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3t low altitudes throwph the sLmasphare ta distances 23 gredt a3 150 km. Soth of thse
studies have the poasidility of develeping inte imgertaat gpregrams.

Fimally, theve {3 2 possidility that wg will sesn be engiged in 2 progren t» develep
models for calculating oap of the gavirommental effects of an ingcreased ase of ceal a3
an energy source. An daticipated problem asseciated with such an ingrease is U beile-
wp within the stmosphere of (D; which wuld allen euevgy to eater the stsmiphere but wauid
prevent it from escaping. Thes the sverdge tesparsture of Uhe aUmsphere wiuld incresse
with possidly catastrophic resslts.

From the sdove it fs cbvicut that the Meutres Physics Divisien i5 cagoged in 2
wmarber of programs sponsered by several agencies and thet maay of the pregrams hive over-
lapping areas. This, of ceurse, is sutuslly Deneficial o the varicws spemsors, and in
sore cases has allowed an vapiasion of several of the research aress swmerized belew.

Reseirch Aress
Seeswrewents of Tutrun Cross Seciions and Belated Quiotities;

¢ el - - — Lo Wttt 48

Cress-Section Evaluptions

The Jivision’s program for medsuring maeulree cross iections and related nuantities
at GRELE {the Oak Ridge flectrom Lineer Accelerator) has continued, beth for the Fertile
and fissile materials .aportant to fission reictor prograss and #1300 for euclides im-
portant to fission and fusion reactor shielding. Some of the werk it described in U
papers reported in Section ! of this report, but other similer studies heve not yet
reached the reporting stage.

Included in this research area have bren eaperiments o mewsure the ratio of the
Tission cross se.tion of ¥ Qo the fission cross section of - * U. These measurements
are nou coeplete and togetber with other experiments performad in the recent past heve
resuited in 2 remeriatily coherent body of data which it is Lelieved both will satisfy
fast reactor needs for - ' 1, fissfon cross sections and will give & detailed Kigh-
resolution exhitition of the subthreshold fission resomance behavior. We heve found 3
substantial amount of fine structure in the region hetupen 6.7 eV and the fission platess
in the Te? range. [n the region of most practical importance, grester than & few
mundred kel, two or Cthree cxpevirents., including ours, sgree conclusively and even at

iou-enerqy regions, where there is less overlap of the measurements, no dissgreements
are apperert.

Teasurerents of the transmission of neutrons through - ° U samples having ¢ large
rarge nf thicknesses, performed at the 150-rm station of ORELA. have also been completed
and 2 resonance analysis has been performed through & keV. It is believed that this
mIiysis using the several sample thicknesses is one of the moit comprehensive ever per-
forret. F concurren” effort in Selgiur has also provided ¢ rich new base of experi-
rental dats on neulron transmission Through - U, Kith these date. 4 nev evaluation of
resonance parsmelers we are perforring for the Version ¥ release of the Evaluated
Nuclear Data File [EHOF/F-V) will be a very soundly based and definitive job.

Other measurements completed are those begn {n 1975 to reasure v of - "‘Puand - ' U
in the region below a few electron vo'ts. Additional measurements of ([} will focus on
the reqgion up to several MeV. For thesc new medsuremenls we have built a second scin-
titlation tank with some improvements over tre old one, and later we will attempt to

measure its absolute efficiency to permit a redetermination of the spantenevus fission of
v for - -(Cf,

An experimental effort to determine the capture and fission cross sections of some
of the actinides with A~ 239 has progressed, with pspers on ““'Am and “~‘Pu having
already been published and ¢ paper on ““!Py ynderqoing review. We are performing the
ERDF/B-V evalustions for “~*Pu and ““‘Pu. For these evaluetions we sre collecting dals
from around the world, and in an attempt to rectify some of the long-standing uncertein.
ties in the fission cross section for -~ Pu, which displays marked subthreshold resonsrce
behavior, we ourselves have recently conducted esdditions] measurements for - " Py fission
with & new fission chamber, but the dats have not yet been sndlyzed. Work is continuing
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EROF/B-1% 22%2 and varicusiv referved Tn 25 The T0- D clency, e L. ad rore vecently
8% VITASIN-T. the liurery is teing sulie.ted D 2 svs ; tae sroledure In
which at least eignt different graamizations are sarticiial: Pepry 1§ oW
availatle from PSIC°s Date Library Collection [ AQ-31; and ¢ resented a3 2 50Se

H

i

sitle standard for DRFE blaniet design ard LIYER (ore gnd snield

Tuo sussets of the 171-3€ library Rave 2135 tee~ fevelooes 2n2 are in use, totn of
wihbich will be released through RSIC ir the near future. Mme is 2 12£-3€ et tailored
privarily for L?FEP calculations, and the other i$ 2 broad-grouo 35-1¢ el which Can he
vsied on relatively small corputers. Cecertlv, EPB! nas reavesied thet the 35-1€ sel @
tested as a possible standard for light-wmater reactor srielgirg zalculativns.

In conjunction with the 171-36 cross-section set and its suicels. we have develaped
@ nonber of utility codes which permit the users to select options tor self-snielling,
Deppler broadening, group collapse, etc. This activity is continuing, =nrk aireadv
having beque on updating the libraries with ENOF/C-V data. The andated version wiil
include covariance files and new data types such 4s activation cross sectiors, delayed
radiation production, gas production date, etc. fecently we have used tne 2F(GEN code
to gunerate rultigroup time-dependent delayed Jasrw-ray spectre from fissign ang #Cli-
vation of uranium and plutoriwr. "ultigroup cross-secticn files for the ORIGEN actinide
libraries have 2lso beern updated based on processed data fror recent re-eva'uations in
EMDF/8 forsat. e have also published kerma factsrs and reco’? spectra.

Work on other cross-section sets nas alsen procressed. The [PR (oupled lidrary Jon.
sisting of 100 neutron groups end 21 gacwa-ray arouds, develcpe: fnr EDLA.TPFY orn ol
O, hes undergone its second rodificatian, ard the few-grous 3%t Titrary {37 neutron
groups and 21 gamma-ray nroups) that a5 Leen in use for some lime was cfficially
documented.,

Testing of the adequacy of the ENOF/S-1V data far snifelg niy anplicatises tmrowse
their use in calcuiations that analwze TSF eyperirent: maq il loen iervied nul. v
eddition, we continue to be sctive participants in the 7rnss-te linnm testine proaras of
the CSERG Shielding Subcormittee.

By noa the FORSS syster, introduced in nur 12t rrharess reoirt o0 = rnduiar code
system for study).g the sensitivity of calcuiated nargemeters of 970 reactnr syster< to
the cross sections used in the caicuialions. hay nurgeranme cariiievar io further develop-
mpnt and extension. Ag it was descritied srevinusly, FARSS orovitet eyers’ antions in
the selection of codes that :oquid be used successively o ferfar 5 ot itivity and
wncertainty analysis of a qiven syster. They ingladed cudes $or “iveoirnun Cross-seciion
processing, codes for collansing the cross sectiogn, ints ‘roater vo,ro fiilsred for the
particular problem, codes for perfarring the traripart [or 00%, oy troeatlior o
obtain the desired responses, and finallv, a zode far deterrir srn *rp func itivity of
the responses tc specified cnarges in the cross sactior. The o rrers Larcinn of FNBSS
has several additional modules which were develoned %0 extond *:u ¢ o0 matility in
the projection of uncertazinties and the defiriticn of oracietvn o0 v raeds. The INTENP
module, an extensian of the [talign iMARL code, 2il0we idertification nf tne uncertaintien
on the data responsible for the qnrertsintics orn the responter. “nreaver, the calislated
wncertainties and mulitigroup cress sentiong are adi,ited ar %=a bacin ~f infarratinn
gaingd from appropriate intearal exderi-ents., draftres cotuie abded 1o tne FORSS system,
UTCRACKER, periits the sclution of the 'nuerse praller:  ast in, 3 calouialion to
determing the accuracy with wnich nuclear dats rust e ~ed . .red in rier far 51 to be
used successfully in calculating parsmeters of « given reactlor’snhieid <vster: 10 within
the accuracy set by design criterta, 7ol another —aduie, SENTINIL, permits  an-line’
projections of chanfies in response Assacialed with recqnaneclinn reoovaluationg,  Thig
tool is expecled to be sed in the evaiualtion and jala tex et

Wlow having a cormplete nne-dimensiongl FARSS wustem, we are n the process of pre-
poring & user’s ranual and writing a driver o~ lirk 411 tre rndules,  1f the automated
system can then be showr Lo reproduce rrsults iiready nltained with tne cuccessive use
of the individual mndules far a sampie procler [the analysis of AOTIVAY, it will be re-
Yeased for distribution through RSIC. During the past year, the one-dimensional system
hes also been ariiied to a series of caizulationg far a “nerral reactor of interest to
the Electric Power Research [nstitule. and to several fast reactor benchrmarke designated
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by the Cross Section Evaluation Working Group (CSEMG). The sest recest application of .
the system has been in the assessognt of the impact of uncevtainties in standard cress

sectiors a3 they propigate theough other cross sections (for example, iy ratio medsure-

agnts) in the analysis of reactor systems.

At the seme timm FORSS is being extended further. [t is being developed im both
diffusion and transport codes for tun-dimgesienal core physics problems, and, in facl,
has already beem applied o 2 realistic twa-dimmmsional ondel of a large LWER system.
In addition, efforts to develop & time-dependent syster sre ueder wiy.

The application of the recently developed “chamne! theory” in the FORSS system it
also being worked on, not only with respect to the contributw:s (particles that con-
tritute to the response) flowing through channgls in space but also with respect to
their flowing through channels in energy. The equitions developes for the comtributuny
Took very much like fluid-flow equations, ind we are curvently attempting to develop @
theory for the contridutom field. Once chasngl theory i3 incorporated into FORSS,
the system will yield thrae-dimensional plots shouing the spatial and emergy regions
slloning the contributtnas to resch the location of iaterest.

It also appears that FORSS semsitivity techmiques developed for plasms physics
problems relating to the interactions of neutral atems are wery similar to sensitivity
studies required for light-water reactors relating to wpscattering. Finally, we hope to
estend our semsitivity work into the ares of non-linear equations which will allow
sconometric modeling {mr;y systems snalyses). Here the equations are very similer te
those being used in the Division for resctor safety snalyses (see below).

The applicability of the FORSS sensitivity analysis system to shieiding experiments
has been devonstrated since our last reporting period by one-dimensional sensitivity
analyses of 21 different configurations of steel, sodium, and iron. Measuraments of the
neutron Lransnission and gass-ray producticn and transmission in esch of these con-
figurations had been anglyzed in two-dimensional geometry with the DOT discrete ordinates
transport code using the 50-group LIFBR neutron creoss-section set developed severs!
years 430. In order to update these results, the configurations were recalculated with
the one-diremsional code SRISH using both the S0-group set and the later ONFE-DRDOD 171.
group nevtron set, .1d the ratios between the two were used to scale the two-dimensional
fiuzes. Consicering the resuiting ratios of these flures to the measured flures, which
were in the range hetween 0.75 to 1.5, we are performing sensitivity snslyses for eich
configuration to try to determire what canses the disagreement. By the time the first
five configurations were completed, it was apparent thet deficiencies existed in the
sodium cross sections in "he region of the 300-keV window and that the high-enerygy
elastic and inelastic szaticring datas ware suspert for both iron and sodium. Subse-
quent measurements st ORELA for sodium (see sbave) resulted in significant changes in
the sodium cross sections which w111 be incorporated in the ENOF/B-V evaluation. These
changes did much toward reconciling the experiments and their anslyses, and if upon
completion of the senwitivity analyses for a1l 21 configurations we observe & consis-
tency between the experimunts and calcuiations, we will be sble to state with confidence
that they represent the best set of two-dimensional steel-sodium-iron benchmarks avail.
sble for shielding, especially since with the resctor source snd detectors available ot
the TSF the entire energy renge of interest is covered and the configurations used were
sensitive to essentially all the sodium and iron cross sections.

Integre) Experiments snd Their Anslyses

Ouring this reporting period the analyses of severs! TSF eaperimnts perforwed
earlier to support the design of the CRBR were completed. Among these was 3 "thrie-
dimans ione) stored-fuel™ experiment in which the region between the CRBR core and the
resctor vessel wos mocked wp, including & region located outside the radis) shield for
the tamporary storage of fuel assemblies. The primery purpose of this experiment wes to
determing the enhancement of the fest-neutron fluzes outside the vessel! wl) due to fis-
sions in the stored fuel. Other snalyses completed were for on experiment in which an
esrly design of the lower axia) shield for the demonstralion plant wes tested and for ex-
periments performed to test the neutron total cross sections end the gemma-ray-prriuction
cross sections inclyded in the ENDF/B files for several msteriols,




In adgition, tae initial analysis of earlier experiments perforred T2 Study radiation
Mpdting in ivron and stainless steel configuraticns simulazing the C28i radial shield was
toncluded and published. However. ir this analysis the agreecent bHelweer the =easurements
ad calculations was considered to be Door; morecver. the acreement bDelween the thPvmO~
luminescent dosimeters (TLOs) and the ion chamber used in the sxperimen! wadt not good
entugh, nor even the agreesent betaxven the two types of TLDs. [The CaF. TiD and the LiF
D giffered by as much 23 20 .] Since our goal had beex 0 measure the heat within an
atcuracy of 5 in order to meet the criterion of Sestinghouse/ARD that they know the
Mating within 10 with 2 95 prodadility, it was mandatory that the discrepancies be
resolved. We spent several months examining our measuring technigques by Corparing the
o TLD: and the ion chamber in pure gavew-ray fields produced by four different sources.
Trowgh modifications indicated by these studies, we were able to irprove our techniques
% the point that for the pure Qamme-ray field ! three instruments 2G.-ee within 5_uith
& sLandard devidtion of less than 2. We then perforred additional measurerents 2t the
T5F wiing only stainless steel! in the configurations. The re<ult was that Zne heatina
mpasurements and calculations. the latter enpla,ing the latest cress-section values, 2s 2
fenction of the statnless steel thickmess aqree to within 5 . At relatively large dis-
tances beyond the configurations, they still disagree by as ruch as 23 . byt this is
sttriduted to inadequacies in the calculations nethed for such large rhicknesses.

Another experimgnt which was initiated during the last repcrting period Mut extended
into the current one employed configurations that rocked up the :pper 2rial shield of tha
CBR. in the first series of measurerents for this experimen?, the mochup consisted of
& om of <tainless steel followed Dy wo to 457 (= of sodium end up to 61 cr. of cardbon
steel. Later design changes in the (RER prorpted a second “rries of ~easurenen?s in which
the stainless steel thickness was reduced %o 30.5 cm and the (ardw., stee! Thickness was
iagreased to RY cm. This experiment hes undercone rigorous analysics wnion included sen-
sitivity studies that in turm prompted remeasurements of sodiur cross sections {see dis-
cossion above).

Two other CRER caperiments have been prrformed in recent rontns but have mot yet deen
smlyzed. One was an investigation of the neutron strearing that could be xpected through
& around a sodium coolant pipe fron the reactor 1o reginns near the heat exchanger. In
e experimenta] confiquratior a steel pipe having two ¥-deg bends and filled with sodium
covbonate and surrounded by Yaylo insulation passed through four concreie “chokes™ {con-
crete wmlls of various thicknesses) and neutron mdsuyrements were rade at various locations
21ong the passagewdy with and withcut the pipe in place.

The other ynamalyzed CRBR experiment was performed tn deterrine how much The thick-
aess of the radial shield couid be reduced if incore] were subslituted for stainlesc steel,
Owe reduction being necessary if & parfait core desigr is adeoted. [n the experiment
mpasurements were made behind 13-, 25-, and 35-cm thichnesses of the two materials, and
the results indicated that using incorel instead of <’eel would reduce the dnse to one-
Mmlf of that realizes if <tainless stenl were uted.

The analysis of a prototypic ecxperirent perforred at the TSF for the GCF2 has also
been completed. This experiment wds decingned to investinate neutron strearming through
coslant channels in a region sirilar to that from the GCFR core to the grid support plate
located above the core. The analysis indicated that neutron strearing in the lattice had
been observed in the experiment and it could be bracketed with two-dirensional diccrete
ordinates calculatinns, the homogeneous models giving lower estimates and the heterogeneous
wodels giving upper estimates. Monte Carlo calculations were applied tn corme considerably
closer to the eaperimental results, althnugh the Monte Carlo calculations are more diffi.
Cult to set up and to perform.

We are now designing, through analysis, a prototypic GCFR grid plate shielding ex-
periment to simulate the neutron transport from the core up through the axiai blanket and
through the grid plate shield to the grid plate. Its purpose will be (1) to verify our
adility to calculate the streaming out of the core, [2) to verify the effectivensss of
the grid plate shield in its current design, and (3) to verify our ability to calculate
the effectiveness of the grid plate shield. [t is pxpected that this will be the first
ezperiment to remove the TSF from its standby status,
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Ir the meantime, the Division iy initisting another eaperimentd] shiclding program. .
A3 part of the ERDA-UFNE Program. we have beea given the respomsibility for previdimg
the data, rethods. and pratotypic measurements required for verification of the new-
tronics design uf the shield and blanket for the TRS (the mext step). which is wspected
to be the first dbregi-even fusion device duilt. (The conceptusl design for the RS is
being deyeloped in & joint prograr by Gemeral Atomic and ORI . with the fimal onsign
scheduled for 1922, The experiments will be similar to integral experisents which
were perforred by the Division in earlier years for DRR (see papers £.16-4.18), but will
be on 2 larjer scale. The neutrorn sowrce will be provided by the ¢{T,"Neln resztion, with
the deuteron: produced by a 300-kel generator howied in 2 relatively 1wl concrete-wplled
roos:.  The work (o date s consisted in doing some preliminary shielding 1ludies in the
voom and perforning oreamalyses to design the experimental coafiqurations. The meutroe
attenuation is expected to be on the order of 10, of whith 10° will be guenetric atiemy-
ation and 10° will De material attenuation. Ne will use RE-213 spectremeters and detet-
wrs tha! reipond over 2 broad enercy range [Sonner balls). The erperiment the first
year wili be a2 material 2ttenuation experiment. uting a generic teroidel shield confige-
ration of lacinated irom and hydvronemnys saterial {borated polyethylene representing
water). Subsequently we will perform neulron streaming experiments. tince the many hales
that will be present in fusion reactor shields will probadly comprise the domisent shield-
ing problems.

Developrent of Methods for Shield and Reactor Amalyses

The division’s current development of shield analysis mpthods continues to comsist
of long-verm efforts on the maintenance and improvement of the existing discrete ordinates
and Monte Carlo Cransport codes, specifically the DO and MORSE codes. As has been pointed
ou’ previously. 4 major effort has resulted in Yersion [V of the DOT code, which has the
capadility for solving larqer problem meshes wilth less fas? mesmry, and it allows Uhe
radial spatial mesh and direclional quadrature o vary with axial pasition g that thwe
corputation work can be concentrated in the most important spatial regions. The letter
featury will allow streasing ornbless to be calculated at much lower cost tham has been
possible previously. T-1V is now fully nperational and is being used regularly within
the division., [t should be svailable for LWFRR contractors during 1977,

In the meantime. @ new version of the 007-11] code, called DOT 3.5, Mos heen re-
leased. It incorporates some of the features of DOT-IV, and, in fact, was developed
primgrily as 2 test wehicle fnr these features,

During the past year we have al<o published 3 users’ guide for the .ersion of the
MORSE cade that substantially reduce< the computer zore size that must be used for solving
probless with large cross -section storage requiremerts. Called MORSE-SGL {for Super
Grouped Cross Sections), thic version of MIRSE alse mrlutu" an improved combinstorial
geometry package and a compuler cade thal transfarms ARISK cross-section libraries to the
APY working library formar.

Other work on Monte Carlo transport has resulted in an imprmved technique for im-
portance sampling in deep-penetration problemx. This <tudy has shown that for some
cases expressing the importance of 2 particle in terms of its entering a collision event
{event-value function) rather than in terms of its leaving an svent [point-value function)
results in substantial variance reduclion.

Another very important factor in shield developmenl methods has been the application
of spatial channel theory, which i< a technique that reveals the channels through which
particles flow to contribute to the calculated response. Channel theory is based on the
observation that only a portior of the particles emitted from & source acluslly contri-
dute in the response and further that of the perticles that cnntrihute, colled contridutons,
some are more important then others. In channel theory the contributons are not only
identified. hut their course through the snield is charted. Channel theory has already
become a standard part of the ORNL shielding program.

In the development of core analysis methods, Version [I[ of the diffusion theory
neutronics code VENTURE has been releaced and i availahle for use on the ORRL computers.
both locally and via remote terminals by General Electric and Westinghouse/ARD. Apglicotion
testing of another neutronics code hac allowed selection of a ¢ifference farmulation far
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. Wwpliation 15 (orplicated Teoortries "hal "awdl yte oF e lirege finite slecpal 3ppradgh
In par%. Rather laborate esroture (@Labiiviy 1% »om gei'1asTe i the Code toGale called
BURRER 'R wds deveiaped 2 ain), ¢ wariet; nf Se Pmigues % v 3lie Ime chilm oquatians
md gernerate auxiltary vesuits.  Trecr and relaled COMS avt o3ed e 3 Lirple cpdular
code systes which 2llows 2 reactor Rittory 16 De follimed. Tre #Ffarl cmtinet toward
enhancing thiy analysit zapad:rlity. In s2t13fs tne meedy anicn are ier2ifind in applie
cation. and to tatisfy the requirerents for SuCuentation asd uter irstrucliont.

In other work & finite elerent forru.lation ,2i1:0ing 3 curerical form of e trams-
port equition way deveiosed tn odldin agprnxisale rgerical lutinms 10 neslron tramse
port prodlees. The formulalion is hased or the gie ¢f linear Lagrarse-%yue polynoridie
and a2 geoeral treataent af anisolengic sCatlering was irgl.ded v, ecployire Ciscrete-
ordinates-like approaimations. In a related but <enara’es forsgiation, Suadralic
i Lagringe-type polymomials were exployed W0 Span the ‘Taiai domain.  Linedr anisotrapic
‘ scattering wis treat=d by rempuinc the ang:lar variable ucing 2 sscond-drder <umerical
Narmpnic eapantion.

Fisally, 3 tecmnique NS Deen developed which is iecc corpli gated In  thoxe 0% Tered
previowsly for calculating the reactivily chenges resuiting Jror tne zollape o 2 large
oumber of sl Dubbles in an LFFER core. ir this Tecanizus tre <gllivine sites in the
bubble syitem are reduced %0 a 3£¥ of €ross sections and ther pronabit!ities, aag the
problem, which is stachastic in nature, is solved wits & detervinictic calculation {see
dicnssion af application delow).

Mralyses for Specific Systems or Applications

The analyses performed Dy the Jisision for oevific suslers or gl iication, have
bewn mbny and varied. as would De expraled by the diveriifiet inleretis af tThe spansaring
sguacies. [» adgition o the calculalions ! coperimeets Jiscucied adove, the amaiyse:
have included radistion damage. neulranics, 4nd plasse rodeling <Tudivy far spwlific
fusion esergy devices: desinn calculalions far donizatine calari-eters: several alce-
lations of high-emeryy particle transpart: calculvtions for fueio ,oie 2iternativess and
seutronics and shielding ceicuailions #ar fission rexcfars. plat stmer oecidl Sludies.

fong the caloulations for fusise energy devices wat 2 Lrasi-ne(lor tersilic:ly

$Cady Chat gave the uncertainlies ir hedling and radiatizn farane reiponies in a lorsidel
figld coil of a tokamak ezperimental DAwer reaclor that were due T un erivinties ir the
iron an? carbon cross sections wied in Ve <aliulatiang, The reg,lf%s “wticaled 2 nigh
sansitivily in Lhe snergy ~roud conlaining the 14.7el Squrce. Ir additior, 4 zalculalion
wht made of the spatial varialion nf the Aarwge ererty and g3 praducl-an 1o Lhe erperi.
rigntel woliew of 2 Li{D.n] restron radiation damge faciiily, and 00 213 erparimemlalicty
in sssessing radigtion-damage effecls due In heavy rennil isyrged aariic-let Droduted by
different neulron environognts, specifically Lul nol erciusivel; thase in fusicn energy
devices, 8 recoil dals vest developed during Une previsus reporling pering hat now Deen
made available.

The ngutronics calculations performed for the ‘usinn energy aronrar have been crne
cevned wilh four different devices: the [PR [fsperizental Power Reaclor), the 155 {The
Baat Step). which hat replaced the PR, the FRT [fImn Ruspy Taruci, and the TFTR [ he
Tokamsk Fusion Text Reactor TO Ba built al Primcelon Lniversityl. For the (PR, 755, and
EBTR one-dimgns ions] neulronic and photlanic calcislation have virlded comparisnan, 0 he
nuclear performance of several praposed dianket and hield designs. For the TFIR 3inilar
caleulations were sade Un obtain prelicinary estima'es of sore nf the effecis of radialinn
on the operatian and ~aintenance nf the neutral hear injercar. The radiaticns considered
ware the 14-BeV neulrons oraduced by 5-7 reaclinns in the Llasa and 2.6-MeV neutrons pro-
duced by V<D reactiony in the calarireler and 'he rharged-deyteron beam dpnp.  Thic ctudy

is deing continued In more detai) wilth Hate tun-2dirensinral and tnree-dizensional calca-
lations.

Annther study in IRi% progqrar e Meer 2 Morte Tario amaiysis Lo pitimate the effecls
on the prrformance nf a -7 Tokazab Pusinn reactnr thal penetralions thrayqh ke Llanketl.
shield assembly would kave. A areat many of these penctratione will rric? in the asserdly,
sowe of them very larae, and radiation ~trearing thenush ther coyld resull in excetsive
heating and radiation darmage in vital romponnnts, particularly in cornneric IF coils,

{Ser above discuszinn nf fytinn energy rejerirental <hielding proqgrar recently hequn,
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e plasse sudeiing Stedies Cxring this sapirtisg paviod hove maialy consisted of o
iTetios sad pubticatios of & chlcuiatioe of Ve intuviction of hydrogen stams withia
pical GRDIRE plawr

- e anether orel, & series af ci'tuletiors pavfermnd with the MER code [Nigh-Eweryy
Spert Codnl to aid in the dasign of leniptien colarimters thit sedsure The asevyy
g Mihgntvey partuter hds cantiownd frem sarliier yobrs. Tie calorfmpters wrw
" Datic types:  Ueie whith vigs (i § ogucad In 3 Yigeid or plastic scintile
M org thbse waich Salieet 3 “hives BT & LS 2rety & wudiun consisting of ol termaite
FErs oF some digtectric seterial and 3 Mty wrrieg matarial. Originelly fewn e
Eb 1be prefesved thsarder. Bul wrpuriagats *ecantls completed at CEMN $a Switreviond and
Blcuiatioas purforaed 07 wh Bave Shaws TAL ‘3% casld 00 wind a3 the abtorber with liguid
b a5 U dilatiric, the r betag I3t fait Vissien will accer tn the *'*0 and
n ta e syUiG etvey T wici® rdingrily be Tost o5 Dinding eaeryy. As & ressl,
dvice w11 give g YorZer sitwil anf it roeblvtion uil) de fopraved. It wes ontici~

The it ion's caloslations of the wravipert o Mgh-gnergy pirticles ave esyen-
T 315 done on reoust from otiver 5. fximg)es are 5 savies of discreta ordi-
5 catewlationg carvied oui e oI5 L thwe Jusign of Uhe shielding for the eaperimental
s 7 tac S00-Me? glectrer ailelurator at tBe waiaratavy of Muclawr Sciente at M7 iy
’ i 900 Me¥, aud recantly initiavgd caduula:ions 1o determine the comrete shield-
g s0cted around boam Cumps for Uit pregnsed MO<Cr¥ protom sterage rings at Brookheven
tignal Labwratery [TESDVILE) to rapidly retexe U radiation from infuted activity tn
bere dupy 10 ar axCaptedie ivwgi (13 min) afler the 200-Ca¥ protus Daam has bewn
wd.  fu adeivion, karme (Rinetic 29rrgy ralense in matier; factors hive been cbtiined
BERLYORL ir (Ne wrgrgy vtone do ts JO MY in Ciosee (o afd in the use of meutrons in
vainlimrady ot the Ferri Rvttomal Acenlnrater Loboratory, and di fferemtisl cress-
Fon diie rave Beon calcwlited with ™ intramecleer cascede code MECC-7 for comparison
% eaper ivental dars SL1Y:ned &t MICHIgaw State iversity. We mave recently extenced
capdbitivios Sor salinleting intraumcienr cascaies by completing the deveivpment of
Bigheenzr gy tade KECC wiich ailney us 29 90 abo e the MECL-7 code’s .3-Ge¥ energy

-

The higheenergy vode Y plaved sn inpertant role in 2 prelisinary study of the

13t i1y of developing ar sccrierater bragiing and comverter reactor smbilotic systewm
AC5) ac ax 2'termptivn To Tatt Brewder vesttors. This study, led by owr Division

Lo and In liding the pavticigation of mumbars of othar divisions, included target

ysics stodies whicii reautred caleulstions af thy nteractiont of protons going into the

Mr g LargEl 0 YLduce neutrons v of the aewiriws piu!ui to » blenket of depleted
tam t produce pluioniunm for irts Cherfum €5 prduce 22 XU).  Ancther part of this

iy reriorsed witnin ger Civiston g Chy comsideration of severs! types of converter

eriars, with the Mess *lows and gconomics nf the ~omplete symbiosis presented. The

S sty wis prompicd Ny the zurren” natienal co xern over the proliferation of

wiear weapons amd Servor st 2ciitity throvgh e ‘heft and use of plutonium, and partic.

Gl 27LeNiI00 wa sudves e G he wplementsilon T the P ''U-7'"U denatured fuel cycle

w6 8 dmarrent.

in 3 close?y related siuly, ve Dave evmined L feasidility of using the denatured
72.7: % fyuel cycle ir. conjunction with an energy perk. The envisioned scemrio is that
F rastricend ares wt11 be astablishad for the Tocalion of fuel reprocessing and fabrica-
Ring faciivtigs ond Jigo for convertar recctors (recently referred (0 45 "transmuter”
reactors) anice predme "0 in thor faa wiile cunsuming plutonium. Resclor. outside the

siricted arer wivld operate on the Jmmetured fuel wiich would de returned to the re-
Stris ted srea %or reprenmrsing 008 removal of the plutonium, which then would be fabri-
aivea as Tue) 1o ¢ comvarter reatinr.  Savers) 2ther studies are 2130 under woy to
o aAmese the nOs:ible uses nf tharium I fuel cyt)es.
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The Division's core amalysis code VERTRE has also been applied to several prodlems
during this reporting perisd. One is 3 large-scale three-dimensional light-water
seactor benchmark probler originally defined by the 1971 lAEA panel on burnup physics
ad subsequently adopteg snd adapted by the Senchourk Prodlem Committee of the ARS Rathe-
matics and Computation Diviston. VERTURE has produced 2 reference solution to thiy prob~
en for terting other codes.

, VINTURE is aVso ong of thwee finite-differunce codes that have been applied to an
NS beachmprk problen defined for o high-tempevature gas-cooled redctor. A simplified
madul of the Fort St. Wrain Wigh Tewmperature Cas-Zooled Reactor (HTGR) was chosen, with

- oplgtions to be sbtaingd both in twp dimgnsions and in three dimensions. Thus far sole-
tions have bees oDtained for the two-dimensiona]l prodlem, with the vesults from the three
coles in geod agrewment.

Finglly, VENTURE is Deing applied to problems defined by the Large Core Code Lvalua-
tion orking Group of the Reactor Physics Braach of ERDA-DRRD. The initial problem is a
“representative” 1200-Mi{e) LAFBR in & tup-dimensional radisl geometry. Again the codes
sed on the same chlculationa] method and uiing the same multigroup constants are in
substantial agreement.

The Division Mas also performed several core neutronics calculations for the CRBR.
these have Deen calculations on which to base the development of methods for moni-
“toring the initisl core losding. This is a particularly acute problem bec.use the count
-rate for the deginming-of-l1ife core will te 3o Jon. Several monitoring methods have been
. proposed to the CRER jact DOth by our division and the [nstrumentation and Controls

. Division, and next yedr we eapect to be engaged with the [ & C Division in a cooperative
- program to explore in depth several techniques for initial loading.

i In other neutronics work, we performed an analysis of the CRER ex-vessel fuel-

sssembly stovage tamk with the Monte Carlo code CHERIE/VENO to deterwine how near criti-
cality 3 new design proposed dy Atomics Internationd! weuld de. The resuils indicated
the condition: were sufficiently close to criticality to merit redesign of the tank.

[n addition, we performed calculations to verify the absolute count rate of the CRBR
source level flux monitor (SLFM) during reactor startup, and we carried out an analysis of
an SLFM experiment on the IPPR-5 at Argonne National Laboratory [ANL). In agdition, we
d¥d ananalysis of the uncertainties associated with the proposed use of the SLFM by
Westinghouse/ARD. [This work is similar to that performed earlier for the Fast Flux Test
Facility [FFTF) and published during the current reporting perind.] During this reporting
perind, we also initiated studies on the reactivity associated with bowing of the CRER
core, such as will occur during startup; however, owing Lo design changes in the core
these studies were postponed after only preliminary results had been ohlained.

In related LPFBR resctor safety work begun by the Division in 1975, efforts have
continged on the development of a Monte Carlo three-dimensional quasi-static kinetics
code for use in the amalysis of severely disrupted cores, but progress has been slow
owing to unexpected convergence problems in the code.

Studies of the resctivity associated with the collapse of bubbles produced by stain-
less steel vaporizing in & medium of molten fuel have aisn continued u.ing Lotn discrete
ordinates and Monte Carlo techniques. [n the discrete ardinates technique the bubbles
were modeled discretely, while in the Monte Carlo technigue they were represented statis-
tically. The Monte Carlo method prov-ded upper limits on the reaclivity that were lower
than those produced by the Behrens’ method. indicating that the Behrens’ method, which
can be applied more eqasily, is indeed conservative. This led to the development of oyr
own simpler technique (see discussion above)! which retains 3 statistical repres:mmtation
of the dudbles. Preliminery results obtained with this method, which has the advantage
of being applicable to multiregion, multigroup and partial bubble Zone problems, ag:-ee
with those obtained with the Behrens' method.

in sddition, the resctor safely studies heve included the comparison of variou:

. methods for neutronics anslysis of severely disrupted LMFBR cores. The bases of compari-
. son included kepye values and material worths. Preliminary results indicate that diffusion
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theory nethods mdy be fmaccurate valess close attestion i3 given o aesh pocing. Stuties
Bove 2152 Degun in this ares ta isvestige's setheds spplicable  the anelyris of parfait

Produced, the mmber of liguid froguents, etx.

The Division also participates in & safeguird study in which we gre contimmiog ts
a2id in the development of 2 system for assaying the fissile cantent of Jpent LIWER fuel
assemblies in fuel reprocessing plants. The system conteived i3 & se-called “ctive
interrogation™ systen in which mtutrons are introduced inte the fuel sns the ressliting
fissions are detected, with the design precluding the develipment of critical conditions.
Dyr initial work comsisted of Teasidility colewlations for the system, and ewr current
participation cunsists of calcwrations of the detuctor response for spacified configure-
tions. de are also doing calculations for & proof-af-priscipie erperiment o be performed
fn the ORML [ ana C Division.

In the aree of radiation transpert throv3” shields, the Division has continesd
! apply the COT discrete ordinates and the PORSE Moate Carlo tramsport codes to predict the
- penetration of reactor radiations through shields, and, 10 & lesser extent, to predict
ithe transport of weapons radistions through the atmosphere. In the reictor shield sadly-

* ses, channel theory has been included as an integral part of the calculations.

e Our anglyses for the FFTF were completed in 1976 with the reporting of two addi-
‘tional -eries of calculations: One was an extension of an esrlier study to determine
i effects on the saintenance floor dose rates of pipe and duct penetrations through 2
" goncrete shield installed in the upper region of the reactor zavity, and the other was
des igned to determine whether radiation streaming upward through gaps in the head com-
partrent shield would enhance the dose rates on the operating deck. Both calculations
~indicated a need for additional shielding.

The first three series of shielding calculations for the (RER were also veported.
The first series concentrated on the Tower axisl shield and indicated that & swbstantial
reduction in the shield thickness could be realized. The second and thivd series were
*full-assembly” series in which dose rates on the reactor hesd were calculited for
several reactor cavity shield desions. Subsequent CRER shielding work has centered on
determining the adequacy of the SLFM for monitoring the beginning-of-life (BOL) core
during shutdown. Since the SLFR will be located outside the reactor vessel with con-
siderable intervening shielding and the inherent source of the BOL core will not have
yet built up, it will be very difficult for the SLFM to "see” neutrons during shutdown.

In our support of the shielding enalysis program for the 300-Mi(e) desonstration
model of the Gas Cooled Fast Breeder Reaclor proposed by Gemera) Atowmic Corporation (GA),
we have performed calculations for & new reference model to analyze both the proposed
radial shield and the lower axial shield. These have included two-dimensional cross-
section sensitivity analyses with the SWARLAKE-VIP system and also channel-theory
calculations that showed how neutrons from the core were transported to and into the
PCRV (prestressed concrete reactor vessel). In addition, these colculations. which will
be used by GA a3 & basis for new reference designs on the radial and lower axial shields,
ylelded gamma-ray heating and dose-rats information st the tendon position beyond the
liner. Future efforts will be directed at establishing the GCFR neutron leaksge spectrs
Poth at the Dottom of the core and at the top of the grid plate. These, then, will
become the sources of lower and upper axial shielding cslculations, respectively.

Finally, the MORSE PMonte Carlo code and the time-dependent ANISK code (TOA) have
been used 0o calcylate time-independent and time-dependent radistion fields produced in
the strusphere by weapons bursts for DRA. These follow esriier two-dimensional 007
calculations af the neutron and secondary gamme-ray fields, including cross-section
sensitivity studies, produced by weapons at varying heights asbove the ground and ses
wa ter.
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Iaformation Amalysis and Distribution

, In addition to performing resesrch per se, the Neutroa Physics Division loag age

vucogaized At in order ta avetd unaetetsary duplication of research efforts and/er lost

ting in lidrary searches, it wis cpndstery thit the results of research fn 2 given fiele

" by organized 8 2 wiable and readily svailable manner. 12 was this recogaition that

provpted the e3tabl isiemnt within the Division of the Radistion Shielding Information
Conter (RSIC) over 3 dacade 490 and the subsequent organizatiom of the Siomedical Cem~

. puting Techuslogy Information Conter (BCTIC) im 1975,

In the previsus reperting period, It was anmounced that the Division wis 2130
“initiating o safety amdlysis conputavized resclor data bese (SACAD] which would provide
tapyt for appreaisately 100 fast reacter safety amalysis codes now in existesce. In
the ensuing peried (abeut 1-1/2 yebrs) the process of collecting and collating the dats
ond putting 1t on QRN - (SN mechings has resvited in the handing over to & Safety Amalysis
Sots Conrdinating Crowp (SADCE) of Varsien O of the base, which containg thermephysical
properties of materials impertant for safety sndlysis. The coordinating group, chiired
by the sguber of our Division wio leads the safety dota base effort, is .owposed of repre-
wetatives frem industry, wniversities, regulatory bodies, matiomal laboratories, and
EROA, angd it is respemsidie for the evaluwation and approval of the data released. The
" Gata eventually to De relessed will describe the physical properties of resclor core
mterials (e.9., thevmudymamics, material strengths, heat transfer, mass transport) and
alse metsorelogical. chemical, @simetry, meutronics. and aevosol tramsport data. In
addition, will contain Bidbliographic and reference materials, files for comwonly
wied corvelations and veriadles, benchmarks for data testing, and files contiining new
Sut noneveluated dats.

The manigement system for the SACRD data dase is the computer system JOSHUA tnat

. was developed 3t Savamnsh River Ladoratory. JOSHUA is & modular code systewm consisting
of approximately 150 separate codes linked together. [nteractive terminal display
capability under time-Sharing operations is being implemented to facilitate easy user
sCcess to the data base. [t is expected that Version | of SACRD wili be rel=-ased to
wsers in late 1977,

A related but new date base which will sgon be initiated by the Sivision is a
Reliability Data base, which will include statistics on the reliability of various< nuclear
plant components as determined from experience with operating resclors. Specificalions
for this data base will pe presented to ERDA on May 1, 1977, for review.

RSIC, now in its I5th year, continues o be our larsest and rest widely used infor.
mation cernter. Established to promnte the exchange of <hielding fechnalony, i1 acls &5
# resource base for bORh governnent and civilian anencies in tre Uniled STales and in
foreign countries and performs such diverse functions as providing biniingraphic infors
mation; testing, assembling and distribiuting computer rades: prejaring, tesling, and
distributing multigroup cross-section lidbraries, hotn fine~group ant broad-group; (ol-
Tecting and distributing other types of data bases; hoiding serinars b educate the
shielding commurity on particular techniques, esperially corpater technigaes: hel ing to
establish shielding benchaark problems and shielding <tandards. and qenerally providing
problem assistence to requestors.

Results from come of Che RSIC activilies during "he (urrent rapoering Jering have
already been cited in this suswmary, in particuiar, the ~ainlengnce of an #val ated neytron
cross-section file for the Defense Nuclear Agencys 'he developcent ard testiv ., in coj-
leboration with other Division staff merbers, af the Hfd fewenrnas ltirar,, Le fFR
100-neutron and 21-garma-ray qroup +ibrary, and the 171-reitron and - ¥d-rdy Group
VITAMIR.C library. The realease to and through RSIC of otner o0 of 2ata Nases fas also
been mentioned. RSIC has continued (o participate in the wore of e “5i4h Shielding
Subcormitree, with the Subcommittee presently being chaired by ar RS[0 staff member In
addition, RSIC performed & survey of the radiation profection, ratialior transport. agd
shielding needs of the nuclzar power industry, ang in April, 1476, conducted o <erindr
on radiation energy spectra unfolding fechniques., 0Nne <taf?f =erber tay, 3150 been actively
fnvolven with ERDZ in developing radiatinn pratertion and shielding standards froe the

- overall menagement viewpoint. Another vignificant asccomplisnment during the year i that
‘ our bibliographic informetion (SARIS; is now nn RECN%, <0 that a7ces, to the inforration
fs now possibie from all aver the world.
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In the sred of computer codes. RSIC published its fourth volww of ORR/RSIC-13,

ich includys shitracts for code pachoges CCC-188 Uwough CTE-26). MSIC"s imgistonce oo
 "spen-code” palicy a3 Mar mh towtrd fogilitating Oy vnchooge oF computer cudes.
sinilar ctonce on @2 exchonge NS a1%0 Deen taken.

. Dwring 1976, ware than 4000 Vetter ronpests te BSIC resolitad in 9902 separels
tivities (31.5/meking day), which §s & 26 imcreste. The comter aise filled 432 DI
ts (Selective Dissninstion of lafernstion), and mailed its soniily ams »
of
in

recipionts.
It is sbviows VT the Contar’s continmd Sility to Fil) the intrensing maber
aouests witmet ficaatl incresses in their stal? (the sgprecionty dmbliag timy
Togests is & years) i3 te & Jorge eztent Uhe reseit of Ue dvelopeant of e officiont
W suppertive sdutaistrative staff. Mecogniriag this, Uw Divitien durisg "Wy past
r effectively ressved the aduisistrotive stV mmbers fren solely RSIC agaretions
i placed thas in an aduinistrotive “wmbrella” ideetifiad as Ui Techwical Bmsawree
Sowp. This grevp wes then requested to pevform sinilar functions for BCTIL.

As was pointed out in our lTast pregress rapovi. BCYIC wes estoblished in 197% >
tlect, organire, evaludte, and disseninate inforuption on conputing technslegy in bie-

]
gicine in general and muclewr medicine in particulaer.
The past year has been a growth year for BCTIC, which curvently s 1§ code pichages
sk 3 data libraries available for distritwtion. The BCTIC mewsletter. published bi-
Wathly, now reaches 2 distribution of ower 1200 persons, as conpoved to only 700 in
Wovenber 1375. In an attempt to acquaint the medical commumity with i3 spevation,
PETC staff senbers have given presentetions to severa) mationd) and faternstives?
wgnizations, including the Society for Computer Medicine, the Asseciation for Compoting
Mchinery, and the Internations) Atowic Energy Agency. In addition, persemsl centects
Nave been mide at severa! blorndical computing installations, snd over 850 requests have
buen received for information, codes, datz, or other SCTIC services.

' One of BCTICs sast significant accomplishments dering the post yeor ws the publi-
.. Eatiom of ity first voluwe of 3 directory of compuler users in mclear medicing (Meport
ONL/BCTIC-1). This decument is designed to facilitate commmication smpng curvent and
P tive ysers of in nuclesr medicine, o identify avees of common interest,

. ond to minimize duplication of effort.

i Discussions are under way with several organizations, inciwding the Notions? Library
of Nedicine and the MIPS Developmc=! Comittep, to expond BCTIC's services to other

o avress of the bioredical coowmunity.
: As would be expected, the availadility of the Technical Research Growp hes provided
fmpetus to the establishment of other informstion ceaters within the Division. During
the past year negotistions with the fiuciear feguliatory Comission Jed to an agreement for

Setling up an RRC Messured Data Repository (WRC-MOR) which will g8 into eperation in 1978.
ts center will be an integral part of RRC's LOCA Nest Tronsfer Dsts Bamk. Its fumctioms

™

will be to accepl raw rejsured dota from the Blowdown Neat Transfer Testing Programs,
after the dats nave been placed in 2 comon format elsewiere, and thws to provide a com-
won source of raw dets for MC's regulatory and safety research areds and for the nwclesr

power industry.

In the seantime, & feasidility study i3 being performed withi~ RSIC on the possi-
his center .ould de o computing

bility of establishing & second WRC center under THG.
contract support Center which would accept, test, and distridute codes for safety smaiyses

of muclesr furl shipping casks. In the fessibility study, RSIC hes slreedy accepted the

responsidility for disseminating the multigroup Monte Cerle ceitical ity code XEWD-IV. It
will, in addition, work with the user community and code developers to advence the tech-

sology in Ohis field.
Lorrsine 5. Abbott
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PEASUREMENTS OF CROSS SECTIONS ARD RELATED QUARTITIES




1.1 SEASUREMENT OF MEUTROR TRANSMISSIONS FROM 0.52 8 T 2.0 ke
TERCUGH SEYER SAMPLES OF - "“UAT 0 =

D. X. Olsen G. de Saussure ®. B. Perez E. 6. Silver
R. k. Ingle! M. Weaver

inbstrace of WHELTN-325, January, 1%}

Heutrom transmissions through 1.5-, 5-, 10-, 30-, 100-, 425-, and 1425-mil samples
of depleted - "V were measured from 0.52 eV to 4.0 keV using the ORELA pulied electron
linac neutron source and tice-of-flight technique with 2 1-re “Li-glass detector with @
flight path of 10 ». The measurements ave tabulated and compared with trasswisgions
calculated from the (ROF/B-IV total cross section. In addition, the 1425-mil trams-
mission froe SO to )OO eV is comparsd wilh transmissions calculated Dy using rultilevel
formalisms, and sore neutron widths are extracted with area analysis and compired with
those from previous measurements.

.

Research sponsored by ERDA Division of Reactor Developnent and Demomstration, LMFBR
Program.

" Imstitute for Energy Analysis, Oak Ridge, Tennessee.

'lns!nnmution and Controls Division.

1.2 PRECISE MEASUREMERT AND CALCULATIOR OF - “U NMEUTRON TRARSMISSIONS®

D. K. sen 6. de sure R, B. Perez . b Silver
F. C. Difilippo R. 4. Ingle: H. Weaver

{Abstract of puprr published in arch, 1777, issae of uclevar Science: amd Ensima~ring)

The transmissions of 0.52- to 47M0-eV neutrons through 3.62-, 1.08-, 0.254-, 0.0762-,
0.0254-, 0.0127-, and 0.0036-cm-thick samples of depleted - *‘U have been medsured at 42 m
with 3 1.0-se: "Li-glass detector using the Oak Pidge Electron Linear Accelerstor pulsed
meutrr source. In order to obtain resomence parameters, these seven transmissions from
U.52 to 1086.3 eV have been simyltaneously ledst-squares shape-fitted with 3 multileve!
Breit-Wigner cross-section formalism with "picket femce™ terwms to account for trumcation
effects. This simultareous fit yielded a .  per degree of freedom nesr wmity. Averaged
over this energy range, an s-wave strength function of 0.968 - 0.036 x 10~ and an
effective radius of 0.948 - 0.005 x 13- ¢m were obtained. In addition these trans-
mission data yielded an average radiation width of 23.1 - 1.0 meV for the 12 lowest-
energy S-wave resonances with radiation widths of 23.0 - 0.8, 22.82 - 0.8, and 22.9 - 0.8
me¥ for tye 6.67-, 20.9-, and 36.3-eV resomances, respectively. The derived radistion
nic:hs for these three re-onances are shown to depend on the cross-section formalism
exployed.

'hmrch sponsored ty ERDA Division of Reactor Development and Demonstration, LPFBR
Prograr.

“Institute for Energy Aralysic, Oak Ridge, Tennessee.
‘M TAEA fellow from Comivion Racional Enerqia Atomica, Argenting.
’lustmnution and Controls Division.

1.3 RESONANCE PARAMETERS OF THE 6.67., 20.9-, AND 36.8-ev LEVELS IN '*i”
0. XK. Oisen G. de Saussure R. B. Perez F. C. Difilippo

{Reprint of Trans. Am. Sucl. Soc. 13, 4%, [77¢)

The EROF/B-IV “'°U cross sections (MAT-1262) yield an effective copture resonince
integral in strongly self-shielded situations which is too high.! This situation sugests
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that the ENDS/B capture widths for the first few s-uive levels may be toe lur. Recent
QECLA measurements: of tramsmisiien Cthreugh - *'U have bees andlyted with & selitilevel
forzula to determine the paranmeters of the 6.67-, 20.9-, and J6.6-¥ lavels. These Uhree

levels provide £6. of the infinitely dilule captuwre resendnce fntegrel.

The data comsist of traasmissions throwph 3.62-, 1.08-, 0.238-, 0.600Q-, 0.02%4-,
=587+, and 0.0036-00 metal sampler. These savem tronmmissions were siswltineewsly
20aly2ed ever many ressnances with the ledst-squires cumpster codn 31087 which cantaing
Souss ian resolution and Deppler breadening ang expleys & mpltilevel Breit-Uiguar cress-
section formalism with “picket feaces™ taran Lo azcownt for Sistant lovels, Dath Souad
ang yobound. [n addition o the resonance parameters, the code 3)lews tha :Ffective
radivg, sovaalizations, bickgrounds, and picket fence terms ts Do fitlad paramgters.

An effective radies of 0.949 1 107 on was obtaingd. indapentent of The datails
of the beund levels, by fittisg the tramsmission data frem 55 ¢t 500 . The cvess
section of the energy region of interest frem 0.52 to 55.0 ¢V is semitive t» the Downd
levels. Both tiw same effective radivs of 0.948 2 10" On ong & minioum in .- wes
odtained for this loweit energy reqgion with a picket fence of hownd levels extending
from -0 e¥ to --. Figure 1.3.1 shows this fit.

