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Purpose of Code
Code Requirements
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* Code Development
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GALE Development Details
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Agenda (cont.)

e Basics of Reactor Cleanup

— BWR Structures and Components
— PWR Structures and Components

e Getting Started with GALE 3.0
— Installation
— Use
— GALE 3.0 Example Code Demonstration

* GALE Modeling Parameters
— GALE 86 to GALE 09 Detail
— Fixed Parameters files

e 15 Minute Break
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Agenda (cont.)

e Participants Setup and Run GALE
* GALE User’s Group

— Training

— Member Presentations
— Technical Support
* New GALE Website
— Download GALE
— Documentation
— Training and Presentation Materials

— Support
 Updates to ANS-18.1
* Q&A and Wrap Up
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GALE-3.0

* GALE 3.0 currently posted as a Beta version

— Validation and verification is complete
 NUREG 0016 (Draft) Revision 2 Appendix A
« NUREG 0017 (Draft) Revision 2 Appendix A
e PNNL-XXXX (Draft) Revision 0

— PNNL and NRC staff are resolving comments on documentation
Work performed by PNNL for US NRC
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Purpose of Code

* GALE Code is a computerized mathematical model for calculating the
releases of radioactive material in gaseous and liquid effluents (i.e., the
gaseous and liquid source terms).

 The U.S. Nuclear Regulatory Commission uses the GALE Code to
determine conformance with the requirements of Appendix | to 10 Code
of Federal Regulations (CFR) Part 50.

* With the nuclear power generating facilities that have been proposed for
operation in the United States using new reactor core designs, a
comprehensive review of the GALE code was completed to verify
applicability to both the current and proposed designs.

— Upon review, it was determined that the code was applicable to both current
and future designs

— Updates to the code to comply with recent standards and operational data
were required. Hard-coded parameters were updated to.reflectrecent plant

smQperations data -




Code Requirements

Code runs on Microsoft Windows PCs

Pacific Northwest
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— Graphical user interface uses standard Windows dialog boxes

BWR GALE-3.0

Input File Name BWRGALE.in]

Type of Analysis Browse
M Gas GALE Version ANS 18.1 Version
V' Liquid

GALES6  v| 1984 5
Output Files:
Gas BWRGE.out
Liquid BWRLE.out

Legacy Input
I Read Legacy Input

Gas Input BWRGEDS.inp [
GasOutput  [BWRGEDS.out [
Liquid Input | BWRLEDS.inp ‘

Liquid Output | BWRLEDS.out

September 2017

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.

PWR GALE-3.0 =

Input File Name | Ali{eEIESN)
Type of Analysis Browse
IV Gas
S GALE Version ANS-18.1 Version
¥ Liquid
Output Files: GALE8S v 1984 >

Gas [W
Liquid [PoREwt
Legacy Input
I~ Read Legacy Input
Liquid Input W
liudOutput |PWRLEOS.out

Gas Input

Gas Output

September 2017

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.
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Code Requirements (cont.)

e Code output is via text file

* Microsoft Excel worksheet has been included to visualize output and to
facilitate use of output data in other calculations

 BWRGE.out - Notepad [E=SEoR === BES - BWR GALE Output 3.0.xs [Compatibility Mode] - Excel
[Ede Edit Fprmat Miew Help HOME | INSERT ~ PAGELAYOUT ~ FORMULAS ~ DATA  REVIEW  VIEW  ADD-INS  ACROBAT  TEAM
[32000e aaLe versfon: cauiss tiiniiis =
e b L verS Nt 1884 smmevenns . . =)
% Cut Calibri - BeWepTet General = [E\ [  Nomal2 Normal =
to Fixed parameters Requested. changes 1isted below **r Copy ~ =] - B
PTan CApacT ey Factor ecommended value:  0.8000 Requested value:  0.8700 Paste B IU- EIMerge&iCenter ~ $ - % » 8 £§ Conditional Formatas [Bad Good S| Insert
¥ Format Painter o Z > = - X -
[— . Formatting - Table
THERMAL POWER LEVEL _(MEGAWATTS) 3.40000€+03 Ciipboard & 5 Alignment o Number 5 styles
PLANT CAPACITY FACTOR £.700006 -01
TOTAL STEMH FLoW (MILLION Les /%) 1.50000€+01 =
ASS OF WATER IN REACTOR VESSEL (MILLION LES) 3. BOOOOE-01 Y35
CLEan P DOMINERAL T7ch FLOW QMELLION LoS)/ ) oavsy 120000601
CONDENSATE DEMINERALIZER REGENERATION TIME (DAYS Ee
T £ED WATE NOE 1.00000E+00 8 £ - £ £ s H ! 1 LS L L L o £ a R 5
REACTOR VESSEL HALOGEN CARRYOVER FACTOR 1.500006-02 1
LIQUID WASTE INPUTS 2 .
FRACTION FRACTION COLLECTION pECAY 3
STREAM FLOW RATE  OF PCA DISCHARGED TIME TINE DECONTAMINATION FACTORS
(GAL/DaY) (pars) (0avs) 1 s oTHERS = 4 BWR Output
oo 5 |Gaseous Effluent Output [D\GALE\BWR_GALE Test\115EP2017\BWRGE out
HIGH PURITY WASTE 2.B6400E+04 1.50000£-01 1.00000E-02 1.00DDOE+00 7.000OOE-02 1.00000E03 1.00000E+02 1.0D000E+D3 oot SRRERIDACR ABIWR CAIE Test) L
Low PURITY WASTE  5.70000E+03  1.30000c-01 1.00000E<00 3.100006400 §.00000E-0L 1.00000£:03 1.00000404 1.00000€+04 s
CHEMICAL WASTE  6.00000E+07  2.00000€-02 1.00000F+00 3.10000E+00 6.00000F-1 1.00000F+03 1.00000E+04 1.00000 7 Read GE
EGENERANT SOLS  1.70000€+03 11000006100 5.10000E100 4 40000f O1 10D00GEIG: 1.000DGELGs 100DGOOEIGS . Data
GASEOUS WASTE INPUTS 2
GLAND SEAL STEAM FLOW (THOUSAND LES/HR) 0.00000E+00 10 |Liquid Effluent Output  _Browse |D:\GALE\BWR_GALE Test\11SEP2017\BWRLE out
GLAND SEAL HOLDUP TIME (MOURS) 0.00000E +00 1
AIR EJECTOR OFFGAS POLDUP TIME (HOURS) 1.670006 -01
CONTAINMENT BLDGIODINE RELEASE FRACTION 1.00000E -01 12 Read LE
PARTICULATE RELEASE FRACTION 1.00000€ 02 13 Data
TUREINE BLOG  IODINE RELEASE TIo 1.00000E+00
PARTICULATE RELEASE FRACTION 1.000008 400
GLAND SEAL VENT, T0DINE B 1.00000E+00
AIR EJECTOR OFF&AS TODINE 0.00000E +00
AUXILTARY BLDG TODING RELEASE FRACTION 1.00000E+00
PARTICULATE RELEASE FRACTION 190008100
RADWASTE BLDG  IODINE RELEASE FRACTION 00DOOE +00
PARTICULATE RELEASE FRACTION 1106000€-02
THERE 15 A CHARCOAL DELAY SYSTEM
W HOLDUPTIME (DAYS) 2.668245400
XENON HOLDUP TIME (DAYS) 612024401
KRYPTON DYNAKIC ADSORPTION COEFFICIENT (0M3/GN) 1.03000E+02
XENON DYWAMIC ADSORPTION COEFFICLENT(CM3/GH 2.410006+03
MASS OF CHARCOAL (THOUSAND LES) 4.B0000E+01
er sanple
- SEQUS RELEASE RATE
Teuntes per veas)
ANT CONC. CONTAIMIENT  TURSTNE  AUCILIARY  RADWASTE GLAND ATR MECH vAC
MCLIOE  (MTCROCURSESG) BLDG. BLDG. BLDG. SEAL EIECTOR PP ToTAL
131 1.061396-03 64851E-04 7.00361E-02 1.31365E-02 6,27545E-03 0,00000E+0D 0.00000E+D0 4.53189E-02 1.352326 01
1-133 7.496166-03  3.28301E-03 4.04766E-01 0.280196-02 4.43329E-02 0.00000E+00 0.00000E+00 2.99669-01 9.34854E-01
H-3 RELEASED FROM TURBINE BLDG. VENTILATION SYSTEM 2.600006+01
H-3 RELEASED FROM CONTATMENT BLOG. VENTTLATION SYSTEM 2’ s0000€ 01
TOTAL H-3 RELEASED VIA GASEOUS Pa
213" RELEASED WiA MAIN CONDENSER OFFGAS SYSTEM = 31539006008 e
er_sanple
GASEQUS RELEASE RATE
(CURIES PER YEAR) 36 pyright
COOLANT CONC.  CONTATMMENT  TURBINE AUXILIARY  RADWASTE GLAND ATR MECH vaC
NUCLIOE  (MICROCURIES/G) 6LDG. BLDG. 8L0G. BL0G. SeaL E£3ECTOR e ToTaL
. 35 [GALEVS.0
Read Outout | Nobel Gas | lodine (aas) | Particulates (aas) e <

1 g
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GALE-3.0 Features -

* Specific Features

Ability to save input information and read previously set up input
Ability to read legacy input files from GALE
Built-in calculators to combine liquid waste from various sources

Built-in calculators to calculate liquid waste collection, processing, and
discharge times

Microsoft Excel worksheet has been included to:

— Visualize output of gaseous isotopes by building and select components

Facilitate use of output data in other calculations
* Liquid effluents read into Liquid tab

e
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History of Code Development

Code originally developed by NRC staff
— GALE-86
— Documented by NUREG-0016 (BWR) and NUREG-0017 (PWR)

Code Development moved to PNNL in 2008

Several internal versions were released with no NUREG-series
documentation
— GALE-08

* Built in nuclide concentrations from ANS-18.1 were updated to those in latest (1999) standard

* Recommended parameters from ANS-55.6 and Regulatory Guide 1.140 were updated to values
from current versions

— GALE-09

* Areview of recent reactor operational experience was performed and recommendations for
updates to the GALE source codes and their user guidance were made.
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History of Code Development (cont.)

* GALE-2.0 (beta version with draft NUREG series documentation)
— Code results are identical to GALE-09
— Graphical user interface was added to facilitate user interaction

— Excel worksheet was included to help visualize results
— Code benchmarking was performed to validate GALE-2.0 (beta) results to
recent reactor experience
 GALE-3.0 (beta version)
— NUREG-0016 Revision 2 and NUREG-0017 Revision 2 currently under review
— PNNL GALE Code Verification document currently under review
— Technical change to add PWRGE 1-132, I-134, and I-135 consistent with [-131 and [-133.
— General modification requests completed to GUI, code, and excel files.
— Verification of GALE 3.0 source changes to GALE 86 source of NUREG-0016 Revision 1

and NUREG-0017 Revision 1.
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Code Development Process
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Series of Sequential versions of GALE-BWR and GALE-PWR were prepared
in the update efforts to:

— Provide means for NRC to evaluate the implications of each of the updates

— Provide high level of traceability back to the previous version of the code.

GALE 3.0 is being released to update GALE 86

— GALE-BWR 3.0 as an update to GALE-BWR 86 NUREG-0016 Revision 1
* Boiling Water Reactor Gaseous Effluent module BWRGE-86
* Boiling Water Reactor Liquid Effluent module BWRLE-86

— GALE-PWR 3.0 as an update to GALE-PWR 86 NUREG-0017 Revision 1
* Pressurized Water Reactor Gaseous Effluent module PWRGE-86
* Pressurized Water Reactor Liquid Effluent module PWRLE-86

g



GALE-BWR Development Sequence
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Version Name | Model Names | ANSI/ANS-18.1 | Update Type
Version

GALE-BWR 86
(GALES6)

GALE-BWR 08
(GALEOS)

GALE-BWR 09
(GALES6)

GALE-BWR 2.0
(GALE 2.0)

GALE-BWR 3.0
(GALE 3.0)

BWRLES86
BWRGES86

BWRLES86
BWRGES86

BWRLEQ9
BWRGEO9

BWRLEQ9S
BWRGEOQ9

BWRLES86
BWRGES86
BWRLEQ9S
BWRGEO9

1984

1999

1999

1999

1984
1999
2016

Starting Version for conducting updates
(NUREG-0016, Revision 1)

Hard-coded parameters updated to conform
to ANSI/ANS-18.1-1999 and ANSI/ANS-
55.6.1993 (reaffirmed May 2007)

GALE-BWR 08 with hard-coded parameters
updated based on recent plant operation
(PNNL-18150 and PNNL-18957)

GALE-BWR 09 updated with a graphical user
interface (GUI) to facilitate easier input and
operation and incorporation into the NRC’s
Radiation Protection Computer Code Analysis
and Maintenance Program (RAMP).

GALE-BWR 3.0 code is updated with
additional GUI options for the user to select
the source term (ANSI/ANS-18.1 version),
GALE version (GALE86 or GALEQ9) and to
allow the user to modify selected GALE fixed

modeling parameters. I
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GALE-BWR 08 Development Detail

The concentrations of radionuclides in the reactor coolant from ANSI/ANS-18.1-1999
1 Table 5 were changed for the following radionuclides: Na-24, P-32, Cr-51, Mn-54, Mn-
56, Fe-55, Fe-59, Co-58, Co-60, Ni-63, Cu-64, Zn-65.

The concentrations of radionuclides in the reactor steam from ANSI/ANS-18.1-1999
Table 5 were changed for the following radionuclides: 1-131, 1-132, 1-133, |-134, 1-135,

2 Na-24, P-32, Cr-51, Mn-54, Mn-56, Fe-55, Fe-59, Co-58, Co-60, Ni-63, Cu-64 and Zn-
65.

3 The values for NS and R, from ANSI/ANS-18.1-1999 Table 8 have changed for Class 2
radionuclides.

4 The adjustment factor of 1.0E+01 was added from ANSI/ANS-18.1-1999 Table 10 for
Zn-65.
The values used for Class 1 and Class 2 radionuclides in GALE-BWR 86 were not

5 consistent with the values found in ANSI/ANS-18.1-1984 Table 5. The values for the
Class 1 and Class 2 radionuclides were updated to be consistent with ANSI/ANS-18.1-
1999 Table 5.

6 The values used for the variable Rn in GALE-BWR 86 for Class 2 and Class 6

radionuclides were updated to be consistent with ANSI/ANS-18.1-1999 Table 8.




GALE-BWR 09 Development Detail
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Change # | GALE-BWR 09 Changes in Detail

1

Plant capacity factor was increased from 8.0E-01 to 9.0E-01 (80 to 90 percent).

Radioiodine release rates from various buildings during normal operations were
increased by multiplying by 1.125E+00.

Radioiodine release rates from various buildings during extended shutdown were
decreased by multiplying by 5.0E-01.

Carbon-14 release rate was decreased from 9.5E+00 Ci/yr to 1.07E+01 Ci/yr.

Unexpected release rate was decreased from 1.0E-01 Ci/yr to 1.4E-02 Ci/yr.
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GALE-BWR 2.0 Development Detail

Primary purpose the addition of a Graphical User Interface. Updates to GALE-BWR
2.0 source code did not involve changes in the model formulations. The source code

1 had exactly the same formulation as the previous versions with differences in the
outputs reflecting only the standards and operation-derived changes in hard-coded
parameter values.

For operation in an interactive modeling environment, input/output routines were
2 added for implantation of GALE-BWR 2.0 into future codes. These updates also
enable direct linkage of the GALE-BWR 2.0 code results to models such as NRCDose.

3 PNNL Developed a GALE software quality assurance plan (PNNL-24249).

4 PNNL developed a GALE code configuration management plan (PNNL-24250).

Determination made that GALE conforms to the Level 2 requirements of NUREG/BR-
0167, Software Quality Assurance Program and Guidelines.
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Increased functionality to allow user to select GALE version 86 or 09 and the

1 ANSI/ANS-18.1 version 1984, 1999, 2016.

5 Increased functionality to allow user to modify GALE-BWR fixed modeling parameters
used to calculate the gaseous and liquid effluent.

3 Default GALE-BWR module set to GALE-86 (User selectable 86 or 09)

4 Default GALE-BWR ANSI/ANS-18.1 to 1984 (User selectable 1984, 1999 or 2016).




GALE-PWR Development Sequence
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Version Name | Model Names | ANSI/ANS-18.1 | Update Type
Version

GALE-PWR 86
(GALES6)

GALE-PWR 08
(GALEOS)

GALE-PWR 09
(GALES6)

GALE-PWR 2.0
(GALE 2.0)

GALE-PWR 3.0
(GALE 3.0)

PWRLES86
PWRGES86

PWRLE86
PWRGES86

PWRLEQO9
PWRGEO9

PWRLEOS
PWRGEO9

PWRLE86
PWRGES86
PWRLEOS
PWRGEO9

1984

1999

1999

1999

1984
1999
2016

Starting Version for conducting updates
(NUREG-0017, Revision 1)

Hard-coded parameters updated to conform
to ANSI/ANS-18.1-1999 and ANSI/ANS-
55.6.1993 (reaffirmed May 2007)

GALE-PWR 08 with hard-coded parameters
updated based on recent plant operation
(PNNL-18150 and PNNL-18957)

GALE-PWR 09 updated with a graphical user
interface (GUI) to facilitate easier input and
operation and incorporation into the NRC’s
Radiation Protection Computer Code Analysis
and Maintenance Program (RAMP).

GALE-PWR 3.0 code is updated with
additional GUI options for the user to select
the source term (ANSI/ANS-18.1 version),
GALE version (GALE86 or GALEQ9) and to
allow the user to modify selected GALE fixed

modeling parameters. I
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GALE-PWR 08 Development Detail

The concentrations of radionuclides in the reactor coolant from ANSI/ANS-18.1-1999
1 Tables 6 and 7 were changed for the following radionuclides: Kr-85m, Kr-87, Kr-88, Xe-
133, Xe-135, Xe-138, 1-131, 1-132, 1-133, 1-134, 1-135, Cs-134, and Cs-137.

