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SCALE — A multipurpose nuclear modeling and
simulation suite
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SCALE by the Numbers

o 71497
— Distributions since 2004

* 5304

— Unique users

« 40

— Nations where SCALE is
licensed
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SCALE 6.2 Preview
» Significant updates since SCALE 6.1 in June 2011

» Focus on improved fidelity of solutions

 New nuclear data libraries in multigroup (MG) and continuous-
energy (CE)

» Significant improvements in CE Monte Carlo capabilities

 Modular development, parallel computing, and integration with
other code packages (NEAMS, CASL, external development)

» New sampling methods for uncertainty analysis and generation
of experimental correlations

 Modernized resonance self-shielding tools
* Improved QA and V&V
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New Data Libraries

* New CE cross-section data for neutron interactions, gamma yield, and
gamma interactions (sponsored by NRC, NCSP)

« New MG neutron libraries

* Provides parameters for intermediate resonance approximation for
rapid resonance self-shielding techniques

« 252-group energy structure (sponsored by NRC)

« 56-group energy structure (sponsored by NRC, DOE NE )

Low enriched U compounds; thermal systems

- Extensive test suite
« 381 VALID benchmarks
« 6300 transmission tests
« 5000 infinite medium tests

« ENDF/B-VII.O libraries
released with
SCALE 6.2 beta1

« ENDF/B-VII.1 libraries under
QA review for release with
SCALE 6.2 beta2

C/E keff

1.005

0995151337

[ ’ I J I

® ENDF/VIL1
® ENDEF/VILO
.+« Exp. Uncertainty
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Improved Collision Kinematics Processing
iIn AMPX

SCALE 6.0 and 6.1:

Y12 MONTEGO JAMAICAN

File 7 -> cosine moments cosine moments -> point-wise point-wise -> probability distr.

SCALE 6.0-6.1 SCALE 6.2
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SCALE 6.2:

Y12_GAM JAMAICAN

File 7 ->point-wise point-wise -> probability distr.

Refined energy grid is used — thinned to keep library size manageable
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AMPX Processing Improvements Provide
Improved C/E Especially for CE Calculations
for MOX Benchmarks

Up to 1000 pcm improvement for burned fuel
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SCALE 6.1 and 6.2 C/E for —400 VALID Benchmarks

(Same experiments in all categories)
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Monte Carlo Improvements for Criticality
» Parallel KENO (NRC and NCSP)

— Significant speedups with MPI on Linux clusters

* Improved CE efficiency (ORNL)

— Memory footprint reduced by 20-95%, depending on
problem

— Coding revised to provide improved consistency
across platforms

uuuuuuuuuuuuuuuuuu

- Source Convergence (NRC, NCSP, DOE NE) 7] :
— Shannon Entropy diagnostics | o g
— Hybrid deterministic starting source methodology in o |
Sourcerer for improved K. reliability il
* Problem-Dependent Doppler broadening for CE =~ = = ===
calculations for resolved and unresolve
(probability table) energy ranges (PhD) o T

1.20

- Doppler Broadened Rejection Correction (PhD) :

18

— Significant improvement in elevated temperature CE .,
Monte Carlo

115 |
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Temperature (K)
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Memory Footprint

1000

’ EXtenSIVe rework Of =+=MG-6.1 KENO Calculation for HFIR Reactor Core
eve ryth | ng CE |n «B=\G - 6.2 with Many Depletion Zones
SCALE and AMPX 100 770

« Introduction of efficient, g //
XSProc module for MG~ * /‘
calculations i s

1 10 100 1000
Number of Depletion Mixtures

CE Memory Improvements for Each Material % Reduction in Memory

Conversion of internal data storage from double- to single-precision 15-45
Redesign of 2D collision kinematics data 5-30
Optimize nuclide object (in memory access to data) 3-15
Optional within-nuclide unionized reaction energy grid 10-20
TOTAL 40-95
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Modular Interfaces

» SCALE Continuous-Energy * ORIGEN restructured to provide

Modular Physics Package AP and parallel capabilities
(SCEMPP) (NRC, ORNL) (DOE NE)

— Coupled neutron/gamma physics « New ORIGAMI tool developed to
— Application Programmer rapidly characterize spent fuel.

