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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
gffluents) 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.




Chapter 3 contains sample input data together with an explanation of the
1pput 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 listing of the PWR-GALE Code.

Chapter 4 lists the information needed to generate source terms
PWR's. The information is proved by the applicant and is consis
contents of the Safety Analysis Report (ER) of the proposed PWF
information constitutes the basic data required in calculating

+ \ 4

radioactive material in liquid and caseous effluent




CHAPTER 1. PWR-GALE CODE

1.1 INTRODUCTION

In promulgating Appendix I 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-srecific
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 gquantities 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.

{
1
{




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 tie 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
liquid 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 radicactivity 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 tc steam when it enters the secondary
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Plant Capacity Factor: The ratio of the average net power to the
power capacity.

Primary Coolant: The fluid circulated through the reactor to remove
heat. he primary coolant activity is considered to be constant over
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, |
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 range:
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:

Noble gases

Halogens (Br, I)

Cs, Rb

Water activation products

fritium

T

Other nuclides (as listed in Tables
of this document)

Radioactive Halogens: The isotopes of fluorine, \lorine, bromir

ijodine., The radicactive isotopes of iodine are the key isotope:
in dose calculations.

Radioactive Noble Gases: The radioactive isotopes of helium

argon, krypton, xenon, and radon, which are characterized b)
1

chemical inactivity. The radioactive isotopes of krypton a
the key elements considered in dose calculations.

Radioactive Release Rate: The average quantity of radi
released to the environment from a nuclear power react
operation, including anticipated operat ional occurrence:
secondary Coolant: The coolant converted to steam by
in a heat exchanger (steam generator) to power the tu
concentrations in the secondary coolant are obtaine

in the definition of primary coolant.




Source Term: The calculated average quantity of radioactive 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 Uranfum: The uranium present on the cladding of a fuel rod.

Turbine Building Floor Drains: Liquids of high conductivity and low-
Tevel radioactivity primarily resulting from secondary system leakage,
steam trap dreains, 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:

Waste gas processing system;
Steam agenerator blowdown system;
Condenser air ejector exhaust;
Lontainment purge ;:,hdl,«‘\f_-‘

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 radiocactive materials in gaseous effluents from the
following 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

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

Ventilation air from buildings not covered in 5. above.

1

The calculational model considers inputs to the waste gas process
system from both continuous stripping of the primary coolzat during
normal operation and from degassing the primary coolant for two cold

shutdowns per year. For plants equipped with steam aznerator blowdown
systems, the model consider iodine present in gases leaving the system
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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 radicactive 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, 1s added to the adjusted
source term,
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TABLE 117"

RADIOIODINE RELEASES FROM BUILDING VENTILATION
SYSTEMS PRIOR TO TREATMENT
(Ci/yr/uCi/q)

Containment Auxiliary Turbine

_Building Building**  Building ***

Annual Normalized* lodine
Release Rate

Power Operation

Refueling/Maintenance
Outages

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.

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

To obtain the actual iodine release from the turbine building in
Ci/yr, multiply the normalized release by the secondary coolant
concentration in uCi/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 qgas
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 purqging method for that
particular PWR,
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Containment Bu?

Two purges at cold shutdown per year plus a continuous purge

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
to continuous stripping.
ta0: b, Steam Generator Partition Coefficient (PC)

e ates sl oulls

ce-through

Nonvolatiles

Releases f n the Main Condenser Air Ejector

r to Treatment
»lease rate of radiolodine from the main condaenser
air eiector 1au e r ior to treatment is }. 7 x 10 i/yr; L1/, The
normalized release te represents the effective release rate for radio-
10dine, [t is the mbin ion of the steam flow to the main condenser,
the partitioning of radioiodine between the main condenser and the air
ejector exhaust where 1 s measured, and the partition coefficient for

radioiodine from water t team in the steam generator. To obtain the

actual ioaine release the main condenser air ejector exhaust I1n
( 1| the norm zed release by the secondary coolant concen-

f NC

trati n ut ind by the iodine partition coefficient (NS) from

Lvi/yr, i‘u"‘*

Internal Cleanup Systen
I A

an internal cleanup systeii, the PWR-GALE (
lculates the iodine concentration in the containment atmosphere based
16 hours of system operation prior to purging, an 10dine remova ]
iciency for the charcoal adsorbers corresponding to Table 1-5, a
f \() for HEPA filters and an internal mixing efficiency

r,”,f‘u Z are assumed to

t processed on




1.5.1.12 Tritium Releases

The tritium releases through the combined 1iquid 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-4] 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 purqged.

1:9.1.14 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,

).1.15 Decontamination Factors for Condensate Demineralizer

Demineralizer Anion Cs, Rb Other Nuclides

Deep Bed ) y 10
Powde x

For a system using filter/demineralizers (Powdex), a zero
is entered for a regeneration frequency as explained later

C
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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 i1s pumped
forward flow. The steam generator blowdown radioactivity 1is
added to the condensate radioactivity if the blowdown 1is
processed through the condensate demineralizer.

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 1S
adjusted for radionuclide decay during demineralizer operation.

1.5.1.19 Adjustment to Liquid Radwaste Source Terms for Anticipated
Operational Occurrences

Vs 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.

Evaporators are assumed to be unavailable for two consecutive
days per week for maintenance. I[f a two-day holdup capacity or
an alternate evaporator is available, no adjustment 1S needed.
If less than a two-day capacity is available, the waste excess
is assumed to be handled as follows:

a. Clean or 'Jlr'?_y Waste - Processed through an alternative

system (if available) using a discharge fraction consistent
with the lower purity system,

Chemical Waste - Discharged to the environment to the

extent holdup capacity or an alternative evaporator 1§

. g 1 [ |
not avaiiable.

PARAMETERS REQUIRED FOR THE PWR-GALE CODt

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

Enter
evaluated

i "ﬂ"""“é' LS »'\ .
Lo



BT Card 3: Mass of Coolant in Primary System (SAR/ER)
- 3 - -— - - e
¥ . y . ) .
Enter in spaces /3-80 the mass of oolant (in 107 1b) in the primary
¥ system at operating temperature and pressure
'y
4
baOsl sl Card 4: Primary System ! etdown Rate (SAR/ER)

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

FeDeola® Card 5: Letdown Cation Demineralizer Flow Rate g\AH’tn)

Enter in spaces 73-8C 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 /7/3-80 the number of steam generators.
VaBele’ Card 7: Total Steam Flow (SAR/ER)

Enter in spaces 73-80 the total steam flow (in 10" 1b/hr) for all
steam generators.

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

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

1:962.9 Lard Y team Generator Blowdown Rate and Blowdown Treatment
. - - ——— -
Method (SAR/ER)
4
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 3/-44 blank.
De ¢ ribe thne “;} wd owr 7'.‘-1'.!!' 1t MQ thod a follows
Enter 0 in space BO if the blowdown 1s recvcled to the condensate
system after treatment in the blowdowr vstem whether or not

there are condensate demineralizers.

Enter | 11 pace 80 if the stea jenerator blowdown is recycled
firectly t densate system demineralizers without prior
treatment 1in the blowdowr ysters

L |
1 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: wFract1QQWQLWFeedwggginlnfgggp_Egpgensate Ueminelgtlg;r
(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:
Shim Bleed, Cards 12-14,
Equipment Drain Waste, Cards 15-17.
Clean Waste, Cards 18-20.
Dirty Waste, Cards 21-23.
Blowdown Waste, Cards 24-26.
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-GALLI
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.

I. 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 34-4] 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. If the steam generator blowdown is not recycled to the

condensate system, enter blowdown system DF's as explained
for Card 13.

1-16



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,

Ce 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 listed above.

1.5.2.12,1 Liquid Waste Flow Rates and Activities (Cards 12, 15, 18, 21,
24 and 27)

Flow 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
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TABLE 1-3
PWR LIQUID WASTES

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

Type of treatment uf blowdown recycled to secondary

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

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)
1. REACTOR CONTAINMENT
a. Primary coolant pump seal 20 20 20 20 0.1
le kage
b. Primary coolant leakage, 10 10 10 10 1.67*
miscel laneous sources
¢. Primary coolant eaguipment 500 500 500 500 0.001
drains
2. PRIMARY COOLANT SYSTEMS
TOUTSIDE OF CONTATNMENT)
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 drairs
d. Auxiliary building floor 200 200 200 200 0.1

drains



SECONDARY COOLANT SYSTEMS

b.

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

DETERGENT AND DECONTAMINATION
SYSTENS

On-site laundry facility
Hot showers
Hand wash sink drains

Equipment and area
decontamination

TOTALS

300

Negiigible
200
40

TABLE 1-3 (Continued)

300
Negligible

200

40

300

Negligible
200
40

Plant dependent**
7200

300
Negligible

200

49

1074

1078

Calculated in
GALE Code

1078

2 x 1078
Plant dependent**

Calculated in
GALE Code

See Table 2-26

See Table 2-26
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 inrlet 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 aa][da¥;(0.lPCAE + (500 gal/day)(1.0PCA) _ 0.2PCA
,000 gal/day + 2, gal/day + 500 gal/day) 5

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 liquid 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
systens,
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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 (H'OH") 102(10)*  2(10) 102(10)
Evaporator condensate polishing 5 ] 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)

A1l Nuclides

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

Reverse Osmosis A1l Nuclides
Laundry wastes 30
Other liquid 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
lodine | 102 5 1 5 x 10°
Cs, Rb ! 103 ! ! 10°
Other Nuclides 1 10° 10 1 10%

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 lO3 for Cs, Rb, and other nuclides
is applied for the radwaste evaporator.

B 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.

L] 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 (T.) = (305 gal/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;
Rc is the flow capacity of Tank C discharge pump, in gal/day; and
Ro 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:

0,4A

0.8A
T = for redundant tanks, or Tp = 'F;_ for a single tank

PRy

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

L Qigg for redundant tanks, or T, = Qﬁsﬁ for a single tank.
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Decay time during processing and discharge is calculated as follows:

0.8) (20,000 gal . 0.7 day

Process Time (Tp) . gal/min min/day

0.8) (40,000 gal

gal/min) ! min/day = 2.2 days

Discharge Time (Td) =

Then, checking for decay credit, 0.8C/(Rb + Ro) = 1,45 days, which
is greater than Tp; therefore, credit is taken for (Tp + O.STd) 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
liquid waste from the following systems after processing. The quantity
released is shown on the printout.

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

2. Miscellaneous Liquid Waste System - Combined releases from
both clTean 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 liquid 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.

S. Deteggent 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 ietdown 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.

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

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

vthere

n 1s the number of tanks;
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equat

where

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

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

¢ is the time required to f111 one tank, in days;
h is the holdup time, in days;

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

" < - -

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/min; (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°/q)

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

Kr

Xe

3.

the calculations are based on a 90-day holdup time.

18.5 25 70 105
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.

Cover Gas Recycle System

For this system or other systems designed to hold gases indefinitely,

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 (0 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,

If no treatment is provided for the ventiiation 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,



TABLE 1-5

ASSIGNED REMOVAL EFFICIENCIES FOR CHARCOAL ADSORBERS
FOR RADIOIODINE REMOVAL

4 Removal Eff1cienciesb
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%

. 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 Reguliatory
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).



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.

4 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/min) 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 cieanup 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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1.5.2.19

Card

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

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.

2.

3.

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 charc2al 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 lodine 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

].

3.

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.
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4.

1.5.2.2]
1.

2.

1.5.2.22

1.

Enter the continuous containment purge rate (ft3/min) in spaces
73"800

Card 41: Steam Generator Blowdown Tank Vent

Enter 0.0 in spaces 73-80 if the gases from the blowdown flash
tank are vented throwgh 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 U??gps 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"800

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 docurent
should te 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 avaiiable. 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 list 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 racwaste 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 lower 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
2.2.2.1 Parameter

As used in the PWR-GALE Code, Tables 2-2 and 2-3 list 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 « set of typical radionuclide
concentrations in the primary and secondary systems for reactor designs
within the parameters specified in Tables 2-4 ana 2-5. The values in
Tables 2-2 and 2-3 are those determined to be representative of radic-
nuclide concentrations in a PWR over its lifetime based on the currently
available data and mcdels. The secondary coclant concentrations given in
Tables 2-2 and 2-3 are calzulated Ly 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 PUR's®

Date of
b CommercialC

FACILITY Operation 1972 1973 1974 1975 1976 1977
Haddam Neck 1/68 86 ag® 89 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 7 82d 74
Palisades 12/7 61 40® d 46° 50 78
Point Beach 2 10/72 72 77 88 86 82
Turkey Point 3 12/72 55 6]d 76 75 78
Surry 1 12/72 51f 50 60 67 78
Maine Yankee 12/72 17 54d 69 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 1 68 64 62
Fort Calhoun 9/73 Sle 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 17
Three Mile Island 1 9/74 79 63 79d
Oconee 2 9/74 68 58 53
Zion 2 a/74 68 54 71
Oconee 3 12/74 69 64 7
Arkansas | 12/74 69 54 73
Prairie Island 2 12/74 73 69 87
Rancho Seco 4/75 289 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 71 64 69 72 69 74

g From monthly Operating Units Status Reports.

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

Plant capacity factore listed are for the first full year of commercial
operation. Therefore, this list does not include the foliouwing 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.

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

Isotope
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
[-131
1-132
1-133
1-134
1-135

Cs, Rb

Rb-88

Cs-134
Cs-136
Cs-137

Reactor Coolant**

(uCi/qg)
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Secondary Coolant*

Water**»
7.5(-8)
1.8(-6)
3.1(-6)
4.8(-6)
2.4(-6)
6.6(-6)
5.3(-7)
3.35-7;
4,0(-8
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TABLE 2-2 (continued)

Secondary Coolant*

Isotope Reactor Coolant** Water*+** 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)
In-65 5.1(-4) 2.1(-8) 1.0(-10
Sr-89 1.4(-4) 5.7(-9) 2.9(-N
Sr-90 1.2(-5) 4.9(-10) 2.5(-12)
Sr-91 9.6(-4) 2.8(-8) 1.4(-10)
Y-91m 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; 1.5é-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 2.55-2 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 letdown
line. 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,

41 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

(uCi/q)
Isotope Reactor Coolant* Secondary Coolant**
Noble Gases
Kr-85m 1.6(-1) 3.4(-8)
Kr-85 4.32-1; 8.9(-8)
Kf’-87 ].5 -] 3.0(-8;
KP-BB 2.8(‘]) 5.9(-8
Xe-131m 7.3 -l; 1.52-7
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-l37 304(‘2) 7.] ('9)
Xe-138 1.2(=1) 2.5(-8)
Halogens
Br-84 1.6(-2) 1.8(-8)
1-131 4,5(-2) 5.2(-8)
1-132 2.1(-1; 2.4 -7;
I-133 l.4§-l 1.6(-7
I1-134 3.4(-1) 3.8(-7)
1-135 2.6(-1) 3.0(-7)
Cs, Rb
Rb-88 1.9(-1) 6.0§-7)
Cs-134 7.1(-3) 3.0(-8)
Cs-136 8.7(-4) 3.6(-9)
Cs~137 9.4(-3) 3.9(-8)
Water Activation Products
N-16 4,.0(+1) 1.0(-6)
Tritium
H-3 1.0(0) 1.0(-3)
Other Nuclides
Na-24 4,.7(-2) 1.0(-7)
Cr-51 3.1(-3) 6.9(-9)
Mn-54 1.6(-3) 3.6(-9)
Fe-55 1.2(-3) 2.7(-9)
Fe-59 3.0(-4) 6.7}-10)
Co-58 4,6(-3) +.J(-8)
Co-60 5.3(-4) 1.2(-9)
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TABLE 2-3 (continued)

Isotope Reactor Coolant* Secondary Coolant**
In-65 5.1(-4) 1.1(-9)
Sr-89 1.4(-4) 3.1(-10)
5r-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; l.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 concentrationc 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 lecaving a steam generater,



TABLE 2-4

PARAMETERS USED TO DESCRIBE THE REFERENCE PRESSURIZED WATER
REACTOR WITH U-TUBE STEAM GENERATORS

Nominal Range
Parameter Symbol Units Value Ma x imum 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 b 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 2 nominal case of blowdown through blowdown demineraiizers
back to the main condenser (nc condensate demineralizers). Value taken from blow-
down demineralizer DF's in Section 2.2.18. Value for cesium and rubidium is 0.9.

** This value is based on a nominal case of no condensate demineralizers. For a
U-tube steam generator PWR with full flow condensate demineralizers, a value of
NC = 1.0 is used by the PWR-GALE Code. For a U-tube steam generator PWR with
condensate demineralizers and 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,
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TABLE 2-5

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

Nominal Range
Parameter Symbo1 Units Value Maximum nimum

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 b 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
flow 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 invertory is not of importance in 2 once-through steam
gencrator plant because decay is not an important removal mechanism for most
of "ne isotopes.

L

** 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 ciscussed 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.
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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 -,reactor 0.0009 0.067 0.037 0.0 *** 0,066
coolant (Hr " )**
NS Ratio of concentration in
steam to that in water
in the steam generator
U-tube steam generator t 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 gererator t 0.17 0.15 tt w617
Once-through steam t 27 F 8 +t e 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.

g - FB+ (FD - FB)Y
WP

R = (FD)(NB) + (1 - :g)(FB + (FA)(NA)) for halogens, Cs, Rb, and other nuclides

for noble gases

*** 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.

tt 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 s (FBD NBD)-i—égéliﬁéllﬂgl(ﬁll for halogens, Cs, Pb, 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
*x
Noble gases ‘Ssp 0'3029A+ 8 - liﬁfg-lg- |
il 162p 0,067 + A 4.5 x 10° 0.17 +2 4.5 x 10° 017 + 3
b oncis W R+ WS r o+ WS r o+
LM 162 0,037 + A 4.5 x 10° 0.15 + 2 4.5 x 10° 0.15 +)
Ss WP R + A WS r+A WS r+A
4,5 x 10° 4,5 x 10°
Water activation 1.0 ——'—'u"'s—— "—“S——
products
Tr'i t im EE S *hkk Tk
23 o 162F 0,066 + ) 4.5 x 10° 017 +2 4.5 x 10° 017 +3
er nuclides WP R i WS r o+ WS r+a

* f is the reactor water adjustment factor and is used in the secondary coolant adjustment factors.
** ) js 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 picduciion 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 concentiations given in Tables 2-2 and 2-3 are representative of PWR's with a moderate
g:ount of ;ritium recycle and can be used to calculate source terms in accordance with Regulatory

ide 1.112.




TABLE 2-8

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

Adjustment Factors

Nuclide Reactor Water (f)* Secondary Coolant
7
Noble gases l:ZP 0.3029x+ A 1.5 ; 10 f
e 162P 0,067 + A 0° 2Ly o
wr WP R+ A "§" r+a
g 28 162P 0,037 + ) 10° RARTT
Sy W T R+X WS VT r e
Water activation 1.0 142-%§lgi
products
Tritium W i
A
Other nuclides 1359 0':62 ; -1;— (14 4 J‘) 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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where

C is the specific activity (in uCi/g)

K is a conversion factor, 454 g/1b

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

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

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™').

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)

Thermal power level, MWt

Steam flow rate, 1b/hr

Mass of reactor coolant, 1b

Water weight in all steam generators, 1b
Reactor coclant letdown, 1b/hr

Cation demineralizer flow, 1b/hr

Shim bleed rate - yearly average, lb/hr
Steam generator blowdown flow, 1b/hr

Fraction of blowdowr activity not
returned to secondary system

Cation demineralizer flow, 1b/hr
Condensate demineralizer flow fraction

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

2-16

Value Range
3800 3000 - 3800
17 x 108 13 x 105 - 17 x 108
5.5 x 10° 5,0 x 10° - 6.0 x 10°
4.4 x 10° 4.0 x 10° - 5,0 x 10°
a.9x 10" 3.2x10*- 2.2 x10
8.9x10° 0-7.5x10
650 250 - 1000
60,000 50,000 - 100,000
0.99 0.9 - 1.0
4900 0.0 - 7500
0.0 0.0 - 0.01



Since in this example the parameter for reactor coolant letdown
rate (4.9 x 10" I1b/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 + ) )

Lol ¢ R + A

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)

) WP

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
. 650 + (4.9 x 10" - 650) x 0.25 - 0.023

R
5.5 x 10°

Use the value of R in Equation (1) above.

| -3
. 162 x 3800 0.0009 + 5.5 x 107° _ , »¢

5.5 x 10° 0.023 + 5.5 x 10

f

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:



i 162P 0,067 + A 3
% _piien ¥ um (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.
R = (FD)(NB) + (1 -“gs)(FB + (FA)(NA)) (8)

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.

o . (8.9 x 10% x 0.99) + (1 - 0.99)(650 + (4900)(0.0))

5.5 x 10°

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

_ 162(3800) 0,067 + 3.6 x 10>

f 5
5.5 x 10° 0.088 + 3.6 x 10

= 0.86

The adjusted I-131 concentration
= (adjustment factor) x (standard [-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 + )

f==r E® (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 107°

5.5 x 10° 0.05 + 2.6 x 10°°

f = 0.83

The adjusted Cs-137 concentration

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

3

= 0.83 x 9.4 x 10°3 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 “ollows:

162P 0,066 + A
f==p R+ (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.

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

= 0.087
5.5 x 10°

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

_ 162 (3800) (0.066 + 8.9 x 107°)

f ‘ L = 0.87
5.5 x 10°  0.087 + 8.9 x 10

The adjusted concentration of Te-132

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

0.87 x 1.7 x 10"3 uCi/g = 1.5 x 10”2 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 Cliffs; and by measurements at various
other PWR's (Ref., 8, 9, and 39).
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SUMMARY OF RADIONUCLIDE PRIMARY COOLANT CONCENTRATIONS IN PWR'S*

TABLE 2-10

(uC179)
H.B. Robinson 2 Arkansas 1 D.C. Cook 1 Trojan Palisades Point Beach 1/2 R.E. Ginna

Isotcpe (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 el 5.2E-03 bkl 3.5€E+00 8.3E-04 2.9€-02 e
Kr-87 1.7e-02 6.7€-03 4,7E-02 4,2E-02 4.6E-01 1.1E-01 3.8E-01
Kr-88 2.3E-02 1.3E-02 5.76-02 4.0E-02 7.5E-01 3.0e-01 6.3E-01
Xe-131nm Lk b b e 4.4E+00 S.4E-01 el
Xe-133m 1.6£-03 3.3e-03 1.56-02 2.7e-03 1.9€-01 6.5E-02 bl
Xe-133 2.3E-01 2.1E-0 5.8E-01 5.7E-0 4.9E+00 2.8E+00 6.0E+00
Xe-135m 2.1E-02 bt bl b 1.0E-02 1.4E-01 1.5E-01
Xe-13% 7.8€-02 2.7e-02 1.9€-01 1.2E-01 1.1E+00 1.1E+00 2,2E+00
xe-] 37 R LA ] aw R hw e n LA
Xe-138 b e L 6.76-02 2.2E-03 1.7E-01 ik
Br_e‘ LR LR L 2 LA 2 LAl Ew LA Al
1-132 1.5E-02 il e 1.9E-02 7.1E-03 3.6E-01 7.3E-01
1-134 3.2E-02 b aed 2.4E-02 2.2E-02 1.0E-02 6.2 E-01 1.2E+00
1-135 1.9E-02 el 2.0E-02 1.7e-02 9.2E-03 5.7E-01 6.6E-01
Rb-88 ree b bl 3.5E-02 2.6E-02 1.7E-01 3.7e-M
Cs-134 1.9€-03 5.6E-04 2.7E-03 6.0E-04 1.7E-04 1.4£-02 1.1E-02
Cs-136 3.1e-04 el 5.2e-03 7.26-04 4 6E-05 2.2E-03 bl
Cs-137 2.3E-03 1.5E-03 4,9£-03 1.3E-03 2.6£-04 1.1E-02 3.1E-02
N_ ] 6 LA d LA L A -k n EE A R La
H-3 bkl 6.3E-02 2.1E-01 bl 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 e
Cr-51 3.5E-04 3.2E-03 il bl 9.1E-03 whw 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_ SS LE 2 xw wEw LA LA hx Laad
Fe-59 1.4E-05 1.6E-03 e b 1.6E-04 e 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 4,5€-03 3.4E-05 1.1E-04 2.3e-04 1.6E-04
Zn-65 ] .72_05 LA 2 hE hw 7.(1-% whw Ew
Sr-89 2.3E-05 e e kel bl 2.4E-04 bl
Sr-go S.ZE-% LR LA hw ] .]E_o‘ RE EE
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SUMMARY OF RADIONUCLIDE PRIMARY COOLANT CONCENTRATIONS IN PWR'S*

TABLE 2-10 (continued)

(uCi/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)
Sr-9] 4.9E-04 *Ew i hx 1.1E-04 R R
'- 9]" L 2] hw Ew *hw L2l Ewx LR 2l
1,9] LA 2l L 2 LA 23 Ew *hw R Ew
¥-93 e R wr whw e L Ew
Ir-95 1.3E-05 3.4E-04 4.5€-03 i 1.0E-04 whw 1.5E-03
Nb-95 1.3E-05 3.1E-04 2.4E-03 www 7.6E-08 3.6E-04 8.1E-05
Mo-99 bl 7.2E-05 e bl 5.76-04 3.8E-02 4.1£-04
Tc-99m kel e bl i 7.3E-04 2.5£-02 bbid
Ru_] 03 *hw ke hw Rw L i R ] 3 2[-03
Ru-] 06 wn LA 2 R LA g LA 2 L 2 LA
Aq-] 10m —rw Ew *Ew rw ew 8.8BE-03 -
Te-] 2” Ew wRw 2 2 LA 2 L d hx L i Al
Le-] 29 LA Al Rw LA LAl *h® LA 2l R a2
Te-131m wxw *aw e xx e xw *rn
Te-131 e wEx i e L Ew R
Te-132 ek 1.3E-03 ik e 6.6E-05 8.8E-03 adde
Ba-140 2.0E-04 bl ww bkl 6.2E-06 1.6E-01 5.9E-05
La-140 9.2€-05 whe il b 3.0E-05 5.2E-01 ww
cc_‘ “ Ew _xk R LA Ex rw L 2
Ce-] ‘3 Ew LA 2 LA 2l L2 s L 2 Thw hw
Le-144 2.6E-04 1.4E-03 bdd ek bl 4.5£-02 il
W-187 3.4E-04 wae www e 5.86-04 wee #xe
Np-239 waw xw R *rE ek xw 2.06-03
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TABLE 2-10 (continued)

SUMMARY OF RADIONUCLIDE PRIMARY COOLANT CONCENTRATIONS IN PWR'S*

(:Ci79)
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)

Kr-85m 1.9E-01 »oh 7.8E-02 3.4E-02 5.7e-03 by i 4,9E-04 5.5E-02
Kr-85 3.4E-02 i ok i e i ibh 3.3E-04 2,2E-01
Kr-87 1.9E-01 i 9.0£-02 e 7.6E-03 i i 1.1E-03 5.9€-02
Kr-88 3.2e-01 g 1.3E-01 7.3E-02 1.9E-02 o i 1.1E-03 9.9£-02
Xe-13Im 6.8£-02 e 1.2E-03 ki b e *ah 4.2E-05 3.5€-03
Xe-133m 1.6E-01 el 9.1E-03 e ik wh it 7.2E-05 4,5E-02
Xe-133 6.7E+00 e 8.8E-01 8.3E-01 2.1E-01 e e 2.2e-03 1.56+00
Xe-135m 9.5£-02 el 1.7e-01 1.0E-01 " o el 1.4E-03 6.0E-01
Xe-135 9.3e-01 g 5.1E-01 1.9€E-01 3.0E-02 it i 3.6E-03 4.6E-01
Xe-137 ww wEw 3.46-02 *h e wxx xR B xwy
Xe-138 1.8E-01 i 7.6E-02 e hedhoiad s W, 2.9E-03 1.7e-01
Br-84 woh s 1.1E-02 e et s daia il 1.0E-03 5.5€-02
1-132 7.1E-02 9.6E-02 9.3E-02 o 1.8E-02 - i 5.1€-03 5.3E-02
I-134 3.8BE-02 1.3e-01 1.5E-01 gl whe el sl 9.0E-03 8.3E-02
1-135 7.4E-02 1.1E-O 8.6E-02 —— i e o 5.8£-03 6.0E-02
Rb-88 5.0E-01 2,3e-01 1.0E-01 . e - iy 5.7€-03 1.5€-01
Cs-134 1.8E-02 9.4£-03 1.8E-03 1.9€-02 i e il 2.2E-05 7.7€-03
Cs-136 1.7€-03 1.2E-03 1.1E-04 e e i oy 3.2E-06 1.9E-04
Cs-137 2.0E-02 1.2E-02 3.1E-03 2.4E-02 e st - 6.7E-05 9.4£-03
N-16 x ok o wrx wan *ww R *En ek
H-3 1.3E-01 1.5e-01 *e e b 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 we e i 9.0e-03 1.4E-02
Cr-51 1.5E-02 2.1E-03 3.4E-04 e 1.7€-03 i i 3.0E-05 6.4E-03
Mn-54 4.4E-03 2.2E-03 3.9E-05 1.5€-02 1.1E-04 e e 1.0E-05 6.8E-04
Fe-55 6.5E-04 1.6E-04 e b i e iod 2,1E-05 9.1£-03
Fe-59 5.26-04 6.2E-04 2.3E-04 o 6.9E-04 i s 1.56-06 5.2E-04
Co-58 1.4E-02 4.6E-03 6.76-04 3.6E-03 5.8E-04 ik i 8.0E-05 2.4E-02
Co-60 1.0E-03 7.8E-04 1.2E-04 3.1E-03 4.7e-04 e e 1.6E-05 9.2E-04
In-65 2,6E-03 2.4£-03 1.6E-05 e T e i 1.7E-06 2.2E-05
Sr-89 6.8£-04 7.7e-05 6.8£-07 i ha i s 6.6E-06 i
Sr-90 4.2E-06 3.4E-06 1.6E-06 " o whe e 5.4E-08 b
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TABLE 2-10 (continued)

SUMMARY OF RADIONUCLIDE PRIMARY COOLANT CONCENTRATIONS IN PWR'S*

(uCi/g)
Fort Indian Yankee Calvert Three Mile Prairie
Calhoun 1 Pt 2/3 Rowe Cliffs 1 Island 1 Island 1/2

Isotope (1976-1977) (1975-1978) (1974-1978) (1975-1978) (1975) (1976) (1975-1977) (1981)
Sr-" kR *hw R w *ER LR 3.3€_05
'_9‘. ER *h % LA Al Eaad * kR s.m_%
¥-91 5.0E-06 4E-06 h bheid hhbd b 4,.3E-07
¥-93 bbald 9E-03 2.2E-03 kR bk ke b 2.1E-04
Ir-95 1.5€-03 2e-04 4.5e-05 b 2.8E-04 bl o 4,.6E-06
Nb-95 1.3E-03 2E-04 3.8E-05 i 2.4E-04 bddd bl 3.9£-06
Mo-99 5.76-03 SE-03 8.1E-04 il 5.06-03 et bhdd 1.3E-04
Tc-9%m 4,1E-04 b 2.7E-06 bddd 4,.9E-03 R el e
Ru-103 5.4£-02 8E-04 2.1E-05 ke he bl wh® 6.76-07
Ru-] 06 LA 2l m-oz L A LA TR L 2 *Rn L
Ag-110m 2.26-04 1E-03 1.1E-05 bl bdadd Ll ddd 3.7e-06
Te-12%m 2.1E-04 8E-04 1.96-04 bhied bl bid i 2.0E-06
're_] 29 R R 2.4E-02 AR *hx LR 2 LR i rhh
T'-'3]. hw 2_‘[_03 3-7['0‘ *Rw *kk Rk *hw LRl
]’e- ] 3] *hw *hr 7 - 9[-03 L 2l hx LR R kR 7 .‘E_03
Te-132 okl 1.8£-04 4.0E-05 bl habaded e b 1.2E-06 3.1E-05
Ba-140 1.1E-03 1.0E-03 1.1E-04 el Ld e bkl 1.9€-05 2.5e-04
La-140 4.26-04 1.8£-03 1.3E-04 hdd bk Lid ek 1.4E-05 1.1E-04
Ce-141 4.3E-04 1.1E-04 1.7E-05 whw Lhid badded A ke 4,6E-05
Ce-143 8.2£-03 4,6E-04 4,9E-05 bl bl AW W 1.9€-05 whe
Ce-144 b 1.4E-04 1.2E-05 *ew 2.6E-05 e bt 5.4E-06 4.6E-04
w-187 1.4E-02 3.1E-03 3.0e-04 hded el bd il 1.1E-04 2.96-03
Np-239 1.2E-02 9.3t-04 1.0e-04 bl el bl el 3.7€-06 7.56-04

* See Footnote of
** See Footnote of

*** See Footnote of

t+ Data unreliable.

