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FORECAST OF CRITICALITY EXPERIMENTS AND EXPERIMENTAL
PROGRAMS NEEDED TO SUPPORT NUCLEAR OPJMUTIONS IN THE

U’-ITED STATFA OF AMERICA: 1994-1999

Dcbm Rutherford
Chair of the Experimental Newts khmtificu[ion Workgroup

Los AliImos Natiomd Labortitory
P. O. Box 1663. MS E550
Los Alamos. NM 87545

505/665-5038”
505/667-0492” - FAX
diu@[equila.lmd.gov

ABSTRACT

This Forwwst is generimsd by [he Chair of the
Experimem Needs ldentificmion Workgroup
(ENIWG). with input from Department of
I%crgy and [hc nuclear communi[y. One of the
‘:urrent concerns uddresscd by ENIWG wus the
Defense Nuclear Fucilitics Sufcty Bmmd’s
Recommendation 93-2. This Rccommcndotion
delimmtcd the need for a critical cxperimcntul
capability. which includes ( I ) u prugrtim of
general-purpose experiments, (2) improving the
information base. and (.3) ongoing dc partmcnml
programs, The nuclear community also recog-
nizes the importance of criticality thcmy,
which. ns a stepping stone 10 compu(utionid
analysis nnd sofcty code developmcn[. needs [o
bc benchmarked against well-chimictcrizcd criti -
cid cx~rimcnls. A summary projection of lhc
Ilcpurtmcnt’s needs wi~h rcspecl to criticality
infbrmulion includes ( I ) himcts-on Iruining,
(2) criticality imd nucletir datu. (3) dclcclor sys-
[ems. (4) urimium- und pluu-mium-hascct rcilc -
tors. nnd (5) accidcn[ tmulysis. The Workgroup
hm cvahmted, prioritimJ, ml categorized ~il~h
proposc(t cxpcrimen[ imd progrnm. Transpor-
tit[iodApplicutl(]ns is u rww cu[cgory intended to
m-wcr the iItviIs of smragc, Iruining, cmcrgcncy
Il!spor. c. and standards. This ciucgory has the
highcs[ numhcr of ~riority- I cxpcrimcnts (nine).
t%cilitics Cilp~t)l~ 0[ pcr~orming cxpurimcnls
include [hc Los ALIMOS Critiuid F,xpcrlnwn[
Futility ( LAC’EF) ill(~ng with Arm V nl Sandiu
Ntili(mid Laboratory. Thu LAO+’ continues to
house the mosl sipnific:ml collc~iion (JI”criticill
usscmhlics in the Wcstcm Hcmisphcrc, ‘l-hc sIuff
(}f this Iicilhy :md A~milV il~mtrilind id mli-
fhxl, id documcntnlion is cumml, lH+ilWCi will
contirmc to wtwk wllh the llu~l~ilr community I(I
idcn[ify ilnd priori~izr CXPI imcn[s bmausc Ihrrc

is tin overwhelming ncm.tfor critical experiments
10 bc pcrfurmcd for busic rcscurch und cmk
validut ion.

INTRODIJCTION

“ibis rqort identifies critical experiments
forecast for 1994- I Y99, based on the consensus
of the I-Ixperimem Needs Mcntifica[icm Work-
group, which is sponsored by the Dcpiutmcm or
Energy’s (11(.X+) Nuclear Criticality Tdmology
and Safely Projrc[. This Forc(w.w is gcncrulcd
by the Chuir of t$c Workgroup. with input from
DOE contractors. DOE progrum ofticcs, SpCCiill
groups working in the arcu or criticidity safety.
DOE cr;!icd mass Iahcritorit!s. wd Ihe Nu~l~i\r
Rcgulamry Commission.

This documcnl is considmd il “liying’-
document and wi]i hc upddcd pcriodicul]y. A
glossury of nuchmr Crilicilllly tmns iUILt d list Or
symbols (Appt!m.lix A), iI list or criticillity
ilcronyms (pugc 20). id ti list or ENIWG par-
ticipants ( ptigc 24) is found in [hc Los Ali\nl(~\
rcpcwtLA- 12(W3.*
(’111-IYIII (’011(.cI-11,$. “rhc I)cfcnsc Nu~l~ilr
Fticilitics simy thud ununimmmly tipprovcd
Rccommcndu[mn 93-2 [ Appcmlix 13) which
d~ill~ wilh “[h~ IWd for crilicill cxpcrim~.nt
ctipfihili[y. ”” ThL! 130ilr(J ltL’lillL!illL!Lt in its

*II. Ru[hcrford. “l;llr~~il%l ~lr (.rilicillily
tlxpcrimcnts ilnd liXpl!rilllUlltill I’r(lgrillll\
Ncmhd I(} Supp(m Nl[~l~ilr op~ril[i(ltls in IIW
(Inild Stilius (If Alll~ri~il: 19[)4 1999.’” I.,(Is

Alil[llt)s Nilti{)nilt I.ilh(}rilit)ry rqxw[ I. A- 12(IN3
(Juty lt~%l).



