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AssTR4m

o @crcrcudln# of currcnc vaulcr

Jasdin# CO both criclcaJlcy and
radlarion arponure conca:n~

Thmfia faccora have lod co: 1) recenc
complcclon of ● ncw vtulc to consolidsrc
SN!l storaga wlchln the Chwiscry tfttaJ-
lurgy Raoaarch (CtlR) FAclllcy; 2) denign
of ● ncw vault for chc plutorrlum faclllcy
wlch conscruccion p~anned for 1988; 3) ●

nw Nuclear Haroriall Storage Faclllcy
(NHSF) Jocacmd ●t che sltc of che

plutonJum ftclllcy ad schodulad for
compltclon In 1988; and 4) subsrmrlal

●nhancamncs for both crlclcallcy and

radlaclon safocy with the ulsclng vtulc

in che p~uton(um faclllcy.

The chrao nw vauJt# w1ll bc capfblt
of #eorln# both urtilum and plutonium of
varyln~ Jsocoplcs and in ● wldc ran~o of

physlc~l fores such •~ WC*I, compounds,

and ●crap. In ●ddlclon, chtre wIIJ bc chr

need to tcorc nome hydroaen bearln~ (1c ,
mdgr~cod) mccrlals. Duo co lcs #mlJtr
●ia. md operaclonal connldar~tionl #uch
#r frtquancy of uIa md divtr~lcy of

scorod mtorlal chc newly compJocod CMR
vault 18 opmratod in ● handa-on mode Th●

ncu vault wlchln rho pJuLorclum f#cllIcI.
wIJJ offor ●nclrcJy auromrod

stacker-rtcriovcr storago and the oxlsring
vaLJJt WJJJ ba UIntainod for hmds.on

opmrmclonI, Duo to lts lnrondod usc ● s
the mJor ccncrfl #torag@ faclllcy for rhr

bborsrory ● s wtll ● t tie prl~ry
shippln#/rocalvJn# and ●s#aying focus #r
bn AlaM# the NH,$F will contain both
hands.on and automcad ● tsctir.rtcrjct’?r

scoralc.



GENER.Q DESIGN CONSIDEWION.S

Since both radlarlon cafery and

crlclcallry saf*CV were mJor considers.
clons in chasa VaUIC designs l#r us revieu
conmon praccicas co mlnJmlze p8rs0nn81
●xposure and Mlncaln crlcical~cy cafecy
for vfu~c oporsclons

o Aucomred #cackmr-rmcrievor
mrcrlal #coragr and racriaval.

This mcchod 1s in use ● r chc Rocky
FJaKI PJmc and ● r Ucsrlnghousa
Hanford opcraclons. The ●xrtnr co

which radlaclon ●xposures arc
concrollad dependfi heavily OR che
chlchtss, maccrlal rypo, and

dcsl~ of shlcJdlng becwocn che SNH
and opcraclons pcrsonneJ, particu-
larly ar cht loading/~loadln~

mracions. Importanr considtraclons
● re: 1) ncucron polsonlng of

#hlaldln~/#cruccuraJ maccrlals,
● .g. , boron loaded concrece and 2)
whachmr or not shltld doors ●re

opened ud closed ●ach time ●

#rora#o drawer 1s r#crl#ved from

cht vault. lncraas~n~ cht shield
chlcbtss arsd mlnlmlring Jlnc of
#lghc cxfisure co opcr~cions
pcrsonnal ● t rhc loading st4rlon

my prec~ude the nomd for #hlcldlng
doom Howovor, doors my b,
conaldmred ● de#lrabJe or ● ven

•sscncl~l fsatLr8 by ##fcgu#rds

rc@Jtclons.

3) Accouncsb~Jir.v usualJv req.::e5

frequen[ phvslcal invanror~~s V,$JC+ L.;:

lead co lncreas~d radlarion ●xposures a-?
chc po~slblJlcy of lccm misplacome,n[

causing crirJcaJi:y ccmctms.

4) Flra pror~crlon, lf provlde~ E.,
warer, my aggravate crlclcallry concer,ns

● s veJl ● s che sprnad of conrucina:dc,~

Ocher mochods #uch ● s Ha Jon or admlris:ra.
rJvcJy concroJJing quanclrlas of

combusclbJas mu-y be con#lderod less

●ffecrlvc.

