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1~01{1,:(’AS’l° 01; (’K1’I’l(:AI.1’1’Y I{Xf}NRIM1lN’I’S AND B:XPl~:RIM1tNTA[.
P1{(M;RAMS NIIDID T() SUPPORT NUCI,EAR OPNRAI1ONS

IN ‘1’HI1UNI”I’IU)STATI!.S OF AMFXIC”A:
ly)~.]gy)

I)v

AIN’1’RAC’1’

This J’orecast is gcnmttul by tht Chair of the I{xpcrimcnt Nccxls Identification
}Vorkgroup (I{N1\V(; ), with input from Dcpartmcrrt of’ flntrgy and the nuclear
commur~ity. one of the current concerns wldrcsscd by 1tNIW(; wiIs the Defense
Nuclrur Facilities S:lf”ety Board’s Rccommcndatirm 93-2. This Rccornmcndaiion
dclin~iitc(i the mwd for it criticnl cxpcrimcnt;il captil)ilitj, which includes (1) a
progriilll of gL!lN’tlil-pUrpoSL$cxptirirnents, (2) improving the information base, and
(3) ong~)ing departmental progr:ims. The nuclear community :dso recognizes the

impor-tmce of criticality theory, which, as a s!cpping stone to computational wudysis
irnd si~f~t}’cocfcdmwloprncnt,mwds to be benchmarked irgainstwell-characterized
critical cxpcrimcnts, A sumnmry projection of’the l)epartmcnt’s needs with respect
to criticality information includts ( i ) hands-on training, (2) criticality and nuclear
d~~tii, (3) (lctcctor systems, (4) uranium- and plutonium-based rcit~tors, and
(5) accident antilysis. The Workgroup has ct?i.duatcd,prioritized, iind categorized
each proposed experiment i]nd progrwm. Transportation /Applicationsis a new
cirtcgory intended to cover the areas of”storajy, tririning, cmergcrrcy response, and
stirndirrds. This category has the highest number of”priority-1 experiments (nine).
Facilities capahlc of performing cxpcrimcnts include tht 1,OSAlamos Critical
Iixpcriment F“acility(LACEF) along with Area V at Sandia National laboratory.
‘1’hcLACIH~continues to house the most significant collection of critical assemblies
in the W’estern Hemisphere. The stirff of this f“ircilityand Area V arc trained and
ccrtifkd, irnd documentation is current. ENIWG will continue to work with the
nuclear community to identify’ and priorit in experiments because there is an
overwhelming need for critical experiments to be performed for basic research and
code validation.

Ilxecutive Summary

This rcptm idcn[il’icscri[it.;dexpcrimcn(s!or~~iistI“crI(N-L1999,hils~d(JI)the CX)I)SCIISIISof”the
Expcrimwt Ncds klm[ifimtion Workgroup,which is sponsoredby the Depw-ttnentof Energy’s(DOE)
NuclemCriticalityTechnology:md%ifctyProjux. This Forecast is gmcrtucd by the Chair of the
Workgroup.with input from DOEcon[riiciors,!>OE programofllces, spcciulgroups working in [he aretiof
criiicvili[ysafety. DOEcritical mass Mor;ttorics, id [he Nu~l~iirRcgulii\oryCommission.

. . . . ... . . ..-.—— ... .... .. . . ... . . ... .. . . . ..



1 Experimentsor ExperimentedPrograms that
DNFSB Recommendation Address the Recmnrnendatim

,, . mainmin u good biist of int’ormtition for 104, 106, Y)2, 203. 3[)2. 303, 305, 3[)6, 4)2,
criticality control, covering [he physical 502:. 5[)2h. 504.406. ;md 70I
situa[ions thut wrlI be cncounwred in hanrlling
and storing fissionable material .“
,.. . . theoretical understanding of neutron

7

103, 105, 204.205. 2f)7, 20s, .H)l, 501.502.
multiplictitirmprocesses in critical and 5t’)2ti.50LI, XK?e,n02f, N)2i, M)3.?05. 60 I.
suburlticA s)stems . .“ 605, 60S4 6U9,702, 703, tind 704

I
.....10ensure re[aining a community of All experiments and experimental progrtims.
individuals compctcnt in practicing the speritlcallv 507 and 508 - trtiining
[criticaiityl control.”
.,. . . experiments ti~rgetedal the major sources 101, 102, 304.606, and 7!)7
of discrepancy betweerl the th(:ory und the
experiments .“

11. The Need for a Critical Facility

The DOE und DNFSB’Srcquiremen[s show the o~erwhelming need for d critical fticility. A critical
facility typically operates with core configurations at zero power, versatile fuei configurations, little or
no heat removal, and minimal fission product controls. These systems lend themselves to the etise (;f
physics data acquisition and system ctttinge.OnIy DOE’s Defense Progmms have [his breadth ot’
facility technology md criticality knowledge. The following list is a summary projection of the
Department’s needs with respect [o nuclear data and criticality information:



1::1~11cxpcrimen[ Iis[cd in this document hits ii priorify listing [hii[ is one Ot the following:
( I ) ilLI.sII~IUmpr;IcI;ciIl iltt~nt ion; (2) Required ~“ornew or ongoing DOE operation; or (3) Le\s
orgem [l~iil~priori[y (2). The .stfIIu.Yr;mking of ctich experiment is designated as one of [he
t“l~llowin::[ I}J[\stif”i~il[ionCompleted, (2) .Jus[if”iciitionBeing Prepared, (3) Experiment Identified,
(-l) .Anlicijlil[CLt :Nctxl, ( 5 J Experiment in Progress, or (6) Experiment Complete. Note that sta~u.sand
I)rif)rif) ;wcdil”fcrcnt:Indc:m dift’crtor dny single experiment :md experimental program. However,
ctcr) ct”t”(jr-[S!IOLIILIt-wmxk to t-wingthem to tin equivalent Icvcl so [hat, for instance, the highest
I)Ilt)l.i[i, C.XP<rll]]L>l)t> ~houId also be [he ones closest to completion. T;lblc II ]ISMthe 59 experiments
ltlill Ilil”$”ttl~$cnid~’n[it”idand prioritized.

Table 11: Iden[ifidd :tnd Priori[izcd Experiments.

Nunlber of Priority
r (“:mgorm$ Priority 1 Priority 2 i’i”li~:ity3

liighly Enriched Umnium (HEU) ~ 5 ()

LIJW-Enriched L;r:lnium (LEL:) ~ 5 I
1

[’lli[ollllllll (P) 4 1 ()

f)ltlttJr\ll\ll]/L”r:Iiliu}nr-it] (PUF”I () 1 I
‘)

I“r;m.sp~~[;ititJn/.4[]plica1iuns(T/A) 9 8 u

Buwlinc ‘l”heuretic~l (BT) 6 2 4

L“riticulityPhysics (CP) 1 5 1

T~ti}l (59) 24 27 8 J



1!’. Resources und Stiltlls 0!’ Facilities

v. Conclusions

An evaluation of experimental status and priority indicales ih~ following:

* The majority of Priority-I experiments and experimenttil pro.grums(9) arc in the
Transportation/Applicationscategory, with [he Baseline Theoretic:!]und Plutonium
categories having 6 and 4 Priori[y-1 e.xperimen[simd exptri menttil programs. respecri\ cl).

Q Criticality sufety training is recognized us one of the most important uspects ot m~tintainlng
our technical capability.

● The new priorities for needed experiments reflect the change in [he mission of [he DOE
and the current thinking in the nuclear community.

F1/t:{re Directions. There is an overwhelming need for critical experiments to bc performed for
basic research and code validation. The Workgroup will continue to wotk with the changing direction
of the DOE and the nuclear community to identify experiments and prioritize [hem.

.1



‘1’he I!xpcriment Needs Identification Workgroup
itnd the l{v;~tuiition of Pr-oposcd t’riticalit}” Expe;”iments

1. lntroduttion

Ttii\ document is considered a “living’ document und wiil be updated periodically. A glossary
ot nuckur cri[icul i[y terms and a list of symhols used in this report can be tcund in Appendix A. A
lis[ of criticality acronyms cm be found a[ the cnd of this sec[ion, iil~ng with a list of ENIWG
par(icipunts.

C’I~rrcnr(“o)~(cm.s.The Defense Nucleur Facilities Safety Botird ummimouslyapprokcd
Rwomnwndti[ion 93-2 (Appendix B) which deals with ““theneed I“orcriticul experinwnt capability.”
The Board delinctikd in its Recommendation that u continuing progrum of general-purpose criticid
cxperimen[s is necessary to insure sufety in the htind1ing und storing of fissicmilbletna[el1A.
Specific~lly. the Bourd recommends that:

1. The Department of Energy should retwn its program of general-purpose critical experiments.

2. This program should normally be directed along lines that satisf;”the objectives of improving
[he inforrnr.tionbase, which underlies [he predict-ionof crit]culity and serves in (he education
of the cri[icali(y engineer community.

~. The resu[[s :\nd resources of the criticality progri]mshould be used in ongoing departmental
progrums where nuclear criticality would be m-rimportan[ concern.

Specific experimenti~land progrtimmaticresponses to the DNFSB Recommendation ~re listed in
Table 1.

Also, based on the previous ~’ersionof this forecast, several questions were raised cmcerning
criticalhv physics and the cidculational methods being used for criticality analysis. These evaluations
and que>tions become extremely important as the DOE complex changes its mission, faces numerous
weapons returns from the stockpile, and places an ever increasing importance on regulatory
complitince. Because [he experimental facility chosen must conduct their opertitions based on their
financial and personnel resources, the ENIWG provides the guidance and information that are needed
for the allocation of resources in the early planning of criticality experiments.

Introduction
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c \;II Nill Ic)i) 10 &lCrrnlrle it”currcn[ cri[ ic;ll it)’ hcnchm;lrksw-eudcqu~te. If [h’:s~l-wnchmtirksure found
111he tn;dequ;ltc. ii ncw critic;lIity expcrimenl may be neccssary f“orSilfe [y und/or econornic rcwms.
II”:IILII:111 cxpcrinwn[ is Imkd requirml. [hen u IIs[ingwill ;tppew in this documcn[.

f% exh cxpcrimcnt and experimental program identified by the Workgroup, [he requester or
spons[wprovides u justificfition statement (see form in App. C). This justification information is used
to cvaluak the need for the experiment and should ( 1) discuss existing criticality data (if any) and
v;hy It is det’icient; (.2) prcwidca description of the needed experiments; and (3) Iist potential benefits.

At the beginning o~e;i~!lexperirnen[ iind cxprirnenttil program lis~ingthe following general
int“Iwm:I[ion is gi\cn: ( 1) [he DOE constructorwho rweds the experimentat cititti:(2) the experiment or
~’xperimen[~llprogrum cwcgory; :tnd (3) the upplicfition of the experiment or experimental progrtim.

k?(ititlaqE.tl]f’r”lt?lc’tlt.v(ttl(l E.rperimental Progratn.s, Experiments and experimental programs ~re
rated by represen[;tti~esfrom the ENIWG who have determined the priority listing for each emry.
These representati’;es iil~oconsider the identification ot’a sponsor and the ex(en[ to which such
experiments will support programmatic needs or provide basic physics da:a.

In addition, u subcommittee has been formed of the Weapons Criticality Committee to identify
the needs and priorities of nuclear safety experiments that are nuclear-weapons specific. This effort
~~illhe coordinated with the Workgroup.



II.

one

I Number o!”Prl{)ri[v I

Ctitegories I Priority I I Priority 2 I f%wity 3
1

Highly Enriched Urunium (HEU) 7 5 ()

Low-F;nriched Uranium (i.EU ) 7 5 I

Plutonlum (P) 4 1 ()

P1u[onium/UruniumFuel (PUF) () I 7

Transportu[ion/Applications (T/A) 9 8 i)

Easeline Theoretical [BT) 6 -1 -1

Criticality Physics (CP) 11151~1

ToM (59) ] 24 27 8 i

New Tratl.sportt/tiottiApplic.(/(iorz,sCaIe,goW. This new subse[ of cri[icaiity experiments is inrcnckxl
to cover the areas of storage, trwtsportution, waste. dosimetry tili.wmsys[em$,tr~ining,emergency
response, processing, and regulations and standards. The material is di~ided into IWOptirts-Progran]s
und Specific Experiments. The progrum areas are further subdivided inlo specit’iccxperiments where
appropriate.

It is assumed that the physical facilities of the critical muss Iaborutoriesare .’User Fticilities.”
These facilities would be mtiintainedto suppoti experimental capability, and are made available to
experimenters. Of course, the permanent facility staff would maintain the capability to conduct
experiments, or to supervise the temporary staff for particular experiments.

]nmduction
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I IA wL’iq)unscomp{mcn(s

I

I
13T ()()I Cri[]cill .Mws Expcrimen[s t“orActinides

()()6 Plutonium with Extrcmcly Thick Beryllium Reelection

607 E:<t;]blishin:the Validity of Neutron-Sctittering Kernels

I 608 ~xten~ln ~ lhc S[und;lrd AINS1/ANS 8.7 to IModcr~tedArrdss

I 609 I Fission RtiteSr)cc[ralIndex Measurements in Three Assemblies

6 1() Irulidation of CtilculationtilJMcthociologyin the Intermediate Energy
Runge

C“P 702 Spent Fuel Sufety Expcrimen[s (SF”SX)

II. ENIW’G Operations

Truining would be included us part ot’continuing capability. The [raining is divided into three
pw-ts.Tritining is provided to those who operate the critical experiments, which is the t’irstpart. The
swmnd pm is u continuation and expansion of the nucleor-critictility-safety hands-on, 2-, 3-. und
5-day training courses th:it ha~wbeen provided for sek’eralyears. The third type of training is an
.’intern-in-residence” program to allow personnel tin opportunity to gain experience in the day-to-
day opera~ionof a critical experiment facility. An important adjunct of the training program is
developing a simulator to demonstrate the characteristics of critical systems. We proposed that this
de~’elopmentbecomss a “catalog” i!em under the auspices of the DOE and that this simulator is
made avaikible to contractors and others at cost.

Irrtrmiuction
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1 ,

hpcrimcnl 50211 I in Situ Dnlm St;lcking I I’ril)rll! ?

I

Exptrimn( 502C The In-’rimk Prccipitulion Process!“or235L’+ 23’)Pu
b K1

Pi;’.)l”l[} 2

1 ,

Experimcn[ 502Q
—.—

1I [l’lcrminillion ot’Fissloniihlc M:llcri;ll (“()[]cc[~lr:ltlt)l]sin I Pri(’rl[:. 2

I

Exrwrimtnt 5f)2h I Minimum CIriticill!VlilSS of Fissilc-l+)l}cth}Icnc ?.lix[llrc m

I
Ex~erimcntal Pr~gri]m 505: ! Evillu:iti~nof Measurements for Subcrlticul S}stcnls. 1Prlorlly 1

Expcrinwnful Progr;lrn 507: Simulit[or Dc\elopmcnt PIlfwlli 2

Experiment 508: Detwlopment of a Demonstration Expcrimen[ Prlor][y I

111. Resources and Status of Facilities

The current (1994}status of ui’ailablecritical lucilities and their resources tire listed below.
Although seteral facilities have been closed, they tire listed here for historical reasons. lnclutlcti in [he
description of each facility are the:

c core technicidcapabilities (that is, whw ~.ssemblies,
u~tiil~blefor experiments);

c current documentation (for example, SARS,TSRS,

● personnel resources.

A. LACEF

or test cells, tinclwhat matcriids tire

iind opemting procedures): ond

1. CoreTechnical Capabilities. The mission of the Los Altimos NatiormlLaboratory (LANL) is:

‘*TheLos Alamos National Laboratory is dedicated (o tipplying world-class
science and technology to the nation’s security and w’ellbeing. The
Laboratory will continue its special role in defense, particularly in nuclear
weapons technology, and will increasingly use its multidisciplinarycapabilities
to solve problems in the civilian sector.”

- S. Hecker (1993)

lnknduc[i~m
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1.

2-.

3.

4.

2. Current

Assembly

Comet

Flattop

Godiva I\”

lllars

Planet

Shetm

Skua

Venus

Type ] Applications

Ltir:e, tast-spectrum, stetidy->tatebenchmark ussembly I 1, 2, 3, 4

Gerwrul-purpose, $ertical assembly machine (portable) ~, ~, 6

Fast-spectrum, steady-state benchmiirk assembly 1,5, 6

Fust-burst assembly (portable) ], ~<q, f),~, S

Li.rrge,general-purpose, horizontal assembly machine I 5, ‘). 10

Lqc, general-purpose, \ertical assembly machine 3, 5,6

Gener:\l-purpose verlictil assembly machine 2, 5. 6

Annulur-core fast-burst assembly I 1, ~, 7, 8

Ltirge, general-purpose machine (used for solutions) 1,4, 5,6,8

Amlications Le~enci

1. Irradiation studies 6.
7-. INeutron/gummatransport effects 7.
3. Nuclear fuel development 8.
4. Detector development studies 9.
5. Cri[Icul muss ilnd separation smdies IO.

Criticality safety training
Vulnerability, lethAity, and countermeasures (VL&C)
Criticality alarm development
NEST & START technique development
Weapons safety study

Inmduclion
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7 (“urrent Documentation and Personnel Resources. Thu SNL smt”t’IStrti]nedml ccr[tt”lediI.ndA.
d~~~llmcn[:ltl(~[lis current.

(.. Argonne National Laboratories ~}J”est)

The ZPPR facility, Iocutediit the Idaho site of Argonne Xil.tionALtiboratory(YJNL).consists O(~
re:tctor cell, a fuel-element loading room, a control room, a mimmals stor~ge buildlng, tind
workshops, The reactor cell and loading room tire s]tuated under u kge cur-thenmound tha[ prol’icles
d stable experimental environment and effective safeguards.

2. Current Documentation and Personnel Resources. Last active in March of 1992,the ZPPR
facility is presently in nonoperational standby. The documentation is not current. The staff is no
longer certit’ied und has been reduced to three personnel.



Ill. 1{esourcl*sund St;:tlls of”

1). Ilant”ord I.atwraturic.s

1<1.oak l{idgt>3i;tiond Laboratory (ORNL)

1. (-ore Tcchnicid Capahil;~;vs. L<>~iit~don the South B~undilryof Y-12, Building 9213 housed tt]c
~l”ltll.”illt“;l~lli[>’il[ {) R,N’I [“:1IIity. which was operu[ionalbetween 1950-1975,contiiined three
cc11s:(Inc wiis cquippcd [UIxrt”(..i] st)lutioncritical experiments, imd [he other two were equipped to
}wrf~)rnl>(~lidcri[lc:ilc~pcrinwnts on split t:lbles.

J (~urrent Documentation and Personntd Resources. The facility hus been shut down. There i~nc~-.
tr;lincd ilnd cert il’lccl st[lt’t’ilnll no current Ctouu:llctltilt ion.

i’. Rocky Flats

1. Core Technical Capabilities. The Rocky Fla!s Critical Muss Lubor:ltory(CML) is currently in iI
~[iuldbymcNJe.The t’aci1i[y is gradually being defueled, deconmmirrated,iind decommissioned. This
process is not completed.

The ChlL htis w-wtest cell thtit is large and well vquipped with versutile himdlingequipment. [[ is
thick ~~illl~d ;Ind tliis ir history ot”u very low teak rate from intention:~lever pressuriztition.The
intcriur iitnlosph~r~ cun be completely isolated during an experiment. These properties m :,:e[he test
cclI idc:tI for the sate pcrfnrmancc of cri[ical experiments.

,’\.\.\t”l?Jb/ie.\.This test cell contains four ussembly machines, two of which w-eu vertical split table wld
the ..liquid-retlectGr :ippiir~tus.” The former has never been used und cannot be operi.uedwirbou[
mi~jorrepiiirs; [he latter was dismantled in the 1980s, pending rebuilding using a more efficicn[
dcsiyn. but this hits not yet occurred. The other two assemblies :xe still present tind fully operational:

● The “.horizontalsplit tiible” is u large assembly capable of being loaded [o many tons. Its
scpw-ution parunwters can also be pwcisely controlled and accurately measured.

● The ..Solution BMe” is an ussembly that is still connected to a uranium solution tilnk farm
thtit ucmtuins560 kg of high-enriched uranyl nirrate solution in 2700 L of solution. The
SOIU[ion is quite free of impurities :md exisls at an ideal acid normality. Two concentmtions we
housed: one is approximately the minimum-critical-iolume concentration; the other is
_ I20 @L of Uruniunl The ~lrul)iumis enriched t. ~bout ~~~c ~~sL:

2. C’urrent Documentation and Personnel Resources. Documentation for this facili[y is not current;
it has neither an SAR nor tiny procedures. The staff has been reduced to one person who hus been u
part of this fucility since its construction in 1964;however, he is no longer certified. He is
approaching retirement uge but plans to continue living in the area and will be available if needed.

I\’ , Conclusions

At the July 1993 meeting, there was broad representtition from DOE contractors, D( ‘E progrtim
ol”fices.res~iir~hreactor tiici Iiries, and critical muss labor;itories.

-. .... . . .. . .4 --— .. —.. ... ,— ------- .. -..-, . . -. . -



i, An impwl:mt ;Iutit’ity[hut tirosc f“mm[he mec[ing WMto cnmtc :In ini[l:lldrilft (J1”critcrlti
tor establishing ;irc;Isot’upplicubility[we App. L).

Rocky Fluts CML is currently on ~tw!by st:i[u>

Fuiurc Dirwfi{m. There is an overwhelming need for critictil experiments to be performed t“or
basic resetirch imd code validation. The Workgroup will continue to work with the changing direction
of the DOE and the nuclear community to identify experiments and prioritize them.

... . . -.



l)t!pilrtmcnt seeds f’or (-’riticu!ity kwarch
in Support of’ Various Programs

1<,\\’;il\t(Nl,l)OJi/AL/SPl)

1. Introduction

11. 1)01[ Critical 1+’ticilities

“[he I(MS(It”a nucl~iircriiicitlity facility (the remaining one) would of twccssity imply the
relocation of tniltcritilund personnel. Should (he need arise for iI nuclear cri[ical experiment, it could
h: Iurticul; lrly dit”ticult to reassemble the equipment tind personnel, especially if it were a classified
cxpcrimenl, It could ttike several )wars to resume operation, depending on how long the fticitity hid
hccrl wcurcd. It rn;iy hccome nccessilry to purc!we our criticality dti(u from the -ltipunese,for
r .x;Im p Ic.

111. DOE Neeti.s f’orNuclear Data and Criticality Information

I_hei“oilowrrlglist is u projection of the Depm-tment’sneeds with rcspec[ to n.clear data iind
cr;tiuulity in!”orrnil[ionus ‘[ reltites to nucietir sirfetyand the need for u criticidity reseurch facility:

A. Safety, Trainingj and Code Validation

1. Hunds-on training for the department’s fissile material workers and oversight personnel
w,ilicontinue to be nwtkd to assure safe operations at many Gfthe department’s
!“iiuilifies.This training creutes considerable nuclear safety inquiry within nuclear
I“uuilitics.

-r-. Nuclear data on super prompt criticals for thermal and fast configurations is important to
the department’s safety database. Considerable amount of new research is needed in this
ilreilto assure safe operations.

3. . Neutron and gamma burst and steady state machines are needed to test and validate
various criticality detector systems within the department.

[nlroduc[ion
15



;\. Siltkt~’,‘l-raining, :md L“odc\’;didtitiOn [~”tln[inucd)

9 ,Ncw tuels ;Illti k“{)olillltS will l)pCriltC ot’cr lcrnp~riiturc r:mgcs Irom cryo:cnic-.
tcrnper;itures[() possibly wwrirl thoti~iind degrees Kelvin in the nuclear propulsion
reactor-.Bitsic uro~s-sectionulda[u for cryogenic hydrogen. for exumpk is not
thor(wghly ciclelopcd but is important in the nucletir sal”etyimd design o!’the core. Very
Ii[tk physics AI;I exist on MillerialsM very low temperatures.

3. E~pl~riltiono!”tissik miit~ri~l contigurutions, other than conl”igumtions“ilt critictit. ” is
needed to whie w nuckur At;l for silf~design. The dynumics o!’SOIU{ion critici.rlsimd
cscursions ilr~ n(~[well unkrs[ood iind should bc explored.

