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The tople of lasers wan treated by wn . 1 4 conference and will not be . )
cevered Licre IRCERL o naln: out b Ater sye Ty be considerably different
then Bagaetic switens, Ferthersos 3 cted the areas of ccenozies ang covironceatgal
‘Consideraticny traving scze 1] areac of tecknelory to be cevered hare. These topics will be briefly
diocusary with respect to three Tundazeacal Guestions,

. Definttion of Problecs - ) . . .
. - . Status of Technalogy C. ’ ’

: . Required Infernation
A few of the more Pertinent literacure references will be cited but no attempt will be pade to
provide an exhaustive l{terature Survey in this relatively shore paper.’ ' g
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IT. MAGQIET DES I
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DEFINITICN oF PROSLEVS - ’ ) )

" The major réjulrenents of the Tagnees in a controlled thermaruclear Tesetor (CTR) are to vrovide
darge voluze, gy Taaneric £1alii ta cenfine, guide, and stabilize the plasza, In some systens,
nupcrconduc:ing 2agrets will have to provide dncductive ereryy sterace fop placza cozsression and
bhEIC‘heatihg (see 1113, The ragaers wil) fave to be iarger than anvthing vet constructed (Fipure 1),
end for techaical, zad oSt caertainly for gconenie teasons, Superconductors or parhups ¢Tryvoconductors
are essential, Even with Supercondueters, the 20s its Supoporting Structure,
refrigcration, and insulacing svstem, will §

14
he capital cost of the CTR., A

oIz & w©ijor
nuzber of diverse faerors leed to this high cose, They Include; large highly stressed Structures,
exzensive Sugarconductor Tatarials, Tecuirencar o hizh reliabiiity factors, very ‘low temperatures

encar of
and evacuated LWdTs, very efficient lasulatiocn ang §3cd heat transfer,

d
STATE or ECEROLOGY

Recent revicws of SUpercondﬁ:ting =2znet technology® ang stabiliry techniques$ wvere glven at the
-daternaticns] Yorking Sesslen on fusien Reactor Tecnnel

Se¥s A suzmary of the curreat macarials of
Interest to CTR Technology 15 given in TxBle I, Sytic ducsile supe QLT lika 4574 waich
can be Co-extrudad ang ducad, 11 5 18 ke eaisound 3
¥2381 gad Vila eouly t. i £ hin ribboas ag
the presens time, A tha Sield nrjascs,
thoy tave o disag wilsh Teng irakia g Feictsr oamiieas.
They zre br r 2x31ly doines 1q Joinrws, pirforzance in
perpendicnl St readilv seabi V.

fulet 4 zZeralivrzicsils ve baen developed, S
In the cas 2zticn ef the in the X%;8n vires the
niobivn core ing of UbsSa. Xet of copper af louw
resistivie: 2tencialiy ve : 141 (with an uppar
eritical fie iilcal tezzeratyre cf 4S the core c::plica:&dlpseudo-
bdloary Nb,( S I G5 28X critdcal field of tical temperatura °of 20.7°%) are
other waterfals which have been investizaced, To daze 13 have zeo: been commrreially
develeped even in risvon form, Far the wmos: part, all have beeg cn small-szized
"secples, but a long leng:h (2000 £r) of ViSa has beea Pated and is in the process of
beinz wound into £71ll solenoid, ? -

There are four NsTy Sugcreonducting Bagnets with bores of 1 % or largar in Oreration: 1,9 m,
41kG,,10.5MJ 3I¥ zapner st Sazlayy’ 2.4 3, 28:G, 6aMy bubble chachey Sognet at 2rookhaven; ? 4.8 o,
13.5%G, &6y bubble chamber fi3n2r ac Argo:ne;?_a:d very receztly, 4.8 4, 30%G, 40TMT subdbble chastar
Tagnet at the wational Accelerasos Liborxtcry." In-adiltien to these solensids, the baseball
(2inicug B desipn) 2axnet at Livercore-! has dpocroximacelv a 1.2 o bore and has orerated with a cax{=~
vun fleld ar ehe windings of S3k0 and stored €nerty of 101y, any of these T332208 used the cryogenie
8tab{licy desiza concept (4, e,, Suparcondictar echadded in a larze azogas of cozper and licutd
heliua 1n inttoace contazet with ai) the windinzs), o largn ad::EQ:LCJT’y Stadilized N&Ty cagnet
or large hizh field Nbysn or Y162 zaznecs have been baile, There are three larza Lubble charmber
Bagnets (NAL, and two a: CEFN) which have Seen Built bur 4wo have st teun tested yer, Finally,
the IMpP quedrupole cagnar minlrunm 3 desi a) 2 ¢n dore)

t Cilil (s PCrRADY the mage coemplex
3t the wind{ng of ahour E0%G, 42
Less work hag been ccre on pulsed s ens, o Saall Lignits, zostly fgop syachrotron Prosrams .
(Es < 100%kJ), have been develoned which can be pulged at 1CORG/sec UD to S0XG withoyr undergoing a
er
€

Q. o

EbySa vagnet, and f{r aag beva cpere
3

queach,!? The largese taergy storag rdwnnt (s the &30xJ; 76 en bore cotl buile at the Laboracory
de Hareoussyy of Cospagnie Generale ¢ lecetricice, !
Pag



REQUIFFD TNIO™MATION . R N : :

It 18 possible, veing existing oaterials, to bdufld the carnnts cavisfoned for CTR: although 4t wity
be a d1fficulr and exrnansiive tusk,  Thua, efforts should continue {n the scerch for better sudercon-
ducting caterials and the deveicprent of known caterials to coumerclal availability. The destired new
Boterfals should exkivit {ntering ¢ stabiliey and would renatnssuperconduszing et hisher flelds,
current dunsities, and (especfslly) tecreratures, to case the stability probless in the large sagaet
deaign. They sheuld be econozmical, duccile, and eecuy to fabricute. .

0{ equal or greater {zportance 4s develonnant of superconducting materlals wvhich are row availavie,
Compounds such as NbySa, Vi6a, ViSY, or X5,(A! Ge. ) are kacen to be casable of o eration at nighe
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¥
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b
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a

naznetic ficlds, buc they cre also very difficite*td’fabricata and expensive. Developrent of these
materiala to exhibit betser fabricability and bterter methods of fabriczaticn such as olasza spraying,
diffusion bonding, rzuder metallurgy, elescron-besn weléding, electreplating, srzuttering, and othecr
advaenced facrication techaiques, nay sigrnificantly reduce the cost of nagaet fabricatlon with these
advanced materfals. ‘

Closcly coupled to the febrication . of the superconducting caterials is the fa td
mormal conductor and the reinforeing structure, The structure accounss for a‘zejor portion of the
maguet cest, oven wich cresent-cay costs of siuperconducting magmet wzterials. It has been
lated'® that the cost of,thewsupnrcon‘ut:;ng‘:?tarfal {rself =3y be expecied %o reduce in.
factors of about three to nine by the tize larges acounts ef casarial are reguirved for €a
of CTRs, If this occurs, the cost of the suppsdting Scrus trhed becomes an overwheln
the magnet costs, Backiaz material currently used ia lars ts has been stainless stea
though the allewable vield or creep stress of this materis Ty
crucial structural Froperty since the suserconduc:
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1f fabricastlon metheds carnot be found to elizinate
w11l be necessary to cdevelop a backing structure to
This is the most critical task to be accouplished fo
meagnets, . ’ . .

