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ABSTRACT

This report is documentation for the release of the GALE-BWR 3.2 (Gaseous and Liquid
Effluents—Boiling-Water Reactor) code. The GALE-BWR 3.2 code is a computerized
mathematical model for calculating the releases of radioactive material in gaseous and liquid
effluents (i.e., the gaseous and liquid source terms) from nuclear power plants (NPPs). The
code is a tool that can be used to determine conformance with the requirements of Title 10 of
the Code of Federal Regulations (10 CFR) Part 50, “Domestic Licensing of Production and
Utilization Facilities,” Appendix I, “Numerical Guides for Design Objectives and Limiting
Conditions for Operation To Meet the Criterion ‘As Low As Is Reasonably Achievable’ for
Radioactive Material in Light-Water-Cooled Nuclear Power Reactor Effluents.”

For domestic and international applicants submitting a new reactor application for the review
and approval of the U.S. Nuclear Regulatory Commission (NRC), the staff considers use of the
following to be an acceptable method for demonstrating compliance with 10 CFR Part 50,
Appendix I:

. GALES86 code

. DC/COL-ISG-05, “Interim Staff Guidance on the Use of the GALE86 Code for
Calculation of Routine Radioactive Releases in Gaseous and Liquid Effluents from
Boiling-Water Reactors and Pressurized-Water Reactors To Support Design Certification
and Combined License Applications,” issued July 2008 (Agencywide Documents Access
and Management System (ADAMS) Accession No. ML081710299)

o Regulatory Guide (RG) 1.112, Revision 1, “Calculations of Releases of Radioactive
Materials in Gaseous and Liquid Effluents from Light-Water-Cooled Nuclear Power
Reactors,” issued March 2007 (ADAMS Accession No. ML070320241)

When the source term or reactor design parameters differ from those given in the GALE86
code, DC/COL-ISG-05, and RG 1.112, Revision 1, they should be described with sufficient
detail, and the basis of the alternate method, model parameters, and assumptions should be
provided, to allow the NRC to conduct an independent evaluation.

The purpose of the release of this version of the GALE-BWR code is to comprehensively verify
applicability of the current methodology described in NUREG-0016, Revision 1, (ADAMS
Accession No. ML091910213), “Calculation of Releases of Radioactive Materials in Gaseous
and Liquid Effluents from Boiling Water Reactors (BWR-GALE Code),” issued January 1979, to
both the current U.S. BWR facilities and proposed NPP designs. Additionally, the GALE-

BWR 3.2 code includes a graphical user interface (GUI) to facilitate easier use of the code.

This report documents the revised GALE-BWR 3.2 code, which is in a self-contained executable
and includes installation instructions and a description of the various screen shots of the GALE-
BWR 3.2 code GUI.
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1.0 INTRODUCTION

In promulgating Appendix |, “Numerical Guides for Design Objectives and Limiting Conditions
for Operation To Meet the Criterion ‘As Low As Is Reasonably Achievable’ for Radioactive
Material in Light-Water-Cooled Nuclear Power Reactor Effluents,” to Title 10 of the Code of
Federal Regulations (10 CFR) Part 50, “Domestic Licensing of Production and Utilization
Facilities” [Ref. 1], the U.S. Nuclear Regulatory Commission (NRC) indicated its desire for
improving the calculation models used by the staff to determine conformance with the
requirements of the regulation. To conform to the requirements of Appendix I to

10 CFR Part 50, the NRC developed the GALE-BWR (Gaseous and Liquid Effluents—Boiling-
Water Reactor) code as a computerized mathematical model for calculating the releases of
radioactive material in gaseous and liquid effluents from boiling-water reactors (BWRs). This
original NUREG-0016, “Calculation of Releases of Radioactive Materials in Gaseous and Liquid
Effluents from Boiling-Water Reactors (BWR-GALE Code),” issued April 1976 [Ref. 2], and its
Revision 1, issued January 1979 [Ref. 3], documented this version of the GALE-BWR code,
referred to as GALE-BWR 86 (GALES6).

The NRC staff considers the following as an acceptable method for demonstrating compliance
with 10 CFR Part 50, Appendix I:

. GALES86 code

. DC/COL-ISG-05, “Interim Staff Guidance on the Use of the GALE86 Code for
Calculation of Routine Radioactive Releases in Gaseous and Liquid Effluents from
Boiling-Water Reactors and Pressurized-Water Reactors to Support Design Certification
and Combined License Applications,” issued July 2008 [Ref. 4]

o Regulatory Guide (RG) 1.112, Revision 1, “Calculation of Releases of Radioactive
Materials in Gaseous and Liquid Effluents from Light-Water-Cooled Nuclear Power
Reactors,” issued March 2007 [Ref. 5]

When the source term or reactor design parameters differ from those given in the GALE86
code, DC/COL-ISG-05, and RG 1.112, Revision 1, they should be described with sufficient
detail, and the basis of the alternate method, model parameters, and assumptions should be
provided, to allow the staff to conduct an independent evaluation. Additionally, the licensing
guidance of RG 1.112, Revision 1, and NUREG-0800, “Standard Review Plan (SRP) for the
Review of Safety Analysis Reports for Nuclear Power Plants: LWR Edition,” issued March 2007
[Ref. 6], reference the GALES86 code.

This report describes the GALE-BWR 3.2 code and the work Pacific Northwest National
Laboratory (PNNL) performed on the GALE86 code. The GALE-BWR 3.2 code is an update to
the GALES86 code, and it maintains direct traceability back to the GALE86 code. The GALE-
BWR 3.2 code is available for download from the NRC’s Radiation Protection Computer Code
Analysis and Maintenance Program (RAMP) Web site (https://ramp.nrc-gateway.gov/).

1.1 GALE-BWR 3.2 Code Update

The GALE-BWR 3.2 code version updates the GALE86 version. The GALE86 version of the
code based on NUREG-0016, Revision 1, contained two modules, the BWR liquid effluent
(BWRLES86) and the BWR gaseous effluent (BWRGES86), based upon the reactor coolant
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source term (tables and adjustment equations) described in American National Standards
Institute/American Nuclear Society (ANSI/ANS-18.1-1984), “Radioactive Source Term for
Normal Operation of Light Water Reactors” [Ref. 7].

The GALE-BWR 3.2 code version maintains the input/output functionality of previous versions,
including the Fortran card-based format input file. A new graphical user interface (GUI) function
allowing for direct creation of the input file was used to simplify the data input process.

111 Graphical User Interface

The GALE-BWR 3.2 code was designed and developed to be a flexible tool that provides the
same functionality as the GALE86 code with additional features available to the user. In the
original version of the GALES86 code, the user was required to enter data using the Fortran
card-based format. A Visual Basic GUI, which was developed for the GALE-BWR 3.2 code,
allows for easier input of plant-specific parameters and is described in Section 3.0. Additionally,
with the development of the GALE-BWR 3.2 GUI, other features were now easier to add to the
original GALE86 code. These additional features include the options to select the specific
reactor coolant source term and the option to modify some of the GALE86 modeling parameters
using the BWR fixed parameter text file.

In GALE-BWR 3.2, the values for the reactor coolant source term and GALE-BWR fixed
modeling parameters are defaulted to the ANSI/ANS-18.1-1999, “Radioactive Source Term for
Normal Operation of Light Water Reactors” [Ref. 8] source term values and the NUREG-0016,
Revision 1, GALES86 code fixed modeling parameters. These GALE-PWR 3.2 default values
are consistent with the guidance in DC/COL-ISG-05; RG 1.112, Revision 1; and NUREG-0800.
Additionally, because the updates to the GALE-BWR 3.2 source codes did not involve changes
in the GALE86 model formulations, the revised source code had the same functionality as the
previous version with differences in the outputs reflecting only reactor coolant source term and
the GALE-BWR fixed modeling parameter options available to the user in GALE-BWR 3.2.

1.1.2 Reactor Coolant Source Term (ANS-18.1 Version) Options

As stated above, GALE-BWR 3.2 gives the user the option of selecting the reactor coolant
source term (ANS-18.1 Version) desired for the GALE-BWR 3.2 calculations. The GALE-
BWR 3.2 code provides three options for the reactor coolant source terms, including the default
option of ANSI/ANS-18.1-1999, which is consistent with the guidance in DC/COL-ISG-05;

RG 1.112, Revision 1; and NUREG-0800. Section 4.2.1 describes the parameters used by
GALE-BWR 3.2 when the default reactor coolant source term option is selected.

The other reactor coolant source term options available in the GALE-BWR 3.2 code are
ANSI/ANS-18.1-1984 and ANSI/ANS-18.1-2016, “Radioactive Source Term for Normal
Operation of Light Water Reactors,” [Ref. 9]. Section 4.2.2 describes the parameters used by
GALE-BWR 3.2 when the ANSI/ANS-18.1-1984 reactor coolant source term option is selected.
Section 4.2.3 describes the parameters used by GALE-BWR 3.2 when the
ANSI/ANS-18.1-2016 reactor coolant source term option is selected. When the source term or
reactor design parameters differ from those given in the GALE86 code, DC/COL-ISG-05, and
RG 1.112, Revision 1, they should be described with sufficient detail, and the basis of the
alternate method, model parameters, and assumptions should be provided, to allow the NRC to
conduct an independent evaluation.



1.1.3 GALE-BWR Fixed Modeling Parameters (GALE Version) Options

The GALE-BWR 3.2 includes the fixed modeling parameters form the GALE86 code, which is
described in NUREG-0016, Revision 1, and is consistent with the guidance in DC/COL-ISG-05
and RG 1.112, Revision 1. Section 4.1.1 describes the parameters used by GALE-BWR 3.2
with the GALES86 fixed modeling parameters.

The GALE-BWR 3.2 code also comes with a BWR fixed parameter text file, which allows the
entry of user-defined values for certain GALE-BWR fixed modeling parameters by means of a
text file. Section 4.3 describes the use of the BWRfixed-parameter.txt file. Finally, the GALE-
BWR 3.2 code output files have been modified to identify any changes made to the default
GALE-BWR 3.2 inputs (GALE86 and ANSI/ANS-18.1).

1.2 Software Quality Assurance and Configuration Management Plans

In addition to the updates described above, PNNL developed a GALE software quality
assurance plan (SQAP), which is documented in PNNL-24249, “Software Quality Assurance
Plan: Support for the Gaseous and Liquid Effluent (GALE) Computer Code Project,” issued
April 2015 [Ref. 10], and a GALE code configuration management and maintenance plan
(CMMP), documented in PNNL-24250, “Support for the Gaseous and Liquid Effluent (GALE)
Computer Code Project: Configuration Management & Maintenance Plan,” issued April 2015
[Ref. 11]. The NRC has defined three levels of software, per NUREG/BR-0167, “Software
Quality Assurance Program and Guidelines,” issued February 1993 [Ref. 12]:

(1) Level 1—technical application software used in a safety decision by the NRC

(2) Level 2—technical or nontechnical application software not used in a safety decision by
the NRC

(3) Level 3—technical or nontechnical application software not used in a safety decision and
having local or limited use by the NRC

The quality assurance documents discussed above are written to conform to the Level 2
requirements. Code development on GALE-BWR 3.2 has proceeded under SQAP and code
CMMP. PNNL-28818, “GALE-3.2 Verification Report,” issued June 2019 [Ref. 13], describes
the work done to verify that the new coding was implemented properly.






2.0 DEFINITIONS AND TERMS

This section describes the GALE-BWR 3.2 code source computations that estimate airborne
radionuclide emission rates and waterborne radionuclide effluent rates. It also contains
guidance for defining these input parameters based on specific plant characteristics.

2.1 Code Source Computation

The average quantity of radioactive material released to the environment from a nuclear power
reactor during normal operation, including AOOs, is called the “source term.” The calculations
performed by the GALE-BWR 3.2 code using the default values are based on

(1) ANSI/ANS-18.1-1999 tables and adjustment factors, (2) the release and transport
mechanisms that result in the appearance of radioactive material in liquid and gaseous waste
streams, (3) plant-specific design features used to reduce the quantities of radioactive materials
ultimately released to the environment, and (4) NUREG-0016, Revision 1, information received
on the operation of nuclear power plants (NPPs).

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 because of reactor coolant leakage. The following paragraphs briefly describe these
mechanisms.

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 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
water cleanup system (demineralizers), 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.

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, long-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 side stream 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 involves holdup,
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which permits decay of the short-lived noble and activation gases before they are released to
the environment. Clean (nonradioactive) steam may be 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
shutdowns to maintain a slight condenser vacuum and thereby prevent outleakage of
radioactive gases from the main condenser. If necessary to meet the design objectives of
Appendix | to 10 CFR Part 50, the effluent from the mechanical vacuum pump could be
processed through charcoal adsorbers for removal of radioiodine before release to the
environment.

In addition to the above release points, GALE-BWR 3.2 considers ventilation system releases
from the turbine, containment, auxiliary (including the spent fuel pool area), and radwaste
buildings caused by 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 airborne 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, radioiodine, and particulates that are released directly to the
building atmosphere. In some cases, leakage may be reduced by special design features, such
as vacuum leadoff drains or “clean” steam on the valve bonnets, in addition to normal
precautions such as back-seating valves and using all-welded systems. The use of closed
leadoff drains and increased maintenance can also reduce leakage.

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

This document describes both the plant-specific input parameters and code-defined parameters
that are used in the BWR source term calculations. The plant-specific input parameters are
values that are used in the models that depend on the design and operations of the facility. The
document explains the input data required and acceptable means for obtaining these data.
Section 4 addresses the required source term parameters developed for use with the GALE-
BWR 3.2 code and explain the basis for each parameter, documentation of the GALE-BWR 3.2
code models (i.e., computer programs), and information needed to generate source terms that
an applicant is required to submit with an application. Data input and output files are provided
for base-case runs of the liquid and gaseous effluent computer programs.

2.2 Definitions
2.2.1 Plant Structures

The GALE-BWR 3.2 code release rates are based on the sum of estimated annual emissions in
different structural components of the plant. Figure 2-1 is a schematic diagram showing the
containment structure (reactor), containment building, turbine building, auxiliary building,
radwaste building, and fuel handling building. This building nomenclature represents the typical
names of the buildings in most current BWRs; however, different BWR designs may use
different terminology and different building names (i.e., compound building, fuel building, and
reactor building). It may be necessary to compare the functions of the building in a specific
design to those described in this section, especially since the outputs will be tailored to the



buildings described below. As noted in the following discussion, these structures have various
sources of radionuclide releases during both operational and shutdown activities.

Containment Structure

Turbine Building

enerator

Fuel Handling Auxiliary Radwaste
Building Building Building

Figure 2-1 Principal structures at an operating BWR nuclear power generation station

The main buildings are described below.

Containment or Drywell Building: A building that houses the reactor and the related cooling
system that contains highly radioactive fluids. The building is of steel construction and, in some
designs, is surrounded by a concrete structure that is designed for much lower pressure. The
area between the steel and concrete building is called the annulus.

Fuel Handling Building: A building separate from the containment that is used to store spent
fuel assemblies in steel racks in a large deep storage pool. Casks for shipping or onsite dry
storage of spent fuel assemblies will be loaded (or unloaded) from this pool. A new fuel storage
area is provided for receipt of new assemblies and storage before they go into the containment
and subsequently into the reactor during refueling.

Auxiliary Building: A building separate from the containment that houses much of the support
equipment that may contain radioactive liquids and gases. Emergency equipment is also
normally located in this building.

Turbine Building: A building that houses the turbine, generator, condenser, and condensate
and feedwater systems. Some BWRs in the United States have a structure without the
traditional roof and walls.




Radwaste Building: A building that houses various systems to process liquid, solid, and
gaseous radioactive wastes generated by the plant. In some BWR designs, the turbine building
and radwaste building may house shared components of the offgas-recombiner system.

222 Terminology
The following definitions apply to terms used in this report:

Activation Gases: Gases (including oxygen, nitrogen, and argon) that are radioactive as a
result of irradiation in the core.

Anticipated Operational Occurrence (AOO): Unplanned releases of radioactive materials
from miscellaneous actions, such as equipment failure, operator error, and administrative error,
that are not of consequence to be considered an accident. Note that, in the context of the
GALE-BWR 3.2 code, this definition is different than the one in Appendix A, “General Design
Criteria for Nuclear Power Plants,” to 10 CFR Part 50.

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

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

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

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

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

Effective Full-Power Days: The number of days a plant would have to operate at 100-percent
licensed power to produce the integrated thermal power output during a calendar year; that is:

Effective Full Power Days = Integrated Thermal Power _ X PiT; (2-1)
Licensed Power Level Piotal
where Pi = the ™ power level, in megawatt thermal (MWH);
Piotas = the licensed power level, in MWt; and
T = the time of operation at power level P;, in days.

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

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



High-Purity Waste Stream: Liquids, normally of low electrical conductivity, consisting primarily
of liquid waste collected from building equipment drains, valve and pump seal leak offs,
demineralizer backwash, ultrasonic resin cleaner (URC), and resin transfer. These liquids are
normally reused as primary coolant makeup water after processing.

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

Low-Purity Waste Stream: Liquids, normally of high electrical conductivity and not of primary
coolant quality, collected from building sumps, uncollected valve and pump seal leak offs,
miscellaneous vents, and floor drains.

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

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

Radioactive Halogens: The radionuclides of fluorine, chlorine, bromine, and radioiodine. The
radioactive radionuclides of radioiodine are the key radionuclides considered in dose
calculations.

Radioactive Noble Gases: The GALE-BWR 3.2 code focuses on the radioactive radionuclides
of argon, krypton, and xenon, which are characterized by their chemical inactivity. These are
the noble gases that are generated by a nuclear reactor or those that are precursors to the
production of specific radionuclides. The radioactive radionuclides of argon, krypton, and xenon
are the key elements considered in dose calculations.

Reactor Coolant: The fluid circulated through the reactor to remove heat. In a BWR, the fluid
is 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 default
values for the reactor coolant and main steam are based on ANSI/ANS-18.1-1999, but the
GALE-BWR 3.2 code provides additional options to allow the user to select
ANSI/ANS-18.1-1984 or ANSI/ANS-18.1-2016. In accordance with the recommendations of the
standard, the GALE-BWR 3.2 code provides for adjusting reactor coolant concentrations, should
the plant be designed to parameters that are outside the ranges considered in the standard.
The radionuclides are divided into the following categories:

noble gases

halogens (bromine, radioiodine)

cesium and rubidium

water activation products

tritium

other radionuclides (as listed in GALE-BWR 3.2 code-liquid effluent model output files)

Regenerate Solutions Waste: The liquid solution from ion exchange columns or condensate
polishers that are part of the demineralizer system.

Source Term: The calculated average quantity of radioactive material released to the
environment from a nuclear power reactor during normal operation, including AOOs. The



source term is the isotopic distribution of radioactive materials used in evaluating the impact of
radioactive releases on the environment. Normal operation includes routine outages for
maintenance and scheduled refueling.

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

2.3 Gaseous Source Terms

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

. main condenser offgas system

o turbine gland sealing system

° mechanical vacuum pumps

° gases and vapors from the venting of tanks and components

. 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. Gaseous effluent releases from BWRs may be released either from a single
stack for the entire plant or via multiple stacks and vents by specific buildings, depending on the
design. The radioactive particulate and noble gas release rates are specified in the GALE-
BWR 3.2 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.

Later sections provide radioiodine and particulate DFs for removal equipment and parameters
for calculating holdup times for noble gases and for calculating tritium, argon-41, and carbon-14
releases.

2.4 Liquid Source Terms

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

. processed liquid wastes from the high-purity waste system

° processed liquid wastes from the low-purity waste system

. processed liquid waste wastes from the chemical waste system
° processed liquid regenerant wastes

. detergent wastes



The radioactivity input to the liquid radwaste treatment system is based on the flow rates of the
liquid waste streams and their radioactivity levels, expressed as a fraction of the primary coolant
activity (PCA). The default values for the PCAs are based on the recommendations of
ANSI/ANS-18.1-1999; however, these values can also come from the ANSI/ANS-18.1 version
(1984, 1999, or 2016) selected by the user.

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

. decay during collection and processing

. removal by the proposed treatment systems (e.g., filtration, ion exchange, evaporation,
reverse osmosis, plateout)

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
DFs given in Sections 4.1.1 and 4.1.2. The activity on the condensate demineralizer resins will
also include the steam generator blowdown activity if the blowdown is recycled to the
condensate demineralizers. The radioactivity content of the demineralizer regenerant solution is
obtained by considering that all radioactivity is removed from the resins at the interval dictated
by the regeneration frequency.

Sections 4.1.1 and 4.1.2 contain the methods for calculating collection and processing times
and the DFs for radwaste treatment equipment. The liquid radioactive source terms are
adjusted to compensate for equipment downtime and AOOs.

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






3.0 INSTALLATION AND USE

This section describes the GALE-BWR 3.2 executable and data files required for operation.
Additionally, this section contains information on how to install the code, how to run the code
executable file, and how to view the code output files.

3.1 Code Installation

GALE-BWR 3.2 is a Fortran-based computer code used to calculate the effluents released from
a BWR during normal operations. GALE-BWR 3.2 can be installed on any computer running
Windows operating systems 7.0, 8.0, and 10.0. To install the code, the user should copy the
three data files (i.e., actinides.data, fission-products.data, and light-elements.data), the existing
BWR input file, the BWR fixed parameter text file, the BWR output Excel file, and the executable
file to the computer and set up a working directory, as shown in Figure 3-1.

E—re—)
& 'lv » Libraries » Documents » GALE » GALE32 » GALE-BWR32 « | 4 ||| Search GALE-BWR 2. )
| Fite € .
Organize Share with = Bum New folder = - i @
Deskt; i
B Deskiop Documents library Amangeby: Folder =
& Downloads GALE-BWR 3.2 Arrange by:  Folde
3 Dropbonx
% Recent Places i
| actinides.data
4 Libraries ) BWR GALE Qutput 32.xls
¢| Documents | BEWRfixed-parameters.tt
&' Music A BWRGALE.in
= Pictures i __| fission-products.data
B videos "] GALE_BWR.exe
B GALE3 2.ico
B Computer | light-elements.data
€ Metwork
+
8 items
8 items
!

Figure 3-1  Windows Explorer directory with the GALE-BWR 3.2 files

The names and descriptions of the GALE-BWR 3.2 files to be copied to the working directory
are given below:

. actinides.data—This data file is required to calculate actinide radionuclides. The
actinides have atomic numbers from 89 to 103 and represent the heavy elements in the
fuel. Because of radioactive decay of the actinides, the data file contains radionuclides
with atomic numbers from 81 to 99.

° fission-products.data—This data file is required to calculate fission products. These
radionuclides have atomic numbers from 1 to 68 and represent the radionuclides created
during the fission of the actinide fuel.

° light-elements.data—Similar to the fission product file, this data file is required to
calculate other elements in the reactor. This can include impurities in the fuel and other
materials associated with the reactor. The atomic numbers range from 1 to 84 in this
data file.




. BWRGALE.in—This is sample input for gaseous and liquid effluents from BWRs. This
file, which comes with the GALE-BWR 3.2 code download, is a sample BWR input that
provides the user with default values.

. BWRfixed-parameters.ixt—This text file allows the user to change selected fixed
modeling GALE-BWR parameters. This file can be opened and edited in any text editor
program (e.g., NotePad) by the user. The text file should start with “Suser’ and end with
“$end” and comments can be included after any “I.” The default values in this text file
are set to ANSI/ANS-18.1-1984 and the GALES86 fixed modeling parameters in
NUREG-0016, Revision 1.

. BWR GALE Output 3.2.xIs—This is an Excel file to read and display GALE-BWR 3.2
output from BWRs.

. GALE BWR.exe—This is the executable file that opens up the GALE-BWR 3.2 GUI.
This program allows for the generation of plant-specific inputs and the execution of the
code.

. GALE3.2.ico—This file provides the user with an icon to attach to a desktop shortcut.

The user can create a desktop icon for GALE-BWR 3.2 by right clicking on the
GALE_BWR.exe file and selecting the option “Create shortcut.” The shortcut can then
be placed on the desktop, and the icon file can be added by right clicking the desktop
shortcut and selecting the properties option on the dropdown menu. Select the “Change
Icon” button in the properties window and navigate to the GALE3.2.ico file shown in
Figure 3-1.

Note: Itis important to include all of the data files (.data extensions listed in Section 3.1) in the
same directory as the input file. Otherwise, the code will give the user an error message stating
that it cannot locate the .data files and will terminate the run.

3.2 Code Execution and Use

To execute the GALE-BWR 3.2 code, either double click on the executable file,
GALE_BWR.exe, or the desktop shortcut icon and the Introductory Screen for code will open as
shown in Figure 3-2.

3.21 Introductory GUI Inputs

The Introductory Screen, Figure 3-2, is the GUI screen from which the user selects the name of
the input file to be used; the type of analysis to be performed (gaseous, liquid, or both); the
GALE version and ANS-18.1 version options to be used; the name of the gaseous and liquid
output files; and whether to use legacy inputs in the run.

3.2.1.1 Input File Name Field

On the Introductory Screen, the user should specify the name of the input file to be used for the
run. GALE-BWR 3.2 comes with a sample case, the BWRGALE.in file, which appears as the
default value for Input File Name. Sections 3.2.2 through 3.2.4 give the plant-specific parameter
values for this file. The user can also browse for an existing input file that has previously been
created by selecting the “Browse” button in Figure 3-2. This button opens Windows Explorer to
the default working directory, which contains the GALE-BWR 3.2 executable file (Figure 3-1),
but the user can navigate to the directory that contains the input file of interest. If the existing
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GALE-BWR 3.2 input file is not located in the default working directory noted in Figure 3-1, then
all of the data files (.data file extensions listed in Section 3.1) should be in the same directory as
the input file. Otherwise, the code will give the user an error message stating that it cannot
locate the data files and will terminate the run.

BWR GALE-3.2 - - [

Input File Name Im
e oo ]

V¥ Gas GALE Version ANS 18.1 Version

¥ Liquid
GALES6S  ~| [1999
oo 1= =

Gas [ BWRGE out
Liquid [BWRLE out
Legacy Input
™ Read Legacy Input
Gas Input | BWRGESS.inp

GasOutput | BWRGESS.out
Liquid Input | BWRLEB6.inp
Liquid Output | BWRLESS.out

r~English/SI Unit Setting -
[ Initialize to all ST Units in Input and Output

June 2019

This computer program was created as work sponsored by an agency of the
United States Government. Neither the United States Government nor any
agency thereof, nor its contractors, nor any of their employees, makes any
warranty, expressed or implied, or assumes any legal liability or responsibility for “
any third party's use, or the results of such use, or of any information in or

generated by this program, or represents that its use by such third party would
not infringe privately-owned rights. In addition you may not distribute this
computer program or use this computer program without the permission of the
U.S. Nuclear Regulatory Commission.

T ][ o

(= —— -

Figure 3-2  Introductory Screen

3.2.1.2 Type of Analysis Section

This section of the Introductory Screen allows the user the option of selecting the Type of
Analysis to be performed by choosing either the “Gas,” “Liquid,” or both radio buttons. The
default settings, as shown in Figure 3-2, are that both radio buttons are checked.



3.2.1.3 GALE Version and ANS-18.1 Version Options

Figures 3-3 and 3-4 show the GALE version options and the ANS-18.1 version options available
to the user. The user also has the option of manually changing the certain fixed modeling
parameters through the use of the BWR(fixed-parameters.txt file listed in Figure 3-1 and
discussed in Section 4.3. Section 4.0 discusses in detail the GALE version option (GALES6),
the ANS-18.1 version options, and the BWRfixed-parameters.ixt file in greater detail.

Note: It is important for the user to recognize that the default values for the GALE version
option and the ANS-18.1 version option are the GALE86 code and ANSI/ANS-18.1-1999, which
are consistent with the guidance in DC/COL-1SG-05; RG 1.112, Revision 1; and NUREG-0800.

BWR GALE-3.2 N b 5
Input File Name | BWRGALE.in]
Type of Analysis Browse ‘
I Gas GALE Version ANS 18.1 Version
P L

[caess < || [1999 |

Qutput Files:
s  [BemeEow
Liquid | BWRLE. out
Legacy Input
I” Read Legacy Input
Gas Input | BWRGESS.inp

Gas Output | BWRGESS. out

Liquid Input | EWWRLESS.inp

Liquid Output | EW/RLESS.out

English/SI Unit Setting
[ Initialize to all SI Units in Input and Cutput

June 2019
This computer program was created as work sponsored by an agency of the
United States Government. Neither the United States Government nor any
agency thereof, nor its contractors, nor any of their employees, makes any
warranty, expressed or implied, or assumes any legal liability or responsibility for |
any third party's use, or the results of such use, or of any information in or
generated by this program, or represents that its use by such third party would
not infringe privately-owned rights. In addition you may not distribute this
computer program or use this computer program without the permission of the
U.S. Nuclear Regulatory Commission.

| oK I Cancel

Figure 3-3  Introductory Screen—GALE version options
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Figure 3-4  Introductory Screen—ANS-18.1 version options

The default ANSI/ANS-18.1-1999 reactor coolant source term option is consistent with the
guidance in DC/COL-1SG-05; RG 1.112, Revision 1; and NUREG-0800.

The Introductory Screen contains three additional sections that give the user options to control
the Output files, Legacy Input, and English/SI Unit Setting for the code, as shown in Figure 3-5.
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Figure 3-5 Introductory Screen—file output/input and unit options

3.2.1.4 Output Files Section

The Output Files section provides the user with the option of choosing the file names for the
output files. The default names for output files are BWRGE.out and BWRLE.out, which will be
automatically written to the working directory described in Section 3.1 as shown in Figure 3-1.

3.2.1.5 Legacy Input Section

The Legacy Input section allows the user to read in legacy GALE-BWR input files (e.g., GALE86
input files) by selecting the “Read Legacy File” radio button. When the “Read Legacy File” radio
button is selected, the four input file fields in this section become active and used. As shown in
Figure 3-5, the default setting for the “Read Legacy File” radio button is unchecked with the four
input file fields “greyed out” and prepopulated with the BWRGES86.inp, BWRGES86.0ut,
BWRLES6.inp, and BWRLES86.out in the respective fields. The user should note that, when



using this option, the legacy files should be located in the working directory described in
Section 3.1 and shown in Figure 3-1.

3.2.1.6  English/SI Unit Setting Section

This section provides the user with the option of changing to the input and output units used in
the code. When the user selects the “Initialize to all SI Units in Input and Output” radio button,
all of the GALE-BWR inputs and outputs will be in the International System of Units (SI). As
shown in Figure 3-5, the default setting for the “Initialize to all SI Units in Input and Output” radio
button is unchecked.

Once the input and output files, the GALE version, and the ANS-18.1 version are specified, the
user should click the “OK” button to enter the plant-specific parameters for GALE-BWR 3.2
inputs. These input plant-specific parameters are entered via three GUI input screens:

(1) General Reactor Parameters GUI, (2) Liquid GUI Inputs (Liquid Radwaste Treatment
System Input Screen), and (3) Gaseous GUI Inputs (Gaseous Radwaste Treatment System
Input Screen).

3.2.2 General Reactor Parameters GUI Inputs

This section identifies the plant-specific parameters required and the acceptable ranges of those
parameters, if applicable, to be entered in the General Reactor Parameters GUI shown in

Figure 3-6. Users are able to read values in from previous input files entered on the
Introductory Screen, as well as use the values identified in the sample case in the BWRGALE.in
file discussed above. If the user has previously specified an existing input file, the user should
click the “Read from File” button to open the Read from File Screen shown in Figure 3-7.

General Reactor Parameters EI@

Mame of Reactor | Range

Thermal Power Level MW (th) Range
Total Steam Flow | | milion bfhr | Range
Mass of Water in Reactor Vessel | million Ib ﬂ Range

Cleanup Demineralizer Flow | million Ib/hr j Range ‘ Read from File

Condensate demineralizer regeneration time days Range
-

Copper Tubing for Condenser?

Fraction of feedwater through condensate demineralizers fraction Range
Liquid Inputs Gas Inputs Save ‘ Run Cancel |

Figure 3-6  General Reactor Parameters Screen



Read from File (3]

Select a GALE input file to read from

Input File Name |C:'I.LJsersUJ'l'l'lDOCLJ‘.ﬂEI'ItS'LGME'I.GALE 3.2\GALE-BWR 3.2\BWRGALE.n

Click Browse to Find a File BFDWS:EII p—rr— e

Figure 3-7  Read from File Screen

Select the “Browse” button to open a Windows Explorer Screen and navigate to the location of
the input file in the working directory described in Section 3.1 and shown in Figure 3-1. Select
the BWRGALE.in file on the Windows Explorer Screen and then select the “Read from File”
button in Figure 3-7 to populate the input field boxes with values from the BWRGALE.in file.
These values may be changed and will be updated in the input file once it is run. Figure 3-8
show the General Reactor Parameters Screen after the “Read from File” button has been
selected with the values from the BWRGALE.in file. The General Reactors Parameter Screen
also contains two option buttons regarding the execution of the GALE-BWR 3.2 code. As
shown in Figure 3-8, the user has the option of either saving any changes made to the inputs on
this screen by selecting the “Save” button or executing the GALE calculations by selecting the
“‘Run” button. The user should note that selecting the “Run” button without first selecting the
“Save” button will result in the code executing without saving the changes made to the inputs on
this screen. Therefore, if the user wishes to save any changes made to the inputs, the “Save”
button should be selected before selecting the “Run” button.

