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SCALE Code System:

Neutronics and Shielding Analysis Enabling Nuclear Technology Advancements — http://scale.ornl.gov

Practical tools relied upon for design, operations and regulation Global distribution: 8,000 users in 58 nations
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SCALE is an integrated system with many features

SCALE 6.2

Fulcrum User Interface
Interactive Input Editor Runtime Interactive Viewer
Environment

User Input Auto-completion Data Plotting
Job Launch

Status Updates
Error Reporting

Consistency checking
Interactive Dialogs

Geometry Visualization
Results Overlay

Integrated Sequences of Modular Components

Criticality Safety | Reactor Physics | Radiation Shielding
Activation, Depletion and Decay | Sensitivity and Uncertainty Analysis

Material Specification Monte Carlo Radiation ~ Material Irradiation and
and Nuclear Data Transport Solvers Decay Solvers
Processing KENO V.a ORIGEN
XSProc KENO-VI ORIGAMI
ESSM Monaco
MCDancoff Sensitivity and
Deterministic Radiation Uncertainty Modules
Transport Solvers Sampler
XSDRNPM SAMS
NEWT TSUNAMI-IP
MoC TSURFER

Denovo TSAR

Utility Modules

Data Files
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SCALE licenses by version
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Nuclear data from ORNL AMPX tools
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Criticality safety and radiation shielding

High-fidelity
Monte Carlo
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Reactor physics and used fuel characterization
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Sensitivity and uncertainty analysis

Uncertainty in k.4
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User interfaces

ene == SCALE
File Edit View Run Help

Roload TSC-24-TSC-8_bounding NCTDossRate 01-01:2028n  Save TSC-24-TSC-8 bounding NCTDoseRate 01-01-2025.in0  Save TSC24-TSC8 bounding NCTDosoRlate 01-01-2026inpas  Closeta  Prit  Cut  Copy Paste  Undo Redo  Find

geometry B scAaEs2 | An, vew Ea. Top V) |liiilial] S9e(YD) 30 | Meshes aul Frome  Sdeva 30 |
Material ) 0.9988x z00m 8 Overlay + boundaries [ 11.9665x z00m
2077 |

27 1 Geometry description: assembly ID = 1 Response 1 - ANS standard (1977) neutron
, fluxto-dose-rate factors; units:

(rem)(particleicm2/s)

Contours
EEENEN
Contourcount 25| 2

28 1 Guide tube units

22 ynit 301 m

Radiation

28 com='nw guide tube in assembly type C1414C: location 1' ‘ |||h
. - 8 cupoid 1 0.736600 -0.736600 0.736600 -0.736600 19.290000 0.

Shielding il cyiinder 2 v - H "NW;M; |
- Text input preferred by il
P T c ([ ‘
e bozndary eXpert UserS Wlth
28 ynit 401 g g g
= comtne g highlighting and error Geometry
294 cylinder H -— . . .
= iinder detection - visualization

media

= edia 101 : B Mesh results

54
3
‘
|

overlay

e o

: [ 09 ‘ ‘ m Continuous-energy Cross Section Data
2
§ :: Ithecretical l.)ensh.y 10.960000
. Optional component
Fulcrum - v input preferred
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 Model visualization

* Nuclear data plotting
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Commercial and research reactors

-

[ W i, J <
. . . L e AL 12
Material processing and fuel fabrication \ A

N

Applications of SCALE:

The Nuclear Fuel Cycle

Recycling

§ Disposal

‘i S
2

Storage, safeguards, and security
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scale The SCALE Code System %Q:x,

Neutronics and Shielding Analysis for Enabling Nuclear Technology Advancements National Laboratory

CASL / NEAMS Nuclear Regulatory Commission

* Continuous-energy, high-fidelity reference solutions * Supports licensing and regulatory research
for reactor physics * Original sponsors of SCALE — since 1976
* Cross section data libraries * Reactor physics and source terms

* Reactor fuel depletion N — * Criticality safety and shielding
* Uncertainty quantification %Z /\C;I_

oo -3 * Cross section data libraries
onsortium for /dvanced Simulation of | WRs

- Global
Disposition Distribution
* Radiation shielding

* Nuclear fuel depletion * 8,000 users in 58 nations

* Used fuel source terms * Regulators
* Criticality safety analysis * Industry
* Uncertainty quantification * Research and Development

DOE Nuclear
Criticality Safety Program

* Criticality safety assessments

» Sensitivity and uncertainty analysis
» Advanced validation methods

* Experiment design

* Criticality accident alarm system analysis and design

Nuclear Nonproliferation
and Safeguards

* Used fuel and radionuclide source terms
» Reactor depletion analysis

* Radiation transport

* Nuclear forensics

%OAK RIDGE

National Laboratory



A number of private US companies are pursuing
conceptual and technological development of
advanced reactors