ORNL-ONG 76 - 7908

r

v - - . - . .

’ 0006 cm "

TRANSI SSION

! .
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ENERGY (eV)

& - - & a L4 L)

Fig. 1.).1. Simultaneous least-squares fit with the multilevel computer code, $108B,
to neutron transmission from 0.52 o 55.0 eV tiwough 3.62-, 1.08-, 0.254-, 0.0762-, 0.G254-,
0.0127-, 0.0035-cm samples of -U. For clarity, the fit Lo the data from the 0.0762-.
0.0254-, and 0.0127-cm samples is not shown.

Teble 1.3.1 compares the neutron and radiation widths from this fit with those com-
tained in ERDF/B-1V. The errors ismediately following these widths are the statistical
standard devistions from the fit. The mumbers in psrentheses are deviations corresponding
to the uncertainty in the effective Doppler tempersture, i.¢., 300° - 5°K  The statisticel
standerd devistions for the widthy sre small. However, the widths depend stromgly on
the cross-section model and parameters, end the statistical ervors comtain no estimete of
the systemetic errors in the data. The uncertainties sssocisted with systemstic errors
in the data sre estimsted to be on order of megnitude lerger than the statisticel errors
gquoted in Table 1.3.1. It is concluded that redistion widths smeliler then those contained




fn DIF/8-IY ore required to reproduce these tranwmission data. These smaller captere
wigths uesld significantly reduce the discrepancies between calculated and measyred
¢plure resandace integrals.

Teble 1.3.1. Neutren and rodiation widthe

Lesst-squares fit ENODF/8-1¥
€ (e¥) .‘.(-ﬂl :}(-!) .-.(-v) 7:(-\')
6.47 1.482 - 002 {- .008) 22.9¢ - .08 (- .02) 1.50 25.6
0.9 10.19 - .0V {- .0}) 248 - .M (- .62} 8.80 26.8
- 33.85 - .03 !- .08) k.- 03( .02) na 26.0

.hsufth spamered by ERDA Divisien of Reacler Development and Demonstration, LIFBR
Program.

“An IAEA follms from Comition Macional Emergta Atomica, Argenting.

. ll utl-‘l‘ dimssiu On thiy prodlem is contained in the various papers of

Sagrems T » Broothaven Hations] Laboratory, BWL-NCS$-50451,
S Mrlsuh. 1978.
2. D. K. Olsgn, 6. do Sovssure, €. G. Silver, and R. B. Perez, -~ - . - % .. .m

o, Brookhaven Bational Laboratory, BWL-RCS-5045%, p. 95, ed S. Pearlstein,
1975; D. K. Olsen, G de Saussure, . h. Silver, and R. 3. Perez. “rans. Arm. Rucl.
Sec. 21, %05 {197%); and 0. K. Olsen, G. de Saussure, R. B. Perez, £. G. Silver,
R W lnic. snd K. Weaver, "Measurerent of Reulromn Transmissions from 0.52 eV to
4.0 ke¥ Tawough Seven Semples of - "“U at 80 =, ORRL/TM.5256 !January, 1976},

). G. de Savisure, 0. K. Olsen, and R. B. Perez, to be published.

§. H. A Gethe, Rov. Mod. Prys. 9, 69 (1937); also H. A. Bethe and . Placzek, Phys.
Rev. 51, 450 (1939).

5. K. R.BMat, .- o I Brookhaven Hational Laboratory,
B, -RCS-50451, p. 244 !d..S Pnrlstein 1975

1.4 HIGH-RESOLUTIOR MEASUREMERT OFf [HE - "U T0 - U FiSSIOR CROSS-CECTION RATIO
BETWEER 2 AND 25 Mey

F. C. Difilippo’ R. B. Perez G. de Seussure D. K. Olsen R. K. Ingle’

(Reprint of Trans. Am. Zucl. Soc. 24, 449, (¥ ep alsn somrers orf ,-up' rresenred at
Bpecialists” Yocling on Fast Seulron Uross Sections oF -, 2 Tr, -t and - i,
Jume 28-35, 1976, Aronne lationa: laboratori, and pubklisie~l in ANi-Tred0, n, (id)

There are persistent discrepancics among recent measurermerts of the  ““y fission
cross section in the energy region from threshold to aboul 30 Mev. =" Some of these
éiscrepencies have been sttriduted to inconsistent energy scales. We descride here a
high-resolution measurement performed at ORELA with particular emphasis on determining
on accurste energy scale. A fission chamber divided into two sections, one with - *u
{2 pem in other yrenium isctopes) and the other with high-purity - ~'U, was placed at
40-m fiight path. The linac was pulsed at 300 pps with S-nsec wide neutrom bursts.

A careful energy calibration was performed through five carbon resonances which allow
on accurste determingtion of the initial time delay of the time-of-flight scale. The
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spssurement eatends ever & uide eoargyy cale: ia particular, the fdentification of the .
2%y subtiweshold resenances at 721 oF allen & precise determination of the flight-
POth lenath.

After corvecting the cownting rates in both sections of the fission chamber for dead-
time losses, backegrownd. and scattering ia the chasber wells, the - '“U te “''U fissien
tress-section ratieo was obtained at each ¢l-rn-t entryy point. This ratieo was thea
sovzalized to the value of 0.432 at 2.5 Me%.°

A copariton with the data of Behrens et al.- (LLL), Coates et al.- (Harwell},
Clerjacks  (Karlsrvhe), and Meadows* (AL} arw presented in Figs. 1. 4.1 ang 1.4.2.
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Fig. 1.4.1. Ratio of "% fission cross section to “ U fission cross section.




H H

08 — 1 T 1
i | TYPcaL ERROR BAND - .

-t - ORELA

oo - LLL

0.5 ~- » HARWELL -
j - KFK

0.4 ;‘_. Y R PO - . - s - . .- . B
13 5 N 4 19 21 23 25

£ (Mev)
Fig. 1.4.2. #s%io of U tigsion cronss <ection o Yofygnion (v cection.

Up to 7 Me¥ our ratios and those <f LI and AL are concistent | byt nAicher than *hose
of Kerwell and Karlsruhe. Atove 12 MeV nur razins and *%ase af U1, “arweil, and
Karisruhe are all cansistent. [f the various data sets are rercralized tn a corran value
at 2.5 ReV, the agreement below 7 MeY 14 i=praved, bul the airerren® a* hinh enpraoiog
fs destroyed, as must be expected Because of the differencas in 3hade hetween the yarings
éata sets.

In conclusion, our ratios beiow 7 Mes 1qree well wiln thnse Af LL!  ang &%L. Ahove
7 MV, our ratios lie between the above twn measurerents,

*

Research sponsored by ERDA Division of Practsr Developrent and Deronstration, LMFOP
Progrem.
“An IAEA fellow from Comision faciona! Enerqia Atomica, Araentina,

’

Instrumentetion and Controls Division,



1. F. C. Difilippe, “SUR, A Pregram to Gemevats Erver Coveriamce Files,” ORSL-TR-522) .
(1976). (The document contains & complete list of references en the mpssuremmmts
of the - “*U fission cress sectiom.}

2. J.u lu-gns €. ¥. Corluam, and R. U. Baner, “Hestron Induced Fission Creas Sectioms
of - ”U. ; “U. g Y with Bespect 0 Y, S, T om Tanlo e Tecasr
Jese o~ d ., 183 Special Mliutic- s (1’75). wol. I, p. %91,
Alse um rms (ms) and privete commmication.

3. J. u. Meadows, Zucl. Sci. Eng. 49, 310 {1972) and Mucl. Sci. Emm. 58, 255 [1975).

4. I S. Coates, D. 8. G.ythr ang M. B, Potlemden, S, oot w Tarlioe Twoer
wi Do Doz, MRS Special Publication 425 (1973). wel. ll p. S43.

S. We are indedted to J. ¥U. Bohrans for IFK data obtaingd by privote camswmficativa
frem S. Cieriachs (1978).

PPN S SR

6. u. 'i Poenitz, letter Lo the participants of the CSENG Task Ferce Mreting (March 16,
1976) .

1.5 THE - U SUBTHRESHOLD REUTROR- [BODUCED FISSION CROSS SECTION

F. C. Difilippo R. 8. Perez . de Sewtsure
0. £. Olsen 2. . Ingle’

fReprint of Trans. Am. Zucl. Soc. 21, 492, 197é; also suwsmar: of papet tiven at Intere
national Confercence on the Interactions of Jeutrons with Suclei, Juia 69, 1976, imweil,
Nassaciusctts, s publistw-d ip SEPR TIC rvport COGF«Tull5«r2, p. i4vl)

Subthreshold fissien in the - "V mutleus hps been medsared by Sildert snd Bereen,:
Block et al.,- nd Bloms.' Me repert heve recent high-resslution meassrements performed
at the outu facility for neutrom eneryies Detween 600 oV and 2 Me¥. The ORELA was
operated at 800 pps with neutron bursts J) nsec wide and & power of 80 24 on targat. The
resolution was 2 eV at 600 eV and 500 eV ot 100 keV. The detector was & fission Chamber
divided in two sections. The first section contained 4.5 g of " 'U (2 ppm of “'°U) ane
the second section had 0.65 g of highly esriched - %Y.

The time-of -flight spectrum between 600 eV and 100 ke¥ is showm in Fig. 1.5.1. The
data were reduced to fission cross sections by a ratio mpasurement to the - '*U count
rate and the E0F/B-1V eveluation of the - U fission cross sectiom.

The average sutthreshold fission cross section between 10 and 100 ke¥ wos found to
be 44 - 6 .b, which compares well with the valves of 50 - 15 _b ond &1 - 16 .D obtained
by Silbert and Bergen’ and Block et al., respectively.

Setween 600 eV and 57 eV, 28 subthreshold fission clusters were clearly identified.
The fission clusters at 721 eV and 1.2 keV were resolved into five and four resomances,
respectively.

The present results have been interpreted on the basis of Strutinsky’s* devble-
mmped fission berrier and the formalism of Weigmann' and Lynn." The sversge level
spacing for the Class 11 Tevels was O,, » 1.8 Re¥. This yields €,, = 1.8 MgV for the
height of the second minimum of the 'usion barrier sdove the state.

The fission areas for the two resolved clusters ory in qood agreement with the dots
of Block et al.- A value of 1.4 - 0.3 me¥ was found for the Tission width of the 121-¢¥
resonance. For the unresolved fission chambers the average fission width of the Clase
i1 Tevels was found to be (19« 0.8 - 0.2 me¥. The distridbution of the Class 11 fission
widths was 8 - -distribution msisunt with the presence of two coen fission chemngls.
From the present value of (~}D) , the Hill-Wheeler formuls and Specht’'s’ systemstics for
the Tife time of the shepe uion isomars, one obtains & velue of 6.3 MeV for the height
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Fig. 1.5.1. Caeetrom-induced - " 'U subthvgshhold fiscion.

of the secend darvier nd 2 value of 0.7 Mey for the inverse curvature c¢f the second
Werier. Joth values sre in 9ood anreement with the eualuation aof Saci et al.’

Fron the Mgh-entrgy ats and the neutron Dinding enerqy i~ the "L rucleus, an
woper bownd of the height of the fission barrier was estivetled at 6.3 M. Thig indicstes
that the height of the first Derrier is either equal to or s=aller than 6.3 MeV.

.lnnrch sponscred by ERDA Divition of Reactor Jeveloprent and Deronsiration, LEFER
Progrem.

™ IAEA fellow frem Comission Kaciongl Energia Atomica. Argenting.
.hstrumuliu and Controls Division.
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1.8 RCTAGN CAPTURE €ISt SECT ON OF Plutonium-240°

L. ¥. Mestm ). 4. Tedd
thistract € papos O s pubiivied in Muledr Science and Fngineeringl

The ""%, jverdt cdolwre cryss section wis w-dsyred from 200 oF to 150 ke¥. The
o35 section wes novualized a3 thermal-mauiren fncrgies {(0.02 to 0.03 e7) and this
no.ma'izetion wks confirmed 2t the 1.08-¢7 rysonan:e by the black resomance technigue.
I6e 33 Rvdoe tleztvom Lincer Accelerato- (ORELA] w3 vied as the source of pulsed
seuhi s, The (a2p%ure ism-Tay dgtectcr wied wet the “total emprgy detector” which is a
modif cati of (e Moicn-Rae detester. The shape of the neutron flux was measured
reative to tog - 3i-,:7 <ress sactien wp t& 2 he? and the “Li{:,.) at higher neulron
smersias. The results of the cepsuremect dafine tie average capture cross section of

Tha uver @ widt WeLtron engrgy TIngs °n 3n accuricy of about 87, which is sigmificantly
oe’ter than previously ingam. The rezslts indicat: thet the ENDF/B-IV evaluation is
shent 257 low soyve Y0-ko! reutrgs enprny. The crits sectiom is important in fast
Pu furle? reartors.

-
wesearch ponsorsd by FFJR Divigion of Reactor Development and Demonstration, LMFBR
Precram.

Yasrrusentaticon and Contro:e Divigion,

1.7 KEUTROR ABSORPTIOR CROSS SECTION OF AMERICIUM-241°
L. W. Zeston J. 4. Todd

(ALt racer o7 mel. Sci. fny. 61, 3156, 197w)

Tre  iAn neut nn alvorpticm cre2s section, which is predominantly capture, has
temn mrasured frir 0 0F =¥ to 370 keV neutron engrjy. The Oak Ridge Electron Linear
Acceloraior (GRELR] was L.@d &3 the saurze of puis2d neutrons. Resonance parameters
2% rave Seen derived tor the date wp to 50 eV. The capture gasma-ray detector used
w2, the 2Pl eperyy detecinr,” which (5 a-sodifizetion of the Moxon-Rae detector.

This derzcter reruired that the 2vents be weighted by their pulse height in the detector
and thy® ke ne’ efficiency af the detarntor be low. The cross section was normalized
At therra: reuiran ererqares (0.02 to 0.0% eV), an’ the shape of the neutron flux was
mmasyced relative to the - B, .} cross section wi to 2 keV and relative to the “Li{:,.)
cr 35 seclion at Wiorer neytron ongriies. The results of the measurement indicate a
Vowa® cress sestisn ¢ 2551 betwoen U.3 ant 100 eV than has been previously indicated
a1 an apreciably higrer wrash section (by 1007 2t 100 keV) from 20 to 370 keV.

L 4

L ]

Rese2rcr. >ponsored by (kD& Civisior of Reictor Levelopment and Demonstration, LMFBR
Poogram.

instrumentsiion ant Controls Division,

12 MCACGRIMENT OF ThE TiCuTeCh CHETUSE AMD FINSION CROSS SECTIONS OF <Py AND - "y,
0.0z v T 770 ke¥, TVE HEITRGN CABTURE €0 SS SECTIONS OF *““"Au, 10 to 50 keV,
BiG @ity FIS5100 CR0SS SELTINNS OF <Y, S T0 200 kev

R, Gwin 0. 5. %il.er R, L Inqh:' K. Weaver

(b SV T Tl s T S0, 77, 1776)

The nentron absorpiinn and fiLeina rnss sartions for 2Py and 715U have been
measet et aver ihe neulron energy renge Teae %hE o1 to 200 keV. In addition, the neutron
cr.pture crnys Section for 7B, wes -masiured feom 10 tn 50 keV and the fission cross




sectinn - U was measured from 0.1 to 100 keV. Novmalization of the - “Pu and -~ U data
wis made over the energy region from 0.02 to 0.4 eV to the ENDF/B-III neutron cross
sections for these isotopes, Mat 1159 and 1157, respectively. The capture cross section
for :~ hu wis normalized using the saturated resonance method for the 1.9-eV resonance.
For - 'y fission the normalization was made using the results of kestorn et al. The
neutron flux was medsured using the - ‘B{. ..) reaction; the energy variation used for this
reaction was that given in ENDF/B-III.

The pulsed neutron bear for these measurements was generated using the Oak Ridge
Electron Linear Accelerator. A large liguid scintillator about 40 m fro: the neutron
source was used to detect the prompt gasma-ray cascides resulting from neutron absorption
in the sarple. The time interval Detwsen the burst of neutrons and the detecticn of the
absorption event was used to establish the neutron energy scale. The saoples of the
fissile isotopes were contained in mitiplate (pulse) ionization charbers and hose
neutron absorption events detected im coincidence with 3 pulse fror: the ionization
charber were defined as fission events.

In general, for - “’Pu and * ‘U, these experiments irdicated lower neutron fission
¢ross sections than contained in ERDF/B-II1 for energies above 10 ke¥. The measured
valyes. of the ratio ., neutron capture-to-neutron fission, for - ““Pu agree within errors
with those derived from ERDF/B-1[1, Mat 1159. for the present measurerents the uncer-
tainty or. . for " Pu is adbout Il at 10 keV and increases to about 30 at 100 kev.

Tre experimental results for the neutron capture cross section for  Au are about
15 lower than the ERGE/B-IV values. The measured value:s of the ratio of the neutron
fission cross section for -~ U to that for - U are generally higher than the ENDF/B-T[!
values by about 5 .

-
Research sponsored by EPDA Division of 2eactor Development and Derorstration, LMF3R
Program.

Institute for Energy Analysis, Oak Ridge, Tennessee.
¢ -
Instrumentation and Controls Division.

1.9 THE ENERGY DEPENDENCE OF THE NEUTRON ABSORPTING AND FISSIO% CROSS SECTINNS
OF URAKIUM-235 AND PLUTONIUM-230 BELOW 1 eV AuD THE WESCOHTT | FACTORS”

R. fwin

JADSErast of Vucl. Foil Pny. o), e, I

The energy dependence of some experimentally derived neutron absorption and fission
cross sections of - U and -~ 'Pu are compared with the ENDF/R-IV results over the energy
range from 0.005 to 1.0 eV. HWescott 4 factors are presented as calculated from the
experimental data The experimental results published previous!ly were nomalized to
ENOF/B-IT1 values for -, and e
-

Research sponsored by (RDA Division of Reactor Developrent and Demonstration. | MFRR
Proqram.
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1.10 REPORT OF THE WORKING GROUP ON ABSOLUTE FISSION NMEASUREMERTS®

R. U. Peelle
{Iatroduction or’_e-per presented at Spevialists® Meeling en Fast leutroa (ress Sections
of JTTU, - iy, M, antt * VPu, June 28-33, [97¢, Argonne Tationa. Laboratery, and

pubiished in ANL-To-9%2, p. 450)

AS 2 result of the importance of the prodlem aree 3 great wealth of direct fission
cross section data has been generated within the last twe decades. Yet. even for U-21S
fission, 1ome of the recent mpasurements by experienced expert.. differ one from the other
b. several percent. The spread origindtes in the grest difficslity of the mpasurements.
Values presented for the first time at this meeting sheuld contribute to the eventus)
clarification of which fission cress section values showld be taken as most nearly
correct.

For the contiderations in this report we include 83 “direct” medsurements both the
true absolute measyrements and the agasurgments which have been performed relative to
various ¢ross section standards such s n-p scattering and, below 100 keV, the Li-6(nm,
alpha) and B-10(n.alpha) reaction cross sections. The committee chose to limit its
attention (o the energy region above 20 keV except to the extent that valuwes obtained at
Tower energies determine the normalization at energies greater tham 20 keV.

Several gencral experimental problems were discussed, and then subcommitiges were
formed tn deal with the U-235(n.f) cross section in the varioys energy reqions and with
direct fission measurements on the other nuclides ot corcern.

The remainder of this committes report is organized according to the topics
considered.

'Research sponsored by ERDA Division of Reactor Devetopment and Demonstration, LMF3R
Progranm.

1.17  NEUTRON CAPTURE CROSS SECTION OF :Co IN THE ERERGY PARGE ¢.5 - 1000 kev®
R. R. Spencer R. L. Macklin

(Abstract of raper presentod st International Conferehce on the Interactions of Nveultfons
with Zuciei, July v=9, i97¢, Lowell, Passachusetts, snd published in FRCA TIC repost
CORF=7ed715-p2, p. 1293

The neutron capture cross section of "o wds measured in the keV energy region
using @ pair of fluorocarbon liguid scintillator gamma-ray detectors in comjunction with
the Oak Ridge Electron Linear Accelerator {ORELA) pulsed neutron souyrce. With time-of-
flight resolution of 0.2 to 1.0 nsec/meter, over 160 resonances below 85 keV were observed,
for which capture parameters were derived. Total radiation widths were determined for 35
known S-wave resonances yielding (), 5 = 0.66 eV (16 resonances) and (7> . = 0.46 eV
’ H

{19 resonances). Correlations {coefficient,. 0.3) between the radiative widths and
neutron reduced widths were observed at 8 90" confidence level for s-wave resonances of
eithor spin state. These correlations along with structure observed tn the average
capture cross section of cobalt near 500 keV and & similar correlation reported:-s for
capture in the isotope ‘i are suggestive of intermediate Structure effects in the cap-
ture process.

'Research partially sponsored by ERDA Division of Physical Research.
1. R. G. Stieglitz, R. W. Hockenbury, and R. C. Block, fucl. Phys. AI63, 592 (1971).
2. H. Beer and R. R. Spencer, Nurl. Phys, A240, 29 (1975).
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1.12 SECOKDARY REUTRON SPECTRA FROM RFUTRON RTERACTIONS IK A
THICK CARBOR SAWPLE®

G. L. Morgan

(Abstract of ORZL TN~-5813, Rarck, 1377}

The spectra of secomdary neutrons produced by oeutron interactions in 2 thick
{~-) mpan free path] sample of cardom have been medsured as 2 fuaclion of the incident
AQULrOR endrgy Over the range 1 to 20 MeV. A linac 7ORELA) was used as @ white reutron
source with a 48-n flight path. Incident energy wis Jetermined by tire-of-fliaght, while
secondary spectra were obtaimed through pulse-height unfolding techniques. The results
cf the medsurement are compared to calculations Dased on the current evaluated data
fiie (EXDF/8 1278).

.lnurch sponsored by Defense Ruclear Agency.

1.13 CROSS SECTIORS FOR THE Al{- .-~ ) and AV{. _-.) PEACTION
BCTMEEN 1 AND 20 Mev®

6. L. Morgan F_ 5. Perey

{ALSTPACE uf OPLL TR=524., Janwars, 1Mo, amd of Tuell ool inel e l, FiTL 1T

Differential cross sections for the production of secondary neutrons and phnicrs
from sluminum have been measured at 127 (l1ab) for :ncident neylron enernier in the
range 1 to 20 MeV. An electron linac wrs used .5 a neultren source with a write spectrur.
Incident neutron energies were determined <iry tire-of-flicht techriaues for 1 scurce-
to-sarple distance of 48 -, Secondary spectra were deterrined by uynfolding tmo ouise-
height distributions observed in a %NE-213 scintillation counter. The results are corpires
to the current evaluated data file [ENOF/B-[V. MAT 1193},

L J
Research sponsored by Defense Nuclear Agency.

1.14  THE Cu(. ..} REACTION CROSS SECTISH FOR IEC!C[%T NESTRON ENERSGIES
BETWEEN C.2 AND 22.0 Mey

G. 7. Chapran

(Abstrast of SRR THeRI00, Pedrgar:, [T

Differential cross sections for the reutron-induced garma-ray productinn fror. copper
have been measured for incident neutron enerqies betwren 5.7 and 0.7 Mw¥. The Dak
Ridge Linear Accelerator (DRELA) was used to provide the neutrons and a %3l soectrometer
to detect the garma rays at 75 . The data presented are the dnubly differentiz] crass
section, - - [ ., for qamra-ray enerqgies between 0.3 and 15,6 MeV for coarie intervals
in incident neutron enerqgy. The intoqrated yield of namma ravs of enmrnies qreater than
300 keV with higher resnlution in the reutron snerqy is alse presented.  The eyperirental
results are compared with previonus measurerents ~ade at JRELA and with the Tvaliyated
Neutron Data File (ENDF,B-IV. MAT 1295).

*
Research sponsored by Defense wuclesr Adency.
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1.15 THE Mo(- .~ ) REACTIOR (ROSS SECTIOR FOR ILCIDENT REUTRON ENERGIES
BETUEEN 0.2 AND 20.0 WV

G. L. Morgan [, Newn

VABSIENCE Of CANLTR-509T, EXOF-J22, DeCezber., T M%)

Qifferential cross sections for the ncutrom-induced gammi-ray production from matural
=0 yhdenun Mve been measured for incident neutron emergies between 0.2 and 20.0 MpV¥.
The Gak Ridge Linear Accelerator (ORELA) was used to provide the neutroms and 3 Kyl spec-
trometer 'c detect the gasma rays at 1257, The data presented are the dovble differential
cross section, . - I, for gamma-ray energies betweea 0.3 and 10.6 We¥ for coarse
intervals in incident neutron erergy. The integrated yield of girmd rays of emergies
greater than 300 kel and higher resolution in the neutron energy is 2150 presented. - The
experirentat resulls are corpared with the fvaluated Heutvon Data Files (ENDF).

'Researc‘n sponsored by ERDA Division of Physical Research.
Physics Division.

1.16 THE Cri: .~} REACTIOR CROSS SECTION FOR IRCIDERT REUTRON ENERGIES
BETWEER N.2 AXD 20.0 MeV

G. L. Morgan E. Newman

{Abseract of OWNL/TR=-5793, FEXDF-222, Jamerv, 1976)

Differential cross secltions for the neutron-induced gavma-ray production from natural
chronium have been measured for incident neutrom energies between .2 and 20.0 MeV. The
Oak Ridqe Linear Accelerator (ORELA) was used to provide the neutrons and a Ral spectro-
meter to detect the gasma rays at the laboratory angle of 125°. The data prrsented are
the double differential cross section, - - i, for qammd-ray energies between 0.3 and
10.6 MeV for coarse intervals in incident neutron emergy. The integrated yield of qamms
rays of energies greater than 300 keV and higher resolution in the neutron energy is also
Dr;?):nted- The experimental results sre compared with the Evaluated Neutron Data Files
(ENDF ;.

L ]
Research sponsored by £RDA Division of Reactor Development and Demonstration, LRFER
Program.

“Physics Division.

V.17 THE ¥(. .-} REACTIOR CRO5S SECTION FOR INCIDENT REUTRON ENERGIES
BETWSEN 0.2 ARD 20.0 MeV

£. Newman  G. L. Morgen
(AbStrAact of ORSL/TM-5 99, ESDF-221, April, 197+)

Differential cross sections for the neutron-induced gemme-ray production from nitural
vanadium have Leen measured for incident neutron energies between 0.2 and 20.0 MeV. The
Oak Ridge Linear Accelerator (ORELA) was used to provide the neutrons and a Mal spectro-
meter to detect the gamma rays at 125°. The data presented are the double differential
cross section, © - i, for gamma-ray energies between 0.3 and 10.6 MeV for coarse
intervals in incident neutrun energy. The integrated yield of gamme rays of energies
greater than 300 keV and higher resolution in the neutron energy is also presented. The
experimental results are compared with the Evaluated Neutron Dete Files {ERDF).

L J
Research sponsored by ERDA Division of Physical Research.
‘Physics Division.




1.12 The Ma{- . ) REACTION CROSS SECTION FOR INCIDEMT nME:TRYG IRERGILS
BETMEER 0.2 AAD 20.0 i’

6. L. Morgan

(ASESract o»f TENLIT®-I33], Runésr, 10T

Differential cross sections for the asutron-induced qarma-ray production fror ratural
have been measured for incident neutron energies between 1.2 and 20.0 Me¥. The

Oak Ridge Lingar Accelerator [ORELA, was used to provide the neulrons and 2 %al speciro-
meter €O detect the qame=s rays at 125 . The data presentcd are the double differential
cross section, .- - ., for caemu-ray energies between 9.27 and 17.6 Mey for coarse
intervals in incident neutron energy. The intearated yield af naren ravs of energies
qrester than 220 ke¥ with Righer resclution in the reutron engrgy is also presented. The
experimgntal results are compived with the Evaluated “leutror Uata Files ERDF:.

L J
Research sponsored by ERDA Division of . .ysical Research.

1.19 A RE-MEASUREMERT OF THE NEUTRON-IRDUCED RAMMA-QAY PRODUCTION CROSS SECTINS
FOR 1R0m I THE ENERGY PRRGE 350 kel -~ = 20.0 mey”

G. 7. Chapran  G. L. Morqan 7. G. Perey

AR rast af CRNL TEeN$le, cull, DT

Values of the girwma-ray production cross section< for neutron inleractions wi®r irom
as reported by previous investigators have Jiffernd by as —uch a5 2 factor of 1.5 ar
more at neutron energies greater than about 5 MeV. Recause of thic discrepancy, "he
measuresments have been repeated at OP%L usine the MNILS as 3 pulsed souris 37 neytrong
with enerqies between 350 keV and 20 HeV. The dita eere nhtained i<ing g Nal’7i) qarra-
ray spectroreter oriented at an anqle of 25 decrees to the inciden? neutror bea—, The
sample was positioned in the bear at a distance 07 47 1€ retors from the neulrsr <ouyroe,
The resulting data. presented as differential cross sections /0 T far cvTa ravs
between 0.7 and 16.5 Me¥, show qnod anreecent with <sore previagely nahiiched 2yia, Syt are
significantly different from previcus 7850 —easuracents for neutrar paeriien Groa’er togn

5 Fey.

[ ]
Research sponsored by Jeofence Tuyclimar Aaency.

1.20 CROSS SECTIONS FOR GAMMA-RAY PRADYCTISN Y FAST WL TRON
FOR 22 ELEMENTS BETWELN 7 - 3 A% T - 0

. Y. Gickens 6. L. Margan G0 T. Trapman T AL Lok
i. Twwran F. 5. Ferey
fAL et BT B T e I B L LA R L S S
Cross sections for the production of <aTd ray, with 7.] 13.5 "»y have been
messured a5 a funclion nf neulron energy nver the range 7.1 20.5 Yoy, Eegplts

were obtained for 2 elgnents which are grFoniy encnuntered in *he calculation of radi-
ation effects. The measurerents were made using a heavily shielded i detector in
conjunction with the white neutron spectryr fror the “ay “idye flectron Linear Accelorytor,
Incident neutron enerqie; were deterrined by time-of-fliant aver a 47-~ fliqht path while
gema-ray energy distributions were nblained from pul<e-hricht unfolding technigue .,
Elenental differential cross sections are preseried for (1, . 0, £, 1%, A1, Si, e, &,
Cr, Fe, Ni, Cu, In, "ib, Mo, Aa, Sn, Ta, w, Au, and P...

*
Research sponsered by the Drfense “wiclear scency and by the ERDA Drviginn of Frusical
Research,

"Physics Division.
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1.21 USE OF ORELA FOR SCATTERING NTASUREFESTS IR Tef “ev REGION® .
F. G. Perey
SRBAET T 1l AV Tesi faazer STeefIbeni B SoweTICAR FRUSICAL Setielin Te-cling

Fodruets o0, iWwe, Zo YOOk C;2%)

Mhite acutron jources produced by electron linear accelerators have grest patential
foo scattering measurements in the MeV reqion, where previsuily munocenergetic weutroa
sgurces from Yan de Graxff have almost exclusively been uted. The very short and intemse
neutron bursts aveilable at ORELA are quite suitable for & variety of experimeats using
flight paths of 40 zeters or more with well collimated beams. Recently ezperiments have
been campleted on elastic and inelastic scattering of meulront up to 3 Tew MeV with
incident aeutron energy resslutions up to an order of mpqnitude better then norzally dome
on Van de Graaffs.  {fzecples of data obtained will be shown and the implications of these
data for practical applications, a3 well! as the physical information regarding mcledr
structure revealed by these data, will be discussed. [n another experiment- neutron and
ganma-ray enission tpectra were observed up to 2C MeV incident neutrom energy uting lhin
samples in 2 ring qeam try. These data span the region of 2 to 20 MeV which is difficult
to cover with monoenernetiz tourtes except at Jbout 14.5 EeY. Thess experiments provide
data of 3 type mot previously availadle to test the validity of various autliear redels.

.lesearch sponsored by [2DR Division of Physical Research.
1. See paper !.22.

2. G. L. Morqan and F. G. Perey, to b published.

1.22 WIGH-RESOLUTION NEUTRON SCATTERING EXPERIMENTS AT NRELA®

H. E. Kinney J. . Connell

(ALECraCt OF Zaper present-vi at Internationyl opferemne- on the INLeractions of “eitrons

wilh Nuclei, Juls t=0, 197, Jrwell, Rissachusells)

Sodium, silicon, iron, and carbon neutron elastic differential scattering data taien
with resolutions of 0.2 nsec/m at the Oak Ridne Electron Linesr kce‘leruoruf"!tll)

heve been reduced to cross sections from 500 to 3000 keV in J-keV intervals using (-
as a standard. The data, acquired at a 40-m flight path at 3 angles "rom 724" to 155 ,
were taken in a twn-dimensional array of time-of-flight vs pulse height. nelastic con-
tributions were eliminated by using data from successively higher pulse-height qroups.
Multiple scattering corrections were obtained from Monte Carlo calculations. After cor-
rection, the deta were fitted to obtain Leqgendre expansion coefficients. Pertinent data
acquisition and reduction details are qiven and results shown.

[ 4
Research sponsored by ERDA Division of Reactor Development and Dermonstration. LMFBR
Program.

1.23 HIGH-RESOLUTION FAST-HEUTRON GAMMA-RAY PRODUCTION CRCSS SECTIORS
FOR IRON UP TO 2100 kev”

W. E. Kinney F. G. Perey

(abstract or paper submitted tor journal publicat:on)

High-resolution gamma-ray production cross sections for the R46-keV narma ray of
irun have been measured up to an incident neutron energy of 2100 keV. The measurements
were performed using the Oak Ridge [lectron Linear Accelerator as the neutron source and
obtained by a ratio measurement to the Li 477-keV qamma-ray cross sections. Three KE-213
detectors were used at 30, 90 and 125 to derive the total inelastic cross sections and .
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the angular distridutiont. The 1250 angular distridutions msasured with about 0.1 asec’s
resolution show consideradle fluctuations as 2 fusction of energy Over the resonences
seen in the inglastic ¢rois sections. The results are compared (0 the EXDF/B-IV evalua-
tioa, high resolution data at 125 and, after suitable averaging. with recent =wrenergetic
neutroa 1ource data which average over the structure experinentally. The general com-
sistenc; of the data with recent messurements. uting different ltechmiques and norraliza-
tion procedures. indicates that ocur kmowiedge of this important cvosts section for fission
reactor applications may now be enowm o 4n accuracy better than 10 . Thit is a sigrifi-
cant achieveent in view of Che wide scatter of earlier data on such a fluc:uating

crots sectioa.

.hsurch sponsored by tROA Division of Reactor Developrent and Desonstration, LNFBR
Prograe.

1.24 WEASURENETT OF THE TEUTROB YOTAL CROSS SECTION OF s00lum”

D. C. larson  J. A. Harvey T W Wil

tRerrint o Trang. A-. TnSil Sl JF, e, (T

Pecent sensilivity amaly<es- for the {RSR upper arial zhield indicate thai 3G of
the integrated tissue dose sensitivity to the sodiuc total meulron crmnss seclion cuces
fror the interference zinimu of the 300-kel resondrce. With the large quantities of
1tgaid sodiun coolent present in the CRBR, the cross-teclion minicur for thit resgnance
takes on new significance. Recent thick-sample meaturements nn sodiun cinire 5y Srown
et al. show a significant ditcrepancy with "he present HDF 8.7 svaluation far the
25G-rei resonance. The rsaluation in Uhis reqgion is hased on the dava o Cierjacks
et 3l., which show & much sharper rinicys than revealed Dy 2he ~fasire—ent 0 Srown.
in addition (o the 190-ke?l resonence prodler, no higk-resgiution *2%al cracs-seclion datla
were available from 40 iel to 10C bei, leading tp larae unceriainly ecti~ates far this
energy region in the evaluation.

In order tn provide consisten high-re<alulion data “or the (L07 3-7 evalualtion, as
well as to verify the high-resolution data of lierjechs, we Agve —ediursd The lrans—ission
of neutrons through a 2.1-c {1/ = 2.90 b/ator] sarple oY oyre <odiu from 32 keY to
20 Me. The transaitted deac was detectled by 3 SE-110 proton recnil 4detector lorated 3t
the 200-= flight path of the Oak Ridge flectron Linear Arcaleratrr 'JRFLAS. A Sens
electron bearm bursl width was uied, with a repetition rate of 20C sec- . The data were
correrted for dead-time effects [rarirum 0f 2 in the rross section at 1.] ¥, and
background [varying from 0.1-0.2 bHetween [0 eV and 7 "o, rising %0 ! a2l " MeUl. The
50,000 channels of transsiscion data =ere suitablys averaned ¢ imprave counting <zatistics
while preserving the resonance structure and were then converted In cross seclion versus
energy.

Figure 1.24.1 shows a corparison of our data ‘averaned quer 17 channels) with the
present EROF/B-1Y svaluation from 130 %0 310 bel. the reqinn af rost <erious disanreerent.
He o'serve eight resonances in this region, four of whick have not been secn in previous
transmission measurements. Resonance eneraies are IN1.7, 214, 2% 5.% 2300, 243.1,°
298.1, 299.4% and 305.2° ke¥, where the asterish labels "he new reconances. in Fia.
1.28.2 the present dats near the IW-vey minimyr {averaned cyer 17 chonnels} are compared
with 4ata of Brown et al.: and with the EGOF/2.07 evaluaticr. Tntal [<tatistical
systematic) errors {typirally -3 ‘or the PELA 2ata’ are <hown, The laraes? deviation
of the present data fron thw evaluation in the vicini%y af *he =infrmr is .12 .
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Fig. 1.28.1. The neutron total cross seclion of sodiun from 190 to 210 keV. The
data nave been averanged over 10 chanmnels. The solid line represents the ENOF/B-IV
evaisation.
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Fig. 1.24,2. The neutron totsl cross section nof sodium near the 300-keV minimum,
averaged over 10 channels. The data of Brown et 2]. represent their measurement through
124 cm of sodiun. The solid line represents the ERDF/B-IV evaluation.
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. In ssmary. the present mssurement points out several aread for irprovereat ia the
sodiys evaluation for FNOF/B-Y, the most irportant Deing the broadering of he =inicws at
300 keV.

.ﬁmnh sponsored by EPDA Division of Reactor Developren' and Jeronstration, L™F5R
Program.
‘Pmysics Division,
t Lo
Instrunertation and Controls Division.

Y. F. #. Oblow. "Survey cf Shielding Semnsitivity Analysis Developrent and Rpylications
Progran at ORML,” ORML-TM-S176, {larvary 1976).

7. P. W. Brown, B. L. Muan, J. J. deiss and 9. £ Biock, "Seasurereat of "leytron Total
Cross Sections of Sodiur Near "inima.  Trans. Ar. “w:l. Snc. 21, 50§ (13730

3. 5. 0. Paik and 7. A. Pitterle, "Evaluation of Sodis-22 lieytron Dete for the ENDF/S
Version [1I file,” Appendix A. &ARG-IMSTLE-2, sestinghouse Jdvanced Reactors Divisior
{April 1972). amng ENDF/B-1V. MAT 1156. “ational Zevlron Cross Section {snter,
Brookhaven Jlational Laboratory, Uocton. “iew York /19737

4. 9. Uierjacks, P_ Forti, D_ ropsch, L. Fropp, J. Reve and ¥, Inseld, High Rognlytion
Totei Geutrun {ross S2clions Zetween 1.5 20 ¥ Ye¥. rarlarube repor? ¥FV. D00
{June 1962).

1.29 MEASUREMENT OF THE EUTRIN TOTAL £20SS 5I0TION ¥ <2al%
o9 17 kel 7O 1T Welt

D. C. Larson  .[. A. Harvey . ®. Wil

tARBETr 0T T RN T¥e s e, Tt der o

The neutron transcisiion throynh a 2. 1-c= sarple of aure s0di r Ra< Yeen —easyred far
neutron energies between 32.5 key and 37.1 ¥et.  The Nak Pidae Tlectran Lirsar Arcelerator
(ORELA] was used to provide the neutrons, which werr delected at the 770-— fligh? nath by
& RE-110 proton recoil! detector. The experirental resul®s are tatylated ar? rorpared
with the total cross seclion in the ENDF/S-1V file ®or scdium.

*
Research sponsored by E2DA Divivion nf Zraztnr Doun'lrorers ard Desarctry®ior, [9FRS
Proqram.

‘Physics Division.
] . ' .
Instrumentation and Controis Divisinn,

1.26 MEASUREMENT OF TME JETITRO% TOTAL CPOSS SECTIN% NF FL0RIN
FOOM & e, TN 77 ¥e,"

1
D. C. Larson (. M. Johnson d. R, Haryey %. W Hill

I TEE S 27 T S S A S SR ke M

fisutron transmissions throuah Tefinn {LF | and carbon Rave heen =easured 1y provide
high-resolution transmission and crass sectiney “or fluorine from § ay tn 20 My, The
Oak Ride Electron Linear Accelerator (ORFLA) was used far the neutron source. “he 30.rm
flight path with 2 "Li glass detector was used for the Inw-freray reasurements, and tre
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200-m flight path with a RE-119 detector was used for the hingher energy measurerents. .
The varioys bachqround contr bytions were carefully studied and are discussed in detail.
Top 2129 resulting values are tabulated and corpared with the curreat EXIF/8-1V evaluationa.

L J
Research sponso. «d by ERDR Division of Physical Research and Gefense Buclear Aqency.
Physicy Division.

] . Co
Instrumentstion and Controls Division.

1.27 REASUREMENT OF THE REUTRON TOTAL CROSS SECTIIm OF SILICOM
FROM S ¢? TO 730 keV

5. C. Larson C. H. Jomnson J. A. Harvey K. W. Hill'

IAESSLACT LY RSLITE-e 18, Tovenier, ¥ a)

Teulron transmission through natural) silicon sa=ples has been ceasured for neutron
energies betweer 5 e¥ and 730 ke¥. The Oak Zidye [lectron Linear Accelerator (ORELA)
wa; used tn provide the neutrons. Tha A0.= flight path with a2 ‘Li qlass detector wis
used for the low enerqy measurerent, and the 2NW-m flight path with 2 BE-110 detector
was used for the hingher energy measurerents. The 1,422 resulting values are tabulated
ond corpared with the current ERDF/B-IV evaluation.

L
2esearch cponsored by Jefense Nuclear Anency.
Physics Division.

t . Lo
Inctrurentation and Contrals Division.

1.22 ORELA PERFORMANCE®

T. A. Lewis

{ADSRract nr "RILITR=5112, April, 197v)

This report presents the most recent informetion concerning the performance of ORELA
that would be 57 interest io experirenters. Included are characteristics of the beam ir
terrs of both time and intensity and descriptions of s, stems routinely used to monitor
these besm characteristics. For exemple, with kiystron power and meximum electron gun
dsutput cirrent at norinal values and for pylse repetition rates in the range above 800 pps,
oulpus bear energies per pulse vary from 5 j for 2.5 nsec-wide pulses to 32 j for 10 nsec
pulses and 65 j for 40 nsec pulises.

*
Pesearchn sponsored by ERDA Division of Physicel Research.
“Instrumentation and fontrols Division.

1.29 CALCULATIONS PERTAINING TO THE DESIGN OF A PREBUACHER FOR A
150-MeV ELECTRON ACCELERATOR

R. G. Alsmilier, Jr. F. 5. Alsmiller J. Barish

{Absttact n: ORNL TH=-%419, 1n press)

Results derived from calculaticns based on & one-dimensional ballistic model are
presented to indicate the extant to which a current pulse nf 150-keV electrons containing
1 .C of charge and having a duration of 15 nsec (FWHM) cen be bunched in & 2.5-cm-radius
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conducting cylinder by 2 comdinstion of voltage 9aps followed by 2 arift space. “he
buached currest te be useful must be accelerated by an existing accelerator (ORELR), so
the celculated results include estimates (upper and lower limits} of the fraction of the
Suached beam that will be dccelerates. [t is foumd that with !0 voltage caps, each
hving 2 lingar veltage chince from 20 RV to -20 kY over the duration of the pulse, the
15-n3ec (FM) pulte cin be reduced to & pulse of "4 nsec (FUl) in a length 375 ¢ and
that 350 of this dunched pulse will De accelerated by ORELA.

.lcwrcb sponsered by EROA Division i ?hysical Research.
‘Computer Sciences Division.

1.30 STATUS REPORT TO THE EROA RUCLEAR DATA COMMITTEE

Compiled and Edited by
F. G. Perey J. C. Gentry

{Abstract of NPNL TN=554, Way, (Mv; .59 SBSLLACE O “REL. TA-53id, Harchk, 19773

These reports were prepared for the ERDA-ROC and rover work performed at ORRL since
May 1975 and May 1976, respectively, in areas of nuclesr data of relevance to the U.5.
applied nuclesr energy prosram. The reperty were rostly generated through a review of
sbstracts of work completed to the point of Deing sudiected to some form of publicstion
in the open literature, formal ORNL reports, DSRL techmica)l meworanda, progress reports,
or being presented at technical conferences. A3 much &3 possible we have reproduced the
tomplete abstract of the original publicatior with only minor editing. in a few cases
progress reportls were wrilten specifically for this publication. The authors have
selected the materials to be included in these reports on the basis of perceived interests
of ERDA-RDC wembers and camnot claim completeness.

L 4
Research sponsored by ERDA Division of Physical Research.

1.31 FISSION-PRODUCT BETA ARD GAFMA ENERGY RELEASE QUARTIRLY PAOGRRESS REPORT
FOR NCTOBER-DECEMBER 1975°

J. K. Dickens 7. A. Love . W. Mc{nnnell .. 7. Erery 2, . Peelle

{ALSSLAC! ©f WL TY- T2, Folkrgar,, J7e

Preliminary experimental information for heta-ray energy release from fission-product
decay following thermal-neutron fission of - ~'U has been obdtained for cooling times
between 3 and 14,400 sec. The dats were obtained as pulse-height spectra for bets
engrgies between 0.25 and 3 MeV using a two-crystal scintillation spectrometer, and were
unfoided to give beta-ray energy spectra of moderate resolution. Two irradiation times,
:» s 2.4 and 100 sec, were studied. The enerqy release dita were obtained by integrating
the observed spectra and then estimating the cortributior for © - .25 Mey. Difficulties
encovitered in this first experiment using the beta-ray deteclion equipment are discussed,

Previously reported preliminary germa-ray spectra have Been compared with ipectra
calculated using spectral information in the ENDF/R-IV data file for 180 fission products.
Several comparisons are presented for - - = 199 sec. A< expected the comparisen §s nat
very good for short cooling times, dbut is encouraging for cool 2000 sec.

[
Resesrch sponsored by Nuclear Requlatory Commission,
Analytical Chemistry Division,
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1.32 FISSION-PRODUCT BETA AND GAMPA EXERGY RELEASE QUARTERLY PROGRESS REPORT
FOR JANJRY-MARCH 197¢°

J. K. Dickens T_ A, Love 1. W. McCommell J_ F. feery R. u. Peelle

{RESZr. 0t OF RIZL/NIRET/TR2F. Bay, [97m)

Several important aspects of the overall program t9 determing fistion-product
release rates using spectroscopic metheds are presented. These aspects include: (a)
fabrication of 2 wmple holder for the beta-ray mpasurements Maviag an adserding layer
between sample and detector of 5 mg/cm ; (b) 2 medsurement of the maxisum prebadle less
of the fission-gas product - I; and {c} 2 new determinmation of the abselete intensities
of the principal 1 and goma rays in the decay of “™ in equilibrium with **1c”.

*
Research sponiored by fucledr Regulatory (omwission.
‘Analytical Chesmistry Division.

1.33 FiSSTOR-PRODUCT BETA ARD GAPP ENERGY RELEASE QUARTERLY PROGRESS REPORT
FOR APRIL-JUBE 1976"

J. K_ Dickens T_ A jlove J. 4. icCom2ly R. M. Freestone
J. F. tmery” R. W. Peelle

{AD=L 23T Of ORIL/IIRE: TR-47, Septepsbe-r, (78]

Several important aspects of the overall program to deterrine fistion-product energy
release rates using spectroscopic methods are presented. These aspects include: (a) study
of possible loss of Fission j2sec and the impact upon the measured energy release rates:
{b] improvement in data transfer from Lhe PDP-1S data-acquisition computer to the PDP-10
data-reductior computer; and (c) efficiency caiidation of our 90-cm’ Ge(lLi) detector.

In additicn, the final data-taking run for beta eneruy release was completed.

L J
Research sponsored by Ruclear Pequlatory Commission.
"Analylical Chemistry Division.

1.34 FISSIOR-PRODUCT BETA AND GAMMA ERERGY RELEASE QUARTERLY PROGRESS REPURT
FOR JULY-SEPTEMBER 1976

J. K. Dickens T. A. Love J. ¥. McComnell R. M. Freestone
J. F. Emery” R, W. Peelle

(AbStract Of ORIL/ZURESC/TH=65, wcember, 1774}

Gamma-ray energy-release dats for thermal-neutron fissioning of the fuel element
- "U were obtained for miting times 2 < . < 14000 sec. These data were processed to
give modest-resolution gasma-ray energy spectra vs -... The resulting spectra have been
integrated 10 give inteqral gasma-ray energy-release data. Beta-ray dets obtained during
the previous quarter were processed to give beta-ray energy spectra for waiting times
2 < -+ 14000 sec. Some of these spectra have been compared with existing dats; the
quality of agreement varies between poor and very good. The beta-ray spectra have beer
integrated to give integral beta-ray energy-relesse data.




Total energy-reieuse dats ware odtained by suming the commi-ray enevyy-reledie 42t2
uwith the deta-ray emevgy reledse 3. he total emergy-reledie 4at2 have deen corpered
{a) with the current ARS Decay Heat Standard. D) with results of covputations uiimg
current bett files of fistion.predect data, and ¢} with retults af other recemt eaperi-
mpaty.  Thate Carpiritent soggest Jikely irprevemmat %o the current standard fer
* . % 800 sec. a3 well a3 reduction of the uncertdinties assisned Lo the standard.

L J
Research speasered by Tluclear Regulatery Cemmission.
“Mmalytical Chenistry Division.

1.35 SECAY MEAT OF - © ¢ FISSION PMODUXTS 3¥ SETA- X3D GAMRR-RA? P IMETRY"

<. L. Dickent Y. A Love ). K. "(omel! 2 I Peelle

fRDsCract s
37, 2:nie

Rreey Treentesd 4F Tourel PeaoTor Sareto Jnvoersgtcoen Teetisc, rtemiee [Ted

et releate from the decay of fistion oroducis i3 an i=peria=’® 1ouroe 2f afler-
shutdown power for which accurate eviimates are requirad. Sencimard rpericenls x»
vepart an are required to eslablish the credidility of ~wwatian raliglationt based on
present or fulure fission-product files and perfads 20 2llex refinerenty 2f the files
in tize reqgions for which the present files contain approsi-ations.

