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CHAPTER 1. BWR-GALE CODE

1.1 INTRODUCTION

The BWR-GALE (Boiling Water Reactor Gaseous and Liquid Effluents) Code is a computerized
mathematical model for calculating the release of radicactive material in gaseous and liquid
effluents from boiling water reactors (BWRs). The calculations are based on data generated from
operating reactors, field tests, laboratory tests, and plant-specific design considerations
incorporated (o reduce the guantity of radicactive materials that may be released to the
environment.

The average quantity of radicactive material released to the environment 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 radicactive releases. The calcu-
ations performed by the BWR-GALE Code are based on (1) standardized primary and secondary coolant
activities derived from Amerizan Nuclear Society (ANS) 18.1 Working Group recommendations (Ref. 1),
(2) release and transport mechanisms that result in the appearance of radioactive material in
liquid and gaseous waste st:eams, and (3) plant-specific design features used to reduce the
quantities of radioactive materials ultimately released to the environs.

In a BWR, water is converted to steam by heat from the fuel elements in the reactor. The
steam expands through a turbine and then is condensed and returned to the reactor. The principal
mechanisms that affect the concentrations of radicactive materials in the reactor coclant 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 by the reactor coolant cleanup system, (4) radioactivity removed by the condensate
demineralizers, (5) radioactivity removed through the steam-jet ejectors, and (6) radioactivity
removed due tu reactor coolant leakage. These mechanisms are described briefly in the following
paragraphs,

Fission produc’: enter the coclant as a result of defects in the fuel cladding and from the
tramp uranium on the :ladding surfaces, while corrosion products are activated in the reactor
core. These impurities must be continuously removed from the reactor coclant to prevent damage
to the fuel element, and other reactor components. The removal is accomplished in two ways: (1)
after passing through the turbine, the condensed steam is processed through the condensate cleanup
system (e.g., demineralizers) and returned to the reactor for reuse and (2) a side stream of
reactor coolant is continuously withdrawn, processed through the reactor cleanup system (deminer-
alizers), and returned to the reactor vessel. Both cleanup systems remove particulates and ionic
impurities from the reactor coolant. The materials collected by the demineralizers are removed
periodically by chemical regeneration or by replacement of resins. The liquid wastes are
processed in the liquid waste treatment system, and the spent ion exchange resins are transferred
to the solid waste treatment system and prepared for offsite shipment.

Radicactive gases are removed from the condensing steam in the main condenser by the steam-
jet air ejectors. This source of gaseous waste is treated principally by delaying the release to
permit radioactive decay. Alternative treatment methods include holdup lines, long-term holdup
systems using charcoal delay systems, and cryogenic distillation.

Another potential release point of radicactive material is the exhaust from the turbine
gland sealing system. A sidestream of primary steam flows through the turbine gland seal. The
steam is condensed and returned to the condenser hotwell for reuse in the reactor. However,
noble gases, activation gases, radiocactive particulates, and fodine that remain in the gaseous
phase must be vented. The treatment provided this source of gaseous waste is normally a two-
minute holdup line that permits decay of the short-lived noble and activation gases before they
are released to the environment. Clean steam (nonradiocactive steam) may be used in place of
primary steam to eliminate the gland seal as an activity release point.

Following plant shutdowns, mechanical vacuum pumps are used to reestablish the main condenser
vacuum. In addition, the mechanical vacuum pumps may be used during plant shutdowns to maintain a
slight condenser vacuum and thereby prevent outleakage of gases from the main condenser. If
required to meet the design objectives of Appendix I, the effluent from the mechanical vacuum pump
effluent could be processed through charcoal adsorbers for removal of radioiodine prior to release.
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In addition tc the above release points, the BWR-GALE Code, the calculational model used for
BWR source term calculations, considers releases from the turbine, contaimment, auxiliary, and
radwaste buildings due to leakage from contaminated systems. Such leakage from systems containing
main steam or reactor coolant may have an appreciable effect on the radioactive source term.
Leakage may occur through valve stems, pump seals, and flanged connections. The amount of air-
borne radioactive material released is a function of reactor coolant temperature, pressure, and
activity at the point where the leak occurs. Included with the leaking steam or coolant are
noble gases, iodine, and particulates that are released directly to the building atmospherc. In
some cases, leakage may be reduced by special design features such as vacuum leakoff drains or
"clean" steam on the valve bonnets in addition to normal precautions such as backseating valves
and using all-welded systems. Leakage can alsoc be reduced by the use of closed leakoff drains
and by increased maintenance.

Liquid waste sources include liquid streams used to sluice {transfer), backwash, regenerate,
and rinse demineralizer resins; laundry waste water; personnel chower wastes; laboratory drain
wastes; decontamination wastes; and water collected in equipment drains and floor drains.

This chapter provides a step-by-step explanation of the RWR-GALE Code and a description of
the parameters that have been built into the Code for use with all BWR source term calculations.
These parameters, which apply generically to all BWRs, have been incorporated intc the Code to
eliminate the need for their entry on input data cards. This chapter also describes the entries
required to be entered on input data cards used by the Code. Explanations of the data required,
along with acceptable means for calculating such data, are given for each input data card.
Chapter 2 gives the principal source term parameters developed for use with the BWR-GALE Code and
explains the bases for each parameter. Chapter 3 contains a sample data input sheet and a
FORTRAN listing of the BWR-GALE Code. Chapter 4 lists the information needed to generate source
terms that an applicant is required to submit with the application.

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

Activation Gases: The gases (including oxygen, nitrogen, and argon) that become radioactive due

to irradiation in the core.

Chemical Waste Stream: Normally liquids that contain relatively high concentrations of decon-

tamination wastes or chemical compounds other than detergents. These liquids originate primarily
from resin regenerants and laboratory waste.

Decontamination Factor (OF): The ratio of the initial amount of a nuclide in a stream (specified

in terms of concentration or activity of radiaoctive materials) to the final amount of that
nuclide in a stream following treatment by a given process.

Detergent Waste Stream: Liguids that contain detergent, scaps, or similar organic materials,
These Tiquids consist principally of laundry, personnel shower, and equipment decontamination
wastes and normally have a low radiocactivity content.