General Reactor Parameters EI@
Mame of Reactor | EWR Sample Range
Thermal Power Level 3400 My (th) b o] Range
Total Steam Flow | 15 | million Ibfhr ﬂ ge
Mass of Water in Reactor Vessel | 0.38 | millior I ﬂ
-
Cleanup Demineralizer Flow | 0.13 | million Ib/hr ﬂ
Condensate demineralizer regeneration time lfﬁi days
Copper Tubing for Condenser? Mo ~ &

Fraction of feedwater through condensate demineralizers | 1.0 fraction Range
Liquid Inputs Gas Inputs Save | Fun | Cancel |

Figure 3-8  General Reactor Parameters Screen with default values from the
BWRGALE.in file



Figure 3-9 shows the basic structure of a BWR. This figure should be used in reference to the
items described in the following sections on the general reactor parameters.

3.2.2.1 Name of Reactor

Enter the name of the reactor for which the analysis is performed. Selecting the “Range” button
next to this input field will open the Name of Reactor Allowable Range Screen shown in

Figure 3-10. This input field is a text field with a character limit of 120. The default value from
the BWRGALE.in file is “Sample BWR.”

Containment

Structure Supply Systems

Figure 3-9  Basic structure of a BWR

Name of Reactor Allowable Range
The &llowable range for Mame of Reactor is 0 to 120 characters
MName of Reactor BWR Sample ‘
Please enter a value within the allowable range

Figure 3-10 Name of Reactor Allowable Range Screen



3.2.2.2 Thermal Power Level

Enter the maximum thermal power level (MWt) evaluated for safety considerations for the plant
from the Design Certification Document (DCD), Final Safety Analysis Report (FSAR), or other
plant design documentation. Selecting the “Range” button next to this input field will open the
Thermal Power Level Allowable Range Screen shown in Figure 3-11. The default value from
the BWRGALE.in file is “3400” MWt, and the allowable range for values in this field is greater
than 0 MW.

Thermal Power Level Allowable Range @

The allowable range for Thermal Power Level is greater than 0 M (th)

Thermal Power Level 3400 MW (th)

Please enter a value within the allowable range

Figure 3-11 Thermal Power Level Allowable Range Screen

3.2.2.3 Total Steam Flow

In a BWR, water boils in the reactor core, and steam exits the top of the reactor vessel. Enter
the total steam flow rate from the reactor in either units of millions of pounds per hour

(million Ib/h) or millions of kilograms per hour (million kg/h). Selecting the “Range” button next
to this input field will open the Total Steam Flow Allowable Range Screen shown in Figure 3-12.
The default value from the BWRGALE.in file is “15” million Ib/h, and the allowable range for
values in this field is greater than either O million Ib/h or 0 million kg/h.

Total 5tearmn Flow Allowable Range @

The allowable range for Total Steam Flow is:
Greater than 0 million Ib/hr
Greater than 0 million ka/hr

Total Steam Flow | 15 |mi||ion Iby/hr ﬂ

Please enter a value within the allowable range

Figure 3-12 Total Steam Flow Allowable Range Screen
3.2.2.4 Mass of Water in Reactor Vessel

Figure 3-9 shows the reactor vessel. A fixed quantity of water exists as liquid and vapor in the
reactor vessel and the recirculation lines. Enter the mass of water in the reactor vessel and
recirculation lines in units of either millions of pounds (million Ib) or millions of kilograms
(million kg). Selecting the “Range” button next to this input field will open the Mass of Water in
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Reactor Vessel Allowable Range Screen shown in Figure 3-13. The default value from the
BWRGALE.in file is “0.38” million Ib, and the allowable range for values in this field is greater
than either 0 million Ib or O million kg.

Mass of Water in Reactor Vessel Allowable Range @

The allowable range for Mass of Water in Reactor Vessel is:
Greater than 0 million Ib
Greater than 0 million kg

Mass of Water in ™
0.38 liar b
Reactor Vessel | milion ﬂ

Please enter a value within the allowable range

Figure 3-13 Mass of Water in Reactor Vessel Allowable Range Screen

3.2.2.5 Cleanup Demineralizer Flow

The cleanup demineralizer takes all or some fraction of the water that condenses through the
turbine and condenser and cleans dissolved minerals from the water to keep the reactor water
clean. Enter the reactor coolant flow rate through the reactor coolant cleanup system
demineralizers in either units of million Ib/h or million kg/h. Selecting the “Range” button next to
this input field will open the Cleanup Demineralizer Flow Allowable Range Screen shown in
Figure 3-14. The default value from the BWRGALE.in file is “0.13” million Ib/h, and the
allowable range for values in this field is greater than either O million Ib/h or 0 million kg/h.

Cleanup Demineralizer Flow Allowable Range @

The allowable range for Cleanup Demineralizer Flow is:
Greater than 0 million Ib/hr
Greater than 0 million kafhr

Cleanup Demineralizer Flow | 0,13 | million Ibfhr ﬂ

Flease enter a value within the allowable range

Figure 3-14 Cleanup Demineralizer Flow Allowable Range Screen

3.2.2.6 Condensate Demineralizer Regeneration Time

The condensate demineralizer may be regenerated from time to time to remove the material
taken from the reactor water. Enter the condensate demineralizer regeneration time in units of
days. Selecting the “Range” button next to this input field will open the Condensate



Demineralizer Regeneration Time Allowable Range Screen shown in Figure 3-15. If this value
is not given, use the following sample values:

. For deep-bed condensate demineralizers, use a 3.5-day regeneration frequency.

° If URC is used, assume an 8-day regeneration frequency.

o For filter/demineralizers (Powdex), enter 0.0.

° Multiply the frequency by the total number of demineralizers and enter the calculated

number of days.

The default value from the BWRGALE.in file is “56” days, and the allowable range for values in
this field is greater than or equal to 0 days.

Condensate Demineralizer Regeneration Time Allowable Range @

The allowable range for Condensate Demineralizer Regeneration Time is greater or equal to 0 days

Condensate demineralizer regeneration time 56 days
Please enter a value within the allowable range

Figure 3-15 Condensate Demineralizer Regeneration Time Allowable Range Screen

3.2.2.7 Copper Tubing for Condenser

The condenser, shown in Figure 3.8, is used to condense the steam that passes through the
turbine back to liquid water. The material the condenser is made of can affect the radionuclide
content in the primary coolant. Select “Yes” if copper tubing is used in the condenser. The
default value from the BWRGALE.in file is “No.”

3.2.2.8 Fraction of Feedwater through Condensate Demineralizer

Enter the fraction of feedwater processed through the condensate demineralizers. For a BWR
that has a ratio of condensate demineralizer flow rate to steam flow rate equal to 1.0

(i.e., full-flow condensate demineralizers), a value of “1.0” fraction should be input. Selecting
the “Range” button next to this input field will open the Fraction of Feedwater through
Condensate Demineralizers Allowable Range Screen shown in Figure 3-16. The default value
from the BWRGALE.in file is “1.0” fraction, and the allowable range for values in this field is
between 0 and 1.0.



Fraction of Feedwater Through Condensate Demineralizers Allowable Range @

The allowable range for Fraction of feedwater through condensate demineralizers is 0 to 1
Fraction of feedwater through 1.0 o
condensate demineralizers

Flease enter a value within the allowable range

Figure 3-16 Fraction of Feedwater Through Condensate Demineralizers Allowable
Range Screen

3.23 Liquid GUI Inputs (Liquid Radwaste Treatment System Input Screen)

The “Liquid Inputs” button on the General Reactor Parameters Screen (Figure 3-8) allows the
user to open the Liquid Radwaste Treatment System Screen as shown in Figure 3-17. The
Liquid Radwaste Treatment System Screen contains five tabs, as shown in Figure 3-17, for the
input of the liquid radwaste inlet streams that are considered in the code. Table 3-1 lists five
liquid radwaste inlet stream tabs and the potential sources for each stream.

Liquid Radwaste Treatment System @

High Purity Waste | Low Purity Waste ] Chemical Waste | Regenerant Solutions Waste | Detergent Waste | |

Liquid Stream

Flow Rate |28640 | gallons/day | % Combine from

Activity of Inlet

Stream 0.15 E;aoi:ﬁ?:;h%riitn;ary o Various sources

Decontamination Factors (DF) Waste Collection and Processing

i T - | [ c=rre=C - B L

Cz and Rb DF 1e2 Range Waste processing 007 days p— | v

and discharge times

Other DF 1e3 Range Average fraction of
g wastes to be discharged |0.01 Range

after processing

Figure 3-17 Liquid Radwaste Treatment System Screen



Table 3-1 Five BWR liquid radwaste inlet stream tabs and their sources

Liquid Radwaste Inlet Stream Tab Potential Source of Liquid Radwaste Stream

Equipment drains from: Drywell
Reactor Building
Turbine Building
Radwaste Building
Auxiliary Building
Fuel Pool Building

High-Purity Waste URC overheads

Resin backwash

Transfer water

Filter backwash

Phase separator decant liquid

Radwaste evaporator condensate

Floor drains from: Drywell
Reactor Building
Turbine Building
. Radwaste Building
Low-Purity Waste Auxiliary Building
Fuel Pool Building
Uncollected valve and pump seal leakoffs
Water resulting from dewatering of slurry wastes

Laboratory drains

Chemical Waste
Nondetergent chemical decontamination wastes

Regenerant Solutions Waste Regenerant solution from ion exchange columns
(condensate polishers)
Detergent Waste Sites that have onsite laundry facilities

3.2.3.1 High Purity Waste Tab

As defined in Section 2.2.2, high-purity waste is liquids, normally of low electrical conductivity,
consisting primarily of liquid waste collected from building equipment drains, valve and pump
seal leakoffs, demineralizer backwash, URC, and resin transfer. These liquids are normally
reused as primary coolant makeup water after processing. Figure 3-18 shows the Liquid
Radwaste Treatment System Screen selected to the High Purity Waste Tab with the default
values from the BWRGALE.in file. The inputs are described below.



Liquid Radwaste Treatment System @

High Purity Waste |I|_0W Purity Waste ] Chemical Waste | Regenerant Solutions Waste | Detergent Waste |
1_iquid Stream
W 28640
Flow Rate | |gallons,”day j ETEE Combine from
Activity of Inlet l— fraction of primary Various sources
Stream 0.15 coolant activity Range |
- " ) }
Decontamination Factors {DF) Waste Collection and Processing

: Waste collection time
Iodine DF 1e3 Range o = e 1 days Range
Cs and Rb DF 1e2 Range Waste processing |I_|I
and discharge times 0.07 days Range Calaulate
Other DF 123 Range Average fraction of
- wastes to be discharged |0.01 Range

after processing

Save | oK | Cancel |

Figure 3-18 Liquid Radwaste Treatment System Screen (High Purity Waste Tab)

Liquid Stream Field

Enter the Liquid Stream Flow Rate in either units of gallons per day (gal/d) or liters per day
(L/d). Selecting the “Range” button next to this input field will open the High Purity Waste Liquid
Stream Flow Rate Allowable Range Screen shown in Figure 3-19. The default value from the
BWRGALE.in file is “28640” gal/d, and the allowable range for values in this field is greater than
or equal to either 0 gal/d or O L/d.

High Purity Waste Liquid Stream Flow Rate Allowable Range @

The allowable range for Flow Rate is:
Greater or equal to 0 gallon/day
Greater or equal to 0 literfday

Liquid Stream Flow Rate | 28640 | gallons /day ﬂ

Please enter a value within the allowable range

Figure 3-19 High Purity Waste Liquid Stream Flow Rate Allowable Range Screen

Enter the Activity of Inlet Stream in units of fraction of PCA. Selecting the “Range” button next
to this input field will open the High Purity Waste Liquid Stream Activity of Inlet Stream
Allowable Range Screen shown in Figure 3-20. The default value from the BWRGALE.in file is
“0.15,” and the allowable range for values in this field are between 0.0 and 1.0 fraction of PCA.
Table 4-29 gives sample values of typical flow rates and PCAs for various reactor drains and
other liquid streams.



High Purity Waste Liquid Stream Activity of Inlet Stream Allowable Range @
The allowable range for Activity of Inlet Stream is greater or equal to 0 and less than or equal to 1

0.15 Fraction of primary

Activity of Inlet Stream coalant activity

Please enter a value within the allowable range

Figure 3-20 High Purity Waste Liquid Stream Activity of Inlet Stream Allowable Range
Screen

In addition, because there are multiple sources of liquid waste for the different waste types, the
user can access a separate calculation screen by selecting the “Combine from various sources’
button (Figure 3-18). Figure 3-21 shows the High Purity Waste: Low Electrical Conductivity
Screen, where specific flow rates and activity fractions can be input to calculate the total liquid
stream for the various waste types.

4

High Purity Waste: low electrical conductivity @

Average Flow  Fraction of

lon/d Primary Coolant
galonjday ] Activity (PCA)

Equipment drains from:

Drywell

Reactor Building

Turbine Building

Radwaste Building

Auxiliary Building

Fuel Pool Building

Other

overheads

Resin backwash

Transfer water

Filter backwash

Phase separator decant
liquid

Radwaste evaporator
condensate

Other

Ultrasonic resin deaner | |

Total | |

Calculate Use Values Cancel |

Figure 3-21 High Purity Waste: Low Electrical Conductivity Screen



After inputting the values in the top section, the user should press the “Calculate” button to
calculate the values in the bottom section. GALE-BWR 3.2 calculates the input PCAs based on
the weighted average activity of the composite stream entering the waste collection tanks using
Equation (3-1):

(Ry) (PCA4) +(R3) (PCA;) + (R3) (PCA3)

PCA =
(R; + Rz +R3)

(3-1)

where R; =the flow rate of the first input stream (gal/d);
PCA1= the PCA for the first input stream (unit less);
R2 = the flow rate of the second input stream (gal/d);
PCA.,= the PCA for the second input stream (unit less);
Rs = the flow rate of the third input stream (gal/d); and
PCA;= the PCA for the third input stream (unit less).

For example, if the inlet stream 1, 2, and 3 flow rates and PCAs are as listed below—

Stream 1 1.0E+03 gal/d at 1.0E-02 PCA
Stream 2 2.0E+03 gal/d at 1.0E-01 PCA
Stream 3 5.0E+02 gal/d at 1.0E+00 PCA

then the composite 1, 2, 3 activity would be calculated as follows:

(1.0E+03 gal/d) (1.0E-02) +(2.0E+03 gal/01) (1.0E-01) + (5.0E+02 gal/d) (1.0E+00)

PCA = = 2.0E-01

(1.0E+03 8al/ 4 2.06+03 831/, + 1.0E+03 gal/d)

The calculated composite PCA of inlet stream is 2.0E-01 and the total average flow rate is
3.5E+03 gal/d. To use these values in the input, the user should click on “Use Values” button.

Decontamination Factors Field

Enter the DFs for high-purity waste for the three categories of radionuclides shown in

Figure 3-18 (lodine DF, Cs and Rb [cesium and rubidium] DF, and Other DF). Selecting the
“‘Range” buttons next to these input fields will open the appropriate allowable range screen
shown in Figure 3-22. The default values from the BWRGALE.in file are “1e3” for lodine DF,
“1e2” for Cs and Rb DF, and “1e3” for Other DF, and the allowable range for values in these
fields is greater than or equal to 1.0. Table 3-2 provides values of typical DFs for BWR liquid
waste treatment systems.



The allowable range for lodine DF is greater or equal to 1

Iodine DF |1e3

Please enter a value within the allowable range

The allowable range for Cs and Rb DF is greater or equal to 1

Cs and Rb DF |1e2

Please enter a value within the allowable range

Please enter a value within the allowable range

Figure 3-22 High Purity Waste Decontamination Factor Allowable Range Screens
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Table 3-2 Summary of typical Decontamination Factors for BWR liquid waste

treatment streams

Demineralizers? AnionP Cesium & Other
Mixed-Bed (e.g., lodine) Rubidiumb Radionuclides®
Reactor coolant cleanup 1.0E+01 2.0E+00 1.0E+01
Condensate (deep-bed) 1.0E+01 1.0E+00 1.0E+01
— 1.0E+02 1.0E+01 1.0E+02
gh-punty (1.0E+01) (1.0E+01) (1.0E+01)
Low-ourity waste 1.0E+02 2.0E+01 1.0E+02
purity (1.0E+01) (1.0E+01) (1.0E+01)
. 1.0E+00 1.0E+01 1.0E+02
Cation bed (any system) (1.0E+00) (1.0E+01) (1.0E+01)
Anion bed (any system) 1.0E+02 1.0E+00 1.0E+00
ysy (1.0E+01) (1.0E+00) (1.0E+00)
Powdex (any system) 1.0E+01 2.0E+01 1.0E+02
ysy (1.0E+01) (1.0E+01) (1.0E+01)
Evaporators® Al Rad'o'r;:?cl)'g:s Except Anions
Miscellaneous 1.0E+04 1.0E+03
Detergent wastes 1.0E+02 1.0E+02

Reverse Osmosis?

All Radionuclides

Laundry wastes
Other liquid wastes

3.0E+01
1.0E+01

Filterse

DF of 1.0 for all radionuclides

a These values are from Table 1-5 of NUREG-0016, Revision 1, and Table 4-35.
b For an evaporator polishing demineralizer or for the second demineralizer in series, the DF is given in

parentheses.

¢ These values are from Table 1-5 of NUREG-0016, Revision 1, and Table 4-36.
d These values are from Table 1-5 of NUREG-0016, Revision 1, and Section 4.1.1.17.
e This value is from Table 1-5 of NUREG-0016, Revision 1, and Section 4.1.1.18.

Waste Collection and Processing Field

Enter the Waste Collection and Processing parameters for the High Purity Waste Tab:

. Enter the waste collection time in days before processing. Selecting the “Range” button
next to this input field will open the appropriate allowable range screen shown in
Figure 3-23. The default value from the BWRGALE.in file is “1” day, and the allowable
range for values in this field is greater than or equal to 0.0 days.

° Enter the waste processing and discharge time in days. Selecting the “Range” button
next to this input field will open the appropriate allowable range screen shown in
Figure 3-23. The default value from the BWRGALE.in file is “0.07” days, and the
allowable range for values in this field is greater than or equal to 0.0 days.

. Enter the average fraction of wastes to be discharged after processing. Selecting the
“‘Range” button next to this input field will open the appropriate allowable range screen
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shown in Figure 3-23. The default value from the BWRGALE.in file is “0.01,” and the
allowable range for values in this field are between 0.0 and 1.0.

High Purity Waste Collection and Processing Allowable Range @

The allowable range for Waste collection time prior to processing is greater or equal to 0 days

Waste collection tme ll— d

prioF to processing b

Please enter a value within the alowable range

High Purity Waste Collection and Processing Allowable Range

The allowable range for Waste processing and discharge times is greater or equal to 0 days

Waste processing

and discharge times 0.07 days

Please enter a value within the alowable range
High Purity Waste Collection and Processing Allowable Range @

The allowable range for Average fraction of wastes discharged after processing is greater or
equal te 0 and less than or equal to 1

Average fraction of wastes to be 0.01
discharged after processing '
Please enter a value within the alowable range

Figure 3-23 High Purity Waste Collection and Processing Allowable Range Screens

In addition to inputting the specific parameters, the information for Waste Collection and
Processing can be calculated using the “Calculate” button (Figure 3-18). Figure 3-24 shows the
calculation screen for the input of information for waste collection time, processing, and
discharge time. Users input the specific information for the various waste streams and then can
calculate the final values that are used by the code.

Selecting the “Range” buttons next to each of these input fields in Figure 3-24 will open the
appropriate allowable range screen shown in Figure 3-25. The appropriate units for these input
fields are either units of volume (i.e., gal or L) or rates (i.e., gal/d or L/d). The allowable range
for values in this field is greater than either 0 gal or 0 L (volumes) and either 0 gal/d or 0 L/d
(rates). The following sections describe how these calculations are performed.
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Waste collection time, and processing and discharge time calculation

I gallons j Range |
| gallons/day LI Range |

I gallons fday ;I Range |

| gallons j Range |
I gallons/day LI Range |
I gallons/day LI Range |

|
|
[
|
|
|
|
Waste collection time prior to processing I— days Calculate |
l—

Volume of collection tank

Rate into collection tank

Are there redundant tanks?

Limiting equipment flow capacity
of deanup process

Volume of final tank following deanup

Rate of addition waste into final tank

Flow capadity of final tank discharge
pump

Waste processing and discharge time days Use Values

Rate of additional

Rate into waste inta final tank
collectiontank | .

Collection Tank

Final Tank

Limi_ting Flow capacity of
=quipmentflaw final discharge
capacity

pump

Cancel |

Figure 3-24 Waste Collection Time, and Processing and Discharge Time Calculation
Screen
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Volume of Collection Tank Allowable Range @ Rate into Collection Tank Allowable Range @
The allowable range for the Volume of Collection Tank is: The allowable range for the Rate into Collection Tank is:
Greater than 0 gallons Greater than 0 gallons/day
Greater than O liters Greater than 0 liters/day
Volume of collection tank gallons ﬂ Rate into collection tank | gallons/day j
Please enter a value within the allowable range Please enter a value within the allowable range

Limiting Equipment Flow Capacity of Cleanup Process Allowable Range @ Volume of Final Tank Following Cleanup Allowable Range @

The allowable range for the Limiting Equipment Flow Capadity of Cleanup Process is: The allowable range for the Volume of final Tank following deanup is:
Greater than 0 gallons

Greater than 0 liters

Greater than 0 gallons/day
Greater than 0 liters/day

Limiting equipment flow capacity |ga||5nsfday j

Volume of final tank following deanyy allons -
of deanup process 9 P e J

Please enter a value within the allowable range Please enter a value within the allowable range

Rate of Additional Waste into Final Tank Allowable Range [ % |[£3s) || Flow Capacity of Final Tank Discharge Pump Allowable Range -7 |zl
The allowable range for the Rate of additional waste into final Tank is: The allowable range for the Flow capacdity of final tank discharge pump is:
Greater than 0 gallons/day Greater than 0 gallons/day
Greater than 0 liters/day Greater than 0 liters/day
Rate of addition waste into final tank | gallons/day j Flow capacity of final tank discharge ‘ gallons day j
pump

Please enter a value within the allowable range Please enter a value within the allowable range

Figure 3-25 Waste Collection Time and Processing and Discharge Time Calculation
Allowable Range Screens

Collection Time for Liguid Wastes

Collection time before processing is based on the input flow calculated above. Where
redundant tanks are provided, assume the collection tank to be filled to 80-percent design
capacity. If only one tank is provided, assume the tank to be filled to 40-percent design
capacity. For example, for the liquid waste processing system shown in Figure 3-26; if flow from
a 1,000-gal/day floor drain is collected in two 20,000-gallon tanks before processing, collection
time would be calculated using Equation (3-2):

(8.0E-01) (A) (8.0E-01) (2.0E+04 gal)
T.= = =16d 3-2
R, (1.0E+03 gal/d) s (3-2)
where T. = collection time in days;
8.0E-01 = the percent design capacity for redundant tanks (4.0E-01 for single tanks);
A = the capacity of initial tank in liquid waste flow stream (gal); and
Ra = flow rate into the initial collection tank (gal/d).
Additionally, the following are other variables in Figure 3-26:
B = the limiting process based on equipment flow capacity, dimensionless;
C = the capacity of final tank in flow scheme before discharge (gal);
Ry = the equipment flow capacity of the limiting process (B) (gal/d);
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Rc = the flow capacity of the final tank (C) discharge pump (gal/d); and
Ro = the rate of flow of additional waste inputs to the final tank (C) (gal/d).

Floor Drains
1,000 gal/d

7|

l I

Floor Drain Tank A Floor Drain Tank B Detergent Waste
20,000 gal 20,000 gal 450 gal/d
| | Ro
i ______________ , Waste Sample
L : B : — Tank A
I 1 40,000 gal
Waste Demineralizer I | Waste Evaporator |
100 gal/min N 15 gal/min :
E R, i L Was:liie Sample
—————————————— > ank B

40,000 gal C_:

Discharge Pump
10 gal/min
R,

Figure 3-26 Example of liquid waste processing system flow stream scheme

Then, for example, 16 days would be calculated for the waste collection time prior to processing
block (Figure 3-24) and the user should click on the “Use Values” button (Figure 3-24). This will
transfer the value of 16 days to waste collection time prior to processing field in Figure 3-18.

Processing and Discharge Time

Decay during processing and discharge of liquid wastes is also shown graphically in
Figure 3-26. The process time (T,), credited for decay, is calculated using Equation (3-3) for
redundant tanks and Equation (3-4) for a single tank.

_ (8.0E-01) (A)

T
p Ry

(3-3)
— (4.0E-01) (A)

T

(3-4)
The discharge time (Tq4), 50 percent credited for decay, is calculated using Equation (3-5) for
redundant tanks and Equation (3-6) for a single tank.

__ (8.0E-01) (C)

T
d R,

(3-5)
_ (40E-0D) (Q)

T
d R,

(3-6)
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After performing the above two calculations, use Equation (3-7) for redundant tanks and
Equation (3-8) for a single tank to calculate whether credit may be taken for decay during
discharge.

(8.0E-01) (C) > T, (Ry + Ry) (3-7)
(4.0E-01) (C) > Ty (Rp + Ro) (3-8)

If so, then use Equation (3-9) where “Decay” is the new processing and discharge time to be
entered for each input stream for the input variables listed above.

Decay = T, + (5.0E-01)(Ty) (3-9)

If, however, the results of Equations 3-7 and 3-8 are < T(Rs + Ro), Tp is used for the holdup
time, Tank C may be discharged before Tank A has been completely processed. In this case,
the T, value should be entered.

For example, using Equations 3-3 and 3-5 and the liquid waste flow scheme in Figure 3-26, the
following process time (T,) and discharge time (T4) can be calculated:

_ (8.0E-01) (2.0E+04 gal)
P (15E+01 gal/min) (1.44E+03 min/ )

= 0.7 days

_ (8.0E-01) (4.0E+04 gal)
d — al -
(1.0E+018%/ . ) (1.44E+03 min/ )

= 2.2 days

Then, checking for decay credit, 8.0E-01(C)/(Rs + R,) = 1.45 days, which is greater than Ty;
therefore, credit is taken for [T, + 5.0E-01(Tq)] or 2.2 days for processing and discharge. The
input for the applicable parameter is 2.2 days for processing and discharge time. To use these
values in the input, the user should click on the “Use Values” button (Figure 3-24).

3.2.3.2 Low Purity Waste Tab

As defined in Section 2.2.2, low-purity waste consists of liquids, normally of high electrical
conductivity and not of primary coolant quality, collected from building sumps, uncollected valve
and pump seal leakoffs, miscellaneous vents, and floor drains. Figure 3-27 shows the Liquid
Radwaste Treatment System Screen selected to the Low Purity Waste Tab with the default
values from the BWRGALE.in file. The inputs are described below.
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Liquid Radwaste Treatment System @

High Purity ‘.‘\u'astel Low Purity Waste IChemic:aI Waste | Regenerant Solutions Waste | Detergent Waste |

Liquid Stream

Flow Rate | 5700 |gall0ns,|"day j Range Combine from
gicrte\g;y of Inlet IT Eroaoclgﬁg::h%riitr;ary o | Various sources
Decontamination Factors {DF) Waste Collection and Processing

: Waste collection time
31 d
Iodine DF 1e3 Range prior to processing ay's Range
Cs and Rb DF 1e4 Range Waste processing |I_|I
and discharge times 0.6 days Range Calulate
Other DF 1e4 Range Average fraction of
- wastes to be discharged | 1.0 Range

after processing

Figure 3-27 Liquid Radwaste Treatment System Screen (Low Purity Waste Tab)

Liquid Stream Field

Enter the Liquid Stream Flow Rate in either units of gal/d or L/d. Selecting the “Range” button
next to this input field will open the Low Purity Waste Liquid Stream Flow Rate Allowable Range
Screen shown in Figure 3-28.

Low Purity Waste Liquid Stream Flow Rate Allowable Range @

The allowable range for Flow Rate is:

Greater or equal to 0 gallon/day
Greater or equal to 0 liter fday

Liquid Stream Flow Rate | 5700 | gallons/day j

Please enter a value within the alowable range

Figure 3-28 Low Purity Waste Liquid Stream Flow Rate Allowable Range Screen

The default value from the BWRGALE.in file is “6700” gal/d, and the allowable range for values
in this field is greater than or equal to either 0 gal/d or 0 L/d.

Enter the Activity of Inlet Stream in units of fraction of PCA. Selecting the “Range” button next
to this input field will open the Low Purity Waste Liquid Stream Activity of Inlet Stream Allowable
Range Screen shown in Figure 3-29. The default value from the BWRGALE.in file is “0.13,” and
the allowable range for values in this field are between 0.0 and 1.0 fraction of PCA. Table 4-29
gives sample values of typical flow rates and PCAs for various reactor drains and other liquid
streams.
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Low Purity Waste Liquid Stream Activity of Inlet Stream Allowable Range @
The allowable range for Activity of Inlet Stream is greater or equal to 0 and less than or equal to 1

013 Fraction of primary

Activity of Inlet Stream coalant activity

Please enter a value within the allowable range

Figure 3-29 Low Purity Waste Liquid Stream Activity of Inlet Stream Allowable Range
Screen

In addition, because there are multiple sources of liquid waste for the different waste types, the
user can access a separate calculation screen by selecting the “Combine from various sources”
button (Figure 3-27). Figure 3-30 shows the Low Purity Waste: Moderate/High Electrical
Conductivity Screen, where specific flow rates and activity fractions can be input to calculate the
total liquid stream for the various waste types. After inputting the values in the top section, the
user should press the “Calculate” button to calculate the values in the bottom section. To use
these values in the input, the user should click on the “Use Values” button. Section 3.2.3.1
explains the equation used to combine multiple liquid streams to calculate an effective flow rate
and PCA.

Low Purity Waste: moderate/high electrical conductivity @
Average Flow Fraction of
- | Primary Coolant
Activity (PCA)

Drywell | |

Floor drains from:

Reactor Building | |

Turbine Building | |

Radwaste Building | |

Fuel Pool Building

Other

Uncollected valve and
pump seal leakoffs | |

Water resulting from
dewatering of slurry | |
wastes

Other | |

Total | |

| Calculate " Use Values I Cancel

Figure 3-30 Low Purity Waste: Moderate/High Electrical Conductivity Screen
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Decontamination Factors Field

Enter the DFs for low-purity waste for the three categories of radionuclides shown in Figure 3-27
(lodine DF, Cs and Rb DF, and Other DF). Selecting the “Range” buttons next to these input
fields will open the appropriate allowable range screen shown in Figure 3-31. The default
values from the BWRGALE.in file are “1e3” for lodine DF, “1e4” for Cs and Rb DF, and “1e4” for
Other DF, and the allowable range for values in these fields is greater than or equal to 1.0.
Table 3-2 provides values of typical DFs for BWR liquid waste treatment systems.

Waste Collection and Processing Field

Enter the waste collection and processing parameters for the Low Purity Waste Tab:

. Enter the waste collection time in days prior to processing. Selecting the “Range” button
next to this input field will open the appropriate allowable range screen shown in
Figure 3-32. The default value from the BWRGALE.in file is “3.1” days, and the
allowable range for values in this field is greater than or equal to 0.0 days.

. Enter the waste processing and discharge time in days. Selecting the “Range” button
next to this input field will open the appropriate allowable range screen shown in
Figure 3-32. The default value from the BWRGALE.in file is “0.6” days, and the
allowable range for values in this field is greater than or equal to 0.0 days.

Figure 3-31

Low Purity Waste lodine Decontamination Factor Allowable Range

The allowable range for Iodine DF is greater or equal to 1

Todine DF | 1e3

Please enter a value within the allowable range

Low Purity Waste Cs and Rb Decontamination Factor Allowable Range

The allowable range for Cs and Rb DF is greater or equal to 1

Csand Rb DF | le4

Please enter a value within the allowable range

Low Purity Waste Other Decontamination Factor Allowable Range

The allowable range for Other DF is greater or equal to 1

Other DF | le4

Please enter a value within the allowable range

Low Purity Waste Decontamination Factor Allowable Range Screens
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¢ Enter the average fraction of wastes to be discharged after processing. Selecting the
“‘Range” button next to this input field will open the appropriate allowable range screen
shown in Figure 3-32. The default value from the BWRGALE.in file is “1.0,” and the

allowable range for values in this field are between 0.0 and 1.0.

In addition to inputting the specific parameters, the information for waste collection and
processing can be calculated using the “Calculate” button (Figure 3-27). Figure 3-24 shows the
calculation screen for the input of information for waste collection time and processing and
discharge time. Users input the specific information for the various waste streams and then can
calculate the final values used by the code. After inputting the values in the top section, the
user should press the “Calculate” button to calculate the values in the bottom section. To use
these values in the input, the user should click on the “Use Values” button (Figure 3-24).
Section 3.2.3.1 explains the equations used to determine these three parameters.

