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TECHMOLOGY GROUP STEERING COM:ITTEE

TECHNOLOGY/PHYSICS
COORDINATION

|

PLASMA TECHNOLOGY

(SupPoRT TECHNOLOGY FOR
PLasMA BURN, CONFINEMENT
[ssuE)

o MAGNETS

o HeaTiNG/FUELING

e REMOTE MAINTENANCE

NUCLEAR TECHNOLOGY

(MFPP Issue)

BLANKET/FIRST WaLL/
SHIELD

TRITIUM PROCESSING

Power CONVERSION
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MATERIALS

(MFPP lssue)

e STRUCTURAL MATERIALS

e NoN-STRUCTURAL BLANKET
MATERIALS

e SPECIAL MATERIALS

MAGNET MATERIALS




N TECHN .06
NUCLEAR SUBSYSTEMS

PHENOMENA EXPLORATION
MULTIPLE EFFECT TESTS

INTEGRATED TESTS AND CONCEPT
VERIFICATION

ANALYTICAL AND COMPUTER MODELING

FXPERIMENTS, FACILITIES FOR
NUCLEAR TECHNoLoGY R & D

MATERIALS
o MATERIALS FOR REACTOR SUBSYSTEMS

® MATERIALS TRRADIATIONS

® BASIC MATERIALS PROPERTIES
(PHYSICAL, CHEMICAL, MECHANICAL, AND
NUCLEAR PROPERTIES) FOR ALL MATERIALS
(STRUCTURE, MULTIPLIER, BREEDER,
COOLANT, ETC.)

o RADIATION DAMAGE THEORY

® FACILITIES FOR MATERIALS
IRRADIATION




TPA TECHNOLOGY METHODOLOGY STEPS
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TPA _TECHNOLOGY. STATUS SUMMARY

o COMPLETED STEPsS 1 AND 2
-~ CHARACTERIZE Issues

- SPEcIFY OBJUECTIVES

. ® INTERIM REPORT 1s BEiING REVIEWED

¢

o PHase Il WirLL Focus on STeEPs 3-5
- MAJOR EXPERIMENTS AND FACILITIES

- TecHNIcAL Loeic NETWORK




DEFINITION OF ISSUE?

o DiFFIcuLT 1o DEVELOP PRECISE MEANING

o OFTEN USED TO CONVEY DIFFERENT MEANINGS:

PROBLEM

UNCERTAINTY WITH NEGATIVE
CONSEQUENCE

FLEMENT

TeEcHNnIcAL ARrRea, Toric

o SELDOM USED TO MEAN POSITIVE
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ISSUE CHARACTERIZATION [TEMS
M _TECHNOLO EPORT

DEscrIPTION

PoTeENTIAL IMPACT oON DESIGN
- FeasiBILITY

- ATTRACTIVENESS

DEsieN SPeECIFITY
How GENERIC/SPECIFIC RELATIVE ToO
- CLass oF Desiens

~ TECHNoLOGY COMPONENT

- CoNFINEMENT CONCEPTS

OveraLL LeverL oF CONCERN
OveraLL IMPORTANCE TO Fusion

ComposITE: BASED oN 2, 3 AND
OTHER FACTORS




" POTENTIAL IMPACT ON DESIGN

Feasibility Issues
® May Close the Design Window
e May Result in Unacceptable Safety Risk
- ® May Result in Unacceptable Reliability,
Availability or Lifetime
Attractiveness Issues
® Reduced System Performance
® Reduced Component Lifetime
® Increased System Cost

® Less Desirable Safety or
Environmental Impact
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Uncertainties in MHD, Corrosion, Heat Transfer,
Radiation Effects Represent Major Issues

U(T): Any of:
T,=650 C
Tint =550 C
hy, = 0.7h



PRIMARY ISSUES FOR MATERIALS

e RADIATION EFFECTS oN MATERIALS PROPERTIES
- MECHANICAL
- THERMOPHYSICAL
- THERMOCHEMICAL

=~ OTHERS

o BASELINE J(UNIRRADIATED) PROPERTIES

- NECESSARY FOR ScoPING PRIOR ToO
IRRADIATION

® FABRICATION/JOINING




oDRIMARY ISSUES FOR MATERIALS

STRUCTURAL MATERIALS
(FW/B/PIC = ALLOYS AND CERAMICS)