Effective Full Power Days: The number of days a plant would have to operate at 100% licensed
inte

power to produce the grated thermal power output during a calendar year; i.e.,

Effective full Power Days :I{%fgﬁgéggpgeggmfévggygr y ;%izi;
where
pi is the ith power level, in MWt;
Piotal is the license power level, in MWt; and
T; is che time of operation at power level i, in days.

Fission Product: A nuclide produced either by fission or by subsequent radioactive decay or

neutron activation of the nuclides formed in the fission process.
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Gaseous Effluent Stream: Processed gaseous waste containing radicactive materials resulting from
the operation of a nuclear power reactor.

High-Purity Waste Stream: Liquids, rormally of low conductivity, consisting primarily of liguid
waste collected from building equipment drains, valve and pump seal leakoffs, demineralizer back-
wash, ultrasonic resin cleaning, and resin transfer, These liguids are normally reused as primary

coolant makeup water after processing.

Liquid Effluent Stream: Processed 1iquid wastes containing radicactive materials resulting from

the cperation of a nuclear power reactor,

Low-Purity Waste Stream: Liguids, normally of high conductivity and not of primary quality, col-

Tected from building sumps, unccllected valve and pump seal leakoffs, miscellanecus vents, and
floor drains.

Partition Coefficient (PC): The ratio of the concentration of a nuclide in the gas phase to the

concentration of that nuclide in the liquid phase when the liquid and gas ar2 at equilibrium.

Partition Factor (PF): The ratio of the quantity of a nuclide in the gas phase to the total

quantity in both the liquid and gas phases when the ligquid and gas are at equilibrium.

Plant Capacity Factor: The ratio of the average net power to the rated power capacity.
Radioactive Halogens: The isotopes of fluorine, chlorine, bromine, and iodine. The radioactive
isotopes of iodine are the key isotopes considered in dose calcuiations.

Radipactive Noble Gases: The radioactive isotopes of helium, neon, argon, krypton, xenon, and

radon, which are characterized by their chemical inactivity. The radioactive isotopes of krypton
and xenon are the key elements considered in dose calculations.

Radioactive Release Rate: The average quantity of radicactive material released to the environ-
ment from a nuclear power reactor during normal operation including anticipated operational
gccurrences.

Reactor Coolant (Primary Coolant): The fluid circulated through the reactor to remove heat. In
2 BWR, the fluid allowed to boil in the reactor vessel to generate steam and power the turbine.
The reactor coolant activity is considered to be constant over a range of power levels, coolant
and cleanup flows, and reactor coolant volumes. The radionuclide distributions and concentra-
tions for the reactor coolant and main steam are based on the values proposed in the ANS 18.1
(Ref. 1) Working Group draft standard for BWRs. Provisions are made in the BWR-GALE Code, in
accordance with the recommendations of the draft standard, for adjusting reactor coolant concen-
trations should the plant be designed to parameters that are outside the ranges considered in the
standard. The radionuclide concentrations used are representative of measured values based on
the available data. The radionuclides are divided into the following categories:

1. Noble gases

2. Halogens (Br, 1)

3, Cesium and Rubidium

4, Water activation products

5. Other nuclides (as listed in Table 2-2 of Chapter 2 of this document)

Regenerant Solutions Waste Stream: Liquids containing regeneration chemical compounds that
originate from regeneration of the condensate demineralizer resins.

Source Term: The calculated average quantity of radicactive material released to the environment
from a nuclear power reactor during normal operation including anticipated operational occur-
rences. The source term is the isotopic distri' ition of radicactive materials used in evaluating
the impact of radioactive releases on the env’-Jnment.

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

1-3



1.3 GASEOUS SOURCE TERMS .
The following sources are considered in calculating the release of radioactive materials

{noble gases, radicactive particulates, and iodine) in gaseous effluents from normal operation

including anticipated operational occurrences:

1. Main condenser offgas system,
2, Turbine gland sealing system,
3. Mechanical vacuum pumps, and

4, Ventilation exhaust air from the containment, auxiliary, radwaste, and turbine
buildings.

The releases of radioactive materials in ventilation exhaust air from buildings not covered
in 4. above are calculated to be negligible when compared to the gaseous source term from the
sources listed above and are therefore not considered individually in the source term calculations.

Calculations show that approximately 9.5 Ci/yr of carbon-14 will be released from a BWR.
A1l carbon-14 releases are assumed to be in the form of a vapor from the main condenser evacua-
tion system vent.

Argon-41 is formed in the drywell by neutron activation of stable, naturally occurring
argon-40 in the drywell air. The argon-41 is reieased to the environment when the drywell is
vented or purged. Based on releases reported by licensees in semiannual reports, it is expected
that, independent of power level, approximately 25 Ci/yr of argon-41 will be released to the
environment,

The releases of radicactive materials in gaseous effluents are based on measurements made
at operating BWRs. The radioiodire, radicactive particulate, and noble gas release rates are
specified in the BWR-GALE Code and are modified only as needed to reflect treatment processes.
Gaseous releases for building ventilation exhaust systems and the main condenser offgas system
are based on the average of actual measurements.

The BWR-GALE Code also calculates tritjum reieases through the ventilation exhaust systems.
The annual quantity of tritium available for release is calculated using a functional relation-
ship derived from measured liquid and vapor tritium releases at operating BWRs and considering
the integrated thermal power output during the calendar year in which the releases occurred.
This relationship expresses total tritium as a function of power output. The tritium releases
through the ventilation exhaust systems are assumed to be the total tritium available for release
minus the tritium calculated to be released through the liguid pathway. Except for tritium, the
radicactivity released in ventilation air is considered to be independent of the power level.
Releases from the mechanical vacuum pump are also considered to be independent of the power
level,

Chapter 2 provides iodine and particulate decontamination factors for removal equipment and
parameters for calculating holdup times for noble gases and for calculating tritium releases.

.4 LIQUID SOURCE TERMS

The foliowing sources are considered in calculating the release of radicactive materials in
liguid effluents from normal operations including anticipated operational occurrences:

1. Processed liguid was.es from the high-purity waste system,
s Processed liquid wastes from the low-purity waste system,
3. Processed liquid wastes from the chemical waste system,

4, Processed liquid regenerant wastes, and

P Detergent wastes.

