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 Motivation and framework for Code Consolidation Efforts
« Status of SIERRAATD (Atmospheric Transport and Diffusion) Module

= Example Case
= Software Quality Assurance Testing

» Sneak peek at SIERRA Source Term
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Protection Against Radiological Releases

Severe Accident Design-Basis Accident Normal (Routine) Decommissionin
(EDEA) (DBA) Effluent J
Dose Consequences Safety Review Environmental Review Termination Survey
10 CFR 50.34 10 CFR 50.34 10 CFR51.30 10 CFR 20.1403
10 CFR 50.67 10 CFR 5067 10 CFR51.50 10CFR 20.1404
10 CFR 52.47 10 CFR 5247 10CFR51.70 10 CFR 20 Subpart E
EPAPAGs 10 CFR 100 10 CFR51.75 10 CFR 50.75
GDC 4,19 10 CFR 50 App | 10 CFR 50.82
10CFR 71 10 CFR 51.53
“ | |
Emergency EAB & LPZ " :
[ Response ] [ CR Habitability ] [ Siting & ODCM ] [ Site Release ]
| | NRCDose l l RESRAD l
RASCAL RADTRAD HABIT [GASPAR, LADTAP, & X0QDO0Q) RADTRAN DandD (ONSITE, OFFSITE, & BUILD)

PAVAN I ARCON GALE I




Motivation for Code Consolidation —
Non LWRs

* NRC Non-Light Water Reactor (Non-LWR)
Vision and Strategy, Volume 4 — Licensing
and Siting Dose Assessment Codes (RAMP)

= Describes the computer codes in RAMP and how
they would be applied to each of the principal
non-LWR design types, and summarizes the tasks
necessary to resolve “gaps” in the capability to
model and simulate those designs with the
accuracy required by the regulator

» Code consolidation can help resolve the
identified gaps in the RAMP suite of codes
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NRC Non-Light Water Reactor (Non-LWR)
Vision and Strategy, Volume 4 — Licensing
and Siting Dose Assessment Codes
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How can we think about Code
Consolidation?

1. Establish definition and scope of Code consolidation:

d.

What problem are we solving with consolidation?

2. Categorize the priorities:

a.
b.
C.

What Code languages should be used?
How will the consolidate code be structured?
What codes could be consolidated?

3. Establish the requirements:

a.
. Modeling requirements

™ Q 0 T

Regulatory Requirements

Data requirements

. Quality Assurance
. Consolidation requirements for efficiency




Motivation for Code Consolidation —
Legacy Issues 9 USNRC
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* Incompatible with non-L\WRs

* Ownership issues

« Lack of standardized code development
» Lack of maintenance

» Dated science

 Lack of standardized quality assurances
* Functional redundancy/data transfer

* Inefficiency




Thesis Statement for RAMP Code
Modernization and Consolidation 9 USNRC
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* The computer codes in the RAMP program have been |
developed since the 1970’s to address specific regulatory 7
needs.

* These codes today have numerous current and legacy
Issues that reduce the efficiency of operation and =

maintenance of the codes and increase cost. In their current smietdits by
state, these codes are also unable to fully assess s e
radiological doses from advanced non-light water reactor —
designs. S

A
EEEEEEEEEE

* These current and legacy issues could be addressed by
transforming the current suite of single-purpose radiation
protection and dose assessment computer codes to a SR s
consolidated functional and modern suite of codes that is

modular, flexible, efficient and user-friendly.
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High Level Scope

) 2

Consolidate

y

| Modernize

Prepare for
’ Non-LWRs
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S ——— This construct Lieonaing
What radi lid 1
arae ;}a/aill(:arllllj:;ofs applles to a" Reactor
e licensing actions [EETIETEE

Decommissionin
Release Conditions

How they are Transportation
released, e.g.,

— i .
chemistry, particle
size, buoyancy, Other _N_u_clear
building size, stack Facilities
height?
Advanced non-
Environmental LWRs
Dispersion

— Where does it International
go...how much, how Users
far, how fast?

Environmental
— Consequences

What is the dose?
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What are the Benefits of the Approach? =i
v Accommodates anticipated needs for non-

LWR Designs

v Modernizes code languages and user
experience

v Reduces number of codes to upgrade and
maintain

v' Standardizes inputs and outputs

V" Flexible design for future expansion or
updates

v Addresses known problems




Three Pillars of Code Consolidation

» Created consolidated
eng I neS/m Od u IeS Consolidated Engines
Standard Data/Input/

v I
Transfer/Output
S { I } { I } o
7

Single User Friendly Interface

* Developed a standardized data
transfer schema

 Built a single user interface

' SIERRA Version: 0.2.00
[ 4
Overview
SIERRA
©<i
L Source Term
oC % (rlu‘m Started) >
o o3 Relesse esaments ;. Atmospheric Dispersion
"= P ot Sariod perst >
@ >
J Environmental Accumulation >
(Not Started
umal

iR ( g

SNRC .. Human Exposure
, & >

\7/ i Dose Coefficients
.l @ = (NotStarted >

Northwest *

.............. 4 S




Code Consolidation and Modernization
in Context @ USNRC

ARCON 2.0 >
PAVAN —— | I >
SNAP/RADTRAD - ] NRCDoseX0QDOQ j:;( A . )
HABIT Source | Atmospheric Non I_-Iuman D
GALE Term Dispersion Biota ose —
NRCDose GASPAR || = P Exposure
. y, r J
4 N ‘
NRCDose LADTAP II River/lake Dose
Dispersion Coefficients
. J
A A

A A 4

Environmental 1
Accumulation J

A\ 4 v

Human
Exposure




Proposed Functional Engines will
consolidate code functions @/ USNRC
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Consolidated Engines

Atmospheric Biota
Dispersion Exposure
Environmental Dose
Accumulation Coefficients
River/lake Human
Di ; Dosimetry
ispersion Exposure




Standardized Input/Transfer/Output
will simplify data transfer 2 USNRC N
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e A JSON schema for the RAMP suite of codes will be

* Flexible
v Will allow additions of new variables yet unknown for advanced reactor designs

v Variable data will not need to appear in the data transfer file in a particle order,
will only need to be in the JSON format and have the associated keyword to
signal the code

= Standardized

v All data transfer into the code, between functional engines, and out to the user
will be in the same standard format

* Modern
v' Widely used format




Single Modern User Interface will

improve the User Experience -3 USNRC Eﬁ"s

= User interface will be completely separate from the
functional engines

v’ Updating or changing the user interface will
not inadvertently affect the quality of the
functional capabilities

v" Allows for the possibility of developing a web-
based user experience or mobile application

= User interface will require updates and
maintenance

v" Will only have one user interface to maintain




Phased Release of SIERRA

Software under active development which aims to combine
multiple RAMP codes into one easy to use package.

Release of ATD Module of SIERRA at the end of September
2024.
Currently have two efforts underway for SIERRA.
» Atmospheric Dispersion Models (September 2024).
« ARCON
 PAVAN
« XOQDOQ
« Source Term:
 GALE (Phase 1) — August 2024
« Advanced reactors (Phase 2) — September 2025
* Environmental Pathways (2026):
« NRCDose3 (GASPAR & LADTAP)

Code Consolidation and Modernization

“ SIERRA Version: 0.2.0.0

SIERRA

RAMP

Radiological Release Assessments

/ﬁ!:
USNRC

>

Pacific
Northwest

Back

Overview

e € LEE %

Source Term
( Not Started )

Atmospheric Dispersion
( Not Started )
River / Lake Dispersion
Environmental Accumulation
Non-Human Biota Exposure
Human Exposure

Dose Coefficients

Dose




Update Dose Coefficient Values

 This task involves:

9 USNR
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4| Dose conversion coefficients for external exposure

|

P

ICRF 26 ICRP &0 ICRF 103
) . ) recammendation recommendation recommiendatian
= Developing dosimetry modules/engines that L R (2007)
have the flexibility to use different dose models === [ S ] [ p— ]
and dose coefficient values = e {2012

» Examining dose coefficient models with respect
to aerosol particle size in addition to exploring
the impact of tritium and carbon-14 biokinetics
since these radionuclides may be in higher

ILRP 119
(2012)

Consolidated Engines

Nonhuman
Biota

Atmospheric

guantities in non-LWRs

Dispersion

Dispersion

v
River/lake
Dispersion

Environmental
Accumulation

Accumulation

Exposure

Y
Dose
Coefficients

L, Human
Exposure

]— [ Consequence ]

Exposure

Consequence
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Develop Environmental Pathways Models ~®USNRC

e Purpose:

= Developing environmental transfer
pathways and environmental
accumulation

 Current Status:

= Exploring transferring NRCDose
Computer Code into SIERRA

= Explore additional transfer model
pathways for incorporation into
SIERRA

= Explore modeling H-3 and carbon-
14 accumulation in the

environment NRCDose Eg?ﬁvr&ggg




Project Schedule'

Code Consolidation Framework
Source Term
ATD Model
Environmental Pathways?
Human & Biota Exposure?
Dose Coefficients?
Incorporate NRC Feedback
QA and Verification
JSON Data Transfer
User Interface

Documentation?®

High Level Schedule

'"These tasks generally align with 5 tasks described in ACRS Volume 4 briefing.
2This is the anticipated development schedule for the modules.
3Documentation-SQAP, Technical Basis Document, User Guide, Training Module.

9 USNRC

Protecting People and the Environment

FY 2020 FY 2021 FY 2022 FY 2023 FY 2024 FY 2025 FY 2026

Phase 1 Development
Phase 2 Development
Continuous Development

} Vol 4: Task 2

} Vol 4: Task 3

} Vol 4: Task 5

} Vol 4: Task 4

L Vol 4: Task 1
Consolidate Codes
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SIERRA Atmospheric Dispersion
Software Development ~®/USNRC
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* A new atmospheric dispersion module was developed (rather than directly
using the legacy codes) for SIERRA for the following reasons:

* To support a single user interface that allows users to access each of the codes
(ARCON, PAVAN, XOQDOAQ) in a relatively uniform manner

= To facilitate future development to share data with other health physics codes in
SIERRA

= To allow users to estimate relative
concentrations based on hourly
meteorological data for all three codes,
rather than use JFDs

= To employ a more modern FORTRAN
code development practice, which makes &
the code easier to maintain in the future |
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Legacy ATD Codes 9 USNRC
Code Description
ARCON Used to calculate relative air concentrations (x/Qs) in support
of control room habitability assessments required by
general design criteria (GDC) 19 of 10 CFR Part 50 Appendix A
and RG 1.194.
PAVAN Used to estimate relative ground-level air concentrations
(x/Qs) resulting from radioactive material releases from design-
basis accidents at NPPs following the methodology in RG 1.145.
NRCDose/ Software suite that integrates the functionality of three
XO0QDOQ individual Fortran codes: LADTAP I, GASPAR Il, and XOQDOQ,

which were developed by the NRC and have been in use by
NPP licensees and the NRC staff for assessments of

liquid radioactive releases and offsite doses, gaseous
radioactive effluents and offsite doses, and meteorological
transport and dispersion, respectively. XOQDOQ implements the
atmospheric dispersion modeling described in RG 1.111.




