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FOREWORD

The calculational procedures described in this NUREG report reflect
current NRC staff practice. Therefore, the methods described herein
will be used in the evaluation of applications for construction permits
and operating licenses docketed after January 1, 1979, until this

NUREG is revised as a result of additional staff review.
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CHAPTER 1. BWR-GALE CODE

1.1 INTRODUCTION

o In prgmu]gatjng Appendix I to 10 CFR Part 50, the U.S. Nuclear Regulatory Commission
indicated its de§1r§ to use the best available data for improving the calculational models
used py thg Comm1ss1oq 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-OO]G by incorporating more recent operating data now available and also by
incorporating the results of a number of in-plant measurements programs at operating BWRs.

The BWR-GALE (Boiling Water Reactor Gaseous and Liquid Effluents) Code is a computerized
mathematical mode] for calculating the release of radioactive 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 considera-
E;ons 1qcorporzted to reduce the quantity of radioactive materials that may be released to

e environment.

The average guantity of radioactive material released to the environment from a nuclear
power reactor during normal operation including anticipated operational occurrences is called
the "soqrce term," since it is the source or initial number used in calculating the environ-
mental impact of radioactive releases. The calculations performed by the BWR-GALE Code are
based on (1) standardized coolant activities derived from American 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 streams, (3) plant-specific
design features used to reduce the quantities of radioactive materials ultimately released to
the environs, and (4) information received on the operation of nuclear power plants.

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 radioactive materials in the reactor
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 by the reactor coolant cleanup system, (4) radioactivity removed by
the condensate demineralizers, (5) radioactivity removed through the steam-jet air ejectors,
and (6) radioactivity removed due to reactor coolant leakage. These mechanisms are described
briefly in the following paragraphs.

Fission products enter the coolant as a result of defects in the fuel cladding and from
the tramp uranium on the cladding surfaces, while corrosion products are activated in the
reactor core. These impurities must be continuously removed from the reactor coolant to
prevent damage to the fuel elements and other reactor components. The removal is accom-
plished 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 water cleanup system (demineralizers), and returned to the reactor vessel. Both
cleanup systems remove particulates and fonic 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.

Radioactive 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. Treatment methods include holdup lines, Tong-term
holdup using charcoal delay systems, and cryogenic distillation.

Additional radioactive material is released with the exhaust from the turbine gland
sealing system when 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, radioactive particulates, and radioiodine 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 (nonradioactive steam) may be
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used in place of primary steam to eliminate the turbine gland seal as a potential 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 shut-
downs to maintain a slight condenser vacuum and thereby prevent outleakage of radioactive
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 to the environment.

In addition to the above release points, the BWR-GALE Code considers ventilation system
releases from the turbine, containment, auxiliary (including the spent fuel pool area), and
ra@qute bqi1d1ngs due to leakage from contaminated systems. Such leakage from systems con-
taining 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 alrbgrne 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, jodine, and particulates that are released directly to the building atmosphere.
In some cases, leakage may be reduced by special design features such as vacuum leakoff
dra1qs or "clean" steam on the valve bonnets in.addition to normal precautions such as back-
seating valves and using all-welded systems. Leakage can also be reduced by the use of
closed leakoff drains and by increased maintenance.

Liquid waste sources jnc]ude 1iquid streams used to sluice (transfer), backwash, regen-
erate, and rinse dem1ngra13zer resins; laundry waste water; personnel shower wastes; laboratory
gra!n wastes; decontamination wastes; and water collected in equipment drains and floor

rains.

This chapter provides a step-by-step explanation of the BWR-GALE Code and a description
of the parameters that have been built into the Code for use with all BWR source term calcula-
tions. These parameters, which apply generically to all BWRs, have been incorporated into 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.

Anticipated Operational Occurrences - unplanned releases of radioactive materials from mis-
cellaneous actions such as equipment failure, operator error, administrative error, that are
not of consequence to be considered an accident.

Chemical Waste Stream:  Liquids that contain relatively high concentrations of decontamination
wastes or chemical compounds other than detergents. These liquids originate primarily from
resin regenerants and laboratory waste.

Carryover Factor: Ratio of I-131 concentration in the condenser hotwell to its concentration
in the reactor vessel. This value is used to express the partition coefficient between the
steam and water phases in the reactor.

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

Detergent Waste Stream:™ Liquids that contain detergent, soaps, or similar organic matgria]s.
These 1iquids consist principally of laundry, personnel shower, and equipment decontamination
wastes and normally have a Tow radioactivity content.

Effective Full Power Days: The number of days a plant would have to operate at 100% licensed
power to produce the integrated thermal power butput during a calendar year; i.e.,
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: IP.T.
Effective Full Power Days = Integrated Thermal Power _ ~ i i

Licensed Power Level Ptota1
where
Pi is the ith power level, in MWt;
Ptota] is the license power level, in MWt; and
T, is the time of operation at power level i, in days.