Interface (API) for CE physics for | |
next-generation Monte Carlo ~ * MPI with (near)-linear speedup

codes
— Implemented for shielding in Burnup
Monaco . (MdmTY)
— HPC Monte Carlo with Shift y . E EE
(125K processors) s
_ o 235 pins 0,110 =1:§
- 6300 fixed-source transmission . depletion
tests used in V&V nodes ™~
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Capability Advancements

 CE Capabilities with
MAVRIC/Monaco (NRC)

— All hybrid capabilities supported with
CE fidelity

— Up to 50% improved results for dose
rate calculations

I : 5:4E-01 - 1.00E00

I - 15E-01 - 4.84E-11

I 1.00E-01 - 2.15E-01
4.64E-02 - 1.00E-01
2 15E-02 - 4 64E-02
1.00E-02 - 2.15E-02

4 B4E-03 - 1.00E-02
I 2 15E-03 - 4.54E-03
I 1 ooc-0:-2.15E-03
I : 54504 - 1.00E-03
I - 1cE-04 - 454604
I 1 ooc-04 - 2 15E-04

 CE Monte Carlo Depletion L 0 " 32150 regions
2 GB memory S
50M histories for ~1% standard deviation in fluxes

— Designed for high-fidelity analysis of | Teta!problem time: 72 hours
full core reactors S St
— Efficient memory management

— MG reaction and flux tallies from CE
data

— Coupling with ORIGEN




Continuous-Energy Sensitivity Analysis

B MG TSUNAMI

U-238 Pu-239 Pu-240 Pu-241
Nuclide

. ' 1000
 Two new methods integrated into TSUNAMI
. 1| MIFP
| KENO for CE Calculations (NCSP) 71| mawre
. . " e g 10
— lterated Fission Probability (similar to MCNP) £
: : . Z 1
— CLUTCH (Contributon-Linked eigenvalue i
sensitivity/Uncertainty estimation via Tracklength | & °*
importance Characterization) — PhD topic 0.01 -
H20
CE TSUNAMI
Sensitivity Reference MG TSUNAMI IEP CLUTCH
0.2805 + 0.0088 0.2733 £ 0.0052 0.2793 + 0.0065
H,0 0.2935 +0.0179 (0.65 0. (1.08 0, (0.75 0.
238 -0.0050 + 0.0002 -0.0055 = 0.0003 -0.0057 £ 0.0001
U -0.0061 +0.0003 (2.80 Ocp) (1.16 0cp) (1.14 0.4)
239 0.1264 + 0.0014 0.1188 + 0.0020 0.1190 + 0.0001
Pu 0.1262 + 0.0087 (0.02 0. (0.83 o) (0.83 o)
240 -0.03750 + 0.00011 -0.03738 + 0.00060 -0.03743 + 0.00002
Pu -0.03777 + 0.00350 (0.08 0.y (0.11 0. (0.10 0
241 0.00599 + 0.00004 0.00567 + 0.00014 0.00579 + 0.00003
Pu 0.00589 + 0.00042 (0.24 0.y} (:0.50 o) (0.24 0,
Memory Requirements
(increase from Eigenvalue Analysis) 13 GB 11 GB 0.06 GB

IIIIIII N\JIVIL 11 1IN\ IVITVVUsT

Critical Experiment
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Sensitivity per Unit Lethargy

0.000

-0.001f

-0.0021

-0.003

-0.0041

-0.005

0006

-0.007

0008

-0.009 [

-0010F

0011

-0012r

-0.0131

-00141

0015

0016

0017 [

O-16 Capture Sensitivity
238-group CLUTCH VS
Microgroup CLUTCH

3.00E06

3.50E06

4.00E06

4.50E06 5.00E06 5.50E06

6.50506
Energy (eV)

7.50E06

8.50E06 9.50E06 1.50E07

% OAK RIDGE NATIONAL LABORATORY

MANAGED BY UT-BATTELLE FOR THE U.5. DEPARTMENT OF ENERGY




Sampler: A Module for Statistical Uncertainty
Analysis with SCALE Sequences (NRC, NCSP, DOE NE)

Sampled Keff [sampled ke oy

« Sampler provides uncertainty in
any computed result from any
SCALE sequence due to
uncertainties in:

— neutron cross sections
— fission yield and decay data
— geometry and composition

° Sampler propagates unqertainties Experlmental Correlatlons
through complex analysis

QQQQQQQQQQ
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sequences such depletion
calculations ooz | !

» Correlations between systems are | | 1
also computed o | B
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SCALE 5.0-6.1 Resonance Self-Shielding

(somewhat simplified view)

BONAMI

(unresolved resonance tre

atment)

WORKER
(prepare multigroup XS for

CENTRM)

A

each fuel pin

ndependent serial loop o

CENTRM

(compute pointwise flux in
resonance region)

resolved

Slow operatio

{

n

Y

PMC

(generate XS for resolved resonance
region from pointwise flux and XS)

K

I
—

WORKER

(prepare all nuclide cross sections for
use in transport calculation)

NEWT 2D Neutronics Solver

(combine nuclide cross sec

tion with

material densities to produce material

cross sections)

Depletion

—_——

Key

In-memory storage (fast)

Disk storage (slow)

Huge 1/O and
Memory use

Disk I/O slowdowns

(10s-100s of GB)

outside scope of current task
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SCALE 6.2 Resonance Self-Shielding
(NRC, DOE NE, NCSP)

. . Key Disk storage (slow) ;
Eﬂ:lCIent Operatlon In-memory storage (fast) -

Small memory footprint
Parallel calculations

@rallel loop over each fuel [h

Only save
needed data

_> ‘-) NEWT 2D Neutronics Solver

Depletion
<€
. outside scope of current task .
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Updated QA Program ncs o

* Designed for Compliance with:
— 150 9001-2008
— DOE 414.1D
— ORNL SBMS
— Consistent with ASME NQA-1

» Capabilities are tracked with the Kanban process
through the FogBugz electronic collaborative
development environment

U.S. Department of Energy ORDER
Washington, D.C.
Ap 25-2011

SUBJECT: QUALITY ASSURANCE

Kanban

L PURPOSE.