4. 1%’ewre~lctor-corenuclei,trdata w,il1be needed. .Ncwrcactitity cxpkmrion will k needed.
The 13:A Ridge ‘s.4d\iln~d Neutron %urw”’ is such iin exiilnplc. l-he most recent

c x:lmple is the CX ~t %mdiuNiiti~nalLiibor~tories.

5. .~l[cmtite uses L!fplutonium (plutonium-bused reactors) driven by stockpile reductions
and cnntrol may require plutonium critictility iiniil~s~sin support of safety w-rddesign of
processing equipment and tr. wldewlopmenl.

6. Xuclcur sufety datu may he nec(!ed t’t)rcompact auxiliary-power reactors used in space
csploriuion, such M the SN,4P type cores, and the iIccident environments they could be
iuhjectcr-!to ilS potentiul plutonium burners.

C. \Yastc Processing and Storage

1. The weapon downsizing programs in the U.S. (end the Eilst Block) will produce
unknowns in storuge ilrraYs,including the spacing ot’\uricus units in potentially hostile
cnvirocments (for cxample, !looding, fire, etc.).

7-. Cri[iciil mass data for many 01 (he transuranics imd iictinides is limited. Some of these
elements htive lurgc fission cross sections. some have threshold fission energies, and
others huve combinations of both characteristics. Many of these elements will become
abundant and of concern if sperit-fuel processing resumes.



111. I] OF:Needs f’orNuclc:ir Datu iilld Criticality Int’orm:iti(m

(’. \\’astc Processing and Storuge (c~mtlnucd)

It’. ‘i’he Need f’or u Critical k’acility

In the p:ist, sc~crulcriiic;ll I“tiuilityIilboriitoriesuxisted within [he depi.rrtmentto explore !“issile
!]~~[~liiilcon!”igtrru[ions in wpport of specific activities, tor ~xilmpl~plutonium pw-tsfabrictition,
t’issilcm;tteriulrcuo~er~processes. etc. For most o!’these facilities, the origintil mission htis been
canccltd or rnovcd uncl[hc cri[icul facility liib~rit[oryh:~sbeen decommissioned.

A cri[iciil t’:icili~yt}’pic;dlyop~riit~swith core cf)nfigurutionsi.rtzero power, versutilc t’uei
cont”igur:ltions. Ii[tle or no h~ittremoval, ilnd minim:il tlssiorl product controls. These systems lend
[hemsel~cs [(Jthe euse of physics duta ucyuisition ml system change [o wxommoddte experimental
ntwds. The [echnicul s;]fety requirenwrltsii]ldsiit~tyanalysis report typtcully reflect gemric issues imd
Iimi[titions,as opposed to speci!ic rei.rctors.Independent ret,iew, oversight, training, and configuration
c(m(rol is unique for these types of facilities. Only DOE”s Defense Progrums huve this breudth of
lti~ili;y Icuhnolog)’iindcriticidi[y knowltxlge in the LlnitedS[ates.

v. Conclusion

A report wus produced in Muy 1987 “’FORECASTOF CRITICALITY EXPERIMENTS
NEEDED TO SUPPORT U.S. DGE CONTRACTOR OPERATIONS 1987-1992”(DOE/NCT-03) by
members of the cri;icali[y research community. It suggests a variety of critical experiments that would
support enhanced safety or efficiency in operations, transportation, storage, and analysis. However,
(hey could not have i.anticipatedthe massive changes that would occur in the P ~ionaland
international situation with regard [o weapons, nuclear power, or space exploration. A few of the
experiments have been carried out, but most of the facilities have been decommissioned.



Forecast (IJ Criticality Experiments

I)epitrtrncntof Energy Critidity Stifcty Projprn:
Qualified Analytical Methods and Nuclear Data

I. Recommendation 93-2

In i[s Reccll~lmet~tl:~[icJn93-2 to the Secrc[ilr) ot’ Energy (Appcmlix 1?), ihe Dctcnw .Nuclcur
Facilities Safety Board recognizes m iI princip;il ingredient (~1.nucleitr cri[ic:ll!ty con[rol the

“theore:ic:d undcrs[anding o:” ncu[ron mulfiplic:dion proccsscs in I:;itical und ~ubcrit.icul ~yslcn]s,
leading to predictubili[y of the cri~iuols[ute of a system by methods thut use theory b~nchn]iirkd
tigainst good imd well chimcterized ~riti~id experiments.” In this regml. DOE Chxier5480.24,
NLICLEAR CR] TICAL1~”Y SAFETY, incorpor:l[esus btisiselemcn~sand crmtroi parumelers for its
contractor criticality sufcty programs the requirements of six AFiSI/.WS nucleur critictility safety
slimdurds.The principol stwdml +ating f.viththe use und qualit’ic:.~!ion of imulyticalmethods is
ANSI/ANS 8.1, “Nuclear Criticality Sufety in (lperutions with Fissionable IMuterialstlltside
Reactors. ”

II. Paragraph 4.3

Paragr::ph 4.3 of this standtircladmits a wide variety of methods for pwdicting effective
multiplication factors or for deriving subcritical limits. However, a common procedure for
establishing the validity of these methods is specified in ptiragraphs4.3.1 through 4.3.6. To
implement this standard, the nuclear criticality safety community, primarily through the DOE Nuclear
Criticality Technology and Safety Project, has initiated several efforts. Under this project, the Nuclear
Criticality Methods Resource Center has developed and enhanced criticidity methods, us well as
provided training in the use of the computational software. The concept of criticidity methods
development being performed on a DOE-wide basis has been very useful and cost effective. However,
it should be expanded to include the full range of software re$uired for systems analyses, nucleur
data preparation, and sensitivity analyses. Also, [he objective of providing redundant capabilities
developed with independent approaches should be pursued. This objective is consistent with the
Double Contingency Principle employed widely in crit~culitysafety practice.

III. Paragraphs 4.3.1 through 4.3.6

Paragraph 4.3. i o~AN.S//AN.S8.1 deals with establishing analytical biases in the calculation of
effective multiplication factors (keff). The primary tools for calculating keff and supported by the
Resource Center are the KENO codes, developed at ORNL, and the MCNP codes, developed at
L.ANL.They both employ the Monte Carlo method to exploit its flexibility in treating complex
material-geometry systems. However, the two codes have substantially different geometry treatment.
schemes and neutron kinematics. KENO being an energy multigroup C(de und JMCNPbeing m
energy pointwise code. Thus the pair of codes provide the independent, corroborati~’ecapability
required for a successful program. Deterministic neutron transport methods are very useful for
establishing the analytical bias. Free of the statistical uncertainty associated with ,MonteCarlo
analyses, these techniques yield closed-form solutions for the neutron flux throughout fissile material
systems. The Resource Center has supported the use of deterministic transport methods at OR,NL
(XSDRN, DORT~ORTj and LANL (TWODANTflHREEDANT) in the processing of multigroup
cross sections and in studying reactiort rates. In the case of second-order accuracies. deterministic
methods must be ~pplied to determine the contributions to tinuly tic~l hiii:; . In addition to ke!y, ~cicrtil

In[roduc[i{)n
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: 11. Parogr;iphs 4.3.1 tflrough 4.3.6

P(lr(Iqt”(l:dl 4. .:. I {!; .\,\’.Sl/,4I\’.S ,S.I Iconlinucd).

P(irfl,qrqdt -/..?.-/ addresses the issues of sotlwtire verification, which is the responsibility of the
&\cloping orgimiz;ltion. and sritwtire configuration control, which is the responsibility of [he user.
Sot_twurc~erificu[ion is ii,]imporwnt function performed by the Resource Center. it would greatly
bcncti[ from more iiiri~d :Ind ii~~ur~[cme;lsuremen[s of physics parameters, as discuswd above.

P(lrtt,qtzlpll-/.3.5 f~/,.\,V,’$//.,IA’.$’8.1 stai~.+[ha[ “Nuclear properties such M cross sections should be
c(msi~[entwith experiment~ilmeasurements of these properties. Towards this eiid, the DOE Criticality
S:lfety Program should make more e!”fcc[il’euse of the Evuluated Nucletir Duta Files developed by [he
nucl~iirdtitilcommunity and formally tested by elements of the Cross Section Evitluti[ionWorkin:
Group (CSEW”G).Heretofore, CSEWG data testing has been primarily in the areas of fast reactors,
thernurl r~ii~tors,and radiation shielding. This data testing should be extended to the broad range of
nuulides imd muteriul compositions of interest to nuclear criticality safety. Substantial benefit would
:tccrue (o the DOE Criticality Safery Program from its involvement -withCSEWG data tesling
procedures, including the use of uncertainty-sensitivity techniques, Results frcm this activity would
include the justitlcaticm for lower uncertainties in measured data and, ultimately, nlore accurate
criticaiit} anul}ses and reduced analytical biases.

f’(lr(lqr(lph 4.3.6 uddressesthe elements of ~alidation studies that should be documented.
Documentation of sottware verification and the performance of cross-section libraries should
con[inue us impm-tant functions of the Resource Center.

IV. SUMNI.+RY

in summary, the DOE Criticality Safety Program, under the Nuclear Criticality Technology and
.$afetyProject, has made substantial progress in providing both analytical software and measured
data. However, this effort should be ex~anded to include the full range of software required for
systems unulyses, nuclear data preparation, and sensitivity anafyses. An overall objective should be the
protision of redundant capabilities developed with independent technical approaches.



t“crecast of Criticality Experiments

Acronyms

ACRR

AEC

AMPX

ANL

ANSUANS 8.1

AN!?WANS8.7

APRFR

AVLIS

B&W

BNFL

BNL

BWR

CAUDOE-RFO

CML

CMPO

CNPS

CNR

CSEWG

Cx

Dc

DNFSB

DOE

DOE-HQ

DOE-TIC

DOWAIJSPD

DORT/T’ORT

EBR-H

EG&G

EM-30

ENCOG

ENIWG

ERDA

Atomic Energy Commission

neutron processing software at ORNL

Argonne National Laboratory, University of Chicugo

American Nationai Standards Institute/American Nuclear Society Stimdurd
8.!, “Nuciear Critiu:lity Safety in Operations with Fissionable Materials
Outside Re~ctors”

ANSI/ANS Standard 8.7, “Guide for .NuclearCriticuiity Safety in the Storuge
of Fissile Materiais”

Air Force Pulse Reactor

Advanced Laser Isotope Separation Pro&ram

13tibcockand Wilcox Company

British Nuclear Fuels, Ltd.

Brookhaven Nationai Laboratory

boiiing water reactor

M. S. Chew and Associates, Inc./Rocky Flats Operations Office

criticai mass laboratory

octylphenyl-N,N-disobutyicarbame[hyiphosphine oxide

Compact Nuciear Power Source

Center for Neutron Research

Cross Section EvacuationWorking Group

Criticai experiment at Sandia National Laboratories

deiayed critical

Defense Nuclear Faciiity Safety Board

Department of Energy

Department of Energy Headquarters

Department of Energy Technical Information Center

Department of Energy, Albuquerque Operations Office, Special Projects
Division

ORNL deterministic transport code for neutron cross sections

Experimental Breeder Reactor 11

Edgerton, Germeshausen, and Grier, Inc.

WTPPsite

Experimental Needs Coordinating Group

Experimental Needs Identification Workgroup

Energy Research and Development Agency
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Fwecast of Criticality L’.rperiments: Acronyms

F,4ST

FERMCO

[-I*R

FFTF

FWHM

GDP

HE

HEU

HPRR

ICPP

INEL

ITP

KAPL

KENO

LACEF

LACEF/SHEBA

LACEF/SNL

LANL

LET

LEU

LLNL

LWR

LYNER

MCM

IMCIWJ

MIT

MMES

,MRS

NCIS

NCT&SP

NE213

NEST

NEST& ARG

NIST

NPR

Fluorina] Jnd S[or~gc

l%rndd Environmcn!titManagement Co.

Fast Fission Ratio

Fust Flux Test Rew:[or

full width at half muximum

gtiseous diffusion plant

high explosive

hi:l; ly enriched urimium

Health Physics Research Reactor

Idaho Chemical Processing Plant

Idaho National Engineering L~bortitory,EG&G Inc.

in-tank precipitation

Knol!s Atomic Power Laboratory

Computer code for keff titORNL

Los Alamos Critical Experiments Facility

Los Alamos Critictil Experiments Facility/Solution High-Energy Burst
Assembly

Los Alamos Critical Experiments Facility/SanditiNational Laboratories
- Area V

Lcs Alamos Nutional Laboratory, University of California

linear energy transfer

low-enriched uranium

Lawrence Livermore National Laboratory, University of California

Light Water Reactor

Low Yield Nuclear Explosive Research

minimum critical mass

Monte Carlo n-particle (code)

Massachusetts Institute of Technology

Martin Marietta Energy Systems at ORNL

monitored retrieval storage

Nuclear Criticality Information System

Nuclear Criticality Technology and Safety Project

Nuclear Enterprise-213 (detector)

Nuclear Emergency Search Team

NuclearEmergency Search Team & Accident Response Group

National Institute of Standards Technology

New Production Reactor
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Forecast of Criticality Experiments: Acronyms

NRC

ORNL

OSTT

PHERMEX
PNC
PNL

Pvc

PWR

(.)A
R

Rf3E

RCR

RFC,ML

RFP

SAR

SFSX

SIs

SNAP

SNL

SNM

SPD

SPR-11

SPR-111

SRL

SRP

SRS

START 1& 11

TRU

TRIJEX

TSR

TWODANT/
THREEDANT

UKAEA

VL&C

WC

WINco

WIPP

Nucl~ilrRcgulu[oryC(mIn~iss~tm

():ik Ridgt Niitif)nitl [.itbt)i~tt)ry, M,MES
()t”ficcd“ Scientific ill~dTcchnic;it lnt”t)rn]witm

Pulse High-Energy M:t~ill\~tE~nittlng X-l?uys, [.i\Nl.

Ptmwr Rc:tctor itt}d .NuclcwFUC11lc\cll~pmcnt~~t)rpori:litm

I+ii[t~ll~--Pti~i!”i~Nor[hwcs[ Liiboriitory”

polyvinylchloridc

pressurized wu!cr reuctor

quality i]ssuruncc

rocntgcn, unit of”cxposurt

rtilit[i$w biological CITCU[it’cllcss

Relirlive Convcrslt m Riltio

RI ILk) I’l:lts,Criticiil M;is$Ltiborulory

l<()~kyI:lilt.$1)1[1111

Si]f~tyArmlysisR~pofl

Spent Fuel Sn(cty Experiments

spt’~i;il i ~1II( )pe sepmrtion

Systems I’t}rl~iiclc:trAuxiliary Power

!%ndia Nution:d Laboratory

Spcci;il Nuclc:u Nliitcri:ll

Stifety Progrums Division

Sandia Pulse Rci]ctor-fl

%rndiaPulse Reactor-111

%vimntih River Laboratory

Savannuh River Plum, WestinghouseCompany

Savannah River Site

Strategic Arms Reduction Treaty 1 tind II

transuranic waste

[I ;ll~,llr;lnic cxtr:lcli(]n

! Ill}il.1I ‘]~)f:cltil:iltll)llRcquirenwnts

LANL deterministic tr;msport code for neutron cross sections and reaction
rates

United Kingdom Atomic Energ) ALIIIN)Iity

vulnerability, lethality,and countermeasures

Westinghouse Hanford Compimy

Westinghouse Idaho Nuclear Company

Waste Isolation Pilot Plant

Inlrmtwion
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Criticality Experiments: Acronyms

hf;tteri;dColllpillly 01”Ohio

W’ws Washington Public Power Syswm

W’SMR White !j;mds hlissile l?ilng~

WSRC Wcstinghouw SiiviinniihRiver Collll~iln~

XSDRN ORNL deterministic transport code for neutron cross sections

Y-l 2 Plillll (.llk RilJgt Y-I2 Pftint

ZPPR Zero Power Physics Reactor
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John Anderson

Courtney Appmon

J. Blair Briggs

Blake Brown

C. Les Brown

James Bryson

Ken Butterfield

Roger Carter

Forecast ()-f (.’riticality Iisperiments

Experiment Needs Identification Workgroup

U. S. Department oi”Energy
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Sufety Division
P.0. BOXA
Aiken, SC 29802
(803) 725-9716

Westinghouse Suvimnuh Riwr ~“ompuny
Building 773-42A, Rm. 124
P.O. Box 616
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FAX: (803) 725-4704
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Experiment Needs Identification Workgroup (c~)n(inued)
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United Stiitcs DepiMmcnt of Energy
DP-62, A- 127
Germantown, hlD 20585
(301 ) 903-3968
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FAX: (509) 372-3522
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(6 15) 576-8617
FAX: [h IS) 576-3513

Martin Huebner

Jerry Koelling

Richard Malenfant

Jerry McKamy

James Mecca

James Mincey

Naomi Moon

Argonne Ni.itionalLabortitory
P.O. BOX 2528
Iduho Fulls, ID 83403-2528
(208) 533-7587
FAX: (208) 533-7172

N-DO, .YISE561
Los Alamo~, NM 87545
(505) 667-5590
FAX: (505) 665-53Q6

Los Alamos Nu[ional Laboratory
PO. Box 1663
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(505) 665-5645
FAX: (505) 665-3657
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Golden, CO 80402
(303) 966-4017
FAX: (303) 966-7326

U.S. Department of Energy
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(509) 376-9471
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~~~erimtnt 101

U(93) Metal Reflected by Annealing Salts

Contractor Requiring Data Y-12 Plani !MiIrtInhl;lric[tit Kncrgy SyitCin~)

C’atcgory Highly enriched uranium

,~pplicatifln Provide I-xlsicstil~ty informtition[o ~tlhiit]~t [he prmws ol”nuclcur critlctill[y
Silff?lJ1:m:dysis

Rating Status Jttstificutic I compic{ed

Priority Required for new or ongotrrg DOE t)p~riltion

lhscription of

operation and

experimental

data needed

Fur highly enriched urtmium mctul working opcru[i(ms tit (h~(Jtik Rl(!g~Y-12 I ,iirr(, )[ I\

necesw-y to immerse indi~’iduulunits in ii mixmrc of ~itl~s(sodium curbona[t, pottis~ium

ciirbonute, i]nd Iithium uurbontite) U;~]~vit[~d temperature. Thew stilts tire ulstJtJccuslImtil1)

present in Ihe process uretius solids. There is tin indic;t[ion from compu!a!ionul~tudicsrh~t

solid sodium carbonate may be iI better reflector than wuter, herwc, [he frequent iIssumption

of a water reflector may not be conservtitive.Experiments need to hc performed to

determine the effectiveness of the individual salts ond salt mixtures used tis retlcctm-subout

highly enriched urwtium metul. These experiments could be readily combined wI(II other

proposed experiments.

Proposed LA~EF
experimental

facility

Contact R. Vornehm

hftirtin hfarietta Energy Systems-Y-12

P. O. Box 2007

Knoxville, TN 32830

(615) 574-3529; FAX (6}5) 241-2772

I

I{ighlyEnrichedt_’;unium
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Experiment 102
IJarge Array of Small Units

Contractor Requiring l)util Y-I2 l’lillll [NlilrlillMilrlcltiiEnergy Sy~t~’111$)

(’utcgory Highly cnrichcd urunium

Application };llh;lnccc(lrrent DOE opCriltit)ll

Description of

operation and

cxperinlentat

dilta nctxhxl

iirri]?’conlpiir~d to the numhcr in typicill s[oritgcirrrtiys.Mun[c C-urhI nuul~il~ uritic~Ii[y

~il(c[~c“ld~siirc \il Iidu[ccl by ~olnpiirl IIg I he COCJCS \\’ith c.Xpcrlll~~n[iiI diitii.‘f”hcn[hese CO& \

xc used [O~iil~uliit~slori~g~:lrrirys[hil[:wcchimcteristic~lly dit”tcrer]tfrom the

cxpcrirnentid iirrilys, ils described a!xovc.I“herc is sonw concern [hut the rwutron uoupliny In

;i~iuiil large tirrii~s of rclatiwiy srmrllt.nits miiy be (iiffercnt, Iwncc, less conservative, thim

the coupling found in the experimental wniIIItirrays of r~liitiv~l:{large units. This corwrn

tipplics to urunium iin(lphrtonium. b~’‘I of which will Iikcly require more storage in [he

fulure.

Thcw cxperimcn[s could iIlso be easily c lmbined with odwr proposed array experiments,

such ils studies ot intcrun il M()(kriltions.

Proposed L.~C~~, .)r Rocky ~li\ls (~rraysof urimium solutions)
experimental

facility



contact J. Tanner E. Elliott

Westinghouse Idaho ,NuclearCo. Martin Murietm Energy S}stems

P.0. BOX 400; MS5222 Oak Ridge Y-12 Phmt

Idaho Fails, ID 83404 P.o. Box 2007
(~o~) 526.9643; FAX (208) 526-9805 Oak Ridge, TN 37831-8238

(615) 241-277I; FAX (615) 241-~77~

C. Hopper

Mm-tinMarietta Eiergy Systems

Oak Ridge h’ationoi Laboratory

P.O. BOX 2008

Oak Ridge, TN 37831

(615) 576-8617; FAX (615) 576-3513

HighlyEnrichedUrmiurn
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Experiment 103
Slightly Moderated U(93) Oxide Powder

L’ontractorRequiringData Y-12 Pliil]t (M:min Mtiriclt:tEnergy Systems)

Category Highly enriched urunium

Rating Status Justi!”iuti[ioncomplc[cd

Priority Required t’ornt!w or ongoing DOE operdtion

Description of” Pas! critical benuhmtirks htiw included cxpcrirncnts with dry urimium oxide md

operation and cxpcrimenls with urimiurn in sl)lulion. However, crittual benchmurk cxperimtmts with

~xpcrimental uriinium oxide dt low Inodcrittion ( ~“orexumple, H/X = I) m not adequate. Poten[iul

data needed processing conditions ut [he Y-! 2 Planl and Rucky FIUIScould invo;w moist urunium oxkk.

The criticidity stifety dutti for such processes must be provided. Critical experiments that

invol~wmoisl urunium oxide ore neededus the basis for critical mass duta and iIs the basis

t’orvalidating criticality codes for situ~i.tionsinvolving moist uranium oxide. Such

experiments cun also be tipplied to undermoderated systems involving uranium oxide.

Proposed LAC~~
experimental

facility

I
C%mtactR. Vornehm

Murtin Marietta Energy Systems-Y-12

P. o. Box 2007

Knoxville, TN 32830

(615) 574-3529; FAX (615) 241-2772

HighlyEnrichedUranium
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Advanced Neutron Source
—.. . . . ...

Contractor Requiring [hta oilli RIdgc Niltic)ntilLubor;ltury

Description of

operation and

experimental

data need(f!

Proposed
experimental

facility

Contact

LACEF/SNL

D. Se)by

ORNL

104 Union Valley Road

P.O. Box 209, MS 8218

Oak Ridge, TN 37830

(615) 574-6161; FAX (none)



Experiment 105
High-Energy Burst Reactor

Contractor Requiring Data LtJ\ ,!lill]]~~ Nil[ion;tl Lubor;llory

t ‘ulcgory Highly cnrichud ljtittli~tl~

..\pl)lictitioll (Ipgriilfc hit~is tl)r high-energy burst re;tctor

Rotillg Status Jtl\tit’f~il[tt)n~x)mplc[cd

Priority Required f“orm:w or ongoing DOE opcru[i~m

Description of”

operation and

expcrkncntai

data needed

In [hc ~r~il of neutron tust-burs[ rcwxors, the sttite-~)1”-the-iirt:IIIOWSthe production of few-

tcns of n~icrosccondpulses with energy yields upprmwhing I()’7 to 1()’Rfissions. Much

beyond [his, umnium rnetul und currently used iIlloys melt or fri.icture.Current wetipon

tcchnolugy iIllows rcli(ibleproduction of low yields in the range of u few tons of yield.

f+-cwn[l},there is little or no exi)crimentulmcwurenwnts of burs[ reuctor behavior in the

ri.mgeup to 50 Ibs of yicld. The only ttvailuble diItiI on these systems tit such yields come

fri)m i~~ci(.f~n[si[uatiuns. which were not precisely instrumented. Indeed, there tire no cidi-

bra[cd computer codes which cim ciIlculu[ethe behavior of burst assemblies in this ritnge.

