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TOPICS

UCLA AcTivITIES IN FusioN ENGINEERING

FINESSE, "FusionN NucLEAR TECHNOLOGY
DeveLOPMENT STuDY”

THouGHTS oN FusioN ENGINEERING NEEDS



REACTOR SYSTEM AND DESIGN STUDIES

INTEGRAL EXPERIMENTS
FOR NUCLEAR COMPONENTS

BLANKET
TECHNOLOGY & HIGH HEAT FLUX

PLASMA-MATERIAL INTERACTION

COMPONENTS

NEUTRONICS AND
RADIATION SHIELDING

PLASMA REACTOR
PHYSICS: TOKAMAKS
AND MIRRORS

FUNDAMENTAL RADIATION
DAMAGE STUDIES AND
FUSION MATERIALS ANALYSIS

FUSION SAFETY AND
PROBABILISTIC RISK
METHODOLOGY

UCLA FUSION
ENGINEERING RESEARCH




FUSION ENGINEERING AND SYSTEM STUDIES AT UCLA

Facurty (FurLL CommiTMENT To Fusion)

PrRoF. MoHAMED A. ABDoU
(FustoN NucLEAR ENGINEERING, SYSTEM STUDIES)

ProF. RoBerT W. Conn
(PLASMA PHYsics AND ENGINEERING, SYSTEM STUDIES)

PrRoF. NASR M. GHONIEM
(MATERIALS, RADIATION EFFECTS)

OTHER FAcuLTY

PROF. GEORGE E. APOSTOLAKIS
(FusioN SAFETY)

ProF. Viuay K. DHIR
(THERMOMECHANICAL)

PrRoF., WiLLiaM E. KASTENBERG
(FusioN SAFETY) :

STAFF

A NuMBer OF DeDICATED RESEARCH STAFF WITH BROAD
CAPABILITIES IN ENGINEERING RESEARCH, DESIGN AND SYSTEM
STuDIES

GRADUATE STUDENTS

A NUMBER OF EXCELLENT STUDENTS HAVE BEEN ATTRACTED TO
Fusion; ResearcH Topics oF Key IMPORTANCE To FusioN



FUSION NUCLEAR TECHNOLOGY DEVELOPMENT STUDY

( FINESSE)

o Two-YEArR Stuby (STARTED NoveMBer 1983)

o LEveL oF Funping: $550,000 PEr YEAR

e Stupy 1s Lep By UCLA:
MoHameD A. ABDou, ProJECT MANAGER

o MaJdor ParTicipATION BY KEY U.S. ORGANIZATIONS

o SIGNIFICANT INTERNATIONAL PARTICIPATION
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FUSION REACTOR ELEMENTS

PLASMA

ENGINEERING COMPONENTS:
- MaGNETS

- PrasMA HeaTING

- NucLEAR COMPONENTS

NUCLEAR COMPONENTS

HANDLING OF PLASMA PARTICLES AND ENERGY
CONVERSION:

- PrAsMA-INTERACTIVE CoMPONENTS (FIRST
WaLL, LimiTer, DiverTor, ETvc.)

- BLANKET
- SHIELD

- TRITIUM SYSTEM



FUSION NUCLEAR COMPONENTS

IMporTANCE OF R&D NEeEDS

THE DeverLopPMeNT ofF FusioN NucLearR COMPONENTS
RequiRes ResoLvING DiFFicuLT AND CRITICAL
[sSuEs

THESE Issues RELATE To:

- FEASIBILITY

- ATTRACTIVENESS OF FusioN REACTORS

ResoLviING THESE ISSUES:

- Appears To Be RetATivery CosTLy
(Requires NEuTRONS IN TEST ENVIRONMENT)

- Requires LonG LeaD TIME
THE U.S. (aND OTHER INTERNATIONAL PROGRAMS)

MusT SEEK SUCCESSFUL AND TIMELY REsoLUTION
ofF THE FusioN NucLEArR Issues




BACKGROUND ON STRATEGY FOR FUSION DEVELOPMENT

OLp STRATEGY

- ONE ENGINEERING TEST REACTOR FOR PHYSICS AND TECHNOLOGY

ExAMPLE:

FED, INTOR

- ProBLems: Devices ARe Too CosTLy, RIsky

TRENDS IN PRESENT STRATEGY

TFCX

FINESSE ProGRAM ScOPE

For Puysics TeESTING

For NucLEAR TecHnoLoGcY TESTING

- Is A New Fusion Device DepicaTep To NucLear TesTing NEepeD?