Advanced Nuclear Industry: Next Generation
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SCALE is a part of the NRC’s reactor licensing path

Point data
10,000s of energy groups

Cross section s Ca I e

library
g e n e ratl O n Nuclear Systems Modeling & Simulation

Calculational libraries:
Continuous (point) data,
multigroup: 10—-100s of groups

Lattice code

Resonance

processing transport and

depletion

Few (2—8) group cross section
database, parametric parameters
(fuel/mod temp, mod dens, etc.)
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Generation of multigroup libraries and covariance data for

advanced reactors — studies in collaboration with GRS

flux per lethargy

Continuous-energy data serve as reference solution to confirm multigroup approximations
SCALE 6.2 includes multigroup neutronics libraries that are optimized for LWRs
Multigroup cross sections can be generated for any type of system—LWR, HTGR, MSR, FHR,

SFR, etc.—with appropriate energy group structure and weighting spectrum

Uncertainties in cross sections (covariance data) quantify confidence in deployed data libraries

Example for SFR:
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AK = -6 pcm

Uncertainty in k¢ due to nuclear data

uncertainties: 1,435 pcm!

10°

10° 104 10° 10°

Energy [eV]

Correct group

structure/weighting

10’

Covariance matrix % Ak/k due to
nuclide-reaction with nuclide-reaction this matrix
238y n,n' 238 n,n' 1.2053(9)
23Na elastic 23Na elastic 0.3242(2)
%Fe elastic 5%6Fe elastic 0.2590(3)
238 n,gamma 238 n,gamma 0.2435(1)
%Fe n,n' %Fe n,n' 0.2388(1)

%
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Advanced reactor Monte garlo analysis with Shift

I CE Keno

* Flexible, high-performance Monte Carlo vo! | mmm CE STt | ]
radiation transport framework || = v Keno 3 3

 Shift is physics agnostic
— SCALE CE physics
— SCALE MG physics
 Shift is geometry agnostic

[y
N
T

=
o

- Serialruntimes @ ]

o
T

o
T

time per generation (sec)

— SCALE geometry

— Exnihilo RTK geometry Z ‘

— MCNP geometry HMF-005-001 HMF-015-001 MST-002-001

— DagMC-CUBIT CAD geometry Ho | ey
1.4

« Shift provides fixed-source and
eigenvalue solvers

« Shift is integrated with Denovo for
hybrid methods

 Shift has multiple parallel decompositions

—_
N

—@- Shift
m

-
o

Efficiency
o
oo

and concurrency models 0.6
 Shift is designed to scale from 0.4}
supercomputers to laptops o | |
10° 101 102
Number of processors
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Shift /| SCALE integration

 Integrated in CSAS criticality sequence

— Eigenvalue mode for criticality safety

— KENO V.a and KENO-VI geometry s c a e
— Uses standard SCALE geometry, material, and control specifications

— Validated with over 400 benchmark experiments

. . . M = N
* Integration in TRITON depletion sequence | .7 ,-ﬁfh =
i ‘ - '&————-—- |
— Currently in development I ‘
— Flux-solver ~ |
— Depletion -

— Multigroup cross section generation for nodal codes oot
— Randomized geometry for TRISO and pebble bed

 Integration in TSUNAMI sensitivity/uncertainty sequences
— Capability demonstrated
— Eigenvalue and generalized perturbation theory sensitivity coefficients with CE physics

- Planned integration in MAVRIC shielding sequence
— Fixed-source shielding problems using hybrid methods, especially for large facility and site modeling

— Planned for future development
%OAK RIDGE
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External communication R — =

Groups 20 - Q-
« SCALE website (ornl.gov/scale) . SCALE Users Group s

G+ About - Show all topics

Welcome to the SCALE Users Group. This group provides a venue for users and developers to discuss topics of interest regarding the

. . . .
— P u b I I Cat I 0 n S a n d tra I n I n ‘?"Ck g gr?up BEEy SCALE code system. All members are welcome to post new questions or reply to questions posted by other users. The forum will be
ool monitored by the SCALE development team.