SIERRA ATD Analysis Types /
Applicability
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SIERRA Analysis Legacy NRC Guidance
Type Model Document Applicability
Control room ARCON RG 1.194 Evaluate personnel exposures inside the control
habitability SRP 2.3.4 room during accidents
assessment SRP 15.0.3 Protection against radiation inside the onsite
technical support center
Design basis PAVAN RG 1.145 Offsite consequence at EAB and LPZ for plant
accident analyses design
SRP2.3.4 Offsite consequence at EAB and LPZ for safety
assessment
Determine acceptable EAB and LPZ for siting
Offsite consequence at EAB and LPZ for
postulated accidents
Routine release NRCDose / RG 1.111 Annual dose assessment to ensure below
analysis XO0QDOQ threshold limit during operations
SRP 2.3.5 Annual dose assessment to meet as low as is

reasonably achievable (ALARA) criterion during
preliminary plant design




PNNL Software Development —
QA, Success Criteria ~®/USNRC
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« Software QA Plan defines QA approach to provide adequate confidence that

= Software development process is controlled
= Software products meet established requirements

* User Interface Success Criteria
» Invalid entries result in an error message or prevents simulations from running
* Information displayed within each panel (e.g., meteorology, terrain) are correct
= Saving / loading files functions correctly

* When simulations are run, the appropriate output are saved to the appropriate
locations

* Atmospheric Modules Success Criteria
= Meteorology panel summary table in the Ul aligns with atmospheric module output

* The intended analysis is implemented by the code

= Comparisons with the legacy code primarily fall within a factor of 2, with few cases up
to a factor of 10.
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PNNL Software Testing Approach 8 USNRC

* Independent reviewers test the Ul or atmospheric modules by following test
cases identified in a Test Plan

* Any issues that were identified was reviewed / corrected by developers

= New version(s) were tested by independent reviewers to check that the new
functionality is appropriate

« User Interface
» Testing involved setting up cases exclusively through the Ul and by loading a JSON file
and modifying variables; all cases were run until the outcomes were successful
* Atmospheric Modules
» Testing involved both input through the Ul and direct input to the ATD.exe software

= Test cases were performed with 19 meteorological files from locations across the US
= Modifications were made to ensure consistency with the legacy codes




Atmospheric Module Test Result
Summary 2 USNRC I
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« Comparisons with legacy codes
= Statistics
o Percentage of values within a Factor of 2 (F2) between the ATD and legacy codes
o Percentage of values within a Factor of 5 (F5) between the ATD and legacy codes
o Normalized Mean Bias (NMB) between the ATD and legacy codes
= Qutcomes
o Most results were near the 1:1 line, within F2 and F5

o Differences observed were unlikely to change conclusions for applications where
these models are used

o Differences attributed to
0 Meteorological inputs - for PAVAN and XOQDOQ), data were JFD, rather than hourly

o Treatment of calm winds — prescribed wind direction based on wind speeds < 2 m/s in legacy, vs
distributed in all sectors in ATD

o Log interpolation — for PAVAN
o Calculation of percentiles — for ARCON



ATD Control Room Comparison with
ARCON

 Tests varied direction to source, receptor distance, intake height, building
area, vertical stack flow, stack radius

« 3 ground and 3 elevated cases
« Compiled results from all meteorological files

100
® GROUND 1, NMB = -0.4%, F2 = 100.0%, F5 = 100.0% ® GROUND1, NMB = 0.41%, F2 = 100.0%, F5 = 100.0% ® GROUND 1, NMB = 0.51%, F2 = 100.0%, F5 = 100.0%
10-2 GROUND 2, NMB = -0.36%, F2 = 100.0%, F5 = 100.0% GROUND 2, NMB = 0.16%, F2 = 100.0%, F5 = 100.0% 10-2 GROUND 2, NMB = 0.04%, F2 = 100.0%, F5 = 100.0%
® GROUND 3, NMB = -0.37%, F2 = 100.0%, F5 = 100.0% / ® GROUND 3, NMB = 0.17%, F2 = 100.0%, F5 = 100.0% ® GROUND 3, NMB = 0.05%, F2 = 100.0%, F5 = 100.0%
® ELEVATED 1, NMB = -0.49%, F2 = 95.2%, F5 = 100.0% 5 ® ELEVATED 1, NMB = 0.12%, F2 = 100.0%, F5 = 100.0% ® ELEVATED 1, NMB = 1.31%, F2 = 100.0%, F5 = 100.0%
© ELEVATED 2, NMB = -6.64%, F2 = 81.0%, F5 = 81.0% 10759 o ELEVATED 2, NMB = -3.32%, F2 = 90.5%, F5 = 90.5% © ELEVATED 2, NMB = 1.73%, F2 = 90.5%, F5 = 95.2%
10-41 © ELEVATED 3, NMB = 0.48%, F2 = 95.2%, F5 = 95.2% © ELEVATED 3, NMB = 2.91%, F2 = 95.2%, F5 = 95.2% / ® ELEVATED 3, NMB = 0.13%, F2 = 90.5%, F5 = 95.2%
1074,
.' D 1074 o
o - £ £
c = =
= 1075 2 =
o e £
5 3 P4 5 10
o —6
n ) o & e 10 o®
o r :I.: 10-61 :I.:
T & ~ ... <
— 10781 @ — o~ @
o 4 g
<
4 = = &
e ° = ¢ g 107 &
= 10-84
< . p < O@P = &
10-10 f &o
] & & , /
1010 10-10 | J.
-12 ] g
10 @ o ° °
p ) p ]
L ]
10712 T T T T T 10712 T T T T T
1074 = - s — — — — 10712 10-10 10°8 107¢ 10* 1072 10° 10712 10710 10°8 10-° 10* 102
10 10 10 10 10 10 10 ARCON X/Q 12-HR sampling ARCON X/Q 24-HR sampling

ARCON X/Q 1-HR sampling

1-HR 12-HR 24-HR

PNNL-SA-184577




ATD Design Basis Accidents
Comparison with PAVAN

~

USNRC

Protecting People and the Environmen;

&
£
£
Z
%
%

&

£
S

LTION £
‘\\,‘:\u’.tl‘ 04 Col
S 7
% 2
5,
¥
Ay
" il

 Varied stack diameter, stack flow, and stack height for Elevated cases

 Varied building area and building height for Ground cases
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ATD Routine Analysis Comparison
with NRCDose (XOQDOQ) ®

* 8 scenarios based on combination of: Elevated vs Ground, With Terrain vs
Without Terrain, for Recirculation vs No Recirculation

s e
1077 4 e ’I, 1073 4 e ,/’ 107 4
< ’ < ’
e L PR L
Annual average, no decay Pl AR A Annual average, 2.26 day decay R e P . Annual average, 8.00 day decay
’ o , ’, ’ 107 5
079 NMB for ATD = 14.0% ol ; ol 0*9  NMB for ATD = 8.8% ol ol NMB for ATD = 15.9%
s ’ ’ ’
F2=89.0%, F5=99.2% 7 F2=92.5%, F5=99.8% 7 »” . F2=84.6%, F5=98.8%
’ 1075 4
1075 § Pid 10-5 4
1076 4
o4 1078 § g 107° 4 o4
> > >
= = =
< = T 1073
1077 4 1077 4
lO’B 4
’
1078 4 107€ 4 »”
/// 10-9 4 ,,I
s ’// 28
1077 4 107° 4 -~ v
7’ 10-10 4 7’ 8
~e 3 ’ PRy
’ - ’ P
’ , ’ P
107° 10°% 1077 10°6 10-° 107* 103 10~? 108 1077 10°% 10-° 1074 1073 10710 10~? 10°% 1077 10°6 10-° 1074 1073
X0QDOQ X/Q X0QDOoQ X/Q X0QDOQ X/Q

Results from Recirculation cases




SIERRA ATD Ul Overview

* Regulatory vs Research
* Analysis Types:

= Control Room Analysis
= Design Basis Accidents
= Routine Analysis

* Module Selection:
= Atmospheric Dispersion
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What kind of assessment would you like to do?
Regulatory Research j
Provide a Simulation Case Name
Please enter a Simulation Case Name
Cancel Ok j
What type of analysis would you like to perform?
Control Room Analysis Design Basis Accidents ‘ Routine Analysis

L

Atmospheric Dispersion
(Currently Running)

>
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SIERRA ATD Control Room Analysis (I) ~#/USNRC

The user interface layout is
similar for each model

ispersion
Run Analysis
o -
me

Source: Info

This form requires users to enter site information about release characteristics.

Left bar navigation

= Alternate navigation in lower Analysis
right Next/Back

Run Analysis in upper right

= Ed .:.:“_. .
Settings/Save/Load orerin A ] S==

Stack Attributes Building Attributes

Receptors Release Type GROUND - Height (m

0.0
Cross-sectional area (m2)

Source Panel

I t ) b I Stack Flow Rate (m3/s)
u n pu Va rla eS are Plant Grade Elevation
. . Above Sea Level (m
available/unavailable "

depending on Release Type
(Ground vs Elevated) ‘
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SIERRA ATD Control Room Analysis (ll) ~#&USNRC

 Basic information for
receptors

= Distance TSI e
- Int a k e H ei ght Gur:ro: RI.J-DI"I"I Receptor Attributes Direction to Source
o R_ecep.)tor Terrain Height o | T i
o D|reCt|On to Sou rce Terrain Height of Receptor m)

¢ Wi n d D i re Cti O n Wi n d OW Overview e o

Receptors

Receptor Distance (m)

Back Next: Meteorology




'!a‘ss‘

KIiNS

SIERRA ATD Control Room Analysis (lll) ~#/USNRC

» Select an existing
meteorological data file in & Meteorology
RG 1 23 fO rm at (hOU rly data) R UM;:::::::E-Z:;ZI;la and provide information on minimum

threshold volume for calm wind speed and surface roughness.

Control Room CMSIERRAN Test_Cases _ATDAMET_8387.nrc |

* Prescribe wind speed calm
threshold (0-1 m/s) to be
used within the simulation

Wind Speed Calm Threshold

Height Type

‘ ‘ : Surface Roughness Length
— ] ]

TTTTTTT . of Hours

* Height Type (lower or upper) Overview | e

for polar plot display G

° S u rfa ce RO u g h ness fo rs Ite Meteorology ncomplete / Missing Records

 Statistical summary of the

meteorological data — =
(depends on Height Type | -

and wind speed calm

threshold)



SIERRA ATD Control Room Analysis (IV) -®USNRC

When the "Run Analysis” button
Is selected, a command line
window is briefly displayed, and
then the Ul automatically
displays the Outputs Panel

A summary of the output is
presented in tabular form

The model output files (in text
format) can also be viewed from
the interface

Output files are also available
from
C:\SIERRA\Users\Username\Simul
ationCaseName\Date Time\outputs
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Analysis

Qverview

Source
Receptors
Meteorology

Outputs

e )t

Model Output Files

Summary Data by Averaging Interval

View Hourly

AVG. Period (Hours) 1-HR

85th Percentile X/Q Values  485E-002 4.08E-002 3.51E-002 298E-002 235E-002 1.72E-002 1.17E-002 1.03E-002 S.13E-003 8.02E-003
949 .5th Percentile X/ Values 7.23E-002 §.33E-002 §.28E-002 O5.59E-002 458E-002 3.30E-002 1.77E-002 1.47E-002 1.26E-002 A1.08E-002

2-HR

4-HR

8-HR 12-HR

24-HR

96-HR 188-HR 360-HR TZ0-HR

Summary Data by Standard Time Interval

Standard Interval  95% X/Q  99.5% XQ

0 to 2 hours 4 §5E-002 T.23E-002
2 to 8 hours 2.32E-002  5.04E-002
8 to 24 hours 1.08E-002 2.15E-002
110 4 days 9.94E-003 1.28E-002
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SIERRA ATD Design Basis Accidents (I) ®/USNRC

o® Atmospheric Dispersion

%@ * The user interface layout

Source: Info

& . is similar for each model

This form requires users to enter site information about release characteristics.

