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AGENDA

WORKSHOP ON HIGH PERFORMANCE COMPUTING AND MODELING & SIMULATION

“Overcoming Barriers to Enable the Electric Power Industry to Realize the Benefits of
High Performance Computing and Modeling & Simulation”

October 15-16, 2014 « EPRI Charlotte (Building 1 Rm 305)

WEDNESDAY, OCTOBER 15, 2014

TIME TOPIC PRESENTER

7:30 a.m. Continental Breakfast

8:00 a.am. | Welcome and Overview of EPRI's HPC Initiative Heather Feldman (EPRI)

8:30 a.m. From Edison to Cray: An Industrial Cultural Revolution | Rick Arthur (GE Global
Research)

9:15 a.m. Break

9:30 a.m. Panel Discussion — Overcoming Barriers Rick Arthur (GE Global
Research)
Ashok Krishnamurthy
(RENCI)

10:45 a.m. | Break
11:00 a.m. | Panel Discussion — Working with National Labs Suzy Tichenor (ORNL)
John Grosh (LLNL)
Eric Whiting (INL)

12:00 p.m. | Lunch

1:00 p.m. | On-line Transient Stability Analysis using High Liang Min (LLNL)
Performance Computing

1:45 p.m. | EPRI's Applications of HPC

¢ MAAP/Python and MACCS Rick Wachowiak (EPRI)
Ken Canavan (EPRI)

e CASL Modeling & Simulation for High- Brenden Mervin (EPRI)
Performance Computing Applications

o BOA Parameter Optimization Using Dakota Dan Wells (EPRI)

e Computational Electromagnetics for Power Alfonso Tarditi (EPRI)
Utility Applications

e Computational Fluid Dynamics Studies in Cassie Shaban (EPRI)
Environmental Controls

4:30 p.m. Round Table Discussion All

5:00 p.m. | Adjourn

Together . . . Shaping the Future of Electricity

CASL-U-2015-0200-000



WORKSHOP ON HIGH PERFORMANCE COMPUTING
AND MODELING & SIMULATION

October 15-16, 2014 « EPRI Charlotte (Building 1 Rm 305)

THURSDAY, OCTOBER 16, 2014

TIME TOPIC PRESENTER

7:30 a.m. Continental Breakfast

8:00 a.m. | Welcome Heather Feldman (EPRI)

8:15 a.m. Deep Dive of Hardware Mark Berrill (ORNL)

9:00 a.m. Introduction to Multiprocessing Programming Steve Smith (LLNL)

9:45 a.m. Break

10:00 a.m. | Introduction to GPU Computing Steve Rohm (NVIDIA)

Bill Veenhuis (NVIDIA)

10:45 a.m. | Profiling, Tracing, and ldentifying Bottlenecks in Mark Berrill (ORNL)
Parallel Codes

11:30 a.m. | Round Table and Wrap Up All

12:00 p.m. | Lunch
1:30 p.m. | Tour of UNC Charlotte’'s Research Computing Facility Chuck Price (UNC Charlotte)
3:00 p.m. | Adjourn

CASL-U-2015-0200-000



Performance Computing Applications

October 15, 2014

Brenden Mervin

r CASL Modeling & Simulation for High-
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Overview

» CASL * Test Stands
— Codes — Westinghouse

— Applications - EPRI
— Examples - TVA

Reactor Core Fuel Pin

Balance of Plant System

/;ﬁ U.S. DEPARTMENT OF
Fuel Pellet S 3|3 {c)'s

Nuclear Energy

Fuel Assembly
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CASL: The Consortium for Advanced
Simulation of Light Water Reactors

CASL will apply existing modeling and simulation (M&S) capabilities and
develop advanced capabilities to create a usable environment for
predictive simulation of light water reactors.

CASL partners are from national labs, universities and industry.

CASL consists of 6 technical

< “focus areas’:
* Los Alamos
Idaho Nafonal Loboratory * Materials Performance
] Saqdia .
=2l 1 L + Thermal Hydraulics
SI%KGE * Neutronics
Westinghouse g g — ) . )
ey » Validation/Uncertainty
NC STATE * Model Applications
UNIVERSITY

\ U + Viirtual Reactor developmg
/ ; _ U.S. DEPARTMENT OF

Nuclear Energy
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Can an advanced “Virtual Reactor” be developed
and applied to proactively address critical
performance goals for nuclear power?

