. DEPARTMENT OF Oﬁ:lce Of

NERGY Science

ASCR Leadership Computing Challenge
2013 ALCC Project Highlights

%OAK 6
RIDGE

National Laboratory

]

- -".II
Lawrence Berkeley

SR QR National Laboratory



NERSC ALCC
Projects 2013

U.S. DEPARTMENT OF Office of rm 'hl
EN ERGY Science Lawrence Berkeley

(AN @ National Laboratory




ChombaeCrunch Advanced Simulations of Subsurface Flow and Reactive Transp
Processes Associated with Carbon Sequestration

New Model Will Help Predict Stability of GReservoirs

Scientific Achievement
Firstever computer simulation of fullyesolved
flow in fractured shale from imagdata.
Significance and Impact
Thealbility to simulate flow in shales with high
resolution (less than 50 nm) will help
geoscientists better prediaaprockintegrity for
storing CQas well as understanding the effect:
of hydrofracturing

Research Details
i The high performance production simulation code
ChombaeCrunch, developeds part of EFRECGC,
solves the incompressible Nawvitokes equations in
complex geometries

i Anadaptive finite volume methoés usedo resolve R - 7

flow and transport pro_cesses at.very fine scalepare- Simulationof flow in fractured Marcellus shale using 60,000
Scalegeomemes Obtamed_fr_om Image data of real of Hopper. Fluid velocity shown wifl8-nmresolution. Sample
subsurface rocks that exhibit tight pore spaces and  courtesy of TinkneafseyLBNL), imaged @escarUSA
fracture apertures

Trebotich& GravesComm. Appl. Math. Comp. Soiappear (2015).

Pl. DavidTrebotich(LBNI.
20M Hours

Work was performed at LBNL/CRD using NERSC
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Computational Design dfligh-EfficiencySolar Thermal Fuel Materials

Scientific Achievement
Highthroughput simulationdave revealed
novelhigh-energydensitysolar thermal fuel
(STF) candidate materials as well as new
materials desigmrinciples.

Significance and Impact
STFs may offan emissiorree and
renewable solution fosolar energy
conversion and storage
Research Details

Focusedn possible metastable structure$
materials composedf earth-abundantelements

Searchedor potential isomerization patterns for a
givenmolecule and then usedb initio simulations
to calculate thermodynamicand opticalproperties

Resultsaalsocreatedeeper understanding of
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Schematicshowing the workflow involved in identifying new

photoisomerizatiorthermodynamics and may apply materials that store the energy of sunlight by changing the

to other photochromismrelated research fields,
such as molecular switches and phe&sponsive
polymers.

Liu and Grossmaiano Lettl14 (12), 70467050 (2014).

organization of atoms in a molecule, later to reorganize back to t

original structure and release the energy as heat.

Work was performed at MIT using NERSC and NSF resources

Pl. Jeffrey GrossmarM(T)
30M Hours




Study of thelnternal Dynamicsf ITER

Scientific Achievement -
We have identified a mechanism where nVeVT +n(y-DIVeV (7 =DVeq_
tokamak fusion plasmas exhibit an ' ~ ;
exceptionallystable,selforganizedstationary
state.

Significance and Impact

Tokamaksindergoperiodictsawtooth
2a0AFE1GA2YE NBO2Y Y
cause plasmdisruptionand abnormal
termination. We have identified a parametel
regime where these oscillations are absent,
resulting in an exceptionally stable and

guiescent discharge LA AR
Research Details q=1.01

I Dozensof long time simulations performed to

explore parametespace using M3 1toroidal 3D Terms in the energy balander the temperature equation at one
MHD code toroidal location in the plasma core for stationary state. Left frar

shows terms driven by velocity. Right shows normal loss terms.
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I Newdiagnosticoutput addedto clarify thephysics

Jardin et al., Bull Am . Phys. Soc.
http:// meetings.aps.omjnk/BAPS.2014.DPP.BP8.24 (2014) (in
preparation for Phys. Relett)

Work was performed at Princeton using NERSC

Pl. Stephen C. JardihBNI).
20M Hours
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Investigation of Plasma Rotation Inversion and Profile Structure in Magnetic
Fusion Experiments

Scientific Achievement

This work has led to a new physics discovery regattieg
direction of intrinsic torquehat drivestoroidal rotationdue
to plasmaturbulence.

