as design errors. Table 2-37 summarizes the
findings of this evaluation. Based on the data provided in Table 2-37
it is estimated that 0.16 Ci/reactor year will be discharged in unplanned
releases in liquid effluents.

The availability of evaporators in waste treatment systems is
expected to be in the range of 60 to 80%. Unavailability is attributed
to scaling, fouling of surfaces, instrumentation failures, corrosion,
and occasional upsets resulting in high carryovers requiring system
cleaning. A value of two consecutive days unavailability per week was
chosen as being representative of operating experience. For systems
having sufficient tank capacity to collect and hold wastes during the
assumed 2-day/week outage, no adjustments are required for the source
term., If less capacity is available, the difference between the waste
expected during two days of normal operation and the available holdup
capacity is assumed to follow an alternative route for processing. Since
processing through an alternative route implies mixing of wastes having
different purities and different dispositions after treatment, it is
assumed that the fraction of waste discharged following processing
will be that normally assumed for the less pure of the two waste streams
combined.

Since chemical and regenerant wastes are not amenable to processes
other than evaporation, it is assumed that unless an alternative
evaporation route is available, chemical and regenerant wastes in excess
of the storage capacity are discharged without treatment.

T ]03 (Evap.) x 102 (demin) = 105 is obtained using DF's from Section
2.2.19.1.
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TABLE 2-37

FREQUENCY AND EXTENT OF UNPLANNED LIQUID RADWASTE
RELEASES FROM OPERATING PLANTS*

Unplanned Liquid Releases

Total number (unplanned releases) 62
Fraction due to personnel error 0.37
Fraction due to component failure 0.42
Fraction due to inadequate procedures or failure 0.08
to follow procedures
Fraction due to other causes 0.13
Approximate activity (Ci) 24,
Fraction of cumulative occurrence per reactor 0.16

year (plants reporting releases <5 gals of
liquid waste/reactor year)

Fraction of cumulative occurrences per reactor 0.28
year (plants reporting activity released
>0.01 Ci/reactor year)

Activity per release (Ci/release) 0.39
Activity released per reactor year (Ci/reactor year) 0.16
Volume of release per reactor year (gal/reactor year) 633.

* Values in this table are based on reported values in 1970-1977 Licensee
Event Reports representing 154 reactor years of operation.
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2.2.24 ATMOSPHERIC STEAM DUMP
2.2.24.1 Parameter

Noble gases and radioiodines released to the atmosphere from the
steam dumps because of turbine trips and low-power physics tests will
have a negligible effect on the calculated gaseous source term,

2.2.24.2 Bases

In the evaluation, consideration has been given to the quantity of
noble gases and radioiodine released to the atmosphere from steam
dumps because of low-power physics testing and turbine trips from full
power. The evaluation indicates that the iodine-131 and noble gas releases
will be less than 1% of the turbine building gaseous source term.

The evaluation of releases following a turbine trip from full power
is based on the following parameters:

1. An average of two turbine trips annually;
2. 40% turbine bypass capacity to the main condenser;

3. Two-second rod insertion time required to scram the reactor
following a turbine trip; and

4, Twelve-second cycle time to recirculate one primary coolant
volume through the reactor and steam generator.

The above parameters are based on a 3400-MWt RESAR-3 reactor. Using
these parameters, it is postulated that steam will continue to be produced
at a full-power rate during the time the control rods are inserted and
during the time required to recirculate one primary coolant volume. After
this time, the turbine bypass will be adequate to handle steam generated
from decay heat. The quantity of steam released

(1.5 x 107 1b/hr) (60%) (14 sec)(2 trips/year) (454 9/1b)(355%£§gg)

3 x 107 g-steam/yr

The iodine-131 concentration ingthe main steam for a U-tube steam
generator is approximately 1.8 x 10 = uCi/g-steam from Table 2-2,

Based on the steam release calculated above, the associated iodine-
131 release is approximately 6.0 x 10'7 Ci/yr.

7 g-steam -8 . -6 Ci
1-131/yr = (3.2 x 10 9=3L88M) (1.8 x 10™° uCi/g-steam)(10 gth

5.8 x 10”7 Ci/yr

2-89



Releases due to low-power physics testing are calculated based on
one 10-hour release of steam each year following a refueling. For a
RESAR-3 reactor, low-power physics testing is conducted at 5% power.
The conditions given above for power level and steady-state main steam
iodine-131 activity are used. In addition, it is assumed that the
reactor will be shut down for 30 days for refueling prior to low-power
physics testing. The iodine-131 releases are calculated to be approximately

4.6 x 1070 Ci/yr using the following equation:

I-131/yr = (1.5 x 107 1b/hr steam)(0.05)(454 g/1b)(10 hr/yr)

(0.693) (30 days)
(8.05 days)

(1.8 x 1078 uCi/g-steam) exp [— 1 1076 Ci/uCi

I-131/yr = 4.6 x 10°° Ci/yr

2.2.25 CARBON-14 RELEASES
2.2.25.1 Parameter

The annual quantity of carbon-14 released from a pressurized water
reactor is 7.3 Ci/yr. It is assumed that most of the carbon-14 will form
volatile compounds that will be released from the waste gas processing
system and from the containment and auxiliary building atmospheres to
the environment.

2.2.25.2 Bases

The annual release of 7.5 Ci of carbon-14 is based on measurements at
ten operating PWR's presented in Table 2-38. Kunz et al. (Ref. 37)
found that the carbon-14 reacts to form volatile compounds (principally CH,,
C2H6, and C02) that are collected in the waste gas processing system through

degassing of the primary coolant and released to the environment via the
plant vent. Data from Refs. 4, 5, 6, 42, and 43 also indicate carbon-14 is
released from the containment and auxiliary building vent as a result

of leakage of primary coolant into the containment and auxiliary building
atmospheres.

As shown in Table 2-39, an averaae of measurements, made at Turkey
Point 3 and 4, Zion 1 and 2, Fort Calhoun, Prairie Island 1 and 2, and
Rancho Seco indicates that the release of carbon-14 breaks down to 22.6%
from the containment building, 61.0% from the auxiliary building vents
and 16.4% from the waste gas processing system. Therefore on this basis,
it is assumed that 1.6 Ci/yr of carbon-14 is released from the containment
building, 4.5 Ci/yr of carbon-14 is released from the auxiliary building
vents and 1.2 Ci/yr of carbon-14 is released from the waste gas processing
system.
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TABLE 2-38
CARBON-14 RELEASE DATA FROM OPERATING PWR's

Annual Average

Plant* 1975 1976 1977 1978 Ci/yr-unit
Conn. Yankee 44 40 30 70 46
Yankee Rowe 1.6 0.13 0.24 0.33 0.58

Annual Release
Plant** Area Ci/yr-unit
Turkey Point 3/4 Aux. Bldg. 2.4
Containment 0.075
weps' 0.82
Spent Fuel Area 0.38
Total 3.7
Fort Calhoun Fuel Pool and Aux. Bldg. 0.30
WGPS 0.81
Containment Bldg. 0.78
Total 1.9
Zion 1/2 Cont. Bldg. 1.8
Fuel Handling and Aux. Bldg. 1.4
WGPS 0.062
Total 3.3
Prairie Island 1/2 Cont. Building 0.016
Fuel Handling and Aux. Bidg. 3.3
WGPS 0.25
Total 3.6
Rancho Seco Cont. Building 0.9
Fuel Handling and Aux. Bldg. 1.85
WGPS 0.85
Total 3.6
Average 7.3

* Based on semi-annual release reports.
** Based on In-Plant Source Term Measurements.
Waste gas processing system,
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DISTRIBUTION OF CARBON-14 RELEASED IN GASEQUS EFFLUENTS

TABLE 2-39

Plant

Plant Areas:
Containment

Turkey Point 3/4
Fort Calhoun
Zion 1/2

Rancho Seco

Prairie Island 1/2

Average:

2%
41%
55%
25%

0.5%

22.6%
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Aux. Bldg. and
Fuel Handling

75%
16%
43%
51%
92.5%

61.0%

WGPS
23%
43%
2%
24%
7%

16.4%



2.2.26 ARGON-41 RELEASES
2.2.26.1 Parameter

The annual quantity of argon-41 released from a pressurized water
reactor is 34 Ci/yr. The argon-41 is released to the environment via
the containment vent when the containment is vented or purged.

2.2.26.2 Bases

Argon-41 is formed by neutron activation of stable naturally occurring
argon-40 in the containment air surrounding the reactor vessel. The
argon-41 is released to the environment when the containment is vented or
purged. Table 2-40 provides a summary of available data and gaseous
argon-41 releases from operating PWR's. The information reported by the
licensees is not sufficiently detailed to correlate reported argon-41
releases with plant size and plant operating parameters. However, the
average argon-41 release is estimated to be 34 curies per year.
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SUMMARY OF ARGON-41 RELEASES FOR OPERATING PWR's FOR 1973-1978

TABLE 2-40

Reactor Name

Yankee Rowe

Haddam Neck

Ginna

Point Beach 1/2

H. B. Robinson

Surry

D. C. Cook

Turkey Pt. 3/4

Oconee 1/2/3

(Ci/yr per reactor)

Year

1974
1975
1976
1977
1978 (1/2 yr)

1973
1977
1978 (1/2 yr)

1975
1976

1973
1974
1975
1976
1977
1978 (1/2 yr)

1975 (1/2 yr)
1976
1977
1978 (1/2 yr)

1974 (1/2 yr)
1975
1976
1977 (1/2 yr)

1978 (1/2 yr)

1974
1975
1976
1977

1974 (1/2 yr)
1975
1976
1977
1978 (1/2 yr)
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Release

0.85
0.93
0.3

0.49
0.47

0.044
0.08
0.041

5.8
0.19

17.6
16
208
31

9.2

13.3

16.2
15.4
23.1
46.2



TABLE 2-40 (continued)

SUMMARY OF ARGON-41 RELEASES FOR OPERATING PWR's FOR 1973-1978

(Ci/yr per reactor)

Reactor Name Year Release
Fort Calhoun 1975 8.2
1976 2.2
1977 2.3
1978 (1/2 yr) 0.27
Palisades 1978 (1/2 yr) 0.01
Zion 1/2 1978 (1/2 yr) 24.8
Prairie Island 1/2 1975 1.3
1976 21
1977 31.8
1978 13.5
Kewaunee 1976 (1/2 yr) 30
1978 (1/2 yr) 5.9
Three Mile Island 1 1975 (1/2 yr) 50
1976 12
1977 66
1978 (1/2 yr) 46.5
Calvert Cliffs 1976 (1/2 yr) 2
1977 (1/2 yr) 3.1
Rancho Seco 1977 9.8
1978 (1/2 yr) 1.8

* A11 data provided by the semiannual effluent release reports and the
annual operating reports for each PWR Tlisted.
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CHAPTER 3. INPUT FORMAT, SAMPLE PROBLEM, AND FORTRAN
LISTING OF THE PWR-GALE CODE

3.1 INTRODUCTION

This chapter contains additional information for using the PWR-GALE
Code. Chapter 1 of this report described the entries required to be
entered on input data cards. Section 3.2 of this chapter contains sample
input data and an explanation of the input to orient the user in making
the entries described in Chapter 1.

Section 3.3 of this chapter contains a listing of the input data
for the sample problem and the resultant output. Section 3.4 contains

a discussion of the nuclear data library used and a FORTRAN 1isting of
the PWR-GALE Code.

3.2 INPUT DATA

This section contains (a) an explanation of the input used in the
sample problem and (b) input coding sheets for the sample problem.

3.2,1 EXPLANATION OF THE INPUTS FOR THE SAMPLE PROBLEM

Only the inputs for the GALE code runs for the sample probleni that
are not obvious are explained:

Condensate demineralizer regeneration time (days)
Input - 8.4 days
Put this input in card 10 in the appropriate field allotted for this input.
Basis
The sample problem assumes eight condensate deep beds, one of which
is spare in parallel with no ultrasonic resin cleaning. The regeneration
time for a bed is therefore 7 x 1.2 days = 8.4 days.

The Tiquid waste inputs are based on assuming the following:

A. Waste Generation Rates and Effective PCA Fractions

Waste Type Gal/day PCA Fraction
Shim Bleed 1440 Code applies the

CVCS DFs internally
Equipment Drains

Pump seal leakage 300
Pump seal leakage (Table 2-26) 20

o -~
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A. Waste Generation Rates and Effective PCA Fractions (Cont'd)

Waste Type Gal/day PCA Fraction

Other primary coolant leakage
from miscellaneous sources inside
the containment (Table 2-26) 10 1.67
Total equipment drain wastes 330 0.97 effective

Clean Wastes

Primary coolant equipment drains

(Outside containment) 80 1.0
Spent fuel pit liner drains 70 0.001
Primary coolant sampling system
drains (segregated from
secondary coolant samples) 200 0.05
Total Clean Wastes 980 0.093 effective
Dirty Wastes
Primary coolant equipment
Reactor containment cooling system 500 0.001
Auxiliary building floor drains 200 0.1
Secondary coolant sampling system
drains 1400 0.0007
Total Dirty Wastes 2100 0.01 effective
Regenerant Wastes 3400 Code internally

calculates the
buildup on the beds

Condensate demineralizer rinse
and transfer solution (secondary

system wastes) 12000 1078
B. Available Equipment for Liquid Wastes Processing
Capacity
Equipment Number (Each)
Recycie holup tank
(To collect shim bleed and equipment drains) 2 50,000 gal
Clean waste holdup tank 2 7,000 gal
Dirty waste holdup tank 2 10,000 gal
Regenerant solution receiving tank 2 20,000 gal
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B. Available Equipment for Liquid Wastes Processing (Cont'd)

Capacity

Equipment Number (Each)

Resin and transfer solution receiving tank

(To collect secondary system condensate

demineralizer resin and transfer solution) 2 20,000 gal
Clean waste monitor tank

(For processed shim bleed, equipment drains

and clean wastes) 10,000 gal
Dirty waste monitor tank 2 10,000 gal
Secondary waste monitor tank

(For processed regenerant wastes and

secondary system condensate demineralizer

resin and transfer solution) 2 10,000 gal

pum—

Recycle feed demineralizer
(To process shim bleed and equipment drains
and located upstream of the recycle holdup

tank) 1 50 GPM
Recycle evaporator condensate demineralizer 1 50 GPM
Evaporator condensate demineralizer A

(For clean wastes) ] 50 GPM
Evaporator condensate demineralizer B

(For dirty wastes) 1 50 GPM

Secondary waste evaporator condensate
demineralizer (To process regenerant wastes) 1 50 GPM

Secondary waste demineralizer
(To process secondary system condensate

demineralizer resin and transfer solution) 1 50 GPM
Steam generator blowdown demineralizer
(To process steam generator blowdown) 2 in 300 GPM
series

Recycle evaporator

(For processing shim bleed and equipment drains) 1 30 GPM
Radwaste evaporator

(For processing dirty wastes and clean wastes) 1 30 GPM
Secondary waste evaporator

(For processing regenerate wastes) 1 30 GPM

C. Additional Notes about Liquid Wastes

1. The above 1ist includes only the processing equipment assumed
for generating the liquid waste inputs for running the GALE
code. For example, it does not consider such equipment as filters,
evaporator condensate tank, reactor makeup water storage tank, etc.
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2. Except the condensate deep bed demineralizers in the secondary
system, all other demineralizers are assumed to be mixed bed and
non-regenerative.

3. The processed steam generator blowdown is assumed to be totally
returned to the secondary system. It is also assumed that the
steam generator blowdown is 75,000 pounds/hr (~150 GMP).

4, Secondary system condensate demineralizer rinse and transfer
solution waste has not been included as input for the sample
problem GALE code run for the following reasons:

a. This waste is assumed to be collected in a collection system
dedicated for this waste in the sample problem.

h. Even if 100 percent of this waste is released without treatment,
the release from this stream is expected to be < 0.15 percent
of the total liquid effluent release. If, however, this waste
is processed by the secondary waste demineralizer listed above,
the release from this stream is expected to be < 0,012 percent
of the total liquid effluent release. Furthermore, it is likely
that this waste will be processed and a major fraction of this
processed waste will be recycled to the condensate storage
system for eventual reuse in the secondary plant.

Note that if assumption a is not satisfied in any design, then the
inputs for this waste should be properly integrated with the appropriate
subsystem inputs (for example, the dirty waste subsystem) and the
effective inputs for the combined waste system should be included

for the GALE code run for that design.

5. The detergent wastes are assumed to be released without any
prior treatment.

6. All the liquid waste subsystems included in the GALE code run for
the sample problem have at least a two-day holdup capacity for
holding up the wastes prior to processing them.

7. In view of what has been stated above, no additional run need be
made to evaluate the liquid effluent releases; also no adjustments
need be made to waste subsystem DFs for possible equipment downtime.

The gaseous waste inputs to the GALE code run for the sample problem
are based on assuming the following:

1. There is neither continuous degassification of the full letdown
flow to the gaseous radwaste system via a gas stripper nor
continuous purging of the volume control tank.

2. Fill time and holdup time for gases stripped from the primary
system are based on the following:
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Number of pressurized storage tanks - 4
Volume of each tank at STP - 650 CF
Design pressure for each tank - 150 psig
No recombiners

3. Containment has small diameter (8 inches) purge line and the
Tow volume containment purge rate is 1000 CFM,

4, Containment has no internal cleanup (kidney) system.

5. Number of high volume containment purges during power operation -
0.

6. Fuel, auxiliary and containment buildings have HEPA filters and
four inch charcoal adsorbers on their exhaust lines and these
filter units satisfy the guidelines of Requlatory Guide 1.140.
Containment building has these filters both on the low and high
volume purge exhaust lines. Waste gas system has HEPA filters
on its exhaust line which satisfies the guidelines of Regulatory
Guide 1.140. The iodine releases via the main condenser air
ejector removal system are assumed to be released without any
treatment prior to their releases.

7.  Steam generator blowdown flash tank exhaust is not vented
directly to the atmosphere.

3.2.2 INPUT CODING SHEETS

Figure 3-1 shows the input coding sheets used for the sample problem.

3.3 SAMPLE PROBLEM - INPUT AND OUTPUT

Figure 3-2 shows printouts of the input and output for a sample
problem using the PWR-GALE Code.

3.4 LISTING OF PWR-GALE CODE

3.4,1 NUCLEAR DATA LIBRARY

Calculation of the releases of radioactive materials in liquid
effluents using the GALE Code requires a library of nuclear data available
from the Division of ADP Support, USNRC (301) 492-7713. For convenience,
the tape consists of five files, written in card image form. The contents
of the five files are:

1. File 1: A FORTRAN 1listing of the liquid effluent code.

2., File 2: Nuclear data library for corrosion and activation
products for use with the liquid effluent code.
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CIAIRDy 34;11;11111LGLAlsi;WlAnslTxEt151Y151T;E1M|H1E1P1A17111;)111111111'L1111LLL11;11111|L|1;1 L
CAARIDE [3(8r 1o g By HANDLG B MG e ORARIGOAIL G ) (HEPRA? D TS A A U S R S S A S N G S S A
CARD 1306 10y s v AUXIDITIAIRIY (R DG e o  (CGHARGOALDL ) HIEWARW L) 0 gt vy v g by b
CiARID 1317 1ChON YOI i C 0T A NI T VO L U ME ML LG LN F T3 v v g v vy W g ea g
CARD (308 44 p 1o 1 L OINTIMT ATM 0 BANYR  CHARCOAL? il HIEPA (1) RGATIE (13401040 ChF M) LE )
CARD 319, ) 1 vy 1 (CGNTMTI- W liGH (uoy (pyRge WCHARCOAL20 1) HEPA?ZCG ) MBI ERAYVEAR L0 i
GARD [4l0y v o ¢ o o CNTIMTi L0 V0 (PIURIGE CHARCOALYLG ) HEPA?G 1)y RATEL f(CFMi) e o (a0 a0 1)
CAAIRIDI 1417y FW NG 1 ¢ FIRIAGTIL O N aLsQINgEy (RIEIEIASED IFROM (BILOWDOWN ITANK (MENT vy 0 gy 1 )
CARIDL Jal2) yFiFyp ot oo PERCENT 1R (O INE  REMOVIE) D (FROM IADR £JECTOR REMEASIEL v v 0 O 110y
CoARD (403 PP LAUN L B TE RIGFI NS 1U1ALQTTH LS T T U Y G U T S T Y O O S B S i)
L T TS S T T T SV U G0 R S S W Y G YW B U S OV SO U O
L T T T T U U T S O S Y S T W o
A T U U G S U U YT U U U YT T T S Y T S T Y W

0L U G T U U U U U VN S U S S O T T T A Y S O 0 0 S U OV A S S B A A
AT O T UV 0 G VO T U S S A G S S Y Y T T S O O S R A O S
|1111 NS T S U U S S N U G G U U U O S T O S T O W A A
12,308,550 7 8,90, :20314)5,16,17,.8,1920,21 22,2 3,24125 1262 7,26 230,31 | 32333413536 373,394 031|423 34 44546147 |ABEFS05 1 (521531545556 57)58/59(6C/6 1626 3631651666 768697017 172|374 75 |"617778 | TH8C
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NAME
POWTH
PCVOL
LETDWN
CBFLR
NOGEN
TOSTFL
WLI
BLWDWN
REGENT
FFCDM

TAUl
TAU2
TAU3

CONVOL

FVN
FEJ
PFLAUN

NAME OF REACTOR SAMPLE PWR REV 1 TYPE = PWR

THERMAL POWER LEVEL (MEGAWATTS) 3400.
MASS OF PRIMARY COOLANT (THOUSAND LBS) 550.
PRIMARY SYSTEM LETDOWN RATE (GPM) 75.
LETDOWN CATION DEMINERALIZER FLOW (GPM) 7.5
NUMBER OF STEAM GENERATORS 4,
TOTAL STEAM FLOW (MILLION LBS/HR) 15.

MASS OF LIQUID IN EACH STEAM GENERATOR (THOUSAND LBS) 112.5
BLOWDOWN-THOUS LB/HR 75.0  BLOWDOWN TREATMENT-INPUT 0,1, OR 2 0

CONDENSATE DEMINERALIZER REGENERATION TIME (DAYS) 8.4
CONDENSATE DEMINERALIZER FLOW FRACTION 0.65
SHIM BLEED RATE 1440. GPD

DFI= 5.0EO3DFCS= 2.0EO3DFO = 1.0E05

COLLECTION 22.6 DAYS PROCESS 0.93 DAYS FRACT DISCH .1
EQUIPMENT DRAINS INPUT 330.0 GPD AT 0.97 PCA

DFI= 5.0E03DFCS= 2.0E03DFO = 1.0EQ5

COLLECTION 22.6 DAYS PROCESS 0.93 DAYS FRACT DISCH .1
CLEAN WASTE INPUT 980. GPD AT .093 PCA

DFI= 5.0E02DFCS= 1.0EO3DFO = 1.0E04

COLLECTION 5.7  DAYS PROCESS 0.13 DAYS FRACT DISCH 0.1
DIRTY WASTES 2100. GPD AT 0.01 PCA

DFI= 5.0E02DFCS= 1.0EO3DFO = 1.0EO4

COLLECTION 3.8 DAYS PROCESS 0.19 DAYS FRACT DISCH 1.0
BLOWDOWN  FRACTION PROCESSED 1.
DFI= 1.00EO3DFCS= 1.00E02DFO = 1.00EO3

COLLECTION 0.0 DAYS PROCESS 0.0 DAYS FRACT DISCH 0.0
REGENERANT FLOW RATE (GPD) 3400.
DFI= 5.0E02DFCS= 1.0EQ3DFO = 1.0E04

COLLECTION 4.7 DAYS PROCESS 0.37 DAYS FRACT DISCH 0.1
IS THERE CONTINUOUS STRIPPING OF FULL LETDOWN FLOW? 0,1,0R 2 O
HOLDUP TIME FOR XENON (DAYS) 60.
HOLDUP TIME FOR KRYPTON (DAYS) 60.
FILL TIME OF DECAY TANKS FOR THE GAS STRIPPER (DAYS) 30.
GAS WASTE SYSTEM HEPA?99.

FUEL HANDLG BLDG CHARCOAL?90. HEPA?99.

AUXILIARY BLDG CHARCOAL?90. HEPA?99.

CONTAINMENT VOLUME (MILLION FT3) 2.45
CNTMT ATM. CLEANUP  CHARCOAL?0.0 HEPA?0.0 RATE(1000CFM)
CNTMT-HIGH VOL PURGE CHARCOAL?90. HEPA?99. NUMBER/YEAR 0.0
CNTMT LOW VOL PURGE CHARCOAL?90. HEPA?99. RATE (CFM) 1000.
FRACTION IODINE RELEASED FROM BLOWDOWN TANK VENT 0.0
PERCENT OF IODINE REMOVED FROM AIR EJECTOR RELEASE 0.0
DETERGENT WASTE PF 1.