COncrolI for lmprovlng tafcry.

safeguards, and ●ccountsblllcy uSUJJ]y
dccracc rrom rafhar th- cnhancc
●fflclency and producrlvlcy. Thus, SUC.+

concrols, mst b. dosl~cd and lmpJomrnre:

for #ale of u~c bv op8..#cion5 persorme: LO
ancourale crwpJlance.

CM V4UJC

This vtulr was complocad ch~s ytar J:?

rtprcscncs both inc.,eaned capaclry fo.- ●.?>
conuolldation of the concont# of nevrral

swlJcr vaults. Some of chcsc vere wirhi,~

tho CM faclJJt~ while och@r# wart ● C
noJghborlng #lc#s. Crmcrol of 8af*guar6s

CS?CS through SNH lnvmtory roducrlonf J:

Ch8#e nearby loc[cJbnD was ● maJor

con#Jdtrsclon Jn the Ju#clflcsclon fnr
rhJ# n~w vault. It consl~ts of one medL.,-

nl;m : oom dlvldod by fencing into #rvarai

#rots lndlvldu~lly undar [ho conrrol of
dlffc,onc or~u’tixacJon#. Duo CO che

Cypal, foma, utd quanclclms of tha srorcd

=carlAJ Jr uas dacJdad co dcslp rhls
vauJe for handc-on oparaclon.

&#latJvoly Ic+ nautron and gma
backgrounds ● re ●xpocced C,VUI alleviarins

concom$ for personnel radJttlon

●xponuraa. An#ly#o# lndJcaccd th~r cvtn
u?der vor#c.ca#a SNH Joadln8#, borarlng
consrruccion concrete u~ad in walls,

cmJIJng and floor would only mrglna!ly

(f- percent) Jncreaae vault cap~cicy ●nd
reduce radJacJnn ●xpo#urm#, Al#o,
lncerJor WAIJ.: of bo;aLad concrtrr wtra
Malynad MCI found noc cogc ●ffocclvc
con8Adarlng the f!nor sros choy
conau.md, Th!rdly, @h#lf llnmrn of
ncucron poJ#on mcorlsl were consldcrod
but ●l#n C’ramed noc cosc.offacclvo in \I!tI:
of cht r@JttJvoly EMJJ p.otanrlaJ Incrtaje

Jn v#uJc crnpaclcy. CrJcJcaJ4cy ca,ntroJ 11
provldcd by ● cosnblnacJon of hardwrnrt ir>:
#dninJ#cr#cJvo maasurcr:

o
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0 Shelf cpscing is only ●djustable sc
15 cm lntervsls, *ssuring this

mfnlmum vertical soparacion.

o Xndivldual non-hydrogenous items
●re packaged such that che muximum
dtnsicy of flsslle materisl, ●ver-
●gcd over the outer container
voJum8 1s ● t most a few kilograms

pmr lltre. For loose oxides snd
othar compounds this is #utomacl-
call~ ●dhered to; for metals this

maximum density is controlled
closer to 2 kg/1 or less.

This last polnc Is ● key fsccor in
crltlcsllty control in this and, in fact,
in ●ll fisslle macerlal storage operations
●t &s Alamos. Thus considering the
relstlonshlp betveen critical mass and
denslcy:

mwe”n where 1s J’@

it becomes ●pptrent that malnttlnlng a
mLxlmum density of 5.JOt of theoretlctl
lnereases the critfcal mass by much more
than ● factor of cent An ●xtreme ●xample
of the safery built into this storage
practice may be seen by considering a
worst case sccldent #centrlo whereby ●ll
cans ●re displeced from chelr shelves and
●nd up in ● heap on the floor during a
hypothetical ●arthquake. The surface
density of the resulting accumrulstlon of
cans 1s likely to be below the crltlcal
surface den$lcy, If this 1s the case then
double or ●ven triple batching of cans on
M lndlvldut.1 shelf will not result in a
clme ●pprosch to crltlcal,

For loose oxides and compownda, or ●ny
dlspersibles, dtnslty 4s obvlousJy well

below theorttlctl. However, M ●ddl.
clonal conslderttJon must be given to
handllng and storage of these msterlcls if
floodln~ of indlv~dual containers is
deemed credible, namely, the combination
of #hape and volume which rnaincalns ●

8Lngle unit subcrlclcal for this ●ccident
condltiont

Slmllarly, for hydrotanous material
storzse it 1s desirable if the combination
of container ●hepe ●nd volume m#lnt#Jns
tho urrlt #ubcriclcal for optimum
modertclon condltioru.