Low Purity Waste Waste Collection and Processing Allowable Range

The allowable range for Waste collection time prior to processing is greater or equal to 0 days

Waste collection time I“i d
prior to processing ’ ays

@

Please enter a value within the allowable range

Low Purity Waste Waste Collection and Processing Allowable Range

The allowable range for Waste processing and discharge times is greater or equal to 0 days

. Waste processing Ii
and discharge times 0.6 days

Please enter a value within the allowable range

Low Purity Waste Waste Collection and Processing Allowable Range

The allowable range for Average fraction of wastes discharged after processing is greater or

equal to 0 and less than or equal to 1

. Average fraction of wastes to be Iwi
discharged after processing '

5

Please enter a value within the allowable range

Figure 3-32 Low Purity Waste Collection and Processing Allowable Range Screens

3.2.3.3 Chemical Waste Tab

In Section 2.2.2, the “chemical waste stream” is defined as liquids, normally of relatively high
concentrations of decontaminants, regenerants, or chemical compounds other than detergents.
These liquids originate primarily from resin regenerants and laboratory wastes with a high
electrical conductivity, and sources include combined releases from laboratory and
decontamination wastes and from demineralizer regenerant solutions, according to the design
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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. Figure 3-33 shows the Liquid Radwaste Treatment System Screen
selected to the Clean Waste Tab with the default values from the BWRGALE.in file. The inputs
are described below.

Liquid Radwaste Treatment System @

High Purity Waste | Low Purity ‘.’Vastel Chemical Waste |I:!egenemnt Solutions Waste | Detergent Waste
Liquid Stream =
Flow Rate ‘ 600 |ga||onsfday j Range Combine from
Activity of Inlet ’— fraction of primary various sources
Stream 0.02 coolant activity Range |
Decontamination Factors (DF) Waste Collection and Processing

L

. Waste collection time
Iodine DF 1e3 Range prior to processing 31 s Range
Csand Rb DF 1e4 Range Waste processing ‘I_[I
and discharge times 0.8 days Range Calalate
Other DF 184 Ranae Average fraction of
2 wastes to be discharged | 1.0 Range

after processing

Save | OK | Cancel ‘

Figure 3-33 Liquid Radwaste Treatment System Screen (Chemical Waste Tab)

Liquid Stream Field

Enter the Liquid Stream Flow Rate in either units of gal/d or L/d. Selecting the “Range” button

next to this input field will open the Chemical Waste Liquid Stream Flow Rate Allowable Range
Screen shown in Figure 3-34. The default value from the BWRGALE.in file is “600” gal/d, and

the allowable range for values in this field is greater than or equal to either 0 gal/d or 0 L/d.

Chernical Waste Liquid Stream Flow Rate Allowable Range @

The allowable range for Flow Rate is:
Greater or equal to 0 gallon/day
Greater or equal to 0 liter fday

Liquid Stream Flow Rate | 600 | gallons day ﬂ

Please enter & value within the allowable range

Figure 3-34 Chemical Waste Liquid Stream Flow Rate Allowable Range Screen
Enter the Activity of Inlet Stream in units of fraction of PCA. Selecting the “Range” button next

to this input field will open the Chemical Waste Liquid Stream Activity of Inlet Stream Allowable
Range Screen shown in Figure 3-35. The default value from the BWRGALE.in file is “0.02,” and
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the allowable range for values in this field are between 0.0 and 1.0 fraction of PCA. Table
4-29 gives sample values of typical flow rates and PCAs for various reactor drains and other

liquid streams.

Chemical Waste Liquid Stream Activity of Inlet Stream Allowable Range

The allowable range for Activity of Inlet Stream is greater or equal to 0 and less than or equal to 1

Fraction of primary

Activity of Inlet Stream 0.02 T

Please enter a value within the allowable range

()

Figure 3-35 Chemical Waste Liquid Stream Activity of Inlet Stream Allowable Range

Screen

In addition, because there are multiple sources of liquid waste for the different waste types, the
user can access a separate calculation screen by selecting the “Combine from various sources”
button. Figure 3-36 shows the Chemical Waste: High Conductivity & Solids Content Screen
where specific flow rates and activity fractions can be input to calculate the total liquid stream for
the various waste types. After inputting the values in the top section, the user should press the
“Calculate” button to calculate the values in the bottom section. To use these values in the
input, the user should click on the “Use Values” button (Figure 3-36). Section 3.2.3.1 explains
the equation used to combine multiple liquid streams to calculate an effective flow rate and

PCA.

Chemical Waste: high conductivity & solids content

Average Flow

Equipment drains from:

Fraction of

I d Primary Coolant
gallons/day | Activity (PCA)

Laboratory drains | |

Mon-detergent chemical
decontamination wastes | |

Other | |

Total | |

| Calculate || IUse Values || Cancel |

-

(]

Figure 3-36 Chemical Waste: High Conductivity & Solids Content Screen

Decontamination Factors Field

Enter the DFs for clean waste for the three categories of radionuclides shown in Figure 3-33
(lodine DF, Cs and Rb DF, and Other DF). Selecting the “Range” buttons next to these input
fields will open the appropriate allowable range screen shown in Figure 3-37. The default
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values from the BWRGALE.in file are “1e3” for lodine DF, “1e4” for Cs and Rb DF, and “1e4” for
Other DF, and the allowable range for values in these fields is greater than or equal to 1.0.
Table 3-2 provides values of typical DFs for BWR liquid waste treatment systems.

Chemical Waste lodine Decontamination Factor Allowable Range @

The allowable range for Iodine DF is greater or equal to 1

Iodine DF | le3
Please enter a value within the allowable range lIl

Chemical Waste Cs and Rb Decontamination Facter Allowable Range

The allowable range for Cs and Rb DF is greater or equal to 1

Cs and Rb DF | le4

Please enter a value within the allowable range

Chemical Waste Other Decontamination Factor Allowable Range

The allowable range for Other DF is greater or equal to 1

Other DF | le4

Please enter a value within the alowable range

Figure 3-37 Chemical Waste Decontamination Factor Allowable Range Screens

Waste Collection and Processing Field

Enter the waste collection and processing parameters for the Chemical Waste Tab:

. Enter the waste collection time in days prior to processing. Selecting the “Range” button
next to this input field will open the appropriate allowable range screen shown in
Figure 3-38. The default value from the BWRGALE.in file is “3.1” days, and the
allowable range for values in this field is greater than or equal to 0.0 days.

. Enter the waste processing and discharge time in days. Selecting the “Range” button
next to this input field will open the appropriate allowable range screen shown in
Figure 3-38. The default value from the BWRGALE.in file is “0.6” days, and the
allowable range for values in this field is greater than or equal to 0.0 days.

¢ Enter the average fraction of wastes to be discharged after processing. Selecting the
“‘Range” button next to this input field will open the appropriate allowable range screen
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shown in Figure 3-38. The default value from the BWRGALE.in file is “1.0,” and the
allowable range for values in this field are between 0.0 and 1.0.

Chemical Waste Collection and Processing Allowable Range

The allowable range for Waste collection time prior to processing is greater or equal to 0 days

Waste collection time lsl— d
prior to processing : ays

Please enter a value within the alowable range

Chemical Waste Collection and Processing Allowable Range

The allowable range for Waste processing and discharge times is greater or equal to 0 days

Waste processing l—
and discharge trmes 0.6 days

Please enter a value within the alowable range

Chemical Waste Collection and Processing Allowable Range

The allowable range for Average fraction of wastes discharged after processing is greater or
equal to 0 and less than or equal to 1

Average fraction of wastes to be llﬂ—
discharged after processing '

Please enter a value within the alowable range

Figure 3-38 Chemical Waste Collection and Processing Allowable Range Screens

In addition to inputting the specific parameters, the information for waste collection and
processing can be calculated using the “Calculate” button (Figure 3-33). Figure 3-24 shows the
calculation screen for the input of information for waste collection time and processing and
discharge time. Users input the specific information for the various waste streams and then can
calculate the final values used by the code. After inputting the values in the top section, the
user should press the “Calculate” button to calculate the values in the bottom section. To use
these values in the input, the user should click on the “Use Values” button (Figure 3-24).
Section 3.2.3.1 explains the equations used to determine these three parameters.

3.2.3.4 Regenerant Solutions Waste Tab

In Section 2.2.2, “regenerant solutions waste” is defined as a liquid solution from ion exchange
columns or condensate polishers that are part of the demineralizer system. Figure 3-39 shows
the Liquid Radwaste Treatment System Screen selected to the Regenerant Solutions Waste
Tab with the default values from the BWRGALE.in file. The inputs are described below.
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Liquid Radwaste Treatment System @

High Purity Waste ‘ Low Purity Waste | Chemical Wastal Regenerant Solutions Waste |Detergent Waste

Liguid Stream

Flow Rate |1?00 | gallonsfcay | %

Decontamination Factors {DF) Waste Collection and Processing

. Waste collection time
Todine DF 1e4 Range e 9.4 days Range
Cs and Rb DF 1e5 Range Waste processing |I_I
and discharge times 0.44 days Range Calalate
Other DF 1e5 Range Average fraction of
< wastes to be discharged | 1.0 Range

after processing

Save ‘ oK | Cancel |

Figure 3-39 Liquid Radwaste Treatment System Screen (Regenerant Solutions Waste
Tab)

Liquid Stream Field

Enter the Liquid Stream Flow Rate in either units of gal/d or L/d. Selecting the “Range” button
next to this input field will open the Regenerant Solutions Waste Liquid Stream Flow Rate
Allowable Range Screen shown in Figure 3-40. The default value from the BWRGALE.in file is
“1700” gal/d, and the allowable range for values in this field is greater than or equal to either

0 gal/d or 0 L/d.

Regenerant Solutions Waste Liquid Stream Flow Rate Allowable Range @

The allowable range for Flow Rate is:
Greater or equal to 0 gallon/day
Greater or equal to 0 liter fday

Liquid Stream Flow Rate | 1700 |ga||ons,."u:|ay ﬂ

Please enter a value within the allowable range

Figure 3-40 Regenerant Solutions Waste Liquid Stream Flow Rate Allowable Range
Screen

Decontamination Factors Field

Enter the DFs for regenerant waste for the three categories of radionuclides shown in

Figure 3-39 (lodine DF, Cs and Rb DF, and Other DF). Selecting the “Range” buttons next to
these input fields will open the appropriate allowable range screen shown in Figure 3-41. The
default values from the BWRGALE.in file are “1e4” for lodine DF, “1e5” for Cs and Rb DF, and
“1e5” for Other DF, and the allowable range for values in these fields is greater than or equal to
1.0. Table 3-2 provides the values of typical DFs for BWR liquid waste treatment systems.
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Regenerant Solutions Waste [odine Decontamination Factor Allowable Range

The allowable range for Iodine DF is greater or equal to 1

Iodine DF

Flease enter a value within the allowable range

Regenerant Solutions Waste Cs and Rb Decontamination Factor Allowable Range

The allowable range for Cs and Rb DF is greater or equal to 1

CsandRbDF | 1e5

Flease enter a value within the allowable range

Regenerant Solutions Waste Other Decontamination Factor Allowable Range

The allowable range for Other DF is greater or equal to 1

Other DF

Please enter a value within the allowable range

Figure 3-41 Regenerant Solutions Decontamination Factor Allowable Range Screens

Waste Collection and Processing Field

Enter the waste collection and processing parameters for the Regenerant Solutions Waste Tab:

Enter the waste collection time in days prior to processing. Selecting the “Range” button
next to this input field will open the appropriate allowable range screen shown in

Figure 3-42. The default value from the BWRGALE.in file is “9.4” days, and the
allowable range for values in this field is greater than or equal to 0.0 days.

Enter the waste processing and discharge time in days. Selecting the “Range” button
next to this input field will open the appropriate allowable range screen shown in
Figure 3-42. The default value from the BWRGALE.in file is “0.44” days, and the
allowable range for values in this field is greater than or equal to 0.0 days.

Enter the average fraction of wastes to be discharged after processing. Selecting the
“Range” button next to this input field will open the appropriate allowable range screen
shown in Figure 3-42. The default value from the BWRGALE.in file is “1.0,” and the
allowable range for values in this field are between 0.0 and 1.0.
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Regenerant Solutions Waste Collection and Processing Allowable Range @

The allowable range for Waste collection time prior to processing is greater or equal to 0 days

Waste collection time Igz‘i 4
prior to processing ' ays

Please enter a value within the allowable range

Regenerant Selutions Waste Collection and Processing Allowable Range

The allowable range for Waste processing and discharge times is greater or equal to 0 days

VWaste processing Ii
and discharge times 0.44 days
Please enter a value within the allowable range

Regenerant Solutions Waste Collection and Processing Allowable Range @

The allowable range for Average fraction of wastes discharged after processing is greater or
equal to 0 and less than or equal to 1

Average fraction of wastes to be ’107
discharged after processing '

Please enter a value within the allowable range

Figure 3-42 Regenerant Solutions Waste Collection and Processing Allowable Range
Screens

In addition to inputting the specific parameters, the user can calculate the information for waste
collection and processing by using the “Calculate” button (Figure 3-39). Figure 3-24 shows the
calculation screen for the input of information for waste collection time and processing and
discharge time. Users input the specific information for the various waste streams and then can
calculate the final values used by the code. After inputting the values in the top section, the
user should press the “Calculate” button to calculate the values in the bottom section. To use
these values in the input, the user should click on the “Use Values” button (Figure 3-24).
Section 3.2.3.1 explains the equations used to determine these three parameters.

3.2.3.5 Detergent Waste Tab

Figure 3-43 shows the Liquid Radwaste Treatment System Screen selected to the Detergent
Waste Tab.

Detergent Waste Partition Factor

Enter the Detergent Waste Partition Factor in this field. Selecting the “Range” button next to
this input field will open the Detergent Waste Partition Factor Allowable Range Screen shown in
Figure 3-44. The default value from the BWRGALE.in file is “1.0,” and the allowable range for
values in this field is either greater than or equal to 0 and less than or equal to 1.0.
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Liquid Radwaste Treatment System @

High Purity Waste | Low Purity Waste ] Chemical Waste | Regenerart Solutions Waste

Detergent Waste Partition Factor 1.0 fraction (0.0 for no laundry) Range

I Save || OK |I Cancel |

Figure 3-43 Liquid Radwaste Treatment System Screen (Detergent Waste Tab)

Detergent Waste Partition Factor Allowable Range @

The allowable range for Detergent Waste Partition Factor is greater or equal to 0 and less than or
equal to 1

Detergent Waste Partition Factor 1.0 fraction (0.0 for no laundry)
Flease enter a value within the allowable range

Figure 3-44 Detergent Waste Partition Factor Allowable Range Screen

If the plant does not have an onsite laundry, enter “0.0.” If the plant has an onsite laundry and
detergent wastes are released without treatment, enter “1.0.” If detergent wastes are treated
before discharge, enter the fraction of radionuclides remaining after treatment (1/DF). The
radionuclides added to the liquid release caused by the presence of an onsite laundry and any
cleanup systems in place for the laundry are calculated according to Table 4-30 in

Section 4.1.1.13.

If detergent wastes are treated before discharge, enter the fraction of radionuclides remaining
after treatment (1/DF). The radionuclides added to the liquid release caused by the presence of
an onsite laundry and any cleanup systems in place for the laundry are calculated according to
Table 4-30 in Section 4.1.1.13.

After the user has finished entering the Liquid Radwaste Treatment System Screen parameters,
select the “Save” button to save any changes made to the liquid radwaste input parameters.
Then select the “OK” button to close the Liquid Radwaste Treatment System Screen

(Figure 3-43) and return to the General Reactor Parameters Screen (Figure 3-8). Note that
selecting the “OK” button without first selecting the “Save” button will result in the code returning
to the General Reactor Parameters Screen without saving any changes made to the liquid
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radwaste input parameters. Therefore, if the user wishes to save any changes made to the
inputs, the “Save” button should be selected before selecting the “OK” button.

3.24 Gaseous GUI Inputs (Gaseous Radwaste Treatment System Input Screen)

The “Gas Inputs” button on the General Reactor Parameters Screen (Figure 3-8) allows the
user to open the Gaseous Radwaste Treatment System Screen as shown in Figure 3-45. The
Gaseous Radwaste Treatment System Screen includes sections for the Containment Building,
Auxiliary Building, Radwaste Building, and Turbine Building, which includes the Gland Seal and
Air Ejector Offgas system information and the Charcoal Adsorber Removal Efficiency
Information.

Gaseous Radwaste Treatment System
Containment Building Turbine Building
Charcoal adsorbers Charcoal adsorbers
Req. Guide 1,140 Charcoal adsorbers? Yes - Reg. Guide 1.140 Charcoal adsorbers? No -
Removal effidency (Range 0 - 100) a0 % R Removal efficency (Range 0 -100) 0 o R
See Efficency Information Below = See Efficiency Information Below e
HEPA filters HEPA filters
Reg. Guide 1.140 HEPA filters? Yes - Reg. Guide 1.140 HEPA filters? No -
(No = 0% Yes = 99%) (No = 0% Yes =99%)
Auxiliary Bulding Gland Seal
Charcoal adsorbers Gland seal steam fiow [ 0.0 | thousandbhr | Range
Reg. Guide 1.140 Charcoal adsorbers? | No -
4 Gland seal holdup time | 0.0 hours Range
Removal efficency (Range 0 - 100) [— lodine released from
See Efficency Information Below 3 & Range condensar vent 0.0 fraction Range
HEPA filters Air Ejector Offgas
I}Neg- GgLZEYl- 1409*9!5:;: fiters? No - Air Ejector holdup time | 0.167 hours Range
o = es=
Todine released from
air ejector vent e fraction ez
Charcoal Delay System? | Yes ~|
ELE T Kr Dynamic Adsorption Coefficent | 105 3
Charcoal adsorbers el amfg Range
Reg. Guide 1.140 Charcoal adsorbers? | No L] Xe Dynamic Adsorption Coeffident | 2410 antfg Range
Removal effidency (Range 0 - 100) ’7 Mass of Charcoal a8 thousand I
See Effidency Information Below A % Range ¢ | =2 ﬂ Range
HEPA filters
Reg. Guide 1.140 HEPA fiters? Yes -
(No = 0% Yes = 99%)
Charcoal Adsorbers Removal Effidency Information
Reg. Guide 1.190Effdency |  NUREG-0016Effidency |
save | oK Cancel

Figure 3-45 Gaseous Radwaste Treatment System Screen

3.2.4.1 Containment Building Section

Section 2.2.1 describes the BWR containment or drywell building, while Figure 3-46 shows the
inputs for the fields in the Containment Building section as described below:

o Charcoal Adsorbers—If the ventilation exhaust air from the containment building is
treated through charcoal adsorbers that satisfy the guidelines of NUREG-0016,
Revision 1, and RG 1.140, Revision 3, Design, Inspection, and Testing Criteria for Air
Filtration and Adsorption Units of Normal Light-Water-Cooled Nuclear Power Plants,”
issued June 2001 [Ref. 14], select “Yes,” and enter the percent removal efficiency for
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iodine corresponding to the depth of charcoal. The “Reg. Guide 1.140 Efficiency” and
“‘“NUREG-0016 Efficiency” buttons provide these reference values, as shown in

Figures 3-47 and 3-48. If “No” is selected, the code uses a removal efficiency of

0.0 percent. Selecting the “Range” button next to this input field will open the
Containment Building Charcoal Adsorber Removal Efficiency Allowable Range Screen
shown in Figure 3-49. Figure 3-49 also contains the “Reg. Guide 1.140 Efficiency” and
“NUREG-0016 Efficiency” buttons, providing the user with access to Figures 3-47 and
3-48. The default value from the BWRGALE.in file is “Yes” and a removal efficiency of
“90 %.” The allowable range for values in the removal efficiency field is greater than or
equal to 0.0 and less than or equal to 100.0 percent.

Gaseous Radwaste Treatment System @
Containment Building Turbine Building
Charcoal adsorbers Charcoal adsorbers
Req. Guide 1.140 Charcoal adsorbers? Yes - Reg. Guide 1.140 Charcoal adsorbers? Mo -
Removal effidency (Range 0 - 100) 30 o R Removal effidency (Range 0 -100) 0 o R
See Efficency Information Below 4”‘* See Efficiency Information Below =
HEPA filters HEPA filters
Reg. Guide 1.140 HEPA fiters? Yes - Reg. Guide 1.140 HEPA filters? Mo -
(No = 0% Yes = 99%) (Mo = 0% Yes = 99%)
Auxiliary Building Gland Seal
Charcoal adsorbers Gland seal steam flow [ 0.0 | thousandbhr | Range
Reg. Guide 1.140 Charcoal adsorbers? | No -
Gland seal holdup time | 0.0 hours Range
Removal efficency (Range 0 - 100) ’7 I Iodine released from )
See Effidency Information Below 9 % Range condensor vent 0.0 fraction Range
HEPA filters Air Ejector Offgas
Req. Guide 1.140 HEPA filters? No - Air Eiector holdup time | 0,167
Mo = 0% Yes = 99%) le . d“:m hours Range
ne eas5e
air ejector vent 10 fraction Range
Charcoal Delay System? Yes -
Radwaste Building
TR W Kr Dynamic Adsorption Coefficient 105 an’fg Range
Reg. Guide 1.140 Charcoal adsorbers? | No :l' e Dynamic Adsorption Coeffident | 2410 an?fg Range
Removal effidency (Range 0 - 100) | Mass of Charcoal a3 thousand b
Ses Effidency Information Below 0.0 % Range oF Charco | 3 ﬂ LS
HEPA filters
Reg. Guide 1,140 HEPA filters? Yes -
(No = 0% Yes = 99%)
Charcoal Adsorbers Removal Effidency Information
| Reo. Guide 1.140 Efficiency ul NUREG-0016 Efficency |
save | oK cancel |

Figure 3-46 Gaseous Radwaste Treatment System Screen with Containment Building

section options

) High-Efficiency Particulate Air (HEPA) filters—If ventilation exhaust air from the

containment building is treated through HEPA filters that satisfy the guidelines of

RG 1.140, Revision 3, select “Yes.” If “Yes” is selected, the code uses a removal
efficiency of 99 percent for particulates. Select “No” if there is no treatment provided to
remove particulates. If the HEPA filters do not satisfy the guidelines of RG 1.140,
Revision 3, the code uses a removal efficiency of 0.0 percent. The default value from

the BWRGALE.in file is “Yes.”
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Regulatory Guide 1.140, Revision 3 Charceal Efficiency Infoermation @

Table 1 taken from Regulatory Guide 1. 140, Revision 3

MNote: See Regulatory Guide 1.140, Revision 3 for additional details

Table 1. Inservice Adsorber Laboratory Tests for Activated Carbon

Activated Carbon Maximum Assigned Activated Methyl lodide Penetration
Total Bed Depth Carbon Decontamination Acceptance Criterion for
Efficiencies Representative Sample
2 inches Elemental 1odine 95% Penetration =5% when tested in
accordance with ASTM D3803-1991
Organic 1odide 95%
4 inches or greater Elemental 1odine 99% Penetration =1% when tested in
(in-series beds are accordance with ASTM D3803-1991
treated as a single bed | Organic iodide 99%
of aggregate depth)
Activated carbon in Elemental 1odine 99% Penetration ‘_ﬂ% when tested in
delsy tanks or beds o accordance with ASTM D3803-1991
Organic iodide 99%

Table 1 Notes:
(1) See Appendix | to ASME N509-2002 for the definition of a representative sample.

(2) Credited decontamination efficiencies (a portion of which includes bypass leakage) are based on a
0.25-second residence time per 5.1 centimeter (2-inch bed depth).

(3) The activated carbon, when new, should meet the specifications of Regulatory Position 4.1 of this
guide. Table | provides acceptable decontamination efficiencies and methyl iodide test
penetrations of used activated carbon samples for laboratory testing. Testing should be performed
at the frequencies specified in Regulatory Position 7.c of this guide. Testing should be performed
in accordance with American Society for Testing and Materials (ASTM) D3803-1991
{Reaffirmed 2014, “Standard Test Methods for Muclear-Grade Activated Carbon™ (Ref. 18), with
an entering air temperature of 30 degrees Celsius (86 degrees Fahrenheit) and a relative humidity
of 95 percent (or 70 percent with humidity control). Humidity control can be provided by heaters,
cooling coils, or an analysis that demonstrates that the air entering the installed adsorber section
would be maintained less than or equal to a 70-percent relative humidity level.

(4) Organic 1odide and elemental 10dine are the forms of 10dine that are expected to be absorbed by
activated carbon. Organic 1odide 1s more difficult for activated carbon to adsorb than elemental
iodine. Therefore, the laboratory test to determine the performance of the activated carbon
adsorber 1s based on organic iodide. Methyl iodide is the organic form of iodine that is used in the
laboratory test.

(3) For power cycle waste offgas systems relying on activated carbon delay tanks or beds, the
inservice adsorber laboratory tests should confirm that the proper types of activated carbon
(nuclear grade and defined mesh size) are tested for representative batches of activated carbon
over the entire design inventory of the waste offgas treatment system, given the design capacity
and number of delay tanks or beds.

Figure 3-47 RG 1.140, Revision 3 Charcoal Efficiency Information Screen
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MUREG-0016, Revision 1 Charcoal Efficiency Information (==

Table 1-6 taken from NUREG-0016, Revision 1

Mote: Recommended for use with GALESS

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). ’

Figure 3-48 NUREG-0016, Revision 1 Charcoal Efficiency Information Screen
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Containment Building Charcoal Adsorber Removal Efficiency Allowable Range @

The allowable range for Removal Efficency is greater or equal to 0 and less than or equal to 100
Remaval efficiency

e

Please enter a value within the allowable range

Charcoal Adsorbers Removal Efficiency Information

I Reg. Guide 1.140 Efficency |II MUREG-0016 Efficency |I

Figure 3-49 Containment Building Charcoal Adsorber Removal Efficiency Allowable

Range Screen

3.2.4.2 Auxiliary Building Section

Section 2.2.1 describes the BWR auxiliary building, while Figure 3-50 shows the inputs for the
fields in the Auxiliary Building section as described below.

Gaseous Radwaste Treatment System

(No = 0% Yes = 99%)

(No = 0% Yes = 99%)

Charcoal Adsorbers Removal Effidency Information

| Reo. Guide 1.140 Effiiency ll NUREG-0016 Efficency |

Containment Building Turbine Building
Charcoal adsorbers Charcoal adsorbers
Reg. Guide 1,140 Charcoal adsorbers? Yes - Reg. Guide 1.140 Charcoal adsorbers? No -
Removal effidency (Range 0 - 100) a0 % R Removal effidency (Range 0 -100) 0 o R
See Efficency Information Below == See Efficency Information Below =2
HEPA filters HEPA filters
Reg. Guide 1.140 HEPA fiters? Yes - Reg. Guide 1.140 HEPA filters? Mo -

(Mo = 0% Yes = 99%)

Aundliary Buiding Gland Seal
Charcoal adsorbers Gland seal steam fiow  [0.0 [thousand by ] g Range
. Guide 1.140 Charcoal adsorbers? | No -
s Gland seal holdup time | 0.0 hours Range
Removal effidency (Range 0 - 100) Iodine released from i
See Effidency Information Below 9 % Range I condensar vent 0.0 fraction Range
HEPA filters ] Air Ejector Offgas
Reg. Guide 1,140 HEPA filters? No - Air Ejector holdup time | 0. 167
o m Yo s Iodr: rel asedh;:om " =
e rele
air ejector vent L0 fraction Range
Charcoal Delay System? Yes -
Radwaste Building
e - Kr Dynamic Adsorption Coeffident 108 an’fg Range
Req. Guide 1.140 Charcoal adsorbers? No :l' Xe Dynamic Adsorption Coeffident | 2410 an?fg Range
Removal effidency (Range 0 - 100) f Charcoa I =
See Efficency Information Below 0.0 % Range AR ® [thousand b~ | Range
HEPA filters
Reg. Guide 1.140 HEPA filters? Yes -

Figure 3-50 Gaseous Radwaste Treatment System Screen with Auxiliary Building

section options
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Charcoal adsorbers—If the ventilation exhaust air from the auxiliary building is treated

through charcoal adsorbers that satisfy the guidelines of NUREG-0016, Revision 1, and

RG 1.140, Revision 3, select “Yes,” and enter the percent removal efficiency for iodine
corresponding to the depth of charcoal. The “Reg. Guide 1.140 Efficiency” and
“‘“NUREG-0016 Efficiency” buttons provide these reference values, as shown in
Figures 3-47 and 3-48. If “No” is selected, the code uses a removal efficiency of

0.0 percent. Selecting the “Range” button next to this input field will open the
Containment Building Charcoal Adsorber Removal Efficiency Allowable Range Screen
shown in Figure 3-51. Figure 3-51 also contains the “Reg. Guide 1.140 Efficiency” and
“NUREG-0016 Efficiency” buttons, providing the user with access to Figures 3-47 and
3-48. The default value from the BWRGALE.in file is “No” and a removal efficiency of
“0 %.” The allowable range for values in the removal efficiency field is greater than or
equal to 0.0 and less than or equal to 100.0 percent.

Auxiliary Building Charcoal Adsorber Removal Efficiency Allowable Range @

The allowable range for Removal Efficiency is greater or equal to 0 and less than or equal to 100

Removal effidency i} %

Please enter a value within the allowable range

Charcoal Adsorbers Removal Efficiency Information

I Req. Guide 1.140 Effidency |" MUREG-0016 Efficency |I

Figure 3-51 Auxiliary Building Charcoal Adsorber Removal Efficiency Allowable Range

Screen

HEPA filters—If ventilation exhaust air from the auxiliary building is treated through
HEPA filters that satisfy the guidelines of RG 1.140, Revision 3, select “Yes.” If “Yes” is
selected, the code uses a removal efficiency of 99 percent for particulates. Select “No” if
there is no treatment provided to remove particulates. If the HEPA filters do not satisfy
the guidelines of RG 1.140, Revision 3, the code uses a removal efficiency of

0.0 percent. The default value from the BWRGALE.in file is “No.”

3.2.4.3 Radwaste Building Field

Section 2.2.1 describes the BWR radwaste building, while Figure 3-52 shows the inputs for the
fields in the Radwaste Building section as described below:

Charcoal adsorbers—If the ventilation exhaust air from the radwaste building is treated
through charcoal adsorbers that satisfy the guidelines of NUREG-0016, Revision 1, and
RG 1.140, Revision 3, select “Yes,” and enter the percent removal efficiency for iodine
corresponding to the depth of charcoal. The “Reg. Guide 1.140 Efficiency” and
“NUREG-0016 Efficiency” buttons provide the user with these reference values, as
shown in Figures 3-47 and 3-48. If “No” is selected, the code uses a removal efficiency
of 0.0 percent. Selecting the “Range” button next to this input field will open the
Radwaste Building Charcoal Adsorber Removal Efficiency Allowable Range Screen
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shown in Figure 3-53. Figure 3-53 also contains the “Reg. Guide 1.140 Efficiency” and
“‘“NUREG-0016 Efficiency” buttons, providing the user with access to Figures 3-47 and
3-48. The default value from the BWRGALE.in file is “No” and a removal efficiency of
“0.0 %.” The allowable range for values in the removal efficiency field is greater than or
equal to 0.0 and less than or equal to 100.0 percent.

Gaseous Radwaste Treatment System

Containment Building

Charcoal adsorbers

Reg. Guide 1,140 Charcoal adsorbers? Yes -
Removal effidency (Range 0 - 100) a0 o
See Efficency Information Below

HEPA filters

Reg. Guide 1.140 HEPA fiters?
(No = 0% Yes = 99%;)

Yes -

Auxiliary Building
Charcoal adsorbers
Reg. Guide 1.140 Charcoal adsorbers?

Removal efficency (Range 0 - 100)
See Effidency Information Below
HEPA filters

Reg. Guide 1.140 HEPA filters?
(No = 0% Yes = 99%)

Radwaste Bulding
Charcoal adsorbers
Req. Guide 1.140 Charcoal adsorbers?

Removal effidency (Range 0 - 100)
Ses Effidency Information Below

HEPA filters

Reg. Guide 1.140 HEPA fiters?
(No = 0% Yes = 99%)

Charcoal Adsorbers Removal Effidency Information

IReg.Guide 1.140 Efficiency ll NUREG-0016 Efficiency |

Turbine Building

Charcoal adsorbers
Reg. Guide 1.140 Charcoal adsorbers? Mo -

Removal effidency (Range 0 -100)
See Efficdency Information Below

HEPA filters

Reg. Guide 1.140 HEPA filters? Ne -
(Mo = 0% Yes =99%)

Gland Seal

h% Range

Gland seal steam flow [ 0.0 [ thousand Ib/he

Gland seal holdup time | 0.0 hours
Iodine released from

0.0 fraction
Air Ejector Offgas

condensor vent
Air Ejector holdup tme  [0.167 e

emcmvent T [10 focten

Charcoal Delay System? Yes -

Kr Dynamic Adsorption Coeffident 105 am?jg

Xe Dynamic Adsorption Coeffident W an3fg

Mass of Charcoal 48 [thousand b~ |
Save

= Range
Range
Range

Range

Range
Range

Range
Range

| ok | canca |

Figure 3-52 Gaseous Radwaste Treatment System Screen with Radwaste Building

section options
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Radwaste Building Charceal Adsorber Removal Efficiency Allowable Range @

The allowable range for Remaoval Efficiency is greater or equal to 0 and less than or equal to 100

Removal effidency 0.0 o

Please enter a value within the allowable range

Charcoal Adsorbers Removal Efficiency Information

I Req. Guide 1,140 Effidency |" MUREG-0016 Effidency |I

Figure 3-53 Radwaste Building Charcoal Adsorber Removal Efficiency Allowable Range

Screen

HEPA filters—If ventilation exhaust air from the radwaste building is treated through

HEPA filters that satisfy the guidelines of RG 1.140, Revision 3, select “Yes.” If “Yes” is
selected, the code uses a removal efficiency of 99 percent for particulates. Select “No” if
there is no treatment provided to remove particulates. If the HEPA filters do not satisfy
the guidelines of RG 1.140, Revision 3, the code uses a removal efficiency of

0.0 percent. The default value from the BWRGALE.in file is “Yes.”