3-7a



SAMPLE PWR REV 1 PWR

THERMAL POWER LEYEL (MEGAWATTS) 3400,0000
PLANT CApPACIly FaACTOR 0.8000
MASS oF PRIMARY EOULANT (THOUSANP LB85) 550.0000
PRIMARY SYSTEM LOTONWN RATE (GPM) 75.0000
LETDOWN CATIUN DEMINERALIZER FLOW (8MM) 7.5000
NUMAER OF STEAM GENERATORS 4.0000
TOTAL STEAM (LOW (MILLION LBS/HR) 15,0000
MASS OF LIQUID IN EACH STEAM GENERATUR (THOUSAND | BS) 1172.5000
MASS OF WATEH IN STEAM GENERATORS (THOUSAND LBS) 450,0000
BLUWDOWN RATE (TUOUSAND LRS/HR) 75.0000
PHRIMARY TO SBCONPARY LEAK RATE (LBS/VAY) 75,0000
CULDENSATE DEMINERALIZER REGENERATION TIME (DAYS) R.4000
FI1SSION PROODUCT CARRY-QVER FRACTION 0050
HALOGEN CARRY-OVER FRACTION .0100
CUNDEMSATE LDEMINGRALIZER FLOW FRACTIWUN «6500

LISUID WASTE INPUTS
FRACTION FRACTION CULLECTION DECAY

STREAM FLOW rATE  OF PCA DJISCPARGED TIME TIME DECONTAMINATION FACTORS
(GAL/DAY) (DAYS) {DAYS) 1 cs OTHERS

SHIM BLEED RATE 1.44E403 l,0000 .looco 23,6000 .9300 5,00E+03 2,00€403 },00E405
EQUIPMENT pRAINS 3,30Fs0& 29700 .dooo 22,6000 «9300 5.00E403 2,00F+0d 1,00E«05
CLEAN WASTE INPUT 9,R0E+03 .0930 .loo0 39,7000 .1300 5.00E+02 1,V0E+03 1,00Esn4
DIRTY WASTES 2,10F+03 +0100 1,0000 44,8000 L1900 S5.00E+02 1,00E408 1,00E.04
BLOWDOWN 2.16E+08 0.000 0.000 06000 140nEe03 1,00E¢02 },00E403

S UNTREATED BLOWDUWN g, 1.000 0,000 00000 1.00E+00 1,00E400 1,00Eeqn
00 HEGENERANT s0LS 3.40E+03 «100 4,700 «370 S.0nEe02 1,00E409 1,00E4064

GASEOUS WASTE INPUTS
THERE 1S NOT CONTINOUS STRIPPING OF fuLL LETDWN FLOW

HOLDUP TIME LOR BENON (DAYS) 60.0000
HULDUP TIME FOR KRYPTON (DAYS) 60,0000
FILL YIME OF DECAY TANKS FOR THE GAS STRIPPER (DAYS) 30.0000
GAS WASTE SYBTEM PARTICULATE WELE4SE FRACTION .0100
AUXILIARY BLUG 100INE RELEASE FRACTION <1000

PARTICULATE RELEMSE FRACTION «0100
CONTAINMENT VOLUME (MILLION tT13) ?.4500
FREQUENCY OF CNTHT BLDG HIGH VOL PURVE (TIMES/YR) 2.0000
CNTMT-HIGH VWL PWRGEIODINE RELEABE FRACTION «1000

PARTICULATE RELEASE FRACTION .0100
CNTMT LOw VUL PUKGE RATE(CFM) 100n.0000
CNTMT LOW VUL PURGE [OQUINg RELEASE FHACTION 1000

PARTICULATE RELEASE FRACTION «0100
STEAM LFAK TU TURBINE BLOG (LBS/MR) 1700.0000
FRACTION TODINE RELEASED FROM BLUWDUWN TANK VENT 0.0000
PERCENT OF I1UDINE REMOVED FROM ALR EJVECTOR RELEASE 1.0000

FIGURE 3-2

PRINTOUT OF INPUT AND OUTPUT FOR THE SAMPLE PROBLEM
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SAMPLE FwR REV 1 LIYUID EFFLUENTS

ANNUAL RBLEASES TU DISCHARGE CANAL

COOLANT GONCUNTRATIONS-ceww Pt L E LT R R il e LR S cemmemeTaccaccnaa.  ADJUSTED
NUCLIDE HALF.LIFE PRIMARY SECUNDARY BAHUN KS MISC. wASTES SECUNUARY TURB BLD8 TOTAL Lws TOTAL
(DAYS) (MICRO CI/ML) (MICRO CI/ ML) (CURIED) (CURIES) (CURIES) (CURLES) (CURIES) {CI/YR)
connoleN AND ACTIVATION PRUQUCTS
24 6.25F=-01 4,70e404 1,42€E-06 «00000 .00003 .000n0 .0000S +00009 .n0114
P 32 1.43E+01 0 0. 0,00009 0,00000 0.00000 0,00000 0.00000 0.00000
CR S} 2.7aE‘ol 3.10E-04 1,22E-07 «00009 .00001} .00000 .00001 00002 .00025
MN 54 3,03F+02 ] ,60E403 6,08E-08 +00000 «00001 «00000 .00000 .00001 «00014
FE 85 9.50F¢02 1,20E403 4,59E~08 « 00000 .00000 .00000 .00000 .000n1 .00010
FE s9 4,90E+0]) 3,00€«04 1.12E~08 «00000 .00000 .000n0 00000 00000 00002
Co s8 T,13F«01 4 ,60E«03 1,78E.07 «000U0 «00002 .00000 .00001 00003 .00038
CO ®o 1,92E+03 5.30E+0% 2.,06L~08 «00000 «0000U .000a0 00000 +00000 +00005
NI 63 3,36E+04 @, 0. g.000U0 0,00000 0.60000 0,00000 0.00000 0.00000
IN 65 2,456402 5,10E40% 1,97TE-08 200000 «00000 .00000 .00000 .00000 00004
wig? 9.96F-01 2.50E03 8,22t-08 «000090 .00000 ,00000 00000 00001 +00008
NP239 2,35€+00 2,70E-03 7.90E-08 400000 »00000 200000 .00000 ,00001 200011
FISSION PRODYCTS )
SR 89 5,20E+01 1.40E404 5,34E-09 «00000 200000 00000 .00000 00000 +00001
SR 99 1,036+04 1.20E409 4,59E-19 00000 00000 .00000 .00000 00000 00000
SR 91 6.035-01 9,60E-04 2,0TE-08 « 00000 +00000 ,00000 +00000 00000 .00002
Y 91M  3,47E-02  4,60E40% 3,16E-09 «000VO .00000 +0004n0 .00000 .00000 .00001
Y 91 5.,8RE+01 5,20E«0¢ 1.97E-19 «NO0UD +00000 ,00000 ,00000 + 00000 +00000
Y 93 4,256-01  4,20E403 1,14E-07 «00000 «00000 .00040 .00000 .00001 .00007
IR 95 6.50E¢01  3,90E40% 1,50£-08 «00000 .00000 .000n0 .00000 .00000 .00003
NB 95 3,9nE+01 2.80E-0% 1,03E-08 «00000 .00000 00000 .00000 00000 .00002
MO 99 2,19E+00 6,40E403 2,35E-07 «0000Q0 00008 .00000 .00001 00003 +00035
TC 994  2,.50€-01  4,T0E«0d 1,06E-07 «00000 +00008 .00000 .00001 00002 «00030
RU103 3,96E+01 7.,50E403 2,90E-07 +00000 +00003 .00000 ,00001 00005 00062
RH103M  3,96E-02 o, 0, «00000 .0000@ .00000 ,00001 00005 .00061
RU106 3,87€402 9,00E-0R 3,46E-06 «00004 .00037 .00000 00017 .00059 +00766
RH106 3,47E-04 0. 0, «00804 .00037 .00000 .00017 .00059 +00766
AG110M 2.93€+02 1.30E=073 4 _96E-08 +00000 «00001 .00000 ,00000 +0N001 «80011
AG1)0 2,87E-04 0. 0, «000UQ «00000 «00000 .00000 00000 00001
SH124 o, 00t+01 0. 0. 0.00000 0,00000 0,00000 0,00000 0,00000 0.00000
TE129M 3,40E+01 1.90E«04 7.,30€-09 00000 00000 .,000a0 .00000 00000 00002
TE129 4,79E-02 2,40£404 2,17€-07 «00900 «00000 .00000 ,00000 00000 .060002
TE131M 1.255.00 1.50E-03 5,09E-08 «00000 00000 .00000 .00000 00000 00006
nn 8,05F+00 4.50E-04 1,36E~0¢ «00017 +00309 .000n1 .00013 L00340 «04429
TE132 3,25E+00 1.70E403 6,20€E-08 «00000 00000 .00uUp0 .,00000 00001 00010
1132 9,9R€-02 2,10E401 2.17E-06 .00000 .00019 00000 .00005 .00024 .00313
1133 8,75E-01 1.40€40) 3,15k-06 «00003 00290 ,00000 .0003] .00325 04226
1134 3,67e-02 3,40€E«01 2.2TE.06 00000 00001 0.00000 .00000 00002 00021
CS13s T,49E+02 7.10E«03 2.84€-07 «00020 .00029 .00000 .00001 00081 +01060
113% 2,19€-01 2.60€401 5,47E~0g «00000 200133 .00000 .00029 .00163 .02122
CS136 1,30€+01 8,T0E<0% 3,45E.08 +00003 .00003 ,00000 .00000 .00007 .00089
Ccs137 1,10E+08  9,40€403 3,79E-07 «00008 «00039 ,00000 .00002 .00109 .01413
BA}37M 1,77€-03 o, o, + 00003 .00037 .000n0 .00002 .00102 .N1322
BAlag 1,2RE+01 1,306-08 4 ,87E-07 « 00000 00009 .00000 .00002 .00008 00098
LAL1&o 1,68E+00  2,50E-0% 8, /6t.07 «00000 .00007 .00Gn0 00004 .0001? +00155
CE141 3,24E401  1,50E-04 5, 71E-09 «00000 «00000 .00000 .00000 .0000n .00001
Ctiaa 1,38E+00 2.R0E«03 9,43E-08 «000V0 +00000 L000p0 .00000 00001 00011
PR143 1,37€+01 0. 0, «00000 .00000 .00000 , «00000 00000 .00001
CEl44 2,85F.02 3,90€403 1,50€E-07 +00000 +00002 460000 .00001 +00003 .00033
PR144 1.20E-02 o, 0. .0000¢0 .00002 00000 .00001 ,00003 00033
ALL OTHERS 2.14E40} 6,26€-07 «n00UQ 200000 00000 .00000 .00000 00001
TOTAL

(EXCEPT TRITIuM) 1.48€+00 2,52E-05 00216 00872 00001 00141 L0133 17331

DETERGENT

WASTES
tCI/YR)

0.,00000
.00018
.00470
00380
00720
200220
.00790
«01400
00170

0,00000

0.,00000

0,00000

- .00009
.00001
0,00000
0,00000
.00008
0.00000
.00110
.00190
00006
0.00000
.00029
0,00000
.00R90
0.,00000
.00120
0,00000
+00043
6,00000
0.00000
0.00000
,00160
0.000n0
0.00000
0,00000
0,00000
.01100
0,00000
.00037
01600
0.00000
.00091
0,00000
.00023
0,00000
0,00n000
00390
0,00000
0.00000

.08975

TOTAL
{CI/YR)

200110
«0001AR
«00500
+00390
.00730
00220
+00R30
«N1400
00170
00004
00008
00011

00010
0000}
200002
20000}
+00009
.00007
+00110
+00190
00041
. 00030
00091
+000K1
«N1700
00770
. 00130
oN0001
«N0N43
00002
00002
00006
«N4600
+00010
.00310
04200
.No02}
+N2200
02100
.00130
03000
«01300
+00190
+00160
« 00024
oN0NY1
200001
< 00420
200033
JNOON1

«PH000
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SANPLE ©WR REV | PWR

THERMAL POWEK LEVEL (MF.GAWATTS) 340000000
PLANT CEPACT Y FACTOR 0.80

MASS OF PRTMARY LOULAGT (THOUSANL LbY)y 550,00000
PRIMARY SYSTEM LBTuOuH RATE (1.PM) 75.00000
LETHouN carTliWil CEMINERALIZEP FLUw (G¥M) 1.50000
NUMHED OF STEAM GENERATORS 4.,00000
TOLAL SYEam FLUa (MILLIOM LBS/HR) 15,00000
MASS OF LIOUAD TN EALH STEAM GLNZRATUR (THOUSAND 1BS) 112,50000
SLOWDOWN NATE (TUOUSAMD Las/HR) 75.00000
CUNDENSATE DLMINERALIZER REGEMERATION TIME (DAYS) 8,.40000
CULDENSATE OEMINERALLZER FLOW FHRuCTIVY .65000

LIWUTO wASTF INPUTS

FRACTIUN FracTloun COLLECTION ODECAY

PERCEMT OF TUNINE QF0VED FRIM ALl EJECTOR RELEASE 1,00000

STREAM FLow ralt UF pCaA nlgClARGLY TIME VIME DECONTAMINATION FACTORS
(AL /DAY (DAYS) (DAYS) 1 cs OTHERS
SHIM BLEED RAFE 1.44F « 09 l.vo00 ooy 2¢.6000 .2300 S.00Ee¢03 2,00E+08 1,00E+05
EQUIPMEMT nRAIHS 3. 20F 408 <3700 L1000 22,6000 .¥300 S.00E+03 2,00F«0 1,00E+05
CLEAN WASTE L14PUY Q Rpf +0d 0930 1000 » Taoo .1300 5.0nE+02 1.00F¢0 1,00E+064
-~ DIRTY WASIES 2, V0F«0) L0100 1.0000 4,8900 .1900 S5.0nE+p2 1,00€E+08 1,00E404
BLOWPOWN 2.16F+00 0.000 0,000 0,000 1.00€+03 1,00E+08 1,00E+03
UNTRFATED HBLOwlOWN 1.000 0.000 0000 1400E+00 1,00E¢08 1,00E«00
REGENERANT sOLS e h0E 04 « 100 4,700 «370 Se0nEen2 1,00E+08 1,00E+04
GAREOUS WASTE INPUTS
TUHLRE IS WOT cONTINDOUS STRIFPING OF FULL LETDHDWN FLOW .
FLUW RATE THROUGH GAS STRIPPER (9PM) 1.22917
HOLDUYR TIME FOR XEGOH (DAYS) 60,00000
AULHYP TIME FOR KRYPTON (DAYS) 60,00000
FleL TIME OF DECAY TANKS FOP THE GAS STRIPPER (DAYS) 30,00000
PRIMARY CoOLANT LEAK TO AyxJLIARY BLYR (LB/UAY) 160,00000
LAY WASTE SYSTEM PARTTICOLATE HELEASE FRACTION .01000
FULL HANDLG BLDG Inb Mg WL EASE FHACTION .10000
PARTICULATE RELEASE FRACTION .01000
AURTLTARY HLUG IonIng QELEASE FRACTION .10000
PARTICULATE RELEASE FRACTION .01000
CUNTATNMEN] VOLUNE (MILLION +73) 2.45000
FHEQUENCY OF PHIMARY COOLANT DEGASSING (TIMES/YR) 2,00000
PRIMARY To Skconbaky LEAK RATE (LBR/V8Y) 75.00000
THERE IS MOT A& SJONFY FILTER
FIGACTIUN JOULHE BYPASSING CONDENSATE DEMINERALIZER «35000
TOUINE PARTILION FACTOR (AS/LINUIN) IN STEAM GENERATOR 01000
FHEQHENCY OF CATMT BLDG HIUH VOL PUKVE(TIMES/YR) 2,00000
CIN AT VUL PUNGELOOING PLLEASE FRACTION 10000
PARTICULATE HELEASE FRACTION 01000
CHINT LOW vubk PURGE HATE (CH1Y) 1000,00000
CHINT L0y VOL PUKRGE LODIVE RELEASE FRACTION 210000
PARTICULATE RELEASE FRACTION .01000
STLAM LEAx TU TURMING BLLG (LES/H) 170000000
FRACTION TOLINE RELFASEL FROW BLUWDU®N TANK VENT 0.00000
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SAMPLE Pwr REV ]

GASEOUS RELEASE RATE =~ CURIES PER YEAR

FRIMARY St cOoMuARY RUTLDING VENTILATION v
CoplLAN] COOLANT aerame- - o > o L LTI L L L e CL TR L il L g
(MUt /6Hy (MICROLTZGM) FuelL HeanbLG  REACTYOR AUXTL IARY
- . = = D e T s ey - T g =T - - e e VD 0y G5 e - --;--;-_---.-;-------.-----.---.-----------------..--------
113l 4,500L.02 1.397E-ve 57k =04 3.7e-03 1.4E-02
14134 1.,4006-01 I ITTE=-VG 1,95=03 7.9¢-03 4.5E=02
___________________________ - - -------—---—-—————---—--------—---—-------;-------—---.-'----------.---.------------‘--------'-'---

TUTAL H=y RELEASED VIR GASEOQUS PATHWAY = 1190 cI/YR
C=14 RELEASED yIA GASEOUS PATHWAY = 7.3 Cl/vyR

AR-4] RELEASEDL vIA CUNTAINMENT VENT = 3¢ CI/YR

AIR EJECTOR
VENT OFFGAS
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SAPHLE Pwi FEV 1
GASEOUS RELEASE RATE « CURIES PER YEAR

PQIMARY SECONUARY Gag STRIPPING BUILDING VENTILATION
ConLanT COULANT B e T [P DI S ¥ ALOWDOWN AIR EJECTOR TOTAL
tMlchuCl/zcMy (MICRULT/ZGH) SHUTLOWN  CONTINUOUS REACTOR AUXILIARY TURBINE VENT OFFQAS EXHAUST

- - T o -y e - - s - - ™ - L JPE JER - Dy Y TP e s s i e W P gy 0 T ke - - - -——-

KR=ASM 1.600b-01 1 ,4UpE-UH 0, 0, 4,8E401 1.0E+00 0. 0. 2.0E+00 5,301
KR-RYS 4,300k-01  A.900L-VB 2.1640? 8.39F¢02 9. hE+02 9.0F+00 0. Q. 4,0E+00 2,0840)
KR=AT 1.500L-01 3, 00pE-tg 0. 0. 1.4E+01 A.0E+00 Q. 0. 1.0E400 1.05401
KR-RY 2.800t-01 5,9v0E~08 0. 04 S.8E+01 6.0E+00 4. 8. 3,0E«00 6,50 08
XE-131M  7,300k~0)]  1,5U0E~07 1.1E+0) 2.UF+01 1.9F+03 1.56401 o 0. T.0E«+00 1,6840)
XE-133M  7,.000c-0? 1.500E=DA v, 0. 1,0E+02 1.0E+00 0, a, 0. 1,0E002
Xt-133 2,600L400 S,4V0E-D7 0. O 4,7F+03 S.5€¢01 0. 0, 2.6E401) 4,80¢0)
Xt <-135M 1. 30UE-01 P.TV0E-u8 0. LS 3.0e4+00 3.0F¢00 Q. ., 140E400 7,08900
Xk <135 A,5M0E-01  1,8U0E=07 0, 0. 4,6E402 1.8E401 ' B 9.0E+00 4,9C000
Xb-137 1,4706-02 7,1V0E=0U9 v, 0. 0. n. e ., 0. 0,

XE-138 1.200L<01  »,590E-08 0. 0. 2,0E400 3.0E4+00 0. ., 1.0E+00 &,0E400
TGTAL NOAGLF GASES 9,1E+0)

------------ PR il Tl I e L T Rl diad XK R Y Py L ey e Ll Lot L T Y T TP P Y TR T T T T L L L D 1T X Y T gy

0.0 APPEARINA % THE TABLE ANULLATES RELEASE IS LE3D THAN 1,0 CI/YR FUR NOBLE GASe 0,0001 Cl/YR FOR
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SAHPLE Pwr RERV ]

ATRBORNE PARTICULATE RELEASE RATE=CURICS PER YEAR

WASTE GAS BUILOING VENTILATION

NUCH TUt SYSTEM REACTOR AUXILTARY FUEL HANBRLG TOVAL
mmm—————— e — e, ————— BT e e ———— o B e e Y e e e 8 o e e e
Cresy lobFeq? 9.,2E-05 3.2E-06 1.8E-06 9,TE-08
MNES4 2.1€-08 5.3£-05 7.8E~p7 3,0E.06 5,7€E-08%
Co&s57 0. 8.2E-06 0. 0. 8,2E-06
Cu~5n 8,7F-08 2.5E-04 1,9€E-05 2.1E.04 4,8E-04
COLEN l.4E~07 2,6€.05 S,1t=06 B.2E. 05 1:1€-04
FEcsg 1.8F-8 2,7E-05 5.,0E-p7 0. 2.8E~05
SRLAQ 4,401 1,36-04 7,.5E=n6 2.,1E-0% 1.6E~04
SR=9n LeTF=0! 5,2E-05 2.9E-p6 a,0E~06 6,3E~05
ZRE9Y 4 BF-q8 0, 1.0E=p5 3,8E-08 1.0E-08
NHLOE 3.7e-08 1.8E-05 3.0E-57 2.4E-05 4,2E~05
RiJs1n3 3.2£-08 1,6E-05 2.3E=p7 3.8€.07 1,7E-0S
RU~106 2.7F-08 0. 6.0E=p8 6.9€E-07 T+8E-07
SBe]25 0. 0, 3.9E-38 S.TE~07 6.,1E-07
Cs5-116 3.3F-0? 2.5E-05 5.4E=p6 1.7E-05 ¢.8E-09
CS<13p 5,3F~04d 3,2E-05 4,8E-q7 Ge 3.3E-0S
Csey? 7.76-07 5.5F-05 7.2F=06 2.TE<0S 9.0E~0%
HAZ140 2,3r=07 0. 4,0E=06 0. 4,2€~06

CEx1a1} 2.2F=0 1.3F-05 2.6E-p7 4,4€6-09 1.,3E-08
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3. File 3: Nuclear data library for fuel materials and their
transmutation products for use with the liquid
effluent code.

4, File 4: Nuclear data library for fission products for use
with the liquid effluent code.

5. File b: A FORTRAN 1listing of the gaseous effluent code.
The tape is written in the following format:
DCB = (RECFM = FB, LRECL = 80, BLKSIZE = 3200)
Use of the tape requires two data cards in addition to those described
in Chapter 1 containing the plant parameters. For a low enrichment

uranium-235 oxide-fueled light water reactor, these cards should always
contain the following data:

Card Column Input Data

1 1-72 Title

1 75 The value 2

2 1-10 The value 0.632

2 11-20 The value 0.333

2 21-30 The value 2.0

2 31-40 The value 1.0E-25

2 41-46 The date (month, day, year)
of the calculation

2 48 The value 1

2 50 The value 0

2 52 The value 0

A description of the information contained in the nuclear data library
can be found in the report ORNL-4628, "ORIGEN - The ORNL Isotope Generation
and Depletion Code," dated May 1973.

3.4,2 FORTRAN PROGRAM LISTING

Figure 3-3 and 3-4 provides the program listings for the PWR-GALE
Code gaseous and liquid determinations.
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FIGURE 3-3

#DECK PGALEGS PROGRAM LISTING FOR GASEQOUS DETERMINATION 000260

OOOOOOO0O0n

OO0 0

[eXeNe]

OO0

OO0

GALE CODE FOR CALCULATING GASEOUS EFFLUENTS tROM PwRS, MODIFIED

AUG. 1979 TU IMPLEMENI APPENDIX I TO 10 CFR 5V, REACTOR

WATER CONCENTRATIONS LALCULATED USING METHODS OF DRAFT STANDARD 000300
ANS 237 "RAUIOQACTIVE MATERIALS IN PRINCIPAL FLUID STREAMS OF 0n0310
LIGHT WwATER COOLED NULLEAR POWER PLANTS» DRAFT DATED MAY 20, 1574000320

THE FOLLOWING FIRST STATEMENT IS SPECIFIC FOR THE CDC USEKRS,
FOR THE IBM USERS, DELETE THIS STATEMENT,

PROGRAM PGALEGS (INPUTOUTPUT ,TAPES=INPUT,TAPE6=0UTPUT)

REAL NycLlL(13)

REAL PpaART (18)

DIMENSTON ACONT (13)4CBCP(13),CBSP(13)9ASHIMC(13),ASHIMS (13)
DIMENSTION CBPP (13)

DIMENSTON ASHIM(13) ¢CYNCP(13)4CONCS(13),DECON(13) 4FHBL (13)
DIMENSTON DECOH (13) ¢NAME (8),EXT(13),7BL(13),CPL(13)4AXBL(13)
DIMENSTON BVOG(13)+70T(13),X2(13)9x3(13)9X4(13)9X5(13)

DIMENSTON CTPRO(13)oXFP1(13)sXF2(11)sWORD(14)¢uARD(5) yWURD(4)
DIMENSION PCBL (18) 4PAKBL (18),PCBP(18) 1PAXHP(1%)+PGWS(18) oFTOTP (14)
DIMENSTION PGWL (18),PCBCP(18),PCBSP(18),PRLONT(18)

DIMENSTON PFHBL (18) 4PEHBP (18)

DIMENSION HINAX (2) yRNAXS (2) yRNFH(2) 4RNFHS (2) yRNT (2) yRNTS (2) yRNS(2)
DATA NUCLID/n KR-85MMyn KR.gGH,M KR=-g7W," KR=88"," XE=]3]1Mn,

1" XE=133Men XE=]1330y" XE=135,1 XE=1351en XL137M,
2" xE=138%y' I=131m,n 1.133uw/

DATA PpPART/n CR-SI"." MN-54H.|| C0_57u,n CU‘-SB"," CO=60M"y" FE~59M1,
1" SR=8gn,y SRaQQ'M,n Z{(-QE",H HE=95m,n RU=103"9n RU=1061,n SB-125",
21 CSo134"," CS=136m," CS=137u,n BAL140v " CE=l4lvy

XP1 AND XP2 ARE THE PRIMARY CUOLANT AND SkCONWYARY COOLANT
CONCENTRATIUNS, RESPELTIVELY (MICROCI/GM)»

DATA AP1/1¢6Fm]4,3E~1,)1¢PE~192.8E-1,7,3E~1,470E-2,2.,6E+091.,3E~1.8
1e5E=-143,4E-2,1,2E-1, 4.55 -2,1,4E=1/

DATA Ap2/3, QE 8,8,9E-8,3, DL 8y5.9E_8,1,5E=7,1¢5E-8,5,4FE=T7,2,7E~R,1
1e8BE=T97.,1E~9,2,5E-8/

PECAY cONSTANTS FOR THE CURRESPUNDING NUCLID (1/SEC).,

DATA DECON/4 ,38E-5,2,03E~7,]1,52E-4,6,88E-5,6,80E-7,3,35E-b,1,52E-6
197a41E-642. OQE 5.2.96E-3,8, 14t 4,9 97E 7.9 1766/

NORMALTZED IODINE ANWUAL KELEASE (cI/YR/MICROLI/GM)y,

DATA RNS/0.32,0,32/
DATA RNAXS/2,5,2.5/
DATA RNFH/0,038,0,0387
VATA RNFHS$S/0,093.0,094/
DATA RNT/3.8E3,3.8BE3/
UATA RNTS/4,2E244,2E2/

