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~NOTES ON TPA TECHNOLOGY
ORGANIZATIONAL STRUCTURE

TPA TecHNoLoGY STEERING COMMITTEE (TSC)
MEMBERS HAVE COLLECTIVELY BEEN RESPONSIBLE
FOR THE KEY ASPECTS OF THE PLAN

THREE MAJOR AREAS HAVE BEEN LED ON A DAY~
TO-DAY BASIS AS FOLLOWS:

- PLasMA TecHnoroGY: LEE BERRY

- MATERIALS: DALE SMITH

- NucLeEAR TecHnorocY: MoOHAMED ABDOU

FOR EACH COMPONENT, WORK HAS BEEN PERFORMED
sy A CORE GROUP OF TECHNICAL EXPERTS- EACH

GROUP HAS BEEN LED BY ONE OR MORe 1SC
MEMBER «




SOURCES OF INFORMATION AND -
COMMUNITY INVOLVEMENT :

© A RELATIVELY LARGE NUMBER OF LEADING
EXPERTS COVERING ALL TECHNICAL AREAS HAVE
BEEN INVOLVED DIRECTLY IN TPA TECHNOLOGY-

e OTHER EXPERTS IN THE COMMUNITY HAVE BEEN
CONSULTED. SPECIAL MEETINGS WERE HELD TO
ADDRESS IMPORTANT TOPICS-

e INPUT FROM ExisTING PROJECTS, STUDIES, TASK
GrOUPS, ETC-

- EXAMPLE: EXTENSIVE UTILIZATION OF FINESSE
RESULTS FOR NUCLEAR TECHNOLOGY




~YEAR 2000

Now

 ERAMEWORK (OnLy For ILLusTRATION) R |

COMMERCIAL REACTOR

— e s e e e
[:INTEGRATED SYSTEM{]

T X ProJecT SPeEciFIc R&D

ULTimMAaTE GoAL

MFPP GoaL: Economic & ENVIRONMENTAL ASSESSMENT

BurN

SCIENCE } TECHNOLOGY TEcHNOLOGY TRANSFER
OBJECTIVE ! OBJECTIVE ORJECTIVE
CoNFINEMENT - = MucLEAR MATERIALS
' ~ IRRADIATION

TECHNOLOGY
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METHODOLOGY

o BENEFITS OF STRUCTURED METHODOLOGY

o CoNSIDERED A METHODOLOGY BASED ON TWO
PARTS:

A) “FINESSE Type” PRrRoceEss FOR DEVELOPING
ALTERNATIVE PATHWAYS

B) “AnaLyTic-Decision Making” PROCESs FOR
COMPARING ALTERNATIVE PATHWAYS

e SUCH METHODOLOGY REQUIRES CONSIDERABLE
RESOURCES

- THE DEGREE TO WHICH PART A HAS BEEN
DEVELOPED DEPENDS ON COMPONENT

- PART B HAS NOT BEEN FORMALLY ADDRESSED
°,MAJOR,COMPLEXITYWIN PLANNING
Dynamic Vs. StaTic PLAN

%ﬁ




TPA TECHNOLOGY METHODOLOGY STEPS

STEP
1 r*-* Characterize Issues
| |
2 A 7 Specify Objectives
l
3 | QUANTIFY EXPERIMENTS,
MODEL NEEDS
T
l EVALUATE FACILITIES
4 —
Existing New
| I
| {
5 | a DEVELOP PATHWAYS
— _
b  COMPARE PATHWAYS
N : o
""TEST PLAN

ﬁiA




EXAMPLES OF ISSUES
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2.

~-1SSUE_CHARACTERIZATION ITEMS
1N TECHNOLOGY REPORT

DEscrIPTION

PoTenTiaL ImMpAcT oN DeEsicN
- FEASIBILITY

- ATTRACTIVENESS

DEsIGN SPECIFITY
How GENERIC/SPECIFIC RELATIVE TO
- CLass oF DesicNs
- TecHNoLoGY COMPONENT

- CoNFINEMENT CONCEPTS

OveraLL LeveL oF CONCERN

ComposITE: BASED ON 2, 3 AND
| ~OTHER FACTORS

I




PRIMARY ISSUES FOR MATERIALS

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

= OTHERS

o BASELINE (UNIRRADIATED) PROPERTIES

- NecessarRY FoR Scopine PRIOR TO
IRRADIATION

‘@ FABRICATION/JOINING




 €3

Lioquip MeTAL

‘o MHD EFFECTS

o COMPATIBILITY

® [RRADIATION EFFECTS
. STRUCTURE

PRIMARY ISSUES FOR BLANKET

SoL1p BREEDER
e TRITIUM RECOVERY, INVENTORY
o THERMOMECHANICAL INTERACTIONS

o [RRADIATION EFFECTS
‘STRUCTURE/BREEDER/M

- FueL SeELF SUFFICIENCY
- TrRiTiuM ExTrRACTION, CONTROL

- FAILURE MoDES AND EFFECTS




PRIMARY ISSUES FOR PLASMA INTERACTIVE COMPONENTS (PIC)

