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EVAL[!ATION OF THE 7Li(n,n’t)4He CROSS SECTION FOR E3’f)F/fl. VI
AND APPLICATION ‘ro LN(:ERTAINTY ANALYSIS

P. (;. Young, J. W. Davidson. ~nd D. W. %Iuir
I.(Js Alamos Nwmntil L~hrmmn_y

Los Al~mos, NNf H7545
(505) M7-7070°

AIISTRACT

A new covorimce analysis of n+7Li cross section dala htis
been compleled for Version VI of ENDI:/B. The analysis
updites our 198 I work for E,NDF/B-V.2 [o include new dma
lhm htis trecomc av~ilable since lh:u Iime und to incorporate
cross uor-relotions between differem experiments. The hulk
of the new measured du~t consists of some 10 new (or
newly revised) tri!ium-prrrduction metisurcmcnts involving
ibor.u 70 new d~to points. The new analysis results in only
snxsll ch~nges in the previous cvaluti[icm of the tritium-pro-
duction cross section but sigrriticamly reduces the m~gni-
ludes of unccrminties due [o Ihe more cxlensive and accurate
dut~ base [hal was bsed. A two-dimensiontil sensitivity and
unccrtointy amdysis of the Lithium !’llunke~ Module experi-
ments at the LOTUS fu.cilily wus pert”w-mcd in order m tis-

scss [he cffcc[s l)f [he new Tl,i cross seclions on (ritium
breeding uncertfiinty in a re~listic sys(em.

lSTROI)UCT1ON”

The major inleres[ in 7[.i f(w fusion energy ;lpplirmion~
rcsu[ls from ils plMen[i~l use M u trrceding mi[cri~ll for iri -
tium. I A& IiIionully, hec:Iuse I;lrgc wnmrnls of 7[.i will lx
rctluircd m fusion hkmkcts for this purpose, it is imporltint 10
;lccur:llcly descrltx till Ileulrtln-[lr[xlllulfig rcuctitms for neu-

(rlmk’ cdculflth)ns, is well M ~htiiged-pilr(~~k- and y-ray-
~]rtdi]c”illg retiutlo~s for energy dcp[)silion studies. ‘lhere-
I“rIIc, while Ill ‘ discussion In (liis p~per is focusscd on the
“~[1(1111’r)reaclit)n, Ihc ~)lher muj[)r ri+T1.i reaction channels.,
,Ilc .ll\I) ct~llsldcrcd.

[111o11I ;I IJl:ljt)r rr :In:llysis IJt ~1.i d;lla wtis u(mlplclcd

I(lr ltcvl~ltm 2 ()( l{Xl)l”/l!-V.l ‘I Ilr.1 illlill)lSIS rcsulled in A

Illllplr CII:III}:C III IIIC “)1,1(11,11”1)cross scctl~ln ncor 14 McV,
II, II IICly, IIIC crl)is wltI(m W;IS[lc~.rc:lscd )(X, lTl:liiVC I(I IIIC

lII(,kIIIII$ l(Nl)l~/l{. V CV;IIII;III(U1. Sil]cy 111:11tllm , u nulldwr
f~l IIr-w Illr;l$urclllcllls, InillIIly of Irllillllll)r{n!tlclit)n cri)ss

\I-IIII)IIS, CI,ISIIU SC;ll LCl-rIlg :Illgul;lr distrihu[il)ns, dnd Ilcu -

lItuI rIIII\\itJll il)cLm, IIXJC lmn 4“l)nlpictcd, (’ImSCqUCnIlym

;1 II(”W Cv;llll; lll(ln 01 II + 4.1 L“r(Yis ScL’tloll irlld Cov; mi;m’c (I:lt:l

II:IJ I)t.cfl 11~1t’~mlwtl l“fwVcril,nl VI t)( l\Nl )1:/1{III rrllccl [hc
111’w 1111’l)llllil(lo[l Ill IIlr (wprlmlcll[; ll (1;11:1Ixlw

A lwo tllllwIlslIm:ll \cll\illvilv :111{1~ln(wl:llnly :Innlv\ls
\\,I\ lICIl~I,IIICIl III ~mlcr h) ;Ifsc’,% lhr t-tlci’ls {II Ihc IICW /1.1

L I(ljj Wlllollsl)tl :1 (“;ll(”lll ;111011:11;llld Y\ls 01 1111111111lll(”r(iln~

Ill ,1 Ic,lll$[ll” \v\t(”lll, I’llc 1,1111111111Ill,lllhcl %ll)!llllr (1.l\\l)

e.xpdrirnents 01 [he [.OTUS fxillly] were selec[ed Ior (his
:mulysis, prim~rily becw-rse [he experiments iue well ch~rx-
tcri/cd and represenmtive of fusion reactor blanket concepts,
‘I”llis ;Inulysis only includes [he effect of changes in the cross
scc[i(ms wd uss[xialcd covm-iimccs, becouse the timrl evllu-
;lli~m of erwrgy-~ngle correl~[ed neutron emission data for
T1.i ii not yet complcle for ENDF/B-V1. We expect. how-
ever, [hat incrsrprmtion cf ihe final Version VI emission
specrn will only sligh[ly modify (he present resuhs.