PARTICULATE ANNUAL RELEASE RATE (CI/YR)

DATA PCRP/9,2E.3,5,3E#3,8.,26.4,2,5€-292,6£-3,¢,7TE-3,1,3E-2,5,2E-3,
10.0E40,1.8E=3,1,6E-3,0, OE*0.0-OE‘O 2.56-3+3, Zt 315.,5E=340. o&‘n 1.3
2E=3/

DATA PAXBP/3,2E«6,7,86.95,0,0E4041,9E<3,5,1E~415,0E-5,7,5E~4,2,9E-4
191,0E-3,3.,0E-5,2. 35 Sy6e0E-6,3,9E~6+5. 45-« 4 ,0E=5,T,2E-44% 064424
2obk=5/

DATA PFHBP/] ,8E-4,3,08-4,0,0E+042,16-2,8,¢E-3+40.0E40,2,16-3,8,0E~4
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OO0

1,3,55-6,2!~t-3,3,35.5,6,9t-5,b.76-5.1.7E-3.0.UE*0'2.7E-3v0.0E00v“-
24E=7/
DATA PGWS/1,4E=542,1E464000E40,8,TE=691,4E-5y1 BE=644,4E-5,1,TE-59
14.8E-6,3.7E-6,3,25-6.¢,7t-6,o.oﬁ‘0,3.SE-SvS.35-6.7.7E-5'2.3E-5.2.2
2E-6/

BUILT=IN PARAMETERS

OPFRA=(,80
AUXLR=160.
EM=2,0
GENL=T7s5,
CLFNG=0,03
CLFI=8,0E=~6
PURTIM=16,.
TBLK=1700,

AFPTEG=0.0 061880

READ (5,1000)NAME»TYPE

WRITE (641440)

WRITE(6,1000)NAME,TYPE

READ (5,1010)WORD,,POWTH

WRITE(6,1010)WQRN,PO#1H

WRITE(6,41020)

READ (5,1010)WORD,PRIVVL

WRITE(6,1010)WORD,PRIVOL

READ (5,1010)wORD,DEM1IFL

ARITE(6y1010)WORD,DEMLFL

READ (5,101u)WwORD,CHFLR

WRITE (se1010)WORD,CBFLR

READ (5,1010)WORD4GEN

WRITE (6,1010)WORD,GEN

READ (5,1010)WURDsTOSTFL

WRITE (6,1010)wORD,TOSTFL

KEAD (5,1010)WORD WLI

WRITE (641010)wWORD,wLI _

WwLI=GEN#wL] 04600

READ (5,1040) TBD yKFNRT

WRITE(6,1050)TRD

IF (KFNRT.EQ,0)FNRTSC=0,99

IF (KFNRT.EQ,1) FNRTSC30.9

IF (KFNRT.EW,2) FNRTSL=1.0

READ (5,1010)wORD REGENT

WRITE(6,1010)WORD,REGENT ,
004740

READ PATA FOUR LIQUID INFORMATION
004760

READ (5,1010)WQRD,FFCDOM

WRITE(6,1010)WORD,FFCDM

READ (5,1060)WARD,SBLUR )

CwA=1,.0 004820

READ (5,1070)DFICW,DFCSCWPFCW

READ (5,1080)TC,TSTORC1CWFP

WRITE(6,1090)

WRITE (541100) . <

WRITE (6,1110) WARD ,SBLURYCWA,CHFD,TCyTSTORC,DF4CW,DFCSCW,DF CHW

HREAD (5,1120) WARD ,EDFLR,EDA

READ (5,1070)DF IED,DFCSEDVFED

READ (5,1080) TE,TS,EDFV

WRITE (6,1110)WARD ,EDFLR,EVA,EVFD,TE,TS,DF IED,VUFCSED,DFED

READ (5,1120) WARD 4OWFLH D~

READ (5,1070)DF 1DV ,DFCSDwUFDW
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30

40

50

60

70

80

READ (5,108Q) T, TSTORD 1 DWFP )
WRITE(6+1110) WARD DWFLR,DWA,DWFD,TDyTSTORY ,DF 4DW,DFCSDW,DF DW
READ (5,1120)WARD yDWFLZ,DwE

READ (5,1070)DF1D?,DFCD2sVFD2

READ (5,1080)T2,TSTOR2sDuF 2

WRITE (6,1110)WARD ,DWFL2,Dw2,DWF2,T2,T5TORE,DF1D2,0FCSD2,DFD2
READ (5,1130)BDTFR

READ (5,1070)DFICM,DFCHCM,PFCM

READ (5,1080) TCM, TSTORE,,CMFD

READ (5,1130)RGWFR

READ (3,1070)0FIRG,DFCSRG,PFRG

READ (5,1080) TRG, TSTORR,RGFD

IF(TBD ,EQ.0,0) GO 7O 30

BUFR=TRD*1.0E34BDTFR/0,3476

WRITE (6,1140) BDFR,CMFY,TCH, TSTORB,DF ICM,DF cSCM,DFCM
BUFR=TRD#1,UE32ABS (1.#BDTFR) 70,3476

WRITE(641150)BDFR

1F (FFCOM,EQ,0,0) GO TW 50

IF (REGENT.EQ,0,0) GO TO 40

WRITE (6,1160)RGWFR,RGF D3 TRG, TSTORR,DF IRG,PFCSIGyDFRG

GO To so

RGWFR=n,0

WRITE (6+1160) RGWFR,RGEDs TRG, TSTORR,DF IRG ¢+ DFCSRG»DFRG

READ PATA FOR GAS INFURMATION

WRITE(6,1170)
READ(5,1180)KGTRWT

It (KGTRWT.EQ,0) GO TO 70
GTRW=(DEMIFL-SBLDR/1440.)/DEMIFL
IF (KGTRWT.EW,2) GO TO 60
WRITE (641150)

60 TO 80

GTRW=0,25%GTRW

WRITE(641200)

GU TO R0

OTRw=0,0

WRITE (6,41210)
SRE=GTRW#UEM]FL e (SBLORLEDFLR) /1440,
WHITE (641220)SRB

READ (5,1010)wORD,TAU1

WRITE (6.1010)WORD,TAUL

READ (5,1010) WORD,»TAU2
WRITE(6,1010)wORD,TAUZ

READ (5,1010)wORD,TAU3
WRITE(6,1010)WORD,TAUJ
WRITE(6,41230)

GWPRF=1,0

AXIRF=1,0

AXPRF=1,0

CHIRF=1,0

CHPRF=%1,0

CLIRF=1,0

CLPRF=1,0

FHIRF=1,0

FHRPRF=1,0

CAIRF=1,0

CAPRF=1,0

READ (5,1250) wURD+GWHRE

IF (GWHRE 4UT,.0,0)GWPRFS1.0~GWHRE/100.
WRITE (641260)WURD,GWPHF

KEAD (5,1270) WARD 4 FHCHHRE s FUHRE

IF (FHCHRE.GT,0,0)FHIRF=1,0-FHCHRE/

100
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[eNeKe]

90

100

110
120

130

la0

150
160

IF (FHHRE 4 QT .0.0) FHPRFE1 4 0=FHHRE/100,
WRITE (641280) WARD yFHINF oF HPRF

READ (5,1270)WARD y AXCHBE s AXHRE

IF (AXCHRE.GT,0,0)AXIRE=1¢0D=~AXCHRE/100,
IF (AXHRE 0T ,0,0) AXPRF§1,0=AXHRE/100,
WRITE (6+12B0)WARD ,AXINFAAPRF
READ(5,1010)wORD,CONVYL
WRITE(6,1010)WORD,CONYOL

WRITE (641290)

READ (5,1370) WwARD yCAGHRE ¢ CAHRE 4 CFM

1F (CACHRE +6T,0,0)CAIRE=1+0=-CACHRE/100.
IF (CAHRE,.GT,0,0) CAPRF§1+0-CAHRE/100,
IF (CFM,EQ.V.0) GO TO YO

K1D=1

WRITE (§01300)CFMvPURTLM

GO TO 100

KID=9

WRITE(641310)

IF(FFCPDM.OT,0,0) GO TU 110
WRITE(6,41320)

60 To 120

FIBCD=7,0-FFCDM

WRITE{g41330)FIRCD

IF(TBD EN.V,0) GO TO 130

CUON=0.01

WRITE (641340)CON

GO TO 140

COn=1.40

WRITE (6,1340)CON

READ (5,1350) WARD 4 CHCHRE s CUHRE S EHP

I1f (CHCHRE.GT,0,0)CHIRE=1e0~CHCHRE/100.
1F {(CHHRE 6T ,0,0) CHPRF5 0~CHHRE/Z100,
EN=2000ENP

WHITE (Ay1360)EN

WRITE (641280)WARDCHIRFyCRPRF

READ (5,1370)WARD+CLCHRE CLHRE PNOV]

IF (CLCHRE .GT,0,0)CLIRE=1,0-CLCHKRE/100.
IF (CLHRE.UT.0,0)CLPRF51.0-CLHRE/100,
IF (PNOV].tT.1,0) GO TV 159

WRITE(6,138U)WARD,PNOV]1 9 WARD,CLIRF ,CLPRF

GO TO 160

WRITE(691390)

WRITE (6,41400)TBLK

READ (S,1010) WORD 4FVN

WRITE(641010)WORD,FVN

READ (5,1010)wORD,FEJP
.FEJP=1,p-FEJP/100,
\WRITE(6,1010)WORDFEJP

READ(5,1010) WORDPFLAUN

IF (PFLAUNLLE,0,0) WRIIE (€91430)

CONVERSION OF UNITS

TOSTFL=TOSTFL®#1000000
wLl=wly#1000,
CUNVOL=CUNVOL#1000000¢
CFM=CFM#1000,
TBD=THpD#1E3
PRIVOL=PRIVOL#1E3
VEMIFL=DEM]IF| #500,53
SBLDR=gRLUR® 3476
ELUFLR=FDFLR® 3476

005710

VNS840

006210
006220
006230
006240
0n6260
006270
0n62R0
0p6290
006300
0p6310
006320
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OO0

190

200

210

220
230
240

250

280

DWFLRspWFLR# 3476
DWFL2=pwFL2% ,3476
CBFLR=CBFLR#500,53

006340
006350
0n6360

H3COPW IS THE PWR TRITIUM PRIMARY COOLANT CONLENTRATION IN UCI1/G*" 0n63A0

H3COPW=1,0
H3PRPY¥=0,4*POWTH

006390

TPLRPW=SBLDR4CWA#CWFD+EDFLR#EDA®EDFD +UWFLR«DWA4DWFD+DWFL2#DW24DWF 2006400

H3RLPW=TPLRPW#H3COPWH#J, 977

IF (H3RLPW.GT,0,9#H3PREW)HIRLPW=0,9«H3IPRPW
H3RLG=H3PRPW_H3RLPW

plv=10,e2 (INT(ALOG10(H3RLE))-1)

Iblv=P1V

IH3RLG=INT {H3RLG/DIV+0,5)%IDIV

1IF (TAU3,EV.0,)TAU3=,0}

SRB=SRB#500,53

PE=365,/TAU3

T1=3,1857ET/EN*OPFRA

T3=3,1557E«07/PE

T4=TAU1#B6400,

T5=TAUp#86400,

DO 190 I=1+13

DECOH(T1)=DECON (1) #2360V,

PO 200 I=1s13

CONCP(1)=4PLl (1)

IF (POwTH.LT,3000.,,0R.PONTH LT,3800,) GO TU 210
It (PRIyOL,LT,5, 0E5,0R,PRI¥YOL 6T ,.6,0E5) GU TO €10
IF (UEM]FLWLT,3,2E4 ,0R4DEMIFL 0T 4,2E4) GO TO <210
IF (SBLDR,LT.2504,0R.SELVR, GT 1000,y GO TOU 210

IF (CBFLR.6T.7500.) GO TQ €10

IF (KGTRWT.G!t,0) GO TO 210

GO TO 240

AFPTEG=1,.0

RNG2= (SBLDR+DEMIFL# GTRw)/PRIVOL

RHAL2= (DEMIFL#0,99+04Y1%SBLDR) /PRIVOL
RK2G=1g1,76#POWTH/PRIVOL

DO 230 1=1,13

IF(I.6v,11) GO TO 220

CONCP (1) =CUNCP (1) #RK2Y# (,0009+DECOH (I))/(RNGZ*DECOH(I))
GO TOo 230

CONCP (1) =CONCP (1) #RK294 (0+06T+DECOH (1) )/ (RHALC4+DECOH (I))
CONT INyE

IF (TBP,EC.0,0) GO 70 &80

PWTYPE=1.0 IS FOR pwRS WITH yU-TUBE STEaM GENERATORS

PWwTYPE=1,0

DO 250 I=1y11

CONCS(1)=XP2 (1}

CONCS(12)=1,8E-6

CONCS (13)=64+8E=6

1F (AFPTEG.EQ,1,0) 6O To 300

IF (WLI LT+4.0ES,O0R WLE,6T«5,0E5) Go TU 300
IF (TOSTFLWLLT,1.3E7,0R4TOSTFL,6T.1.7E7) GO TO 300
IF (TBP,LT.5.0E4,0R, TBY,6T.1,0E5) Go TO 300
IF (FFCOM.GT.0,01) GO TQ 300

60 TO 340

PWTIYPE=2.0 1S FOR pPWRY WITH ONCE-THROUGH STEAD GENERATORS

PrTYPE=2.0
B0 290 I=1y11
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290

300

310

320

c
C
c

330
340

CONCS (T)=XP2(I)

CUNCS(12)=5,2E-8

CONCS(13)=1,6E=7

IF (AFFTEG.EW,1,0) 6O To 300

IF (TOSTFL.LT,1,3E7,0RyTOSTFL,6T,1,7E7) GO TO 300
IF(FFCOM,LT,0.55,0RFFCOMGT,0,75) GO TO 390

60 TO 340

CONTINUE

IF (FFCDM(GT,.0,01 ,AND4FFCPM,LT,1,0) FFCOM=0,2
RHAL3= (TBD#*FNRTSCs+ ,9#GON®TOSTFLoFFCDM) /WL]

b0 330 I1=1,13

IF(1,61,11) 60 TO 310

CONCS (1)=CONCS (1) #1,5E7/TUSTFL® (CONCP (1) /7XP1 (1))
60 T0 330

IF (PWTyPE.EQ,2,0) GO 1O 320

CONCS (1) =CONCS (1) # (4.9ES/"LI)#(0,17¢DECOH(I))/ (RHAL3+DECOH(I))#
1(CONCP (1) /XP1 (1))

60 To 330

CONCS (1) =CONCS (I)#(1+VES/WLI)#(27,0+DECON(I) )/ (RHAL3+DECOH (I))#
1 (CONCP (1) /XP1(1))

CONTINyYE

PNOV=PNOV1/CONVOL®#60,

THIS PART OF PROGRAM IS FUR NOBLE GASES

J=0

DO 370 I=1+13

X2 (1)=(DECON(1)+PNOV/3600+)#T]

IF (X2(1)40T,30,) X211)=30.

A3(I) = DECON(I) # T3

IF (X3(1)e©T430,) X3¢I11=30,

X4 (I)y = DECUN(I) # T4

IF(X4(1)46T,30,) X4tI)=30e

X5(1y = DECON(I) # 15

XDK=X5(1)

IF(X5(1).6T,30,) XDK=30.

IF(1,67,11) GO TO 350

IF(1,6T,4) XDK=X& (1}

CTPRO(I)=(CUNCP(1)#PRIVOL®CLFNG)/ (DECOH(1)+PNUV)#] ,B92E-S
ACONT(1)=CTPRO (1) & (1.4EXP(=X2(I)})
ASHIM(I)=(CUNCP(I)2SRP)/DECOH(T)#4 54E-4%{],=EXP (=X3(I)))
AXBL (I)=CUNCP (1) *AuUXLH®,165T«0PFRA

007140

0n7190

007240
007250

0nT2R0
007300
V07330

007360
0n7370

0nT470
007480
007490
007500

CsCP(ly= EN & PNOv # (CTPRO(1)#T1/3600,¢CTPRU(I)# (EXP(~X2(I))~1.)1007510

1/ (DECOH (1) +PNOV))

CHBSP (1) =EN#KCONT (1)
CBL(1)=CBCP(1)+CBSPtI}

ASHIMC (1) =PE#ASHIM (1) *EXP (-XDK) #OPFRA
ASHIMS (1) =EM&CONCP (1) #PRIYOL#4,54E-4+#EXP {=XDK)
EJT(I)=CONCS(I)#TOSTFL#3,977#0PFRA
TBL(I)=CONCS(I)#TBLK#J},977#0PFRA

FHBL (I)=0.,0

BVOG(1y=0.0

TEST=1,0

IF(CBL (1) LT, TEST)CBL{I)=0,0

IF (ASHIMS (1) ,LT,TEST)ASKIUS (1)=0,0

IF (ASHIMC (1) ,LT,TESTIASHINC(1)=0,0
IF(EJT (1) LT TESTHEJT(I)=0,0
IF(TBL(I) LT, TEST)TBL{I)=0.0

IF (AXBL (I)eLT.TEST)AXBL(I)=0,0

60 To 370

THIS PART UF PROGRAM LS FLR JUDINE
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350

360

370

380

385

0n7700
CTPRO(I)=(CONCP{1)#PRIVOL®CLFI)/ (DECOH(1)+PNOV)y#]1,892E-5
ACONT(1)=CTPRO(IV# (1 e®EXP(=X2(I))) 0n7720
JEJe .
AXBL (Iy= (RNAX (J) +RNAXS (J) ) #CONCP (1) «AXIRF
FHBL (Iy= (RNFH(J) +RNFH% (J) ) #CONCP (1) #FHIRF
ASHIMC (1)=0.0 UpT7740
ASHIMS (1)=0,0 0n7750
EBCP(Iy= EN & PNOv # (CTPRO(I)#T1,/3600,¢CTPRY (I)& (EXP(=~X2(1))=1.)007760
17/ (DECOH (1) +PNOV)) »CLIBF
CBPP (1) =ENP&ACONT (1#GHIRF
€BSP (I1)=RNS (J)«CONCP(1)4COIRF
CBL(I)=CBCP(I)+CBSPtIL+CBRP(])
EJT(I)=1.7E3#CONCS (1) ®CON¥FEYP
TBL(1)=(RNT (J) +RNTStJ) #CUNCS (1) »CON )
BVOG (I1)=CONCS(I)*TBD#LVN#3,97T40PFRA 007830
IF(KIP,EQ.0) GO TO 360
DLAK= (CFM#60 ,#CACHRE®(,01%0,7/CONVOL) +DEEVH (I

EXX2=D_AK#PURTIM 007860
IF(EXX?2,6T.30,) Exx2=30,

EXPF=ExP (=EAX2) 007880
EXPC=1,=EXPF 0n7890

ELSSSCHIRF#CONCP (1) #PRIVOL&CLFI#]1,852E.5/P AK*EXPC

CHL{I)=CBPP (1) 4EXPF+ELSSHENPLCBCP(I)#(],-FPURTiIM/ (8760,40PFRA/EN) )+
12%CHINF40,108CONCP (1) ®PURTIM/ (244%32,5) #«EAPC/ (DLAK#PURTIM)

>4 (CHSP (1) =2, #CHIRF#0+16#CUNCP (1) #PURTIM/(264,432.5))

TEST=0,n001

1F (CRL (1) LT, TEST)CBL{I)=0,0 007930
IF (EJT (1) LT, TEST)EJTLI)=0,0 007940
IF (BVOG (1) +LT,TEST)BVUG(I}=0,0 ' 007950
IF(TBL (1) W LT, TEST)TBLIII=0,0 Uo7960
IF (AXBL (1) oLT,TESTyAXOL (I)=0,0 Ln7970
IF(FHBL (1) WLTTEST)FHBL(I1=0,U

CONTINUE

M516=] O0puo020
NSIG=113

CALL SIGF2(CBL,MSIG4NS G) 008040
CALL SIGF2(ASHIMS,MS1L,N51G) 0nBOSO
CALL SIGF2(ASHIMC,mS51Uu,NSIG) 0pB060
CALL STIGF2(EJT4MSIGyNSIG) 008070
CALL SIGF2(BVOGsMSIG,yNSIG) 008080
CALL SIGF2(TBL,MSIG,NSIG) 008090
CALL STIGF2(AXBLIMSIGyNSIG) 008100

CALL SIGF2(FHBLyMSIGsNSIG}

W0 38p I=1,13

TOT(I)=CBL (1) +EJT (I1y+1BL (1) +AXBL(I)+FHBL (1)+BY0G(I)+ASHIMC (I)easH]
1MS¢(1)

CONTINyYE

CALL SIGF2(TOT,MSIG,NSIE) 008140
WRITE (6,1440)

WRITE(641450)NAME

WRITE(6,1460)

ARITE (641560)

WRITE (6,1480)

DO 385 1=12413

WKITE (6¢1495)NUCLIDYI)sCONCP (1),CONCS(I)9FHBRL(T),

1CBL(I) JAXBL (I)4TBL(I)9RVOG (1) yEJTII),TOT (1)

CONTINYE

WHRITE (6,1480)

WR1TE(6,1510) IH3RLG

WRITE (641440)

WKRITE(641450)NAME

WRITE(Ry1460)
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c
c
c
1
1

390

410

420

430

440

450

0oo
005

WRITE (641470)

WRITE(6,1480)

GASTOT=0,0

v0 390 I=lsl1

WRITE(641490)NUCLID¢ILsCONCP (I)sCONCS(I)9sASHINS (1) ,ASHIMC(I),
1C8L (1) JAXBL (1) 4TBL (I)9BVOG(I)9EJT(1),TOT (1)
GASTOT=GASTUTTOT (1}

CONTINYE

bly=10,#2(INT(ALOG10(CASTOAT))=1)
GASTOT=AINT (GASTOT/DIV+0,%)#DlV
WRITE(6,1500) GASTOY

WRITE(6,1480)

WRITE (6,1520)

WKITE (6, 1440)

WRITE(6,1450)NAME

NRITE(6,1530)

WRITE (641540)

WRITE (re1480)

4H=876n,*0OPFRA/EN

ThIS PART OF PROGRAM 1S FUR THE PARTICULATES

VU 430 I=1,18

PRCONT (1) =PLBP (1) /(8790 %UPFRA)

IF (PNOV,.6T«0,0) GO TO 41U

PCBCP(1y=0.,0 )

PCHBSP (T)=tHePRCONT (1) 2QH#LHPRF

oU TO 420
PLuCP(I)=(ENQ(QHuPRcho(I)-PRCONT(I)/PNOV°(l.eEXPp-PNoonH))))
12CLPRF ' ' ' '
PCBSP (1) =(EN# (PRCONT (1) /PNOVa (14 0-EXP (=PNOV#4D) ) ) ) #CHPRF
PCBL (1y=PCnCP (1) +PCB2P (1)

PAXSL (1) =PAXBP (1) «+AXPHF

PFHBL (1) =PFHBP (1) *FHPOF

Powl (1y=rUWwsS (1) #GwpRF

IF(KID ,EV.U) GO TO 430

PUOLAK=CFM#00 ,#CAHRE®#0,01%0,7/CONVOL

PEXX2=pDLAK#PURTIM

IF (PEXX2.0T430,) PEXXZ=30,

PEXPF=EXP (-PEXX2)

PEXPCz),=~PEXPF

PELSS=PRCUNT (1) /PDLAKYPEXPC#CHPRF

008360
008370

0p8560

0nBAOO

DaB710

0n8730
008740

PCBL (1)=PCBSP (T)#PEXPF +PELSSoEN+PCRCP (1) # (1,~FURTIM/ (8760,%0PFRA/E0QRT60

1N}

CONTINUE

M516=2

NSIG=1lg

CALL SIGF2(PCBLyMSIGyNSIG)

00 440 1=1y18

PTOTP(1)=PCBL (I)+PaXBL(I)+PGwL (I)+PFHBL(I)
CONTINUE

CALL SiGF2(PTOTPyMSIGiINSI®)

DO 450 1=1,18

WRITE (6,1550)PPART (1) 9PGWL (1) yPCBL (I)sPAXBL (1) PFHBL (I)+PTOTP(I)

CONTINYE
WRITE (6,1480)
SToP

FORMATS FORMATSY FORMATS FORKMATS

FORMAT (32Xs8A4,12X,A4)
FURMAT (16X ¢ "BLOWDOWN IS PROCESSED THRUUGH CONVENSATE DEMINwW)
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1007
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100

1110
1120
1130
1140

1150
11A0
1170
1180
1190
1200
1210

1220

1230.

1250
1260
1270
1280

1290

1300

1310
1320
1330

1340

1350
1360

1370
1380

1390
1400
1430
1440
1450
1460
1470

FURMAT (16Xs"BLOWNOWN IS NUT PROCESSED THRUUGH CUOND, DEMIN.w)
FURMAT (16X31384442,F10,5)

FURMAT (16X "PLANT CAPACITY FACTOR® ,TT74,"0e80")
FORMAT (16X s "PERCENT FUEL ®ITH CLADDING DEFECT21,T74,F7,5)

FORMAT (36X9FB8,4935x911)

FORMAT (16Xs"BLOWDOWN HATE (THOUSAND LBS/HR)19&4X4F9,5)

FORMAT (15X14A4,A2,8Xs58,0)

FORMAT (20X9F 8,002 (5X9F840))

FORMAT (27XsF6,2914X9FR,2918X,F6,2)

FORMAT (/9" LIQUID WASTE INPUTS")

FORMAT (30X,"FRAETAON FRACTION COLLECTION DECAY"/BXySTREAM
1 FLOW RATE OF PCA D4SCHARGED TIME TIME",5Xy DECONTAM

2INATION FACTORS"/20Xgn (GAL/DAY)"323Xsu(DAYS)  (DAYS)u,7X,
3y 8X,nCS"y8X,"OTHERS ")

FURMAT (2X14A4 A2, 1PE912, 1844 (0PFB,492X)s3(1PET.291X))
FORMAT (15X 9424 4A2,8X+F8,097X,F6.4)

FORMAT (70XsF10,5)

FURMAT (2X s "BLOWDOWN! s 10X s IPEG .29 11X9FB,398X42(F8.342X),
13(1PEF,2+1X))

FORMAT (2X+"UNTREATED PLOWPOWN",1PEQ,2911Xsn 1,000 00000
10,000 1.00E+00 1.0VE+00 1.,00E+g0M) :
FORMAT (2X»"rEGENERANT SOLg "y 1PE9,2914X90PF5,3,2X+2(F8,3,2X),

13(1PES,2,1X))

FURMAT (/9" GASENUS WASTE InpUTSM)

FORMAT (79X911)

FORMAT (16X "THERE 1S LONTINUQOUS STRIPPING OF FULL LETDOWN FLOWH)
FURMAT (16As"THERE IS CONTINUNUS LOw VOL PURGE OF VOL, CUNTROL TKw)
FORMAT (164" THERE 1S NOT CUNTINUVUS STRIPFING OF FULL LETDWN FLO«™
) . . .

