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ATSTRACT

BensltivliL: -naly: is, as applied to hath nuclear deilen and
daia uncertainty, has develop.d fnte o valunable tnel for fusion
reactor nuclear analyasin.  Several surn sLadics have been under-
taken wit' the LASL sepaitivity system LASS, which 1nelu = at
its princ.;..: modules SEMSTU-1D, ONETLAN, and ALVTN.  The-e
modited Zuac:lon in & rultipronp enviroam st using standard flux
and dati Iuterface filies for curms ¢ (eatior, The inpat multigroap
crosr=scct lon data and uncertaint Lua arc ohtaioed privarlly from
ENDY/B using the fHJUY nrocisaina syrter.  In particular canes,
the -puat library i be modificd by the Al ¢TY medule to improve
eongirtency with -vallsizla intes=al oxporde mts.  The oLy
output from LASS 18 tiir uacevr Jluty (or chaape) Ln dmpor. at
reaclor parametors, a8 ealeulqared tn the ERASIT-1D wonale.  Ap=-
plicetions of LASS ond ite eounpor U parw: hive heen made to the
Tokamalk Tusion Test Reacror (TFT., th-: Rrirrence thatn=Finch
Reacror 5TE), rrd Lo an Lxperdir..ta® Puwer Reuctor (“TPR). This
paper ewpnasi ra the Juitial rseimtont of crasn=s.ul lor, scnaitiv-
lty for on IV'R desipgn. Nuclooaie  aponuc:: examined inelnde neun-
tron and cammr=ray Forma in the Lesnidal fleld colls and Mviar
superinsulation, displacenrent ureaee and tronsmntatlon in the
copper of tie tervoddal field coils, and activation of Lhe ont=
bt d dewar. Thesn Aepaitivirles are now bring used to narrow
the ranne of micertalntly a::'yrer required to quantitatively
assess erogu-inoctlon adequuaey tar PR des:lgn ealculations.
Acceptabli: tary v uneortnintic: 11 nueleconle denign paraneters
are aimultapcowily beiey form.li rods  Laperieones ot L/ASL with
menaitivity and uncortainty mnalyais vacliniqaes incorporated in
LASS has nravidic coavinelnpy evidence of thelr vilue for fusien
reactor ntudles. Many of these atuwllen sre of a shilelding
nutura; C.p., deep peneteatlona of hiph=coerpgy neutrona Lhrough
sterl, lead, borim carbide, and graphlte, with responses such
a8 actlvatlon ] kerma.
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e re vinta gt cxtensive castonal bty of Tocha reactor nucleonies, fneladlag
! cenrr jn ben o regieter b b wvith FUestiom geaetor shiclding.  or o=
el deah vvarally inged = pevicrate=to=d.cp o onetra fon Lransgark ol enie-
tise Lar Bem pean et st 1-rays, aleny witin Terma meaponsen, Those Feraaes
pey oo tenrod an leeant "o I ety or i senereoncset i waghet , oor
civply an alecabed hlolep ool doney Wlailar con-mend ey valats Iaoaeair a
act ivativg, slthowsh Duslon aae heeades ot esdin e o new viasas of oftoa deml-
noocorraebioneg @ty Grap), (g, (nG2n), ol other thine bl re: = hony
pr. avias raelivactive mnoridens Inlbevest @09 aroses In e Lronsaa: o den
product sy atable aod unscadibey, o0 sach roset ees insofar as they affeo ra-
tevin' mecharical propertles, olectrical e aductiviiy, cte.