' o PARTICLE ExHAUST, RECYCLING

o EROSION/REDEPOSITION

EN;RGY REmMovAL/RECOVERY
‘ THERMOMECHANICAL LoaDIiNG AND REsPONSE
RaDIATION FFFECTS

TRITIUM PERMEATION AND INVENTORY

FABRICATION




EXAMPLES OF OBJECTIVES
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OBJECTIVE

® [DENTIFIES 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

NATURAL, Proxy, orR CONSTRUCTED




BLANKET OBJECTIVE

DEVELOP ATTRACTIVE BLANKET TECHNOLOGY
FOR ENERGY AND FUEL PRODUCTION AND RECOVERY

ATTRACTIVENESS
(SUBOBJECTIVE)

| ECONOMICS/PERFORMANCE SAFETY/ENVIRONMENT
x_t(SUB‘SUBOBJECTIVE) (SUB-SUBquECTIVE)

- ArtriBute: CS-E ATTRIBUTE: (S-S

PREDICTIVE CAPABILITY
AND UNDERSTANDING
(SUBOBJECTIVE)

ATTRIBUTE: C(S-P




T BLANKET ATTRIBUTE
N | KEY PARAMETERS IN CONSTRUCTED SCALE

- EconoMics/PERFORMANCE SAFETY/ENVIRONMENT PREDICTION/UNDERSTANDINQ'
o NeuTRON WALL Loap o CHEMICAL REACTIVITY o MHD -
L | ' = FLUID VELOCITY PROFILE
o SURFACE HEAT FLuX e RespoNse To Loss-oF- - PRESSURE DROP .
- | COoOLANT - HEAT TRANSFER
o TRITIUM BREEDING - CORROSION
- ® VULNERABLE TRITIUM |
® THERMAL EFFICIENCY INVENTORY e TRITIUM INVENTORY
. | | - SOLUBILITY
o o ENERGY MULTIPLICATION ®© LONG-TERM ACTIVATION ~ TRANSPORT
- ETC.
® BLANKET THICKNESS o AFTERHEAT
e MATERIALS INTERACTIONS
o RELIABILITY ® ROUTINE RADIOACTIVITY - BREEDER/STRUCTURE
. RELEASE - COOLANT/STRUCTURE
o LIFETIME , - PurGE/BREEDER
| o OTHERS
e SEcTOR MTBF/MTTR
e BLANKET/TRANSPORT LooP
CosT




Plasma Technology Objective

Establish the scientific and
technological base required for
plasma technology.

Magnet Objective

Improve magnets for fusion experi—

ments and establish a data base
for the confining magnetic fields
technology under conditions

Heating and Current Drive Objective

Establish scientific and technological
data base for reliable operation of
subsystems for heating plasmas to
high temperatures andcreating

Fueling Objective

Establish scientific and tech—-

nological data base for religble t

operation of subsystems for

- applicable to fusion reactors.

desired particle distributions
and efficient confinement.

ature plasmas.

Remote Maintenance Objective

Develop design inputs, equip—
ment and procedures to support
machine availability goals.

Plasma Interactive
Components Objective*

Establish the scientific and techno-
logical data base for reliable oper-
ation of subsystems that provide for
plasma particle and energy removal,
input power transmission, and
impurity control.

i

*Alséysf;:o:wn under Nuclear Technology in Fig. 4.4-1.

fueling large, high temper-




EXAMPLES OF LOGIC DIAGRAMS




Table 1

TOP LEVEL OBJECTIVES FOR HFPP KEY TECHNICAL ISSUES

*

WP hey Lssue

Confinement Systems e

o

2

Burning Plasmas " e

i

Lo

Nuclear Technology o
Materials =~ e

1983 - 1990

Identify potentially
attractive reactor
concepts and perform
experiments to address
selected technical
issues

Demonstrate scientific
breakeven (Q ~ 1 in one
concept)

Conduct scoping
nuclear technology
experiments

Develop scoping data
on fmproved

‘materials

1990-1995

1995-2000

2000-2008

Overall_ Objective -

Resolve technical {ssues that support development of attrac-
tive reactor concepts and a predictive plasma science

capability

Demonstrate
ignition in short
pulses in one
confinement concept

Acquire engineering
data from inter-
active effects
testing

Acquire moderate
fiuence data on
leading materfals
in non-fusfon
facilities

S
~

Demonstrate igni-
tion (or high Q)
with long pulses
in one confine-
ment concept

Yerify selected nuc-
lear technology con-
cepts in non-fusion
facilities

Acquire high fluence
data on leading
materials in non-
fusion facilitfes

~.

Operate

leading confine-
ment concept
under fusion
conditions

Perform experiments
of leading nuclear
technology concepts
and materials 1in

fusion environment

Demonstrate one or more
confinement concepts

(or commercially cowmpe-
titive fusfon applications)
and develop predictive
plasma science capabilfty

Demonstrate fgnition

for high Q), long pulse !
burning plasma conditfoss

in the leading conftnemeqt
concept

[

Show that nuclear tech-

nology can be developed that
leads to commercially competi-
tive fusion applications

Show that. 1nproved materials
can be developed that lead
to enhanced economic and
environmental features for
comnercially competitive
fusfon applications

i




ANALYSIS)