Table 2-9.
Table 2-9.
Table ¢£-9.




TABLE 2-11

MONTHLY AVERAGE* PRINA%;/SECONDARY LEAKAGE (REF. 8, 39)
F

(gal/day at 7

; density = 8.3 1b/gal)

1970
Plant J F M A M J J A S 0 N D
San Onofre 4 4 El 11 8 14 S** § 0
Connecticut 0 10 0 20 10 20 O 0 0
Yankee
R. E. Ginna 0 0 0 0 0 0
Point Beach 1 0
1971
Plant J P M A M J J A S 0 N D
San Onofre 0 0 0 0 0 0 0 0 0 0 0 Q
Connecticut 0 30 15 0 0 10 20 20 15 40 40 40
Yankee
R. E. Ginna 0 0 S S 0 0 0 0 0 0
H. B. Robinson S S ) S 0 50 55 20
Point Beach 1 0 0 0 10 90 100 53 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 0 10 30 4 31
Connecticut 40 40 40 40 40 S 0 0 0 0 0 0
Yankee
R. E. Ginna 0 0 0 S S 0 0 0 0 S 0 0
H. B. Robinson 60 60 60 60 3 0 0 0 0 0 0 0
Point Beach 1 40 50 655 55 55 65 585 65 85§ § 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.




TABLE 2-11 (continued)

MONTHLY AVERAGE* PRIMARY/SECONDARY LEAKAGE

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

1973

Plant PR Ak Tud TR S BN TR T DO MR YRNE
San Onofre 3 % & 0 ¢ & 9 0 9 S
Connecticut 0 0 0 0 10 & 0 S S 0

Yankee
R. E. Ginna 0 0 0 0 0 0 0 0 0 0 0 0
H. 8. Robinson 6 6 6 S 0 0 1 1 I 1 7 5
Point Beach | 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 3 M J J A S 0 N D
San Onofre 0 4 60 60 0 0 0 0 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 £ 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 85 115 115 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
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TABLE 2-11 (continued)

MONTHLY AVERAGE* PRIMARY/SECONDARY LEAKAGE

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

1975

Plant J F M A M J J A S 0 N D
San Onofre Lo TR SRS SR B GRS M SRR S SRR SR
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 ] 0 0 0 0
Surry 1 . 0 0 0 0 0 0 0 125 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 ) 7 20 79 0O 0 50
Zion | 0 0 ) 0 0 S 0 0 S 0 0 0
Zion 2 0 S 0 0 0 S 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 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
Tgal/day at J0°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 0 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 W 12 3 4 B B 6B &
Surry 1 0 0 28 8 NA 19 39 14 33 1 S S
Turkey Point 3 12 6 14 0 n 19 0 12 1 S S S
Surry 2 9% 31 10 0 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
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
(9al 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 I 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 3% 33 § 0 0 0 0 0 0 0 0
Surry 1 S 77 144 53 0 0 0 26 58 58 21 0
Turkey Point 3 0 0 0 0 0 0 0 &8 72 12 S S
Surry 2 548 360 S 0 NA 18 10 8 a 0 14 0
Turkey Poirt 4 23 29 N 9% 7 S S 0 0 4 0 0
Zion 1 0 0 0 0 0 0 0 0 5 S 5 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 ) 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 | 0 0 S 0 0 S S 0 0
Salem 1| 0 0 0 S S 0
Farley 1 0

2-30



TABLE 2-11 (continued)

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

1578
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 5.7
Yankee
R. E. Ginna 4 0 0 S S 0 0.27
H. B. Robinson 2 4 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 Ie
Turkey Point 4 3 193 0 0 0 0 17.
Zion | 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 | 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 | 0 0 0 0 S S 0
Salem | 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

Facility
Palisades

Kansai

Point Beach
Turkey Point 3
Turkey Point 4

Average

STEAM GENERATORS*

Percent Carryovers

0.08
0.0%
0.2
0.6
1.6

0.5

* Measurement based on Na concentration.
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10, 11
10, 11
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6
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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 10DINE RELEASES FROM BUILDING VENTILATION SYSTEMS
2.2.4,) 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., ldaho 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 veat 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:

Ry

R, & ===

N CRH

RN « normalized release rate of iodine-131, Ci/yr/uCi/g

RA = absolute (measured) fodine-131 release rate, Ci/yr

Caw = measured reactor water iodine-131 concentration, uCi/g
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TABLE 2-14
ANNUAL TODINE NORMALIZED RELEASES*

| FROM AUXILIARY BUILDING VENTILATION SYSTEMSt

NORMAL OPERATION

|
\
| Normalized Release/Unit
l

Data Source (Ciszyr/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
| Prairie Island 1/2 (Ref. 42) 0,013
: Rancho Seco (Ref. 43) 0.97
E Averaqe 0.68
L SHUTDOWN
| Normalized Release/Unit
| Data Source (Ci/yr/uCi/g)
} Ginna (Ref. 7) 0.08
[ Calvert Cliffs 1 (Ref, 7) 0,016
| Three Mile Island 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/q 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.

| t These results were obtained using 1311 data. The normal? ed release
rates are applicable to both 1311 and 133!.
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TABLE 2-16*

ANNUAL TODINE NORMALIZED RELEASES**
FROM TURBINE BUILDING VENTILATION SYSTEMSt

NORMAL OPERATION

Normalized Release/Unit

Data Source (Ci/yr/uCi/a)
Monticello 3.1 x 10°
Oyster Creek 6.0 x 103
Vermont Yankee 0.35 x 10°
Pilgrim 8.5 x 10°
Browns Ferry 1.3 % 103
References 3, 5 of Ref. 15 3.3 x 103

3
Average 3.8 x 10

EXTENDED SHUTDOWN

Normalized Release/Unit

Data Source (Cifyr/uCi/g)
Monticello 1.7 x 10°
Oyster Creek 1.6 x 10°
Vermont Yankee 0.63 x 10°
Browns Ferry 1.3 x 102
References 3, 5 of Ref, 15 1.4 X 103

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 1s a function of fodine leak rate via steam and the partition
coo!f:ciont for radiotodine from reactor water to steam in the reactor
vessel,

1311 data. The normalized release

133,

t These results were obtained using
rates are applicable to both 1311 and
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The normalized reactor water release rate, expressed in Ci/yr/uCi/q
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 betweer 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 “irectly related to the secondary coolant iodine-131 concentration.
Therefore, for the turbine building, the normalized iodine release, RN'
is determined using the following expression:

Ry, = normalized release rate of secondary coolant water containing
iodine-131, Ci/yr/uCi/g

RA = absolute (measured) iodine-131 release rate, Ci/yr
Coy = measured secondary coolant iodine-131 concentration, uCi/g

PC = measured ifodine 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 leakage rates
from PWR's and "+ '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 | (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 ans the total
normalized releases during shutdowns of 65 days. Since the reactors
used in the EPR]I 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:

Rowri = Ry % Cpui

where

R = calculated annual release rate for particular PWR for ijodine
PWR1
isotope 1, Ci/yr

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

CP“R1 = calculated reactor water concentration for particular
PWR for fodine isotope i, ,Ci/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 fodine concentration in the secondary coolant
water and the iodine partition coefficient from the water to steam in the
steam generator for that particular PNR using the following expression:

R = RN x SC x PC

PWR PWR PWR

where

K = calculated annual release rate for particular PWR for iodine
PWR
isotope 1, Ci/yr

N = normalized annual release rate of iodine from Table 2-16,
Ci/yr/uCi/g
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SCP“R‘ = calcul. ted secondary coolant concentration for particular
PWR for fodine isotope 1, uCi/g

PCPNR = 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.

lodine released from PWR building ventilation systems appear in one
of the following chemical forms: particulate, elemental, hypoiodious
acid (MOI) 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 TODINE 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
HO I 0,21 0,22 » 0.57
Organic 0.49 0,53 * 0.2%

* No data on breakdown of other species.

2.2.5 RADIOACTIVE PARTICULATES RELEASED IN GASEOUS EFFLUENTS
2.2.5.,1 Parameter

Use the radiocactive particulate release rates in gaseous effluents
given in Table 2-17.
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Nuc1ide

Cr-51
Mn-54
Co-57
Co-58
Co-60
Fe-59
Sr-89w+
Sr-90*+*
Ir-95
Nb-9%
Ru-103
Ru-106
Sb-125
Cs-134
Cs~136
Cs-137
Ba-140
Ce-14)

PARTICULATE RELEASE RATE FOR GASEQUS EFFLUENTS*

TABLE 2-17

(Ci7yrY/unit
Auxiliary Fuel Pool
Containment Building Area
9.2(-3) 3.2(-4) 1.8(-4
503 .3; 708('5) 3.0(“)
8.2(-4 NA NA
2,5(-2 l.9i-3 2.1%-2
2.6 '3 50] " 8.2 '3
2.7(-3 5.0(-5 NA
1.3 -2; 7.5(-4 2.1(-3
5.21—3 2.9(-4 8.0(-4
" ‘005-3 3.6 ’6
].8(‘3; 3.0 .5 2.‘ ’3
1.6(-3 2.3(.5; 3.8(-5
NA 6.0(‘6 6'9 '5
NA 3.9(-6) 5.7(=5)
2.5 '3 5.‘(" 107(.3)
3.2(-3 4.8?-5 NA
5.5(-3 7.2(-4 2.7(-3)
NA 4.0’-4; NA
1.3(-3) 2,6(-5 4.4(-7)

* Particulate release rates are prior to filtration.

NA - No release observed from this source.

than 1% of total,

Waste Gas
System

nN -

. % *® & 9 . .
-
s

.

NN OYW MNWWHS -~~~
-

-

-
Nuwwu;\vnwmw&w.w
'
=2

Release assumed to be less

** Data not available from Ref. 4, 5, 6 or 7, therefore Sr-89 and Sr-90
data were extracted from Semi-annual Effluent 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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TABLE 2-18

MEASURED RELEASES UPSTREAM OF HEPA FILTERS - CONTAINMENT

Ci/yr)

nit

r

Average

Rancho
Seco
(Ref. 43) (Ci

Prairie
Island
182
(Ref., 42)

Ginna

(Ref., 7)

Calveri
Cliffs |
(Ref. 7)

Turkey
Point
384
(Ref. 6)

Zion 1 & 2
(Ref. 4) (Ref. S)

Fort Calhoun

Three Mile
Island 1
{Ref. 71

Nuc 1ide
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For averaging purposes, a value of zero was assumed.

ND = Not detected.

NA = Not amalyzed (or no measurement taken); plants not included in averaging.
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TABLE 2-19
MEASURED RELEASES UPSTREAM OF HEPA FILTERS - AUXILIARY BUILDING
TCi/yr)
Turkey Prairie

Three Mile Point Calvert Island Rancho

Island ) Fort Calhoun Zion 1 & 2 384 Cliffs 1 Ginna 182 Seco Average
Muclide  (Ref. 7) (Ref. 4) (Ref. 5) (Ref. 6) (Ref. 7) (Ref. 7) (Ref. 42) (Ref. 43) (Ci/yr)/unit
Cr-5 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 N2 NA NA NA NA NA NA
Co-58 1.1(-3) 2.0({-3) NA 1.1(-3 4.8(- 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 1.7(-4) 4.5(-5 7.3(- 5.1(-4
Fe-59 2.3(-4) N0 NC ND NA 1.9(-5) NA NA 5.0(-5
Ir-95 2.7(-4) ND N 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) NO 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 NO NA 1.9(-4) NA NA 4.8(-5
Cs-137 2.0(-49) 1.8(-3) NA 1.4(-3) 1.9(-3) 1.1(-3) 9.4(-86) 8.0(-5) 7.2(-4
Ba-140 NA 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)

%D = Neot detected.

For averaging purposes, a value of zero was assumed.

NA = Not analyzed (or no measurement taken); plamts not included in averaging.

Measurements were made downstream of the auxiliary building HEPA filter.

HEPA filter, the data is not considered.

Due to uncertainty in the DF's of the



TABLE 2-20
MEASURED RELEASES UPSTREAM OF WEPA FILTERS - FUEL POOL AREA

ND = Not detected. For averaging purposes, a value of zero was assumed.

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

(Ci/yr)/unit
Turkey
Three Mile Point Calvert Rancho
Island 1 Fort Calhoun Zion 1 & 2 Jjs s Cliffs 1 8 2 Ginna Seco

Nuc 1 ide (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 1.8(-4)

Mn-54 1.0(-5) NA NA NA 1.2(-3) NA NA 2.4(-4)

Co-57 NA NA NA NA NA NA NA NA

Co-58 8.5(-5) NA NA NA 1.1(-2) NA 6.7(-5 1.8(-3

Co-60 8.4(-5) “A NA NA 5.0(-3) NA 7.6(-6 8.4(-3

Fe-59 NA NE NA NA NA NA NA NA

Ir-95 NA NA NA NA NA NA NA 3.6(-6

Kb-95 3.0(-5) NA NA NA 9.5(-3) NA NA 1.9 -3;
~ Ru-103 9.8(-5) NA NA NA NA NA NA 3.8(-5,
& Ru-106 6.9(-5) NA NA NA NA NA NA 6.9(-5

Sb-12% 1.7(-4) NA NA NA NA NA NA 5.7({~

Cs-134 9.0(-6) NA NA N2 2.2(-3) NA 9.6(-7) 3.7(-4)

Cs-136 N2 NA NA NA NA NA NA NA

Cs-137 2.4(-5) NA NA NA 5.6(-3) WA 7.4(-7) 9.4(-4)

Ba-140 NA NA NA NA NA NA NA NA

Ce-141 NA NA NA NA NA NA NA 4.4(-7)



TABLE 2-21

MEASURED RELEASES UPSTREAM OF HEPA FILTERS - WASTE GAS SYSTEM

Cilyr)

Turkey
Point

384

Average

Rancho
Seco
(Ref. 43) ({(Ci/yr)/unit

182

("fo ‘ﬁ

Prairie
Island
{Ref. 7)

Ginna

Calvert
Cliffs 1
(Ref. 7)

Fort Calhoun Zion 1 & 2
(Ref. 7) (Ref. 4) (Ref,. 5) (Ref. 6)

Three Mile
Island 1

Nuclide
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For averaging purposes, 2 value of zero was assumed.

ND = Not detected.

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



Ginna

8
2 13 Coy = 2.6 x 107 uCi/day Xe-133 leakage

Based on the xenon-133 concentration during power operation (Rei. 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

7
(10" uCi/cc x 28,300 cc/ft> x 11,000 ft°)

Ginna

7
- 2.6 x 10 uCi/day - = 0.005/day - 0.5%/day
(30" uCi/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
cooiant 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 contzinment
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 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:

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

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

-
(o]
"

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:

Rowri = Rw * Cpuri X PCpyr

where

Roe: = calculated annual release for particular PWR for iodine
PWRi ;
isotope i, Ci/yr

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

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

PCPNR = lodine partition coefficient from water to steam in the
steam generator for the particular PWR (see Table 2-6)
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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 ba’ance 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




TABLE 2-23 (continued)
PHR 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 - ressure buildup abuut twice per week depending on
outside te.perature. 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 A, 1.2 x 1078 Ci/ce
Final iodine activity A 1.2 x 1077 ,Ci/cc
Containment volume v 106 ft3
Internal recirculation F 6.1 x 105 ft3/hr

system flow rate
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The efficiency of iodine removal, E, can be estimated from

A FET

i = exw ()

Substituting Ginna data into the equation

1 x30°°

1 x 10

= exp [(6.1 x 10°)(E)(6)/(10%)]

10 = exp (3.7E), therefore E = 0.63.
The iodine removal efficiency E is a function of filter efficiency, E_,
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
2.2.11 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 Depth? 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%.

. 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 controlled 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

R =tor ft3/day (STP)
San Onofre 2/3 57
Waterford 3 17
Pilgrim 2 69
St. Lucie 1/2 139
Millstone 2 49
Arkansas 1/2 68
Byron 1/2 173
Sequoyah 1/2 173
Marble Hill 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

r 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 cma/g, (see chart
below);

M is the mass of charcoal adsorber, in 103 Ibs;

F is the system flow rate, in ft3/m1n;

0.011 is the factor to convert from (103 1b. cm3/g)/(ft3/min) to days.
Dynamic adsorption coefficients, X, (in cms/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(103 1bs) K(cm>/g) (454 g/1b) 3.53 x 10°° ft3/cm’)

T(days) = .
F(ft”/min) (1440 min/day)

T = 0.0 -';"—

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.q.,
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

2-61
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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

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 cocolant  PRIMARY COOLANT
SOURCE resin cleaner resin cleaner demineralizer system ACTIVITY (PCA)
1. 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
2. PRIMARY COOLANT SYSTEMS
TOUTSIDE OF CONTATNMENT)
a. Primary coolant system 80 80 80 80 1.0
equipment drains
b. Spent fuel pit liner drains 700 700 700 700 0.001
c. Primary coolant sampling 200 200 200 200 0.05
system drains
d. Auxiliary building floor 200 200 200 200 0.1

drains
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in Table 2-27 should be added to the adjusted liquid source term.
Detergent waste releases should be reduced, using appropri decontami -
nation factors from this report if treatment is provided

.

2.2.15.2 Bases

In the evaluation of liquid radwaste treatment sys 1 1 1S assumed

that detergent wastes (laundry and personnel drains) wil ive the ra

g

nuclide distribution given in Table 2-27. The radionut le distribution

is based on measurements at four nuclear power plants
in Table 2-28.

. ich are given

2.2.16 CHEMICAL WAST

Parameter

to demineralizer a

A1l nuclides removed from the se¢

demineralizers are removed from

Use a regeneration cycle of 1.2 days
(jem‘l ﬂ@r‘a1 1zers f(:‘y' "“p;);» bed ¢ ondensate 'V S > wut ] ‘ trasoni«
resin cleaner (URC); for systems using URC, ‘ generatior

cycle of 8 days times the nu

Bases

Operating data (Ref. 30, 31) from ansas ] ) -t indicate

that one condensate demineralizer (without (L) 3 ncall regenerated

every 1.2 days. The 8-day period for systems using URI . )m Reference

All material exchanged or filtered out by the resins between

regenerations 1s contained 1n the regenerant wast ¢ eams, therefore,

each regeneration will have approximately 1e same effe veness (1.e
each regeneration removes all material coll« . e previous
regeneration, leaving a constant quantity o nateri: n » resins after
regeneration). Regeneration cycles are normall nt l|1ed by part ulate

¢

.y

hul]:',gp on resin beds, res 11ting ir N pres ) oDs a S the bed
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i L .
ine um releases

are 0.4 ( er MWt h

liquid pathway is based on
excluding secondary syster
oncentration of 1.0 uCi

of tritium calculated
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TABLE 2-28

RADIONUCLIDE DISTRIBUTION OF DETERGENT WASTE

(milTicuries/month)
Oyster
Creek Ginna Zion*
(1971-1973) (1972-1973) (1977)
Nuclide (Ref. 41) (Ref. 8) (Ref. 5)
P-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)
Ir-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)
I1-131 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-14] 3.3(-2) 5(-3) NA
Ce-144 7.3(-2) 5.8(-1) NA
TOTAL 5 ) Tl 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
1.7(-2)

NA
1.7

NA
NA

3.5



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

ITo o0 awg  (0-8)(365 days/yr) e70+693(1)/12:3 = 0,43 Cijyr per Mut

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 liguid 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 releised in liquid
effluents is up to a maximum of 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 10" i

Reactor Name MWt Date 1972 1973 1974 1976 1977
R. E. Ginna 1520 1969 0.32 0.45 0.28 0.29 0.46
H., B. Robinson 2200 1970 0.62 0,51 0.39 0.66 0,59
Point Beach 1/2 1518 1970/72 0.42 0,77 0.43 0.91 0,93
Palisades 2530 1971 0.2 0,27 0,02 0.40 0,72
Maine Yankee 2440 1972 0.48 0.81 0.69
Indian Point 2/3 2758 1973/76 0.48 0.56 1.46
Surry 1/2 244) 1972/73 0.80 1.0 1,27
Turkey Point 3/4 2200 1972/73 1.08 1.12  1.13
Oconee 1/2/3 2568 1973/74/74 0.51 1.65 1,67
Zion 1/2 3250 1973/73 1.289 1.53
Fort Calhoun 1420 1973 0.30 0,39
Prairie Island 1/2 1650 1973/74 0.86 1.03
Kewaunee 1650 1974 0.45 0.46
Three Mile Island 1 2535 1974 0.58 0,73
Rancho Seco 2772 1974 0.29 0,75
Arkansas 1 2568 1974 0.50 0.68
Calvert Cliffs 1/2 2700 1974/76 0.84 1.24
Cook 1 3250 1975 0.90 0.64
Millstone 2 2560 1975 0.63 0.59
Trojan 34 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*

** No reported data.

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 1970772 8.0 25.0 43,0 177 395 194
Palisades 2530 1971 5.0 0.3 *h b e &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 1/2 244) 1972/73 60.0 32 372 879
Turkey Point 3/4 2200 1972/73 g2 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 b b
Fort Calhoun 1420 1973 2.4 2.5 3.0
Prairie Island 1/2 1650 1973/74 10.1 33,1 88
Kewaunee 1650 1974 37.3 0.70 3,75
Three Mile Island 1 2535 1974 40.3 77 129
Rancho Seco 2772 1974 .73 %) 20,7
Arkansas 1 2568 1974 0.52 6.7 190
Calvert Cliffs 1/2 2700 1974/76 1.23  4j 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 32
Beaver Valley 1 2652 1976 213
Salem 1 3338 1976 51

* Data from semiannual reports of reactors listed.



TABLE 2-29 (continued)

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

year. Note:

2-73

* [Cata from semiannual reports of reactors listed.

No radioactive liquid wastes were discharged from Unit 2 during the entire
For 1975, there were no radioactive liquid wastes discharged
from Unit 1 during the last 6 months.

tt Rancho Seco is designed to be a zero or very low liquid release plant.

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 43] 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 N
Surry 1/2 244 1972/73 246 442 782 408
Turkey Point 3/4 2200 1972773 580 793 m 924
Oconee 1/2/3 2568 1973/74/74 124 35501 2]927 1918‘r
Zion 1/2 3250 1973/73 39.4° 1.1 727
Fort Calhoun 1420 1973 m 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 ]897? 192 ++
Rancho Seco 2772 1974 132 0.0 0.09
Arkansas | 2568 1974 460 212 245
Calvert Cliffs 1/2 2700 1974/76 263 274 575
Cook 1 3250 1975 192 285
Millstone 2 2560 1975 277 211
Trojan 3411 1975 36 mn
St. Lucie 1 2560 1976 242
Beaver Valley 1 2652 1976 108
Salem 1 3338 1976 296



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 Wt [ : 372 1973 1974 1975 1976

R. E. Ginna 1520 969 0. 0.19 0.20 0.19 0,27
H. B. Robinson 2200 970 0.19 0.25 0.39 ( 0.50
Point Beach 1/2 1518 970/72 ) st 0.22 0.59 0.36 0.35
Palisades 2530 97 0.26 0.20 -

Maine Yankee 2440

Indian Point 2/ 2758

Surry A‘/, 2441

Turkey Point 3/ 2200

Oconee 1/2/3 568

Zion 1/2 3250

Fort Calhoun 1420

Prairie Island 1/2 1650

Kewaunee 1650

Three Mile Island 1 2535

Rancho Seco 2772

Arkansas | 2568

Calvert Cliffs 1/2 2700 1974/76
Cook 1 3250 1975
Millstone 2 2560 1975
Trojan 3411 1975
St. Lucie 1 2560 1976
Beaver Valley 1 2652 1976
Salem | 3338 1976

OO OC

. * = =

— — () —
-~ Oh -~ B P

-

* Data from semiannual reports of reactors listed.




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. Calhoun
Prairie Is. 1/2
Kewaunee

T™I 1

Arkansas 1
Calvert Cliffs 1/2
Cook

Millstone
Trojan

St. Lucie
Beaver Valley
Salem

Average

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

1 2 3 R 5 6 7
0.11 0.19 0.20 0.19 0.27 0.1 0.17
0.19 0.25 0.39 0.42 0.50 0.37 -
0.29 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 0.11 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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TABLE 2-31

TRITIUM RELEASE DATA FROM OPERATING PWR's
PERCENT OF TOTAL TRITIUM RELEASED IN LIQUID EFFLUENTS

Reactor 1972 1973 1974 975 1976

R. E. Ginna 100.0 99.6 99.8 91.1
H. B. Robinson 99.8 99.1 90.1
Point Beach 1/2 98.6 95.7 95.1
Palisades 97.7 99.8 b
Maine Yankee 96.7
Indian Point 2/3 70,6
Surry 1/2 80.4
Turkey Point 3/4 98.4
Oconee 1/3 99.4
Zion 1/2

Fort Calhoun

Prairie Island 1/2

Kewaunee

Three Mile Island 1

Rancho Seco

Arkansas |

Calvert Cliffs 1/2

Cook 1

Millstone 2

Trojan

St. Lucie ]

Beaver Valley |

Salem 1

Weighted Average* 99.2 98.0 91.1 89.5

* Average weighted by nuclear thermal output per unit.
** No reported data.

tt Rancho Seco is designed to be a zero or very low liquid release plant.




The difference between the tritium calculated to be avaiiable 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 effiuents is released
from the auxiliary building, 50% from the refueling area, and 18% from
the containment. Since the refL:1ing 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 (LiBOz)
Boron recycle system 10 2 10
Evaporator condensate (H*OH') 5 1 10
Radwaste (H' OH) 102(10)  2(10) 102(10)
Steam Generator Blowdown 102(10)  10(10)  10%(10)
Cation bed (H') (any system) 1(1) 10(10) 10(10)
Anion bed (OH") (any system)  10%(10)  1(1) 101)
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.




