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APPLICATIO OF TUE SERSITIVITY AN INCERTAINTY
ALALYSTS GYSTEH LASE TO FULSION KEACTUL KUK LGOS
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Unlversity of Callfornia
a8 Alonoas Scientifle LaboraLory
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ARSTRACT

BensltiviL:y -ualy: is, as appliecd to hoth nuclear deslipn and
data urcertuinty, han develop.d inta o valuable tnel for fusilon
reactor nuclear analyaie.  Several such studics have been under-
token wit the LASL scnaitivity svstem LAZS, whieh 1nelu = at
its princ.;..: modules SE¥STU-1D, ONETUAN, and ALVIN.  These
modaied fuac:lon in 2 multigroup environm st usinh stindard {lux
md dati Interface files for corms  (eation. The input multiproup
crosr=sccl jon data and uncertainl Lua arc obtained pricarlly fron
ENDY/B using the WJUY nrocisainz syster.  In partizulare ecanes,
the ~pat library ¢ be modifisd by the AIVTN module to {mprove
congistency with vallsila Anters=al oxperic nts.  The paoLiury
output from LASS 18 tu2 wacuvr Inty (or ehaape) In dmpero at
reactor parametors, as caleulated in the EREASIT-1D nocale,  ARe
plicetions of LSS ond ite cospon 't paru: hove been made to the
Tokamak Tusion Test Reacror (TFT.0, th: Rafsrence thetn=Finch
Reaicvor VTE), ord Lo ae Lxperdir.ta? Puwer Reuctor (&TPR). This
paper empuagt: vm Lthe lndtial rgensmont of crosg=s:.ct lon senaitive
ley for an ¥R design. Nuceloaile  cczponnc:t oxamined inelwle ncu=
tron and pammr=ray Forma in the Lnrsoidal Meld colle and Myviar
superinsulation, dizpiacenrent ci-aee and trongseutatlon in the
copper of tie teroldal field coils, and activation of the oul=
bt :d dewar. Thesn aAenaitivities are now being used to narrow
the ranne of uncercalniy a::'yrer required to quintitatively
assess erogu=ioctlon adequacy tor PR deslgn ealculations,
Acceptable tary ‘1 uncertnintics I nucleonle decipn parannters
arc aimultanecowily beins form.li teds  Lapericeners nt L/ASL with
menaitivity and uncertainty mnalyais ve:chinlgues incorporated in
LASS has nruvidea convine vy evidence of thelr value for fusien
reactor studless  Many of thesoe stwllen are of a shielding
nuturaj C.g., deep penctratlons of hipgh-coergy neutrons Lhrough
sterl, lead, borim carbide, ond graphlte, with responses such
as actlvatlon end kerma,
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The re evinte o cxtensive cortonalivy of foslon reactor pucleonies, inehadlng
o! coorr dn o pen orearter b by wlth Fissiem geactor shicldiong.  T'or en-
avgd oy bea e ceeral e fuged - morieradesto=docon ponetrat fon Leamsiort el onia-
tin LOr Bt poeas oot Verayne aluny with lerma renponses. Those Feraas
oy beomevaesred g leeatd T s In o eonere e or o sunercondset i wmatnet, or
givply an abeabed hlolepeal doce, Slailar con-onad 1ty colats o meaira
act ivativa, slthowst fasion neelecanics introdace: o new class of oft: o doesl-
nocorrwetioncg 0., (aynp), (o), (0,2n), ol othier thiehald re:of Jong
pre oacia s radivaelive nuoidene Iaterest #5709 arises in the trans:ar o ion
products, stable and wnscable, of such reset ooy insofar as they affec ra-
tervin' mechaical propertles, eleetrical ¢ doativiey, ete,

