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BACKGROUND ON STRATEGY FOR FUSION DEVELOPMENT

OLD STRATEGY

ONE ENGINEERING TEST REACTOR FOR PHYSICS AND TECHNOLOGY
ExaMpLE: FED, INTOR

ProBLEMS: Devices ARe Too CostLy, Risky

TFCX For PHYsICS TESTING

?7 For NucLEAR TEcHNOLOGY TESTING

FINESSE PRoOGRAM SCOPE

Is A New FusioN Device DebpicaTep 10 NucLeAR TesTING NEEDED?

WHAT Is THE Best Device?



FUSION NUCLEAR TECHNOLOGY DEVELOPMENT STRATEGY

OBJECTIVES

INVESTIGATE THE TECHNICAL AND PROGRAMMATIC IsSuES INVOLVED
IN THE DeEVELOPMENT oF FusioN NucLEAR COMPONENTS

EMPHASIS

Issues RELATED To INTEGRATED NUcCLEAR TESTS

Focus

INTEGRATED NUCLEAR TESTS THAT REQUIRE A S1GNIFICANT NEUTRON
Fiep As A Key ELEMENT OF THE TEST ENVIRONMENT



GENERAL FEATURES OF THE PROGRAM

Two-YeArR Stuby STARTING NovemBer 1, 1983, HiGHER LEVEL OF
ErForT IN FY 1985,

UCLA 1s LeaD TecHNIcAL ORGANIZATION
o Core GRroupr
® AssURE OBJECTIVITY

SUBCONTRACTORS (BEING NEGOTIATED)
o ANL

e [EG&G IpAHO
o HEDL

o TRW

o OTHERS

INTERNATIONAL PARTICIPATION

o STRONG INTEREST IN JAPAN, EUROPE

® WorRLD PROGRAMS FACE THE SAME Issue

® A NucLEAR TecHNoLoGY DEVELOPMENT FACILITY CAN POSSIBLY BE
BuILT THRoUGH INTERNATIONAL COOPERATION

VERY HieH PRIORITY IN THE U.S.

o OFE - STroNG SUPPORT AND ENTHUSIASM

e MFAC - Enporsep Ipea/PrincipLe (Paners III, IV, anp VD)
e LLNL - STrRONGLY SUPPORTIVE

o PPPL - VERY SuPPORTIVE

o "NucLEAR” ORGANIZATIONS



APPROACH/SCOPE/TASKS

I. IpenNTiFicaTioN oF Neepep NucLearR TESTs

- EMPHAS1ZE NEuTRON-RELATED TESTS

- CLAssIFY AccorDING To NEUTRON FuncTioN, HEATING,
RADIATION EFFECTS, SPECIFIC REACTIONS

[I. QUANTIFYING REQUIREMENTS ON TEST CONDITIONS AND DEVELOPING
INFORMATION WITH WHICH To JUDGE USEFULNESS OF INFORMATION
FROM VARIOUS TEST FACILITIES

II1. EvALUATION OF EXPERIENCE FROM OTHER TECHNOLOGY DEVELOPMENT
(FissioN, AEROSPACE)
IV. SuRVEY & EVALUATION OF NEUTRON-PRODUCING FACILITIES

A. Non-Fusion Devices (FissioN REACTORS, ACCELERATOR-BASED
NEUTRON SOURCES)

B. FusioN Devices (MirroRs, Tokamaks, OTHERS)

V. CoMPARATIVE EvALuaTIiON oF Non-Fusion AND Fusion DEVICES

- SATISFYING TECHNICAL REQUIREMENTS
- CosT
- SCHEDULE



TASK 1, [IDENTIFICATION OF NEEDED NUCLEAR TESTS

IDENTIFY Key Issues ForR AL NucLEAR COMPONENTS: BLANKET, SHIELD,
LimiTER/DIVERTOR, RF, TRITIUM, SAFETY, ETC.

CHARACTERIZE THE OPERATIONAL ENVIRONMENT AND KEY RESPONSES
OPERATIONAL ENVIRONMENT: THERMOMECHANICAL, ELECTROMAGNETIC, NUCLEAR
RESPONSES: TEMPERATURE, STRESS, TRITIUM BREEDING RaT10, ETC,

ExAMINE THE IMPORTANCE OF NEUTRONS TO EACH RESPONSE

A, NeuTRON-MATERIAL INTERACTION RESULTING IN CHANGES OF
MATERIAL PROPERTIES

B. SoURCE ofF HEeaT

C. SpeciFic NeuTRON INTERACTIONS TO SERVE PARTICULAR FUNCTIONS,
E.G., (N,T), FOR TRITIUM BREEDING OR SHIELDING



Table |, Examples of Nuclear Technology Issues

Technology Area

Ma jor Issues

Examp les of Key Factors

In-Vessel Components

(First wall, Limiter,

Divertor)

