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FustoN NucteArR TECHNOLOGY

e Jor LEVEL IssSuUEs

- Fuer SeELF-SUFFICIENCY

- EFFICIENT, RELIABLE AND SAFE
ENERGY CONVERSION anD UsEe

~ RAaDIATION PROTECTION OF COMPONENTS,
PERSONNEL

S ETR N

DEMONSTRATE THE PERFORMANCE OF NUCLEAR
COMPONENTS AND TRITIUM SELF-SUFFICIENCY AT
REACTORT™RELEVANT CONDITIONS




Type of Test Basic, Separate/Multiple Effect Tests Integrated Component
Purpose of Test Property Data, Phenomena Exploration Conc.ept Reliability
Verification
Non-Fuslon Facilities
Non-Neutron Test Stands —_—
Fission Reactors —_— —
Fusion Facilites
Fusion Test Device I.._ — v s e oy
Fusion Engineering/Demonstration b e — —p

Time

1985

2000

v




FNT R&D FRAMEWORK

o Non-FusioN TEsTING (+ MoperL DEVELOPMENT)
NoN-NeuTroN TEsST STANDS
FissioN REACTORS

14 MeV NeuTroN SOURCES

= SuprPoRT CONCEPTUAL DESIGN SCREENING AND
EVOLUTION

- INn1TIAL VALIDATION OF THEORY AND MoODELS

- ProviDE DATA FOR DESiGN, CONSTRUCTION AND

OPERATION OF TEST ELEMENTS AND MODULES IN
ETR

e FusioN TESTING

- VERIFY THeorY/MobpeLs, DesieN CoDEs

DAaTA FOR CONCEPT SELECTION

- DEMONSTRATE PeErRFORMANCE LEVEL
ExTrRAPOLATABLE To REacTor (QUANTIFY?)

- DEMONSTRATE ApeEQUATE LeEveL ofF RELIABILITY
(QUANTIFY?)




ENT TesTinNe REQUIREMENTS

o MaJor PARAMETERS ofF DEvVIcCE
- Device Cost DRIVERS

- Mauor IMpPACT oN TEsST USEFULNESS

E‘G‘}
- Access 10 PrLAace, Remove TeEsST ELEMENTS
- PROVISION FOR ANCILLARY EQUIPMENT

- ACCOMMODATION OF FAILURES IN TEST
ELEMENTS




SCALING OF MAJOR PARAMETERS

CosT Forces ScaLep-DowN CONDITIONS

“1 ook-ALIKE" TesT MoDULES ARE USELESS

"NeT-AL1kKE” TesT MopuLEs ARE NECESSARY

FNGINEERING ScaLing Laws MusT BE FoLLOWED

- PRESERVE [MPORTANT PHENOMENA

- TRADE-OFFS AMONG PARAMETERS

Nor ALL ParaMETERS CAN BE
ScaLeD DowN SIMULTANEOUSLY




MAJOR PARAMETERS

NeEuTroN WaLL LoaD

Surrace HeaTt LoaD

PLasmMa CycLe Burn/DwerLL TiIMEsS
MiniMuMm ConNTINUOUS TIME
AVAILABILITY

FLUENCE

MAGNETIC FiELD STRENGTH

TesT AReA/S1ZE




FNT RECOMMENDED PARAMETERS

. ET REFERENCE
ARAMETERS

MINIMUM DESIRABLE REACTOR
NEuTRON WaLL LoaD, MW/M2 1 2 -3 5
Surrace HeaT Loap, My /2 0.2 0.5 1
PLasMA Burn TIME, s 500 > 1000A STEADY
MaGNETIC FIELD,B T 3 5 7
ConTINuous OPERATING TIME Davs WEEKS MONTHS
AVAILABILITY, % 20 30 - 50 70
FLUENCE,B MW + v/m2 1 -2 3 -6 15 - 20
TesT PoRrT S1zE, M2 X M 0.5 x 0.3 1 x 0.5
ToTAaL TEST AREA, M2 5 10 - 20

ASTEADY-STATE PREFERRED

BAT TEST ARTICLE




How Goop AReE PRESeENT DEsieNs?