@ Reduce capital @ Reduce nuclear waste e Assure nuclear safety

and operating costs volume generated by enabling high-fidelity
per unit energy by: by enabling higher predictive capability
- Power uprates fuel burnups for component and
« Lifetime extension system performance

from beginning
of life through failure ,

_;;-.\ U.S. DEPARTMENT OF

Nuclear Energy
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CASL Overview )
VERA: Virtual Environment for Reactor Applications &=

EPRI Test
Stand Scope

Virtual Environment for

.. B — WEC Test
Reactor Applications Commercial Commercial Stand Scope
™ Mechanics? CFD

" "Neutron
_ Research Research Transport
Chemistry Mechanics CFD

‘ Corrosion Isotopics
Nodal Subchannel

diffusion CRUD Fuel Thermal- Cross
- Deposition Performance Hydraulics Sections

Subchannel

Thermal-
Hydraulics Geometry / Mesh / Solution Transfer

' ' / VA Test
Physics Coupling Infrastructure Stand Scog

Reactor System

U.S. DEPARTMENT OF
«

Nuclear Energy
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CASL Overview
Code Suite

* Lattice physics + nodal diffusion:
ANC (Westinghouse)

* Deterministic transport: PARTISn (LANL),
Denovo (ORNL), DeCART (UMichigan)

» Monte Carlo transport: MCNP5 (LANL),

- FALCON: Current1D/2D  SCALE/KENO (ORNL) (Cd-Adapco)
workhorse (EPRI)

* BISON: Advanced 2D/3D Neutronics Thermal
capability (INL) (diffusion, Hydraulics

* AMP: Initial 3D capability transport) (thermal fluids)

(NEAMS) Fuel Performance Structural
(thermo-mechanics, Mechanics
materials models) Multiphysics

« BOA: Current Chemistry Integrator

CRUD and (crud formation, Reactor System

corrosion corrosion)

workhorse

EPRI :

(EPRI) Multi-resolution _ Multi-mesh

Geometry Mesh Motion/ Management
Quality
Improvement

CASL-U-2015-0200-000

» VIPRE-W: Current subchannel
flow workhorse (Westinghouse)

* ARIA(SNL), NPHASE (RPI):
Initial 3D flow capability

« Star-CCM+: Commercial code

- SIERRA (SNL)

- RELAP5 (INL)

S. DEPARTMENT OF

NERGY

Nuclear Energy



Examples from Radiation Transport

.{/"i;‘) U.S. DEPARTMENT OF
.7/ ENERGY

Nuclear Energy
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Goal: High-Fidelity Simulations
Neutron Transport Example

pin cell

lattice
cell

.........
.........
core R
........
........

* Replace traditional step-by-step approach with
high-fidelity fully-coupled approach (V) ENERGY

Nuclear Energy
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HPC-Enabled Neutron Transport
Stochastic (Monte Carlo) Approach

* PWR Core problem

/

| Domain Replication | [ Domain Decom

.

corel

193 assemblies/core)
x 264 rods/assembly)
x 4 radial bins/rod)
x 4 azimuthal bins/rod)

x 24 axial bins/rod)) core 2 core 3 e
energy groups
Z391 % 10°tally bins e e
"N v/ \' e ) . :h.,o
« 10° tally bins in fuel is too much information to store on evej

processor

— Represents approximately 16 GB of information per processor 2 ENERGY.

Nuclear Energy

o Tt
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HPC-Enabled Neutron Transport
Deterministic Approach

PWR900 Scaling on Jaguar XK6 (2012)

» Looking to solve for
neutron angular flux,

o(7, O, E)

StrongScaling

e * = e|deal-Full@Partitioning®

== |aguar-Full®artitioning®

* ¢ * *|deal-UpscatterfPartitioning

/ \ s | TIN == )aguar-Upscatter@artitioning®
E .,
70000 (radial locations) T O T
x 500 (axial elevations) g™ ~
x 8 (angles) 3

.....
x 250  (energy groups) || N—EN N S I N B N

=10 unknowns

\. /S )
* The unknowns alone |
represent ~80 GB of

10,0008 100,000@

Full partitioning scales well to 275,000 core

data

* Assuming linear scaling on 275,000 processors:
— In parallel: 40 minutes %) ENERGY
— Inserial: 21 years ~ Nuclear Energy

CASL-U-2015-0200-000



Westinghouse Test Stand
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Westinghouse Test Stand — Zero Power Physics Test{a/)\&&
Simulations for the AP1000® PWR

» Single Lattice (20 types)
* Multi Lattice (Unrodded and Rodded)
* Core with Reflector (Various Reflectors)

» Single Assembly (7 types)
* Multi Assembly (Partial Rod Insertion)

3D Assembly
|

« HZP Critical Boron
* Rod Worth (11 Banks)
+ Boron Worth

Using VERA with SP, 3D neutronics
capabilities (via Insilico) () ENERGY

. Nuclear Energy
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Westinghouse Test Stand Results
Power Distribution Results (from WEC)

Pin Power Delta Pin Power
Distribution x100 (VERA-KENO)

B L4 nlnl L aant | e aEa o L nodd ERFE IR R L oppegal

lllll
-------------------------------------
-----

llllllllllllllllllllllllllllllll
llllllllllllll
lllllllllllllllllllllllllllllllllllllllllllllll

llllllllllllllllllllll
o e aeEe 328 o e O ela
llllllllll
llllllllllllllllllllll
L .

