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It fis my pfleasure to present “Snapshot – Ffiscafl Year (FY) 2015 Laboratory Dfirected 

Research and Deveflopment” (LDRD). Thfis report hfighflfights Idaho Natfionafl 

Laboratory’s (INL’s) LDRD research projects. 

Insfide you wfiflfl read about INL’s cuttfing-edge research, whfich bufiflds our dfistfinctfive core 

capabfiflfitfies and fleadershfip strengths to heflp transform the worfld’s energy future, secure 

our crfitficafl finfrastructure, and protect our cfitfizens and sofldfiers.

LDRD projects aflfign wfith INL’s strategfic pflan and benefit the U.S. Department of 

Energy, as weflfl as an expansfive sponsor base consfistent wfith DOE and INL mfissfions. 

LDRD projects are seflected on a competfitfive basfis through rfigorous peer revfiew 

and management processes. Thfis program contrfibutes to bufifldfing an envfironment of 

creatfivfity—and scfientfific and technficafl exceflflence—at the Laboratory. 

The program provfides exceflflent professfionafl deveflopment opportunfitfies for our staff and 

heflps attract promfisfing young scfientfists and engfineers. Thfis contfinuaflfly refreshes our 

research staff and educates the next generatfion of energy workers. Many LDRD projects 

aflso support undergraduate and graduate students and provfide for unfiversfity and 

findustry coflflaboratfions.  

Thfis vfitafl research heflps the worfld understand nucflear reactor rfisks, extend nucflear 

reactor flfife, and study the effects of storage and firradfiatfion on nucflear fuefl to fimprove 

performance, safety, and securfity. It aflso heflps us better understand how to produce the 

cflean energy needed to power our future—and fintegrate thfis energy finto the grfid—whfifle 

ensurfing gflobafl, natfionafl, and homefland securfity by protectfing crfitficafl finfrastructure 

and makfing fit more resfiflfient to cyber attacks. 

Over the years, enhanced understandfing and finnovatfion resufltfing from LDRD projects 

have fled to new research programs; recognfitfion through awards, pubflficatfions, and 

patented finventfions; as weflfl as new research toofls, finstruments, and capabfiflfitfies at  

the Laboratory. The LDRD Program fis a key component of INL’s abfiflfity to deflfiver  

fits mfissfion.  

I am proud of the accompflfishments and opportunfitfies that INL’s LDRD Program 

provfides fin provfing advanced research and deveflopment concepts to fuflfiflfl current and 

future mfissfion needs.

Dr. Mark Peters 
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INTRODUCTIONINTRODUCTION

BENEFITS OF LABORATORY DIRECTED  
RESEARCH AND DEVELOPMENT

INL consfistentfly reaflfizes sfignfifficant beneffits from the LDRD Program.  

The FY 2015 metrfics are shown beflow.

FISCAL YEAR 2015 LDRD METRICS

3Natfionafl/

Internatfionafl 

Awards

11Inventfion 

Dfiscflosures

28Refereed 

Pubflficatfions

25Lficenses

8Patents

10 New Scfientfiffic & Engfineerfing Hfires

15 INL Postdocs

26 INL Student Interns

INL’s dfiverse LDRD portfoflfio expflores scfientfific and 

engfineerfing concepts to support DOE's Office of Nucflear 

Energy, the broader DOE, and thfis natfion's research, 

deveflopment, demonstratfions, and depfloyment of nucflear 

energy, cflean energy, and securfity.

FISCAL YEAR 2015 LDRD PROGRAM STATISTICS

18,228 
(doflflars, K)
81 
(projects)

750 
(doflflars, K)
25 
(doflflars, K)

TOTAL LDRD PROGRAM 
COST

TOTAL LDRD PROJECTS LARGEST PROJECT 
ALLOCATION

SMALLEST PROJECT 
ALLOCATION

13 1 50%
STAFF MEMBERS SUPPORTED  

BY LDRD FUNDING
LDRD HOURS CHARGED  
BY NEW STAFF

REPORT ORGANIZATION

Thfis report fis a “snapshot” of 

research hfighflfights that exempflfify the 

dfiversfity of scfientfiffic and engfineerfing 

research performed at INL, awards 

and recognfitfion resufltfing from LDRD 

fundfing, and coflflaboratfions usfing  

LDRD fundfing. 

As a suppflement to thfis pubflficatfion,  

the comprehensfive LDRD 2015 

Annuafl Reporta contafins summarfies of 

aflfl 81 LDRD projects funded fin FY 2015, 

fincfludfing a generafl descrfiptfion of each 

project, a summary of the scfientfiffic or 

technficafl progress achfieved durfing the 

flfife of each project, a brfief statement 

descrfibfing how each project beneffited 

the DOE and Natfionafl Nucflear Securfity 

Admfinfistratfion mfissfions, and reflevant 

peer-revfiewed pubflficatfions and 

presentatfions. The LDRD 2015 

Summary Annuafl Report aflso fincfludes 

appendfices (an author findex and 

project reflevance to DOE program 

offfices) that may be usefufl to readers.

INTRODUCTION

Thfis report provfides a sampflfing of  

the Laboratory Dfirected Research  

and Deveflopment (LDRD) Program 

hfighflfights for Idaho Natfionafl Laboratory 

(INL) fin Ffiscafl Year (FY) 2015. 

LDRD fis a reflatfivefly smaflfl but vfitafl  

U.S. Department of Energy (DOE) 

program that aflflows INL to seflect 

a flfimfited number of research and 

deveflopment (R&D) projects for the 

purpose of mafintafinfing the scfientfiffic 

and technficafl vfitaflfity of INL, enhancfing 

INL's abfiflfity to address future DOE 

mfissfions, foster creatfivfity and 

stfimuflate expfloratfion of forefront 

scfience and technoflogy, serve as a 

provfing ground for research, and 

support hfigh-rfisk, hfigh-vaflue R&D. 

Through LDRD, INL fis abfle to fimprove 

fits dfistfinctfive capabfiflfity and enhance 

fits abfiflfity to conduct cuttfing-edge R&D 

for fits DOE and Strategfic Partnershfip 

Program sponsors.

The LDRD Program proves fits vaflue 

each year through new programs, 

finteflflectuafl property, patents, 

copyrfights, natfionafl and finternatfionafl 

awards, and pubflficatfions. It aflso 

provfides a means to feed the scfience 

and technoflogy pfipeflfine wfith scfientfists 

and engfineers through undergraduate 

and graduate finternshfips, postdoctorafl 

assfignments, and doctorafl candfidates.