1990 1995 2000 2005
LIQUID COMPARE
| BREEDERS /\ CONCEPTS ,~ THERMOMECHANICS  VERIFY CONCEPTS IN
o o -/ INTEGRATION NON-FUSION FACILITIES
SOLID SELECT
4.1 BLANKET BREEDERS_ / /\ MATERIALS ;ﬁ%
, NUCLEAR
SUBMODULE SELECT JEST
RECOVERY/
DEMONSTRATE
L CONTROL & [T
' Y
4.3 TRITIUM SELECT >
o ELEANUP TSTA_ M%DS MOPULES ,
A oo
. MENT
o | ASSESS YW
o NON-WATER ? TESTING
4.4 PLASMA HEAT COOLING »
THAS REMOVAL |& RECOVERY 7 ASSESS HEAT :
INTERACTIVE EMOVAL 8 RECOVERY (> 4-——EX RevovaL ?
COMPONENTS TECHNIQUES
o MODERATE
50 (MATERIALS) FLUENCE DATA L. HIGH FLUENCE DATA
' Maf Maf 5
‘ 42 $H|ELD m‘ VERIFY v
i S Lr VERIFY DATA SHIELD DESIGN "
1.0 (CONFINEMENT) /\ | 8 METHODS ,~ »
2.0 (BURNING PLASMA) ~
6.0 (SYSTEM A\ EVALUATE SYSTEM @
N2 IMPACT ON SELECTION

4.0 NUCLEAR TECHNOLOGY




- Table4-2 - -

EVALUATION POINTS AND MILESTONES FOR NUCLEAR TECHNOLOGY

Select leading material combinations for liquid breeders.
Select leading material combinations for solid breeders.

Compare results for solid and liquid breeders. Select one breeder if
possible. Select leading configurations.

Select primary design for experimental blanket test modules in fusion
test.

Select tritium extraction and control methods.

~ Select method for fuel clean-up.

Assess feasibility of non-water cooling of PIC.

Assess heat removal techniques for PIC.

Evaluate system impact on selection of b]gnket concepts.
Evaluate system impact on selection of blanket»test modules.
Verify blanket concepts in non-fusion facilities.
Demonstrate tritium system operation.

Achieve moderate fluence (30 dpa) for candidate alloys in non-fusion
facilities.

Achieve moderate fluence (30 dpa) for reference alloys and high fluence
(100 dpa) for candidate alloys in non-fusion facilities.

Achieve high fluence (100 dpa) for reference alloys in non-fusion
facilities.

Verify data and methods for shield design.

Verify shield design effectiveness. Obtain data on component radiation
protection criteria.




1990 1995 2000 2005
SELECT  ESTABLISH |
MHD (INCLUDING MATERIALS MHD LIMITS
INSULATORS) ___ &\ v VERIFY
V(Bi-MET.) ! R SELECT CoN SN :
4.1.1 LIQUID BREEDERS MATERTAL ® s CONFlcuiﬁgg;ﬁ)MECHANICS FACILITIES
COMPATI?TISLITY éSTABLlSH @ & INTEGRATION
CORROSION
| LIMITS
14.3.2 (TRITIUM o SELECT TEST |
PERMEATION ; COMPARE .
AND CONTROL) DEMONSTRATE & CONCEPTS @
‘ ExT$Acn0N [ \
- : SYSTEM : 3
| L0 SELECT 1 FUSION |
o , MATERIAL MATERIALS ASSESSMENT
14.1.2 SOLID BREEDERS | cHARACTERIZATION , & NUCLEAR | TESTING - -
, N : SUBMODULE
i TC M2 ﬁﬂD_Vé'ql_SED SELECT ‘
Ll CONFIGURATIONS !
A%%S
L TRITIUM DEMO.
. BREEDING TRITIUM
| NEUTRONICS <y 1-8JBREEDING VERIFY
_ CONCEPTS IN
. Be PROPERTIES —= SELECT NON-FUSION
4..3 HYBRID SPECIFIC /g\f‘a%éﬁhs””cem FACILITIES
ISSUES A —4 N | PARTIALLY
R mésNTEGRATED TEST
f5O (MATER‘ALS) ) ]M3r' ACHIEVE 13 Ml
- (CANDIDATE MODERATE  (REFERENCE ACHIEVE HIGH
MATERIALS)  c UENCE MATERIALS) FLUENCE FOR
REFERENCE ALLOYS |

4.1 BLANKET/FW




e Table:i-;l-Z )

- BLANKETIFH EVALUATION POINTS AND HILESTONES

Narrow coolant/breeder and structura] material optlons for llquld
breeder blankets. .

Narrow solid breeder/mu]tiplier material options.

- Assess tritium breeding potential of Li,0.

Select fuel form and fuel processing methods.

Select material combinations and configurations for non-fusion concept
verification testing of liquid breeder blankets.

Select material combinations and configurations for non-fusion concept
verification testing of solid breeder blankets.

Select material combinations and configurations for non-fusion concept
verification testing of hybrid blankets.

Compare solid breeder and liquid breeder concepts. Select a small
number of concepts from one or both categories.

Select and design blanket modules for fusion testing.

Complete characterization of Li,0 ceramic breeders.

Complete characterization of ternary ceramic breeders.

Achieve moderate fluence for initial candidate alloys and select
advanced reference alloys.

Complete MHD experiments. Establish feasibility of self-cooling and
optimize cooling methods. Determine MHD design limits.