Embrittlement and loss of fracture toughness as they affect the mechanical
performance

Radiafion-induced swelling and creep that affect dimensional stability
Property changes that result from compositionai or phase changes
Baseline properties of developmental materials required for selection
Fabrication/Joining

NON-STRUCTURAL BLANKET MATERIALS
Solid Breeder Materials

Basic understanding and data on tritium solubility and transport, and
microstructure

Swelling and creep that affect dimensional stability or mechanical integrity

Changes in thermal conductivity and chemical stability.at high fluence/Li

burnup that ‘affect thermal performance

Liquid Breeders/Coolants

Radiolytic decomposition of molten salts and organic coolants

Ceramic Insulators

Fracture strength and thermal shock resistance to withstand thermal transients
Degradation of electrical properties by radiation
Swelling and creep that affect dimensional stablity

Fabrication/Joining

L. Y




PRIMARY ISSUES FOR BLANKET

Liquip MeTAL _ SoLIDn BREEDER
o MHD EFFecTs | ° TRITIUM RECOVERY, INVENTORY
e COMPATIBILITY ° THERMOMECHANICAL INTERACTIONS
o [RRADIATION EFFECTS o [RRADIATION EFFéCTs

STRUCTURE STRUCTURE/BREEDER/M

- FueL SELF SUFFiCIENCY
- TrRiTIUM EXTRACTION, CONTROL

- FATLURE MopEs . ND EFFECTS




PRIMARY ISSUES FOR TRITIUM PROCESSING

TRITIUM MONITORING AND ACCOUNTABILITY
IMmpurITY REMovAL FrRoOM D-T FueLs
TRITIUM REMovAL FROM WATER CoOLANT, RoOM ATMOSPHERE

TRITIUM PROCESSING SYSTEM SAFETY AND RELIABILITY




PRIMARY ISSUES FOR RADIATION SHIELDING

© SPECIFICATION OF SHIELD DEsieN GuIDELINES
- DATA For CoMPONENT RADIATION PROTEcTION CRITERIA

e VERIFICATION OF SHIELD EFFECTIVENESS

PRIMARY ISSUES FOR REMOTE MAINTENANCE

® INTEGRATION INTO FACILITY/COMPONENT DESIGN

o DEVELOPMENT OF SPECIALIZED EQUIPMENT

PRIMARY ISSUES FOR JNSTRUMENTATION AND CONTROL

e AccuracY, DECALIBRATION IN FusioN FENV RONMENT

e LIFETIME UNDER IRRADIATION




PRIMARY ISSUES FOR PLASMA INTERACTIVE COMPONENTS (PIC)

PARTICLE ExHAUST, RECYCLING

ERos1oN/REDEPOSITION

ENERGY REMOVAL/RECOVERY

THERMOMECHANTCAL LOADING AND RESPONSE
f

RaDp1ATION EFFECTS

TRITIUM PERMEATION AND INVENTORY

FABRICATION




PRIMARY ISSUES FOR :UELING

e SPECIFICATION OF OPTIMUM FUELING PROFIL:S
- MAY VARY FROM ONE CONFINEMENT CONCEPT TO ANOTHER
- TECHNOLOGY VIEWPOINT: LARGE PELLET IS EASIER
THAN HIGH VELOCITY

e PELLET ABLATION MODELING

® PELLET INJECTOR:PERFORMANCE

4
- STATE OF THE ART FOR PELLETS:
D ~ 4 MM v =2KMs REPETITION RATE ~ 5-40 s~1
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PRIMARY JSSUES FOR HEATING AND CURRENT DRIVE

NecATIVE ToN BeaM SYST;M ATTRACTIVENESS

NecaTive lon BEAM CoMPONENT PERFORMANCE
- ToN SouRce

- ACCELERATOR"