N’[;(:LEAR DATA E“4ALUAT10N

An:ilvsis llesu-i~
As wtis dle case wilh [he ENDF/B-V.2 cvdualion, co-

v:mi:lncc :mdyses h~ve been performed of each of the m:ljor
11t ~i.i uross-seclion iypes for which experimental dMir ex -
is~. “[”he G[.UCS code systemd was utilized to delcnnine
cvti[ua[cd energy -d~pendent cross sections irnd covtit-imces
for ctich reac[ion lype from inputted experimental cross scc-

[i(ms wilh their asscrciwcd uncertainties wrd crxreltiiions. In
tiddilion m energy-dependent correlations within individud

experiments, cross correlations between different measure-

Incn Is from common tlux s[andtirr.ts find hdf life in lrilium-
U{)urrling expelirncnls were included. The rcsulls of Ihe
(; LIJ(~S wsdysis were col]lbirled using the ALVIN CINIC,5
undrr the consmrint Ih;I[ all pwtitil retictions sum 10 dlc toIol
~“ross section, wi[h full uccount being l~kcn of uII cov;lri -
tinccs from dle (;[4UCS wudysis.

IJsing ti cx)nslant 49-poin~ energy grid, irrdcpendcnt
c)lwnrinnce anulyscs were ~urrmd (ml wi[h (;l.U{X for [he
It)llowing ttmr refictiuns m ctmdnn;!lions 01 reflcli(ms:

1. [1)1:11crtms scllilm;
2, Cl:lsllc plus (11,11‘) cr[~ss scclion 10 lhc I“ir\l

cmi(cd s,:ile of ii:
{, (Il,n”l) lrlliu[n prlxiuc’litm crt)ss \cL”lI~m;

4. (11,211) plus ([1,21)(1) plus (n,.hip) plus (11.[1)
c.r~~si scctmns.

I{c:luliolls ( I ) (4) inclm!c illl Ihc p;mi;ll rr;lclil)n :Imi
\iJIICIIIIg cross hcl.li{tlls Ill:lt Il)u\( SIIIII h) rcw”tlt)n ( I ), IIlc

IIMJI t“r{)ss sc~[i(ln. “I”IIc IIJIJ ;IIlj II\ II IICIII L“[NIc, AI. VIN, W.IS
[111’!1 Il>cd 10 L“oll)lllllc Illr (’10>s \cL’lll)lls Jlld (“I)VJI I.lllt’r$

110111 IIIC III~lCIM’III!r III ( ;[. [J(’S ,IIl;Ilyws, untlLr IIIC urnl\lIillllr

111:1[(7, (T? +(’J\ 1 (1,1, [’he lr\lIl15 Im Ihr 1° I)t)lllt cllrr):y

}(111! ucrc \Illl N)lll~tl, Wlmrc llC(’(”S\i\ly, ;Illi 11[ Wlltl fljllll~

,’ll I\(”\ fill Ille 1111:11Cv,l[. lillr(l 11-\lllls.



In acidi~ion ,[0 Ihe ~hove uornbined antilysis, the
individual TLl(n,n ) cross sec[ions w [he tirsr and second ex -
ciwi sl~ws of TLi were ohtlined From separate GLL’CS
:In;llyses of the individual rew~ions. Bcc~use [he ().-17H-
NlcV !Irsl exciled s~~te of T[.i is hnurrd, the experimental d~m
bme for the lLi(n, n I) r’e:lclion consists mainly d’ (n,n’y)
qnc~surcmcnls. The suxnd excited stirtc al E, = 4,63 NleV
is unbound by 2.16 Nle V, find diruct memrrements of in-
el~slic neutrons are availtihle for [he (n,n2) rmxion.

To perform (he tibove arralyscs, it was necessary to
ohliin covwiunce matrices for each expcrirnenutl da[o
me~surement, In nlany CUL”S, SUft;~lCfl[ information was
avtiil:lble co infer the correltitions in the experimental d~ta,
and ~utisionidly (he correkuion mmiccs were even provided

direcdy by dle experimenters. Fur several measurements,

however, it was necessary 10 m~ke simple generic iissump-

(ions rcgardir:g ~he comelmions present in different lypes of

expenmenls. For example, mmhxn toml cross-section mea-

surements were ger, eridly assumed 10 have a ncrrrrmliziuion

uncerr~in~y d’ the order of 0.3-0.5% due to sample dlickness

and uunposi[ion unccmrimy. Grea[er nornmlizalion unccr-

tuin~y was assumed for older measurements, The final
GLUCS/ALVIN cross seclions were not found to be highly
scnsilive to [he CXJCI assummions mtide, al~hough il wiss ob-

semed Ihat si~nitlcant ovcrestinmes of cu-reltitions can dis-

tort results, cspecidly in energy regions where measured
dMr were scarce.