The fast-rabbit facilities of the Nabk Jidge “esearch 3ractor wers emplgyed n irradiate

l- to Vh. ¢ serples of i, for nominal periods of !, 17, and 11 cec.  Trerny relejte v
measured a2y early 23 2 sec following the end of the irradiglinr . "R raleased ower wat
odserved using the technigues of nuclear 1peziroscoPy %0 pervit seszrale 3dservatiany af
emitted beta-ray and qarma-ray spectrd i surcesiive “i—e intervaic ‘niioxing the end of
irradiati - 5. Tn obtain the 8% decdy hwat, the reviiting 10er”r2 wrre intpqraled over
enersy ana ‘e betd- and NaTa-ray relLils were <wred lgcather,  Twe Aidfarentin! gqrvae-
ray suhctr3 cre valuable T2’ for sensing unexnectled Rackaraund., *. far sroyiding the
ability 1o cn-Dule Ine traniport of JFTR-vi; snergs ‘v 2 el alemant aed ¢ oy
sungesting specific caces “ar which the fiviiam.oroduct derar 7ile <hnLle de rmprawed,

o
Research oonipred by ucliedr o3,0a%0ry Towistinn,

1.3 EI5510070000T BT T8 250 AR GELAV.TS Twi TIw
- - . B - Jd B4
PEDING 2 e TN 1 me T4 NEIA TREIMY LNECT
T. &, Lnue LR, Yelannell T 0 Tirvens
P ¥, R . - . . —_—
4 ~nrTe gl P - P cTer, -

Both the reactor corrunit, and the nGbhlic are forierned Aol 4 Ruinatheical rep-®ar
sccidenl in which there iz sictulated 3 zatacirzghic failyee in vhp flay af [inkcua’er
coslanl to an opera’ing ¢orwrercia’ downr repetar, "f critical rarcerr 14 tnp pnerny being
fed intn the shyt-down care by the ficsion-;raduct 5ar—a- and Ye aecas o= 3%%ars trapped
tn the Tuel for ceveral thaucand secands follawine orydngn,  Treop=? Ticers ina rengadyre.,
utilige the current A%NS 5 <tandard’ ~yltinlied by ©.7 ‘referrad oo o "A%% o 20 7 ts
determine tnese energy/-reirase rales in 23fely anxizast nf Vight.ertrr reactar,, Secent
experimental resulls “ - indirate that N5 & 10 e gLile canipryrlive: ir additan, "Rere
is concern over the lach af precisinn gisoriated wilk the arectent <tandard,

Our experirent was de~innnd tn obtain <orctral dis?fridbutings nf aavag and Ne'a radia-
tion (separately} as & functinn of Tien fallcaing <hart {1 4 199 <o’ irradiation perinde
of - "'U by therma) neutrons. Theie 4a%a cephactise contributinne from short-lived fizcine
products which have not beer well.<tydied by radinchemical *echniques.
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ni. speitra have beer intevrated tn oblain th: total emergy release as & function

c" ivradizcion tipe - e ':.‘\oum-; fiszica 13 the initistion of the measurement

iy ANg %he q.omt'ng tice (-.). This measurad tota) mrgy relase functmn is desio-
m‘ed @ :{ -y L.t FUr thk ases where -, - and - S G Je
reprasents th aneras-rc!u'-' rete at c e = < 5.5 "o ¢ -1} folloumq an essentully
irtrentanecus tuvst of fission:. in thh farmat cur data have been compared to similar
uata dieined from sommdtin:s celeylations® of fisnion-product decay energy release for
Jowsni rags and Zeia rays {seearitely). Onr gismp-ray data are larger than calculated
data for @ 25 sef, agver well with calculerions for 25 - - - 900 sec and - - 3000 sec,
and a;e smaller thr ralculalion for 900 < - -« 90°0 sec; the largest differemee, 20,
gurs at - - 2.7 and - 2300 sen. Our bets-rey <ata are larger tham calculated data
ror W sez, smaile by -5 for 20 - ~ « 300 -ec, and in good agreement fcr - - EQO
sev.

The w2us.red Jars wave Rier sumved te ~apresent tatal decay power as 2 function of
Uime o tohlncing shut-Zomm of 3 i4 . <) heur ir-adiation. By adding the ANS-standard
S¥5cian-product decay rower 1o time-after-shytdown of 14400 sec to our data results in
¢ dinuct coxparisor of ou~ dete to the present AN standard. This comparison is shown
ta Fig. 1.36.1. Noie that for - < 100G sec the wmasured portion of the ordinate dominates.

m-m n-nsc!

E i AN "’u",., DECAY POWER
- SO S . . .
§ 097 N \ Tures = ® 0028
i X | : —— AN.S, STANDARD
- ] ) UNCERTAINTY ASSIGNED
& €€ - e b [ i . TO STANDARD 0024
x ~=-"ANS. + 20%"
5 ¢ PRESENT DATA
3 . L
g 0.5 ? 0.020
g
- 4
[ 9 '
a (04 0.016
" \
1 \
x \- - -
H \
T a3 '\ N 0.012
- [ ]
3 \°
¥ \S
- sl » 0.008
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B .
¢ .
o : : '’ » 0004
& SZ&LE CHANGE -
»
44 tsec trn Ihr 1 doy
vyt o 1y o Yo w* o? o*

TiaE AFTER SHUTDOWN [sec)

Fig. 1.36,7. Comparisun of presert exp.imental results with the current ANS
¢ ardacd for fission-uroduct Cecay heat for thermal-neutron fission of - ' U
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Results of two ather recent experiments >~ are very similar to ours when properly com-
pared to the ARS standard. We conclude that *he presently used “ARS + 20 " is an
extresely conservative renresentation of the fission-product decay power for -~ ~"U thermal-
aeutron fission.

.hsearch sponsored by Nuclear Regulatory Commission.

). “Decay Energy Release Rates Following Shutdown of Uranium-Fueled Therml_aeactors."
Proposed ANS Standard, Approved by Subcommittee ANS-5, October 1971, Revised
October 1972,

2. J. K. Dickers, T. A. Love, J. ¥. McConrell, R. M. Freestone, J. F. Erery, and
R. W. Peelle, “Fission Product Beta and Gamna Energy Release Quarterly Prngress
Report for July-September 1976," ORNL/MUREG/TM-65 (December 1576).

3. S. J. Friesenhabn, K. A. Lurie, V. C. Rogers, and X. Vagelatos. "U-235 Fission
Product Decay Heat from 1 to 10° Seconds,” EPRI NP-180, Project 392-1 Final Report.
Prepared for EPRI by IRT Corparation [February 1976;.

4. J. L. Yarnell angd P. J. Bendt, "Decay Heat by Calorimetry,” Los ARiamos Scientific
Laboratory Report %o. LA-UR 76-2036 {undated); report submitted to the fourth
Water Reactor Safety Research Information Meeting held Septerber 1676,

5. These calculations were carried out using the ORIGEN code for ar irradiation pericd
of 10"~ sec. A description of the ORIGEN coge is given in ¥. . Bell, "0RIGEN -
The ORRL Isotope Generation and Depletion Code,” GRIL-462% ‘May 1373). R. Schenter
and 7. R. England have performed similar calculations obtaining essentially
identical results with the ORIGEN calculation (private corrunication, 197¢}.

1.37 A SIMPLE METHOD FOR DETERMINING ABSOLUTE DISINTEGRATION RATES FOR SOME RASIONUCLIDES™

J. ¥. Jickens

(RLURCraC® oF faper sSimintesd Yor Conrnal puloioaloond

A method is described for deterrining absolute disinteqration rates for certain
electron-canture isotopes using x-ray-gamma-ray suming in a sinn'e hinh-resclution
detector. The method does not require knowledge of detector efficiencies nor of fanka-
ray branching ratios. Pesults obtained for ~ Ir are presented in whick a source of
10500 disintejrations/sec was calibrated to an estimated accuracy of 7.9 usina a
200 mm- intrinsic Ge detector.

*
Pesearch sponsored by Nuclear Requlatory (nmmicsinn,

1.32 THE DICAY OF ~ Mo

J. ¥. Dickens 7. A. Love

(ALt or RN VIRE el TanGari, ot

Relative intensities for ¥ x-rays and garma rays cmanating from " Mo in equilibrium
w..n its " Tc” daunhter have been reasured using several Ge photon detectors. C(Combining
these intensities with an evaluated set of electron-conversion coefficients has provided
8 set of absolute intensities for the observed garma rays. The absolute intensity for
the dominant 140.5-keV qamma ray in ""Tc was determined to be 90.7 - 0.6/100 Mo dis-

integrations for ' ‘Mo decay in equilibrium with decay of the ““Tc” daughter.

L
ftesearch spaniored by Nuclear Renulatory Commission.



1.39 TEUTRON-1%MDUCED GAMA-RAY PRODUCTIOX IN LEAD-208 FOR [%CIDENT-SEUTROM
EXERGIES BETW.EN 3.9 AND 2.0 MeV. ANC I% BISMUTH-209
FOR I°CIDEMT-REUTRON ENERGY OF 5.4 Mey®

J. K. Dickens

(RISITACT 97 pdpel TG I nmdliniz §oin Naslicar Norendo aned Prisineeringt

0

interactions of neutrons with - “Pb have been studied by measuring photon production
cross sections. Gamnd-ray Spectra were obtaived at incident-neutron energies of 4.9,
54, 6.4, 6.95, 7.35 and 8.0 MeV with 2 .-ray fetector system utilizing 3 48-cc Gelli)
detector. Nearly monoenergetic neutrons were ubtained from the D(..-) reaction using
deuterons obtained from the (pulsed; M.k Ridge Rational Laboratory 5-MV Van de Graaff
accelerator. Time of flight was used to discriminate 2gainst pulses due to neutrons and
background radiation. Extracted differential and tatal irnelastic cross sections have
been compared witk previous camparable measurements and with data from the ERDF/E evdlua-
tion with generally satisfactory results. lew information on the level structure of

Pb is reported.

Data were also obtained at - = 5.4 MeV for ¢ sawple of natural bismuth, ond new
informatinn on the level structure of ‘Ei was obtained. Differential .-ray production
cross sections were obtained, and the total inelastic cross section at = = 5.4 MeV was

deduced from these data.

*
Research sponsored by Defense luclear Aqency.




2. CROSS-SECTION EVALUATIONS AND THEORY
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2.1 AR EVALUATION OF NEUTROR ARG GAMMA-RRY-PRODLCTION
CROSS-SECTION DATA FOR LEAD

C. Y. Fu F. G. Perey

{ROSLract of Atoe. Data a Zuwl. Lata Tables e, o8 v, 17

A survey wis nade of the availadle information on neutron and gamma-ray-productivn
cross-section mpasurements of lead. From these and from relevant nuclear-<tructure
s formation on the PO isotopes, we prepared recommended neutron cross-section data sets
for lead covering the neutron energy range from 0.0C00) eV to 20.0 MeV. The crocs sections
are derived from experimental resylts available to February 1972 and from calculations
based on optical-model, DMBA and Hauser-Feshdach theories. Comparisons which show good
agreement betugen theoretical and experimental velues are displayed ir a number of graphs.
Also presented graphically are smoothed total cross sections, Leqgendre coefficients for
angular distributions, and 2 representative energy distribution of aa-ra rays fro-
resorance Capture.

.lomrtb funded by Defense Nuclesr Agency.

2.2 CALCULATED REUTROR CROSS SECTIONS FOR Cu AND fib LF 73 32 Mel
FOR HEUTRON DAMAGE ATALYSIC®

C. Y. fu F. G. Perey

(ADHSLIaCcT 6f jmiiel 3 0Ce~i “or iy.irnal sefl:caci oo

Cross sections for neutron interaction with Cu and Wb, with e 0kacis 0r “ec-: ~F
light particles froe binary reactions. are calculated for reutrar enarnies ror 1 20
32 ReV for estimating recoil probability densities ar the ana’.sin 0f damg e wolevis
ments with a2 Be( .,: ) neutron saurce. uclear vodel sarareters were a2 505670 ¢ eppras,
the available cross-section data around 13 Zey. Heliyr oraductine ¢rosg wortigrs aere
also calculated for ° Cu for neutrons helow 27 Mev, a3 ar itilus"ratior 3¢ The sy, 0.
Feshbach method for calculating tertiary reaction creoss soctisng.

*
Research sponsored by ERDA Livision of Jhycical Sesearcr.

2.3 CONSISTENT CALCLLATIONS OF (- .. ALD 7 .- 7975 <5770
FAR Ca-4n, = 1 - 27 vy

FABSIEICt of AZom, [ A Nusl . Jate i e

Cross sections of neutron interaclion with “‘Za and the s.ubsequent nrotuction of
garma rays are calculated and compared with experirents. Varicus ruriear —adels are
judiciously applied for the calculation. The Hauser-Feshbach thenry for hirary reactiong
is extended to include tertiary reactions, which are important ror ~ La ‘rar 17 t6 I ¥,
Continuum-level spins and parities are included in the narra-ray-production calcylatiorn
to conserie anqular momentum. An extensive measurerent of rarma-ray-nraeduction cross
sections, available after all mode) parameters were fired, i used %o tes* the sredic-
tability of the models, particularly in the hinh-eneray ranne, where ‘ertiary reactions
contribute significantly.

L
Research sponsored ty Jefense Nuclear Anency.



2.4 COMPILATION OF PHENOMEROLOGICAL OPTICAL-MODEL PARAMETERS, 1954-197%° .
C. B Perey F_G. Perey

(ADSIIACE O Aftas. OMC3 A Suci. Data Tadles 1T, I, 197«

Preseated here is a compilation, with dibliography, of optical-mode! parsmeters
tercined by filling elastic-scattering angular distridutions for various incident
particies including heavy ions. [t includes parameters from previous compilaticns back
to 1954 and from an extensive literature search in the leading journals amd publicatioms
in nuclear physics up to June 1975 inclusively.

'aesearch sponsored by tRDA Division of Physical Research.

2.5 THE ENDF/B-IV REPRESERTATIOR OF TWE URANIIM-232 TOTAL IEUTRON
£ROSS SECTION I THE PESM VED RESONARCE EREPGY REGIOR®

G. de Saussure D. K. Olsen 2. B. Perez

REGSE AT Y TECI. Nor. Fmel 1, I, (9T

The TUOF/8-17 prescription fails 2o represent correctly the ~"U total (and
scattering; cross seclion between the levels of the resolved range. e show how this
representation can be improved by properly accounting for the contribution of levels
culside the resolved reqgion to The cross section at emervies inside the resolved regionm,
and by substituling the more precise rultilevel Breit-Wigner formula for the presently
used single-level farrula. dHe illustrate the importance of computing accurately the
cinima in the total cross section by corparing values of the self-shielded capture
resonance inteqral corputed with £5i0F/8-IV and with 2 more accurate cross-section aodel.

-*
Research sponsored by ERDA Division of Reactor Development and Demonstration, LMFBR
Prograr.

2.6 AN EVALUATION FOR ENDF/B-IV OF THE NEUTROW CROSS SECTIONS
FOR -~ FROM 22 eV 10 25 kev”

R. W. Peelle

(ABStract ©f ORNL=40%5, ENDF-213, Yau, 1974.)

Capture and fission rross sections for - ' U in the “unresolved resonance”™ eneruy
reqgion were evalyated to permit determination of local-average resonance parameters for
ihe ENOF/B-1V cruss-section file, Microscopic dsta were examined for infinitely dilute
average fission and capture cross sections and ¢lso for intermediate structure unlikely
to be reproduced by statistical fluctuations of resonance widths and spacings within
known laws. Evaluated cross sections. averaged over letharqy intervals greater than
0.1, were obtained as an average over selected data sets after appropriate renormaliza-
tion. Estimated uncertainties are given for these evaluated averane cross sections.
The "intermedia’e” structure fluctuations common to a few independent data sets were
approximated by straight lines joining successive cross sections at 120 selected energy
points; the cross s -ction; at the vertices were adjusted to reproduce the evaluated
average Cross sections over the brodd energy reqgions. Data sources and methods are
reviewed, output vaiues are tabulated, and some modified procedures are suggested for
future evaluations.

tvaluated fission and capture inteqrals for the resolved resonance region are slso
tabulated. These are not in aqreement with integrals based on the resonance parameters
of £NOF/8 versions [[[ and [V.

'Research sponsored by ERDA Division of Resctor Development and Demonstration, LMFBR .
Proqgram.
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I 2.7 REQUIREMENTS ON CIPERIMENT REPORTING TO MEC™ {VALUATION €60
R. U. Peelie
ABSTT 2t 0F parer >resented 2T Srwcial:sTs® Dewrin: Ao Tast Yewtren Jross Sevtioans o0
R Y R (X Sl - aw N - N PN
S, T, s, and 0T i, Jume J#-30, [ATe, Ry vnmy DTaticmal laboratorsu, Wl pudlisleed

in AXL-Te-%, p. 421}

To dafing the requirements placed by the evalustion of muclear ¢cross sectioas upon
the reporting of experismental results, 2 nodel of part of the evaluatiorn orocess is
presented. The mode! is a straightformurd application of nondisqonal weighted least-
squares estimption to average cross tections in the energy regions where the shape of
the cross section iz not given Dy theory. To comdime in 3 logical way the existin: eval.-
ated information with one or nore new sets of experieental results. the estimated
coveriance matriz of each eaperimenter’s results ngeds to de kenum on an appropriate
mesh. The liklihood that each experimenter =3y underestirate the uncertainties in his
reialts does not remove the need for hir to record fer users the estimdted maanitudes
and correlation patterns of these uncertainties.

.lcsur:h sponsored by ERDA Division of Reactor Developren? and Jeronstration, LYF2C
Progrem.

2.2 SUR, A PROGRAM ;0 GESERATE £APOC CNYARIANCT FILES®

F. C. difilippo

FADKLL.est F RNL TR=JIY, Farch, T

Covariance matrices were calculated for rhe ", - ~"Pu_and Py “icsion cross
sections and for the - ‘U, -~ Py, - "“Pu, and ~ Pu capture cross sertions. A corDuler
proqrem was written which uses the evaluated [DF’8 data files ant ke —ecasured or evaly-
ated {from other evaluationt) cross sections for the calculatinn 2¢ the uncerltaintly files.
An effort has been made to =ake the output of the proarar consisten? with the (qNF'§
error files format. A user's manual for the present code and refermnces tilized in the
covariance matrix calculations are given,

L
Research sponsnr>d by ERDA Division of Reactor Developren® and Decor<tration, (MF3S
Proqgram.

On assinqmment from Comision Twacional de frergiz atorica, Araensina,

2.9 THE ABALYTICAL ZONTINURTIA% OF Tuf PanpanavoR’

P, 8. Perer

senbesd AT tHe [nternafiernal

(ADST LA™ 0! pmpsr re
Seylrons with Sucle:,

Frpopt CrNEeTeNTlherl, n. (4583

il wed, J¥Te, o], VasnaotriTe PP

In neutron interaction studies, the Tinumann series evpansion of the L ippmann-
Schwinger equation for the Green’s function {propanator; of a system leads to the <lascical
expansion for the resolvent kernel, (- .-°)

'-.:_.) .

———tt
* .
-

:‘_(—;‘_;.) N A ..-(._: 27) .j (.

o
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where - i3 the coupling comstant. :-(°] the interaction sperator asd . (- ) the free
propagator. The functiomal series (1) cam be recast in terms of Volterra's powers by
composition: -

R NS ,j 250 BN 5-35- U | IR -0 1\ m

in the form

SRR L (%)
wilh
* . . . - -
IZED T (s)
The series {3) is 2 functiond] hypergeometric series, convergent whenever ;" - %
The analytica! continuation of the hypergeometric series (4) leads to
RO O B
IRICRY S )
where - is & negative power by composition, satisfying the relation C *
. we define the stromg coupling operator, .., by the relation
L] _0
. (6)
50 that the resolvent kernel is given from £qs. {3) and (6) by
CEE T T (7)

RN E RN DY ERPS DN RS (8)

from [R) and {7) the propagator is qiven as a power series of the inverse of the counling
constant. The neneralized resolvent equation, Mockel,-

s - H. {9)

is satisfied both by the series expansion of the propanator (1), valid for small values
of the coupling constant, and by the strong coupling expansion (7). Mence, the latter is
the aralytical continuation of the usual Neumann series for the propaqgator.

*
Research sponsored by ERDA Division of Reactor Development an. Demonstration, LMFBR
Program.
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1. Y. Volterra, - . " et 7o, po 99, Dover Publications Inc., 1953, New Yorb.

2. A. Mockel, J_ Math. Phys. 3, 23128 (1967).

$.10 A NEW PERTURBATION FORMALISE FOR THE COMPLEX WICTHS AND POLES OF THE
TRARSITIOR T-MRTRiX

R. 8. Perez G. de Saussure

(Abscract of paper rreseatod a8 ia Internelional JanT

Zeutrons ¥with Juacliel, Jule ved, [T, Toan-ll, Fascyiucs
geort CXFTelTii=i2, p. i4°7)

The T-matrizx of nuclear reaction theory can be writien iz the form-

s z 'Z:"'.’:._'.';., . (’

where ... is tae compler :idth for channel - and . the coraliex poins of the transition
T-matriz. e have shown that, in terms of a parareter 5 - < 1Y, tne covplex widths
and poles of the T-matrix are obtained via the srlution ¢f ®Re twe coypled Vnlterra
equations

-
L]

-t
[
[Se

(")

sy 30

where .. (D) is the real partial width 0f B-=atlri« thenry an? . 7 4 7i,er in fer—s
of R-matrix paraceters by

) =0 -

é

2 .-

The matrix elerents, ..., are functions 5f the corplex widtha, ., ant *re interaction
t2tween the initial R-matrix states. [n the present ‘crralis the interantion cnntaine
both changes in the hamiltonian aperatsr and the boundary conditinns.  The converaence

of the method depends on the ratisc of the rlerents nf the interactinn matrix o the spacing
of the complex poles rather than on the sare ratin esarecspd in terms nf the spacing nf

the R-matrix poles on the real axis, a5 i5 the case in She uiual perturbalion approach.

THe present method has heen appliierd 1o neuylran crnss sectinn calcy “ciont in cases
of large level interference and %n the study of inter~ediate <tructure poenormena,

*
Research sponsored by £RDA Nivision nf Practar Develnprent and Deronctraticn, LVFRR
Proqram.

1. K. B. Perez and G. de Saussure, ©h,s, Pev. £17, 127 711474%

2. E. P. Wigner and L. [isenbud, Phys. Rev. 77, 29 [1944).
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2.11 CALCUZATED WUCLEOR SPECTRA AT SEVERAL ANGES FROM 192-. 500-, ’
700-. ASD 900-MeV CARBON-12 OM (20m-56°

K. w. Bertini R, 7. Santoro 0. 4. Hermann

L ENLITR- e, Februari, (e, and of PRus. Rev. Cid, W, (970}

BTN PPNl R b

ieutron spectra were calculated as a funclion of angle betueen 0 and 110 for --C
on Fe at 192, 500. 700, and 900 MeV. Prolon spectra were calculated for the same
anguiar range hut for only 192-Me¥ --C on “Fe. The most siamificant property of Zhese
spectra 15 that there is an appreciable nunber nf ne:*rons emitted «ith energies greater
thar the ircident energy per nucleon at all ingles investiqated.

'aesearc‘n ssunsored by ERDA Division of Physical Research.

Computer Sciences Division.

2.17 COMPARISON OF MEASURED SEUTRDD SPECTRA NITH PREDICIONS OF
AR IRTRATUCLEAR-CASCADE mMOOEL®

5
raron Galonsky k. R, Doerim‘ D. X. Patterson
7. w. Bertini

Teves e r. i, 1)

iRt a st ol RS, Few, Ul

weutron spectra resslting fror bombardrent of targets of ~*Za, “'Ir. " "Sn, and
YPr with 45-MeV prolars have been neasured at many anales between (° and 160°.
Intranuciear-cascade Monte Carlo caicslations nredict 200 many hinh-enerqgy neutrons
ir, tre forward direction and 100 few neutrons, particularly high-enerqy neutrons, at
anles qreater ®han 15 | Beyornd P the underprediclinn is by factors of 10 to 100.
For aniie-inteqrated spectra, however, there is reasonable agreement between theory and

experivent.

[ 4

Researck sponsored by ERDA Diwision of Physical Pesearch.

Cyclotron Laboratory and ?hysics Department, Michigan State Univer<ity, East Lansin-,
Michigan, and Institute fur Kernphysik der fernforschungsanlace Julich, D-517 Julich,
West Gerrany.

1] . L . . .
Cyciotron Laboratory and Physics Departrent, Mickigan State University, Last Lansing,
Michigan.
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3.1 MOz X MOWMAR CDOE SYSTER FOR GEREMATING C;”llt RATICAOu
BEUTROR-CAW LIOMARILS FROR ENOF S

BB Gryen’ | J. L. Leices L. M Putris
. C. Forg, I11  J. I. imite” R Q. ¥rign

iAbyerast @f QRAL/TR I, Rapgh 27w}

NOL i3 2 sedslar system for producing cupled multigroup aputron-gammp cross section
ats. Rasic moutren ang gomp cress-saxtion dals for ANDPT ary sbtaimd fram ENOF,:
Haveries. Most cumenly vied oparations reguired ts geeevate and collapse mitigronp
tress-saction sets are provides in the system.

A1 is fleaidly dinpnsiomsd; nyutren growp Strucluret, Qimg growp StruCtures, and
oepant ion erders to resrusent anisstrepic precessas drw all arbitrary aad linited enly by
. tlable computer core and budpet. The Betic precesses provided will {1} gamevate muiti-
Proup aaulren cresy sections; (2] quearste ssltigrows gomms cress sections; ()] sewerste
v yields for quma-produc ing aquilren intaractions; f4) combing mgutron cress sections,
goomd Cress 3ections, ond gumms yiglds inte fimal “coupled sets™; {5} serform ome-dizam-
siangl discrets ordinates trensport ov diffusion theery calgulations for meutrems ind
gmes ond, o sptien, collapie tiy cruss sections to 2 Droad-gravp Streclure, wiing the
«a-dimpnsional ressits a5 wpighting fusctions; (6] plet cress sections, on option, W
foxilitate the “evaivation™ of & partiwwlar multigrowp sat of data; (7] upsste and mapin-
toin multigrowp cress-section lidbraries in tuch & smammer 23 to make it not only essy to

- combine mew da3ts with previewsly processed data but aiso to do it in 3 single pass on the

computer; and {2) output oultigrowp cress sections in comvenisnt formsts for other codes.

L )
Resnpreh 3ponsered by Defesse lucledr Agency.
Camputer Sciences Divisien.

3.2 PRODUCTION Awp TESTING OF "HE DRA FEW-GROUP COUPLED
SEUTROR-GAMR. CROSS-SECTIOR LIBRARY

D. €. Barting J. R. Faight  J. V. Pace. !l 2. Roussin
{ALSRrMCE DS ORZL TR$832, F-bpaar:, 477}

A state-of -the-art cross-section library has Dees teveloped for the Dnfense ‘ucles~
Myancy in a 3721 newlron-gemmng emergy 5roup slructure thal can De used for radiation
transport calculations on most availadle computer facilities. G5ased on dats fror the 5RA
Working Crnss Section Library and the Evaludted wuclesr Data File, Ihe lidrary contains
cross sections for 35 muclides thet will be updated and added to requiariy. The docuren-
tation presented here includes descriptions af typical sources and responses in the 3i-21
structure and results of comparative calculations performed for testing purposes. The
1ibrary is svailable Uwough the Radistion Shielding Information Center at Mak Ridge
Retions] Ladorstory.

[ J
Resesrch sponsored by Defense fuclesr Agency.
?Cuwtr' Sciences Division.



3.3 “OU:FICATIUR MMEBER DN TO Tk €O PLED 100m-21. CROSS SECTION
LIAMARY FOR EPR CRLCULATIONS

¥. 7. Ford, R N & Sentors B. M. Roussin D. M. Plaster
(Abs trust nf VRN /TR-324, Narch, 197+)

) The EPR PRISK- formatled 1iG-gronp nautror asd 21-group gammi-ray cross-section

+ w3y bas Leen wodificd by the dditien c¢f sata For 20 materials, by the addition of
react;on crots sectiont for calculaties, trition ar! helium production, and by the addition
3f Yoo 2300375, The Z2R 10D-3rour mister croge-sectior lidbrary has been mndified by the
ofdition ot l3t2 %or I? zaterials. “rxcedur:s wsed to generate these cress sections and
tie orgmization of the sibraries e duscrised.

'!:searcb sronsored by ERLA Divisien of Pagrelic fusion Energy.

"‘:’,.n;u!er Screnzes Jivigion,

3.8 METIGAOUP DATA COSRR? ATAILABLE FOR FISSION
*®
AXD FUSION REACICR S:HIELOING

R. W. Raussin

iFusmacy of el tu bae presepbot! ol Soees ival Sd ol Somiuly el MNCTing, June 12-17,
4977, News York Ci=~w)

®:tigroup ndid 32ts —ovsonly availabie for fission and fusion reactor shielding
srlications have beth gdvantages and proble-. associated with them. A status report on
s tigroup sets in this particular afl <. gion is appropriate because recent trends are
towarg #.°tigrour sets which glievizty some of the problems and are more svited for use in
rictear date assessrant.

As is described .o & diffarest session it this meeting, the Radiation Shielding
information Certer (RSIC) has been invo’-ed since 1968 in the packaging, documentation,
ang Jisir at1on of multigroup dats fo- shieiding applications through its Dats Lidbrary
folic_vion /0LC).2

Most mul:igroup dat2 se’, in RSIC are of U.S. origin. However, international agree-
ments exist wh ch allow exchang:, in most instances, of computing technology (including
multigroup dati). Fur e>aenie, the Ruclear Em?y Agency Computer Program Library (NEA-
CPL) in Ispra, (taly, distributes many libraries’ obtained through RSIC, and vice verss.

A brief description of selected multigroup Iibraries from the RSIC Collection is
3esu® ip Table 3.4.1. It can be Seen tat most were generated for & certain design appli-
cativm or analysis and were then made commonly available through & center like RSIC. A
w.gv . 1/e5 substantiaily by avoiding the praduction cost if he can apply Such a library to
his pro ect. Some users have no choice but to try to apply an existing set to probles
far whicn the Vibrary was not designed. Among the cosmon drawbacks of these problem-
! derendent libraries are that needed materials are missing and the wrong group structure,
{ resonence self-shielding and temperature dependence are vsed.

In some older libraries, particularly coupled nevtron and gasma-ray sets, inconsis-
tencies in energy balance exist. Problems with the DLC-23/CASK and DLC-36/CLAN were
recently noted by Kalra and Driscoll.” Recent trends are alleviating some of these prob-
Jem=. Later versions of the Evaluted liuclear Data File (ENDF/8) have neutron and ganma-
ray production data for many meterials (not true for data sources for DLC-23 and -36),
thus improving the chances for consistency in energy balance.

User needs have dictated the more flexible form of newer libraries. They contain
more detailed reaction information and more versatile retrieval capability which allows
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the vier to do his oun 3elf-shielding and temperature corrections, group collapsing, etc.
With these tools, more detailed analyses can be performed, including sensitivity studies.

Examples are DLC-40/L1B-IV in CCCC: format, DLC-43/CSRL  in AMPY  format, and the
ORC-SVNITARIN-C® and DLC-42/CLEAR: - )ibraries in a combination of CCCC and AMPX formats.

The availability of these newer, more consistent, and more f'axidle libraries in-
creases the capadility of the individual user to solve @ wider viriety of problems. In
addition, the appearance cf data sets comtaining coveriance matrices-- (OLC-34/COVERX) and
sensitivity profiles-- (OLC-45/SERPRO} enhance his chamces for participation in nuclesr
dota sssessment.

L J
Research sponsored By EROR Division Of Reactor Development and Demonstratiom, ExDA

Otvision of Magnetic Fusion Energy, Defense Rucieer Agency, and luclear Regulatory
Cammission.

7. 8. F. Maskewitz, O. K. Trubey, R. M. Roussin, and E (. McGill, "The Radiation
Shielding Informaticn Center — An [nternational Technology Resource,” see in
this report.

2. R. W. Roussin, "Abstracts of the Data Library Packages Assesbled by the Radiation
Shielding Information Center,” ORML-RSIC-30 {1972).

3. BREA-CPL, "KMIK Index of Ruclear Programs,” 1976, NEA Computer Program Library,
Casella Postale %.15, 21027 — Ispra (Varese), Italy.

§. M. S. falra and M. J. Driscoll, "Gamma Heating in LMFBR Media,” C00-2250-13 {1978;.

5. R. B. Kidmdn and %. E. RacFarlane, "LIB-IV, A Library of Group (onstants for lwciear
Reactor Calculations,” LA-6260-45S (1976).

6. B. M. Carmichael, "Standard Interface Files and Procedures for Reactor Physics <og.s,
Version [I1,” LA-5886-HS (1974).
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.

W. E. Ford, III. C. C. Webster, and R. M, Yestfall, "& 212-Grou; eutron Cross-
Section Lidbrary in the AMPY Interface Format for Criticality Safety Studies,”
ORNL/CSD/TM-4 (1976).

8. N. M. Greene, J. L. lutizs, . M. Petrie, <. L. Ford, III, 5. E. &Rite, and 2. .
dright, "AMPX: A Modular Code ystem for lenerating Coupled *uitigroup ‘wu‘ron-
Gamma Libraries from ENDF/E,” ORNL-TM-3706 (1976).

9. R. W. Roussin, C. R. Weisbin, J. E. White, 5. ™. Greene, P. 7. aright, and J. %.
Wright, "The (TR Processed Multigreup Library for ieutronics Studies,” ORBL-RS{C-37
(1976).

10. C. R, Weisbin, R. 4. Roussin, J. E. “hite, and R. {}. wright, "Srecificatinrn of
Pseudo-Composition-independent Fine-Group and Lomposition-Dependent Fine- and Groad-
Group LMFBR Neutron-Gamma Libraries at JRNL,” ORNL-TM-5142 (fhOF-274; (1975},

13, J. D. Drischler and C. R. deisbin, "Compilation of Multigroup Covariance Matrices for
Several Important Reactor Yaterials,” ORNL/TM-5564 ([1977,.

12. J. M. Marable, J. L. Lucius, and C. #. Weisbin, "Compilation of Sensitivity Profiles
for Several CSEWG Fast Reactor Denchmarks,” ORNL/TM-5560 {(LNDF-234) {1377).



Yable 3.4.1. Characteristics of selected wltigroup ma scts 1ren tln IISIC co"«mm
Number/Name Coatributor' . Purpose or Origia of Origina)
of OLC (Gate) Description Ubrlry validation
2/1006, ORNL (1973) Neut. X3, 1009, P.: 411 materials;  AEC/DRRD via RSIC Reference sat from
r VA0 3] SINEX has ENOF/B-111 reaction Xs ENOF/B-1-11, -1tI
S/HALLMARK , oRnt (1971) Coupled Xs (22, 18), P,; air, DNA air and air/ground work Senchmark air traaspert
14/A1R ground at ORML codes
8/8P-3, ORML (1969, Coupled s (22, 18), P,y; air, DNA wethods development work ANS shielding benchmark
8/8pr-6 1972) polyethylene at OrRML Nos. ) and 6; ORML-
RS1C-28
17/%0%, ORNL (1972) Coupled Xs (86, J3), P,, N8O: DNA integral expt.; LNFBR Successfu) analysis of
18/0A8 Neut. Xs, 1009, P,, sodium integral expt. anper iments
23/CASK UCND, OfNL, SA Coupled Xs (22, 18}, 2,: many AEC/DML work at ORML Analysis of shipping
(1973) materials cask
26/\-N-RR3N WANL, RASA-MSFC Coupled Xs (52, 13), P;;: many WANL -developed data system Nuclear recket shield-
(1974) materials for MASA-MSFC ing amainais
28/CTR ORML (1973) Coupled Xs (52, 21), P,; many AEC/OCTR work at ORNL CYR standard blanket;
materials wide use I8 cammynity
Z9/MACKL 18 U. WISC., ORML Neut. kevwa, 100g; many materials ACC/OCTR work at U, Wisc.; Analysis of LMMAX
(197¢) plus RSIC collaberation fusion reacter design
J1/FEMG] ORNL (1976) Coupled ts (37, 21), P;: DNA ONA-sponsered fer users Amalysis of air and
concrete preblems
JI/MORTAGE LASL (197¢) Neut. activation Xs, 100g; CIR EROA/OCTR-sponsored LASL LASL RTPR amalysis;
structural & coolant materials activation library wide vse in cosmunity
JS/eum s ESIS, IKE Neut. XAs, 100g, P;: many materials turopean shielding benchmarh Anglysis of iren bewch-
(1976) program mark eapts.
Je/CLM LASL (1974) Coupled Xs (30, 12), P;; many AEC/0MA wedpens effects Weapens effects
materials calcs. at LASL analysis at LASL
37/ePR ORML (1975) Coupled Xs (100, 21), P.; many ERDA/CMFE work ot ORNL on Analysis of EPR fTusion

S

materials

experimental power reicter

resctor design
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Nusber/ Name Contributor
of DLC {Date)
40’L18-1¥ LASL (1976)

AU/NVITANIN-C  ORML (1977)
42/CLEAR ORNL (1977}
43/CSRL UCND (1977)
44/COVERX orRw (1977)
45/SERPRO ORNL (1977)

o —— s

A et e e e aee ww e .y

Neutron Xs, 30g; all materials;

C e emee vt i aeiaa s eaea

Description

... W - e ey

CCCC. 1SOTxS, BRKOXS, DLAYXS
format

Coupled Xs (171, 38); al}
materials; AMPX and CCCC
formats

Coupled Xs (126, )6}, all
materials; AMPY and CCCC
formats

Neut. Xs, 218g; all materials;
AMPX interface format

Covariance matrices; 1269

Sensitivity profiles; 1289

Table 3.4.1 (continued)

e A m eewk B e e WA ey

Purpose or Origin of Original
Library

EROA/DROU-sponsored for LMFBR

core andlysis

ERDA/DNFE -DRDD - spensored for
CTR neutronics

ERDA/DRDD-DNF £ -spensored fer
LMFBR core and shield
analysis

NRC criticaltily safety work
at Nak Ridge

EROA/DRDD sensitivity pregram
at ORNL

ERDA/DRDD sensitivity program
at ORML

i a s ww e e

B R e T 1)

Validatien

Reference set frem

ENDF /8-1V CSEWG;
CCCC mathods testing

Selectad problems in
CTR cosmunity

CSEWG data testing;
CCCC methods testing

Applied to U solution
systoms

CSEWG fast cricical
benchmirts

CSEWG fast critical
benchmarks

P T e e T R L

'oat Ridge National Laboratory (ML), Union Carbide Nuclear Division Computing Technology (UCND), Westingheuse Astremuc)ear
Laboratory (MANL), Marshall Space Flight Center (MSFC), U. Wisconsin (U. Wisc.), Los Alamos Scientific Laberatory (LASL),
European Shielding [nformation Service (ESIS), Institute for Nuclear Energy, Stuttgart (IKE), Science Applicatiems, Inc. (SAl),

“Unless otherwise aoted, the library format is that used by discrete ordinates codes like ONETRAN AND ANISH,



3.5 PROGCAKSS OB THE VALIDATION OF TnE CTR MATIGROUP DATA m.

R. W. Rowtsin C. R. Weisdim J_ E. White B. M. Greeme
R. Q. uright’ J. B. wright
(Reprint of Trans. an. Jucl. Soc. 23, 114, 1976)

Specifications for 3 gemeral-purpose LTR Processed Multigrewp Cross Secties Librery
{MESL) "- were developed by collaberation between CTR mewtremics costractors and the
Radiation Shielding Information Center (RSIC). To obtain the fleaibility sewght, the
meutron cross section processor MINI® was wsed to qemevate the agutrom Cross sactions and
sodules of AMPY™ were used for the gummi-ray cress sections. The primery cutpst format
chosen was the ANPX naster interface for meutr.a and gams-ray cross sections with appre-
priate AWPX codules for manipulating, self-shielding and mevrging into coupled cross section
lidbraries. Output is 2130 provided in CCCC™ mputrem Cress-section formats with coupling
codes for self-shielging the CCCC newtron dats and mevying thex with the NP1 gesms-ray
data to odtain coupled cross sections. This was done by shiring preduction costs and
computing technology with the Shielding and Reacter Physics Analysis Growp at ORI in
their ERDA-DRRD spomsored cross section library gemeration work.” [n order for the wsev
to utilize the full flexibility offered, various retrieval and manipuiation programs are
availadle for merging, coupling, collapsing, editing, resomance self-shielding. ond
otherwise manipulating the library.

A validation effort in support of the PICSL data package seewed appropriste because
of the new types and quintilies af data and retrieval progrems which were written, adapted
and/or modified in the course of this development. A ugeting, attended by representatives
of the installations listed in Table 3.5.1, was held at ORRL to discuss procedures for
such a validation effort. The 303ls of the zffort are to test the validity of the culpeut
of the neutron and gaxma-riy processing ccdes and to demonstrate the verisus retrieval
programs that support the library. ko at.ew> was made Lo separate proc2ssing approxi-
mations from nuclesr data deficiencies in the Basic INOF/B Library. The participants
volunteered to perform one or more calculations chosen from the list given in Table 3.5.1,
provide feedbiack on problems encounterwd with codes or data, make comparisems with calcy-
lations using other data libraries, and report the results jointly in documentation to
3ccxpeny the final veryion of the likrpry.

Table 3.5.1. Listing of the participants in the validation effort end the
cdleulations which will be performed with the CTR Data Package

o e < 1 —— ———

Participants
Argnme Rational Laboratory Dak Ridge Rational Laboratory
Rattelle Northwest Laboratory Princeton Plasms Physics Liboratory
Lawrence Livermore Laboratory University of dWisconsin
los Alamos Scientific Laboratory Westinghouse Fusion Power Systews

L J
Calculations to be Performed

CTR Standard Blanket Benchmark (ORML/TM-4:i77)
ARL-TEPR (ARL/CTR-75-2 ang ANL/CTR/TH-51)

Japanese Experiment (Nucl. Sci. Eng., August, 1975)
Weale Experiment

LLL Pulsed Spheres [UCRL-74277, Rev. I, 1973)

RTPR Benchmark

wymen Experiment (Texas Symposium, 1972)

TFTR

C and Fe Ring Sxperiments (ORNL/TM-4157, -4193)
University of |.° .wois Fe Sphere {Washington, D.C.)
Princeton Refe-cnce Design (MATT-1050)

UWMAK-TT]
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“ant participants will caiculate the CTR standard blanket and one or more of those listed.
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The wide veriety of problems to De calculated will provide an extensive test of the
PCSL datas pachage ang uieful comparisens of results obtained with other cross-section
Tibraries. As an example, the first ORML ressits in this effort calculated & tritium
breeding ratio of 1.61 (1.03 ia Li-6, 0.58 in Li-7] in the (TR siandavd blanket Denchmark
o3 the PCSL compared to & value of 1.57 (0.99 in Li-6, 0.58 im Li-7) using the DLC-
37/EM° (gemerated by ILALS of the AWPI system). The reason for this difference is being
fuvestigated and the reselution of the question will be documented to provide valueble
ingight to the prospective wser. Possible causei include differences in processing
setheds, high-enargy weighting spectrus, and tesperature uigd in the thermal group lax-
welliss spectrum.

“Resesrch speasered by ERDA Division of Magnetic Fusion Energy.
‘m Scionces Division.

1. R.W. Meussin, C. R, Weisdin, J. E. Jhite, U. P_ Greene, 7nd R. H. Johnson, “Develop-
mgnt, Generation and Testing of the OCTR Fime-Group Cress Sectiom Library,” Trans. As.
Recl. Sec. 22, 820 (1975).

2. R. M. Rowssim, C. R. Meisdin, J. E. dhite, %i. M. Greene, 3. Q. wright, and J. B.
Uright, “The CTR Processed Multigroue Cross Section Library,” ORNL/RSIC-37 {1976).

3. C. R veisdin, P. D. Soran, D. R. Harris, x. J. LaBayve, ond J. S. Hendrix, "NIRX A
Rultigroup Interpretation of luclear X-Sections.” Trar.. An. “wcl. Soc. 16, 127 {1¢73).

4. K. R Greeme, J. L. Lucius, L. N. Petrie, &. E. Ford, [I], J. . #hite, and R. 3.
Wright, "ANPI: A Modular Code System for Gemerating Coupled Pultigroup ‘wutron-Gamna
Libraries from ENDF/E,” ORKL/TM-3706 :1976).

S. B. K. Carmichael, Compiler, ~“Standard [nterface Files and Procedures for Reactor
Physics Codes, Yersion [1],” LA-5486-MS (1974).

6. C. R. weisdin, R. 4. Roussin, J. E. snrice, and R. . wright, "Specification for
Pseudo-Conposition-Independant Fine-Group and Composition Jepender.” Fine and Sroad-
Greup LWFER Reutron-Gamme (ibraries at ORWL ,” OR%L-TM-5142 (1975,

Y. w. t. Ford, ii], . 7. Senluro, H. ¥N. Zuussin, end O. M. Placler, "Modification
lwwber One to the Coupled 100m-21. Cross Section Library,” ORNL-TM-5232 11976,

3.6 MInX, A MULTIGROUP INTEATZZTATIGN OF UCLER
X-SECTIONS FROM ENOF/G

€. R. Weisbin  P. D. Soran  R. E. MacFarlane
D. R, Harris~ R. J. LaBavve J. S, Yendricks
J. L. White' P. B. Xidman

(AHSSTaCE uf la=cdbo=y, N0F=21T, Sortemier, 4070

RIRX calculates fine-group averaged infinitely dilute cross sections, self-shielding
factors, and group-te-group transfer matrices from £NQF/B-IV Zata. [ts primery purpose is
to generate psewdo-composition independent multigroup libraries in the standard CCCC-I[I]
interface formats for use in the design and analysis of nuclear systems. MINY incorpo-
rates and improves upon the resonance capsdilities ~f existing codes such as ETOX and
ENORUH and the high-Legendre-order iransfer matrices 2f £T0G and SUPERTOG. Group struc-
ture, Legendre order, weight function, temperiture, diluticns, and processing tolerances
are 211 ynder user control. Paging and variable dimensioning allow very large problems to
be run.  th COC and IBM ver.ions of MINX are availatle.

*
ORKL , -ticipation sponsored by LRDA Division of Feactor Development and Demonstration,
LIFBR Program.

“Los Alamos Scientific Laboratory.
'Conwur Sciences Division.
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3.7 TnE ROLE OF “STANDARD™ FINE-CAWP C?S SECTIOR LISRARIES
1N SHIELDING ANNLYSIS

C. M. Weishin M. U Mevasia €. M. Gdlew D. [. Collen’
J. €. umite' R Q. wrighe'

{Susary of paper to bv sreseated 3t Fifth Internationdl Conference on Bcater Saielding,
April [8=22, 1977, Knoaviliv, Tvamcssew)

The Divisions of fic Fusion Engryy (ONFE) and Resctor Duvelopmant and Dumanstra-
tion (DROD) of the U.S. inergyy Research aad Development Adninistration (ERDA) heve jetistly
spensored the development ¢ 2 171 newtrem, ?J—"" ? psoudo-compas ition indy-
pendent cross-section lidvary "' bosed wpan 8- s library is intonded 5 2@
geserally applicable to fusion Disnket and LIFIR core and shield ans! - The purpese of
this paper is te (1) evaluata this library and fts post performomce’ " in light of ANS
Shielding’ and Reacter Physics® standards for cress-section data sets, (2) revies e
niture of the problem indepandence of the library in tevms of growp Structure and weighting
fonction selection, (3] imticate how the group-bind concapt® can be exploited te extend
the range of agplicability of this Vibrary, amd (4) documpnt the curvest limitations of
and anticipated extemsions to this processed data file.

Current ARS standards™ set forth “specifications for develeping, preparing, and dace-
wenting nuclear data sets.” The 171736 library ws credted with the intent of seeting
these established procedural and technical requirements. In particular, the processing
codes (and associated multigroup farmits) erployed have been tested and ave available o
both [BR and COC computers. RSIC requiremests for 4ats packdging heve ensured conformince
with documentation and quality centrol regmirements. (NDF/8-1IV dats were used, their
primary limitations being the lack of com:ehensive files for hevma foctors, coveriemce
files, and actinide ond activetion cruoss sections. The cinices of grevp structure and
weighting function were guided by the vesslts of semsitivity stedies and the datails of
these choices elicit the most concern regarding the range of applicability of the iibrary.
Successful results from three major ERDA-spensored activities in data and precCessing
nethods testing by ning major Jaboratories and the feedback frem diverse application
programs indicate that the range of applicabiiity may be broad emough to qualify this
Vidrary as ¢ yemeraily sppiicabie 4338 sul for Yast reactor and fusien smaiysis.

For shielding prodlems characterized by 2 streng spatial dependence of the self-
shielding factor and important energy regions with significant cross-section fluctuations,
the group-band approach has been demonstrated:” to produce more relisble results for
calculated penetration. The required group-bend cross sectioms, directly obtained from
the 171736 library, would eliminate the - -smbiguity ' inherent in 2 Bondarenko “standsrd”™
Tibrary by explicitly defining cross sections for any materis) without iteration. The
ueefulness of the method is tested in this stwdy for an UWBR shielding prodblem charac-
terized by deep penetration lhrough sodium and irom.

'Resurch sponsored by ERDA Division of Reactor Development and Desomstration, LMFBR
Program, and ERDA Divisicn of Magnetic Fusion Energy.

‘Lawrmc Livermore Laboratory.
'Conputer Sciences Division.

1. R. W. Roussin, C. R. Weisbin, J. £, White, R. M. Greene, R. (. Wright, and J. 8.
Wright, "The CTR Processed Multigroup Cross Section Library,” ORWL/RSIC-37 (1976).

2. C. R. Weisbin, R. W. Roussin, J. E. White, and R. Q. Wright, "Specifications for
Pseudo-Compos ition-Independnet Fine-Group and Composition Dependent Fine and Broed-
Group LMFBR Reutron-Gesma Libraries at ORML,” ORML-TM-5142 (1975). (Note that the
126 groups are a convenient subset of the mester 171 lidrary.)

3. R. W. Roussin, C. R, Weisbin, J. E. White, K. M. Gresne, and R. N. Johnson, "Develop-
ment, Generation and Testing of the OCTR Fine-Growp Cross Section Library,” Trans.

Am. Nucl. Soc., 22, 820 (1975). .
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4. 0. Grber, . Dunford, and 3. Peuristein, "ENOF-102 Data Formats asd Procedures for
the Evaluated Nclear Dota File, ENOF . OONL-NC3-50496 (EMOF-102) (October 1975).

S. J. €. umite, R. Q. Uright, L. R_ Willigms, and C. R. Ueisdin, “Data Testing of the
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Teans. M. Mucl. Sec. 23, 507 (197%).

6. R. M. foyssia, C. N Ueisdia, J. €. Uhite, K. H. Greens, R. . right, and J. B.
Wright, “Progress on the Validation of the CTR Multigreup Teta Package.” Trpas. A=,
Necl. Sec. 23, 14 {1926).

7. ARS-6.1.2, "Wewtren and Commp-Ray Cress Sections and Related Group-Awer:,c2 or
Derived Data, in the fneryy Ringe and for Materials of Interest in Nucliear Fad) tion
Protection,” Warking Crowp of ARS-§, Chairman, 0. R. Harris.

8. “imiver Data Sets for Reacter Design Calcelations,” American Tational Standards
institute Standard MY, D3 Jamwary 23, 1978,

9. 0. E. Cullen, “Application of the Probebility Table Method for Multigroup Calcula-
tions of Ngwtrea Transpert,” Mecl. Sci. Eng. 55, 387-400 (1974;.