1

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

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

High-Purity Waste Stream: Liquids, normally of low conductivity, consisting primarily of
Tiquid waste collected from building equipment drains, valve and pump seal leakoffs, demin-
eralizer backwash, ultrasonic resin cleaning, and resin transfer. These liquids are normally
reused as primary coolant makeup water after processing.

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

Low-Purity Waste Stream: Liquids, normally of high conductivity and not of primary coolant
quality, collected from building sumps, uncollected valve and pump seal leakoffs, miscellaneous
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 1liquid and gas are at equilibrium.

Plant Capacity Factor: The ratio of the average net power to the rated power capacity.

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

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

Reactor Coolant: The fluid circulated through the reactor to remove heat. In a BWR, the fluid
s 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 concentrations for the
reactor coolant and main steam are based on the values given in American National Standard,
ANSI N237, Source Term Specification, (Ref. 1) but have been adjusted to plants with pumped
forward heater drains. In addition, radioiodine and noble gas concentrations are based on a
recent compilation of available operating data. Therefore, the concentration valees in NUREG-
0016, Rev. 1 differ slightly from the ANSI N237 values. Provisions are made in the BWR-GALE
Code, in accordance with the recommendations of the standard, for adjusting reactor coo]an?
concentrations should the plant be designed to parameters that are outside the ranges_cons1dered
in the standard. The ANSI N237 radionuclide concentrations used are also representative of
measured values based on the available operating data. The radionuclides are divided into the
following categories:

1. Noble gases

2. Halogens (Br, I)

3. Cesium and Rubidium

4. MWater activation products

5. Tritium
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6. 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 annual average quantity of radioactive material released to the
environment from a nuclear power reactor during normal operation including anticipated opera-
tional occurrences. The source term is the isotopic distribution of radioactive materials
used in evaluating the impact of radiocactive releases on the environment. Normal operation
includes routine outages for maintenance and scheduled refuelings.

Tramp Uranium: The uranium present on the exterior of the cladding of a fuel rod and core
support structure surfaces.

1.3 GASEOUS SOURCE TERMS

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

1. Main condenser offgas system,
Turbine gland sealing system,

Mechanical vacuum pumps, and

S woN

Ventilation exhaust air from the containment, auxiliary, radwaste, and turbine
buildings, and the spent fuel pool area

The releases of radioactive materials in gaseous effluents are based on measurements
made at operating BWRs. The radioactive particulate and noble gas release rates are speci-
fied 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. Radioiodine releases are related
to the iodine-131 reactor water concentrations for the BWR being evaluated.

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.

1.4 LIQUID SOURCE TERMS

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

1. Processed 1iquid wastes from the high-purity waste system,

2. Processed liquid wastes from the low-purity waste system,

3.  Processed liquid wastes from the chemical waste system,

4. Processed liquid regenerant wastes, and

5. Detergent wastes.

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

Radionuclide removal by the 1iquid radwaste treatment system is based on the following
parameters:

1. Decay during collection and processing and

2. Removal by the proposed treatment systems, e.g., filtration, ion exchange, evapora-
tion, reverse osmosis, and plateout.
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For BWRs using a deep-bed condensate demineralizer, the inventory of radionuclides
collected on the demineralizer resins is calculated by considering the flow rate of condensate
at main steam activity that is processed through the demineralizers and radionuclide removal
using the decontamination factors given in Chapter 2. The radioactivity content of the
demineralizer regenerant solution is obtained by considering that all of the activity that is
collected by the condensate demineralizers is removed from the resins at the interval dictated
by the regeneration frequency.

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

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

1.5 INSTRUCTIONS FOR COMPLETING BWR-GALE CODE INPUT DATA CARDS

1.5.1 PARAMETERS INCLUDED IN THE BWR-GALE CODE

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

1.5.1.1 Plant Capacity Factor

0.80 (292 effective full power days per year)

1.5.1.2 Radionuclide Concentrations in the Reactor Coolant and Main Steam

See Chapter 2, Tables 2-2 through 2-5 of this document.

1.5.1.3 Noble Gas, Radiociodine, and Particulate Releases From Building Ventilation Systems
Prior to Treatment

See Tables 1-1 and 1-2. For a discussion of the normalization techniques see Section 2.2.4.