Rccomrnendution that a continuing progrom of
gcncml-purpose critical experiments is ncccssary
[o insu,-e sufety in the handling and storing of
fissionable materiid, Specifically, the Board
recommends that:

1. The Department of Energy should retain
its program of general-purpose cri[icul
experiments.

2. This program should normidly be directed
ulcmg lines tha[ satisfy the objectives of
improving the information base, which
underlies [he prediction of criticality and
serves in the education of the criticality
engineer community,

3. The results and resources of the criticality
program should be used in ongoing
depurtmentitl programs where nuclear
criticality wodd be an important concern.

Specific experimental and programmwic rc -
spon.;es to the DNFS13 Recommendation ure
listed in Table I.

Also. bused on the previous version of
this forecast, scv~rill questions were r;]ised
concerning criticality, physics tind the calcu -
lotionul methods being used for crlticulity
imtilysis. These cvtiluitriuns ilnd questions
hcconw cxtrcmcly impur[an! as the DOE
complex chimgcs its mission, faces numerous
weapons returns from the stockpile. tind pl:Jccs
ml ever increasing imporltincc on rCglllil[(lry
compliimcc. 13cctiusc the cxperimtmtnl facility

chosen must mw.luct their opcrtitions bustid on
their financiol tind personnel rc~ourccs, the
ENIWG provides the guidimcc :mtl informti[ion
thitt fire needed for [he itllocittion of resources in
the eorly planning ofcriticality cxWriments.

EN1”WG OPERATIONS

The function of the Workgroup is to provide
the criticality community with o hieritrchy d
experiments needed to support U.S. DOE, HRC.
and its licensees contractor operations. At the
beginning of a new DOE program or modificil-
tion to an existing program that involves fissilc
materiid, the ENIWG mtikcs an evaluation [o
determine if current crilictili[y benchmarks urc
tidequatc. If these benchmarks tire found to be
intidequate, u ncw criticality experiment muy hc
necessary for sufc[y und/or economic retisons. If
such an experiment is indeed required, [hen il
listing will ilppc~r in this documcrw

ldcn(ifying Experiments and Expcrimcn[:ll
Progriims

Ihpcrimentitl Progrums dclineillc gcncr:ll
representations of n hrrmd CXpCrilllL!ntill need
(i.e.. dosimctry). Expcrimcnls arc more specific
in Ililll.lrc,
For ~il~h cxp~rimcnt iln(.1 cxpcrimrn[id progrilm
idcn[ificd by the Workgroup, the rcqucs[cr or
sponsor prol’ides il justitlcali(m \lill L!lllCnt (see

Table 1: Ilxperimcnb and Experimental Programs Identified by IINWIG that Addrc.w Spccitic
DNFSB Rccommendatiom%

Experiments or Experimental Programs

DNFSB Rccommcndation that Addrc.ws the Ilccnmmcndation

..,., Illilintilin u good hilsc of in fnrmil[ ion for ]()~, I(M), ~()~, ~()~, ~()~, ~()~. 305, .~()(l. 402.

uritictility conlrol, covering the physictil si[[lil[ions 502g, 502h, 504. .+()(~,:md 701

thu( will bc cncuuntcrw.1 in hilndling :md s[(wing

Ilwionddc mulcriul . . ,“’

,,
,., ltlCcrc(icill undcrstwrding ol’ rwutron 103, 105, 204, 205, 207, 2(W 301. sol, 502.

mulliplic:lliim proccsscs in Crilicill ilnd Wbcriliuill Sozil, 50211. 502C, 502f, 502i, 503, 505, {)01,

Syslullls . . .“” (105. (105il. floL), 702.70.3. illld 7(I4

,,
.,, 10 cnsuru rulilining il c(unltmnily of

illdi VidUill S C(llllpclL!lll in prilCiiL’lllg (I1C

[Crllicillilyl c(mtr(~l.”

All uxpm-inlcn(s illld ~x~ritll~ll(ill f)rogrillll~.

spCcificillly 507 illltl 50X - lrilillill~

101, 102. 3(U, (10(1. illlll 707

—



form in App, C). * This justification information
is used to evuluate the need for the experiment
and should ( I ) discuss existing criticality duta (if
my) and why it is deficient: (2) provide a de-
scription of the needed experiments; and (3) !ist
po[tntiid benefits.