16. E. F. Plechaty, “Tonte Corle Calculations of lieutrom Transport t.ing tie Probability
Table Nethed,” Trams. Ao Nucl. Soc. 23, 526 (1976;.

. R Seguw, - wmowd soariursr Flaslae, Loals sl s =T s, pp. 5032312, Pergamon
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3.8 MALTICROUP TIME-GEPERDENT DELAYED GAMA SPECTRA FROM FISSIOR
L]
ARD ACTIVAIIOR OF URANIUM RRD PLUTORIUM

0. W, Hemmz M. A Cjerke . 7. Xeisbin

(SUEEMEr i uf paf=T 20 n prefentod 3 ASWLICaf TGOl SoCiet s Anneal Teetlng, June 2«17,
i¥TT, W Yura Coesi

The purpose of this piper is 0 repor? c2lculated time-dependent delayed tarma-ray
spectra from neutron-induced fission and capture in isotopes of uraniu— end ciitonium,
The multigroup spectrs were gengrated with the JRIGEN code: froc £70F ©-1U and prelim-
inary ERDF/E-V files in & 36-group energy structure for use in desiqn analysi< with the
126/36 LNFBR " and 171/36 DMFE- coupled cross-section libraries. “rior %o this time, LMFER
reactor designers typically have not included spectral informatinn for deiayed jama rays
arising from activation of - ! {i.e.. neutron capture leading 20 U ond - “Np), and
have used 3 single -‘U-based spectrum for the fission gerwa rays, independent of the
fissioning species. "~ As a result of this work, isotope- and inc ident-energy-dependent
wltiqroup delayed fission gamma-ray spectra, as well as delayed gara-ray spectra from

“U captv-e, are now in use at GE and W/ARD for the determination of in-core heating in
nuclear reactor components and critical experiment analysis.

While a tota! gama-ray energy yield of 6.1 Mei fission has been used in the past by
designers,” our myltigroup library shows 2 brosd range of emergy yields for the various
isotopes consigered. For - “-U thermal fission, the tot yield is still 6.1 deV, however,
we find 4.9 MeV, 6.1 MeV, 7.9 MeV, and 5.0 MeV for ' 7. thermal fission, -~ U fast
fission, - "“U fast fission, and - - Pu fast fission, respectively. There is also a large
difference between lha energy yields of fission and capture, with the - "l capture chain
contriduting 0.24 MeV/capture., Although delayed gawma-ray heating from - U cepture is
only 5 of the total :*U hesting in the LMFBR core, the assessment of - U activation is
essential for blanket heating analysis.

Figure 3.8.1 is a plot of the delayed germa-ray spectra fntegrals over an infinite
(10” seconds) decay time. Various differcnces are evident between the delayed fission
garma-ray spectre from - '7U and - ! 'Pu fast fission and the previously used - * U spectrum.’



while the - U and - “'Pu spectra are sizilar, the - U spectrum is considerably harder.
The delayed gaoma-ray spectrum following neutron capture in - 'L iy also displayed in
Fig. 3.£.1 and is seea 0 be ruch softer than the spectra of fission qasra rays.

Tne delayed gama-ray spectra from both fission and capture are very sensitive to the
Tirits of integration over decay lime, with the mean gaema-r3y emergy varying by a factor
of two over the tize range C to 10" sec. For this resson, we have provided 58 and %/ARD
with sepirdte spectra integrated over the time intesvals from O to 10, 100. 1000, 3600,
i, 15, and 13 sec.
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Fig, 3.a.1., Delayed gamra-ray spectra inteqrals over infinite time.




In conclysion, the delayed garma-ray spectira daveloped in this work represent
signidficant addition 10 current myitigroup Cross-section libraries. [T i3 nowm possitie o
ingclude gamma-ray spectra separately for different deca; tire inter.als and Cifferent
fissioning or capturing species. Recent formal extensions, such as tne ZAPGSE file, 2ilow
these data to be used in three-dimensic burnu; and Jepletion codes such a5 SURNLER,
Finally, this data set is now being apsiied by GE and & AR 1o in-core gasra-ra; hea®ing
analys’s.

-
Research sponsored by ERDA Division of Reactor Jeveloprent and Le-cnstiration, (MFSR
Prograc.

“Computer Sciences Division.
1. ®. J. Beli, "The ORNL I[sotope Generation and .epletion lode, 4RA%i-36-c 373 .

2. U. Garber, C. Dunford, and S. Fearlstein, "ENOF-102 Jate formeals oand Pr edures far
the tvaluated Twciear Lata File, ENOF,” BRL-ILS-90496 thOF-102, [J<toher, 137a,.

3. C. R deisbin, 2. &. Roussin, J. 1. anite, and 2. . &
Pseudo-Compositlion-Independent Fine-Grou. and (orpesiti
Group LMF8R leutron-Gamea Libraries at (RNL,7 (3% -TV-5

§. P. X. Rgussin, (. ¥, deishin, I I, Znite, . 7. freene, I,

aright, "Tne (7R Processed Muitijroun (ross-loclion Lisrar,,

S. Private coTunication with B, . I sney, aostinghouse, ftomig
Madison, Pennsylvania January, 1977,

6. Private cosrunication with £. tuidwski, General Dlectric, 7.<r Degeder —eagtar
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scribe tne testing projrar and resuilts ohtained o date i
in the litrary performance for o variels of irjortgr® WPiF gruiioaticns.
Such testing cleariy invol.e; tre walidity nf the entire el tEIe ang tne ceniening
techniques erploved; a5 a cunaequerce, the validatine roqras 15 rarely syer - onsidered
complete. rnowever, since the testing for a [ibrary 0° tnic ije oo Y onwter. 0oa
prerequisite to its use and azceptance, it aspears, Jalable o sprarize the calogiatt nas
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Table 3.9.1. Eigenvalues and reaction rate ratios calculated using ENDF/E-IV

e mma m e — v —— - e ——_—— e ¢ e ——————— - -

Pu Assemblies U Assemblies

e st ten e me—— e t e - e ——— ————————— e ——— v < <~ —

IPR-6/7 IPR-2/568 JEZEBEL IPR-6/6A IPR-3/11 GODIVA

............. e e me M = e e ® % . - Sy & i - e e e e = e = e e S

lef ¢ correc ted

Jiffusion theory 0.9829 0.9870 0.9989 1.0080

Transport theory 0.9¢8s 0.999 0.9926 0.9999 1.0053 1.0052
e, f- f 0.959 0.944
C/E, ~f1° f 0.922 9.906 1.917 1.015
C/E, ¢/ ¢ 1.029 1.007 0.959

CGE, - o f 1.073

-
Tnese calculations do not include recent improvements in unresolved quadrature schemes
suggested by ATIL which have been shown to reduce the eigenvalues {e.q., k for IPR-6/7

Lt

is decreased by .8 ;.

silute Pu critical assecblies are low ¢ i ) relative to those containing U. The caltu-
lated/cvoeririent (C/L) ratio of 1.073 for ‘c/-°f is consistent with independently calcu-
lated averpredictions of breeding ratio (C/f breeding ratio 1 ) relative to those con-
taining L. The calculated/cxperiment [(/i) ratio of 1.073 for ~"c/~'f is consistent with
independently cal.ulated averpredictions of breeding ratio (C/C breeding ratio 1.07¢ of
which 5.4 wds due Lo an overprediclion of - ¢/ "f using ENDF/B-I11). The central ratio
and total hreeding have been shown 0 exhibit eguivalent crags-sertion sensitivities.
ihe integral parameters in Table 3.9.1 are also consistent with those deduced at severa!
other laboratories. (The dispersion in resylts between various laboratories for the
eignevalue is 0.4 )

AS a check on the gamma-ray production cross sections in the 126/36 coupled litrary
over the full range o incident neutron enerqgies, a comparison was made with Fe, Na, and
i measurements performed at the Tower Shielding Facility of ORNL. For thermal-neutron
capture, there appears to be no serious discrepancy between measurements and values of
garma-ray production derived from our multigroup library. The measured and multigroup
processed integrals over gama-ray energies above 1 MeV are within the experimental error
{(-15 ). The C/E ratios due to thermal capture in Fe, Ta, and Ni were 0.991, 0.887, and
1.06 respectively. Although the integrals compare favorably with the measurements, there
are deviations outside the experimental error for some gama-ray groups. Oifferences
well ontside the estimated experimental error {-30 } are observed for gamma-ray production
arising from neutron interactions above 1 !leV. The differences noted in the representative
materials above are the subject of continuing study.

fn addition to the fine-group composition-dependent libraries jenerated for each of
the criticals in Table 3.9.1, 4 fine-group composition-dependent lidrary for analysis of
problems related to CRBR has been prepared. Also, a tailored 39/16 oroad-group subset
has been developed. Testing programs are currently being defined for these libraries.

The results above represent only a small sample of the experience obtained to date.
in light of the generally favorable results obtained, particularly for fast reactor core
analysis, the Radiation Shielding Information Center has packaged the library along with
suxiliary processing programs and sample problezz for general distribution.

'Research sponsored by ERDA Division of Reactor Development and Demonstration, LMFAR
Program.

“Computer Sciences Division.
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3.10 GERERAL STATUS OF ACCURACY OF ELOF IV ZROSS SECTILNG FOR (MF22
SHIELOING CATmATIONS
. . Magrker
ISRz 0f paper 0o dwe precontesd gt Anmpia. Meetin oot Srewocamo o Loar oty

June J2«.7, iY77, New Yors i)

The accuracy of ENDF/IV for use in shielding <alculations 15 far <uperior to that of
any previous set of ERDF evaluations. lot only are the neufron t-tal cross-section minimg
betler represented (of the greatest importance in decp-penetratinn shielding calculations),
bt for the first tire many of the wore important nuclides present in [MESE snieiding con-
figurations have gomnd-ray production cross sections as weil. [f we iirit ocur<elves to
the nuclides of primary impartance in LMFCR shielding nrotlems, we need only cansider
sodium and the major constituents of inconel, mild steel and stainliess steel tron,
chromium, and nickel.

At the outset we must distinjuish Letween cai ulational disasrer—enis with the
results of highly integral experimgnts caused by usinn a poor rous tvartare and/or an
inaccurate transport method and using indccurate hasic data, Thic a-tivalencs i seldom
qasy to separate, but the qroup struclure effecl can nflen be ascrrtained by simple one-
dimensional "scaling” calculations of an intagral experizant using fwo crasn section sets
~ one the broad-grouped set used tn calculate the corplete evprrirent ant the other a fine
group set sufficient to describe the important details in the basic data di<covered by a
sensitivity analysis., AT ernatively, the basic data cam te used directly in 8 "point”
Monte Carlo calculation if the statistics in the resulls are adenuate. Obviously, the
transport caiculation must have acceptable accuracy, and for ‘he deep<penetration problems
we at Oak Rid  favor the .’ method,




Generally speaking, the conclusions appearing in Toble 3.10.1 are Gerived frem
simple integral experizents that do not suffer frem growp structure effects or tramsport
errors in their andlysis. ™"

Table 3.10.1. Statws of ENDF/IV cress sactiems

o i e et it 7

huclide - {0.0253 V) - -
Sodius Moequate Poor - naeeds to be Inddequate nedr the 30D-Re¥
re-evalusted ninisgm; perbaps -6 toe

low sbove | MeV; meeds R
*
be re-evalvated

Hickel & too high for all . Adequate Poor; mining should be 20
: lower in range 40 keV-4
HeV; needs to be re-
evaluated

Chromiuc Probably adequate ? Poor; minims should be 20
lower in range 10 keV-S
MeV; needs to be re-

evaluated
fron Generally adequate with Adenuate Generally adequate; perhaps
nerhaps -0 adjust- 4 too high in the renges
ments for 1.5 - & 1-3.2 Me¥ and §-5 "eV;
HeV : ninics are well represented

in the range 20 keV-1 Mey

e ma L e s o aim e i mm v vem o d B - W 4 m M . e m— e w e s mes e - m e R e mm e % o o B - ————

‘a recent re-measurement has been performed; see D. L. Larson, J. A. Harvey, and 5. W.
Hill, "Measuresent of the lieutron Total Cross Section of Sodivm from 32 ke¥ to 37 Mev,”
ORI -TM-5614 (1376).

Uespite the significant indccuracies in the nickel and chromium cross sections indi-
cated in Table 3.10.1, they become of far less significance when combined with irom in
stainless stee! becduse of the filling in” of the minima by the iron. Errors in the
stainiess steel neutron tota! cross sections average from 2 to 6 high over the range
10 ke¥-5 MeV.

As an example of the accuracy of calculations based nn ERDF/IV cross sections in 2
deep-penetration problem, Tet us consider comparisons with the upper azisl shield experi-
aent, where neutron tranimissions through up to 47 ¢m of stainless steel followed by
460 c¢m of sodium and 62 cm of mild stee] were mpasured.” Through up to attenustions of
the order of 10'-, a broad-group set produced disagreements of at most 3 factor of 3.3,
éngd for most of the configurations the calculations were within 30, of the messurements.
A fine-group set reduced the maximum disagreement to only o factor of 1.7, with impact
directly on inaccuracies in the basiz EROF/IV dats. By folding fine-group semsitivity
functions of the experiment with the error files present in ERDF/IV sodivwm and iron,
estimates of a factor of about 2 uncertainty were obtained.®

'hsurch sponsored by ERDA Divistion of Reactor Development and Demonstration, LMFBR
Program.

V. R. E. Maerker, C. E. Clifford, and F. J. Huckenthaler, "Neutron Total Cross Section
%hecl:s for Iron, Chromium, Nickel, Stainless Steel, Sodium, and Carbon,” ORRL-5013
1976).
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2. R E. Magrier, “302. faparismnt en Secondyr; Gamw-Ry Production Crevs Sectinas
Arising from Thgrmal-Havtrea Capturg ia Each of 14 Giftergat Eleents ?ius 2
Stataless Stegl,” OMBNL-TM-5203 (ERMOF-227; (1976).

3. R €. Merker, "383. (spavisent oa Seconddry Gamsg-2ay Produclion Zross Sections
Over a Fast-lisulrea Spactrum for Each of 1) Different _lements Pius 2
ttainless Steel,” OMN-TR-5208 {EWDF-228) {1976!}.

§. K. €. Ragrher, F. J. Muckenthaler, ond C. €. Clifford, Medsurerents ang Célcuistions
of the OBNL CRSR Upper Raial Shigld Experimemt,” ORN -3259 [1977;.

$. C. R. Weishin, private commynication.

.11 ACTIVITIES OF THE SHIELOLIRG SUBCOMMITIEE OF THE EXOF. &
[ ]
CRGSS SECTION EVALUATIWI wORKING GROUP

R. 2. Foussin

(Paper To be preseated o 3I72h Internetions] omlfvrones on Pegomos Jhieliino,
Aprii ig=22, 1377, Fmowv.liv, Teaness. ol

The Shielding Subcocmitter of tihe Crass Seclion fualuation Lowking Swrgup ~ilad. wet
established in 1342 at the request of the (SEdl chairman Sol Poarlstein To R8I ensure
that the content gf the 'DF B cross-sectiovr lidrary was 2deq2te for irealing shiclding
problens .

Early work of the subcormitize concentrated on devising forzaU. for jera-ra. inter-
action and production dats, 33 weli as providing prosrans for testing the clericel omt
physics consistency of the files. The “adtation Shieiding Inforration lLenter "RII{)
coliaborated Jirectly with evaluators on behalf of the Latiene! “wuiruyn (ross Se
Center {I5CSC; to begin testing and adding data sets tn te fed into the afficial LLUF T
librarie<. Thegse efforts, which were sponsoredt by AEC<IRDT [now TRLA-LALL: were aurerted
grestly through the efense lucledr Agency progric: of estadlishing 2 working cross-
section iibrary in ENGF format. The effort comcen’raled on ¢ialualion and tesling of
malerials of interest ta LWA progiaxs and providing these for inclusion in the E90F 7
library.

Shielding data testing ~fforts, as & part of the CSERL Jata Jesting Praarac, are now
2130 an integral part of the Shigelding Subcomittee effcrt. Procedures for writing and
approving the shielding benchmarks were devised by Shielding Subloiritiee ~orher.. Jalr-
testing benchmark experiments have been docurented and anal.led, 3nd the ~os! recent

results for ENDF/B-IV are as reported a5 part of i7D7-230, "Sercmiark Tosting of SL0FRLT,

Current and future activities of the subcoritter incl: e LoosriLiding sengativity
coefficients for selecled shielding esperiments to #3156 N folV evaliators., [ d0Csen-
tation and analysis of new benchaarks for ‘3st reactor intear.! exje: irents, amd 3¢
expanding formats and procedures a5 indicated by the needs uf °he newer (orvunity of
ERDF/B users.

[t is expected thet much of the new activily of the “rierldin: "ubrors ilien «ill be
on behalf of the controlled thermunuclear research (C7%, negPronicy corrunity in the area
of new eveluations via the CTR Working L ibrary and the docurentation and analvsis nf rew
integral benchmarks for fusion sources snd raterials.

®
ORNL, participation sponsorcd by IRDA Uivision of Hractar Jevelcprent and Leroniiration
and the Defense ‘wclear Agency.
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3.12 RECENT PROGRESS AT Ol [N DETEMMIRING RUCLEAR-DATA REQUIREMENTS FOR FAST REACTOR
L
SHIELD DLSIGR USING ADNANCED SERSITIVITY TECHMIQUES

.0 0l . R Wmishin

(hAhstract of poper presented at Internatiomel Atemic Energy Agency Neeting or Differentiail
and Iategral Kucloar Data Requigsements for Shielding Calculations, Occeber ll-153, 1976,
Vienna, ~ustriaj

The sensitivity anslysis of 3 large sedium-iron-steel integral experiment and 2
blanke: gamma-ray heating expevimgnt has recestly been completed, allowing estimstes to be
made of the impact of nucledr-dats uncertainties o fast-reactor shield design. Prelim-
inary ervor files for ENOF/B-1V iren and 3odium dats were vigd for the first time to ~
estinate the effect of dats uncertainties on shield performance. An initial asttampt wes
also marde to adiusi ivon aed sodisgm crase-sertion data o that the ralenlated and meacures
integral results ware in agreement. Significant discrepincies in both the iron and sedivm
dats above 1 Me¥ are indicated Dy these studies and supperted by the amalyses of other
‘elevant integral experiments. Recent measurements of the so’ium total cress sectiom in
the severa’ hundred keV energy range have 31ss had 2 large effect on the calculated re-
sults. A full discussion of Cthe relevant discrepancies found in the analyses of several
integral experiments will be presented in the full paper.

In the course of the above-mentioned studies new methodologies for semsitivity
analyses, uncertainty estimation, cross-section adjustment, snd determining nuclear data
requiretents for Shield design were developed and tested. For seasitiv.ty work in gen-
eral, the basic concepts »f "channel theory™ were recently worked out to illustrate the
paths taken trhough a shield system by the radiatior ultimately responsidble for the
detector response of interest. In addition, cross-section adjustment procedures analogous
to thove develnped in Italy have for the first time been implemented in the FORSS code
syster at 0R4L. These procedures allow estimates to be made of the cross-section data
respensible for discrepancies found in analyzing integral experiment results. Procedures
have 2iso been worked out to use adjustment to estimate the effects of integral measure-
ments ang differential cross-section data in meeting design constraints on shield perfor-
mance. A'l of these new areas will be discussed more thoroughiy in the full paper to be
presenied.

*
Research sponsored by ERDA Division of Reactor Development and Demonstration, LMFBR
Program,

3.13 FAST REACTOR SHIELD SENSITIVITY STUDIES
FOR STEEL-SODIUM-IRON SYSTEMS

E. . Oblow C. R. Weisbin

fsummary of paper to be presented at Fifth Inteornational Conference on Fractor Shielding,
April 19-22, 1977, Knoxville, Teoaressec)

A sensitivity analysfs of a number of integral measurements on a heterogeneous 6-m
steel-s0dium-iren fast raactor shield mockup was performed to determine the adequacy of
the basic nuclear cross-section data for -odium and iron. The study was based on 2 fine-
group ENCF/B-IV neutronics cross-section Vibrary and utilized the complete sensitivity
enalysis capabilities of the FORSS code system. Preliminary ERDF/B-V error files for
sodium and iron were also used to determine calculational uncertainties for the analysis.

The initial resuits of the sensitivity study, given in the form of sensitivity pro-
files, indicated that the measurements were sensitive to a wide range of nuclear data
cnvering an energy rance from a few oV to 10 MeV. Such measurements, therefore, represent
ercellent benchmarks with which to test calculations of fast-reactor shield performance.
Several individual cross-section features which were found to be important included:
nigh-energy (5-10 keV) anisotropic elastic scattering in sodium and steel, the 500-keV
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aod J00-ke¥ total cross-section minimd in sodiun, the 24-keV total cross section minimem
in iron, and elastic slowing down cross sections from 1 keY to I eV in both sodium and
iron.

In the uncertainty analysis, the sodium and iron ervor files were uted to estimate
the confidence limits within which the measured neutron transmissions ccsld be calculated.
Results here indicate that in most cases the cross-section uncertainties lead to uncer-
tainties in *he measured integral date of 100 or more. Such large uncertainties make it
¢ifficult to meet shield design constraints based solely on calculated results using
differential dats only; integral experiments are still needed to reduce uncertainties.

In the final phase of study, the reported disagreements between calculated and
mudsured results were used a3 the basis for a trial cross-section adjustment. This step
w33 taken to see what changes could be made in the basic nuclear data to significantly
improve the agreement. Results here indicate that reasonable changes {(within the reported
cross-section uncertainty bounds) could be made to the high-energy elastic cross-section
dats for iron and sodium and the total cross sections of these two materials in the
vicinity of the minina at 500 keV, 300 ke¥, and 24 keV. New differential cross-section
measurements for sodium and integral measurements for iron in these energy ranges support
these general conclusions.

*
Research sponsored by ERDA Division of Reactor Development and Jesonstration, iMFBR
Program,

3.14 APPLICATION OF FORSS SERSITIVITY ARD URCERTAINTY METHODOLOGY
TO FAST REACTOR RIRCAMARK ANALYSIS

C. R. Weisbin J. H. Marable J. L. Lucius  E. ¥. fOtiuw
F. P. Hynatt P. &. Peelle F. 4. Perey

(Reprint Of Trans. ic. JuCl, Soge 23, 8553, 1270 alr cwmmars or BULOTFe e i, DNDFEel I,

Twcember, 107)

FORSS- is a code system used to study relationships between cross sections, integral
experiments, performance parameter predictions, and associated unceriainties. Tnis paper
presents the first results of applying FORSS to fast-reactor benchmarks. Specifically,
for various assembliec and performance parameters, the nuclear data sensitivity is com-
puted by nuclide, reaction type and energy. Ilwclear data accuracy requirerents to reet
specified performance criteria ;t minimum experimental cost are determined. Uncertainties
induced by nuclear data are quanti‘ied using preliminary, enercy-dependent relative
covariance matrices {evaluated assuming ENDF/B-1V) which were nor included in earlier
reported work. " - - Resylts of integral experiments are ‘ncorporated resulting in improved
uncertainty estimates of reactor performance for devices being designed.

The sensitivities of performance parameters for the /PR-€/6A, [PR-6/7. and GODIVA
CSE4G fast-reactor benchmarks:  to important partial cross sections were computed using
transport theory in 126 groups. For example, the total relative sensitivity of k in
GODIVA to - "“U fission §5 0.659, while the total relative sensitivity of the central ~“i-
capture-to- " ‘Pu-fission ratio in IPR-6/7 to - *'Pu fission is -1.073. Comprehensive
Vibraries!  of energy-dependent coefficients in a computer retrievable format - have been
documented and released for distribution by 951C and "WC~C.

Recently, standard formats and procedures were established within the ENDF, & ~yster:
for the processing ° of evaluated, correlated enerqy-dependent uncertainty information
fnto multigroup covariance matrices. Files have been processed for - Ul 70, Gi...j,
<3Pyl Y, 0 Pulo4e), and  CPul ). [The current file for Py includes-  estimates of
the correlated uncertainties to reference standards, conservalisr where the ~edsurerents
are sparse, and ratio reasurement correlations hbetween - "Pul. .-} and - Pul- ..} ].

The determination of the accuracy reguired of myltigroup nuclear da'a to ensure at
minimum cost a given accuracy in calculated performance parameters is characterized by the
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following: (1) a set of performance perameters . . with specified accuracy requirements
Y. {2) 3 set of proposed experimental cross sections with estimated corvelation natrin

snd variable standard-deviation vector - to be determimed. (3) a set of semsitivity cc-
efficients .. relating the cross sectiont (o performance parsmeters - . and (4] 2 cost

function (.-) which gives an estimate of the cost of experimeatal medsurements as & fuac-
tion of the variable standard deviations --. The optimization calculation finds the
standard deviations required of the experimental wpasurements in ovder to find a2 minioum
cost subject to the constraints impoted by performance parareter accuraCy requirements.
Using an existing code for nonlinedr opticization with nonlinear constraints, - the
following problem is solved:

Find - which minimizes (-] subject to the comstraints

Here . . is the trasspose of .-. and ¥ is & diagonal matrix, the diagonal elements of which

are components of the vector -. Based on our estimsted correlations and standard devi-
ations, & conclusion to be drawn is that design accuracy goals of 0.5 in > and 2 in the
central - ¢/ 'f ratio in conventional mized ocide LMFBR cores (meutromnic behavior similar
to IPR-6/7) are unlikely to be attained in the next 5-10 years if the muclear data is
based only on microscopic measurements and the level of effort an the most crucial cross
sections is not increased dramatically. Incorporation of integral-experiment results is
required, directly or indirectly, in calculating resctor performance.

Inclusion of integral measurements in uncertainty estimation introduces correlations
{heretofore unknown) in the covariance data which reduce the overall uncertainty -~
for designs with similar neutronic sensitivities. Consider, for exemple, the measurements
in ZPR-6/7 of - and of central - ““U-canture’ ‘'Pu-fission with assigned uncorrelated
standard deviation {1-) of 1 and 2 percent, respectively. Standard deviations in calcu-
lations of these two parameters for similar systems are reduced from 3.5 and 8.6 to
0.82 and 1.8 , respectively, when the inteqra® dats are included in a cross-section
ddjustment, which changes the basic multigroup file less than one standard deviation.
Elimination of any significant downmard adjustment in the - '°U capture cross section can
be effected only by sigrificant upward revision in the reported ZPR-6/7 capture/fission
ratio and’or its uncertainty. Changes to -~ may be accounted for without resort to large
changes in the - ’“-capture cross section by including additiona) reaction types (e.g.,
Sy inelastic) in the adjustmens.

'iesearch sponsored by ERDA Division of Reactor Development and Demonstration, LMFBR
Prograr.
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3.15 THE IMPORTARCE OF NEUTRON DATA IK FISSION REACTOR APPLICATIONS

€. W_Bohn  H_ Wemrysom, II1°  J. Herdy, Jr.'
R. Roussin (. Weishin

(Rbseract of paper prrsented Ak Intepnational Confurence on The Intefactioas of L«utrons

with Suciei, Juiy =9, 1976, lowll, Zassachiusetts, amd publi:siw~! 2 ERDR TIC report
CRF=7607 i5=P2, ». 1127)

The neutron dats required to campletely sndlyze fission reactors ingcludes many
isotopes and covers 2 brodd energy range. In both fast and thermsl reactors, the neutron
inventory is & fine balance €xtermingd by the fission preperties of - ““U, - '*Py, and - -V
and by the capture cross sections of - 17U, fuel materials, structural mpterials and
coolant materials. [n fast redctors, the specirum of ngutroms ranges from | keV to 3 MeX
and i3 influenced by the elastic and inelastic scattering preperties of - **U and the
structural and coolant materials. For newtrom shielding applications, the importast
neutron data includes the total cross sectioms of structural and ccotant mpterials in the
MeV range.

The impact of these basic nuclear data in fission reactor applications s mest
suitadly described by sensitivity analysis. For example, semsitivity ceefficients com-
puted for 3 typice® large plutonium-fueled fast reactor indicate that 3 percent incresse
in the - "‘Pul> ,-) cross section translates inte 3 0.59. increase in =, 3 0.78" dacrease in
the breeding ratio, and 0.71 decrvase in the sodium coolant reactivity worth.

Integrai data tests of ERDF/E-IV on the thermal-vesctor bemchmerks indicates that
there are no major deficiencies in the %.0 and - '"U cross sections for thermal systems.
However, k ., is underpredicted for lattices of slightly enriched systems with an indica-
tion that epithermal-to-thermal - '3U capture is overpredicted. Fast-reactor benchmark
tests generally yield & less reactive system for plutonivm-fueled resctors compired to
uraniun-fueled reactors and the capture rate in - °U relative to the fuel fission rate is
generally overpredicted in large systems. Shielding benchmark tests indicate & wide range
of deficient neutron data, especially the total elastic and inelastic cross sections of
iron, oxygen, and sodium in the high-energy renge.

'om participation sponsorcd by ERDA Division of Reactor Development and Demonstratiom,
LMFBR Program.

‘Argom fational Laboratory.
'leuis Atomic Power Laboratory.

3.16 COMPILATION OF SERSITIVITY PROFILES FUR SEVERAL CSEWG
FAST REACTOR SENCHMARKS

J. K. Marsble J. L. Luctus’ C. R. Weisdin
(Abhstract of NRNL-5262, ENDF-234, March, 1977)

Sensitivity profiles of the multiplication factor and several central reaction rate
ratios for five CSEWG fast-reactor benchwmarks, IPR-6/7, IPR-6/6A, IPR-3/11, IPR-3/568, and
GODIVA, sre presented in graphic form and in tabular form ysing SENPRO format. A susmary
table of total relative sensitivities for each of these five benchmarks is also given.

'Resnrcb sponsored by ERDA Division of Reactor Development and Demonstration, LMFER
Program,

4'Computev' Sciences Division.
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3.17 PERFONWACE PARMETER UNCERTAISTIES FOR A LARGE LPFBR

J. . Farsble C. R. Weishia

iSampary of pazwr O v presented at Annual Teting of Arican ici-ar Societs,
June i2=i7, i?77, Sew Yorx City)

This paper reports wacertainties in performance pivameters of a large LAFER which
resulit from wncertainties in both nuclesr data and relevant integral experiments. The
turrent effort iy the first smalysis of this type actually spplied to 3 realistic two-
dimmnsional 3odel of an UWFER viing evaluwated covariance files Dased upom ERDF/B-IV.

A working model of 3 1200-Mie LIFBR was the basis of a FIRSS- system semsitivity
and uncertainty aneliyris. A four-growp cross-saction set was ysed in conjumction with the
VERTURE- diffesion theery code to sbtain sensitivity coefficients for the sultiplication
factor - ang the bnui ratio. The semsitivities were odtained -ﬂh muct to
20, o)y 10D PPl v), -2 Pu(s, ) and the meutrom yield T in - Pu.  Previous
Studies: have shown thu to bu amgng the most importast cross s«.nons for these two
performance parameters.

Calculaticul and experimpntal results from six integral experiments designated as
CSEWG benchmarks ' were included in the mlysu. These were IPR-6/7 b, (- "¢/~ 7T},
(Z°07-%1), and IPR-3/S6B &, (-“€/-51), [~ €’-' 1), where the parentheses imply centra)
reaction rate raties for fissiva (f) and captm (c) respectively. Senmsitivity coeffi-
cients for these were obtaiwed in the four-group structure by collapsing previously
sbtained 126-group coefficients.”

Covarisnce files for the five muclear data types a3 determined from basic differ-
ential cross-section wpasuremerts were used to obtain standard deviations for the mylti-
plication facter and breeding ratio (BR} of the 1200-Mie rdel as shown in Table 3.17.1.
Ome-standard-dgviation estimetes for k and ©R due exclusively to uncertainties in the five
nuclesr data types are 3.1 and 6.9 respectively. After including the integral experiment
results from IPR-6/7 and IPR-31/568 in an adjustment procedure which minimized the weighted
differences between calculated and medsured values, 2 new covariance ratrix was obtained.
8y folding the sensitivity profiles with the revised -ovariance matrix, the calcuiated
standard deviations for k and BR of the 1200-Fiie rnodel were reduced to 3.97 and 3.2
respectively. The considerable reduction in the calculational uncertainty depends strongly
on the uncertainties assigned t) the integral experirents {taken herc as 1 for k and 2
for central reaction rate ratios).

Tadle 3.17.1. Relative standard deviations of performance nara"cters in percmt

L T e

Reactor Hultiplication Breeding’

System factor Retio ANV ST N 7500 5 TN St VAR B B G0 /5 f)
IMm-6/7 3.67 2.19 4.9¢
-6/ 0.66 171 1.33
IPR-3/568 3.62 3.49 6.23
IPR-3/568" 0.61 1.41 1.44
1200 Mi(e)

model 3.14 6.93
1200 Mi(e)

model’ 0.97 3 23

. . A . S kW e . > mw a o h - s et e e b e m e e amme e e e

Brnqu ratio is here defined as (capture in fertile)/{absorptions in fissile):
(-Pc s “cl/{~"a* o s -a),

"Besed on covarisnces of cross sections adjusted to include the dats of the integrai
experiments,



Conclusions to be drawm from these calculations are: (1) Integral experiments are
presently required in the design of large LIFBR-type reacters in order te dhiave acept-
able standard deviations in performaace paramgters; (2) errer anilysis of the integral
eaperiments are extremely important and have 3 direct bearing on the standard deviatiens
of the calculated performance parameters; and (3) based on current estimated covariance
files for differential and integral Jata and based om owr calculated 2-D semsitivity
coefficients, the uncertainties im k and ER performince for the 1200-Mie LIWFER spde! are
1. and 3 , respectively.

'Resurch sponsored by EROA Division of Reactor Development and Demonstration, UNFBR
Progqram.
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3.18 SESSITIVITY ARALYSIS OF TRX-2 LATTICE PARAMETERS WITH EMPMASIS
OM EPITHERML - '3U CAPTURE

€. 7. Tomlinson  G. de Saussure C. R. Weisbin

fSumcar - of paper o e sresented ot Ahnudl Sveting of thre Aswrican Nuclear Society,
June (2217, 1977, Lew Yore ity also summary of repnrt o iwe published as EPRI-iap +12)

Qverprediction of epithermal ' U capture in witer-moderated lattices using ENDF/B
data has been 2 long-standing problem- basic to the prediction of neutron economy and
conversion ratio in light-water resctors.

The objective of this paper is the determination of 3 recosmended representation of
the - "“U captyre cross section based upon available differential and specific integra)
data and the quantitative determination of the sensitivity of thermal uranium lattice
{TRX-2] performance p3..-wters: to the cross-section shape, magnitude, and representation
with eriphasi< on the first four resolved s-wave resonances. Sensitivity profiles and
crvdriance matrices developed for - ‘U capture and - ‘U fission permit & quantitative
assessment of performance pirameter uncertainties due to concomitent uncertainties in
nuclear data.

Tre ENDF/B-IV - **U cross seclions’ were modified Dised on recent meas.rements and
analysis not available to the EROF/B-IV evaluators. ' *° The change from ENOF/B-IV to the
recormended cross sections is described below.

The values of the capture widths of the leve!s at 6.67 eV, 20.9 eV, and 36.6 eV were
changed from their ENDF/E-1V values of 25.6 eV, 26.8 mV, and 26.0 mV, respectively, to
23.0 mV. The values of the neutron widths of the levels at 20.9 eV and 36.8 eV were
changed from their ENOF/B-1V values of 8.8 mV and 33.1 mV to 10 w¥ and 33.5 mV, respec-
tively. Minor modificetions were done to the scattering and capture smooth files,” and
the resolved s-waves Tevels were treated with the muitilevel Breit-Wigner formuls rather
than the single-level formula.
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A tentitive adjustes 2at of cress-section data wis obtained. which is consistent with
the nicroscopic medsuraments and minfwizes the weighted differences between our calculated
nd the neasured values of the performamce paramgters for TRI-2. The actudl adjustments
to the recosmended data were minimal such that the recommpnded evaluation, bared solely
wpn differeatia]l apssuremants, could b vied without adjusteent while mpinlainin~ con-
sistent agrecaemt with calcwloted TRI-2 performance.

In Yable 1.18.1 we compare the experimental values of the main “RX-Z perforuance
piramgters with values computed with ENOF/B-IY ang with the “recosmended” and the "ad-
Justed™ sets of cross sections.

Table 3.)8.1. Eunnmnl and calculated values of TRY- 2 perfor.-cnce pararerers

. A i . A A o e & e S o i - i e A e, b+ e PR

<a:~nle
Recommended ARdiusted ethods
Parameter Experinental ENDF/B-1I¥ Data Set Data Set ermce
t'" 1.0000 1.0012 1. JO“ 0.003% 1.C663 - 0. 0009 -Q. 009
- 0.837 - 0.016 0.867 0.8483 - G6.007 0.845 - 19.006 -8.02
0.0614 - G.0008 0.0602 0.06C2 5.0012 Q0.61C - G.0006 -.2009
0.0833 - 0.0035 G. 0692 0.0€95 - 5.0003  5.0€%8 - D.034% A0y

R G.647 - 0.006 0.645 0.637 - 2.90% 0.683 - £.003 -.006

The uncertainties given for the computed wtitics are due to uncertainties in
suclear deta and were obtained from the FORSS systes® by folding the sensitivity prafile
with the error coveriance matrix. "*-° A "sample methods difference” was cttained by
comparing two independent calculations: - using the same dat: set and may be inlerpreted as
an p3timate of the error in the calculation due to "rethods {gew.etric rodeling, ~uifi-
group treatment, etc.).

The b conclusions of this study are that the results of recent measurerents Suu-
est @ modification of the ENDF/E-IV representation of the lcw-ener;y cross secticns of
- %*U; calculations of TRX-2 performance parameters ~ade witk the recormended orgss ae.-
tions yield results in fair agreement with the mgasuremenls; ¢nd un eridinties fue 12
wethods are as large or lirger than those due %o nuclear data.

*
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3.19 ACTINIDE TRARSMUTATION: CROSS SECTIONS, METMOOS
*
AND REACTOR SERSITIVITY STUDIES

G. M. Horrison T. J. Burns C. R. Weishin

(Reprint of Trans. a=. Nucl. Soc. 23, 592, 1976)

One of the potential techniques of disposal of long-lived radicsctive actinide westes
from fission reactors is the transmutation of these mclides into fissile isotopes in 2
reactor. Sudbsequent fissicn yields highly radicactive but relatively short-lived fission
products whick can be disposed of using conventional storage techrigues. In order to
evaluate the feasidbility of this method of disposs), one needs to quintify the effect of
the transmutation on the actinide hazard ind the semsitivity of the fission reactor
performance parameters to the actinide recycle.

Some prelimindry investigations in the area of actinide tramsmutation have been dome
previously. ™" However, much of the nuclesr data available at the time of these calcula-
tions can best be described as incomplets. In addition, the calculations vsed 2 simpli-
fied reactor model. Recently the Savennsh River Laberstery’ has prepired 3 new evaloation
of actinide nuclear dats which provides consideradly more informstion. The purpose of
this paper is to describe the resvlits of 2 feesibility study of this actinide transmwta-
tion technique using this more recent evaluation. [n particular, we:

1) Oevelop myitigroup sctinide libraries based upon ENOF/B-IV supplemented by
the recent SRL evaluated deta.

2} Specify the resctor models to be utilized for detatled transmutation and
sensitivity studies.

3} Compare actinide generation and production results using different resctor
models (i.e., the zero-dimensions! approzimstion employed by OR[GEN" versus
the more rigorous space-dependert depletion capability of CITATION').

4) Perform sensitivity analysis of the effect of actinide recycle on resctor
performance parameters such as t'". breeding ratio, etc.

Two multigroup cross-section Vibraries were developed wsing MIRX,!" 3 126-group set
for fast resctor studies and an 84-group thermsl resctor 1ibrary. [sotopes :enging from
*YTh to - “’Es were considered. The cross sections have bem checked doth visually and by
comparison with existing ORIGEN files. [Resomsnce integrals were verified where sppli-
cable.] It must be pointed out, however, thai aven these ibraries are clearly prelim-
in:ry in neture since there sre meny energy regions for which experimental dats sre non-
existent.




The effect of actinide mrlo on resctor gperating purformanca perampters wis
aa31y20¢ viing the gengralized linesr parturbition capability of the FORSS: - syste=. The
affects of doth the guantity of recyclied actinides and thair placeneat within the “trams-
setation™ resctor weve considered. Figure 3.19.1 illustrates the sensitivity of the
breeding ratie in 2 simplified (tus-ragion) fast-resctor mede! to the replacement of - °U
i{ “*hm on an 3tes for atem basis. ([Similar energy-dependent profiles are availadle for
a1l mclides in the actinide chain.] The tetal fractiondl chamnge in the breeding ratio
{per kg 2~lim substitutes) amseats to -8.0 x 107°, with 93" of the effect attridutadle to
the 2% rempvel. Resylts for other resctor parampters a3 weli as other actinide nuclides
hve alse deen cbtaimed.
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vslves.
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3.20 PROPAGATION OF UNCERTAIRTIES [N FISSIOR CROSS SECTION STANDARDS IR Tht
IRTERPRETATION ARD UTILIZATION OF CRITICAL BENCHMAsX MEASUREME™TS

C. R. Heisbin R. W. Peelle

tAbstract of paper to e proscated 4t Internationel Specialists SyuBposier. »d Seutron
Standards and Applications, Yarch 28-1], 1977, “ational Bureaw of Frapdards, (mithersbury,
Rar;ieand)

This work explores the constraints imposed on the - ‘“U(:,-"} standsrd (proposed ERDF/B
Version ¥} by information deductd from clean integra) measurements and demonstrates how
uncertiinties in fission cross section standards propagate in an uncertainty analysis end
interpretation of those experiments. The question of what & significent improvement in
the accuracy of the - ‘U(», "} standard would sccomplish fs addressed in the limited
context of analyses of GODIVA and JEZEBEL messurements.

The CSEWG integral benchmark results and uncertaintics ware vpdated in accordance
with more recent information. Sensitivity coef’icients wers developed and used to estimate
calculated results which should be obtained using the subsequent relesse of - '‘U(-,),
“VUln, Y. and - Pu{r, ) at version ¥ status. Covariance files ware evaluated and pro-
cessed for a1 important cross sections with the sole exception being inelestic scattering
for all levels and the continuum,
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Uncertainties due to the - P*U(-, ") standard were estimated to comprise more than half
of the calculated uncertainty for criticality amd <-°: /7%- > spectral index in JEZEBEL

83 well a3 GODIVA, theugh the JEZEBEL assembly coatained no - '“U. e are not able, at
this tisw, to predict criticality or - -3 {72 te anywhere nedr the CwriCy obtined

by direct neasurements, and therefere the integral results are significant to our amalysis
capability. Inclusion of integral infermation from GODIVA and JEZEBEL in an adjustizent
precadure wis effect.ve in reconciling 31! parsneters ather thea - *; /- - - zessurenent

fn JEZEBEL for which curreat calculations ind m asyrgment are in dizagreewent. The adjust-
agnt procedure adde < of less than one sl.adard deviation in *he Cross sectioms for
PN, ) - BB, Y, U, L), aed - YY), inciuging an increase of 1.5
for the - 'U{-,. "} cress saction abeve 1.3 MeV. This specitic adjustment result cuuld
chonge with inclusion ¢f inglastic covarianie file” and must be viewsd Cautiously af thic
14

.lcsunh sponsorad by ERDA Division of Reactor Development and Decomstration, LMFER
Progras.

3.21 FUTURE DIRECTIONS FOR SERSITIVITY-EASED DATA ASSESSHUH.

C. R. Weishin E. ©. Oblow . ¥. Marabdle

(Sucmaals OF pape:k CO be pruScr ™€ AT ALSdal Mo0ine 0 Aerilan oioaf o 1.,
June [2-17, 1377, Zew York ity

The purpose of this paper is to identify priority developrent reguirerents for
sensitivity-based uncertainty estimation and data assessment. The key resedrch areds
discussed arise from near-term npeds in the NREL FORSS  developrent effort byl are ob-
viously common to investigations under wdy at 2PI,- ARL, LASL.  and elsewhere. The
application aress are broad and include fission and fusicn, core and shield analysis.

Significant expansion of the evaluated and processed ccouariance files is essential
for fyrther Jevelopment in this field. ERDF/S-V is expected %o ‘nclude uncerilainties for
3 large number of materials as well as cross-seclion uncerlainties induced through ratio
medsurerents relative to stendards and uncertainties in individuai resolved resonance
parameters. Covariance file datla and formals are needed for secondary eneryy and angular
distridbutions a5 well as unresolved resonanie ~egion Larareters. Iffeclive uncertainty
analysis sbsolutely requires: that 2 complenentary effor? be underlaknn tc gudntify
uncertainties associsted with integra’ experirents. [n cddition, co<t/benefit analysis of
new differential and inteqra! ~essurements calls for * '°- quantitative estlitates and
functiona! dependence of the projected <03t for each new ~easurement. “easonable resulls
for the specification of cross-seclion measurerent priorities will only be achieved if
there are clearly stated design criteria and lhe knowledge deduced fror: inlegral ewperi-
ments is fa-tored into the "inverse probler” (ref. 1, <oiution.

Intensified effort is required in the identification and separation of method: and
data uncertainties. Trchnigues for generating censitivities to nuclear data file param.
eters- (rather than group-aversged quantities; will receive incregsing atiention, as will
the definition and inclusion - of methods hias in the atjustrent process. Production wse
of 2-0 and even 3-D sensitivity anslysis is vital for application to real desiqn prodle-:.
The methodology for collapsing sensitivity profiles and coveriance matrices needs to be
expanded. Moregver, it may be possible to develup production capadilily which extends the
stcuracy of sensitivity analysis beyond first-order perturbatinn theory. - This should be
explored. Fethods for generating sensitivity profiles including constraints {i.e.,
t-reset) for existing systems e.q., critical asserblies: need to be investigatled.

With the development of such a powerful anal,tical %ool, the desire 10 droalen the
scope of its application to related, ond rore corplicated problers, is inescanable.
Extension of sensitivity snalysis into the Lime domain "° for fuel cyzle analysis is
clearly importent. Automated shicld oplimizetion techniques are Seing develnped  and



will de eatended to core amdlysis. Semsitivity theery is mew being ipplied to the optimpl
selection of myltigroup energy Deundaries. ' Fimally, no discipling weuld be complete
without adequate docusentation of its Computer codes, wmple problems, standard lipraries,
elc. An pssociated 4itficulty is simply coping ang presarving the huge ampuat of infer-
nation being generitev and Jmalyred.

Sensitivity and uncertainty analysis his expanded greatly in U last five yeors.
Ruch has been deng, and much remaing to be dong.
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4. [NTEGRAL EXPERIMENTS AKD THEIR ARALYSES



. 4.1 ANALYSIS OF TWE TSF-FFTF IRCONEL EXPERIFENT: CALCULATIONS OF REUTRON
TRARSPORT ARD SECONDARY GAMBWA-RAY PRODUCTION AND TRANSPORT IN IRCOREL

R. E. Maerker S. Uchida  Lorraine S. Abbott
{Abstract of ORIL/TH-4959, May, [197&)

This report describes the amalysis of an experiment performed at the ORML Tower
hielding Facility to investigate the neutrom-attenwating and gasma-ray-producing prop-
erties of incone’ and to provide an experimental base for testing the cress sections of
nickel, the primiry constituent of incomel. [n the experiment, rectangular slabs of
incone] 2-1/2 and 5 in. thick were positioned in 3 reactor besm behind 3 spect:um mpdifier
and autron and giemi-ray medsurements were sdde 3t verigus locations beyond tm confiqura-
tions. In the amalysis, the configurations were mocked up in cylindrical ecometrr, with
the cylinder axis coinciding with the beam axis. Calculations of the neuirom coumt
rates and energy fluzes were performed with the DOT discrete ordindtes code in combination
with the amalytic first-collision code GRTURCL and the last-collision code FALSTF. Tne
calculated Bonmner ball count rates were 7 to 17” higher than those mersured on the axis
28 in. behind the configurations, the difference being greater for the thimmer configura-
tion. Similar discrepaacies occurred between the calculated and msasured hydrogen counter
energy fluzes 12 in. behind the configurations, but for the hinder encrgies covered by
the RE-213 spectrometer, the calculated neutron energy fluszes for a sosition 19 ft behind
the conficurations were lower than the measured fluxes and the discrepancies were greater
for the thicker configuration.

Calculations of gamma-ray energy fluxes, performed for an Ral spectrometer location
45 deg from the reactor beam, were divided into two parts: DOT calculations of the
secondary gamma rays produced within the confiqurations, and OGRE Monte Carlo calculations
of core gamma rays scattered from the corfigurations. The calculated and measured total
fluxes for both configurations agreed within -30° except at hinh energies, where the
calculations were 60 to 65 too high. This indicated that the gaswma-ray production cross
sections for nickel were adequate except for the 8.5-MeV and/or 9-MeY capture jamma rays.

*
Research sponsored by ERDA Division of Reactor Development and Demonstration, LMFER
Program.

“Hitachi Research Laboratory, Hitarhi, Limited, Hitachishi, Ibaraki-ken, Japan.

4.2 AMNALYSIS OF THE TSF THREE-DIMENSIORAL STORED-FUEL EXPERIMENT FOR THE CRBR"

R. L. Childs  Margaret B. Emwett F. R. Mynatt Lorraine S. Abbott
({Abstract of ORNL-5187, Scptember, [37r)

This report describes the analysis of a Tower Shielding Facility experiment performed
to study the transport of radiation through a mockup of an early shield design for the
Clinch River Breeder Reactor, the radiation source heing a cnllimated bean of reactor
neatrons modified to have the enerjy spectrum of a fast reactor. The mockup covered ihe
radial regions between tine CRBR core and th- reactor vessel wall, including a recion
outside the radial shield in which fuel assemdlies were to be stored temporarily. Nf
particular concern in this design was the enhancement of the fast-neutron fiuxes outside
the vessel wall due to fissions in the stored fuel. The experiment yielded direct infor-
mation on the degree of enhancerment and its analysis served as a test of the calculational
tecmigue and nuclear data used to predict stored-fuel contributions to Lhe neutron
fluxes in the CRBR reactor cavity. In the technique the twn-dimensinnal discrete ordin-
ates code DOT s coupled to the three-dimensional Monte Carlo code MORSE, the latter
required to accurately describe the geometry of the stored-fuel region. When this
approach was applied to the experimental confiquration, fhe calculated ant reasured fluxes
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were in genera)] agreement. However, for seme configurations the calculated flumes weve
30 lower then the measured fluzes. dnd the cduse of this incomsistency Mes met yet been
deternined.

'lesurch sponsored by ERDA Division of Reactor Oevelopment and Demuastration, LWFBR
Program.

‘Computer Sciences Division.