Sofvware Integration for Enviranmental
Radiological Release Assessments

=) Ejm « Source Panel

IR Ii = |Input variables are
Overview ‘ ] . available/unavailable

m depending on Release

Terrain Stack Attributes Building Attributes Type (G ro u n d VS E I evated )

e B » Elevated Release activates
Release Heiaht (m 10 Cross-sectional area (m2) m .
| o Release Height, Plant
0 S Grade Elevation, and Site

Type (Inland / Coastal)

¢ B @ ‘ Mext: Terrain ‘
| |
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SIERRA ATD Design Basis Accidents (Il) -#UsSNRC

Terrain

« EAB and LPZ distance and
elevation entries

Elevation (m)

S S I w o |Jsers can save the terrain

(m) (mj) (m) . .

o T m o entries for use (by using the
RN - "Save File" button) in another
SO S Sl SO simulation (by using the "Load
o File" button)

Back Next: Meteorology
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SIERRA ATD Design Basis Accidents (lll) ~#/USNRC

Meteorology » Users select an existing

Meteorological File

Ut oot vt oo o meteorological data file that is
in RG 1.23 format (hourly

C:!SIERRA,ITest_Cases_ATD,fMET_838?.nn‘ Browse
Wind Speed Calm Threshold (mis) data)
Lover - » Users define the wind speed
calm threshold (0-1 m/s) to be
oo e o used within the simulation
Min Wind Speed 0.40 m/s .
M i Sose ts60ms » Users select Height Type
b (lower or upper) to change
ncomplete MisingRecors ® polar plot display
 Statistical summary of the
- meteorological data also
changes with Height Type and

wind speed calm threshold
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SIERRA ATD Design Basis Accidents (IV) ~#®USNEC

When the “Run Analysis™ button is
Model Output Files selected, a command line window

File (OUT) File (CFD) (PLT (ERR) 1S brleﬂy diSpIayed, and then the
Ul automatically displays the

Outputs

Summary Data by Averaging Interval

Awvg. Period Statistic  Max Sector EAB  Max Sector LPZ - Owerall Site EAB  Owverall Site LFZ OUtpUtS Panel

0-2 Hr Avg. X/Qs 0.5 9.17E-004 1.76E-004 7.24E-004 1.84E-004 _

0-2 Hr Avg. X/Qs 5 8 39E-005 2 01E-005 2 59E-004 6.63E-005 ° f p

0-2 Hr Avg. X/Qs 50 1.00E-006 1.00E-006 6.43E-005 1.15E-005 A Summary O the OUt Ut IS

0-8 Hr Avg. X/Qs 0.5 3.83E-004 8.51E-005 5 48E-004 1.36E-004 d l b f

0-8 Hr Avg. X/Qs 5 5 49E-005 1.36E-005 2 36E-004 6.16E-005 presente N ta UIar orm

0-8 Hr Avg. X/Qs 50 1.00E-006 1.00E-006 6.82E-005 1.36E-005 ] ]

8-24 Hr Avg. X/Qs 05 2 62E-004 4.99E-005 4. 11E-004 8.07E-005 ° The model Output f||eS (|n text

8-24 Hr Avg. X/Qs 5 4 73E-005 8 T9E-006 1.94E-004 4 00E-005 )

8-24 Hr Avg. X/Qs 50 6.15E-006 1.00E-006 5 91E-005 1.03E-008 format) can also be viewed from

14 Day Avg. X/Qs 0.5 1.35E-004 1.94E-005 2 G4E-004 3 T9E-005 ]

1-4 Day Avg. X/Qs 5 4.89E-005 6.73E-006 1.58E-004 2 29E-005 the |nterface

14 Day Avg. X/Qs 50 6.87E-006 1.00E-006 5 19E-005 7 60E-006

4-30 Day Avg. X/Qs 0.5 7.48E-005 9.02E-006 1.93E-004 2 33E-005 . .

4-30 Day Avg. X/Qs 5 4 16E-005 5 12E-006 1.38E-004 1.79E-005 ° OUtpUt f||eS are aISO ava”able from

4-30 Day Avg. X/Qs 50 6.92E-006 1.00E-006 5 07E-005 6.77E-006 : :
C:\SIERRA\Users\Username\Simulation

Annual Avg. X/Qs 9.21E-006 1.14E-006 6.28E-005 8.12E-006

CaseName\DateTime\outputs
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SIERRA ATD Routine Analysis (l) -8/ USNRC

o® Atrnospheric Dispersion

* The user interface layout is
similar for each model

Run Analysis

Source: Info

This form requires users to enter site information about release characteristics.

« Source Panel

* |nput variables are
available/unavailable

depending on Release Type p——— ‘ ] %

(Ground vs Elevated) source S RN
Receptors Release Type GROUND o Height (m)
Terrain Release Height (m 10.0 Cross-sectional area (m2)
Metearology Stack [ 0.0
Outputs

‘ Mext: Receptors




SIERRA ATD Routine Analysis (ll)

« Add — used to create a new
Receptor entry in the table

Receptor Attributes

Label Type

|| v|
Sector Distance (m)

* Receptor Type is either a
pre-defined type (milk cow,
milk goat, meat animal,
residence, vegetable
garden, site boundary) or
user entry

Receptors

Input the receptor(s) where X/0 should be calculated. Terrain data specific to the site can also be

Discrete Receptors

Receptor Label Receptor Type FReceptor Sector Receptor Distance (m)  lcon Celor

site boundary
site boundary
site boundary
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SIERRA ATD Routine Analysis (lll) 8/ USNRC

* Distance and elevation Terrain
entries for Range 0 through
Range 10 o —

 Users can save the terrain - Y aar
entries alone (by using the o I S S
"Save File" button) for use in w w i = Jw
another simulation (by using e L
the "Load File" button) wor o o e m




SIERRA ATD Routine Analysis (IV)

» Users select an existing
. . . Meteorology
meteorological data file that is  wetorciogicarrie

Upload a meteorlogical file and provide information or

I threshold volume for calm wind speeddand 5L|ﬂa|;e r-Jzzl-._::I]:ll:-i':;;I.ﬁ]
N orma ourty

Ci/SIERRA/ Test_Cases ATD/MET _8387.nrc |
data)

Wind Speed Calm Threshold

» Users define the wind speed r—
calm threshold (0-1 m/s) to be
used within the simulation e oo

» Users select Height Type Max Wind Specd
(lower or upper) to change ey

Incemplete / Missing Records

polar plot display

« Statistical summary of the
meteorological data also e P
changes with Height Type and
wind speed calm threshold




SIERRA ATD Routine Analysis (V)

* When the “Run Analysis” button
IS selected, a command line
window is briefly displayed, and
then the Ul automatically
displays the Outputs Panel

* A summary of the output is
presented in tabular form

* The model output files (in text
format) can also be viewed from
the interface

» QOutput files are also available

from
C:\SIERRA\Users\Username\Simulatio
nCaseName\DateTime\outputs

~

USNRC

7z
=3

Protecting People and the Environment

z

RROTLLTION
&S &
S
<A B
7 Y O,
%
%
5,
Q)
77 mgiToRel

3,
§
S
>

Outputs Model Output Files
View Output View Hourly View Ermor File
File {.OUT) File {.PLT) [.ERR])

QOutput Type

MO DECAY, UMDEPLETED -

Sector 1 mi 2 mi 3 mi 4 mi 5 mi 10 mi 20 mi 30 mi 40 mi S0 mi ™
N TSO9E6 1.57E6 457E-7 2.26E-F 1.39E-7 6.08E-8 212E8& 1.02E8 6.32E9 427ED
NME 546E6 113E6 3.30E-F 163E-Fr 1.0ME-7 441E-3 154E-3 7T47E-9 460E-9 3.10E-9

NE §.96E6 1.38E6 3.98E-7 1.97E-7 1.21E-f 531E-8 1.868E-8 8.96E-9 G5.49E-9 3.67E-9

EME 912E6 1.89E6 O5.52E-7 2.74E-7 1.69E-7 T43E8 262E8 1.27E-8 7T.B5E-9 5.32E-9

E 1.76E-5 36BE6 107E6 5.33E-Ff 3I29E-F 145E-F 515E-8 251E-8 1.57E-8 1.07E-8

ESE 1.77E-5 389E-5 1.08E5 O5.34E-7 3.259E-7 1.44E-7 5.10E-8 2.45E-8 1.50E-8 9.87VE-D

SE 1.58E-5 327E6 O48E-7 469E-y 288E-7T 1.26E-T 441E8 2.11E-8 1.26E8 B.32E9
SSE B8088E&6 1836 529E-f 261E-Y 160E-r 697E-8 241E-8 1.16E-8 T.24E-9 432E-9

s 2.09E-5 425E5 1.22E5 5.92E-7Y 3.58E-7 1.51E-7 4.82E-8 2ZME-8 1.21E-8  7.56E-9
SEW 4F72E6 D63E-7T 2T74E-7 1.33E-F 8.11E8 3 47E-8 1.17E-&8 S547E9 3.38E9 21B8ED

SwW 412E6 B40E-7 23IBE-F 1.16E-¥ T.0ME-8 299E-3 S57E-95 464E-9 290E-9 1.89E-9 0.0e-+000 7.4e-005 1.5e-004
WSW  401E6 B820E7 234E7 1.14E7 6.95E8 209868 1.00E-8 47269 29269 1.93E9 CHI/Q (SEC/METER CUBED)
W 6.19E6 1.27E6 363E-F 1.78E-F 1.09E-7 467E-8 1.59E-8 7.53E-9 4.66E-9 ITES |,
Location Type Sector Distance (Mi) Distance (M)  Value Color 2
siteboundary S 050 805.00 a27e-005 [
site boundary S 0.60 966.00 3106005 |

s 07 nzzoo 2366005 [
I |

site boundary

EEET-A

EF-L .11

LT ..




Next Steps

« ATD Beta testing is underway Overview

» Software improvements as an
outcome of beta testing will be
implemented in CY24

 SIERRA ATD projected to be available
from RAMP in winter 2024

Atmospheric Dispersion >
(Not Started)

G € 6LE € =
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GALE
» Gaseous and Liquid
Effluents (GALE) = calculate )
radioactive gaseous and
liquid effluents from LWRs

e Calculations based on:
» Operating Reactors,
= Field and Lab Tests, and

» Plant specific design
considerations

o Latest live version 3.2
released 2020:

= Two separate executables for
BWRs and PWRs
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* Three phase
development approach:

. June 2019 _ Non-LWR Normal Source Term
= Phase 1: Incorporate e
Pl | It Generic Normal Source Terms
GAL E LW R S O U rCe te rm S %ﬁmﬁw‘&miﬁm“ %ﬁ*ﬁﬂﬁmﬁﬁmnm“" High Temperature gas-cooled reactors
L = === Liquid metal-cooled fast reactors

Maolten salt reactors

u P h ase 2 D eve | O p LWR Normal Source Term Stationary and transportable microreactor

generic non-LWR source
terms

* Phase 3: non-LWR
design basis, severe 5
accidents, and /,/\,/\
transportation source !
terms Software Integration for

Environmental Radiological Release
Assessments
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* Provides Source Term data from Light Water Reactors (LWRSs):
= Boiling Water Reactors (BWRs)
» Pressurized Water Reactors (PWRs)

* From reactor inputs pertaining to normal operational fluxes and
processing values, two outputs files are created outlining the
gaseous and liquid effluents for any given scenario

» Based intrinsically on the prior functionality of GALE 3.2




Source Term Module: Phase 1 (cont.)

* Phase | - Input GALE —
code into SIERRA:

Type of Analysis B
¥ Liquid GALE Version ANS-18.1Version
I Eirrsy e | |EEREE
I: t | t . I . t

o adouput [FURE o |

Tope of Andlyss Bowse | ‘ ™ Initaiz to a I Urits in Input and Output
| o GALE Version ANS 18.1 Version
> — [
Gas [owRcEat

Gas PWRGE. out.
W mEer

[Legacy Input -
I Read Legacy Input
Gas Input, PWRGEBG.inp.
GosOuput [Fumceseon |
Ligud Input ~ [PVIRLESS.np

ates Government nor any

r employees, makes any

egal liability or responsibility for
of any information in or

> se by such third party would

pred by an agency of the
(e BWRLE. out es Government nor any
LegeeyInput 1 smployees, makes any
- ‘“ I Read Legacy Tnput al liability or responsibility for
T E % Sestput  [GuiRaEac i f any information in or
GasOutout  [BWRGESG oot g by such third party would
Liquid Input | BWRLESE.p may not distribute this
s| Fq RA loidouput [PRERE hout the permission of the
. //Y\ Overview English/ST Unit Setting
E:: e r— 3 ’7 I Initsze 4o al ST Units in Tnput and Output S
n " ] ‘Software integratian for Enviranmental ( Notstne )
Incorporation into )7
-’ (Not Started )

SIERRA:

What type of simulation

» Brouidyounce o e L
v'Release Assessments = _—— ] e
S I E R RA CO d e W i t h > ‘ Boiling Water Reactor N
|}une 2019 - { Advanced Reactor
source term module >

sponsored by an agency of the United States
Government. Neither the United States

]
Government nor any agency thereof, nor its
a S e - O e a V a | a contractars, 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
I n l l l l S information in or generated by this program, or
represents that its use by such third party would

not infringe privately-ownad rights. In addition, v




Source Term Module: Phase 1 (cont.)

* Ul designed to match
SIERRA-ATD module
within the broader
SIERRA framework

 Real-time checks of
iInput values

» Single executable file
as opposed to GALE

 Enhanced range
buttons on the Ul

8Ll Source Term

lune 2019

IThis 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
contractars, 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,

What type of simulation
would you like to run?