At the beginning of each experiment and
experimental program listing the following
general information is given: ( I ) the DOE con-
tractor who needs the experimental data; (2) the
experiment or experimented program category:
and (3) the ~pplication of the experiment or
experimental program,

Ruling Experirr,ents and Experimental l%gr~ms
Experiments and experimental programs are

rated by reprcsent:ltives from the ENIWG who
have determined the priority listing for each
entry, These representatives iIlso consider the
idcntiicirtion of a sponsor tind the extent to
which such experiments will support program-
mtitic needs or provide basic physics data.

In uddition, n subcomrniltec hus been formed
of the Weapons Criticality Committee to idcntlfy
[he needs and priorities of nuckiir safety ex-
periments thilt ilr~ nuclear-weapons specific.
This effort will bc coo~dinated with the
Workqroup.

Eilch cxpcrimem and expcrimcn[al program
I isted in the dccumcnt htis iI priorify listing [hat
is one ot the following: ( I ) .Nlaximum prac(ictil
iltkntion: (2) Required for ncw or ongoing DOF.
opct-iltion: or (.3) Less urgent [hiin priority (2),

‘D. Ruthcrfor(l, ““FOrCCilSl of Criticillity
F.xpcrimcnts and Expcrimurrlill Progrilrus
NcAxJ [o Support Nuckrr Opcrutions in lhc
[Jni[cd Stutcs of Anl~ricil: 1994 -1999,” Los
Alilmos Nationol l.ubori~tory rcpor[ LA- 126X3
(July 1994).

The .YIfJtli.\ mnking of cnch cxpcrimcnt und
experimental progrtim is (Jesignakxl M onc or thr
following: ( I ) Initial Request, (2) Justitlciltion
Completed, (3) Justification Being Prcptired,
(4) Experiment Identified, (5) Anticipated Need,
(6) Experiment in Progress, or (7) Expcrimcnl
Complete.
Note that sit/r/M m-id priori/y arc different tind
can differ for ;my single experiment and
experimental program. Howwvcr, every effort
should be mwie to bring them to an equivalent
level so thut. for instance, the highest priority
experiments should also be the ones closest to
crrmpletion.

Summary Listing of Experiments und Experi-
mental Programs and Their Priorities

Table 11 lists (he 58 experiments iltld expcri -
rnentid programs [hat huve been identified tind
prioritized. The 23 cxpcrimems considered high-
est priority (maximum pUCll Cill illtCntiOn) drr
listed in T~ble 111.

Ncw Tr:msportirtion/Applications Cutegory
This new suhsct of criticality experiments is

inicnded to cover the ilr~ils of storage.
Irimspofiirtion, wuste, dosimelry olarm systems,
training, emergency response, processing. tind
rcgulutions und standards. The mirteriul is
divided into IWO pilrts—%grams iind Spccifiu
Experiments, The progrwn ~rctis urc furlhur
subdivided into specific cxpcr]mcnts where
ilpprOpriatC.

it is irssumu.1 th;ll the physictil fiici[ilics of
th~ cri[ici]l mi~ss Iilhorutorics ilr~ “LJscr
Fticilitics.”” These fucili[ics would Iw ~llilin[ilind
Itl support cxpcrinwnlill Capilbililyl ml ilrC 111A’
ilvtiiltihl~ to cxpcrimcntcrs. of course, [h~’
pcrmilncnt filcilily slilff would lnilin[iIin tllc

Table 11: ldcntilicd and Prioritized Kxpcrimimts and Flxpt!rimcntal l’rogrnms.

Numlwr of Priority

(’ill~gori~s Priorily 1 Pri(wi[y 2 Priori[y 3

Ilighly tinrichw.1 Urilniurn (llli(J) 7. s [)

Low- thrichul U rilnillm (Llill) 7 3 I

Plu[(mium (P) 4 I f)

}~l[ltolli[llll/lJ rtilli[ll~l~llcl (P[J}J) () i ~

“I’ril]lsporlilli( ~n/Applicilti\)ll\ (’~/A) 1) x ()

l{ils(’lill~ ‘l”hc(wl’[i~ill ( B-1”) 5 ‘1 -1

(’riticillily Physics ((*I’) I 3 I
r

‘I”(llill (5X) TJ :7 x



Table 111: Highest Priority Experiments and Experimental Programs.