THE LDRD PROCESS AT IDAHO NATIONAL LABORATORY

Each year, projects are seflected for fincflusfion fin the LDRD Program through a 

proposafl process. To seflect the best and most strategfic of the fideas submfitted, 

the assocfiate flaboratory dfirectors responsfibfle for the varfious mfissfion areas 

estabflfish commfittees for the focus area to revfiew new proposafls and assocfiated 

ongofing projects. The commfittees are staffed by senfior research and technficafl 

managers who are subject matter experts and have no confflfict of finterest 

regardfing the proposed projects.

Proposafls for project fundfing for both the Strategfic Infitfiatfives R&D Fund and 

Unfiversfity Partnershfip Fund undergo two rounds of revfiew. In the ffirst round, the 

commfittees evafluate short preflfimfinary proposafls and seflect the most promfisfing 

for deveflopment finto fuflfl proposafls. In the second round, the commfittees revfiew 

the fuflfl proposafls, as weflfl as ongofing projects that are requestfing second- or thfird-

year fundfing. After the revfiews are compfleted, the commfittees provfide fundfing 

recommendatfions to the assocfiate flaboratory dfirectors, who fin turn present the 

recommendatfions aflong wfith thefir finput to the Deputy Laboratory Dfirector for 

Scfience and Technoflogy, who deveflops an overaflfl fundfing strategy and provfides 

approvafls for the finvestment. Aflfl projects seflected for fundfing aflso recefive 

concurrence from the DOE Idaho Operatfions Offfice.

a Avafiflabfle onflfine at www.finfl.gov/LDRDINL.



SNAPSHOT – FISCAL YEAR 2015    
LABORATORY DIRECTED RESEARCH AND DEVELOPMENT

4 5

PROJECT HIGHLIGHTSRESEARCH PROJECT HIGHLIGHTS

Mass Spectrometry of Nanodropflets for  
Measurfing Radfioactfive Sampfles

Over the past severafl years, 

eflectrospray fionfizatfion (ESI)-mass 

spectrometry (MS) has been finvafluabfle 

for characterfizfing the effects of 

radfiatfion on soflvent-extractfion systems 

used fin nucflear fuefl cycfle separatfions. 

ESI functfions by sprayfing dropflets 

at a sampflfing aperture, transferrfing 

the fimportant chemficafls finto the gas 

phase where they can be anaflyzed by 

the MS. In ESI-MS, most of the sampfle 

soflutfion fis deposfited on the outsfide 

of the aperture, where fit constfitutes 

radfioactfive contamfinatfion. Here, 

mass spectra of sfingfle, nanoflfiter-sfized 

dropflets are acqufired one dropflet at 

a tfime. Thfis approach greatfly reduces 

flevefls of radfioactfivfity encountered when 

conductfing an anaflysfis and enabfles 

detafifled finvestfigatfions of the chemfistry 

of soflutfions generated by nucflear fuefl 

recycflfing processes (Project 13-039).

Nucflear Fuefl Storage Integrfity

Durfing nucflear reactor operatfion, 

an oxfidatfion process wfithfin the fuefl’s 

protectfive cfladdfing creates hydrfides. 

Hydrfides do not sfignfifficantfly fimpact 

the performance of modern reactors 

but can flead to the cfladdfing becomfing 

brfittfle and crackfing durfing flong-term 

storage. Thfis project fis combfinfing 

modeflfing wfith experfimentafl work to 

predfict hydrfide orfientatfion under dry 

storage condfitfions wfith an emphasfis 

on the fundamentafl mechanfisms that 

govern mficrostructurafl behavfior based 

on flocafl stress states. Understandfing 

thfis phenomenon fis of great finterest 

to entfitfies that fincflude the DOE, the 

Eflectrficafl Power Research Instfitute, 

reactor vendors, and utfiflfitfies  

(Project 13-032).

An INL fintern afids fin research to  

reduce radfioactfivfity flevefls encountered 

durfing nucflear fuefl anaflysfis.

Cflose-up vfiew of the capfiflflary used to generate 

charged dropflets, aflfigned wfith the sampflfing 

aperture cone of an ESI-MS finstrument. 

Repflacfing Empfirficafl Modefls

The propertfies of materfiafls, physficafl 

and mechanficafl, are determfined by 

the coflflectfive and cooperatfive behavfior 

of thefir atomfistfic structure. These 

propertfies are usuaflfly approxfimated 

by empfirficafl modefls fin nucflear fuefl 

performance codes such as MOOSE, 

BISON, and MARMOT at engfineerfing 

scafles. But these empfirficafl modefls 

are onfly vaflfid for the data ranges 

generated fin experfiments, so the use of 

these empfirficafl modefls outsfide of thefir 

bounds usuaflfly yfieflds unreflfiabfle resuflts. 

To be more predfictfive, thfis project 

afims to deveflop concurrent modefls, 

startfing from the atomfistfic scafle aflfl the 

way to the engfineerfing scafle, repflacfing 

currentfly used empfirficafl modefls. The 

outcome of thfis research wfiflfl fimprove 

the predfictfive modeflfing of radfiatfion 

damage fin nucflear fuefls and wfiflfl heflp 

fin the desfign of advanced fuefls and 

nucflear materfiafls (Project 13-050).

Modeflfing of mficrostructurafl behavfior fin reactor  

cfladdfing that becomes brfittfle durfing storage (upper fleft). 

Sfimuflated soflfidfifcatfion of a metafl crystafl from 

flfiqufid usfing the MARMOT code (fleft).

Predfictfing hydrfide orfientatfion under dry storage 

condfitfions fis of great finterest to entfitfies that fincflude  

the DOE, the Eflectrficafl Power Research Instfitute,  

reactor vendors, and utfiflfitfies.
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Ensurfing Compflfiance wfith Nonproflfiferatfion Commfitments

U.S. and finternatfionafl organfizatfions use fisotope ratfio measurements to ensure 

nucflear energy facfiflfitfies are operatfing fin compflfiance wfith nonproflfiferatfion treaty 

commfitments. Thfis project fis provfidfing the scfientfiffic chemficafl basfis for fisotope 

ratfio measurements at an ufltratrace flevefl whfifle fincreasfing accuracy and flowerfing 

detectfion flfimfits. Transfitfionfing to thfis method of measurfing fisotope ratfios wfiflfl 

aflflow the U.S. to make more finformed decfisfions regardfing the nonproflfiferatfion 

status of finternatfionafl nucflear energy programs at a substantfiaflfly reduced 

cost compared wfith current methods and wfiflfl advance the DOE’s nucflear 

nonproflfiferatfion mfissfion (Project 13-060). 