‘ Pressurized Water Reactor

‘ Boiling Water Reactor

‘ Advanced Reactor

u Pressurized Water Reactor Parameters

Name of Reactor

Themal Power Level

Mass of Coclant in Primary System
Primary System Letdown Rate

Letdown Cation Demineralizer Flow Rate
Number of Steam Generators

Total Steam Flow

Mass of Liquidin Each Steam Generator

| L
e e

| | | @
|—| d 0 Read
v 0 from File

Steam Generator Blowdown Rate and Blowdown Treatment Method

Type of Steam Generator

e |

What is the total blowdown rate 7 {Only Input for U-Tube)

Condensate demineralizer regeneration time

Fraction of feedwater through condensate demineralizers

[ Jpemniver - @
T e @
l:l fraction o

| Liquid Inputs

| Gas Inputs |

| Save || Run || Back || Cancel |

Input File Name
[SIERRA_Source_Temin

Type of Analysis Type of Analysis Type of Analysis

Output Files
Gass [PWRGEow ‘

Liquid |PWRLE.uul ‘

Legacy Input
[] Read Legacy Input

PWRGES6inp
PWRGEB6 out
PWRLESE.inp
PWRLES6.out

English/S1 Unit Setting
[1 Initialize to all 51 Units in Input and Output

-l Boiling Water Reactor Parameters

Mame of Reactor |

Themal Power Level

Total Steam Flow | | |

Mass of Water in Reactor Vessel

Cleanup Demineralizer Fiow | |

Condenzate Demineralizer Regeneration Time

Copper Tubing for Condenser?

Fraction of Feedwater Through Condensate Demineralizers

Read from
File

I:I fraction 0

Liquid Inputs

‘ Gas Inputs |

| Save || Fun H Back H Cancel ‘
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Source Term Module: Phase 1 (cont.) % USNRC

» Coding changes implemented for compatibility in C# language
* File structure changed on back-end to match SIERRA format

 The GUI and the FORTRAN based back-end decouple for ease of
future development activities

* Input files can be present outside SIERRA executable directory as
opposed to the existing GALE format




Source Term Module: Phase 1 (cont.)

" SIERRA - X gl Source Term X

What type of simulation
would you like to run?

W B

(& &

|

Source Term >
(Not Started )

|

Pressurized Water Reactor

Software integration for Environmental
Hadiolugical Aebease Assessments

Atmospheric Dispersion >

( Not Started ) Boiling Water Reactor

June 2019 Advanced Reactor

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, v

. €G € LECE =

SIERRA Source Term
ash Screen Startup Screen
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* Source Term Module Testing:
» Graphical User Interface (GUI) testing — Complete
= Numerical value testing — Ongoing

* Bug fixes anticipated to be completed first week of May 2024
» User Acceptance Testing (UAT) starting: June 2024

* Feedback, NRC Reviews: June — July 2024

» Update/ Revise documentation: June — July 2024

* Final product delivery: August 2024




Phase 2 Concept

ORIGEN Source
Term Data

Fuel: Isotopic Leak from Fuel to
Concentrations Primary

= Fuel Release
Fractions

= Mass of fuel
in core

= Reactor Type

= Fuel Type
| = Fuel Burnup

Primary Activity: Fuel leak

& volume of coolant. Add
non-fuel activation.

Secondary Activity:

Fraction of each class
input.

) =

foaiant jpvmnary) Liguid and Gaseous Wast

d e
Secondary): Activity Rk SeasiE ;
for each side ;

User Defined Sources:

Allow 1 or more
sources to pull liguid
and gaseous wastes

Primary coolant volume
Secondary coolant
Non-Fuel volume
Activation Fraction of primary
Isotopes coolant activity in
secondary coolant {per
nuclide class)

Use decay
equation for
holdup and
reduce by
removal
efficiency for
removal

Multiply each
release rate by 1
year and add
release from liquid
and gaseous
streams

Liquid Waste: release
rates for each isotope

from various waste

streams Annual Release: report
annual release for each
nuclide in gaseous and

Gaseous Waste: liquid waste streams

release rates for each
isotope from various
waste streams

For liquid and gaseous waste stream:

= Rate of waste stream

= Activity is XX’ fraction of primary,
secondary coolant, or user defined source

Clean up of Waste Stream:
= Holdup time for class 1 and 5

= Removal efficiency for class 2,3,4, and 6
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Advanced Reactor Concepts of Interest -#/USNRC

High Temperature Gas Cooled Reactors

Liquid metal-cooled fast reactors

Molten Salt Reactors

Stationary or transportable microreactors




Example Use Cases: PWR

¥ SIERRA

]

oo

x:e}’s

Software integration for Environmental
ftadiological Aelease Assessments

Overview

- GG € & ¢ ¢ =

Source Term
(Not Started)

Atmospheric Dispersion
( Not Started )

= =

:ﬂllllllllll’

o' Source Term

June 2019 :

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

< >

What type of simulation
would you like to run?

ﬁ Pressurized Water Reactor

Boiling Water Reactor

Advanced Reactor




RUIELTION Cy8

Example Use Cases: PWR 9 USNRC

Protecting People and the Environment

o Source Term General Inputs X
~
Input File Name
. |SIEFEHA_Source_Term_PWHExampIe.in Browse
Type of Analysis Type of Analysis Type of Analysis
Gas Liquid GALES6 1999 ~
Output Files

Gas |F’WFEE:-:ampIeGE.Dut |

Liquid |PWHExampIeLE.0ut |

English/Sl Unit Setting
() English Units @ Sl Units

June 2019 ’

This computer program was created as work sponsored
by an agency of the United States Government. Neither
the United States Government nor any agency thereof,

nor its contractors, nor any of their employees, makes
any warranty, expressed or implied, or assumes any legal
liability or responsibility for any third party’s use, or the
results of such use, or of any information in or
generated by this program, or represents that its use by
such third party would not infringe privately-owned
rights. In addition, you may not distribute this computer

program or use this computer program without the N v — Next

< >




RUIELTION Cy8

Example Use Cases: PWR 9 USNRC

Protecting People and the Environment

o' Pressurized Water Reactor Parameters >
Name of Reactor | | 0
Thermal Power Level I:I MW(th) 0
Mass of Coolant in Primary System I:I LEHEEETE [ 0
Pri System Letd Rat liters/min

rimary System Letdown Rate I:I | ! 0 Read from
Letdown Cation Demineralizer Flow Rate I:I liters/min o File
Mumber of Steam Generators I:I 0
Total Steam Flow |:| million kg/hr Q
Mass of Liquid in Each Steam Generator I:I thousand kg 0
Steam Generator Blowdown Rate and Blowdown Treatment Method
St
Type of Steam Generator 2
What is the total blowdown rate? (Only Input for U-Tube) I:I thousand kg/hr 0
Condensate demineralizer regeneration time I:I days 0
Fraction of feedwater through condensate demineralizers |:| e T e
Liquid Inputs Gas Inputs Save Hun Back Cancel




RUIELTION Cy8

Example Use Cases: PWR 9 USNRC

Protecting People and the Environment

o' Pressurized Water Reactor Parameters >
Name of Reactor | | 0
Thermal Power Level I:I MW(th) 0
Mass of Coolant in Primary System I:I LEHEEETE [ 0
Pri System Letd Rat liters/min

rimary System Letdown Rate I:I | ! Read from
Letdown Cation Demineralizer Flow Rate I:I liters/min File
Mumber of Steam Generators I:I 0
Total Steam Flow |:| million kg/hr Q
Mass of Liquid in Each Steam Generator I:I thousand kg 0
Steam Generator Blowdown Rate and Blowdown Treatment Method
St
Type of Steam Generator 2
What is the total blowdown rate? (Only Input for U-Tube) I:I thousand kg/hr 0
Condensate demineralizer regeneration time I:I days 0
Fraction of feedwater through condensate demineralizers |:| e T e
Liquid Inputs Gas Inputs Save Hun Back Cancel




RUIELTION Cy8

Example Use Cases: PWR 9 USNRC

Protecting People and the Environment

o' Pressurized Water Reactor Parameters et
Mame of Reactor |Samp|e PWR | 0
Thermal Power Level 3400 MW(th)
Mass of Coolant in Primary System 2434758 thousand kg
Pri Syst Letd Rat 2839059 liters/min
rimary System Letdown Rate | | Bead from
Letdown Cation Demineralizer Flow Rate 28.39059 liters/min File

Mumber of Steam Generators

Total Steam Flow 6.803886 million kg/hr

Mass of Liquid in Each Steam Generator 51.02914 thousand kg

Steam Generator Blowdown Rate and Blowdown Treatment Method

0 - blowdown is recycled to the condensate system after treatment ~

Type of Steam Generator U-Tube 2

What is the total blowdown rate? (Only Input for U-Tube) 34.01943 thousand kg/hr 0
Condensate demineralizer regeneration time days 0

Fraction of feedwater through condensate demineralizers fraction e

Liquid Inputs Gas Inputs Save Run Back Cancel




RUIELTION Cy8

Example Use Cases: PWR 9 USNRC

Protecting People and the Environment

o' Pressurized Water Reactor Parameters et
Mame of Reactor |Samp|e PWR | 0
Thermal Power Level 3400 MW(th)
Mass of Coolant in Primary System 2434758 thousand kg
Pri Syst Letd Rat 2839059 liters/min
rimary System Letdown Rate | | Bead from
Letdown Cation Demineralizer Flow Rate 28.39059 liters/min File

Mumber of Steam Generators

Total Steam Flow 6.803886 million kg/hr

Mass of Liquid in Each Steam Generator 51.02914 thousand kg

Steam Generator Blowdown Rate and Blowdown Treatment Method

0 - blowdown is recycled to the condensate system after treatment ~

Type of Steam Generator U-Tube 2

What is the total blowdown rate? (Only Input for U-Tube) 34.01943 thousand kg/hr 0
Condensate demineralizer regeneration time days 0

Fraction of feedwater through condensate demineralizers fraction e

ﬂuquid Inputs Gas Inputs Save Run Back Cancel




RUIELTION Cy8

Example Use Cases: PWR R U2NRE

o' Pressurized Water Reactor Liguid Radwaste Treatment System X

Shim Bleed EquipmentDrain Waste CleanWaste Diry Waste BlowdownWaste RegenerantWaste DetergentWaste

Liquid Stream

Flow Rate 5450993 liters/day 0

Decontamination Factors (DF) Waste Collection and Processing

: Waste Collection Time
ocine OF - |
ne 5.1e3 0 Prior to Processing 226 days 0
Cs and Rb DF (7] Calculate
o Discharge? o [ ey @
Other DF @  =ndDischarge ' s

Average Fraction of

Wastes to be Discharged 0

After Processing

Save Ok Cancel




RUIELTION Cy8

Example Use Cases: PWR R U2NRE

o' Pressurized Water Reactor Liguid Radwaste Treatment System X

Shim Bleed : Equipment Drain Waste | Clean Waste Dity Waste BlowdownWaste RegenerantWaste DetergentWaste

Liquid Stream

Flow Rate 1249.186 liters/day 0 Combine from
) . Various Sources
Activity of Inlet Stream e P””"*"“‘e

Coolant Activity

Decontamination Factors (DF) Waste Collection and Processing

: Waste Collection Time
lodine DF 0 Prior to Prgcessing dﬂys 0
Cs and Rb DF (7] Calculate
Waste Processing _
Other DF @ || and Dischargs 094 days @

Average Fraction of

Wastes to be Discharged 0

After Processing

Save Ok Cancel




Example Use Cases: PWR

Liquid Stream

Flow Rate

lodine DF
Cs and Rb DF
Other DF

Decontamination Factors (DF)

o' Pressurized Water Reactor Liguid Radwaste Treatment System

3709.704 liters/day 0 Combine from

Various Sources
Activity of Inlet Stream|0.093 Fraction of Primarygg)y

Coolant Activity

Waste Collection and Processing

Waste Collection Time
0 Prior to Processing days 0

® _
Waste Processing 013
0 and Discharge :

Average Fraction of

days 0

Wastes to be Discharged _ 0

After Processing

bt

Calculate

Save

Ok

Cancel

RUIELTION Cy8



RUIELTION Cy8

Example Use Cases: PWR R U2NRE

o' Pressurized Water Reactor Liguid Radwaste Treatment System X

Shim Bleed EquipmentDrain Waste CleanWaste Dirly Waste BlowdownWaste RegenerantWaste DetergentWaste

Liquid Stream

Flow Rate 7949.365 liters/day 0 Combine from
) . Various Sources
Activity of Inlet Stream e P””"*"“‘e

Coolant Activity

Decontamination Factors (DF) Waste Collection and Processing

: Waste Collection Time
lodine DF 0 Prior to Prgcessing dﬂys 0
Cs and Rb DF (7] Calculate
Waste Processing _
Other DF @ || and Dischargs 019 days @