Complete basic material interaction experiments. Determine operating
limits and demonstrate adequate impurity control techniques.

Demonstrate tritium extraction system for Li and/or LiPb.
Complete advanced in-situ tests.

Complete neutronics engineering mock-up tests. Demonstrate margin for
achievable tritium breeding ratio.

Achieve moderate fluence non-fusion irradiafion for reference alloys
Comp]ete non-fusion concept ver1f1cat1on for solid breeder blankets.
Complete non- fusyon concept verification for hybrid blankets.
Achieve high fluence non-fusion irradiation for reference alloys.

25




1990 1995

2000

2005

MHD EFFECTS

MATERIAL

| COMPATIBILITY

4.3.3 (TRITIUM
" PERMEATION
AND CONTROL)

TRITIUM
BREEDING

LIQUID METAL
FLOW FACILITY Iy

I_NiTRUMENTATION
&—

/\INSULATOR DEV. _

MHD MASS

TRANSFER 1

=~ = — TRANSIENT

CORROSION LOOPS |
/\Bi-METALLIC LOOP

CHEMICAL REACTIONS

|

DIFFUSION/ . LOOP TO TSTA
PER AN @.O__{
O
ENGINEERING

SIMPLE GEOMETRY

El | MOCKUP r_'
MATERIAL - IRRADIATIOI

H

—¢—=o

3

THERMO-MECHANICAL
INTEGRATION FACILITY:

A@&_Q_.._____

PARTIALLY INTEGRATED | -
TEST FACILITY N

FUSION EXPERIMENTAL

MOCKUP | MODULES
AN Eo>
. TRANSPORT | ADDITION ; ,

| 5.0 (MATERIALS)

4.1.1 LIQUID BREEDER BLANKETS




. +0

BEHAVIOR
ADVANCED

1IN=SITU

TRITIUM
RECOVERY

NEURONICS AND
TRITIUM
BREEDING

L

5.0 (MATERIALS)

b

/\ | BEHAVIOR
.

[THERMOMECHANICS)
l NIV

OPEN CAPSULE
SUBASSEMBLY |

Yene.[MOCKUP
SIMPLE GEOMETRY /.

1990 1995 2000

FABRICATION/PROPERTIES
BREEDER ' CLOSEE CAPSULE \/\
CHARACTERIZATION £ e
AND DEVELOPMENT  [OPEN Casue

|
FABRICATION/

MULTIPLIER o ROPERTIES (DISCRETE
CHARACTERIZATION |~ | cosep, MULTIPLIER) | ___
AND DEVELOPMENT $-S
e TRERMAL
|BLANKET THERMAL (SUBMODULE

SUBASSEMBLY 2

FUSION EXPERIMENTAL_

AN

\g}
\ 6

MATERIAL IRRADIATION T

MODULES
s
SUBMODULE |
SUBMODULE 2
My

|PERMEATION RATE MEASUREMENTL

MATERIAL CHARACTERIZATION °

43 (TRITIUM)

4.1.2 SOLID BREEDER BLANKETS

2005 |




1990 2005

1995 2000

MHD EFFECTS
(MOMENTUM AND
HEAT TRANSFER)

LMF

= T

INSTRUMENTATION

INSULATOR A Z}_@—O—@‘ TMIF

DEVELOPMENT CAPSULETESTS AND k (INTEGRATED,
THERMAL CONV. LOOPS

MATERIAL
COMPATIBILITY

L NO NEUTRON)

I ‘ C MHDM

CORROSION LOOPS T

—t

PEBBLE } Y DETAILED
/\FLOW MOCKuP 2 C O NIF (- BLANKET
BERYLLIUM (INTEGRATED, " MODULE
PROPERTIES PLS A NO B FIELD) i DESIGN
BERYLLIUM A E
TECHNOLOGY momum
BERYLLIUM FABRICATION/
/\FABRICATION HANDLING
BASIC CONTINUOUS
» PYRO-PROCESS PYRO-PROCESS
PYROCHEMICAL  |/\™ \/E/\ s
PROCESSING DIFFUSION/ TRANSPORT
PERMEATION

TRITIUM RECOVERY
AND CONTROL

| K
NEUTRONICS /E\}

5.0 (MATERIALS)

MATERIALS IRRADIATION

4.1.3 HYBRID BLANKETS

(LIQUID METAL)




| Y

1990 1995 2000 2005
SELECT PRIMARY
Eé%‘é‘é‘ﬁ‘ﬁss gffgnlrgme th HIGH
~ % e Ao
5.1 STRUCTURAL FW/BLANKET MOD. —M—_ R AL Lovs
MATERIALS ALLOYS FLUENCE ’
s MOD.
. CONSTRUCT. FLUENCE
14 MeV TEST
FACILITY A M} O—1M} —{M)
PIC MOD. HIGH
ALLOYS A\ /E\ FLUENCE =y FLUENCE
M} SELECT
MOD. Y REF, ALLOYS
w JLT it AN AT
5.2 NON- E— M} :
. STRUCTURAL CERAMIC :’ACAT»LSLAS‘D. SELECT ,
 MATERIALS - INSULATORS /M ENCE[ REF. MAT'LS
| : E) (M
L . Y MOD.
5.3 SPECIAL A FLOENC e
"MATERIALS S  \V/SELECT
- | *PC . COMPARE TS
4 (NUCLEAR 1 _MAT'LS | CONCEPTS R ATE
| TECHNOLOGY) ' ailfg‘_cs*r CONCEPTS
1 ‘ EVALUATE | LONG BURN
3 (PLASMA CONCEPTS | TEST EVALUATE
j TECHNOLOGY) -+ —1 ~¢ CONCEPTS
|6 (SYSTEM . |
| ASCESS  EVAL  SELECT EVALUATE
ANALYS‘S) APPLIC. E%pé% MATERIALS CONCEPTS
; CONCEPT