The concentrations of radionuclides in the secondary coolant water from ANSI/ANS-
2 18.1-1999 Table 6 were changed for the following radionuclides: 1-131, I-132, 1-133, I-
134, 1-135, Cs-134, Cs-137, and Y-93.

The concentrations of radionuclides in the secondary coolant steam from ANSI/ANS-
3 18.1-1999 Table 6 were changed for the following radionuclides: Kr-85m, Kr-87, Kr-88,
Xe-133, Xe-135, Xe-138, 1-131, 1-132, 1-133, |-134, 1-135, Cs-134, Cs-137, and Sr-90.

The concentrations of radionuclides in the secondary coolant steam from ANSI/ANS-
4 18.1-1999 Table 6 were changed for the following radionuclides: Kr-87m, Kr-88, Xe-
133, Xe-138, I-131, 1-132, 1-133, 1-134, |-135, Cs-134, and Cs-137

Adjustment factors of 1.0E+01 were added from ANSI/ANS-18.1-1999 Table 11 for
PWRs with U-tube steam generators for the following radionuclides: Zn-65 and Co-58.




GALE-PWR 09 Development Detail
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Change # | GALE-PWR 09 Changes in Detail

1

2

Plant capacity factor was increased from 8.0E-01 to 9.0E-01 (80 to 90 percent).
Tritium release rate was decreased from 4.0E-01 Ci/yr/MWs1 to 2.7E-01 Ci/yr/MW?t
Argon-41 release rate was decreased from 3.4E+01 Ci/yr to 6.0E+00 Ci/yr
Carbon-14 release rate was decreased from 7.3E+00 Ci/yr to 5.9E+00 Ci/yr.

Unexpected release rate was decreased from 1.6E-01 Ci/yr to 1.6E-04 Ci/yr.

Condensate demineralizer DF for “Other Radionuclides” was changed from 5.0E+01 to
1.0E+01
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GALE-PWR 2.0 Development Detail

Primary purpose the addition of a Graphical User Interface. Updates to GALE-PWR
2.0 source code did not involve changes in the model formulations. The source code

1 had exactly the same formulation as the previous versions with differences in the
outputs reflecting only the standards and operation-derived changes in hard-coded
parameter values.

For operation in an interactive modeling environment, input/output routines were
2 added for implantation of GALE-PWR 2.0 into future codes. These updates also
enable direct linkage of the GALE-PWR 2.0 code results to models such as NRCDose.

3 PNNL Developed a GALE software quality assurance plan (PNNL-24249).

4 PNNL developed a GALE code configuration management plan (PNNL-24250).

Determination made that GALE conforms to the Level 2 requirements of NUREG/BR-
0167, Software Quality Assurance Program and Guidelines.
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GALE-PWR 3.0 Development Detail

Technical change to add iodine isotopes I-132, 1-134, and 1-135 to the PWRGE code
assuming the primary and secondary coolant activities given in the appropriate ANS-
18.1 tables. The decay constants for these isotopes were taken from the Isotope

1 Generation and Depletion Code (ORIGEN) database in the PWRLE code. The release
relative to the primary coolant activities from various buildings was assumed to be
the same for all iodine isotopes consistent with the previous treatment of I-131 and |-

133.

5 Increased functionality to allow user to select GALE version 86 or 09 and the
ANSI/ANS-18.1 version 1984, 1999, 2016.

3 Increased functionality to allow user to modify GALE-PWR fixed modeling parameters
used to calculate the gaseous and liquid effluent.

4 Default GALE-PWR module set to GALE-86 (User selectable 86 or 09)

5 Default GALE-PWR ANSI/ANS-18.1 to 1984 (User selectable 1984, 1999 or 2016).
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GALE-3.0 Validation

* No overall code validation was performed on GALE86 (NUREG-0017 Rev. 1
and NUREG-0016 Rev. 1). The only validation that was performed was on
the individual models and parameters that are used within GALE.

* For GALE-3.0, two types of validation have been performed.

— Individual model parameters.

 This validation is shown in NUREG-0016, Revision 2, Appendix A for GALE-BWR 3.0
and in NUREG-0017, Revision 2, Appendix A for GALE-PWR 3.0.

* Inthese appendices, discussions are provided for the basis of each parameter
selection. In many cases, recent data is shown to support the parameter selection.
— Overall code prediction.

* This validation is shown in NUREG-0016, Revision 2, Section 4.0 for GALE-BWR 3.0
and in NUREG-0017, Revision 2, Section 4.0 for GALE-PWR 3.0.

* In these sections, the GALE-3.0 predictions of selected radionuclides in the gaseous
and liquid effluents were compared to the measured effluents from selected

nuclear power plant in recent years.
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GALE-3.0 Validation (cont.)

 The result of the validation that is shown in these technical basis
documents is a measure of the applicability of the parameters in GALE-3.0
(beta) to current reactor operation as well as the applicability of the

overall GALE-3.0 (beta) predictions to effluent release from operating
reactors.
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GALE-3.0 Verification  —

* Verification of GALE-3.0 was performed to ensure:

— All updates since GALE-86 have been properly coded and result in expected
changes to the output

— The Graphical User Interface correctly takes values from the Windows
interface to the appropriate GALE subroutines

 Verification was documented and sent to NRC Office of Research
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Boiling Water Reactor

Containment Structure

"‘1.

Vessel — — Generator

Control Rods

[ Condenser




Boiling Water Reactor

Walls made of
concrete and steel
3-5 feet thick
(1-1.5 meters)

. Demineralizer
¥ \

Containment Emergency Water
Structure Supply Systems
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Boiling Water Reactor: """
Liqguid Waste Streams

* High Purity Waste
— Liquid of low electrical conductivity

— Equipment drains from
* Drywell
* Reactor building
* Turbine building
* Radwaste building
* Auxiliary building
* Fuel pool building
— Ultrasonic resin cleaner overheads
— Resin backwash
— Transfer water
— Filter backwash

— Phase separator decant liquid

_Radwaste evaporator condensate

e
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Boiling Water Reactor: """
Liguid Waste Streams (cont.)

* Low Purity Waste

— Liquid of moderate to high electrical conductivity
— Floor drains from

* Drywell

* Reactor building

* Turbine building

* Radwaste building

* Fuel pool building
— Uncollected valve and pump seal leakoffs

— Water resulting from dewatering of slurry wastes
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Boiling Water Reactor: """
Liguid Waste Streams (cont.)

e Chemical Waste

— Liquid of high conductivity and high total solids content
— Laboratory drains
— Non-detergent chemical decontamination wastes
* Regenerant Solutions Waste
— Regenerant solution from ion exchange columns (condensate polishers)
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Boiling Water Reactor: Buildings

e Containment Building or Reactor Building

— A building designed to sustain pressures of about 50 psi. Normally houses the
reactor and the related cooling system that contains highly radioactive fluids.
Building is of steel construction. Sometimes the building is surrounded by a
concrete structure that is designed for much lower pressures (3 psi). The area
between the steel and concrete building is called the annulus. In BWRs, the
drywell is located in this building.

e 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.

 Radwaste Building

— A building that houses various systems provided to process liquid, solid and
gaseous radioactive wastes generated by the plant.

* Turbine Building
— A building that houses the turbine, generator, condenser, condensate and

feedwater systems.




Boiling Water Reactor:

Turbine Systems
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Pressurized Water Reactor
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Pressurized Water Reactor

Walls made of
concrete and
steel

3-5 feet thick
(1=1.5 meters)

Demineralizer
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Steamline

Containment:
Cooling System

Reactor Pressurizer
Coolant
Pumps

Containment Emergency Water
Structure Supply Systems




Pressurized Water Reactor:

Letdown

* The chemical and volume control system (CVCS) is a major support system
for the reactor coolant system. Some of the functions of the system are to:

— Purify the reactor coolant system using filters and demineralizers

— Add and remove boron as necessary
— Maintain the level of the pressurizer at desired setpoint.

A small amount of water (about 75
gpm) is continuously routed through
the chemical and volume control
system (called letdown). This provides
a continuous cleanup of the reactor
coolant system which maintains the
purity of the coolant and helps to t
minimize the amount of radioactive m;J -‘:”" =
material in the coolant. ~

CONTAIMMENT EUMF




Pressurized Water Reactor:
Steam Generator
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Pressurized Water Reactor: ="
Steam Generator — U-Tube

* |n the Westinghouse and Combustion Engineering designs, the
steam/water mixture passes through multiple stages of moisture
separation. One stage causes the mixture to spin, which slings the water
to the outside. The water is then drained back to be used to make more
steam. The drier steam is routed to the second stage of separation. In this
stage, the mixture is forced to make rapid changes in direction. Because of
the steam’s ability to change direction and the water’s inability to change,
the steam exits the steam generator, and the water is drained back for
reuse. The two stage process of moisture removal is so efficient at
removing the water that for every 100 pounds of steam that exits the
steam generator, the water content is less than 0.25 pounds. It is
important to maintain the moisture content of the steam as low as
possible to prevent damage to the turbine blading.




Pacific Northwest
MNATIONAL LABOF TORR

Pressurized Water Reactor: ™"
Steam Generator — Blowdown

Steam Generator blowdown is water intentionally discharged from the

ed by BaBENE Since 1965

steam generator to avoid concentration of impurities during continuing

evaporation of steam.
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Steam Generator — Once Through

The Babcock & Wilcox design uses a once through steam generator. In this
design, the flow of primary coolant is from the top of the steam generator
to the bottom, instead of through U-shaped tubes as in the Westinghouse
and Combustion Engineering designs. Because of the heat transfer
achieved by this design, the steam that exits the once through steam
generator contains no moisture. This is done by heating the steam above
the boiling point, or superheating.
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Pressurized Water Reactor: """ .
Liqguid Waste Streams

 Shim Bleed — Controls reactivity by bleeding out borated water

* Equipment Drain Waste

— Equipment drains from

Drywell

Reactor building
Turbine building
Radwaste building
Auxiliary building
Fuel pool building

* Clean Waste
— Nomally tritiated, nonaerated, low-conductivity liquids consisting primarily of
liguid waste collected from equipment leaks and drains and certain valve and
pump seal leakoffs. These liquids originate from systems containing primary
coolant and are normally reused as primary coolant makeup
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Pressurized Water Reactor: ™" .
Liguid Waste Streams (cont.)

Dirty Waste

— Normally nontritiated, aerated, high-conductivity, nonprimary-coolant quality
liguids collected from building sumps and floor and sample station drains.
These liquids are not readily amenable for reuse as primary coolant makeup
water.

Blowdown Waste

Regenerant Waste
— Regenerant solution from ion exchange columns (condensate polishers)
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\ Pressurized Water Reactor:

Buildings

* Containment or Drywell Building

— A building designed to sustain pressures of about 50 pounds per square inch.
Normally houses the reactor and the related cooling system that contains
highly radioactive fluids. Building is of steel construction. Sometimes the
building is surrounded by a concrete structure that is designed for much lower
pressures (3 pounds per square inch). The area between the steel and
concrete building is called the annulus.

* Auxiliary or Reactor Support 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.




Pressurized Water Reactor: ="

Buildings (cont.)

Turbine Building

— A building that houses the turbine, generator, condenser, condensate and

feedwater systems. Some PWRs in the United States have a structure without
the traditional roof and wall structure.

Fuel Handling Building

— A building separate from the containment that is used to spent fuel
assemblies in steel racks in a large 40 foot deep storage pool. Casks for
shipping or onsite dry storage of spent fuel assemblies will be loaded (or
unloaded in this pool). A new fuel storage area is provided for receipt of new

assemblies and storage prior to going into the containment and subsequently
into the reactor during a refueling.
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Pressurized Water Reactor

* Gas stripping
— Goes with letdown

e Blowdown tanks vent
— Goes with steam generator

* Air ejector

— Passes steam through a series of nozzles and creates a vacuum that removes
air from the condenser

widly Operated by BABENe Since 1965
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~ GALE 3.0 (beta)
Getting Started
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GALE 3.0 Code Package

* The GALE 3.0 Software Package Consists of:

GALE_BWR.exe: GALE 3.0 executable for boiling water reactors (BWRs)
GALE_PWR.exe: GALE 3.0 executable for pressurized water reactors (PWRs)
actinides.data: data file needed for liquid effluent runs
fission-products.data: data file needed for liquid effluent runs
light-elements.data: data file needed for liquid effluent runs

BWRGALE.in: sample input for gaseous and liquid effluents from BWRs
PWRGALE.in: sample input for gaseous and liquid effluents from PWRs

BWR GALE Output 3.0.xls: Excel file to read and display GALE output from
BWRs

PWR GALE Output 3.0.xls: Excel file to read and display GALE output from
PWRs

Prowdly Operated by BABENE Since 1963
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GALE-BWR 3.0 Installation

Create a working directory and install the code package files

The working directory should contain the 3 data files, and an existing input
file if starting from a previous GALE 3.0 run. Otherwise the program will
set up and save the input file. This working directory may also contain the
spreadsheet for output visualization. The fixed-parameters file is optional.

v Libraries » Documents » GALE3.0 » GALE-BWR3.0

File Edit View Tools Help
Organize * Share with + Burn New folder =~ [ .@.

Prowdly Operated by BABENE Since 1965

i Favorites

% Computer
& cyos
a (D:) System
& (F) CD Drive - Aoolication Drive
8 items

~ Documents library

A . Arrange by:  Folder »
Bl Desktop GALE-BWR 3.0
% Downloads MName Date modified Type Content type
15l Recent Places

|| actinides.data 09/02/199812:12 PM DATA File 37TKB
5 Libraries | Ed] BWR GALE Output 3.0.xls 06/03/2017 9:00 PM Microsoft Excel 9 437 KB
3 Documents 1 || BWRfixed-parameters.tdt 01/18/2017 4:29 PM Text Documen it 10KB
rJ'\ Music 7] BWRGALE.in 06,/29,/2017 1:40 PM IN Fil 9KB
&) Pictures | fission-products.data 09/02/1998 12:12 PM DATA Fil 185 KB
E Videos (2] GALE_BWR.exe 06/29/2017 1:35 PM Applicati 6,163 KB
GALE3D.ico 01/26/2017 7:57 AM Icon 17KB
N || light-elements.data 09/02/199812:12 PM DATAFil 97 KB
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GALE 3.0 Fixed Parameters File

Proudly Operated by BaliEle Since 1965

e GALE-BWR 3.0 Fixed Parameters File
[ ovtacs st g e |

File Edt Fm View Help |
Suser | -
3.1 Plant Capacity Factor (GE and LE)

! value from Section 2.2.2 of NUREG-0016, Revision 1 (GALES86 Code)

PF_user=0.8 'pPlant Capacity Factor (fraction)

'32 Radionuclide Concentrations in the Reactor Coolant and Main Steam (GE and LE)
' noble gas concentrations in reactor main steam (micro curies/g)
! Values from Table S ?f ANSI/ANS-18.1-1984 (GALES6 Code)

[TXO_user (1)=0.0000€+00 ' AR-41
xb_user(2)=5.90006-04 ! KR-83m

xb_user(3)=1.0000€-03 ' KR-85M

xb_user (4)=4.0000E-06 ' KR-85

xb_user(5)=3.30006-03 ! Xr-87

xb_user(6)«=3.30006-03 ' KR-88 E
xb_user(7)=2.10006-02 ' KR-89

xb_user(8)=3.3000€-06 ' XE-131M

xb_user(9)=4.9000€-05 ' XE-133m

Ixb_user(10)=1.4000£-03' xE-133

xb_user(11)=4.40006-03! XE-135™

xb_user(12)=3,8000€-03! XE-135

xb_user 13;-2.6000:-02' XE-137

xb_user (14)=1. 5000e-02! XE-138

' GE noble gas concentrations in reactor water (micro curies/g)
csuﬂ.userilg =2.2000€-03 ! 1-131

CBWR_user(2) =1.5000€-02 ' 1-133

' LE Radfonuclide concentrations in reactor water (micro curies/g)

'3.10 Tritium Releases (GE and LE)
' values from Section 2,.2,1% of NUREG-0016, Revision 1 (GALESS Code)
NIPCA_user=0.01 ‘'Tritium activity in prisary coolant (microcuries/g)
nirel_user=0.03 'Total tritium release ?(i fyr Mwth)

u3lig user=0.5 ‘'fFraction of tritium released through 1iguid pathag resainder released through gaseous pathway)
HM3tbb_user«0. 5 ‘Fraction of gaseous tritium released from turbine bidg. (remainder released from containment building)

'3.11 Argon-31 Releases (GE)
! values from Section 2.2.23 of NUREG-0016, Revision 1 (GMEBS Code)

n_user=6.4 'Ar-41 dynamic adsorption coefficient for asbient tesperature systess
XKARChI 1] _user«16.0 'aAr-41 dynamic adsorption coefficient for chilled temperature Systems

13,12 Carbon-14 releases (GE)
! value from Section 2.2.22 of NUREG-0016, Revision 1 (GALES6 Code)
Clé_user=9.5 ‘ci/yr

'3.13 Source Term Adjustments for Anticipated Operatiomal Occurrences (LE)
! values from section 2.2.20 of NUREG-0016, Revision 1 (GALESS Code)
Smd' ed_user=0.1 !'adjustment is made to liquid radwaste source terms to account for A00 (Ci/fyr) »
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e GALE-BWR 3.0 Introductory Screen

| BWRGALE30

Input File Name | SUG{EETSN)

Type of Analysis Browse

V' Gas GALE Version ANS 18.1 Version
i
Mitax [caess | [18a <]
Output Files:
Gas | BWRGE. out
lquid  [BWRLE.out
-Legacy Input-

™ Read Legacy Input

Gas Input | BWRGEDS.inp

GasOutput | BWRGEDS.out

Liquid Input | BWRLE0S.inp

Liquid Output | BWRLEDS.out

September 2017
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.