Significance and Impact

Understanding plasma rotation generation is critical for
magneticfusionexperiments.

Simulation providean explanation for the recent rotation o
reversal experiments on AlcatorNMod

Research Details
T The Gyrekinetic Tokamak Simulation (GTS) code was used on
Edison to simulate the nonlinear evolution of global turbulence
and the consequent toroidal momentum flux
I Systematic simulation study has discovered a critical magnetic

©(AU)

IT

shear for different type of turbulence, at which turbulence 0.6 0.8 0.6
generated torque for driving rotation changes direction r

T GTS simulations ofKBOD experiments reproduced both intrinsic As magnetic shear (s) decreases from 0.6 t0 0.2, a
torque direction and critical magnetic shear value for torque specific momentum flug) that drives intrinsic
reversal observed in the experiments rotation changes orientation, indicating the

i Theoretical analysis has elucidated the underlying physics intrinsic torque reversal.

Publications and Invited talk (by Z. X. Lu, W. X. Wang, P. H. Diamond et al)

Effects of gprofile structure on intrinsic torque reversals, Invited talk at APS DPP, 2014, NI2.04

Intrinsic torque reversals induced by magnetic shear effects on the turbulence spectrumin ~ Work was performed at Princeton using NERSC
tokamakplasmas, to appear in Physics of Plasmas

Effects of gprofile structure on intrinsic torque reversals, submitted to Nuclear Fusion

Pl: WeixingWang PPPL
SM Hours !.;:ﬂ




Projections of Ice Sheet Evolutiaril of 3
Coupling of Ic&heetand Climate Models

Below:. Optimizedbasalfriction mapsfor Antarcticand
Greenlandce sheets(white = sticky,blue = slippery)
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Below: Targetclimate model forcing (right) and model
flux divergence(left). For smooth couplingto a climate
modelthe two fieldsmustbe assimilaraspossible
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M. Perego S. Price, GotadlerJGR1199),2014

Scientific Achievement
Developed and demonstrated a neagjoint-based
initialization procedurdor icesheet models

Significance and Impact

Inversionresultswill be usedor sealevelrise
projectionsfrom ice sheet models coupled to Earth
System Models

Research Details
I Optimal ice sheet model initialization needed tc
perform future predictions of sekevel rise

i Inversion is done for basal friction and bedrocl
topography fields to achieve both a smooth
coupling with climate forcing and a good match
to observed velocities and geometry

I Requires solution of largecale optimization
problem (700K parameters using 2K processor

Work was performed afandia & Los Alamos National Labs and at the University of Texas

Pl
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. Philip JonedRPP)L

5M Hours



Projections of Ice Sheet Evolutidhof 3:
POPSICLES: HRRbsolution Coupled Ice Sheet & Ocean Modeling

Scientific Achievement
Firstever coupled, higiiesolution, ice sheet & ocean
modeling of full Southern Ocean and Antarctic ice sheet

Significance and Impact

Understanding and accurately modeling the coupling betwe
20StYy OANDdzE FGA2YyY FYyR !yial
SaaSydaAalt FT2NJ LINP2SOGA2Ya
contributions to sea level rise

Research Detalls
i POP2x Ocean Model: highsolution (0. POP2 ocean
model modified to enable circulation under ice shelves

e

Images from a POPSICLES simulafiop: | BI_SICLES Ice sheet model: scalqble, adaptive mesh
Antarctic ice sheet geometry colored with ice refinement down to 500m resolution where needed to
velocities (light blue) and oceanodetproduced resolve important ice sheet dynamics

melt rates beneath floating ice shelvdottom:

T rrently validatin ing idealiz limate forcin
Southernocean velocities computed by POP2X Currently validating using idealized climate forcing

WOrkLIS NF 2 NY SR 2y bL8NL{ LANL Aan®tiePétdiagm Iristéute for Climate Infpesarch (PIK)

Pl. Philip JonesRPPL
5M Hours




Projections of Ice Sheet Evolutior8:of 3
Scalability and Convergence of tAlbany/FeliXce Sheet Model

Optimized surface velocities for Antarctica and Greenland - _
Scientific Achievement

Demonstration of improved scalability and convergence
a nextgeneration ice sheet model