Category Experiment Experimental Program or Experiment Title

HEu I04 Advanced Neutron Source

106 TOPAZ-II Reactor

LEU ~~ Sheba Reactivity P~ramcterization

3)7 Sheba Reactivity Void Coefficiem

P 30 I Plutonium Solution in Ihc Concentration Range from 8 g/L 1017 g/L

303 Effectiveness of Iron in Plutonium Storage and Transport Arrays

304

305

TIA 501

Program 502

502C

502h

Plulonium with Extremely Thick Be~vllium Reflection I[
Arrays of 3-kg Pu-MetaI Cylinders Immersed in Wu!er

Assessmem for Materials Used to Transprrt mm-iStore Discrctc ltcms ilnd

Weapons Components

Waste Processing, Transporttition, and ‘lorage

Valid&tion of WIPP Hydrogen Generation Calcultitions

Minimum Critictil MiIss of Fissile-Polye[hy lenc Mixture

502i ] Cr!ticdity’ Studies [hut Emphilsize ]ntermedi~te Energies 1

Program 503 Validation of Criticality Alarms md Accident Dosimetry

Progrum 504 Accident Simulation urrd VAidotion of Accident Calculations

Progrnm 505 -” Evaluation of Nleasurcments for Subcr~ticirl Syslems

508 Dcvcloprncnt cf iI Demonstration Expe[imcnt

BT 601 Critictil Mass Experiments for Actinidcs

006 I Establishing the Vtilir.hty of Neutron-ScottcrinE Kerrwls 1

607 Extending the S[ondirrd ANS1/ANS 8.7 to Moderuttxl Arrays

608 Fission RiIlt! Spectrul Index Measurements in Three Assemblies

609 Valicliltion of Ctilculntirmal Methodology in [he Intcrmcr.iiutc Energy

Runge

CP 702 Spenl Fuel Sufety Experiments (SFSX)
—— .

uilpubility to CoilCIUCl cxpcrinwnls, or to su -
pc}visc ‘(he tcnlp(lrilry ‘Stilft (or pilrti~ulilr
uxpurinwnts,

Trilining would tic included iIs pmt O(
continuing ~ilptihili[y. The trilining is divkhxl
in[o three pnrts, Trilining is provided [o thow
who opl~ril[~ the cri[icill cxpcrimr~ts, which is
the first p:m. The second piIrt is il continuiltion
nnd ~’xpilnsion of [hc Iltlclcur-c ritic:ll ity-sul”cly
hid!+(~n. 2-, 3-. :md 5-dily trnining courses th:lt
lwvc hccn pmvidcd for s~v~rill ytmrs. The third
type (1I Irilinillg is illl “illlcrn-i ll-rcsidl:ncc”
pt(}grillll to illlllW p~rSotlllL?l illl (Jppfmlllnlly 10
gii,il,l cxpcrictlcc in [h~ dily-tt)-dily op~riltion” 1)1ii
~rlil~ill cxpcrlnl~nt til~ili[y. An iinpor[iin[ idj(ln~t
01”tlw trilillillg progrillll is dcvch)ping il Silllulilt(w
I(I d~tnons[rillc IIN chilr:ictcris[ics of cri[kill sys -
11’IIIs. Wr prf)p(~ml tlml (his dcvchjpmcnl tw

Col” ,:s il “uillalogm” itcm under [hc ii(lspi~~s 01 [hu
I>(;E iln(.1thtit this sinmliltor is mmlc il~ilililhl~ [()
c(mtrilc[ors ilnd others ill ~OSt.

Progrimls iln(.1 cxpurimun[s inrludcd in ibis
~ilt~g(~ry urc idenlilicd in Tilblc IV.

RKSOURCES AND S“~ATUS OF
FACI1.ITIKS

mu current ( 19°4) StillllS (If il\’ililil!ll12 Uriticill
tilcililics ilnd lhclr rcwmrccs ilrl! Iislm.1 hcltJV’.
Al[h(~~lgh s(*V~rill lilcili[ics hiIVC I)ucn CI(IWLI.
tllL!y ilrC Iis[ml Iwrc It)r his[t)ricill r~ils(}tls.
Illcllldcd in Ihc dcscriptifln {)1”L’ilUll I“ilcilily ilrl’
IllL’:

● uorc [~~hni~ill ~ilpill~iliti~s (Ih:l[ IS, \~llil[
,Isscmhlirs, [Jr 1~’~1uCl l\. illld Wllilt uult~.ri-
ills ilr~’ ilVilililhl U Itw Cxpcrillwn[ s):
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Table IV. New Transportation/Applications Experiments and Experimental Programs.