Coaver=ely, there arc areaz of less comaonality, wiere fusion reactor: finnd
evend 2.23=p0 yeateon irradiatien Toeillides such o3 the 1:el) prescat roia-
tively new 1t nat unlque probiceos. et dueh necd mide latorests are dn
blaahet response.., or meve by Involvie icw resieinse iuactlens sael as radiation
di, ;e In supereondectors,  Lhowover, both ¢l: @ w0 o problesss, regardless of
corcomallle, do in goners ! requeire tereet acedsrerjed which diffor from those
roruired for fienjor reactar shlelds.  Au a ease in point. couslder the suocr=-
comducsing (8/€) coil, vikre both radiatlon dov e aid heatiu;y are reguleed

to be known within apore=toately 10=007, aq4 a roalistie roul,  Buch woenr. les
arc perhaps conctutent with the tirpet ponls for flesden reaceor ruelcar heates
ing malysis, int nvolve a0 cseent .0 differenee, In the fusion reactorx
casv, the stcwmrvics are roeaulred alter an Leenaation ol approximatedy 106

Ir the rutal nouvticon ol gassi=rey perma, The pertinent polat hoece 38 tholt
Fusley reactor o ita requiresnts may dificr [(ron those for flssion readtor:

in two ways: (1) dLifciaal re cetiong con be Inwvedved In both trams;rl aa
fenp cte erran sectloms o Interest; acd (23 rtine ceetitaey requireiencn wilk
In some -aros, 02 for S/C papguet Jdarag,, be wmore stiringent.

1t 1r porh-ps uoeful heve to review some fusion reactor nucleonie probiem:

in o lor to domone rrate tlee fonadatiens for their Jdeta roquivemnents.  Fivst

In ovder ore the fntense 2,25-10 aenteen gouree facilitdeas, whore bicloni. il
dore frew prioary no “ron end doconlary prompt graasa rays fd of most concern,
with activati-a pmun- ray doses 1lso being imponetant,  Here, aa with {luslon
reacton biulopleal =hickd:, we are curreatly content with “factor of 2 or so"
tarpe ! cecaraered, bt we irve hopes for bhebtar accursey In the next peperation
of funian Jdeviceosw alter approxiwately 1985).  Shicld deslin la presently under-
wort for Lhe INS and the Bieh Faerpy Gas Lasor Facllity (ULGLT), 80 cros.-

pect i requires ata are scmewh it acadenley we make do with the hest presently
avallanle data, 1t s worth poiatin: oul Lhar botu the 1IN and HOGLE el ield
denlpena nvalve vold penciratfons with dilameters of the order of one ncttve,

po thi - streamlng ond reficcetion are the princinal computaticnal difficulticr.
Bulk concreote shiclds are apjproXxumately 3-m thlck.

C-rerptudl desion efforts In the USA ulilek impact near-term data necedn are
mainly these evolving abouet the Experimental Pawer Reactor (VI'R) projeeted
for conetruetlon in the mid 1980k, The EPR is o next=pencration Tokomak
reactor aCler the lokomak Fusrion Test Leactor (TFIR), for which a thorouph
dara assersment hags been pcrl‘m-mvd.z Yhereas Lhe ondy nucleonie paracoeiroer
of crucial Interest in the TFT: blanket/rhicld vas acclvat Len doge Teveln
ofter rhutdown (hlolopdeal rlieclding for primary radiation during operation
i rouphly cowparable In oxtent sud importince to that in HLGLY and IR9Y,
the EPR will have nume rous tmportant responsea to conklder, Moat fupostont



of these are the ranioat bm efecis o 87C toveddal Tic WD CFF) caily =a
the privcipa] substaaes of this paper.  Pecalls are plven In See, 4
below,