" B osgEgip B

To ensure that Department of Energy (DOE), including National Nuclear Security
Administration (NNSA), products and services meet or exceed customers'

Category Meaning
Proposed Task has been proposed for management approval
Approved Task has beep approved b_y management and assigned to a
developer for implementation
In Progress ~ Developer is actively working to implement the feature
Ready for Developer has completed the implementation and the feature
Testing is ready for comprehensive testing
Ready to Ship ltem has pgssed all test.s and is a candidate feature for quality
assurance implementation
Shipped Feature is implemented in quality-assured version

AMERICAN NATIONAL STANDARD

Quality management systems—
Requirements

AMERICAN SOCIETY FOR QUALITY
P.O. BOX 3005
MILWAUKEE, WI 53201-3005

Quality
Assurance
Requirements for
Nuclear Facility
Applications
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Improved SCALE V&V (i sponsors

My CDash All Dashboards Log Out Thursday, May 23 2013 17:08:49 EDT

* Routine Test Suite oo cies e

No file changed as of Sunday, May 19 2013 - 21:00 EDT Show Filters Advanced View Auto-refresh  Help

Build Name Build Time

devi.ornl.gov Release-Intel-12.0.3.174 & Expected build

— Run dozens of times each day
— 263 Sample Problems oo

dev2.ornl.gov A Debug-Intel-13.0.1.117-regression @

Expected build
Expected build
Expected build
May 20, 2013 - 08:37
EDT

devi.ornl.gov Release-Intel-13.0.1.117 &

— 379 Regression Problems
— ~1000 Unit Tests
— 381 VALID Benchmarks IS N

May 20, 2013 - 09:52
EDT

May 20, 2013 - 09:37
EDT

May 20, 2013 - 17:40
EDT

Continuous - Linux

Build Name Build Time
May 20, 2013 - 18:05
EDT

May 20, 2013 - 18:24
EDT

dev4.ornl.gov A Release-Intel-13.0.1,117-samples May 20, é%]ra -17:22

dev1.ornl.gov g%]rs - 14:56

. S rt d P | tf [ ] devl.ornl.gov g%]ra - 14:55
u p p O e a O rm S [ ] dev5.ornl.gov ié‘%]rs - 14:55

devs.oml.gov O Release-GNU-4.6.1-0penmpi-1.4.3 & May 20, g%]rﬁ -14:55

May 20, 2013 - 14:46
EDT

] ] ;
dev3.ornl.gov GCC-4.6.1-ANALYSIS
| I ) ) dev3.ornl.gov Linux-DBC-GCG-4.7.2-RELEASE &

May 20, 2013 - 14:46
EDT

devs.ornl.gov 8 Debug-GNU-4.6.1-openmpi-1.4.3 May 20, ég]r:* -09:36
L I n tel Re | e ase devs.ornl.gov D Release-GNU-4.6.1-openmpi-1.4.3 ¥ May 20, énmlra - 09:36
devd.ornl.gov D Release-Intel-13.0.1.117-samples May 20, ng - 09:36

devz.ornl.gov D Debug-GNU-4.6.1-regression ¥ May 20, Eg}s - 09:35

* Intel Debug
 GNU Release - "
* GNU Debug

— Suite repeated with MPI on Linux and Mac

May 20, 2013 - 09:35
EDT

g 8 8 8 8 8 g8 g 8

May 20, 2013 - 09:35
EDT
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Conclusions

» SCALE 6.2 continues a 30-year legacy of nuclear systems
modeling and simulation by providing comprehensive, verified
and validated, user-friendly capabilities for criticality safety,
reactor physics, spent fuel and radioactive source term
characterization, radiation shielding, and sensitivity/uncertainty
analysis.

* The new capabilities within SCALE 6.2 provide significant
advances over previous versions
— Improved CE and MG data

— CE Monte Carlo capabilities for criticality safety, shielding, depletion,
and sensitivity/uncertainty analysis,

— Modularity for CE physics and depletion
— Stochastic sampling with Sampler
— Improved resonance self-shielding, QA, and V&V
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SCALE 6.2 Tentative Schedule

» Beta1 — currently under limited release

» Beta2 — broader release expected by December 2013
» Beta3 — expected in Spring 2014

* Production release — expected in Summer 2014
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Questions?
http://scale.ornl.gov

scalehelp@ornl.gov

scale

Nuclear Systems Modeling & Simulation
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