Experiment 501: Assessment for Material Used [o Tmnsport and Store Priori!y 1
Discne:e Items and Weapon Components.

I Experimental Program 502: [ Waste Processing. Trwwportution, :md !Nomge. I Priority I I—

Experiment 502a I Absorption Properties of WasIc M~trices I I-%iorl[y 2
m ,

Exwrimen[ 5(J2b I In Situ Drum !Nacking 1 Priorily 2

Exfxriment 502c Valicia[icm of WIPP Hydrogen Gencralion Culcula!iuns Priority 1

Experiment 502d The In-Timk Precipitation (ITP) Process for 235 U Priority 2

rExperitient 502e [ The In-Tank Precipitation Process for ‘~5U + 239Pu ~ Priorily 2 I
,

Experiment 502f I The In-Tank Precipitation Process for ‘3YF% I Priority 2

Experiment 502g

~

Dctermintition of Fissionable Muterial CcmccntrationK in
Waste Materia!s

1

Experiment 5(1211 I Minimum Criticid Mass of Fissile-Polyethylene Mixture I Priority I
1 m

Exrmimcm 502i I Criticality Studies That Emphasize tnlermcditilc Energies I Priorily 1 I.

Fixperimcntzd Progrum 503: Validaticm of Criticality Al~rms and Accidenl Dosimctry. Prioriiy I

Experimental Frogram 504: Accident Simulation and ‘Juli(.fmion of .4ccidcnt Priorily I—
C:dculations.

Exrcrimtmta] Prmmm 505: )ivaluntion of Mtmsurements b Subcritical Systems. Priorily 1, L-

I-lxperimen[ 5(M): S~(r Fissilc Mass Thresholds for an Army of WiIs[e Storage Priority 2
Drulns.

Experimcntid Progrtim 507: Simululor f2cvelopmcnl Priori[y 2

Experiment 508: Development of u Demonstration E.xptirimcnt Prio(;i v i

● currcn[ documentation (for example,
SARS, TSRS. tind opcr;lting pmccdurcs);
im(1

● personnel rcsourccs.

A. LACEF
1. Cot-c Technical Cupubilitics

The mission 01 [he Los Aliunos N~ltion:]l
Lidxm(ory ( LANL) is:

“Thu Los Alilmos Nti[ionill LiIbo-
rillOry is clcclicu[ed to ;lpplying
worlcf-elms scicncc und [cchnology
1(~ ~hc nn[ion’s sccuri(y iltld WCII
hcing. The Lih(lril(ory will conliniw
ils spccl;ll role [n (l Cfcllsc. pilrli~ll -
Itirly in nll~:kiir w~ii~(~lls [cchnology,
illlll will illcrcilsingly llst! 11s multi-
disciplin:lry cilpilhilitics 10 solve
prohlcms in lhc civiliim wxmw,”

S. tlcckcr ( 191)3)

op~rilt illg ilt l%jilri[() Situ since 1946 th~ IAM
Altitmw Critictil Experiments Fil~ili[y (l. ACI{I:)
hus hccn autircly involved in [his mission. Much
(JI”[hc origintil nuclutlr uri[icilli[y rcscilrch Wils

pcrformml iIt [his si[e, nnd “hc fucili[y clmtinucs
m house (hc mosi significiln: collection o! crili -
cwl assemblies in the Western Hemisphcrt!. Tlw
LACEF consis(s of three rcmolu]y con[rollcd
laboratories, known ils kivus. which tire lo~ilt~d
approximiucly onc-qutirtcr mile from Iht? mnin
building that houses [hc individuid conlrol ro(}ms
Ior cfich kivil, The usscmblics in (hc kivils ilr(:
described below. Tt,c combination of the ils -
scmblics. ;1 lilrgC inventory t~f fissilc nlillCriill.
md strudurid nm[crials miiki~s (hu LACF. F OIW
of [hc mos( divrrsifd Iilcili[ics for [hc simulil-
Iion Of IlllUIUilr rt2ilCtorS. WCilp(~ll S, illld process
:Ipplicilli(ms; il Is ;llst~ il rcsourtw I“(wpcrfortning
r~scilr~h I.w [hu nuclciw cwmn,uni[y.