This informtit]onis important bectiusc the design busis i.iccidentsfor burst retictur fiicilities

(Godiva-IV, Skua, HPRR, SPR-11,SPR-111,WSMR-Molly-G,and APRFRJis calculated

without adequate verification duta in the range of interest (1018-1019fissions). Such

information would serve as i.rbasis for defining the sufety envelopes of the high-energy

burst rcuctur SARS.

Furthermore. the state-of-the-art in bu:st reactors has reached the limit of current fuel

technology. Production of hursts beyond 2 x 10’7will require new fuel materiids w-d

technology curren[ly not in use.

Specifically, we propose a program of high-energy burst reactor experiments (up to 50 lbs

equivalent HE yield) to be performed within a containment sphere. Here, we define high-

explosive (HE) equivalent yield as:

Fission yield x (Kinetic Energy/ Total Energy) = HE equivalent yield

1017;:ssions: 1.4 lb HE x 1% = 0.014 lb HE equivalent

1018tissions: 14 lb HE X 5% = 0.7 lb HE equivalent

1019fissions: 140 lb HE x 10% = 14 lb HE equivident

(continued)

HighlyEnrichedUranium
HEU -8



Nuclear Explosivt Rcwurch or LYNER site).

Proposed L~C~~,or[heNcvmliI TM(Site (LYNER situ)
cxperiinentid

faciiity

Contact R. Pii[ernostcr

L(M .41ill]]tl~Niiti~ntil Lilborii[ory

P.O. BOX 1663, MS J562

Los Aliimos, NM 87545

(505) 667-4728; FAX 665-3657

HighlyEnrichedUranium
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Experiment 106
TOPAZ-II Reactor

Contractor Requiring DatiJ Lus Alamos N;iti{]nul Laboru[cjry.Str:itcgic Defense Initii]live Ol”tice

C~tcgory Highly enriched uriinium

.-ipptic;ition “ro incrciisc IIw sul”ctyO( the Russian TOPAZ-IIspiwe rcit~tor,in support of

U.S. Spil~~ R~il~tor Progrtim

Dmcription of

opm-ution and

experimental

data needed

The Russian TOPAZ-II spiic~ rciwtor is being modil”]cd In the U.S. in prcpuriillon !“urii

!ligh[ [est. The Iiirgt difference in safety philosophy between the Iwo countries necessitates

hoth moditic~[ionof [he retictor and supportive, credible stifety w-talyses.in order to justify

flight testing in the U.S., measurement of the reactor component reactivity-worth

meosurcments arc needed for ongoing modifications and sufe[y analyses. By cidcula[ion.

the TOPAZ-II Space Reacror goes critical in water. The modifications (i.e., redesign of

control elements) will Weviate this problem ml allow lhe TOPAZ-II to be limnchec!in this

country. Worth measurements would be performed in u TOPAZ-II mock-up tissembly at an

cstuhlished critical assembly !“acility.

Proposed LAC+
experimental

facility

Contact R. Paternoster

Los Alamos National Laboratory

P. O. Box 1663, MS K55i

Los Alamos, NM 87545

(505) 667-4728; FAX (505) 665-3657

HighlyEnrichedUranium
HEU -10



Experimental Program 107

Criticality Evaluations of Sptice Power & Propulsion Assemblies

Contractor Requiring Data Stindi~FJiitlonal Laboratories

Category Highly enriched mmium

.Application Support ncw D(.)Eprogram

Rating Status Justitki~tioi~ complc[ed

Priority Required for new or ongoing DOE t)pcration

Descriptionof Perform uritictitityt!vaklliorts, contro~-elernentrcxtivily-worth L’Vil]UiJflollS, Jnd pi~rfir]]t[rk

operation and studies (experiments) to characterize proposed und refined designs for nuclear-powered

experimental rockets, space power, tint!propi.rlsion.

data needed

Proposed LACEFISNL
experimental

facility

Contact J. Ptiilbin

Sandia National Laboratories

P.O. BOX 5800

Dept. 6523

Albuquerque, NM 87185-5800

(505) 845-9036; FAX (505) 845-9868

HighlyEnrichedUranium
HEU - I I
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Criticality ExperimeMs Needed to Support
Low-EnrichedUranium Operations

LowEnrichedUranium
LEU-1
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Tahk d’( :tmtcnts

Criticality tixperiments Needed to Support I.ow-)~nriched t!r:tnium operations

Experiment al

Program 20 I

Experimcn[ 202

Experiment 203

Experimen[ill
Program 204

Experimental
Program 205

Experiment 206

Experiment 207

Experiment 208

SP-!()()Stm(y Progrwn,............................... ..................... ..............

Atomic Viipor I.ii.,cr Isotope S~piiriiIi(m [AVLIS) ..............................

[Jrimium Fuel I;ccd (jpcriltior]s .,,.~... .............................. .. . .

Monttorucl Retricv;iblc Storiigc (MRS j Fi\~ility .............................. ..

Effect of Interspersed Moderirtiol]on iln
Unmoderiitcd Storage Array........................................................

Sheba Reactivity Parameteriztition......................................................

Sheba Reactivity Void Coefficient......................................................

Benchmark Measurements.................................................................

l.t; (.! -7

LEU -H

LEU -9

LEU - 10

LEU - II

Low EnrichedUranium
LEU -2



Experimental Program 201
SP-l NI Stlrety Program

Contractor Requiring Data Los Alimm Niitioniil Laboratory

Ctitegory Low-cnrichccl urimium

A pplicat ion Support ncw DOE prograrll

Description of TINpurpose of [he t)vertiii l)r~gi-iiiri ::, !O (.bVtt/(Jpd w!c, compuct, Iight-weight, durubh!,

operation and multi-hundrc(l-k ilowim electric ( I() to 1,000”kWc) sptice reactor (SP-100) imf.1the ilSSCJCliltL!d

experimental powwrsystem technology. The SP- I (M reuctor core will hi.tvc~).33-in.-diam., enriched

datn needed unmium nitride fuel rods that ure cooled by liquid metal. The uranium enrichment will be

50-97 W[%235U. The SP- 100 would nuke possible a broud class of spxe mvisioms in the

mid- 1990’s and into [he next century.

Murtin Mtiric[ta is responsible for (hc design ml development of the SP- 100”reuctor. LANL

is ftibricatingthe fuel. Initial reactor measurements were made in the ZPPR at the Idaho

National Engineering Laboratory, Idaho Falls. Due to funding restrictions and program

redircctions, technology developmenthas been implemented with an evolutionary striitegy.

Current program plans do not call for ground testing of the prototypic reactoi subsystem.

We anticipated that both cold- and warm-critical testing of the flight system reactor will be

ctirricd out at the Los Alamos Critical Experiment Facility at LANL.The SP- 100 program is

currently on hold.

Significant milestones are:

● Phase-I Technology Readiness in early 1995.

● Flight CriticzdsTesting, which will be determined.

Proposed LACEF
experimental

facility

Contact J. Buksa

Los Alamos National Laboratory

P.O. BOX1663 MS K551

Los Alamos, NM 87545

(505) 665-0534; FAX (505) 665-4938

I.IJWEnrichedUrunium
I.EU -3



Experiment 202
Atomic Vapor Laser Isotope Separation (AVLIS)

Contracl~r ftcquiring Data Advanced Luser Iso[ope Sepuratlon i%~grilm Project Mimtigcr

Category Low-enriched umniutn

Application Support AVLIS progrum (The AVL!S progrtirn muy be prlvtitized.

Nonc[heless, [he need t’or~Xp~rimcn[iil crltictillty bcnchmurks to ~uppfm [%

program is rccogntzcd here.)

Rating Status Justification completed

Priority Required for new or ongoing DOE operti[ion

Description of Criticality safety design criteria und margins of sufety for the AVLiS project will be bused

operation and on calculationtil techniques that are invalidated, and for uranium enrichments tor which

experimental there are no experimental data. Without adequcuebenchrnurkcritical experiments, there will

data needed be a large uncertainty iissocia[edwith the design cri[eria ptirameters.This uncer[uinty meuns

the margins of safety cannot be sufficiently quantified for particular 1‘sign . -iteria.

Critical experiments are needed for code validation purposes. The experiments involve an

enriched uranium range of 5 to 1070.Three ty~es of experiments are needed to cover the

AVLIS processes:

1.

7-.

3,

Homogeneous sysrerns:uranyl nitrate and uranyl fluoride solutions, and damp

uranium oxides, at varying I-VUatomic ratios, in reflected and unreflected vessels.

Heterogeneous sysfems:uranium metai-water mixtures a; iarious metal-to-water

volume fractions and with various metal surface-to-volume r~tios.

Arrays: arrays of interacting vessels with the above materials and with fixed neutron

poisons.

Proposed LACEF
experimental

facility

Contact R. Vomehm

Oak Ridge Y-12 Plant

P. O. BOX2009

Oak Ridge, TN 37831-8238

(615) 574-3529; FAX (615) 241-2772

1.,,.,. I .i,l idtd L“!dnium
[.[;U - -t



E x p e203
Uranium Fuel Feed Operations

..
Contractor Requiring Data Fcrn;lld E.. ;:i;;lnwntal Resmrution Manqymcnt Corportition

Category Low-enriched urimium

Application Incrctisc operutiontil tkxibili[y

Rating Status Justi(icutton completed

Priority Required for new or ongoing DOE operation

!)escripti(Jn ~f \l;lrglns ~f ~tife[yin Prl)duc[lon~per~tions Ure]argcr [hu[]nccessury til)dunduly restrict

operation and Opt?r,itioni]lIlex]bility.

experimental
A t-ew

data ncudcd
1.

-)-.

3.

critical experiments would introduce three m;ljorudvim[;tges:

Surety mi.wginscould be esttiblished w’ithmore confidence,

Storuge cupacity would be increased signi!kimtly in some areus, imd

Designs of new equipment could be more thorough und complete, becuuse the more

flexible compkiititiurmlmethods could be used with confidence.

Experimental needs fall into two regions of enrichment imd two chemicid states. The
135U The Crl[lculltycharirc[erls[lcs‘furanium enrichments range from depleted to 20% - .

uranium enriched to less than 6-7$Z0235Uis different from more highly enriched urunium

in that a moderator must be mixed with the uranium to produce ii cri:icid s.ys[em.Fur higher
235u enrichments, Ma[erjalcan be made critical without the aid of a moderator, although

substantitilquantities t-mybe required. Two physical states are of interest: watersolutions of

uranium compounds, and dry metallic (or oxide) systems.

Sollition Experiments

1.

2.

For the lower enrichment region, a true minimum in critical size or mass exi:;r.s.Thus,

experiments to determine the critical parameters for, say, solutions at 3~c and 57C

enrichment would be very useful.

Given a determination of a critical size at or near tne minimum, the change in size

(increase) aS moderation is increased or aecreased is a]so of interest,

(continual)

1.OWEnrichedt-’ra,~ium
LEU-5



Description0S .S(jlttli(mL’tpt’rintcnls(continued)

data needed

(con!intit)d)

.

modcriilionranges cmploytxl in 1 ml 2 iibov~, shl~uldbe determined for [his

The criticitl muss ;md size of highly enriched (93.5% ‘.~5U)uriirtiumand 30(Xcnrichcd

ur:inium iltt well known, but no critictil experiment hils been performed for urimium

enriched to X)%. A critictil experiment at or near this enrichment would be very USC1”UIfor

plant operations,

UraniumMetal Pieces in Wtiter

Dissolution (or digestion) of metul scrap hits been performed on a rcgulur basis tit

FERMCO. For slightly enriched uranium, wmtgemcnts ot’solid rods or pieces ctin htive iI

lower critical muss thtin the same amount of mitteriitlM a dissolved compound. or as a

metal-water mixture. Thus, experiments with the same enrichment used in A.1., but with

uranium of finite-sized pieces (e.g., golf ball size) spaced in a regular army is of special

interest.

Proposed LACEF or RockyFlatsCML
experimental

facility

Contact T. Brown

FEHmlco

P.O. BOX 398704

Cincinnati,OH 45239

(513) 738-6682

LowEnrichedUranium
. -. .LLU - 6



Experimental Program 204
Monitored Retrievable Storage (MRS) Facility

C’ontrwtorRequiring Data oak Ridge Niilionid Ltiboratory

Ciltt!gOry Luw-cnrichul urimium

Application Support Iww DOE progrtim

Rating Status Justification completed

Priority Required t’orncw or orlgoing DOE opcrntion

Descriptionof on .Maruh31, 1987, the DOE submi[ted to Congress u prop~siil for iJmonilorc(l rctrie~$tible

operation and storage (MRS) tacility. .!tortigecapucity for 15,000 metric tons uf spent, Iight-wu[erreactor

experimental fuel would be provided. Experiment critici.dityduta ill IWOareas will be needed:

data needed ~

7-<

Fuel Rod Consolidation

The MRS wili provide the ctipabiiityto disassemble fuel assemblies and consolidate

the fuel rods in stor~gecimisters (for a 2:1 volbme reduction). Exper;mentid data will

benefit the safety and economics of this operation.

Spent-Fuel Burnup versus Reactivity

DOE Contractors and NRC licensees are interested in obtaining criticality data for

spen[ LWR fuel to confirm calculations. Operational and storage restrictions can be

significundy reduced if credit could be taken for bumup. The calculations must

~ccount for ( 1) 235Udepletion and fission product formation, which decrease

reactivity, and (2) the formation of plutonium, which increases reactivity.

Proposed LACEF
experimental

facility

Contact C. Brown

CAVDOE-RFO

1050 Tantra Park Circle

Boulder, CO 80303

(303) 966-6185; FAX (303) 966-4763

I.IJWEnrichedUr;miul~.
[~~: -7



Experimental Program 205
Effect of Interspersed Moderation on an {Jnmoderated Storage Array

Contractor Requiring Ma Appliublc 10uII Dcpitrtmen[of Energy C(m[ructors

Category Low-enriched uranium

Application ?.pplies to stor~geurrtiysof plu[onium. HEU, irnd L!~U,where sprinkler

systems cm introduce water modcrution bctwccn units.

Rating Status Justification being prcpi.tred

Priority Requiredfor new or ongoing operation

Descriptionof

operation and

experimental

rktaneeded

An experiment is needed to prwide an experimcntid b:nchmiirk imd wuriwly iipprww

the ef”fectof introducing low-density water (SuchiIs spruy from it water sprinkler) into u

storage w-rayof unmoderatcd umts of fissilc mi.r[eriid.Culculutions indiuutu[hut the water

density that produces the highest reactivity depends hctivily on the chtiructcristicsd“ ~he

particular system (for LWR fuel rods in water, for example, the highest reactivity iippeursto

occur in the water-density range of 3-57o).This experiment could be conducted in

conjunction with another array experiment.

Proposed LACEF
experimental

facility

Contact R. Anderson

Los Alamos National Laboratory

P.O. Box 1663 MS J562

Los Alamos, NM 87545

(505) 667-2821; FAX (505) 665-3657



Experiment 206
Sheba Reactivity Parametrization

Gmtriw(or Wluiring Data Los Altimos h’il[i~d Lubomtory

C’atcgory Applicable expcrimer?tcategories

Application Enhance current DOE operation

Rating Status Experiment in progress

Priority Muximum priictictilattention

Descriptionof This expcrinwn[ mtilwstht required meusuremen[s for the first operations of Shebti. 1[

operation and includes the l/M initiid approuch [o critictil, initial DC operations, ml measurements o!”

experimental [empcralure coctlic ients, absolute power colibr~tions,etc.

data needed

Proposed LACEF
experimental

facility

Contact K. Butterfield

Los Alamos National Laboratory

P.O. BOX 1663, MS J562

Los Alamos, NM 87545

(505) 667-8944; FAX (505 665-3657

LowEnrichedUranium
LEU-9



Experiment 207
Sheba Reactivity Void Cocfficicnt

Contractor Requiring Data Los Aluino:.NtitionulLutt{,r:iffjry

Category Applictible cxpcrimcnt ciltegorics

Appli~iition Enhance current DOE opcrutim]

Riitirtg Status Experiment in progrtss

Priority Maximum pructicul uttention

Descriptionof This cxperirnent will uttempt to nwusurc the rcilu[ivity~wd uoe!licwnt for scvtrul rcgluns in

operation and Sheba. The tlrsi phase is already undcrwoy, imd cunsists of ctilculit[ionsusing MCNP.

experimental
The primary shutdown mechanism in an excursion in u solution system is [he in[rmhtction

data needed
of voids due to radio!ytic giIs formiition.The net reiic[ivityeft’ec[depends upon the lt>ciiti~n

of the void and the displacement of the free surfuce. Although i[ is very difficuIt [o ~iilcultit~

the effects in three dimensions, a better understanding of the rctictivity provided by

experiment is necessary to model kinetic behavior.

Proposed
experimental

facility

Contact

LACEF

K. Butterfield

Los Alamos National Laboratory

P.O. BOX 1663, MS J562

Los Alamos, NM 87545

(505) 667-8944; FAX (505) 665-3657

LowEnrichedUranium
LEU-10



Experiment 208
Benchmark Measurements

Contractor Requiring Data All Depuriment of Energy conlructnrs

Category Applic:hlc experiment ctitegories

Application Enhitnct current DOE oper~tion, compliimce with DOE orders 10protide

OA tools I“orcriticidilv sottwtirc

Ritting St:]tus Expcrimtnt in progress

Priority Required for new or ongoing DOE operation

Descriptionof The Physics Criteria for [he Benchmarks Working Group has generated a list of ncutronics

operation and observablcs IAppendix D) Ihti[can OISObe calculiJtIxLThis proposed series of experiments

experimental would try to metisureiJsmany O!these observabies as possible. This effort would help in th~

data needed ccrtificution of compurer codes used in criticality safe[y ctilculations.

Proposed LACEF/SHEBA
experimental

facility

Contact K. Butterfield

Los Alamos National Laboratory

P.O. BOX 1663, MS J562

Los Alamos, NM 87545

(5~’5)667-8944; FAX 565-3657

LowEnrichedUranium
LEU- I!



Criticality Experiments Needed to Support
Plutonium Operations

Plutonium
Pu -1



‘1’iiblcof”Ckmtcnts

L’riticalityExperimentsNeeded to Support PlutoniumOperations

Experiment 301 Plutonium Solution in the Concen[ru[ionRange from 8 g/L to 17 g/L., Pu -3

Exptrifmn[ 3(H TrwtsurimiuExtriictkn (TRUEX) Proctss............................................ Pu -4

Experiment 3(}3 Effectiveness o! Iron in Plutonium Stortigc and Trilnsport Arruys...... . PU -5

Expcrimen[ .304 Plutuniurn with Ex[remely Thick Bcrytlium Reflection ............. ......... 1+1-6

Experim~ntill
Program 305 Arrays of 3-kg Pu-Metal Cylinders Immersed in Water........................ Pu – 7

Plutonium
Pu -2



Experiment 301
Plutonium Solution in the Concentration Range from H g/L to 17 g/I.

Contractor Requiring Data Westinghouse Hilntod Compuny, Los Aktmos Nu[iontilLtiborittory,

RocI(}Fli]tsPlimt

Category Plutonium

,\pplication Wii~t~ handling ;md stortige, low-solution conccntrti[itmIimi[s

Rating Status Jus[ificti[ioncomplcttxl

Priority Muximum prxlicul ii[tention

Descriptionof

operation and

experimental

data needed

This plutonium ccmcenlrtitionr:} : is of interest in the curren~hewi-cnd fjpcriltionof

plutonium processing. These concentration kwls arc used routinely tit LANL, TA-55. iind

at RFP.

Experimen[idcriticality da[u is considered to be insufficient [o cover the uonccntru[ion

range trom 8 w 17 g/L plu[onium a[ H/Pu ru[im from IX)()[o 2700.”The system

chmc[eristics for a wry Iurge volume (sphere, ~quililtcrillcylinder, etc.) nw:ms thut [he

locution of ir retlec[or outside of this volume becomes wmishingly insignificant iIs the

Iimi[ing concentriuion corresponding to k= = 1.0 is reached. Data for one l~rge ~phere

(%ft diam) at 9 g/L (H/X=2700) are available, but validation of computer ~odes ~t ~ g/L and

abo~?e17g/L appears to give contradictory results with a computational bias appetizingto

become strongly negative below 20 g/L.

Slab experiments in the 10 to 20 g/L range seem to tie the data points toge[her, bu[ [his is

not conclusive because of the very different geometries used in the experiment. Cylinder

experiments in this range would provide the needed data. Safety of stored waste tmd waste

processing for verification also will require-knowledgeof criticality in this H/Pu range.

Waste programs may also require extension of data for I-M%ratios beyond 2700 to 36(M.

Criticality experiments to verify calculations in the 1200 to 2200 H/Pu range and above will

have long-range benefits in applications to head-end plutonium processing, waste storage

imd processing.

Proposed None available at the present time.
experimental

facility

Contact R. Rothe
EG&G Rocky Flats
PO. Box 464
Golden, CO 80402-0464
(303) 966-2989; FAX (303) 966-7326

Plutonium
Pu -3

- -—. —-— - ——— —- - -— ——- - I



Experiment 302
Trtinsuranic Extraction (TRUEX) Process

Rilting Status Anlicipulcd need

priority Required (or rww or ongoing operation

Dwwt-iptionof

oiwra!ion and

cxpcr:mental

data needed

A “Trilnsur:micExtraction (TRUEX) solvent-extraction process is being de~’eloped[o

support i~’iistcvi[rifictition prctreil[mcnt.The process removes Irtinsurtinicsfrom plu[oniurn

w’iisteusing tri-butyl phmsphtiIetis iin organic solvent. To ussurc cr][ictility stifety, it is

nccessury 10know how the minimum critical muss of the plutonium-tri-bu[yl phosphute-

CMPO system comptires to the plutoniurdwater system. The need for a criticality

experiment is imticipil[ed.

Proposed None uvailable at the present time.
experimental

facility

Contact D. Friar

Westinghouse Hanford Company

P.O. BOX 1970; MS R3-01

Rict.!i~nd,WA 99352

(509) 372-2891; FAX (509) 372-3522

.— ----- ..,-4----- ., . . . . . . . .—..

Plutonium
Pu -4



Experiment 303
Effectiveness of Iron in Plutonium Storage and Transport Arrays

Contractor Requiring Data W’cstln:housc H;ml’t)rd CL)mpmIy

Category Plutt)niurn

Application Storuge and tritnspol~~tiono!’TRU wmtc

Rating Status Justification completed

Priority Muximum priictkiil ti[tcntion

Descriptionof

operation and

experimental

data needed

The effcctitcncss o!’the nculron absorption by intcr~pcrscd Iron (or t)thcr IR” UIWII

bii sorbcrs) In (hc c.ontiilncr\\’itlIS In iin iiriiiy In~”rc:lscswith Incrc;l~]IIg tlcutn)n It iikii~~’t“rl~ll~

the core tlssilc i~]u[~riill,with all olhcr [hings (t-ls~ilcmuss.H/#X,CIC.) hcillg cLpiI1.II CLIII

ciItiseii pronouncedch;tngt in [hc reiic[iir![y 01”IIIC iirriiy. Since l~~kiig~ ~iin \iir) w ilh both

shape and mutcriuldensity, dl’itntiig~ cun be udwn Ot this effect [o ill low !or much liirg~r

arrays, especiidly for arrays of Iooscly distributed mutcriid such M WMCSin 55-giil drums.

Improper cross section selectionlprcptil”alioncan also result in tin unsufe culculwion of iI

reactivity that is too low. Since there we no experiments [o validate the ci.kulu[ions imd

since the reactivity effcc[ is so strongly dependent on the iibovcchiwacleristius,it is pt)ssible

that an unsafe analysis could be made without the iln~lystrealizing how much the ii~~urii~)

of lhe result depended on correctly selecting the proper churfictcris[ics.Convetscly’,o~crly

ccmservati’;eIimits cmarmy size could bt: specified to idlow for [hcsc unccrttiin[ies.

To start these measurements, we will perform a subcritical measurement on a single unit

[ypicid of the storage packtige,and progress to varying concentration, moderation,

absorption, and reflection. Army measurements up to a practical limit can be performed us

a function of spacing on identical simple elements.