Work should centinue on the development of eryoresicstive naznets {.e., naonets rade with winding
aterials with very low resistance such as high~-purity aluninua or sedium. This work should be
Kup to the svperconducting magnet program. The structural prablers azrn eéqually
severe in those cases. 1t i3 vossidle to cparate thesc ccils wi 1 porticn of
the CIR pewer ‘thea chey zight Become econowlc cozpared to efthar superconiveting -or nerzel voeom

%]
3
Pl
1
w
[#)
"
N
-2
f'
o
.,
[4]
-

‘teunerature caguets,

PROBLEM DEFINITION : :

dcute in pulsed therzonuclear reactors where the wagnetic pulses-

plasza) have rise tires and duraticns of the order of & few teas of
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STATUS OF TECHNOLOGCY .

There is an active program as LASL to develop pulsed magnetic c¢nerzy storage switched by norcale
golng supercenductors., Iz {s presently ot otha 39-kJ, l-%nA level, and the goal {s ta produce 6-MJ,
40-kA units with 2-msee risecize. Stranded superconductor material in catrices optizized for
otability uader varying cavnecic flelds i3 beting develoned, .

:In the casc of the varfuble icductor, Sxuith and Lewin'? ae Harwell have studied the concept of
energy transfer for next-jeneration synchrotron maunets at the 1-CJ level. This parzicular cencepe
uses rotacdng superconducting colls which aet as transier elemants and tequire no nes torque,
Developrent orf rotating clectrical machinery uslng superconducting windiuzs f3 also belng carried out
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A major problen in CTR devices 1s to heat the ions of
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There are five distinst =»zhods of neating plasmas:  cazmic, shock, compression, injection and
RF heating. EKeating is likelvy to ba acceoplished by a two stage process in the nagnetde containment
«  CTR coricepts so ‘that in Tolamaks, {nttial ohxte heatiny will probably be ollcx:u by ecisher
compression, enargacic neutral particle iniaction, RS heatian or a combination of thesa, Tor
Theta-pluch machines shoex nerf‘hg 1§ ©0 be follewed dy adidbatic cespressica. In ¥Yirror cachines
“the plasma. densisy 1s fic & up-and thea matntained by 2nergetic parctigle injections

The ohmic Heating wmeth stes-a curvenc in the plasma which acts as the seceadary circuit of
a transformer, The tosic sponse of the plaszma to this current resulzs in the plasma being
heated. In Toks ~;ks the plasma currew: has a dual role:®* it provides the polotdal mag-
netic field that is an in vart of the Y¥ckamak zapretic fleld configuraction as well as
providing the eohzic heatir se plasza, The chief prebdlezm.in {inducing the plasza current lies
'in controlll {ing the "sk{r 25 rnar 4s anticipatel in devices as large or larger than the
“proposed Princeton Large PLT). Fer the PLT experiment, plannad for the zid 70's, control of
, the "akin effcez" will be souzat through both the use of an expanding limiter and coantrol of the

:vise tine of

A

*'STATE OF

. Ghuice k
applicatic
‘&L a (ew
the oid 707 voI i
. will be in onse nizajoule
“approaches the gigajoule level.
,evitched fnto the poloidal Flux .
-conducting for the »rofetyspe rez
euperconductors, tie chief tcchn
-of the pricary circuit current,
Couprusgion herting 15 accorp
plasma.?! Reduction of the wijo
‘ fields of a few kilogauss. Cezp
wagnetic fields of saveral ters
, ure to be modest in enerny ragui
The plosna 4 heating i the cas
. shock heating followed by adiabhz
beea shown to genarate aish duns
gre close to the requ ¢l
of the technical predle=s assocd
appear-to bte under reasornadle co
ingulating caterial on;the insid
" discuszed in hi;h temperature i
Mrror machines have used baa
“plaeszas for core thaa a decade.,
through a reutralizing cedivn.
tcchnicul protlen in this neths
Ion sources are on hand ch

the induced current,

TECNOLOGY

20 to 50 kev, 26127

to: £CCkeV,
forward.

The

1,he
ra
ES31

i

ES

St

T

Thesa sources insure the adequac
experimental devices up to the =id i0's
vay to accamnlish
Uniortunatcly the afticice
, Off rapldly with fncreastng eaergy [ (

ry W
il

i3
[
o
<3

TN Y 4y e

o

he late 70's.

""CS‘(”‘

d 1a Teka
us regui
on of :he
lo TAUsSs.,

ks by re:

T

..
~
o

e
e

e
<

h

e :r?gt‘c neytr

emne

rcduce geveral

appear to be
No t’Jc“ technolegical pro

o
ey Y O

3

A

uci

[
HERG IS

oo

al ate
The energetic neutrals are produced
se development of fon sources for th

g

[

iated with tne 5

G

S are

arvy

1

2
n’
n

wo Stage process:

i

his
cound
na e

t

FUI
n

-

c
biilry
alning a

e
o s
153

e er oot

-

]

—-

[XY

7

z=s for the ¢
g {ng enersge
ction is th

Pass
inje

5y
1

b zs Tol:

A
jstepy

is subjec

In

arzla,

ed in csevacitors

'sioned in

and control

thls area.
dius of the
abnctic
strong

zh the nid 70's

aethod has
Lons which

reption most

exporinant
gultable
t is

reduction of ener getie

clc ions
major

res of well LOlL-Eﬂth hydrogen {ons at

v 0f ten scurces for neutral {njeetion into

Suyend 1975 theve wiil be nced for neutral hHeams of 10CkeV

this facrease fn encrey fo- rosttiva fons Acyears Lo be stralyshe-
ey ol vu'r&li::r, paositive hvdropen lons 3dbeve 100heV falls
I3
for

CkeV B Lt ts less than 10%), Seutrallzing efilctency

L



» -

.injection or }T power a: “leower hy
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for ﬁ? and P+ feas 1 approwimaccly 2074 t hirh encrgles. Consequently, while hizh enerny positive

)
<4oas sourcsa vill e adescaze for f zi;n Lcu,-a.li y cxperimenta and peossibly fer 'esion reacror
applicaticny where the awating is wseld \“ly for femizion, tar more efticlent fom 4ources are needed
for continusus neulzal fajection at severai bundred FeV, euch ag e inected in g Mirrver reactor.

High onersy fcgative Lon sourcees ayecar to be the way o make an efficieat neutral pa rticle
injector since nL:.~1vL hedropen dong can be neutralized with bdetzer than 807 efiletency.’ 39 The
‘fevored path of development {5 to pacs posic ve iouns, at atsut lreV, through an alxall =metal vapor
in otder to produce negative ions. Tthe 11 type ascclerator appears to be the most procising source
-of larze positive dcn currents ia the k;~ age cf ennrgy. 21033 1he cx;1c1c1cy of the conversion of
positive to negative icns lies zetween 10X aud 25% in this energy ranrc.3 However this low
conversion efficicncy occurs inm the low elacirical power part of the ion source an ~d hence has only a
small effect on the overall efficiency of the source. The nerative 1oms are then cccelerared to
bigh energy and subsecuently noulral 4. 7Tnis type of iom scurce represents a aew departure in
technique and would represent a =zior underzakiag in lca source gaveleormont.

