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Idaho Nat ional Engineering Laboratory,

and
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A new approach for test ing fusion reactor components in exist ing

nuclear f a c i l i t i e s is presented. The concept feature: a large test volume,

and thermal and radiation f ie lds similar to those expected from fusion.

There is a need to test components of developmental fusion devices in

environments representative of those expected in fusion applications. This

is par t icu lar ly t r -e of f i r s t wa'il/blanket/shieiri (FVJ/B/S) components where

the "interactions of radiat ion f i e l d s , dynamic loadings and thermal cycling

are not well understood,1- Obtaining those feature, from a fusion device

wi l l not be real.'zeable in the near future. However, the i.eeel to simulate

a fusion environment as closely as possible remains a val id goal. An

additional goal is to have a test volume large enough to enable testing of

iepresentative blanket modules and/or subsystems for syneryistic effects.

The concept presented makes use of the fast spectrum in the

Engineering Tes* ReacLnr (ETR) at the Idaho National Engineering Laboratory

(!NEL). Preliminary results show that an asynmetnc, nuclear test

environment with part ic le and radiar-t. energy fluxes impinging on a f i r s t

•wall/blanket or divertor surface app^r.-. fp.risible ';r; u nPLitron/ga.mia f i e l d

not. greatly dif ferent from that v.\.n oy a represenUM ./e f i r s t wall/blanket

* Work supported by the U. S. Dep-irLncnt cf Encryy, Idaho Operating, Office

•jnrler DOE contract No. [)E-ACO7-7GID()ii;i7O.



The neutron energy d i s t r i b u t i o n in a t y p i c a l blanket module outer wa l l

has been ca lcu la ted (Figure 1) and, w i th the exception of the 14 MeV sp ike ,

the ETR f i s s i o n spectrum is rerrarkably close to the fus ion spectrum

expected. The bulk heol ing from the ETR nuclear environment can be n:ucu

hinner than the an t i c ipa ted heating of" several t yp i ca l b lanket concepts.

Although the shape of the ETR bulk heat ing curve is d i f f e r e n t from the

others'-"^ shown in F inure 2, i t can be modifier) v;., \-\\\ f 1 ...* sh i e l ds ,

re ar t fir power , 1 i t h i u?n-u i.';j1-.:tv>n, •••'•.. t ° n!-a~.in a rf.ip.'"ii",e.iV.'.it i va

con f igu ra t ion and l eve l .

Surface heat and p a r t i c l e load:-, oro provided ;'•/ :i layer of J i je

undergoing (n,p) react ions w i th incident thermal neutrons. Estimates ar t

that up to 150 kW/m2 thermal load ond up to 25 kW/m2 f as t p a r t i c l e load

can be obtained at the surfac-1 of a hlankec module exposed to the ^He.

Evcr. greater fas t p a r t i c l e heat f luxes can be obtained f o r mate r ia l s

evaluat ions at the outer boundry of the ^He ] ,->yer. This loading comes in

the form of protons and {.ri terns s t r i k i n g the surf . re at energies

representat ive of fusion plasma p a r t i c l e s .

Fusion rad ia t ion damage to mater ia ls is of ten described by the r a t i o

of 'rapped He (appro, usua l ly from n,<xreactions') to atomic displacement per

.jt'.'T, (dpa) brought about c h i e f l y by neutron c o l l i s i o n s . The He/dpa r a t i o

ant ic ipated in fusion app l ica t ions is t y p i c a l l y orders of magnitude greater

t 'no ri i h j t producod in a f i s s i o n spectn.nr> fo r non-'i i •..*;•.: m a t e r i a l s . " To

'.ir.,,il";'.(? t h i s par ."•.meter rr. '••:••? \ 1 , i t is o i . se rv r i r's?t I . r i t i nn produced in

! he jHe lay.'-i" w i l l read i i y penneute most mater ia ls enns i do.r e^ fo r FW/2/3

,,;vi ic.it i o n s , ' ' ° Some of t!-,is w i l l decay i n to JH . tud LCCOIM. lacked

iniG the s t r u c t u r e , n̂m:? of 'lie locked ->\\c v J ' i in Lurn be converted

l-.ark to t r i t i u t n by the neutro.i f l u x . Hence, by properly coiitrc;11 ing the

t r i t i u m concentrat ion in tl:r> "Vie heating layer for the mater i r / i and

rit-utrnn f l u x employed, i t aup^ars possible to s i nu la t r the h>:/(!p i r a t i o and

thus get a reasonable or.!. iuate of _ mater ia l rr-spen -e in fus ion environ-

ments. Experimont.1] data from other f a c i l i t i e s such as RTN5• IT and FM1T

w i l l s t i l l be rorvnred to benchmark r e s u l t s .
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The advantage of the present concept is t h a t t e s t volumes of tens of

l i t e r s are ava i l ab l e . Entire components can be tes ted under the combined

environments of bulk heat ing, r a d i a t i o n , pressure o sc i l l a t i ons and p a r t i c l e

f luxes. By moving th i s t e s t f a c i l i t y in and out of a fission co re , the

cyclic nature of the thermal loading can be simulated. Thus i t appears

possible to study the combined effects of neutron and gamma r a d i a t i o n ,

surface p a r t i c l e fluxes and true volumetric heating on the components of a

fusion f i r s t wall /blanket using liio environ:^-' , of a codifio;] i ' isoion

reac tor .
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Pi (jure Captions

Injure "1. Comparison of expected fusion f i r s t w,ill neutron spectrum with
that anticipated in KTR FW/B/S tes t .

Figure 2. Comparison of bulk heating rates for several proposed blankets
with the heating rate available in the ETR.
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