TABLE 2-32*

DISTRIBUTION OF TRITIUM RELEASE IN GASEOUS EFFLUENTS

Source of Gaseous Tritium Release (% of Total)

Auxiliary Refueling Containment

Plant Building Area Building
Ginna (Ref. 7) 3] 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) 2.8 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 + 848 + 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) = 322
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4 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 lLaboratory (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 attemptis 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 Fa(torﬁ“

A1l Nuclides

Except Iodine lodine
M 5 . nd 2
iscellaneous radwaste evaporators 10 10
3 2
Boric acid evaporators 10 10
: - - . o Lot A 2 pa
Separate evaporator for detergent wastes 10 10

e L P - . L TH T
A T R :r:ul'_@ g T ol v.j‘ e - .'7,, 4 *




2.2.19.2 Bases

The decontamination factors for evaporators are based on: (1) source
term measurements made 2" Fort Calhoun, Zion, Turkey Point, Prairie Island,
and Rancho Seco stations uy 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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Date

REVERSE OSMOSIS DECONTAMINATION FACTORS, POINT BEACH

TABLE 2-34

Time

6/14/71

6/15/71

TOTAL

0840
1225
1350
1030
1315
1440
1510
1530

Average

Concentrate
Activity

(uCi/m1)
1.1 (=5)

6.3 (-5)
6.8 (-5)
2.7 (-4)
1.0 (-4)
1.3 (-4)
1.6 (-4)
1.8 (-4)
9.8 (-4)

Product Activity

(uCi/mi)

2-83

6.8 (-7)
4.2 (-7)
3.2 (-7)
3.1 (-6)
1.7 (-6)
1.1 (-7)
1.1 (-7)
5.7 (-7)
7.0 (-6)

Membrane DF

16
150
213

87

59

1200
1500
316

140



TABLE 2-35
REVERSE OSMOSIS DECONTAMINATION FACTORS,

Average

H. B, ROBINSON NO. 2 STATION

Co-60
264
382
436
107

76
94

227

2-84

Co-58
29

1-131
14
20
39
26
96

34



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
[-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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2.

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 fin ' liquid waste sample (test) tank to the environment.
This ve is based on the maximum rate of the dischare
pumps & ne 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.

2.

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 801,

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 10°7 was calculated for a radwaste demineralizer
and radwaste evaporator in series. [f 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:

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

For the remaining one day, the system DF would be 10° (only
the demineralizer DF is considered). The effective DF is:

)

7.0 x 10°

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 liquid 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 asional 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

ssumed 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
rocessing through an alternative route implies mixing of wastes having

ifferent 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 exce
of the storage capacity are discharged without treatment.

D

obtained using DF's from




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 gquantity 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;
40% turbine bypass capacity to the main condenser;

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

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/‘b)(3535£§§3)

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
[-131/yr = (3.2 x 10 T ==)(1,.8 x 107" uCi/g-steam)(10 m)

= 5.8 x 1077 Ci/yr




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 107 Ci/yr using the following equation:

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

.693) (30 days)

-5 ..
(8.06 days) 310 CihCi

(1.8 x 1078 uCi/g-steam) exp ['(0

1-131/yr = 4.6 x 107 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 COZ) that are collected in the waste gas processing system throuéh

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
lant* 1975 Ci/yr-unit

Conn., Yankee 44 0 46
Yankee Rowe 1.6 o 14 ol 0.58

Annual Release

Plant** Area Ci/yr-unit

Turkey Point Aux. Bldg.
Containment
wGPs'

Spent Fuel Area

Total

Fort Calhoun Fuel Pool and Aux. Bldag.
WGPS
Containment Bldg.

Total

Cont. Bldg.
Fuel Handling and Aux. Bldg.
WGPS

Total

Prairie Island 1/2 Cont. Building
Fuel Handling and Aux. Bldg.
WGPS

Total

Rancho Seco Cont. Building
Fuel Handling and Aux. Bldg.
WGPS

Total

Average

* Based on semi-annual releas eports.

** Based on In-Plant Source T« Measure
Waste gas processing syste




TABLE 2-39

DISTRIBUTION OF CARBON-14 RELEASED IN GASEOUS EFFLUENTS

Plant Areas: Aux. Bldg. and
Plant Containment Fuel Handling

Turkey Point 3/4 2% 75%
Fort Calhoun 16%
Zion 1/2 43%
Rancho Seco 51%

Prairie Island 1/2 92.5%

Average: 61.0%




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-4]
releases with plant size and plant operating parameters. However, the
average argon-4)1 release is estimated to be 34 curies per year.




TABLE 2-40

SUMMARY OF ARGON-41 RELEASES FOR OPERATING PWR's FOR 1973-1978

(Ci/yr per reactor)

__Reactor Name Year

Yankee Rowe 1974 .85
1975 .93
1976 N
1977 .49
1978 47

Haddam Neck 1973 .044
1977 .08
1978 ). 04)

Ginna 1975 .8
1976 .19

Point Beach 1/2 1973 .6
1974
1975
1976
1977
1978

H. B. Robinson 1975
1976
1977
1978

surry 1974
1975
1976
1977

D. C. Cook 1978

fTurkey Pt. 3/4 1974
1975
1976
1977

Oconee 1/2/3 1074
1975
1976
1977
1978




TABLE 2-40 (continued)

SUMMARY OF ARGON-41 RELEASES FOR OPERATING PWR's FOR 1973-1378

(Ci/yr per reactor)

Reactor Name

Ypil, RP]EGSQ

Fort Calhoun 1975
1976
1977
1978

Palisades 1978
Zion 1/2 1978

Prairie Island 1/2 1975
1976
1977
1978

Kewaunee 1976
1978

Three Mile Island | 1975
1976
1«“7 ’«'

1 ¢
lu/])

Calvert Cliffs 1976

Rancho Seco
yr)

* A1l data provided by the semiannual effluent release reports and the
annual operating reports for each PWR listed.




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 toc 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 listing of
the PWR-GALE Code.

INPUT DATA

(a) an explanation of the input used in the
input coding sheets for the sample problem.

This section contains
sample problem and (b)

3,2.1 EXPLANATION OF THE INPUTS FOR THE SAMPLE PROBLEM

Only the inputs for the GALE code runs for the sample problen that
are not obvious are explained:

Condensate demineralizer regeneration time (days)
Input - 8.4 days

1

Put this input in card 10 in the appropriate field allotted for this input.

I(&) S ‘ (ﬁ

1

sample problem assumes eight condensate deep beds, one of which
in parallel with no ultrasonic resin cleaning. The regeneratior

,

a bed is therefore 7 £ days 8.4 days.

liquid waste inputs are based on assuming the following:

waste Generation

PCA ;r‘d.‘f 10N

yde applies the

£

CVCS DFs internally

seal leakage

eal jeakage




PRSP Gal/da) _PCA Fraction
Other primary coolant leakage

from miscellaneous sources inside

the containment (Table 2-26)
fotal equipment drain wastes 330 97 effective

Clean Wastes

Primary coolant equipment drains
(Outside containment)

Spent fuel pit liner drains

Primary coolant sampling syster
drains (segregated from
secondary coolant samples)

lotal Clean Wastes

Dirty Wastes
Cr]w@lry J»';“’[\W‘A_ﬂ' equipment
Reactor containment cooling systen
Auxiliary building floor drains
Secondary coolant sampling syste
drains

tal Dirty Wastes | Of 0.01 effective

Regenerant Wastes 3400 ode internally
lculates the

ildup on the beds

Condensate demineralizer rinse
and transfer solution (secondary

system wastes)

'T}h3f1f>
tquipment \Each)
Recyc le holup

(To collect 1im bleed and equipment drains

Clean waste holdup tank

1rty weste aup tank

|
Regenerant solution receiving tank




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) 1 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
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 ] 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 b1owdown ) 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) ] 30 GPM

C. Additional Notes about Liquid Wastes

1.

The above list includes only tne processing equipment assumed

for generating the 1iquid 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.




Except the condensate deep bed deminera izers the secondary

system, all other demineralizers are a ne be mixed bed and
non-regenerative.

.

The processed steam generator

returned to the secondary
steam generator blowdowr

Jecondary system condensate demine 1zer rinse and transfer
solution waste has not been uded as 1np or the sample

. 4 3
problem GALE code ri ! the foll na rea

a. 11S waste

irthermor

fra




Number of pressurized storage tanks - 4
Volume of each tank at STP - 650 CF
Design pressure for each tank - 150 psig
No recombiners

Je Containment has small diameter (8 inches) purge line and the
low volume containment purge rate is 1000 CFM,

4, Containment has no internal cleanup (kidney) system,

5. Number of high volume containment purges during power operati
0. kn

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 Regqulatory Guide 1,140,
Containment building has these filters both on the low and high
volume purge exhaust lines. Waste gas sy.tem has HEPA filturs
on its exhaust line which satisfies the guidelines of Requlator
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.

. 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 proble

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 availab)
;

from the Division of ADP Support, USNRC (301) 492-7713. For convenience,
the tape consists of five files, written in card image form, The ntent
of the five files are:
R File 1: A FORTRAN listing of the liquid effluent code.
e r1ie Z: Nuclear data ‘llf”'r'i"/ for corrosion and activatior
products for use with the liquid eff ent code.
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FORTRAN CODING FORM




CARD 1 NAME
CARD 2 POWTH
CARD 3 PCVOL
CARD 4 LETDWN
CARD 5 CBFLR
CARD 6 NOGEN
CARD 7 TOSTFL
CARD 8 WLI
CARD 9 BLWDWN
CARD 10 REGENT
CARD 11 FFCDM
CARD 12

CARD 13

CARD 14

CARD 15

CARD 16

CARD 17

CARD 18

CARD 19

CARD 20

CARD 21

CARD 22

CARD 23

CARD 24

CARD 25

CARD 26

CARD 27

CARD 28

CARD 29

CARD 30

CARD 31 TAUl
CARD 32 TAU2
CARD 33 TAU3
CARD 34

CARD 35

CARD 36

CARD 37 CONVOL
CARD 38

CARD 39

CARD 40

CARD 41 FVN
CARD 42 FEJ
CARD 43 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 = 1.0EO05

COLLECTION 22.6 DAYS PROCESS 0.93 DAYS FRACT DISCH .1
EQUIPMENT DRAINS INPUT 330.0 GPD AT 0.97 PCA

DFI= 5,0E03DFCS= 2.0EQ3DFO = 1.0EOQS

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
OIRTY WASTES 2100. GPD AT 0.01 PCA

DFI= 5.0E02DFCS= 1.0EO3DFO = 1.CEO4

COLLECTION 3.8 DAYS PROCESS 0.19 DAYS FRACT DISCH 1.0
BLOWDOWN  FRACTION PROCESSED |
DFI= 1.00E03DFCS= 1.00E02DF0 = 1.00E03

COLLECTION 0.0 DAYS PROCESS 0.0 DAYS FRACT DISCH 0.0
REGENERANT FLOW RATE (GPD) 3400.
DFI= 5.0E02DFCS= 1.0EO3DF0 = 1.0EO4

COLLECTION 4.7 DAYS PROCESS 0.37 DAYS FRACT DISCH 0.1
IS THERE CONTINUOUS STRIPPING OF FULL LETDOWN FLOW? 0,1,0R 2 0
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?799.

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?97. HEPA?99. RATE (CFM) 1000.
FRACTION IODINE RELEASED FROM BLOWDOWN TANK VENT 0.0
PERCENT OF ITDINE REMOVED FROM AIR EJECTOR RELEASE 0.0
DETERGENT WASTE PF 1.
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SAMPLE pwp pEy | vuR
IHERmal PowEd LEVEL (MEGAWATTS) JA0p,.0000
PLANT CapaClly FacCToR n.MpoQ
MASS oF PRIMARY COuLANT (THOUSAND (85, SSa.0000
PHIMARY SYSTEM LBTONNN RATE (6PM) Is. 0000
LETINUWN CATIVUN DEMINERALIZER FLOW (0¥wM) 7.5000
NUMARER OF STRAM BDENENATORS a.0000
TOTAL STEaM FLOw (MILLION LAS/HR) 1s.0000
MAss ofF LIGUID IN EACH STEAM GENERATUG (THOUSAND i12.5000
MASS OF WATEN IN STFAM GENERATORS (TOOUSAND LBS) 455.0000
SLuwDOWN RATE (TOOUSAND LAaSs/HR) Is. 0500
PHIMARY TO SBCONPARY LEAK RATE tLaSsvay, Is.ro00
CULDENSATE DEMINERALIZER REGENERATION TIME (DAYS) R, 4000
FISSION PROPLCT CARRY-OVER FRACTIoN .00%0
MALOBEN CARRT.OVER rFRACTION 0100
CUNDEMSATE UBMINGRALIZER FLOW FRACTIVUN .8500

LISUIL wASTE INFPUTS

FRACTION FRACTION CULLECTION DECAY
STREAM FLOW RATS OF pCa  DISCTaARSED TInE TimE NECONTAMINATION FaACTNRS

(GAL /DAY } (DAYS) (0rvS 1 Cs OTHERS

SHIM™ BLEED maAtE L. A4E«83 1.2000 L1000 22,5000 100 S.,00C40% 2,906,080 1. .00f.0%
EQUIPMENT nRAINS 3, 30F«0d 9700 Joeoe 24.,%000 J00 S.00Ee0) 2,.00F+09 |,00FE40%
CLEAN WASTE IwPU* 9 _RgEe0d L0930 1000 3. Too0 1300 5.00E402 1,V0E«03 ), 00E.04
DIRTY WASTES L 10F 03 «0100 1.%000 4,8000 1900  S.0¢fe02 1,006.08 | 00F.06
8L UwDOwN 2.186400 0.000 0.000 0.000 1e0nFend 1,00F008 | _00E.00
UNTRFATED BLowbuwn o 1.000 0.000 0.000 1.00F«00 1,00F6.00 . 00Ec00

REBGENERANT sOLS 1.40F 404 «100 4,700 «370 S.00F«02 1,00F«08 | _ 00F«04

GASFOUS WASTF InFuTS

IMeRE 1S NOT CONTINQUS STRIPPING OF TULL LETDWN FiLOw
MULDUP TIME LOR REnoN (Days) 60.0000
HULDUP TINE TOR RpyplON (DAYS) S9.0000
FILL TIME OF DECAY TANKS FOR THE GAS STHRIPPER (DAYS) 3o.0000
sAS WASTE SYRTEM PARTICULATE NMELESSE FRACTION L0100
AUXILIARY BLVS IOUINE RELEASE FwaCTION 1000
PAMTICILATE WELERSE FROCTION 0100
NTAINMENT YOLUBE (MILLION "TH) ?2.45%00
HEQUENCY OF CNTHNT BLDU HIGM YOL PURYE (TIMES,YR) 2.0000
NIMT-HIGH YW PURGFIODINE RELEADE FHACTION 1000
PAMTICULATE WELEASE FRACTION 0100
LNTMT LOw wuls PURGE NATE(CFM) 100n,0000
CNTMT LOw YUOL PURGE 10o0INg RELEASE FealTION 1000
PRLATICULATE RELEASE FRACTION .0100
STEAM LFax TV TuRBInt BALDG (LBS/'m) 170n.0000
FHRACTION JODINE RELEASED FROM BLUNDUPN TANK VENT a.0000
VENCENT OF LUDINE REMOVED FROM AlR EVECTON WELEASFE 1.0000

FIGURE 3-2
PRINTOUT OF INPUT AND OUTPUT FOR THE SAMPLE
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TRITIUM RELEASE 280 CURIES PER YEAR
NOTE® 00000 INDICATES THAT THE VALUE Is LESS IMAN 1,.0F-S5,



L1-€

SAMPLE Pwn REv |

IngimMal PawkEl LEVEL (M GARATTS)

PLANT CePACT iy BACTONM

“ASS oF Pe1AART LOouLANT (THOUSANW LbY)

HHIMARY SySIEM LBTuowt RATE (,PM)

LEToOUuUN CATEWV) LEnInERALIZEP TillUg (bYM)

MUFREr OF STEAF UENERATORS

TOIAL SIFA™ TLUS (MILLIOMN WS rHK)

ARsS OF L1oUsD I EALK STEAY GLHUZRATUN (THOUSAND LBS)
SLUwWLON DATE (THOUSAMD Lnas/nR)

CUMDENSATE DLMINERAL [ZER WEGEMENATION TIME (DaYS)
COLNENSATE JEMTAERALLZER FLOW FHeCT vy

LIWuIO wASTF IFuls

FRACTIUN FRACTION COLLECTION URCAaY

STHE An FLuw nale UF pca olsCuapsil TIME VIME

(AL DAY ) (LAYS) (hAYS)
SHIM BLEEU walk 1o“hF +02 l.ug00 Jdoon  2¢.0000 .7300
EQUIPHLN T nPallS 3, %0F 404 <3700 1000 22,6000 Y300
CLFAN WESTF 1PUY Q Rpf «04d <0930 1000 > Tooo 1300
DIRTY ASIFS 2 00Fe0d 0100 1.v000 4,.8900 1900
HLO#NORN 2.16F s0> D.n00 n.onon 0.000
UNTHFATED M neolwy lenong 0.000 G.000
“:he"t“‘”’ SOLS '.‘05004 +100 4,700 03"

GABEOUS wWASTE INPUTS

THLRE §S 407 cOnTINpOUS STRIFPING OF FULL LEYTHEN FLOW
FLuW RATE THROUGH a5 STRIFPSR ('9PM)

HILDYR TIsE FOR KFEanN (DAYS)

AULHYP TI~E FOR RRYPTON (DAYFS)

FloL TIME OF DECAY TA WS FOP THE GAS STRIPPER (hHAYS)
PRIMAQY CoOLANT LEAK TU AyxILIANY BLYA (LB/UAy)

LUAS WASTE SYSTER PARTICULAIE WELENASE FRACTION

FOLL wANDLG BLDG INDIYE wLLEASE FRACTION
PAXTICULATE WELLASE FRACTIUN
AURILTIADY HLUG IN0Ing QELEASFE FEALTION

PARTICULATE RELEASE FRACTIUN
CURTATHMEN] YOLUME (MILLIOH F13)
FHEQUENCY OF PHIMARY COOLANT DEVASSING (TIMES/YR)
PRIMARY Tn SECOMVAKY LEAK WHATE (LR/UBY)
THERE IS mOT & SIDNFY FILTER
FlaCTon Jouine bYPASSING CONDENSRTE DEMINERALIZER

PWR
3400, 00000
0,80
$50,00000
7S, 03r00

1,510
4_00000
15,.00000
112,50000
75.00000
8_40000
.65000

1]
50.6500’
5.00E+0)
S«0nEen2
S.0nEen2
lo.’!‘.)
‘-.Q(.o.
S«0nEen2

1.22917
60,00000
60,00000
30,00000

16000000
.01000
10000
.01000
.10000
.01000

2,45000

2,00000
75, 00000

35000

TOUINE PAuTIHION FACTON (GASZLINLID) IN STEAM GENFRATOR 0lp00

FHEWIFENCY OF CATAT 5L HIuM VOL PUKUE (TIMES/YNH)

CHLAT<n G VUL PUSGELOOING PLLEASE FRACTION
PACTICOLATS nFLENSE FRACTION

CHInT Low vuk PURGE dATE (CHiY)

CHINT Loy yol PURGE LODIVE Wb EASF FRACTION
PAMTICULATE AELEASE FRACTION

STEAM LEAr TU TUutuIne BLG (LES/00)

FREACTION JOLLNE RELFASHD Fho BLUNDUSN TANK vENT

PERCENT Of JUnINE DFOOVED FRIM al ) LYECTOR RELE ASF

2.000v0
10000
01000
100000000
.10000
01000
i700 o00w00
2,00000
L.00000

DECONTAMINATION
S

C
2,00€+00
2,00F+0
l..”..i
1.00€+0
1.00F+08
1.00E«00
1.00F+08

FACTORS

OTHERS
‘...:‘.’
‘o..t“’
‘ ...‘.'.
lo..(‘.‘
‘...!..’
1.00E.00
‘...‘."
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AM.4) RELEASEL vIA CUNTAINMENT VENT = 34 Cl/YR
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Nuclear data library for fuel materials and their

transmutation products for use with the liquid

Nuclear data library for fission products for use

with the liquid effluent code.

3 File 3:

effluent code.
4, File 4:
5. File 5:

A FORTRAN listing 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
1 1-72
1 75
2 1-10
2 11-20
2 21-30
2 31-40
2 41-46
2 48
2 50
2 52

Input Data
Title

The value 2

The value 0.632
The value 0.333
The value 2.0

The value 1.0E-25

The date (month, day, year)
of the calculation

The value 1
The valu 0

The value 0

A description of the 1 formation contained in the nuclear data library
can be found in the report OnNL-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

SUECK PUALEGS PROGRAM LISTING FOR GASEQUS DETERMINATION 000260
c GALE CODE FOR CALCULATING GASEOUS EFFLUENTS FROM PwrS, MADIFIED

c AUG, 1979 Tu IMPLEMEN! APPENDIX 1 TO 10 CHR 5V, KEACTOR '

c WATER CONCENTRATIONS CALCULATED USING METHODS OF DWAFT STANDARD 0n03n0
c ANS 237 "HAUIOACTIVE MATenRIALS IN PRINCIPAL FLuUID STREAMS OF 0n0310
c LIGHT wATER COOLED NULLEAK POWER PLANTS™ DRALT UATED MAY 20, 1974000320
C

c THE FOLLOWING FIRST STATEMENT IS SPECIFIC FOR THE CDC USEKS,

C FOR THE I6M USERS, DELETE THIS STATEMENT,

C

o000

OO0

o000

OO0

PROGRAM PGALEGS (INPUTOUTPUT TAPES=INPUT,TAPEL=0UTPUT)

REal hycLlv(13)

REAL PpaART (18)

DIMENSTON ACONT (13)¢CBCP(13),CBSP(13)+ASHIMC(13) 4ASHIMS(13)
LIMENSTON CBPP(13) .

DIMENSION ASHIM(13)¢CYNCP(13)yCONCS(13)DECONI]13) 4FHHL(13)
DIMENSTON DECOM(13) ¢NAME (8) JEUT(13),78L(13),C0L(13),AXBL(13)
UIMENSTON BVOG(13) 4707 (13),X2(13)9x3(13) 944 (15)4X5(13)

DIMENSTION CTPRO(13)¢AP1(13)9xP2(11)+swURD (14) s wARD(5) 4WURD (&)
DIMENSION chL‘lg),pAAaL(la),PcuP(le)oPAan(lu).PGuS(ld)oPTOYP(lH)
DIMENSION PGwWL (18),PCPCP(18),PCBSP(18),PRLONT(18)

UIMENSTON PFHBL (18) +PEHEP (18)

DIMENSTON KINAX (2) yRNAKS (2) sRNFH (2) JRNFHS (2) yRNT (2) JRNTS (2) 4RNS(2)
UATA NUCLIU/# KR=B5M"yn KRoGGM " KR=871," KR=C8"," XE=]131Mn,

1" XE<l33MM e XE=]1337," XE~1350n,n yxE~135%n KEa1374,

W XEol3RM " Ja wen La133ny

?Uﬂ¢l ;gAH;I"XCAE%];.".MN-S‘"." CO=5Tugn CU-SQ"." CO=60"e" FE=59M,
1" SR=BgN," 50901 ZN95" 1 11B=35n,n RU=103"rn RU=106my" SB=125",
20 CS=l34"y" CS<136m," CS=137ny" BA_140"," CE=l4ln/

AF1 AND AP2 AHE THE PRIMARY CUOLANT AND SECONVARY CCOLANT
CONCENTRATIUNS, RESPELTIVELY (MICROCIZGM)»

DATA AP1/146Ea] b,3E=0y1ePE=112.8E21,7,3E=1,T+0E=242,6E400]143E-148
WOE=193,4E=2,]1,2E«]4%95E=C,] ,%E=1/

lDATA ;pz/a.hé-e.a.qé-g.a.oﬁ-é.s.,e-a,1.55-7.1.55-8.5.¢£-7.a.1r-a.1
1eBE=Ts7,1E=9,2,5E=R7

DECAY cONSTANTS FOR THE CURRESPUNDING NUCLID (1/SEC),

DATA DECON/4 ,38E.5,2,03E-Y ] 92E-4 6,88E-9,6,50E-7,3,95€E.0,]1,52E-6
197e91Eabs2e00E=542,9%t=3,8,14E4,9,97E-7,9,17t-6/

NURMAL 1ZED 1~9INE ANWUAL KELEASE (CI/YR/MICROLI/GM),

DATA RNS/O.320°032/
VATA RNAX/0,68,0.687
UATA RNAXS/2,5,2.57
DATA RNFH/Z0,038,0,0387
DATA RNFHS/0,093.0,094/
DATA RNT/3.8E3,3,8E3/
UATA RNTS/4,2E2,4,2E2/

PARTICULATE ANNUAL RELEASE RATE (CI/YR)

DATA PCRP/9,26.3,5,3E63,8,2E.4,2,56-242,6E-3+¢,TE-3,1,3E-2,5,2E-3,
|o.oE.u,|.ut-g,1.nz-a.h,OEoo.o.OEoO.2.55-3-3.25-3.5.55-3.o.otoo.1.3
2E=3/

DATA PAdels,zE-s,7,85-5.0,0:.0.1.9t.3.5.1€-6oS.oE-S.T.5E-4.2.9E-6
lOlo°E'1o3-“5-5,2.3E-5'6.0£-6.3QQE‘60506E'~.‘095'507¢2E-‘.‘.OE-‘OZO
2ot =5y

DATA pgudw/l.55-‘.3.05.6,0,0500,2.1E-Z.F.¢F-3-0.0500.?.lF-305.OE-‘
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o000

o000

103,6E=h 2,903, 3,8Fa59h,9tab 5, TE-G, ] ¢TE=I,0,VE40432,7E=3,0,0E404%,
24E-7,
DATA PGWS/1,0EaS542,1E460040E,0,8,TEwby],4E.5,1 BE~6,64,4E-9,1,76-5,
l‘.‘[-e.3.72-603.2E-60¢.7t'ﬁ'000£00.3.3[-505.3&-6.7.75-5.2.3E-§.2.2
2E=6/

BUILT=IN PARAMETERS

OPFRA=g B0
AUXLR=160.
EM=2,0
GENL=7s,
CLFNG=q,03
CLFI=8,0E~6
PURTIM=16.
TBLE=1700.

AFPTEG=0,0 dnlRR0
READ (5,1000)NAME , TYPE
WRITE(641440)
WRITE (6,1000)NAME , TYPE
READ (5,1010)wORD,PONTH
WRITE(6,1010)WORD ,POAIH
WRITE(6,1020)
READ(5,1010)WORD,PRIVVL
WRITE(6,1010)wWORD,PRIVOL
HEAD (5,1010)wORD,DEMIFL
WRITE(6y1010)wORD,DEMLFL
READ (5,101u)wORD CHFLR
WHITE (s 1010)WORD,CBFLR
READ (5,1010) wORD ¢ GEN
WRITE (641010)wORD,GEN
READ (5,1010)wURD.TOSTFL
WRITE (6,1010)wORD,TOSTFL
KEAD (5,1010)WORD WL I
WRITE(Ay1010)wORD,wL1 )
wlLI=GENnewlL] 0néehno
READ (5,1040) THD 4 XKFNRT
WHITE(641050) TRD
IF (RFAQT.EQ,0)FNRTSC=0,99
IF (KFNRT EQ.]) FNRTSCLF0.9
IF (KFNRT.Eu,2) FNRTSL=]1,0
READ/5,1010)wORD ,REGENT
WRITE(641010)WORD ,REGENT
On4740
READ DaATA FUR LIQUID INFOKMATION
004760
READ (5,1010)wQRD,FFCDM
WRITE (641010)WORD ,FFCOM
READ (5,1060)wARD,SBRLUR
c".ltb 0063?0
READ (S,1070)DF1CW,DFCSCW UFCwW
READ (5,1080)TC,TSTORCsCuFP
WRITE(541090)
WRITE (5,1100) . '
WRITE(6e1110)WARD SBLURWCWA,CWFD,TCyTSTORC ,DFLCW,OFCSCWyDFCHW
HEAD (5,1120)wARD ,EDFLKR,EDA
READ (5,1070)DF IED,DFCSEDWFED
READ (5,1080)TE,TS,EDFV
WHITE (£,1110)WARD ,EDFLREDA,EVUFD,TE,TS,0F LED,UFCSED,OFED
READ (5,1120) WARD DWFLY ,Dun
HEAD (S,1070)DFID~,0FCSDaUFDW
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oo

30

40

50

60

70

READ (5,108Q) TU,TSTORU 4 DwF P '
WHITE(A,1110)WARPD ,DWFLROVALOWNFD4TDsTSTORY ,DF ADW,DFCSDW,DF DW
READ (5,1120) wARD ,DwFLZ, D4k

HEAD (5,1070)DF102,DFCID24VFD?