-~ NEUTRALIZER

IDENTIFICATION OF AN ATTRACTIVE IoN Wave HEATING MopEe

DeveLorMENT oF ICRH COMPONENTS
- LAUNCHERS
- FEEDTHROUGHS
MATCHING SYSTEMS
Power SOURCES

UNDERSTANDING oF LHH Power DePosiTion

LHH CoMPONENTS
- LAUNCHER
- SOURCE

ECH TuBEes

IDENTIFICATION OF EFFICIENT CURRENT DRIVE TECHNIQUE
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PRIMARY ISSUES FOR MAGNETS

e CopPer CorLs
- STRENGTH oF COPPER

- DEMOUNTABLE OR SLIDING JOINTS

e PuLsep CoilLs
- OH CorL DEVELOPMENT
- HigH F1eLp CoiLs

- ENERGY STORAGE

e SUPERCONDUCTING CoIlLs

- RAap1ATION HARDENING OF CONDUCTORS, .VYSULATORS AND STRUCTURES
- SupercoNDUCTING CURRENT DENSITY

- STRUCTURAL MATERIALS STRENGTH AND TC JGHNESS




OBJECTIVE

® IDENTIFIES WHAT MUST BE ACHIEVED AND A
DIRECTION FOR ACHIEVEMENT

ATTRIBUTE

© A SPECIFIC OR QUANTIFIABLE PARAMETER TO
INDICATE THE DEGREE TO WHICH ITS
ASSOCIATED OBJECTIVE IS MET

o VARIETY OF MEASUREMENT SCALES

NATurRAL, Proxy, orR CONSTRUCTED




FUSTON NUCLEAR TECHNOLOGY

OBJECTIVE

SHOW THAT IT WILL BE POSSIBLE TO DEVELOP ATTRACTIVE NUCLEAR

TECHNOLOGY SUBSYSTEMS UNDER CONDITIONS RELEVANT TO FUSION
ENERGY SOURCES.

PROVIDE A PREDICTIVE CAPABILITY WHICH CAN BE USED TO ASSESS THE
PERFORMANCE OF FUSION NUCLEAR SUBSYSTEMS




BLANKET OBJECTIVE

DEVELOP ATTRACTIVE BLANKET TECHNOLOGY
FOR ENERGY AND FUEL PRODUCTION AND RECOVERY

ATTRACTIVENESS
(SUBOBJECTIVE)

ECONOMICS/PERFORMANCE SAFETY/ENVIRONMENT
(SUB-SUBOBJECTIVE) (SuB-SUBOBJECTIVE )

ArTrRIBUTE: CS-E

ATTR;BUTE: CS-S

PREDICTIVE CAPABILITY
aND UNDERSTANDING
(SUBOBJUECTIVE)

ATTRIBUTE: CS-P
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mem&i&mmm'

NeutroN WaALL Loap

SurraAce HeaT Frux

TRITIUM BREEDING

THERMAL EFFICIENCY

ENERGY MULTIPLICATION

BLANKET THICKNESS

RELIABILITY

LIFETIME

SEcTor MTBF/MTTR

BLANKET/TRANSPORT LooP
CosT

BLANKET ATTRIBUTE

KEY PARAMETERS IN CONSTRUCTED SCALE

SAFETY/ENVIRONMENT

CHEMICAL REACTIVITY

REsPoNSE To Loss-oF-
CoOLANT

VULNERABLE TRITIUM
INVENTORY

LONG-TERM ACTIVATION
AFTERHEAT

RoUTINE RADIOACTIVITY
RELEASE

OTHERS

PREDICTION/UNDERSTANDING

o MHD
= FLUID VELOCITY PROFILE
= PRESSURE DROP
= HEAT TRANSFER
= CORROSION

® TRITIUM INVENTORY
~ SOLUBILITY
~ TRANSPORT
- ETC.

o MATERIALS INTERACTIONS
- BREEDER/STRUCTURE
- CooLANT/STRUCTURE
- PurGeE/BREEDER
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OBJECTIVES FOR PLASMA INTERACTIVE COMPONENTS (PiC)#