RF heating 4ncludes 211 thz heating scnemas ewploving oscillating electroragnetice flelds. The
-frequency Spectrun runs fron about 130xH: for ragnetic pumping to about 100GHz for electron cyclotzeon
regonance heating. THe teshnolegy for the RY ssurces is at hande’ :

'EﬁQU?RSD’TN?QRXATICNﬂ

The successful heating of a plasza has been, and szill is, cne of the principal obicctives of
plaaca physics research., There is very 1{ttre cxozriente heating plaszas with either neutral bean
frecuencies or compression in toroidal devices, The
avelopmeat of suitable fon scurces for the neutral bean in-

priccipal technical problems are é
ble insulation material for the shock heating coil in the Theta-

t
-jectors and the developzent of suit
*pinch machines.

. L VI. RADIATICN EFFECTS

.1 There are two nzin classes of radiation effects problews that rust be cocsidered; bulk and
surface effects The fcrwc: rcsalc fzen hizh eaergy aeutron bochardment and the latzer frem choton
gnd charged pav Altraurd the msgnituise of the predlems enszountered from ‘2ach
type 0f danage 2 zgue, it &s easiet to discuss tiue anticipared preblizs within
the. dual frandwors.

.« A) Bulk Raliatlon &f s

X The sLrugtural woteTi for fusion reactcrs will be expected to retaln adequace strenzth,
cductilicvy, fatigue resist , and dizensicnal stability while being stressed snd irradiated at

500~1030°C with nigh Ilu f neourroas {thermal o L4MeV). However, we know frem past experience

that. such 2an envx*cnrgn: rost likely c¢ause a serinus sepradation ia the physical and riachanica

.preopertics or metals,” ' eason “or thls degradoticn i3 that all pure cmetals (Sb, Mo, V¥,

Cu, Al) or allo o, Ma=Ti-2z, V-T!-Cr, stainless steel) curreacly coasidered for

CiR applicaticn 21 arge {n,, (n,p) and displacement cross secticns For high eassyy
speutrens. - The most sericus probienm is the precuction of halivz gas acsms.  For example, it has

been shawm that the presance of these Alons can cause severs ectrizclement ia setals at high
-te:peta:ures.’s Tabla Il shews whit effect 10-40 atcmic ppn e has on the dustility of soce zecals

considered for CTR's. The antizipancd levels of He in metals vary fron several huadved to several

. thousand apsa ower tha wseful 1lifotice cf the comp -zusnts,*®  The arglomaration of holiuz gas atozms
“rinko bubblug, whien Lo turn may Tisrale. to.grain boundaries, can induce prezacure {racture at straios

-of only a few percent. ' ' . :

The producticn of large numbers of vacant la(ticn sftes can alsn have a deleterlous efiect if

v these vacancies srcleverate inte voids. For exarple, figure 2 shows A large nunber of voids in }Nb

drradisted at an eifcerive temperecure of 62077 o 300 displagemants per atem.??  These voids cause

the vatal to expand and values of 5-19% swelliay have already bwen vhserved in refractory netals

such £s N5Y and scainless steels irradiated at ~1/10 of their projected exposures in CIR ser-

viea, 31138038 ‘oygrap cwolline protleny have already bean reported in graphite waich coastitutes

a significant fractlon of the slankat of nost reazters. ) (see figure 3 The laztice expansicn
..and o;granu:icn of both phvsical and ::chuuxcal praperttes of sraphife resulis from the distortion

of the crystallites by clustered vacancie Nonunifora swelling due te neutren flux and tezperature

ggadieats in rzoals and grarnite s UEJLhitale {3 the warsing of free stanling struccures and

cevere stressing of {ixed venters can ocgeur.  ilipl 3
cecbrittied material because vacuun tizhiaess is 2 eaj
of welds could occur at straiuns of only a few percent

-
Kd

[
ress Jevels are marzicalarly trvenbloscoe in
or regquirement of the CTR blanket and fractuze
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Tho effact of ncecien
atability ¢f suvacszain t!
resule {n dnzrzesed LHJ r
froa the r;u.irc:cnc i el
pulsid syste~s whueve weltd
at €50-8007°C lJuring high
peanfegfel {nforzation ex
insulatory,

B) Surfece ¥adtaticn Fffcets

The tombardmant of the 4138 wall inm 3 CTR blanket or
charged particles can cause blistering ard sputtering., 3o
aequnn e" {n terrs of wail erosfecn 2rd plasza centaminatio
~10* sec 1.3% Bliscering can even %2 a croblem 4f the
(See fiﬂure 4 for exauple of blisters in ¥b at 25 aad 200°
due to the arzloceration of the Slisters could rvesult in u
sputtering and blistering can cause plasna centamination.
for omexauple) and cold gas flushing in soze systess and
divdnish thts prcblem, Ia the ¢sse of cold gas flushiag,
predeninantly by lew enerpy qeu-r¢L atons. (<10eV) and low

Eigh fluxes of photcns irst wall could cavse s

$2 0% concera as
vriher problem.that
lato

ta of ~LxV/éa and resl
ron {rradiatica up to
he situlteneous eflects

™
3N

=~

descrpticn of absorbed gases his effect way be particu

T
ductivity, electrically inswelated first wall of pulsed rez
.cause a variation in the final ccafiguratien of delects wi
could be a significantr variation of michanical properties
STATUS OF TECHRIQLOGY . ’

The reader is referréd to recent and -excellent sumsard
barduent of psteatial CTR structural caterifals. 3323853 633
quite adequately rezorted ia those doeumants an "‘ll_not

bedy of iaformation froexm the { R .program.on irradiaticn
WIGR end M37Z an g 3 TopTams shauld
ralevance t ec. L ~ curvantly

- .Y 38 e - £ % . a
ps.r\..s(--c frradicoica L~ Cl2d the o
stedied for piny yoairts ab 7P woge rccen:ly at T
succizs 0f gucn divertors is on cpen gquestiou.

REQUIFED. TNFTORVATIO

B) Surface Radiarl
There 18 an veeeat o -azion sbout the
lcave the plasma and ustrike che first wall oi the Jivertor
of the porential
prograu spccfal cuphasis should be placed on the

(2) sputtering by MeV reutrons, aad (3) particle

t‘{

»-
i#]

Tfor Tore tafare

KR ST Len

foll elng

rraodlation on the clectrical resistarce of norral
- nte

3 in CTR'3. T
S

w5 Withoulb more iR:OIPJsiGD fren the plesaa

emfssion and surface lay

marnets and the

any dnacreascs 1n reaistance wlil ul:i:Jthy
{ails intn bulk rallation eife¢ts reaulty
his problea is parcicularly acute for
sgn~cc of >10%0hs~ca tust be caintained
1032210 %n/en?.  Very 1ittle, Lf any,
of lrradiation and tecperature on such

the divertor surface with neucral snd

th of these effects can have serious con-
n 1f the {lux cf avr;ic‘es is greater than
heliva fon flux s >10° ‘g,

€.} Spallatien of larze chunus of zaterial
nacceptadle wall ercsicn rates. Both

The success of divartors (see fiqure S
coatinzs in orhavs could signiflcantly

the plasca energy 18 carried to the wall
enarzy. phonons.

signififcant temperature gradients and
arly pronouanced in the low thermocon~
ctors. Tua terzerature gradients will

thin the nmecals and consequently, there

through the first wall.