[ o ]

Cancel |
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e GALE-BWR 3.0 Introductory Screen Selecting GALE and ANS 18.1 Version

BWRGALE30 ‘

InputFie Name | BWRGALE.in

Type of Analysis Browse
V Gas ANS 18.1 Version
¥ liqud 1984 =
Output Files:
Gas
Liquid BWRLE.out
Legacy Input

™ Read Legacy Input

Gas Input | BWiRGE0S.inp

GasOutput | BWRGEOS.out
Liquid Input | BWRLEOS.inp
Liquid Output | BWRLE0S.out

September 2017

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.

x| one

BWR GALE-3.0 (w3

Input File Name ] BWRGALE.in
Type of Analysis Browse I
M Gas GALE Version ANS 18.1 Version

S ~|

Output Files: 1984
Gas BWRGE.out
i 2016

Liquid BWRLE.out

Legacy Input

™ Read Legacy Input

Gas Input | BWRGEDS.inp

GasOutput  [BWRGEDS.out

Liquid Input | BWRLEOS.inp

Liquid Output | BWRLEOS.0ut

September 2017

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.

co
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GALE-BWR 3.0 General Reactor Parameters Window

Name of Reactor
Thermal Power Level
Total Steam Flow

Mass of Water in Reactor Vessel

Copper Tubing for Condenser?

Fraction of feedwater through condensate demineralizers I 1.0 fraction

Liquid Inputs

Gas Inputs

Run
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GALE-BWR 3.0 High Purity Waste Window and Calculator

s —
Liquid Radwaste Treatment System-

—

=)

High Purity Waste

Liquid Stream
! Flow Rate 3540
Activity of Inlet 0.15
Ll Stream '
|| —
) Decontamination Factors (DF)
Iodine DF 1e3
Cs and Rb DF 1e2
Other DF 183

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

gal/day
fraction of primary

Combine from
Various Sources

Pacific Northwest
MA RATO

ATIONAL LABO

F2

Prowdly Operated by BABENE Since 1965

'.

High Purity Waste: low electrical conductivity

2’

coolant activity

Waste Collection and Processing

Waste collection time
prior to processing

Waste processing

and discharge times
Average fraction of
wastes to be discharged
after processing

1
0.07 day!
0.01

days

Calculate |

Save |

Cancel |

\ 4

Equipment drains from;
Drywell

Reactor Building

Turbine Building

Radwaste Building
Auxiliary Building
Fuel Pool Building

Other

Ultrasonic resin deaner
overheads

Resin backwash

Transfer water

Filter backwash

Phase separator decant
liquid

Radwaste evaporator
condensate

Other

Total

Calculate |

ow Fraction of
Average Flow,  primary coolant
gallons/day Activity (PCA)

Use Values |
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GALE-BWR 3.0 Use

e GALE-BWR 3.0 High Purity Waste Window and Calculator (cont.)

——— 7 B
Liquid Radwaste Treati t Systs
Iqul iwaste lrea I'\‘I_EI'I )i Em- “ - u
High Purity Waste ILow Purity Waste I Chemical Waste I Regenerant Solutions Waste I Detergent Waste I
r~Liquid Stream
Flow Rate [25640] galfday Combine from ||
i i : y various sources P Waste collection time, and processing and discharge time calculation
Activity of Inlet IF fraction of primary |I P g g
U Stream ' coolant activity
i —Decontamination Factors (DF) ———— Waste Collection and Processing————————————————————— Wolume of collection tank I [ gallons
. Waste collection time I 1 4
Todine DF I 1e3 prior to processing ays Rate into collection tank gal/day
Caloulate
and discharge times v fl Are there redundant tanks? =
Other DF I 1e3 Average fraction of
wastes to be discharged IU'U:1 Limiting equipment flow capacity l— aljda
after processing of deanup process g Y
l I Wolume of final tank following deanup I gallons
Rate of addition waste into final tank I gal/day
Cancel Flow capadty of final tank discharge I gal/day
—I pump
L
Waste collection time prior to processing I days Calculate |
Waste processing and discharge time I days Use Values |

Rate of additional

Rate into waste into final tank
collectiontank | E

Collection Tank

Final Tank

Limiting
aquipmentflow
capacity

Flow capacity of
final discharge
pump

Cancel |
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GALE-BWR 3.0 Low Purity Waste Window and Calculator
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Liquid Radwaste Treatment System

=]

High Purity Waste| Low Purity Waste |}}wemica| Waste | Regenerant Solutions Waste | Detergent Waste

r~Liquid Stream
Flow Rate 5700
Activity of Inlet
Stream S

[~ Decontamination Factors (DF)

R

Iodine DF 1e3
Cs and Rb DF le4
Other DF 1e4

Low Purity Waste: moderate/high electrical conductivity

Floor drains from:

Drywell

Reactor Building

Turbine Building

gal/day Combine from _
fraction of primary Various sources L~
coolant activity

Waste Collection and Processing

Waste collection time
prior to processing

Waste processing
and discharge times

Average fraction of
wastes to be discharged
after processing

3.1 days
Calculate

P—

Save Cancel

Radwaste Building
Fuel Pool Building

Other

Uncollected valve and
pump seal leakoffs

Water resulting from
dewatering of slurry
wastes

Other

Total

Calculate

[l

A - Fraction of
VEerage FloWs - primary Coolant
gallons/day Activity (PCA)

| Use Values | Cancel
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GALE-BWR3.0Use

e GALE-BWR 3.0 Chemical Waste Window and Calculator

Liquid Radwaste Treatment System @ Chemical Waste: high conductivity & solids content @
) - ) ) - Flow Fraction of
High Purity Waste | Low Purity Wastq Chemical Waste §Regenerant Solutions Waste | Detergent Waste | g;lfc:gsg;%ayohr Primary Coolant
— Equipment drains from: Activity (PCA)
— i |

Liquid Stream | Laboratory drains | |
Flow Rate 600 galfday Combine from » Mon-detergent chemical
Activity of Inlet fraction of primary MR LIS ELLIEE decontamination wastes | |

0.02 o
Stream coolant activity
| Other
Decontamination Factors (DF) Waste CoIech’on and Processing | |
Waste collection time

Todine DF 1e3 3.1 days

prior to processing

w |
Waste processing ’057 days
1.0

Cs and Rb DF ie4
and discharge times
Other DF 1e4 Average fraction of
wastes to be discharged
after processing

Calculate | Use Values ‘ Cancel

Save Cancel
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GALE-BWR 3.0 Regenerant Solutions Waste and Detergent Waste Window

Liquid Radwaste Treatment System

=l

High Purity Waste | Low Purity Waste | Chemical Wastel Regenerant Solutions Waste lDetergent Waste

Liquid Stream
Flow Rate 1700

Decontamination Factors (DF)

L
Iodine DF le4
Cs and Rb DF 1e5
Other DF 185

gal/day

/

f
/

/

Waste Collection and Processing

Waste collection time a.4 days
prior to processing

Calculate
Waste processing 0,44 days

and discharge times

Average fraction of
wastes to be discharged Lo
after processing

Save

Cancel

Liquid Radwaste Treatment System

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

Detergent Waste Partiion Factor

| 1.0 fraction (0.0 for no laundry) |

I Save I Cancel
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GALE-BWR 3.0 Gaseous Radwaste Treatment System Window

Gaseous Radwaste Treatment System

Containment Building

Charcoal adsorbers
Req. Guide 1,140 Charcoal adsorbers? -

Removal effidency (Range 0 - 100) 90 o,

See Effidency Information Below

HEPA filters

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

Auxiliary Building

Charcoal adsorbers
Reg. Guide 1.140 Charcoal adsorbers? No -

Removal effidency (Range 0 - 100) o] oy,

See Effidency Information Below

HEPA filters

Reg. Guide 1,140 HEPA filters? No -
(No =0% Yes =99%)

Radwaste Building
Charcoal adsorbers
Reg. Guide 1. 140 Charcoal adsorbers? Mo -

Removal effidency (Range 0 - 100) 0.0 %,

See Efficency Information Below

HEPA filters

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

Charcoal Adsorbers Removal Effidency Information

Reg. Guide 1.140 Effidency ﬂ NUREG-0016 Efficiency |I

Turbine Building

Charcoal adsorbers
Reg. Guide 1.140 Charcoal adsorbers?

Remaval effidency (Range 0 -100)
See Effidency Information Below
HEPA filters

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

Gland Seal

Gland seal steam flow | 0.0 thousand Ib/hr
Gland seal holdup time | 0.0 hours

Iodine released from

condensor vent 0a fraction

Air Ejector Offgas

Air Ejector holdup time | 0,167 hours

Iodine released from

air ejector vent 1o fraction

Charcoal Delay System? Yes -

Kr Dynamic Adsorption Coeffident 105 amfg
¥e Dynamic Adsorption Coeffident | 2410 amnjg

Mass of Charcoal 43 thousand Ib

No

|

No

Save | Cancel

sl

Yo
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e GALE-BWR 3.0 Charcoal Adsorber Efficiency Windows

NUREG-0016, Revision 1 Charcoal Efficiency Information

Table 1-6 taken from NUREG-0018, Revision 1

Note: Recommended for use with GALESS

TABLE 1-6

ASSIGNED REMOVAL EFFICIENCIES FOR CHARCOAL ADSORBERS
FOR_RADIOIODINE REMOVAL

Activated Carbon® Removal Efficiencies”
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'Itl';ﬂe 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). )

=

Regulatory Guide 1.140, Revision 2 Charcoal Efficiency Information

Table 1 taken from Regulatory Guide 1.140, Revision 2
Note: Recommended for use with GALEOS

Table 1: Laboratory Tests For Activated Carbon

Activated Carbon® Maximum Assigned Acrivated Methyl Indide Penetrarion
Total Bed De[.)lhb Carbon Decontamination Acceptance Criterion for
Efficiencies Representative Sample
2 inches Elemental iodine 95% Penetration < 5% when tested in
accordance with ASTM D-3803-
‘Organic iodide 05% 1989 (Ref. 4)
4 inches or greater Elemental iodine 00 Penetration = 1% when tested in
accordance with ASTM D-3803-
Organic iodide 99% 1989 (Ref. 4)

* The activated carbon, when new, should meet the specifications of Regulatory Position 4.9 of this guide.

® Mfultiple beds. &.5., fovo 2-inch beds in series, should be frested 2 3 single bed of agzresate depth. [t i advantsgsous whea
series beds are located in separate housings and individually in-place leak tested. This ids in mixing the challenge agent and
contributes to the accuracy of the test results.

NOTES:

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

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

(3) This Table 1 provides acceptable decontamination efficiencies and methyl iodide test penetrations of used
activated carbon samples for laboratory testing. Laboratory tests are conducted in accordance with ASTM D3803-

1989 (Ref 4). Tests are conducted at a temperature of 30°C and relative humidity of 95%, except a relative humidity
of T0% is used when the air entering the carbon adsorber is maintained at less than or equal to 70% relative humidity.

(4) See Appendix A to ASME N309-1989 (Ref. 1) for the definition of a representative sample. Testing should be
performed at the frequencies specified in Regulatory Position 7.2 of this guide. Testing should be performed in
accordance with ASTM D3803-1989 (Ref. 4) at « temperature of 30°C and 2 relative humidity of 95% (or 70% with
humidity control). Humidity control can be provided by heaters or an analysis that demonstrates that the air entering
the carbon will be maintained less than or equal to 70% relative humidity.
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GALE-BWR 3.0 Use

[E=2 EoR ==
Torriin, Gt elan: caege s .
3es ANS18.1 version: 1084 *ixarssis
"=+ WodiFication to Fixed Paraneters Requested. Changes 1isted belom --o
plant capacity factor ecommended value:  0.8000 Requested value:  0.8700
EuR Sample R
THERMAL PORER LEVEL (MEGAWATTS) 3. 40000E+03
[ ] - FLANT CaP £.70000E 01
JoTaL STeAn n.w (aLLzon Les /i) 1050000€+01
L] VESSEL (MILLION LBS) 3.80000E-0L
CLEan P DEMINERAL TZER FLOW (MELLION L5/ i) 1730000601
COMDENSATE DONINERALIZER REGENCRATION TEAC Toavs) 5. 60000E+01
ERACTION FEED Wa UGH CONDENSATE DEMIN 1.00000E+00
REACTOR VESSEL WALGGEN CARRYOVER FACTER 1. 50000E-02
FRACTION FRACTION  COLLECTION DECAY
STREAM FLoW RATE O PCA DISCHARGED T TIME DECONTAMINATION FACTORS
(GAL/DAY) (mavs) (pavs) 1 s oTHERS o
HIGH PURITY WASTE 2.864006+04  1.30000E-01 1.00000E-02 1.00000E+00 7.0Q0O0E-02 1.00000E+03 1.00000E+02 1.00000E+03
LOW PURLTY WASTE 376000205 1 30080c-01 1'00000E:00 3 10000E.00 & 0O00OE-01 1.00000ES0] I.00000ESGs I.000DOELGA
CHEMICAL £100000:02  2.000006-02 1.00000£+00 3.10000£+00 6.00000c-01 1.00000£+03 1.00000E+04 100000404
RECENERANT SoLs  1.70000£+03 1.00000£:00 ©.40000E+00 4.40000E-01 1.00000E+04 1.000D0E+05 1.000DDE+0S
THOUSAND LBS,/HR) 0.00000E+00
CLAND SEAL HOLOUP TINE (O
CToR OFFGas MOLDUP TIME (MOURS)
CONTATNMENT BLDGIO0INE RELEA
PARTICULATE RELEASE ' Fmrmm
TURBINE BLOG  IODINE RELEASE FRACTIO
TICULATE ELCASE FRACTION
LN sEaL venT, "ooine
EJECTOR OFFGAS TODINE PF
AUKTCTaRY BLOG TODTWE RELEASE FRACTION
PARTICULATE RELEASE FRACTION
RADWASTE BLDG  100INE RELEASE FRACTIO
CLLATE ReLease FRACTION 1.00000E-02
THeRE TS A CHARCOAL DELAY S
TRTON HOLBUPTIE  (BAYE) | 2.668246400
KEnon waLouP TIME. (0AYS) 6l126246+01
KRYPTON DYNAMIC ADSORFTION COEFFICIENT (CM3/GH) 1105000E+02
KENGN DYNAKIC ADSORPTION COEFEICLENT(CM3/G4) 2,41000E403
MASS OF CHARCOAL(THOUSAND LBS) 4500008 101
BuR Sample
l GASEQUS RELEASE RATE l
COOLANT CONC.  CONTAIMMENT  TURBINE  AUX ano AR MECH VAT
NUCLIDE  (MICROCURTES/G) BLDG. BLOG. BLOG. LD, SEAL EIECTOR Pusp ToTAL
13 1.06133€-01  4.64851E-04 7.00361E-02 1.3JL3G5E-02 G6.27549E-03 0.00000E+00 0.0000QE-00 4.53183E-02 1.352326-01
. 7.498168-03 283916-03 4.94766E-01 9.28019E-02 4.43329E-02 0.0D00JE+00 0.0000JE+00 2. 99669E-01 9. J4834E-01
-3 RELEASED FROM TURBINE BLDG. VENTILATION SYSTEM 2.60000€+01
M3 BELEASED FROM CONTAIMMENT BLDC. VENTILATION SYSTEM 280000 :01
TOTAL H-3 RELEASED VIA GASEOUS PATHWAY 50
€-14 RELEASED VIA MAIN CONDENSER OFFGAS SYSTEM = Lo e
Ber sample
COOLANT CONC.  CONTAIMMENT  TURBINE AND atr MECH VAC
MUCLIOE  (MICROCURIES/G) BLOG. 8LOG. 8L0G. BLOG. SEAL EIECTOR PUMP. TOTAL
Ar 0.000006400 1. 500006401 0. 00000E+00 0. 00000€+00 0. 000006400 0. G0000K+00 2. 30000K+01 0. 00000K400 3. 43108€+01
KR-83M 5. 90000€ - 0.00000E+00 0.00000E+00 0.00000E+00 0. 00000E+00 0. 00000E+00 J00E+00  000000E+00 0. OODODE+00
K- 000003 1.00000E+00 5. S0000E01 3. 00000+ 0:000006+00 3. 00DOE00 0. 0OBOOES00 5. 11061Es01
KR~ 01000006400 0. 00000€+00 0. 00000K+ 0.000006+00 2.100006+02 0. 00000E+00  2.07502E+02
Ka- 3.300006-03  0.00000E+00 6.100006+01 2.0000DE+ 0.00000£+00 0. E+00 0.00000E+00 . J0000E+01
K 300005 - 1.000006+00 9.100006+01 3. 00000E+ 0.00000E+00 0. 00000E+00 0.00000E+00 9. 50000E+01
Xa- 2/100006-02  0.00000E+00 5.80000E+02 2.00000E+! 0. 00 0.000006+00 0.00000E+00 6,11 2
Xe-1314 - 30000 0.00000E+00 O. 0 0. 00000+ 0.00000E+00 5.00000E+00 O.00000E+00 4. 6866SE+00
XE-133 0 - 001 o 0 0. 00000+ 0.000005+00 00K +00 000% + 0
Xe-133 1.400006-03  2.70000€+01 1.50000€+02 8. 30000€+ {00000E+00 2. 30000E+01 1.30000E+03 1.80333€+03
XE-133  4.400008-03 0000E+01  4.00000E+02 4. 50000E + 0.00000E+00  0.00000E+00 0. DO00OE +0: +02
XE-135 3. 80000 - 30300006401 3. 300006402 9. 40000E+ 0100000E+00  0.0000DE+00  3.00000E+02 1237008403
XE-137 2.600006-02  4.50000£+01 1. 3 1.35000 €400 0.00000E+00 0.00000E+00 1.26300E+03
XE-138 1.500006-02  2.000006400 1.000006+03 600000+ 00000 /000006900 0 00000ES00 0. 00000ES00 1. 01000E+03
GASES 40000€+03
0.00000400 APPEARING IN THE TABLE INDICATES RELEASE IS LESS THAN 1.0 CI/YR FOR NOBLE GAS
ewr sanple
CONTAINMENT  TUNE MECH VAC.
BLOG. PP
5. 00000€-06
1 5. 000006700
2.
3.
'y
4
2.
7.
3l
7.
6
3 ¥
ow 2
4 3
4 b 5
2] i 0
7 5. 5
0 2. 8
1 7. 8 o. D0000E-00 1. 10000E-0 —
e
opyright
GALE V3.0
copyright (c) 2047 wuclear Regulatory Commissfon (WAC). This software was developed for the U.s. Nuclear Regulatory Commission under
Contract number NRC-HQ-60-14-0-0011.