Proposed J.ACEF
experimental

facility

Contact R. Rothe

EG&G Rocky Flats

P.O. BOX 464

Golden, CO 80402-0464

(303) 966-2989; FAX (303) 966-7326

Plutonium
Pu -5

.—



Experiment 304
~~]u!onium \vith Extrenle~y Thick Beryllium Reflection

Contractor Rquirirtg Data Liiwr~tl~tLii,crmore Ntitmnd !.ubota[ory

C’ategory Plutonium

Application Resolve[cchnicuiissue

Rating Status Experinwnl in progress, part o!”the cxper[mcnt is complete

Priority Maximum pritcti~ul u[tention

Descriptionof

operation ilnd

experimental

data needed

UCKL-53-Wreports criticul beryllium retlector thicknesses for vuritms masses o!’U-

Plutoniurn. The resuhs fur [he most extreme Be reflection of 2I-cm and 32-cm thicknesses

hiii’~ long been questioned (ml ~ssumed to be in error experimentally) since computations

tremendously underpredic[ reactivity (nonconservative). A recent LAINL experiment with

itbou[ 8.3 cm of beryllium re!lxtion has been performed (Rick Anderson, et al.) with

excellent agreement with calculations. Perhaps a source of experimental error could have

been mtide when the data were corrected to ideal sphericai configurations. This possibility

~i~nonly be resolved by Ioctitingand reviewing the origimd experimental notebook or

r~p~iittl~gthe experiment,

Rec’tjt/lt~letl[I(/fif~tl:A catidog of experimental notebooks should be compiled for etich DOE

critical mass facility together with a description of the experiments performed.

Just~ict/fimI: The cost of assembling this information should be small compared to the

maintenance and operation of critical facilities. Also, this information would be a

tremendous asset to the criticality safety analyst.

Proposed LACEF
experimental

facility

Contact D. Heinrich

Lawrence Livermore National Laboratory

P.O. BOX 808; MS L-390

Livermore, CA 94551-9900

(510) 424-5679; FAX (510) 423-2854

Plutonium
t%J-6



Experimental Program 305
Arrays of 3-kg Pu-Nletal Cylinders Immersed in Water

Rating StatU’: Expcrinwnl compluw, hut not d[wumcntw.i

Priority Miiximurn pril~li~ill ;ittcntion

Descriptionof A brief description of these con~pletedexperiments hus been provided by R. E. Rothe, “A

operation and Summury of Experiments iIl the Nuclear Sufcty Fircil]ty, 1965- 199(1,”pp 4-6.

experimental
These experiments used the Pu billets fr~m [he LLNL Pu :irrily progriim.The lutcr

data needed
cxperirnen(ers icidy 1980’s)included criticid 3 x 3 x 3 ilr~tiysimnwrwl in W’ilter.JN(HKt)f

the experimvnrs were ever published.

Rt~(()~n/nt’/~(f(/ti()tt:These experiments should be formtilly documented ilnd publiihcd. TW(I

of the investigators. R. E. Rothe (RFP) and J. S. Peurson (LLNL), arc still iIviIIlirblc und

interested in this project.

Justification: These experiments provide important, basic, critictility safety informti[ion

regarding moderated Pu arrays. Such data is quite scarce and is useful for computer code

validation in applications such as (1) transportation of weapon components, (2) weapon

disassembly operations. (3) vault storage, and (4) safe spacing criteria.

Proposed LACEF
experimental

facility

Contact D. Heinrich

Lawrence Livermore National Laboratory

P.O. BOX 808; MS L-390

Liverrnore, CA 94551-9900

(510) 424-5679; FAX (510) 423-2854

Pluttjnium
Pu - 7



Criticality Experiments Needed to Support
Plutonium/Uranium Fuel Operations

Plu[oniurn/UraniumFuel
Pu/u - 1
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● 9(1\f’1‘;’;
9 ~~ ,}!lf~

● 71 W“t%

The EBR 11test

will be changed

experiments arc

~1( ~j~) ~n~ ]() ~[~ ~r

U ( 17.5) + 8 w[$i Pu + 10 wl% Zr

U (4.5) + 19wt% Pu .+ 10WIC;LZr.

rcuctor core which is curren[ly 95 wt% U(52) und 5 w(% mmfissile metal,

to 71 wt(;~b“(60)+ 19wt~cPu + I()w(% nonfissile metal. C’riticAity

needed to benchmark calculations in support of [he fabrictt[ion,storiige,

lmnsportittton, and reprocessing of Pu-U metal fuel.

Proposed LACEF
experimental

facility

Contact A. Gurcia

Argonne Nti[ional Laboratory

P.O. BOX 2528

Idaho Fa]h, ID 83402

(208) 533-7252; FIS (208) 582-7252

.
“

Plut(jnium/U:,lrriurnEuel
Pu/I-’ -3



Experiment 402
Mixed Oxides of K%and U at Low Moderation

Contractor Ilcquiring l)tila ‘[’l)hc dctcrmirwd

C“idcgory Pltl[onl~lyl]/llr;\l\itlrll t“ucl

Applictition I{nhncc current IX)[1 tjpcritlltln

Rating Status Jllstificti(ion con)pl~t~d

Priority Rcquird for new ~h ongoing DOE (Jpcr[ifi(ms

Descriptionof For the proposed wctipot~s-grudcplutonium burner (LWR version), the t“ollowingcr]ticul

operation and experiments will he rcquirtd:

experimental
Hfltrlt).qt’tli’ 1)11.sS. VSI(’IH.$’

data needed
‘rh~>~expcrimcn[s \\’ill }icld dim (m dIy d damp powdcr~to dctunmrw c“rilkulIntiss

;mcttolurw ii~ ii t“uncti(mof Pu or U c(mcwltruti(m.This in(ormiiti(mi> nccdcd 10

reduce uncer[aintics in crilicol volumes and m;isscs, imd m serve iIs Iwnchmurk%for

~ulida[ingcolcul~tionulmethods: [his informti[ionwill be required if mixed oxidc Iuel is

used in LWRS.I’he variables include (1) the Pu content in mixed oxides at 3 to 6 wtVCof
. ?Jopu and (~) [he H/pu mOderd[iOnr~tio ‘nPuOT, (2) the 240Pucontent of Pu at 5% o! - ,

the range from O-3.

Ht*rt~rt~.qt*\lt*t~tt.fS>.vtms

Dtit~on I;itticcso!’fuel rods in water tire needed to determine rhc min]mum criticul

\’olumesand the c!feet of hea~icr isotopes of Pu on criticulity. The ~!iiritiblcsm ( 1J [he

fuel-pin diameter. (2) the Pu contcn’ in mixed oxides al 3106 wt% of PuO., (3) Lhe

‘J’]Pu content of Pu at 5 wt% of ‘J[)Pu. and (4) the H/Pu moderation ratio in the range

- trom O-3.

Proposed LACEF
experimental

facility

——..
Contact b. !?othleder

U.S. Dept. of Energy, NE-74

199(~1Germantown Road

Germantown, MD 20874

(301) 903-326; FAX (301, 903-8693

PIL]toniultl/[Yr:lf;iuln[’uc1
I’II/u -4



ExperimeI~t 403

Minimum Critical Pu Fractiorl in Pu/Natural-U Mixture

Contractor Requiring Data
Wes[irlg}lousc Har]tor(~ I jII~\-.iIIy

Category Plllt(>nlum/uranitlnl fuI

Application E3nhance current DOE (Jperatl(}n

Rating status Justification completeci

Priority LW urgent than ~
.~

Description of The issue ot criticality potential In Iar:l.
~li~[e storagu tanks containing TRL] c~~uII-ii)~

operation and resolved in most cases by
sh[)w(n: thi~[ [[le ~]ul.onlulll held up with uranium In ~~~~~e~ilid:~’

is not more th:in ah~>ut(),6% o! the

> \! Ul”l’k
10 I:III ~+ Pu ~orl[’ilr’~~ ‘n “ ‘c)n’o~eneoui “i ‘[L’

experimental

data needed The Pu crltlc~il fractl(]n would ha~e t(
IICdelcrrnined ;i~ J tunct[on of the H/t] rdtit~ In the

media.
~-- “-

.~

ProPosed LAC~~

experimental
facility

_ . .,,.—.—.—

~onta~t A, HCSS

p,(). Box 1970

Richland, WA 99352

PlutoIliu@rmium Fuel
pu/Ll-5



Criticality Experiments Needed to
Support Transportation/Applications:
Waste, Storage, and Alarm Systems
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Experiment 501
Assessment t“or Nlaterials Used to Transport and Store

Discrete Items and Weapons Components

Rating status Juw!t’iciitil)rrcl)lllf)klCd

Priorityt hlilXilnllll) pnKliciIl imcnlion

Descriptionof Pro,yr(tt?lAppii((thiii(>: This progriim is needed f“t)rI}w current wd I(mg-fcnn \\*~iip[In\-

optration and component ~toritg~rnlssion()[ the DOE. This prt)gritm illso ]nclwfes frun~p(~rlitlld \l{triigc

experimental o! discrete items in ~$ell-churiictcrizcdshipping contuincrs.

data needed
Cwrrtu Calculwimwl Piftidls (IIK1Lkjirit”ncie.s:Critkidity ~ufely tiswssrncnlsin this area

ha~’ean inadcqua[c or nonexistentexperimental biisis. Thcsu ;issessmcnl\ lwtc c~uscd over-

conservatisrnsin [rimsport and stortigerequirements (e.g., the trimspon Index) und the

cdculutions tire not ~’alidatedM prescribed in ANSI/ANS-8.1.

Potential Benejit in Ri>kMma~menc This program will enable the 1>01{to tiiii~ crcdi[ for

the neutronics properties of the defined .shipplngcont~itwrconfigurfition>,which w)11

reduce conservatism in calculations. This should permi[ larger numbers of containers to

transported and stored in existing facilities. This program will provide relevant wd busic

criticality safety data. quantify safety margins more acwady. reduce caicul~tiono!

conservatism, and establish compliance to ANSI/ANS-8.1.

Dcscriplion of Progratn: This program wih use currently available U and Pu components

and materio.lscommonly used in shipping contwners (i.e., iron. stainless-steel. Ww(d,

Ceiotex, lead, firedikc, foamglas, expanded berated polyfoam, polyethylene, plexlgltis,

depleted uranium. and other materials). These will be used in various reflector and

moderator configurations so that a wide range of neulron spectra con be obtained under

critical conditions. All selected reflector and moderator conditions will be chtiracwrized in

this program under actual conditions. Neutron fluxes, spectra, and lifetimes within, between,

and exterior to the components will be measured. This program specifically applies to pits.

weapons components, fuel assemblies, and parts. A specific series of experiments could use

the existing enriched umnitim hemishells that are delivered to LACEF from RFP in a wa[er-

moderated arraythat con:ains the interstitial material of choice

Transpo~ation/Appl~ca[it)ns
TJA-3



Proposed
experimental

facility

Contact

E.vperitllcnt.iO1(contitlitd)

1.)\ct+’

1{G&.Gl{()~kyF’Iii[\

P.(). BOX-MA, Bldg. 886
Gokkn, CO 80402-0464

(303) 966-4017; FAX (303) 966-7326

Transpf)nation/Applications
TIA -4



Experimental Program 5(J2
Waste Processing, Transportation, and Storage

Contractor Requiring fhta H:mt”ord.Wes[inghouw S~\;ln[]ithKllcr (“t)nlpiin~, Idtiht).Nil[)l)[]ill

Eng]nccrlng Liibor:ii~lr~, RUCkyt:li:l~ Plillll, (Iilk Ridge Niltil)ll;ll I.ilhl)rillor},

Los Alitlnos NtitIoI~iIl L~bor;l[ory

Category Appliuu(ions

Application Enhiln~~ currtnt DOE opcr~[mn

Rating Status Justifictitiorrcompleted

Priority !wItiximum priic[icd ulkntion

Descriptionof

operation and

exp:”rimental

data needed

AS purt of dct’cnse-wosteclemup irnd cnvmmmen[til restortiliun, tissllc IW1[Crlil!SIll lilrg~

ltinks, drums, trenutws,dnd tIl[IInulc dispostiiop[ions for these mulcriulsprcsen! \pc~Itil

criticality problems. Fissiontihlci]lii[~riiil~, such us Pu ;md L!, ilrL!found in c(mtbinutilmwllh

o[her elements. We propose a wries ot’cxpcrirnentsunder this program [hut would c\ ,IIUMLI

Ilranium [o plutonium m[ios (with bofh high- imd tow-enriched uranium) UI rcprcwntiitit’c

n~oderator-to-fissilc(for extimpie, H A C) muterial rittios imd different Ic\’clso! dllucnts.

The diluents could be thermal (Cl, B, L.i)or rcsonancc (Fe, Ti) absorbers, low tibwrption

diluents (Zr, Nti, i~g, Si, Ca), imd simuhmts for fission products. The diluents couid ~lM)b~

in reflectors. Selected combirmtionsof the mulerials will be used to define rtmgcs O!

tipplicability.The measurements could be miik using approitches-[o-critictil or reuc[ivity-

replacement experiments. Alternate subcritictility dcterminution measurements st,ould be

performed concurrently, cspcciully fcr approaches-to-crilicid experiments.

The results from the experiments would provide benchmarks and intormtition to vulidu[e

computer codes. The validated computer methods should help resolve nuclear criticality

issues that currently penalize the processing, transportation, and s(orage of waste materitils.

Specific experimental details can be found in Experiments 502a - 502i.

Proposed LACEF
experimental

facility

Contact H. Toffer

Westinghouse Hanford Company

P.O. BOX1970; MS HO-38

Richland, WA 99352

(509) 376-2894; FAX 509) 376-1293

T-tin\pontit!on//4pplications
TIA -5

-.. . .. .. .. . ..- ..----- . ... .



Experiment 502a
Absorption Properties of’ Waste Matrices

[)cscription of

operution and

cxpurimtnttd

data needed

:md wwilknown mutcritils,water imd polye[hyletw.However, !urgc differences (greimr thun

10%) in ciIlculiItcdkeir valuts urc obtuined for systems that contain significant quantities of

these nlateriids, simply by changing cross-section data sets. Therefore, experimental results

iir~ nwkti [o con)pure with calculational resuks so that these differences tire resolved and

reufisricbiases are established.

I%oposed LACEF
cxpcrinwttal

facility

Contact J. 13riggs

idaho Nu[ionitl Engineering Lub

P.O. BOX 1625

Idaho Falls, ID 83415-3890
(~08) 526.7628; FAX (208) 526.0528

Trdnspf)fiation/Applictitions
T/A -6



Experiment 5021}
1n Si/u Dru~i] Stacking

Contractor Requiring Data EG&GRuckyHals

Category Applic w ions

Ai]piication P.nh;mcccurrun[ DOE (Jpcriiti(m

Rating StiltU\ .lu~[lfiu;i[l(m~olllpll!ll!d

Priority Required for ncw or t)ng(~lngI)(JE (Jpcr~ittlm

Descriptionof

operation and

experimental

data needed

Rocky FliIts hiis u liirg~tiiri~ty L)flk’iist~drums with i] lurgc li~siic c(mtcnt distribution itnd ii

liirg~\uric[y l~fmiitrixmittcrid. A Io[ d“ the wiist~ is in plils[i~ Contititlcrs./\~ ;1pl’ilCl)Ctil

nutt[cr, these wiist~drums cannot he indi~piduoliychtirilctcrizd.

Or-wcould s[ii~kthe drums rniwryIuyers ducp in [I Iargc room. This would be mx.wrnpiishcd

by tin iu .tilu subcriticiilexpcrinwnt [hilt directly mcmures IhC ilppr~ii~h [uwurd cri[luiili[}.

‘i.heobjective iS nl)l d~Slglltidto be it S~l~nllfl~ experllllen[, bu[ it is o direct IllciIns[J!”getting

L simple, unique, iind spccit”icconflgurtition of drums thut m ~til~k~dilll [he wuy [() the

ceiling. The stiIcking wilI be done siif~lyid will be shown—by direct rcciprocid

rnultiplicutionmeasurement—to be we!i subcri[icai.

The drums wili be ieft, so stacked, for many Yetii: 25 a means of storage untii a processing

method has been selected. This approach could prove to be a practical procedure to

~nhiitlc~ drum s[orage capacity.

The successful uppiica[ionof this technique to the characterization of it liIrgcwray of i!l-

charticterizcd elements couid provide the basis for the development of u procedure m

ensure safe storage on a general bcusis.

Proposed III sin4
experimental

faci!ity

Contact R. Rothe

EG&G Rocky Fiats

P.O. Box 464

Golden, CO 80402-0464

(303) 966-2989; FAX (303) 966-7326



Experiment 502c
If;tlidtition of WIPP Hydrogen Generation Calculations

(.”ontructorRequiring I):ltu I;G&(; l<f)~h)’}:lill~

(’utcgory t\jlplicill lt)lls

.i pplic;;lion t{llllilllL”Ccurr~$nt!)OE (Jpurati(m,rcw)lt c Icchnltiill iil)d tilt’lrt)nlll~l)litl issuts

Wiling status iusti!ic;lllon Coll”ipltitd

Priority Nldxilnumpruclicul iittenlion
. .. —

Dmcriptionof

Optriltionand

cxperimcntul

data ntwded

Pr4J,crwltllj~jlil”ti})l~it,h:Puckugingcon[uincrized ..tste for WII]P.

Ll/ltt{lt/tifjtlll/d~yi(ic’t[c]:Hydrogen-gas gcncru[iw, from mdiolytic dccc’(l~pf)sitionhiis t-wn

()~.ur-uur]wr~;ltively cstiIIMICL!,which ;mttluid !y Iin]ils W IPP Shipment~.tmd ~l~riig~.

c’(1.sIhtvit~i(: Results t“rllmthi:, study wilt LIIIOWshipmentswith higher wit[tit~~s(hat iippr(~ii~h

criticillity Iintits. AII It]crci)scin stor:qy ~iipit~ily dccrctiscs [d shipmcnis.

Pr(~,qrtmJc.ii”ripti{m:Thin urtmiurn sheetsor urimium shells interstitially modcruted with

poiycthyhme or PVC will bc opcrti!edat high-power deluycd critical or in burst mode. The

neutron tlux und fission products will produce hydrogen gas. The experiment will he

performed in a vessel so thiit H? can be measured. The results will be used to validate the

hydrogen-gas generation models for better estimates of hydrogen-gus generation in waste.

l)r(/{/it(/l~ili/j’:The fuel und the moderator areavailuble; the pressure vessel imd associated

H. dctecmrs can be fabricated or otherwise obtained.

J%oposed L.ACEF
experimental

facility

Contact
EG&G Rocky Flats

P.O. BOX464, Bldg. 886

Golden, CO 80402-0464

(303) 966-4017; FAX (303) 966-7326



Experiment 502d
The In-Tank Precipitation (lTP) Process for ~~SLl

Contractor fh+uiring Data Wc\linghc)uw Sil\’;lllI)it)) Rl\cr C’oll)flilJl}”

Category Applic:iti(ms

Application Support new Doh progrilm

Rating Status Ju!,tit’icu[iuncomplcwd

Priority Required for ncw or ongoing DOE t)pt’ril[il)l)

Descriptionof

operation and

experimental

data needed

Tt~i\~~p~rimcn~is nccdcd [[) support dcfcnw-wuslc pr[wci~lng; 111piwllculitr,IIIC1ll-liillk

precipi~i)tmn( ITP) process. Currcnlly, there is only {m clcmcnt, Illtil)ll)ln, lh~lt\\’t Uilll ll\U

for criticality control. Bcc:tuw [hcrt is more [hun the Ininilnum~ritl~iilIl)ii\\. wc use

Iitaniurn us the iibs(.)rbtr[hi~[fullow~[he uranium through the pri)ucss.“Jhcrcarc no

experiments thut use titanium iIs i~nubsorber to support this tippllca[ion.

At present, this is the only way to process high-level wiIsIein the [tinks.The following

bullets highlight the experimental details:

● We will use 235Uwith titimiumiIsa so)ub!eabsorber.

● Our preferred H/2J5Urtitios :we 125ii, 24(1/i,325/1, 385/i, 465/1, imd 530/1.

● We prefer low-neutron leakage geometry.

● Our application is for high-pH systems but experiments with iow pH may be

acceptable if free acid moiarity is low.

● We prefer at least 65% enriched uranium.

● The titanium should be natural in isotopic content.

The ITP process is key to iong-term storage of wastes from %vwtnah River waste tanks.

Proposed LACEF
experimental

facility

Contact J. IMincey

Westinghouse Savannah River Co.

Buiiding 773-22A

P.O. Box 616

Aiken, SC 29802

(803) 725-2718; FAX (W3) 72$8829



Experiment 502e
The In-Tank Precipitation Process for ~35U + Z39PU

Contractor Wquiring Data we~[lngh(,ll~cSiivi;nttiihRiver Cumpirny

Category Appliciitions

.-\pplication Support Iww DOE prqytim

Rating Status Juwific;~[ioncompletd

Priority Required for new or ongoing DOE opcrittion

Descriptionof I“his e.xpcriment is nwlcd to support defense-waste processing;in purticuktr, the HP

operation and process. Currcnlly, there is only one clement, titanium, that wc can use for cri[ictiiitycontrol.

experimental tkumse there is more thiln the minimum criticul mass, we use titanium as the absorber [hat

data needed follows the urunium lhrough the process. There are no experiments that use titanium as an

ubsorbcr to support this upplic~tion.

At prescm, this is the only way to process high-level waste in [he tanks. The following

bullets highlight the experimental details:

We will use 235U+ ZJ9PUwith titimiumas d soluble ubsorbcr.

The muximum u.wful moderation range [IW235U+ 239Pu)]will be 50/

with values around 500 the most important.

to !000/1,

“fhe maximum useful 235U/239Pu range will be 1/1 to }0/1, with values around 2/1 (o

3/1 the most important.

Our application is for high-pH systems but experimentswith low pH may be

occeptub!eif free ocid molarity is low.

We prefer low-neutron leakage geometry.

The desired 240Puand 241Puclmtent is less than 15%totalPu, or greater than85%
239pu.

The 2S5Ucontent should be at least 6590enriched.

The titanium should be natural in isotopic content.

The ITP process is key to long-term storage of wastes from Savannah Rit”srwaste tanks.

Proposed LACEF
experimental

facility

(continued)

Tr~nsponti[ion;,\pulic:i[ions
T/A -10



Erperitwtu 502e (cwtlfinutd)

Contact J. Minccy

WcstiI~ghouscS~\,iitlnith River CD.

Building 773-22A

P.(). Box 616

Aiken, SC 29802

(803) 725-2718; FAX (803) 725-8829

Tr:mspofiation/Applicziions
T/A – I I



Experiment 502f

“[’l]t~ In-Trek Prwipitation Processfor 2~~Pu

{’atcgory App!icillit)ll~

Application Suppuf[ new 1X)E program

I&tting Status Jufi[it’iuiltif)ncompleted

Priority Required t“ornew,or ongoing DOE t)pertilion

I)cscripthmof

operation and

experimental

data needed

i;bs~rbcr [o support this applicution.

A! prcsen[. this is ihe only way to process higtt-levelwuste in the tanks. The following

bullets highlight the cxperimenttildetails:

c WCwill use I% with tirimiumiIsu soluble absorber.

● The preferred H/239Purittioswill be 225/1, 325/1, 385/1, 465/1, and 53C’1.

● We prefer Iow-ncutrun Ieukage grmmctry.

● The ‘J(JPuand 241Pucontent we desire is less than 15% total PIJ,or greater than 85%

~J’jPu.

0 our upplic~tion;s for high-pH systems but experiments with low pH may be acceptable

if free acid molarity is low.

● The [i[wriumshould be niiturai in isotopic content.

The ITP process is key to Iong-[ermstorage of wastes from Savannah River waste tanks.

Proposed LACEF
experimental

fat:it;ty

Contact J. Mince’{

Westinghouse !%vannahRiver Co.