Socfietafl Safety Goafl

The U.S. Nucflear Reguflatory 

Commfissfion’s safety goafls are 

concefived as hfigh-flevefl statements 

on safety phfiflosophy and the rofle 

of safety/cost tradeoffs fin the 

commfissfion’s decfisfions. The current 

safety goafls address adverse heaflth 

consequences to findfivfiduafls from 

exposure to radfiatfion as a resuflt of 

accfidents. Radfioflogficafl consequences 

of nucflear accfidents are expected 

to be flow, partfly because peopfle 

are evacuated and reflocated. But 

evacuatfion and reflocatfion can cause 

sfignfifficant socfietafl dfisruptfion, and thfis 

consequence fis not expflficfitfly addressed 

by exfistfing goafls. Thfis LDRD project 

studfied the formuflatfion of an addfitfionafl 

(socfietafl) safety goafl to address 

socfietafl dfisruptfion. It was concfluded 

that a goafl metrfic capturfing the 

competfitfion between dfisruptfion and 

radfioflogficafl consequences woufld be  

a usefufl afid to decfisfion-makfing  

(Project 13-095). 

Mufltfiphysfics Reactor Sfimuflator

Experfimentafl reactors are used to 

evafluate nucflear fuefl performance 

under reactor operatfing condfitfions, 

and the data are used to fimprove fuefl 

desfign. But today’s budget constrafints 

flfimfit experfimentafl measurements, 

and the use of exfistfing commercfiafl 

reactors for data coflflectfion can be 

probflematfic for proprfietary reasons. 

So INL researchers are deveflopfing a 

prototypfic mufltfiphysfics capabfiflfity for 

fuflfl reactor sfimuflatfion. Thfis wfiflfl provfide 

the means to substantfiaflfly reduce the 

cost of experfimentatfion by provfidfing 

rfigorous experfiment desfign capabfiflfitfies 

through sfimuflatfion. The capabfiflfity fis 

befing evafluated usfing INL’s Advanced 

Test Reactor and Transfient Test 

Reactor. The capabfiflfity wfiflfl aflso be 

extended to flfight-water reactors and 

next-generatfion reactor desfigns to 

fimprove reactor performance, safety, 

and economfics (Project 13-115). 

Improvfing Oxfide Reactor Fuefl

INL researchers study the mficrostructure and radfiatfion effects on the 

thermafl conductfivfity of oxfide fuefl usfing a novefl measurement technfique 

and compflementary computer modeflfing. Grafin boundary (GB), whfich fis the 

mficroscopfic finterface between two grafins fin poflycrystaflflfine materfiafl, coufld 

affect the heat transfer, dependfing on the type of GB. Atomfistfic modeflfing of the 

thermafl transport fis conducted to compare the resuflts dfirectfly wfith experfiments. 

Specfifficaflfly, the foflflowfing objectfives are to be accompflfished: (a) determfine grafin 

GB thermafl resfistance for dfifferent types of GBs fin unfirradfiated materfiafls to 

finvestfigate how specfiffic GB structure affects the thermafl transport; (b) finvestfigate 

the thermafl resfistance of GBs wfith ffissfion-gas fimpflantatfion; and (c) determfine 

thermafl conductfivfity degradatfion at dfifferent firradfiatfion temperatures. Data from 

successfufl compfletfion of thfis project wfiflfl be heflpfufl for advanced fuefl deveflopment 

(Project 13-105).

INL researchers seekfing ways to measure fisotope ratfios 

at ufltratrace flevefls, whfich wfiflfl heflp ensure compflfiance 

wfith nonproflfiferatfion treatfies.

Grafin boundarfies, whfich coufld hofld cflues about 

heat transfer fin nucflear fuefls (top). Studyfing the 

mficrostructure of oxfide fuefl to heflp deveflop advanced 

nucflear fuefls (bottom).
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Advanced Reactor  
Component Testfing

Generatfion IV nucflear energy 

technoflogfies are deffined by safety, 

economfic, technficafl, and envfironmentafl 

advances. Components reflevant to 

these reactors requfire performance 

and fintegrfity evafluatfion at prototypficafl 

condfitfions. The Advanced Reactor 

Technoflogy Integrafl System Test 

(ARTIST) capabfiflfity, concefived and 

desfigned wfith thfis LDRD project, 

provfides thfis physficafl test pflatform. It 

wfiflfl aflflow energy-systems researchers 

to advance and fintegrate emergfing 

technoflogfies, such as advanced smaflfl 

moduflar reactors, hfigh-temperature 

heat exchangers, hybrfid energy 

systems, and dynamfic grfid energy 

storage (Project 14-009).

Reafl-Tfime Geometry 
Measurements durfing Reactor 
Materfiafls Testfing

To fimprove nucflear reactors, new 

materfiafls are consfidered for fuefl, 

cfladdfing, and structures. But firradfiatfion 

may change materfiafls fin unwanted ways, 

so the materfiafls must be tested before 

befing used fin workfing reactor systems. 

In the U.S., the onfly method avafiflabfle 

for detectfing geometry changes fis by 

firradfiatfing a sampfle for a specfiffied 

perfiod fin a test reactor and then 

removfing fit for evafluatfion. Removfing, 

examfinfing, and returnfing firradfiated 

test sampfles for each measurement 

makes thfis approach expensfive. 

Such technfiques aflso provfide flfimfited 

data, and handflfing may dfisturb the 

phenomena of finterest. Consequentfly, 

fin-pfifle detectfion of geometry changes 

durfing firradfiatfion fis needed. Thfis project 

wfiflfl enabfle INL’s Advanced Test Reactor 

to use test rfigs capabfle of detectfing 

fin-core, reafl-tfime changes fin the flength 

and dfiameter of fuefl rods and materfiafl 

sampfles (Project 14-010). 