Average Fraction of

Wastes to be Discharged 0

After Processing

Save Ok Cancel




Example Use Cases: PWR e

USNRC

Protecting People and the Environment

o' Pressurized Water Reactor Liguid Radwaste Treatment System X

Shim Bleed EquipmentDrain Waste CleanWaste Diry Waste : Blowdown Waste | RegenerantWaste Detergent Waste

Liquid Stream

Fraction of Steam Processed 0

Decontamination Factors (DF) Waste Collection and Processing

: Waste Collection Time
lodine DF 0 Prior to Prgcessing days 0
Cs and Rb DF (7] Calculate
Waste Processing _
Other DF @ || and Dischargs 45 days @

Average Fraction of

Wastes to be Discharged 0

After Processing

Save Ok Cancel

RUIELTION Cy8




RUIELTION Cy8

Example Use Cases: PWR R U2NRE

o' Pressurized Water Reactor Liguid Radwaste Treatment System X

Shim Bleed Equipment Drain Waste CleanWaste Dirty Waste Blowdown Waste | RegenerantWaste | Detergent Waste

Liquid Stream

Flow Rate 12870 4 liters/day 0

Decontamination Factors (DF) Waste Collection and Processing

: Waste Collection Time
ocine OF - |
ne 5622 0 Prior to Processing 47 days 0
Cs and Rb DF (7] Calculate
Waste Processing m d 0
Other DF @  =ndDischarge ' s

Average Fraction of

Wastes to be Discharged 0

After Processing

Save Ok Cancel




RUIELTION Cy8

Example Use Cases: PWR 9 USNRC

Protecting People and the Environment

o' Pressurized Water Reactor Liquid Radwaste Treatment System X

Shim Bleed EquipmentDrain Waste CleanWaste Dirty Waste Blowdown Waste RegenerantWaste | Detergent Waste :

Liquid Stream

Detergent Waste Partition Factor ICI e

Save Ok Cancel




RUIELTION Cy8

Example Use Cases: PWR 9 USNRC

Protecting People and the Environment

o' Pressurized Water Reactor Parameters et
Mame of Reactor |Samp|e PWR | 0
Thermal Power Level 3400 MW(th)
Mass of Coolant in Primary System 2434758 thousand kg
Pri Syst Letd Rat 2839059 liters/min
rimary System Letdown Rate | | Bead from
Letdown Cation Demineralizer Flow Rate 28.39059 liters/min File

Mumber of Steam Generators

Total Steam Flow 6.803886 million kg/hr

Mass of Liquid in Each Steam Generator 51.02914 thousand kg

Steam Generator Blowdown Rate and Blowdown Treatment Method

0 - blowdown is recycled to the condensate system after treatment ~

Type of Steam Generator U-Tube 2

What is the total blowdown rate? (Only Input for U-Tube) 34.01943 thousand kg/hr 0
Condensate demineralizer regeneration time days 0

Fraction of feedwater through condensate demineralizers fraction e

LﬂGaS Inputs Save Run Back Cancel




Example Use Cases: PWR

X

o5 Pressurized Water Reactor Gaseous Radwaste Treatment System

Holdup time for fission gases stripped from the primary coolant

Letdown System
Holdup Time for Xe 60 days o
Holdup Time for Kr 354 - days 0

Fill Time of Decay Tanks
for the Gas Stipper 0 days 0

Containment High Volume Purge Containment Low Volume Purge
Waste Gas System Particulate Release  Fuel Handling Building  Auxiliary Building Containment Building

1 - continuous degassification of the full let ~

HEPA Filters

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

lodine
Fraction of lodine
Released from 013 fraction ’

Percent of lodine

0.05 % 7]

Removed from Air
Save ‘ ‘ Ok




Example Use Cases: PWR

o) Pressurized Water Reactor Gaseous Radwaste Treatment System

el

Holdup time for fission gases stripped from the primary coolant

Letdown System
Holdup Time for Xe 60 days 0

1 - continuous degassffication of the full let ~ Holdup Time for Kr 154 | days ‘

Fill Time of Decay Tanks
forthe Gas Stripper 0 days @

Containment High Volume Purge Containment Low Volume Purge
Waste Gas System Particulate Release | Fuel Handing Building | Auxiliary Building Containment Building

Charcoal Adsorbers

Req. Guide 1.140 Charcoal
Adsorbers? (No = 0% Yes = 99%) Yes hd

Removal Efficiency 91 % . NUREG-0017 Efficiency

HEPA Filters

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

Reg. Guide 1.140

lodine
Fraction of lodine
Released from 0.13 fraction .

Percent of lodine
Removed from Air

0.05 % o

Save || Ok




Example Use Cases: PWR

el

o) Pressurized Water Reactor Gaseous Radwaste Treatment System

Holdup time for fission gases stripped from the primary coolant

Letdown System
Holdup Time for Xe 60 days 0

1 - continuous degassffication of the full let ~ Holdup Time for Kr 154 | days ‘

Fill Time of Decay Tanks
forthe Gas Stripper 0 days @

Containment High Volume Purge Containment Low Volume Purge
Waste Gas System Particulate Release  Fuel Handling Building

Charcoal Adsorbers

Req. Guide 1.140 Charcoal
Adsorbers? (No = 0% Yes = 99%) Yes hd

Removal Efficiency 92 % . NUREG-0017 Efficiency

HEPA Filters

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

Reg. Guide 1.140

lodine
Fraction of lodine
Released from 0.13 fraction .

Percent of lodine

0.05 % o

Removed from Air
Save || Ok




Example Use Cases: PWR

8. Pressurized Water Reactor Gaseous Radwaste Treatment System

el

Holdup time for fission gases stripped from the primary coolant

Holdup Time for Xe 60 days 0

1 - continuous degassification of the full let ~ Holdup Time for Kr 3154 | days 0
Fill Time of Decay Tanks
forthe Gas Stripper 0 days @

Containment High Volume Purge Containment Low Volume Purge
Waste Gas System Particulate Release  Fuel Handling Building  Awdliary Building | Contanment Buiding |

Containment Free Volume 0.07688 milion m3 (7]

Charcoal Adsorbers

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

Removal Efficiency 94 % . NUREG-0017 Efficiency

HEPA Fitters

Req. Guide 1.140 HEPA
filters? I:NO = (0% Yes = 99%) Yes w

Letdown System

Reg. Guide 1.140

Flow Rate Through Intemal Cleanup System [D_E}Ez:-’;‘ | thousand m3/min o
lodine

Fraction of lodine

Released from 0.13 fraction .

Percent of lodine . .

Remaved from Air 0.05 %

Save || Ok ‘ Cancel




Example Use Cases: PWR

o' Pressurized Water Reactor Gaseous Radwaste Treatment System

el

Holdup time for fission gases stripped from the primary coolant

Letdown System
Holdup Time for Xe 60 days 0

1 - continuous degassification of the full let ~ Holdup Time for Kr 3154 | days 0
Fill Time of Decay Tanks
forthe Gas Stripper 0 days @

Waste Gas System Particulate Release  Fuel Handling Building  Auxiliary Building Containment Building
 Containment High Volume Purge | Containment Low Volume Purge

Charcoal Adsorbers

Req. Guide 1.140 Charcoal
Adsorbers? (No = 0% Yes = 99%) Yes hd

Removal Efficiency 96 % . NUREG-0017 Efficiency

HEPA Filters

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

Reg. Guide 1.14(

Do not include the 2 .

Number of Purges Per Year
During Power Operations _0 purges at shutdown
lodine
Fraction of lodine
Released from 0.13 fraction .
Percent of lodine
0.05 % (7]

Remaved from Air

Save || Ok ‘ Cancel




RUIELTION Cy8

Example Use Cases: PWR 9 USNRC

Protecting People and the Environment

o' Pressurized Water Reactor Parameters et
Mame of Reactor |Samp|e PWR | 0
Thermal Power Level 3400 MW(th)
Mass of Coolant in Primary System 2434758 thousand kg
Pri Syst Letd Rat 2839059 liters/min
rimary System Letdown Rate | | Bead from
Letdown Cation Demineralizer Flow Rate 28.39059 liters/min File

Mumber of Steam Generators

Total Steam Flow 6.803886 million kg/hr

Mass of Liquid in Each Steam Generator 51.02914 thousand kg

Steam Generator Blowdown Rate and Blowdown Treatment Method

0 - blowdown is recycled to the condensate system after treatment ~

Type of Steam Generator U-Tube 2

What is the total blowdown rate? (Only Input for U-Tube) 34.01943 thousand kg/hr 0
Condensate demineralizer regeneration time days 0

Fraction of feedwater through condensate demineralizers fraction e

Liquid Inputs Gas Inputs ﬂ Save Bun Back Cancel




Example Use Cases: PWR 3 USNR

;' Pressurized Water Reactor Gaseous Radwaste Treatment System

Holdup time for fission gases stripped from the primary coolant

Letdown System
Holdup Time for Xe 60 days 0
Holdup Time for Kr 154 | days 0

Fill Time of Decay Tanks
forthe Gas Stripper 0 days @

Waste Gas System Particulate Release  Fuel Handling Building  Auxiliary Building Containment Building
Containment High Volume Purge | Containment Low Volume Purge |

1 - continuous degassification of the full let ~

Charcoal Adsorbers
Req. Guide 1.140 Charcoal Reg. Guide 1.140
Adsorbers? (No = 0% Yes = 99%) Yes v
Removal Efficiency 97 % . NUREG-0017 Efficiency
HEPA Fitters
Reg. Guide 1.140 HEPA Yos y

fiters? (No = 0% Yes = 99%)

Continuous Containment Purge Rate 128.31685 m3/min ﬁ

lodine
Fraction of lodine
Released from 0.13 fraction .
Percent of lodine
0.05 % (7]

Remaved from Air

Save || Ok




Example Use Cases: PWR - GE

PARTICULATE RELEASE FRACTION
CONTAINMENT VOLUME (MILLION FT3)
FREQUENCY OF PRIMARY COOLANT DEGASSING (TIMES/YR)
PRIMARY TO SECONDRRY LERK RATE (LB/DRY)
THERE IS 4 KIDNEY FILTER

TOTAL STEAM FLOW (MILLION LBS/HR)

MASS OF LIQUID IN EACH STERM GENERATOR (THCUSAND LBS)
BLOWDOWN RATE (THOUSAND LBS/HR)

CONDENSATE DEMINERALIZER REGENERATICN TIME (DRYS)

R

kkkkkkk* GALE version: GRLESE ***xkkkkx GASEOUS WASTE INPUTS
*xkkkkkk  ANS-15.1 version: 1000 *kkkkkkkx THERE IS CONTINUOUS STRIPPING OF FULL LETDOWN FLOW
FLOW RATE THROUGH GAS STRIPPER (GPM) 7
HOLDUP TIME FOR XENON (DAYS) 6.
Sample PWR HOLDUP TIME FOR KRYPTON (DAYS) 3.
THERMAL POWER LEVEL (MEGAWATTS) 3. FILL TIME OF DECAY TANKS FOR THE GAS STRIPPER (DAYS) 0.
PLENT CAPACITY FACTOR 8 PRIMARY COOLANT LERK TO AUXILIZARY BLDG (LB/DAY) 1.
MASS OF PRIMARY COOLANT (THOUSEND LBS) 5 GAS WASTE SYSTEM PARTICULATE RELEASE FRACTION 1.
PRIMARY SYSTEM LETDOWN RATE (GPM) 7 FUEL HANDLG BLDG IODINE RELEASE FRACTION 9.
LETDOWN CATION DEMINERALIZER FLOW (GPM) 7 PARTICULATE RELEASE FRACTION 1.
NUMBER OF STEEM GENERATORS AUXTILIARY BLDG TODINE RELEASE FRACTION 8.
1.
2.
2.0

F O oOMNMNNNNOORKRE

w

CONDENSATE DEMINERALIZER FLOW FRACTION 6.
CONTAINMENT ATMOSPHERECLEANUE RATE (THOUSAND CEM)
LIQUID WASTE INPUTS PURGE TIME OF CONTAINMENT (HOURS)
FRACTION FRACTION COLLECTION DECAY FRACTION IODINE BYPASSING CONDENSATE DEMINERALIZER
STREEM FLOW RATE OF PCR DISCHARGED TIME TIME DECONTAMINATION FACTORS IODINE PARTITION FACTOR (GAS/LIQUID) IN STEAM GENERATOR
(GAL/DREY) (DAYS) (DBYS) I cs OTHERS FREQUENCY OF CNTMT BLDG HIGH VOL PURGE (TIMES/YR)