Building 773-22A

P.O. Box 616

Aiken, SC 29802

(803) 725-27J 9; FAX (803) 725-8829

Trtinspc)nution/Applications
T/A -12



Experiment 502g
Determination of Fissionable “tilatcrial Concentrations in Waste Mat~rials

Contractor Re,wiring Data WestinghouseHimfod Compitny

Category Applictitions

Application Suppw new [WE progmm

Rating Status Justificn[ion cornplettxl

Priority Required tor rww or un!:oing DOE upcrwion
—

Descriptionuf

operation and

cxperimentaf

data needed

[t is important for criticidiiy and itccoumubilily purposes to know conccn[rutmns o!”

fissionable elements in wtiste streams or in wask conti]lncrs.These cmwcntrutmns mity t-w

too low for subcritical meusuremems. However, total qutintities In uon[uincr:,m:]ybc

substantial and, undersome upset conditions, concentrations could incrctisc to become u

criticality concern. Knowledge of the totid fissionable material content of ttinks or drums IS

important also for m~ieriii ticcountubility. Neutron detec[ion methods can be used [u

evtduate fissile concentrtitions,and therefore total kmk inventories. The neutron detectmt

methods have [Ube calibrated in a facility where calibration sttindardscun be prepared and

handled.

Proposed LACEF
experimental

faci!ity

Contact H. Toffer

Westingho~~eHanford Company

P.O. BOX !970; MS HO-38

Richkmd, WA 99352

(509) 376-2894; FAX (509) 376-1293

“rranspnatiun/Applications
Ti.A -13

—<—- ——. . .... .. . — .- .



Experiment 502h
Nlinimum Critical Mass of Fissile-Polyethy lene .Mixture

i)cp;lr[!lk!nl ol”Energy/EM-30 (Wu~tc lsdutitm PiltJtPlant)

Cattgory AppliCit[lOn

Application Storiigc iid triil)sprtittion of Pu-polytt[h}lent WUS[CS]n 55-gid drum+,;

supercompuc[ionof Pu wustes [hat contain potycthykm

ihting Status Justit”icationcomplet.d

Priority ,M~ximum prircticid iittcntion

Descriptionof

operation and

experimental

data needed

Some plutonium \vi\ste in 55-gul drums contuins polyethylene [(CH2jn]. Ctilcultitions

indiuutc th~l the minimum critical mass (MCiMJ for Pu-(C’1{2)n mixtures is 360 grams of Pu.

This ,MCN1is 30$4 lower thim the ,MCMfor Pu-wii[ermixtures. BeciIuseof the higher

reacti~’ityof Pu-(C’H~)nmixtures, the ciiticidity sufe[y limits for storage drums id w;jste

cw-riersare :~dju:tedaccordingly.

The higher reactivity is brlievcd to be lue to the higher hydrogen density of’polyethylene.

However, there arc no criticality benchmark measurements to confirm the calculation.

Proposed E.rperitnetll: Use PIIor HE[J foils layered with polyethylene to obtain a criticality

:nea>urementSenchmark.

Proposed L.ACEF
experimental

facility

Contact R. Rothe

EG&G Rocky Flats

P.o. Eox 464

Golden, CO 80402-0464

(303) 966-2989; FAX (303: 966-7326



Experiment 502i
Criticality Studit: That Emphasize Intermediate Energies

Contractor Requiring Data EG&ti Ro~kJFliitsCrlticnl ILIUSSLih)rutury

L-ategory Appl iuutions

Application bltlhiln~~currcn( DOE opcrii(iort

Rating Status Justlficu[mncomplc[txl

Priority Maximumprwticd attention

Descriptionof Mimy expcrimcnls htiw been done in tht! pust thu[ could be UMXIfor vImc dcgrcc t)t”cIJ&!

operation and \ul idtilion for lorry. chunky mctul s)’$[emsA for purc WN1nctidy pure w)Iu[I(m ~ym“m\.

experimental These experiments were the cmic~t 10do; they w’cre [hc Inost needed w,hcnnucIcur ti cupt)Ili

d,da needed were being mtinufuctur~d.A phmt hid pieces O!m~li~lid the rccot cry of [hc I“issik

component during suhsec~ucntprocessing Icad [o mwty kinds o!’tlsslIc WIU[ions. The recent

decision to slop manufacturing nucietir weapons chunges the rmture of rhe processes

involved in recovery to ~ large extent. This decision does not mukc the potentially

dangerous t-~ssilematerial go dway. Instetid.the material u ill be in u much less common

form: relatively large qui.mlitiesof fissile rnctal will siart showing LIpin reco~cry plums in

processes not encountered yeurs ago.

This waste WIII be ch:wacrcrizedby iI high-hydrogen content due 10 the ptiper. pliISIICS.

rubber, and other organic materials used. but they will also Imve fis$ik metal ccncenwatmns

in potentially criticul concentrations.

We propose to de”,ise a set of critical experiments that purposefully ~pproximate the fUX

ratio of typical waste strums. We intend io extend this study to include cases where the

fissile cent:.:ninants are not distributed uniformty.

Proposed LACEF
experimental

facility

Contact R. Rc:he

EG&G Rocky Flats

P.O. Box 464

Golden, CO 80402-0464

(303) 966-2989; FAX (303) 166-7326

Tral)s~fiaiii)dApplicutions
TIA - 15



Experimental Program 503
Validation of Criticality Alarms and Accident Dosimetry

L’ontracforRequiring Data Dep:irtmcnt of Energy Complex

L’ategory Applic;t[ions

Application (’rlti~ill][} ~il(~~y,rudidifm prcmxxion for wlwkers and fhc public

I)escriptionof

operation and

cxptrimcntal

data needed

was employd for international in[ercompdrisonsof accident dosime[ry for over 20 years

before its shutdown in 1986.

The data will be used to assure that ANSI and 1S0 Standards are correct. and that a proper

level of protection is provided [o workers and the public.

—

Proposed LACEF
experimental

facility

Contact R. Malenfant/K. Buttet-field

Los Alamos National Laboratory

P.O. BOX 1663; MS J562

Los Alamos, NM 87545

(505) 665-5645; F?.Y !505) 665-3657



I

I

I

Experimental Program 504
Accident Simulation and Validation of Accident Calculations

Contractor Requiring Data [)cpmmcnl d’ Energy C“omplcx

C’ategory .App!lL.’iIIlOl_lS

Application B;Jscllncdtitil

Rating Status Experimentalpfogfiitll

Priority Muximum practical attentmn

Descriptionof

operation and

experimental

data needed
.

accidents, a highly corwrvolive fissl-myield must be assumed for the 5AR. The results of

[his assumption are then reflected in overly conservative sys[cm dmign or in reduced

inventories of ma[erial.

Proposed LACEF
experimental

facility

contact R. Mtdenfant/K. Butretiwld

Los Alamos National Laboratory

P.O. BOX 1663;MS J562

LOSAhtmos, NM 87545

(505) 665-5645; FAX (505) 665-3657

Transp(JnatlotiApplic:\[i~Jns
T/A - [7



Experimental Program 505
Evaluation of Measurements for Subcritical Systems

Rating St:~tus Juslificutioncompleted

Priority .MilXllllUtT1priluliuisiu!Icntion

Descriptionof” This iwogrumis iiinwd:Mdclcloping it meter. or mwcrs, ro cvuluutc the dcgrcc of

operation and >ubcrltic;ility in u systcm or i!rr~)!of Iissile mderial. I“he nwd I’mwch ii meter has been

cxpcrimcntal long nxognimd, but Ihe difficulties involved iir~ oppurcnt: no such instrument has been

dataneuled dcvclopcd in the fifty ycurs of Workwith fissilc systems. Techniques that might be

cmplo}wd include ( 1) source jerk, (2) cross-correlation techniques, (3) Rossi-alphu,

(4) puIsed neutron, (s) reciprocal multiplic~ti~ntand (6) other. Successful de~elopmcnt and

\’i]lidti[ion of iI technique will contribute substantially (o worker and pub)ic safety i.tnd

reduce the degree of conservatism;.

Proposed LACEF
experimental

facility

Contact J. Richter R. Malenfmtt

Los Alamos National Laboratory Los Alamos National Laboratory

P.O. BOX1663, MS F699 P.O. BOX1663; MS J562

Los Alamos, NM 87545 Los Alamos, NM 87545

(505) 667-1390; FAX (505) 665-7725 (5U5) 665-5645; FAX (505) 665-3657

Transponation/Applications
T/A-18

-.—.—- ——-. ..-.—.— —,———.“--—--..... .. ..... . .- ...... . ... . . ... I



Experiment 506
Safe Fissile Mass Thresholds f“oran Array of”Waste Storage Drums

—
Contractor Requiring Data Swdia IN~(i~niil L;dmrutorics

Cilt(!gOrJ’ Applictitiuns

Application l{tsolkwtcchnicuiissues

Rating Status JUSIit’ic:ttilmut)n~plc[txl

Priority Rqhircd tor tk!w or tmgt)ing 1)()}} f)pcrtill(m

Descriptionof

opcra(ion and

experimental

data needed

representative of loadings in waste drums. We hope I(J csttiblishdrum if)ildillg~ hc]ow which

infinilc urr:tys tire crlticilli[y s:i~c.

The purpose of these cxpe:imcnls will bc to define Iowlingsbelow wh}uhinl”initc;m;t>s of

(ouching drums tire permissible with rto scptiriitionbetween drums required. Con}’crsely,

above this threshold limit, we could specify the safe center-to-center spacing for the drum

arrays and the upper size limit for the array (3x3x3, 4x4x4, etc.) with a specified fissile-

mass loading.
——.

Proposed In silu
experimental

facility

Contact J. Philbin

Sandia National Laboratories

P.O. Box 5800; Dept. 6523

Albuquerque, NM 87!85-5800

(505) 845-9036; FAX: (505) 845-9868

Trunspttnati(]ni:\pplic;i!ions
T/A - 19

..4.4---- .-.— . - . . . . . ,. . ,,.



Experimental Program 507
Simulator Development

(.”ontr:wtorRequiring I);d;i [}cp;lr!m:nl01’t{ncrgy(’tjnlplcx

(’ntegory .\pP1ILilI lolls

data needed truining.

Proposed LACEF
experimental

f’aci:ity

Contact R. Witlston

Dcpiwtlnentof Energy

Alhuquerquc opermions Office

SPD

Albuquerque, NM

(505) 846-1323; FAX (505) 845-6437

Trmsporration/Applications
T/A -20



Experimental PH)gI’iilIl3)8
Ihvclopmcnt of a Demonstration Experimen!

Contractor Requiring Data Los Alwnos N~IIUIMl L.d~twu[twy

C“ategory Appli~iltlons

Application Enhuncc current DUE opcrittions

Rating Status Expcrinwn[in progress

Priority Moximumprtwticditttcntion

Descriptionof

operation und

experimental

data needed

Proposed LAC’EF
experimental

facility

Contact R. Walston

Department of Energy

Albuquerque Operations

SPD

Albuquerque, NM

Office

(5o5) 846-1323; FAX (505) 845-6437

Transpomr(ion/.Applications
TIA - ?1



Criticality Experiments Needed to Resolve
Baseline Theoretical Criticality Problems

BaselineTheoretical
BT --1
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Experiment 601
Critical hltiss Experiments t“or Actinides

~)pcr:ition and rtii~( ivi[~;coctlicicnt nwusurc,mcntsin f~st-n~~titlit~s~nlblics. This [cchniquc results in Iurgc

experimental uncert:tintiesin ttw minimumcriticidmosses.The nuclides 2J6U, 2~7Np, 2J1PU, 242Pu,

dataneeded ~JIAm cxisl in the DOE cl mplex in quimtitiesexceeding criticid masses. However. there

hiivc Imn no direct measurements of criticality for any of these special uctinides. Therefore,

new measurctnents tire necessary for vtiiidiitingmuss ;imits [o be USC(Iin processing,

transport itn(l stortigcof this material. We con perform some of these measurements 10

determine the cri[ical mass tor these actinides ;md idditiunul. refined worth metisurem~nts

t“or!he xtinides with higher utomic numbers.

‘rhc results of this progrtim wouid tiddrcss known inudequxies in the stimdard ANSVANS

S.15, “’NuclearCriticality Control of Special Actinide Elements.’”

Proposed LACEF
experimental

facility

Contact R. Simchez

Los Alomos National Laboratory

P.O. Box 1653; MS J562

Los Alamw, NM 87545

(505) 665-5343; FAX (505) 665-3657

BaselineTheoretical
BT -3

. .



Experiment 602
Neutron Absorber Property of PVC

ConstructorRequiring Data Appliuublc [0 most Dcpilrlmuntof Energ!, constructors

Category lhwline thcordicid

Application LimitedInterest for DOE contractors

Descriptionof P\’C pltistiuRaschig rings tim used tts u fixed neurron poison In tis~ilc muttriitt wdu[i(ms,

operation and sirniiiw[o the usc d’ Pyrexgluss Rw:hig rings.Expcriment:dcri[iculityd~ti~cxi~ts t“or

cxpcrimcntal chlorinutcd-PVC(which is similur to PVC), but ircriticirlbcnchmilrk is slill iicm.kdfor PVC

data needed tubes or rings in urimium solution tc meusure and confirm the neutron-absorption property

of PVC. The neutron tibsorber in PVC is chlorine. The ad~’antagcsof PVC’o~”ergltiss iirt

( I ) corrosion rcsistimce in the prescrw of tluoride ion, and (2) no br~tikiigtii~with gitis~.

Proposed L.4CEF
experimental

facility

Contact F. A!corn

Babcock & Wilcox Company

Research& Development Division

P.O. Box 1[ 165

Lynchburg, VA 24506-1165

(804) 522-5157



~~per~m(’nt ~()~
f2f”f’cctof’ Poorly Absorbing, Neutron-Scattering El~ments on (’ritical Size

(ContractorKcquiring DiIta ‘A’t~[i[lgi}{~ll>~iIimtord(~~lllpilll~

L’ategory Bmclinc thcorc[ic;d
Application F.nh:Inucocurrent D(.)E upcr~ttion

.—————. — ——.——
Rating Status Expcrllntnt in progress

Priorit;’ Less urgentthun priority (2)

Descriptionof’

nperation and

cxpcrimcntol

ditta ncedt’d

Proposed
experimenml

facilily

Contact

LACEF

D. Ruthcrfor(.t

Los Alumos Na:iorml Ldxmtcrry

P.0. Box 1663; MS J562

Los Alamos, NM 87545

(505) 665-5038; FAX (505) 665-3657

BusclineTheoretical
BT -5



Experiment 604
Unusual F’issi!e Shapes

Contrtictor Rquiring Duta ,\ppl ic:lblc 10 nlost D~’purInwntot”Iirwrgy L’~ln[rilClors

C’titcgory Bit\~lin~ [he~)retic;ll

Application Enhuncc current DOE operiition
—.

Rating Status Justil’ictitioncompleted

priority [.ess IIrgcn[ than priori[y (2)

Descriptionof

operation and

experimental

data needed

the KENO code and ‘“hole routines” in the MONK code) tire idwiIys vulida[ed iiguinst the

stanchrd shapesbe~auseessentiidly no experimental data exist for nonstandardgeometries.

It is proposedthat u seriesof criticul experimeim be supportedthat will pro~ide

nonstandardgeometries (cones, truncated spheres,hemispheres,annular tanks with

nonuniform annuli, triangular tunks, etc.) to validate the nonstandardgeometry calculations,

Proposed LACEF
experimental

facility

Contact R. Malenfant

Los Alamos NationalLaboratory

P.O. BOX 1663,

Los Alamos, NM 87545

(505) 667-4839; FAX (505) 667-3657

R. Rothe

EG&G Rocky Flats

P.O. Box 464

Golden, CO 80402-0464

(303) 966-2989; FAX (303) 966-7326

BaselineTheoretical
BT -6



Experimental Program 605
Measurement of Delayed-Neutron Parameters and Time-Dependent,
Delayed-Neutron Spectra for ~~~U, zJ~U, ~-~7Np,~~~Pu, and 241Am

Contractor Requiring Data Appli~iibl~ 10 most Dcpartmnt ot Energy contrtic[ors

Category Biisclinc theolctica[

Applici\tion Use in modeling criticality accidcn[s, reilc[(~rkinetics, WI(I subcri[iciility

meusuremenls

Rating Status Justification complcled

?riority Required for new m- ongoing DOE operti[ions
——

Descriptionof Sys,.m-applicable,delayed-neutronparametersshouldbe measured for Godiva, Big Ten,

operation and Flii[to~, Shcba, und for severul thermal and fast systemson Honeycomb. The parameters

experimental include the deluyecl-neutronyield for each system, the delayed-neutron fraction for each

data needed deluy group,and [he delayed-neutron spectra as a function of lime after fission,

Proposed LACEF
experimental

facility

Contact C. Goukling

Los Alamos NationalLaboratory

P.O. BOX 1663; MS J562

Los Alamos, NM 87545

(505) 667-0769; FAX (505) 665-3657

BawiineThe(mticid
BT -7

——.



Experiment (i05a
Delayed-Neutron Fraction Measurement 1“l-Orn2“~7Np

L’ontractorRequiring i)uta L AINIIII)S N;IIIon;Il Lilbol;i[or)”

(_”atcgory F1. I\tSIII}C th~~r~tt~i~l

Application t{llhancc current l>OE opertiti~]n
—

Ruting Status Jus[if”icmion complcId

Priority Rcquird for new or ongoing DOE opcr:][l~)n

Descriptionof

operation and

experimental

data needed

Proposed
experimental

facility

I’ery smutI self-muIIipl ic;llion; u 1-gm wnplc

detectors will hc used 10 meusure[hc neulron

5 Mev.

The fissions will be prcduceclusing Godiva-IV, and the turge! sumpleswill ix transferred

using the existing pneumatic system [hat connectsthe existing counting system in Kiva III.

LACEF

Contact C. Goulding

Los Alamos National Laboratory

P.O. BOX 1663; MS J562

Los Alamos, NM 87545

(505) 667-0769; FAX (505) 665-3657

BaselineTheore[kxd
BT -8

— ——-———-- — - --- -— - --



Expcrimcilt 605b
of’ ‘rime-Dependent, Delayed-Neutron Spectra

Appllc;iblc to Im)s[ I)cpilr’lllM!rlIof Energy clmlrilclors

Bosclim thcuretictil

RCM)IVCtcchnicid issue
.—

Proposed LACEF
experimental

facility

Contact C. Goulding

Los Alumos Na[ional Laboratory

P.O. BOX 1663; MS J562

Los Alamos, NM 87545

(,505) 667-0769; FAX (505) 665-3657

—..- .- k . . . . . .- . . .



Experiment 606
Establishing the %’tilidityof’ Neutron-Scattering Kernels

-.——
L’ontractor I{cquiring !)at;] Aj)pllLilbit 10 lllt~sl Dcp;irttucn[ LIl”I{lKI’U}Ct)nlr:w(ors

Proposed N1$T, LACEF
experimental

facility

Contact C. Hopper

Oak Ridge N~tional Laboratory

P.(). Box 200S

Oak Ridge, TN 37831-6370

(615) 576-861 7; FAX (615) 576-3513

BaselineTheoretical
BT -10



Experiment 607
Extending the Standard ANSI/ANS 8.7 to Moderated Arrays

Contriictor Requiring I)iltil Appliuublc [()Il)u\t f)tpilrl I11L211101”EIICrg) ctmtrdc[ors, 1<11~’k)FliilS Plilllt,

Los Alii[~]osN;l[i(millLuborutory,Sat’:lnnuhRiver Site, Y-12, ( ):IkRidge

tNiitioni\lL:Ih mimry. Luwrencc Livcrmorc Nti[ionulLtibor;lf(my

(’:ttcgory lkclinc th~(~r~tici~l

Application f-lflhilnCCcurrent DOE n~er:i[ion
.—

Rating Status .Jus[it”ic:i[ioncompldctl

Priority M:IXim~trl]priic(ic~lultc~[i(]n

Descriptionof

operation and

experimental

data needed

This ANSUANS s[i]ndimlS.7, “Guide for NuulctirCriliculily Stifety in [he S[orugt)of Fissilc

jM~terials,“ currently ilppliCS[0 low-moderutcd unclunnmicrimd fissilc material. A

cri[ic;ili[yexperimentui pmgrwn will extend this sumd~rd [o moderti[cdurrays its well. Th}s

s[imdwxlhas a high level of demonstrated usefulness in siIfcty imidysesfor fissile materitil

stomge and trmsportation. The experiments would vary iirmy unit moderation, array size,

tirray spacing, and mom return on a parametric basis.

Proposed L.4CEF
experimental

facility

Contact C. Hopper

Gak Ridge National Laboratory

Building 6011; MS 6370

Oak Ridge, TN 37831-6370

(615) 576-8617: FAX (615) 576-3513



Experiment 608
Fission Rate Spectral Index Measurements in ‘l%r~~ ~sscn~l}lits

Contractor Requiring Data Pomn[ltitusc by lkpilrtment ot Energy Cross-Scc:ion W’orkingE\~ilu~lion

Group

Category Buselirw[heorericui

Application Resol\c technic;~lisw

Rating Status -lustiticationcompic(cd

Priority Maximum practiu:il iittcrllitln

Descriptionof

operatiorland

experimental

data needed

In 1973, tission rutes for the isotopes 2~5U,‘~xtr, 2~7Np,and ~~()Pu were mcdsurcd In [hc

neutron spectra U(the center of Flattop, with a 937c 2~~Ucore, und Big Ten, u 10% ~JsU

msembly rmchine. However, these duta tire suspect, since the detector de~’eiopeclu leak

during [he measurements.

The purpose of this experiment is [o repeat the 1978 measurements imd provide more

reliable data for use to validate dit”ferentialfission cross sections in different spectral

systems. In addition, other measurements could be made using actinide samples, particularly

the threshold fission actinides 23gPu,242Pu,etc.
.—

Proposed LACEF
experimental

facility

Contact D. Barton/D. Rutherford

Los Alamos National Laboratory

P.O. BOX 1663; MS J562

Los Alamos, NM 87545

(505) 665-5038; FAX (505) 665-3657

BaselineTheoretical
BT-12



Experiment 609
Validation of Calculational IYlethodology in the Intermediate Energy Range

(’onhwtor Rquirinfl DW L[)i Al; IIHI)\N;iilorti!l L;d-mra[t)r},();lk Ridge NtitiontilL,iborti[ory.Rocky

.awrcncc Li\’crmoreNtitionalL~borwory,

Rating Status Jus[i!ictition comple[ed

Fissile Mdferiillin fticilitiesunder remedifitionand decommissioning tire

subject to low-mod eru[ionand generate intcrme(.1iutc erwrgy spectru,

Prinrity Miiximumpraclicatattention

I)cscriptionnf Crl~jc~lit},c:llcula[ion~for sy~[enlsinkolving r~lii[it’~l}rthin fissile rcgicm~(I- [o 3-mm [hick

operation and wpurutcd by 1 to 3 cm of”h)drogenous muteriul) wtmld depend w-r[he Jccurticy of cross

wpcrimcntal wxtions pertinentIO[how systems. A setirchot”[he Ii[eraturc fuils to find tiny ~iitic~l

data needed experiments for which ~ Itirgefruction of the fissions occur between neutron energies of

1CVimd 100 KeV. Mimyexpcrinwn[s huve been done for [hermal systems (fissile

solu[ions) for which nearly all fissions occur tit energies below 1 eV.

At the other extreme, many experiments have been done for “fast” systems (fissile solids)

for which neur]y all fissions occur at energies iibove 100 KeV and up to 2 .NfeV.

This si[uation Ieuves i very large rimgeof systems which huve never been tested

experimentally. For any thermal systems, neutrons must decelcrute from ftist [o thermal.

The neutrons exist and interact at many energies between fast and thermal. Fur(her.more,

[his region is often characterized by the “m.sonanceregion,” which exhibits wide

fluctuations in cross section.

One does no[ know if good agreement bet~~een theory and experiment for a thermal system

is the resuh of:

1. error cimceiing in lhe codes that handle neutron deceleration through these energies:

or

2. a real bias in the code that happens to be in opposition to the errors in the code’s

handling of neutron deceleration.