1.5.1.4 Radioiodine Input Rate to Main Condenser Offgas System

6 Ci/yr per reactor downstream of main condenser air ejectors.

1.5.1.5 Main Condenser Vacuum Pump Release

Xe-133 -- 1300 Ci/yr
Xe-135 -- 500 Ci/yr
1-131 -- See Table 1-3

1.5.1.6 Charcoal Delay Systems

For a charcoal delay system used to treat the offgases from the main condenser air
ejector, the BWR-GALE Code calculates the holdup times for Kr and Xe. Iodine releases from
charcoal delay systems are negligible due to the large quantities of charcoal used in the
system. The holdup times for noble gases are calculated by the Code using the following
equation and the data entered on Cards 29-32.

_ MK
T=4.1 35—

where

K is the dynamic adsorption coefficient, in cm3/gm
(see chart on page 2-35);

M is the mass of charcoal, in 103 1bs
T is the holdup time, in hr, and

P is the thermal power level (MWt) entered in Card 2.



NUCLIDE

Kr-83m
Kr-85m
Kr-85
Kr-87
Kr-88
Kr-89
Xe-131m
Xe-133m
Xe-133
Xe-135m
Xe-135
Xe-137
Xe-138
Cr-51*
Mn-54
Fe-59
Co-58
Co-60
Zn-65
Sr-89
Sr-90
Zr-95
Nb-95
Mo-99
Ru-103
Ag-110m
Sb-124
Cs-134
Cs-136
Cs-137
Ba-140
Ce-141

TABLE 1-1
GASEQUS RELEASES FROM VENTILATION SYSTEMS PRIOR TO TREATMENT

(in Ci/yr per Reactor)

CONTAINMENT AUXILIARY TURBINE
BUILDING BUILDING BUILDING
*% *%k ok

1 3 25

*% *% **k

*%k 61

1 91

*x 580

**k *k *%k

*% *%k *%k

27 83 150

15 45 400

33 94 330

45 135 1000

2 6 1000
0.0002 0.0009 0.0009
0.0004 0.001 0.0006
0.00009 0.0003 0.0001
0.0001 0.0002 0.001
0.001 0.004 0.001
0.001 0.004 0.006
0.00003 0.00002 0.006
0.000003 0.000007  0.00002
0.0003 0.0007 0.00004
0.001 0.009 0.000006
0.006 0.06 0.002
0.0002 0.004 0.00005
0.0000004 0.000002 NA
0.00002 0.00003 0.0001
0.0007 0.004 0.0002
0.0001 0.0004 0.0001
0.001 0.005 0.001
0.002 0.02 0.010
0.0002 0.0007 0.010

*Particulate release rates are prior to filtration.
**Less than 1 Ci/yr per reactor.

NA

Not Analyzed; analysis for the isotope was not performed.
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RADWASTE
BUILDING

Kk
*k
*ok
*k
*k
29
*k

*%k

220
530
280
83

0.0007
0.004
0.0003
0.0002
0.007
0.0003
NA

NA
0.0008
0.000004
0.000003
0.000001
NA
0.00007
0.0024
NA

0.004
0.000004
0.000007



TABLE 1-2

RADIOIODINE RELEASES FROM BUILDING VENTILATION
SYSTEMS PRIOR TO TREATMENT

(Ci/yr/uCi/gm]
Containment Auxiliary Turbine Radwaste
Bldg** Bldg** Bldg*** Bldg**
Annual Normalized* Iodine
Release Rate
Power Operation 1.2 1.1 3.8 x 10° 4.6
Refueling/Maintainence 2
Outages 4,7 0.5 4.1 x 10 1.4

*The normalized release rate, expressed in grams of water during the 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 radiodine between the water
phase in the leakage and the gas phase where it is measured. For the turbine building the
effective leak rate also includes the carryover for radioiodine from reactor water to steam
in the reactor vessel.

**To_obtain the actual iodine release from these bldgs in Ci/yr, multiply the normalized
release by the coolant concentration in uCi/gm.

***To obtain the actual jodine release from the turbine building in Ci/yr, multiply the

normalized release by the coolant concentration in uCi/gm and by the iodine carryover from
Table 2-4.

TABLE 1-3

RADIOIODINE RELEASES FROM MECHANICAL VACUUM PUMP
(Ci/yr/uCi/gm)

Annual Normalized* Iodine Release Rate**

Short-term outages 4.9 x 102

Refueling/Maintenance 3
Outages 1.1 x 10

*The normalized release rate, expressed in grams of water during the modes of operation,
represents the effective leak rate for radioiodine. It is the combination of the reactor
water Teakage rate, the partitioning of the radioiodine between the water phase in the leakage
and the gas phase where it is measured and the carryover for radioiodine from reactor water to
steam in the reactor vessel.