The radioactivity input to the liquid radwaste treatment system is based on fiow rates of
the liquid waste streams and their radioactivity Tevels, expressed as a fraction of the primary
reactor coolant activity (PCA). The primary coolant activity {PCA) is based on the recommenda-

tions of the ANS 18.1 Working Group (Ref, 1), which considers a nable gas release rate of 60,000
uCi/sec after a 30-minute decay.
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“||II' where
' K is the dynamic adsorption coefficient, in cm3/g,
M is the mass of charcoal, in 103 b,

T is the haoldup time, in hr, and

10 N is the number of condenser shells times 10, in ft3/min per shell.

1.5.1.7 Cryogenic Distillation System

For a cryogenic distillation system, the BWR-GALE Code uses a partition factor (PF) of
0.0001 for Xe and I and a PF of 0.00025 for Kr to calculate Xe, I, and Kr losses during separa-
tion by distillation. The Xe, I, and Kr separated by distillation are conzidered to be released
following 90-day holdup. The calculated releases are the sum total of the noble gases and
iodine released from the overheads during distillation without holdup and the noble gases and
fodine released following 90-day holdup.

| ‘ .
1.5.1.8 Decontamination Factors for Condensate Demineralizers

r Other
Demineralizer Halogens Cs, R. Nuclides

| Deep bed 10 2 10
Powdex 10 2 10

Note: For a system using filter/demineralizers (Powdex), a zero is entered for regenera-
tion frequency on Card 6, as explained later in Section 1.5.2.6.

1.,5.1.9 Detergent Wastes

The radionuclides listed in Table 2-32 of Chapter 2 are assumed to be released unless
treatment is provided or laundry is not processed on site.

1.5.1.10 Tritium Releases

Total tritium release equals 0.025 Ci/yr per MWt. The quantity of tritium released through
the liquid pathway is the calculated annual volumetric liquid release times 0.01 uwCi/ml of
tritium in liquid waste. The uifference between the total release and liquid release is the
amount considered to be released through the plant ventilation exhaust systems.

1 5.1.11 Regeneration of Condensate Demi.eralizers

flow rates and concentrations of radioactive materials routed to the ligquid radwaste system
from the chemical regeneration of the condensate demineralizers are based on the following
parameters:

1. Liquid flow to the demineralizer is based on the radicactivity of the main steam.

2. A1l radionuclides removed from the condensate by the demineralizers are removed from
the demineralizer resins during chemical regeneration. The regenerant waste radioactivity is
adjusted for radionuclide decay during operation of the demineralizers.

3. The radioactivity in the regenerant wastes is adjusted for radionuclide decay on the
resins during demineralizer operation,

1.5.1.12 Adjustment to Liquid Radwaste Source Terms for Anticipated Operational Occurrences

1. The calculated source term is increased by 0.15 Ci/yr per reactor using the same
isotopic distribuiion as for the calculated source term to account for anticipated occurrences
such as operator errors resulting in unplanned releases.

2. Evaporators are assumed to be unavailable for two consecutive days per week for main-
tenance. If a two-day holdup capacity or an alternative evaporator is availatle, no adjustment
is npeded. If less than a two-day capacity is available, the waste excess is assumed to be
handled as follows:
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The input flows and activities are entered in units of gal/day and frac*ion of PCA,
. respectively.

1.5.2.9.2 Decontamination Factors for Equipment Used in the Liquid Radwaste Treatment System
(Cards 10, 13, 16, and 19)

The decontamination factors (DFs) should be entered in the second card for each liquid rad-
waste inlet stream. The DFs represent the expected equipment performance averaged over the
life of the plant, including downtime. The following factors are to be considered in calculating
overall decontamination factors for the various systems.

1. DFs are categorized by one of the following types of radionuclides:
a. Halogens
b. s, Rb
| ¢. Other nuclides

Note: A DF of 1 is assumed by the BWR-GALE Code for tritium. Noble gases and water
activation products are not considered in the liquid code.

2. The system DF for each inlet stream is the product of the individual equipment DFs 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 1-3 shows the decontamination factors to be used for BWR systems.

| The following example illustrates the calculation of the decontamination factor for a Tow-

| purity waste treatment system: Assume that low-purity 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 pro-

| cessed through a mixed-bed demineralizer for additional radionuclide removal. This example may
be summarized graphically as:

Demineralizer 2

g |
I}..‘

| —

Dirty waste ‘ r—E—e " ET;;‘—GE'_] [9—! "—‘-' n_;'.ﬁ;r:ﬂ j ::skle sample

Lcollectm tank .

Extracting from Tabie 1-3 gives the following values for the exampie:

Filter Evaporator Demineralizer | Demineralizer 2 Product
Halogens i 'IO3 10 1 IO4
Cs, Rb 1 10° 10 1 10°
Other Nuclides | 10* 10 | 10°

These values were obtained as follows:
. A DF of 1.0 was applied to all nuclides for the filter.

A DF of 103 for halogens and 10d for Cs, Rb, and other nuclides was applied for the
radwaste evaporator.

& DF of 10 was applied for halogens, Cs, Rb, and other nuclides and for the evaporator
| condensate polishing demineralizer.

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

" The product of the DFs was obtained by combining the first four columns for each
radionuclide.
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For example, for the following input waste stream:

FLOOR DRAINS
1000 GAL/DAY

|
. o .
FLOOR DRAIN FLOOR DRAIN DETERGENT WASTE
TANK A TANK B 450 GAL/DAY
20,000 GAL 20,000 GAL
Rl [ ) a__.-.T--__l
) [ WASTE
SAMPLE
TANK A
S, 40,000 GAL
WASTE ] e —
EVAPORATOR
15 GAL/MIN
WASTE
SAMPLE
TANK B
40,000 GAU (}._
DISCHARGE
PUMP 10 GAL/
MIN.

UDecay time during processing and discharge would be calculated as follows:

. 3 0.8){20,000 gal _
Process Time (Tp) = méim 0.7 day

. - o.a)gao'ooo al :
Discharge Time (Yd) * {70 gai/min) 11840 min/day 3 days
Then, checking for decay credit, 0.8C/(Ry + Ry) = 1.45 days, which is greater than Tp;

therefore, credit is taken for (Tp + 0.5T4) or 2.2 days for processing and discharge. The input
on spaces 48-53 to the Code is 2.2 days for processing and discharge time.