- WHAT Is THE Best Device?



FINESSE OBJECTIVES

GENERAL

INVESTIGATE THE TECHNICAL AND PROGRAMMATIC ISSUES INVOLVED
IN THE DEVELOPMENT OF FUSION NUCLEAR COMPONENTS

SPECIFIC

1, DEVELOP THE FOUNDATIONS FOR THE TECHNICAL DISCIPLINE OF
FUSION ENGINEERING TESTING: )

o UNDERSTANDING OF THE PROBLEMS/ISSUES OF TESTING
o QUANTIFY TEST REQUIREMENTS

o INVESTIGATE THE ISSUES OF ENGINEERING SCALING AND
DEVELOP, ON TECHNICAL BASES, ENGINEERING SCALING
RELATIONSHIPS

2. EVALUATE THE NEED FOR A FUSION DEVICE DEDICATED TO NUCLEAR
TESTING

3. EXPLORE OPTIONS FOR SUCH A DEVICE AND MAKE RECOMMENDATIONS:

o EMPHASIZE INNOVATIVE IDEAS THAT RESULT IN A DEVICE
WITH:

- LOWER COST

- BETTER CAPABILITIES TO SATISFY NUCLEAR
TESTING REQUIREMENTS



FINESSE PARTICIPANTS

MAJOR ORGANIZATIONS

UNIVERSITY OF CALIFORNIA, LOS ANGELES
ARGONNE NATIONAL LABORATORY

EG&G Ipano, Inc,

HANFORD ENGINEERING DEVELOPMENT LABORATORY
TRW, Inc.

McDonNeLL DoucLAs AsTRONAUTICS COMPANY

MaJorR SupPORT ORGANIZATIONS

LAWRENCE L1VERMORE NATIONAL LABORATORY

PRINCETON PLASMA PHYsics LABORATORY

FUTURE SuPPORT EXPECTED

Los AuamMos NaTionaL LaBorATORY (TSTA Grour)
EGRG IpaHo, INc. (SareTYy GROUP)
SANDIA NATIONAL LABORATORY (PMI, HHF PROGRAMS)

HigH Risk APPROACH ADVOCATES?



INTERNATIONAL PARTICIPATION IN FINESSE

MoTIVATION

o ALL WorLp FusioN ProGRAMS FACE THE SAME ISSUES:

- FINESSE 1s A Goob MECHANISM FOR EXAMINING THESE
[ssUEsS

o PossiBLe OuTcOME OF THE STUDY 1S A RECOMMENDATION FOR
A FusionN Device DepicATED To NucLEAR TESTING:

- SucH A Device 1s A Goop CANDIDATE FOR INTERNATIONAL
COOPERATION

MECHANI SM

o SeEMI-INFORMAL

® EAcH MaJoR INTERNATIONAL Fusion PROGRAM SENDS A
TecHNicAL ExPerT To ReEsipe AT UCLA For DURATION OF
PROJECT AND PARTICIPATE DIRECTLY IN THE TECHNICAL
EFFORT

STATUS
o CanapA - ExPeErRT FROM CFFTP AT UCLA Now

o WesT GERMANY - EXPERT FrRoM KFK STARTs AT UCLA on
MarcH 1, 1984

o Japan (JapaNESE UNIVERSITIES) - Two ExperTs AT UCLA Now

o Jaran (JAERI) - Two Experts StarT AT UCLA oN MarcH 20,
1984

o ComMunicATIONS UNDERWAY WITH OTHER CounTRIES (ITALY,
FRANCE, THE NETHERLANDS)



FUSION NUCLEAR ENGINEERING TESTING DEVICE

DescriPTION oF THE BroOBLEM (BACKGROUND)

THE CosT oF A FusionN TESTING DEVICE SUBSTANTIALLY
INCREASES WITH THE MaJor Device PARAMETERs (E.G.,
WaLL LoADING, FLUENCE, SURFACE AREA)