IFORMATkiex."FLow RATE THRUUGH GAS STRIPPER {BEM)M"s19X,F9,9)
. FORMAT (16Xs"PRIMARY CUOLANT LEAK TO AUXILIARY BLDG (LB/DAY)!sT72,
1"160,00000") ‘ o o ‘

FURMAT (16X94A4 46X ,F3.V) C

FURMAT (16494A4 ,4X,nPARTICULATE RELEASE FRACTIUN",6X4F10.5)

FURMAT (16X95A4,10X,F3y 1 46X,F3,0)

FURMAT (16X95A4,"TODINE RELEASE FRACTIONYs11XeF 10.5/36X,"PARTICULAT
1E RELEASE FRACTIONN,6A,F10.5)

FORMAT (16Xs"FREQUENCY OF PRIMARY COOLANT VDEGA®SING (TIMES/YR)1,T74
19"2,00000"/16X,"PRIMARY Tg SECONDARY LEAK RATE (LB/DAY)",T72,
2N 75.06000n) )
FORMAT (16X4MTHERE IS A KIUNEY FILTERn/20X9snCONTAINMENT ATMOSPHERE
1CLEANUp RATE (THOUSANY CFM)n T71,F10,2/20A,"PURGE TIME OF CONTAIWM
2ENT (HOURS)I'",T71+F1043)

FURMAT (16Xs"THERE 1S NOT & KJUNEY FILTER")

FORMAT (16X "THERE IS NOT A CONDENSATE DEMINERALIZER")

FORMAT (16Xs"FRACTION LOOINE BYPASSING CONMENSATE DEMINERALIZERw,
17X9T7R,F9.5)

FORMAT (16Xs"IODINE PARTITION FACTOR (GAS/LIQULID) IN STEAM GENERATO
1R ",F7,5)

FORMAT (16X95A4,10X,F330s6XyF340919x3F3,0)

FORMAT (16Xy"FREQUENCY OF ENTMT BLDG HIGH YOL FURGE (TIMES/YR)',
1T73,F8,5)

FORMAT(16X’5A4.10X.F390,65.F3.0v14X'F5.2)_

FORMAT (16X 9524, "RATE (CFM) "3 24XyF11,5/16X 95449 "TODINE KELEASE FRACT
110N, 11X,F10,5/36X,"PARTIEULATE RELEASE FRACTLON'",6X4F10,3)
FURMAT (16X "THERE S WOT A CNTMT BLDG LOW VOLUME PURGEW)

FURMAT (16X4+""STEAM LEAR TO TURBINE BLDG (LBS/HRN)",19X,F10,9)
FORMAT (10"s 15X ,"THERE IS NOT AN ON.SITE LAUNDRY")

FORMAT (1H])

FURMAT (16X95A4)

FORMAT (1HOs67X,"GASEOUS RELEASE RATE = CUKIES PER YEARW)

FURMAT (1HO s 11X, "PRIMARY" 94X s "SECONDARY 1y TX oGRS STRIPPING" 411X,
1"BUILDING VENTILATION'/12R¢"CUOLANTH OXy"LOOLANTI g SX 2] (1=11),
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1480
1490
1495
1500
1510
1526
1530
1540
1550

1560

#DECK

lo

20
30

50

24X930(1e=").945X,uBLOWDUNN AIR EJECTOR TUTALY /10X ,"(MICROC1/GM) (M
31CROCI/GM) SHUTDOWN  CUNTINUOUS REACTUR AUXILIARY TURBI E
4 VENT OFFLAS  EXHAUST")

FORMAT (1HO» 130 ("="))

FORMAT (M0 ",A8,2(2Xs1FEL10e3),8(3Xy1PEB,191X))

FORMAT (10 "yAB8,2(2Xes1FEL1003) 412Xy 7 (3X91PER,191X))

FORMAT (1HO" TOTAL NVYBLE GASESw,101X?1PES,1)

FORMAT (1H0+30X,"TOTAL H~3 RELEASED VIA GASEOUY PATHWAY = ", ,I4,n CI
17YR"//31X9s"C=14 RELEASED XIA GASEOyYS PATHwAY # 7,3 CI/YR"7/31X,
21AR=4] RELEASED VIA CHWNTALNMENT VENT = 34 CI/YRn)

FORMAT (1HOs"0,0 APPEARING IN THE TABLE INVICAIES RELEASE IS LESS
1THAN 1,0 CI/YR FOR NOWLE GAS, 0.0001 CIl/YR FQX Iw)

FORMAT (1H0954X,"AIRBORNE PARTICULATE RELEASE ZATE-CURIES PER YEARY
11

;ORMAT(1H0.36X,"WA57E GAS",16X,"BUILDING VENTILATION"/2X,"NUCLIDE"
1928X,"gYSTEMn, 14X, nREACTOR AUXILIARY FUEL HANDLG",7X,4TOTAL")

FORMAT (1HO09AB,28X ¢ 1PE8, 191X, 1PEB.194X,1PEB.1 14X, 1PEB,1910X+1PEBL
1:'ORMAT(1Ho-11x.nPR1MAf5Y".«x.--SECONDARYn.25x."vu1LDING VENTILATIONM
1712X 4 "COOLANTH (5X o nCOULANT I,y 15X 944 (M=tt) 464, "BLOWDOWN AIR EJECTUR
2 TOTAL"/10X 1 (MICROCI/ZGM) (MICROCTI/GM) 1y 12Xy "FUEL HANDLG REACTO
3R AuxiLIary TURBINE VENT OFFGA®  EXHAULSTwH)

END ’

SIGF2

SUBROUTINE SIGF2(RLPTAMSIG,NSIG)

DIMENSTON RLPT (NSIGR)

IF (MSIG,EW,2) GO TO 3¢

PO 20 1=1+N216

IF (RLPT(1).EQ,0.0) GY TO 20

IF(I.6r,11) GO TO 10 '

_THIS PART OF SUBROQUTINE IS FOR NOBLE GASEb.

DIVS10,a# (INT (ALOGIO (SLPT(I)))-1)

IF (RLPT(I)eLT,20,) Div=1.00 '

RLPT (1y=AINT (RLPT (I}/VIV+0,5)%DIV

GU TO »n

THIS PART UF SUBROUTINE IS FOR IONINE

CONTINUE

ISUB=2

DIv=10 ##(INT (ALOG10(RLPT(I)y)=-ISUB)

RLPT (I)y=AINT (RLPT(I¥/UIV+0,5)%DIV

CONTINUE

CONTINUE _

THIS PART UF SUBROUYINE IS FOR PARTICULATES

DO 5p I=1sNSIG

IF (RLPT(1).EQ,0.) GO TO 30

DIV=10,4% (INT(ALOG10(RLPT(1)))=2)

RLPT (Iy=AINT (RLPT(I})/HUIV+V 5)%D1ly

CUNTINYE

RETURN

END
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FIGURE 3-4
PROGRAM LISTING FOR LIQUID DETERMINATION

#DECK PGALELqg 000260
c GALE COVE FOR CALCULATING LIWyID EFFLUENTS FroM PWRS, MODIFIED

c AUG. 1979 TU IMPLEMENT APPENDIX I TO 10 CFR PART S50, REACTOR )

c WATER CONCENTRATIONS VALCULATED USING METDODS OF DRAFT STANDARD 000300
c ANS 237 "RAUIQACTIVE MATERIALS IN PRINCIPAL FLUID STREAMS oF 000310
C LIGHT WATER COOLED NULLEAK POWER PLANTS" DRALT DATED MAY 20, 1974000320
C MODIFIED EDITION OF ORIGEN PROGRAM TO COMPUTE EFFLUENTS FROM BWwR 000330
c ANS PWR RADWASTE SYSTEMS 000340
c 000350
C STATEMENTS #PROGRAM PGALELQ# AND «_EVEL 2% ARt FOR CDC USERS,

C FOR IBM USERS DELETE THESG STATEMENTS,

c

o000

ao

20

30

PROGRAM PGALELQ (INPUT,OUTPUTyTAPESSINPUT»TAPEE=0UTPUT,

1 TAPESR) o
REALLETDWNyNOGEN 000340
REALLETDWA 000300
COMMON/MATRIX/A(2500) 2 LLOC(2500) yNONO (800) 9KD(500) 0n0420
LEVEL 2,AsLUC¢NONpD,KD 000380

COMMON /CONST /MMN.ERRyMZERV

COMMON /EQ/XTEMP ({8003 +ANEW (10,800)+8(800) (800

COMMON /FLUXN/REGENT 045 (800) 4ILITE,IACT,ITOT

COMMON /0UT/INUCL (R00}

COMMON /CONC/PCONC (8003 ySCUN(800) »RINV (800) )

COMMON /COOL/REACTR,POW] ySBLDRyBLWDWN ,FPEF yHEF s EOFLRyDF IED 4 DFCSED

1 LUFED,DFIUW,DFCSOW,OFUW,EVAsD*AyCWADFCM,UFICM,DFCSCHM,

2 DFCWyNFICW,DFCSCW,BDTFR,LDFDyDWFD ,CWFD,CMFDy1S,TE,TD,TC,TCM,

3 TSTORC.TSTURD’TSTORB'DNFLZ’DNZ!DWFEQ!zyTbTORdQUFIDE!DFCSUZQDFDZO

4 PFLAUN,UWFLR

COMMON /APCOUL /RGWFR yDF IRGsDF CSRGyDFRGs TRGs TSTURR,,RGF D 0n06AD
COMMON /RDTES /RFNRT 0no6eTo
COMMON /CONP/PWCONC (80V) #SLUTV (800) ,SCOT (800)

DIMENSTON WURD]S5 (4) 4 WURD18 (5) 9 WORD56 (14) s WORD® (2) yREACTR(T)

0nORTO
READ NUCLEAR DATA AND CONSTRUCT TRANSITIOGN MATRIX

000890
CALL NyDATA(NLIBE)

000910
PO 20 1=2:1T70T 000920
NONQ (I)=NUNQ (I)+NONO(1=1) 000930
KD (I)=kD (1) +NONO(I=~1) 000940
BUILT=-IN PAKAMETERS
PF=0,8p
TBLK=1700,
MMN=Q
MZERO=2)
DO 30 y=1+800
PCONC(J)=0.0 001170
SCON(Jy=0,0 Unllao0
RINV (Jy=0.0 0n1200
CONTINUE

Jnl12s0
KREAD DESCRIPTION OF REACTUR AND PADWASTE TREAIMENT PLANT 0n1260

001270
PRINT Qth 0pl12Q0
READ 9010+REACTR.TYPE 001300
PRINT Qn10yREACTR,TYPE 001310
REAU §011+wURDS6,POW] 001320
PRINT 9011 +wWORDS6,PONI 0n1330
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OO0

40

50

60

70

PRINT 9027
READ PATA FOR LIAUID INFURMATIOWN

READ 90229WURDS6,PCVOL

PRINT 9022yWORDS6,PCVHL

READ 9012+wORDS64LETDWN

PRINT 9012yWORDSA,LETHWN

READ 9012+WURDS6,CBFLH

PRINT 9012+WORDS6,CBFLR

READ 9911+WORDS56,NOGEN

PRINT 9011sWORDS6,NOGEN

READ 90522+ WURDS6,STMFR

PRINT 9n22+WORDS6,STMER

READ 9922+"URDS6,WLI]

PRINT 9n22+WORDS6,wWLI
SCVOL=NOGEN®WL]

PRINT 9029,5CVOL

REAU 9055,BLWOWN,KFNRT

PRINT 90S1yBLWDWN

RFNRT=1,0

IF (KFNRT.EQ,2) RFNRTS0.0

PRINT 9041

READ 9712+WURDS6,REGENT

PRINT 9012+wORDS6,REGENT

IF (BLwpwN.EQ,0,0) GO To 40
FPEF=0,005

HEF=0.01

PRINT 9030yFPEF HEF

GO To seo

FPEF:I;O

HEF=1,0

PRINT on30+FPEFHEF

READ Ga209WURDS6,FFCOM

PRINT 9020 yWORDS6 ,FFCUM

IF (FFCpM.LT,0.001) GO TO 60
PFCB=1q0.0

DFCBCS=2.0

GO TO 70

wFCB=1,0

PFCBCS=1,0

READ 90s64+WORD}8,S8LDH

CrwA=1,0

READ 9014+UFICW,DFCSCW,DFLW

READ 909159TC,TSTORC,CWFD

PRINT 9045

PRINT 9016 .
PRINT 9017 yWORD18,SBLURyCWA,CWFD,TCyTSTORC,DFICW,DFCSCW,DFCW
READ 9013+WORD18.EDFLE,WORD8,EDA
READ 9014+UFIED,DFCSEV,DFLD

READ 9015 TE,TS,EDFD

PRINT 9017 +WORD18B,EDFLRIEDALEVUFD,TE,TS,DF LEDyWFCSED,DFED
READ 9013+WURD]18,DWFLE,WORDE,DWA
READ 9014 +DF IDW,DFCSUW,DFPW

READ 9015+TD,TSTORD,UWFD

PRINT 9017 9yWORD1R,DWFLRIDWA,DWFD,TDyTSTORV ,DF LDW,DFCSDW,DFDW
REAL 9n13+7URD]1B,DWFLEyWORDB, PW2
READ 9914+0F102,DFCSLE,UFL2

READ S$015+T2,TSTOR2,40ONF2

PRINT 9n17swWORD18,0OWFL2¢0N2,DWF2,T2,TSTORE,DFLD2,DFCSD2,DFN2

REAU $n37+8BUTFR )
READ §a14sVUFICH,DFCSCM,OFCM
READ $n159sTCM, TSTORB+CMFD
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0n1350

0n13R0
001390
001420
001430
001440
001450
001460
0nl1470
0014R0
0nlé490
001520
001530
0nl1540
001550
001580
001590

0@1620
091630
0n1640

0n1670
001680

001710
001720

vol7s50

001770
0n1780

001810

001860
0nl1RTO
Un1RA0
001890
001900
0nl910
001920
001930
001940
001950
001960
001970
001980
001990
002000
002010
002020
0n2030
Un2040
0n2050
0n2060



75

80

90

100

110

READ 9037+RGWFR

READ 90149+DFIRG,NFCSRY,UFNG

READ 90159TKGsTSTORRYHGFD

IF (BLwDWN.EG,0,0) GO To0 73
BUFR=BLWOWN&#E34RDTFR/0.3476

PRINT 9034 ¢BDFRyCMFDsTCM s TSTORB +DF ICMyDFCOCMyWFCM
BUFR=B|_ wDWN#) ,0E34ABS{]1.=~BDTFR)/0,3476

PRINT 9035s8DFR

IF (FFCOM.EQ,0.0) GO TW 90

IF (REGENT.Eu,0,0) GO TO 80

PRINT 9038yRGWFRyRGFDsTRG,TSTORR,DFIRG,DFCSRG1DFRG
60 TO 9n

RGWFR=0,0

PRINT 9038 sRGWFR,RGFD2TRGyTSTORR,DFIRG,DFCSRG+DFRG
IF (KFNRT.Ew,2) GO TO 100

FNRTS0=1,0~1,0/ (DFCM#WFCB)
FNRTSI=1,0~1,0/(DFICM¥DFCH)
FNRTSC=1.,0~1,0/(DFCSCMaDFLBCS)

G0 To 110

FNRTSO=1,0

FNRTSC=1.0

READ DATA FOR GAS INFHRMATION

PRINT 9n46

READ 9n21 +KGTRWT

IF (KGTRWT.EQ.0) PRINT 9093

IF (KGTRWT.tQ,.1) PRINI 9052

IF (K6TRWT,EQ.2) PRINT 9075

READ 9n12+wWURDS6,TAUL

PRINT 6012sW0RD56,TAU}

READ 9012+WORDS6+TAU2

PRINT 9n12ywORD56,TAUR

READ 9012+%ORDS6,TAU3

PRINT 9012+WORDS6,TAU3

GWPRF=1,0

AXIRF=1,0

AXPRF=1,0

CHIRF=31,0

CHPRF=1,0

CLIRF=1,0

CLPRF=y,0

FHIRF=1,0

FHPRF=1,0

CAIRF=]1,0

CAPKF=),0

READ 9065+WORD15+GWHRE

IF (GWHRE ,0T,0.0) GWPRF=1,0-GwHRE/100,
PRINT 90669W0RDISQGWP§F

READ §n67)WORD]8,FHCHIE sFUHRE

1F (FHCHPE .GT,0,0) FHIRF=1.0~FHCHRE/100,
IF (FHHRE 6T ,0.0) FHPRE=1,0~-FHHRE/1p0,
READ 9067 9sWURD184AXCHIE 9 AKHRE

IF (AXCHRE «©T,0,0) AXINF=l.0-AXCHRE/100,
IF (AXHRE.0T,0.0) AxPRE=1,0-AxHRE/100,
PRINT 9n6B+wORD18,AXINF 4 AXPRF

READ 9n22+WORDS6,CONVUL

PRINT 90n22+wORDS6,CONYOL

READ 9069+WURD18+CACHREsCRHRE$CFM

1F (CACHRE 6T ,0,0) CAI'}F=1-0-CACHHE/IOO.
1F (CAHRE ,6T,0.0) CAPthl.O-CAUR§EEOO.

002070
002080
0n2090°

002110
0p2120
002130
002140

0021R0

0n2210

002240
002250
002260

002290
002300
0n2320

002340

002360
tp2370
0n2380
00?2390
002400
Un2410
0n2420
002430
0n2440
0n2450

002600
002610



OO0

OO0O0

o0 0

120
130

140

150

READ 90719+WORD)8,CHCHRE s CHHRE
IF (CHCHRE .6T7,0,0) CHIRF=140-CHCHRE/100,
IF (CHHRE .6T,0.0) CHPRL=1.,0=-CHHRE/100,
ENz=2,0
PRINT 9n72+EN
PRINT 9068+WORD18,CHIKF,COPRF
READ §0699+WORD18+CLCHIE ,CLHREPNOV}
IF (CLCHRE 6T ,0,0) CLIRF=1¢0-CLCHRE/100,
IF (CLHRE.GT,.0,0) CLPRF=}1,0-CLHRE/100,
1F (PNOV1.LT,1.0) GO TP 120
PRINT 9070yWORD18,PNOV])yWQARD)8,CLIRF,CLPRF
60 To 130
PRINT 9073
PRINT 90649TBLK
READ 9920+WORDS6,FVN
PRINT 9020+wORDS6,4,FVN
READ $020+WORDS6,FEJ

, FEJ=1,0-FEJY/100,

LPRINT 90209sWORDS6,FEJ
READ 935209+ WORDS6,PFLAUN
IF (PFLAUNLLE,0,0) PRLNT 9048
RRINT 9n2eo

CONVERSIUN OF yNITS

EUFLR=EDFLR#48,8
UWFLR=pWFLR#48,8
DWFL2=pwFLZ%48,8

CALCULATE PRIMARY COOLANT CONCENTRATIUNS

DO 140 I=1y1TOT
PCONC (1) =PWCONC(])
POWA=PowWl
PCY0A=pCVOL#1E3
LETOWA=LETDWN®#500,53
SBLDA=SRLDR# 3476
CBFLA=CBFLR#500,53

CHECK TO SEE IF PRIMARY PLANT PARAMETERS ARE WITHIN SPECIFIED
RANGES

IF (POWA,LT.3000..0R.,P¥WA,¥»T,3800.,) GO TO 150
IF(PCYOA.LT.5,0ES.OR.PCVOA.GT+6,0E5) GO Tu 150
IF (LETDWA,LT,3,2E4 ,OR,LETPWA GT,4,2E4) GO TO 150
IF (SBLDALLT,250s 4OR.SBLDAGT ,1000,) GO TO )50

IF (CBFLA.GT.7500,) GO TO 150

GO TO 190

CALCULATE PRIMARY COULANT ADJUSTMENT FACTURS

AFPTES=1.0

RHAL2= (LETOWA®#(0,99+0.Y14S8LDA) /PCVOA

KCSRBZ= (LETDWA®0,54+04+2% (SBLDA+CBFLA®Q,9))/PCVUA
RCFP2= (LETUWA®#(,984+04Y.2% (SBLDA+CBFLA®V,5)) /PCYOA
RK2=161,76%POWA/PCVOA

PO 180 J=1ls1TUT

IF (PCONC(J) +EQ,0,0) GY TO 189

NLZ=NUCL (J) 710000

DL=UIS (J) #3000,

IF (NZ.EQ.53,0R,N7,EN,45) 0 TU 160
IF(NZoEQ.3T.OR,NZ,EQ,25) “0 TO 170
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0n2680

002800
002RT0
002820

002830
002900
002910
002920

002930

002940
002950
002960
002970
0n2980
004080

004100
004120

004150
004160
004170
004180
004190

004200
004210

004310

004360
004370



OO0

OO0 OO0

160

170
180
190

200

OO0

OO0

230

240

250

3n0

PCONC (J)=PCONC (J) #RK2% (0. V664UL) / (RCFP24UL)
GU T0 180

PCONC (J)=PCONC (J) #RK2% (006T+DL) / (RHAL2+DL)
60 T0 180

PCONC (J)=PCONC (J) #RK2% (0,037+DL) /7 (RCSRB2+VL)
CONT INYE

$BLDOR=SBLUR®48B,8

PCYOL=PCVOL®1000,%0,77/6246

CALCULATE SECONDARY CUOLANT CONCENTRATIONS

SCYOA=sCVOL#1E3
BLWOWA=BLWDWN#®#1E3
STMFA=gTMFR®1E6
FFCDA=SFFCDM

CHECK T0 SEE IF SECONVARY PLANT PARAMETERS ARE WITHIN SPECIFIED
RANGES

IF (BLwpWN,.EQ,0,0) 6O To 280
PWTYPE=1.0 IS FOR PWR® wITH y-TUBE STEAM GENERATORS

PwTYPE=1.0

DO 200 I=1.1TOT

SCON(Iy=SCUTV (1)

IF (AFPTES.EQ,1,0) 60 To 220

IF (SCY0A.LT.4,0E5,0R«3CVOR,GT.5,0E5) Go Tu 250
IF (STMFA,LT,1,3E7,0R.$TMFB,6GT.1.7E7) GO TU 250
IF (BLWDWA.LT ,5,0E4 ORyBLWPWA G6T,1,0ES) GO TO K50
IF (FFCDALGT,0.,01) GO TO 220

IF (FNRTSC,.LT,0,8996% “0 TU 370

60 TO 390

PWTYPE=2,0 IS FOR PWRS wITH ONCE~-THROUGH STEAM GENERATORS

FwTYPE=2,0

DO 240 I=1+170T

SCON (I)y=SCOT(I)

IF (AFPTES.EQ,1,0) GO T0 250

IF (STMFALLT.1.3E7.0RSTMFA ,GT,1.7E7) GO TV 250
IF (FFEDALT¢0.55.0R.FFECDACGT,0,75) GO TO 250
GO TO 390

CALCULATE SECONDARY CYUOLANWT ADJUSTMENT FACTORD

IF(FFCDA.GT.0.01.AND,FFCOA LT,1,0) FFCDA=0,2

RHAL33 (BLWDWA#FNRTSI+V ,9¢HEF«STMFAaFFCDA)/SCVUA
IF(FFCNA.GT,0.01 . AND,FFCDA LT,1,0) FFCDA=0,]

RCSRBI= (BLWDWA#FNRTSC*0+5#FPEFeSTMFA#F FCDA) /SLVOA

KCFP3= (BLWOWA®FNRTSO+Y,9#FPEF#STMFA#FFCDA) /SCVOA

IF (PWTYPE.EQ,2,0) 60 J0 33¢

RK3=4,5E5/5CV0OA

DO 320 I=1,170T

IF (SCON(I)+EQ.0,0) GO TO 820

NZ=NUCGL (I)/10000

PL=UIS(1)%3600,

IF (NZeFN.53,0R,NZ,EQ.%5) PO TO 300

IF (NZsEN,37T.0R N7 ,EQ¢25) WO TO 310
SCON(I)y=SCUN(I)a#RK3# (U, 17+DL)/ (RCFP3+LL) @ (PCONC(I)/PWCONCI(T))
GO T0 320

SCON (1) =SCON(I)#RK3#(V,17¢DL)/ (RHAL3+DL)®(PCORC(I)/PwCONC(I))
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004470

004490
004500
004510
004520

004530
004540

004910
004920

004940

005120
005130



OO0

OO0

310
320

330

340

350
360

370

380
390

400

410

420

60 TOo 320

SCON(I)=SCOUN(I)#RK3#®(V,154DL)/ (KCSRB3+DL)*(PCUNC(I)/PwCONC (1))

CONTINYE

60 T0 290

RK3=1,nE5/SCv0A

PO 360 I=1sITOT

IF (SCON(I)+EQ,0,0) GO TO 360 )
NZ=NUCL (1)710000 005260
bL=DIS (1)%3600, 005270
IF(NZ,EQ.53,0R,NZ . EQ.35) 0 TO 340

IF (NZ+£0.55.,0R,NZ.,EQ.37) %0 TO 350

SCON (1)=SCON(I)#RK3#(}4,0¢DL)/(RCFP3+DL)®(PCONC (1) /PWCONCII))