A simple error-doubling procedure was followed for

nwxsurclnen[s th,l~ diflcrcd hy more [h~n two sumdard

dcvi;l(ions frll[n Iriol rcs’~ils lnnn (;[,UCS. ‘[”hilt is, if the
results fr(jn~ J p;lr[icular experiment differed from [he

(;LUCS ccm]l>lll~tion O( ail od]er experiments such lhiII
X2/p~]inl WM Krt;ltcr [ban 4, then dle unccrwrinties on idl the
d:II:I from th;~t experiment were dm.rbled, Such a praeciure
W;I.Sncccss~ry t’t]rsome 10 experiments out of the 50 used in
IIW ;Indysis. II dlou]d be m)ted Ihul some 7 of ihe 10 e~-
lwrllllcnts wlih douhlcd errors were rcponcd prior 101965,
‘[’he ullrcrr:linl ics on nlorc recent mcirsurcmenls were gcner-

;Illy l“IwIId 10 lx n]t)rc self consistent.

fJJ)fJjJ’,d EM
All av:lilu’~le cxpcrimcn[d doI~ fur which Icirsmr; lhle

cIliJr cslim:{lcs were fc:lsible were included in the (;LU(~S
;In;Ilyscs. A u)lhl ()! st)nle \400° experimcfiml dirttrpolnls

i~rrc clmsl(lcrcdl ;llll Iou!j!l du? inltihl 3200 told cress sccli~m
l)olnts were nvcrugcd down (o Jln)ul 500 p[]inls m (mier m
~illlpl]ly Illr :In;llysls. ‘1’hcncw Cxpcrilllcnlisl dulu on Irilium
prl)(lucll{]n,f~ 14 cimlplcled or revised since the prcvil)us
I(NI )1/1{ .V.2 Jn:llysls, :Irc summ;lriz.cd in ‘1’uldc 1. (hhcr
IICW cxpcrimcnuil d:ll:t InuludcI! in the tinnlysis were the
Cl;lili{. C.rtljs W.lIrI~III rcsulls IJt’(”llllxI et JI.,12 Shcn C{ J1.,15

Al!llllcllkov C( ill,, [() III(I I)rt,sg CI :11,,1 J u IICW III hlc V
[11,211)i’.:llllp(]lnt t’liNIl llIc WIIIk (It’ (“h IIM c1 :I!,, ;Imi IICW rc
,,1111~(Ill IIlr (II, IIJ) L’it)\\ \cClll)ll I“H)Ill (’IIIIM Cl ill,, l)rt]ig Cl

iIl , SL:lllllhil c1 :11,IH ;ItItl l)rhcnlpcnrcr :11111l, IA ICIl,l’)

‘1Ilc IJllly cx[rrllllcnl:l[ ll:lt;l AV;III;II)IC in Ihc cIIcrgy
r:lll~c 10 3) \lcv ;11(’Illr Illl;ll :11111(11,11”() (’I”I)S$ $C(’111)11’i,

I 11(”1{’I(!IC, Ill (lll!(-l 10 I)t-[lllll ;111il(’(lllill(- \(”l)illilllllll 1)1 lllC

11.1111II I I,).; ir~rtiIII\ ;It flIr-~c cllrr~:lri, ;III I~lJIIt.;Il 1111)11(.[

,lll#ll’, \l\ U:l J jlclll)llll(vl (’OV(.[III)! 111(’ rllr-l}!y I;lll):c 1(1 !()

II,’ \i I Ill’ (“1,1,111.’ ,111~:111,11111}1111)111,1)11llll.:l\lll (.lllrlll\ ():

~
The mtd cross sccii(m Ih;It rcsullwt from [he wldysis is

comptired in Fig. 1 wilh white neu[ron :;ource me;lsure -
menls~l between ? tind 1X \le V. ‘l-he CV~lU;IICdcurvt W;IS
ob[ained by ptissing J spline curve dircclly through [he
ALVl,N rcsul[s nn the W-poir[ energy grill, The rcsul[i; ,g
curve is virtrxslly indistinguish~hle frtml ~mr c:lrlicr l-lNl)l;/Il -
V,2 cvtilu~(ion, which IS riot surprising M the s~mc total
crnss section d~Iu base was used in h)[h analyses.

‘rhc (n,n’1) cross sec[ions that resulied from the

ALVIN analysis were not os smoolh M the (om~ cross stx -

[ion, primw-ily bectiusc of ~he snxt!ler w-d less c-unsiswn[ ex-

perimental ddia bilse [hJt went inlo [he (rr,n’1) analysis, so

some smoothing of those results WLIS necessury. “1’lle
smoolhed resulls are com orcd in [he ICFIhdf ot’ I:ig. 210 the

~cxperimen[ol (n,n’t) dx[fi ’14 lh~t have been dmrirwd since
[he EN DF/B-V.2 tintilysis, M well us to the older mctisurc
mcrlts23 (right hidf of [he figure) find [o [he earlier ENDF/lJ-
V.2 fintilysis2 (dushecf curves), Clearly [he tri[ium-prcduc-
(ion cross sec:icm from [he prcscnl tinalysis differs only
slighdy from [he 19111cv:lluution. The new resuhs lie higher
[htin [he eflrlicr ;m:llysis between 6 and 10 McV, fidl sf,)llle-
wh’I! lower JI’)OVC ]5 MeV, ~nlj ~r~ wilhin -l[~o ne:lr 14
),~ev, II should ~ nolcd, however, [h~( [he covmirm”e IILI-
m,? for (he (rr,n’1) reuclimr is chdngcd substunlidly. III p;lr-

tiuular, !he slundard dcviwions ~rc slgnificunlly reduced Ire-
CIIUS: of [he irddiliond tiu[~ in [he ~ntrlysis. A IOIJI ,1 r-
tuirlly of abou[ i2, 1% is (ht:linc[i for [he 14-15 hlc V r,. 111
M ctm]p~red io -.!% for IINI)I;/ll .V.2.