4.3 TSF MEASUREMENTS OF NEUTRON TRANSHISSION THROUGH AN A!-UWFBR
LOWER AXIAL SHIELD mOCTUP

C. E. Clifford F. J. Meckenthaler P. K. Stevens
(~bstract of ORBL-5178, in press)

This report describes the results of am experiment perfoveed at the OB Tower
Shielding Facility to measure neutron transsission throughk 2 mockup of a blamket-shield
assembly designed by Atomics Intermational for the lower azial region of the Liquid Metal
Fast Breeder Reactor demonstration plant. The meutrom source for the experimest ws
a collimated beam from the Tower Shielding Reactor Il modified to simslate the enerny
spectrun of a fast reactor. The mockup contained a UD. blanket region and 2 sodium-flow
transition region. both of which were penetrated by 2 cylindrical plug simulating various
conditions in a central control-rod chamnel, plus upper and lower qrié plates separated
by 2 sodium plenum region. The objectives of the experiment were (1) to provide an
experimental bise to evaluate the adequicy of calculational techniques for predicting
neutron streamir.g through control rod penetrations and (2) to determine the nevtron attemu-
ation in the unperturbed lower axial shield. Measurements were made of the fluence and
energy speiiva of neutrons both within and emerging from several different confiqurations
comprised of sections of the mockup. The complete set of data obtained in the experiment
are presented here.

'uesearch sponsored by fRDA Diviiion of Reactor Development and Demonstration, LWFBR
Program.

“The University of Temnessee.

4.4 ARALYSIS OF TSF EXPERIMERT WITH AI-LMFBR LOWER AXIAL SHIELD MOCKUP®

- '
R. L. Childs V. C. Baker F. R. Mymatt Llorraine S. Abbott
{Abstract nf ORNL-5179, .luly, 197e)

This report describes the snalysis of an experiment performed at the ORM. Tower
Shielding Facility with & mockup of 3 blanket-shield assembly designed by Atomics Inter-
maticnal for the lower axial region of the Liguid Metal Fast Breeder Reactor demonstration
plant. The neutron source for the experiment was & collimsted beam from the TSF reactor
wodified to Simulate the spectrum of & fast reactor. The mockup contained s UO,
blanket region and & sndium-flow transition region, both of which were penetrated by »
cylindrical plug simslating various conditions in a central control-rod channel, plus
upper and lower grid plates scparated by a sodium plenum region. Measurements of the
neutron energy flux were made with various detectors beyond the blanket and transition
regions and at locations within the full configuration. The analysis was performed with
the DOT-11! discrete ordinates transport code in two-dimensionsl cylindricel geometry.
Celculated detector responses were in qood agreement with the measured responses in the
energy region from 10 keV to 1.4 MeV and were in reasonable agreement at higher energies
{within 30%). At lower energies, however, the calculated responses were lower than the
weasured responses by factors of two to five, and the reason for the disparity has not
yet been determined. Applying stainless steel damage factors to the calculated fluxes
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. beyond bwo of *he configurations indicated thit meutrom streaming throudh 2 central sodium-
filled control-red chasnel in the Tower UC- Blantet region of a reactor could considerably
fsgrease the radiation damios along the axis of a stainless steel qrid plate.

“Resesrch sponsered by ERDA Division of Reactor Development and Demonstration, CRSR
Progras.

*C-m Sciences Division.
'Yn University of Teanessee.

4.5 EXPERIMENTAL STUDIES OF RADIATION HEATING IR IRON ARD STAINLESS STEEL
SHIELDS FOR THE CRBR PROJECT

C. £. Clifford F. J. Muckenthaler R. E. Feerker P. N, Stevens  R. K. Abele’
G. 6. Simons? T.J. Yuléf M J. Driscoll*

(ABstract of ORLL-5i¢:, February, [¥77; preliminary reponrt [ssue~i a8 ORNLT®=-3335,
Janvaru, 1375)

This report describes a series of radiation hea®ing measurements in heavy-metal
shield configurstions performed at the Oak Ridge Rational Laberatory. Sirultareous
medsurements were wade by personnel from the Arnomne Jational Laboratory. from the
fassachusetts Institute of iechnology and from the Oak Ridge Raticnal Laboratory. The
experimental techniques being evaluated involved the use of calcivwe fluoride {Caf | and
Tithium fluoride (Lif) thermcluminescent dosimeters {TLDs) and a hiah-pressure arqon-
krypton filled ion chamber designed and built by the Nak Ridge Rational Laboratory
Instrumentation and Controls Division. Intercorparison of the experirental resyllfs and
comparison with calculation provides 2 meaninnful evaluation of these experirental tech-
niques for measuring the enerqy depositions.

It was shown that the Lif-TiD measyrements and tne ion chamber results were 2hogt
14~ higher than the CaF -TLD measurements. The calculations were found to be atout 0-5
lower than the Caf -TLD measurements for the iron configuration and abcut 15-77 lower
than the CaF - -TLD measurerents for the stainless steel confiqurition. Even greater 4ic-
parities were found between caiculation and reasurement for the Lif-TLD and ian charher
dos imeters.

*
Research sponsored by ERDA Division of Peactor Developrent and Jeronsiration, LMFSRP

Program.

“The University of Tennessee.
.lustmntation and Controls Nivision.
’lrgome Kational Laboratory. Idaho Falls.
'Argmne Rational Laboratory, Chicaqgo.
‘lassacmsetts Institute of Technnlony.

&§.6 ARALYSES OF TSF EXPERIMENTS Of RADIATION HEATING I% IRO% AND STAINLESS STEEL C.RBR
RADIAL SHIELD MOCKUPS USING A 15-1/4.in. -DIAMTTED CALLIMATED BFAY SOURCE®
R. £. Maerker T, J. Burns

(AbSLE por L7 RNy TV g, tune, i

This report describes the resylts of discrete nrdinates calculations using a standard
design cross section set that were made of the neutrnn and qamma -ray fluxes throughout
. several of the iron and steinless steel confiqurations in the CRBR radial shield mockup



radiation haiting experiasnts performed at thy Taugr Shiglding Facility in 1978. Com-
parisens of the calcelated hasting rates with the ORML-Caf; TLD measured values shew

te within 102 throughout the rem configurstion and =25 throwghout the stain-
Tess steel cafiguration. Camparisens of the Domser B2)) cownting ratas and geoms-ray
spactra behind each configuration 2130 shew similar sgreement. A semsitivity amelysis
of the iree configuration indicated thet Uhe gimp-ray hesting we3 mest samgitive o
atutren transpert through the spectral medifier and Dlanket that immadiately precede the
fren, and that the oiemp-ray heating for eech detacter wpy extremsly lecalized, arising
from gisme rays produced within sdewt S cm of the detector.

“Besesrch spensered by CADA Division of Rescter Orvelopment and Dwmpmstration, LAFBR
Program.

4.7 FEASUREMENT AND CALCULATIOR OF SECORDARY CADWA .ﬂrﬂﬂ‘ FRON
EXPOSURE OF Fe, PO, AND H-0 TO THE AREMR-1 SPEC

A. S. Mekariows” . E. Ford. I1I' K. R Terment’
{Abstract of ORZL/TM-5678, in press)

Integral experinents weve performed to messure the angelar distribetion of secomdary
gimp rays produced when variows thickmesses of Fe, Pb, and N.0 samples were exposed (0
bare and to B.C-filterad nevtron beams from the Pesearch Reactor of Eqypt. For selected
experiments, multigrowp coupled neutron-qemms cross sectiens and 3 discrote ordinates
transport theory code (DOT4P1-M) were used to calculate the secondiry queme rays and the
transport of primary gasme rays. [ategral comparisons beiween the calculited and measursd
spectrs were favorsble.

Graphical comparisons of the measured flux for various angles of iacidence of the
neutron besms on the samples, for various angles of exit on the transmitted side of the
sasples, and for various sample thicknesses are shown. The comparisons show that the
angular distribution of secondary gasme rays for the three meterisis changes slightly
with 3 change in lhe angle of beam incident on the sasple but increasing the angle betweer
the normal to the sample and the detector by §0° decresses the medsured secondary Gammd-ray
flux up to a factor of two.

An investigation was made to determine the consequences of using single scatter
Compton theory versus using Jiscrete ordinstes transport calculations to estimate the
primary gasma-ray contribution to the medsured photon spectra.

'om participation sponsored by ERDA Division of Resctor Development and Demonstration,
LPFBR Program.

“Atomic Energy Establishment of Egqypt.
'Colwter Sciences Divisioun.

4.8 SECONDARY GAPPA RAY PRODUCTION IR IRON AXD RATURAL THORIUM
FROM CALIFORNIUM FISSION SPECTRUM NEUTROWS

A. S. Mekarious”
(Abstract of ORNL/TWN-5675, Rarch, 177)

Measurement of the secondary gammp-ray spectrs from the interaction of a - “'Cf
fission neutron spectrum with iron semples of different thicknesses ond & '’ Th sample
have been performed at the Tower Shielding Facility st ORML. A S-in. by S-in.-dism Nel
(T1) scintillation spectrometer wes used. The measured or 0.846-MNeV gomme ray from
neutron inelastic scattering in iron wes compered with calculations using the differential
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values of cress sections a3 3 fuaction of incident mewtron emeryy. This is an integral
chack for these differential cress sections. Thorium, &3 far as we kaow, had not been
forestigated Dafere for this fast-seutron ewergy rasge. Cven though a peak at 0.3188 Mev
s found, it was felt that thwe resulting lovrge cross-section value obtained made it
highly improbabdle thet the gammi ray came from 2 fast-seutrom intersction. Search for
other passidle ngutren-induced gamms rays wes very difficult due to the high intensity
of maturally radioactive gaamd rays from thorium itself.

“Research sponsered by ERDA Division of Redctor Development and Desomstration, LWFBR
Progrem.

“Atemic Energy Establishment of Eqypt.

4.9 REUTROR TOTAL CROSS SECTION CHECKS FOR IROW, CHROMILN, NICKEL,
STAIMLESS STEEL. SOOIUR AND CARBON"

. Meerker C. E. Clifford F. J. Muckenthaler
{Abstract of ORIL-5013, April, 197+)

Utilizing detectors in good geometry at the Tower Shielding Facility behind various
thicknesses of irom, chromium, and nickel provided experimental data for checking neutron
total cross sections of these elements. [n addition, data Dehind & type 304L stainless
stee! and carbon were 3150 obtained, as were some data behind sodium. These data were
thes compared with data from the total cross-section files of both versions [II and iv
of ERNDF/B. Results of these comparisons indicate version [V 10 be generally superior to
version [1I, but further improvement in version IV is possible for all elements tested.
In particular, minima in the tota) cross sections for both chromium and nizkel a-e
spparently still poorly represented in version IV for all energies above 10 ke¥.

'huorth sponsored by ERDA Division of Reactor Development and Jeronstration. LMFER
Program.

4.10 DETERMIRATION OF TME REUTROR ERERGY AND SPATIAL DISTRIBUTICNS OF THE
REUTEON BEAR FROM THE TSR-TI 1% THE LARGE BEAM SHIELD

C. E. Clifford F. J. Muckenthaler
(Abstract of CRNL/TH-5225, lanuars, 1776¢)

The TSR-I1 reactor of the ORNL Tower Shielding Facility has recently been relocated
within a new, fixed shield. A principsl feature of the new shield is a beam port of con-
siderably larger area than that of its predecessor. The usable neutron flux has therebdy
been increased by & factor of -200.

The bare beam neutron spectrun behind the new shield has been experimentally deter-
nined over the energy range from 0.8 to 16 MeV. A high level of fission-product gamma-
ray background prevented measurement of bare besrm spectrs below 0.8 MeV; however, neutron
spectra in the energy range from B keV to 1.4 MeV were obtained for two simple, calculable
shielding configurations. A'so measured in the present work were weiahted integral flux
distridutions and fast-neutron dose rates. Resuylts are presented in detailed tabular
form and, where feasible, in the form of qgraphs.

'guurch sponsored by ERDA Division of Reactor Development and Demonstration, LMFBR
rogram.
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4.11 FEASUREMENTS AND CALCULATIONS OF REUTROR FLUZES THROUGH A SIMULATION
OF THE CRBR UPPER AXIAL SMIELDING

R. E. Maerker F. J. Muchenthaler

‘Reprint of Trans. Am. Nucl. Suc. 23, éil. 1976; also susmary of paper to be presemted at
rifeh International Conference on Reactor Shieldim, April 18-22, 1977, Kmoxviile,
Tennessee)

Messurements, using 2 4-in. Bommer ball, have been mpde of the meutron fluzes pewe-
*rating 3 simylation of (RSR upper axial shielding at the Tower Shielding Facility. This
shiglding is ene of the determining factors in the biclogical duse to persemmel on the
tor deck. The simulation consisted of 2 45.7-cm-thick slad of 35-308 follawed by 3 sevies
of zedium tanks having a total thickness of 457 cm followed by slabs of carbea steel wp
to 6:.0 cm thick. PFMeasurements were mpde behind the stainless steel, behind intermediate
thicknesses of 152 om, 305 cm, and 457 cm of sodium (with the stainless steel ia place),
and dehind various thicknesses of the carbon steel following both 305 cm and 457 om of
sodium (3130 with the stainless steel in place).

Since the attenuation of the full configuration is of the order of 10!°, the source
beam from the TSR-II had to be intensified over that from an esrlier arrangement.: By
replacing the old collizator arrangement with 3 chorter one and opening up the collimeter
to the full diameter of the core (26 cm), the intensity was increased by a factor of
200. The maximum operating power level capability wes also increased from 100 kN to 1 M.
Thus, saxizum surface integrated fluxes were enhanced by about 3 factor of 2000 over these
using the old collimator.

The neutron source emerging from the new large beam shield can be represented 23S a
disc source. The energy, angular, and spatial distridution of this source was determined
by normalizing AIISR calculations of the pressure vessel leakage to free-field medsure-
ments uting the large beam shield.-+' The adjusted Bisc source reproduced almost all of
the free-field measurements to within -107.

Calculations of the fluxes” through each confiquration of the upper axia) shield
using the disc source were performed using DOT.> A 5)-gqroup P, representation of ERDF/IV
cross sections was employed. A forward biased 100-angle quadrature set wes used in lieu
of a first-collision source procedure. The geosetry of each calculation included the
collimator and aiso the shielding around the sides of the configuration. A comparison
of the calculated and measured results is shown in Table 4.11.1,

From Table 4.11.1 it appears that, 3s anticipated by preamalysis, the 51-group cal-
culations underpredict the Bonner ball reaction rates for neutrons transmitted throuwgh the
larger thicknesses of iron following the 457 cm of sodium. For these thicknesses,
sensitivity analysis has shown” the transport to be governed by three processes — neutron
transmission above 3 MeV through the stainless steel, nertron transmission through the
300-keV window in sodium, and neutron transmission through the 24-YeV window in fron. The
$1-group set is known to be deficient in the latter two regions because of the broad-
group structure, and from comparisons with KE-213 measurements made behind the stainless
steel, it is apparently deficient in the first region as well.

'lesearch sponsored by ERDA Division of Reactor Development and Demonstration, LMFBR
Program.

1. R. E. Maserker and F. J. Muckenthaler, "The Absolute Reutron Spectrum Emerging Through
3 15-1/4 in. Collimator from the TSR-I] Reactor at the Tower Shielding Facility,”
ORML -TM-4010 (1972).

2. C E. Clifford end F. J. Muckenthaler, "A Determination of the Neutron Energy and
Spatial Distributions of the Neutron Beam from the TSR-11 in the Large Besm Shield,”
ORRL -TM-5225 (1976).




Table 4.11.1 Comparison of ca'culated and apasured 4-in. Bomner bal)

counting rates
Counts/sec/wmatt
Configuration™ Calculated Measured Calc./Meas.
45.7 cm $S 2.25(2) 2.73(2) 0.83
B.7msSS+ 152N 1.14(2) 1.57(2) 0.73
5. 7mSS+ 35 Np 1.70:0) 2.70(0) 0.63
45.7 cmSS + 35 cmna + 15.2 cm Fe 2.87(-2} 3.43(-2) 0.34
5. 7msSS+305 cmNa ¢+ )0.5 cn Fe 7.35(-4) 8.08(-4) 0.9
45.7 cw SS + 305 cm Na ¢ 45.7 o= Fe 1.37(-4) 1.90(-4) 0.72
45.7 m SS + 305 cm K3 ¢+ 61.0 on Fe 5.42(-5) 8.58(-5) 0.63
BImSS+4S7T m g 1.39(-2) 2.03(-2) 0.69
45.7cnSS + 457 cm Ka ¢+ 15.2 (s Fe 1.34(-8) 1.18(-4) 1.17
45.7 cm SS * 457 cx Ka * 30.5 cm Fe 1.49(-6) 9.78(-7) 1.53
45.7 cm SS + 457 cm Ra * 40.6 cm Fe 1.54(-7) 4.73(-3) 0.33
45.7 on $S + 457 c» Ra ¢+ 50.8 Cn Fe 4.35(-2) 3.08(-7) " n.16
5.7 cm SS + 457 ¢m Na + 61.0 om Fe 2.67(-28) 7.93(-8) 0.33

“Al11 configurations except the 45.7 ¢m SS were backed by a 12.7-cm void followed
by & 30.5-cm-thick slab of lithium hydride when the neasurements were performed.
The detector was placed in the center of the void. For the 35.7 cm SS con-
figuration, the measurements (including other detectors not mentioned here)
were made in air 168 cm behind the ;lad.

‘mead: 2.25 x 10°.

‘One of these measurements is probably in error. Judaing from the slopes of
the two curves behind 305 c¢cm and 457 cm of sodium, one miaht quess the measure-
ment behind 61.0 cm of iron is aboul & factor of 2 too low. Many of these
measurements will be repeated at a latter tirme,

R. E. Maerker and F. J. Muckentraler, "The Absolute fleutron Spectrum [merging Through
the Large Besm Collimator from the TSR-I[ Reactor at the Tower Shielding facility,”
ORRL-TM-5183 (1976).

Colculated fluxes were converted to 4-in. Bonner ball counting rates using the
response function appesring in R. E. Maerker, L. R. Williams, F. R. Mynatt, and
N. N. Greene, "Response Functions for Bonner ®all Neytror Oetectors ™ DRAL-TM- 3457
{1971).

W. A. Rroades and F. R. Mynatt, "The DOT/III Two-Dimensional Discrete Ordinates
Transport Code,” ORNL-TM-4280 (1973).

F. R. Mynatt, private communication.




4.12 CONPARISONS OF ENDF-II1 AmD ENDF-1V DATA V.M EXPERTMENTS®

R. €. Regrier
(Introduction of paper inclyded in BSL-NCS-21118, ENDF-230, Vol. 1, Rarch, 197§)

The benchmarks used to test ENDF-1V data, 33 well a3 earlier DF-III data, are
the following: 3O0T1-5, the “Droamstick™ series which test the aswtrem tetal cress
section in the range | - 10 Me¥ for irem, oxygen, nitregen, sedium, and stainless steel;
SDTE, which tests the gasmi-ray-production cress sections arising frem thermsl-agutres
capture in irom, stainless steel, nitrogen, and sediem; SUT7, which tests the quemi-ray
production cross sections dveraged over 3 knowm fast-atutron spectrum in the range
1 - 15 Re¥ for irom, stainless steel, oxygen, and sedium; SDT10, which tests the newtres
cross sections betueen 2 and 14 MV by mpasering time-of -flight spectra throwgh severs)
mein free paths of a large aumber of materials; and SDTI2, which tests the mewtrem cross
sections between | o¥F and 1S MY for sSedivm Dy measuring mewtron spectral fluzes and
weighted integrals of tiese fluxes behind veriows thickmnesses of sodiva up to and including
15 ft. These benchmarks are described in ENOF 166, 167, 168, 169, and 170 for SOTI-S
respectively, in ENOF 176 and 177 for SOT6-7, ia UCID 16372 for SOTIO0, and in ELDF 189
for SOT12. The participents in this data testing include BNL ans ORL for SDTI-S, LASL
and ORNL for SOT6-7, LLL for SDTID, and ORRL for SDTVIZ.

'RQSHFUI sponsored by EROA Division of Reactor Development an - "oastration, LMFBR
Program.

4.1) SB2. EXPERIMERT OR SECOMDARY GAMIWA-RAY PRODUCTION CROSS SECTIONS
ARISING FROR THERMAL -REUTRON CAPTURE IR EACH OF 14 DIFFERERY
ELEMERTS PLUS A STAIRLESS STEEL

R. t. Meerker
(Abstract of ORNL/TN-5203, EXDF 227, anvary, 1976)

The experimental and calculationd] details for a CSEWG integral data-testing
shielding experiment are presented. This particular experiment measured the Secondary
giema-ray-production cross sections arising from thermal-neutron capture in irom, nitrogen,
sodium, aluminum, copper, titanium, calcium, potassium, chlorine, silicon, nickel, zinc,
barium, sulfur and & type 321 stainless steel.

'leuarch sponsored by ERDA Division of Reactor Development and Demonstration, LMFBR
Program.

4.14 S83. EXPERIMENT ON SECONDARY GAMMA-RAY PROQUCTION CROSS SECTIONS
AVERAGED OVER A FAST-REUTRON SPECTRUM FOR EACH OF 13 DIFFERENT
ELEMENTS PLUS A STAIMLESS STEEL

R. £. Mserker
(Abstract of ORNL/TM-5204, ENDF 228, January 1976)

The experimental and caiculationsl details for a CSEWG integra! data-testing
shielding experiment are presented. This particular experiment measured the secondary
gemme-ray-production cross sections averaged over a fast-neutron spectrum for iron,
oxygen, sodfum, aluminum, copper, titanium, calcium, potassium, silicon, nickel, zinc,
barium, sulfur, and & type 321 stainless steel. The garma-ray production cross sections
were binned into ~0.5-MeV wide gemma-ray energy intervels,

'losurch sponsored by ERDA Division of Reactor Development and Demonstration, LMFBR '
Program.
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4.15 ANALYSIS OF A FUEL-PIR REUTROR-STREARING EXPERIMENT TO TEST NETHOOS FOR
CALCIRATING NEUTROR DAWAGE TO TeE GCFR GRID PLATE

C. 0. Slater WM. B. Emmett

fSusmary of pazer to be presented at Fifth Internationsl Conference 0a Reactor Siiciding,
April 1822, 1977, Knoaville, Tennessen: early part of anslysis summirized by C. 2. Slater
and D. E. Bartine in paper presented at Anmual Neeting of American “uclear Society,

June 13-18, 1976, Toronto, Ontario, Canada, and in GCR-76/37, November, 197¢)

In shielding analyses for Gemeral Atomic’s Gas Cooled Fast Reactor,: a primary con-
cevn is the damage to the grid plate ciused by newtrons streaming through the long,
sarren, low-density coolant passages between the reactov’s fuel pins. This type of
problem severeiy challenges presently developed transport methods since an accurate three-
dimensional description of the geometry is possible only with the Monte Carlo method and
sven then 3 detailed description, plus the time requirements, would probably exceed
current computer capabilities.

To provide an eaperimental dase for testing less-detailed streaming calculations,
a experiment designed by GA and ORNL was performed at the ORNL Tower Shielding Facility
for a fuel-pin lattice Maving a void fraction comparable %o that of the GLFR. The experi-
wental array, positioned in 2 reactor beam modified to simulate a fast-reactor neytron
spectrum, consisted of 89 1.3"-enriched UD- fuel pins (11._5-mm-diasi by 1371_6-mm-long)
arranged on 3 triangular pitch inside & 0.459-m-1D steel pipe surrounded by water. The
pins were supported Dy three 2.77-mm-thick steel grid plates. Reutron flux measurements
made along an arc 9.144 = beyond the array indicated a strong Streaming effect.

Two-dimensional discrete ordinates analyses of the experiment were performed, first
with 3 homogeneous model and second wilh a heterogeneous model that consisted of annular
rings of void and fuel. As expected, the first calculation underpredicted the erperinent.
The second overpredicted by factors of 2 to 4, indicating that upper limits of streanming
can be established by this methad. Subsequent work on refining the nesh and source
distribytion, together with detter techuiques for obtaining radiation levels at points
ocutside the assewmbly, have imgroved the resylts.

A limited Monte Carlo 2nalysis ais0 overpredicted the experiment for the one detector
point calcualted, but less S0 than the two-dimensional calculation. Further study of
the Monte Carlo method indicates that with 3 simplified qeometry and specially developed
cslculational techniques closer aqreement with the experiment can be achieved.

L J
Research sponsored by ERDA Division of "wclear Research and Applications.
‘Cwuter Sciences Division.

1. Bruno Pelland, "Physics Desiqn of a Gas Cooied Fast Breeder Reactor Demonstration
Plant,” GA-10509, General Atomic Company (Auqust 1971).

4.16 ARALYSIS OF NEUTRON SCATTERING AND GAMMA-RAY PRODUCTION INTEGRAL EXPERIMENTS
ON WITROGEN FOR NEUTRON ENERGIES FROM 1 T0 15 Mev”

S. N. Cramer E. M. Oblow

(AEstract of ORNL/TM=5220, Harch, 17?74, and nf paprr te be published in Nuclear sc:rnoe
and Engipeering)

Monte Carlo transport calculations were made to analyze the results of two inteqral
messurements of neutron scattering and gamma-ray production from 1iquid-nitrogen sampies.
The experimentai data from Intelcom Radiation Technoloqy and Oak Ridge National Ladoratory
were Given 3s angular-dependent NE-213 detector count rates of neutrons and gamrma rays
scattered from a spherical nitrogen dewar pulsed with a 1- to 20-MeV neutron source. ORNL



results also included unfolded neutrom and qimmp-ray spectra as a functios of detector
angle in broad incident neutrom energy bims. Multigroup Monte Carlo calculations vsing
the MORSE code and ENDF/B-IV nitrogen cross-section data were made to amalyze all reported
results. Comparisoms of calculated and measured results indicate no major deficiencies
enist in the ENDF/B-1V gamma-ray production data. in contrast to the conclusions drawm
from stus:es in prior years. Deficiencies. however, were found in the neytron data,

primarily in the elastic and inelastic data above 9 MV and the elastic anvmlar distribu-
tion dats around S MeV.

'Remv:h sponsored by Defense Nuclear Agency.

4.17 ANALYSIS OF A REUTRON SCATTERING ARD GAMMR-RAY PRODUCTION INTEGRAL EXPERIMENT
OR OXYGEN FOR REUTROR ERERGIES FROW 1 TO 15 Mev

S. N. Cramer £. M. Oblow
(Abstract of G&IL/TN-5535, September, 1%74)

Monte Carlo calculations were performed to analyze an integral experiment on 3 liguid-
oxygen sample to determine the adequacy of the neutron-scatteirmg and gasma-ray-production
data for oxygen. The experimental results included energy- and anqular-dependent RE-213
detector count rates and secondary pulse-height spectra for scattered arytrons and gasen
rays. The sample was a spherical dewar of liquid oxygen pulsed with a 1. to 20-Mev
neutron source. Pulse-height data were unfolded to gemerate secondary neytron and gasma-
ray-production spectra as a function 2f anqle in broad incident-nevtron energy bins.
Analysis of all the reported data wis based on multigroup Monte Carlo calculations using
the MORSE code. Results indicate that the current ERDF/B-IV neutron and gesma-ray-
production data for oxygen above | MeV appeir to be in qood order. The only major dis-
crepancy uncovered was related to neutron scattering and gasma-ray production from first-
level inelastic-scattering interactions. Cilculated results for the productior of 6-Me¥
gasma rays from the 6-Me¥ first inelastic level in oxygen appear to be low by around
50  at energies above the inelastic threshold. Likewise, calculated secondary neutron
spectra for incident neutron energies above 6 MeV are uniformly low at energies corre-
sponding to neutrons having had first-level inelastic-scattering events in ourn.
Additional deficiencies in the oxygen cross-section data are indicated for inelastic
scattering from the cluster of discrete levels in the 12- to 13-MeV range and for elastic
scattering at very small angles at energies above 2 MeV. The size of the inelastic dis-
crepancies are larger than the 20 to 30° order of error indicated for these ¢riss sections
in the ERDF/B-IV uncertainty files for oxygen.

’Research cponsored by Defense Nuclear Agency.

4.18 COMPARISON OF MEASUREMERTS ARD CALCULATIONS FOR ORRL INTEGRAL
NEUTROR SCATTERING EXPERIMERT FOR IRON

S. N. Cramer E. M, Oblow

{Reprint of Trans. Am. Nucl. Soc. 2), ¢0&, 1976; also sumaery of ORNL/TM-5548, Yovrmber,
197¢)

Calculations of ar integral neutron-scattering experiment on an iron sample have
been performed using the ENDF/B-IV dats set MAT 1192 (DNA MAT 4192). The neutron source
incident on the sample ranged from 20 MeV to 1 MeV. Comparisons between experiments! and
calculated results are given as neutron count rates and neutron secondary energy spectra.

The experimental sample consisted of six adjscent fron rings, each 0.62 cm thick snd
of increasing diameter away from the source of the incident neutron beam. The smellest
ond closest ring to *he source was 15.3 cm [D and 20.34 cm 0D. The largest ring was
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20.08 om [D and 25.38 o= 00, with the radii of the other rings increasing in steps of
0.508 c. An RE-21) detactor. 4.22 on 1 4.65 cm, was placed in the center of the rings
(cresting an approzimately 90-deg scattering angle) and was shielded by 2 shadow bar from
the incident neutron beam. More details of the esperimgntal setup are given ir ref 1.

The calculations were done yting the YORST cwltigroup Momte Carlo code. The Cross
sections were processed by the AWPX code systewm into & 177-qrowp st-uclure of equa! Jethargy
spacing fram 0.3 MV to 20 MeV using 3 P. expansion. Results of the count rate comparison
are shown in Fig. 4.18.1. The count rates Aave been converted to incident erergy dependerce
from the neutron flight times in the 47-m bea= tube. Figure 3.18.2 shows flur spectira
comparisons for the 12- to 13-Me¥, 13- to 14-MeV, and 18- to 15-MeV incident energy bins.
The spread in the calculated values indicates one Standard devialtion.
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Fig. 4,17 *. Flux spectra comparisons for the ORNL iron ring integral experiment.

It i3 seen from the figures that there is good general agreement between the calcula-
tions and experiment. The lower incident energy spectra comparisons are similar in
agreement with those shown. The count-rate calculation in Fig. 4.18.1 differs Vittle
from that using previous data evaluations. However, the high incident energy flux spectra
calculations, such as shown in Fig. 4.18.2, are in much better agreement with experiment
than calculations using previous iron deta evalustions (see, for example, ref. 2). The
earlier ENDF/B dats sets grossly underpredicted the spectra in the valley between the
elastic and inelastic scattering peaks for incident eneryies above 7 MeV. By adjustment
of the secondary energy distributions in MAT 1192, these discrepancies seem to have been
removed.

'Resurch sponsored by Defense Nuclear Agency.
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1. 6 L. Morgan, T. A. Love, and F. G. Perey, "Integral Neutron Scittering Measure-
ments + fron from 1 to 20 Mev,” ORWL-TM-4193 (1973).

2. S. N. Cramer, R. N. Roussin, and E. N. Oblow, “Monte Carlo Calculations and Sensi-
tivity Studies of the Time-Dependent Neutron Spuectra Measured in the LLL Pulsed
Sphere Program,” ORM -TR-4072 (1973).

4.19 AR EXPERIMERTAL SYSTEM FOR PROVIDING DATA TO TEST EVALUATED SECOMOARY
NEUTRON AND GAMMA-RAY-PRODUCTION CROSS SECTIONS OVER TME INCIDENT
HEUTRON ERERGY RANGE FROM | TO 20 MeV

G.L.Morgan T. A. Love F_ G. Perey
{Abstract of Nucl. Instr. Netlwods 128, 125, 1975)

A syitem is described which allows simultaneous measurement of secondary neutron and
gamm3-ray production cross sections. Measurements can be made rapidly over wide
ranges. An electron limac is used as a neutron source. Annular scettering samples located
47 m from the neutron soyrce are viewed by a NE-213 scintillation counter. Multiparimeter
gu scquisition is dome b an on-line computer for incident noutron energies from 1 to
Mev.

'luurr.h sponsored by Defense Nuclear Agency.

4.20 TRANSPORT CALCULATIONS OF NEUTRON WAVE EXPERIMENTS IN SUBCRITICAL ASSEMBLIES
F. C. Difilippo’

(Abstract of paper subeitted for journai publiication

A recent neutron wave experiment in a thermal multiplying assembly with and without
control rods has been analyzed numerically in terms of transport theory. The code TASK
was used for this purpose. The present study dealing with a highly enriched, compact
multiplicative system indicates that the dispersion law of the assembly is very sensitive
to transport effects and to the estimation of the leakage of the fast-neutron population.
The present calculations of neutron wave propagation in multiplicative systems shows
that this technique can be used as a highly sophisticated experiment for intrqral checks
of neutron cross section sets.

'Couision Rarcional de Energia Atomica.



5.

DEVELOPMENT OF METHODS FOR SHIELD AND REACTOR ARALYSES



S.1 SHMIELDISG METHL  DEVELOPMENT [N TME UNITED STATES®

F. R. Mymatt

{Summary of invited paper to be presented at Fifth International Conference on Reactor
Shielding, April 19-22, 1977, Knoxville, Tennessee)

The rate of shielding methods development in the U.S. ha: slowed in the period
singe the 1972 apeting in Paris. The current development program comtists largely of
long-term efforts on the major Monte Carlo and discrete ordinates codes and mpirtaining
eperation of existing code versions. Where practica) (primerily in cross-section
processing and sensitivity amalysis), shielding needs have been combined with core
physics needs .

Cross-Section Processing is primarily concerned with producing coupled neutron-qamms
lidbraries in gemeval-purpose or specific problem-dependent growp structures. A major
change in the AMPX system has been the replacement of the ILACS-NITAML neutron modules
Sased on the Nordheim resomance self-shielding method with the RMINX-SPHIRY neutron
madules based on the Bondarenko resomance self-shielding method. This allows produc-
tion of a single library suitable for both LWFBR core physics and shielding. LASL is
developing the RJOY (MINX+1) system based on the Bondarenko approach.

Deterministic Methods rely primarily on the discrete ordinates codes ARISN and DOT.
A major eifort h:s resulted in the DOT IV two-dimensional discrete ordinates code which
enploys z20ne-sependent spatisl and angular mesh and multiple-hierarchy computer storage
1o greatly increase prodlem size capadility and reduce camputer memory size required.
The variable mesh feature allows calculations of streaming problems at much lower cost
than that achievable with the existing discrete ordinates codes. LASL finite element
codes ONETRAN and TRIPLET are being used more extensively. The TRIDERT cole in triangular
R-1 geometry may be especially useful for CTR toroida: geometry problems.

Monte Carlo Methods rely primarily on the myltiqroup code MORSE. The latest version
MORSE-SGC employs an updated combinatoriai geometry packace and super-nrouped cross-
sections so that computer memory requirements are greatly reduced. Improved albedo
features and 2 library of albedo data are being prepared for MORSE. DORIMND is still
being used for DOT-MORSE coupling at a surface. Development of a volume coupling code
is needed.

Sensitivity Analysis and Generalized Perturdation Theory methods have been developed
to » high degree cf competency. The original SWANLAKE capability is now part of the
FORSS code system which has all sensitivity anaiysis capabilities, including uncertainty
analysis and cross-section adjustment for one- and two-dimensional qeometries using trans-
port theory solutions. FORSS can alsn be used as & generalized perturbation code for
shield design and optimization. Channel-theory analysis examines the flow of particles

in spsce and energy ane! is very useful for design and evaluation of complex shields.

Progress in many aress seems promising. Nevertheless, much remains to be done, and

the task of preparing comprehensise shield design codes or parameterized desiqn quides
Ms not been started.

'M development sponsored by ERDA Division of Reactor Development and Demonstration
and Defense Nuclesr Agency.

5.2 THE DOT IV VARIABLE MESH DISCRETE ORDINATES TRANSPORT CODE"

W. A. Rhoades

{Summary of paper to be presented at rifth International Conferrnce on Reactor Shiclding,
April 18-32, 1977)

00T IV has been added tn the DOT series of discrete ordinates transport codes. The
new code features completely reprogrammed logic structured to take advantage of special



features of 1BR-360/370 and CDC-7600 computers. Special atteation has been given to
inter-computer daptability, and to conpatability with other codes developed by ERDA-ROD
Physics Branch.

Special features include options to allow the first space mesh to vary with the
second spice dimension, to allow the directional quadrature to vary with either space
dimension and with energy, and an efficient dlecking scheme to allow solytion of prodless
holding enly a portion of the space mesh in memery ot 3 tise. The varisble mesh featwres
concentrate the computations) work in areas of greatest interest, e.g.. 2 streaming giy,
while the blocking allows very large problems to be solved 23 2 wnit without excessive
memory requirements.

Other novel features include an improved forsulation of the “weighted-difference”
method of flux extrapolation which remeves certain difficulties experienced with previews
models, 3 method of resoving negative sources gemerated by the fimite cress-section
exnansion, and 3 "cylindrical” boundary condition intended for use in cylimdrical cell
problems.

On IBR computers, smdl]l assembler-language packages more than double computing
speeds. Special dish-manipulation packages allow the blocked solution to proceed without
undue 1/0 delays. Om COC equipment, the slow memory is used to hold blocks of flux and
source data, which are then moved in strings to a fast-memory working ared.

On problems <hich can 3lso be solved by DOT 11, the 00T IV central processor {CPU)
speed is quite comparable to its predecessor. The code can often capture §0. of the (PU
time running in competition with other jobs on the IBN-360/195, even with its space
problem broken into severa) dlocks.

'Research sponsored by ERDA Division of Reactor Development and Demonstration, LMFBR
Program.

5.3 COMMENTS OR THE DOT 3.5 CODE

M. A. Rhoades

(Reprint of pajper publisind in SECU Bulletin 3.2, Program Computcr Library Sowiletter 20,
9, 1276}

A new release of the DOT [1] code, now available from the Radiation Shielding Infor-
wation Center, differs from the previous versions in such important ways that all previous
versioss should be replaced as soon as practical. The new version is called DOT 3.5. [t
was developed for these purposes:

(1) To provide a test vehicle for several new ideas to be wsed in (0T IV,

(2) To provide a code which would facilitate checking between DOT [I1 and
00T IV, and

(3) To make new developments available to the user on an interim basis until
00T IV is ready for general use.

Surely, the most significent change is a marked improvement in convergence on many
deep-penetration problems. As an exsmple, a test problem which failed to Cowerge in the
zones of interest in 30 iterations on DOT [I1. On DOT 3.5, pointwise con to 0.01
in 8 iterations using DOT 3.5. Hew features in the control irput section allow some
flexibility in the rebslance method. A type of damping which sdds an appropriste amount
to cell boundary flows to smooth the results is used.

The control parawmeters are input using the FIDO format, and have been reordered to
agree with GRTUNCL and DOT IV. The spsce allocation is made st execution time, so that
the code adapts itself to fill the region size available to 1t on IBM equipment.
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In the 198 array, a “C" entry selects the macroscopic material for esch zome. Input
ond output data sets are handled much 43 defore, except that the cross-section input wmit
s nou read in. Ruffer space for al) data sets except card ingut and printed output is
specified by the parameter NBUF.

The weighted difference model in this version, developed by i. M. Engle, Jr.. has
been thovewghly tested. At Oak Ridge, we use it for all deep-pen:tration problems. Its
slightly slower computation speed is move then compensated for by the improved convergence
ond 3ccuracy If reswits. Some users repert better results using the linear sedel for
eigeavalue calculations, however.

fortran substitutes for all assembly-language routines are supplied. C(OC wiers
should find that the metheds vied to adapt previous versions of DOT 11l will be successful
on this versien 21s0. Adaptatien to URIVAC should be trivial.

An wpdate to ORML/TM-4280 describing this revised version is planned. [n the wmean-
time, examining the printout from 3 sample problem, together with notes supplied with the
code, is sufficient to indicate how to use the code.

'Dtsurch sponsored by ERDA Division of Reactor Development and Demonstration, tMFBR
Program.

5.8 THE FESAR DATA TRARSHISSIOR PACAAGE FOR 1BM 360/370 CWUYERS'
¥. A. Rhoades

(ALstrect of GRAL/TR=-5:92, Jnuars, 1Y7e)

The FBSAM subroutine puckage provides rapid movament of large blocks of data directly
between yser storage arrays and magnetic disk date sets. N0 buffer space is required.
Large reductions in data transmission time and number of [/0 requests can be obtdined.
Moves can be concurrent with each other and with computation. A form of randor access s
avéilable. A demonstration program provi‘es a thorough test of all features. Ire
package is intended for use by FORTRA. prograsmers with little or no assembler language
experience. It should be operzble on most [8M-360/370 machines. % sample application to
#n 1/0-bound code is giscussed. The use of three concurrent fyn.'ions entively eli~inated
the real time associsted with data transmission tasks b, allowing them to proceed ¢ .n-
currently with other agks.

[ ]
Research sponsored by ERDA Division of Reactor Development ang Demonstration, LMFER
Program.

5.5 USERS GUIDE TO MORSE-SGC

S. K Fraley'

(ARLSLEACE 0F RIL EL=T, March, o7

The MORSE-SGC (Super Grouped Cross Section) code is a version of the MORSE code

which <y the ccre size requirements to solve problems with large cross-section
storag sents. This version o! the MORSE code is available with hotk an improved
combing geometry package and a KENO geometry package. Other changes I ¢ also been
impleme, .n the code to make prodblem formylation more convenient.

L J
Researct. sponsored by Defense liuclear Agency.
‘Comur Sciences Division.



5.6 A USER'S GUIDE FOR LAVA AS ISSUED WITH MOWSE-S&C”

S. K. Fraley
(Rbstract of OREL/CSD-11, Jame, 1776}

LAVA (Let ARISH Visit APL) i3 a computer cede which will transform ASISR cross-
section libraries te the API working library format. This versien of LAYA is a stand-
alone program issued with the MORSE-SGC cede which accepts only cress sectioms im the
NP woriing library format.

flueutb sponsoved by Defense Nuclear Agency.
“Computer Sciences Divisien.

S.7 THE ROLES OF TME EVERT VALUC ARD THE POINT VALUE IR
WORTE CARLO TWPORTAN'E SAMPLI

J.S.Tang T.J. meffmen P K. Stevens'

(Susmary of paper to be presented at Annwal Neeting of Amcrican Suclear Socicty,

Jure 12-17, 1977, Yew York Citu, and at Fifcth Interna ions! Contrerence an Reactor
Shielding, April 18-22, 1977, Knoxville, Tennessee; also summary of paper to b publithed
in April issue of Nuclear Scienc annd Enginevrrine and of repprt MEL/TR=-5414, Tune, 1976)

To obtain a Monte Carlo sclution of a deep-penetration radiation trasspert problem,
importance sampling is required. The adjcint function has bees shown to be 3 good
importance function. - However, to fully utilize the adjoint information, & distinction
must be made between two adjoint functions - the event-value function and the point-
value fynction. In this paper, the proper use of these functions in Mente Carlo importince
sempling is discussed and illustrated.

The distribution of radiation particles can be descrided in terms of the densily of
particles entering events (collision density) or in terms of the demsity of particles
Teaving events (emergent particle density). Likewise the iaportance, i.e., the expected
contribution of a particle, cen be expressed acs the importance of & particle entering an
event (event-value function) or as the importance of a perticle lesving an event (point-
value function).

can be shown">' that the adjoint flux, §.e.. the solution of the integrodifferential form
of the adjoint loumnn equation, is the importance of & particle leaving an event. The
sdjoint flux, :°{~,"], is the dependent varisdle that can be obtained with most deter-
ministic computer codes when adjoint calculations are performed, e.q., ARISH® and NOT™.

|
|
’ By requiring that the importance o' 3 particle be conserved along its Flight path, it
|

| The event-value function, +(r,~), ~an be obtained from the point-value functiom,
| s*{r,~), by noting that the importance of & particle entering an event is the sum of the
| contribution of the pariicle at the event site and the expected contribution of event
| swrvivals, i.e_,

Y U X L R
w(r.) = i (r,") ’/:"." TTAT *(r.7) ()

where T, and I, are the differential scattering ond total cross sections, respectively,
and P is the collision density response function.

The random-welk procedure used in Monte Carlo calculations consists of alternately
selecting the velocity of a particle emerging from an event (collision process) end




stlecting thé pesition of the next evest (tramspert precess). Since in the collision
process one selects parameters corvesponding teo the emprgent particles, the point-valee
function should be wsed o bias this selection. Since in the tramsport precess, ene
selects the collision sites, the event-valwe function is the appropriate bdiasing fumctionm.
That is, the adjoint flux is the appropriate biasing function for the selection of the
emergent particle wvelocity, but aot the proper functiom fer biasing the transport process.
The tramsport process shewld be biased with the event-value function obtained from the
adjeint flex with €. (V).

An indication of the variance reduction asseciated with the wse of the event-value
fenction to bias the tramsport process wes obtained in the amelysis of the problem shown
tn Fig. 5.7.1 Adjoin: fluxes were shtained for the adjoint source with the discrete
ovéinates code DOT. A Mente Carle c2lculation was performed for detector | with the
NIRSE”® computer cede in which the adjoint flux was wied to bias the transport precess;
the sime calculation wes then repeated with event-valee biasing. The variance was reduced
by & factor of seven when the event-value function was used. These calculatioms illuy-
strate the necessity of the prvoper use of the adjoint information in performing Memte
Carle calcolations with importance biasing.

'hsurch sponsored by ERDA Division of Reactor Developmen: and Demonstration, LMFBR

f(-t.er Sciences Division.
*The University of Temessee.
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5.8 SPATIAL CHARREL THEQK. - A TECHRIQUE FOR DETERMINING THE
DIRECT {ONAL FLOW OF RADIAT!ON THROUGH REACTOR SYSTEMS®

M. L. Williams W. W. Engle, Jr.

(Summary of paper to be presentod at Fifeh International Tonfrerence on Feactor Shielding,
April 18=22, 1977, Knoxville, Tenn-sSsee: alsn sumralrs of OPNL/TM="§ T, Tulu, [97¢, and
of Nucl. Sci. Fns. ¢2, 92, 1977}

A general description of the naturz of problems encountered in reactor shield desigr
#s surprisingly unified. Simply stated, the qoal of 2 shieldinn calculation is to deter-
wing the output response 3t some point within the reactor system due to an input source.
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Fig. 5.7.1. Geometry of concrete cylinder with axial duct, source, detectors, and
adjoint source.

The response may be any physically observable quantity such as a biological effect or an
electrical impulse registered on a meter, but in every case it is merely & menifestation
of some portion of the imput source that has been transformed into a8 phenomenon which is
perceptible to the senses. Lying between the source and the response regions is an ares
of axtreme geometrical complexity, composed of structure, pipes. control systems, and
shielding. An understanding of how particles emitted from the source traverse this geo-
metrical maze and are finally converted into an obsarvadle response is essential in
ascertaining effective shield location.

For this reason, a technique known as spatial charnnel theory has been developed to
reveal the important "charnels” through which pasticlns flow to contribute to a response.
Spatial channel theory is based on two observations. First, for & given response, only
8 portion of the psrticles emitted from the source will end their historfes at the
response-detector, and these particle. are the only ones of interest for that particular
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respense. The others are extranecus and oaly tend to mask the behavior of the contributing
porticles, which may be 2 small fraction of the total population. Second, even arnong the
contribwting particles, certain ones will produce a larger physical effect than others
wpon the detector. Therefore, it is desirable to associate a "partial response” to each
contributing particle. This can be done Dy applying the "importance™ property of the
ajoin® flux to the neutron population, and, when that transforxation is perforwed, the
resulting pseudo-particle is called @ ~»::riie-», Maving units of “response contribution.”
The flux srising from this particle is called the ~sr oo, OF the - oornincs o,
and it Mas units of response/cm- -Sec.

Contridutons have several interesting characteristici. Because they have units ~f
partial response, & plot of the comtributun flux regvils Uiz channels followed by the
response 33 it flows through the resctor. Also, since comtribytons are related to con-
tributing particles, they can mever be lost. All cuntributons emitted from the input
ssurce must pass through any closed surface arocund th- source as they stream towdrg the
response location. Furthermore, the leakage per second of contributons through the
sorface must equal the total response.

This technique appears to have great potential in two dimensional analysis » complex
systems, since it furnishes insight into the radiation transport process which i. not
available from 3 forward or adjoint calculation alone.

Chawel-theory calculations have already been applied successfully in FFTF, CRBR,
and GCFR shielding studies and have become 3 sta-.dard part of the ORNL s~ielding program.

'Murth sponsored by ERDA Division of Reactor Development and Demonstration.

5.9 A LINEAR TRIAWGLE FIRITE ELEMERT FORMULATION FOR MULTIGROUP
REUTROR TRANSPORT ANALYSIS WITH ANISOTROPIC SCATTERING

R. A. Lillie J. C. Robinson
(ALstract of 7PX! ‘TM-5281, March, i37}

The discrete ordinates method is the most powerful and gener»lly used deterministic
method to obtain approximate solutions of the Boltzmann transpor? equatior. However, as
presently formulated, it is both restricted to orthogonal georetries and susceptiple %o
producing ray effects.

In this work, a finite element formulation, utilizing a canonical forr of the trans-
port equation, is developed tc obtain both inteqral and pointwise solutions fo neutron
transport problems. To facilitate its application to nonorthonnnal planar georetries,
the formulation is based on the use of linear triamgles. A aeneral treatment of aniso-
tronic scattering is included in the formulation by employing discrele ord.nates like
approximations. [n addition, multigroup source nuter iteration technia:ss are erploved
to perform group dependent calcuiations.

The ability of the formulation to substantially redure ray effects and its ability
to perform streaming calculations are demonstrated by analyzinn a series of test problems.
The anisotropic scattering and multiqroup treatrments used in the developrent of the
formulation are verified by a number of one-dirensional corparisons. These comparisons
also damonstrate the relative accuracy of the formulation in predicting intearal parareters,

The spplicability of the formulation te nonorthogonal planar neometries is demon-
strated by analyzing a hexagonai type lattice. A srall hiqgh leakage reactor model is
snalyzed to investigate the effects of varying hoth the spatial ~esh and order of anqular
guadrature. This analysis reveals that these effects are nore pronounced in the present
formulation than in other conventional fo-mulations. However, the insiqrificance of Llhese



effects is dememstrated by amalyzing 3 realistic reactor configuration. In addition,
this final amalysis illustrates the inportance of incorporating anisotropic scattaring
into the finite element formmlation.

.luaﬂ:n sponsored by ERDA Division of Aeoctor Orvelopmant and Oemenstration and The
taiversity of Temmessee.

S

The University of Temmessee.

5.10 A DISCRETE ANGLE — FIRITE ELENERT FORRRLATION”

R. A. Lillie J. C. Robinsen

(Summary of paper to be presented at Annual Neeting of American Swclear Society,
June 12-17, 1777, Bew York City)

The discrete ordinates method as generally formulated is susceptible to producing
flux distortions in weakly scattering media. These distortions, commonly called "ray
effects,.” are due to the discretization of the direction variable in the divergence term
of the transport equation. Ray effects are not encowntered with deterwinistic methods
that do not consider the angular domein nor with those which treat the angular variadble
8s 3 continunus variable. tHowever, these methods are most often not adequate in obtaining
realistic solutions to shielding problems where streaming is of grimary concern.

The purpose of this paper is to describe a3 multigroup finite element formmilation
which partially mitigates ray effects and which appesrs cabable of performing streaming
calculations. The formulation, which is similar to the cudature approach of Kaper et al.,:
is based upon the application of a discrete-ord:nates-like approximation to the mono-
energetic second-order canonical form of the transport equation. Linear Lagrange
polynomials are used to represent the spatial dependence of the even and 0dd parity fluxes
over a general triangular mesh grid.