From our «npeyleance dn Jweifon reactor matesis we con mike s poemners]
shaervoliens wbich oy icteven the shichdiog comaunity,  Firast, sensitdy ity
analysla fs of 110Lle vaie In Improving data for the netc-tern devioen 1RS,
BECLF, aad "II'TR.  Even so, almont all detallod desipu caleulat ions for
Litesie deviees pegl be perflored i complex ecomel rles by Monte Carlo gt hod =3
henee, one-:taamelonad aensnitivicy caleolat fong are of limlted value., An
Luportant peint o cimghasiae fo thiv digevseion 1 Uie requirvercit in maay
cased fol Lwo=dincnnlmal disercte=ordinates caleulatfops an! croocialed
sensltivity amidvals, a6 well aa the need for tony-rimpe develops L of
Ioute Carlo saensitivity methods,  Streamlng problems. pyesently dominnte

the shlcld deni n fer the EPR, especlally Tor the TP collise By dominatlng
a desipa, woe mean thot the shicld way well Gotermdue the 51 coll mamot
dlapcier, aod henee have a radnr Ispact on the device costs Thus, an es—
sentinl difiercnee Liredlately occuers from (lsslon reactor saleldingg the
IF e i1 skicid 1s ab initio a rojor plant cust determlnant,

A sucond peners? oh-urvacion of Interceat is that fus{on reactor nucleonle
aaalysis :roviden a fortuitous conversence of two technologies. That is,

the sensf . vity and uncertointy w thodg are natoring just as a vital require-
went for Leen 1s ema:ging in the form of an ewbryonle Lusion reacter nucleovics
tecimoiopy.

KUCT™ "R DAYA IMPLICATIONS OF YUSIGYH TECGHNOLOGY

Fucion reactor Lechnolo~? has Introduced new materials omd redactlonn of
ivportarce for nucleor aalveda. ANeo, {for sarerials ond reactioos of
cormon iutercet in fuslon and [Liaslon reaclor progr: ms, new encryy ranges
are now ¢f pranary Tnterest fer Luslon.  TL rapldly becormes clear that
fuclon technology canet denesd eompletely on the nucle: r data evaluatfon
and asputcnent proaroiss perforosd for the fission technolegles, Not oaly
are new marcrials (Cofe. -, Cu, I'h morcari), renctions, and cnerpy ranges
of intercst, but dut- aggeussnent by censltivity methods must div. et added
attention to new high=-oncryy responses and to sccondary energy/anuvular
distrlbutions. Conrcquences of chimges In such secondary dl-tcibutlons
are alrea:ly knowm to be iwmnortant in fusion Hyntum3,3 and a nothodology
for Lhrzr systanitice aualysis i the subject of a {crthcoming paper by
GeriLl, -

Altliough fusleon techaolopy prescats many new demands in the nuclear data
area, we are fortunaca that it ray not be too late to plan and eXccute an
orderly, rotional anag zcordlnated program of data

= asscasaent of requir-wuls

= meantrovents (Miffe.. vtlal and inteprut)

- ovall. fond,

Hav. 13 at nur disposal nee only exiating ENDY? datn, but alse fairly well.-
dev.. Joped sonnitlviry and uncertainty analysiea methodn, we have thoe oppore
tunlty to avotd the pltlfalls experlenced by the fission reactor data progriun,
where the cost=cffoet  cners of the lotegral experimwenin was 1imited by the
lack ol medero sensilavity-hased plinning moethods. We alsoe fecl Lhat fallure



to il o vt i e therernot a1 proprs o for fusten vechiaelngg

eirc et deb s weedd g be e ahle, Initia) efiots At deiining LWi;h
pricrity noslear data necds within the U, 8, A. fasion pro; e bave been
pasd o BB s e bedng wasd as tiee basls for e U, So A nuclear data
Mmoot seal o gegree .t Lstn., A veview of nuclear dota pevd:s i e found In
ev. /.

LASS U5y S APLTCAYION!