5.0 MATERIALS




| 1990 1995 2000 2005
|5.1.1 FIRST-WALL/  |saseLine/FaB v DATA _
BLANKET ALLOYS CHEMICAL
REDUCED EFFECTS 2&%3%50 malggl‘ &UNEEQJC‘:IS
;A\E['C\)/é\g ION RAD. EFFECTS M~ SeLeer
(FISSION ‘ REF ALLOYS
(FEFZRL. 8% NEUTRONS) MOD FLUENCE
V-ALL FUND. RAD.
‘ STUDIES cogﬁéﬁnoks MOR
Ev TEST| [/ {M+ IME
| FACILITY - E\% M S LMJI;I_%‘} NCE
| FAB/CHEM. EFFECT A 1/WELD __REF 14 MeV
CONVENTIONAL : —E . '
{2 ALLOYS RAD EFFECTS x
e (HT-9,PCA) M} ES
Cs (FISSION NEUT.)HJWSEFLUENCE EVAL GHHE FE&FS&:&
INNOVATIVE BASELINE
MATERIALS RAD EFFECT EVAL "@'Moo FLUEN(
; CAND . SEL.MAT'LS
BATA
5.1.2 PIC ALLOYS BASELINE — cm@
. NU., 0
COPPER ALLOYS RAD EFFECTs SERALLOYS Mmg
EFRACTORY BASELINE J_'SEFA
METAL ALLOYS SSELECT —MJ= FLUENCE
(Ta.W.Mo V) RAD EFFECTS »SACAND. ALLOY?_NT‘
‘ ] ] ] - — ],U ]
NON STRUCT. MAT. 1 f*OD FLUENCE
NUCLEAR TECH. —
PLASMA TECH.

5.1 STRUCTURAL MATERIALS




BASELINE /CHEM.

wELD/COMPOSITION

\é/\EVAL. <E>

PROP,

1990 1995 2000 2005
SCOPING
FAB/WELD oaTa
REDUCED~ACTIVATION ALLOYS (FERR. ST/V-ALLOY) (PWHT, DBTT) —
: M M-~ ~ -
BASELINE PROPERTIES . p{m, e ovED
MECH. PERFORM  SGOP COMPOSITIONS
{DBTT, CREEP) —
ﬁMﬁ\ MR- ----
DEFINE
COMPOSITION SCOPING COMPOSITIONAL
(E:_FEESQ’: sTasiL,) DATA “ CONSTRAINTS
CHEMICAL PERFORMANCE = - - M -—————
SELECT PC SELECT REF ALLOYS
ALLOYS FOR laMeV TESTS
SWELLING /d/
Mksoor M T
300PA W/HE 100 DPA
W/HE
EMBRITTLEMENT 990033
DBTT, HARDENING
RADIATION EFFECTS (FBR/HFIR) {M}-+ M} A~ - -
10 DPA DBTT “7 100 OPA
IMPROVED
RAD CREEP ALLovs
& g
Extts citk,
HE SELECT
SEULATION 30 DPA 100 DPA REF
{DAMAGE CORR) A AtLovs
e Flrect
HNIQUES
FUNDAMENTAL RADIATION STUDIES | Bavace eFFeCTS
{CHG. PART)} /E
NEVAL. LIFETIME
POTENTIAL
CONSTRUCT
.14 MeV TEST FACILITY P it I 3 "
i = ,ﬁ'/ NevaL Dvooopn
‘ yar RESPONSE  DATA
CONVENTIONAL ALLOYS (HT-9, PCA) SWELLING oy e —— — /1
= 5100 opa
300PA W/HE / /
W/HE SIMULATION
EMBRITTLEMENT EL » E>- T
EVAL. EVAL. W/HE /
RADIATION EFFECTS T™MT SIMULATION /
RAD CREEP o &N
EVAL. EVAL. W/HE
wW/0 HE SIMULATION




e
for £p

Table 3-1

CHARACTERIZATION OF PLASMA TECHNOLOGY TASKS

1985-1990 1990-1995 1995-2000
Subsystems feasi- Testing on ignition Component develop-
bility tests on device, evaluation ment for long burn
existing devices, of approaches to facility

component develop- provide long burn
ment for ignition design basis

2000-2005

Advanced develop-
ment of systems
based on quasi
steady-state tes-
ting in fusion
environment




O

3.1 Magnets

3.2 Heating and

Current Drive

3.3 Fueling

3.4 R'emote

Maintenance

3.5 Plasma

Interactive
Components

i
(Short Pulse Ignition)

(Long Burn)