.

es of neutren and charged particle bone
The state-of-the-art for this field is

be reviewed here, There is also a large
cife fal cel, and froa the
z. ol Zor data of
nausyoa ov chavged
artors has teen
n,'* Tha ultimate

A) Bulk Rallorinn Effects

One of thc rmost crucial pieces of Inforzatica that nust be cbtainaed before any large scale {udsion
reactors can be tulle {3 the syrergistic effeet of interstitial itics, displaced atoms and high
energy noutron reaczica producce such &3 Ee and H‘ on the cuct? f poteatial CIR materials. This
data is r;quirei c"er the temperature raage fren $00-1C00°C Zor 0, V, and alioys of the re=
fractory metals with 71, Cr, and Zr and stainless steel. Infor=aticen 1s else reguired 'on uechanical -
and physical oro,c rties of Cu and Al during lewer temcerature (RT to 300° C) high fluence i{rradiatioas
for pulsud systems., The effect ¢f the irradiatien incuced defects on the creep progerties aad
fatigue life of the prepesed matals and alloys Is vital to the desiza of re 1;:ble structural com~
ponents, An alzost ecually importzat avea is the erfect of drradiaticn en tha swelling of candidate
CTR materials,  The effect of jases suca as hvdroren and heliua en the nucleation, grewtn and thersal
staailitj of voids in macals 4s of particuiar inpovtanze, Mzasuvenents of the resistiviety of Cu and
Al after neutron fluences of ~10%%n/en® aad data on the stabilizy of superconduziing =2 ,\ccs is
,requizcd Mare Inforzatlica on the characteriszics cf graphite irrediated to zore than 2-4x1 102 ta/eat
is nceded with partlicular ecchasis on dimensional scadbility. A consideratle number of expericents in
the near ters wust be cerfsrnad utilizing current f£isslen reactor aad accelerater facilities, In
order to properly !aterpret Chese experinents, it 1s necessary to correctly assess. the darase pro-
duced by 14HeV and fissi pectra reufrans as well as by high enersy heavy fons. Such an analysis
can be accomplished theo cally and by carcfully desivaed exrerizents. In situ experirents of
irvudiated {nsulating o2 ials must be coaduceted af high remperatures in order to assess aay elec-
trical degradazion probl Lbac right arise.
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‘photon {rpast. Survey &xg evi-ents ca the blistering, spnttering and desorption phenemena should
sufficiently overlap the pat::cle azd pacten flux, and eaerzy estimates te acconal for the £luidicy
of current desipa, The effezt 20 Gl Sluxesd of snort waveleagth padiaticn on poteatial CIR first
well paterials must be uncerstzod befcre any final design cecisions can be nsde.

[o 3ty
(A

VIII. BICY TEMPEPATURZ MATERIALS

-PROJLEM DEFLNITICN

There are two classes of caterials to be discussed herej structural metals and electrical in-
sulators. . ..
. A) Structural Mizorials ls : ' . o . i

The cajor requirdzents > of the structural metals will be to allow construction of blanket and

shield corponents that wills
. 1) Provide a vacuua tight chazber for the plasma,
:.~—~2) Coatain the zoderating, noufron rc‘lccti v3 and tritiun breeding caterials. . .

3) Provide cozlint passagss to TomnvR the heat. .

&y Coatein the neuiren s:d:ga~ﬂ1 uasogning waterials that tillkprptgc;.the,sugp:conduccors aad
¢ operating pcrseonnel froz exsassive exposure. ‘

. 5) Provide passapes for Zual insc:::on. diegnostic eguipment and possibla foa vemoval, - )

The metals used to conssruct the blanker must sdtisiy these requ uirerents with a mininun azount
of material in ordsr to certurd the neutIcnics €I the sysiexn &s litctie as possibdlae, There is also a
desire to reduce wall thicknecs te lower the rher=al stressas. ©On the other hand, the reduction {a
wall thickness will raise nontnermal stress levels . in vical coczposaents so that the =2%zal used rust
.have as high a tensila and creep sirengliha as possidble. The cetwl must also nave. s high thermal
.conductivicy, low expansicn go2fficicnt and a low Young's Medulus in order to nininize the thermal
igrresses or- to maximize the allowable heat ioading on the wall, Tigure 6 shows hew the relative
+thermal stresses in four potential CTR watarials varies vith texnperature for fived wall thicknesses

".and nuclear heating rates. Note that the refractory vetals have much lover induczed stresses than
for stainless stael,

The CVR blanket o havae ex y hish fatlguve rezistance, especizily in the case of
lzser and pulsci sy Ye Lasur : o i6 e 157 le pulse DT reactions
ratyshere from 1 o z sonond sev deed encv V.
Such ~vopuls vilene &g lvs exnl g Zesigned
to w*“ﬁ<t'"4 Tnese ¢ 167 =157 tines por year. velic 2T and L stresses
.gasceizted with peliec azzers suln as he Thata-cing 2y ozzur every 4-10 seconds $a that some

%107 to ~2x10 ¥ eysler will Se incurTed over 2 20-yesr lifetiwa.

The structural cezuls must alsa have reasonable intrinsic cesis as wall as acceptable fabrica=-
vtion end assechiy costs ia crder ‘to minizize the total cost of che systexm. It i3 also desirable to
.use materiala with a sacisfcctery praservice cuctility tut, because cf the wowy factors (i.e., voids,
.heliun bubbles, intersticial izguritles, and excessive retaliic transtutation puoduzis) in fusien
yeactors which tend to degreade this property, thare w2y be little relation betweea preservice
+duetility and leng-term operating ducrility. The dasign oI the TR strucrure will procably nead to
be tade on the basis that a few percent, or less, of ductilicy will zemein zifter a year of operation.
s The above requirencnts appear o be Sest satisSied by stainless steels beiow €53°C, by the
.refractery metal V or Lis alleoys belew 220°C and by b, Mo, or their alloys (ib-Zr, Mo-Ti-Zr) below
~1000°C. R

B) Electrieal Insalater . .

The EG]%cd reaizters, such as the Theta-oinch dcsign,xs have the woast critical insulator
requirescnts broupht 5oLl S¥ tr2 mecessity for an insulacing inper liner for the first wall.
Typlcal arimithal vo e gradients of -8kV/iem will be rogu sired for skheck heazing vol :ag:s of 1,64V
varound a flrst wall of radius 30 em. The linec vust Le wept as thin as pessible and be either
.therzally ccoupled to the first wall or separately ccoled, to avold cverheatinrg. The operating
.conditions of this liser are:'?

- E00-500°C operating temparature
e = Fectron fluense (IvE<ia.ilev) of 10%2-10%7ca?

. - - Brecsstrahiung vadiaticn of ~1A waveleagth

- Cyelical operacting stress

« Bouvhardoent with ayire

i

rea tsotopes and helluz frea plasza.
fer

[al e
[¥]
"

Qer Zub 2 dielectric streanth as high as possible, and 3 resistance
:2}0 cha=ca. Howeve the electric stress 1s azsentc wnen peutren and bremsstrahiung borbarduent is
Antense,  Any radiatien-induced desradattion of divicztric progarties must cdecay tu the {ew secconds
between pulses,  The Imsulatoe amizhil b Plhxtfl 41ly er mechanically domaged by vlectrolvsts,
- trancmutation and acenm displacrrment eftects, th =1l shock, ctress effedts, ot hydrosen raduction,
Theve are other systons that need insulator tn the irraifacion environzent cf the CTR, The

Thu insulating 1
r

-
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ORML, Tckamak“* for txarmale, requires a low atress (~0.2%V/cz) insulator to operate at 500-8007C fer

eamnona

ito elccivenaanetie puzning sonantn,
of 20vV/ca to be malstawned under chavred pazticle
and fluxes of 10'%cz?/=cc.