Coaver=ely, there are areas of less comaonality, where fu:ien reactor: fand
even 2.20=-p] neappon ircadiaticn Vaeitli tes wuede @x Lthe el pPresicat reia-
tiviely mew 11 pnal unbjnee probicess, et anch neol miie Intorests are o
blmalicet reiponse., or meroly [nvolvie iiw respeise isact leng o as radiatlon
d.i. e In supercomlvetors, liawever, hath ¢l @ v o prohles=; regardless of
covoomallly, do dn poners!l requdre fereer acaeresies which Qiffer frean theee
roojuired for fienjorn veactor slidelds.  As a case o point, coanlder the suocr-
condieing (2/€0) coil, wiare hoth radintlon di oo ind hentin;; are requleoi

ta be kmewn within aparertoately 100=007, a4 a naldistie coal,. Such woear. Les
are perhaps conslstent with the tireet poels for flesden veaceor ruelear heates
dng amadysiag, it anvalve i etaem 00 differenec, In the fusion reactor
catce, the scemi-cicn are veaulreal alver an atcenaation ol approxirately 100

ir the reral moetion nhe passi=riy i, The pertdnent palat bece 18 thelt
fuz iy reactor d:ta reqeivessmts may difver fron those for flasion reaclorsy
in two wava: (1) JdLif 6l e et can be Invadved In hagh trans: ort ana
fenl e wrean gect bons of nterest: asd (25 tine Sncitaey regquireienc. vils

In sume ey, o for S/C nagsetl Linege, he ware stringent.

1t 1r perh-p: noceful heve o review gome fusion reactor nueleonie probioem

in o' ler ta duenae Frate ts funndatiess for their Jdeta requiviments. Tivet

In order ore The Istenne 2.25=-121 aentr-n gouree focilitdea, whore hicloni. ol
dore frew prlisrd ne “ron cod doceniary prompt pereasa rays e of most censern,
with activatioa ;s pay doses also being imporctant.  Hers, as with {laslon
reactor biulogtear <hickd: , we are carrveatly enitent with "factor of 2 or so"
tarpe ! fecaaeredy, ot we ive hopes for heltor accursey In the next poeeeration
of funian Jdevicos \atlter approxiantele 1985!.  Shicld deslpn la presently under-
woyt fur thae INS and the el Faerpy Gas Laser Facllity (ULGLT), B0 cTok.-

pect o requires ata are scaewh it aeadenley we make do with the hest presently
avidlanle dara, 1t Ia worth poiating ont thar bota the 1IN and HoGLY rlield
denlpna Invalve vald pencirations with diaseters of the ovder of one metre,

no tha - ntreamlnpg and refiection are thae princinel computativnal difficultics.
Bulk conercty shiclhds ore apjoroxunate:ly 3-m thlck.

G rerptnal denden offores In the USA ulilek impact neav-term data necdn are
mainly Lthose evalving abort the Expevimentai Iowor Reactor (V1'R) projecred
fur consatruction in the mid 1980k, The EIR is o next=pencration Tokomak
reactor aller the lokemak Fuafon Test Kenctor (TETR), for which a thorouph
data asneeamatl has been pcrl’nrm«-(l.z Khereas Lhe antly nucleonle paramerer
of crucial Intercat in Lhe TFTi blonket/nhleld wvas actival len dore levels
oftey rlintdown (blolopdieal rmleclding 'nr prloary rudiation during operatlon
is rouphly corparable In oxtent pad importince to that in HLGLE samd 1KY,
the EPR will have nume reus tmportant responsces to conkbdiers Moat  fapos tant



of these are the radat Lim eflects In 5/0C toreldal 1 L (FF) caily ==
the priveipad gulv:tiamse 0f this paper. Petalls are glven o e, 4
below,

From ouv oonper lence Ao fothm reactor anatesl:s: we can make s somnerad

s rvab s whiieh roay foteres Lthe shichlinge comaunlity,  Flrar, sasiedy ‘ty
anatysla 1 of Tittle waie In Impraving dana Yor thee neac=teon devi o 188,
HECGLF, aad II'TRe  Even sno, almaste all aivtalbod deslpn caleulat tomg for
Liwesic devices mest be poerfore-d in complex soopmet vles hy Mot Carlo et hod =3
henco, otpe=climemslonal sennitivity calcalaticas are ot limited value. An
luportant uint co erahagslace Tn this dseuwzeion 1n the requiverc:t In maay
caser for Lwo=dlectslonal dlsercte=orl!inmes calenlatfons an! cemnelal od
sunsltivicy anadvnls, an owell aa the nand for long~rionpe develops L of
Iute Coarlo amsitlvity methads,  Streamlng problem. vresenrly dominate

the shivld daci;n Fer the BEPR, evspeclally ror the TP collse By domfsating
a desipa, we micon that the shicld way well dotermdne the 5P codl et
dlamcter, add henee have a pador lapact on tne deviee cost, Thos, an es-
sential alifiervaee tiredlately ocenrs frow (lasalon reactor saleldingg the