60 TO 360

5C0N(I?=5C0N(I)GRKa‘(?7.0*DL)/(RHAL3oDL)'(PCQHC(I)/PucoNc(I))

60 TQ 360

SCON(1?=SCUN(I)aRK3*(7.5*9L)/(RC5R83¢DL)’(PCQHC(I)/PwCONC(I))

CONTINUE

GO TO 390

RCSRB3= (BLWDWASFNRTSC¢0.S*FPEFeSTMFA#FFCDA) /SLVOA i
RK3=4 ,5E5/5CVOA 005380
D0 380 I=1,ITOT

IF (SCON(1)+tQ,0,0) GO TO 380

NZ=NuC (13710000 0n5410
IF (NZ«NE.37,AND,NZ ,NEy55) GO TO 38p 7
DL=D1S¢1)*3600, 005430
RSC=0,15 _
SCON(Iy=SCON(I)#RK3#{(RSC+PL)/(RCSRR3+DL)®(PCONC(I)/PWCONCI(I)) 005460
CONTINuE

BLWDWN=BL¥DWN#1E3/500¢53 .
SCVOL=gCVOL®]1000./62+% 05490
STMFR=gTMFR#2000, 005500

DO 400 I=1+1IT0T
IF (PCONC(]) «EQ,0,0) GY¥ TOQ 400

PCONC (1) =PCONC(I)/(DI®(1)*1,6283E13) 005530
SCON(1y=SCOUN(I)/(DIS(L)#1+,6283E13) 005540
CONT INUE

005560

COMPUTE REMUVAL CONSTANT FOR CONDENSATE DEMINERALIZER

IF (FFCDM.6T40,01.AND.FFCOY,LT4140) FFCDM=0,1
CIXRC=Z(0.9%BLWDWN#RFNRT/DFCM40,9#STMFR&FPEF&Ft CDM) / (SCVOL#7.48260,

005620
1) ,
CIXRCS=(0,5¢BLWOWNeRFINRT/VFCSCM¢0,5aSTMFReFPEF «FFCDM) / (SCVOL#7,40%005630
1 60,) 005640

IF (FFCDMoGT,0,0)ANDJELFCOM,LT.1,0) FFCDM=0,2 i
CIXRIB=(0,9#BLWDWN#RFURT/DFICMe0,9aSTMFRONEF#FFCOM)/ (SCVOL#T7,484650005650

1e) 0n5660
DO 410 I=1l.170T

NZ=NUCL (1)/10000 005680
PR=CIXRC

IF (NZ+EQ.3T.0R ,NZ,EQ.35) PR=CIXRCS

IF(NZ«EO.53,0R N7 ,EQ.35) PR=CIXRIB

XZHJ=ScON(l)«pRruSCVOL®0,0£832

B(1)=XzHJ 0pS730
CONT INUE

CALCULATE RADIOISOTOPE INVENTOREES ON CONVWENSATE RESINS

CALL SoOLVE 005790
DO 420 I=1le1TOT

RINV (1)=XTEMP(])

CALL EFFTAB 005820
STor
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- 006490

c .
c FOURMATS FORMATS FORMATS 006500
C 006510
9010 FORMAT (32X1TA4,16X,A4} 006620
9011 FORMAT (16X913A4443,F994) 006630
9012 FORMAT (16X114A4,4F8,4) 0n6640
9013 FORMAT (15X94A4,A2,8XyF84091X,A49A2,F644)
9014 FORMAT (20X3FB8,092(5X9F80)) 006660
9015 FORMAT (27X9F6,2414X9F2,2118X,F6,2) 0p6670
9016 FORMAT (n0"»30X,"FRACTION FRACTION COLLECTIQW DECAY"/8XynSTREAM 0066R0
1 FLOW RATE OF P4A PISCHARGED TIME TIMEn,10X9»nDECONTA006690
2MINATION FACTORS"/20Xa" (GBL/DAY)"23X," (DAYS) (DAYS)n, 7X, 006700
NI, 8X,CSMy6X,"OTHERSN) 006710
9017 FORMAT (2X14A44,A2+1PE99291%,4 (0PF8.432X)+3(1PEY.2y1X)) ' )
9020 FORMAT (16Xs14A4,F8,8) 006730
9021 FORMAT (79X,11) 006740
9022 FORMAT (16X914A4,F8,4) 006750
9026 FORMAT (1H1) 006870

9027 FURMAT (16X, "PLANT CAPACITY FACTOR",T75,"0+8000m) .
9029 FORMAT (16Xy""MASS OF WATER IN STEAM GENERATORS (THOUSAND LBS)",T73+006900

1F8,4) 006910
9030 FURMAT (16Xs"FISSION PRODULT CARRY-QVER FRACTIUN®,T75,F6.4/16X, 006920

1"HALOGEN CARRY-OVER FRACTIONnsTT54F6,%) 0n6930
9034 FORMAT (EXQ"bLOwDONN"’40x,lPEQ.z,14x10PF5|392X'2(F803OEX) ’ )

13(1PEJ,2+1X)) 006960
5035 FORMAT (2Xs""UNTREATED BLOWDOWN'",1PEg,2s11Xsn 1.000 G6.000

10,000 1.00E+00 1.0VE+00 1,00E+p0OM) .
9037 FURMAT (72X+F8,2) , V7000
9038 FORMAT (2X+"REGENERANT OLS W,1PEQ,2914Xs0PF?,3,2X42(FB8.,3,2X), 007010

13(1PE9,2+1X)) 007020

9039 FURMAT (3164E21,14)
9040 FORMAT (I16+E21,14) i
904] FORMAT (16Xs"PRIMARY T¥ SECONDARY LEAK RATE (LSS/DAY)",T73y

1" 75.0000")

9045 FORMAT (/9m0 LIQUIO WASTE INPUTSH) 097060
9046 FORMAT (/90 GASEOQUP WASTE INPUTSM) 0n7070
9048 FURMAT (n0"y15X,"THERE IS NOT AN ONLSITE LAUNDRYM) 0070R0
5051 FURMAT (16Xs"BLOWDOWN RATE (THOUSAND LBS/HR) 119¢5XyFBe4) 007090

9052 FORMAT (16Xy"THERE IS “ONTINUOUS STRIPPING OF FUuLL LETDOWN FLOW") 007100
9053 FORMAT (15Xy"THERE IS NQT CONTINOUs STRIPPING OF FULL LETDWN FLO#"007110

1) _ 007120
9055 FORMAT (36X9F8,4435X91}) 007140
9056 FORMAT (15Xs4A4,A2,8X9F840) 007150

9064 FORMAT (16X,"STEAM LEAN TO TURBINE BLDG (LBS/HR)",19X,F10,.4)

5065 FORMAT (16X94A64,6X,F3.0)

9066 FURMAT (16X964A4 44X,"PARTICULATE RELEASE FRACTIUN",6XsF10.4)

9067 FORMAT (16X95A4,10X,F390+6XsF340)

9068 FORMAT (16X95A4,#10DINE RELEASE FRACTION",11XsF10,4/36X,"PARTICULAT
1E RELEASE FRACTION®,64,F10,4)

9069 FORMAT (16X95A4,10X,F390s6X4F3,0914x,F8,2)

9070 FORMAT (16X95A4 ,"RATE (CFM)",25X,F10,4/16X92A4+"IODINE RELEASE FRACT
1ION",11X+F10,4,36X,WPARTICULATE RELEASE FRACTLONT,6XyF10,.4)

G071 FURMAT (16X+15A4 ,10X,F34046X,F3,0419%x+F3,0)

9072 FORMAT (16X,uFREQUENCY OF CNTMT BLDG HIGH VOL PURGE (TIMES/YR)m, 007330

1T74,4F7,4) -
9073 FORMAT (16X,"THERE IS NOT A CNTMT BLDG LUw VUL PURGE") 007350
9075 FURMAT (16X,"THERE 1S KONTINUOUS LOw VOL PURGE OF VOL. CONTROL TK")0n7360

END 007370
#DECK EFFTAR 007380

SUBROUTINE EFFTAB 0n7390

DIMENSTON 1SO0TP(3,100) ,
pDIMENSTON RtACTR(7,'N§uE(J)!CNCO@C;BOO)'D"CONE(BOO)OCHCUNC(BOO)
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DIMENSTON- TURBDR (800) 2OWCUN2 (800) +EDCUNC (¥00) yIOTHER(100)

COMMON JFLUXN/REGENT 4D4S(8D0) (ILITETACT,1T0T

COMMON /OUT/NUCL (R00Y

CUMMON /COOL/REACTR ,PO%1 ySBLDRYBLWDWN,FPEF ¢HEF yEUFLRyDF IEDyDFCSED
1 DFEDyDFIDUW,DFCSOW,DF UWsEDASDWA'CWA,DF CMyUFICH,DFCSCM,

2 DFCWyDFICW,DFCSCW,BD1FRy&DFDyOWFD,CWFD,CUFDyT1S,TE,TU,TC,yTCM,

32 TSTORC,TSTORD,TSTORBaDWFL2,DW2,DWF2,T2,TSTORE,DFID2+DFCSP2,0FD2

OO0O0

[2N e Xg]

OO0

30

50

4 PFLAUN,DWFLR

COMMON /APCOOL /RGWFR ¢ DL IRGYDF CSRGyDFRGy TRGs TSTURR,RGFD 007630
COMMON/BDTES/RFNRT 007640
COMMON /CONC/PCONC (800),SCEN(800) +RINV(800)
COMMON /DET/LAUNDRY (25} y WLAUND (25)
H3COPw IS THE PWR TRITIUM PRIMARY COOLANT CONLENTRATION IN 007790
UCI/GM 007800
H3PRPW=0,4%POW] i
H3COPW=1,0 0p7810
D0 30 u=1s1T70T7 .
CWCONC (J)=0,0 007920
EDCONC (J)=0,0 007930
DWCONC (J) =040 007940
DWCONZ (J}=0,0 007950
CMCONC (J) =040 007960
NZ=NUCL (J) /10000 ‘ 007970
IF(NZ+EQ.36,0R,NZ,EQ.,34) ¥0 TO 30 007980
CWCONC (J) =PCONC (J) #CWA 007990
EDCONC (J) =PLONC (J) #EDA 0nA00O
DwCONC (J) =PCONC (J) #DwA 008010
PWCONZ (J) =PCONC (J) «DWS 008020
CMCONC (J) =SCON (J) 0pBOSO
DFCVCS=50. .
IF(NZ.EQ.1)DFCVCS=1.0 008070
IF (NZ+EQ.35.,0R,N7,EQ.23) PFCVCS=100.
IF(NZ.EQ.37,0R NZ,EQ.25) PFCyCS=2, 008080
CWCONC (J) =CwCONC (J) /DL CVCE 00R090
CONTINUE 008100
0n8110
CALCULATE RADIOACTIVITY AFTER COLLECTION AT A CONSTANT RATE 008120
0n8130
CALL COLLECT(TC#B64009,CwLONCITOT)
CALL COLLECT(TE#R640094EDCONC,ITOT)
CALL COLLECT (TD#R64009,PWEONCHITOT)
CALL COLLECT (T2#R64009,DWCON2,ITOT)
CALL COLLECT (TCM#8640Y%,+CMCONC,ITOT)
IF (REGENT.LE.0,0) GO TO 50
CALL STORAG (TRG#86400y,RINV,ITOT) )
V0 100 I=1,1T70T 008210
NZ=NUCL (1710000 008220
TURBDR (1)=1991,#5,4SCUN(I1] 008230
IF (NZ.gQ.1) GO TO 100 008240
1IF(NZ.EQ,35,0R ,NZ,EQ,”3) 0 TO 60 0n8250
1F(NZ.EQ.37.0R,NZ ,EQ,35) YO TO 70 008260
008270
CHEMICAL TREATMENT FOT QTHER CATIONS 008280
. 008290
CWCONC (1)=CwCONC (1) /DFCHK 008300
EDCONC (1)=EDCONC (1) /DLED 0n8310
DWCONC (I)=DwCONC (1) /DFDw 008320
DWCON¢ (I)=DwCON2 (1) /DED2 0n8330
CMCONC (1) =CMCONC(I)#(1,0=0DTFRe(1,0-CMFD/UFCMI) 008340
TU TREAT PWR TURRINE BUILPING FLOOR DRAINS THRNOUGH DIRTY WASTE 008350

3-33



(eReNe]

(9}

OO0

60

70

100

110
130

SYSTEM, DELETE C FOR LOMMENT ON CARDS BELUWy, UNTIL NEXT MESSAGE

RINV (I)=RINV (1)/DLRG

TURBDR (1)=199]1,#5,8SCUN (1) #FpPEF
TURBDR(1)=199]1,#5,4SCUN (1) «FPEF/DFDW
60 To 100

CHEMICAL TREATMENT FOK ANIONS

CWCONC (1)=CwCONC(I)/DELICH

EDCONEC (1)=EDCONC (1) yDFIED

PWCONC (1)=DWCONC (I)/DLIDW

DWCONZ (1) =DWCON2 (1) /DF IB2

CMCONC (1) =CMCONC (1) #(},0-BDTFR®(1,0=-CMFD/PFICHM))
RINV (I)=RINV (1)/DLIRG

TURBDR (1) =1991,#5,4SCUN (1) #HEF

TURBDR (1)=1991,#5.#SCHN (1) #HEF /DF IDW

60 TO 100

CHEMICAL TREATMENT FOX RB AND CS

CWCONC (1) =CWCONC (1) /DFCSCW¥

EUCONC (1)=EDCONC (1) /DECSED

DWCONC (1) =UWCONC (1) /DFCSOw

DWCONZ (1)=DWCON2 (1) /DECSDR

CMCONE (I)=CMCONC(I)#(},0-BDTFR#(1,0~CMFD/PFCSLM))
RINV - (I)=RINV (1)/DFCSR®

TURBDR (1) =199] ,#5,4SCYN (1) #FPEF
TURBDR(1)=1991,4#5,#SCUN (1) #FPEF/DFCSDW

CONTINUE

COMPUTE RADIOACTIVE DELCAY DURING PROCESSING AND SAMPLING

CALL STORAG(TSTORC#86400.9CWCUNC,ITOT)
CALL STORAG(TS#86400+2EDCUNC,1TUT)

CALL STORAG(TSTORD#86400,9DWCONC,ITOT)
CALL STORAG(TSTOR2486400¢91DWCUN2,IT0T)
CALL STORAG(TSTORB#86400+,CMCUNC,ITOTI
CALL STORAG(TSTORR#86400¢'RINV,ITOT)

CALL STORAG(21600,,TURBDR,ITOT)

po 130 1=1,170T

ABLOw=g,0

IF (REGENT,LT,0,00]1) GY TO 110
ABLOW=RINV(I)#292,4#RGFD/REGENT
ABLOW=ABLOW+BLWDWN41991+#&MCONC(I) & (1+0~RFENRT)
CMCONC (1) =ABLOW

CWFR=SBLDOR#CWFD#0, 02832
EDFLR=EDFLR*EDFD=p, 02432
DWFR=DWFLR¥DWFD#0,02832
DWFR2=pWFL2#DwWF2#0,02832
TPLRPW=CWFR4CWA+EDFLRYEDA+DWFKR#DWA 4DWFR2%#UW2
H3RLPW=TPLRPW#H3COPW

IF (H3RLPW.GT,0,9%H3PRPW) DO3RLPW=0,9%#H3PRRW
RH3RLP=H3RLPW/10,

INTRIM=RH3IRLP

IH3RLP=INTRIMs] 0

TOTAL=0.0 .

I1=ILITE+IACT+)]

DO 140 I=1+IT0T

NZ=NyCL (I)71n000

IF(NZ.EQ.,36,0R N2 EN,24) b0 TU 140
VISI=DIs(l)e],62R3E13 3-34

008360

0n8370
0n8380
008390
008400
008410
008420
008430
008440
008450
008460
008470
008480
008490
008500
008510
008520
08530
008540
008550
008560
Np8570
008580
008590
00R600
008610
008620
0n8630
008640
008650
0n8660
008670

008750
008770
008780

008860
008870
008RB0
008890
008900
008910

00R930
008940
08950

009050

Un90RO



140

150
152
155

160

CwCONC (1)=DISTe (CWCONL (1) #CWFRSEDCONC (])@LDFLH)
DWCONC (1) = (UWCONC (I ¢DWFReDWCUNZ (1) #DWFR2) «D1S]
CMCONE (1) =CMCUNC (1)eDIisSI
TURBDR (1)=TURBDR (I)«DISI
IF(NUCL (1) .EQ,10030) WO TO 140
TOTAL =TOTAL +CWCONC (1) +DwWCONC (1) ¢CMCONC (1) +TURBDR (I}
CONTINyE

AOI=0016

AOR= (AOT+TOTAL)/TOTAL

SCNORM=0,0

SAPRIM=0,0

SSEC=0,0

SCWAST=0.0

SOWAST=0.0

SABLOW=0,.0

STB=0.0

STOTAL =0.0

PAPRIM=n,0

PSEC:O;Q

PDWAST=0.0

PABLOW=0.0

PTB=040

PTOTAL =0.0

PNORM=g,0

TLAUNP=0.0

CTOTAL=0,.0

PRINT Q001 REACTR

PHINT ono02

PRINT 9010

KOUNTR=)

DU 180 I=1.I70T

IF(I,Eqa.11) PRINT 901}

NZ=NUCL (I1)/10000

IF(NZ«FQ,36,0R NZ,EQ.24%) ¢0 TO 180
IF(NZ.EQ.1) GO TO 180
DISI=PIS(I)#),6283E+13
APRIM=pCONC (1) aDIS]
ASEC=Scon(l)«#DISI

CWASTE=CWCUNC (1)

PWASTE=DWCONC (1)

ABLOW=CcMCONC (1)

Te=TURRDR(])
TOTALSCWASTE+DWASTE+ABLOW+ TS
TOTALN=TOTAL®AQR

NUCLI=NUCL (I)

XLAUND=0,0

IF (1eGTo155,AND,I,LT4190) GO TO 152
IF (1.,£Q.225) GO TO 122

DO 150 L=1+25

IF (LAUNDRY (L) JE@.NyCLL) XLAUND=WLAUND (L) ®PFLAUN
CONTINUE

CONT INUE

TOTALG=TOTALN+XLAUND
IF(TOTALG.LT,0,00001) GO Tou 160
IsuB=2

IF (TOTALG,.,GT,1,)ISUBS)

DIV=10,4# (INT(ALOG10(IOTALG))-ISUB)
TOTALG=AINT (TOTALG/DIV+0,5)#DIV

IF (NUCL (1)+EQ.,10030% TOTALN=TOTAL
IF(NZeFEQ.l) GO TO 162
SAPRIM=SAPRIM+APRIM

SSEC=SGEC+ASEC
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0p9090
0ns3100

009110
009120

009140
009150

009170

009190
009200
009210
009220
009230
009240
009250
009280
009290
009300
009310
009320
009330
009340
009370
009380
009390
009400

009430
009440

009600

009610

009630

009710
009720
009730
009740

009810



SABLOW=SABLUW«ABLOW
SCWAST=SCWAST+CWASTE
SOWAST=SDWAST+DWASTE
STB=STB+T8
STOTAL=STOTAL+TOTAL
SCNORM=SCNORM+TOTALN
TLAUNDP=TLAUND +«XLAUND
CTOTAL=CTOTAL+TOTALG ~
162 IF(TOTALG.LT,0,00001) GO TO 180

168 IF (MOD (KOUNTR,50) NE.P) GQ To 170
PRINT 60009 REACTR
RRINT 9002

170 CALL NOAH(NUCL (I),NAME)
THALF=8,0225E-6/D15¢11
PRINT 9003sNAME,THALF gAPRIM,ASEC,CWASTE UWASTE ,ABLOW,
1TB,TOTAL s TOTALN,XLAUND,TOTALG
KOUNTR=KOUNTR4+1]
IF(NZ+.EQ.,1) GO TO 180
PAPRIM=PAPRIM+APRIM
PSEC=PSEC+ASEC
PCWAST=PCWAST+CWASTE
PDWAST=PUWAST+DWASTE
PABLOW=PABLOW+ABLOW
PTB=PTR+TH
PTOTAL=PTUTAL+TOTAL
PNORM=PNORM+TOTALN

180 CONTINUE
PAPRIM=SAPRIM=PAPRIM
PSEC=SSEC-PSEC
PCWAST=SCWAST-PCWAST
PUOWAST=SUWAST-PDWAST
PABLOW=SASLOW=-PABLOW
PTB=STR-PTBH
PTOTAL=STOTAL~-PTOTAL
PNORM=SCNURM=PNORM
ISUBCs»
IF (CTOTAL.GT,.1,)ISUBL=]
DIv=10, 4% (INT(ALOG10(CTOTBL))=ISUBC)
CTOTAL=AINT (CTOTAL/DIV+043)aDlV
IF (PNQRM.LT,0,00001) B0 TV 190

BIV=10.%% (INT(ALOGLY (PNURM))=2)

PNORMT=AINT (PNORM/DIV¢p,5)%D1V
60 T0 200

190 PNORMT=pPNORM

200 PRINT 9004y PAPRIMyPSECYPCWAST yPOWAST yPABLOW,PTByPTOTAL s PNORM,

PNORMY
lPR[NT 90059  SAPRIMySSECISCWAST,SDWAST,SABLO%,STB,STOTAL»SCNORM,
1 TLAUND,&TOTAL
PRINT 9012y IH3RLP
PRINT 9013
RETURN

9000 FORMAT (1H1+20X,7A4,» LIQUID EFFLUENTS (CONTINVED)')
9001 FURMAT (1H1920X,7A4,n LIQUID EFFLUENTS")

009820
009830
009840
009850
009860
009890
009900
009910

009940

070030

070050
010060
010070
0100R0
010090
010100
010110
010140
070150
010160
010170
010180
010190
010200
010210
070220
010250
010260
0y0270
010280
610290

010310
0410320

010380
010390
0710400
0106410

010420
010480
010490

9002 FORMAT (1HO0 955X ,"ANNUAL RELEASES TO DISCHARGE CaANALM"/20X 4COOLANT Cuy0500

- ?E HALF-LIFE PRIMARY SECONDARY BOKON ”®Ss MISC, wWASTES seanoloseo
3DARY TURB BLDG TOTAL LwWb TOTAL wASTES "/10X, 010530
4" (DAYS) "2 (" (MICRO LI/ZML) 1)y 1X 44 (n (CURIES) Ny ¢ (CURIESYy », 030540
5o (C1/YR) (CI/YR) (CI/YR)™) 010550

9003 FORMAT (1X9A2,13,A1,2Xs51PEY,2,2(2X0E9,242X)40PsT(1XsF9,591X)+sF10.5)
9004 FORMAT (1X+"ALL OTHERS" ,9X v 1PEF 244X 9EY,290Ps2R,6(1X9FT,5,1X) 93Xy

1 "0.00000"91XyF10,5?
3-36



9no0sS

9010
9011
9012
9013

9014

[eXeNeXgl

#DECK

10

FORMAT (v TOTALwn/n (ERCEPT TRITIUM) Wy lPEDeCy4X9EF,240PY2X,
1 T(IX9sF9.50)x),4F10,9)

FORMAT ¢ CORROSION ANU ACTIVATION PRODUCTS#)

FORMAT (n0FISSION PRODUCTS™)

FORMAT (1HOy1X,"TRITIUM RLLEASE",12X,13," CURIES PER YEAR"M)
FOREATklﬁo.lx.nNorsv 900000 INDICATES THAT THE VALUE IS LESS THAN
11+0E=5,m)

FORMAT (3X 910 (2X9A2,132A1)73X,10(2X,A2+134A1))

END

BLKDAT

BLOCK DATA BLKDAT

PWCONC CONTAINS PRIMARY COOLANT CONCENTRATION® FOR PWRS, SCUTV
AND SCOT CONTAIN SECONDARY COOLANT CONCENTRATIONS FOR PLANTS
WITH U.TUBE STEAM GENERRATORS AND FOR PLANTS Wl1TH ONCE-THRUUGH
STEAM GENERATORSs RESPEFTIVELY,

COMMON /CONP/PWCONC (800) »SCUTV (B00) ,SCOT (B0D)

COMMON /DET/LAUNDRY (25} y WLAUND (25)

DATA PWCONC/3650¢4,7E€296780,3,1E~394¢0,1¢6E=3,5¢0,1,2E-3+1340,3,0F
176+000,64e6E=3,220,5,3E=491172095,1F=4,10220,2:9E=3+64%0,2,2E-3,68¢0
2,1,65-2,18co,1,95-1,490,1;4E-4,3»0,1.25-5.5o0v9.6E-4.4.6E14'5.ZE-6
3998044 ,2E=3,1180,3,9E64400092+8E=4,15%0,6,4E=3,4,TE-3,1640,7,5E-3»
415“099;0E‘2!0.0’20G0'!.35-3,104“0vl.9?-492.“E‘Zv12“0v1o55‘3o7.75-3
G4 oSEm2 58091, TE=3,2. 4E~194%09104E-1,50093,4E19200,7,1E-8,220,2.6
6E-1 ,8“6'8-7E-4'3#0.9.‘!E‘3|13§0,1.3E-2’2.5'ﬁ-2!§°°|1.5E-401260’2.8E-
7393%#093,9E=3,92%0/

DATA SCUTV/368091,5E=9,0780,143E=7,450,649E-81520,4,9E-8,340,1,2E~
18900001,9E=7,22042,2E4891740,2,1E=8,102%098.TE-8,64%048,4E-8468%0Us
2705&-8,]8*0'5.3E-7,490,5.7E‘993“0'“09F"10'5“.‘)’2.8E-8'3.2E-9’201E-1
30999051 ,26=7,11%0,1.6E-8,0,0,1,1E~8,1520,2,5E=7,41,1E£-7,16%0,3,1E-7
6915%043,TE=6,0,0,2040,5¢36=8,10420,7 ,8E-992,26.7,12#0,5,4L-8,2,9¢t~
58,1eBFob64500,6,6F=8,341E-0,440,64,BF=615c8092448<642%043,3E=7,2¢0+6
6OE=6,85004¢0E=By300,%94E=7,13%095.2E=7,9,3E~715¢#0,6,1E-9,1220,1,0k
7-74340,1.,6E-7,92%0/