“l-l]er-CSUltSfor lhc claslic cross sec”lmn iue comp:lrcd ill

I:ig. 3 m [he avtiilishle expcrllncn[d dJm hwie23, und i(t Ihc

I{NllI;/ll-V, Z ev~lll;lllon. ‘1’lIcrww wlulysIs rrprcwnls [he
cxpcrimcnlil Ii:llJ IIui[r well ilnd IIlt”fcrs (rely sllghlly lr~ml
Illc eurllm Cv:llu.l{itm.

l:illilll~, [he 7[.i(n,nl) :Ind 71.1( n,n2) cross scclit]lls 111;1:
rciull I“iolll lhc indcpcnden I (; I.(J(-.S tin;llyscs ;Irc LtIIllp:lrcd

I() rxlwrlnlcnl;ll dills JIILI It) l; Nl)l:/11-V,2 in [;lgs, 4 iiI1(l 5,
rrspc~llvcly ‘1’hc ncw (11,111) rrsulls m Itlcnllc;ll WIIII [hr
c;lrllcr CVillllil[lorl lXL’Ji!Se II)C $JIIIC cxpcrllllcnl;ll (1;11;1.Il,l\c
W:ls USC(I. “I”IICrlcw (n. n~) cvtiluutil]ll Ilcs Illghcr rll:lt~
l{N[)I:/1{-V.2 :It ncumm cncrglcs 1x1(IW 10 hlc V JIKI I,IIIs

I(lwcr ill !:i~hcr ncutnm c[mrglcs, 1)1ilmlrily rcllcc[lilg IIIC III
t-lucncc (It’ [he rmw I)ckcllll]cnrrr ;IIId l.l~hirnio II;II;I JIIIl IIIC
!;I(I th:Il ;I t“(wOri;lnL’c ;Itl;llysis w;ls IIt Il I:W4 t’~w IIlc (II, IIJ)

rr;l(”rl~m ill llNl)l~/11-V.2

Sl(:JSITIV1’I”Y ANl) [l N(’l:, It’I’/t IN”I’Y /$N/f I, YSIS
I“OR ‘l”Ill [,1131 /1, ()”!”1;s I(xl’l(l{lhll[hl”l”s

‘l’lIt? I .1111111111 Illilnkrl hll)tlllll” (1. I!M) W:ls (“(lll’.lllll’1 1”(1

I(M II”\ IIIIE 1111tlw “1’oh;llll;lk l; II\IINI “I”cst l{c:l~[{m ( I I’I I(I ~~
\vl!ll ;1 dl”hy Ill 111111(’IIAIIIK 1) ‘1’ Ilpcr’;llloll 1)1 1“1’-1R, II \\:l\

(1(’( III(NI111;111111”1.( ) l’1; s Imllllv ;11 Illc 1,.(’l)lc Ildvll”( 1111111111”

1’(’(1(”1;111-(k I.;lllwllnr Ill swll/r-ll;lll!l (1’1’1’1 ) (’{111111Illlnlll(’

,111 rxlrrlllrly v; II II.ll Ilr IrWIIIIIII)Il 1)1 IJ;IJIL. Irt IIIIIIIIUI,II .II

11111l“1l. II II IIrs III 1111111~11lri’~l{w lIl; IIlhvl lIIIv I.It \ ““ I Ill”

,(,11[(.(. 1{)1 III(. [.01”1 ‘$ {.l Ill”lllllrlll\ ll,l\ W(-11 (1{’11111”(1.I), II I,II



find specmd dismihu[ions wilh a potential for high accuracy
mfllysis. The LB\l h~s bolh retilistic fusion blonket
mam-kds m-l a rcdlistic blmkct contigur~tion. h h~s been
designed for det~iled experimenhd analysis of trilium
hrctding md neutron tlux sptilial/\pwrd Gistibutions. It
is approximately x cube wi[h X()-cm sides, and [he breeding
n):llcrid is Li~O, Li?() pelle[s are pluccd in [he leading (X)~ml
ot’ sl~in]css-stee[ rods ([he b~ck 20 cm of each rod is solid
st:tinlcss s[eel) which m Me amngrx-1 in m hexqgmxd armv.

A cullaborztive LOS Alumos/Paul Scherrer Insti[ut
(Swi[ztrl~nd) effort is llntlerway 10 ~n~lyze [he
LOTUS/lJ3M expmimenls ~ing perfo~~~ by ~~~.. The

Table 1. Summary of new 7Li(n,n’[) cross scc[ion metisuremenls since comple[itm of the 19XI
ENDF/B-V,2 e!’aluaaon.
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Figure 5. Evaluated and 111easured12’1~.lg’23 cross sec-
~ions for Ihe 7Li(n,n2) rcmion to the 4.63-MeV second ert-
uiled stafc cl’ 7Li. The dusher.t curve represems the ENDF/B-
V 2 evirlumm.