Eft ticlent Heat Recovery

Plasma~-Wal!l Interaction

Therma| Energy Recovery
Effliclency

Radlation damage, plasma erosion, plasma disruptions
coolant corroston, thermal stresses, electromagnetic
forces

Physical and chemical sputtering, redeposition, PMI|
during disruptions, tritlum permeation, arcing

Temperature |Imits, surface heating rates, coolant
pressure

Blanket Components

Tritium Productlion

Tritlum Recovery

Compatiblte Matertials

Comblnation

Efticlent Heat Recovery

Acceptable Ll fetime

Nuclear data, calculational methods, breeding
material, neutron multiplier, structure, coolant

Solid breeders/liquid metals, tritium solubliity and
dittusion, tritliun production rate spatial distribu=
tion, heating/temperature distributions, radliation
effects

Structure/coolant, breeder/coolant, multiplier/
structure, multipller/coolant, corrosion rates, mass
transfer, electromagnetic effects, radiation effects

Temperature |imits, punping power, thermal-hydraulic
and thermomechanical response

Radlation effects in structure/breeder, thermei/
mechanical electromagnetic loadings

Radiation Shield

Prediction Capability

Radiatlon Protection
Criteria

Nuc lear data, neutron and gamme transport codes,
response functlion codes, materiats physical
integrity

Personne! and reactor component protectlion

Other Related
Components

rf Launchers

Neutral Beam Cryopanels

Magnets

Structure/cooling requirements, dlelectric
propertlies

Heating, radlation effects

Superconductor current density, stabilizer resis-
tivity, insulator mechanical & dieletric propertles




TASK T1. QUANTIFYING THE TESTING REQUIREMENTS

CrRiTicAL TAsk: QUANTIFY THE REQUIREMENTS ON THE TEST ENVIRONMENT
ConDITIONS AND DEVELOP EVALUATION CRITERIA FOR JUDGING THE
UseFuLNESS OF INFORMATION FROM VARIOUS FACILITIES

1.

DETERMINE THE NEUTRON F1eELD (MAGNITUDE AND SPECTRUM) AND
ApPROPRIATE NEUTRON ReEspoNsSES IN THE COMPONENTS OF TYPICAL
FusioN REACTORS

Der1VE RequIREMENTS oN TEST ConpiTions (1.E., DEFINE
NecessArRYy ConDiTIONS FOR EACH “NeuTroN-RELATED” TEST)

EsTABLISH SCALING RELATIONSHIPS AND MINIMUM TEST ELEMENT
S1ZE FOR ACCEPTABLE ENGINEERING SCALING

DerINE THE TeEST MATRIX

- NumBer, Si1ze, OTHER FEATURES OF TEST ELEMENTS

- TesT MATRIX SHoULD ACCOUNT FOR TEST VARIABLES
(TEMPERATURE, STREss, ETc.)

TesT MopuLe/Test ELEMENT DESIGN

- To THE EXTENT NECESSARY TO QUANTIFY 1, 2, AND 3
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Fig. 1. Variation of the maximum and minimum temperature in a solid breeder
with irradiation time. The blanket is exposed to a 14 MeV neutron
planar source with &4 x 1013 n/cm2 « s (v 1M{/m2). The initial
condition is a uniform temperature of 260°C. The neutron pulse is
assumed to be 100 s long and the time between pulses is 80 s.



BLANKET TRITIUM PRODUCTION (INTEGRATED ),

Fig. 2.
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Number of burn cycles and operating time for various test conditions
(wall load and burn time)., Case A: Py = 2 MW /m? tp = 1000 s; Case
B: 1.3 Mi/m2, tp = 200 s; Case C: P, = 0.4 Mwlmz, tp = 100 s. Cases
D and E are similar to Cases B and C, respectively, but tritium
production is measured at the back region of the blanket rather than
immediately behind the first wall. In all cases, the dwell time is

50 s.



TASK III1. EXPERIENCE FROM OTHER TECHNOLOGIES

OBJECTIVE: LEARN FROM EXPERIENCE IN DEVELOPING OTHER TECHNOLOGIES

(E.G., F1ssioN REACTORS, AEROSPACE)

APPROACH:

Form A TecHNOLOGY DEVELOPMENT PANEL

MEMBERSHIP: SENIOR REPRESENTATIVES FROM OTHER TECHNOLOGIES
PANEL MEMBERS WILL PREPARE BRIEFINGS ON LESSONS LEARNED
PANEL MEMBERS WILL ANSWER SPECIFIC QUESTIONS FORMULATED

BY FINESSE

PARTICIPATE WITH OTHER SENIOR MEMBERS OF THE FUSION
CommuniTy IN ReEviewINe FINESSE ApproAcH, RESULTS, AND
RECOMMENDAT IONS

WHERE APPROPRIATE, SPECIAL GROUPS WILL BE ASKED TO ADDRESS

SPECIFIC AREAS

For ExAMPLE: SUMMARY OF EXPERIENCE FROM FISSION REACTOR

TESTING

PREPARE SUMMARY OF FAsT BREEDER TEST FACILITIES,
IncLupiNG OBJECTIVES, KEy Features, Costs, ETvc.