?LVTONXVH FACZLITI’ AUTOIMTED VAULT

The ●xlsting vault in the plutonlum
feclllcv has becoma increasingly
overcrowded during thr la#t few veers
Jeadln# to ●ccounctblJJrv, crirlmllrr
safety, and rtdlatlon ●xposure concem#,
ObvlousJy this Slcuttlon impacted ether

operations within the facilicy. Thus, in

addition to ●ctions taken CO ●lleviate
these concerns within che constraints of
the current vault, ● year ●go it was
decided char ●dditional vault capacity
with improved radistion ●xposure control
was warranted. The design of this new

vault, ●s an integral part of the existlnz

plutonium faclllty, 1s ●ssentially
complete &nd construction 1s planned for
1988. Jt 1s intanf:cd to 8upplemenr the
●xisting vault and support the daily
operations of the facl~lt>. HaJor design
features include:

o

0

0

0

0

Automated,8tora#e Only, with
stacke.r.recrlever WIICS in ●ach of
two corridors. Storage drawers
range from floor to celling on
●ither side of ●ach aisleway.
Figures 1. 2, and 3 give cross
secc@ns of possible layouts and
JIJustrace these features.

Boron.loade3 oencreee fs scheduled
for both the centraJ wall #eparat.

lng che two corridors and in the
frunt vans cepcrating personnel
●cces8 ●reas from the fisslle
material 8tora#e ●reas.

Dry-pipe, pre4ctfon fire suppress-
ion syateu vith sprl,tkler heads
only over the stacker-retriever
units . Design and #pacing of the
drbwers vIJI discourage sprinkler
water cncryo All stored meterial
vIIJ be packaged in metal

concalners,

The crjtlcallty ●larm system for
the facility will be sxcended into
thfw new ●rea, ●lthough lt vould be

dlfflcult to justify such ● system
for ● stand-alone faclllty based
8olely on cost-dfectlvo rltk
contro~.

StoraSe dramrs vIJ1 heve lnsercs
to ●fisnce positive spacing bttween
units and outor container volumos
Vill control ●verOge f18811s mac*-
r~al dtnsltles to ● maximum of 2
kg/i for non.hydrogenoug
macnrla181 Comblnatlon# of nhape
●nd volume control of tang crm-
contalnln~ d18p#r#lbles and
hydrogenoug matorla.!# vIJI p,rovldP
crJtlc~llty controls for sin~je

unit fJnodlng ●cclden~.

l)esl~ considerations nor finalised
Jncludo the thlckrress and materlai o?
neutron shloldlrrg doors #eparatln# the
mererlaJ #tor&#e ●rea from the minrenanc?
●rea and from the materisls management

●rea. Preliminary rssults Jndlcatt that

10 cm thick doors of BXSCONS.4 or
equivalent vlJl raduce rsdlatlon ievels te
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acceptable levels
1 The Hence Carlo

code HC,VP has been used for shieldlng ~?d

dose analyses.

Exxnples of c~lcLarional results

whit.$ led ro che decl~lon to borate che

ball dividing rhe CVO corridors but not
●x-erior wills ●r(j shown in Figure L A

calculacional model similar co rhe v=u]r
layout show Jn Figures 1, 2. and 3 was
the btsis for che s.n~lysis The KEKO code

with the Hsnsa]/-Ro#ch cross soccions was

che compuc~cional Cool. A5 is ●pparent,
ona can ●chieve ●ddlrional storage

capaclry in ● fixed volume by tlthcr
poisoning cho concrtce or by providing
drawer liners of neutron ●bsorbing
mrerials. Tht comblnzcion of borh of

chess is of msrglnal ●ddlcional
#ffocrlvcneis beyond ● liner chictitss of

#bout 2.0 cm

Our snalysos of che vsriaclon of
multlpllc: Ion f-ccor with boron losdlng
in che ~orzrece confirmed char raporred by

ochcrs. - The design VJ~U# 1S S~X

kilogruu of ntcural boron par cubic merer
of concraco. For this lo#dlng ● 30 cm

chick concrat~ wall provldcs more chm 701

of chc btntflr of an lnflnlcaly Chick wall

of the SSMC comp’oslrlon. This Wall

chlckmcss 1s tlso conslsrcnc with comcmn

scruccurzl requlramencs.