3.2.4.4 Turbine Building Field

Section 2.2.1 describes the BWR turbine building, while Figure 3-54 shows the inputs for the
fields in the Turbine Building section as described below:

Charcoal adsorbers—If the ventilation exhaust air from the turbine building is treated
through charcoal adsorbers that satisfy the guidelines of NUREG-0016, Revision 1, and
RG 1.140, Revision 3, select “Yes” and enter the percent removal efficiency for iodine
corresponding to the depth of charcoal. The “Reg. Guide 1.140 Efficiency” and
“NUREG-0016 Efficiency” buttons provide these reference values, as shown in

Figures 3-47 and 3-48. If “No” is selected, the code uses a removal efficiency of

0.0 percent. Selecting the “Range” button next to this input field will open the Turbine
Building Charcoal Adsorber Removal Efficiency Allowable Range Screen shown in
Figure 3-55. Figure 3-55 also contains the “Reg. Guide 1.140 Efficiency” and
“‘NUREG-0016 Efficiency” buttons, providing the user with access to Figures 3-47 and
3-48. The default value from the BWRGALE.in file is “No,” and the removal efficiency is
“0 %.” The allowable range for values in the removal efficiency field is greater than or
equal to 0.0 and less than or equal to 100.0 percent.

HEPA filters—If ventilation exhaust air from the turbine building is treated through HEPA
filters that satisfy the guidelines of RG 1.140, Revision 3, select “Yes.” If “Yes” is
selected, the code uses a removal efficiency of 99 percent for particulates. Select “No” if
there is no treatment provided to remove particulates; if the HEPA filters do not satisfy
the guidelines of RG 1.140, Revision 3, the code uses a removal efficiency of

0.0 percent. The default value from the BWRGALE.in file is “No.”
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Gaseous Radwaste Treatment System [t

Containment Building Turbine Building
Charcoal adsorbers Charcoal adsorbers
Reg. Guide 1,140 Charcoal adsorbers? | Yes - Reg. Guide 1.140 Charcoal adsorbers? | No -
Removal effidency (Range 0 - 100) 30 Removal effidency (Range 0 -100) 0
See Efficency Informaton Below = L See Efficency Information Below % ke |
HEPA filters HEPA filters
Reg. Guide 1.140 HEPA fiters? Yes - Reg. Guide 1.140 HEPA filters? No -
(No = 0% Yes = 99%;) (No = 0% Yes =999%)
Auxiiary Buiding Gland Seal
Charcoal adsorbers Gland seal steam fiow [ 0.0 | thousandbpr =] Range
Reg. Guide 1.140 Charcoal adsorbers? | Mo -
Gland seal holdup time | 0.0 hours Range
Removal efficency (Range 0 - 100) ,_ I Iodine released from
See Efficency Information Below o g Range condensar vent I 0.0 fraction Range
HEPA filters Air Ejector Offgas
Reg. Guide 1.140 HEPA fiters? No = Air Eiector holdup time | 0,167
oz o es me Iodr: rEleasedL:om o —=
e
air efector vent | 1.0 fraction Range
Charcoal Delay System? Yes -
Radwaste Building . i )
Charcoal s Kr Dynamic Adsorption Coeffident 105 anfg Range
Reg. Guide 1.150 Charcoal adsorbers? | No :" e Dynamic Adsorption Coeffident | 2410 an?fg Range
Removal effidency (Range 0 - 100) Mass of Charcoal 48 thousandlb
See Efficiency Informaton Below 0.0 % B0 ° thund® [} fange
HEPA filters
Reg. Guide 1,140 HEPA filters? Yes -

(Mo = 0% Yes = 99%)

Charcoal Adsorbers Removal Effidency Information
| Reo. Guide 1.150Effciency ll NUREG-0016 Efficency |

| Save ||| oK II Cancel |

Figure 3-54 Gaseous Radwaste Treatment System Screen with turbine building section
options

Turbine Building Charcoal Adsorber Rernoval Efficiency Allowable Range @

The allowable range for Remaval Efficiency is greater or equal to 0 and less than or equal to 100

Removal efficiency a B

Please enter a value within the allowable range

Charcoal Adsorbers Removal Efficency Information

| Reg. Guide 1.140 Effidency m NUREG-00 16 Efficiency ||

Figure 3-55 Turbine Building Charcoal Adsorber Removal Efficiency Allowable Range
Screen

. Gland Seal—The user should enter the gland seal steam flow, the design holdup time
for gases vented from the gland seal condenser, and the fraction of radioiodine released
from the turbine gland seal condenser vent.

3-45



Enter the gland seal steam flow in either units of thousands of pounds per hour
(thousand Ib/h) or thousands of kilograms per hour (thousand kg/h) 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 for Total Steam Flow, as
described in Section 3.3.1.3.

(2) If clean (nonradioactive) steam from an auxiliary boiler is used for sealing
steam, enter 0.0.

Selecting the “Range” button next to this input field will open the Turbine Building
Gland Seal Steam Flow Allowable Range Screen shown in Figure 3-56. The default
value from the BWRGALE.in file is “0.0” thousand Ib/h, and the allowable range for
values in this field is greater than or equal to either 0 thousand Ib/h or

0 thousand kg/h.

Figure 3-56

Figure 3-57

Turbine Building Gland Seal 5team Flow Allowable Range @

The allowable range for Gland Seal Steam Flow is:

Greater or equal to 0 thousand |b/hr
Greater or equal to 0 thousand kag/hr

Gland seal steam flow | 0.0 thousand lb/hr j

Please enter a value within the allowable range

Turbine Building Gland Seal Steam Flow Allowable Range Screen

Enter the gland seal holdup time in hours for gases vented from the gland seal
condenser. Selecting the “Range” button next to this input field will open the
Turbine Building Gland Seal Holdup Time Allowable Range Screen shown in
Figure 3-57. The default value from the BWRGALE.in file is “0.0” h, and the
allowable range for values in this field is greater than or equal to 0.0 h.

Turbine Building Gland Seal Holdup Time Allowable Range @

The allowable range for Gland Seal Holdup Time is greater or equal to 0 hours

Gland seal holdup time 0.0 hours
Please enter a value within the allowable range

Turbine Building Gland Seal Holdup Time Allowable Range Screen

Enter the fraction of the iodine released from the condenser vent, as follows:
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(1) If before release, the offgases from the turbine gland seal condenser vent
are processed through charcoal adsorbers that satisfy the guidelines of
RG 1.140, Revision 3, enter the removal efficiency as a fraction for
radioiodine corresponding to the depth of charcoal, as indicated in
Figure 3-47.

(2) If the offgases are released from the turbine gland seal condenser without
treatment, if clean steam is used, or if the charcoal adsorbers provided do
not satisfy the guidelines of RG 1.140, Revision 3, enter “0.0.”

Selecting the “Range” button next to this input field will open the Turbine Building
Gland Seal lodine Released from Condenser Vent Allowable Range Screen
shown in Figure 3-58. The default value from the BWRGALE.in file is “0.0”
fraction, and the allowable range for values in this field are between 0.0 and 1.0.

Turbine Building Gland 5eal Iodine Released from Condensor Vent Allowable Range @

The allowable range for Iodine Released from Condensor Ventis greater or equal to 0 and less than or equal to 1
Iodine released from 0.0 Pt

condensor vent

Flease enter a value within the allowable range

Figure 3-58 Turbine Building Gland Seal lodine Released from Condenser Vent
Allowable Range Screen

. Air Ejector Offgas—In the turbine condenser, which condenses the steam that passes
through the turbine, an air ejector is used to remove air from the condenser by passing
steam through a series of nozzles to create a vacuum that removes air from the
condenser. Figure 3-59 is a diagram of this system showing the turbine condenser and
air ejector.

To ejectar
Wigter outlet Steam waCLM system

4
[
[
I
1
]
[}
1

Flanges
e b STEAM

INLET \* :

DISCHARGE

——> STEAM

AIR

|

+ 4 +
Flcaonvgeerd Tubesheet |I:l| Tubeshest AIR & STEAM
plate
Water inlet comdensate STEAM-JET AIR EJECTOR

(a) (b)

Figure 3-59 Diagram of turbine condenser (a) and steam-jet air ejector (b)

- Enter the air ejector holdup time in hours for offgases from the main condenser
air ejector before being processed through the offgas treatment system (e.g., a
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Figure 3-60

Figure 3-61

10-minute holdup time before cryogenic distillation). Selecting the “Range”
button next to this input field will open the Turbine Building Air Ejector Holdup
Time Allowable Range Screen shown in Figure 3-60. The default value from the
BWRGALE.in file is “0.167” hours, and the allowable range for values in this field
is greater than or equal to 0.0 hours.

Turbine Building Air Ejector Heldup Time Allowable Range @

The allowable range for Air Ejector Holdup Time is greater or equal to 0 hours

Air Ejector holudup tme | 0,167 hours
Please enter a value within the allowable range

Turbine Building Air Ejector Holdup Time Allowable Range Screen

Enter the fraction of the iodine released from the air ejector vent, as follows:

(1) If before release, the offgases from the air ejector vent are processed
through charcoal adsorbers that satisfy the guidelines of RG 1.140,
Revision 3, enter the removal efficiency as a fraction for radioiodine
corresponding to the depth of charcoal, as indicated in Figure 3-47.

(2) If the offgas is released without treatment or through charcoal adsorbers
that do not satisfy the guidelines of RG 1.140, Revision 3, enter “0.0.”

(3) If the offgas is processed through a charcoal delay system, enter 1.0 for
the fractional removal efficiency.

(4) If the offgas is processed through a cryogenic distillation system (removal
of radioiodine by the cryogenic distillation system is built into the code),
enter 0.0 for the fractional removal efficiency.

Selecting the “Range” button next to this input field will open the Turbine
Building Air Ejector lodine Released from Condenser Vent Allowable Range
Screen shown in Figure 3-61. The default value from the BWRGALE.in file is
“1.0” fraction, and the allowable range for values in this field are between 0.0
and 1.0.

Turbine Building Air Ejector Iodine Released from Condensor Vent Allowable Range @

The allowable range for Iodine Released from Air Ejector Vent is greater or equal to 0 and less than or equal to 1
quin_e released from 1.0 Pt

air ejector vent

Flease enter a value within the allowable range

Turbine Building Air Ejector lodine Released from Condenser Vent
Allowable Range Screen
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Figure 3-62

Figure 3-63

Enter the status of treatment of the air ejector vent offgas through a charcoal
delay system. There are three options to select from in the dropdown menu:
“Yes,” “No,” and “Cryogenic distill.” The default value from the BWRGALE.in file
is “Yes.”

Enter the krypton (Kr) dynamic adsorption coefficient in units of cubic centimeters
per gram (cm®/g) if a charcoal delay system is used to treat the offgases from the
air ejector vent. Enter the dynamic adsorption coefficient for krypton based on
the system design and the dynamic adsorption coefficients, as noted in

Table 4-26. If a charcoal delay system is not used, enter “0.0.” Selecting the
“‘Range” button next to this input field will open the Turbine Building Air Ejector Kr
Dynamic Adsorption Coefficient Allowable Range Screen shown in Figure 3-62.
The default value from the BWRGALE.in file is “105” cm?3/g, and the allowable
range for values in this field is greater than or equal to 0.0 cm®/g.

Turbine Building Air Ejector Kr Dynamic Adsorption Coefficient Allowable Range @

The allowable range for Kr Dynamic Adsorption Rate is greater or equal to 0 cm?/g

Kr Dynamic Adsorption Rate 105 nifg

Flease enter a value within the allowable range

Turbine Building Air Ejector Kr Dynamic Adsorption Coefficient Allowable
Range Screen

Enter the xenon (Xe) dynamic adsorption coefficient in units of cubic centimeters
per gram (cm?/g) if a charcoal delay system is used to treat the offgases from the
air ejector vent. Enter the dynamic adsorption coefficient for Xe based on the
system design and the dynamic adsorption coefficients, as noted in Table 4-26.
If a charcoal delay system is not used, enter “0.0.” Selecting the “Range” button
next to this input field will open the Turbine Building Air Ejector Xe Dynamic
Adsorption Coefficient Allowable Range Screen shown in Figure 3-63. The
default value from the BWRGALE.in file is “2410” cm?®/g, and the allowable range
for values in this field is greater than or equal to 0.0 cm?¥/g.

Turbine Building Air Ejector Xe Dynamic Adsorption Coefficient Allowable Range @

The allowable range for Xe Dynamic Adsorption Rate is greater or equal to 0 cm3jg

¥e Dynamic Adsorption Rate 2410 cmifg
Please enter a value within the allowable range

Turbine Building Air Ejector Xe Dynamic Adsorption Coefficient Allowable
Range Screen

Enter the mass of the charcoal in either units of thousands of pounds
(thousand Ib) or thousands of kilograms (thousand kg) if a charcoal delay system
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is used to treat the offgases from the air ejector vent. If a charcoal delay system
is not used, enter “0.0.” Selecting the “Range” button next to this input field will
open the Turbine Building Air Ejector Offgas Charcoal Mass Allowable Range
Screen shown in Figure 3-64. The default value from the BWRGALE.in file is
“48” thousand Ib, and the allowable range for values in this field is greater than or
equal to either 0 thousand Ib or 0 thousand kg.

Turbine Building Air Ejector Offgas Charcoal Mass Allowable Range @

The allowable range for Charcoal Mass is:

Greater or equal to 0 thousand b
Greater or equal to 0 thousand kg

Charcoal Mass 43 thousand b ﬂ

Please enter a value within the allowable range

Figure 3-64 Turbine Building Air Ejector Offgas Charcoal Mass Allowable Range Screen

Once the user has finished entering the Gaseous Radwaste Treatment System Screen
parameters, select the “Save” button to save any changes made to the gaseous radwaste input
parameters. Then select the “OK” button to close the Liquid Radwaste Treatment System
Screen (Figure 3-54) and return to the General Reactor Parameters Screen (Figure 3-8). The
user should note that selecting the “OK” button without first selecting the “Save” button will
result in the code returning to the General Reactor Parameters Screen without saving any
changes made to the gaseous radwaste input parameters. Therefore to save any changes
made to the inputs, the user should select the “Save” button before selecting the “OK” button.

Upon returning to the General Reactor Parameters Screen (Figure 3-8), the user can either
choose to save the GALE-BWR 3.2 inputs or execute the code by selecting either the “Save” or
“Run” button, respectively. If the user chose the “Save” button after completing the liquid and
gaseous radwaste inputs, there is no need to select the “Save” button on the General Reactor
Parameters Screen (Figure 3-8), as all input changes previously made have been saved. If the
“Save” button was not chosen, then it is recommended that the user select the “Save” button on
the General Reactor Parameters Screen (Figure 3-8). To run the GALE-BWR 3.2 code, the
user should press the “Run” button in the General Reactor Parameters Screen (Figure 3-8).

When the code has completed the calculations the GALE-BWR 3.2 dialog box opens to
inform the user that the run is complete and that results are available, as shown in

Figure 3-65. When the user presses the “Exit” button, the code will open Windows Explorer
in the directory containing the input and output files, as shown in Figure 3-66. Note that the
code will save the BWRGALE.in and the two output files to the working directory set by the
user in Section 3.1. The two output files generated by the code are BWRGE.out for the
gaseous effluent output and BWRLE.out for the liquid effluent output file.
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&= GALE-BWR 3.2 = =

GALE-3.2

GALE-3. 2 has completed.
Results are in

Figure 3-65 GALE code completion dialog box

E » Computer » (C)05 » Users » NTL » MyDocwments » GALE » GALEIZ » GALE-BWRIZ [ w | by =

Figure 3-66 Windows Explorer directory with GALE-BWR 3.2 input and output files

3.3 Viewing the Code Outputs

The code’s two output files, BWRGE.out and BWRLE.out, are ASCII text files and may be
viewed using any text editor, such as Notepad, as shown in Figures 3-67 and 3-68. Both output
files display the fixed model parameters that the user selected (GALE Version) and the source
term (ANS-18.1 Version) at the very top of the output files. Under these data, the output files
also list any modifications that the user requested to the GALE fixed parameter file, followed by
the echo if the input parameters from the General Reactor Parameter, Liquid Radwaste
Treatment System Input, and Gaseous Radwaste Treatment System Input Screens. Lastly, the
output files display the liquid and gaseous effluent releases.

Alternatively, the user may choose an Excel file to view the code outputs. To use this file, open
the Excel file, BWR GALE Output 3.2.xls, in the working directory shown in Figure 3-66.
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Figure 3-69 displays the BWR GALE Output 3.2.xlIs file and the first tab, specifying the output
file names along with the respective locations of these files in the working directory. The user
also has the option of browsing for these files by selecting the “Browse” button. Selection of the
“‘Read GE Data” and “Read LE Data” buttons will cause the Excel file to read the BWRGE and
BWRLE output files listed in the cells above them to the spreadsheet. Once this is done, the
BWRGE and BWRLE outputs and some plots are available on the other tabs of the BWR GALE
Output 3.2.xls file for easier visualization or for copying into other programs or spreadsheets.
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4.0 MODELING PARAMETERS

This section discusses the GALE version option and the reactor coolant source term (ANS-18.1
Version) options available in GALE-BWR 3.2. In the code, the options for the ANS-18.1 version
and GALE version are defaulted to ANSI/ANS-18.1-1999 source term and GALES86 reactor
design parameters (NUREG-0016, Revision 1), respectively. These GALE-BWR 3.2 default
values are consistent with the guidance in references DC/COL-ISG-05; RG 1.112, Revision 1;
and NUREG-0800. Note that, when the source term or reactor design parameters differ from
those given in ANSI/ANS-18.1-1999 and the GALE86 code, DC/COL-ISG-05, and RG 1.112,
Revision 1, they should be described with sufficient detail, and the basis of the alternate
method, model parameters, and assumptions should be provided, to allow the NRC to conduct
an independent evaluation. Section 4.1 discusses the GALE version option available, the
default GALE86 modeling parameters, which is shown in Figure 3-3. Section 4.2 discusses the
reactor coolant source term, ANS-18.1 version options, and radionuclide concentrations in the
primary and secondary coolant options available to the user (either the default 1999, 1984, or
the 2016 options, which are shown in Figure 3-4). Finally, Section 4.3 discusses the user option
to modify the certain GALE-BWR fixed modeling parameters by means of the BWRfixed-
parameters.txt file.

4.1 GALE Version (Fixed Model Parameters)
411 GALE86 Fixed Modeling Parameters

4.1.1.1 Thermal Power Level
Parameter

This is the maximum thermal power level (in MW1t) evaluated for safety considerations in the
DCD or FSAR.

Bases

The power level used in the source term in the code is the maximum power level evaluated for
safety considerations in the DCD or FSAR. 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. Experience shows that most utilities request approval to operate at
maximum power soon after reaching commercial operation.

4.1.1.2 Plant Capacity Factor

Parameter

A plant capacity factor of 80 percent is used (i.e., 292 effective full-power days).
Bases

The source term calculations are based on a plant capacity factor of 80 percent averaged over
the 30-year operating life of the plant (i.e., the plant operates at 100-percent power 80 percent

of the time). Table 4-1 lists the plant capacity factors experienced at BWRs for the period 1972
through 1977.



The average plant capacity factors shown in Table 4-1 indicate that the 80-percent 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-percent capacity factor
when averaged over 30 years of operation.

Table 4-1 Plant capacity factors at operating BWRs

Date of Percent Capacity Factor®
Facility? Commercial
Operation® 1972 1973 1974 1975 1976 1977
Oyster Creek 12/69 77 65 66 58 70 58¢
Nine Mile Point-1 12/69 62 68 63 60 81 57f
Millstone-1 03/71 55 34d 63 68 66 84
Monticello 06/71 74 68 57 61 84 75
Dresden-3 11/71 67 54 47¢ 33f 60 76
Dresden-2 06/72 74 51 44f 66 54
Vermont Yankee 11/72 44¢e 59 81 73 80
Pilgrim-1 12/72 72 34f 46¢ 43f 47f
Quad Cities-1 02/73 51f 65 52f 55¢
Quad Cities-2 03/73 68 40f 66 67
Cooper 07/74 60 57 70
Peach Bottom-2 07/74 57 61 45f
Peach Bottom-3 12/74 59 67 54f
Duane Arnold 02/75 55 67
FitzPatrick 07/75 59 55f
Brunswick-2 11/75 379 359
Hatch-1 12/75 65 57
Average 67 67 61 63 66 70

a These values are from monthly Operating Units Status Reports and Table 2-1 of NUREG-0016, Revision 1.

b Big Rock Point, Dresden 1, Humboldt Bay, and Lacrosse are not included because they are small reactors
(<700 MW1) and are not considered to be typical of modern-day reactors. Browns Ferry 1 and 2 are not
included because they were not operating as a result of fire.

¢ Plant capacity factors listed are for the first full year of commercial operation.

Not included because of extended maintenance outage to replace feedwater sparger.

e Not included because of extended operation at reduced power.

f Not included because of extended refueling outage.

9 Not included because of extended maintenance outage to correct power monitor tube vibrations.
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4.1.1.3 Gaseous Releases from Building Ventilation Systems

Parameter

Table 4-2 shows the noble gas and radioactive particulate releases from ventilation systems for
facilities with the BWR/6, Mark IIl, containment design, before treatment.

Table 4-2 Gaseous and particulate releases from building ventilation systems
Containment Auxiliary Turbine Radwaste
Nuclide2 Building Building Building Building
(Cilyr/unit) (Cilyr/unit) (Cifyr/unit) (Cifyr/unit)

Kr-83m b b b
Kr-85m 1.0E+00 3.0E+00 2.5E+01 b
Kr-85 b b b b
Kr-87 b 2.0E+00 6.1E+01
Kr-88 1.0E+00 3.0E+00 9.1E+01 b
Kr-89 b 2.0E+00 5.8E+02 2.9E+01
Xe-131m b b b b
Xe-133m b b b b
Xe-133 2.7E+01 8.3E+01 1.5E+02 2.2E+02
Xe-135m 1.5E+01 4.5E+01 4.0E+02 5.3E+02
Xe-135 3.3E+01 9.4E+01 3.3E+02 2.8E+02
Xe-137 4.5E+01 1.35E+02 1.0E+03 8.3E+01
Xe-138 2.0E+00 6.0E+00 1.0E+03 2.0E+00
Cr-51¢ 2.0E-04 9.0E-04 9.0E-04 7.0E-04
Mn-54 4.0E-04 1.0E-03 6.0E-04 4.0E-03
Fe-59 9.0E-05 3.0E-04 1.0E-04 3.0E-04
Co-58 1.0E-04 2.0E-04 1.0E-03 2.0E-04
Co-60 1.0E-03 4.0E-03 1.0E-03 7.0E-03
Zn-65 1.0E-03 4.0E-03 6.0E-03 3.0E-04
Sr-89 3.0E-05 2.0E-05 6.0E-03 NA
Sr-90 3.0E-06 7.0E-06 2.0E-05 NA
Zr-95 3.0E-04 7.0E-04 4.0E-05 8.0E-04
Nb-95 1.0E-03 9.0E-03 6.0E-06 4.0E-06
MP-99 6.0E-03 6.0E-02 2.0E-02 3.0E-06
Ru-103 2.0E-04 4.0E-03 5.0E-04 1.0E-06
Ag-110 4.0E-07 20.E-06 NA NA
Sb-124 2.0E-05 3.0E-05 1.0E-04 7.0E-05
Cs-134 7.0E-04 4.0E-03 2.0E-04 2.4E-03
Cs-136 1.0E-04 4.0E-04 1.0E-04 NA
Cs-137 1.0E-03 5.0E-03 1.0E-03 4.0E-03
Ba-140 2.0E-03 2.0E-02 1.0E-02 4.0E-06
Ce-141 2.0E-04 7.0E-04 1.0E-02 7.0E-06

2 The values in this table come from Table 2-12 of NUREG-0016, Revision 1.
b Less than 1 Ci/yr per reactor.

¢ Particulate release rates are before filtration.

N/A = Not analyzed; analysis for the radionuclide was not performed.
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The iodine releases from ventilation systems for facilities with the BWR/6, Mark Ill, containment
design, before treatment, are calculated by the code using the data in Table 4-3, Tables 4-42
through 4-45, and Tables 4-4 through 4-6.

Table 4-3 Radioiodine releases from building ventilation systems before treatment
Containment Auxiliary Turbine Radwaste
Annual Normalized Radioiodine Building Building® Building® Building®

Release Rate? . . . . . . . .
(Cilyr/uCilg) (Cilyr/uCilg) (Cilyr/uCilg) (Cilyr/uCilg)

Power Operation 1.2E+00 1.11E+01 3.8E+03 4.6E+00

Refueling/Maintenance Outages 4.7E+00 5.0E-01 4 1E+02 1.4E+00

2 The values in this table come from Table 1-2 of NUREG-0016, Revision 1. 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 within the building and the partitioning of the radioiodine
between the water phase in the leakage and the gas phase where it is measured. For the turbine building, the
effective leak rate also includes the carryover for radioiodine from reactor water to steam in the reactor vessel.

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

¢ To obtain the actual radioiodine release from the turbine building in Ci/yr, multiply the normalized release by
the coolant concentration in uCi/g and by the radioiodine carryover from Table 4-44.

Bases

The iodine-131 releases from building ventilation systems are based on measurements made at
a number of operating reactors. The measurements were made during routine plant operation
and during plant shutdowns. Work on identifying sources of radioiodine at BWRs has been
conducted by the Electric Power Research Institute (EPRI) at three operating BWRs (Monticello
Nuclear Generating Plant, Vermont Yankee Nuclear Power Station, and Oyster Creek Nuclear
Generating Station), described in EPRI NP-495, “Sources of Radioiodine at Boiling Water
Reactors,” issued February 1978 [Ref. 15], and at one operating BWR (Pilgrim Nuclear Power
Station) for an NRC-sponsored study (NUREG/CR-0395, “Evaluation of Radioiodine
Measurements at Pilgrim Nuclear Power Plant,” issued October 1978 [Ref. 16]).

These measurements indicate that iodine-131 building vent releases are directly related to the
reactor water iodine-131 concentration. As a result, the releases of radioiodine are expressed
as “normalized” releases; that is, the absolute measured release rate in uCi/sec is divided by
the measured reactor water concentration in puCi/g to give a normalized release rate of reactor
water containing iodine-131 in g/sec, as shown in Equation (4-1):

Ry= —A (4-1)

Crw

where Ry = the normalized release rate of reactor water containing iodine-131 (g/sec);
Ra = absolute (measured) iodine-131 release rate (Ci/sec); and
Crw = the measured reactor water iodine-131 concentration (uCi/g).

The normalized reactor water release rate, expressed in g/sec, represents an effective leak rate
for reactor water containing iodine. It is the combination of the water leakage rate into the
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building and the effect of radioiodine partitioning between the water phase in the systems
leakage and the vapor phase in the building atmosphere.

For the turbine building, the iodine releases are directly related to the PC for radioiodine from
reactor water to steam, in addition to being directly related to the reactor water iodine-131
concentration. Therefore, for the turbine building, the normalized radioiodine release, Ry, is
determined using Equation (4-2):

Ra

Ry = Crw X PC (4-2)
where Ry = normalized release rate of secondary coolant water containing iodine-131
(g/sec);
Ra = absolute (measured) iodine-131 release rate (Ci/sec);
Crw = measured secondary coolant iodine-131 concentration (uCi/g); and
PC = measured PC from the reactor water to reactor steam.

The normalized release rate is used to estimate the release from BWRs because this
expression for release rate is least variable with time and least variable from plant to plant for
comparable time periods (Reference 15). For this reason, it is useful in the determination of
releases from BWRs.

Tables 4-4 through 4-6 give data on normalized release rates from the three reactors used in
the EPRI study (Reference 15) and the reactor used in the NRC-sponsored study (Reference
16) for normal operation and shutdown periods for the turbine building, reactor building, and
radwaste building, respectively.

Tables 4-4 through 4-6 also give the normalized value of the iodine release data discussed in
NUREG-0016, Revision 1. Tables 2-10 through 2-15 of NUREG-0016 list the data and the
plants included in these references. These data are presented as one data point because the
measurements used were of short duration compared to the lengthy measurements carried out
in EPRI NP-495 and NUREG/CR-0395.

The data in Tables 4-4 through 4-6 are expressed as total normalized releases during power
operation of 300 days and the total normalized releases during shutdowns of 65 days. Because
the reactors used in the EPRI study (Reference 15) and the NRC study (Reference 16)
experienced several intermittent shutdowns of short duration during the power operation
measurement period, the radioiodine releases during these short-duration outages are included
under power operation.



Table 4-4
systems

Annual iodine normalized releases from turbine building ventilation

Normal Operation?

Data Source

Normalized ReleasesP

(CilyrluCilg)
Monticello 3.1E+03
Oyster Creek 6.0E+03
Vermont Yankee 3.5E+02
Pilgrim 8.5E+03
Browns Ferry 1.3E+03
NRCe 3.3E+03
Average 3.8E+03
Extended Shutdown?
Data Source Normalilzed Rgleasesb
(Cilyr/uCilg)
Monticello 1.7E+02
Oyster Creek 3.5E+02¢
Vermont Yankee 6.3E+01
Browns Ferry 1.3E+02
NRC¢ 1.4E+02
Average 4 1E+02

a These values are from Table 2-8 of NUREG-0016, Revision 1.

b 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 buildings,
the partitioning of the radioiodine between the water phase in the leakage and the gas phase where it is
measured, and the PC for radioiodine from reactor water to steam in the reactor vessel.

¢ Tables 2-10 through 2-15 of NUREG-0016 list the data and the plants included in these references.

Oyster Creek data in this table do not include the effect of use of reheater protection system exhaust

because the system design of this component is not typical of current BWRs (Nine Mile Point, Unit 1, is the
only other BWR with this design). If a BWR uses this design, the additional release is 8.7E+02 Ci/yr/uCilg
during the shutdown period and should be included in the total turbine building shutdown release.
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Table 4-5 Annual iodine normalized releases from reactor building ventilation
systems

Normal Operation?

Data Source Normalized Releasesb

(Cilyr/uCilg)
Monticello 1.1E+01
Pilgrim 1.3E+01
Browns Ferry 4.2E+00
NRCe 2.1E+01
Average 1.23E+014

Extended Shutdown?

Normalized ReleasesP
Data Source

(Cilyr/uCilg)
Monticello 4.7E-01
Oyster Creek 1.3E+00
Vermont Yankee 3.2E+00
Browns Ferry 1.4E+00
NRC¢ 2.0E+01
Average 5.2E+00

a These values are from Table 2-9 of NUREG-0016, Revision 1.

b 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 buildings
and the partitioning of the radioiodine between the water phase and the gas phase where it is measured.

¢ Tables 2-10 through 2-15 of NUREG-0016 list the data and the plants included in these references.

d Oyster Creek and Vermont Yankee data are not included here because Monticello leakage is considered to

be more typical of similar problems at other BWRs, where the reactor water cleanup pump is upstream of the
reactor water cleanup demineralizers.
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Table 4-6 Annual iodine normalized releases from radwaste building ventilation
systems

Normal Operation?

Normalized ReleasesP
Data Source

(Cilyr/uCilg)

Monticello 7.2E-01
Oyster Creek 6.8E+00
Vermont Yankee 1.0E+00
Pilgrim 1.2E+01
Browns Ferry 2.0E+00
NRC¢ 5.3E+00

Average 4.6E+00

Extended Shutdown?

Normalized Releases?
Data Source

(Cilyr/uCilg)
Monticello 2.0E-02
Oyster Creek 1.4E+00
Vermont Yankee 4.0E-01
Browns Ferry 6.0E-01
NRC¢ 4 4E+00
Average 1.4E+00

a These values are from Table 2-10 of NUREG-0016, Revision 1.

b 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 buildings
and the partitioning of the radioiodine between the water phase in the leakage and the gas phase where it is
measured.

¢ Tables 2-10 through 2-15 of NUREG-0016 list the data and the plants included in these references.
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To obtain the releases in Ci/year from the reactor building and radwaste building of a particular
BWR, the normalized release data in Tables 4-5 and 4-6, respectively, are multiplied in the code
by the iodine reactor water concentration for that particular BWR using Equation (4-3):

Rpwr = RN X Cpwr (4-3)
where Rswr = calculated annual release rate for particular BWR (Ci/yr);
Ry = normalized annual release rate of reactor water containing iodine-131 from
Tables 4-5 and 4-6 (Ci/yr/uCi/g); and
Csrw = calculated reactor water concentration for particular BWR (uCi/g).