(continued)



E.tpcriment610 (ctmtitllted)

Descriptionnf onc doci not linow it imobstm’cdbiiis be[wcen theory iin(l cxperimcn[ !“oril thermul systcrn

experimental
data needed 1. errors in the code’s htindling

which do not cancel; or

ot neutron deceleru[ion [hruugh these energies, errors

uddecito, subtracted from, or untiffcctcd by ~h: code’s

himdling of neutron deceleration.

These cross sections ure defined in the existing cross section clutasets, but Jiule data exist to

vet-i!}that [hese cross sections MCcorrectly represcntul.

We have designed tinexperiment to provide such a test.

Proposed LACEF
experimental

facility

Contact R. Anderson

Los Alamos National Laboratory

P.O. BOX 1663;MS J562

Los Akimos,New Mexico 87545

(505) 667-2821; FAX (505) 665-3657

BaselineTheoretical
BT-14



Criticality Experiments Needed to Support
Criticality Physics Operations

CriticalityPhysics
CP -1
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Experimental Program 701
Investigation and Development of Subcritical Measurements

Contractor Requiring Data Los Alamus National Laboratory, Oak Ridge National Laboratory, Rocky

Flats Plant, Lawrence Livermore National Laboratory, Sandia National

Luborctories

Category Critirulityphysics

Application Handling and stcvpe of significant quantities of fissile material,

(e.g., Complex 21)

Rating Status Justification completed

Priority Required for new or ongoing DOE operalion

Descriptionof

operation and

experimental

data needed

Measurement of the delujed critical point is relatively easy and commonly done. The

measurement of kef~< 1.0 is more difficult w-iththe situation getting worse as the

measurement is attempted further away from critical.

The availability of a simple reliable measurement of subcritical reactivity would be valuable

for many applications:

9

●

●

Periodic checks on the subcriticality of storage areas — checks on the 10SSof

hydrogen or the leaching of poison from storage vault concrete.

Measurement of the reactivity of reactor core subassemblies before they are inserted

into the reactor core.

Measurement of the reactivity of SNM or SNM waste before these materials are

inserted into highly reflecting and moderating well counters and assay chambers.

Developing procedures and investigating the accuracy and ranges of validity for a number

of techniques used in subcritical reactivity measurements would provide valuable results for

much of the DOE community that handles or stores significaiit quantities of SNM.

Techniques that would be employed include (a) source jerk, (b) cross-correlation

techniques, e.g., zszcf noise analysis, (c) Rossi-alpha, (d) pulsed neutron, and (e) reciprocal

multiplication.

(continued)

CriticalityPhysics
CP-3
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Experintent701(continued)

Proposed LACEF

experimental

facility

Contact R. Anderson

Los Alamos National Laboratory

P. O. BOX 1663; MS J562

Los Alamos, NM 87545

(505) 667-3346; FAX (505) 665-3657

CriticalityPhysics
CP -4
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Experiment 702
Spent Fuel Safety Experirnej ‘e .x)

. . . —
Contractor Requiring Data Simdiu NtitiontilLtibortitories

Category Applic~ble experiment ci~tegories

Application Applicti(ionstirethroughoutthe DOE complex for the storage,

trtinspm-wion,disposal of spent nuclear fuel from DOE reactors as well as

from commercial rctictors in support of the Civiliun Radioactive Wuste

Management Program. DaIti from these experiments could also be used by

commercial reactors and the NRC to evaluate on-site stortige of spent fuel.

Rating Status Jus[ifictititmcompleted

Priority Maximumprticticalattention

Descriptionof The following information is required to validate bum-up credit:

operation and 1.
experimental

data needed

2.

3.

4

Fuel Rod Consolidiition.

The MRS may provide the capability to disassemble fuel assemblies and consolidate

the fuel rods in storage canisters. Experimental data will benefit the safety and

economics of this operation.

Spent Fuel Burnup Versus Reactivity.

DOE contractors and NRC licensees are interested in obtaining criticality data for

spent LWR fuel to confirm calculations. Operational and storage restrictions can be

significantly reduced if credit could be taken for burnup. The calculations must

account for: ( I) 235Udepletion and fission product formation, which decrease

reactivity; and (2) the formation of plutonium, which increases reactivity.

Reactivity Worth of Spent Fuel.

The reactivity worth of spent fuel samples that are from a fully characterized spent

fuel assembly would have to be experimentally verified.This verification would

include chemical assay data.

Approach to Critical

An approach to critical would have to be performed for (1) an array of fresh fuel

rods (the lattice should be composed of differing enrichment rods, water rods and

Gal-bearingrods to simulate BWR); (2) central rods replaced with spent fuel that

represent average assembly conditions; and (3) central rods rep!aced with spent fuel

rods that represent the bumup that is typical of the tips C: fuel rods and is a

consequence of the axial bumup distribution in PWRS.

(continued)

CriticalityPhysics
CP -5



E.qwrimnf 702 (confimed)

Proposed SNL

experir mtal
facility

Contact M. Brudy
Sandia National Ltibomtories

Albuquerque, NM

(505) 845-9099; FAX (505) 844-0~44

CriticalityPhysics
CP -6



Experimental Program 703
Differential Parameter Measurements

Contractor Requiring Data Rock) I-Ms CriticulMms L;tborutory,Dcptirtmentof EnergyComplex

L“atcgory Criticality physics

Application Enh;mcccurrentDOE operaiion

Rating Status Justificuticmcompleted

Priority Required for new or ongoing DOE opertitiun

Descriptionof

opmttion and

experimental

data needed

A[ the present time, all code \“alidationis done by comparing only the one “’lntcgral”

purumeter, nwnely ke~~,between experiment tind theore[icd cdculution. This v~’lddlon IS

done only M deluyed criticidity, or ke~t= 1.00. However, computer codes give much more

information than just this single, integml parameter. They give neutron fluj.’~s,or currents in

vtirious regiurls, and a wealth of other data.These might be called “differential ci~[a”

becuuse their absolute value would depend on the instantaneous power !evel of the critical

configuration. Still, the relative magnitude of some differential parameter ,~:onc location

relative to another location would be independentof power jevel. This !namiiude would be

another independent test of the code’s ability to estimate the real conditions.

We propose to set up an experimental program to measure these differential parameters in

addition to the integral purameter, ke~f.Such a study would be designed to assure that an

observed perfect agreement between theory and experiment (zero bias) in a particular

validation was not just due to the accidental cancellation of opposing errors within the code.

Experiments within this program would be very simple geometrical systems; and the

material compositions would be almost irrelevant. However, the boundaries between one

material and another should be clearly defined at least in two widely separated locations. I

I“his will promote more effective utilization of all data available such as in Experiments 208

and 608.

Proposed LACEF

experimental

facility

Contact R. Rothe

EG&G Rocky Flats

P.O. Box 464

Golden, CO 80402-0464

(303) 966-2989; FAX (303) 966-7326

CriticalityPhysics
CP -7



Experimental Program 704

Homogeneity versus Hcterogcncity

Contractor Requiring Data Department of Energy Complex

Category Applicable experimental categories

Application Enhi.mcecurrentDOE upera:ion

Rating Status Ju>:ificiltioncompleted

Priority Required for m’wor ongoing IX)E uperulton

Descriptionof

operation and

experimental

data needed

Several experiments should be performed to illustrate [he dift”icultlesin mtiklng ~implifyjng

assumptions, which tire of generid interest for developing second-order correcti(ms to

analytical techniques.

For example how small nmst a

before one can consider that a

cell of one ma[erial

truly heterogeneous

surrounded by wwther mutcri~lbe

mix[ure is neuwonically homogeneou~’.’

One example of this problem would be Raschig-ring-filleclttinks containing !issile so;ution

Another example would be a uniform suspension of’foreign nuiteriid in tin o(herwiw

homogeneous fissite solution.

The practical issue is this: are we wasting too much time calculating and modeling

heterogeneous systems when not much accuracy would bc lost in assuming that the entire

system is homogeneous’!Or, conversely, dc we too easily n]ake the iissump:ionof

homogeneity when we should be modeling a heterogeneous system?

Although these questions are usually answered by calculations, it would be desirable to

vatidate several of these calculations by a few seiected experiments,

Propos~d LACEF

experimental

facility

Contact R. Rothe

EG&G Rocky Flats

P.O. BOX464

Gotden, CO 80402-0464

(303) 966-2989; FAX (303) 966-7326

CriticidityPhysics
CP -8



,\ pplic.:;ti(,n t.[ll):tnccc[lrrcn[ 1X )E (Jpcr;itlot);all }1)llrog~”ll(]usl])dlcri:tli

~1lrnplc,K SOILI[ iorl SLICh ii!, il ni[r;t[c ~(]1IJ[ion o!”ii tnci;l 1 \;. ![—[() much hertcr [htin f 5‘1.. The

imptic[upon [hc cuicuiu[cdkey, howe~er, proves [o be 3-times more sensitivc [o

uncertainties in H conccn[riltionthim to the mctisurernentuncertainty in b. or Pu

conccntriition. Thus, ii the uncertainty in H concentration contributes tibou[ 15-1imcs more

to errors in kett [himdoes [he uncerttiintyin the fissile content

We propose to develop a laboratory method (o measure the hydrogen conient of iI [rue-but-

complex solution to be[ter thim t 0.370.

Proposed LACEF

cxperimcmtid

facility

Contact R. Rothe

EG&G Rocky I-!iirs

P.O. Box 464

Golden, CO 80402-0464

(303) 966-2989; FAX (303) 966-7326



Experiment 706
“Dry Water”

Contractor Requiring Data Depmlmenl 01”Energy Complex

Rating

Descriptionof

operation and

experimental

data needed

Category Applic~blc expcriment:ii cillcg[~rics

Application Enhancwcurrcnl DOE opcm[ion

Status Justificti[ion comple[cd

Priority Required for new or ongoing DUE operation

We propose (o design tincxpcr-inwnt10 rneiisurt [he cri[ic;il pilrti[l]~[criot”;] fi~s]le

“’solution’”where hydrogctl cuntent is irccurti[clymeusured. I’h}svtmld be il~~t~lr]pli\h~d

by ‘ ny :1“dry” fissik solution composed 0! powdered, or f’rnc1) grourrd, pldslIU

granules wm the powdered oxide of u fissile mctul. This mixture should h~iw ttre \~IIICH/X

ratio M an aqueous solution might have, but it would be bet[er known treuawsethe

laboratory ~nalysis o! both [he rneti.doxide and the plastic would be wxurm in btlrh CMCS

The granuli.rrsize of [he powders would have [o be small enough w) [hii[tfle f“ilbri~ii[~d

“solution” would neutronically resemble a homogeneous si[uation in spi[e of the obvious

fact that any mixture of plastic and oxide would be truly heterogeneous.

Proposed LACEF

experimental

facility

Contact R. Rothe

EG&G Rccky Fiats

P.O. BOX464

Golden, CO 80402-0464

(303) 966-2989; FAX (303) 966-7326

CritictilityPhysics
CP - 10
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Experiment 707
Anomalous Critical Experimental Results

Contractor Requiring Ilata Dcp:ir[men[of EnergyComplex

C’iit~~Ol”}’HE(J, f)ll,Cri[icillityPhysics

Application Resolve [cchnictilis~ue

Rating Status Ju\titiu~i~ioncunlplctcd

Priority Rcquird (or new or o[lgoing DOE operti[lm

Descriptionof

operation and

experimental

data needed

Whc[l .ri[iual .Ixperlllml]t;l!results iir~compared with the results of Monte Curio

ctiiculti[ions,[he ~:tlculutedii]lll~sof ket~tire typicully wi[hin u few percent of 1.0. There tire,

howekcr, scver:llcri[icillexperiments for which the culcultitedvalues of keff are near 0.90.

These ctilcu!ated keIt factors tire quite fur from the expected vtilueof 1.0, and are

nonconser~’ative.These experiments included an array of high-enriched uranyl nitrate slabs

und cylinders, a Al bill: rellected by Be, ii[]dothers. Se\eral of these experiments should be

repeuted in order [o confirm if the experimental results are incorrect or if the codes are

wrong.

Proposed LACE+

experimental

facility

Contact R. Anderson

Los ,%lamosNational Ltiboratory

P,O. BOX 1663; MS J562

Los Alamos, NM 87545

(505) 667-2821; FAX (505) 665-3657

Cri[iculityPh>\ic\
CP - I I
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Experiment 801
Fuel-Processing Restoration Project

Contractor Requiring Data Westinghouseld;lht]Nuclear Compuny

Category Highly enriched urimium

Application Supportnew DOE progrum

Rating Status Experimentin progress

Priority Requiredfor new or ongoing DOE upcrtitlon

Descriptionof The Fuel-Processing Restoration Project is in the find]dcslgn >t+y. The urt[icolity

operation and

experimental

data needed

experiments needed to support design and operation huve been identified und i~rcIn

progress at the Los Alamos Critical Experiments Facility.

Proposed

experimental

facility

LACEF

Contact J. Tanner

Westinghouse Idaho Nuclear Company

P,O. Box 4000

Idaho Falls, ID 83403

(208) 526-1361; FTS (208) 583-1361

ArchivedExperiments
AX-3



Experiment 802
F1uorineI and Storage (FAST) Facility

Contractor Requiring Data Westinghouse[diiho Nuclear Company

(’attgory Highly enriched uranium

Application Supportnew DOE program

Rating Status Experiment complete

Priority Requiredfor new or ongoing DOE operation

Descriptionof The Fiuorine] and Stomge (FAST) Facility is now in operation. A series of criticality

operation and experiments [o support this ftici!ity were completed in 1986. One ;idditional experimen[

experimental remtiinsto be completed.This is an experimentto measure the effect of a cadmium/boron

data needed poison mixtureon [he cliticol size of a cylinderof U(93) uranylnitrate(see

Experiment 103).

Proposed LACEF

experimental

facility

Contact J. Tanner

Westinghouse Idaho Nuclear Company

P.O. Box 4000

IdiIftoFaiis, ID 83403

(208) 526-1361; FIX (208) 583-1361

ArchivedExperiments
AX-4



Experiment 803
Mixtures of Soluble Boron and Cadmium

Contractor Requiring Data Wes[inghouw Idaho Nucleur Cot]]piin~

Category Highly enricned uranium

Application EnhtincccurrentDOE operil[i(~n

Rating Status Justificationcompleted

Priority !vluximumpracticalattention

Descriptionof

operation and

experimental

data needed

The use of two soluble neutron poisons (boron plus cudmium) in u tissile sulu[iljn rcw]lt>in

two benefits. First, one poison is a backup, chemically. to the other. %cond. wl~im[~gecm

be taken o!”the brotider rtmge of neutron-ilbsorptioncross sections in the -cs{mtinccreglcm.

Becimse their high-neutron-absorption cross wtions occur tit dll”fcrentneutron energies

(even though they o~eerlap),boron and c~dmium [ogether may k more etfcctl uc in sume

operations than either one alone. The uctual murgin of safety wId] two poisons, howe\er, is

not known—the synergistic effect has not been measured. A benchmark criticid experimen[

is needed to verify this concept. The first application would be the Fluorinel and Srorage

(FAST) Facility (see Experiment 102). The Westinghouse Idaho Nuclear Company is

anxious that this experiment be performed to provide support for their tluorinel-dissolution

process operations.

Proposed LACEF

experimental

facility

Contact J, Tanner

Westinghouse Idaho Nuclear Company

P.O. Box 4000

IdahoFalls, ID 83403

(208) 526-1361; FTS (208) 583-1361

ArchivedExperiments
AX-5



Experiment 804
Glycol-Water/Boron Mixture

Contractor Requiring Data y. 12 p]unf(M;lr[lnMtit-iettaEnergy systems)

Category Highly enriched urtinium

Application Enhance current DOE operation

Rating Status Justification completed

Priority Requiredfor new or ongoing DOE operation

Descriptionof - “ “ - . . - -. . . ... . , .- . . . . . . . . .

operation and

experimental

data needed

Personnel iit the Y-12 P[iInthave Identltied the need for this experiment Ior highly enriched
2351-Isystems. The g]ycoi/wa(ermixture is used as a coolant in machining operations. The

boron concentration in glycol/water solutions can be made several times higher than in

water alone before boron precipitation occurs. A criticality measurement of a simple

water/boron system could result in more economical operations.

Proposed

experimental

facility

LACEF

Contact W. Mee, Superintendent

Radiation Safety Department

Martin Marietta Energy Systems, Inc.

P.O. Box Y; M/S 3

Oak Ridge,TN 37831

(615) 574-3534; FTS (615) 624-3534

ArchivedExperiments
AX-6



Experiment 805
Carbon-Reflected U(93) Plant (MMES)

Contractor Requiring Data Y-12 Plunt[MurtirtMi.triettaEnergySystems)

Category Highly enriched ur:mium

Application Enhance current DOE operution

Rating Status Justification completed

Priority Required for ww or ongoing DOE operation

Descriptionof Mnr~ refined criticality data on carbon-reflected

operation and in production improvements tit the Y-12 Plant.

experimental

data needed

93%-enIiched uranium metal could result

Proposed LACEF

experimental

facility

Contact R. Vomehm

Martin Marietta

P.O. BOX 2007

Y-12, MS A238

Oak Ridge, TN 37831

(615) 576-2289; FAX: (615) 241-2772

ArchivedExperiments
Ax-7



Experiment 806
U(93) Metal Reflected by Refractory Materials

Contractw Requiring Data Y-12 Pht (MortinMariettaEnergy Systems)

Category Highly enriched uranium

Application Enhance current DOE opertition

Rating Status Justification completed

Priority Required for new or ongoing DOE operation

Descriptionof

operation and

experimental

data needed

No experimental benchmarks tire available for common and specitilized ret”ractory

muteritds. It is expected that benefits to the Y-12 Plant and other operations will justify the

experi mcm.

Proposed LACEF

experimental

facility

Contact R. Vornchm

.Mw-tinMiirictt~~

P.O. Box 2007

~-12, MS A238

Oak Ridge, TN 37831

(615) 576-2289; FAX: (615) 241-2772

kchi~d Experiments
AX-8



Experiment 807
Multi Megawatt Reactor I%wgram [canceled)

Contractor Requiring Data Idtiho Nation;il Engineering [.ubomtory

Category Highly cnrichcd urimium

Application Support new DOE progritm

Rating Status Justification completed

Priority Requiredfor new or ongoing DOE (Jpcriltiu[]

Descriptionof Plimning is in the preliminary stages for thi~retictorprogriim.The RFPs will t-wcviduatc(lin

opcrution nnd the full of 1987. The need for crilicali(y experiments [o support this projec[ should be

experimental iissessed ubuu[ J~nuilry 1‘)88.

data needed

Proposed LACEF

experimental

f:wility

Contact J. Lake, Mtinager, Nuclear Engineering

Lti&ti lll:lllf),inc.

Idaho National Engineering Laboru[ory

P.O. BOX 1625

Idaho Falls, ID 83415

(208) 526-7670; FI’S (208) 583-9054

ArchivedExperiments
AX- Y



Experiment 808
Compact Nuclear Power Source (CNPS)

Contractor Requiring I)ata Not ycl identified

C“atcgory IJlw enriched U

Application Suppotl new, I~1)f}progrum

Rating Status Experimentcomplete

Priority l<c~iuircdfor new or ongoing DOE opera[ion

Descriptionof The CNPS will comprise ilb~ut492 fuel pins in a gruphite mutrix, armnged in a

operation and 4.775-cn]-squtire Ii\t[ice.The fuel is 19.9(1-enriched 235U in u urtinium-uurhon-oxygen

cxpcrimcntal mixture. The ful’1pins tire 1.245cm in diameter, und [hc f“IIeli~ 1().65g/cn]3. Consideration

data needed is being given to mili[tiryusc (United Stu[cs) iind civilian usc (Ciiniidii)for the CNPS.

Two phases of criticality experiments to support [his program hu~e been identified as

follows:

PhastI /: Experiments to support reactor technology.

These experiments arc in pro~ress at the LACAF.

Phase 2: Experiments [o support criticality safety applications.

Experiments will be needed [o support nuclearcriticalitysufety in the areas of fuel

fabrication, storage, transport, and reprocessing.

Proposed LACEF

experimental

facility

Contact E. Hansen

Advanced Nuclear Technology

P,O. BOX1663

Los Alamos National Laboratory

Los Alamos, NM 87545

Archi\wl Expcrimenls
AX -10



Experiment 809
Refurbishment or Replacement for N-Reactor

Contractor Requiring Data WcstlnghouscHanfordCompany

Category Low-enrlchcduranium

Application Supportnew DOE progrtim

Rating Status Justificmloncompleted

Priority Required for new or ongoing DOE opcru[iort

Descriptionof

operation and

experimental

data needed

If [he N-Reoc[or is repluced und u different fuel type is used in the new r~ii(.l~r,new

cri[icalily cxperimen[s WIIIbe needed to support this rcaclor. Rcqulrcmert[sw’111not be

clariflcd, however, until 1988-1992.Several options currently exist I“orthis projccl: use of u

WPPS nuclear fuel reactor, currently under construction, or construct ti new production

reactor.

If the N-Reactor were placed “ a tritium production mode, different fuel elements will be

used in the reactor. The fuel could use some higher enrichment and be made out of a

special alloy. Critical mass measurements or in siru measurements would be needed to better

define operational critical mass parameters. The need for such measurements would be

identified in FY 1988- 1989.

Proposed LACEF

experimental

facility

Contact H. Toffer

Westinghouse Hanford Company

P.0. Box 1970

Richiand, WA 99352

(509) 376-2894; ITS (509) 444-2894

Archived Experiments
AX -1 I



Experiment 810
Special Isotope Separation (S1S) (canceled)

Contractor Rcxluiril\g Diltii Westinghouse Idilht)Nuclctir Company

( ‘itt~gor~ Plutonium

Application Supp~)rlncw 1)01}im]grum

Rating Sti\t~s Jll\[lt”i~il!lill)~~)i]]!)lt[(.d

Priority I{cqulrtd t“urllci~,(wIIllguingL)Ot\ (Jperittitln

Descriptionof

operation and

cwperinwntid

data needed

‘rhc Spcciid Isottlpe Scpartil](m(S1S)project w]ll Wpilril[t!23’)Pufrom plutonium mixtures

high in 240PU.I-hperinwnts needed to support S1S huvc no[ been completely def”ined.

Expected needs iiit given below:

/JUC!J.S~duIi~w.s:The S1S facility employs an uqucous process involving PIICl~solution for

[he recovery of plutoniunl from [he wuste strewns tJf’vuriotts pyrochemiciiiprocesses,

Critici]litydatti on PuCl~solution system is currently no! avtiilabie;hence, cri[ical

experiments on PuCl~ solution tire needed before ( ]) the credit presented bj’ ch!orinc M iI

neutron poison can be properly iIccoumcd for in the design, ml (2) the cidculatiomd

mcthuds used in the design can bc properly vuli(fated.Such criticitlity datu tire also

berwf’iciiiltu other plutonium facilities using hydrochloric acid as u means of plumnium

recovery.

Plutoniwn H-vdride:The S1S facility employs a hydriding/dehydridingprocess for the

recovery of plutonium from [he AVLIS system. No criticality data on plu[onium-hydride is

curren[ly available, iin(fdesigning the process or veritying the design purztmetersbiised on

criticuli[y duta of other forms of plutonium may or may not be conservative. Thcrefnre, a

need for critical experiments with plutonium-hydride is identified for the design, as well as

for the validation of the culculational method.

.Salf-Rej7ecfed/ModeratedSystem: The pyrochemical processes employed by the S1S facility

involves plutonium metal in a sidt-reffected/moderatedsystem.

Proposed LACEF

experimental

facility

Contact W. Jensen, Nuclear Safety Branch

U.S. Department of Energy/Operational Safety Division

785 DOE Place

Idaho Falls, ID 83402

(208) 526-1387; FIX (208) 583-1387

ArchivedExperimejlrs
AX-12



Experiment 811
Neutron Absorber Property of Pyrex Cylinder Walls

Category Cri[ic:llityPhysics

.Application S~lpp(Jrlnew D()li progrum

Rating Status .Jus[tt’i~”;ltionuomplc[td

Priority Less Ilrgcnt [hiin priority (2)
—

“ escriptiun of’ The boron in Pvrex gklss cylinder W:IIISreduces the neutrt~li in[cr;IUIIon hctwren cyIimiers.

operation and This suggests thu[ Pyrex glass cylinders in iI slorage wr;iy couId b~”closer together th;tn

experimental prcse]][ pritctice. Before }[orugeopcrittions ctin htke ~dv~n[ugc’~]f thi~ redUWI ~pii~ing,

Note: The poisoning effect of Pyrex cylinder wiIllsc{~uldbe ~[udimlduring [hc ncutrfm

mrerac[ion expcr]ments (see Experiment 601).