Curr#nc plsn# ctll for drswers wlchouc
ncucron ●bsorbing ~.~ers The basis for

chc storAgo llmlcs will be J m.xxlmu
(calculated) mulclpllcaclon factor of 0.80

assuming ●ach drawer is loaded to lrs

#dmlnlscr#clve llmlr. Thlc V4~U@ 1S

conslsttnt ~Jch Iimlcs in usa in misclng
VAUIKS ac Las AISIDOS and provides

(cslculacad) msrglns for varl~clons In

hy~rogen concenc of chc concreto, double

bacchlng lndlv~dual drawers and ●ven mny
drawers. bu? nor chr ●nclre VJUIC, ●nd for

the lack of ●xptrimcntal data,

Should operaclons In che fururc lead

co a #lcu#tlon w.~ere once agtln #ddlclonal
scortgc Ctpsclry (msrs noc volume) 1s

daslrtd chon ona could rocroflc shtlf

Jlncr# in rhe drm~c:s and gain per.+aps
snochor 301 in fissila IMSS CAP4C1CY Cm e
would, howavcr, have co culntfln ovcrslghc

for the conrlnulng prcscncc of chc Jlntrj

MJCLEA.RHAT.ERr,u5 STORACEFACILITY (NHSF)

Conslscenc vlch Lou A]AcBo#’s long

rangt plsnt for collocaclng tmjor flsslle
msrorlal oporacions at chc #lc@ of the
plurnnlum faclllcy, ● Jtrgc, ce]cral

Btorate facllicy has baen in daslgr z])d LE

n~ Undtr construction, oparacjoT Js

#ch#duled tor 1968. XC will allo provldr

A Lsbor#cory wid~ focul for shJpplng,

r@caJvlng, md ●ssaying of lrmms packaged
for crm;port,

In coflr=asr to the day vaulc nature C:
the automated vault pla-~ed for che

pluto.vium faciliryl rhls storage fa:;jl[v
will be a staging area for incom~ng

shipments des:lned for ocher Laborarorv

sites or for oucgolng shipmenrs from Che

Laboratory ●nd will score ms:erlal on a
long term basis.

Ir will contain many of the fearures
assoclared vich cho planned ●uconMKet
vault for che plutonlum faclllcy: 1[ VIJ1
house automsrad storage ● rcss wlrh

scscker-~arr~cvtrs oparacing in cwo

●d]azenc long, call corridors. Srorage

drawers will run,from floor to celling;

●ach drawer will. be 60 cm x 120 cm wirh a
vorclcal spacing of 30 cm. This 1S CO

●ccourwdare dlfferenc conrelner sizes.

Once ●gain, this vault wIJ1 ●lso provide

poslclve crlclcslicy control via A

packaging requirement whJch sclpulaces

char flsslle dcnslcy avaraged over C;]U
outer conraJner volume rouclne~y be s

1 kg/I. Drawers wJ1l have spacers co

provlda poslclvm stparscion ba~cen scored
lr,ms. Aucomsc#d, remote ●ccowrablllcy

conrrol vit ● bar coda label and raader

system 1s planned

For opcrarlonsl ●fficiency snd

●nhsnced safeguards, belok”-grade runnels
connecc co chc txlsrlng plJconium ftclliry
md will be ●xlended co furura collocareti

faclJlcJcs.

In zddlclon co aucomced srorage areas
chls cancral faclllcy will concaln #pace

for shipping containar srorago ad spaciil
JK8ms noc phys~cal!y s,mnabla CO ●utomsrcd
*corago. Since hydrogen-boarln~ Jtt.ms
require very dlfferenc sror~ge llmlcs chm

non-hydroganous lccms snd since chc

fracclon of scorod lrams concalning

hydrogcnous nutcrifls 1s ●xpnccod co be ~c

mwsr ● fc? percenc, Jc 1s planned LO score

chase lccms outslda the auroucad VAUIC In
available hands-on ● reas.