To obtain the release in Ci/yr from the turbine building of a particular BWR, the normalized
release data in Table 4-4 are multiplied in the code by the iodine reactor water concentration
and the iodine carryover from the reactor water to reactor steam for that particular BWR using
Equation (4-4):

Rpwr = Ry X Cpwr X PCpwr (4-4)
where Rswr = calculated annual release rate for particular BWR (Ci/yr);
R = normalized annual release rate of reactor water from Table 4-4
(Cilyr/uCilg);
Cewr = calculated reactor water concentration for particular BWR (uCi/g); and
PCswr = calculated carryover from the reactor water to reactor steam for the

particular BWR (see Section 4.2.1 and Table 4-44).

The value for the iodine carryover for the reactor water to reactor steam can be determined for
the particular BWR from Table 4-44.

To obtain the releases during shutdown, multiply the normalized release rates for the extended
shutdown period by the same reactor water concentration as for power operations. Use of this
reactor water concentration is acceptable as the normalization technique of the EPRI

study (Reference 15) based the extended shutdown normalized release rate on the reactor
water concentrations before shutdown.

The value for the iodine-131 reactor water concentration can be determined as discussed
below. As noted in NUREG-0016, Revision 1, the 7 x 7R and 8 x 8 fuel, which has replaced the
7 x 7, has shown considerable improvement over the 7 x 7 fuel previously used in some BWRs.

The improvements in the fuel are primarily the result of a reduction in Zircaloy hydriding and
pellet cladding interaction. However, there is not extensive experience with the improved fuel
over complete burnup cycles to date. At the higher burnups, the probability for pellet cladding
interaction failure increases even though the power generation rate in the fuel is diminished.
This results because, at the higher burnups, the fuel-to-cladding gap closes as the result of
fission product swelling of the fuel and the cladding losing its ductility from neutron damage and
hydrogen pickup.

For these reasons, there is not sufficient justification to use the low values of iodine-131 reactor
water concentration experienced at reactors having cores loaded with 100 percent of improved
fuel. However, a review was performed of BWR operating experience (Reference 3) with
iodine-131 reactor water concentrations for the period 1975-1977, which includes the time
period during which the improved fuel was introduced. To account for the potential effects of



increased releases at high burnups and also to account for the fact that the 7 x 7 fuel will be
phased out, only the experience at those reactors whose cores are loaded with greater than

50 percent of improved fuel was considered. Table 4-7 contains a summary of these data.
Based on this review, the iodine-131 reactor water concentration that will be used as an interim
measure until more experience with improved fuel is obtained is 3.7E-03 uCi/g.

Table 4-7 Summary of iodine-131 in BWRs

lodine-131 Concentration

Facility? (uCilkg)
1977 1976 1975

Browns Ferry 1 9.0E-01
Browns Ferry 2 1.5E-00
Browns Ferry 3 1.4E-01
Brunswick 1 2.0E-02
Brunswick 2 3.1E+00 9.3E-01 7.0E-03
Cooper 7.2E-02 9.0E-01 1.3E-01
Dresden 3 1.76E+01 1.26E+01
Duane Arnold 4.2E-02 9.0E-02 2.3E-03
FitzPatrick 2.4E-01 2.9E-01
Hatch 1 9.0E-01 1.1E-01
Millstone 1 8.9E+00 5.6E+00 7.1E+00
Monticello 5.9E+00 9.0E+00 8.7E+00
Nine Mile Point 1 9.4E+00 5.9E+00
Oyster Creek 8.4E+00 5.3E+00 4 .8E+00
Peach Bottom 2 7.3E+00 1.6E=01 4.5E-02
Peach Bottom 3 1.1E+00 8.3E-01 6.3E-02
Quad Cities 1 3.4E+00
Vermont Yankee 3.8E-01 5.1E-01 7.8E-01

3.8E+00 4 4E+00 2.4E+00

a These values are from Table 2-11 of NUREG-0016, Revision 1.
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The reactor building releases reported in NUREG-0016, Revision 1 are based on reactors with a
BWR Mark | containment design. Equipment such as the reactor water cleanup pumps, the
residual heat removal system, and emergency core cooling systems have been placed in an
auxiliary building in the BWR/6, Mark Ill, containment design concept. Based on data from
NUREG-0016, Revision 1, the reactor water cleanup pumps are the major source of leakage in
the reactor building. As a result of these measurements, the releases from the Mark Il auxiliary
building ventilation system are determined to be 90 percent of Mark | reactor building releases,
and releases from the Mark Il containment building ventilation are determined to be 10 percent
of Mark | releases during power operation. During shutdown, 90 percent of the releases are
determined to be from the Mark Il containment building ventilation system and 10 percent from
the auxiliary building ventilation system. For the turbine building, 85 percent of the releases are
determined to come from the ventilation system serving the main condenser area during power
operation (Reference 3). The remaining releases come from miscellaneous areas such as the
steam jet air ejector room, the turbine operating floor, the feedwater pump room, and the
mechanical vacuum pump room. During the shutdown, because there is potential for iodine
release during maintenance of the turbines, the release from the ventilation system serving the
main condenser area is approximately 50 percent of the total and the remaining releases come
from the miscellaneous areas.

For the radwaste building, 10 percent of the releases are determined to come from the solid
waste handling area, and 90 percent of the releases are determined to come from the liquid
waste handling area (Reference 3).

Within the building ventilation systems, charcoal adsorbers may be added on individual
equipment cells and appropriate credit taken for iodine removal if the fraction of total iodine
being assigned to that particular equipment cell is in accordance with EPRI NP-495.

lodine released from BWR building ventilation systems appears in one of the following chemical
forms: particulate, elemental, hypoiodous acid (HOI), and organic. Table 4-8 shows the fraction
of iodine appearing in each of the chemical forms for each building ventilation system.

Table 4-8 Fraction of radioiodine appearing in each chemical form from BWR
building ventilation systems

lodine Type? Containment Aucxiliary Turbine Radwaste
Particulate 1.1E-01 2.0E-01 2.0E-01 2.0E-03
Elemental 3.2E-01 4.8E-01 5.0E-01 2.8E-01
Hypoiodous acid (HOI) 3.8E-01 2.4E-01 2.2E-01 2.5E-01
Organic 1.9E-01 9.0E-02 8.0E-02 4.7E-01

a The data in this table are taken from Section 2.2.4.2 of NUREG-0016, Revision 1.




The noble gas release rates summarized in NUREG-0016, Revision 1, for building ventilation
systems are based on the average of measurements made at Oyster Creek; Millstone Power
Station, Unit 1; Monticello; and Nine Mile Point Nuclear Station. These data are given in
Tables 4-9 through 4-11 and are based on the fuel handling area being in the containment
building. The noble gas release rates are divided between the containment and auxiliary
buildings to reflect the BWR/6, Mark I, design, in a manner similar to that for the iodine-131
release.

For the Mark Il design during shutdown, 90 percent of the releases are assumed to be from the
containment building and 10 percent from the auxiliary building ventilation system because the
releases from the fuel handling area are considered to be the major source. For the BWR/6,
Mark 1ll, containment system design, the fuel building releases are considered to be part of the
containment building releases.

Table 4-9 Release rates of noble gases from the reactor building ventilation system

Noble Gases Release Rate

Nuclide? (uCirs)

Millstone-1 Oyster Creek Oyster Creek Monticello Average
Kr-85m 2.6E-01 ND ND 2.0E-01 1.2E-01
Kr-87 2.4E-01 ND ND 1.0E-01 8.5E-02
Kr-88 3.84E-01 2.0E-02 ND 2.0E-01 1.5E-01
Kr-89 ND ND ND 3.8E-01 9.5E-02
Xe-133 5.2E-01 1.5E+01 ND 2.0E+00 4 4E+00
Xe-135m 3.6E+00 ND 2.5E+00 3.5E+00 2.4E+00
Xe-135 3.0E+00 2.1E+00 1.4E+01 1.8E+00 5.2E+00
Xe-137 ND ND ND 3.0E+01 7.5E+00
Xe-138 4.4E-01 3.0E-01 ND 4.0E-01 2.9E-01

a These values are from Table 2-13 of NUREG-0016, Revision 1.
ND = Not detected. For averaging purposes, a value of zero was assumed.
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Table 4-10 Release rates of noble gases from the turbine building ventilation system

Noble Gases Release Rate

(uCils)

Nuclide?

Millstone-1 Oyster Creek Oyster Creek ng'ﬁn':ﬂ;le Average
Kr-85m 2.7E+00 ND 2.3E+00 1.0E-01 9.7E-02
Kr-87 5.3E+00 ND 6.2E+00 1.5E-01 5.3E-01
Kr-88 8.2E+00 5.2E+00 4.2E+00 6.5E-02 2.1E-01
Kr-89 ND ND 7.0E+01 4 2E+01 4. 5E+00
Xe-133 7.4E+00 1.3E+01 ND 5.0E+00 3.5E+00
Xe-135m 2.9E+01 1.2E+01 2.6E+01 8.2E+00 2.5E+0
Xe-135 2.5E+01 2.5E+01 7.4E+00 6.8E+00 2.3E+00
Xe-137 ND ND 1.15E+02 8.6E+01 ND
Xe-138 6.3E+01 2.6E+01 9.7E+01 1.1E+01 4.3E+00

a These values are from Table 2-14 of NUREG-0016, Revision 1.
ND = Not detected. For averaging purposes, a value of zero was assumed.

Table 4-11  Release rates of noble gases from the radwaste building ventilation system

Noble Gases Release Rate

Nuclide? (uCi's)

Millstone-1 Oyster Creek Monticello Average
Kr-89 ND ND 3.0E+00 1.0E+00
Xe-133 ND ND 5.3E+00 1.8E+00
Xe-135m 2.5E-01 5.6E-01 2.6+01 8.9E+00
Xe-135 ND 4.0E+00 5.9E+01 2.1E+01
Xe-137 2.0E+00 1.5E+00 2.0E+01 7.8E+00
Xe-138 ND ND 1.0E+01 3.3E+00

a These values are from Table 2-15 of NUREG-0016, Revision 1.
ND = Not detected. For averaging purposes, a value of zero was assumed.

The radioactive particulate release rates for building ventilation systems are the average of
measurements made at Vermont Yankee; Oyster Creek; Dresden Nuclear Power Station,
Units 2 and 3; Quad Cities Nuclear Power Station, Units 1 and 2; Monticello; and Nine Mile
Point (Reference 3). Tables 4-12 through 4-17 give these data.
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Table 4-12  Particulate release rates from the reactor building ventilation system,
normal operation
Particulate Release Rate

Nuclides (1.0E-06 pCils)

Ciss1  Ciles2  Yamkes  Creex  Monicelo  Average
Co-60 2.1E+02 9.0E-01 3.7E+01 6.1E+02 1.4E+02 2.0E+02
Co-58 2.0E+01 4.0E-01 5.5E+00 3.1E+01 ND 1.1E+01
Cr-51 1.4E+02 5.0E-01 1.3E+01 3.9E+01 ND 3.8E+01
Mn-54 1.9E+01 1.0E-01 1.4E+01 21E+02 2.4E+01 5.3E+01
Fe-59 NA NA 5.0E+00 3.3E+01 4.2E+00 1.4E+01
Zn-65 2.3E+01 1.0E-01 4.6E+01 6.4E+00 7.5E+02 1.6E+02
Sr-89 NA NA NA 6.8E+00 NA 6.8E+00
Sr-90 NA NA NA 3.0E-01 NA 3.0E-01
Zr-95 1.6E+00 ND 1.5E+00 5.0E-01 1.15E+02 2.2E+01
Nb-95 2.7E+00 ND 7.4E+00 3.0E-01 2.2E+03 4.4E+02
Mo-99 NA NA 4.4E+00 1.4E+02 7.3E+03 2.5E+03
Ru-103 NA NA ND 2.8E+00 6.5E+01 2.3E+01
Ag-110m 2.0E-01 ND NA NA NA 1.0E-01
Sb-124 NA NA ND 2.4E+00 ND 8.0E-01
Cs-134 4.8E+01 1.0E-01 1.2E+01 1.6E+01 7.6E+02 1.7E+02
Cs-136 2.3E+00 ND 6.8E+00 7.1E+00 7.9E+01 1.9E+01
Cs-137 4.4E+01 5.0E-01 3.7E+01 3.1E+01 9.9E+02 2.2E+02
Ba-140 ND ND 1.6E+01 7.6E+01 2.6E+03 5.4E+02
Ce-141 NA ND ND 3.9E+00 1.2E+02 3.1E+01

a These values are from Table 2-16 of NUREG-0016, Revision 1.

NA = Not analyzed.
ND = Not detected. For averaging purposes, a value of zero was assumed.
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Table 4-13

Particulate release rates from the reactor building ventilation system,
refueling shutdown

Particulate Release Rate

(1.0E-06 pCils)

Nuclide?

Gice1  Cies2  Yamkes  Creex  Monicelo  Average
Co-60 1.6E+01 8.8E-01 2.5E+02 3.3E+02 1.70E+00 1.2E+02
Co-58 2.3E+00 3.5E-01 4 1E+01 1.9E+01 ND 1.3E+01
Cr-51 8.9E+00 5.0E-01 6.3E+01 2.8E+01 ND 2.0E+01
Mn-54 2.6E+00 6.1E-02 2.0E+01 1.4E+02 4.7E+01 4.2E+01
Fe-59 ND ND 2.1E+01 5.0E+00 3.4E+00 6.0E+00
Zn-65 5.8E+01 1.1E-01 7.7E+02 1.4E+00 7.3E+01 1.8E+02
Sr-89 NA NA NA 2.0E+00 NA 2.0E+00
Sr-90 NA NA NA 3.6E-01 NA 3.6E-01
Zr-95 3.1E-01 ND 7.8E+01 2.4E-01 ND 1.6E+01
Nb-95 4.0E-01 2.1E-02 ND 4 1E-01 1.6E+02 3.2E+01
Mo-99 NA NA ND 1.3E+01 4.4E+00 5.8E+00
Ru-103 NA NA NA 1.3E+00 3.6E+01 1.9E+01
Ag-110m 1.1E-01 NA NA NA NA 1.1E-01
Sb-124 ND ND NA 7.0E+00 ND 1.8E+00
Cs-134 6.2E+00 1.4E-01 8.2E+01 1.3E+01 1.7E+02 5.4E+01
Cs-136 1.0E+00 NA 2.0E+01 ND 2.1E+01 1.1E+01
Cs-137 1.4E+01 5.4E-01 2.4E+02 2.3E+01 2.0E+02 9.5E+01
Ba-140 ND ND 1.4E+01 1.1E+00 2.0E+02 4.3E+01
Ce-141 ND ND NA 7.5E+00 4.5E+01 1.3E+01

a These values are from Table 2-17 of NUREG-0016, Revision 1.

NA = Not analyzed.
ND = Not detected. For averaging purposes, a value of zero was assumed.
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Table 4-14

Particulate release rates from the turbine building ventilation system,
normal operation

Particulate Release Rate
(1.0E-06 uCi/s)

Nuclide?

%yster Monticello Vermont Dresden 2 Dresden 3 Average

reek Yankee

Co-60 6.1E+01 1.5E+01 4.1E+00 4.5E+00 6.0E+00 1.8E+01
Co-58 1.2E+01 ND 2.0E+00 ND 4.8E+01 1.2E+01
Cr-51 4 4E+02 ND NA ND 1.6E+02 1.5E+02
Mn-54 3.0E+01 7.5E+00 1.9E+00 ND 5.0E+00 8.9E+00
Fe-59 5.8E+00 ND ND ND ND 1.2E+00
Zn-65 1.7E+00 2.3E+01 7.8E+00 ND ND 6.5E+00
Sr-89 6.1E+02 NA NA 4.8E+01 3.6E+00 2.2E+02
Sr-90 1.3E+00 NA NA 3.0E-01 2.5E-01 6.0E-01
Zr-95 5.9E-01 ND ND ND 4.0E+00 9.2E-01
Nb-95 3.3E-01 ND NA ND ND 1.0E-01
Mo-99 9.1E+01 1.5E+02 NA ND ND 6.1E+01
Ru-103 1.7E+00 ND ND ND ND 3.4E-01
Sb-124 4.6E+00 ND ND ND ND 9.2E-01
Cs-134 1.8E+01 2.3E+01 2.7E+00 ND 3.0E+00 9.3E+00
Cs-136 1.1E+00 1.6E+01 ND ND ND 3.4E+00
Cs-137 5.7E+01 1.0E+02 5.1E+00 1.8E+00 1.0E+01 3.5E+01
Ba-140 1.4E+03 1.6E+01 8.3E+01 1.2E+02 6.5E+01 3.4E+02
Ce-141 2.9E+01 1.6E+03 ND 5.5E+00 5.0E+00 3.28E+02

a These values are from Table 2-18 of NUREG-0016, Revision 1.
NA = Not analyzed.
ND = Not detected. For averaging purposes, a value of zero was assumed.
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Table 4-15  Particulate release rates from the turbine building ventilation system,

refueling shutdown

Particulate Release Rate
(1.0E-06 uCi/s)

Nuclide?

%)r/:fj(r \((zrm(zgt Monticello Average
Co-60 2.9E+02 2.5E+00 5.8E+00 1.0E+02
Co-58 1.6E+01 1.0E+00 NA 8.5E+00
Cr-51 5.1E+01 ND NA 2.6E+01
Mn-54 1.1E+02 NA 3.0E-01 5.7E+01
Fe-59 3.1E+01 ND ND 1.0E+01
Zn-65 1.1E+01 NA 1.0E+01 1.0E+01
Sr-89 2.5E+00 NA NA 2.5E+00
Sr-90 2.5E-01 NA NA 2.5E-01
Zr-95 6.0E-02 ND ND 2.0E-02
Nb-95 4.0E-01 ND ND 1.3E-01
Mo-99 1.25E+02 NA 9.7E+00 6.7E+01
Ru-103 5.2E+00 NA ND 2.6E+00
Sb-124 9.5E+00 ND NA 4 8E+00
Cs-134 1.9E+01 1.9E+00 1.3E+00 7.4E+00
Cs-136 ND ND 4 1E+00 1.4E+00
Cs-137 3.9E+01 3.4E+00 5.8E+00 1.6E+01
Ba-140 8.2E+00 1.1E+02 4. 9E+01 5.6E+01
Ce-141 1.7E+01 ND 9.1E+00 8.7E+00

a These values are from Table 2-19 of NUREG-0016, Revision 1.

NA = Not analyzed.

ND = Not detected. For averaging purposes, a value of zero was assumed.
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Table 4-16  Particulate release rates from the radwaste building ventilation system,
normal operation

Particulate Release Rate

Nuclide? (1.0E-06 pCils)

Vermont Yankee Oyster Creek Average
Co-60 6.0E+00 5.8E+02 2.9E+02
Co-58 1.0E+00 1.6E+01 8.0E+00
Cr-51 3.0E+00 4 .8E+01 2.6E+01
Mn-54 1.0E+00 3.3E+02 1.7E+02
Fe-59 ND 2.6E+01 1.3E+01
Zn-65 1.0E+00 2.1+E01 1.1E+01
Sr-89 NA NA NA
Sr-90 NA NA NA
Zr-95 ND 6.3E+01 3.1E+01
Mo-99 2.0E+00 ND 1.0E+00
Sb-124 ND 5.4E+00 2.7E+00
Cs-134 1.2E+00 1.9E+02 9.6E+01
Cs-136 ND ND 0.0E+00
Cs-137 2.0E+00 2.9E+02 1.5E+02
Ba-140 3.0E-01 ND 1.5E-01
Ce-141 ND 6.3E+00 3.2E+00

a These values are from Table 2-20 of NUREG-0016, Revision 1.
NA = Not analyzed.
ND = Not detected. For averaging purposes, a value of zero was assumed.

4-18



Table 4-17  Particulate release rates from the radwaste building ventilation system,
refueling shutdown

Particulate Release Rate

Nuclide? (1.0E-06 uCils)

Monticello Average
Co-60 1.3E+00 1.3E+00
Co-58 2.1E-01 2.1E-01
Cr-51 ND 0.0E+00
Mn-54 4.0E-01 4.0E-01
Fe-59 3.2E+00 3.2E+00
Zn-65 5.1E+00 5.1E+00
Sr-89 NA NA
Sr-90 NA NA
Nb-95 6.0E+00 6.0E+00
Mo-99 1.0E+00 1.0E+00
Ru-103 1.0E+00 1.0E+00
Sb-124 ND 0.0E+00
Cs-134 1.0E+00 1.0E+00
Cs-136 ND 0.0E+00
Cs-137 2.2E+00 2.2E+00
Ba-140 ND 0.0E+00
Ce-141 1.2E+00 1.2E+00
Ce-144 4.0E+00 4.0E+00

a These values are from Table 2-21 of NUREG-0016, Revision 1.
NA = Not analyzed.
ND = Not detected. For averaging purposes, a value of zero was assumed.

The calculated annual average rates given above are based on an 80-percent plant capacity
factor (i.e., 80-percent normal operation at 100-percent power and 20-percent plant downtime).
The releases for normal operation are weighted to account for the operating and shutdown
modes. The particulate releases for the reactor building are divided between the containment
and auxiliary buildings to reflect the BWR/6, Mark lll, containment design in a manner similar to
that for the iodine-131 releases.
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4.1.1.4 lodine Input to the Main Condenser Offgas Treatment System

Parameter

The iodine-131 input to the main condenser offgas treatment system (MCOTS), downstream of
the air ejectors, is 6.0E+00 Cilyr.

Basis

Table 4-18 lists the measured iodine-131 releases and integrated thermal power outputs for
BWRs with thermal ratings exceeding 1.0E+03 MW1, with more than 1 year of plant operation
and without main condenser offgas treatment. The average ratio of the iodine-131 release in
Cilyr to the integrated thermal power in MWd for the years 1972 through 1976 is approximately
6.3E-06 Ci/MWd per year. Based on a power rating of 3.4E+03 MWt and an 80-percent plant
capacity factor, the iodine-131 release from the main condenser air ejector is approximately
6.0E+00 Cilyr.

Table 4-18 Radioiodine-131 releases from the main condenser air ejectors

1972 1973
o C Integrated , C Integrated .

Facility2 Radioiodine Thermal Power Cilyr Radioiodine Thermal Power Cilyr
Release 1.0E+06 Release 1.0E+06
(Cilyr) (1.0E+06 MWd (Cilyr) (1.0E+06 MWd

MWd) MWd)

Oyster Creek  6.3E+00 542E-01  1.16E+01 | 6.7E+00 453E-01  1.48E+01

nine hite 8.9E-01 417E-01  24E+00 | 1.9E+00 457E-01  4.2E+00

Millstone 1 1.2E+00 4.04E-01 3.0E+00 | 1.5E-01 2.48E-01 6.0E-01

B;?tssdgl - 5.1E+00 1.05E+00  4.9E+00 | 9.8E+00 1.18E+00  8.3E+00

Monticello 5.8E-01 4.54E-01 1.3E+00 | 1.2E+00 4.13E-01 2.9E+00

Pilgrim 1 c 4 6E-01 5.23E-01 9.0E-01

Sgﬁ‘g fg“’ésb c 5.5E+00 1.32E+00  4.2E+00
Average 4.6E+00 Average 5.1E+00

a These values are from Table 2-22 of NUREG-0016, Revision 1, and data from semiannual operating reports
for 1972 through 1976 for facilities listed.

b Two-unit plants with a single stack

e Not included in 1972 average because plants had not been in operation for a full year
d Augmented offgas system put in operation October 1975

e Augmented offgas system put in operation late 1976

f Augmented offgas system put in operation May 1975

9 Augmented offgas system put in operation 1977

h Augmented offgas system put in operation late 1974
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Table 4-18 Radioiodine-131 releases from the main condenser air ejectors (cont.)

1974 1975
e Integrated . C e Integrated .

Facility2 Radioiodine Thermgl Power Cilyr Radioiodine Thermgl Power Cilyr

Release 1.0E+06 Release 1.0E+06

) (1.0E+06 ) (1.0E+06

(Cilyr) MWd) Mwd (Cilyr) MWd) Mwd
Oyster Creek 3.3E+00 4.6E-01 7.2E+00 5.5E+00 4.1E-01 1.34E+01
'F\,'g;ﬁt'\f"e 7.0E-01 4.3E-01 16E+00 | 2.1E+00 4.0E-01 5.3E+00
Millstone 1 2.9E-01 4.7E-01 6.0E-01 9.8E+00 5.0E-01 1.96E+01
Dresden
Units 2 & 3b 4.0E+00 9.1E-01 4.4E+00 7.5E-01 7.1E-01 1.06E+00
Monticello 5.7E+00 3.4E-01 1.68E+01 3.5E+00 3.7E-01 9.5E+00
Pilgrim 1 1.4E+00 2.5E-01 5.6E+00 h
Quad Cities
Units 1 & 2 8.2E+00 1.09E+00 7.5E+00 f

Average 6.2E+00 Average 9.8E+00

]
1976
Facilitya Radioiodine Integrated Cilyr
Release Thermal Power 1 0E+06 MWd
(Cilyr) (1.0E+06 MW(d) ’
Oyster Creek 6.2E+00 4.9E-01 1.27E+01
Nine Mile Point 1 2.1E+00 5.5E-014 3.8E+00¢
Millstone 1 2.7E+00 4.8E-01 5.6E+00
Dresden Units 2 & 3P 1.9E+00 1.14E+00 1.7E+00¢
Monticello d
Pilgrim 1
Quad Cities Units 1 & 2°
Average 6.0E+00

a These values are from Table 2-22 of NUREG-0016, Revision 1, and data from semiannual operating reports
for 1972 through 1976 for facilities listed.

b Two-unit plants with a single stack

¢ Not included in 1972 average because plants had not been in operation for a full year
d Augmented offgas system put in operation October 1975

e Augmented offgas system put in operation late 1976

f Augmented offgas system put in operation May 1975

g Augmented offgas system put in operation 1977

h Augmented offgas system put in operation late 1974
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4.1.1.5 Turbine Gland Sealing System Exhaust
Parameter

If main steam is used, the annual radioiodine releases from the gland seal condenser exhaust
are as follows:

iodine-131 = 8.1E-01 Ci/yr per uCi/gm of iodine-131 in the reactor coolant.
iodine-133 = 2.2E-01 Ci/yr per uCi/gm of iodine-133 in the reactor coolant.

If the clean steam is supplied to the gland seal, the radioiodine source term is negligible (less
than 1.0E-04 Ci/yr). If sealing steam is supplied from a low-activity source (i.e., steam produced
from demineralized condensate), consider the release to be zero.

Basis

Radioiodine measurements have been reported (Reference 15) for two operating facilities that
use main steam in the turbine gland seal system. The sample location necessitated including
any radioiodines released from the mechanical vacuum pump during sampling. Tables 4-19
and 4-20 summarize the available data for radioiodines released from the gland seal condenser
exhaust when the mechanical vacuum pump was not in operation or infrequently used. The
radioiodine release rates are dependent on the radioiodine concentration in the reactor coolant
and carryover in the reactor.

Table 4-19  lodine-131 release rates from gland seal condenser exhaust for systems
using main steam for the sealing system

Using Main Steam for the Sealing System (at 7.0E+03 Ib/h)

Facility? C'\;/llaeﬁgusrigl l\c\tlaasured Reactor lodine-131
Sample Period Days lodine-131 gg?wrclgr?tlrr:i- cjr? 1 Reé?zacsi? Cf(')/?/r
Release . P 9
(Cifs) (uCilg) 292 days/year
Vermont 06/18/64 to 06/19/74 1 3.9E-04 2.5E-02 3.9E+05
Yankee 06/20/74 to 06/21/74 1 4 2E-04 2.5E-02 4 2E+05
09/13/74 to 09/14/74 1 4.7E-04 3.8E-02 3.1E+05
10/10/74 to 10/11/74 1 4.5E-04 3.5E-02 3.2E+05
03/05/75 to 03/08/75 3 2.1E-05 8.8E-04 6.0E+05
10/07/75 to 10/21/74 14 1.4E-05 7.7E-04 4 6E+05
Oyster 06/16/75 to 06/30/75 14 7.8E-05 1.8E-03 1.1E+06
Creek 06/30/75 to 07/17/75 17 6.8E-05 1.7E-03 1.0E+06
Weighted Average According to Sample Days 8.1E+05

a These values are from Table 2-23 of NUREG-0016, Revision 1.
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Table 4-20

lodine-133 release rates from gland seal condenser exhaust for systems
using main steam for the sealing system

Using Main Steam for the Sealing System (at 7.0E+03 Ib/h)

Measured :
Facility Gland Seal Measured _Reactor Iod|ne-13_3
. : Water lodine-133 Release Cilyr
Sample Period Days lodine-133 . :
Concentration per Ci/g for
Release (MCilg) 292 days/year
(WCils)
Vermont 06/18/64 to 06/19/74 1 1.8E-04 5.6E-02 8.1E+04
Yankee
06/20/74 to 06/21/74 1 1.9E-04 5.6E-02 8.6E+04
09/13/74 to 09/14/74 1 2.2E-04 1.1E-02 5.0E+05
10/10/74 to 10/11/74 1 1.7E-04 1.0E-02 4.3E+05
Oyster 06/16/75 to 06/30/75 14 2.3E-04 2.6E-03 2.2E+05
Creek
06/30/75 to 07/17/75 17 2.0E-04 2.0E-03 2.1E+05
Weighted Average According to Sample Days 2.2E+05

a These values are from Table 2-23 of NUREG-0016, Revision 1.

It is assumed that there is no radioiodine source term when clean steam (nonradioactive steam
from an auxiliary steam supply system) is used for the gland seal. Because of noble gas
removal in the main steam condenser, radioiodine removal by the condensate demineralizers,
and partitioning in the boiler, steam produced from demineralized condensate is considered to
be clean steam. Data in Tables 4-21 and 4-22 show the release of radioactive particulates from
the turbine gland seal to be negligible (less than 1.0E-05 Ci/yr).

Table 4-21

Particulate release rates from Vermont Yankee mechanical vacuum pump
and gland exhaust condenser vent, refueling shutdown

Particulate Release Rate

Nuclide2 (1.0E-06 pCils)
Average
Cs-134 4.5E-01
Cs-136 1.3E-01
Cs-137 1.0E+00
Ba-140 1.6E+00

a These values are from Table 2-25 of NUREG-0016, Revision 1.
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Table 4-22  Particulate release rates from Vermont Yankee mechanical vacuum pump
and gland exhaust condenser vent, short-term shutdown

Particulate Release Rate

Nuclide® (1.0E-06 uCils)
Average
Cr-51 9.0E-01
Co-60 5.0E-01
Zn-65 3.0E-01
Cs-134 8.0E-01
Cs-136 1.1E+00
Cs-137 3.3E+00
Ba-140 2.1E+00

a These values are from Table 2-24 of NUREG-0016, Revision 1.

4.1.1.6 Main Condenser Mechanical Vacuum Pump
Parameter

Xenon-133  1.3E+03 Ci/yr per reactor
Xenon-135  5.0E+02 Ci/yr per reactor

The radioiodine releases from the main condenser mechanical vacuum pump are calculated by
the code using the data in Tables 4-42, 4-44, and 4-23.

Basis

The release rates for xenon-133 and xenon-135 were derived from Dresden 1 and 2 operating
data and adjusted to 5.0E+04 uCi/s (Reference 3). These data indicate that approximately
3.0E+02 Ci of xenon-133 and 1.2E+02 Ci of xenon-135 were released with the mechanical
vacuum pump effluent when the main condenser vacuum pumps were used to establish main
condenser vacuum following a plant shutdown. At the point in the fuel cycle where the data
were taken, the reactor was operating at an offgas rate of approximately 6.0E+04 uCi/s. The
annual release estimates for noble gases assume four short-term shutdowns per year and one
refueling or maintenance outage.
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Table 4-23  Normalized iodine releases from the mechanical vacuum pump

Facility2 Normalized Release Rate (< 80 hours)
(Cilyr/uCilg)
Monticello 8.3E+02
Vermont Yankee 1.5E+02
Average 4.9E+02

Normalized Release Rate during Refueling/Maintenance

Facility? Outages (< 80 hours)
(Cilyr/uCilg)
Monticello 1.5E+03
Vermont Yankee 6.0E+02
Average 1.1E+03

a These values are from Table 2-26 of NUREG-0016, Revision 1. Assume four short —term outages per year.

The release rates for iodine-131 are based on measurements made at operating reactors
(Reference 15). Investigations at three of the operating BWRs (Monticello, Vermont Yankee,
and Oyster Creek) have shown that radioiodine releases from the mechanical vacuum pump are
at their highest levels for the first 80 hours after shutdown. In accordance with the study, the
releases from the mechanical vacuum pump can be as much as a factor of 1.0E+02 greater
than releases measured during the preshutdown period. The normalized iodine-131 releases in
Table 4-23 are based on data from Monticello and Vermont Yankee.

The annual iodine-131 release estimates assume four short-term shutdowns per year and one
refueling or maintenance outage per year.

To calculate releases from the mechanical vacuum pump, a normalized release rate is used.
The normalized release rate is calculated by the code using Equation (4-5):

Ra
Crw XPC

RN = (4'5)
where Rn = the normalized release rate of reactor water containing iodine-131 (g/s);

Ra = absolute (measured) iodine-131 release rate (Ci/s);

Crw = the measured reactor water iodine-131 concentration (uCi/g); and

PC = the measured PC from reactor water to reactor steam.