_____________________________________________________________________________________________________________________________ CNTMT-HIGH VOL PURGEICDINE RELEASE FRACTION

SHIM BLEED EATE PARTICULATE RELEASE FRACTION
EQUIFMENT DRAINS CNTMT LOW VOL PURGE RATE (CFM)

CLEAN WASTE INPUT CNTMT LOW VOL PURGE IODINE RELEASE FRACTION
DIRTY WASTES PARTICULATE RELEASE FRACTION
BLOWDOWN STERM LERK TO TURBINE BLDG (LBS/HR)

UNTREATED BLOWDOWN FRACTICN IODINE RELEASED FROM BLOWDOWN TANEK VENT
REGENERENT SOLS PERCENT OF IOCDINE REMOVED FROM AIR EJECTOR RELEASE 3.
__________________________________________________________ THERE IS NOT AN ON-SITE LAUNDRY
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Example Use Cases: PWR - GE 3 USNRC

Protecting People and the Environment

KIiNS

Sample PWR

GASECUS RELEASE RATE = CURIES PER YEAR GASECUS RELEASE RATE = CURIES PER YERR
PRIMARY SECONDARY BUILDING VENTILATION oo
COOLANT COOLENT oo - BLOWDOWN AIR EJECTOR TOTAL

(MICRO=CI/GM) (MICRO=-CI/GM) AUXILIARY TURBINE VENT OFFGRS EXHRUST

I-131 1.98363E-03 6.10073E-08 00 5.0 0 1.
I-132 5.99038E-02 7.95718E-07 04 1.5 0.0 2.
I-133 1.39188E-01 3.75488E-0¢ 03 3.5 1. 1.
I-134 3.39759%9E-01 2.26814E-06 03 8.6 0 7.0
I-135 2.59109E-02 5.47555E-07 04 6.6 0 1.
10 APPERRING IN THE TABLE INDICATES RELEASE IS LESS THAN 0.0001 CI/YR FOR I
TOTAL H-3 RELEASED VIA GASEQUS PATHWAY = 1.10000E+03 CI/YR
C-14 RELEASED VIZ GASEQUS PATHWAY = 7.30000E+00 CI/YR
BER-41 RELEASED VIA CONTAINMENT VENT = 2.40000E+01 CI/YR
Sample PWR
GASEQUS RELEASE RATE - CURIES PER YEAR GASECQUS RELEASE RATE - CURIES PER YEAR
PRIMARY SECONDARY GLS STRIPPING BUILDING VENTILATION = e e e e e e e e e e e e e e e e e e e e e e e e e e
COOLANT COOLANT = = =====mmmmememm e mmmmmmcmme= | e e e e BLOWDOWN ATIR EJECTOR TOTAL

(MICRO-CI/GM) (MICRO-CI/GM) VENT OQOFFGAS EXHARUST

KR-85M 1.12298E-02 2.38634E-09 ) 00 00 3. 00 0 3.
KR-G5 5.71525E-03 1.168292E-09 3. 00 02 1.: 01 0 6.
KR-87 1.513%91E-02 8.90536E-09 0 00 00 1. 00 0 1.
KR-58 1.41622E-02 2.98979E-09 0 00 00 3. 00 0 3.
XE-131M 3.45671E-02 7.10283E-05 0 00 02 6. 01 0 1.
XE-133M 1.18169E-02 2.53219E-09 0 0 00 1. 01 0 1.
XE=133 2.50634E-03 5.18553E-10 0 00 4. 00 0 4.
XE-135M 1.26796E-01 2.63345E-08 D 00 2. 00 3. 6.
XE-135 3.55501E-02 5.85531E-10 00 1.1 01 0. 1.¢
XE-137 3.37855E-02 7.05520E-09 00 0 00 0. 0.
XE-138 5.96281E-02 1.2707¢E-08 00 0. 00 1. 1.
TOTAL NOBLE GASES G,

0.00000E+00 APPEARING IN THE TABLE INDICATES RELEASE IS LESS THAN 1.0 CI/YR FOR NOBLE GAS




Example Use Cases: PWR - GE 3 USNRC

Protecting People and the Environment

Sample FWR
ATRBOENE PARTICULATE EELEASE BATE-CURIES FPEE YEAR
WASTE GAS BUILDING VENTILATION
NUCLIDE SYSTEM FUEL HANDLIN= REACTOR AUXILIARY TOTAL
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Example Use Cases: PWR - LE

GRALEGG **k%dkikk LIQUID WASTE INPUTS

kkkkdkkd* CATE version:

Fhkkkkdd ANS—10.] version: 1000 kkkkkkkks FRACTION FRACTION COLLECTTON DECAY

. ) STRERM FLOW RATE OF PCR DISCHARGED TIME TIME DECONTRAMINATION FRCTORS
(GAL/DRY) (DRYS) (DRYS) I cs OTHERS

SHIM BLEED RATE 1. 13 1. 1.00000E-01 9. 11 5. 13 2.10000E+03 1.1 05

Sample PWR EQUIPMENT DRAINS 3. 12 9. 1.10000E-01 9. 11 5. 13 2.20000E403 1. 05

THERMAL FPOWEE LEVEL (MEGAWATTS) CLEAN WASTE INPUT O. 02 9. 1.200008-01 1. 11 5.1 02 1.30000E+403 1.: 04

PLANT CRPACITY FACTOCR DIRTY WASTES 2.1 03 1 9.80000E-01 1. 01 5. 02 1.40000E+03 1. 04

BLOWDOWN 1.7 05 6.30000E-01 1. 0 1. 13 1.50000E402 1. 03

MASS OF PRIMARY COOLANT (THOUSAND LBS) UNTREATED BLOWDOWN 4.: 04 1.00000E+00 f 0o 1. 00 1.00000E+00 1. 00

PRIMRARY SYSTEM LETDOWN RATE (GEM) REGENERENT SOLS 3. 03 1.300005-01 : 01 5. 02 1.60000E+03 1. 04

LETDOWN CATION DEMINERALIZER FLOW (GEM)
NUMBER OF STEAM GENERATORS
TOTRL STEAM FLOW (MILLICON LBS/HR)

GASEOUS WASTE INPUTS
THERE IS CONTINUQUS STRIPPING OF FULL LETDOWN FLOW

MASS OF LIQUID IN EACH STEAM GENERATOR (THOUSAND LBS) 1.: HOLDUP 7IME FOR igggofﬁis) e
MASS OF WATER IN STEAM GENERATORS (THOUSEND LBS) 4 .50000E+02 FTLL TIME OF DECAY TANKS FOR THE GAS STRIPPER (DAYS) ,”
BLOWDOWN RATE (THCUSAND LES/HR) 7.50000E+01 GAS WASTE SYSTEM PARTICULATE RELEASE FRACTION 1.
PRIMARY TO SECONDARY LEAK RATE (LBS/DAY) 7.50000E+01 BUXTLIARY BLDG TODINE RELEASE FRACTION
i e PARTICULATE RELEARSE FRACTION 1.

CONDENSATE DEMINEERALIZER REGENERATION TIME (DAYS) §.40000E+00 CONTAINMENT VOLUME (MILLION FT3) 2.7
FISSION PRODUCT CRRRY-OVER FRACTION 5.00000E-03 FREQUENCY OF CNTMT BLDG HIGH VOL PURGE (TIMES/YR) 2.
HALOGEN CARRY-0OVER FRACTION 1.00000E-02 CNTMT-HIGH VOL PURGE ICODINE RELERSE FRACTION 4.
o - PARTICULATE RELEASE FRACTION 1.

CONDENSATE DEMINEEARLIZEE FLOW FRRCTION 6.50000E-01 CNTMT LOW VOL PURGE RATE (CFM) 1.
CNTMT LOW VOL PURGE IODINE RELEASE FRACTION 3.

PERTICULATE RELEASE FRACTION 1.

STEAM LEZK TO TURBINE BLDG (LBS/HR) 1.

FRACTION IODINE RELEASED FROM BLOWDOWN TANK VENT 1.

PERCENT OF ICDINE REMCVED FROM AIR EJECTOR RELEASE
THERE IS NOT AN ON-SITE LAUNDRY




Example Use Cases: PWR - LE

COOLANT CONCENTRATIONI

HALF-LIFE
(DAYS)

PRIMARY
(MICRO CI/ML)

SECONDARY
(MICRO CI/ML)

LIQUID EFFLUENTS3
ANNUAL RELEASES TO DISCHARGE CANAL
ECORON R3 MI3C. WASTIE3 SECONDARY TIURE BLDG TOTAL LW3
(CTORIES) (CURIES) (CURIES) (CORIES) (CURIES)

DETERGENT
WASTES
(CI/YR)

TOTAL

(CI/YR)

CORROSION AND ACTIVATION PRODUCTS

Ha 24 €_25000E-01 4_T0000E-02
CR 51 2_7T55TE+0L 2. 10000E-03
HN 54 3.0355€E+03 - €0000E-03
FE 55 5_45634E+03 1._20000E-03
FE 55 4_45554E+01 2. 00000E-04
o0 58 7.13551E+01 - €0000E-03
Co €0 1.5211€E+02 5.20000E-04
ZN €3 2_.44557E+03 5.10000E-04
wig? %_55832E-01 2.50000E-02
HE235 2_.34557E+00 2_320000E-03

FIS3ICH FRODUCTIS

3R 08 5.19954E+01 1.40000E-04
3R 51 4_03517E-01 5_€0000E-04
T 51M 3.47334E-03 4. €0000E-04
T 53 4_25000E-01 4_20000E-03
2R 535 €.459333E+01 3.590000E-04
HEBE 535 3_.4555€E+01 2_80000E-04
HO 55 2_7S1ETE+D0D €_40000E-03
TC 55 2_50000E-01 4_T0000E-03
RUL102 3_.55555E+01 7.50000E-03
RH103M 3.55847E-02 0. 00000E+DD
RUL0E 3. EE555E+03 5_00000E-02
RH10€ 3.47215E-04 0. 00000E+DD
AGL1OM 2_53557E+032 1._30000E-03
AGLLD 2_83405E-04 0. 00000E+DD
TELl25M 3.3555€E+01 1._50000E-04
TEL125 4_75183E-032 2_40000E-032
TEl31M 1_25000E+00 1_50000E-03
TEl21 1_73€17E-02 7.70000E-03
I131 8.04550E+00 2_00000E-03
TEla2 3_.25000E+00 1. 70000E-03
Ilaz 5_58333E-032 €_00000E-02
Ilaz 8_.75000E-01 2_€0000E-02
Il34 3_EEETSE-02 1. 00000E-01
T3124 7.48742E+02 4. 00000E-05
I135 2_751ETE-0L 5.50000E-02
T312€ 1.359%58E+01L 8.70000E-04
£31a7 1_085T3E+04 5. 00000E-05
BR1ITM 1.77085%E-02 0. 00000E+00
Bal4ao 1.2755 00
LAl4n 1.€735
CEl41 2 5
CEl43 1 E
FR143 1 5
CEl44 2 5
PR144 1 1
ALL OTHER3 2_0€020E-01
TOTAL

(EXCEFT TRITITM)

=1

0

=1

=1

0

0. 00000E+D0D

0. 00000E+D0D

=1

=1

0. 00000E+D0D

0. 00000E+D0D

i ooonoonoonoon

=

onoonoon

o

o
-
=
=
=
=
m
+
o
Oon o

LU ST SO T | B | R ]

0. 00000E+D0 0
1._00000E-05 05
0. 00000E+D0 o0
0. 00000E+D0 05
1._00000E-05 05
0. 00000E+D0 +00 0. 00000E+D0
0. 00000E+00 +00 0. 00000E+00
0. 00000E+D0 05 3_.30000E-04
2. 00000E-05 0 €_00000E-05
0. 00000E+D0 0 1_00000E-05
0. 000D0E+00 1. 00000E-05
4
0
E
0 0
05 2. 00000E-05
05 2_00000E-05
0. 00000E+D0 o0 0. 00000E+D0

ADJUSTED
TOTAL
(CI/YR)

4_€5000E-03
5_€0000E-04
5.320000E-04
3.50000E-04
5_00000E-05
1_4€000E-03
1.70000E-04
7.20000E-04
2.20000E-04
4_40000E-04

2. 10000E-0D
1.30000E-0
5_00000E-D
1_3€000E-0D
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Example Use Cases: BWR

¥ SIERRA
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Software integration for Environmental
ftadiological Aelease Assessments

Overview

- GG € & ¢ ¢ =

Source Term
(Not Started)

Atmospheric Dispersion
( Not Started )

= =

:ﬂllllllllll’

o' Source Term

June 2019 :

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

< >

What type of simulation
would you like to run?