Establish Scientific and Technical
Base for Reliable Operation of Subsystems
that Provide for Plasma Particle and Energy Removal,
Input Power Transmission and Impurity Control

|
Attractiveness

Identify PIC technologies that provid-
interactive performance and safety/

environmental features ;

3 :

) |
Maximize performance
of plasma interactive
components

—

" |

Predictabilicy

Establish
predictive
capability

Maximize safety
and minimize environ-
mental effects

Maximize predictive
capability for

Maximize engineering
data base

Maximize particle
control

Maximize
. lifetime

Maximize energy
e removal and
utilization

Maximize power
transmission

Maximize design
integration

Maximize fault

= tolerance

Maxmize understanding
of surface-related
phenomena

2

Maximize bulk
materials properties
data base

Minimize tritium

Maxmize understanding

Maximize erosion/

~ inventory and of plasma edge -~ redeposition
permeation phenomena data base
Minimize Maximize understanding Maximize

-t stored of neutron damage fabrication
energy related phenomena o] data base

Minimize activation

LT and waste

* Important factors for specifying attributes are summarized in Table 4.3-1,
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Fig. 4.3-5

OBJECTIVES AND ATTRIBUTES FOR FUELING

Establish Scientific and Technological
Base for Fueling Large, High
Temperature Plasmas

Establish Scientific and
Technological Base for _
Pellet Fueling

Understand
Required
Fueling Profile

Maximize Predictive
Capability for
Determining Ablation Rate

|
Attribute:
local 42
n

Improve
Injector
Performance

Attribute:

Constructed from: =~

maximize reliability
increase velocity
increase size

minimize cost

minimize tritium
inventory
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Figo 4. 3-13

OBRJECTIVES AND ATTRIBUTES FOR STRUCTURAL MATERIALS

Develop structural materials
that provide attractive
performance in the fusion

environment.

1

Maximize performance
and safety

o

Establish predictive
capability

fn

- Minimze loss of
ductility

Tensile ductility

- Maximize
strength

Tensile strength

Fracture toughness

] Maximize dimensional
stabilicy

Swelling
Phase stadiiity
Creep

Minimize
activation

Activation

-

Maximize baseline
data base

X of data base
(constructed scale)

Pl

Maximize fabrication]_
database

Z;of.data base
(constructed scale)

Maximize radiation',_
effects data base

X of data base
(constructed scale)

Maximize nuclear
data base -

Z of data base
(constructed scale)




Design

Theory/Modelling _ — —— Codes
Single Multiple Partially |
Basic > Ettect [ | Effect Integrated [ | 'Ntegrated
| | | N
|Property Phenomena Exploration |  Concept Verification

Measurement‘

\- — Non-Fusion Facilities—

|
i Reliability

—l«—FusIon FacilitieS*-|




PLASMA-INTERACTIVE COMPONENTS (PIC)

. LIMITERS, DIVERTORS, ETC. .
IN"VESSEL ELEMENTS OF PLASMA HEATING (E.G. RF ANTENNA)

QUESTION
TPA GROUND RULE.CONCERNING NEAR-TERM AND LONG-TERM ReD?
Option A
PIC WILL BE DEVELOPED ONLY AS REQUIRED FOR PLASMA EXPERIMENTS (1.E. ONLY
NEAR-TERM, ROLL-FORWARD APPROACH)

OpTion B

PIC wiLL HAVE Two R2D ELEMENTS:
1) SuPPGRT PLASMA-EXPERIMENTS
2) ADDRESS SELECTED KEY LONG=TERM ISSUES WHERE RESOLUTION IS
CRITICAL FOR ECONOMIC AND ENVIRONMENTAL ASSESSMENT