,?lssi’vll)li(’s
TIIc ils~~[nbli~~ thil[ [llily hU (lp~ril[~tf ill

1.ACEF (~~~ ‘~ilhl~ V f(w II1OSCcurcnlly ilviiil-
iibl~) Cilfl h~ sllbdividml into I“(mr ~ill~g(lrl~~:

1. tl~)l~hmilrk usscmhlim urc s(ilhlr. d~’-
fillillll~ Colll’igllrilli( ills uolltilillillg pr~’-
~it;~ly known cOIIIpoIICIIIS. ” “1’IICY Cilll

lli~vc-ill[~r~h:lllgc;lhlc or ilcl,l[ls[,lhl~ (is-
silc clwus ilnd rcllccl[ws,
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Table V. Critical Assemblies at the LACIW.
*

Assembly Type flpplicati~ns

Big Ten Large, ftist-specm.rm, steady-stirm lwnchmwk assembly 1,23,4

Comet Cicncral-purpose, vcrticid usscmbly muchine ( poi Ale ) ~. i. ~

Flattop Fasl-specmum. steady -stti[e Iwnchmmk ;lsscmbly 1,5,(1

Godiva IV Filst-burst ussemtrly (pc)rtilbl~) ].~,4,6,7, ~

Honeycomb Large, generw-purpose, horizormd assembly m:lchinc 5.9, 10

Mars Lilrge, general-purpose, ~m-tical assembly machirw .,. ,75b

Planet Generil-gurpose vertical assembly mtichim 2, 5, 6

Sheba Liquid. steody-s[irte and burst ossembly ],~,4,7,~

Skua Arrnulur-core fns[-burst assembly 1.~.7,~

Venus Lurgc, gencrul-purpose muchine (used for solutions) 1.4. 5,6,8

Arm]iciuions Lee~mci

1. Irrtidititirrn studies 6.

2, Neutron/gamma trunspmt effccls 7.

3. Nuckrr fuel development /3.

4. Dcteclor development studies ‘).

5, Cri[icul mass and sepilriltion studies lo.

Assemb!y machines arc genemi-purpose
platforms into which fissile, moderiiting,
rctlec[ing, and control components cm
be loaded for short-range study of the
ntutronic properties of the malcriols.
Solution assemblies are specifically dc -
sigried [.) ullnw critical operations with
Ct)nflguriltions containing fissile solu -
lions.
tixrwrimcntal rcac[ors wc either coohxl,
nnturally or by s~ If-contuincd hca[ rc -
jection systems and mtiy bc opcrulmi for
:1 sigrriilmnt time at low-power levels.

2. Currcn[ IIocumcn[illiop iind I%rsonncl
Rcscmrccs

The LACEt: \till”f is Irilinctl ml twnificd und
Lk)curnclllillioll is currcnl,

B. Jrcil V. Sillldi[l NiII’INMl l.ulmr~ltorws (SNL)
1. COW Tl~~hni~iil Cup: bili[ks

Arcil V ilt Stindiil Ntitionul Ltib(~ril[ori~.s
[Alhqucrquc) comprises numerous r~scilrch iInd
[ml Iuhoru[orics whosu muin ilctivitics ccn[ur
upon resctirch work conducted il( v~rsil(ile
r~il~t~)rs ilnd gilrrlrnu-rtiy source filcilitics. The
lniiin components of Arcu V orc [hc Anrrulilr
C[~rc Rcscnrch Rcuclor. (he S~ndiil PLIISC
R~il~tor II, th~ Silndia PUIW Rcwtor Ill, th~

Cri[icirlity safety Iruining

Vuln~rability, Iclhidity. imcl countermeimures

(V1 .&C) Criticuli[y idarm dcveloprccnt

NEST & START technique dcvclopmum

Weapons safety sludy

Gilmrn~ Irridiotion Futility, [hc Hot Cell
Lubortitory (G IOVL1 box La60rtitory and
Analytical Ldmrtilory), i]nd the Rwliulion
Mr.trology Labortitory.

As.w’t?ll?lics
The Annultir Cort Rcscirrch Rctictor
(ACRR) is :1 pool-type rescurcl; rcilCtor
Cilpilbl~ of Slt!W.ly-StillC. pUISC, illld
tailored-tr;msicrri (~ncril[i(~n. Tlw rcil~t(~r
wils de :iignd t(> :Iccommodu[c il 2 1.(’(ML