L} - Visit ORNL  News Events Careers Find People Retirees & Staff Index Search ORNL sites n S
I n fo rm at I O n %O K RIDGE Additional instructions are available on the SCALE Website: http://scale.ornl.gov/Readme_SCALE_Users_Group.shtml
- National Laboratory ABOUT US -~ USER FACILITIES - SCIENCE AND DISCOVERY - OUR PEOPLE ~ |
d Please do not post export controlled, sensitive or proprietary information to this forum. For these types of inquiries, please contact the
Home SCALE team directly.
" . s Gr...
— Validation and benchmark SCALE * Discusson categories

bof Service

re pO rtS SCALE Users’ Group Workshop SCALE 6.2

Topics about SCALE 6.2
Oak Ridge National Laboratory, Oak Ridge, TN, USA scale P —

et el S scale
=~ Oak Ridge National Laboratory will host a SCALE Users' Group
D OW n I Oa d S . o B \Workshop September 26-28, 2017, The workshop will provide a Nodos Sysems Modeiog & Shrulaion OAK RIDGE

highly interactive forum for a fruitful exchange between SCALE users “National Laboratory
and developers and will include a mix of short presentations, open Overview
# discussions, and tutorial sessions.

- =% Topical areas to be discussed include: criticality safety, reactor Newsletter
[ eW S e e r R physics, depletion and source’terms, radiation-shielding, nuclgar Training
7 - *> data, and sensitivity and uncertainty analysis. Tours of ORNL i
> ‘{‘”vaciﬁues are also planned. o ¢ Downloads A I E
#7 Contact information: : . Validation A
2 7% Mattfiew Jessee, jesseema@ornl,gov; Germina llas, ilasg@ornl.gov S
Publications
o iger ewsietter
SCALE Users Group Number 50 | Summer 2017
/
.
Who We Are B
[ ] l l - e I ' I a I l a S S I S a I l Ce IN THIS ISSUE Welcome to the 50" edition performance and the Fulcrum
SCALE is a comprehensive modeling and simulation suite for nuclear of the updated SCALE user interface, and several new
safety analysis and design developed and maintained by Oak Ridge SCALE 6.2.2 Update B newsletter! Here we present the capabilities have been introduced
National Laboratory under contract with the U.S. Nuclear Regulatory et e s latest relevant content on the into the Polaris lattice physics
. V Commission, U.S. Department of Energy, and the National Nuclear ntroducing Polaris SCALE Code System in a newly code for boiling water reactor
£ Security Administration to perform reactor physics, criticality safety, Using Sensitivity Coefficients to designed format. Our website has (BWR) modeling. Details on the
radiation shielding, and spent fuel characterization for nuclear Optimize the Design of 2Cf Isotope also been updated with current SCALE 6.2.2 update and Polaris
o N ) 5 Production Targets 6 i ion on our ¢ iliti c ilities are provided on page 2.
facilities and transportation/storage package designs. it rani
. G, SIS et o
pectra wi 3 2 - .
. a e O O a e . A user primers, journal publications, tvaln;.nglto help Users gain SCALE
QBelLer()p.::}g L ?""camy 8 technical reports, and additional ::rac |;a exger!ence ‘;5:."9 .
earches with Sampler resources. Please visit http://scale. olpelr orm i;‘gn anc |cen:‘|n‘jg I
Potential for Collision in Writing to ornl.gov to see more. calculations. The training schedule
a‘ e OO ‘ O I I l ‘ O eS Output Files 10 for October 2017 is provided on
- - 3 We are excited to introduce the pages 15 and 16, while several
Employee Spotlights 10 inaugural SCALE Users’ Group past training courses are
Recent Publications 12 Workshop hosted at Oak Ridge highlighted on page 19.
National Laboratory (ORNL) on
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Training course schedule
and registration links

ORNL/SR-2017/152

scale

Nuclear Systems Modeling & Simulation

SCALE

Upcoming Training Courses

Training is provided by developers and expert users from the SCALE team. Courses provide a review of theory,
of ilities and limi
varying levels of complexity.

of the software, and hands-on experience running problems of

All attendees must be licensed users of SCALE 6.2, which is available from ORNL/RSICC, the OECD/NEA Data
Bank in France, and the RIST/NUCIS in Japan. All currently scheduled SCALE Courses are described below.

Course Dates and Descriptions

October 2-6, 2017
SCALE/TRITON Lattice Physics and Depletion Course ($2000%)
Oak Ridge National Laboratory, Oak Ridge, Tennessee, USA

Register Here

SCALE supports a wide range of reactor physics analysis capabilities. SCALE reactor
physics calculations couple neutron transport calculations with ORIGEN to simulate
the time-dependent transmutation of various materials of interest. TRITON is
SCALE’s modular reactor physics sequence for a wide variety of system types.
Attendees of this course will learn how to use TRITON for depletion analysis. The
TRITON training material is centered around using the NEWT 2-D transport module
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SCALE

ABOUT US ~

Visit ORNL News Events Careers Find People Retirees & Staff Index

USER FACILITIES - SCIENCE AND DISCOVERY ~

Who We Are

SCALE is a comprehensive modeling apd simulation suite for nuclear
safety analysis and design developgd and maintained by Oak Ridge
National Laboratory under contyact with the U.S. Nuclear Regulatory
Commission, U.S. Departmepf of Energy, and the National Nuclear
Security Administration t@’perform reactor physics, criticality safety,
radiation shielding, apd spent fuel characterization for nuclear

facilities and transgortation/storage package designs.