Pressurized Water Reactor

IIIIIIIPII} Boiing Water Reactor

Advanced Reactor




Example Use Cases: BWR

8- Source Term General Inputs hd
Input File Name
|SIERHA_SOurce_Tem_B'."J'RExampIe.inI | Browse
Type of Analysis Type of Analysis Type of Analysis
M Gas Liquid GALES6 1999 v
Qutput Files

Gas ‘ BWRExampleGE out

Liquid [BWRExampleLE.om

English/S| Unit Setting
(C) English Units (® 51 Units

June 2019 .

This computer program was created as work
sponsored by an agency of the United States
Government. Neither the United States
Government nor any agency thereof, norits
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, v

Back Next




Example Use Cases: BWR R U2NRE

o Boiling Water Reactor Parameters x
Name of Reactor . | .
Themal Power Level ] Mwgh) ’
Total Steam Flow million kg/hr (@)
Mass of Water in Reactor Vessel million kg . H%E‘Ff:]'"]
Cleanup Demineralizer Flow — million kg/hr @)
Condensate Demineralizer Regeneration Time ] days .
Copper tubing for condenser? v
Fraction of Feedwater Through Condensate Demineralizers ’7 fraction .

Liquid Inputs Gas Inputs Save Run Back Cancel




Example Use Cases: BWR R U2NRE

o Boiling Water Reactor Parameters x

MName of Reactor _ | .

Themmal Power Level MWih) 9
' million kag/hr .

Total Steam How

Mass of Water in Reactor Vessel

Cleanup Demineralizer Flow | million ka/hr @
Condensate Demineralizer Regeneration Time ] days .

Copper tubing for condenser? v

Fraction of Feedwater Through Condensate Demineralizers ’7 fraction .

Liquid Inputs Gas Inputs Save Run Back Cancel




Example Use Cases: BWR R U2NRE

o' Boiling Water Reactor Parameters X
Name of Reactor BWR Sample (7]
Themal Power Level 2400 | MWgh) ‘
Total Steam Flow EB— million kg/hr o
Mass of Water in Reactor Vessel DTT— milionkg @ :'eq;'ﬂ;m“
Cleanup Demineralizer Flow ‘059 | millionkg/hr (7]
Condensate Demineralizer Regeneration Time 56— days ‘
Copper tubing for condenser? No |~
Fraction of Feedwater Through Condensate Demineralizers 1.0 fraction .
I Liquid Inputs Gas Inputs Save Run Back Cancel




Example Use Cases: BWR 3 USNRC

Protecting People and the Environment

o' Boiling Water Reactor Parameters X
Name of Reactor BWR Sample 7]
Themal Power Level 2400 | MWgh) ‘
Total Steam Flow EB— million kg/hr o
Mass of Water in Reactor Vessel DTT— milionkg @ :'eq;'ﬂ;m“
Cleanup Demineralizer Flow ‘059 | millionkg/hr (7]
Condensate Demineralizer Regeneration Time 56— days ‘
Copper tubing for condenser? No |~
Fraction of Feedwater Through Condensate Demineralizers 1.0 fraction .
ﬂ Liquid Inputs Gas Inputs Save Run Back Cancel




Example Use Cases: BWR R U2NRE

8- Boiling Water Reactor Liquid Radwaste Treatment System X

ESIE Low Punty Waste Chemical Waste Regenerant Solutions Waste Detergent Waste
Liquid Stream

Flow Rate 208414 lters/day o rombine from
- Fraction of Primary Varous Sources

Activiy of Inlet Strea{ 0,15 ey el (7]

Decontamination Factors (DF) Waste Collection and Processing

. Waste Collection Tme ———
| B
odine D 1.7e3 . Prior to Processing 1 o 0 |:
Calculate

Cs and Rb DF |
s ’L ‘ Waste Processing - q
Other DF 133 @  and Discharge M as @

Average Fraction of '
Wastes to be 0.01 |
Discharged After S

Cancel

L
o
L
-
=




Example Use Cases: BWR R U2NRE

8- Boiling Water Reactor Liquid Radwaste Treatment System X

High Purity Waste LﬂWPUﬂt‘rWﬂStE Chemical Waste Regenerant Solutions Waste Detergent Waste

Liquid Stream
Flow Rate 21576 lters/day o Combine from
; : Varous Sources
Activity of Inlet Strean]0.13 pacton f;jr[:“r?ﬂ
Decontamination Factors (DF) Waste Collection and Processing
. Waste Collection Time ]
lodine DF 1.5e3 . Prior to Processing —3'1 days 0
Cs and Rb DF A ' Calculate
’L o Waste Processing 0 days @
Other DF 1.7e4 . and Discharge g o
Average Fraction of _
Wastes to be 0.8 '
Discharged After —
Save Ol Cancel




Example Use Cases: BWR R U2NRE

8- Boiling Water Reactor Liquid Radwaste Treatment System X

High Purty Waste Low Purty Waste Chﬂmbﬂﬂ“-""ﬂﬂ& Regenerant Solutions Waste Detergent Waste

Liquid Stream
Flow Rate 227 lters/day o _Combine from
; : Varous Sources
Activity of Inlet Strear 0,02 E‘:gl*af: f;jﬁ’:“r?ﬂ
Decontamination Factors (DF) Waste Collection and Processing
. Waste Collection Time 1
lodine DF 1.8e3 . Prior to Processing —3'2 days 0
Cs and Rb DF A ' Calculate
’L o Waste Processing 07 doys @
Other DF 2ed @  and Discharge Q i
Average Fraction of '
Wastes to be _
Discharged After —_——
Save Ol Cancel




Example Use Cases: BWR R U2NRE

8- Boiling Water Reactor Liquid Radwaste Treatment System X

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

Liquid Stream
Flow Rate 227 lters/day o _Combine from
- : Various Sources
Activity of Inlet Strear 0,02 E‘:gl*af: f;jﬁ’:“r?ﬂ
Decontamination Factors (DF) Waste Collection and Processing
. Waste Collection Time 1
lodine DF 1.8e3 . Prior to Processing —3'2 days 0
Cs and Rb DF A ' Calculate
’L o Waste Processing 07 doys @
Other DF 2ed @  and Discharge Q i
Average Fraction of '
Wastes to be 0.7
Discharged After HSI—
Save Ok Cancel




Example Use Cases: BWR R U2NRE

8- Boiling Water Reactor Liquid Radwaste Treatment System X

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

Liquid Stream

Flow Rate 6435 liters/day (7]

Decontamination Factors (DF) Waste Collection and Processing

: 1 Waste Collection Time ——

| F

odine D .2.154 : Prior to Processing 94 days @

Cs and Rb DF 2 225 Calculate

— Waste Processing

Other DF 2 35 @  and Discharge M days @
Average Fraction of 0
Wastes to be 062 |
Discharged After S

Save Ol Cancel




Example Use Cases: BWR 9 USNRC

Protecting People and the Environment

0 g,
S iy
B
3 %,
< %
AL $§
% &
s, &
Uy 3

Mot

8- Boiling Water Reactor Liquid Radwaste Treatment System X

High Purty Waste Low Purity Waste Chemical Waste Regenerant Solutions Waste DEtEfQE”tWEStE

Detergent Waste Partition Factor 00 fraction (0.0 for no laundry) .

Save Ol Cancel




Example Use Cases: BWR 3 USNRC

Protecting People and the Environment

o' Boiling Water Reactor Parameters X
Name of Reactor BWR Sample (7]
Themal Power Level 2400 | MWgh) ‘
Total Steam Flow EB— million kg/hr o
Mass of Water in Reactor Vessel DTT— milionkg @ :'eq;'ﬂ;m“
Cleanup Demineralizer Flow ‘059 | millionkg/hr (7]
Condensate Demineralizer Regeneration Time 56— days ‘
Copper tubing for condenser? No |~
Fraction of Feedwater Through Condensate Demineralizers 1.0 fraction .
% Gas Inputs Save Run Back Cancel




Example Use Cases: BWR

Containment Building
Charcoal Adsorbers
Reg. Guide 1.140 Charcoal adsorbers? Yes v

Removal Efficiency (Range 0 - 100) r 1 .
See Hficiency Information Below LI
HEPA Filters

Reg. Guide 1.140 HEPA

fiters? (No = 0% Yes = 99%) Yes
Auxiliary Building

Charcoal Adsorbers

Reg. Guide 1.140 Charcoal adsorbers? Yes v
Removal efficiency (Range 0 - 100) w

See Efficiency Information Below 92 - .
HEPA Filters

Reg. Guide 1.140 HEPA

fiters? (No = 0% Yes = 99%) Yas v

Radwaste Building
Charcoal Adsorbers

Reg. Guide 1.140 Charcoal adsorbers? Yes v
Remaval Efficiency (Range 0 - 100) -

See Efficiency Information Below 93 = .
HEPA Filters

Reg. Guide 1.140 HEPA

fiters? (No = 0% Yes = 99%) Yes Vv

Charcoal Adsorbers Removal Hficiency Information

Reg. Guide 1.140 || NUREG=0016

u-' Boiling Water Reactor Gaseous Radwaste Treatment System

Turbine Building
Charcoal Adsorbers
Reg. Guide 1.140 Charcoal adsorbers? Yes v

Removal Eficiency (Range 0 - 100)
See Hficiency Information Below 94 - 0
HEPA Filters

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

Gland Seal

Gland Seal Steam Flow 0.54 thousand kg/h
Gland Seal Holdup Time 0.1 hours 0

lodine Released )

From Condensor 0.05 fraction o

Air Gector Offgas

Air Bjector Holdup Time 0.167 hours 0

lodine Released P ——

From Air Ejector Vent 0.76 | fraction (7
Charcoal Delay System? Yes v

Kr Dynamic Adsorption Coefficient 105 emda @
Xe Dynamic Adsormption Coefficient 2410 cm3/g o

Mass of Charcoal 21.77 thousand kg .

X




RUIELTION Cy8

Example Use Cases: PWR 9 USNRC

Protecting People and the Environment

o' Pressurized Water Reactor Parameters et
Mame of Reactor |Samp|e PWR | 0
Thermal Power Level 3400 MW(th)
Mass of Coolant in Primary System 2434758 thousand kg
Pri Syst Letd Rat 2839059 liters/min
rimary System Letdown Rate | | Bead from
Letdown Cation Demineralizer Flow Rate 28.39059 liters/min File

Mumber of Steam Generators

Total Steam Flow 6.803886 million kg/hr

Mass of Liquid in Each Steam Generator 51.02914 thousand kg

Steam Generator Blowdown Rate and Blowdown Treatment Method

0 - blowdown is recycled to the condensate system after treatment ~

Type of Steam Generator U-Tube 2

What is the total blowdown rate? (Only Input for U-Tube) 34.01943 thousand kg/hr 0
Condensate demineralizer regeneration time days 0