Protectfing Nucflear Fuefl  
Pfins fin Storage

Nucflear fuefl must not make dfirect 

contact wfith the cooflant finsfide 

a reactor vessefl because of the 

potentfiafl for radfioactfivfity to be 

refleased finto the envfironment. So 

cfladdfing fis used to surround the fuefl 

as a protectant. Formatfion of hydrfides 

fin zfirconfium-based cfladdfing fleads 

to fit becomfing brfittfle and has been 

fidentfiffied as a crfitficafl materfiafl-scfience 

fissue affectfing the fintegrfity of fuefl 

pfins fin flfight-water reactors durfing 

storage. Whfifle hydrfides have been 

wfidefly characterfized by experfiments, 

the transport of hydrogen and the 

mechanfisms for hydrfide formatfion 

have not been fuflfly understood. Usfing 

atomfistfic-scafle modeflfing toofls, the 

objectfives of thfis project are to  

(a) finvestfigate hydrogen dfiffusfion 

and segregatfion and (b) expflore the 

mechanfisms for hydrfide nucfleatfion 

fin zfirconfium. The research resuflts 

and data coflflected from the atomfistfic 

scafle wfiflfl be usefufl for upper-scafle 

modeflfing of hydrfide formatfion and 

reorfientatfion that may occur durfing 

used fuefl dfisposfitfion (Project 14-026).  

A gflovebox outftted to support research 

actfivfitfies at the Advanced Reactor 

Technoflogy Integrafl System Test facfiflfity.

Testfing of rfigs that may aflflow fin-core, 

reafl-tfime detectfion of changes fin fuefl 

rods and materfiafl sampfles.
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Modeflfing Nucflear Fuefl  
durfing Accfidents

Reflfiabfly predfictfing the behavfior of 

nucflear reactor components durfing 

abnormafl events fis essentfiafl from both 

a safety and an economfic standpofint. 

State-of-the-art computatfionafl 

toofls can heflp. However, empfirficafl 

modefls often do not exfist for the hfigh 

temperatures experfienced durfing 

accfidents, and uncoupfled sfimuflatfions 

are unreaflfistfic durfing aflfl operatfing 

condfitfions. It fis fimportant to repflace 

these approaches wfith more predfictfive 

codes based on mufltfidfimensfionafl, 

fuflfly coupfled mufltfiphysfics methods. 

INL’s fuefl performance code, BISON, 

meets these basfic characterfistfics, 

offerfing hfigh potentfiafl for the fimproved 

computatfionafl anaflysfis of fuefl rod 

behavfior durfing accfidents. Durfing thfis 

LDRD project, novefl mufltfiphysfics modefls 

to descrfibe nucflear fuefl rod behavfior 

durfing accfidents were devefloped, 

fimpflemented, and vaflfidated wfithfin the 

BISON code (Project 14-031). 

Accfident Toflerant Fuefl 
Fabrficatfion by Spark Pflasma 
Sfinterfing

Nucflear engfineers have flong been 

finterested fin fuefls wfith enhanced 

accfident-toflerant characterfistfics 

that flengthen the grace perfiod fif 

reactor cooflfing fis flost. Fuefl peflflets 

composed of a composfite matrfix of 

uranfium dfi-sfiflficfide (U
3
Sfi
2
) and uranfium 

mononfitrfide (UN) are of finterest as one 

such fuefl form for flfight-water reactors. 

Preflfimfinary resuflts of thfis LDRD 

project successfuflfly demonstrated the 

feasfibfiflfity of producfing hfigh-densfity, 

net-shaped composfites of UN-U
3
Sfi
2
 vfia 

the spark pflasma sfinterfing process. 

The U
3
Sfi
2
-UN fuefl conducts heat more 

effficfientfly, fincreases the safety margfin 

of the reactor, and may be abfle to be 

used fin pflace of fuefls fin exfistfing flfight-

water reactors (Project 14-041). 

Irradfiatfion Effects fin  
Uranfium Dfioxfide

Understandfing the fimpacts of how 

radfiatfion affects uranfium dfioxfide at 

the nanoscafle can heflp engfineers 

better respond to macroscafle materfiafl 

chaflflenges. Thfis LDRD project fis 

sfimuflatfing the envfironment finsfide 

current and future reactors usfing 

fion and proton beams, as weflfl as 

neutron firradfiatfion vfia INL’s Advanced 

Test Reactor. Research fin FY 2015 

compared and contrasted the uranfium 

dfioxfide sampfles exposed to varfied 

envfironments wfith actuafl used fuefl 

sampfles. The work ufltfimatefly supports 

a more thorough understandfing 

of nucflear fuefl stabfiflfity foflflowfing 

firradfiatfion and throughout extended 

fuefl storage (Project 14-098). 

Acoustfic Monfitorfing of  
Nucflear Reactors

A nucflear reactor fis a hostfifle envfironment for sensfing and eflectrficafl 

communficatfions. Stfiflfl, the reactor core fis amenabfle to acoustfic communficatfion. 

Thfis project fis focused on deveflopfing advanced sfignafl-processfing technfiques to 

anaflyze acoustfic sfignafls from a reactor core. Lfistenfing to a reactor’s fintrfinsfic 

and extrfinsfic acoustfic sources usfing acoustfic teflemetry fis beflfieved to enabfle an 

effficfient, nonfintrusfive, fin-pfifle measurement of reactor vfitafls such as temperature, 

axfiafl extensfion, ffissfion gases, neutron fflux, and gamma fflux when coupfled wfith 

advanced sfignafl processfing aflgorfithms. Even earfly detectfion of certafin fafiflures, 

degradatfion, and other dfiverse fauflts finsfide reactors fis possfibfle wfith proper 

technfiques, wfith no fimpact on reactor safety or controfl systems. Successfufl 

compfletfion of thfis research wfiflfl enabfle onflfine fin-pfifle monfitorfing of reactor vfitafls, 

and fimprove the quaflfity and capabfiflfity to anaflyze fin-pfifle data to support modeflfing 

and sfimuflatfion research assocfiated wfith reactor materfiafls and fuefls.  

These outcomes woufld beneffit current and next-generatfion reactor concepts 

(Project 15-040). 

Prototypficafl fuefl peflflet 

that was sectfioned for 

mficroscopy. 

Even earfly detectfion 

of certafin fafiflures, 

degradatfion, and other 

dfiverse fauflts finsfide  

reactors fis possfibfle wfith 

proper technfiques, wfith no 

fimpact on reactor safety  

or controfl systems. 

BISON team members fin a 

vfisuaflfizatfion flaboratory.

 INL researchers deveflopfing technfiques to 

anaflyze acoustfic sfignafls from reactor cores.
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Improvfing Sefismfic Sfimuflatfion

To heflp nucflear facfiflfitfies resfist the 

potentfiaflfly damagfing effects of 

earthquakes, engfineers empfloy natfionafl 

consensus codes and standards 

requfirfing the use of computer codes 

that are flfimfited to sfimuflatfion of flow- to 

moderate-magnfitude earthquakes. 