**To obtain the actual jodine release from the mechanical vacuum pump in Ci/yr, multiply the

normalized release by the coolant concentration in uCi/gm and by the iodine carryover from
Table 2-4.
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1.5.1.7 Cryogenic Distillation System

For a cryogenic distillation system, the BWR-GALE Code uses a partition coefficient of
0.0001 for Xe and I and 0.00025 for Kr to calculate Xe, I, and Kr removal during separation by
distillation. The Xe, I, and Kr separated by distillation are considered to be released
following 90-day holdup. The calculated releases are the sum of the noble gases and radioiodine
released from the overheads during distillation without holdup and the noble gases and jodine
released following 90-day holdup.

1.5.1.8 Decontamination Factors for Condensate Demineralizers

Other
Demineralizer Anions Cs, Rb Nuclides
Deep bed 10 2 10
Powdex 10 2 10

1.5.1.9 Detergent Wastes

The radionuclides listed in Table 2-28 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 0.03 Ci/yr per MWt. The quantity of tritium released
through the liquid pathway is 50% of the total quantity calculated to be available for release,
and 50% is calculated to be released in gaseous effluents. Of that released in gaseous
effluents, half is released from the turbine building ventilation system and half is released
from the containment building ventilation system.

1.5.1.11 Argon-41 Releases

The argon-41 input to the main condenser offgas treatment system is 49 uCi/sec. Thg dyna-
mic adsorption coefficients for argon-41 in charcoal delay beds are 6.4 cm”/gm and 16 cm”/gm
for ambient and chilled temperature systems, respectively. The argon-41 release from purging or
venting of the drywell is 15 Ci/yr.

1.5.1.12 Regeneration of Condensate Demineralizers

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

1. Liquid radioactivity flow to the demineralizer is based on the radioactivity of the
main steam and the fraction of radioactivity which does not bypass the condensate demineralizers
in the pumped foward flow.

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

1.5.1.13 Adjustment to Liquid Radwaste Source Terms for Anticipated Operational Occurrences

1. The calculated source term is increased by 0.1 Ci/yr per reactor using the same
jsotopic distribution as for the calculated source term to account for anticipated occurrences
such as operator errors resulting in unplanned releases.

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

a. 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 not available.
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1.5.2 PARAMETERS REQUIRED FOR THE BWR-GALE CODE

The parameters described in the following sections must be entered on input data
cards. Complete the cards designated 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.

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

Enter in spaces 33-60 the name of the reactor.

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

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

1.5.2.3 Card 3: Total Steam Flow Rate (SAR/ER)

Enter in spaces 73-80 the total steam flow rate from the reactor (in ]06 1bs/hr).

1.5.2.4 Card 4: Mass of Coolant in Reactor Vessel (SAR/ER)

( Egter ;n spaces 73-80 the mass of water in the reactor vessel and recirculation lines
in 10 1bs).

1.5.2.5 Card 5: Cleanup Demineralizer Flow (SAR/ER)

Enter in spaces 73-80 the reactor coolant flow rate (in 106 1bs/hr) through the reactor
coolant cleanup system demineralizers.

1.5.2.6 Card 6: Condensate Demineralizer Regeneration Time

For deep-bed condensate demineralizers, use a 3.5-day regeneration frequency. If
ultrasonic resin cleaning is used, assume 8-day regeneration frequency. Multiply the fre-
quency by the total number of demineralizers and enter the calculated number of days in
spaces 73-80. For filter/demineralizers (Powdex), enter 0.0 in spaces 73-80.

1.5.2.7 Card 7: Fraction of Feedwater Through Condensate Demineralizer (SAR/ER)

Enter in spaces 73-80 the fraction of feedwater processed through the condensate demin-
eralizers.

1.5.2.8 Cards 8-19: Liquid Radwaste Treatment System Input Parameters

Four Tiquid radwaste inlet streams are considered in the BWR-GALE Code (see Section 1.5.2.27
for detergent wastes):

1. High-Purity Waste, Cards 8-10

2. Low-Purity Waste, Cards 11-13

3. Chemical Waste, Cards 14-16

4, Regenerant Solutions Waste, Cards 17-19

Three input data cards are used to define the major parameters for each of the four waste
streams. Essentially the same information is needed on the three input data cards used for
each of the four streams. The instructions given in this section are applicable to all four
waste streams, with the following exception: the inlet waste activity is not entered on Card

17 for the regenerant solutions wastes for systems using regenerable condensate demineralizers
since that activity is calculated by the Code.

The entries required on the first card (8, 11, and 14) for the High-Purity, Low-Purity,
and Chemical Waste Systems, respectively, are outlined below and described in more detail in
Section 1.5.2.8.1.
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- 15 Enter in spaces 18-41 the name of the waste inlet stream (e.g., high-purity
wastes).