Read theXiscal Year 2016 Report on SCALE Maintenancea

Development
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User Documentation
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Upcoming Training
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Bradley T Rearden

Leader, Modeling and Simulation
Integration, Reactor and Nuclear
Systems Division
reardenb@ornl.gov

Quality Assurance
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SCALE Validation and
Benchmarks
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#,0OAK RIDGE

National Laboratory

FY16 Annual Report

Fulcrum Component Overview
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User documentation
Fulcrum user interface tutorial
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Radiation Safety Information
Computational Center (RSICC)

Versioned
Releases

Tim Valentine

Infrastructure and
Support

Tony Walsh
Seth Johnson
Brandon Langley
Jordan Lefebvre
Rob Lefebvre
Adam Thompson

Quality Assurance

System

Build and Test
Framework

Deployment

Strategic Vision
Quality Assurance Plan
Budgets and Staffing
Change Control Board

Monte Carlo
Development

Brad Rearden
Brian Ade
Kaushik Banerjee
Kursat Bekar
Cihangir Celik
Greg Davidson
Tom Evans
Shane Hart
Seth Johnson
Tara Pandya
Chris Perfetti
Doro Wiarda

KENO/CSAS
MAVRIC/Monaco
Shift
Sourcerer

Decay, Depletion,
and Activation
Methods

Will Wieselquist
lan Gauld

Shane Hart
Germina llas
Thomas Miller
Steve Skutnik (UT)
Doro Wiarda

Mark Williams

ORIGEN
ORIGAMI

Depletion, Decay,

and Activation
Data

Reactor Physics
Methods

Matt Jessee
Brian Ade
Kursat Bekar
Ben Betzler
Greg Davidson
Tom Evans
Cole Gentry
Steven Hamilton
Rob Lefebvre
Ugur Mertyurek
Doro Wiarda
Will Wieselquist
Mark Williams

TRITON
Polaris
Advanced

Reactor R&D

User Licensing

Nuclear Data and User Interfaces
Methods

Rob Lefebvre
Matt Jessee
Brandon Langley
BJ Marshall

Josh Peterson
Adam Thompson

Will Wieselquist

Cihangir Celik
Charles Daily
Andrew Holcomb
Matt Jessee
Seth Johnson
Kang Seog Kim
Rob Lefebvre
B.J. Marshall
Marco Pigni
Doro Wiarda
Mark Williams

XSProc

Neutron and Gamma
Cross Section Data
(MG&CE)

Covariance Data

Fulcrum

Geometry and
Data Visualization

Sensitivity and
Uncertainty
Analysis

Mark Williams
Goran Arbanas
Aaron Beuvill
Keith Bledsoe
Matt Jessee
Elizabeth Jones
Jordan Lefebvre
B.J. Marshall
Ugur Mertyurek
Thomas Miller
Chris Perfetti
Vladimir Sobes
Will Wieselquist

TSUNAMI
TSURFER
SAMPLER

Optimization and
Inverse Analysis

User Interaction
and Training

Germina llas
Brian Ade

Ben Betzler
Cihangir Celik
Justin Clarity
lan Gauld
Shane Hart
Marsha Henley
Matt Jessee
Henrik Liljenfeldt
B.J. Marshall
Thomas Miller
Douglas Peplow
Chris Perfetti
Will Wieselquist

Courses at ORNL, NEA
Data Bank, NRC, and User
Facilities
Conference Workshops
Helpline, User Groups
Documentation




SCALE 6.2 Team — May 2016

Left to right: Ahmed Ibrahim, Germina llas, Brandon Langley, Andrew Holcomb, Shane Hart, Cihangir Celik, Seth Johnson, Matt Jessee, Kevin
Clarno,Adam Thompson, Bob Grove, Rob Lefebvre, Greg Davidson, Charles Daily, Alan Icenhour, Barbara Snow, Brian Ade, Brad Rearden,
Ben Betzler, B. J. Marshall, Kursat Bekar, Will Wieselquist, Mark Baird, Mark Williams, Georgeta Radulescu, Ron Ellis, Thomas Miller, Dan llas,
Elizabeth Jones, Cecil Parks, Sheila Walker, Teresa Moore, Marsha Henley, Sandra Poarch, Lester Petrie
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