1.5.2.9.5 Fraction of Wastes Discharged (Cards 11, 14, 17, and 20 -- Spaces 72-77)

The percent of the wastes discharged after processing may vary between 1% and 100% based on
the capability of the system to process ligquid waste during equipment downtime, waste volume
surges, tritium control requirements, and tank surge capacity. A minimum value of 1% discharge
for high-purity wastes and 10% discharge for other wastes is used when the radwaste system is
designed for maximua waste recycle, the system capacity is sufficient to process wastes for
reuse during equipment downtime and anticipated operational occurrences, and a discharge route
is provided,

The BMR-GALE Code calculates the release of radiocactive materials in liquid waste from the
four inlet streams after processing. Releases included in each stream are:

1. High-Purity Waste - Combined reieases from equipment drains and sumps.

2. Low-Purity Waste - Combined releases from floor drains and sumps.

3. Chemical Waste - Combined releases from laboratory and decontamination wastes and from
demineral izer regenerant solutions according to the design of the condensate deminerah;er
system. If a filter/demineralizer (Powdex) system is used, the laboratory and decontamination
wastes are combined with the low-purity waste or solidified in the solid waste system.

4. Detergent Waste System - Combined releases from laundry operations, equipment decontam-
ination solutions, ana personnel decontamination showers.

1.5.2.10 Card 21: Gland Seal Steam Flow

Enter in spaces 73-80 of Card 21 the steam flow (in 103 1b/hr) to the turbine gland seal,
as follows:
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1. If main steam is used for the sealing steam, enter a flow rate 0.001 times the main
steam flow entered previously on Card 3.

2. 1f clean (nonradioactive) steam from an auxiliary boiler is used for sealing steam,
enter a zerg in spaces 73-8C.

1.5.2.11 Card 22: Mass of Steam in Reactor Vessel (SAR/ER)

Enter in spaces 73-80 the mass of steam in the reactor vessel (in lo6 1b).

1.5.2.12 Card 23: Gland Seal Holdup Time (SAR/ER)

Enter in spaces 73-80 the design holdup (in hr) for gases vented from the gland seal
condenser.

1.5.2.13 Card 24: Holdup Time for Condenser Air Ejector Offgas (SAR/ER)

Enter in spaces 73-80 the design holdup time {in hr) for offgases from the main condenser
air ejector to be processed through the offgas treatment system, e.g., a 10-minute holdup time
prior to cryogenic distillation,

1.6.2.14 Card 25: Containment Building Releases

1. 1f ventilation exhaust air is treated through charcoal adsorbers, enter YES in
spaces 43-45. If no treatment is provided, leave spaces 43-45 blank.

2. If ventilation exhaust air is treated through HEPA filters, enter YES in spaces
52-54. If no treatment is provided, leave spaces 52-54 blank.

1.5.2.15 Card 26: Turpine Building Releases

I. [f ventilation exhaust air is treated through charcoal adsorbers, enter YES in
spaces 43-45, If no treatment is provided, leave spaces 43-45 blank.

A If ventilation exhaust air is treated through HEPA filiers, enter YES in spaces
52-54, If no treatment is provided, leave these spaces blank.

3. If "clean steam" or other acceptable special design features are provided on valves
2-1/2 inches and larger to reduce steam leakage, enter YES in spaces 68-70. If the above features
are not provided, leave spaces 68-70 blank.

1.5.2.16 Card 27: Fraction of lodine Released from Turbine Gland Seal Condenser Vent

1. Enter 1.0 in spaces 73-80 if the noncondensables are released from the turbine
gland seal condenser without treatment or if clean steam is used,

Enter 0.1 in spaces 73-80 if, prior to release, the noncondensables are processed
through charcoal adsorbers having a 90% efficiency.

~N

1.5.2.17 Card 28: Fraction of lodine Released from the Condenser Air Ejector Offgas
Treatment System

1. Enter 1.0 in spaces 73-80 if the offgas is released without treatment.

2. Enter 0.1 in spaces 73-80 if, prior to release, the offgas is processed through a
charcoal adsorber having a 90% efficiency.

3. Enter a zero in spaces 73-80 if the offgas is processed through a charcoal delay
system.

4. Enter 1.0 in spaces 73-80 if the offgas is processed through a cryogenic distilla-
tion system (removal of iodine by the cryogenic distillation system is built into the Code - see
Card 30).

1.5.2.18 Card 29: Auxiliary Building Releases

1. 1f ventilation exhaust air is treated through charcoal adsorbers, enter YES in
spaces 43-45. If no treatment is provided, leave blank.
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CHAPTER 2, PRINCIPAL PARAMETERS USED

2.1 INTRODUCTION

The principal parameters used in source term calculations have been compiled to standardize
the calculation of radicactive source terms. The source term is defined as the calculated
average quantity of radiocactive material released annually to the environment from a nuclear
power reactor during normal operation, including anticipated operational occurrences. The
parameters ysed in the calculations are the average values expected over the life of the
plant. Normal operation includes anticipated operational occurrences that deviate from steady-
state operation.

The following sections describe parameters used in the evaluation of radwaste treatment
systems. The parameters have been derived from reactor operating experience where data were
available. Where gperating 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 BWR-GALE Code are updated as additional operating data become
available. The source term parameters used are believed to provide a realistic assessment of
reactor and radwaste system operation.

2.2 PRINCIPAL PARAMETERS AND THEIR BASES
2.2.1 THERMAL POWER LEVEL
2.2.1.1 Parameter

The maximum thermal power level (Mi*) evaluated for safety considerations in the Safety
Analysis Report,

2.2.1.2 Bases

The power level used in the source term BWR-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 PLART CAPACITY FACTOR
2.2.2.1 Parameter
Plant capacity factor of 80%, i.e., 292 effective full power days.

2.2.2.2 Bases

The source term calculations are based on a plant capacity factor of B0X 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 BWRs are listed in Table 2-1 for the period
1961 through 1974,

The average plant capacity factors listed indicate that the 80% factor assumed is higher
than the average factors experienced. However, it is expected that the maintenance and
refueling problems that have contributed to the low capacity factors will be overcome.