crn~ cxpcrimcnttil pi.Icktigc in il hlgh-
flux, il~ili-tlnitorrn rndia[ion ficlcl. [n
wldition, i[ hus two intcrchungetihlc.
fuel-ringed cx[crrml ctivi[ics. tin unfuclcd
cxtcrntil c;lvi[y. illld [W() rwulrun
rwliugruphy fucililics.
The Stilldiil Pulw I&rulor 11 (SPR-11) is
il hirrc. filS1-hUrSl. unrcllcclcd ilnd
unmodcruld-uorc rCilClor CilpiltrlC (Jl”
pUlsC illld limilcd SICillly-SlillC Opl:rilli(M1.
II hils iI \nlilll ~~ntrill ~ilvi(Y illld is UWXI
primilrily lur nilrri~w-pulse, high-dosc-
m(c Ics(ing.
Th~ Sillldiil I%IISC R~i~~[or II 1 (SPR-I 11)
is il l’)ilR!, tirs[-hursl, unrl. flrctcd illlll
Llnnlodcriltcd- c(:rc ll!il~:l(ll’ ~ilpillll~ of
f)UISl! illld Iimitul s(~ildy-stlll~’ opl!rilli[)ll.
Th~ prim:lry cxpcrinwnt CllillnhCr is :i



large cen[rid cavily that extends through
[he am. SPR-lli is used for high-

nmltron-fiucnce or pulsed, high-dew
Icsting.

~ Current Document’l[ion find ?crsonncl-.
Resources

The SNL stuff is [r~ined :md ccrtificd uncl

documentation is curmnl.

C. Argonne Nu[ional Laboratories (West)
1. Core Technicid Capabilities

The Zero Power Physics Reactor (ZPPR) is
it modern. world-class critical flcility ctipuble of
full-scale simulation of fusl-spectrum reactors.
ZPPR has [he flexibility necessary [o accom-
modate criticid assemblies for a wide range of
reactor types, from very smuli spircc reactors to
[he largest, fast reactors. The fticilily design
makes it possible not only to p?rform meas-
urements. but UISO to switch rapidly from mw
rttictor to iln~thcr. ZPPR’S inventory of criticul
experirnentul mtiteriuis is irreplaceuhle and

immenw. This is due to the cost of specialized
materiuls for thr fitcility and nonexistent
mimufacturing capability.

The ZPPR fitcility, located tit the Idano sile
of Argonne National Laboratory (ANL). consists
of il reactor cell, a fuel-element 100ding room, u
control room, u materials Slorilgc building, imd
workshops. The reactor cell and Iouding room

irre situutcd untlcr ti lurgc curthcn moumt thdt

proviclcs ;l sttihle experimental environment and

effcclivc sfifcgumls.

2. Current Documenltilion tind Personnel
Resources

Lust uc[ivc in Mnrch of 1992, the ZPPR
lticiiity IS presen[ly in nonopcrtilionitl s(imdhy,
The documentation is not current. The staft is no
longer certified WICI hus hccn reduced to three
Wrsonrwl.

D, Himford Ltiborittorics
The Htinford Critkill Mils~ Litborilkmy WiIS

shut down ti[ [he cnd 01”Dcctmhcr 1988; i[ is no
Iongcr functiomd us u crilicirl futility:

The majoiity of the world’s s:ltcty (.Iota on
crilicidity of plulonium-hcming solutions WilS

from [his Iilcilily.

ORNL. The facility. which \viIs operittionill
between I 950-I 975. conttiined t!wcc cells: onc
was equipped to perform solution criticul cx -
periments. i~nd the other [WO were equipped [u
perform solid critical cxperimems or split tables.

T Current Documcntulion und Personnel-.
Resources

The futility hm been shu[ down. There is no
trained und ccrtificcl s[iItT ond no curnm[
documentation.

F. Rocky Flats
1. Core Technicul Ctipuhilities
The Rocky Flti[s Criticid Muss Litbora[ory
(CML’; is currently in iI standby mode. The
fi]~ility is grilduillly heirrg de fi~eled. d~~on[it~.~ -

rmted, and decommissioned. ‘rhis process is :ot
completed.

The CML hm one tcs[ :ell :hfi[ is l~rgc :mti
WCII cq lipped with vcrsiltil~ handling equi; ]-
menl. 1[ is thick wtilled id has o history of d
very low Ieuk r;ltc from il~teii[lontil over prcs -
suriztition. The in(crior otmo~phere con bc com-
pletely isolimx.1 during tin expcrimcm. These
prnpet-tics mukc the test cell idcid for [hc sufc
performance of crilical cxperi.mcntx.

A,wnddit’s
This test cell contti:ns tour tisscmb]y

milchines, two of which tire M vm-ticid split tublc
imd [hc “’!iquid-rctlcc[or ~ppurtitus.” The formm
has net”cr bmm used tind ctinnot be opcrutml
without nmjor reptiirs; the Iuttcr W;IS tlismtintlw.i
in the 1980s. pending rebuilding using u moru
cffiuicnt design. bul this hits no( yet occurrecl.
The other two ilssrmblks m s[ill prcscn[ ml
fully opcm!ionid:

● The “horizon(:ll split t:lblc’” is it liirg~
itsscmbly ~ilp~bl~ 01 being loild~d I()

muny tons. 1(s scpurfilion pilrillllclCl% cm
ulso bc prrcisuly crm[rollcd ild uccurdc -
Iy mctisurud.