2.  Enter in spaces 42-49 the flow rate (in gal/day) of the inlet stream.

3. Enter in spaces 57-61 the activity of the inlet stream expressed as a fraction
of the primary coolant activity (PCA).

On the first card for the Regenerant Solutions Waste System (i.e., Card 17), enter
in spaces 73-80 the flow rate of the regenerant solutions waste inlet stream. For the
calculation of liquid effluents for regeneration of demineralizers other than the condensate
demineralizers, see Appendix A.

The second card (9, 12, 15, and 18) for each waste stream contains the overall system
decontamination factors for three categories of radionuclides, as follows:

1. Enter in spaces 21-28 the DF for anions.
2.  Enter in spaces 34-41 the DF for cesium and rubidium.
3. Enter in spaces 47-54 the DF for other nuclides.

The following entries are required on the third card (10, 13, 16, and 19) for each
waste stream:

1. Enter in spaces 29-33 the waste collection time (in days) prior to processing.

)2. Enter in spaces 48-53 the sum of the waste processing and discharge time (in
days).

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

The following sections explain in more detail the use of the parameters in this
document and the information given in the SAR/ER to make the data entries in Cards 8-19
Tisted above.

1.5.2.8.1 Liquid Waste Flow Rates and Activities (Cards 8, 11, 14, and 17)

Calculate flow rates and activities to complete the first card for each liquid radwaste
inlet stream by using the waste volumes and activities given in Table 1-4. To the input
flow rates and activity given in the table, add expected flows and activities more specific
to the plant design as given in the SAR/ER. The inlet streams should be combined to form
the four principal waste streams (high-purity, low-purity, chemical wastes, and regenerant
wastes) considered in this document. Calculate the primary coolant activity (PCA) of each
of the four principal inlet streams (except for the regenerant waste as indicated above) by
determining the weighted average activity of the composite stream entering the waste collection
tanks. For example, if inlet streams A, B, and C enter the lTow-purity waste collector tank at
average rates and PCA as listed below:

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

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

(1000 gal/day)(0.01 PCA) + (2000 gal/day)(0.1 PCA) + (500 gal/day)(1.0 PCA) = 0.2PCA
(1000 gal/day + 2000 gal/day + 500 gal/day) :

The entries on Card 11 for this example would then be: spaces 18-41, "Low-Purity Waste";
spaces 42-49, "3500"; spaces 57-61, "0.2."



TABLE 1-4
BWR LIQUID WASTES

EXPECTED DAILY AVERAGE INPUT

FLOW RATE (in gal/day) FRACTION OF THE
DEEP BED PLANT DEEP BED PLANT PRIMARY COOLANT
WITH ULTRASONIC  WITHOUT ULTRASONIC ACTIVITY
RESIN CLEANER RESIN CLEANER OR A (PCA)
FILTER/DEMINERALIZER
SOURCE PLANT
Equipment Drains
Drywell 3,400 3,400 1.00
Containment, auxiliary 3,700 3,700 0.1
building, and fuel pool
Radwaste building 1,100 1,100 0.1
Turbine building 3,000 3,000 0.001
Ultrasonic resin cleaner 15,000 - 0.05
Resin rinse* 2,500 5,000 0.002
Floor Drains
Drywell 700 700 0.001
Containment, auxiliary 2,000 2,000 0.001
building, and fuel handling
Radwaste building 1,000 1,000 0.001
Turbine building 2,000 2,000 0.001
Other Sources
Cleanup phase separator 640 640 0.002
decant
Laundry drains 1,000 1,000 -
Lab drains 500 500 0.02
Regenerants* 1,700 3,400 *x
Condensate demineralizer - 8,100 2 x 10°°
backwash+t
Chemical lab waste 100 100 0.02

*Deep-bed condensate demineralizers only.
* %
Calculated by BWR-GALE Code.
+Fi]ter/demineralizer (Powdex) condensate demineralizers only.



The input flows and activities are entered in units of gal/day and fraction of PCA,
respectively.

1.5.2.8.2 Decontamination Factors for Equipment Used in the Liquid Radwaste Treatment System
(Cards 9, 12, 15, and 18)

The system decontamination factors (DFs) should be entered in the second card for each
liquid radwaste inlet stream. The DFs represent the expected equipment performance averaged

over the 1ife of the plant. 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. Anions
b. Cs, Rb
c. Other nuclides

Note: A DF of 1 is assumed by the BWR-GALE Code for tritium. Dissolved 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 1-5 shows the decontamination factors to be used for BWR 1iquid waste treatment
systems.