Fraction of feedwater through condensate demineralizers fraction e

Liquid Inputs Gas Inputs ﬂ Save Bun Back Cancel




Protecting People and the Environment

Example Use Cases: BWR - GE 3 USNRC

LIQUID WA3STE INFULS

FRACTION FRACTION COLLECTICH DECAY
STEEAM FLOW BATE OF ECR DISCHARGED TIME TIME DECONTAMINATION FACTORS
(GAL/DAY) (DRYS) (DAY S) I c3 CTHERS
HIGH PURITY WASTE 2.86€400E+04  1.50000E-01 1.00000E-02 1.40000E+00 T.00000E-02 1.10000E+02 1.20000E+02 1.20000E+02
LOW EURITY WASTE  5.70000E+02  1.30000E-01 B8.00000E-01 2.10000E+00 €.00000E-01 1.50000E+02 1.€0000E+04 1.70000E+04
CHEMICEL WASTE €.00000E+02  2.00000E-02 1.75000E+00 2_20000E+00 7.00000E-01 1.80000E+02 1.S0000E+04 2 _00000E+04
REGENERANT 30L3 1.70000E+02 €.20000E-01 &.40000E+00 4.40000E-01 2.10000E+04 2.20000E+05 2._20000E+05
titdddd® SRTFE —wersion: GALEAE gtk d gt 000 e
TErEEEEE ENS-_10_.]1 Termsipn: 1555 EXTETETELE
GAJECTI WASTE INEUTS
GLAND SEAL STEAM FLOW (THOUSAND LBS/HE) 1.20000E+00
GLAND SEAL HOLDUP TIME (HOURS) 1.00000E-01
EWE Jample EWE ATR EJECTOR OFFGAS HOLDUE TIME (HOTRSI) 1_€7000E-01
THERMAL EBOWER LEVEL (HMEGAWATTI) 2. 40000E+02 CONTAINMENT BLDGIODINE RELEASE FRACTION 1. 00000E+D0
FLANT CAFACITY FACTCE 8. 00000E-01 FARTICULATE RELEASE FRACTIOH 1.00000E+00
TOTAL STEAM FLOW (MILLION LEIE,I'II'EE:I 1_S50000E+01 TUREBINE BLD: IODIMNE RELEASE ERACTION €_00000E-02
MAESS OF WATER IN REACTCR VESSEL (MILLICH LES) 2_BO0000E-01 FARTICULATE RELEASE FRACTION +-ooonEmes
CLEAN-UF DEMINERALIZER FLOW (MILLIOH LB3/HR) 1. 20000E~0] LA SEAR VRS, TODUE EF SoEmenEe
- = - £ o +- + AIR EJECTCR OFFGAS IODINE BF 2 _40000E-01
OONDEN3ATE DEMINERALIZER REGEWEBATICN TIME (DAYS) 5_€0000E+01 ATXILIARY BLDE IODINE RELEASE FRACTION B.00000E—-02
FRACIION FEED WATEER THROUGH CONDENIATE DEMIN 8.20000E-DL BPARTICULATE ERELERSE FRACTION 1.00000E-02
REACTCR VES3EL HALOGEN CARRYOVER FACTCR 2._00000E-02 BADNASTE BLDG  IODINE RELERSE FRACTION 7-oBonoE-o2
FARTICULATE RELEASE FRACTIOH 1.00000E-02

THERE I3 WO CHARRCODAL DELAY 3¥ITEM

EWE Sample
=AJECUI RELEAJE PATE
(CURIES FER YEAR)
COOLANT CONC. CONTAINMENT TUREINE ATZILIARY RADWAITE ELAND AIR MECH VAC
KRUCLILDE (MICROCURIES /) G) BLD=. BLD=. BLD=. BLD=. SEAL EJECTIOR POHE TOTAL
I-131 2.20000E-03 1.30020E-02 1.11144E-02 2_.03504E-03 5.234000E-04 1.70000E-03 1.40000E+00 1.34€40E-01 1.5€342E+00
I-133 1.50000E-02 B.8€500E-02 T.57800E-02 1.35%080E-02 €.30000E-02 23.10000E-03 S.80000E+00 T.35000E-01 1.07237E+01

H-2 RELEAJED FROM TUREINE ELDE. VENIILATION 3Y3TEM
H-2 RELEAJED FROM CONTAINMENT BLDE. VENTIILATION 3Y3TEM
TOTAL H-2 BELEASED VIA GASECUI FATHWAY

C-14 RELEASED VIR MAIN CONDENMSER OFPGAR3 3YITEM =

€0000E+01 CI/YR
. €0000E+01 CI/IR
20000E+01 CL/YR
-50000E+00 CL/YR

LT L B L T ]




Example Use Cases: BWR - GE

BWE Sample
FASEQCUS RELERSE RATE
(CURIES EFER YEAR]) I(::
COOLANT COMC. CONTAINMENT TUREINE AUXTLIARY BADWASTE GLAND LTR MECH VAC gmmm
HUCLIDE (MICROCURIES /) BLDG. BLDG. BLDG. BLDG. SERL EJECTCR FUMP TOTAL romment
AR-41 0.00000E+00 1.50000E+01 O0.000CO0OE+00 O.00000E+00 O.L0OQ0Q0QO0E4+00 O.00000E+00 S9.40000E+02 0O.00000E4+00 9.53712E+02
ER-53M 5.90000E-04 0.00000E+00  0.00000E+00 O.00000E+00 O.L00000E4+00 2.00000E+00 2.60000E+04 0O.00000E+00 2.64607E+04
ER-55M 1.00000E-03 1.00000E+00 2.50000E+01 3.00000E+00Q0 O.000Q0Q0E+00 4.00000E+00 4.60000E+04 0.00000E+00 4.65173E+04
ER-55 4.00000E-08 0.00000E+00  0.000CO0E+00 O.00000E+00 O.LO0OQ0QOQO0E+00 O.00000E+00 1.90000E+02 O.00000E+00 1.903S9cE+02
ER-57 3.30000E-03 0.00000E+00 &.10000E+01 2.00000E+00 O.L00000E+00 1.20000E+01 1.40000E+05 O.00000E+00 1.43210E+05
ER-88 3.30000E-03 1.00000E+00 9.10000E+01 3.00000E+00 O.L0OQ000E+00 1.20000E+01 1.50000E+05 O.00000E+00 1.51215E+05
ER-5%9 2.10000E-02 0.00000E+00  5.850000E+02 2.00000E+00 2.%0000E+01 2.20000E+01 1.10000E+05 0O.00000E+00 1.13521E+05
KE-131M 3.30000E-0O¢& 0.00000E+00  0.000CO0E+00 O.00000E+00 O.L0OQ0QOQO0E4+00 O.00000E+00 1.80000E+02 O.00000E+00 1.57425E+02
KE-133M 4.90000E-05 0.00000E+00  0.00000E+00 O.00000E+00 O.L00000E4+00 O.00000E+00 2.30000E4+03 O0.00000E+00 2.33345%E+03
KE-133 1.40000E-03 2.70000E+01 1.50000E+02 2.30000E+01 2.20000E+02 5.00000E+00 €.70000E+04 1.30000E+03 &€.85379E+04
KE-135M 4.40000E-03 1.50000E+01 4.00000E+02 4.50000E+01 5.30000E4+02 1.30000E+01 1.30000E+05 0O.00000E+00 1.35930E+05
KE-135 3.80000E-03 3.30000E+01 3.30000E+02 S.40000E+01 2.30000E+02 1.40000E+01 1.50000E+05 5.00000E+02 1.30338E+05
KE-137 2.60000E-02 4.50000E+01 1.00000E+03 1.35000E+02 S.30000E+01 3.30000E+01 2.00000E+05 O.00000E+00 2.0273%E+05
KE-138 1.50000E-02 2.00000E+00 1.000C00E+03 €.00000E+00 2.00000E+00 4.30000E+01 4.40000E+05 0O.00000E+00 4.39351E+05
TOTAL NOBLE GRSES 1.50000E+0&
0.00000E+00 APPEARTNG IN THE TARBLE THDICATES RELEASE IS LESS THAN 1.0 CI/YR FOR NOBLE GAS
BWE Sample
ATRBOENE PARTICULATE RELEASE RATE
(CURIES FER YERAR])
CONTAINMENT TURBINE AUETLIARY BADWHASTE MECH VAC.
HUCLIDE BLDG. BLDG. BLDG. BLDG. FUMF TOTAL
CR-51 2.00000E-04 9.00000E-0O& 9S.00000E-0O& 7.00000E-0& 1.00000E-0& 2.30000E-04
MN-54 4,00000E-04 ¢.00000E-0O€ 1.00000E-05 4.00000E-03 0.00000E+00 4.60000E-04
CO-58 1.00000E-04 1.00000E-05 2.00000E-0O& 2.00000E-0O& 0.00000E+00 1.10000E-04
FE-5%9 %.00000E-05 1.00000E-0O& 3.00000E-0O& 3.00000E-06& 0.00000E+00 S.T70000E-05
CO-80 1.00000E-03 1.00000E-05 4.00000E-05 7.00000E-05 5.60000E-07 1.10000E-03
EN-g5 1.00000E-03 €.00000E-05 4.00000E-05 3.00000E-0O6 3.40000E-07 1.10000E-03
SR-8%9 3.00000E-05 &.00000E-0O5 2.00000E-07 O.00Q000E4+00 0.00000E+00 S.00000E-05
SR-90 3.00000E-0& 2.00000E-07 7.00000E-02 O.00000E+00 0.00000E+00 3.30000E-06
HB-55 1.00000E-03 €.00000E-0% S.00000E-0O5 4.00000E-03 0.00000E+00 1.10000E-03
ZR-95 3.00000E-04 4.00000E-07 7.00000E-0O& S.00000E-O& 0.00000E+00  3.20000E-04
MO-3549 6.00000E-03 2.00000E-05 &.00000E-04 3.00000E-03 0.00000E+00 &.60000E-03
RUO-103 2.00000E-04 S.00000E-07 4.00000E-05 1.00000E-03 0.00000E+00 2.40000E-04
AG-110M 4.00000E-07 O0.00000E+00 2.00000E-05 O.00000E+00 0.00000E+00  4.20000E-07
SB-124 2.00000E-05 1.00000E-O& 3.00000E-07 7.00000E-07 0.00000E+00 2.20000E-05
C5-134 7.00000E-04 2.00000E-0O& 4.00000E-05 2.40000E-05 3.20000E-0& 7.T70000E-04
C5-13¢6 1.00000E-04 1.00000E-O€ 4.00000E-0& O.00000E+00 1.5%0000E-0& 1.10000E-04
C5-137 1.00000E-03 1.00000E-05 5.00000E-05 4.00000E-05 5.90000E-0e 1.10000E-03
BR-140 2.00000E-03 1.00000E-04 2.00000E-04 4.00000E-03 1.10000E-05 2.30000E-03
CE-141 2.00000E-04 1.00000E-04 7.00000E-0O& 7.00000E-03 0.00000E+00 3.10000E-04




Example Use Cases: BWR - LE

kkkkkdkk GALE version: GLALESE wkkkdkkddk
kdkdkkkhk LANS-15,1 version: 1990 shkkdkkkik

BWE Sample

THEEMAL. POWER LEVEL (MEGREWATTS)
FLANT CRAPARCITY FACTOR
TOTAL STELM FLOW (MILLION LBS/HR)
MRS5S OF WATER IN REACTOR VESSEL (MILLICHN LRBS)
CLEAN-UP DEMINERALIZER FLOW (MILLION LBS/HR)
CONDENSATE DEMINERALIZER REGENERATION TIME (DAYS)
FISSION FRODUCT CARRY-OWVER FRACTIOHN

OGEN CRABERY-OVER FRACTICOHN
FERACTION FEED WATER THROUGH CONDENSATE DEMIN

LIQUID WASTE INFUTS

Lt

H = o

[43]

[

%]

a5}

DCECONTAMINATION FLCTCORS

-
L

L

I
10000E403
SO000E+403
BO0000E+403
10000E+04

OTHERS
1.30000E+4+03
1.70000E+04
2.00000E+04
2. 30000E+05

FRACTION FRACTION  COLLECTION
STRERM FLOW RATE OF ECA DISCHARGED TIME
{GAL/DLY) {DRYS)
HIGH PURITY WASTE 2.36400E+04 1.50000E-01 1.00000E-02 1.40000E+00
LOW PURITY WASTE  5.70000E+03  1.30000E-01 £.00000E-01 3.10000E+00
CHEMICAL WASTE §.00000E+02  2.00000E-02 1.75000E+00 3.20000E+00
REGENERANT SOLS 1.70000E+03 §.20000E-01 9.40000E+00
GASEQUS WASTE INPUTS
GLAND SEAL STEAM FLOW (THOUSAND LES/HR)
GLAND SEAL HOLDUP TIME (HOURS)
AIR EJECTOR OFFGAS HOLDUP TIME (HOURS)
CONTAINMENT BLDG IODINE RELEASE FRACTION
PARTICULATE RELEASE FRACTION

TUREINE BLDG ICDINE EELERSE FRACTICH
FARTICULATE RELERSE FRACTION
GLAND SEAL VENT, IODINE EF

ATR EJECTOR CFFGAS ICDINE EF

ATAILIRRY BLDG  IODINE BELERZSE FRACTICON
FARTICULATE RELERSE FRRCTICON
ICDINE EELERSE FRACTICN
FARTICULATE RELERSE FRRCTICON

CHRRCOAL DELRY 3YSTEM

BADWRASTE BLDG

THEEE I3 NO

L

BWER
LAQ000E4+03
O0000E-01
SO000E+01
LB0000E-01
L30000E-01
cO000E+01
a0000E-03
a00Q0E-02
L30000E-01
DECAY
TIME
(DAYS)
ao0QQQE-0Q2
O00QQE-01
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Example Use Cases: BWR - LE
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Example Use Cases: Extra Source
Term Screens 8" USNRC
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