o




EXAMPLES OF DIFFERENCES BETWEEN NEAR AND LONG-TERM PIC ISSUES

Near TErM

Lone Term

Passive CooLing

SHORT PuLse

EROSION NOT LIFE-LIMITING . ..
DISRUPTION A DRIVING FACTOR

HEAT TRANSFER PRIMARY FACTOR
TRITIUM PERMEATION NOT A KEY ISSUE
IN-VESSEL RF ANTENNA ACCEPTABLE

Active CooLing

Long PuLse

EROSION IS CRITICAL

DiSRUPTION SHOULD NOT BE A DRIVER

- THERMOMECHANICAL RESPONSE MAIN FACTOR

TRITIUM PERMEATION A KEY ISSUE
IN-VESSEL RF ANTENNA MAY NOT BE
ACCEPTABLE

GRAPHITE SURFACE ACCEPTABLE
WATER COOLING ACCEPTABLE

GrRAPHITE TILES NOT ACCEPTABLE
NEED To ExPLORE LIQUID METALS

,4&..._,’..‘_ -




PIC_PLANNING GROUNDRULE (NEAR- VS. LONG-TERM)

OpTION A
(ONLY NEAR TERM)

OpTion B
(NEAR AND LONG TERM)

~  WORK COUPLED DIRECTLY TO PROJECTS

ENSURES NEAR™TERM NEEDS ARE MET
ELIMINATES THE NEED FOR A BROAD~
BASED PROGRAM BASED ON' UNCERTAIN
PLASMA CONDITIONS

LOWEST NEAR-TERM COST

ApvanTages

PERMITS TIMELY-FEEDBACK ON INTER-
RELATIONS BETWEEN PIC, conFine-
MENT CONCEPT AND PIC, oTHER TECH-
NOLOGIES-

REDUCES LONG-TERM RISK

CAN POTENTIALLY SAVE TIME AND
MONEY IF WORK ON LONG-TERM ISSUES
HELPS WITH CHOICES IN NEAR-TERM

DI SADVANTAGES

NEARTERM SOLUTIONS MAY NOT EXTRA-
POLATE TO ATTRACTIVE CONDITIONS
HIGHEST RISK (MAY SERIOUSLY AFFECT
THE OUTCOME OF FUSION ECONOMIC AND
ENVIRONMENTAL ASSESSMENT)

DisapvanTaces

REQUIRES LARGER FUNDING OR MORE
BUDGET CONSTRAINTS ON NEAR-TERM
EXPERIMENTS

MORE COMPLEX ORGANIZATIONAL PRO-
BLEMS (IN THE FIELD, IN OFE)

A




BLANKET/FIRST WALL SHIELD GROUP

D. Berwald (Leader) TRW
J. DeVan ORNL
P. Gierszewski UCLA
J. Grover HEDL
R. Mattas ANL
D. Morgan MDAC
S. Piet EGSG
K. Schultz (shield) GAT
D. Sze ANL
‘M. Tillack UCLA
TRITIUM GROUP
J. Bartlit (Leader) LANL
P. Finn ANL
W. Holtslander - ORNL
S. Piet EG&G
M. Rogers Mound
D. Sze ANL
C. Walthers LANL
K. Wilson SNLL

ALTE&NATE‘PONER CONVERSION GROUP

MAGNETIC GROUP

C.
B.
J.
G.
R.
L.
H.

Henning (Leader)
G. Logan
Maniscalco
Miley

Moir

Perkins
Yoshikawa

EN

LLNL
LLNL
TRW
ul
LLNL
LLNL
HEDL

C. Henning (Leader) LLNL
L. Berry ORNL
P. Bonanos PPPL
E. Dalder LLNL
.D. Larbalestier UW

J. Luton ORNL
B. Montgomery MIT

PIC GROUP

W. Gauster (Co—leader) SNLA
J. Schmidt (Co—Leader) PPPL
J. Cecchi ‘ PPPL
J. Downing LANL
P. Gierszewski UCLA
D. Hoffman ORNL
R. Mattas ANL

R. Watson SNLA

REMOTE MAINTENANCE

W. Gauster (Co-Leader) SNLA
H. Yoshikawa (Co-lLeader) HEDL
J. Berger HEDL
H. Conrads PPPL
R. Harrigan SNLA
C. Trachsel MDAC