2.2.3 RADIONUCLIDE CONCENTRATIONS IN THE REACTOR COOLANT
2.2.3.1 Parameter

Table 2-2 lists the expected radionuclide concentrations in the reactor coolant and steam
for BWRs with design parameters within the ranges listed in Table 2-3. Should any design

parameter be outside the ranges in Table 2.7 adjust the concentrations in Table 2-2, using
Tables 2-4 and 2-5. Figure 2-1 shows the graphical relationship of the design parameters.
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TABLE 2-1

PLANT CAPACITY FACTORS AT OPERATING BWRs*

13 v
n }

INITIAL

FACILITY CRITICALITY 1968 1963 1970 1971 1972 1973 1974
Dresden 1 10/15/59 52 48 78 35 61 40 21
Big Rock Point 9/27/62 68 64 58 59 57 67 54
Humboldt Bay 2/16/63 82 68 76 61 59 70 61
Oyster Creek 5/3/69 74 7 77 64 66
Nine Mile Point ) 9/5/69 63 62 68 63
Dresden 2 1/7/70 39 47 74 51
Millstone 1 10/26/70 63 55 34 63
Monticello 12/10/70 74 (3] 57
Dresden 3 1731/ 67 54 47
Nuad Cities 1 1018/ 70 51
Vermont Yankee 3/24/72 42 59
Quad Cities 2 4/26/72 74 68
Pilgrim 1 6/16/72 72 34

Average 87 B0 i 3 T i 3 118 53
e

From "U.S. Nuclear Power Reactors," Atomic Energy Commission, WASH-1203-68 to 73, Tatle 1, "Selected Operating Stat stics.”
Plant capacity factors listed are for the calendar year(s) following a period of at least six months since initial criticality.
Operating BWRs not included in the table are Browns Frrry 1 and Peach Bottom 2, which achieved criticality during CY-1973.
The LaCrosse Nuclear Power Station was not included since it is not considered to be representative of current power reactors.













TABLE 2-4
VALUES USED IN DETERMINING ADJUSTMENT FACTORS FOR
BOILING WATER REACTORS

WATER
" NOBLE ACTIVATION OTHER
SYMBOL DESCRIPTION GASES HALOGENS Cs, Rb PROBUCTS TRITIUM  NUCLIDES
NA Fraction of material 0.0 0.9 0.5 c.0 0.0 0.9.
removed in the reactor
water cleanup system
-
NB Fraction of material 0.0 0.9 0.5 0.0 0.0 0.9
removed by the conden-
sate demineralizers
N3 Ratio of concentration L 0.02 0.001 Wik 1.0 0.001
in reactor steam to the
concentration in reactor
water
" Removal rate from %he b 1.0 0.19 e t+ 9.34
reactor water (hr=!)+

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

** A1l noble gases released from the core are transported rapidly out of the reactor water to
the reactor steam and are stripped from the system in the main condenser. Therefore the
concentration in the reactor water is negligible and the steam concentration is approxi-
mately equivalent to the ratio of the release rate and the steam flow rate.

#** Water activation products exhibit varying chemical and physical properties in reactor coolant
which are not well defined. However, most are stripped off as gases. They are not effec-
tively removed by the demineralizers of the systems, but their concentrations are controlled
by decay.

fhese values of R apply to the reference BWR whose parameters are given in Table 2-3 and
have been used in developing Table 2-5. For BWRs not included in Table 2-3, the appropriate
value for R may be determined by the following equation:

g « FA-NA + NC-FS-NS-NB
W

for halogens, Cs, Rb, and other nuclides

where the symbols are defined in this table and Table 2-3. The values for R for noble gases
and water activation products are not used in the adjustment factors of Table 2-5.

v+ The tritium concentrations in the reactor water and the steam are expected to be equal. They
are controlled by loss of water from the main coolant system by evaporation or leakage. The
concentration is therefore given by the ratio of the appearance rate in the coolant, which
is about lgp Ci/yr, and the total loss from the system.
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TABLE 2-7
SUMMARY OF NOBLE GAS RELEASE RATES FOR
. OPERATING BWRs (1973-1974)

| VoI RECEASES T Y974 PELEASES
NOMINAL  HOLDUP - 75, | m— AVERAGE

2 PONER  TIME | EFPD NOBLE GAS AVERAGE AT 3400 MWt | EFPD™" NOBLE GAS AVERAGE AT 3400 Mut

REACTOR (Mat) (min) |(days)  (Ci/yr) _ (uCifsec)  (uCi/sec) | (days)  (Cifyr)  (uCi/sec)  (uCi/sec)
Oyster Creek 1930 90 230 812,000 35,000 120,000 240 280,000 14,000 47,000
Nine Mile Point 1 1850 60 250 872,000 40,000 110,000 280 617,000 30,000 75,000
Millstone 1 2011 50 120 69,500 7,000 21,000 230 912,000 46,000 99,000
Dresden 2, 3" 5054 60 440 875,000 46,000 43,000 340 628,000 21,000 20,000
Monticello 1670 60 250 732,000 34,000 95,000 220 1,490,000 78,000 220,000
0ad Cities 1, 2 5022 60 510 903,000 41,900 42,000 | 430 1,049,000 28,000 26,000

Vermont Yankee 1593 60 160 187,000 20,000 63,000

Pilgrin ] 199 60 | 20 20,000 10,000 25000 | 130 546,00 49,00 126,000

Yearly Average 61,000 ! 73,000

o e i
Reactors smaller than 1000 MWt (Big Rock Point, Dresden 1, Humboldt Bay, Lacrosse) are not included.
Reactors undergoing startup (Browns Ferry 1, Cooper 1, Duane Arnold, Peach Bottom 2) are not included.

.'Effective full power days of operation.
Rk
Dresden 2, 3 and Quad Cities 1, 2 are both considered as two reactors.