“i e Llul eVi~lll;NiOfl d’ energy-isnglc rmrelued neutron
tmissi~n d~fa for 7Li is being performed by Beymm27 using
:1sequen[i;ll hretikup model, As Ihfil work is no[ expected to
he cmnple;. Ilntil the end of 1988, on inierim version of [he
l; NDF/13-V1 ~Li evulua[ion WM consuwxed fur [he prcsen[
wnsilivity m.! uncert~inly arwlysis, [n panicul~r, a complew
]{?JI][~-f~)rlllu[ted tile wus consm-rctcd th:lt fully relletvs [he
mw cross section and covuriancc results described tibove
d dliIt u[iliz~s [he s:lme neutron speclrum duq’rt? as version
V,2. The misin difference hc(wcen lhis file wrd [he evenmil
l; N1)l:/13-V[ cvdui~(ion is ~h~t {he exciwlion energy binning
[cchniquc used for Version V.2 is employed here to dcwrhc
Iwulnm clnission specms rwhcr th:m dle energy-tingle cmre-
1,111011hmnirt (l~ile 6) [hot will k used in [he timrl cvirluwion.

“l”he Imnsp(m and rcnciion cress sccli(ms were dmincd
1111111Iitmrics in the MATXSll IH7 -ncutnm-gmup lm-mflt.zH
~lf\”l’XS HA, J Ii br:lry cl]nlaining 31 isl)[opcs und
\I,\”I’xs)iI~, c[]nl:lilllng 21 ison)pcs, nnd lxIscd {m IINl)l:/ll-
V L-vdumiltns were usrxl Iur ;111Inn[eri;lls cxccpt lhc ucw 7[.1
rv,\lu;\lItm. A sprci;ll tillglc-nuclldc hlATXSH ftmnotte(l li -
Ill;l[-y W;ISIwcp;lrcd (or Ihc ilcw ‘1 .i rwduirlion diltfll

Nelllrmr spcclril ( I H7 gnmp) were C;llculnlcd t’lm Irn
rrgltms 01 J lhrcc Aillwnsilmnl III(M1Cl I)! lhe I.I!M uslllg [he
Alt)nic (.,u’lo code hlCNl],2q “l”hc tran:,ptm iintl rcm”ll~m
(’I’l)\SSCL’[llMl (1;11;1 Wil!i L.I)II;I lscd inlt) lnc 7.1.l’clltn~ll ~rl~lll)

{\IIIIL. IIIrC 1)1 IIIe (’( )Vl;ll ,S-2 ‘),11 (vw~wi:llluc d:ltfi lllJIwy us

IIIg IIIC L’;IIL’IIl:Nrd nculrtm spcutr; l. “i hc gcIlcr:lll[)ll 1)1 IIle
~.i~II;IIIjcd lr;lll.ip[]rt Ilt)rnrics f-roll) IIIC hlA’I”XS Illu;uics W;IS
,lt~t)l)ll)]isl}c(l Wl{ll Illr Ctu!c l’I{ANS.X ( .l”l<,-’H

(’OVIII ,S~, 1$ ii Illwil[-y IJI 1111111IgIImII 111-11111)11LIII\S

11.i.lloll$, $1’illl(.1111~ Illilllll” C$milllll L’l)V,lli.1111’C\ (111’(’Cl lillllll~’i

;11!(1 Ihrir (“I)IICI.IIII!IIS), 111(” 1,1 Illillcll;ll$ Ill(”lllllrll Ill 111(. lll\l

WVI\IIm t)! (l) Vl:l I.S 2 ;ilc 111, “1 i, ‘l.\, “III’, ll;ll(’, 11?4,
1/,(), ,1!N~l, .Il~\l, IIJI\l, ll.ll(’I. IIJII,(-, :1.llNi. JIIII IIJII’ll,

CC)VFILS-2 wds produced using v~nous rmdu!es ()!’ the
NJ(IY nuclc~r d~lu prcwcssing syswm. ]2’3J 11is I;irgcly
b:ised on d~[~ evdu~[iuns from [he ENDF/B-V Iibruy, Jl-
tlumgh some minor colmc(ions wd imprcwemcnls are in-

ctwpor:l led. in c~ses where die covim:mce evtilu:)[i(jn i:;

missing (ils in [he c~sc of t-k) or nudged 10 be inwkqu~lc,
Ipriv~[c Los Almnos evtilu~tions3 we employed. The 74-

group strr.uule was chosen for comptilibllity with [he
ext:nsive, general-purpose MATXSK 1117-group libr:~ry
whwh was produced including sctittering reactions fur which
cov~rimce ev;du;uions arc wr.hble. A special single nuclide
Iii-m (C(~VFILS-4) com~ining the cov~riwwe do[a for ~he
ncw%i evalu:i,ion WM prepared using ,he NJOY syswm.
This (l~ur lihruy WASincorporated irrm COVFILS-2 [or the
cdculmions reported here.