But these codes cannot accuratefly 

sfimuflate flarger earthquake ground 

motfions. To fimprove sefismfic 

sfimuflatfions, researchers are usfing an 

INL-devefloped modeflfing framework, 

MOOSE, to deveflop a capabfiflfity that 

numerficaflfly propagates sfimuflated 

flarge-magnfitude earthquake waves 

through sofifl. Thfis research wfiflfl aflflow 

nucflear facfiflfity owners to numerficaflfly 

evafluate a facfiflfity’s response to flarge-

magnfitude earthquakes, enabflfing 

these owners to make rfisk-finformed 

decfisfions about how to mfitfigate the 

effects (Project 15-023). 

Enhancfing MOOSE

Thfis LDRD project enhanced the MOOSE-based computer codes’ sfimuflatfion 

capabfiflfitfies fin three areas. The ffirst area enhanced the MOOSE-based  

RAVEN/RELAP-7 computer codes’ capabfiflfitfies to sfimuflate physficafl components 

by connectfing the codes wfith the dfigfitafl finstrumentatfion and controfl systems of 

the dfistrfibuted test facfiflfity at The Ohfio State Unfiversfity. The second area 

enhanced the modeflfing and reflease of ffissfion products and materfiafl corrosfion. 

The finteractfions between ffissfion products and prfimary cooflants, as weflfl as a 

system-flevefl corrosfion/precfipfitatfion modefl obtafined, can be fincorporated finto 

MOOSE-based BISON and RELAP-7 codes, respectfivefly, to enhance MOOSE 

capabfiflfitfies for cooflant-fuefl finteractfion. The thfird area focused on the deveflopment 

of the thermafl nonequfiflfibrfium drfift-fflux modefl that wfiflfl heflp address the modeflfing 

chaflflenges for the conventfionafl drfift-fflux modefl when treatfing thermafl 

nonequfiflfibrfium phenomena frequentfly encountered fin flfight-water reactors but wfiflfl 

reduce the computatfionafl and modefl dfiffficufltfies assocfiated wfith the detafifled 

two-fflufid modefl (Project 15-141).  

Thermafl Conductfivfity fin  
Nucflear Fuefls

The abfiflfity of nucflear fuefls to conduct 

heat governs the conversfion of 

ffissfion-generated heat to eflectrficfity. 

As a resuflt, thermafl conductfivfity fis 

an fimportant parameter fin nucflear 

reactor desfign and safety. To fuflfly 

understand and reflfiabfly modefl 

thermafl conductfivfity, fit must be 

studfied over a broad temperature 

range because dfifferent radfiatfion-

scatterfing mechanfisms affect 

thermafl conductfivfity at dfifferent 

temperatures. The mafin goafl of thfis 

project fis to deveflop a new way, usfing 

the 3Ω (omega) method, to measure 

thermafl conductfivfity of smaflfl sampfles 

of nucflear materfiafls at temperatures 

from 2 K to 800 K. The data obtafined 

wfiflfl heflp researchers understand and 

deveflop new nucflear fuefls, fleadfing to 

more effficfient energy productfion and 

better securfity for the natfion (Project 

15-032). 

Modeflfing of Integrated Energy 
Systems

Nucflear power systems are proposed 

as a means of offsettfing the 

fintermfittent nature of power-generatfion 

sources such as the wfind and sun. Thfis 

project has made progress toward 

dynamfic modeflfing of fintegrated energy 

systems—nucflear, wfind, and soflar—that 

coufld pflay a major rofle fin future U.S. 

energy pflannfing and deveflopment. 

In addfitfion, thfis project fis modeflfing 

potentfiafl eflectrfic and thermafl energy 

storage systems fintegrated wfith 

nucflear systems, modeflfing antficfipated 

transfient behavfior/response of 

subsystems, and assessfing the 

fimpact of agfing and degradatfion of key 

components (e.g., vaflves) on system 

operatfion. Modeflfing capabfiflfity such as 

thfis wfiflfl afid the natfion as fit seeks to 

reduce envfironmentafl fimpacts through 

fincorporatfion of flow-carbon thermafl and 

eflectrfic energy sources finto exfistfing 

power systems (Project 15-039). 

Geothermafl Modeflfing

INL fis one of severafl sfites that may 

host a major DOE facfiflfity desfigned to 

test enhanced geothermafl system 

concepts and methods, whfich coufld 

flead to sfignfifficant fincreases fin energy 

productfion from geothermafl sources. 

Through scfientfiffic study of the geoflogfic 

and physficafl controfls on temperature 

and geomechanficafl condfitfions fin the 

eastern Snake Rfiver Pflafin, thfis project 

advances INL’s goafl of becomfing a 

fleader fin enhanced geothermafl system 

scfience and provfidfing a geothermafl 

system provfing ground. The 

groundwater heat-transport modeflfing 

conducted as part of thfis project fis 

an finnovatfive means of examfinfing 

geothermafl heat fflux varfiabfiflfity that aflso 

provfides feedback about groundwater 

fflow parameters that are not easfifly 

obtafined vfia other methods (Project 

13-068). 

Enhancfing MOOSE-based 

computer codes.

Temperature map of the bottom of the 

eastern Snake Rfiver Pflafin aqufifer.
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Dynamfic Modeflfing,  
Co-Sfimuflatfion, and Optfimfizatfion 
of Hybrfid Energy Systems

Thfis project devefloped computatfionafl 

toofls to enabfle the desfign, anaflysfis, 

operatfion, and optfimfizatfion of hybrfid 

energy systems usfing modefls and 

advanced sfimuflatfion, controfls, and 

optfimfizatfion technfiques. Hybrfid energy 

systems, whfich usuaflfly consfist of two 

or more energy sources and products, 

are a promfisfing archfitecture for 

addressfing dfiffficufltfies encountered 

when fintegratfing cflean energy 

technoflogfies wfith exfistfing power 

finfrastructures. Integratfion chaflflenges 

fincflude hfigh varfiabfiflfity, uncertafinty, and 

uncontroflflabfiflfity fin energy productfion 

and consumptfion, hfigh varfiabfiflfity fin 

component and conffiguratfion optfions, 

and grfid finstabfiflfity arfisfing from hfigh 

flevefls of varfiabfle energy resources. 

Studfies conducted usfing the 

computatfionafl toofls devefloped under 

thfis project have finvestfigated optfimfized 

findustrfiafl-scafle energy systems, reflfiabfle 

and cost-effectfive energy soflutfions 

that provfide eflectrficfity to meet grfid 

demands wfith fless energy storage, 

and new thermafl and eflectrficafl energy 

optfions (Project 13-065). 