.

tede)

'STATE OF TECIOLOGY

A) Structural Metals .

Mirror avstend vegquire drsulitory with dielectric 3treagth
=hardment at enerygles in the range of 1C0-103CkeV
ihcse insulators will operate at 4G0-300°C.

A Cons{durasie ooy of infsrzation, too voluminous to- list here, exicts in the open literature
with respect to the uynirradizszd i puvsical and cechanlcal proparties of the candidaze CTR materials,
Recent reviews have censideras how the various wmaterials wizht cowpare under twzical CTR con-
ditions?¥I*3* .nd exrensive ro-esvaluatiorn of NASA related werr is in order. Despite the large body
of inforzation on scume alley systems, there are essentlally no standards, codes or procedures for
large-scale coastrusticon wit \ refractory zetals.  This is especially true for systems that will be
subjected to :ibﬁ stresses 107 =10 ° times during their lifetime. Finally, there are very few large-
gcale indus 12l ;roruc..cw fécilities for refractory wetals and these would be hard pressed to

produce ~10° ke of
B) Insulators

fnf{shed preoducts. per yedr as -might be raquired for a mature fusicn industry.

nechanical and therzmal stresses as

There 15. 11‘_tLd iﬂ;or“a'101 on insulators subjected to hich
uo) g
well a8 immarsed 4n Ui4uid =etal eavironmen .Y However, msst of the data cczes from tha effeet

of one ‘environment st a time. Little has bee
during sizulzancous zxposure t0 more than one

inforration en the cozpacidilicy of dinsula
dynanic loading conditicns,

REQUIRED DNTORMATICH

&) Structural j_».c_:_l_g_ :

An gccurats acscsamen: of the availabllity of vardous wmetallic elements is required before any
long~term ccrmitizents are zade wita respast to the CIR struciural material. 7This assessment should
dndicate whoo clhe rizl ie Uikely to ba fa years 19%0-I000, whaz effect & rother
lgrge yearly Aeuwasn t that valve, and the axtent of U.S. reserves Lo avold sevarge
balance of pay -3 prcilens, :

There ave thryee ¢ain arvesz of refrvactary matal-technoleyy ich neced further invescizaticn., Tae
fivet {s the oficer of tnteretittal fmsusicies cuch as cavbow, uitrogen and oxygen cn tae O3IT -
{ductile to brityle trznsiticn tewmgeraturs) of the zefvastory tetals and ellovws, This is important
in relation to faintenance aad wadificatien procedures which {mvolwve cooling down CIR structures (o
room temperatures. Sone of tais infeormation alveacy exists and rejuires ondy cvitical raview by
‘scientists ia the lizhz ef CTR requirements. Such surveys will alsa point out inadeguacies in the
dats vhich can be remadied by future work., Tue second prodlen is tha fabricabilicty of large com~
ponents frem o, V¥, or thelr alloys. A rezxsonable amsuut of Iinformation already exists ca Mb and
Ub-2r alloys, @nd 1t apprears that no insurcountable prodliczs exist for this systea, Howavar, welding
end joining of Mo syscers dcoaos appear e te a major problem and a complete survey of the successes

nd failures {n this cvea is veouired, Very little is knocwan of the large scale fabrication of
V clloys and scre e e svzation is also needed in that area, Thirtd, more information is
required about the ies in CTR structural materials. The sccunmulation of tritiva in
varlous ¢oursnents ant and wvery much a8 functien of the broeding fluid. Hewever,
move dofinfcive numt ired in order to fully assess the prodlen of hydriding (and easuing
exhrictlenent) du raacter shuzdowns. ® The. sitvation for austcnitic stainless stael
apprays. to be.adesuare. for enbrictlenmént and fabricability while . more iniormztlon gbout the hydriding . .
effect in steel is “Pqulfcd. ’

There is also a rcruir at for detailed ctress calculations of a toroidal vessel containing
nany perforaticas and susje ::ei to thernal, maznetic, and swelliag induced stresses. Such cal-
culatioas are necessary to determine the eptimua wall thickness for each candidaze =matertal and to
make sure that these valuesd ¢o wot ceoniflict with the neulvonie requirements of fatigue resistant

alloys for pulsed syatezs is desiradble,

published on the deternin
dd..-{\blnb envi
tors and refractory cetal substrates, especially under

att

cn cf physical properties

ounent. There is also a dearth of

B) lasularors

Aside frowm developing radi tion damage vesiscant in<alators, it {s Jdesivable to produce ceramies
vhich can casily te beaded to metallic sudsctrates and zmatwntalin that dbond cver repeated thermal and
nechan{cal stress cyclcs. Thu elfects on the dlelectric constants of such insulators will be ex-
tremcly foportant as will be thelr {ateraction with the fucl waces in a pulsed systen, Thare is also
& need to develop fasulators that have corresisn resistance to lithlun for other reictor concepts.
Yetheds of nerallle coating the cerazics should also be {nvestigated.

.
:

.. -



9 . .
' o IR VIIT. COVDATINILITY ‘
DEFDNITICN OF PRNILEMS ‘ '

The majerity of the comnatibility preblewms result [rom the action of a floving coolant cn zectals,
alloys or ceramics at hish temporature.  Ihe currently envisioned operating temperaturesd of SG0-1200°C
for CTR blankets rarrow the cholce cf coslants to ligutd metals and {nart gases. lorz over, if one

. wishes to use liquid rgtala it is wise to use pure lifhfum or a lithium coataining salt because of
tha requirezect to breed tritiun for the early CTXs. The present candidate for coolants in the

blanket are:
Lithiuva (plus

X topping cycles in some systems M

v . . Flibe. (Li2Be¥y)

v . , Heliua ) )

Corrosion reactiens of liquid =etals and gases with metals cay be strongly influenced by io-
purities such 2s hydreojen isctecres, carbon or oxygen.*® The hydrogen isorcpas cculd coze from the
tritiug breeding fluid, from the plcsca, from the srean pover conversion sysian or be preduced
nedtrenically within the metal Liseli, sr, or LT3 eéupounds frcm the grashite or oxygen from the
power coaversion evele-could also-have si ant. effears.cn corrcsion resistance, especially for
.the refractory cetals, Dissimilir-metal sy 5 tust be carefully ctudiecd because of nass transport
-problecs, i.e. carboa from scecl could be absorbed by Nbor V. Therefore, cczmpatid ility with a pure
coolant (f.e., Li or He) is not the whole c erfa for cozpatibility considerations znd allewances
pust be made for icpurity cifacts.

Thera are also conzacibility prodlems for ceranmic insulaters i{tmersed in liquid lichiua which
most be considered, Meost CTIR blankets usually include a faic azount of graphite as a woderator=-
reflector material and suitable methods for chemically isolating graphite froz lithiua nust be
developed.

STATUS OF TECHENOLOGY ; . " o .

A) Lithium .