,., ,~ 31c[~
Neutron trtinsport c:dculmions were pci_formed wilh

IRIS M,35 a compurer pmgr;lm for solving the [wo-rJimcn-
sional neulral panicle trirnsport equation in recmrgular (x-y)
ml cylindrical (r-z) geometries uiing triangular finite cle -

men[s wiihin ir general r,lomfiin h~ving curved or other

rrmmfihogrmid boumh-ics. “rhc cede SENSIBL~~ wirs ;Iscd
tu perform the cross-section scnsi~ivity and uncerminly ~tliil-
yscs. The algorithms used uc btsed on first-order gcrrer;!l-

izcd perturbistion theory. SENSIBL is cou led 10 lRISM
ftind 0NEDANTJ7 viir inlerface tiles, The orwirrd rmd ad-

joint angular tlr.ixes iss well as the gcomeu-y from l_RISM (or
ONEDANT) are rrwrsfcmed as input to SENSIBL on these

filts.

111the model of ~he tlNG/LBM used for [he c;llcul;I -
lions wi[h TRISM, Jll of [hc rcc:tingulirr gcomelry (Jt’ the

1.I!hl id 1IN(; W;IS wprescn[ed by equivirlcnt r-z gcoIIIcIry.

‘I”hc I lucfcly ncumm :$lmrce wiss positioned 10 cm from Ihc

fr(mi of LDM on its ~xis. The t[NG htis hecn mmicltd [or
scverd studies in both two- find lhrcc-dirnensions; ~~-~~dle
I ING WiISnuxleled for TRISM using 44 btinds Jnd ils rnuny

M 1 I n]istcriid rcgmns per bwd,

llc I.D}I W;IS suhdivi(lcd Jhmg the irxis inm 2H h:lnds, [mc
71 ill [IIC [~i~() [~rccding zortc :lml 5 in lhcill the grill pl;Itc, --

rcllcutor. Iri lhc rutlitil [Iirccll(m [hc z.(mes wc Li~( ), cl:dding,
[he cm}ling uh;lnrlci, one zone wirh h(mmgcnir,c(l l.izo :Im!
clmkling, imd one mnc wiltl homogenized 1.,i20, i’lmlIIIng
;IINi ctn)[lng chmni.ls. ‘[’he l~lcxigltis surn)un[ling IIw Ihc
I.II,M w;ls lmlll[cd Illr simplicity, In Ihc ilXiill (Iircul:iln Ilw
nlllcs were sllbdividcd Ir)lo rcgi[~ns hetwccn (),23 III 10.71
;Ill(i !().7.! lo (J0,2.1 Clll ((w Ihc prcctilcululiml (i wrlghllilg
ywl”lr:l wilh hf(’NP. All TK ISM timw:lrd A ml]~)IIIIc.lit.11
l;llit~ns were pcrlormcd in [he 74 .Ilelltroll-gr(~llll ~lroLlllrc

with u lJ]S~ ;Il)~lrt)xirll:lli[)rl ;Ind c[mvcl~ed l{) wllhln 11) 1.

“1’llc lllrWilrtl Stlllrcc w;ls IIiklril)l,llcd in Ilk L“I)pl)cr N ~io[l 1)1

IIIC j l;wlicly gcrlcr;lll)r ~l~lng O (i:lussi~ln :,!l;lpc Im lilt: cxlplwr

,pc~lru[ndl) “
iurl’;l~’c rc wc%c:itlllg [hc l;mgrl ;Ircu. A I: IICUIJIWI i{)llr~.c

w;I!i Iil%llll)lllcd illlo IIIC ill]l)r(]l)rlillc (Illllc 111~11

rsl) energy gr{mps. “Ilw wlj[~lnl i,mr[.cs (Iw the Iivc tlcrlnltlr
Ic~IIms wcIr sl)cl.lictl ;IS IIIC IIKI1.rr)s(I)pIc lrlrllnll pIIRIIIilIIIII
~.r~ris fccri(~ll Ii)r Illhi(illl in IIIC [,i~() Ilctm’li)r vi)llllllcs. 1’111.

1 .llhl (.,Ilt.IIl;llII)Il;Il III{nlcl is \hIIw Il w.hclll;llic;llly III III! fI,

I“IIC /oll(. (11.\ l~ll~lll(lllS ill C iI\ I(IIIOWS: I illl(l .?, l.1~( ), I .Illll

.1, \lilllll(. \$ \ll-cl L’l;ld([lll~; ‘1 ;111(1f), 111Hlll)):(.111/c’(1 1 1:( ) !Illll

(’l;l(llllllg; I illlll !4, Ilolll(lgrlll{l”ll I 1:( ), 1 1,1{1(1111}[.;111(1\lllll, ‘),
):1111[)1,(IC\l;llllll’\\ ‘>lrcl, 10, lrllrl 11)1’\lLT1. ;111(1 I 1, 1,.11 [.1 1111

‘![(.(’1Wllll illl(l
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“1’lwg(I:Il t~i [he Crt]ss-seclilm scnsilivily tind unL-cr-

t~linty ;In;dysls is IO liclcmunc ~hc urrccrtuinlits of a c; IILwl~Icd

rc~l)(msc 1uIIct IIm, lrlliu;u pr(xluc[i~m per s[mruc ncumm

I’rt)lll Iilllilllll, IH Ihc irn:llysls rcprmcd here, Ihe unmusimics
ill IIlc LJ1uuI;IK3! Irilitun pnducllurr :11 tivc dilfcrcnl ix)sililms
:IIIIIIg Ihc l.cll[rd I.11() r{d in Ihc I.IIM (see I:ig. 6) were
L’IIIIll)ulcd U5111E Sli NSIII I.. ‘l”hc [Iclccu]r rrgi~m rllid pl)irlls

;IIC ;II 1.(), 15,75, 21).(), .!4,25, ml .5H.25 cm ahmg lhc ccn -
II;I1 r(xl Ir[)lll Iht rcilr (JI IIlc grill plillc.