“Vermont Yankee Nuclear Power Station was not included for CY-1974 because of insufficient data regarding
effect of augmented offgas treatment system.













































2.2.8 AIR INLEAKALE TO THE MAIN CONDENSER
2.2.8.1 Paramecer

10 ft3/min air inleakage for each condenser shell of the main condenser.
2.2.8.2 Bases

Air inleakage to the main condenser is a function of the number of condenser sheils and of
the station housekeeping performed to reduce inleakage and maintain low inleakage levels. Oper-
ating data for inleakage vary widely. For example, Oyster Creek and Dresden 2 air inleakage
measurements during early operation indicated that leakage rates were 4 to 250 ft3/min. Ygt.
Oresden 1 inleakage during full-power operation has been measured to be approximately 3 ft3/min.

A large amou. © of air inleakage data has been evaluated for TVA power plants, where inleak-
age measurements have been recorded for several years. Air inleakage measurements for six TVA
plants, representing more than 40 years of cumulative experience, indicate leakage rates ranging
from 4 to 12 ft3/min per condenser shell.

An air leakage rate of 10 ft3/min per condenser shell is assumed for nuclear power plants
under normal operating conditions, including anticipated operational occurrences, averaged over
the Tife of the plant,

2.2.9 HOLDUP TIMES FOR CHARCOAL DELAY SYSTEMS
2.2.9.1 Parameter

T = 0.26 MK/10 N
where

K is the dynamic adsorption coefficient, in cm3/g (see chart below);
M is the mass of charcoal adsorber, in thousands of pounds;
T is the holdup time, in hours; and

10 N is the number of shells in main condenser times 10 ft3/m€n inleakage per shell,

Dynamic adsorption coefficients (in cwjlg) are as follows:

OPERATING 77°F OPERATING 77°F OPERATING  G°F
DEW _POINT 45°F DEW_POINT 0O°F DEW POINT -20°F
o 18.5 25 105
ke 330 440 2410

Charcoal delay systems are evaluated using the above equation and dynamic adsorption
coefficients, T = MK/10 N is a standard equation for the caiculation of delay times in charcoal
adsorption systems (Ref, 14). The dynamic adsorption coefficients (K values) for Xe and Kr are
dependent on operating temperature and moisture content (Refs. 15 and 16) 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 (Refs. 17 and 18) anc¢ reports concerning charcoal
adsorption systems (Refs, 14, 15, 16, 18, 19, 20, and 21).

The factors influencing the selection ¢ ‘aligs are
-
1. Operational data from KRB /* Jy hyo = 260-430) (Ref, 17) and from
e .4
KWL (kKr = 30, kXe = 50 ‘

-

Kernkraftwerk RWE - Bayernwerk GmbH.
*
" Kernkraftwerk Lingen GmbH.
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2. The effect of temperature on the dynamic adsorption coefficients, indicated
in Figure 2-2 (Ref. 15).

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

4. The variation in K values between researchers and between the types of charcoal used in
these systems (Refs. 15, 22, and 23). Because of the variation in K values based on
different types of charcoal and the data reported, average values taken from KRE and
KWL data shown in Figure 2-2 are used.

The ~oafficient 0.26 adjusts the units and was calculated as follows:

5

T(hry = MU0% 1b) K(en®/g)(454 9/10)(3.53 x 10°° fe¥/cn’)
(10 ft>/min-shel1)(N shells)(60 min/hr)

T=0.26 Tﬁ;ﬁ

2.2.10 DECONTAMINATION FACTCRS FOR CRYOGENIC DISTILLATION

: 2.2.10.1 Parameter
NUCL IDES . DECONTAMINATION FACTOR
I, Xe 1 x 10°
Kr 4 x 103

The holdup times are calculated on the basis of gas residence time in the system prior to

release.
‘lllll’ 2.2.10.2 Bases

A DF of 104 for iodine and xenon and a DF of 4 x 103 for krypton are used for a crycjenic
distillation system. The values are based on data submitted in Amendment 11 to the PSAR for the
Hope Creek Nuclear Generating Station, Units 1 and 2 (Ref. 24), which were derived from a pro-
prietary report (Ref. 25) of Air Products and Chemical, Inc, The PSAR states that a maximum of

4
0.025% Kr {(DF = 4 x 103) and 0.01% Xe (DF = 10°) will escape from the system. These decon-

tamination factors are considered reasonable.
2.2.11 DECONTAMINATION FACTOR FOR THE CHARCOAL ADSORBERS AND HEPA FILTERS
2.2.11.1 Parameter

Use a nominal DF of 10 for ifodine removal by charcoal adsorbers subject to applicant's
commitment to provide data to support charcoal bed depth for removal efficiency used. Use a DF
of 100 for particulate removal by HEPA filtration.

2.2.11.2 Bases

Only very limited data are available concerning the removal of iodine at trace concentrations

(10'12 bCi/cma). The majority of the available data concerning iodine adsorption on activated
carbon is addressed toward iodine concentrations that are orders of magnitude higher than the
levels of concern in source term evaluatiuns for normal operations.

The ijodine removal efficiency of activated carbon varies greatly, even between carbon in the
same lot {(Ref. 23). This lack of consistency makes the comparison of reported data .ifficult.
The difficulty is compounded by sampling and measurement problems encountered when working with
the low iodine concentrations involved. Accordingly, useful information concerning the adsorption
of trace quantities of iodine is limited (Ref. 26). In addition, when iodine is present in Tow
concentrations, impurities in the carrier gas may be adsorbed by the charcoal causing competsition
between the iodine and impurities. Over long periods of time (i.e., several months), cuch impu-
rities may saturate (poison) the adsorber (Ref. 27), thereby decreasing the apparent iodine
adsorption coefficient (Ref. 26) and shortening the time before iodine breakthrough. Channeling
through the charcoal bed via passages caused by poor initial bed packing or by settling during
use will also decrease adsorber efficiency.
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CHARCOAL ADSORPTION COEFFICIENT (cc/g)

10*

10

10°

107

10'

10°

|RBRALL

I

1 THII]

LI !IHH]

LI YTUlll

V DATA FROM UNDERHILL

O DATA FROM BROWNING

+100 +32 0 -40
L1l
L 2

i | 1 | 1 1
0001 0002 0003 0004 0005 0006 0007

1 IITHI]

(=]