To calculate the release in Ci/yr from the mechanical vacuum pump of a particular BWR, the
normalized release data in Table 4-23 are multiplied by the radioiodine reactor water
concentration and the radioiodine carryover from reactor water to reactor steam for the
particular BWR using Equation (4-6):

Ry :Ri\l X Cowr X PCoygr (4-6)
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where  Ruvp = the calculated annual radioiodine release (Ci/yr) from the mechanical
vacuum pump;

R}\l = the normalized release rate of reactor water containing iodine-131
(CilyrluCilg);
Cewr = the reactor water concentration for a particular BWR (uCi/g); and

PCewr = the calculated carryover for a particular BWR from Table 4-44.

Radioiodine released during the operation of the mechanical vacuum pump at BWRs appears in
one of the following chemical forms: particulate, elemental, HOI, and organic. Based on data in
EPRI NP-495, Table 4-24 gives the fraction of the radioiodine appearing in each of the chemical
forms for the mechanical vacuum pump.

Table 4-24  Fraction of radioiodine appearing in each chemical form from BWR
mechanical vacuum pump

Chemical Forma Time <80 h® Time >80 he
Particulate 4.0E-03 1.0E-02
Elemental 9.0E-03 6.0E-02
HOI 2.3E-02 2.1E-01
Organic 9.7E-01 7.2E-01

a These values are from Section 2.2.7.2 of NUREG-0016, Revision 1.
b Average of samples taken within the first 80 hours after shutdown
¢ Average of samples taken after the initial 80 hours of a refueling maintenance outage

Data in Tables 4-21 and 4-22 show the release of radioactive particulates from the mechanical
vacuum pump to be negligible.

4.1.1.7 Air Leakage to the Main Condenser
Parameter

The air leakage into the main condenser per MWt of design reactor power, with a minimum of
5.0E+00 ft*/min, is 6.2E-03 ft3/min.

Basis

Air leakage occurs in the main condensers of all power reactors. In a BWR, the amount of
holdup time calculated for a charcoal bed offgas delay system is inversely proportional to the
amount of air leakage into the main condenser.

Operational data for air leakage into the main condenser vary widely. At Oyster Creek and at
Dresden Unit 2, air inleakage measurements during early phases of operation indicated leakage
rates from 4.0E+00 ft¥/min to 2.5E+02 ft3/min (Reference 3). As shown in Table 4-25,
subsequent measurements at Dresden Unit 2 (Reference 3), showed air inleakage of

4.4E+00 ft3/min during operation at 1.6E+03 MWHt. Air inleakage measurements reported for six
TVA fossil plants, representing more than 50 years of cumulative experience, indicate leakage
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rates ranging from 4.0E+00 to 2.5E+01 ft3/min per condenser shell and a statistical mean
inleakage rate of 6.7E+00 ft3/min per condenser shell (Reference 3). Measurements made in
1976 and 1977 at Quad Cities Units 1 and 2 (Reference 3) showed average flow rates of
9.6E+00 ft3/min for Unit 1 and 2.5E+01 ft¥/min for Unit 2; measurements ranged from
6.0E+00 ft3/min to 5.5E+01 ft3/min, and power level for both units during the test period was
2.511E+03 MWHt.

The parameter for air inleakage was developed assuming that air inleakage is proportional to
the reactor design thermal power level. Available data, which were considered to represent
long-term operational results, were converted by extrapolation to the common base of a
3.4E+03 MWt BWR with a three-shell condenser, as shown in Table 4-25. The use of data from
Dresden Unit 2, Quad Cities Units 1 and 2, and TVA fossil plants resulted in an average of
2.1E+01 ft3/min main condenser air inleakage for a plant with a design thermal power level of
3.4E+03 MWt. This is approximately equivalent to 6.2E-03 ft*/min inleakage for each MWt of
design thermal power. For BWRs of less than 8.0E+02 MWt design thermal power level, a
minimum condenser air inleakage of 5.0E+00 ft3/min should be used, independent of reactor
design thermal power level.

Table 4-25 Condenser air inleakage

Extrapolated to

Plante PO"("G;V'}‘;VG' A'r(:({‘s'/enf‘i‘;";‘ge 3.4E+03 MWU/3 Shell
(ft3/min)
Dresden 2 1.6E+03 4.4E+00 9.4E+00
TVA Fossil Plants 7.0E+02 b 6.7E+00 ® 2.87E+01
(average of 6)
Quad Cities 1 2.51E+03 9.6E+00 1.3E+01
Quad Cities 2 2.51E+03 2.5E+01 3.4E+01
Average 2.1E+01

a These values are from Section 2.2.8.2 of NUREG-0016, Revision 1.

b The TVA results are an average of six fossil plants with power levels reported in units of MWe and reported air
inleakage data in units of ft3/min per condenser shell.

4.1.1.8 Holdup Times for Charcoal Delay Systems
Parameter

Holdup times for charcoal delay systems are calculated using Equation (4-7):

T = (4.31E+01) ((M)(K)/P) (4-7)
where T = the holdup time, in hours;
P = the thermal power level, in MWHh;
K = the dynamic adsorption coefficient, in cm®/g;
M = the mass of charcoal adsorber, in 1.0E+03 Ib; and
4.31E+01= the factor to convert from (1.0E+03 Ib cm?/g)/(ft3min/MWt) to hours,

Equation (4-8).

4-27



M (1.0E+03 1b) K (Cm3/g) (4.54E+02 g/lb) (3.53E-05 fe*/

)~ 4318401 () (48

T(h) = :

03(ft3/ .
P (MWY) (W) (6.0E+01 mm/h)

Table 4-26 shows dynamic adsorption coefficients, K (in cm®/g).

Table 4-26 Dynamic adsorption coefficient for xenon and krypton

Dynamic Adsorption Coefficient (cm3/g)

Nuclide? 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 1.85E+01 2.5E+01 7.0E+01 1.05E+02

Xe 3.3E+02 4 4E+02 1.16E+03 2.41E+03

a The data in this table are taken from Section 2.2.9.1 of NUREG-0016, Revision 1.

Basis

Charcoal delay systems are evaluated using Equation (4-7) and dynamic adsorption
coefficients. Equation (4-7) is a standard equation for the calculation of delay times in charcoal
adsorption systems (Reference 3). The dynamic adsorption coefficients (K) for xenon and
krypton are dependent on operating temperature and moisture content (Reference 3) in the
charcoal, as indicated by the values in Table 4-26. The K values represent a composite of data
from operating reactor charcoal delay systems (Reference 3) and reports concerning charcoal
adsorption systems (Reference 3).

Four factors influence the selection of K values:

(1) operational data from Gundremmingen NPP, Lingen NPP, and Vermont Yankee
(Reference 3)

(2) the effect of temperature on the dynamic adsorption coefficients, indicated in Figure 4-1
(Reference 3)

(3) the effect of moisture on the dynamic adsorption coefficients, shown in Figure 4-2 and
the affinity of charcoal for moisture, shown in Figure 4-3

(4) the variation in K values between researchers and between the types of charcoal used in
these systems (Reference 3), noting that, because of the variation in K values based on
different types of charcoal and the data reported, average values taken from
Gundremmingen NPP (Reference 3) and Lingen NPP (Reference 3) data shown in
Figure 4-1 are used
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Figure 4-3  Charcoal moisture as a function of relative humidity
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4.1.1.9 Decontamination Factors for Cryogenic Distillation

Parameter

Table 4-27 lists the DFs for the cryogenic distillation system that are assumed by the code. The
holdup times are calculated on the basis of gas residence time in the system before release.

Table 4-27 Decontamination factors for cryogenic distillation

Nuclides? DFs
lodine and Xenon 1.0E+04
Krypton 4.0E+03

a The data in this table are taken from Section 2.2.10.1 of NUREG-0016, Revision 1.

Basis

A DF of 1.0E+04 for radioiodine and xenon and a DF of 4.0E+03 for krypton are used for a
cryogenic distillation system. As stated in NUREG-0016, Revision 1, the values are based on
data submitted in Amendment 11 to the FSAR for the Hope Creek Generating Station, Units 1
and 2, which were derived from a proprietary report of Air Products and Chemical, Inc. The
FSAR states that a maximum of 0.025-percent krypton (DF = 4.0E+03) and 1.0E-02-percent
xenon (DF = 1.0E+04) will escape from the system. These DFs are considered reasonable.

4.1.1.10 Radioiodine Removal Efficiencies for Charcoal Adsorbers and Particulate Removal
Efficiencies for HEPA Filters

Parameter

Use a removal efficiency of 99 percent for particulate removal by HEPA filtration. For charcoal
adsorbers, removal efficiencies for all forms of radioiodine are show in Table 4-28 from

Table 1-5 of NUREG-0016, Revision 1 and Table 2 of RG 1.140, Revision 1, “Design, Testing,
and Maintenance Criteria for Normal Ventilation Exhaust System Air Filtration and Adsorption
Units of Light-Water-Cooled Nuclear Power Plants,” issued October 1979 [Ref. 17].

Basis

The removal efficiencies assigned to HEPA filters for particulate removal and charcoal
adsorbers for radioiodine removal are based on the design, testing, and maintenance criteria
recommended in RG 1.140, Revision 1.
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Table 4-28 Removal efficiencies for charcoal adsorbers for iodine removal

lodine Removal Efficiencies for Charcoal Adsorbers?

Percent Removal

' Efficiencies for
b
Activated Carbon Bed Depth Radioiodine

(Percent)°

2 inches Air filtration system designed to operate inside primary

. 90
containment.

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

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

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

a These values are from Table 1-6 and Section 2.2.11.1 of NUREG-0016, Revision 1, and Table 2 of
RG 1.140, Revision 1.

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

¢ The removal efficiencies assigned to HEPA filters for particulate removal and charcoal adsorbers for
radioiodine removal are based on the design, testing, and maintenance criteria recommended in RG 1.140,
Revision 1.

4.1.1.11 Liquid Waste Inputs
Parameter

The BWR liquid waste flow rates listed in Table 4-29 are used as inputs to the liquid radwaste
treatment system. Flows that cannot be standardized are added to those listed in Table 4-29 to
fit an individual application. Disposition of liquid streams to the appropriate collection tanks is
based on the applicant’s proposed method of processing.

Basis

The liquid waste inputs are based on the values proposed by ANSI/ANS-55.3-1976, “Boiling-
Water Reactor Liquid Radioactive Waste Processing System” (ANSI N197-1976) [Ref. 18].
Activity inputs are based on the reactor coolant concentrations given in Section A.2.3. The
values given are those that were judged to be representative for a typical BWR design.
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Table 4-29 BWR liquid wastes

Expected Daily Average Input Flow Rate

; Fraction
Source? Deep-Bed Plant with Deep-Bed Plant without of the
URC URC or a BCA
(gal/d) Filter/Demineralizer Plant
? (gal/d)

Drywell 3.4E+03 3.4E+03 1.0E+00

Containment, auxiliary

building, and fuel pool 3.7E+03 3.7E+03 1.0E-01
Radwaste building 1.1E+03 1.1E+03 1.0E-01
Turbine building 3.0E+03 3.0E+03 1.0E-03
URC 1.5E+04 5.0E-02
Resin rinse® 2.5E+03 5.0E+03 2.0E-03

Drywell 7.0E+02 7.0E+02 1.0E-03
Containment, auxiliary 1.0E-03
building, and fuel handling 2.0E+03 2.0E+03

Radwaste building 1.0E+03 1.0E+03 1.0E-03
Turbine building 2.0E+03 2.0E+03 1.0E-03

Cleanup phase separator

6.4E+02 6.4E+02 2.0E-03
decant
Laundry drains 1.0E+03 1.0E+03
Lab drains 5.0E+02 5.0E+02 2.0E-02
Regenerants® 1.7E+03 3.4E+03 c
Condensa}e demineralizer 8.1E+03 2 0E-06
backwash
Chemical lab waste 1.0E+02 1.0E+02 2.0E-02

a These values are from Table 2-27 of NUREG-0016, Revision 1.
b Deep-bed condensate demineralizers only.

¢ Calculated by code.

d Filter/demineralizer (Powdex) condensate demineralizers only.
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4.1.1.12 Chemical Wastes from Regeneration of Condensate Demineralizers
Parameter

The code uses three assumptions:

(1) Liquid flows to demineralizer at main steam activity.

(2) All nuclides removed from the reactor coolant by the demineralizers are removed from
the resins during regeneration.

(3) Use a regeneration cycle of 3.5 days times the number of demineralizers. For systems
using URC, use 8 days times the number of demineralizers.

Basis

Operating data from Dresden Units 2 and 3 (Reference 3) indicate that one condensate
demineralizer regeneration occurs every 3.5 days when a URC is not used.

All material exchanged or filtered out by the resins between regenerations is contained in the
regenerant waste streams; therefore, each regeneration will have approximately the same
effectiveness (i.e., each regeneration removes all material collected since the previous
regeneration, leaving a constant quantity of material on the resins after regeneration).
Regeneration cycles are normally controlled by particulate buildup on resin beds, resulting in
high pressure drops across the bed. If a URC is used to remove insolubles between
regenerations, operating data from Dresden Units 2 and 3 indicate that one condensate
demineralizer regeneration occurs every 7.1 days (Reference 3), from Pilgrim 1 at

8.2 days (Reference 3), and from Nine Mile Point 1 at 10 days (Reference 3).

4.1.1.13 Detergent Waste
Parameter

For plants with an onsite laundry, use the radionuclide distribution given in Table 4-30 for
untreated detergent wastes from NUREG-0017, Revision 1, “Calculation of Releases of
Radioactive Materials in Gaseous and Liquid Effluents from Pressurized-Water Reactors
(GALE-PWR code),” issued April 1985 [Ref. 19]. The quantities shown in Table 4-30 should be
added to the adjusted liquid source term. Detergent waste releases should be reduced, using
appropriate DFs from this report if treatment is provided.

Basis

In the evaluation of liquid radwaste treatment systems, it is assumed that detergent wastes
(laundry and personnel drains) will have the radionuclide distribution given in Table 4-30. The
radionuclide distribution is based on measurements at four nuclear power plants, which are
given in Table 4-31 from NUREG-0017, Revision 1.
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Table 4-30 Calculated annual release of radioactive materials in untreated detergent

waste
Radionuclide? Cilyr/reactor
P-32 1.8E-04
Cr-51 4.7E-03
Mn-54 3.8E-03
Fe-55 7.2E-03
Fe-59 2.2E-03
Co-58 7.9E-03
Co-60 1.4E-02
Ni-63 1.7E-03
Sr-89 8.8E-05
Sr-90 1.3E-05
Y-91 8.4E-05
Zr-95 1.1E-03
Nb-95 1.9E-03
Mo-99 6.0E-05
Ru-103 2.9E-04
Ru-106 8.9E-03
Ag-110m 1.2E-03
Sb-124 4.3E-04
1-131 1.6E-03
Cs-134 1.1E-02
Cs-136 3.7E-04
Cs-137 1.6E-02
Ba-140 9.1E-04
Ce-141 2.3E-04
Ce-144 3.9E-03
Total 9.0E-02 Ci

a The data in this table are taken from Table 2-28 of NUREG-0017, Revision 1.
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Table 4-31  Radionuclide distribution of detergent waste

Oyster Creek Ginna Zion® Fort Calhoun
Radionuclide2 (1971-1973) (1972-1973) (1977) (1977)
(uCi/month) (uCi/month) (uCi/month) (uCi/month)

P-32 1.5E-02 NA NA NA
Cr-51 2.3E-01 NA 9.4E-01 NA
Mn-54 1.3E+00 1.2E-01 1.6E-01 1.9E-02
Fe-55 3.5E-01 NA 1.9E+00 1.6E-01
Fe-59 2.9E-01 NA 2.6E-01 NA
Co-58 3.5E-01 4.1E-01 2.4E+00 1.5E-01
Co-60 3.8E+00 9.0E-01 9.8E-01 3.0E-02
Ni-63 NA NA 3.5E-01 7.1E-02
Sr-89 2.1E-02 NA 7.0E-03 1.4E-03
Sr-90 2.5E-03 NA 7.6E-04 NA
Y-91 NA NA 1.4E-02 NA
Zr-95 8.3E-02 1.6E-01 1.4E-01 NA
Nb-95 1.6E-01 2.0E-01 2.7E-01 NA
Mo-99 NA 5.0E-03 NA NA
Ru-103 1.3E-02 3.2E-02 5.2E-02 NA
Ru-106 NA 7.4E-01 NA NA
Ag-110m NA 1.0E-01 NA NA
Sb-124 6.1E-02 NA 4.7E-02 NA
1-131 4.3E-01 5.5E-02 1.7E-01 1.7E-02
Cs-134 1.7E-01 1.4 1.5E+00 1.4
Cs-136 NA NA 6.2E-02 NA
Cs-137 2.9E-01 2.5E+00 2.1E+00 1.7E+00
Ba-140 7.6E-02 NA NA NA
Ce-141 3.3E-02 5.0E-03 NA NA
Ce-144 7.3E-02 5.8E-01 NA NA
Total 7.7E+00 7.2E+00 1.14E+01 3.5E+00

a The data in this table are taken from Table 2-28 of NUREG-0017, Revision 1.
b For two units
NA = radionuclide was not analyzed
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4.1.1.14 Tritium Releases
Parameter

The total tritium release through liquid and gaseous pathways is 0.03 Ci/yr per MWt. The
quantity of tritium released through the liquid pathway is approximately 50 percent of the total
quantity of tritium calculated to be available for release. The remainder of the tritium produced
is assumed to be released as a gas from building ventilation exhaust systems. Of the tritium in
gaseous effluents, 50 percent is released from the turbine building ventilation system, and the
remaining 50 percent is released from the containment building ventilation system. For “zero
liquid release” plants, assign all of the tritium calculated to be available for release to building
ventilation exhaust systems.

Basis

Table 4-32 lists the annual measured liquid and gaseous tritium releases from BWRs for 1972
through 1977. Based on the total tritium release for each facility, the integrated thermal power
produced during the year, and a plant capacity factor of 80 percent, the total annual release is
approximately 3.0E-02 Ci/MWt through the combined liquid and gaseous pathways.

The tritium can be released either in liquid wastes or as a gas with ventilation effluents, the
relative amounts being dependent on liquid recycle practices. Table 4-33 lists the percentage of
total tritium that is released in liquid effluents (based on the data in Table 4-32). The weighted
average indicates that approximately 50 percent of the tritium available for release is released in
liquid effluents.

Tritium in gaseous effluents is released largely through building ventilation exhaust systems.
Based on measurements taken in 1974 and 1975 of tritium release rates in building ventilation
systems at Monticello, Vermont Yankee, and Oyster Creek (Reference 15), Table 4-34 provides
the distribution of tritium released from various sources within the plant. Based on data in

Table 4-34, approximately 50 percent of the tritium in gaseous effluents is released through the
turbine building ventilation systems. Assuming that miscellaneous sources (radwaste building
ventilation, fuel pool area) are released via the reactor building vent, the remaining 50 percent of
the tritium in gaseous effluents is released through the reactor building ventilation system.
Although it is recognized that tritium should be released via the gaseous pathway from the fuel
handling area, data are available only from operating reactors (Mark | containments), where the
spent fuel pool area is inside containment. It is not possible with the present database to
identify what fraction of the tritium from the reactor building is associated with the spent fuel pool
area. Accordingly, until sufficient data are available, tritium releases from the spent fuel pool
area will be considered to be released from the containment building, even if the spent fuel pool
is located elsewhere (BWR/6 Mark III's).
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Table 4-32  Annual tritium release data from operating BWRs

Power Startup

Reactor? per Unit Date 1972 1973 1974 1975 1976 19770
(MWt) (year)
Nuclear Thermal Output/Unit (1.0E+06 MWdt)
0.54 0.45 0.46 0.41 0.49 0.41
Gaseous Tritium Released (Ci/yr)
0.8 0.4 0.4 2.8 1.1 0.7
Oyster Creek 1930 1969
Liquid Tritium Released (Ci/yr)
62 36.6 14.1 18 38 3.4
Total Tritium Released (Ci/lyr-MWt at 80-percent capacity)
0.034 0.047 0.009 0.015 0.023 0.003
Nuclear Thermal Output/Unit (1.0E+06 MWdt)
0.42 0.46 0.44 0.40 0.55 0.38
Gaseous Tritium Released (Ci/yr)
18 26.8 c 20 19 33
Nine Mile Point 1 1850 1969
Liquid Tritium Released (Ci/yr)
28 46.5 18.7 28 25 0.5

Total Tritium Released (Ci/lyr-MWt at 80-percent capacity)
0.032 0.047 0.012 0.035 0.011 0.026

Dresden 2 & 3

Nuclear Thermal Output/Unit (1.0E+06 MWdt)

0.42 0.42 0.42 0.42 0.42 0.42
Gaseous Tritium Released (Ci/yr)
18 18 18 18 18 18
2577 1970/71
Liquid Tritium Released (Ci/yr)
28 28 28 28 28 28

Total Tritium Released (Ci/lyr-MWt at 80-percent capacity)
0.032 0.032 0.032 0.032 0.032 0.032

a These values are from Table 2-30 of NUREG-0016, Revision 1, and semiannual reports of reactors listed.

b Data for first half of 1977 have been extrapolated to the end of 1977 for Oyster Creek; Nine Mile Point 1;
Millstone 1; Monticello; Browns Ferry 1, 2, and 3; Hatch 1; FitzPatrick; and Brunswick 1 and 2.

¢ No reported data.

e Before first refueling.

No measurement made.

f Measured only during the July-December 1973 period.
9 Average weighted nuclear thermal output.
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Table 4-32

Annual tritium release data from operating BWRs (cont.)

Power
or Startup
Reactor2 Snit Date 1972 1973 1974 1975 1976 19770
(MW) (year)
Nuclear Thermal Output/Unit (1.0E+06 MW(dt)
0.40 0.25 0.47 0.50 0.48 0.62
Gaseous Tritium Released (Ci/yr)
4.2 1.7 2.8 17 29 33
Millstone 1 2011 1970
Liquid Tritium Released (Ci/yr)
21 3.7 241 80 20 7.5
Total Tritium Released (Ci/yr-MWt at 80-percent capacity)
0.018 0.006 0.017 0.057 0.030 0.019
Nuclear Thermal Output/Unit (1.0E+06 MW(dt)
0.46 0.41 0.37 0.37 0.51 0.46
Gaseous Tritium Released (Ci/yr)
12 c c 66 77 139
Monticello 1670 1970
Liquid Tritium Released (Ci/yr)
d d d 0 0 0
Total Tritium Released (Ci/yr-MWt at 80-percent capacity)
0.008 0.052 0.044 0.088
Nuclear Thermal Output/Unit (1.0E+06 MWdt)
0.06 0.18 0.34 0.47 0.42 0.46
Gaseous Tritium Released (Ci/yr)
e 1.0 0.9 71 14 28
Vermont Yankee 1953 1972
Liquid Tritium Released (Ci/yr)
e 0.2 d 0 1.6 0.1

Total Tritium Released (Ci/yr-MWt at 80-percent capacity)
0.002 0.001 0.004 0.011 0.018

a These values are from Table 2-30 of NUREG-0016, Revision 1, and semiannual reports of reactors listed.

b Data for first half of 1977 have been extrapolated to the end of 1977 for Oyster Creek; Nine Mile Point 1;
Millstone 1; Monticello; Browns Ferry 1, 2, and 3; Hatch 1; FitzPatrick; and Brunswick 1 and 2.

¢ No reported data.

No measurement made.

e Before first refueling.
f Measured only during the July-December 1973 period.
9 Average weighted nuclear thermal output.
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Table 4-32

Annual tritium release data from operating BWRs (cont.)

Power
or Startup
Reactor2 Snit Date 1972 1973 1974 1975 1976 19770
(MW) (year)
Nuclear Thermal Output/Unit (1.0E+06 MW(dt)
0.52 1.32 1.09 0.96 1.08 1.12
Gaseous Tritium Released (Ci/yr)
34f 29 280 300 40
Quad Cities 1 & 2 2511 1971/72
Liquid Tritium Released (Ci/yr)
4.7 24.5 34 54 24 19
Total Tritium Released (Ci/yr-MWt at 80-percent capacity)
0.005 0.013 0.017 0.10 0.088 0.016
Nuclear Thermal Output/Unit (1.0E+06 MW(dt)
0.11 0.53 0.25 0.34 0.32 0.34
Gaseous Tritium Released (Ci/yr)
14 8 74 37 61
Pilgrim 1 1998 1972
Liquid Tritium Released (Ci/yr)
4.2 0.4 10.4 18 47 33

Total Tritium Released (Ci/yr-MWt at 80-percent capacity)
0.011 0.008 0.22 0.079  0.077  0.080

Nuclear Thermal Output/Unit (1.0E+06 MWdt)
1.39 1.55 1.19

Gaseous Tritium Released (Ci/yr)

0.3 27 260
Peach Bottom 2 & 3 3293 1973/74
Liquid Tritium Released (Ci/yr)
31 74 71

Total Tritium Released (Ci/yr-MWt at 80-percent capacity)
0.007 0.019  0.081

a These values are from Table 2-30 of NUREG-0016, Revision 1, and semiannual reports of reactors listed.

b Data for first half of 1977 have been extrapolated to the end of 1977 for Oyster Creek; Nine Mile Point 1;
Millstone 1; Monticello; Browns Ferry 1, 2, and 3; Hatch 1; FitzPatrick; and Brunswick 1 and 2.

¢ No reported data.

No measurement made.

e Before first refueling.
f Measured only during the July-December 1973 period.
9 Average weighted nuclear thermal output.
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Table 4-32

Annual tritium release data from operating BWRs (cont.)

Reactor?

Power Startup
per

Unit Date 1972 1973 1974 1975 1976 19770
(MW) (year)

Nuclear Thermal Output/Unit (1.0E+06 MW(dt)
0.36 0.37 2.24

Gaseous Tritium Released (Ci/yr)

Browns Ferry 1973/74 5.1 0.6 23
1,283 3293 k76 g T -
0 4 Liquid Tritium Released (Ci/yr)
10 4.0 22
Total Tritium Released (Ci/yr-MWt at 80-percent capacity)
0.012 0.004 0.006
Nuclear Thermal Output/Unit (1.0E+06 MW(dt)
0.52 0.49 0.60
Gaseous Tritium Released (Ci/yr)
43 67 50
Cooper 2381 1974
Liquid Tritium Released (Ci/yr)
8.3 8.3 9.0
Total Tritium Released (Ci/yr-MWt at 80-percent capacity)
0.029 0.045 0.029
Nuclear Thermal Output/Unit (1.0E+06 MWdt)
0.41 0.57 0.51
Gaseous Tritium Released (Ci/yr)
1.8 1.4 1.2
Hatch 1 2436 1974
Liquid Tritium Released (Ci/yr)
6.1 9.0 14

Total Tritium Released (Ci/yr-MWt at 80-percent capacity)
0.006 0.005 0.009

a These values are from Table 2-30 of NUREG-0016, Revision 1, and semiannual reports of reactors listed.

b Data for first half of 1977 have been extrapolated to the end of 1977 for Oyster Creek; Nine Mile Point 1;
Millstone 1; Monticello; Browns Ferry 1, 2, and 3; Hatch 1; FitzPatrick; and Brunswick 1 and 2.

¢ No reported data.

No measurement made.

e Before first refueling.
f Measured only during the July-December 1973 period.
9 Average weighted nuclear thermal output.
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Table 4-32  Annual tritium release data from operating BWRs (cont.)

Power
or Startup
Reactor2 Snit Date 1972 1973 1974 1975 1976 19770
(MW) (year)
Nuclear Thermal Output/Unit (1.0E+06 MW(dt)
0.28 0.53 0.49
Gaseous Tritium Released (Ci/yr)
c 15 9.5
FitzPatrick 2436 1974
Liquid Tritium Released (Ci/yr)
c 4.2 28
Total Tritium Released (Ci/yr-MWt at 80-percent capacity)
0.011 0.007
Nuclear Thermal Output/Unit (1.0E+06 MW(dt)
0.31 0.33 0.39
Gaseous Tritium Released (Ci/yr)
19 16 15
Duane Arnold 1658 1974
Liquid Tritium Released (Ci/yr)
0.3 0.3 0.2

Total Tritium Released (Ci/yr-MWt at 80-percent capacity)
0.018 0.014  0.011

a These values are from Table 2-30 of NUREG-0016, Revision 1, and semiannual reports of reactors listed.

b Data for first half of 1977 have been extrapolated to the end of 1977 for Oyster Creek; Nine Mile Point 1;
Millstone 1; Monticello; Browns Ferry 1, 2, and 3; Hatch 1; FitzPatrick; and Brunswick 1 and 2.

¢ No reported data.

No measurement made.

e Before first refueling.

f Measured only during the July-December 1973 period.
9 Average weighted nuclear thermal output.
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Table 4-32  Annual tritium release data from operating BWRs (cont.)

Power
or Startup
Reactor2 Snit Date 1972 1973 1974 1975 1976 19770
(MW) (year)
Nuclear Thermal Output/Unit (1.0E+06 MW(dt)
0.20 0.33 0.66
Gaseous Tritium Released (Ci/yr)
20 22 19
Brunswick 1 & 2 2436 1975/76
Liquid Tritium Released (Ci/yr)
3.2 5.9 7.4

Total Tritium Released (Ci/yr-MWt at 80-percent capacity)
0.008 0.025 0.012

Total Tritium Released (Ci/yr-MWt at 80-percent capacity)

Weighted Average?
0.021 0.016 0.015 0.043 0.035 0.032

a These values are from Table 2-30 of NUREG-0016, Revision 1, and semiannual reports of reactors listed.

b Data for first half of 1977 have been extrapolated to the end of 1977 for Oyster Creek; Nine Mile Point 1;
Millstone 1; Monticello; Browns Ferry 1, 2, and 3; Hatch 1; FitzPatrick; and Brunswick 1 and 2.

¢ No reported data.

No measurement made.

e Before first refueling.

f Measured only during the July-December 1973 period.
9 Average weighted nuclear thermal output.
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Table 4-33  Annual percentage tritium liquid effluent release rates from operating

BWRs
Reactor® Percent of Total Tritium Released in Liquid Effluents
1972 1973 1974 1975 1976 1977
Oyster Creek 98.7 91.5 97.2 86.5 97.2 69.4
Nine Mile 1 60.9 63.4 b 58.3 11.6 1.6
Dresden 2 & 3 456 72.2 67.3 31.0 10.5 0
Millstone 1 83.3 68.5 89.6 82.5 40.8 18.6
Monticello b b b 0 0 0
Vermont Yankee 16.7 b 0 10.3 0.4
Quad Cities 1 & 2 50.0 41.9 54.0 16.2 7.4 32.5
Pilgrim b 2.8 56.8 19.6 56.0 35.1
Peach Bottom 2 & 3 99.0 73.3 21.5
Browns Ferry 1,2, & 3 66.2 87.3 47.7
Cooper 16.2 11.0 15.3
Hatch 1 77.2 86.5 92.1
FitzPatrick b 21.9 22.5
Duane Arnold 1.5 20 1.4
Brunswick 1 & 2 61.5 211 27.8
Weighted Average® 63.4 53.1 69.5 514 36.2 28.2

a These values are from Table 2-31 of NUREG-0016, Revision 1, and semiannual reports of reactors listed.

b Insufficient data. Before first refueling.
e Average weighted by thermal output.

Table 4-34  Distribution of tritium release gaseous effluents

Source of Gaseous Tritium Release
(Percent of Total)

Plante -
Reactor Turbine Miscellaneous Total
Building Building
Monticello 68 29 100
Vermont Yankee 35 53 12 100
Oyster Creek 13 79 100
Average 39 54 7 100

a These values are from Table 2-32 of NUREG-0016, Revision 1.
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4.1.1.15 Decontamination Factors for Demineralizers

Parameter

Table 4-35 lists DFs for demineralizers used on process or radwaste streams by the code when
the user selects the default (GALE86) fixed modeling parameters.

Table 4-35 Decontamination factors for demineralizers

. . R C Cesium & Other
Demineralizer Type Anion Rubidium® Radionuclides®
Mixed bed (H*, OH")

Reactor Coolant Cleanup 1.0E+01 2.0E+00 1.0E+01
Condensate (Deep Bed) 1.0E+01 1.0E+00 1.0E+01
. . 1.0E+02 1.0E+01 1.0E+02
Clean Waste (High-Purity Waste) (1.0E+01) (1.0E+01) (1.0E+01)
. . 1.0E+02 2.0E+01 1.0E+02
Dirty Waste (Low-Purity Waste) (1.0E+01) (1.0E+01) (1.0E+01)
Cation bed (H*)
. 1.0E+00 1.0E+01 1.0E+02
Dirty Waste (Any System) (1.0E+00) (1.0E+01) (1.0E+01)
1.0E+01 2.0E+01 1.0E+02
Powdex (Any System) (1.0E+01) (1.0E+01) (1.0E+01)

a These values are from Section 2.2.16.1 of NUREG-0016, Revision 1.
b For two demineralizers in series, the DF for the second demineralizer is given in parentheses.