1990 1995 2000 2005
LCP, MFTF-B ‘
M
» Start Long Burn Advanced
Magnet Construction Develoment
Advanced Development
Select
Heating | Supply Ignition  sypply Long Burn
oH \?{em Components Components
E)—HM M
Neutral Beams V X B -5
Current Drive /E\
Ablation Tests \/
N M a Tests M Long Burn Testing /E\ - Evaluat
: 41 valuate
d Component g~ \/ Plasma,
Component Development Development A Icsrch'F
Guideline :
Document
M , M E
Comp. Dev. @~ Component
Evaluate Development
Nonwater Evaluate '
Engineering Testing ’/E\‘Coo!ing @ R}e-lri?)tval Bseg;&n: |
YéNuhdear' for PICs }F-{{ee;tovz'all
Component Development M ech.) M Supply A for PICs
- Supply Supply Long Reactor 1
L Ignition Burn Components Prototype
Components PICs
/E\ Y/\ I
V A\ |
s—tHp———0- —

3. PLASMA TECHNOLOGY




-~
5

Ve

. 1990 1995 2000 2005

| (Confinemen‘t Sys.) Present Systems l
S ! — ‘
Q(Short‘PuIse lgnit‘ion) @ =
, v | .
(Long Burn) £X O-I |
1351 Particle & - !
Impurity

Confinement Tests

- Control (IC/PC)

Recover
\ Useful Heat
Long Burn Tests

M M

/ \ Evaluate:
Dev. IC/PC A for PIC
Heat Recovery for IFF

: Develop IC/PC ) Develop {C/PC for
13.5.2 Heat Removal for Ignition Long Burn

H,0

=5 <m

vaalua te H,0 Evaluate ;
orIgnfition , for Igniti
Non H,0 Cooling /E\ g Ev. Heat
TH-Mech \/ A ?emoval
: -Mech. _ or PIC
m L e »valuate’for Blankets £ M I
. Test Duplex A Reactor
3.5.3 Transient Structures Evalluate Evalupte for Simulator Tests
E for ig] nition Longl Burn
vents - — '
M E ) { M E M
' Evaluate for
Tests for Evalubte Tests for Long Burn Develop Control Methods
Ignition forignfition  LongBurn
5. (Materials) & M b M MI
Low Fluence, Med Fluence (30dpa)  High Fluence
Bulk Data Compatibility (100 dpa)

3.5 PLASMA INTERACTIVE COMPONENTS




1990

1995

2000 2005

Erosion/Redeposition
(ER)

Particle and Impurity
Exhaust

Re_cycling

Surface Conditioning

4.3.2 (Tritium Permea-
tion & Control)

1.2 (Transport)
2.2 (Burn Control &
Ash Removal)

3.3 (Fueling)
i

5.3 (Speciél Materials)

'

Confinement Tests

Select Impurity

Select Impurity Control

Select Ev. E/R Injection Tests Lo
. : . ng
Materials ") for Ign. i} ?um l;r\:;e::ilr;gg;i?oq
/ ests Lifetime
Off-Line Tests Off-Line Tests M
e Choose
. M M Long lmpunty
Pisces Dedicated Plasma ?‘e‘;{‘s Eg?‘wcoe\;)atl
Confinement Tests Slmul’atnonr Facility for IFF
M E M

Control for ignition for Long Burn Assess
’ ‘ Y E ) impurity
& Particle
. o Control
Confinement Tests L Confinement and forIFF’
3 /°\ lgnition Tests E o
- »\/ |
PMI Studies
T Establish Conditioning
Baseline Methods for Long Burn
Properties - Evaluate
4 M | M E ) Conditioning
e Methods
A A
Plasma Injection
Tests - TPX jecti
i ‘ jnjectnon Tests Py Long Burn Tests Py
Establish Ignition Establish HE
Plasma Edge Profilesin Plasma
Characteristics & and Plasma Edge Py "
Establish Impact on
Plasma Impurity
and Edge & Py ‘
Baseline
Properties
. —i- ¥ 3 i
Baseline Properties Medium Fluence

High Fluence -

3.5.1 PARTICLE AND IMPURITY CONTROL
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1995

2000 2005

!

Thermal Hydraulics

Thermo-mechanical
Effects

fatigue testing
duplex structure

design

duplex structure
testing

(Long Burn)

Evaluate Cooling

Evaluate H,0

Testin Long Burn

for Ignition for Long Pulse > 5 MW/m2
Ha0 VAN JAN
O L
Assess Non-H;0 Cooling Evaluate Heat
for Blanket Compatibility Removal for Assess Heat
A PiC '
Non-H,0 e Removal for
2 /E\-‘ Im IFF
Complete Tests (Nuclear
of MHD Effects Technology)
(Nuclear Technology)

Characterization of : Tests at
Thermal Regime Chacrggt\grlieztaetion >5MWwW/m?
50 MW, 5 Long Pulse
1MT 1M

Evaluate for
Long Pulse

Develop PIC
for Heat
Extraction

iM

Complete Tests
to SOMW, 55

£x

M

Complete Tests

<]

i

Testin Long-Burn
Facility Under
Fusion Conditions

Y Extraction

Q

with Useful Heat
m!