This computer program was created as work sponsored by an agency of the United states goverrment. weither the united states government nor any
raof. O any of thele eplojess mikes any wdrramy. expressed of d, or assumes any legal 11ability or responsibility for any
B LA o R AL AR A Ry

a
hird party s use, or’the results of such use: of ‘any informat
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orsion: GALESG *
R R e e t Do

=]

ATTTCAtIon Lo Fixed Farameters Requested. changes 11sted below +o~
piant capacity Faccor Recommended value: _ 0.8000 Requested value: _ 0.8700

T
TremeaL power stu (uswuvs) 3.40000€+03
[ PLANT . 8.70000€-01
- TGTAL STEAM FLOW (MILLION LBS/MR) 1. 500006401
. MASS OF WATER IN REACTOR VESSEL (MILLION LBS) 3. 80000¢ -01
JcLEAN-UP DEMINERALIZER FLOW (MILLION LBS/HR) 130000 -01

TIME (DAYS)

1.00000€400

LIQUID WASTE INPUTS.
FRACTION FRACTIO! coLLECTION DECAY £
STREAM FLOW RATE OF PCA oTSchARGED TINg TIME DECONTAMINATION FACTORS
(GAL/DAY) (Davs) (0AYS) x oTHERS

IIGH PURITY WASTE 2.86400€+01  1.300006-01 1.00000c-02  1.00000£+00 70000003 1.00000£+03 1.00000€+02 1.00000€:03
Low PURITY WASTE 5170006403  1130000€-01 11000006400 3.100006:00 §100000€-01 11000006+03 110000 1.00000€+04
CREWTCAL "WASTL.  8.000006502  2.000006-07 1.000006500 3.10000€100 & 00000E-01 1.00000€103 1.00000E104 1:000006508
REGENERANT SOLS  1.70000£+03 11000006100 3.40000€:00 4 40000E-01 11000006504 1.00000€105 100000405

Castous waeTe TReUTS
D-STAL STEAM FLOW (THOUSAND LES/HR)

GLAND SEAL HOLDUP TIME (HOURS)

AIR EJECTOR OFFGAS MOLDUP TIME (MOURS)

CONTAINMENT BLDG IODINE RELEASE FRACTION
PARTICULATE RELEASE FRACTION

TURBINE BLDG I0DINE RELEASE FRACTION
PARTICUCATE RELEASE FRACTION

GLAND SEAL VENT,

AIR_£IECTOR orius zonn« 3

AUXILIARY BLOG INE RELEASE FRACTION
RTICULATE RELEASE FRACTION
RADWASTE BLDG ~ IODINE RELEASE FRACTION
ICULATE RELEASE FRACTION
THERE 15 A CHARCOAL DELAY ©

KRVPTON BYNAMIC. ADSORPTION CORFFICIENT (CM3 (M)
XENON_ DYNAMIC ADSORPTION COEFFICIENT(CM3/GM)
MASS OF CHARCOAL (THOUSAND LBS)

CONCENTRATION
IN PRIMARY - - ADIUSTED DETERGENT ToTAL
NUCLIDE  WALE-LIFE COOLANT HIGH PURITY  LOW PURITY CHEMICAL TOTAL Lws TOTAL WASTES,
(0AYS) (MICRO-CI/ML)  (CURIES) (CURTES) (CURTES) (CURTES) (€1/YR) (€1/YR) (c1/vR)
CORROSTON AND ACTIVATION PROOUCT:
N . 250 9. 91000€ -+ - 30000€-04 . 80000E-04 3
£ 00000€ - - 00000E - 04 04
© S0000€-04 . 01000€ - 3
- 00000E+ - 00000k - 4
. 90000€-04 - 00000k - 3
- 00000E -+ 8000 3
- 00000K + - 00000k - 5
£ 00000E - - O000OE - 53
© 00000E - -700006-04 2. 30000%-04 3
. 00000E + - O0000E 00
5 ~ 250006~ -03
. 20000€-04 ©10000E - 3
1 £ 0000K - 00000E - -04 04
1 - 00000€ - £ 00000€ - 5
£ 00000€-04 £ 60000€ 04 3 o
1 . 00000E - 00000€+ + 00000k - -04 04
+01 00000E - - 0000 - 04 D4
00000E+00 00000 + . 00000k + 5 5
© 00000E - 10000 +1 + 30000k - 4 ]
. 00000 + 00 - £ 00000k - 4 4
£ 00000K - 00000 + - 00000k - 4 4
£ 400006 -04 . 00000 001 4 .
1 00000€ -04 000006 + © 3000¢ 4 4
. 00000K + J0000E + . 00000€ +- 5
. 00000K + . 00000E + - 5
- 00000E + - 00DO0E + . 00000k + 5
©00000€ -04 £ 00000E - + 30000¢ - 3
| 00000E -04 00000E - © 20000¢ - ] 04
£ 00000 + 00000k + - 00000k - 5 04
00000 - 000€ + £ 00000k - o4 4
. 00000K + 000 + £ 00000k + 3 -
. 00000K + 000006 + . 00000k +-
. 00000K + 00000 £ 00000¢ -0%
. 00000E + . 00000€ + £00000¢ 5
+ 30000€ . 28500€ - £ 49000€ - 2
10000€ -04 00000€+ + 30000k - 04
00€ - e - * 30000¢ - 2 00000€400 1. 90000 -
£ 00000k 00000€ + £ 00000k - . 00000k + 1. 60000k -04
0006 - £ 00000¢ - £ 000006 - 94 1.100006-02 1 .10000k -
£10000€ -04 £ 00000¢ - +1000¢ 1 0.000006+00 4. 80000 -
£ 00000€ £0000K . 00000 + £ 0000¢ 5 3.700006-04 4. 300006
08 £ 00000& .~ 00000€ £ 00000K - 4 60000602 1. 60000E
9.86000¢ - 00000E - 00000€ + £ 00000k - 94 0. 00000K 1.00000€ -04
0€ - 00000E - 00000E + £ 00000k - 5 0.000006+ 9. 00000 -
4.00000¢ -04 00000E - - . 00000k - 110000604 1. J0000E -
0% - - 00000K + 5 - £ 00000k - 5 2.300006-04 2. BOOOOE-04
4. 98000% - 00000 - 00000¢ + . 00000 - 05 0.00000€+00  7.00000k -
3 06 - . 00000K + 4 . 000006 + 3 0.000006400  1.00000k -
4 g0000e . 00000k + 000006 + £ 00000¢ 3 0.000006400  4.00000k -
- 00000K + £ 00000€ + . 00000k 5 3.000006-03  3.900006
£ Grs0e" £ 30000€ 000006 3. 90000% 1:938006-03 3. 000006+ 1. 700006
TRITIUM RELEASE 5.100006401  CURIES PER YEAR

NOTE: 0.000006400 INDICATES THAT THE VALUE IS LESS THAN 1.06-5.

ALL OTHERS REFERS TO:
NI es

W wns made was mas mse voo  vow e
B 93M N8 OSm  zr 97 N8 97  TC 99 TC101  RNIOIM TCIO4  RMIOSM
O Wde” Aaid IR i A I
woMer Al i
"
o e 4

GaLE V3.0

Sopyright (o) 2017 wuclear megulatory Commission (MAC). This software was developed for the U.s. Nuclear Regulatory Commission under
ratt number NRC-1-60-14-5-0011.

This computer program was created as work sponsored by an agency of the United ctates goverrment. Neither the united States goverrme any
apency thereo (of thelr ‘enployees makes any wareanty. ‘sxpressad or impl{ed, or wssu eaa1 Mabi1tey or responabiiiey o "any’
ird party’s he results of Such'use, of any Th'6r Genarated by this program; or That (T3 use by suth third
Y Wouldl not SAFFinge privately owned rignis
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e BWR GALE Output 3.0.xls

GH®S ¢ RRD A= BWR GALE Output 30.ds [Compatibiity Mode] - Excet
BEDE rove | NSERT  PAGELAYOUT  FORMULAS  DATA  REVIEW  VIEW  ADAMS  ACROBAT SecurelP
‘T‘w D): z“‘ - Calibri A a  E=8%-  BwapTet Geneal = \P,_‘ ¥ MNomal2 Normal Bad ' :7:’
P-'s(e :'F::’mnhmt:v BIU- - DA F== EE EMege&Center - | $-% 2 BT FCO(::T::’;AI' Fo;;rb\‘ael-us Good Neutral [Caleulation |1 hs'eﬂ
Clipboard 0 Fomt & Alignment g Number T Styles
V15 E X v fx
4 A 8 e e e G H 1 3 K L ™M N o P a R
1 4
, GALE 3.0
3 B
4 BWR Output
5 | Gaseous Effluent Output _ Browse |D:\GALE\BWR_GALE Test\115£92017\BWRGE.out |
6 =
7 Read GE
8 Data
9
10 Iquuld Effluent Output Browse |D:\GALE\BWR_GALE_Test\115EP2017\BWRLE.out I
1
12 Read LE
13 Data
14
1]
16
17
13
19
20
21
22
23
24
25
26
27 'Copyright’
2 GALEV3.0
2
30 Copyright (c) 2017 U.S. Nuclear Reg: yC {NRC). This was developed for the U.S. Nuclear Regulatory Commission under
an Contract number NRC-HQ-60-14-D-0011.

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, or any of their ¥ makes any ¥, exp or implied, or any legal liability or responsibility for any

34
35 third party's use, or the results of such use, of any in or g by this progs orrep that its use by such third
party would not infringe privately owned rights.

| Read Output | Nobel Gas | lodine (gas) | Particulates (gas) Tritium and Others (gas) Liquid | ®
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GALE-PWR 3.0 Installation

Create a working directory and install the code package files

The working directory should contain the 3 data files, and an existing input
file if starting from a previous GALE 3.0 run. Otherwise the program will
set up and save the input file. This working directory may also contain the
spreadsheet for output visualization. The fixed-parameters file is optional.

| FoE =
(oo e

@Qv' b Libraries » Documents » GALE » GALE3D » GALE-PWR3D - .,' Search GALE-PWR 20 2

file Edit View Tools Help
Organize = Share with = Burn New folder = v ,J o

45r Faverites Documents library
B Desktop GALE-PWR 3.0
# Downloads g Name ’ Date modified Type

=, Recent Places
actinides.data

fission-products.data

4 5 Libraries -
1| GALE_PWR.exe 06/29/2017 1:30 PM Application

J S:::: - B caLesnico
= Pictures __| light-elements.data Eile
E Videas =" PWR GALE Qutput 3.0.xs ftE
__| PWhRficed- parameters.badt
7| PWRGALE.in

418 Computer
[

8 items




GALE-PWR 3.0 Fixed Parameters

GALE-PWR 3.0 Fixed Parameters File

™ W, e .
1L | <P

File Edit Format View Help

=&

||

Suser |
Plant Capacity Factor (GE and LE)

1 va]ue from Section 2.2.2 of NUREG-0017, Revision 1 (GALEBG Code)
PE_user=0.8& !plant capac1ty Factor (fract1on)

2 Coolant and Main Steam Radionuclide Concentrations (GE and LE)

E noble gas and iodine concentrations in reactor coolant and main steam (micro curies/g)
alues from Table 7 of ANSI/ANS-18.1-1984 (GALES6 Code)

nce-Through Steam Generator

Reactor coolant Main Steam

xPlo_userElg =1.6e-01, xPza_userél)=3.4E—08 ! KR-B5M
XPlo_user(2)=4, 3E-01, XP2o_user(2)=8, 9e-08 ! KR-85

XPlo_user (3)=1.5E-01, XP2o_user({3)=3. 0E-08 ! KR-B7

xplo_user543=2.85—01. xpzo_user§43=5.95—os ! KR-88

¥Plo_user(5)=7. 3E-01, ¥P2o_user({5)=1, 5e-07 I XE-131M
xPlo_user (6)=7.0eE-02, XP2o_user (6)=1. 5E-08 ! XE-133m
xPlo_userE?)=2'65+OO. XP2o_l useré 7)=3.4e-07 ! OXE-133
¥Plo_user (8)=1. 3E-01, XP2o_user(8)=2.7E-08 ! XE-135M
XPlo_user (9)=B. 5e-01, ¥PZ2o_user(9)=1. BE-07 ! XE-135
XPlo_user (10)=3.4E-02, XP2o_user(10)=7.1E-09 ! XE-137
xPlo_user(11)=1.2e-01, xP2o_user{ll)=2.5e-08 ! xE-138
xplo_userElZ)=4.5£—02. XP2o_l useré g=s 2E-08 ' I-131
XPlo_user(13)=2.1E-01, XP2o_user(l13)=2.4E-07 'I-132
XPlo_user (14)=1.4E-01, XP2o_user(l4)=l.6E-07 ! 1-133
xplo_user5153=3.4s—01, XP2o_l useré g=3 BE-07 1 1-134
xPlo_user(16)=2.66-01, XP2o_user(16)=3.0E-07 ! 1-135

13,13 Argon-41 Release (GE)
! value| from section 2.2.26 of NUREG-0017, Revision 1 (GALES6 code)
Ardl_user=34,0 tei/fyr

13,14 carbon-14 release (GE)
! value from Section 2.2.25 of NUREG-0017, Revision 1 (GALESG code)
Cl4_user=7.3 lci/fyr

13.15 pecontamination Factors for Condensate Demineralizers (LE)

! values from Section 2.2.18 of NUREG-0017, Revision 1 (GALES6 code)
DFCDI_user=10.0 tanion OF for Condensate pemineralizers
DFCDO_user=10.0 'other muclide oF for Condensate Demineralizers
DFCDCS_user=2.0 'cesium DF for Condensate Demineralizers

13,17 Releases of Radioactive material in Liquid waste from the Turbine Building Floor Drain System (LE)
! value from section 2.2.14 (Table 2-26) of NUREG-0017, Revision 1 (GALES6 code)
Tedrain_user = 7200.0 ! gal/day at main steam activity

13,19  source Term adjustments for anticipated Operational Occurrences (LE)
! va]ue from section 2.2.23 of NUREG-0017, Revision 1 (GALES6 code)
ed_user = 0.16 tadjustment is made to Tiquid radwaste source terms to account for aco (ci/yr)

m
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e GALE-PWR 3.0 Introductory Screen

PWR GALE-3.0 (23]

Input File Name | sliEeLIESN

Type of Analysis Browse

v Gas
S GALE Version ANS-18.1 Version
V' Liquid
Gt et |caEss | [1984 |
Gas ] PWRGE.out
Liquid [PWRLE.out
~Legacy Input

™ Read Legacy Input

Gas Input | PWRGEDS.inp

GasOutput | PWRGEDS.out

Liquid Input I PWRLEDS.inp

Liquid Output | PWRLEDS. out

Sptemer 2017

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.

o]




GALE-PWR 3.0 Use

Pacific Northwest

MNATIONAL LABORATORY

Prowdly Operated by BABENE Since 1965

e GALE-PWR 3.0 Introductory Screen Selecting GALE and ANS 18.1 Version

PWR GALE-3.0 (=3

Input File Name | PWRGALE.in

Type of Analysis Browse
v Gas
ANS-18.1 Version
¥ Liquid =
[o82 ]
Output Files: X =
ot
Liquid PWRLE. out
~Legacy Input

™ Read Legacy Input

Gas Input | PwRGEDS.inp

GasOutput [ PWRGEDS.0ut

Liquid Input | PWRLE0S.inp

Liquid Output | PWRLE0S.0ut

September 2017

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.