S -itivity amd aeeertaiary analysdu s done withia the Lo Alamos Scleatific
Lasorcrory LASH sveteny an whean dn Vige .o Parvial ereso soctlens and o=
cor: latles, o o Sy oare coocernod Jron I Inty mulel troap form by rhe
Ut nosteme @ Fedouse cevirlomee data Ln BN o RS L RN TTES W oF () ST
most ptrinrom covariones metrices | 1] ave cradeecd by the COVHAT enle
denerll. ) in Aprendiz A of KT, 2, Fesward oand oo dolur acltivronp neutren/
pamna-ravy Ll e are eoppaetod by the 9uR01A% ends 0w des standacd croase-
svetios and [lur Qiio«. Tre actuva’ eclenlatiea of senditivities and o=
coertalntios s poerlernad by the SPNLLO-ID cade '™ i the inptits siows in
Fi,.. I, Agaln, standard SCCC (Gommlftee on (eopul- ¢ Sude Courdination) inter-
face files are ured for ern. =seoction and flux dapuen, The AUUIN B ule dor
diff- cenLial and intezral data consdgteacy analyeie is diseoeued in detedl

by Rurplke and Mair,d so It wiil not he congtdered In thls Piyerie

Applileations of LASE conpenents heve bewen uade to severa? fesion facllllices,
Including the et - L s Tost Neaacter (Ti'Tia'),—' tiie Reieveace Toera="{nch
Reactor (KTPE),!“v!~ and the Intunse Neutren Souree (Li3).1  These epplle.: ” me
have 1voluded desion genstidvicy ag woll as cross=ncetion aensitivity, bolb of
whic) . the s kFasic pettu=harlen taonre rethofelagey It srporated Tu SKLGLT-
1D, Toat 1=, dn hoth cased e Is gi-oly perloreia, intecrativone over phss
gpace af an Int: srand Javolviag pertars it lens of tae Lronapurt operatsr, i
clthey ¢crosges s Lion el or desdy o cheapes ace sdaply mof festoed as
difforener operates of the perturbed and unperturis i trensport ovperators  The
ensitivity 1s given in the noctation nf Ref. 2 ag

x L]

1 R

All present day mensitivity atudies bascd upon transport theory derdve ficn
the work of o oviSlndowskl 14 Extenodes aad computrr coding of hii _nuethods
1 .ve Loon dlgoeesed tn det 1 by Gorut), Bartiace, ond othera. 24,131 1y
the discusniona wlay we foullouw the terrinology and notation of Ref. 2.

In all the applicatfons discusacd above, An well ar the fuamion EI'R application
which 1s the principal subjeet of thls paper, we have conslutently obrerwad the
linications of one--dfmrenslonal analynis,  Fusion reacber nucleonlce deaign
prabloms; are frequently wult Idiwensionntl, nd the cencomale.nl scennitiritics
are often mril Important for these problemses  Thun sensitivity methods and

code devesopment at LASL 18 concentrated on multfdimenslonal analysis, along
with th. gecondary cnerpy/nnpular distributlon sonsitivitles mentloned above,

DATA ASSESSMENT FOR A FURIQN EXPERIMENTAL POWER REACTOR (FPR)
Asrc:nment of nuclear dato needs for a fuslon FPR ia, of courise, dealgn
dopeiiont.  Nowever, th FIPR desipna enrrently oxtant, arn well ao later

conceptual stodlen of Ipnltlon Test Raactors ([TR), are renecleally nimilar,
For cxample, seweral conceptual reactor deafgr: ude laninated stainless

-’}



hl-n-?ll.ﬂ.ﬂ.sh:.-ld- o o e Lo sab Wk owe L dhnsen i PR el
al 1N Av o e abione ]l L handoryy e die e died i Rets 1 oonl Tnopr et
con picatlonc, we adeaipn e orvo shic b aeimenho ey denot o " e v™ oanild
"evtor", The iocar JAleld roiers Lo oo osepment o) shichding oo d e
torvidal axds of L eeresy foes, 0if e connidors a mnJor radivg throesh
the coats - ot the Maem Gl "y the dinner aldeld i towara the orip'n.
Fizure 2wl 3 chow ome =0 wrtiealdl modice s baeesd weon radlal tocversie s
[rom the polcidal axis (pleccs coneeriine) theown .0 Larer 2ad ouler
shilelhi, respectiverv, Obs: cve that the thiloner e shileld in of orrce=
tive but costly rtalnloss atecd /D0, vhile the thicher outer shiceld in
cerponed arpe Iy ol Toens costly lead @ortar, e techndeal baris fur
alternative shfclcs ig clesv B the Y apoctie tield wrolile Ie considered:
Vieh the D=choped tavoidal (ield (UF) eolla, there ealacs a rolot Lvely
large space for tiw outer ghiold, whoeroas the Ianer shicold meet be as thin
ag poazib'e,  The latter regulroment arires from o desite to ancinlze the
magne tic Cield in the plasma, and thus . tfaize power donslt?.ll