READ (5,1080)T2,TSTORZ DwF2

WRITE (6,1110)WARD ,OWFL2,092,DWF2,T2,TSTORE,DFID2,DFCSP2,DFD2
READ (5,1130)BDTFR

READ (5,1070)DF 1CM,DFCHICM,DFCH

READ (5,1080) TCM,TSTORP,CMFD

READ (5,1130)RGWFR

READ (2,1070)DF IRG,DFCYRG,BFRG

READ(5,1080) TRGyTSTORR,RGFD

1F (T80 EQ.0,0) GO YO J0

BUFR=TRD®1 . UE3eBDTFR/0,3476

WHITE (6,11%0)BDFR,CMFVU TCH, TSTORB,DF I1CM,DF cSCM ,DFCM
BUFR=TRD®*] ,VUE3eABS(1.“BDTER) 70,3476

wRITE(6,1150)BDFR

IF (FFCpM,EW,0,0) GO TV S¢

IF (REGENT.Ew,0,0) GO To 40

WRITE (6,1160)RGWFR,RGFD3TRG,TSTURR ,OF IRG,MFCS"G,DFRG

60 To so

RGWFR=n,0
WHRITE(641160)RGWFR,RGrDsTRGy TSTORR ,UF IRGsWFCSNGyDFRG

READ DaTA FUR GAS INFVRMATION

wHITE(6,1170)

READ (3,1180)KGTRWTY

IF (KGTRwT LW, ,0; GO TO 70
GTRW=(NE4IFL-SBLDR/1440.)7DEMLIFL
IF (KGTrwT.EW,2) 6O TO 60

wHITE (541170)

40 TO a0

OTRW=Q 25°GTRW

*HITE(6.1200)

60 TO an

LTRw=(, 0

wRITE(Rs1210)
SRE=GTRWOUEMFL e (SHLUORLEDFLR) 71440,
wHITE(6,1220)SRB
READ(5,1010)WORD,TAUL
WRITE(5,1010)wWOKRD,TAU]

READ (5,1010)wURDyTAUZ
WHRITE(6,1010)wWORD,TAUZ

READ (5,1010)wORD,TAU3

WRITE (641010} WORD,TAUJ
wRITE(8,1230)

OWPRF=y,0

AXIRF=1,0

AXPRF=),0

CHIRF=1,0

ChPRFs%1,0

CLIRF=y,0

CLPRF=y,0

FHIRF=y,0

FrRPRF=y 0

CAIRF=),0

CAPRF=y,0

READ (5,1250) wURD + GWHRE

IF (GWhRF ,uT,0,0)6wPRFS1.0~GWHKRE/100,
WHRITE (6,1260)wyURD ,GWPHF

WEAD (5,1270) wARD o FHCHRE o FUMRE
lF(fncune.bl.o,o;rnxatal.o-FnCngﬁ&on.

005070
005090 -

0psS190

uns5210

005250



IF (FHHRFE QT ,0,0) FHPRF 31 4 0=FHHRE/100,
WRITE (541280 ) WARD yFHINF oF HPKRF
READ (5,1270) WARD y AXCHRE 3 AXHRE
1F (AXCHRE .6T,0,0)AxIRE =1,0=-AxCHRE/100.
1F (AXBRE .07 ,0,0) AXPRF§] ,0=AXHRE/ 100,
WRITE (641280)WARD ,AXINF ,AAPRF
READ (5,1010)wORD,CONVVL
WRITE (6,1010)WORD,CONYOL
WRITE (641290)
HEAD (5,1370) wARD ,CACHRE (CAHRE 4 CFM
IF (CACKRE.GT,0,0)CAIRE=1+0=CACHRE/100.
IF (CAHRE ,GT,0,0)CAPRF§1+0=-CAHKE/100.,
IF (CFM ,EQ.0,0) GO TO YO gk
KlD=) 005710
WRITE(641300)CFMyPURTIM
GO To 100
90 KlD=p
wHITE(641310)
100 lF(FFCnM.°T.0.O) Go Tv 110
wRITE (6,1320)
60 To j20
110 FIBCD=),0=FFCDM
wRITE (s41330)FIRCD
12v IF(TBD,EV.0.0) GO TO 130
CUON=0.,01 UnSR40
wHITE (641340)CON
GO To 140
130 COn=1,0
WHITE (6,1340)CON
140 READ (5,)1350) wARD s CHCHHE s CHHKE 4 ETP
1F (CHCHRE .GT,0,0)CHIR =1, 0=CHCHRE /100,
1F (CHmaE , 0T ,0,0)CHPRFg ,0-CHHRE/Z100,
EN=2 ,04ENP
whITE (e 1300)EN
AR ITE (K4 1200)WARD JCHINRF 4 COIPRF
READ (5,1370) wARD+CLCHRE y CLHRE yPNUV)
IF (CLCHRE 0T, 0,0)CLIRE=],0-CLCHK /100
I1F (CLHRE ,6T,0,0)CLPRF3],0-CLHME/ 100,
1F (PNOV1.LT,.1.0) GO TV 150
WRITE(64138U)wARD ,PNOV] 9 WHRD ,CLIRF ,CLPRF
GO TO 160
150 wRITE(641390)
160 WRITE(4,1400)TRLX
READ (5,1010) WwURDFyYN
WRITE(641010)WORD,FVN
KREAD (5,1010) wORD ,FEJP
FEJP=] p=-FEUP/100,
\WRITE (641010)WORNFEJP
READ (5,1010)WORD,PFLAUN
IF (PFLAUNGJLE,,0,0) wRIVE (€01430)

c 006210
c CUNVERSION UF UNITS 006220
4 0On6230
TOSTFL=TOSTFL®1000000 006240
wLi=wl1el000, 0n6260
CONVOL=CUNVOL®1000000 0p6270
CFM=CFusl1000, 006280
THD=THDe1E3 0n6290
PRIVOL=PRIVOL®1E3 0n6300
JEMIFL=DEMIF (500,53 0n6310
SBLUR=zgRLUR® 3476 006370

EUFLR=FDFLR® 3476 006330




Oooon

o000

o000

190

200

210

220
230
240

250

280

OwFLRspWwFLK® 3476 0n6340
DwFL2=pwFL2® 3476 0n6350
CBFLR=CcRFLKeS00,53 0n6360

H3COPW IS THE PwR TRITIUM PRIMARY COOLANT CONVENTRATION IN UCI/G* 0n63R0

H3C0PW=],0 006390
HIPRPY=0,4*POWTH
TPLRPW=SHBLOReCWACCWFDYEDFLROEDASEDFD+UWFLHeDWASDWFD+DWFL20DW2eDWF 2006400
H3RLPw=TPLRPWeNICOPW®J 7T 006410
IF (A3RLPW.6T ,0,99H3IPRFW)INIRLPN=0,9eHIPRPY

H3RLG=HIPRPW.HIRLPW 0p6430
Dlve1g, e® (INT(ALOGIO(H3RLE))-1) 006440
101v=P1v 006450
IH3RLG=INT (H3RLG/DIV+0,5) %101V 006460
1F(TAU3 ,EW.0,)TAU3=,0} 0n64T0"
SRB=5RBe500,53 006480
PE=365,/TAU3 006490
Ti=3,1557E7/ENOPFRA 0n6500
T323,1a57E407/PE 006510
Té=TAU) #8400, 006520
TS5=TAUpaR64y, 0n6530

DO 190 I1=1+13
VECOH(I)=ULCON(I) #2600V,

V0 230 I=1+13

CONCPLTy=AP) (1)

IF (POmTH,LT,3000,,0R.”ONTN LT,3800,) GO TU 21V

IV (PRIVOL,.LT 5, 0ES,OR,PRIVOL 6T, 6,0ES) GV TO <10

IF (UEMIFL LT, 3,2F4 ,0RDEMIFL ,0T,4,2E4) GO TO €10

IF (S3LpR,LT.250,,0R,50LUR 6T, I0u0,) GO TU 210

1t (CHFLP,0T,7500.) GC TQ €10

IF (KGTRWT,.G1,0) GO TO 210

60U TO 240

AFPTEG=Y,0

HNG2= (SRLURSDEMIFLe GTRw)/Z/PRIVOL In6660
RHAL2= (DEMIFL®0,99+0.V]19SBLDR) /PRIVOL
RK2G=161,700P0WTH/PRIVOL

DO 230 1=1,13

IF(¢1,6y,11) 60 YO 220

CONCP (1) =CUNCP (1) eRK2Ye (,0009+DECOH(]) )/ (RNG2*DECOH(I))
60 To 230

CONCP (1) =CONCP (1) 8RK2V® (0067+DECON(I))/(NHALC4DECOH (1))
CONT INyE

IF (18P EQ.0,0) GO 7O <480

PwTYPE=1,0 IS FOR PwRS WITH y=TUBE STEAM VENERATURS

PwTYPE=1,0 0067R0
DO 250 1=1+1)

CONCS (1)=xP2(1)

CONCS (12)=1,8E-6

CONCS(13)=4.,8E-6

1F (AFPTEG.EG,1,0) 60 TOo 300

IF (WLI LT.4,0E5,0R WL ,GT45,0E5) Go TV 300

IF (TOSTFLGLT,1,3E7,0R TOSTFL ,6T,147E7) GO TO J90
IF (TBP LT.5,0E4,NR,TBY,GT.1,0E5) Go TO 300

IF (FFCcOM,GT,0,01) 6O TO 300

60 TO 340

PHTYPE=2,0 IS FOR pwRY WITH ONCE-THROUGH STEAM GENERATOKRS

PeTYPE=2,0
VO 290 I=1s11
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290

300

310

320

oo

330
340

CONCS (1) =APE(])

COUNCS(12)35,2E-8

CONCS (13)2],6E-7

IF (AFFTEG.Ew,1,0) 60 To 300

IF (TOSTFL.LLT,1,3E7,0RyTOSTFL,6T,1,7E7) GO TO 400
IF (FFCOM,LT,0.,55,0R,FFrCOMGT 0,75) GO TO 300

60 TO 340

CONT INUE

IF (FFCD“.GT.O.OI.AUDoFFCUN.LV.l-O; FFCOM=p,2
RHAL3= (TBD®FNRTYSCs ,9°LON®TOSTFLOFFCOM) /WL]

PO 330 1=1,13

IF(1,67,11) 6O TO 310

CONCS (1)=CONCS (1) @], ,5E7/TUSTFLe (CONCP(I)/7AP1(4))
60 To 330

IF (PWTyPE.EQ,2,0! GO 10 380

CONCS (1) =CONCS (1)@ (8,3ES/¥L1)®(0,17¢DECOH(T))/ (RHALISDECON(I))®
1(CONCP (1) Z7XPY (1))

60 To 330

CONCS(1)=CONCS (1)@ (1VES/NLI)®(27.,0¢DECOH(]I) )}/ (RHAL3+DECOH(I))»
1(CONCP (1) /Z7XPY1(I))

CONTINUE

PNOV=PNOV1/ZCONVOL®40,

THIS PaAPT UF PROGRAM IS FUR NUBLE GASES

J=0Q
DO 370 1=1+13

X (1)=(DECON(I)+PNOV/3600s)eT]

I1F (K21(1).0T7,30,) x2¢1'=30,

X3¢1)y = OECON(I) o T3

IF(X3(1).0T,30,) x3¢11=30.

X6(l) = DECUN(]) # Té&

IF (x6(1).0T,30,) Xetl)=30s

xS5(1) = VECON(]) e 15

AUK=X5¢1I)

IF (X5(1).0T,30,) XDK=30.

IF(1,61,11) GO TO 350

IF(1,61,4) XDK=X&4(1]?Y
CTPRO(TI)=(CUNCP (1) ePRIVOL®*CLFNG)/ (DECOH (1) +PNUV) el B92E~S
ACONT(1)=CTPRO(I) @ (1. 4EXP (=X2(1)))
ASHIM(T)=(CUNCP(1)aSkp)/DECOH(])®6 S4E-4® () ,=EXP(~X3(])))
AXBL (I)=CUNCP (1) ®AUKLN® , 165T700PFRA

0n7140

onT190

0n7240
on72%0

0n72R0
0n7300
un7330

0n7360
on7370

Un7470
0nT4R0
007490
007500

CoCP(ly= EN o Pnov © (CTPRO(1)eT1/3600,¢CTPRU(I)®(EXP(=X2(1))~14)007510

17(DECOH (1) «PNOV))

CHSP (1) =EN®ACONT (1)
CBL(I)=CBCP(1)+CRSPY(I}

ASHIMC (1) =PESASHIM (1) ®EXP (~XDK) *OPFRA
ASHIMS (1) =EMaCONCP (1) ®PRIVOL 84 ,54E.4eEXP (=XDK)
EJT (1) =CONCS (1)eTOSTFLa3,777«0PFRA
TOL(1)=CONCS(])eTBLK®),97720PFRA

FHBL (1)=0.0

BVOG(1)=0,0

TEST=1,0

IF(CBL (1) LT, TEST)CBLI)=0,0

IF (ASHIMS (1) LT, TEST)ASKINS (1)=0,0

1F (ASHIMC(I) LT, TEST)ASKINC(1)=0,0
IF(EST (1) LT, TESTYEJT I =00

IF (TBL (1) oLT TEST)TBLET)=0,0

IF (AXBL (D) oL T, TEST)AXBL(1)=0,0

w0 T0 370

TH1IS PART UF PROGRAM LS FUR JUDINE
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0n7520
007530
0n7540

007570
Un75R0

007590
007600
On7630
0n7620
007630
0n7640
fp7650
0n7660

UnT7680
007690



C
3so

360

370

380

38s

0n7700
CTPRO(1)=(CUNCP(1)ePRAVOL®CLFI)/(DECON(])+PNOV)®] ,R92E=5
ACONT(I)=CTPRO(I) @ (1+*EXP(ax2(]))) en7720
JEJe)
AXBL (1) = (RNAX () +RNAAS (J) ) ¢CONCP (1yeaxIRF
FHBL (1) = (RNFH(J) +RNFHS (J) ) #CONCP (1) 8FHIRF
ASHIMC (1)2040 Lp7740
ASHIMS (1)=0,0 007750
EBCP(ly= EN ®» PNOy ® (CTPRO(1)®T1,/3600,¢CTPRY (1)@ (EXP(=X2(1))=1.)007760
II(DECOH(I)°PNOV))OCLI§F
CHPP (1)=ENP®ACONT (12oUHIRR
CBSP (I)=RNS (J)oCONCP (1) «CUIRF
CBL(I)=CBCP(7)+CBSPtILl«CBRP(])
EJT (1) =)o TE3eCONCS (1) ®CONSFE P
TBL (1) = (RNT (J) +RNTSTUL) *CUNCS (1) #CON ‘
BVOG (I)=CONCS(1)eTRDeL VN®J,977e0PFRA 0n7830 -
IF(KIP,EQ.0) GO TO 360
DLAK= (CFM®6( ,eCACHRE®U ,01%0,7/CONVOL ) +DECUH(T)

EXX2=D AK®PURT M 0nTR60
IF (ExX2,6T.30,) Exx2=30,

EXPFzExP (=EAX2) 0nTRARD
EAPC=1,-EAPF 0n7R90

ELSS=CHIRFOCONCP (1) ePRIVOLeCLFIe] ,R92E-S/ULAK®EXPC

COL(I)=CrPP (1) aEXPFeELSSOLNP,LBCP ()08 (], ,-PURTIM/ (B760,00PFRA/FN) )+
129CHINFe0,108CONCP (1) ®PURTIM/ (24.%32,5)0EAPC/ (DLAKSPURTIM)
Po(CHSP (1)1 =2,0CHIRFa0. 60CUNCP (1) @PURTIM/ (24,932,5))

TEST=(Q nonl

IF (CAL (1) LT, TEST)CBLATI=0,0 007930
JF (EYT (1) «LT, TEST)EJT(I)=0,0 007940
IF (ByOG (1) «LT,TEST)BVUG(Iy=0,0 0n7950
IF(TBL (1) 4LT ,TEST)TBLEI)I=0,0 007960
IF (AxBL (1) oLT,TEST)AXPL (1)=0,0 un7970
IF(FRB (1) oL T, TEST)FHBL (1) =0, 0

CONTINUIE

M516G=] 00n020
WS ]G=113

CALL SIGF2(CBL,MSIG,NS G) L0840
CALL SIGF2 (ASHIMS ,MS1L N51G) 0nR0S0
CALL SIGF2(ASHIMC,mMS1u,NS1G) 0nR060
CALL SIGF2(EJTMSIG,NSTG) 0nk0T0
CALL SIGF2(BVOGMSIGyNSIG) 00R0A0
CALL SIGF2(TBL MSIGyNS]IG) 008090
CALL SIGF2(AXBLIMSIGyNSIG) 08100

CALL SIGF2(FHBLyMSIGyNS1G)

VO 380 I=1+13
[uf;],zcuL(]).EJt(x,OIBL(l)QAKBL(I)oFHBLIJ)OBVOG(I)OASHINC(!)‘AS"l
1MS (1)

CONTINUE

CALL S51GF2(TOT,MSIG4NSIE) 008140
WRITE(6,1440)

WRITE (691450)NAME

WRITE (6,1460)

WRITE(641560)

WRITE (6,41480)

L0 385 1=12,13

WHITE (Ao 1995)NUCLID(ILsCONCP (1) yCONCS (1) o HRLI(T),

1EBLUT) JAXBL (1) 4 TBL (1) ¢8VOP (1) 4EJTLT),TOT ()

CONT INUE

WHITE (641480)

wRITE(841510) IH3RLG

WRITE(6,1440)

WHITE(641950)NAME

WRITE(R,16060)
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o000

c

390

410

420

430

440

450

WHITE (hy1470)

WwHITE (Re1480)

6ASTOI=0,0

v0 390 I=1+1)
WRITE(6¢)490)NUCLIDCILoCONCP (1) 4CONCS(]) oASHINS (1) ASHIMC(T),

1C8L (1) JAXBL (1) 4TBL (1) 9BVOR (I)vEJT (1), TOT ()

GASTOT=GASTUT+TOT (1}

CONT INUE J
DIv=10,e® (INT(ALOG]0 (UASTUT))=1) 008360
GASTOT=AINT (GASTOT/DIYe0.3)eDlV 008370
WhITE(641500) GASTOY

WRITE(6,1480)

WRITE (6+1520)

WRITE (541440)

WRITE (6,1450)NAME

wRITE (6,1530)

WHITE (641540)

WRITE (he1480)

Wh=876n,°0PFRA/ZEN 0n8560

THIS PART UF PROGRAM 1S FUR THE PARTICULATES

VU 430 I=1+18

PRCONT (1) =PLHP (1) /(8700.%0UPFRA)

IF (PNOy,6T+0,0) GO TO 41lvu )
PCACP(1)=0,.0 UnBA0O
PCHSP (1) sLTIepKCONT (1) 2QheLHPRF

ov TO 4«20

PLBCP (1) = (LN (QHePRCONT (1) =PRCONT (1) /PNOV® (1+~EXP (=PNOVeQH))))

1°CLPRF

PCHSP (1) = (ENe (PRCONT (1) /PNQVe (1. 0-EXP (=PNUVEED) ) ) ) @CHPRF

PCHL (1)=PCsCP (1) +PCBa¥P (I)

PAXSL (1)=PAXBP (1) eAXPHF

PFABL (1) sYFHEP (1) oFHPAF

Powl (1y=PonsS () #GwpRF

1F (RID FU.l) GO TO 430

PUOLAK=CFM®0( ,oCAHRE® V90120, 7/CONVOYL

PEXX22PDLAKSPURTIM 0n8710
IF (PEXX2.,0T,30,) PEXXZ=30. i
PEXPF=EXP (=PEXX2) 0n8730
PEXPCs) ,~PEAPF 0nR740
PELSS=PRCUNT (1) /PDLAKSPEXPCoCHPHF 5
PCBL (1) =PCBSP (1) oPEXPF +PELSSoEN+PCRCP (1) ® ()1 ,~FURTIM/ (8760,00PFRA/EQ0RTHD
1N)) 0o8770
CONT INUE

M516=¢ Vp8790
NSIG=13g

CALL SIGFZ2(PCBLMSIGyNSIG) 0nRR10
V0 440 I=1,18

PTOTP(1)=PCHL (1) +PAXBY (1) *PGWL (1) +PFHBL (1)

CONTIMIE

CALL SIGF2(PTOTPyMSIGINSI®) 00BRS50
DO «S50 1=1+18

WRITE (541550)PPART (1) 9PGWL (1) sPCBL (1) +PAXBL (I) ,PFHRL (1) +PTOTP (1)

CUNT IvpiE

WHITE(R,1480)

SToP

FOKMATS FORMATY FORMATS FORMATS

1000 FORMAT (32X+8BA4,127X,A4)
1005 FURMAT (16X¢"RLOWDOWN IS PROCESSED THRUUGH CONVENSATE DEMINM)
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1007
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100

1110
1120
1130
1140

1150
1160

1170
1180
1150
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 (16X4"AL0wN0OWN IS NUT PROCESSED THRUUGH CUND, DEMINg#)

FURMAT (16X41344,42,F10,5)

FURMAT (16A4"PLANT CAPACITY FACTUKRM ,T74,"0,R0")

FORMAT (16X 4"PERCENT FUEL ®ITH CLADDING DEFECT2n,T74,4F7,5)

FORMAT (36A4F8,4435x,10)

FORMAT (16X, "ALOWDOWN HATE (THOUSAND LBS/HN)",€4X,F9,5)

FORMAT (15X14A4,A2,8XF8,0)

FORMAT (20X+FB,042(5KsF8,0))

FORMAT (27X4F6,2,14%4F2,2018X,F6,2)

FORMAT (/4" LIQUID WASTE INPYTS™)

FORMAT (30X,"FRACTAON FRACTION COLLECTION DECAY"/8X3nSTREAM
1 FLOW RATE OF PCa DISCHARGED TIME TIME",5Xy# DECONTAM
PINATION FACTORS"/20X g (GAL/DAY)"323Xen (DAYS) (DAYS)n,7X,
3LV B nCS"yB) ,HOTHERYN)

FURMAT (2X14R4,A2,1PED92, 18,4 (0PFB,442X),3(1PEY,2,1X))

FORMAT (15X1484,A2,8X,FB8,097X,F6.4)

FORMAT (70%4F10,5)

FURMAT (2X+"BLOWDOWN" s 10X s LPEG,2411XyFB,342X,2(FB8,3,2X),
13(1PEY,241%))

FORMAT (2X+"UNTREATED BLOWBOWN", IPEQ, 211X n 1.000 0.000
10.000 1.00E«00 1,0UF«0V 1,00EegQ0Onm)

FORMAT (24 "nEGENERANT SOLe ", 1PEG,2014X00PF5,3,2x%,2 (FB,3,2X),
13(1PES 241X}

FURMAT (/" GASENUS WASTE InputrsSw)

FOURMAT (7944911

FURMAT (162 4" THERE IS L 'ANTINUOUS STRIPPING OF FULL LETDOwWN FLOWM)

FOURMAT (16Ay"THERE 1S CONTINUNUS LOw VOL PURGE OF VOL, CUNTROL TK")

FORMAT (16A4"THERE 1S NOT CUNTINUOUS STRIPFING OF FULL LETDWN FLO«®
1)

FORMAT (16X "FLOW RATE THRUUGH GAS STRIPPER (BFM)»,19X,F9,5)

FORMAT (164, "PRIMARY CUOLANT LEAK TO AUXILIARY BLDG (LR/UAY)",T72+
1"160,0a000")

FURMAT (16X04A4,6X,F3,V)

FURMAT (1649484 44X ynPARTICULATE RELEASE FRACTIVHY 6X,F10.5)

FU““A'(]G‘OSﬁ"lOl.F3. ‘.OR.F'_I.O)

FURMAT (16X9584 4" TODINE RELEASE FRACTIUNY11Xe? 10,5/36X,"PARTICULAT
1E RELEASE FRACTINi.y6A,F10,5)

FURMAT (16X4"FREQUENCY OF PRIMAKY COOLANT VEGADSING (TIMES/YR)n,T74
10"2400000"716X,"PRI4ARY Tg SECOVDARY LEAK RATE (L8, DAY)",T72,

2" 75,09000")

FORMAT (16X4"THERE S A KIUNEY FILTERN/20XynCONTAINMENT ATMOSPHERE
1CLEANUP RATE (THOUSANY CFM)w T71,F10,9/20A,"PJURGE TIME OF CONTAIM
2ENT (HOURS)"™,T71+F10.9)

FURMAT (16X,"THERE 1S NOT 8 KIUNEY FILTER")

FORMAT (16X y"THERE 1S NOT » CONDENSATE DEMINERALIZER™)

FORMAT (16X4"FRACTION A00INE BYPASSING CONMENSATE DEMINERALIZERW,
17X T7¢,F9.5)

FORMAT (16X4"IODINE PAKTITION FACTOR (GAS/LIQUID) IN STEAM GENERATO
IR ",F7,5)

FURMAT (16X+584,10X,F39046X,F3,041:%x:F3,0)

FORMAT (16X "FREQUENCY OF ENTMT 8LDG HIGH YOL PURGE (TIMES/YR)W,
1773,F8,5)

FORMAT (16X45A4,10x,F340968,F3,0014x,F8,2)

FORMAT (16X+584 ,"RATE (LFM)" 24X 4F11,5/16X 95864 "TODINE KELEASE FRACT
]ION".lil|F10.5/36X."P§R1160L‘YE RELEASE FRACTAIONT,6X,F10,9)

FURMAT (16X ¢"THERE [S “OT A CNTMT BLUG LOW VOLUME PURGEMN)

FURMAT (16A4"STEAM LEAR TU TURBINE HLDG (LuoS/H")",16X,F10,9)

FORMAT (ng  Y5X "THERE IS NOT AN ONLSITE LAUNDry"™)

FORMAT (1M1

FURMAT (16Asbag)

FURMAT (1HO907X ,"GASEUUS HELEASE RATE = CUNIES PER YEARM)

FURMAT (1100 11X, "PRIMANY" 44X s #SECONDARY "y TX ¢ "5AG STRIPPING™ 11X,
1"SUILDING VENTILATION"/12A 4 "CUOLANTY (SX y"LOOLANTHGSX 2] (M=),
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*DECK

264X 330 (1ne")aSxynBLOWDURN AIR EJECTOR TUTALY 210X " (MICROCLI/GM) (M
31CROCI /GM) SHUTDOWN CUNT INUOUS REACTUR AUXILIARY TURB] «E
4 VENT OFFuas EXMAUST™)

FORMAT (1HO» 130 ("="))

FORMAT (M0 ", AB,2(2Xo1FEL1043) ,B(3X41PEB,10lX))

FORMAT (M0 ",AB,2(2Xe1FEL10e3) 12X, 7 (3X+1PEY,14iX))

FORMAT (1HD+" TOTAL NVBLE GASESw,1p1X*1PES,1)

FORMAT (1HO+30X,"TOTAL H=3 RELEASED VIA GASEQUS PATHWAY = " T4,» CI
17YR"//31X+"Cal4 RELEASED ¥IA GASEOyYS PATHwAY ® 7.3 CI/YRv"7/31X,
2"AR=4] RELEASED VIA CWUNTAINMENT VENT = 34 CI/YRw)

FORMAT (1H0+"0,0 APPEARING IN THE TaBLE INVICAIES RELEASE IS LESS
1THAN 1.0 CI/YR FOR NOBLE GAS, 0,0001 CI/YW FOR Iw)

FORMAT (1H0+54X ,"AIRBONNE PARTICULATE RELEASE "ATE-CURIES PER YEARW
")

FORMAT (1HO» '6X,"WASTE GAS",16X,"BUILDING VENTILATION"/2X,"NUCLIDE"
1928X"gYSTEMm, 14X, nREACTOR AUXILIARY FUEL HANDLG" ,7XnTOTAL™)

FONMAT(1H0.Aﬂ.gex.1PFU,1.X1X.1P£8.1.kx.lPta.l-cx.lpEG.l.lox.lva.l
1)

FORMAT (1M0 s 11X "PRIMARY " sax  nSECONDARY 29Xy "PUILDING VENTTILATIONWY
1712X 4 "COOLANTY ,SX ,nCOVLANTH 15X 444 (1att) 64 ,"BLOWDOWN AIR EJECTUR
? TOTAL"Z)10Xsm (MICROCTI/ZGM) (MICROCT/GM) "y 12X»"FUEL HANDLG AEACTIO
kL Auxliuliary TURB INE VENT OFFGA® EXHAVUST M)

END

SI1GF2

SUBROUTINE SIGF2(RLPTaMSIV NSIG)

VIMENSION RLPT (NSIG)

IF (MS1G,EW,2) GO 1O 390

vl 20 1=1+%9]16

IF (RLPT(1).£W,0.,0) GV TO 20

IF(1.67.11) GO TO 10

THIS PART UF SUBROUTINE 1> FOR NOBLE GASE>

DIv=10,ee (INT(ALOGIO(SLPT () ))=1)

IF (RLPT(D)eLT, 10,y Div=1.00

RLPT (1y=AINT (RLPT(1y/VIV*0,5)%DI1V

oL T0 2n

THIS PART UF SUBROUTINE IS FOR IONINE

CONTINIE

ISUB=2

IF (RLPT (1) 46T,1,0)15VB=]

DIv=10,ee (1T (ALOGI O (HLPT(I)))=1ISUB)

RLPT (1) =AINT (RLPTY (13/VIV+0,5)8D1V

CONTINUE

CONTINNE

TRIS PART UF SUBROUTIWE IS FOR PARTICULATES

DO 50 1=1sNSIG

IF (RLPT(1).£Q,0,) GO TO 30

DIv=10,0e (INT(ALOGIO(RLPT(]I)),=2)

RLPT (1y=AINT (RLPT(I)/7VIV+V,5)*0]V

CUNTINUE

RE TURN

END

0nkR930
C0BS40
O0nRkROS(
OnR9A0D
0n8970
Nn89R0
Ons590

009010
009020
Gn9030
009040
0p9050
0nS060
,;nO(‘,TO
On90R0
0n9090
0n%91n00
009110
0n9120
009130
009140
009150
0n9160
0p9170
0n9180
0n9190
uﬁ@?OO
009210




FIGURE 3-4
PROGRAM LISTING FOR LIQUID DETERMINATION

SDECK POGALELqQ 000260
c GALE COUE FOW CALCULATING LIWyUID EFFLUENTS FroM PWwRS, MUDIFIED

- AUG, 1979 TU IMPLEMENT APPENDIX I TO lo CFR PART S50, WEALTOR

C WATER CONCENTRATIONS VALCULATED USING METDODS OF DRAFT STANDARD 0n03n0
C ANS 237 "RAUVIQACTIVE MATERIALS IN PRINCIPAL FLUID STREAMS oF 0n0310
C LIGHT WATER COOLED MULLEAK POWER PLANTS" DRALT DATED MAY 20, 1974000320
C MODIFIED EDITION OF ORIGEN PROGRAM TO COMFUTE EFFLUENTS FROM BwR  0n0330
c AND PWR RADWASTE SYSTEMS 0n0340
“ 000350
C
c
c

STATEMENTS #PROGRAM PUALELQe AND e EVEL 2% ARt FOR CDC USERS,
FOR IBm USERS DELETE THESE STATEMENTS,

PROGRAM POALFLQ (INPU!,Ob]PUT'TAPFg=1NPUTvYﬁDFﬁ=UUTPJ7,
TAPEn)

REALLETDWNyNOGEN ON03R0O
REALLETDWA 0n0390
COMMON/MATHRIX/A(2500) e LUC(2500) o NONO (B00) okDI(®00) 0n0420
LEVEL 2,A+LUCNONQ, KD Un03R0
COMMON /CUNST /MMN ERR+MZERV
COMMONJEQ/XTEMP (ROO)+ANEW(10,800)+8(800)sV (800
COMMON /FLUXN/REGENT 4LAS (800) LJILITE, 1ACT, 1107
COMMON /OUT/WUCL (R00)
CUMMON sCUNC/PCONC (B00) +SCUN(RDOQ) yRINV (800)
COMMON /COUL/REACTR ,POW] o+ SPLDRyBLWDWN FPEF yHEF s FUFLRZOF IED4yNFCSED
| UFEDOFIUw ,DFCSDW,DF VW EVAZD®ACWAL,DFCM,UFICM DFCSCM,
2 DFCWyNFICwyDFCSCW,BDIFREDFDWOWFD ,CWFD,CHFD, 1S, TE,TO,TC,TCM,
3 TSTORC,TSTURD,TSTORBsOWFL2,DW24DWF2,12,7 HELOF ID2+DFCSVU2,DFDN2,
& PFLAUNUWFLR
COMMON /APCOUL /RGWFR4Ur IRGYDFCOSRG4DFRGTRG TSTVRR,RGF D On0AAD
COMMON /JRUTES /RFNRT On0O&TD
COMMON sCONP/PWCONC (B0OV) »SLUTV(B00) ,SCOT (B00)
UIMENSTON WURD1S5(4)4WURDIS(5) 9 WORDEE (14) 9#0RD® (2) yREACTR (7

! nI)QYﬁ.
READ NiCLEAK DATA AND CONSTRUCT TRANSITION MAIRIX

0p0R9D
CALL NHCATA(NLI“]F)

0n09310
DO 20 1=2+170T7 0n0S20
NONO (I)y=NUNQ (1) +eNONO(1=1) 0n0®30
KD (I)y=xkD(1)+NONO(I=1) 0n0940

BUILT=IN PAKAMETERS

PF=0,849
TRLK=1700.