PWR GALE-30

Input File Name | PWRGALE.in

Type of Analysis Browse
v Gas
i GALE Version ANS-18. 1 Version
v Liquid
Output Files: l SALESS l] —ﬂ

1984
Gas PWRGE.out
Liquid PWRIEout L2216 |

Legacy Input

[~ Read Legacy Input

Gas Input | PWRGEDS.inp

GasOutput | PWRGE09.0ut

Liquid Input | PWRLE0S.inp

Liquid Output | PWRLEDS.out

September 2017

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.
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GALE-PWR 3.0 Use

e GALE-PWR 3.0 General Reactor Parameters Window
General Reactor Parameters E]@

Name of Reactor J |

Thermal Power Level MW (th)
Mass of Coolant in Primary System dlb

Primary System Letdown Rate gal/min
Read from File
Letdown Cation Demineralizer Flow Rate ‘_,_gaﬂ-hﬂﬁ’/ Q

Number of Steam Generators
Total Steam Flow illion lb fhr

ssand |
Mass of Liquid in Each Steam Generator tho db

Steam Generator Blowdown Rate and Blowdown Treatment Method /

=l
Type of steam generator v I f

What is the total blowdown rate? (Only Input for U-Tube) I thousand Ibfhr
Condensate demineralizer regeneration time I days
Fraction of feedwater through condensate demineralizers | fraction pm—

Liquid Inputs Gas Inputs Run | Cancel ‘




Pacific Northwest
NA

ONAL LA \TORY
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GALE-PWR 3.0 Use

e GALE-PWR 3.0 Shim Bleed Window and Calculator

e e s e S R @ Waste collection time, and processing and discharge time calculation @

. Volume of collection tank I | gallons
Shim Bleed IEquipment Drain Waste | Clean Waste | Dity Waste | Blowdown Waste Regenerant Waste | Detergert Waste
I I I I I Rate into collection tank I galfday
Liquid Stream Are there redundant tanks? I vl
Flow Rate galfday Limiting equipment flow capacity I I
of deanup process gaijday
v Volume of final tank following deanup I gallons
r~Decontamination Factors (DF) —————  ~Waste Collection and Processin
©n L 2 Rate of addition waste into final tank I galfday
lodneDF  [5e3 Waste collection time [225 days
[ | Calculate i > Flow capadity of final tank discharge I galfday
Cs and Rb DF | 2e3 Waste processing | 0.93 days! pump
and discharge times B
Other DOF 1e5 Average fraction of 01 Waste collection time prior to processing I days Calculate |
wastes to be discharged I
after processing Waste processing and discharge time I days Use Values |

Rate of additional

Rate into waste into final tank
’TI Tere] collectiontank |

Collection Tank

Final Tank

Limiting
equipmentflow
capacity

Flow capacity of
final discharge

pump
Cancel |




Pacifig quthwest_

ONAL LABO

GALEPWR3.0Use

e GALE-PWR 3.0 Equipment Drain Waste Window and Calculator

and discharge times

Caloulate
* | CsandRbOF 2e3 Waste processing 0.93 days Auxiliary Building
0.1

COther DF 1e5 Average fraction of Fuel Pool Building
wastes to be discharged '

after processing

Liguid Radwaste Treatment System @ Equipment Drain Waste @
i i i 1 | i Average Flow Fraction of
Shim Bleed IE'III-"IZ?I'I'IEI'It Drain Waste ICiean Waste | Dity Waste | Blowdown Waste | Regenerant Waste | Detergent Waste | I gd ' Primary Coolant
- : gallonsfday  activity (PCA)
| Equipment drains from:
Liquid Stream Drywel | |
Flow Rate 330 gal/day Combine from o L
Activity of Inlet fraction of primary Various sources o Reactor Building | |
0.97 .
Stream coolant activity -
Turbine Building | |

Decontamination Factors (DF) Waste Collection and Processing

) Waste collection time 225 e Radwaste Building | |
Todine OF &3 prior to processing b

Other

Total | |

Save Cancel Calculate | Use Values | Cancel




GALE-PWR 3.0 Use

e GALE-PWR 3.0 Clean Waste Window and Calculator

Liquid Radwaste Treatment Systemn

X5

" Shim Bleed | Equipment Drain Wastel Clean Waste IDirty Waste | Blowdown Waste | Fegenerant Waste | Detergent Waste |

Liquid Stream

Flow Rate 930
Activity of Inlet ’7
Stream 0.033

Decontamination Factors (DF)

Iodine DF 5e2
* Csand Rb OF 1e3
Other DF 104

Y

galfday Combine from

Pacific Northwest
MNATIONAL LABORATOR

Prowdly Operated by BABENE Since 1965

Clean Waste (deaerated or tritiated)

Average Flow,

gallons/day
Equipment drains from:

[l

Fraction of
Primary Coolant
Activity (PCA)

Waste stream A | |

fraction of primary Various sources

coolant activity

Waste Collection and Processing

’T days
0,13 days
0.1

Waste collection time
prior to processing

VWaste processing

and discharge times
Average fraction of
wastes to be discharged
after processing

Calculate

Save

Cancel

\ 4

Waste stream B |

Waste stream C |

Waste stream D |

Waste stream E |

Waste stream F |

Waste stream G |

Total |

Calculate | Use Value

s | Cancel
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NATIONAL LABORATOR

d ABOR

GALE-PWR 3.0 Use  ——=e-

e GALE-PWR 3.0 Dirty Waste Window and Calculator

and discharge times

Average fraction of Waste stream F |
wastes to be discharged L
after processing

Other DF

Caloulate
—*| Csand Rb DF 1e3 Waste processing 0.19 days- Waste stream E |
1l=4 0

Liquid Radwaste Treatment System = Miscellaneocus Dirty Waste (aerated or non tritiated) @
- . - ) ) ) Fraction of
Shim Bleed | Eguipment Drain Waste | Clean Waste ID"T)’ Waste IBIowdown Waste | Regenerant Waste | Detergent Waste | Average Flow, Primary Coolant
. ) gallons/day Activity (PCA)
‘ Equipment drains from:
Liquid Stream L Waste stream A | | |
Flow Rate 2100 gal/day Combine from >
Activity of Inlet .01 fraction of primary NSRS © Waste stream B | |
Stream ' coolant activity
Waste stream C | |

Decontamination Factors (DF) Waste Collection and Processing ¥

. Waste collection time 3.8 s Waste stream D
Iodine DF sed prior to processing iz | |

Waste stream G |

Total | |

Save Cancel Calculate

| Use Values | Cancel




gl

Pacifig Northwest_

NATIONAL LAE

Prowdly Operated by BAIENE Since 1965

GALE-PWR 3.0 Use

e GALE-PWR 3.0 Blowdown Waste and Regenerant Solutions Waste Window

=l

Liquid Radwaste Treatment System

==l

Liquid Radwaste Treatment System

Shim Bleed | Equipment Drain Waste | Clean Waste ] Dirty Waste | Blowdown Waste | Regenerant Waste | Detergent Waste |

Shim Bleed | Equipment Drain Waste | Clean Waste | Dirty Waste ] Blowdown Waste Detergent Waste |

Liquid Stream

Flow Rate 3400 gal/day

Fraction of Steam Processed | 1,

Decontamination Factors (DF) Waste Collection and Processing

Waste collection time

faduchty 1e3 prior to processing

Csand Rb DF | 122

Other DF 103

Waste processing

and discharge times
Average fraction of
wastes to be discharged
after processing

e —
o
—

day:

Save

Cancel

Decontamination Factors (DF)

Iodine DF Se2
Csand RbDF 1e3

Other DF 184

Waste Collection and Processing

Waste collection time
prior to processing

Waste processing

and discharge times
Average fraction of
wastes to be discharged
after processing

Ea
o

' }

days

Save Cancel
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Prowdly Operated by BAIENE Since 1965

GALE-PWR 3.0 Use

e GALE-PWR 3.0 Detergent Waste Window

Liquid Radwaste Treatment System @

Shim Bleed I Equipmert Crain Waste I Clean Waste I Diirty Waste I Blowdown Waste I Regenerant Waste | Detergent Waste

e i
Detergent Waste Partition Factor |[F'.ange 0.0- 1.U}| I 1.0 | fraction (0.0 for no laundry) |

Save Cancel
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GALE-PWR 3.0 Use

e GALE-PWR 3.0 Gaseous Radwaste Treatment System Window

Gaseous Radwaste Treatment System @ Gaseous Radwaste Treatment System @
Letdown System Heldup time for fission gases stripped from the primary coolant Letdown System Holdup time for fission gases stripped from the primary coolant
1 - continuous degassification of the full letdown ﬂod Haldup time for Xe [ g0 Gy Holdup time for Xe IED— days
Holdup time for Kr | 3.54 days tinuous fication of the full letdown flow Holdup time for Kr | 3,54 days
ontinuous purging of the volume control tank
Fill tme of Decay |0 days Fill ime of Decay |0 days
Tanks for the gas Tanks for the gas
stripper stripper
Containment building | Contzinment high volume purge } Containment low volume purge I Contsinment building | Containment high volume purge } Containment low volume purge ]
Waste Gas System Particulate Release | Fuel handiing buiding Auxiliary building | Waste Gas System Particulate Release ‘ Fuel handling buiding Auxiliary building |
HEPA filters HEPA filters
Reg. Guide 1,140 HEPA filters? Yes - Reg. Guide 1,140 HEPA filters? Yes -
(No = 0% Yes = 99%) (No = 0% Yes = 99%)
Todine Todine
Fraction of iodine released from 0 : Fraction of iodine released from 0 :
blowdown tank vent Frection blowdown tank vent FEzEn
Percent of iodine remaved from Percent of iodine removed from
Air Ejector release Ll % Air Ejector release 0 i
Save | Cancel Save Cancel




GALE-PWR 3.0 Use

Pacific Northwest_

JATIONAL L

Prowdly Operated by BAIENE Since 1965

e GALE-PWR 3.0 Gaseous Radwaste Treatment System Window (cont.)

Gaseous Radwaste Treatment System

Letdown System

1 - continuous degassification of the full letdown ﬂoj

Containment building |
I Waste Gas System Particulate Release

Containment high volume purge }

HEPA filters

Holdup time for fission gases stripped from the primary coolant

Holdup time for Xe | 50 days
Holdup time for Kr | 3,54 days
Fill time of Decay |0 days
Tanks for the gas

stripper

Fuel handling building

Containment low volume purge
Auiliary building

==

Iodine
Fraction of iodine released from
blowdown tank vent

Percent of iodine removed from
Air Ejector release

0 Fraction
0 %

Save |

Cancel

Gaseous Radwaste Treatment System

Letdown System

1 - continuous degassification of the full letdown ﬂnﬂ

Holdup time for fission gases stripped from the primary coolant

Holdup time for Xe | &0 days

Holdup time for Kr | 3,54 days
Fill time of Decay |0 days
Tanks for the gas
stripper
Containment building | Containment high vuluE purge ] Containment low volume purge ]
Waste Gas System Particulate Release Fuel handiing building |I Auxiiary building |

Charcoal adsorbers

Reg. Guide 1,140 Charcoal adsorbers?
(Mo = 0% Yes = 93%%)

Removal effidency (Range 0 - 100) a0
HEPA filters
Reg. Guide 1.140 HEPA filters? Mo -

(Mo = 0% Yes =99%)

Yes - 7

/ e | Reg. Guide 1.140 Efficency " MNUREG-0017 Effidency I

Todine
Fraction of iodine released from
blowdown tank vent

Percent of iodine removed from
Air Ejector release

o Fraction
-

Save Cancel
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GALE-PWR 3.0 Use

e GALE-PWR 3.0 Charcoal Adsorber Efficiency Windows

.
MUREG-0017, Revision 1 Charcoal Efficiency Information [ Regulatory Guide 1140, Revision 2 Charcoal Efficiency Information

Table 1 taken from Regulatory Guide 1.140, Revision 2
Table 1-5 taken from NUREG-0017, Revision 1 Note: Recommended for use with GALEDS

Mote: Recommended for use with GALESS

Table 1: Laboratory Tests For Activated Carbon

TABLE 1-5
Activated Carbon® Mazximum Assigned Acrivated Methyl Indide Penetration
ASSIGNED REMOVAL EFFICIENCIES FOR CHARCOAL ADSORBERS Total Bed Depth® Carbon Decontamination Acceptance Criterion for
FOR RADIOLODINE REMOVAL Efficiencies Representative Sample
2 inches Elemental iodine 5% Penetration <35% when tested in
b accordance with ASTM D-3803-
o a Removal Efficiencies Organic iodide 5% 1989 (Ref 4)
N Activated Carbon” Bed Depth for Radioiodine % 4 inches or greater Elemental iodine 0%, Penetration < 1% when tested in
accordance with ASTM D-3803-
. . . - - Organic iodide 99% 1989 (Ref. 4)
2 inches. Air filtration system designed to 90,
operate inside reactor containment ® The activated carbon, when new, should meet the specifications of Regulatory Position 4.9 of this zmde.
2 inches. Air filtration system designed to 70. v Multiple beds, e.g., fwo 2-inch beds in series, should be treated s 2 single bed of agzregate depth. It is advantageous when
operate outside the reactor containment and series beds are located in separate housings and individually in-place leak tasted.  This aids in mixing the challenge agent and

relative humidity is controlled at 70% confibutes o the sccuaey of e testrenlis

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

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

6 inches. Air filtration system designed to 99, (2) Organic iodide and elemental iodine are the forms of iodine that are expected to be absorbed by activated carbon.
operate outside the reactor containment and Organic iodide is more difficult for activated carbon to adsorb than elemental iodine. Therefore, the laboratory test to
relative humidity is controlled to 70% determine the performance of the activated carbon adsorber 1s based on organic iodide. Methyl iodide is the orgamic

form of iodine that is used in the laboratory test.

a (3) This Table 1 provides acceptable decontamination efficiencies and methyl iodide test penctrations of used
Multiple beds, e.g., two Z-inch beds in series, should be treated as a activated carbon samples for laboratory testing. Laboratory tests are conducted in accordance with ASTM D3803-
single bed of aggregate depth of 4 inches. 1980 (Ref 4). Tests are conducted at a temperature of 30°C and relative humidity of 95%. except a relative humidity

of 70% is used when the air entering the carbon adserber is maintained at less than or equal to 70% relative humidity.
The removal efficiencies assigned to HEPA filters for particulate (4) See Appendix A to ASME N509-1989 (Ref. 1) for the definition of & representative sample. Testing should be
removal and charcoal adsorbers for radioiodine removal are based on the performed at the frequencies specified in Regulatory Position 7.2 of this guide. Testing should be performed in
design, testing, and maintenance criteria recommended in Regqulatory accordance with ASTM D3803-1989 (Ref. 4) at a temperature of 30°C and 2 relative bumidity of 95% (or 70% with
Guide 1.140, "Design, Testing and Maintenance Criteria for Normal humidity control). Humidity control can be provided by heaters or an analysis that demenstrates that the air entering

Ventilation Exhaust System Air Filtration and Adsorption Units of the carbon will be maintamed less than or eqal to 70% relative humidity

Light-Water-Cooled Nuclear Power Plants" (Ref. 2).
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e GALE-PWR 3.0 Gaseous Radwaste Treatment System Window (cont.)

==

Gaseous Radwaste Treatment System

Letdown System Holdup time for fission gases stripped from the primary coolant

Holdup time for Xe |sn days

1 - continuous degassification of the full letdown ﬁnﬂ

Holdup time for Kr | 3,54 days
Fill tme of Decay |0 days
Tanks for the gas

stripper

Containment building | Containment high volume purge | Containment low volume purge

Waste Gas System Particulate Release | Fuel handiing building Auxiliary building
/'/’
Charcoal adsorbers //
Reg. Guide 1,140 Charcoal adsorbers? fes - //
(No = 0% Yes = 99%) ‘//
Removal efficency (Range 0 - 100) [=s] % | Req. Guide 1.140 Efficency ” NUREG-0017 Effidency
HEPA filters
Reg. Guide 1.140 HEPA filters? No hd| -+

(Mo = 0% Yes = 99%)

Todine
Fraction of iodine released from
blowdown tank vent

Percent of iodine removed from
Air Ejector release

0 Fraction
0 %o

Cancel

Save |

Gaseous Radwaste Treatment System

Letdown System

1 - continuous degassification of the full letdown ﬂoj

Containment free volume

Containment Internal Cleanup System

Charcoal adsorbers

Waste Gas System Particulate Release
_| Containment building || Containment high valume purge ‘

B PECT] million ft2

Holdup time for fission gases stripped from the primary coolant

Holdup time for Xe | 50 days
Holdup time for Kr | 3,54 days
Fill time of Decay |0 days
Tanks for the gas

stripper

Fuel handling building | Auiliary building

Containment low valume purge

Req. Guide 1,140 Charcoal adsorbers? Mo -
(Mo = 0% Yes =99%)
Removal effidency (Range 0 - 100) | a o | Reg. Guide 1,140 Efficency Il NUREG-0017 Effidency
HEPA filters
Req. Guide 1,140 HEPA filters? Mo -
—*| | (No =0%: Yes =33%)
Flow rate through internal deanup system | 0 thousand ft2/min
Iodine

Fraction of iodine released from
blowdown tank vent

Percent of iodine removed from
Air Ejector release

h Fraction
0 %

Save |

Cancel
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e GALE-PWR 3.0 Gaseous Radwaste Treatment System Window (cont.)

Gaseous Radwaste Treatment System

Letdown System

1 - continuous degassification of the full letdown ﬂoj

Holdup time for fission gases stripped from the primary coolant

==

Gaseous Radwaste Treatment System

Letdown System

1 - continuous degassification of the full letdown ﬂoj

Holdup time for fizsion gases stripped from the primary coolant

Waste Gas System Particulate Release |

Containment building

Holdup time for Xe | 50 days
Holdup time for Kr | 3,54 days
0 days

Fill time of Decay
Tanks for the gas
stripper

Fuel handling building |
| Containment high volume purge

Auiliary building
|| Containment low valume purge

Charcoal adsorbers

Reg. Guide 1.140 Charcoal adsorbers?
(Mo = 0% Yes = 99%)

Removal effidency (Range 0 - 100)

HEPA filters

Reg. Guide 1,140 HEPA filters?
(Mo = 0% Yes =99%)

‘“——#Number of purges per year

during power operations 0

/] =
1 Charcoal adsorbers —
/
‘fes - / Reg. Guide 1.140 Charcoal adsorbers? Yes -
| (Mo = 0% Yes = 99%)
{
a0 |5 I Req. Guide 1.140 Effidency I I NUREG-0017 Efficiency I Removal effidency (Range 0 - 100) %0 % I Reg. Guide 1.140 Effidency ]I NUREG-0017 Effidency I
12 HEPA filters
fes - Req. Guide 1,140 HEPA filters? Yes -
(Mo = 0% Yes = 99%)
do notinclude the 2 Continuous containment purge rate 1000 ft3/min 4
purges at shutdown

Iodine
Fraction of iodine released from
blowdown tank vent

Percent of iodine removed from
Air Ejector release

0 Fraction
0 %

Save |

Cancel

Waste Gas System Particulate Release ‘

Containment building |

Holdup time for Xe | g0 days

Holdup time for Kr

3.54 days
Fill tme of Decay |0 days
Tanks for the gas
stripper

Fuel handling building |

Auxiliary buiding

Containment high volume purge | G

ontainment low volume purge

Todine
Fraction of iodine released from
blowdown tank vent

Percent of iodine removed from
Air Ejector release

0 Fraction
0 %

Cancel

I Save I
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[
e GALE-PWR 3.0 Code Execution and Outputs
= GALE3.0 PWR o] - @3] 1
GALE-30
GALE-3.0 has completed.
Results are in
I » Computer » (C)Local Disk » Users » UT1 » MyDocuments » GALE » GALE3D » GALE-PWR3D viéy : P
file Edt Yiew Jools Help
Include ir Sharewith v Bum  Ne - 7]
# Downloads g
Recent Places