Proposed LACEF

experimental

facility

Contact D. Rutherford

Los A1~mosNuticmidLaboratory

P.o. “,f!x 1663

N-2, MS J562

Los Alamos, NM 87545

(505) 665-5038; FAX (505) 665-3657
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(;loS3ilr~of Nuckwr(’criticalityTerms

albedo, neutron: The prwh;ihili[y, umlcr specit’iedcondi[ttjns. [h;i[u ncu[rt~nentering into ii region [hrough ;I
suIt“acewiII retum Ihrc)ugh [hut surt”;tcc,

absorbed dose: The emu-gyimpatmd [u matter by directly or indircc[ly Ionizing ridii.itionper unit mtiss 01
irradiilted matcri:~iM [hc point ot interest; unit of ilbsorbd dose h~s txxn the racland now. in the
lnte~l]ilti~)niilSys[cII]of [ Jni[s (S1) is the ~ray (Gy), 10(Jrid = I Gy.z03Scc r[l~l,,vrft\o.

absorption, neutron: A mw[nm-inducedrril~tion, inuludingI’issiun.In which[lie ncutrundis:lppew-s:I\ it t“ruc
p;lrl i~ It, I ‘rh~ ~hs~rp[ 1o11~ross >Cc[ion is du~i~n:i[t>d O.. SUc?(’(//) 111/”(’,/lt’lfft”()/1,’ i“~().$.f

alarm systcrn, criticality accident: A syslem c:lpuhlcut”sounding m LIudibh!ularrn
g:~mnmraditition from o criticality uccidcnt. Sce Lrtric(llif.v(Ju”idctlr.

alphti particie: A helium-4 nucleus emitted during u nuclear transformation.1

beta particle: An electron ot’either posilive or negative chtirge rhi.uhtis been emitted in iI nuc]car
transformation. 1

buckling: For our purpuses. ulgebraic expressions [hat reltitecrilical dimensions of”~,tirioussimple shtipes
(sphere, cylLnder,or cubuid) uf cores O([hc same composition i.tmlsimilar reelectors. For example, the known
radius of ii critical sphere nmy be used to obtain the radius and length of u corresponding critical cylinder.
For a specific definition of buckling, see Ref. 4, pp 7 and 8. See (“ore,rc~lector.

burst, prompt: Usually refers to the pulse of energy from fissions produced by u prompt burst retic[or. See
prompt burst reaclor >pike(it! (Iprotnpt poktwrexcursion).

capture, neutron: Neutron absorption not leadirrgto fission or other neutron production. The cup[ure cross
section is designated Oc. See absorption, nel:tron; cross section, nwron.

cent: A unit of reactivity equal to one-hundredth of the increment
criticality (a dotlar). 1 See dollar, reactivity

chain reaction, fission: A sequence of nuclear fission reactions in

between delayed critictdity and prompt

which fissions are induced by rwu[rons
emerging from preceding fissions. Depending on whether the number of fissions directly induced by
neutrons from one fission is on the average less than,equalto, or grea[erthan unity, the chain reaction is,
respectively convergent (subcritical), self-sustaining (critical), or divergent (supercritical).1

core: That part of a fissile system containing most or at] of the fissile material, as distinguished from an
external reflector. See jlssile sysfern,reflector.

critical infinite cylinder: For specified fissile medium and surrounding reflector, the infinitely long cylinder
with a diameter that would be critical.

critical infinite slab: For specified fissile medium and reflector on each surface, the slab of infinite lateral
dimensions with a thickness that would be critical.
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(;iossary of iVuclear C9”iticalitv ‘Terms

criticality :Ntident: ‘1’lwrl’lcuscd’ cmrgy w ;Ircsuitot”ii~~id~tllilllyproducingu self-sustainingor divergent
t“]ssion Ch;tin rc;ict il)n. I

criticality saftty Standards: These S[iindtird\dwribe cri[tcdity control practices for which there is indttstr-y-
wide ct~ns~’llsws,(“tmscrlsus i!; cs[al>lished through procedures of [hc American Nutionul Sti.rnckmlsInstitute.
[’hapter 4 of Ret’,4 iisrs :tnd discwssesexisting iInclproposed cri[icidi[ysd’ety Standards, and explains
~ilpi[iiliZ.illIon I )1”IIlt [crm.

cross section (0), neutron: “l-hcprupor[iondlityf;lU[(Jr tha[ rclutes the rule 01”a specified rc>:!(lItIn (such as
c;ip[urc (WI“ission) to the produc[ of the number d’ neutrons per second imptnginjj nurmiiIly onto ii unit ma
{If”ii rhin t;irgc[ ilnd the number ot”[urge[ nuclei per unit ureti. It mtiy be considered u small tired its~igmd to
~il~h turget nucl~us, usually expressed in burns, ic., 1(1-24cm2 . See (Ib.sorp[ion,nt+ufron;t“ttplt4re, neutron;
,Ii.s.view nttlltwr.

decay, radioactive: A spontaneous nucleitr transformd[ion In which particles or gamma radiation is emitted,
in whiuh x-radiation is emitted following orbititlelectron capture, or in which the nucleus undergoes
\pOnli!ntoUs fission, I See ]i.~,sion, nu~”let4r; ,q(4n1n1ur(t(lit41if)n,

delayed criticality: State O! a iissile systcm such (hut Itelt= 1, [hc stctid}’-s(titecondition. See m141[ipli~a[i~)tl

jittw.

delayed neutrons: Neutrons I“romnuclei produced by Iw[ii(JeciIyt“ollowingfission. They follow fission by
intert;ds ot seconds to n]inutes. See profnpf nt’u[ron.$.

dollar: A unit ot rcactivl,y equal to the increment between delayed criticality and prompt criticality for a
fixed uhilin-rc~ictingsy~tem.See reucrivify.

dose equi\i~lertt: The tibsorbed dose multiplied by the quaiity factor and other less significant modifying
fiict~rs, so {hatdoses from c!itlkrtm[“udiittions(alpha, beta, gamma, siow neutron, fast neutron) can be
>Ilnlnwd[0 pn)~’idctin effective total dose iIt [he ~oint of interest.2 The conventional unit of dose equivalent
hus been the rem, :tnd now in [he international System of Units (S1) is the sievert (Sv), 100 rem = 1 SV.5 See
rem. .sit’lwrt,

dose rate: Absorbed dose delivered per unit time.2 See absorbed dose.

excursion, nuclear: An episode during which the fission rate of a supercritical system increases, peaks, and
then decreases to ti low value.

excursion, prompt-power: A nuclear excursion as the result of a prompt-critical configuration of fissile
mu[crial. In gcner:l],a sharp power spike fol]owc by a plateau that may be interrupted by smaller spikes. See
t,.rd~4rsion, tllt<lt,(lr,” :pike ( in a prompt power ex~tirsion).

excurs~onperiod (T): The reciprocal coefficient of t, where fission power in a nuclear excursion increases
~~T bef~rc ~ qu~nching mechanism becomes effective. See excursion, nucfear; quenchingmechanism.

as

exponential column: A subcritical block or cylinder of fissile-bearing material with an independent neutron
source at one end. Underappropriateconditions,the responseof a neutrondetector&creases exponentially
with distance fromthe source. Fromthe logarithmicrateof this decreaseand lateraldimensionsof the
column, critical dimensions of an unreflected assembly of the material may be deduced.
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(;lossaty of ib’uchar C’rilica!ityI“ertns

fissilc system: A system contilining2;5U, 231)Pu,or --1“{~U[or ccr(ain other [ransur:mic}nuclidts ;tnd uiipublc
of significun[ neutron rntlllilllicil[i~lll.See jissile nlu.li(le;ttf[41fi/>lil.[lli(jt3,.Sfthf”rili(.(11.

!7’sift- =11t’]:,“lr. ‘>i:iII[;s;,;.! 11.! : . 1, ,II.I Ii, “’1 1., Put (Ir hrilvier) il::~ “.!o !r:lrely more) mtiswi 01”
slln]Iur order ot mtign]1ude, ti~xolnpund by A,.11gc i1.ic,1... ] f11..~nlis~l~)nt~frwufrons.1
Although some fissions take place spontaneously, neutron -inctwcd 11:,~1~, .,. .JI lniljOr interest in criticality
safety. The tission cross section is designated Of, and v is the number of IIcutronsemitted per fission. See
cross secfion, tref(lrotr,

fission products: Nuclides produced by fission or by the subsequent rtrdioac[ivedccdy of nuctides formed in
this manner.1 Secjission, nuclear; nuciide.

fission yield, excursion: The total number of tlssions in a nucleurexcursion. SCce.ttur.sion, nticie~lr.

fissionable nuciide: A nuclidecaptibleof fission by neutrons of some energy. Fissionable nuclides include
2381_J,2L$OPU,~nd ~[hers Wi[hneutron-energy fission thresholds, in addition to those that are fissile. SeeJs.sile
nuclide.

gamma radiation: Short-wavelength electromagnetic rtidiationemitted in the process of nuclear trirnsitionor
particfe annihilation.I

gray (Gy): A unit of absorbed dose; 1 Gy = I J/kg = 100 rads. Adopted in 1976 by the International
Conference on Weights and Measures to replace the rad.5 See rd.

hazard: A potential danger. “Potentially hazardous” is redundant. Note that a hazardous facility is not
necessarily a high-risk facility. See risk..

H/X: Conventionally, the atomic ratio of hydrogen to 235U, 239Pu,or 233U in a solution or hydrogenous
mixture. Where there is more than one fissile species, the ratios must be specified separately.

inhour: A unit of reactivity that, when added to a delayed-critical sy cm, wou 1produce a period of one
hour; now seldom used.1See reacfivifv.

Ionizing radiation: Any ri.dia[ion C,)IISI.,11: of i]r ctl;. ~i mdircc[t. i.)nl .,r~l:les. photons, or a mixture
or both. X-rays and the radi:ltionscmitted i.1radlo:lctlvedecay are examples.1 See deca~’,radioacfi~’e.
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{;lo.ssary of iVuc[ear Criticality Terms

lin~ar energy transfer (1.1’11’):Tht ~i~crugccmrgy M by iln ionizing rxliiition per unit distunce of it:; travel
in AImd ium. A high LI{T is generulIy ;Issociuted with protons, iilphiI particIes, uncl neutrons, whereas u low
LET is ;~s~~~iil[~d with ~-ril}’s,clcc[rons, iid g:m~muri\ys.2Scc i(mizing rmli[iti(nr.

multiplication, subcritical: In u suhcritic:ll I“issik \ysmm ccm[ainIng u neutron source, the equiIibrium ru[io O!
[he totid numbtr (Jf ncu[rons resulting from fission w-d [he source to the [otid number of rw trons from (he
wmrcc ~lone. 1

multip]ic~tionfactor (keff): For it chuin-reacting syslem, the mean number of fission neutrons produced by
ii rrcu[mnduring its Iife within the system. h follow thatkeff= 1,if theSystemis ~ri[ic~~;keff< It if tn~
Sys[enlis sub~ri[ic~];ket.f> 1,it’the system is supercritkxd.

neutron: An elementary par[icle having no electric charge, a rest muss of 1.67495 x 10-24g, and a mem-rlife
of about I() lllin.i

neutron poison: A nonfissionable neutron absorber, generally used for criticality control. See absorption
nc:ttron. c(tptuw, neutron.

neutrons, epithermid: Neutrons of kinetic energy greater than that of thermal agitation, often restricted to
energies comparable with those of chemical bonds.

neutrons, fast: Neutrons of kinetic energy greater than some specified value, often chosen to be 0.1 MeV
(million electron Yells).i

neutrons, thermal: Neutronsin thermal equilibrium with the medium in which they exist. At room
[temperature,the meun energy of thermal neutrons is about 0.025 eV (electron volt).

nonfa~.orable geometry: Seefivorclble geometry.

nuctide: A species of atom characterized by its mass number, atomic number, and a possible, elevated, and
prolonged nuclear energy state. i

oralloy (Oy): Introduced in early Los Alamos documents to mean enriched uranium (Qak F&idgealloy);
now uncommon except to signify highly enriched uranium. See tubalfoy.

personnel monitor (radiation): A device for measuring a person’sexposure to radiation. Information on the
dose equivalent of ionizing radiation to biological tissue is derived from exposures recordedby film badges,
ionizationchambers,and thermoluminescent devices; from whole-body counting and analysis of biological
specimens; and from area monitoring and special surveys.2
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Glossary ofiVuclear Criticality I“ertns

photon: A quimtum of clcctromognetic rtidia[ion,1

prompt burst reactor: A device for producing nondestructive stlpcr-prtlr~lp[-critica
burst, promp?; e.wur.siouvnul-ltwr

prompt criticality: Sto[e of ~ (Issilc sys(em such [hat the prompt-rwutroncontribution to kejt ~ql[ill~unity.
See l~ltilli~jli[”lttiotl]i~(”[or.

prompt neutrons: Neutrons emitted immediately during the tission process. See dc’l(~)wdncufr~nl.s.

quality factor (QF): The linear ~ncrgy-transfer-dependentlactor by w!]ich ubsorbed doses are multiplied 10
obtain, for radiation-protection purposes, u qutintity tha[ expresses on u common sctile the biological
effectiveness of the absorbed dose derived from various riidia[ionsources.2 Approximti[elythe mtio of dose
equivalent and absorbed dose. See absorbed dwe, dose eqliii’alct][, linear energj transj>r.

quenching mechanism: physical process other than mechanicaldamage that limits an excursiot~spike.
Examples are thermal expansion, or microbubble forma[ion in a solution. See spike (in a promp~power
excursion).

rad: A unit of absorbed dose; I md = 10-2J/kg of the medium. In i976, ihe International Conference on
Weights and Measures adopted [he gray (1 Gy = i J/kg) as [he preferred unit of absorbed dose,5 bui this unit
has not appeared in the criticality-accident iiteraiure, which was essentially compiete before that date. See
absorbed dose, gray, and discussion [inderpersonnel monitor.

radiation: In context of criticality safety, alpha pm-ticies,beta particles, neutrons, gamrnu rtiys, and
combinations thereof. See ciiphupa,~icle, betu particle, neutron, x-ray.

reactivity: A parameter of a fissiie s)’sten. ‘)atis propo~lonai to i - i/keff. Thus, it is zero if the system is
criticai, positive if the system is supercritical, negative if the system is subcritical. See dollar, cen[, wu! inhour,
various units of reactivity; multiplicationlractor.

reflector: Materiai outside the core of a fissiie system capabie of scattering back to the core some neutrons
that wo~id otherwise escape. See core, jhife system.

reflector savicgs: The absoiute difference between a dimension of the reflected core of a criticai sysier-nand
the corresponding dimension of a similar core that would be critlcai if no reflector were preseut.i See core,
jissiie system, reflector,

relative biological effectiveness (RBE): A factor used to compare the biological effectiveness of absorbed
radiation doses (i.e., rads or grays) because of different types of ionizing radiation; more specificaiiy, it i: the
experimentally determined ratio of an absorbed dose of a radiation in question to the absorbed dose of a
reference radiation required to produce an identicai biological effect in a particular experimental organism
or tissue.3 This term should be used only in radiobioiogy, not instead of the term “quaiity factor” in radiation
protection. See quality factor.

rem: A unit of dose equivalent (Roentgen Equivalent, Man), replaced by the sievert, which was adopted in
1980 by the International Conference on Weightsand Measures.5This unit, however, has not appeared in the
criticality-accident literature. See dose equivalent, sievert.
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Glossaryof NuclearCriticalityTerms

rep: An obsolete [crrn for tibsorbed dose in humi.m[issue, replaced by rid, Originally derived from Roentgen
Equivalent, Physicd,l

risk: The cost of u CIUSSO( uccidents over u given period, usually expressed as dollars or fatalities, per year or

durIng Plant lif~~im~.Unless esla~lished by ~xpericncetrisk is es[im~[edM [he product of the probtibilityof
occurrence and the consequences of the accident type. Not to be confused with hazard.See hazard.

rocntgcn (R): A unit of”exposure; i R = 2.58 x 10-4C/kg in air, where C is coulombs.3 Strictly, the roentgen
appiies to x-rtiys or gtimmurwiiation, although in one report of a criticality uccident beta “dosages” are
expressed in units of R. See d.tposure.

scram: An alwnutive termfor reitctortrip.1Reference6 givesaccountsof the originof this term.

shutdown mechanism: @cnching mechunism wd mechanical dtimagc, if my, thut limits u prompt-power
excursion spike. See t.t~l(t”.~ii)n,prompt powr; quenching mecluuti.stn;spike.

sievert (,SV): A unit of dose equivalent; I Sv = 1 J/kg = 100 rem. Adopted in 1980 by the International
Conference on Weights A Measures [o replace the rem.5 See dose equivulen(, rem.

~~ike (in a Prompt. power excursion): The initial power pulse of a prompt-power excursion, limited by the
shutdown mechanism. See excursion, prompt power; shutdown mechanism.

tuballoy (Tu): A wartime [erm for natural uranium, originating in England; now obsolete. See oraffoy.

uranium enrichment (enrichment): The weight percentage of 235U in uranium, provided that percentage
exceeds its natural value; if the reference is to enhanced 233U content, “233Uenrichment” should be
specified.

x-ray: Electromagnetic radiation of wavelengthin the range 10-10cm to 10-6cm.7
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Criticality Symbols

q“
~
t

IIM

I/v
235u

237NP

238u

239pu

240pu

241A

241P’,

a-PIutonium

atom~o

B

barns

c
Cil

Ca02

cl
D20

eV

Fe

Gd

q (eta)

~239fi

H2

keff
keV

I&

Li

effective neutron production cross sec~ion

effective neutron absorption cross section

average number of neutrons prod~ced per fission

I/Multiplication

inverse of [he velocity (see/meter)

uranium-235

neptunium- 237

urtmium-238

p)utonium-239

plutonium-240

americium-24 1

pluconium-241

alpha phase plutonium

atom percent

boron
]()-24 cm2

carbon

calcium

calcium oxide

chlorine

deuteriumoxide(heavywater)
electronvolt (1.60219x 10-19J)

iron

gadolinium

the numberof neutronsproducedper thermalneutron

absorptionin the fuel

hydrogen/plutonium-239ratio

hydrogen/plutoniumratio

hydrogen/uraniumratio

hydrogen/nuclideratio

hydrogenmolecule

calculatedeffectivemanipulationfactor
103eV

neutronsproducedin one generationdividedby the

neutronsabsorbedin the precedinggeneration

lithium
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Criticality Symbols (continued)

Mg

MgO

v

Na

NaC}

o

Oy

pH

Pu
Pu-(CH2)n

PUC13

(s

a~

Cb

of

Si

Si02

Ti

U(93)

Zr

[(CH2)nl

magnesium

magnesium oxide

number of neutrons emitted per fission

sodiullt

sodium chloride

oxygen

oralloy(highlyenricheduranium)

-log[H+],a measureof solutionacidity

plutonium

plutonium-polyethylene

plutoniumhmium ratio

plutoniumchloride

neutroncross section

absorptioncrosssection

capturecrosssection

fissioncrosssection

silicon

silicon oxide

titanium

93%Ienricheduranium

zirconium

polyethylene
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Ret”t)tnttttsttda tiotl 93-2

RE~OMMENDATION 93-2 TO THE SECRETARY OF 13NERG”Y
pursuant to 42 U.S.C.$ 2286a(5)

Atomic Energy Act of 1954,as amended.

Dated: March 23, 1993

The end of the international competition in manufacture of nuclear weapons, and the
transition to large scale dismantling of nuclear weapons, have generated strong pressures
to reduce the defense nuclear budget and to close down many defense nuclear facilities
and operations. At the same time, the development of firm plans for a Complex21 to
serve f~ture nuclear defense needs has slowed. These trends lead to a possibilitythat
capabilitiesand functionsnecessary for current and future needs could be terminated
along with those no longer required. One of these, important for the woidance of
certain types of accidents,is support of nuclear criticalitycontrol.

Becauseof the importance of avoidingcriticalityaccidents,the Board carefullyfollows
the state of criticalitycontrol at DOE’sdefense nuclear facilities. This interest hitsbeen
evident as Board members and staff have reviewedpracticesat the Pantex Plant. The
Board believes it is important to maintain a good base of informationfor criticality
controi, covering the physicalsituationsthat willbe encountered in handlingand storing
fissionablematerial in the future, and to ensure retaininga communityof individuals
competent in practicingthe control.

In the course of retrenchment of its activitiesin recent years, the Department of Energy
and its predecessor agencieshave terminated use of all but one of its general purpose
facilitiesfor conductingneutron chain-reactingcriticalexperimentswith fissionable
material. The research at these facilitieshad sewed programmaticpurposes of diverse
DOE programs, as well as layinga general experimentalbasis for practices that ensure
avertingcriticalityaccidents. The Board is info[med that there is now a s~.ungpossibility
that the last DOE facilitycapable of general purpose critica!experimentswillbe shut
down in the near future, due to lack of funding. This possibilityarises because no singIe
program of the Department has an overridingneed for this remainingfacilityat the Los
AlamosNational Laboratory, and therefore no singleprogram office is motivated to
provide its financialsupport in this period of budget stringency. A certain complacency
fed by some years of freedom from criticalityaccidentsseems also to underlie this
possibility.

The Board observes that the art and scienceof nuclear criticalitycontrol have three
principal ingredients. The first is familiaritywith factors that contribute.to achieving
nuclear criticality,and the physicalbehavior of systemsat and near criticality. This
familiarityis developed in individualsonly through workingwith criticalsystems. It
cannot be impafied solelythrough learning theory and usingcomputer codes. The
second is theoretical understandingof neutron multiplicationprocessesin criticaland
subcriticalsystems,leading to predictabilityof the criticaistate of a systemby methods
that use theo~ benchmarked against good and well characterizedcriticalexperiments.
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The third is thorough familiarity of nuclear criticality engineers with the first two factors,
obtained through a sound program of [raining that indoctrinates them in the
experimental and theoretical aspects,

The 130ard has reviewed the status of benchmarking the theoretical methods of criticality
control against existing critical experiments and has found that there are notable failures
of theoretical analysis to account for the results of a number of experiments. It is not
known whether this discrepancy results from inadequate nuclear data used in the analysis
or from inadequate care in conducting the experimentsand recording their physical
features. Both factors could contribute. In addition, it seems that on the average there
inay be a small non-conservativebias in overall predictions of the theoty. In spite of
these shortcomings, conservatism in methods used to develop the limits to be applied
during handling and stmage d’ fissionable material seems to have led to adequate safety
in recent years. The Board believes that in the interest of continued safety it is
important to clear up the existing discrepancies, which are obstacles to confident
understanding of criticality control. To do so will require conduct of further neutron
chain-reacting critical experiments targeted at the major sourws of discrepancy between
the theory and the experiments, as well as careful analysis of the experiments.

Finally, the Board believes that there is no guarantee that the physical circumstances of
handling and storage of fissionable material in the future will always be found in the
realm of benchmarked theory. This point is especially important under circumstances
that will exist for a number of years to come, with increasing amounts of fissionable
material to be stored in a variety of chemical and physical forms. This does not appear
to be an appropriate time to eliminate an ability to ensure that such activities will be free
of criticality hazard. For safetypurposes it willbe necessa~ to retain the capabilityto
perform experiments under conditionsnot foreseen at this time. This capabilityonce lost
would be most difficult to reproduce, and it could be approximated only at great cost and
after substantial time, deterring such development even if it were needed badly.

For all the above reasons, the Board believes tha”tcontinuation of an experimental
program of genera! purpose critical experiments is necessa~ for continued safety in
handling and storing fissionable material. It is needed to improve the basis for the
methodology. It is needed as part of the process of properly educating criticality control
engineers. It is needed to ensure the capability of answering criticality questions with
new and previously unresearched features.