DATA SCOT/3640,1,0E2796T20,6 ,9E=<9,44093,66-99260,2,7E-9,3%046,7E~1
1000.091,0E=8,28001,26%9917¢0,1,1E~941020095,6E-9,6460044,9E~9,68%09
21,8E-8,18¢ .6.0E-7,6¢0.3.1E-10,3“0.2.?E-11.5'q'2.1E—9,9,7E_10,1.EE
3=1119¢0,9.3E=9,1140,8¢7E=10,0¢096,2E-10,1940s1 ,4E-8,1,0E~8,1600,1.
4TE=B,150809240E=~7¢0,0950%052.9E=9,10400,6440E=20,5,1E-8,1240,3,3E~%
51+56=8,5,2E=8,540,3,8E-992,4E=Ty4u091¢6E~T7,500,3,86-7,2%073,0E~8,2
660,3,0E=T1840,3.6E-9932043,9E=8y1340,2,9E~8,5+6E«8,540,3,3E~10,12%
709642E+943%0,8,7E-9,9820/

LAUNDRY ARE THE RADIOLSOTOPES IN THE DETEWGENI WASTES,
WLAUNP ARE THE CORRESPONUING CONCENTRATIONS,

DATA LAUNDRY,/150320,240510,250540,42605504260590,270580,270600,2806
130,380890,+3809004390910,400950,4100509420990+4410304441060,471101»
2511240,531310,5513404251380,551370,5614009581410,581440/

DATA WLAUND/) ,BE-4,6,/E=3+3,8E.3,7 26-3,2,2E~3,7,96-3,1.4E-2,1,7E~
1398¢8E_5y1¢3E~5,8,4E=2,1¢3E=3y1.9E-3,6,0E-5,2¢9E-4,8,9E=311,2E-3+4
2¢3E=by],6E=3,1,1E-2,3¢47E=4,1,0E-2,9,1E-4,2,3E~4,3,9E-3/

END

SOLVE

SUBROUTINE SOLVE

COMMON /JEQ/XTEMP (B00) s XNEW(10,800),8¢800) ¢ (800)

COMMON /FLUXN/REGENTy045(800) ,ILITE, 1ACT,I10T

PO 10 I=1+1T0T

P(I)==pIS(I)

XTEMP(T)=Nev

DELT=REGENT®#R6400,

CALL DECAY(1,0ELT,1Y0T)

3-37

010740
010750
010760

010770
010780
010790

011230
011240
01125%0

071350
011360
011370

011390



#DECK

OCOOOOOOOOOON0

OO0

OO0

30

10

CALL TERM(DELT,1,170T}
CALL EQUIL(1,ITOT)

DO 3p 1=1,170T7

XTEMP (1)=ANEW(]1y91])

RETURN

END

TERM

SUBROUTINE TERM(T,MyI10T)

TERM ApDS ONE TERM YO EACH ELEMENT OF THE SOLVTION VECTOR

CSUM(Jy IS THE CURRENT APPROXIMATION TO XNEW(B,J)

CIMO(Jy IS THE VECTOR CONTAINING THE LAST TERMY ADDED TO EACH

ELEMENT OF CSuM(J)

CIMN(J) IS THE VECTOR CONTAINING 1,TON TIMES THE NEW TERM T0 BE

ADPED 1O CSsuM(U)

CIMN(J) IS GENERATED EROM CIMO(J) BY A RECURSION RELATION:
CIMN(J)= SUM oVE® L QF (AP (JiL)=«CIMO(L))

AP (1,Jy IS THE REDUCEV TRANSITION MATHIX FOR THE LONG-LIVED

NUCLIPES

LOGICALLONG

DIMENSION AP (2500).CIMR(800),CIMO(800),CIMN(800),CSUM(800)
DIMENSTON QUB(50),L0CP (2500) ,NONP (800!

COMMON /SERIES/ XP(R00)L,+XPBR(800)LONG(B00)

COMMON /CONST/MMNERRyMZERU
COMMON/EW/XTEMP (B00)Y s XNEW(10,800)»B(800) P (800)
COMMON/MATRIX/A (2500) 1LOC(2500) ¢+NONO (800) vKD(800)

LEVEL 2,AsLOC,NOND,KD

011410
011420
011430
011440
011450
011460

071480
011490
011500
071510
011520
011530
011540
0115560
011560
011570
011580
011590
011600

0711690

011730
000540

COMMON /TERMU /DD (100% s¥XP (100) + QUEUE (50) o NWU (50) s NQUEUE (50) 4NQ(800) 011750

NUL=¢
NN=0

FIRST CONSTRUCT REDUCED TRANSITION MATRIX FOR LLUNG-LIVED ISOTOPES

DO 220 L=1s1T70T

IF (JNOT,LUNG (L)) GO TW 210
NUM=NOND (L)

IF (M 6T MMN,OR,M,EQ,MZERQ)  NUM=KD (L)

CIMB (Ly=B(L)

IF (NUM,LE.NUL) GO TO 410
NS=NN+]

N=NUL

NL=NUM~NUL

DO 200 N1=1,NL

N=N+]

J=LOC (N)

DJ==D ()

011760
011770
011780
011790
011800
011810
011820
011830
011840
011850
011860
011870
0118480
011890
011900
011910
011920

THIS 1S A TEST TO SE& IF ONE OF THE ASSYOPTQIIC SOLUTIONS APPLIES011930

IF (+NOT,LONG(J)) GO TU 10
NN=NN+3

AP (NN) =A (N}

LOCP (NN) =J

GO To 200

GOING RACK UP THE CHALN TU FIND A PARENT wHICD IS NOT IN
EQUILIBRIUM

NSAVE=p

QUE=A{N)/DJ

LRB=1,0

CIHB(L1=CIMH(L)‘OUE¢B(J)

ek =o 3-38

011940
011950
011960
011970
011980
011990
012000
012010
012020
012030
012040
012050
012060
012070
012080



20

30

40

9000

50

60

70

80

NQ(Jy= -
NUX=NONN (J)

IF (M, GT ,MMN,OR M,EQ,MLERD)  NUX=KD (J)

NUF =9

IF(Je®T.1) NUF=NONO(Y=1)

NXsNUXNUF

IF (NX.LTs1l) GO TO 199
KSNUF

PO 180 KK=1,NX

K=K +1

WJ1=Log (K)

PJds=D(J1)

KP=J

IF (J1.EQ.N@(KP)) 60 ToO
KPsNQ (kP)

IF({KP.NE.O) GO TO 30
AKDJQ=nUER#A (K) /DJ

IF («NOT,LONG(J1)) GO TO
TRM=1,0=XP (V1)
IF(TRM,LT.1,0E-6) GO TO
NG (J1)=J

I=1

KP=J1

DD(1)=-D(KP)

DXP (1) =XP (KP)

KP=NQ (KP)

IF (KP+£Q.0) GO TO 50
I=1e}

IF(1,LE,100) GO TO 40

IF WUEYE UF SHORT-LIVED NUCLIDES EXCEEDS 190 1SOTOPESs TERMINATE

CHAIN AND WRITE MESSAGE

180

160
120

PRINT 6000y Mol J12J9sARDUQ

FORMAT (11700 LONG A QUEVE HAS BEEN FORMED IN 1ERMM,415,E12,5)

GU T0 190
BATM=0,E0
IM=1-1

BO 110 I1=2yIM
bL=bD (1)
XPL=DXp (1)
BATE=0,E0
Il=1-1

B R VONDY FORM OF BATEMAN EQUATIONS = ORNL-TW.361

PO 100 KB=1,y11
XPJ=DXp (KB)

IF (XPLL.XPJWLT,ERR) GO TO 1900

VK=DD (kB)

RROD= (pL/DK=1,0)
DKR=pPROD

IF ( ABs (PRUD),GT.1,E-%)

USE THIS FORM FOR TWO NEARLY EQUAL HALF-LIVES

GQ To 60

PROD=TuaDK#XPJ# (1.0~0er# (DL=DY)#T)

60 T0O 70

RRQD= (xPJ~XPL) /PROD
PROI=XPJ/UKK

PI=1,0

S1=2,/ (DK#T)

PO 99 Uk=1le]1

IF (JKEQ.KB) GO TO 90
S=140~DK/LD (UK)

IF( ABS(S)«GT,1.,E=4) Y0
IF (ABS (DKR) oGT.loOE“Ql
$=S1

Pl1=Pleg

TV 8¢
PKOD=PRO}
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072380
012390
072400
012410
012420
072430
072440
012450
012460
0y2470
0724R0
072490
072500
012510
012520
012530
012540
012550
012560
072570
012580
012590
012600
012610
012620
0712630
072640
072650
072660
0y2670
0126R0
012690
012700
012710



C

90

100

IF (ABS(PI1.6T,1,E25¢ GO TO 100
CONTINUE

BATE=RBATE+PROD/PI

CONTINUE

IF SUMMATION Is NEGATLIVE, SET EQUAL TO ZERDO AND PRINT MESSAGE
IF (BATE LTW0,EQ)PRINTY0O01l9LyIM,BATE,BATM

0312720
02730
012740
032750
012760
012770

9001 FORMAT(n1BATE IS NEGATIVE IN TERM, THERE ARE MORE THAN TwQ SHOPT-L0i2780

110

120
130

140
150

160

170

180
190

200

210

OO0

220

230
240

1IVED NycLIDES IN A €HAIN WITH NEARLY EQUAL DIAGONAL ELEMENTSn/

2 LeIM,BATE,BATM = n,8I591P2EL12.5)
IF (BATE,LT.0,EQ)BATE=0,ED
BATM=BATM+BATE
CONTINUE
DPRA=AKDJQ®DJ& (TRM=BATM) /TRM
GO To 130 )
DRASAKDUG#AMAX] (DRB,090) #PJ
IF (NS GT.NN) GO TO 159
DO 140 LJ=NS,NN
IF (LOCP(LJY) «NE,J1) GH TO 140
AP (LJ)=AP (LJ) +DRA
60 TO 180
CONTINUE
NN=NN+1
AP (NN) =DRA
LOCP (hMN) =J1
6V To 180 ‘ )
IF (AKPJUQ.LE,1,0E-06) GO TO 180
IF (NSAVE,GE,50) GO TO 180
NSAVE=NSAVE+]

NQUEYE (NSAVE) =J]

QUEUE (NSAVE) =AKDJQ

NQU (N>AVE) =v

QUB (NSAVE)=DRB-1,/(DJET)
CONTINUE

1F (NSAVE.LE,0) GO TO 200
J=NQUEUE (NSAVE)
QUE=QUEUE (NSAVE)

NG (J) =NQU (NSAVE)

DRB=QUB (NSAVE)

CIMB (Ly=CIMB (L) +QUE#B(dJ)*8MAX] (DRB,0,0)

NSAVE5NSAVE=]
6O T0 20
CONTINUE
NUL=NONO (L)
NONP (L) =NN
CONTINUE

FIND NORM OF MATRIX AND EBTIMATE ERROR AS DESCRIBED IN LAPIDUS

012790
012800
012810
012820
012830
012840
072850
012860
072870
012880
072890
012900
012910
012920
012930
012940
072950
012960
012970
072980
012990
013000
073010
073020
073030
013040
073050
013060
013070
VY3080
013090
073100
013110
013120
013130
013140
013150
073160
013170

AND LUUSs OPTIMAL CONTROL OF ENGINEERING PROCLSSES BLAISDELL 1967 Oialao
FIND THE MINIMUM OF THE MAXIMUM ROw SUM AND THE MAXIMUM COLUMN SuM013190

ASUM =9¢,0

ASUMU=0,0

NUL:l

DO 250 I=1,ITOT

IF (4NQT,LONG(I)) GO TN 250
Ol==D(1)eT

aAv=01

HUM=NONP (1)

IF (NUL ,GT.IWUM) GO TO <40
DO 230 N=NUL NUM
AJ=AJ+ AP (N)

AI:DIODI

IF(AT«GT.ASUM ) ASUM =Al
IF (AJ,GTL.ASUMY) ASUMJ=AJ 3-40

013200
013210
013220
013230
013240
013250
013260
013270
0132AR0
013290
013300
013310
013320
013330



2590

C

260

270

280
290

300
310

320

#DEGK

1

NULSNONP (I-) ¢)
IF (ASUMJU.LT.ASUM) ASUM=ABUMY

USE ASUM TU DECIDE HOW MAWY TERMS ARE REQUIREP AND ESTIMATE ERROR

NLARGE=3,5%ASUM +5,
XLARGE=NLAROGE

013340
013350
013340
013370
013380

ERR1=EXP (ASUM )& (ASUM #2,71828/XLARGE) ¢#NLARGE/SQRT (6,28324XLARGE) 073390

IF(ERRT.GTel,E=3) PRANT 90029

" NLARGE = n18)

NEXT GENERATE MATRIX EXPONENTIAL SOLUTION

DO 260 I=1+1ITQT
CSUM(]y=XTEMP(I)
CIMN(I)=xTEMP(])

CONTINUE

ERR3=0,001*ERR

DO 310 NT=1,NLARGE

o 270 I=1.1TOT

CIMO (1)=CIMN(I)

CONTINUE

TON=T/NT

NUL=1

DO 300 I=1s170T

IF (4NOT,LUNG(I}) GO TV 300
NUM=NONP (1)

GIMNI=p,0

IF(NTLEQ.1) CIMNI=CIMH(I)
IF (NUL ,GT.NUM) GO TO g90
DO 280 N=NUL 4NUM

J=LOCP (N\)

CIMNI=CIMNI«AP (N)#CIMV (J)
CIMNI=CIMNI+D(I)#CIMO{I)
CIMNI=yON#CIMN]

IF (ABS(CIMNI) ,LTLERR3LCIMNI=0.EQ
CIMN(I)y=CIMN]
CSUM(Iy=CSUM(I)+CIMNI
NUL=NONP (1) ¢

CONT INUE

DO 320 I=1s170T
IF(CSUM(I) LT ,ERR) ChyM(Il)=0,0
IF(LONG(I)) XNEW(M,I)=3CSUM(I)
CONTINyE

RETURN

END

DECAY

SUBROUTINE DECAY (M,T,1T0T)

PECAY TREATS SHORT.LIVED ISOTOPES AT BEGINNINY OF CHAINS USING

BATEMAN EQUATIONS
LOGICALLONG

COMMON/SERIES/ XP(800)L4XPE&R(800),LONG(800)

COMMON /CONST /MMN,ERRyMZERY

COMMON JEQ/XTEMP (800) »XNEW{(10,800)»B(800)+P(B00)
CUMMON /MATRIX/A (2500) 1L0C(2500) +NONO (800) +KD(&00)

LEVEL 2,A.LOC,NONQ,KD

ERR1,ASUM
9002 FORMAT (nOMAXIMUM ERROB GT 0,001y =nF10,64", THACE

013400
013410
073420
013430
013440
013450
0713460
013470
073480
013490
013500
073510
073520
073530
073540
073550
073560
073570
013580
013550
013600
073610
013620
013630
013640
073650
013660
013670
013680
073690
013700
0y3710
013720
013730
013740
013750
073760
0Y3770
013780
073790
013800
013810
0738560

013900
000560

COMMON/TERMD/DD(looy,QXP(IOO)SQUEUE(SO).Nuu(SO),NQUEUE(So).N0(800)0T3910

AXN=-ALOG(0,001)

bu 10 1=1+170T7
LONG(I)=,FALSE,

xPI=0.0

T=D(lyeT

IF(DT4LTe~50,) GO YO 10

IF (ABS(DT) +LE,AXN) LUNG(I)=,TRUE,

XPI=EXp (DT)

3-41

013970
013930
013940
073950
0713960
013970
013980
073990



10 XP(I)=xPI.

co0

30

40

9000

50

60

NUL=]
PO 160 L=1r1T0UT
XTEM=0,0
DL==D (L)
NUM=NUnNO (L)
IF (M,GT,MMN,OR M, EQ,ME{ERD)  NUM=KD (L)
IF (NUM,LT.NUL) GO TO 350
DO 140 N=NUL,NUM
J=LOC (N)
o) ) 60 TO 140
F(L J)
6sé ?S?é FORM FOR TWO NEARLY EQUAL HALF-leﬁg ANy axP (1 0T
IF(ABS(DL/DJ-l,o),LE.I,OE-S) XTEM=XTEM«XTEMP (J) #A (N) (J)
- . 0E=5
1F (485 (DL/DY ligéégITé§+xTE;P(J)*A(N)°(XP(J)*AP(L))/(DL-DU)
QUE=A (N) 70J
NQ(L)=0p
NQ(J) =L
NSAVE:O
NUX=NONN (J)
IF(M,G?.MMN.OR.M.EQ.MlERO) NUX=KD (J)
NUF=1
IF(J.6T,1) NUF=NONQ(Y=1)*1
IF (NUF ,GT.NUX) GO 7O 130
D0 120 K=NUF,NUX
J1=L0oC(K)
IF (LONG(J1)) GO TO 1209
KP=J
IF (J1.EO.NU(KP)) GO TQ 1290
KP=NQ (KP)
IF (KP.NE,0) GO TO 30
DJ==D(J1) e aUE
AKDJQR=A (K) /DJ#Q .
IF(AKDSé.LE.l.OE-O6’ GO TO 120
NQ(J1) =J
1=1
KP=J1
pU (1)=an(KP)
DXP (I)=xP (KP)
KP=NQ (KP)
1F (KP.EQ,0) GO TO 50
I=l+)
IF(I,LF,100) GO TO 40
PRINT 9000 MoL,JlsJyAKDUR
FORMAT(n1"9415,E12,5)
GV To 130
BATE=0_E0
Il:I'é'
PL=XP
S k Coéti FORM OF BATEMAN EQUATIONS -- ORNL-TM-361
PO 100 KB=1,1I1
XPJ=DXp (KB)
IF (XPL+XPJWLT,ERR) GO TO 1lo0
UR=DD (KR)
PROD= (pL/UK=1,0)
ukR=PRaD
IF( ABS(PRUD),.GT.1,.E-4) GU To 60
PROD=T&DKeXPJ# (1,0-042%(DL=Dy) «T)
GU TO 70
PROD=(xPJU=XPL) /PROD

PROl=XpPJ/UKK 3-42

074000
014010
014020
074030
014040
014050
014060
014070
074080
014090
014100
0146110
074120
014130
014140
014150
014160
014170
014180
074190
074200
074210
014220
074230
074240
014250
014260
074270
0714280
014290
014300
074310
074320
074330
014340
0714350
014360
014370
074380
014390
014400
014410
074420
014430
016440
014450
014460
0746470
074480
014490
074500
014510
014520
074530
074540
014550
014560
074570
07145R0
014590
014600
014610



T a

OOOOO0

70

80
90
100

9001

110

120
130

140

150

160

170

DECK

10

20

PI=1,0 -

§1=2,7 (DK*T)

DO 9¢ UK=1+11

IF (UKJEG.KB) GO TO 90

531.0-DKk/DD (JUK)

IF( ABS(S)+GT,1,E~-4y V0 TV 89

USE THIS FORM FOR TWO NEARLY EQUAL HALF=LIVES
IF {ABS(DKR) «GT,1.0E%4} PROD=PRO1
§=S1

PlsPIeg

IF (ABS(PI).G6T,1.E25) GO TO 100
CONTINUE

BATE=BATE+PROD/PI

CONTINUE
IF(BATE,LT.O.Eo)PRINTYoolvL,ISBATE.xTEM.xTEMP(Jl)oAKDJQ
FORMAT (# Ly1,BATE,XTYEM,XTEMP (J1),AKDJG = ",21%,1P4E12,5)
IF (BATE LT .U ,E0)BATE=p,ED
XTEM=XTEM+XTEMP (J]) #*AKDYG#BATE

IF (NSAvE,GE,50) GO TO 120
NSAVE=NSAVE 4]

NQUEUE (NSAVE)=J1l

QUEUE (NSAVE) =AKDJQ

NQU (NSAVE) =y

CONTINUE

IF (NSAyE.LE,.0) GO TO 140

JENQUEUE (NSAVE)

QUE=QUFUE (NSAVE)

NQ (J)=NQU (NSAVE)

NSAVE=NSAVE -]

GO TO 2»n

CONTINYE

IF (LONG (L)) XPAR(L)=XTEM/AP (L)
NUL=NONO (L) +1

IF (oNQT LUNG (L)) XNEW[MsL)=XTEM«XTEMP (L) #AP (L)
CONT INYE

PO 170 I=1lslTOT

IF (LONG (1)) XTEMP(IY=XTEMP (1)+XPAR(I)
IF (oNQT,LONG (1)) XTEMP(I)=0,0
CONTINUE

RETURN

END

EQUIL

SUBROUTINE EQUIL(M,ITUT)

EQUIL PUTS SHORT-LIVED DAUGHTERS IN EQUILIBRIUM WITH PARENTS
EQUIL USES GAUSS-SEIVEL ITERATION TO GENRRATGE STEADY STATE
CONCENTRATIONS

LOGICALLONG
COMMON/EQ/XTEMP (B0Q0Y +XNEW(10,800) 9B (800) +P (800
COMMON/MATRIX/A (2500) #LOC (2500) »NONO (800) 7KD{(%00)
COMMON /CONST /MMN,ERR yMZERD

COMMON/SERIES/ XP (800) XF8R(800) yLONG(B800)
WXN=0.001

b0 19 1=1.1707

IF (JNOT,LUNG(I)) GO TU 10
XTEMP{1)=XTEMP (DY axP (1)

XPAR (Iy=AMAR] (XNEW (My1)=XTEMP (1) ,40,0)

CONTINHE

ITER=1

N=Q

3-43

014620
014630
014640
014650
014660
014670
014680
074690
014700
014710
014720
014730
014740
014750
074760
014770
074780
0764790
074800
074810
014820
014830
074R40
0714850
074860
074870
014880
014890
014900
074910
014920
014930
074940
014950
014950
074970
014980
014990
035000
015010
075020
075030
075040
015050
015060
015070
015080
015090
015100

015140
0n0580

015160

015170
015180
015190
015200
015210
015220
015230
075240



L

OO0O0O0

30
31

40
S0
60

70
80
9000

DECK

816=0.,p0 -
PO 60 1=1sITOT
NUM=NONO (1) =N
Pl==D(1)
IF(LoNG(I)) GO TO 50
XNW=B (1)
IF (M,GT ,MMN,OR M. EQ,MZERQO) NUM=KD(I)=N
IF (NUM,EQ.Q) GO TO 31
DO 30 Kk=1sNUM
N=N+1
W=LOC (N)
DJ==D ()
XJ=XPAR (J)
IF (LONG (J)) XJ=XJ+XTEMP (J)/(140-DJ/DI)
XNW=XNweA (N) axy
CONT INUE
XNW=XNw/DI
IF (XNW LT.1,0E-50) GY TO 40
ARG=ABS { (XNW<=XPAR (1)) /XNwW)
IF (ARG ,GT.BIG) BRIG=AHG
XPAR (T)=XNW
N=NONQ (1)
CONTINUE
IF(BIG,LT.HXN ) G0lo 70
ITER=ITER+]
IF (ITER,LT.100) GO TY 20
PRINT 9000
STOP
DO Bp 1=1sITOT ]
IF (eNOT,LUNG(Iy) XNEW{MsLl)=XNEW(My]I)+XPAR(])
CONTINUE
RETURN
FORMAT (n GAUSS SEIDEL ITERATION DIp NOT CUNVERGE IN EQUILM)
END
NUDATA 1oE)
UBROUTINE NUDATA(NLIBE
:UDATgTsﬁRSION To(HANQLE THREE TYPES OF NUCLEAR DATA LIBRARIES
A ER, NLIB FWR HTGR )
HAS POINTER, NLIBE, > FOR L IGHT WATER REACTUR
3 FUR LMFBR
4 FUR MSBR

NTEGERELE (99) ,STA (2)

éILENg?gN COE};(7.éool.NPROD(7'800).CAPT(ﬁ).YiﬁLD(S.Soo)
BIMENSION Y(S).NSORS(#),TYLD(z)éNgCAL(ﬁ)

PDIMENSTON SKIP (20) MSHS(20) +NAME (3)

uIMENS}ON TUCA;(BABvaI§S(100)oTITLE(EO)oq(800)vFG(BOO)v
1ALPHAN (100) s SPONF (100§ y ABUND (500) +KAP (800) yMMBX (800)
COMMON /LABEL JELE,STA

COMMON /CONST /MMN, ERR 9 MZERD

COMMON /EQ/XTEMP (B00) vANEW(10,800)+B8(800) ¥ (800)

COMMON /FLUXN/REGENT D15 (800) , ILITE ,IACT,ITOT
COMMON/OUT/NUCL (B00}
COMMgg;MATRIX/A:ZSOO)lLOC(2500)vNONO(Boo)lKDISOO)

LEVEL 2,AsLOCyNONQ,KD

COMMON /CCOEFF/COEFF

LEVEL 2,CUEFF

EQUIVALENCE (XNEW(1,491)sNPROD(1,41y)

EWUIVALENCE (A],DLAM)

PATA NUCAL/-20030,-100005104114-10,=9/

015250
015260
015270
015280
075290
075300
015310
075320
0715330
015340
075350
015360
015370
015380
015390
015400
015410
075420
015430
015440
075450
015460
015470
075480
015490
015500
015510
075520
015530
015540
015550
075560
015570
015580
015590
015600
075610
015620
015630
015640
015650
015670

015750

015850
000600

015880
015890

) 9424104075900
DATA MGRS/922330,922350,902320,922380199423909722330,922350, 1
1 > 922380:9423?0,942410.92235079629000?22330v942390.922330v015910