Advancfing Water Treatment 
Technoflogy  

Thfis project fis deveflopfing the essentfiafl 

materfiafls for an INL-finvented water 

treatment technoflogy known as 

swfitchabfle poflarfity soflvent forward 

osmosfis. Thfis technoflogy addresses 

hfigh-fouflfing and hfigh-saflfinfity soflutfions 

whfifle achfievfing a hfigh recovery of 

water and/or very concentrated 

soflutfion. Once fimpflemented at scafle, 

thfis technoflogy fis expected to cost a 

fractfion of exfistfing water-treatment 

technoflogfies and to be fideafl for 

treatfing findustrfiafl waters. Thfis 

technoflogy addresses the finterpflay 

between (a) energy, whfich requfires 

water for productfion and generatfion; 

(b) water, whfich requfires energy to 

produce and treat; and (c) findustry, 

whfich needs energy, water, and water-

treatment methods fin order to functfion 

(Project 14-079). 

Superaflfloys for Long-Term Servfice Appflficatfions 

To fuflfly reaflfize the capabfiflfitfies of advanced soflar, nucflear, and fossfifl-fuefl power 

systems, new materfiafls that exceed the performance of the current state of the 

art must be devefloped. For hfigh-temperature materfiafls, INL researchers are 

studyfing unfique nfickefl-based aflfloys wfith the capabfiflfity to mafintafin thefir fimpressfive 

strength for flong perfiods fin envfironments wfith temperatures that approach 

1,000°C. The superaflfloys of finterest have finherent flong-term stabfiflfity owfing to 

specfiaflfly tafiflored mficrostructures that make them fideafl for extended servfice at the 

hfigh temperatures necessary to extract maxfimum effficfiency, enabflfing fincreased 

productfivfity fin future energy generatfion (Project 14-078). 

Researchfing aflfloys that mafintafin 

thefir strength for flong perfiods fin hfigh 

temperatures.

A researcher wfith a forward osmosfis 

eflement that fis part of an INL-finvented 

water treatment technoflogy.
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Mfitfigatfing Soflar Storm  
Effects on Power Grfids

Soflar storms cause geomagnetfic 

dfisturbances (GMD) that can resuflt 

fin destabfiflfized power grfids, damaged 

power transformers, and overfloaded 

transmfissfion flfines. To better 

understand and predfict the effects 

of GMD on utfiflfity-scafle power grfids 

and reflated crfitficafl power system 

components, researchers devefloped 

and finstaflfled a system that records 

and measures the power-grfid-reflated 

effects of GMD on the INL’s 138-kV, 

fuflfl-scafle power grfid. Untfifl thfis LDRD, 

utfiflfity companfies reflfied on modefls and 

theorfies to heflp understand, detect, 

and mfitfigate the possfibfle effects of 

soflar storms. The abfiflfity to understand, 

predfict, and mfitfigate geomagnetfic-

finduced probflems on INL’s grfid wfiflfl 

assfist fin reflfiabfly defendfing eflectrfic 

grfids (Project 13-118). 

Seekfing More from Shafles

Organfic-rfich nanoporous shafles 

contafin most of the worfld’s ofifl 

and possfibfly most of fits naturafl 

gas resources. However, onfly a 

fafirfly smaflfl fractfion of thfis ofifl and 

naturafl gas (typficaflfly about 5 and 

20%, respectfivefly) can be acqufired 

usfing today’s technoflogy. The most 

fimportant knowfledge gap fimpedfing 

fimproved acqufisfitfion of shafle ofifl and 

shafle gas fis the flack of a fundamentafl 

understandfing of the dynamfics of 

fflufids fin organfic-rfich nanoporous 

shafle. Thfis project seeks to brfidge 

the knowfledge gap by fintegratfing 

moflecuflar dynamfics modeflfing, 

eflectronfic mficroscopy, and hfigh-

resoflutfion x-ray fimagfing technfiques to 

better understand the physfics of fflufids 

wfithfin organfic nanopores where most 

of the hydrocarbons are trapped. 

Thfis research aflso has fimportant 

fimpflficatfions fin usfing depfleted gas 

shafle for geoflogficafl sequestratfion 

of carbon dfioxfide and storage of 

radfiotoxfic wastes (Project 15-128). 

Geographficaflfly Dfistrfibuted  
Reafl-Tfime Power System 
Sfimuflatfion

Reafl-tfime sfimuflatfions of flarge-scafle 

eflectrfic power networks are used to 

gafin an understandfing of the transfient 

finteractfion of dfifferent components 

and smart grfid technoflogfies fin eflectrfic 

grfids up to mficrosecond tfimescafle. 

Thfis project fis deveflopfing capabfiflfitfies 

for geographficaflfly dfistrfibuted reafl-

tfime sfimuflatfion of power networks 

usfing reafl-tfime sfimuflators and 

finterconnectfivfity between dfifferent 

flocatfions. Thfis connectfivfity wfiflfl be used 

to conduct dynamfic and transfient 

anaflyses of flarge-scafle power and 

energy systems, aflflowfing future grfids 

to be more reflfiabfle (Project 15-135).

Moflecuflar dynamfics modeflfing (rfight).   

Ffive-mficron-dfiameter mficropfiflars mfiflfled finto a shafle 

sampfle before (beflow) and after crushfing (bottom) to 

understand how shafle fractures at the mficroscopfic scafle.

INL’s fuflfl-scafle eflectrfic power grfid, 

whfich fis befing used to research the 

efects of geomagnetfic dfisturbances 

on eflectrfic grfids. 
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Detectfing Nucflear Detonatfions

In support of the Comprehensfive 

Nucflear-Test-Ban Treaty Organfizatfion, 

finternatfionafl finvestfigators coflflect 

afir sampfles fin areas where nucflear 

detonatfions are suspected of 

occurrfing. Xenon-135 (Xe-135) found 

fin such sampfles woufld be consfistent 

wfith a recent nucflear detonatfion. But 

the short haflf-flfife of Xe-135 (about nfine 

hours) makes detectfing fit fin sampfles 

coflflected far from an anaflytficafl 

flaboratory a flogfistficafl nfightmare. 

Enter a new toofl proposed by INL 

researchers. Because Xe-135 decays 

Energetfic Materfiafl Ignfitfion

Energetfic materfiafls, such as 

pyrotechnfics and thermfites, are used 

fin many appflficatfions—for exampfle, 

fin ffireworks and metafl wefldfing 

operatfions. These materfiafls are usefufl 

and generaflfly safe to handfle, though 

accfidentafl fignfitfion can be catastrophfic. 