Tt 48 well kaewn that ize allovs are iiritted to relatively low service
tenperatures in Wrhius, ™ g for auttenitic stainless steels in dvpemie LU and
ray ba extended ta ~TI0° o t:L5 eopact fo Wt highly resistanc to iithium
evan phove S00°C & Lo Imun-rignee,

Lithive is unld veainedin Li gpparcntly 4o not premcle
disolutizn of reln : Ho g2n level the I and V ois of juportance In thae
when 1t exceads ~2¢ O 5C0 PR, severe peretration s.7% sllcying with 2r or TL raises
this thresheld valve. e, which has ively lcw sol tv for exyzen is not subject to atiack
by lithiuo. The cempatibility of va vlating nate with litnium is shown in figure 7.
Note thot alu:ina is particularly wvuincrable to Li corrss £ 375°C but that BecO, ThO and Y203 -
are fairly inert. ’

B) Lithium-Fluoride Salrs

The oxiaatioa products rorm exposure of metals to wolten fluoride salts tend to bde

.highly soluble in the s:lts an srm protestive films. Thus the corresion re si<tancﬂ of a
‘metal to fluoride salts correl tly with the "nechilicy"™ of the netal.*® Mo and Ni-o alloys

sare very resistant to LiF-Zedy ves, 2 %% N5 and To based alleys cro less resistaac to
attack by fluoride salis™™ but oe suvizable fer operactica {n the range of 55C-700°C.
There are no reporzed toses of ice salt mixtures, but on the basis of nobility, ¥V would
«be expected to underyo coaside icns even with fluoride mixtures of relatively low

-oxidizing leCﬂtiJ~.'5

C) Helium -

- © At fizst clonze, heliua appears to be cecpletely cezpatidle wich any CTR structural zaterial,

. Bowever, this 1s o*lx rrue for N and WV above 603°C {i{ che Interstitizl izpurity ccootents, par-
ticularly ox;gcn, zn be miintained to extremely low levels, Ixperience has shewn that oxygen
dwpuricles ousc be zaincained well below 1 ppm if these matals are to retain reeseaable dee-

Ctiltey,?? 8t ﬂa, Lecause of its low solubllity for cxygen is compatible with cozzercially pure

» beliug up to ~1000°C.

* REQUIR®D

.

DIFORMATION

Hethods of extending the useful
dyrantce licthiua need to be develeped
by lithiun or its anould he
these netals are to be uuned
ceracile insulazore fron flowd

temperature regize to 650°C for austenitic stainless stcels fa
The effect of hvdrogen isctopes on the corrosion ef smetals

.
cfined. Metailic ez {or Wb o V
in oxypen coataninated hclkum cavironments,
ing Li must aivo be estavilshed,

necd €0 be deviloped L
Methods of protecting

~
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b

‘4 The effect of frradiation of L1 salts, eunccially coucerning free radfcal production of ?-, or

U (Tt), needs to be studled to sce 1f the correston rates will Lc uccrlcrato.d. Magneto~hydrodynante

cffccts on Li ealts cay also cifiect thelr chumtcal a.nbtlity.

.

IX, MARISTOHT20DYNANMICS:

DEFLIITION OF PRCELEMS . ' : o

The use of liquid cetalas in those reacters requiring a hizh pagaetic field to confine the rdacting
plasce way incur severe zajretobydredynamic problers. The high magnezic field way laminarize the flow
#nd thus reduce or elizminate the cddy u-.lvsivl'V which enhance he nizh. hearz transier casacity

of 211 liquid =etals. Furcher, larze pressure iesses are cause zynen .,~u1ur to the high
wmagnctic field, The magnitude of these pressure losses are hig ependent, ranging from
toderate to intcleradle in desi;ns reported.

. In the pulsed Theta-pinch reacrtor, these preblezs are alleviated because the magnetic field is
off for all YBu: a few percent of tho operaring c¢yele. Thus, the first wall heat transfer cocetifcient
Vil have neadly its novaal ffeid-freoe value and' allew greatar srall fluxes. lowever, during the vag-
netic pulse, the lithium flcw Ln the incer.blanket will be sicpped or izpeded fcv scre 0.01 to 0.1
seconds, glving a pressure pulge with possible associated sheeck aad fatigue effects.,

STATUS: OF TECINOLOGY

o

A magnetic field limits the turbulence, (elddy diffusivity) of liquid metals. The field not omnly
retards the transition co turbulent flow as Keviolds nuzber increases, but also reduces the heat
transfer coefficient after “transition™. For the fields, duct sizes and linuid-zetal velccities en=-
visioned for CTR plants operating in the turbulent flow rezime scems unlikely (particularly in view
of the pressure fsrces rvequired)., Althouzn nonzefailic lithiuvn-contzining salts wmay have cone
ductivities oaly 1/10,0C0 of ithium, thus reducing. their interaction with the magnetic ficlds, thelr
reduced heat transier coefficients ta his advan .

' The elipinaticn of turbulence 1 he pre
but pressure losses 1a flcw perze ct fiel alues
pay be estinrared using correintis 4 and

veleciey of aust : both
rnacnetic fleld prensure : bk 22

the precsure loss ; 28 %o be 3U0 rsi opor Tete
propoarticnsl to the ¢ lezity and zo tne dust-teo-i
but 1s preporticnal o the zagnetice field sguzred, Decau s, cxtrene
design ceze i3 re o t revant excessive oressure losses used novel
configurations an c e ities to weep pressure losses sz :

Experiments in noncenducting dults have shown good agreczent with the theory developed in Ref,  55.
Hoffman and Carlson have agtecunted for nsaconducting walls in an approximate manner, but little
applicable experimental work has teen cenducted to verily thelr theories,

An ether possible 2D effect on heat tramsfzr has received attentien but cnl' without super-
ivposed magneric filelds. This eficct is the sunorheat required to initiate deilinp in a l‘qa;d.

Many varisbles have teen favestizated, and investizatoers havea found supsrihcat values ranging over
two orlers of magnituda, A recent SCudyE7 has ghewn thet both the pressare-temrerature history and
the effect of inert bus on the bolling surface will control the superheat required to initiate

beiling. » ) .

EQUIRED DNFORMATION

There has bean a considerable szount of thesretical work 4n the fieids of heat transfer and
pressure lesses La-a hizh magnetie field bue experinental verificatisa of the theory is sketchy,

and has gencrally been done ac cendizleons far vemoved from those which may exzict {n a CTR. Generally,
fo work hzs beea done at fields abava ahout 205G, and work has Leen predeninately confined to mer-
cury or NaX alloy in noncorducting ducts, Thus cenfirmatery wors in hisgh masnetic flelds using
polten lithiun In pecmetries and with Quet cenductance c;plcul ol CIR are :cquircd

Work 1s reqguired for the pulsed Thetae-pinzh reaster to investipate t water-hatoer like effect
of the pulsed cugnetic ficld., There s expected to be little effect upe1 h t transfer or pressure

losses, but soze new fatigue problems cay be induced.
, . : X. FPOWER CONVERSICN .