? 922350.902320,922380.9342290/

015920



OO0 DOOOO0

() O 00

9000
10

20

30

40
S0

60

70

80

S0

100
110
120

0315930

PROGRAM TO COMPUTE A MATRIX (TRANSITION MATRIK) FROM NUCLEAR DATA 015940
015950
READ 90115 (TLTLE(I) 9 I=1,18) sNLIBE 015960
IF (NLIRE.LT,0) PROGRAM WILL READ TAPE IN LASUAR FURMAT 015970
1GWC=0 015980
1F (NLIRE.GT.0) 015990
1GWC=1 016000
NLIBE=-NLIBE 016010
PRINT 9000 016020
FORMAT (1HO"WILL READ TAPBE GENERATED By CASDARwM) 016030
N1=4~N_]1BE 016040
READ 9n0ls THERM ¢RESsFBST ,ERRyNMO,NDAY s NYRsMPCTAB, INPTH IR 016050
PRINT 90059 NMO o NPAY s NYR 016060
PRINT 9006 016070
PRINT 9007 016080
PRINT 9008 016090
PRINT 9009 016100
PRINT 9010 016110
PRINT 9013 016120
PRINT 9014 016130
016140
THERM = RATIO OF THERMAL FLUx TO ToTAL FLUX 016150
RES = RATIU OF RESONANCE FLUX TO TOTAL FLuX 016160
FAST RATIU OF FASY FLUX TO TOTAL FLUX 016170
ERR = TRUNCATION ERROH LIBIT 016180
016130
READ DATA FUR LIGHT ELEMENTS 016200
016210
K=5% (NLIBE=1) 0162720
DU 30 K1=19b 016230
K2=K+K] 076240
NSORS (K1) =MSRS (K2) 016250
PRINT 90189 THERMoRESsFAST, (NSORS (K) yK=1,5) 'NLIBE 016260
1=0 016270
NUTAPE=0 016710
I=1+1 016290
READ (8,9034)NUCL (1) ¢DLAMylUFB1,FP,FP1 FTsFAsLSF,Q(1),FG(1),ABUND (016300
11)40uUMy),DUMY2 _
1F (EOF (8) +NE,0)GOT0260 V16320
IF (1G6wc,GT.0) 016330
DO 60 N=1+NLIBE 016340
READ (8,9035) SIGTH,FNUlFNAZFNP,RITH,FINA)FINE ,SIGMEV,FN2N],FFNA, 0]16350
016360
60 TO 90 016370
DO 80 N=1+NLIBE 016380
KREAD (8,9040) SIGTH,FNG]FNA,FNP,RITH,FINAyFINE ,SIGMEV,FN2N],FFNA, 016390
016400
IF{N1.,EQ.0) GO TO 110 016410
PO 100 N=1yN] 016420
KEAD (8,9036) 016430
IF(IT.EQ.0) GO TO S0 016440
M=0 076450
CALL HALF (A1,Iu) 016460
NUCLI=NUCL (1) 016470
IF (NUCLT.EC,0) GO TO 260 016480
CALL NOAH(NUCLT yNAME) 016490
IF (MOD (1-1950) 0} PRINT 9012, (N) yN=1,18) 016500
IF(MOD (I~-14+50) 0} PRINT 90l6 016510
SIGTH=THERM#SIGTH 016520
RITH=RES*RITH 016530
SIGMEV=FAST#SIGMEV 0716540
SIGNASGIGTH®FNA+RITH#F INA¢SIGMEVaFFNA 0716550



OO0 o0 OO0 OO0

[eNeXe]

e XeNe]

130

140

150

160

170

SIGNP=gIGTHeFNP¢RITHer INP+SIGMEVHFFNP

FNG=],0-FNA<FNP

IF(FNG LT+140E-4)FNG={,

FING=] 0-FINA-FINP

IF(FING,LTel,0E=4)FINL=0,

FN2N=1, 0-FFNA=FFNP

IF (FN2N,LTe1,0E«4)FN2N=0,

SIGNG=SIGTH#FNG«RITH®#LING

SIGN2N=SIGMEVeFN2N

PRINT 9033, NAME ¢ DLAM FBL,FRyFP1 yFTHEA»SIGNG,
FNG] ¢ SAGN2N,FN2N]1 4 SIGNA,SIOGNPyQ (1) sFG(I)» ABUND(I)

TEST RADIOACTIVITY

IF (A1.LE,ERR) GO 1O }80
ABETA=1,0

TEST POSITRON EMISSION

1IF(FP _LT. ERR) GO 7O 150
M=M+]

COEFF (M, I)=FPaAl

NPROD (M4 1) =NUCLI=10000
ABETA=ABETA~FP

TEST PoSITRUN EMISSION TO EXCITED STATE OF PRUDUCT NUCLIDE

IF(FP1 ,LT. ERR) GO T¥ 1590

M=Me ]

COEFF (M, I)=FP14COEFF (M=1y1)

NPROD (M, I)=NPROD (M=191)+1

COEFF (Mu191)=COEFF (M=1,1)=COEFF (My])

TEST ISOMERIC TRANSITLON

IF(FT _LT+ERR) GO 10 }60
M=Me¢]

COEFF (MyI)=FT®Al
NPROD (M, I)=NUCLI
ABETA=ABETA=FT

TEST ALPHA EMISSION

IF(FA LT, ERR) GO YO 170
M=Mel

COEFF (my1)=FAnA} ]

NPROD (M, I)=NUCLI=-~20040
M=M+]

COEFF (My 1) =COEFF (M=194)
NPROD (M4 1)=20040
ABETA=ARETA-FA

TEST NeGATRON EMISSION

IF (ABETA.LT,1,E-4) GO TO 180
M=Me+1

CUEFF (M, 1) =ABETA#A}

NPROD (M4 I)=NUCLI+10000

TEST NeGATROUN EMISSION TO EXCITED STATE OF PRWUpUCT NUCLIDE

IF (FB1 ,LT. ERR)GO YO 180
H=Mel 3-46

076560
016570
076580
016590
016600
016610
076620
016630
016640
016650
076660
016670
016680
076690
076700
016710
076720
076730
076740
076750
076760
016770
016780
016790
016800
076810
016820
076830
016840
016850
016860
016870
0168830
0716890
016900
016910
016920
916930
016940
076950
016960
076970
016980
016990
017000
017010
017020
077030
017040
017050
017060
017070
077080
017090
017100
0y7110
017120
017130
017140
017150
017160
017170



OO0

c
c
c

180

190

200

210

220
230

240
250

260

270

280

290
300
310

320

CUEFF (M, 1)=FB]#COEFF (M=1,1l)
NPROD (M, I)=NPROD (M=19d) ¢l
COEFF (M=1+1)=COEFF (M=1,1)=COEFF (My1I)

COMPUTE NEUTRON CAPTUHE CROSS SECTIONS IN THRLE REGIONS

KAP (1) =M

PO 190 KI=l,6

CAPT (K1) =0.0

CAPT (1)=SIGNA

CAPT (2)=SIGNP

CAPT (4)=SIONG#FNG]

CAPT (3)=SIGNG=~CAPT (4)
CAPT (9)=SIGN2NasFN2N]

CAPT (5)=SIGN2N-CAPT6}
TOCA =0,

TOTAE(aéungn CROSS SECTIUN FOR NUCLIDE(I)
DO 220 K=1+6
CAPKISCAPT (K)

IF (CAPKI.LT,ERR) 60 To 220
M=M+]

NPROD (M, 1) =NUCLI+NUCAL (K)
COEFF (My1)=CAPKI
TOCAP(1)=TOCAP (1) +CAPRI
IF(K,NEL1) GO TO 210
M=Me]

CUEFF (M,1)=COEFF (M=1s1)
NPROD (Mg 1)=20040
IF(K,NE,2) GO TO 220
M=Me]

COEFF (My 1) =COEFF (M=ly})
NPROD (MyI)=10010

CONTINYE

IF (MOP (NUCLI, 10).EQyp) ®0 TO 250
PO 240 K=1sM

NPROD (K4 1)=NPROD(K,1)*1
MMAX (Iy =M

IF(M,67,7) PRINT 903f, M
DIS(I)=Al

GO TO 40

ILITE = I=1

IACT=0

READ DATA ON ACTINIDE®

017180
Uy7100
0Y7200
017210
Uy7220
077230
017240
017250
017260
017270
017280
077290
017300
077310
077320
017330
017340
017350
077360
077370
017380
077390
017400
017410
0176420
077430
017440
077450
017460
017470
077480
017490
017500
077510
017520
017530
017540
017550
017560
017570
017580
017590
017600
017610
017620

READ (8,9034)NUCL (I) 4DLAM LU, FB14FP FPL,FTaFAyFSF,Q(I)sFG(1),DUMMY 017630

1DUMY1,DUMY2
IF (EOF (B) «NE,0)GOT0450
DO 280 N=1sNLIBE

017650
017660

READ (8,9037) SIGNG,RINGIFNG1,SIGFIRIFySIGFFySIGN2N,FN2N1,SIGN3N,IT017670

CONTINYE

IF(N1+£Q.0) GO TO 300

BO 290 N=1sN}

READ (8,9036) sSKIP

IF(IT ,EWw. 0) 60 TO 270
M=0

NUCLI=NUCL (]}
IF(NUCLTI,.,t9,0) GO TO 450
BO 320 K=145

IF (NUCLTEW,NSORS (K}) ANSURS(K)=I
CUNTINYE

CALL HALF (Al,IVU)

CALL NOAH (NUCLI,NAME)

3-47

017680
017690
077700
017710
017720
017730
017740
017750
017760
037770
017780
017790
077800



C
c
c

330

340

350

360

370

380

390

400

1
IACT=IACT+1

SIGNGSTHEEM#SIGNG+RESYRING

SIGF sTHERM#SIGF +RESYRIF +FAST*SIGFF

SIGN2N=SIGN2N4FAST
S1GN3N=SIGN3NsFAST

IF (MOD (IACT,450),£Q,.0) PRINT 9012,
IF (MOP (1ACT,450).EQ,0) PRINT 9024
PRINT 9026y NAME

TEST RADIOGACTIVITY

IF(A1.LT.ERR) GO 1O 80
ABETA=3,0

TEST PoSITRON EMISSION

IF(FP LT+ ERR) GO TO 350
ABETA=ABETA~FP

M=M+]

COEFF (M, 1) =FP&Al

NPROD (M, I)=NUCLI-10000
POSITRON EMISSION TO EXCITED STATE
IF(FP1 LT+ ERR)GO TO 350
M=M+ 1

COEFF (M, 1)=FP1aCOEFF (M=1,y1)
NPROD (M, 1) =NPROD (M=1sd) ¢l
COEFF (M=1+1)=COEFF (M=} 41)=COEFF (My])
ISOMERTC TRANSITION

IF(FT ,LT.ERR)GO TO 390
M=Me}

COEFF (M, 1) =FT®Al
NPROD (M, I)=NyCLI
ABETA=ABETA=FT

ALPHA EMISSION

IF(FA ,LT.ERR)GO TO 370
M=M+]

CUEFF (M, 1)=FA&Al

NPROD (M, 1)=NUCLI=20040

t4=Me ]

COEFF (M, 1) =COEFF (M=1s1)
NPROD (M,1)=20040
ABETA=ARETA~FA

BETA PECAY

IF (ABETA.LT,1,E~4) GO TO 380
M=Me+1

COEFF (M, I)=ABETA®A]

NPROD (M, 1) =NUCLI+10000
IF(FB1 LT« ERR)GO YO 380
M=Me+]

COEFF (M, 1) =COEFF (M=1s§)¢FB]
CUEFF (M=1+1)=COEFF (M=1,1) 7COEFF (M, 1)
NPROD (My 1) =NPROD (M=19l) el

NEUTRQN CAPTURE CROSS SECTIONS

KAP (1) =M

D0 390 K=1+6

CAPT(K 3y=0,0

CAPT () =SIGNG#FNG]
CAPT (l)=SIGNG=CAPT (2)
CAPT (4)=SIGN2NeFN2N1
CAPT (3)=SIGN2N-CAPT (4]}

FISS(IACT)=SIGF 3-48

(N) sN=1,18)

FNGlzsiGF9BIGN2NQSIGN3N,Q(1).;?(1)

“0y7810

017820
0y7830
017840
0717850
077860

DLAM,FBl,FPsFP1FToFAsFSFySIGNGy077RTO

077880
017890
017900
017910
037520
077930
077940
017950
077960
017970
037980
077990
078000
018010
018020
018030
018040
018050
078060
078070
078080
078090
018100
0Y8110
018120
018130
018140
0718150
018160
078170
078180
078190
018200
018210
018220
078230
018240
078250
078260
0y8270
018280
078290
018300
018310
018320
078330
078340
018350
078360
018370
018380
018390
078400
078410
078470



410

420

430
440

450

460

o000

470

480

490
500
510

520

530

540

OO0

550

1

1

1

TOCAP (1)=040
PO 410 Ksle4

CAPKISCAPT(K)

IF (CAPKI.LT.ERR) GO TO 4lp
M=Me]

TOGAP (1)=TOCAP (I)+CAPKI
COEFF (M, 1)=CAPKI

NPROD (M, 1) =NUCLI+NUCAL (K+2)
CONTINYE

TOCAP (1) =TOCAP (1) +FISH (IAET)
N=3N CLROSS SECTION
AlT7=SIGN3N

IF (A17,LT.ERR) GO TO 40
M=Me]

COEFF(M +1)= a17

NPROD(M ¢1)= NUCLI-20

TUCAP (1)=TOCAP (1)+Al7

IF (MOP (MUCLI,10) .EQ,03 GO TO 440
DO 430 K=l¢M

NPROD (Ko I1)=NPROD (K41} *1
MMAX (1) =M

IF(M,67,7) PRINT 9037, M
SPUNF (TACT)=FSF®#Al#6,V23E23
ALPHAN (TACT)=FA#A146,023E13%Q(])#¢3,65
PIS(I)=Al

I1=1+}

60 TO »70

1L=0

DO 460 K=1+5

TYLD(Ky=0.0

READ DATA FOR FISSION PROPUCTS

018430
018440
018450
078460
078470
018480
018490
018500
018510
018520
018530
0718540
078550
078560
018570
078580
018590
018600
018610
018620
018620
018640
018650
018660
078670
018680
018690
018700
0318710
018720
418730
078740
018750

READ(8.9034)NUCL(I).DEAH,IUvaloFP.FPl.FToFAv[SF.Q(I).FG(I),DUMMYvOTB760

VUMY ] e DUMY2

IF (EOF (B) «NE,0)GOTO690

PO 480 N=1sNLIBE

READ (8,9038) SIGNG,RINGsFNG1,Y,1IT
IF(N1.E0G,0) GO TO 500

PO 490 N=1sN}

READ (8,9036) sSKIP

IF(IT EW. 0) GO TO 470

M=0

CALL HALF (Al,1IU)

NUCLI=NUCL ()

IF(NUCLI.EQsep) GO TO $90

CALL NOAH(NUCLT yNAME)

IF (MOP (1L +50) .,EQ. OF PRINT 9012%
SIGNGFTHERM#SIGNG+RESYRING
IF(NLIRE.EQ,3) GO TO 3 0

(TITLE (N)4N=1,18)

IF (MoP( IL vS0L.EGeQ) PRINT 9019

PRINT 9021, NAME o
FNGLsYyQ(I)sFGtIL

60 TO s50
IF (MOP (IL+50),£Q,0) PHINT 9020
PRINT gp22» NAME 2

DLAM,FBL,FPYFP1,FT,SIGNG,

DLAM,FBL1,FPIFP1,FTySIGMG,FNG1,

Y(2)oYE4) Y (BY QD) ,FG(I)

TEST RADIVACTIVITY

IF(A1.,LT.ERR) GO 1O %00
ABETA=1,0
POSITRON EMISSION
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01.8780
018790
018800
078810
018820
078R30
018840
018850
078860
078870
018880
078890
018900
018910
018920
018930
018940
018950
018960
018970
078980
018990
019000
019010
019020
079030
019040
019050



OO0

560

570

580

590

600

610

620
630

640
650

660
670

680

3=Fp .
?F(A3.LT.ERR) G0 1O Q70
ABETA3ABETA~A]

AP1=A34FP1
AP=A3=aAP]

IF (APLLLT.ERR) GO TO 360
M=Me]
COEFF (M, 1) =APaA]l
NPROD (M, I)=NUCLI=10000

IF (AP1,LT.ERR) GO YO 5170
M=M+]
CUEFF (My1)=AP1aA)
NPROD (M4 I)=NUCLI~9999
ISOMERIC TRANSITION

IF(FT ,LT. ERR) GO TO 580
M=Me)
COEFF (M, I)=FTeAl
NPROD (M, I} =NUCLI
ABETA=ABETA=FT
NEGATRON EMISSION

IF (ABETALLT,1,0E=4) GU TC 600
A2=FB1l
AB1=ABETA#A2
AB=ABETA-AD]

IF (ABoLTelsE~4y GO TO 590
M=Me+ ]l
CUEFF (M,1)=ABeA]
NPROD (M, 1) =NUCLI+10000
IF(AB1,LT.1,E~-6) GO TW 600
M=M+]
COEFF (M, 1) =AR1&A]
NPRUD (M, I)=NUCLI+10004%

NEUTRON CAPTURE CROSS SECTIONS FOR FISSION PRUDUCTS USING THREE

REGION APPROXIMATION

KAP(I):M

DO 610 K=196

CAPT (Ky=0.0

CAPT (2)=SIOGNG#FNG]

CAPT (1)=SIGNG~CAPT (2)
TOCAP(1)=040

PO 620 K=192

CAPKI=CAPT(K)

IF (CAPKIL.LT,ERR) GO To 6&p
M=M+1 _

TUEAP (1)=TOCAP (1) +CAPRI
COEFF (M, I)=CAPKI )
NPROD (M, I)=NUCLI+NUGAL (K+&)
CONT INYUE

IF (MOP (NUCLI,10).EQ,0} GO TO 650
PO 640 K=19M

NPROD (K, 1) =NPROD (K, 1)*1
IL=1L+]

DO 660 J=145

YJ=Y (Jy 204010

TYLD (Jy=TYLD (J) eYJ
Y1ELD (Ul IL)=YJ

IF (NLIBREEW,1,0R NLIBE,EGe4) GO TO 680

IF (NLIRF,EW,3) VYIELD(1vIL)=yJ
YIELD(3,IL)=YJ
MMAX (1)=M

019060
079070
0319080
019090
019100
019110
079120
019130
019140
019150
019160
019170
019180
019190
019200
079210
019220
079230
019240
019250
079260
019270
079240
0719290
019300
079310
619320
019330
079340
079350
019360
079370
019380
019390
079400
019410
019420
079430
079440
019450
019460
019470
019480
019490
079500
019510
019520
079530
019540
019550
079560
019570
019580
019590
079600
019610
019620
019630
079640
019650
019660
079670



OO0 OO0

OonOn

690

700

710
720

730
740
750

760

7)- PRINT 9037, M
1

ALL DATA ON NUCLIDES HAS VEEN READ, BEGIN TO LOMPUTE MATRIX COEFF

IToT=1.1

FIND PRODUCT NUCLIDES FOR REACTIONS OF LIGHT ELEMENTS

NON=Q

DO To0 K=lslTOT

NONO (Ky=0

IF(ILITE.LT,1) GO YO 760
DO 750 I=1sILITE
NUCLI=NUCL(])

DO 720 J=1,ILITE
KMAX=KAP (J)

IF (KMAX,LT+)) GO 71O [20
DO 710 M=lsKMAX
1F(N6cL1.NE.NPROD(M.J1) GW To 710
NONO (1)=NUNQ(I)+1
NON=NON+1

IF (NON,GT.2500) PRINI 9061, NON,NUCL (1)

A (NON) =COEFF (M,J)

JT=J

LOC (NON) =JT

CONTINYE

CONTINUE

KD (1)=NONO(])

DO 740 J=1,ILITE
K1=KAP (J) +1

KMAX=MMAX (J)

IF (KMAx ,LT.K1) GO TO 740
DO 730 M=Kl ,KMAX

IF (NUCLI.NE.NPROD (M,J)) GU TO 730
NONOQ (I)=NONQ (I)+1
NON=NONe1

IF (NON,GT.2500) PRINI 90#1, NON,NUCL (1)

A (NON) =COEFF (M,J)
WTsJd

LOC (NON) =JT
CONTINyYE
CONTINUE
CONTINUE

NON ZERO MATRIX ELEMENTS tOR THE ACTINIDES

IF (IACT.LT.l) GO 1O H20
IU=ILITE+]

I1=ILITE+IACT

PO 810 I1=10,11
NUCLI=NUCL ()

p0 780 J=10,1)
MAX=KAP (J)

IF (MAX,LT.1) 60O TO 780
DO 770 M=14MAX

IF (NUCLT NE,NPROD (MyJdd) ©0 TO 770
NONQ (I)y=NUND (1)1
NUN=NON+1

IF (NON,GT.2500) PRINT F0%1, NON,NuCL (1)
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019680
019690
079700
079710
079720
079730
019740
019750
019760
019770
079780
019790
015800
019810
019820
019830
019840
079850
019860
079870
0719880
019890
079900
079910
019970
019930
019940
019950
019960
019970
079980
019990
020000
020010
070020
020030
020040
0720050
020060
020070
020080
020090
0r,0100
020110
0720120
020130
020140
020150
020160
070170
070180
020190
020200
020210
020220
020230
0720240
0720250
070260
020270
070280
0720290
020300



OO0

770
780

190
800
810

820

830
840

850
860

A (NON) =COEFF (M, J)

JT=J

LOC (NON) =JT

CONTINUE

CONTINYE

KD (I)sNONO(I)

DO 890 J=10,11
M1SKAR (J) ¢l

M2=MMAX (J)

IF (M2.LT.Ml) GO TO 890
PO 790 M=M1,M2
IF‘NUCLIQNEONPROD(MQJl) GU To 790
NONQ (J)=NONOQ (1)1
NON=NON+ 1

IF (NON,GT,.2500) PRINT 9061, NON,NUCL (1)
A (NON) =COEFF (M, J)

JT=J

LOC (NON) =JT

CONTINUE

CUNTINyYE

CONTINyYE

MATRIX ELEMENTS FOR FISSIUN PRODUCTS

IF(IFP,LT.1) RETURN

IM=ILITE+IACT

10=IM+

IF(1707,LT.,10) RFTURN

DO 880 1=10,170T

NUCLI=NUCL (I)

12=MAXp(10s1=10)

I13=MINg (ITUT,1410)

DU H40 JU=12,13

KMAX=KAP (J)

IF (KMAX,LT,1) GO TO H40

DO 830 M=1snMAX

IF (NUCLT.NE,NPROD (MyJ}) GY TO 830
NONO (Jy=NONQ () +1

NON=NON+1

IF (NON,GT.2500) PRIN] 9061, NoN,NuCL (1)
A (NON) =CUEFF (MyJ)

JT=u

LOC (NQn) =JT

CONTINUE

CONTINYE

KD (I)=NONO(])

DO 860 JU=12+13

K1=KAP (J)+1

KMAX=VMAX (J)

IF (KMAX,LT.K1) GO TO ~60

PO 850 M=K1,KMAX

IF (NUCLTI .NE«NPROD (Mg Jd) GW TO 850
NOND (I)=NOND (I)+1

NON=NON«+1

IF (NON,GT.2500) PRINT 9041, NoN,NycL (1)
A (NON) =COEFF (M, J)

JT=J

LOC (NON) =UT

CONTINUE

CONTINUE

IF(IACT,LT.1) GO TO 880

DO 870 K=145
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020310

0720320
020330
020340
020350
020360
020370
020380
020390
020400
070410
020420
020430
020440
070450
020460
020470
070480
020490
020500
020510
020520
20530
020540

020560
020570

020590
070600
0720610
020620
070630
070640
020650
070660
070670
020680
0720690
020700
020710
020720
020730
020740
020750
020760
020770
0720780
020790
020800
020810
020820
070830
0720840
620850
070860
0720870
020880
020890
020900
0209310
0720920



OOoOOnOO0n

OO0

IF(YIELD(KyIL) LT,ERR} GU TO 870 020940
NON=NON4] 020950

IF (NON,GT,.2500) PRINT 9061, NoN,NucCL (1) 020960

NOND (1) =NONQ (I)+1} 020970
KK=NSORS (K) 020980

LOC (NQON) =KK 020990
KF=KK=1LITE 021000
A(NON) =YIELD (K,IL) «FISS (KF) 021010

870 CONTINUE 0721020
880 CONTINUE 021030
IF(IFP,LE.O0) GO TO 909 021040

IF (NLIRE.NE+3) GO TO §90 021050
PRINT 9027, TYLDt2),TYLD(4)TYLD(5) 071060

60 T0 900 021070

890 PRINT 90309 (TYLD§1)sl=1,5) 0721080
021090

ALL MATRIX ELEMENTS ARE NOW COMPUTED 021100
BEGIN TRANSIENT SOLUTiON 0>1110
021120

021130

TEMPORARILY WRITE OUT MATKIX ELEMENTS 021140
0721150

9oy IF(IR ,Euw. 0) RETURN 021160
PRINT 9n29% 021170

N=0 021180

DO 910 I=1s170T 021190
NUM=NONN (1) 071200

IF (NUM_LE.O) GO To 90 071210
N1=N+NUM 021220
N=N+1 021730
PRINT gn28y 1.0IS (I)sTOCAP (1) (A(K)LUC(K) ,K=NyN]) 071240

N=N1 0721250

910 CONTINYE 021260
RETURN 0p1270

920 STOP 021280
021290

FORMATg FORMATS FURMATS FORMATS 021300
021310

900) FORMAT (4F10,54612) . 621320
9005 FORMAT (1H1943X,"NUCLEAR TRANSMUTATION DATA REVISED w,I2%n/n,12,"021370
17"9124/,m0NUCL = NUCLLIDE # 10000 # ATOMIC NO *+ 10 # MASS NO ¢ ISUMO021380
SERIC STATE (0 OR 1)"e30Xs"DLAM = DECAY CONSTANT (1/SEC)."5/4" FBy, 021390
3FP, FA, FT = FRACTIONAL OtCAy BY BETAs PQSITRUN (OR ELECTRON CAPTU021400
4RE),y ALPHA, INTERNAL TRANSITION, FB = 1 - FP = FA = FTug/4m FB140214)0