IF e il skicid 1s ab initiv a rejor plant cost determlnant,

A svcond peners? obowrvatlon of intercat is that fusion reactor uncleonle
2aalysls :rovidon a fortuitous converpence of two technuologices. Thar 1is,

the scensf | viey and uncervpinty w theds awe aateslng just as a vital require-
w-nt for Leew s ema:piayg in the form of an emdryonda Lusion reaelrr nucleonics
tecihnviopy.

KL "R DAYA IMPLICATIONYS OF YUSIGYN TECGHROLOGY

Fusion reaetor techanolo-r has Iutroduced new materials mmd reactloni of
luportance for nucleor amalysda. Aleo, for matertals oed reaclJons of
cormon iatercet in fuslon and [saslon reaclor progr: ws, new encrpy raages
are wow ¢f pranary Taterest fer fusilen. Tt rapldly becomics cloear that
fuslon technology caqmet denead eompletely on the nuele: r data evaluatlon
and aszutiinent proarciz perfornmal for the fission technolegler, ot oaly
arc¢ new mate vials (coftay <, Cu,y I'h mortira), renctions, and enerpy ranges
of intercst, hut dat= aggessment by vensltlivity methods mnst div.o ot added
attention Lo new hivh=cneryy responses and to sccondary encrgy/ansulu
dirtrlbutions. Conrcquence:s of chanpges in such secondary di-1rim:tlons
arce alrealy knom to be dwportsant in fusion syrtems,d and o methodology
for Lhrzr systanitic avalyuis is the subjeat of a {crthcoming paper by
Gersstl, '

Althongh funlen techaolugy prescuts many new demands in the nuclear datan
area, we oarce fortennca that it tay not be too late to plan and eXecute an
orderly, ratiunal mig zcardinated program of datn

= asscasaent of requiv-cnls

= meastororent:a (liffe-. vtial and inteprutl)

= gvallt. ilons,

Hav. 13 at our di:posnl noee anly exlating FNDT? data, but also fairly well.-
devi.lupail fenaftivity and uncertalnty analynie methedn, we have the oppore
tunlity to avoid the pirfalls experienced hy the fisriou reactur data propramn,
whitre the cost=cffoet  vnevs of the lutepral experliwniu was 1imited by 1he
lack af mudern senzliivity=based plinning methodd. We alno feel that fallure



T el e S b Vieternob pea ' g e fo fesiben techaelogy

bt b b e he dieen abiles Initial eftoors o deiining hilph
oty ns fear sdsta necds within the 0, 8. Al Betion pro;aaes Lave Taen
poad Lo an! e hedng wasd an tine hasls for rhe e S0 A mnelear data
Mt e seal o aeqeed LHstn, A veviteee of nuelear deta aecd: ciaa e fousd In
ler's /7,