Libraries
* Documents

@' Music

b Pictures

Videos
B Rfced-parameters.bt
PWRGALE.in
& Computer )
PWRGE.out
& (C) Local Disk PWRLE
PWRLE.out

e (E:) CD Drive - Application Drive
o (F:) PRIVATE

tems
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GALE-PWR 3.0 Use

E=SEoN ==
TGALE verTon: GALERE TTTITIIIT -
- ANS-18.1 version: 1984 -
CITTON TO FINED PArameters REQUESTEd. CHanges TTSTE0 DETow Tor
lant eapacity factor kecommendad value:  0.8000 Requested value:  0.8700
S TR
THEmIAL owcR LEVEL (WEGamATTS)
[ FLaNT CanaCTy FacTo
- A5S OF PRIMARY COOLANT (THOUSAND LBS)
o PAIMARY SYSTEM LETOOWM RATE (GPHD
LETOOW CATION DEMINERALTZER FLoW (GP)
NLMEER OF STE s
TOTAL STEAM n.w ouu.xon Las/HR)
uass or Liouro STEAM GENERATOR (THOUSAND LES)
Chiolisang 1BS
CORDENSATE DEMINERALZER RERENERATION TIME (DAYS)
CONDENSATE DEMINERALIZER FLOW ERACTION
FRacTION FRacTION coLLecTION ecay
STREAM oF Pea DISCHARGED e TIvE DECONTAMINATION FACTORS
(Davs) (oavS) 1 s oTneRs
SHIM BLEED RATE 1.00000E/00  1.000006-01  2.26000C+01 9. 30000%- 5.900006+03 " 2.000006+03 1.000008105
EQUIPHENT DRAINS 70000 -
EAN WASTE_INFUT 91300008 -02
SERTY WasTES 000E-02
Lo H
UNTREATED BLOWDOWN ]
REGENERANT SOLS  3.400006+03 41700008400 5.000006:02 1.000006+03 _1.000006-0%
Gaseous wacTe TweuTe |
1  CONTINUOUS STRIPPING OF FULL LETOOMN FLow
Gas sTRIPEER (GPM) . 522026+
HOLDUP TIME FOR XEWON (DAYS) - 0000E +
TOLOUP TIME FOR KRVPTON. (DAYS) . 520006+
FILi TIer or DecAy TANKS [OR THE GAS STRIZPER (0AYS) . 600008+
PRIMARY COOLANT LEAK TO AUXILIARY BLDG (La - 60000E+
A A ST e TR icULATe RECEACE FRACTION - 00000 -
FUEL"ANGLE Bloe  ZODIWE RELEASE FRACTION © 00000 -
FARTICULATE RELEASE FRACTION N
AUXILIARY BLDG JODINE RELEASE ERACTION © 00000 -
PARTICULATE RELEASE FRACTION £ 00000E
NTATNMENT VOLUME (MILLTON FT3 171500840
TREQUENCY Or 'PRIary CooLaNT DegassING (Toves/vR) .
PRIMARY TO SCCONDARY LEAK RATE (L6,/0AY - 50000240
FRACTION mnm nw»ssm, CONDENSATE DEMINERALTZER . 50000E -
IODIME PARTT ACTOR ' (GAS/LIQUID) IN STEAM GENERATOR - 00000 -
FREGUENCY OF | ShT R Vol Fonct (rInEs vy £ 000008
CNTHT-NEH oL FURGESOOINE MELEASE FRACTION £ 00000E -
ATICULATE RELEASE FRACTION 0000E -
CNTMT LOW VOL PURGE RATE(CFM) © 00000E+
SNTMT Low VoL PURGE 10DINE RELEASE ERACTION © 00000 -
ULATE RELEASE FRACTION © 00000 -
STEAW LEAK TO TURBINE BLDG ) © 70000840
FRACTION TODINE RELEASED FRoM BLOMDOMN 3
PERCENT OF IODINE REMGVED FROM AZR EJECTOR RELEASE - 00000E + 00
sample pue
GASEOUS RELEASE RATE _ CURIES PER YEAR GASEOUS RELEASE RATE - CURIES PER YEAR
PRIMARY stconpaRy EUTLDING VENTILATION -
COOLAN ‘CooLANT --- - ELCwWooWN AIR_EIECTOR ToTAL
CRO-CI/GM) (MICRO-CI/GM) FUEL HANDLING REACTOR AUXILIARY TURBINE VENT OFFGAS EXHAUST

131 6316E-02 00€ -04 3.500006-03 0. 00000E+00 1000E -02
132 0966301 2 00008 03 0. 00000E+00
EEH 39188601 1730000603 0. 000008 +00
131 3.197596-01 3. 50000€-03 0. 00000€+00 3
135 2.59100E-02  547555€-07 2.60000€-04 0. 00000K+00

0. 00000K+00

1000006400 APPEARING IN THE TABLE INDICATES RELEASE 15 LESS THAN 0.0001 CI/YR FOR I

TOTAL -3 RELEASED VIA GASEQUS PATHWAY = 1,10000€+03 €I/YR
C-14 MELEASED VIA GASEQUS PATHWAY = 7,30000£+00 CI/YR

AR-41 RELEASED VIA CONTAINMENT VENT = 3.400008401 CI/YR

sanple pwr

| GASEOUS RELEASE RATE - CURIES PER YEAR l GASEOUS RELEAS
PRIMARY SECONDARY Gas LATION emmeeemeeoasl

LANT COOLANT —eae e eeaeaae T btelep el —eeeeee OWOOWN ATR EIECTOR TOTAL
(MICRO-CI/GM) (MICRO-CI/GM)  SHUTOOWN CONTINUOUS REACTOR AUXTLTARY TURBING VENT OFFGAS EXHAUST

E RATE - CURIES PER YEAR

1.122086-01  2.38634¢ . 00000€ +
- 00000 +
. 00000k +
. 00000k +

3. 300008+ 3,00000€ + 0. 00000E+00 0.00000K+00 1.00000€ +00 3.70000€+
1 5 7.

©053206-09
L44378c

1. 8000OE +

EARING IN THE TADLE INDICATES RELEASE 15 L0 CI/YR FOR NOBLE Gl

sample pwr
ATREORNG PARTICULATE BELEASE BATC-CURIES PER
LOING VENTILATION

WASTE GAS
SYSTEM

suonoo»
© B0000K -

$333933288

pyright
GALE v3.0

Copyright () 2037 Wuclear Regulatory Commission (WRC). This software was developed for the LS. Nuclear Regulatory Comnisiion under
Contract number NRC-HZ-60-14-B-

This (oﬂ!:uur program was creaved as work sponsored by an agency of the united states government. weither the uniced starss government nor any
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" GALE-PWR 3.0 Use

modification to Fixed parameters Requested. chanqes 1isted below
plant capacity factor recommended value Rrequested value: 0.8700
— —
p——
. P F %
. PRIMARY SYSTEM LE (GPm) 7. 50000€+
LETDOWN CATION MMX»A:RALKZE! FLOW (GPM) 7. 500006+
s v FEEE
TOTAL STEAM FLOW (Mn.n.xou LBS/HR) 1. S0000% +
B S ) e ey 1
MASS OF WATER IN STEAM GENERATORS (THOUSAND LBS) + SO000€+
RATE ('NOIISAND LBS/) m\) 7. 50000€+
PRIMARY TO SECONDARY LEAK RATE (LB 7. 50000€+
CONDENSATE nsnmumnsn nzasuuumu e (oays) 81400006+ L
SBiERRLE S iR
B TSRS ham
R S e e e L
T e VR, 4

SHIM BLEED RATE
SOUTPMENT ORATNS 3. 30000103
<

5 £+05
z 35000E 01 1. 00000€+05
1 00000€ +

1. 00000K +00 2 1
REGENERAN 3:50000+03 11000006-01  4:70000E+00  3.70000E-01  5.00000E+02 1.00000E+03 1.00000E+04

CONTINUOUS STRIPPING OF FULL LETOOWN FLOW
HOLDUP TIME FOR XENON (DAYS)
HOLDUP TIME FOR KRYPTON (DAYS)
FILL TIME OF DECAY TANKS FOR THE GAS £R_(0avs)
s STEM PARTICULATE mnsc FRacTon

AUXILIARY BLDG IODINE ReLease

ARTICULATE RELEASE FRACTION
CONTATMIENT voLuME (WILLION FT
FREQUENCY OF CNTMT BLDG HIGH VOL PURGE (TIMES/YR)
CNTMT-HIGH VOL PURGE IODINE RELEASE FRACTIO
ARTICULATE RELEASE FRACTION
CNTMT LOW VOL PURGE RATE
CNTMT LOW VOL PURGE I00INE Rew FRACT:

xwurs nuusa *PRacron

STEAM LEAK TO TURBINE "BLos (LBS/HR)
RACTION. TODING RELEASED FROM BLOWDOWN TANK VENT
PERCENT OF IODINE REMOVED FROM AIR EJECTOR RELEASE

0000E
IQUID EFFLUENTS
ANNUAL RELEASES 70 DISCHARGE CANAL
OOLANT CONCENTRATIONS

& ADIUSTED OETERGENT ToTAL
v BORON RS MISC. WASTES  SECONDARY TURE BLOG TOTAL Lws TOTAL
ML) (MICRO CI/ML)  (CURIES) (CuRTES) (CURIES) (cuRzEs) (curzEs) (€3/¥R) Cie (c1/¥R)

NUCLIOE  HALF-LIFE
(0avs)

c1/

NA - 00000¢ - . 00000€ - 1.14000€-03  0.00000E+00 1.10000E-
° 00 00000€ + . 00000k + 0.000006+00  1.80000E-04 1.B80000E-04
cr - 00000% - 0000 -~ 00000 - 500006-04  4.70000E-03 5.00000K -
[ © 000008 £ 00000 - 1.20000¢ - - 80000E O0OE -
FE . 00000E + 100000€+00 1. - © 00000 - 20000E-03 7. 30000E -
FE X . 00000E + . 00000E + 2..00000€ -+ © 20000€ - . 20000€ -
<o 0000E - 0 - 00000€ - 380000¢ £ 30000 - 3 -
<o . 00000€ + £ 00« 5. 00000€ - 40000€ - + 40000€ -
NI . 00000% + . 00000 + 6.00000€ + 1 70000€ ~ 7000 .
™ £ 00000K + - 00000 + 4.00000€ - 00000 + © 00000 -
Wi £ 00000% + 1. 0000OK - 8..00000€ - . 00000K+00 8. 00000 -
w239 10000% + 1 11100008 - 00000 +00 1. 10000k -04
FISSION
R 4 0 0.00000+ 1.00000€ . 00000 1. 00000K - 04
R 0 0 0. 00000k + £ 00000k 1. 00000K
£ i 0 0. 00K . 00000E+00 2. 000OOK -
¥ 91m 0 0. 00K . D0000K+00 1. 0000OK -
M 0 o £ 00000K-05 9. 00000K -
v 0 - 00000400 7. 00000 -
28 4 0 : :
o 4 0 0 5
MO 0 B 4
T 0 3 4
w1 5 4
RH10IM N 4
RUL 0 .
ML 7
AGL1OM 1
AG1 1
561 o 4
el 2.
Te1 2
el 0.0
el 1
n 4 i
TEL 1 s 4
1 3 B
1 10000k - 4 g
n £ 00000% - 0 2.1 % 4
cs1 £ 90000¢ -04 “0% il £ 200006
s © 1300 " 2. 100006
cs136 £ 00000¢ 0 3 © 30000k -
c5137 000K - 5 3 £ 00000 -
BAL37M © 700008 - 5 1. © 30000 -
BA140 £ 00000% - 5 9 £ 90000 -
LAL40 7. 00000k - 5 1 © 60000k -
ce141 0. 00000 + 0 1 10000K - 04
ce143 0 3 0. 00000 + 0 1 N 1. 10000k -04
PR1D 1 0 0 0! 0 1 5 0.00000E+00 1.00000k-0%
cias 2 3 210000 5 i 4 3.90000K-03 4. 20000k -03
pRIAA 2 +00 5 3 )4 0.00000£+400 3. 10000k -04
ALL OTHERS 1 0 0 o 0 0.00000k+ 00000k +00
TOTAL
CEXCEPT TRITIUM) 1.478306400  3.000006-05  2.16000€-03 1.000006-05  1.410006-01  1.331006-02 1.733106-01  #.07600K-02 2.60000K -01
TRITIUM RELEASE 2.80000€402  CURIES PER YEAR ’
NOTE: 0.000006400 INDICATES THAT THE VALUE IS LESS THAN 1,00000-05.

copyr ight
GALE V3.0

copyright (c) 2017 Muclear degulatory Commissfon (NAC). This software was developed for the U.5. Nuclear Regulatory Commissfon under
Contract number NRC-HQ-60-14-D-0011

(Program wag < & spon an Mgency of the united states government. Nefther the ynited state © nor any
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GALE-PWR 3.0 Use

e PWR GALE Output 3.0.xls

OHS ¢ BR_RDO & PWR GALE Output 30.ds [Compatibidty Mode] - Excel
BEXE oV | MNSERT  PAGELAYOUT  FORMULAS  DATA  REVEW  VIEW  ADAMS  ACROBAT  SecureZl®
i g‘ St Calibri ‘u A F=E ¥ | BwepTa Generat 0 [E ‘:_‘,'4 Normal 2 Normal Bad
Ll 3 Co - b L -
Pa-ste o szn panes | BAE W ={ E = Y- A - x 2 [EMoge&Center - | $- % 2 |23 éﬂm[ F?rr:v;'-:fs Good Neutral Calculation = f D]
Clipboard 3 Font o Alignment & Number n Styles
u23 P X v f
4| A B (> D | E F G H I 1 K L L N o P Q F
1 ']
: GALE 3.0
3 B
4 PWR Qutout
5 I Gaseous Effluent Output Browse |D:\GALE\PWR_GALE_Test\11SEP2017\PWRGE.out I
6
7 Read GE
8| Data
5|
10 l Liquid Effluent Output Browse |D:\GALE\PWR_GALE_Test\11SEP2017\PWRLE.out I
1n
12 Read LE
13 | Data
=l
15 4
16
17|
18
139 {
20 4
21
2
2|
24
5 g
% 4
27 sans sssssssssssss Copyrig sssssanas sassssass sae
23 GALEV3.0
23 {
30 Copyright (c) 2017 U.S. Nuclear Regulatory Commission (NRC). This software was developed for the U.S. Nuclear Regulatory Commission under
31 Contract number NRC-HQ-60-14-D-0011. [—
32
33 This computer program was created as work sponsored by an agency of the United States government. Neither the United States government nor any
34 agency thereof, or any of their employ makes any ¥, £Xp d or implied, or assumes any legal liability or responsibility for any
35 third party’s use, or the results of such use, of any information in or g by this program, or rep that its use by such third
36 party would not infringe privately owned rights.
37 wane

Read Output Nobeldas lodine (gas) 'Paniwhtes(gas) | Tritkmandotbersr(gas) Liqnnd 11 @
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Modeling Parameters: e
Summary

e Summary of Differences GALE 86 to GALE 09
e Use of the fixed parameters files

— BWRfixed-parameters.txt

— PWRfixed-parameters.txt
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GALE-BWR 86 to 09 Detail

Change # | GALE-BWR 86 to 09 Changes in Detail

1 Plant capacity factor was increased from 8.0E-01 to 9.0E-01 (80 to 90 percent).

5 Radioiodine release rates from various buildings during normal operations were
increased by multiplying by 1.125E+00.

3 Radioiodine release rates from various buildings during extended shutdown were
decreased by multiplying by 5.0E-01.

4 Carbon-14 release rate was decreased from 9.5E+00 Ci/yr to 1.07E+01 Ci/yr.

5 Unexpected release rate was decreased from 1.0E-01 Ci/yr to 1.4E-02 Ci/yr.
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™ AE TOF

NATIONAL L IORATORY

Prowdly Operated by BABENE Since 1965

GALE-PWR 86 to 09 Detail

Change # | GALE-PWR 86 to 09 Changes in Detail

1 Plant capacity factor was increased from 8.0E-01 to 9.0E-01 (80 to 90 percent).

2 Tritium release rate was decreased from 4.0E-01 Ci/yr/MWt1 to 2.7E-01 Ci/yr/MW1t

3 Argon-41 release rate was decreased from 3.4E+01 Ci/yr to 6.0E+00 Ci/yr

4 Carbon-14 release rate was decreased from 7.3E+00 Ci/yr to 5.9E+00 Ci/yr.

5 Unexpected release rate was decreased from 1.6E-01 Ci/yr to 1.6E-04 Ci/yr.

6 Condensate demineralizer DF for “Other Radionuclides” was changed from 5.0E+01 to

1.0E+01




Modeling Parameters:

Table 4-63 from NUREG-
0016, Revision 2 (Draft)
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Pacific quthwest _

Prowdly Operated by BaiEle Since 1965
°
BWRTIXxed-parameters.txt
[ ]
Table 4-63 BWRfixed-parameters.txt file modifiable parameters
Code Location in
Li Parameter GALE-BWR Default Values?
ine
Code
31 Plant Capacity Factor (fraction) GE & LE 8.0E-01
MNoble gases in reactor
GE main steam See Table 4-51
Radionuclide Concentration in Moble gases in reactor
32 Reactor Coolant and Main Steam GE water SOF Table 4-51
uCl'g) Halogens, Cs & Rb, and
LE Other Muclides in reactor | See Table 4-51
water
?CDHI;!;J Gas Releases See Table 4-2
[PHEEuUIate Releases See Table 4-2
MNoble Gas, Radioiodine, and
Particulate Releases from Building Reactor
33 Ventilation Systems Prior to 68 Building See Table 4-5
Treatment N
Radioiodine | Tyrbine
Releases Building See Table 4-4
(CilyriuCirg)
Radwaste
Building g See Table 4-6
Radioiodine Input Rate to Main
34 Condenser Offgas System (Cifyr) GE 6.08+00
Xe-133 (Cilyr) 1.3E+03
Xe-135 (Cilyr) 5.0E+02
a5 ;ﬂ:liga(;gndenser Vacuum Fump GE I-131 normal operations 4.9E+02
(Cilyr/uCiig) :
1-131 shutdown
(CUyruCilg) 11ED3
3 The default values are from Section 4.1.1 ({reference [3]) and Section 4.2 1 {reference [7]).
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°
BWRTIXxed-parameters.txt
[ ]
Table 4-63 BWRfixed-parameters.txt file modifiable parameters (cont.)
Table 4-63 from NUREG- .y Location
il L?n: Parameter GALE-BWR Default Values?
0016, Revision 2 (Draft) Code
PC for Xe and | 1.0E-04
T Cryogenic Distillation System GE PC for Kr 2 5E-04
Holdup time (d) 9. 0E+D1
Annual Releases in Untreated
3.9 Detergent Waste (Cifyr) LE See Table 4-30
Tritium activity in primary coolant
. 1.0E-02
(uCi'g)
Total tritium release (CilyrMAwt) 3.0E-02
3.10 Tritium Releases GE & LE Maximum fraction of tritium
released through liquid pathway 5.0e-0
Fraction of gaseous tritium
released from turbine building 5.08-01
Dynamic adsorption coefficient
for ambient temperature systems B.4E+00
an Argorn-41 Release (Cifyr} GE - - -
Dynamic adsorption coefficient 16E+D1
for chilled temperature systems )
312 Carbon-14 Releases (Cilyr) GE 9 5E+00
Source Term Adjustments for AOOs
313 3 LE 1.0E-01
(Cifyr)
3 The default values are from Section 4.1.1 (reference [3]) and Seclion 4.2 1 (reference [7]).