RECIPROCAL TEMPERATURE (1/°K)
FIGURE 2-2

KRYPTON AND XENON K VALUES AS A FUNCTION
OF RECIPROCAL TEMPERATURE

2-30




-
X
5,
e
s
Q
e
@®
s
7
Q
q
<
')
a
<

20+

ol (.()lUMBIA G LHARCOAL 8 14 MESH |
KRYPTON 85 WITH OXY(:EN SWEEP GAS(25° CJ

1 2

3

|
A -

4 5 6

MOISTURE CONTENT OF CHARCOAL (wt%)

FIGURE 2-3
EFFECT OF MOISTURE CONTENT ON THE
CYNAMIC ADSORPTION COEFFICIENT

pesorpTiON/
/
/

/
A
I
I

|

3
|

== i R

0 10 20 30 40 50

60

WATER ADSORPTION|
AND DESORPTION
ISOTHERMS ON
MACAR G210 AFTER
REPEATED ADSORP+
TION AND DE
SORPTION
(EQUILIBRIUM
DYNAMIC
DETERMINATION
15-40° C RANGE
MACAR G21

70 80 90 100 110 120

AIR RELATIVE HUMIDITY

FIGURE 2-4

CHARCOAL MOISTURE AS A FUNCTION
OF RELATIVE HUMIDITY
















2.2.15 TRITI'™ RELEASES
2.2.15.1 Parameter

The total tritium release through liquid and vapor pathways is 0.025 Ci/yr per Mdt. The
quantity of tritium released through the liquid pathway is based on the calculated volume of
Tiquid released with a tritium concentration of 0.01 uCi/cem3 up to a maximum of 50% of the total
Guantity of tritium calculated to be available for release. The remainder of the tritium pro-
duced 1s assumed to be released as a vapor from the plant vent.

2.2.15.2 Bases

Table 2-34 lists the measured liquid and gaseous tritium releases from BWRs for 1972, 1973,
and 1974. Based on the total tritium release for each facility, the integrated thermal power
produced during the year, and a plant capacity factor of 80%, the total annual release is approxi-
mately 0.025 Ci/MWt through the combined liquid and vapor pathways.

The tritium can be released either in liquid wastes or as a vapor with ventilation efflu-
ents, the relative amounts being dependent on liquid recycle practices. The tritium concen-
tration assumed for the liquid releases is based on the tritium concentration given in Table 2-2
and 1s the value recommended by the ANS 18.1 Working Group for BWR source term calculations. This
value is based on a review of tritium concentrations in BWR liquid streams (Ref. 1). This
evaluation assumes steady-state conditions; i.e., the tritium inventory in the plant remains
constant and the tritium entering the reactor water is released through the lijuid and vapor
pathways.

2.7 16 DECONTAMINATION FACTORS FOR DEMINERALIZERS
. 2.16.1 Parameter

The following are the expected decontamination factors (DFs) for demineralizers used on
process or radwaste streams.

DZCONTAMINATION FACTORS*

DEMINERALIZER TYPE ANION  Cs, Rb gggf?oss
Mixed Bed (W' OH")

Reactor coolant 10 2 10

Condensate 10 2 10

Clean waste 10%(10)  10(10) 102(10)

Dirty waste (floor drains) 104(10) 2(10) 102(10)
Cation Bed (H')

Dirty waste 1(1) 10(10) 10%(10)
Powdex (any system) 10(10) 2(10) 10(10)

5
For an evaporator poli .»ing demineralizer or for the second demineralizer in series,
the OF is given in the ' irentheses.

2.2.16.2 Bases

The DFs for demineralizers used in the evaluation of liquid waste treatment systems are
derived from the findings of a generic review in the nuclear industry by ORNL (Ref. 34). This
reference contains operating and theoretical data that provide a basis for the numerical values
assigned. The information contained in this report was projected to obtain a performance value
expected over an extended period of operation. It was also considered that attempts to extend
the service 1ife of the resin will reduce the DFs below those expected under controlled operating
conditions.
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DF_ =
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where
DFm is the membrane OF;
OFS is the system DF; and
F is the ratio of effluent volume to inlet volume (percent recovery).

Tables 2-35 through 2-37 give membrane [Fs derived from operating data at Point Beach and
Ginna (Refs. 36, 37, 38, and 39) and laboratory data on simulated radwaste liquids (Refs. 40 and
41). These data indicate that the overall membrane DF is approximately 100, The percent recovery
for liquid radwaste processes using reverse osmosis is expected to be approximately 95%, i.e., 5%
concentrated liquor. Using these values in the above equation, the system DF is approximately 30.

0.95

DF, & o st 30
S 1. (1 - .95) /100

The data used were derived mainly from tests on laundry wastes. The DF for other plant
wastes, e.g., floor drain wastes, is expected to be lower because of the higher concentrations of
iodine and cesium isotopes. As indicated by the data in Tables 2-35 and 2-37, the membrane DF
for these isotopes is lower than the average membranc DF used in the evaluation for laundry waste.

2.2.19 GUIDELINES FOR CALCULATING LIQUID WASTE HOLDUP TIMES

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

1% The collection time for an 80% volume change in the tank, based on the 1iquid waste
flow rates from the source (above values).

2. The total time liquid remains in the system for processing, based on the flow rate
through the limiting process step.

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

The calculated values in 1. and the total of 2. and 3. are used as inputs to the computer
code.

2.2.20 ADJUSTMENT TO LIQUID RADWASTE SOURCE TERMS FOR ANTICIPATED OPERATIONAL OCCURRENCES
2.2.20.1 Parameter

(8 Increase the calculated source term by 0.15 Ci/yr per reactor using the same isotopic
distribution as for the calculated source term to account for anticipated opera ional occurrences
such as operator errors that result in unplanned releases.

7. Assume .vaporators to be unavailable for two consecutive days per week for maintenance.
If a 2-day holdup capacity 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 unavailable.

2.2.20.2 Bases

Reactor operating data over a 2-1/2-year perioc lanuary 1973 through June 1975, repre-
senting 102 reactor years of operation were e 'lv. e. to determine the frequency and extent of
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3.4 LISTING OF BWR-GALE CODE

3.4.1 NUCLEAR DATA LIBRARY

Calculation of the releases of radicactive materials in liquid effluents using the GALE
Code requires a library of nuclear data available on magnetic tape from the Division of ADP
Support, USNRC (301)492-7713. For convenience, the tape consists of five files, written in
card image form, The contents of the five files are:

1. File 1: A FORTRAN listing of the liquid effluent code.

2. File 2: MNuclear data library for corrosion and activation products for use with the
liquid effluent code,

3. File 3: Nuclear data library for fuel materials and their transmutation products for
use with the liquid effiuent code.