IDEAL INTEGRATED TESTING OF A CoMPONENT REQUIRES
DuPLICATION OF THE ENVIRONMENTAL CONDITIONS WITHIN
THE TesT MopuLe (E.G., Power DeENsITY)

For ExampLE, Frssion Reactor TesTine Dip NoT Have To
ScaLe THE PowerR DensiTy (Device Power Is Not CoupLED
To Power DENSITY)

ReaLisTic CosT CoNSTRAINTS DicTATE THAT Fusion TESTING
MusT BE PERFORMED UNDER SCALED ENVIRONMENTAL CONDITIONS

"Look-ALIKE" TesT MopuLes ARe ALMosT USELESS UNDER
ScaLeED CONDITIONS

SEr1ous EFFORT Is Reauirep 10 DeveLop METHODS FOR
ENGINEERING SCALING AND TO PROVIDE GUIDANCE TO THE
DEsiGN OF A FusioN ENGINEERING TESTING DEVICE

CosT/BENEFIT/RIsK ANALYSIS [s A UseruL “FRAMEWORK”



IT.

I11.

IV,

VI

PRINCIPAL TECHNICAL TASKS

IDENTIFICATION OF Issues AND ReauiReD NucLEAR TESTs
QUANTIFYING TEST REQUIREMENTS

EVALUATION OF EXPERIENCE FROM OTHER TECHNOLOGIES
A, Fission

B. AEROSPACE

SURVEY AND EVALUATION oF NeuTRON-PRoDUCING TEST
FACILITIES

A. Non-Fusion Devices

B. Fusion Devices

ComPARATIVE EvALUATION OF Non-Fusion AND Fusion
DEvicEs

RecoMMENDATIONS ON FusioN NUCLEAR TECHNOLOGY
DEVELOPMENT



TEST BENEFIT DEVICE COST

RISK

DEVICE PARAMETER

DEVICE PARAMETER

DEVICE PARAMETER

COST

BENEFIT

RISK



WHY SHOULD RESEARCH BE CARRIED OUT NOW ON
BLANKET, MATERIALS AND NUCLEAR ISSUES?

THE DeVELOPMENT OF A VIABLE FIRST WALL AND BLANKET
CoNcePT RePRESENTS A MAJOR, UNRESOLVED FEASIBILITY
Issue For Fusion

THE SeELecTION oF A FirsT WALL AND BLANKET CONCEPT
CAN SIGNIFTCANTLY IMPACT PLASMA ENGINEERING Issues
AND Vice VERsA. ExampLEs INCLUDE:

- ImpuriTY CoNTROL OPTIONS
- Access AND MAINTENANCE

OperaTION OF ANY FusioN Device THAT Burns TRITIUM
FOR A SIGNIFICANT PeERrIoD ofF TIME WiLL REQUIRE
CONSTRUCTION OF A TRITIuM-PrRODUCING BLANKET

THE PercePTiON OF FusionN’s SAFETY AND ENVIRONMENTAL
FEATURES Is LARGELY DETERMINED BY NUCLEAR/MATERIALS
TecHNoLoGY CONSIDERATIONS

FusioN Economics WiLL GReATLY DeEPEND oN THE PERFORMANCE
of THE NUCLEAR SYSTEMS

THE TiME ScALE FOR THE DEVELOPMENT OF ADVANCED ALLOYS
Is LonG

LessoNs LEARNED FROM OTHER TEcHNOLOGY DEVELOPMENT
STRONGLY SucGEST WORKING ON LonNG LEAD TiME ITEMS EARLY




WHAT WE NEED TO DO

o MAINTAIN A BALANCE BETWEEN PHYSICS AND ENGINEERING
R&D ProGRAMS

o MAINTAIN A STRONG AND STABLE R&D PrROGRAM AIMED AT
ResoLviNG THE CRITIcAL FEAsIBILITY Issues oF Fusion

o KNOWLEDGE OF THE LIMITS ON BOoTH PHYSICS AND ENGINEERING
Is NECESSARY:
- To IpenTiFY A BETTER "END PrRODUCT"

- To QUANTITATIVELY JUDGE THE POTENTIAL OF FusioN