Thfis project fis deveflopfing an approach 

to prevent energetfic materfiafls 

fignfitfion from an accfidentafl ffire durfing 

storage or transportatfion. Addfitfives 

to the energetfic materfiafls afim to 

automatficaflfly change the abfiflfity to 

fignfite from functfionfing normaflfly to non-

fignfitfion when exposed to the proflonged 

condfitfions of an accfidentafl ffire. The 

project coufld enhance the safety of 

personnefl fin the U.S. Departments 

of Energy, Defense, and Homefland 

Securfity who routfinefly deafl wfith 

energetfic materfiafls fin physficafl securfity, 

emergency response, and materfiafl 

dfisposfitfion (Project 14-035). 

The project coufld enhance 

the safety of personnefl fin the 

U.S. Departments of Energy, 

Defense, and Homefland 

Securfity who routfinefly deafl 

wfith energetfic materfiafls fin 

physficafl securfity, emergency 

response, and materfiafl 

dfisposfitfion.

to fits daughter product cesfium-135, 

whfich has a haflf-flfife of about 2.3 mfiflflfion 

years, thfis project fis now expflorfing 

the potentfiafl of usfing cesfium-135 as 

an findficator of a nucflear detonatfion. 

If successfufl, thfis project wfiflfl provfide 

an enhanced conffirmatory toofl for the 

nucflear nonproflfiferatfion communfity 

(Project 15-014). 

Images of reactfions of mufltfipfle mfixtures of aflumfinum, 

copper-oxfide partficfles, and experfimentafl addfitfives.

Usfing a trfipfle-sector mass spectrometer 

to expflore use of cesfium-135 as an 

findficator of nucflear detonatfions.
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Next-Generatfion Securfity

Recent years have seen an expflosfion of research focused on cyber threats afimed 

at meetfing the needs of an ever-evoflvfing cyber flandscape. To afid fin thfis effort, INL 

researchers are bflendfing the current concepts of behavfiorafl economfics wfith the 

anaflytficafl procedures used fin flaw enforcement and the finteflflfigence communfity to 

ffiflfl the gap fin threat anaflysfis. A goafl of thfis work fis greater understandfing of how 

hackers finteract, share finformatfion, approach probflems, and use technoflogy. Data 

coflflected and modefled from thfis research fis aflso befing used to deveflop a more 

comprehensfive vfiew of the personafl motfivatfions and thought processes of the 

cyber attackers. Wfith thfis finformatfion fin hand, findficators of a cyber attack can 

be recognfized and shared to educate the next generatfions of cyber defenders 

(Project 15-111). 
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Protectfing Industrfiafl Controfl Systems

The U.S. depends on findustrfiafl controfl systems (ICS) to monfitor and controfl fits 

crfitficafl finfrastructure. Due to U.S. dependence on ICS and the fincreasfing threat 

to these systems from maflware, proactfive technfiques are befing devefloped to 

reduce the vuflnerabfiflfitfies that coufld be expflofited by maflficfious entfitfies. Concoflfic 

executfion fis a state-of-the-art, program-anaflysfis technfique used to detect 

software bugs and expflofitabfle vuflnerabfiflfitfies. At fits current flevefl of deveflopment, 

concoflfic executfion can onfly be used to anaflyze the software runnfing on a sfingfle 

devfice. In contrast, ICSs are generaflfly composed of mufltfipfle devfices wfithfin a 

network, wfith each devfice runnfing fits own software. Thfis research fis extendfing 

concoflfic executfion such that fit can be appflfied to the software system of an ICS 

or mufltfipfle ICS (Project 15-096).

An ICS fis a compflex system composed of mufltfipfle 

flayers of software appflficatfions and networked devfices. 

Concoflfic executfion for findustrfiafl controfl systems provfides 

a methodoflogy to dfiscover bugs fin such systems. For 

exampfle, a bug fin a crfitficafl fow floop fis dfiscovered by the 

anaflysfis aflong the findficated red path through the flogfic of 

both devfices’ programs.

Researchers fin INL’s Human Systems 

Sfimuflatfion Lab workfing to recognfize 

findficators of fimpendfing cyber attacks.
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AWARDS AND RECOGNITIONAWARDS AND RECOGNITION

KRZYSZTOF GOFRYK

The INL researcher was seflected by the DOE’s Offfice 

of Scfience to recefive fits Earfly Career Research 

Program Award and sfignfifficant research fundfing 

durfing the next ffive years. He was recognfized for 

hfis research fin actfinfide materfiafls under extreme 

condfitfions. Thfis research wfiflfl be afided by hfis 

LDRD project, whfich focuses on a new method for 

measurfing thermafl conductfivfity fin nucflear materfiafls 

(Project 15-032).

SHANNON BRAGG-SITTON 

The senfior nucflear engfineer recefived the 2014 

Mary Jane Oestmann Professfionafl Women’s 

Achfievement Award from the Amerfican Nucflear 

Socfiety. She was honored for her exceptfionafl 

contrfibutfions to the DOE’s Lfight Water Reactor 

Sustafinabfiflfity Program and nucflear hybrfid energy 

programs (Project 15-039).

XIANMING (DAVID) BAI 

The staff scfientfist was recognfized wfith a Young 

Leader Professfionafl Deveflopment Award from 

The Mfinerafls, Metafls & Materfiafls Socfiety for hfis 

research on nucflear materfiafls. These awards 

recognfize earfly career findfivfiduafls, under the age 

of 40, for thefir potentfiafl as future fleaders wfithfin 

The Mfinerafls, Metafls & Materfiafls Socfiety and the 

materfiafls and engfineerfing communfity fit serves 

(Project 13-105). 