● Thr “Solution Ihsr-’ is an ilss~mt)ly thut
is slill Conlluclcd (0 il uri.uliurn s(~lution
tiulk furm tha( con[tiins 5(J() kg of high-
cnrichcd urunyl ni[rii[c solution in 27(N) L
of solution. mu soluti~m is qui[c free (II”
impurities ilnd cxisls ill illl iclr; ll :Icitl
normillily. ho ct}nucnlr:lli(]ns ;Irc
housul: onc is ilpproXilllill Cl~ Ihl?
Illinilntl rll-criticill- volulllc u(mcunlrulion:
the o[hcr is -120 g/1. Of Uriitli[il,l. ‘I”hc

Llrilniii!l] is cnriuhcd [() ilho[l[ 93(4 ~’~l!.



T Currcnl Documcnldlicrn tind Pcrwmncl-.
Rcsourccs

Documcntution [or lhis f~cili[y is no[
currem; it htis neither m-i SAR nor my proce-
dures, “rhe slaff htit been reduced m one person
who has been :1 port of this facill[y since i[s
construction in 1964; however. hc IS m) Iongcr
certif’wd. He is approaching retirement irge tru[
plans m contmuc living in Ihe mti A will hc
~vuilddc if needed.

CONCLUSIONS
Al [hc July 1993 meeting, there vvirs broad

represcntil[ion from DOE contrircmrs. DOE
progr~m o(fices, reseirrch i-cuctor facilities, umi
cri[icul muss Iuborntories.

This group slqccessfully prioritized [he se[
of experiments, ongoing and new. thil[ were
s[:brnit[cd by the U.S. nuclcur communities and
cst;lblished [he status of ~irch proposed cxpcri -
merrt.

Experimenltil Calcgories
Evidence presen[ed at this metiting shows [hc
overwhelming need for ir wide virriety of criticul
experiments (refer to Table I). Some conclusions
thot cm he drirwn from the in forrnirtion pre-
sented here incluclc the following:

1. The majori!y of Priority-l cxperil,lents
~nd experimental progrtims (9) ure in

the Trimsportirti(m/Appl ications cate-

gory. with [he Baseline Theoretical im(.i
Plutonium ctite:ories having 5 find 4
Priority-1 experiments and experimcn -
lul progrtims, respectively.

Note: (l-l frretltl>, thtw art m) JLmdtJd P.r-
pcrimellt,y itl IIlt’.yr Ihree twtegoric.f.
Nor is tht’rc tt Jiu”ili(>a III(II i.v (.llrrt’t~tl~
(ytJII u~llit.h is i.iip(ll~l~ (IJ per-imtli)l,q
pllft(util{m ,sol[tti(nl t].rperitnwlts.

2, Criticality safety trtiining is recognizwl
w one of the most important aspects of
mfiintainirrg our technicirl captibility.

~, Th~ new priori[ics for needed experi-

ments reflect the chimgc in lhc mission

(JI” the DOE; und [hc current thinking in

the nuclcur community. irs WCII m cm-

tinucd cxpcrimcnts thir[ ilr~ rccmgnizc(l

M supp(n-ting lJ. S. prrussing facilitit!s,

Resources and Stutus O( Fucilitics.
Curremly, thin-c is only otw gcntwul-purpxc

critictil facility thil[ remuins open: the Los
Akrmos Critical Experiments Fwility. Simdiir
Notional Laborutorics (Albuquerque) hw rc -
setirch reactors imd the cilpabili[y [o perform
small critical experiments in their liiv~; however,
there is no cupirbilily 10 perform solution critical
experiments.

Rocky FliI[s CML is currently on ~tilndh;

stiltus.

Future Directions

There is on overwhelming need for critictil
experiments [o trc performed for busic rewurch
tind code validation. The Workgroup will con-
tinuc to work with the changing direction of the
IIOE ilnd [he nucleur community to idcn[ify
cxpcrimtmls und prioritize [hem.

*I). RutherlrmJ. ‘hForccusl [JI’Critic illi[y t:xpcri -
nwnts tind Experimcntill Progrums Nccd;d [0
Support Nucletir Opcrilti(}ns in [hc United
Stutcs of Anwrica: 1994-1999,”’ 1.OS .A!ilmos

Nutimud LirtiorWl]ry rcporl LA- 126F3 (July
1994).