LASS 3VIUMM A0 ANMLTCATIONN

S citivity el anenptasary aaaly s ta doae withia the Leay Alamos Sclemific
Lozt aaory LASH svctemy o choam o dn Vige Yo Parnial eress oot lens ad o=
cor: chatleny o ma! feog o ase comecersad Dras: I o o mlel toap form by he
NUY sooaem @ Fecsese coverlame dals ln BU0U S §oeLer. v wers gearee,
most metrigronn cozarhanee metrices | o] sre ccrenleecd by Ehe COVMAT enic
dencrll o in Apseardiz A of LT, 20 Fesward and oo iolur acdticronp neutrven/
pamna-rav Ll are el by the ¢URVEAY eodd [ uc-les standard erocs-
seetie: amd o fiio =0 T aetuve’ colenlatiea of senditfeities and -
cerlaluties §s pertorad By 1he S1™0LL03D ende, ' iy the fnputs siow: in
Fi,.. . Apalun, standar,] SCLC (Gommlitae on Gooput- ¢ Sude Coordination) inter-
fivce filas oo ured for croc=scction end flux dngeetne Thao A0UIR ool sile dor
diff. ential and intcezpral Jata condzlbescy analveiv 18 diseccoed in detedl

by Kurrpke and Miir, 4 so 3L wldl net be comsidercd In thias Peyesie

Applieations: «f 1AY8 conecinents heve hewen wade to scevera? fesion facllltics,
Including the we’ o L M Tost Beacter (TTTR).; tile Reicrveace Tneva=rinLch
Reactor (KTPE), "1V~ and the Intense Neutren Souree (Li5).l  These applle.:” m:o
have yecluded desssn genstidvity ag wioll as cross=nocetion aensitivity, boln of
whien 1.c the 8000 kasic pertu=harilen tacers vethofeloge Lt apporatod In JRNGIV-
1D, Taat 1, dn hoth eases wee Is gi- 9ty perloreia,, integralions over phiss
gpuce af an Jute seand Javolviog peviars i lins of tae LEanapurt operatasr, dig
clther crosg=so- Lion eluimgen or desdy o olrees ace sdaply mof fested as tn
difforener nperates of the perturbed and unpercnrue i trensport operator.  The
sensltivity 1s given in the notation nf Ref. 2 as

P L] :-lllt ’ T‘_’-:E’-é -
z: [ ]

i

All presimt day sensitivity atudieg bascd upon transpurt theory dovive ficm
the work of » oviSIndowsk] A4 Extemadoa and computrr coding of hii _nuuthods
1 ve heen dlgovesed in der 71 by dorut), Bavtine, and othera,2:4,15,1v 1,
the dlscusiiona el we fullJun the torrinology and notation of Ref. 2.

In nll the appllcationr disensacd above, An well ar the fuaion FI'R application
which 18 the principal subjeet of this paper, we kave conslitently obror.ed the
lipications of ene-dimensilonal malynis,  Fusion roea kgr nuclceonle derlgn
prablern: are frequently mult Idisonnionnl, qnd the ceicomaic.at sennitizitles
are often moit dpportunt for these problemses Thua sensitivity methods and

code doveropment at LASL 1a concentrated on mutefdimensional aalysis, along
with 1h. gecondary enerpy/mupnlar distrilutlon sonsitivitles mntloned above,

DATA ASSESHMENT FOR A FURIQON FXPERIMENTAL POWRR REALTOR (FPL)
Arpc:-ement o€ nuclear datn neads for a fuglon EPE dw, of couric, dealpn
dependent.  llowever, the E'R deslpna enrrently extant, as well an lider

conceptual arundhes of Ipnltlon Teat Weawctors ([TR), are renecleally nimllar,.
Par example, gow-ral conceplinl reactor deadgr o ude Taminated stainle:s

-’}



et e il o P e ceares e a1k we by clinaen i U0 e i
Ol thee Joe e s i dene] L tmrit ey ate s et dieeed o Reelo T4 Lo g et
e owicatlon e, e dedipn oo rea shie Bl geesendo Beer g a0 Y i " aanl
Perto ™y The duoct CABeld mrders te oo repment ol shiielding ool i
tornidal axls of L earesy Lo,y 0f ot eonnido e a mador radhize throesh
the coate - ol e pYaom by “en g thee dianer alideld s towara the orighn.
Figmre. 2 oamed 3 choew omn =L eiecal macied s ol e radlal Leaveerses
[rom the polidal axds (pleccs crneeridne) theoneh . Lhirer 2 ad anler
shleYdu, respochiveive Obse ese that the thimers funee shileld ig ol erfoe-
tive but coatly rtalaloas atecd /i, vhile the thicher outer shheld in
cerpencd largs 1 of Lens contly Lead o crtare e beclmdeal boeis for
altorpative shbrids Qg elesr 10 the % pecbie Cield peoCile Te conslderaed;
Vieh the D=iheped toraidal (ield (GF) calla, there eolaen a oyclot Leely
large space for tit- outer ghistd, wher. as the hmer shlold met be an thin
ag poazib'e.  The lattel regulrement arires from o desite Lo nocialze the
magnetic :ield in the plasmwa, and thus .o iimize power douslr;'.“