The following example illustrates the calculation of the decontamination factor for a
low-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 processed through a mixed-bed demineralizer for additional radionuclide removal.
This example may be summarized schematically as:

Demineralizer 2 -4
1]
()
Dirty waste Filter }—{ Evaporator Demineralizer 1 o] Waste sample
er
collector tank ! p tank

Extracting from Table 1-5 gives the following values for the example:

Filter Evaporator Demineralizer 1 Demineralizer 2 Product
Anions 1 103 10 S 10%
Cs, Rb 1 10% 10 1 10°
Other Nuclides 1 10% 10 1 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 anions and 104 for Cs, Rb, and other nuclides was applied for the
radwaste evaporator.

° A DF of 10 was applied for anions, Cs, Rb, and other nuclides 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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TABLE 1-5

DECONTAMINATION FACTORS FOR BWR LIQUID WASTE TREATMENT SYSTEMS

TREATMENT SYSTEM DECONTAMINATION FACTOR
Demineralizers Anion Cs, Rb Other Nuclides
Mixed-bed
Reactor Coolant Cleanup 10 2 10
Condensate (deep bed) 10 2 10
High-purity waste 102(10)* 10(10) 102(10)
Low-Purity Waste 10%(10) 2(10) 10%(10)
Cation bed (any system) 1(1) 10(10) 102(10)
Anion bed (any system) 102(10) (1) 1(1)
Powdex (any system) 10(10) 2(10) 10(10)
Evaporators A1l Nuclides Except Anions Anions
Miscellaneous 104 103
Detergent wastes 102 102
Reverse Osmosis All Nuc]iaes
Laundry wastes : 30
Other 1iquid wastes 10
Filters DF of 1.0 for all nuclides

*
For an evaporator polishing demineralizer or for the second demineralizer in series,

the DF is given in parentheses.
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Thus in Card 9 the following would be entered: in spaces 21-28, "10,000"; in spaces
34-41, "100,000"; and in spaces 47-54, "100,000."

1.5.2.8.3 Collection Time for Liquid Wastes (Cards 10, 13, 16, 19 -- 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 will be processed when filled to

80% capacity. If only one tank is provided, assume the tank will be processed when filled

to 40% 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:

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

Then, for this example, "16" should be entered in spaces 29-33 on Card 13.
1.5.2.8.4 Processing and Discharge Time (Cards 10, 13, 16, 19 -- Spaces 48-53)

Decay during processing and discharge of 1iquid wastes is shown schematically as follows:

R R
T:{\k B Cl B T::"k R —— Discharge Canal
[
where
A is the capacity of the initial tank in the flow scheme, in gal;
B is the 1imiting process based on equipment flow capacity, dimensionless;
C is the capacity of the final tank in the flow scheme prior to discharge, 1in gal;

Rb is the equipment flow capacity of process B, in gal/day;
R is the flow capacity of the Tank C discharge pump, in gal/day; and

is the rate of flow of additional wastes inputs to Tank C, in gal/day.

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

Tp = Qﬁfé- for redundant tank, or Tp = gﬁfﬂ- for a single tank

Td’ the discharge time -- 50% credited for decay, is calculated as follows, in days:

T, = 0.8C for redundant tanks, or T, = 0.4C for a single tank
d RC d RC

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

0.8C > Tp(Rb + Ro) for redundant tanks, or 0.4C > Tp(Rb + Ro) for a single tank
If so, then
Decay = (Tp + 0.5T)

where "Decay" is the new processing and discharge time to be entered in spaces 48-53 of the
third card for each input stream (Cards 10, 13, 16, and 19).
If, however, 0.8C or 0.4C (as appropriate) 5-Tp(Rb + RO), Tp is used for the holdup time

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



For example, for the fo110wing'input waste stream:

FLOOR DRAINS
1,000 GAL/DAY

' [
FLOOR DRAIN FLO DETERGENT WASTE
TANK A AnOR DRAIN 450 GAL/DAY
20,000 GAL 20,000 GAL
WASTE
SAMPLE
TANK A
WASTE 40,000 GAL
DEMIN. WASTE
100 GAL/ EVAPORATOR |
MIN 15 GAL/MIN
WASTE
SAMPLE
TANK B
40,000 GAL
DISCHARGE
PUMP 10 GAL/
MIN.

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

. _ 0.8)(20,000 gal _
Process Time (Tp) = TTE‘%ET7%%ﬁ7fTZZBQE?%7EE§T = 0.7 day
. . _ 0.8)(40,000 gal _
Discharge Time (Td) ~ 110 gal/min) (1440 min/day) 2 days

Then, checking for decay credit, 0.8C/(Rb + Ro) = 1.45 days, which is greater than Tp;
therefore, credit is taken for (Tp + 0.5Td) or 1.7 days for processing and discharge. The
input on spaces 48-53 to the Code is 1.7 days for processing and discharge time.