The enerpy conversion-clectric genaraticn perzicn of a fu,{on powwr plant is a large fractica of
the totel cost of a CiR and algniflcantly {nflucnces the destgn of the fusion reactor blanket,

.o - - ey
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Advaccad thrrmal ay: : y depret on high tesperatute operatien far achicvinr high therral
efflciercics. T t ecyele heliva zas :u;uin~'°'5’ and toyping cycles for steas
gystess surh os Ml g > Tootod 4 -ur:LﬁL. ’ °
Environtental izprevemcats resvfved faclude the cdaptien of "ry alr c1ol ag towers for dissipation
of the refe~t heat dizectly to the atuosphere and thus requiring no cooling water. Other prchblecs
peculiar to Iusicn devices are:
. Tokarak type reactors mcvy reauire cyelic operatica with burn tizes of one second to several
. hundred seczonds. This requires sjpecial attentionr since preseat day systezs operate essentially
at oteady state,
.. e The Theta-pinch and laser systems are pulsed devices where the energy is generated in a snall

- fraction of the cuty crele. This creates special rrobl ws in facigue, cnerby storage and

.t averaging the shouek eficcts.,

« o The mirror systez requires some jorm -of direct coaversion of charge part 1gle plasw=a cnergy for
. ..efficient operation. " This can be done with hiph efficie ncy (~907%) but raquires development of

* a pew techmoleogical area. A sigatflcant porrtion of the tetal energy still needs to be utilized

i3 a tharzcdynanic cycle. ) .

{. . The house losds in orosesed plants for such things 25 the con :iﬁc:eut ragners, lasers, fuel

. injection, h: czycg:?i: ¢eoling, ane othet auxillaries are in Zany Ilunstauces outside the
s range ¢f present techoology in. tevms of energy forn asd magnitude. These areas need consider-

: able developrent, . : .
1. Systena studies are need d in all reactor '"pes and pover conve—sian s:hc:as to evalunte their
applicadlilicy, to identd
systen to tha fusicn eder

y source.
STATUS OF TECLNOLEGY A T .
: Systena stuuius and cutlines cf power planc concepts on cach of the four cmajor conflnement schexes
beve beea twade.- A nusbar of studies have also besn vade to evaluzte the qggl; cav zllty of heliuz
cycles, potcossiuva turbizne ceycles, and D cwelas to pover plzat concepts.” ® °* These deronstrate
the razoze of applicadbility of each to fusion syscems. Most of the identified prodblams avise in the
blanket region of the reactor, and it is genarally assuved that a lavve povtion of the hardware for
tha power conversica will be develcped by the rissicn and fvssil fuel planis iz tha pericd 1270-1990.

FERQUIRED INVARMATION
s ol

1n= prelifnd the several chcices of power eycies to ezch of the
four wajor cen ] smtiaued. Svetem studies are needed oarsicvlarvly or
3 3 ’
1) & bctte: dcii.' cb xpected with each combinatien and tha developulal preglans
pu P
required, 2) d2 and y 3 1 n of the vange and degree of applicas:licy to fus;on
gystco3 end &) en:inccrinz enviroamencal and ecomomic optimizaticn studies fov tha concepts. These
b 4 & . : P T > ¢ . :
are nerded to provide adequate background informatica so that the best cholce can be wade for the
£irﬁl pever plante,

aiz-photenic calculations are to acturately predict:

é¢epletion, -
ens,
als,
3 n her cozpouents,
radieactdi » ”
6) Transcutatica rares in materials, v
To this zad adeguate coleulaticnal technigques and nuclear dati must be davalopzd 2nd verifled by
‘dntepral exper:izeazs. Both data processing and transport caleculaticny cust be reasonably inexpensive
becsuse of the wmany design calculatfons raquired.
STATE OF TLCINOLDGY
+. Extensive development of computer code syste=s and; data libraries has been accouplished by the
fiaafoa reactor and weapens proyran.  Yhe basle capedillties exis:, Sut seme gaps occur for cortain
waterinla and scemet?iaes of CTR desions, Ne ~n‘0' develonmont sveprams are [orecfeen fo¢ noutrenlcs
‘becavse current tecancloay i3 relined to the point where the progrea vejuived to reselve unsercaintics
4o clearly ideatifted. :
— e - . . . R



O T T
v
. Creon scctfon data for 14.1VcY neutroms s falrly well ercablished with a few retable exceesclons
{f.c. ¥). Hewever, the expericental eross section data In the S-1iMoV vanee 13 rather uaparse -
cepecially for the (A,¥) reacricus, Neuivonics calculatiens on velasively strnle dlankets have shown
tritiua breeding to be achievable, and have provided esticates of heating rates, displacement rates
(sec figure B), and tranamutesion tatos, *5°° Caleculaticns ef the =ignitede of afterheat have also
becen rade chowing that 1t 1s not a szall problem, but certainly a manszeable one (sce figure 9).

»

aelv aie e . R . .o .

REQUTRFD D"?O?;{.\TICN . re tmeenm te fev e Gammw wtm e ek m. e e e meestetm e iemwms o -

v ’ .

“% Accurate parametric studies must be cempleted on realiutic conceptual decinns with perforations
end non-symzetrical shanes befere CIX gesipas are allcved to mature. The technlques required to
perfora such anzlysaes fnclude zmult {~dimensicnzl e mpaTe theoiy codes, snieiding cptinization codes,

ok
and tice dependeat bura up codes. Such codes arc wsually avallable or under cdavelopzment within
progracs outside of the CTR area; hewever, it appears that a codest effort will be required for both
modificction of existing codes and developmant of optimizatica proccdures.

i T Ambizutties in current CTR neutrenics c.zcu‘a.LonJ oc’ to 4 large degree a result of cro3s section

a
tancerteinties, The zysos 9f cross section data needea arve
P’ = Neutron-and gasma-ray traasport,
+V = Garma-ray preduction,

$i = Tritiux breeding, o !

B2« Helium and hydrozena production :

15 =~ Transmutaticn aznd azcivaticn, : )

* = Atoxic displacemeoat S -

3 = Energy dJdeposition,

[u Those cross sections which present the greatest cencern amd which w‘ll reguire the most attention
are neutron transport cross sections, alpha production cross scctions for structural materials,
germa-ray produztion ¢ross sectioas, and tritium treeaing cross sectiens, Ia crder to develop the
needed data in en cfficlent canner one must 1) evaluate existing data and theoretical cedels for
prcd‘ct*ng cross sectiens in light of our vrior::i;s, and 2) conduct microscoplce measurevants of
‘eross gections when cuch measuvesents are clearly reguired.

2 Integral exgeris will be ueseded o 1) vorify cress teshaigues and
2) exanfaw specific a3, 1.c., Diankes malh ' nocallad ”clcan
or "benchuark” ex; nlacive ian. 7Thiy are
Sntended to answer « czzie e iznel oathads in
sinple grunmzaries. Se o senow s would probabl
b2 conducted zs desigzns evolwe. Zv only Zcr CIR conceors
with high prodadili entering the protec ission reactors®*’®® to
{9 - "gurn® objgg:‘ ¢ fission puvoduzss

f& = Reduce the pla oenfinezent criterio .
"'« Produce fissil 1 with a doubling ¢

ghow b2 ectively pursued. Such stulles, eve d to theoretical aspects the forseeable
future may turn out to be extremely valuable i

. .

bs -~ XII. TAITICH SOMOTAL AND COSFTNEMNT : )