At thir point we ddpreas to diFcuny the gesweral qquanach use:l In the FI'R
d.Lo Lrsesnoont, o2 well a2 Lo the previeas anre:ee il e Firne, a broa!
ranping sensfuivily stody 1s poerformesl sbeply wsiag the tolal, sacatteri: o
(ratri:) and abrarptlon ciross pectlonr frew the tripsaort code croas=m. -tirn
aetes. Ti:se incl:uiled neutrea interactlon, pmama=ray froduction, and pasaa-
ray scutlaring m:trices. Froam the large masa of those survey caleulation:s,
which are ~veomuted In SLARN-1ID, ve tlien !solate waterinls, rartial crona
sectiuns ¢ enersy regions ol potenrlal Antercst. This iacter step i
greatly assisted hy ceapuatiaz Intepral sensitivitics.s  LJler a seal-qpunti=-
tative: raview of the rerrvinr ¢rosg=scet lon errors, woe chuse n maaageable
numbcee of potent 11}y dmpurLent materianls sand paridsl ereoss soctlons [or
more detalled orror ovaluatiun., For thode v provess avzil .le covariaace
data into muleiiroun form.  liavever, os nored above, evrror va In ENDE

are spar:e, 80 modt covariones data nedd to be evalvarel on 2o pd hoe bhasta,
Using such covecicice matvlecn, an unrevtadity analysls 24 pocforas:: jor
th2 suspact orvtial crors sectiona. Thim papar alicusses the res:ules for
an £PR Lhver o the sftage of evalnating and procensing vovariance data.

In the cone of our BI'R ¢ -lysi:n, errar data far € and ¢ were taken from
ENDE/B-TV sand for Al frowm a 1ASL evaluotionn in EXDE'B fonaat. Data for

Fa wer: a cewblnuation of an OVL evaluat lon ot luwer energles, and a LASL
evaluiit ion Li-¢ (n,'n) and (h.n' continrvum) erosa scetfon cerrors.  Also,

the LASL evaluation for Fe cesblnen (n,n'p), (n,u'a), and (n,n'y) reactions
into a "macropartial”, which iriken possible a more reasonable entlmaie of
the uncertainty in the claatic scatteriny cros: section. Those dari wuere
thzn all processi-d by the NJG! code into the IN=pncutron=-jiroup structured 3
used for the 30 x 12=gronp coupled neutron!uansiu=ray transport calcalations.

4.1 Re-ponscs of Interest

Li:cnusc of tha thinner funer shicld, radiation effects in the inner TF colly
arc more crltica’l? jhau dn the outer 17 coilk. llovever, lor nccess durlng
maintenance tae .« ater structure and TF coll actlvation are important, ns
oppoded to Lhe fnner. Tt -4, for our analysia we have chosen feur radlattan
effocta in 1he liner TFC, and activation of the stulnless stuee]l  uter dewar,
Bpecifleally, we consider

NN, FUTELD
i) nentron and gamma=ray heating in the TF coll superconduet-.r,
2) nentvan anud gitma=ray dos: to thn INLAR lukulatlion in tho TF colle,



ot e er o G-y Lo e Gaoneavri s of the TV end ),y ind
Gy vratsaatatioan 1 1the Ua mabtrix,.