Significance and Impact

Albany/Felixwill be used in future DOE Earth System Mo
simulations. Work performed assesses accuracy, efficier
and robustness of the model in realistic ice sheet
simulations

. wdy (eft and s bl resule f Research Details

onvergence stuay (lett) ana strong scalaniity results 1or .. : :

Greenland ice sheet simulations | Demonst_ratlon of numerical scheme convergence v
Conver, genceianNorm ~ meSh reflnement

| T x I Implemented Multigrid preconditioner to improve

efficiency and scaling

iy —weeel 1 Performed largescale runs (up to 1.2B unknowns an
L T e 14K processors) demonstrating good scalability on
. realistic Antarctic and Greenland ice sheet problem:

o ! 3 4
10 10 10 10
h fkml

I. KalashnikovaM. Peregg A. Salinger, Ruminarg S. Price,
M. Hoffman GeoscientifidModel Developmen(to appear)

W Pl. Philip JonesRPPL o :
NQLRSC 5M Hours mD,ﬂ

Work was performed afandia and Los Alamos national labs




High Strength, Molecularly Thin Nanoparticembranes

Scientific Achievement

Simulations provided unprecedented molecudatail
that cannot be obtaine@xperimentally aboutvhy
singlelayernanoparticlesencodedwith short organic
chainsare so surprisingly strong.

Significance and Impact

Because of their unusual strength, thin nanoparticles
membranes have many potential applications, from
sensor arrays to nanoscale filtration. Current study
resolved the fundamental mechanisms underlying their
unique mechanical strength.

Research Details
i Multi-million atom molecular dynamics simulations of alkanethiol
coatedgold nanoparticle membranes were carried out to
simultaneously measure nanoscale interactions while directly
comparing membrane properties Experiment.
i By replicating experimental conditions, nanoparticiembranes

deformation H atomsare representedin white, C cyan Au: brown,

at a watervaporinterface were madand thenwater removed to and_S yellow I_30ttom: closeu_p of COOHerminated (left) and CH-
form free-standing membranes. terminated (right) nanoparticles Hydrogen atoms have been

i Mechanical tests of the resulting membranesre then made omitted exceptin the COOFend group. Catomson the left NPare
and compared to experiment coloredcyanwhile thoseon the right are coloredpurple.

i Resulting insights can be used to design nanopatrticle

membranes with more finely tailored properties. Researchwvas carried ouait the Centeffor Integrated Nanotechnologies, a

U.S Department ofEnergy, Office of Basic Energy Sciencesfastity.
K. Michael Salern®an S. Bolintineanu, J. Matthew D. Lane, and Gary S. Work supported by Advancestientific ComputinResearch (ASCR)
Grest, Physic&eview Letters 113, 258301 (2014) LeadershigComputing Challenge (ADGE NERSC

Pl: Gary S. GresS{\1)
40M Hours Qﬂ




Simulating Cosmological Lymakpha Forest

Scientific Achievement

We have produced twmf the world'slargest
simulations of the Lyman alpha forest statistics in
spectrum of quasars.

Significance and Impact

Accuratelysimulating intergalactic medium is crucial

for constraining cosmological parameters with
spectroscopic quasar surveys, like BOSS and
DESI.Simulations performed under this ALCC serve as

~

0KS a3d2fR adl yRINREY (KSeé& IINB GKS FANBRG (2 Y2
cosmologically significant volumes and simultaneously
resolve small density fluctuations relevant for the
Lymanalpha forest.
Research Detalils
T UsedNyx N-body + hydrodynamics code NERSCEdison
. . D=
| p[?)?lvrgcr)gzgzé:(raudrlnm accuracy for all relevant statistics, like the flux In blue we show regions of high Lyripha absorption, while
i Exploredwo different UltraViolet Background models red are void places of low absorptioviellow are regions
commonly used in modern literature corresponding to galaxies: locations where gas becomes den:
i Fullsimulation datawill be availabléo the wider scientific and cold enabling the star formation.
community. _
One paper published (dzlethalb 2015, MNRAS, vol. 446, p. 3697), one Work was performed at LBNL/CRD using NERSC

submitted, more in preparation. Several invited presentations.

Pl: ZarijaLukic(LBNI.
24M Hours