Therefore the Board recommends that:

1. The Department of Energy should retain its program of general purpose critical
experiments.
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Recontntcndation 93-2

2. This program should normally be directed along lines satisfying the objectives of
improving the information base underlying prediction of criticality, and serving in
education of the community of criticality engineers.

3. The results and resourcesof the criticalityprogram should be used in ongoing
departmental programs where nuclear criticality would be tin important concern.
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— ——
I

CRITICALITY EXPERIMENTS WORKGROUP ~ REQUEST FOR
JCRITICALITY EXPERIMENTAL I

NUCLEARCRITICALITYTECHNOLOGYANDSAFETYPROJECT
[Sponsored by DOE OFFICEOFNIJCLEARSAFETY,POLICY, AND STANDARDS) ‘

PROGRAMS OR I
CRITICALITY EXPERIMENTS ‘

T

——
~equesl No Tllle 1

Apphcallon

1 SupportNewDOEProgram

u

2 EnhanceCurrentDOE
Operation

3 ReeolveTechnicalIssue
4 CompliancewithDOEOrdere
5 EnvironmentalIssues

—

1 I
)ate of ThisEnl~ Rev No DOE Contractor

ExperimentCalegory

1 HighlyEnrichedU

c1

2 LowEnrichedU
3 Plutonium
4 Pu + u
5 Transportation
6 CriticalityPhyalcs

Experiment ❑ Expefimentalf’wramIJ

I

i

Stalus of Requesl !
\

1 Inilial Request 1

n

2 JusliflcatlonCompleted
3 .tuatiflcarlonBeingPrapared
4 ExperimentIdentified
5 AnticipatedNeed I
6 ExperimentIn Progrese I
7 ErrperlmentComplete I

Comments

Iequested by OttterContacts Priority
1 MaximumPracticalAftention

•1

2 Requfrrrdfor Naworongoirrg
DOEOpetratlon

3 LeseUrgentUrar,PRIORfW(2)
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Appendix D
Physics Criteria for BenchmarkCritical Experiments

April 1990

Workgr>up Report, Nuckw Criticality Technology imd Sufety Project

Workgroup Chtiirperson: Nilncy Lmhm; Cochairs: Mike Westftill,Brim Koporwn

Subject: Physics Crkrki tor Ben~hn)iirkCri[kid Experiments

1. For i]ccepttin~~ us u benchmark, the method used 10determine kett should be specitied

11. Consistency wnong experimentally measured parameters is desiritble. For example, the
fundamentid mode multiplication should be determined by more [him one method in
order to insure consistency.

III. A rigorous and detailed description of the experimenud mockup, i[s mechanical supports,
and its surroundings is necessary. For example, meitsuremenisfixing the position of the
experiment within the room should be provided. Accompanying photographs i.tnd
drawings are essential.

IV. A complete specification of the geometry dimensions und material compositions
including the methods of determination and the known sources of error and their
potential propagtition is necessary. Also,for completeness, list unknown but suspec~ed
sources of error.

V. A series of experiments is desirable in order to demonstrate the reproducibility of the
rejults. Positive and negative period meastircments provide useful supplementary
information for well-defined near-criticitl systems.

VI. A description of the experiment and results, containing at least the elemenls of the 1983
ANS Standard 8.1, should appear in a refereed publiciition.

Item (2) Define neutron physics parameters that may be used to classify benchmark exl:eriments by
measurement technique.

PhysicsParameters

I. Measurements of critical experiments

A. Observation of the multiplication factor of a critical configuration (keft=l .000)

B. Effectivemodera[orto fissileatomratio
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Physics (“riteria for Benchmark (’ritical I<xperintenf.s

II. Other It]i\l] criticul meusurcments

A.

B.

c.

D.

F-.

F.

G.

H.

I.

J.

Subcritiud kef~me~suremcn[sby one or more methods

Pulsed neu[ron meusurcments for neutron lifetime und system multiplication and,
Ihrough deltiyed neutron fraction imd neutron
ilfliilySIS,r21C.

Cen[rtil worth imd replacement measurements

Retictionrti[ios(activtitionratios)

Reactivityworths

Flux [ravcrses–-t’oilor wire traverses

Lcukage spectra measurements

LJplticcTransforms,the relaxation

Neutron source measurements

length, etc.

lifetime, source jerk, rod drop, noise

1. ~, the average numher of neutrons per fission
2. f, the thermalutilizationfactor(ratioof thermalneutronsabsorbedin the

fuel/total thermal neutrons absorbed in the system)
3. q, the number of neutrons produced per thermal neutron absorption in the
4. Spectral measurements (slowing down spectralmeasurementsand thermal

scatteringkernels)
5. Slowing down time measurements

Neutron noise method in time/f”requencydomain

fuel

Item (3) Consider the aspects of present-day computations that are not adequately benchmarked
existing measurements. Define extensions of experimental techniques that may eliminate thex
deficiencies.

I. Physics parameters that can bc calculated (with desired experimental accuracy).

A. Of
1.
7-.
3-.
4.

B. Of
1.
2.
3.
4.

primary importance and can ~e calculated directly
keff (within 25%)
reaction ratios (5%)(ratios of activities)
thermal utilization, q ( 1%)
ncu[ron spectra (590).

secondary importance and can be calculated directly.
lifetime (5%) (requires kinetics codes)
generation time (590) (requires kinetics codes)
number of neutrons per fission ( 1%)
reactivity worths (10%).

by
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Pliysics Criteria for Beticliniark (“riticai i;xperinietits

C, Pariime(ersof interestrequiringextensionsof presentcirlcul:ltionul:md/or
ctipubillties,

experimentirl

1.
7-.
3. .
4.

5.
6.

7.
8.

Critictili[ycodes ci.mpresently ~~l~l]liitepur~~mcterswith vuryirlglevels o!”uncerlitinticsthut urc
relirted [o spec:rtil nle:lsur~[i]en[sund ccrt:lin reptirc:ment wor?h nwasurcmenls. These include:
eigenvalue, time to (ieuth,tirne to birth, C , fission production rnutrix, !“IUXCS,fission densities, the

fission energy spectrum, the Ieirkugeenergy spectrum w-vireuction rate rwios.

Present day kinetics codes citn determine some of the parirmetersmeasured in dyrmmics
experiments. However, the prexnt methodology is limited to either point kinetics or diffusion theory.

Itcm (4) Identify steps thirtcan be made towards stmkrrdizvtion in the reportirid of benchmark
meilsurcments.

The reporting of any experiment intended to be considered a bcnchmtirk should include, at a
minimum, the relevant portions of the factors listed belcw. Several of the items are perhaps be}ond
the capability of even today’s relatively sophisticated calculational techniques. However, rather than
again fall into the trap of noting only those factors that can be used in contemporary codes, it is
possibly preferable to err in “over recording” and “over reporting.”

I. A description of the following factors:

A. Fissilcmaterials
I. Composition

a. Isotopicanalysis
b. Concentrationand density (usually applicable to solutions, but can apply to

mixtures such as carbon-uranium) as a function of experimental conditions
such as temperature

c. Impurities: identification, abundance
d. Departure from stochiometric (e.g., excess acid in solution)

2. Dimensions (diagrams can help)

B. Associated materials (diluents, grid plates, suppoti structures, control elements, etc.)
1. Composition
2. Dimensions and location (diagram)

C. Overall environment (particularly for nominally unreflected measurements: diagram)
1. Description and location of other materials, fissile and not, in the cell; i.e., tanks,

structures, “stored” components, other experiment setups, etc.
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Physics Criteria for Benchmark Critical Experiments

2. Loc;~tion(ditigrtim),includingbut not Iimitd to Iocdion of experiment with
respect to cell walls, tlcor, ceiling

3. Document problems such iIs leuky vulves, limited fuel inventory, etc.

D. Progrilmmatic constraints (desirable peripheral information)
1. Tom] cost of experiment
7 S;~ff/f~~i]i[y requwements-.
3, Totul program time tind time required per measurement

11. ““Cri[i/;:l!-”:tictual determination or extrapolation (include method of exmtpolatiort, curve,
;md ditta)

A.

B.

III.

A.
B.

c.
D.

E.
F.
G.

Iv.

A.

B.

c.

..—.-...—

!+nsi[ivity of “control device“ (i.e., [able posi[ion, liquid height, controi rod(s)near
critical)
Experiment conditions, such as temperature, relative humidity, barometric pressure, if
relevant and not included as u part of Item I above

Experimenter estimate of errors, uncertainties

Critical Dimensions
Compositions-everything, particularly fissile materials and intimately associated
other materials. such as container/support materials
Reactivity determinations
Reproducibility (independent analyses of material isotopics concentrations, etc.. are
desirable)
Preserve samples for analysis as long as practical
Estimate perturbation due to the detectors
LMeasuredphysics parameters should be compared for internalconsistencyand for
consistency with previously published values

Documentation of auxiliary measurements (including Item HI, above)

Flux distribution and spectrum measurements
,. Detector (composition, size, energy, locations, supports)
2. Perturbation to system (method of determining)
3. Treatment of raw data (consider archiving of raw data)

Rod drop
1. Geometry of system
2. Composition, dimensions of rod; location if not specified in Item I.B above
3. Data and treatment of data, not simply the “answer”(consider archiving raw

data)

Source jerk
1. Geometry of system
2. Source dimensions, composition, strength
3. Data and treatment of data, not simply the “answer” (considerarchiving raw

data)
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Physics C“riteria Jbr Bencitmurk ( “riticnl I<xperiments

D, Pulse-noise, fixed-source measurements
1. Description of setup (detectors, ~ourcc locutions)
2. Description of detectors, source, including dimensions
3. !ltitu und (retitmcnt of LMit (consider tirchiving r;iw dot;i)

Item (5) Identify modificutiom to :tpplication-specittu cxperinwn[s th;r[ will permit [hem 10 serve i]s
benchmarks.

Criticutity experiments huvc alwiIys been tin importunt aspcu[ ot”nucle:lr crl[lculity ~ilt”~t~.At the
inception of the nucltilr tnduswy, ;m experiment could be little more !hun il repliu o! IIWStorugc
vessel urrtingcment to be employed; often, itctwd plunt i[ems would be used In its conslruc[ion. This
direct upproach is still maintained in some Iuborutories. Almost by definition, [he results o!’such
experimcn[s are of limited in[erest outside the facility concerned. Mow recently, the irnpormtce o!”
criticality experiments to code validation has been recognized. Otten the experimen[itl urrtingemcnts
con[inue to be application specific. However,they might UISObe o!’interest to the wider criticidity
safety, code validation, itnd nuclear data evaluation communities. The incorporation 01”retiction rate
mei.tsurements will increitsetheir usefulness in this regitrd.

An integral quantity is keff. It is possible for a code [o calcultitekel~correctly for the wrong
reasons. ~he code may, for example, contuin citncelingerrors thtit m~y not compensitte for one
another Un(ki different circumstances. Reactionrate measurementtilfowsthe validatorto exumirw
code performitnce in terms of event balances in different parts of [he neutron spectrum. In an
experiment involving low enriched uranium, for example, it might be possible to measure the Fust
Fission Ratio (FFR), the ratio of fissions in 238Uto those in 235(.J,and the Relative Conversion Ratio
(RCR) the ratio of capture in 238U to fission in 235U. The measured quantities may be compared with
reaction-rate ratios given by the code, providing a more stringent test of code performance. The
result of such an experiment will provide information that can be included in nuclear cross-section
evaluation. As f,aras the criticality assessor is concerned, confidence in this method of circulation is
enhanced.

Item (6) What steps can be taken to insure that data are archived and available to help researchers
who may need data that weren’t included in the original reporting”?

This subject has been considered by the DOE Nuclear Criticality Technology Safety Consultants.
To date, little has been accomplished toward this end other than to identify facilities probably having
logbooks at”ailablefor archival, media for storage, mechanisms for storage, and authority for retrieval,
distribution and funding of such an endeavor. It was judged that such an endeavor should be delayed
for a short time, to permit the currently emerging archival technologies to settle into an accepted and
standardized media.

Though there may be substantial information within the “private sector,” it was concluded that
such information is likely proprietary and not availabIe to a central authority for retrieval, archival
and distribution. As such, hope for such an endeavor was hung on retrieving DOE (ERDA, AEC)
Contractor critical experiments information via the central authority of DOE. Such an effort seems
plausible with proper planning and cooperation of specific critical-experiment, facilities-records
custodians and funding. Adequate planning has not occurred to approach the DOE with a formal
proposal. However, prelimina~ efforts have identified the following:
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l)hy~ics Criteria for Zlenchmark Critical L-xperiments

ORNL, L, ANI.,Ri+, PNL, UKAEA,i3NFL,ANL, KAPL,B&W,SRS, Pratt& Whitney,BNL,
Shippinglx]rt. AI, MIT, Wes[inghouscAstronucleur.

It Wiis concluded [hilt before intorma[ion is iir~hiv~(l, i{ sh~lild k iibstrtictd iid indexed by
the originiiting fucilit)’;otherwise. intormutiollrclril-valwill be unwieldy and time consuming.
However, wwrecognize \ha[ in mi)ny ins!itnccsarchivid may nor he proc[ical.

The current customary media for eilsiest archivid. distribution and retrieval is microfiche. A
growing technology for high-resolution storage and rapid retrieval of such documents is the
optical disk memory.

The officiul archivtil point for all DOE records IS[he OftIce of Scientific and Technical
Inform~tion (OSTI) in Oak Ridge, formerly the DOE-TIC. Though the final original archival
record would be required to be stored at OSTI, an infcrmid record could be made tivailable
for central use (hrough a system like the Nuclear Criticality Information System (NCIS).
[ni(ii~ldistribution of an archived record could be made through OSTI providing the media
o!”stortige is consistent wi[h (-NITs capabilities (currently paper or microfiche or supplied
copies of ~nother mediu). It WMdetermined that further investigiuions should be pursued with
people at the LLNL NCIS Projec[ to tissure optimum utilization of the NCIS and its users.

Persons wishing to tiike an active role in this effort shouid con[act Ciint Koiar through [he NCIS,
A project has been initiated to iocate the information,decide what data to archive, and evaiuate
current technology for storage and retrievai of the information.
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Initial Draft of Criteria for Establishing Area of Applicability

This cffor[ is the result ot’several iIiIysof focused discussion by six to eight criticality mt!ys[s tind
speci:ltists ucting on u volunteer basis. 1[rcprcscnts their collective considerations on this [epic imd ISoffered
us guidance l“ortesting imd further development. It should not be construed [Ohuve tiny prowkd
;m[htwity.1[sintended ustfulrwss is rts[riuttd w thu con[ext ml purpose described above.

Experimental Approach for Code Validation

The criticality stifety community hos ;I strong need for critical experiments for multiple purposes. The
most pressing need is to perform a series of experiments that would serve as validtitionfor the marry
computer codes (KENO, MONK, MCNP, etc.) that are widely used in criticality tinalyses. Validation of codes
is an issue [hat hus been debated for some time, but only limited progress has been made. One of the major
roadblocks is [hut the term “area of applicability,” us used in ANSUANS-8.1, has not been adequately
defined. The result is that (he community has to use existing experiments and htis to try to determine if these
experimcn[s can be extended, under “area of applicability,”to serve as validation for a particular analysis
code. Generally, these experiments were not meant to be used for validation. This has been an exercise with
limited results since key definitions do not exist at this time. This appendix contains an initial draft of criteria
for establishing “area of

E. P. Elliott
Oak Ridge Y-12 Plant
Nuclear Criticality Safety
Oak Ridge, Tennessee

applicability.”

Department
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Dr@ of Criteria for Establishing .-irea iJf Applicability

Thw are three conditions which must be stitistk! to tissure thut [hc culculutionsdone to ;mulym or
support a reiti situation fall within the “Areu of Applicability” for dw validation of the cude being used.
These are: ( I ) mitteriids. (2) geometry, itnd (3) neutron energy spectrum.

L hlaterials

A. MtiteriulTypes
1. Fissimmble
2. Absorber
3. Moderator
4. !Xatterer

B, Criteria (Applicable to all four)
1. Element
2. Isotopic Composition
3. Physical form (metal, solution, compound)
4. Ratio (o fissionable material
5. Temperature

11.Geometry

A. Homogeneousand Iieterogenous
1. Shape
2. Reflection
3. Layering-ordering
4. Rekttiw material thickness

B. ArriIyCriteria
1. Mixed or same type units
2. Number of units
3. Shape of unit
4. Lattice pattern and spacing
5. Interstitial material
6. Reflection
7. Coupling
8. Layering-ordering

III. Neutron Energy Spectrum

A. Neutron density versus energy
1. Leakage
2. Flux
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Draft of Criteria for Estab[ishittg Area of Applicability

L hlaterids

.4. Fissionable (all milterialso!”a[omic IW()or greater)

Criteria Tolerance

● Element No Tolerance
“ (sotopic
● Composition—— ———

(Fissiontiblemtiteriuiswhich tire present in quantities of less thwt
().5(+of total fissile material may be neglected)

235u, 239pu, Absolute
90 2W, 241PU 9@

(). ~ -1-]

2-5 * 1.5
5-10 f 2.5
10-20 i5
Z()-80 * 15

80- 100 & 10

(If the experimental data point and the uctutilcase fall in
different zones, the most conservative tolerance applies.)

9’0240Pu (in Pu) Tolerance

0-3290 * 4qG

● Physical form No requirement

c Density as fissionable material No requirement

“ Density as scatterer Atom ratio of scatterer to fissionable material must agree * 5% for
extrapolations, ~ 2(YZOinterpolations

● Temperature 80”K - 273°K ~ 25°K

273°K - 550°K f 50”K

550°K - 1100”K * ]OO°K

Moderator Tolerance

“ Element No tolerance

Isotopes of atomic number less Moderating isotopes which eie present individually at less than 0.5
than 12 and low absorption atom percent of the total neec~not be considered moderator. H
(e.g., excluded 3He, 6Li, 1OB, isotopes need not be considered if present at less than 0.05 atom 7G
14Nbecause they arenot10W of the total moderator.
absorbers)
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Draft of C’riteria for Estuh!ishi:lg Area of Applicuhiiity

Moderatw Tolerance

● Isotopic composition

H * 20(; fur intcrpo]tition
+ fq for cx[r;lpoltitkm—.

Others No restriction

● Phy~.i~ill form No [oltritn~~ ([he sdmc chcmicid cwl~p(]~ill~m~nd lhu wme phiiw)

● Ratio [o fissionable muteriid(in MUSIhe present tit the some utom riitio with rcsptct to the
fuel region) fissionable material t 20% for inlcrpolutton, * 51~.t“orcxtr~polution

● Density (when present in a If the element is present in the experiment or the tictuulcase in
reflector) quantities of greater thi~n1 w/o, then the experiment and itutuirlciIse

must tigree 10* 3 w/o for an exlrapoltitionor * 10 w/o Ior m
in[erpolution.

“ Temperature Stime as fissionable materials

Absorber Tolerance

“ Element (2 classes)

I/v (3He, Bl”, Li6) Interchangeable given the same macroscopic absorption m 2200
rrds.

● Others No tolerance (isotopes with macroscopic absorption cross sections
of less than 10-4cm-1 at any energy and an atom ratio with respect
to the fissile material of less than 10-4need not be considered.

● Isotopic composition

I/v (He3, BIO,Li6) No additional restriction

c Others Duplicate the isotopic ratio t 5~6

● Physical form No restriction

● Ratio to fissionable material Must be present at the same atom ratio with respect to the
fissionable material * 20% for interpolation, * 5% for extrapolation

● Density in reflector If an absoiber contributes greater than 1% of the total absorption in
the reflector, then atom ratios of the absorber to scatterer and
absorber to fissionable, if present, must agree * 5% for
extrapolation, * 20% for interpolation, and the total absorption
due to the element in the experiment must agree with the actual
case to within 15%.

c Temperature Same as fissionable materials

Absorbers are nonftssionable, nonmoderative isotopes with microscopic absorption cross sections of greater
than 2 barns at any energy.
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Druft of Criteria for I.stublishing Area of Applicability

Scattcrcr Tokwnce

● Material scr~ing ils ~ rcfleclor isotope must be present in the experiment und ii~tu~l cuse m within
~ I() w/o ~l~d[he physicilldensity of’[he UUIUUIrcllec[or mUS[ agree
with [he exp. rc!lector to within t 25Yc.

● Mopic

c Physicid fOilll No requirement

● Temperature Stime as fissionable materials..— — .— —— ———.. -——.—
Scutmrers include i]ll isulopcs which are neither moderators nor absorbers nor fissionable. For iso[opes

.- —.—.

present within ii rcgi{m(either fuel or rellector) at less thim 3 w/o in both the uctual case tind validation, [he
isotopes need not bc c{)nsidcrcd.

110Geometry

Homogeneousunits: Tolerance
Feature

Shape For non-reentrant bodies, 50% variation on meun cord length
ctilculated as 4* volume/surface
For in[ermd reentrant bodies, 25% variation on meim cord length
calculated as 4* volume/(internal surface)
For external reen[rant bodies, no tolerance in shape or size

Retkction Solid angle to within f 10% Mean spacing between reflector and
fuel f i0%

Layering/ordering For systems with multiple material layers, the layer sequence in the
experiment and the-actual case must be identical

Relative material thickness Physical thicknesses of all materials must agree to within * 50%

[homogenou,--+ single material system or one which combines multiple thin (less than 1 optical thickness)
material regions in a uniform pattern (a void is considered a material)]

Heterogeneoussystems: Tolerance
Feature

Shape of single units Same as homogeneous

Mixed or same type units For s).stems which have mixes of material or unit shapes which
would be expected to have strong spectral differences within the
system, a technical defense must be presented justifying the
comparability of the experiment and the actuai case

Number of units The number of units is a coupiing concern and is addressed there
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Heterogrnom s}stems: Tolerance
E-eature

Neuiron density versus energy The normidized ncutroil productlt)~)r:l[c tiver;lgcduvcr;iil Iucl
regions must ugreewithin ().I% in idl 3 energy rungcs
The absorption and Ieuk:qy
within I.()%in dl 3 energy
The 3 energy riinges tire:

0- I Cv
1eV
100 keV -20 MeV
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Charter
Experiment Needs Identification Workgroup

Nuclwr Criticality Technology tind Safety Project

!. Purpose

● lckntify ncw criticil!ityexperiments needed to support U. S. nuciear facilities.
● Serve us Itw lliitiOllill fOCillpoint for experiment requests.
● Publish it list of (Iwexperiments identified.

II. scope

Tht workgr(mp will identify criticoli[y experiments needed (o support the following:

s Nc~wU. S. Ilepartmcnt of Energy (DOE) programs.
● Nfodificiitionsto existing DOE facilities.
● Resolution of criticality physics problems.
● Advancement of criticitlily safety technology.

111.I$Icmbership

Membership will he from [~rgi.mizaticmswith a vested interest in nuclear criticality sufety,
including, but not limited to:

● DOE Contractors DOE Program Offices, and Criticality Safety Committees. The
Nuclear Reguliit~r}4Commission and Licensees, Critical Mass Laboratories.

IV. Responsibilities

● The Chair coordinates workgroup activities.
c The Vice Chairman serves in the absence of the chairman
● l-he Secretary prepares and distributes meeting minutes.

Members
“ Identify experiment needs.
● Con:ribufe to the Workgroup report.
● Prepare experiment justification statements.
● Attend Workgroup meetings.
“ Suggest experiment strategies for ENIWG.
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L’xperimett( Needs ldt’tltijiculi:)ti 1~’tvkgrt)u~)(.”llartt’r

V. Report

A report listing identified experiments will be published through !hc Nuclcilr C.’ritiuiility
In!ormu[irm System und updiited wmutilly. This report miIy incltldc input t“romIhc Expcrirrwn[al
Needs Coordinuling Group (ENCOG) regarding experiment priority.

VI. Meetings

The Workgroup will meet annuutly.

VII. Funding

%r[icipti[ion is ~wluntary. NO funding is provided.

Churter for the EXPERIMENT NEEDS IDENTIFICATION WOf{KGROUP reviewed und
rrmffirmcJ at workgroup meeting on April 28, 1987.

D. A. Rutherford, Chair

.’; ~. ‘..,, . ! I-:, o.’l‘, ; PMIN IIf, G OF F ICE 19(,4 1, 5/ ; 1,:,.: K/(, ”/C
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