At thir point ve dpress to dircuny the general qpuenaach usc:d in the FI'R
d.to aesesL=ant, as well a=s b the p=evicus YT ITI LY gy, Firuce, a broa!
ranging sensfiiviiy stody 1s porformsl shaply wsiag the total, scatteri: o
(airix) aud ab:orpzlon ciross pections frew the trinsmort ende croas=s. - Lien
sets, T.owse Inciwded neutrea interaction, paana~ray production, and pazaa-
ray scoltering metrices. Fron the large masa of those surviey caleulations,
which are ~ncomatesd In SLARYL-1ID, ve thi~n !solate aterinls, voartial crosa
sectiuns ¢ - enerpy regions ol potential irte:cst. This datter step is
greatly assisted by computing intepral senstidvirtics. AJLer a senl-quanti-
tative roview of the permiar gross=scctlon errors, wo chose n maaapeable
numbece of potent 1.1}y impuritaat materinls and parddal cross octlons for
more detalled orroi ovaluation. For thoae we process avail Jle eovarianace
data into mulei;rounr form. Lowvever, as nored above, error ra in ENDF
are sparse, 80 moadat covariosaes data oeod to be evaluared on o ad hae bhaslas,
Using such coverlsice matrlecn, an uncectaluby analysls 24 pn.rur Y
th2 nuspact :-Tlll1 cross sectiona, Thim papor alacusses the resales for
an PR thowor,u the staze of evaluating and proccusing vovarinnce datn.

In the cowe of onr LPR @ -lysii, error data for € and 0 wvere ta%en from
ENDF/B-TV and for Al {roa a 1ASL evalu.tion in EXDF'B formar. Data for

Fa wer: a crwblnation of an OUNL evaluaiion ot luwer energles, and a LASL
evalualion [ (n,"n) and (h.n' continrum) crosa scetiun errors.  Also,

the LASL evaluatien for Fe comblnes (n,n'p), (n,n'a), and (u,n'y) reactions
into a "macropartial", which 1mkeo pos:sible a more reasonable ewtimaie of
the uncertainty in the c¢laatic scatteriny cros: sccetion. Those data were
thzn all processcd by the NG code into the IN=peutron=jroup structured 8
used for the 30 x 12=group coupled neutron/gansiu=ray transport calculations,

4.1 Re-ponscs of Interest

Leenuse of tha thinner funer shlcld, radlation effects in the inner TF collg
arce more crltica?l? (hau in the outer 17 coils. lmever, lor access durlng
maintenance Lie . aler structure and TF coil ctivation are important, as
opposied to Lhe inner. 74, for our analysid we have choacn four radliation
effocta in the 1lvner TFC, and activation of the stulnless steel  uter dewar,
Specifically, we consider

INN:... “MTELD
“1) nentron and gamma-ray heatling in the TF coil supercenduct-.r,
2) nocutron and gatma=ray done to thn MYLAR lurvintlon in thue TF colls,



S odinptaces ot per 2t (S Lo e G trd - oo thee T codle, and
) otrin Suialation 1 the Ca maitrix.

1) e ntlen of th- ctainless gteel (85) dewar [edage, 55H1(“.p)5HCu
o1 "FeGa,p)2tial.