This scpar#cJon of lrczm hcvlng very
dlffcrmc crlclcallcy llmlcs ad
charscccrJsclcs should ●sslsc In

msinttlni]:~ low opcrscor ●rror

frcqucnclts. Thus all mecdls and
non-hydrogenous compoundfi of any species
will bc #cored in cha aucomstod vault

wdcr uniform Jlmlcs. Should radla!ion
●xposures co perwonnml working in hsnds-c?

areas bacome ●xcessive than ghieldins can

bc #dded, ● s WAS done in chc pxlfcing
p]uronlum facJlicy VSUIC, Hovever, in 4z
●ffo=r co forosca~l ● pocenc~a~ proble- I:
was docldof co borate che concrace in c,+?
ual] separar~ng [he CWO sLack#r.rerrie\,eY

rocrg and in the w411s snd ctliing
scparfting cht ZuconMctd vsulr from

p*rsOmtl ara4s
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EXISTING PLUTONIUMFACILITY VALILT
ENHANCEMENTS

About tvo years ago & coordinated

effort was made to rec~mmend improve-
menca co the existing Lands-on vault in
the plutonium facllify. This was driven
by criticality safety, radiation exposure,
and ●ccountability concerns all ●ssociated
with ● vault severely overcrowded from rhe

standpoint of volume but not fissile
mess . A cask force representing the above
disciplines ● s well as operations
supervision made the following
recoxnendaci ens:

o design and build ● new, ●utomated,
day vault (this is happening),

o Upgrade the computer software which
logs material into and out of the
vault. This has happened and has
resulted in both a marked decrease
in item$ being misplaced within the
vault md ● more ●fficient
srorage/retrfeval process resulting
in reduced radiation exposures. In
particular, for a vault with ●bout

2000 transactions in a typical
month, operations have been going
on over ● yaar now without evidence
of ● mis-shalved item.

o Ccnsider distinctive labeling for

easily confused items, notably
hydrogenous material and alpha and
delta plutonium. This was
lmplemenred successfully.

o Outfit some of the vault rooms with
shielding to house those items of
particularly high specific dose ●nd

s ●ll the hydrogenous items.

This last recommendation was made both
to reduce radiation ●xposures ●nd to
collocate all hydrogenous material :hus
reducing further tie likelihood of this
material being mis-shelved with
nonhydrogenous. To ●ccomplish this we
pJrchased cabinets with 60 cm x 60 cm
roller drawers and then ordered neutron
and gamma ray ●bsorbing inserts for these
drawers. This csstable single piece
Insert is made with ● 2.5 cm thick bottom
and aides and ● 7.6 cm thick front, It is
fire retardent and has high hydrogen and
boron contents ~d provides ●xcellent

:~~~jfj~fnrsoftg~ rays such as
The insert is made from

ilISCO’I NS-4 but similar materials ● re
available from other suppl~ers.

COh’CllISIONS

There ●re several, often competing,
concerns which must be ●ccomaaodacet in
current flscile mettrlal vault opera-
tions, Recent years have seen the ●dvent

of significancecomplexities imposed by
accountabilit.v and safeguards/security
regulaciors. For che Los Alamos Na:ioza]

Laboratory, increased operations with
fissile material have meant elevated
radiation exposures and concern for
criticality conrrols. An aggressive vaa:~

construction and retrofit program
Laborarorp’ide is beginning co come to

fnition, namely,

o Radiation exposures and critical~tY
safety limit violations ●re recuced
from prior years for plutonium
facility vault personnel.

o A new, larger, central vault in the

CUR faciliiy will enhance

efficiency for operations
personnel, reduce crawding, and
improve safeguartis.

o A new, central shipping, receiv-
ing, staging, ●ssaying, and storage
facility (NHSF) is ●bout to become
operational. It will consolidate
inventories from several smaller
vaul:s throughout the Laboratory
and improve criticality safety,
radiation ●xposure control,
●ccountability, and safeguards in
its ●utcxoated storage ●reas.

o A new working (i.e., day) vault is
scheduled for construction in 1988
●s an Integral part of the current

plutonium facility. It will
provide automated storage ●nd
significantly reduce radiation
●xposures and overcrowding in the
hands-on vault.

For each of these projects
consideration has been given to: 1)
automated storage; 2) berated concrete in
structural walls; 3) neutron ●bsorbing
drawer liners; and 4) neutron and gamma
ray shielding drawer inserts, These
features primarily impact criticality
safety, radiation levels, and vault
capacity and ●fficiency. Flaslle meteri~l
storage ●t Los Alemos will benefit from
the taiiu~ing of cost ●ffective
combinations of these features to the
needs of ●ach facility.
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