OBTi'it 501D

1) v watden ol the ntahntess steel (85) doewar Jeoges 55“1(".p)5HCu
ul '|h|.',_.(;..|.) FICHIN

& typleal rewpung- fuaction {n shosn fu Flpo 4, whvre we give the neutron
and yocesoeray Tinz-to=doee rospomze for UYLARL Detafly of all the response
fenclion., au well au nenslitivities, oo, are manented in o Tortheomlng
rrngL.'v In thi: paper we present only selected seople resnlis,

4.2 lroacedure apd Eesales

All forw:ird and wllaint Tlux calenlatdnn: were pericrmed in =Py, using the
models sfenen in Vigste 2 and 3, imd all cross secerions were processed from
ENDF/i- 1V, As a c¢hiwecn on proper conweryience It was verifled thee

Gr,Q> k>

Sensitivity profiles, PY y wWere then conpated for neutron and poasmia=ray

interuvt lma, as well as Tor poran-ray procoectio,

A a snple eorey et un considil Lhe tolad nenlaon ard gamma-roy heating
In the inper TI enile Table 1 gimwe the integral seositivitlos,

}E

& = P..

* o ’
2 T Li

for 114z resper: -, to 89 total crangs neetloas.  From Lhie table we find the
replon(s) in Fip. 2 whilch ronti lbute wosi to the sensitivity. ir is vorrh
nating that these dieta alao give ingsight Into the sensiclivity of the roespensc
to desiy alterctloen: fe theice regionee Frim Toble 1 {1 12 elcar that the
blnket £ rvepglons =8 are mos* impurt3at. Alse, 1t caa be seen that Fe s
the larcest contrilngee te ke inte;ral scewsivdvitica, regardlose of which
repdun s von cderad.

Rarrowiny vur example further we ghow In Tahle TT th: corpan .t sensitivitics
for Fe In repdons h=8. llere the sen.itivily hor bhesa dlvided iato rhe gain
tern and lose terms (efl., Ref. 2, App. B for detalls)

le " Tt P osear
i,lons i,galn
Most af the net Intepral sensltivity fa elearly duac to scattcrén An

anogaloms appuaring resull dn Tal Ie 11 warronts seis digcw-ndons; viz, the
negetlve Insa tera for X0 Because of th: {dlosyicraetes of the transport
codes, the (ye2u) and (n,In) reactioas appear as 1 mcpative comprment in

thm abaemiptlon and tutal cross seetions, aud as a pasitive compument in the
acattering matrix. Thas, hy a-lup che transport eode crass=teetion scets

for scaping gensdtlvity analve q, ore Il redince: an arvtifice !a the resnlta.
Thian srtillee 10 gl seen o the fart that the acatterfog lom. termy campnioil
Ly k. ming, diagmals of the seattecduy matrix, is lurger than the total loas

-t



fere B daiom vl e s et lre el i owe wlllGe L o aierve i L et
G gt d oo whesns U cenndioow it s i Ve tep (oo teata Iy 200G pdyar
14 MeV) voomp da cenitest by dozinan ,

A represestacive coacitivity pratlle Ix shown In Pl 95, whoere the omgitie Sy
ol the 17 ved Lodnatiow G thee B et Dierine . 4 sect ion wid Felecteds Not e
Lhe hleh e siCivity jo the Lop Lwo periags, willy a sohsidary oeak a-low it
(1 MeV).  This peens o ghape Ia claravterictie oL all L sencdrivity protile:,
f = all reap area aml ail materiale pertaiciag to thil: VR desipa.

Wwloerng aidn to Tahle Dy the Tow mensfeivity o rlee poeema=ray produc) 1in

o WL IFHUL I TR z(“'13' Ig cansed by fhe relatively slog ean free padh of

the pammag-rass In 850 however, Tor repfons clocer to the TF coll the senslrivity
Inereas=:a nonotoically.