~ typleal recponae funct jon !s shown {1 Flpo 4, wlern we glve the neutron
amd pacaep=ray fiuz-to=dose rorpmae for UYLAR. Detadlya of all the responsa
frucliong, as well as sensliivities, o,y are pronented dn o forctheoming
rvpnrt.'q In thi: paper we proseut only selected seprle resulis,

4.2 Procedure aod Bosults

A1l forwird and mdioint (lux calealations were pericvrmed in Bg-P4, using the
nogeds stewn in Vipse 2 and 3, and a1l eross geerions were processed from
ENOF/i- IV, As a chiccw on propr cenwerpence It was xevifled thee

<GE,Q> I <Q,k>

SensitIvity profiles, PY » wWere then corputed for neutpon and ganmma=-ray

interuct o, as well as for pornn=ray procuction,

A: a smple eorey Tet ur considir the toltal newlion an? gamma=-roy heating
In the inner TU coil. Table 1 shwwe the intepral scositivities,

:E‘

S = P

1] ‘ ] '
2 1 Li

for 1his rospo: -, to 89 total crogs nectloas.  From thle tabhle wve find the
replon(s) in ¥ip. 2 wldeh conts fbute wosi to rhe sensitivity, it is vorth
nating that these Jotta also give insight Into the scusiclivity of the respensc
to desiy altercticn: I (hese rogionse  From T..ble 1 it 1a elear that the
blanket &5 replous =8 are mos* importsnt,  Alse, 1t can be seen that Fe Is
the larcest contrdbuetor Lo kb dntepral sensitiviticea, regardlosr of whleh
repdun is con cderad.

Rarrowing our example further we ghow In Table TT th.: compn .t sensftivit{cs
for Fe in repdons (=8, llere the sen.itivity hor bosa divided into the gaia
tern and loss terms (el., Ref. 2, App. B tor detalls)

PX] LY *P acar *
i,lons f,galn
Most of the net Integral sensltivity 1a clearly dac to scatter!n An

anonalom. appearing resull dn Tal le 11 warronts seis diwcunnionsg vie, the
negrtlve losa tera for Y. Because of th: 1dlosyvacracies of the transport
codes, Lhe (0y2n) and (n,In) reactioas appear as o ncpative component 1o

tho abuorption and total cross sectious, and as a pordtive component In the
acactering matrix. Thus, by utlng the transport eods cruss=teetion sels

for scaping sensdtivity analvie:s, ore Intreduce: an artfflee ' the resulta.
Thin artillce in alvo sceen In the fact that the seatrering low. term, compuied
Ly s ming, dlagmals of the seattercdny matrix,y is larger than the total Joas

" .



turie o fandon v ot meen et el Liss we ol L aolaaerve Lhin L et
iy perti oo whesss U cenndicwite o tie top Gupprocfoatedy 2005 pdyar
14 MeV) coomp ls ceenitestly donzinant

A reproseatacfve consitivitey prot e is showsy In Ulp. 5, whiere the aengiti- ey
of tine 110 enfl heatioe (o the Fe o nerfterine . 4 section was eselecteds. Nob i
the hich seritivity fo 158 top Two proupgs, with a subsidory ceeak telow 165000
(U MeV).e  This peqwn o) ghape 10 chacacterictoe of all tine sen<sitivity profil.,
f = all eeapoares aud ail materials pertaicing to thil: TR desipa.

e fery inp aain to Table B, the Tow sensfoivity o rhe jaeena=rav product fun

€1 a7 noet ey, Z(n,.), Il caused by he relaotively slors wean free path of

the pamua-rays In 85 lowever, for reglons clocer to the TF coll the sensicivity
foveeas<y nonotonically.

Turnfug new Lo the BiC eomponenut of the shileNl, Tabhle TIT presone- Intepral
soasltivity resulss cowparcable to those of T:hle ¥ for %5, H re we s« thal
the sen: it.viey 1 afzhest for the outheard regions, whore the nesiron specetre
is softened sovaewhat, Nowver, the anr;nl variation 15 not nearvly as strong
av for Fo (¢, Teble I).,  AlRo, vl B compencnt of the BiC dow: not over—
whelninnly demlnate the sensitdvity as dees, tor example, Fe In 88, As would
be expacted, the r t integral sencitiviey is in all cosies negarive, becnuse
almest any interi. jon decreases the probaLlliLy of a ncutrea's trir wission
Lo the TI' cueil.