MMN=Q
MZERO=?)

RO 39 Ju=1+800
PCONC(J) =040
SCON(Jy=0,0
RINV (Jy=0,0
Lu"‘TX‘-:)F

w0 R T s

Ay s

o, Ut

HEAD DFESCHIPTION OF RPEACTUR A!

PKINT gn?26

HEAL Snp10+REACTR,TYPE
PRINT Qo]0 +XEACTR,,TYPE
REAV Sp1lenuRDSE.POW]
PHINT gnll ennORNSE O




(s R aNal

40

50

60

70

PRINT ana?
HEAD DATA FUR LIOGUID INFURMATION

KEAD 9p22+WURDSE,PCVUL

PRINT 9022yWORDS6E,PCVVL

READ §n12+WURDS6,LETUNN

PRINT 9012+wORDSA,LETVWN

READ 9912yWURDS6 ,CRFLY

FRINT 9n12+WORDS6,CBFLR

READ 9011+%ORDS6,NOGE

PRINT 9011sWORDS6 ,NOGEN

READ §722+WURDS6STMFH

PRINT 9n22+WORDShKSTMIR

READ 9922+wURDSH,WLI

PRINT 9n22+WORDS6,wL I
SCvOL=NOGENeWL ]

PRINT 9027+5CVOL

REAV 9055+BLWOWNKFNRT

PRINT 9nS1+BLWOWN

RFNRT=],0

IF (KFNRT,EW,2) RFNRTF0.0

PHINT Q04l

READ $9712+WURDS6E REGENT

PHRINT 90129swORDS6,REGENT

IF (BLwDWN.EG,0,0) GO TO 40
FPEF=( n05

HEF=0.n1

PRINT 9n30,FPEF 4HEF

GO T0 sp

FPEF=1,0

"EF'I.“

PRINT Qn30+FPEF 4HEF

READ $0204WURDSEH FFCOM

PRINT 9n20ywWORDSA FFCUM

IF (FFCpM,.LT,0,001) GO TO b0
WFCH=z1p,0

DFCBCS=2,0

GO0 TO 70

wFCB=1,0

DFCBCS=1,0

READ 9@56.#09018.5@LD§

CwA=],

KREAD 90)4+UF ICW,DFCSCw,OFLw

READ 9915+TC,TSTORC,CnFD

PRINT 9045

PRINT 9016

PRINT 9n17,WORD1R,SBLYRsCYA,CWFD,TC,TSTORC ,DFUCw,DF CSCwW,DFCW
READ 9013+WURD18B.EDFLY,wOKDB ,EDA
READ §p14+UFIED,DFCSEV,UFED

READ $n15,TE,TS,EDFD

PRINT 9017 +WORD1B,EDFLRYEPALFUFD,TE,TS,UFLEDyWFCSEDN,UFED
READ 90913+WURD]18,DwFLE,"OKDE ,DWA
READ 909144+0F IDWyDFCSUW,DF W

READ §015+T0,TSTORD,UWFD

PRINT 9n17ywORD1B,OWFLRYDOWA,DWFD, TN, TSTORV ,DF 4DW DFCSDW,DFDW
REAV 9n134#URD]18B,DwFLEyWOKDB, ,PW2
READ §p14+UF1D2,0FCSVG,UFV2

READ S015+72,TSTOR2,0nF2

PRINT 9017 swORD1IB,OWFL240M2,DWF2,T2,TS5TORE,DFID2,0FC502,0FN2
REAV §n3748BUTFR

READ §pn1esUF ICM,DFCSCM,DFCM

READ $n15+TCM, TSTORE «CMFD

3-27

Nn1350

0n13R0
npl1390
0nl420
0pl430
Onlésao
001450
0Onlé60
Onlév0
0n14R0
Onléad
001520
0n1530
0n1540
0niSsS0
0n1SA0
001590

001620
091630
0nl6a0

0n16TO
001680

001710
anl720

vp1750

on1770
0n1780

0n1R10

001860
0OnlR70
0n1RAD
0nl1fq0
0nl19no0
On1910
001920
0p1930
0n1940
0n1950
0nl19x0
0nl1970
0nl1980
0npl1990
Un2000
0p2010
0n2020
0n2030
Un2040
002050
0n2060



ooo0

75

90

100

110

HEAD §037+HOWFR

READ Fp)14+UF [RG4NFCSRY,,UFNG

READ 9015+THG,TSTORRNGFD

IF (BLwDWN.EG,0,0) 6O ToO 79

BUFRzg  wUWN® |E38RUTFR/0.3476

PRINT 9n34yBDFRyCMFDsTCM s TSTOKBDF ICMyDFCOCM,yWFCHM
BUFR=B_ wOwWNe] ,0E3eABS (] .=PDTFR)/0,3476

PRINT 9035+BDFR

IF (FFCOM,EQ,0,0) GO TW 90

IF (REGENT.Eu,0,0) 6O To 89

PRINT 9n38sRGWFRyRGFD3aTRG ,TSTORR,DFIRG,DFCSRGDFRG
60 T0 9n

KGWFR=p,0

PRINT Q03B.RGWFR,RGFDsTRGyTSTORR,DFIRG,DFCSRBGDFRG
IF (KFNRT.Ew,2) 60 YO 10¢

FNRTSI=1,0=1,0/(DF ICM®DFCB)

FNRTSC=1.,0-1,0, (DFCcSCMaUFLACS)

60 TO 7110

FNRTSO=1,0

FNRTSI=1,0

READ DATA FUR GAS INFMRMATION

PRINT gn4b
REAU 9A21+KGTRWT

IF (KGTRWT,EQ,0) PRINI 5053

IF (KGTRWT,tq,1) PRINT 9052

IF (KGTRwT,EQ,2) PRINT 9075

READ 9n124+%WURDS6,TAUL

PRINT Q012yw0RDS6,TAV}

READ 9012+%WO0RDS6,TAU2

PRINT 9n12ywWORDS6,TAUZG

READ 9012+%0RDS6,TAU3

PRINT 9012+wORDSK,TAUI

GWPRF=1,0

AXIRF=1,0

AXPRF=1,0

CHIRF=y,0

CHPRF=),0

CLIRF=],0

CLPRF=},0

FHIRF={,0

FHPRF=),0

CAIRF=),0

CAPKF=y,0

READ 9065+WORD]S GWHRE

IF (GWHRE ,0T,0,0) GwPRF=1,0-GwhRE/100,
PRINT 9n66sWORD1S,GWPHF

READ §n67,WORD]BFHCHIE 3. DHRE

1F (FHCHPE 6T ,0,0) FHIRF=1.0-FNCHRE /100,
IF (FHHRF ,GT,0,0) FHPRE=1,0-FHHMRE/100,
READ 9067 +WURD]B,AXCHNE »AXHRE

IF (AXCHRE .UT,0,0) AXKINF=1,0-AXCHRE/100,
IF (AXHRE ,0T,0,0) AxPRE=1,0.AxHRE/100,
PRINT 9n6B8swORD]IAAXINF 4 AXPRF

READ 9A22+WORDS6,CONVUL

PRINT 9n22+n0RDS6,CONYOL

READ 9069+WURD]B4CACHNE yCAHRE ¢CFM

1F (CACHRE ,6T,0,0) CAINF=1.0-CACHRE, 100,
IF (CAHRE 6T ,.0n,0) CAPR(:I.O-CA"RgegOO.

002070
0n20R0
0n2090

op2110
0n2120
0n2130
0n2140

0n21R0

0n2210

002240
002250
002260

002290
0n2300
0n2320

002340

0n2360
Up2370
0n23A0
0n?2390
0p2400
un2410
Un2420
002430
0n2440
0n24s0

0n2600
002610



oo

ooon o0oo0n

[2Xs R el

120
130

140

150

READ 9471 +wORD]B,CHCHRE s COHRE

IF (CHCHRE ,6T,0,0) CHINF=l,0-CMCHRE/100,
IF (CHHRE .67 ,0,0) CHPRE=1.,0-CHHRE/100,
EnN=2,0

PRINT 9nT72+EN

PRINT 9068+WORD18,CHIKF ,COPRF

READ 9069+WORD]184+CLCHRE ,CLHRE,PNOV)

1F (CLCHRE 4uT,0,0) CLIRF=1.0-CLCHRE/100,
1;(CLHRE.G;.0.0) CLP$3'15°'CL”RE/100-

1F (PNOV1.LT,1,0) GO TP 120

PRINT :oro.-oagxa.puovl--0301°-CLlRF.CLPRF
60 TO 130

PHINT 9073

PRINT 9n64sTBLK

READ §020+WORDS6,FYN

PRINT 9020 9wORDSA FVYN

READ §p20+WORDS6EFEJ

FEJ=]1,0-FEJ/100,

L PRINT 90209WORDS6,FEV

READ 9020+ WURDS6PFLAUN
IF (PFLAUNLLE,0,0) PRINT 9048
RRINT 9n26

CONVERSIUN OF yNITS

EUFLR=gDFLR®48,8
UWFLR=pDWFLRe4B 8
UWFL2=pwFLZ*%48,8

CALCULATE PKIMARY COOLANT CONCENTRATIUNS

AFPTES=0,0

CO 140 I=1elT0T
PCONC (1) =PWCONC(I)
POWA=zPOwW]
PCVOA=pCVOL®)E3
LETUWA=LETUWN®500,53
SBLDA=gRLURe 3476
CHFLA=CBFLK®500,53

CHECK TO SEE IF PRIMARY PLANT PARAMETERS ARE WITHIN SPECIFIED
HANGES

xF(POI‘.LT.JOOO.OOﬂ.Py“‘o't'JuOOo, GO TO0 150

IF (PCY0A.LT,5,0ES,0R.PCV0OA,GT46,0ES) GO TU 150
IF (LETDWA,LT, 3,264 ,0R,LETPWA 6T,4,2E4) GO TO 150
IF (SBLNA.LT,250,,0R,58LDAGT,1000,) GO TO 150

1F (CBFLA,6T,.7500,) 60 TO 150

G0 T0 190

CALCULATE PRIMARY COULANT ADJUSTMENT FACTURS

AFPTES=1.0

RAAL22 (LETOwA®(Q,99+0.Y1058L0A) /PCVOA

KCSRBZ= (LETDWA®0,540.20 (SULDA+CBFLA®Q,9))/PCVUA
HLFPa-(LhTuquo.oa.o.ueo(SuLvoCuFLA.u,g))/PcvoA
KK2=161,762P0WA/PCVOA

PO 180 U=l+ITUTY

1F (PCONC (V) «EQ,0,0) GV TG 189

wL=NyCL (J) 710000

DL=UlS (J) #3000,

IF(NZJEQ.SI,OR N7 ,EN,I5) »0 TU |60

IF (NZ FO.3T.0R,NZ,EQ,25) “0 TO 170

3-29

0n26R0

092600
0n2RI10
0p2820

Up2830
002900
002910
up2920
Up2930
0n2940
002950
0n29460
002970
0n2980
0n&0R0

004100
004120

0ns150
04160
004170
0p4180
004190

004?200
004210

004310

006360
0nse370



o000

aoon cooOo0o0o

o000

o0 o

160

170
180
190

200

230
240

250

3ano

PCUNC () =PCONC (J) oRK2%* (0,U664UL) 7 (RCFP24UL)
6U T0 R0

PCONC () =PCONC (J) oRK2® (0.06740L) /7 (RHAL24DL)
60 T0 180

PCONC () =PCOUNC (J) oRK2% (0,037.0L) 7 (RCSRB2eUL)
CONT INUE

SBLORsSRLURe48 .8

PCYOL=PCVUL®1000,40,7762.6

CALCULATE SECONDARY CUOLANT CONCENTRATIONS

SCYOA=sCVUL®E3
BLWOWA=BLWUNNS 1E3
STMFAzgTMFR®1Eg
FFCDA=FFCOM

CHECK 10 SEE IF SECONVARY PLANT PARAMETERS ARBE WITHIN SPECIFIED
RANGES

IF (BLwpwN.EG,0,0) 60 To 230
PWTYPE=1.0 1S FOR PwR® wilTn y=~TUBE STEAM GENEWATORS

PwTYPE=],0

V0 200 I=l+lTOT

SCON(I)=SCuTv(I) a

IF (AFPTES.EQ,1,0) GO To 230

1F (SCY0A.LT ,4,0ES5,0R.3CYUR,GT(5,0E5) 6o Tu 250
IF (STMFA LT, 1,3E7,0R.STNFB GT,1.TET7) GO TV 25U
1F (BLWDWA,LT ,5,0E4 ,0K4BLWDWA GT,1,0E5) GO TO €50
IF (FFCpA,uvT,0,01) 6O TO 2%

IF (FNRTSC.LT,0,8999) “0 TU 370

60 TO 1390

PWTYPE=2,0 IS FOR PWRY wITH ONCE~-THROUGH STEAM GENERATORS

P.TYPEU?QO

DO 240 I=1lsiTOT

SCON(1)=SCOT (1)

1F (AFPTES.EQ,1,0) 60 To 250

1F (STMFALLT,1,3E7,0R.STMFA GT,1.7E7) GO TU 25¢
IF (FFCDALLT,0.,55.,0R,FFECOALGT,0,75) GO TO 250
G0 TOo 1390

CALCULATE SECONDARY CUOLAWT ADJUSTMENT FALTORD

IF (FFCDA.GT,.0.01.AND,FFCOA LT,1.,0) FFCDA=0,2

RHAL3= (RLWUWASFNRTSI+V YaHEF oSTMFAFFCDA) /SCVUA

IF (FFCNA,6T,0,01 .AND,FFCDA LT,1,0) FFCDA=0,]

RCSRBI= (HLYDWASFNRTSC*0.5*FPEFeSTMFAot FCDA) #/SLVOA

KCFP3= (RLWURAGFNRTSOV ,99FPEF®STMF AerFCDA) /SCYOA

IF (PwTyPE.EQ,2,0) GO To 33¢

RK3=4,5E5/50CV0A

DU 320 1=1l.1T10T

IF (SCUNT).EQ,0,0) 6O TO B20

NZ=NUCL (I)/10000

PL=UIS(1)e3000,

IF (NZJFQ.53,0R N7 ,FQ.95) PO TV 300

IF(NZJFQ,3T,0R,N7,EQ,95) L0 TO 310
SCON(I)=SCUN(]I)oRK3I® (0, 17+DL)7 (KCFPI+UL)®(PCONC () /PWCONC (1))
60 To 320
SLON(Iy=SCUN([)oRKI®(V 1TeDL )7/ (RHAL3.OL)®(PCONC(]I)/PwCONCI(]))

3-30

004470

004490
004500
004510
004520

0n4530
0n4540

004910
004920

004940

005120
005130



OO0

o000

310
320

330

340

350
360

370

380
390

400

410

420

6O T

o -
SCON?I?:SCUqu)OHK;O(U.lS‘DL)I(kCSRBBODL)'(PCUNC(I)/PuCONC(l))

CONT IINVUIE

60 TO %0

RK3=1,0ES/SCVOA

DO 360 I=lslTOT

IF (SCON(I)+EQ,0,0) GO TO 360

NZ=NUCL (1) /10000

PL=DIS (1) #3000,

IF (NZ,EQ.53,0R,N2Z,EQ.35) 90 TO 340

1F (NZ2.EQ.55,0R ,NZ,EQ,37) 9O TO 350
SCON(1y=SCON(I)®RK3®(}4,0¢DL)/ (RCFP3I4DL)®(PCONC(])/PWCONC(T))
60 TO 360
SCON(I?gSCON(I)ORK30(¥7o0'DL)/("”‘L300L)'(PCONC(I)/P¢C0NC(I))
60 TOo 360
SCON(I?-SCUN«x)-wxsotr.iovL)/(RCsRas.DLr'(PcowC(x)/Puco~c(x))
CONT INUE

G0 TO 1390

RCSRBI= (BLWDWASFNRTSC*0.S*FPEFeSTMFASFFCDA) /SLVOA

KK3=4 ,5E5/5CVOA

DO 380 T=l,1TOT

IF (SCON(I)+tQ,0,0) GO TO 380

NZ=NUCL (1) /10000

IF (NZoNF .37 ,AND NZ NE,55) GO TG 389

PL=01S(1)*3600,

WE€C=0,15
SCON(I)=SCON¢I)eRK3® (RSCoUL) 7 (RCSRR34DL) ®(PCONC(I) /PWCONCIT))
CONT INUE

BLWOWN=RBL*UWN®1E3/500¢53

SCVOL=§CVOL®]1000,/62+%

sTMFR=gTMFR®2000,

DO 400 I=lsITOT

IF (PCONC (1) «EQ,0,0) GV TO 400

PCONC (1) =PCONC (1) /(DI®(1)*],6283E13)
SCON(I)=SCUN(I)/(DIS(L)*1+6283E13)

CONT INUE

COMPUTE REMUVAL CONSTANT FOR CONDENSATE DEMINCRALIZER

I1F (FFCOM,6T,0,01.AND.FFCDM LT,1.0) FFCDM=0,1]

CLXRC= (0. 9*BLWDWNSRFNKT/DFCMe0,90STMFReFPEF®FI COM) / (SCVUL®T7.48060,

005260
0nS270

005380

0n5410
005430
0nS4sk0

Np5490
005500

005530
0n5540

005560

005620

‘élxRCSa(o.SORLwDHNQRFHRTIUFCSCNOO.5057HFH0FPE[0FFCDM)/(SCV0L07.6o'On5630

1 60,)
IF (FFCOM,6T,0.01 ANDLFCOP,LT.1,0) FFCOM=0,2

005640

CIXRlﬂs(o.908LuDHN¢RFQRT/DFlc"oo.9OSTMFR'ﬂEF’EFCD")/(SCV0L07.650"0065650

1¢)

PO 410 I=1el70T

NZ=NUC_ (1) 710000

PR=CIXRC

IF (N2 .EQ.37,0R ,NZ,E0.95) PRr=ClXRCS
1F (N2.F0,53,0R N7 ,EQ.35) PR=CIXRIB
XZHJ=SCON (1) ePReSCVOL®0,02832
B(1)=¥zHJ

CONT [NUE

CALCULATE RADIOISOTOPE INVENTURIES OUN CONWENSATE RESINS

CALL SoLVE

00 420 I=1+1T70T
RINV(I)=XTEMP(])
CALL EFFTAB
STo¥

3-31

005660

005680

005730

005790

005820



c A 006490
C FURMATSg FORMATS FOHMATS 006500
c 006510
9010 FORMAT (32X+TA4,16X,A4} 006620
9011 FORMAT (16X413A4,83,F%4) 006630
5012 FORMAT (16X914A4,FB8,4; 006640
9013 FORMAT (15X 90A4,A2,8Ky"B8,001X,A44A2,F6,.4)
9014 FORMAT (20XsFB,04Z SKeFR40}) 006660
9015 FORMAT (27X+F6,2,14x,F9,2+18X,F6,2) 006670
9016 FORMAT (#0"y30X,"FRACTLON FRACTION COLLECTIQW DECAYn/BX,nSTREAM 0066R0
1 FILOW RATE OF PLA PISCHARGED  TIMK TIME",10X9»nDECONTA006690
2MINATION FACTORS™/20Xan (GBL/DAY)"23X," (DAYS) (DAYS) ", TX, 006700
3NN, 8K, nCS"y6X ,"OTHERSH) 006710
9017 FOURMAT (2X04A4,A2,1PEF42918,4 (0PFB.as2X)+3(1PEY,2,1X)) _
9020 FORMAT (16Xs14A4,FB.8) 006730
9021 FORMAT (79%Xs11) 006740
9022 FORMAT (16X914A4,FB &) 006750
9026 FURMAT (141) 0n6870

9027 FURMAT (16X "PLANT CAPACITY FACTOR® ,T75,"1.8000m)
9029 FOURMAT (16X,"MASS OF WATER IN STEAM GENERATORS (THOUSAND LBS)"+T73+006900

1FB,%) 006910
9030 FURMAT (16X+"F . SSION PRODULT CARRY=OVER FRACTIUNY,T75,F6.,4/16X, 006920

1"HALOGEN CARRY.OVER FRACTION®sTT754F6,%) 0n6930
3034 FORMAT (2X "8I OWDOWN" s b0X s 1PEQ24 14Xy 0PFS543,2X92(FB,342X),

13(1PEF, 2+1X)) 006960
903° FORMAT (2X+"UNTREATED PLOWDOWN",1PEQ,2¢]1]1Xswn 1.000 0.000

10.000 1.00E+00 1.0VE+00 1,00E«p0Om) 7
9037 FURMAT (72X+FR,2) unTnoo
9038 FORMAT (2X¢"REGENERANT OLD ", 1PEQ,2414Xy0PF?,3,2X,2(F8,3,2X), 0p7010

13(1PEF, 201X)) 0n7020

9035 FURMAT (3164E21,14)
9040 FORMAT (164E21,14)
9041 FORMAT (16X4PRIMARY TV SECONDARY LEAK RATE (LOS/DAY)",T73,

" 75.0600»’

9045 FOKMAT  (/,n0 LIQUID WASTE INPUTSW) 007060
9046 FORMAT  (/,np GASEOQUP WASTE INPUTS"™) 0n7070
9048 FURMAT (n0"s 1SX,"THERE IS WNOT AN ON.SITE LAUNDFryw, 0n70R0
9051 FURMAT (164,"BLOWDOWN RATE (THUUSAND LBS/HH)"4€5X,FB.4) 007090

9052 FORMAT (16Xy"THERE 1S LONTINUOUS STRIPPING OF FyuLL LETDOWN FLOw») 007100
9053 FORMAT (15X,"THERE IS NOT CONTINOUS STRIPPING OF FULL LETDWN FLO~"0p7110

1) 0n7120
9055 FURMAT (36X4FB,4435x01)) 007140
9056 FURMAT (15Xs4A4,A2,AXsFB,.0) 007150

3064 FORMAT (16X,"STEAM LEARN TO TURBINE RLOG (LbS/HR)",19X,F10,4)

906% FORMAT (16X94A4,6X,F3.0)

9066 FURMAT (16X9484,4XwPARTICULATE RELEASE FRACTIUN",6X4F10.4)

9067 FORMAT (16X95A4,10X,F340¢6X,F_ )

9068 FORMAT (16X+584,410DINE RELEASE FRACTION"311Xeh10,4/36X,"PARTICULAT
1E RELEASE FRACTIONw,6A,F10,4)

9069 FORMAT (16X¢584,10X,F390s6X,F3,0414x,F8,2)

9070 FORMAT (16X35A4 ,"RATE (LFN) ", 265X ,F10,4/16X92A49"JODINE RELEASE FRACT
110N, 11xoF10,4/36X,"PARTICULATE RELEASE FRACTION"6X4F10,4)

9071 FURMAT (16X95A4,10) F34046A,F3,0,19%,F3,0) ;

9072 FORMAT (16X,9FREQUENCY OF CNTMT RALDG HIGH VOL PURGE (TIMES/YR)n, 007330

1T74,F7 . 8) .
9073 FORMAT (16X ,wTHERE IS NOT A CHTMT BLDG LUW VUL PURGE"™) 007350
9075 FURMAY (16X "THERE 1S LONTINUOUS LOw vOL PURGE OF vOL, CONTROL TK")0n7360
END 007370
*DECK EFFTAB 007380
SUBROUTINE EFFTAB 0n7390

DIMENSTON 1SOTP(3,100)
LIMENSTON ntuctaqv,,~5u£(4),cucugc§500).”-cow&(8001ocncu~c(ﬂoo$



VIMENS1ON TURBDR (800) vOWCUN2 (800) sEDCUNC (§00) »TOTHER (100)

COMMON /F LUXN/REGENT 404S(800) ,ILITE  IACT,ITOT

COMMON OUT/ZNUCL (ROO)

CUMMON ,COOL /REACTR ,POY] s SOLDRYBLWOWN ,FPEF s HEF yEUFLR,OF IED4DFCSED
| DFEDyDFIOW,DFCSOW,DF VWeEDAZDWA+CWA,DF CMyUFICH,DFCSCM,