WHAT Issues REQUIRED INTEGRATED TESTING?

WHAT TyPES oF FACILITIES WERE PROPOSED? WHAT APPROACH
wAS TAKEN To IDENTIFY SucH FAaciLITIES? How WERE THE
FinaL Decisions MADE?

WHAT PROBLEMS cOULD HAVE BEEN AVOIDED IF [ORE INTEGRATED
TesTiNG WAS DoNE?



FUSION INTEGRATED NUCLEAR TESTING MAY REQUIRE
NEW AND INNOVATIVE APPROACHES

ALL FacirLities (INcLupine Fusion Devices WHicH Can Be BuiLt IN
THE LATE 1980’s AnD 1990’s) HAVE SHORTCOMINGS

CaN We IMPROVE THE USEFULNESS OF TESTS?
o FExampLe: Low Power DensiTy Issue; Can We ENHANCE IT
(RF HeaTing, SoMe URANIUM)?

GENERAL I[SSUES

o Not ALL TesT ConpiTions CAN Be Mer

o FuLL Size MobuLe TesTiNe May Be UseLess IN MosT CAses
(E.G., TEMPERATURE, STRESS, TRITIUM Recovery, Etc.)

‘ConcrustoN: Must DesieN TeEsT ELEMENTS FOR SPECIFIC TYPES OF

TESTS

o How Can We Group EFrFects THAT CAN BE TESTED SIMULTANEOUSLY
IN THE SAME TEST ELEMENT?

o How Can We SynTHEs1zE ResuLTs FRoM VARIOUS TEST ELEMENTS?

o How Can We GET INFORMATION oN FAILURE RATES, FAILURE MoDES,
AND OTHER EFFecTs DiFFicuLt 10 OBTAIN IN SIMULATED
CONDITIONS?



TASK IV. SURVEY & EVALUATION OF NEUTRON-PRODUCING FACILITIES

- INcLUDE AVAILABLE; PLANNED, AND PROPOSED FACILITIES

- IncLupe Non-FusioN FACILITIES AND FusioN FACILITIES

o Non-FusioN FACILITIES:

- AcCELERATOR-BASED Sources (AssumpTioN: FMIT WiLL Be
AVAILABLE)

~ Fission Reactors (THERMAL, FasT)
"o FusioN FACILITIES:

- MFTF-B UpGRADE (a + T)

- TFTR UpGRADE

— OTHER MIRROR AND TokaMAK OpTions (DEpicaTep NEw FACILITY)



TASK 1V,
(COMPLEMENTARY) NON-FUSION FACILITIES

- AcceLERATOR-BASED NEUTRON SOURCES WILL BE REVIEWED BRIEFLY

e APPROPRIATE FOR SPECIFIC Purposes: MATERIAL CapsuLE TESTS,
NeuTroNics (TRITIuM BREEDING, SHIELDING), CTHERS?

o IN GENERAL, NoT SUITABLE FOR INTEGRATED TESTS

- Fi1ssioNn REACTORS WILL BE ExAMINED IN DeTAIL
o SURVEY AND CHARACTERIZATION OF AVAILABLE TEST FACILITIES

o TecunicAaL EvaLuaTioNn ofF THEIR USEFULNESS FOR FusionN TESTS

- SurVEY AND CHARACTERIZATION OF F1ssioN REAcTOrRs As TEST
FACILITIES

o [laxiMumM TesTING VOLUME

o FLUXES, SPECTRA

o CosT OF TESTING

o AvaILABILITY To Fusion TesTine (New anp Over THE NExT 20 YEARS)
e Are MaJor MopIFICATIONS REQUIRED?

o GENERAL LIMITATIONS ON TESTING



TASK 1V,
(COMPLEMENTARY) NON-FUSION FACILITIES (CONTD.)