| RECOMMENDED

MINIMUM DESIRABLE TIBER-IT | NET
NeuTRoN WALL LoAD, MH/m2 1 2 -3 2/1.3 | 1
PLasMA BurnN TIME, s 500 > 1000A STEADY 600
MAGNETIC FieLD,A T 3 5 4.5 3.9
AVAILABILITY, % 20 30 - 50 30 25
FLUENCE, MW + v/m2 1 - 28 3 - 6B 3¢ 0. 8C
FusioN Power, MWV < 50 300 600

AAT OUTBOARD REGION
BAT TEST MODULE
CDEVICE LIFETIME




OBSERVATIONS

e PresenT TIBER-II DesieN ReEASONABLY
SATISFIES MosT oF THE PRESENTLY RECOMMENDED
FNT Varues For Device MAaJor PARAMETERS

e FroM FNT StanpproinT, TIBER-II 1s PREFERABLE
To NET 1IN THE FoLLowiNg AREAS:

BURN TIME
FLUENCE

WaLL Loap
e AREAS REQUIRING ANALYSIS/REVIEW AND
PossiBLE CHANGE (I1F NecessARrRYy) in TIBER:
- SPACE AVAILABLE FOR TESTING (AREA AT
FIRST WALL ADEQUATE) DEPTH; ACCOMMODATION

OF MANIFOLDS, FEED LINES, ETC-

- EASE OF INSERTION, REPLACEMENT




PULSING/STEADY STATE OPERATION

PLASMA CYCLING MEANS TIME-DEPENDENT CHANGES
IN ENVIRONMENTAL CONDITIONS TESTING

- NUCLEAR (VOLUMETRIC) HEATING
-~ SURFACE HEATING

- POLOIDAL MAGNETIC FIELD

- TRITIUM PRODUCTION RATE

RESULTS IN TIME-DEPENDENT CHANGES IN
RESPONSE OF TEST ELEMENTS

- EFFECTS CAN BE, IN SOME CASES, MORE
DOMINANT THAN THE STEADY STATE EFFECTS
FOR WHICH TESTING IS DESIRED

~ EFFECTS CAN COMPLICATE TESTS AND MAKE
RESULTS DIFFICULT TO MODEL AND UNDERSTAND

FXAMPLES ofF EFFECTS

- THErRMAL CONDITIONS
- TriTiUM CONCENTRATION PROFILES
- FA1LURE MoDes/FRACTURE METHODS

- TiMme To ReEACH EQUILIBRIUM
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solid breeder temperature distribution.
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FLUENCE REQUIREMENTS

® FLUENCE AcHIEVABLE IN TEsT MODULE 1s
ConsIDERABLY LEss (FACTOR OF 2 OR MORE)
THAN THE TesT Device “LIFETIME FLUENCE”

= ATTENUATION IN DEVICE FIRST WALL AND
OTHER IN-VESSEL COMPONENTS REDUCES FLUX
AT TEST MODULES
(MosST TEST MODULES MUST BE ISOLATED FROM
THE DEVICE “vAcuum®)

- THERE IS INEVITABLY A LONG PERIOD OF
FAIL/REPLACE/FIX FOR TEST MODULE
(REMEMBER: FIRST TIME TO TEST IN FUSION
ENVIRONMENT)

e THE LEVEL oF FLueENcE RecoMMENDED BY FNT
SHouLD BE AcHievep AT THE TesT MobuLE

¢ RECOMMENDATION:
TIBER-II FLUENCE SHOULD BE ENHANCED OR

AT LEAST MAINTAINED AT THE PRESENT 3 MW'Y/MZ,
(Do NQT REDUCE)
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Obtaining Availability and
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COMBINED UNCERTAINTY FOR GOAL EXPOSURE OF 10 MWeyr/m2

EXAMPLE OF BENEFIT Vs, FLUENCE |

I | ] ]
MECHANICAL INTERACTION BETWEEN SOLID BREEDER/
MULTIPLIER AND STRUCTURE
HT-9/Li,0/He

COMBINED UNCERTAINTY

==« DERIVATIVE

EQUIVALENT NEUTRON EXPOSURE (MWeyr/m?2)

DERIVATIVE OF COMBINED UNCERTAINTY PROJECTION (MWeyr/m2)-1

HEDL 8409-219.38




Reaching tritium inventory and recovery
equilibrium may require long test times
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