4. File 4&: Nuclear data library for fission products for use with the liquid effluent
code.

5, File 5: A FORTRAN listing of the gaseous effluent code.
The tane is written in the following format:
0Ch = (RECFM = FB, LRECL = 80, BLKSIZE = 3200)
Use of the tape requires two data cards in addition to those described above containing the

plant parameters. For a low enrichment uranium-235 oxide-fueled 1ight water reactor, these
cards should always contain the following data:

CARD coLum INPUT_DATA
1 1-72 Title
‘ 1 75 The value 2
* 2 1-10 The value 0.632
Z 11-20 The value 0.333
2 21-30 The value 2.0
2 31-40 The value 1.0E-25
2 41-46 The date (month, day, year)
2 ag The value 1
2 50 The value O
2 52 The value O

A description of the information contained in the nuclear data library can be found in the
report ORNL-4628, “OKIGEN - The CRNL Isotope Generation and Depletion Code," dated May 1973.

3.4.2 FORTRAN PROGRAM LISTING

The remainder of this chapter provides the program listing for the BWR-GALE Code.
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CHAPTER 4. DATA NEEDED FOR RADIOACTIVE SOURCE TERM

CALCULATTONS FOR BOTLINC WATER REACTORS (BWRs]

This chapter 1ists the information needed to generate source terms for BWRs. The information
is provided by the applicant and should be consistent with the contents of the Safety Analysis
Report (SAR) and the Environmental Report (ER) of the proposed boiling water reactor. This
information is the basic data required to calculate the releases ~° radioactive material in
liquid and gaseous effluents (the source terms). All data is on a per-reactor basis.

4.1 GENERAL

1. The maximum core thermal power (MWt) evaluated for safety considerations in the SAR.
(Note: A1l of the following responses should be adjusted to this power level.)

B The quantity of tritium released in liquid and gaseous effluents (Ci/yr per reactor).
4.2 NUCLEAR STEAM SUPPLY SYSTEM

1. Total steam flow rate (in 1b/hr).

2. Mass of reactor coolant (in 1b) in the reactor vessel at full power.

REACTOR COOLANT CLEANUP SYSTEM

1. Average flow rate (in 1b/hr).

2. Demineralizer type (deep bed or powdered resin) and size (in ft3).

A Regeneration or replacement frequency.
4. Regenerant volume (in gal/event) and activity (if applicable).

CPAPENSATE DEMINERAL IZERS

1. Average flow rate {in 1b/hr).

2. Demineralizer type (deep bed or powdered resin).

3. Number and size (in ftl) of demineralizers.
Regeneration or replacement freguency.

Indicate whether ultrasonic resin cleaning is used and waste liquid volume
associated with its use.

6. Regenerant volume (in gal/event) and activity.

LIQUID WASTE PROCESSING SYSTEMS

1. For each liquid waste processing system, provide in tabular form the following
information:

a. Sources, flow rates (in gal/day), and expected activities (fraction of primary
coolant activity, i.e., PCA) for all inputs to each system.

Holdup times associated with collection, processing, and discharge of all
1iquid streams.

Capacities of all tanks (in gal) and processing equipment (in gal/day) considered
in calculating holdup times.

Decontamination factors for each processing step.




4.7

seal

e, Fraction of each processing stream expected to be discharged over the life
of the plant,

f. For waste deminera'izer regeneration, the time between regenerations, regenerant
volumes and activities, treatment of regenerants, and fractions of regenerant
discharged. Include parameters used in making these determinations.

g. Liquid source term by radionuclide (in Ci/yr} for normal operation, including
anticipated operational occurrences.

2. Provide piping and instrumentation diagrams and process flow diagrams for the liquid
radwaste systems, along with all other systems influencing the source term calculations.

MAIN CONDENSER AND TURBINE GLAND SEAL AIR REMOVAL SYSTEMS

i The holdup time (in hr) for offgases from the main condenser air ejector prior to
processing by tre offgas treatment system.

2. A description and the expected performance of the gaseous waste treatment systems for
the offgases from the condenser air ejector and mechanical vacuum pump. The expected
air inleakage per condenser shell, the number of condenser shells, and the iodine
source term from the condenser.

3 The mass of charcoal (in tons) in the charcoal delay system used to treat the offgases
from the main condenser air ejector, the operating and dew point temperatures of the
delay system, and the dynamic adsorption coefficients for Xe and Kr.

4. A description of the cryogenic distillation system, the fraction of gases partitioned
during distillation, the holdup in the system, storage following distillation, and the
expected system leakage rate.

5. The steam flow (in 1b/hr) to the turbine gland seal and the source of the steam
(primary or auxiliary).

6. The design holdup time (in hr) for gas vented from the gland seal condenser, the
iodine partition factor for the condenser, and the fraction of radioiodine released
through the system vent. A description of the treatment system used i: reduce radio-
iodine and particulate releases from the gland seal system.

7. Piping and instrumentation diagrams and process flow diagrams for the gaseous waste
treatment system, along with all other s_stems influencing the source term calculations.

VENTILATION AND EXHAUST SYSTEMS

For each plant building housing the main condenser evacuation system, the turbine gland
system exhaust, or any system that contains radioactive materials, provide the following:

| 3 Provisions incorporated to reduce radioactivity releases through the ventilation or
exhaust systems,

2. Decontamination factors assumed and the bases (include charcoal adsorbers, HEPA
filters, and mechanical devices).

3. Release rates for radioiodine;, noble gases, and radiocactive particulates (in Ci/yr);
radicactive particulate size distribution; and the bases.

4. Release point description including height above grade, height above and location
relative to adjacent structures expected average temperature difference between
gaseous effluents and ambient air, flow rate, exit velocity, and size and shape of
flow orifice.

5. For the containment building, indicate the expected purge and venting frequencies
and duration and the continuous purge rate (if used).

4.2
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