3.5.2 HEAT REMOVAL
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Evagé:rate Labfzists Evaluate
‘ . Ignition  Long Burn LonforBurn
ot | , g Long Burn Tests
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Surface Ablation \
- M
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Ignition
Tests Tests
|
: Evafluate
or . . Evaluate
E-M Tests Ignition Sinjulption =Y :r
| _ Tesks
I M y + Long Burn Long Burn Tests
Electro-Magnetic FELIX ! Eval
gn. M valuate
Forces Tests J\E v o
M
Code
Development]
Develop
Ignition Evaluate Long Burn Develop Control
Characterization & Parameters for Igmtlon Parameters Methods
Control M E il
Para jmeters A
| g
5. (Materials) ¢ T '
1. (Confinement) P * I

3.5.3 TRANSIENT EVENTS
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3.1.1 Copper Coils

3.1.2 Pulsed Coils

13.1.3 Supercon-

ducting Coils

(Short Pulse Ignition)
(Long Burn)

Measure  Ignition
Copper  Design

Advanced Copper
for ignition

Magnet Design

Nb3;Sn Neutron

Begin Long Burn

Start Long Burn
Magnet Construction

Determine Shield
Requirement for

Evaluate Data for NbN
and Advanced Material

Properties Construction
_ ;
. ; Test OH Coil
Design Multipurpose
Coil & OH Coil atJAERI
A\ | M‘lr ]
Build = \ Advanced Conductor
ist Coil E
/ Development
M
MFTF & LCP L—J;Mul(ipurpose
Operational Coil
Evaluate S-C Tests
A

%

p <>

Damage Long Burn
Tﬂj Demonstration /E\
Advanced Conductorl—J \/
Development
- P Select Low
m E) Activation
Develop Cryogenic l_JRecommend Structure Materials
Structural Material for Long Burn Facility for IFF
N | Long Burn
A\ B Magnet

Pertormance
}

Evaluate
Magnets
for IFF

3.1 MAGNETS
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Evaluate ECH Sources,
Choose Most Promising 1MW, 150 GHz
! Source
3.2.1 Electron Develop High /E\ M L
: ; Cyclotron Power Gyrotrons Heating
Heating Experiment
Evaluate
Heating
o Study Different ICH Mode ' : -
13.2.2 lon:Cyclotron Heating Modes v 3 _’ :
eatin Long Pulse !
Heating Com?)onent — Advanced . -
| ; Development M A i
| N : High Power ICH in Ignition _R Development ok
Present Devices A '
M | M |
Develop 10 MW Evaluate ;
Select Mgde Heatin f.
o Components I ICH 1 for Ignitijon and g :
¥t Device " Current 1
i ‘ Drive :
} : ICH CD Studies Evaluate D for IFF
3.2.3 Lower Hybrid '\ \Methods
Heating <E\ High Eower CcD M 4 Steady State M i ‘
; : : usion E
LH CD Studies and 1 / nil I:AO/Z\OC:?VB Current Drive Envifonment
Evaluate Heating ~. 1 AW Testing
o
3.2.4 Neutral Beam Negative lon Subsystem/E\ l ; 1'
Heating Development \/ Y |
(Short Pulse Ignition) N 7\ 1
v ‘ : Y N\ ]
(Long Burn) /' \E/ —O l

3.2 HEATING AND CURRENT DRIVE»
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1(Short Pulse Ignition)

Guideline
[Document

3.4.1 Design

Revise Document

Concepts
|

31.4.2 Cémponent
~ Development

M l————@

{ Develop]ignition —
| Compoalnents MI

A

l

i Evaluate Needs for

Show Economic Feasibility
an Attractive Reactor

Evaluate

Develop for IFF,

Long Advanced > |
Burn M l Development |
Components

(Long Burn)

Q

é !

/Y

1 Long Burn
Maintenance °
Experience

o—ey

Q

3.4 REMOTE MAINTENANCE

Maintenance ' |
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PLANS FOR PHASE 111




CPHASE 111 -

MaJor Focus

o RevisioNn oF Logic DIAGRAMS
- Review Loscic AND IMPLICATIONS

- ELABORATE ON MAJor DecisioN POINTS AND
EvALuATION CRITERIA

o DEscripPTiON OF MAJOR FACILITIES AND
EXPERIMENTS

o EsTiMATE RESOURCE REQUIREMENTS




1995 DEcIsioN PoINT
(NucLeAR TeEcHNOLOGY/MATERIALS)

J INPUTS , OUTPUTS
{ ~ | TECHNICAL .
; — EvALUATION —

CRITERIA :
CONCEPT SELECTION
ExPERIMENT DEFINITION

ExPERIMENTAL DaTA
DESIGN/SYSTEM ANALYSIS

1995 NucrLearR (BLANKET) EvaruaTioN/DeEcisIoN

DecisioN DESCRIPTION

A) CoMPARE AND SELECT PRIMARY BLANKET CONCEPTS
- MaJor CLasses (LiquiD, sOLID BREEDERS)
- MATERIALS (SPECIFIC BREEDERS, STRUCTURAL

ALLOYS)
- CONFIGURATIONS

B) Derine PosT-1995 MAJOR EXPERIMENTS AND
FACILITIES 3 :
- FOR INTEGRATED NON-FUSION FACILITIES

(WPLE OF DECISION POINT
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N

N
.