2 OFCWyDFICW,DFCSCw,BDIFRyEDOFDyOWFD ,CWFD,COFDy TS, TE,TO,TC,TCM,

1 TSTORC,TSTORD,TSTORBONFL2,DW2,0WF2,T2,TSTONE,DFID2,DOFCSP2,0FD2,

oOO00

(2N sNal

oo

30

50

4 PFLAUN,OWFLR

COMMON /APCOOL /RGWFR ,DILIRGYDFCSRG,DFRGy TRG» TSTURR,AGFD 067630
COMMON/BDTES /RFNRT On7840
COMMON /CONC/PCONC (¢ 'L9SCUN(B00) +RINV(800)
COMMON/DET/LAUNDRY (251 yWLAUND (25°
H3COPw IS THE PWR TRITIUM PRIMARY COOLANT CONLENTRATION IN 007790
UCI/GN 007800
H3PRPW=n,4*POW] -
HICOPW=1,0 0n7810
0O 3¢ y=leITOT i
CwCONC (J)=0,0 0n7920
EDCONC(J)=0,0 0n7930
DWCONC (J) =040 0n7940
DwCONZ (J)=0,0 Un7950
CMCONC (U1 =0,0 007960
NZ=NUCL (J) 710000 0n7970
IF(NZ.FQ.,36,0R,NZ,EQ.3%) PO TO 30 0n79R0
CwCONC (J) =PCONC (J) oCWA 0n7990
EDCONC (J) =PLONC (J) #EDA 0nR000
UnTONC (J) =PCONC (J) «DwA 0pAa010
UNCONZ (J) =PCONC (J) DWW 008020
CMCONC (J) =SCON(J) 0nROS0
UFCVCS=50.
IF(NZ.EO.I)UFCVCSal.O QpB8070
IF (NZ2«¢kQ,35,0R N7 ,EQ.D3) PFCyCS=100,
l'(NzoEQ.J7.°R.~7.E°055’ UFCVCS.ZQ UNRORO
CWCONC (J) =CwCONC (J) 7ULCVCE 00R090
CONTINUE 0nR100
Un8l10
CALCULATE RADIOACTIVITY AFTER COLLECTION AT A CONSTANT HATE 008120
008130
CALL COLLECT (YCuRE40Vy CwkONCHITOT)
CALL COLLECT(TEoR64009,EDCONC,ITOT)
CALL COLLECT(TD®R64005,0wtONCHITOT,
CALL COLLECT (T2#R64009,0wCON2,1TOT)
CALL COLLECT (TCMeB640Y,,CMCONC,IT0T)
IF (REGENT.LE,0,0) GO TO S0
CALL STORAG (TRG®RE4009,RINV,ITOT) _
VO 100 I=1slT0T 008210
NZ=NyCL ¢1)710000 0nB220
TURBDR () =199] ,05,eSCUN(I]) 008230
IF(NZ.gn,1) GO TO 100 0nB240
IF (NZ,E:,35,0R,NZ,FQ,23) PO TO 60 0nB250
IF(NZ.EQ.3T.0R,N7,E0.35) Y0 TU 70 008260
0pB270
CHEMICAL TREATMENT FOT QTUER CATIONS 008280
0pR290
CwCONC (1)=CwCUNC (1) 70FCN 0n83n0
EUCONC (1)=EDCONC (1) /0rED 0nB8310
UWCONC (1) =UwCONC (1) /DFDw 008320
DwCONg (1) =0OwCON2 (1) 70t D2 0n8330
CMCONC (1) =CMCONC(I)e(d,0=0DTFRe (] ,0=-CMFO/UFCM)) 0nR340
TU TREAT MWK TURRINE oUILVING FLOOR URAINS THSNUGH DIRTY wASTE CnB350

3-33



(28 2}

oo (2]

60

OoO0n (2]

70

100

o000 O

110
130

SYSTEM, DELETE C FOR LOMMENT ON CARDS BELUw, UNTIL NEXT MLSSAGE

RINV  (1)=RINV (1)/0LRG

TURBDR (1)=199],05,eSCYUN (1) oFpEF
TURBDR (1)=199] ,#5,eSCUN(])eFPEF/DFDW
60 T0 y00

CHEMICAL TREATMENT FOl ANIONS

CWCONC (1)=CwCONC (1) /0FICw
EDCONC (1) =EDCONC (1) 7DOF 1ED
DWCONC (1)=DwCONC (1) /D 1Dw
DWCONE (1) =DWCON2 (1) #DF 182

CMCONC (1) =CHCONC (1y®(},0-BDTFRe (1,0=CMFD/UFICMy)
RINV  (I)=RINV (1)/DLIRG

TURBDR (1) =199] ,05,eSCUN(]) aHEF

TURBDR (1)=199]1,05,«SCUN(I)oHEF/0F IDW

60 T0O 100

CHEMICAL TREATMENT FOR RE AND CS

CwCONC (1) =CwCONC (1) 7DFCSCY

EUCONC (1) =EDCUNC (1) /DF CSEP

UWCONC (1) =UwWCONC (1) /DFCSOw

UWCONZ (1) =DwcON2 (1) /DFCSLR

CHCONE (1) =CHCONC(I)e (), 0-BOTFRe(1,0~CMFD/MFCSLM))
RINV  (1)=KINV (1)/DFCSRE

TURBDKR (1)=1v9],85,8SCYN(1) oFpPEF

TURBDR (1)=199] ,#5,0SCYUN (1) eF PEF /UFCSDW

CONTINyYE

COMPUTE RADIOACTIVE DECAY DURING PRUCESSING AnD SAMPLING

CALL STORAG(TSTORC#86400.9CWCUNC,ITOT)
CALL STORAG(TSeB64n0«2EDCUNC,1TUT)

CALL STORAG(TSTORD#86400.9DWCUNC,ITOT)
CALL STORAG(TSTOR2s86400+1DWCUN2,ITOUT)
CALL STORAG(TSTORBeB85400+,CMCUNC,ITOT!
CALL STO”AG(TSTORR#B86400+"RINV,1ITOT)

CALL STORAG(21600,,TURBDK, ITOT)

po 130 1=),1710T7

ABLOw=q,0

IF (REGENT LT, 0,001) GV TO 110
ABLOW=RINV(I)e292,4%RUFD/REGENT
ABLOW=ABLOWSRLWOWN®]19719EMCONC(I)a(]0=RFNRT)
CMCONC ¢ 1) =ABLOW

GWFR=SRLDOReCwFDe0,02832
EUFLR=gDFLR®EDFDep, 02932
UWFR=DyFLR®DWFDe0,02832
UWFR2=pWFL2#DwF220,02932
TPLRPW=CWFROCWASFDFLR2EDACDWFReDWA ,DWFR2*UW2
H3RLPW=TPLRFWweH3ICOPW

IF (H3RLPW,GT,0,9eH3PRPW) D3RLPW=0,99H3PRPA
RE3RLP=H3:LPW/YO0,

INTRIMzRHIRLP

IH3RLP=INTR[Ma]0

TUTAL=p,0 -

I1=ILITE«IACT)

DU 140 I=1s1T0T7

NZ=NUCL (1) /10000

IF (NZJFO,36,0R ,N2,EM.24) B0 TU 140
visl=Drs(l)e] ,62R3F)3 3-34

Cn8360

0nB370
0nB3R0
008390
0nB8400
008410
0nB&20
0pB8430
008440
0pB4s50
VnB460
008470
0nR&R0O
008490
008500
0nBS10
0n8%20
UpBS30
0nBS40
0nR550
008560
NpnBS570
008580
008590
0nR600
008610
0nék20
CnB630
Un8640
008650
0nB6EK0
0nR670

008750
0n8770
008780

0nRRE0
008870
0nRRAO
0nBR90
0p8900
0pB8910

0nR930
008940
0n89so

009050

UN90R0



CwCONC (1)201STe (CWCONL (1) ®CWFREDCONC (1) OLDFLK, Vp9090
UDWCONC (1) = (UWCONC (11 2OWFReDWCUNZ (1) eDwik2)eDIS] 0n%100
CMCONC (1) =CMCUNC (1)oDIisSI 009110
TURBDR (1) =TuRBDR (1)eDISI 0p9120
IF (NUCL (1)+EQ,10030) O TU 140
TOTAL =TOTAL «CWCONC (1)+OmCONC(1)«CMCONC (1) «TURBDR(I) 009140
140 CONTINUE 009150
ACI=0,.16
AOR=(ADT+«TOTAL)y/TOTAL 009170
SCNORM=n,0
SAPRIM=p.0 009190
SSEC=0,0n 009200
SCWAST=0.0 009210
SUWAST=n,.0 0n9220
SABLOw=0,0 009230
S18=Q,0 0n9260
STOTAL =0.0 009250
PAPRIM=n,0 (nS2R0
PSEC=0,0 009290
PCWAST=0.0 009300
PUWAST=pn.0 009310
PABLOw=0,.0 009320
'.JI.Q;O.O In9330
PIDTAL =040 nN9340
PNORM=p,0 0n9370
TLAUND=0.0 0n93R0
CTOTAL=0,0 009390
PRINT ap0ly REACTR 09400
PRINT ano?
PRINY 3n 10 0n9430
rnO r“YQ:l n9440
DU 180 I=1,1707

IF(I,Ea,11) PRINT 901}
'JA’—-“‘\‘L[ tI)/71n000

IF(NZ+FQ.36,0R ,NZ,EQ,24) %0 TO 180
IF (NZ.EQ.1) GO YO 180
DISI=PISti)e) ,6283F«14d
APRIM=pCcONC(1)aDIS]

ASEC =SCONI( l)eDISI

(,#ASYL:.K,‘( "vr,{X)

WWASTE =DwCONC (1)

ABLOw=CMCOUNC ¢ 1)

Te=TuRaDR(])

TUTALSCWASTE sDWASTE «AP L OwWeTH 0n96n0
TOTALN=TOTAL&ADR 0n9610
NUCLI=NUCL(])

XLAUND=z0.,0 009630

IF (1e6T.155,AND,1,LT4190) GO TO 152

IF (1.0.225) GO TO 1922

PO 150 L=1+25

IF (LAUNDRY (L) JEQ.NUCLL) XLAUND=WLAUND (L)®PFLAUN
150 CONTINUE
152 CONTINYE
155 TUTALG=TUTALN«xXLAUND

IF(TOTALG.LT,0,00001) GO TU 160

ISuB=2 P

A L A 009720

DIv=10,e® (INT(ALOG10 (IOTALG)) 2 ISUB) 009730

TOTALG=AINT(TOTALG/DIV4O0,5)eDIV 009740
160 IF(NUCL(1)+EQ,10030% TOTALN=TOTAL

IF (NZ2eFQ. 1) 0 TO 162

SAPR[MzSAPRIM. APR M

SHECaSgFCeASEC 0n98)10




SABLOW=SAHLUWABLOW 0nSR20
SCwAST=SCWASTSCWASTE 009830
SOWAST=SOWASTsDWASTE O0n9B40
STB=STR.T8 009850
STOTAL=STOTALTOTAL 009840
SCNORM=SCNORM«TOTALN 0n9890
TLAUNP=TLAUND « XL AUND 009%00
CTOTAL=CTOTAL+TOTALG 009910
IF (TOTALG.LT, 0,0000)) GO TO 180
IF (MO (KOUNTR,50) ,NE.9) GO TO 170
PRINT 9n00» REACTR 0n9940
RRINT 9002
CALL NOAM(NUCL (1) ,NAME)
THALFsg, (225E-6/DISYI
PRINT 9003 +NAME , THALF g APRIM,ASEC,CWASTE ,UWASTE ,ABLOW,
1TBTOTALTOTALNGXLAUND ,TOTALG )
KOUNTR=KOUNTR4) 010030
IF (NZ.¢Q,1) GO TO 180 :
PAPRIMzPAFPRIM«APRIM 0y0050
PSEC=PSEC+ASEC 070060
PCWAST =PCWAST+CWASTE 010070
PUWAST zPUWASTDWASTE 0100RD
PABLOW:PABLUWSABLOW 010090
PTH=PTR.THE 010100
PTOTAL=PTUTALTOTAL 010119
PNORN=PNORM+TOTALN 010140
CONT INUE )10150
PAPRIM=SAPRIM=PAPRIM 010140
PSEC=SSEC-PSEC 010170
PCWAST=SCWAST.PCWAST 010180
PUWAST=SUWNAST-PDWASTY 010190
PABLOW=SASLOW=PABRLOW 070200
PTB=STR.PTH 010210
PTOTAL=STUTAL-PTOTAL 010220
PNORN=SCNURMPNORM 0107250
ISUBCs=> 010260
IF (CTOTAL.GT,1,)ISUBL=] 010270
viv=10,e0 (INT(ALOG)O(CTOTAL))~ISUBC) 010280
CTOTAL=AINT (CTOTAL/DIVeDd,2)anly V10290
1F (PNORM,LT,0,00001% YO TV 190
DIVE10.2* (INT(ALOGLY (PNURM) ) =2) N10310
PNORMT =AINT (PNORM/DIVep S5)eD]V 070320
60 To 200
PNORMT =PNORM
FRINT gnQéy PAPRIMsPSECIPCWAST yPOWAST yPABLOW ,PTB,PTOTAL s PNORM,
1 PNORMY
PRINT qnoSy SAPRIMyISEC»SCWAST ,SOWAST ,SARLOD* ,STH,STOTAL ySCNORM,
1 TLAUND&TOTAL
PRINT g9nl2y [H3RLP
PRINT 99013
RETURN
9000 FURMAT (1H1+20Xs 784" LIWUID EFFLUENTS (CONTINVED) W) 010480
9001 FURMAT (1H1+20XyTAG," LIGUID EFFLUENMTS") 010490
9002 FORMAT (110+55x,"ANNUAL RELEASES TO DISCHAKGE CANAL"/20X,"COOLANT C010500
1ONCENTRATIUNSH 57 (ne] " ADJUSTED VETEXGEN! TOTAL w/n NucLIDOYOS)0
PE HALF.LIFE PRIMARY SECONDARY BONON XS MISC, WASTES SECUNDYOS20
IVARY TURYE BLDG TOTYEL LW TOTAL sASTES "10X, 010530
" (DAYS) W2 (M (MICRO LI/ML)v)y 31X (v (CyRILS) W)y oW (CURIES) », 010540
gn (C1/YR) (CI/YR) (CI/7YR) ™y 010550
900‘ FURMAT(]loAR.I]'Al'Plylr‘ky,.?.é1;".{9.2.?‘)'C‘u"(lX.FQ.g'}A]QFIO.b)
9004 FORMAT (1 X+"ALL OTHERS",IX v 1PEF 244X 4EY,290Ps2A,6(1XsF9,5,1X).3X,
1 "0.00000"e1X,F10,5)




9005 FORMAT (m TOTALw/4» (EXCEPT TRITIUM) WelPED €, 4X4E£9.2,0P52X,

1 TtIXeF9,.501x)4F10,.%)

9010 FORMAT (v CUKROSION ANV ACTIVATION PRODUCTSW)

9011

FORMAT ¢nQF ISSION PRODUCTS™)

9012 FORMAT (1MOLI1X ,"TRITIUM RLLEASE",12X,13," CVRIES PER YEARM)
9013 FORMAT (1HO41xy#NOTEY 00000 INDICATES THAT THE VALUE IS LESS THAN

9014

*DECK

11.0E-8,m)

FORMAT (3Xs10(2x9A2,130A1)73X,10(2X,A2:134A1))
END

BLKDATY

HLOCK DATA BLKDAT

PWCONC CONTAINS PRIMARY COOLANTY CONCENTRATIOND FOR PWRS, SCuTy
AND SCOT CONTAIN SECUNDARY COOLANT CONCENTRATIONS FOR PLANTS
WITH UL.TUBE STEAM GENERATORS AND FOR PLANTS wiTH ONCE=-THRUUGH
STEAM GENERATORSy RESPELTIVELY,.

COMMON /CONP/PWCONC (800) +SCUTV (B0D0) ,SCUT (800)

COMMON /DET/LAUNDRY (25) s WLAUND (25)

DATA pHCONC/36009~.7t‘2067.0'3.15‘30‘0.0'1obE"-_’.S'O'l.2E-3' ‘“0.3,0‘-
]-‘-0.0.‘.55-3|?00.5.3E—-‘0017°005.lF-k.102°0.2.35-3.66°0.2.2F-3.68°0
291.6E=2,1800,]1,96<]1,4%091,4E-4,300,1,2E=-5950019,6E-4,4 ,6E~4,5,2E~6
31900,4 ,2E=3,1100,3,9E64,00002¢BE=4,1590,6,4E=3,4,76-3,16060,7,5E=3,
41500,9,0E=2,0,04200004,3E.3,1064%0,),9E-4,2,4E~-2,1290,1,5E=3,7,7E-3
B34 ,5Ca?,5%0y!  TE=3,2,0E=1%4009]1,4E.]1,50043,4E~1,200,7,1E-8,200,2.5
6E=1+800,8,7E~4,300,9.%E=3,13060,1,3F=212,5E-24700,],5E~4,41200,2,BE~
73+¢3004+3,9E=3,92¢90/

DATA SCUTV/3600,1,5E=9,6700,1,3E=7,400,6,9E-81500,4,5E-8,300,1,2t~
1890,091,9E=7,20042,2E4R41700,2,1E=R,1020048,T--8,662048,4E-B,680%0Uy
27:56<8,1800,5,3E=7,400,5,7E-9,340,4,9t-10+150092,8E~8,3 ,2E-9,2,1E~i
30099041 ,2E=7,1100,1,6E-8,n,0,1,1E=8,1560,2,5€=7,1,1L=7,16%0,3,1E=7
491590093, 7E=6,0,04200045430=8,10420,7 BE<992,2E.7,1200,5,4£-8,2,9t~
S8y ] eBE.645900,6,6FaB 391E-0,4450,4 BFab150052,40-64280,3,3E=T7420045
BOE b  Bu0s9e0E By 300,%¢4E=7,130015.2E-7,9,3E-Ty500,6,1E-9,1200,1,0E
7-74300,1,0E=7,9200/

DATA SCOT/3600,1.0E4796T780,6 9E-9,420¢3,66.94200,2,7E-9,380,6,7E=1
1000.,091 ,0E=8,200+1,2E%991700,1,1E~9410200¢5,6E.9,66400,4,9E~9,68¢09
214BE-§,18¢ ,6,0E~7,420,3,1E=~10,300,2,7E~11,5%V,2,1E-9,9,7E-10,1.2E
3=11+900,9,3E=9,1100,8¢7E=1040+0,6,2E-10,198091 ,4E-8,1,0E-B,160n,1.
‘TE'S.1%00OZ.OL—7.O.O'<O.U;?.QL-9.XOQOU.Q.CE-XO.S.IE-B.1200'3.3E-9.
5] ¢5EaB 5 ,2E~B8,500,3,BE-992,4E=Tsb00y]ebE~7,500,3,8F-7,24033,06-8,2
600.3.°F-7'6’0'3.6)5-901’00' .(‘)E‘e'l300'8.96-8'5'66‘805"0.3.3E"‘OQIP’
701642E-.94300,8,7E~9,9400/

LAUNDy ARE THE RADIOCLISOTUPES IN THE DETERGEN! WASTES,
WLAUNKD ARE THE CORRESPONUING CONCENTRATIONS,

DATA LAUNDRY/150320,240510,250540,260550,2605%0,270580,270600,2806
130,380R90,3809004390940,4%400950,410950+420990,%41030,441060,471101»
2511240,531310,5513404351360,55137n,561400+581%10,581440/

VATA wi AUND/) BE-4 ,4,/E=3+3,8E.3,7 26-3,2,2E=3,7,96-3,1,.,4E.2,1,7E~
139Re8E oS 3]1e3E=S R, 4E=D ,10)E«31149E-3,6,0E=5,2+9E=8,RA,9E=31].,2E-3.,4
?-35"01.bh‘3c1.lF-P.3o7E-“.1.UF-?.Q.lf-hoZ.?ﬁ‘é.l.Qf-3/

END

SULVE

SUBROUTINE SOLVE

COMMON /FQ/XTEMP (ROD) + XNEX (10,8500) 98 (B00) V(800

COMMON /FLUXN/REGENT DAS(B00) LILITE IACT, 1007

PO 19 1=1.170T7

Dil)==pistl)

th“P(I)Z”cU

VELT=RFGENTeR6400,

CALL DECAY (1, UELT,170T)

070740
010750
010740

010770
010780
070790

Cy1230
011240
011250

071350
011360
V11370

011390




*DECK

OO 0O0O0O0O0O0OONO

o000

(s R aNeNal

30

10

CALL TERMIDELT,1,170T)
CALL EqulL(l,ITOT)

DO 3¢ 1=1+170T7
KTEMP (1) =XNEW(]41)

RETURN

END

TERM

SUBRQUTINE TERM(T,M,110T)

TERM ApDS ONE TERM YO EACYU ELEMENT OF THE SOLVTION VECTOR

CSUM(Jy IS THE CIRRENT APPROXIMATION TO XNEW(B,J)

CIMO(Jy IS THE VECTOR CONTAINING THE LAST TERM ADDED TO EACH

ELEMEMNT OF Csum(J)

CIMN(J)y IS THE VECTOR CONTAINING ]1,TON 1 MES THE NEW TERM TO BE

ADDED yvo CSuM(J)

CIMN(J) IS GENERATED EROM CIMO(J) BY A RECUKSLON RELATIONG
CIMN(J)= SUM ovER L OF (AP (JiL)eCIMpIL))

AP(1,J) IS THE REDUCEY TRANSITION MATHIX FOR IHE LONG-LIVED

NUCLIPES

LOGICALLONG
DIMENSION AP (2500) ,CIMR(80Q),CIMO(B00) +CIMN(B0D) ,CSUM(BND)
DIMENSTON QUB (501 ,L0CY (2500) ,NONP (800!

COMMON /SERIES/ XP (R00)XPBR(B00) +LONG(B0OO)

COMMON /CUNST /MMNERRyMZERU
COMMON/EW/ATEMP (R00) « XNEW(10,800)9B(800) 4V (800)
COMMON/MATRIX/A (2500) 1LOC(2500) +NONO (800) 9xD (900)

LEVEL 2,A,L0C,NONQ,KD

011410
011620
011430
011440
0)1450
071460

0)1480
0711490
011500
071510
011520
011530
011540
071550
011560
011570
011580
071590
011600

011690

011730
0n0S40

COMMON/TERMU /DD (1003 s¥XP (100) +QUEUE (50) ¢NWU (50) s NQUEUE (50) 4NQ(B00) 011750

NUL=g
HN=0

FIRST CONSTRUCT REDUCED TNANSITION MATRIX FOR |UNG-LIVED ISOTOPES

00 220 L=lslTOT

IF (JNOT,LUNG (L)) GO TU 210
NUM=NOND (L)

IF (M, GT ,MMN,OR M EQ,MEERQ)  NUM=KD (L)
CImu(Ly=B(L)

IF (NUM,LE.NUL) GO TO {10
NS=NN+)

nENUL

NL =NUM.NUL

DO 200 N1=1,4NL

N=N+)

J=LOC (N)

DJ==D(y)

011760
011770
011780
071790
011800
011R10
011820
011830
011840
011850
011860
011870
011880
011890
011900
011910
011920

THIS 1S A TEST TO SER IF ONE OF THE ASSYMPTQ!IC SOLUTIONS APPLIES011930

IF (eNOT,LONG(J)) GO TV 10
NN=NN+)

AP (NN) =A (N)

LOCP (NN) =J

60 To 200

GOING RACK UP THE CHALN TU FIND A PARENT wHICQ IS NOT IN
EVUILIRRIUM

NSAVE =4

WUE=A (N)/7DJ

LRB=1,0

CIMB(Ly=CIMH(L)+AUESR(J)

NA(L)=p 3.38

011940
011950
011960
071970
011980
011990
012000
032010
012020
012030
012040
012050
012060
012070
012080



NG (J) 3

NUXENONN (J)

IF (M, GT MMN,OR M EQ.MLERD) NUX=KD (J)
NUF =g

IF(J.9T.1) NUF=ENOND (V=)
NXsNUX _NUF

IF (NX«LTsl) GO TO 199
KENUF

PC 180 KK=],NX

K=K 4]

J1=L0C (K)

PY==D(J1

KP=y

IF(J1.EQ.NQ(KP)) 6O To 1%
KP3hQ (kP)

IF(KP.,NELO) GO TO 30
AKDJQ=nUE®A (K) /DJ

IF (eNOT,LUNG(J1)) GO TO 160
TRM=],0=AP (J])

IF(TRM Lisl.0E-6) GO TO 120
NQ(J]) =

I=]

KFP=U

PBOD(I)=.D(KP)

DXP(I)=xPIKF)

KP3INQ (kP)

IF (KP+£Q,0: GO TO S0

I1=]e)

IF(1,LF,.100) GO TO &0

IF QUEUE UF SHORT<LIVED NUCLIVES ExCEEDS lo0 1SOTOPES,
CHAIN AND WRITE MESSAVE
PRINT 9000 MslL ,J12J9ARDUQ

TERMINATE

FORMAT (n1TUO LONG A QUEVE HAS BEEN FORMED IN 1ERM®, 418 E12.5)

GU TOo 3190

PATM=zQ EO

IM=].1

DO 110 I=2+1IM

OL=bD (1)

XPL=DXp (1)

BATE=Q EO

Il1z) .l

¥ R VONDY FORM OF BATEMAN EQUATIONS <« ORNL-TM_.36]
PO 100 kB=1,11

XPJ=DAp (Ke)

IF (XPL4XPJLLT.ERR) GO TO 190
wE=UD (kB)

PROD= (DL/DK=1,0)

U'\i‘:pnn\r‘)

IF ( ABs(PRUD) ,GT,1.E~%) GU To 60
USE THIS FORM FOR TWO NEARLY EQUAL HALF-LIVES
PROD=TaDK®XPJ® (1,0<-0¢R0 (DL=Dy)eT)
60 TO 70

RROD= (xPJ=XPL) /PROD

PROl=2xPJ/UKH

PI=1,0

S1=2,7(0neT)

DO 90 uxk=1l+1]1

IF (VK.EQ.%XY) GO TC 9t
SE]l«C=DK/7VU (JK)

IF( ABS(S)«GT,1.,E=4y ©0 TV 89

IF (ABS (DKR) +6T,1.0E=4) PKROD=PRO]
- g

PlzPleg

012160
012170
U121R0
012190
012200
012210
012220
012230
012240
012250
012260
012270
012280
012290
012300
012310
0y2320
0y2330
012340
012350
012360
012370
012380
012390
012400
012410
012420
0124130
012640
112450
012460
012470
0124R0
072490
012500
012510
012520
012530
012540
012550
012560
012570
012580
012590
012600
0. 2610
012620
012630
\,;?“00
012650
012660
Cy2670
0726R0
012690
012700
012710




90

100
C

OO0

110

120
130

140
150

160
i70

180
1%0

200
210

220

230
240

IF (ABS (P1).6T,1.,E25¢y GU TO 100
CONT INUE

BATE=BATE+PROD/PI

CONT I NUE

IF SUMMATION 1s NEGATIVE, SET EgUAL 727:5"0 AND PRINT MESSAGE
IF (BATE ,LT.0,EQ)PRINTY0O01sLyIM,BATE,B
S001 FOHHATEnlu;iE IS NEGATIVE IN TERM, THERE ARE MOKRE THAN Tw

1IVED NycLIiDES IN A CHAIN VITH NEARLY EQUAL DIAGONAL ELEMENTSH/
2" LoIM BATE,BATM = n,g15,1P2E12.5)

IF (BATE,LT,0,EQ)BATE=0,E0
BATM=BATM+BATE

CONTINUE

DRAZAKDJQ®UJe (TRM-BATH) /THM
GO T0 130 ;
DRA=AKNDJQ®AMAX] (DRB,090) *Py
IF (NS.GT.NN) GO TO 159

DO 140 LJ=ENS,NN

IF (LOCP (LJY) WNE,J1) GM YO 149
AP (LJ) =AP (LJ) «DRA

60 TO 180

CONTINUE

NN=NN+)

AP (NN) =DRA

LOCP (Mn) 2J]

U To 180 ,
IF(AKDLO.LE.I.OE°O6’ 60 To 180
IF (NsAyF ,GE,.50) GO TO 180
NSAVE=nSAVESs)

HWUEUE (NSAVE) =J]

WUEUE (NSAVE) =AKDJQ

NQU (NSAVE ) =v

QUB INSAVE) =URB-1,/(DJET)

CONT INUE

1F (NSAyE ,LE,p) GO 71O 200
JENWQUEUE (NSAVE)

QUE=QUEUE (NSAVE)

NG (J) =NAOU INSAVE)

URB=QUB (NSAVE)

CIMB (Ly=CIMB (L) +QUE®B (J)*BMAX] (DRB,0,0)

NSAVE3NSAVE =]
60 T0 2n
CONTINyYE
NUL=NONG (L)
NONP (Ly=NN
CONT INUE

FIND NORM OUF MATRIX AND ESTIMATE ERROR AS DESCRIBED IN LAPIDUS

0j2720
032730
012740
0]2750
012760
012770

0 SHORT=L0)2780

072790
012800
012810
012820
072830
012840
0712850
Vi2860
012870
072880
012R%0
012900
012910
012920
012930
012940
072950
012960
012970
072980
012990
073000
073010
03020
073030
073040
013050
073060
013070
073080
013090
013100
013110
013120
013130
013140
013150
013160
0y3170

BLAISDELL 1967 013180
N OPTIMAL CONTROL OF ENGINEERING PROGESSES 1
:;3wL$3§'nx~I§un oﬁ THE MAXIMUM ROw SUM AND THE MAXIMUM COLUMN SUM0)3190

ASUM =0,0

ASUMy=p,0

NUL =}

DO 250 I=ls1TOT

1F (eNQT,.LONG(I)) GO TV 250
Dl==D(1)®7

Av=0]

NUM=NONP (1)

IF (NUL ,GT.HWUM) GO TO £40
DO 230 W=NUL  NUM
Ad=hJear 'N)

Al=0DTeny

IF(ATI+GTASUM ) Asum =A]
IF (AJ.GT ,ASUMY) ASUMY=AJ 3-40

013200
013210
013220
033230
0)3240
013250
013260
013270
013280
073290
013300
013310
013320
073330