I:{)r C:ll’h i)f tivc invrsli~;llci! IJl)sili{]lls llwllll(lllr(l
JIN)VC,JII ;l[lj~l;lll L“;Ilc IIl;IIIIm wilh ‘l”I<lShl w~ls pcrl”t)rrllrtl
II\IIl~ lhr llu]i.losc~)pic Irilill[n pr(xlllulh)il L“nhs scul IOIl :1s Ilw

iIIllIIIIII st)tlrlc. “1”1)L“lw(”k Ihc c~)IIsI\IcIIL’y 1)1 IIIC Iorwiw(! JH{I

.Ill]t)llll (“;lll”lllilIil)[lS, il L.tmll]:iriw)n w;l~ lll:ltl~ Iwl WcCll lhC

1111111111l][~~llluli{m pcr silurrc IIculrlul L.III]ll)lIlcd Irl IIIC l(~r
tt, IIll IIl(Nlc I’(m IIIC tlclcc’l(w rr~!it]ll . ~[),1{ > ;IIIII lhc t.l)rrc

jlIl)IIIIIII}! ViIIIIC I.I)IIIIIIIIUIl;IS illl ill(c~r;ll {)vcr illc IIN( i
‘1lllil”L’1.1( ’!:11)1101 Illc plotlm”l 1)1 1111. Il)lw!ll(l \l)lllrr :11111111(=

,11111111111111x Ior III; II dclci’ll)r - S,(l)* -. I’1.ll(l lllilllllll 111[.(ll”y

llltmlll~’l’i IIl,il IIIC 111111’r [)11111111”1 [rl;lllllll\hlp . ([).1{ J ~
. $,([}+ . \llllllll Ilol(l, 1’11(.lc\llll\ 111”llll\ l“{llllll;lll~(lll :Ilc

)[IV1” II Ill I’illllt’ .!.

Rclmive difference

heIwre II inrwr

pro(lu L’t S ((~)

[.13\t
[X3ector

Rcci~m 714i(v5.2) 7[i(v(j)

I ().5’)3 0,5HU

3 (),()22 ().()? 1

4 !).093 ().()9H

5 (),()7() ().()66

A total of Ien SENSIBL calculations were r-r uircd for
7[hc sensi[ivily and uncerttin[ irnidysis; tlve for [hc 1.1(v5,2)

?cdcu,lmimrs tigd five for [he LI(V6) calcul~tions. ITeSe CJI -

culutmns rqumd as inpu[ the forward (tw~ sets) and tidjuint
(!CII SC[S) wrguliu tluxes cidculdted by TRISM. In (he c:dcu-
]:ilions for 7[.i(v5.2), [hc MAT numhcr 1397 wiIs specil-kl
for [his nuclidc in COFVILS-2 while Ihc nurnlxr .l(M)7w:is
spcciticd for 7Li(vfr). The resporrsc input was the mucro-
scopii’ tritium pruduc[ion cross seclion for naturtil Ii[hium in
[.i~() culltipscd frmn IH7 [o 74 groups using [hc wcigbting

spec[~ cdculti[cd for the region in which the dctecmr wdume
wus locilled find including Ihc ;Ipprrrpriote 7Li cr~n+s seclion.

A possihlc hrge source of unccrrainty In the cilcul:iwd
rcspcrnsc is [he cross scc[ii)ns for !hc copper in [he I IN(; .
llcuause [his matcrid is no~ isv~iltible in COVI:I[.S-2 ~nd
sinuc tiluminurn is not x lIN(i/1.BM nlfiteri:ll, “AI WM sut)-
smuled fur llUICIJin [he SE NS113[. c~lculwiulls. Wilh SIIIIW

kmwlt(lgc of dlc relir[lve c(wm-iwruc (Lstl fur W’u imt ~7A1
~n):is swtions, ;Urcslirn:lte C:NIhe nl:de (i the conulhu[ion K)
the urwer[tiinly ill [hc caluulJKxI rcsporlsc frulll cl)pper cross
sccli~ms,

“1’he txmlrihuli(ms K) (Iw Ilnccrl:lin(y in lhc c; Ilcu!:Ilcd

Irilillln prlnluclilm in the Iivc IJl)hl (Iclccu)r vIIll IIncs c;l IL.u-

liIIc I.I wilh Sli NSIIll. ;Irc givcll in “1’iil)lc \ t{]r :11101”IIW IIIiI-
lcli:lls prcscnl which llilVC d;ll;l ill (.X) VI; II.S-2, hl;llcll,lls
u$c Ll in Ihe C;lluuloli(]n which (lid nl)l nil VC II JI; I IIH