Modeling Parameters:
BWRfixed-parameters.txt

Example File

Pacific Northwest

MNATIONAL LABORATORY

Prowdly Operated by BABENE Since 1965

M | BWRfixed-parametersl.t<t - Notepad
File Edit Format View Help

Suser |

r3. Plant Capacity Factor (GE and LE)

) Section 2.2.2 of NUREG-0016, Revision 1 (GALE86 Code)

PF_user=0.9 | 'Plant Capacity Factor (fraction)
13.3 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% capacitg factor. will be adjusted based on actual capacity factor)
! values from Section 2.2.4 (Tables 2-8 through 2-9) of NUREG-0016, Revision 1 (GALE86 Code)
Igsacrar Building Turhine Buildinag Radwasre Ruilding
RN_user (1)=1. 3800401, RNT_user (1)=4.3000E+03, RNR_user (1)=5.2000e+00 'I-131 during operation

RN_user (2)=1.3800E+01, RNT_user(2)=4.3000E+03, RNR_user(2)=5.2000e+00 -133 during operation
RNS_userElg=2.6000E+OO. RNTS_userElg-2.1000E+02, RNRS_userEl§-7.0000E—01 31 during shutdown

A 2 NUREG-0016, Revision 1 (GALE86 Code)
AOIfixed_user=0.014 |[43djustment is made to liquid radwaste source terms to account for A00 (Ci/yr)

Send

RNS_user(2)=2.6000E+00, RNTS_user(2)=2.1000E+02, RNRS_user(2)=7.0000E-01] i uring shutdown
!3.'5.| M:in Condenser vacgum zumpb$e1ea§e (gE) § ( de)
! values from Section 2.2.7 and Table 2-26 of NUREG-0016, Revision 1 (GALE86 Code 11
o lser (1081136670 i Xerass i Modified Parameters
1Ci/yr Xe-1 R Wi
RNMVP_user (1)=550.0 |!Ci/yr/microcCurie/g I-13i{normal operations assuming-90% capacity. will be adjusted for actual capacity factor)
RNMVP_user (2)=550.0 i w/microcurie/g I-133(normal operations—assuming 90% capacitg. will be adjusted for actual capacity factor)
RNMVPS_user (1)=550.0|Tci/yr/microCurie/q I—131(shutgggn,2&sum1ng 90% capacity. will be adjusted for actual capacity factor)
wn

RNMVPS_user (2)=550.0] !Ci/yr/microcurie/g 1-133 assuming 90% capacity. will be adjusted for actual capacity factor)
'3.13 source Term Adjustments f Cipated operational occurrences (LE)
n 2.
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PWRfixed-parameters.txt

Table 4-62 PWRfixed-parameters.txt file modifiable parameters

* Table 4-62 from NUREG-

0 Lo Code Location in
0017, REV|S|On 2 (Draft) Line Parameter GALE-PWR Default Values®
Code
3 Plant Capacity Factor (fraction) GE & LE 3.0E-01
Once-Through Steam
GE Generator (noble gases See Table 4-43
& halogens)
332 Coolant and Main Steam U-tube Steam Generator
; Radionuclide Concentration (uCifg) GE (noble gases & See Table 4-42
halogens)
Primary and Secondary _
LE Coolant See Table 4-42
Normal
; &.0E-06
Containment Operation
Shutdown 3 2E-01
MNormal
Auxiliary operation | S-8E0T
_ . _— Building
Radioiodine release from Ventilation Shutdown 2 5E+00
33 Systems Prior to Treatment GE N I
i i omal
(CifyriuCifg) Fuel Handling Operation 3.8E-02
Building
Shutdown 9 3E-02
MNormal
Turbine Operation 3.8E+03
Building

Shutdown 4 2E+02

&  The default values are from Section 4.1.1 (reference [3]) and Section 4.2.1 (reference [7]).




Modeling Parameters:
PWRfixed-parameters.txt

Table 4-62 from NUREG-
0017, Revision 2 (Draft)
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Prowdly Operated by Balielie S

Table 4-62 PWRfixed-parameters.txt file modifiable parameters (cont.)
Code Location in
Line Parameter GALE-PWR Default Values?
Code
Containment See Table 4-8
Particulate release from Ventilation Auxiliary Building See Table 4-8
34 Systems Prior to Treatment GE
(Cifyr for each radionuclide) Fuel Pool Area See Table 4-8
Waste Gas System See Table 4-8
Primary coolant leakage to
awliary building (Ib/d) 1.66+02
45 | Noble Gas Releases from Buiding GE (g, okags o turbine bUldng | 4 7.0
. Ventilation Systems
Primary Coolant noble gas
inventory leakage to containment 3.0E-D2
building (fraction/d}
Containment Building Furge
36 Frequency ‘ GE & LE 2.0E+00
Primary System Volumes Degassed
37 per Year GE 2.0E+0DD
MNonvolatile PC for U-tube Steam
Generator 5.08-03
Radioiodine PC for U-tube Steam
. Generator 1.08-02
ag Steam _Generatut Partition LE
Coefficient Nonvolatile PC for Once-through | | oo oo
Steam Generator )
Radiciodine PC for Once-through
Steam Generator 1.08+00
Radioiodine Releases from the Air
39 Ejector Exhaust Prior to Treatment GE 1.7E+03
(CilyripCilg)
System operation time (h) 1.6E+01
Containment Internal Cleanup System mixing efficiency .
3.10 System GE (fraction) 7.0E-01
System particulate DF 1.0E+02
Annual Releases in Unireated
311 Datergent Waste (Gilyr) ‘ LE See Table 4-21
3 The default values are from Section 4.1.1 (reference [3]) and Section 4.2.1 {reference [7]).
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PWRfixed-parameters.txt

Table 4-62 from NUREG-
0017, Revision 2 (Draft)

Pacific quthwest _
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Table 4-62 PWRfixed-parameters.txt file modifiable parameters (cont.)
Code Location in
. Parameter GALE-PWR Default Values?
Line
Code

Tritium activity in primary coolant
(uCiiyn) 1.0E+00

312 Tritium Releases GE & LE Total tritium release (CifyrMwt) 4 0E-01
Maximum fraction of tritium 9 0E-01
released through liquid pathway :

313 | Argon-41 Release (Cifyr) GE 3. 4E+01

314 | Carbon-14 Release (Cifyr) GE 7.3E+00
Anion DF for Condensate
Demineralizers 1.08+01

) . Other Nuclide DF for Condensate

315 DFs for Condensate Demineralizers LE Demineralizers 1.0E+01
Cs DF for Condensate
Demineralizers 2.0e+00

Releases of Radioactive Material in
317 Liquid Waste from the Turbine LE 7.2E+03
Building Floor Drain System (galid)
319 Source Term Adjustments for AOOs LE 1 BE-01

(Ciiyr)

% The default values are from Section 4.1.1 (reference [3]) and Section 4.2.1 (reference [7]).

63



Pacufuc Northwest

Modeling Parameters: e
PWRfixed-parameters.txt

e Example File

| PWRfixed-parametersl b - Notepad = 1

File Edit Format View Help

Suser | -
Plant Capacity Factor (GE and LE)

3.1
1

section 2.2.2 of NUREG-0017, Revision 1 (GALEB6 Code)
Plant Capacity Factor (fraction)

| PF_user=0.9

in steam rRadionuclide Concentrations (GE and LE)
ine concentrations in reactor coolant and main steam (m1cr0 CUI"'IES g)
NSI/ANS-18.1-1984( GALESE Code)

13,2 coolant and
! GE_noble gas and i
! values from Table 6 o
! U-Tube Steam Generator
1
XP1lu_user (6)=8.0E-02

I 3.4 Particulate release from
'(in micro-ci/yr)
I values from Section 2.2.5 {(Table 2-

of N - . isi
._Lnn:.a.i.nmzn:_&m_].ding.lﬂz;xﬂﬁary mmﬁ\ 1 Pool Area
PCBP_user (8)=6.2E-03, BP_user (8)=2.9e-04 ‘\P{HB ~user(8)=8.0e-04,
T
13.9 Radiciodine Releases from ir Ejector Exﬁaua; 1or to Treatment (GE)
an_lli 8 (Table 2-22) a*ﬁﬂug_es 001? 1 (GALESS Code)
EJTfixed user = 2300.0 Lod fyr /pCi fg —
'3.13
1
Ard4l_user=16.0

waste Gas System

PGWS_user(8)=1.7E-05 I SR-90

Argon-41 release (GE) T
.26 of NUREG-0017, Revision 1 (GALEBS Coder—
'cifyr =

Modified Parameters

e e

!3.14 Carbon-14 Release (GE%

| M‘Uﬂﬂ R
cld user=5.9 !ci/yr “

13,19

M&m.?.l 23 -ef NUREG-0017,
AOIfixed_user = 0.00016]4 tadjustment is m

end

ev151on,LafGAL£86 Code)

——

o

Source Term Adjustments fDF”Eﬁt1C1patEd Dperat1onal occurrences (LE)

rRevision 1 (GALES86 Code)
ade to liquid radwaste source terms to account for A00 (Ci/yr)
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Sample Problems: e
Summary

PWR Sample Problem
BWR Sample Problem
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P?cmc Northwest

PWR Sample Problem Information®”

Basic Plant Information

Thermal power level 3400 MW(th)
Mass of coolant in primary system 550 thousand lbs
Primary system letdown rate 75 gal/min
Letdown cation demineralizer flow rate 7.5 gal/min
Number of steam generators 4

Total steam flow 15 million lbs/hr
Mass of liquid in each steam generator 112.5 thousand |lbs
Steam generator blowdown treatment Recycled after
method treatment

Type of steam generator U-Tube

Blowdown rate 75 thousand Ibs/hr

Condensate demineralizer regeneration time 8.4 days

Fraction of feedwater through condensate 0.65
demineralizers




P§C|flc Northwest
e

PWR Sample Problem Information®”
Liguid Waste — Shim Bleed

Parameter Value

Flow rate 1440 gal/day
lodine Decontamination Factor 5x103

Cs and Rb Decontamination Factor 2x103

Other Decontamination Factor 1x10°

Waste collection time prior to processing 22.6 days
Waste processing and discharge times 0.93 days

Average fraction of wastes to be discharged 0.1
after processing




P?cmc Northwest_

PWR Sample Problem Information?”
Liguid Waste — Equipment Drain Waste

Parameter Value

Flow rate 330 gal/day
Activity of Inlet Stream 0.97 fraction of PCA
lodine Decontamination Factor 5x103

Cs and Rb Decontamination Factor 2x103

Other Decontamination Factor 1x10°

Waste collection time prior to processing 22.6 days

Waste processing and discharge times 0.93 days

Average fraction of wastes to be discharged 0.1
after processing




P§C|fuc Northwest
e

PWR Sample Problem Information?”
Liguid Waste — Clean Waste

Parameter Value

Flow rate 980 gal/day

Activity of Inlet Stream 0.093 fraction of PCA
lodine Decontamination Factor 5x102

Cs and Rb Decontamination Factor 1x103

Other Decontamination Factor 1x104

Waste collection time prior to processing 5.7 days

Waste processing and discharge times 0.13 days

Average fraction of wastes to be discharged 0.1
after processing
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PWR Sample Problem Information?”
Liguid Waste — Dirty Waste

Parameter Value

Flow rate 2100 gal/day
Activity of Inlet Stream 0.001 fraction of PCA
lodine Decontamination Factor 5x102

Cs and Rb Decontamination Factor 1x103

Other Decontamination Factor 1x104

Waste collection time prior to processing 3.8 days

Waste processing and discharge times 0.19 days

Average fraction of wastes to be discharged 1.0
after processing
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PWR Sample Problem Information?”
Liguid Waste — Blowdown Waste

Parameter Value

Fraction of Steam Processed 1

lodine Decontamination Factor 5x10?
Cs and Rb Decontamination Factor 1x103
Other Decontamination Factor 1x10%
Waste collection time prior to processing 0 days
Waste processing and discharge times 0 days

Average fraction of wastes to be discharged 0
after processing
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PWR Sample Problem Information?”
Liguid Waste — Regenerant Waste

Parameter Value

Flow rate 3400 gal/day
lodine Decontamination Factor 5x102

Cs and Rb Decontamination Factor 1x103

Other Decontamination Factor 1x104

Waste collection time prior to processing 4.7 days
Waste processing and discharge times 0.37 days

Average fraction of wastes to be discharged 0.1
after processing




chf Northwe t
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PWR Sample Problem Information®”
Liguid Waste — Laundry

Parameter Value

Detergent Waste Partition Factor 1




PWR Sample Problem Information® ™"

Gaseous Waste — Building Vents

Parameter Value

Waste Gas particulate release

*HEPA? Yes

Fuel Handling building

*Charcoal adsorbers? Yes 90% efficient
*HEPA? Yes

Auxiliary Building

*Charcoal adsorbers? Yes 90% efficient
*HEPA? No

Containment Building

*Charcoal adsorbers? No

*HEPA? No

*Free volume 2.715 million ft3
*Flow rate through internal cleanup system 0 ft¥/min

e e
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PWR Sample Problem Information®”
Gaseous Waste — Containment Purges

Parameter Value

Containment large volume purge

*Charcoal adsorbers? Yes 90% efficient
*HEPA? Yes

Number of purges per year 2 at shutdown
Containment low volume purge

*Charcoal adsorbers? Yes 90% efficient
*HEPA? Yes

*Continuous purge rate 1000 ft3/min
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Gaseous Waste — Misc.

Pecmc Northwest
e

Parameter Value

Letdown System

Holdup time for Xe stripped from primary
coolant

Holdup time for Kr stripped from primary
coolant

Fill time of decay tanks for gas stripper

Fraction of iodine released from blowdown
tank vent

Fraction of iodine released from air ejector
release

Continuous
degasification of full
letdown flow

60 days

3.54 days

0 days
0.0

0.0
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BWR Sample Problem Information® "

Basic Plant Information

Parameter Value

Thermal power level 3400 MW(th)
Total steam flow 15 million lbs/hr
Mass of water in reactor vessel 0.38 million Ibs
Cleanup demineralizer flow 0.13 million lbs/hr

Condensate demineralizer regeneration time 56 days

Copper tubing for condenser No

Fraction of feedwater through condensate 1.0
demineralizers
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Liguid Waste — High Purity Waste

Parameter Value

Flow rate

Activity of Inlet Stream

lodine Decontamination Factor

Cs and Rb Decontamination Factor
Other Decontamination Factor

Waste collection time prior to processing

Waste processing and discharge times

Average fraction of wastes to be discharged
after processing

28640 gal/day

0.15 fraction of PCA
1x103

1x10?