Turnfup new ta thue BiC corponent of the shileld, Tahle TI1 prescats Intepral
seaslrlvity re=nlsy coapacable to Lthose of T:hle ¥ for 50 1 re we soe tint
the sen it veey 1s wlshest for the outheard repifons, whore Lhe nesiron spectrn
is suftemd o ouaewhinat,  Mowewver, Lhe ant:nl variation 15 not nearls as stroag
a for Fo (¢i. Teble T).  Also, the YD owmproencnt of the B4C Jous nol over=
whelninely demloate tie sensitivity as dees, tor exarple, Fe ln 88, A would
be expucted, the r t o integral sencltiviey is du all cased negative, because
alimcat any inter:- 1on decreases Lhe probabllity of a ncutrea's Lrie wissiou
to the TI' cuil.

The spectrim ¢f neutrons ot Lhe Iqaer ¢dee of the IF coil 1 of some Interc-:.,

and i:: shown in INne 6. ScnsJtivity proflhie. ! r the B and € crons sectlons

ghow the wsira: weneral shape aa those foar Fe (Fige 5), with 4 peak in The tip

proup and anothe; ok in thie 16- 108 T4 (109 ReV=1 JdoV) rep:wme Yar I“ﬂ.

hovever, Lhe sensltiviiy to the tois]l crons soctlm is of epmparahle magnitede

in the two poecis, and the lower pedk 20 pash broader. Tals blsh seanitivit?

at the 1ot ener= penk 1a due {0 patt to rhe neniroa wocetiun, waldh shovs

this same pook st all pesttions In che flneld repgionz #=<h) (e con conelnde

that cven thovgh tiwae Lo enerpy neuloons hage lever trcaalsslon probabilitics
te the TF coll, they urve 5o prevaleat in the spectrom s to e o wajonr contrihntor
to the flus rocceing tie TF cofl, A mare q. vwirat vo espleoation of this
piccnom-uon can be sicrncu from vie Y and 4 frectlonsls in Rzf. 20,

Teble IV slicug tic tndivledn L evoxs soction Intepral loxa and gain teris f
the 108 4u rewden 17, the rey lun ijh shest semiltivivy., lare the Integrad
lone term 1s poaleive because the "5 (n,2n) (rass section Ls very smalc,

As a fina? cxiple frow our detail:d sensitivity nunlysirlg of the LI'R, ron-
alder tiie sonsirlvity ol Leatlng in tlic TF coils to the o1oss seetlens In

the TF c¢o!l rodon teself.  The response here ie in the inbo:srd cedwwe (first so-h
inierval) of the TF coll, witJle the sensitivity s Lo crore sections In the
entdsy repion M. Table V showes o very low senuitivity, to nll neutron crone
peartioas eseep  [nr Cu. This Ls to he erpectod becinse interactions an the

T eodl Linelf o nat #ignifleantly alter the probablilly of a nculnnn con=
tributlng to iearing 2t rhe inbonard elpe of the coil.  Although it i of
somevhat acaderiic iaterest (becmse of the preeision with whlcen paimas-ray
interastien ¢resa s-ctior are knewa), the relatively blgh nepative sensitlvity
to Cu pomma-roy inb roction erasa rectlmn s o expectieds Similarly, the
intepral sensitivity to the pama=ray kerma respouse function has been obrerved
to he a large peailivee value vor Cu,



Neweal et e v i e e vt d e far I ooar senc'tivity and
gae ialnty s v b b jo beactoree Firery the whie rasnlag suray
catalat i it b pert=otde ot Sect foosy T poevided a1,

sl Paoro ot ol ol orateris s oand geplher ot patcat ial Tater a,

Thais b pravten e e s o Ve bive wees o el lue tne need for Yusiier
atna e b L cae pavtdal vvessemnecUiog sensftivit e, roa o pracuntic

Vicwge: Tl the s partlals ave of Interpese aaly 10 they provide sipalfh am
cotevivation, te the tatal seasJdulvity, nd have slpnificant veroes asaselated
with twm. i the cane e e LPE stady, we e nrw processed tie parsfals
aof Inteiest Law waltdp cop fom, md ane curcent Iy perfordim sme vial 0