The ability of the present formulation to substantially reduce ray effects is demon-
strated for a simple one-group problem by the flux comparisons in Fig. 5.10.1. The
discrete angle-finite element (DAFE) and the discrete ordinates (DOT)- calculations are
denoted by - and .. respectively. The smoothmess of the . curve illustrites the absence
of ray effects, vheress anomalous humps or flux distortions are present in the .. and
S« discrete ordinstes results.

In Fig. 5.10.2, results are presented for 3 problem in which 2 flat source region
is adjacent to a region containing & void. Although the -, and . curves are compirsble,
the " and 5y, results indicate that both curves underestimste the flux peak. In addi-
tional calculations, a simple clustering of the svailable -, and .. directions in a
narrow Dand about the X axis resul:ed in overestimates of the flux pesk. For these
cases, the discrete angle - finite element formulation appesrs capsble of providing a
visble means of reducing ray effects and predicting flux peaks in streaming qaps.

'ltesnrch sponsored by ERDA Division of Reactor Development and Demonstration and The
Unfversity of Tennessee.

“The University of Tennessee.
1. W. G. Xeper, G. K. Leaf and A. J. Lindeman, "Applications of Finite Element Methods

in Reactor Mathemstics: Humerical Solution of the Reutron Transport Equation,”
ANL-8126 (1974).

2. W. A. Rhnades and F. R. Mynatt, "The DOT {If Two-Oimensional Discrete Ordinates
Transport {ode,” ORNL-TM-4280 (1973).
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S.11 A COMPUTATION SYSTEM FOR NICLEAR REACTOR CORE AALYSIS®
D.R. Voudy T.8._ Fouler G. W. Zunninghan L. M Petrie

(ADESCICT ofF MIL=-513F, :n 7rvssi

This report documents & *,.tem which containg computer coles as modules developed o
evaludte nucledr reactor core performance. The diffusion theory approximetion te
sgutron transport aay be applied with the VESTURE code treatinc up to three di—emsions.
The effect of expsure may be determined with the BURRER code, allowing depletion zalcula-
tions to be made. The features and requirements of the syster are discussed and aspec?s
comon to the computaticanl modules, but the latter are documanted elsewhers. User
input data requirements, data file minagement, control, and the modules which perfore
general funclions are descrided. Contimuing developoeat and irplerentation effort is
enhancing the anslysis capadility available locally and to other installations fro—
renote terminals.

L J

Research sponsored by ERDA Civision of Reactor Deveior ont and DE~onsiration, i(MFSP
Program.

“Computer Sciemces Division.

5.12 [RPUT DATA REQUIREMENTS FOR SPECIAL PROCESSCRS 1% 7w [OMPUTATION SYSTEM
CORTAIRING THE JENTURE BWEUTo90ICIS L0t

D. R. Vondy 7. B. Fowler 6. & CLunnininar

{ADILEACE OF SRNLe IT 4. ovegie, , o7

This report presents user inpul data reoc "irements ‘or cerlain special processors
in 3 nuclear reaclor compulation system. These pracessors generaily read Ja%3 in formatles
form and generste binary interface data files. lo0e data pracessirg i done To Convert
from the user-oriented form to the interface file farrs. The JINTURF Aiffusicn theory
atulronics code and other computation modules in this syster use tne interface 4ata files

which are generaled.

*
Resedrch sponsored by ERDA Division of Reactor Gevelnorent and Jerongtration, [PFRI
Pronran.

“‘Computer Sciences Division.

5.13 PROGRAMMING PRACTICES A% COMPUTER CA0F DEvELnowinT®

3. . Vondy

This reporl presents recomrendalione Lo pronrarcer, degeinsirg corpater codes.  Thesa
are of special importance in effart on thase cndes which will e yied at other installa.
tions on other computers. Many nf the cnde axchanae nrabla== are addressed. lertain
Yoca) routines are described which perform specisl tasis, many f which are rotl possidle
within the scope of the Fortran landuaqe.

L J
Research sponsored by LRDA Division of Reactor Develaprens ard lemanstration, | MFGR
Program,



S_16 ITERATIVE SOLUTION OF THE DIFFUSION ARD P, FIRITE ELEMENT EQUATIONS®

€. T. Tomlinson  J. C. Rebinson' D. R. Vondy

(Abstract of ORXL/TM-5224, Februaty, 197é, and of paper to be published in June issue of
Nuclear Science and Engineering)

The purpose of this work is to develop a method for obtaining solutions to the time-
independent Boltzmann neutron transport equation oa triangular grids with nonorthogons)
boundaries anc anisotropic scattering. A functional is developed from the canonical form
of the multigroup transport equation. The angular variable is thes removed by expanding
the functional in spherical harmonics retaining only the first two moments and limiting
the anisotropic scattering to be lingar. The finite element methed is then implemented
using quadratic Lagrange-type interpolating polymemials to span the spatial domain.

The resultant set of coupled linear equations is then solved iteratively. The
spplicability of comvergence acceleration techniques developed for the finite difference
method are tested and implemented where appropriate.

Finally, 3 number of numerical experiments are performed to evaluate the performence
of the proposed method. The resylts are compared to results obtained by various esta-
blished methods. (n 21l cases, agreement is excellent.

.ﬂesurch sponsored by ERDA Division of Reactor Developoent and Demonstration, LMFBR
Program.

“Computer Sciences Division.
'The University of Tennessee.

5.15 CALCULATION OF REACTIVITY CHANGES DUE TO BUBBLE COLLAPSE"

T. J. Hoffman L. M. Petrie

(Summary of paper to be presentevi at American Nuclear Society Annual Meeting, June 12-17,
1577, New York City)

Calculations! based on Behrens’ method indicate that a substantial increase in

reactivity may accompany the collapse of a large number of small) bubbles in an LMFBR core.

More sophisticated transport approaches®-" to this problem have encountered several dif-
ficulties: the large number of bubbles requires many mesh points; the desired effect can
easily be masked by the movement of fuel to reqions of areater {or lesser) importance;
the reactivity is desired for a3 random distribution of spherical bubbles. This paper
describes a transport approach to this problem which avoids the above difficulties b~
using the "subgroup™® or "probability table”’+° method.

Consider the transport of neutrons in a system that contains & uniform (random) dis-
tribution of bubbles in a compressed fuel mixture (bubble system). The probability that
the neutron will travel a distance = through the compressed fuel and undergo its next
collision in /= of the fuel is

L
-3 2

- . . 57 .
FJializ s S0 © n, (1)

where X, is the total cross section of the compressed fuel; i.e., Iy = I,/(1 - 1), where
I, is the total cross section of the fuel in the homo jeneous system (the system in which
the fuel has expanded to fill the bubbles) and o is the void fraction. Since bubbles are
present, the neutron's flight path, 5, will be longer than z. The lengthening of the
flight path will be the product of the number of bubbles encountered along z, », and the
mean chord length of the bubbles, -, i.e.,
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:::;0:‘:-_ {2)

If = denotes the probability of Lubble encounter per unit distance along , i.e.,
T+ /{1 - ), then the probabil.ty of encountering - bubbles will de a Pcisson
distribution: *

s b=l 7 (3)

When - is determined with Eq. {2) by selecting = fror £q. (1) and : fror Eq. (3}, the
probability distribution function (pdf} for the next collision site in the bubble system
is

) R (5)

These distributions, <. (.-} and :.(.-), have the same wean value, 1/> . However,

their second moments are different. It is this change in the second moment, and hence in
the migration area, that causes the change in reactivity when the bubbles collapse.

Equation (4) can be viewed as the transport of neutrons in a system with a variable

cross section, - . One first selects a cross section from a distribution (~‘) and then
uses this cross section to select a distance from

If : (:.) is properly distributed, then the distribution of collision sites from Eq. (6)
will be the same as that from Eq. (4). Following the procedure used b %iknlaev' to
treat neutron transport in the unresolved energy region, we let

SR FRI SR 1 v

RORE T T (2)

The ;-'sand L.'s are determined in Such a manner that the moments of - (.}, Eg. (8),
are conserved, i.e.,

‘[ FLe) e Z ,—- j S e 2 0,1,2 ... (9)



By reducing the distribution for collision sites in the bubble system to a set of
cross sections and their probadilities, i.e., a probability table,” we are able to solve
the probiem with discrete ordinates.® Hence, 2 solution to a stochastic problem is
obtained with a2 deterministic calculation.

The results of a one-qroup calculation (. = 0.28 eom-!, .£.= 0.007% ¢c&~-, - = 1.888,
4+ = 0.2) for a bare cylindrical core (- = 74.25 em, = = 91.48 ch) are showm in Table
5.15.1. The reactivities z2lculated with this probability table approach, "> _, were
obtained with the discrete ordinates code, DOT. -~ The agreement with the reattivities
predicted with Bebrens’ formuia for "closely-spaced holes,” ":'Behrens‘ is excellent.

‘able 5.15.1 Reactivity changes caused by

E bubble collapse

: . — e e s --

: Bubble Radius e iy
(cm) : Behrens
0.25% 0.0027 0.0028
0.50 0.0053 0.0055
1.00 0.0105% 0.06i1C
2.00 0.0207 0.0220

With tne approach developed in this paper, the reactivity assoriated with bubble
collapse can be calculated for reflected, multireqion, partially molten LMFER cores 2s
well as boiling in LWR. This approach is not limited to one-qroup problems.

'Resear\:h sponsored by ERDA Jivision of Reactor Development and Demonstration, LMFBR Program.
“Computer Sciences Division.

1. R. B. Hicholson and 6. L. Goldsmith, "Design Basis Accident Studies,” (00-2286-3
(1973).

~
.

D. J. Behrens, "The Effect of Holes in a Reacting Material on the Passane of Neutrons,”
Physical Society of London Proceedings 62, 607 (1949).

3. Y. P. MclLaughlin, "Effects of Neutron Streamino and Geometric Models on ™olten Fuel
Recriticality Acridents,” LA-6127-MS (1975).

4. 0. J. Sheaks, F. G. Munno, and M. Shimizy, "Reactivity Variations Associated with
Randomly Distributed Bubbles in Molten LHFBRs," Trans. Am. Nucl. Soc. 24, 263 (1976).

5. R. A. Lillie, "Informal Report on Bubble Collapse Reactivity Effects Using Discrete
Ordinates™ (1976).

6. M. N.)Nikolaev. "Comments on the Probability Table Method.” Nucl. Sci. Eng. 61, 286
(1976) .

7. L. 8. Levitt, "The Probability Table Method for Treating Unresolved Neutron Reson-
ances in Monte Carlo Calculations,” Nucl. Sci. Enqg. 49, 450 (1972).

8. D. E. Cullen, "Application of the Probability Table Method to Multiqroup Calculations
of Neutron Transport,” Nucl. Sci. Enq. 55, 387 (1974).
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10. W. A. Rhoades and F. R. Mynatt, "The D0T-II] Two-Dimensional Discrete Ordinates
Transport Code,” ORWL-TM-4280 (1975).
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6.1 THE CALCULATED PERFONWICE OF VARIOUS STRUCTURAL MATERIALS
IR FUSIOR-REACTOR BLAMKETS

B_L.Nilliams R. 7. Samtero 1. A. Gabriel
(Abstract of Xucl. Tech. 29, 384, 197, ami of OREBL/TR-503é, December, id75)

The calcwlated nuclesr performances of niodiwm, $5-304, and nimonic-105 as structura?
asterials in & conceptud! D-T fusion-reactor blasket mode) are compared. For each strw-
ters) msterial, the tritium breeding ratio, the emergy-deposition rate, the operating
dose, the time dependemce Of the mevtrem-induced activity, the time dependence of the
dose fram the activation preducts, the time dependence of the nuclear aftevheat, and the
atemic displacumnt rate are calcwlated. Emphasis is placed on the rucledr response in
the first structural well te the selected structural material for an assumed neutron will
losding of ) Mi/m?. Taking fate accownt all of the muclesr responses, $5-304 appears to
be 2 reasemable cheice as the structural material for fusion-reactor application.

“mesesrch sponsored by EROA Division of Magmetic Fusion Energy (through ORNL Fusion
Energy Division).

6.2 URNCERTAINTIES IN CALCULATED MEATING AND RADINTION DAMAGE
IN THE TORDIOAL FIELD COIL OF A TORAMAK EXPERIMEN'AL POWER
*
REACTOR DUE 0 NEUIROR CROSS-SECTION ERROPS

R. 6. Alsmiller, Jr. J. Barish C. R. Weisdin
TALSLract Of ORSL/TN-5198, Rarch, 137s)

Calcylated results are presented of the uncertainties in the neutron scalar flux,
the degosition per unit volume, and the displacemerts per ator in the toroidal
field coil of a tokamsk experimenta) power resctor due to neutron cross-section errors
fn iron and cardon which are major constituents of the bDlanket-shield-coil configuration
considered. The calculations were carried out using perturbation theory to obtain sensi-
tivity profiles for the various cross sections of interest, and these profiles were then
combined with cross-section error estimates, including correlations, to obtain the un-
certainties.

Each of the three responses - the neutron scalar flux, the energy deposition per
unit volume, and the displacements per atom - is found to be very sensitive to the cross
sections in the energy group which contains the source { 14 MeV since a D-1 source is
sssumed), and easch of the responses is found to have & relative standard deviation of
approximately 100°. due to neutron cross-section errors in ivon.

'Icsmch sponsored by ERDA Division of Magnetic Fusim\tnngy { through ORRL Fusfor
Energy Division).

6.3 REUTRONICS AND PHOTONICS CALCULATIONS FOR THE TOKAMAK
*
EXPERIMENTAL POWER REACTOR

R. T. Santoro V. C. Raker  J. M. Barnes’

{Abstract of ORKL/TR-5466, i1n press: also abstract of papef presentcd at 9Lh Symposium or
fusion Technology, June 14=18, 197v, GGarmisch=lairtenkirchen, Federal Republic of Germany)

The results of one-dimensional neutronic and photonic calculations that compare the
nuclear performance of blanket and shield designs proposed for use in the Tokemek Ex-
perimental Power Reactor are presented. The nuclear analysis was carried out for both
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nonbreeding and tritium-breeding blanket modules to compare the spatial varistions of the
rediation flyx and energy distributions, muclesr heating, radiation demage, and tritim
breeding. FKonbreeding blanket modules that contain potassivm plus 53-316 or petassium
only as the energy-abserbing medium and breeding Dlanket: that wie lithium as the fertile
material were evaluated a3 2 function of the first-wsll cooling scheme.

'Research sponsored by EROA Division of Magnetic Fusion Eneryy (through ORML Fusion
Energy Division).

“The University of Temnessee.
'Computer Sciences Division.

6.4 FONTE CARLO ANALYSIS OF THE EFFECTS OF SHIELD PERETRATIONS
OR THE PERFONMNCE OF A TOKAMAK FUSION REACTOR

R.T. Santoro J. S. Targ R. G. Alsmiller, Jr. J. M. Barmes

(Surrary of paper to be prescented at the Fifth Intcrnatiweal Comrcronce: on Reactor
Shividig, Aprii i8=22. i277, inoxville, T-nnessee)

Calculations have been performed using the Monte Carlo radiation-tramsport code
MORSE- to estimate the effects on the performance of a D-T burning Tokamak fusion reactor
resylting from radiation that streams through penetrations in the blanket-shield assembly.
The number of penetrations, as well as the size of same of these pemetrations, is appre-
ciable, so the capability of the bignket and shield in attenuating the plasma neutron and
secondary-gamma radiation is reduced. The radiation that stresms through these oenetra-
tions can lead to intolerable nuclear heating and radiation damage in vital reactor
components, particularly the cryogenic toroidel-field coils that surround the reactor and
the cryopumping surfaces inside the injec'nr.

This paper sumrarizes the results of Monte Carlo calculations that were carried out
for a representative fusion reactor having a rectangular neutral-bedm-injector port
{30 x 70 cw ) passing through the blanket and shield. The plasma region, blanket, shield,
and toroidal-field coils were represented using cylindrical geometry having dimensions
and compositions corresponding to those of the Experimental Power Reactor.-~' The
radiation transport wis accomplished using coupled 35-group neutron, 21-group gamms-ray
cross sections obtained by collapsing the 100n-21, cross-section library.**" Energy
deposition was estimpted using fluence-to-kerma factors gemerated by MACK,“ and radiation
damage wis computed usin, atomic, displacement, and gas-production cross sections gener-
#*ed by the code RECOIL.

The nuclear heating and radiation damage to the toroidal-field cofls adjecent to the
injector purt were estimated using forward and adjoint Monte Carlo methods. The presence
of the neutrzl-beam-injector port leads to increases in both the nuclear heating and
radistion dauge in the toroidal-field-coil windings by factors of 50 to 100 over the
same respons?s in fully shielded windings.

'Rcmrch sponsnred by ERDA Division of Magnetic Fusion Energy (through ORNL Fusion
Energy Division).

“Computer Sciences Division,

1. E. A. Straker, P. N. Stevens, 0. C. Irving, and V. R. Cain, "The MOR;E Code - 2
Muitigroup Neutron and Germa-Ray Monte Carlo Transport Code,” ORNL-4585 (1970).

2. N. Roberts et al., "Oak Ridge Tokamsk Experimental Power Resctor Study - 1976,"
ORRL/TW-5572-5577 (1976-1977).

3. R. T. Santoro, V. C. Baker, and J. M. Barnes, "Neutronics and Photonics Calculations
for the Tokemak Experimental Powar Reactor,” ORNL/TM-5466 (Merch, 1977}.
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4. D. R Plaster, R. 1. Santoro, and W. E. Ford, I1I, “Coupied 100-Group Reutrom and
21 Group Gasry-Ray Cross Sections for EPR Calculations,” ORNL-TM-4r72 (1975].

S. M. E. Ford, I11. R. T. Santoro, R. W. Rowssin, and D. ™. Plaster, "MuGification Number

C(h'!e tT the Coupled 100n-21: Cross Sectiom Library for EPR Calculatioms,” /TM-5249
97K).

6. K. A Abdou, C. N. Maynard, and R. (. Wright, “MACK - A Computer Program to Calculate
Neytron Energy Relpase Paramgters (Fluemce-to-Kermp Fiuctors) and Multigroup Heutron
Reaction Cross Sections from Ruclear Data in EROF Forwat,” ORAL-TM-3994 {1973).

7. 1. A. Gadbriel, J. 0. fmburgey, and K. R Greene, “Padiation-Damage Calculations:
Primpry Recoil Spectra, Displacement Rates, amd Gas-Production Rates,” ORNL/TM-5160
{19726); also Rucl. Sci. Eng. 61, 21, 1976.

6.5 NUCLEAR ENGINEERING. PART & OF THE OAK RIDGE TOKAMAK
EXPERIMENTAL POMER REACTOR STUOY 1976

C. A. Flanagan, Editor
E.S. Bettis' M. L. watts’  J. T. tuxford R. T. Santoro
J. L. Scott 3. S. Watsom S. O. Clinton” R. %. Cherdack

(Abssract of ARXL TH=-3575, »vedier, 370}

The Experimental Power Reactor (EPR} studies which have been performed at Dak Ridge
National Laborator s (ORRL), at Argonne fational Labdaratory 'ANL}, end at the General
Atemic Company (GAC) during the last two years hawe investigated Lhe design and develop-
ment aspects associated with a large tokarmak designed to produce significant power at a
high duty cycle, to be operated in the rid-1980"s, and to be the precursor of a fusion
Demowstration Reactor Flant (Demo).

At ORRL, the first yedr was devoted to sScoping studies. At the end of this effgrt,
3 reference concept was selected. During the past year, the reference concept has been
pursued in more depth; based on these more detailed investigations, rajor research and
development needs have been identified and docusented.

The results of the past year’s design effort in the nuclear engineering areas are

documented in this report. The discussion covers raterials considerations, first radiation

well, mechanical design, neutronics, heat transfer, and tritiur hariiing., Five companion
reports being issued as parts cf this composite EPR report sresenl infcrmation in the
other discipline areas.

L J
Research sponsared by ERDA Jivision of Magnetic Fusion Inerqy “throuqgn OR%NL Fusion
Energy Division).

’lltstinghouse Electric Company.
'Consulunt.

itﬂqinuring Division.

F_htlls ard Ceramics Division.
*thenical Technology Divsion.
“Burns and Roe, Inc.
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6.6 NEUTRORICS CALCIRATIONS FOR TME TFTR BEUTRAL BUMR moecTons”

R. T. Santavw R, G. Alsmiller, Jv.
{ADSCract of UBRNL/TN-3608, Nay, 1976)

Estimates, based entirely on ong-dimpnsions] transpert calculstions, of seme of the
effects of radistion on the oprration and mdintensace of the aswtral beam injector for
the Tokamak Fusion Test Rwacter (TFTR) to be Built at the Plasas Physics Laderastery of
Prisceten University are presented. Radiation effects due to 14-Me¥ nguilrens preduced
0-1 reuctions in the plasus and due to 2.6-Me¥ nputrons produces by o-D reactiens in the
calorimeter and in the charged-deuteren beun dump are comidered. The reswlts pretented
here are intended to indicate potential radiation prebiens rather Uwn to be an acCCwrate
estimate of the adgnitude of the actus)] radiation effects thet will eaist in the vicinity
of tae finmal injectars. This is particularly true since the rescity presested heve are
b3sed on early injector design data, seme of which are so longer applicable.

For 14-Ma¥ nevtrens, estimates ave given of (1) the heating and activation of the
torvidal field (1F) colls adjacent te the injector perts; (2) the activation of the
injector superstructure; and (1) the heating in the cryepone) atsesblies. For 2.6-Me¥
wgutrons, estimstes are given of (1) the activetion of the calorimeter structure, and (2)
the dose rates in the vicinity of the charged-devteren boim dump. [t is to de noted that
»0 estimate s given here of the activation of the charsed-dauteren bending mpgnel since
at the time these calculitions were performed ne design for this megmet wes Jveilable.

.R:mrth sponsored by [ROR Division of Magnetic Fusion [nergy (throwgh ORWL Fusion
Energy Division).

6.7 THE ELMO BUMPY TORUS REACTOR (EBTR) REFEREMCE DESIGH

D. 6. Mchlees’ K. A. Uckan' £. 5. Bettis’

C. L. Wedrick' €. F. Joeger' 0. 8. Relson’

L. ¥. Owen’ J. F. Robertss M. T. Saatoro

0. A. Spong’ . L. watts’ N T. ven'

L. M. Lidsky’ 0. A. Enst' J. S. Werring

0. L. Xaplan A. Pant’ R. E. Potok
P. 8. Burn'

(Abstract of ORNL/TN-5669, Sovember, 197+, amnd of Trans. Aa. Jucl. Soc. 24, 42, 1976; also
abstracet of paper presented 4t American Juclear Society Sccond Topical Meeting on the
Techmology of Controlled Suclear Fusion, September 21-2), 1976, Pichland, Washington)

The goal of the ELMD Bumpy Torus Reactor (EBTR) stwdy is the evaluation uf the EBT
conf inament concept as the dasis for development of & commercial fusion power resctor. A
myltidisciplinary, self-consistent treatment of EBT reactor scaling and design has been
completed and 3 reference design (EBIR-48) has been developed. This design, based on &
realistic plasms model and relstively conservative ineering parameters (i.c., | M¥/w’
neutron we)) Joading and 3 7.3 T maximum toroide) field), is & stesdy state, ignited-mode
system with high plasms power density and sspect ratio. The total therme! power of
E8IR-48, exclusive of blanket multiplication, is 4000 Mi; the design is based on & stendard
wodule and the design power level! for & particular plant is determingd by the number of
modules used. Several design verisnts heve been investigated in detsil to illustrete the
effect of near-terwm and advanced technologies and to i1lustrate the design freedom of fered
by devices with Tow field and high aspect retio. The high aspect ratio simplifies meny
aspects of the design, most notably those associsted with remote aintenance, accessi-
bility, snd repair. It sppesrs thet s commercislly successful EBTR could be constructed
with only s)ight advences in existing technology, if the present understanding of the
physics cen be extrspolated to the resctor regime and does not differ merkedly from the

mode) developed for this study.
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®
QMR participation spensored by ERDA Division of Magnetic Fusion Emergy (through
Ol Fusion Energy Divisiem).

Yianen Mucleer Co., Inc.

Yfusion Engrgy Division.

Stonsultant.

T Computer Scieaces Division.
Ptngineering Division.

"mssachusetts Institute of Technology.

6.8 RADIATIOR-DAMAGE CALCURATIORS: PRIMARY XROCK-ON ATOR SPECTRA,
»
DISPUACEMENT RATES, AND GAS-PRODUCTIORM RATES

T. A. Gabriel J. D. Amburgey N. N Greene
fAbstract of Nucl. Sci. Eng. »]l, 21, 1976, and of ORIL,T®-5lvC, March, i37¢)

A hedvy charged-particle recoil data base [primary knock-on atom (PKA) spectra] and
a anilysis program hive been credted to assist experimentalists in studying, evalualing,
and corvelating radistion-damage effects in different neutron envirvmments. Since ex-
perimeatally obtained controlled-thermonuclear-reactor-type neutron spectra are not
presently available, the data base cam be extremely useful in relatirng currently obtain-
sble radistion damdge to that which is anticipated in future fusion devices. However,
the usefulness of the 4ata base is not restricted to just CTR needs. Most of the elements
of interest to the radiation-damage community and ail neutron reactions of any signifi-
cance for these elements have been processed, using available ENDF/S-IV cross-section
data, and are included in the dats base. Calculated data such as primary recoil spectra,
displacement rates, and gas-production rates, obtained with the data base, for different
rvadiation enviromments are presented and compared with previous calculations.

*
Research sponsored by ERDA Division of Magnetic Fusion EInergy (through ORN Metals
nd Ceramics Division).

‘C-wter Sciences Division.

6.9 THE SPATIA VARIATIOR OF THE ODAMAGE ERERGY AND GAS PROOUCTION
IN THE EXPERIMERTAL VOLUME OF A Li(.,»)
*
REUTROR RADIATION ODAMAGE FACILITY

R. G. Alsmiller, Jr. J. Parish

{Abstract of ORNL/TM-5554, Nctober, 197¢, and of papw: to be published :n Jucliear
Technology)

Calculated resuylts are presented of the variation with position in the experimental
volume of 2 Li(. ,») neutron radiation damage facility of the damage cner?y and helium and
hydrogen production in copper and in niobium when this volume is partially filles with
urﬂmul samples. The nevtron nonelastic cross-cection data at the higher energies
(;15-20 MeV) needed to carry out the transport celculations were obtained from the intra-
nuclear-cascade model of nuclear reactions.

.lcsurch sponsored by ERDA Division of Magnetic fusion Energy (through ORML Fusion
Energy Division).

.vat" Sciences Division.



6.10 THE APPLICATION OF NEUTROZ TRANSPORT CODES TO THE TRANSPORT
OF REUTRAL ATONS IR PLASARS

J. K. Maradle E. M. Oblew
{Abstract of ORYL/ TA=-5icd, February, 1976, and of Zucl. Sci. Eng. 61, 90, 197¢)

The application of the linsar Boltzmena equition 23 used in reactor ind shielding
prodliens to the transport of meutral atoms in 3 Tokemak-type plasms has bees studied.
The method was found to be gewevally valid with some limitations because of possible
nonisotropy of the plasta medium.

Effective cross sections for the interaction of nevtral atoms with an isotropic
plassy were cilculated and applied to the transport of hydrogen in 2 typical ORAX plasma.
The cuter wall wis found to have 3 significant effect on the hydrogen concemtration.

.Resurch sponsored by ERDA Division of Magmetic Fusion Energy.

6.11 MODELING THE EDGE OF A TORAMAX PLASMA

J.D. Callen E. C. Crume H.C. Howe 6. G. Kelley
A. T. Mense” €. M. Oblow X. T. Tsang
(Suntary of pai~f oresenl-<d a8 Siopesian on Plaseas sail Interaction, ctober [R=22, 1974,
Julich, Fodegad Poopublic of o r=many)

A substantia) fraction of the omic heating input power in tokamaks is radiated,
primarily at the plasms edge through low-I icpurity line radiation. Ly wsing & time-
dependent ionization and recombination model, we find that if low-I impurities are sta-
tionary they probably do not radiate enough power to account for the observed power loss.
Thus, we infer, in corroboration with some specific impurity transport measurements on
tokamaks, that impurities must be recycling from the wall deep into the plasma and gut
again, on time scales mot much longer than the emergy contaimment time. The (neo)classical
influx of impurities provides an imgrd transport mechanism, but the outward transport
process is unknown. However, 2 recent and more exact (no mass ratio expansion) impurity
transport calculation: has shown that a "temperature-screening” effect may inhibit or
reverse the influx of low charge states of low-mass impurities. A similar quandry occurs
in gas puffing experiments where the electron density at the plasms center rises rapidly.
We have performed detailed calculations of the neutral transport in the plasms edge,
including energy-cascading, reflection and & proper accounting of the (small) power lost
via charge-exchange thrcugh an ARISK-type (XCDRG) transport code. We find that the
density rise observed canmot be explaines by the combination of nevtra) influx and par-
ticle diffysion.

In order to explain these apparent paradoxes, we hypothesize 3 "new” transport model
based on the generalized theory of dissipative trapped-electron inctabilities. In this
model, the anomilous transport is in addition to neoclassical transport and affects only
the "cross-field” processes of particle diffusion and electron heat conduction. [n the
resultant model the electron temperature is determined by the anomalous electron hest
transport, as usual. However, with regard to apparent paradoxes discussed sbove, the
particle density is determined by balancing the inward Nare pinch with the outward
anomalous partficle diffusion; the impurity density results from balancing the imwerd
classical diffusion against the outward anomalous diffusion, The inward Ware pinch is
found- to be sufficiently rapid to explain the density incresses observed in ORMAK gas
puffing experiments, and in ALCATOR, ot least up to 4 x 10:" zm”*, The impurity balance
that obtains from the biiencing of the classical influx {or outflux!) against the anom-
alous outflux and its dependence on the boundary conditions in the plasma edge will be
discussed.

'Reseorch sponsored by ERDA Division of Magnetic Fusion Energy.

“Fusion Energy Division.

1. K. T. Tsang and €. C. Crume, "Temperature Screening Effect in Two-lon Species
Pfirsch-Schluter Transport,” ORNL/TM-5366 (1976).

2. h. C. Howe, "Evidence for a Density Pinch in Toksmaks,” paper at DPP-APS, San
Francisco, November 15-19, 1976.
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6.12 CALCULATED PERFORMARCE OF IROR-ARGON ARD IRON-PLASTIC
*
CALORIMETERS FOR INCIOENT HADROKS WITH EXERGIES CF 5 YO 75 GeV

T. A. Gabriel ¥. Schmidt

(Abstract of OR¥L/TW-5105, Febgwars, i97¢, and of lacl. Instr. T--thoids 154, 271, 1«7

The calculated respomses of irom-argon and irom-plastic calorireters for incident
hadvons with energies of 5 to 75 GeV are presented. The responses calculated are energy
resolution vs energy, energy resolution vs the thickness of the sampling plates. the
angular and spatial root-mean-square deviations (i.e., the ability to determine the
incident particle’s entrance angle and impact point), and the spatial properties of the
average and individual hardronic cascades. Some comparisons are nade with exgerirental

4ata; however, the main purpose of this paper is to provide specific design information
for these types of calorimeters.

.lnmnh sponsored by ERDA Division of Physical Research and by the fundesminisierium
fir Forschung und Technologie der BRD.

‘Iustiuu of Experimental Ruclear Physics, fuclear Center and Lniversity, of Yarlsruhe,
Karisruhe, Federal Repuwblic of Germany.

6.13 THE CALCULATED RESPORSE OF A LIQUID-SCINTILLATIR
TOTAL-ABSORPTIOR HADROR CALORIMETER

R. 7. Sentoro  J. D. Amburgey T. A. Gabriel

{RDSEraCt Of ORIL/TH=3i62, Jahuwar i, <97+, and of Coci. Inste. o lis, o7 O

The calculated performance of a large-volume, all-liquid-scintillator calorireter
for incident pions having momenta in the range nf 3 to 20 GeV, c is presenled. Ine cal-
culated scintillation pulse-height distribution, energy deposition, leakase ererzy, and
pulse-height resolution 23 & function of pion energy are given. Calculated 2nd experi-
mental pulse-height distributions are compared for 20-Gei/c incident picns.

[ ]
Researcr. sponsored by ERDA Division of Physical Research,
‘Cnnputer Sciences Division.

€.14 CHARGED HADROT AND LEPTON CURRENTS PRODUCED SY LOw-MOMENTUM
{3 GeV/c) CHARGED PIONS IN Al, Fe, AND Pb TARGETS

. i
P. S. Beiser T. £, Gabriel . D. Acburiey
(A tradet Of RNL TMew JT, Jeasombe r, 07

wWTde Ty,

Calculations heve been carried out to deterrine the spatial drpendence of charged
hadron and lepton currents produced by low-romentur ¢ 3 Gey ¢, rrarges pions in Ai, Fe,
and Pb targets. Even at the lowes? morentur velue: considered .5 Ged-C:, there is
Vittle difference between incident positive pions ang negative »ions with respect Lo the
sverane spatial dependence of the charged current,

*

Research sponsored by LRDA Division of Physical Zesearch,

“0ak Ridge Associated Universities undergraduate rwusearc: trainee.
' ol

Computer Sciences Division.
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6.15 CALIBRATION CALCIRATIONS OF MADRORNIC CASCADES u.uun
BY HIGH-EMERGY MUOKS IN INON/PLASTIC CALORIFETERS

&

T. A. Gabriel J. D. Ambyrgey

{Rbstract of OREL/TN-3615, Ducember 1976, and of paper to be published im Buclesr
Inscruments and Ncthods)

Calculations have been performed to determing the respense of aa irem-plastic cal-
orimcter to myon-induced sucledr intervactions. The calculated data include emeryy
resolutions and average pulse-height sigaals as a function of enevyy traasfer, eneryy-
trassfer angle, and spatial-interaction point.

.kmrth sponsored by ERDA Division of Physical Resesrch.
‘Cn-w:er Sciences Divisien.

6.16 HADRORIC- ARD ELECTROMAGNETIC-CASCADE DISCRIMIMATION
-
IR A THIR LEAD-ARGON CALORIMETER

T. Jensen J. D. Arburgey’ T. A. Gabriel

VAbsEract of ORSL/TH=5679, February, 1977, and of paper to b publishvd 18 Ruclear
Instruments and Mcthods)

Calculations have been carried out to determine methods or & combination of methods
for discrininating between high-energy (15 GeV) hadroas and leptoms or photons incident
on a thin lead-argon calorimeter. Some of the methods considered involve fluctuations in
shower development, the centroid of the shower, and ratios of the pulse height cdtained
from various locations within the device. Of these, the latter appesrs the most proxising.

“Research sponsored hv ERDA Division of Physical Research and by The University
of Rochester.

“The University of Rochester.
'pruter Sciences Division.

6.17 NEUTROR KERMA FACTORS FOR H, C, K, O, ARD TISSUE
IN THE ENERGY RANGE OF 20 TO 70 Mev

R. G. Alsmiller, Jr. J. Barish

{Abstract of ORIL/TH~5702, Deciember, 1970, and of paper to be published Health
Physics)

Calculated kerma factors (kerma per unit fluence) in the energy range of 20 to
70 MeV based on ronelastic charged-particle-production cross-section dats obtained from
the intramuclear-cascade model of nuclear reactions are given for H, C, B, 0, and tissue.

'leseorch sponsored by ERDA Division of Physical Research.
*computer Sciences Division.
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6.18 PRELINIRARY REPORT O TwE PRORISE OF ACCELERATOR BREEDING AKD CORVERTER
REACTOR SWBIOSIS (ABACS) AS AN ALTENSATIVE ENERGY SYSTEN

F. R Mymstt, Study Greup Ledder
Target Physics Studies - R. 6. Alsmiller, Jr., J. 3arish, and I. ;. Gabriel
Necloar Ingingaring — 0. . Bartiow 3nd 7. J. Burms
Accelerater Design — 3. A. Martia’ and M. J. Saltmarsh’
Neat Tramsfer and Mechanfcal Design - E. S. Bettis’
{ASSEracE of URSL'TN~5750, Februars, i377!

A preliminery study ha3 been parformed to evaluite the premise of accelerator
Sreuding and converter resctor spbistic systems (ABACS) 23 an altermate fission power
m&lﬂ;ﬂcl con mphg full stiltzation ef the energy content of urariur and thorium
ores. is, therefore, consideres 83 an 2l ermative to fast breeder reactors for
catonding wur ""‘{ supply. A saplamation is given of the fundamentals of ac- -leriter
bronding in which -2’0 or - 'Pu fissile fuel is preduced in & target/blanket syster: as 2
reiult of irradiation with an intewse high-eneryy proton desm. Reutromics and heat
transfar snalyies arv performed for thwrae accelevitor breeder concep's tased om tech-
aplegies of the liquid metal fast brander, miten tait, ind qis-cooled fast dreeder
raictiors. Severa]l coswertar redcters 3re contideved, and the —ass flows and ecomoricy
of the complete symbiosis are presented. Particular attertion is given ¢ the potential
sdvantages of ABACS relative tc the fast Dreeder redcior in the aress of  “eremt safely
and in the implememtation of the - ''U-- "'y denatured fue! cycie 43 2 proliteration ind
diveriion deterrent. Adventages and disadventages of the present accelerator breeder
concepls are summdrized and develogment need:s are indicated.

o

Research funded by ERDA Division of Physica! Research,
Computer Sciences Division.

.Nygics Division.

'Consultant.
6.19 FEASIBILITY OF DEWATURED LMF3R'<
T. . Surng . [ Zartine
({Suzmary of parel 0 ke nrosented a8 ATCYLICAN ViCLar Une T AN Lb. ez, Tune L=,

1977, - York City)

The use of denatured Tuel in nucledr rezctors has been oroposed a5 a pnssidle reans
for alleviating some of the safeguard concerns of the nuclesr fuel cycie.: in such a
fuel, 2he fissile component would not be chemiceily separadble frae the rest of the fuel.
further, such a fuel woyld be subject to enrichment linitations to prevent direct use a3
weapons material. This paper summarizes the results of a study directed at investigating
the possible use of such & fual {- " 'U diluled with - ~"Uj} in an LMFBR.

The resctor utilized for this study was based on a cormercial-sized [1200 Mi{r)])
conceptual desigr. The standard two-z0ne Pu-furled core syrrounded with deplefed uranium
blankets was taken o5 the refercnce case. Preliminary calculations on the 0L core were
dons. by substituting the denstured fue! in place of the reference core fuel. The radial
blanket was also replaced by thorium oxide. [ne resslts of some of these calculations
ore sumarized in Table 6.19.%. Alss tatulsted are some of the resuits of an gnalysis of
¢ haterogeneous mode! in which thorium radial bignket asserblies are intersperses with
core assembligs.
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Tadle 6.19.1. Calculational resulits for LMFBR models

Denatured
Reference Homogeneous Heterogeneous
!. Hodel
2. Fuel Pu/i8y 233y 39y 23y, 728y
b. Radial Bleniet 219y <3’Th 2221Tn
c. Internal Blanket 232Tn
d. Core Fissile Inventory /kg) 2933 2512 3241
e. Internal Blanket Fraction 33.9
I1. Performance Parameters
a. k 1.0369 1.0369 1.0369
b. Core Assembly Conversion Ratio 0.917 0.836 0.355
¢. Breeding Ratio
1. Core Assemclies 0.906 0.8 0.350
1.107 1.020 0.431
2. Axial Blankets 0.201 0.189 0.031
3. Radial Blanket 0.222 0.214 0.3101)
! 0.783
4. Internal Slanket 0.473'
Total 1.329 1.234

-

As indicated in Table 6.13.1, the primery penalty in using denatured fuel in the
reference LMFBR is 2 significint decrease in the breeding ratio for both denatured cases
given. Similarly, the doubling time for both reactors is greater than for the reference
reactor, although this effect for the two-Zone case is somewhat ameliorated by a smaller
fissile inventory. The heterogeneous model, while requiring a larger fissile inventory,
does, however, dramatically alter the isotopics of the bred fissile material (64 -3y vs
170 for the two-zone case). Even for this case, it is evident that the denatured LMFBR
may not be viable as a stand-alone reactor since the plutonium bred as a consequence of

the denaturing process is unavailable for recycle in the denatured reactor.

Moreover,

even if alternate desijns incresse the ~'3U breeding ratio to a value greater than unity,
a source of “ '3 for the initial core wili <till be reguired.

{wing to these considerations, a symbiotic system such as 2t depicted in Fig.
6.19.1 is envisioned. The denatured reactors wculd operate in dispersed locations. All
Also located within the safe-
guarded area would be reactors designed to utilize the plutonium produced in the denatured
reactors (which is not allowed outside the safeguard area afler reprocessing) to produce
72, The mass balances involved in such a symbiosis will be discussed, with particular
emphasis on maximizing the number of outside denatured reactors supported per inside

fuel reprocessing would be confined to a safeguarded area.

"converter” reactor.

'Research sponsored by ERDA Division of Nuclear Research and Applications.

1. #. A. Feiveson and 7. B. Taylor, "Security Implications of Alternetive Fission

Futures,” Bull, At. Scientist 32, 14 (December, 1976).
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Fig. 6.19.1. Fissile flow diagram of deratured [MFER fuel cycle with fertile

thorium.
6.20 THORIUM ASSESSMENT STUDY QUARTERLY PROGRISS REPORT
FOR FIRST QUARTER FISCAL 1977
I. Spieuak,' Program Girector 3. L. Bartine, “rora Mananer
Contributors:
T. J. Surns  J. (. Zleveland w. {. “haras
(ADSSEas 0L FNL TMe =, ttiroi, 0T

The objective of this program is fo contribule 7o “he aruiifn, assesient of the
potential role of thorium fuel cycles for alleviafing safequards noncerns. L:oenarios
inciude (1) no fuel recycle permitted, . fue’ recycle permitled only in secure regions
{"energy parks”) w,th denatured ‘chericalis nonseparable) fuels only outside these
regions, and (3] no limits on fuel recycle. 2 further cbjective i5 10 provide nuclear
mass balance data on HTGR's required by fRDA comtractors for corparative cost-benefi:
studies.

» > . . . .
Researck sponsored by ERDA Division of ‘wicledar “esearch and Applications,

. ‘Engineering Technology Division,
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6.21 ON NUCLEAR FUEL, MA>S BALANCES, COMVERSION RATIO,
*
OOUBLIRG TIME ARD UNCERTAIRTY

0. R. Vondy

{ALstract of UPNL/TN-3050, Niowembuyr, 197¢)

There is considerable interest in the performance characteristics of suclear power
plants. Concern over availadility of fuel from ore lesds directly to emphasis ca the
development of plants which breed fuel. This study addresses certain aspucts of amalysis
of performance of and projections for nucleir reactor power plasts.

'hmrch sponsored by ERDA Division of Reactor Development and Demonstratiom,
LNFBR Program.

6.22 MULTIOIMENSIORAL LMR BENCIIMRY PROBLENS

" R. Uagmré H. Finnemine' R. R. Lee’ 0. A '-'hueley;
B. Micheelsen” [. Misfelat. 0. R. Vondy W. Werner

(Reprint ol Trans. am. Nucl. Soc. 213, 211, 1976)

Ore of the functions of the Bencheark Problem Committee of the ANS Mathemstics and
Compuisdtion Division is to provide reliable s lutions to well-defined mathematical bench-
mark problems in reactor statics. In particular, the establisiment of solutions to
large-scale three-dimensiona) (3-D) light-weter resctor benchmark problems is needed to
serve as standards for the verification of design codes and for the detailed error
analysis of calculational methods.

The Benchmark Problem Committee has therefore adopted a 3-0 two-growp diffusion
theory problem that was initially defined by Richeelsen and other participants of the
1971 [AEA panel on burnup physics. [n May 1973, preliminary result. obtained in 1972
using 17 computer codes in 7 countries were reported.’ This paper susmarizes the general
characteristics of this 3-0 [AEA benchmark problem and the status of the work presently
being done by members of a benchmark subcommittee in an effort to gemerate reliable,
high-precision results for this and a related 2-D IAEA prodlem.-

The problem specification’ was chosen such that coarse-mesh and noda) codes can be
easily applied. The 3-D IAEA problem represents & quarter-core of 2 medium-size PHR with
two radial enrichment zZones and 2 total number of 177 fuel elements (full core). The
core is reflected by pure water without 3 stee’ baffle. The dimensions of the fuel
subassemblies are 20 x 20 x 340 cm. A number of partially and fully inserted control
rods, represented by absorber added to certain subassembliies, cause a strong nonseparable
power distribution. In addition, the existence of a3 very large thermal flux pesk in the
reflector makes this 3 very difficult and challenging problem to solve. On the other
hand, by the specification of homogenized two-group cross sections, the exclusion of
nuclear feedback effects, and the choice of clean, fresh core conditions, phenomena that
are not to be emphasized by this benchmark series are avoided.

During the past few years several authors have investigated the 2-0 subprobdblem, and
in 1975 & number of relatively accurate raference solutions were published.<*? More
recently, finite-difference precision calculations with VENTURE (ref. 4) (mesh size
h = 0.625 cm) and PDQ-7 (ref. 5) (h = 0.5 cm) of the 2-D JAEA problem provide a best
eigenvalue estimate of 1.02958 - 0.00001 and a peak-to-average power value of 1.5132 -
0. in the core at locations 31, 31 (cm). A second peak of 1.5333 is found at the
core/reflector interface, position 130, 55.5,

Table 6.22.1 summarizes the data for eigenvalue and peak power density for the 3-D
problen that have been obtained by members of the subcomnittee using five computer codes
based on different calculational methods. The generation of well-converged, reliable
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. fine-mesh Vinite difference (FOM) solutions, coataining in one case wvell over 2 rillion
aesh points for the quarter core, proved to be 2 severe but successful test nf the auto-
adted itevation and restart procedures. Good agreement, within 3 x 10", is found in the
cigmmvalues obtaingd with mesh-centered and corner-mesh FOM codes. However, a noticeadble
discrepancy romaing in the peak power value. This difference is consistent with earlier
2-D studies.- which also revealed 2 systematic difference between the two finite-difference
approximations, indicating a somewhat better accuracy of the mesh-centered formulation
fer this particuiar problem.

Table 6.22.1. 3-D IAEA benchwmark problem results

Computer Method, Order of _Peak/Average Power
Code Approaimation Mesh Eigenvalue Value Llocation
VERTURE - Finite-difference method, 7x17x19 1.02913 2.5%7
mesh centered 34 x M ix 38 1.02864 2.504
68 2 68 x 76 1.02887 2.408
102 x 102 x 114 1.0289% 2.37¢
Extrapolation 1.02¢03 2.354
Q-7 Finite-difference method, 34x 4138 1.03)54 2.039% 35, 35, 170
comer mesh 60 x 65 x 76 1.02%43 2.266 32, 32, 175
FEW 3D° Finite-eloment method, 16 x 16 x 13 1.02917 2.298 32, 3z, 174
Znd-order Lagrange 2.426 130, 56, 178
interpolation
IQSE0X‘ *7  Nodal-expansion method, 9: 9x19 1.02875 2.417 30, 30, 170
4th-order polynomial i7 x 17 x 21 1.02903 2.356 39, 30, 170
Stheorder polynorinal 9x9x19 1.02916 2.348 36. 30, 170
17x17x 21 1.02910 2.341 30, 30, 170
CuBOL” Flux-expansion method, 9x9x19 1.02886 2.387 50, 30, 170
2

3rd-order polynomial 17 x 17 x 19 1.02895

.340 50, 20, 170

The remaining three solutions of Table 6.22.1 were calculated with higher order
cosrse-mesk cod2s wit: quite 1arge resh spacings. Jefinite conclutions dbout the nuelity
of these solutions cas oniy ue drewn after a detailed comparison with the reference FOM
solutions has been made. llevertheless, the data in Table 6.22.1 and its convergance with
mesh spacing indicate that finite element methods and improved higher order coarse-mesh
techniques can produce accurate solutions for large-scaie 3-D reactor problems with
considerably reduced computing costs.

'Oﬂlﬂ. participation sponsored by ERDA Division of Yeactor Deveiopment and Demonstration,
LNFER Prograe.

“Kraftwert Union, Germany.
'Combustion Engineering.

Sontario Hydro, Canada.

" panish AEC.

*The University of Munich, Germany.

1. B. Micheelsen and H. Neltrup, "The 3D [AEA Benchmark Problem,” RIS0-M-'572 (1973).
2. M. R. Wagner, "Current Trends in Multidimensional Static Reactor Calculations,”

CONF-750413, I-1, Proc. Conf. Comput. Methods in Nucl. Eng., Charleston, S.C.
(Apri), 1975).



3. . Risfeldt, “Solution of the Myltigrowp Rewtron Diffusion Equatioms by the Finite
Elenent Method,” RISO-M-1809, July 1975, Danish AEC. Research Establishment RISO,
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4. D. R. Vondy, T. B. Fowler, and G. . Cunningham, "VERTURPE: A Code Block for Solving
Msltigroup Neutvomics Probless Applying Finite-Differer e Diffusion-Theory Approxi-
mation to Weutrzn Transport,”™ ORRL-5062 (October, 1975).

5. ¥. . Cadwell, POQ-7 Reference Manual, WAPD-TM-678 (Janwary 1967).

6. h. Finncnann, “A Consistent liodal Methnd for the Analysis of Space-Time Effects in
Large LWR's,” MRR 145, p. 131, Proc. Joint NEACRP/CSK] Specialists’ Meeting on New
Gevelopments in Three-Dimensional Neutron Kinetics, Garching, Germamy (Jan. 22-24,
1975}.
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H. Finnergnn and K. R. vagner, "The Hodal Expansion Method: A Rew Computatiomal
Technique for the Solytion of Multidimensional Reutron Diffusion Probdlems,” [AEA
Specialists® Meeting cn Methods of Reutron Transport Theory in Reactor Calculations,
tologna, Italy (Mov. 3-5, 1975}.

X
v

S. Langenbuch, &. “aurer, art W. Werner, “Simulation of Tramsients with Space-
Dependent feedback by Cnarse Mesh Flux Expansion Method,” MRR 145, p. 173, Proc.
Jeint REACRP/CSHE Specialists’ Meeting on Tiew Developments in Three-Dimensional
leutron Kinetics, Darching, Germany (Jan. 22-24, 1975).

6.23 HTGR KEUTRORICS SENCHMARY PROBLEM
R. G. Steinke  D. R. Vondy WH. V. Greqory'

ikentint ot Trans. Am. “uci. Sov. 21, 209, %)

The purpose of the high-temperature gas-cooled reactor (HTGR) Reutronics Benchmark
Problem is to provide a static neutronics problem in trianqular (hexagonal) geometry for
which accurate solutions can be documented. These solutiors will then provide a valuable
means for checking the accuracy and efficiency of triangular-geometry static neutronics
«odes throughout the industry.

A simplified model of a Fort St. Vrain-size HTGR was chosen for this purpose. The
salient features of that design have been retained within the model. Maintaining @
realistic level of model complexity is important for code va'!idation since the ultimate
purpose of these codes is the amalysis of such models.

The first level of problem definition, the Benchmark Source Situation,' provides a
physical description of the problem. A three-dimensional (3-0) reactor model was chosen
with 60-deg rotational symmetry in the horizontal plane. The reactor is modeled a5 2
lattice of homogeneous, hexagonally shaped fuel elements surrounded by 3 graphite re-
flector. Two different core - mmposition layers sre defined axially. A control rod
pattern consisting of @ half-inserted cen'rai rod and & ring of six fully inserted rods
is specified. Temperatures and isotopic ompositions are given for initial hot con-
ditions.