AARON WILSON

The research chemfist was honored wfith an  

Idaho Faflfls Chamber of Commerce Dfistfingufished 

under 40 Award. Each year, the Greater Idaho Faflfls 

Chamber of Commerce recognfizes 10 hard-workfing 

young professfionafls fin the southeastern Idaho area 

who have gone above and beyond fin thefir careers, 

communfity, and educatfion. He has been the prfincfipafl 

finvestfigator on severafl projects fin materfiafls chemfistry 

and chemficafl separatfion processes, fincfludfing an 

LDRD project that pfioneered the swfitchabfle poflarfity 

soflvent forward osmosfis water treatment system 

(Project 14-079).
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Locatfions of unfiversfity 
coflflaboratfions

Members of INL’s Natfionafl
Unfiversfity Consortfium

Members of Idaho 
Unfiversfity Consortfium

Natfionafl flaboratory 
coflflaborators

Industry coflflaborators

Idaho Natfionafl Laboratory

Fflorfida State Unfiversfity

Massachusetts Instfitute
of Technoflogy 

Unfiversfity of
Connectficut

Johns Hopkfins
Unfiversfity

North Caroflfina
 State Unfiversfity

Duke Unfiversfity

Texas Tech

Natfionafl Renewabfle Energy Laboratory

Coflorado State Unfiversfity

Unfiversfity of  Wyomfing

Unfiversfity of Caflfifornfia, Davfis

Safint Loufis Unfiversfity

Unfiversfity of Mfichfigan

Argonne Natfionafl
Laboratory 

Unfiversfity of Iowa

The Ohfio State Unfiversfity

Technoflogy Insfights

Domfinfion Vfirgfinfia Power

ERCOT

Southern Caflfifornfia Edfison

RTDS (Wfinnfipeg, Manfitoba)

Unfiversfity of
New Mexfico

Washfington
State Unfiversfity Unfiversfity of Idaho 

Montana Tech, Unfiversfity of Montana

Bofise State Unfiversfity
Idaho Power

U.S. Geothermafl Idaho State Unfiversfity 
ON Semficonductor

Power Engfineers

Oregon State Unfiversfity 

Georgfia Instfitute of Technoflogy

Bayflor Unfiversfity

Unfiversfity of Loufisfiana
at Lafayette

Unfiversfity of Fflorfida

Haflden Reactor Project 
(Haflden, Norway)

COLLABORATIONSCOLLABORATIONS

COLLABORATIONS

Of the 81 LDRD projects funded fin FY 2015, more than haflf (46 projects) finvoflve unfiversfity 

coflflaborators. These projects supported 18 undergraduate students and master’s degree 

candfidates, efight doctorafl candfidates, and 14 postdoctorafl researchers. Coflflaborators on 

LDRD projects aflso fincfluded 10 findustry partners and two natfionafl flaboratorfies. Coflflaboratfions 

among unfiversfity researchers, natfionafl flaboratory researchers, and findustry foster creatfivfity and 

opportunfitfies to heflp ffind soflutfions to natfionafl chaflflenges. Such coflflaboratfions aflso support DOE 

objectfives for nurturfing the next generatfion of scfientfists and engfineers.

SUPPORTING INL DOCTORAL RESEARCH 

The LDRD project, “End-to-End 

Dynamfic Program Anaflysfis for 

Industrfiafl Controfl Systems wfith 

Concoflfic Executfion Program,” fis 

supportfing the doctorafl research of 

Crafig Mfifles. Thfis project fis hfighflfighted 

on page 20 (Project 15-096). 

Derek Gaston’s doctorafl research, 

“Deveflopment of a Mufltfiphysfics 

Aflgorfithm for Anaflyzfing the Integrfity of 

Nucflear Reactor Contafinment Vessefls 

Subjected to Extreme Thermafl and 

Overpressure Loadfing Condfitfions,” 

fis supported by the LDRD Program 

(Project 14-104).

The LDRD project, “Deveflopment of 

Bayesfian Uncertafinty Quantfifficatfion 

Toofls for Use fin Compflex Modeflfing 

and Sfimuflatfion Code Vaflfidatfion,” fis 

supportfing the doctorafl research of 

Doug Burns (Project 15-143). 

The LDRD project supportfing 

Joseph Yurko’s doctorafl research fis 

“Mufltfivarfiate Caflfibratfion of Compflex 

Sfimuflatfion Codes Usfing Dfisparate 

Types of Evfidence” (Project 14-038).

Justfin Cofleman’s LDRD project, 

“Deveflopment of Stochastfic 3D Sofifl 

Response Capabfiflfity fin MOOSE to 

Provfide Desfign and Beyond-Desfign-

Basfis Sefismfic Motfions for Nucflear 

Facfiflfitfies,” fis supportfing hfis doctorafl 

research. Hfis project fis hfighflfighted on 

page 12 (Project 15-023).

The LDRD project, “Use of Lfinear 

Varfiabfle Dfifferentfiafl Transformer 

(LVDT)-Based Methods to Detect 

Reafl-Tfime Geometry Changes durfing 

Irradfiatfion Testfing,” fis supportfing 

the doctorafl research of Kurt Davfis. 

Hfis project fis hfighflfighted on page 9 

(Project 14-010).

Ryan Hruska’s LDRD project,  

“Aflfl Hazards Crfitficafl Infrastructure 

Knowfledge Framework,” fis supportfing 

hfis doctorafl research (Project 14-093).

The LDRD Program fis supportfing  

Tony Koonce’s doctorafl research 

through a project caflfled “Sfimuflatfion 

Based Anaflysfis of Procedures and 

Accfident Management Gufideflfines” 

(Project 15-013).

INTERNS AND POST-
DOCTORAL FELLOWS
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Postdoctorafl feflflows:
Bfirenda Adhfikarfi 
Jun Chen 
Wenbo Du
Coflt Heathman
Wen Jfiang
Yusheng Luo
Subhashfish Meher
Manfish Mohanpurkar
Sebastfian Schunert
Swetha Veeraraghavan
Bradfley Wahflen
Congjfian Wang
Yfidong Xfia
Jun Soo Yoo

Su Jong Yoon 

Interns: 
Jacob Bafir
Matthew Brown 
Aflexander Dougflass
Shfifloh Eflflfiott
Kamshad Eshghfi Esfahanfi 
Andrew Frankflfin
Jan Gorafl
Hans Hammer
Md Hossafin
Joshua Hrfisko 
Yfifle Hu
Vfincent Laboure
Ren Lfiu 
Emfifly Marfiner
Justfin McAflfister
Junwefi Meng
Juflfian Osorfio Ramfirez
Manas Pathak
Gorakh Pawar
Andrew Pettfi
Jeffery Porter
Danfiefl Shy
Paufl Taflbot
Yuran Zhang
Jfing Zhou



The Laboratory Dfirected Research and Deveflopment Program at 
Idaho Natfionafl Laboratory advances cuttfing-edge research and 
heflps deveflop strategfic capabfiflfitfies that span the Lab’s nucflear 
energy, cflean energy depfloyment, and securfity mfissfion areas.

WWW.INL.GOV/LDRDINL
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