A

.PRORLEM DEFRIITICH

I.\l

pi Tritiun oust be e
t

fflciently recovered both from the plasma éxhaust and from the blanket-coolant
systen for at least the eavrily (IR systems. The exicust recovery systea will be requived tos
i 1) operate with litcle overall nect loss,
$2 2) remove heliun and other fmpurities
3 3) remove hydrsaen to prevent .U.LLUp in the plasna,
i &) prepare D<T nixture for teinjecticn into plasma.
he blanket rocovery systen will be reguired co:
‘w 1) maintain trittun cencentrations in the blanket-coolant system sufficicently low to prevent
}? esdbritelorent of structural materials and to avold excess inventory charges,
it 2) preveat a prontbizive tritiun leakise rate to tha environmeat wvia the steax systen.
Consi{derable chenical and engineering deve e
TeCovery systems, but vecovaery froem o the dla e
effort because of the extrezely low relva:c rates reguired by environm 1 censtderattons,
© At the hizh terperatsess fnvelved, tritium perm2ates all walls at a rate derendent upon cthe
compoaition in the Liasket and coclant ctreams and the cvr~u\*1'it7 of the coacaininn «alls, The
ceritlecl tritivm losa 8 that gerncating the wvater boller and thus entering the sfean systen.
- Tritiuva passing through other wally can be recovernd or at lesst tetained by usiny deuble or triple
contalnzaent (with az least one ool u1ll) andd p—uccssing ch; ac‘)ﬁ“hvrc bSetwern these coataining

Wem @8 s siate . me & e ae s aa e e s

tormant will be required tn

serf both exhausc and bHlanker
et system is likely to requir
erta

reater dovelopuent

(o4 4
a

2
&
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" -STATUS OF TECROLOGY . ’

. .
1 .
. * .
wualla,

The tricius lewkaze rdate to the steay systen {5 determined by both the perzeability of the water
Loflur tubley, and ths efflciensy of triliun roguvery procesq. weduction in pearzeubility of the bofler
curface will allcow hizher tritiuvsm cencentrations and thus smalier or lusa efflcient rezoval equipuene,
Conversely, bezzer reroval methods will permat the use of =ore perzeable caterials for the botler

surfaces.

: \ ‘
" steps in the blanket recovery systems are

to azhisve the hizh recovaery reguired and to do

Technlques fo
availzdle, buz cons

o

this at readcnadble cos ¢ < or remcval 0f plasmi to the process systen and reinjection
to the plasma are major prebles=s, udever, these predlers are so clssely coupled to the plasca
Bysten that they cre not considered strict ; *1.1_: nardling problems.

- Scveral techniques have bee tri €rcm the blankece ot coolant, bdut
the sovere relz2ate requirdcen i informaticn suggest that soze of
the following teshniiues =@y prove b

. The use of perresbie metal (protanly niebiim) suriaces ‘ia contacr with lithiun appears prozising,
Disti{llacion and gas stripping do nct agpear fezsible.”?

. A tritide forming ssrtanz whleh can be loaded at one texmperature and desorbed zt a higher :
teoperature 1s sucggested Co recover the tritiud ch:_oo*sss~u: COOlcﬂﬁS. Again disttllation and gas
stripping are not considarad feasible fer patassiuz, ©© .

. Gas etrizping dees zpnest te be the preferred cethod for recovery from zolten 2 LiF-BeF:
blapkets. The distribution of tritiua between TF ard T2 15 izportant to this process., Ftenm the
stanépoine of tritlium rezoval, it is desirable to have 1 high pressuve of TF and a low pressure of
Tz, The T; pressure wust be low to prevent high tritiuz leckage rates, Sut a zuch highar TF pressure
38 required if the gas sparge rata and the strip vessel size are to bc practical, 7hzse required
eoaditions run csunter to the conditicns desired frem a corresion standpoiat, and a satisfactory

oupreoise should be southt

. To rezove tritiva £ atwcen a high
end lower temi2rature are v would de
caught on & sizant, wi WY or V. (sce
covparfbility sezzion)
lﬁgf.fi’{?.‘l) TVFCRIATION

Considcrdux on will be required to deconstrate that tritfv con

e i
covered {roum the bL

ie
sakat-ceolant system. Chenical and enginesring data are ne
feasibility ci stoposed recovery systems and to evaluate methods for reducing
water bofler tutes, Cheniczl data are ncaded on vapsr-iiquid and solid-liquid
pcrne*bili:v cf groemisinz meterials.. Ingirecving data will need o evaluace =a
equap:e1t size, szod materials of ecastrusticn. IEventually prototype dezcnstraci
for toth the exhaust and btlanket systems. 7

X113, CCiCLUS

-
o
2

It 13 very easy
However, it shoul

of technoleey thasz eneficial aspects of
fusion power a3 dou r technolozies

have had egqually as their davelcpoent.
The space progran, wich thalr per-
gpacrive prodlema in cade we had placed

a pan cn the moca.

It 48 eacourapi n aature because they
H ond

usually are the {1 werconductors and lowering
the cost of stragse on the attractiveness of fusion
pover, Deveicguont © tated desiygn codes ang fabrien
tion techuniques Ls =3 crrosion predlems appear to

exise that couid rot crer wails eor lover cperaclag
teuporatures, Tne o have ro preblen breeding

alv within reack of rodays

nly o , ta be telacively free of

rodds b '-f..‘ shlem as ate i PR N e of laMeV neutrons. lovever,
: i ‘cadtation induced swelling 4n

tritfen,  The power
techinology. terhorn
b



1MFSR cladding. The sftuation locved bleak tn the Iate 1960%s only to be displaced by opticisa in

the early 1970'a by the develops int of vartually swelling resfatanz atalnless steels.

Yo one can sav when all ef thrue prodless will e solwed, or even Lf they w{ll, but it 15 tha
vicew of this outher thaz wmost of the

)
R

technclony prediess will be solved shortly ~£cc the firse
devonstration of centrollcd thermonuclear power. Once that Surdie nhas been ovarcene, there {11l te
great prossure to conait more resources, Scith Tinanztal and iat ;llg.~ual to the protle

PRLRS

=3 outlined
here, Such an effort should hasten the day when a zutu:e reader of this article will wmarvel at our
lack of perception.,
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TADLE 1

Cox—ercially Avaflable Supcrzoaductinz Materfals

Upper Critical Ficld

Cuvrrent Density

Present Day

Te at 4,2°K at 4.2°K Approxk. Cost
Material  (°X) (kC) (Alen®) §/xAd Le)
Rb-48%TL 9.5 122 80,000 at &
: . 75kG (a)
= - ViCs' 14~16.8 208=210" 60,600 at 10-30
. ' 200%G (b)
170,000 ac
100kG (b)
220,000 at
. 40kG (b)
Nb,Sa 13.2 245 280,000 at 15
) 100G (b)
2.) A. C. Frior, Crycgenies, 1, 131, 1967.
b.) K. Tachikava, Appliad Supercenductivizy Coafareace, Annzpolis,
© Marylend, 1672,
c.) C. Eenniny, Intersoziesy Snevay Convavrsion Sagincavring Con-
ferenze, Emarey 70, Las Vegas, Nevada, Sapr., A¥7C, ». 1-30.
) TARLE 1T
Effeet of Helium on Ductility of Potential
. . CIR Matcrialg at 800°C (35)
Alloy appa Helfun 2Total Elongaticm agpn He % Totzl Elonzation
3165s 0 ¥} 40 6
V-207T1 o 29 10 10
¥b~10W-327 0 6 30 3
™ 0 13 20 14
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