- TecHNicAL EVALUATION OF USEFULNESS
o Usine REsuLTs From:

- SurVEY AND CHARACTERIZATION SUBTASK
- QUANTIFYING THE FusioN TeEST REQUIREMENTS SUBTASK

o ExampLES oF KEY ANTICIPATED ISSUES:

- ErreCTS oF Fiss1on/FustoN SPECTRAL DIFFERENCES

- DiFFereNces IN Power DENSITY

- Burnup RATE

- LIMITATIONS ON TEST VOLUME

- DiFFicuLTIES IN SuPERIMPOSING Non-NucLEAR ConDITIONS
(E.G., ELECTROMAGNETICS)

- FLUENCE

- Frux Depression



TASK IV,
FUSION DEVICES AS NUCLEAR TEST FACILITIES

THis SuBTASK WILL Focus oN EVALUATION, SELECTION AND PRELIMINARY
DesigN oF A NEW Fusion Device DEDICATED To NucLEAR TESTING

Options: MiRrORs; Tokamaks; WIDE RANGE ofF DesigN, OPERATION

AND CosT CONDITIONS

GENERAL ISSUES

MinIMuM PHysics PERFORMANCE REQUIRED FROM NUCLEAR TESTING
VIEWPOINT

Risk IN ATTAINING SUCH PERFORMANCE

PHYsSICS: E.G., 8 IN TokAMAKS, HaLoPHYsics IN MIRRORS
TecHnoLogY: DEeEvVICE AVAILABILITY/RELIABILITY

SI1ZE

CosT

SCHEDULE

Type oF FAcILITY

Kevy/CriTicAL DESiGN PARAMETERS

NeuTroN WALL LoAD

SurrAce HeAT LoAD/EROSION

PLasMA Burn TIME

PLasMa DweLL TIME

“CoNnTINUOUS” OPERATING PErR1OD (100% AVAILABILITY)
FLUENCE

SURFACE AREA FOR TESTING

VoLuME FOR TESTING



TASK IV,
TOKAMAKSAS NUCLEAR TEST FACILITIES

- IssuEes:

o NeuTroN (PLasMa) Purse LimiTeDp (IN THE NeArR TErRM) TO ONLY
10-100 SECONDS

- CaN We GeT Steapy STATE IN THE LATE 1980°'s wiTH
REASONABLE ASSURANCE AND MoDERATE CosT?

o Minimum Device Size 1s DICTATED BY PHYsICS
- Larce Size Neepep ForR HigH WALL LoaD

o Device Size 1S GREATLY AFFECTED BY FLUENCE REQUIREMENTS
(SHIELD THICKNESS/MAGNETIC FIELD)

- Why Do We Neep 1o ConsIDER TokAMAKS AS TEST FACILITIES?

o CannoT BE CERTAIN MIRRORS WILL Work; NEeD TokAMAKS AT
LEAST As BAckup

o New Ipeas MiGHT MAKE ToKAMAKS A STRONG CONTENDER

- TokAMAK Work wiLL BE LeEp BY PPPL wiTH STRoNG SupporT FrRoM ANL



TASK 1V,
MIRRORS AS TEST FACILITIES

PRIMARY ADVANTAGES:
o DecourLING oF Power DENsSITY AND REACTOR SI1ZE
o STeADY STATE APPEARS ATTAINABLE

o PHysics Basis can BE VERIFIED IN THE 1980's

DISADVANTAGES:
o Enp CeLLs ARe CosTLY

o To Keep THE CeENTRAL CeLL CosT Low, ONE Must CoMPROMISE ON
TesT VoLUME, SURFACE AREA

PRoPOSALS HAVE BEEN MADE IN RECENT YEARS:

o LLNL: MFTF-B UpGRADE (a+T)

o LLNL: TDF

o Germany/U. oF Wisconsin: TASKA, TASKA-M

o Japan/U, oF TskuBa

MirrRorR Work 1IN FINESSE wirLL Be Lep BY TRW wiTH STRONG SUPPORT
FroM LLMNL



TASK V.,
COMPARATIVE EVALUATION AND RECCMMENDATION ON STRATEGY

- CompARE VARIOUS Types (Non-Fusion AND Fusion, MiRRORS, TOKAMAKS,
Etc.) oF FACILITIES ON THE BASIS OF:

TecHnicaL CAPABILITIES
CosT

TIME
"CosT/BeNer1T/R1sK"

- EVALUATE SEVERAL STRATEGIES, SUCH AS:

FMIT anp Fission Reactors ALoNE; No DebicaTep Fusion TEsST
FAaciLITY

FMIT anp Fusion Device; No Fission ReACTORS

- MIRROR «+T UPGRADE

- New MIRROR FACILITY

- New TokaMmak FacuLITY

Mix oF Fusion, Non-FusioN FACILITIES

OTHERS

- RECOMMENDATIONS WILL BE MADE ON THE STRATEGY FOR DEVELOPING NUCLEAR

CoMmpoNENTS IN THE U.S. (aND PossiBLy OTHER COUNTRIES)