The gpuctrim ¢f neutrons ot the faaer edge of the ITF cuil is of some Interc-:.,

and i:: shiown io I'ig. 6. ScnsJuivity profllen ¢ r the B and € cross sections

ghow the =ors: weneral shane aa Lhose far Po (Fige 5), with 4 peak in the top

prouvp and anothe: peak in the 16- 108 T (107 ReV=1 S0V) rep:m. Yor '“u,

however, Lhe sensltivicy to the tnial erosg ~cetfon 1s of comparable na nitede

in the two pocls, and the lower peak fs muh broader. Tals hIsh sensftivits

at the lotwa: crner- poenk {9 due 19 pare ko the newiron soccttum, whiloh shows

this sawe pork at all pesttions In che fhacld repionz B=1ds Oae cun conelude

that cven thsuegh these Liescs encrpy neutvonas have lever tronsalssion probabilliies
te the TF coll, Lhey are so prevaleat in the spectrem @4 to he a major contiisulior
to the flux reaceing the TF cofl, A mare q enrirat fve ciplenabion of thila
phcnomcnon can be sicencu from the ¥ and 5 fwectlonals in Rz, 20.

Teble IV alicvg tie fudividn L eross wection Intepral losa and pain terns for
the 104 in rewion 17, the replon vith highest sensitivivy,  Here the Integra)

lons term 1s poaleive becouse the W5 (n,2n) (ross section s very smal:,

As a fina? cxauple frow our detailsd sensltivity nnnlysirlg of the EPR, ron=-
aider tiie nouncitivity ol Leating in tlic TF coils to the ooss seetleas In

the TF co!l rodon 'tself.,  The rewponse here 4= in the inborrd edee (first wo-h
Interval) ef the 1F coll, wiile the sensitivity §5 Lo erors sections In the
entiv repion 240 Table V shous a very low senaitivity, to all ncutrou crons
poectioas eaerp [or Cu. This Is teo he erpected becanse Interactions n the

TI coil Itnelf dv not sdpnifleantly alter L probablilly of a neutren con-
tributlng to hearfng at the inboard cdge of the coil.  Although it is of
somevhat acaderiic fatevest (beewne of the precision with whlca paima--ray
interastion ¢rnsa s ctior  are koewa), the relatively hiph nepgative sengitleity
to Cu poraasr.v intcroction ecrosa roctlong s as expecteds  Simllarly, the
integral sensitlvity to the pama=ray kerma response function has been observed
to he a large posilive value yor Cu,



SGeweral it i guiiose e e orcc e d thies far faoeur o senc'tivity and
uae cialnty e v oo jon deactor., Flrely the wlde ranelug sucvey

caltoalat io cLin tran ert=code e sect foasy have snevided a oroged
ail Faoron voerare o b oraterils i oand replen of potont iol Iatersoaa,
This h pricvven e Do d s Ve tive wees of eliuindiue toe need for tusiier

anma! e aF L e partdal cvossencct ion sensJutivities,  Urow oo pracictic

Vicwe: Il g Moo vt bl aae of Iutepest oply 1T they provide slpnliloam
ceaivi, wbiun, e the total seasttiviey, and Loave slgnificint evroanss assochated
with tueme  Je the caze o the LPER study, we have new processed the pare faeds
ol Intviest Turoaaldidar cap torm, md are current 1y perforcinge smes vlal o7

ana’ Yei'e

A malor offor  in sepsidiviey and wneertzinty aonclyaes stens froe the nead

for derailed covarlimee rarkees. Tne lack of Lthese data in cither FNDY «orp
Individu.? Jotaratory f1les has baen a serious Eororrent o eorplete uncertaiuly
de turrdrat fons fer the TR Un a begw-Tal pre, lnevers, we copecr that the
vrrar ity dots produmeed Ttor our il stady wiil provide th: rmijor expectes
teevrtadnty ciaf oreat fone Lescctally valaable are the data - Fe and C,
ritterlos whileh fiure prominently in progsert shicid desiyn convepts. I
ellition, errec §iles Jor 71... Be and puasibly 118 will be forthcoming