The second level of problem definition, the Benchmark Problem, proceeds from the
source situation in further specifying a fully def‘ned problem. From the given source
situstion, a number of benchmark problems can be defined. Two problems have been speci-
fied to date: 2 2-D proolem in the top Malf of the reactor and a 3-D problem. Both
problems involve reducing the source situation by specifying four energy groups, spatisl
transport based on diffusion theory and a zero-flux outer boundary condition. Appro-
priately averaged macroscopic reaction rate cross sections are given for each composition.
Contributed solutions for each problem sre to have &5 primary resulls the neutron multi-
plication constant Kore® fteration and time requirements, neutron balances and the fission

rate density and fluxes both hexagon averaged and along traverses. Possible additional
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results for the 2-D prodblem are the above prisery resslts for three other controlled
states of the reactor (with the central rod remgved, all rods removed, and all possible
rods imerted).

The third snd final level, the Senchmark Problex Solution, is the documented s0.ution
for 2 Benchmari Prodlem. At least two independestly evaluated solutions (by different
codes programned by different people) are required for the acceptance of the Benchmart
problen. These solutions must De sufficiestly accurate and give or approach, through
errer refinmment, the same result.

Solutions contributed to date have been for the 2-D problem=. A preliminary coarse-
zesh vclculation on the 3-0 problem has been performed, but fine-mesh 3-D calculations
involving %= articipation of others will be needed to obtain acceptable solutions.

The 2-D prodbles has besn 3olved by the authors using th: rinite - difference dif-
fusion theory codes GRINNA (Gregory, SRL),- *° VENTURE (Veagy, ORML.” and SUGIED {Steinke,
GAC).  GRIMX and VERTURE solve mesh-centered differen.e equations, while EUGIE0 solves
difference equiations for an interfac. centered mesh. ‘"desh element grids ranging from 1
te 54 mesh points per hexagon (mp/h) have been amdlyzed. Kogy vélues from the contributed

solutions are given in Table 6.23.1. Comparing the 48-mp/h BUGIED solution with an
estimate for the actual solution obtained by extrapolating the three BUGISO solutions to
zero-mesh size indicates that its maximum flux fractional errors are | in the core and
<8 {-2°, thermal group) in the reflector. This level of accuracy in the 42-sp/h BUGIAD
and ?‘-np[h VERTURE solutions is feit to be sufficient for acceptance of the 2-0 Benchmark
Problen.

Benchaark probles specifications and their documented solutions will te di-tributed
3t the meeting.

Table 6.23.1. ‘lieytron multiplication constant ke‘f from contributed solutions
of the 2-0 HTGR benchmark probler

‘(';Rlﬂfi
Computer Program Coar;e:!esh T .S-r.c.n;i.a-r.d “ERTURE BUGIZS
T T —l"”m --;-.-;-!5-2«‘--------» '1'.".‘2'7‘245’“- - >1- .'.-2-'725' -

3 1.11735 1.12102 1.1i67¢

Equivalient Humber 6 1.11363 1.12028 V.1e027
lumber of Mesh 12 L

Per Hexagon 24 111925
43 i. 11815

54 i.11900

-
OR%L participation sponsored by ERDA Division of Reactor lLevelopment and Demonstration,
LMFBR Program.

Genersl Atomic Company.
.Savamah River Laboratory.



1. Benchmark Problen Comittee, “Argomme (ode Center: Senchmark Problem Besk,” AML-7416
ard Suppl. | (1968 ang 1972).

2. H. C. tiomeck and J. H. Stewart, “Sismitasisus Line Over-Belazation (SLOR) in
Hexagomal Lattice,” CONF-720901, Bood :, p. 25) (1972).

3. H. L. Dodds, Jr., H. C. Homeck, and D. €. Hestetler, “Coarse-Mash Methed for Twe-
gi-usioul Wized-Lattice Diffysion Theory Calculations,” Traas. Am. Mucl. Sec.
1. 233 (1975).

4. D. R. Yondy et al., "VERTURE: A Code Block for Selving Multigrowp Bewtremics
Problems Applying the Finite-Difference Diffusion-Theory Appreximdtion to Newtrem
Transpert,” ORKL-5062 (1975).

5. . R. Davison, “BUGIBO/HWTMR, A Twe-Dimensional, Trisnguler Mesh, Msltigrewp Dif-
fusion-Burnup Code for Use in the Design of 180° Metatienally Symmetric NTGR Ceres,”
GA-A12674 (1975).

6.28 BERCEWAZ ANALYSIS OF LWFBR WUCLEAR DESIGH METHODS

E. Kujowski H. S_ Bailey

{Abstract of papcr to ber presented at the Amvrican Suclcear Socicty Sathematics and
Computation Division Setiona!l Topical W-~ting, Xarch 28~-30, 1977, Tucson, ~rizon:,
and of paper © M publishoed 8 Zuciedr Science and itgincerinsg: Chis papat reports
LRFBR bencima~k calculations porformd 1n the Joutron Physics division by D. #. Vondy,
T. B. Fowier, and ¢G. W. Cuuainq.‘:a-')

The Large Core Code Evaluation Working Group has been organized for the prime 2im of
testing and validating nevutronics codes and methods for use in the amalysis of large fast
reactors. For the initial problem stati- newtromics calculations were performed om 2
“representative” 1200-Mie LMFBR in & tws Jimensiond] radial geometry. The initial results
representing the cooperative effort cf the participants are summarized. VYariows codes
and methods using few-group diffusion theory are intercompiared. The calculational methods
are in substantial agreemen? provided the sime multigroup comstants are used. This
effort is to be further pursvued and broadened to investigate specific effects such as
Ra-voiding.

t ]
ORML participation sponsored by ERDA Division of Reactor Development and Demonstratiom,
LMFBR Program.

“General Electric Company, Fast Breeder Reactor Department, Sunayvale, California.
'Co-puter Scienc~s Division.

6.25 SUBCRITICALITY CALCULATIONS [N SUPPORT OF THE REACTIVITY SURVEILLAACE
PROCEDURES EXPERIMENTS FOR THE FTR ERGINEERING MOCKUP FACILITY

D. L. Selby G. F. Flanagsn
(Abstract of ORNL-5061, Nctobuer, 197s)

The results of discrete ordinate calculations are sumarized. These were made at
ORRL in support of the analysis of the subcritical experiments performed on the Fast Flux
Test Reactor Enginesring Mockup Critical located at Idaho Falls. Resylts indicate good
sgreement can be obtained between the simple modified source multiplication method and
other more complex resctivity determination methods such as inverse kinetic rod drop or
noise aralysis {ded sccurate detection efficiencies can be calculated. The point-
wise {zoue-niumvcrgmcc of the fluxes is given particular sttention as a major
problem in obtaining "accurate” detection efficiencies.
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[ ]
Sesearch spensored by EROA Divisien of Reactyr Oevelopment and Demonstratiorn, CRSR
Progras.

6.26 SYSTEW FOR ASSAY OF FISSILE COMTENT COF SPENT
LIFBR FUEL SUBASSEMBLIES

G.L.Ragat RS Bosth T.J. Burms
J. D. Jeskins  C. R. Weishin L. R. dilliams

tRepriat of Trans. Aa. Sucl. Suc. 22, 25, i97%)

A system was conceptually durigned (Fig. 6.26.1] te mondestructively assay the total
fissile content of a spent LAFBR fuel subsssembly as it enters the head end of a fuel
regrocessing plant. This system will help the plant operators to achieve better process
control, criticality preveation, accommtadility, and safeguard of fissile materials.
Tathamatical amalysis of this system, using the ORIGER- and ANISN- codes, indicates that
& rual-time 3333y Can be achieved with an uncertainty of 1-5 of the toial fissile content
of eich subassambly for a plant tiwoughput of 5 tons/da,; (2-4 subassemblies/hr}. Other
3133y systess have been wnsvitable for assaying spent LWBR fuel subasserblies because of
(1) interference by high nevtron and gammd backgrounds froe the fuel and (2 poor pene-
tration of intervogating and/or signatere radistions through the massive subassecblies.

The basic principle of this system is that an interrogating sub-Mel neutron source
[produced in the DO by 2 {-.,-) resction] is closely coupled to a spent fuel subassesdly
and the higher-eneryy signature neutrons, produced by fission of the fissile nuclides in
the fuel, are Cetected by cConters that are shielded by lead against garma rays from the
fuel and the gaswa sources (.- in Fig. 6.26.1). ‘ieither the detectors nor the fertile
foel nuclides respond significantly to the interrogating neutrorns. The subasserbly is
#3sdyed 3s it is drawn gither cont:nuously or stepwise through the centrai cavily of the
system {overall radivs and active length each 15 cm}. The arrangement is sirilar to
that of Menlove et 231.°

Each of the 12 *-“Ru---"Rh sources -/ = | y} contains about 50 g of - "Ru, the
aount removed in the plant from ome core-type subassembly. Gr-C .-.ays fror these sources
produce, in the D-0, interrogating photoneutresz /- = £ NS MeY] intense enough to groduce
8 fission nevtron signal in the fuel which exceeds the neutron Leckqround in the fuel.
This background is mainly due to neutrons from spontaneous fission, but it also contains
nevtrons from (.- ) reactions ang from self-interroqation by photcneutrons produced in
the 0 0 by gaena rays from the tuel to reduce the self-interrogation background, and the
adjecent B8 .C attenuates low-energy vreutrons that would not properly penetrate the fuel.

The detectors (gas filled, proton recoil) are biased v zet their detection threshold
sbove 0.08 M/, dut as low as practical. This setting increases their detection effi-
ciency and minimizes their discrirmination against fiision nevilrine that have lost energy
2y scattering in escaping the fuel. The gamma-ray dose rate at “he detectors is limited
to & tolerable 1 r/hr by the massive outer less shield.

Calculations indicate that tre fissile assey sensitivity {counts per fissile atom)
varies -4 over the entire cross section of an LM7FBR syhassembly, either core or blanket
type. Averaged over 3 subassenbly, the sensitivity is only 23 sreater for a core vs 3
blanket type. The count rates are high, so for 1 counting statistics a core subassembly
may require .10 sec and 3 blanket subdssemdly I min,

The authors conclude that this syste <uulid assay spent LMFER fuel subassemblies for
total fissile content with an uncertainty of 1-5 at the high throughput rate of & plant
having & capacity of 5 tons/day. The equipment should be relativel, inexpensive and
practical for use in & commercial fuel reprocessing plant.
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Fig. €.26.1. Partial cross section of nondestructive assay system.

'Researr.h sponsored by ERDA Division of Reactor Development and Demonstration, LMFBR
Program.

“Instrumentation and Controls Division.

1. M. J. Bell, "ORIGER - The ORRL Isotope Generation and Depletion Code,” ORW -4628
(Mmay, 1973).

2. %. W. Engle, Jr., "A Users Manual for ARISN, A One Dimensional Discrete Ordinance
Transport Code with Anisotopic Scattering,” K-1693 (March, 13967).

3. H. 0. Menlove, R. A. Forster, and D. L. Matthews, "A Photoneutron Antimony-124-
Beryllium System for Fissile Material Assay,” Rucl. Technol. 19, 181 (1973).
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6.27 CALGULATIOR OF THE FRAGMEKTATIOR OF U0 Ev CAPACITOR
DISCHARGE: NOMEQUILISRIUM MODEL

R. 6. Alsmiller, Jr.  R_ 5. Perez J. Barish

TASSRIASE OF ORTLNIRE . TH=3123, Qarch, 1377 -

A codel dased on phase-space comsideratiang is developed to describe the fragrentation
of UD- by capaciter discharge — i.e.. to predict such quantities as the amount of jas and
ligeid produced, the nymber of liguid fragments, the nurber di-.tridution of the molecules
in the liquid fragments, the kinetic-energy distritution of the jas and liguid fragements,
etc. The model presented heve cammat give & unique numerical prediction of all of these
quentities based only om the initial-state specification, but it does enable all of these
quantities to be expressed in teves of the averice internal energy of a2 3a3s rolecule in
the fina! state, the average bDinding enerjy of 3 0 —olecule in 2 liguig ‘ragoent in the
final state, and the average number of molecules in 3 liquid fragrent in the final state.

*
Research spensored by “wclear Regulatory Cormission.
?Cquur Sciences Division.

6.28 WHERE ARE WE ARD WHERE AQE WE GOING IN REACTOR S+IililiaG

fF. C. Maienscheir

{RPSLLHCT DY FrynOlte HGlI~=5S TO fm: Dreavdled al o220 IN%efiea?: N, Nl rene N AlTer
Shielding, Rpril i#8=22, 1277, #noXr:li-, T anwsse e

The field of resctor shisiding shows signs of —aturily and gel it reldins a definite
vigor. The choice between "empirical™ and “transport” ~ethods for scivin: shielding
problems has largely been resolved in favor of the latler. Zecent widesgread neutron
streaming problems in LiRs have illustrated rather clearly the daniers of overreliance
vpon “simple” nethods.

Transpo-t methods are only 35 900d 33 the input nuclear dats. 5ata files and
multigroup sets are being irproved and tested against integral eyrericents. &e Tay nole
international cooperation in performing “henchmark™ integral tests. Sensitivity analysis
is increasingly used o define accurately additional data needs and %o illustrate, for
exanple, those neutron ener;y regions in sodium and iron which are cf transcendent
importance. Channel theory offers to illystrate with equal clarity those paths in spac:
which determine the radiation response nf interest.

Part of the needs for transport-rethod developrent have beer bacically mel; e.a..
those for one-dimensional and two-dirensional calrulationg [excluding streaming;. Other
needs , however, are barely met with ninirym e{ficiency; ¢.4.. ~treaming and other three-
dimensional requirements, methods for effectively cousling calculations, and shield
optimization. Sensitivily analysis falls in an inter~ediate catedory. Additional
development continues but apparently at a reduced ;ace.

Problems remain in "halance-of-planl” <higlding far [ax , 1,° these are not perceived
to warranl the development of new methods, ai least by f.niin; agents in the U.5. More
concern is expressed about the radiation lgvels caused by residual radioactivities which
inhibit system maintenance.

For LMFBR shielding, the major problens include reutran transmission through yn-
precedented thicknesses of stainless steel 314 sodium, stresring tarcugh vessel-suppo-t
regions and coolant passiages for loop-type reactors, and activacion cf sodiuc ¥ the
secondary loop of pot-type reactors.
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Fusion reactors a3ppeir to be inevitadly quite complex with shield and blamket regioms
full of holes. Struaming tiwowgh these heles and subsequent scattering of radiation to
baat the superconducting maguets will tewd to deminste the shielding problerws, at least
for Tohamsks. Prebless of induced radioactivity will increasingly foce those calculating
fusion-v actor shield perfermance.

1. J. L. Rathdum, “FFTF Shielding Design and Amalysis Summery Report,” WARD-2171-54
(June, 1975).

2. Lorraine S. Abbett and F. R. Mymatt, "Review of ORNL Radiation Shielding Amalyses
of the Fast Flux Test Facility Reacter,” ORNL-5027 (July, 197%).

3. E. A, Straker et al., "The MORSE Code — A Multigroup Neutrom and GCommi-Ray Meate
Carlo Tramsport Code,” ORNL-4585 (1970).

4. N. B. Camett, "The MORSE Monte Carlo Radiation Tramsport Code System,” JMIL-4972
(February, 19715).

5. K. B. Esmett, C. E. Burgart, and T. J. Hoffman, “DOMING, A Gemeral Purpese Code for
Coupling Discrete Ordimates and Monte Carlo Radiation Tramsport Calcelations,”
CRIL-4853 (1973}.

6.29 REVIEW OF METHOOS FOR ARALYSIS OF MEUTROR STREARING
*
IR THE FAST FLUX TEST FACILITY REACTOR DESIGR

F. R. Mymatt

{Repring of Trans. Az. Zucl. Soc. 23, 622, 1977)

A1) of the important shielding problens encountersd in the FFTF design were geomet-
rically complex, and many of these problems exhibited streaming effects in whizh imporiant
components of the transmitted radiation were dominated by geometric attemwation.:’-

These streaming effects present 2 methods paradox because their presence, when isbedded
in bulk media attemation regions, produces a complex problem, althowgh the streming
problien when isolated is usually quite simple.

Figure 6.29.1 shows a drawing of an R-7 model of the FFTF which extends axially frem
the core wmidplane to the top of the mrintenance floor and radially from the resctor
center line to a cepth of 30.48 cm into the concrete primary shield. The streaming zomes
are the reactor cavity, the resctor Cavity :hield zome, and the vesse] support system
ones. The actual models used for the latier two 20rgs are much more detailed than shown
in Fig. 6.29.) but are not shown becduse of lack of space. It is useful to consider this
problem as consisting of four steps:

(1) Calculation of the source entering the reactor cavity.
{2) Calculation of the resctor cavity.
(3) Calculation of the reactor cavity shield.

{4) Calculation of the vessel support system, head, and maintenance
floor shield.

The actual anslysis may combing some or all of these steps, but they each have different
methods requirements.

Step 2 of the problem, the resctor cevity, is & large cylindrical annulus completely
surrounded by steel, concrete, and sodium, and is fed from Step | by & source centered on
the inmner cylindrical surface st the midplane and Mving an axial height (full height ot
half maximum) of approximstely 2 m. [xperience with several slternate calculations of
the reactor cavity show that it is more of & scattering cavity then » streaming path. As
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lieutron dose-rate contours from step 1 of DOT r-z calculations

Units ére mrem/hr.

Fig. 6.29.1.

of FFTF.
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such, low-order discrete ordinates or albedo Mu~le Carlo are the moit efficient methods. .
Cecause the reflection frem the cavity walls significantly affect the fluz levels neor

the surface of the vessel, the cavity problem myst be iscorpevated in or clesely cowpled

with the Step 1 source probles. Also, the required resylt froe the cavity prodle= is aa

angular flux distridution for input to the next problem step. Yor these redsoms, the

cavity vas included in the lon-order {S. ) discrete ordinates ieurce calcylation which

extended axially from O to 532.42 cm angd vadially from O to 555 om. Including the cavity

does not substantially increase the computing time for this preblem.

Step & was calculated with adjoint discrete erdinates (GOT [1]) using 2 Diased 166-
angle quadrature to handle the stresming compoment. Step 3 wis calculated with the
trree-dinensional Monte Carle code MCRSE “* coupled both to the source from Step 7 and
the adjoint response from Step & with DOMIAD. The three-dimensional calculition was
verified in 2 simplified two-dimgnsional form with a D07 (I Dissed 166-angle quairature
calculation. The fractional standavd deviation on the MORSE calculations ws typically
10 to 25 and the MOKSE-DOT cases agreed within 10

The nethods used for this problex were the most cost efficient pessible. Hew develop-
wents -uch s the DOT [V code with zone and growp varisble quadrature and an adjoint
differeace coupling technique would substantially reduce the computer tice needed and
increase the accuracy of the solytion of this problem.

»
Research sponsored by tROA Division of Reactor Development and Demonstration, LMFER
Progras:.

6.30 A SUMMARY OF THE ORRL SHIELD DESIGR SUPPURTING ARALYSIS FOR THE FFTF
W. 4. Engle, Jr. F. R. Mymett Margaret . Dmmett K. L. Williams

[ oe a5 S SHS B

DAzmr 10 Eer ppeS5eulend ML FILLR Internationael (irlorence on Foeaclor Soelding,

Apvid iNedl, JXT7, Enoxviileo, ToaneSse~st

from 1969 through early 1976, the leutron Physics Division of the Oak Qidge Rational
Laboratory provided supporting analysis for the shield design of the Fast F.ux Test
Facility now under construction near Richland, Washington. The lead design for the FFTF
was the responsibility of Westinghouse Advanced Reactor Division {WARD). Several besic
problers were apparent early in the design. Within the reactor vessel, steel and sodium
provide all of the bulk attenuation Letween the core and the reactor head compartment.
Initial calculations indicated that large errors and 'mcertainties existed in the cross-
section data for these materials. The physi.al size of the system precluded & detailed
description of the entire geometry for a single computer calculation. The complexity of
the geometry required & verification of existing calculational techniques.

The cross-section date problem and the geametric complexity resulted in two types of
experiments at the ORRL Tower Shielding Facility: the measurement of radiation transport
through bulk samples (simple aeometry) of important FFTF materials and the measurement of
radiation transport through mockups of specific geomelric regions of the FFTF. The
large, complex geometry required the development of techniques for coupling both forward
and adjoint discrete ordinates calculations with dissimilar mesh and angular quadrature
and refinement of existing techniques for coupling three-dimensionsl Monte Carlo calcu-
latiool\s with both forward and adjoint (sometimes simultaneously) discrete ordinate-
calculations.

The resulting data and techniques were applied to several specific problems in the
FFTF. As an example, the first coupicd calculations of the complete system revealed that
the reactor cavity wds a significant streaming path between the side of the vessel and
the head compartment. The identification of this streaming path led to the realization
that the source multiplication of the stored fuel inside the reaclor vessel wss another
serious problem., As a result, a majority of the ORNL effort was expended on the analysis
of various reactor cavity shield (RCS) designs. With the inclusion of the RCS and
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mdifications ta the reictor versel suppart systes, the dose rites abeve ke cleosure hedd
ware reduced by appreainmitaly 10-.

.ltuml syensered by CADA Division of Reacter Development and Jesonstrat .z, LMFER
Pregram.

‘(q-ur Scionces Divisien.

631 APMLICATION OF AR AOVANCED SHIELGIMG ABRLYSIS SYSTi¥
TO GAS COOLES FAST REACIOR UESIGRS

D. €. Sartime L. R, Hilliacs

(Summary of paper Ty bv PruScenlvd &2 FIFIR InCufRaTiwdas SRl ofenle on B oacIor Sl dinii.
Apri. 18-22, 1377, Epogviii=, Tevanessew)

In ity shiclding program for Gemeral Atemic’s i< Cooiwd Fast Avactlor, WO nas
duveloped an advanced shividing amalytis syste= that incorpurates the iatest anaiytis
teckniques for converging to @ shield design campalible with olher Jesign pericelers,
s3ch a1 these dictated by cosling and structural requirecents, ~aterial compatidility,
etc. Basically the amalysis system consisls in apglying the various tecaniques 'n 2
logical sequence to 2 given desizn, thereby gemerating 2 lirge body af dalz to serve &3
an information base for & subsequent design by GA.  The first step it 3 discrete ardinatles
radiation traasport cslculation for 3 two-dimgnsional zodel of the reactsr syster. The
resulting nevtron ond gemma-ray fluxes are then Converled to is50pinls 2f lhe responzes of
cuoncern (radiation damage, heating, etc.) and these are used 1o lokale region: in the
system at which those reiponses are higher than allowed by sredeter—ined constrgints.
Sext, adjeint calculations are performgd for the regions of concern, and the resuitirng
#8joint fluzes, tegether with the forward fluies, are uted in chennel-theory calculations
to determine the physical paths foliowed by the particles trave’ .m; fror the cove o0
thete regions. In adiition, the 2djoint and forward fluxes are used ir semsilivily
caiculation: -2 deternine the imporience of the <7955 seclions uted in %he “rantport
calculations a5 fumctions of the riield meterials and particle energies. Fingily, the
semsitivity results are utilized in the forr: of Tirear perlurbaticn (hesry ¢ predict the
effect of changes in the shield conpositionr and posilion 00 The waricus reiponies.

The system, using ORSL"s DOT,- FARG, and SWANLAFE - computer cadss for the franiport,
chaonel-theory, and sensitivity calculations, respectivel s, has been anslied o successive
reference models for the GCFR. On the basis nf data oblained “3r ke ’iril —odel, GA
redesigned the outer radial shieid and reduled its thickness: by ! {2, xitn 3 (orresponding
reduction in the radius of the prestiressed concrete reactinr wessel PIRV. lalculrtions
for the second model confirmesd the redesi;n with respect o Righ-eners, neulron fluces
and PCRV hedting, bul reveaied problers wilh respect to tng thermai-neulrsn fiuzes ard
ginme-ray heating in the region of the lower heliu- chinneli. [~ addition, excessive
g ™wwa-ray hedting ozcurred at the position ni the terdon lubricant inside the Y(RY waii.
In a1l cases the prodlem was found "o be due G Zne trermalilation of high-gnergy ne.irons
streaming under the radial shieid, and, n the caie «f the Reating, tn their subsequent
capture with the comcomitant e.ission 0f gerra rays. Tnis indicated lhe nred for erter-
sive redesign of the lower shield region, which Ga Initiated uprn weleipt of the &%
data. Other design-angl sis-redesign iteralions inrerent 1n tne angizsis systee  <ore
caused by changes in besic design parareters =ill <ontinus wilh Ine eseclation thet
they wili converge upon 2an acceplable deronstreion confiauration,

*
Resiearch sponsored by ERDA livision nf “wmclear “esearin grnd npoplications.

1. "260-%W{e) Gas-Tonled Fast iireeder “edtisr ~runsiration Slen?,” GAATINGE Uyl 33,
1974).

2. W. A, Rnoades and f. R. Munglt, Tne i07-(Il Two-l1rensinral Discrete rdirgles
Transport Chde,” ORW-TM-&ZAC [1973:.
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3. K. L. Williams and F. 8. Sadler, “The FANG Angular Folding Code for Chamnel Theory
Analysis,” ORML-TH-5228 (to be published).

D. E. Bartine, F. R. Mynatt, and E. M. Oblow, “"SWANLAKE, A Computer Code Utilizing
ANISN Radiation Transport Calculations for Cross Section Semsitiwity Analysiy,”
ORNL-TM-380% (May 1973).

&

6.32 ANALYSES OF THE PRELIMINARY IN-VESSEL ARD EWCLOSURE SHIELD
SYSTEM DESIGNS FOR THE CLINCH RIVER BREEDER REACTOR

(JuLY, 1973 — Jwy, 1975)"

M. W. Engle, dr. L. R. Williams J. H. Swanks' F. R. Mymatt Lorraine S. Abbott
{Abstract of ORKL/TM-~5338, March, 197é)

The first three series of calculations in ORWL's radiation shielding analysis program
for the Clinch River Breeder Rcactor {CRBR) are described here. The initial calculations
concentrated on the neutron fluzes in the lower axial region of the reactor vessel, the
r2sults of these and subsequent calculations leading to 3 substantial reduction in the
tnickness of the Tuwer axial shield. The second series comsisted of “full-assembly”
calculations for a CRBR system that closely resembled the Fast Fiux Test Farility, vei-
lizing the sam2 vesse! support system, in-vessel stored-fuel modules, and ruactor ca.ity
shields. The third series began with 3 CRBR design having a much-simplified vessel
support system and no stored-fuel modules or reactor cavity shields, but when initial
calculations yielded “ose rates above ihe reactor head that were excessively high, 3 B.C
shield was reintroduced in the reactor cavity. At the same time the vessel support
system was redesigned so that a portion of the support ring set on top of the concrete
support ledge. R subsequent calculation for the new design with the B.C shield showed
that the dose rates were not adequately reduced, and more shieldiny was added in both the
upper and lower sections of the support ring. With the added shielding, the dose rates
were greatly reduced but were still above the criteria. A re-evaluation of the head com-
partment access requirements by WARD led to a relaxation of radiation criteria. The next
anziysis sequence will evaluate the dose levels and uncertzinties based on the new
criteria.

L 4
Research sponsored by ERDA Division of Reactor Oevelopment and Demonstration, CRBR
Program.

Operations Division.

6.33 REVIEW OF ORNL RADIATION SHIELDING ANALYSES OF THE FAST FLUX
*
TEST FACILITY REACTOR (1975-1976)

W. ¥. Engle, Jr. Margaret B. frmett  Lorraine S. Abbott F. R. Mynatt
(Abstract of ORNL~%lot, ORNL=-5027 Addendum, June, 1276)

This report is an addendum to an eari.2r f¢. . wu! - RNL-5027) that describes the
shielding design support analyses performed by CGOkL :gr vae Fast Flux Test Facility
"FFTF). Since that document was published, two dguitiontl series of calculations have
~een performed: one was an extension nf an earifer study to determine effects on the
wintenance floor dose rates of pipe and duct penetratioms through a concrete shield
nstalled in the upper reginn of the reactor cavity; and rnother was designed to determine
whether radiation streaming upward throuygh gaps in the hesd compartment shield would
enhance the dose rates on the operating deck, which is located roughly 2.5 m above the
naintenance floor. In the first series of zalculations it was found that adding shielding
bove each of the three SISI transporter siots in the reactor cavity shield reduced the
jredicted dose rates at the maintenance floor level by 33" from 2.74 - 1.9] mrem/hr to
+.82 2 1.27 mrem/hr. 1 is 15 to be compared with a criterion of a dose rate maximum of



Z mrem/hr on the maintenance floc~. In the second series of studies significant neutron
streaning through gaps in the head compartment shield was observed - to the estent that
the predicted mi:‘mu~ total cose rate at the operating deck level is 1.9 - 1.6 mrem/hr.

L J
Research saonsored by ERDA Division of Reactor Development and Demonstration, LMFBR
Program.

6.34 TRANSPORT CALCULATIONS AND SENSITIVITY AMALYSES FOR AIR-OVER-GROUND
L ]
ARD AIR-OVER-SEAMATER WEAPQNS ENYIRONMENTS

J. V. Pace, 11l D. E. Bartine F. R. Mynatt

{Sumnary of pap-:r presented at Symposium on Vulperability and Survivab.iite of rfoercal and
Surface Targets, October 26-28, i976, Siiver Sprimg, darcland}

Two-dimensional neutron and secondary gemma-ray transport calculations and cross-
section sensitivity analyses have been performed to determine the effects of varying
source heights and cross sections on calculated doses. The air-over-ground calculations
demonstrate the existence of an optimal height of burst for a specific ground range.
They also indicate under what conditions air-over-ground calculations are conservative
with respect to infinite air calculations.

The air-over-seawater calculations showed that the seawater both reduced the neutron
flux and softened the neutron spectrum to 3 greater extent than the ground. [ut while
the neutron dose was decreased, the ganma-ray dose was enhanced. Further investigation
revedled that not only did the hydrogen content increase the garra-ray dose, but also it
slowed the neutrons to be captured in the trace element chlorine which produced large
numbers of gamma rays with energies primarily in the range 6-3 MeV.

The air-over-ground sensitivity calculations 5ave a myriad of resuits and vita!
information. The sensitivity predictions for the yround indicate that nat only couid the
ground thickness be decreased for calculational purposes, but also that hydrogen content
was very important, thereby making the amount of water in the ground nlay a major role.

Additional information showed whether P or P (ross sections were necessary to keep
the results within one percent of those with P cross sections, The ~ensitivity analysis
also indicated the system height required for problers with defined so.rce heighls and
ground ranges, and the effect of the degree of Legendre angular expansion of the scat-
tering cross sections (P ) on the calculated dose.

The results from the above calculations have added trerzndously to the already
available knowledge of two-dimensional weapons effects calculations and should enable the
users of 2-0 transport codes to -how a savings in tirme and rgney on future work.

L 4
Research sponsored by Defense ‘iuclear Agency.
“Computer Sciences Division.

6.35 EVALUATION OF INITIAL LOADING COUNTING RARTE LATA FROM EXPERIMENT
»
wWiTee THE MOCK-U® CORE FOR THE FASY FLUy TEST FACILITY
J. T. Minalezo  h. % Tillett . Selby
(ALSLEACE 8 TRNL TM= 0 e, TTalShs W0 e, ek o r Nae D, Dotiee B, @i, 1)
The modified scurce multiplication method was used to deternine the reagtis ty f -
the count rate data as fuel assemblies were removed from the en;ineering aochkud worr ¢ r

the FFTF. The count rate was monitored with a fission Jetectis in the conier o) tn  ore
and n each of the three shie«d lTobes [simulating the Tow-level flux gonitor' . s om [PK-2
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assembly was unloaded to simylate, in a reverse mamner, the proposed iritial leading to ‘
critical for the FFTF. Some conclusions from this interpretation are: (1) The inverse
count rate from a fission counter in the center of the core is an excellent way to momitor
the initial loading of ime reactor. (2) The inverse count rates from each of the low-
level fiux monitors are not adequate for momnitoring the initial loading since they were
not & smooth function of the number of fuel assemblies lodded even after correction for
changes in detection efficiency. (3) The reactivity versus fuel loading (obtained from
the interpretation of the inverse kinetics rod-drop calibration at 0.8 dollar subcritical)
was not 3 smooth function of the fuel loading because of difficulties in calculating the
required changes in detection efficiency for detectors in the shield; however, a similar
interpretation for the in-core detecto: showed a smooth dependence of reactivity on fuel
loading. [3) The reference asymmetric loading pattern for startup does not present amy
interpretationgl difficulties with a ¢ tector in the core, and, thus, the symmetric
loading pattern has no real dvantages sith an in-core detector and requires more time.
(5) The initial startup of the FFTF should be monitored with an in-corve detector. These
conclusions are consistent wiLn those cbtained at the PFR in the United Kingdom, with an
in-core detector, and 3t the Phenix reactor in fFrance, witk 3 detector outside the core.

'l!esearch sponsored by ERDA Division of Reactor Development and Demonstration, CRBR
Program.

5lnstnmenution and Controls Division.
t. . . .
rnergy Research and Development Administration, Washington, D.C.
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. 7.1 CENTRAL COMPUTERIZED DATA BASE FOR LIQUID METAL FAST BREEPER REACTOR SAFETY CODES®

H. Alter  G. F. Flanagan R. K. Greene'

(Summar; of pazer presenled at intorndt:one. (oaference on Fast F-actor Sufel. g Reactor
Paysics, Ucteber 3-8, irle, Chicese, liiino:s, and at F:fta J:ennial Interrationai CODATA
conferencs, June 28-Juiy I, i9e, Boulder, Colozado)

Introduction. Siace the middle sixties, the area of UWBR safety anmalysis in the
United States has expanded considerably. Starting with a few Bethe-Tait disassembly
codes such as RARS: in 1967, the safety amalysis field today includes well over 80 codes.
These range from codes which model detailed phenomenological events such as DEFOR®' to
production-oriented codes such as VENUS.° As the codes become more detailed and diverse,
the need for 3 wide variety of dats increases. These data come from several sources such
as wniversitizs, industry, the Department of Defense, the Ritional Aeronautics and Space
Mrinistration, the Energy Research and Developoent Administration {ERDA), the Ruclear
Regulatory Commission {MRC), the Fational Buresu of Standards, and others. Many times
the search for and evaluation of data from such diverie organizations is time consuning
and requires svbjective conclusions on the part of the safety analyst.

for the Fast Flux Test Facility Preliminary Sofety Analysis Report (PSAR} ind the
Final Safety Analysis Report (FSAR), the safety analyses were centered it 2 few national
laboratories or private vendors. Even among these few organizations, the data considered
“best” for 3 particular situation differed significantly, especially on equations of
state and high-temperature properties. The problem intensified with the safely analysis
for the Clinch River Breeder Reactor PSAR where several more organizations be-ame involved.
Jt is expected that the Prototypic Large Breeder Reactor projects will experience the
same problem. These problems were brought into perspective by Lr. H. Sethe, who, while
reviewing ERDA's safety program, emphasized the lack of a cormon data base for safety
amdlysis. Such a data base should provide a consistent, efficient and referencecole
source of dats for LMFBR safety inalysis.

SACRD. In the spring of 1975, Osk Ridge National Laboratory {ORNL} was asked by
ERDA to define and develop this data base. [t was to be computerized and user oriented
$0 33 o take advantage of the sophisticated data retrieval methods currently available.
It has been named the SACRD (Safety Analysis Computerized Reactor Jats) base.

SACRD will gather, evaluate, and distribute the necessary non-design-rciated data to
perform safety amslysis for all c."egories from initiating events through dose analysis
and post-accident heat removal. lhe data will be structured by type. property, and
miterial. 't will be available to the user in tabular, pararetric, #nd graphical forms.

In addition to evaluated basic data, SACRD will contain bibliographic and reference
material;, as well as files for commonly used correlations and variables. fen nmarks “or
data testing will be specified for the user. [n addition, there will be a file con-
taining new but ronevaluated data.

The evaluated data will be coordinated by the Safety Analysis Data Coordinating
Group (SADCG), which is made up of experimentalists and analysts from indust~y, univer-
sities, natioral laboratories, and governrent agercies. SADCG currently has six dats
evaluation subcomittees covering the following areas: Fuel Mechanical Properties,
Structural Mechanical Properties, Aerosol! Transport, Thermo-Physical Properties, Neu-
tronics, and Radiological Dose Data. The members of the ~valuation subcormittees will be
responsible for creating, collecting, and evaluating the data in SACRD. In addition to
the evaluations groups, there is a subcommittee to oversee computer code interfaces,
terminal interactive systems, and formats.

In its esrly stages, SACRD will distribute the data in report 2nd computer printout
form, and later by interactive terminal display, and possibly by prep.red code data input
packages.
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Data "anagement. The data minagement in SACRO is handled by the JOSHUA system”
developed by Sivammah River Laboratories. JOSMUA i, a modylar code system consisting of
some !5C separate computer codes |inked together by an Operating System providing data
manigement, terminal and job execution facilities.

The data mandgement schemes are accessible through simple FORTRAN statements which
relieve the computer code developer of file searching. A1l data under the management
schones are catalogued in directories which are sutomatically scanned when data is
requested. Random 3ccess input/output is employed throughout. Cach record is mamed by
3 string of alphameric qualifiers which are generally chosen to describe meaningfyl
attributes of the data. For example, an adstract record in SACRD would be named with
the following qualifiers:

FILE _PROPZRTY MATERIAL .VERSION_ABSTRACT

where the periods act as deliwmiters, FILE is the file name, PROPERTY is the physical
property name, MATERIAL is the material name, VERSION is the version of the evaluition,
and ABSTRALT narmes the record type. A request for the abstract of the version 1 heat
transfer (HT) property therma® conductivity (KX) data of ~*°U.. (U23%) might thes be
written:

HY.K.4233_ 1 _ABSTRACT

These simple, meaningful names serve to identify the data when it is read or written; the
user never concerrs himse-1f with the actual Jocation of the data.

Special record structures have been defined for SACRD. These include provisions to
allow specifying data in matrix form to arbitrary ovder. Attention has been taken to
ensure a1l da’a is conpletely identified by abstracts, names, wnits (SI), creation
dates, #tc.

Conclusions. The first version of SACRD is scheduled for completion by December
1977. However, partially evaluated data will be distriduted to selected safety analysts
in late 1976.

L J
Research sponsored by ERDA Division of Reactor Development and Demonstration, LMFBR
Program.

"Y.5. inerav 2esearch .nd Developrent Adsministration, Washinaton, DC.
.
Computer Sciences Division,

1. &%. Hirakawa, "MARS. A Two-Dimensional Excursion Code,” APDA-198 (1967).

2. A. Watanabe, "DEFORM [I: Mathematical Analysis of Elastic, Viscous, and Plastic
Deformation of a Reactor Fuel Pin,” ANL-804] (Aug., 1973).

3. J. F. Jackson and R. B. Nicholson, "VERUS II: An LMFBR Disassemdbly Program,”
ANL-7951 (Sept.. 1972).

4. H. C. Honeck, "The JOSHUA System,” DP-1180 (April, 1975).

7.2 THE SACRD DATA BASE AT OAK RIDGE HATIONAL LABORATORY®
F. 8. Sadler  N. M. Greene'

(Summary of paper to be presented at Association for Computer Machineru Southeastsrn
Reqgional Mevting, April 18-29, 1977, Riloxi, Nississippi)

Oak Ridge Rational Laboratory is presently designing a dats base system for the Energy

Research and Development Administration (ERDA) which contains all of the "handbook” type
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information needed to perforr safety analyses on liquid metal fast breeder resctors
{(LYFBR}. These data span such diverse areds as Mhysical droperties data { thermodynarics,
strength of materials, heat transfer, mass transpori’, meteorclogical data. cheeical data,
dosinetry data, neutronics data, and aerosol t-ansport fata. The data base is requited
to acconmodate the needs of s2fety amdlysts who must keep ;2-e with the LMra pronras
which is anticipited to grom rapidly during the next two decade . £ cantral date base
will help ensure consistency of results between various organizaticas end will serve to
improve the state of much of the azlready evaluated data. then cornleted = 1972, the
SACRD {Safety Analysis Computerized Reactor Data) systee will allow a safety analyst rapid
access o its data via rewote time-sharing terminals.

The Data Base Managerent Syiten (DBMS) chosen for the SACRS data base was 3 system
developed at Savammah River Lavoratory named JOSHUA. “4is syster. althouah of the “home
grown” variety, hs miny of the more sophisticated features incorporated in the full-scaie
DBMSs aveilable on today’™s market. These include an efficient hierarchial data manager
with record level security. 3 termingl ronitor for time-sharing applications. and 3 pre-
compiler for batch FORTPAR applications. ‘iowever, unlike these general-purpose data-
namagement systems, the JOSHUA sys’er supports 2 relatively fi.ed dat structure. A
fized structure can have either 2 qood or bad overall effect Ir ine efficiency of the
implerented data base, depending on whether or not the data fit naturally into its Struc-
ture. in our case, the mpinly scientific type data »° SACRD fit very nice’y into JOSHGA'S
pre-defined structure; whereas, if a purchased D875 were used, a sra!l aunt of retrieval
efficiency may have had to be sacrificed.

The paper, which this writ - surwarizes, wil: aciye <ome =ore d3ckarnund of the
JOSHUA data runager and the type of data for mhich it was desicned, “r'lowed by its cor-
parison with the general purpose type DEMS.

*

Research sporsored by ERDA Sivision of Reactor Development and Terorstracion, 19FRE
Prograc.

“Corputer Sciences Division.

7.3 THE ITFORMRTION CENTER AS A TECHGICAL INSTITUTE MIFVING & gD TreniTy '

Betty F. Maskewilz Betry Wil

{EXCCrpts ST08 8 poj='F DEe-ie DPevz af A™er o0, Sacre®r top Inrogreaecceos S0 or o Anmida ]
Conference, HCtiieyr $=4, 07e, Tan Francicnon, sl lerns’

The information analysis center concept was articulated &, a <elec” =nds of scientists
called together by the President of the nited States ir 1%, “Faired b, 7. ¥ Weinberq,
Oak Ridge National Laboratory (OR%NL), the cormittee reportesd ftna” <fience ~ust undergo
a s0cial renrganization to enable it to rerain unified even ngunk 1% centirues %
qrow ... The beginnings and the shape of this reorqanizating can bde discerned in the
emergence of scientists who are prirmarily handlers of infor-3°isn  who sift, retrieve,
and analyze the information created by others and who, in 30 dnind. synthesize new informa-
tion based upon the individual findings of others,’

ORML led in the pioneering effnrt to make the envisinaed concept come ahve. ang its
Radiation Shielding Informstion Ccnter 'RSIC) is a viable example of this effort.
Functioning within the Neutron Physics Division, PSIC has long been enqaged in ,Melqu
and radiation transport research. It is @ technical institute serving, since eariy 1963,
the international scientific communily engaqed in research and development for the dmeinn
of shields that provide protection from biological and physical darine due to ionizing
radiation from nuclear reactors, radioisotooes, nuclear weapons, accelerators, etc.

The Center's personnel collect, orqgarize. evaluate. packane, and disseminate ra‘iation
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protection and shieiding information o anyone whose work requires such information. (n .
qeneral, all inforration concerneg with the trassport of ionizing radiation i3 covered,
with partial coverage of the areas of radiation instrumentation and neytron thermalizatios.

Gews of PSIC material is distributed currently to zore than 1500 periony, of whem
about 24 are located in countries other thin the United States. The PSIC Tlewsletter is
mailed to individuals in 39 different nations of the world. Yore than 3080 separate
letters of request were received in FY 75, requiring more than 6263 separate activities teo
tatisfy the requests. [n returm, we a3k for information and the coop~ration of the inter-
national shielding scientist in making the information amalysis cente: an efficient
technical institute.

PSIC also treats the compler compuler codes and associated data libriries required
for radiatiaon transport caloylations as an inseparadle part of shielding information. ..
Computer code and datz exchange has had 2 tremendoys impact on shielding techmology.-

B8y the nature of its fuctions and the manmer in which it isplements them, RSIC con-
tributes substantizlly to Ine uwnification of *he communily engaged in the various areas of
radiation transport and shielding. The dissemination of information to otherwise unre-
lated users is in itself & unifying activity. 2SIC, however, promt®es a closer rela-
tionship between the Center and yser. (acsmwnication chanmnels betwren the Center and the
worker in the field are kept open and extensively ysed. Many RSIC projects have bene-
fitted by the active participation of the Center’s users. Semimar-workshops, topical
weetings, policy advisory committees, review articles, and data collection and managerent
ectivities point to an industry-wide cooperative enterprise. The RSIC forx is Dotk an
information exchange .~diun and a focal point for the initiation ind o~jJanization of new
activities and the identification of new leadership in the field.

farly voluntary informal efforts at providing guidelines for good documentation of
computer provrams, and for programming practices to facilitate exchange ~a3 evolved into a
forral standards effort under the auspices of the American “wclear Society (ARS). Two
standards have been published: »° & third has become an ARSI standard.” An RSIC staff
wember has been a mmtivating force behind and a participating member in the effort since
the beqinning.

RSIC is also involved in work on shielding standards. A s.aff merder is chairman of
the ANS Standards Subcoemittee on Shielding, ANS-6, whose goals are tn establish standards
in connection with radistion shields, to provide shielding information to other standards
groups, and to prepare recommended sets of shielding data and test problems.

We can claim some credit for the advancement of the state-of-the-art in shielding
calcuiations. Our insistence on documenting code develoment and our assistance given to
the code developer while he is documenting his work is weil known. Our encouragement for
the use of higher-level proqgramming languages to facilitate exchange, and for the use of
stenddrds in prograsming practices, is also well known. He are quick to refute the
claining of proprietary interests which would withhold prograaming efforts from free
exchange. In shielding, this trend has been kept to 3 minimum. You will find interesting
code development from the private sector in the RSIC collection,

In addition to providing a center with the total information spectrum, RSIC handling
of computer codes as an essential part of shielding information has additional benefits.
We can be of qgreater sssistance to the shielding research man. We supply the bibliography
with abstracts for his prior study: we suqqgest calculations] methods to solve his particu-
lar problem which requires the yse of the computer: we help him select the computer program
best suited to his problem and to his compuler environment, and we give him assistance in
making it operable at his installation. We spend a great deal of time troyble-shooting
while 2 customer is secking a solution to his problem. And, when we review the report of
his research at a later time, we have more insight as to how he got his results.

We also make a difference to the code developer. If his work is of interest to a
large number of people. we save him time, effort, and expense. Me prepares his code
material once for us, gives us & workshop, and we then hgndle the requests. He "freeres” .
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his work at 3 given level to place it i the pudlic dompin and goes full speed ahead
expleiting and developing his own work; when he reaches a2 new plateau, he freezes again
ond wpddtes the Current code package. Many times, contributors have recuested that we
send to them their code packiges of a ~ertain level, because in their own advance code
development they took 2 bad turm aad went to begin again from the edrlier point.

Maintaining close relations with the American Nuclear Society (ANS| has 2150 been
s mpins of wmifying and serving the shielding commnity. Active participation and leader-
ship in the ARS Shielding amd Dosimetry Division b, members of the RSIC staff has served
ts increase the usefulmess of both the Center and the Society.

e ~ave previcusly stated that the Center’s cooperative activities have not been
limited to the United States. Shielding information travels in a1l directions across
the oceuns. Yarious esxchange agreements exist between nations. The United States Emergy
Research and Development Administration (ERDA) and the Organization for Ecomomic (oopera-
tien Development (JECD) Nuclear Energy Agency (REA) have exchanged computer progras
and cross-section data since 1963. Their agreement has bdeen extended to third parties
under defined circusstances. [nternationa] conferences on reactor shielding provide new
impetus to fruitful exchange and to further unite the shirlding comwwnity across all
sational boundaries. A fifth such conference is now beina planned. W2 also collaborate
uith EURATON's European Shielding Information Service (ESIS) in such internmational infor-
mation exchange.

RSIC will continue to vigorously pursue its mission within the context of flourishine
international cooperation and to value hinghly the dempening understanding between nations
engaged in common research as being bdemeficial to all society.

“RSIC is sponsored by ERDA Division of Reactor Development and Deronstration. TROA
Division of Magnetic Fusirn Energy, the Kuclear Regulatory Corw.ission, and the Defense
RBuclear Agency.

. Pres:deut s Scime Ad\nsory Comrttee. B R A

"v". Yol » hefenit 1 S . el Cel . Lom, T

P TN The Hmte uouse. 1963.

2. Francois Kertesz, "Tre Information Center Concept,” 'wicl. Eng. Je<isr 2, 323.39],
(1969}.

3. D. ¥. Trubey, "The Radiation Shielqu Information Center A nrnnical Information
Service for Nuclear Engineers,” . Eng. Desiqn 9, 3172.5 790,

4. See paper 7.7.

§. Al Cramiimi - - Cimsee ) >
ir o, prepored by Subcourluee ‘0. a.'.s Standards Cnrrluee M&S S"D 2- 1967
(approved December 5. 1967).
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Fretoy Ipoopevae prepcred by Subcormttn 10 N’!S S'~Mards Comlttee.
AHS SYD-J 1971 (approvcd hpnl 1, 19713},

oo, prepared by the Mer:can -uclear Souet/ Standavd' Comit'ee MS 10
MSI Ml] 1974 (approved June 20, 1974).
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7.4 THE RADIATIONR SMIE.DIRG IRFORMATION CENTER - AN INTERNAT JOMAL TECHROLOGY RESOURCE® .
Beity F. Maskewitz D. K. Trubey R. U. Rows-in Belty L. McGill

(Summars oF fupef €O be presentsd ar Aawrican Tucli-ar Society Annual Mestin:, Jume 12-17,
1477, %-w ¥orz City)

The Radir.iv~ Shielding Informatior Ceniar (RSIC)'. it a techmical institute serviag
the international shielding commynity. It acquires, selects, stores. ret-ieves, evaluy-
ates, analyzes, smthesizes, and disseminates information on shielding and ionizing
radiation transport. The major activities include: (1) operating 2 computer-based infor-
mation syster and answering inquiries on radiation analysis, {2) collectine, ~hecking
oul, packaging, and gistributing larce computer codes = and evaluated and pr.cessed data
libraries.: The data packages include rultigroup coupled neutron-gasma-rag cross sections
and kerma coefficients, other nuclear data. and radiation transport benchmark problem
results.

ne fundarental ratisaal underlyiiiq the code and data activilties is the “open cnde
or data package™--ope~ 0 improvenent ¢nd to technicgi <rruting l<see Fiq 7. 4.1).