NUL=NONP (1) «) 013340
IF (ASUMU.LT,ASUM) ASUM=ABUMY 013350
USE ASUM TU DECIDE HWOW MAWY TERMS ARE REQUIREM AND ESTIMATE ERROW 013340
NLARGE=3,5%ASUM +5, 013370
XKLARGE =NLARGE 013380
ERR]=ExP (ASUM ) (ASUM 2,71828/XLARGE) eeNLARGE /SQRT (6,2832eXLARGE) 013390
IF (ERR) ,6T4+1,E~3) PRINT 90029 ERR] /~SUM »NLARGE 013400
9002 FORMAT (mOMAXIMUM ERROH GT 0,001s =uF10,64", THRACE = vF]10,.4, 013430
1 " NLARGE = wn]e) 073420
c NEXT GENERATE MATRIX EXPONENTIAL SOLUTION 013430
DO 260 I=14+1TQT 013440
CSUM (] y=XTEMP(I) 0713450
CIMN(1y=XxTEMP(]) 013460
CONT INUE 013470
EKR3=0_001%ERR 013480
DO 310 NT=1,NLARGE 013490
VO 270 I=1.170T7 0y3500
CIMo(Il)y=CIMN(I) 013510
CONT INyF 013520
TON=T/NT 013530
NUL=] 013540
DO 300 I=1s1TOT 073550
IF (o4NOT,LUNG (1)) GO TV 300 013560
NUM=NONP (1) 013570
CIMNI=g,0 013580
IF (NTLEQ.l) CIMNI=CIMHE(I) 013590
IF (NUL ,GT .NUM) GO 1O 490 V13600
DO 280 N=NUL NUM 013610
J=LOCP (N) 013620
CIMNI=CIMNISAP (N)eCIMV (J) 013630
CIMNI=CIMNI«D(I)eCIMO{I) 013640
CIMNI=7yON®CIMN] 013650
IF (ABS (CIANT) ,LT.ERRIICIMNI=0,ED 013660
CIMN(l)=CIMN] 013670
CSUM(Iy=CSUM(1)+CIMNI 013680
NUL=NONP (1) «) 013690
CONTINGE 013700
PO 320 I=le170T7 013710
IF(CSUM(I) LT .ERR) COyuM(I)=p,0 073720
IF (LONG (1)) XNEW(M,I)3CSUM(I]) 013730
CONTINUE 013740
KETURN 013750
END 073760
DECAY 013770
SUBROUTINE UECAY (M,Te1dTOT) 013780
PECAY TREATS SHORT.LIVED ISOTOPES AT BEGIWNINY OF CHAINS USING 073790
BATEMAN EWUATIONS 0713800
LOGICALLONG 0)3810
COMMON /SERIES/ XP(B800) XPBR(800) 4LONG (800} 013840
CUMMON JCONST /MMN,ERR ¢yMZERD
COMMON/EQW/ATEMP (BOO)Y +ANEW(10,800)93(800) ¥V (800,
CUMMON /MATRIX/A (2500)2L.0C(2500) +NONO (800) vKD(800) 013900
LEVEL 2,A+LOC,NONQ,KD 0n0SK0
COMMON /TERMD /DD (1003 92 XP (100) YQUEUE (50) ¢NUU (50) yNQUEUE (50) 4NQ(800) 013910
AXN=_ALO0G(0,001) )
bU 10 1=1+1707 0139720
XPAR(1y=0.,0 013930
LONG (I)=,FALSE, 013940
API=0.0 013950
DT=D(lyeT 013960
IF (DT LT.~50,) GO YO 10 013970
1F (ABS (DT)SLE AXN) LUNG(I)=_ TRUE, 013980
XP1=EXp(0OT) 013990

3-4]




10 XP(I)y=xPI.

2o

30

40

S000
S0

€0

NUL=]
PO 160 L=1s1TOTY
XTEM=0,0
PL==D (L)
NUM=NUND (L)
l'(“.37.""“.0R.".EG."&E'O) NUH'KD(L)
IF (NUM_LT.NUL) GO TO 350
DO 140 N=NUL ,NUM
J=ELOC (N)
1F (LoNa 0 TO 140
Fi(L Ji) 6 '
5sé g:?; FORM FOR TWO MEAKLY EQUAL HALF-letg ik
IF(ABS(DL/DJ-l.O).LE.I.°§'5) XTEMzXTEM«XTEMP () oA (N) e XP (J)
- 0E~S)
Bty e ligéagl;éioxlEHP(J)"(N)'(XP(J)'AP(L))/(OL-DU)
QUE=A (N) 70V
NG(L)=p
NG (J) =
NSAVE=g
NUX=NONND (J)
IF (M, GT.MMN,OR M EQ.,MERQD) NUX=KD (J)
NUF=)
IF(J,67,1) NUF=NONQ(Y=l)*]
IF (NUF ,GT.NUX) GO TO 130
V0 120 K=NUF ,NUX
Ji1=L0oC (x)
IF (LONG(J1)) GO TO 120
KP=y
IF(J1.E0 ,NU(KPy) GO TO 120
KPaNQ (kP)
IF (KP.NEL,0) GO TO 30
DY==D(J1)
AKDJQ=A (K) Z/DJ#QUE )
IF (AKPYR,LE,)1,0E-06yY GO TO 120
NQ(J]1)=d
I=)
KF=Jy
PU(I )= D (KP)
DAP (1) =xP (KF)
KF=NQ (KP)
IF (KP+FQ,0) GO TO s0
1=1+)
IF(YI,LF,100) GO TO &0
PRINT 9000 Mol yJ1sJyARDUR
FURMAT (#1"y415,E12,5)
6V To 130
WATE=0 EO
l:-l-;
=
3 ; 30&35 FORM OF BATEMAN EQUATIONS == ORNL=TM.36]
PO 100 Kk8=1,11
XPJ=DXp (KB)
IF (XPL+XPJLLT,ERR) GO TO loo
Un=0D (KR)
PROD= (DL /UK=1,.0}
URR=PRND
1IF({ ABS(PRUD) ,5T,.]1,.,E=-%) Gu To -~
PROD=TaDKOXPJ® (] ,0-042@(0L=DY).
GU TO 70
PROD = (xPJU=APL) /PROD

PROl=XPJ/UKK 3-42

074000
014010
014020
074030
014040
074050
014060
0314070
074080
074090
014100
014110
014120
014130
074140
014150
014160
074170
014180
0164190
074200
074210
14220
074230
074240
014250
014260
014270
074280
014290
V14300
014310
0714320
014330
074340
014350
074350
014370
014380
014390
014400
014410
014420
014430
014440
014450
014460
07440
074430
014490
014500
014510
014520
014530
014540
014550
014560
014570
0145R0
014590
014600
014610



70

100

9001

110

120
130

140

150

160

170

*DECK

Pl=l,0 -

§1=2,7(DK*T)

DO 99 uk=1s11

IF (UK.EQ.KB) GO TU 90

5%1.0-DK/D0 (JK)

1F ( ABS(S)+6T,),E-4y ©0 TV 89

USE THIS FOKM FOR TWO NEARLY EQUAL HALF-LIVES
IF (ABS (DKR) +GT,1.0E%4) PROD=PRO1
§=S1

PlsP]eg

IF (ABS (P1)+6T,1.E25) 6O TO 100
CONTINUE

PATE=BATE+PROD/PI

CONTINUE

IF (BATE ,LT.0,EQ)PRINTYOOL oLy IsBATE XTEMXTEMP (J1) 4AKDJQ
FORMAT (» Lo 1,BATE  XTEM XTEMP (J1),AkDUQ = ",219,1P4E12,5)
IF (BATE LT,V ,E0)BATE=p,EOQ
ATEM=XTEM+XTEMP (J1) eARDYG®BATE

1F (NSAyE ,GE,50) GO TO 120
NSAVE=NSAVE.]

NQUEUE (NSAVE)=J]

WUEUE (NSAVE) =AKDJG

NQU (N>AVE) =y

CONT INyYE

IF (NSAVE,LE,0) GO TO 40

JENQUEE (NSAVE)

QUE=QUFUE (NSAVE)

NG (J)=NQU (NSAVE)

NSAVE=NSAVE -

GO TO 20

CONT INUE

IF (LONG L)) XPAR(L)=XTEM/AP (L)
NUL=NOND (L) )

IF (oNQT,LUNG (L)) XNEW[IMoL) =XTEMeXTEMP (L) ®AP (L)
CONT INYE

DO 170 I=ls1T0T7

IF(LONG (1)) XTEMP (Iy=ATEMF (I)+XPAR(I)
IF (oNQT,LONG (1)) XTEMV(1)=0.0
CONTINUE

KRETURN

END

EQUIL

SUBRQUTINE EQUIL (M, 1TUT)

EQUIL PUTS SHORT-LIVEV DAUGHTERS IN EQUILIBRIUM WITH PARENTS
EQUIL USES GAUSS-SEIVEL dTERATION TO GENERATE STEADY STATE
CONCENTRATIONS

LOGICALLONG

COMMON /EQ/XTEMP (R00Y »XNEW(10,800)+8(800) +¥ (800)
COMMON /MATRIX/A (2500) #LOC (2500) +NONO (8B00) 1KD(®00)
LEVEL 2,A+LUCyNOND,KD

COMMON /COUNST /MMN ,ERR yMZERU

COMMON /SERIES/ XP (R00),XPER (800) ¢LONG (800)
WXN=0,.n01

DO 10 r=1.l10T7

XPAR(I)8000

IF(.NOY.LUNG(X)) 6o Tu 10

XTEMP (1) =ATEMP (1) exP (1)

XPAR (1y=AdAxn] (XNEw (ML) =XTEMP(1),0,0)

CONT INVUIE

1TeR=]

N=Q

3-43

0j4620
014630
014640
0714650
014660
014670
014680
015690
014700
014710
014720
014730
014740
014750
014760
014770
014780
014790
014800
074R10
014R20
014830
014R40
014850
014840
U14RT0
U14RR0
014850
014900
014910
014920
014930
014940
014950
014950
014970
014980
014990
075000
075010
015020
0715030
015040
015050
015060
015070
015080
015090
015100

015140
000580

015160

015179
0715180
015190
015200
015210
015220
0715230
015240



o000

30
3]

40
S0
60

70
80
9000
DECK

Bl6=9.,p .

PO 69 r=1s1T0T7

NUMENONGD (1) =N

Pl==D(1)

IF (LONG(I)) GO TO 50

XNW=B (1)

IF (M, 6T ,MMN,OR M, EQ,MIERD) NUM=KD (])=N

1F (NUM _EQ.0) GO TO 31

DO 30 k=1sNUM

N=N+]

J=L0C (N)

bJ=-D ()

XJ=XPAR (J)

IF (LONG (J)) XJ=XJeXTEMP (J)/(140=DJ/DT)
ANN=XNWeA(N)eXxy

CONTINUE

ANW=xNyw /01

IF (XNW,LT.1,0E-50) GV TO 40
ARG=ABS ( (ANWXPAR(T)) /XNw)

1F (ARG ,GT.BIG) BRIG=AHG

APAR (1) =xNW

N=NONO (1)

CONTINUE

IF(BIG,LT.UXN ) GOlQ 70

ITER=ITER]

IF (1TER,LT.100) GO TV 20

PRINT 9000

STQP it

vo ® =] orT

lF(.zoi.LSNG(I)) XNEw (Mo l)=XNEW(My])«XPAR(])
CQMT[NUE

:3;32?,u GAUSS SEIDEL ITERATION DIp NOT CUNVEKGE IN EQuUIL™)
END

NUDATA e

UBROUTINE NUDATA (NLIH

:qugAT:ENSXON TO HANVLE THREE TYPES OF NUCLEAR DATA LIBRARIES

ER, NLIBRE, = | FUR HTGR
T . ‘s 2 FOR LIGHT WATER REACTUR
= 3 FUR LMFBR
= 4 FUR MSBK

NTEGERFELE (99) ,5TA(2)

3;§e~§?o~ CUE};(7.aooL.NPdoo(7.800a.cAPchicVAELo(S.SGO)
DIMENSTON 7(5,.NsonS(a)-!'Lﬂtz)éNgCAL(e)

IMENSTON SKIP (20) MSHS(20) +NAME (3)

3IM£N$:0~ TuCAP(Goa)otI?S(IOO)o'l?LE(ZO)oU(BOQ)076(800)0
1ALPHAN (100) ¢ SPONF (100§ ,ABUND (500) +XAP (800) ,MMBX (800)
COMMON /L ABEL JELE ,STA o

COMMON /CONST /MMN  ERR »
COHNON;EOIIIEHP(BOO’olNEillo.BOO)08(800).0(800)
COMMON ,FLUXN/REGENT LAS(800) ,ILITE IALT, ITOT
COMMON /OUT/NUCL (ROD Y
COMMgnanIRxx/A(ZSoo)'LOC(zsoo)-NONO(BoO)othﬁoO)
LEVEL 2,A4LOC,NONO,KD

COMMON /CCUEFF /COEFF

LEVEL 2,CUEFF _

EUUIVALENCE (XNEW (144V1)sNPROV(141))

EQUIVALENCE (A],DLAM)

PATA NUCAL/=20030,<1C0004104114=10,=9/

035250
015260
015270
V15280
015250
075300
015310
015320
015330
015340
015350
015360
015370
075380
015390
015400
015410
015420
015430
015440
015450
015460
015470
015480
015490
015500
015510
015520
015530
015540
015550
015560
015570
015580
0715590
015600
015610
015620
015630
015640
015650
015670

015750

015850
000600

015880
015890

5 ¢ ¥22330,922350,94241040159p0
9 922350,902320,922380+942390477 : )
|D“t‘ ”SR5/9§§g:g:9523?0:9°2610.922350o9~zooo.922380.9~23 723300015910

907/
4 962350o9023?09922380.?£i3 0

015920



015930
PRUGRAM TO COMPUTE A MATRIX (TRANSITIUN MATRIA) FROM NUCLELAR DATA o}sqao
015950
READ 9a1l» (TATLE(I) »1=1,18) oNLIBS 015960
IF (NLIRE.LT,0) PROGRAM wlLL READ TAPE IN LASU#R FURMAT 015970
16WC=0 015980
IF (NLIRE.GT.0) GO YO 10 015990
16WC=] 016000
NLIBE=.NLIBE 0)6010
PRINT 9000 016020
FORMAT (110 s"wILL READ TAPE GENERATED By CASDARw) 016030
Nl=é4.N_IBE 016040
READ 9pnls THERMyRESsFAST ,ERR JNMO ,NDAY yNYRyMPCTAB, INPTH IR 016050
PRINT 9005, MMO ¢ NUAY o NYR 016060
PRINT 9006 016070
PRINT 9n07 016080
PRINT go08 016090
PRINT 9009 016100
PRINT 9010 016110
PKINT 9n13 016120
PRINT gnlé 076130
016140
THEKM = RATIO OF THERMAL FLux TO ToTAL FLUX 016150
RES = RATIUV OF RESONANCE FLUX TO TOYAL FLuX 016160
FAST = RATIV OF FASY FLUX TO TOTAL FLUX 016170
ERR = TRUNCATION ERROH LIBIT 016180
016190
READ DAaTA FUR LIGHT ELEMENTS 016200
016210
K=5® (NLIBE=]) 016220
PO 30 K1=1+D 016230
KZ2=KeK) 016240
NSORS (K1) =MSRS (K2) 016250
PRINT 9nl18, THERM ¢RESsFAST , (INSORS (K) yK=1,5) +NLIBE 016260
1=0 016270
NUTAPE=n 016780
I=]e) 016290
ktAD(G,QOiQ)NUCL(X).DLAN.lu.ful'Fp,FPl.FT|FA.[§F,Q(I).Fb. ) s ABUND (0716300
11),0UNY],LUMY2
I1F (EOF (B) «NE,0)GOTO260 016320
IF (1Gwc,6T40) 6O 10 [0 016330
DO 60 N=1+NLIBE 016340
Hf.AD(e,003b) SIGTH.FNQl.iNA,FNP,RIIH,FxNA;FI‘ﬂf,SIGMtV.FN:N],FFNA, 016350
1 FFNP,IT 016360
60 To 90 016370
DO 89 N=1+NLIBE 016380
READ (8,9040) SIGTH,FNU]FNAJFNP,RITH,FINAJFINF SIGMEV ,FN2N] ,FFNA, 016300
1 FFNP,IY 016400
IF (N1 ,FG.0) GO TO 110 016410
DO 100 N=1yN]) 016420
KEAD (8,9036) SKIP 016430
IF(lT.£Q.0) GO TO 50 016440
M= 016450
CALL HALF (A]l,1Iu) 0164660
NUCLI=nUCL (1) 016470
IF (NUCLTI,.,EW,0) GO TO 260 0164R0
CALL NOAHM(NUCL ] ¢ NAME) 016490
IF (MOD(1-1+50) .Eu, 0} PHRINT 9012, (TIILE (N) ¢N=1418) 016500
IF (MO (I1=1950) .Fu, 0} PHRINT 9016 016510
SIGTH=THERMeSIGTH 016520
MiTHzhkFSeR]TH 016530
SIGUFV=FASTeS IGMEY 016540
SIGNA“QIGTHOFNA+RITHer INAeSIGMEVeFFNA 016550

C
C
C
c
C
C
C
c

j-4F




C
c

ono0n OO0 o0

o000

o000

Oonon

130

140

150

160

170

SIGNP=GIGTHeFNP+RITHOr [NP+SIGMEVeFFNP

FNG=] ,0=FNA-FNP

IF (FNG,LT.1.0E-4)FNG=Y,

FING=],p=F INA=F INP

IF(FING LY.l ,0E~4)FING=0,

FNZNI];O-'FNA-'FN’

l't'NZN.LY.l.OE-b)FNZQ-O.

SlGNGlsIOTHOFNGoRITHOBING

SIGN2N=SIGMEVeFN2N

PRIN? 9033y NAME DLAM FB] ,FPyFP1 4FT+EA,SIGNG,
1 FNG] ¢ SAGN2N,FN2N]1 ySIGNA ,SIONP 4 (1) 4FG (1) 9 ABUND (1)
TEST RADIOACTYIVITY

IF (A1,LE.ERR) GO 71O }A0
ABETA=y,0

TEST PoSITRON EMISION

IF (FP _LT. ERR) GO 7O 150
M=Me]

CUEFF (M, 1) =FPwaA]

NPROD (M, 1) =NUCLI=10000
ABETAzARETA-FP

TEST PoSITRUN EMISSION TO EXCITED STATE OF PRUDUCT NUCLIDE

IF(FP1 ,LT. ERR) GO TV 150

M=Me)

COEFF (My 1) =FP1oCOEFF (M=1,yd)

NPROD (M, I) =SNPROD (M=191) ¢1

COEFF (Ma]l91)=COEFF (M=) ,1)=COEFF (M, 1)

TEST ISOMERIC TRANSITION

IF(FT _LT.ERR) GO 1O }60
MEMe)

COEFF (M, 1)=FT®a]
NPROD (M, 1) =NUCLI
ABETA=ABETA~FT

TEST ALPHA EMISSION

IF(FA LT, ERR) GO YO 170
M=Me]

COEFF (m,1)=FAeA]

NPROD (M4 1) =NUCLI=20040
M=Me ]

COEFF (M, 1) =COEFF (M=1+4)
NPROD (M, 1) =20040
ABETA=ARETA-FA

TEST NEGATRON EMISSION
IF(‘BET‘oLTo‘oE") Go TO 180
M=Me ]

CUEFF (v, 1) =ABETA®A)

NPROD (My 1) =NUCLI+10000

TEST MNeGATROUN EMISSION TO EXCITED STATE OF PRUpDUCT NUCLIDE

IF(FB1 ,LT. ERR)IGO TU 180
e 3-46

076560
016570
076580
016590
016600
0165610
016620
016630
016640
016650
016660
016670
016680
016690
016700
016710
016720
016730
016740
076750
076760
016770
016780
016790
016800
016810
016820
016R30
016R40
016850
016R60
016870
076830
016890
016900
016910
016920
976930
016940
016950
016960
016970
016980
016990
0y7000
017010
017020
017030
017040
017050
017060
0y7070
077080
017090
017100
017110
011120
017130
017140
077150
017160
0y7170



CUELFF (M, 1)=FB1eCOEFF (Malyl)
NPROD (Mo 1) =NPROD (Meled) el
COEFF (M=1+1)=COEFF (M=] ,1)=COEFF (My 1)

COMPUTE NEUTRON CAPTUHE CROSS SECTIONS IN THRCE REGIONS

KAP (1) =M

PO 190 kI=1,6

CAPT (K1) =0.0

CAPT (1y=SIGNA

CAPT (2)=SIGNp

CAPT (4)=S10UNGaFNG)

CAPT (3)=SIGNG<CAPT (&)
CAPT (9)=SIGN2NeFNZNI]

CAPT (5)=SIGN2N.CAPT O]
TOCAP(1)=0.0

TOTAL NEUTRON CROSS SECTIUN FOR NUCLIDE(I)
DO 220 K=1+6
CAPKISCAPT(K)

IF (CAPKI.LT,ERR) 60 TO 220
M:M.l

NPROD (My 1) =NUCLI+NUCAL (K)
COEFF (m,1)=CAPKI]
TOCAP(1)=TOCAP (1) +CAPNI
IF(K,Ve 1) GO 1O 210
M=Me]

CUEFF (M, 1) =COEFF (M1 )
NPROD (M 1) =20040

IF (K ,NE,2) GO TO 220
M=Me]

CUEFF (M, 1) =COEFF (Mal+4)
NFROD (M I)=10010

CONTINE

I1F (MOoP (NUCLI, 10).,EQp0) %0 YO 250
VO 240 k=] oM

NPROD (K, 1) =NPROD(K,1)*)
MMAX (I =M

IF(M,GT.7) PRINT 903f, M
Dl%(x):ﬂl

¢O T0 &0

ILITE = 1=1

1ACT=0

READ DATA ON ACTINIDES

nEhD(e,qoja)uucL(l,.Dgaﬁ.lu.rdl,FP,FPl,FT.FA.tsF.Q(I).Fb(l).UuMPYo
10UMY ] yDuUMY2

IF (EOF (B) «NE,0;GOT0450

DO 280 N=]1+NLIBE

J
READ (8,9037) SIGNG,RINGFNG] ,SIGFyRIF+SIGFF SIGN2N,FN2N]1 ,SIGNIN,ITO!

CONTINUE

IF(N1.£Q.0) GO TO 300

PO 290 N=14N)

READV (8,9036) sKIP

IF(¢It ,Ew. 0) 60 1O 270
:4:0

NUCLI=NnUCL (]

IF(NUCLT Ev,0) GO TO 450
PO 320 K=1,5

IF (NUCL T, EW NSORS(K)) ASURS(N)=]
CONTINUE

CALL HALF (A]l,Iu)

CALL NOAM(NUCLI ¢NAME)

017180
Uy7190
077200
0y7210
Y7220
017230
017240
017250
077260
017270
017280
077290
0y7300
077310
077320
017330°
017340
Ui 7350
077360
077370
U173R0
017390
17400
7410
7420
7430
17440
7450
1460
16470
T4R0O
71490
1Sn0
1S10
1520
1530
1540
y 71550
1540
570
1580
71590
0Y7600
017610
017620
017630

DO C <

R R S -

_Iﬂgo

71660
670
T680
71690




C
C
c

OO0

330

340

350

360

370

8o
3%

400

1
JIACT=]ACTe]

SIGNGETHERMeS IGNG+HES*RING
SIGF STHERMESIGF +RESPRIF +FASTOSIGFF
SIGN2N=SIGNZNeFAST
S1GN3N=SIGNINSFAST

IF (MOD (1ACT,50),FQ,0) PRINT 9012,
IF (MOP (1ACT,50),EQ,0) PRINT 9024

TEST RADIOACTIVITY

IF (A1.LT.ERR) GO TO #%p
ABETA=),0

TEST POSITRON EMISSION

IF(FP [LT. ERR) 60 YO 350
ABETA=ARETA-FP

Mz=Me )

COEFF (M, 1) =FPeA]

NPROD (M, 1) =NUCLI=10000
POSITRON EMISSION TO EXCITED STATE
IF(FP1 ,LT. ERR)GO YO 350
M=Me+)

COEFF (My1)=FP1oCOCFF (M=l4sl)
NFROD (M, 1) =NPROD (Me19d) ol
CUEFF (Mal91)=COEFF (M=}, 1) ~COEFF (My1)
ISOMERTC TRANSITION

IF(FT _LT.ERR)GO TO 399
M=Me)

CUEFF (M, 1)=FTeA)
NPROD (M, 1) =NUCLT
ABETA=ABETASFT

ALPHA EMISSION

IF(FA ,LT.ERR)GO TO 370
M=Me )

CUEFF (m,1)=FAep)

NPROD (M, 1) =NUCLI=20040

M=Me ]

COEFF (My1)=COEFF (Ma14l)
MTO0D (M, 1)=20040

AR TAZARETASFA

BETA DECAY

IF (ABETA,LT,1,E~4) GO TO 380
M=Me |

COEFF (M, 1) =ABETA®A)

NPROD (M, 1) =NUCLI+10000
IF(FB1 ,LT. ERR)GO YO 2380
M=Me]

COEFF (M, 1) =COEFF (Ma144)*FB)
CUEFF (Ma141)=COEFF (M=l ,1) 2COEFF (My1)
NPROD (M, 1) =NE20D (Mel9d) ol

NEUTRON CAPTURE CROSS SECTIONS

KAP (1) =M

DO 390 k=146

CAPT(K )=0,0

CAPT () =SIUNGEFNG)
CAPT (1)=SIGNG=CAPT (2)
CAPT (4)=C IONZNeFN2N]
CAPT (J)=SIGNN.CAPT t4)

FISS(IACT)=SIGF 3-48

(TITLE (N),N=21,18)

DLAM,FB1,FPyFP
FNG] o SAGF s SIGN2N,SIGNIN,Q¢l) FP (I

0178”10
0y7820
0y7830
017840
017850
017860

1oFT FALFSF,SIGNG,0 7870

0!7080
0)7890
017900
017910
0]7920
017930
017940
077950
017960
017970
017980
017990
018000
078010
018020
0YRN30
0)8040
018050
018060
078070
018080
U1R090
018100
0yan0
018120
018130
0181‘0
018150
G18160
018170
018180
018190
0182r0
0)82,0
018220
018230
018240
018250
018260
018270
0)68280
018290
0183n0
018310
018320
0168330
01A340
01R350
018360
078370
0183480
018390
018400
018410
018420



410

420

430
440

450

460

on0o

470

480

490
So00
510

520

530

40

ooo

550

TOCAP(1)=040

vo “10 K=1ly4

CAPKISCAPT (K)

IF (CAPKI.LT.ERR) 6O TO 4lo
M=Me)

TOGAP (1)=TOCAP (1) «CAPRI
COEFF (M, 1)=CAPKI

NPROD (M4 1) =NUCL I +NUCAL (K+&)
CONT Ihye
TOCAP(1)=TOCAP (1) +FISH(I1AET)
N=3N CROSS SECTION
Al7=SIGN3N

IF(A17 ,LT.ERR) GO TO & ¢
M=de]

COEFF(M +1)= A7

NPROD (M +1)= NUCLI-20
TUCAP(1)=TOCAP(I)+A)"”

IF (MOP (MUCL1,10).EQ,0) GO TO 440
DO 430 K=lym

NPROD (K 4 1) NPROD (K, 1) =]
MMAX (1) =M

IF (M,GT1,7) PRINT 903y, ™
SPUNF (IACT) =FSFeAje6,V23E23
ALPHAN (JACT)=FAsA]06,023E1300(]) 203,65
DIS(]I)=Al

I=1+}

w0 T0 270

IL=0

DO 460 K=1,5

TYLD(Ky=0,0

READ DATA FUR FISSION PRQUUCTS

0184130
018440
018450
078460
0784790
018480
0184390
078500
018510
018520
0!8530
018540
078550
018560
078570
018580
018590
07R600
078610
01R620
018610
UTR640
018650
018660
018670
018680
018690
0187n0
018710
01RA720
t18730
078740
018750

uEAD(Q,quQ)NUCL(I)ngAN.lu.rbx.FP.FPI.FYoFA.[sF.O(I).FG(I,.OUMMV.O?Q?&O

1UUMY ] snUMYZ
1F (EQOF (B) «NE,0)GOTO690
DO 480 N=1sNLIBE
READ (8,9038) SIGNG,RINGFNGL,Y,IT
IF (N1.gn,0) GO TO 500
PO 490 N=lsN)
READ (8,9036) SKIP
1F(IT _Eu. 0) GO TO 410
M=Q
CALL HALF(Al,Iu)
NUCLI=NUCL(])
IF (NUCLT.EQsp) GO rg 990
ALL NOAM (NUCLT sNAME)
?Ft:oD?tL.So;.éo. 0 PRINT 9012% (TITLE (N)4N=1,18)
SIGNGFTHERMeSIGNG+RESSRING
IF (NLIRE.EG,3) GO TO 3 0

F (M IL 50),EQs0) PRINY 9019 »
:R{ng;oelo NAME. \ DLAM FBL ,FPyFP]l,FT,SIGNG,
1 FNGLsYsQ(I)sFGtId
o BB PRINT 9020
F (M 50) .EQ, "
guiﬂgpé:EQ.O) ENA:é 'l DLAM FHLl ,FPaFPL FT,SIGMNG,FNGL,
1 Y2 eYEa) oY (5)eQ(I) FG(I)

TEST RADIVACTIVITY

IF (A1 ,LT.ERK) GO TO ¢n0
ABETA=),0
POSITRON EMISSION

3-49

018780
018790
01RRO0
018810
018R20
018RR30
078840
018850
0YRR&D
018870
0y8BR0O
018890
018900
018910
078920
013930
018940
018950
018960
08970
0189A0
0189490
019000
019010
019020
079030
079040
019050



oo o

ST0

580

590

600
610

620
630

640
650

660
670
680

A3=Fp .