1.5.2.8.5 Fraction of Wastes Discharged (Cards 10, 13, 16, and 19 -- 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 liquid 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 maximum 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 BWR-GALE Code calculates the release of radioactive materials in liquid waste from
the four inlet streams after processing. Releases included in each stream are:

1. High-Purity Waste - Combined releases 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 demineralizer regenerant solutions according to the design of the condensate demineralizer
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
decontamination solutions, and personnel decontamination showers.

1.5.2.9 Card 20: Gland Seal Steam Flow

Enter in spaces 73-80 of Card 20 the steam flow (in 103 1bs/hr) to the turbine gland
seal, as follows:



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.  If clean (nonradioactive) steam from an auxiliary boiler is used for sealing steam,
enter 0.0 in spaces 73-80.

1.5.2.10 Card 21: Gland Seal Holdup Time (SAR/ER)

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

1.5.2.11 Card 22: 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 prior to being processed through the offgas treatment system, e.g., a 10-minute
holdup time prior to cryogenic distillation.

1.5.2.12 Card 23: Containment Building Releases

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 43-46 for radioiodine corresponding to the depth of charcoal as indicated in Table 1-6.

2. If ventilation exhaust air is treated through HEPA filters which satisfy the guide-
lines of Regulatory Guide 1.140 (Ref. 2), enter a removal efficiency of 99. for particulates in
spaces 53-56, -

3.  If no treatment is provided for the ventilation exhaust air to remove radioiodine
or if the charcoal adsorbers do not satisfy the guidelines of Regulatory Guide 1.140 (Ref. 2),
enter 0.0 in spaces 43-46; if no treatment is provided 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
53-56.

1.5.2.13 Card 24: Turbine Building Releases

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 43-46 for radioiodine corresponding to the depth of charcoal as indicated in Table 1-6.

2. If ventilation exhaust air is treated through HEPA filters which satisfy the guide-
lines of Regulatory Guide 1.140 (Ref. 2), enter a removal efficiency of 99. for particulates in
spaces 53-56.

3. If no treatment is provided for the ventilation exhaust air to remove radioiodine
or if the charcoal adsorbers do not satisfy the guidelines of Regulatory Guide 1.140 (Ref. 2),
enter 0.0 in spaces 43-46; if no treatment is provided 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
53-56. '

"1.5.2.14 Card 25: Fraction of Radioiodine Released from Turbine Gland Seal Condenser Vent

1. If, prior to release, the offgases from the turbine gland seal condenser vent 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 1-6.

2. If the offgases are released from the turbine gland seal condenser without treatment,
if clean steam is used, or if charcoal adsorbers provided do not satisfy the guidelines of
Regulatory Guide 1.140 (Ref. 2), enter 0.0 in spaces 73-80.



TABLE 1-6

ASSIGNED REMOVAL EFFICIENCIES FOR CHARCOAL ADSORBERS
FOR RADIOIODINE REMOVAL

Activated Carbon? Removal Efficienciesb
Bed Depth for Radioiodine %
2 inches. Air filtration system 90.
designed to operate inside reactor
containment
2 inches. Air filtration system 70.

designed to operate outside the
reactor containment and relative
humidity is controlled at 70%.

4 inches. Air filtration system 90.
designed to operate outside the

reactor containment and relative

humidity is controlled at 70%

6 inches. Air filtration system 99.
designed to operate outside the

reactor containment and relative

humidity is controlled to 70%.

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

bThe removal efficiencies assigned 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).



1.56.2.15 Card 26 Fraction of Radioiodine Released from the Condenser Air Ejector 0ffgas
- Treatment System

1o If, prior to release, the offgases 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 radiojodine corresponding to the depth of charcoal as indicated in Table 1-6.

2. If the offgas is released without treatment or through charcoal adsorbers that do not
satisfy the guidelines of Regulatory Guide 1.140 (Ref. 2), enter 0.0 in spaces 73-80.

3. Enter a 1. in spaces 73-80 if the offgas is processed through a charcoal delay
system.

4. If the offgas is processed through a cryogenic distillation system (removal of iodine
by the cryogenic distillation system is built into the Code -see Card 29), enter 0.0 in spaces

1.5.2.16 Card 27: Auxiliary Building Releases

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 43-46 for radioiodine corresponding to the depth of charcoal as indicated in Table 1-6.

. 2. If ventilation exhaust air is treated through HEPA filters which satisfy the guide-
lines of Regulatory Guide 1.140 (Ref. 2), enter a removal efficiency of 99. for particulates in
spaces 53-56.

3. If no treatment is provided for the ventilation exhaust air to remove radioiodine
or if the charcoal adsorbers do not satisfy the guidelines of Regulatory Guide 1.140 (Ref. 2),
enter 0.0 in spaces 43-46; if no treatment is provided 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
53-56.

1.5.2.17 Card 28: Radwaste Building Releases

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 43-46 for radioiodine corresponding to the depth of charcoal as indicated in Table 1-6.