5 FP1, FNGly FN2N1 = FRACTION UF BETA, POSITRQN, N-GAMMA, N-2N TRAN021420
6SITIONS TO EXCITED STATE UF PRODUCT NUCLIKE"s7," SIGTH, SIGNG, SI1G021430

7Fy SIGNAy SIGNP = THERMAL CROSS SECTIYNS (BARNS) FOR ABSORPTION, N0>1440
8-GAMMA, FISSION, N-ALPHAy N=-PROTON n) 021450
9006 FORMAT (n» SIGNG = SIGTH ® (1 = FNA ~FNP)s SIGNA = SIGTH & FNA, 021460

IL=I-ImM - 020930

1SIGNP = SIGTH # FNP, FNA} FNP = FRACTION THEXMAL N-ALPHAy N-PROTO021470
2NeMysyn RITH, RING, RLIFs RINAy RINP = RESUNANLCE INTEGRAL FOR ABSUR0>1480
3PTIONy N-GAMMA, FISSION, N-ALPHA, N=PROTON 11,/ " RING = RITH ¢ (021490
41 - FINA - FINP), RINA = RITH # FINA, RINP = RITH @« FINP, FINA, F021500
SINP = FRACTION RESONANCE N-ALPHA, N-PROTON,'"s/," SIGMEV, SIGFF, SI071510
6GN2N, SIGNAF, SIGNPF § FAST CROSS SECTIONS (38RNS) FOR ABSORPTIOMs 021520
7FISSION, N=2N, N=ALPHA, NePROTON,",/," SIGNEN = SIGMEV # (1 - FF021530
aNA - FFNP}e SIGNAF = SIGMEV # FFNA, SIuGnpF = SIGMEV & FFNP, FFN021540
GAy FFbhP = FRACTION FAST MrALPHAy NP ') 021550

9007 FURMAT (v Y23, Y25, Y0<, Y28y Y49 = FISSIun YIeLD (PERCENT) FROM 23021560

13-Us 235-Uy 232-TH, 238-Uy 239~ PU,n,/,nw u = DEAT PER DISINTEGRATIO0?1570
20N, FG = FRACTION OF HEAT IN GAMMAS UF EnERGY GREATER THAN 0.2 ~E021580
Vettysynp EFFECTIVE CRUSS SECTIONS FOR A VULUML AVERAGED THERMAL (L021590
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47 0e876 EV) FLUX ARE AS FULLOWS,"y /" N.GAUMA =~ SIGNG # THExM021600
5 +« RING & RES,ny/4n FISSION =~ SIGF # THERM + RIF # RES + SIGF071610
6F & FAST."910X,"THERM = 1/V CURRECTION FOR THERMAL SPECTRUM AND TE021620
TMPERATURE « "y /0 N=-4N - SIGN2N # FAST,",36Xy"RES = RATIU 021630
BOF RESONANCE FLUX PER LETOARGY UNIT TO THERMAL FLUX,") 091640
9008 FORMAT (» N-ALPHA = SIGNA # THERM « RINA # RES + SIGNAF « FAST031650
1¢"sTXsnFAST = 1,45 ¢ RATA0 OF FAST (6T lep MEV) TO THERMAL FLUX "021660
a/" N-PROTON - SIGNP # THERM « RINP # HES ¢ SIGNPF & F8ST,") 021670
9009 FORMAT (1HO0#59X,"REFERENCERu, /41 HALF LJVES» DECAY SCHEMES, AND 021680
1 THERMAL POWERw,/,n C M LEPERERy, J M HULLANDERs» AND I PERLMAN "nTAB021690
2LE OF ISOTOPES - SIXTH EDATIONww JOHN WILEY AND SONS, INC (19671021700
3/ B 5 DZMELEPOV AND L K PEKER "#DECAY SCHEMES OF RADIOAGTIVE NuC021710
4LEI"w pERGAMMON PRESS (1981)ws/y» D T GOLVMAN AND JAMES R ROSSER "021720
§#CHART OF THE NUCLIDE$nn RINTH EDITION GENERAL ELECTRIC Co (JuLY 021730
61966)1, /" E D ARNOLD n"PROGRAM SPECTRAW" APPENDIX A OF ORNL~3576 021740
7(APRIL 1964)w) 021750
9010 FORMAT (n CROSS SECTIONS AND FLUx SPECTHA"s/," B E PRINCE "“NEUT021760
1RON REACTION RATES IN THE MSRE SPECTRUMnM oRNL.4119, PP 79-83 (JUL021770
2Y 1967)"s/9" B E PRINYE ""NEUTRON ENERGY SPECTRA IN MSRE AND MSBRY021780
3" ORNL-4191, PP 50-58 (DEE 1967)"y/yn M D GOLWBERG ET AL "wNEUTRUN021790
4 CROSS SECTIONS"" BNL~325, SECOND ED, SURF NO 2 (MAY 1964 - AUG 19021800
566) ALSO EARLIER EDITIONS",/," H T KERR, UNPUB| ISHED ERC COMPILATIO021810
KON (FEB 1968)1n,/4n M K DRBKE ""A COMPILATION UF RESONANCE INTEGRALO21820
751w NUCLEUNICS, VOL 24, NU 8, PP 108-111 (AUB 1966)",/," BNWL STAF021830
aF nnINVESTIGATION OF N-2N CROSS SECTIONS"" BNWC-98, PP 44-98 (JUVE021840

9 1965)mn) 021850
9011 FORMAT (18A4,13) 071860
9012 FORMAT (1H1s20X,18A4Y) 021870

9013 FORMAT (n H ALTER AND ¢ E MEBER ""PRODUCTIUN Qf H AND HE IN METALS 051880
1VURING REACTOR IRRADIATIONNw J NUCL MATLS» vOL 16y PP 68-T3 (1965)071890
21y /90 { L BENNETT wuRECOMMENDED FISSIYN PRODULT CHAINS FOR USE I 021900
JREACTOR EVALUATION STUDIEBun ORNL=-TM-1658 (SERT 1966)%) 0721910
9014 FORMAT (n FISSION PHODUCT YIELDSw,/sv M E MEEK AND B F KIDER, ""021920
1SUMMARY OF FISSION PRUDUCT YIELDS FOR U-235, VY-238, PU~239, AND PU021930
2-241 AT THERMAL, FISSION SPECTRUM AND' /" 14 MEV NEUTRUN ENERGI021940
IESHN APED=5398-A(REVels (0T, 1968)n/n S KATCOLF un FISSION PRODUCT021950
4YIELDS FRUM NEUTRON INDUCED FISSION"# NUCLEONLICS, VOL 18, NO 11, 021960
5 (NOV 1960)"/n N D DUDEY " REVIEW OF LOW=MASS ATOM PRODUCTION IN F021970

6AST REACTURSHI ANL~T4349 (APRIL 1968) ') 021980
9016 FORMAT (1H0+20X,"LIGHT ELEMENTS, MATERIALS OF CONSTRUCTION3 AND ACT022030
1IVATTION PRODUCTS "™e/7,"0 NUCL DLAM Fo1l FP " 000640
2"FP1 FT FA SIGNG FNG) SILN2N FN2N1m 000650

3N SIGNA SIGNP 9 FG ABUNDANCEM) 000660

9018 FORMAT (1HO0910X,"THERMS "F10,595X¢"RES™ "F10,595X,"FAST= nF10,5, 022090
177 91X s nNEUTRON SOURCEF "5(I10%5X) 45X, "NLIBE= "13) 022100

9019 FORMAT (1H0s36X,""FISSINN PRODUCTSM"y /410 NUCL DLAM u 000690
1 "FBl FP FP1 FT SIGNG  FNG1 Y23 " 000700

2 "Y25 Yo02 ya® Y49 Q FGM) 000710

9020 FORMAT (1HO936X,"FISSIUN PRODUCTS"y/yn0 NUCL DLAM FBl " 000720
1 "FP FP1 FT SIGNG FNG1 Yee yaan 000730

2 v Y49 Q FGuy 000740

9021 FORMAT(1H sA2,13,A1,1PE1042,0P4F7,3,1PE1042,0CF7,3, 000750
1 1P5E10.,290P2F7,3) 000760

9022 FORMAT (JH 9A2,13,A1,1PE102,0P4F7,3,1FE1042, 000770
1 OPFT.,3+1P3E10,2,0P2L743) 000780

9024 F()RMAT'(IHOv;‘)EX, HACTINIDES AND THEIR DAUGHTERDu, s/ 022220
v NuCL DLAM FB1 FP FPl FTn 000800

2" Fa FSF Es+6 sIGNG FNG2) SIGFY 000810

3" SIGNZN SIGN3N Q FGu) 000820

9026 FOURMAT (1R 9A2,13,A1,1PE1042,0P5F7.3,6PF1041,1FE10,.2y 000830
1 OPF7.3,1P3E10.,2,0PF8,3,F6,2) 000840

9027 FURMAT (v0SUM OF YIELDS OF ALL FISSION PROVUCTS =u,15X,]1P3E9.2) 022290
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9028 FURMAT (15+2X%,1PE10.393XsE104395(2X4E10.393X912)/7(30X+5(2X%E10.3y 022300

1 Ixe15)}) 072310
9029 FORMAT (#w1NON-ZERO MATHIX ELLEMENTS AND THEIR LUCATIONSw/ 022320
1" I DIs(I CAP (1) Arl ) J A(l4d) 072330
2J A(lvyy J A(ly,J) J A(Ivd) J ") 022340
9030 FORMAT (63HOSUM OF YIELDS UWF ALL FISSION PHODULTS
1 '5(E9.2.IX)) -
9033 FURMAT (1H sA2,13,A191FPEL10¢240PSF7,3,1PE10+2,07F7,3,1PE10,.2, 000860
1 OPFZ,3,1P2E10,2,0P207,3%F8,3) 000870
9034 FURMAT (17+F9,3,11,5F59391RE9,2,0P2F5,3,F74342E640) 022420
9035 FORMAT (7X9F9,2,3F5,31F9.292F5,39F9,293F5.3, 3A,11) 022430
9036 FORMAT (20A4) 022440
9037 FORMAT (TX92F9,24F5.394F9.8,F4,14F9,2,11) 000890
9038 FURMAT (7X92F9,2,F5,3,3F%:2y 4Xy11) 022460
9039 FORMAT (0 WARNING, MVUUT UF RANGE IN NUDATA, =n I5) 022470
9040 FORMAT TR F9.2,3FBy6yF®,2,2F3,1,F9+2,3F5.315X,11) 022480"
9041 FURMAT(np NON HAS EXCEEDEP 2500, EQUAL TO n2lI0) 072490
EnD 022500
#DECK COLLECTY 022510
SUBROUTINE COLLECT (TMB,CWASTEZITOT)
COMMON JEW/XTEMP (800) s XNEW(10,800)98(800) +¥ (800)
DIMENSTON CWwASTE(8p0) 022550
IF(TMB,LT+1) RETURN 072560
DO 10 I=1+1T70T 022570
B(1)=CwASTE(I) 022580
10 XTEMP(1)=0.0 022590
CALL PECAY(1,TMB,ITOT) 022600
CALL TERM(TMB,1+IT0T)
CALL EQUIL(1,ITOT) 022620
uu 20 1=1s110T7 ' 072630
20 CWASTE (1) =XNEw(1+s1)/TMB 022640
RETURN 022650
END 072660
“DECK STORAG 022670
SUBROUTINE STORAG (TMBaCWASTE,LITOT)
COMMON /EQ/XTEMP (R00) » XNEW(10,500)+8(800)+P(800) )
DIMENSTON CWASTE(ITOT} 022710
IF(TMB,L.T,1) RETURN 072720
DELT=TMB 022730
PO 10 1=1+1T0OT 072740
B(l)=0,0 022750
10  XTEMP(1)=CWASTE(I) 022760
CALL PECAY(1,DELT,1TO0]) 022770
CALL TERM(TMB,1,1T0T)
CALL EquIL(1,ITOT) 022790
DO 20 I1=1+1TOT 022800
20 CWASTE (I)=XNEW(1s1) 072810
HETURN 022820
END 072830
#DECK BLKDATY 022840
c PROGRAM BLOCK DATA 022850
BLOCK DATA BLKDAT1 072860
INTEGERELE (Y9) ,STA(2) 072870
COMMON /I LABEL, ELE,STA 0722880

PATA ELE/Z" hn,uHEn.nL_I_n."bE",“ Bugu Chyn Nugtt Qugun F","NE“,"NAH,"MO?ZBQO
]G","AL"."SI"." Pr,n S","CL"'NAR"." Ku,nCA".“S(jHo"TI"." Vn',uCRu.nMNo?ggon
21 MFEN nCOM  uNT !, nCUM g TN G HGAN g HGEN  WASH g nSEM BRIy KR, WRBI, 1SR1052910
W Yu,an"."NBn,nMQn,"T&"0"RU","RHI!,"PD"."AG"""CD"Q"IN"v"bN"o"SB"oO?E‘?ZO
GUTEN I [HyUXEN 0TSy HEAT s L Aty nCEM PRI, nNDIy 'PMI g 1SMI, HEUN, 1GD11, 022930
I;TBH,HDYH."ﬁotl,llER","T”.","YB","LU""'HF"'"TA"." N"."RE","OS","IR"'"PO?2940
6'[","Auu.'!ﬁ(j".HTL",HPB","BI",NPO"."AT".llRN"."F'}"v"RA","Ac"b"TH"."PAo?_29SO
T YN uNPY  upyt naMi g nCM!Y  gRI, nCF I, RESHY/ © 022960
DATA STA/Z" neuM ny 022970
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#DECK

10

20

#DECK

END 022980

HALF 072990
SUBROUTINE HALF (A, I) 023000
SUBROUTINE HALF CONVERTS UDALF-LIFE TO DECAY CUNSTANT (1/SkC) 0723010
DIMENSTON C(9) 073020
DATA €,/6.9315E=01,1,1252E-02,1,9254E<0448+0220E=0692.1965E-084,0,0+023030

2.1965E211,2,1965E414,2,1965E-17/ 023040
IF(A,67,0.0) GO TO 10 023050
IF(l1,En,6) GO TO 20 023040
A=9,99 023070
RETURN 023080
A=C(I) /A 0723090
RETURN 023100
A=040 0?3110
RETURN 023120
END 023130
NOAH 023140
SUBROUTINE NOAH (NUCLIINAMBE) 0723150
SUBROUTINE NOAH CONVERTS SIX DIGIT IDENTIFIER TO ALPHAMERIC SYMBOL023160
INTEGERNAME (3) 023170
INTEGERELE (99) ,STA(2) 023180
COMMON/LABEL, ELE,STA 023100
IS=MOP (NUCLI,10)+1 023200
NZ  =NyuCLI/10000 023210
MW=NUCLI/10-NZ #1000 0723220
NAME (1) =ELE (NZ) 023230
NAME (2 =Mw 0723240
NAME (3y=STA(IS) 023250
RETURN 0723260
END 023270
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CHAPTER 4. DATA FOR RADIOACTIVE SOURCE TERM CALCULATIONS FOR
PRESSURIZED WATER REACTORS (PWR's)

This chapter lists the information needed to generate source terms
for PWR's. The information is provided by the applicant and is consistent
with the contents for the Safety Analysis Report (SAR) and the Environmental
Report (ER) of the proposed pressurized water reactor. This information
constitutes the basic data required in calculating the releases of
radioactive material in liquid and gaseous effluents (the source terms).
A11 data are on a per-reactor basis.

4.1 GENERAL

1.  The maximum core thermal power (MWt) evaluated for safety
considerations in the SAR.

Note: A1l the information required in calculating the releases
should be adjusted to this power level.

2. The quantity of tritium released in liquid and gaseous effluents
(Ci/yr per reactor).

4,2 PRIMARY SYSTEM

1. The total mass (1b) of coolant in the primary system, excluding
the pressurizer and primary coolant purification system, at
full power.

2. The average primary system letdown rate (gal/min) to the primary
coolant purification system.

3. The average flow rate (gal/min) through the primary coolant
purification system cation demineralizers.

Note: The letdown rate should include the fraction of time
the cation demineralizers are in service.

4, The average shim bleed flow rate (gal/min).

4,3 SECONDARY SYSTEM

1. The number and type of steam generators and the carryover
factor used in the evaluation for iodine and nonvolatiles.

2. The total steam flow rate (1b/hr) in the secondary system.
3.  The mass of Tiquid in each steam generator (1b) at full power.

4., The primary-to-secondary system leakage rate (1b/day) used
in the evaluation.
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5. Description of the steam generator blowdown purification system.
The average steam generator blowdown rate (1b/hr) used in the
evaluation.

6. The fraction of the steam generator feedwater processed through
the condensate demineralizers and the DF's used in the evaluation
for the condensate demineralizer system.

7. Condensate demineralizers
a. Average flow rate (1b/hr);

b. Demineralizer type (deep bed or powdered resin);
C. Number and size (ft3) of demineralizers;

d. Regeneration frequency;

e. Indication whether ultrasonic resin cleaning is used and
the waste liquid volume associated with its use; and

f. Regenerant volume (gal/event) and activity.

4.4 LIQUID WASTE PROCESSING SYSTEMS

1. For each liquid waste processing system, including the shim
bleed, steam generator blowdown, and detergent waste processing
systems, provide in tabular form the following information:

a. Sources, flow rates (gal/day), and expected activities
(fraction of primary coolant activity) for all inputs to
each system.

b. Holdup times associated with collection, processing,
and discharge of all liquid streams.

c. Capacities of all tanks (gal) and processing equipment
(gal/day) considered in calculating holdup times.

d. Decontamination factors for each processing step.

e. Fraction of each processing stream expected to be
discharged over the life of the plant.

f. For demineralizer regeneration, provide time between
regererations, regenerant volumes and activities,
treatment of regenerants, and fraction of regenerant
discharged. Include parameters used in making these
determinations.,

g. Liquid source term by radionuclide in Ci/yr for normal
operation, including anticipated operational occurrences.
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2. Provide piping and instrumentation diagrams (P&ID's) and process
flow diagrams for the liquid radwaste systems along with all
other systems influencing the source term calculations.

4.5 GASEQOUS WASTE PROCESSING SYSTEM

For the waste gas processing system, provide the following:

1. The method of stripping gases from the primary coolant, the

volumes (ft3/yr) of gases stripped from the primary coolant,
the bases for these volumes.

2. Description of the process used to hold up gases stripped from
the primary system during normal operations and reactor shutdown.
If pressurized storage tanks are used, include a process flow

diagram of the system indicating the capacities (ft3), number,
and design and operating storage pressures for the storage tanks.

3. Describe the normal operation of the system, e.g., number of
tanks held in reserve for back-to-back shutdown, fill time for
tanks. Indicate the minimum holdup time used in the evaluation
and the basis for this number.

4, If HEPA filters are used downstream of the pressurized storage
tanks, provide the decontamination factor used in the evaluation.

5. If a charcoal delay system is used, describe this system and
indicate the minimum holdup times for each radionuclide
considered in the evaluation. List.all parameters, including
mass of charcoal (1b), flow rate ft“/min), operating and dew
point temperatures, and the dynamic adsorption coefficients
for Xe and Kr used in calculating holdup times.

6. Provide piping and instrumentation diagrams (P&ID's) and
process flow diagrams for the gaseous radwaste systems along
with other systems influencing the source term calculations.

4,6 VENTILATION AND EXHAUST SYSTEMS

For each building housing systems that contain radioactive materials,
the steam generator blowdown system vent exhaust, gaseous waste processing
system vent, and the main condenser air removal system, provide the
following:

1. Provisions incorporated to reduce radioactivity releases
through the ventilation or exhaust systems.

2. Decontamination factors assumed and the bases (include
charcoal adsorbers, depth of charcoal beds, HEPA filters,
and mechanical devices).

3. Release rates for radioiodine, noble gases, and radioactive

particulates (Ci/yr), radioactive particulate size distribution,
and the bases.
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Release point description, including height above grade, height
above relative location to adjacent structures, relative
temperature difference between gaseous effluents and ambient
air, flow rate, velocity, and size and shape of flow orifice.

For the containment building, the building free volume (ft3)
and a thorough description of the internal recirculation system
(if provided), including the recirculation rate, charcoal

bed depth, operating time assumed, and mixing efficiency.
Indicated the expected purge and venting frequencies and
duration and continuous purge rate (if used).
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APPENDIX A

LIQUID SOURCE TERM CALCULATIONAL PROCEDURE FOR REGENERANT WASTES

FROM DEMINERALIZERS OTHER THAN CONDENSATE DEMINERALIZERS

Often in PWR radwaste systems, demineralizers other than the

condensate demineralizers may undergo regeneration, for example, the
radwaste demineralizer in the dirty waste system. The PWR-GALE Code
can calculate the liquid effluent resulting from periodic regeneration
of non-condensate demineralizers by following the procedure outlined
below.

].

Input to Cards 1-11 and Cards 27-42

A separate computer run for calculating the regeneration waste
effluent from non-condensate demineralizers is required. Cards 1-11
should be filled out as indicated for the specific plant in Sections
1.5.2.1 through 1.5.2.11 of this report. Also Cards 27 through 41
may be left blank (except that values of 1.0 must be entered for
Card 28 entries). Card 42 should be left blank.

Input to Cards 12-26

The only liquid source term data cards completed (Cards 12-26)
should be the three card sets used in the input data for tke stream
in which the demineralizer to be regenerated is located. The
remaining card sets should have a zero entered for the input flow
rate.

a. Input Flow and Activity (Card 12, 15, 18, 21 or 24)

The input flow rate and input activity should be the average
daily input flow rate and input activity processed through
the demineralizer to be regenerated. For example, if the
demineralizer to be regenerated is used to process a shim
bleed waste stream, the total input flow rate might be 1440
gallons per day.

Note that it is not the flow rate and activity which is due

to the regenerant waste which is entered, it is the normal
flow rate and activity through the component to be regenerated
which is entered.

b. Regeneration Frequency (Card 14, 17, 20, 23 or 26)

Enter the time between regenerations in days as the “collection
time." If a regeneration frequency is stated by the applicant,
it may be used; otherwise the following frequency may be used:
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*

TABLE A-1

Demineralizer Service Regeneration Frequency
Primary Coolant Letdown 180 days

Boron Recovery System 180 days
Equipment Drain Wastes *

Floor Drain Wastes *

Steam Generator Blowdown 90 days

Regeneration frequency is calculated by dividing the waste quantity
(gallons) by the waste flow rate in gallons per day. The waste

quantity is 25000 ga]/ft3 times the volume in ft3 of resin for

equipment drain waste and 2000 ga]/ft3 times the volume in ft3 of
resin for floor drain waste. The calculated values of 25,000 and

2,000 ga]/ft3 of resin for the waste are based on 12,000 g

CaC0, ion exchange capacity per ft> of resin and 5 umho/cm and
50 umho/cm average conductivity for equipment and floor drain
Tiquid wastes.

By inputting the normal flow rate and activity in Item a and
the regeneration frequency as the coliection time in Item b

the PWR-GALE Code will accumulate all of the activity processed
through the demineralizer during its normal operation and

decay the activity as a function of the time over which it was
collected.

Process Time and Fraction Discharged

Use the same "process time" and "fraction discharged" as
indicated for the stream in which the regeneration wastes are
processed as indicated in Section 1.5.2.12.4 of this document.

Decontamination Factors (Card 13, 16, 19, 22 or 25)

The decontamination factors entered should consider radionuclide
removal by the equipment used to process the regenerant wastes
using the normal source term procedures of 1.5.2.12.2. 1In
addition, the decontamination factors entered should be used

to adjust the source term for the fraction of the activity in
the process stream flowing through the demineralizer during
normal operation which is not removed by the demineralizer.
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Sample Case

A demineralizer is used to process shim bleed waste and is to

be regenerated. The normal flow rate for the demineralizer is
1440 gpd and the activity is calculated in the PWR-GALE Code.

The regenerant wastes will be processed through an evaporator

and discharged.

Fill in the Cards 12-14 in the following manner:
Card 12

Spaces 18-41 enter - shim bleed demin regen
Spaces 42-49 enter - 1440.0

Card 13

The wastes will be processed through an evaporator which will
provide the following DF's according to Table 1-4 of Section
1.5.2.12.2.

I - 10§
Cs, Rb - 103
Others - 10

While in operation, referring to Table 1-4 of Section 1.5.2.12,2
demineralizer DF's are:

I - 10
Cs, Rb - 2
Others - 10

Therefore, for “I" and "Others," 90% of the activity processed
through the demineralizer is removed by the resins and no
adjustment is needed. Only 50% of the Cs and Rb in the waste
stream is removed by the resins, however, so the DF entered for
Cs should be adjusted. Thus, the DF's entered on Card 13

would be:

I - 100.0

Cs, Rb - 2000.0

Others - 1000.0
Card 14

Spaces 29-33 "Collection Time." Using the value from Table A-1
of 180 days for the regeneration frequency

Enter 180.0 days in spaces 29-33.

A-3



Use the same "Process time" and "fraction discharged" as is
indicated for the stream in which the regeneration wastes are
processed as indicated in Section 1.5.2.12.4 of this report.

Note: If there is more than one stream for which non-condensate
regenerant demineralizer is used, follow the same procedures
explained under item A2 for the other stream or streams.

Components in Service

a'

If the waste is processed through a component other than a
regenerable demineralizer prior to processing by the regenerable
demineralizer, the activity in the steam entering the demineralizer
will be less than the activity entered as described above. To
compensate for this difference, the DF's for the regenerant

waste calculation should be adjusted in a manner similar to

that described above. The product of the DF's should be used.

If two regenerable demineralizers are used in series, follow

the procedure in a above. Adjust the DF for nuclides removed

from the waste stream, by using the product of the DF's for

two demineralizers in series, i.e., consider the two demineralizers
as one larger demineralizer.

Use of Computer Calculated Result

Combine the values printed out in the individual liquid source term
columns for the system in which the demineralizer is being regenerated
(not the adjusted total value) with the normal liquid source term

run values. Do not use the adjusted total value from the right hand
column since the source term run to which the regenerant waste run
will be added has already been adjusted.
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