IF (A3, LT.ERR) GO 1O A70
ABETA3ABETA-A)

AP1=A3aFP]

AP=A3-aP]

IF (2P T.ERR) GO TO 360
LELESY

COLFF(M,1)=APaA]

NFROD (M, I)=NUCLI=10000

IF (AP1,LT.ERR) GO YO 510
M=M+)]

CUEFF (M,])=APlaA)

NPROD (M4 1) =NUCLI~-9999
ISOMERIC TRANSITION

IF(FT LT+ ELRR) GO TO 580
M=Me)

COEFF (M, 1) =FTeA]
NPROD (M, 1) =NUCLI
ABETA=ARETAFT

NEGATRON EMISSION

IF (ABETA,LT,1,0E~4) GV TC 600
A2=FRl

AB1=ABETA®A2

AB=ABETA~AY]

IF (AB,LT.1.E=4) GO TO 590
M=Me ]

CUEFF (M,]1)=ABeA}

NPROD (M, 1) =NUCLTI«10000

IF (AB1 ,LT.1.,E~6) GO TV 600
M=Me]

COLFF (M, 1) =AR]0A]

NPRUD (M, 1) =nUCLT+1000d

NEUTRON CAPTURE CROSS SECTIONS FOR FISSION PRUDUCTS USING THREE

REGION APPROXIMATION

KAP(]) =M

DO 610 K=146

CAPT (K)=0.,0

CAPT (¢)=SIGNGeFNG)

CAPT (1)=SIGNG=CAPT (2)
TOCAP(1)=0.0

PO 620 k=142

CAPKI=CcAPT(K)
IF(CAPKI.LT,ERR) 60 To 6&p
M=Me]

TUCAP (1)=TUCAP (1) +CAPRI
COEFF (M, 1) =CAPKI g
NPROD (My 1) =NUCLI+NUCAL (KeZ)
CONTINUE

IF (MOP (NUCLI,10) LEQ,0) GO TO 650
DO 540 K=]14M

NPROD (K, 1) =NPROD (K, 1) %]
IL=ILsy

DO 660 J=1+5

YJ=Y(Jye0.010

TYLD (Jy=TYLD (J)eYY
YIELD(JsIL) Yy

IF (NLIRE ,EY, )1 ,OR NLIBE EUss) GO To 680

IF (NLIRF,EW,3) VYIELDf1oIL)=vY
YIELD (3,1L)=vy
MMAX (1)=M

019060
039070
019080
019090
019100
019110
019120
019!30
019100
019150
019160
019176
019180
019190
019200
019210
019220
079230
019240
019250
079260
019270
079210
079290
019300
019310
019320
0193230
0192340
0792150
019340
0792370
019380
019390
019400
019410
019420
019430
019440
019450
019460
019470
019480
01940
019501
019510
079520
0619530
019540
019550
019540
079570
019580
0719590
019600
019610
019620
019630
019640
019650
019640
0719670



1F (M, 6T,.7)- PRINT 9037, ™ 019680
Dlg(!?:hl i e °§969°
I=1+) 019700

60 TO 470 019710

690 IFP=]IL 919720
c 019730
c ALL DATA ON NUCLIDES MAS PEEN READ, BEGIN TO LOMPUTE MATRIX COEFF 019740
[ 019750
1ToT=1.1 019760

c 019770
Cc FIND PRODUCT NUCLIDES FOR REACTIONS OF LIGHT ELEMENTS 019700
Cc 019790
NON=Q 019800

DO 700 k=1lslTOT 019810

700 NONO(K)=0 019820
IF(ILITELLT,1) GO TO 760 015530

D0 750 I=1sILITE 019860
NUCLI=NUCL (D) 019850

VO 720 J=1,ILITE 019850
KMAX=KAP (J) 019870

IF (KMAx,LT.1) GO 1O 720 019840

DO 710 M=]19KMAYX 019830

1F (NUCL T .NE«NPROD (MyJ)) GV TO 710 019900

NONO (1)=NUNQ (1)) 019910
NON=NON+1 019920

I1F (NON,GT.2500) PRIN! 9041, NONNUCL(T) 019930
A(NON) =COEFF (M, J) 019940

JT=J 019950

LOC (NON) =UT 019940

710 CONTINJE 019670
720 CONTINUE 0199A0
KL (l)y=NONO (1) 019990

VO 740 J=1ILITE 020000
K1=2KAP () ¢l 0720010
AMAX=MMAX (J) 020020

IF (KMAx ,LT.K1) GO TO 740 070030

VO 730 M=K],KMAX 0200640

IF (NUCLT JNENPROD (MyJ)) GW TO 730 UPp0050

NOND (1) =NUNQ (1)1 020060
NON=NONe 1 020070

IF (NON,GT+2500) PRINI 9041, NON,NUCL (1) 020080

A (NON) =COEFF (MyJ) 020090

JTsJ 020100

LOC (NON) =T 020110

730 CONTINYE 070120
740 CONTINUE 020130
750 CONTINUE 020140
c 020150
c NON ZERO MATRIX ELEMENTS FOR THE ACTINIDES 020160
c 020170
760 IF(IACT,LT.1l) GO 1O §20 020180
IVu=ILITE+] 020190
Il=1LITE+1ACY 020200

DO 810 1=10,11 nz20210
NUCLI=NUCL L) 020220

o 780 J=10,11 020230
MAX=KAP (J) 020240

1F (MAX LT.1) GO TO 780 0720250

PO 770 M=]4MaX 020260

I1F (NUCLT JNE NPROD (MyJA) ©0 TO 770 020270

NONQ (1) =NUNO ()1 0202R0
NUNENON+ 1 020200

1F (NON,GT.2500) PRINT Fusl, NoN,NUCLLT) 020300

3-51




oon

770
780

790
800
810

820

830
840

850
860

A(NON) =COEFF (M, )

JT=J

LOC (NON) =JT

CONT INyYE

CONTINyYE

KD (Iy=NOND(])

DO Bgo u=10,1)
MISKAR () ¢l

MZzMMAX (J)

IF (M2.LT.M1) GO TO 890
PO 790 mM=M1,M2

IF (NUCL T .NE.NPROD (MyJ)) GV TO 790
NOND (1) =NUND (1)1
NON=NONS )

IF (NON,GT.2500) PRIN! 906), NoN,NUCL (1)
A (NON) =COEFF (M,J)

JT=y

LOC (NON) =uT

CONT INUE

CUNT INyE

CONT INUE

MATRIX ELEMENTS FOR FISSIUN PRODUCTS

IF (IFP_LT.1) RETURN
IMzILITE«IACY
10=1Me)
IF(IT07,LT410) RETURN
DO 880 1=1041T0T
NUCLTI=NUCL (1)
12=MaXp(10s1=10)
I3=MINg(LTUT, 1410
DO H4p u=12,123
KMAX=KAP (J)
IF (KMAX,LT.1) GO 1O 840
DO B30 M=]lenMAx
IF (NUCL I JNE ,NPRCD (MyJ)) GY TO 830
NONO () =nNONQ (1) +]
NONBNO »
IF(NON?G%.?SOQ) PRINI G081, NoN,NuCL (1)
A (NON) =CULFF (M, J)
JT=y
LOC (NON) =JT
CONT INUE
CONTI<nE
KD (I)=nonO(])
PO B60 y=12,13
K1=KAP (J) +]
KMAX=MMAX (J)
IF (KMAX LT.K1) GO TO 60
PO BS0 =Rl ,KMAX
1F (NUCL T JNEJNPROD (MyJ)) GW TO 859
NOND (1) =NUND (1)1
NON=NON, |
IF (NON _GT.2500) PRINT 5061, NON,NuCL (1)
A (NON) =COEFF (M, )
JT=y
LOC (NON) =uT
CONTINUE
COUNTINuE
IF(IACY,LT.)1)y GO 1O 889
=
PO BT70 K=145 3-52

020310
020320
020330
020340
020350
020360
020370
0203a0
020390
020400
020410
020420
020430
020440
020450
020460
020470
020480
020490
020500
020510
020520
V20530
020540

020540
0720570

020590
020600
020610
220620
020630
020640
070650
029660
020670
020580
020690
020790
020710
020720
020730
020740
020750
020760
020770
020780
020790
020800
020810
020820
020830
020840
(20850
020860
020870
020RA0
020R90
020900
020910
020920



are
88o

890

ooooon o0

900

s10
920

anoo

9001
9005

IL=lalm 020930

IF(YIELD(RsIL) LT ,ERR} GU To 870 020940
NON=NONG ] 020950
IF (NON _,GT.2500) PRINT S061, NoN,NUCL (1) 020960
NONO (1)=NONQ (1)) 020970
KKsSNSORS (K) 020980
LOC (NON) =RK 020990
KF2KK=TLITE 021000
AINON) =YIELD (K, IL) «FI8S (KF) 021010
CONT INUE ¢21020
CONT INUE 021030
IF(IFP _LELO) GO TO 900 021040
IF(NLIRE.NEL3) GO TO 450 021050
PRINT 9027, TYLDt2),TYLD(4) o TYLD(S) 021060
60 To 900 021070
PRINT 9030y (TYLD§I) od=1,9) 021080

021090
ALL MATRIX ELEMENTS AHE NOW COMPUTED 021100
HEGIN TRANSLENT SOLUTION 021110

021120

021130
TEMPORARILY WRITE OUT MATKIX ELEMENTS 021140

021150
IF (IR _EWe 0) RETURN 0211560
PRINT 9n29 021:.70
N=Q 021180
DO 910 T=1s1TO0T 021190
NUMENONN (1) 021200
IF (NUM,LEL.O) GO TO %l0 021210
NI=NaN(IM 021220
N=N+| 0217230
PRINT qn28» 1+0DIS £1)+TOCAP (1) 9 (A(K) 4LUC(K) K=NyN]) 021240
N=N] 021250
CONT INUE 021260
RETURN 0p1270
sToP 021280

021290
FURMATS FORMATS FURMATS FURMATS 021300

021310
FORMAT (4F10,5,612) 021320

FORMAT (1H19©3X,"NUCLEAR TRANSMUTATION DATA  KEVISED w,12%n/"12+"021370
173124 7,"0NUCL = NUCLADE # 10000 ® ATUMIC NO ¢ 10 ® MASS NO + ISUMO213A0
2ERIC STATE (0 OR 1)"ed0Xe"DLAM = DECAY COWSTANT (1/SEC)"5/+" FBy 021390
3FP, FA, FT = FRACTIONAL DGCAy BY BETAs POSITRUN (OR ELECTRON CAPTU021400
4RE) s ALPHA, INTERNAL TRANSITION. FB = 1 « FP « FA <« FTny/4" FBL,0214)10
§ FPl, FNGly FN2N1 = FRACTION UF BETA, POSITRON, N=GAMMA, N-2N TRAN021420
6SITIONS TO EXCITED STATE UF PRODUCT NUCLIVE"/," SIGTH, SIGNG, S1G021430
7Fs SIGNA, SIGNP = THERMAL CR0SS SECTIUNS (BARNS) FOR ABSORPTION, NO>1440
A=GAMMA, FISSTON, N-ALPHA, N=-PROTON_ %) 021450

9006 FORMAT (» SIGNG = SIGIM ® (] = FNA <FNP). SIGNA = SIGTH & FNA, 021440

1SIGNP = SI1GTH o FNP, FNA} FNP = FRACTION THENMAL N-ALPHAy N-PROTO021470
2Ne"y/zen RITH, RING, RAFs KINAy RINP = RESUNANLVE INTEGRAL FOR ABSUKR021480
WIION, N-GAMMA, FISSION, NoALPHA, N-PROTON 4,7 " RING = RITH @ (021490
4l = FINA = FINP), RINA = RITH ® FINA, RINP = HITH & FINP, FINa, F021500
GINP = FRACTION RESONANCE N-ALPHA, N=PROTON, "/ " SIGMEV, SIGFF, SI021510
KGNIN, STGNAF, SIGNPF § FAST CROSS SECTIONS (38RNS) FOR ARSORPTIO 021520
TFISSION, N=2N, N=ALPHA, N=PKOTON,",/," SIGNEN = SIGMEV ® (1 - FF021530
ANA - FFENP), SIGNAF = SIGMEV @ FFNA, SIunPF = SIGMEV @ FFNP, FFN021540
gAy FFAP = FRACTION FAST NyALPHAy NP, M) 021550

9007 FURMAT (v Y23, Y25, Y0€, Y28, Y49 = FISSIUn YIELD (PERCENT) FROM 23021560

13=Us 235=Uy 232=TH, 238Uy 239« PU M,/ W = NEAT PER DISINTEGRATIOZ21570
2UN, FG = FHRACTION OF HEAY IN GAMMAS UF EERGY GREATER THAN 0,7 “E021580
IVeeszeng LFPECTIVE CHUSS SECTIONS FUR A VULUML AVERAGED THERMAL tLo21590




4T 0.876 EV) FLUX ARE AS FULLOWS,"y /4" N.GAUMA « SIGNG & THExMO21600

5 ¢ RING ® RES m /7,0 FISSION =« SIGF ® THENM o RIF o RES « SIGFO021610

6F ® FAST,"s10X,"THERM = 1/V CURRECTION FO® THERMAL SPECTRUM AND TE021620
THPERATURE 4"y /g0 N=&N - SIGNZ2N o FAST,",36X,"RES = RATIVU 021630

BOF RESONANCE FLUX PER LETUARGY UNIT TO THERMAL FLUX,") 021640
95008 FORMAT (» N-ALPHA = SIGNA ® THEHM + RINA ® RES + SIGNAF @ FAST02]1650
14" o TXonFAST = 1,45 ¢ RATIO OF FAST (6T 1.0 MEV) TO THERMAL FLUX "“021660

/" N-FROTON = SIGHP ® THERM « RINP & HES ¢ SIGNPF @ FAST,n) 021670
9009 FORMAT (1HO 459X, "PEFERENCEBN, /40 HALF LAVESY DECAY SCHEMES, AND 021680
1 THERMAL POWERw,/4n € M LEPERER, J M HULLANDERs AND I PERLMAN nnTAB021690

2LE OF 1SOTOPES - SIXTR EDATIONw» JoHN WILEY AnD SONS, INC (1967)"+021700
3/+" B § DZNELEPOV AND | K PEKER wnpECAY SCHEMES OF RADIOACTIVE NuC021710
ALEI"n PERGAMMON PRESS (1981)ny/y" D T GOLUMAN AND JAMES R ROSSER "021720
SYCHART OF THE NUCLIDE®ww MINTH EDITION GENERAL ELECTRIC CO (JULY 021730
6d966)%, /4" E D ARNOLD #"PROGRAM SPECTHAWM APPENDIX A OF ORNL-3576 031740
T(APRIL 1964)w) 021750
9010 ORMAT (» CROSS SECTIONS AND FLUx SPECTHAMg/," B E PRINCE "uNEIIT02]1760
‘N REACTION RATES IN THE MSRE SPECTRUMM® oRNL.4119, PP 79.83 (JUL021770
‘96T)"e/e" B E PRINGE ""NEUTRON ENERGY SPECTRA IN MSRE AND MSBR"0217a80

. IRNL.4191, PP 50-58 (DEE 1967)"y/yn M D GOLVBERG ET AL “wNEUTRUN021790

4 CROSS SECTIONS"™ ANL=325, SECOND ED, SUPF NO 2 (MAY 1964 - AUG 19021800
566) ALSO EARLIER EDITLIONS"™,/ " M T KERR, UNPUBLISHED ERC COMPILATIO?21R)0

AUN (FER 1968)%,/4m M N DRAKE "wA COMPILATION UF RESONANCE INTEGRALOZ1820
TSUn NUCLEUNICS, VOL 244 NV B, PP 108«111 (AUB 1966)",/," BNWL STAF02]1830

AF WHINYESTIGATION OF M<2N CROSS SECTIONS"" BNWC=98, PP 44~98 (JUE021840

9 1965)u) 021850
9011 FORMAT (18A4,13, 021860
9012 FURMAT (1H1+20X,18A4) 021870

9013 FOKMAT (» H ALTER AND L E WEBER "vPRODUCTIUN QF M AND HE IN METALS 021RA0
JUUKING REACTOR IRRADIATIONWM U NUCL MATLSy VOL 16, PP 68-73 (19651021890
2"/ | L BENNETT wnRECOMMENDED FISSIVYN PRODULT CHAINS FOK USE 14 021950
IREACTOR EVALUATION STUDIESw® ORNL=-TM-1558 (SEFT 1986)M) 021910

9014 FORMAT (n FISSION PHODUCT yIELDSw,/9" M E MEEK AND B F KIDEH, ""021920
1SUMMARY OF FISSION PRUDUCT YIELDS FUR U-235, V238, PU-239, AND PU0219130
2=241 AT THERMAL, FISSION SPECTRUM AND"/"» l4 MEV NEUTRUN ENERGI01940
3ESwn APED=5398 .A(REV.)y (04T, 1968)n/n § KATCOLF wn FISSION PRODUCT021950
4YIELDS FRUM NEUTRON INDUCED FISSION"# NUCLEONICS, VOL 18, NO 1], 021960
S(NOV 1960)"/% N D DUDEY “" REVIEW OF LOW=-MASS ATOM PRODUCTION IN F021970

HAST REACTUKRS ' ANL.74J49 (BPRIL 1968) ") 021980

9016 FORMAT (1HO»20X,"LIGHT ELEMENTS, MATERIALS OF CONSTRUCTIONY AND ACT022030
1IVATTION FHRODUCTS "¢/7,"0 NUCL ULAM Foy FP " 0n0A40
2nFP] FT FA s1GNG FNG) slun2N FN2NIw 000550

n SIGNA SIGNP ] FG ABUNDANCE™) 000660

9018 FORMAT (1HO+ 10X, "THERMF "F10,5+5X,"RES® "F10,595X,"FAST= »F10,5, 022090
17791 Xy 'NEUTRON SOURCEF "S(I1095X) sSX"NLIPE= »13) 022100

9019 FORMAT (1H09 36X ,"FISSIUN PRODUCTS) 2yn0 NUCL DLAM » 000690
1 "FB) Fp FPl FT SIGNG  FNG) y23 " 000700

2 "Y2% Yo2 yz® Y49 Q FG") 000710

9020 FORMAT (1HO0+36X,"FISSIUN PRODUCTS s /zyn0 NUCL DLAM Fal " 0p0720
1 "Fp FPy FT SIGNG FiMG] ¥2? yzan» 000730

2 v Y&9 Q FGw) 000740

9021 FOURMAT (1H yA2,13,A1,1PEL042,0P4FT7,3,1PE10.2,0FFT,3, 000750
1 1PSE10,2+0P2F7.3) 000760

9022 FORMAT (1M sA2,13,k141PE1042,0P4FT7,3,1PE10.2, 0no770
1 OPF7_,3,1P3F10,2,0P2E7.3) 0n0780

9024 FURMAT (1H0932X, "ACTINIDE> AND THEIR DAUGHTERSH, s/ 022220
1" NuCL DLAM Fal FP Fp) FTn 0A0RDO

2" Fa FSF Fap SIGNG FriGp) SIGF™ 000810

3" SIGN2N SIGNIN Q FGM) 000820

9026 FORNA'(]” 0“?.]3.‘].‘#{100?00”5'7.1.6PF)00|olVFIO.ZO 0n0B30
1 OPF7,341P3E10,2,0PF8,34F6,2) 0n0R40

9027 FURMAT (n0SUM OF YIELLS OF ALL FISSIUN PROVUCTS =n,15X,1V3E9,2) 022290
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S028 fURHA!(lSch.]PE)o.3.3!.£10.305(2ﬂ.£10.393!o1’)/(30105(216€10.30 022300

1 iS5 )y 0722310
5029 FORMAT (]INONLZERO MATHIA ELEMENTS AND THELR LVCATIONSH/ 022320
v 1 Ois(n) CAF (1) Acl,d) J Aglyy 022320
2J Alleyy J AclyV) J A(lsd) J ") 022340
9030 FORMAT (63H0SUM OF yIELDS WF ALL FISSION PRODULTS

1 +5(E9,2,1X)) :
9033 FURMAT (1H -A2o13.Alo18E10.2o095F7.3oIPEIO.Z.O?F7.3.19510.2. 090360
1 OPFZ,3,1P2E10.,2,0P2L7,35F8,3) 000870
5034 FUHMAT¢l7of9.3oll.5?5.301"59.2.0P2F5.3of7o3o256-0) 022420
9035 FOHHAT(7lvf9.2.3‘5.3'59023275.39'9.2|3F5030 X1 022430
9036 FORMAT (2044) 022440
5037 FORMA!|7x.ZFQ.Z.F5.3-~F9.2.F4.1.F9.2.!1) 000890
9038 FUKMAT (7%+2F9,2,F5,3,3F9.2, aXy11) 022460
9039 FORMAT (#0 WARNING, MVUT UF RANGE [N NUDATA, =v IS5) 022470
9040 FORMAT TR, F9,2,3FB846,F8,2,2F3,1,F9.2,3F5,315X,11) 022480°
9041 FURMAT (w0 NON HAS EXCEEDEP 2500, EquaL TO nw2le) 072490
EnD 022500
#DECk CULLECT 022510

SUBKQUTINE COLLECT(VH?.CnﬂSTEvIToT)
COMMON /EU/KTEMP (B0 ) yXNEW(10,800) +8(800) ¢V (800)
UIMENSTON CwASTE (Bn0) 022550
IF(TMB LT,1) RETURN 072560
DO 190 1=1s1T70T 022570
w(1)=CwASTE(]) 07225R0
10 ATEMP(1)=040 022590
CALL VFCAY(1,TMB,1TOT) 022600
CALL TERM(TMB,1,1T0T)
CALL EQuIL(l,1TOT) V22620
uu 29 r=Lls1l0T7 022630
20 CWASTE (1) =XNEW(1+1)/TMB 022640
RETURN 022650
END 022660
SUECK STORAG 022670
SUBROUTINE STORAG (TMBaCWABTE,ITOT)
COMMON/EQ/lTEMP(Aon;oxNEhtxo.GOO)oG(BOO)ov(aobx
DIMENSTON CWASTE(ITOT) 022710
IF(TMB,LT.1) RETURN 022720
DELT=TmB 022730
VO 10 1=1+1T07 022740
gtl)=0,0 022750
10 XTEMP (1)=CwASTE(]) 072760
CALL PFCAY(1,DELT,170]) 022770
CALL TERMITMB,1,1TOT)

CALL EqulL(l.ITOT) 0722790
00 20 1=1+1707 022800
20 CWASTE (T)1=XNEW(1+]) 072810
RETURN 022820
END 022830
¢DECK WLKDATH 022840
c PHOGRAM BLOCK DATA 022850
PLOCK DATA BLKDAT) 072860
INTEGERELE (Y9) 4STA(2) 072870
COMMON /LLABEL s ELE,STA 072840

u‘t‘ ELE/" ""."HE"."LI"i"bﬁ".“ Brgn Chgn Mgt gugn '"."NE"."NA".""O?ZFQO
1GM g AL ST g Pugn S NCLInARY Y Kitg nCAM  SLuguTIMgn Vi uCRu wNG22900
2u,nreu.nC0",unxu,ncuﬂpnlh“,"GA"."GE"."IS"0"55"."ﬂ“"o"KR"o"Ra"o“S*"052°I0
M Yn,uzﬂ",nNBn'unon,"t&"O“RUH,"RN".NPD"."AG"O"CD"o"‘N"."§N“."Sﬂ".0)2920
anTEn,n I"o"lEu."CSuo"OA"!"Ll"o“CE"o"PR"c"NO"O"P”"O"S""o"EU"O"GD"O"O??°30
S'U".uﬂyn."Hon.uERu.“Tﬂ"."'ﬂ",”LU"."NF".”"“Q" Wiy HREN upSH RN, P 022940
BTy AU G LI, P MBI PO AT RN F R HRAN, HACH , nTHY  HPAD22950
Than Uu‘nNV“.uPUn.u‘h"'"CF“."GN“Q"CF“.“ES“/ 022960

DATA STA/M" nouM wy 022970
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END 022980

*DECK HALF 022990
SUBROUTINE MALF(A,I) 023000

c SUBROVUTINE HALF CONVEKTS DALF=-LIFE TO DECAy CUNSTANT (1/SEC) 023010
DIMENSTON C(9) 023020

DATA €/6.9315E-01,1,1352E~02,1,9254E=04,8,0220E=0642,1965E-05,0.0+023030

1 2.19¢5Ea11,2,1765€E414,2,1965E.17/ 023040
IF(A,6Y,0.0) GO TO 10 023050
IF(1,EqQ,6) GO TO 20 023040
A=9,9y 023070
RETURN 023080

10 A=C(]I) /A 023090
RETURN 023100

20 A=0,0 023110
RETURN 023120

END 023130

#DECK WOAM 023140
SUBROUTINE NOAH (NUCLIgNAME) 023150

c SUHROUTINE NOAW CONVEXTS BIX UIGIT IOENTIFIER TO ALPHAMERIC SYMBOL023160
INTEGRRNAME (3) 023170
INTEGERELE (99) ,STA(2) 023180
COMMON /L ASEL, ELE,STA 023100
I1S=MOP (NUCL I ,10) ¢) 023200

NZ  =NyCL1/10000 023210
MWENUCLTIZ10-NZ @1000 023220

NAME (1)=ELE (N2) 023230

NAME (2)=Mw 023240
NAME (3)=STA(1S§) 023250

RE TURN 023260

END 023270



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).
A1l 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: A1)l 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 coclant 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 liquid in each steam generator (1b) at full power.

4, The primary-to-secondary system leakage rate (1b/day) used
in the evaiuation.




5.

Description of the steam generator blowdown purification system,
The average steam generator blowdown rate (1b/hr) used in the
evaluation,

The fractio- of the steam generator feedwater processed through
the condensate demineralizers and the DF's used in the evaluation
for the condensate demineralizer system.

Condensate demineralizers

a. Average flow rate (1b/hr);

b. Demineralizer type (deep bed or powdered resin);

¢, Number and size (ft3) nf 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.

9. Liquid source term by radionuclide in Ci/yr for normal
operation, including anticipated operational occurrences.




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 caic

GASEQUS WASTE PROCESSING SYSTEM

For the waste gas processing system, provide the following:

I The method of stripping gases from the primary coolant, the

4 -
volumes (ft”/yr) of gases stripped from the primary coolant,
the bases for these volumes.

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 (ft™), number

»

\
/
and design and operating storage pressures for the storage tanks.

f

Describe the normal operation of the system, e.g., number of
tanks held in reserve for back-to-back shutdown, fill time foi
tanks. Indicate the minimum holdup time used in the evaluation
and the basis for this number.

I[f HEPA filters are used downstream of the pressurized storage
tanks, provide the decontamination factor used in the evaluation.

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 'tiﬁmvn), operating and dew
point temperatures, and the dynamic adsorption coefficients
for Xe and Kr used in calculating holdup times.

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 processint
system vent, and the main condenser air removal system, provide the

following:

1. Provisions incorporated to reduce radioactivity
through the ventilation or exhaust systems.

Decontamination factors assumed and the bases (1include
charcoal adsorbers, depth of charcoal beds, HEPA filters
and mechanical devices).

’

Release rates for radioiodine, noble gases, and radioactive
particulates (Ci/yr), radioactive particulate
and the bases.

1\ Ze 11stribut




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 (ftj)
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).




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.

_lppy_ t to Cards ‘1_—_1_717 and Cards 2 {-41(_’

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 4]
may be left blank (except that values of 1.0 must be entered for
Card 28 entries). Card 42 should be left blank,

lnpuf 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 the 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 compcnent to be regenerated
which is entered.

Hugmw,,n ion }rm‘mnvy (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:




*

C.

d.

TABLE A-)

Demineralizer Service Regeneration Frequency
Primary Coolant Letdown 180 days

Boron Recovery System 180 days
Equipment Drain Wastes oy

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 gal/ft® times the volume in ft> of resin for

equipment drain waste and 2000 gal/ft3 times the volume in ft3 of
resin for 7loor drain waste. The calculated values of 25,000 and

« 000 gal/ft3 of resin for the waste are based on 12,000 g

CaCO, ion exchange capacity per ft3 of resin and 5 ymho/cm and
50 u%ﬂo/cm average conductivity for equipment and floor drain
liquid wastes.

By inputting the normal flow rate and activity in Item a and
the regeneration frequency as the collection 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
remova! by the equipment used to process the regenerant wastes
using the normal source term procedures of 1.5.2.12.2. In
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
narmal operation which is not removed by the demineralizer.



Sample (ase

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

| € enter - shim bleed demin regen

Spaces

1
| -5
Spaces 42-49 enter - 1440.0

The wastes will be processed through an evaporator which will
provide the following DF's according to Table 1-4 of Section
W

e e b b » .

T
i

Cs ’ Rb

Others

While in operation, referring to Table
demineralizer DF's are:

A

c KE
LS, KD

Jthers

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:

l/W}_-)
Cs, Rb
uthers

3?1}{,‘4

Spaces 29-33 "Collection Time. Using the value from Table A-1
of 180 days for the regeneration frequency

Enter 180,.0 days 1 spaces 29-33,




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. [f 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.

I[f two regenerable demineralizers are used in series, fo.low

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

Combine the values printed out in the individual l1iquid 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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