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 particu-
lates in spaces 53-56.

3. If no treatment is provided for the ventilation exhaust air to remove radioiodine
or if the charcoal adsorbers do not satisfy the guidelines of Regulatory Guide 1.140 (Ref. 2),
enter 0.0 in spaces 43-46; if no treatment is provided 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
53-56.

1.5.2.18 (Card 29: Condenser Air Ejector Offgas Treatment System (SAR/ER)

1. Enter 1 in splce 80 if a charcoal delay system is used to treat the offgas from the
condenser air ejector.

2. Enter 2 in space 80 if the offgas from the condenser air ejector is processed by
a cryogenic distillation system.

3. Enter a zero in space 80 if the offgas is not treated either through a charcoal
delay system or by cryogenic distillation.

Note: Enter 0.0 on Cards 30, 31, and 32 if a charcoal delay system is not used to
treat the offgases from the condenser air ejector.
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1.5.2.19 Card 30: Dynamic Adsorption Coefficient for Krypton

Enter in spaces 73-80 the dynamic adsorption coefficient for Kr based on the system design
and the dynamic adsorption coefficients noted below.

DYNAMIC ADSORPTION COEFFICIENT (§m3/gm!

OPERATING 77°F OPERATING 77°F OPERATING 77°F OPERATING 0°F
DEW POINT 45°F DEW POINT 0°F DEW_POINT -40°F DEW POINT -20°F
Kr 18.5 25, 70. 105.

1.5.2.20 Card 31: Dynamic Adsorption Coefficient for Xenon

Enter in spaces 73-80 the dynamic adsorption coefficient for Xe based on the system design
and dynamic adsorption coefficients noted below.

DYNAMIC ADSORPTION COEFFICIENT (cm3/gm)

OPERATING 77°F OPERATING 77°F OPERATING 77°F OPERATING 0°F
DEW POINT 45°F DEW POINT O°F DEW POINT - 40°F DEW POINT -20°F
Xe 330. 440. 1160. 2410.

1.5.2.21 Card 32: Mass of Charcoal in Charcoal Delay System (SAR/ER)

Enter in spaces 73-80 the mass of charcoal (in 103 1bs) used in the charcoal delay system.

1.5.2.22 Card 33: Detergent Waste

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

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

3. If detergent wastes are treated prior to discharge, enter the decontamination factor
in spaces 73-80. The parameters in Chapter 2 are used in determining the DF for the treat-
ment applied to detergent waste.






CHAPTER 2. PRINCIPAL PARAMETERS USED
IN BWR SOURCE TERM CALCULATIONS AND THEIR BASES

2.1 INTRODUCTION

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

The following sections describe parameters used in the evaluation of radwaste treatment
systems. The parameters have been derived from reactor operating experience where data were
available. Where operating data were inconclusive or not available, information was drawn
from laboratory and field tests and from engineering Jjudgment. 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 periodically and published in revisions
to this NUREG as additional operating data become available. The source term parameters
used are believed to provide a realistic assessment of reactor and radwaste system operation.

2.2 PRINCIPAL PARAMETERS AND THEIR BASES

2.2.1 THERMAL POWER LEVEL
2.2.1.1 Parameter

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

2.2.1.2 Bases

The power Tevel 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 Ticense 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.
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 BWRs 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 REACTOR COOLANT
2.2.3.1 Parameter

As used in the BWR-GALE Code, 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 2-3, the BWR-GALE Code adjusts
the concentrations in Table 2-2, using the factors in 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®

DATE OF
X COMMERICAL
FACILITY OPERATION 1972 1973 1974 1975 1976 1977
Oyster Creek 12/69 77 65 66 58 70 588
Nine Mile Point-1  12/69 62 68 63 60 81 57
Millstone-1 03/7 55 34¢ 63 68 66 84
Monticello 06/71 74 68 57 61 84 75
Dresden-3 /71 67 54 478 33f 60 76
Dresden-2 06/72 74 51 asf 66 54
Vermont Yankee 1/72 448 59 81 73 80
Pilgrim-1 12/72 72 3f 46¢ a3f a7t
Quad Cities-1 02/73 51f 65 52f 558
Quad Cities-2 03/73 68 a0f 66 67
Cooper 07/74 60 57 70
Peach Bottom-2 07/74 57 61 a5t
Peach Bottom-3 12/74 59 67 54f
Duane Arnold 02/75 55 67
Fitzpatrick 07/75 59 557
Brunswick-2 11/75 379 359
Hatch-1 12/75 - . . 65 57
AVERAGE 67 67 61 63 66 70

3 rom Semi-Annual Operating Reports for each facility, as submitted by respective licensees.
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