1x103

1 days

0.07 days

0.01
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Liguid Waste — Low Purity Waste

Parameter Value

Flow rate

Activity of Inlet Stream

lodine Decontamination Factor

Cs and Rb Decontamination Factor
Other Decontamination Factor

Waste collection time prior to processing

Waste processing and discharge times

Average fraction of wastes to be discharged
after processing

5700 gal/day

0.13 fraction of PCA
1x103

1x10%

1x104

3.1 days

0.6 days

1.0
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Liguid Waste — Chemical Waste

Parameter Value

Flow rate

Activity of Inlet Stream

lodine Decontamination Factor

Cs and Rb Decontamination Factor
Other Decontamination Factor

Waste collection time prior to processing

Waste processing and discharge times

Average fraction of wastes to be discharged
after processing

600 gal/day

0.02 fraction of PCA
1x103

1x10%

1x104

3.1 days

0.6 days

1.0
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BWR Sample Problem Information®”
Liguid Waste — Regenerant Waste

Parameter Value

Flow rate 1700 gal/day
lodine Decontamination Factor 1x10%

Cs and Rb Decontamination Factor 1x10°

Other Decontamination Factor 1x10°

Waste collection time prior to processing 9.4 days
Waste processing and discharge times 0.44 days

Average fraction of wastes to be discharged 1.0
after processing
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BWR Sample Problem Information®"
Liguid Waste — Laundry

Parameter Value

Detergent Waste Partition Factor 1
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BWR Sample Problem Information® "

Gaseous Waste — Building Vents

Parameter Value

Containment Building

*Charcoal adsorbers? Yes 90% efficient
*HEPA? Yes

Auxiliary building

*Charcoal adsorbers? No

*HEPA? No

Radwaste Building

*Charcoal adsorbers? No

*HEPA? Yes

Turbine Building

*Charcoal adsorbers? No

*HEPA? No




-
BWR Sample Problem Information® "
Gaseous Waste — Turbine Systems

Parameter Value

Gland Seal
*Gland seal steam flow 0.0 Ibs/hr
*Gland seal holdup time 0 hrs

*Fraction iodine release from condenser vent 0

Air Ejector Offgas

*Air Ejector holdup time 0.167 hrs
*Fraction iodine released from air ejector 1.0

vent

*Charcoal delays system? Yes

*Kr dynamic adsorption coefficient 105 cm?¥/g

*Xe dynamic adsorption coefficient 2410 cm?/g
*Mass of charcoal 48 thousand Ibs
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Users Group

e GALE Website Demonstration

* GALE Training

— GALE training will be available at annual RAMP users group meeting to RAMP
members

— Onsite training is available under contract

e Member Presentations

— As membership grows, members are encouraged to give presentations of
activities with GALE at RAMP users group meeting

* Technical Support

— Limited technical support is available to RAMP members by e-mailing
* kenneth.geelhood@pnnl.gov

e david.colameco@pnnl.gov
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GALE Website

e Main Welcome Page
— Download the GALE Code
— GALE Documentation

* Technical Documents
* User’s Guide

* Code Change Logs
* SQAP - V&V Testing

— GALE Training and Presentation Materials

— GALE Support
* Forum
* FAQ
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GALE Website Main Welcome Page

e GALE Website https://www.usnrc-ramp.com/GALE
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GALE Overview

CATEREMICATON The Gaseous and Liquid Effluents (GALE) series of codes consists of four codes that calculate the gaseous

and liquid effluent releases from pressurized-water reactors (PWRs) and boiling-water reactors (BWRs).
These are:

REGISTER FOR THE GALE CODE
Pressurized-water reactor liquid effluent (PWRLE)
Pressurized-water reactor gaseous effluent (PWRGE)
Boiling-water reactor liquid effluent (BWRLE)
Boiling-water reactor gaseous effluent (BWRGE)

GALE DOCUMENTATION

A G G o

GALE SUPPORT

This Fortran-based code uses a combination of input data and hardwired parameters to calculate the source
term of radionuclides generated by a nuclear power plant during routine operation. Parameters that vary from
plant to plant are treated as “inputs”; GALE asks the operator for input values on each run. Hardwired
parameters are plant characteristics that are assumed to be the same for all reactors. GALE is maintained at
the Pacific Northwest National Laboratery (PNNL) under contract for the U.S. NRC Office of Research.

GALE-86 - This version of the code is based upon the reactor coolant source term (tables and adjustment
equations) described in the ANSI/ANS-18.1-1984 and the hard wired parameters discussed in NUREG-0017,
Revision 1 for GALE-PWR 86 and NUREG-0016, Revision 1 for GALE-BWR 8&6.

GALE-08 - PNNL modified GALE-86 to use the tables and adjustment equations described in ANSI/ANS-
18.1-1999, updates in liquid radioactive waste processing in ANSI/ANS-55.6-1993 (2007R) and iodine
removal efficiencies in RG 1.140, Revision 2 (GALE-BWR 08 & GALE-PWRO0 08)

GALE-09 - PNNL performed a review of recent reactor operational experience and recommended updates
(PNNL-18150 and PNNL-18957) to the GALE-08 code. The following changes were made to GALE-08
hardwired parameters in GALE-09:

Plant capacity factor was increased from 0.8 to 0.9 (GALE-PWR 08 & GALE-BWR 08).
Tritium release rate was decreased from 0.4 Ci/yr/Mwt to 0.27 Cifyr/Mwt (GALE-PWR 08).
Argon-41 release rate was decreased from 34 to 6 Ci/yr (GALE-PWR 08).

Carbon-14 release rate was decreased from 7.3 to 5.9 Cifyr (GALE-PWR 08).
Unexpected release rate was decreased from 0.16 to 1.6E-04 Ci/yr GALE-PWR 08).
Condensate demineralizer DF for “Other Radionuclides” was changed from 50 to 10 (GALE-PWR 08).
Radioiodine release rates from various buildings during normal operations were increased by
multiplying by 1.125 (GALE-BWR 08)

Radioiodine release rates from various buildings during extended shutdown were decreased by

VYYVYVYYY

v
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GALE Overview

GATEINAVIGATIGN The Gaseous and Liquid Effluents (GALE) series of codes consists of four codes that calculate the gaseous

and liquid effluent releases from pressurized-water reactors (PWRs) and boiling-water reactors (BWRs).
These are:

DOWNLOAD THE GALE CODE
¥ Pressurized-water reactor liquid effluent (PWRLE)
GALE DOCUMENTATION » Pressurized-water reactor gaseous effluent (PWRGE)
» Boiling-water reactor liquid effluent (BWRLE)
GALE TRAINING & PRESENTATION » Boiling-water reactor gaseous effluent (BWRGE)

WMATERIALS This Fortran-based code uses a combination of input data and hardwired parameters to calculate the source

term of radionuclides generated by a nuclear power plant during routine operation. Parameters that vary from

GALE SUPPORT plant to plant are treated as “inputs”; GALE asks the operator for input values on each run. Hardwired
parameters are plant characteristics that are assumed to be the same for all reacters. GALE is maintained at
the Pacific Northwest National Laboratory (PNNL) under contract for the U.S. NRC Office of Research

GALE-86 - This version of the code is based upon the reactor coolant source term (tables and adjustment
equations) described in the ANSI/ANS-18.1-1984 and the hard wired parameters discussed in NUREG-0017,
Revision 1 for GALE-PWR 86 and NUREG-0016. Revision 1 for GALE-BWR 86.

GALE-08 - PNNL modified GALE-86 to use the tables and adjustment equations described in ANSI/ANS-
18.1-1999, updates in liquid radioactive waste processing in ANSI/ANS-55.6-1993 (2007R) and icdine
removal efficiencies in RG 1.140, Revision 2 (GALE-BWR 08 & GALE-PWRO 08)

GALE-09 - PNNL performed a review of recent reactor operational experience and recommended updates
(PNNL-18150 and PNNL-18957) to the GALE-08 code. The following changes were made to GALE-08
hardwired parameters in GALE-09:

¥ Plant capacity factor was increased from 0.8 to 0.9 (GALE-PWR 08 & GALE-BWR 03).

¥ Tritium release rate was decreased from 0.4 Ci/yr/Mwt to 0.27 Cifyr/Mwt (GALE-PWR 08)

» Argon-41 release rate was decreased from 34 to 6 Ci/yr (GALE-PWR 08).

¥ Carbon-14 release rate was decreased from 7.3 to 5.9 Cilyr (GALE-PWR 08).

¥ Unexpected release rate was decreased from 0.16 to 1.6E-04 Cifyr GALE-PWR 08).

# Condensate demineralizer DF for “Other Radionuclides” was changed from 50 to 10 (GALE-PWR 08).
# Radioiodine release rates from various buildings during normal operations were increased by
multiplying by 1.125 (GALE-BWR 09).

Radioiodine release rates from various buildings during extended shutdown were decreased by

v
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e GALE Website https://www.usnrc-ramp.com/Ramp-Code-
Download/5/Code/GALE%20Code
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GALE Code Download Page

GALE NAVIGATION GALE 2.0 can be installed on Windows 7.0 and later operating systems. Download the GALE 2.0.zip file
below to your computer.

DOWNLOAD THE GALE CODE File description Link to the file
GALE DOCUMENTATION EUERIR20ETR B Pwr GALE2 0.2ip
GALE-BWR 2.0 Code [ Bwr-caLE2 0zip
GALE TRAINING & PRESENTATION
MATERIALS GALE-2.0 Quick Start Guide GALE-2.0 Quick Start Guide pdf
GALE SUPPORT To run the code, the user should unzip the files and copy the files to their computer and set up a working

directory. The working directory should contain the 2 executable files (.exe) the 3 data files (.data), and an
existing input file (.in) if starting from a previous GALE-2.0 run. Otherwise the program will set up and save
the input file. This working directery may also contain the spreadshest file (.xls) for output visualization. The
executable does not have to be in the working directory, however, it may be in this directory.

The RAMP and GALE Development Teams strongly encourage the GALE users to completely review and
follow the GALE-2.0 Quick Start Guide (PDF) while installing GALE 2.0 to ensure error free installation of the
code. Additionally, a list of changes to GALE 2.0 can be found under the GALE Change Log link.
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e GALE Website https://www.usnrc-ramp.com/content/gale-
documentation-page
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GALE Documentation Page

GALEAVIGATION » GALE Technical Documents
» GALE User's Guide
DOWNLOAD THE GALE CODE » GALE Code Change Logs

» GALE SQAP - V&V Testing
GALE DOCUMENTATION

GALE TRAINING & PRESENTATION
MATERIALS

GALE SUPPORT
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GALE Technical Documents Download Page

GALE NAVIGATION MODELS AND METHODS
File description Link to the file
DOWNLOAD THE GALE CODE N
GALE-2.0 BWR: A Computer Code for the Calculation of Releases of Radioactive Materials in GALE-2.0-BWR-v1-
Gaseous and Liquid Effluents from Boiling Water Reactors - Technical Basis Document(Draft) DRAFT_Tech-Basis-cw_draft pdf
GALE DOCUMENTATION - -

GALE-2.0 PWR: A Computer Code for the Calculation of Releases of Radioactive Materials in GALE-2.0-PWR-v1-

GALE TRAINING & PRESENTATION Gaseous and Liquid Effluents from Boiling Water Reactors - Technical Basis Document(Draft) DRAFT_Tech-Basis-cw_draft pdf

MATERIALS
TECHNICAL REFERENCES

GALE SUPPORT

File description Link to the file

NUREG-0800 Chp 9.3.4 Revision 3

NUREG-0800 Chp 9.3 4 Revision 3 (MLO70160660) (MLOT0160660) pdf
! p

NUREG-0500 Chp 9.3.5 Revision 3

NUREG-0800 Chp 9.3.5 Revision 3 (MLO70680186) (MLO70680186) pf

NUREG-0500 Chp 9.4.1 Revision 3
(MLO70550045) paf

NUREG-0800 Chp 9.4.1 Revision 3 (MLO70550045)

NUREG-0800 Chp 9.4.2 Revision 3

NUREG-0800 Chp 9.4.2 Revision 3 (MLO70550038) (MLO70550038) pett
M p

NUREG-0800 Chp 12.3-12.4

NUREG-0800 Chp 12.3 -12 4 Revision 5 (ML13151A475) Revision 5 (ML13151A473) pd?
evision 5 (M p

NUREG-0016 - CALCULATION OF RELEASES OF RADIOACTIVE MATERIALS IN
GASEOUS AND LIQUID EFFLUENTS FROM BOILING WATER REACTORS (BWR-GALE
CODE)

GALE-BWR NUREG-0016 Revision
1.pdf

NUREG-CR-0140.pdf NUREG-CR-0140.pdf

NUREG-0017 - Calculation of Releases of Radioactive Materials in Gaseous and Liquid GALE-PWR NUREG-0017 Revision
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GALE User Guide Download Page

GALE NAVIGATION Esidsscnkion Link to the file
GALE-2.0 BWR User's Guide(Draft)

GALE_2.0_BWR_Users_Guide(draft) pdf

DOWNLOAD THE GALE CODE GALE-2.0 PWR User's Guide(Draft)

GALE_2.0 PWR_Users_Guide(draft).pdf

GALE DOCUMENTATION

GALE TRAINING & PRESENTATION
MATERIALS

GALE SUPPORT
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GALE Change Logs

GALE NAVIGATION
GALE 2.0 Change Log

DOWNLOAD THE GALE CODE
Released June 30, 2015

GALE DOCUMENTATION
GALE 2.0 Graphical User Interface (GUI):

GALE TRAINING & PRESENTATION
MATERIALS % Read more

'
Download a printer friendly version of the change log summary

GALE SUPPORT

GALE-09 - Internal Release for Tesing
Released November 1, 2009
Boiling Water Reactor Gaseous Effluent (BWRGE) Subprogram:

* Read more

!
Download a printer friendly version of the change log summary

GALE-08 - Internal Release for Tesing

Released June 4, 2008

Boiling Water Reactor Gaseous Effluent (BWRGE) Subprogram:

% Read more
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GALE SQAP -V&V Testing

SOFTWARE QUALITY ASSURANCE PLAN (SQAP) & CONFIGURATION MANAGEMENT &
MAINTENANCE PLAN (CMMP)

The table below provided a list of the GALE SQAP and GALE CMMP which describe the software quality
assurance (SQA) activities and configuration management and maintenance plan that will be followed
during the course of software development and deployment of releases to the GALE code.

File description

Software Quality Assurance Plan for the Support of the Gaseous and liquid Effluent (GALE) Computer
Code Project (PNNL-242249)

Configuration Management & Maintenance Plan Support for the Gaseous and Liquid Efluent (GALE)
Computer Code Project (PNNL-24250)

NUREG-BR-0167 (ML012750471).pdf

GALE Validation & Verification (V&V) Testing

Link to file
GALE SQAP PNNL-24249 Rev
0.paf

GALE CMMP PNNL-24250
Rev 0.pdf

NUREG-BR-0167
(MLO12750471).pdf

The following GALE test reports document the verification testing performed by the GALE Development

Team (GDT) to demonstrate the consistency of the GALE output files.

File description Link to file

GALE-2.0 Verification Report (Draft)

GALE Code Benchmarking and “In-Kind” Reports

The table below provides a list of technical benchmarking studies which compare the output calculations

GALE-2.0 Verification Report (Draft). pdf
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GALE Training & Presentation Materials Download Page

GALE NAVIGATION GALE Training Presentations

These presentations can be used for self-study or reference.

DOWNLOAD THE GALE CODE

File description Link to the file
GALE DOCUMENTATION May 2017 GALE Training GALE Training (May 2017).pdf
October 2015 GALE Training GALE Training (Cctober 2015).paf

GALE TRAINING & PRESENTATION
MATERIALS

GALE SUPPORT
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GALE Support

Please start by reviewing the following links for answers to your questions regarding the GALE software.

» GALE Forums
» Frequently Asked Questions (FAQs)

If you cannot find answers to your questions here or in the GALE Forum, please submit a suppert request on
the GALE Support Request Page.
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B SsES: SRS = o) ]
e@@ hitps:/ /i usnrc-ramp.com/forums/ gzle-forum i ‘ [E GALE Forum | RAMP Website ‘ ‘ o 5

% @HConvert = fiSelect

CODES ~ MEMBERSHIP ~ MEETINGS ~ ABOUTUS ~

WELCOME! DAVID COLAMECO
LOG OUT

GALE Forum

GALE NAVIGATION # Subscribe to this forum
» You are not allowed to post new content in the forum

DOWNLOAD THE GALE CODE Topic Replies Last reply
General Usage Questions

GALE DOCUMENTATION ~ i 4 monihe 1 o na

GALE TRAINING & PRESENTATION [ EN e I 0 .
MATERIALS SOl Y
Error (Bug) Reporis

-] e 0 na
GALE SUPPORT By admin 4 months 1



https://www.usnrc-ramp.com/gale-training-persentation-materials-download-page

Pacific Northwest

NATIONAL LABORA

OfRY

Prowdly Operated by BABENE Since 1965

GALE Website FAQ Page

e GALE Website https://www.usnrc-ramp.com/fag-page/116#t116n2916

B SeEaes SSES = [E=SEEN =
e Q@ hitps://www.usnrc-ramp.com/faq-page/1162t1 1602016 o-ac ‘ (& Frequently Asked Question.. ‘ ‘ )

% @HConvert = iSelect

WELCOME! DAVID COLAMECO
LOG OUT

| RAMP | HOME CODES ~ MEMBERSHIP ~ MEETINGS ~ ABOUTUS ~
= )

Frequently Asked Questions (FAQ) - GALE

GALE NAVIGATION GALE Installation FAQs
DOWNLOAD THE GALE CODE 1. What type of computer do | need to run GALE?
The GALE software can be installed on computer running the Windows 7 or later operating system
GALE DOCUMENTATION and requires about 5.5 MB of disk space.

GALE TRAINING & PRESENTATION

2. How much computer disk space does GALE need to install?
MATERIALS

The GALE software installation requires about 5.5 MB of disk space

GALE SUPPORT

3. Will GALE run on a Mac or MacBook Pro?

Yes, although GALE was not developed for the OS X operating system some users have run GALE
on Macs in a Windows emulator or virtual machine. However, there is no technical GALE support for
this type installation.

4. What do | do if | can't get GALE to install correctly?
Verify that the “GALE 2.0 Quick Start Document” (PDF) was followed. If the installation error still
persists then:

- RAMP Members — submit a GALE help request by logging into the U.S NRC RAMP website and
selecting the “GALE Support Request” navigation link.

GALE Distribution FAQs
General GALE Usage
GALE Code Error (Bug) Report
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ANS-18.1 Summary

 Scope and History of ANS-18.1
 Use of ANS-18.1 in GALE

* Restart of ANS-18.1 Working Group in 2015
— Near term plans

— Long term plans
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Scope and History of ANS-18.1

* Scope

— Provides primary and secondary coolant concentrations of various
radionuclides

— Provides methodology to scale nuclide concentrations based on reactor
parameters

* History
— ANS-18.1 (1984) — used in GALE86
— ANS-18.1 (1999) — used in GALEO8 and GALEO9
— ANS-18.1 (1984, 1999, 2016) used in GALE 3.0 as chosen by user
— Standard considered delinquent after 10 years with no update or reaffirmation
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Use of ANS-18.1 in GALE

* Nuclide concentrations for ANS-18.1 reference reactor included in GALE
for
— BWR water and steam
— PWR primary and secondary coolant for U-tube steam generators
— PWR primary and secondary coolant for once-through steam generators
* Adjustment methodology included in GALE to adjust concentrations for
given reactor parameters
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ANS-18.1 Working Group

* First meeting held June 10, 2015 in San Antonio
— Ken Geelhood Chair
— Working group members from NRC, GNF, EPRI, and NuScale
— Current and future uses for standard were established
— EPRI presented results from recent project to collect effluent release data

e Path-forward for new standard releases were established

— Standard back in active status
— ANS-18.1-2016 is latest version




Q&A and Wrap Up
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