The radiation treated by the majoriiy of the codes is eitier neutron or qarma radia-
tion or both, bul some codes treat charged particles. The tynes 0f aeometlry treated
vary widely, with many codes allowiri a aeneral three-dimensional qeoretry.

for convenience, the availabie codes are arouped into twn classes: [1) those
treating radiation transport and identified by Computer Unde Collection (CCC) numbers,
and (2 those perforring auxiliary data pracessiag useful for nther radiation amalysis
purposes and identified by Peripheral Shielding Routine {PSR) numbers. The numerical
methods applied in the C(C codes are primarily discrete ardinates {one and twn dimensions,
HMonte Carlo {up tn three dimensions), and kernel integration (qenerally three dimensions).
The reraining ins . ude remnval-diffusion (Spinney), moments, spherical harmonics, and
invariant embeddinn transport theory codes, plus niscellaneous codes to calculate fitsion
product buildup, release and resulting dose:. stoppinn power:. antinization. sensilivity
analy<is, and others,

The PSR condes include codes for riltinroup cross-section neneration and handling,
predicrion nf cross seclions with nuclear mndels. experimental energy spectra unfolding,
cptimization, plotting, coupling discrete ordinates and Fonte Carlo results, random nurbder
qeneration, and other functions.

In addition, RSIC is involved in many data activities, with most emphasis being
placed on nuclear cross-section data. Throunh cooperation with various agencies. RSIC
assists in improving ‘he adequacy of basic evaluated crnss-section data and packaqes and
distributes various types of data libraries useful in radiation transport analysis. The
emphasis of the effaort is on the improvement of calculational tools available to the
shielding analyst.

T Center a¢sists in the acquisition, checkout, and review of "shielding”™ cross
sections in ENDF format which may ultimately be placed in the ENDF/B file. RSIC also
maintains and di'tributes the Defense Nuclear Aqgency (DRA) evaluated cross-section library,
This is a working library in INDF format whose content can be modified and revised a2
often as the evaluator deems such changes to be recessary. A similar function has also
been established at PSIC on behalf of ERDA's Division of Magnetic Fusion [nerqgy (DMFE).
Evaluated dats from both the NDNA and DMFE libraries are submitted for inclusion in the
Iatest version of ENOF/B.

for workaday problem solving. it has been found useful to aenerate and ::Vlect mylti-
group cross-section sets, and to package, document, and Jistribute them in a format
suitable as input to the most-used computer codes. [Kach data set, packaged as a unit,
carries a Data Library Collection (DLC) nmber. Ag with the code packages, a8 particular
deta package does not remain static but is subject to revision, updating, and expansion
as required. Such chanqges are announced in the RSIC Newsletter. Other data in the
collection include gamma-ray interaction cross sections, neutron-induced qamma-ray pro- .

duction spectra, flyence-to-kerma coefficients, radioactive decay spectra and decay schemes,
and detailed output from transport calculations.
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A continying Droject, in cosperation with the Americen Nuclear Scciety, is to collect,
edit, and publish refereace data in the form of "denchark probless.”

The otjective is

te compile in convenient form 3 limited mmber of well-docunented problems in radiation
trassport, which will be yseful in testing computationa] methods uied in shielding amalysis.

Lists of selected codes and data pachages are given in Table 7.4.1.

These are

typical of the most used but mot necessarily the best for any particelar applicatioa.
Further information on these or aay other codes or 43%s are awdilsble from RSIC upom

request.

*RSIC is sponsored by EROA Division of Reactor De-elopment and Demonstration, EROA Division
of Magnetic Fusion Energy, the Nuclear Regulatory Comission, and the Defense Nuclear

Agency.

Table 7.4.1 Typical code and dala pachiges

1. BNeution/Gasma-ray Tramsport
Diszrete Ordinates
“wultigroup

Monte Carlo

2. Multigrowp Cross Section
Pr--essors

3. Kernel !ntegration

&. Spectra Unfold°ng

§. Fission Prcduct [nventory

6. Multigroup Data Libraries

1 Dimensgion

2 Dimensions

31 Dimensions

leutron

Gaoma Ray
Coupled

3 Dimensions

Reutron

Coupled

CCC-42/DTF-1¥

CCC-B2/ARISK

CCC-126/A50P (optimization)

CCC-130/DTF-69 (X-ray)

CCC-204/SHARLAKE
{semsitivity analysis)

CCC-235/IRAP (activation)

CCC-222/TWOTRAR I1

CCL-230/TRIPLETY
{triangular mesh)

€CC-276/00T 3.5

€CC-203/MORSE -C6 {rultiqroup;
€CC-137/5Am-CE

PSR-13/SUPERTOG
PSR-52/MACK (kerma factors)

PSR-51/5M06
PSR-63/NRPX

CCC-48/0AD

CCC-94/XAP VI

CCC-213/ACRA
{radigective cloud)

PSR-17/FERDOR-COOLC
PSR-41/MAZE
CCC-112/SARD 11
CLC-233/CRYSTAL BALL

CCC-217/0R IGEN
CCC-225/REST
CCC-237/BURP 2

OLC-2/1006

(100-group from ENOF/R)
OLC-33/MONTAGE

(100 group activities)

OLC-27/AMPX0T 104-n,22-.)
OLC-31/FEWG] (3)-n,21-)
oLC-37/EPP (100-0,21-,)
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1. D. K. Trudbey, “The Radiation Shielding Information Cemter--A Technical Informatioa
Service for Nucleer Engingery.” Nucl. (ng. Design 9, J92-5 {1969).

2. 8. F. Maskewitz, D. K. Trubey, R. W. Rewssin. F_ H. Jlark, “The Madiation Shielding
laformation Cester: A Unifying Force in the [atevmationsl Shielding Commmity.”
Fourth [atermationa] Comfereace on Rpictor Shielding. Pari:, Frasce. Octeber, 1972,
LORF-721018, Vel. 1, pp. 215-228.

Y. 0. K. Trubey and Butty F. Maskewitz, “Compster Codes for Shielding Calculations--1969,"
Nucl. Ctmg. Design 10, SOS-17 (1969).

€. Betty F. Maskewitz, and D. K. Trebey. "Cocputer Codes for Sheidling Calculatiors--
1970, Wwcl. Eng. Dmsign 13, 48-9 {1970).

$S. Detty F. Mashewity, Francis H. Clark, and 0. K. Trudey, "Computer Jodes for Shielding
and Related Calculations--1972." Hut'. Ing. Design 22, 33R-2R1 (1972).

6. R K. Reussin, D. F. Trubey. and Batt:s F. Mashewitz, "Data Activities of the Radia-
tion Shielding Iafyrmation Center,” Fourth Internationsl Conference on Reactor
Shielding, Paric, Frasce, October. 1972, CORF-72101%, vol. &, pp. 1191-1201.

7. A. E. Profio. Editer, “Shielding Benchmark Prodlems.” ORML -RSIC-25 [ANS-SD-9)
(Sep. 1, 197), Sup. 2, 1975).

7.5 RADIATIOR TRARSPORT ANO SWICLOING INFORMKATION, COMPUTER (OOES, ASD SUCLEAR DATA
FOR USE IR CTR REUTRORICS RESEARCH AND DEYELCOMERT

R. 7. Sentoro B. F. Maskewitz R. H. Rowssin 2. X. Trubdey

sABStract o paper preseated at Pk Suoposiur on Fusion Tecianinr:, Tune J4=18, YT,

narmisca-Partonkirchen, Foedwral Republic nf Teraans)

The activities of the Radiation Shielding [nforration Center (PSIC) of the Oak Ridge
Kational Ladoratory are being utilized in support of fusion reactor technoloqy. The
major asctivities of RSIC include the operation of a computer-Dased inforzation storage
nd retrieval system, the collection, packaging, and distribution 0f large computer codes.
and the compilation and dissemination of processed and evaluated data lidraries, witlh
particular emphasis on neutron and gqaema-ray cross-section data. The Center Ws acquired
13 ye.rs of experience in serving fission reactor. weapons, and accelerator shielding
research commnities, and the extension of ity technical hase to fusion reactor researct
represents a8 lcgical progression. RSiC is currently worring with fusion reactor resear-hers
and contractors in compyter code development to provide tested radiation transport and
shielding codes and data library packages. 07 significant interest to the (TR community
are tre 100 energy group neutron and 21 energy qroup qasma-ray couled cross-section dats
peckace {DLC-37) for neutroni~s studies, a comprehensive 171 eneray group neutron and
36 energy group gamma-ray coupled cross-section data base with retrieval programs,
including resonance self-shielding, that are tailored to CTP application, and & data base
for the generation of enerqy-depenient atomic displacement and qgas production Zross
sections and heavy-r:rticle-recoil spectra for estimating radiation damage to CTR struc-
tural components. Since 1964, the Center has heen involved in the international exchange
of information, encouraged :nd supported by both governmernt and interanency aqreements.
¢ 0 achieve an equally viable and successful proarar in fusinon research. the reciprocal
exchange of CTR data and compuling technolongy is encouraned and welcomed.

[ ]
Research sponsored by ERDA Division of Magnetic Fusion Enerqy.
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7.6 RSIC AFTER 14 YEARS--WHERE DO WE GO FROM HERE?

D. K. Trubey 3. F. Magskewitz R, W. Roussin

. bst)ic: of paper to be pruseated at Fifth [nternational Joafurenace on +actor Shi«lding,
april 18-22, 1977, Enomvilie)

During the fourteen years since the Radiaticn Shielding Information Center (RSIC)
s:arted operations, many changes have taken place in the nucledr industry, both govermment
and com=grcial, and in shielding technology. Military ane space applications of radiation
trausport technology have waxed and waned. but computing applications and the need for
e aborate computer codes and nuclear data for the commercial nucledr power industry have
i'creased manyfold.

The rationale for RSIC operations has been the recognition of the need for Jovermnment
t: promote the ex ‘nange and transfer of shielding technology to idvance the state of the
irt. With the present need to meet energy demands through nucl:2er power, and conCurrently
to minimize radiation exposure to operating personnel and the public, there is great need
to increase radiation amalysis capabilities among the utilities aad other segments of the
industry. Yet, because of govermment cost-recovery restrictionn and Electric Power
Research Institute (EPRI) precedents, there is & widening gap betieen what is being done
and what s needed.

During 1975, RSIC had a contract with EPRI (Electric Power Research Institute) to
integrate shielding and technology information exchange of the nuciear power industry
with that of the government and its contractors. Included in the work performed by RSIC
on benalf of EPRI was a survey of the radiation protection, radiation transport, and
shieldirg information needs of the nuclear power industry. S:ch mweds include computing
tecnnology, nuclear data, special information needs, such as :istiim product and "crud”
trantport, and expansion more generally into radiation protectior ireas su:h as environ-
rental radiological analysis.

'RSIC is sponsored by ERDA Division of Reactor Development and Cer 73istration, ERDA
Qivision of Magnetic Fusion Energy, the "uclear Regulatory Commi:sion, and the Defense
Nuclear Agency.

7.7 ABSTRACTS OF DIGITAL COMPUTER CODE PACKAGES ASS[H’,L.EQ BY THE
RADIATION SHIELDING INFORMATION CENTER (vOL. (¥}

Betty McGill Betty f. Maskewitz C. Marie /wihiny
Hemma £. Comolander Henrietta R. Hendrickscn'

(Abstract of ORNL~iSIC-13, Vol. IV, Japuars, 1970}

ORNL/RSIC-13, Volumes 1-1IV, is 3 loose-leaf report series containing the abstracts
of digita: computer code packages assembled by the Radiation Shield nj Information Center.
Volume IV includes abstracts for code packages CCC-1€9 through CCC-¢63. The Lurpose of
the abstracts is to give to a potential user several criteria for der!ding whether or not
he wishes to request the code package. In general, cach abstract desiribes the nature of
the problem solved and the method of solution, cites any restriction:. or limitations,
describes computer hardware and software required for local implemen-ation, and cites
references and gives credit for the code develogment and contributior to the center.

The report is indexed by code package name and by code packaqge rasber for the
abstracts published in Volume IV only, and by keywords and key phrase. for the entire
computer code collection, CCL-1 through CCC-269.

'Research spcnsored by ERDA Division of Reactor Development and Demon:tration, ERDA
Division of Magnetic Fusion Erergy, the Nuclear Regulainry Commissior, and the Defense
Muclear Agency. .
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7.2 SURVEY OF RADIATION PROTECTION, RAUIATION TRAZP.RT, A0 SHIELDING
INFORMAT 70N WcEDS OF THE NUCLEAR POMER [RDUSTRY

Betty F. Moskewitz D, K. Trubey K. ». Roustin ety L. MeGill

(ALstract of FIRI=""el oy N KoL, 00T

The report documents the results of s :urvey made by the Radiation Shielding Infor-
vation Center {RSiZ) of the radiatior prutection, radistion transport and shielding
information needs of the nuclesr power industry. Eighty-three installations were covered,
including public and orivate utilitier, drvmitectursl-engineering and other consulting
firmy and ind ;iduals who serve thg-, dnd vendors. A general suemary provides the infor-
mation and tz.0nology envircnment af esch responding installation for a better under-
standing of the needs expressed. This is Fzilowed by separate sections which delineate,
respectively, the computing technglsagy reeded, auclear data needs, suggestions for RSIC
operations. projects, and services to fill expressed needs, and references for the
technoions cited in the report.

The analysis revealed severa! Hdistinct trends:

1. Tnere is a need for we!i-defined benchmark calculations relevant to the utility
industry.

2. ‘liew and improved datr libraries are needed. Included are evaluated and processed
crr3s sections, radiase Live decay nuclide data, irradiated fuel data, albedo lata,
etc.

3. New and improved Cade develupment. Many want an accurate and fast code 0 perform
neutron streaming studies. Almost everyone wants fast codes, sometimes accurate!
Several want a fast, accuirate labyrinth code. All those using RSIC-packaged codes
want better documentation and more sample problems.

§. Genera' trends emer;ed. Several respondents want radiation offects inforration and
asi e *ne revival of the Radiation Fffects Information Center [REIT), now defunct.
¥ ny are comfortole in their working relationships with “SI{ and sore suggest that
ASIC nriinize industry-wide wnrking groups ton see Lo their own need: cooperatively.
Severai feel that RSIC has no bounds and sugg2st a myriaed of new urojects.

”
Research si-nsored by Electric Power Research [nstitute.

1.3 b 2EVIER OF RADEATION ENERGY SPECTRA URFULOING:, PROCEZDINGS OF A
SEMINAR-WORKSHOP, AFRIL i2-13, 1976

D. K. Trubey, Corpiler

(A stract of (RINL-I5IC=9Y, toder, o

on April 12-13, 1976, the Radia®ion Shielding [nformation Center of Qak PRidge
Wational Laboratory convened a seminar-workshop on the subject of unfolding radiation
enerqgy spectra. More than 20 papers were presented. They describe theoretical approaches
and practical experience in determining neutron and farme-ray spectra from respon.es of
detecturs, sich as NE-213 and Nal scintillators and neutron activation detectors. Taken
35 a2 whole, *hey represent g description of the state of the art,

»
Seminar-warksnoy jointly sponsored by ERDA's Division of Peictor Development and Deron
stration an{ L, Lhe Defense fNuclear Agency.
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7.10 RADIATIOR PROTECTION AND SHIELGING STANDARDS'

£. J. Vallario 0. K. Trubey

{(Abstract of paper to be presented at Fifth Internationsl Confercnce on Ruector Shielding.
April 18-22, 1977, Kknoxville, Tennessec)

This presentation discusses radiation pretaction and shielding standards from the
overall management viewpoint, considering "2 development mode and same of the problems
and issues. '

How Are Standards Developed? Hundreds of organizations are developing muclear and
mon-nuc lear standards in the United States, of which only a small percentage are concerned
with the development of radiation protection and shielding standards. These include the
Merican Buclear Society, Health Physics Society, Industrial Nygiens Asseciation and others.
The radiation protection and shizlding standards development system is described, including
professiond) society involvement with the management comsensys System of the American
l::;o:l St::'mrds Institute. In the latter case, the most recent organizational changes
v noted.

Enhancing the Standards Management Systes. How may the Standards mandgement process
be enhanced? [In this context the key areas to be discussed are:

1. Defining the role of the professional societies to ensure maximum utilization
of expertise.

2. Encouraging greater society involvement.

3. Upgrading the “need™ system.

4. Time reduction of the standards process.

5. Interface with regulatory agencies.

6. Publication of Society vs ARSI standards.

Some Unresolved Questions. Several questions continue to arise which will be dis-
cussed. These are:

Should fundamental data be the subject of a standard?
Is a tutorial rendition appropriste in 3 standard?
How do you trest standird reference data?

Should a standard be in the short form?

E A RO R )

Priority Heeds. A priority need is discussed — radiation protection standards
applicable to the design of nuclear facilities.

.iesurch sponsored by Energy Research and Development Administration.
*Emrgy Research and Development Administration.

7.1 BCTIC — THE BIOMEOICAL COMPUTING TECHMOLOGY [NFORMATION CENTER™

Betty F. Maskewitz R. L. Henne  W. J. McClain

{Note: The foilowing summary is typical of papesrs presenicd at the Sixth Symposium on
the Sharing of Computer Programs and Technology in Nuclesr Medicine, January 26, 1976,
Atlanta; the Southeast Region MIMPS lsers' Group Neeting, May 28, 1976, Atlanta; the
Society of Nuclear Nedicine 23rd Annual Neeting, June 8-11, 1976, Dallas; the Association
for Computing Machinery Annual Conference, October 20-22, 1976, Nouston; the Intcrnationel
Symposium on Medical Radionuclide Imaging, Ocetober 25-29, 1976, Los Angeles: the 29th
Annual Conference on Enginecring in Medicine and Diology, November 6-10, 1976, Poston;
the Sixth Annual Confercnce of thr Society for Computer Medicine, November 11-13, 1976,
Doston; the Symposium on Computcer Assisted Data Proccssing in NVuclear Wcdicine, Society
of Nuclear Nedicine Computer Council, January 16-17, 1977, Atlanta; and the ACN Computer
Science Confercnce, Jdnuary l1-February 2, 1977, Atlenta)
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. Computer applications in biomtdicine are growing in nunber at an increasingly rapid
rate. Part of this growth iz attridbutadle to enterprising researchers and clinicians
who purchise small gemeral-purpose computers and develop the special hirdware and soft-
ware needed to fulfill their specific needs. Another part is accounted for by commercial,
turnkey systems purchased on 3 ready-to-use basis. Even these coemercial systems fre-
quently provide for the development of user programs, since change is the only constant
in the biomedical sciences. Like urgeisms, those systems incapable of adaption to a
changing environment soon die aaly.

When 2 new computer application is described in 2 mdjor jourmal (oftem many months
after its development), researchers elsewhere are likely to desire to test the application
themselves. Since softwire is seldom availadle from the authors due to time and economic
cmu":ints. 2 botton-up development of the software may 0-Zur at several secondary
installations.

Those installations which succeed in the effort may produce improvements in the
various aspects of the software, which may {or more likely may not) find their way back to
the journals, starting the process over again. Eventually, the software may be incorpor-
ated into 2 commercial system.

The serious inefficiencies in this system became acutely obvious to the nuclear
medicine comunity, the first clincal discipline to extensively inplement computers due to
the inherently digital information it encounters. With tre advent of minicomputers and
the resultant drop in hardware prices, development costs for software and special inter-
faces became the major concerns. Persons involved in this effort quickly concluded that
independent research development projects could be clinically viable only if a8 concerted
effort were made to share developments among the various installation:, etfc~*ing cost
savings and avoiding duplication of effort.

As @ result of this conclysion, Dr. Hunry K. Wagner, Jr., then rresident of the
Society of Nuclear Medicine, formed the SHM Computer Commitltee to fu~ther the idea of
sharing.

Through the efforts of this committee ang individuals at ORM, the Division of Bio-
medical and Environmental Research of the Energy Research nd Developnent Adsinisiration
(ERDA) established the Biomedical Computing Technology Intormation Center (8CTIC) at the
Oak Ridge Hational Laboratory in 1975 as a focal point for the sheriny of computer tech-
nology in biomedicine in general and nuclear medicine in particular. [ERDA shares support
for BCTIC with the Society of luclear Medicine, the fFood and Drug Administration's Sureau
of Radiological Health, and the Society for Computer Medicine, organizations which have
supported the concept since its inception.

BCTIC's mission is "to collect, organize, evaluate, 3~ disseminate information in
computing technology pertinent to biomedicine in qeneral, and Nuclear Medicine in
particular.”

Specifically, BCTIC provides:

1. A clearinghouse for algorithms, computer progrars, data, and interface designs
pertinent to clinical and/or research biomedicine. (This service permits users
to transfer technoloqical advances to others at minimal crst and, in return, to
acquire new technology from other sources.)

2. A bimonthly BCTIC Newsletter highlighting important developrments in the field,
surveying existing biomedical computer inctallations, noting upcoming events
of interest, and providina & bibliography of recent literature.

3. Seminars, workshops, and topical meetings on biomedical computing.

4. A computerized information storage and retrieval system containing bibliographic
citations and abstracts.
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5. Promotion of hardware and softmre standards a3 they affect biomedical ‘
computing.

€. An index of equipment and clinical procedures performed at the various installa-
tions. (The 2im of this Workbook of Clinical Resources is to easble users or
prospective users of biomedical computing techmology to locate other clinicians
and researchers performing similar procedures and/or using similar equipment.)

8CTIC's other functions ave rounded in scope, miking it an intermatioms] technology
resource as opposed to a program library. Over 850 requests for information and services
have Deen received from all parts of the world, and the Rewsletter is distributed bi-
sonthly td over 1200 persons and agencies worldwide. BCTIC has leveled 3 concerted and
organized attack on the probless of biomedical computing techmology transfer and is ~
striving hard to realize its ultimate goal - improving patient care.

®SCTIC is spomsored by ERDA Division of Biomedical and Envirommental Research, the
WEW/FOA Bureau of Radiological Health, and the Society of Nuclear Medicine.

5C~ut¢r Sciences Division.

7.12 OIRECTORY OF COMPUTER USERS IN NUCLEAR MEDICINE®

R. L. Hone J.J. Erickson’ W. J. McClain 2. L. Kirch®

{Excerpt from ORSL/BCTIC-1, .anuary, 1977}

The “Irortorm 7 Temnter Toore Te Taelore 07T s physically organized into two
major divisions: a Users’ Section and 2 Vendors’ Section. The Users’ Section comsists
primarily of detailed installation descriptions and Indexes to these descriptions. A
typical [nstallation Description contains the name, address, type, and size of the institu-
tion, plus the names of persons to contact within the responding department. if the
depirtment has 2zcess o 2 centrai computer facility for data analysis or timesharing,
that fact is stated along with the type of equipment available. Complete descriptions are
then given for each dedicated data processing unit operated by the responding department,
whether the unit is comeercially availadle or locally developed. Included are the
ot:ar.hed peripherals, languages used, modes of data collection, and other pertinent
information.

Following the hardware descriptions are listed the type of studies for which the

computers are utilized, including the lTanguage(s) used, the method of output, and an
estimate of how often the study is performed.

Critical to the use of the indexes is the four-digit number appearing in angle
brackets in the upper right-hand corner of each installation description. This is the Key
Rurber, which will be used in the Indexes to locate individual installations. The instal-
lation descriptions are arranged physically in alphabetical order Dy state. within states
by city, etc. (A1l non-U.S. installations appear following the U.S. installstions,
arranged alphabetically by nation.) This arrangement permits & user to easily locate any
installations in his proximity, or within a given state.

The In<tallation Index, which appears immediately following this text, Tists the neme
of each re:ponding inititution in aiphabetical order, regardless of its location. With

each name is given the key number by which the respective installation descriptior mey de
located.

Following the descriptions sre the three hardware indexes. The Central Computer
Index lists those processors referred to by the respondees as “"Central Computing Facil-
ities.” The Commercial System Index 1ists the commerrially available nuclear medicine
deta acquisition and processing systems cited, and the User-System Index 1ists general-
purpose minicomputers around which users have developed their own nuclear medizinc systems.
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Ia each case, ¢ given computer or system is “ollowed by the list of key numbers for those
installations using that equipment.

Following the hardwire indexes is the Studies !adex. This index lists the differeat
types of studies performed with the computer by the responding departments, again with
Tists of the key aumbers for each type of study. The studies are arranged aiphadetically
within the index. In general, they appear a3 an organ followed by 3 letter abbreviation.
The letter “$" indicates “Static.™ “F" indicates "Function™ or "Flow.~ "P~ is “Per-
fusion,” and "V~ is “Ventilation.™ Also ured with heart studies are “E£” for “Effusion,”
"0~ for "Output.” and "G~ for "Gated,” and for thyroid studies. "I" is used for "Image”
and "U” for "Uptake.”

After the Users® Section is the Vendors' Section, which consists of short descriptions
of current commercially available nuclear medicine systems as supplied by the vendors
thamselves. The descriptions are organized identically in order to facilitate compari-
sons, with comments appearing at the end. This section is intended to be used as 2
nreliminiry source of information regarding the various systems. As such, it is not
intended to be (nor could it be) a fully complete and definitive description of the
systems .

All the information included in this directory was obtained for the ysers and “anu-
facturers by means of questiongzires which were distributed by BCTIC. The very thing
which makes a directory of this sort desirable, i.e., the rapid qrowth of the discipline.
also makes it difficult to compile such & collection of information without including some
obsolete data. In an attempt to reduce the amount of obsolete data and to include new
institutions in future updates of the directory. a user questionaive is included. New
and old computer users are invited and urged to submit this form to BCTIC any time they
feel that the dats from their institution should be updated.

.lcsear:h sponsored by ERDA Division of Bionedical and Envirommental Research, the
HEW/FOA Bureau of Radiolagical Heaith, and the Society of Huclear Medicine.

L-:unwts.' Sciences Divicion
'Division of Ruclear Medicine, Vanderbilt Uni.ersity Hospital. Nashville, Tennessee.
Sllm:lear Medicine Servic:, Veterans Administration Hospital, Denver, Cclorado.

7.13 THE DIRECTORY OF COMPUTER USERS I" RUCLEAR MEDI
WMAT IS [T AND WHAT CAN [T DO FOR wni®

R. L. Henne ®. J. Mllain g. d. Erickson
(AbSEract of paper presentefi al S:Apos us o5 Jonpuber Sa- crecl Iatag Toovennin: oo Suclear
Hodicine, Socicty of Nucliear Mexlic:ne ompyter Councc D, Cansiars Je =17, T, Atlanta,
rieorcia)l
The recently published "o - »~. 7 - : s T L vt & joint

project of the Biomedical Computmq Technoloqy Infomar-on rontnr 'ac?lc\ and the Workbook
Task Group of the SHM Computer Council (formerly Cormittee}. provides the present and/or
prospective computer user with a source of valuable information. I'sing this document,
one can locate other installations doing <imilar worb with sirilar equipment. perhaps
resulting in direct sharing of technology and less duplication of effort. This paper
will detail the contents, arranqgement, and use of the Directory, and, hopefully, will
stimulate discussion on how fulure issues can be rade more valuable.

-
Research soonsored by £RDA Division of Biomedical and Environrental Research. the
HEW/FDA Bureau of Radiological Health, and the Society of Nuclear Medicine.

"Computer Sciences Division.
.Division of liuclear Medicine, Vanderbilt University Hospital. Nashville, Tennessee.
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7.14 COMPUTER APPLICATIONS IN MEDICINE: A REVIEW®

R. L. Newne

{Abstract of paper ron P Sreacated 3t Assoc:iation ror JCompulting Rachimwery Southeastern
Regional Neeting, April 18-20, 1977, Bilowi, Mississippi)

One result of the growing interest in the application of computers to heslth care
and biomedical research was the credtion in 1975 of the Biomedical Computing Technolegy
Information Center (BCTIC) at Oak Ridee Mational Laboratery. As a part of its mission
to "collect, ovganize, evaluate, and disseminate information on camputing techmolugy
pertinent to Diomedicine in general and muclear madicine in particular,” ITIC is
accumulating 3 unique computerized data base of bibliographic citations and abstracts
in the field. This paper presents 3 general review of curreat activity in the Diomedical
computing sciences : . 3 result of initial exmination of this data base and 2730 com-
siders areds of current research which say lead to future apoiications. The paper also
presents a2 guide to further information on biamedical computing.

'lucortlu sponsoved by ERDA Division of Biomedical and Eavirommental Research, the
HEW/FOA Bureau of Radiological Health, and the Society of fuclear Medicine.

“Computer Sciences Division.
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SCIERTIFIC AND PROFESSIONAL ACTIVITIES

Chairman, £ sbits 2nd Technica! Tours., Sth !nternatione! (or-
ferenc2 0. teactor Shielding, inoxville, April 1977

Member, Adrissions Committee, American Ruclear Society

Member, ERDA Advisory Panel on Accelerator Radiation Safety

Member, ERDA Evaluation Panel on Electronuclear Fuel Production

Chairman, ERDR Advisory Panel on &ccelerator Radiation Safety for
Review of the Positron flecirne Storage Ring Project [PEP) at
SLAC

Chairman, Program (nmmittee, Radiation Protection and Shielding
Nivision, American Nuclear Society

Mecber, Finance Cosmittee, Oak Ridge Section. American luclear
Saciety

Yexber, Publications Committee, Sth Intermational Conference or
Reactor Shielding, Knoxville, Aprii 1977

Invited Paper, American Nuclear Society 1975 Rinter Meeting,
“Shielding Calculations for a 30G-M¥(e) Gas-Cooled Fast Breeder
Pesc tor”

Seminar, University of Tennesser, March 7. 1377, "The Non-
Proliferation Issue: General Aspects of "he D2%L Program”

*ember, MASA Cnomittlee 20 review and ke recoFendations on
2roposals on gamna-ray-astronory experirents on Soard the
space shuttle during arbizal fliagnt o<t and/nr Siytan-f!
flights, January 1977

Completed a four-da, inten-ive training course on tne oo of tne
JECSYSTEM-1) Corputer Syste, 1. nf Tenna.z.er, Jecerher 1376

Memher | Natinnal Pragram Cormitt o ID3,5jen Repinontaty e,
Arerican Nuclear Sociely

errer, Evecutive Comittee, wactar Fnytins Division, Arerican
‘luclear Society

Best Paper Award of Reactor Physves Division, meerican ucicar
Society. Noyerher 1975, in collaharation sith 2. . Pere:,
£. G. Silver, R. 4. [ngle, and H. &eaver

Member, Anerican Nuclear Society “rindard “homittas 21
decay Hoat Standarad

Invited Collaquirm Speaber, Dopt, of Procro | 0 o wontack,

"Delayed Fiscion Prodact Enorqy Sl - an ! g emees for

A Loss-of-Conlant Awvritent, »moent TaT-

Referre., ..+ :» ..

Invited Paper, Arerican fiuclear Coiser, Tel & ter Veering,
with M. B. freett and M. L wiiliaon, Srai. v of *re (oo-
iley Heactor Cavity Shield in *re ©7F

Assistan? General Chairmar, Sonference 2 Ll an 04 In Reactor
Physics. Garlinbursg [%n he holg in 127

Secretary. Reactor Safety Divician Pragras Jarmittee, Arerican
fmclear Society

Member, Youth Steering Cow ittee, Aowrican "wclear Society

Merber. Technical Prograr Covrmi%ton, Fast Beactnr Safety Con-
ference, Seattle ‘to he held in 17973

Merber, American Nuclear Society Stendards Subcorrittep on
Reactor Physics, 12.7

Chairman, Publicity Cormittee, Loasal Seclinn., American liuclear
Snciety

Chairman, Proqran Committee, Local Section, American Nuclear
Socirty
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C. Y. Fu

T. A. Gabriel

J. Gurney

P. M. Haas

R. ©. Maerker

F. C. Maienschein

B. F. Maskewitz

Coordinator, ORNL. Bimonthly Colloquim, 1976-77

Fesber, Ph.D. Recruiting Program, ORNL, 197€

{oordinator and teacher, Short Cowrse on Reactor Safety. U. of
Tennessee, Septesber 1976

Assistan® Prafessor, U. of Temmessee, Fast Reactor Sefety Graduate
Course, Spring Quarter, 1977

Member, Crots Section Evaluat.on Working Group (CSEWG] Nuclear
Mode! Codes Subcommittee

Referee, s> iczr riows ol D cTveoe

Oral Presentations (4): “Guidelines for the Evalustions of Carbon
as a Neutron Scattering Standard,” Task Force om Standards for
ENDF/8-¥, Brookhaven Ratiomal Laboratory, Merch 197%; “Calcula-
tions of Gas Production Cross Sections for **Fe and *’Cu.”
Special Meeting of the CSEWG Standards Sbucommittee on Neutron-
Induced Gas Production, Activation, and Dosimetry Cross Sectionms
for EXOF/B-V, Los Alamos Sciemtific Laboratory, August 1976;
“ThG Calculations of 11 Reaction Cross Sections for **Co up to
35 MeV.” CSEWG Nuclear Model Codes Subcommittee, Hanford Engi-
neering Development Laboratory, October 1976; ~:‘ma(n.y),
**Fe(n,p). **Fe(n,p) and **Fe(n,;) Cross Sections for Reactor
Mosimetry,” Task Force on Reactor Dosimetry for EROF/B-V.
Hational Bureau of Standards. March 1977.

Awards Coordinator, Reutron Physics Division
Advisor to SLAC for PEP Shielding
Advisory to SLAC for Calorimeter Design

Chairman, Program Committee, IAC Forum, 1977

Merter, Public Relations Cosmittee, IAC Forum, 1975-76

Member., Hospitality Committee, 5th [nternational Conference on
Radiation Shielding

Coordinator, [AC Forum Exhibit

Member, Publicity Committee, Local Section, American Ruclear Society

Merber, Newsletter Staff, Local Section, American Ruclear Society

Member, Ad Hoc Committee for Review of Brookheven National Labo-
ratory Medical Reactor Operations

Participant, IEEE Reliability Sewinar, Febrvary 1977

Member, Shielding Subcommittee, CSEWG

Member Dats Testing Subcommittee, CSEWG

Invited Paper, "An Exarple of Calculations with Coupled Sets and
Simultaneous Comparisons with Experiment,” CSEWG Meeting,
Brookhaven Rational Laboratory

Member, ERDA Advisory Committee on Reactor Physics (ACRP)

Member, Nuclear Energy Agency Committee on Reactor Physics (WEACRP)

Member, University of [11inois, Department of Ruclear fngineering
Advisory Committee

Keynote Address, 5th International Conference on Radiation Shield-
ing, April 1977

Organized Special Session, New York Meeting of the American Ruclear
Society on "Definitions of Breeding Ratio (8R) and Doubling
Time (DT)."” June 1977

General Chairman, American Kuclear Society Conference on Advances
in Reactor Physics, Gatlinburg (to be held in 1978)

Member. Honors and Awsrds (owmittee, American Nuclear Society
(1976-1979)

Member, ANS-10 Subcomm:ttee of the American Nuclear Society Stan-
dards Commiltee

Member, Executive Committee, Radiation Protection and Shielding
Division, American Nuclear Society (1976-1979)
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Secretary-Treasurer. Society of Ruclear Medicine Council on Com-
puters {1976-7/); Kwminge (1977-7R}

Mesber, Organizing Cormittee for the Ammual Scientific Syeposium
of the Seciety of M clear WMpdicine Council on Computers (1971-
1977)

Member, Standards Comittee, Society for Computer Medicine (1977-
1978}

Mesher, Program Committes. 1977 National Computer Conference.

June 1977, Dallas. American Federation of Information Processing
Societies (AFIPS)

Deputy Chairman, Sth [ntermational Conference on Reactor Shielding,
Inoxville, April 1977

Chairmin, Publications, S5th International Conference on Information
Procesing in Medical Imaging, Vanderdbilt University, Nashrille.
June 1977

Member, Advisory Committee, Rational Science foundation sponsored
U'trasound Tissue Signature Project, larmegie-Mellon Institute
of Research, Pittsburgh (1977-1978)

Member, Committee for Review of ERDA-REA Information Exchenge
Agreesent (1977}

Member, Executive Committee, CRRL IAC Forum {1977}

UCKD Representative to the Argonne Code Certer

Archivist, MUMPS Development Committee

Chairmen, Radiation Protection and Shielding Division, Americen
Ruclear Society

Chairman, Technical Program of the WATT-ec Conference. Knoxville,
1977

Member, Progrem (ormiltee, 5th Internmational (onference on Peactor
Shielding, Knoxville, April 1977

Chairman, 09M Comcieine Committee

Working Group Chairman, "Specialists Meeting on Fas® lie,tron
Fission Cross Sections of ~ "'V, “ %5, 7%, and - “7PL." June
1276, Argonne Rational Laboratory

Member. Normalization and StandarZs Sybcommittee of 1545

Member, Internal Sadbatical Selection Pane!

Chairman, ORNL Proposal Review Committee

Memter, Prngram Comrittee, [nternational Sgecialists Symzntium
nn Tlagtron Standards angd Applications. March 1377

Invited [ecture, "ORELA ysage for Condensed Matter 2e<earch.”
‘iatinnal Academy of Science, March 1977

Invited Paper, "Thermal and Epithermal - *"U Measuremente”
[nternational Specialists Symposiur on Neutron Standdrds and
Applications. March 1377

"wrber, ERDA Nuclear Data Committes

"ormnr, Cross Section fvaluation dorking Group (CSEWG)

Chairman, Data Covariance Subcormittee, CSEWG

Invited Paper, "Use of ORELA for Scattering Measyrersnts in the
MoV Reqgion,” Ylew York Meeting nf the American Physical Snciety,
Fetruary 1976

Member, ANS 6 Subcormittes on ST Units

Member, Program Committre, Amorican %uclear Society
Cochairman, Neutron Phystcs Division Seminars

Chairman, Shielding Subcommittee, CSEWG
Chairman, Membership Committee, Radiation Protection and Shieiding
Division, American Nuclear Society

Chairman. °roceedings, Sth International! Conference on Reactor
Shielding
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Yember, Honor< and Awards Cosmittee. Local Section, American
fiuclear Society

Member, Putlicat?! ans Cammittee, Division of Contro!llec Nuclear
Fusion, Aoevican RMucleadr Society

Mecber, Membership Committee, Local Section, American Nuclear
Society

Member, Publications Committee. LOcal Section. American Nuclear
Society

Member, Editorial Staff, AlS Newsletter, Local Section, American
Nuc lears- Society

Member, Education (omrittee, East Temnessee Section, American
fluclear Society

Member, Program fom:ittee, American Ruclear Society

Lecture Series on "The Physics of Energy,” ORAU-EEOQ Short Courses
on Ernergy {four sessions)

Chairman, 5th Interrationsl Conference on Reactor Shielding,
Knoxville, April 1977

Crairman, fominating Committee, Radiation Protection and Shielding
Division, Arerican luclear Society

“wrter, Public [nformation Education Comeittee, Local Section,
Arerican Nuclear Society

fhairman, AlNS-6 Radiation Protection and Shielding Subcommittee,
Standards Committee, American Nuclear Society

Merher, ANS-6.5 Shielding Glossary. American Nuclear Society

"orlv-r, Borking Groye on Code Interfaces and Formats, Sefety
“nalysis Data Coordinating Group

“prber, MM Benchmark Committee, American Ruclear Society

ember, ANS-10 Standards Coemitlee, American Ruclear Society

Riternate Member, ANS! Standards Committee, X-3, American
Nuclear Society

Alternate Member, 1-3 Fortran Committee, X3J3, American Ruclear
Snciety

Memher, EROA. Division of Reactor Developaent and Demonstratiom,
Physics Branch, Large (ore Methods Evaluation Cosmittee

Mewmbe-r. EROA, Division of Reactor Development and Demonstration,
Physics Branch, Cooperalive Computer Coding Committee

Coordinator, Two-0Oay VERTURE Users Worksiop (December 1976)

Merber, ANS 6.1.2 Standards Committee on Shielding, American
Ruclear Soctety

Member, Reactor Physics Division Program Committee, American
Muclear Society

Member, ANS 5.) Decay Heat Standard Norking Group, American
Nuc lear Society

Member, Code Evaluation Wcrking Group, Cosmittee on Computer
Code Coordination

Member. Cross Section Evaluation Working Group (CSEWG)

Member, Program Committee, 1978 Reactor Physics Topical
Meeting. "Advances in Reactor Physics,” Gatlinburg

Evaluator, °"*Pu and ~~'Pu heytron Cross Sections for CKOF/B-v
Mepresentative, Neutron Physics Division, Continuing Edusation
Proqgram Comsnitee

fnvited Paper, "Analysis of the Complex Reactor Cavivy Shield in
the FTR,” with ¥. W. Engle, Jr. and M. B. Emmett, Anerican
NiucTear Society Winter Meeting, November 1975
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REUTROR PHYSICS SIVISION SEMITARS AT OPWL

D. K. Olsen and &. A. Rhoades succevded Do €. larsen and . R. Seisxbin as Seminar

Cochairmin during the vear 1976, The following seminars were hold during the period
covered by this repert:

G. Alsmiller, Jr.. Reutron Physics Division, “Uncertainties in Calculated Heating and
Rediation Lumage in the Taroidal Field Coil of a Tokasak Experirental Power Reacte-
Oue to Reutron Cross-Sectiom Ervors”

G. Rismiller, R. . Peelle. Meutron Physics Division, and 7, A. Pewis, Insirugeatazion
and Controls Division, "ORELA lmprovesent Program - The Prebuncner”

E. Bartine, Reutron Physics Division, ~“Design Support analvsis for the 5LFR Radial
Shield™

M. Bartle, Australian Jational University, Canberra, Australia "“li/n..; Reaztion<”

Blons, Sarlay, France. "Fvidence for Rotational Bands in tne - - Th Tission {rass
Section™

D. Callen, Fusion E~eray Division, “Neutron Bear Heating falcuiations fo- freseat and
Fulure Tokamaks"

K. Dickens, Neutron Physics Divisian, "Fission Product Jecas Heeatl Jrasuresent .’

F. Flanagan, Neutron Puvsicy Divizion, and 5. M. Greene, To-puter Soiemces Jivtiion,
“LMFBR Reactor S:fes Cnde Jata Base {SACRD)™

8. Fowler, Meutron Physics Division, "shat Boald Jenture Can O far Yay©

A. Gadriel, Reutron Physics Divisinn, “Radiation Damage Caloulstinms: PRA Spartra
and OPA Cross Sectinng”

V. Gopinatn, Reac’nr Rrsrarch Centre, Safetly Rasearcn Laharatory, “aiparkara, ndig,
“Recent Development of the Anisntropic Source -- Flux [ eration Tecanige fnr
Radiation Transjor®”

Hale, Los Alamos Scientific Laboratory, "R-Matrix Analy.ii af “Li and *°0°

A. Harvey, J. Halperin, " W, Hill, and S. Raman, Payqiics Givicinn, OPELA, "in,2: and
(n.¢) on **Ri"

M. Kallfelz, Genrrcia Institute of Technoleqgu, "The fuyrnoegr Apr.r = T the Hetern-
geneous LMFBR"

»

Karam, Georgia Institute of Technoingy, "UMFLP fore Deqign”

Mynatt, Neutron Paysics Division, "The DRNL Lonqg-Ranae “o-p,mieg Plan’

Mynatt, Neutron Physics Divicinn, "The focelrratar Srapder “ancept”

Neilson, Fusion Energy Division, "“Tokaraks far the Layran’

. Oblow, Neutron Paysics Division, "Enerqgy Channel Thenry”

Plattard, Bruydres-le-Chite!, Saclay and Loy Alamos Scientific Lalaoratsry., “Neutron
Physics at Los Alamns any Bruydres-le-Chitel”



J. B. Roberto, S»lid State Division. "Energy Dependence of Neutron Damage in Metals:
Theory and Experiment Using Be{d.n} Neutrons”

K. T. Robinson, Solid State Division, "Radiation Damege Analysis: A (rit=al Assessment”

R. W_. Roussin, Neutron Phy<ics Divisicn, "Lsperience with the DCTR/DPIC M7 tigroup
Libraries”

K. Saltmarsh, Physics Division, "INGRID: An Intense Neutron Gemerator for ladiation-
Induced Damage”

P. T. Schneider, Nuclear Engineering Sciences Separtment, University of Flreida, "Nuclear
Pumpad Lasers” *

R. Sinclair, Atomic Energy Research Establishment, “Recent Heytron Experime='s and Up-
grading of the Linac at Harwell”

C. 0. Slater, Neutron Physics Division, Analysis of GCFR Pin-Streaming Expe-iment at the
Tower Shielding Facility” )

R. 6. Stokstad, Prysics Division, "The Future of Ruclear Science: Progress *port from
an Ad-Hoc Panel Established by the Committee on Nuclear Science, Natior: Academy
of Sciences”

A. Tndd-Pokropek, imiversity College Hospital, London, England, "IAEA Coordirdted
Research Program on the Intercomparisun of Computer-Assisted Scintigrapti: Tech-
niques”

0. K. Trubey, Neutron Physics Division, "The Role of RSIC ir the NPD Program™

D. R. Vondy, Neutron Physics Division. "Application of New Depletion Capabili‘y”

C. R. Weisbin, Neutron Physics Division, "Application of the FORSS Sensitivity -.ode
System (o Fast Reactor Analysis”

C. R. Weisbin, Neutron Physics Division, "Moving from Sensitivity Analysis to ‘Acertainty
Analysis”

D. R. Winkler, Computer Sciences Division, "The New PDP-10 Monitor - What Can %t Do?”
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BEISER. P S.." T. A. GABRIEL. AND J. D. AGURGEY .

“Charyed Madren a-é4 Lepten Corrents Producad by Lou-Tammntyn (<3 €e¥/C) Caryed Piom
in Al, Fe, and P Targets,” ONL/TN-5677 (ODncembder 1978). (6.14)

SERTINI, WD u.

“Sp-1lation Meactions: Calcwlations,” p. 27 in “Spallation Nuclear Reactions and
Their Applications,” Shen/Marker (Ed5.), O. Reidel Pub. Co., Duvdracht-inlland,
1976. (1975)

L d

BERTINI, W. ¥., R. 7. SARTORG, AND O. W. nEWWIm

“Calculatad Mucleon Spectre at Severa) Angles frem 192-, 500-, 700-, and 900-MeV
l(::rm-ﬂ(ul:;.-“.‘ OMR/TR-5161 (Febrwary 1976);: Fhus. Zev. - 14(2), 590
7¢). (2.

OWPMAR, 6. T.

“The Zu(n,z¢) Meaction Cross Section fer Incident Mewtrom Emergies Betwaen 0.2 amd
20.0 MeV,” ONNL/TH-5215 (Ffebrwary 1976). {1.14)

CHAPYAR. 6. 7., G. L. MORGAN, ARD F. G. PEREY

e "A Re-Feasurement of the Heutrua-induced Gamma-Ray Production Cross Sectioms for
Irom in the Energy Range 850 keV < £ < 20.0 Me¥,” ORML/TH-5416 (July 1976). (1.19)

CHILDS, R. L., v. C. BAKER,”” F. R. NYMATT, AND LORRAINE S. ABSOTT

“Analysis of TSF Experiment with AI-LMFBR Lower Axial Shield Mockup,” ORWL-5179
(Aagust 1976). (4.4)

CHILDS, R. L..7 . 8. EETT.”" F. R. MYNATT, AND LORRAINE S. ABSOTT

"Analysis of the TSF Three-Dimensional Stored-Fuel Experiment for the CRSR,™ ORWL-
SI87 (September 1976). .4.2)

e L1 ]
CHIRG, J., E. M. OBLOM, AND H. GOLDSTEIR

“A Discrete-Energy Formulation of Neutron Transport Theory Applied to Solving the
Discrete-Ordinates Equations,” 5!, S22, Zn:. 61, V59 (1976). (1973)

CLIFFORD, C. E., AND F. J. MUCKENTHALER

"A Determinatior of the Neutron Energy and Spatial Distributicn of the Neutron Beam
from the TSR-1I in the Large Beam Shield,” ORML-TM-5225 (Jamary 1976). (4.10)

CLIFFORD, C. E., F. J. MIEENTHALER, R. E. PAERKER, P. N. STEVENS, = R. K. ABELE,
*® e J
6. G. stmoms,”” 1. 0. ve,” Amo m. J. omiscou””

"Experimenta) Studies of Radiation Heating in Iron and Stainless Steel Shields for
the CRBR Project,” ORNL-5161 (February 1977). (4.5)

CLIFFORD, C. E., F. J. MUCKENTHALER, P. N. STEVENS,  AMD R. K. ABELE

"Experimenta) Studies of Radiation Heating in Iron and Stainless Stee) Shields for
the CRBR Project,” ORM.-TH-4998 (Janvary 1976). (4.5)

CRAMER, S. N., ARD E. M. 0BLOW

"Reduction of Refluxing Neutral Particles into a CTR Plasme by Use of » Honeycomd
Wsll,” ORNL-TM-4981 (October 1975); iwricar Fus’on 16(1), 158 (1976). (1975).

"Analysis of a Neutron Scattering and Gesme-Ray Production Integral Experiment on
Oxygen for Neutron Energies from 1 to 15 Mev.” ORNL/TM-5535 (September 1976). (4.17)
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CRAMER, $_ 6., AD €. B OLOU
“Amalysis of & Neutren Scattering Integral Experiment on Iren for Newtrom Emergies
frem 1 ta 15 MY,” QAL TH-5548 (Wovember 1976). (4.18)

“Analysis of Weutren Scattering and Gomme-Ray Preduction [ntegral Uxperiments on
Nitrogen for Mrutron Engrgies frem 1 to 15 MaV,” ORI /TW-5220 (March 1976). (4.16}

OALER, 0. E.."" AND C. R. WEISBIN
“Exact Oappler Rreadening of Tabulated Cross Sectioms,” i, -~ 5. 60(3), 199
(Jsly 1978). (1973}

De SAUSSURE, G., D. K. OLSER, AND R. 8. PERE2

'Th ENDF /8-1V mutiu of the Uranium-238 Total Cross Section in the Resolved
Resenance Energyy Megion,” Tusl. Jci. Pz 61, 496 (1976). 12.5)

SICKENS, J. K., AMD T. A. LINE
“The Decay of *'Me,” ORBL/RUREG-1Y (Jamvary 1977). (1.3%)

DICKENS, J. K., T. A. LOVE, J. W. McCOMNELL, J. F. EWERY.  AND R. W. PEELLE
“Fission Product Bets and Gassma Emeryy Release Quarterly Progress Report for October-
December 1975." ORML/TN-5272 (Febrwory 1976). (1.31)

"Fission Product Beta and Gamma Energy Release Muarterly Progress Report for January-
Farch 1976, ORRL/BUREG/TM-23 (May 1976). (1.32

DICKERS, J. K., T. A. LOVE, J. W. McCONRELL, R. M. FREESTORE, J. F. EMERY,
AWD R. M. PEELLE

“Fission Product Betas and Gamma Eneryy Release Quarterly Progress Report for April-
June 1976, ORNL/RUREG/TM-47 (September 1976). (1.33)

"Fission Product Beta and Garma Energy Release Quarterly Progress Report for July-
September 1976, ORRL/NUREG/TM-65 (December 1976). (1.34)

DIFILIPPO, F. €.
“SUR, A Program to Generate Error Covariance Files,” ORNL/TM-5223 (March 1976). (2.%8)

EMGLE, W. W., JR., M. B. EMETT,”” L. S. ABBOTT, AND F. R. MYNATT
"Review of ORNL Radiation Shielding Analyses of the Fast Flux Test Facility Reactor
11975-1976)," ORRL-5166 (ORRL-5207 Addendum) (June 1976). (6.33)

EMGLE, . M., JR., L. R. WILLIAS, J. H. SWANKS, = F. R. MYNATT, AND LORRAINE S. ABBOTT

“Analyses of the Preliminary In-Vessel and Enclosure Shield System Designs for the
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