Basis

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 (NUREG/CR-0143, “The Use of lon
Exchange to Treat Radioactive Liquids in Light-Water-Cooled Nuclear Power Plants,” issued
August 1978 [Ref. 20]). 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 life of the resin will reduce the DFs below those
expected under controlled operating conditions.

The following operating conditions were factored into the evaluation of demineralizer
performance:

o In general, the DF for waste treatment systems will vary with the quality of the water to
be treated, increasing with increasing activity. Normally, when two demineralizers are
used in series, the first demineralizer will have a higher DF than the second. However,
the data in NUREG/CR-0143 indicate that cesium and rubidium will be more strongly
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exchanged in the second demineralizer in series than in the first, as the concentration of
preferentially exchanged competing nuclides is reduced.

As indicated in NUREG/CR-0143, compounds of Y, Mo, and Tc form colloidal particles
that tend to plate out on solid surfaces. Mechanisms such as plateout on the relatively
large surface area provided by demineralizer resin lead to removal of these nuclides to
the degree stated above. An analysis of effluent release data indicates that these
nuclides, although present in the primary coolant, are normally undetectable in the
effluent stream.

4.1.1.16 Decontamination Factors for Evaporators

Parameter

Table 4-36 lists the DFs for evaporators used by the code when the user selects the default
(GALES86) fixed modeling parameters.

Table 4-36 Decontamination factors for evaporators

Evaporator2 All Nuclides Anions
P Except Anions

Miscellaneous radwaste evaporators 1.0E+04 1.0E+03

Separate evaporator for detergent wastes 1.0E+02 1.0E+02

These values are from Section 2.2.17.1 of NUREG-0016, Revision 1.

Basis

The DFs for evaporators are derived from the findings of a generic review of evaporators used
in the nuclear industry (NUREG/CR-0142, “The Use of Evaporation to Treat Radioactive Liquids
in Light-Water-Cooled Nuclear Power Plants,” issued September 1978 [Ref. 21]. The principal
conclusions reached in the report are the following:

DFs of 1.0E+04 can be expected for nonvolatile radioactive nuclides in a single-stage
evaporator.

DFs for iodine are a factor of 1.0E+02 less than the DFs for nonvolatile nuclides
(1.0E+03).

DFs for wastes containing detergents that tend to foam are a factor of 1.0E+01 to
1.0E+02 lower than DFs expected for nonfoaming wastes.

These conclusions have been extended to consider the following factors:

For nonvolatile nuclides in a nonfoaming solution, a DF of 1.0E+04 is used.
For iodine in a nonfoaming solution, a DF of 1.0E+03 is used.

If an evaporator is used for detergent wastes, the DF for the evaporator is reduced to
1.0E+02 to reflect carryover as a result of foaming, which will reduce the DF.
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4.1.1.17 Decontamination Factors for Reverse Osmosis
Parameter

An overall DF of 3.0E+02 for laundry wastes and a DF of 1.0E+02 for other liquid radwastes are
used.

Basis

Reverse osmosis processes are generally run as semibatch processes. The concentrated
stream rejected by the membrane is recycled until a desired fraction of the batch is processed
through the membrane. The ratio of the volume processed through the membrane to the inlet
batch volume is the percent recovery. The DF normally specified for the process is the ratio of
nuclide concentrations in the concentrated liquid stream to the concentrations in the effluent
stream. This ratio is termed “the membrane DF (DF).” For source term calculations, the
system DF (DF;) should be used. The DFs is the ratio of the nuclide concentrations in the feed
stream to those in the effluent stream. The relationship between the DFs and the DF is
nonlinear and is a function of the percent recovery. This relationship can be expressed as
follows in Equation (4-9):

F

DF, = oo oo (4-9)
where DF, = the membrane DF;
DFs = the system DF; and
F = the ratio of effluent volume to inlet volume (fractional recovery).

Tables 4-37 through 4-39 give membrane DFs derived from operating data at Point Beach,
Ginna, and the H.B. Robinson Steam Electric Plant (NUREG/CR-0724, “A Study of Reverse
Osmosis Applicability to Light Water Reactor Radwaste Processing,” issued November 1978
[Ref. 22]) and laboratory data on simulated radwaste liquids (Reference 3). These data indicate
that the overall membrane DF is approximately 1.0E+02. The percent recovery for liquid
radwaste processes using reverse osmosis is expected to be approximately 95 percent (i.e., 5-
percent concentrated liquid). Using these values in Equation (4-9), the system DF is
approximately 3.0E+01, as in Equation (4-10).

0.95

DF, = 1-(1-0.95)"7100

= 3.0E+01 (4-10)
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 4-37 through 4-39, the
membrane DF for these isotopes is lower than the average membrane DF used in the
evaluation for laundry waste.
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Table 4-37 Reverse osmosis decontamination factors for Ginna Station

. Conce.,n.trate Progiqct Membrane
Nuclide? Ac.t|V|ty Ac.t|V|ty DF
(uCi/cm3) (Cilcm?3)
Ce-144 2.68E-04 <2.2E-07 1.2E+03
Co-58 8.55E-05 <3.4E-08 2.5E+03
Ru-103 5.83E-05 <b.5E-08 1.1E+03
Cs-137 4.09E-04 6.6E-06 6.0E+01
Cs-134 2.02E-04 3.2E-06 6.0E+01
Nb-95 5.35E-05 <5.3E-08 1.0E+03
Zr-95 2.36E-05 <3.7E-08 6.4E+02
Mn-54 8.82E-05 <3.4E-08 2.6E+03
Co-60 9.63E-04 <8.1E-08 1.2E+04
Total Isotopic 2.15E-03 9.8E-06 2.2E+02
Gross Beta 1.63E-03 1.86E-05 8.8E+01
Average 2.0E+02

a These values are from Table 2-33 of NUREG-0016, Revision 1.

Table 4-38 Expected reverse osmosis decontamination factors for specific nuclides

Concentrate Product Membrane
Nuclide? Activity Activity DF
(MCi/ml) (MCi/ml)
Co-60 2.5E-04 5.0E-07 5.0E+02
Mo-99 3.8E-02 1.0E-03 4.0E+01
1-131, 1-132, 1-133, 1-134, & |-135 1.2E-01 4.0E-03 3.0E+01
Cs-134 & Cs-137 4.3E-02 2.0E-04 2.0E+02

a These values are from Table 2-35 of NUREG-0016, Revision 1.
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Table 4-39 Reverse osmosis decontamination factors for Point Beach

Concentrate Product

Date Time Activity Activity Me”E)bFra”e
(Ci/ml) (WCi/ml)

0840 1.1E-05 6.8E-07 1.6E+01

6/14/71 1225 6.3E-05 4.2E-07 1.5E+02
1350 6.8E-05 3.2E-07 2 8E+02
1030 2 7E-04 3.1E-06 8.7E+01
1315 1.0E-04 1.7E-06 5.9E+01

6/15/71 1440 1.3E-04 1.1E-07 1.2E+03
1510 1.6E-04 1.1E-07 1.5E+03
1530 1.8E-04 5.7E-07 3.2E+02

a These values are from Table 2-34 of NUREG-0016, Revision 1.

4.1.1.18 Decontamination Factors for Liquid Radwaste Filters

Parameter
A DF of 1.0E+00 for liquid radwaste filters is assigned for all radionuclides.
Basis

A generic review by Oak Ridge National Laboratory presents the findings on liquid radwaste
filters used in the nuclear industry (NUREG/CR-0141, “The Use of Filtration to Treat Radioactive
Liquids in Light-Water-Cooled Nuclear Power Plants,” issued September 1978 [Ref. 23]).
Because of the various filter types and filter media employed, reported values of DFs vary
widely, with no discernible trend. The principal conclusion reached in the report is that no credit
should be assigned to liquid radwaste filters (DF of 1) until a larger database is obtained.

Additional data from Fort Calhoun Station, Zion, Turkey Point Nuclear Generating, Rancho Seco
Nuclear Generating Station, and Prairie Island Nuclear Generating Plant (References 24
through 28) indicate that DFs in liquid radwaste filters vary widely from less than 1.0E+00 to
greater than 5.0E+02 (with a mean value of 1.3E+00). Therefore, a DF of 1.0E+00 for liquid
radwaste filters is used.

4.1.1.19 Adjustment to Liquid Radwaste Source Terms for Anticipated Operational

Occurrences
Parameter
. Increase the calculated source term by 1.0E-01 Ci/yr per reactor, using the same

isotopic distribution as for the calculated source term to account for AOOs, such as
operator errors that result in unplanned releases.
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o Assume evaporators to be unavailable for 2 consecutive days per week for
maintenance. If a 2-day holdup capacity exists in the system (including surge tanks) or
an alternative evaporator is available, no adjustment is needed. If less than a 2-day
capacity is available, assume the waste excess is handled as follows:

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

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

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

- Holdup capacity—If two or more holdup tanks are available, assume one tank is
full (80-percent capacity) with the remaining tanks empty at the start of the 2-day
outage. If there is only one holdup tank, assume that it is 40-percent full at the
start of the 2-day outage with a usable capacity of 80 percent.

- Effective system DF—Should the reserve storage capacity be inadequate for waste
holdup over a 2-day evaporator outage, and if an alternate evaporator is
unavailable to process the wastes from the out-of-service evaporator, the
subsystem DF should be adjusted to show the effect of the evaporator outage.

For example, a DF of 1.0E+05 was calculated for a radwaste demineralizer (1.0E+02 from
Table 4-27) and radwaste evaporator (1.0E+03 from Table 4-28) in series. If an adjustment
were required for the evaporator being out-of-service 2 days/week, with only a 1-day holdup
tank capacity, then the effective system DF can be calculated as follows:

o For 6 days (7 — 2 + 1) out of 7, the system DF would be 1.0E+05.

. For the remaining 1 day, the system DF would be 1.0E+02 (only the demineralizer DF is
considered). The effective DF is calculated as shown in Equation (4-11):

DF = [(g) (1.0E-05) + (3) (1.013-02)]_1 = 7.0E+02 (4-11)

Basis

Reactor operating data over an 8-year period, January 1970 through December 1977,
representing 127 reactor-years of operation, were evaluated to determine the frequency and
extent of unplanned liquid releases. During the period evaluated, 50 unplanned liquid releases
occurred: 28 from operator errors, 13 because of component failures, 5 because of inadequate
procedures or failure to follow procedures, and the remaining 4 from miscellaneous causes such
as design errors. Table 4-40 summarizes the findings of this evaluation. Based on the data in
Table 4-40, it is estimated that 1.0E-01Ci/reactor-year will be discharged in unplanned releases
in liquid effluents. Tritium releases for BWR AOOs were less than 1 percent of the total normal
operational release value, and were, therefore, judged to be negligible.

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

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

Table 4-40 Frequency and extent of unplanned liquid radwaste releases from
operating plants

Unplanned Liquid Releases?

Total number (unplanned releases) 5.0E+01
Fraction because of personnel error 5.6E-01
Fraction because of component failure 2.6E-01
Fraction because of inadequate procedures or failure to follow procedures 1.0E-01
Fraction because of other causes 8.0E-02
Approximate activity (Ci) 1.062E+01
Era_ction of cumulative occurrence per reactor-year (plants reporting releases >5 gal of 1 5E-01
liquid waste/reactor-year)

Fraction of cumulative occurrences per reactor-year (plants reporting activity released 2 7E-01
>1.0E-02 Ci/reactor-year) '
Activity per release (Ci/release) 3.0E-01
Activity released per reactor-year (Ci/reactor-year) 1.0E-01
Volume of release per reactor-year (gal/reactor-year) 1.66E+04

a The data in this table are taken from Table 2-36 of NUREG-0016, Revision 1. Values in this table are based
on reported values in 1970-1977 licensee event reports.

4.1.1.20 Carbon-14 Releases
Parameter

The annual quantity of carbon-14 released from a BWR is 9.5E+00 Ci/yr. It is assumed that the
carbon-14 reacts with oxygen in the reactor water and behaves like a noble gas fission product;
thus, all carbon-14 produced will be released through the main condenser offgas system.
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Basis

The principal source of carbon-14 is the thermal neutron reaction with oxygen-17 in the reactor
coolant. The production rate of carbon-14 from oxygen-17 is given by Equation (4-12):

Q= N,o,dmtps (4-12)

where Q = the production rate of carbon-14 (Ci/yr);
No = the number of atoms of oxygen-17 per kg of natural water (1.3E+22 atoms/kg);

O, = the thermal neutron cross section for oxygen-17 (2.4E-25 cm?);
¢ = the average thermal neutron flux (3.0E+13 neutrons/cm?-s);
m = the mass of water in the reactor core (3.9E+04 kg);

the maximum irradiation time per year (3.15E+07 s/yr);
the plant capacity factor in percent (0.80); and
= the specific activity for carbon-14 (1.03E-22 Ci/atom).

t
p
s
Based on the above parameters, Q = 9.5E+00 Ci/yr.

Carbon-14 can also be produced by neutron activation of nitrogen-14 dissolved in the reactor
coolant and present in air in the drywell. These sources contribute a small fraction of a Ci/yr to
the annual production of carbon-14, caused by the low concentration of nitrogen-14 in the
reactor coolant (less than 1 part per million by weight), and the low neutron flux in the drywell
(approximately 4.0E+08 neutrons/cm?-sec).

The annual release of 9.5E+00 Ci of carbon-14 is in good agreement with reported
measurements at Nine Mile Point 1 (Reference 3), which found that 8.0E+00 Ci/yr of carbon-14
were released, principally in the form of carbon dioxide.

4.1.1.21 Argon-41 Releases
Parameter

The argon-41 input to the MCOTS downstream of the air ejectors is 4.0E+01 uCi/sec. The
dynamic adsorption coefficients for argon-41 in charcoal delay beds of an MCOTS are 6.4E+00
cm/g for an ambient temperature charcoal system and 1.6E+01 cm/g for a chilled charcoal
system. The holdup time for argon-41 in a charcoal delay system is determined using
Equation (4-7) in Section 4.1.1.8.

The argon-41 release from the purging or venting of the drywell is 1.5E+01 Cil/yr.
Basis

Argon-41 is formed by neutron activation of stable naturally occurring argon-40. This reaction
may occur with argon-40 present in the reactor coolant and also with argon-40 in the drywell air
surrounding the reactor vessel.

Argon-40 will enter the reactor coolant as a part of air inleakage at or downstream of the main
condenser. Argon-41 produced by activation of the argon-40 in the reactor vessel will be
transported to the MCOTS. Data from NUREG-0016, Revision 1, summarized in Table 4-41,
indicate that the argon-41 input to the MCOTS during the measurements ranged from 5.6E+00
uCi/s to 3.7E+01 uCi/s. Because of the limited duration of these measurements, the mean
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value of the data is not used. Instead, in these evaluations, a release rate of 4.0E+01 uCi/s is
considered to be a value that is not likely to be exceeded on the average over the 30-year life
of the plant.

Argon-41 will be held up in charcoal delay beds of the MCOTS in the same manner as
discussed for xenon and krypton in Section 4.1.1.8. Values of the dynamic adsorption
coefficient are based on data for ambient and chilled temperature systems (Reference 3).
Holdup times for argon-41 are determined using these k values and the delay Equation (4-7) in
Section 4.1.1.8.

Argon-41 releases from the drywell are based on data concerning the neutron flux in the drywell
(Reference 3) and on an assumed drywell purging frequency of 24 purges per year.

Table 4-41  Summary of argon-41 releases to the MCOTS

Argon-41 Release®

Plant2 (uCils)
Browns Ferry 1 3.8E+01
1.7E+01
Browns Ferry 2
1.2E+01
7.1E+00
5.8E+00
7.4E+00
Browns Ferry 3
3.4E+01
3.2E+01
1.9E+01
1.2E+01
Hatch 1
1.6E+01
FitzPatrick 3.6E+01

a These values are from Table 2-37 of NUREG-0016, Revision 1.
b Data in this table are based on measured argon-41 release rates and were adjusted to 3.4E+03 MWi.

4.1.1.22 Guidelines for Rounding off Numerical Values

The estimated annual release of radioactive materials in liquid and gaseous wastes is deemed
at best to be no more accurate than two significant figures. The revised output listings file
shows all estimated release rates in exponential form with two significant figures.
Supplementary listings provide additional precision for use in special applications such as
sensitivity studies.
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4.2 ANS-18.1 Version (Source Term Options)

Regulatory source terms are deeply embedded in the regulatory policy and practices of the
NRC where the current licensing process has evolved over the past 50 years. It is based upon
the concept of defense-in-depth in which power plant design, operation, siting, and emergency
planning are the cornerstones of safety. This approach encourages nuclear plant designers to
incorporate several lines of defense to maintain the effectiveness of physical barriers between
radiation sources and materials from workers, members of the public and environment in
operational states and, for some barriers, in accident conditions. The various regulatory source
terms are used, in part, to establish and confirm the design basis of the nuclear facility and
items important to safety; ensuring that the plant design meets the safety and numerical
radiological criteria set forth in regulation and subsequent guidance.

Specific examples of the various regulatory source terms can be found in NUREG-0800 which
provides information on the NRC staff’s regulatory guides. In the past, the normal operating
source terms have been calculated using the techniques described in the various versions of
the ANSI/ANS-18.1 standard. The purpose of this standard is to provide a set of typical
radionuclide concentrations for estimating the radioactivity in the principal fluid streams of a
LWR. The referenced coolant concentrations are based on collected data and calculations
reported by various sources which include the NRC, EPRI, and utilities. The values in this
standard are considered as representative coolant concentrations in a LWR over its lifetime
based upon the currently available data. It is important for current operating reactor licensees
and new reactor applicants to apply a best estimate reactor coolant radiological source term for
their design of plant-specific purification and radioactive waste systems and to estimate the
expected release of radioactivity via various effluent streams.

Each subsequent update to the ANSI/ANS-18.1 standard reflects improvements in industry fuel
performance, burnup, power uprates, treatment technologies and practices, and reduction of
occurrences and severity of fuel defects. Therefore, the selection of an ANSI/ANS-18.1 version
(1984, 1999, or 2016) should reflect the current design and operating conditions of the given
facility/design. This is so because it has been demonstrated that previous versions of
ANSI/ANS-18.1 could be non-conservative for some dosimetrically important radionuclides for
facilities which have undergone significant power uprates (125 percent plus rated thermal
power) and received approval to burn their cores much hotter (e.g., from 35 GWd/MTU up to 55-
62 GWd/MTU) than when originally licensed. For example, in reviewing the offsite dose
analyses for the various power uprate license amendment requests, a historical assumption has
been that radionuclide inventories increase linearly with reactor power. The two factors
mentioned above, among others, challenge this traditional assumption. The
ANSI/ANS-18.1-2016 source term is, in general, lower than the ANSI/ANS-18.1-1999 source
term, but there are 18 radionuclides in ANSI/ANS-18.1-2016 with higher reactor water
concentrations having ratios (new/old) that exceed 10. Therefore, use of the ANSI/ANS-18.1-
2016 standard my not be appropriate for a SMR designed to run at low reactor fuel burnup
levels. In fact, it may be best for these reactor designs to apply the previous standards which
were developed at a time before many of the LWRs were approved for power uprates and
increased reactor fuel burnup levels.

In GALE-BWR 3.2, the user can select from three options for the reactor coolant source term,
radionuclide concentrations in the primary and secondary coolant, as shown in Figure 3-4.
Section 4.2.1 describes the reactor coolant source term values for the default option, “ANS-18.1
Version—1999”, which corresponds to the values in ANSI/ANS-18.1-1999 and is consistent with
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the guidance in DC/COL-1SG-05; RG 1.112, Revision 1; and NUREG-0800. Section 4.2.2
describes the reactor coolant source term values for the “ANS 18.1 Version—1984” option, which
corresponds to the values in ANSI/ANS-18.1-1984 and is consistent with the guidance in
DC/COL-ISG-05. Section 4.2.3 describes the reactor coolant source term values for the

“ANS 18.1 Version—2016" option, which corresponds to the values in ANSI/ANS-18.1-2016.

4.21 ANSI/ANS-18.1-1999 Source Term Parameters
Parameter

As used in the GALE-BWR 3.2 code, the default values for the reactor coolant source term,
ANS-18.1 version, are from ANSI/ANS-18.1-1999. Table 4-42 lists the expected radionuclide
concentrations in the reactor coolant and steam for BWRs with design parameters within the
ranges listed in Table 4-43. If any design parameter is outside the range in Table 4-43, the
code adjusts the concentrations in Table 4-42, using the factors in Tables 4-44 and 4-45.
Figure 4-4 shows the relationship of the design parameters.
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Table 4-42 Radionuclide concentrations in BWR coolant and main steam — ANSI/ANS-

18.1-1999

: - Reactor Water® Reactor Steam®
Radionuclide (uCilg) (uCilg)
Noble Gases
Kr-83m 5.9E-04
Kr-85m 1.0E-03
Kr-85 4.0E-06
Kr-87 3.3E-03
Kr-88 3.3E-03
Kr-89 2.1E-02
Xe-131m 3.3E-06
Xe-133m 4.9E-05
Xe-133 1.4E-03
Xe-135m 4.4E-03
Xe-135 3.8E-03
Xe-137 2.6E-02
Xe-138 1.5E-02
Halogens
1-131 2.2E-03 4.4E-05
[-132 2.2E-02 4.4E-04
[-133 1.5E-02 3.0E-04
1-134 4.3E-02 8.6E-04
[-135 2.2E-02 4.4E-04
Cesium & Rubidium
Rb-89 5.0E-03 5.0E-06
Cs-134 3.0E-05 3.0E-08
Cs-136 2.0E-05 2.0E-08
Cs-137, Ba-137m¢ 8.0E-05 8.0E-08
Cs-138 1.0E-02 1.0E-05
Water Activation Products
N-16 6.0E+01 5.0E+01
Tritium
H-3 1.0E-02 1.0E-02
Other Radionuclides
Na-24 2.0E-03 2.0E-06
P-32 4.0E-05 4.0E-08
Cr-51 3.0E-03 3.0E-06

a8  These concentrations are from Table 5 of ANSI/ANS-18.1-1999.

b The reactor water concentration is specified at the nozzle where reactor water leaves the reactor vessel.

¢ The reactor steam concentration is specified at time = 0, and only the noble gases are used in GALE-
BWR 3.2. The other isotopes are not calculated nor printed to the output for reactor steam.

d These nuclides are in secular equilibrium; other radionuclide concentrations given are those of the parent.
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Table 4-42 Radionuclide concentrations in BWR coolant and main steam — ANSI/ANS-
18.1-1999 (cont.)

. . Reactor Water® Reactor Steam¢®
Radionuclide? . .
(uCi/g) (uCi/g)
Mn-54 3.5E-05 3.5E-08
Mn-56 2.5E-02 2.5E-05
Fe-55 1.0E-03 1.0E-06
Fe-59 3.0E-05 3.0E-08
Co-58 1.0E-04 1.0E-07
Co-60 2.0E-04 2.0E-07
Ni-63 1.0E-06 1.0E-09
Cu-64 3.0E-03 3.0E-06
Zn-65 1.0E-04 1.0E-07
Sr-89 1.0E-04 1.0E-07
Sr-90, Y-90d 7.0E-06 7.0E-09
Sr-91 4.0E-03 4.0E-06
Sr-92 1.0E-02 1.0E-05
Y-91 4.0E-05 4.0E-08
Y-92 6.0E-03 6.0E-06
Y-93 4.0E-03 4.0E-06
Zr-95, Nb-95¢4 8.0E-06 8.0E-09
Mo-99, Tc-99md 2.0E-03 2.0E-06
Ru-103, Ru-103m¢d 2.0E-05 2.0E-08
Ru-106, Rh-1064 3.0E-06 3.0E-09
Ag-110m 1.0E-06 1.0E-09
Te-129m 4.0E-05 4.0E-08
Te-131m 1.0E-04 1.0E-07
Te-132 1.0E-05 1.0E-08
Ba-140, La-140¢ 4.0E-04 4.0E-07
Ce-141 3.0E-05 3.0E-08
Ce-144, Pr-1444 3.0E-06 3.0E-09
W-187 3.0E-04 3.0E-07
Np-239 8.0E-03 8.0E-06

a8 These concentrations are from Table 5 of ANSI/ANS-18.1-1999.

b The reactor water concentration is specified at the nozzle where reactor water leaves the reactor vessel.

e The reactor steam concentration is specified at time = 0, and only the noble gases are used in GALE-
BWR 3.2. The other isotopes are not calculated nor printed to the output for reactor steam.

d These nuclides are in secular equilibrium; other radionuclide concentrations given are those of the parent.

4-57



Table 4-43 Parameters used to describe the reference BWR

Parameter? Symbol Units N\(;g;illal ) Range” —
Maximum Minimum
Thermal power P MWt 3.4E+03 3.8E+03 3.0E+03
Weight of water in the reactor vessel WP Ib 3.8E+05 4.2E+05 3.4E+05
Cleanup demineralizer flow rate FA Ib/h 1.3E+05 1.5E+05 1.1E+05
Steam flow rate FS Ib/h 1.5E+07 1.7E+07 1.3E+07
Ratio of condensate demineralizer flow NCe _ 1 0E+00 9 9E-0100 0 5E-01

rate to steam flow rate

a These values are from Table 1 of ANSI/ANS-18.1-1999, -1984 and -2016.

b These values are from Table 2-3 of NUREG-0016, Revision 1.

¢ The referenced plant is assumed to be a nonpumped-forward drained plant. For a BWR that is within the
range indicated above (i.e., a BWR with pumped-forward feedwater heater drains), the value for NC used in
the GALE-BWR 3.2 code is 1.8E-01 for radioiodine and 1.0E-02 for cesium, rubidium, and other
radionuclides. For a BWR that has a ratio of condensate demineralizer flow rate to steam flow rate equal to
1.0E+00 (i.e., full-flow condensate demineralizers), a value of NC = 1.0E+00 is used in the GALE-BWR 3.2
code, which is consistent with the values established in NUREG-0016, Revision 1.
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Table 4-44  Values used in determining adjustment factors for BWRs — ANSI/ANS-18.1-
1999

Element Class?

Symbol Description Cesium Water
el Halogens & Activation H-3 Other

Rubidium Products Radionuclides

Gases

Fraction of material
NA removed in the reactor 0.0E+00 9.0E-01 5.0E-01 b 0.0E+00 9.0E-01¢
water cleanup system

Fraction of material
removed by the
condensate
demineralizer.

NB 0.0E+00 9.0E-01  5.0E-01 b 0.0E+00 9.0E-01

Ratio of the
concentration in
NS reactor steam to the d 2.0E-02¢ 1.0E-03 b 1.0E+00 1.0E-03
concentration in
reactor water

Removal rate from the d

Rn reactor water (h-1)f

1.0E+01 1.7E-01 b g 3.4E-01°

a These values are from Table 8 of ANSI/ANS-18.1-1999.

b In reactor coolant, water activation products exhibit varying chemical and physical properties that are not well
defined. However, most are stripped off as gases, which are not effectively removed by the demineralizers of
the systems; their concentrations are controlled by decay. The activity concentrations in reactor water and
steam are subject to change when hydrogen water chemistry is employed (see Table 4-50 for adjustment
factors).

¢ These represent effective removal terms and include other mechanisms, such as plateout. Plateout would
be applicable to radionuclides such as molybdenum and corrosion products.

d Noble gases released from the core are rapidly transported 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 approximately equivalent to the ratio of the release rate and the
steam flow rate.

e The value of 2.0E-02 is used for BWRs that have deep-bed condensate treatment. A value of 1.5E-02 is also

used for BWRs. For BWRs that have Powdex Condensate Treatment systems and copper condenser
tubing, a value of 5.0E-03 should be used.

f These values of Rn apply to the reference BWRs whose parameters are given in Table 4-43 and have been
used in developing Table 4-50. For BWRs not included in Table 4-43, the appropriate value for R, may be
determined by the following equation:

R = (FA) (NA) + (NC) (FS) (NS) (NB)
n WP
where the symbols are defined in this table, Tables 4-43 and 4-49, and Figure 4-4. The values for R, for
noble gases and water activation products are not used in the adjustment factors of Table 4-50.

9 The tritium concentrations in the reactor water and steam are expected to be equal. They are controlled by
loss of water from the main coolant system by evaporation or leakage.

For halogens, CS, Rb, and other nuclides
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Table 4-45  Adjustment factors for BWRs — ANSI/ANS-18.1-1999

Element Class? Reactor Coolant Reactor Steam
Noble gasesP 1.0E+00 1.0E+00
Hal ( P )(1 1E+02 b )(1.0E+00 + A) ( P )(1 1E+02 b )(1.0E+00 + A)
alogens — (1. — | 1.
9 WP MWt R,+ 41 WP MWt R,+ 1
Cesium & ( P )( 1b )(1.7E-01 4 7\) ( P )( 1b )(1.7E-01 + A)
- —){1.1E+02 —|(1.1E402
Rubidium WP MWt R,+1 WP MWt R,+ 1
Water activation 1.0E+00 1 0E+00
products®
Tritiumd 1.0E+00 1.0E+00
Other < P )(1 1E+02 b )(3.4E-01 aF A) ( p )(1 1E+02 b )(3.4E-01 + }\)
radionuclides WP/ \™ MWt R,+1 WP/ \™ MWt R, + 1
Zn-65¢ 1.0E+01 1.0E+01

a These values are from Table 10 of ANSI/ANS-18.1-1999.
b This assumes that the ratio of power to steam flow is essentially the same for all BWRs.
¢ This assumes the ratio of coolant mass to power level is approximately constant.

d The tritium concentrations in the reactor water and steam are expected to be equal. They are controlled by
loss of water from the main coolant system by evaporation or leakage.

e Adjustment factors are for zinc addition plants using natural zinc. Use of depleted zinc would result in a
lower adjustment factor, and the decrease is a function of the reduction of zinc-64.
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Figure 4-4 Removal paths for the reference BWR

Bases

The radionuclide concentrations, adjustment factors, and procedure for effecting adjustments
are based on the values and methods in ANSI/ANS-18.1-1999. The values in Table 4-42
provide a set of typical radionuclide concentrations in the reactor coolant and steam for reactor
designs within the parameters specified in Table 4-43. The values in Table 4-42 are those
determined to be representative of radionuclide concentrations in a BWR over its lifetime, based
on the ANSI/ANS-18.1-1999 data and models. Some systems will have design parameters that
are outside the ranges specified in Table 4-43. For that reason, Tables 4-44 and 4-45 provide a
means of adjusting the concentrations to the actual design parameters. The adjustment factors
in Tables 4-42 through 4-45 are based on Equation (4-14):

S

C= Sk (4-14)
where C = the specific activity in uCi/g;
K = a conversion factor, 4.54E+02 gal/lb;
R = the removal rate of the radionuclide from the system because of
demineralization, leakage, etc. (h");
s = the rate of release to and/or production of the radionuclide in the system in

MCi/h;
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w = the fluid weight in Ib; and
A = the decay constant (h™").

The following sample calculations illustrate the method by which the GALE-BWR 3.2 code will
adjust the radionuclide concentrations in Table 4-42. As indicated in Table 4-45, adjustment
factors will be calculated for noble gases, halogens, cesium, rubidium, and other radionuclides.

As an example, the sample case parameter shown below compares with the range of values
shown in Table 4-43, as follows in Table 4-46.

Table 4-46  Sample case parameters versus the range of values shown in Table 4-43

Parameter Value Range

Thermal power level, MWt 3.758E+03 3.0E+03-3.8E+03
Water weight in vessel, Ib 4 .9E+05 3.4E+05-4.2E+05
Cleanup demineralizer flow, Ib/h 1.5E+05 1.1E+05-1.5E+05
Steam flow rate, Ib/h 1.54E+07 1.3E+07-1.7E+07
Condensate demineralizer flow fraction 7.5E-01 5.0E-01-9.90E-01

Because one of the parameters (water weight in vessel) in this example is outside the range,
adjusted values of the three types of radionuclide concentrations are calculated using the actual
value of each parameter, as follows:

(1)

Halogen Coolant Activity (iodine-131 is used as an example.)

Using Equation (4-15) from Table 4-45 for the noble gases, the adjustment factor, f, is
calculated as follows:

= () (11E+0255) (555 (4-15)

where the terms of the equation are as defined in Tables 4-43 and 4-44.

In calculating f, the variable R, is calculated first by using Equation (4-16) given in
Table 4-44 for halogens:

__(FA) (NA)+(NC) (FS) (NS) (NB)

R
n WP

(4-16)

Use the sample case parameters given above in Table 4-46 and the halogen parameters
given in Table 4-44 and substitute into Equation (4-16) above.

R, = (1.5E+05) (9.0E-01) + (1.8E-01) (1.54E+07)(1.5E-02)(9.0E-01) _ 3 8E-01
4.9E+05

Apply Equation (4-21) above using the computed value of Rn:

_ (3.758E+03 Ib  (8.6E-01 + 3.6E-03) _ _
f= ( 4.9E+05 ) (1'1E+02 MWt) (3.8E—01 + 3.6E—O3) =1.899E+00 = 1.9E+00
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The adjusted iodine-131 primary coolant concentration is computed as:

= (adjustment factor) x (standard iodine-131 concentration)
= 1.9E+00 x 2.2E-03 pCi/g = 4.2E-03 uCi/g
Cesium and rubidium coolant activity (cesium-137 is used as an example.)