Delta k-eff : 0£1 pcm
Delta Assembly Power RMS/Max: <0.3/0.4% © ENERGY
Delta Pin Power RMS/Max: 0.4/3.0 % =

Nuclear Energy Energy

CASL-U-2015-0200-000



3D Core Power Distribution
(AO and M-Banks Inserted)

' | AO
DB: neutronics.silo m” i I Y MA . |] MA

: |
Cycle: 0 = Ny, MB
Ly

Pseudocolor
Var: pin_powers
2,00

0.500

-0.00
Max: 2.00
Min: 0.00

Contour
Var: pin_powers

1.75

Max: 2.00
Min: 0.00

Suser: jtd
Fri Feb 2115:01:152014

Ak-eff = -81 +/- 2 pcm Hot Spot AP = 1% AAO = -0 9%
RMSAP= 1.2% Max AP = 5.9% Q)ﬁg"i@{

CASL-U-2015-0200-000 17



Computational Resources 2CASL

Consortium for Advanced Simulation of LWRs

KENO (SHIFT for 3D Core) VERA-CS SP:P, 23g

Particles | PinUnc. | Cores : Core Cores Cells Core : Memory
(X1 0A9) % # Wall Time s 4 4 Hours Wall Time

2D Lattice 1.1 0.02 312 ~3.5h 1K 12 324 0.2 ~1 min <96 GB

3x3 Lattice 3 0.04 300 ~10h 3K 12 3K 0.4 ~2 min <96 GB

2D Core 25 0.06 300 ~6d 43K 144 86K 13 ~5 min <512 GB

3D Assembly 17.5 0.08 240 ~3d 17K 64 0.2M 32 30min | <512GB

3D 3x3 25 ~0.1 180 ~6d 26K 144 1.5M 9% | 40mn | <127TB
Assembly

3D Core 25 038 | 180 | 6.5d 28K 320 6M 05K | 100min | <4TB
(Eigenvalue)

3D Core 1,000 A%? | 232K | 55h 1.3M 4,096 24M 23K | 34min

(Pin Power )

& U.S. DEPARTMENT OF

ENERGY

Nuclear Energy

T
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EPRI Test Stand

& U.S. DEPARTMENT OF

:NERGY

Nuclear Energy
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EPRI Test Stand
Thermo-Mechanical Analysis of Peregrine Fuel
Performance Code

v  Thermal analysis of shortened rod with a flat axial profile

[
* Single-cycle thermo-mechanical analysis of a full-length generic PWR fuel rod

» Single-cycle thermo-mechanical analysis of a full-length generic PWR fuel rod with
upscaled power history to force gap closure

A . Thermo-mechanical analysis with down power

 Thermo-mechanical analysis with additional power ramp

* Thermo-mechanical analysis with down power and 2" cycle ramp

 Thermo-mechanical analysis using proprietary reactor data

_;;-.\ U.S. DEPARTMENT OF

Nuclear Energy
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EPRI Test Stand
Pellet-Cladding Interaction (PCl)

2D FEM plot of the hoop stress for a full-length PWR fuel rod 200
using aspect ratios of 1:1 (left), 20:1 (center), and 400:1 (right).

250 |

200

Hoop Stress (MPa)
295

460 452 404 406 408 470 472 474 476
Time {days)

HII\I‘IHHHI!HHHHHHHH\MIHHHI
Hoop Stress (MPa)
g B

Inside cladding surface hoop stress prec
Peregrine during second-cycle res

* Phoebe Usage Statistics
— 400+ individual Peregrine simulations
— 15,000+ core hours - ENERGY

Nuclear Energy
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EPRI Test Stand 0~ A
2D FEM animation of gap closure with hoop
stress super-imposed

glele]e)
1.79e+008

i1e+8

-1.45e+008

EEEEEEEEEEEE

Nuclear Energy
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TVA Test Stand

& U.S. DEPARTMENT OF

:NERGY
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Mesh created by UT-C
SimCenter

View of reactor lower internal structures

Nuclear Energy
CASL-U-2015-0200-000



Multiphysics Coupling
Peregrine

[MAM BA D

Cladding
Corrosion/H-
Pickup

Hydrogen
Diffusion &
Precipitation

Stress
Corrosion
Cracking

CASL-U-2015-0200-000

Neutronics/
Isotopics

Virtual Reactor
Core Simulator BN

Peregrine

(Fuel Rod
Performance)

Validation

Application

Cladding
Creep & BIPP< s ocrartuentor

Nuclear Energy

Growth 81.°) ENERGY




Multiphysics Coupling .’
Neutronics, Thermal Hydraulics, and Fuel Performance vt

Clad surface temperature
Coefficients for multiphase heat flux -
‘ |
% o Q

Peregrine

Insilico

-=-----------

L 1
| DTK:CTF< = Insilico |:

]
DTK: Insilicoé MOOSE Multiapp |

E| DTK: CTF € MOOSE Multiapp |
| DTK: Insilico>Multiapp |
[ DTK: Insilico | PTKMuitiap |
]
. |
>34, U.S. DEPARTMENT OF
[DTK: Insiico | DTKMuiiapp %) ENERGY

Nuclear Energy
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Questions?

Time = 2 years
Burnup = 30.3 MWd/kgU

.5. DEPARTMENT OF

displacements magnified 25x . E N E RG I

Nuclear Energy
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