-'III:‘.:}'.h"_n

A mlor ¢ffor  in sepsirivicy and wpeertiinty aaclyaies stees froin the newsd

for detailed evarlamee warleess Tue lack of Lhese date in cithir FNDY or
Individu. I Jataratery files has her a sericus EEborront to eorplele uncereaiagy
detormfeation: [ 1he TR Up a begee Tl pney htdeve sy wie capeer that thio
crror Jity Jdote produmed vor our Ein o stady wii) arovide the rajor expecloew
teeatainty diaf creai fone Lescadal e vabaable are the data {e= Fo oandi C,
catesiss which Timree praiinently in prosere shicld desiyn eonvepts. In
alditlon, errev 1ile: Jor 71.., Be and pussibly 118 will be £arthcoming

shortly,



NEUTRON INTECRAL SEXSITIVITY, SF » OT TiiZ ISNER TFC NUZLEAR HEATING RESPONSE
T

TABLE I

TO THR TOTAL CRIST STCTIONS Cr STAINMLIDS: TEZL COMPOXNFELTS
Cerccnent Regien ;:ra'
] 12 14 1A 21

Cr =C.601 =0.212 =N, %3 ~0.150 ) PV L -1.148

b =N, 103 =0."34% =0.0N1 =N.104 =015 =f.an2

Fe -2.430 -0, 865 =D.767 =N, aN2 =0.r38 =L.773

Ni -0.526 -0.132 =N.16% =N, 140 =0.710 =1,0352

MO -0-091 _0-033 —0.139 _0192" _n.l'\:‘i _ﬁ. '. -17
TOTAL =-3.601 =1.330 -1.18) =0.945 =G.097 -7.373




TAWL 1T

PARTZAL AND NET RELTACW ZHTTGRAL STNFITT 1177 OF T ilGiLR TTC NUCLFAR ETATS
70 THR Fe COMPOLUTYT IN STASTLISS STLVL ROCLL 6=8

Tyea o
o - .
Neutron Cross Section. &y Intosral 7ae- Tors Intepral Goin Yo
X - 0.17 —— nv
a
Y 12.93 10._ . -
5
Z 13,71 17,33 -
“r
—— — “.Ul’l ‘:‘.r".-l

L (asy)



TASLL II1

EAUZRIN INTEGRAL STESITITIIY, S. , OF TFz INXCR TFC RUCLEAL !IEATING RTSSULST

TO THE TICTAL CROS3 SulT s COF B,C €OMPy:

T

S

Cormacnens Ra~in- Trt-t
i 17 15 17
ICB -0.:271 =C.265 -C.375 ~0.340 -1.499
(¢ -oi 156 _O- 1?0 _0- 243 —01196 _Oc --"J
TCTAL -0.387 ~0.459 ~0.€18 -2.739 =-2.,2%5




TASLE IV

PARTIAL A™D 5T NEUTRCN IRTCGRAL SENSITIVITIER CF THE. TNNER TFTC NUCLLAR TIRATINS FESTOG:IT
1~

TO CROSS SECTIONS OF THE ~ B €I 0NENT IN 340 FECICN 17
Integrai Xet, S-
Section, z: Tntepral Toss Term Integtal Gain Trrm ¥
:.. C- 61 — _':-'h!n.
zr 1-22 0--.!I _l.l--'
z —_— 2.2q09 1.0302

(ny)



U

Lor pon.nt

Cr
Mn
Fo
Ni
Mo
Cu
Nb
Ti

HO

TOTAL

TALILL W

NEUTRED 550 GAPIA=RAY LENSs Y IVIETING, 85,
“yp
FIRST 185707 80 0F TPC RUCLEAR HEATING RENTWNGH
TO 1FC MATERTAL CROSS SBLGT LN

Neviron Gamxa
S. s
T L

-0.000 =0,020
=0, 001 =-0.0G3
=0, 003 =0.0806
0. 601 =0.019
-0.003 -0, 004
=0, 065 =0.15C
-0.011 +N.015
0.0n1 =0.004
0.008 =0.092

-01075 -0. 306
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