Using Equation (4-17) from Table 4-45 for the cesium and rubidium, the adjustment
factor, f, is calculated as follows:

f= () (L1E+0255) (5555 (@-17)

where the terms in the equation are defined in Tables 4-43 and 4-44.

In calculating f, the variable R, is calculated first by using Equation (4-16) given in
Table 4-44. Use the sample case parameters given above in Table 4-46 and the
halogen parameters given in Table 4-44 and substitute into Equation (4-16) above:

R, = (1.5E+05) (9.0E-01) + (1.0E-02) (1.54E+07)(1.0E-03)(9.0E-01) _ 1 5E-01
4.9E+05

Use the value of R, in Equation (4-17) above.

= (22522 (1502 ) (220 o

The adjusted cesium-137 concentration is computed as:

= (adjustment factor) x (standard cesium-137 concentration)
= 9.6E-01 x 8.0E-05 pCi/g = 7.68E-05 pCi/g
Other Nuclides (sodium-24 is used as an example)

Using Equation (4-25) from Table 4-45 for other nuclides, the adjustment factor, f, is
calculated as follows:

f= (o) (L1E+02 o) (2202 (4-18)

WP MWt R+ A

where the terms in Equation (4-18) are as defined in Tables 4-43 and 4-44.

In calculating f, the variable R, is calculated first by using Equation (4-16) above. The
other nuclide parameters given in Table 4-44 and the sample case parameters given in
Table 4-46 are used in Equation (4-16) above.

R, = (1.5E+05) (9.0E-01) + (1.0E-02) (1.54E+07)(1.0E-03)(5.0E-01) _ 2 8E-01
4.9E+05

Use the value of R, in Equation (4-18) above.

_ (3.758E+O3

4.9E+05

) (1.1E+02 1b ) (3.4E-01 + 4.62E-02

) = 9.9E-01 = 1.0E+00
MWt 2.8E-01 + 4.62E-02
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The adjusted sodium-24 concentration is computed as:

= (adjusted factor) x (standard sodium-24 concentration)
= 1.0E+00 x 2.0E-03 pCi/g = 2.0E-03 uCi/g

A carryover factor of 2.0E-02 is used to calculate the halogen concentrations in the main steam
in Table 4-42 (Table 8 ANSI/ANS-18.1-1999) for BWRs that have deep-bed condensate
treatment or for BWRs with Powdex filter/demineralizer condensate treatment and having
stainless steel condenser tubing. For BWRs with Powdex filter/demineralizer condensate
treatment systems and copper condenser tubing, a carryover factor of 5.0E-03 is used to
calculate the halogen concentrations in the main steam. These values were also used for
halogen (iodine) carryover, respectively, for the two types of BWRs, as noted in Table 8 of
ANSI/ANS-18.1-2016 (Table 4-52).

The carryover factors from the Table 8 ANSI/ANS-18.1-1984 (Table 4-49) are derived from data
taken at operating reactors, which are listed in Table 4-47. The average of the data in

Table 4-47 is 1.5E-02 and 4.0E-03 for halogen (iodine) carryover, respectively, for the two types
of BWRs listed in the table.

Table 4-47  Reactor vessel halogen carryover factors at operating BWRs

EWRS with Deep Bed Condengate a’?d BWRs with Powdex Treatment Systems and
owdex Treatment Systems with Stainless Copper Condenser Tubing?

Steel Condenser Tubing?

Facility PC Facility PC
Oyster Creek 2.3E-02 Monticello 4.0E-03
Dresden Unit 2 1.7E-02 Browns Ferry Unit 1 5.0E-03
Dresden Unit 3 2.1E-02 Browns Ferry Unit 2 2.3E-03
Millstone Unit 1 1.2E-02 Browns Ferry Unit 3 3.0E-03
Nine Mile Point Unit 1 2.0E-02 Duane Arnold 4.0E-03
Quad Cities Unit 1 1.3E-02 Hatch Unit 1 3.5E-03
Cooper 1.2E-02 Peach Bottom Unit 2 4.0E-03
FitzPatrick 1.8E-02 Peach Bottom Unit 3 4.4E-03
Pilgrim 8.2E-03 Vermont Yankee 4.0E-03
Average 1.5E-02 Average 4.0E-03

a These values are from Table 2-7 of NUREG-0016, Revision 1.

The nominal value of the ratio of the condensate demineralizer flow rate to the steam flow rate
is 7.5E-01. This indicates that the nominal case is a design that uses a pumped-forward model;
that is, one in which the reactor steam flow is split, with 75 percent flowing to the low-pressure
turbines and the main condenser, and 25 percent pumped forward to the feedwater. The
fraction pumped forward to the feedwater does not undergo any treatment in the condensate

4-64



demineralizers. The radioiodine and cesium, rubidium, and other radionuclides of Table 4-42
preferentially go with the “pumped-forward” fraction. The reason for this is that these
radionuclides show a tendency to go with the condensed steam in the moisture
separator-reheater drains to the feedwater system. Based on data for Brunswick Steam Electric
Plant and Point Beach Nuclear Plant (Reference 3), the ratios used in the GALE-BWR 3.2 code
are 82-percent bypass of condensate demineralizers for radioiodine and 99-percent bypass of
condensate demineralizer for cesium, rubidium, and other radionuclides of Table 4-42.

Because the remaining radionuclides listed in Table 4-42 are not removed in the condensate
demineralizers, these remaining radionuclides have not considered the magnitude of bypass for
those radionuclides.

The category “Other Nuclides” includes molybdenum, yttrium, and technetium, which are
generally present in colloidal suspensions or as “crud.” Although the actual removal mechanism
for yttrium, molybdenum, and technetium is expected to be plateout or filtration, the quantitative
effect of removal is expected to be commensurate with the removal of ionic impurities by ion
exchange (within the accuracy of the calculations). Consequently, the parameters for ion
exchange include plateout of these nuclides.
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4.2.2 ANSI/ANS-18.1-1984 Source Term Parameters
Parameter

As mentioned in Section 4.2, in GALE-BWR 3.2, the user can also select the “ANS 18.1
Version—1984" for the reactor coolant source term, radionuclide concentrations in the primary
and secondary coolant, as shown in Figure 3-4. The reactor coolant source term values for the
“ANS 18.1 Version—1984”" option correspond to the values in ANSI/ANS-18.1-1984 and are also
consistent with the guidance in DC/COL-ISG-05; RG 1.112, Revision 1; and NUREG-0800.
Table 4-48 lists the expected radionuclide concentrations in the reactor coolant and steam for
BWRs from ANSI/ANS-18.1-1984. Figure 4-4 shows the relationship of the design parameters.

Bases

The values in Table 4-48 provide a set of typical radionuclide concentrations in the reactor
coolant and steam for reactor designs within the parameters specified in Table 4-43. The
reactor designs within the parameters specified in Table 4-43 are the same for
ANSI/ANS-18.1-1999 and ANSI/ANS-18.1-1984. The values in Table 4-48 are those
determined to be representative of radionuclide concentrations in a BWR over its lifetime, based
on the ANSI/ANS-18.1-1984 data and models. It is recognized that some systems will have
design parameters that are outside the ranges specified in Table 4-43. For that reason, the
concentrations are adjusted to the actual design parameters by a method like that used for the
adjustments discussed in Section 4.2.1.2, except for using the ANSI/ANS-18.1-1984 values in
Tables 4-49 and 4-50.
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Table 4-48 Radionuclide concentrations in BWR coolant and main steam — ANSI/ANS-

18.1-1984

: - Reactor Water® Reactor Steamc
Radionuclide (uCilg) (uCilg)
Noble Gases
Kr-83m 5.9E-04
Kr-85m 1.0E-03
Kr-85 4.0E-06
Kr-87 3.3E-03
Kr-88 3.3E-03
Kr-89 2.1E-02
Xe-131m 3.3E-06
Xe-133m 4.9E-05
Xe-133 1.4E-03
Xe-135m 4.4E-03
Xe-135 3.8E-03
Xe-137 2.6E-02
Xe-138 1.5E-02
Halogens
1-131 2.2E-03 3.3E-05
[-132 2.2E-02 3.3E-04
[-133 1.5E-02 2.3E-04
1-134 4.3E-02 6.5E-04
[-135 2.2E-02 3.3E-04
Cesium & Rubidium
Rb-89 5.0E-03 5.0E-06
Cs-134 3.0E-05 3.0E-08
Cs-136 2.0E-05 2.0E-08
Cs-137, Ba-137m¢ 8.0E-05 8.0E-08
Cs-138 1.0E-02 1.0E-05
Water Activation Products
N-16 6.0E+01 5.0E+01
Tritium
H-3 1.0E-02 1.0E-02
Other Radionuclides
Na-24 1.0E-02 1.0E-05
P-32 2.0E-04 2.0E-07
Cr-51 6.0E-03 6.0E-06

a These concentrations are from Table 5 of ANSI/ANS-18.1-1984.

b The reactor water concentration is specified at the nozzle where reactor water leaves the reactor vessel.

¢ The reactor steam concentration is specified at time = 0, and only the noble gases are used in GALE-
BWR 3.2. The other isotopes are not calculated nor printed to the output for reactor steam.

d These nuclides are in secular equilibrium; other radionuclide concentrations given are those of the parent.
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Table 4-48 Radionuclide concentrations in BWR coolant and main steam — ANSI/ANS-
18.1-1984 (cont.)

. . Reactor Water® Reactor Steam¢
Radionuclide? . .
(uCi/g) (uCi/g)
Mn-54 7.0E-05 7.0E-08
Mn-56 5.0E-02 5.0E-05
Fe-55 1.0E-03 1.0E-06
Fe-59 3.0E-05 3.0E-08
Co-58 2.0E-04 2.0E-07
Co-60 4.0E-04 4.0E-07
Ni-63 1.0E-06 1.0E-09
Cu-64 3.0E-02 3.0E-05
Zn-65 2.0E-04 2.0E-07
Sr-89 1.0E-04 1.0E-07
Sr-90, Y-90d 7.0E-06 7.0E-09
Sr-91 4.0E-03 4.0E-06
Sr-92 1.0E-02 1.0E-05
Y-91 4.0E-05 4.0E-08
Y-92 6.0E-03 6.0E-06
Y-93 4.0E-03 4.0E-06
Zr-95, Nb-95¢4 8.0E-06 8.0E-09
Mo-99, Tc-99md 2.0E-03 2.0E-06
Ru-103, Ru-103m¢d 2.0E-05 2.0E-08
Ru-106, Rh-1064 3.0E-06 3.0E-09
Ag-110m 1.0E-06 1.0E-09
Te-129m 4.0E-05 4.0E-08
Te-131m 1.0E-04 1.0E-07
Te-132 1.0E-05 1.0E-08
Ba-140, La-140¢ 4.0E-04 4.0E-07
Ce-141 3.0E-05 3.0E-08
Ce-144, Pr-1444 3.0E-06 3.0E-09
W-187 3.0E-04 3.0E-07
Np-239 8.0E-03 8.0E-06

a These concentrations are from Table 5 of ANSI/ANS-18.1-1984.

b The reactor water concentration is specified at the nozzle where reactor water leaves the reactor vessel.

¢ The reactor steam concentration is specified at time = 0, and only the noble gases are used in GALE-
BWR 3.2. The other isotopes are not calculated nor printed to the output for reactor steam.

d These nuclides are in secular equilibrium; other radionuclide concentrations given are those of the parent.
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Table 4-49  Values used in determining adjustment factors for BWRs — ANSI/ANS-18.1-

1984

Element Class?

Symbol Description Noble Cesium Water Other

Halogens & Activation H-3

Rubidium Products Radionuclides

Gases

NA

Fraction of material
removed in the reactor 0.0E+00 9.0E-01 5.0E-01 0.0E+00 0.0E+00 9.0E-01°
water cleanup system

NB

Fraction of material
removed by the
condensate
demineralizer.

0.0E+00 9.0E-01 5.0E-01 0.0E+00°c 0.0E+00 9.0E-01

NS

Ratio of the

concentration in

reactor steam to the d 1.5E-02¢ 1.0E-03 c 1.0E+00 1.0E-03
concentration in

reactor water

Rn

Removal rate from the

reactor water (h-1)f d 8.6E-01 1.7E-01 c g 3.4E-01°

These values are from Table 8 of ANSI/ANS-18.1-1984.

These represent effective removal terms and include other mechanisms, such as plateout. Plateout would
be applicable to radionuclides such as molybdenum and corrosion products.

Water activation products in reactor coolant exhibit varying chemical and physical properties that are not well
defined. However, most are stripped off as gases, which are not effectively removed by the demineralizers of
the systems; their concentrations are controlled by decay.

Noble gases released from the core are rapidly transported 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 approximately equivalent to the ratio of the release rate and the
steam flow rate.

The value of 1.5E-02 is used for BWRs that have deep-bed condensate treatment. A value of 1.5E-02 is also
used for BWRs with Powdex Condensate Treatment and stainless steel condenser tubing. For BWRs that
have Powdex Condensate Treatment systems and copper condenser tubing, a value of 4.0E-03 should be
used.

These values of Rn apply to the reference BWRs whose parameters are given in Table 4-43 and have been
used in developing Table 4-45. For BWRs not included in Table 4-43, the appropriate value for R, may be
determined by the following equation:
_ (FA) (NA) + (NC) (FS) (NS) (NB)
R = wpP
where the symbols are defined in this table, Table 4-43, and Figure 4-4. The values for R, for noble gases
and water activation products are not used in the adjustment factors of Table 4-45.

For halogens, CS, Rb, and other nuclides

The tritium concentrations in the reactor water and steam are expected to be equal. They are controlled by
loss of water from the main coolant system by evaporation or leakage.

4-69



Table 4-50 Adjustment factors for BWRs — ANSI/ANS-18.1-1984

Element Class Reactor Coolant? Reactor Steam?
Noble gasesP 1.0E+00 1.0E+00
Halogens ( P )(1 1E-02 b )(8.6E-01 + 7\) ( P )(1 1E+02 Ib )(8.6E-01 + 7\)
9 WP/ \™ MWt R,+ 2 WP/ \™ MWt R,+ 1
Cesium & P )( b )(1.7E—01 aF 7\) ( p )( b )(1.7E-01 +7\)
- —— | {1.1E+02 — )| 1.1E402
Rubidium (WP O Mwe R,+ 1 WP O MWt R,+ 1
Water activation 1.0E+00 1 0E+00
products®
Tritiumd 1.0E+00 1.0E+00
Other radionuclides ( P )(1 1E+02 0 )(3'4]3'01 il A) ( P )(1 1E+02—0 )(3'4]3'01 - A)
ionucli — . — .
WP MWt R,+1 WP MWt R,+ 4

a These values are from Table 10 of ANSI/ANS-18.1-1984.
b This assumes that the ratio of power to steam flow is essentially the same for all BWRs.
¢ This assumes the ratio of coolant mass to power level is approximately constant.

d The tritium concentrations in the reactor water and steam are expected to be equal. They are controlled by
loss of water from the main coolant system by evaporation or leakage.
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4.2.3 ANSI/ANS-18.1-2016 Source Term Parameters
Parameter

As mentioned in Section 4.2, in GALE-BWR 3.2, the user can also select the “ANS-18.1
Version—-2016" for the reactor coolant source term, radionuclide concentrations in the primary
and secondary coolant, as shown in Figure 3-4. Table 4-51 lists the expected radionuclide
concentrations in the reactor coolant and steam for BWRs from ANSI/ANS-18.1-2016.

Figure 4-4 shows the relationship of the design parameters.

Bases

The values in Table 4-51 provide a set of typical radionuclide concentrations in the primary and
secondary systems for reactor designs within the parameters specified in Table 4-43. The
reactor designs within the parameters specified in Table 4-43 are the same for
ANSI/ANS-18.1-1984 and ANSI/ANS-18.1-2016. The values in Table 4-51 are those
determined to be representative of radionuclide concentrations in a BWR over its lifetime, based
on the ANSI/ANS-18.1-2016 data and models. Some systems will have design parameters that
are outside the ranges specified in Table 4-43. For that reason, the concentrations are adjusted
to the actual design parameters by a method like that used for the adjustments discussed in
Section 4.2.1.2, except for using the ANSI/ANS-18.1-2016 values provided in Tables 4-52 and
4-53.
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Table 4-51 Radionuclide concentrations in BWR coolant and main steam — ANSI/ANS-

18.1-2016

: - Reactor Water® Reactor Steamc
Radionuclide (uCilg) (uCilg)
Noble Gases
Kr-83m 5.9E-04
Kr-85m 1.6E-05
Kr-85 1.3E-04
Kr-87 1.1E-04
Kr-88 6.2E-05
Kr-89 9.3E-03
Xe-131m 3.3E-06
Xe-133m 2.0E-06
Xe-133 3.0E-05
Xe-135m 5.4E-04
Xe-135 3.0E-04
Xe-137 9.9E-04
Xe-138 2.8E-03
Halogens
1-131 8.3E-05 1.7E-06
[-132 1.2E-03 2.3E-05
[-133 6.5E-04 1.3E-05
1-134 4.5E-03 9.0E-05
[-135 1.4E-03 2.7E-05
Cesium & Rubidium
Rb-89 5.0E-03 5.0E-06
Cs-134 3.0E-05 3.0E-08
Cs-136 2.4E-05 2.4E-08
Cs-137, Ba-137m¢ 4.6E-05 4.6E-08
Cs-138 5.2E-03 5.2E-06
Water Activation Products
N-16 6.0E+01 5.0E+01
Tritium
H-3 1.4E-02 1.4E-02
Other Radionuclides
Na-24 1.2E-03 1.2E-06
P-32 4.0E-05 4.0E-08
Cr-51 9.7E-04 9.7E-07

a These concentrations are from Table 5 of ANSI/ANS-18.1-2016.

b The reactor water concentration is specified at the nozzle where reactor water leaves the reactor vessel.

¢ The reactor steam concentration is specified at time = 0, and only the noble gases are used in GALE-
BWR 3.2. The other isotopes are not calculated nor printed to the output for reactor steam.

d These nuclides are in secular equilibrium; other radionuclide concentrations given are those of the parent.
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Table 4-51 Radionuclide concentrations in BWR coolant and main steam — ANSI/ANS-
18.1-2016 (cont.)

. . Reactor Water® Reactor Steam¢
Radionuclide? . .
(uCi/g) (uCi/g)
Mn-54 4. 8E-04 4 8E-07
Mn-56 3.3E-03 3.3E-07
Fe-55 1.0E-03 1.0E-06
Fe-59 2.6E-04 2.6E-07
Co-58 2.3E-04 2.3E-07
Co-60 4.4E-04 4.4E-07
Ni-63 1.0E-06 1.0E-09
Cu-64 5.9E-03 5.9E-06
Zn-65 2.1E-04 2.1E-07
Sr-89 3.0E-06 3.0E-09
Sr-90, Y-90d 1.5E-07 1.5E-10
Sr-91 2.4E-03 2.4E-06
Sr-92 7.0E-03 7.0E-06
Y-91 4.0E-05 4.0E-08
Y-92 2.0E-03 2.0E-06
Y-93 1.7E-04 1.7E-07
Zr-95, Nb-95¢4 8.3E-05 8.3E-08
Mo-99, Tc-99md 4.1E-04 4.1E-07
Ru-103, Ru-103m¢d 2.0E-05 2.0E-08
Ru-106, Rh-1064 3.0E-06 3.0E-09
Ag-110m 1.0E-06 1.0E-09
Te-129m 4.0E-05 4.0E-08
Te-131m 5.8E-05 5.8E-08
Te-132 1.0E-05 1.0E-08
Ba-140, La-140¢ 4 2E-04 4 2E-07
Ce-141 2.0E-05 2.0E-08
Ce-144, Pr-1444 3.0E-06 3.0E-09
W-187 2.6E-04 2.6E-07
Np-239 3.4E-04 3.4E-07

a These concentrations are from Table 5 of ANSI/ANS-18.1-2016.

b The reactor water concentration is specified at the nozzle where reactor water leaves the reactor vessel.

¢ The reactor steam concentration is specified at time = 0, and only the noble gases are used in GALE-
BWR 3.2. The other isotopes are not calculated nor printed to the output for reactor steam.

d These nuclides are in secular equilibrium; other radionuclide concentrations given are those of the parent.
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Table 4-52  Values used in determining adjustment factors for BWRs — ANSI/ANS-18.1-

2016

Element Class

Symbol2 Description Noble Cesium Water Other

Halogens & Activation H-3

Rubidium Products Radionuclides

Gases

NA

Fraction of material
removed in the reactor 0.0E+00 9.0E-01 5.0E-01 b 0.0E+00 9.0E-01¢
water cleanup system

NB

Fraction of material
removed by the
condensate
demineralizer

0.0E+00 9.0E-01  5.0E-01 b 0.0E+00 9.0E-01

NS

Ratio of the

concentration in

reactor steam to the d 2.0E-02¢ 1.0E-03 b 1.0E+00 1.0E-03
concentration in

reactor water

Rn

Removal rate from the d

reactor water (h'')f 1.0E+01 |1.7E-01 b g 3.4E-01¢

These values are from Table 8 of ANSI/ANS-18.1-2016.

In reactor coolant, water activation products exhibit varying chemical and physical properties that are not well
defined. However, most are stripped off as gases, which are not effectively removed by the demineralizers of
the systems; their concentrations are controlled by decay. The activity concentrations in reactor water and
steam are subject to change when hydrogen water chemistry is employed (see Table 4-53 for adjustment
factors).

These represent effective removal terms and include other mechanisms, such as plateout. Plateout would
be applicable to radionuclides such as molybdenum and corrosion products.

Noble gases released from the core are rapidly transported 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 approximately equivalent to the ratio of the release rate and the
steam flow rate.

The value of 2.0E-02 is used for BWRs that have deep-bed condensate treatment. A value of 1.5E-02 is also

used for BWRs. For BWRs that have Powdex Condensate Treatment systems and copper condenser
tubing, a value of 5.0E-03 should be used.

These values of Rn apply to the reference BWRs whose parameters are given in Table 4-43 and have been
used in developing Table 4-53. For BWRs not included in Table 4-43, the appropriate value for R, may be
determined by the following equation:
R = (FA) (NA) + (NC) (FS) (NS) (NB)
n wpP
where the symbols are defined in this table, Table 4-43 and 4-52, and Figure 4-4. The values for R, for noble
gases and water activation products are not used in the adjustment factors of Table 4-53.

The tritium concentrations in the reactor water and steam are expected to be equal. They are controlled by
loss of water from the main coolant system by evaporation or leakage.

for halogens, CS,Rb, and other nuclides
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Table 4-53  Adjustment factors for BWRs — ANSI/ANS-18.1-2016

Element Class Reactor Coolant? Reactor Steam?
Noble gasesP 1.0E+00 1.0E+00
Hal ( P )(1 1E+02 b )(1.0E+00 4F )\) ( P )(1 1E+02 b )(1.0E+00 + A)
alogens — (1. — | 1.
9 WP MWt R,+41 WP MWt R,+ 41
Cesium & ( p )( Ib )(1.7E—01 4 7\) ( P )( 1b )(1.7E-01 + A)
- — ) (1.1E402 —|(1.1E402
Rubidium WP MWt R,+ 1 WP MWt R,+ 1
Water activation 1.0E+00 1 0E+00
products®
Tritiumd 1.0E+00 1.0E+00
Other ( P )(1 1E+02 b )(3.4E-01 aF A) ( p )(1 1E+02 b )(3.4E-01 + }\)
radionuclides WP/ \™ MWt R,+1 WP/ \™ MWt R, + 1
Zn-65¢ 1.0E+01 1.0E+01

a These values are from Table 10 of ANSI/ANS-18.1-2016.
b This assumes that the ratio of power to steam flow is essentially the same for all BWRs.
¢ This assumes the ratio of coolant mass to power level is approximately constant.

d The tritium concentrations in the reactor water and steam are expected to be equal. They are controlled by
loss of water from the main coolant system by evaporation or leakage.

e Adjustment factors are for zinc addition plants using natural zinc. Use of depleted zinc would result in a
lower adjustment factor, and the decrease is a function of the reduction of zinc-64.
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4.3 BWRfixed-parameters.txt file

This section discusses the user option to modify the certain GALE-BWR fixed modeling
parameters by means of the BWRfixed-parameters.ixt file. The GALE-BWR 3.2 code zip file
contains a sample BWRfixed-parameters.ixt file (Figure 3-1), which allows the user to define 10
of the fixed modeling parameters from the default GALE86 code and ANSI/ANS-18.1-1999
values in the code.

Figure 4-5 shows the sample BWRfixed-parameters.txt file, which can be opened and edited in
any text editor program (e.g., NotePad) by the user. The text file should start with “Suser’ and
end with “$end” and comments can be included after any “/.” Each line entry in the sample
BWRfixed-parameters.txt file (Figure 4-5) contains a comment line, which indicates the
reference source for the values used in the line entry in the sample BWRfixed-parameters.txt
file.

| BWRfixed-parameters.txt - Notepad = | B =
File Edit Format View Help
Suser -

g Plant capacity Factor (GE and LE)
! value from Section 2.2.2 of NUREG-0016, Revision 1 (GALES6 Code)
PF_user=0.8 !Plant Capacity Factor (fraction) 3
1352 radionuclide Concentrations in the Reactor Coolant and Main Steam (GE and LE)
! 4 noble gas concentrations in reactor main steam (micro curies/g)
! dalues from Table 5 of ANSI/ANS-18.1-1999 (GALES6E Code)
duser (1)=0.0000E+00 ! AR-41
xh_userEz)-s.gooOE—Ud ! KR-83M
xb_user(3)=1.0000E-03 ! KR-85M
xb_user(4)=4.0000E-06 ! KR-85
xh_userEsg-;.aODDE—oz ! KR-87
] !
i
]
1

xb_user =3, 3000E-03
xb_user(7)=2.1000E-02
xh_userEsg-3.3000E—06
xb_user(9)=4.9000E-05 !
xb_user (10)=1.40006-03! XE-133

xb_userEllg-A.dDDOE-03! XE-135M

xb_user(12)=3.8000E-03! XE-135

xb_user(13)=2.6000E-02! XE-137

xb_user(14)=1. 5000E-02! XE-138

! GE noble gas comcentrations in reactor water (micro curies/g)
cawR_userEl =2, 2000E-03 ! I-131

CBwR_user(2) =1.5000E-02 ! I-133

! LE Radionuclide concentrations in reactor water (micro curies/g)
! Class 2 Nuclides

13.10 Tritium Releases (GE and LE) .

! values from Section 2.2.15 of NUREG-0016, Revision 1 (GALESE Code)

H3PCA_user=0.01 !Tritium activity in primary coolant (microcuries/g)

H3irel_user=0.03 !Total tritium release (Ci/yr/Mwth)

H3lig_user=0.5 'Fraction of tritium released through liguid pathway (remainder released through gaseocus pathway)
H3tbb_user=0.5 !fFraction of gaseous tritium released from turbine bldg. (remainder released from containment building)

13.11 Argon-41 Releases (GE)

! values from Section 2.2.23 of NUREG-0016, Revision 1 (GALESE Code)

XKARNorm_user=6.4 'Ar-41 dynamic adsorption coefficient for ambient temperature systems
xKaRchill_user=16.0 !'ar-41 dynamic adsorption coefficient for chilled temperature systems

'3.12 carbon-14 Releases (GE)
! value from section 2.2.22 of NUREG-0016, Revision 1 (GALEBE Code)
Cl4_user=9.5 !'ci/fyr

13.13 source Term adjustments for anticipated operational oOccurrences (LE)
! values from Section 2.2.20 of NUREG-0016, Revision 1 (GALES6 Code)
epcad_user=0.1 !adjustment is made to liquid radwaste source terms to account for A00 (Ci/yr)
Send I -

Lnl, Coll

Figure 4-5 BWRfixed-parameters.txt file

Table 4-54 lists the fixed modeling parameters that can be defined using the BWRfixed-
parameters.txt file. Figure 4-6 shows an example of a modified BWRfixed-parameters.txt file.
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Table 4-54 BWRfixed-parameters.txt file modifiable parameters
Code Location in
- Parameter GALE-BWR Default Values®
Line
Code
3.1 Plant Capacity Factor (fraction) GE & LE 8.0E-01
GE Nople gases in reactor See Table 4-42
main steam
Radionuclide Concentration in Noble gases in reactor
3.2 Reactor Coolant and Main Steam GE water See Table 4-42
Ci/
(HCi/g) Halogens, cesium &
LE rubidium, and other See Table 4-42
nuclides in reactor water
Nqble gas releases See Table 4-2
(Cilyr)
I(:;.ja(;I/;';’J)Iate releases See Table 4-2
Noble Gas, Radioiodine, and
Particulate Releases from Building Reactor
3.3 Ventilation Systems Prior to GE building See Table 4-5
Treatment Radioiodi
adilolodine Turbine
releases building See Table 4-4
(Cilyr/uCilg)
Radwaste | o0 Taple 4-6
building
Radioiodine Input Rate to Main
3.4 Condenser Offgas System (Ci/yr) GE 6.0E+00
Xenon-133 (Cilyr) 1.3E+03
Xenon-135 (Cilyr) 5.0E+02
35 Main Condenser Vacuum Pump GE lodine-131 normal
: Release operations 4.9E+02
(Cilyr/uCilg)
lodine-131 shutdown
(Cilyr/uCilg) 1.1E+03
PC for xenon and iodine 1.0E-04
3.7 Cryogenic Distillation System GE PC for krypton 2.5E-04
Holdup time (d) 9.0E+01
3.9 Annual Releases in Untreated LE See Table 4-30

Detergent Waste (Cilyr)

a The default values are from Section 4.1.1 of NUREG 0016, Revision 1 and Section 4.2.1 of PNNL-24250.
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Table 4-54 BWRfixed-parameters.txt file modifiable parameters (cont.)

Code Location in
- Parameter GALE-BWR Default Values®
Line
Code
Tritium activity in primary coolant 1.0E-02
(uCilg) '
Total tritium release (Ci/yr/MWt) 3.0E-02
3.10 Tritium Releases GE&LE Maximum fraction of tritium
- 5.0E-01
released through liquid pathway
Fraction of gaseous tritium
released from turbine building 5.0E-01
Dynamlp adsorption coefficient 6.4E+00
for ambient temperature systems
3.1 Argon-41 Release (Ci/yr) GE
Dynamic adsorption coefficient
. 1.6E+01
for chilled temperature systems
3.12 Carbon-14 Releases (Cilyr) GE 9.5E+00
313 Squrce Term Adjustments for AOOs LE 1.0E-01
(Cilyr)

a The default values are from Section 4.1.1 of NUREG 0016, Revision 1 and Section 4.2.1 of PNNL-24250.

N BWRE o R =)
P

File Edit Format View Help

Suser

LI P 8 Plant capacity Factor (GE and LE)

! value from section 2.2.2 of NUREG-0016, Revision 1 (GALESE Code)
PF_user=0.9 glant capacity Factor (fraction)

3.3 Noble Gas, Radioiodine; and Particulate Releases from Building ventilation Systems Prior to Treatment (GE)
'Radioiodine release from ventilation Systems_Prior to Treatment (in Ci/yr/microcurie/g)
!(Assum'ing 90% capac'itg factor. will be adjusted based-on_actual capacity factor)

! values from Section 2.2.4 (Tables 2-8 through 2-10) of NUREG=8016, Revision 1 (GALEB6 Code)
lReactor—guilding Turbine Bu'i1d'|'ng Radwaste Buildin —

RN_user{1)=1. 3805901’ FT_user(L)-Z.BO 0E+03, RNR_user(1)=4.6000E+00 11-131 during-eperation

RN_user (2)=1. 3800E+01, T _user(2)=3. 80006403, BRNR_user (2)=4.6000E+00 17-133 during operatiom— L H
RN _user (1)-3. 6000E +00, [ RNTS user (1)=4. 1000€+07, RNRS _user (13=1.40006700 11-131 dur ing shurdown— | Modified Parameters
RNS_user (2)=2. 6D00E+00,| RNTS_user (2)=4.1000E+02, RMRS_user(2)=1.40006+00 !I-133 during shutdown

e p

—— J—

'3.5_ V.gin Condenser vacuum Pump Release (GE) ——

— _—
—yatres—fromSectiom 2. 2.7 and Table 2-26 of NUREG-0016, Revision 1 (GACEBE Code)
RNMVP_user (1)=550.0 |ci/yr/microcurie/g I-131(normal operatiopns—assuming 80% capacity. will be adjusted for actua] capacity factor)
RNMVP_user (2)=550.0 Jei7yr/microCurie/g I-133(normal operations assuming 80% capac‘itz. will be adjusted for actual capacity factor)
RNMVPS_user (1)=550.0 |C microcurie/g I-131(shutdewi assuming 80% capacity. Will be adjusted for actual capacity factor)

r:.f'rn'icrocur'ie.-'g I- shutdown assuming 80% capacity. wWill be adjusted for actual capacity factor)

13.13 source Term Adjustments Fnﬂ--ﬁl‘ﬁ‘f_cipated operational occurrences (LE)

! values from Secriop 2.2.20-Gf NUREG-0016, Revision 1 (GALES6 Code)

ADIfixed_user=0.014 hﬁ]ustment is made to liquid radwaste source terms to account for A00 (Ci/yr)
28rNd I

Ln14, Col16

Figure 4-6  Example of a modified BWRfixed-parameters.txt file
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