~ Tecunicat EvaiuaTion CRITERIA
ATTRACTIVENESS

PREDICTABILITY

° ATTRACTIVEN‘ESS, FOR COMMERCIAL REACTOR
AND PREDICTABILITY BASED ON DATA
AVATLABLE AT THE TIME THE DECISION IS
MADE

o EvALUATION CRITERIA
SEE ATTRIBUTES FROM PHASE |
(A coPY IS ATTACHED)

DeveLorPMENT FAcTORS
o TIME
o (CosT
e Risk

- (REMAINING) REQUIRED TO DEVELOP
OPTION

ML\'; :




INPUTS

o Data FrROM MuLTIPLE INTERACTION EXPERIMENTS (MHD
FLUID FLOW, MATERIAL COMPATIBILITY, TRITIUM
RECOVERY, TRITIUM BREEDING, NEUTRONICS, ETC-.)

e MODERATE FLUENCE IRRADIATION DATA FOR STRUCTURAL
ALLOYS

o DEFINITION OF PARAMETERS AND CHARACTERISTICS FOR
REACTOR GOALS
- NEUTRON WALL LOAD
~ SURFACE HEAT FLUX
= MAGNETIC FIELD |
-~ LIKELY OFF-NORMAL EVENTS (DISRUPTIONS?, ETC)
-~ END-USE APPLICATION CHARACTERISTICS

QUTPUTS

e SELECTION OF MAJOR CLASS OF DESIGN CONCEPTS
(e.c., LM or SB)

e FOR A GIVEN CLASS, SELECT REFERENCE MATERIALS AND
DESIGN CONFIGURATION

e DEFINITION AND SELECTION OF
- NON-FUSION INTEGRATED TESTING FACILITIES AND

EXPERIMENTS -
- KEY DESIGNS FOR TEST MODULES FOR FUSION TESTING

e Feepsack To INPUTS (LTERATION ON SYSTEMS
FEATURES) o

:;.‘ “ | | 7‘_£%£§~  |




EXAMPLES OF EXPECTED OUTPUT
FOR FACILITY DESCRIPTION AND
| RESOURCE ESTIMATE

(ExampLEs TAKEN FrRoMm FINESSE)




Major Tasks for Liquid Breeder Blankets
MHD Effects

—Momentum and Heat Transfer Facilities (LMF1, LMF2)
—Instrumentation Development

—Insulator Development

Material Compatibility

—Corrosion Loops

—MHD Mass Transfer Facility (MHDM)

Tritium Recovery and Control

—Tritium Extraction Tests

—Tritium Transport Loop

Tritium Breeding

Structural Response and Failuré Modes
Thermomechanics Integration Facility (TMIF)
Partially Integrated Test Facility (PITF)

Analysis and Model Development
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MAJOR TASKS

" MHD Effects

(Momentum and
heat transtfer)

Instrumentation

Insulator
Development

Material
Compatibility

Tritium Recovery
and Control

Tritium Breeding

~ (neutronics)

Structural
Response

1987 1992 1097 2002
T T | T I T T T T T T T T 1 T
N TMIF
- Al/
Corrosion Loops
~ WHOM E $(or) R
oP . + Y \
llBimetallic Loop ——
A 4
J <E\ Fusion Experimental .
Chemical Reactions ! Transient Mockup A/ Module e
F—)— —+
Diffusion/permeation Transport Loop /E: . Addition to TSTA LEGEND
B ] \ . - - -
) ¢ = initiate Task |
oP :xt; i E\ - —{ Terminate Task
ech. ‘
Simple Geometry EX Engineering Mockup | <E> Evaluation Pdlnt '
a
Operate Experiment’
Ir Information Flow
Materials Irradiation 0 i | ‘ ‘
1 - ptiona

133
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Features and Objectives of Major Liquid Breeder Experiments

Magnetic Transport Phenomena Facilities

Features of Experiments

ALEX LMF MHDM TMIF PITF
¢ Simple Geometry | ¢ Basic elements of Basic elements of
of a channel relevant relevant
geormetry geometry ¢ Actual materials * Prototypic
e NaK Relevant material and geometry blanket module

combinations
Transport loop
Relevant T, AT,

impurities, V

Long operating
time per
experiment

[ I

Transport loop

1 ' H
Relevant enviion-

mental and operat-
ing conditions

o

Transport loop

Prototypic
environmental
and operating
conditions

¢ Measure velocity
profile, electric
potential,
pressure drop

e Measure Vand T
profiles; pressure
drop, tempera-
ture, electric
potential

Measure dissol-
ution and
deposition rates

Measure integral
quantities (AP, T,
corrosion and

deposition rates)

Measure integral
quantities

Objectives

¢ Develop and test
velocity profile
instrumentation
in NaK
environment

¢ Validate MHD in
simple geometry
(basic heat trans-
fer data may be
possible in
upgrade

¢ Develop and test
instrumentation

¢ Validate MHD
heat transfer

¢ Design data
(AP, T) for
configuration
screening

¢ Explore tech-
niques to re-
duce AP and en-
hance heat
transfer

Develop and test
instrumentation
in relevant
environment
Design data on
MHD heat and
mass transfer

Verify techniques
to reduce cor-
rosion and cor-
rosion effects

Design data for
blanket test module
Confirm and refine
configurations

Engineering
design data
Reliability data in
non-fusion
environment