shortly.,



TABLE I

NEUTRON IRTEGRAL SFXSITIVITY, SF » OT TILZ
T

TO THZ TOTAL CROS® STCTIONS Cr STAINLESS

IXNER TFC NUZLEAR HEATING RESPONSE

'TEEL COMPONILTS

Ceccnent Regien ;:rn‘
f-8 12 14 1A 23

Cr =C. 5621 -0.,212 N, 183 -0.150 -0.214 -1.148

¥a ~0,103 =0."3" -0.021 =N.17% = M35 i

Fe -2.430 -0.8€5 -2.767 =N.6N2 =0.538 =4.775

Ni -0.526 -0.132 -N.16% -N.140 -0.710 -1.052

Mo -0,0°1 -0.033 -0.030 =0,J0%% =N, N5 -n.157
TOTAL -3.5601 -1.330 -1.18) =0.95%4 =G.097 =-7.375




TATLL 11

PARTZIAL ASD NET SN=UTROW ZALTDGRAL SECRITT 0TI~ OF T 1UBER TTC NUCLFAR ETATI S "L=".“:'
70 TS Fe COMPOLTT IM STAILESS 3TLVL ROCULCL 6=d
Xeutron Cross Section, !-'x

Intenral 7= Trr- Intcpral €-in Ver -

- — — —— —

=1

) 12.93 10.. - -1 5

5

ZT !--ﬂl 1?‘.'_\1 - . 2
-—— r.o14 0.r14

L (asy)



ERTIRLY 1IRTEGRAL SENSITITIIY

TO THE TICTAL CROS3 SulTL0ds CF B,C COMPLITLNTE

Cermacment

TA3LL III

T

§. , OF TPz INXZR TFZ KUCLEAR IIFATING RTSSULST

Ra~rin
-1 12 15 17
=C.Z65 -C. 375 =0,34)

1C -0.221

N

=0.156

ICTAL -0.387

=0.459 -0.€18




TASLE IV

PARTIAL AWD XET NEUTRCN INTCGRAL SENSITIVITIER CF THE INNER TFC NUCLLAR TIRATTINS FESTONST

TO CROSS SECTIONS OF THE 1 B €O TONENT IN B 4 C REFICY 17

Integrali Xet, S-
Section, z: Tnterral Loss Term Intepval Gain Trrm T
< C.51 — =-Cell
a
zr 1.22 0-.: -u.=-
z — 0.9000 1.030%

(ny)



08 b

Lorpon:ml

Cr
Mn
Fu
Ni
Mo
Cu
Nb
Ti

HO

TOTAL

TALLL VY

NEUTRON 75D GAPHA=RAY BENSs ' IVITING, 5.
- .1'
FIRST ANT WAl 0F TUC NUCLEAR HEATING RELPONGE
TO 11FC MATER1AL GROSS SLECT LONG

Neviron Gamxa
S. s
?
7 o

~0.000 =0,020
=0,001 =0.0G3
=-0.003 -0, 0806
0. 6ol =-0.019
-0.0033 ~0, 004
=0, 065 =0,15C
=-0,011 +N.015
0. o001 =0,004
0.008 =0, 092

-0.075 -0. 306
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Fig. 2. Ono=dicepsfonal mode! of the L8 foner Blunket/=hicld,
Flg. % One=dimnsfonal padel of the I'R outer blaket /shilc ',
Fig, 4. Respor e funet lon tar absorbed dose fn BYLAR Insulat ton 4u the TF coils.

Fi:. 5. Sensitivity ef the paslnum neatron plas goosaa=ray ie tting in the TF
colla 1 a1l geatbesing erene nect long of ke,

Fig. 6. Neutren flux mpectius at the dnaer odpe of the TF cofl (v us = 3,47 ).
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