(’OVl:Il. S-2 :lrc 1[)11,1Ill, IMIK, f$iln. Il;ll(’u, “’17.11,11,11”/.r,

;III(I l]i]lhl~); in .111C:ISCS cxccp[ c~)ppcr, Ihcsc ;Irc tl;ltc L.IJII

\lilllullls. ‘I”lw cllrcl I)( lhc IICW ‘1.i cv;llll:ltl~)ll is lo sIIII\l,IIl

Il;’.lly rctlllL’c Illc c’~)llll”rhull~lll II) Irllillrll pr{)llu(.lil~ll Illl(t’r

lJIIIly 1111111‘Ii II;II;I Ill Ihc illllcrrlll]jl Zollcs. “I”llvllv~’r;lll III
1111111Ilrtxliktion Illkcll:lillly w rtvlu~”cIl I)y ().I’;L III IIIC l\t I)

Illllcr II) IICS, ;IIIII ‘1. I is III) l~III~:L.I IIIC (It)llllrlillll SI)UICC III 1111

(L-l l!llllly Ill II I()}C fl)llc$.



Td-k 3. Contributions to [he Uncertainty in the Ctilcu;ated
Tritiurn Production per Source Neutron l!sing
7L1(v5, ~) and 7[.i(v~) Cross-!jecrion ~vdu~[ions.

LBkl dcrcdmrcgm
1 ‘1 J 4 5

hl~wkd 7L1 Ckss RCIJUVC sudirrd r-lcviutiorr (%)
sLhL’[ion

‘LI-V,2
7LI-VI

‘1.1-V,?
7LI-VI

7LLV.2
7L1.VI

7Li-V.2
7L1-V[

7Li-V.2
7Li-VI

71.i-V,2

II-VI

‘[.l-v.2
7.1. V1

7[.i-V.2
L-VI

h.v 2

,31
.11

1.15
7-I,--

.07

.07

.29

.29

,87
.It’

,08
.OIJ

.U5

.U5

.04

.04

,04

.28

.28

1,09
.51

.03

.03

.90

.n9

.21

.27

.16
,16

,15
,]~

.11

,02

.02

.15
,15

.87

.68

,02
.02

1,14

1.14

.In

.Itl

.1s

.18

,31

.31

.12

,01

,01

,06

,(16

.74

.67

,()I

,01

1.10

1,29

.13
,13

.23

.22

.30
,30

,13

7[.i-VI ,04 ,11 ,12 .13

,02

,02

.13

.13

,Htl
,79

,01
,0 I

1,35
1.35

.13

.11

1.03
I ,02

.55

.55

.14
,14 _

“I”llul 7[ I v.? 1.74 1,52 151 1.55 1.97
7[.1 V[ 1.!3 1,17 1.40 1.52 1.97

S[J31MARY

The 71.i cross sections wld mvariwwes for the
l.,NIN:/B-W cwdumed dura tile have been impruvcd uver [he
ilrcvit)us cv;llufitil)n hy consideration of new cxperimcnud
IliI[il sillcc IOH1 in a Lxwaridrrce irndysis. The UsCfUlnCss of
[his [ype illlillysis is highlighted by the fiwl that Ihe resuhing
“’Ii(n 11’[)cr{~ss sccliun dit’fcrs Ii[(lc from Ihtit of [he previous,,
(x~v;iri:lllce ml~lysis, dcspilc Ihc av:lil:lhilily of much more
w“~.ur;l[e tind wnsislcnl dula. “Illc m:ljor illlpilCl of Ihe ncw
Ilw:lsurclllcnls (m lhc evalutili~m is 10 signitkwllly rcduc-e
llIIL”Cr[;llrl[lCsIll lhC ~villll~i(d dil[d :111(](1) hlp~[lvc Ihc ;l\slKl-

;IIIXICov:mmlucsl

“1’lwtl’lmls ~)1llw ncw /1.i cvoluwi{m were assessed I)y
Ix.lf”(mlllllg ;1drl;lilcd scllsl[ivily illl(l Unccrl:llllly ml:llysis tll :1
I IN( UI.ll\l IINMICI.Iilst using IIICprior IiNl)l~/11-V.2 cviilil-
;I[it)ll iIINl Ihcn sullsli[ll[lng Ihe ncw in[crim liNl~l;/ll-Vl
uvillliilli~lll into llw :Ill;llysis. “1’he IIhlln rcsull of lhc Ilcw

cv;lllwlit]ll is It) $lgllili~’;itllly rcdlll.c lhc IIllccrluinly III lrlllliln
l}lO(llll’1ll )11 lIUC 10 ~1,1 IliIt;I iu IIIC in[icr Inosl II)Ilcs III [I]c

~,II L.IIl, II II III\. I]c1”J,Iw 1)1 IIIC rc[llicllt)ll In unucl-t;li[lty Ir(]lll

IIIC ‘1 .i lIJIJ, IIIC IICC(I l“\~r inqwlwctl iltL”llrilcy in IIJIiI 1111tMlcr

II IllrIl,llh \lll’il il~ 1(’( ), 11’11(‘u, illnl 11,111+ Ih ;I[llull’cnl.

ExDI:/B-VI ev;]luj[ions for o[her fusion m~wrids JX
dtxrlbd in wxs[hcr p:lpcr at [his conference.41
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